WO 2005/ 097123 PCT/ US2005/ 010167 PYRI DYL- SUBSTI TUTED PORPHYRI N COVPOUNDS
AND METHODS OF USE THEREOF This application clainms the benefit of U S

Pr ovi si onal Appl ication No. 60/557,551, filed March 29, 2004 and U. S.
Provi si onal ication No. 60/628,465, 5 filed Novenber 16, 2004, which
are incor pd E‘tﬁ"gwf‘r eference herein in their entirety. PCHUSEYHIPN6OF THE
| NVENTI ON The present invention relates to Pyridyl-Substituted Porphyrin
Conmpounds, compositions conprising an effective anount of a

Pyri dyl - Substi t ut ed PorBh rin_Conmpound and rrethods for treatln or
preventing inj PHYRINCOMRQUNDS AND METHODS OF
dysfunction due to surgery, lung di SWM a, neurodegeneratl ve

di sease, liver disease, myocardi al damage during cardiopl egia, . an

i nfl ammat ory condi ti on, TJ“?%P@BFW%F@H“?&‘FGF’}Fm SgUlsngPé(Fﬁle‘a ApeficetiegNog

car di ovascul ar /g4 £6AS fled W ABREE 200 Rkl [B85Piois RAPAS AR B No. G0/k8 65,2 S de
ef fect of cancer chenotherapy, or a radiation-induced injury, or to prolong
the hal flife BHiedNoveBbexiodiiidowhish erednearmaehbly referenseihsieinynghigit eritis¢ter i ng to
a subject in need thereof an effective anount of a Pyridyl-Substituted

Por phyrin Conpound. 2. BACKGROUND OF THE | NVENTI ON Oxi dants are nor nal

by- products of cell netabolism o JRELEOF THEIMYENT®NoXygen speci es such as
superoxide ("02") and reactive internediates formed 20 from 02" are known
to damage biol ogi cal t arghtrsesemdnveasiomsiaies tg Pyridd-Substipted Porphymin Chem  Soc.
120: 7493- 7501 I cles
play a role i nééﬁggl%ngg’uc?? ?%ﬁénéngﬁﬁm lﬁ%&% %Pge%ng%%ﬁ‘lg"pggﬁ gllrulgyg%qrgglst%??atl on
and apopt osi s. Porhyr@uZaropound aed mathods fon aemnglaepreverﬁﬁlgiﬁgﬁwlcﬁ@ t¢ 2qiyre to

di scl oses, that biologically rel evant radi cal s derived from oxygen

Mol ude @ | pRHGIRRgi e betis ietph g Htee Sy fink Rlspiie. IpP @RI - K>y . Cne
source of 02' h&irédeRerdrdtivle ANEREAWer di@é/afsé)iﬁhﬁb@ard%ﬂﬁﬁa%érd@ﬂﬂgeﬁrdiQBleglﬂdralnng
reperfusion foll ow ng ischema. This reference discloses that reaction of

NO with 02' fo ry eenditiafea FRPEBRSION Y. @n jissherpic onpetivien), a cardiQypeiulg to t he
reaction: NO +dlggasé, dgﬂge?é, aldlabetlc complication, cancer, a side effect of cancer

chemotherapy, or a radiation-induced injury, or to prolong the half-life of an

15 oxidation-prone compound, comprising administering to a subject in need thereof an

effective amount of a Pyridyl-Substituted Porphyrin Compound.

2. BACKGROUND OF THE INVENTION

Oxidants are normal by-products of cell metabolism. However,
reactive oxygen species such as superoxide (*‘O;™") and reactive intermediates formed
20 from Q" are known to damage biological targets. For example, J. Lee et al., J. Am.
Chem. Soc. 120:7493-7501 (1998) discloses that reactive oxygen and mitrogen species
play a role in the regulation and inhibition of mitochondnal respiration and apoptosis.
S. Cuzzocrea et al., Pharm. Rev,, 53:135-159 (2001) discloses that
biologically relevant free-radicals derived from oxygen include Oy, perhydroxyl
25 radical (“HO;™), 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 (“ONOQ™)
according to the reaction:

NO +0y ————— ONOO



WO 2005/ 097123 PCT/ US2005/ 010167 The reference further discloses that
formati on of ONOO enhances the cytotoxic potential of NO and 02- In

ani mal s, a superoxide disnutase ("SOD') counters the effects of these
reactive species. SODs are netal |l oenzynes that catalyze the conversion of
02- 5to h@d’r@&%‘?’?’”&ér oxi de and oxygen according to the PEHESIGHWINBD2- +2H+ -
H202 + 02 It is reported that certain synthetic netall omacrocyl es al so

catal yze the t Tansfeommamfuirtber disklosmalet fovreateop e£ONOO mihandee ge cyte@eici ve
products. U. S 204,259 to Riley et al. discloses that a

pent azamacr ocyc @En@%ﬁ%ﬂr}ﬁ?rﬁg@a WMn(l1) or 10 Wn(l1l) metal can catal yze the
conversion of 02 into oxywanmasd shgedrayasmpesoibdR’) coSpers dieelfeas &t al . |

Bi ol ogy and megje%@%%_é%%i 52%ﬁ%ﬁ(ﬁgﬁ%}%@%§ﬁhﬁ§§t§lﬁzéth@&on]version of Qy

tetrakis-5,10,1 ylpyridiniu phyrinato conpl exes o
manganese(§1) atchydegeaprasadel and pxygeeaccarimt Yot theresgmuenger s of oxygen. J. Lee

et al., J. Am Chem Soc. 120, 7 +/501 (1998) disglgsgs that 15 OZ and
ONOO are deconposed by the%g)ét g'l%l%%porphyri n b5, 1@?@5, 20%t etraki s(N

net hyl - 4- pyri dyl ) por phi @t epom(that tortainlsg@hetic nettallomBiregteg alsd/ehlyzhtem
Iéetlgerlg Zozﬁéfr g{%ls T&Lﬁ%ﬁ%@%bgﬁzgg imrrﬂt @%ﬁﬁ?ﬁtﬂ@?&f%n‘e{ﬁggﬁ‘é@ Yer11) catal yzes
the reduction ob20ND0toiRiley éral. diselsen tat Ofentazanlaogtyedd comptisioXa Ma(h)sr such as
Nouyen et "81  aRETRERT ea@ies I EHTRghe; 0 Bie EREAr Mieepaorie
combi nation with netal | oSpaspjryiciend., Blbiky sl Gllelmesged(5).526:53f(@000) distlsseat skin
and el ¢ =01 St S48 s %0 Sl B BR SR RF 0355, e U5°,
25 and henogl obimangamcﬁ{ll)@g@nhhggan@b(ﬁl)@rwtauﬁe s@ndrgerk b_ée(ygadi cal action of the
Tetal | opor phyr i n di mer 1 A GG TV SR PopeL AaFo0 DeRpane et
coval ent | ¥5 | oi Wg'chné ONUUE are@s@nposid by de netallbprephydn 5191 6,A0kdtmkjsN- The pat ent
publi . on 1) e85 B OB TR, S U O SV 9, Dygen ransT e
neso- substituted Lee et al., Biocorg. Med. Chem. Letters 7:2913-2918 (1997) discloses
that 5,10,15,20-tetrakis(N-methyl-4-pyridinium)porphinatomanganese(IIl) catalyzes
the reduction of ONOQO" in the presence of biological antioxidants such as vitamin C,
20 gluthionate, and vitamin E.
U.S. Patent No. 5,630,137 to Nguyen et al. discloses a cosmetic
composition containing SODs in combination with metalioporphyrins that ts allegedly
useful to treat skin and hair disorders caused by free radicals. This patent discloses
the use of naturally occurring metalloporphyrins such as chlorophyll, chlorophyllin
25 and hemoglobin to ailegedly reinforce the anti-free radical action of the SOD.
German Patent Publication No. DE 19647640 Al discloses a
metalloporphyrin dimer in which two metalloporphyrin compounds are covalently
joined at the meso position of the porphyrin rings. The patent publication alleges that
the dimer is useful for catalyzing oxygen-transfer processes.
30 International Publication No. WO 99/55388 discloses meso-substituted
metalloporphyrin complexes in which the meso substituents are ester, alkyl, alky]

halide, and amide groups. This publication further alleges that such compounds are
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met al | opor phyrin conpl exes in which the neso substituents are ester, alkyl,
al kyl halide, and am de groups. This publication further alleges that such
conpounds are -2 WD 2005/097123 PCT/ US2005/010167 wuseful for nodul ating
the cellular |evels of oxidants and the processes in which these oxidants
partici pat ¥O YU 1Bpor phyrins are also reported to i nhfGIVSPEIEME ase
activity by binding to quadraplex DNA. For exanple, Shi et at., J. Md.
Chem 44: 4509- 453gul for iadyRapg e sellubs tegels dfaxidentt s haprbesssvs inofhich these

meso-tetraki s( N gaLhyLPYE ni um net al | oporphyrins interact with the
guadr apl ex structure Mfﬁ{d}ﬁ% U S. Patent No. 6,087,493 to Weel house et al.

di scl oses neso- tetraki s@ds@#llogyiphyrine mlabp@ppmpﬂrto imbibitrtelovhirass attivety i t rogen
atom of the pyr 'bﬂ-bé'nérté ﬂﬂﬁra e>‘?D ubgt éfalﬁ%f%ds%’le ?(«Fy . a8k 40¥%las03

al kyl hydr oxy, cet ate at e"groups. This
pat ent all éges t(me.) @memamw§owefm9@ﬂ@ﬂak&§‘l-t el omerase inhibitors.

U. S. Patent No. t crocycl es
conprising a M(l Iﬁ%ﬁ&mﬁ)@f@ldﬁe%h “éﬁle‘“%"ﬂ”?ge %@&h‘éﬂ% Sfm[f%r%ﬁ?lsggtl ngy
infl ammat ory di sease st atlé§ Ratedt Ne §di87.623 to Wheelhensg ot 2] GlistJo&s nesg-ent  No.
6,127,356 to Cr 5

0 g&@st‘s‘érpr% Dnfltaf [BOQ% Find TR B:ﬁ'd@%‘i& b &6 OF&E ?{/A] %%Q?é” ns in

Wmchthe neso nts are , stitut dar
4-pyridyl or N-§Eﬂt§§tllie@ml@!dlydrommr¢1Hv514&“g/|”%’|1%y, atkblla@"ﬁaﬂbmcefﬂtfw her d| scl oses

Teso- L otr Sty ELR! i BRORAINEL A3 bk MG BE WDt GOUGRALOM of Lhe

pyridyl ring is stituted WI group, ydr oxy, yl am ne,
al kyl car boxyl at énhi@i®rsal kysul fate or al kyI phospate. The patent al I eges that

the discl osed netall opor rafiss NRGt 0@§ I M8k GS1 W18 M sko et al ., J.
R A CTBYES Sl eeT sy 3 i3 Bl :

5,10, 15, 20- tetramty(amammwcmwmgdmmﬁr%ﬂ%mm@rﬁpﬂﬁs(ﬂqﬂwaeftdaﬁqral yzes the

conversion of ()\l‘%} i Hahntbide) @k Tzﬂ@s ablpafRioflig@ydi scl ose that 5,10, 15, 20
25 tetraki s(N net ;/n|g|4 apyrlgrij ni us ° agﬂlegat olloron 11) is allegedly useful

for reducildg cellul ar dd—hﬁd)@teatN%lﬁtlég Hito ﬂfﬂppém%ﬁi'ﬁctmes mase-sybsbitiednal
Publ i cation No. &é@ll@%ﬂ]ﬁ%ﬂéxn%1&'tﬁ%&%%@osﬁu%& a]réar?f,)subsntuted aryl,

cycloalkyl, 4-pyridyl or N-substituted 4-pyridyl groups. This patent further discloses
meso-tetrakis(pyridinium)metalioporphyrins in which the nitrogen atom of the pyridyl
ring is substituted with an alky! group, alkylhydroxy, alkylamine, alkylcarboxylate,

20 alkysulfate or alkylphospate. The patent alleges that the disclosed metalloporphyrins
act as mimetics of SODs.

Misko et al., J. Biol. Chem. 273:15646-15653 (1998) discloses that
5,10,15,20-tetrakis(N-methyl-4-pyridinium)porphinatoiron(IIl}) catalyzes the
conversion of ONOQ into nitrate. The authors also disclose that 5,10,15,20-

25 tetrakis{N-methyl-4-pyridinium) porphinatoiron(IIl) is allegedly useful for reducing
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

30 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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tetraki s(N-al kyl pyridi num) netal | oporphyrins in which the pyridyl fragnents
are joined to the neso carbon atons of the porphyrin ring at the
2("ortho"), 3("meta") or 30 4("pars') position of the pyridyl ring relative
to the nitrogen atom The publication alleges that the

meso-t et r aRYSREI7R33| pyri di ni unm) net al | opor phyrins are uB€TAB20pHIII6LT eat i Ng
i nfl ammati on di seases including arthritis, inflamuatory bowel disease and

-3 WD 2005/ 097123utbfeipitdta2)@isdaltishddibric, aBC 1ok Bie HreftPEAtAE RENenH-BE@RGIoEY NI OMTE,
and for the treat.nent of ischernia-reperfu Sion injury. U S. Patent No.
5,994,339 to CrdPb¥et al. discloses M-, Fe- and Cu- based

5,10, 15, 20-t et r?ki s(N-al I{ys,l-%teaym(b_diggh,gjt?tma@bIep@pmmtbwsiml, jlidqlaM@h the 5
ni trogen atom of t ' ing.is substituted with an.a
o Bt oo™ el B a0k bl 4 P g g PPy B & B0ty phosphat e
group. This pat afttogéd &6m ofithk @RS ilpaib substituted with an alkyl, alkylhydroxy,
5,10, 15, 20-t et r aki N- al | -4-pyridjni tal | oporphyrins are useful as
m metics of swéh%ﬁé"ﬁeo?‘@%qu%ﬁtﬁ@#ﬁ’ﬁ%% ogﬁkﬁp P P%% ﬁb‘d’ﬁm“ﬁ%&n. U. S.
Pat ent No. 6, 24%]ldde8thB 5, 1001 SH0aBraRis(hikyldi-Selddsms) nidilopsphyeihs ard Qseful as

r. correspondi ng N

Zi &SI é?r |Zg| ;?L%%?Q%%wf #@ﬁg%rﬁ?ﬁ%ﬁ% &ga?f{’%g%/fr %F%BP’%%?%}’ P‘ﬁléltﬁfiﬁi ng i nflammtion
di sease and ischenic repesfRisnONo. 6)d85,a58B BlolSegeetay. dissiodes kheiuke dthe
BTN ML N NN ERTIN U
5, 10, 15, 20- t et r akiypyhidiaiuyshiny fol alegeidlyrgenek atdes patylingrinMsontitien disdaggad| y
ST oo O RS S N BB ASS] Rherel h b, Such o
N and Zn. The meplilandation al so discloses nmethods for using these 5, 10,
{p 20 ket ok O Tl YL uEh L LORRL R I ARG 0
reperfusiag inj uisgloseayiar il 605 2BeGalGdM8 Rk HyridihiampoaE opbmEyHna bredRgedigr at i on
TSGR EE A ARRCIE LR e TR I (SN
useful for tr eatallegdlgrusqitlay ehatmersljopanphiytiys iddledetto, X 08 Wi end Zn. dhe

publication also discloses methods for using these 5,10,15,20-tetrakis(N-

alkylpyridinium)metalloporphyrins to allegedly treat disorders such as inflammatory

20 diseases of the skin and lungs, ischemia reperfusion injury; eye disorders such as
glaucoma, macular degeneration and cataracts; and diseases of the central nervous
system.
There remains, however, a clear need for compounds, compositions
and methods for that are useful for treating or preventing injury due to exposure to a
25 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

30 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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25 reactive species, erectile dysfunction due to surgery, |lung disease,
hyper oxi a, neurodegenerative di sease, |liver disease, nyocardi al danage
during cardioplegia, an inflammatory condition, a reperfusion injury, an
i schemi c condition, a cardiovascular disease, diabetes, a diabetic

conpl i cati Y 2YMILR, a side- effect of cancer chenpt hBEHB§00H10E7

radi ati on-induced injury, or to prolong the half-life of an 30

oxi dation-prone conpound. Citati308SuRMaanyr igd Biveraeni n Section 2 of this
application is not an adm ssion that the reference is prior art to this
application. -4 WO 2005/ OB pR8enPvéruSa O@bmPdkeet 6Fmp@ndSigMuBRY FofmulHE

| N\VENTI ON The priésent invention enconpasses conpounds having the Fornul a
(A: ~R 4 ~HN N/ \V\ / \ CHz Ni( (X) NNH N eHR 32 R
5 (A wherein: Mis Fe or W; fisOorl; l TR

wherein;
M is Fe or Mn;
fisOorl;
10 each R is independently -C(O)OH or -C(0)0;
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) (2 “Pyridyl-Substituted Porphyrin
15 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
20 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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10 each R is independently -C(OOCH or -C(OO; each X is independently a
negati vel y-charged counterion; and n = (f) + (the total nunber of R groups
where Ris -C(OOCH). A conpound of Formula (A) (a "Pyridyl-Substituted

Por phyrin 15 Conpound”) is useful for treating or preventing injury due to
exposure t &®2pEUEIPBve species, erectile dysfunction deervszogirigsry, | ung
di sease, hyperoxia, neurodegenerative disease, |liver disease, nyocardi al
damage during cakétpaple@&Hiss or 3bhiclé. "THeRBMBEsRHoMs £ONEE kR Meatihg bP RV LN
injury, an ischem ¢ conditjon, a cardiovascular disease, diabetes, a

di abetic conpli CAPPHAR N@sHBET, a side effect of cancer 20 chenotherapy, or a
radi ation-induced injury, THRinveRidAfotHRPGatE & Mathdds fdrfrRatii ofPrevéithgat i on- prone
conpound, (eachdgfing a "Condition") in a subject. The inantion al so
relates to conpdanfiighsonpRsIESmHysi<rine tora whiestjrneed thetrqf angftegiive amount

Pyri dyl - Sulsst i t wfedyRgn-8hestiukdPomRGiNCompdisd. a physiologically -5 WO

2005/ 097123 PCT/ US2005/ 010167 acceptable carrier or vehicle. The
conpositions are useful for treating or preventing a Condition in a

SUbjchIj . The invention fUrﬁgfp_ﬁfsc;rﬁﬁiva‘_ttﬁﬁn{aﬁbéfﬁidgﬁﬁﬁﬁlﬁfe fﬁllly&ﬁ/tﬂ:ﬂ'ﬂ%nwto?r eventing
a ndi tion, co sing.a istering to a ect in npeed.thereof an
effective am)unt‘ﬂyéil‘b‘f‘“gdwpfigwg@l?ﬂ gufeﬁtaéﬁﬁﬁ‘ﬁtlf%‘ﬁﬁ/?’?aﬁ‘p@fyr?gﬁﬁi‘ﬁ& The present
invention may béniide tsdxeaglifaselihiing ymbBoditiakararcehton. t he fol | ow ng
detail ed description, figures, and illustrative exanples, which are

intended to exenplify non-limting enbodi nents of the invention. 10 4. BRI EF
DESCRI PTI O OF THE Fl GURES Fl @. BRIEFDESERIETIGNIORTHERIGYRESVEe for Bal b/c m ce
that were pre-treated w th Conpound 3A, prior to exposure to 6 of

i oni zi ng radi ation. The »El&x} showp aprreisd gue §uPalbsanice thatrveeas prevRatethd t he
y-axi s representgidfendohd 24, BhioH eMoVIrS 40 £ ibfzind AGiabiRL Ahe RURREr of
irradiated mce. Line -- represents mce (n=10) treated with 15 Conpound 3A,
admi ni stered at rapreRsBie doF postygdiign andide Froyp EPEspengrthe Btie phsyErivang mise tof ol | owed
by admi ni strati o @fal AAHer befifraillitd BRe. HORES- Aprede DK (rRYOREaddwhiPUr S unti |

death. Line -o- represents a non-treated control %r oup_ of mce (n=10).
15 Compound 3A, administered at a dose of 2 mg/kg, two hours prior to irradiation

followed by administration of post-irradition doses of 2 mg/kg every 12 hours until
death. Line -D- represents a non-treated control group of mice (n=10).

FiG. 2 shows a survival curve for Balb/c mice that were treated with
Compound 3A, after being exposed to 6 Gy of ionizing radiation. The x-axis

20 represents days post-itradition 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 2 mg/kg, ten minutes post-irradiation,
followed by repeated administration of 2 mg/kg doses every 12 hours until death.
Line -o- represents a non-treated control group of mice (n=10).

25 FIG. 3 shows a survival curve for Balb/c 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-itradiation,

30 followed by repeated administration of 10 mg/kg doses every 12 hours for a time

period of 30 days. Line -O- represents a non-treated control group of mice (n=10),
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FIG 2 shows a survival curve for Balb/c mce that were treated with
Compound 3A, after being exposed to 6 Gy of ionizing radiation. The x-axis
20 represents days post-irradition and the y-axis represents the ratio of
surviving mce to_the total nunber of irradiated mce. Line -.- represents
mce (n=101"A7W¥PEEwi th Conpound 3A, administered at BCHBSEIBROB ny/ kg,
ten mnutes post-irradiation, followed by repeated adm nistration of 2

ng/ kg doses every 12 hourElGLmstlioMﬂheatfdﬁttof(tdnfp@undﬁorrremceereirﬁhbre@irm-imreat ed

cont rol 9roup Ol IhER<lirkRurpZRA Grs Sa000S A g MR, SULNE LT Bal bl c

m ce that weretr ed wth el ng Gy of
i oni zi ng radi at iseperoxideegeneraied E;om Kzelﬁm@smdaw addiyﬂmpmﬂtma, prraulwtyi edicand t he

y-axis representg,dhgy Yagdgrgh’gfsa@%ggo\ﬁ?nﬂgne'ﬂ%ﬁ%fbarfgﬂg B Blen WYIREL Of

irradi ated m ce. epresent npound 3A,
adnmi ni ster éd at plsgdbef Ginpdenddy/ kg, ten m nutes post-i rrad| at| on, 30

fol | owed by repeated admiyiisi fiahi A ofiler Jdifolith 3380 8Y Bhke Icn0Ur s for a

time period of 30 days. Line -o- represents a non-trea ntrol group of
mce (n=10). - Geleasr,2008¢0 9/ mARARETAY mszx_@@anmcomﬁ anferiQy dedoespiogworerney ef f ect
of Conpound 3 O’Angﬁ’ygE&BP&Qfa&&a a‘j@;&%&ﬂxé}lﬂ iﬂfi‘he!rgk tlﬂyﬁi?ee%%?ep%} &”Prbrn'. g RAW
cells exposed to rogen peroxi de, peroxyni e, superoxide generated
from xant hi ne oxe déﬁd)eammﬁypwaﬂl&dfﬁ n@ﬁmﬂkmﬂommﬂ 3r adl cal generated by

Angeli's sglt. The four }jéghésghtaﬁggmgﬁ '?(P?a‘(fg%%%‘% ﬂ;%mcé%t otoxin 5

pl us pM of Conpound 3. FlI ows t %e ound on creatine
ki nase (CK) reliedhsal byeLAﬁmdcékswofmdwm@sldm altherret;wbgc§mhtm@@dtswa btef t

ant eri or - descendipg, £y BALs 186 L&kl ARk AF LU A0, Bth AARSH HShon 10 the

rat. The three bars represent, rom e to right, e 1schem a,

vehicle, and 6 d@ﬁ!oglg@omi@lmdnmfkgmmpﬁﬂwm&wonmewaﬂ e@ft6mfk£:orrpound 3 on
myocar di al necr Qg oudgduced by LAD occlusion and reperfusion in the rat,
where AAV represents area at risk and LV represents left ventricul ar. The
four bars 15n each graph ridgreshens time eayme of mpan tepdmireghitre (RPahadohean 1 ng/ kg

Conmpound 3, 3 ”%K%ﬁ?rﬂ?&%r sut %ect@@% }% Ma%% sh&‘ﬁqn&) RO cidstionOviThéPare! ShOws

tinme course of nean ure
shown as means i SEM. * P< 0 05 VS, vehlc]e trcated rats,

FIG. 8 shows cardiac function in vehicle treated and Compound 3
treated rats at 1 hour after resuscitation. The three bars in each graph represent, from
20 left to right, sham, vehicle treated rats, and Compound 3 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. 9 shows plasma levels of alanine aminotransferase (ALT) and
creatine (CRE)} in vehicle treated and Compound 3 treated groups. The three bars in
25 each graph represent, from left to right, sham, vehicle treated rats, and Compound 3
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 (MPQ) in sham
animals in vehicle treated and Compound 3 treated hemorrhagic shock groups. The
30 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=T7); *, P<0.05 vs. vehicle treated rats; #, P<0.03 vs. sham rats,



| .

survival time in rats subjected to henorrhagi c shock and resuscitation.

Val ues are shown as neans SEM *, P < 0.05 vs. vehicle treated rats. FIG
8 shows cardiac function in vehicle treated and Conpound 3 treated rats at
1 hour after resuscitation. The three bars in each graph represent, from 20
left to ri YKE2008WEARY vehicle treated rats, and ConpoundP@U/UPHEYEHISI6 ny/ kg,
i.v.) rats. Values are neans SEM Sham (n = 4), vehicle (n = 8), Conpound 3
(n =7); P<0.05 vs. vehimd}elltmaaiﬁebldcaiyﬁenréhhyﬂﬁan%ngus(HW)h&ﬂy wailght FIG 9

shows plasma | ey of a |ne m nat r creati ne (CRE) in
vehicle treated' Eﬁér ‘éf’"glct’ ’é‘ﬁ?‘@ﬁ%@ T’%Wg t‘@d?éhaf“rf"“ 25 each
graph represent baﬁdeﬁmthﬁfstwtﬂtand wighdut Cofigdiind ¥ @bdnatme férardngtd. Mag Bfi-hamo
Conpound 3 treated rats, Values are ans t SEM Sham (n =
4), vehicle (n & t@%ﬁﬁ%éﬁ‘ihg@p‘} fepiesenis.vehicle pezie d\rt}g.“ggté?ﬁngf"é’ﬂts?té’ t ed
rats; #, P<$0.05 bm in &hagaaplateszesenﬁlcﬁmpﬂ:ﬁxdsshmd putlmmaﬁxyemﬁyesﬁplersamdase

| evel (MPO) in n_vehicle tr t, n at ed
henor r hagi ¢ sho ozlﬂgia g) C%'Bp‘fuﬁr’gé“ efd( He Vﬁ%ﬁ”&%‘%ﬁ’%s nt, from
left to right, sl’raramﬁvs/ehunciaa treated, and Corrpound 3 treated rats. VaI ues
are neans SEM Sham (n = eh| Ie

P<0.05 vs. vehicle treate t% <"((5pr§ Uﬁb“@ﬁ‘oﬁeﬁ ;gkg?fda; P aml

2005/ 097123 PCT /1&836@5&6&@&1&% (2 Eln@/kg]::b yohewsllapeidi Aculieped, il ophgosé heart

wei ght ( / body tricylar weight (LVW/body
wei ght (B rat|°5¥P§pﬂ”%ﬁ%%1"ﬁl§)a%§r’i’@é’ﬂmgﬁl L’\b:lP gaigf‘#%y’?n?"mpf’rr@[}ta‘ npound 3
treatment for 2 mpkd/dus, E:Tvenblimafisn éfalechpoumdStat 8.8 tmpddz/dagasd dynlogmahe graph
represents vehicl % t;éeat ed and the right-hand nost set of 5 bars in each

gr aph represent J dund 3 treated. Values are means SEM Sham (n =4,
vehicle (n = 8), Conpoundi@. (3nshgws71)1¢efchtH@n%undsiat\rm’rgﬂcgltei.d,rseabed rats; #,

ﬁ;?kSIS d\a/; , ;S ham bra oocrll-mﬁlce% \gscular 1n urP/ (1)nstg% ?al?];lielgé(:é gge{)rescc/%EQ&:th?og ﬁShtgélong%]?

al | ograftsts A Lsnterreaﬁeﬂtne B répoeserdoeatrol 1€l @njokd)splorn 6. Lide Sm-mgprdsgnts  C:
Conpound 3 at 0. n‘é%glrlﬁ %(c&ﬁyl%&ﬁn 8% %.me D—reng/ htg/(,%m%bunléﬂecfpnbl nation of

Compound 3 at O. yCT 0sporine at
(injured) side, n = 4.5.

FIG. 14 shows the effect of Compound 3 at 1 mg/kg b.i.d., s.c., on
balloon-induced vascular injury in the rat (n = 4-7). The left bar indicates control and
20 the right bar indicates Compound 3.
FIG. 15 shows the effect of Compound 3 (3 and 10 mg/kg/day i.p.) on
streptozotocin (STZ)-induced hyperglycemia (left and middle panels) and loss of

pancreatic insulin content (right panel), (n = 20).

5. DETAILED DESCRIPTION OF THE INVENTION

25 5.1 PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS OF FORMULA (A)

As stated above, the present invention encompasses Pyridyl-

Substituted Porphyrin Compounds of Formula (A)



ng/ kg/ day. FIG 13 shows the effect of Conmpound 3 at 1 ng/kg b.i.d., s.c.,
on a balloon-induced vascular injury in the rat. Line -+- represents
control right (control) 15 side, n = 6. Line -0- represents control |eft
(injured) side, n =5 Line -- represents Conpound 3 right (control) side, n
= 7.5. Liné¥Q3W0¥tesent s Conpound 3 left (injured) sPEEUSHISOWIE FIG 14
shows the effect of Conpound 3 at 1 ng/kg b.i.d., s.c., on balloon-induced
vascular injury inthe rat (n = 4-7). The | bar indicates control and 20
the right bar indicates Conpound 3. FIG 1 the effect of Compound 3
(3 and 10 ng/kg/day i.p.) on streptozotoci STZ) -i nduced hypergl ycem a
(left and middl e panels) and | oss/0of pancreati g/tqpsul in content (right

panel), (n = 20). 5. DETAI LED: DES(] Q ENTION 25 5.1
PYRI DYL- SUBSTI TUTED PORPHYRI N X IOONE \ B (A)  As stated above, the
present invention enconpassés! Py st i [ ut ed Porphyrin Conpounds of

Formula (A) -8 WO 2005/ 097123_F - 4-R' HXCN \N/ | \ CH,
NMMNM /H NNeH+ 3 R (A where chggiﬁjére defi ned above.
[ \|/
N
N

(A)

wherein M, {, R, X" and n are defined above.

5 In one embodiment M 1s 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'.
10 In one embodiment, X is CH;C(0)0", 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.
15 In one embodiment, an X that forms a bond with M 1s 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",
20 or CH;C(O)O".
In one embodiment, each R i5s —C(0)O".
In another embodiment, each R is —C(O)OH.
In one embodiment, n is 0.

-9_



5 1In one enbodiment Mis Fe. In another enmbodinent, Mis Mi. |In one
enbodinent, f is 1. In another enbodinent, f is 0. In one enbodinent, X is
Cl- or Br'. 10 In one enbodinent, X- is CH3C(O O, 2-nethyl benzoate, 3-

met hyl benzoat e, or 4-net hyl benzoate. In one embodi ment, an X- fornms a bond
with M | nYSh&ERE8 ment. an X that forms a bond wit hPEFUS200H@IU3 e as an
X- that does not forma bond with M 15 I n one enbodi nent, an X that forns a
bond with Mis different Ihrbommmdixﬁénthhe]t does not forma bond with M In

one enbodi nent, an Y thatI %90 orfd EOJ Qrm ask)]lond with Mis different from
anot her X" that does not T6rma Wth | n anot her enbodi nent, each X"

is independently F, d", IB\épeﬁnbddlﬂlenQHmFe CHSC(@)OH(EII' one enbodi nent, each R

is -C(OO. In another |rrent n
is 0. -9 WD 2005/ 097123 g@%ﬁ‘%ﬁ%@%‘ﬁ?@%@é‘?“ﬁ fl(g):ﬁl?e !"{r}eea%g‘”ﬁ‘mgg I'n
anot her entdodi meftRisn is 5. In one enbodinment Mis Fe, f is 1, and X" is
a". I n another inment, Mis Fe, f is 1, X- is d-, and each occurrence

5 of Rl's -C(OO. T'n"one enbodi nent, each Ris in the ortho position. |n one
enbodi nent, each R is in Inlee embainpos edchdiis in theordfegoeintrodi ment, each Ris in

the pars position. 10 In gng. eobadh B Uen 06 hohak pBiiERer of - (O OH R

groups is 4.
In one embodiment, each R is in the para position.

10 In one embodiment, the total number of —C(O)OH R groups is 4.
In another embodiment, the total number of ~C(O)YOH 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.
15 In one embodiment, the Pyridyl-Substituted Porphyrin Compounds of

Formula (A) are in isolated and purified form.

The Pyridyl-Subsituted Porphyrin Compounds of Formula (A) contain
four pyridyl groups. Due to steric factors, each pyridyl group’s nitrogen atom can
20 exist: (1) abo‘..re 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
25 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 -



I n anot her enbodi nent, the total

enbodi nent, the total
enbodi nent, the total
enbodi nent, the total

the Pyri dy OS2t e

contain four pyridyl groups.
nitrogen atomcan 20 exist: (1) abo
conformation is herein referred to
pl ane of the porphyrin ring (this c
a-position). In certain enbodi nents
Compounds of Formula (A) can exi st

denoted as |Isoner 25 Nos. 1-8, as d
thereof, with the pyridyl groups b
(A): -10 WD 20051097123 PCT/ US2005I

4 1aaaa 2aaaP 3 aapa
8 aPaPInthe above table, "a" s
nitrogen atom is in the a-position
group's nitrogen atomis in the 5
that forns a bond with M exists abo

d Porphyrin Conpounds of

nunber of -C(O)OH R groups is 3.
nunber of -C(O OH R groups is 2.
nunber of -C(O)OH R groups is 1.
nunber of -C(O)OH R groups is 0. 15 In one enbodi nent,

| n anot her
In a further
| n anot her

For mul aP¢RYSHP¥PKT | sol at ed
and purified form The Pyridyl-Subsituted Porphyrin Conpounds of Formula (A

Due to steric HFaslybGsoupgach pyri dyl

group's

t41e porphyrin ring (this

or (2) below the

rein referred to as the
i tuted Porphyrin
| owi ng i soneric forns,

bl e below, or a m xture
as shown in Fornul a

oup # Isomer No. 1 2 3

a 6aapa 7aPPa
pyridyl group's

s that thepyridyl

enbodi nent, the XC

rethesphat 0
RamPNETITET? ()
bnf ol mat ijen| a so | ke
t+hp D\lri_d‘%d (@]
CaT l]l T U
in éne qf* thESH A
ESCrRDEd [ & P8
i ng numberled] 144
D10167 Pyr|iBlyh |G
A—a P& 5Tata
gniPies ﬁ% & | Fhé
and " P os] @npfiipe
. posi-tign.tlhgne
e the |o|B|Bja
8 a|Bla|B

In the above table, “a” 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

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

In one embodiment, a Pyridyl-Subsituted Porphyrin Compound of

In another embodiment, a Pyridyl-Subsituted Porphyrin Compound of

5.1.1 PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS OF FORMULA (1)

In one embodiment, the Pyridyl-Substituted Porphyrin Compounds

5 B-position.
exists below the plane of the porphyrin ring.
10 Formula (A) is substantially free of its corresponding other isomers.
Formula {A) exists as a mixture of two or more isomers.
15 have the Formula (I)

=11 -



pl ane of the porphyrin ring. In another enbodinent, the X- that forns a bond
wth M exists below the plane of the porphyrin ring. In one enbodi nent, a
Pyridyl - Subsi t ut ed Porphyrin Conpound of 10 Formula (A) is substantially
free of its cor_resPondi ng ot her isoners. In another enbodi nent, a

Pyri dyl - Subst '4"&d Por phyrin Conpound of Formula (A) eX¢YUS08UIAI6H vt ure of
two or nore isoners. 5.1.1 PYRIDYL- SUBSTI TUTED PORPHYRI N COVPOUNDS OF
FORMULA (I) 1In one enbodi nent, the Pyridyl-Bubstituted Porphyrin Conpounds
15 have the Formula (1) -11 WO 2005/097123 P&/ US2005/ 010167 R C\ / H,c' N~
N/ '\ RCH2NI Nz R \ NNCH2 3 2 ) wherein M f, R X- and n
are defined above for the Pyridyl-Substitu Por phyrin Conpounds of
Formula (A). 5 In one enbodi nent, MA\s Fe er enbodi ment, Mis M.

In one enbodinment, f is 1. In andg is 0. 10 In one
enbodinment, X is C" or BT-._In is CH3C(O 0" or

4- met hyl benzoat e.

R

(I
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.
10 In one embodiment, X" is CI' or Br'.
In one embodiment, X" is CH3:C(OQ)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.
15 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.
[n another embodiment, each X is independently F', CI', Br, I, HO",
20 or CH;C{O)O".
In one embodiment, each R is ~C(0)O".
-12 -



I n one enbodinent, an X forns a bond with M In one enbodi mrent, an X that
formse a bond with Mis the sane as an X' that does not forma bond with M
15 I n one enbodinent, an Y that forns a bond with Mis different from an X
t hat does g‘p%fprrpa bond with M I n one enbodi ment, an X that does not
forma bond WPH"™Nf¥s different fromanother X that dBeYUNSPSH8ISh a bond
with M In another enbodi nent, each X is independently F, ', Br', |",
HO, 20 or CH3C(O O I n onenshdreoibodment, eechchisRCIQOH(O O . -12 WO

2005/ 097123 PCT/ US2005/ 01, | . h enbodi nent, each Ris -C(OOH 1In
one enbodinent, n is O. %ﬁ%%bog%@gg}l@m, nis 1. In another enbodi nent, n
is 5. 5 1n one enbodi nentlnigh¢ embpedjmet,ings 11, and X' is A". In another

embodi rent, Mis Fe, f is . ) each occurrence of Ris
-C(OO. In one enbodi rrenItn,Jah?tE%erebg?aglnmrtfunﬁgg‘r of -C(OOH R groups is 4. 10 In
anot her entfodi nent, the tlotoaé embadiyeant Mfis FCf ®)ICHIR ¢gr@ups is 3. I n anot her
enbodi nent, the total nu - - .0 - : r

enbodi nent, the total nugﬂggﬁmg{l-%wﬂ ésg%hfég?’ljﬁsl&’a?dn&gﬁg{cglrerérn@@

enbodi ment, the afdtial nunber of -C(OOH R groups is 0. In one enbodi nent,
the Pyridyl -Subs_tc%(b}t;-ed Por phyrin Conpounds of 15 Formula (1) are in

isolated and purified form Illustrative exanples of the conpounds of
Formula (1) are as set f olmtone ethleddonent, @@l ngmper\of AC(D)OH R groups is 4.
10 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

15 Formula (I) are in isolated and purified form.

Mustrative examples of the compounds of Formula (1) are as set forth

below:

“00C,

20 3

-13.



\+ 1 M NNCOO / NFe N-OOCNCI N N3 2 COO 20 3 -13 WO 2005/097123
PCT/ US2005/ 010167 -00C g-- \ / 1 N/ \ NNI coo- / NFe N/ , 'OOC N Br
N NQ@ COO 4, 'GC qi t/_1 \+/ N/ 1 NNI coo-/ NFe NI / -OOC N
OA\

WO 2005/097123 PCT/US2005/010167

CoO”

-14 -



N )D\/N2 COO5, and -14 WO 2005/097123 PCT/U S2005/010167 -0OOC 4 - \ /
NCOO NIeNOOC I / NaN N@ COO R = 4-nethylbcnzoate 23.

Additional illustrative exanples of the conpounds of Fornmula (1) are 5 as
set forth below. -OOC 4 g Nl ++ 1 NNCOO' / NMi NI e -l -OOC NCI N 3
+ o+ N - / YO 2005097123 PCT/US2005/010167

“00C

COoOr

R, = 4-methylbenzoate

23,

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

-15-



COO'" 6, -15 WD 2005/097123 PCT/ US2005/ 010167
NI e-Il "OOCN33N +/ 4 N2 COO7,
M NI / -OOCNOA 3 - N /N2 QCOOS5 8§,
US2005/ 01016 -

-16-

'O0C a~ q_N N °
-O0C ai g N+ N

N COO
NI COO

and -16 WD 2005/097123

PCT/US2005/010167

/



4 g NI+ + NNCOO OOCC NMIRNN 3N +N-/ + ) z Coo Ra =

4- met hyl benzoate 24. The Pyri dyl - Subsi tut ed Por phyrin Conpounds of Fornul a
(1) contain 5 four pyridyl groups. Due to steric factors, each pyridyl
group's nitrogen atom can exist: (1) above the plane of t he por phyrin ring
(this conf ¥heP¥$H1%3s herein referred to as the p-posi PEHRF00HHI6P) bel ow
the plane of the porphyrin ring (this confornmation is herein referred to as
the a-position). In certain enbodi nents;odtie Pyridyl -Subsituted Porphyrin
Compounds 10 of Fornula (1) can eX| st in of the follow ng isomeric
forns, denoted as Isonmer Nos. 14 Qs des ed Ln the table below, or a

m xture thereof, wth the pyridyl
For mul a (I) 17 WD 2005/ 097123 P

No. 1234 1laaaa 2aaasi3
7 aRRa gﬁ

‘00C

Aiidyl Group # | soner

5 Raaa 6aaRR
CcoO

R, = 4-methylbenzoate

24.

The Pyridyl-Subsituted Porphyrin Compounds of Formula (1) contain
5 four pyridyl groups. Due to steric factors, each pynidyl 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
10 of Formula (1) 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-



8 a a In the above table, "a" signifies that the pyridyl group's nitrogen
atom is in the a-position, and "P" signifies that the pyridyl group's
nitrogen atomis in the 5 R-position. In one enbodinent, the X' that forns
a bond vvith(F/Iexi sts above the plane of the porphyrin ring. In another
enbodi nent Y AR Phat forns a bond with M exists bel BW’?'F\@”%?IQH’@ of the
porphyrin ring. In one enbodi nent, a Pyridyl-Subsituted Porphyrin Conpound
of 10 Forrmula (1) is substantially free of Pyddyd&@rpespondi ng ot her isoners.
I n anot her enbodi nent, a Pyridyl -Suti" t i

;

tut fyrim Conmpound of  Fornul a

(1) exists as a nmixture of two or somer N6 151 %8211 4| PYRI DvL- SUBSTI TUTED
PORPHYRI N COVPOUNDS OF FORMULA (11) | I nlone ewbadionent, the
Pyridyl - Substituted Porphyrin Conpounrds 5 i5hayett-he—ornmula (11) -18 WO
2005/ 097123 PCT/ US2005/ 010167 R\ 4 ~ /# 2N/« = N[/-\ cH N R M-r) N
n(X) RH NCHz ~32 dR (II) 3 alalBia

4 o oo

5 Bloa|a|a

6 ala|BIP

7 a Bla

8 o|BlalB

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
5 fB-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

10 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 (11)

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

-18 -



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

Por phyrin Conpounds of Fornmula (A). 5 In one enbodinment Mis Fe. In another
enbodi ment, Mis M. |n one enbodinent, f is 1. In another enbodinent, f is
0. 10 In one enbodinent, X' is C- or Bf. In one enbodinent, X- is
CH3C( O) 0- OYO 3¥MIAJ| benzoate. I n one enbodi ment, an XPCTYSHESHIKENd wi th
M In one enbodi nent, an X" that forns a bond with Mis the sane as an X'
that does not forma bond with M 15 In 8ne-Bapodi nent, an X' that forns a
bond with Mis different from an X- that not forma bond with M In
one enbodi nent, an X" that does not forma befid wwith Mis different from
anot her X' that does not form a bgnd\w 2Qt,her enbodi nent, each X-
i s independently F-, d-, Br, I",\Ijof O O I n one enbodi nent,
each Ris -C(OO. In anothe b o T -C(OOH In one
embodinment, nis 0. -19 WO 2 5 I n one enbodi nent,
nis 1. In another enbodi nme is Fe, f is 1,
and X- is d'. In another ewbodi nent is d-, and each
occurrence 5 of Ris -C(O)RO. I n one al nunber of
-C(OOH R groups is 4. In anot her &= unber of -C(OOH R
groups is 3.

ey
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 Q.
10 In one embodiment, X" is ClI" 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.
15 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",
20 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, n is 0,
-19-



I n anot her enbodi nent, the total nunber of -C(OOH Rgroups is 2. 10 In a
further enbodinent, the total nunber of-C(OOH R groups is 1. In another
enbodi ment, the total nunber of-C(O OH R groups is O. In one enbodi nment,

t he Pyrldyl Substituted Porphyrin Conpounds of Formula é are in sola ed
and purifi &P 81285 111 ust rat i ve exanpl es of the conpB F(H 2“8?’”1#5’|7rrul a (1)
are as set forth below coo- -OOC NNFe NI / \ coo- NO 3 N jN2
-00C 9, -20 WD 2005/ 0971231dﬁ€7€mbmﬁ@i5/n010167 COO a ON+I1 N-OOCN | \

I/ NNBN\ COO_ N \ 'Ir/anotherlgmb%er%t s $00"

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(O)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 (1T) are as set forth

below:

CoOr
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4\ / N+ NI -OOCI NFle NI ~ COO NOA3 G2 -00C5 11, and 21 WO

2005/ 097123 PCT/ US2005/ 010167 <coo- 4 N N1 -O00Cd |l /NFe %N~-1 " COO
NRa N 3+N2 -00CR, = 3-nethylbenzoate 25. Additional illustrative
exanpl es of the conpounds of Fornula (lIl) are 5 as set forgh bel ow. COO a~
N WO 2005/097123 PCT/US20051010167

Ccoor

COO’

COO”

-00C

and
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-OOC NNM N/ COO NCI 3N + N+ 2 -0C 12, 22 WD 2005/097123
PCT/ US2005/ 010167 coo 4- ¢/ N+ N\ / V't N-OOC NI | NNBr ~" COO N
3\ -/ +jN-o00oc 13, coo- 4 N\ N-ooc/ I NMI N I / \ coo- | NOA

WO 2005/097123 PCT/US20U5/010167

Coor

-00C
R, = 3-methylbenzoate

25,

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

5 as set forth below:

Ccoor

-00C
12,
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3\ -/ ++ N2 -00C5 14, and 23 WD 2005/097123 PCT/ US2005/ 910167 COO
N NI -COC/ I NMi N1/ COO NRa N 3++N-/\ 2 -0OOC Ra =
-nmet hyl benzoate 26. The Pyridyl - Subsituted Porphyrin Conpounds of Formula
1) contain 5 four pyridyl groups. Due to steric factors. each ridyl
roup's ni WOHEHAIEm can exist: (1) above the plane ofp?ﬁgsﬁﬁV%ﬁg¥in ring
(this conformation is herein referred to as the p-position); or (2) bel ow
the plane of the porphyrin ring (this conforng®Pon is herein referred to as
the a-position). In certain enbodinents, t
Compounds 10 of Formula (11) canmeR\st in
forms, denoted as |Isonmer Nos. 1-
m xture thereof, with the pyridyl

Forrmula (I):
-OOC\( :5

Q—~wz2=Z

'n\the tabl e below, or a
eted 1-4 as shown in
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-24 WD 2005/ 097123 PCT/ US2005/ 010167 Pyridyl Goup # Isomer No. 1 2 34 1
aaaa 2aaald3aabPa 4aPaa 5Paaa6aaPP 7aPa 8aaP
In the above table, "a" signifies that the pyridyl group's nitrogen atom is
in the a-position, and "P" signifies that the pyridyl group's nitrogen atom
isin the OHB'YE i on. In one enbodi ment, the X that PFOPRRE"BHd with M
exi sts above the plane of the porphyrin ring. In another enbodi nent, X
that forns a bond with M exists below the pl g0 of the porphyrin ring. In
one enbodi nent, a Pyridyl-Subsityted Porph Conpound of 10 Formula (I1)
is substantially free of its corregspandi ng er jsgners. |In another

enbodi nent, a Pyridyl - Subsituted yrin_ConpaidndWof Formula (l11) exists
as a mxture of two or nore isonmery 1.8 R Y- 2UBSTI TUTED PORPHYRI N
COVPOUNDS OF FORMULA (111) I n onejenbpydi he™Pyri dyl - Substituted
Porphyrin Conpounds 15 ha@ci) ‘ 5 WS.2005/ 097123

PCT/ US2005/ 010167 R 4 CN @ COo"

-00C
R, = 3-methylbenzoate

26.

The Pyridyl-Subsituted Porphyrin Compounds of Formula (I} contain
5 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

10 of Formula (IT) 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):

_924 -



N1(") N~(X) R RCH N3 N&R 3 (IIl) wherein M f, R X and n are
defi ned above for the Pyridyl-Substituted Porphyrin Conpounds of Formul a
(A). 5 1n one enbodinent Mis Fe. In another enbodinent, Mis M. 1In one
enbodinment, f is 1. In another enbodinent, f is 0. 10 In one enbodi nent, X-
is O’ or BO2PWTREe enbodiment, X is CHB3G(O) O or 2- nBERYPYRHYEHTe. In
one enbodi nent, an X- fornms a bond with M In one enbodi nent, an X' that
forms a bond with Mis the same as an X- t hByridyd €5 owpk forma bond with M

15 I'n one enbodi ment, an X' that for.i'omerm TYstyMis a different from an
X" that does not forma bond with M{_Th_ o0 nbodi'nent, an X that does not
forma bond with Mis different frcmarlotheraKa tehiak | does not form a bond
with M In another enbodi nent, each p&—s—ndependeptty F, G-, Br , f, HO,
20 or CH3C(O) 0 In one enbodi mrent, egch Ris -‘64@))6.[3 n anot her enbodi nent,
each Ris -C(OQOH In one enbodiment, m 1S [, de) 2005/ 097123
PCT/ US2005/ 010167 In one enbodinent,_n is 1

4 alBlala

5 ajo|a

6 ala|B|B

7 a|B|B|a

8 a|Bia|p

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

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

In one embodiment, a Pyridyl-Subsituted Porphyrin Compound of

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

Formula {II) exists as a mixfure of two or more isomers.

5.1.3 PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS OF FORMULA (11T}

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

.25



I n anot her enbodinent, nis 5 1In one enbodinent Mis Fe, f is 1, and JCis
G -. In another enbodinent, Mis Fe, f is 1, Xis d', and each occurrence 5
of Ri's -C(O O . In one enbodiment, the total nunber of -C(O CH Rgroups is 4.
I n anot her enbodi nent, the total nunber of -C(OOH R gro

anot her enBSBHRIY 5t he total number of -C(O) OH R groupgcﬁgsz’é’w‘"ﬂf"ln a
further enbodinent, the total nunber of-C(OOH R groups is 1. In another
enbodi ment, the total nunber of -C(OH R gfoeps is 0. |In one enbodi nent,
the Pyridyl -Substituted Porphyrin Conmpounds Formula (I11) are in
isolated and purified form 15 Il ustrat&kVe™¢ arrpl es of the conpounds of
Formula (Il11) are as set forth : FNt) -OOC NN Fe N NCI N
C00- 3+ N- / + 2 -00CC 15, 27

Im
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.
10 In one embodiment, X is CI" or Br™.
In one embodiment, X is CH;C(0)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,
15 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 anather embodiment, each X is independently ¥, CI', Br', I', HO',
20 or CH3;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.
-26-



\'/ ~-NFieM I /' \ NBr _ Ncoo- 3 _/ + jN/ \ 2 ooc 16, 4 COO N -0OOC
NI\ N \/ NFieNI / \ NOANcoo- 3\ - +\ N2 -o00c 517, and 4
COON + -ooc \N/ I \' ~N~N~e M1 / \' NRaCOO NjN

WO 2005/097123 PCT/US2005/010167

In one embodiment, n is }.
In another embodiment, n is 5.
In one embodiment M is Fe, fis 1, and X 1s CI.

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

5 of Ris
—-C(O)O".
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(Q)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(Q)OH R groups is 0.
In one embodiment, the Pyridyl-Substituted Porphyrin Compounds of

Formula (IIT) are in isolated and purified form.

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

below:
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2 0OOC Re = 2-nethyl benzoate -28 WD 2005/ 097123 PCT/ US2005/ 010167 27.

Additional illustrative exanples of the conpounds of Fornula (111) are as
set forth below a COO + [+ \ i -OOC NN NM N NG COO 3 NjN/ 4+ 5
- 00C 18, ﬁvocz%%u-;nlzs'\l *A-OCNT AN ~NMN N Br Cl%%fuszlt\;lusﬁnol\{ﬁ%ooc 19,

10

-oocb

R, = 2-methylbenzoate
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-29 WD 2005/ 097123 PCT/ US2005/ 010167 4 ftCOO 20, and 4 ftCOO =
2-ntt hyl benzoate 5 28. The Pyridyl - Subsi tut ed Por phyrin Conpounds of
Formula (I11) contain four pyridyl groups. Due to steric factors, each
pyri dyl gr%ﬁﬁ's nitrogen atomcan exist: (1) above the plane of the

por phyrin rYhYVPHL% conformation is herein referred tof4HUSOYHEI67
(3-position); or (2) below the plane of the porphyrin ring (this
conformation is herein referred to as th#.a-position). In certain

enbodi ments, the Pyridyl-Subsituted Porphyrin Conpounds of Forrmula (1) can
exist in one of the followi ng isomeric forns, denoted as |somer Nos. 1-8,
as described in the tabl eApditienw illggrativersxampleseof theepmpdundsyitHermyie (Igyare dy|
groups 15 beingzgq@q§m¥}l -4 as shown in Formula (111): -30 WO 2005/097123
PCT/ US2005/ 010167 Pyridyl Goup # Isomer No. 1234 laaaa 2aaaa

3aala 4aaa 5aaaa 6,200 da 8 a0 a0l lIn the above
table, "a" signifies that the pyrfdy\N grou ni gx~egen atom is in the
a-position, and "0" signifies tha{,t i ‘ "§ nitrogen atomis in

10

-20.



5 0-position. In one enbodinment, the X that forns a bond with M exists above
the plane of the porphyrin ring. In another enbodi nent, the X that forns a

bond with M exists below the plane of the porphyrin ring. In one

enbodi ment, a Pyrid - Subsi tut ed Porphyrin Conmpound of 10 Fornula (I111) is

subst ant i aM92W¥¥313f its correspondi ng other isomers. PRUHSPHEP1ET

enbodi nent, a Pyridyl-Subsituted Porphyrin Conpound of Formula (I11) exists

as a mxture of two or nore isongrs. 5.2 I S As used herein, the
{0l | ow 15~qeani ng: The term
is netNlinlited to, a cow, nonkey,

/. \at, \dogs fouse, rat, rabbit,
2 Urky is a human. Illustrative

"subject," as used herein, inclua\
horse, sheep, pig, chicken,_éa&ke N
gui nea pig and human. In one €
counterions include but are n m qgitrate, 20 acetate,
oxal ate, chloride, bromde, i , phosphate, acid
phosphate, isonicotinate, |actate, acid itrate, tartrate,

ol eate, tannate, pantothenate, bi e, Yyas'¢or bat eCO@ucci nat e, nmal eat e,
gentisinate, fumarate, -31 WD 209570 ; 0085/ 010167 gl uconat e,

gl ucaronate, saccharate, formate, e, nethanesul fonate,

et hanesul fonat e, benzenesul f onat €, 6 e, panvate (i.e.,

1, 1' - net hyl ene- bi s- (2- hydr oxy- 3- napghotoa canphor sul f onat e,

2- met hyl benzoate, 3-nethyl benzoate, and 4-net hyl benzoate counterions. 5 The
term"effective amount” when used in conn¥etion with a Pyridyl - Substituted
Por phyrin Conpound is an anount that is efsfiective to treat or prevent a
Condition in a subject. The term "isol ated d purified" as used herein
nmeans separated from other conpénents of ®on m xture or natural
source. In certain enbodi nents, e | gntai ns at | east 30% at

| east 35% at |east 40% at | easth\45% \ yat least 55% at | east
60% at |east 65% at |east -GO% ‘ t={fast 80% at

R, = 2-mcthylbenzoate

5 28.

The Pyridyl-Subsituted Porphyrin Compounds of Formula (IIT) 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

10 as the B-position); or (2) below the plane of the porphyrin ring (this conformation is
herein referred to as the o-position).

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

15 being numbered 1-4 as shown in Formula (I1I):
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| east 85% at |east 90% at |east 95%or at |east 98% of a

Pyridyl - Substituted Porphyrin Conpound by weight of the isolate. In one
enbodi ment, the isolate contains at |east 95% of a Pyridyl-Substituted

Por phyrin Conpound by weight of the 15 isolate. The term"is substantially
free of it%vog@ﬁﬂggﬁandi ng other isomers” as used herei H-HESASY U CHore t han
about 10% by wei ght of its corresponding other isoners; in one enbodi nent,
no nore than about 5% by wei ght, in another PwgidybGremp#t , no nore than about
2% by wei ght, in another enbodi nent rmo—mpre—thsnz30rbout 1% by wei ght, and
i n anot her enbodi nent, no nore than ést‘)"c')'ﬁfﬁﬁ'. 11 Dglb\:;’ vﬂe ght of its
correspondi ng other isoners. - The tefm "react|iwpa$pga ps" as used herein
nmeans a species that can injure a ¢eH—er—tissué- E[S‘ nplary reactive
r
0

h

speci es include oxidants and free r di cdl s. LT { Fer® exenpl ary reactive
species include a reactive oxygen speci S, S ag |z super oxi de or

peroxi de, and a reactive nitrogen species AS . nitric oxide,

NO, NOH, or ONO. In the Pyridyl-Substituted oPpBphyrd h Conpounds it is to be
understood that the nunber of R groupszwhet athmR71s -C(OOH is an
integer ranging fromO0 to 4. Accordingl’y, n'ik*{fd %umoff and an integer
ranging fromO to 4. It is to be 30(further den gtigpd that n=f when al

four R groups are -C(O O . Wether ¢ach R groiplig -C(OO or -C(OCH can
vary due to factors including pH -32 wd 2003+ bBTBJ3 PCT/ US2005/ 010167 5. 3
METHODS FOR MAKI NG THE PYRI DYL- SUBSTHITUREDH ”Ygiﬁg OUNDS The
Pyridyl - Substituted Porphyrin Conpouynds can jbe € uping conventional
organi c synthesis or by the following illustrative nmethods shown in Schenes

1-4 below. 5 Schene 1 bel illustrates .a.procedure.useful, for synthesizing
porphyrin internediate 1,ﬁ\6&ﬁa@ﬂvﬁt§b]ﬁs(§f ﬂgmé)%?haﬁ&fipﬁrb&ﬁﬁrgu‘bf/f]‘?ra%ﬁ"-a Ubstituted
Por phyri n Conpoug @hshed-pbsitidihral “GF JigniS&RiT®ie byridyl group’s nitrogen atom is in the

5|-= 2 56| &

5 [3-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
10 Formula (I1I) is substantially free of its corresponding other isomers.
In another embodiment, a Pyridyl-Subsituted Porphyrin Compound of

Formula (III) exists as a mixture of two or more isomers,

5.2 DEFINITIONS

As used herein, the terms used above and below have the following
15 meaning;

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.

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

20 acetate, oxalate, chloride, bromide, i0odide, nitrate, bisulfate, phosphate, acid
phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate, tannate,
pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate,

-3 -



10 N N propionic acid -- I NN pyrrole NCHOI NN N

Pyri di ne- 2- car boxal dehyde can be reacted with propionic acid and pyrrole in
t he presence of about 10% xyl ene or toluene at a tenperature of from about
15 120 Ctg reflux, for exanple at a tenperature in the range of from about
130 C to aBQAMMRH?% to provide the pyridyl porphyrin RCTURIEAINE ysef ul
for making the Pyridyl-Substituted Porphyrin Conpounds of Fornula (A).
Schene 2 bel ow iglicoste, gliesomatenmidiooite) foahaté, bbowatepitangpt, nethd Qeshijorex y et al | o-

por phyrin inter i f [ I whi ch are ful for making the
Pyridyl - Subst i ttrﬁ?l1 g&%ﬁ‘?‘ﬁﬁy‘?ﬁ%"@#%%&h%%dw esll—lgf(rmr?%r §a"t{)?§ (W‘n’er einf is 1 and M
i s defined abovd.,f orethiylewe-Pisr(2-dydro:Subsadphthodted) chrophoryplomteCompduivdszoat, For mul a

1) 123 ORI A R ¢ | 1, Y VNN
5 The term “effective amount” when used in connection with a Pyridyl-
Substituted Porphyrin Compound is an amount that is effective to treat or prevent a
Condition in a subject.

The term “isolated and purified” as used herein means separated from
other components of a reaction mixture or natural source. In certain embodiments,

10 the isolate contains at least 30%, at least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95% or at least 98% of a Pyridyl-Substituted
Porphyrin Compound by weight of the isolate. In one embodiment, the isolate
contains at least 95% of a Pyridyl-Substituted Porphyrin Compound by weight of the

15 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

20 about 1% by weight, and in another embodiment, no more than about (.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

25 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

30 further understood that n=f when all four R groups are -C(0)0O". Whether each R
group is -C(O)O" or -C(O)OH can vary due to factors including pH.
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The porphyrin internediate 1 can be reacted with a netallating agent 5 in
refl uxi ng hydrochloric acid to forma netal | ated porphyrin conplex that can
be treated at roomtenperature with a hydroxide base, such as sodium

hydr oxi de oqr ot assi um hydroxi de, to provide the hydroxy-netall ated

por phyrin Wﬁ@%’r’ﬁ’aﬁ Xtes of Fornula (1V). Metallating aﬁéﬁ LOGLLET in the
met hod of Scheme 2 incl ude but are not I|mted to ferrous chI orlde
ferric chloride,5.BeME 3 IFOR Al ' RORYHERI] POUN

sul fate, manganese(l11) acet at e, manganes;&jl I) acet ate, and manganese(l 1)
chloride. Scheme 3 bel ow EisduEdA-SHestifsd PophyirKemrpundreamhs meewsiRgbst i t ut ed
Por phyrin Cowpoweﬁ@n@énamgm FnthéMs aefeﬁfh@lfalowgsllus imdtholSsiwRin °; and M f
and 15 X- are as defined above for t | - Substituted Porphyrin
Conpounds of Forishgmes l¢ddelowscheme 3 - 34 V\D 2005/ 097123 PCT/ US2005/ 010167
/COON QJ[3 41 \+ COO\IN(rp~I 8r - HOOCCd 1 1 ( n(3C) NNOHI Nw N
NNI\COOH N N3 2 [V HOOC mpound 2: M=Fe Pyri dyl - Substituted Porphyrin
Conpounds of f | For nul ahaye Wré%tllﬁstIafesagros@w\wsqﬁqﬁfobw hgsizingyr oups of the
hydr oxy- met al | at@ebhpef Riyhédiaw DivaidiBOAsBhPHr makifY thEPYiayl-ButlstiMedcan be
N-benzyl at ed using excess a-brono toluic acid in N nethyl pyrrolidinone
(NWP) at el evat d@TRhiHEPEPRES (FABEI2 @0 C - 130 C). This nmethod provides
Pyridyl - Substituted Porphyrin Conpoundsse@im&EPr mula (A) wherein R = -COOH n
=f; Xis 1BOr; and M f, and n are as defined above for the Pyridyl -

| = propicnic acid
B e
7 ole
N CHO Pyt

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
15 120 °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
20 hydroxymetallo- porphyrin intermediates of Formula (IV), which are useful for
making the Pynidyl-Substituted Porphyrin Compounds of Formula (I} wherein f is 1
and M is defined above for the Pyridyl-Substituted Porphyrin Compounds of Formula

.
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Substituted Porphyrin Conpounds of Fornula (A). 10 Schene 4 bel ow shows a
nmet hod for ion exchange of a Pyridyl- Substituted Porphyrin Conpound of
Formula (A) having a Br" metal counterion. This nethod is useful for making
Pyrldyl Substituted Porphyrin Conmpounds of Fornula (A) wherein Ris -C00-;
n=f: X POB¥E Phan Br; and M f, and n are as defiHHUPBOUBANGE for the
Pyridyl - Substituted Porphyrln Cbnpounds of Formula (A). Schenme 4 - 35 WO
2005/ 097123 PCT/U82005/010167 ,000H CG%hemé&21 / \ N 1. Basic resin ~N 1 /
\ N/ 2. X HOOT M PCO0- N NON OCH N N~ n( X-)
\' . NI +\V V" N i
Pyridyl - Substituted C pounds  of Foriy

f is 1 of Formula (A whg 'N { COO and X- is o] he
Pyridyl - Substi tuted Por, i -oundslquFornul ( Ahgrein Ris - COOH

can be further derivati tep otonarT§TfTﬁ he ‘g ig acid units
using a basic resin (e.q., A& Mar at Hor ~ W8 $ Up | owed by
counterion exchange s at iye counterio i Jdi ng, but not
limted to, an al kaki i fle;™Nor a resi 3 s act/a§\a sour ce of
a negative counteri ite 10 | RA chloridenresin, to

provi de the Pyridyl-Substituted Porphyrln Cbnpounds of ™Mormula (A) wherein
Ris -C00- and X is other than Br". |If desired, the Pyridyl-Substituted

Por phyrin Conpounds of Formula (A) can be purified usi ng et hods wel | - known
to one of ordinary skill Thepoiphynreinteusadiate 1 can be reacted with a metallating agent

5 in refluxing hydrochloric acid to form a metallated porphyrin complex that can be
treated at room temperature with a hydroxide base, such as sodium hydroxide or
potassium hydroxide, to provide the hydroxy-metallated porphyrin intermediates of
Formula (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

10 ammonium sulfate, manganese(Ill) acetate, manganese(Il) acetate, and manganese(1I)

chloride.
Scheme 3 below shows a method for making the Pyridyl-Substituted
Porphyrin Compounds of Formula (A) wherein R is ~COOH; n is 4 or 5; and M, fand
15 X are as defined above for the Pyndyl-Substituted Porphyrin Compounds of Formula

(A).

Scheme 3
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art including, but not Iimted to, flash colum chromat ography,

hi gh- performance 15 |iquid chromatograpy (HPLC), nedium pressure |liquid

chr omat ogr aphy (I\/PLC) preparative thin-layer chronatograpy, ani on exchange

chr omat ogr %%{Fﬁyﬁ@ recrystallization. 5.4 THERAPEUTI C USES OF

PYRI DYL- SUBSTI"UPED? PORPHYRI N COMPOUNDS I n accor dance Wit/ H52t"1’1’é°1i’1ﬁvent| on,

the Pyridyl -Substituted Porphyrin 20 Conpounds can be adm nistered to a

subject in need of treatment or prevention of a Condl"t?@; 986 WO
) n, dy

20051097123 PCT/ 3 ubstit ut ed

D Nng Yor
neutralizing one or e80TI Ve  4pBCi es JoB@ j‘ et~ n a¢kyo due to
the interaction of goONi i adi gt with a e uch
reactive species irk o § ar'é—r'mp—l‘r'm ted %@ 5 speci es,
i ncl udi ng super oxj_des Rer oxi des,™and reacti ve ni o i €8O
- P

including -ONO M and nitroxyl spegre
B | ON OF | NJURY DUE\Tg
SPECI ES The Pyridyl - Subsgy i tut ed Porphyrin Conpounds c be u¥&d’to treat or
10 prevent cell or tissue injury due to exposure tBo& Feactive species. In
one enbodi ment, theCmpandlwe-Fspecies is an oxi dap Auniedda$Gph y@@&xﬁée’unds f
i ncluding, but not limted to! reactive oxygen spamug$A)‘§uQi Rzg,scggﬁe oxl des
and peroxides, and reactive nitrogen species, such as -ONOO, nitric oxide,
and nitroxyl species, such as NO NOH, and ONO 15 Exanples of injury due
to exposure to a reactive species are skin winkling, skin aging, sunburn
erythema, UV-induced ski NThetytHdy groapsofWhehyBdie 8dtallfkd porghyae at@mediatds 2
PROLONG NG THE HALF- LI FE OFAN OXI DATI ON- PRONE COVPOUND | The
Pyri dyl - Subst i t \f&amBt? BKY5an ke Bohepariaiy 1w XrssssRamPIF 8F O HN- 20 t he

hal f-1ife of an gxh OQBmQJeQNMPl}QmP@Ht@&ite etdfudQaboufsEaaot fercemedi ment, a
Pyridyl - Substi t ut ed}q%‘ri nd cakr:@be adm nistered to a subject in

method prov1des Pyndy] Substltuted Porphyrin Compounds of Formula (A) wherein
=-COOH; n=f; X is Br’; and M, {, and n are as defined above for the Pyndyl-

Substituted Porphyrin Compounds of Formula (A).

10
Scheme 4 below shows a method for ion exchange of a Pyridyl-
Substituted Porphyrin Compound of Formula (A) having a Br’ metal counterion. This
method is useful for making Pyridyl-Substituted Porphyrin Compounds of Formula
(A) wherein R is -COQ"; n = f, X is other than Br’; and M, f, and n are as defined
15 above for the Pyridyl-Substituted Porphyrin Compounds of Formula (A).

Scheme 4
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conbi nation with an oxidation-prone 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 enbodinment, the oxidation-prone
drug or b|$g€%ﬁé#g%ﬁls hyal uronic 25 acid. 5.4.3 TREATMENT OR PREVENTI ON OF
ERECTI LE D DUE TO SURGERY The Pyri dyl - Subst i Put/E#BEHpKyri n
Conmpounds can be used to treat or prevent erectile dysfunction caused by

surgery. In one enbodinent,c%gﬁéf?ﬁgery is surgery of the prgs
, A A

col on. -37 WD 2005/ 09 2005/ 010167 5. 4.4 TRBA?
OF LUNG DI SEASE The P “t 0y ed Por. phydsia Co

treat or prevent a | TN\di_g PN, one'ég@gdern
cystic fibrosis,HoC jinjury, enp yseﬁﬁcﬁgsy
di stress syndrone. .4 . ' PREVENTI ON \
Pyridyl - Substi t ut ed mf i Oy Toeoasian be used to tr@
injury due to hyper oxi i e-dinent, the injury~=e
hyper oxi a- i nduced ey€ ia-i ! .
TREATMENT OR PREVENTI CN 7 U'ob."NERATIVE DI SEASE To“Th hei »
Pyridyl - Substituted Por phy Conmpounds can be used to t peat=or prevent a
neurodegenerative di sease. I n one enbodi nent, the neurodegenerative disease
i's Parkinson's di S58asa-sutblithie Pémkyris cohsARGE, HUNgaEIsabltifited PHERFR CoMpounds

anyot rophi c | at er af psreulRSHSreinR ié-cOOHRENT VENT Q?FB%MEW\MQ\Jm%s ldodER
DI SEASE 15 The Pyrg.d¥lzoubstituted Porphyrln Conpound can be used to treat

or prevent a liver disease. In one enbodinent, the |iver disease is
hepatitis, liver failure, or drug-induced liver injury. 5.4.8 PROTECTI NG A
SUBJECT' S HEART AGAI NST MYOCARDI AL DAMAGE DURI NG CARDI OPLEG A 20 In one

enbodi nent, the inventi onTHRIFMiESIbdHELITSEHhE Comsiuaing Feaiuli @Yl egi a

conpri si ng adnlnlsterlng to a subject in need thereof an effective
wherein R is

—COOH can be further derivatized by deprotonation of the carboxylic acid units using
a basic resin (e.g., Dowex Marathon WBA-2 resin), followed by counterion exchange
using a negative counterion source, including, but not limited to, an alkali metal
halide; or a resin that can act as a source of a negative counterion, such as Amberlite
10 IRA-402 chloride resin, to provide the Pyridyl-Substituted Porphyrin Compounds of
Formula (A) wherein R is -COQ" and X' is other than Br".
If desired, the Pyridyl-Substituted Porphyrin Compounds of Formula
(A) can be purified using methods well-known to one of ordinary skill in the relevant
art including, but not limited to, flash column chromatography, high-performance
15 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
20 Compounds can be administered to a subject in need of treatment or prevention of a

Condition.
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anount of a cardiopl egi a-i nduci ng agent and a Pyridyl-Substituted Porphyrin
Conmpound. Cardi opl egi a-i nduci ng agents useful in the present invention
include, but are not Iimted to, potassiumchloride, procaine, |idocaine,
novocai ne, bupivocai ne, 25 nicorandil, pinacidil, hal othane, St. Thonas

sol uti on, Wb‘ﬁ’ﬁ%"g%‘t?l:‘uti on, 2,3- butanedi one nonoxi ne, oPCEEMWINIIEIn one
enbodi nent, the cardi opl egi a-i nduci ng agent is |idocaine. -38 WO

2005/ 097123 PCT/ US2005/ 012 b6& embadingme therfgodiilSebtiiutel Rogrhghinbeppuads nduci ng
agent and a Pyri [ I sent. within the
sanme conpositi on&%gmﬁ%gﬂéﬁ@g‘%@g{%&ﬁél&o%g%%g?ﬂ%.&%g_)f ﬁ‘{oospr %:E:]liv% are useful
for preventing opeqdstharhrigagratmoeias dicdd thd nagrgion pDmiBog tdiationgwidur i ng

cardi onl eg1 2. © dBiedshue 8RN RTBRL IR ohi1S AYRALL B REQYLARS, Tet hods
for protecting asubject’'s heart agal nst myocardi al damage dur i

car di opl egiSa, t epecigveintioding ouppoxidésngd palorides sind rdactgye ngrogen spréiesincludinpeed

t hereof an effecty a .. 0f -, ( car.dj f-aghpduci agent; and (b) a
Pyri dyl - Subst i tﬁ{tde or pﬁgﬁl?ehg@djﬁr@gaﬁsa?m Ogu?tﬁ;sgﬁl’é%el%bﬁﬁnﬁt , the

cardi opl egi a-i nduci ng agent is admnistered prior to the admnistration of
the Pyridyl-Substitut egy PofseRyiitir SFORROEAEeN bRNGI MBIToRROSIREENT |

Pyri dyl - Substituted Porphyfin ConpagnCreasTive SFBcEsSt € €d prior to the
adm ni stration of the cardiopl egi a-1nducing agent. In a further enbodi nent,

t he cardi opl egi a-i nduci ngTtedggtitylSubstitfie Polghyily Colydundidas be tidst ectreBosrphyri n

Conmpound & adm ni steged.conc.ur r(ﬁngl . _In anot her enbodf' ment,, t he

car di opl egi‘a- i ndIRCAY A GEHE LAY T HE 0%9%‘{?9?9%‘35"? PR aEBF BRSAY R o mpound

are adm ni st er edthsteadtive bties fd@n Bylddntyt a- freBuidalsdal, irdtuaitg e pdrYikiisad onpound

exerts its pr opglyl actic effect of protection qa;%ai det ocardj al damage

while the cardi dBFUYT GOBHYBET ot Sy Bt PRYETe anq RELox f’di’%f“@ﬁ’? BIO%E ef f ect .

5.4.9 TREATMENT $RiERVIENTIONNORi AN HiddFAndviEd X R e Nt T 4sON) TROH, and

Pyri dyl - Subst i tu@lgg Por phyrin Conpounds can be used to treat or prevent an
i

i nfl ammat ory con on. Inflammtory conditions can arise where there is
15 Examples of injury due to exposure to a reactive species are skin

wrinkling, skin aging, sunburn erythema, UV-induced skin injury, and UV-induced

skin disease.

5.4.2 PROLONGING THE HALF-LIFE OF AN OXIDATION-PRONE COMPOUND

The Pyridyl-Substituted Porphyrin Compound can be used to prolong
20 the half-life of an oxidation-prone compound in vivo. In another embodiment, a
Pyridyl-Substituted Porphyrin Compound can be administered to a subject in
combination with an oxidation-prone drug or biomaterial to treat or prevent oxidative
injury due to, or biodegradation of, the oxidation-prone drug or biomaterial /n vivo or
in vitro. In one embodiment, the oxidation-prone drug or biomaterial is hyaluronic

25 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 ercctile dysfunction caused by surgery. In one embodiment, the surgery is

surgery of the prostate or the colon.
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an inflammation of the body tissue. Exanples of inflamuatory conditions
treatable or 25 preventable using the Pyridyl-Substituted Porphyrin
Compounds include, but are not limted to, transplant rejection; chronic

i nfl ammat o ﬁg%@?ﬁgrs of the joints, such as arthritis, rheunmatoid
arthritis, '0s ritis and bone di seases associated W VHS2WHIPELsed bone
resorption; inflamuatory bowel diseases such as ileitis, ulcerative

colitis, Barrett's syndrofs;4 EREATS) BREVEN AN G PIERSH ory | ung

di sorders such as 30 asthnma, adult respiratory distress syndrome (ARDS), and
chronic obstructive airwalhe Fapdigubstinuted Porphyrit rypondsGryis sedl epdr eye” such
as corneal dyst radBia 1idgRRIBIn on® BRBQAEE RSy dist¥ R 1§ &yatic Sdtedat heti ¢
ophthalmtis and endgophthalmtis; chronic -39 WD 2005/097123

PCT/ US2005/ 0101 87PCTei¢ |uagifurseyrrhyses qerdalt srspiatesy gisiess &0CP™s gi ngi vitis and
periodontitis; tuberculosis; leprosy; inflammtory di seases of the kidney
such as urem c conplicati 003 <

o § ! %O%éwéﬂ‘%%%hﬁo@ﬂ%&%%{ osis; inflammatory
_|sorders of t_he skin such™as —Seie - and eczena,
i nfl anmat ory di seases of iﬂg@gg@ﬁ_tsﬁ@slﬁm%grpm,gﬁn @omﬁcgrgan UG8 @_ﬁregthﬁonl c

denyel i nating di seases of thé nervous system nultiple sclerosis,

Al DS-r el at ed newrdydetdenadae fodipeprda. An pheirphediment the drjwrer dug iilepareaans

meni ngitis, encqg{;‘gg,g V@lidelileSe i Ki SinllcSERSLiniddINt i ngton' s di sease,
anyotrophic latéral g}c{ﬁereogfesmjg% v?‘%g({h o? é:ut ol ?n]%dr% encephalitis;
aut oi nmune di seases such as diabetes nellitus, inmne-conplex vasculitis,
system ¢ | upus eryt hamgtDEATMESESR PREVENTION baRDBHCDEVECksaeRaasseake t he heart
such as cardionmyopat hy, ischemc heart disease hypercholesterolema, and

at heroscl éifosi s; as wel | Hs Pyndyjl-Sobsatuted Forpbpin Conqguhdsean be/ased ousatdir seases
such as preeel anpsia, chronic liver failure rain and spinal cord trauna,
and cancer. Ther%fjvre Ilﬁc?yqeyrgg%gﬁnfnd g‘é" aIEPOrI?) rf/erqmr?%%nr%%uﬁagmg%ﬁ%g g‘ée be used to
treat or preventdiseasuckarkilreon s doguse dihoimedt disgasd, Muh@npaisoliseaeondi ti on and/ or
to 15 reduce the_ s 0 he. inflammatory condition. In one enbodi nent,
the Pyridyl - Suﬁﬂy?g{;{)ﬁthécggtﬁrgisﬁtﬁoﬁs‘n Compounds are useful for treating or
preventing pain associated with an inflammatory condition. The inflammatory
condition treatable or pregyeniafeRYorEVRNBbRAFLAER pdEagh ef fective anount
of a Pyridyl-Substituted Porphyrin Conpound can al so be a 20 systenc

inflammatign of the body.THrHDNSTbsiute@ P iAHICCoRiduadtaibe Qditdedatiste but

prevent a liver disease. In one embodiment, the liver disease is hepatitis, liver failure,

or drug-induced liver injury.

5.4.8 PROTECTING A SUBJECT’S HEART AGAINST MYQCARDIAL DAMAGE DURING
CARDIOPLEGIA

20 In one embodiment, the invention provides methods for inducing
cardioplegia comprising administering to a subject in need thereof an effective
amount of a cardioplegia-inducing agent and a Pyrnidyl-Substituted Porphyrin
Compound. Cardioplegia-inducing agents useful in the present invention include, but
are not limited to, potassium chloride, procaine, lidocaine, novocaine, bupivocaine,

25 nicorandil, pinacidil, halothane, St. Thomas solution, Fremes solution, 2,3-
butanedione monoxime, or esmolol.

In one embodiment, the cardioplegia-inducing agent is lidocaine.
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are not limted to, grampositive or gram negative shock, sepsis, septic
shock, henorrhagi c or anaphyl actic shock, (SIRS), or shock induced by
cancer chenotherapy in response to a pro-inflammtory cytoki ne such as
IL-2, interferon- %1 or GMWCSF. 25 In one enbodi nent, the inflamuatory
condi tion MOVt ory shock, sepsis, systenic infl RFFYBMIYEEhonse
syndrone, henorrhagi ¢ shock, cardiogenic shock, or system c inflammation

i nduced by an anti cancer Ii‘lm‘lnmﬂioh'mfeapycﬁ&iﬁﬂfle@;ﬁinﬂﬁs—ing&gedtrand)mEyr'EilybOdi ment, a
Pyridyl - Substit orgte) an. b sed tQ . or prevent
an i nfl ammat or ylétél%%ﬁutdilr 3}{1 “CP'HI%C)}ngareer%eS%f‘t Eﬁhl ecomrﬁofl i a]tLhSry skin

di sease i s cont aodserd grethats for mducinpychidephgia ore upﬁuirfola:se\sntldgrpronmmwmgodi nment ,

t he i nfl ammat or g S Ll .qr ti e that is exposed to a
reacti ve speci exs{nﬁ?ﬁg’htﬁlﬁ&%&o%%gcﬁﬁgB‘t?ln%lﬁgﬂb)%%glg'lmm 5.4. 10 TREATMENT OR
PREVENT! ONSOF A REPERFUSILONi1l MddtHRemtbodigpat the siverntion pjavidgs methodsdort r eat ed or
prevented by ad f Substituted
Por phyrin Corrpo[{}r %éﬁ%%gedr us%)l](;)eﬁrt ﬁrf%ulﬁlgocéﬂgﬁ?? gﬂgﬁﬂry‘g cf"%v\»gpé a;wénat ural ly
occurring epi sodm:thoslugmpmgaadnmmdncadn aﬁlmamﬁme@ct theraof asteffmtxesa aroountefr i ng a
surgi cal procedure where A Vi intentionally or

uni ntentionally bl ocked. eacgi? se%}gﬁhclmﬁmggg §"t]dnat can be treated or
prevented by admi nisteri r(g)aléymdeiFSuesitmtvchcap’nyunComﬁmmdPyrl dyl - Substituted
Porphyrin jgorpound | ncl udgonPilinaf. Bt L e LNASLIBLLEPET  USi on
injury, st roke neur ot rauma, neur ol nj ? ¥ on, and
reper f usi on i nj yrigr ﬂoelstﬂdnmmgraﬁmmﬁthﬁd’ryddxiﬁubm@r@@ypa@gmpwﬂgery, or gan
transpl antati on surgery, o n o¥=3 ery; carotid
endar er ect ony surgery, or&ﬁerﬁ%?rﬂg%dﬁgéns%gn%n%%%%n@g e%gﬁ'ﬁ ?0 the

reper fusion I nj wdpinisesed prior forthgadmgeisteatiopef|throneliopldgizpadingaeger y,

t horacoabrom nal aneurys the g d@ SRl ony surgery
or henorrhagi c shock. Inméne e nﬁﬁﬁ%ﬁy 5 I ?"‘é b %]%t%ﬁt%ég or phyrin
Conpound ils Pyridyl-Substituted Porphyrin Compound are admmlstered concurrently.

In another embodiment, the cardioplegia-inducing agent and the
Pyridyl-Substituted Porphyrin Compound are administered such that the Pyridyl-
Substituted Porphyrin Compound exerts its prophylactic effect of protection against
myocardial damage while the cardioplegia-inducing agent exerts its cardioplegic
20 effect.

5.4.9 TREATMENT OR PREVENTION OF AN INFLAMMATORY CONDITION

The Pyridyl-Substituted Porphyrin Compounds can be used to treat or
prevent an inflammatory condition. Inflammatory conditions can arise where there is
an inflammation of the body tissue. Examples of inflammatory conditions treatable or

25 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

30 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
-39



adm ni stered during nyocardi al reperfusion. In one enbodinent, the
reperfusion results from cardi opul nonary bypass. |In another enbodi nent, the
reperfusion results in a nyocardial infarction injury. 20 In one

enbodi nent, _the reperfusion injury is a reoxygenation |n ur resulting from
surgery, payPirtE 'ﬁFJy organ transplantation surgery. In é‘yéﬂ’ﬁlﬂml??ent t he
organ transplantation is cardiac transplantation or Ki dney t ranspl ant atl on.
| n anot her enbodinfiemmatonhdisasdegeaf thereams pich pt Endivhs 4nd phrqgdontitpStuberculosis;

transplantation, Ielﬁogyn%/na%&whmgétomﬁk.dhé Gl dsTARRPLAIRL AR, or lung

transplantation. “I'n one enbodi ment u5|on|njury|s inacell or
tissue that is eepesdancphsitisandngphrpsie l@p’@{ﬂa@@ digprdersiof theREIRFRENT OR

PREVENTI ON OF ANsdle?SEéﬁMtf%s,%@sE 'amc%&nd SRR P fory CRdRalc | bptﬂe %Halbi@rv%ﬁseat ed or

prevented by adm nistration of an effective ‘amount of
Pyri dyl - Subst i tuﬁ)@&npé\rcbﬁwhr?m@nwemang Jiscesve pf tbem‘mpﬁﬁsm muiigle can be

treated or prevepligesiNIBSEINESlEoidl8nerftion 8hd KGEAIME ATRURL inREtichs
Pyridyl - Substi t ut ed Porphyrl n Conpound incl ude, but are 241 V\D 2005/ 097123

PCT/ US2005/ 01016 Meningitis,[cpiephaiemyelitis, RBarkinsas's disgisp dTuntisgiendsiissass ragiviophic

myocardi al i schepgiqa shepat ki dlﬁp&%ﬁbﬁumungﬁﬁ%ﬂ{aﬁ{né QuidininBinY dis&%&&%ﬂatﬁws
intestinal ischema, critical linb ischem a, chronic critical i mb

i scheni a, er ebr aPiabejesesHitas, ua@un%coma}eaweulit@éh@?ﬁna 1“1’&?1%@%“?@%%&%% di sease

of the cengral nﬁfamwa)ryseﬁ%a&%f@yﬁéan%&h% ERKBmPS aﬁl?rlecb.ealc HeSEM&AA. S5 In
one enbodi nent, the ischenic condition is myocar ischem a, stable

angi na, unst abl e hsgibplssteraleminand sthseasderpes; ewelf asdnlasneaiop Fesplbnglinm|

ischema. |In ong.&badii&Rton a&laﬁ:eaa%@;nﬁnwomw fall@r@ Hrﬁn bl gf;sm@ﬁdotd or tissue
that is exposed to a reactive eclEpem es. EATMENT OR PREVENTI ON OF A

CARDI OVASCULAR Dfrapesgndi@nger.c B YB@HSS(E‘B%“&F@%PO%%{E‘%C@&PP“HQS tap algp Byussd

prevented by adnwrem@trév@mredatemapx%%;fe@%lomﬁﬁaﬂraato@fcoﬁan%ﬁran%%mSubstI tuted
Por phyrin Conpound Car di ovascul ar_di seases that can be treated or

prevented BY adnisucsthe ptoms of fhearfampmstogngsiditions In gnpgmbagimensdisdyrdit ed
Por phyrin ConmpouRghbstituted Porphyrin Compounds are useful for treating or preventing pain

associated with an inflammatory condition.
The inflammatory condition treatable or preventable by administration
of an effective amount of a Pyridyl-Substituted Porphyrin Compound can also be a
20 systemic inflammation of the body. Examples of systemic inflammation include but
are not limited to, gram-positive or gram negative shock, sepsis, septic shock,
hemorrhagic or anaphylactic shock, (SIRS), or shock induced by cancer
chemotherapy in response to a pro-inflammatory cytokine such as IL-2, interferon-y,
or GM-CSF.
25 In one embediment, 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
30 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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include, but are not Iimted to, chronic heart failure, atherosclerosis,
congestive heart 15 failure, circul atory shock, cardi onyopathy, cardi ac
transpl ant, myocardial infarction, and a cardiac arrhythm a, such as atri al
fibrillatiaon ravent ricular tachycar dia, atrial flutter, and Par oxysmal
atri al tachvgép‘ﬂﬁ’a ¥ one embodi ment, the cardi ovascul &CTHWIAWIE

cardiac arrhythma, congestive heart failure, ci rcuI atory shock or

cardi onyopat hy. 20 | n anblhaREAINENEORER N QF ARE RYia is atrial
fibrillation, supraventricular tachycardia, atrial fI utter or par oxysnal
atrial tachycardia. In oné\@%@&chaﬂﬁéﬁﬁ%ﬁd&%%@%‘iﬂ‘ﬁ’radﬂ‘i"%%"&g 9fs” heart

failure. I'n anot BeEffRIROMIABIGFa Piid®/1-S@sHiuRY REGHYT CHhRAS RdpSriusion
bal | oon-i nduced  vascular _injury, corgnary stenting, atherosclerosis, or

restenosis. 25 | HYYHKEHEWI wwralkywecuga}g&mﬂ&s%ha%aravos:érasaé is acute

heart failwgre, crmr@tmncsdaﬁaro}ddralglaulrugwaups&a@ﬁe WhddeBbdd ik Ineels dr ug- i nduced
heart failure, idi opat hic heart failure, alcoholic heart failure, or

cardiac arrhyt hnientpnally geunisiensigngflydiockadhe car di ovascul ar disease is in a

cell or tissue that is emﬁcﬁ‘ﬁﬂloﬁQuu?tuﬁﬁhﬁ%ﬁﬂlMﬂre&ﬁ@@fﬁ‘éventeﬁ%y‘d@mﬁ@gﬁﬁgo97123
PCT/ US2005/ 010167 5. 4. 13 TREATNE PREVENT DI ABETES OR A DI ABETI C

COVPLI CATI ON Di aBREisstivyampugy %fBé'W‘?:Yl éb??ﬁ?“feéﬁf’@a}‘}"’b%‘ﬁnﬂﬁ’é“‘i nelydebutdre prevent ed

by adnini strati gs 1fited o, Htdsefd reperfin Bl Wiy Qfroke, MBuEdEYIa %mféinguwt ed Porphyrin
Conpound. Types of diabetes that cap .be ireated or prevent ed

admi ni st erilhg an™owFy! d‘[‘fF‘R?BO'hﬁ‘?ﬁ’dﬁ‘ferfBT‘o‘h"‘PVr‘Fﬁ‘}ﬂ“géi?ﬂ‘s‘taﬂ‘?ﬁ“«lé@“%%ﬁ?ﬂﬁ| n
Conmpounds i ncl udeurg&yl,tor heraﬂ@tamahm@utgesy thercobiiRidal HeaReh efpat buigds),i n
Dependent Di abetes Mell.itus gﬁ di abet. eﬁwglgNon | nsul i n Dependent

Di abetes Mel i tu§§r°t’\%%'§‘fr§&ei: g o 'ét?é{‘"é’%"” AfC | i nopat hy, diabetes

resul ting from pancreati c Ildbx&%ﬁgedmﬂhtatbeieﬁ&ﬁjéﬁﬁuﬁﬁryP@uﬁsrﬁilﬁi\ anot her endocri ne
di sease (such as Odshl 's Syndrone, cromeg g]tqngheochro toma, 10

gl ucagonomm, pri (¥ S‘?p‘é[ PACY BYPASi SUTFRISr DRGpaRr MY TePa SHEEERY: P | n
resi st ance 15syndeadireclomesuffetyts Ubhdirhagis biwtiance syndrone, |ipatrophic

di abet es, and di abet es duced by p-ce t 0Xi ns. e ri | - Suhstituted
Por phyri n Conpounds can aI%B“etFé“bﬂé‘é’amt%J)y“dyl g(“bsnmtegpommn ‘%po““% 18

administered during myocardial reperfusion. In one embodiment, the reperfusion

results from cardiopulmonary bypass. In another embodiment, the reperfusion results
in a myocardial infarction injury.
20 In one embodiment, the reperfusion injury is a reoxygenation injury
resulting from surgery, particularly organ transplantation surgery.
In one embodiment, the organ transplantation is cardiac transplantation
or kidney transplantation.
In another embodiment, the organ transplantation is heart
25 transplantation, kidney transplantation, liver transplantation, or lung transplantation.
In one embodiment, the reperfusion injury is in a cell or tissue that is

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
30 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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treat or prevent a diabetic conplication. Exanples of diabetic conplications
treatable 15 or preventable by adm nistering an effective anount of a

Pyri dyl - Subst i tut ed Porphyri n Conpound include, but are not limted to,

di abetic c ra aucoma, retinopathy, nephropathy (such_as
ni croal umi n 6\&6 %Hg%r ogressi ve di abetic nephropat hy), (PSJ (WA YRSt hy,
gangrene of the feet, atherosclerotic coronary arterial disease, peripheral
arterial di seasenotliorieétostalie ngiyer yistible miginahypperushistiemis bemtic Behemia,

mononeur opat hy, ﬁugeqmmerﬂﬁwewmegnm@maﬁhga P BHERY SRRICERRR: GRARI | cati on
(such as an infection In spot, a can al infection of necrobiosis

| i poidica di abeillnbGﬁch@mb@@bta})SChea'%e‘FulTﬁmﬁ@MIlscbﬁ@é’l}PﬁPn dehsaicdisgase of

hyper |'i pi dem a, BYREKE.LRSIAN systehY A 9BroRd orlcBribthi iSchE@Ri Stance, coronary -
artery di sease, diabetic neur opat hy, nononeuropathy, a foot ulcer, a joint
di sease, a fungal i nf ect i dhonegntbadimentj the ischeméccaondiion ip mypesrdia peehergia,

angi opathy. car di@ey SRl nsia8RAnGhe Gl Gl HORLdiofke oPodtertt i TREATMENT OR
PREVENTI ON OF ASI DE EFFECT I de effect of cancer
chenot herapy can be treat é@own@p@%ﬁﬂé@sﬁvmlwmﬁm@@ F‘aﬁtfie@irﬁ’fbfrs“%ﬁhatéﬁffectl ve
amount of a Pyri @ydose'ﬁtt9§fréa&%%ﬁkcl°9r phyrin Conpound. Exanples of a side

ef fect of cancer chenotherapy 1 nclude, but are not 30 limted to, nausea,
vom ting, alopecia, nyel osuppression, anorexia, neuropathy, headache, pain,
dry nouth, nouth sor es;&.lbamenmmmmu TERSOINCA RMAGY AU ROOREOZE 123

PCT/ US2005/ 010167 hyperpignentation, skin rash, fluid retention, diarrhea,
cardi ot oxi ¢0ty, anaphyl axifscardidvescglar disedsecdan b¢ ssated @upepmtriddy administration

t hronbocyt openi a ghot flashes,

hyper gl ycem a, aﬁgEk pangtﬁvgépo{mghg FHgin%db%& tg‘glﬁﬁgﬁ%ﬁq héo%nancer chenot her apy
conprises adninistering Sadiphatlandisraizatetcaaht irtatedor payemdd.byAccor di ngly,
the present inve s ting a side
effect resulti ngg%@%tegiﬁgn?m s?r at%f“é’ﬁﬁé"rggﬁ‘dkf%%b%‘ﬁﬁ‘%& B&glgg-f acﬁotn%;éﬁr{r}rlor agent,
conpri si ng adm nist@e,ibngare motamstutb}oedtronumeménlmtehzehee@fcleroalm, whdeeloeibvat anount

of a Pyrid Sub g from
adm ni st ra%ilgon o?&du‘e %l%q]af)glfn&gg %d pﬁ%@%arﬁcgﬁ?s%;}g%ﬁ%ggﬁy& HIJ%O effects
of cancer chenot Iaedfa@ydldlq asthpdimad) ough as dtwialéiélrilﬂaapm sepringdirioeat tschygardia,inma based

anti tunor agent sﬂluﬁlgrl &hﬁ%am?}éhaﬁefn?alﬁ%yc'ﬂjdm ed to, cisplatin, carboplatin,
aropl atin, and

In one embodiment, the cardiovascular disease is a cardiac arrhythmia,
congestive heart failure, circulatory shock or cardiomyopathy.

20 In another embodiment, the cardiac arrhythmia is atrial fibrillation,
supraventricular tachycardia, atrial flutter or paroxysmal atrial tachycardia.

In one embodiment, the cardiovascular disease is heart failure.
In another embodiment, the cardiovascular disease is balloon-induced
vascular injury, coronary stenting, atherosclerosis, or restenosis.

25 In another embodiment, the cardiovascular disease is acute heart
failure, chronic heart failure, ischemic heart failure, drug-induced heart failure,
idiopathic heart failure, alcoholic heart failure, or cardiac arrhythmia.

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

is exposed to a reactive species.
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oxaliplatin. In one enbodi nent, the cancer chenotherapy conprises
adm ni nstering doxorubicin. 15 In a specific enbodi nent, a
Pyridyl - Substituted Porphyrin Conpound is administered to a subject in need
of treatnent or preventl on of a side effect of doxorubicin. In another
speci fic emBBdPHERT!> a Pyridyl - Substituted Porphyrin CHifg6tHtyssMe?

adm nistered to a subj ect in need of treat ment or prevent| on of a side 20
effect of cispl at iS135TREATHEYROMTRHVEN TIOROP R B\ § SOMPLEE MDY NDUCED
I NJURY A radiation-induced injury _can be treat ed or prevent ed b

adnini stration of an eff ed?ipkeEs ahbiphetipfompligfion gap bedispisd P‘tﬁitvéﬁte‘i%f phyrin

Compound to a sulhBtratichdf EX afdeliR@Sanuntdf h feti@l-BeRtkd PeRHyilEdpouhd eat abl e
or preventable using the present. nethods include, but are not limted to,

an acute radiation syndro es&ﬁéﬁbetfééhaécﬂf‘é’reé’ﬁ?‘%q Or Py gRteshy administering an

gastroi ntesti nal HydieE oRBint afmgaymesr&hecpp@wﬂﬁ eeapo@aytleluder 8gtiaptdoon
si ckness; puInDnary fibrosis; radlatjion proctit neur o nausea;

vomi ting; al opecigitepi Eweﬂéiaa&eeﬁénsul&%%%&ﬁeé?wws&@c"tw%f T@&i‘tdﬂqb&tehl cer;

radi ation 30 pnegmmrtsmD@eﬁheﬁm@bee@rmn&tsbngestﬁtmnaraebatrénwtn@tﬁmtpatﬁyr eating a
radi ati on-i nduce |njury includes increasing a subject's survival tinme

fol | owi ng exposurdibetss esplfingifogrpanciastic Werase 93 @9"'7292@"‘@@?)11532@8“59"6%0‘2‘67 I n

anot her enbodi NMertseasd @AtHasi CusAng’ € SPHARNR, Ktontghladihaddhihmdcgeed injury that
is prevent abI e aﬁﬁgrdl ng to thgﬂggesent i nvention. The Pél‘l dyl - Substi tut ed
Por phyrin G8npourslisasnans, P pagy algogiFropig or T?Pﬁfoétét“?"i‘ﬂj‘) byRE Aitfelin KESPIRy ti ssue
froma radi ati onsiesiss Cybe isMinCesididnge Smadhit,Nipstdpicidnbe®d, afidh@irpeut i ¢

radi ation. A radiation-induced injury may result from exposure of a subject
to ionizing radi#rstPyi-hteniiter ous sources including, but not linited to,

a nucl ear  weapon, such asriRbyadyPRisiRRAPopay KRR EPalsPhe Bed i rty bonb;
an 1 naustri a

treat or prevent a diabetic complication, Examples of diabetic complications treatable
15 or preventable by administering an effective amount of a Pyridyl-Substituted
Porphyrin Compound include, but are not limited to, diabetic cataract, glaucoma,
retinopathy, nephropathy (such as microaluminuria and progressive diabetic
nephropathy), polyneuropathy, gangrene of the feet, atherosclerotic coronary arterial
disease, peripheral arterial disease, nonketotic hyperglycemic-hyperosmolar coma,
20 mononeuropathy, autonomic neuropathy, a skin or mucous membrane complication
(such as an infection, a shin spot, a candidal infection or necrobiosis hipoidica
diabeticorumobesity), a peripheral vascular disesase, hyperlipidemia, hypertension,
syndrome of insulin resistance, coronary artery disease, diabetic neutropathy,
mononeuropathy, a foot ulcer, a joint disease, a fungal infection, a bacterial infection,

25 neuropathy, angiopathy, cardiomyopathy, and erectile dysfunction.

5.4.14 TREATMENT QR 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
30 limited to, nausea, vomiting, alopecia, myelosuppression, anorexia, neuropathy,

headache, pain, dry mouth, mouth sores, bone marrow suppression,
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source, such as a nucl ear power plant, a nuclear submarine, or a nuclear
waste 10 di sposal site; a diagnostic or therapeutic nedical or dental

appl i cation, such as x-rays, CT scans, external radiation therapy, internal
radiation th %e g., radioactive "seed" i npl ants used in cancer
therapy). TH 2“ %W mi ght result froman accident, an Hd{USBPOSEANEHY
terrorism cunulatlve exposure at the hone or mnrkplace, or purposef ul
exposure during kspeipiziendtiery siis fash, dluidiretentiontirhed Sarfliotosivély eminbaliexiant , t he

injury is induceg,Qynd é}ﬁl']safeh%exfﬁ %ﬁb&%be%?ar lethifgd APhro o%cﬁ?%wﬁ%m

enbodi nent, the injury 1s Induced radiation froma nuclear power plant.
In still anot herhet/fiades, hﬂmg]mﬁmé"ﬁ ipargjeatitis.j nduced by radiation from 20

radiation therapy that thg GuR6&dimbR, tﬁ@é&ﬁdeﬂﬁ%ﬂmfh{?{a n%%ﬂn*sé‘s%%erﬂﬁ a

non-radi ation related disorder. In still another enbodinment, the inj ury is
i nduced by ¥ adi at Platinunrbased antpimer sasat. tf‘h‘efrfélpsiy,ttmfeiehten@ﬂb?wom@méce| vi ng

for the treal Mene@hyqasting drbredlfing RO suldr) SrolMaiNcdafiod siduced by

radiation froma 25 radioactive material that is ingested by a subject. In
one enbodi nent, PlA&@UFEREset dngRIoRRRSEleePmipRinE gdmigisierngio @sphjecyin nepdibgreof t hat i s

exposed to a reaﬁ{éffé@nél&%{lﬁ%fa5y14dyﬂ-§ub¥ﬁﬁt%ﬂ’ﬁbﬂ}n%o%§ﬁyﬁ\r§' §NtfeF; CANCER The
i nvention encorrpasses met hods for freati ng or pr event | ng cancer, 30

conpri si ng admi niegl@ns fFrgn pdsipissaiiop eta platmumdwipd epEYBoFaLat AErthesesilve anount of

a Pyridyl jpubst ifddis@dcd? QJrQﬂé{ﬁdﬂ%rﬁ?rﬁPt@&’m‘Je Iﬂ@erm &%ﬁ{n@%tzlﬁﬁlnum-bascd
PCT/ U82005/010167 Exanpl es of cancers treatable or preventable using the

Pyri dyl Substi t utnsigmmsagssringhudedipbera erdimtedctp. sirplatip arbgplatimaopkiimpied t o, t he
cancers discl osgdupgiew in Table | and netastases thereof. TABLE 1 5 Solid

tunors, including but not linited to: fibrosarcoma )
In one embodiment, the cancer chematherapy comprises

admininstering doxorubicin.

15 In a specific embodiment, a Pyridyl-Substituted Porphyrin Compound
is administered to a subject in need of treatment or prevention of a side effect of
doxorubicin.

In another specific embodiment, a Pyridyl-Substituted Porphyrin
Compound is administered to a subject in need of treatment or prevention of a side

20 effect of cisplatin.

5.4.15 TREATMENT OR PREVENTION OF A RADIATION-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.

25 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

30 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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nyxosarcoma |iposarcoma chondrosarcoma 10 osteogeni c sarcoma chordonma
angi osarconma endot hel i osarcoma | ynphangi osarcoma 15

| ynphangi oendot hel i osarcoma synovi oma nesot helioma Ew ng's tunor

| ei omyosar % bdonyosarconma col on cancer colorectal cancer_ ki dney
cancer paﬁgr P g%lggncer 25 bone cancer breast cancer PCOEMAAR % ncer
prostate cancer esophageal cancer 30 stomach cancer oral cancer nasal
cancer throat cancer squimagthecaitodipgnicdeatiinan GBmblaoht radelidn-wduced nona

adenocar ci noma ﬁxw{hagils %gen?a%[e%ic&gm to the present invention.

The Pyridyl-Substituted Porphyrin Compounds are also useful for

protecting bystander healthy tissue from a radiation-induced injury during
5 administration of therapeutic radiation.

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

10 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.

15 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

20 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

25 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,
30 comprising administering to a subject in need thereof an effective amount of a

Pyridyl-Substituted Porphyrin Compound.
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sebaceous gl and carcinoma papillary carcinoma 40 papillary adenocarci nomas
cystadenocarci noma nedul | ary carci noma bronchogeni c carcinona renal cel
carci noma 45 hepatoma -46 WO 2005/ 097123 PCT/ US2005/ 010167 bile duct
carcinoma choriocarci noma sem noma enbryonal carcinoma 5 WIns' tunor

cervi cal cdﬁ@éwbmﬁpé?ine cancer testicular cancer snal IPCEEISRO%SHYHYScar ci noma
10 bl adder carcinoma |ung cancer epithelial carcinoma glionma glioblastom
mul tiforme 15 astrocyt onExangdes df cdrcas treumadle of pamntgblearsing ghediyeidylependynmoma

pi neal oma 20 her@lﬂ%ht%gld ?’gltpgyrrr%l C{?n(%p%ldgc{slir?clu%g,%xp 8ot limited to, the cancers

disclosed below in Table 1 and metastases thereof.

TABLE1
5 Solid tumors, including but not limited to:

fibrosarcoma
myxosarcoma
liposarcoma
chondrosarcoma

10 osteogenic sarcoma
chordoma
angiosarcoma
endotheliosarcoma
lymphangiosarcoma

15 lymphangioendotheliosarcoma
synovioma
mesothelioma
Ewing’s tumor
leiomyosarcoma

20 rhabdomyosarcoma
colon cancer
colorectal cancer
kidney cancer
pancreatic cancer

25 bone cancer
breast cancer
ovarian cancer
prostate cancer
csophageal cancer

30 stomach cancer
oral cancer
nasal cancer
throat cancer
squamous cell carcinoma

35 basal cell carcinoma
adenocarcinoma
sweat gland carcinoma
sebaceous gland carcinoma
papillary carcinoma

40 papillary adenocarcinomas
cystadenocarcinoma
medullary carcinoma
bronchogenic carcinoma
renal cell carcinoma

45 hepatoma
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ol i godendroglioma neningioma skin cancer 25 nel anoma neurobl ast oma
reti nobl astona bl ood-borne cancers, including but not limted to: acute
| ynphobl astic | eukema ("ALL") 30 acute |ynphoblastic B-cell |eukem a
acute lynphoblastic T-cell |eukem a acute nyeloblastic | eukem a ("AM"
acut e prom¥? dW9P1¢H eukeni a ("APL") acute nonobl asti c PFEYREN/HIES acute
eryt hrol eukem ¢ | eukemi a acute negakaryobl astic | eukem a acute
nyel omonocytic | eukem a bibaduet cacimoymaphocyctic | eukem a acute
undi fferenti ated | eukem achb@iocanrimmmac nyel ocytic | eukema ("CM.") chronic
| ynphocytic | eukem a (" CLkehjinontmai ry cell |eukema nultiple nyeloma acute
and chronic | eukem as: 4&mbryophoidiestai ¢ myel ogenous -47 WO 2005/ 097123
PCT/ US2005/910167 | ynpho®itmsttumpel ocyti c | eukem as Lynphomas: Hodgkin's.
di sease cervical cancer
uterine cancer
testicular cancer
small cell lung carcinoma
10 bladder carcinoma
lung cancer
epithelial carcinoma
glioma
glioblastoma multiforme
15 astrocytoma
medulloblastoma
craniopharyngioma
ependymoma
pinealoma
20 hemangioblastoma
acoustic neuroma
oligodendroglioma
meningioma
skin cancer
25 melanoma
neuroblastoma
retinoblastoma

blood-borne cancers, including but not limited to:

acute lymphoblastic leukernia (“ALL”)
30 acuie lymphoblastic B-cell leukemia
acute lymphoblastic T-cell leukemia
acute myeloblastic leukemia (*AML")
acute promyelocytic leukemia (“APL")
acute monoblastic leukemia
35 acute erythroleukemic leukemia
acute megakaryoblastic leukemia
acute myelomonocytic leukemia
acute nonlymphocyctic leukemia
acute undifferentiated leukemia
40 chronic myelocytic leukemia (“CML”)
chronic lymphocytic leukemia (“CLL”)
hairy cell leukemia
multiple myeloma

acute and chronic leukemias:

45 lymphoblastic
myelogenous

.47 .-



5 non-Hodgki n's Lynphoma Miltiple nyel oma Wal denstrom s macr ogl obul i nem a
Heavy chai n di sease Pol ycythem a vera 10 I n one enbodi nent, the cancer is
pancreatic cancer, colorectal cancer, nesotheliona, a malignant pIeuraI
ef f usi on, perltoneal carcinomat osis, peritoneal sarcomatosis, renal cel
carci noma, SHEMPYC@f 1 ung cancer, non-small cell |ung éﬁﬁ@@?mﬁuyﬂg@lcular
cancer, bl adder cancer, breast cancer, head and neck cancer, or ovarian
cancer. 15 In still anot h&mmedsdi rent, the subj ect in need of treatnent has
previ ously under gone treamh@hwﬁmémmﬁam%er Such previous treatnents include,
but are not limted to prlor chenot herapy, radiation therapy, surgery or
i nmunot her apy, such PEgME%r vaccines. The Pyri dyl - Substituted Porphyrin
Conmpounds are al so usefulé%gégth 20 treatment or prevention of a cancer
n's

cancer (see? e.g., Hernan Archives of Medical Research

(1997) 28:.265-271), Epstel can lead to |ynphoma (see,
e.g., Herrmann et al. Al c emgéé%ﬁﬁ33W34o-5), hepatitis B or C
virus can lead to Ilver c% P“'ﬁzl Eﬂae, e.g., El-Serag, J din Gastroentero
(2002) 35(5 25 Suppl 2):5 ngﬁ "Raneh T cell 1eukenmia virus (HTLV) -1 can
lead to T-cell leukema (see e.g., Mrtreux et al., Leukem a (2003)

17(1): 26-38), hunman her pe?n\/brfelé%fb@dlm'eﬂf 8646 iGRARcrb AR dardcr, KARRSA! cancs@r COMA
(see, e.g., Kadow et al., Curr Opin lnvestig  Drugs (2002) 3(11):1574-9),

and Human | mmune Meethelipmaamajignans pleyiphpffusion, aeritonsal cacaomaiopigthsTicreat ancer

devel opment as asgoReeaReRaE caf cardiROGR1Icel RAE Yant&Edn-s8ral cell 1B fddber MBSO et
al ., Lancet Oncol (2003) 4(2):110-9). The Pyridyl-Substituted Porphyrin
Conpounds can al 8T ca@eh Hﬁ%qcé‘faé‘ifratbéeaf}rcé‘vérm{m@ﬁéd b G sPIONa M 2 cancer,

i ncluding but nogajckgmited to the cancers listed in Table 1. Such
prophylactic use is indicated in conditions known or suspected of preceding
progressi on*to neopl asi a o stikAretdsr embpdiganty the snbiget inRerdrod trirspent hagg

previously undergone treatment for cancer. Such previous treatments include, but are

caused by a_virus. For ex éﬁﬂ@ | loma virus can lead to cervical

not limited to, prior chemotherapy, radiation therapy, surgery or immunotherapy, such
as cancer vaccines.
The Pyridyl-Substituted Porphyrin Compounds are also useful for the
20 treatment or prevention of a cancer caused by a virus. For example, human papilloma
virus can lead to cervical cancer (see, e.g., Hemandez-Avila et af., Archives of
Medical Research (1997) 28:265-271), Epstein-Barr virus (EBV) can lead to
lymphoma (see, e.g., Herrmann ef al., ] Pathol (2003) 199(2):140-5), hepatitis B or C
virus can lead to liver carcinoma (see, e.g., El-Serag, J Clin Gastroenterol (2002) 35(5
25 Suppl 2}:872-8), human T cell leukemia virus (HTLV)-I can lead to T-cell leukemia
(see e.g., Mortreux ef al., Leukemia (2003) 17(1):26-38), 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.,
30 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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WD 2005/ 097123 PCT/ US2005/ 010167 neopl astic cell growth consisting of
hyper pl asi a, netaplasia, or nost particularly, dysplasia has occurred (for
revi ew of such abnormal growth conditions, see Robbins and Angell, Basic
Pat hol ogy, 68-79 gZd ed. 1976). Hyperplasia is a formof controlled cell

proliferatiBR PW8I¥P ng an increase in cell nunber in a RG'6SUE™ G116t gan, 5
w thout significant alteration in structure or function. For exanple,

endonetri al  hyperqlagsd @lgtavah cqnsistinscd bypsrdesizemnetaplisiac anoest paﬁ@iquyecancer ous
col on polyps oft %Pspla&a%gﬁfcﬁ’ﬁr@d Efévfe@rb?ﬁfcﬂ Hﬁno&qﬁzﬁ h <o i?}?% ?e%'l&bbnﬁs a form

of controlled cel I ch one t or
differentiated cend AB&?BSB&StCLRﬂé@IOBbrﬁSdﬁﬂdvér19t79)pé{m¢rpb§imsta fomebﬁ Met apl asi a

C T T 2! B el MR Ul SRR Lt bt Lot D1 21 2

i nvol ves a somewhat di sor nmet ap ICc eplt um Dysplasia
frequently & for evitipsignificant altasasion lramcmvgwﬁmﬁwnrrﬁvrrﬁxymﬂn, enfematdlt hel i a; it

s the rost i squgenly, dihmolePORoRBARIARE] fia GRECGEMNN doiOltthng a | oss

i n individual cel uniformty and in the arc ectura ati1on of
cel | s. Dyspl asti drapsérngntgfcansaropglogionsa Metsplasin sy forar eonteidepta)l mevdhined nucl ei |

and exhi bi t pl eonpgphhsfbe wa%mlsaﬁfuﬁy é?feﬁmafee%ﬁguwm&afu %o%pyﬁéoﬂmﬁ{e there
exists chronic irritation or | anmmat i on, often found in the

cervix, respirat &gl Metarasipecen 0‘?}}“&1“ cpithedighpr CcalﬁéFtlgtaPSIS“ftﬁeH?jdéFYPwalAl ternatively
or in additjpon { Onck RSB EsoRlenARBREBLy Bl last QN ABAGEE 5200 as

hyperpl asia, netaplasia, or dysplasia, the presence of one or nore
characteristics dfquently afsiromeeef cpivenandipiundmaigh inthegpithghzntis hhewst ype,

di splayed in 20 dvsbmgﬂﬁon%mn%sﬂagn@cw S bRn My aviced lossSAMRA Sk QN @ subj ect,
can indicate the desirability of prophylactic/therapeutic adm nistration of

a Pyridyl - Subst i tsfemitpardinyke achitesiprplowingationof pellehRy wlestic Gels oltes haye

transformed phenqgpyR@aiyn&lot! A8 iPiRRR QY ardRANGESlcohBPRER. BYPREHAL UM
attachment, |oss of contact inhibition, [oss of anchorage dependence,

prot ease rdPease ChimfirisHcln ocsyFarhererthgss pit chranisdr uaion ar G8FMY Bt iR ment , 25
expression of fetyabn AOhd ﬁmrv@k %ﬁ&@&fﬁd@%e@ﬁraié&%@@& 20Qdadt on cel |

surface protein. (see also id., 90 for characteristics associated
with a transformed or nal‘”}lﬁj’ﬁtiﬂ‘fellb?féﬁﬁd%’é}" th? pregenes i eprarpalesth gavient |

| eukopl aki a, a DepiaReBRPAMbiPlasid) VRAPRYIADE bipRtia, MeRésBREloEorle@P iR Of the
epi thelium or Bowen's disease, a carcinoma in 30 situ, are pre- neopl astic

| esions that can chHEaqerishtsed2 BrnsfrBebMeRtlyPsce of 8mAligners pherotype, displayed in

20 vivo or displayed in vitro by a cell sample from a subject, can indicate the desirability
of prophylactic/therapeutic administration of a Pyridyl-Substituted Porphyrin
Compound. Such characteristics of a transformed phenotype include morphology
changes, looser substratum attachment, loss of contact inhibition, loss of anchorage
dependence, protease release, increased sugar transport, decreased serum requirement,

25 expression of fetal antigens, disappearance of the 250,000 dalton cell surface protein.
(see also id., at pp. 84-90 for characteristics associated with a transformed or
malignant phenotype).

In a specific embodiment, leukoplakia, a benign-appearing
hyperplastic or dysplastic lesion of the epithelium, or Bowen's disease, a carcinoma in

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

present invention.
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present invention. -49 WO 2005/097123 PCT/ US2005/01U167 | n anot her
enbodi nent, fibrocystic disease (e.g., cystic hyperplasia, mamary
dyspl asia, particularly adenosis (benign epithelial hyperplasia)) that can

be treate vent ed according to the present inven | 0 ot her
enbodi nment 3"83[5'%59 in a subj ect who exhibits one or ﬁ’g%g'lsw{’%’"{"ﬁ@

foll ow ng predisposing factors for nmalignancy can be treated by
admi nistration of an eff dwarother emhodiment fibieyeiie digpppe (SghSYste WRSP1®6r phyri n

Compound: a chro e.g.,
t he Phi |l adel phi améﬁ'%%? ﬁlﬁﬁ?%&rﬁ&é’ﬂy&%n@ﬁ%ﬁ%{l g’gg‘%%‘“ ukem 2%%?@,3?1( 14; 18)
for folli.cul ar | yeastdoorerevénied dccerfling jpohapressitgnwsntia®ar dner' s syndr one; beni gn
monocl onal gammopat hy; - a il Gl cﬂﬁs&lﬁ@m}QaAemngﬁJeM b BEHROBR kg 2

cancer or precancerous di sease show n ian (genetic) iInheritance
pattern, e.§., f&wifellaningmstdiposingfagiprstoranadionaey caghe bered by admynisgadeneof

hereditary exost 91?}31?@ PRl Y RROAG L ARG 1 gg@saa;gatpg%&.n @&%Huh@ra%hioh%E&ﬁa‘i‘

carcinoma with amyloi d productiof and pheochronbcyt oma, Peutz- Jeghers
syndr one, neur of memm@sﬂﬁ@c'étﬁdvﬁhaR@bwﬂFWgﬁ&u@éﬁ iladelphingfsPaeERdr car ot i d

body 15 tumor, CUL3REAHs ?&B@Qﬁéﬁmﬁ'd?ﬂﬁ‘@i%)'f&tfﬁlﬂaﬁ& dﬁﬁp}ﬁﬁﬁaaﬁﬁﬂﬁfc' noma
xeroderma pi grrent osun’ ataxi a tel angi ectasi a I ak- Hi gashi syndrone,

al bi ni sm Fanconipelgposigsi Sardner’ Séﬂé‘!‘ﬁ'@; bepim @@@M%EW@W firstedez®ebbi ns and
Angel |, Basl bC Pa“h?l‘uﬁ? g/Yth Rergt;]r% hgw:h?g a(c%gceggr préc%?c@)ous Qi@éis@%@@%'g ra@vletngellan

carci nogens e.g., shoki inhalation of or contacting with certain
chemical's. 20 |n(m@tcheme@a@epmem eabBatiiRb pelyposis ef tby eoleR, IGaminpr$t i t ut ed

Por phyrin  Conmpoupgs, /! ﬁer@&gwxés%&{seﬁb1}&@%@&3@%@%&1@&&@%@5@@nt

progr ession to br east col on ovarl an or cervical cancer .
THERAPEUT! C/ PROPEREIRETI witiampy INid gradagtiomandplerchayprogeme.dieszdezesE | NVENTI ON

25 Due to their @ﬁrd&o\ﬁaet NourdtiborXdsls@Y VorrRRklihdhthiset! rEROORNShd) cf08Rdpds are

advant ageously useful in veterinary and hunan medi ci ne. As descri bed above,
the Pyri dyf- SubStrarrueaeqms FsiH)emr neBApBAtEIarapeana@erisnma irodepeat i ng or
preventing a Coptinfeh@tn, Btafia MHgREhsid, ThOLANEIGI §Bbrome, albinism, Fanconi's

aplastic anemia, and Bloom's syndrome (see Robbins and Angell, Basic Pathology,

112-112 (2d ed. 1976); and exposure to carcinogens, e.g., smoking, and inhalation of

or contacting with certain chemicals.

20 In another specific embodiment, the Pyridyl-Substituted Porphyrin
Compounds are administered to a human subject to prevent progression to breast,

colon, ovarian, or cervical cancer.

5.5 THERAPEUTIC/PROPHYLACTIC ADMINISTRATION AND COMPOSITIONS OF THE
INVENTION

25 Due to their activity, the Pyridyl-Substituted Porphyrin Compounds are
advantageously useful in veterinary and human medicine. As described above, the
Pyridyl-Substituted Porphyrin Compounds 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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When adm nistered to a subject, the Pyridyl-Substituted Porphyrin 30
Conmpounds can be adm ni stered as a conponent of a conposition that conprises
a physiologically acceptable carrier or vehicle. The present conpositions,
whi ch conprise a ridyl -Substituted Porphyrin Conpound, can

adni ni st er e A*WPYI2 _50 WO 2005/ 097123 PCT/ u52005/0101%C7T’U5ﬂ9%5’01°167

Pyri dyl - Substi t ut ed Por phyrin Conpounds of the invention can al so be

admi ni st ered by aiy PytidiéiSulestitwedfloehyrin Gerpoundsef thexeneptica cabglse bef usi on or

bol us i nj ection,ug 1&@%%#9&6{&5?&9:“”@&“@:6& bbie Oy iFRUGOEHAREOUS 11 i ngs
(e.g., oral, recta and i ntesti nal nucosa) and can mn| stered

t oget her wi th andﬂlh‘éwﬂm}’@wt@alﬂifyug@ epithelial or mygenqutanenuniiminasie.ait dralnreetaln be

systemi c or localand}@silﬁll'&ug&“a\ﬁﬁ'é% B4R etﬂépQManoﬁggbmloglgﬁgpsU| ation

in |IpOSOITES mcropartlc m Crocapsul es, ca sul es
adni ni stered. Metaqbyaget. Administrationgen Ftnlvlcwd@calbﬁ(@n@vséGMry syt ael t o,

intradermal, | ntl&m@%‘%%'cﬂéapsdlﬂkﬁﬂﬂﬁfob&r%@%i:m Arﬂélfs%ﬁ:%h‘ésule?%hﬂsﬁ‘l@s and

subcut aneous, intranasal, epidural 10 oral, sublingual, 1ntracerebral,
i ntravagi nal , t r 2088 besdministeredct al | by inhal ation, or topical, particul ar| y

to the ears, nose, eyes, %etﬁgds%fadnmnﬁ@ﬂ%n |RREAREES n&ﬂmlté‘dt%tlhﬁ‘&deml wi |l
result in the rel ease of the Pyridyl-Substituted Por phyrin Conpounds into

t he bl oodst r eamintiaFeIseR cinggpeEi@ngahiinirarenpiiso prudagsulbsaitapedus, iptangsab epilwelr et i on
of the pragtitiaqpg rmbl%%uﬁl%n@%reﬁﬁb%a%mab trhriRBerfdT, teehd], b§H1|H§15ﬁJnu$red

Por phyrin Conmpounds’ are ~ adm ni stered oral l'y. In of her embodi ments, it can
be desirable to deRitahirettisplarnie tmqarsgmase, cgisbd ekipulnesgmpansigRsasi AdmapTHstem ds

locally. This ca%heesaﬁ:mtﬁéfﬁféasefo@fhewamis@bmaw Po%?nrb@od’n\@ﬁn&%fmtb'ﬂm tation,
by local infusion during surgery, topical application, e.g

conj uncti on wi t h Woadeitean dhededaef adminatratiycgebaeft fpythg ﬁf“é‘ét"ﬂ@ﬁthe by means of a
catheter, by nmeapgQéneg Suppository or enemm, or by neans of an inplant,

sai d |an ant being of a porous, non-porous el ati nous nmaterial,

i ncl udi ng MBnbranes, such B¥neembosdyRang the Rorrdbr SHESE ook POFRTISER GOmPayngss ai n
enbodi ments, it ca@n,,,gﬁerg@&hm}abl e to introduce the Pyridyl- 25 Substituted

Por phyrin Corrpounds into the central nervous system or gastrointestinal
In other embodiments, it can be desirable to administer the Pyridyl-

Substituted Porphyrin Compounds locally. This can be achieved, for example, and
not by way of limitation, by local infusion during surgery, topical application, e.g., in
20 conjunction with a wound dressing after surgery, by injection, by means of a catheter,
by means of a suppository or enema, or by means of an implant, said implant being of
a porous, non-porous, or gelatinous material, including membranes, such as sialastic
membranes, or fibers,
In certain embodiments, it can be desirable to introduce the Pyridyl-
25 Substituted Porphyrin Compounds into the central nervous system or gastrointestinal
tract by any suitable route, including intraventricular, intrathecal, and epidural
injection, and enema. Intraventricular injection can be facilitated 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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tract by any suitable route, including intraventricular, intrathecal, and
epidural injection, and enenma. Intraventricular injection can be
facilitated by an intraventricular catheter, for exanple, attached to a

reservoir, such as an Onmmaya reservoir. 30 Pul nmonary adm ni stration can

al so be errpW&F@%P"’gé‘zé by use of an inhaler of nebuli Z&VUEASAYFful ati on
with an aerosoli zing agent, or via perfusion in a fluorocarbon oar,

synt heti ¢ pul nonaryyidglSubsititedParpHyfin Cetnpainds enibe dirmelates as 4 h@pos&axyV\ﬂth

2005/ 097123 PCT/ US2005/ 167 ridyl - ubst uted Porphyrin Conpounds can
be formul at ed asqé%qoﬁadgg’gfrfﬁve%feﬁgs?cﬁﬁﬁm YSHYFS bi nder's and exci pi ent s
such as triglycerides. In Iaraﬁdithﬁmmbmﬁmdltmmdﬁéuwmt@ﬂyﬂoqﬂi}tﬁSCbmpﬁmdb

Por phyrin Corrpound del i.ver.ed ticular a |iposone
(see Langer, ScieRb& g‘%ﬁ@gﬁ’@“?milg’é%pf& )a\ngosamﬁ'%ee an&? g‘e" ént et at,

Li posones i the ZﬁlaeﬁzaprSSof(199Drn‘ndd1reaomr$rd3maeaﬁeL@nﬂm@am&fT&&abyﬁﬂ? and

353-365 (1989)). et ~anot her, -Substituted Porphyrin
Conmpounds can be II(')'EFIO\’?‘%Pg g a"dc "Cet roTrS?I71 Qg t em or

sust ai ned-rel ease system I@sremnome@mbo@omntsmyndyi S\denmed Pomkpdrihcati ons of
Control | ed Rel eas@dnépoHr?JS can l:)l‘e 5Y Qered 1% a 89er0]]€€{1 %le%s%% 4s)ultime -T¢ ease:cont rolled

or sustai ned-rel ea st ens Sci ence
249: 1527- 1533 (195961&111@&& ee G;@ésﬁbn, 1h|Medmel Awh@@dmsnﬂﬁbntaplbduﬁplemum used

147207 (1060} Bulhaela L o Pty agbudtr sl ik o s SO 7
Engl . JMed. 321: 5ii4he(rd880by Langer, Snotrh2dd: ISAHOSH3IAEIN0) db bpoteylrrérrm mat er i aI s
Wee ods. . 1974) - Coaurrn{ BRngib BRS (b kB Ry 5§%fl%awg#&%e5|gﬁndand
Per f or mance ( Snol @RC &nd RBABlomed Fing. 119841198 RaBephwaldred/PSpmay, 88307 (188¢)pnol .
S oy, Mt ool AR G A JOR5) qk e Bt vy SRLSURBAZA 150 (1935
71: 105 (1989) ) aﬁxlmny etateainlo térere vesrt{oiMegive! Applombnsolf|Ceddrollyd Release
E;ff 3;/Inegu[)§!t Ief‘ﬁ te Lgx){g% S@W&@&sb&%%ﬁ%ﬁe@ d?»Lgé’B‘:'o JszH{vnalug%ﬁﬁE: s ﬁ g.en
skin, lung, thyr ot Rglfemdincead§molen and Ball eds., 1984); Ranger and Peppas J Macromol
Sci. Rev. Macromol. Chem. 2:61 (1983); Levy et al., Science 228:190 (1935); During
et al., Ann. Neural. 25:351 (1989); and Howard et al., J. Neurosurg. 71:105 (1989)).
20 In yet another embodiment a controlled- or sustained-release system
can be placed in proximity of a target of the Pyridyl-Substituted Porphyrin
Compounds, e.g., the spinal column, brain, skin, lung, thyroid gland, colon or
gastrointestinal tract, thus requiring only a fraction of the systemic dose.
The present compositions can optionally comprise a suitable amount of
25 a pharmaceutically acceptable excipient so as to provide the form for proper
administration to the subject.
Such pharmaceutical excipients can be liquids, such as water and oils,
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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gastrointestinal tract, thus requiring only a fraction of the system c dose.
The present conpositions can optionally conprise a suitable amount of 25 a
pharmaceutically acceptabl e excipient so as to provide the formfor proper
adm ni stration to t he subject. Such pharmaceutical excipients can be

liquids, sulPHEIEr and oils, including those of pet PEFEaHPYYAIal

veget abI e, or synthetic origin, such as peanut oil, soybean oil, m neral
oil, sesane oil awhbntthﬁeP)JridkleSubathﬂeq)Pmphnioé)atn'po:tmld imdoiirpite'nd Bltr@&nmaty be

sal i ne, gum acaci @almggohﬁ:f&)hp%ndsah@e ﬁi‘deR S5k g@cte%bsq‘?&foﬁ& L E‘BL E&é}]gﬁ oS ca,

urea and the like auxi |ar
| ubricating, and l@:nlllctmﬂcmgntsagamubﬂ)c@mntmtahkeqlundnn Sm@bleMﬂmmal t he

pharmaceutical Iy ac gfb%g%?lpslgﬁqc%?w g;u%?squgosgtsguoic %‘%ﬁ\ﬁ%ﬂ%gg@u@ ered to a

subject. Water is excl pient . 123
PCT/ US2005/ (1016 7chalkhsilicatgel sddjum sisaratSglyserpltmpnesicae, tlgs sodiurColnpadendtied s

o o U BINSeer SRR, SRLH LGB AR dhegie, and

gl ycerol solutions can ars l'iquid exciprents, particularly
for injectabl e sotampognens, Gdisiredskan alseaprtaie eipor empunteo{oicping nt gnudifmgi ncl ude

starch, glucose, |agtqQsey gelatin, malt, rice, flour, 5 chalk,
silica gel, sodi un%@st ea?at EM@%QQFOI m)nost earate, talc, sodiumchloride,

dried skimnmlk, glycerol Thqmcﬂplytlcemaosit'ghg/@o take Whtfenm ofsplhtigne] suspaubianhe | i ke.
The prese Nty €O rrp%ﬁlhglbrp |&l%iets {Jlllg %aie%e%pglﬁn%f ca?gu%g St b %ﬁq% n[%wd@go unts of

wetting or el si agen gent present
conposi tions can tuaﬂwed tvéeawfpmdfﬂlos&asuwvsciﬂlses @u&mnsﬂem@s Spllf)i, enul si on,

tablets, Pills Dbl 6489 UheTomt ARSHL £ LEORLAL DLARAAHE U5y RARHET S,

sustalned release ornu atio suppositories, I ons aerosols sSprays,
suspensi ons, or amyhﬁoﬁompfa‘@r’wes(ﬁﬁi‘—tesbl}é Pajent NoeS, ﬁﬂgriSéhéJthqmwmm t he

composition is Ig;kige ﬁa%é@eﬁ’cfcalaex ?ﬂﬁt&'kx‘é dbsB6edSn ﬁem:lrlgn?h Pt Bteun

5,698, 155). Ot her exa sul | e phar maceuti cal excipients are
descri bed i ¥ Remi fajtioes 1§4Ph@7r5r€élf@fl§9 Re@tmnam edpi Idfceds 19940 meapamted hertiohso R,
Gennaro eds., 19tfeed . 1995), incorporated herein by reference. In one
enbodi nent the Pyri dyI ‘Substituted Porphyrin Conpounds are fornulated in
accordance with routine prbcedambediment the ynpbShbstipited PdmbyeniCorpoundsare

formulated in accordance with routine procedures as a composition adapted for oral
administration to human beings. Compositions for oral delivery can be in the form of

20 tablets, lozenges, aqueous or oily suspensions, granules, powders, emulsions,
capsules, syrups, or elixirs for example. Orally administered compositions can
contain one or more agents, for example, sweetening agents such as fructose,
aspartame or saccharin; flavoring agents such as peppermint, oil of wintergreen, or
cherry; coloring agents; and preserving agents, to provide a pharmaceutically

25 palatable preparation. Moreover, where in tablet or pill form, the compositions can be
coated to delay disintegration and absorption in the gastrointestinal tract thereby
providing a sustained action over an extended period of time. Selectively permeable
membranes surrounding an osmotically active driving a Pyridyl-Substituted Porphyrin
Compound are also suitable for orally administered compositions. In these latter

30 platforms, fluid from the environment surrounding the capsule 1s 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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adm ni stration to human beings. Conpositions for oral delivery can be in the
formof 20 tablets, |ozenges, aqueous or oily suspensions, granules,

powder s, emul sions, capsules, syrups, or elixirs for exanple. Oally

adm ni stered conpositions can contain one or nore agents, for exanple,
sweet eni ng W8SHEE3Eh as fructose, aspartame or sacchadfGTAUSPISANYFT ng
agents such as peppermnt, ojl of wintergreen, or cherry; coloring agents;
and preserving adBtfrlaymatesiaiprhrs slycpabippresietipte L8l S5O Sietrale Snakiode
preparation. Mor eeseQralwbmpesitions taabihdhide Gandatd dxcipRhtuchAe maRiiPN fclokehNs can be

coated to delay disintegration and absorpiion t he gastrointestinal tract
thereby provi di n§™% DEEEYIRSEaTAE T 1Hm(§?f§£‘a"§n°eb£l?%enﬂ@g“i¥8?si‘%Caél?on’t’tF‘rre.
Sel ecti vel y per naabheembsiintenahiesciivhtsattnd phgmaddutixahgrbdecal | y active driving a

Pyridyl - Substituted Porphyrin Conpound are a suj e.for orall

adm ni st er eg conposi ti ons,InIaPIOtPeﬁ@g'Eo mgn E’F?)?@)Ayg'gb\lfs%’&%g{(’wm QO'P?OSH%/St he
envi ronment surr gdnbk fogmilited 58 pEteolsdinitbsirixérol. Dypitdlle, cotlipositintg f@onpound,
which swells to displace the agent or.agent.conpositiqn.thr h an
aperture. These d%?ﬁW?a%Tlﬁ??‘gﬂpﬁﬁo%piﬁe %F'ﬂ?/158t8g§ﬁq“§§%sg’ﬂff%ralwgezer o- or der
delivery profil eceSsa0fesepisttichii@naft ketdps efubilemgagentnUedpaitenys fot ease

f | ati . A -53 WD 2005/097123 PCT/ US2005/.010167 i me- | Q) i i al
oo e e e ol PG AR aT D" B Rl BEbds PR dnsr ey b Prda o

conposi tion® can tb keded @ain at tharsirofl the XiGéckibre NGeera Ll hedsgredient drodupplicdeivase,
starch, magnesium stearate, sodium.saccharin, cellul ose nd magnesi um
carbonate. In orfgpaéarrr%?ﬁa’i 'Hg‘ﬁfm ﬂgeré&%q’tﬁlf%aﬁ? gong’r &' %Xfﬁmﬁﬁa%?faad@éuti cal grade. 5
I n anot her enbodilpaihtlizédypowrdgr drdydter Babadntdntibte th Fenphicsliysededpotndssuckan be
fornul ated for intravenq grsition for

us adm.nistrati.on. Typi.call

i ntravenous adni rfi*8 PRYTSH SECCOL “r‘a“i‘&a“&%Q‘Fiqf"g’xﬁg"c&a%‘ﬁ’r‘%g%‘g%u t}ﬁtﬁ)\yf@ri Waer e
necessary, the c@upasited BnshyciaCompamds are totdedainsodradiiylinfosiog tleeg et he
Compositions for ..intravenous .admnistratiop can .optional i nclude a | ocal
anebtheti o Buch UrPrebfTARIErGegh okl o fle AR HERE prmativatt

i njection. Gener glradg wateher saligy. Skfheenths Pyridgl-Substithteé Horehtrinalommephanat el y or

m xed together in .unit d sa.lgjr% form. fo

r

anpl e s. a dr .
| yophi |I'i zed- powde dm(’) S Feg %‘oar'f%fr;itor?é rgelp ?V%tb%ltaoﬁ'énreﬁ% %05521‘11“?/ C%nebe?l ed

contai ner such gsowdedaohal the migrediaat edntbe nixwdipciat to agminiseagpmant i ty of active
:gﬁ‘lnﬁll S:/\ereg E)Cei WLIS ::igln; ﬁ%?ﬁé&}é%&ﬁsglm%%r%%%rp Co%?%g sncqg bé gdemilgigterte)g by
20 controlled-release or sustained-release means or by delivery devices that are well
known to those of ordinary skill in the art. Examples include, but are not limited to,
those described in U.S. Patent Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123
4,008,719; 5,674,533, 5,059,595, 5,591,767, 5,120,548, 5,073,543, 5,639,476,
5,354,556; and 5,733,556, each of which is incorporated herein by reference. Such
25 dosage forms can be used to provide controlled- or sustained-release of one or more
active ingredients using, for example, hydropropylmethyl cellulose, other polymer
matrices, gels, permeable membranes, osmotic systems, multilayer coatings,
microparticles, liposomes, microspheres, or a combination thereof to provide the
desired telease profile in varying proportions. Suitable controlled- or
30 sustained-release formulations 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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15 di spensed, for exanple, with an infusion bottle containing sterile

phar maceuti cal grade water or saline. Wiere the Pyridyl-Substituted

Por phyrin Conpounds are adm nistered by injection, an anpule of sterile
water for injection or saline can be provided so that the ingredients can
be mi xed prMW&H2PBYEARA ni stration. The Pyridyl - Substi t ut eBCPESIRYRPKT
Conmpounds can be admi nistered by 20 controlled-release or sustained-rel ease
means or by del i vamyinigtesios @ghbd) diit nat kmitedltd, tablich) wipsitles, QDS and capleditimar y ski | |
in the art. Exanples,include ut are not limted to, those described in
U.S. Patent Nos. %’?é%@%%;“’%’f"gi‘% BYGWINSElESe09. 3,508, 123; 4, 008, 719;
5,674,533; 5,059,595; 5, 59]]rgo?163mbd511rﬂla®a5@tﬁ;olléii, Bﬁs&sﬁxﬂai-re&aﬁ:%méﬂsﬁion

5,354, 556; and 5, 733, 556, .eac erein ference
Such 25 dosage fof PR ¢ad B mmtfsaeraoutno 6?3’”’3@“@%@ t‘%q{o & gom ounflgciytﬁcéldo ‘rel ease
of one or nuofe aptvenetht Ggndidlinemt minisalngouttef txmxamhiaet;agdsyxﬂmmpmwybmt hyI
cel l ul ose, other matri ces e er. ane

systems, multil ayg Ja}éngfcleaae comp%xtédrn(s) g‘airu ée ender:EE P v1§/0 e ru re?frlcggg%e g
conbi nati on ther eﬁéqu‘ennyparﬂ\mod@setdhmbjecdmmﬂnber Mzelamen pbnrfqllleé arn var ying
proportions. Suit ont roll | e ations known
to those skilled ?nlafnﬁe zlfrafe comlli’cimo Sca" RS ora fpgtg]& (%%e‘gtsn%ertgfan Ot8n be

readi |y sel ected btber cigectanisti¢s, :tuhbasalqu\lere]smgme(‘ﬂymiyﬂ Suln}fltuteldé’ornhmentl on. The

i nvention thus en i ni for oral -54 WO
20051 007125 ber EOBBRT G 7od i PisdedtiY by SERRGE: LOUMBRE O] Dl e to,
tabl ets, capsul es, gel capsCouatrniledapbwtamed-hddase camoammptsadmh@lﬂy elomerol | ed- or
sustalned rel ease, ease
composi t1on- conpi el ST ATAXLTERL AriHh CBL SR Rl wSHBM M BRL BTN
Conpound to treat deired tﬁerppeev‘emrdplhda(mm&bmamd\gtaduaay anddomrbrualyneleage otifer t i me.
Advant ages of CO”&B&{Jnsoggac%éyg%hﬂuﬂﬁe% Pro§:|h r%?émﬁ&%ﬁé’%']%e{l%ﬁ tﬂl{j‘l‘é%‘l‘gfe ext ended

activity of the dru ency, and i ncrease
conpl i ance. 13 n adthetapmtip Ocmmhybbtlweﬂfect@rver &wstbladedledmlde)lfemseT@mmptamatl ons can

f bl ffect i t h
he bl ood” 1 ovel s of e Ve Ain B Qbu Rl PlbaSHn cBLPS AT L 0% an
thus reduce the oﬁmﬁyt-éu’ﬂ_@et}l@ﬂ Patingmdempodiel caf tewtessed @omrtthfmdsmd-format a

sust ai ned-rel ease LR ;ebf?igesthg %odnm)t{]iyﬁh}ld)éuﬁs%lnﬁéadsl%qﬂ@nn Compound being

metabolized and excreted from the body. Controlled- or sustained-release of an active

or a

20 ingredient can be stimulated by various conditions, including but not limited to,
changes in pH, changes in temperature, concentration or availability of enzymes,
concentration or availability of water, or other physiological conditions or
compounds.

The amount of the Pyridyl-Substituted Porphyrin Compound that is

25 effective in the treatment or prevention of a Condition can be determined by standard
clinical techniques. In addition, in vitro or in vivo assays can optionally be employed
to help identify optimal dosage ranges. The precise dose to be employed can also
depend on the route of administration, the time of the subject’s exposure to radiation,
the amount of radiation that a subject is exposed to, or the seriousness of the

30 Condition being prevented or treated. Suitable effective dosage amounts, however,
range from about 10 micrograms to about § 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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anount of a Pyridyl-Substituted Porphyrin Conpound that pronptly produces
the desired therapeutic or prophylactic effect, and gradually and
continually rel ease other anmounts of the Pyridyl-Substituted Porphyrin
Conpound to _maintain this |evel of 15 therapeutic or prop | actic effect
over an ext & 7"8’"5'@]’% od of time. To maintain a constant ?é{}%ﬁ“n%‘fl‘"ﬂe

Pyri dyl - Substituted Porphyrin Conpoundin the body, the Pyridyl-Substituted
Por phyri n Conpoundg.ahent Be0 me) abes ¢80 meahput 160 nesdget 60O ma aboutdy/00 mgt abotthat wi | |
repl ace the amundoqf, Byl %o'mgup&kig%sago%rm{w ¢ WBIRAYY %! N9

net abol i zed and excre ed rom ntr ol -“or sustal ned- reI ease of

an active 20 i ngrabgntgt 2. abgnt B esthoni?- ‘é& abouby-6 gagbopi 28 B @het B 0@nabout kg .udi ng

but not imted tgoy 304”';9@19&{%3'6% Pt CHARBKRS 408 aB&HHQ@?EM@ME%Gﬁ%Vga“ on or
availability of enzynes, concentration or availability of water, or other

physi ol ogi cal cont®Pui4he and abogbhidBErer: 4 hawie Bavialent desagesimay be administered
Pyridyl - Substi t ut g, Pa%(?ﬂ%{rﬁé Pero@TRAMTL, bAabt tiited 402 abduk @»Q:H ¥ ourd)aticlle
treatnment or prevention Condi tion can be deteérm ned by standard
clinical techni questy §housdibiont eypry Sihgurgiabeys ety | hhaprsy sbossevayyLadawrs.gpedtonal | y
be enpl oyed to hé%,g 36%@.%Iafb¥ut<epéry mﬁhou%oaﬁqeeveawg%mEla&t@c&yb@& gRae to be
enpl oyed can al so he route of adm nistration, the tinme of the
subj ect's exposur@’e’fydWPét’&FlﬁthGHt every Haeeatiskin £bayt cvean et 8 Atukevery $¥dj ect i s

exposed to, 1r thgoGed NYSARSSe &sadelfiodls §R6 A hQ8in REENY Rl eMERELd OF
treated. Suitable effective dosage anounts, however, range from about 10

M crograms to aboiminstgiedthat it moreh@rape Bymlyl-SrbsHutsg Rorhu Gerapoundisi cal | y
about 500 ng or Iﬁﬁﬁma@[red Qweegfféctﬂvefaegagéamduﬂtse&eessmath@%m aldentef fective
dosage is about 0.01 ny, ng, about 1 ng, about 50 ng, about 100 ny,
about 200 -55 V\D%@QP'@@MZS PCT/ US2005/ 010167 mng, about 300 ny, about 400
ng, about 500 ny, about 60Q/HeB the PHAHA- sMmesgPo@MCO&QQnmmﬁmmmapO )
about 1 g, about 2 g, about 1.4 g, about 1.6 g, about % bout 2.0 g,
about 2.2 gls abouior preyengjon &f@daéla@nendgcte%\%ﬁaﬁy injugy, fe Pé(ﬁétltSUBst tegl about 3.2
g, about 3.4 g, P@ﬂg&m@oﬁlpgundﬁm% a@mﬁls&redalb(ﬂb'ﬁrsérlgﬂ tmﬁ%blho‘éxp%sﬂe tabout
4.4 g, about 4.6 g, about 4.8 g, and about 5.0 g, every 4 hours.

Equi val ent dosage@dugn- H¥mipipatipsmay %‘b‘epfé\‘?éﬁt r?%ﬁk’r‘d)‘li%""%]f #reetfarth #R9¥e-i ncl udi ng,

but not limted to, about RV@EY¥mBodkAshSn iRke ofRMEYiMyIGubalAiss PiiQHA every 8

hours, about everg 12 hours, . about every 24 hours, about
ompound is administered from about 5 minutes to about one hour prior to exposure

e

20 to radiation with repeated doses optionally administered at regular intervals thereafter,
The Pyridy!-Substituted Porphyrin Compounds can be assayed in vitro
or in vivo for the desired therapeutic or prophylactic activity prior to use in humans.
Animal model systems can be used to demonstrate safety and efficacy.
The present methods for treating or preventing a Condition in a subject
25 in need thereof can further comprise administering another therapeutic agent to the
subject being administered a. Pyridyl-Substituted Porphyrin Compound. In one
embodiment the other therapeutic agent is administered in an effective amount.
Effective amounts of the other therapeutic agents are well known to
those 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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every 36 hours, about every 48 hours, about every 72 hours, about every
week, about every two weeks, about every three weeks, about every nonth,
and about every two 10 nonths. The effective dosage anmobunts described herein
refer to total anbunts admnistered; that is, if nore than one

Pyri dyl - Sub¥™q ¥¥d12Por phyrin Conpound is admi ni st er ed, PEHESEIFERIST ve
dosage anounts correspond to the total anpunt adm nistered. Wen the
Pyridyl - Substi t utaedinReerqan i thiks cefpohindseigeumthyi thiost, @riekklieded tadthe pr event i on
of a radiation-i q,du‘?ﬁt]m s%“glséﬂp [ nﬁt‘E;XpouPﬁ]s aggéeog%”hesrgbesu; I tut ed Por phyrin

Conmpounds can be ‘&4 Hours trne 1€ g5 exposure to
radi ati on. Adm ms&terga&tncaltytmatlorapreapea@@ﬂmﬁ regular intervals as set forth

above. In one enbodi nent, Substit ut ed Por phyrin
Conpound i s adni ni st ered f-[?’SOlhe'bt er?pcgtoc agﬁﬁtcergb{%‘an %nua (r)nr?g%%rr' prior to
exposure 26 to I‘Eaaihplbéofmsmltahumfﬂamatamy chonte Biclofd, boruad xhthmdeﬂm; stered at

regul ar interval s ther ubstd tut ed Porph n Conpounds
can be assayed | r;ildrcf:m%coglcctsttf:romls SI\IIG% aggcfrllso, t?lé 1S0RE, dludro or@j 1501, djo d¥l jsone, O

prophyl acti c act ipwdbigolpmdi, @er—mbmylpteémmorhunancsnolonemfocthmmileJandystems can be
S o0, demonet r b fuhint, A el 6RGHe TR RLRAGI, R Lpr, L oAt ng, Of

preventing a Condrtion n a su I'n nee er e rther conpri se
adm ni st eri ng anasfien, atdmmaqmm mtdomgtbmn, Sldintla”vetolmmbj ddbfehai kagoraidcm ni st ered

a. Pyri dyl SUbStﬂupgotf nf %x%hyt{urb r&%ﬁ%gﬂf 2 fn €no roq"en grgégo%ngﬁ }cnz{ 9 ot her

t her apeut i c agent daministered i an ttl I've anmounts

of the other t heraalﬁeud:qqueragmﬂcsi pirexioam| elkoricann nahmmetohasefe@iml tedgoiib, t he art.
However, it is Wekodolac i eéh‘ﬁ skilled artisan's purview to 30 determ ne

t he ot her t her apeutl c ’agen SRS opt| mal effective anobunt range. In one

enbodi nent of the i nvent| Ofrhe othaetherageatid dgent chinler aapetdiabetageertt. Exnattabhi st er ed

to a subject, h |, - t1L phyrin
Compound i s Iess ‘E% albé/t% 2gﬁjﬁég&aﬁ%u§tﬂ%ﬁ% t%gw\?\iﬁgbgé%rﬁ%m&%h’er
t her apeut i dSagentdlazwudequoﬁﬁum 2005y ODYRARe RCTHIZOWS/ t0lABEAERE, admi ni st ered.

L e Sooey, v B B ISR kS iR B e,
synergistically tsecr*tta@auesmucfpﬁsemlhm@ @oldieglirade; biguanides, such as metformin

and phenformin; thiazolidinediones, such as pioglitazone, rosiglitazone, and

troglitazone; and a-glucosidase inhibitors, such as acarbose and miglitol.

20 The other therapeutic agent can be an anti-cardiovascular disease
agent. Examples of useful anti-cardiovascular disease agents include, but are not
limited to, carnitine; thiamine; and muscarinic receptor antagonists, such as atropine,
scopolamine, homatropine, tropicamide, pirenzipine, ipratropium, tiotropium, and
tolterodine.

25 The other therapeutic agent can be an immunosuppressive agent.
Examples of useful immunosuppressive agents include a corticosteroid, a calcineurin
inhibitor, an antiproliferative agent, a monoclonal antilymphocyte antibody, a
polyclonal antilymphocyte antibedy, prednisone, methylprednisolone, cyclosporine,
tacrolimus, mycophenolate mofetil, azathioprine, sirolimus, muromeonab-CD3,

30 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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The ot her therapeutic agent can be an anti-inflammtory agent. 5 Exanples
of useful anti-inflammtory agents include, but are not limted to,
adrenocorticosteroids such as cortisol, cortisone, fludrocortisone,

pr edni sone, 5cn;nl soI one, 6a-nethyl pr ednl sol one, triantinol on

bet amet hasol® 28 2exanet hasone: ~ and non-st eroi dal ant{¢ TH?ZI“‘éﬁ’f'\’r‘é]tﬁZ)ry
agent s ( NSAI Ds) such as aspirin, acetam nophen, indonethacin, sulindac,
tol metin, diclofenac, ket drhglothss thqrapciubumcmfcembe anapiiensatia agednt. Lﬁxtainp}emfen

ket oprof en, fenol%"s&ﬁl%ﬂne @B A iRotudZB SR MhiGimiRE o melBBGhRIRRAM € aci d,

pi roxi cam nel oxi cam nha one, rofecoxi cel e¢oxi b, etodol ac, and
ni mesul i de. The oipmemdtomma)pbletppl@magewmeéwann%ehl@mw&nﬁme dmattb@heezaag:@nt

Exanpl es of  usefgylangdioh: #Aﬂéﬁ&ﬁ Gy @GS, awﬁieugﬁe m&%m@ﬁo@anmé ailiapﬁ&eed to,

gl ucagons; somatostatin; di azoxi dé; sul ureas, such as tol butan de,

acet ohexani de, t GPRIPEQH PROZuitsllids; b‘pﬁﬂwam H@mom%ﬂb@‘?bﬂw’%ﬂpf@% cptlizingle,

gliclazide, and Qinh%?dr[naféedxpﬂeﬂﬁllﬁ B&ase§&ﬁ&@$lﬂ&@%‘§l§aﬂaép%toﬁ&a&ﬁ@ag' i ni de,
and nateglinide; uani d such as metformn nd phenformn;

t hi azol i di nedi onélsibi B@Piywdpﬂ wﬁmw@)wepolmsq,@lplﬂé%éﬂﬁréhydammabm@lgl i tazone;

and a- gl ucosi dasqh.whbaaglﬁy &aoﬁdﬁ@ﬁznﬂé n@ﬁ@ernlag%ﬁd ARG @hkdol - 20 The ot her
t herapeuti c agent can be an anti-cardi ovascul ar di sease agent. Exanpl es of

useful anti - car di ovascul arThgiothertberapaytinagsnticar ba pacntissneer ageal. nbhe Pyfidyi t ed t o,

cam tine; tipi am NGl FBAHAR (BinSound GEPHObthARhAIARE §§eﬁt cai YR ddSveR] §rOPI NE,
scopol am ne, homatropi ne, tropicamde, pirenzipine, 1pratropium tiotropium

and tol terodi ne.sypsgistivalothemersists uss ot Pxridabubstitalah Porehyaie Gompavnssdpr essi ve

agent. Exanpl es Q@budtSefiddhcek BRHNRPHIRRAESS bV Bwa AR Mess df¥al UdRord of these
corticosteroid, a calcineurin inhibitor, an antiproliferative agent, a

monocl onal ant i | yagploeHos lessfrqaperd gdmigistrasion gEthesesnts i subipApHBICHIcET akhei body

predni sone, et hybpkedntigR!100& dofksl 28 P?fﬁdyﬂ@ubsm’i&@ 'P@x'phiﬂ%ﬁConﬁBbﬁ%%@' ate
nofetil, azat hi opri ne, sirolims, mnmurononab- CD3, i nterl eukin-2 receptor

ant agoni st ,15dac iagditiens! agispcenagerseandir @I365‘*&11‘%‘%ﬂé‘fci’ﬂ?%%lessafﬁﬂuenﬁhﬁ“tfﬂ}“ﬁ%cyt e

gl obul i n-rabbi t. thékoLiBRy KRERAMHITRRALhe Jd%lgﬁailmhefagént;fo%%t,uuéwquompr eventing
a reoxygenatlon infury resulting fromorgan transplantation further

conpri ses adni ni JeBEingghesiicaemefilsagpy iadhsitpamgptend cancer n addition, a

synergistic effect can result in the improved efficacy of these agents in the treatment
of cancer and/or the reduction of adverse or unwanted side effects associated with the

20 use of either agent alone.

In one embodiment, the Pyridyl-Substituted Porphyrin Compound and
the anticancer agent can act synergistically when administered in doses typically
employed when such agents are used as monotherapy for the treatment of cancer. In
another embodiment, the Pyridyl-Substituted Porphyrin Compound and the anticancer

25 agent can act synergistically when administered in doses that are less than doses
typically employed when such agents are used as monotherapy for the treatment of

cancer.

In one embodiment, the additional anticancer agent can be, but is not
limited to, a drug listed in Table 2.
30 TABLE 2

Alkylating agents

Nitrogen mustards: Cyclophosphamide
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WD 2005/ 097123 PCT/ US2005/ 010167 The other therapeutic agent can be an

antienetic agent. Exanples of

chl or promazi ne, trinmethobenzam de,

acetyl | euci X #B}H & Hanol ani ne, al i zapri de,
cl ebopride, cyclizine, dinenhydrinate,
di pheni dol, dol asetron, neclizine, methallfosfeaide net opi mazi ne,

bi et anauti ne, bronopride, buclizine,

usef ul
limted to, metocl oprom de, donperi done,
ondansetron, granisetr

antienetic agents include, but are not

prochl or perazi ne, pronethazine,
hydr oxyzi ne,

on
5 azaset r onPCHENPEITALA de,

nabi | one,

oxypendyl , pi pamazi ne, scopol am ne, sul pifdi&.migt r ahydr ocannabi nol

t hi et hyl perazi ne, thioproperazine, tropisetron, and m xtures thereof. The
other therapeutic agent can be an anti cafdoranyeiht . The Pyridyl- 10
Substituted Porphygjgsdpapound and the oldigh,sa meaRger agent can act

additively or

synergistically. A synergistic use of "a Pyridyl-Substituted

Por phyrin Conpound and another anticancéemigma{C@d¥hits the use of | ower

dosages of one or

]@ulmonstps,e.s €

of the agents to a subject wth cancer.

agents apd{iph | ess frequent adm nistration
The ability to utilize |ower

dosages of a Pyridyl-Substituted PorphyrilitogdfgBound and/ or 15 additiona
anticancer agents paglc. to admnister thg . aegns |ess frequently can reduce
the toxicity associated with the admnistration of the agents to a subject

Wi t hout

reduci ng Rlptéwarcopeiaig compleXs agéntrtiln the treatment of cancer. In

addition, a synergistic effect can resuldyuoplatifie i nproved efficacy of these

agents in the treatnent

of cancer and/or the reduction of adverse or

unwant ed side effects associated with thé\ropgingse of either agent alone. In
one enbodi ment, the Pyridyl-Substituted Rphphyli n Conpound and the
anticancer agent can act synergistically when adm nistered in doses

typically

enployeﬂﬂﬁﬁéﬁkwéch agents are used as nonot herapy for the

treat ment of canceyincd fkal@@OEt her enbodi mBAteristifre Pyridyl - Substitut ed
Por phyrin Conpound and the anticancer 25 aggnt can act synergistically when

admni stered in doses that are | ess than\d
agents are used as nonot herapy for the tngaetgnt of
enbodi nent, the additional anticancer agent can be, but is not

a drug listed in Table 2. 30 TABLE 2

Taxoids:

DNA Topoisomerase Inhibitors

Epipodophyllins:

Mitomycins:

Anti-folates:
DHFR inhibitors:

IMP dehydrogenase Inhibitors:

#ne t ypj cal |y enpl oyed when such
cancer. In one

limted to,
Vinorelbine

Paclitaxel
Docetaxel

Etoposide

Teniposide
Topotecan
9-aminocamptothecin
Camptothecin
Crisnatol

Mitomycin C
Anti-metabolites

Methotrexate

Trimetrexate

Mycophenolic acid
-59-



Al kyl ating agents N trogen nustards: Cycl ophospham de -58 WO 2005/097123
PCT/ US2005/ 010167 |fosfam de Trofosfam de Chloranbucil N trosoureas:
Carnustine (BCNU) Lonustine (CCNU) Al kyl sul phonates: Busul fan Treosul fan
Triazenes: Dacarbazine Platinum containing conplexes: G splatin Carboplatin
Aroplatin WRAFBAI n Plant Al kaloids Vinca al kal oi ds PEAUTEH A He

Vi nbl astine Vindesine Vinorelbine Taxoids: Paclitaxel Docetaxel DNA
Topoi sonerase | nhibitors Epi podophyl | iTfszofiEinoposi de Teni posi de Topot ecan
9-am nocanpt ot hecin Canptothecin Crisggat®h, Mtonycins: Mtonycin C

EICAR
Ribonuclotide reductase Hydroxyurea
Inhibitors:

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

nosine glycodialdehyde
macebecin I1
Pyrazoloimidazole

Hormonal therapies:

Receptor antagonists:
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Anti-nmetabolites Anti-folates: DHFR inhibitors: Methotrexate Trinetrexate
| MP dehydr ogenase | nhibitors: Mycophenolic acid -59 WO 2005/097123
PCT/ US2005/ 010167 Tiazofurin Ribavirin ElICAR R bonuclotide reductase
Hydr oxyurea I nhibitors: Deferoxam ne Pyrimdine anal o%s: Uraci | anal ogs:
5- Fl uor our 3¥P RV B uri di ne Doxi fluridine Ralitrexed EU§HFHEYHal ogs:
Cytarabine (ara C) Cytosine arabinoside Fludarabine Gentitabine
Capeci t abi ne Pur Anteesmogdnogs: Mer capt opUliameeifenThi oguani ne  DNA
Antinetabolites: 3-HP 2'-deoxy-5-fluor %rioixggl{le 5- HP al pha- TGDR aphidicolin
glycinate ara-C

Megestrol

LHRH agonists: Goscrelin
Leuprolide 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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5-aza-2' -deoxycytidine beta-TGR cyclocytidine guanazole inosine

gl ycodi al dehyde nacebecin Il Pyrazol oi m dazol e Hornonal therapies:
Receptor antagoni sts: -60 WO 2005/ 097123 PCT/ US2005/ 010167 Anti - est rogen:
Tanoxi fen Ral oxi fene Megestrol LHRH agonists: Goscrclin_ Leuprolid

acetate AntYP3Naddéhs: Flutamide Bicalutanmide RetinoiP&d/4Sef! ’8?”&%’

Cis-retinoic acid Vitamn A derivative: All-trans retinoic acid (ATRA-1V)
Vitam n D3 anal ogs: EB 1089 CB 1093 KHCAI60 Photodvnami c therapi es:

Vertoporfin (BPD I\/A) Pht hal ocyani ne Ph@[ﬁ%%{?ﬁbl&h&ﬁﬁ’m&ﬁ&t

Denet hoxy- hypocrellin A (2BA-2- DVHA) (%tpo%lsg\es Interferon-a Interferon-(3
Col 3
Combretastatin A-4
Endostatin (collagen XVIII
fragment)
Fibronectin fragment
Gro-beta
Halofuginone
Heparinases
Heparin hexasaccharide fragment
HMVE33
Human chorionic gonadotropin
(hCG)
IM-862
Interferon alpha/beta/gamma
Interferon inducible protein (IP-
10)
Interleukin-12
Kringle 5 (plasminogen fragment)
Marimastat
Metalloproteinase inhibitors
(TIMPs)
2-Methoxyestradiol
MMI 270 (CGS 27023A)
MoAb IMC-1C11
Neovastat
NM-3
Panzem
PI-88
Placental ribonuclease inhibitor
Plasminogen activator inhibitor
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Interferon-y Tunor necrosis factor Angioeenesis Inhibitors: Angiostatin
(plasm nogen fragnent) antiangiogenic antithronbin |1l Angi ozyne ABT-627
Bay 12-9566 Benefin Bevacizumab BMsS-275291 cartil age-derived inhibitor
(CD) -61 WO 2005/ 097123 PCT/ US2005/ 010167 CAlI  CD59 conpl enent fragnment
CEP- 7055 CBI® A" br et astatin A-4 Endostatin (coll age‘#pwzf"fsm“flrﬁégrrent)

Fi bronectin fragnment G o-beta Hal of ugi none Heparinhases Heparin
hexasaccharide fragment HW833 Human cH&sledicorddREbot ropin  (hCG | M 862

I nterferon al pha/ bet a/ ganma Prinomastat

Prolactin 16kD fragment
Proliferin-related protein (PRP)
PTK 787/ZK 222594
Retinoids
Solimastat
Squalamine
$S3304
SU 5416
SU6668
SU11248
Tetrahydrocortisol-S
Tetrathiomolybdate
Thalidomide
Thrombospondin-1 (TSP-1)
TNP-470
Transforming growth factor-beta
(TGF-B)
Vasculostatin
Vasostatin (calreticulin fragment)
ZD6126
ZD 6474
farnesyl transferase inhibitors
(FTI)
Bisphosphonates

Antimitotic agents: Allocolchicine
Halichondrin B

Colchicine
colchicine derivative
dolstatin 10

Maytansine
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Interferon inducible protein (IP- 10) Interleukin-12 Kringle 5 (plasm nogen
fragnment) Marimastat Metal |l oproteinase inhibitors (TIMs)

2- Met hoxyestradi ol MM 270 (CGS 27023A) MAb IMC-1CII  Neovastat NM 3
Panzem PI-88 Placental ribonuclease inhibitor Plasm nogen activator

i nhi bi tor YB2049U3h5/ 097123 PCT/ US2005/ 010167 Pl at el T E2S11U6T PF4)
Prinomastat Prolactin I6Wfragment Proliferin-related protein (PRP) PTK
787/ ZK 222594 Retinoids Solinmastat Squdllimmione SS 3304 SU 5416 SU6668
SU11248 Tetrahydrocortisol-S

Thiocolchicine
trtyl cysteine
Others:
Isoprenylation inhibitors:
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 MUuULTI- 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

5 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.

10 In one embodiment, the anticancer treatment is radiation therapy.
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Tetrat hi onol ybdate Thalidom de Thronbospondin-I (TSP-1) TNP-470
Transformng gromh factor-beta (TG--(3) Vasculostatin Vasostatin
(calreticulin fragnent) ZD6126 ZD 6474 farnesyltransferase inhibitors

(FTI) Bi sphosphonat es Antimtotic agents: Allocolchicine Halichondrin B

Col chi ci ne YOO’ EPhe derivative dolstatin 10 Myt andiGH& 28307
2005/ 097123 PCT/ US2005/ 010167 Rnhi zoxin Thiocol chicine trityl cysteine
Qthers: |soprenylation i Amprgitenesbodideph tienetighcT etmat sximgsry.

P A o
is administered concurrently w1th radiation therapy. In another spec1ﬁc embodiment,
the additional anticancer treatment is administered prior or subsequent to the

5 administration of the Pyridyl-Substituted Porphyrin Compound, in one embodiment at
least an hour, five hours, 12 hours, a day, a week, a month, or several months (e.g., up
to three months}, prior or subsequent to administration of the Pyridyl-Substituted
Porphyrin Compounds.

When the additional anticancer treatment is radiation therapy, any

10 radiation therapy protocol can be used depending upon the type of cancer to be treated
or prevented. For example, but not by way of limitation, X-ray radiation can be
administered; 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

15 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

20 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 vive, such as for the treatment of certain cancers, including, but not limited
to leukemias and lymphomas, such treatment involving autologous stem cell

25 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.

30 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

- 65 -



Bl eomycin B2 Peplomycin Anthracyclines: Daunorubicin Doxorubicin
(adriamycin) Idarubicin Epirubicin Pirarubicin Zorubicin Mtoxantrone
MDR i nhi bitors: Verapam | Cat+ATPase inhibitors: Thapsigargin 5.5.1 MJLTI -
THERAPY FOR, CANCER The Pyri dyl - Substituted Porphyrin Co ds. can.be

adm ni ster%ofog:’mgé’l?ubj ect that has undergone, is curren{?ﬂyg{?ﬁ?ﬁ(gﬁbﬁéi ng, or

I s about to undergo one or nore additional anticancer treatnents including,

but not |inited ©t?PxidylgRbytituted Berplyris Fompoynd apdgietfegtiveiamepof #othspy, such as

admi ni stration otheAp&Aio Gfdnt ¥AGE biRinisttRA. RIERANRE BRI d A ondplifAl oY cancer
can further conprise adm nister.i n% surggﬁ%rpy, radi ati on t herapy, or
HestigitadiFomh

i munot her apy. | AffESHE BravateipdpridylSyest vt Corproyndansta diderethmnot her apy.

I n one embodi MeNntempdsi@ion BEMIRID 8h R tiveandufidR ERihcy Beabafic adddt daR bONE
enbodi nent, the anticancer treatnment is radiation therapy. -

L . [ 64 VO
2005/ 097123° PCT/ eSswiersity admigisteredy Inpgtheieimbadipise #esttect o of € Bridsl

treatnent is sur ggisituted PophFRECIHhpcnER RO IRAM pridr ¥ tseylentRBIDST i t Ut ed
Por phyrin Conpoun‘gr%j s admi_ni s{ ered concurrently with radiation therapy. In
anot her speci f i c *gRBEUTHRAT 20 elicpiye 2MANT PoRaMeLRtTPRoHC RS MR Bnent i s

adm ni st ered pri ekxbsdiménd e PHHAMSubsbitutddPolpheH T dthouhdis la@hin@ierddhile the _
Pyridyl - Substi t ut{?}d or phyrin %%goqu, I n. ope enhodi nent at , | east an hour,
five hours, 12 h8Wfs! ef%Peaé‘srﬂ,ge%* KIS ThSTaREE Ritechor B8 PRPRIPCARAMEHESTIS 9., up
to three mugths) admihisRcdWhils tHRPEAPILbsliGAPEIPRYE! Cathpand olert fie
Pyridyl - Substi t ut ed P,orphtgrl n ConPounds. _ ) .

preventative or therapeutic effect for treating or preventing a Condition.

A composition of the invention can be prepared by a method
comprising admixing a Pyridyl-Substituted Porphyrin Compound and a
physiologically acceptable carrier or vehicle. Admixing can be accomplished using
15 methods well known for admixing a compound and a physiologically acceptable
carrier or vehicle. In one embodiment the Pyridyl-Substituted Porphyrin Compound

is present in the composition in an effective amount.

5.6 KITs

The invention encompasses kits that can simplify the administration of
20 a Pyridyl-Substituted Porphyrin Compound fo a subject.
A typical kit of the invention comprises a unit dosage form of a
Pyridyl-Substituted Porphyrin Compound. In one embodiment the unit dosage form
is within a container, which can be sterile, containing an effective amount of a
Pyridyl-Substituted Porphyrin Compound and a physiologically acceptable carmrier or
25 vehicle. The kit can further comprise a label or printed instructions instructing the use
of the Pyridyl-Substituted Porphyrin Compound to treat or prevent a Condition. The
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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When the additional anticancer treatnent is radiation therapy, any 10

radi ati on therapy protocol can be used dependi ng upon the type of cancer to
be treated or prevented. For exanple, but not by way of limtation, X-ray
radi ati on can_be adm nistered; in particular, hi gh-ener€¥ nmegavol t age

(radi ati on ¥ 2Y841%r that | MeV energy) can be used fb ’Hé@gsj?lﬂ%rs, and
el ectron beam and orthovoltage X-ray radiation can be used for skin
cancers. Gamma-ray emittilRtp 9TakH inyesterope Surthensemprss arlsvicatpoapefw &ri sot opes
of radi um cobal jg AR de MR uof BB FoPms. OBAmMBleS O sB&h ARBIRIGE, B¢ are not _
Additionally, the jnvention provides nethods of treatnment of cancer using
the Pyri dyl - Subslimitedtied spaesrdirhagampistuta dnbalst, and anepemphbasgi ve to

chenot herapy or radi ati on therapy where the chenot herapy or the radiation
therapy results in negative side effects in the su,bg',ect being treated. The
subj ect beidng treated 20 Ehrfolleyyeg gamplesare prd farthdo pssigt updersigndiaéie anti cancer
treat ment nodal i {enibhedhddRouthdSIf ¥ourse! BichofdtuOdastsPRIABNY liRiftink AHRRANE! apy.
The Pyridyl - Substituted Porphyrin Conpounds can al so be used in vitro or ex
vivo, such as f ofestrived %w&lm@%ler%' Ve yaziations ahthe iy entiopdpeledirgghe but not

limted to |eukgBiifiondtall HIRERARRow RidwR of 28R HERRbed, WA WolQ vaWitRihogous
stemcell 25 transplants. This_can involve a process_ in which the subject's

aut of ogous henaepHYEYiof thesestkilledin the azh, andhpngssin dermykbon o BiBer BPnest ' cancer
cells, theipsubj esberfmentd BRI 436 1o¥RRBusRfl WVall RlichinRIRRUbRIJF @R ihvenddAen
eradicated via the adm nistration of a Pyridyl-Substituted Porphyrin
Conpound and/ or PERIPUREGRF G Mer apy, and the stemcell graft is infused back
into the subject. 30 A Pyridyl-Substituted Porphyrin Conpound and the ot her
t herapeutic agent can act additively or L0, one enbodi ment synergistically.
In one enbodi nent a Pyridyl-Substitut éouﬁg?-bff%yri n Conpound is adm ni stered

concurrently with another therapeuti mﬁ ?Ep one enbodi nent a
conposition conprising an effective o IOIIeEh WO 2005/ 097123

PCT/ US2005(010167 of a PyciiiiSylisi 4t cluRer BlpgLA-GhsRAMY and an

effective anount of anot her erapeutic agent ca _adm ni st er ed.

Al ternatively, aspectepbypméteyrand ehepridabshifyvaiyes (3 pfeaenontedinpppbuper mation

Pyri dyl - Subst i t ub ey PRIORNT dehofRARAHNF @ Pliclpidtdaled Wl ilic£ QTROFI2kA ON

conprising an ef(;pgczive annﬂtfn? ogman%t%ep teﬁ}ér aSeeuti C alée%%can be
Intermediates and final compounds were characterized on the basis of 'H NMR and
MS data, HPLC, elemental analysis.

20
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5 concurrently adm ni stered. In another enbodi nent, an effective anount of a
Pyridyl - Substituted Porphyrin Conpound is adm nistered prior or subsequent
to admnistration of an effective anmount of another therapeutic agent. In
this enbodineng t he Pyridyl -Substituted Porphyrin Conpound is_ adm nistered
while the GY%@W’PHEPapeutlc agent exerts its therapeutlgcgp?ﬁﬁvm'ﬁV t he
ot her therapeutic agent is 10 adm nistered while the Pyridyl-Substituted
Por phyrin Conpound exerts its preventative or therapeutic effect for
treating or preventing a Condition. A é&prRe&Gpitdion of the invention can be
prepared by a nethod conprising adm xing a Pyridyl-Substituted Porphyrin
Conmpound and a physiol ogi cal |y ac®gpthedid of Coarpoued 10r vehicle. Adm xi ng can
be acconplished using 15 nethods well known for adm xi ng a conmpound and a
physi ol ogically acceptable carrEgr~Ngr vehicle. |In ane enbodi nent the
Pyridyl - Substi tuted Porphyrin Cg d is preseﬂ//ln the conposition in an
effective anobunt. 5.6 KITS The itwepg{i on Engpnpasses Bits that can sinplify
the adm nistration of 20 a Pyr|d§I i Hyrin Conpound to a
subject. A typical kit of the i nvent i dn CORPri ses a unit dosage formof a
Pyridyl - Substituted Porphyrin Conmpogrid\ | nHone/émpodi ment the unit dosage
form is within a contai ner, which ‘ | containing an effective
anount of a Pyridyl-Substituted Porph nd and a physiologically
acceptable carrier or 25 vehicle. rther conprise a | abel or
printed instructions instructing yNLdyl - Substi t ut ed
Por phyrin Conpound to treat or e kit can al so
further conprise a unit dosage 3 peuti ¢ agent, for
exanple, a gontainer containing an effective anounf¥of the other therapeutic
agent. In ne enbodi nment t it conprise cont ai ner. cont ai ni
effective amount of a 30 fﬁbF“@ﬁﬂggW¥ﬂFgﬂiﬁBWﬁHVBPwpﬁﬁﬁﬁSEEQIg
eL fective anmount eqﬁlp@a%m&fvo gddlﬁfn&mults bid D@t ?nféhedi‘pbﬁé; ada[itllo_ﬁtﬁhﬂél Wag 66
t herapeuti c agents 1 ncl ut imted to i.St above. -
W0 20057 007125 PERERDHSS 1059 RIEL Gt £ ORI B FDEHE compr i o
a device that is se®al bdditiodrfunnel was charged with a solution of 2-pyridinecarboxaldehyde (568

10 mL, 6.0 mol) in toluene (432 mL).

The propionic acid was heated to reflux and then the contents of the addition funnels
were added simuitaneously 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
5 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
20 was diluted with ethyl acetate (S 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

25 combined and concentrated in vacuo, and the resultant black granular solid was
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adm nistering the unit dosage fornms. Exanples of such a device include, but
are not limted to, a syringe, a drip bag, a patch, an inhaler, and an
enema bag. 5 The foll ow ng exanples are set forth to assist in understanding
the invention and should not, of course, be construed as sgemflcall

liniting tHEOMWENTFon described and clai med herein. SEERWENY0i%ns of the
I nvention, including the substitution of all equivalents now known or |ater

devel oped, whi chdiutad vithold%mwqubdus ammhsup bydrpxade GfL)tand dw resitént epdnsion he art
and changes in f n | gn, are
to be consi der ed% W‘k% (Irl YIEQD?W%}?E@I%E@ ge%{?)l anf%’ép%ngw$ fﬂg%%o %%

nven I on 1 Nncorporated
herein. 6. EXAVPLESp@snandthe WIehtgdibla%omsommwﬂhﬁ withedeignizedyenier (émm ned

using a varian 39, Wikes SRESI-ORBOLAMRIAT, AR LARILAY. add bl s (8) are

reported in parts per usin C pl at es
precoat ed whth sidlitiva wgestirgd fge- IZGAIthemfﬂte@drﬂaehght#éﬁltmpffn Fh"hﬁtmdimmbunds wer e

557 55 i Sooe SRR QN0 D g ) PR 20 101
1 N N NI H Nresitltapt solgtipn way stirred for 2 hours, then filtered through #1 filter paper. The

collected solids were washed with 1,2-dichloroethane (4 x 200 mL), then dried in

vacuo overnight to provide Compound 1 as a brilliant deep metallic purple solid.

10 Yield = 64.26 g (7%). R=0.56 (silica, 9:1 dichloromethane: 7 N ammonia in

methanol); "H NMR (CDC13) § 9.14 (d, /=3.9 Hz, 4H), 8.87 (S, 8H), 8.21 (d, /=7.5

Hz, 4H), 8.10 (dt, /,=1.8 Hz, J»,=7.8 Hz, 4H), 7.71 (dd, J1=5.1 Hz, J>»=7.5 He, 4H};

YCNMR (CDCl3) & 160.7, 148.8, 134.9, 132.2, 130.6, 122.6, 122.6, 119.0; mass

spectrum (“MS™) m/z=619 (M+H).

15 6.2 EXAMPLE 2

Synthesis of Compound 2

Ferric chloride (14.3 g; 88.89 mmol) was added to a suspension of
20 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 SN 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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5 A50 L three-neck reaction flask containing propionic acid (30 L) was
equi pped with two addition funnels and a reflux condenser. One addition
funnel was charged with a solution of pyrrole (417 nL, 6.0 nol) in tol uene

(583 nmL), and the second addition funnel was charged wth ol ution of
2-pyri di ne?ﬁ‘?%"éﬁ(&%’ghyde (568 10 nL, 6.0 mol) in tol ueﬁ‘é“@’é’%"f%ﬁﬁ“? The
propionic acid was heated to reflux and then the contents of the addition

funnel s were addéd)gnddirthdisdsudisyl)al hexspriantiprmiccsckaplichvassapseanenther 2

hours, W th vi gouRus, vadb FriaNdyd £ 1607, el hik%iv@@inﬂﬂ&ﬂﬂr&ﬂétﬁan@?ﬁmL}Qﬁ'd
resultant dark red-brown reaction mxture was heated at reflux for | hour,

e
then the heat sovfaamidisred dyrenghd onmiich pad of Eelite.i The Celitepprka wasevaihed Wahl2owed t o

stir for about 18k@o? 9akvol- QA QiHITRRERINE RethahBiGintiBRs Hifu@fdtwas RbaAGK sol ution
was filtered through #1 filter paBeer and concentrated in vacuo to provide a

bl ack oily ?esi dt¥orleshelhsfHiEae wag thencangeptipsed i gacyp fApredds i amroped Litss (5 L)

and the resul t aninof@ilydtateOR a\WaSleHdck irfidsckRpoddditdueti®, vibhem conReenty gked in
vacuo. This dilution/concentration was re

Beat ed three times and the
resul tant bl ack SBF0@2MEIi Ak Coly- RES«HPTFEN:Le O thh t*h Ced B0 HalddP’4ts 168519 and
the resul tant soluison oVasurdt 67 8406C, 8l634.a0M 70D ey . AINe for about IS hours.

The resultant solution was filtered through #1 tilter paper, the collected
solids were diluted with dichloromethane (2 L) and the resultant solution
was purified using flash colum chronmeidgrewhydon silica gel (10 kg) using

di chl oronet hane: triethylamne (98:2 vol:vol) as eluent. The rel evant
fractions Were 25 conbi ned and con8puthesistod fompowettio, and the resultant

bl ack granular solid was -68 WO 2005/ 09:4423 PCT/ US2005/ 010167 diluted with
10% aqueous anmoni um hydroxide (2 L), and t resul tant suspension was
stirred vigorously for 2 hours. The=resul t@;u pension was filtered
through #1 filter paper, and the golljected b

dei oni zed water (4 x I L). The washed sofi d

hr.oJgh ilter paper. The

ane (4 x 200 nL), then

acetate (2 L), and the resultant 5 goly S-S stirr for 1 hour then

filtered through #1 filter paper hercal | gct gt~ e A5t - col or ed granul ar

solid was diluted with 1, 2-dichl et lhapt 6L n e resultant solution
[

was stirred for 2 hours, t herP49 1 t er ed
collected solids were washed with '
dried in

coor
3
Method 1:
Compound 2 (25 g) was diluted in N-methyl pyrrolidinone (250 mL)
15 and stirred to form a slurry. «-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,O (1:1) and the
resultant solution was filtered through a medium porosity glass fritted funnel. The
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vacuo overnight to provide Conpound | as a brilliant deep netallic purple
solid. 10 Yield =64.26 g (7%. Rf=0.56 (silica, 9:1 dichloronethane: 7 N
anwonia in nmethanol); '"H NVR (CDC1l3) 8 9.14 (d, J=3.9 FE 4FD 8 87 (S
821%\]75 Hz, 4H), 8.10 (dt, Ji=1.8 Hz, J2=7 1(dd
5 1 Hz, WOBPSBIB  4H):  13C NVR (CDCL3) S 160. 7, 14865“5&’%21019167132
130 6, 122.6, 122.6, 119.0; nass spectrum ("M") m 2=619 (MH) . 15 6.2
EXAVPLE 2 Synt Hagste was mizsdyih REwex MaraiomWad-2 ppdkly basjcfanign exghapee pesin 2

Ferric chloride (@30417113 %e %gn&%e reaRlaht sORFoANAGHIE PR YERAE I ORerOf 20
Conpound 1 (50. 3 in_ | hydrochl oric acid (245 ni, g.) and

the resultant @%&dl Ehe TPRIR (N3P géfa%é%wﬁlé%ﬁoé@ ofd : } MePHsEH Lvad CPIF’EJGCdf or about

18 hours. The r@&uk WaskluE@bdwid QWindh @R dIRPcdRnk Wﬁom%meﬁﬂIaPa%ohoom
tenperature and basified using 5N sodi um hydroxide l\@,czl—bg-rhe resul t ant
t

precipitatée was WQ@UQJW?‘FPH@?%WC‘FM -BU B RS REROUmE °lf|1 ) #e#s and washed
sequential ly wi té1'ue@l?'1@1@'céxﬁﬁné/&f?ﬁ1§£tes(\é’eré<mnxe@%|tm02rgﬂ@i &%ﬁ%&b@@é’ 1¥%2005/ 010167

1.5 L) and dletqy ether (1.5 L). eresutant purpl e-black solid was
subsequent |y dri%@gh Pﬁdq/faewmrna basigniag-exehangroesn andpEfedifos akomiAlpursn

di chl or onet hane (RQQuMak séitthn “)é@ﬁhlé#éﬂ Jsinbgta%ﬁgi: poftis Ry ARssFriagGuingCd RRd Of
Celite. The Celite cake was washed solution of 9:1(vol:vol)

di chl or onet hane: e {eAaNGF Wathes itk 6%0 m# Pff lr hMeORAL Opad theyombragd Blitple@s The
filtrate was t heamt&pmrhtdnaln&@lo ) dg\Y B o BEGMLAL DEREPMdRthod VASA L S
es

nonohydrate as a purpl e- bl ack cent. powdered solid. Yield = 25. 749
(479 . NB resin at a flow rate of 15 20 mL/min. using 500 mL of 1:1 MeOH:H;O as eluent. The
filtrate was passed through a one-inch O.1). glass column of 240 mL of Amberlite
TR A-402 chioride resin at a flow rate of 15-20 mL/min. The resin was then washed
with 500 mL of 1:1 MeOH:H;0 and the combined filtrates were vacuum filtered
15 though a 0.22 um membrane and concentrated én vacuo to a volume of about 2 L.
This solution was then shell-frozen and lyophilized to provide Compound 3 as a black

solid.

Method 2:

20 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

25 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

30 at reflux for 15 minutes. The chloroform suspension was hot-filtered, the fiitered
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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m z=672(M+). Anal. Calc. for C4oH27FeN8Q2: 67.91% C, 3.82%H, 7.90% Fe,
15.85% N, 4.53%0. Found: 67.84%C, 3.63%H, 7.70% Fe, 15.92% N. 6.3 EXAMPLE
3 10 Synthesis of Compound 3 -CCC g Nl NCOONFe N -OOC NCIl N N COO

3 Method 1: Conpound 2 (25 g) was diluted in N-nethyl pyrrolidinone (250 ni)
15 and sti M@ ¥ rma slurry. a-Bronmp-p-toluic acid PEHE¥SHISHEIEq. ) was
then added to the slurry and the resultant reaction mxture was stirred
under nitrogen &nmsephereaplids Y86 r@ndsd babwuem fillrabouand ret¥imed toglect2ilon mi xt ure

was cooled to r - Vitad [ y stirring
vol une of chl or g%g?ro %1%@&%@%%5&}'%{;&%@3% ge%%ﬁédglﬁ%gtgﬁgﬁ%tﬁ%mﬁg&? tlraﬁt#’ ﬁed t hr ough
a three-inch padiest T8ekomtgnedorthanel efmacks-weroencedBatpd ecrpiottapwvidas S¢enoved

fromthe filter fupge {th the top one-inch of the Celite pad. The
conbi ned preci pi %ate %%‘%J“@Pﬁ% were extracted with chloroform (1.5 L) in a

Soxhl et exfractor for about 55 hours. The extracted solid was renoved from

the Soxhlet thigge a1 S’g,%}@%”ﬁ’g“m 2.5 L of a mxture of MeOH H20 (1:1) and
s frl

the resultant solutio tered through a medium porosity glass fritted
funnel . The -70 WD 2005/The plrgigsoRtTruprod 5 0mg pecparefl uping Mietoddhs nmi xed with

Dowex Mar at h - l ' i : d
wex Marat hon %&m%@%@mﬁe@gg}% m@@g@ﬁh{) ok Igﬁ@m@}s?m&& eg.) an

the resultant s 1on was stirred tered. The
resin was washedvaginjdeteB @6tomiPhefortnek Sybédpl REI\RaRE HPRE colmbpi(hel, 86 A) trat e was

el uted dowg a ongglnch, 0B, ¢ 885eoL T ALl ROYRS MBrALhe
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)
B 0 65% 35% 1
13 65% 35% 1
20 40% 60% 1
21 10% 90% 1
20 25 10% 90% 1
Results show that the Compound 3 comprises three isomers: an isomer
(Compound 3A) having a retention time of about 4 minutes; an isomer (Compound
3B) having a retention time of about 10 minutes; and an isomer (Compound 3C)
25 having a retention time of about 17.2 minutes. Each of Compounds 34, 3B, and 3C is
one of Isomer Nos. 1-8 of Compound 3.
6.4 EXAMPLE 4
Isolation of Compound 3A
Method 1;
30 Step I — 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 HCI (100 mL}, and to the
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5 WBA-2 resin at a flowrate of 15-20 nJmin. using 500 nL of 1:1 McOH H20 as
eluent. The conbined filtrates were mxed with 240 nL (8 eq.) of Anmberlite

| RA- 402 chloride form strongly basic ani on-exchange resin and stirred for
about 4 hoyr resultant solution was filtered usi por03|ty
glass fri t&%%'ﬁ gﬁg’ and the resin resin was washed w %@6@8%3&7

MeCOH H20 and the conbl ned filtrate was 10 el uted down a one-inch O D gI ass
col utm of 340 ni rSritmbspdtionantddeh NNBIAOH (ot gk drepwisegifit} the BH yps 15- 20

nL/ mn. using 50Qudike0f This doidioRiiabiden ﬁﬁeré'dtul%ﬂ hadftlgmﬁyndntm@;&dw passed
throughaonelnch O D. glass colum of 240 Amberlite | RA-402

chl oride resin afolcef srlidrs waged yih Z’Oteh@ﬁ“hm mBé ?@@?‘PW/\H@ erfeethas hed
with 500 mi of 1cdmifR&HnkiebhcamtfielRevaemTRich 8ehéd dricd BlmoNR] Svel @0HsVRAL 1 | tered

15 though a 0.22 m nenbrane and concentrated in vacuo to a vol ume of about 2
L. This sofuti oft-2ed 2splieredsarsidir ozen and | yophilized to provide Conpound
3 as a black solid. Method 2: 20 A 12 L reactor was charged with with 7.9 L
of N- et hyl pyrrol i dinone (NMP) and heated to 120C. 787.5 g of Conpound 21
(Exanpl e 11) was S¥ddedRemordof e ags via worer ¢4¢iogt a- bromo p-tol ui ¢ aci d. The

reaction mxture was sti ”’I%@'solid%@lﬂéré@idﬁé? ﬁieﬁatrémﬁﬂ@@l{eﬁn@ﬁod%zgt@pfl Plasb- 7
hours, then poured slowy into a 30 cont ai m;igﬂlo L of vigorously

stirred chl or of offsolveddn Faigril fimby apd e syeiantsojurien was lgaded opta a pelymetias i nsed

into the stprredgh c@rlﬂfnqemcmeﬁtdawxemgtﬁ d.6indh i@ferraNdiAhQEO128m pall& ve@sul t ant
suspensi on was flltered thrgﬁggdgm" thick celite bed in an 18 inch filter

funnel, and the Mngkpacksdoy Ciggh G208 yiayeng fivimgibpizeng gobymegfoved from

the filter bed %d\)ﬁﬁ@é&lﬁﬁlﬁfafe@@sﬁg)?s@rﬂ@oﬂwzﬁcﬁﬁcﬂ@&:olﬁﬁwh@@@dmﬁ\hﬂamo@rHECham cal
stirrer. 5L of chloroformwas added to the reactor, and the resultant

mxture was stir ebthouhymbEsEwe Uity water anthe mebifeghasemnd 20,oM-deaction wereh | or of or m

suspensi on was h@snefctehtﬁﬁ@rctonéchﬁg fd érarcsa;r@dhecsomlmrd»sasvsecql@nﬁaﬁwru&adnmo the 12 L
react or, and t he af orenentioned extraction procedu peated tw ce.

The solids were &§HeRel by mkharg ¢ B4 H 2Fomlp, E}“éé.‘lﬁp&“heé ""L‘h(‘}fethaﬂ‘tl%daﬁﬁ‘iﬁ was

added, and the resulibsiientUsX! krhiofid 1-17 Réle E@Hibided aHA Punt&traRl iABIARt - 71 WO
2005/ 097123 PCT/ US2005/ 010167 terrperature The _solids were renoved by

vacuum filtrati of™oyifg aresiqyen Ehe Fegidue s g_nLaIyEed 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 S mM HCI (3 mL), and the resuitant 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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reactor, and the methanol extraction was repeated until the filtrate was
substantially clear. The conbi ned net hanol extracts were concentrated in
vacuo to provide 1.544 kg of crude Compound 3. 5 HPLC Anal ysis of Conpound

3 The bl ack solid Conpound 3 (1 ng, prepared using Method 1 descri bed
above) was WREWHIUEE in | nL of O.IMHC. 10 L of the rBSTUPMAYIELHI uti on

was injected onto a Phenonenex Synergi POLAR-RP HPLC colum (4 M 80 A, 10
105 mm x 4.6 mm)(30 Mhe reathapoht3WasL)eingd stexgd Sir sybsedudntivprut e wabheg waretthien - conponent

m xture of (1) ' i r ol ' ! 1"); and (2)
met hanol with \(I)@gn‘%nf ﬁ%pfqﬂ‘g?%tg%eﬁr@o{ggiﬁﬁgé \?g{rcllltogfglj l%i&l}\v?ﬂge)f ol I owi ng

gradient: Tine Solvent 1 Solvent 2 Flow Rate (mn) (nb/mn) 15 0 65% 35% 1
13 65%35% 1 2054000 §ngn;ﬁc%g;9f/g&§};@@p1mnd2§“;log% 90% 1 20 Results show t hat

t he Conpound 3 conprises three i somers:” an 1 soner (Conpound 3A) having a
retention time of about 4Afompewns:3A{A00 mbpepl qbained gsinglthe BRjhod desrihyd a
retention time of sRBQULack Bl RFi 0 AL BlchFAIPHCICRAPAE), IS having a
retention time of ggoutaﬂj.uZ mk%ll%tﬁes. 1 acﬂcéof Co o(un s 3A )’SB, and 3Cis
one of |soner Nogsultantgolgfioncrasesdeiont a wlymersgymicEmn| (§hingh ¢istivstlergdpound 3A

Method 1: 30 Stepg den Rrial biaAbkO PacRedSAHIPBWYE MCIBKEMPRIPAbydgOMEr S (5 g,
prepared using the nethod described in Exanple 3, Method 1) was dil uted

usi ng O 1M HC ((!E(jcylhq_n)agned)ﬁb’nlegc tepia (Supelco, St. Louis, Mo.)) and equilibrated using 500
10 mL of 0.1M HC. After loading, additional 0.1M HC1 (100 mL) was loaded onto the

column to complete adsorption. The column was then eluted at a flow rate of about 5
mL/minute using methanol as the mobile phase and all fractions containing
Compound 3A were combined to provide a subsequent Compound 3A pool of 300
mL (in methanol).
15
Step 5 — Counterion Removal Using Ion-Exchange
A Compound 3A pool (300 mL), obtained using the method described
in Step 4, was concentrated in vacuo to a final volume of about 300 mL and then
stirred with DOWEX Marathon WBA-2 weakly basic ion-exchange resin (50 mL of
20 aqueous solution of settled resin) for about 18 hours at room temperature and vacuum
filtered through a 0.2 uM nylon filter. The filtrate was then passed through a column
containing fresh DOWEX Marathon WBA-2 weakly basic ion-exchange resin (50 mL
of aqueous solution of settled resin} and the filtrate was pooled. The resin was then
washed with methanol and the methanol wash was added to the pooled fiitrate.
25
Step 6 — Chiorine Counierion 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 mlL of aqueous
solution of settled resin) for about 3 hours at room temperature and vacuum filtered
30 through a 0.2 pM 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
.74 -



-72 WO 2005/ 097123 PCT/ US2005/ 010167 resultant solution was added I M NaCH
(about 18 nlL) dropwi se until the pH was about 6.0. This solution was then
filtered through a 01 AMnylon filter and the collected solid was washed
with water (about 50 nlL). The filtrate and wash were conbi ned and
concent r at 8P tS¥gE0, then further dried in a vacuum o¥eRUSWIPNBIS de 5 4,2
g of a solid crude residue. Step 2 - Renoval of hydrophobes via water

el uti on The sol i filtrate uTlise ﬁoe&'ﬁﬁuﬁte(WasgoncBﬁtﬁlbariredzcwsinﬂgirﬁa@8n higk edumfor St ep 1)

di | ved i) t t ded ont
& pol ymer i G 10 Peliia Tout e 1 RO ER T T S BTGt er nal
di ametercI 12 cm)meﬁeeeﬂ tbedqhﬁujiﬂmdpﬁfgnhedvmmhoiﬁ ag45)f(£ Mchbayet2 }Gglgg&)ﬁt f
stryene divinyl benz 0 resin i rate 0
vator) . The col ARG BRUVERR ae epso Bl S8 bRy e us i ng

wat er as the rmblle phase and 20 nL fractions were collected. After
collecting 15 fr | oS, the columm was sequentially eluted with 15 net hanol
(15 nmL), and 0. I (25 m.), and then flushed with nethanol and stored
for subsequent use. Fr actlmgbfﬂzﬁdmmmpanm'(ExeﬁiphndMemmtem:rsaisaﬂvddn vacua

to provide a resi [ esi d HPLC «an 0

conprise Conpoun&g?{,&folo%a%u%uag%%?c 1§ a%l'g’f%é/ﬁ%rﬁofﬁa e SR e gg‘c‘fg %url ties.
20 Step 3 - | sol statedno pAd RS N aqmbusoad:mﬁ hdogide nd st&ﬁeda‘ndl Edﬂn@unnhnﬁc The
resi due obtai ned fromreduced ons 2- cribed in Step
2 as ) Sb vachpieaon i o R PR R 1 b ofHhte B8 14 TR ML | Gaded
ont 0 an equi | i braddelt ﬂlteaestsolﬁhmmtrasga“danpyx 2004l afraatef. 1'Phei snidds vedrd leghly ve | engt h,
T L e M AT LS 3B Fo PRSI SEREAIRRY Laf E300u4 0y T 65

25 A) as stationary pha I'n et hanol
and equil i br at ettie usitengittbD0 1 m_H@fMEOHﬂVII‘Ih{s‘,blvp:mms retr@:véd):adudlg)to pﬁhee col um was

el uted at 2 Tl ol o6 ool 01 AEE TR M Bl 67 about 2.5,

degassed for abo 101’ to e on e phase and 30
m. fractiorlfs were coll ecThaachqﬁaromsrﬁhrlae wae bubbeqoéntly agaliedi . pHY.&edthons shown by

HPLC anal ysis {0 GORLAR030 GARAMIACE A 6T orthc S 85 SoudbliShiId U5 HPLC

anal ysi s descri bed I'ne 0 provi %newa’SCOrrpound 3A
pool " (total voIbmdoﬁto@@nﬂumn@ﬂSﬂkaofMGhsgeI:dwmylbenzene polymeric resin in 0.1 N

HCL Compounds 3A and 3C adsorbed to the column in a narrow band, and were
eluted with 0.1 N HCL. Fractions of 20L, then 4 x 51, then 20 L were collected.

20 Fractions containing greater than 50% of Compound 3A (retention time = 4 min) were
combined, as were fractions containing greater than 50% of Compound 3C (retention
time = 17 min). The column was then washed with 20 L of 1:1 MeQOH: IN HC],
followed by 20 L of methanol, and 10 L of 0.1 N HCL

This procedure was repeated twice with 23.3 L volumes of the pH 0.5

25 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

30 minutes. The solution was filtered through a 0.22pum nylon membrane providing 450
mL 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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about 600 ni).
HCI
stored for subsequent use.
" Conpound 3C pool " {

t he Conpouﬁﬂog%P%H%
descri bed
30 m),

(12 inch effectiyg,Levgt
MCI gel CHP20P stryene

adsorption. The colum was the

usi ng met hahol

nmet hanol ) .
pool (300 m),

15 Step S -

eihspartic

enzene
Mb.)) and equilibrated usiThgcaoom wes equili

addi tional 0.1 Ml eifid0achio ackis

h el

in Step 3, was adjusted to

%@&blg&rmu s

ut éd at

enoval

vol une).

2

veﬁgﬁadat%w rét.b@f S0GRL/ B o Qmmm ete

flow rate of about
ageridef Apwinuesphase and al | fractlons contalnlng Conpound 3A
were combined to provide gnsUhigRei
Count eri on
obranpfagraphi¢ srgaratipa vip el Qibwsing adwa-conporgntesystem ofager

(30 n),
The washes were then
about 100 ni total

Step

met hanol

4 -

The stationary phase was then sequentially washed using 0.1 M
-73 WD 2005/ 097123 PCT/ US2005/ 010167

(300 nm.) and

conbined to provide the

Sol vent exchange of
5 A Conpound 3A (600 niL) pool obtaPh&4HEVHG % he net hod
pH 1.0 using concentrated HO (about
and the colwsnfimensionsotent 316mmas0 moe(disth.)ond the gespovaspesked intaetbé N col umm
Eaﬁ‘é@mbr@és% Alnofl aneter,

yneric resin (Supelco,

packed with 35 g of

St. Louis,

beforingiition Y pseng wmmlthg

Usi ng

?h#cf&@ Ao
on-Ex h

change A

nmL/ m nut e

ne§ ngw r’Qﬂd (He

Conpound 3A

concentrated in vaggdod t?iﬂﬁorf)éc@t?é achD(l‘ééW%ntqf’ a@xﬁ%ﬁhaﬁﬁ%ﬁ‘ﬂ I%Qﬂh&%&enét ' r red

| basi ¢ | on- exchange resin
aqueous sol uti onagf (‘§e]fV9ﬂtéd)Wﬂéglthfﬁ)fomwlﬂ%@mm t@ditiony's at room terrperature
and vacuumgfiltered through a 0.2 M nylon filter.

wi th DONEX Mar at hon VBA-2 we

The f||trate was t hen

passed through a col um —contgning 'Soﬁr% v :@én*“vg A2 weakly basic
i on-exchange resin (50 L @ﬁ?% eods’sol utjon 0 :et ?am gin) and the
filtrate was pooled. The reSin was then shed with and the
met hanol wash was added |t o t HE00pool gd ¥0D¥t rlat €)% 25( St ep8® - Chl ori ne
Count erion Bonding to I rom e fiFLla” ii qﬁtaurcd ugtng—tihe net hod
descri bed ilh Step 5 was | stirred wtih 2&%0 lite | RA-402 strongly basic
i on-exchange resin (10 nLocl -agetions ®oYeut|i oro%ef sett!| &d resjin) for about 3
hours at room t enper at urjeunginfilly badadm fi | t erjed
{about § minutes)
2 10:00 100% 0% g0
50:00 70% 30% 80
58:00 70% 30% 80
60:00 10% 90% 80
25 80:00 10% 90% 80
82:00 100% 0% 80
30 Fractions were collected beginning at about 24 minutes (run time),
when Compound 3A began to elute. The first fraction volume taken was 100 mL; all
subsequent fraction volumes were 320 mL. Fraction collection ended at about 58
minutes.
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 L.C 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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30 through a 0.2 Mnylon filter. The filtrate was then passed through a
colum containing fresh Anberlite | RA-402 strongly basic ion-exchange resin
(1 o nL of aqueous solution of settled resin) and the filtrate was

col l ected and pooled. The resin was then washed with net hanol and the

met hanol wWA¥h24e¥7¥dded to the pool ed -74 WO 2005/ 0971 2BCBENHIOEE/ 010167
filtrate. The pooled filtrate was concentrated in vacuo and dried on high

vacuum f or  aboutesibBfohaperivdto63 pouws it denatempdritarey aad isehsequedtlychewmasfilpuddver i zed

into a fine powdgr sferred to a [ di sh_and.dried in a vacuum oven
at 45 C for abou&'rd}lﬁh%é%?’ém%]ogﬁnre%\gﬁaaeédl%r@pﬂ%&nw ngs%cgthﬁm ORI solid (50
ng, > 96% puri tycdwaiti fesh AMBERIIITH IRA-402 &hdbride fomh) arodgle-bakiemannd 3 ( Exanpl e

3, Method 2) was _djssolve in 50 L of 0.1 N.agueous.h ochlorigc acid, and
Che resul t ant  SoPtiT R 1T Pesvetasclider PuEE R AR EeR i coue
sodi um hydr®bxi dewasbllsdtéd; rihe rdsibrwak whashed izth methatiol adithd@etha®penkivan Was vacuum
filtered through Y thick bed of lite in an 18" filter funnel, and the
filtered solids Q@F(gmﬁg%??@acﬁeqrﬁdouﬁtﬁﬁ"e& wat er. The solids were highly
enriched in Conpound 3B ( appproducntiadny w0 oduyh filieted)throudh a0dapasnydont r act ed
from the celite with 1:1 1 N HCl: MeOH. Thg sol vent was reapovig in vacuo to
provi de ConpounB<BE2Ns, cigeptiated Znyack, prd dped gpder bigh kaspum doriabeut 13 hoys- y

pr epar a’:] ory HPLC.I‘hehEsugtbﬁ selifesidi »&dsbﬁlnatzedmmtps\ew,femnhfynéd tbediyag to pH
0.5 wit ncentrated (12.1 ous H 23.5 L. t he 0.5 aqueous
sol ution wg@ Io%\‘d}éﬂ‘ddiﬁ‘g’ '”a"aﬁ‘%"ﬁ%ﬁgg’f“%? %B"‘Bﬁ‘toﬁfﬂ"ld%é?éﬂmpa?@iljrﬁﬁsﬁenzene

pol ymeric resin pawddreli sblid, pédtachicadgaali eks 5534 S gruhs 30 8adamipedHPIaC)t he col umm in
a narrow band, and were eluted with 0.1 N HO . Fractions of 20L, then 4 x

5L, then 20 L were collected. 20 Fractions containing greater than 50% of
Conmpound 3A (retention tine = 4 nmin) W BxaAMRMEBI ned, as were fractions
contai ning greater than 50% of Conpound 3C (retention tinme = 17 mn). The
col um was then washed with Z®latiopand Pyrifigatipp of Gerppgund 3(o| | owed by 20 L of

net hanol , and 10k, oL sQndn Dhdibidge of Chmphh@EPLIIEe Was repeated twice with 23.3
L volunmes of the pH 0.5 25 aqueous solution. Fractions cantaining Conpound
3A and t hod® cont ai ni ng 30 mg of a residue obtained from in vacuo 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%
triffuoroacetic acid (“solvent 17); and (2) methanol with 0.1% trifluoroacetic acid

(“solvent 27) 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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Conpound 3C were conbi ned and concentrated in vacuo to provide 217 g of
Compound 3A in sufficient purity for further purification by preparatory
HPLC. 8.0 grans of Conpound 3A fraction pool were then dissolved in 425 nlL
of water having O, 1%tr|fluoroacet|c acid (vol/vol) and for. no |less
than 15 3¥%4° ﬂﬁ The solution was filtered through %1&1(5 %W‘H%ﬁ

menbr ane prOV|d|ng 450 mL of a column-injectable solution. The colunn used
for purification was pack&wclins B03useaghleinsing betwptiddand hesinuiy Alchyi |,

POLAR- RP, 10m pa /097123
PCT/ US2005/ 01016%&&1@% 3% T‘ﬁ@%gﬁéﬂgﬁ‘\%’é?e&ﬁe&mwa“a?& Frz"%f’ ﬁﬁh@tgd t he
resin was packedcqfhﬁﬂﬂbct’fh@un@écmmf)f\ﬁfe@%(@yﬁéhﬁféf’l,@(@a]yﬂ ddesedhgd iret hod.
The col umm was e ?y\@@ 0.1%
trifluoroacetic g;é%nhcﬁ 1@5)@%&&%&%&%%@1 a%é %“&X%deﬁg}g nﬁ&ol”‘{t&t@l

5 period of3 45 Wﬂﬂm%@fcomb@e‘éﬁﬂ@ﬁ?ﬁﬂfhowﬁm% sol ution was injected as
outlined below, and the chromatographic separation was carried out using
t wo- conponent system of water wth 0.1%trifluoroacetic acid ("solvent 1
and net hanol wi t feR?2 t%ourtetionfamerd dbing longdfgicknge Sol vent 2") under the

fol l owing gradi ent conditirgdg, mé&na-!!@'greg@,bg@@lt(ﬁﬂ r§9|o‘ﬁ?amed%1 ﬁ@:ﬁ)}’yvﬁ@t e
(mn:sec) (mM/mn) 0:00 100% 0% 80 1 100% 0% 80 31 - ection
100% 0% 80 unt i Foreentated iovediento adisegluplugiesf @h@pte%))mhendobenls@m%vo%% EX0 50: 00

70% 30% 80 58: OQdaZa%/&W%-QQNeakly basic ion-exchange resin (10 mL of aqueous solution of

settled resin) for about 18 hours at room temperature and vacuum filtered through a

a
)

0.2 uM nylon filter. The filtrate was then passed through a column containing fresh
DOWEX Marathon WBA-2 weakly basic ion-exchange resin (10 mL of aqueous
solution of settled resin) and the filtrate was collected and pooled. The resin was then

15 washed with methanol and the methanol wash was added to the pooled filtrate.

Step 3 — Chlorine Ligand Attachment to Iron Center
The pooled filtrate from Step 2 was concentrated in vacuo 10 a final
volume of about 10 mL and then stirred with Amberlite IRA-402 strongly basic ion-
20 exchange resin (1 mL of aqueous solution of settled resin) for about 3 hours at room
temperature and vacuum filtered through a 0.2 pM nylon filter. The filtrate was then
passed through a column containing fresh Amberlite IRA-402 strongly basic ion-
exchange resin (1 mL of aqueous solution of settled resin) and the filtrate was
collected and pooled. The resin was then washed with methanoi and the methanol
25 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).
30
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60: 00 10% 90% 80 25 80: 00 10% 90% 80 82:00 100% 0% 80 30 Fractions were
col |l ected begi nning at about 24 mnutes (run tine), when Conpound it began
to elute. The first fraction volunme taken was 100 ni; all subsequent
fraction volunes were 320 nL. Fraction collection ended at about 58

m nutes. FPMEINEEIBhat contai ned Conpound 3A at >98 ar BaI'SS¥YIAK 7t he HPLC
35 anal ysis nethod described in Exanple 3) were conbined to provide the
"Conpound 3A Prep LC Pool." The total volune of comnbined fractions was
about 2.5 L. The Conpound 3A Prep LC £eGlkafifeid-) Was concentrated in vacuo
to a final volunme of 300 nL and then stirred with AVBERLI TE | RA-402
(Chloride form strongly-basic arsyatkegxéffGongRune@si n (120 nL of aqueous
solution of settled -76 WD 2005/097123 <i’?’/ US2005/ 010167 resin) for a
period of 3 hours at roomtenperature, bsequently vacuum filtered

t hrough a 0.22m nyl on nenbrane. Thg |Itras passed t hrough a col um
contai ning fresh AMBERLI TE | RA- 404 strongl y-basi c ani on-
exchange resin (120 nL of aqueous
effluent 5 was col |l ected. The resi
nmet hanol wash was added to the

Ior|e

.@

FWrt'h net hanol and t he

Huct ¢Q&nt. The product

) , o] nbrane, concentrated
in vacuo, and dried under hi'gACvacuunmffor Na&;o 18 Hours. The resultant
solid residue was pul verized into a ransferred to a drying 10
di sh and dried in vacuo at 45C fo abo % i
a powdered solid, pentachloride 2a 5 . of grams, >98% purity by
HPLC). 6.5 EXAMPLE 5 Isol ation and Puati on of Conpound 3C Step | -
Sol vent exchange on Conpound 3C pool 15 30ocmp of a residue obtained fromin
vacuo concentration of the Conpound 3C pdol (obtained using the nethod
descri bed Isn Exanpl e 4, $0%9w%%tﬂ%§ocedure described in Example 3, but omitting the step

of adding the Amberlite IRA-402 chloride form strongly basic anion-exchange resin,

Compound 4 was obtained.

6.7 EXAMPLE 7

Synthesis of Compound 9
coor

10 -00C

Synthesis of 3-bromomethylbenzoic acid:

=19 .



di ssolved in about 6 nL of water. The resultant solution was filtered
through a 0.2 Mnylon syringe filter. The filtered solution was then

i njected onto a Phenonmenex Synergi POLAR-RP HPLC colum (10 M 80 A, 250 mm
x 50 mm). The colum 20 was eluted at 120 nmUJm nute usi ng a two- conponent
m xture of WHIHEYES with 0.1 % trifluoroacetic acid ( %HP%’H%"”R{I’? and (2)
met hanol with 0.1%trifluoroacetic acid ("solvent 2") in the follow ng
gradient: Tinme Solvent 1 8So4 ibmeun2 beitcovfldkfiged with axrilndohddnsdr, a 2isred 65% 35%

120 13 65% 35% 0% 9 1 o 20 -77
VIO 2005/ 097123 ?Dé%? §‘§88g/ oﬁfgff’l %ﬁ*r”a%é"%%’ﬁ??p 5?1 128Q’e) R‘)%ﬁ“’ %/*?"2‘9‘{ lét ween 13
and 17 mi nut es a?33mk chigrofainrred siargsd/forftSeh with mreeend flespevging was | I ected and

anal yzed. Fracti eﬁ SonSRRWnf Ghe éﬁﬁ%s%nmég%mgg@é&a@aa 5ma dgeﬁat(ﬂésﬁ&%wg the

HPLC anal ysi s net hod descri be were conbli ned to provide the
" Conpound 3T Prepsing® oV qua(rtzdvbzgerﬁammtdﬁ% pofvei; eavping i solidg éa dissalye andabout 240

m). Step 2 - C%ramsg;faﬁ tﬁmyam%a Ofor o Pie REGRA %um?sa@mm& @? prep LC

pool (240 mi, obtaine concentrat In vacuo to a final
vol ume of about BOandil4 éﬁaofiﬁémnmschwdmm wis aD®AEThe ractighmixthgrvay\Bized weakl y

basi ¢ i on-exchangg; r.eqlny (40 Mo LFQ %ﬁféé&%&%‘sﬁé'@!g‘aﬁgﬁﬁéhh Jt%d/ ”) for
about 18 hours at roomtenperature and vacuumfiltere

nylon filter. ThEO‘fffifIerrda@tbervllaﬁsh ?Mﬂdﬁm@dwﬂmohgihmeCQi@fllqsﬁnﬂ@Gﬁlb’mtn| ng fresh
DONEX  Mar agd?on V\géfm%eW@@é?%e@%ﬁ{aﬁug‘t?%oﬁ%%%ﬁg%Jtﬁé{ (1%0{@&90 iy -pf TROuUeous

solution of settled resin trate was coll ected an ool ed. The
resin was then 1Eswishuepensiethvesseeramoiltesed dhroveh afbed plzdnp silicea dihe vitier wsded t o

the pool ed filtratLgedwhh8 AL or GOl et AR #1RGD IR dl8d BB SeNt er

about 100 mL, and then coocled 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-ge! column directly.
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The pooled filtrate from Step 2 was concentrated in vacuo to a final volune
of about 10 nL and then stiffed with Anberlite | RA-402 strongly basic ion-
20 exchange resin (1 nmL of aqueous solution of settled resin) for about 3
hours at roomtenperature and vacuumfiltered through a 0.2 hﬂnglon filter.
The fiItraWE’%H?ggﬁgn passed through a col um cont ai ni RETLFEEHIAHBer i te

| RA-402 strongly basic ion- exchange resin (1 nL of aqueous sol ution of
settled resin) and the filtrate was collected and pool ed. The resin was

t hen washed wi th net hanol and the net§gnglamebr ¥ash was added to the pool ed
filtrate. The pooled filtrate was concentrated in vacuo and dried on high
vacuum for about 18 hours to provisgethé&isse®lCothpo@sd IUe wWhi ch was pul veri zed
into a fine powder, transferred to a drying d¢ced and dried in a vacuum oven
at 45 C for about 72 hours to provide Conpgeid 3C as a powdered solid (6.1
my, > 96%purity by HPLC). 30 -78=00 20050097123 PCT/ US200S/ 010167 6.6
EXAMPLE 6 Synt hesis of Conpound 4 40.\ NFe N/ OOC NBr N N

COO' 4 5 Follow ng the procedur é¥ges ixanpl e 3, but omtting the
step of adding the Anberlite | RA-
ani on-exchange resin, CogpRun

0 strongly basic
Conmpound 9

6.7 MPLE 7 Synthesis of
CoO
N
+ R

5 Formation of Compound 12:

Compound 12 is obtained according to Examples 12, 3 (Method 2),
and 7.
Isolation of Compound 12:

Compound 12 is isolated as set forth in Example 4, Method 2, but the

10 initial titration to pH 6 and the precipitation of Compound 12 was omitted. Crude

Compound 12 was dissolved in 0.1 N HCI and loaded onto the MClI-gel column
directly.
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coo N OOCNNFI IleN N C ~COON 10 -OOC 9 Synthesis of
3-brononet hyl benzoi ¢ acid: -79 WO 2005/ 097123 PCT/ US2005/ 010167 In a 1 L
round bottomflask fitted with a reflux condenser, a stirred suspension of
10.00 g of mtoluic acid and 14.37 g (1.1 eq.) N—bronDSUCC|n|n1de in 735 nL
chl or of or mW8'SYFYed for 0.5 h with nitrogen. The sparf§iritgZiNedvre?
di sconti nued, and the suspension was stirred and irradi ated under nitrogen
at nosphere 5 using a 500 Wquartz hal ogen | anp at 75% power, causing the
solids to dissolve and the chlorofor reflu The red color of the
reaction nixture disappeared after E%J%#ﬂﬂﬁhﬁél4 37 g of
N- br onosucci ni m de was adde he reaction S red and
i rradi at ed under nitrogen ag%tl;ﬁﬂ%?'eéww%ng%%\ﬁq'ﬂﬁ?wfir‘is;I ogen lamp at 75%
power for another 1.5 h, at cbhme the solution becane colorless. The
solvent 10 vol une was rév ced vgesp to about 100 m., @@n cooled to

3 bed of dry

-20 C. The resultants\sug
silica. The silic® sN
filtrate was reduce
The resultant cryst
chl orof orm fol | oned by 5|

chl orof orm and washed =& s of
wat er foll owed by one\BQt Coo"
succi ni m de. The organ~& ph vacuum
filtered, and the sol veat g (61 9% of

3- brononethylben20|c acid as a white crystalliné 80 :
Ra = 2-methylbenzoate -0

27 15
5 Synthesis of 2-bromomethylbenzoic acid:
Ina 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

10 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

15 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

20 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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20 Formation of Conpound 9: Conpound 9 is obtained according to Method 2 in
Exanpl e 3, but by substituting 3-brononethyl benzoic acid for a-Brono
p-toluic acid. Isolation of Conpound 9: Conpound 9 is isolated as set forth

i n Exanpl e Met hod 2, but the 25 initial titration i n he

pr eci pi tatngr?“ﬁ”gagﬁpound 9 is omtted. Crude Conpoundégg{r%ﬁucfﬁ’%‘g%f ved in
0.1 N HCl and | oaded onto the MCl-gel colum directly. -80 WO 2005/097123
PCT/ US2005/ 010 b6eh atGodin EeaidePihkre 8 v&yizght) psivaligd 8.0 gpBidhi -8R moGeQyltgnddic OOC N |
Il NM N COONC N .+ N- /[ +\ -00C 12 5 Formation of Conpound 12:
Conpound 12 i s *88@47 K SOEBHHERG % Exanpl es 12, 3 (Method 2), and 7.

| sol ation of Cophssh d¥Lonpemmornd 12 is isolated as set forth in Exanple 4,
Met hod 2, but the 10 initial titration to pH 6 and the gr,eci pitation of

Conpound 12 was oni t t ed. Cempennd 23orasotined 2oonadingiiodMeinoed 1t fxample & 1y and
| oaded On%o t h%gws'tiaﬁﬂngQgr&%metqylﬁgr%lcyacid' tﬁg‘a-\gpoﬁg%{ogl?g &4

PCT/ US2005/ 010
Isolation of Compound 27:

816 mg of Compound 27 obtained above was dissolved in 25 mL of
0.1 N HC] and loaded onto a column of 9.5 g MClI-gel prepared in 0.1 N HCI. The
column was eluted with 250 mL of 0.1 N HCI, followed by 250 mL of 0.5 N HC], and
10 250 mL of 1 N HCI. Fractions having purity greater than 95% were combined and
concentrated in vacuo to provide 436 mg (44% yield) of Compound 27 (95% purity).
Formation of Compound 15:
Compound 15 is obtained by passing a solution of Compound 27
through a column containing chloride-form anion-exchange resin, e.g., AMBERLITE
15 TRA-402 (chloride form) strongly-basis anion-exchange resin. The effluent is

concentrated in vacuo to provide Compound 15.

6.10 EXAMPLE 10

Synthesis of Compound 28 and Compound 18

R, = 2-methylbenzoate

20 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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6.9 EXAMPLE 9 Synt hesis of Conpound 27 and Conpound 15 COO 00-t?Fj:\I\ +
-O-Ra NFe" NI / NNI + N+ COO -0OOC/ N+ Ra = 2-nethyl benzoate -00C 27
15 5 Synthesis of 2-brononethyl benzoic acid: In a 1 L round bottom fl ask
fitted with a reflux condenser, a stirred suspension of 10.00 g of o-toluic
acid and 1¥GBYE35 eq.) N-bronpsuccinimde in 735 n'l’_CTdH“F%?S&gW?n was
sparged for 0.5 h with nitrogen. The sparging was discontinued, and the
suspensi on was stirred agémpéunddigatsdsoliieiess st bt EPxAPIOS Hue Compurdsi Nng a
500 Wquartz trjrsl g'%en | anp at 75% ﬁ)ower, causi ngothe, solids to dissolve and
the chl or of or m*® 825 Bpfetsd asis @entachiorige 5alt g¥= PHES o ¥on ni xture di sappear ed
after 1.5 h, #enfion%fCobPornes:) Of N-bronpsuccini mde was added. The
reaction mxture was §stirred and irradi ated under nitrogen atnosphere with
a 500 Wquartz hal ogen | Gappeiund I839phieined by passingads¢leionoffCdmpoand ¢hi ch ti ne
the solution b c | vent v was red j cuo to
about 1005 m., gﬁgﬁﬁhae%ll@%%f?%hgm{%g?lﬁ%g@%rﬁlﬁ‘gm? ggh?ﬁ%fesglﬂg'gé%ﬁ%%?vacuum
filtered throu@RAatO2 (chivtidectonth) siioyglsiblasic aniomexdchardeGesih. The ¢fflechtisunnel . The
silica was washed with 2.5 L of ch o(éé)form ghe chloroformfiltrate was
reduced in vacGERraEhAra§4q o R pppugddBoaratory funnel with 3 x | L
vol unmes of water followed by one 3 x I L volune of brine to renpbve 20 traces
of succinimde, then dried with magnesi sul fate and vacuumfiltered. The
chl orof orm was reduced by rotary evag'ihmaﬁrefl ux at 1 atnosphere to
250 nL and cooled at -20 C for 3 d%%s.. Tf:ga resul tagnt crystals were vacuum
filtered, washed with 30 mL of cBYYFrEFHP ARG by 50 nL of hexanes,
then dried in a vacuum -82 WO 2C 5+~Q010167

10

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

15 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

20 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 decp-purple solid. MS m/z= 672 (M").
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oven at roomtenperature overnight, providing 8.48 g (54%
2- brononet hyl benzoic acid as a white crystalline power. Formation of
Compound 27: Compound 27 was obtai ned according to Method 2 in Exanple 3,
but 5 by substituting 2-brononethyl benzoic acid for a-Bromn-p-tol uic acid.
| sol ati on JYO@YYPUUHd 27: 816 ng of Conpound 27 obt ai neacyﬂé%)@s’wé&mdi ssol ved
in 25 n. of 0.1 N HCI and | oaded onto a columm of 9.5 g MCl-gel prepared in
0.1 NHCI. The colum was eluted w tgn2eRamerei2z20.1 N HCl, followed by 250
m. of 0.5 N HCI, and 10 250 nL of 1 N HCI.” Fractions having purity greater
than 95% were conbi ned and concergynétiesl of Coipouad tD provi de 436 ng (44%
yi el d) of Conmpound 27 (95% puri a2\, Formati on of Coppound 15: Conpound 15
i s obtained by passing a sol utijpn ofj Conpound 27N hr ough a col um

‘ stin, €. y. BERLI TE 15 | RA-402
} ' e effluent is
concentrated in vacuo to provi de Conp@gund . .10 EXAMPLE 10 Synt hesi s of
Compound 28 and Conpound 18 C00 \+_Db OOC NI \' \+/ N | NI
-OOCN- 1/ /1 ~NM NI ~NI MCN~ OD + N jN N COO
-0O0C \ Ro=2-ntt hyl benzoatc -00C 1 i

22

Compound 1 (1.00 g) was suspended in 10 mL of acetic acid, and 440
mg (1.01 eq.} of manganese (III) acetate dihydrate was added. The reaction 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,

10 20 mL) was added to the evaporator flask and subsequently removed in vacuo. The
resuitant 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

15 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
20 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

25 control mice were exposed to a 6 Gy dose of ionizing radiation, delivered via a
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Formati on of Conmpound 28: Conpound 28 was obtai ned according to Exanples 12,
3 (Method 2), and 9. Isolation of Conpound 28: -83 WD 2005/097123
PCT/ US2005/ 010167 Conpound 28 was isolated as set forth in Exanple 9, but
Compound 28 was isqlated as its pentachloride salt (n = 53{64"9}?% urity).
Formati on SYCE8MiSlmd 18: Conpound 18 is obtai ned by paBSPHF®"E81%¢ti on of
Compound 28 5 through a colunmm contai ning chloride-form ani on-exchange
resin, e.g., ABIRacdIE3000RAart BEad{acdt(®ID S€okihPniatic,dlbya)basiadminister the
ani on- exchange resin. The effluent is. concentrated. in vacuo to provide
Conpound 18. 63t ARss; Empyse %@ﬁrﬁlmif%a brakesdhftsradision amRenyiti e Fe N N
OAc N NI to géaledqgmulgee(f&%p%x%até’l%%néﬂgﬁgéﬁtg%glwéﬂ adode &f iy 2Rt i ¢ acid
n .39 .0 e

and 800 nlL of deionized water, a 3 (2 .) of ferrous ammoni um
sul fate 15 hexamiy@isat eirvieslaatdoeay calpylated gy diyuding bg nymbed of sumyihorgmice fhe

reaction 4m xtugge,, .| '@%e{%ahﬂ higf | uxed overnight. The hot reaction

m Xt ure was trans?err 0 a rotary evaporator, and the solvent was renoved
i n vacuo. The resultant solids were suspended with vigorous stirring for 3

O b VR 108 g G5B 4 o o0 Throuh 450 paper,
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

10 subcutaneously administered 0.1 mL saline two hours prior to irradiation, 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) two hours prior to irradiation, followed by
repeated subcutaneous administrations of a 2 mg/kg dose of Compound 3A (in 0.1 mL

15 saline) every 12 hours afierward. 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 with mortality
being prevented in 20% of treated animals (FIG. 1). Accordingly, Compound 3A, an
illustrative Pyridyl-Substituted Porphyrin Compound, is useful for preventing

20 radiation-induced death in a subject.

Post-irradiation treatment of Mice with Compound 34 at Dasage 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
25 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
30 saline) every 12 hours afterward. Dosing was continued in each animal in both the
control and treattnent 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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20 deionized water. The slightly danp solids were stirred for 1 hour in 24 L
et hanol and vacuumfiltered through 500 g celite in a mediumfitted funnel.
The filtrate was transferred to the rotary evaporator and concentrated in
vacua. The resultant solids were dried under vacuumat 40 C for | day to
provi de 16WO2YHEE¥ of Conpound 21 as a deep-purpl e SETGNBH 2= 672
(M. -84 WD 2005/097123 PCT/ US2005/ 010167 6.12 EXAMPLE 12 Synt hesi s of

Conpound 22 N PdipHyrinNCdnipdihd, ifudeA Y indieadihg aSubjecsasundval tipdk. f0lovihg Was

suspended in 10 nL of acetic acid, and 440 ng (1.01 eq.) of manganese (111)

acet at e di hydr &*BOWESOJAYREP™ The reaction mixture was refluxed overnight,

cooled to roomtenperature, and the solvent was transferred to an

evaporator flask and renoved in vacuo. Ammoni um hydr oxi de }30% aqueous, 10
(2]

20 mL) was addefpst-Bradieionseaysnan af Mideasth Gavosnbét quntdsy of Ehvigdel i n vacuo.
The resulktant solids werg;lli o |.S§: ' p%_F | Lch was

subsequentsly evapor at ed. /e(!a\qn?%surggﬁitd\égﬂg%%s F%rb\?\/ggg ?%@8?053%% 50 nL
of di chl or omet hangolegrdup arslatmaarhént geupd Ebdhrmoegh irmth8 cemtrdl lgravk waed of celite.

The filtrate was,concentrated.in cuo and the resuy tant,.soljd was, dried
e ght Lo peSibffaRet g Akt O F G B ioh M S5Atet RkickR bllo Ve
solid. M5 m z= GgehtddMibcutfhediss ddiiRtkdtiodSofl 0N MI\salife dvieBATYhediks aerddiust rati ve

Por phyrin Conpound Agai nst Radi ati on- |Induced Death .
Each mouse in the treatment group was subcutaneously administered a 10 mg/kg dose

10 of Compound 3A (in 0.1 mL saline) ten minutes after irradiation, followed by
repeated subcutaneous administrations of a 10 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.
This dosing regimen prevented radiation-induced death in all of the treated mice,

15 while all mice in the control group died (FIG. 3). Accordingly, Compound 3A, an
illustrative Pynidyl-Substituted Porphyrin Compound, is useful for preventing

radiation-induced death in a subject.

6.14 EFFECT OF AN ILLUSTRATIVE PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUND
IN YARIOUS DISEASE MODELS

20 Effect of Compound 3 on oxidant or free-radical damage
AS549 human epithelial cells and RAW murine macrophages were
grown and cultured, then treated with oxidants and free radicals in the presence or
absence of varying concentrations of Compound 3 according to the method of C.
Szabo ct al., Mol Med., 2002 Oct;8(10):571-80. Compound 3 dose-dependently
25 protected against the suppression of cell viability (FIG. 4). Protection is by 3-100 pM
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

30 failure, vascular disease, or radiation-induced injury.

Effect of Compound 3 on myocardial infarction in rats
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Materials and Methods 20 Bal b/c mce used in the foll owm ng experinents were
8 weeks old, either male or fenmale, and had an average body wei ght of 24 g.
Conmpound 3A (obtained using the nmethods outlined in Exanples 3 and 4) was

adm ni ster treated ani mal s subcut aneously as . 9%
nor nal sal S’ﬂ%s'&f {)ﬂ?zé’a i ndi vi dual dose adm nistered i ECQ%%%'B%{?H%M ut| on

volume of 0.1 nL. Both treated and 25 control mce were exposed to a 6 Gy
dose of ionizing radi atiRats weed subjected tomgocardial iﬂ&ctimﬂﬂéﬁisﬂkﬁxm%

PCT/ US2005/ 010167 Gamrtxta}ﬁell 3%10. FI an lrradiator é,I\/DS L‘/% tario,
Canada). To adhiPiiiese} oftheleR apigner fessendingsoronarysie §e‘ﬁ?‘é§ et egtlrbeaker
in the irradi a0 prXiabatdey PhbkducohExp BRA| Bab4rAa 02198304 CEofmPbund 3
approximately one mnute to deliver_a dose of 6 Gy. The anim|s' "survival

rati o" was cal &3 é‘f‘%’&‘sﬁ‘y‘eﬂﬁt\ﬁpﬁsﬁélﬁé’rﬁmﬂgﬁr‘ Yofd BIMAS PRAGIOFFREEIUEIN: 5P he
total numper ofndid egdhpb&tl Zm'eﬁﬁced ﬁ&nﬂaﬁé’x@ﬂ'o@%fe%etmﬁa% ?ﬁ@ltcatﬁfe%@'réﬁﬁl:éi with

Conmpound 3A Bal b/c mce were divi into two groups of about ten m ce each:
a control gro@rp’oaafdlahnetcmm F¥ntd)- gﬁ mszg HELomprwskpiodutdda sigmiiqanl group was

10 subcut aneous . AU ALS! BESH. Buls Jk 22110 NANES, Rk Ysidedy lieradl ati on,

foll owed by reépeat ‘ed" s eous admni s At ons ne every 12
hour s aftervvarquIG Each m)use in the treatnent group was subcutaneously
adm nistered a 2 ng/ kg dgs

of Co nd,3A (in, 0.1 saline) two hours
prior to irradiation, ﬁ“@ﬁéﬁfawjm tg%‘é?"é’??"i‘ﬁfgét&%ﬁ R PERIFRUMESt rat i ons of
a 2 g/ kgp dose ngfocsﬁeﬁp@sm& fBn QhrRadd wheRladdhmisidbd H‘@%ngﬂﬁ?dcﬁrdl@ R Son,

afterward. Dosing was continued in each animal in both the control and
treat ment gr oupsd (streptingns prrvaatnggnyesprdiad infargdormgndaepaifusior iguntresiltingr oup.

Mce in the tr%%hp&%e}g{hggﬁ)ﬁg%#}(ed | onger than the control mice with

nortality being prev oof treated animals (FIG 1). Accordingly,
Conmpound 3A, an illustrative Pyri dyl - Substituted Porphyrin Conpound, is

lFJ)sefu! for pre tizg. 20 rn%gif eonrl rgzduc death in a subject.
ost -i rradiati PHERT 6’5’ fiagt &%ﬁ%fﬁ{ﬁ 3A at Dosage of 2 ny/kg
Bal b/ c mge were di vi dedrRhiSterd 3i8jedic@ tP3 héifrs afiutiorthage, mlmeaa,gh a control
O OUp AN T iatior s prbviousty described in OV, Evgenov ot sl Crit Care Meds 2003
Oct;31(10):2429-36. Compound 3 was administered at a dose of 6 mg/kgiv,, 5
minutes prior to resuscitation. Compound 3 reduced plasma levels of creatine kinase
and ALT (indicative of reduced cell necrosis). Compound 3 was also effective for
20 stabilizing blood pressure and increasing survival rate in the rats (FIGS. 7-10). To
obtain the results shown in FIG. 7, rats were bled to reach mean BP of 40 mm Hg.
This mean BP was maintained for 2 hours, followed by resuscitation with saline at a
volume of 2x the shed blood volume. Rats were then observed for 3 hours, and the
survival time was recorded. Compound 3 (6 mg/kg) was administered intravenously
25 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)
30 was administered intravenously before the start of resuscitation. To obtain the results
shown in FIG. 10, blood was taken at | hour after resuscitation. Compound 3 (6

mg/kg) was administered intravenously before the start of resuscitation.
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25 subcut aneously adm nistered 0.1 nL saline ten mnutes after irradition,
foll owed by repeated subcutaneous adm nistrations of 0.1 nL saline every 12
hours afterward. Each nouse in the treatnment group was subcut aneously

adm ni stered a / kg dose of Conpound 3A (in 0.1 niL n.m nut es
after |rra8‘f0a%"0§5'r’1)”%?ol | owed by repeated subcutaneous a ’HP’E‘%’?&?]‘%M of a2
ng/ kg dose of Conmpound 3A (in 0.1 nL 30 saline) every 12 hours afterward.
Dosi ng was continued in eraede daniinditaté mam&rhpduh&Sm(m&ﬁﬂ(ﬁbr modctingaaubiest
groups until the death aII of the P?Fi‘ E?the control grou Mce in the

treatment grou %YW‘W@ rf"lﬁﬁ’ girewlafeny s B AR ESRIINE FPTEXFIARE B rmt el y  2- 4

days (FIG 2). @ﬁrcdhﬂﬁhﬁﬁatogq@%blms &onﬂnhdlﬂdruﬁglbahé&ecd?&ibgayd shousti t ut ed
-86 WO 2005/097123 PCT/ US2005/ 0101 Porph rin Corrpound i s useful for

i ncreasi ng a suifi éxstemic snfjapmationtindyged m@mmgr therapigs wheh asdlrladi at i on.
Post-irragdiation treatnent of Mce with Conpound 3A at Dosage of 10 ng/kg 5
Bal b/c mce were divided into two groups of about ten mce each; a control
group and a tr diffemeftCoaypoupd 3 Babturnfouse (it midehe control group vvas

subcut aneously adm ni ste d 0.1 nL %E‘HH} sﬁfnl[u aft L .adi tion,

foll oned by repeated su ﬁ?gﬁl‘é‘&ﬂ@ 8t 1 feolﬁ u°8 by aq ‘ﬁLa 's He every 12
hours afterwar Cbrcvuﬁa ONdasgritea in 0. Y.Nead étem;mmmgwmpwa& sagps ut aneousl y

adm ni stered a 10 %Bdose 10 of Compound 3A (in 0.1 nL sa line) te

minutes after |M?raﬂl k-8 @mm3wa4®ﬁém@&tgﬁemfé@%§day Srally.
admi ni st ggtionsc dpo@m&-@rgﬂl{cgrgthgﬁ§ﬁe@$fm55my&@tr&dh9(@Id-11816 saline) every

12 hours afterwar Dosi ng was continued i n each ani mal the control
and treatment groups unt iTheseidetadadicdte bt Gompamd BHgugeif dor tmatlh@h@drfaiﬂtab.
group. This dosing reginmen prevented radi ati on-induced death in all of the
treated mce, 15 while all mce in the control group died (FIG 3).

Accordi ngly, Caiyfersfdocdésound3 oi lvebws:bfz af heaers ByringlhdrerSiopad ActtttRnts PRonphior i n
Compound, is useful for preventi radj ati on-i nduced death in_a subject.
6.14 EFFECT OF AN | LLUSTRANEE pibfacisiito bieraipie et ﬁ@iﬂgﬂw NWP@ZNID IN
VAR QUS [ps SEASE, ME¥kSndP riahf @€dl, ﬁa;@m@y&ﬂ 2602311111%7@@1) 1964-1ge-r adi cal

damage A549 human epithelial cell's and RAW nurine macr ophages were
Compound 3 was administered at 2 dose of 10 mg/kg/day orally. Compound 3

reduced the degree of myocardial hypertrophy (FIG. 12).
These data indicate that Compound 3 is useful for treating or
preventing a reperfusion injury resulting from organ transplantation.
20
Effect of Compound 3 on vascular injury
Rats were subjected to balloon-induced vascular injury of the carotid
artery as previously described in C. Zhang et al., Am J Physiol Heart Circ Physiol.,
2004 Aug;287(2):H659-66. Compound 3 (1 mg/kg bid) prevented the development of
25 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).
30 These data indicate that Compound 3 is useful for reducing the degree
of vascular injury associated with cardiovascular diseases including balioon-induced

vascular injury, coronary stenting, and atherosclerosis.
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grown and cultured, then treated with oxidants and free radicals in the
presence or absence of varying concentrations of Conpound 3 according to
the nethod of C. Szabo et al., Mol Med., 2002 Cct; 8(10):571-80. Conpound 3
dose-dependent |y 25 protected agai nst the suppression of cell viability
(FIG 4). ﬁVQ@%ﬁ%ﬁ%ﬁ? is by 3-100 km of Conpound 3. TheS&T¥atUP W cate that
Compound 3 is useful for protecting cells or tissue fromdanage from

reactive speci egfeche|QoHpdgndX bel aribseameiliiisee radicals, and for treating or
preventing various tornms_of shock,, inflarma_tig_gié reperfusion,i&jury, heart
30 failure, vascular di s%‘g%}"’e@rs_u"lﬁﬁf%ﬁ TBHUPIS ARG BO5eiSHERIPZOCIERIARELSS ahf
Conpound 3 on ry@G&Est) ddscrittlidn £.0. MubieNet’abl Br 7 PAAWEH2008] AR,1323).909-19. _
PCT/ US2005/ 010167 Rats were subjected to nyocardial infarction by occlusion
and reper f usi orCampouné 31(2p1 1Gmegidey indesyeried thg devrlemagny obiynerglycgria and

previ ousl y descy.li i .- Xl e . har macol Exp Ther., 2004 Aug;
310(2) : 208. 504.J°8§%§Z§Eﬁam%a‘m%g“ﬁ@ﬁa’"%?“ﬂ%ﬁe?ﬁat doses of 1, 3, or 6 ng/kg
i.Vv., 5 mnutes prior toThegealafaiadioate thit Cémpoung/3dguseGdfporsadngor educed

pl asma | evel s of creati.ne kinaseﬂ%%ndi ative of reduced nyocardi al
necrosis, FIG 1§7‘f°“%“5’rﬁ‘?]9<ﬁescﬁr 8% B"r?d&?}»‘s BIBRIiFRHSa si gni ficant protective
ef fect. Conpound 3 was al so effective for reducing infarct size in the rats
(FIG 6). These data indicate that Conpound 3 is useful for protecting 10
myocardi al tissues from dAfREFECMRISERING APIdP &P Emitgd i segpayiodasercHlc
reperfusign, g ?r%ofdgﬁenttslr G&lidded ]jrpﬁle Q:Esﬁ?(;ﬁ&t, {vﬂféh DAGRAGHHs il'ld%{r%?(gﬁ'o?ﬁ' fnd
reperfusion injury resulting rom cardi opul nonary bypass. ect of
Conpound 3 on hspetydfabg nvetioolknd my entwdifenRahst avefuactsona]lpequevhlenda®? hours of

henorr hage, followed b r scitatiop .as, previousl escri.bed in Q V.
Bvgenov ot al - N thedtons dHIAHE sl R Dy BSRUaBER OB Rl s
adm ni st ered atadditidnse€thobe $hotil/akg descibed Herenfivillib&6mB abPdrertt @ th@Sdikillekiad i on.
Compound 3 reduced plasma | evels of creatine kinase and ALT (indicative of

: I
reduced cel | nebfadprd are cyasisd iRifll wikin e seope of BeEpRRdedFlal®. st abi | i zi ng
bl ood pregsure and increag Rerakeydid hefeft fe ifdofpBitdddySrefefdntSin theid 0) - To

entirety.
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obtain the results showmn in FIG 7, rats were bled to reach nean BP of 40 mm
Hg. This nmean BP was maintained for 2 hours, followed by resuscitation with
saline at a volunme of 2x the shed bl ood volunme. Rats were then observed for
3 hours, and the survival tinme was recorded. Conpound 3 (6 ng/kg) was
adm ni stered intravenously 25 before the start of resuscitation. To obtain
the results shown in FIG 8, left intraventricular systolic pressure (LVSP),
dP/dt, -dP/dt were nonitored continuously for 20 mnutes from 40 m nutes
after resuscitation. Conpound 3 (6 ng/kg) was adm nistered intravenously

bef or e t heWets tlaigkd isesuscitation. To obtain the results shown in FIG 9,

bl ood was taken 1 hour after resuscitation. Conpound 3 (6 ng/kg) 30 was

adm ni stered intravenously before the start of resuscitation. To obtain the
results shown in FIG 10, blood was taken at 1 hour after resuscitation.
Conpound 34(6 Hg£%€%f&@§” 1 pkshgred intravenously before the start of
resuscitation. -88 2005/1097123 PCT/ US2005/ 010167 These data indicate

that Conmpound 3 is useful for protecti
circulatory shock and for treating
i nfl ammat ory response syndrone, he
systemi c inflammtion i nduced by an

g a subject fromvarious forms of
eventing sepsis, systenic

agtic shock, cardiogenic shock, and
agter theraples such as IL-2. 5

failure induced by aor s as|ly described in C Y. Xiao et
at JPhar macol Exp Thger. 1- 8. Conpound 3 was
adm ni stered at aRdoseZgf 3f f . 210 Conpound 3 reduced the
degree of nyocar ; ~=xthese data indicate that

Compound 3 is

rejection of h
subj ected to het
in H Jiang et al.,
was admi nistered at a dose™
degree of nyocardi al hypertrophy

Compound 3 is useful for treg )

fallure Ef fect of Conpound 3 on

eart transplantation Rats were

2N .tlonfgs descri bed 15 previously
15773(11):1808-17. Conpound 3

Yy orall& ound 3 reduced the
12) . ; dat &, i ndi cat e t hat
/
N I

wherein:
M is Fe or Mn;
fisOor1;
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).

2. The compound of claim 1, having the formula:
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preventing a reperfusion injury resulting fromorgan transplantation. 20

Ef fect of Conpound 3 on vascular injury Rats were subjected to

bal | oon-i nduced vascular injury of the carotid artery as previously
described in C. Zhang et al., Am JPhysiol Heart Crc Physiol., 2004 Aug;
287(2): H659-66. Conpound 3 (1 ng/ kg bid) prevented the devel opnent of 25
endot hel i 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 inpairnment of the endothelium dependent

rel axations, conpared to the non-injured (control) side, and Conpound 3
treatnent conpletely prevented this loss of the endothelial function (n =
4-7). 30 These data indicate that Conmpound 3 is useful for reducing the
degree of vascular injury associgted with cHl di ovascul ar di seases i ncl udi ng
bal | oon-i nduced vascular injury,jcoronary stenting, and atherosclerosis.
-89 WD 2005/ 097123 PCT/ US2005/ 010467 Effect of Conpound 3 on di abetes
mellitus Mce were subjected t o@ pl e | ow dose streptozocin di abetes as
previously described in J.G M ¢t al., Br J Pharmacol ., 2001 Jul;
133(6):909-19. Conpound 3 (3 o\ ng/ kg/day ip) prevented the devel opnent
of hyperglycem a and__5 normali zep reatic insulin content (FIG 15).
These data indicat ¢ 3.1 ueful for treating or preventing
di abetes or one or [ onpl*catﬂans. The present invention is not

exanpl es, )

i nvent i PR s uieelel hat [flare functionally equivalent are wthin
the scope o [ ' k.various nodifications of the invention
in addition to those B 1 al bed m&Bein wi || becone apparent to

those skilled in \ pnded to
appended cl ainms. 15 All ncesfcited ﬂerh
reference in their CHa

within the scope of the
e h?corporated by

3. The compound of claim 1, having the formula
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-90 What is clainmed is: 1. A conmpound having the formula R | Ca 4 R ' f
1/ \VCa I I NI NM') NI nfX NG|l wherein: Mis Fe or WMn;, fisOorl;
each R is independently - C(O)C]—I or -C(0)0-; each X is independently a
negati vel y-charged counterion; d f)+ (the total numper of R groups
where Ris -C(OCH). 2. The conpdg claim1l1, having the fornula: 91 R
() N C jJNMt)NIx(X) 1'CH The conmpound of claim 1, having the
formula 92 R° (p) HzZc " N CH

4, The compound of claim 1, having the formula

(1)
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nom .1 (r+) NR C-12 ~ N-,C R 4. The conpound of claim1, having the
formula (I111) R H 1 il(nNN I R~NI ~(~ci t:Ill NN /'Nridi R | 93
5. The compound of claiml1l, wherein Mis Fe. 6. The compound of claiml1,
wherein Mis Mr. 7. The compound of claim1, whereinf is 0. 8. The
compound of claim1, whereinf is 1. 9. The conpound of claim1l, wherein X-
is G- or Br. 10. The conmpound of claim1l, wherein an X forns a bond with M
11. The conmpound of claiml1l, wherein X- is F, d , Br, F, HO, or CH3C(O0)O-.
12. The conpound of claim1l, wherein each Ris -C(0)0-. 13. The conpound of
claim1l1, wherein each Ris -C(OOH 14. The conpound of claim11, wherein n
is 0. 15. The conpound of claim1, wherein nis 5. 16. The conpound of claim
5, wherein f is 1, and X is CF. 17. The conpound of claim 16, wherein each
Ris -C(OO.

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 fis 0.

8. The compound of claim 1, wherein fis 1.

9. The compound of claim 1, wherein X" is C1” 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(O)O".

12. The compound of claim 1, wherein each R is —C{Q)O".

13. The compound of claim 1, wherein each R is —C{O)OH.

14, The compound of claim 1, wherein nis 0.

15. The compound of claim 1, wherein n is 5.

16. The compound of claim 5, wherein fis 1, and X is Cl".

17. The compound of claim 16, wherein each R is —C{O)O".

18. The compound of claim 1, having the structure
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18. The compound of claim11, having the structure 94 ooc + N coo-. Il /
NFNCA -0 NCoCY 19. A conposition conprising an effective anmount of the
conpound of claiml and a physiologically acceptable carrier or vehicle. 95

“aoc

00,

“00C

19. A composition comprising an effective amount of the compound of ¢laim 1 and a

physiologically acceptable carrier or vehicle.
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