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M t oqui none Derivatives Used as Mtochondrially
Targeted Antioxidants. FIELD OF THE | NVENTI ON The
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having a |ipophilic cationic group, and the synthesis,
formul ati on, and physi cochem cal properties of such
conpounds that favour their use as, for exanple,
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contributes to a nunber of human degenerative di seases
associ ated with ageing, such as Parkinson's di sease,
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uring organ transplantation and surgery. To prevent
tprepeidiea g ef c aude dcdmpoxidiatthate fsvows sheirnusbess,offor example,
anti oxi dant _t herapi es have been devel oped. However,
£eyl] are not targeted within cells and are

therefore I ess than optimally effective. Mreover,
many such anti oxi dants have unfavourabl e
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delivering antioxidants Selectively to mtochondria
vittackp endoaleo efufrang ovgant hransplsitajonoatdasgegeeyl To prevent the

damage caused by oxidative stress a number of antioxidant therapies have been

developed. However, most of these are not targeted within cells and are
therefore less than optimally effective. Moreover, many such antioxidants have
unfavourable physicochemical properties that limit for example, their
bioavailability, and their ability to penetrate to the target organ to exert a
therapeutic effect.

Mitochondria are intracellular organelles responsible for energy
metabolism. Consequently, mitochondrial defects are damaging, particularly
to neural and muscle tissues which have high energy demands. They are also
the major source of the free radicals and reactive oxygen species that cause
oxidative stress inside most cells. Therefore, the applicants believe delivering
antioxidants selectively to mitochondria will be more effective than using non-
targeted antioxidants. Accordingly, it is towards the provision of antioxidants

which may be targeted to mitochondria that the present invention is directed.
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anti oxi dants. Accordingly, it is towards the provision
of antioxidants which nay be targeted to mtochondria

woOhads/ps2pr esent i nvention is directed. Li pophPCTaNZ2004/000196

cations may be accunulated i the mtochondrial matrix
because of their positive chapge (Rottenberg, 1979

Met hods Enzynol 55, 547. Chen, 1988 Ann Rev Cell Bi ol

4, 155)ipophill icatienameayadeustduaindatedr oV ithke dnitbehordhifl matrix
sufficiently lipophilic to screen the positive charge
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functionality and/or efficacy in vivo (such as, for
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We believe without wishing to be bound by any theory that for an

antioxidant compound, activity in vifro or ex vivo (such as, for example,
antioxidant activity or mitochondrial accumulation) is by no means the sole
determinant of antioxidant functionality and/or efficacy in vivo (such as, for
example, therapeutic efficacy). Whilst it is true that to be useful as a
mitochondrially targeted antioxidant compound of the present invention an
antioxidant compound must exhibit a suitable antioxidant activity in vitro or ex
vivo, to be efficacious in vivo the mitochondrially targeted antioxidant
compound must exhibit other desirable physicochemical properties, such as,
for example, suitable bioavailability, suitable localization or distribution within
the target mitochondria, and/or suitable stability.

We believe without wishing to be bound by any theory that the

mitochondrially targeted antioxidant compounds of the present invention
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exanpl e, suitable bioavailability, suitable
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with a carbon bridge length of 10 (i.e. Cy bridged). Its reduced form,
mitoquinol, is also C;, bridged.

Mitoquinone/mitoquinol, despite excellence in antioxidant activity and
targeting and accumulation in mitochondria in vitro and in vivo, we have found
to be somewhat unstable as the bromide salt. We have also found that the
physiochemical properties of mitoquione/mitoquinol as disclosed in US Patent
No. 6,331,532 less appropriate for pharmaceutical formulation, for example,

where administration is to be oral or parenteral and/or where there is targeting
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to be sonewhat unstable as the brom de salt. W have
al so found that the physiochem cal properties of

wonvagudsrme/ m t oqui nol as di scl osed i n US Pat eRCTNZ2004/000196

6,331,532 | ess appropriate for pharmaceuti cal

formul ation, for exanple, wherge adm nistration is to

be oral or parenteral and/or where there is
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internal organs (for exanple, brain, heart, liver, or
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i mifocHondridby tatgeted anyiskalant cempoadds bf thd presewtinyahtion with

forms however certain salt formng anions we have )
f theHopasitiveeclarge imasogiadionswith ysustablenanion dbesebyite provide the

agai nst _the anti oxidan onpound, for. ex | e,..agai nst ..
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f fyuadn® dei bes Blotdebasitey eskhibiareaapity aghinyt the antioxidant
undesirabl e. For exanple, nitrate noieties are

cemspoerd dor pappplepagainst therantixidartsymeikty, toae Bokingaioiety, or
c ni es..as bein har maceytically or, environnental |y
u'%‘ggggﬁi’e%@fse?awgs‘ﬁoéetﬁyépa}é’énnﬁyo}ﬁaéetq fYERe | gt or’of the
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cl eavage
generally by pharmaceutical companies as being pharmaceutically or

environmentally unacceptable, whilst a hydrogen bromide frequently used in
salt forming of such compounds we find to have nucleophilic properties that
can lead to a reactivity against the antioxidant moiety, for example, a cleavage
of a methyl group from the antioxidant moiety of the compound of general
formula (II) herein, and/or some overall decrease in stability of the overall
compound. For example, we have determined that the bromide salt of
mitoquinone is somewhat unstable.

We believe therefore that salt forms, including salt forms as a liquid,
solid or crystalline form, of mitochondrially targeted antioxidants are best
associated with an anion or like moiety that is not nucleophilic, and/or one

which does not exhibit reactivity against any of the moieties comprising the
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For exanple, we have determ ned that the brom de salt

of m toquinone is sonewhat unsg.able. W believe

therefore that salt forns, including salt forns as a

| aptioxidanplcothpoundr yis cadplexe florig aled preferablenthiat ahé Yanion is
targeted antjoxi dants are best associated with an
aphamnasgeuticaldy aeceptable.nat i s not nucl eophilic, and/or

one whi ch does not exhibit reactivity agai nst any of

the noieties conprising theantioxi dant conpound or

C ' ble that the anion is
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aphamsxdataticalty npeaeptsblgn damphipdslic | cngioxitsdgecdmpommds  and
and net hods reliant on said coppounds which are, for
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P08, ST R LSl i
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consi sts in & conpound conprising a |ipophilic

cationic noiety linked by a linking noiety to an
antioxidant noiety, and an_anionic conplement for said

cQUNMMARY Q¥ JTHEANVENTION cat i oni ¢ species is

capabl e.of m.tochondrially targeting.the antjoxi dant

speci esi? agngf]’uisﬁeasgg% t% rﬁqugmgH’éW?‘%%ﬂq \WOUBISHS| & o g9Qgppound
ag‘fﬁlﬁgtk ﬁ?hg gﬁ%ﬁl danltOﬂgr;t;i%%(gig?y ? ﬁ%““‘gaﬁ oaﬁi C ntéf g%{(fllegf fo an
t tididsntngnoieiyetand bn edienreodipl@aent Mer amd exfigkdot moiety,
moi ety is a quinone or a quinol. In other enbodinents

t wheegin | thei ¢anonigopeojes ds seapablee dff natachhadrially targeting the

antioxidant species, and the salt form is chemically stable and/or the anionic

complement does not exhibit reactivity against the antioxidant moiety, the
cationic moiety or the linking moiety.

In one embodiment the antioxidant moiety is a quinone or a quinol.

In other embodiments the antioxidant moiety is selected from the
group comprising vitamin E and vitamin E derivatives, chain breaking
antioxidants, including butylated hydroxyanisole, butylated hydroxytoluene,
general radical scavengers including derivatised fullerenes, spin traps including
derivatives of 5,5-dimethylpyrroline-N-oxide, ters-butylnitrosobenzene, fert-
nitrosobenzene, a-phenyl-tert-butylnitrone and related compounds.

In one embodiment, the lipophilic cationic moiety is a substituted or an
unsubstituted triphenylphosphonium cation.

In one embodiment the compound has the general formula I
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group conprising vitamn E and vitam n E derivati ves,
chai n breaking anti oxidants, including butyl ated

woydisgnyspi sol e, butyl ated hydroxytol uene, genecaiNz2004/000196

radi cal scavengers incl uding derivatised fullerenes,
spin traps including derivati.ges of
5, 5-di net hyl pyrroline-iV-oxide, ter
-but yl ni trosobenzene, tertnitrosobenzene,
a- phenyl -ter”-butyl nitrone and rel ated conpounds. In
one enbodi nent, the |ipophilLéc ca ] nmoiety is a
substituted or an unsubstittted
cation. In one enbodi nent the co
formula | | and/or |ts°qU|noIb
R, which canrbe the s
fromCto Calkyl
H, and wherein @
20, and wherein Z i \ ;
Z is selected fromkthe group consistjng of alkyl or
aryl sul fonates gr fPr efer ab each C of the
(O)n bridge is sdaturatgd. Inap)ﬂewwdeMmmrmm
t he compound haz the fg its quino
form wherein Ris a non nucleoph
preferably, the conpound has the fornula CHCHO(III)
I n anot her aspect the inventign provides a
pharmaceutical conposition coﬁprising or including a
co ound conprising a Ilpﬂghilic cationi c noi et

eyl itsyquinpl flrmg w%mr@ny I,oRanaIahﬁm)Wl@!thCaﬁD%@ttbe same or

mﬁ&feggwa%‘g Q%l%ﬁea ;@&q @o ra,llgﬁcépg}gltgél yr;:sﬁbs@tutedy moieties or

H, and wherein n is an integer from about 2 to about 20, and wherein Z is a

non-reactive anion.

Preferably Z is selected from the group conmsisting of alkyl or aryl
sulfonates or nitrates.

Preferably each C of the (C)n bridge is saturated.

In a preferred embodiment, the compound has the formula

e

I

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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anti oxi dant noiety, the cationic noiety or the Iinking
noi ety. In one enbodi nent the antioxidant noiety is a
gui none or a quinol. In other enbodi nents the

ant i oxiMawetpreferably, tiee shpadrthdsrthefoteulgr oup
conprising vitamn E and vitam n E derivatives, chain
breaki ng anti oxi dants, including butyl ated

hydr oxyani sol e, butyl ated hydroxyt ghuene, genera

radi cal scavengers including derivdiised fullerenes,
spin traps including derivatﬁy 'S 0 __f%
5,5-dinethy|pyrrrline-iV—oxi &;

t eMbut yl nCHyOesgbenzeld; tertnitrosopdenzene,
a-phenyl-terA-outylnitrone and rel at@d conpou c
one enbodigent. t he |l i pephi Lic catjonie_noiety|is
substi t ut or unsSubst 't ut ed tri phenyl"phosplioni
cation. In one odi ment the conpound has the’{gener
fornula I'l and/or its quinol form wherein R &%
R, which can be the sane or different, are(Selecfled
fromto C alkyl (optionally substituted) noilg
H, and wherein n is an integer fromabout 2 tTd , and
wherein Z is a nonreactive anion. Preferably Z is

sel ected fromthe group consisting of al kyl or aryl

sul fonates or nitrates. Preféﬂgbly each C of the (QO)n
bridge is saturated. In a further enbodi nent, the

conpounth hasthehastfest thd mvbhtiemgrendes s pharmadeutionihcomposition
wherein Z is,a_ ngn-nucleophilic anjon.In a further )

e ROBANISEE: OF H@l'efgﬂﬁc?s FeMPAURG FRRINSsing adipaidukiel cREORiGgmoicty

t rul J,and/or. its, quinol . .for whetein ZJis a . .
ngﬁk%(g clig(z ogh#1 &a ﬂﬁ%lﬁ,{y afﬁd a%hé‘}lgf)ﬁ“ﬁhg WO ¥si E}qdo {1 anionie
C OFRIp ctEnt F6F 5AARAREDIE moiety, wherein the cationic species is capable of

mitochondrially targeting the antioxidant species, and the salt form is

chemically stable and/or the anionic complement does not exhibit reactivity
against the antioxidant moiety, the cationic moiety or the linking moiety.

In one embodiment the antioxidant moiety is a quinone or a quinol.

In other embodiments the antioxidant moiety is selected from the
group comprising vitamin E and vitamin E derivatives, chain breaking
antioxidants, including butylated hydroxyanisole, butylated hydroxytoluene,
general radical scavengers including derivatised fullerenes, spin traps including
derivatives of §,5-dimethylpyrroline-N-oxide, tert-butylnitrosobenzene, fert-
nifrosobenzene, a-phenyl-zert-butylnitrone and related compounds.

In one embodiment, the lipophilic cationic moiety is a substituted or an
unsubstituted triphenylphosphonium cation.

In one embodiment the compound has the general formula I
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cyclodextrin is fromabout 10:1 to about 1:10, from
weaehost018232 t o about 1:5, from about 4:1 to aboeCTNZ4004/000196

fromabout 2:1 to about 1:2, or about 1:1, for exanple

the nolar ratio of conpound togcycl odextrin is about

1:2. More preferably, the conposition conprises a

compound having the formula // HC (111) wherein the

cyclodextrin is b-cyclodrextrin, nore preferably the

nol ar ratio of compound tonE%E|0d: RQ. 1S about : 2.

I n one enbodi nent the phar euti position is

fornmul ated for oral adnministratig further

enbodi nent t he pharnacfutical‘ i

formul ated foRs parente adm

aspect the present |

conprising or i@

l'i pophilic cationic

to an anti oxi dant '

for said cationi

. Q)

i s capabl e of é

ant i oxi dant speci es,

reactivity against the antioxidant noiety, the
cationic noiety or the |inki nglem)i ety,together with
any pharmaceuti cal |y acceptabl®e diluent and/or carrier

and/ or .exci pi ﬁ I n one enbodi nent the anti oxi dant
nBnd/oy 1tss%uméf fﬁ@'ﬁe thefémqﬁn,nghz an¢h Ry, hehichntsed bergthe ssame or

t H&f& rtl'é ?ﬁ% gglecte &e %o %ﬁlaq%rle{jopf’urogally substituted) moieties or

H, and wherein n is an integer from about 2 to 20, and wherein Z is a non-

reactive anion.

Preferably Z is selected from the group consisting of alkyl or aryl

sulfonates or nitrates.
Preferably each C of the (C)n bridge is saturated.

In a further embodiment, the compound has the formula

CH; ﬁ z )

CHi{A\T/”\\//“\\//\\V/”\\//“\\//\\éP

0

I

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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radi cal scavengers including derivatised fullerenes,

spin traps including derivatiwes of

5, 5-di net hyl pyrrol i ne-7V- oxi de,

t ert - byl forthepembedinedie the eoinpobitioncueniise a compound having
-phenyl -fer*butym trone and rel ated conpounds. In one

e o Gommmra 11 1an or jifsogiinp] fomat whnrecm doise? popsaugleophilic anion,

sub titute an unsubstituted t enyl phosphoni um
aé’ﬁler?lﬁ EQOQRB%OWRWSGB @"I%as t he general

for mJI N V%aglwf# Pfgﬂé’s{ thd oYk 194 10 fer eﬁ@% 't5] Selodextrin is

he” sane or
Sﬁio@ﬁ uBguf I@mt6 dbout] Aok torh %bupsql {oValsoth L5 tﬁ‘bﬁida\bout 4:1 to
noi eties or H and wheréin nis an i nteger from about
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enbodi A DrERl §offs ettt EStnbfio L hAREnd hydne the
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In a further enbodi nent the dosageDunit conprises a
compound having the fornmula |1 anyy/ Olgits qui ' form
wherein Z is a @on-nucl eophifla¢-e—ag+enp and ehn the

conposi tj conpris cycl odextri In vari
exanpl esé]girbe ?gfl o of corrpom@

is from about|l 10: 1 to about 1:10, h: 1t
about 1:&,0 .
O

-

(II)

wherein the cyclodextrin is f-cyclodrextrin, more preferably the molar

ratio of compound to cyclodextrin is about 1:2.

In one embodiment the pharmaceutical composition is formulated for

oral administration.

In a further embodiment the pharmaceutical composition is formulated
for parenteral administration.

In a further aspect the present invention provides a dosage unit
comprising or including a compound comprising a lipophilic cationic moiety
linked by a linking moiety to an antioxidant moiety, and an anionic
complement for said cationic moiety, wherein the cationic species is capable of
mitochondrially targeting the antioxidant species, and the salt form is
chemically stable and/or the anionic complement does not exhibit reactivity

against the antioxidant moiety, the cationic moiety or the linking moiety,
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preferably the nolar ratio of conpound to cycl odextrin
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suitable for oral adm nistration. In a further

egBoPiendnt the dosage unit is suitable for parenteral
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form of "The present inventl

PeeRly | shsristhgt VRAMIETE £id oXiAatd e & \%?ﬁ/e%n cﬁai]n breaking
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t hetiexiflanis, saclddingmbatylated loydroeydidsolepbutylated hydroxytoluene,
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Z@
o)
\ | f
o (C)r\P
{ &
0 R
Rz 0

I

and/or its quinol form, wherein Ry, R,, and R;, which can be the same or
different, are selected from C; to Cs alkyl (optionally substituted) moieties or
H, and wherein n is an integer from about 2 to 20, and wherein Z is a non-
reactive anion. .

Preferably Z is selected from the group consisting of alkyl or aryl
sulfonates or nitrates.

Preferably each C of the (C)n bridge is saturated.



CHOCHO(Ill).Preferably, the cyclodextrin is
b-cycl odrextr n, nore preferably the nolar ratio of

woanpausad2zt o cycl odextrin is about 1:2. In a feCThaR2004/000196
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aspect the present invention provides a conpound or a
pharmaceutically acceptable sght thereof, a

conposition, or a dosage formof the present invention

for usdnia fultheprepgdinxht the toraponmdthaef they fRn@iTE #d/or its
aging_ in a manmal by adm nistration of the conpound or

t QEIA fprop hwhersin Zo's saian-megteephilic aniome enbodi nent ,

the conpound is a conpound of fornmula Il or a
pharmaceutically acceptable salt thereof. In another
enbodi nent, said adm nistration is on the first _dg

a dose of about 1.Q@2 about 2.0 tinmes_s&he dai
mai nt enance e, °"§ﬁ?d by admini%tration d

compound or the ef eof at the daily nai ntena#c
dose of the subsequent days. CH CH O (H ). Preferab
the salt isctd; t me ne 0 e, 2
conpound i s conbi néd Wi th cycl odextrin. Mire ®

e
I
preferably the corpound has the fornula// e H G . CH
\ CHO (IlI).

I

In a further embodiment the dosage unit comprises a compound having
the formula IT and/or its quinol form, wherein Z is a non-nucleophilic anion,
and wherein the composition comprises cyclodextrin.

In various examples the molar ratio of compound to cyclodextrin is
from about 10:1 to about 1:10, from about 5:1 to about 1:5, from about 4:1 to
about 1:4, from about 2:1 to about 1:2, or about 1:1, for example the molar
ratio of compound to cyclodextrin is about 1:2.

More preferably, the dosage unit comprises a compound having the
formula

0O
H3;C— é/——%
CH;O CH;

CH,0 PN N N p

| ®

(IID)



Preferably, the cyclodextrin is b-cyclodrextrin, nore
preferably the nolar ratio of conpound to cycl odextrin

woO0@moet32: 2. In a further aspect, the present PCT/NZ2004/000196

10

I5

20

i nvention consists in a stable conpound conprising a

l'i pophilic cationic noiety linked by a |inking noiety

to an antioxi dant noiety, and an ani oni c conpl enent

for saigtheséihi hBi S clBiekinm iVBesyRISUrERRinS 2hd12NbiefSHBS

i s capabl e of m'('?’ochondri ally yt%ar geting thenp i molar
andtioaf dempowpkto epclodexdrintieaboitdn2c conpl enent is not

a hal ogen ion, and the anionic conplenent is . )
non- nuél 88p FMbiodimgpiihedosage whit érsudtablnfsireraladmindstration.
not exhi hbit. reactiwvity agaipst. the cat.janic.miety,

the I E‘}ian Frete?}b%ﬁmtﬂﬂgt t9RET L 9 %{1{%‘516: fob arenteral
eg&g@?-gﬁm 4.he antioxidant noiety is a quinone or a

gul no 1. I n0 ot her enbodi nents the antioxidant noiety is

sel ect b of fiohdrhes@co Whe GOt Shidentiod pRdVIdEs anBompound or a
vitam n E derivatives, chain breaking antioxi dants,

i pbameHcaytieally hacepdalily halixthardodph eonipasitiar, ext a dosage form of
hydr oxyt gl.uene, ggneral, radi cal scavengers i ncl udi ng.

e RFaE 1L BV i ori o iss, in 4 Rranhalcs AE Meetthept of oxidative stress
der p,vat j - f \ rroline-iV-oxide .
¢ R, B anpinBlARORYHS! QrbBGd o8 fh€ Satt thereof to said

anphanyl - f erbutyl nitrone and rel ated conpounds. I n one
enbodi ment, the |ipophilic cationic noiety is a

subst i lrupad embedimens,uthet campeshd is phemypqnes oh doinwia 11 or a
cg];i on. | n.orhe enbodi nent. t he conpound has the general

f Bharmagevtieslly agegptable salt thereadl form wherein R, and

R
R o BB, AR e S EhEE It o dose
of about 1.02 about 2.0 times the daily maintenance dose, followed by
administration of the compound or the salt thereof at the daily maintenance
dose of the subsequent days.
Preferably the salt is that of the methanesulfonate, and the compound
1s combined with cyclodextrin.

More preferably the compound has the formula

(IID).



H, and wherein n is an integer fromabout 2 to about
20, and wherein Z is a non-reactive anion. Preferably

wa 206s/aed3ect ed fromthe group consisting of al Rgi/NR004/000196
aryl sulfonates or nitrates. Preferably each C of the
(On bridge is saturated. In-a3preferred enbodi nment,
t he conpound has the fornmula Il and/or its quinol

L?;}[ﬂ er gg(%&?alb?jﬁe coﬁ%%@%gxﬁﬁg ll?e ‘h%ﬂ?ﬁ{ﬁ%%n 61%{ Preferably the
(hidlar ratio cfeehtfRiundyBRStlddegtrisaboupn:2pr ovi des a

pharmaceuti cal conposi tion conprising or including a
st abl eIrccanﬁuﬂm‘ apept rt13¢ rpgeﬁnt dnverion ppeddes abedmgoand or a

ilig tioni ed by | i nki ng noi ety
%Fgﬂ fiealleasee %tsﬁt @ﬁ@(’gﬂa&‘?ﬂmﬂsgl%r%lae@@ﬁﬁge form of

5 f&{e SRSGCRKARE (PSS Ny (NG BDBE oF BEARALR SPEFbSRms of

aa% gxmd@mamgp b§SadriiistidiRnast o forﬁﬁ&ﬁi@eﬁ@ﬁe k&t Méreof to

ogen ion the anionic conplenent is

neaid mrhaaphi | i c, and/or t he ani oni ¢ conpl enent does

not exhibit reactivity_ against the cationic noiety

the |i Hkiong smhedipentr theheonaprunsk isdamonmguadyof fwnmﬂe Ilora

OB A A bl LR ant i ol dant moi ety i s

10 select ﬁfi%ﬁcg}ﬁ&} LiRBoahRMR, 64 . SAR d&g;ﬁg{a&aﬁbﬁ%ﬂoﬂ the gﬂgtt day at a dose

15

vitam n erivatives, Ki'ng anti oxl

Ihﬁi(’ijlawu?gll Ot soat el Ohhﬂﬁ&XﬂwlcﬁﬂlyemdMﬂéﬁhﬁdee@ose followed by
ydr oxyt ol uene,
administration of the compound or the salt thereof at the daily maintenance

dose of the subsequent days.

—§—0

CHﬂlWT/l\W/CHg Q&
CH3O/\[/\/\/\/\/\\/\ __@

(I1I1).
Preferably the salt is that of the methanesulfonate, and the compound
1s combined with cyclodextrin.

More preferably the compound has the formula



general radical scavengers including derivatised
fullerenes, spin traps including derivatives of

w0 ,260s¢hiivast hy| pyrrol i ne- 7V- oxi de, PCT/NZ2004/000196
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ter~but yl ni trosobenzene, tertnitrosobenzene,

a- phenyl -ter”~-butyl nitrone and.rel ated conpounds. In
one enbodinent, the lipophilic cationic noiety is a
substituted or an unsubstituted tri phenyl phosphoni um
cation. In one enbodi ment the cgnhpound has the genera
formula Il and/or its quinol fgfmeaowhereir , and R
, Which can ﬁe t he sanme ®hCetffere, ar

fromt tionally substituted)

H, an 'S an integer foom about™z
wherein Z |is a onreactlve anion. Preferablj
sel ecicedof T MIP

sul fonates o nltrates Preferably each C9®
bridge is safurated. In a further enbodi
conmpound has the fornmula Il and/or its ¢
wherein Z is a non-nucl eophilic anion.In

the formula Il and/or its quinol form wherein Zis a
non- nucl eophi li ¢ ani on, and wherein the conposition
conprises cyclodextrin. In vari exanpl es the nol ar
rati o of conpound to cyclodext#ﬁﬁfls from about 10:1

417 o Basburmol, 4he resgradabR o oelodtatiing merScpRicibly the
it S BRI ! oo
conposi t HHuERFishe@stiR wresmrunvehivn cugsisteinf @stableac@rpound
Ocomprising a lipophilic cationic moiety linked by a linking moiety to an
antioxidant moiety, and an anionic complement for said cationic moiety,
wherein

the cationic species is capable of mitochondrially targeting the
antioxidant species, and

the anionic complement is not a halogen ion, and

the anionic complement is non-nucleophilic, and/or

the anionic complement does not exhibit reactivity against the cationic
moiety, the linking moiety, or the antioxidant moiety.

In one embodiment the antioxidant moiety is a quinone or a quinol.

In other embodiments the antioxidant moiety is selected from the
group comprising vitamin E and vitamin E derivatives, chain breaking
antioxidants, including butylated hydroxyanisole, butylated hydroxytoluene,
general radical scavengers including derivatised fullerenes, spin traps including
derivatives of 5,5-dimethylpyrroline-N-oxide, tert-butylnitrosobenzene, fert-
nitrosobenzene, o-phenyl-zert-butylnitrone and related compounds.

In one embodiment, the lipophilic cationic moiety is a substituted or an

unsubstituted triphenylphosphonium cation.
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CH O wherein the cyclodextrin is b-cyclodrextrin, nore
preferably the nolar ratio of conpound to cycl odextrin

wO20@moet32: 2. I n one enbodi ment the phar maceut PCRINZ2004/000196

conposition is fornmulated for oral administration. In
a further enbodi ment the pharngceutical conposition is
formul ated for parenteral adm nistration. In a further
aspect Thenpreatwdimenvibetdoathoi@atiasiie 8bndaPRIARRa PN
conprising or including a stable conpound conprising a
l'i pophilic cationic noiety |linked by a |inking noiety
to an antioxi dant noiety, and an anigni c conpl enent
for said cationic noiety, t t he Rk, any
pharmaceutically acceptable dil u¢ or carrier
and/ or excipi ent wherejpn the cati pecies i S
capabl e of mtochondrially tajget AOXi dant
speci es, andtRe ani oni g conpl

ion, and the ani oni c_eoml epei~s cleoppilic,

reactivity against ionilc noi gty, tNK 'nki ng
noi ety, or the antj [
the anti oxi dant uoi S a guingAe or>a quinol. In

ot her enbodinenZ Ant i oxi dan} noi ety is sel ected
fromthe group ctonprispng vitam o E and vitamn E
derivatives, cfain breaking anti oXis , 1 ncluding
but yl at ed hydr oxyani sol e, butyl ated hydroxyt ol uene,

general radical scavengers including derivatised

full erenes, spin traps includilng derivatives of

5, 5-di et hyl pyrroline-i V-oxi de,

t amd/eb utsy fninbt denhemdrendn REr RAi i@ FODIHIBASan be the same or
a-phenyl -ter -butylnitrone and rel ated conpounds. In

ofidtesiio @rereelected Heomi Goish Cs iadkdafoptinhallyrsulbstitutes]) anoieties or
sHPstitu ed. or .an_. . .
, and ‘wherein n is an integer from about 2 to about 20, and wherein Z is a
non-reactive anion.
Preferably Z is selected from the group consisting of alkyl or aryl
sulfonates or nitrates.
Preferably each C of the (C)n bridge is saturated.

In a preferred embodiment, the compound has the formula

II
and/or its quinol form, wherein Z is a non-nucleophilic anion.

More preferably, the compound has the formula



unsubstituted triphenyl phosphoni um cation. In one
enbodi nent the conpound has the general fornula | |

wanwsmoizes qui nol form wherein R, and R, wWeCTNZee&n3/000196
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be the sane or different, are selected fromto C al kyl
(optionally substituted) noietjiges or H, and wherein n
is an integer fromabout 2 to 20, and wherein Zis a
nonreactive anion.Preferably Z is selected fromthe
group consisting of alkyl or aryl . sul fonates or
nitrates. Preferably each C of t (On bridge is
saturated. In 8 further enodi nefit, Q he coppOMYC
the formula Iljjand/or its Hifmor SFor®y wh
non- nuotkeophi al0Hgn. I n a furt\Rer enbod
dosage unit i ses a conpound Kaving the
and/ or ¢ o [ [
non- nuc I%’Z’phi I
conprises cycl@dextrin. In various exanpl es
rati o of conpound to cyclodextrin is from
to about 1:10, from about 5:1 to about 1:
4:1 to about 1:4, fromabout 2:1 to about
about 1:1, for exanple the nolar ratio of
cycl odextrin is about 1:2. Mre preferably, the dosage

unit conprises a conpound havi n@the formula CH

CHwherein the cyclodextrin is b cyclodrextrin, nore

pr ef er ahi ynother aspeat theainvenién pEFHAS pherfxudidgiédihPosition
Is about 1:2. In_one enbodinent the doSage unit Is

s GPIRpsIg ¢ inghiling d sable ecompownd comprising a cationic species being

a lipophilic cationic moiety linked by a linking moiety to an antioxidant

moiety, and an anionic complement for said cationic moiety, wherein

the cationic species is capable of mitochondrially targeting the
antioxidant species, and

the anionic complement is not a halogen ion, and

the anionic complement is non-nucleophilic, and/or

the anionic complement does not exhibit reactivity against the cationic
moiety, the linking moiety, or the antioxidant moiety.

In one embodiment the antioxidant moiety is a quinone or a quinol.

In other embodiments the antioxidant moiety is selected from the
group comprising vitamin E and vitamin E derivatives, chain breaking
antioxidants, including butylated hydroxyanisole, butylated hydroxytoluene,
general radical scavengers including derivatised fullerenes, spin traps including
derivatives of 5,5-dimethylpyrroline-N-oxide, tert-butylnitrosobenzene, tert-
nitrosobenzene, o-phenyl-zert-butylnitrone and related compounds.

In one embodiment, the lipophilic cationic moiety is a substituted or an
unsubstituted triphenylphosphonium cation.

In one embodiment the compound has the general formula I



In a further enbodi ment the dosage unit is suitable
for parenteral admnistration. In a further aspect,
woheospnesent i nvention consists in a dosage unPCT/NZ2004/000196
suitable for oral admi nistration conprising as an
active ingredi ent a conpound _ijp _accordance with the
present invention, the conpound being of or being
formul ated as a crystalline formand/or non-1liquid
form In a further aspect, the present invention
consists in a dosage unit sujg abl Nparentera
adm ni stration conprising as an @ ngredi ent a
compound i n accordance with the i nvention. In
a further aspect, the fresent |in provi des a

phar maceut i caRs conposi {
patient who mbNId beng
stress or reduced—sy

or includes an effe

present invention ixQ Lgati on wi one or nore

phar maceutical ly 2 3 R riefs, ci pients, or

di luents. In ong® [fment the ¢onpounpd is a conpound
of formula 1. | X the und is

conpl exed withReycl odextrin. In vay exanpl es the

nmol ar ratio of conmpound to cyclodextrin is from about

10:1 to about 1:10, from about  5:1 to about 1:5, from

about 4:1 to about 1:4, from dbout 2:1 to about 1: 2,

or about 1:1, for exanple the nolar ratio of conpound

t BngPE [Isdawinel form, adwueiniR2, Rybaed Raefwhighl gan bhehe same or
I11) _and the

B s e ol o A b B i o
518 i kbt SAERO B i RTSE. Bl A BB i 0o
Nedabtide ehioheduci ng
Preferably Z is selected from the group consisting of alkyl or aryl
sulfonates or nitrates.

Preferably each C of the (C)n bridge is saturated.

10 In a further embodiment, the compound has the formula

II

and/or its quinol form, wherein Z is a non-nucleophilic anion.



oxi dative stress in a cell which conprises the step of
contacting said cell wth a conpound of the present

wonvenidse. | n one enbodi ment the conpound i s arPCOMZELIAD00196
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of formula I. In one exanple, the conmpound is

conpl exed with cycl odextrin..jign vari ous exanpl es the

mol ar ratio of conpound to cyclodextrin is from about

10: 1 t gpaRofrthkr l@nbbdienerabtiet cbmpobitioaboamptisés & rcompound
about 4:1 to about 1:4, fromabout 2:1 to_about 1:2, .
dravatp tie formuld §F aed/amitsequinel fosmarwheieinoZdf aceerpausigophilic
to cyclodextrin.is about,.1:2. Mire preferably, the
corpbANd WACTEIL S SoIRpSEion BQIHBF%FS(&CFSC%&%&“-t he

cycl odextrin.i.s.h- L0, S
the. moithrv4rRuis o BrlE I8 R0, Rag SREGIMREIER KyBtfextrin is
.]f'r&%n AB5uRN9: ERPISHUENT 0 A nPRissuTes: b iabaht tomfasn taboot 4:1 to
is formulated for oral adm nistration. In a further

esBedi Innfrotrh ebita2 riaeatvout al :2¢ onabewtt { dn fos example the molar
formul ated for parenteral adniniitration. In a further

aspieatf copmpoupdde enelodeym SAPopE bié des a
h tical it .t abl e for.t
e SRR A8l e SR Hovie e

dIO%ﬁl 7" Al Zhei mer "3 "drsease, Huntington's Chorea, or
Friedreich's Ataxia, which conprises or includes an
ef fecti ve amount of a conmpound of the present
invention in conbination with one or, nore
pharmaceutically acceptable carri erﬁ, exci pients, or
diluents. Preferably said treatnent/isGof a patte
suffering from of) predi sposedi:oTFr{e ki ch' § At ax| a.
In still a¢fgrthe aspgct, the invention pro'

met hod of thery prophyl axi s of & patient
woul d benefit f
conpri ses @kOi
said patient a

(1)

wherein the cyclodextrin is B-cyclodrextrin, more preferably the molar
ratio of compound to cyclodextrin is about 1:2.

In one embodiment the pharmaceutical composition is formulated for
oral administration.

In a further embodiment the pharmaceutical composition is formulated
for parenteral administration.

In a further aspect the present invention comsists of a dosage unit
comprising or including a stable compound comprising a lipophilic cationic
moiety linked by a linking moiety to an antioxidant moiety, and an anionic
complement for said cationic moiety, together with any pharmaceutically
acceptable diluent and/or carrier and/or excipient wherein

the cationic species is capable of mitochondrially targeting the

antioxidant species, and
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conmpound of the present invention. In one enbodi nent
the conpound is a conpound of formula I. In one

woxemig232t he conpound i s conpl exed with cycl o8exiNZ2004/000196

In various exanples the nolar ratio of compound to
cycl odextrin is fromabout 109l to about 1:10, from
about 5:1 to about 1:5, from about 4:1 toabout 1:4,

f rom althetnidnic templemint 1s Aot Hhalelentiod,ahd for exanpl e
the nmolar ratio of conpound to cyclodextrin is about

: 2. Nbrtbe pniviée enplemans ispopauakeopbilic, 88desund of

Bt b 1SR el By LRSI ooy
R e e

enmbodi N@NneshbodfvnN e Aidxddarit neietyeRtedqiehone or a quinol.
adm ni stration. In another aspect the invention

provi dd=a atheet ¢nablodinentee thy yansioxpdemp bty sis ofelected from the

patient who woul d benefit fromreduced axidative . )
SEIOHR's COWPrisEgy valgmiy nFt gne FftapdRi Bg dekyese oﬁ%ﬂmségealang

R LA SIS bR TR cne,

| igeﬁ%%ira&icar Qv EgSerd n{@g@%%&hvw@é@am&én@ gpbMkpsiificluding

of a patient suffering or predi sposed to

Rivrivativen' of 6|5 dasethylyzfodineeN-oxidl,s easbutythitrosolggroens, fert-
Chorea, or Friedreich's Ataxia which conprises or

i mitiosolznzehe, a-phpnyfrendbntylnitront agd trelatesl cpmapausls. a
conpound of the presen i,nvegﬁj on.. Pref erabl, thg )

met hod Jgrone-rmbediment,the ipppatlicscationyy meiqhy s @ spbstituted or an

fferil ' to Friedreich's Ataxia.
s GRS R ER R v s o et hod of
reduci Ry, RxHABbdi%Rnt tRESTnpHu] B ﬂllel gtpef) f6@AMAITS €S

the step of admnistering to the ce

Z@
(0]
n |
(Ch
\o ' \®P
i ’
Ro ©
I

and/or its quinol form, wherein R;, R,, and Rj, which can be the same or
different, are selected from C; to Cs alkyl (optionally substituted) moieties or
H, and wherein n is an integer from about 2 to 20, and wherein Z is a non-

reactive anion.
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a conmpound of the present invention. |In another aspect

the invention provides the use of a conpound as
woneosiooeskby described in the preparation or napgTazRe®00196

of a nedi cament, dosage unit, or pharmaceutica

conposition effective for usegn for the reduction of

oxi dative stress in a patient. In another aspect the

| nvent igRrRERN def Lectiaciioh theoorRguBchdsiimy of ksl yr aryl
described 1n the preparation or manufacture of a
nedifopatesidr,nigateage unit, or pharmaceuti cal conposition

effective for use for the(dedu,cti qQn of s%(gptoms of
agi ng iBreferpblyieash C af ther(Gonheidggdp satirated i nventi on

vent 18rh TR empoatar i A on Bt Fal b XERhpe,

medi canent, dosage unit, or pharmaceutical conposition
effective for use in the treatnment or prophylaxis of a
pati ent suffering fromor predisposed to Parkin
di sease, Al zheinerjjs di sease, Hunting?on's Ch
Fri edrei ch' gBMQax| cgh conprises or includ
step of adm ni st j to said patent a conpound
present inventid ef erabl y the prdi canent g
unit, or phaipdceuficalr” conposition i3 !
use in the treatmeht or prophyl axi s of a patient
suffering fromor predi sposed to Friedreich's At
I n anot her aspect the invention provides the
conmpound as previously described in the prepa
manuf acture of a nedi canent, dosage unit, or
pharmaceuti cal conposition effective for use in the
reduction of oxidative stress irla cell. Preferably,
said preparation or manufacture is with other materi al
oandret 85 quinn! fenewheisiieZ 48 Ry1osHARGIeRRILE agiony

accept nl 'f ﬁ?ftﬂe%ee%gddi&)é%{ ﬁllee&]ots%ge a0t /c%'}nﬁ:rﬂ'eg 'aecroﬁipound having

the formula II and/or its quinol form, wherein Z is a non-nucleophilic anion,

f
0

and wherein the composition comprises cyclodextrin.

In various examples the molar ratio of compound to cyclodextrin is
from about 10:1 to about 1:10, from about 5:1 to about 1:5, from about 4:1 to
about 1:4, from about 2:1 to about 1:2, or about 1:1, for example the molar
ratio of compound to cyclodextrin is about 1:2.

More preferably, the dosage unit comprises a compound having the

formula

(1)



In a further aspect the present invention consists in
a nethod of synthesis of a conpound with a noiety or

woheosm9sky of the formula | (and/or its qui nonectmzn)o4/000196

wherein R, R, and R3 which can be the same or

different, are selected from.tyg .C al kyl (optionally
substituted) noieties, and wherein n is an integer

from 2 twhel€in @i dciRichash 1s8-cyiodte:@FinCRIHPE bidiBhbiv fhe molar
adm xture of cycldgldextri n. .gfjeyerably each Clpof %mj

( @0 oif icdgpound dacyclatextrinlin abotitul Rher aspect L he f
resent _invention consists in a method of synthesis of

g compod@ns ambastimeat thedosage wpt o-suitable forrasehadministration.

i ncl udi Ofe G risi t he .adm xture of.cycl qdextrin.

In a fu?’? haerﬁlgﬁgﬁéfn %?%Q&ﬁoﬁ?ﬁﬁemto}? g%‘ﬁ%ﬂ%t 1| parenteral
a JaBliARela@bnsynt hesi s of a conpound having the formula
CHCHO(IIl) essentially as herein described. Any

di scussilora dhrthec uspet,Stheapitesentiivehtioh ScordRYd $€% dosage unit
articles or the |Iike which has been included in the

preteble fop @talfad@@inis@r;aﬁpn Cﬁmm’ising as an Iaetip? pqgnsﬁlca?f a compound
.oviding a context for the present invention. |t is .
o cgopinfa dgih e prsenti Bubaior e seppophbeins of or being
t B§8Ry t.ar : or.art base or were o
commnlggégn%razz#y%agwég%ggp Plﬁ%&/{;ﬁ%&;’ihgpﬁﬁr vant to the

-

10 present In v €itth@Nasgifect, t theXpreb @t RRERFIEN tdMRsREd Etgiat Yosage unit
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30

date of each claimuof 'this application. Throughout
t Rudatdpetorf paranfeval administratidc copprsétg asr awv aictiat i iggfedient a
such as " [ "conprising", wll be

uﬁ8@§%éggﬁ rq'rﬁg!ﬁélﬁ ‘g’hb ﬂi‘%Eﬁ@@P"dﬁV%ﬁ@l-st ated el enent,

'Spégg?r %u{a ﬁ%r?r?er Koed WP Reseit SN n bIOvES & pharmaceutical
composition suitable for treatment of a patient who would benefit from
reduced oxidative stress or reduced symptoms of ageing which comprises or
includes an effective amount of a compound of the present invention in
combination with one or more pharmaceutically acceptable carriers, excipients,
or diluents.

In one embodiment the compound is a compound of formula I,

In one example, the compound is complexed with cyclodextrin.

In various examples the molar ratio of compound to cyclodextrin is
from about 10:1 to about 1:10, from about 5:1 to about 1:5, from about 4:1 to
about 1:4, from about 2:1 to about 1:2, or about 1:1, for example the molar
ratio of compound to cyclodexirin is about 1:2.

More preferably, the compound is a compound of formula (III) and the
cyclodextrin is B-cyclodrextrin, more preferably and the molar ratio of
compound to cyclodextrin is about 1:2.

In a further aspect, the invention provides a method of reducing
oxidative stress in a cell which comprises the step of contacting said cell with a

compound of the present invention.
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the exclusion of any other elenment, integer or step,
or group of elenents, integers or steps. Throughout

wohies/amsei fi cati on the term "qui none", whet hepcusad0o4/000196

al one or prefixed with another termto describe the
oxi di zed form of a conpound,-2841 be understood to
include within its scope the reduced form of that
conpourd, otefahbodiment ¢hecompburddisra canpdwrat bf formula 1.
reference to a qui none, by structural depiction for
exanpl dN QiesxanHIp, e somnang is ?@H@&%ﬁé Witle celodextrin.

{,\z;{nher?l{i h%uwh S g?rlpa ca}t 1%9 %og?ﬁtg”agqu' ]%dektnn is

réﬂ?ﬁn ber f¢ay lflgrﬁ’oﬁ{ BRIP4 B oy t omﬂ(}ﬁn 2bout 4:1 to

rstoo foinclude wthin its scope t

fandﬁt af4.t frain ebomORIdio hb@it 1:8, of RBoawl rigrfer fegfmiple the molar
Simlarly, reference to a qui noI by structural

dapivarficompfoondde ayplasdextirsis about ides within its scope

t he quinone f used herein the ter nd/ o
i ncl ude¥oBoPIFLe rglﬂ:y theé gomgpund is %69%9311{1”%% ’é{la (I) and the

ot o By PBieb b AT PIEfFiB f dpe gy ratio of

&ﬁﬁﬁb ASRBAGE i saline partition

coefticl enta@et erm nesgﬁgd Zl?jc or C (see Kelso, GF.

Por t eoUs, ofeVemb6aithéstr the Cgéh‘drmad:iuﬁhﬁb cofapokieiohers Wormulated for
WK., Ledgerwod, E. G, R A J. and Murphy, MP.

2gel admBiistratciem 276 4588 Smith, RAJ., Porteous,

O O Bl B ababcdkiar ofipgdicphs ofhulaed
[ Q¢ Nat Acad Sci 100, 5407.), or the

o Bty g

1'on coefficient cal culated using

Advanceg Qfafﬂlélt théa@vaieomegeﬁt {rﬁz@@ho %mmeg phafhaceutical

V4. 67 as described in Jauslin T.

Mziraposition saitabl Sdtotreatotent of B patlemffeﬂng fvom @epl@dlsposed to

e kfpggglﬁcﬁg%pﬁe er%’p{l 8 @Esg%sep Iﬁgri%gtgrg %%)ﬁoa}gzli eorfl%edrelch’
Ataxia, which comprises or includes an effective amount of a compound of the
present invention in combination with one or more pharmaceutically
acceptable carriers, excipients, or diluents.

Preferably said treatment is of a patient suffering from or predisposed
to Friedreich’s Ataxia.

In still a further aspect, the invention provides a method of therapy or
prophylaxis of a patient who would benefit from reduced oxidative stress
which comprises or includes the step of administering to said patient a
compound of the present invention.

In one embodiment the compound is a compound of formula I.

In one example, the compound is complexed with cyclodextrin.

In various examples the molar ratio of compound to cyclodextrin is

from about 10:1 to about 1:10, from about 5:1 to about 1:5, from about 4:1 to
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stability, shelf life, hygroscopicity, preparation and

the like. As used herein a "n@3-reactive anion" is an

ani on which exhibits no reactivity against the

ardbioukil dgriromoabeny ,2:1 e dhiquodh2,| o abeuti b, for exfa@ple the molar
l'inking noiety. For exanple, if one such noiety o? t he

c dA1e oRgorpapRd dasydodertsiatis ebowuReophi i ¢ att ack,

h ' ' - hilic., Alth h b |
dori nod Maets SRR R DAL A OMp L OF Lorpee 61D and the
b i di ich _t,h .
T W e L —

pabhipouhdte chcloabiie iREsHs1andi ng of the invention
will "be gained with reference to the acconpanying

dr awi ng$n oBReEBoDEGERI SR fllin{dsFitorDRAMNGEnHigHtRnl

depi cts_the uptake of anphiphilic antioxidant .

conpoundt  bINGHeLc HERbRdImeNhhesaifln admigistratien of is parenteral
M inone- Cl0 into an energi sed mtochondrion is
sﬁg%rimggc}%é?%ﬁti cally. Figure 2 depicts the synthetic

IF\)/Iat hway g, f@btfdr M&{e@ﬂ Yh8 G eftlon SBbroMcfqué[“ 1 ﬂlr%élcgf t%:erapy or

t oqui none- C15. Figure 3 depicts the stru

Mptaphylaxin ef anpatierit delnd wesild Vendit &g rfuded! 3li8&kive stress, or
conpound TPMP. A phospholipid drawn to the sane scale

i ECCRICR SEMPiRs of BEeing; wii¢nhoomprines theistemof admpeisteding to the
to_lndi cate potential nmaxi mum depths of penetration of
tH%“?’giaq“(ﬂ m’éji‘?%thﬁ REPSSOE HYVEUHAR | eaf | et of

ﬁl/] p?gagr%okg- &&h%aé({qetcg’gtll}lellﬁgg%té&bp%&l : 2 Llnrggt%bgsc')f tc'n:erapy or
Mpiophiylaxdnef Elfatielt spFOSHNGdnRiod -pr_Edligpkssf%d"topPa%ﬁﬁ{ébﬁ’s disease,

graphs show ng the uptake and binding o
Alzheimer’s disease, Huntington’s Chorea, or Friedreich’s Ataxia which

comprises or includes the step of administering to said patent a compound of
the present invention.

Preferably the method of therapy or prophylaxis is of a patient
suffering from or predisposed to Friedreich’s Ataxia.

In another aspect the invention provides a method of reducing
oxidative stress in a cell, which comprises the step of administering to the cell
a compound of the present invention.

In another aspect the invention provides the use of a compound as
previously described in the preparation or manufacture of a medicament,
dosage unit, or pharmaceutical composition effective for use in for the
reduction of oxidative stress in a patient.

In another aspect the invention provides the use of a compound as
previously described in the préparation or manufacture of a medicament,
dosage unit, or pharmaceutical composition effective for use for the reduction

of symptoms of aging in a patient.
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M t oqui none-Cl15. In the left hand panels mtochondria

(1 g protein/m) in the presemge of rotenone were

present and then the anti oxi dant conpounds were added

as five Isaduether aspett the iasteinfiow providesibls we od\whembiSdund of the
to calibrate the electrode response. For the right
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pot entl al , and” FCCP was a

avdzhgipiers diseasgs Hintimgpet’s MERbeed, eoeatrdliraich!se ¥hxia which
2-3 times. Figure 5 presents graphs show ng the

aspmprisaser iadlndenthe Hep aftadoxinistering tovpdddentA compound of
M.t ochondr.i a were energi sed with succinate (bl ack
bRSHESENtIVeiQihat i on with an ATP regenerating system

oL PRI PORPBLARAL Y0, Y, e

t BempakitRusisMifedienRenseNm ﬁ&“ﬁ‘éaﬁﬁréonﬂ/%foﬁrfoﬁggfa%g P:;g ! patient

oxi dative stress was induced by addition o

amaffetog fidnHoOpretiispesed fo Rrindieichibatthoia. at 37C, i pid

per oxi df\l‘tki on was estipmated by neasuring TBARs. Data

are neats 2pgigs aspestvidie; wmyepomanevisepdhe msatef aTtampound as

T HSEERE, et P BB Rob Pumen
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in the ubrquinol form B: emto rial
poxiglativalstressdinceeeellvi t h succinate or with the ATP

regenerati ng. system was neasured fromthe accunul ati on

of [ H Fmlerabbatsaichpecpasation or anayaifadtuthufs ivitht ether material or

R BTG ol iuPleslS i Rpipor il Aoserie GhnSareeipients,

(8ad/8r BQLieshown) . C. The concentration

In a further aspect the present invention consists in a method of

synthesis of a compound with a moiety or the moiety of the formula I
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dependence of the prevention of the accunul ati on of
TBARs by the anti oxidant conpounds was neasured. All
woncespadizens were carried out in thepresence oPCT/NZ2004/000196

succinate as described for A Results are expressed as

% i nhibition of TBARS formatixgn, taking the value of a

sanpl e exposed to FeCyH O in the absence of

Nbh @y iiﬁog@fmgﬁglfgﬁﬁ)a svhgei%R ], MY, kinidi Ry), whith earcbetthelsame or

sanple (no Fed H added) as 100% The data shown are a

tdiffierait, dretsebectashfroin 6 taChalkyh éeptionaliycubgttudedlimeigties, and

in triplicate SD. D gheICc.o cetrtiﬁgﬁfor :ino th

praste Nds agfinieagsr froge LdRiZbasahmetigdiingfuding Of comprging the

es i.n%‘tﬁtederO{nth{ e i ndependent titrations as shown

jaqnpx g Of YSIQAEKIEL s gnifi cance relative to the IC

for Mt ' : Fided issatieht&d.udent ' s two
> tail ed P?‘é?éé’@l?%@%ﬁg\%ﬁ%%@grmg%o 005. Figure 6

presentla a ffrteh sipovi fig tphesent fiawentidn Monsigts ioree ngttbod of

and M toqui none-C3 on sinus corqgnary flow. Figure 7

pyasleasisofa gemphurh baying the&om@ulact " of M t oqui none- C10

and M toqui none-C3 on |left ventricular diastolic

pressure. Figure 8 present a graph which shows the

effect of M toquinone-Cl0 and M togui none-C3 on heart

rate. Figure 9 E)resents graphs_shew g t he oxef

| eft ventricula | change. Figure 1& depicts [

show ng drgoef fect afy;M t oqui none- &0 and

M t oqui none- C§ bost i schaeni a mi Pochondri a

respiratoqr}i/f Fgure 11 _is_a_graph~depi cti

t he st abidH:Py 0| puré M tdqui none-
clear glass bottjes at 40 C, 75%RH, 25C, 50%RH
over silica gel. Figure 12 is a graph depi ctif
stability of M toquinone-Cl0 (batch no. 4) &
509%RH. Figure 13 is a graph depicting the s
M t oqui none- C10 b-

said method including or comprising the admixture of cyclodextrin.
In a further aspect the present invention consists in a method of

10  synthesis of a compound having the fprrnula
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CH;0 ! l CH; \\O
CH,O0 ///\\//\\¢//\\\///\\\//\\OP
O
)

essentially as herein described.



cyclodextrin conplex (1:1) at 4C over silica, 25 G
50%H and 40 C, 75%H. Figure 14 is a graph depicting

woheosghigdsel ity of M toqui none-Cl0 b- cycl odext PCI/NZ2004/000196

10

15

20

25

30

conpl ex (1:2) at 4C over silica, 25C, 509+ and 40 C
75%RH. Figure 15 is a graph depgcting the stability of
M t oqui none-Cl O b- cyclodextrin conplex (1:4) at 4 C
over silAmadiRt&ion@Ridcantnd) aCts, thaftialsfdevicss, Iditicles or the

how h bilit f
fﬂrlﬁ%:%hiﬁﬁ@%%i%%ﬁﬁe% glh %hﬂf%sien%is)éagiﬁcaﬁom reseitly for the
i ML i TR

g of - i P 7. 4,
Sl NS ) R Sy By e o

Mvierg wionanen Gefti knbal&iderin IR MEOEIEV S48 (RO present %nvention
presents a graph showi ng the solid state st abl. ity o

Mag dlenisied betire the pyibatyedate of €ach ChimRH: thisnmpdhic&ion.

50%H apd4 C over blue sjlica gel. Figure 21 presents

a graph ‘E}\lfahr%lttth’é spegibicatien the word ogompsie”,@royariations such

. Q -0 o1 2), compl ex i.n water.. Figure
75 XA Re 5L USRS YR R oy B i ion of
M S mm— | _ - ; A . .
PRESLLRBITLH B 8 o APPSR it OTRLE bt o
stilabiekchugionf of anyqotheo rderie, Mategbaice- epy 6 @d6dH 'dfMelements,
:2), complex in IPB, pH7.4. Figure 24 presents a graph
s HYGBSTS OFKEEPSt abi 1ity of Mt oqui none-Cl O

Throughout this specification the term “quinone”, whether used alone
or prefixed with another term to describe the oxidized form of a compound,
will be understood to include within its scope the reduced form of that
compound, that is, the quinol form. Similarly, reference to a quinone, by
structural depiction for example, also includes within its scope the quinol form.

Throughout this specification the term “quinol”, whether used alone or
prefixed with another term to describe the reduced form of a compound, will
be understood to include within its scope the oxidised form of that compound,
that is, the quinone form. Similarly, reference to a quinol, by structural
depiction for example, also includes within its scope the quinone form.

As used herein the term “and/or” includes both “and” and “or” as
options.

As used herein, the term “partition coefficient” and “partition
coefficient (octanol:water)” refer to the octan-1-ol/phosphate buffered saline
partition coefficient determined at 25°C or 37°C (see Kelso, G.F ., Porteous,
C.M., Coulter, C.V., Hughes, G. Porteous, W.K., Ledgerwood, E.C., Smith,
R.A.J. and Murphy, M.P. 2001 J Biol Chem 276 4588. Smith, R.A.J.,
Porteous, C.M., Coulter, C.V. and Murphy, M.P. 1999 Eu. J Biochem 263,
709. Smith, R.A.J., Porteous, C.M., Gane, A.M. and Murphy, M.P. 2003 Proc
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(1:2) conplex at 40C, 75% RH;, at 25 C, 50% RH and 4 C
over blue silica gel. Figure_26.presents a graph
showi ng the stability of M toquinone-ClO nesylate

by ¢ ade3dirlion, G307)), 6w extahdl/ Watee hartttieh t6effiCient calculated
presents a graph showi ng the stabili of

MisinguA dvareed @lnmsgtfsaﬂlﬁvebmmtoﬁwi)gi Software) Sotarjsl ¥4.67 as

sﬁawm?al?f';}n@ﬁ o noNates B, Mepr.oh o Rod SoBoumaaRst: Fn 2002,
}%M@'@éﬁlln%g% pH 7.4. Figure 29 presents a
grap

ow ng the Stability of Mtoquinone-ClO
nesyl at &s us&d BYREQABY phidse(“heddp t&&@%ﬁﬁhﬁﬂnﬁﬁﬂcm Spre})zgatlon

met hanol . Figure 30 presents a graph ow ng t

stmiwdest ailiint ytsofimeédntinguhoo el €l &h mesodpedtility with regard to
b-cycl odextrin_(1:1) conplex at 40C, 75% RH 25 C, 50%
Rphwcau@%v@dmgua atéen, i bat o inFi ngspest 3af gewselation for, for

%/%”? i g%ﬁggfﬁl © Sf{lr&h% ﬁbq?é lil? %I}O%cg%lgl@%{(é%e%gwgmn and the

'\Jlﬁé (B) (50 ny/kg) adm nistration to rats of
toqui none-Cl O nesylate in Mtoqui none-Cl O

mesyl at As lused deaslaxd *honfrdacivecaiioh’®is &A dmion which exhibits no
Phar macoki netic paranmeters derived fromthese data are

grﬁaé'ﬂVitYl agaipist the mtmlﬂmwmmmpmhe ¢ashBINDr Ghe linking
st at above e focu of. thlﬁ i nventi on is on the

nm%%ﬁo .eéﬁrrfnl?a tqnﬁgws 1RQicH6 R the CHmPARRG compsises a target

IS to reduce
o EE A AlalC P RIS o8RRI 1 2t
menbr anglthetEnbicaldlPhs Hefih&d &@&revtl?é?ﬁﬁz%ﬁtlbﬁ &4 hot Hﬂﬁtred thereto
menbr ane (negative i nside). Becalse of this potential
but also consists of embodiments of which the following description prov1des
examples.
In particular, a better understanding of the invention will be gained

with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the uptake of amphiphilic antioxidant compounds by
mitochondria, wherein the uptake of Mitoquinone-C10 into an energised
mitochondrion is shown schematically.

Figure 2 depicts the synthetic pathways for A: Mitoquinone-C3; B:
Mitoquinone-C5; C: Mitoquinone-C135.

Figure 3 depicts the structure of Mitoquinone antioxidant compounds
and the related compound TPMP. A phospholipid drawn to the same scale is
aligned with the Mitoquinone antioxidant compounds to indicate potential

maximum depths of penetration of the ubiquinol side chain into one leaflet of a
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menbrane perneant, |ipophilic cations accunul ate

several -hundred fold within the mtochondrial matrix.
wohersapmise cant s have found that by coupling |i pophiz2eoa/000196

cations (for exanple the lipophilic

tri phenyl phosphoni um cati on)-28a an anti oxi dant noiety

the resul ting anphiphilic conpound can be delivered to

thesphdlgsadmitiveal AmGPNR. B: tMitoqiimoactCheCi Yitayrdnone-C5. D:

antioxidant is then targeted to a prinmary production

Mftgqumr:]mmecﬂ l@dE'ch@qamDHee@téﬁi E@W%&P@pec i es

within_the cell, rather than being rand di sper ;

The appligBEht H@?@nﬁoﬁr’f‘ﬂ?st Wd]gg eﬁ#ﬁ ﬁ’g;ééjf%a th‘t?eiﬁa1ng of

properties apt, i Q¥ fi i

pR5Idenf Pt BY' LR ABRaSETREREd Rile A 186 sclective

RysteR! pnuhiskemarCsh®: aditeyiiioneCRf Ct MitdquikongC10. D:

noi ety, suchas, for exanple, the length or

|D¥4ﬂ0ﬁhiﬂlohei(f}y5.dfn thieelelti hasichpanais eni,t@cgrmmln@r(lt mg prtgingnl) in

of the lipophilic cation contribute to.the eff.icacy of

tthe piesansgRi HaFRICRYMH FFHE RIRSEAL \P&Léaﬁ%fnc@‘?t ?f?tb%‘tl@a’%og‘?lﬁ@“nds

anti oxj dant functional ity :
SR AIEs BYRShURIELL R ahIBoBSPRUC drchRleads) to calibrate
Ght! éi@&}‘o%é’ Fé’é{p\bﬂsé‘fﬁ?of 'ﬂh@%%htcl‘i’a[ﬂél_ [ pafels Uht adlb@rodes were first
biroavarlabi [1ty, suitable stability, suitable
rhaibemedk byetfives segiémtinle lantMoxiddannsadblackt prroavhwads) and
suitable mtochondrial targeting and/or accunul ation.
Imitpchongri € g protepyph) Wese dhen @ﬁld%fgdlna cases succinate was

ant j oxi dant capabl e.of bei tran d - .

s R Rk P Rl RGP B cigpome .
. ' : | f ol ; be

R L e e e ST e S

i s howepgurer f ¢frewsts hataphbieshiwinghithe c antiotidanbeciicecy of

tri phenyl"phosphoni um cation herein exenplifi ed. Oher

| apaptiddritcocgiaunds. AhMitochopdsewsstermnergisrd walipusgage (black

antioxidants |

t n.accardanc ith the .present inventio
G a8 tonecubRlR S SRt RESREHRESTRGM gRSng Of ATP,
C}%(‘)S%ﬂ%enol pyruvate and pyruvate kinase (white bars). After a 30 sec

preincubation with the various Mitoquinone analogues, TPMP or carrier,
oxidative stress was induced by addition of 50 pM FeCl, and 300 puM H,0,.
After 15 min incubation at 37°C, lipid peroxidation was estimated by
measuring TBARs. Data are means + range of two independent experiments.
The slight protective effect of Mitoquinone-C5 on lipid peroxidation in the
.presence of ATP is due to some of the Mitoquinone-C5 added from the stock
solution being in the ubiquinol form. B: The mitochondrial membrane potential
induced with succinate or with the ATP regenerating system was measured
from the accumulation of [°H]JTPMP. Data are means * range of duplicate
determinations of a 25 minute incubation. The membrane potentials after a 5
minute incubation were the same (data not shown). C: The concentration
dependence of the prevention of the accumulation of TBARs by the

antioxidant compounds was measured. All incubations were carried out in the
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chain having from1l to about 30 carbon atons, for
exanple from2 to about 20, fpom about 2 to about 15,
fromabout 3 to about 10, or from about 5 to about

c prévencabdpmiccinate as dasdribedl fai 14, Reseilterare dxmressnd &, %t idBibition
I i near carbon chain conprises 10 carbon atons.

PrEfId3 ABISy farmations taking Hed walus offa ahipleaxpasedup Keas/H,0, in
el b GEARRRSE o T 6D BB Lot sl
vt i h [ ' . ingl . .
OSSR o 190008 80, SR AR fon i

( saHh cascdhyation YdetersdhO@ry It#iplidk & 8D. Y URe SICQ(ﬁ BSncentrations
and/ or include one or nore side chains or branches,

s fahpeeyentios efsliid pardxifdationuRsatb aré meaad tosem, estimated from

sybsti tuted al kyl , al kenyl, or al kynyl groups. Al so )
i HEPR a%@epspée@aﬂ%wnéraéi %@%H}cﬁ- tdicabyignificance relative

oR5Yhe 1R B e SR o i

ak@ut+;30 00Fy;bep apus. | T WTT be appreciated by those
skilled in the art that noieties other than a straight

al kyl enFigwry 6oprevastd at graplwhbwirid yheceffigdt & fNtoquinone-C10 and
ant.i oxi dant noiety to the lipophilic cation, for

e MitRsIuanona bdtan siecaenayaitewied al kyl groups, peptide
bonds, and t like. In s enbodi nent s, e .

| i pophi f 1&!“’82? PRSSCTS & SIARR SR W, Destv e of Mﬁ?%ﬁlﬁ%@ﬁlo and
by S A i ing 1to 10
MRAEAGIALS EIRRN Al B BB BORKICD T e,

propyl| eRigure8 ylesam a pRIphyWalh sHovethd Emeet YFMRoquinone-C10
Anti oxi dant noi eties useful in the present invention

i ared litoquinene-GAicntheagiqaia.e i nteraction w th
reductants fqor antioxidant activity whether for
initi a?lglgr\‘lr £ g)d?rﬂsafﬁ]tts graphy showig therratepd lﬁgé@pﬂ?@ﬂ@f change.

ot B A G AR LB e C10 and
CMI¢u#fone-C3 on post ischaemia mitochondrial respiratory function.

Figure 11 is a graph depicting the stability of pure Mitoquinone-C10
(batch no.3) in clear glass bottles at 40°C, 75%RH; 25°C, 50%RH and 5°C
over silica gel.

Figure 12 is a graph depicting the stability of Mitoquinone-C10 (batch
no. 4) at 25°C, 50%RH.

Figure 13 is a graph depicting the stability of Mitoquinone-C10 B-
cyclodextrin complex (1:1) at 4°C over silica, 25°C, 50%RH and 40°C,
75%RH.

Figure 14 is a graph depicting the stability of Mitoquinone-C10 B-
cyclodextrin complex (1:2) at 4°C over silica, 25°C, 50%RH and 40°C,
75%RH.
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as the active antioxidant noiety a quinol noiety nmay
be adm nistered in the quinone form To function as an

wanviseddant, that is to have anti oxi dant acti PCTNZ2003000196

qui none nust be reduced to the quinol form by

interaction with a reductant-30such as, for exanple, a

m tochondri al reductant such as Conplex I, for

i ni ti al Figode ob§ matgraphldﬂptqtmgsﬂtmekabﬂrty mﬁNhtmpﬂnme -C10 B-
of the oxidised quinone formw reductants_can

Cayclagynn ngpropledin{ | 4k A=A Y Filighs GoRGs WVARK @8d 40°C,

Q%%?ﬁkioXIdant noi eti es useful in the present
[ on include those which exist already as the

reduce t r

cdc B et A A SO G Y AROMRY ofiltoquinone-C10
Nafeshapgleng this, subsequent interaction of the

OXI i sed form of such antioxidant noieties wth i

m t ochdfiguirel 17 quesentniasgeph slawtingostahdity eely Miteguinpne-C10

ant i oxi dant ty. For exanple, the anti oxidant
@P@X?Wﬁtoamfé&an be admi ni stered in the reduced

forma e requi

r educt ;ﬁé‘?? g? lfrggéi'tts & % nf?}ﬁ %hb@ﬁ% t%ll&to@%dltto%none-cm
SHESHARSATPR, Pt pyact with reduct ant s, such as, for
exarnpl e, the endogenous qui none pool, thereby to

recycl dFigare A9 plasentaatgraph ghowing threr stabdidity o€ Misdéquinone-C10
anti oxi dant noi eties useful in the present invention
imesylae inndse Me@H are not recycl ed by interaction

ol et | dIBIEE 20 Prrsciie. braaeh: HAVRe T sl Gfle Wity of
s %g)‘ztﬂgﬁea(‘j 0 Yihels IHt@atEéIG”@ 7%84 R¥BSindRCn 59‘(08RH 4l 4°C over

suc as butyl'af ed hydroxyani sol e,
bsling lséifcadgdby dr oxyt ol uene, quinol s and gener aI radi cal
scavengﬁrs such as derivatised fullerenes.

addi t i gusp .za PresEIYs avgraplh shewing thiet FHabilise Of AMiteguigone-C10
to gener bI e &eﬁ icals can al so be used.
mégélawr cyp %mp g4n gyater.

Cert butgRS i o 5, ABing She sty of Mitoguinone-C10
- 1ROt ﬁt@fdod@dﬁrw (1124 cempler Mo 0EMEHET conpounds.

Figure 23 presents a graph showing the stability of Mitoquinone-C10
mesylate-B-cyclodextrin (1:2) complex in IPB, pH7.4.

Figure 24 presents a graph showing the stability of Mitoquinone-C10
mesylate-p-cyclodextrin (1:2) complex in 50% MeOH.

Figure 25 presents a graph showing the solid state stability of
Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex at 40°C, 75% RH; at
25°C, 50% RH, and 4°C over blue silica gel.

Figure 26 presents a graph showing the stability of Mitoquinone-C10
mesylate—B-cyclodextrin (1:1) complex in water.

Figure 27 presents a graph showing the stability of Mitoquinone-C10
mesylate—f-cyclodextrin (1:1) complex in 0.01M HCl.
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B R R The general synthesis strategy is to heat a
precursor containing a suitabije-|eaving group,
preferably a al kyl sulfonyl, brono or iodo precursor

W th grEpuee 28harsdntequiraph showing ther stpbidity lafM#phiimene-C10
under argon for several days. The hosghoni um conpound
i mesylate +-oyeloddxiam (1t k) cehplex 7o OB pthi/¢.t he product

is triturated repeatedly with diethyl ether til an

of f - whi ¥iguge|29dpteserip dsgraphisgoyang %Sfaﬁﬁ%ﬂ% &4@&“1110116—010
chl or.of orm or, di chl or,onet hane an ecipitated with
dietyipic ﬁ@?logie?ﬂi%@\% Q%&S&&%SQ% M 1 phosphi ne.

Thi s i s epeakgd j h I i e ' \Y T

T el ST TIOCpHORY 0BBA, o ABpetor iR oy of

fﬁﬁp@g@%ﬁ@?@ ﬁ@%ﬁét%l—[ildggg)’%ie&frﬁm(ﬂz 15Wnakkg /APENT5Y% RH;

suc or of or acet et hyl acetat'e or higher

ap §eh 31094 R pn@ 48T oedr BiRtsiletd gelmet hod whi ch may be
used to prepare a stable formof a preferred,

][ﬁ toc lhOEIglll' al&lyprcsal?%g@phanf iRe% plasata %@Uﬁgowinze Pf?_ﬁles of
. 111 erreét h P M .

P A T B TS B
Bl 0P dr MliBliinobt-CH0. mEHcO: Mitoguinone-C10
Lﬁ%?}’}@gf EQ{Y%PO(}%%%IE €29 | conkifle? Kﬁhﬁ"%.e dpirithcoRRiekie rparameters

ti'cal 'y or "‘pharmacol ogi cal 'y acceptabl e

adéved frbnt thiese datades givanlia Tableétessary, using ion
exchange or other techniques known in the art. The
appl i cants have determ ned that the stability of the

* Rt BrscRufRR o TR BRPRHION S o e the

o RN A, e 4 igmhestionns s miechondrel

ofarpetifer o dcaanpogmidss pfimanidy ofirdghe purpose of therapy and/or
prophylaxis to reduce oxidative stress.

Mitochondria have a substantial membrane potential of up to 180 mV
across their inner membrane (negative inside). Because of this potential,
membrane permeant, lipophilic cations accumulate several-hundred fold within
the mitochondrial matrix.

The applicants have found that by coupling lipophilic cations (for
example the lipophilic triphenylphosphonium cation) to an antioxidant moiety
the resulting amphiphilic compound can be delivered to the mitochondrial
matrix within intact cells. The antioxidant is then targeted to a primary
production site of free radicals and reactive oxygen species within the cell,
rather than being randomly dispersed.

The applicants have now further determined that the properties of the

antioxidant compound, such as for example the nature of the antioxidant

moiety, the physical and chemical characteristics of the linking moiety, such
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conmpounds of the invention, the anion is not
nucl eophilic. It is also desirable that the anion is a

woheosmagswt i cal | y acceptable anion. It is al SOPCT/NZ2004/000196

preferred that for pharmaceutical fornulation the

ani on does not exhibit reactiypty towards any other

agents conprising the fornul ati on. Exanpl es of

nay)-fou aixanpie,| the lengtnsr ilipophilrityesdilcinkimgt ! 8ad/or the
- arsenate or -phosphate, or tetraphenyl borate,

t Batueg od rthe Udpeinbeydatioor eamgribnteotchéhe efficacy of the antioxidant
tetrafl uor.oborates, trifluoronmethane sulfon

aryl
LSRRI 18, VTah 20l COnEIvE HothianBEarKana fanatenality of the

P- s Q : t . .
RAPRUBRES Tk PA A A TLRARANS e THRER TuPiaay efficacy in
| PR® HH§inasard chhippisedfiiaBlb biaveNakiRty, %ita’@feoﬁﬂagﬂﬁy,oéhitable
and i odide ion; anions of inorganic acid salts such as
npharatagpkimetich Isurtable, astidxfidamt, agitvatyp eaidéor suithble mitochondrial
car bonat e; . pharmaceutically acceptabl e ani ons of | ower
alokgatng aukercacsemylations such as net hanesul foni ¢ aci d,

and et han Jonic acid,salts; pharmaceytically .
accept a ]gx%gclﬁf) geh gy ?11’81’94‘51%%?3%&?1 i AtigRidentapable of being
I d%ordGiS ) S LG Qi
s R Lt e R
aowc eyithaib | the anitocisomfriaobdniact aells] @al be @?ﬂbyé@ in forming the
trichloroacetic acid, trifluoroacetic acid,
hgampsuyidsenlithe daventionenzoi ¢ aci d, mandel i ¢ aci d,
butyric,,acid, propionic.acid, formc acid, .fumari.c
aci d, c_c‘?niIE(R%%_ecﬁ, _E’i:ef‘?rf a&li:‘a&, th]th_ﬁr ?lé[?qu’_-‘é%i ¢ation be the
| | e : | .. .
PRSP RS S0 hr R EpREIGy, LS i caons
pwaidiaeent icoahlentlacheioablel a0 Atpx@danteiifll SccdfddiRe with the
acid salts such as glutanmc acid and asparatic acid
spilesent inmenthen teadedo the trifenzyk dmenanpine snduphbsplicidmn cations.
ounds of the jnvention, the hal ogen_ anion . )
;ﬁgg%o?XQ%p@i aABdexidant sepounds ofythespresersninvention, the

Qi . | ' , | i m t,ed ) .
o ie SPR SPel BEL 95 amBehn BTl bl 50 gt tnea
SeHrbb BRAiR, ha RS FE Ul fORRSR 30PEABBR e BrSxample from 2 to

propanesul fonate. A particularly preferred anion’is
tdbmut 20, from about 2 to about 15, from about 3 to about 10, or from about 5

to about 10 carbon atoms. In a particularly preferred example, the linear carbon
chain comprises 10 carbon atoms.

Preferably the carbon chain is an alkylene group (for example, C;-Chyy,
or C;-C;s), yet carbon chains which optionally include one or more double or
triple bonds are also within the scope of the invention. Also included are
carbon chains which include one or more substituents (such as hydroxyl,
carboxylic acid or amide groups), and/or include one or more side chains or
branches, such as those selected from unsubstituted or substituted alkyl,
alkenyl, or alkynyl groups. Also included are carbon chains which comprise
more than about 30 carbon atoms but whose length is equivalent to a linear

saturated carbon chain having from 1 to about 30 carbon atoms.
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preferred anti oxi dant conpound of formula Ill, herein

referred to as M toqui none- CL33net hanesul fonate or

Mt oqui none-Cl O nesyl ate. The same general procedure

can be Jswill be apniesiatedbydhosenddlled imiheartthadniciétias other than
i fferent antioxidant noieties

E%%gﬁ@ggﬁgg qﬁéa?@_sx )ﬁnﬁ EIE%%W pRvaIprib canpleghe entiexidant moety to
7 oiic b8 s el b lon B S iRy onos. poptide

t hnldengidnneflikehe bridge coupling the Vitamn-E
function with the tri phenyl phosphoni um (or ot her

| i pohi | ln someicombajinmentstye lipoptetic @dtioRihEinked to the antioxidant
antioxidants which can _be used as R include chain
brRRIRTBY anttradglitaetinig allsdemre geoupubgvingddto 10 carbon atoms; such

_ | :
;éﬁ%ﬁﬁ Wbl «Blenblint :;Efééé’%é %Eﬁfggéig%g%"ée?yf&e group.
free T ag A oyE HHOERS, uSl i WAP e HRYERASH JHthide those

radic
alwddcleequird heetaction Wil sedwdthhts ifBE hHexidahi Yatvike svither for
5, 5-di met hyl pyrroline-iV-oxide, o o
t énitipli antiexidansadisnityeor fort the renyling b mubxnbng activity, or both.
a-phenyl -ter*hutyl njtrone and rel ated conpounds. It )
WFBF eﬁémaiﬁara@ pxidagt compornds ah thepressaidanentiampdiel comprise

0 . T ' any,. dru activity in.
Oh KB 260 SR L DAFCHRY PG TG ALY o Shbertd n e
f yoffonenfrid. Y 6 RhEHGRGY AR a‘ﬁ‘tﬁb&idaﬁﬂeﬂ%'ﬂtih Ops! Had antioxidant
activity of the antioxidant conpounds of the presen

i petevity,dhe qaimdre mestebariatmdedyo s Qoits] Soiah basintdia&ton with a
descri bed herein using, for exanple, isolated

nTEBICHSITUCE antiToamie.st sdtocBpndrialwerinetant suchsast Complex 11,

.. i driall .. )
B BB SR ke 30T ShBEDRRL s8shon ot thrguiisghinone
aforaf i @redathnS QAR AP oMl bpaﬁﬁ&i&%&itta@ﬁwg.h' gh
antioxidant activity 1 n such assays, to be erficacious

i n vi voOtee exatrpddsontiantéddifaritangRties usetul @xtdapresent invention
c,orrﬁ)ound must _exhi bit ot her _
include those which exist already as the reduced form and do not require

interaction with reductants for initial antioxidant activity. Notwithstanding
this, subsequent interaction of the oxidised form of such antioxidant moieties
with mitochondrial reductants can lead to the recycling of antioxidant activity.
For example, the antioxidant moiety Vitamin E can be administered in the
reduced form and so does not require interaction with reductants for initial
antioxidant activity, but may subsequently interact with reductants, such as, for
example, the endogenous quinone pool, thereby to recycle antioxidant activity.
Further examples of antioxidant moieties useful in the present
invention include those that are not recycled by interaction with mitochondrial

reductants.
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desi rabl e physi cochem cal properties, for exanple,

sui tabl e bioavailability, stability, or antioxidant
wouoistoigesal i ty. Exanpl es of antioxi dant conpouRds/Nzhekt/000196

show good antioxi dant activity yet exhibit poor

bi oavailability with respect-gg-the target conpartnent

in vivo include Coenzyne Q (CoQ and |debenone. Both

of thesExempbssundsantictidd® ambietidss usefall iat thee predenghinvention
dosciT tes (for exan,?l e, 0.5 1.2g) to obtain mninal
cinchpdeyitaminErand; vitamima dgtivpiviess chandreleng eitionidants, such

P SR, Bt USRS bl ARG AR 208 A sonere
oAl S0 N PRI T R Sl haps, which

bieagy aiithafeed rddical$ tagemieahersiatsle Frahiagivald €an also be used. These
m tochondrially targeted anti oxi dant conmpound of the

pWéld entincludent | dmivakives quiafones SidimetlsylpstrelinevdV-axide,  zers-
cycl odextrin conplex thereof is presented herein in
%%‘E‘P@OSOWEB% e (R T-DHECSRRENESICH arit-DhgAPbigrtbutylnitiose  and
p%ﬁ ga% invention to be effective at mtochondri al
gt colhopngs, oxidant activity, whilst exhibiting
one or addi £i-0nal- henefii & elLRg.. .
avai | ablljfegfgrsr&ia af(:l?rﬂ%l? gﬁl (lsdr{gﬁ@o—t[#nasgb | éﬁ‘?"glg?nzlgé% %Qg%%er%]bfoen mulae
t bare I leereinl, st te acadilygatpatetiofonexanple e FoROlid deaction:
enhanced bioavailability, and/or enhanced anti oxi dant
functionality. The physical and chem ca
characteristics of the antioxi dant conpounds
present invention we believe, again wthout
be bound by any theor anf er upon the anti
conmpounds of the presfd nventi on preferred

charact epilstics, therle gnabling their use in
conﬂg(s‘\%onsfforrml at i

shs and nEPTiods afONgstpo @ e Br
aPpl i cations to which the antioxi dant Rconpoundg of

prior art may be-Tess-suitablexgiven their chen cal

and physical prppert/ies. In[jsone]enbodi nents e

i nvention, the an9xi dant orry nd is a

The general synthesis strategy is to heat a precursor containing a

suitable leaving group, preferably a alkyl sulfonyl, bromo or iodo precursor
with greater than 1 equivalents of triphenylphosphine under argon for several
days. The phosphonium compound is then isolated as its salt. To do this the
product is triturated repeatedly with diethyl ether until an off-white solid
remains. This is then dissolved in chloroform or dichloromethane and
precipitated with diethyl ether to remove the excess triphenylphosphine. This
is repeated until the solid no longer dissolves in chloroform. At this point the
product is recrystallised several times from a suitable solvent such as
chloroform, acetone, ethyl acetate or higher alcohols.

A preferred synthetic method which may be used to prepare a stable

form of a preferred mitochondrially targeted antioxidant compound of formula
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exanpl e, a quinol derivative of the invention is the
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formula Il is a specific salt form as defined above.
A further exanple of a conpewdd of the invention is a
conpound of formula | in which (C) is (CH)5, and the
diil (edso mﬁerregi tb derdin asdvfitogsinonatC H) nMsylade ion dMisoqiippne-C10

her f dt Mt C5 Fi 3C
veethaneuitoner %s(as?matzmefn BRI LA he | nvent] o

is a cqmpomn

aui no @S?@ erEfed sl 2l i S PBBIE, cqmpound

Whir§ rbrlelgal’feﬁf &l t%éadlpy er &tdhadged! \ﬁlﬁﬁuhﬁtﬁ:ﬁ@r %ﬁaﬁﬁ@&uﬁcaﬂy or

Fi gure till a“further exanple of a conpound

tﬂMnavelltotglaamlw e&caplrablqmumi, ibfthisds miebirable iom mhesshr}(, G))smg ion
is (CH) 5, and the quinol noiety is the same as that
oixchpRgyol piber techmques KBPWDABHES BEd t 0 as

z':\/ln: ?gg: yk Iﬁ&%ﬁ%ﬁ%{'@%ﬁ i 3E%%M§ﬁ%§taﬁﬂargﬁ’tht B8t form of the

it o@i’f lftc'oﬁxgi&u%daig %ﬁgﬁfﬂt ®hER tﬁ%%ﬂﬁrp%ésoﬂﬁt' dhibit reactivity

NnC Fmaceuti c yaccept l'e carriers

&Wa?dl@ﬂies ant@b)hd&ﬁt foictPMbleelaiting maeyit o th@ lipophilic cationic
additives, will be adm nistered to the patient

reqiety. ngor h@raamyleand/ﬂne passp oy | m@f@red)m@mples of antioxidant

R ercbfd the dmyHO0R SHUS AR, 0F ROclseBRlier sltdf Alspedesirable
ﬁé anibf i gﬁih%ﬁg&r}?é%ﬁg?ﬁy régé%lgcfabfehzﬁn ?E ;kt also preferred that

on may patten

aﬂ&g/ﬁ}farﬁﬁé@ﬂkﬁl Fhrralatioh $hé AbidN dbes hes exilibet react1v1t?/ towards
ant i oxi dant conpound nust be fornulated into a stab

%fyeothbaagmﬁeu@mpatsmgdhpﬁxummahom or adninistration.to
a patient. The conposition can be p.re ared accordin,
to convizramples of ramerleophilic %&Wilﬁﬁ 13‘8@@@ %gmlate -

%23&? of t 210 ml 0X] Saﬁpé‘r‘?ﬁ%%gh t%g#sg}tﬁ{grﬁﬂged%é)borate or

Qﬁ:ﬁeﬂetﬁ{ﬂ ﬁiesoﬁlﬂﬁkﬁoﬁfétth% SARNnAS %ﬁd Ryl sulfonates

acetate, o ate citrate or glutamate uf er nmay
such as methanesulfonate and p-toluenesulfonate, and phosphates.

Examples of pharmaceutically acceptable anions include halogen ions
such as a fluoride ion, chloride ion, bromide ion and iodide ion; anions of
inorganic acid salts such as nitrate, perchlorate, sulfate, phosphate, and
carbonate; pharmaceutically acceptable anions of lower alkylsulfonic acid salts
such as methanesulfonic acid, and ethanesulfonic acid salts; pharmaceutically
acceptable anions of arylsulfonic acid salts such as benzenesulfonic acid, 2-
naphthalenesulfonic acid and p-toluenesulfonic acid salts; pharmaceutically
acceptable anions of organic acid salts such as trichloroacetic acid,
trifluoroacetic acid, hydroxyacetic acid, benzoic acid, mandelic acid, butyric
acid, propionic acid, formic acid, fumaric acid, succinic acid, citric acid,

tartaric acid, oxalic acid, maleic acid, acetic acid, malic acid, lactic acid, and

“nAannansan
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sel ected fromthe group consisting of mcresol, benzyl
al cohol, methyl, ethyl, propyj6-and butyl parabens and
phenol may al so be added A sufficient anount of water

f ot erid @alts;sand elatroacdtiahlly taceepteblier gwions of acidic amino
concentration of solution. Additjonal tonici fying
aapidsaltsuuh assglotranigrachant asparaticsadid spltas

oxci pi ok ShE rigRe B PritsERdngrnaen PHASTIORRSpRBouRtE be dhe

toni t [ a r

b?]m13 lgﬁéﬁl’bglﬁ eﬁﬁgg%t%gga%ecmer egexg otfﬁ(?%élcgnﬂ§ aryl or alkyl
USBFhMatE AEbRS. en@cam)les/ dingligle; i i amnasit tiatitedn to,r benzene
pH, refer to the ability of asystem part|cularly an

agplfomate, s pHohiens, smlrﬁonaés,l Qtneqothﬁanges phonaten matbansgulfonate,
acid or _alkali, or on lution wth oIvet

@ihﬁ@%&uéﬁqnéﬁ cP’iS’lpaB@ﬁ“ﬂ ¥ so tﬂaﬁﬁ@ i Y ‘Efﬁ%%rad’don is the

th Iﬁngglaﬁ%éa%% (21)}4 %? @e%gfélé%(@ rébS(Ie a&% dex%fnﬁ?%? ar) %ntlomdant

cF’ofOP1@ NGt R Sheflf ﬂles éhfonois &ﬁ&hmhlfbﬁét% is the

the former systemis acetic acid and
ﬁ&iﬁmﬁla&k}epl&lfmed' hatioxidagecahppirhd of foinghia 1A Heveig rggerred to
t amount of hﬁdroxyl i on added does, not ceed t he

caqoubt . Twlmr;q-ﬂﬁ Wthémessl@ﬂéﬁ% arMieguingpe-fel ) Resyigie.

stabil | t

i nventi @ﬁe |os§nn‘§n§ﬁ Erﬁ%@gﬂﬁﬁ{%géﬁl o I‘%ﬂégfrﬂéﬂf p{%’?&e%nge of
f {egréhg{}#ﬁﬁ n% ”caféé ed %ﬁ%ﬂ%{ﬂd@ p\@ftﬁxdff?etr&ﬁty aﬁﬁ&uﬁ@ntg ndieties R

or ex include, 5.5 to 9.0, or

Bafadhed8odthe Olhpﬁeﬁyl'phoéblﬁnnmh (6r @ther Hp@lnﬁh eatiahicg moiety or
used in the practice of the present invention is

selosetiasd These aill iotludhen s@mswf mgaminE dervgiives, dh which the

pmedt - hethosbigBer SRPBBuT e BORREMY. pHBLGIRR o vith the
]? ﬁwtfeﬁlyg:{%s@agﬁlﬁnfn of XY lgﬁdﬁhﬁ AR RPiSEd ¥aied. Other

m ni strati on
antioxidants which can be used as R include chain breaking antioxidants, such

as butylated hydroxyanisole, butylated hydroxytoluene, quinols and general
radical scavengers such as derivatised fullerenes. In addition, spin traps, which
react with free radicals to generate stable free radicals can also be synthesized.
These will include derivatives of 35,5-dimethylpyrroline-N-oxide, tert-
butylnitrosobenzene, fert-nitrosobenzene, —a-phenyl-ferz-butylnitrone and
related compounds.

It will be appreciated that for an antioxidant compound of the present
invention, as for any drug, activity in vitro is by no means the sole determinant
of functionality or efficacy in vivo. The antioxidant activity of the antioxidant
compounds of the present invention can be determined by methods such as
those described herein using, for example, isolated mitochondria and/or

isolated cells. Whilst it is true that, to be useful as a mitochondrially targeted
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t he conpound. Exanples of carriers and excipients
i ncl ude cal ci um carbonate, cal ci um phosphate, various

weugmviIsach as | act ose, glucose, or sucrose, BCTNZRER/000196

of starch, cellulose derivatives, gelatin,

pol yet hyl ene gl ycols and physi7ol ogi cal 'y conpati bl e

sol vents. A stabilizer may be included in the present

f amtioxi damit eontpoundarfdthe myesen inveption ionantioxedad ccomyjound must

i nC| uded hgﬁfﬁqegﬁsl\,@m%&aﬁtgé%x lrilg g{,}% Ialggnaéltsgfo gcra ae%ﬁcacmus in

Sl A SR AP i o
Qﬁsﬁﬁbfé\’ bﬁ?ﬁc@éh@iﬁ’ﬂcﬁl Seties, Tftﬁr 6}%&1?1 IéYddlﬁ*ﬂaBEe bioavailability,

i nclude, "for exanple nnose,” ri bose, treha ose,

rehbhitisyg oriantiekidaht fdrmm)nslety gal act ose, arabi nose or

| act ose. Suitable stabilizers include, for exanp

poI yhy dévampleg oﬁ%@twedﬁnésc@awmdﬂ thatashewo |good antioxidant
SI t ol

Vlbty %hﬁ?lEP ﬂ?/q ]%]ﬁ’é E;‘ﬁ%j’&’d?y Wﬁh&ﬁwﬁgﬁ to the tareet compartment
”’9%3%&‘%1& T8 Q1550 Sl TP aRnerauay: b et Sibounds

Unbibietse M@ﬁeﬁ%ﬁt%ﬁﬁhﬁg@ddsﬁmﬁtmmm@m 5~ 1.2g) to obtain

anti-m crobial agents in bacteriostatic or fungistatic
cmirdenad chniceheffacis tn bumadgaticnis. pr epar ati ons cont ai ned

L\gegldlaig?gl e dos n]taﬁlog 01%44@-{&6{&; a@g({g‘ﬁ%&nt InOUIldS of
i &g{g%gﬁéze‘iﬁfo&%dﬁ&t ToBHaR AN AR PRIEH AR Hiability and

P@EtdbNaRf cFi@chRIRt #NL B oVaE Ema drw@oﬁﬁégn CA r@&éﬂtﬁ‘mﬁﬂdm of the
syringe, or using other invasive neans for delivery,

shichvaikbplity 6fhg preforred atmliiphiticahitethagkially targaiedi aboxidant
eval uated to ensure conpatibili ot her

th all
PRt sofofthe hresspininyentaor l\ﬁgyﬂu@e{?ﬁm Beyylpte and a

b%c?w?% 3 it erb®t B wiePBER Doty ‘?@?é&?%tﬁlﬁﬁaf‘wﬁqbeheve
'ﬁen% %bﬁ@éﬁte Qfo&ﬂﬁodrﬂsaBPtﬂl‘ér présent SinREAtIGH CRNMERN ffective at
Ind that a parti‘cul ar agent

Imtochondnal targeting of antioxidant activity, whilst exhibiting one or more

—10

of the additional benefits of being available as a crystalline or solid form or
being able to be formulated as a solid form, increased stability, enhanced
bioavailability, and/or enhanced antioxidant functionaﬁty. The physical and
chemical characteristics of the antioxidant compounds of the present invention
we believe, again without wishing to be bound by any theory, confer upon the
antioxidant compounds of the present invention preferred characteristics,
thereby enabling their use in compositions, formulations and methods amongst
other applications to which the antioxidant compounds of the prior art may be
less suitable given their chemical and physical properties.

In some embodiments of the invention, the antioxidant compound is a
quinol derivative of the formula II defined above. For example, a quinol

derivative of the invention is the compound Mitoquinone-C10 (of which the
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or inhibits mcrobial growth and may be added to a

pharmaceutical fornulation for3ghis purpose to avoid

consequent spoilage of the formul ation by .
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di cati ons, 92, Avis et al. For these .
pliepis seferned do as Mitedquinore-(HiSemed Rigude BEr Ioc g! oride
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phar maceuti cal I'y-acceptabl e carriers,

vbhi anemistetednimy thel patituet cheminiad|tkerapy adil/GodidpRylaxis. Once
chloride or other salt to adjust the tonicity of "the .
pAdRiRstensd, the compaund will targetpetienidentaetivity to the mitochondria
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The antioxidant compound must be formulated into a stable, safe
pharmaceutical composition for administration to a patient. The composition
can be prepared according to conventional methods by dissolving or
suspending an amount of the antioxidant compound ingredient in a diluent,
The amount is from between 0.Img to 1000 mg per ml of diluent of the
antioxidant compound. An acetate, phosphate, citrate or glutamate buffer may
be added allowing a pH of the final composition to be from 5.0 to 9.5;
optionally a carbohydrate or polyhydric alcohol tonicifier and, a preservative
selected from the group consisting of m-cresol, benzyl alcohol, methyl, ethyl,
propyl and butyl parabens and phenol may also be added. A sufficient amount

of water for injection is used to obtain the desired concentration of solution.

Additional tonicifying agents such as sodium chloride, as well as other
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(such as mannitol and sorbitoBd, or other inorganic or
organic solutes. Cenerally, the conposition is
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The buffer used in the practice of the present invention is selected from
any of the following, for example, an acetate buffer, a phosphate buffer or
glutamate buffer, the most preferred buffer being a phosphate buffer.

Carriers or excipients can also be used to facilitate administration of
the compound. Examples of carriers and excipients include calcium carbonate,
calcium phosphate, various sugars such as lactose, glucose, or sucrose, or types
of starch, cellulose derivatives, gelatin, polyethylene glycols and
physiologically compatible solvents.

A stabilizer may be included in the present formulation but, and
importantly, is not needed. If included, however, a stabilizer useful in the
practice of the present invention is a carbohydrate or a polyhydric alcohol. The
polyhydric alcohols include such compounds as sorbitol, mannitol, glycerol,

and polyethylene glycols (PEGs). The carbohydrates include, for example,
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phar maceutical fornmulation of the present invention.
Such additional ingredients may include wetting

weagersiia923ei | s (e.g., a vegetable oil such as see&amZ2004/000196

peanut or olive), analgesic agents, emulsif ers,

anti oxi dants, bul ki ng agent s,40t-onicity nodifiers,

nmetal ions, ol eaginous vehicles, proteins (e.g., hunman
SBAnMOsa) biboke), trgfedlade, maltospy ositok )lactode,agalaétoss rarabinose, or
(e.g., an amno acid such as betaine, taurine,

dagfosé.ne, gl ycine, lysine and histidine). Such
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ubjected. In order to permt introduction of a needle
fadeguatehypuchaitrationsytr thegtininod wsentd pirgient dbe emvltiplication of

and provide for resealing as soon as the needle is. .
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Dtk BE effeive in one formulation but not effective in another formulation.

A preservative is, in the common pharmaceutical sense, a substance
that prevents or inhibits microbial growth and may be added to a
pharmaceutical formulation for this purpose to avoid consequent spoilage of
the formulation by microorganisms. While the amount of the preservative is
not great, it may nevertheless affect the overall stability of the antioxidant
compound. Thus, even selection of a preservative can be difficult.

While the preservative for use in the practice of the present invention
can range from 0.005 to 1.0% (w/v), the preferred range for each preservative,
alone or in combination with others, is: benzyl alcohol (0.1-1.0%), or m-cresol
(0.1-0.6%), or phenol (0.1-0.8%) or combination of methyl (0.05-0.25%) and
ethyl or propyl or butyl (0.005%-0.03%) parabens. The parabens are lower

alkyl esters of para-hydroxybenzoic acid.
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filtration and filling steps. The conpoundi ng

procedure, may for exanple, 441vol ve the dissol ution of

ingredients in a specific order, such as the

pr eser vatderaldd destriptibh ofedctbprestevativats bétderthtiodRemipgton's

agents, buffers and then_the_anti oxi dant_ conpqund or
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resultant m Xture in a phosphate buffered saline. .
Airtfesiont tecBhiquephreenbyr whatasiosulsprayons desagke upite famulations
invention are prepared by njxing the iggrlggi ent .
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the sel.ect ed copponents may be m xed in a bl ender or
o?‘ﬁgya%wgﬁgé’reglcgg%i ce to produce a concentrated = _

m Xt ur e Wi ¢ H1soBe BESADREtALIdS6@HUnT ehloiiel drindther salt to adjust
concentration and viscosity by the addition of water,
athiehiozieiny g thgepharnmcbutidatr forsrddtion rdependimgabh uhe ntonicifier
or an additional solute to control t

ity .
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ack d as a dry.soli,d.and/ or L . . .
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Madwmidstatiodg process may include any suitable
sterilization process when devel opi ng the parenteral

for mul _aTh@ !desifed isetcpqi@igemm bwwpmhsh@ pg sodium chloride or

Lk A LR RS RSHIE G Bee b hcia. sodiom

T 1Bl %%gﬁené 9EdiNSofid?X(Efoh as mannitol and sorbitol), or other
inorganic or organic solutes. Generally, the composition is isotonic with the
blood of the subject.

If desired, the parenteral formulation may be thickened with a
thickening agent such as methyl cellulose. The formulation may be prepared
in an emulsified form, either water in oil or oil in water. Any of a wide variety
of pharmaceutically acceptable emulsifying agents may be employed
including, for example, acacia powder, a non-ionic surfactant or an ionic
surfactant.

It may also be desirable to add suitable dispersing or suspending agents
to the pharmaceutical formulation these may include, for example, aqueous
suspensions such as synthetic and natural gums i.e. tragacanth, acacia, alginate,
dextran, sodium carboxymethylcellulose, methylcellulose, polyvinyl-
pyrrolidone or gelatin.
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routes of parenteral adm nistration include

i ntravenous, intranuscul ar, sudpcutaneous, intradernal,

sub dermal, intraarticular, intrathecal,
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thatgrt for their potential as conplexation agents

capa%l e of altering the physj_cochem' cal attributes of
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Containers are also an integral part of the formulation of an injection

and may be considered a component, for there is no container that is totally
insoluble or does not in some way affect the liquid it contains, particularly if
the liquid is aqueous. Therefore, the selection of a container for a particular
injection must be based on a consideration of the composition of the container,
as well as of the solution, and the treatment to which it will be subjected.

In order to permit introduction of a needle from a hypodermic syringe
into a multiple-dose vial and provide for resealing as soon as the needle is
withdrawn, each vial is sealed with a rubber closure held in place by an
aluminum band.

Stoppers for glass vials, such as, West 4416/50, 4416/50 (Teflon faced)
and 4406/40, Abbott 5139 or any equivalent stopper can be used as the closure

for the dose vial. These stoppers pass the stopper integrity test when tested
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derivatives include sul fobutyl cycl odextrin,

mal t osyl cycl odextrin, hydroxymsaepyl cycl odextrin, and

salts thereof. Methods of form ng pharmaceutically

acsiy pitient aseuicrigre. g.othe istipper aani withstand mt dease! sbout 100
of a mtochondrially targeted anti oxi dant conpound, in
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conplex with b-cyclodextrin are disclosed herein in
Exarks) N 9. B2, miiedp iseincorporated ryyreiferondeeim itaéntirety herein.
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For exanple, for the preferred antioxidant conpo
osugieasthel presemvative firsthiellowledrbyr titei salsitizanitontoitydagdnts, buffers

co und _to cyc| odextrin (anti oxi dant . ] )

c %%ﬂ%@ﬁ&&é%@m Rompayne r disselvang all of ghe ingredisots forming
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exenpl ary anti oxi dant conpound M toqui none-CIO to
cyutieddxttr icompouhd? farm, tfoe egmh%l@;éxlk/ﬁiOQuilﬁ)ne—Clo mesylate-B-
b-cycl odextrin. Alternatively, the pharnaceutically
apyrlegestand 1125 in ovatenanddiluting thompeltagt maixtire in a phosphate
fgrﬂul ted so as to enhance the stability and

bPH C1S2H1 - ty of the antioxidant conpound. For

exanpl e i j . liceg .t Q.
or cvont | FRRBLE, JRRENRHT FRRRIORE crthe BrbRR! Thiern are
spepacdd by hhiging the ingredients following generally accepted procedures.

For example, the selected components may be mixed in a blender or other
standard device to produce a concentrated mixture which may then be adjusted
to the final concentration and viscosity by the addition of water, a thickening
agent, a buffer, 5% human serum albumin or an additional solute to control
tonicity.

Alternatively, the antioxidant compound can be packaged as a dry
solid and/or powder to be reconstituted with a solvent to yield a parenteral
formulation in accordance with the present invention for use at the time of
reconstitution.

In addition the manufacturing process may include any suitable
sterilization process when developing the parenteral formulation of the present

invention. Typical sterilization processes include filtration, steam (moist heat),
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to reduce the risk of unpleasant side effects or to

mai ntain the stability of the antioxidant conpound
wohnoasivigsasght ot herwi se be subject to degradati 8aThy2004/000196
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formul atabl e, are

complexed. Cyclodextrins are cyclic molecules composed of glucopyranose
ring units which form toroidal structures. The interior of the cyclodextrin
molecule is hydrophobic and the exterior is hydrophilic, making ' the
cyclodextrin molecule water soluble. The degree of solubility can be altered
through substitution of the hydroxyl groups on the exterior of the cyclodextrin.
Similarly, the hydrophobicity of the interior can be altered through
substitution, though generally the hydrophobic nature of the interior allows
accommodation of relatively hydrophobic guests within the cavity.
Accommodation of one molecule within another is known as complexation and
the resulting product is referred to as an inclusion complex. Examples of

cyclodextrin derivatives include sulfobutylcyclodextrin, maltosylcyclodextrin,
hydroxypropylcyclodextrin, and salts thereof.
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nore detail with reference to the follow ng

non-limting experinmental secydson. EXAMPLE 1.

Synt hesi s of M toqui none-Cl0 The foll owi ng describes a

pr ef er r detiedh odfof fospinge pharmdceatipakky eraceeptablebl eomposition

salt formof the exenplary mtochondrially targeted
aﬁPP%SH%@%@&Bm PRI i o omenttechondriadyuangeted Grdioxidant

SCRREY G, B01mAT oA NGO GO B SRtk KB cSfadextrn, are
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a

di ssolved in 2. reacti on grade nd
nmrsf@rqunnw@hon@mlbd targeted atioxideaé rCOalpqunndertoqumone-CIO

a}an%SPate it ‘complex with B-cyclodextrin are disclosed herein in Example 9

and Example 10.

The physicochemical properties, including for example the
pharmaceutical properties, of the antioxidant compound-cyclodextrin complex
can be varied by, for example, variation of the molar ratio of antioxidant
compound to cyclodextrin, or variation of the cyclodexirin itself. For example,
for the preferred antioxidant compounds of general formula I, the molar ratio
of antioxidant compound to cyclodextrin (antioxidant compound:cyclodextrin)
may be from about 10:1 to about 1:10, from about 5:1 to about 1:5, from about
4:1 to about 1:4, from about 2:1 to about 1:2, or about 1:1. In a further
example, the preferred molar ratio of exemplary antioxidant compound
Mitoquinone-C10 to cyclodextrin is 1:2 and the cyclodextrin is B-cyclodextrin.

Alternatively, the pharmaceutically appropriate form of antioxidant
compound may be formulated so as to enhance the stability and bioavailability
of the antioxidant compound. For example, enteric coatings may be applied to
tablets to prevent the release of the antioxidant compound in the stomach either
to reduce the risk of unpleasant side effects or to maintain the stability of the
antioxidant compound which might otherwise be subject to degradation by
exposure to the gastric environment. Most polymers that are used for this
purpose are polyacids that function by virtue of the fact that their solubility in
aqueous medium is pH-dependent, and they require conditions with a pH
higher than normally encountered in the stomach.

One preferable type of oral controlled release structure is enteric

coating of a solid dosage form. Enteric coatings promote the compounds
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of DCMis then added gradual-l4g-at such a rate as to

mai ntain an internal tenperature of approx. 10 - 5 C .
{Smatdihs Msal@lyhecagdiratedrinvhs dosape dbemafor e sp&ified period
m nutes) "4.” The reaction mxture is agitated for
fwindrhexpos&D toi gastas, judce, | Pet ¢t OSRIIG (10PED| HE| 3?§i593d to

TS e e 8 G0l eLarLianele: B e orpton i
t t ed i i i
ST PRIEEHF oA NB A A (8 o e

] . gui
. %ie?f ﬁ%&g%@%ﬁg Ys QrdimpéHAf fGetoff Fer some admirmstrations, a

' . urs under hi gh vacuum at anbi ent
itxﬁﬁ?ﬁgahmttenypte hbsa:gYa_Jﬁ%rAzuslm apigraivdes] hay bs stperieleier 2 yingle-
i next step. Yield unknown as solvent t
iumit Kppe.i qiheredpregenone R msh a OO dexs Coppotnas of the
Sodi um bor ohydri de. C.H O . : . .
SR S NS in p Sp g B ER Amge om
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prepared by producing particles having an antioxidant compound -enteric
coating agent solid on an inert core material. These granules can result in
prolonged absorption of the antioxidant compound with good bioavailability.

Typical enteric coating agents include, but are not limited to,
hydroxypropylmethylcellulose phthalate, methacryclic acid-methacrylic acid
ester copolymer, polyvinyl acetate-phthalate and cellulose acetate phthalate.

Examples of preferred antioxidant compounds of the present invention
and/or formulations and/or complexes thereof exhibit advantageous
pharmaceutical properties. For example, they are readily formulatable, are
chemically and physically stable, are readily water soluble, have low
hygroscopicity and exhibit good shelf life.

The invention will now be described in more detail with reference to

the following non-limiting experimental section.

EXAMPLE 1. Synthesis of Mitoquinone-C10

The following describes a preferred method of synthesis of a preferred
stable salt form of the exemplary mitochondrially targeted antioxidant
compound Mitoquinone-C10, Mitoquinone-C10 mesylate, and a cyclodextrin

complex thereof.



kg, 0.74 nol) is dissolved in 2 L of nethanol and the
m xture then cooled to 0- 5 C under an inert

wabtogpysee. 2. Sodi um bor ohydri de (0.03 kg, OPZ®/NIROO/000196
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is added portionwi se at such a rate as to ensure that
the internal tenperature doegyat exceed C. Conpl etion
of reaction wll be acconpani ed by a col our change:
rGidge1yel low (On this scale the addition was conplete
after 20 mnutes). 3. The reaction mxture is agitated
fevhemd:urt her - 30 minutes, 4. |PC checked for
conpletion by TLC (A3 R 0. 60 5% Et hanol /

Di chl or omet hane, A2 R 0D@ByromghancThe i xture is then
guenched with 2 L of 2M Q%Q}( chleori c acid solution and
extracted three tines with 22 L of dichl oponethane. 6.
irt&d or gani c phase@ﬁre t hen Mdnce with
L2 Me@ and dri edMov®r.: @nhydr oul '
sul fat e®(0. 24 . The _organi c,phase i$ then
evaporat@egiogo a yel %W brown syrup under reduced OMms
pressureis 40 45 C. After dr fqr an gi;t0.0nal

2- 8 h¥olr Wtididét hi gh va\\{@eﬁﬁ“e ! i e

|
ik °nyggr%‘?“e Nt tEnp@EalasE,
the crude froduct A3, 0.304:RGDB8% yield, so ﬁltaai ned
i s used dffect!yin the mexwisheps Stage 3 §ch/g :
Tri phenyl phosphine OH OH C H P Mol. W: 262.29 MO MO
%’teﬁ':* Ovs PPh OWVs

1. Idebenone (Al, 0.25 kg, 0.74 mot) is dissolved in 2.5 L. of
reaction grade DCM, and the mixture is then cooled to 10 £3 °C under an inert
atmosphere.

2. Triethylamine (0.152 kg, 1.5 mol) is added in one portion at
ambient temperature and the mixture allowed to re-equilibrate to 10 £3 °C.

3. A solution of methanesulfonyl chloride (0.094 kg, 0.82 mol) in
0.5 L of DCM is then added gradually at such a rate as to maintain an internal
temperature of approx. 10 - 15 °C . (On this scale the addition was complete
after 75 minutes).

4.  The reaction mixture is agitated for a further 15-30 minutes,

5. IPC checked for completion by TLC (R 0.65 5% Ethanol /

Dichloromethane).

6. The mixture is then washed with water (0.85 L) and saturated
aqueous sodium bicarbonate solution (0.85 L). -

7. The organic layer is evaporated to a red liquid under reduced
pressure at 4045 °C. After drying for an additional 2-4 hours under high
vacuum at ambient temperature, the crude A2 so obtained is used directly in

the next step. Yield unknown as solvent was trapped in the liquid.
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80 C, 3 days CHOPS MI. W: 418.55 Mol. W: 680.83
A3 A4 Step: . Triphenyl phosphi ne chunks (0.383 kg .46

woubjs/iass2added to | debenol nesylate (A3, 0.302CKQZ2004/000196

0.73 nol) in a suitably sized round-bottoned flask. 2.
The flask is then attached togg.rotary evaporator and
the contents heated under vacuumto a bath tenperature
oSt$#&: 285 C. . The mixture should forma honpbgeneous
nelt at this tenperature. Once a nelt has fornmed and
dSghemieng is no | onger evident, the vacuumis

di spl aced with an inert atrmsphere and the mxture is
spun gently in a bath set to 80- 85 C for _approx. 3
da)'e9*4.-M¢ PC check for comphgidion by H MRR A

m m 95% conversion is required b&k® r kup

can take pla 5. The Tn‘Tt_uWS"then cool €d to
roomtenperature afds d| S 0.8 L of _ OMs
di chl orcgpgidisne. 6. % CP eot“?%1 ‘Fdacet ate | c,fHhems

addedvibiwpané.sons W|th gentN@BIWarm ng to precwpidigase
the desired product awayyfir@msexsess 3

tri phenyl p‘ﬁosphi ne. 7. A small volume of solver®is
renmoved by evaporation under reduced pressure (to
renove DCM) and the remamining mxture is then cool ed
to near anbient tenperature and decanted. 8. The

r 8tep:ni ng syrupy residue is then subjected to the sane

1. Idebenone mesylate (A2, assume 100 % yield from last step, 0.31
kg, 0.74 mol) is dissolved in 2 L. of methanol and the mixture then cooled to 0~
5 °C under an inert atmosphere.

2. Sodium borohydride (0.03 kg, 0.79 mol) is added portionwise at
such a rate as to ensure that the internal temperature doe not exceed 15 °C.
Completion of reaction will be accompanied by a colour change: red — yellow
(On this scale the addition was complete after 20 minutes).

3. The reaction mixture is agitated for a further 10~30 minutes,

4. IPC checked for completion by TLC (A3 R¢ 0.60 5% Ethanol /
Dichloromethane, A2 Ry 0.65).

5. The mixture is then quenched with 2 L of 2M hydrochloric acid
solution and extracted three times with 1.2 L of dichloromethane.

6.  The combined organic phases are then washed once with 1.2 L of
water and dried over anhydrous magnesium sulfate (0.24 kg).

7. The organic phase is then evaporated to a yellow/brown syrup
under reduced pressure at 4045 °C. After drying for an additional 2-8 hours
under high vacuum at ambient temperature, the crude product A3, 0.304 kg
98% yield, so obtained is used directly in the next step.
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washi ng procedure twice nore and then finally dried
under hi gh vacuum toconstant weight to afford a tan

wOQam039441 kg 89% yield (NOTE: product still eonnNaRea®d00196

sonme solvent, see nnr). A4 so obtained is used
directly in the next step. Stage 4 Schenme: OH Me MO
MO MO _ _cat. NOin DCM (0.05M PPh OVs PPh OMs C H
OSEggd®M C H O PS Mol. W: 680.83 Mol. W: 678.82 A4
A5 Step: 1. The crude m toQuinol nesylate salt (0.44
k§chemeune 0.65 mol) is dissolved in 6 L of anhydrous
DCM and the flask is purged with oxygen. 2. The fl ask
contents are vigorousl| Vrighenylgheghionder an oxygen

at nrosphere for 30 m nut es.tg ensure satur ié)n of the
siQeAt-Mii th the gas. . A .5k sl uti 8@ 8 65M NO i n
dmvgo mol 9NO ) is added rapi dl yMph rtion
and tRE m x i s vigorousty—strrred und® an

+ —
at nosphere for 4 ®Maour sgidc, agpi ent tenperature. 4. AfPhsOMs
| PC chegit, 6r conpletion (by H NWR and optd,gnad by P

NVR) Mos witheig.searried out. 5. If the oxi datd an.: k.83

i nconpl etg a further 2 nol % O NO as a sol uti ofy i n DCM
i s added. *¥hi s shoul d drive the reaction to

cgtnépl))l:et ion. IPC

1. Triphenylphosphine chunks (0.383 kg 1.46 mol) are added to
Idebenol mesylate (A3, 0.304 kg, 0.73 mol) in a suitably sized round-bottomed
flask.

2. The flask is then attached to a rotary evaporator and the contents
heated under vacuum to a bath temperature of 80-85 °C.

3. The mixture should form a homogeneous melt at this
temperature. Once a melt has formed and degassing is no longer evident, the
vacuum is displaced with an inert atmosphere and the mixture is spun gently in
a bath set to 80-85 °C for approx. 3 days. ,

4. IPC check for completion by "H and *'P NMR. A minimum of
95% conversion is required before workup can take place.

5. The mixture is then cooled to near room temperature and
dissolved in 0.8 L of dichloromethane.

6. 3.2 L of ethyl acetate is then added in portions with gentle
warming to precipitate the desired product away from excess
triphenylphosphine.

7. A small volume of solvent is removed by evaporation under
reduced pressure (to remove DCM) and the remaining mixture is then cooled
to near ambient temperature and decanted.

8.  The remaining syrupy residue is then subjected to the same

washing procedure twice more and then finally dried under high vacuum to



check as above. On this scale 8 nol % O NO as a
solution in DCM was required for the reaction to reach

wa@oemploe28on. 6. The solvent is then renoved byPCT/NZ2004/000196
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evapor ati on under reduced pressure to afford a red

syrupy residue. This residue.4@®-dissolved in 2L of

di chl oronet hane at 40- 45 C. 7. .2 L of ethyl acetate

| soridiait vaeldhtito affgdrd taarfoami (.44 D&pt898s wisld(NO TR product still
preci pitate the desired product. A small vol ume of
sodnteinedisonentsleehtpsecavapordd soabtaiard isrusgd dagetly in the next
pressure (to renove DCM) and the remaining mxture is

t &R cool ed to near anbi ent t enperature and decant ed.

8. The oily residue is then finally dried under high
vacuum to constant weight to afford a red glass (419
oStdpe4 yi el d). A5 so obtained is used directly in the

next step. Stage 5 Schenme: Me beta-CD, H O MeO PPh OVs
PBohewe: . 2 beta-CD Mol. W: 678.82 Mol. W: 2,949.06

A5 A6 Step: 1. The crude mtoQuinone nesylate salt (A5

9 kegp is dissolved in 6L of water wifh
j at 40-43 C. 2. The beta-cycl odextrl
‘ di ss0l ved,i Ro2f tendfo.o%af er» B
at 60 C. 3. TheSepMpusolutions arg cooled o~
approxi mately room

C3gH4907PS bcM C33Hy707PS
Mol. Wt.: 680.83 Mol. Wt.;: 678.82
A4 A5
Step:

1.  The crude mitoQuinol mesylate salt (0.44 kg, assume 0.65 mol)
is dissolved in 6 L of anhydrous DCM and the flask is purged with oxygen.

2. The flask contents are vigorously stirred under an oxygen
atmosphere for 30 minutes to ensure saturation of the solvent with the gas.

3. A 0.1 L solution of 0.65M NO, in dry DCM (2 mol % NO,) is
added rapidly in one portion and the mixture is vigorously stirred under an
oxygen atmosphere for 4-8 hours at ambient temperature.

4. AnIPC check for completion (by 'H NMR and optionally *'P
NMR) is then carried out.

5.  If the oxidation is incomplete a further 2 mol% of NO, as a
solution in DCM is added. This should drive the reaction to completion.' IPC
check as above. On this scale 8 mol% of NO, as a solution in DCM was
required for the reaction to reach completion.

6.  The solvent is then removed by evaporation under reduced
pressure to afford a red syrupy residue. This residue is dissolved in 2L of
dichloromethane at 40-45 °C,

7. 3.2 L of ethyl acetate is then added in portions with gentle

warming to precipitate the desired product. A small volume of solvent is

+ -
PPh3OMs



tenperature and conbined to form a honbgeneous
m xture. This solution should be stored at <5 C. 4.

waheos/oorange sol ution is then frozen at -20 C BOTINZ2004/000196
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| yophilised in batches to constant weight (at |east 48
hours). 5. The resultant solighis then gently crushed
to forma uniformfree flow ng yel |l ow orange powder

(FerdB3@dKY) evaporatidrennddrirgéudprosure (tvathove I2XSM)eenl the
performed wherein the oxidation step 3 of stage 4

of
t tesnaigimglaixterenis theiceded to near amlignt g eseiveg gad dpganted.
bubbl i 0 en..t hraygh. t he | ytion,. indicating the
oxi dat B LAEpitscstage et Fipely <Bdiangr Bty Vetaios to
c i AV Fdat hgJo/t oxizdat 119n: .
PR i MR w6 STRATE1 € o7k PR OASR otined is used
t@i&&queigtﬁahiegg(gtgp_nt conpounds The chem cal syntheses
of M toqui none-C3, M toqui none-C5 and M t oqui none- Cl5
are outlined in Fig 2 and are descri bed bel ow. Nucl ear
rra&neti C resonance spectra were acquired using a
\RHZEP 300 MHz i nstrument. For H NVR tetramet hyl si | ane
V\ﬁ the internal standard in CDC . For NVR 85%
Y

®ric acid was the external standard. Cheni cal
shifte (d) are in ppmrelative to the standarg.

El ¥¢ anal yses were done by the Canpbwedd Me
Mviey tical Laboratory, University ofy, )
El ecteospra ss ,spect romt{P:kBe done using a
Shi madzu LCMS- QP8GBn{oMs qui d chr omat'ogr aphy mass

spect r ojgEt,eres St ock sol utions were prepared in?2beta-CD
absolMslewetshaswl and stored at - 20C in the ddelkWt:2,949.06
M t oqui none-C3 (6). The synthetic route to A6

M.t oqui nofe-C3 is shown in Fig . The starting
nmte®ial, 2, 3, 4, 5-tetranet hoxyt ol uene (1)

&L 'Lps ? ﬁ) S ’8) %F%ﬁtgﬁugﬁfne]@%&étg ’saﬁ)'(AW4§§ %&? YPdissolved

in 6L of water with gentle heating at 40-43 °C.

+ -
PPh3OMs

2. The beta-cyclodextrin, 1.24 kg, is separately dissolved in 20 L of
water, with heating at 60 °C.

3. These two solutions are cooled to approximately room
temperature and combined to form a homogeneous mixture. This solution
should be stored at <5 °C.

4.  This orange solution is then frozen at -20 °C and lyophilised in
batches to constant weight (at least 48 hours).

5. The resultant solid is then gently crushed to form a uniform free

flowing yellow/orange powder (1.433 kg).

An alternative synthetic method has been performed wherein the
oxidation step 3 of stage 4 of the synthetic method described above was
acheived by bubbling oxygen through the solution, indicating the oxidation
reaction may be driven substantially to completion by oxidative means other

than oxidation with NO,.



1253) was prepared by reducing
2, 3-di net hoxy-5-netliyl-1,4-benzoqui none (CoQo) to the

woyasomsnol (Carpino, L.A, Triolo, S. A and Ber/ylzemdpoo19e
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R A (1989) J. Og. Chem 54, 3303- 3310) foll owed by

nmet hyl ation to give 1 (Lipshusz, B.H, Kim S -k.,

Mol lard, -P. and Stevens, K L. (1998) Tetrahedron 54,
1E§§]ANEHBE 2\ sSyuthiesis obf 1 nhioborglridldy 9 tangdtedi namﬂ(ymdant
hexane (80 nlL) and

NeMROURMS t et r amet hyl et hyl enedi ami ne (8.6 nL) was

placed with a flanmedried stirrer bar in a flane-dried

Schl enkThel behenridar syntheewmf Mibepanenes 6Byt Matoqainone-C5 and
n-butyl lithium (1.6 .2.m) was slowy _added at

r bt @@&m@rﬁﬂ@r@eaﬂ@ﬂmﬁd m Xigir andsal@odﬁwbgddbelow Nuclear

cHpERE: SgRsEPERTE HIEC 258uToR nES Y00 Mg mstrument

e B B R s eﬂ‘ﬁgﬁaﬁnﬁﬁﬁ‘afﬁi@ﬂ% For *'p

CRIVIR €335 pblogpharid adid Wb}@theeézttepnais ypaasl. oChemscdl RB1Tts (5) are
transferred to a second fl ane-dried Schl enk tube

comppmnelyveicthg fasdang, Ekrosntahanalysesdeerenionedyethegtampbell
ture was rmed to "for 10 i ns, then

The m
kfé%@nalaﬂcabs DUARPTYY | ‘{ﬁr%%f d@gcéte@ m) OHERYY Imass

a t ti ve .
R e

o g ) nﬂé?,g/‘)sgéétﬁ‘&ﬁétei\""sgclé sORutidas, Wé‘fédp@iS&feG(ih%solute

Wth et her (2 x 20 . The conbi ned et her eal

ealhaacltasndﬁomdvﬁsﬁ@c(l\mlﬂhe dard. (2 x 150 L), 10%

aqueous NH OH (200 nL) and saturated aqueous NaC (200

) . Thenepashne-G9 l(g)e e WohetE ir68teAB Vit P Hone-C3 is shown

filtered and the solvent renobved by rotary evaporation

i im FecPA. Thegtarting matedial, i, cﬂduhtS (e?raﬁﬁagl).oxﬁo]uene (1) (Lipshutz,

chromat .ogr aphy_on: sil | ca g and el utjion wt
Hés Kdak sl gml%@,{ Stevens K.L. (1998) Tetrahedron 54, 1241-

( %5%@%.55%@%4%? KT 5B A SR8 zoquinone

8580 g LAY T, (436, B,
5¢18%9%.19801(d. HChem: G4:G3034. 3305. 3lofdd, by meiylatich 8.give 1
3(Iigshlf"cz 9B H., Kim, S.-k., Mollard,-P. and Stevens, K.L. (1998) Tetrahedron
54, 1241-1253). A solution of 1 (6.35 g, 29.9 mmol) in dry hexane (80 mlL)
and N,N,N’,N’-tetramethylethylenediamine (8.6 mL) was placed with a flame-
dried stirrer bar in a flame-dried Schlenk tube under nitrogen. A hexane
solution of n-butyl lithium (1.6 M, 26.2 mL) was slowly added at room
temperature and the mixture was cooled and stirred at 0°C for 1hr. After being
cooled to —~78°C, dry tetrahydrofuran (THF; 250 mL) was added, and a small
aliquot of the reaction mixture was removed, quenched with D,O and
examined by "H NMR to assure complete metallation. The yellow suspension
was then transferred to a second flame-dried Schlenk tube containing CuCN
(0.54 g, 6.03 mmol) under nitrogen at —78°C. The mixture was warmed to 0°C

for 10 mins, then cooled to —78 °C and allyl bromide (3.62 mL) was added and
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3.92 (12H, s, Ow), 3.38 (2H, d, J= 7.0Hz, Ar-CH),
2.14 (3H, s, Ar-Me) ppm A solution of 2 (8.0 g, 33.05

wonws)p19262 dry THF (45 nl) was added drop W se BOUBENZAD4/000196

m ns under argon to a stirred suspension of 9-
bor abi cycl o[ 3,3 I ] nonane in -®= (79 nL, 39.67 mmol,
0.5 M at 25 C The resulting solution was stirred

awer fbaghién avay etirred eoypenighur(@9ahe) famd allbwed Her wariar o room
at 65C under argon. The m xture was t/en cooled to 0 C

dethreramna Ghe BacH) wWassquenshed owaly l@r ﬁﬁP@@le HH &S mL),

%Eﬁg(y%f?@ﬁ ﬂ’r g{h {@mfﬂ@q i"be %Fﬂ}erg%lll Akts were

I
ST T e
Nafdeous Na€ (QO@HSQ )I“,hefdrgalﬁb edlvnts weapdied edert MgdiOye filtered
an oily residue ( 1.5 g) which was purified by colum
cancbthetsorenp hgmovedby rafaryevapozaifoyineaskedoivéa crude product

ether/hexane 1: 9 El utiop with her / hex 1.4
pfr8dg). Column ¢ omatograpﬁy on s1 }ca ge and CefationdSwith 20%

3-(2 5-tet : g
T T
a(23 (Q’J@shl%kgoT 3N§>‘f|u "ﬁ Mzﬁ ﬁlzaW%Y HZWa'iﬁ gﬁ;ﬁujﬁa T. and
ZHbﬁkbaﬂ, IE, (1993)\/bl£u£ JPaI4A(p@IH Eau54ﬁ3(ﬂ6 AJ;‘/(M)SHg, 83(5H%) 'H
-) ppm Anal calcd. for CHO: \
d\n\m 33.84:5.98 405 Ams oCHE O 4018-5. 0(33(2@@ ng,, @gz)ngovg zaag, 3.90,

5B 5 Sl I T B 800, v

Nb hanesulfonyl chloride (1.8 g, 1.20 niL, 15.75 nmol)
i PPEH ¢ (50 m.) was added dropvvl se over 20 m ns and

e 452&403:%9%;;3&@“ T8 SO ST A S e
AT G, B D, S Mmoo

2 Qééﬂagﬁe}cgg @t Iojhgnml VENTHFEmOVal, 39 6RaH010Y. M)aWZS C. The

| re(sg}th@t Jodmpeniivihe siitred ywenpght atxoost tepipedattrdand for a further 2
hrs at 65°C under argon. The mixture was then cooled to 0°C and 3 M NaOH
(53 mL) was then added dropwise followed by 30% aqueous H,O, (53 mL).
After 30 mins stirring at room temperature, the water phase was saturated with
NaCl and extracted 3 times with THF. The combined organic fractions were
washed with saturated aqueous NaCl, dried (Na,SO,), filtered and evaporated
to give an oily residue (11.5 g) which was purified by column chromatography
on silica gel (200 g, packed with ether/hexane 1:9). Elution with ether/hexane
1:4 gave pure 3-(2,3,4,5-tetramethoxy-6-methyl-phenyl)-propan-1-ol (3) as a
viscous, colourless oil (6.85 g, 80%). 'H NMR & 3.91, 3.90, 3.84, 3.79 (12H,
s, OMe), 3.56 (2H, t, J=7.0Hz, -CH,-OH), 2.72 (2H, t, J=7.0 Hz, Ar-CH,),
2.17 (3H, s, Ar-Me), 1.74 (2H, quintet, J=7.0 Hz, -CH,-) ppm. Anal. calcd. for
C14H,0s: C, 62.2; H, 8.2. Found: C, 62.2; H, 8.4%.



tetranet hoxybenzene (4) as a liquid (4.8 g, 95 %9. H
NVRd 4.27 (2H, t, J =7.0 Hz, -CH -0 SO -M), 3.91,
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-Me), 2.70 (2H, t, J =7.0 Hz, Ar-CH -), 2.17 (3H, s,
Ar-Me), 1.9 (2H m -CH -) pps-The crude
nmet hanesul fonate 4 (3.30 g, 9.8 mmvl ) was used

_di rect | 4 sobutidre of 8| BB ggl5 eandl)emdiriethyWaminer3.0 ga 30 mmol,

freshly ground m xt ure_of tri phenyl phosphi ne 0
1% 260noin) C&MJ NAPO (mLygves stimred ahvigiom .temae gﬂ#ﬁ fgqrub@ mins.

Rfes R to R SaBar AT by T, B PR habid i ErfcR 450 mi)

Ly atdﬁg ass@wm% St?élngﬁ qnfﬂsoéﬁcﬁﬂf@!réa%ﬁog\r&'n‘fﬁufé 9r8d at room

into solid ube was cooled to room

@ffwm €ornthr! Mtherrabitdieewas ihidrediludet il CH,A13050 mL) and
m.). The suspension was then filtered and the filtrate

ethepareanisdayer was weashath itheH,QUS A 90 dnk} ol 0% dqueoes NaHCO;

TS EB0H MeS Qe e i ot ETaprochin Yoo by rotary
\Slg\%:d %r%@oﬁb Y eﬁﬁgrdandl (?ﬁfé%n‘@sﬁl?oﬁl%{lpm%d)-efl-rﬂerfhyl 3,4,5,6-

ive pure

h _
proryl?jtlrlsrﬁ)r%%ﬁ{%ﬁ}s&%g%ﬁadrﬁ gg i % H%IQIN(IS% 8,427 ng 67
H7 Nz, 0-THS D -ST, 8¢, B9, 38013 8, 33788@2}13 SHOME), B403 (H, s, -
3.73 (12H, s, OW), 3.76-3.88 (2H, P),
( @I-$012-M§);2 7)0 KL, CH = A0 H22 ACHaH, 2517 (L\?HNB)APM@) 1.9 (2H,

kﬁ , -CH-) ppm P NVR (121.4 M) d 25. 32

1cd for CHIOP: C, 59.8 H, 5.7, P

t4 hg [ gdl g@' ]fuo(&rerrrg g@ﬁges@lfogg%’ 4I:z373408 0/9 8%51%M|9 Ef‘&{ %eCﬂY n
Mk Vﬁﬂoﬁ?@% efeaotibh b "/Olﬁﬁhh@@ ug/ithaNO fréﬁﬂ&gmﬁcﬁ mixture of

separ at or unnel for5 mns. The organic yer was

snfilﬂ]eayk;ﬂh,osﬁlnmec{%% g505)6 nhinbl)eaed Mﬁd(kv&rg;riﬂt.%dnnml) in a
cuoto give the nitrate salt _of 5 (4.5 7. |, o

1 Rimax g aidsealed yadiaigonn &enmse%fwfeevv@fs then ﬁzq@'éa 0-74°C

%yﬁtf‘o’ﬁﬁ%g% 2%%7‘@5&8%%11} ?qg@é &%Pgl.’iﬂﬁggbé lgﬁi%tﬁfé g\%aglged from a

thReAdHAEk liquid into a glassy solid. The tube was cooled to room

temperature and the residue stirred with CH,Cl, (30 mL). The suspension was
then filtered and the filtrate evaporated in vacuo. The residue was dissolved in
a minimum amount of CH,Cl, and triturated with excess ether (250 mL) to
precipitate the white solid. The solid was filtered and washed with ether, dried
in wvacuo to give pure [3-(2,3,4,5-tetramethoxy-6-methyl-phenyl)-
propyl]triphenylphosphonium iodide (5) (5.69 g, 90%). 'H NMR & 7.82-
7.65 (15H, m, Ar-H), 3.88, 3.86, 3.74, 3.73 (12H, s, OMe), 3.76-3.88 (2H, m,
CH,-P"), 2.98 (2H, t, J=7.0 Hz, CH,-Ar), 2.13 (3H, s, Ar-Me), 1.92-1.78 (2H,
m, -CH,-) ppm. *'P NMR (121.4 MHz) & 25.32 ppm. Anal. calcd. for
C3,H34IOsP: C, 59.8; H, 5.7; P, 4.8; Found: C, 59.8.; H, 5.8; P, 4.5%.

A solution of the iodide form of 5 (4.963 g, 7.8 mmol) in CH,Cl, (80
mL) was shaken with 10% aqueous NaNO; (50 mL) in a separatory funnel for



foll owed by dropw se addition of a solution of eerie
anmmoniumnitrate ( .0 g, 39 mol) in CHCNH (1:1, 77

wokgosoves2 5 nmins. The reaction m xture was stiPCENZ2AI04/000196
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OC for 20 mns and then at roomtenperature for a
further 10 mns. The reacti arssm xture was then poured
into HO (200 nL) and extracted with CH d (200 nL),

& | @ehs( NEhSCogantd | laperedvaandeparateds adiet] | INas8O4Y tidtered and
gi ve a crude

[?wférﬁe@imfamtphgveﬂéwmtra& wlioniok (-6 24 T8 ameple k80 nwhich
b : e t [ i . . o

¥ sd%lsgéﬁ‘éﬁe% b TN e o8 LY appigfired at 0°C
SRR, aR e 2 PR ALARRN . 03] T e aaced

Vﬁﬂ%@veuoog}gm\ﬁiﬁwa@diaﬁhm aSeldticH ofcdrit &n&orﬁ’&n@%ratd'gl.o g,
NVR d 7.90-7.65 (15H Ar-H), 4.15- 4.05 (2H, , CH -

)39Arﬁl)lﬁ@1% i? éH%SN&HO ,él :,IQWE)nL)’Zo% K aHns.tTheJreactommixQrie was
- - H s, Ar-Mg), 1.85-1.70 (2H, - : .
Eﬁiﬁfed:aﬂ\ﬁ/@ g YA trer ioomo TapeIb i dby adurthér 10 mins.

. 65 6.5 | in,CH 5 i .
s L T AT e i

) i tedT; ;

(ST 088 OB 10 TR e
eyager at ed i n JaqdS-dimahoey-RInéthyb3ch-diidoe kyi-Brclohexadien-1-
met hyl - 3, 6- di oxo- , 4-cycl ohexadi en-

-yl piopyHiniphenyiphasphemiven i nnigiaterdiiedata prodid measghisgolved in
i nd i, e S S 350 st 50 )
S8 e Jave Vg byl iy ) (bt (R bive the
WAl .8 25528 YA e f e BB, 415
5495 (SH, m3CHR-PY, 296, BI9Soqi6h e ©NEe) (2193 .(2Hh ¢, J=7.0 Hz, CH,-
synthetic route to Mtoquinone-C5 is _shown in, Fig 2B.
Dk d b (3EIns( A6:M8),c).80.158) () mual Heilippm. o B.NMR. 5 25.29
ppm.
A solution of 6 bromide (3.65g, 6.5 mmol) in CH,Cl, (75 mL) was
shaken with a 10% w/v aqueous solution of sodium methanesulfonate (100
mL) in a separatory funnel for 5 mins. The CH,Cl, layer was separated, dried
(Na,SQ,), filtered and evaporated in vacuo to give [3-(4,5-dimethoxy-2-
methyl-3,6-dioxo-1,4-cyclohexadien-1-yl)propyl]triphenylphosphonium
methanesulfonate salt (6) (3.7 g, 98%). '"H NMR & 7.88-7.60 (15H, m, Ar-H),
3.93,3.92, (6H, s, OMe), 3.90-3.78 (2H, m, CH,-P"), 2.85 (2H, t, J=7.0 Hz,
CH,-Ar), 2.70 (3H, s, OSO,CH3), 2.09 (3H, s, Ar-Me), 1.82-1.68 (2H, m, -
CH,-) ppm. *'P NMR (121.4 MHz) § 25.26 ppm. Anal. calcd. for C3;H;30,PS:
C,64.1;H,5.7;,P,5.3; 8, 5.5 Found: C, 63.8; H, 5.9; S, 5.3; P, 5.2%.
Mitoquinone-C5 (14). The synthetic route to Mitoquinone-C5 is
shown in Fig 2B. Dihydropyran (46.83 g, 0.55 mol) was added to 2,3-

dimethoxy-5-methyl-1,4-benzohydroquinone (CoQg) (50 g, 0.275 mol)



di met hoxy- 5- net hyl -1, 4- benzohydr oqui none (CoQ ) (50 g,
0. 275 nol )di ssolved in acetic acid (500 nL) and

wariosnear3at room tenperature for 10 m nutes. TRCT/NZ3004/000196
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solution was added BF -Et O (38.57 g, 0.271 nol). The
resulting solution was stirregphfor 18 hours at room
tenperature. After this tine the crude reaction

ndixgolved imsadetiar seidi (00 idedaméd tstirredsS 80 rohon tﬂmberature for 10
extracted with chl proformq{looo m.). The organic
eximses. hasthimspbaion wasbaddes BIaditz) (3;§n§17 @i @d7{ ngsh. The

TR S ST s 2 Al KOs i
mﬁ%*}%ﬂ&@r&%ﬂgﬁ rﬁlxtt%\le%%{% ﬁ%&)?)ce Svétef gﬁ)(PwL) (ard &tracted

was us er puri |cat|

s@tHtdhdsroBdrng (UG MmIl), 01"}&) 0 égranﬁ ot weasowam Wwéth brine (500
acid/ perchloric acid (97.5:2.5, 500

hondly) agd rdriesld(Mg8604 5 "P}hq)ablh’amh was mmomizam V&lmtolevatthe crude
at nospheric pres nd roomtenp unt i
hsardigisth § %&L@e@d{%}!&’ﬁé‘é‘?éfﬁ?}’s; y%rﬁe(e teteadyi; %ﬁyran-Z-

[ 0 ad_qof [
tng“tph%mﬁg’g. A0etbhl £ E el B Y | gt further
%ﬁﬁ?ﬁéﬁﬂ)ﬂf Al §d18fi6n WRSnglieT ded & C?"ihod folftafe §faic acid/perchloric

rtions and each portion added to distilled water
(408Q9T5)2.8nF0@xhE potas drydirogenated oed X Y2 palladipm/dhercoal (5.42
conbi ned organic extracts were washed wi.th brine (500
ng) at aémogpb@réaplﬁwr@mr@ r@anbmeéatps@unh{l;lydr@gm @pt@f@cpeased

Sy dnihS srartishe e pind sﬁlf?f%% Hi8obbEipod of colite
gérgijgledsb?ﬂ%ﬁﬁ & %Véfsﬁ @% eny bb imlL). The combined filtrate was

oXYy tate (8 as a red ol
(#HSHedMite thy&s etjﬁ@ldpbmcﬁlb earil Bé@lﬂ lpﬁftﬁors taddeditd hdlstllled water

further purification. HNW d 4.0- 15 (2H, -

@)000311135 apdHexteactek wale CHL 1562 (xz?.-QO tmL)] “Phe p@mbm;qd organic
26)@2610(:%}5{%312'% wagq:dc' @L_L% bnlvlﬁg §%&) g&ﬁ@ sz(ttgpllsfed @Hnthlce%dr)ate (500
OB DERE P AT BB 506500, R bR kot st
f b KoRAHIsPRREE Weindvad MRINRIIoCtoS kivier efude 4-acetoxy-3-(5-acetoxy-

pentyl)—5,6-dirhethoxy—Z-methyl—phenyl acetate (8) as a red oil (110g) which

was used in the subsequent step without further purification. 'H NMR § 4.0-

4.15 (2H, m, -CH,-0), 3.86 (6H, s, 2x OMe), 2.58 (2H, t, J=7.0Hz, -CH,-Ax),

2.12 (3H, s, Ar-Me), 2.06 (6H, s, 2x CH3-C=0), 2.02 (3H, s, CH;-C=0), 1.35-

1.70 (6H, m, -CH,CH,CH,-) ppm.

Lithium aluminium hydride (8.0 g, 0.21 mol) was added to dry THF

(500 mL) in a 1 L round bottomed flask equipped with a magnetic stirrer,

reflux condenser and surrounded by a room temperature water bath. A solution

of crude 8 (74 g) in dry freshly distilled THF (100 mL) and was added
dropwise to the THF/LiALH, mixture over a period of 25-30 minutes.

Additional dry THF (200 mL) was added, to facilitate stirring, and the reaction

was left stirring for 3 hours at room temperature. The reaction was then
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refl ux condenser and surrounded by a roomtenperature
wat er bath. A solution of crude 8 (74 g) in dry

wo e@sioioz3di stilled THF (100 nL) and was added PCDNZ2®E000196

to the THFZLiI ALH m xture over a period of 25-30
m nutes. Additional dry THF (200 nlL) was added, to
facilitate stirring, and the reaction was |eft

\}gie&lbhéw bl Ahe ArdiPwise a@ﬁltidipﬁf 8 THECRI20 ) Holofwedch H&' e slow
s thenquenched by the dropwi se addition of 3 M

(aZibhtmbﬁ of distitied dNaiszr (Hemdl)oWhadeddtionrmaiturt was thmldﬁltered and
wat er . reaction_m xture_ wa f.i |
Ahe ﬂlﬁr@ter VR ﬁ"éﬁshe&a\@ﬂ%\/ﬁ@ﬁl@dzv% 8RO BPHve‘i‘”(eZ{] Eﬂgsm ltered and

JLS Bl 458, A AR TR0 e

eﬁgéd i) 25% | ? Z"aﬁ@'exﬁ%&)@(dz'ﬁ‘%h gﬂw (1x 300 ml, 2

O;t Q@Olrﬁl)f ﬂ“hetdrgme&m(m@ rmemecﬁbrﬂlﬁldedlaﬂﬂadasheﬂhwﬁhlbrme (400
(400 M), dried (Ig , filtered and evaporated in
vaby odrleldn(M@S@ﬂa ltwad a@mm@m&ed hint Nacumt dhisalextract was

f at d
ARGRSHCHIT §155 s Bl o0y GISEH  BHPe e 8ivs cpdy 2

RASEaB P A A I e
AL KERlsi frod@ct?® %Jﬁpﬁﬁﬁb@ushg &i)luinxpﬁthtoéﬁpﬁfy on silica gel,

et her/ C gave sone unreacted 8 and

St et LR s 0 o o
nfoRRQr emspactend t ARd qu% gdﬁ i@"(ﬁ%%@jl'lg@\’/&z%hﬁﬁoqumme
e RO BulRhi¥ih 20 ARG Eoedve SRIRRHRGED pud the
aﬂlglafr?]ég (}%aﬂlﬂ\ﬁ‘gg qu%ﬁ h%:@iﬁ@t %Unﬁeﬁi O_I?lﬁnfeﬂghdl MBenESqumol ).
ﬁ@eﬁﬂbuné B&at clHwb; c@nvermd oMb, quinéie (10Hn Stamln@ B air and

O—I),261(2Ht,J64HzArn{f 5(
ssatlAfaCMmY elamental aaaly(sxswoudﬁl ng&bczlqbtaym@;b NMBl at3-6h (1H, s,

v A 8 a8 dakbiss Mg Pe A BT 5.2 moaialey’ $852H.e =63
g BB 2810 145 4 Hz, Ar- CHZ), 2.14 (3H, s, Ar-Me), 1.42-1.68
(6H, m, 3x-CH,-) ppm.
A solution of the quinol 9 (7.5 g, 27.7 mmol) in CH,Cl, (150 mL) was
saturated with oxygen gas at atmospheric pressure and a solution of NO, in

CH,Cl, (1 ml, 1.32 M) was added. The reaction was stirred at room

temperature under an oxygen atmosphere for 18 hours by which time TLC (40
% ether/CH,Cl,) showed the formation of the quinone 2-(5-hydroxypentyl)-
5,6-dimethoxy-3-methyl-[1,4]benzoquinone (10) was complete. The solvent
was then removed in vacuo to afford the product 10 (Yu, C.A. and Yu, L.
(1982) Biochemistry 21, 4096-4101)(7.40 g) as a red oil. 'HNMR & 3.99 (6H,
s, 2 x Ar-OMe), 3.65 (2H, t, J=6.3 Hz, CH,-OH), 2.47 (2H, t, J=6.3 Hz, Ar-
CH,), 2.01 (3H, s, Ar-Me), 1.52-1.60 (2H, m, -CH,-), 1.37-1.43 (4H, m, -
CH,CH,-) ppm.
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CHdA (1 mM, 1.32 M was added. The reaction was
stirred at roomtenperature under an oxygen atnosphere

wo eoosloozss by which tine TLC (40 % et her/ CH C pQT/sAz0Ne/d00196

the formation of the qui none 2-(5-hydroxypentyl)~
5, 6-di net hoxy-3-nethyl -[ |, 4].bgnzoqui none (10) was
conpl ete. The sol vent was then renoved in vacuo to

af f or d A heolifies ustt 100(71.40, 037 Japem¥l), it .CHIOB2J150 mL) and
Bi ochem stry 21, 4096-4101)(7.40 g) as ared oil. H

NKRtyl8nde (@H6 sg2 X48r rmmj) was5prapared | agkea 3 spiution  of

Aﬂeﬁb@)lesldg%lz’f fﬁé’@d@ﬁf&_ golﬁn gﬁ_lij)l%@%(rg[b ‘g’a%:?ﬂ%qi over
CBEesci, 1R, Al difedor o dafgl 155 HOUK at room

%ﬁﬁﬁf@cﬂr@ﬁ% ?ea%ﬁbfitm@)&ufg waetwamuwmnaisunba qmtag (5 x 100

n (50m.) was added over
mll’u)it mm\atdd‘lscﬁhumbmgboﬂﬁﬂee(rl 58tk iand dried (MgSO,). The mixture
additional 1.5 hours at roomtenperature the reaction
mvag Giltereghandeelierf iwmayedi8ryacnedo give fhe( grugde I@@‘clm sulfonate

B fr et ol asENKER BPELS Gk Car et PGt 5&4939@{ Y
V%a&%ﬁl“ieﬂl' Ak G, PEORFHESY I ei“@%@@@ Pl 198

(@H S, &XMe)O'}/E])(s}QZ{ Qtiinﬁt%H I=1089; Q‘C])IQ-R;él% 1(28* (4H, m, -CH,-
98 (3H, s, Ar-fe), 1.75 (2A,

cﬂ]Hra_t)qipmJ’f—He ﬁtdihane@h—lfel)ate WwBadidsodged #H 0 %:EW/V)MI-l)n acetone

m The net hanesul fonate was di ssolved in_10 %

rﬁooim@adcsﬁéreélfoo 4 houm @t EeqIp teRpPeEiuLes T ﬂl?é YYas then

R0 GRS e T, L LR SV aBRE T 8" SR, The
%lr?%tﬂfee\ﬁ’é@ el Wath HL 1L & 703K dhdihe @RHbiRE organic

I'ned organic extracts were washed"wi th brine,

dexiieabtd WebOwashéd Wtith Bdnendhid¢ch MgSIOsgnfiltsved anelnm‘eadﬂvant was
vacuo to give crude

Zepﬁ;weddupemcyo)% govadiciiiden ax(p-Bdepeniyl)-5,6-dimethoxy-3-methyl-
E;ljép bﬁngff ul negglflap]l.égs proguct \Bgsogﬁjﬁﬁe&\%y ol ” A c%romcyltography
on silica gel (150 g). Elution with CH,Cl, and 10% ether/CH,Cl, gave pure 11
(7.05 g, 69 %) as a red oil. 'H NMR 8§ 3.99 (6H, s, 2 x Ar-OMe), 3.18 (2H, t,
J=6.9 Hz, CH,-I), 2.47 (2H, t, J=7.2 Hz, Ar-CH,), 2.02 (3H, s, Ar-Me), 1.85
(2H, quintet, J=7.5Hz, -CH,-), 1.38-1.48 (4H, m, -CH,-CH,-) ppm. Anal.
calcd. For C14H0I0,4: C, 44.5; H, 5.1; 1, 33.6. Found: C, 44.6; H, 5.1; 1, 33.4%.
A solution of 11 (1.14 g, 2.87 mmol) in methanol (20 ml) was treated
with NaBH, (0.16 g , 4.3 mmol) and the mixture turned colourless within 1

minute. After 5 minutes at room temperature 5 % aqueous HCI (100 mL) was
added and the solution was extracted with CH,Cl, (2 x 50 mL). The organic
fractions were combined, dried (MgSQ,), filtered and the solvent removed in
vacuo to give 12 (1.15 g, 100 %) as an oxygen sensitive yellow oil which was
used without delay. 'H NMR & 5.36, 5.31 (2H, s, Ar-OH), 3.89 (6H, s, 2x Ar-
OMe), 3.20 (2H, t, J=7.5Hz, -CH,-I), 2.62 (2H, t, J=7.5Hz, -CH,-Ar), 2.15



on silica gel (150 g). Elution with CH d and 10%
ether/CH d gave pure 11 (7.05 g, 69 %9 as ared oil.

wohedksBIa3B. 99 (6H, s, 2 x Ar-Owe), 3.18 (2H, tPCDNZ2®4/000196
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Hz, CH -1), 2.47 (2H, t, J=7.2 Hz, Ar-CH ), 2.02 (3H,
s, Ar-Me), 1.85 (2H, quintet,h59]=7.5Hz, -CH -),
1.38-1.48 (4H, , -CH-CH -) ppm Anal. calcd. For CH

| @H, CMép182-1.9252H, th, -GA 1E§unss 01440, 6CH- T A
@és MEP SR HonH, b, 8 ?9 14 g, S gﬁl ) ppm.

mﬁarﬂ)bf (126(11115) g,v%n§7 mmal)emldmmhemmhosﬂune (42 g.44.31 mmol)
Y ﬁ%pkﬂce& Xt u z? (Se&]gc o ﬁ%@iglg%mp}@rs] Iéﬂ@glxed with argon,

exﬂﬁﬁcﬁ%ﬂ#@%&@ if@%@%ﬁ B TR 3 i A 0B solid was

f foRRledORRicHEdi8s 108D il €H,CIL i( 60 thiVD %)tnﬁrh’ée@lr ﬁldetheﬁ 6200 mL)

the sol vent renoved in vacuo to give 12 (1.1

%nchtheawhite ygecipiatesiorned wad fitteredl tapidiiyc hThmpmmlmmte which
wi thout delay. HNWR d 5,36, 5.31 (2H,, s, @a—o

(lepgams stackypen exnpspre o 2w, (ng{ redisspivedsi, CHy ap§1 evaporated

11118\221(‘% 3? %tl%:_'?he’ C%pr?chf [ﬁ\é&{? é%l E&ﬁ}f}’-:’)% %I\q/?gt@i(y-ﬁ methyl-
O S hghgndiuge (il (IPRIOPERLLS §6) s g brow

Kbil'BRhé ditgenalt wagnst stable rorbﬁbrag%rtebtb@dudq)eﬁdds hmd was used
with argon, firmy sealed and heated and stirred for

Pz:}ssgi'mda"sfp@gtl?lbdiagfdw?lsf?lmtseeafgu?ﬁeetI-Ir/]\N MR, QTRSOIEA(H, m,
A Thhi4S BT LRI, PAmELadr OFDon s fﬁ%sabir B, 3.87
R S AT b el b7 (R e o P S50 Bl po-CH),
R R T A5 . -
Hiptiivile ey, mpg_mhom umiodide (13) (2.07 g, 115

as a brown oil he material was not stable on
st or ageAf solutigh eofd @3 @07 cgjﬂmﬁlﬂz@s (G8emlaswas ratursted with

?%%%e'p"%g' a?nﬁfsq%o }?ﬁl{gliﬁ) , 2 i &ﬁi@ }{bg H‘HAH%) waggdded. The
g&:@agﬁg} Wag_%%n ?féﬁgd (a’g’ %ﬁ:teﬁgﬁ%@ea@ﬁ%?(ﬁ%?ﬁ ‘atmosphere for

JEY b ZFhePol &t was removed in vacuo to afford the crude product [5-(4,5-
dimethoxy-2-methyl-3,6-dioxo-1,4-cyclohexadien-1-

yl)pentyl]triphenylphosphonium iodide (14) as a red oil. This residue was re-
dissolved in CH,Cl, (10 mL) and triturated in ether (200 mL) to give an initial
yellow precipitate which congealed into a red oil in a few minutes. The
solvents were decanted and the precipitate dissolved in CH,Cl, and the solvent
removed in vacuo to give the product (14) (1.866 g) as a red oil. An aliquot
(0.880 g) of 14 was purified by column chromatography on silica gel (20 g).
Elution with CH,Cl, gave some unidentified purple coloured material. Elution
with 5% ethanol/CH,Cl, gave the pure iodide product 14 (0.606 g) as a red oil.
'"H NMR § 7.84-7.68 (15 H, m, Ar-H) 3.98 (6H, s, 2 x Ar-OMe), 3.65 (2H, m,
CH,-P"), 2.40 (2H, t, J=7.5 Hz, Ar-CH,), 2.00 (3H, s, Ar-Me), 1.71 (4H, m, -



2.08 (3Hs, Ar-Me) 1.65-1.75 (2H, -CH -), 1.45-1.55
(4H, , -CHCH -) ppm P NWVR d 25.43 ppm A solution of

wa3006@192329g) in CH A (50 nL) was saturated w POT/OZIHEN00196
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gas and a solution ONOin CHdO (0.5 n, 1.32 M was
added. The reaction was then gfirred at room
t enper ature under an oxygen atnosphere for 18 hrs. The

U i
pro@ﬁéI1 @&?@?ﬁﬂ?@ gmng%ﬁ@%d Ngm%l)?%lﬂ ppm. Anal.
i€ Top USRLIOIP: C,5918) BEIH.Y] 1, t10i 1 Rrt8 phosmhahiaing; H, 5.3; T,

|od|de (14) as a red oil. This residue was redissol ved
iW.GPE.7%d0 nl) and triturated in ether (200 ni) to

Pnt'o. o Madaeoner k) AU Tt sihers 2opfe, Ghodnggs Bone-C15 is
OO O ERL D A8 s BB RIS R @20 d 40 nfibifin 30 (25 L)

I'n vact >t he pro

(WaB88d) dRpwAsé 8e102 k- hotis ai h @aﬁﬁd(sas&i@um) opAgNo3v@8262 g,

purified by colum chromatography on silica (20
0).54 Euolpn 164 HydrexyI@xadecemoso meidi{Ddk8gj fli. 53@ rpmqb) eand 2,3-
CGinaphie-Bonr e L bbeRomnqTs. G087 b5, AdVamieaD g FAFCHCN
7. T
m mié hé%‘? f‘tZ# C. éfterlzs’%m}ﬁ% fﬁbgﬁ éli\%ﬁ‘[esﬁhe/ ﬁggégge was cooled

Aﬁn%%;t}%ctgd %ﬂlpe'ﬂim&% BU?ﬁL ]co(rﬂﬂgpzd GEbanic R%as‘é&vé@ﬁashed

(121. 4 ppm
cahth dd,d €2 xC160 . F: N@HESEDgB(l NI 2 %;50 mID%arkt sdurhtdt NaCl (2 x
Found: C 60.0; H5.3; |, 19.7; P 4. 7% M t oqui none- C15

(3% LT REhes prgamie phascowes drsdvNe§@dofilieredsands cgmﬁﬁmated in
36 S oo e Pefb A BT e e o
SR R R AR 2B Ry MBlly 0 34, 0 20%
ey, B ) RO 0 i
A{ltsgr (05192 15, B %odms Aredicilit' BENMEB & 3t20,83 .08 $6d0s) @Me), 3.64
(2H, t, J= 6.5Hz, -CH,0OH), 2.45 (2H, t, J= 7.5Hz, -CH,-ring), 1.4 — 1.2 (26H,
m, -(CH3)13-). Anal. Caled. for CpHyOs: C, 70.6; H, 9.9. Found: C, 70.5; H,
9.8%.
A mixture of triphenylphosphine (0.066g, 0.25 mmol), PhsPHBr
(0.086g, 0.25 mmol) and 15 (0.101g, 0.25 mmol) was stirred under argon in a
sealed Kimax tube at 70°C for 24 hours, by which time it had turned into a
viscous red oil. The residue was dissolved in minimum CH,Cl, (0.5 mL) and
poured into ether (10 mL) to produce a red oily precipitate. The solvents were
then decanted the residue was dissolved in CH;OH (0.5 mL) and diluted with
H,O (10 mL) containing 48% HBr (1 drop). A red precipitate formed and after
the precipitate had settled the supernatant was poured off and the residue was
washed with H,O (5 mL). The residue was then dissolved in ethanol (5 mL)
and the solvent removed in vacuo. The residue was redissolved in CH,Cl; (0.5

mL), diluted with ether (5 mL) and the solvent was decanted and the residue
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organi ¢ phase was dried (Na SO ), filtered and
concentrated in vacuo to givegp.red oil (0.444q).
Col umm chr omat ogr aphy of the crude oil (silica gel,

1§@):edtrm ehutacuimw dyBteih XUl eabsd) Gidr @4 dnshrettoe gl\(eo 745-(4,5-
5% 20% gave

2d(rn@hhyw2emﬂadt3aaehqxq -18-6yadohestadisny 1 3- net hyI [1,4] b

éggn ltéggg:@slph%gho%gngi) %1;4? {136) J@dlfﬂ 6ﬁéﬂas a yellow
OF%whl% ‘UAHS??O PR b qur o M aic ' gk (a9oGfH) 5 7.6 -
RGOS 90 £ OMILSS O,y CHEP. 26 . -

(CH)86aR), Q.25 MM dHARY ({5}15)93 18psh. @lpmtDzmMHz) §25.71

stirred under argon in a seal ed %maxtube at 70
2¢pmouEcctimgpryi chass nepectromettyt doued (M+9) 653 Samwdated for
red oil. The residue was dissol ved | n m ni mum CH C

(64B15DyP 2 63 pcﬁé@l@bu$tmrb applysicall Tesuits) were pinsaligiactary due to

red qi.l a sol vents 'wer e then decanted
| idoRbtenb IS Rifen Audin s o (0.5 ni) and
diluted with HO (10 nL) containing 48% HBr (1 drop).
A red precipitate fornmed and after the precipitate had

SEXAMPLEe 3.upPropéivs vefs poinplhrgf f ndtuthohdriadl dufrgeted
was washed with H O (5 nL). The residue was then
dagtioxidaaticampdwndsl (5 nl) and the sol vent renoved in

G ut edTE PRERABIeRBORE asRires aits 1 0B % el wide
a@ﬁléégech lﬁHﬁBhQ%g [e}gn@lé’ g%‘?dﬂrﬁﬂéﬁ&mo@%oﬁaﬁ@ s such as
diabksth) Otlﬁbéra?rsn@wm'tag% b-tigx able tb foral QReyagilieg-or solld form of

yl) pent adecyl ] triphenyl phosphoni um bromi de (16)
gtheemitpch emhl@lbr targeted santiobidant topnpeadingdo Samnladyoit 1solmeheved

Z?V?Tﬁq;ﬁ% gfv1vI tgg ghrbesbmg’@y %g?rgi\l/%_lz@p{, dt’xat_ an% )(21 %1% E{@qonahty
' of the compounds of the present invention are at least in part determined by
their physicochemical properties.

The partition coefficients for a variety of antioxidant compounds are
shown in Table 1. Octan-1-0l/PBS partition coefficients were determined by
adding 400 nmol of the compound to 2 ml PBS-saturated octan-1-ol and
mixing for 30 min at 37°C with 2 ml octan-1-ol saturated PBS. The
concentrations of the compound in the two phases were measured by UV
absorption at 268 nm and quantitated from standard curves of the compound in
octan-1-ol saturated PBS, or PBS-saturated octan-1-ol (Kelso, G.F., Porteous,
CM., Coulter, C. V., Hughes, G., Porteus, W. K., Ledgerwood, E. C., Smith,
R. A. J.,, and Murphy, M. P., 2001, J Biol Chem 276, 4588; Smith, R. A. J.,
Porteous, C. M., Coulter, C. V., and Murphy, M. P. 1999 Eur J Biochem 263,

709). Stock solutions of compounds were prepared in absolute ethanol and
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Conmbustion anal ytical results were unsatisfactory due
to inconsistent |levels of solgent inclusion. EXAVPLE
3. Properties of exenplary mtochondrially targeted

astoredk iatl 220°C oimp then darkl NEHITEMEM twash feomt | Ameriean RudieRbelled
that, in order to be suitable in a wde variety of
appiemieals b (MOrUS¥anpl e the formul ati on of dosage

forms such as tablets here i s advant age. i ei n )
bl o oOF ditaIRr pieis fhecoy pauftiod Fostifisnl opgombounds with
' h hal | t N§..a%i 9 .
SrifafbLf, b SRbHR R"bliglicn the RMRRIRSE mojsty, fpd the
byhagphohhans For tkahpld)a ékﬁh%)@a(rhdj fAthifh WRe pr&eat idvendibn, herein
the conpounds of the present invention are at least in
peaferrdétterasi MatbguynareeCs, mrhish das reedi ecaborpbojsleet hassa partition
The partition coeffjcien for a variety of
aﬁ@@f%s@i%rﬁppé%m%s 5§Tflefds hoWiRT ithanr dbateobserved for the related
- 1- ol I icients were determ ned
oo amE MBIt PR toind o 2
PBS- sat urated octan-1-ol and mxing for 30 mn at 37C

WIABREN. Pagitedir dodttickatd b LR bxiRts Jﬁwreqszt@a%gﬂ%ﬁl%g/ S

of the conmpound in the two phases were neasure

Absorption at Zhfpduguand quantitared f [T PRARZTATe T RO
curves of the conpound in octan-1-0l saturated PBS, or
PBS- s atMetkyitapheydithogphonivgl (TPMBY so, G|F., Pof38qféd2 CM ,
Coutter;——C—V—; ES"‘Wti S, G Porteus— WK At 16
_edger wood, E. 1\6 . gﬂth, R A J.,| and Murphy, M P.,
P001, J4Bradob@ieiphedylthosphbiB8n Smith,| R A. %383+0.22
Porteous,—Co—M - Coptter —C—V——and—Mirpry P
1999 Eur 5IReBLRA PR MH) . Stock sol ut i aRg Ot
conpounds wenaoptifpaced 1 n absol ut¢ ethanol andstored
at -20 C in the dark [ H TPMP was !from Anerican
Radi ol abel ed Mieeoaeft0 | nc, (MO, US$A). 160+ 9
Mitoquinone-C5 13.9+1.9
Mitoquinone-C3 2.84+0.3
a~Tocopherol b274+19
Bromodecylubiquinone 310 + 60
Idebenone “31x10°
Decylubiquinone 731x10°
Coenzyme Qq 9133
Coenzyme Q 409
Coenzyme Q, ‘4.44 x 10*
Ubiquinone (Coenzyme Qo) 91.82 x 10%
Ubiquinol 4,53 x 10%
Decylubiquinol 4791 x10°
Idebenol 4782 x 10°

Data® are octan-1-ol/phosphate buffered saline partition coefficients

determined at 25°C or 37°C as described above, or octanol/water partition
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exanpl e, a conmpound within the present invention,

herein referred to as Mtoquigpne-C3, which has a 3

carbon bridge has a partition coefficient

appefticionsd’e cylctliéd! wkihgwardvihesl tClémhye Dedlémheth g ACD)
rel ated conpound, M toqui none-C10 ( Tabl e“lr)_. TABLE | .
PaeftimareBolatie 467 @A desaibeshini JorslimiYls Lany iitle) by ddeier, T., and

VORISRt GpH AT e {19085 0. 02 W tovi ¢ E
4 Fhhah g PRI ) MG, CRRIRTCSRG Pfls, 62 pbedls, w. .,

onrum 4.0
M basstiwac ECAY Safith, ong: £ 48@ MMpannene2d1,13. Biol Chem
1.9 t oqui none-C3 2.8 0.3 a-Tocopherol 27.4 1.9

B2B6otis8y | ubi qui none 31060 | debenone 3 x 103

oSk & A oricrw. b Myl RO, (otnaPRREBpY: Mo o909 Eur
BIASRG: 283 drd9¢ 20

° Smith, R.A.J., Porteous, C.M., Gane, A.M., and Murphy, M.P. 2003 Proc Nat
Acad Sci 100, 9, 5407.

From their octan-1-ol/PBS partition coefficients it is clear that
Mitoquinone-C3, Mitoquinone-C5, Mitoquinone-C10 and Mitoquinone-C15
span a wide range of hydrophobicities. That of Mitoquinone-C3 is similar to
the simple, relatively water soluble TPMP cation, while that of Mitoquinone-
C15 indicates that it has very low water solubility. Alkyltriphenylphosphonium
cations such as Mitoquinone are reported to adsorb onto phospholipid bilayers
with the cation at the level of the carboxylic acid groups while the hydrophobic
alkyl group penetrates into the hydrophobic core of the membrane. It is
believed that the longer the methylene bridge the deeper the antioxidant
ubiquinol will penetrate into the hydrophobic core of membrane. The
maximum extent to which penetration into one leaflet of the membrane we
believe will occur for these compounds is illustrated in Figure 3, which shows
the Mitoquinone variants aligned with a typical phospholipid. This modelling
indicates that the ubiquinol moiety of Mitoquinone-C3 only penetrates close to
the membrane surface while those of Mitoquinone-C10 and Mitoquinone-C15
penetrate close to the core of the phospholipid bilayer.

We have synthesised a series of antioxidant compounds with a range

of hydrophobicities and depths of penetration into the phospholipid bilayer.
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Decyl ubi quinol 7.91 xI O 5 Idebenol 7.82 x 103 Data are
oct an- 1- ol / phosphate buffered saline partition

waeowshiedent s determ ned at 25C or 37C as descp@ba@2004/000196

above, or octanol/water partitioncoefficients”
cal cul at ed usi ng Advanced Cheggistry Devel opment (ACD)
Software Sol aris V4.67 as described in Jauslin, M L.,

WXAMPLE Mei dMitohondeiabc iguarehaf, mitocROfdriallym targeted
Mol Genet , 3055. Kelso, G F., Porteous, CM, Coulter,
Compoundghes, G, Porteus, W K., Ledgerwood, E. C,
Smi t h,

276, adpdeisniiae piatoiciondial Gpigeling s sftectsy R iplake by

SAA d r ' .
L T e
MoBape Piifoqiatoced, d MidgRinoheans t h&fitoquinone-C10, and
octan-1-ol /PBS partition coefficients it is clear that
N fitoquinons<C C3wabdetegmimeshe- C5, M t oqui none- C10 and
M t oqui none- C15 span a w de range of _hydrophaqbi ¢ities. )
Thaimessurg theqentaleh ef @stipxidaphromponds By PR mitochondria,

| ativel y. wat luble TP j [ f
@?s&%ﬁsﬁ&%ﬁ%@?@% WisceoiorGd (SR B R0, BF., James,
. bi List ; e . W At er s
CRAE b M hEMET PRS0 Shasplapiay st B crvTias, G
blipeore 116 Fuiald Mbeplogtvidh @092 Bibehesh. hf288h&39-443; Kamo, N.,
carboxylic acid groups while the hydrophobic al kyl
GMloupsyen v Hongin Ro aAd ohatales P19 78b) MsmbrnBiol. 49, 105-

. It is beli he | h hyl
oA g L hE slecadB i QA dr GRRea, BRLaPsib M eRf HiseHiod through

S Aabgol B DRI B Rl TS TR AR T chamber

oft stre, G wi BE! infacgioni port ofee Uhef Alditibveof substrates. To

compounds is illustrated in Figure 3, which shows

measure antioxidant compound uptake, rat liver mitochondria (1 mg
protein/ml) were incubated at 30°C in KCl medium (120 mM KCI, 10 mM
HEPES, pH 7.2, 1 mM EGTA) and nigericin (1 pg/ml) and rotenone (8 pg/ml).
Succinate (10 mM) and FCCP (500 nM) were added where indicated. The
output from the ion-selective electrode was passed to a PowerLab Data
acquisition system via a front-end pH amplifier and analysed using Chart
software, all from ADInstruments.

Rat liver mitochondria were prepared by homogenisation followed by
differential centrifugation in ice-cold buffer containing 250 mM sucrose, 5 mM
Tris-HCl, 1 mM EGTA, pH 7.4 (Chappell, J.B. and Hansford, R.G. (1972) in:
Subcellular components: preparation and fractionation, pp. 77-91 (Birnie,
G.D., Ed.) Butterworths, London). The protein concentration was determined
by the biuret assay using BSA as a standard (Gornall, A.G., Bardawill, C.J. and
David, M.M. (1949) J. Biol. Chem. 177, 751- 766). Mitochondrial membrane
potential was measured by adding 500 nM TPMP supplemented with 50 nCi
[PH]TPMP to mitochondria suspended in KCl medium (120 mM KCI, 10 mM
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close to the nmenbrane surface while those of

M t oqui none- C10 and M t oqui nogse- C15 penetrate close to

the core of the phospholipid bilayer. W have

SHBRES; ipfed. B seiNEGDA) anlbeRi(Bamid, MIIpol98s) in: tBiodnergetics
range of hydrophobicities and depths of penetration

i nadrapiécal apppoasthi, pod 38162afBrovax ANl aml Crppess KoRdrEds.) IRL,
t ake. of, gt/ drially targeted ds . T o

BB B RS 2 ol OB SR BB R cemisvtion

o Y 26wt S8 POTTERE WP S [RERARIC i pLlls WRED RAfiitated

M{ aeititiRARmCSour¥inzogid fIgd endihbraMet Setehtidingal&lldiedaAghuming a
M 1 oqui none- C15 was determ ned. To neasure the uptake

omitchondiialardluneyfdubh gd/ my neteehgindigal priotais od dr TRIMPabinding

ion-se| ective el ectrode was_constructed (Sm.th, R A
cevntian of 0 % Eewn, SOLARLBINIRID. GOBS) Distiemabis, 399-
EE§ nol / 382, 45-67; Davey, G P., Tipton, K F. and

I\/u%ﬁy, MP. (1992) Biochem J. 288, 439-443; Kano,

N7 Murgfs Ughhini¥ed 1816Q8ctiVR eRBHOHAAPE iBsurt thehOt@Ady-state
J. Menbr. Biol. 49, 105- 121). The el ectrode and a

Agdrigbiratieher(Bndth, R &t dedeo,Wer B, i Jasesst M hand gWiukpley, M.P.

air_ti&?jtg Perspex lid of a stirred and thernostatted 3
n{20043 MMsth. Finzomzeth 882.a¢543; Daveyyi@ded hipten.ak.F. and Murphy,

RLECHE D Bibshcatnt BBn B oRede. Ny HiindiEi 1, Hongob, R
R CY, HL S RoF Pl B ORE 21, Tt of these
E&RESrodedtondigdld ﬁripheﬁﬂzlglgépﬂdni@m%aﬁ@he Boctead IPMIP ¥ Nernstian,
Succinate (10 mV) and (500 nM were added where

i withcaalinenr rEbgonsetqfidledtrasie wdltage dn-leglpeationeosteytationd and a

s passed tqQ. a Powerlab qui sitjon tem vi ‘
f¥lgne 98 ﬁo&bm({éﬁbg(? 5 otieya Ca aljea. B@Fn@%hyfi\ﬁ’-a(lwb
Biochem. J. 288, 439-443; Kamo, N., Muratsugu, M., Hongoh, R. and
Kobatake, Y. (1979) J. Membr. Biol. 49, 105-121). The most hydrophilic

compound, Mitoquinone-C3, also gave a Nernstian electrode response with a
slope close to 60 mV at concentrations above 10 uM. This is illustrated in
Figure 4A, right hand side, by the logarithmic electrode response to sequential
additions of 1 pM Mitoquinone-C3 in the absence of mitochondria. For
Mitoquinone-C5, Mitoquinone-C10 and Mitoquinone-C15 the electrode.also
responded rapidly and stably to sequential additions in the absence of
mitochondria (Figure 4B, 4C, and 4D, respectively, right hand side panels).
However in these cases the electrode responses were not Nernstian, we believe
due to the greater hydrophobicity of these compounds. Even so, for all four
antioxidant compounds the ion-selective electrode enabled the measurement of
the free concentrations of the compounds and thus their uptake by

mitochondria in real time.
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cont ai ning 250 mM sucrose, 5 nM Tris-HC , 1 nM EGTA,

pH 7.4 (Chappell, J.B. and Haggsford, R G (1972) in:
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i .och J. 225, 399- 405). We constructed . )
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: [ ' ... Kel . G.F. ...) ;
PRI AP 2 S o B sl R ool of o
Davebrare Motediid)f Ghe Klebiro@® dra¥Bb ey to MMAtodutR840-C15 in the
Bi ochem . 288, 439-443; Kanp, N., Miratsugu, M

Homgice of matudhioda akes, wiaker] 86BjerJandendre. préhelto @9, This
105-121). The response of these _e|lectrodes to sinple
tGomyastsy VR obsrelactiede sespense s dditeguimpneGlS in the absence of

OBBEAEP N D BR EARE T £ 1B fions
39%hé pRiseHce & Ritochbidien. K F. and Murphy, MP. (1992)

The extent of antioxidant compound binding to deenergised

mitochondria was then determined (Figure 4, right hand side). For these
experiments the antioxidant compound variants were first added to the
electrode chamber and then mitochondria were added in the presence of
rotenone to prevent formation of a membrane potential. The decrease in
antioxidant compound concentration on adding mitochondria is due to binding
of antioxidant compound to the deenergised mitochondria. The subsequent
addition of succinate to generate a membrane potential indicates the membrane
potential dependent uptake of the compounds, which is then reversed by
addition of FCCP to abolish the membrane potential.

The free concentration of Mitoquinone-C3 was unaffected by addition
of mitochondria, indicating that negligible amounts of Mitoquinone-C3 bound

to deenergised mitochondria (Figure 4A, right hand side). The FCCP-sensitive
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M t oqui none- C3, al so gave a Nernstian el ectrode _
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hapiake jof anitpguinpec(Syen ienbrgisationevithcuecinatpwas @bbot 3.7 nmol

sequenti al q?ﬂl tions.of 1 pMM {oquinone-C3 in the

a‘S%q@HEEIOcSlP' 1% HY R COFEsPadieg UPnah caccgmulation ratio of ~
u - . roquli - C15. t he el ectrode . .

ar s O BT it Myt Bl RBG G2 i bC R uation and a

. . - off ; i i 0 .
oo gl SN S HEY orcion

Hosenteamitochdrelel baisdingt he el ectrode responses were

not Nernstjan, we believe due to the greater
hydr op |M?§%ﬂu&0%@§ dhergnisay Aerse lEngmgs@f tHeocorapound to the

[ PX] the i.on-sel ective, el ectrode

R B PSRRI e B TSV GRS s
. . i
g ERTE DU TR eSSt RS BB HEH Sdifate, of
rationt Bdhaimioh Migs@uiadaie € Siagipretet, evifegfendiig T ah dcBumulation
the presence of yotenone to prevent formation of a
g0 i3bopbl .4xi P a(Fllgul@fztB,sugjg_I?pdm@); e 42 _. V‘géd; 2 en
fi it addi ti ons. ant.i qxi .
ggg'goulr%o?t &E u%%:’%t'g][p ﬂe&f S 61%@1&@%?01?!@“&‘ @ﬂ: |dsgaergised
: ' . . t Q ner a

TR REDE 20002 ByRbL R GGl aReP, haa RS vAL fofigred by
tfnethemppteke P alkeuof naddl/mh$ Pretdinl G hadEfion G Q&@b‘%\ te ﬁFi%ure 4C,
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clear on the left hand panel of Figure 4D, where the electrode response was
highly sensitive to enable measurement of the small amount of free
Mitoquinone-C15 when the electrode 'was calibrated in the presence of
mitochondria. In contrast, the uptake of Mitoquinone-C15 is difficult to see on
the right hand side of Figure 4D, where the electrode response was far less
sensitive to enable measurement of Mitoquinone-C15 in the absence of
mitochondria.

These experiments show that the length of the methylene bridges of
the antioxidant compounds at least in part determines their extents of
adsorption to mitochondrial membranes (right hand side of Figure 4). The
adsorption ranges from negligible for Mitoquinone-C3, to almost complete

binding for Mitoquinone-C15. On addition of Mitoquinone-C15 to deenergised

mitochondria essentially all the compoﬁnd binds, distributed across both
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contrasts with the el ectrode response to

M t oqui none-C15 in the absencggof mtochondria (cf.

ri ght hand panels), and is due to its low free
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adding mtochondria is due to binding of antioxidant

ceeteblitlgand thenlongewthermpthwtenei ridtgedhd greatermheir
subsequent addifipon. of.. succinate to generate a

dﬁ#ﬁ Eﬂﬁgﬁpﬁgﬁpﬁﬁﬁkﬁﬁﬁks t he menbrane potentia
dependent uptake of the conmpounds, which is then
reversed by addition of FCCP to abolish the nenbrane

PEXAWVIPILE SThhtioxadak 0 BFRACY ¥l Xenfflaly hAEHRRRILR, targeted
was unaffected by addition of mtochondria, indicat’ing

t ¢tranpouyds gi bl e anounts of M toqui none-C3 bound to
deenergjsed mtochondria (Figure 4A, right hand side). .
The FCCPI% &REIRY ap?énelée dRVERtQIy arh G daglyy effective against

TRUETESHD NGRS P 19 T e i
it@rbl’é%ﬁtoﬁ]?lfd pereXiadion h Iﬁitbéh&ﬁigfdé%@d%réﬁ Hm the

t hat” expected fromthe Nernst equation an

naccantudatibn of TBARS anemifpehondiiakxpbsedioferrBusrifon and hydrogen
all owing for corrections for intramtochondri al

Hrerexisly (Frese M-t oqui none- C5 there was some bi nding of

e oot B en e RS Y POSRIR ( R t iver
glggckgfﬁn%rtﬁié‘ﬁsggﬁf@brdf%%ﬁ RBrEMRAB5R8LHh NS Whi thedium containing
100 mM KCl, 10 mM Tris-HCIL, pH 7.6 at 37°C, supplemented with either 10
mM succinate and 8 mg/ml rotenone, or an ATP regenerating system of 2.5
mM ATP, ImM phosphoenolpyruvate and 4 U/ml pyruvate kinase. The
mitochondria were then exposed to oxidative stress by addition of 50 mM
FeCl, /300 mM H,0, for 15 min at 37°C. After the incubation, 64 ml 2%
(w/v) butylated hydroxytoluene in ethanol was added, followed by 200 ml 35%
(v/v) HCIO4 and 200 ml 1% (w/v) thiobarbituric acid. Samples were then
incubated for 15 min at 100°C, centrifuged (5 min at 12,000 x g) and the
supernatant transferred to a glass tube. After addition of 3 ml water and 3 ml
butan-1-ol, samples were vortexed, and the two phases allowed to separate.
200 ml aliquots of the organic layer were then analysed in a fluorometric plate

reader (Agx = 515 nm; Agy, = 553 nm) for thiobarbituric acid reactive species

(TBARS) and compared with a malondialdehyde (MDA) standard curve
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respiratory chain was required for the antioxidant efficacy of the Mitoquinone
antioxidant compounds, we incubated mitochondria in the presence of ATP
and an ATP regenerating system. ATP hydrolysis and reversal of the
mitochondrial ATP synthase led to extensive proton pumping which built up a
membrane potential similar to that generated by succinate (Figure 5B). This
will lead to the same Mitoquinone antioxidant compound uptake as for
mitochondria energised by succinate, but now the Mitoquinone antioxidant
compounds will no longer be recycled to their active ubiquinol forms by the
respiratory chain. The Mitoquinone antioxidant compounds were ineffective at
preventing lipid peroxidation in mitochondria energised by ATP hydrolysis
(Figure 5a, white bars), compared with the dramatic protection seen in
mitochondria energised by succinate (Figure 5b, black bars). Therefore

reduction of Mitoquinone antioxidant compounds by the respiratory chain, as
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thi obarbituric acid reactive species (TBARS) and
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TeHcaBy S hRe: FoRbanete e vittthe lengihy g fbe methylene
bridge. To quantitate this we calculated the IC50 values for the prevention of
lipid peroxidation by the four exemplary Mitoquinone antioxidant compounds
(Figure 4D). These measurements confirmed that the order of antioxidant
efficacy was: Mitoquinone-C15 > Mitoquinone-C10 > Mitoquinone-C5 >
Mitoquinone-C3.

All the Mitoquinone antioxidant compounds were accumulated into
mitochondria driven by the mitochondrial membrane potential. For the most
hydrophobic compound, Mitoquinone-C135, this effect was largely masked by
extensive binding to phospholipid bilayers. All of the compounds were
effective antioxidants and for persistent antioxidant activity over 15 minutes all
required the action of the respiratory chain to recycle the Mitoquinone
antioxidant compound to its active antioxidant form after having detoxified

lipid peroxidation intermediates.
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The M toqui none antioxidant conpounds were ineffective
afollowing mduction of ischaemia. A one way ANOVA with bonferroni post

hoc test was performed. Significance versus pre-ischaemic control: * P<0.05;
¥ P<0.01; *** P<0.001. Significance versus respective time control: T
P<0.05; 11 P<0.01; 111 P<0.001.

The results show that treatment with Mitoquinone-C10 significantly
reduces the ischaemia-induced reduction in coronary flow. Mitoquinone-C3
has a lesser but still significant effect at the later time points. The absence of
any effect with administration of TPMP indicate that it is the antioxidant
moiety of Mitoquinone-C10 and Mitoquinone-C3, and not the
triphenylphosphonium cation, that is responsible for the effects observed with
the mitochondrially targeted antioxidant compounds.

Figure 7 depicts the effects of treatment on left ventricular diastolic
pressure at 10 mmHg. Left ventricular diastolic pressure was measured prior

to induction of ischaemia and again at zero minutes, 20 minutes, 40 minutes
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conmpounds were accunul ate
significantly reduces the ischaemia induced reduction in heart rate compared to

control rats. The absence of any effect with administration of TPMP indicate
that it is the antioxidant moiety of Mitoquinone-C10, and not the
triphenylphosphonium cation, that is responsible for the effects observed with
the mitochondrially targeted antioxidant compounds.

Cardiac function was further assessed by determining the effect of
administration of mitochondrially targeted antioxidant compounds on the rate
of contraction and relaxation of the heart. Figure 9A depicts the rate of
contraction in each of the four treatment groups pre-ischaemia, and zero
minutes, 20 minutes, 40 minutes and 60 minutes following induction of
ischaemia. Figure 9B depicts the rate of relaxation in each of the four
treatment groups pre-ischaemia, and zero minutes, 20 minutes, 40 minutes and

60 minutes following induction of ischaemia. In each case ANOVA was
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versus pre-ischaemc, c ) <0. * P<0 . Rk
FESDBAOTS TBAFHAT. & éalmémﬁﬁlar i Rost- iSRRI faropach of the
four treatment groups. Figure 10B presents FAD linked respiratory function

pre and post-ischacmia for each of the four treatment groups. *** represents
significance with P<0.001 versus pre-ischaemic control. {f{ represents
significance with P<(0.001 versus post ischaemic control.

These data show that Mitoquinone-C10 has a statistically significant
beneficial effect on mitochondrially respiratory function following ischaemia
compared to control rats. These results support the conclusion that the effects
of administration of mitochondrially targeted antioxidant compounds on

cardiac function is due to a protective effect on mitochondrial function.

EXAMPLE 7. Stability of Mitoquinone-C10 complexes with
B—cyclodextrin
In preformulation studies Mitoquinone-C10 as the bromide salt was

found to degrade over time in the solid state when stored at 25°C, 50% RH and
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Preparation of p—cyclodextrin solution in water
B—cyclodextrin (1.1397 g, equal to 1.0361 g after correction for
moisture content) was accurately weighed and dissolved in double distilled
water by sonicating for 10 min. The volume was made up to 100 ml with
water.
Preparation of Mitoquinone-C10: p-cyclodextrin (1:1 molar ratio)
complex
An ethanolic solution of Mitoquinone-C10 bromide (90 mg equal to
59.95 mg of Mitoquinone-C10) was evaporated under nitrogen on a hot plate
maintained at 40-50°C for 8 min. f—cyclodextrin solution (10 ml) and double
distilled water (30ml) were added to the beaker which was then sonicated for

40 min.
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Differential scanning calorimetry of the freeze-dried Mitoquinone-
C10 : B—cyclodextrin complexes
Differential scanning calorimetry (DSC) of the three freeze-dried
complexes was carried out using a Perkin Elmer Differential Scanning
Calorimeter PYRIS- 1. A Mitoquinone-C10 sample was prepared by
evaporating an ethanolic solution under nitrogen gas at 35 - 50°C for 10 min.
Aluminium pans (No.0219-0041, supplied by Perkin-Elmer) were
used. The analysis was carried out under nitrogen purge. Empty pans were
used to set the baseline.
Scanning temperature range was 50-160°C with an initial hold at 50°C
for 1min followed by an increase of 10°C/min up to 160°C.
HPLC assay
An HPLC method for Mitoquinone-C10 was developed using

methanol and 0.01M sodium dihydrogen phosphate (85:15) as mobile phase at
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complex containing 1.467 mg of Mitoquinone-C10 were taken and used in the
stability study as per the Standard Operating Procedure.

Aliquots of HPLC water (1.5 ml) were added to each sample bottle to
completely dissolve the Mitoquinone-C10: B—cyclodextrin complexes.
Aliquots (50 pl) of these solutions were diluted to 1 ml with Watef. Aliquots
(100 pl) of these diluted solutions of Mitoquinone-C10: B—cyclodextrin
complexes were vortexed with 200 pl of a 10 pg/ml solution of internal
standard in methanol. The samples were centrifuged for 10 min at 10000 rpm
and 50 pl of the supernatants injected into the HPLC system. A standard curve
was prepared using solutions of Mitoquinone-C10 in the concentration range
2.5 to 120 pg/ml containing 5 mg/ml solutions of f—cyclodextrin.

All the compounds were slighty orange-yellow in colour and very
fluffy in appearance. The colour was not uniform and was more concentrated
towards the bottom of the freeze drying flasks.

The results of DSC are given as follows:
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peaks were observed. After analysis, no colour change in the sample was
observed.

Mitoquinone-C10: P-cyclodextrin (1:4) complex: No significant
peaks were observed but a very small exothermic peak was observed at 120°C.
After analysis, no colour change in the sample was observed.

The appearance of peaks in the Mitoquinone-C10 pure sample
indicates that changes in the compound are taking place with temperature.
However, as there were many peaks and also colour changes in the sample,
these could have arisen due to degradation. When a second sample of
Mitoquinone-C10 was analyzed, it gave a different thermogram to the first
sample. In the case of the complexes, there were no significant peaks or any
colour changes.

The results of the solid state stability study of pure Mitoquinone-C10
(batch no. 3) are given in Table 2 and Figure 11.

Table 2. Solid state stability of Mitoquinone-C10 (batch no. 3).

Clear Glass Bottles } Day 1 | Day2 | Day 4 | Day 8 | Day 16 | Day 32 | Day 64

40°C, 75%RH 98.90 | 101.9 | 102.8 | 94.07 | 83.22 | 76.70 | 67.25
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Solid state stability of Mitoquinone-C10 (batch no. 4) was measured in the
10  absence of light at 25°C, 50 %RH. Data are means of three values expressed as

percentage of the initial content.

Both batches (batches no.3 and 4) of Mitoquinone-C10 supplied by the
Chemistry Department showed a sudden drop in content after 16 days.
However, for batch no. 4 the degradation was not as great after 32 to 64 days
15  compared to batch no. 3. Also it Was observed whether the bottles were clear or
amber had no effect on Mitoquinone-C10 stability.

The Mitoquinone-C10 supplied from IRL was used for the preparation
of the Mitoquinone-C10: P—cyclodextrin complexes. The Mitoquinone-C10
supplied from IRL was a reddish-yellow syrup in ethyl alcohol. The stability of
20 the Mitoquinone-C10: B—cyclodextrin complexes is given in Table 4 and in
Figures 13, 14 and 15. Because of the small amounts of Mitoquinone-C10:
B—cyclodextrin complexes available for study, there are no results for day 1
and day 4.
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The results show that Mitoquinone-C10 can effectively form

complexes with B—cyclodextrin, and can be stabilized by complexing with
B—cyclodextrin. The.results show that Mitoquinone-C10 in the 1:1 and 1:2
B—cyclodextrin complexes was stable under various conditions. The results
also show that the stability of Mitoquinone-C10 in the 1:4 complex was
decreased relative to the stability of Mitoquinone-C10 in the 1:1 and 1:2

B—cyclodextrin complexes.

EXAMPLE 8. Stability studies of Mitoquinone-C10 mesylate
Solution stability of Mitoquinone-C10 mesylate

The solution stability of Mitoquinone-C10 mesylate was determined in
five solvents; water, 0.01M HCI, 0.01M NaOH , IPB ( pH 7.4) and 50%
MeOH at two temperatures 25°C and 40°C, under two atmospheric conditions,
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Table 5. Solution stability of Mitoquinone-C10 mesylate in 4 different

solvents under different conditions.

Conditions Time ( Days)

1 2 4 8 16 32 64 125
Water, Air, 25°C 99.6 | 983 | 98.1 | 91.2 | 93.8 | 98.0 | 94.7 | 91.7
Water, Air, 40°C 98.1 | 950 | 946 | 92.1 | 92.1 | 915 | 58.3 | 21.8

0.01M HCI, Air, 25°C | 103.7 | 107.6 | 102.8 | 98.3 | 98.8 | 98.6 | 98.6 | 92.5

0.0IM HCI, Air, 40°C | 98.4 | 98.8 | 99.2 | 96.5 | 100.6 | 1049 | 94.0 | 82.6

IPB, Air, 25°C 956 | 958 | 98.6 | 94.5 | 93.7 | 904 | 89.6 | 100.3

IPB, Air, 40°C 9577 | 955 | 94.1 | 923 | 91.2 | 89.5 | 68.7 | 40.0

50% MeOH, Air, 25°C | 97.7 | 97.1 | 106.9 | 103.6 | 104.5 | 98.6 | 102.8 | 98.0

50% MeOH, Air, 40°C | 99.2 | 98.8 | 99.4 | 98.5 | 100.5 | 101.5 | 81.9 | 60.5

Water, Ny, 25°C 106.7 | 1149 | 96.8 | 96.7 | 99.7 | 97.6 | 100.8 | 92.7

Water, N, , 40°C 97.0 | 97.5 | 983 | 93.0 | 904 | 873 | 59.8 | 22.0
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M t oqui none- C10 was anal yzed, it gave a different
thernmogramto the first sanple. In the case of the
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results are giyen in Table 3 a Figure 12. Table 3.
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procedure.

A known weight of Mitoquinone-C10 mesylate was put in clear glass
bottles and stored under different conditions. Duplicate samples were
withdrawn at 1, 2, 4, 8, 16, 32, 64 and 125 days and the concentration of
Mitoquinone-C10 mesylate determined by HPLC after dissolving the samples
in water. The results are given in Table 6 and in Figure 20.

Mitoquinone-C10 mesylate was stable (<10% decomposition) at 4°C
over silica gel for 125 days and at 25°C/50%RH for 60 days.

Table 6. Solid state stability of Mitoquinone-C10 mesylate at 40°C, 75% RH;
25°C, 50% RH; and 4°C over blue silica gel.

Time ( Days) 1 2 4 8 16 32 64 125

4°C over silica 101.6 1034 102.4 108.2 113.5 | 96.6 98.2 96.0

25°C/50%RH 109.2 110.7 110.2 108.1 107.6 | 95. 91.6 73.7

40°C/ 75%RH 98.0 101.7 101.3 98.5 93.1 86.1 82.1 59.9




However, for batch no. 4 the degradati on was not as
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Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex solutions
(100 pg/ml as Mitoquinone-C10 mesylate) in the five solvents were prepared
by dilution of a stock solution of Mitoquinone-C10 mesylate-B-cyclodextrin
15 (1:2) complex (1 mg/ml as Mitoquinone-C10 mesylate) in water. Solutions (5
ml) were placed in glass vials, flushed with air or nitrogen, sealed and placed
on storage. Aliquots (0.25 ml) were collected at 0, 1, 2, 4, 8, 16, 32, 64 and 125
days and the concentration determined by HPLC.
The results are given in Table 7 and in Figures 21, 22, 23, and 24. The
20 stability of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex in 0.01M
NaOH is not included because Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)
complex decomposed in this solvent within 15 minutes. The results show that
(a) solution stability is independent of the atmosphere above the solution and
(b) temperature has a significant effect on the stability of Mitoquinone-C10
25  mesylate in the 1:2 complex with S-cyclodextrin in all solvents except HCI.
Table 7. Solution stability of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)

complex in 4 different solvents under different conditions.

Conditions Time ( Days)

1 2 4 8 16 32 64 125
Water, Air, 25°C 106.5 | 103.3 | 96.7 | 98.1 | 97.9 | 97.5 | 100.0 | 105.8
Water, Air, 40°C 102.0 | 98.7 [ 101.3 | 101.4 | 92.8 | 80.5 | 559 | 17.2
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Data are neans of two val ues expressed as percentage.
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Solid state stability of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)
complex was studied in the absence of light under three different conditions;
40°C, 75% RH; 25°C, 50% RH; and 4°C over blue silica gel as per the
Applicant’s standard operating procedure.

A known weight of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)
complex was put in clear glass bottles and stored under different conditions.
Duplicate samples were withdrawn at 1, 2, 4, 8, 16, 32, 64 and 125 days and
the concentration of Mitoquinone-C10 mesylate determined by HPLC after
dissolving the samples in water. The results are given in Table § and in Figure
25. The results show that Mitoquinone-C10 mesylate was stable in
Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex at 4°C over blue
silica gel and at 25°C, 50%RH. At 40°C, 75%RH, 37% of the Mitoquinone-
C10 mesylate was degraded in Mitoquinone-C10 mesylate-p-cyclodextrin
(1:2) complex on storage for 64 days.
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f@@g ggﬁqﬂ&f wist @aieinrRe- H Bveesolbaits; Watdow.0 B Y¥RTL 90.01M
NaOH, IPB (pH7.4) and 50 % MeOH at two temperature 25°C and 40°C ,
under two atmospheric conditions, air and nitrogen, for 64 days as per the
Applicant’s standard operating procedure.
Mitoquinone-C10 mesylate — B-cyclodextrin (1:1) complex solutions
(100 pg/ml in Mitoquinone-C10 mesylate) in the five solvents were prepared
by dilution of a stock solution of Mitoquinone-C10 mesylate — B-cyclodextrin
(1:1) complex (1 mg/ml as Mitoquinone-C10 mesylate) in water. Solutions (5
ml) were placed in glass vials flushed with air or nitrogen, sealed and placed
on storage. Aliquots (0.25 ml ) were collected at 0, 1, 2, 4, 8, 16, 32, 64 and
125 days and the concentration determined by HPLC.

The results are given in Table 9 and in Figures 26, 27, 28, and 29. The
stability of Mitoquinone-C10 mesylate—f-cyclodextrin (1:1) in 0.01M NaOH
is not included because Mitoquinone-C10 mesylate decomposed in this solvent
within 15 minutes. The results show that (a) solution stability is independent of
the atmosphere above the solution and (b) temperature has a significant effect
on the stability of Mitoquinone-C10 mesylate in the 1:1 complex with /-
cyclodextrin in water and IPB but not in HCI or 50% MeOH.
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t he absence of light under three different conditions;

40C, 75% RH, 25 C, 50% RH, amgh4 C over blue silica

gel as per the Applicant's standard operating
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val ue. EXAMPLE 9. Stab ity studiegs of M toquilnone-CLO
X

S
Ml QL $5°c | D- fychﬁﬂfx fd113 ( 18@1?9'@.?@ Ul 0h 4 89.6
(Wateny No @il ex The 2di u i%1n7s 2R il 56.5
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"IPB, N,, 25°C 100.1 | 992 | 1004 | 971 96.4 98.2 95.5
IPB, Ny, 40°C 98.4 | 953 1027 | 101.0 | 914 87.9 75.7
50% MeOH, Ny, 25°C 1012 | 1014 | 1045 | 1024 | 976 96.4 99.0
50% MeOH, Ny, 40°C 94.7 864 | 90.0 | 864 | 921 97.4 87.7

Data are the mean of two values expressed as percentage of the time zero
value.

Solid state stability

Solid state stability of Mitoquinone-C10 mesylate —B-cyclodextrin
(1:1) complex was studied in the absence of light under three different
conditions; 40°C, 75% RH; 25°C, 50% RH; and 4°C over blue silica gel as per
the Applicant’s standard operating procedure.

A known weight of Mitoquinone-C10 mesylate —B-cyclodextrin (1:1)
complex was put in clear glass bottles and stored under different conditions.
Duplicate samples were withdrawn at 1, 2, 4, 8, 16, 32, 64 and 125 days and
the concentration of Mitoquinone-C10 mesylate determined by HPLC after
dissolving the samples in water. The results are given in Table 10 and in Figure
30. The results show that Mitoquinone-C10 mesylate was stable at 4°C over
silica gel and at 25°C, 50%RH but 37% of the Mitoquinone-C10 mesylate was
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NaOH JPB (pH7.4) and 5 % MeOH at two tenperatures 2 5
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operating procedure. M toquinone-Cl0 nesyl at e-
-cyclodextrin (1:2) conplex sgdutions (100 ng/m as
M t oqui none- C10 nesylate) in the five solvents were
pdegraded! i WMitotuinone-Cif0 mesylatdk —Botylodoxtah (1:1) on storage for
Mt ui none- C10 nesyl ate- b-cyclodextrin (1:2) conplex

Ayd atA)°( 76 ne- C10 nmesyl ate) in water.
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the solution and (b) tenperature has a
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NEXA FELE N T %aﬁn@&iﬁiﬁ@ﬁc Wthly/of- &mhgﬂew il Ui' #£Dose of

sol vents except HO . Table 7. Sol ution ability o
NMIitapiinone-CliDmusghkeaPeeychodontiimo@x2)y ¢omplexin Ran@r& P3)
in 4 different sol vents under di fferent conditions.

Condi t Bases Tomethe [5&9%1}5 100 a gremdowy pharmmsokipetic, study of

fitaabigriClo,bratiie agd sh #0E pHb loncisp seitoos Meoguinone-
15455 0TS - Ditadgrtin ), ORI Hoof, ! Migggiifole-C10
1B8sYla6p-4yddtetrB6(122) Enpkxr for 2be PharndcddneticOfudy were 50
9rfrilg/lkg1 OKdl?oq?lanne?éIO grr?esgflate for the oral dose and 10 mg/kg
Mitoquinone-C10 mesylate for the IV dose.

Ten female Wistar rats (mean weight approximately 236 g) were
cannulated with Silastic tubing in the right jugular vein under halothane
anaesthesia 48 h before an experiment. An aqueous Mitoquinone-C10
mesylate-B-cyclodextrin (1:2) complex solution (10 mg/ml as Mitoquinone-
C10 mesylate) was freshly prepared and administered by either the oral (n=5)
or IV route (n=5). Blood samples (0.2 ml) were collected at 0, 5, 10, 20, 30, 45,
60, 90, 120, 180, 240, 360, 720, and 1440 (24 h) min after the IV dose and at 0,
15, 30, 60, 90, 120, 150, 180, 240, 300, 420, 540, 720, and 1440 (24 h) min
after the oral dose. Blood samples were centrifuged and plasma samples (0.1
ml) were stored in the -20°C freezer. Samples of 24 h urine and feces were also
collected.

The Mitoquinone-C10 mesylate concentration in plasma was
determined by ESR using LC/MS (Table 12).



IPB, Air, 40C 95.2 93.2 97.8 98.8 91.7 87.5 74.2 55.9
0% MeOH, Air, 25 C 97.8 96.2 95.8 97.5 102.8 98.3 99.7
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92.6 84.6 64.6 Water, N, 25 C 101.1 98.3 102.4 103.5
109.3 96.8 100.3 91.3 Water, -jy, OC 100.6 100.3 104.8
101.6 94.1 78.1 52.8 14.9 0.01IMHCA, N, 5 C 100.1

1PharnfacoRindtic AnabB3iv 100.6 104.3 100.0 0.0IM HCL N ,
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88.8 64.4 Data are the nean of two values expressed as
peiving the desif fit was tthewne evith tied weninSomi vhlae ateording to Akaike’s

stability of M toquinone-Cl0 mesyl ate-b-cycl odextrin
( migymatem (caiersy (4 1bhatlhesplasmp| dipggfonceRisaioBmE: cuyes after

syl ate- b:-cyclodextprin (1: compl ex S ucH in
* A, BuBndiraHon URE' Fhial o AP BB RRe BRI b, & three-
4 9 : 9 : ilica
ST AR opeR plodeP dEkcbcd BnG Lo OWEle Sudton
procedure. A known weight, of M goquipone-Cl0 nesyl at e-
b-cycl odextrin (1:2) S%ﬁ%Fe'%aggﬁ'ﬁ in clear glass
bottl es and stored under different conditions.
Duplicate sanples were withdrawn at 1, 2 4 8, 16, 32, ‘
ewhgr G2is they plasmp dheg Comeeniratian,of, o8 and E are mathematical

M t oqui ngne- C10 nesyl ate determ ned_ by.HPLC after .
T PRCHAAI o O et ot clor . (e ISy URMIGTs DA o isifhe rate

il\/??% b!tﬁfgﬁ @%@%&rﬁg@ﬁgigagé@igﬁggﬁgﬁ il%)lr'r]'te in‘i’lrﬁgtvlvortl)haaﬁd y is the rate
constant for a terminal, slower elimination phase. Drug elimination half-life (t;»)
in the terminal phase was calculated as t;, = 0.693/y. Oral data (post 4 h) were
fitted with a one-compartment model. The peak concentration (Cpay) and time to
reach Cax (fmax) Were obtained directly from the concentration-time profile. The
area under the plasma concentration-time curve (AUC) was estimated using the
linear trapezoidal rule, with extrapolation from the last measured concentration
to infinity determined by use of the terminal elimination rate constant (y). The
total plasma clearances after intravenous (CL) and oral (CL/F) administration
were estimated as CL = dose/AUC. Volumes of distribution were calculated as
Vp = dose/(AUC-f) and Vy = dose/(AUC-y). Absolute bioavailability (F) was
calculated as: F' = AUCpo x Dosejy / AUCjy x Dosepo. Mean residence time
(MRT) was calculated as AUMC/AUC. Apparent volume of distribution at

steady state (¥ss) was calculated as dose;, X AUMC/(AUC)™.

Results and Discussion

The mean plasma concentration-time profiles of Mitoquinone-C10

mesylate after IV and oral administration of Mitoquinone-C10 mesylate-f3-



M t oqui none- C10 nesyl ate- b-cyclodextrin (1:2) conplex
at 4 C over blue silica gel and at 25 C, 50%H. At
WA ao5/07Ra3RH, 37% of the M toqui none- C O nesyl BCENZ2®4/000196
degraded in M toqui none-Cl0 nesyl ate- b-cyclodextrin (
:2) conplex on storage for 648%ays. Table 8. Solid
state stability of M toquinone-Cl0 nesyl ate-
beycyadeatidx t (1:2) ( ToRpleonprexshowm Om 7E5%guRet 335 abds0e mean

RH and 4 C qver blue silica gel. Ti S.) 2 4
Thegmagalkifghe pacaweisrs Sr¢ sttt by .13- ﬁ'{g@aﬁ éetasog plasma

18568 o dfodiindnge b GRNRGBRaHeRA s )" !

114.3 110.5.92.0 65.5 51.5* The data.are. the nea f
t hablea) ks Eﬁ e phrEamiege of oquipgig iy mesylate
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conpl ex was det er niMh¥HoRRoRs G s 0| QiR quigpRe-610
HG  0.01M NaOH | PB (pHA"#) and 50 % Me@%Sat two
teqpereatiupe 25 C and Bek-rtinder two atIsmsheric
conditions, air and nitrogen, for 64 d as per the
A%ﬁelxi(rcltgén%l?' s standard operating pr ocedu?é?
Muoguidnone- C10 nesyl ate- - b-cycl odextritn (1:1)

C .8x sol utions (10 m in M toqui none-Cl10
n@g‘g{@t e) in the fi veq'sgl%z'ents wer e prepared by

diJp @hinpon of a stock stlaidn of M toqui rone- Cl0
nesy)ate - b-cyclodextgin 41:1) conmplex (1 ng/nl as
MY oqui none- C10 nesyl at éf) “Iin water. Solutions (5 m)
wer@® placed in glass viiad's flushed w tihoatr or

niteogen,, eal ed and 4gl @Cﬁ.‘fl on storagg., ; quots (0.25
nigw O, ét?

0. 01M

eVl | ected at 2, 4, 8 16, 64 and
C (pg-min’/mi) 5292 + 831 7477 % 365
F (%) 100 12.4
CL (Vmin/kg) 0.22 % 0.04 -
CL/F (Vmin/kg) - 13.7+13
Vp (Ukg) 333+ 1.46 -
V, (Vkg) 24.04 % 18.3 -
MRT (h) 42+0.5 95422
Vss (I'kg) 25.2+6.5 -
* 11, value obtained from mean concentrations at times >4 h

** ., value obtained from mean concentrations at times >4 h
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b7.45 9d. 1989, 1 [95878 | B, 70aj r|, 48C 93.8304|1 8§. 4 108071
3 & g 9639 3 |50V OH 56 1|, 7D5 C|104.8 1034 108. %o3
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720 2.8 344 5.66 4.07 2.19 12.0 3.6
1440 1.49 1.63 1.47 1.37 1.96 24.0 1.6
Urine 19.3 52.6 48.5 10.1 12.9
Time 06 PO 07 PO 08 PO 09 PO 10 PO Time Mean
(min) | (ag/mb) | (ag/ml) | (ng/mb) | (ng/ml) | (ng/ml) (Hr)
0 0.878 2.15 1.35 1.39 0.279 0 1.2
15 18.3 21.2 17.5 18.3 44 8 0.3 24.0
30 209 36.9 26.7 28 54 0.5 35.1
60 16 254 19.5 20.3 40.8 1.0 244
90 10.7 25.3 20.2 21.1 253 1.5 20.5
120 24.3 23.2 24.5 25.6 13.5 2.0 22.2
150 20.1 23.8 25.7 26.9 10.4 2.5 21.4
180 21 224 19.2 20.1 8.72 3.0 18.3
240 33.9 20.9 12 22 7.67 4.0 19.3
300 224 17.4 13 13.5 17.3 5.0 16.7
420 9.19 21.8 5.03 5.24 214 7.0 12.5
540 6.27 20.1 14.5 15.1 15.2 9.0 14.2
720 8.25 7.31 4.38 4.57 6.08 12.0 6.1
1440 2.12 0.418 2.93 3.05 1.71 24.0 2.0
Urine 1.54 354 442 4.61 20.7
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EXAMPLE 11. Pharmacokinetic Study of a Single IV and

Oral Dose of M toqui none-Cl0 nesyl ate-b-cycl odextrin
W@ 20081281l ex in Rat (P2 & P3) Based on the reSDNEZ2008000196

a previous pharmacoki netic9study of M toqui none-Cl0

brom de and an acute oral toxicity study of

M t oqui none- C O nesyl ate- b-cycl odextrin (1:2)
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information criterion (A 1.C). The plasma drug
concentration-tine curves after drug adm nistration
woweos/inend to be best and adequately fitted bRCENZ2004/000196
t hr eeconpart nent open nodel described by the foll ow ng
equation where Cis the plasop-drug concentration, A,
B and E are mathematical coefficients, ais the rate
constant for the distributi oﬁ*ﬂbhase, bis the rate
constant for an internmedi ate phase (distribution or
el i mAlat paeptsanshbdichBotid) esdiatefic onsichn] #ndr other documents and
termnal, slower elimnation phase. Drug elimnation
materials refarenced drementionadherpinaare indisatdwe ofithet lewela of skill of those
.were fitted wt

693//. Oral datpa t.4 h
Skl 2nibar rteds Wiblsh (he davantisHo BRTIRIRS) Gid, eash ygh referenced

ool Apl FRGHR rctesVy FrcBtbGRREEL P REHGE piHBESMIE oxtent as if
it RN GBEA (RddrPOratddTBy Gefe¥énceAHGls ¥Prep tddIRidadily ket ¥éieh herein
i near trapezoidal rule, with extrapolation fromthe

inligs tentiestyur égppdivanisntaseatvieothet oighb ftb nphiysickdtye imiomperaby into this
use of the termnal elimpatign rate constant (g). The
specifigntipn aama ankahiuaieriai and; Miozpatens ioa) )ahfuch patents,
al,.(CLf F) mni.stration.wereg esti.nated. a = .
ol Baticuge sclgR e iSles P Py RofThbiFRn g i Bt difosmation, and
: = e/ (AUC g) . Absolute
© ?@%ﬁ%@%laﬁéa\/{%ﬁ%ﬁ%ul ated as: F AUCp x Doseiv
I AUQhe dpesifiomeilials damecslapostibhsrde{dvi®EN Ivasin are representative
cal cul ated as AUMCZ/ AUC. gparen.t vol unme of
of diagious lsmbashimentssereprgfersedaembodisgntasd cae exemplady #aly and not

i e Ao BRI Eaa: oot Srapareh Hie SRty oTSHAE Sbicets, aspects,
oL bR hohu8 el BTHORE SR st upon consideration

ofefhes Speifichfio Snd @rdRgctMpasiednwithad BE piredbl ¢he invention as
paraneters are listed in Table 11. Oiginal data of

definad iy thevsebpe off the thadgus.ndheilthe wedyy apparenttoaonashidlgd in the

Table 12). Table 11. P Ki net i t
arﬁiﬂt]?q;qgar,ygt%&_seg@iﬁggw @pga{n%%%f?ca{tpo%sl r%a?/agg "hade to the invention

disclosed herein without departing from the scope and spirit of the invention. The
invention illustratively described herein suitably may be practiced in the absence of
any element or elements, or limitation or limitations, which is not specifically
disclosed herein as essential. Thus, for example, in each instance herein, in
embodiments or examples of the present invention, any of the terms “comprising”,
“consisting essentially of”, and “consisting of” may be replaced with either of the
other two terms in the specification. Also, the terms “comprising”, “including”,
containing”, etc. are to be read expansively and without limitation. The methods
and processes illustratively described herein suitably may be practiced in differing
orders of steps, and that they are not necessarily restricted to the orders of steps
indicated herein or in the claims. It is also that as used herein and in the appended

claims, the singular forms “a,” “an,” and “the” include plural reference unless the

context clearly dictates otherwise. Thus, for example, a reference to “a host cell”



adm ni stered as M toqui none-Cl0 nesyl at e-
-cyclodextrin (1:2) conplex in rat after single IV (10
wausdsgiozmnd oral (50 ngy/ kg) doses | VM t oqui noneeTING2004/000196
Oral Mtoqui none-Cl0 ( =5) (n=5) Body Wight (g) 236.8
21 O 236 8 22 9 Cmax (ng/mp»3= 35.1 tmax ( in) - 30t
' 0.3, - t1/2 (mn) 10,4 3.2 - t
mqlmles qugah‘(y Qfgpr examplep a(qpture ot gepyl gtign) oﬁ@@h( h@St cells and so

foffhy Uhdersos Giromslyrics e oyt bGPl B Ssed to the

spécific examples or embodiments or methods specifically disclosed herein. Under

no circumstances may the patent be interpreted to be limited by any statement made
by any Examiner or any other official or employee of the Patent and Trademark
Office unless such statement is specifically and without qualification or reservation
expressly adopted in a responsive writing by Applicants.

The terms and expressions that have been employed are used as terms of
“descriptioriand fiot of limitation, afid there is no ifitent in the use of such terms and
expressions to exclude any equivalent of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within
the scope of the invention as claimed. Thus, it will be understood that although the
present invention has been specifically disclosed by preferred embodiments and
optional features, modification and variation of the concepts herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations
are considered to be within the scope of this invention as defined by the appended
claims.

The invention has been described broadly and generically herein. Each of
the narrower species and subgeneric groupings falling within the generic disclosure
also form part of the invention. This includes the generic description of the
invention with a proviso or negative limitation removing any subject matter from
the genus, regardless of whether or not the excised material is specifically recited
herein.

Other embodiments are within the following claims. In addition, where
features or aspects of the invention are described in terms of Markush groups, those
skilled in the art will recognize that the invention is also thereby described in terms
of any individual member or subgroup of members of the Markush group.

The compounds of the invention have application in selective antioxidant
therapies for human patients to prevent mitochondrial damage. This can be to
prevent the elevated mitochondrial oxidative stress associated with particular

diseases, such as Parkinson’s disease or diseases associated with mitochondrial



CL/F (/mn/kg) - 13.7 1.3 V (I/kg) 3.33 1.46 - V
G kg) 24.04 18.3 - MRT (h) 4.2 0.5 9.5 2.2 Vss

W@ L0okM)9225.2 6.5 - * t val ue obtai ned from NeRECIT/NZ2004/000196
concentrations at tines >4 h ** t1/2 val ue obtai ned
from mean concentrations at .pynmes > 4 hTable 12.

M t oqui none- Cl0 concentration in Rat Plasma for_th
DNA mutaeny3-They soul, alsorbecused m gonjupcpy with wlhéranSplant

thiaipeglod hetisiseiribe Mo 10 S B3Mubal Hid ot implanted

§§oo 1640 0.1 1473.4 10 306 391 572 641 476 0.2 477.2
0D 199 186 221 251 192 0.3 209.8 30 132 111 117 158
111 QpSaddfo8 thede QQ)ngp(ﬁﬁlcﬁ Jcﬁlldlli’e H8ed a8 froPhylactifs to protect
62.1 59.4 56.4 72.5 48.7 1.0 59.8 90 36.4 37.9 38.9
or§@nst dgdng tianspldtdiolp ®r2aneliesie3 ﬂm41szhgem31 epegfugion injury that
29. 3 180 17.8 21.3.20.7 30.2 22.3.0.22.4. 240 .9
ocggryy dprng syrgeyy,. dhescempewnds, of the gavention qeu k| 5';1891596 used to

reguczfgc 1 @fgn%g ;ﬂﬁ vgg%%trg)ggg%ﬁdl%%nétﬂa%k VA g:ivgn ﬂ)flozb%ylacucally to

premature babies, which are susceptible to brain ischemia. The methods of the

“invention have a major advantage over Current antioxidant therapies — they will
enable antioxidants to accumulate selectively in mitochondria, the part of the cell
under greatest oxidative stress. This will greatly increase the efficacy of antioxidant
therapies.

Those persons skilled in the art will appreciate that the above description is
provided by way of example only, and that different lipophilic cation/antioxidant

combinations can be employed without departing from the scope of the invention.



Uine 19.3 52.6 48.5 10.1 12.9 Tinme 06PO 07PO 08PO
0O9PO 10 O Tinme (mn) (ng/m) (ng/mM) (ng/mM) (ng/m)

wo n@smi923f H) Mean 0 0.878 2.15 1.35 1. 39 0. 27BCDNLZ2@4/000196

15 18.3 21.2 17.5 18.3 44.8 0.3 24.0 30 29.9 36.9 26.7
2 854 0.535.160 16 25.4 1955 20.3 40.8 1.0 24.4 90
10.7 25.3 20.2 21.1 25.3 1.5 20.5 120 24.3 23.2 24.5

ChAIMS3.5 2.0 22.2 150 20.1 23.8 25.7 26.9 10.4 2.5

21.4 180 2 1 22.4 19.2 20.1 8.72 3.0 18.3 240 33.9
20.9 12 22 7.67 4.0 19.3 300 22.4 17.4 13 13.5 17.3

¢ 27 SompgidEedmpgl 3 phghY sEfoffcmbiers Py o tinking
4. 5TnGicBBtolah Shtfoxiddmt4Roidtyl And ohldhidni8 Sogiflemént/for34idcationic
2.0 Urine 1.54 35.4 4.42 4.61 20.7Following IV

adnimoiety, avharain thevaatipniagpatich isteapbblei @hmpiogbendmially targeting
foll owed by, a slower distrjbutjon or.injtial

el | HhATORIganF SBECIED| tlt Jopwois ahemisplly stable and/or the
prol onge |.Jg_nat i o h . ¥, C ; .on-ti ..

D O AR, ShSAR R RLGE, sl RAEEPSY s B anionidan

thr%ﬁoi‘é@j‘ﬁﬁééﬁﬁﬁﬁcm W th8 1RKhEY Moel,, hal f-1ife of

1.8 h, dl’though the ‘h_gdlyf-l ife ba;@;d on&data cal | ed

postA 4sthbld csmpeurd c8ntprisib laelipdphiliEotdtmuiagnoiedy linked by &

adm ni stration, the absorption of M.toquinone-ClQ from .
linking moiety to an antioxidant moiety, and an anionic complement for said

cationic moiety, wherein the cationic species is capable of mitochondrially
targeting the antioxidant species, and wherein the anionic complement is not
a halogen ion, and the anionic complement is non-nucleophilic and/or the
anionic complement does not exhibit reactivity against the cationic moiety,
the linking moiety, or the antioxidant moiety.

A compound according to claim 1 or 2 wherein the antioxidant moiety is a
quinone or a quinol.

A compound according to claim 1 or 2 wherein the antioxidant moiety is
selected from the group comprising vitamin E and vitamin E derivatives,
chain breaking antioxidants, including butylated hydroxyanisole, butylated
hydroxytoluene, general radical scavengers including derivatised fullerenes,
spin traps including derivatives of 5,5-dimethylpyrroline-N-oxide, tert-
butylnitrosobenzene, fert-nitrosobenzene, o-phenyl-fert-butylnitrone and
related compoﬁnds.

A compound according to any of claims 1 to 4 wherein the lipophilic cationic
moiety is a substituted or an unsubstituted triphenylphosphonium cation.

A compound according to claim 5 wherein the compound has the general

formula I



the rat G tract was fast. The peak plasma

concentration of M toquinone-Cl0 occurred within 1 h
wobkoosnad23adm ni stration and then declined sl ow@T/OZ&104/000196

time with an elimnation half-life based on post 4 h

data of about h. The estinmated-Fvalue is 12.4% Tabl e

13. Pharmacokinetics of 1V (P2) and Oral (P3)

M t oqui none- C10 nesyl ate-b- cyclodextrin 1:2) conpl ex

3 conmpartnment nodel B K2 C K3 r2 Al Rat Code A 1

final value SD final value SB®ina e SD final

value SD final value SD final val

01 IV 22766.1 12412.7 057080 0.11

0.0047 49.6 13.2 0.0057]|0. 0016(J 368

0.3945 0.1855 591.0 325[|4 0.0902 0.0317 10

0. 0100 0. 0024 O. 5. 36.

0.0738 1029.7 248.0 (. 0. 0128 7292 11°¢

0. 0013 0.9999 77.63 13002.7 8

591.4 96.3 0.0639 0. 0€ 38>

77.42 Mean 10945 3 345408 0.4648 @ . :
0.0716 0.0136 7371 15.7°0.70067 0. 00 0. 9999 78.4 SD
7573.8 5016.9 0.1362 0.0686 244.9 126.6 0.0204 0.0105
24.1 6.0 0.0020 0.0005 0.0001 651 2 conpartnent nodel
Rat Code A KI B K2 A l.Cfinal value SD final value SD

B 8 0 S0 £ B e s
P2 difretenit %%e%cﬂe%ﬁfrénp(lg soalﬁgﬁg)p%ib%aﬁy%ﬁbg’uﬂté@ Hoieties or
0.0029 0.9986 97.56 P2 03 |V 478 303.8

0. (L7anBsdheteifn B 4n OR8GerOfroO680E1tID 8 abOB. 20} 472l Wherein Z is a
10519.2 755.6 0.3306 0.0165 316.4 46.5 0. 0203 0. 0038

0. QWZTCMWV%GTHPQ 05 V 7711.2 581.3 0.3466 0.0187 324.2

46 0, 0.031 0044 00,53, Mean 6774,

7.0 s AP GesEs S5tate i StosovEt IS oY SebeRipEOm the group

consisting of alkyl or aryl sulfonates or nitrates.

8. A compound according to claim 6 or claim 7 wherein C of the (C)n bridge is
saturated.
9. A compound according to claim 8 wherein the compound has the formula

I 2

e

CIL, OA,/\/\/\/ NN

I
and/or its quinol form, wherein Z is a non-nucleophilic anion.

10. A compound according to claim 9 wherein the compound has the formula



SD 3324.2 881.7 0.1028 0.0185 44.53 14.17 0. 0052
0.0012 0.0003 8.9AI|l patents, publications, scientific
wa@redsoies? and ot her documents and material s re¢ENEn®Ed00196
or nmentioned herein are indicative of the |evels of
skill of those skilled in the97rt to which the
i nvention pertains, and each such referenced docunent
and material is hereby incorporated by reference to
the sane extent as if it had been incorporated by
reference in its entirety individually or set forth
herein in its entirety. Applicant® reserve the right
to physically incorporate into tf)is speC|f|cet|on any
and all materi@ls and inf '

pat ent s, publltations, sciehtifi
el ect r 60 avat-Habl e i nf or mat
ref erenced

met hodsa

enbodi nents ardl are exenplary only and not as
limtations on the scope of the invention.

obj ects, aspects, exanples and enbodi nent $ occur
to those skilled in the art upon consi der & of this

specification, and are enconpassed within the spirit
of the invention as defined by the scope of the
clainms. It will be readily apparent to one skilled in
the art that varying substitutiof8Dand nodifications

a‘fg eto th i nvent. hon di scl osed her ei wi t hout
: |H3§“PP6?H AL OUBOSAR CormRlE orotchbh | ancompound
The n h j

© qIMERLhEN HdpRHICEMEIK ABREY RACATY < okl Bty to an
el ermnkﬁmdaﬂt lofdty abh®MnOknionid tcahipdEtentMib:C Baill Sctiinic moiety,

specifically disc osed herein as essential. Thus, for
exariwh@;elm e agrtionis tspecies hercmplabla of elmtitodhmmh‘teﬂlyotargetmg the
exa t he presen t| on, . an the ter
3@& spe@gﬁsqngtthﬁ gﬁtlﬁ ﬂhp?l){@;ﬂy siable and/or the anionic
con t th
o oty @%o?ﬁeé&fogec.a%%g% b8} gk iy, e
co%ﬁ@m@gmet ior¢h&HhRGo. m6Rpy.ai ning”, etc. are to be
read expansi vePly and wit out I Imtation. The nethods

12and Arpleesmesutidal wopsiticel gonbsisinigher ifduding & siabib cympound
ey c%%llgrrlsau%g af ?1%0%)211% ];;t?ornllg gmmety linked by a linking moiety to an
antioxidant moiety, and an anionic complement for said cationic moiety,
wherein the cationic species is capable of mitochondrially targeting the
antioxidant species, and wherein the anionic complement is not a halogen
ion, and the anionic complement is non-nucleophilic and/or the anionic
complement does not exhibit reactivity against the cationic moiety, the
linking moiety, or the antioxidant moiety.
13. A composition according to claim 11 or 12 wherein the antioxidant moiety is
a quinone or a quinol.

14. A composition according to claim 11 or 12 wherein the antioxidant moiety is

selected from the group comprising vitamin E and vitamin E derivatives,



orders of steps, and that they are not necessarily

restricted to the orders of steps indicated herein or
worooshesst ai ns. It is also that as used herei nP@DNZ2004/000196

t he appended clains, the singular forns "a," "an," and
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shown and descri bed or portions thereof, but it is

recdgrmuled t hat various nodifications are possible

within the scope of the invention as clainmed. Thus, it

wi |l be understood that although the present invention
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enbodi ments and optional feaflres j cati on and

vari ation of the concepts herein d may be
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and/or its quinol form, wherein R;, R,, and Rj3, which can be the same or
different, are selected from C; to Cs alkyl (optionally substituted) moieties or
H, and wherein n is an integer from about 2 to 20, and wherein Z is a non-
reactive anion.
17. A composition according to claim 16 wherein Z is selected from the group
consisting of alkyl or aryl sulfonates or nitrates.
18. A composition according to claim 16 or claim 17 wherein C of the (C)n
bridge is saturated.

19. A composition according to claim 18 wherein the compound has the formula



herein. O her enbodinments are within the follow ng
clains. In addition, where features or aspects of the

WO posnie2en are described in terns of Markush gPOLNZ2004/000196
those skilled in the art will recognize that the
invention is also thereby degoribed in terns of any
i ndi vi dual nenber or subgroup of nenbers of the
Mar kush group. The conpounds of the invention have
application in selective antioxidant therapies
human patients t® prevent mtochondyial damgge

th¢ﬁ3el evat ed m tochondri al| oxi dati ve

particul ar di seases, suckFas
Par ki nson' s diljseasjg or di seases associated wtf
m t ochondy,| 70 coutd also bepuse

conj uncti transpl ant therapies fof
neur odegener ati V& di seases, to increase the su
rate of inplanted cells. In addition, theseonpounds
coul d be used as prophylactics to protect ofgans
during transplantation, or aneliorate the X
i schaem a-reperfusion injury that occurs during
surgery. The conpounds of the invgption could al so be
used to reduce cell damage followng stroke and heart
at t ackn@or &S q@incl ToRhORA¥eE 7 i Al d on-inec186SHTAE Whfon,
babi es, which are susceptible to brain ischem a. The
20vet hAdengfositien acoordinigoto drpvef camag bt tadYawhein theecomposition

current ahti oxjdanFtherapies - they will enable
ant | ERIAIS SYEWAeX Bl at e sel ectively in

2 chishiol A%c&Ride B pltf AEMhsiThe 2188 Filo of compound
ef fi ng%ldﬁex 'isoﬁ*bﬂlaaﬁoutt heraRl fput Th@se persons

ski | ' appreci ate that the above

inthe art w

22es cAiqouinsusiticn peevrdiedtdylaia)? lofvhersanphe naslby raténdf compound
that different |ipophilic catiagn/antioxidant
conblorraclastesirimais fsemedhsiub yddtombaiédtS.-departing from

he scope of .the inventjon. CLALNS,1. .A co und ..

2% oI TRPRLITH BT o SRB i TG i PRSP @f compound
i nkiy! cfﬂ?ieﬁfr’/n Isofr&?l zﬁ:fbtu't.ggl' Rou@igety, and an
ani oni ¢ conpl enent for said cationic

24. A composition according to claim 23 wherein the molar ratio of compound

to cyclodextrin is from about 2:1 to about 1:2

25. A composition according to claim 24 wherein the molar ratio of compound
to cyclodextrin is about 1:1.

26. A composition according to claim 24 wherein the molar ratio of compound
to cyclodextrin is about 1:2.

27. A composition according to any of claims 20 to 26 wherein the compound

has the formula



noi ety, wherein the cationic species is capable of
m tochondrially targeting the anti oxi dant species, and

wo b@spad282 f orm i s chemically stabl e and/ or theP@rnNaioa/000196
conpl enent does not exhibit reactivity against the
anti oxi dant noiety, the catiogo<c noiety or the Iinking
noi ety. A stabl e conpound conprising a lipophilic
cationic noiety linked by linking noiety to an
anti oxi dant noiety, and an anion' conpl ement for said
cationic noiety, wherein the cat on|c species is
capabl e of m tochondri al | targ ?bthe ar
speci es, and vherein the
hal ogeitH;0 and tde anlonlc co enent i 8
non- nucl eop gl and/ or the ani onfc conpl enefi

antioxidant noiety is selected fromthe g
conprising vitamn E and vitam n E derivat rses]
breaki ng anti oxi dants, including butylated
hydr oxyani sol e, butyl ated hydroxytol uene, general
radi cal scavengers including derygtised fullerenes,
spin traps including derivatives o

28, 5-Alicostpogitipr acordiagitv-anyi afeclaims 11 to 27 wherein the cyclodextrin
tertbutym trosobenzene, tert-nitrosobenzene,
a pHélﬁ”y‘FYOﬂ@dem yl nitrone and rel ated conmpounds. 5. A

und according to ai.nms .1 wher he
o b SrmEsgen afithet g ropim 28 St the compging, pas S formula
unsubst ituted triphenyl phosphoniumcation. 6. A

compound according to claimb5 wherein the conmpound has
the general fornmula I R I /7)

©
H;C——§—O

Of
antioxidant noiety is a quinone or a quing 4
conpound according to claim1l or 2 wherei

chai n

(1)
and the molar ratio of compound to cyclodextrin is about 1:2.
30. A composition according to any of claims 11 to 29 wherein the composition
is formulated for oral administration.
31. A composition according to any of claims 11 to 29 wherein the composition
is formulated for parenteral administration.
32. A dosage unit comprising or including a compound comprising a lipophilic

cationic moiety linked by a linking moiety to an antioxidant moiety, and an



and/or its quinol form wherein R, and R3, which can
be the sane or different, are selected fromto C al kyl
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the salt formis chemﬂgal ly stkgygl e and/or tﬁ?cam oni c

conpheistntamdoeis angenie xitngpleeandor aidy cattpiia gnoietis” wherein the

i :@%'ogliggtspg@?éﬁéﬁ ehls o1 aishestes bn issnes iy agRoxidant
et HRiBS, e bRt SAERRNIS %ggﬁ,ﬁ%rgfegtglsg@t PRBfidehSon, and the

ant 'aﬁi‘dtﬁé‘%x@‘l’érﬁ&ﬂt is Hog-RAit] SPLRIE EndRIBhEAEbhicf @mpRintknt does
cati oni ¢ noi ety, wherein the cationic SpeCI es is

capall exhibinrdaotihiy dighalst yhe eatimtic ngoietyg the linking moiety, or the

34.

35.

36.

37.

antioxidant moiety.

A dosage unit according to claim 32 or 33 wherein the antioxidant moiety is
a quinone or a quinol.

A dosage unit according to claim 32 or 33 wherein the antioxidant moiety is
selected from the group comprising vitamin E and vitamin E derivatives,
chain breaking antioxidants, including butylated hydroxyanisole, butylated
hydroxytoluene, general radical scavengers including derivatised fullerenes,
spin traps including derivatives of S5,5-dimethylpyrroline-N-oxide, fert-
butylnitrosobenzene, fert-nitrosobenzene, o-phenyl-fers-butylnitrone and
related compounds.

A dosage unit according to any of claims 32 to 35 wherein the lipophilic
cationic moiety is a substituted or an unsubstituted triphenylphosphonium
cation.

A dosage unit according to claim 36 wherein the compound has the general

formula I



anti oxi dant species, and wherein the anionic

conpl enent is not a hal ogen ion, and the anionic
wa@oemplogazent i s non-nucl eophilic and/ or the ani POT/AZ2004/000196

conpl enent does not exhibit reactivity against the

cationic noiety, the linkinglobiety, or the

anti oxi dant noiety. 13. A conposition according to

claimor 12 wherein the antioxidant noiety is a

qui none or a quinol. 14. A conpositio
claimor 12 wherein the anti da
fromthe group conprising vitamn

according to
y i s selected
itamn E

deri vati ves, chai n breakigng anti oxildants, )i ncl udi ng

but yl at ed hydr oxyani sol ¢

general radi calRscavengers inclluding
Cidi ng

full erenes, spinotrao‘
5, 5-di net hyl pyrrolineg
tertbutyl nitrosobenze

de.|

ni t'rosobenzene,

a- phenyl -t er ~- but yl pf and rel apgthconpounds. 15.

A conposition accefdi ng
the |ipophilic c§&ionic hoi ety is|a subsi

to 14 wherein
ituted or an

unsubsti t ut ed tréphepylphosphoniu cati o 6 - A

conposi tion according to claim wher ery

tﬁé compound

has the genera fornmula | | and/or its quinol form
wherein R, R, and R, which can be the sanme or
different, are selected fromto C al kyl (optionally

" et 8 Huifipt i Sy Bessth RORAMEUCRE Ghich 8 be the same or
nondi€fedrity frepddl&ited Fom &, 20NQO8IKY1 PFptasmkHubstiffed) moieties or

claimwherein Z is selected fromthe group consisting
of H) kyd vdreremyh isahfiotegerdram abotit attes20,11d wherein Z is a non-

conposi tion according to claim16 or claim 17 wherein
C dragihee Yuph.
38. A dosage unit according to claim 37 wherein Z is selected from the group
consisting of alkyl or aryl sulfonates or nitrates.
39. A dosage unit according to claim 37 or claim 38 wherein C of the (C)n
bridge is saturated.
40. A dosage unit according to claim 39 wherein the compound has the formula

CHs;

CH;0

II

and/or its quinol form, wherein Z is a non-nucleophilic anion.



bridge is saturated. 19. A conposition according to
cl ai m wherein the conpound has the fornulall and/or
wo t@squi2enl form wherein Z is a non-nucl eophi PCT/NZ2004/000196
ani on. 20. A conposition according to any of clains to
19 wherein the conposition ebt®hrises cycl odextrin. 21.
r

A co ition.according to clai,m 20 erein,the I .
410 £ PARBRoEL Wi GO EE o ey oty 2B St TBe Hosage unit
to 3‘5&:115 v conposition according to claim
wher ei ﬂl%g%%g}oﬁir%x‘%rgh o of conpound to cyclodextrin is
4% r omA alosaige bnit ateordiguto dlafm 423vhdefiPiRaablar @itio of compound to
according to claim?22 wherein the nolar ratio of

conpoghulextrin jscfromeationit d01lstofabomt dbldut 4: to about : 4
24, onposition according tQ cJaim 23 wherein the
435 K BIEC EehrGie dlaite 43 Bkt (e el Fefi Sh6empound to
2:1 Lk . Siit i .according to claim
24 V\C]t'@lr(gc?%‘i{l%leszﬁno aarb%}lgsirﬁg%o%l}oélgﬁ'p%und to gycl odextrin

44i. s ah@ebage dnit d6cordirpOiRASint U9 RvIRGERI ﬂ’ﬂeriﬁo%a? r&tﬁ@bﬂbgﬁlgound to

wherein the nolar ratio of conpound to cyclodextrin i
abowyclatlexrin isArommbost #iloto abomoddi ng to any of clai s

4520 to 26 wherein the comio_und has the fornmul aCH CH
(1 1 A dosage Wit aeeRsding tere avhgeincthgipoler rafiapfeompound tc

comOel FieBLE R A 1P A B Hrer ef n ¢ he- compound
46has A Bsd &y Wt 8c&didfdg to claim 45 wherein the molar ratio of compound to
cyclodextrin is about 1:1.
47. A dosage unit according to claim 45 wherein the molar ratio of compound to
cyclodextrin is about 1:2.
48. A dosage unit according to any of claims 40 to 47 wherein the compound has

the formula

(II).
49. A dosage unit according to any of claims 41 to 48 wherein the cyclodextrin
is B-cyclodrextrin.

50. A dosage unit according to claim 49 wherein the compound has the formula



CHO(Ill) and the nolar ratio of conpound to
cycl odextrin is about :2. 30. A conposition according
WO 0008/0¥926f cl ains to 29 wherein the conmpositi oPCT/&Z2004/000196
fornmul ated for oral admi nistration. 31. A conposition
according to any of clainms @49 wherein the
conposition is fornul ated for parenteral
adm ni stration. 32. A dosage unit conprising or
i ncluding a conpound conpri si ng l'i pophilic cationic
noi ety |inked by a |linking noi et}?to an anti oxi dant
noi ety, and anani oni ¢ conpl enent//f o®_ sai d RQNi C
noi ety, whereith the cati odls€speXiefis ci
m t ochendo ar@get i ng the ank oxi dant Uspec]
chemically stabl ® and/ or the
ot exhibiy reactivj [

conpl enent
ant i oxiCdbR
noi ety, togety
di  uent and/or carrier and/or excipient.
unit conprising or including a stable co

linking noiety to an anti oxi dant nvi ety,

conpl enent for said cationic noiety, wherein tht

cationic species is capable of mtochondrially

targeting the antioxidant specieggpand wherein the

ani oni c conplenment is not a haloge ion, and the

ani agidcthe angilae rativ of sompourii gebdddxitdn dnabart 1the

ani oni ¢ conpl ement does not exhibit reactivity against L
Skhe Aalosage uniteiceerding treany okelagnsdLdo\p0 wherehiethe dosage unit is

ol ai sl B Gl gppinataie T oxi dant moi ety s &

S PR A pabin s o BEERAS 121 TEBEGHIE e i
formulated for parenteral administration.

53. A compound according to any of claims 1 to 10 or a pharmaceutically
acceptable salt thereof for use in the prophylaxis or treatment of oxidative
stress in a mammal by administration of the compound or the salt thereof to
said mammal.

54. A compound according to any of claims 1 to 10 or a pharmaceutically
acceptable salt thereof for use in the prophylaxis or treatment of symptoms
of aging in a mammal by administration of the compound or the salt thereof
to said mammal.

55. A compound or a pharmaceutically acceptable salt thereof according to claim
53 or 54 wherein said administration is on the first day at a dose of about
1.02 about 2.0 times the daily maintenance dose, followed by administration

of the compound or the salt thereof at the daily maintenance dose of the

subsequent days.



sel ected fromthe group conprising vitamn E and
vitam n E derivatives, chain breaking antioxidants,

WO p@s0di26zy but yl at ed hydr oxyani sol e, but yl at edPCT/NZ2004/000196
hydr oxyt ol uene, general radical scavengers including
derivatised fullerenes, spinjggaps including
derivatives of 5, 5-dinethyl pﬁr roline-iV-oxide, _

56. er tAwopntundodiod phatmageutisaliy iaceepdatlesalribereof according to any
a- ph l.-fer~butyl nitrone, and rel ated conpounds. 36. A
g PR ST e A i
wherein the lipophilic cationic noiety is a
substituted or an unsubstituted tri phenytphosphoni um
cation. O A dosage unit acczcﬁ di ng to
wher gjiiy t hel conggund has t he 'general fg

its quing rm wherein R, R, be
the sane]lor

_(optbl% d n
is an 1 nteg a

consi sting of alkyl or aryl sulfonates rat es.
39. A dosage unit according to claim3 aim 38

\él\’g : ;agliéi/ rbur ﬁflts? &%%ngr‘ I'A SV ]?%Elc 92; |1drra1§ %@ﬁ-\t}&:]dégg?ﬁﬂ%ﬁﬁ%ig@np ound

57has Aféﬁrﬂéﬁ_ﬁ@iﬂ' & £ph&thiduticaltd abeptilsie %Hitrtﬁérdeﬁ)i) RBtording to any
i

wher ei n S a non-nucl eophilic anion.41. A dosage
uni tofatadiosdihy $@wheyeinfthe sai ssth8Cof the 40cthhmesai fonatee
dosa[ge unit conpri ies cycl,odrfxt rin. .
58. compound or a pharmaceutically acceptable salt thereof according to any
of claims 53 to 56 wherein the compound is combined with cyclodextrin.

59. A compound according to claim 58 wherein the compound has the formula

CH30 CH;

O
CH;0 | PN N NN P@
®
0]

(IIT)
wherein the cyclodextrin is B-cyclodrextrin and the molar ratio of compound
to cyclodextrin is about 1:2.
60. A dosage unit suitable for oral administration comprising as an active
ingredient a compound according to any of claims 1 to 10, the compound

being of or being formulated as a crystalline form and/or non-liquid form.



42. A dosage unit according to claimwherein the nol ar
rati o of conmpound to cyclodextrin is fromabout 10:1

wo eooalooe282 1: 10. 43. A dosage unit accordi ng toPcCl/azmo4/a00196
wherein the nolar ratio of conmpound to cyclodextrin is
fromabout 5:1 to about 1:5-1@8- A dosage unit

according to claim43 . wherein the nolar .;ratio of . .
6%0%%%%%9&% for parentered gpppigiration compstsing as an active

o) PR AP RSB e PRSI BlaTs Lm Doout

622: 1 A phapasdeuticdl ?&npﬁsiﬁ%ﬁasﬂfﬁa%i for %gﬂflgﬂlm zf g%ﬁérﬂi Who would

45 wherein the nolar " ratio of conpound to cyc extrin

i s diemefit froln rédiiced akidatie strdsk craednchdgmptoedsabfadding which
wherein the nmolar ratio of conpound to cyclodextrinis
abowomprises 48 inpludes agetinstive amamiafp eompayndfaccording to any
cl ai 0 to 47 erein the conpound has the fornul a )
G OFcefiim 11 ', d0°5E GuliBafRRTRHEC ond; v Mereampimhaceutically
cl ai t -4 dextrin is
b- cydgé%@?@ftdralnﬁas’s . lgieggstégggﬁﬁ%ttg according to claim

6349 wheoaipositivn sopdingdorisint B2 Wikkei settdahdurld ik 286mpound
the nolar ratio of conpound to cyclodextrin s about
: 2. @formaulddsage unit according to any of clains 32 to
50 wherein the dosage unit is fornulated for oral
adm ni strati on.

Z@
o)
Ra\ ‘ .
(Ch
o) ’ \P
®
0 Ry
Ro 0

I

and/or its quinol form, wherein R;, Ry, and R;, which can be the same or
different, are selected from C; to Cs alkyl (optionally substituted) moieties or
H, and wherein n is an integer from about 2 to 20, and wherein Z is a non-
reactive anion.

64. A composition according to claim 63 wherein the compound has the formula



52. A dosage unit according to any of clainms 32 to 50
wherein the dosage unit is fornulated for parenteral
wadisnies? ati on. 53. A conpound accordi ng to aPgT/a#2004/000196
claims 1 to 10 or a pharmaceutically acceptable salt
thereof for use in the prophydaxis or treatnent of
oxi dative stress in a mammal by adm nistration of the
conmpound or the salt thereof to said mammal. 54. A
conmpound according to any of clainms 1 to 10 g
pharmaceutical | ¥ acceptable salt thereof fo
i }?at ment of syptons of
i‘on of the conpound or
| .

a
55. A conpound or a
e c

Cl'ai m 53 Bl

dai ly mai ntenance dose, followed by admnis
the conpound or the salt thereof at the da
mai nt enance dose of the subsequent days. 56. 4
or a pharmaceutically acceptable salt thereof
according to any of clainms 53 to 55 wherein said

conpound has the forrmula CH CH O and/or its quino

for m and)8f R Qubol Fordn NORerRUE .99 BHonlfudedMilic 8dionA
compound or a pharnaceutically acceptable salt thereof

65ac c ok donpasiticangccofding do ramySd ¢lainkb6 e 6diwhdrbm el composition
is that of the nmethanesul fonate. 58. A conpound or a
pharGosuiRes 63flogdesiEiept abl e salt thereof according to

T T R BTN ey T e—
to GhkBlodRxMiflsatdnaBeut PR A HBoLAS: 1ohe formula CH

67. A composition according to claim 66 wherein the molar ratio of compound
to cyclodextrin is from about 5:1 to about 1:5.

68. A composition according to claim 67 wherein the molar ratio of compound
to cyclodextrin is from about 4:1 to about 1:4

69. A composition according to claim 68 wherein the molar ratio of compound
to cyclodextrin is from about 2:1 to about 1:2

70. A composition according to claim 69 wherein the molar ratio of compound
to cyclodextrin is about 1:1.

71. A composition according to claim 69 wherein the molar ratio of compound
to cyclodextrin is about 1:2.

72. A composition according to any of claims 65 to 71 wherein the compound

has the formula



CHO(IlIl') wherein the cyclodextrin is b-cyclodrextrin

and the nolar ratio of conpound to cyclodextrin is
wab@an19222 60. A dosage unit suitable for oral PCT/NZ2004/000196

adm ni stration conprising as an active ingredient a

conmpound according to any of1@8ainms 1 to 10, the

conpound being of or being fornulated as a crystalline

formand/or non-liquid form61. A dosage unit suitable

for parenteral adm nistration copgprising as an active

i ngredi ent a conmpound accordi ng o any of cl
10. 62. A phagymceuti cal &gosi [ i OFl, sui t &l
treat ment of ati ent V\:h%g ul & berefit

ains 1 to

oxi dat CHOS! diHsr educed synpdans of afg 0 i ch
conprises o gl udes an effective& anount ofya
corrpoug% : g 1o y~Qf A w/\lg n

combi n 3§n vvllth one or nore phariaceuti cal }

acceptabl e cagyiers, excipients, or diluents] 63.
conposition according to claim®62 wherein onpound
is a conpound of fornmula | and/or its qui m

Zal=)
ol fi
wherein R, R, and R, which can be the ..\

different, are selected fromto alkyl (optronally

substituted) noieties or H and wherein n is an

integer fromabout 2 to 20, and wherein Zis a

nonreactive anion. 64. A conposilgn according to

claim 63 wherein the conpound has the formulall and/or .
73i t s Aygorgosttnmacopkdingita anyiof daimenbh e (78 oplereincthe cyclodexirin

anign. 65. A conposition according to any of clains 62

to 63BeeldteXtie conposition conprises cycl odextrin.

742&' aé c?og{lnﬁ%sﬂgéril ggﬁg@%&g'&%xﬁ 73 %\lrhaeirgi]nGLﬁe \élla rp%'uﬂdthgg the formula

75.

76.

77.

I o

H;C—8§—O

0
CHgO\ﬂ)IYC}h

| O
CH,0O PN
3 /\“/\/\/\/\ ®P
0]

(II)
and the molar ratio of compound to cyclodextrin is about 1:2.
A composition according to any of claims 61 to 74 wherein the composition
is formulated for oral administration.
A composition according to any of claims 61 to 74 wherein the composition
is formulated for parenteral administration.
A method of reducing oxidative stress in a cell which comprises the step of

contacting said cell with a compound comprising a lipophilic cationic moiety



to cyclodextrin is fromabout 10:1 to about 1:10. 67.
A conposition according to claim 66 wherein the nol ar

WO 2005019282 conpound to cycl odextrin is from aboPtT/NZ1004/000196

about 1:5. 68. A conposition according to claim67
wherein the nolar ratio of coipound to cyclodextrin is

fro bou%sﬂ 0. about :4 69. A cofgop altl on accorrgi ng ..
#h {ARICHD | tar aR adEOEAanto iGN # anionic

cycl

oo n,pcg)gl:’? Efodeﬂg!fé aé&’ %ﬁ?@gﬁéﬁeﬁq é@e\?\‘ggﬂgfz nc% 1§8m n@ecws is capable

ratidr RiitocABRANAYY ttBrdelfil QNS Xdrlti kit aRiies 1 ahd tYlé saﬁ form is

conposition according to claim69 wherein the nol

r at i cheoficalbyrptabie an(d)/ocjzh]d agiexto complenadn uloed ndi eZELbﬂAreachlty

conposition according to any of clains 65 to 71

V\her@aﬁ’lsff e @m@dm THGISTYL, e edfionie atmew o the (hlniqr)g moiety.
T3, AFOTRE BB NR RSN sotelb WP cSioH e scp of
s LSRG R B bE RO O IRTPINR cationic

conpaoirty liakey dyod ¢xkingmosetghtouin adtioxiBantAnoiety, and an anionic
conp05|t| on according to any of clains 61 to 74

vvherCélmp Ieent dompsadd catdenic gndistymyvlarein thercatipaic species is capable

o0 O B S S S EOTROS L on 6 CO A1 g, 10,20, O amionic
complement is not a halogen ion, and the anionic complement is non-
nucleophilic and/or the anionic complement does not exhibit reactivity
against the cationic moiety, the linking moiety, or the antioxidant moiety.

79. A method according to claim 77 or 78 wherein the compound is a compound

of formula I

\ O~

Ri1

1

and/or its quinol form, wherein R;, R,, and R3, which can be the same or
different, are selected from C; to Cs alkyl (optionally substituted) moieties or
H, and wherein n is an integer from about 2 to 20, and wherein Z is a non-
reactive anion.

80. A method according to claim 79 wherein the compound has the formula



is formul ated for parenteral adm nistration. 77. A

met hod of reducing oxidative stress in a cell which
waoempnieses the step of contacting said cell w POT/AZ2004/000196

compound conprising a lipophilic cationic noietylinked

by a linking noiety to an anti®xi dant noiety, and an

ani oni c conplenent for said cationic noiety, wherein

the cationic species is capable of mtochondrially

targeting the antioxidant species, and the sa

is chemcally stcable and/or the ani@nic co

does not 1t_Il vity agai n& the anti oxi dant
noi ety, the ¢ ¢ i ety or the |inking o

A net hod of [ g oxi dative stress in a cell
conpri ses h co ct S C

stabl e cofpound lconmprising a |ipophilic catio@lc
moi ety |inked by a |inking noiety to an anti oxidant
noi ety, and an ani onic conpl enent for said ¢& '
noi ety, wherein the cationic species is caps
m tochondrially targeting the antioxidant spe g, and
wherei n the anionic conplenent is not a hal ogeh |on
and the anionic conplenent is nonﬂ%cleophlllc and/ or
the anionic conpl enent does not eXhibit reactivity

agai naihd/bh &s gaitricl FomWheleh 7tisa ﬂdnnﬂﬁidlgop}ﬁh@tamono r
t he anti oxi dant noi ety 79. A nmethod according to

81l alﬁmﬁéﬂmd E@m‘ﬂmgeﬁmamﬁ@fadmwﬁa tos8@ wlerpnutie obmpound is
formul a | §?Pé¢lt$ qui nol form wherein and
whi c‘}ﬁ’na?iﬁx?%wﬂ X§idi f ferent, are sel ect ed from

82twh er%athg%l 'r(ﬁﬂg 88? %ﬂ: ok ed 'Or%ta ¥ ﬁa o'_fi‘ compound to

wherc%rbd%xhﬁl & O AR5 ILE] t%rﬂb%ﬁt 181@ A met hod
according to claim 79 wherein the conmpound has the

83. or mulma¢thodnabicording stoqelaime|32f ahireimtthe anolag ratio &f compound to
non cr;llcjzfold%?( hrll lsl f(‘I:’OI?lnE{bOO?l'[ 5:1 to about 1:5.

84. A method according to claim 83 wherein the molar ratio of compound to
cyclodextrin is from about 4:1 to about 1:4

85. A method according to claim 84 wherein the molar ratio of compound to
cyclodextrin is from about 2:1 to about 1:2

86. A method according to claim 85 wherein the molar ratio of compound to
cyclodextrin is about 1:1.

87. A method according to claim 85 wherein the molar ratio of compound to
cyclodextrin is about 1:2.

88. A method according to any of claims 81 to 87 wherein the compound has the

formula



81. A nethod according to any of clainms 77 to 80
wherein the conpound is conplexed wth cycl odextrin.

w@2005A19281 hod according to cl ai mwherein the nPCENZ2004/000196

rati o of conpound to cyclodextrin is fromabout 10:1
to about 1:10. 83. A nethod-aricording to claim 82
wherein the nolar ratio of conpound to cyclodextrin is
fromabout 5:1 to about 1:5. 84. A nethod according to
cl ai m 83 wherein the nolar ratio of conpound to
cyclodextrin is fromabout 4:1 t about 1:4 85. A

nmet hod accordinng to claim84 wh the pot 3

of corrpound t cyclodextrin is f bout

2 86. CH,C Jd_ aaumr di ng to cla 85 whe

nmol ar ratio in i

87. A nethod Al

ratio GHQorrpund %P :

met hod accordipng to any of clainms to 87 wheregi
compound has the formula- I'll - CH CH O (LU

nmet hod according to any of clains 81 to 8P ei n the
cycl odextrin is b- cyclodrextrin. 90. A ng

according to claim89 wherein the conpoun t he

formula CH OCH O (I11)

(I10).

89. A method according to any of claims 81 to 88 wherein the cyclodextrin is -

cyclodrextrin.

90. A method according to claim 89 wherein the compound has the formula

91.

(IID)

and the molar ratio of compound to cyclodextrin is about 1:2.

A method of therapy or prophylaxis of a patient who would benefit from
reduced oxidative stress and/or reduced symptoms of aging which comprises
or includes the step of administering to said patient a compound,
composition and/or dosage form wherein the compound is, or the
composition or dosage form comprises, a compound comprising a lipophilic

cationic moiety linked by a linking moiety to an antioxidant moiety, and an



and the nolar ratio of conpound to cyclodextrin is

about :2. 91. A nethod of therapy or prophylaxis of a
w@atosem23nwho woul d benefit from reduced oxi dat PEENZ2004/000196

stress and/ or reduced synptons of aging which

conprises or includes the stigp-of adm nistering to

said patient a conpound, conposition and/ qr dosage . L

f or ANHEe eomplaneet fap saidccationiomoiey, Whepaathe gatienic species is

dosage .form co I Ses...a conpound conpri-sing. a .

[ poBRAHLE TR ICERPRTTANE eraching e‘g‘ep%z‘ﬂgo’ﬁ“i [ SRYCHE: dog the salt

to ANk ichkhAty BBbRE ndRRIhERARAR  OnSSERlATEOEs ok exhibit

sai d catronic noirety, wherein the cationic species is

capapictivitly dpaiigehbodhtiskidant aicletyl, iige thigombtmoiiyl@ntthe linking

species, and the salt formis chemcally stable and/or
t henzoieyni ¢ conpl ement does not exhibit reactivity

against th nt i oxi dant iety, the cationic noi or

92t he A imﬁktfm@ %@an o5 ProphyAN HTot p@ﬁslilfaw}wowouﬂ benefit from
prophyl axi S : of.: ' | A i - . .
e drdi B G BB LGN Sn0Els Sf A which comprises
agi g YHIGdEsC AAPT 58PS o adRfhiAIMd N® ShRP Pitient a compound,
adm nistering to said patient a conpound, conposition
andicotnpieitmpe dndron vdusage n foine edrepeinndhé scompotiié is, or the

conposition or dosage form conprises, a stable ..
comsempestienpeT slosaee foTm opnpilsese & plghlec coppeppd comprising a

linked by. a | inkin i et.y. to.an aptjoxi dant iety, .. .
andlflgﬁpgﬁ’rco frkonig OZ%X n{ﬂﬁﬁff bé’aiadﬂgjé‘\rﬁgo H?O&e%n?%t  ‘antioxidant
wherei: cat ian | | I : : herei

o AR R SR RRERCHE (528 Suphic moicy, yhqen e
whercationich epeidso i Cca?)abw ofentitocRondfiialty Halgetieg thenantioxidant
and the anionic conplenent is non-nucl eophilic and/or

t he spedioni andcwhptednthe adiswdc gompdsnen is nelat hplogey ion, and the

e o S RSl WSk B g Flement docs
;'C 231:518 i%%ldl%glr Cg%t;ijv%f %g?%gpnsﬁ%t %étﬁﬂu’& $ndlefiR RO Hinkid moiety, or the
antioxidant moiety.

93. A method according to claim 91 wherein the composition is a composition
according to any of claims 11 to 31.

94. A method according to claim 91 wherein the dosage form is a dosage form
according to any of claims 32 to 52.

95. A method according to claim 91 or 92 wherein the mitochondrially targeted

antioxidant compound is a compound of formula I



94. A nethod according to claim91 wherein the dosage
formis a dosage formaccording to any of clains 32 to
W®200581%23A net hod according to claimor 92 wheP€i/NZ2d0e/000196

mtochondrially targeted anti oxi dant compound is a
conpound of forrmula Il and/or13ts quinol form wherein
R R, and R, which can be the sane or different, are
selected fromto C al kyl (optionally substituted)

noi eties or H and wherein n is an inateger from about
2 to 20, and wherein Z is a hrez ani on. 96. A

nmet hod according to claim95 wher ¢
conpl exed with cycl odexgrin. 97.
cl ai m 96 wherein the noljar rati‘o 0
cyclodextrin i from ab

conpound is
d according to

10:

1 to_ about

met hod accordin é?exn t he /nol atio
of compound to 090I 0 i s |fromebout \Q: about
1:5. 99. A nethod acf [ to'clai m{98 whe¥ein the
nol ar ratio of conpetd to cl odextrig is from about
4. to about :4 10 Ht hod a&cordi ng to cl ai m 99

wherei n the nol ay’ iratio of conmpoumnd to ¢yclodextrin is

fromabout 2:1 t .
cl ai m 100 whereih the nolar ratio

0 abouto:2 101. Alwethod according to
onmpound to

cyclodextrin is about 1:1. 102. A nethod according to
claim 100 wherein the nolar ratjo of conpound to
cycl odextrin is about 1:2. 103. A nethod according to

any
for

96.

97.

98.

99.

100.

101.

102.

103.

Bl A ARSP tbfinl WheMIR R, R W RIPRMIEh BAF th"e same or

different, are selected from C, to Cs alkyl (optionally substituted) moieties or
H, and wherein n is an integer from about 2 to 20, and wherein Z is a’non-
reactive anion.

A method according to claim 95 wherein the compound is complexed with
cyclodextrin.

A method according to claim 96 wherein the molar ratio of compound to
cyclodextrin is from about 10:1 to about 1:10.

A method according to claim 97 wherein the molar ratio of compound to
cyclodextrin is from about 5:1 to about 1:5.

A method according to claim 98 wherein the molar ratio of compound to
cyclodextrin is from about 4:1 to about 1:4

A method according to claim 99 wherein the molar ratio of compound to
cyclodextrin is from about 2:1 to about 1:2

A method according to claim 100 wherein the molar ratio of compound to
cyclodextrin is about 1:1.

A method according to claim 100 wherein the molar ratio of compound to
cyclodextrin is about 1:2.

A method according to any of claims 95 to 102 wherein the compound has

the formula



(Ir1). 104. A nethod according to any of clainms 95 to
103 wherein the cyclodextrin is b-cyclodrextrin. 105.

wa0msia2 accordi ng to cl ai m 104 wherei n t he cPOpPOAZ®4/000196

has the formula/ / HCCHOCH O (II11) and the nol ar

rati o of conpound to cycl odext4in is about :2. 106. A
nmet hod according to any of clains to 105 wherein said
adm nistration is oral adm nistration. 107. A nethod

according to any of clainms to 105 wherein said

adm nistration is parenteral adnyhistration. 108. The
use of a conpaund conprising a |/pofhilic _edathQni
m)ietyIinkedCF)yaIinkindJI JI et & an af]

moi et y,craod alaniom ¢ conpl eneni\ f or sai ¢
m he cationic species is capz

noi ety, whe
m t ochondri @ argeti ng {he aqtioxidan
t he saldh:Por my’s cteni ¢al | y st abMe” andtor Dhp—s

conpl enent dogs not exhibit reactivity agaiﬁt t
anti oxi dant nolety, the cationic noiety o '
noi ety in the preparation or manufacture ¢
nmedi canment, dosage unit, or pharmaceutica
effective for use in for the reduction of

stress in a patient. 109. The use of a conpound
conprising a lipophilic cationic noiety |inked by a

linking noiety t an anti oxi dant gm)gety, and an anionic
ty

conpl ement for said cationic noi

, Wwherein the

10at | Anhethodericesling te apgtdfeclaimsDs ac HO3dwherdeiry the cyclodextrin is

105.

106.

107.

108.

B-cyclodrextrin.

A method according to claim 104 wherein the compound has the formula

(11T)
and the molar ratio of compound to cyclodextrin is about 1:2.
A method according to any of claims 91 to 105 wherein said administration
1s oral administration.
A method according to any of claims 91 to 105 wherein said administration
is parenteral administration.
The use of a compound comprising a lipophilic cationic moiety linked by a

linking moiety to an antioxidant moiety, and an anionic complement for said



targeting the antioxi dant species, and the salt form

is chemcally stable and/or the anionic conpl enent
waelo®s/omas2 exhi bit reactivity agai nst the anti ORCTIAZL004/000196

noi ety, the cationic noiety or the linking noiety in

the preparation or manufactutessw th other material or

materials of .a nedi canent, dosage unit, or . .

pharGREIOBIR MOAPLYe SHasERIN: the reagionicc spagiest s capabler of mitpchondrially

reduction of, s o) f_aging_|i patient. .10.. The

se Gt lhsS HRRO A nP Fufiehad 4B Ralt B8t GihegiiGally stable
g . e : ) bl Lox] .

oi /oL THEuiinie CORAATMI BLY 1t SRR TOH SR, ogainst the
nDi edntioxideeit einpidthe that cahdrdc SpREEYS ot Stheapialkirgs ahoiety in the
mtochondrially targeting the antioxidant species, and )

t he Rrgparation or inamHaeiucapf ¢ naedibimentn dosage: tndt, a1 pheirmaceutical

conpl enment . does. not hi bit. reacti vi agai nst .t he .
ant | SRMERHOmSTIEE) e AHE U8% i oiff dhrdPRiGr iy of reidative sigess in a
NI éﬁe%lf‘ the preparation or manufacture of a

conﬁ%5| I'on effective for use in the reduction of

109xi dRtid M& 6F he®Mpdund Ehprisi raembkg@ﬂﬁ& catBhilesbetPlinked by a
conpound of the formula I/ RT (and/or its quinone
f or jnikihg nedietyRo, ateantidkidanthiciety; amdFm diiencaenplement for saia
different, are selected fromto C alkyl (optionall, )
subsTHIOBICeMOIGhs; Bieran the gallpBICeINeCHS| s Ganabler @@ml%/ochondnally

acmest Beipe NGB Fiedi 1, B BRI o PRy stable
Of BRSPSk NBornBRerh&Ht THOEs /ot dethibit tedckivityChlzainst the

antioxidant moiety, the cationic moiety or the linking moiety in the

preparation or manufacture with other material or materials of a medicament,
dosage unit, or pharmaceutical composition effective for use for the
reduction of symptoms of aging in a patient.

110. The use of a compound comprising a lipophilic cationic moiety linked by a
linking moiety to an antioxidant moiety, and an anionic complement for said
cationic moiety, wherein the cationic species is capable of mitochondrially
targeting the antioxidant species, and the salt form is chemically stable
and/or the anionic complement does not exhibit reactivity against the
antioxidant moiety, the cationic moiety or the linking moiety in the
preparation or manufacture of a composition effective for use in the
reduction of oxidative stress in a cell.

111. A method of synthesis of a compound of the formula I



CH O (Ill) said nethod including or conprising the
adm xture of cyclodextrin. A nethod of synthesis of a
wa@oopsowd2 havi ng the fornmula // H CCH O CH O (PET/NZ2004/000196
essentially as herein described. 114. A pharnmaceutica
conposition suitable for treatgent of a patient
suffering fromor predisposed to Parkinson's disease,
Al zhei ner' s di sease, Huntington's Chorea, or
Friedreich's Ataxia, which conprises i ncl udes an
effective anount of a conpoqugco 1ri§?ﬂg a lipophilic
cationic noiety |inked by a |inki
anti oxi dant noi ety, andgan ani onia
cationic noietg, wher ei
capable of mtogh
species, and the_salt £orai s
t he anionic coinenelt doe
agai nst the antioxi dgnt noilety,' the catio
the 1inking noiety, o [ ' one or nore
pharmaceuti cal ly gCcept @bl e cakrri ¢ i pients, or
di l uents. 115. ggconposition acconding tijp claim4

suitable for treatnent of a patiem ering from or
predi sposed to Ffiedreich's Ataxia. - A met hod of

t herapy or prophylaxis of a patient suffering from or
predi sposed to Parkinson's disepse, Al zheiner's

di sease, Huntington's Chorea, or Friedreich's Ataxia

Whi Ghn@BFRS | R&toy £ WHERH RS, ﬁg,ea&dofh, which can be the same of

different, are selected from C; to Cs alkyl (optionally substituted) moieties,
and wherein n is an integer from 2 to 20, said method including or
comprising the admixture of cyclodextrin.

112. A method of synthesis of a compound having the formula

’Cl) H;C——S§—O
CH;0 CH;
O
CH,0 | P :
®
(II)

said method including or comprising the admixture of cyclodextrin.



adm nistering to said patent a conpound conprising a
i pophilic cationic noiety |inked by a |inking noiety
W0 000801882 | oxi dant noi ety, and an ani oni ¢ conpPENAL004/000196
for said cationic noiety, wherein the cationic species
i s capabl eof mtochondriallyltafsgeting the anti oxi dant

113ﬁ20' ﬁﬁ%hg@%gém@%mf oI having the fosme

the salt formis chem.cally stafle and/ or
dvity

agai nst the antioxidant noiety, the cationic noiety or
the linking noiety. 17. A net ho:]fccordi ng to claim®6

wherein said therapy or prophyla
suffering fro
118. The use
cat i oniCEL; 0N
ant i oxi dant {[noi
cati oni Hety
capablgﬁ% m
spe ies, and h

t he ani oni c conpl enent does not exhibit
agai nst the antioxidant noiety, the catio
the linking noiety, in the preparation or

s is of a patient
or predispased td/FrPedreich At axi a.
a conpound&ompr{sT Y a | | il i
licied by a |inkNng noi et
y, and an ani oni ® conpl enen

of a medi canent, dosage unit, or pharnmaceuly
conposition effective for use in the treatnent or
prophyl axis of a patient suffering fromor predi sposed
to Parkinson's disease, Al zheineqig disease,
Huntington's Chorea, or Friedreich”"s Ataxia. 19. The
use esseatinldy ag hereinldasenit®edaher ei n t he medi cament,

or pharnmaceutical conposition is

gosxe unit, ) .
11gs 1 ex phormacsuticab compoRion whiabin fonofreginspiyefax pstiont suffering
PRI B T SHlaflpold P ™S PARRLSPY® Fsde] " WIHSIRRS® disease,

At axi a.

115.

116.

Huntington’s Chorea, or Friedreich’s Ataxia, which comprises or includes an
effective amount of a compound comprising a lipophilic cationic moiety
linked by a linking moiety to an antioxidant moiety, and an anionic
complement for said cationic moiety, wherein the cationic species is capable
of mitochondrially targeting the antioxidant species, and the salt form is
chemically stable and/or the anionic complement does not exhibit reactivity
against the antioxidant moiety, the cationic moiety or the linking moiety, in
combination with one or more pharmaceutically acceptable carriers,
excipients, or diluents.

A composition according to claim 114 suitable for treatment of a patient
suffering from or predisposed to Friedreich’s Ataxia.

A method of therapy or prophylaxis of a patient suffering from or
predisposed to Parkinson’s disease, Alzheimer’s disease, Huntington’s
Chorea, or Friedreich’s Ataxia which comprises or includes the step of
administering to said patent a compound comprising a lipophilic cationic
moiety linked by a linking moiety to an antioxidant moiety, and an anionic

complement for said cationic moiety, wherein the cationic species is capable
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117.

118.

119.

-118 -
of mitochondrially targeting the aqtioxidant species, and the salt form is
chemically stable and/or the anionic complement does not exhibit reactivity
against the antioxidant moiety, the cationic moiety or the linking moiety.
A method according to claim 116 wherein said therapy or prophylaxis is of a
patient suffering from or predisposed to Friedreich’s Ataxia.
The use of a compound comprising a lipophilic cationic moiety linked by a
linking moiety to an antioxidant moiety, and an anionic complement for said
cationic moiety, wherein the cationic species is capable of mitochondrially
targeting—theantioxidantspecies, and the salt form is chemically stablec
and/or the anionic complement does not exhibit reactivity against the
antioxidant moiety, the cationic moiety or the linking moiety, in the
preparation or manufacture of a medicament, dosage unit, or pharmaceutical
composition effective for use in the treatment or prophylaxis of a patient
suffering from or predisposed to Parkinson’s disease, Alzheimer’s disease,
Huntington’s Chorea, or Friedreich’s Ataxia.
The use according to claim 118 wherein the medicament, dosage unit, or
pharmaceutical composition is effective for use in the treatment or

prophylaxis of a patient suffering from or predisposed to Friedreich’s Ataxia.



