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“Targeted ‘Anti oxi dants. FIELD OF THE | NVENTI ON The *159159+

invention relates to anphiphilic antioxidant conp ﬂr
v, S bioopn e et o orovp and e NN

properties of such conpounds that favour their use as’G00002*

f qr...exanpl . phar maceutj cal s. BACKGROUND 10

oS RiederoBU%TRER pbfaungrial, ummsteadmtionidanes.
degenerative diseases associated with ageing, such as
Par ki nson' s di sease, and Al zheiner's disease, as well

trj Y, and Friedreich's Ataxia, and
PEIDSE THE AVENTROR® T e

to non- speci that accunul ates with aging.

I't al skhec nitontiot Rated to iafiphiphilc! Atidk3dant compoupds having a
i schaem c-reperfusion tissde injury in stroke Bnd
Hmephiliceationic lgrowupdinal the synthiesty, Gogaulativansmd phydtocHemical
and ‘surgery. lTépglsprevent t he damage caused by '
PLPREIFY Okt § OmpeHNds Hhatasavail dheir uberapi fer example,

Eﬁ\éﬁn? o evel oped. However, nost of these are not
argete

Wthin cells and are therefore | ess than
optimally effective. Mdreover, many such anti oxi dants

have unfavourabl e physi cochem cal properties that
BACKGROEND| e, their 20 bioavailability, and their
ability to penetrate to the target organ to exert a

t her af&tdativef sieass . contribotesnde i a anmbent ofclmithan adegenerative

A0S, e TRt e B MRS o) ot Al
' I [s ,Whi.ch h
S g | Sl BATR BRI LA il on

spedifie tammgeadidtalagc@ndlate3aciitlyea en I8 PEISh Ceohthdlutes to
cause oxidative stress inside nost cells. Therefore, :
Hppapnd isehacanie-rapenfusion nijssuaninjory dansisoke and heart

sel ctivli/t m t ochondri a I'1.be mre effective
Biaglc and alse furipg Grepe ramplasiatinnead swesmii rp provant the
HEmaBURAGR A B} o AL E SR Y mbeLSE A0S dant 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, thé applicants believe delivering
antioxidants selectively to mitochondria will be more effective than using non-
targeted antioxidants. Accordihgly, it is towards the provision of antioxidants -

which may be targeted to mitochondria that the present invention is directed.
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whi ch may be targeted to mtochondria that the present

invention is directed. -2- Lipophilic cations may be

accunul ated in the mtochondrial matrix because of

their positive charge (Rottenberg, 1979 Methods

Enzynol 55, 547. Chen, 1988-2nn Rev Cell Biol 4,

155). Such ions are accunul ated provided they are

suf f i ditBephilic| ¢a3tgmsi may bo acchoudatedeinptis mivectomdrigb matrix

r del o ise it.5 over I argg surf%:]ilarea, al so

Pecisacl bedpasiive charen dRaberbwee 17 Metkorndinzymel 55, 547.
cabkeny,l t [ 0., | jately toxic to .

IR ABR e Lop CHT BN, B Dnt Pubt O Rsrakgilhcrovided
e Bufficigtiye lipophil bRltRet big | ise i

g?QFm t ochondri a}Ct gogoncetr???%‘tég stgeec‘&‘sii@% .E%%ﬁﬁu (i)ljl g&%cahse it

oaci ardargecsurfice arpa,l dlsik prbvdded dhatdhetesissw asivedeffibOpathway
ntioxidant to the 10 maj or_ source of free

th .

ARditheFalionis not sestabelisedyng dmmediatedy taxic to agellhe

oxi datd r T anpl es of. anti oxi dant conpounds . .

t hat ?l%’\;e\l/eoﬁg'%é’ﬁtﬁ?i%w 15, fhersfo § On; 3N gpp9agh by which it is
iblet PGSt bR CoH i W02 | oW dte" 1 ohili

B R by G HEAMANR0 ottt GRERG tbBphitic

canons) tatakd dpblémionk antBetiiant skbas e sargedThe Uttoxi@HR to the

| ow bi oavail ability and nust be adm nistered at very

majer sp3gee phites radicals astfreactiveooxygearsperiescatising thevkidative

| ow t herapeutic efficacy when referenced to the dose

Isgf:sés. adm ni stered. W believe without wishing to be

bound . tiQxj dan 0 und, .. .

ot vy s SOERIOkiAE cohfloudl 1R shBH SR e sctivity

20 vant iye ieslAidtiit pobi ahtivxidanirifiasivHadty %biﬂ@%%k b1 @B) target

is by no neans the sol e determ nant of anti oXidant

compartoeal iivywinedholudef Coenmyyns 1 (CoQ)( sntt idetssnoher hBoth of

xanpl e, therapeutic efficgcy). Wiilst it is true that -
PR R cRanis 2R oy BusavBlabiiny AR Mgt be adminisiered at very
I BXd t o L nvention an ..
Al AR KPBP Mo, AdRNERTe RN BerBeutic efficacy

arhieh qufetiaiedactthy dbe fafe ¥drhiMistefed®x 25 vivo, to be
efficacious in vivo the mtochondrially targeted

ant i oYl delicve omithoutdwishing @rhbdibouatihley atesttieaby ehat for an
gﬂgsi.aochem’ cal Er operties, such as, for exanple,

BHIERY EOBROUMLaBPIYLY 7 SYHHOAIOr et ¥éu (3uohi ek &or example,
g%?é;gg?ﬂgt %{Hg}g& ?)F;pgitoéﬂ?)%dl‘igf 9&dudt a%%pl? n¢ By2ho WL 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 mitochohdria, 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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W believe without wishing to be bound by any theory

that the 30 mtochondrially targeted anti oxi dant
compounds of the present invention -3- exhibit

advant ageous anti oxi dant functionality, including

bi oavai lability, and/or m taghondrial targeting and
accunul ation in vivo at least in part by virtue of

ekbibit pidvantagetwsti amtioxidayte rfunetionaliiy.h insluding bioavailability,

_ exanpl e, their, anphiphilicity, their physical

tm:tecmﬂml tangetingi and acawapBtopsy vYyosatlsast i part by

olt and/ artition.c t
sﬁ%b ¥Sﬁ%?°3@&ﬁf#erpgsgame IPEE D fat Shenle,  their
hgﬂﬁg t e [
coﬁs ivtyql g&gsfb t ent ?\Io Sééfgg’g?bgmrlgﬁégc%@gr low 1o
ﬁ%{ﬁimhtbf hydrdplostsicioy amcidom partitforircdeffiiciem) Snch compounds are
m toqui none (referred to collectively herein as 10
mhercmmth@apwﬁqablquﬁ:ﬁfmamuﬁeatelq% depe sales d8 gapparison to other
pros ect of mtochondrial targeting of an antioxidant
apLEEamEPRUAISon a |i pophilic cation coval ently

C 0 U p | S Uﬁjtlh(ﬁeﬂn t(NcS’X ' 6%@15350 bt ¥?fe;lg}fcce)f@ g?*%rhgﬁﬂcaUOns of

conpound therern (des gen I'sation
*ébh&{ﬂﬁnﬂﬁﬁﬂit umblS ahﬁenﬁ@)@jpmtmé taeed nOrlRELVHS herein as
formula O MeO O 15 Wlthmea car bon brldge9

Irmm@qmnome/nﬁ)togmml) Gherebris dql;sd))sed tthe rpudspeat OErmitochondrial

m t oqui noI is.algo ClO, brid
(AnEstng b sy mcaaammmﬁgsrﬁﬁ@@ BRQIE B lippphilic, cation covalently

S RO T AR BB AR cospe

généﬁmmt th@nshagé Sefsth) Ngs RhO Hodhidldt miMeyuiay® of the

so found that the 20 physiochem cal properties of
ifotroglai one/ m t oqui nol as disclosed in US Patent No.
6,331,532 | ess appropriate for pharmaceuti cal
formul ation, for exanple, where admnistrationis to
be oral or parenteral and/or where there is tar (ng

_4-
0 | Me |
///\\V//“\\//“\\//A\\///\\\p__-[:::ii7
O

with a carbon bridge length of 10 (i.e. Ciy bridged). Its reduced form,
mitoquinol, is also C,, bridged.

Mitoquinone/mitoquinol, despite excellence in antioxidant activity and
targeting and accumulation in mitochondria i» 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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of the conmpound to mtochondria in tissues of interna
organs (for exanple, brain, heart, liver, or other
organs). Exanples of conpounds of the present '
invention are suitable for pharmaceutica

fornmul ati on. They may be in a4formother than a
crystalline 5 and/or solid form but are anenable to

fQf gt Fepeund; i@ gniterhopdriabin tistues ofriatesnalhorgaher(for example,

ents sych as for exanple, carriers, excipients,
?g"ﬁb‘bj%?g#i E“er, gbgﬂllegprg;ns))t her additives and the Iike,
such a i XGMR rins. . Al t ageousl
such ag%e%a@ﬁlgrge phglr%_;?ggie{ﬁ‘{ i%gzﬁey pg%@@bt"ﬂ%%&ma@r%ﬁgtable for
Qstieemacaeitad fogmuladbh] | Theyt a9l b&'in G*RIFR] 6thePthidl'S crystalline
anphi philic 10 mtochondriall'y targeted anti oxidan
foirm, bt preeamanatile ve fiormation dha solidiform by admixture

p‘?@'ﬂti e charge in assgciation wth a suitable anion

t'HER ePRACE REFREY SU @ eloTceXasBDigd casriersgeaxsipients, complexation
[ i.S - i heludi n olid.or crystallin .

SIS oGl B vES B 88 A8, lcens. clofcxpid evelodextrins.

f RdvaMISE RSB YU B A Gir i gﬁaf@ ded as -

t hey e%ﬂ bi t rgac i Vi tyeggﬁg&%@@lﬁ%ﬁe XI %’nt 15

conpouri¥e hizwe detcamiriesi a desirabilityt too fiertdxaidpleds fheiagtphiphilic

the |linking noiety, or the lipophilic cationic

fpitechondzsially dargeisd petioridantctomapeinslsaof te mresartdnvention with
L oxi iety. QLh f or mi i

R LM TR R I w—

SoMERd Y 81 Eiferal BoAIEA S COMEPRIARIGE! flid or crystalline

pinradwdis.e Uini sudh yalofoRfs Gowgven Tkl kit 48 ,
whil st a h){)grogen brom de frequently usedﬁ?%%péﬁéﬁng we have

ffornd g T besic Aveidag csntheywexlitbitdreaotiviity eagairest etbphirtioxidant

ShEREblCR B e Bt AnforiSat bt ledne motety, or
i tj 0Pt ety of th

TR R Rl e IS il TEAEI el o g e

antiozidantimoictas Other sdlefirhihy afions e ByEidskd ~
conpound. For” exanpl e, we have et eraired tha%ﬁtaﬁgaceuucauy

BRemiEdls al Fosf examplequiitrotee meietiosrearsatonsidérall tappéopriate
bel | exe tbher fore that salt forms, includi ng salt
ST s %Y IR ceuticli gompapiepstas | haieg f phagmageutically or

. H | i i . . .
SR KRS B oy s
sai¢ Ifeaninigl o sucknebiBpo@it we- ANl k& hade %cg%hﬁ@ hgﬂ;{eﬁ%es that

reactivity against any of the noieties ¢ risi .
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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-5- antioxi dant conpound or conplex. It is also
preferable that the anion is pharmaceutically
acceptable. OBJECT OF THE I NVENTION 5 Accordingly, it
is an object of the present invention to provide
phar maceuti cal | y accept abl e afiphi philic anti oxi dant
corrpounds and corrp05|t| ons, dosage fornms and net hods
ncayap ,epdmmuglemm thisradso preferablarthatethe anion is
;@% %“e treat ppnt of di seases or conditions
8?%‘3 %4FceBRP¥at i ve stress, or to provide the
public with a useful choice. 10 SUVWARY OF THE
INVENTION In a first aspect, the present invention
COBIECF OF BFHEMPVENTIONNPri sing a |ipophilic
cationic noiety linked by a linking noiety to an
ant| oxiAlecardinglyt ¥t inrmh abjeni ofii thecprasbatmenvention Wlﬁovuje
tionic poiety, 15 wherein the cationic species is
gewfcalty; oéméﬁhlem Wﬂ}@@p@&q ngutipsidanht icomipgands  and

R o ol Bnb n SO AS TR P i bRy which e,
AdieRampld1 il iBXhe f%fgatrﬁ&'lt%f' dlsEQ%s @%d@ﬁ&n@éssgﬁéted with

or th elpln King noiety. In one enbo

aoxtidaticiedsress o tprovitle ahepibldn ey a aséfui Bdice.20 | n
ot her enbodi nents the anti oxidant noiety is sel ected
fromthe group conprising vitamn E and vitamn E

i j anti oxi dants, including
W?QE‘;E@W%WI at ed hydroxyt ol uene,
gener alp,r adigg &l e e
full ereneg T@% A ‘a(ip;ﬁ&FrP}F é31| ng g?ﬁv M@%‘ ]@f a compound

womptisieg hy lipophilld betidhioxindesty linked by a linking moiety to an
tert-butyl nitrosobenzene, tert- 25 nltrosobenz ne,

aanpnmdﬁm tmotetjaua%d nelut mmcﬁn?mbmplemeelﬂ foonyeid ncimonhm moiety,
t t 1

S0Py J66 oFebionic, “BerieBoB! papAS oF BiashsR h@arggm the

%ﬁhb an* @pgaé%me%ﬂt fo&ﬂlelscgﬁ@ﬁﬁgﬂyhs?folghe B3 nionic

formu
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, fert-butylnitrosobenzene, tert-
nitrosobenzene, o-phenyl-tert-butylnitrone and related compounds.

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

In one embodiment the compound has the general formula I
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R3 (c). I' P I'l R ORz and/or its quinol form
wherein R1, R2, and R3, which can be the sane or
different, are selected fromC to C5 al kyl
(optionally substituted) noieties or 5 H, and wherein
nis an integer fromabout 2-%6 about 20, and wherein
Zis a non-reactive anion. Preferably Z is selected
fromthe group consisting of alkyl or aryl sulfonates
or nitrates. Preferably each C of the (Cn bridge is
saturated. 10 In a preferreglenbedi mext, the conpound
has the formula z CH3 CH3 CH30Q{O O I{T and/or its
qui nol form wherein hilic anion.
-7- More preferably, the formula o

is a non-
tine conpound

H3C S O CI—BO?S\CI—BCI-B Fm)
{Ch
o} l \®P
0 Ri

and/or its quinol form, wherein R;, 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 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

CH3 CH3

CH:0 P

1I

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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I n anot her aspect the invention provides a

phar maceuti cal conposition conprising or including a
compound conprising a lipophilic cationic noiety 5
linked by a Iinking noiety to an anti oxi dant noiety,
and an anionic conplenment for7said cationic noiety,
wherein the cationic species is capable of .

ni t ochdfereinaefeyatilyy thetdommpaving hmstthe fomarda speci es, and
the salt formis chemcally stable and/or the anlonic
conpl enent does not exhibit reactivity against the
anti oxi dant noiety, the cationic hety or the linking
nmoiety. 10 In one embodinment the a |0X|dant noiety is
a quinone or a @linol. In oﬁggf e Egents
antioxidant moigly is select Tr gr g
conpri si KGO amq FCEnd vitamin E erlvati
br eaki ng antq : i ncl udi ng b&%ylated
hydroxyanﬁe e bu , ,

radi cal scdvengé
spin traps i ncl @di ng 15 derivatives of
5, 5-di met hyl pyrrol i ne- N-oxi de,
tert-butylnitrosobenzene, tert- nitrosobenzg
a- phenyl -tent-butyl nitrone and rel ated conp(
one enbodi nent, the lipophilic cationic moi ety
substituted or an unsubstituted triphenyl phosphoni um
cation. In one enbodlnent thgﬂﬁonpound has the genera
formula | -8- ZO 0 I RZ and/or its quino
form wherein and R3, which can be the sanme or

differ eIﬁtanoéhf‘é’ @Eﬁ@cﬁl@ dnverrtmncmwuie@& phdrytaceutical composition
d d wh

ARDIIR o LA . SbnEAP 8550 ol 5t ity

N@ked" @/ MGIARE 0%01%%@ rap! ¥n )haaﬁf |GG %g fh8Mab M nionic

gr oup conS|st|ng 0 or ary ona
niamplesent 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 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 includjng
derivatives of 5,5-dimethylpyrroline-N-oxide, terz-butylnitrosobenzene, tert-
nitrosobenzene, o-phenyl-ters-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



Preferably each C of the (C)n bridge is saturated. 10
In a further enbodi nent, the conpound has the fornul a
ol ~ CH3 CH3 CH30 O Il and/or its quinol form
wherein Z is a non-nucleophilic anion. -9- In a
further enbodi ment the conposigion conprises a
conpound having the formula Il and/or its quinol form
wherein Z is a non-nucl eophilic anion, and wherein

t he conposition conprises cyclodextrin. In various
exanpl es the nolar ratio of npau Q cycl odextrin
is 5 fromabout 10:1 to about 1 om about 5:1 to
about 1:5, fromabout 4:1 to abg , from about
2:1 to about 1:2, or apout 1: he nol ar
rati o of conﬁﬁgnd to c'
preferably, th

having the for \
CH30 oP 0 ~In) /
(3-cyclodrextrin,
conpound to cycl
enbodi nent the
fornmul ated for/ oral &
enbodi ment the bharnaceutlca
f or mul at ed

I

and/or its quinol form, wherein R;, R,, and R;3, which cén be the same or
different, are selected from C; to Cs alkyl (optionally substituted) moieties or
5 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.

10 In a further embodiment, the compound has the formula -

CH;

CH;0

II

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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20 for parenteral admnistration. In a further aspect

the present invention provides a dosage unit

conprising or including a conmpound conprising a

i pophilic cationic noiety |inked by a Iinking noiety

to an antioxi dant noiety, and9an anionic conpl enent

for said cationic npiety, wherein the cationic species

i s caplind Surdier pnbadimentiberdaahpysition getiprises deompound having

ti,oxi dant. species, an he salt formis chemcall
3586?’5‘3&%10%‘%%1 %ﬁu&ﬂq Cftom Zdé@sn%puéb@ﬁpbﬂi/c anion,
r R h¥ieh eq[g)%' s L OX] piety, the
catl oh?ﬁt:ewrrgll ety é}%ﬁ?@%@oﬂﬁbﬁ%{%ﬁ%‘?ﬁw -10- together
With o L@upl ' in i
a1 o B mof “RARP OF sl @l Bodentrin is
amomoatictiari): Into eboutils 16, Hoimmateitds: 1 ao abbuol :5, ForetBent 4:1 to

enbodi_nments the anti oxi dant nmoiety is selected from
tgpout E}r%r %951 abRHir4-di tapbput ahiz noE abewt Vily £or ex&@mple the molar

Jvatives in breakin anf i axi dants, including
%5@%@?8#%%%&2@%?#’9% ; 1819?9}1 # d hydroxyt ol uene,
gener j acludi ri [ .

ol | e B B R it oo e § ol having the
Fofmdlaret hyl pyrrol i ne- N- oxi de,

tert-butyl nitrosobenzene, tert- osobenzene,
a- phenyl -tert-butylnitrone and regfa ds.
In one enbodi nght, the |iptheH+&—cald oni cfjnoi et)

subst i t ggeg orlan _mpsubstituted Ny i phenyl

cation. In I@ podi nment t he conpound has

RRI\V(Q O\ [ II.|

(11D

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 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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15 and/or its quinol form wherein Rl, R2, and R3,

whi ch can be the sane or different, are selected from

Cl to C5 alkyl (optionally substituted) noieties or

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

sel ected fromthe group consisting of alkyl or aryl
2tpsatharowithegny pharmacaudicallpr aiceptabley dilaeht gndor tdirier and/or
(Qn bridge is saturated. -11- In a further

e QBFW@nt, the conpound has the fornmula and/or its

gui nol ' LS nan- nucl eophilic anion. o

CH3 (:H:%iIP %B&@Sﬁ&‘bﬁgmé‘é anfloxidin pRisty Ehd GHIPEROT aguinol.
dosage MNidth&OBRbb ﬁﬂtﬂgci I pg.:.4h roul.a

Il and/or its qui nglﬁﬁ?lg??n&gp er el Eﬁﬁ ?Ign%tg’ £ Egl.ectfed from the
ngroupu coegptsing cvitmian B antl vibeiial B (deivaqvBoS thaidn breaking
co rl,a;ns cyclodextrin. In various exanples the nolar

r RHQxIAntE.o msduding « butylated dudrexyanisole,f butylztbd UiydBx Holuene,

1: f b . b: abouyt 1:5, f b o
Eetiaagial Beaveh 900 3nelhiing drstiasied filisramisepis: wapecincluding

ali¥atived  of G1'5- . ohAar. - ratio.of .conpound to
cycl adoxt r(i)f;gi’ss a@oub’ﬁ) : Ldl\%@ p(riéf %e(g‘BP{}:lﬂ%oﬁ%%@gg, tert-
uiitos 60878 &-phe A PIRPHB ' r 0
T s R 6o bl Fetale BthpndRds'

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

Z@
o]
< |
o (C)r\P
| e
0 R
R2 O
I

and/or its quinol form, wherein R;, 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. 7 .

Prefefably Z is selected from the group éonéisting of alkyl or. aryl
sulfonates or nitrates. |

Preferably each C of the (C)n bridge is saturated.
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oP ~ O (Ill) -12- wherein the cyclodextrin is
13-cyclodrextrin, nore preferably the nolar ratio of
compound to cyclodextrin is about 1:2. In one

enbodi nent the dosage unit is suitable for oral

adm nistration. In a further -ddbodi nent the dosage

unit i swtabl e for parenteral 5 admnistration. In

a furt <£m® brithei compoumd hasottied €smaula and/or its

c hagr.maceuti cally acceptable salt
t gﬁg%?? '%€W§%§ 18 grpongpu eﬂﬂggﬁénﬂ5¥n1of t he
present invention for use in the prophylaxis or
treatment of oxidative stress in a mamal by

one enbodi nent, t&e conpo
phar maceutical l'y

said 10 mammal .
conmpound of CHe®
accept abl e salt
adm ni stration j
1. 02 about egOti | y
foll owed by 15 ad i ni stration of t he conpound
salt thereof at thée daily maintenance dose of
subsequent days. Preferably the salt is that ¢
met hanesul fonate, and the conpound is conbing
cycl odextrin. Mre preferably the conpound ha
formmla O OHIC/S O CH30 CH3 O CH30 oP . \ I

I
In a further embodiment the dosage unit comprises a compound having
the formula I 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 héving the

formula

CH;O CH;

CH,0

(I
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IS5

20

20 (I'1l'). -13- Preferably, the cyclodextrin is
O-cyclodrextrin, nore preferably the nolar ratio of
conmpound to cyclodextrin is about 1:2.. In a further
aspect the present invention provides a conpound or a
phar maceutically acceptable sgt thereof, a

conposition, or a dosage formof 5 the present

i nvent wherdinthe'$gciodekitth R bRtrid

synpt oms of agi ng in a nangfwggl&gﬁgm n.’é’%“?’%ﬁ%ﬁ&%?ﬂ{% molar
ctaioofmnmpounidetosaicloddxtrie i about 1s2i d mammal . | n one
enbodi rent, the conpound is a conpound of fornmula 11

or a gﬁ%ﬁ‘ adiraent the dosager uiit ts sitable forroralf admiBidtration.

anot h i ent aid admnjstratian.is on_the
first eﬂdja)%n%&gswo e%tbglaff S35C AgBLtIS witgblg fer parenteral

t Afinfhadtiatiomgi nt enance dose, foll owed by
adm ni stration of the conmpound or the salt thereof at

‘the dainl g fuathet exspocte thed pEsenf iﬁ%t%??&‘i&&t adg%lﬁyo&d or a

-S0 CH3ID cH3 \\ O O oP (Ill). 15 Preter
tﬁ@f@ﬁpwti@ﬂﬂ’h%ﬁceﬁfatﬂﬁ salirdhergntsalcompatsitiorart 4 desage form of
Ct?l g.is onbl ned Wlﬁ_g cycLodextrin. Mor e _

p g&’g%% FW‘W@OB RhOsHER HePropaylayisor Heatment of ogid4tive stress
Sn0a %a"mﬁﬁ'@%yla%nigrgiﬁp oPFhe %ompound or the salt thereof to said

mammal.

In one embodiment, the compound is a compound of forﬁxula IIora
pharmaceutically acceptable salt thereof.

In another embodiment, 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.

Preferably the salt is that of the methanesulfonate, and the compound
is combined with cyclodextrin.

More preferably the compound has the formula

O
? }hC———éi—SS
CH;0 NN 1>——-—*Zi:::::jii;7
o O]

(I1I).
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(1r1). Preferably, the cyclodextrinis

O-cycl odrextrin, nore preferably the nolar ratio of
compound to cyclodextrin is about 1:2. In a further
aspect, the present invention consists in a stable
compound 5 conprising a |ipophilic cationic noiety
linked by a linking noiety to an antioxidant noiety,

and an L QR f or. id.cationic noiety,
aher of e paBl, BRTELARRB Lt I iy RuRE. ot “pferably the
ninotariratid of abipouad 36 tyaiddeRein BHbbaKi gant speci es,
and 10_the_anionic conplenent is not a hal ogen ion,

and  tHe 2afirBIeY caspeeipthenprasent imeentioncpropdisl & ccompound or a

a%rlg oractl‘k% I oni ctﬁ%ngle nt does not exhibit

rREKEPRGPY 3y albdhergpd 2 gempogitionhera desagg form of
[ r; ; [.QxJ noi e In _ope enbodi ent

e ke o A R Pt ERehoms of Spsmpterms of

aidieg iebedmiealt by dtiaiirafh Bihe W) S ect

fr%%gt he group c}(;n'pri Si %ﬁ\éjilt am ﬁ@ngﬁn%ﬂ\% ?Igﬁniengaéfé%ereof to

déid mammels, chain br eaki ng antioxidants, including

but yl at ed hydr.oxyani so] e, butyl ated hydroxytol uene,
generglltn P fxﬁ Oﬁgeﬁ% cempeainddis ray compiound iafefbrmula II or a

P RonR BB R el 0 o v ves O

t ert - Qutanotdr 2SRA : T Al tFO nzene
a- pheny| %ﬂtoe re{r_ but yl ﬁllétﬁ lrc']’gsﬁl (leé gﬁ@éﬁ%@%%fscéﬁ%ﬁﬁsg dayat a dose

@feabentodi02eabout 12e0 | fispephiblei dallt in@RitenRE CiYse. Stlowed by
substituted or .an wunsubstituted triphenyl phosphoni um
adpyigistration of] theoprmperstionghe saliethermufatritie iaslyt fdintenance

%E%i"khefs%’b%'c'p?edt d%ys\. OR3f OPR / RZOI

CH:0 CH, N\
o
bS] @ .

(I1D).
Preferably the salt is that of the methanesulfonate, and the compound
is combined with cyclodextrin.

More preferably the compound has the formula
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\' I and/or its quinol form wherein Rl, R2, and R3,
whi ch can be the sane or 5 different, are sel ected
fromC, to CS al kyl (optionally substituted) noieties
or H and wherein n is an integer fromabout 2 to
about 20, and wherein Z is aj4non-reactive anion.
Preferably Z is selected fromthe group consisting of
al kyl or aryl sulfonates or nitrates. 10 Preferably
each C of the (Cn bridge is salurated. In a preferred
enbodi nent, the conpound has t f@r mul a . Z CH3

CH30 op Il Qand/or its HeCrot For® wh is a
non- nﬁlc_ll(sophill iC ion. Mre pr\gf erably, onpound
has t He’f o Ay - 0 // H3 C SL& O CH30

oP O~ | aspect the invention provi/d

phar maeledt’| T35 eAPo 0 conpri siRg”™ or~ig d ;
st abl e corrpond conprising a cationic spef®jes b g— a
l'i pophilic c8tionic noiety linked by a Ii'ng noi ety
to an antioxidant 5 noiety, and an ani of

for said cationic noiety, wherein the ca
is capable of mtochondrially targeting

(1.

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

In a further aspect, the present invention consists in 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,
wherein

the cationic species is cépable 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-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.



ant i oxi dant species, and the anionic conplenment is not
a hal ogen ion, and the anionic conplenent is

non- nucl eophi lic, and/or 10 the ani onic conpl enent
does not exhibit reactivity against the cationic

noi ety, the linking noiety, ofsthe antioxi dant noiety.
I n one enbodi nent the antioxidant noiety is a qui none
or a quinnaie emhbodinint teerbomtipoend has He: @éterados@ania I

‘moi ety is selected fromthe group conprising vitamn
E and vitam n E derivatives, chain breaking 15
anti oxi dants, including butyl ated droxyanlsole

butyl ated hydroxytol uene, ggfera G
i ncludi ng derivatised full erenes| spln traps i ncl udi ng
derivatives of 5,5-d qythylpyrro
tent - butylnltrosobenz. e, ter '

a- phenyl -t ent®but yl ni t one an ! | . In
one enbodi nent\_ t he i(Oreat i oni is a
substituted or —an bst] t ut egh

tri phenyl phosphoni u n onef enbod F

compound has the gexeral Qrmula |~ R /
RZ O\ and/or igt's qui f ORM (¥ and

R3, which can be the sane or dilfferent], are sel ected
fromCl to C5 alkyl (aptionally iYuted) noieties

or 5 H and whérein n is an intege romabout 2 to

20, and wherein Z is a non- reactive anion. Preferably
Zis selected fromthe group consisting of alkyl or

aryl sulfonates or nitrates. IPrefelrably each C of the
(On bridge is saturated. 10 In a further enbodi nent,
tamd/aoiiph quirp! héosr, vehdroimB A Ry, and R;, which can be the same or

5  different, are selected from C; to Cs alkyl (optionally substituted) 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 consisting of alkyl or aryl
sulfonates or nitrates.
10 Preferably each C of the (C)n bridge is saturated.

In a preferred embodiment, the compound has the formula

I

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

More preferably, the compound has the formula
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CH3 Z o yp CH3 CH30 TI and/or its quinol form
wherein Z is a non-nucleophilic anion. -18- In a
further enbodi ment the conposition conprises a
conmpound having the fornula Il and/or its quinol form
wherein Z is a non-nucl eophi kil6 - ani on, and wherein
the conposition conprises cyclodextrin. In various
exanpl es the nolar ratio of conpound to cycl odextrin
is 5 fromabout 10:1 to about 1:40, from about 5:1 to
about 1:5, fromabout 4:1 to abgut 1:4, from about
2:1 to about 32, or abou3ﬁé& or?? ‘
ratio of conpdund to cycl tri

pr ef er &L e coAbosi ti on co
havi ng the
op O ¢ 0 A
P-cyclo ?extrln nor e preferably he
compound to cynlodextrln is about 1:2.
enbodi nent the pharnmaceutical conposition j
formul ated for oral admnistration. In a
enbodi ment the pharmaceutical conposition
formul ated 15 for parenteral adm nistrati Oxn
further aspect the present invention consists of a
dosage unit conprising or |nclgg)ng a stabl e conpound
conprising a |ipophilic cationic” noiety |inked by a

l'i nki ng}nr?éioéhﬁir &SDe@rthamvemmoaieplbvrdaset pharadedtical composition

ac%n?ﬂnsmg or including a stable compound 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 embpdjments 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, 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



conpl enent for said cationic noiety, together with any
pharmaceutically 20 acceptable diluent and/or carrier
and/ or excipient wherein the cationic species is
capable of mtochondrially targeting the antioxidant
species, and -19- the anionic gaonplement is not a

hal ogen ion, and the anionic conplenent is

non- nucl eophilic, and/or the anionic conplenment does
not exhibit reactivity against the cationic noiety,
the |linking noiety, or the I oxpLedant noiety. 5 1In
one enbodi nent the anti oxi ddnt ‘ s

a quinol. In other enbodi nents t anti pxi dant noi ety
is selected fromthe §roup cgnprisi
vitamn E deeratives,lchain aream

i ncl udi ng buty\at ed hyaxoxyani e,
hydr oxyt ol uene, ©—g adi% .
derivatised fullerepes, spin traps

derivatives of 5,5-4j met hy

- N- oxi de

substituted orRan unsubstit uted pieényl phosphoni um

cation. In one enbodi nent the conpound has the general
formumlal ZO OOOP | OR-/ [/ R2 O 15 and/or its

qui nol form wherein Rl, R2, and R3, which can be the

sang or, different, are selected fromCl to C5 al kyl
(?ﬁ%ﬁ& el femm.t whetnin i, eRs,eand Ry, hishcbanhBE &h8 sAme or

i ixn about, 2 _to.20Q, and wherein Z is a
ncggl_%f’erit, bRIRed kS ot T to Cy alky(f (optionally substituted) moieties or

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

tert-butyl nitrosolenzepe &, - benzene,

Q - [
a-phenyl-tert-?y yInltlone and r compounds. In
one enbodi nent,/ the ligophilic cationig¢ miety is a

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

I

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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20 reactive anion. -20- Preferably Z is selected from
the group consisting of alkyl or aryl sulfonates or
nitrates. Preferably each C of the (Cn bridge is
saturated. In a further enbodi ment, the conmpound has
the formula o CHs CH3 CH3O18P \ / 5 Il and/or its
qui nol form wherein Z is a non-nucleophilic anion. In .

a furt hera dottheli rmuhodlmendd;hageompomtmnnmmpsmma compound -

conpound havin the forrmula_I]l and/or
heving thedfPEmHIa1T; anddor Hh GHIRY 1dopHi wb@r%}m%ﬁs a %ﬂucleophﬂlc

i, aBd harsf 4B BhibRBIER Pmmies YEREREHL [ 0 '
;%ghgdgtvaheué Sxaiipies ﬁRPH{oléro akid 8 @eﬂg;ouﬁd%% cx}dl@&%xmn is

1 to about "1:5, from a out about

firaamabbat10:2:td dboudtloll, ffom, about ghlotd aiout, 1:5pfroex a]mite4 1to
the nolar ratio of corrpound to cyclodextrin is about

about sk, érqmeﬁb@ua@ ytOtab@uﬁdsZager ahout Ldnioen example the molar

eFtsob pomppynd h ¢ Qed BAE ARk ey ol odext i n i o
0- cycl %&t‘ééﬁfef&fabl e Q:roﬁ{ﬁsﬁ:gi {Z&?xﬁlélgég 3 cdipdthPhaving the

conpou cyc r in |
formula
O
I e
C|) H,C—$—O0
CH;O CH; 0 .
CH;0O
O
(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 consists 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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~and/ or

In one enbodi nent the dosage unit is suitable for oral.
admnistration. In a further enbodi nent the dosage
unit is suitable for parenteral 5 administration. In
a further aspect, the present invention consists in a
dosage unit suitable for ord$-adm nistration
conprising as an active ingredient a conpound in

- accor dtecmioniciconipdepertsis mot arhadogemion, amd conmpound

bei ng qQf or bein formul ated as a crystalline form
&?&mmaﬁpgﬂniﬁmﬁm ismoprnycleephiligranddofect | t he

. L an | St s.0.n..a dosage uni suitable . =
i AR b SRR St B P AT ol g ol Gmoety,
_tﬁwnﬁsihg%oieg, of ROMHbYidarRGRGTefRNCe W th the present
invention. Irn'a further aspect, ‘the present invention
provi disone pinbodanenttihe ahtioxidaposioidty s 8 quirdblerfaguinol.
treatnment of a patient who would benefit from 15

r educel? otheraembpediynenis sther anteenidant syaiptyoits selectedefogn the

BB s oviirmise i S oAl (B defiRbie: caRoyOrsaking
3 rcal | '

T T T —

exci pients

gengralnadidad seaveagpeuncluding @eriwdtied fulld@néd) spietraps including

exanpl e, the conmpound is conplexed wth cycl odextrin.

ferivatives uef SxandpmethyiparotineaN-oxitlep tof-butylpitrosdbenzene, fert-
c.clogextrin [ f{onlgbout_10:1 to about 1:10, from
Bifeasobenzene oohsay -fertsbutyigionssmd welated gomppunds. 1: 4, -
from apout  2: Q about .1:2,.0r gbout 1:1 for exanpl
the mopayie Gpol ot inonnif et mnify s & wbiBbReCor an

; -"&P% ound is a conpound of
%g%#gﬁ%t%@?%&gngﬂ{oﬁgﬁdhéyc oéext’ri nis

P- cy cImdnesmbodimemitiee pompouad hys ddgddeealfolanla Bt i 0
of conmpound to cyclodextrin is about 1:2. In a
further aspect, the invention provides a nethod of
reducing oxidative stress in a ce whi ch conpri ses
the step of contacting saijgcel w tRsya 30 conpound

of the present invention. -22- qn one |enbodi nent the
conpound is a conpoungl of fornula I

Rs

\O (c!:)n\® |
o Ry
[
R»
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.
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In one exanple, the conpound is conplexed with

cycl odextrin. In various exanples the nolar ratio of
compound to cyclodextrin is fromabout 10:1 to about
1: 10, from about 5:1 to about 1:5, fromabout 4:1 to
5 about 1:4, from about 2:1 _tog.about 1:2, or about
1:1, for exanple the nolar ratio of conpound to

cycl odetefdribllysZ agoslected frodar ﬁlepgﬁﬁ%r ;abbsa%mﬁpf alkyl or aryl
_ an e - : .

conpound is a conmpound of fornula (I
ondtestarimtrates.( 3- cycl odrextrin, nore preferably and:

the nolar ratio of ¢ d.to cyclodextrin is about
SupBRACY

1: 2. 16°Teeraply carb Roriggsinseumatedal |

conpositiofn 1S f f0 wnisiration. In

a furt hléra @ﬁ%‘%ﬁ Fﬁ@%‘gﬂgﬁa‘{oﬁ'ﬁ@éﬁq @%I & 5®%ti on is

formul ated for parenteral admnistration. In a

further aspect, the present invention provides a

phar maceuti cal 15 conposition suitable for tre

of a patient suffgring fromor pred_izs%osed to

Par ki nson' sCHi& Xthei mer' s di sease, Hun

Chorea, or Fried 's Ataxia, which conprisesyor

i ncludes an effe : _ ele he

present i nveHt®on [ i B

pharmaceutically ~cceptable carriers, excipients, or

diluents. 20 Preferably said treatnent is of agatient

suffering fromor predisposed to Friedreich' s Atax]ia.

In still a further aspect, the invention provides a

nmet hod of therapy or prophylaxis of a patient “Wwhe

woul d benefit fromreduced oxidative stress which

conprises or includes the step df administering to

said patient 25 conpound of the_present .invention.

|andirateapinal ?@m, W el@oéimﬁenw‘@mk YHen of

formul g1 I COIE ' .

w th oyBits SABORKAGH e doREE R EURRS, FRORRSHRR paving

qhe FORRAMNE 4R1/6Y &b QRG] fofmi Svheréidny & QUAorlBudlebphilic anion,

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

Zantl where?8theadmmpositidn cémprisedboydlodexitrino about 1: 2, or

about 1:1, for exanple the nolar o
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

O
O [
H;C—S§—O
CH;0 I CH, \§b
CH;0 N p
@

(1)
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rati o of conpound to cyclodextrin is about 1:2. Mre
preferably, the conpound is a conpound of fornula

(I'11) and the cyclodextrin is (3-cyclodrextrin, nore
preferably and the nolar ratio of 5 conpound to

cycl odextrin is about 1:2. Inyne enbodi nent said

adm ni fr;;hation is oral admnistration. In another

enmbodi ersiai the 2golodestrinaisi ' t

adm ni stration. | g anot her a%ggﬁl?dmﬁ?’n@éoﬁ% P{)%ferably the molar
pr#ie @k sompaund taicydlodéwdrinfy about 1:0. pr ophyl axis of a
pati ent ;who wouyl &ggene it fromreduced oxidative

stress, “ofne FB@’[? C @Gﬁ%g%lﬂmégsesm@,blmﬁrmal administration.

conpris eR..of l.,Nj;stering to.the patient a
con‘poun?oa% Meérp?%lg)g%ﬁg%vg}ﬁ %Bﬁag% HDfels gwéatierior parenteral
aafmitistrafieni nventi on provi des a nethod of therapy or
prophyl axis of a patient suffering fromor predi sposed

to Par klmapﬁmham a5pact, the irefdmnieiveBios HnSR&SE a dosage unit
Hunt i qgton s _Chorea, or Friedreich's Ataxia which

c%‘ﬁ‘ﬁ"}h dQr oral pdminighation eompeisIng asaainactivd Agrédichta compound

saj .cqonpound of . the, present invention.

o dcPaatte Rut e dicsent imitiich, Ghe osmparikbeltiss obfor being
afe i i B di. dto
SToEtUaRt as 2y SR EA B oL AT e

i nvent i bn apfinttiedesspactyahd I i idative -
st ﬁ%i n g cell, \S\)lhi ch cgﬁgﬁnstelgd?%ﬂé&gtcggégg % dosage unit

e
a tfeF ipsgenteral rasingisistrationc oomprisihgobs taie apips SRgredient a
i hve anot her agpect the invention provides

I,
tiop,. In ] €
the gléncgp aCCOLIANGE Yty e Dressnt dnsenfiafiescri bed in t he
i f a nedicanent,, 25 '
71 ) SN kA4 i

i corhpositibe suiRBle thop nrament ¢t bV 3ol
patient. |n another aspect the ?n@%‘?}%ﬂ{toﬁ%& g%/oﬁlé%sb?%eﬁt from
sduend axidstiyesiresaor redunedosyshytotes of apeisigi whidhecomprises or
ﬁhgﬁl%r ationor .manufacture of a nmedi canent, dosage

Fiudey an cffective ampeut obsomnawndepf dbei presémtr imeation in

f&&nﬁiﬂtﬁt.i&_? gﬂﬂf bor 337 {)ha?r%%teggcsal?; agc%ippa%kia Qagiers, excipients,

patien
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 cyclodextrin is about 1:2.

More preferably, the compound is a compound of formula (III) and the
cyclodextrin is B-cyclodrextrin, more preferably and the mélar 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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In a further aspect the invention provides the use of

a conpound of the present invention in the preparation

or manufacture of a medi canent, dosage unit, or
pharmaceuti cal conposition effective for use in the
treatnent or prophylaxis of22-patient suffering from

or predisposed to Parkinson's disease, 5 Al zheiner's

di seasH opgipmbedinentstheirompmundis #cpmposndivffonnalai Ia

whi ch _conprises. or. includes the ste f .adm ni stering

to sai IP B exAmale, Siaeemaownd isopeniekedith crelodexsin.
Prefer : EEEH'I t : [ ..
phar rraggkﬁlég? © coﬁgo& | %ﬁqﬁi&g’?’f (g@tc %’1\}1@%5']89 ﬁ?s‘éyqlﬂdexmn 18

Fsm abeatt 10 Mtto Aboktt AP, fRoth ab8hit 3:1PRY At 1:30from about 4:1 to
suffering fromor predi'sposed to Friedreich's Ataxla.

hhosinbhdromsbent 2t heo iaboent i rorpabmunt ded, foreexwepleftha molar
compound as reviogusly described in the preparation
GUGAhCAERPURGt g Ydodediia anabaut 1:Josage unit, or

P T g AR R B8 i A5 ) an
f . ' at i ' j .
Cighnih s P RESRIR, | M0 BRSSP o of

BB & tyclblvxteiaGeRbak B2di | uents, exci pi ents,
and/or carriers. In a further aspect the present

i nvent Imnne enshostiment the pledrnadeuntical oomesition of fermulated for
cgarlpound,wit,h a noiety or the noiety of the formula I
geal aduyinisfgatipn; O R "/ RZ O 20 -25- (and/or its

| b whi_ch be.th
SO0t & fiither G508k I Rt thd e iisat EPnigo 20, R farmtilated
foPpdrematdl hdaliRtatiphed) noieties, and

In a further aspect, the present invention provides a pharmaceutical

composition suitable for treatment 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 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 cyclodexirin 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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wherein n is an integer from2 to 20, sa;d met hod

i ncluding or conprising the adm xture o .

cycl odextrin. 5 Preferably each C of the (Cn_ bridge
Is saturated. In a further asgect t he |torhesentof .,

i nvention consists in a nethefé3e synt hesi s

cgﬂgougg aving the formula 0 -S-0 CH30O CH3 \\ O CH30O

oFaReut 2hktudbogt 612, rmatiowsi ng, fcheexample the molar
In a further aspect He

| od rin.
FIE[Hs %S#re s t%rFo@ X i§ ghantds2hod of 10

la 0
.Z,Y”B“e%“m@’a@%tﬁe@%@’%ﬁé% ol uaﬁet A Cogaig a%ﬁﬂoymyéat (L) and the
heydtodext@hcis PBReyclodRxnY o ‘i’ h5§§1+g lyhgmﬁ’c nmen Sleh ratio of

acts, materials,” devices,

heampewn Cﬂ.[bikﬂtmﬂliﬁﬁ)l@rlegem specification is
sol elloy form?lhe pur pose of providing a context for the

pr esentInjopgerbegiment said adotintstrabientis seil adgninfration,

> :
dm ssiyon tha any of these matters form par
gf t he Iﬁri apo ﬁ’g’boatm@ltwersél Gonadmingstraticl  is  parenteral

GiohN the field relevant to the present
invention as it existed before the priority date of

each cliai mother AkpeciPilel eRfdn@dn pldVigueNe %‘itfﬂgﬂ of therapy or

specjfication the word "conpri se or vari

a Opléﬂﬁqfﬂsl ofes patient' whopwosidiggnefiti frombRdUBEE bIRATe fress, or
the |ncI usion.of a stated elenent, integer or
§?§‘b‘*y YOems ragsingrarhish compsises tho steptafpﬁlmtbtﬂteﬂil@g to the

H&@&&ﬁ*,g%@#g{q@ﬁ%ﬁgg‘%m%nemm i nteger or

tep, or
In yet another aspect, the invention provides 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 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 pfeparation 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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I ntegers or steps. Throughout this specification the
term "qui none", whether used alone or prefixed with
another termto describe the oxidized formof a
conmpound, w Il be understood to include within its
scope the reduced form of thaty4l5 conpound, that is,
the quinol form Simlarly, reference to a quinone, by

st ruct ull fugperadpent therineewmtigy Brovadi&athi g it ]

its SC?%E t he C}ﬁi ol form, Thrgﬁo hoél??htbhi Sﬁgﬁ%o‘ﬁhﬂcﬂh{a of the
sé&’é‘?ﬁefl NGOG IRSDE rppargtion eir mankfattuee of setedicangenr dosage
p i xed. 3 e rm.to describe the reduced

Bl X o B LomBoiiloR, fEriveoder tee iRcFimdreatment or

Wptdphyladis of GOpAidnh SurstHif f hat ound,
zgd“gr”a‘,ft o D STt il XFtin ¢b Relsphela tor B RO disease,
a sigler’ shyliseasa)c Huntihgtodepi Chbea, f .0 :
includes within its scope the qui nbnégx;gi;é%{:g?& Su?étgﬁa which
e T es, o Lo e o ne ey n ot icard Etipound of
%gf@‘igc%ngﬁve%&‘ "partiti on’ 25 coefficient

(oct anopg ! f . octan-1-ol /,phosphat e )
buf f er edre\ggfaislr?e ﬂlpi)flr ﬁi ?@g%&lg'gtéf f‘ﬁ?ﬁagﬁt Web er9f nd&agmaceutical
28PosifdL i§ sffeckieb Sor uSe fn, thB iSpulser, .

C. ¥ .. Hughes, G Porteous, W K%?éaﬁglglg?%?@&%éhyéa%g,oﬁ patient
Stfering fom or pradispasadiioEriddreich20B1axda Bi ol  Chem 276

4588. 'thd R A J. Porteous, C.M, Coulter, C V.

and Mirpn§PORFpasPEsh sheinventignoprasides the 88 6% compound as

- X : M. Gane, A d Mur phy,
3oyl edribdio0 ool Bl S e Bcament,

alosageihitpoephaRaatéitidan it ed . using .

Advanced Chxgbm str Devefg%?g%itﬁb?l%c@%? {)Jl{/\}gsfeem%? 5?(?‘%‘1011 of

xidativesstregedaicelld in Jauslin, M L., Wrth, T.,

Mei er, T.f abd Schoumacher, F., 2002, Hum Ml GCenet

11, 3055SfeE0ML, fid Preparatian qrhmaphfashee 'inodépoaidrembatial or
eyt i ion" includes within its

%ﬁlﬁﬁg’ %?&%{@éﬁﬁ%?éﬁ%%um Y iceeptaligadiduenss, excipients,

phdformaatigrscal admi ni stration, but also in respect of

formulation for, for exanple, acceptable stability,

shel f I fe furthor aspapi thet preserite pavedtioANcAthtt N8 a! iPhod of
synthesis of a compound with a moiety or the moiety of the formula I

Z@
O
% |
Chx
' o]
] &
f :
R 0
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10 As used herein a "non-reactive anion" is an anion
whi ch exhibits no reactivity against the anti oxi dant
noi ety, the lipophilic cation, or the linking noiety.
For exanple, if one such noiety of the conmpound

~ conprises a target of nuclegphilic attack, the anion

i s non-nucl eophilic. Al though broadly as defined

gdinV/er its hpinoneefori)nwhereimR ;| Ryj ted Rhevisch cahbdthe same or
al so consists of enbodi ments of which the follow ng .
differenharoselpetodifepse Cide &mplkyl (optiopally substitpted) moieties, and
better under st andi t i nyention.w.l l.. be gai ned .
RKEIRGE B Sh USRS B 18 Ofipstty TRaH i ik op Sapising the
Qg@&% T l;ﬁl&FDRAWNGS Figure 1 depicts the

up a@gf%b%ﬁip I'Tic antioxidant conpounds by

i t ochprstetably vher €iof thé €C)ipbiadge Rfsabrhsgui none- C10

into an energised mtochondrion is showmn

schemain calfistherriaspaceé thedpreisents inventiopncomgists warhweflsod of
for A, Mtoquinone-C3, B; 5 t oqui none-C5; C

syRibgsis 98 fecomppung; having @eoéﬁpmas the structure of

M t oqui none anti oxi dant conpounds and the rel ated
conmpound TPMP. A phospholipid drawn to the sane scal e

is aligned with the Mtoquinone ti oxi dant conpounds

to indicate potgntial rraxirrurrl_gl_eth%of et T, i
eaf |

of the ubiquinol side chain into Qne d
phosphol Clial_bit\aye€H: A: TPMP. B: t oqui ndke- C3¢ C

M t oqui none- (b |

M t oqui nﬁ%&% o AN Rr gsen
graphs s ng fhe U antgPoxiog
conpounds by m@ochondria nmeasured using an ign

selective 5 electrode. A: Mtoqui none-C3. B
M t oqui none-C5. C. M toqui none-Cl10. D

M t oqui none-C15. In the |eft hand panels m RQC
(1 nmg protein/m) in the presence of rotenongwere
present and then the antioxi dant conpounds were added

as fiveaiiemegiodiiatludidd adairhprisiag (i adkiurovhendsdexton.
calibrate the electrode response. For the right hand

panel s Inha farter raspest ther prasent tinventionl icpnsistsditby mefkod of

SSIHBIL o B LTS R 3 ovheacs) anc

I

e
O H;C—S—O
| \
CH;0O CH;
0
CH:0
3 @P
0
ey

essentially as herein described.
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mtochondria (1 ng protein/m) were then added. In al
cases succinate was added to generate a nenbrane
potential, and FCCP was added to dissipate it. Data
are typical traces of experinments repeated at | east
2-3 times. Figure 5 presents-@goaphs showi ng the
antioxi dant efficacy of 15 antioxidant conpounds. A :
M t ochor¥hy diseussior drdyicantints, taotss uasterialse deblcagKarticles or the

b £ by incubation with an ATP regenerating system
cgg%? %’?’f%%a? q???ﬁ, 1mg, pib Eifo Presentspeei fimatio Vis Wodél¢ for the
ki (AL E: )AL ar 30 sec. preincubation
WPREPRE Ao AdAE Blopfiot i Bl DRaed ientiopuit lamot fo be taken as
c anradetission thatod i r i addj tian of .
50 M FeCIlg and 3 Osﬁﬂaﬂﬂogzt.ﬁesggﬁ%{#%%?%mogﬁf%ﬁﬁf’?éﬁbase or
aftWezg comman gepenabknowlddgs inake Geld fal ' -
TBAgs.Xﬁggé fare means . rdgnge o? t wo iﬁg%ggﬁ(}gg?%%{ ﬂg/entlon
efptrd g? org e Bripght dase of eachi claimfdfehis apblication.
M t oqui - Lipid.peroxidation in the presence
of ATP ?@fbg‘ﬁg%%‘gﬂ%ﬁge%ﬁcﬁw the: WeTd reepOse’s dtedhriations such
t be“cdpHsess Yrula L B o W bi.qui.nol. for B
The réjrrggc%eos n girr i tgr)ﬂ%er%%?é;h (‘e’d lg (;bteggqciéﬁtg% tp ﬁ@@gég’}e\mpWMm of a
ssfattidrelement, ind bhetep br ERAHNGS &l )

asur ?d , frome{gﬁre accegmﬁ ation %@E{%t#é%%g%ast@% but not
Eénsxcluging eolo Ay upther stemende imegemat istss;, 6f fg?o'frﬁ of elements,
rrmwfgegsl nctubat! on. The nenbrane potentials after a 5
nn PhitB%ti on were the sane (data not shown). C
The co | : ce.of the prevention of the
accuwrgtﬁ?g%ﬁ%]?p{PgAﬁ&gg%%ﬁ)g 1B e (Sﬁ‘ll%%‘lﬁ » "hethsinsed alone
warspretixsdreith aNothe [ AR : g ut in the

p rieHi o RRSrYE e I%g%%,&g% ;8% ‘?;eas

-29- presence of succinate as descr GPpound,

- avel depuederstbass to6 inchidei within igf sTGARIhE Ofe@lﬁEécPBfgrm of that
I n

t aki t.he, val. ue_of a sanple exposed to FeCl2/ H2

el dbofs:nibeoguinbiermn Stwdady, astaendats quone, by
: o no,FeC 12/ H202 added) as 100%

Ol R G U inc il B s90me douinol form.

concenfliadugiod ehR B bigafi | pli c D. ,D., The

| C50 conqen%bat i onsﬁb?ﬁéa%%vmeénﬁ%n%?ﬁ p%‘ether used alone or

peplxedisibomotbar terar t deseribe theFedecad B ' Mipound, will

three, i ndependent titrations as shown in C

it]ea d§f ﬁr%%%‘f ?% P{ﬁqpﬂdﬁ’ E’dﬁé‘é 1tp éc%m the Oxicsi.tislegefothﬁﬁftth@tf compound,
oqui ne- etermn usi n udent's two

taai{tl ) e ﬁg@p@’fﬁmﬂx 056@1,1”& pfée’(?%@%to 2 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,
CM., Coulter, C.V., Hughes, G. Porteous, W.X., Ledgerwood, E.C., Smith,
R.AJ. 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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10 Figure 6 presents a graph showi ng the effect of

Mt oqui none-C 10 and M toqui none-C3 on sinus coronary
flow. Figure 7 presents a graph showi ng the effect of

Mt oqui none-C 10 and M toqui none-C3 on |eft

ventricular diastolic pressurgy_Figure 8 present a

graph which shows the effect of Mtoquinone-C 10 15

ahat Mdad S i90e 5487 Ynoh & bcthidlPwalcc ich 96?&&%1& calculated
gr aphs shovm ng the rate of left ventricular an

FrgjogeAdvansedi thmgstapmwupmerg (ACDRf Seftwars Solans V4.67 as
Mto |non C.10 di ngne- C3 on post i schaem a
8%’? %‘11311%%@ ﬁat fhinMeisn. T.Fpred Seshoumagher, F., 2002,

g g? g@sasstablllty of pure MtoqwnoneClO
20 atch no.

I Clear glass bottles at 40C 759RH;
25C, S0MRuk@NHeref, tBY hra%b kb i »
gra h depi cti ne the s abl ity ﬁ%t 0q none Efigal%reparauon
F wsles mathin) ltat na6ing> MdRHonky ganh eadédpt zﬂ)lﬁt(ygrv'e‘ﬁﬁ regard to

it f Mt i none- 10
TORENITe N Wy Saasoin o,
500 7 Fi 14 is a h depi cting
CREnIE Hrctpbitls %@aw%ﬁéﬁ XET08:OMGB, dreparation and the

Cldegpl ex (1:2) at 4C over sili ca 25C, 50%H and 40C,
759%H. -30- Figure 15 is a graph depi ctl ng the

st abi | iAs/uséd hbtedna Meoierdab@ve dntore! RISK bhidh GO Effhlblts no
(1:4) at 4C over silica, 25C 50%H and 40C9

FI‘PQ‘%H‘@M ae¢ipsisthet @@@duplmgiww thy lipephitiahiatiohy opthe linking
ate in ter. Figure 17

p'\)f]rléls %ﬂt E 8@1%6*%&8}? é’ﬁ o0F ﬁb‘\‘/}é%?‘i}’ Q ﬂl@fCQ!;?RQ}msﬂi Wm%n@soa target
&&V}:ﬁéqm ents a gra
ShOWI ng the sta Ity oglls%ﬁlg&é?]ﬁg’ﬁgﬁlé 10 rrgsyioate in

| PB, pHAlihotigh broadly as defined above, the invention is not limited thereto

but also consists of embodiments of which the following description provides
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-C15. |

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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10 Figure 19 presents a graph showing the stability of

M t oqui none-C 10 nesylate in 50% MeOH Fi gure 20

presents a graph showing the solid state stability of

M t oqui none-C O nesyl ate at 40C, 75% RH, and 25C, 50%

RH and 4C over blue silica.ggl.. 15 Figure 21 presents

a graph showing the stability of M toquinone-C 10

gh&sﬂ)lﬁﬂ%nd dilayet. dle TPMP. Bl:MjtoqaimohesC3. rCvbitsquinone-C5. D:
gure 2 presents a graph show ng the stabhility of

@qmnmm@ stpnatr@n@scwofomlmph@hpldl 2)
Shovi ndiEweE fiﬁ”teﬁ“% il shoribgete kb binding of

I AP oG AL B fgf solctive
Méc%dbn@netvlﬁbqummxtat B: (Mitoyainedex(3.i0: Mit one-C10. D:
conplex in 50% MeOH. Figure 25 presents a grap

Miegquigone€1SolIndhe tlaftehatdapandls yniséchomtiria odi mgnprogsio/ml) in
Zﬁé’ peonh OTSPIGIIC. Wi DEe45Rb A UeD<ibp| icgaant compounds
8 iR B0 B el SV ROYR, (G bABets) lo calibrate

SRERIEArdde, ¥Rp6hse. FF&U&@: %th@rmnbmqs Ghé Rile stk "rere first
the stability of M'toqui none-C

relbtatd- by cfiveodequential ( 1: 1)Mc mdrlit&mm iblaclol Mrd@heads) and
31- Figure 28 presents a graph show@g the stability
mlmqim andnegcpnae wé@:}m weEe It:?dd dnt#ll gages: maccmate was

385 78 eefietels et fing; ol @t}u %&F?@g Wyl issipate it
étﬁ'a?éjg}ﬁﬁédl@ra@és 3% g%g\%h@&ts Eﬁ@oﬁ tinged | QUr €

Opres ts a grap ngth state stability

of M tmgurmostepfé‘senﬂsesgthphse &hovmngl diete Xdritioxidalit1 )efficacy of

corrpl ex at 40C, 75% R 25C, 50% RH and 4C over bl ue
sidage comppynds Aell\ktoehend@a gresp ﬁger@nsedaVItb|su§¢taate (black

ent atlo tJrre of of M toquin De- C10

B0 P ipRibaried ) AR SoRaer i pge R et of ATP,

phosphoenol 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 uM FeCl, and 300 uM 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 [PH]TPMP. 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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10 adm nistration to rats of M toquinone-C 10 nesyl ate
in Mtoquinone-C |1 O nesylate-(i-cyclodextrin (1:2)
conplex (n = 5). Pharmacokinetic paranmeters derived
fromthese data are given in Table 11. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON-4&%. As st at ed above, the
focus of this invention is on the mtochondri al
t pregencenaf miccimatpasidereribpd ifom Al Resfilts atdexedsed s %finhibition
thf%&n /or . prophylaxis to reduce oxidative
sP . %ﬁ%%rﬁﬁgmﬁaﬂ@ valuepdtaasample enposedte FeCl,/H,0, in
pat.ent | te 180 across. their inner_ nenbrane »
(ﬁltgg%isf’vée |8f1 M’ig%(;u?n S asgs ‘l‘sné%’ H’g't‘lélﬁppaf‘?d aggntro] sample

' il [ a I .. .
o RECRPa0 Dty PP i (' AR MR tiration with
neechi soncEheratigp ldeteamiedhiay friplivatel £t Bt TRYTEOYPL ) heentrations
| i pophilic cations (for exanple the |ipophiliC
t ¥or (PrementinD ob hipid pererddation. Detaaarcamieans tdserh, sxti@bted from
hili ¢ conmpound can be delivered to

the resul ti phi
¢ Hied. idcprndit fikiRtiobs asshown,iny G Bhe Stasistical cignificame relative

aat { aANdy . Ing; |l a_.pri.na roduction .

X RTICP Hor MithdSBohEACHES deuRETide SPBRLS o ailed ¢
viestni*p < 0©5¢e¥p < 0.0@8.her than being randomy

di spersed. The applicants have now further determ ned

t hat t Héigpre peresants afgrapteshawinigothe @ffect cﬂlvﬁmtggnox%ldlo and

.for.exa e the nature of the anti oxi dant

'@ﬂquﬁgvp%99§%|°°mm-cal characteristics of
the |i Rk ' -32- as,.for.exappl.e, the
| engt hrﬁgFHF‘f zg%%l%mc?gﬁp&&t it_hﬁ ieﬁ@chgﬁg){lmq%eopm and
tVIgtoqDiHone D bn 16TE vhhPRAN difst6IRt hRRgHAN ri bute to the
efficacy of the antioxidant conpound 1'h vivo and

cont ri Higere 8 prbsenhntgraph deith fshowkithe affety oP MitdtRiinone-C10

conpound. . For- anti oxi dant conpounds of the presen
iq’i‘mtioﬂlﬂﬂnoé‘?‘r&g% Cahrafeyi vo may in part conprise

sui t abl ' [Labilit sui.tabl e stahiljty, sujtable
phar rmggﬁp*]egﬁsgéss erﬁﬁ%ig[r Seshﬁwmggil% gﬁ? Ogie(iif V%II%‘F,C Ghage.
sui t ablFigiiid 96 PR if r of2 e
In pri nC|gpI e, ang [ gﬁr}?%??g@’gﬁa%]?%eﬁ% %ﬂgﬁ%ﬂﬂjﬂ%ﬂeo@lo and
aviitoguindaeClappbitdsciacheh ngitodhoadsipbispHatopy .
througfi?,t he m tochondrial nenbrane and accunul ated at

igure 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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10 or wthin the mtochondria of intact cells, can be

enpl oyed in formng the conpounds of the invention.

It is however preferred that the |ipophilic cation be

the triphenyl phosphoni um cation herein exenplifi ed.

O her lipophilic cations whk3®h may coval ently be

coupl ed to antioxidants in accordance with the 15

pr esentFignve A5 tmmgraphrrﬂ@ptdtmgt thebstmbility aofMitoquigoe-C10 B-
pho phoni um cat.i on ore exanpl es of anti oxidant

a0 o fk:é)e ‘f&/émqro 1cgnd5°Ci POIARH; end 40°C,

cgo),g_glrl s coupl ed to the anti oxi dant noi ety by a
ed |inear carbon chain having from1l to about

s
30 car2 ?u?é? rededis ?;é‘i‘?;q}{ E%ut ﬁﬁet blﬁ %M’igcr)q I]Elg -C10

about 0 abo t 15, out

ahesylatb i@ vdter. about 10 car bon at orrB I n a particularly
preferred exa the |linear carbon chain conprises

10 car Bd dgpfﬂeéﬁeﬂaﬁﬁphtmmagbﬁabﬂﬁmmf Mite@quinone-C10

c b?%%ﬁ%%v&ié% g)r;?rglngl I 3C/:1| ﬁgloudeo:)nglo?lrsrz)r eyfet
the 1 nucgere 18Rl e A gt et S of iR Enione-c10

\Miesgﬂatemmﬂepﬁnpwr nore substituents (such as
hydroxiT carboxylic acid or am de groups), and/or
igw

i ncl ud re b9 presentsa @eapihshorvsmgrﬂleksrtainht}eef Mitsjuinene-C10
thos sel Sﬁséeg” (5 m unsubstituted or substituted
ate 1 €O%r al kynyl groups. Also incI uded are

car bon re t h s

car bonlﬁ?m‘ < Mrg%ggsg?@k% ﬁ‘g’wéa%. let Sfate stability of
b f t °

about 30 carbon atons. -33- Tt I’Eﬁ%egg%pfr%%#e d4Cover

tohassiliskigel.ed in the art that noieties other than a

straight al kyl ene may bequseh t.o coval ently couple the
ant i oxi' 81 AbPEESPIISA SARE § O&iﬁgrﬂlﬁ stabakifyoef Mitaquinone-C10

st |t ut r nched kyl groups, peptide
E%eis&rgate‘?n ﬂg Xt Z‘(‘f ch 2%3’ ‘é(ﬁ‘%Gdl ments, the
| i poph c n t
| POPIIecas ek |1 ] hi e IR LD 10
amsmate-&tcwredem ki 2)a®mmmm®«am|}m1an et hyl ene,
propyl erne | ene or decyl ene group
Ant i oxi’nd%‘h'ie ipEeseats | showving dhe stabality ofrVEtaguinone-C10

'n?é:sly a e-B cycslodextrm (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—B-cyclodextrin (1:1) complex in 0.01M HCL.
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which require interaction with reductants for

antioxi dant activity whether for 10 initial

anti oxidant activity or for the recyling of

anti oxidant activity, or both. For exanple,

ant i oxi dant conmpounds of the3present invention which
conprise as the active antioxidant noiety a quinol

moi et y Figyren28 gaesenissa graph showing thguitahility 66 Mitoquinone-C10
function _as an_antioxidant, that_is to have

anesybate afngycledexttindy: ) camples woHB rbkT-4be reduced to
the quinol formby interagti.on with a. l15..red ant .
oon adigers 28 Brelenkds S Yt Gerstaibe oL Kiagiipone-c10
| gx iRitial i ©Xd ivity.
%?J%Sﬁ% el ﬁf CS}CE?%?I gngx ( })Eb o#’g)ﬁ)ﬁ%p%{x?qj%g@ gﬁha% |8t1 one yf orm :
1 h y L .
Bt i vi (IRRE N ke ik MKEvInBOUR SOl Rtk Ability of
WMibghinone ) picssRd—P-oydodéstin (Int) wdmpldioae 40ACLH5% RH;
exi st already as the reduced formand do not require

26°Cn5 @Yok Hi and 4UCG dverddue sidicagel.or initial anti oxi dant
subsequent interactio

activity. Notw thstanding this,
of t hetﬁd&ﬁ‘%ﬁ éﬁ&r 9589%86?1%&:@&%1?1?8%?& ReCHRAtOn Gme Pfogles of

. . g ¢
AUk o e AR PR TAE (R RS, bl I (B (50 merke)
HANiAKLAABh TPirgtsy of Nﬁfﬂqﬁhﬁr&aﬂlbenﬁgma% Sihe Mifoddinone-C10
the reduced formand so does not require interaction
whédylatepicyclotisxitiar (1:2) toraplexo(rart X iPhafhacskihetic %)arameters
but may subsequently interact with reductants, suc
alerived frone fhesg| data agegivendiongEablesl Iqui none pool , thereby

to recycle antioxidant activity. Further exanples of

anti oxi dant noieties useful in the present invention

A e SN R T PN AARION, i e of

ant i oxiAlstatetbabove shedotud of thishmventeens donthentiitoechondrial
include vitamn E and vitamn E derivatives, chain
BARESKDE g OAnCPBPOEAS. s PrignaHy 487 pthey|purpase of therapy and/or

hydr ani.sol but.yl.at ed hydroxyt ol uene, quinols and
PERERHR 8 G e BRI Lo ae der vat sed

ful | er anfiSehdiirAbiivel £ Substitiihl héRbraitibdBnfial of up to 180 mV
react-wt ree radicals to generate stable free
ragdossatiwirc amerl senibeants €¢oegatives inside)l | Berahseof this potential,
derivatives of 5, 5-dinethyl pyrroline-Noxide, tert- o
souesbranemesaisant dipephiligraatiang peewpulagesayeral-hundred fold within
%g%{%hbh&%fx%% | nitrone and related conpounds.

L7

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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Preferred anti oxi dant conpounds, including those of
general fornmulae 10 | and Il herein, can be readily
prepared, for exanple, by the follow ng reaction: Br
R RtP Br P The general synthesis strategy is to heat
a precursor containing a suLgable |eaving group
preferably a al kyl sulfonyl, bronmo or iodo precursor

whs, Hogresampie, t tharlefgtinor Hipophtliitf of fePhERMEPROIRY! BRd/or the

under arqgon for several days. The phosphonium

it 15 o ek ouioe fols i, s o
uérsﬁllﬁf)gan 3P ‘S/WI% Lagas SP?WbuF%Fﬁi §§ anfipxidant dheetionality of the
Campbt] Ko SRR gl BISHEANE An, affony i
Do P e s el AP b S it

phsamecolineties syisable| agtkidanteacaivity| mme/drr itable mitochondrial

sui tabl e | vent such as 20 chloroform acetone,
et?{%ﬁ?mgca@?&r@cg {YHE al cohol's. A preferred -

synt hetyi : lyad \; ; . used to prepare a stable |

For m or R s HRORERK e HRd o AR ERARt Lapable of being

ardrispuitednd ao@mwe thidighitht i ¢

r ef e(pred to herein as Mtoqﬁar@#gﬁgﬁ@e#ebsréﬁéﬁgd3fcum‘ﬂated at

ATt W@Fbllh(dman@t@hondﬁbam@ﬁuhttoﬁﬂls?)cahsb@%nﬁﬁéyé&l‘in itBrming the

Exg%e 1 Egej n. It will also be appreciated that tﬁe
ugds of thesmventioaant compound thus prepared can

readi | y, be, e d wth another pharyaceutically or

5 phar ?Iriﬁcgﬁ oéﬁ%ggge/ &’5%% eabl a&nitg?], ipophiics cation be the
ddphéPbRosphoARES 00, - hapge of. other .
teghnriﬁ}g% ess@?gown ?(ﬁﬁ{d#e hgfétlﬁ %@@b@ﬁcgﬁﬁﬂ h[ﬂ}%phlﬁc cations

créhieh ninag deavadentiyh des cabpledt 1o ahtibkidaf! in TREMEhCE "Fith the
ant i oxi dant, compound i s enhanced when the anion does

REESeBY Hrysnflondnekude; thy mmlmmtangxlkhtmphonium cations.
. eact . e XJpIox um
TR olnte, by fiiples” S DRIt oquiids of T oresenbdnvention, the
) ; ; t.he i tj , )
Bpaphilescationt i Bkt ofoMANRENIndily hRU Malyiated lincar

chiiont dhimhavingi fom pharabeaesdicatdny aRaEe FbABk fmpld #8m 2 to
IE i s also preferred that
about 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;-C,,
or C;-Cys), 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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for pharmaceutical fornulation the ani on does not
exhibit reactivity towards any other agents
conprising the fornmulation. 15 Exanpl es of

non- nucl eophi l'i ¢ ani ons i ncl ude hexafl uor oanti nonat e,
- arsenate or -phosphate, or-8gtraphenyl borate,
tetra(perfluorophenyl)borate or other

tet raf | dowdbBe aprreciated by tosersidihahia thelatothat fyoistiad other than
agds&eg@ﬁ@@ilfonateg such as net hanesul fonate and

pt PR RAY, DeHePdiooapiadently, couplenthe antidxidant moiety to
p . cak cen I e ;aniong 1 ncl ude hal ggen :
"o PR ek 1B ERELR e or Brrared o irompy peptide

i bonds)@dndabé Hee.i on; anions of inorganic acid salts
such as nitrate, perchlorate, sulfate, phosphate, and

car bonalresomé embedénents atheyligpbeiné aitich ARH ©f the WBoxidant
al kyl sul foni c. ci§gllasal ts such as nethanesul fonic
aﬂ‘%?ty;%a ﬁbﬂ%é o plkylanei grovpl having i atonb@ eatbiopedtbis; such
a .0 of arylsulfanic, acid salts such as

28695 SRR XS ey 20 Dsal s Such as
and p-{ ahtenani kalbed tbr ! fio PRALIPGEULLCE! LY 1 s those

accept abl e anions of organic ‘ac

t whidioregairetinteractioh with' ddu@heAESH ARG o
%dt xyacetic acid, benzoic acid, néétﬁ%jcgﬁqéli%ta%ciug}ty whether for
9?01i atioxiagt agtvily o for dbe decylmpnof anttoxidahta@ivisy, or both.

| cipnic acid, citric acid, tartaric acid,
glf}%ﬁd?’& Fu‘jmtfﬂiﬁl@‘i“g COIRPUDGS & tge Present myentioncwhich comprise
| &C#HeC | =30 rhj.c acid salts; and . | )
phar r?a%cgﬁ{eidaga y aé‘??’é%‘???ﬁ?e&%ﬁ?lowlw Ray dqeca(gmqqq@;ered in the

apiidosalfornsu®o Amctiout &Tas 26k i id . .
salts. In the case of prefer%g%&gg%?ggﬁgsﬁ?‘# ghﬁ%%aﬁrllmx‘dant

L Lo eeaaeat o o e RArRBS icacion with
gﬁl&géh{éﬁ & %%‘gh‘?ﬁ’ éér %@T’ e TRKRC ' bre%xcmnt such as Complex II,
TP 75i08] 0=t ol ultonate, 2-napthylene

sul phonaiﬁg?&ﬁet g‘rﬁ: telgll,tl f os';él g’? gqlic'en&np]tgf?é: PfQ;nrng @xidised quinone

s rdduopatse: | ' A
forpami otadtcaniefd td t&@bﬁﬁA% Y)g %ﬁ&ﬁ%légp%ﬁ.{yl g Iars1

t he net hanesul f onate ani on. escri

exanpl Otber examples of adtioxidanomodetied 1@EAIHA th@‘f?éﬁehP{hvenﬁon
wherein,the anion is t hanesul fonate is the 10

Snctbe fhose yBGHE eesisf ctready & demmedussdpfu and denmil @quire
: P AT . as M toqui.,none-C .10 '

DA recRBh s B ER Kot R RSB nactvity . Nomethstanding
SiaspsulsogueHt ifepsRidn’ 6f fRNoXBisEd Frh o VIR StldsSSant moieties

range of _
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 mot 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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m tochondrially targeted conpounds with different
antioxidant noieties R attached to the

tri phenyl phosphoni um (or ot her |ipophilic cationic)

noi ety or 15 noieties. These will include a series of
vitam n E derivatives, in whiXh the |ength of the

bridge coupling the Vitam n-E function with the

t ri pherfykashplep hohiantioxislanb trheeties posaful dn cthei présedt invention

iety i.s varied, (th ti oxi dants which b :
Joelick vimind: and ViR B feavativsaphaio preine anoxitiants, such
' t ted, hyd t ol ,
%, B SR USERNEL 50 PP HMBLER T BB 480 e
dﬁdicﬁﬁﬁda&z@ﬁgéﬂd'sh@lﬁ a9 @erivitieaddilbiedds. TP additibA shin Wabs \which

react wwth free radicals to generate st _
meattonits fregradicats toegemprattistabkettee radiesle cah lalso-be used. These

i ncl ude derivatjves of 5,5-dinethylpyrroline-Noxide,
t‘ié'ﬂt - Htﬁgwenit BH¥BleYeseneof t eﬁtS-ni{mc&wmmeeN-oxide, tert-
a@g%%m(l -tent-butyl nitrone and related conpounds. 25

I OSBRI ¢ | ‘B R TRRRENZERE a n Caphemytiterdrhutylnitrone  and

Cr@fﬁ?éﬁj&ﬂnﬁ&uﬁ&e present invention, as for any drug,
activity invitfro is by no neans the sol e deterni nant

of fun®réfrld dntiokiddt Cofpeyintis i Hmc]P | X

activity of the anti .oii gant gg’n%lgun Sg-r(lf)]:ﬁ)st@ﬁ rkengﬂeln rmulae

ilrand i horein,ante wedidy prapaded)foretanpl, B}ﬂ@lib ftlowihg $8action:

descri bed herein using, for exanple, isolated

m tochondria and/or 30 isolated cells. Wiilst At is

true that, to be useful as a mtochondriall

-37- antioxidant conmpound of the present in

ant i oxi dant conpound exhi bit a suitabl

antioxi dant activity ch assays, to be effjcacious
{ vo’Bhe ,ni t ochondr 4 |y targeted anti oxid

in nt
ofpourid must exhibit dther desiTable p’%bc’tm @ e Br
&operti es, for exanple \_F

stability, or 2 Qx+0RN tonality. Exanples of
anti oxi dant cangp S ‘
activity yet poor ¢éspect
to the target co#part nment S me Q

(CoQ and I debenone. Both of these conmpounds nust be'

adm ni $her gchethl ¥ithedld %aﬁ%%ﬁ i% ﬂb?ﬁe;{tfééhrg&éﬁg@r: ﬁom%inSmg a

- 1.2g) to obtain® 10 mini clinica _
suitabie Jedvingtgroufx praférablyod dlkel Shlfewf1OBh&!drYiodo precursor

t ar get ed anti oxi dant. conmpounds of
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, ethy! 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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the present invention exhibit good anti oxi dant
activity and bioavailability and thereby are
efficacious in vivo at | ow dose rates. A determ nation
of the bioavailability of a preferred anphiphilic
mtochondrially targeted ant-i3déxi dant 15 conpound of
the present invention, Mtoquinone-CI| O nesylate and
@jaa mfewedito hersiplas MithquisoheiGl (pnesyhate dr Mitequinbie-C10

Ex le 11. .bel i eve ., the anfioxi dant conpounds of

i BnSulitnalt] joi vt i Bgamplest bereato

m t och -4 ' nti oxidant. acti vit

Whi 1ot L1 BE Aphicifhet up thOAh{RATbe B anfigiddant compound
hiede fprésarell cerelily B | Y. I i

P prepargll cHCHOUIRY B | SRbAnGE by if Vit Mher BRadiadlticAlly or
fpbrrmacologizaliydicseptbbleianjon, dfitteis e desititie vainkeddishtyl, Yising ion
and/ or enhanced anti oxjdant functionality. The

SRGIanER orfher tenbRigees kegR e the a6t i cs of the
ol | ovd Iepr RS (el oD B ob sl form of e

hfiBkifant @BifouHA 0 chhitheed WWhEK HEARhioA YR S‘i{b‘é Sadibit Bactivity

present invention preferred ch i 25

tdwrardsythe rattioxiddarit heoietyy the iIhkigemasiety, AFSthe lipophilic cationic
fornmul ations and net hods anongst ot her applications
RO1GHT chFohexamplexinidhe easepofimtefasfed lemampieasr ofir antioxidant

may be .less, suitahle given their chem cal. and, .
SRROTnAs 57 b Mmvedton; thelion & hotmiRineaiile. this also desirable

i | OX 5. a ui nol
L ol @ pRAAEABHLy FOTROMIE ahford LW el preferred that
€omaphhenaceutoalnfirmubdictetheV akio e h vt
thepgon'p%urllld Mtganui none- 810 (gsd(;v\allcﬁi%él} ?)fqﬂgyﬁgjgé&ﬁltftowards
apypthardgentsfconmprising the fosmalatimeci fic salt forn as

' : [ | f d of .th
i R T
45 sErRg Lo Bty o

bitiep quirafiaerobordtes arifiuttiBebone suffondte! UrfINGId w&hﬁ‘onates

5 of a conmpound of the invention is a corfpound

feeingd methanesvlfiondte @] p-tomene SRy tite, aand phosplatesol

noi e_tyg’xs t|i1e Sﬁgﬁ as that of Mtoquinone-C 10, which

i s ref EFABWPIESOhBREMmAcaatallyerrcntable enions declpilgbatogen ions

' h 510] f. d h .
38, 0 L S BEOR, A STl 1 i o
{ddrdadie. agidd shhe @idhnd MRLEL Y él%hf(%&ttegasgl‘gfa?es, pR&¢ptte, and

Mt oqui none- C10, 10 herein referre

~ dubonaien pherniacefitiCalbeaddeptubde 3ions of lower alkylsulfonic acid salts

such as methanesulfonic acid, and ethanesulfonic acid salts; pharmaceutically
acceptable anions of arylsulfonic acid salts such as benzénesulfonic 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

PP N ]
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Once prepared, the anti oxi dant compound of the

invention in any pharnmaceutically appropriate form
~and optionally including pharmaceutically- acceptable

carriers, excipients, diluents, conplexation agents,

or additives, will be adm nizg-ered to the patient

requi ring therapy and/ or prophylaxis. Once 15

asoorhic taeid dalts; hemde phpmuarduvchlly aeceptablananions adndcidic amino
activity to the m-tochondria wthin the cells of the

petd s3lts sushias glutarne aishansl arparasic aoid selissent

i nvent i.gn red to patien b

b 1 |
and/ or %aﬁ%@?gloqggfﬁmﬁﬁtgﬁrﬁ’f % o%fttbogﬁlaasﬁﬁexogfp%unds of the

L Oxd da %ﬁ'@%&m t I ' RS I
: gg?%ﬂ%ﬂg gﬁear maceuti ca c%}r%'ggfssi%tfr%n%%(g?aﬂ m nfiagtr iglﬁ alkyl

tsmiphdpatd editionsIhe Bxampdes tihelmde  dutbereprmepaligdted to, benzene
according to conventional methods by dissolving or
sudfosats, nprtolaananvufonatd, 2mapthylens i sdphonaterpmetbanesulfonate,

The  anpunt

&E@%@eﬁa%gﬁﬁg%ﬁyﬁw& o @émcuéaitrfx {ér%%r??e& %egn is the
SPLRLAARRRO TR s RBELP o R YRR 1P Bficnidan

tdenpdubdl of ORBORIvenAon ! WheRih B8 MiBnt R thePhanesulfonate is the

optional |y a carbohydrate or polyhydric al cohol
tparticulhily rprafedredaantioss dantatdmpourske O £ foremiilf TN hehein referred to

grQup consi stj of mcresol, benzyl .al cohgl, nethyl,
#Mtpqumoé\sﬁ ﬂgmﬂaﬁmwﬂ onata 98 MItQGHNORRRJI0 THEsylaies o

be add A sufficignt anpunt _of water for .injection

s Used 1% SuBE ot flobrR B cud heoiefiq eksr V¥ide Fmge of
%ﬁitHE}hcﬁﬂiﬁaﬁ?{ Mgeﬁeuoe&hpb&msc Wivh N FREGA AntRlGBaRS moieties R
sodium chl ofide,” as well as other -39- exciplients, nay
adttachéd t ks eriphenyiplesphortim Sore bthex dippiphilics catierie) afoiety or

must . maintain the gverall tonicity of the antioxidant
densbiehd Thase Wil include reseriep oift witdrsion Bt desivagivgs, in which the

SRR T A, 41 VGAE i i
o herg BRG] SULAIOMT SR Sl Parg, Over

cidtioidamtywiblictacaobe @ised aCRaimedider ¢lsiin dredahy bhgotidants, such
sol utions, which undergo snmall changes of pH on

aasd butybatedihysgoxyanisales butylated thysirpr wobiens, quings apd general
S 0 40 s S0t SR R i
S¥atEM th FréCRltdaléfd Senerate stable free radicals can also be synthesized.

- These will include derivatives of 3,5-dimethylpyrroline-N-oxide, tert-

butylnjtrbsobenzene, tert-nitrosobenzene, a-phenyl-tert-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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10 and sodium acetate. The change of pHis slight as

long as the anmount of hydroxyl ion added does not

exceed the capacity of the buffer systemto
neutralize it. The stability of the parenteral
formul ati on of the present i4a7ention is enhanced by

mai ntaining the pH of the formulation in the range of

mmmaok compeind HfGhe présefit itention et mtngadantfwmmund must
eg;%g include, 5.5 to0 9.0, or 6.0 to 8.5, or 6.5
iha SB%ta'?IYoh%h antioxidans activitgin sieh assayshéo pe fficasious in

Riyd & RSO ARIG o el b Bod Ak crhBond By i ottr

Qié%fr%le% hys3tothRAHES ?%ﬁe?ﬁ s, S ERShpRY eglﬁfa‘ofed b?ée’;{xfaﬁ'ébﬂlty,_

bei ng a phosphate buf Carrl ers of excl p
ctabikitys or betiowidant furictiohdlityyat e admi ni stration of t he
conmpound. Exanpl es of carriers and excipi ents include _
cal ci ukixaEen efe antioxidantincqrhpestdst dhaty ahowusgosdg antioxidant

3P et ERbN o obBRVAlaellie Wb tares? to kg Evash empertment

I .
2%%;@?4 el COMSAL 91 Ca0) YnB IIBRHE 19681 Eppouncs
hutist b@raﬂlrmniﬁﬂéléﬁ&m ﬁvbivy high d&b 8e8 ¢RF-exhingl0 . S'deP'Z%) to obtain

however, a stabilizer useful in the practice of
clinigalneffents imhumanpbtibgisr at e or a pol yhydri ¢

i’"LSﬁBS'&mgmies 80 he Vool | Sar'g?t%' ga?n:ﬂoilfgagxﬁ gompounds of
e Pl En0H nbit Eh apuhRRa Bt Bl Bomailgbility and

ffﬂéﬁeﬁy‘ eare | dTRhERLs MAGHBSH: 18A| RisEOBRes. ar&bdé?giﬁl%fla%n of the

| actose.  Suitable stabilizers include, for

rbwbgnraylabllxty aif copreferred: lainphlsphmo dlthmttbdiqndmﬁlyl thegeted antioxidant
xyl.itol, an

i nosi t ol | ycer ol
ﬁerwasy okn et Rbene InSiaroMicopdnone i gnaitcasnd o

{BEIRaBELIEHIY B0 USRS e RS e bl

IH@ Midxegar®t 8bapoBhas "B GRe| ?réséﬁp)m%ﬂic?ns o8k effective at

anti-mcrobial agents in bacteriostatic or

ﬁuﬂgclslndrlab targetieg tof aintionkiamy attibiey astidst exhibiting one or more
arations_contained in multj gl e dose contai ners.
et@erﬁglg% tignal hesHts of heing 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 functionaiify. 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 usé 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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10 adequate concentration at the time of use to

prevent the nultiplicat ion of -nicroorganisms

i nadvertently introduced into the preparation while’

wi t hdrawi ng a portion of the contents with a

hypoder m ¢ needl e and syringe,3g.0r using other

i nvasi ve rreggsm;ﬂorﬂ%el ir;/)eré/t;lﬁsuch as p;r;’ i njectors.

Arfomppanndbpiafo atlH 5 ifie sawaf cHiRas

conpatibi ity with all other 15 cor%%%ent% .of tﬁgﬁ,e' A further

f SRAMPAS ofAFormRaund:of theiinyention st bempoahd of dormilat N which
ensur.e that .a particul ar aq%ent t hat

it (s@!r %Se@?{}lél ﬁ%ﬁ‘t @’ﬁeq“ﬁ%?lnraphﬁtty d thessamg as ithasfatdvlitoquirione-C10,

anRFiR” i i N i hata garticu| ar '
af%?nt r\?\nfeildledbtg ef § écti:' Ve | Ecgrc‘ntggef E%HIF zh)onyﬁh? er example
efof ectompound afithid @rveheoays af & i 5. .
i 2 t he cgmmn phar mavc_eut i calallt g@%&@%%ﬁﬁ%@%g\éﬁl g%ﬂch (Ca is
t KaHaps 80é e quinol moibht is thiccsants ad it QANTiHtBHENEAY-COR), which
added.to har.rracei\téj cal, fornmulation for this ’

plt g ot srineeh {0@HROBp: dge JHEWENSE). St o furthr
| .. V) t t t

o AT S0 SOlpBLAE BEARE R ikion 12 Crobimurkbpbbmar do which

t (€),dv €Cal,), s Saritbible! quinlf mbigy %M@%Q% %‘E %gmﬂggﬁinone-c 10,

Thus, even selection of a preserva

dherein teferred o wnMitoquimone-€3 6 1(ves Figird 9E).use i n the

practicg of the present invention 'can range from

0. 005 t&DEC MEPed) the matipxidast remnpangke of othe e®Bntion in any
p. I: | one_or.in copbi nati on wi th others,

ié: Eea%%‘lgag*yc PPgteformyapd opponglly inguding pharmaceutically-
(&ckphbfdtarriefs, RR ihie % conbination of .. .
met h§| (0. 05- 0 25§ élrﬁ%%lélteﬁ%? %P%B?’%?&‘?P gents, oy pdditives, will
(o edstinistaaditopheaprtivat rEheirka aReASy gga/d_r%@g,i{yf&s, Once

f para- hydr oxybenzoi ¢ dci

al kyl .esterg o
qaéi%’r[\l%are eﬁf@'rq%apmdowﬂb@ggemmm avgvitg tetHe thitbthondria
"ﬂitbﬁe@e%%ﬂ?gfﬁgga}&g@‘:eu“ cal Sciences" as well as

Phar maceuti ¢ Forns: Parent er al Medi cati ons,

Lo ARRB a0 b ARy el

stalline trientine di

damaticstsdryectapand/ot pamhteral( AdialnistRbriroapRc Ut aneous
i njectigns, i.ntravenous, intramuscular, 1ntradernal
i nj ect Gt 8RUOXidants compogndningsede formlatedhikt@td Mable. safe
L0..dosage unit fornul atjions containing ’
.ﬁ%a\%ﬁééh&? C_F’S'R—"?’S)?P o _ 1084p| 2/ patienspt Bt eomposition
Gah! iber i)repe&gdi UXaHrdin@" 4o V & BhGLGSsnal methods by dissolving or
suspending an amount of the antioxidant compound ingredient in a diluent.

The amount is from between 0.lmg 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 tom'éiﬁer 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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It may al so be desirable to add sodi um chl ori de or

other salt to adjust 10 the tonicity of the

phar maceuti cal formul ati on, dependi ng on the

tonicifier selected. However, this is optional and

depends on the particular formglation selected.

Parenteral fornulations nust be isotonic or

s gissipaerts aiday alsoberpreser) b AvdifR]. Sikgeh fd

irritation andafoai r]rl_bvvoul d oCcurlﬁeglt {S%ghse:xtegﬁ%?ts’ however, must
adatAtan the evmall tonidify ofi s antibxidat@ougioupdmay be

I ksh [ [ hlorid th '
ohar nhcdd, Eae e BLbT Soligion endubsfisd Gelutiarsevhen used
byl ' i I I l, . '
o ey ce O el CheorBlRRY G5 steg thahe abilty of a

| Bysteaipartidulalgan fueehs/ skuti raliky :
conposition is igsotéc?ni c W tﬁmto é%b olgtdal g@&?%eeof PH on adding

s@dideor . alkali, or dusidikstiont kattpar eolvens! Cﬁﬁxfi@{e@isit@%f%ffered
be .t hi ckened Wit({n9 a thickening agent such as nethy :
c%?lluﬂp%e‘.’"ﬁ’ﬁl?e‘m FeR pmatlochangys 06 pif epaaddition of awid or base, is
e ifl . i r water,in oil. or oi|l] in water.

AR s, Cilellof Ab oAk a3 el o Bmesk dcib sk base
eand 3i Ja¥i GOHRIR Erphoesk NGl udi ng.. for .
exanpl e, acaci aggildgﬁ, p‘gl non- on‘?fcthse[}%flﬁglf g}%ﬁ}te@rlsaz}getm acid

i and sod@En scefatect ite. changenyf gﬂ[—BQs REZRES ek %ﬁtﬁeaﬁﬂount of
ui t abl ¢ .di spersing or suspendi ng agents to the
;]Wééﬁ%é’ 4R Asdded (faps| net excaddethe wapaditycbfithe teffer system to

m_&e- gueous suspensions such as synthetic and

nat ura d nms i.e. tragacanth, acacia, alginate,

dext r anThs @bl \Vpég&? L1, 0se, . .
met hyl cel I ul osg,nggtpg b ny tEQQ%%SO i ira%npo‘?fn@ed?reﬁeé?tdfw?ﬂuon 1s

-etthanéd bghhelittagingr gat biP@et 38 par et er
products is water. \Water g)st-uitabI e ’3’3%1%?{5?/ ?%rﬁ]te r%ge of

FRRERTEatelyaufita Osx. r QthespHrusngesefqrrexpamde] igtludey 5.5y 9.0, or
SR8 S BLa Bt pE 7o Espar at e adequat el y vari ous
TR AL BT 8 o
g gebeinp o pieephadivedcs, of
oxygen éarn%g}st greexcipients can also be used to facilitate admiﬁistration 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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water. It is possible that other ingredients may be
present in the parenteral 10 pharnmaceutica

formul ati on of the present invention. Such additiona

i ngredients may include wetting agents, oils (e.g., a
vegetabl e oil such as sesang),- peanut or olive),

anal gesi ¢ agents, enulsifiers, antioxidants, bulking
aganicse, tibose; ittehaiesd] attose, eisitbl, ila¢iese, fatagosy UBabinose, or
vehicles, proteins (e.g., human serum al bumn;,

é@ﬁaﬁln or proteins) and a zwitterion (e.g., an ‘amno

2 SR e B, Bl A s
Sprfiftl Sandmtly ol SEURERS, KoloET ol MoBERBtne/ethylene
RIS YopbEe a® MvelCaNY adi ey pol@é&y@ér@gl%oismpd& molecular

part of the formulation of an injection  an
oveighti20G; 08, t65aI3e0s 40006000 and B80AD cont ai ner t hat
is totally ZOi&solu e or does na n somne

af f ect 1te Unitedi dtates aﬁ@PelBa(UéEtjl gatey thg?i/m-microbial

lLigujd.is . Ther -t lection of .a

it iy oRIHEGHRe ¢ Y bRl dBeREhERAR sl ke aadged to
i ' fint RAHESIERREE IdoREhiRErs! k R i

Z)sréla‘glﬁtll&g;é%?ﬁ?lﬁg 1élol utfiflgn, anddotgfwhelﬁ {:rrs egt?hng}gtm Lté('t)mrgﬁent n

iadequate dencentragon e . thentimedef use toeprevent nhe adultiplioation of

of, a needl e froma hypoderm c_syringe 25 into a

FHCTopEanigBSe inadvererilpr dotradngedr migeatbengpieparsion  while
FieliBeRE R o 4 chBbiice 85y YoBodhmR el e Svrinee,
%gg’??g(égﬁgn fa%ﬁgd?hé%s;uﬁogi%}& AbggktﬁfJr -§§386%r Injectors.

Futimiprolial egénts sbouldbecaalbted keensige cogpatibiity avitl8all other
for the dose vial. These stoppers pass the stopper

icempnients efethe fgmenyla, anddbeirpptiviiyi shguphbe ealuates in the total

Sl ReShl thet AprRtORRE e SR b i iGoRe i ons; Trmulation is
i leCial | gt cri be '

A EREN R pISHE N30 BRGRR o SRl B 00 agen

Feilinte effectRer iardnes fokmiveiondsit 906 effYetive ih ardilerefdrmulation. |

Aviset al. Ed., Mercel Dekker; New York, N Y. 1992,
whi ch i/ prefsovaibicatsedn the cotunen pharmageuicahisenss, ya substance

r?’.ﬁerlteiIg}'events 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 fdr 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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The manufacturing process for the above fornul ation

i nvol ves conpoundi ng, sterile filtration and filling
steps. The conpoundi ng procedure, my for exanple,.
i nvol ve the dissolution of ingredients . in a specific

order, 10 such as the preservgtive first followed by

the stabilizer/tonicity agents, buffers and then the

ant i oxiAlaltaiABBUApteR oﬁ'eﬁél@bifés@ﬁva'ﬁdc i9'sef fif?th in "Re ington's
ingredients formng the parenteral fornulation at t

sBharmaceeticalrSaerues! es vielloasePharnimrgutical lbomgarForngaParenteral
er al n fqor admnistration is the
Sﬁ@%ﬂa&m&nt\&a”‘f 359§m"wd&|edath a%R PPH?%PS,f the crystalline

(e, M RIMORGE S el %%ﬁe%eidnf SRR [otnding

'%dﬂ%ﬁﬁaﬁ@@ﬁ@ m}%@ﬁf)ﬁsf eiﬂhﬁ%ﬂfd?l% uﬁtraﬁl'h@ailhf’ exln}fr*aderm ]]ectlon or .

parenteral fornulations t he -present ’i nvention
pinégsom dtebhmiguesin@rt by _inhglatitinespsay’ dhl desd}® G@kefedhvations
accepted procedures. For exanple, the sel ected

scﬁweni@mi x @@nitaxic bphargeacesticaliracceptable carriers,

to the final concentration

and vi 91?91%&% %(lsgybet @/@s ol & 244 Qédﬁ% sf\lorﬁletcﬁj &tﬁgpéeﬂgto adjust

agent, rran serum a mn or

athdi tonévig} of ofhet pharmacewtidad| formatitior, Yde h&ﬁfgnéﬁ'ﬂziS' ﬁbmc1ﬁer
the antioxi dant conpound can be package as a dry

sSﬂ ¢Qﬂedan ovevsswies 13 optinnal endrdapends ed the tparticuda fo&'mulatlon
d ral . forrmulation in accordance with
o e*?ﬂrgp{wg firBplatins Gus bey wetqmwrosfubstannally Isotonic

r n 0 urin SS

rrgtyf}eﬁtg aﬁglaﬂs?w]ﬁﬂg#]&ﬁ g‘? ?’F‘p};aﬁ{o p?% s? mﬁb“h site of

d@uﬂn@mmnt he parenteral formulation of the present

30 invention. Typical sterilization processes include

f iltr atThmdeSsteéaa@t(onmm mhy de)accomplistied ubimgtsodiyas ekloride or
ene X|de r mal dehyde, chl orine dioxi de,

o? tB‘g'yP}é PE}‘éa Hassep bgﬁ’o ASPILS SUsh@s dsxéiese, boric acid, sodium

e )

LEEP bl en BIAEE) bAIvA, CuichiR Mmool e “s@ffioho B other
fmufg%u@f)r RRE AL ¢ %bﬁite@d GeResdlly2 the Tohipdsiibh is isotonic with the
intravenous, 5 intranuscul ar,” subcut aneous,

|Mpcé@§¢hﬂa$ubjs¢tb dermal, intraarticul ar, |
If desired, the parenteral formulation may be thickened with a

'V\#ndard d Vlﬁie to produce a concentrated m xture
A4S adj ust ed

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. |



intrathecal, intraperitoneal, and the Iike. The

i ntravenous route of admnistration is preferred.
Mucosal delivery is also perm ssible. The dose and
dosage reginmen will depend upon the weight and health
of the subject. Pharnaceuticalyby acceptable carriers,
exci pients, diluents, 10 conplexation agents, or

addi t i vEbe neehidle afhgieatess dmporiaice FoF pRIEMERAE pro P
e%ance t he stabi]i tty of the ant i%xi dgnt conpgﬁ?%}cm 1s water.
f Aeates ?%?‘Btasbj%ﬂﬁéhtys oy par¢deralladiiinistration must be prepared either
%r@@&&g@l csl formul ation, .and/or to enhance the

brOaVET T a9 liyy&Pv?WE OSTOS%ki MY o Mhrseraeansols it possible to
CXFAPILE ' . S as; cyglodextrin and :
CEPERLE: adeRUARy VERIORS A e, A, S NoBdrinzsBRr spbstances

tfronr watetre Wattr fof irjedmdexatk g}?%?%g: @cé@?ﬂ%&ggleofor use-in the

- ‘altering the physicocheni cal
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righasigceaticat formelatioplof the prdseneivention. "BHe A8 kg e purged
(bci:hh Jhermal |y and oxidatively), reduce the -
vBTGIIEPEEn &8s tg fgmavecany: pey&sl obifteetiadisals af bkygen from the
aggfats with which they are conplexed. Cyclodextrins

are cyclic nolecul es conposed of gl ucopyranose 20 ring

uni ts Vibii§ poksibrv i & i r Jhedaterior of

the cycl ogg’xt rin nol etgﬂll ]ﬁéﬁﬁfﬁ%r%%ﬁo%$§ré§ﬁ%t thhe parenteral
ephasmiaceutical hfatomphtion cof Nt gresdnt € invenEbAdeXSLER - additional
nol ecul e wat er, sol ubl e. The degree of solubility can

JBStRdete dnay pelids weling egentsnodls (elm, layvegetable oil such as
xt.eryor of the cyclodextrin.

SeRHRE - My o RhGhL hafiesicl Seci akiien, antiosiderts, bulking

e - ' L.on, h. nerally the

IS ORI BbRCR, el ong ol RES prbecins (e,

deemameetati aiburhin, afeddtin ek B PARD h CABHesbS (4.8 amino.

the cavity. Acconmodation of oné nolecule wth

ARH1 ARrh 2§ hateme, é‘%lrwmrgnm cgilyesim_d, Iyrstivee alﬂd Hittidige). Such

naductiis.referred to as an inclusion conplex.

%f(iélr}lp' é% 1§gre R0 $Ex EPYTRS:d éh?‘agft PObsadlvﬁiﬁlewﬁsd affect the overall

' Bk lodextrin, .30
hydroxypropyﬁél?g ) eftglffn, gﬁa‘;ﬂsg{@fﬂrﬁw&&@nﬂﬁ&

Met hod€ontaihersrire gilgh af inegrlighad by ﬂ%ﬁ?r&hﬁ@ﬂicfn of an injection
conposi tion conprising an inclusion conplex of a :

B de%rb&rwmﬂ@er@d\ragmrgpmgmu bodi ﬂm;m is norqr?ntHiﬂer tHat is totally
- i t i.none-C 10 i it

o 8 e LR SO wap cafert ok diavid it edais epartianticly if
ﬁi@ﬂﬂhﬁi & alehetoﬂg.dsT k?érefo%,”ﬂh@gselecﬁon of a container for a particular

Injection must be based on a consideration of the composition of the container
5

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 équivalent stopper can be used as the closure
for the dose vial. These stoppers pass the stopper integrity test when tested
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5 pharmaceutical ly acceptabl e conpositions conprising

~an inclusion conplex of a preferred mitochondrially

targeted anti oxi dant conmpound M t oqui nhone-C 10
mesylate in conplex with f3-cyclodextrinn are

di scl osed herein in Exanple 943and Exanple 10. The
physi cochem cal properties, including for exanple the

- 10sipapaiient use patteptsopar.! Hes stoppet ban witliseaidap 'ieafsg rabout 100

conpound- cycl odextrin conplex “can be varied by
eXURFHWS. vari ation of the nolar ratio of antioxi dant

conpoungd_t,0 clodextrin, or _ variation of the )
cycl odeﬂ?‘f‘q ﬂf?ﬂ?es EPHIPORGRES Qi-ths| pharmageutiqad fermanlationddescribed

aﬁﬁé@(isd@liw& TR B Sa R isg&&%fdx%lgg filg ;?(ﬁua%%@%ﬁqti q%? Do a%[e Forms:

rat1 o of anti oxi dant cormpoun

- ( PaenteraldRfeticadione,uvie]. cly reriext Wi ef 1. TRy rEéloﬂEk%er, New

about 10:1 to about 1:10, from about” 51 to about’
f YOrs.a83Ut1992; which istincarparated by eefediwetin 2ts eritiveaitbin,
1: 2, orabout 1.1 |n a further exanple, the

preferr nSegifachrng JProggssnfionr thearaboygi darmuiaﬁon involves
C . [ e-C 1 . cycl od rinis 1:2 and
R ind, O M0GOR3 ik iess. aThe chmpovaitis prvesedure,
piay Nfag lxahipdé,| | ; Loxi dant 2
corr%ound nmay Semf"ggﬁruﬁ%{ g%gglgfngén%iginéﬁéhgé ﬁhg SP cottic order,
stughi dsi thy peesdrwtbevhist dbllowed byahe tsfh%ﬂ@i&it@fﬁicﬁ?rﬁgeﬁtsé buffers

co und, For exanple, enteric coatings may be”app
rgj&%lﬂé? anfiexigaRh cTEPeWNl prdisaelwing alt bE theningoedidntstforming

| . omach.either . to reduce the risk of
&ﬁgﬁ%géskgﬁ#aﬁ] sﬁ) ngu%%lpgceftsthsrsa%e BEiet 4 exaqeple abiomeimethod of

&éng aParénte I W .ot herw se be
?urg?eptg t (r)ﬁ degf%gg?%gﬁgﬁgﬂ;@r‘g%@ggggp% I?:ﬁtée 8&?9?‘1“:{911 of the
emioxidame ntompbsid pfiryiefsr tdranpié,e ME6gLihehe U mesylate-p-

pur casee ar(Z .golyam ds that function by virtue of tlﬁe

feystodextin { ki), inswrtesiand diluting thesesublamteniixore sn a phosphate
and they require conditions with a pH _

%fﬁezggpﬂgﬁ:t ’norrml |y encountered _i n the stonmach. One
P o 2okt paRitleat BHERIA AL S 18 bl e o

is enteric 30 coating of a so

. quepdrad dypmixingethe Hegraigay TeHowhs géﬁéﬁjlgnidf_&g?ptgd procedures.

hysi cal ly i ncorporated in the dosage for
csxamplepthe srlectan cronepgnenési may beshixied inubclslendét or other

the p4ﬁri.c ?oat i(ﬂlgs are desi gged_ to disintegrate in
i SY1C¢ fQUPPAIGF aronginiapEd mpkitye winsh agaythen be adjusted

]
Pt est
39 IRE BinaPBodcentration 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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. dependent on the rate of transfer through the

gastrointestinal tract, and so the 5 rate of gastric
enptying is an inportant factor. For sone
adm nistrations, a nultiple-unit type dosage form
such as granules, may be supgjjor to a single- unit
E%/nr;gaw;heregorﬁ, i n one enbodi megt, ant i oxi dant

s gaked h@.g.J natbpignen ' i .
enteri cgl Ig; coa(t egd nul ?i pl e-dliﬂo?et’ gglggaglgeggﬁ] Cﬂic%[hae dioxide,
rRfopYlsmet oxidsl, ebetrtnsdbivdanctond)e ozaors, oxhibropicHiaMssIAEk e acid .

G bl P 1) a ot kuposwe end asipisshandginggent

)i d : ' erjal. ,Th I
o1, BB TRl o IR LR R G R Hhravous,
catpangeulw;t hsﬂmzlﬂao%,valihﬁméﬂﬁai- Eﬁpr; fg{am?%; ®lihfraarticular,

coating agents-include, but are nct [l N _
hpgethegal; opyttareritgnant) | adsthephiiea! at Themahhavendek| Toute of

acj d- et hacrylic acid 15 ester copol yner, polyviny
straien i& praferradhdMuspsal Idstizertis tads cepgrmibsiblt eThe dose and

SRR eiba R e PO RS iRt sndrieatiak she subject

conp! eRarbAGhARALFXN RldepBfyant

pharmaceuti cgl
properties. For exanple ey ar %glrelg%gi | y GACIpIENLS, glluents,

fcomplexdti egeatse orcadditioed lnta@ st RA¥SEE Ab! Xs $HATHE example
are readily water soluble, have low 20 hygroscopicity ?

apsenithe tstajulity whethe mntiexidahie compentidpfavilitite nGMmithesis or
ggﬁﬁ%('?ﬁed ig rmrﬁlildet ail .w.th reference to the
ol A8 P8n-4 | RRATMasertical  ifepRulatiosecandier ExAvRhance the
i ' ' - 25 The fol |l ow ng
?é%@?%ggﬁg%g?%‘ %@@%%&ﬁ%&%gdwnt hesis of a

pref er Fed exainpd, ecaifier miéledhleé shbl® RXEPPRb&YHrin and derivatives

m tochondrially targeted anti oxi dant ‘conpoun

tharsef arfomelldaleyn Nnt thgquarh doe il Potersial aks ecom'%l@xﬁtion agents

%Cl ode rdn. C?ﬂ%lﬁ( fhereof. -47- Stage 1 Schene: ©
RS nktering yeicorleminah attritmtes ofeirag molecules. For

example, cyclodextrins may stabilize (both thermally and oxidatively), reduce

the volatility of, and alter the solubility of, active agents with which they 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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Et3N MO Me MeO Mol. W.: 101.19 MeO I 1 OH Os

C19H3005 C z0 H3z0 7 S Mt. W.: 338.44

Met hanesul fonyl chloride 3SO2C1 Mot. W.: 416.53 CH |

Al Mt. W.: 114.55 A2 Step: 5 1. I|debenone (A, 0.25

kg, 0.74 nol) is dissolved ing38.5 L of reaction grade

DCM and the mxture is then cooled to 10 3 C under an
inert Metheghercd. formiftg ephytaaionticsBy 1 3Rckstablé: Scomposition
mpl) is.added. in one portion at ambient terperature T
aﬁaﬁm@mﬁ Ayinclugion semplex of- 2quitbchomairmlityotatgetdd Gntioxidant

ompoflaingt i Ragy MBQJER o} § ke%a%%lé égt%gé%&é’ﬁ{é@m are
1o . . . t ra r .
o abpr oo SRR A" BBl T NGRS ot forming

bawuaeutivally at¢eptable compusitiohs chmpHithd SN on complex of
\rﬁl{pxtu eis ag}i,tat?él for apfurther 1%’-30%nut es, femplex

52 [N Ifﬂﬁiemk@@hﬂ@dﬂdbi Y FﬁIthEdlaDhY)' xidagit @:Bfnlﬁmﬁ& ]ﬁt%hqlrl]inone-CIO
. Di_chl orol han 6. The m xture is the
V\Eg{s%%g%km £ } 8’?%{' ;*503@?3%19 Arardiseldsedaberetusn Example 9
SaEd BRhRintaionat e solution (0.85 L). 7. The organic
| ayer is evaporated to a red liquid under reduced 20

o s sur Fhet, ek gofeicts Whaencfl ffple e
t]hléargq:a@_gléﬁm properties, ofcthe : a:lmg Ic?rﬁgigggglﬁ?ﬁl({dﬁgﬁﬁ? &bmplex
lséagﬁ Pan'ra?rlhegi %9{( r}gmxgrsﬁpfe? variation of the molar ratio of antioxidant
compound to cyclodextrin, or variation of the cyclodextrin 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
Mitoqﬁinone—ClO 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 subje_ct 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 1S enteric

coating of a solid dosage form. Enteric coatings promote the compounds
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Stage 2 Schene: O OH MO | M Methanol Meo M MO

MO O OH Ovs OV Sodi um borohydri de C20H3207S

C20H3407S WMol . W.: 416.53 NaBH4 Mol . W.: 418.55 A2
Mol. W.: 37.83 A3 5 Step: 1. Idebenone nesyl ate (A2,
assune 100 %yield fromlastgstep, 0.31 kg, 0.74 nol)

is dissolved in 2 L of nethanol and the m xture then
eqfihidihd ®hisichlly incstporaasd imeahé dosaps foen efor 2 spiseifietrperiod
bor ohy r?dg (0.5083 itgp 0.79 nol) isﬁg%lded porti onwi s¢etinp
athen] xpossld 4o r gaseriaguics, eypfuthe temtaria ieeatingerare| designed to

t tur.e doe .not d 15 C.. Coppl et f ..
AiSHBIERERC P Isinal BB 40k BeAdy, ABSTBRORr DRGRE abesyption is

oA Al RSO AGRR HERTSTRTEAR g e

reattion“mxture 1's agita

8 G wﬁibeémgt%gg?ggw rtanf fattBE FHEske dd@hinistrations, 2

conpl eti on by Rf 0.60 5% Ethanol /- 15 _
Bindbipte-onit tysndosade fBfmPs\eh) as Srantifes, mayt be superidritera single-
quenched with 2 L of 2M hydraochloric acid solution

ang e actlarefoieedn tanee smijodmmenty antigxidant compounds of the
et RacnBy th g s SRRy S ARY RS B B Spse form
1R AN LAl ok ool Sl e om i
?Yd&p@ed afrodecitg eparfickes shavingt aft Gardfoxidantf ¢eenpolind Renteric

or an additional 2-8 hours wunder_ high vacuum at
sobtieg tageshrpeliditaiy an iper coredeatgriabiuckhesg, grangep papgresult in
g)?gﬁggggcli gbsc?rgtigg to itﬂ]eegntiosxiélgn%%o%ilﬂoeu%tdl \xltﬁ %055 %i(?aev)éhability.
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 compouhds_ 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 feadily 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.
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-49- Stage 3 Schene: Triphenyl phosphine M0 OH Me
C18H15P Mel OH Me MO Mol. W.: 262.29 Meo | OH OH
Ovs 80 C, 3 days PPh30M5s C20H3407S C38H4907PS Mol .
W.: 418.55 Mol. W.: 680.83 A3 A4 Step: 5 1.

Tri phenyl phosphi ne chunks (0.£83 kg 1.46 nol) are
added to I|debenol nesylate (A3, 0.304 kg, 0.73 nol)

i Stage Ui tably sized round-bottoned flask. 2. The
flask is then attached to a rotary evaporator and the
oseheme:s heated under vacuumto a bath tenperature of
80-85 C. 10 3. The m xture should form a honbgeneous
nelt at this tenperatubghlotone®na nelt has fornmed and
degassing is no | onger evident, the vacuumis

di spl aced with an inert ATW%PHEére and thg nmixture is
M in a bath set Ba 80-85 Cvi@giapprox. 3
day $1e0 C.check for genwheioren by kb
m ni nunfof Yo.conversion is requiredobefor

wor kup can take plad. 5. The mixture is then coole
to nearCmpdo® t enperature and di ssol ved i “of
di chl MploWe3Rd#e. 6. 3. Methapppuliapghloride et a;qug%{é%fggp
added in gorti ons with gerfits80.Gharming to precipitate
the desir®H product awaymfiremigxeess 20 A2

tri phenyl phosphine. 7. A small volunme of solvent is
rgz,%gved by evaporation under reduced pressure (to
renbve DCM) and the remaining mixture is then cool ed

1. Idebenone (Al, 0.25 kg, 0.74 mol) 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. Trethylamine (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 chioride (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 z‘he 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 (0.85L). -

7.  The organic layer is evaporated to a red liquid under reduced

pressure at 40—45 °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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to near anbient tenperature and decanted. 8. The
remai ni ng syrupy residue is then subjected to the sane
25 washi ng procedure twice nore and then finally dried
under high vacuumto -50- constant weight to afford a
tan foam 0.441 kg 89%yield (MTE: product still

cont ai ned sone solvent, see nnr). A4 so obtained is
uStaggedd rectly in the next step. 5 Stage 4 Schene:
Od O MO~ M MO *me Meo Mo OH cat. NO2 in
DSNF*(IB?OSI\/D PPh30Vs PPh30Ms C38H4907PS DCM C38H4707PS
Mol. W.: 680.83 Mol. W.: 678.82 A4 A5 Step: 1. The
crude gri t oQui nol mesyl ate salt (0.44 kg, asswnme 0.65

moYe % s dissolved in $eladdf anhydroffeo and t he
f | ¥e® urged wth oxygen. 2. The fl asko nts are
vi gor dusl y ed under am oxXyygen atnosphete 3Q

mnutes to ensure @& uration of the solvent with the ™oms
gas. GyHAOR 1 L sol uti on of B 68kt No2 in diey rDM (2
nmol  %oh®R)} 4i6s53added rapi dl WaBH; one porti om@_n@lt_lm@ﬁ
m xture is_.vigorously stﬂ(ﬁ_rvﬂq%ﬁ er an 15 oxygen
at nospher 8 for 4-8 hours at ambient tenperatureéd3 4. An
| PC check for conpletion (by 1H NVR and optionally 31P
NVR) is then carried. out. 5. If the oxidation is
inconplete a further 2 nol % of NO2 as a solution in
[Xtepi s added. This should drive the reaction to
conpl et;i on._ | PC

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 R; 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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20 chéck as above. On this scale 8 nol % of NO2 as a

" solution in DCMwas required for the reaction to reach

conpletion. 6. The solvent is then renoved by
evaporati 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. 25 7. 3.2 L of ethyl
adtaget3e is then added in portions with gentle warm ng

gﬁq recipitate the desired product. A small vol une of

€ is -51- renoved by evaporation under reduced
pressure (to renove DCM) and the remaining mxture is
then cool ed to near anbirbeylph@piaer at ure and decanted.
8. TheHoily residue is ”te'}-t[ff» nal |y dr| edHunder hi gh

Y Y& " constant weighiyl9e,afford 4 M1 ass (419
gM onvel d). A5 so obt ai ned | s used4eo ctly in
t he n&kt st Stage 5—sScireme—>0 MeO ¥ O 1 ol ,

M Meo . MeO O B¥ta- Clgpodid@,d PPh30Ms . 2 beta- CD  PPhyOMs
PPh30M,H,38H4707PS Mol . W .: 678.82 Ml cym
2, 94%0108t.: 486556 10 Step: 1. The crude nMgpledé@gga
nesyl at eﬁs?alt (A5 0.419 kg) is dissolved in QL of
wat er w gentl e heating at 40-43 T. 2. The®
%ta cycl odextrin, 1.24 kg, is separately dissolved in
eP: of water, with heating at 60 C.

- 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
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15 3.. These two solutions are cooled to approxi mately
room tenperature and conbined to forma honpbgeneous

m xture. This solution should be stored at <5 C. 4.

This orange solution is then frozen at -20 C and

| yophilised in batches to coggtant wei ght (at | east

48 hours). 20 5. The resultant solid is then gently
ceomsiant weighttonaffoudra fanrfonfr @441 KigB9% yiald(NOTRr mrogdact still
powder (,1.433 kg). An alternative synthetic nmethod has
beRMamedrsomaeplRpRly sanmpe Adsp ehtained istused dirsttlyindfes next
4S the synthetic nethod described above was

achei ved by bubbling oxygen through the sol ution,

i ndi cating the oxidation 25 reaction may be driven
substantially to conpletion by oxidative. nmeans other

t Btageoki dati on with NO2. -52- EXAMPLE 2. Synthesis of

njﬁt ochondri aBy targeted anti oxi dant conpounds The
cBERSTE! synt heses of M toqui none-C3, M toqui none-C5

and Mjtoquinone-C 15 are outlined in Fig 2 and are

~bard bel ow. Nuclear 5 magnetic regppalice, spectra
ired using a Varian 300 MHz instr nt. For
byl si | ang:. M8sinidees foRbay nar° din
CDC13. For 31P s8@P0 phosphoric aci d was 't he ‘
external s aPndard. Chem cal thfts (s) are in _ppm
rel atl\ilﬁﬁgva, 7&5 e standard. Elenental anal ysesCw8#@fone
by t R CARGPE! T M croanal ytical Labor at or yMol Wt:678.82

Uni versi t44 of Otago. El ectrospray mass 10 spectgpmetry
wegepdone using a Shimadzu LCMS- QP8OOX i qui d

chr omat ograji)_hy mass spectroneter. Stock solutions were
prepar eld i nThesnidstmitoQuinmi shesytate salo(@d4 &g, adGd 0.65 mol)

o e F e e A ke
U penar s, T 0l b aACOI RN THERR ol o geygen

Siteospheretfol 30 (AN td ehERRIARRBISH of IeAbIVaR Wit'ER gas.

prepared by reducing , _
2, 3- di et hofy0. 5 Insstltyon of Q.6580 Ny inndnyeD CIVCE ol ©6 NS is

h uinol .(Carpino, L.A, Triolg, S.A and Berglund,
_cgie%q'aplr&?y n§ one 8ort10n and the mixture is vigorously stirred %nder 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.  Ifthe oxidation is incomplefe 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 é 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 4045 °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
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(1989) J. Og. Chem 54, 3303- 3310) followed by
methylation to give 1 (Lipshutz, B.H, Kim S -k.,
Mol I ard, -P. and Stevens, K. L. (1998) Tetrahedron 20

54, 1241-1253). A solution of 1 (6.35 g, 29.9 nmol) in
- dry hexane (80 niL) and -51- '

N, NN N, N -tetranet hyl et hyl enedi am ne (8.6 nlL) was
ptmnmabdvb)t évapotatioreundtrireducdipresurd o rehove DCM) and the
flame-dried Schlenk tube under nitrogen. A hexane:
STMALNGE mixtureds then c¢q1hd tmnm ambrpnmnaaamt;nmd decanted.

slowy room ture was
cool ed ndeg][l? P 5350’(@“?) S‘i‘ dﬂleaélnlaﬁé yacuum to
copbi SRt AR IR A s e

vdisedtBnamvae negiggshed with D20 and examined by 1H NMR
to assure conplete netallation. The yell ow suspension
was then transferred to a second flane-dried Schl enk

Lgbe ontaining CuCN (0.54 g, 6.03 mmol) under
éen at -78C. The m xture was warned to 0C 30 for

was added and -53- the reaction.was stirred
overnoght (19 hrs) and allowed to warmto rogm
t Y Mure. The reaction was quenched wipids SLOY%
ay H4C1 (75 m), and extracted wt
200 nQ) ined et hebefD.Bx@racts were
with H20 (2 X 150PREQMs 10% aqueous NHAOH (200 m_) an
sat ur aCgHy5,P&8queous NaCl (200 nl). The organi e2 beta-CD
sol vevielsWinesri&82dr i ed over MgSO4, filtered andvdiiwet.:2,949.06
sol vent renoved by rotary evaporation in vacuo to give
§cr ude p’rsoduct (7.25g). Col umm chromat ogr aphy

®Pca gel and elution with 20% ether/hexane gave

gurzes “t et TN § Femnope mesylate salt (AR .4 R kghisglissolved
(iR)61L( éfﬂﬁ/ﬁtdﬁ%ﬁth gentld\hédting aT4O 4er@i, T., Azawa, Y.,

ﬁ%ﬂglﬂg then cooled to -78 C and allyl brom de (3.62

Wada, ., FEJE]ta T. and 10 Hori koshi, H (1993), Eur.
Pat8 Betsan@sloﬂeaitr(rﬁ 1c81§1 kg, 012 Q?gar%e.ly ﬂﬁcs:cl_)g;w if20 L of
5. 84- 1H,- m 4 H m

VYT, @%@@ga@@@mo 292 (12H, s, 3.38 (2H, d, J=

[5082St e M snd mmppm AT
Wergameauabas T K PSRl st THEdlygon
rdbouBbb&stonebat, <D°G. M) at 25C. The

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,.

+ -
PPh;OMs
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resulting solution was stirred overni ght at room
tenperature and for a further 2  hrs at 65C under

argon. The mixture was then cooled to 0C and 3 M NaCOH

(53 nmL) was then added dropw se followed by 30%

aqueous H202 (53 nmL). 20 Aftep230 mins stirring at
roomtenperature, the water phase was saturated with
NEQAMRLExt2.acSyutlksis mef unitocHéfkdrihBy comppered antioxidant
organi c fractions were washed with saturated aqueous
N&empoypdsd (Na2SO4), filtered and evaporated to give

an oily residue (11.5 g) which was purified by colum

chr onat Bog a;ﬁegzmcmln synthieses gsfl MﬂG@JQOIl@mgeMlmqtﬁnone C5 and
eﬁ@erlhexan&15 are' El ution with ether/hexane 25 1:
4)

toquinene- utlined in Fig 2 and are described below Nuclear
3%§a%3§ﬁ°§fe%°ﬁ%&%?ﬁ$%%§§ s rEauRd pipg Akt B0 nstrumen.
'\WB"r %ﬁ\gﬁg{l tgﬂﬂﬁgetf@’lﬁfa? 3‘32% ﬁ%%ﬁembﬁ _;t%%d %H’For

2NMR(835|% mosphorid%)ic:ldlwﬁtl{e%kteﬁiaﬂ Rta@idard! = Ch@nﬁtzal sh1fts (8) are
CH2-) ppm Anal. calcd. for Cl14H2205: C, 62

SJIQPPIFG glative ¢y tepstandasd. Elmentabmalysaok/utel dmledjy fhe Campbell
aﬁMS@%%O@&fy n&\,gé_ls&rr: B%e tagor bo%?e(%lpfay mass
Pegeoiely Wt ot Sueind " SEIASY 1 CUSORIDOX  tiquia

a@lﬂ@dna@dsgwphﬁ enaRy Spectforfibies. SRstK! J&ﬁuﬁ@&cﬁvbﬁé‘%@ﬁfﬂgﬁ absolute

stirred room5 tenperature for 1 hr

m@tbaml@mdcﬁwmdead—mf@ml&IMakwo m.) and the organic
| ayer was washed with H20 (5 x 100 nlL), 10% aqueous

NaHCOB Mi:b@Rindhy-C3(6) dThé/eﬁ%)euc frbﬁfeecbelqn%qﬁﬂo%-c3 is shown

sol vent renoved in vacuo by rotary evaporation
alof Bigd2A. The starting material, 2, 3, 4, 5-tetramethoxytoluene (1) (Lipshutz,

Bl a ki ﬁmﬁﬁ?ﬁyﬁaﬁ%wnﬁuﬁf (1988} Teganesron 54, 1241-

30 dag frbifig o, :f@u%%ﬁﬁ-ﬁ%sgyxy-é-@gﬂwﬁﬂ ‘penzoquinone

M) th t 710AHz
Q?’%) ) ezhyz&oﬁﬁiﬂol (ﬁlaﬁpmo Lcéd- TrlPF?M e cr uggglund RA.
n€19|88)1 ds l@lfgo rahems 543. 33(0)3@1 3308 fdﬂﬂblv&)edwby m&ﬂ@latlon to give 1
?Ch E'L foll owi ng reaction by mxi % a
3 gt Bk, S Mot rd tandp%f@mmqgmp 19%‘3)(1216wéwdron
g 1 a Ki max
1 eﬁfﬁdﬁ%l £558iR ‘;frybéﬁ 318029 ML) iy ewane (30 mL)
3é.nd NN‘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. Aftér 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 Schienk 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



‘10

15

20

25

with magnetic stirring for 3 hrs during which tine the

m xture changed froma nolten thick liquid into a

gl assy solid. The tube was cooled to room tenperature

and the residue stirred wwth CH2A 2 (30 nL). The
suspension was 20 then filterggl-and the filtrate
evaporated in vacuo. The residue was dissolved in a

nihei reactianowat stfreGHA@IAight d(19r his)r aiddllomed #XeREm to room
ether (250 nL) to, precipitate the white solid.. The
s@mnﬁrmase lellQ ggastion iwasnauerehed; withetMeraquepne NELGL (75 mL),

: vac(%l t?: %gl Vegf F%’r?ﬁt(% 8‘)(%0% ml). h);rlllepWé]ﬁ]S’}P?d ethereal extracts were

WVQEH I\/Ig gﬁh%@g L gp%)gllﬂ? Bﬁﬁ% Xgﬁwgéﬁ@%%g&@ saturated

3acfifbou§ NAT]((2061mIs). THeRIrgamdic Mol ver$S werd drisd ovéi"l@f )a, filtered
2.98 (2H, t, J=7.0 Hz, CFR2-Ar), 2.13.(3H, s, ).

1amgbthe spévenp removed byrotayy ppaporaﬂcsn MVRQUDAD. gtvm)udé product
cal cd 6l 05P C. 59.

25‘772?’5&5'0'0@1 YR otamoemRty, on sUich B8 andosiion with 20%

%%@a?% %%\téeg@% n{’?% ﬁ&éﬁ%{%&%}%}(&f‘%ﬁ%—%& 61{;>(§%1;§en})l)benzene

Nﬂ)@o@ﬁﬂ;kﬁ‘-)l‘ | Nishi, SEDXHa®! Y., ARARk, fYOfWa,cﬁ5K ?Fujita, T. and

rains. The organl c Iayer was Separated,” drie

'(Hlaﬁkﬁxll)l H.i (1998} dEem Pat e by EPeﬁ49366vAdD|c(6t(15 gi 88.5 %). 'H

hitrate salt o 7.8 mmol 1009, which
VHM&@S%@H@% (Hianmgéfin@ gfg&iﬁtﬁ)@l\(%hdn, ¥%:3378,3880, 3.90,
C
PPt 2 SRR Aot cadrof B 4-CHo ity G, ArMo

i—@ﬁﬁ added 5 foll owed by dropw se addition of a
tion of ceric ammniumnitrate (21.0 g, 39 rmol)

i xt o Gt pf 24808 Batmmel miﬁ%&ﬁ?" Was added
@Y iQPEYA WP fPs Anfdert gﬁgﬁ%o cgbgs 5&&%&10%” of 9-

ure was then poured 1 nt

ebdmbmtyekb[MBl;linoﬂ&i&Clﬂ TRPQ79LhI, 991697dmn{d‘11a@%qﬂzi) at 25°C. The

filtered and evaporated in vacuo to give a 10 crude
[@s(ﬂmng solutiathory sa:rnépnyrmghtsatdnomtempreraxym abfadi fnther 2

4t 65 Gt a1 dRudars WS dhextedoled 60 Ov)anth M NaOH
SRR P AT OGRS 4 ) o1 )
Vﬁﬁﬁﬁ/%o gnglls\gsg i gt f(lfldg{fl‘t&ﬁpél@hirﬁboﬁ:he%&tér %hé’s:e Wik %’a@nated with
i NaClrnd @x,traetﬂ@ tBn&SwitheFHHFs Tk@\b@mbﬁeﬂﬁ)rgﬂddc fractions were
Jwgsh%d 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
viscousi, 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

C14H20s: C, 62.2; H, 8.2. Found: C, 62.2; H, 8.4%.
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Ar), 2.15 (3H, s, Ar-Me), 1.85-1.70 (2H, in, -CH2-)
ppm 31P NVR S 25.29 ppm A solution of 6 brom de
(3.65g, 6.5 mmol) in CH2C12 (75 nmL) was shaken with a
10% w/ v aqueous sol ution of sodi um net hanesul f onat e
(100 20 nL) in a separatory._kynnel for 5 mns. The
CH2C12 | ayer was separated, dried (Na2s™), filtered

.and eva;Aosc&ltl’&dn ioff 3\/@088) gl QSg:hﬁﬁ)H and ‘ﬂn@thﬁlaﬁh@ 3Y0r £°30 mmol,

nethyl 6- di oxo- 1, 4-cycl ohexadi en-1-yl ) propyl ]trlph n
&&Ip}w@muQH:Clne(éﬁ uWhS rshireeds af roc(Iﬁ) te(ﬁpefatgre @&%10 mins.

93,
NI Sulfogyl uPgdb L8 g -6tk 15 7 3@niclh jin CHYSY (60 mL)

’ H%vas 2@&?2%@%1%@ ?%Féé"lmﬁs 6%%&%%‘?“03’1 3 3H(s{1§t’fd4at room

i Ty P s S 6 ) o

sﬂmesorganre lasenwas M'a;shqdl nmdn ELO5(5 £ 14D. mThel 6%nidiebirs NaHCO;
D&M If\{l‘atﬁg ﬁ@%ﬁﬁm@a@gﬁyﬂ&gﬁmﬁm irpyacudby rotary
oo R . Bford R R R otore byl 4.5.6-

Slinidinak O AR B (28 495 DU SR8 4 B ian, ¢ 5 -

r'ésuﬂz TUHS@-80,aMe)/e9%1 3,809 800 [ _
ngerJaturZ@Af tzer e?ﬁ%s time thegcﬁ%?{rjeszglwe?l’o?m (3H, s,

@n-é\’lﬂbsz OBt §.0 di) AmCH,-), 2007 BH, andr-Me), 1.9 (2H,
ext r@& with chloroform (1000 niL). The organic
Washed with brine (500 nl) and dried

( I\/gSO4) ”Ehe-:r gﬁld%%gtﬁgﬁes\%%na%mﬁ\/@%d g, 9 3%mm otl)owgs use({ H.lrectly in
I

Ertome i, Sl dgprin, sy Dyl e

phienitiphosplade v@t0fo gt 15 twmol) and INAICEL7®1E, $1.9 mmol) in a

utiqn, of ru%? 10 g) in a mxture of acetic
Z‘gfl&% dHbe29d; o ¥gons Thegnigur wep thes held at 70 74°C

Wmspﬁ@?ﬁtﬂ? preséf? gﬁgd}"ﬁ'& rﬁ%ﬁ‘ﬁi’l‘é ﬂ}ee&gfﬂlch ged from a

hiydltesiethislot igAdCcarsed ¢ fa"s%&{]es%lﬁay'?l)lc %B wag%écﬁ@d to room

m xture was then filteréd rough a
ammpemium)andj theemssitine stixsddeoyithi (EHZGIJ(QO QhLy. 50K msbensmn was
-LI;E‘F %ﬂ ‘ied fllhrate was divided into three equal

B Itpie evaporatadom Yasugi The redduevstas 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 vacuo to give pure [3-(2,3.4,5-tetramethoxy-6-methyl-phenyl)-
propyl]tn'phenylphosphonium 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, -CHz-) ppm. *'P NMR (121.4 MHz) & 2532 ppm. Anal. calcd. for
C3,H36lOsP: 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
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-15 (1000 nL) and extracted with CH2C12 (2 x 200 nL).
The conbi ned organic extracts were washed with brine
(500 nlL), saturated sodi um bicarbonate (500 nl),
brine (300 nL) and then dried (MgySO4). The m xture was
then filtered and solvents .wgr.e renoved in vacuo to

‘gi ve crude 4-acetoxy-3-(5-acet oxy

P ntoyis). - hé - digaaic dayer2 wast Byparpled) ydriet eN,80( ) fikerel and
red oil é{ll Qg) which 20 was used in the subsequent
sev@poratedsuvadugrtorgive theriitratessaltonf. S (45 IgVR.8manal; 100%3, which

5588 disfonveip a gt RGN and 5 ik, 000 saaiind at 0
b & e S e iqide b vichmoieed (6.4 230 o $8bpog added

GfoRibwed| by dvapwaskiadiition @ ¥ sdtifionSt deR0anonivinaitkate (21.0 g,
round bottoned flask equipped with a magnetic stirrer,

ri mmzl&mmd‘&hﬁﬂ/llh@(kﬂl; V?mia)emdivdn)ﬁ ?mmdg‘hd mag’éommik’&lre was
wat er. bath, .A soluytion  of crude 8 (74 g) in dr o
fStiezad 3t @E*sfqn 10¢mingpnd they shrporhtemperatiwe der a Ky mins.

t HE/ LI A i % . [ f .25-30 .
Py T A Bl BB RS Al 333 ot it
f 1 H t \ r je . i . .
(OFICI(Ehy L) JAEBONBO,) SR i b i v
varade hen -57- {BréaShdithdthyoxtyh2-miethplsB gedimsdi 1, 4 @ycivheRadden-1-
HC (20_m) followed hy the slow addition of )
dilapropyBaiphengiphosphoniium (6 enitratec The total predust was disselved in

SoHly COfRLY Py sk o L Piar S 2 e aions kB o mi),
(PR SREi LA (Do R0 e8P0 el BvfeiRed E0dcilo) Bgiye the
ebrbir@é ealt WF 6h4H2h2.664). X0 § 7.2)0-1.6%8@ 50 Jm, ANED), 4.15-

o4rd‘8ani c fractions were conbi ned and washed with brine
(

5 (2H, m, GHR-dY),(MSELPS, (6H:; oy OMa))R.9% &Py gtled.0 Hz, CH,-
vacug. This extract was _conbined with the material
DMt We(FH 3,rAT-Meidp {70 @Hieme rGHe-ppm. * P NMR § 25.29
hydr oxypentyl ) -5, 6- di met hoxy- 3- net hyl - benzene- 1, 4- di ol
( 68.3 g) as a red 10 oil. This product 9 was

purifie ' I : ar, | H
Put! 54 SR 58RI TTURIEO ) B EIERIPRIS ) v
%hakee vidHaCl @Yy ave agpeoss boludeft ¢sddiant methanesulfonate (100
2, 3-di met hoxy-5- et hyl - 1, 4- benzohydr oqui none starting
rmal¢in al sep@ageryofunnek for fominse (Ther CBLLY 2yeywas separated, dried
] tgb OEQ%ndthe . . .
rr(]I\f(az f), ltered 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,CH;), 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;H3,0-PS:
C,64.1;H,5.7;P,5.3; S, 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 (CoQy) (50 g, 0.275 mol)
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quinone 10 (14.14 g, 19 %from

2, 3-di net hoxy- 5- net hyl - 1, 4- benzoqui nol ). 15 Conpound
9 was slowy converted to the quinone 10 on standing
in air and satisfactory elenmental analysis could not
be obtained. 1H NVR S 5.41 (1k-s, Ar-OH), 5.38 (1H,
s, Ar-OH), 4.88 (6H, s, 2 x Ar-Ow), 3.65 (2H, t,
JdBsalvedizin Gt&icOid (leﬁ]Zﬁan& stll'réii 4t hlZ)om te

Ar-CH2) 02. 14 (3H, s, v Moy a1 68 (am fsmperature for 10
3smimes.) TrPHis Golutien MaSoaddﬂdthgEM)nGiS §7(g. 62g1 mol). The

27. 7 .n CH2A 2 (1 saturated with
W&@Jﬂg@%ﬁ“ o & ‘m@r 2% 18 Hous, Aot s temBeiaBE o fist this time
V\I\% ésrpl rre qgt% é%’%)t%e Y’gigli‘éer &d‘(ﬁgo ?‘%ge‘?atgﬂi(%@ E@?\)t I and ‘extracted

- atisetierofofmar(1060 ALY, STRY oMbihfdextest®? WA wasRed With brine (500

et her/CH, C12) showed the formation of the quinone
PeigSe),). Phe Solbenti was emyvad iretayio fo give the crude

R YT T LY L
souyiRBes Qg o RO 0P GT37E) ik 308 yishout further
Buﬁﬁéati‘&n‘ %Iutloﬁ o@%nf%z (ltlé) % ﬁ(agﬂﬂﬁur% %gc acfd/pérehloric

1a<ﬁa-(97 BD.62 5|00 ImL) @H3-Pydrdgenatell dvier(3Hph gﬁlladluﬁ:gcharcoal (5.42
58- A solution of 10 (7.4

nﬁbiﬂ) aWSpﬁgmprww am)roanutempemuw anﬁhhydrbgéﬁ uptake ceased

ol RS BAGHREY Finge vs Gen sofahed throngh o ped o Colite,

r f
(BRI st 600 R y3R, LSS0 e e v
t divideidainto ethidee eqeslcpoeionsi Qﬂduéﬁ:h/\@&ﬂhﬁﬁ Iaaaecwt& Mdistilled water
distilled water (5 x 100 nL saturat ed sodi um

bi109P yBha tead( exsraied withi CBCaol (2 Mg@ﬂl)nLﬁﬁﬁlmmbmd organic
et uere adhie St Bing BUEME). saluied SodiRm bicaramate (500
Sm%l)l%\liéf'&gé g%ﬂ{é'.qﬁ ten ﬁ @Oﬁsﬁg (xéﬁtmie was then filtered

il Sérenty weke rimotedin ¥c6aH ). _
quintet enJ et l_éémf) bed! - 062801§1ve'°éru% 4 aéeté_&-@;@’ acetoxy-

apentyl)Sppndimisthoxet hramesbyit phemal ecetate d(@ml wvegl oil (1008p which
n acetone and stirred for_ 44

h%%l 1}535{? 1y Q&ﬂt@ﬁﬂw&tsgﬁrémmﬁut fitthesmurifieationeHl NMR 8 4.0-
4.15 (2H, m, -CH-0), 3.86 (6H, s, 2x OMe), 2.58 (2H, t, J=7.0Hz, -CH,-Ar),
2.12 (3H, s, Ar-Me), 2.06 (6H, s, 2x CH;3-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/LIiALH, 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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concentrated in vacuo and H20 (100 nL) was added to

the residue. The mxture was extracted with CH2C12 (3

x 70 nmL) and the conbi ned organic 15 extracts were

washed with brine, dried (MgSO4), filtered and the

solvent was renoved in vacupsj0 give crude

2- (5-1odopentyl)-5, 6-di net hoxy- 3- net hyl -

[due‘h]che@ BYHe Ial@dswisé TdditieH of BrIPMHCY (Z@%E}delfdvféh Big the slow

col umm chfomat ography on silica gel
vaddltl@h-lbﬁﬂgt&lﬁ:d W éT(h HﬂL)C%lrEagmtemxnuee ilzvhs thén @fhtered and
oi | "HNVWVR S 3.99 (6H, s

ci@;a g/agg’v Etsggﬂ with ping-@ 1 3¢9, m@gdmyd (Mgﬂﬁ)m filtered and
fq%lﬁﬂstoi‘%e%t'ﬁ'gﬂ? ol 16 g i By unne
DR dﬁgglhﬁ% u@%b' o H(Ep(s %%hg%xggctf;%kmiﬂn dl‘fzuég g %oo ml, 2

14 200.101). g"hez)rgmmmonom W‘etd‘lalsmbmk:achﬂml Watesl Mﬁaﬁﬁﬂe (400
wi th NaBH4 3 mol) and the m xture turned

d8be uthl%% sﬂ\‘igs%)n ﬁlterzé aneuevapordted rins Vacmtt a“iusatextract was -

roonﬂ? ﬁ’&‘e %. @q&ooust@g% a{lﬁg Oom% o ggvgocrude 2-(5-
r‘k%dé&?ﬁe‘??‘%%&? B e R IV ERio O B8 A s 2 e

opil €THI2 frdddét @ wak ed@us @éﬂﬁﬁﬁ:ﬂ cHRMSAtbbMBhYebi
oi | which was use t hout delay. 1H NWR b gﬂ@% %Mﬁca gel,

(BP0 g packedin 10%8‘9h¢1$€lﬁz€l2)2>dilﬂtloﬁ®vmp %Betﬁér/CI-HCh gave
t, J=7.5Hz :
SOpie . 5@”*%@40% )%91 ?%éﬁmfﬂwycéﬂietﬁvl lékhc“-gzohy)droqmnone

. ]g{é%?é nﬁétgﬁéi;' Emn]o)ngg%% Tri p%e%ﬁ%ggﬁ%(‘tﬁgr i oé’"ﬁ of 9 and the

zmﬁﬂomn)(mwais gPllecRdfrom 2, Kdmsthbyuhss- mem’yﬂ &tuefn&gaumol ).

bar. The tube was flushed with argon;, ~ firm

e(ﬁo.mpeun@& whsl sk lyr eahvieoted 116 thesquibod1G. orAstéadim in air and
Ollga,c formed which dissolved in %ﬁ_{\&o m_

Satskactary cigaentaharalysis copbbnat be obtadnadie 5 5. 41 (1H, s,

ﬁgﬂ@fﬁgd%ﬁg&@@“ SIS D SNt 65 G, 1, -6

V@s, CH §02 BFSZHnt G ﬁza@& CYERY B Py § MANRIEP 11D-1.68

gi Ve th ‘ude” pr odl
[(SI-K,ZInaydCIﬂ/Zd)“ - 3, 4- di et hoxy- 6- et hyl -
phenyl )-pentyl ]t ri phenyl phosghonum i odi de (13) (2.07
115 Agolgtion dfitbeuquird! & (7.5 Bhd 7 Famerdlpin GEECho¢]50 mL) was

ﬁg'a%f&gﬁt TG0 22512 FLBIOSEOPL LS b e Sogion pE NO; in
'\@ﬁzélz?(fmmi q832( ot Wik added. The reaction was stirred at room
temperature under an oxygen atmosphere for 18 hours by which time TLC (40
% ether/CH2C12). showed the formation of the quinone 2-(5-hydrbxypentyl)-
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. "H NMR & 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, -
CH2CH2-) ppm.
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Ar-H), 5.45 (1H, s, Ar-OH), 5.35 (1H, s, Ar-OH), 3.89
(3H, s, Ar-Owe), 3.87 (3H, s, Ar-Ow), 3.65 (2H, m
-CH2--"PPh3), 2.54 (2H, t, J=7.0Hz, Ar-CH2), 2.08
(3H, s, Ar-Me), 1.65-1.75 (2H, in, -CH2-), 1.45-1.55
(4H, in, -CH2CH2-) 15 ppm _3kR NVR S 25.43 ppm A
solution of 13 (2.07 g) in CHRA 2 (50 nL) was -

saturatﬁeddeﬁdh ofx Y@ e(v. 4R sg,and. 3a ng@blt i TCHICHA2 N
CH2A 2 (0.5 ,132%\/\nga e.Tlt?e rea%:tlonvvaglL)and

ttneﬂlysiammeec(Sa% r @ond.4énpemal)urwasinprepased oambem solunon of

renove

ThSahesiryErhlorids ?214@0% " wemalt Iy @ﬁ"i‘ 1 30m) was added over

oA BB Pl e ATt ik, fo5 G aBRRERALI™, hoggp ot room
Qeinpefdtin®: tHeCRat6n WARK IR wak S@?éh‘éﬁdwitﬁ GRRE v&a!t fr@'r)x 100
andtrlturatedln et her (200 to give an Init

ymlL), osutm'amdl soidivat é)wdrbohatec(mﬁe ahEylanddsied (I\@S(D:l)l Th8 mixture
few mi nutes. The solvents were decanted and the

pmcﬁ!me&lt andgol et remoygd Cp@ERo 40 giventhesande methaesulfonate

ST s reipiby PMER '§ . BECATE br st et R ien, o
AT 9 PR O G ?4%2(%5;)9%&51 M), 198

Yo | 1 -CH.-
R R G TR TRl o

;()3%%-8?)531 GFhe( mﬁthdnemﬂfon%;e Zt)gs gﬁ%l\(e@l-i\:(]l 1570 ‘V&(W/V/B\Nem\ih)acetone
m ] t ]
ALO@ypY.) and stirred for 44 hﬂm\@) room tqmpmalmrm The Guxture was then

Sl i SO RSB e

§nlz(tm|e wl@ eggaaedélwﬁh Enye EC& 5% 1 G)IRL)rElgd %%t% bmed organic

o M toqui none- sy

raxﬁxtaetst we:l‘d washeidnwith-tEite, |cB1ed5(MgS®m) Iﬁlte?ecg an&. thé\solvent was
sol ution, of K2S208 (0. 450 1. in HO (25 nlL)
WEBONEd el yRepite egmeem;gi652f{écwdop@ntal)si 6+dimethoxy-3-methyl-

R M o S GO M IS —
RS s SR b bR A R ICH b e 1

s(tn(rsr n@ $6)ras30red GIUUEENMR. & X09(6HVES2 &O0F-6MED 218 (21, t,
extracted with ether (4 x 30 m): The "conbi ned organi c

' Présk Haa CHaBhadt7 (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 C4H;6104: 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 (MgSQO,), 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 8 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
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with H2O (2 x 100 mL), NaHC®3 (1 M 2 x 50 nmL) and
saturated NaCl (2 x 50 nlL). The organic phase was

dried (Na2SO4), filtered and concentrated in vacuo to
give ared oil (0.444g). Colum chromat ography of the
-crude oil (silica gel, 15g)s@nd elution with

m xtures of CH2Cl12 and et her %O % 5% 20% 15 gave

2(1H5s hyiely, ompqmzagg«t))yﬂn% : Elg.gduf@-m@sym@{ "HR! {aﬂgz H,-) ppm. A

enzoaw none as a
ke oF 294,138g98 87 61inos), axMeriphehybghosphthe (1.2 g 431 mmol)

GW%!S_%)I 8“2% é?]g)vgl tsh;f.éébZr %&ecmbg_\irzasrtlhy %ed w1th argon,
oSl S ﬁcﬂ?aég%gnﬁtw&?%fﬁ%&gﬁ. 7 8o s et sotid was
i Tk C A T

talllﬂat]m WhiXE precipdtehforned Wys Wlegdd tapigly. t TH@%rédiﬁﬁ!ﬁ@ which
to a viscous red oil. The residue was di ssolved iIn

?ﬁwt@mg expoBIraty adnwas petdissblved i €HHEl, @ha evhporated
d d ol Th | vent
o P a&g&z%cﬁﬁsﬁé@m&&& e Syt d’rvﬁgn%hsmgq%-methyl-

ety P-petf ity Bhathhohnib ddid (ThLERT LTS 888 brown
ok o A1 T A o

rmmmcmdmie fiorssibkeprént reaetibanolH NMRLP 7.80d 68he SH, m,
s @2& emoved | n_vacuo. The resi due was redi ssol ved

(1d155, ApOH)) 5.3 (i, s At ORDe B8RS (35 syiAr-QMee), 3.87

IQ% SACOMER S 65EE: ed%ﬁy‘l?ﬁhz’)éi-iﬂ%ﬂ&% 4348 ar-cmy),

[2.68 (4155, ArM 1.65-1.75 (2 i k
met hchy 2~ et e? 6- di o&g{lmﬂ cydi hleisaé 3 (4|H m, -CH,CH,-)

yppmeﬂPa‘diIeﬂyB]ztsmaoﬁpﬂyl phosphoni um brom de (16) (0.111
g, 61 g as a yellow foamwhich turned to a red oil

E)n cont cﬁOl\Ailom Q—’c‘ 13 CHMNgR 1@29?@{2&13)(56 ﬂﬂ_ﬁ WES &athrated with
SH m Ar

@Xg’ep)gas ’éméd% Wﬁ %}@azmrq:ﬁgﬁ; 2 (Q 57mL 11 32 M)mas added. The

I‘:&g&ﬁarr}og’pr ay rm%lg&‘gpie\!(\:@né ﬁ%ﬁpva&ﬁé ﬁ’dl%(em 06%’5&? atmosphere for-
CH Bty. Thedolvint vek2eRHVER n §aduo 40 XPfbd R cA1AR rﬁfﬁ&&&' [5-(4,5-

results were unsatisfactory due to 1nconsiste

| dswasitloxyf-2 soethyh8 , 6-diokosl sbyclohexadien-1-
yDpentyl]triphenylphosphonium iodide (14) as a red 011 This. re51due 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.
'HNMR 5 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, -
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10 EXAMPLE 3. Properties of exenplary mtochondrially

targeted antioxidant conpounds The present invention

recogni ses that, in order to be suitable in a w de
variety of applications, for exanple the formul ation
of dosage fornms such as 15 tgplets, there is
advantage in being able to forma crystalline or solid

fORm)Of 413thn hOC@HQ-qrﬂrfﬂl | %?Ptmt(f@ll ANV isdpsi7 pm. Anal.

conpound mlarly, it is believed, wthout w sh

taaldik fop QI RIOMVC,5080HY 5.7 hIf;\t19t81eP ah8; Pourdi@, 60.0; H, 5.3; I,
functional ity of the conpounds of the present
i &Rion%re at least in part deternined by their

ot 1 ddagarpne O T Oer ohs Sumbend Touls (& Misemigne-C15 is

SepaeIPEIk 20, JeRbiBn oF R 205 (04306 68, BRI 18 B0 25 mi)
t¥ags Wﬁm gveéx 2. PBOusato s @ﬁﬁ@d@ﬁﬁ}%ilsiorpd)f AQNO3 (0.262 g,

m Xi mn at 37C with 2 nl octan-
slaﬁélrmnmi) PB6-hythexyhexadenanoixt iacits (6f408ge lci;(}rpnmmﬁ) iand 2,3-

A EehPana e e RaIane: ihddls 408, Bueh Hhnlh0:CHLCN

gg?) > SO 1IN 2 0&) %f ?ﬁ‘d iﬂltqrss%gg&d%ﬁ Eﬁnu%s Iﬂ{leégﬂét:ure was cooled

Car extfdRtdd ?«EEth dther \(g X Wﬁﬂ?ﬁ The: oonﬁ?ih&& H?gw R]!fase was washed

Ledgerwood, E.

Ryvith D@1 (2 %8100 m’m)e nNﬁH€O3468M SRi 3(hmIB anﬁ saﬂurated NaCl (2 x
Portequs, C. M, Coulter,

1¥hmlp, The ergsoierhassswag dﬂpdg()‘Naﬁ&bkﬁh@ledtan@n@omntrated in

SPERE R EVSh el P RO 4E], PR cheSimARM AR R ihé e oi
Raflical el 48 dané‘aﬁﬂbﬁ Hith ﬂn@emrésh@ cHé, %IQ; eth&’ Ed %9'5% 20%)

note i's. the | ow partition coefficient, onpou

vgavie  s2ril 3- hlydrd)e,/lpantaﬂeqd)-ﬁgﬂ?dmleﬂnbxpﬁ dgithyd-[il hﬂbenzoqumone
anti oxi dant noi ety and the hosphoni um For
dﬂé)rpaoel%gcaaﬁ@m bl 21cd ol HRSNER o B0 9%, i Ebrs, OMe), 3.64

B it 0 Rl 445 PHE Yoo Frer eherrin), 13 712 26,
A 55'5‘302%8%&9%1"%%9‘?%@%*”?ﬁ%ﬁﬁ?i@%“ Fubd’'c 6.5, 1,
9.8%. _ ' '

A mixture of triphenylphosphine (0.066g, 0.25 mmol), Ph;PHBr
(0.086g, O.25-Im'mol) 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 prodlice a red oily precipitate. The solvents were
then decanted the residue was dissolved in CH;0H (0.5 mL) and diluted with
H,0 (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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TABLE |I. Partition coefficients of antioxidants and

rel ated conpounds Conpound Partition coefficient _

Met hyl t ri phenyl phosphoni um (TPMP) ' 70. 35+0.02 MtoVit

E 67.4+1.6 4-Bronobutyltriphenyl phosphoni um- b3.83 +
0.22 4-lodobutyltriphenyl phogphonium 4.0 + 0.4 -

M t oqui none-C 15 M toqui none-Cl0 160 + 9

Mplagqdi imone- CaculBn Bystein (0.1 agbir) ofve- T8 KirS tb %iv?e élS-(4,5-
a-.Jocopherol b27.4+1.9 Bronodecyl ubi qui none d3I0 + 60

| dEpethery-2dmethyl-309lioxeyi4royejohenadiendd- 1 x 105

DR HbnER bR e Rromide 6407008, 61%) a5 2 yellow
R von o 15 ¢ 84 0y el B8 otk %) 8 7.6 -

0810a(1-3H,0h/, YOFNh3ige (i fer aki a Ing) n -
coefficients glgt erm hed %t@l_g%% grgqu% g{% es ﬁ’b%g (2H, m,
abHlkering), 10t+andl(26H] a1, -aalz[:%)l;-p ppnr. 63P OB {121 8NEY) § 25.71
cal cul at ed usi ng Advanced em stry Devel oprrent (A

Sppia Fdeatisisarays masss spestramestnyi Hound n(ME)s6E5D, ddicdlated for
2002, Hum

rth, T ier, T.,.and Schoumacher, F., )
}%Fﬂ%&?@tﬁ fi}’% bujtiams gnalytieal resgiisewgse ugsatisfactory due to

‘Em%&ﬁ . Porteus, W K, 5
Le: g)}e}fﬁ\%:\ggg’lev.l ., oM tlﬂ&lﬂpgA J., and Murphy, M P.,
2001, J Biol Chem 276, 4588.

EXAMPLE 3. Properties of exemplary mitochondrially targeted
antioxidant compounds _

The present invention recognises that, in order to be suitable in a wide
variety of applications, for example the formulation of dosage forms such as
tablets, there is advantage in being able to form a crystalline or solid form of.
the mitochondrially targeted antioxidant compound. Similarly, it is believed,
without wishing to be bound by any theory, that the antioxidant functionality
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
shqwn in Table 1. Octan-1-ol/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-l1-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. ], 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 Fur J Biochem 263,

709). Stock solutions of compounds were prepared in absolute ethanol and
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‘phospholipid bilayer. W have synthesised
anti oxi d&rmobuwylpiphenylshospibbdiuna r ange| of = 2383+022

- Mt oqui none-_-@tﬁéﬂuim?éc's‘M toqui none- C 15 was28gosr m ned.

b Smth, R A J., Porteous, C M, Coulter, C V.,
and Murphy, M P. 1999 Eur. JBiochem 263, 709. c

- Smith, RAJ., Porteous, C M, Gane, A M, and Mirphy,

M P. 2003 Proc Nat 10 Acad Sci 100, 9, 5407. From
their octan-1-ol/PBS partitiogpcoefficients it is
clear that M toquinone-C3, M toquinone-C5,

Mst@rgdiaioR8°C 0 tmn dlakk t PEIITRME -Wasl FrompAmMmericd MRadiolabelled
rwe of gxdkﬁggobl cities. That of Mtoquinone-C3. 1Is _
si(rjemajcals dac, sU®dle, relatively water sol uble TPMP
cation, ' hat of . M,t oqui none, 15 C 15.i ndi cates

that it dr?z;l&sdr@%é]?‘a%% {athey 108 pattany Wef:h%lent."f compounds with.

e e SR R Y s we

wiphbsphvaiuat Fon eaimble d edpo@hd Wiehif 3h8 Pe¥dent iRGdiion. herein
groups while the hydrophobic alkyl group penetrates _
i mefsTred dorsaMutepinene:63¢ vdiich tas reefbearben Briddeshas a partition

bel i gved,t hat t.he | onger met hyl ene bridge the :

dé&8 I cigny eapé’ﬁ?’f%tﬁlé(ng.&fﬁw E%Walu it%@ that leﬁfg’ﬁéd rfat ¢he related
[ ) ' nb . Th [
POl ORI RO P AT nai eat ret "of L he

menbrane we believe will occur for these conpounds is
| DABLEA Baritiorf s aiffigiches irfoxsdiig and Ratds! iang
variants aligned with a typical phosphol i pid. S
model 11 ng 1 ndcempsgat hat The ublrqyirnotp] &0
M-togui-hone-C3 only penetrates close to

renbr anéetsirrhsryphofphdoam (BB of M f oqui nof8s@okd and
V'Toqui none- C kp vAgetrate close—to—the—egre th

T ue
4

af
§elr | es of

t f
} I%)éeffi’clent

Tydrophopi e ties—angd—depths—ef—penet+rationinto the
ospholﬁﬁ?ogu%lﬁp ]alﬁfléflﬁl.ms? 64~ EXAMPLE| 4. M t olfidfdri al
pt ake of m Miwhaeds-Ce |y targeted| conmpounds T0
defoRstrate—that—ritochondrial targeting is effective,
t he upt ake bYHMRPSEondria. in résponse fl60the
renbr ane pot aifdy@honeicsEXENPr ary ant i oxi dant 5755
conpounds M toquinone- C3, M toquinone-C5, ~ 7

[0 measur e rhe_tpt ake of —antToxidaft—cofpgunds—by
ener gi sed ni t 0CHORAT T a, , 2741159
Bromodecylubiquinone %310 160
Idebenone T BIx10°
Decylubiquinone : 31x10°
Coenzyme Q, .33
Coenzyme Q, %409
Coenzyme Q, 4 .44 % 10*
Ubiquinone (Coenzyme Qo) .82 x10%
Ubiquinol 9%4.53 x 10%
Decylubiquinol 4791 x10°
Idebenol 782 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



an ion-selective electrode was constructed (Smth,

R A, Kelso, GF., Janes, A M and Mirphy, MP.

(2004) Meth. Enzynol . 382, 45-67; Davey, G P., 10

Ti pton, K F. and Murphy, MP. (1992) Biochem J. 288,
439-443; Kano, N Mur at sugug3 M, Hongoh, R and
Kobat ake, Y. (1979) J. Menbr. Bi oI 49, 105- 121). The

' etaafficiedts’ ana{lcala,@gi Agsithg r Atleasewle Ehemistryd é)ewldpment (ACD)

inserted_thro the air-tight Perspex lid of a
sﬁoﬁwaas 2plgris ﬁfg’r b 3¢ desebed intJanslindi LoWitabeMeiat, T., and

- orchidhet el " P MG oabsint comound

10

15

20

25

ket G P Ll (0, 1 HERELE G Mg

HERfgRrwiobld /E2 C.,1SmiMdhERTAY. BnandiMefihei M.(H., . 2@d )1%@' Chem
rotenone (8 pg/m). Succinate (10 and FCCP (50

nMG\Aéﬁé added where indicated. The output fromthe

- | ect rLab Dat a
'O qﬁfé o dPrEpuD i W eCaliRer - \onat NEBTBY: M. 1999 Eur

%ﬁ mlng Chart software, all from
Al nstrumants Rat |iver mtochondria were prepared by

emigeR.2al.] Portécus) 0Vivl Gine, KM eaﬁ&MﬂPRF/h 134.155 30 03 Proc Nat

centrlfugatlon in i ce-cold buffer cont

HAoodo%e 106, {d407cis-HCI, 1 mM EGTA, pH 7.4 (Chappel |,
J.B. a Hansford, R G /é1972) in: 25 Subcel | ul ar
conpon é%egpeﬂ%f} -bRVBRS fH%EFP@n&Wféiﬁle% it7s galear that

TR S T —
Bar daa\l/\nwlﬁfw Qa@oﬁﬁy&o%? P%%%/l I(\}l%%? @4@&%?8@3 &1 ginilar to
1the simple, rélafyelyMvater sohdié APMEnRitne whikt ®at ba |Mi/t6§mnone-
oTS iy i t?a% %‘319 Woret soIShgjsmnaboriphiay hosphonium

Qﬂ@gﬁclﬁgﬁw qaLHHonW repfggg?g P gbrgpgtgﬁa%@éﬂ)h@%m_bﬂayers
awﬁh%ﬁé E&tRdn APRE IAEN of iRk c%)%?gf% E&lﬁ}’gl'guﬁ \91111% rlﬂ(la gxc’irophobic

Cooper, C. E.; Eds.) IRL, r~1 ncuba
tdjkykngmu;h tpedenraegvan&) ﬂn@lhlydtqﬂldh(c g roff th@aiiepfibrag®d It is

-the amounts of [3H TPMP 'in the supernatant. and

\ daqheérf: that dhe ulsngclt dbe anethiylenec bridie | thei deepeouthei agtioxidant

gt P PO o Ol BuHpliaiie csishapF amembrane. The

%Qki%ﬁlﬁnaé}&elﬁ toPWhiH PehéSation 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 antioxidanf compounds with a range

of hydrophobicities and depths of penetration into the phospholipid bilayer.
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~greater hy

correctlon of 0.4 (Brovvn G C. and Brand, MD. (1985)

- Biochem J. 225, 399- 405). V\éconstructed

i on-sel ective el ectrodes to neasure their steady-state

- 10 concentrations (Smth, R A, Kelso, GF., Janes,
A M and Murphy, MP. (2004)e4th. Enzynol. 382,

45-67; Davey, G P., Tipton, K F. and Murphy, MP.
(EXANTPEIIO C hie m MitocBSBAri4BY- ftake Kagfo, mikochbhidpiallydUtargeted
M, Hongoh, R . and Kobatake, Y. (1979) J. Menbr
anpomds 105-121). The response of these el ectrodes .

 Ner ot o deieBFH AR RO dod Pl Sheedlne K blielemiahe upiako by

QR R T O o I

o d\ﬁﬂEZ)MEbcE%ﬂi@:re—Ca MBroqiadmtass, K
I\/UraI:t)sugu ' ngoh R “and t/![Kobaf(a?lke M‘i%%lfi'none CJlo and

I\Mmibqulrl&nc’rCIﬂWaSﬂemgd The nost hydrophilic
Ef% isasaie (hesose ohAnioRdab ceRpgEnds by eoeeisn! mitoghondria,
Ao e§ﬂ§5ti‘%|”§'|%?'9§§ee 5, %A&S%?ﬁd@%baﬁ%ﬁtﬁ% s0,'G.F., James,

eA ot hﬁ&%&%@”ﬁﬁt gnﬁfﬂo t38’1‘345’f671 IBMey, GP.,

M t oqui none- in the absence o chondria.

Miptayy i&h en@Mutptyo i (d09Z) Blockwesn. M. 1238y l489ﬂﬁ4r3C315am0
the el ectrode, al so responded rapidly and stably

Mytrisugua Ma ddongoba R. ap tK@baé@lseaée(wﬁ%ze Menﬂlthmlr 49, 105-

D213 The Wittty o' Ay aRCT BEEeiE drod i iserted hrough

HBE ﬁﬁ”ﬁﬁ& %%ehﬂgcll of&'s H d M@nﬁgéthﬁé/a% n‘ii]éﬁcﬁﬁ’atﬂh chamber

city o se conpounds

fadr3Qeia, ;ﬁmmdedawtmhom dﬁjebtlcﬁw rfas thdeddedors f eflbisMBtes. To
el ectrode enabl ed the neasurenent of the free

@@&s@m r ARt danf qomqsmdpomtalse,arrat thu@ tmﬁochcmdrak e(l mg

Beredn b erE R AboDit, S RCIcRSR 418 avhkich 10 mM

I B e T SRS

Suteimite FiQun®)4ind WECHS00BES) Wik QAR HHepd lﬂdjeaﬂm The
addi tions of antioxidant conpound to calibrate the

@lugeytr dipam r@§ptﬂie@160t1\@ ﬁtﬂdhmdedwkay passed etopiar RowreyLab Data
Sé%alsifsit%ne s§’ls %1%:1' QI%E 2 fro 9 pP%gP raztjllgeanalysed using Chart
software, all from ADInstruments.

Rat liver mitochondria were prepaied 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 fracﬁonation, 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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(
C

pot ential. M tochondrial energi sation | ed to the rapi d
uptake. of all the antioxidant conpound variants by
the mitochondria, and subsequent addition of the

- uncoupl er FCCP abol i shed the nmenbrane potential and
led to their- rapid release-g§omthe mtochondria

Fiqure 4A-D, left side). These experinents 10.
fﬁfﬁ&, AL, M HEGHA) @t 25861 Braed, M.D. (1995) in: Bioenergetics
pot ent i al - dependent w@ake of Mt oquinone-C3, -
M B3 HeA ARpEoachy PPMPP L (Beaven,cid.. amd Ceoper, C.E., Eds.) IRL,

TR DA el ThE PRt Werd pefise bt tnitrugation

T 8@ RS Brrlofnd SOBH]TPIEP fn R h@éﬁﬁgﬂpﬁrﬁf ﬁ_@ﬁ@tsf%eirg quantitated

. mtochondria was weaker, nol Si

. r weak oi S nor e~ prone
dby fscintilkdtionl Sowrmsiny asd shevirhémbh@ecp@ehfifldealc@SRA §8&uming a
to.Mtoquinone-C 15 in the absence of mtochondria
(ertochpagrialeplume 04 dl. 3 pl/mg sitachdndrialopriotein laods af FRBIP binding

c tratiQnso.in t pre ce,qQf hondria. The -
g S B B b OB e YA T oo Laeevar ol 924, 399-
rri;@%ghondri a was then determined .(Figure 4, right

hand side). For these 20 experinments the anti oxi dant
conpounWer ashsafiictedMiesdlédtite alEREddOd AR -
chanber and then mtochondria were added iaﬁh?ﬁ%%ﬁdﬁeady state
prarentations (Portndhd.1 Kelsey6nk., flantes) iAuM.ohnd Murphy, M.P.

GRS et ramon ﬁ%ﬂj&%—% ﬁmymgsh%ﬁm%%é Mgy,
L (0m0 il S48 Ca08 8STRSURN WSESTE Son v
tandKobagke, ¥. (\wmyl)anM@ﬁt)@ Bibfl49, Egsglgtlys Itﬂaerﬁ%%%nﬁgsqfthese

menbrane potential dependent upta he co

vtleetrodes tofsémplectviphsaylphysplantdirhi cationd siBCR TPMVED R Nefhstian,
t he, nenbrane potential. The free concentration of

WﬁBcﬁ’u ReA ef@%go%g & tvodtagg te degivlication gpncentration] and a

e BE UG DRy, (P diBonTk SRR 2. 199)

(Bioghem. 4R 288 9hBobard Riag) - NTh Mﬁx‘&%@lgﬁ?m% ¥Shgoh! R. and

upt ake of m toqui none-C3 on energi sat|

obatake.e Ywad 948p Ut MefmbnnBliol. M9, ob)§-h2he- TR fost bydrophilic
protein, tﬁrrespondi ng to an accunulation ratio of :
Serpoun, Mitpguingpei(st, ahso gave atNemstiam etactradé respanise with a-

t nd a_ mtochondri al rape. . . .

568 P60 RP0E o R ASRIER A 1 Pl st i
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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5 for. intramtochondrial binding. For Mtoqui none-C5

there was sone binding of the conpound to the

deenergi sed mtochondria (- 0.6 nnol/ng protein),

however this was negligible conpared to its- '
subsequent uptake on energi sag6eon w th succinate, of

about 2.8 nnol M toqui none-C 7ng protein, '

cor r es pdRdneRFUrdartioxdantrmonzicund uptake, anitochwhdabwdre added to

1,4x103 (Fi. 4B, rjght hand side). F ~
VIS ERF o SBaer s h? Respearey of FoieBine 0o vt formation of «

e Rbenfipt QRS O Bl Wiidbin Bjadertira seguential 1
upddikienof ofibaitiox1daHIocoBoRhAt & rbﬂibégt‘)éd'ﬂ&és oﬁggl.{i'?cile arIéFpoﬁse;

succinate (Figure 4C . right hand si _
ofollaveed rhge the t egpiratony - Obsfrateasuduinged t® ddierate a membrane

PRiEREenVBasPgndtel oneraiasions led t9aths rabsl uptake of all the
T R T .
VWbethe dneBuflep FCOD ﬁg?ﬁstciﬁ;g hE n:mﬁbraﬁé %@'téép%f %@i%&) thir rapid

enabl e neasurenent of snmal " anou

Melesei frome tHE1 Sitdobontte (BLOsrb ADGSR GHIDDTHeEE! cxferiments

. t.he pregence of _mitochondria. In contrast, the

upeanke é‘t oW tgatgch@n@uf @F_lmsmbsing faﬁmnhai-gq)axlden?nugtake of

r sihde of. Fi e , ere, the el ectrode

res%)ghggm\f/g@g f ar ﬂ@%@me’é%ﬁ%i véilldy eMipauinenetldnent While
igb ol - ' sence. . m,t.ochondr, a.

gﬂsmwgﬁese E‘P@Eﬁ ﬁ%%?‘ékés,] h%@v&} ﬁg’t %S'h gm?ée“f?é’flﬂ"%f Of induction of a

matmprare gotestids thé elebRodet fegpoiidntio Cg?f&ﬂgg:g%nregglg qin the

-least in part determ nes their extents

tRyesRncs cHfomdiochpndmartvasnweakerj ghisidrant] sicte @bnéitgWrkt. This
4 serption ranges fromnegli.gible for
opgggﬁnvgﬁg_t%f)el%tr%ci%ﬁ%pom OqUHNpmRR-kd 5f iar the absence of
' : i fd\O f yuj none=C 15 to = .
oS o S a8 HLROLIRN i ol S

anrthe predetdenofmitdchémidrit ed across both -68- surfaces
of the inner and outer nenbranes. When a nenbrane

_pot ent e i extenhdof edntiexibahti escanparc . biddinpeto dEenefgised
- significant redjstribution of the conpound to the
ﬁﬁ‘ﬂ?‘i"k}{’-ﬂ%ﬁ‘@i Wj‘ssb}epaé%temﬁe(ﬁlgﬁ%q daetightahand rsdde)t Héor these

Ubefiments’ 366 Aid¥ifant 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 mitochondﬁa 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, ﬂght hand side). The FCCP-sensitive
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.taken up into mtochondria driven by the nenbrane

potential, and the [onger the methylene bridge the

- greater their adsorption to pb@spholipid bilayers.

EXA LE 5. Antl oxi dant efficacy of exenplary o ‘
taAvipongr(Ge v enetgisatiampatinsisc e SARPHHES 7 nmol

Efp nve /on are .al'so highly effective agai nst
OXI aﬂ é%‘g PHICIRe £OTHESD ﬁxtcd@m aefuimulatipn tdt® of ~

a X ns 0, event lipid
i ﬁ%*?.g 35 eBnSRlent 187t SRR e foEfore cquation and a

anutmshbﬂ&nﬂ%fnﬁf%ﬁokﬁhﬁ] BP ﬁﬂ&?tdf 8¢ é‘?%‘ F?Igﬁwglgsior Gﬂgrectlons

ferrous iron and hydrogen 15 peroxid

qfﬁﬁﬁﬂﬁﬂmf@chomhmlﬂnnmngdatl on, the TBARS assay was °

used. P)Hlver .mtochondrla(z ng protein/n) were

i ncubat B Mitesuinone-6a dheie wessame bigdingof i K@nﬁoﬂu@d to the
elt

at , 37 suppl,enented wth
n%/ée-ﬁrﬁ@ g{%’crlnrl] AL eg%%aa 8(~ &ﬁ né’ro'@m)anhAWPver this was

[) h l;) stg Egghd(m% g(t?gk g{rl]%ﬁ%géfﬁtﬂ#p pyT UV gpgr %}?%ge“ﬂt&ﬁgccmate of
rﬁl om ihbee O5%pesie r.es
ition of_ 50 ?f?\l}'l Fg%lZ / ggﬂ v %é}’? Bh&%'g% afi a%tcmﬁulanon

3r 0 of @Ptlﬁélpn%m%nmmme)(vwv) butyl at ed

hydr ox I e i.n_et o) was added, followed by 200
m 35%)@(? #@? Qﬁ@ BiSEE Wasy sagmi Q@ntthmdix@ bo tdeenergised

[ bat
i o 5l oved b
Supbenapiake of abosf BafRd/mi® paotsinaéé alldie® sh@élgﬂ{ﬁ (Figure 4C,

addi-tion of 3 m water and 3 ni ut an-
RS hapdsidedd, and the two phases aI | ovved to separate.

200 i L Qugat s he anic |layer were then

anal ysé\# airﬁr @ﬁplf%‘? %‘}?@tﬁ}tnggpé- IrSea@érbO(LmEXo:thélﬁenerglsed
itocHeMdriaD n o h r [ic idreactive .
spe(():l es 30 (Eb;uBtA IE ccb)&r;lglgr tHlpz |%cﬁn§r$§¢m with
(NOripatst Thel mﬁnbtﬁh’é?aotéiﬂral—ﬁ%ﬁﬁ?d&‘# E&dg@ &'J,gfhoggﬁxgne Cl15 was

111 3, 3-tetraet hoxypropane (Kelso
oncthg) le@r haz(d panell—(ufgﬁme an, \Phéﬂeem@seleéﬂdﬁe  fesponse was
er wood R A.J. and Mirphy,

?n%gx) seJ‘n51%Y%| to Cg,p@gle zqagasuz;gggnt of59B% . small amount of free

Mitoquinone-ClS when the electrode was calibrated in the presence of

mitochondria. In contrast, the uptake of Mitoquinone-C15 s 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 lﬁidges of
the antioxidant compounds at least in part determines their extents of
adsorption to mitochqndrial 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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- background |l evel of 5 TBARS was negligible, but it
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i ncreased to about 3.75 nnol MDA/ ng protein on

exposure to oxidative stress (Figure 5A; filled bars).

Hi gh concentrations (5 M ofggny of the anti oxi dant

compounds | argely prevented the accumul ation of
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upk QUi 1 form | sp,..GF., Porteous, C M, Coulter,
g@;%%ﬁﬁj&}]ﬁgospégﬁpggbggg% W K., Ledgerwood, E.C.,
Smth, RAJ. and Murphy, MP. (2001) J. Biol. Chem -
276, 4588 - 4596). To see if reduction by the
r EXAVERICE 5. dhfioxivi@fit bERUACH S bR
efficacy of the M toqui nong&qg‘néxg?ﬁlgg%?ﬁgg%o'ﬂﬁgé{ly\’\%rgetea

i eIPanBds ni t ochondria in the presence of ATP 20 and

an ATP Tﬁ ener at i system -ATP hydrolysis and
rever sat "o fCTHRY t%%ﬁ]é%dm’%nﬁm rre yalsh highliyedffective against

.ans] Lnd..which built. menb
SRR A My B SR ot
(domgpeendsBh. préfest H%Y‘d' perb2RBtibA ih%itﬁ@i?ﬂéﬁ%%l},} 8‘&%‘5[1]19&16 from the

anti oxi dant conpound uptake as for m

earengidatiprogf TBAR it mitdehbndeavek peselltb FebRO RSN ang }%yélrogen

antioxi dant 25 conmpounds will no | onger be recycle
t%?ﬁaﬁgﬁ}g}'éegbi quinol forns by the respiratory

et recls SuMdaRU 0 RR AR e Tuf SRR R wasrsed. Rat liver
rhitockdial @ fipepdhSaint) P i ' 5a, . . .
_whittO'e bar s?l)@ conplgirted Wi W%Ehlg%ggétrgrg%ilﬁ?% {g%ﬁlgtﬁ.&_ntammg

SEWnmM K G, tifcmdh BrissHENepHi 60atB7°cusEpplat@ntdd d5he;
5b, bl ack bars), Thereforg 30 reductl’on_pﬂ(}f Mnté(?q%ger%gher 10
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A T R
ahfibetamrial weRte i BRpRAND BRIdAAYEIRNS SRIMIS: of 50 m
FeCl, /300 mM H,O, 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 weré 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; Agp = 553 nm) for thiobarbituric acid reactive species

(TBARS) and compared with a malondialdehyde (MDA) standard curve
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Lower levels of |ipid peroxidation were observed in
the control sanples of mtochondria energised with
succinate, conpared to those 5 energised with ATP
(Figure 5A). This is due to the protective anti oxi dant
effect of the endogenous m teéhendrial Coenzynme Q poo
which is held reduced by in the presence of succinate

pREePasaddiram). P h + haldr b Shddetodethdiypropare eléo\G.F., Porteous,
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(B SERAFETI e datiemstress(Figie i5ds filkedtbars)at Mgl duncentrations (5
' h f [ : typi cal 15
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conpounds cqrer el e?lgismsm%téﬂg?hnﬁgmgn%@h&gf ﬁH@ Cﬁ@%ﬁ?‘ﬁéh%t“ was
e edéquital sidermhaimb tid Mityguitens shasEdatt o ds that was
val ues, for the prevention of |ipid peroxidation by -

fFPonsihle 5%%|h antipxpdang @Qﬁﬂnn?thﬁ ?ngr ﬂang-@%)ﬁ@tﬁp?ﬁfyﬂgcﬁons of
.. These neasurenents confirne a e

gﬁ%%&%@t@%&’&%ﬁﬂ%o effi cacy was:- Mt oqui none-C 15

> Mt ogyi - ?EQ]’]:E t L.none- M t ogqui none- C3. .

Al the Mﬂftégﬁ uclg( one %%’i gg%’gg{é S@pgﬁ%smﬂg’rt@n a membrane

potamtaal &d drive theouptikt QFthe Satigndity ?ﬁt(ﬁh@h@gt and also recycle

i tochondrial nemprane potential. For _
iosmpofi the Mﬂqulmbneomidﬂ&anttddtﬁ%@ﬁfcﬁctb th8Sctive

| ne
-gel ked b 5 extensive binding to osphol i pid
| g’?&?@%ﬁ‘ﬁmﬁ?y t1REMC Zﬁ-ﬁgﬁn o@ FpeRortespsedi.Me Coulter, C.V.,
hexi da r rSy { oxl dant_activit
B o At WK P aes b0 2 e SoHTp RS, nd Mrurphy,

Me®pi(260Dr . Bivdi Chietn. r 10,4538t hashks oak] i .
ant | oxi dant. conpound to its acti 325%n%§?§2%_{e?u§ﬂ%n by the

- EGSPHAtOY \¢hal Wes oxquirestifor| thpiadtipeidani éﬂlda@? of the Mitoquinone

ﬁﬁ%@ﬁ%ﬁh&%‘gﬁ?ﬁ Sa;“géé%‘a‘%ﬁl_g@%ﬁ’ég;lég;hp&hﬂqyesence 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 Mitoquiﬁone 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



10

on cardi ac haenodynam cs and mtochondrial function.
The effect of adm-nistration of mtochondrially
targeted anti oxi dant conpounds, in particular

M t oqui none-C 10 and. M t oqui none-C3, on cardiac 5
functi on was assessed using the-Langendorf i sol ated
heart perfusion nodel. Rats were assigned to the
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S, A i K RUASRTBITNE. B M5 Re o Hionts
M 234 4% 56 f Bhilseesi D Horstugild Pnasd Norabasahad, K/ '1@9%%§%factors 3,

ANOVA Wi th bonferroni post hoc test was perfor
SP4hi®)i dansmmmeryusll pthe- Mitdquinbne cantioxidant* citnpo@ids require

** P<0.01; *** P<0.001. Signjfigcance versus respective
t?ﬁb_"%&ﬂtjﬂryo'ih.ﬁ TESITAERY Ghgin %kbe fiectiys anhigxidats. The

S gni 11 R0 e o SRR Bonticthuit 86 X DR s atsi fopipll the

| MigudRRiey attioidaty daapbarie- €3 c@ﬁ?a&.'ﬁ%’ﬁsf‘élam agtigxidant

still significant effect at the later tine points.
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i ndicate that it _ist ant | oxi dant 25 noi ety of o
MIESHOR fothova i Fige %ﬁ oﬁh%sn@ﬂ@r@?nteﬁﬂﬁg%f! that ghe antioxidant

{HEERREP P BRSR AR, L Seiale bt s TBRBR) GF tné Chethylene
tioided. eToafuianitdtel ails v bHIONAES tHe! KW Bvalu P&rcﬁlﬁiﬂgg‘?ention of

effects - of treatnent on left ventricular diasto

prpidsparexigation bynthg. folietxeruphrry Mitbquindheahtibkidant compounds
USSR anEhagamresnoments fpRGuBed by fenordes, ofsantioxidant
'@f’ﬁ%gf WS Mitoquinone-C15 > Mitoquinone-ClO > 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-C15, 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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and 60 minutes foll ow ng the induction of ischaem a.

- Statistical analysis was an ANOVA on ranks wi th Dunns

post hoc test. Significance verses pre- ischaemnc

control: * P<0.05. t represents P<0.05 versus 60 mn -

post ischaemc control. The.rgsults show. that

treatment with Mtoquinone-C 10 results in a 5
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e effects obseréed,vvi th 10 the mitochondrially '

S theo labgenduré isglatedt hesit perfusion model.
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mMiiteqEnonerd360 ollotving f thlel erjangenne
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I B akthehi | ] -Cl.o
s%ﬁ?lﬁlcﬁalﬁihl@ y re%lllﬂ%: gﬂ% Ee I'Sc ];5:125 mmgaﬁﬁggggé}% Y ERTieniag pressure

i ‘wabemeasured ewithnpateft! vieatri cidst ts.c ' :
of any effect with adm nistrati ?ﬁllg]@ﬁ‘-Tp&g)-E?ﬁ%@SZ@g&%as also

tWgasuredi s the antioxi dant noiety of M toquinone-C 10, | _
and notyt he rj phenyi phosphoni cation, that is
respon S gHEe féo rchrFSS ethg e?ﬁrgnﬁ)‘ﬁ’s g{P\)’\é Rtnil f hmopllg left ventricular
hic9&re TeF e ( Loxid conpounds. .
rdiac f ung%]%l gﬁh\?\é)ag%%ﬁ%nﬁg% blgégé e?@%{&nﬂ%\y &¥a5 mepgwred pre-
tisehashhiacindbé gain dirizei s a0 niflut@C HOMHA dnd 60 minutes

targeted antioxi dant conpounds on the rate
c@\l‘%vaegmﬂum pEisghaeran Af onhavdye ANOVH gtithebS¥erroni post

icts the rate of .conktraction in each of the four .
?‘?‘gcaf“ﬁé masgtr%fpggne@r SISUHEANGS| VErsusBreyischaemic L 3P<0.05;
ek ACe+# o5 1ang; i nutes follow ng induction
of q?ﬁ%%’em’ a. Fi gurlé glgg%%%nggsv?ﬁgs rrglsgecggre time control: T

rRE@OAS T OR<0M01e4¢h pef).601e four treatnment groups
pre-ischaem a, and zero ninutes, 20 m nutes, 40

m nut esThentesbits 6thomi that areatmmehbwiitty NinegeihbasL.CI0 significantly

isahae La.. ln each ¢case ANOVA was:
Teduces the 1schaemia-induced reduction in coronary flow. Mitoquinone-C3

UCahed
A A"‘w&fe humanely

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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with P<0.05 versus respective post ischaemc tine
controls. ff represents signifjcance with P<0.01 _
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nittipleenyiyshidsphonignd ot shat & SRl For %Qﬁ%&sf@ﬁﬁg&d with

four treatnent groups., Figure 1OB presents

r Eigomitechendrialhctargeted puttoxidantpastpiarkaeni a for each

of the four _treafment .groups. *** yepresents . _'

si gni fi ﬁ‘gﬁ@ ot o g&@%ﬂﬁ%pﬁb@tqqlémnﬁ?ﬁfd_@raﬁrdngoggllnone-C3
! SUSHPIET <0

8 b rale brak IO RERMApeA it 8 EBicis 4P heort i for each of

MieoieatHRne gfoukd Iﬁ%ﬁs@ha%hﬁﬁ éﬁcﬁ &8 Minl@iJy nli;es, 40 minutes

i
beneficial efféct on mtochondrially respiTa )
f amd 60anirfused follavgingsthb dedadioncoMehesinia0 RefiliO4hown are one

h | [ that the
eS8 s Rt i et o
ET e R T
EX&MRIgRC7 corttGIP1 MTHeY red{intMsha oM kg %agfn%gf%jﬁfﬁgwg{oge-cm

P-cycl odextrin In preformlation st _

18igadicanty wedudes ¢he dchasa indQcédtiiiction e 9EA9 ?at@?ﬁ% rPc?Ied to
time in the solid state when stored at 25C, 50% R ard-
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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-74- 40C, 75%%H. The objective of the present study
was to establish whether the solid state stability of
Mt oqui none-C I. O'coul d be inproved by conpl exi ng.
with O-cyclodextrin. M toquinone-C 10 batch no. 6 and
i debenone were supplied by 574ndustrial Research
Limted (New Zeal and). fi-cyclodextrin (lot no.

7p8atmed vars nauks hasthd Dy ggﬁ‘c tHReh et OpbEortheg. * rﬁPresents

NaCl , . NaH PU and_net hanol LCO) were purchased_f
pEEmfmsance it ePsOLS Iveryesstheylsa:ﬁaepuae control. ' represents
Mt | es of Mtoguinone-C 10.

oofw Pl %% WY %?éB@ﬁt&teeq pgst isphagsnightitnei eangrols. T

C%egﬁ‘eszf:@@ tsi @EP:Q Wﬁ?xh %Qotb(ﬁ[ gsgls\?\geos yc;tévfffzg\%):gat é?@éf:mlc time

lcodrold, 8, 16, 32 and 64 days and anal ysed for
M t oqui none-C 10 by a validated HPLC met hod usi ng
M t.oqui Hemereulio shiow ethattadmBiStanion of Mitoqiinone-C10 has a

cl O
;: %gt %}%}layé{ eﬁgﬁﬁﬁg’aﬁl)gﬁﬂg& s&&gﬁmghma@ducw teduction in the
O br qm de:
phat &t ntRebh, b ' Hiaxalioh G s Tk eneiler ahena pogpared. to

Medmfglirggne- C 10 batch no.. 6. Prepar atl on of

f-cyclodextrin solution in water P-cyclodextrin

(1. 1397Tlhy abopetataccléardB6How thé theheficinl efftE0Hf E&hm@t@anon of
noi.sture content) was accurately wei ghed and di ssol ved

| Wﬂﬂ’éb@ﬂ@”ﬂb’s‘@i’g@t@@ anfigxiglant gompoundst om gaxfchac fithation. In order
SRSAPRTR PR e B o Ao e o 0
e e e —
MunotionnonétoChéAdridls aeHangr dreskdhReRia nbﬁd Oggé‘t-fé‘,@h&ma was
hot plate maintajined at 40-50C for 8
Pa&sswpé dexenct of dhe ttretaﬁnGrmgmupSangde !bOA deplctst NAD¥dlinked
(S:%P tg)% ﬁ%qﬁ’\o%agf ocqnon tahfrebaena %Bst\flﬁgeﬁgen\fllaasfc}rhgagh of the
four treatment groups. - Figure 10B presents FAD linked resplratory functlon
pre and post-ischaemia for each of the four treatment groups. *** represents
significance with P<0.001 versus pre-ischaemic control. 11 represents:
significance with P<0. 001 versus post ischaemic control.
~ These data show that Mitoquinone-C10 has a statlstlcally significant
berie_ﬂc1a1 effect on mitochondrially respiratory function following ischaemia
cbmpared 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-CIO 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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-75- Preparation of Mtoquinone-ClQO /f-cyclodextrin
(1:2 nolar ratio) conplex An ethanolic solution of

Mt oqui none-C 10 bromi de (89.8 ng equal to 59.82 ng.
of M toqui none-Cl0) was evaporated under nitrogen on a
hot plate 5 maintained at 3774.45C for 10 mn
followed by 3 min at 50C. (3-cyclodextrin solution (20

- M0°G IS %RHED Thedbtgedtivecsf th%tptesérﬁ%tdﬁgi Waete estdBlesh Whether tﬁe

t he, beaker _which was. then sonicated faqr 30m n.

Frolishptate stabdityof dditogiinene (110 touldybe dumproved bylcdmplexing
nolar, ratj o conpl ex 10 An ethanolic solution of o
I\Wftgcﬁﬂcﬂﬁ CEIHB proni de (90my equal to 59.95 ng of

M t oqui - vapor ated under, nitrogen on a .

hot pl -a@t%aﬁgo%émdg%t?i?s??so@: %‘b‘? liifgﬁﬁl%e were supplied by
(B ' wd 5 ot he .
odla KRR BRI Blew el gl a3t (of Ro. 70p225)
abay uechasbd ORBISE fochA6log Q' NABTANAEYYT and methanol
overni ght. The 15 frozen sol utions were freeze—%lrll ed

f GIPICHwese puichgsadifomMBDENO freeze drier. The

| yophi |, zed conmpoupds were stored at -20C.
Differ e#ﬂaf&taé?c ﬁEr'?' Stady of puraMisoquinonerGle- dr i ed

-

B S T p—

P e R 1 R PO oy RH and

#4°Croert siljoa.riDine boitles saerel remuned ifepar, o 408, 16, 32 and 64 days
evaporating. an_ethanolic solution under nitrogen gas
aAndzgnalysed fosr MitoquinonesClgi dyum pyahidated NHPOLI amethed, using

AR C IFOrY m PBEC o VEG Flish S8 honyobans were 25
wms. 50 BB DERB o E R, Wi SR L RS
o o, Somplaca s SERSAE ! 150 Qi foone 10
dwoniidpeit-aylodextrin 1:1, 1:2 and 1:4) were prepared using Mitoquinone-
C10 batch no. 6. |

: Preparattfon of B—cyclodextrin solution in watér '

B-cyclodextrin (1.1397 g, equal to 1.0361 g after correction f_of
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: B-cyclodextrin (1:1 molar ratio)
complex |

An ethanolic solution of Mitoquinone-C10 bromide (90 mg equal to |
59.95 mg of Mitoquinone-ClO) 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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30 net hanol and 0. 01M sodi um di hydr ogen phosphat e

(85:15) as nobile phase at -76- a flowrate of 1.

m/mn and using WVIS detection at 265 nm The

internal standard was idebenone. The col um was

Prodi. gy ODS3100A (Phenonenex)7sw th particle size 5.

Later this nethod was nodified after the arrival of a

New COPHEpurafibr dfoMlitoquiberss CUPE 934 idyi ;
nmet hod vvap?anet handg}) ar?g 5 0. 0l ngo fﬂdﬁ%@sgb{;%dar ratio)
pérapleat e (80:20). This method was val i dat ed.

Interference by 3-cyclodextrin in the HPLC nmet hod was
checkedABe?tg@I@%l%?i‘F@@ Af Mitequinone(ilfchrentdde 89.8 mg equal to

(3 B BRI Vs eyiBivalat pihdiss irogen on a ot plate
\PRRAIREE 3745 C ol 1GHR SalIARL by i M Y5 B-gladextrin
vevletisiee ) nRkdeddblo HisMiIeatyhi2p 190 m%e}‘pghfgdi to the beaker

(3-cyclodextrin, the anmount of Mtoq

nghichnpasthenrsomdated fod30fmnent conpl exes was

different. In order to expose equal anounts of =

M t oqui Reswerdiare of MitpguineneeCd gnﬂ-eyebdexfrhf éienmolar ratio)

- weighfs of conplexes were taken: 4 ng of 1:1 conpl ex
ek

i ng 1.473 ng of Mtoquinone-C 10; 6.5 ng 15 of
1:2 kA . Vit | - &5nL0; -
and 11, S ShER Sl ot DRidRiRnd a0 bleBR0E Gomi cqual to

- 9.9 ung of MBodBinoRe € 103 4Ras evihosRd et oféPBhld hot plate

study. as per the Standard Operating Procedure:

Anaipdained at 3AHACCufar 42 thin. B-rdyclodexeriveciaton (403aal) was added
sar{gl g bottle.to conpletely dissolve the

NPitBe bealesavinch gvasphen sonierted fon2Q ompl exes. 20

vAquuot 0 .1) of .these solutions were dil uted 'tb 1
Spbd il f

15

20

25

30

m wth

OVR SORRSTS YHEATPeIGRY $1REDg & 18T cqvemight. The
Ted2dn So¥Gti kR idd! or B LI

bt it WL OR Ko, 5 45L AR Tl ARCONO e
shriart iThe lgbphilized vainposidsweardstored@t-hgrol . The '
sanpl es were centrifuged for 10 min at 10000 rpm and

50 | ofDiffesentiglescsznning salavirmetrydof the frdece-diied Mitoquinone-

system A standard curve 25 was prepared using.
ek

| oREclgdexirip complexes. - C 10 in the concentration

ra0e ot Rl SO BSOS o e
e N L e
Eeplomntetart RYRIS- 1. A Mitoquinone-C10 sample was prepared by
evaporating an ethanolic solution under nitrogen gas at 35 - 50°C for 10 min.

Aluminium pans (N0.0219-0041, 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 Imin followed by an increase of 10°C/min up 0 160°C. ~ -

HPLC assay | | o

An HPLC method for Mitoquinone-C10 was developed using

methanol and 0.01M sodium dihydrogen phosphate (85:15) as mobile phase at



towards the bottom of the freeze drying flasks. 30 The
results of DSC are given as follows: -77- . |

M t oqui none- C10: Wen a pure sanple of M toquinone-Cd O

was anal yzed, peaks were observed above 120C. Wth one
sanpl e of. M toqui none-Cl0, twg-prom nent peaks were
observed between 130C and 140C. When anot her sanple
wasﬂemaagez@ﬂl midminahd psimgi UEHVIH elkectivlr £ T60H%E" YRE internal

observed above 120C. After
gqaiwag H&e were g solugen xves Riodigsa IS e (Pimadmenex)

bot S@%@sﬁesﬂae Ek}cﬁefﬁ%@r Sined a?%aﬁgﬁiﬁdé%gﬁég'aﬂvtal of a new
odex

(Tousen e BB Yhase F@gﬁltﬂgfﬁO%%&ﬁWQ}%f ¥98 dhetbanol and

ADIEM avaliyral élht}’ﬂﬁ)géﬁnpmhﬁfét g?m Q?f X 2@1% Srgetfh-gal was] tvahdated

sanpl e col our had undergone a

bhderferemoe by B-anyciddeatin mhamgHPLcM fnREHEIAN IR~ é}l&ked before
R-cycl odextrin (1:2) conplex: No significant peaks

| \A@m@ysmséhe dMitoqfinene-6i18t Psicyclodexirinl cuthpleResnde wias shBem that
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‘tenperature.’ However,

(i 15 observed. Mt oqui none- Cl10:
08 Ty 8@@5&1&49% nomntereﬁwpue)the Mitauynord-C4 0tHPpE alssay .

wer e ob er\z smal | _exot herni c peak was

. observ .V ofﬁﬁ@ﬂ"mM%Qﬂg ﬂnﬁ)’d@d@(lrmcmgqyexem
Th eaks in
the ﬁﬂa{'%‘qﬁ. %’Sﬂ? Vi’ St ee%‘éagﬁdﬂ@gp WnoReC10  with

Bﬁ@ﬁ§§déﬂh‘lhh 9169 QHRAHN &f mﬁg Attlond ¢ (ﬁgﬁfm gsamples from the

e wWere

aflifferext oomplixenowas idiffehat Sa! drder thh Sgo?(tﬂll NaGunts of
arisen_due to degradation. Wen a secon

Mltﬂﬁl&mmmecﬁ) i aﬂabrmmpleﬁes idiffgrene véerglhtsfcﬁ‘r ddftiplexes were
ram the rst sanple. In the case of the
ch et of i Somplek Costang |42 pEMowHners-C10; 6.5 mg

f. the I i d
5‘%12% 7 Jﬁrm?ﬁ%ulr 16THE R MilorBliediS 10 i 3% e of 14
JomaplexPonedining 1267 eng ofMitdejudHéfe-E10 were taken and used in the
stablhty study as per the Standard Operatmg Procedure.

* Aliquots of HPLC water (1.5 ml) were added to each sample bottle to
completely dissolve the M1toqu1none C10: B—cyclodextrm complexes
Aliquots (50 pl) of these solutions were diluted to 1 ml with water. 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 mm at 10000 rpm
and 50 pl of the supernatants mjected into the HPLC system A standard curve

~ was prepared usmg soluuons of Mrtoqumone ClO i the concentratlon range

2. 5 t0'120 ;.Lg/ml contammg 5 mg/ml soluuons of p— cyclodextrm

‘All the compounds were slighty orange—yellow in colo_ur 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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Table 2. Solid state stability of M toqui none-C 10

(batch no. 3). Cear dass Bottles Day | -Day 2 Day 4

Day 8 Day 16 Day 32 Day 64 40C, 75%RH 98.90 101.9

102.8 94.07 83.22 76.70 67.25 -78- 25C, 50%=H 95. 11

97.46 95.06 97.52 102.8 40.76748.37 5C, silica gel

97.04 102.8 92.97 95.67 98.37 67.36 63.70 Solid state

st abi | i tMlitofjuineng;Gil@on®hen 19 fiivet stmple. oB)Mitoqtifi®ne-C10 was
absepce of . Ia':kght at  40C, 759%RH, 25C 50%H _ang 5C

0B BE e RGAKS c veTe| Obpeived apboYRah20UE. t Wdith abnes sample of

e : r : 2. of original cantent, Due to_,
 AARETEOn T RE SR YRRy Benk Sterecohuirec bgtiven 130°C and
4Q4p°C> wadR e | : eat ed at

25C, 50% RH C&‘l‘t“ﬁ“ﬁ% ! %‘gﬁ%én%%‘%aﬁ@i?%‘é%?@ hsruﬁgﬁg?%% peaks were
s @bsenyed thabsivial lypeuks dyersabseroad 4bbes 1200, Afes! n

anber bottles az%l the results are given in 'Irﬂaeglagéélsghgle pans
Fivgeie €ut and the pamples Sxamined. aThe sapiplés weredark green to black in

M ui.none--C10 (batch no. 4) Tinme (days) 1 2 4 8 16
35@%”&:88&”@3533 Bottles 88.21 93.19 92.65 93. 10

o1 50 1H5egofs¥finoThts by ol Rk stvita i@ na ssoc.
reasur oy oduMoRIEUD I ercfRexih f12Y obolS dg.significant

Daptaksamererwbesrved. t Afeg Malyes tiex . ned
per cent agie of the initial c%sgfent %%g‘t%ﬁgbcgtt?caﬁgsexamed' The

( Bmpleecolaur Badmadasgone avlighychange tClibhit bupphiast H¥ignificant
thﬁ %em’ stry Departnent showed a sudden drop -in
cb after 16 days. However, for batch no. 4 the

e DAL 5P el i
Peuienebecneree s SIS, A PURRAES) L st s

t oqui none- C10 sta qui non
sabggErved] from | RL was used for the preparation of the
M toqui none-Cl O ji-cyclodextrin conplexes. The
M t oqui NBtequinone-C10:p f-cpcoflentrin Rl :¥pscomplex: No significant
reddi sh-yel |l ow syrup in ethyl alcohol. The stability
oP® ‘Yﬂ)é MSEDFS Birevey smallrexofbersuie neak wasoohservedsat 120°C.

18 8RR, A8RbRf Ml B oSSR w b 10

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 ;esults of the solid sfaté stabﬂity study of pure .Mitoquindn’mClO
(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 | 8322 [76.70 | 67.25
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J3-cycl odextrin conpl exes avail able for study, there

~are no results for day 1 and day 4. -79- Table 4.

Solid state stability of M toquinone-ClO:
0-cycl odextrin conplexes 1:1 conplex Tinme (days) 2 8
16 32 64 4C, silica 106.38 149-97 101.71 101.71

02. 68 _25C 50%=H 95.65 93.00 101.15 101.15 108.89
5 GS0RIE 120991 199867[795063] WS21[1B249 [30.7@5] 18372
Ho\ls 16 32 64 | 4C sillica 105 48

L ease—Tinn 2 8 :
o1o3u%s, og] AT, p0230102E | Pt B8/ JREPL0BSHD 95116
' ——99l 7840 759RH-115-99—3361 22 1104, 03"

0541 108.55. ;
180lid stagostability of MitopliasndiGi (bastsno.3)dnthe 38%%3::5‘ of light at

4 idd .10 115 .86 100. 25 107. 63 107.63

5%0/%@' #f}?iﬁké %%ié; 097dbH ando¥ G overblae siligacgel7 BARHare means of

1 34 71.13 71.13 Solid state stability

08@%%8%5&9%‘?}%%386& a&pe{%qrgg%q OhieuginahcoyRBl exes in the

bl ue o7 e i) 3 SigBaCHE indalliy o 25°C ol D combared 56 40°C,

eX§froRIE ate atmbilétycstndpgeas répddied he ¢ S5EHIHI WL Mitogpinone-

M.t oqui none-C | O can effectively form conplexes wt

0C&) dratshener # nThesecendhstpbility aiady red dopducter othrig clear and
The results show that

PP O N

| %ﬁﬁfﬁiﬂ%w exrite%‘iﬂtrt]éh%reﬁlﬁe%% abls 3 quyl Kigured3xtrin

conpl exes _was stabl e under various conditions. The
rrgggletf’s Sodidssats tseabilityzef MitequirietC1 (witcvio o4jui none- C -
10 in the 1:4 conplex was 10 decreased relative to the
ikl dgh of M taquingge-Q L0 ingthel I ITTand T;
(13- cyéclytc%ext rin conpl exes. MPLE 8 ilESt e%?l i )‘7{

Tl &S BLeald T OAYT NS o R0 MBSV Al E T i 47 | 6205 57.94

Dark Amber Glass Bottles | 94.84 | 94.52 | 100.28 | 97.65 | 98.03 | 61.48 | 58.66 |

Solid state stability of Mitoquinone-C10 (batch no. 4) was measured in the
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 Mitoqﬁinohe-ClO 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 déjis
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 Mitoquinbné—ClO:_ B—cyclodextrin compleXé_s. The Mitoquinone-C10

"sﬁpp_licd from IRL was a reddish—.yellOV.v-sy'rup' in ethyl alcohol. The étabﬂity of
the Mitoquinone-C10: B;cyclodextxin 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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Solution stability of Mtoqui none-Cl0 nesylate 15 The
solution stability of Mtoquinone-C 10 nesyl ate was _
determined in five solvents; water, 0.011 HCl, 0.01M

“NaCH , IPB ( pH 7.4) and 50% MeOH at two tenperatures

25C and 40C, under two atnospheric conditions, -80- -
air-and nitrogen, for 125 days as per the Applicant's

sTablod Kolipstatel s‘ffeﬂ)ﬂl% gﬂgﬁ cﬁm L EgY ﬁ‘@@%lﬂ%xgﬂ{; complexes

mesyl ate sol utions ( e fi

a ctneli onl ir\n nf
I ]H‘.lll tU. UYUIULIUII UI a—St0CK—S0O 1O+
q ¥ guinaone-d o 5 nesvlate fin vvater. Sol ut ons

_ (5 rﬁ‘?‘e(ﬂ@ﬁb pl acdd in gldasg vidlés,| flu¥hefl witdd ajr or

N TT 0TsHiica S al ade 0 Pl RGH! OToFH? 391%-1.7 'qqm:s 0.25
|l net Ad 16 Q7 nd

IiIZ)SZ%agﬁg%gﬁc L b b%onceﬁ%l?%t i or}b’o¥5 M i]&&rtlﬁ noné‘)s@ 10

det Wﬁhﬁf@ﬂth HED_ZZ Thesrresul tis3.4arje given| i n gbabl g 5.

try—of —ivhtoourhone—E—3461—16-—+resiate—i-n
[THe 1‘*"2%‘3’11‘1]31@ Y N

01M NaOH ils not_ijncl uded|because Mt ogquj none- C1D

nesyiise @ysdeconpdseld i n8this sdbvent w2t hjn. 154

M NI Ne T aBSHE(S ST0Qws | Maliod @] SIS [omypigd) |ty

s—independent—ofth sphere above.the so utl on
andzs(gimrmerlgg(lt?re h§§46 " sil@ritli c R8-S f e®78n| t he

st awc,rmymof Mlliﬁ?w none2£| 10 114031 T 10880 Jentop.agxcept

£

=V 4= - alkbi | thy ~
I'IL/J..I:4J(.B 11T 5—Sottut+on +-abtt —ty—61
Mt n‘ﬂlllln%nnp Cl0 nmesylate jn 4 diflferent | solvents

lunddimsf@®mPel ent Zorldi ti 8ns| Cordi t|i ons32Ti he (Bays) 1 2

4 8 06,51 6F 16,107 T 1198 £T. 16955, 2967 591 O 963 |98. 1
onoooznom7017 Air_ 400 98.1 95.0

7§ GFO4RIE " 1 15965 58‘.1§°321. 8 9681 d1m Bt | Al 92405,C

10340'7C,I§%’R16 1020&508 30081 B 987684 98. 671192. 5 G197 HCl,

nnnnn C 100 ada 1N4-Q Q4 N._9Q2

lngé?d Alare Biigs 0 Mitogugwg-Qh0s 953\’&0&?‘@890@1315{3@8311 the

~13Bend & lié]ﬂcét%”&, 930 /)“:RI%,42§ (9,256‘% g % E‘ over bqué' gﬂg:a gel.

Data are means of two values expressed as percentage.

The results show that Mltoqumone Cl10 can effectively form
complexes with B—cyclodextrm and can be stabilized: by complexing with-
_B—cyclodextnn. The results show that Mitoquinone-C10 in the 1:1 and 1:2_
B-cyclodextrin complexes was stable under Vaﬁous 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 ﬁlesylate 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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_ 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 | 947 | 91.7
Water, Air, 40°C 08.1 | 950 | 946 | 92.1' | 921 | 015 | 583 | 218

‘| IPB, Air, 25°C ] 956 | 958 | 98.6 | 945 | 93.7 | 90.4 | 89.6 | 100.3

50% MeOH, Air,40°C | 99.2 | 98.8 | 99.4 | 98.5 | 100.5 ] 101.5 | 81.9 | 60.5

Water_,Nz,40°C 97.0 | 97.5 | 983 | 93.0 | 90.4 | 87.3 | 59.8 | 22.0

| 50% McOH, Air, 25C 97.7 97.1 106.9 103.6 104.5 98.6

102.8 98.0 50% MeOH, Air, 40C 99.2 .98.8 99.4 98.5
100.5 101.5 81.9 60.5 Water, NZ, 25C 106.7 114.9 96.8
96.7 99.7 97.6 100.8 92.7 Water, N2, 40C 97.0 97.5

98.3 93.0 90.4 87.3 59.8 22.08p81- 0.01M HCl, N2, 25C

102.7 112.0 103.6 J 98.8 101.7 98.9 99.6 93.1 0.01M
Halr, ah2, nitOEeROfG 995644028 H& thel Wplickd2s9siflddd gperating
88.8 |PB N2, 25C 99.6 96.5 96.9 95.3 96.6 91.9 90.9
prczcedu@ I\I2 40C928909927912933881680

40.3 5 eIZ\E 25C 2.97.3 105.1 104.2 102, 0

105.0 1 1805

e ol B 0 LG U, T L

Vﬁiéé? latel Hﬁwﬁ%rUSbl‘&'ﬁoﬁE inhy ther? é)l%édﬁﬁ\%lgw%ﬁ s 0 S}gled with air

mesylate I n four solvents

167 nitfogehdsealedad® plaveBaln stofdgrt Alkfuai (0.25 nslh were collected at
M.t oqui none-CI O nesylate Solid state stability of
Mi dgdi foRel@ 1D obenidi2s days sudithe doncentiationadfshitoguinone-

ht_und di f f t di t 40C, 75%
Rhllo ung{) %ﬁﬁaﬁd I4C g\r/:P blcag Isl : ?22 gel as per
th _
knim’\p%%l% Aeeuls %{Ca@‘éﬁﬁﬁgﬁzﬁ@%”%&sﬁz@”@%ﬁ“&ﬁ&owone C10
chesylagd #56.01MNIGH i8nbt Sheuasd %@é‘zﬁ.{se%ﬁtfog\mﬁfbhe -C10 gesylate

condi tions. Duplicate sanples were W thdr

ade@mpaeped3m tiga miﬂemzmﬂhagfslﬁrmwm CHine easultat lshkﬁwofhat (@

Mto uin C 1Q at e etermned by HPLCafter
o S0 SRS dnprendent of fhe aEmasphemiabos the: sotation and (b)

Otchfbrhled B 8 B fRldy RaR A e Sl O ARG RE C 10 i al

sgdlvgﬂsggbeﬁtgcﬂ% days and at 25C/ 50%H for 60 days.
Table 6. Solid state stability of M toqui none-Cl0
n@'@illt‘atfe Solutiog, stabilitRHpf RE@GquENINRE 0 ants¢HatOMar 4 different

Liseﬁtls Iu.ln er %?%erent conditions.

0.01M HC, Air, 25°C | 103.7 | 107.6 | 102.8 | 983 | 98.8 | 986 | 93.6 | 925

0.0IM HCl, Air, 40°C | 98.4 | 98.8 | 99.2 | 96.5 | 100.6 | 104.9 | 94.0 | 82.6

IPB, Air, 40°C 957 | 95.5 | 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

Water, N,, 25°C 106.7 | 1149 | 96.8 | 96.7 | 99.7| 97.6 | 100.8 | 92.7

qu solptionso(t 0oL .g/m Gnshe diwe solvents
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oonaucnsnacclo] svsy| ate) .oy obodenh il ofdll 61, GO P "

, éligmesyl | N The TTve sofvents were prepared—by
P&

Time (Days) 1 2 4 8 16 32 64 125 4C over silica 101.6
103.4 102.4 108.2 113.5 96.6 98.2 96.0 25C/ 50%H
109.2 110.7 110.2 108.1 107.6.95. 91.6 73.7 40C
75%H 98.0 101.7 101.3 98.5 93.1 86.1 82.1 59.9 -82-
The data are the nean of t wo -\gal-ues expressed as
rcentage of the ti ro value. EXAMPLE 9. .
.81 lHict, Wi, I Bgor0f D D -C syl a TN =
Y, Bqd:d 1029 1%5 ‘ﬂé@l&‘ B? on S‘?fbéé 9. Sggf 03.1

T

Fhe—selutien—stability of M tobquinone-C

@yNﬂtZﬁe(S cyc ogleXt 965N 86_1; 2)5@0@4@ I\gg_l.er%égad

t ar 1M I—I(‘J )1M

mfive—sotvent ST—Wate+—

(BRINA30Gnd  5Q 0oMe (Hoat | bro tenper@tyl &3.1256 @40 .
IO UMder — two_atnospirerte C'}ndf—t—i—e:s,_aj_r_add_ni flrogehn,
8’r/° WORBALe253E ko2t FRT.3 (5L [cHAD' | 9050 Anebar [Chooper@lid NY

ocedure.  MToguimgne-G-o—nesytate—Rreyelhodextrin

/We%%,ﬁ@)g sloP94 il 3PesS 0300 $ iloms | Mst6oass.Nnone:s

Hﬁﬁa@t o kweovaluésorxpiesdsd agicresitadd Of the tim
n@ytate (3-cyclodextrin 15 (1:2) conpl ex (1§rrg/ eas © zero

II&O% none a%f}s/ te) in water. Solutions (5 m)
| \’%\0 § %}' foguénone- Géﬁemewlate & fowr solvents is also

pmd:b,ﬂ on storage.. Aliquots :
(0.25 n1) wer e coIIected at 0, 1, 2, 4, 8 -16, 32, 64
and 125 days and the concentration deterrri ned by

tSdlid sthibe stabili and in Figures .

21, 22)8 2% {8‘ %@li‘gﬁe (Fha(gﬂf)es §7‘t8f M t oqui none-C :

10 mes oétcbsﬂate— stylbﬂrtyle)ftMlm (iriohk-CP0ThE

%04 [ S%P i ncl uded becausc(al M t oqui none- CLﬁtg VQaSOL‘ded in the
AN i g‘gb§/ updefethres dlf(fqrem) conditiphex40f€; oTR%e F&d; R5°C, 50%

t utes. The results show t hat

(ﬂl’)i so?u%b%gn é% ;’@ﬁ F{}’fa &1 3yBpe Hie APRircaptie standard’ operating

pro®vsdher e above the solution and (b) tenperature has

a significant effect on the stability of Mtoqui none- C

;(; 2ss l pﬁgglygggzveleg)](ai fgﬁtl\ih }_@lﬁﬁﬁﬁéa-@q Ol"nfe@% g?e %g ﬁg?ﬁ(tc{e'a? glass
iand dtoner: dudien odidtettd rremditids: fDupM@ét@dﬁixhbléé were
Wittfdrawn at 1, 2, 4, 8, 16, 32, 64 and 125 days and the concentration of
M1toqumone-C10 mesylate determined by HPLC after dissolving the samples
in water. The results are given in Table 6 and i 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 1016 | 1034 (1024 [1082 |1135 |966 |os2 | 960

25°C/50%RH 109.2 110.7 110.2 108.1 107.6 | 95. 91.6 .73

Q,
40°C/ 75%RH 98.0 101.7 101.3 98.5 93.1 86.1 82.1 59.9




conplex in 4 different solvents under different
coggitions. Conditions Tine (Days) 1 2 4 8 16 32 64

125 Water, Air, 25C 106.5 103.3 96.7 98.1 97.9 97.5

100.0 105.8 Water, Air, 40C 102.0 98.7 101.3 101.4
928805559172 83- 0.01MHC1, Air, 25C 96.4

99.9 98.6 101.5 97.6 104.5 101.6 0. 01M HC1,
Aqfhe dpie g theguean ahwa valwes Gxpesisdd 96 pércbﬁ 5% &Gth% t1me Z€er0
| PRIUR r, 25C 97.4 94.3 98.3 96.1 107.5 97.
IPB, Air, 40C 95.2 93.2 97.8 98.8 91.7 87. 5 74.2 55 9
50%)NBOH Alr, 25C 97.8 96.2 95.8 97.5 102.8 98.3 99.7

4 8.1.106,5 106.5 102.9
92 615&184152‘9% 'fﬁéiri“y Ngg“gé%; fg Diltggum%zcgglgaesylate —B-
1 Water, N2, 40C 100.6 1
13%)%{&61%912)?%[)% 52.8 14.9 0.01M HCl1, N2, 25.C

 1blutirngabil3y o0 Mifiyuinche3C T ﬂﬁ@ﬂ@telﬂlé%éio 1@(63) 8&1’.\1"p1ex
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HC1, N2, 40C 98.6 96.8_ 103.7. 104.2 10
95. 14 | Sﬂhltlo%ﬁiabmy oo@Mﬁoqmen%: 10 gﬁlt@;ﬁ gyclodexmn

40C 92.1.93.7 95.2 93.1 90. 3 86
gg@)g%‘%l’lelé‘gg’ agrdstermised j8 five sobvemds;owater;] 09HM HCl 0.01M

00C 98. 3. 98 .
1900H018B 60879 30,10 BARIEH 0 WIOC ORI EE  sonc
t\mderaltwesatmmpﬁsﬁ@d:oﬁ&lﬂ@ﬁscﬁﬁt &&e tn.‘i’l.ji' ué s Onté} @Odays as per the

lue, Solid state stability of
Iwﬁ@t’ésmﬁdﬁnﬂmamngprbcealumconpl ex 5 Solid state

?aagl)l | f&ox&é&lb? ;&iyh?tﬁ:l-% m@&gﬂg lcgdfd?';él:e; Zolutlons
t hr i.fferent nditions; 40C, 75% RH
58% /rgﬁ gs i@tg@gpo%e- 0 mpsylatg) g@lth@ﬁvpesolidlﬁs were prepared
m? g(;]“ﬁﬁﬂ{h ﬁ/f Bﬂ%er a%&égg 23;1& @%?)tdg?av-\g—cyclodexmn
g glof)e go%%(ljég?(‘g Ihﬁ%ﬂléirl\gﬁ tmgg%lgﬂ?ﬁé %ﬁro gleg}%%te? In water. aéloqutmns (5
ml) were placed in glass vials, flushed w1th 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 _
stability of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex in 0. OIM
NaOH is not included because M1toqu1none-C10 mesylate-f3- cyclodextrm (1:2)
complex decomposed in this solvent within 15 minutes. The results show that
(2) solution stability is 1ndependent of the atmosphere above the solution and
(b) temperature has a significant effect on the stability of Mltoqumone C10

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 | 1033 | 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 | 55.0 17.2

AnAAn A .
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Duplicate sanples were wi thdrawn at 1, 2, 4, 8, 16,

32, 64 and. 125 days and the concentration of

M t oqui none-C O . nesyl ate determ ned by HPLC after

di ssolving the sanples in water. The results are given

in Table 8 and in Figure 25_g3he results show that
toqui none-C.10 - nesylate was stable in 15

Malmm1mnes°61p9m<mbas ¢-dbio- LYk 9dexs | ion.s([Liod)s [G8IR] €X

QAL ABEE oo 8| 4 B I oo Do o oo 1

7T —O71T /70 :'| H-nQ

degPBAH2TR M | 8hhilntie] 080 heeyi|d0e5 R9EyCl ot 99m

(LB, moupCex ons.st|ogzage ofer| bek Jasts | 389-] 7aPMessH

SRR SR F TP T PRI o O s e

eNe Avf Tl

SO MO e 406 oe%$ o] 8943 W65d1102.97| 986 (|Deys)| .62

4

8 16 32 64 125 over |siligca 97.6 1p7.6 |111.§ 106] 3
10 { .0 &o~90. 96 7130463104 1 -
Sraer {280 310?3 9837 A e, o B 4 107093 19 3

Hﬁfa‘é"ﬁ@?9 1906430053 51043+| D6 | atla] 486 |t et el bf

£ 0ot VB IG:52 580X i 186.5 ¢ d0GXS | Pep Cleni.ag @0 | 0% [THol |460.0

L e L TR A A A 0 T A T BT S A

313 0, Lt

M t%ﬁﬁzﬁﬁe- Cll0 %84 78t b 9960y%5| odests | #3.9 1: 399 ¢ompl bx

Sol IRBj NyH0&t abi|l 92y | W3g seb.ut]i oo $taBi | B&y [0F3.0 | sas

[BoABenEsC obh TSN FoR | A TYRI PHEs g, S+l 1

nrm

e AT s LlcPE3 | BROL i 24) 10330 986 boWb O ses |16as |

-Mtoquinone-C | O nesyl ate

tBapeam theenRa6 ahtwdOlues eRprREsddMas gkm@&g% bf the time zero
itions, air and nitrogen, for 64 days as per the
A}S%F-‘Pcant s standard operatl ng procedure.

uin ne te - %c clodextrin 1:1
ShEs e%a B0 bl "o MMitnayingne-Cin messiaferibraclodextrin (1:2)
ng@ik, in the five sol vents wer e prepared by
d |on of a stock solution of M toquinone-C |

mesy| at@olid ﬁat‘e)/ﬁblﬂﬁ?%bf Mtgé&néﬂe-qu%ggépé% Wﬁoﬁﬁm (1:2)

in wate
néomplexewsd studibd in ﬂie%hsemt@bﬁ Hdhtuinder Wree @fferdft conditions;

m(S Cog7e5n% i%{al §g°CangOJ}| %%{e and 4°C over blue silica gel as per the
Applicant’s standard operatmg procedure. _

A known welght of Mitoquinone-C10 mesylate-f- cyclodexinn (1:2)
complex was put in clear glass bottles and stored under different conditions.
Duphcate 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 8 and in Figure
25.  The results show that Mitoquinone-C10 mesylate was stable in
Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) cdmplex at 4°C over blue
silica gel and at 25°C, S0%RH. At 40°C, 75%RH, 37% of the Mitoquinone-
C10 mesylate was degraded in Mitoquinone—ClO mesylate-B-cyclodextrin
(1:2) complex on storage for 64 days.
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. on storage. Aliqubts (0.25 M) were collected at 0, 1,

2, 4, 8, 16, 32, 64 and 20 125 days and the
concentration determ ned by HPLC. The results are
given in Table 9 and in Figures 26, 27, 28, and 29.
The stability of M toqui nonesdd O

nmesyl at e- -cycl odextrin (1:1) in O A MNaCH is not

o 'ili'ablﬁd 8d state tabiliti odrivkiGqtimeryCh0 emdeyglatep lodextrin

n 15 m nutes. The results ow

h I hi
t&ai) (I(Cgm?]gé?égf%&b E%B%H; 2§/ G, §Q%|Béﬁéﬁdén€ ofer bl'uet sl:hca- gel.
T (O g

U|'u

N

cafit 1 ha‘{hcf Im |i-uL Uélp 32 i 64 125
Mf@&%mi}%a a 145 1113 e 1663 Qﬁrﬁ ex974 tlh 968 | 99.9

IR, o | 9Sftler®dnd 1PED HuiOfinr| 1%901 Yot 5980 | 9.

HOIG/ T5AREL  Tah 1659 $@9bt|dh0®tlabil43ty1k0f5 | 920 | 655 |51.5%

oy %%%%@g'f tﬁa@esg beaodext bp{]qeg g6 of &12 time zero

.dﬁlﬂ?t. ?fﬁé{o(‘flﬁgy arept yalges /139 and 3 1vidopr |
- 25C 101.3 98.2 99.5 99.0 94.0 92.7 89.8 Water, Alr

40C 89.4 87.2 90.4 88.1 89.8 83.9 55.2 001M5|n<:é _
AEXAMPLE 0B).0 Stalility 1 gfudiesl Odf Mﬁ;?hxﬂaae WOGnes late - B-
0.01M HC1, Air 40%354 88.22 91.17 99.76 99.74 B
1eyxielextrin, (lﬂ)rconzpbxw 9 95.7 96.1 97.1°96.1 97. 1

94.1 99.4 105.4 93.6 86.9
_ %lgﬁoéfpfgb Alr, 40C 93.5

M Air, 25C 104.8 103.7 108.7 106.4 97.6

_82 S ook oo Bt b, MGl PPl P frogentrn

1 1
330 545 565 O OIMTCL KB, SRCTb: F UG, 0.0m

11@&321 ﬂBB (Z)E’?/ 42 apdoS® %OM@DH HEtwNEEmpératur® @ 2CO%h® 40°C
97. 98.5 98.5.106.7 104.8 |PB, N2i 25C 100.1 99.2
oy tyo eitny@phelgg cpngiians, |ap'Banql\|2ntrqg@1 ofpr 164 lags as per the

Wil Bl bty PO, 12, 75 07,2

94. 7 80MtoflinOné€1H Brestalt! B R4clodextrin (1:1) complex solutions

(100 pg/ml in Mitoquinone-ClO mesylate) in the five solvents were prepared
by dilution of a stock solution of Mltoqulnone C10 mesylate - B- cyclodextrm
(1: 1) complex (1 mg/ml as Mitoquinone-C10 mesylate) mn 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 concenn'aﬁon determined by HPLC.

" The results are given in Table 9 and in Figures 26, 27, 28, and 29. The
stability of Mitoquinone-C10 mesylate—ﬂ-cyclodektrin (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—ClO mesylate in the 1:1 complex with f-
cyclodextrin in water and IPB but not in HCI or 50% MeOH.
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Data are the nean of two val ues expressed as
percentage of the tine zero value. 5 Solid state
stability Solid state stability of M toqui none-Cl0
nmesyl ate -p-cyclodextrin (1:1) conplex was studied |n
the absence of |ight under th8%e different

conditions; 40C, 75% RH, 25C, 50% RH, and 4C over bl ue

sTable. gSad;luaen ;smblhuymf thqummne-é:létmesglMd—ﬂ-mchﬁeﬂﬁm (1:1)

' procedure own wei ght of Mtoqw none- C |

B4, difs eé'ent(g).l%e;gs BH@‘?(tChfﬁ@r@ICDP tmmpl ex_was put |n

ass UUL tes—and—stored—under—eaifferent
c%%gifl?ﬁgons icate _sanples werldmed ¥ at 1. 2,
4, 8, 16, 32, 64 arld 1P5 ZJIays ahd | t & clpnaentjraBeon| ¢4

Qﬁfatéﬁmqsqwone ¢ 101 5Bpysgt €] . ogdel LoreudeC o e | 808

VL AGaNT: o Tl 900 holtA o A B o Bfnd B | 52

rO0s vl HQ, AisH6W t Hatl0M t b4 honaoex 10 10e6Y| ad9a Wasi02.2 100.0

S AM iCidkin 46cOVEr 043 | | GRogel ARA BlogdpT oBOPFTT BT |~ 105 6

e—vttoqui rer €16 .cay.af—e—vﬁs degraded
f[ﬁ Ak]ﬁgé uinone-IC :5(5' TP%?I at 2%1p. CV%7|'104CIL’SX%6I’1i (‘917:.11) 95.5 .

dRBstinddlge for |128.5dayso%lt MO®4 75ms R Sablle %0 | 753

Sobd Mect, akie25%6 alji o4y PT10d4 T0GHR AONGoEY 976 | 969 | 981

i S AN N CE AR T ATy T AL T N S Y AANTEE

S
1 2 4 8 16 32 64 125 4C over|silicla 102.|]1 97.7 100.0

- |9ater, NOBd 101. 4 16 6 133. 3| 18047 [PQUYT (99,6 101055 896

40N = 101 100 ZLC 04 00.2

e d0T° 07 5 (o o, Ba7 g 1z el At g e s

AN BEL M5 °Gal yedO®kpr d868d| d488.per det ageoaf |t hey.2t i [re100.3

260191 HOAL M0°C EXANF§65 1L oo3halr neyGOKI NRtsl 0 IhUdY Qhe R | 104.8
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%it@qaﬁen@iéenﬁ&ﬂ of two values expressed as percentage of the time zero -
value.

Sohd state stability

Solid state stability of Mitoquinone-C10 mesylate —B-cyclodextrm
(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

d1ssolvmg the samples in water. The results are glven in Table 10 and in Flgure

- 30. The results show that M1toqu1none ClO mesylate was stable at 4° C over

- silica gel and at 25°C, SO%RH but 37% of the Mltoqumone-ClO mesylate was
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N —wWwereé—Sstorea—1+H1i—the 20CfreeZelf-

nmesyl ate- (3-cycl odextrin (1:2) conplex for the

phar macoki netic study were 50 ng/kg M toqui none-C 10
mesyl ate for the oral dose and 10 ng/kg 15

Mt oqui none-C 10 nesylate for the IV dose. Ten femnal e
Wstar rats (nean wei ght apprsm-mately 236 g) were

- cannul ated-with Silastic tubing in the -right jugular

véegradeddn Maﬂoquhmne—C]dhanBel-:ﬁ-éﬁclbdé)ﬁﬁnr(Q Iﬁ)non storage for |

ﬁiﬁgbél’rgQQQ:@ﬁg%ﬁﬁJ?nM(tlo%ﬂ 282’?1 gxlgol utlfon l]llo o
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onaBle 38 SaliS e FBER. At oYsEaeene Sadﬁgsqueé-sjcycmdexm
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determ ned by ESR using LCMS (Table 12). -87-
Phar macoki netic Anal ysis The phar rmcokl netics of

NEXAMIPION e+ 1C Plitartid cokanétio/ St dPof 4 & leVFV and Oral Dose of
unwei ghted . non-linear |east-squares gressi on

aMitegninoneiGL) Mesylwte-mwclbdmrm @EZ)BcdmpIeﬁdnLRaﬂePZ & P3)
one- -, and ree onpartnent nodels. , The nodel
gi vi ngﬁf‘l?él b%%t i TCHES tHe DnBreHioYs tpl@armanolmmmasumy of

t t i.teri AL .O. .
SFERGHACIBAATE 1d TR AR BB R Nebipinone.
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tm@SBfléﬂel- cﬂgdemat(lo?) @ﬂ@bﬁ%ﬂpha%ﬁhé@kﬁieﬁc%w@y were 50
an ar e

h
t e’ﬂ%rm%u %eé?&g%%ggtgg o5 thee oral edesensamht 10 omg/kg
t th t t t f
al‘zﬁt."ﬂl‘?r&n%ﬁﬁ? BRIy STV Riost o o el § ot e ony

- and y Tén thﬁra!@t\Vlstar rats (mean weight - app10x1mately 236 g) were

canniulated W1th Silastic tubing in the right jugular vein under halothane
anaesthesra 48 h before an experiment. An aqueous M1toqu1none ClO
mesylate-B cyclodextnn (1:2) complex solution (10 mg/ml as Mltoqumone-
C10 mesylate) was freshly prepared and admmrstered 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 M1toqu1none-C10 mesylate concentration in plasma was

- determined by ESR using LC/MS (Table 12).
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constant for a terminal, slower elimnation phase.
Drug elimnation half-life (t1 ) 15 in the term nal
phase was cal culated as t1/2 = 0.693/y. Oral data
(post 4 h) were fitted with a one-conpartnent nodel .
The peak concentration (Cn) argg-tine to reach Cp '
(tmax) were obtained directly fromthe

cdfhﬁmmmaﬂuneﬁt IAﬂHllyBlS)fl le. The area under the plasma
i mated using_ the

concenty,at i was e '
I i near Ll:]? E Cé Om%?lﬁp 10t were apalysehdy iterative

i mnistration were as CL =
d@eingue best fitweasothedinet withithe eninivatm ealue WeabRing %o Akaike’s

VR = dose/ (AUC)) = dose/ (AUC ). Absolute
bﬂ%%’&%ﬁaﬂ%uqnt?swle ﬁﬁaﬂgb heaplasmeat ZaeonCEntratidiGhine curves after

was %ﬁ@lﬁ@géogs\gg%%ﬁ E{ﬁp 2 der&sgﬁéﬁ‘g?%g%émy a three-

dicaiipabiatéd dpeh @d&@@y Wiy ated as
dose,p,, BC/ (2 . CResul ts an h& Q@Ikaﬁﬂ) he nean
pl asma concentrat| on mghFJﬂﬁs of, M toqui none-C 10
nmesyl ate after 1V and or nisEfation of

Mtoqw none-C 10 rresyl ate p -88- cyclodextrin (1:2)

| ex_.are shO\{vn gure 31 and the nean
brisnths @ ] &r%onaﬁeﬁw% ed, iR b B dre mathematical

nes%ﬂb?ént%atgag{’h%ﬁ " $aBtpen 45) ey Ilf\f/léé‘gt%)lﬂ phase, s the rate
5&2‘?,@?2& m m g?fﬁ? ég\ﬁ g({l%**ﬁvgﬁ ! no &on) and v is the rate

nesiydtaditefol Qmﬂn@dﬁ&ld hnigh
single IV ?10 ng/ Kg) ‘*aﬁd&or al nS&gﬁ Pé')ﬁg(fosesg{l&ﬁhalfhfe (tir2)

Mt theuienmiveal @h@sOvals ddldudated asn g](p69 Skal
Bgdy Jeight (0) 2368 21 0 e, eyl dﬁéé?os“‘h) were

b ngrﬁgﬂ_lpar@enttmOQd The peak boﬁcen'&aﬁoﬁ (Crb) BB time to
reac Crmax (fmax) Were obtamed directly from the concentratlon—time profile. The
area under the plasma concentration-time curve (AUC) was est]mated using the
linear trapezmdal rule, with extrapolation from the last measured concentration
to mﬁmty determined by use of the terminal elimination rate constant (7). The
total plasma clearances after intravenous (CL) and oral (CL/F) admlmstratlon
were estimated as CL = dose/AUC. Volumes of distribution were calculated as
Vp = dose/(AUC-f) and Vy = dose/(AUC-y). Absolute bioavailabilitjr (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 I\/Iitoquinone-CIO

mesylate after IV and oral administration of Mitoquinone-C10 mesylate-B-



tI/2y(h) 1.830.44 - tl/2 (h) 14.3* 13.9** AUC

(jig-mn/m) 47.3 11.1 29.3 2.7 AUMC (ggm n2/nt)

5292: 1831 7477=L365 F(% 100 12.4 'CL (1/mn/kg) O0.22
0.04 - CL/F (M/min/kg) - 13.7 1.3. Vp (1/kg) 3.33

1.46 - V1(1l/kg) 24.04 18.3 -83RT (h) 4.2 0.5 9.5

2.2 Vss (1/kg) 25.216.5 - * t112 val ue obtained from
neyHodaxiann t(i%)l wosnpex t anesshowin h in * Figure2 3al aed the mean
obt ai ned. fram nean concentratjons at tinmes > 4.h -89-

TR EOKINGHIE Pramstess @ra disgeshée fable ildn QOrigival dateasﬁmlasma

f%”gfs*b@@ﬁn@\ﬁpﬁﬂ% 0wy Rl b aafed Fohis 1) /it *

0.495 0.348 30.4 1.39 1,39 0 5 1010 867
1513%19238?)' 1@3%3@@@ Aparpmnetes 39f Mitoguinond4C IO, 2 mesylate

477.2..20,19 6 221 2 192 09.8 30 132 111 ’
%m%féerffl SoMalofione"i20 guesg sy eytlodedrina 12 emplex in rat

o5 iffs 78 48T off Gotel Bss”, 59 %4

:LQO 2.0 20 3

180478213207 30.2 22 3 0 22. 4

L. U L J.

240 13.1 12.9 16. 4%HitgquipogesCl9 o 1QyaldMitoquinone-C10

(n=5) (n=5)
Body Weight (g) 236.8+21.0 236.8 £ 22.9
Cmax (ng/ml) - 35.1
tmax (min) 30
't (min) 1.6+0.3 .
ti2p (min) 104+£3.2 .
g @ 1.83+0.44 -
ot @ 14.3% 13.9%*
AUC (pg-min/ml) 473%11.1 293427
AUMC (pg-min®/ml) 5292 + 831 7477 £ 365
F (%) 100 124
CL (Vmin/kg) 0.22 = 0.04 -
CL/F (Vmin/kg) - 13.7+13
'V (Ukg) 333146 -
Vv, (Vkg) 24.04%18.3 -
MRT (h) 42+0.5 95422
Vss (Ikg) 252+ 6.5 -

* 112 value obtained from mean concentrations at times > 4 h

*# 1, value obtained from mean concentrations at times > 4 h
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occurred within 1 h of oral adm nistration and then
declined slowy over tine 10 with an elim nation

hal f-1ife based on post- 4 h data of about 14 h. The
estimated F value is 12.4% .91 NM t0O0O cor Nn A~
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0) O O Fell ngI&‘S BlmipiztationcDa a veryC)rapidC@idyib@tionO ghase is

o ?‘&F@% )baﬁ g SIQWEL dwt@grmpre ) gmgaf@ﬁngagf@%ghmse cﬁ)ll@ved at
'Oa@roQ Aphcﬂ)y %p%lgngg@ eﬁnﬂne%oé@gééq\' Gshte\yopcpr'ﬁrglgn -time proﬁle

cof M_@c}mﬁond\Cl@was fitted to a three-compartment model with a terminal
half-life of 1.8 h, although the half-life based on data called post 4 h dose is
14.3 h (Table 13). | |

Following oral administration, the absorption of MitoQuinone-CiO from

the rat GI tract was fast. The peak plasma concentration of Mitoquinone-C10
occurred within 1 h of oral administration and then declined sldwly over time
with an elimination half-life based on pbst 4 h data of about 14 h.
The estimated F value is 12.4%.
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~ a All. pateatsa publichtiondy sciehtificdaficlés, Cald dthér Wdclifhents -and

-92- All. patents, publications, sci entific articles,
- maieials W&IGG@@L%megtlamd herein ard imdictive efdhe lavels of skill of those

| f
SR (R0, BELE0 "hich G Renionh nertaniuntnt eve%aﬁb “such referenced
ce
COBAEE 8 A e A B ESFAR s vt s
it hedl &een dfcdrpofded 5?'1@&%15&”1&1 A/ ehﬁre @sﬁlﬁgﬁ\r}fr F6L If?vh herein

incorporated by reference in its ent
mol’CS satirétyr t Appdicants reserve the right to phys1cally incorporate into this

-~

specification any and all materials and information from any such patents,
publications, scientific articles, web sites, electronically available information, and
other referenced materials or documents.

The specific methods and compositions described herein are representative
of various embodiments or preferred embodiments and are exemplary only and not
intended as limitations en the scope of the invention. Other objects, aspects,
examples and embodiments will occur to those skilled in the art upon consideration
~ of this speciﬁcation, and are encompassed within the spiﬁtl of the invention as
defined by the scope of the claims. It will be readily apparent to one skilled in the
art that varying substitutions and modlﬁcatlons may be made to the invention
d1sclosed 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 expansiv_eiy. 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”
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features or aspects of the invention are described in terms of Markush groups; those

sldlled 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 applicaﬁon in selective antioxidant
therapies for human patients to prevent mitochondrial damage. This | can be to
prevent the elevated mitochondrial oxidative stress. associated with particulér

diseases, such as Parkinson’s disease or diseases associated with mitochondrial
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el R Bt Rlsikhs "This i Bl et Waegirany ofentioxidan

th&@?ﬁgflcally recited herein. Other enbodiments are

hin the following clains. In addition, where
f eat UFlese personpakilkedoin thbert wile ap R0iak thalebe ab&esldédtription is
ter of Mar kush groups t hose illed in.the art

pryided byt i ok exarmpler orly; aud rf-hafodlff@e@ﬂ kpophiticatagion/antioxidant

coR AT s b ool B ik prm.TRE Saes of the invention.

conpounds of the invention have application in
sel ective antioxidant therapies for human patients to
prevent mtochondrial danmage. This can be to prevent

~ the el evated mtochondrial oxidative stress associ ated
with particular diseases, such as Parkinson's. '
di sease or di seases aSSOCIated wi th mitochondrial -94-
DNA nut ations. They could al so be used in conjunction
with cell transplant therapies for neurodegenerative
di seases, to increase the survival rate of inplanted
cells.

-




1.

In addition, these conpounds: coul d be used as

prophylactics to protect organs during

transplantation, or aneliorate the

i schaem a-reperfusion injurygshat occurs during
urgery. The conpounds of the invention could al so be

o reduce cell damage follow ng stroke and heart

attack or be given prophylactically to premature

. babi es, which are susceptible to brain ischem a. The

nmet h € i | Qn..have..a j or advant age over

cur r§g§o ?‘%dgxf;%lfgﬁ}lﬁﬁée?aw HC {GREenify mpoieigh dpked by a linking
ant irasiedipf #n 4%t GEEHARNS L YiBhit A PIPR
mtochoeg}gri a, the part o%@’ﬁ@dﬁﬁsﬁd@rﬁ@nﬁ%&rsmd cationic

oxi dBeicHe wherewstheTtationis kpegesis tapableoe asifodiBRidrially tareeting
effltﬁac .0f , anti oxi dant therapies. Those persons e
ski 1the dhfigxidaBt specigh, and e esaltafoent fachemécalyov@ble and/or the

descrk DLl on. i rovi.ded b of exanple only, and
tha;:d_rnh dﬁ% # e&ggﬁleﬁ%@pﬂ?% Q0L aPHIBbit affar Uit angainst the antioxidant
{he moon: SRrodtic s, AAae R A comound |

the scope of the I nventi

-conph istahlg conpqarhicbimpizaig ¢ nhﬁoﬂﬁﬂi%tﬁ%/ﬁdrgggﬂg?&y Yinked by a

linkjng noiety to an antioxidant” noiety,
Emk@&@?}ﬂtﬁﬁ%ﬁn gogioxédant maetypand anrﬁiﬁ%ﬂé,cowlikﬁéﬁieﬁt for said
y

ani

t he ti.oni c. species.is capable of mtochondriall _

t ar &éﬁ%‘& TP WOPGH dan calipniei speciearis capeblsaof minchondrially
is : Blifd ' t he .ani.oni c conpl ement )
doe?}%ot e>t(H |'$Iy | tcﬁﬁé@gﬁ@ \%]?5%/’ aa“éﬁWHS’iel%E*ée anroniseemplement is not
noi athalogdieigptandnite BRioal i faki lety... 2.

A st abl egcon(g%und conpr i()s,icyng&!ia1p H?%%‘ghlgrfé&ggﬁ%ﬂl’%ﬂm and/or the
moi BEPNIG peplemerd ddesmiotrexhilit eéactivityadbatid! B ARBhic moiety,

noi gt v.. .and _an ani oni ¢ conpl enent for said cation

noi NGt FRAIAYs RE tReintiniidant peeiets i s capabl e of

O . g g tLoxi dant o5,
'_gnd%v\gc erg@%@dt héécog%llﬁ{(ggfoc b@mg ﬂwhgé(e'lmgﬁe ag 'g?;:dggfemoiety is a

i onquimbte bhg qameIni ¢ conpl enent i s non-nucl eophilic
and/or the anionic conplement does not exhibit

- r eaét Fempoundyacostding ¢o cddironi 6r DOKREMIn the %n{ibgfﬁiaﬂg moiety is

ggo] eté(? r. the_antioxidant noiety. 3. A conpoun
acci 'tf—‘@ from cthg; gronpogompripiag evitamine Faand ovitagsint E derivatives
i 4. A conpound ’

noi | . quj.hone.or. a. qui ol '
ac cggrl | nb;fe?%“% a Oxid"mts’zmaﬁ’éﬁ%g Butylatednhydroxgamisole, butylated

i Bydrok$toluene, general radical scavengers including derivatised fullerenes

=

spin traps including derivatives of 3,5-dimethylpyrroline-N-oxide, tert-
butylnitrosobenzene, tert-nitrosobenzene, a-phenyl-tert-butylnitrone and
related compounds. -

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



.selected fromthe group conprising vitamn E and
vitamn E derivatives, chain breaking antioxidants,
i ncl udi ng butyl ated hydroxyani sol e, butyl ated
hydr oxyt ol uene, general radical scavengers including
derivatised fullerenes, spimpgraps including
derivatives of 5, 5- dlnethylpyrrollne N-oxi de, tert-
but yl ni t rosobenzene, tert-nitrosobenzene,

a- phenyl -tent-butylnitrone and related conpounds.

A conpound accordi ng to any qi cl L

the lipophilic cationic noiety i
unsubstituted triphenyl ghosphonj u
conpound according to clijaimb5
the general fotnula l

and/or its quin

5.

and wherein Zis g .
according to clai/m6 whgrein Z is |sel ecgj
group consisti of al byl or aryl Qlf ates or
nitrates. 8. A cOnpound according to aim6 or claim
7 wherein C of the (Cn bridge is saturated. 9. A
conpound according to.claim8 wherein. the compound has
the formula o CH3 CH3 CH30

-and/or its quinol form, wherein R, Ry, and R;, which can be the same or

A corrpound
d fromthe

different, are selected from C; to-Cs alkyl (optionally substituted) moieties or
H, and wherein n is an integer from about 2 to about 20, and wherein Z is a
non—reactwe anion.
7. A compound according to claim 6 wherein Z is selected from 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 formﬁla

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



(ON I
non-
cl ai

and/or its quinol form wherein Zis a
nucl eophilic anion. 10. A conpound according to
m 9 wherein the conpound has the fornula -97 Qe

O HBC S p CH30 CH3 CH30 op (IIl). 11. A

phar maceuti cal conposition caompri sing or including a
conpound conprising a lipophilic cationic noiety
linked by a linking noiety to an- anti oxi dant nviety,

and

an anionic -conplenent for said cationic noiety,

wherein the cationic species is capable of
m tochondrially targeting the ang oxidant species,

and

ani onic conpl gment does n% exh
'~ agai nst the antji oxi dant no F

or the FHsfkipg woi€Hy. 12. A pha
conposi tion |ml Si ng or includi n@
conpri scR% popli oni-6.\ Noj

I'i nki ng noi ety(f|to an
ani oni ¢ conpl e@ent for said cationic noiety,"

t he

targeting the antioxidant species, and
ani oni c conplement is not a hal ogen ion,
ani oni ¢ conpl enent i s non-nucl eophilic and/™

the salt formis chemcally %able and/ or the
ithi tSr eact

%@ cati
ceuti ca

cationic species is capable of mtochongdsi

~anionic conplenment does not exhibit reactivity
agai nst the cationic noiety, the |inking noiety; or

t he

.“alal 1 or 12 V\(%greln t he anti oxi

antioxidant noiety. 13. A CO@OFI tion according to
ant nmoiety is a

| comp@sitign (mpgm&mgmoacmhrdmg 80 compound

cl ai éﬁmﬁn%glg lm'f)hﬁlcn catﬁ]gm%nmlo?e)%ydluﬂcednggl % Xmllqsng m01ety to an

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

wherein the cationic species is capable of mitochondrially targeting the

- antio;ddant species, and the salt form is chemically stable and/or the anionic

12.

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

A pharmaceutical combosition comprising er 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,
wherein the cationic species is capable of mitochondrially targeting the

antioxidant species, and wherein the anionic complement is not a halogen

. ion, and the anjonic complement 1is non—nucleophlhc and/or the amomc

13. -

14.

complement does mnot exhibit reactivity’ agamst the - cationic mo1ety, the

linking moiety, or the antioxidant moiety.

A composition according to claim 11 or 12 wherein the antioxidant moiety is
a quinone or a quinol.

A composition according to claim 11 or 12 wherein the antioxidant moiety is

selected from the group comprising vitamin E and vitamin E derivatives,



sel ected fromthe group con‘bri si ng _v'_i tamin E and

“vitamn E derivatives, -98- chain breaking

anti oxi dants, including butylated - hydroxyani sol e,
butyl ated hydroxytol uene, general radical scavengers -
including derivatised fullergges, spin traps

i ncl udi ng derivatives of

5. 5.l ﬁ@ﬂkg% ,a@npmlamsoxncﬂudmggutylated hydroxyamsole butylated .
but t rospbenzene, i trosobenze
| rylﬂy%?xxfe Ye5g. et Fasiee svaverasrs Reduomarivasised fullerenes,

%ﬁﬁg t#so pflg@gﬁ{%d I d&\{:agy ;él Pf5ﬁ€ ‘@#\gﬁ}}épgﬂolme-N-omde tert-

subssutywte&so%neewnwmr&é&b%% rgf%?ﬁﬁ%@{l%%%%ﬁﬂhme and

cation. 16- A conposition acco to ¢ _
wherrelated tempompdsund has the genera formula | Ze o0 O
R O Rz and/or its quinol form wherein Rl, R2, and

15R3 AFOBIDQSHIOIh 8cedrdingataeany of dilaias dhtto bé ew]mbm:tbedhpophlhc

16

fromCl to_C5 al kyl tionally substituted) npieties

or E{ DGR b ﬁ&ggt“&%& At éﬁe‘ﬂ@é%% @p@n)dplzwﬁphomum
and %Sﬁel nZis anon- reactive anion. 17. A

conmposition according to claim 16 wherein Z |s -

sel extcathposaiont fiRofdiBRo At S Wikdeinf thal donh éﬂia)él the genera.
sul fonates or nitrates. 18. A conposition a cor

cl aifermuladr. cl aim 17 wherein C of the (On brldgels
saturated. 19. A conposition according to claim18

wherei n the conmpound has the formula -99 o CEL Z CH3

Z@
o)
| |
o (C).\ !
\ &
0 Ri
Rz ©

I

and/or its quino] form, wherein R;, R,, and R;, which can be the same or

different, are selected from C; to Cs alkyl (optionally substituted) moieties 6r

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

17.
18.

19.

reactive anion.
A composition according to claim 16 wherein Z is- selected from the grouf)
consisting of alkyl or aryl sulfonates or nitrates.
A compositiqn according to claim 16 or claim 17 Wherein C of the (C)n

bridge is saturated. -

A composition according to claim 18 wherein the compound has the formula



CH3O o OIl and/or its quinol form wherein Zis a
non- nucl eophi lic anion. 20. A conposition according to
any of clainms 11 to 19 wherein the conposition
conprises-cyclodextrin. 21.” A conposition according to
cl aim 20 wherein the nol ar -rgbi.o .of conpound to
cyclodextrin is fromabout 10:1 to about 1:10. 22. A
conposi tion according to claim21 wherein the nol ar
ratio of conpound to cyclodextrin is fromaboyt 5:1

- to about 1:5. 28 A conposition aceprding tg c

wherein t

io of conpoudd to cyc odext: |

out 1:4 24. A conpos

@ 23 wherein the nmolar ratio pf
chHodextT MALAS omapou " ol abq
rrp0|t| on according to claim24 vx@Prel \ -

1:1. 26. A conposition according to claim 24 ei n
the nolar ratio of conpound to cyclodextri about -
1:2. 27. A conposition according to any of ® 20
to 26 wherein the conpound has the fornula -T00 // O

H3C S-O CH3C CH3 O CH30 oP ~./ (III). 28. A

conposi tion according to any of & aims 11 to 27

wher ednd/érigs GiigbP Sl r\}v]!'ﬂereinsz EJs h‘iﬂfcféb&)rh% c afign, A
el

composition according to clal m V\,her

e compound

20nas A& hmnposmnhaaccordmg to any of claims 11 to 19 wherein the composihon

21.
22,
23.
- 24,
25.
kS

27.

compnses cyclodextrin.

A composition according to claim 20 wherein the molar ratio. of oompound
to cyclodextrin is from about 10:1 to about 1:10.

A composition according to claim 21 wherein the molar ratio of compound
to cyclodextrin is from about 5:1 to about 1:5.

A composition according to claim 22 wherein the molar ratio of compouncI
to cyclodextrin is from about 4:1 to about 1:4 |

A composition according to claim 23 wherein the molar ratlo of compound

‘to cyclodextrin is from about 2:1 to about 1:2

A composition according to ¢laim 24 wherein the molar ratio of compound

to cyclodextrin is about 1:1.

A compos1t10n according to claim 24 wherein the molar ratlo of compound'

10 cyclodextrm is about 1:2.-

A composition accordmg to any of claims 20 to 26 wherem the compound

has the formula



OO0 H3C S--0 CH3CCH3 ~~ O CH30 oP / 0 (111) and

.the nolar ratio of conpound to-cyclodextrin is about

1: 2. 30. A conposition according to any of clains 11
to 29 wherein the conposition is fornulated for oral

~adm ni stration. 31. A conposiippon according to any of

_targeting t

28

clains 11 to 29 wherein the conposition is fornul ated
for parenteral administration. 32. A dosage unit
conprising or including a conpou conprising a

i pophilic cationic noiety Iink%g by a Ilnklng moi ety
to an ant|OX|Q9nt noi ety, and an '

conpl emrent forj said cati ot §E¥j mherr
cat i onidH;0species. CH; capable of\\ t ochond
i oxi dant speci esOand the™s

idgegh(re}g‘lllfélxm i

nmoi ety, the cgtionic moiety or the linking ©
together with any pharmaceutically accept: aple [
and/or carrier -and/or excipient. 33.- A {f0sag
conprising or including a stable corrpound _
I'i pophilic cationic noiety Iinked by a |inkg moiety

to an antioxidant noiety, and an anionic conpl enent

for said cationic noiety, wherein thy, cationic

species is capable of mt ochondrgﬂl)l y targeting the

anti oxi dant species, and wherei he ani oni c

comdh @qmppsﬁt@nraﬂcoedmmto gey ofcclainandl] th27 vahérefl the cyclodextrm

conplg I s non-nucl eophilic and/or the anionic
Bt erfehto geiin. not exhibit reactivity against the

29C ati

30.

31.

32,

t I th
ant i zg;}ogtgﬁgltfﬂﬁ/ % &mgI to c'lz{ll.%a Eg w%ereinotlrle cor?npound has the formula

I

9 H;C—S§—0

10

(I1I)
and the molal ratio of compound to.cyclodextrin is about 1:2."
A compos1t10n according to any of claims 11 to 29 wherein the corﬁpositi'cm
is formulated for oral administration.
A composition according to any of claims 11 to 29 wherein the composition
is formulated for parenteral administration.
A dosage unit comprising or including a compound comprising a lipophilic

cationic moiety linked by a linking moiety to an antioxidant moiety, and an



34.. A dosage unit according to claim32 or 33 wherein
the antioxidant noiety is a quinone or a quinol. 35.
- A dosage unit according to claim32 or 33 wherein the
anti-oxidant noiety is selected fromthe group _
conprising vitamn E and vitagin E derivatives, chain

br eaki.ng. antl xi dan | ncl udi ng butyl at ed '
- hydr 235%9 Igemgg Cah%llﬁdfﬂme‘@}', vebereingtheesationic species is

redi Pg%ggyw&gﬁn 8;;%1&&0'{%@ I RS Ridht SpEGaS “and the salt

S, 5-fhrfeishyhdichRY | sestsl &4l sie biic complement does not exhibit
but yl ni trosobenzene, tert- nltroso enze

a- phreagftivitye againstt therdrtioxidargn@éoisty)| t&b&ﬁu@ﬁf&ﬁiﬁi‘ -or3the linking
A dosage unit according to any of clainms 32 to

mher@PWtYaHQgﬁﬁhﬁbEﬂ"rbl my pb@nmmuucaﬂby aceeptahle ahluent and/or carrier
subst ut ed.or_an unsubstituted triphenyl phosphonium -
cati OIFXCINCY tosage unit according to claim 36

338“?8?;&#%%&?%8%@ o&?@cﬂﬁﬁﬁ% 9 Fgfb?c{ @nmﬂuﬂgllggﬁlpnsmg a

f or. mp%@datl&lw Rbieyntinked wh Mgcgﬁof%ﬁeltosﬂeammmdant

ent, are sel ected from Cl to

(optm@@éﬂ’ | gnds absam@mt:emmpkmmnt dor gaid Eatiermid mbmtﬁl Wherein the
is an.integer .fram abo { 2 to . 20, and wherein Zis a

‘non- CaPQH]ft pecichilyncapghle Ofy g&ﬁ&@ogﬂﬂﬂuﬁdéfﬁm the antioxidant

d | |
gloﬁls ?i ng ot Wq%ﬂ&flltg? %gﬂ;@»,_‘[;e pﬁ%@ptg ’g‘)tn‘i1 &a}ﬁggg ion, and the
139, ahiels @Bhpléthenids Gohtutledhili€ bad/S: e gﬁm%@&(iﬁlﬁf’emem does

wherein C of 'the (Cn bridge is saturate
dosawé exhilit seactivity mgainst d:]hacmm@ﬁc \meaqr, rthé NakeBRUBE, or the

has the r mul
a nhoxId%nt mo?ety

34, ,A dosage unit according to claim 32 or 33 wherein the antioxidant moiety is

a quinone or a quinol.

35. A dosage unit according to claim 32 or 33 wherein the antioxidant moiety is
-selected from the group comprising vitamin E and Vltamm E derivatives,
chain breakmg antioxidants, including butylated hydroxyanisole, butylated
hydroxytoluene, general radical scavengers including derivatised fullerenes,
spin traps including derivatives of - 5,5-dimethylpyrroline-N-oxide, tert-
butylnitrosobenzene, t_ert—nitrdsdbenzene, a-phenyl-tert-butylnitrone and

 related compounds o o \ -

36, A dosage unit according to any of clalms 32 to 35 wherem the lipophilic
cationic moiety is a substituted or an unsubstituted triphenylphosphonium
cation.

37. A dosage umt according to claim 36 wherein the compound has the general

formula I



0- CHs CHs CH30 OP O TI and/or its quinol form
wherein Z is a non-nucleophilic anion. -103- 41. A
dosage unit according to any of clainms 32 to 40

wherei n the dosage unit conprises cyclodextrin. 42. A
dosage unit according to claip2l wherein the nol ar

rati o of conmpound to cyclodextrin is fromabout 10:1
to about 1:10. 43. A dosage unit according to claim42
wherein the nolar ratio of conpound tg
is fromabout 5:1 to about 1:5= 44 A O

claim45 wherein the
cycl odextrin i s about
to claim45 wherein AN k!
cycl odextrin is alout 1:]p. 48.

- to any of clains/ho to 4 wherein the coffpound has
the fornula 0 0Oy H3C S © CHBO.CHB\<:~O CH30

1
and/or its quinol form, wherein R;, R,, and R, which can be the same or

different, are selected from C; to C; 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.

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

CH:Q_

CH;O

II

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



0O oP (IlIl). 49. A dosage unit according to any of
"clainms 41 to 48 wherein the cyclodextrin is
- P-cyclodrextrin. 50. A dosage unit according to claim
- 49 wherein the conmpound has the fornmula -104 O O H3C
S~_O CH30 CH3 \\ O CH30 oP109-(i) and the nolar

ati compound to. cyclodextrin is about 1:2.. 51.. A -
4%03 a%eg%igf’ r@&ﬁ@ﬁc&g 8tt8 4y obelapmsi3Rstazd0 twhesein the dosage unit
wher &finti @(g% it is formulated for oral :
4ngrri ni sﬁlg‘?’i%ﬁ? ﬁﬁi dosage unit according to any of
| ai Audd33ge anfiGicebRligg tb ¢l i0le 4 formulat ed
for par en%er_al_ adm ni strat Iﬁ]gﬁﬂsg%&eﬁﬁ‘ﬁ)en%%% Jg{l%facompound-to
acc ov¥sledextin anfronf alwduilfsl fo 4outQ: Dy, a : o

har eutically cceptable salt thereof for use in
4’? he ‘g?c@’ﬁﬁ%‘? HQ%@CBW%#% graim 48t whetettathiomolartrats ®ficBrihound to
ma ion.of the compound or the salt
t her g%%gﬁ%g]ésf%gﬁ{aﬁ%?g'%{?a%uéghggund according to. .
44any Afdogisd it : N o5 rg tjcal l e _
accept zfl)bl_gfe:Et sal t11 q%ﬁg%%og?%ﬁagﬁggg#}]@eﬁ8%ﬁﬁ%g&g cgmpound to -

t r edyelodextrin syfrpmoatout 41 @aibeat 1y a manmal by
_45a_dm'_ irstration of the conmpound.or the salt thereof to

S - .
Sai ﬁ‘aﬁ@lr&ﬂ unig ?QiQﬁd@Jﬂrﬁpmbaim évg quy?mmimum g:gci'd f compound tc
acc ' ereof ~according to claim or
\/\her%&&%laseg‘lﬁ?goﬁwﬁ@Ppggﬁéﬂ'qt@ubgﬂt he first day at a
-46doser @b a'géqigj . . i;nes. the daily .
mai nt enamee dgg‘i?&%é’%ﬁgﬂ%a%& &1‘6]} His é?‘i?]ﬁ-ﬁ}[atlo 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

’ (I1D).
49. A dosage unit according to any of claims 41 to 48 wherein the cyclodextrin

18 B-cyclodrextrin.

50. A dosage unit according to claim 49 wherein the compound has the formula



_of -the conpound or the salt thereof at the daily
- mai ntenance dose of the subsequent days. -105- 56. A
conmpound or a pharnaceutically acceptable salt thereof
according to any of clainms 53 to 55 wherein said :
conpound has the fornmula o-hpy- CH3 CH3 CH30 0O\ / O
and/or its quinol form wherein Zis a -
non- nucl eophilic anion. 57. A conpound or a
pharmaceutically acceptable salt {hereof according to
any of clainms 53 to 56 wherein e salt is that of
t he net hanesul f onate. 58. - A cq&foﬁhd or
y accept abHsCGartSTnd? eof §
B 53 ¢, 56 wherei n.&he conpo
| odextrin. 59. AQonpound ag
2i n e cogpoupnd has.the for
H3C 9- : [

D YA} =
cycl odextrin is P-cyclodrextrin and the nol &
compound to cyclodextrin is about 1:2. 6
unit suitable for oral admnistration co @

wPae

phar maceut i cal

active ingredient a conpound according tQ
claims 1 to 10, the conpound being of or Be
formul ated as a crystalline formand/or non-1liquid

form _106- 61. A dosage unit suitable for parentera

adm ni stration conprising as an egjive i ngredient a

conpound according to any of claing'l to 10.

i and the molar ratio of compound to cyclodextrin is about 1:2.

51. A dosage unit according to any of claims 32 to 50 wherein the dosage unit is
formulated for oral administration.

52. A dosage unit according to any of claims 32 to 50 Wherem the dosage unit is
-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 2 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 admjnistration is on the first day at a dose of about
1.02 about 2.0 times the daily maintenance dose, followed by administration
Qf the compound or the salt thereof at the daily maintenance dose of the

- subsequent days.



62. A pharmaceutical conposition suitable for
treatnent of a patient who would benefit fromreduced
- Oxi.dative stress or reduced synptons of ageing which

conprises or includes an effective amount of -a

. conpound accordlng to any . afjgglainms 1 to 10 in

can be the sarre or

onbi nati on th one or nore pharmaceutically.
cce%t‘%%‘lléo o5 élpfbar@i@@}il@ﬂt}’gﬂccwtahld sadhtheredf3acchrding to any

conp c to claim®62 n.the conpound
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and/or its quinol form wherein RL, R2, and R3, which
q

differ ent, Q

f or O -

qui nol for

65. A conpdosition according to any of cl alas 62 to 64
wherein the conmposition conprises cycko 66. A
conposi tion according to claim65 where B m)I ar
ratio of conmpound to cyclodextrin is trRamabout 10:1

Lo ahdlr ik difin oﬁﬁrrmAWfH? VAT Qﬂoﬁlgﬁgfe%bﬂﬂmt gnighai m 66

wherein the nolar ratio o

57. A compound or a pharmaceutlca.lly acceptable salt thereof accordmg to any

58.-

59.

60.

of clanns 53 to 56 wherein the salt is that of the methanesulfonate.
A compound or a pharmaceutically acceptable salt thereof according to any
of claims 53 to 56 Wh_erein_the compound is combined with cyclodextrin.

A compound according to claim 58 wherein the compound has the formula

(IID)
wherein the cyclodextrin is. B-cyclodrextrin and the molar ratio of compound

to cyclodextrin-is about 1:2.

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.



to cyclodextrin is fromabout 5:1 to about 1:5. 68. A
conposi tion according to claim67 wherein the nolar
rati o of conpound to cyclodextrin is fromabout_ 4:1
to about 1:4 69. A conposition according to claim68
wherein the nolar ratio of ecm@ound to cycl odextrin
's f rom about . 2: bout 1 conposi ti.on '
1&10001'6‘0‘???196 ?bm?:tl %}%&78% W@P‘ﬁr r?élmmlsarart%m ¢ampmsing as an active

gg%% It on accobdl ngaédoggjingltabomﬁﬁ‘@ﬁ:i{%éoﬂol ar

62.at i A pHareasafival coﬁ@o@ﬁfb‘noéiﬁt’épl fbar' t?eﬁngﬂf o%z}i)atlent who would

corrp}gqsmﬁllt%g) according to any o

wherkgne marocﬂlmedobmlial.wd beedsadriedaced

~0 CH30 CH3 \\ CHBO oP 0 1110 9§m9toxﬂs 0P ageing which
corrp‘f%’f‘}?l?s@ﬁ 050186]:1’61?& Gt @f@ﬁweamQM| a bntpourid accordmg to any

wh t 3- d t
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63. A _composmop according to claim 62 wherein the compound is a compound

- 64.

of formula I

Z@
(o]
. |
. Ch
5 ( )\P
j &
f )
W O
I

and/or its quinol form, wherein Ry, 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.

A composition according to claim 63 wherein the compound has the formula



and the nolar ratio of conpound to cyclodextrinis
about 1:2. 75. A conposition according to any of
claims 61 to 74 wherein the conposition is,
fornul ated for oral admi nistration. 76. A comnposition
according to any of clainms 61070 74 wherein the
conposition is fornulated for parentera
adm nistration. 77. A method of reducing oxidative
stress in a cell which conprises the step of
contacting said(ell with a conpounsl conpri $
| i pophi | i epze@ti gpi ¢ #pi ety -109- 14 nked by §
noiety to an 3 KI dant noi ety; and an ani On
conpl ement fo wherei n the
cationi0~é$ i sSSedpable” “sf N toe y
targeting It i oxi dant species, and the sab
is chemcally &able and/or the anionic conplement
does not exhibit reactivity against the antd gant
noi ety, the cationic noiety or the |inking
A nmet hod of reducing oxidative stress in a &8 all
conprises the step of <contacting said cell wth a
st abl e conmpound conprising a IipOﬂ?iIic cationic
noi ety |linked by a linking noiety to an anti oxi dant.
moi” et ynd/anits quinh fermh,owheeipy a5 Hont Ricl SRS glltﬁioﬁﬂi c

- _fnoiety, wherein the cationic species is capable. of

65ni t dk lsomPosHianaccardjagite gny o claimoe? davt wixaeirthe cibposition
wherein the aqbanic. conpl enent i s not a hal ogen ion, :

and CHPTISSS GXFEHHH ement i s ‘non- nucl eophi i ¢ and/ or
a < ai ' R i

S GBSO O S b B ekt comprns
the t@agu@&éﬂmtis TR aBout/£0: 140 WBbIPEE 19CCOr di ng to

claim 77 or 78 wherein the conpound is a conpound of -
67f or fulcampogition aagoyding [to®l&m 66 wherein the molar ratio of compound

to cyclodextrin is from about 5:1 to about 1:5.

ng

g cationic noiety,

Q)

68. A composition according to claim 67 wherein the molar ratio of compound
to cyclodexirin is from about 4:1 to about 1:4

69. A composition according to claim 68 wherein the lﬁolar 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



73

74.

75.
76.

77.

R2 O and/or its quinol form wherein Rl, R2, and R3,
whi ch can be the sane or different, are selected from
C, to C5 alkyl (optionally substituted) npieties or

H, and wherein n is an- integer fromabout 2 to 20,

and wherein Z is a non- reactpge anion. 80. A nethod
according to claim79 wherein the conmpound has the
formula - 110 o CH3 CH3 Z CH3O O Il and/or its

qui nol form wherein .Z is a non-nucl eophilic anion.
81: A nethod according to any o;églains 77 to 80 -
wherein the cqppound IS %g | extd @ th cyctod

82. A nethod gccording to*&arm her e
rati o &H;0qnpound -Gy cyclodextr\ is fro
to about 1: - A et hod accor@@ ng to cla
raro ok conpqund {o

nmet hod according to claima84 wherein the.
of conpound to cyclodextrin is from abou
about 1:2 86. A nethod according to clai m3& wherein

the nolar ratio of conmpound to cyclodextrin i's about

1:1. 87. A nethod according to claim85 wherein the

nol ar ratio of conpound to cycl ﬁ?_xtri n is about 1:2.

88. A nethod according to any of clainms. 81 to 87
whereCAMpRsitivanmssorting e anfieof daimué5iito 72 wherein the cyclodextrin

is B-cyclodrextrin.

A composition according to claim 73 wherein the compouhd has the formula

(1)

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



-111 11 O OS0 CH30 CH3 O CH30 oP o(lrr). 89. A
met hod according to any of clains 81 to 88 wherein the,
cycl odextrin is f.3- cyclodrextrin. 90. A nethod

~according to claim89 wherein the conpound has the

formula // o 0 H3C S-O CH30f109-I3 \O Idlt %Ol'oge'k?rin' - |
Illlé } ta(\fw the.nplar ratjo of conpound to cyclodextrin ... - o
i(s a %.Yz a é‘gﬂuﬁ H%?lﬁbﬂ 1oy aﬂ?é‘il%?délgt pmgsﬁyl Smil _sa.lte ‘anionic -
of ' i rom. reduced oxidativ,
R AT IR S B L e
fi A Hdlly ualtestih t &1 er. i
ggin”gm pat ?)gﬁt@ﬁ?lgo}lr'rp%d, gqggn%glsi tﬁionr@?r?gfég? _a!(ril_osageSalt form is
f or rehemicaliy stabke amdfpo thedanionicocompmen eRs irot @RhiMit reactivity
dosa e.fsq?r m conpr.ises, .a compound conpri si

n a o
lip the antiqxiqant mejebt fhe ratkasdc syoietyl ¢rrﬁ%i:: timking Btoyety.

7% o CARRb RGBS iR MR dn i Sl it omerises the step of

cat.icontfetinpaai®sell With a stable compound comprising a lipophilic cationic
moiety linked by a linking moiety to an antioxidant moiety, and an anionic
complement for said cationic thoiety, wherein the cationic Species is éapablc

- of mitochondrially targeting the antioxidant species, and wherein the anionic
complemént is not a halogen ion, and the anionic complement is non-
nucleophilic and/or the anionic complement dbes 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

80.

- of formula I
°
0
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and/or its quinol form, wherein R;, 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.

A method according to claim 79 wherein the cbmpound has the formula



capabl e of mtochondrially targeting the antioxi dant
specires, and the salt formis chem-cally stable
- and/ or the anionic conpl enent- does not exhibit
reactivity against the antioxidant noiety, the
cationic noiety or the |inkingo-noiety. 92. A nethod
. of -therapy or prophylaxis of a patient who woul d
“benefit from reduced oxidative stress and/or reduced
synpt ons of agi ng which conprises or includes~he-
step of adm ni st OUTN
conposi ti eg,@nd/
is, or the cofp
st abl e conpou

r dagage formwhefein the gonpound
ytron or dosage form conprrsesy# a
prising a_ |ipophilic catiofic

noi ety, and an ani
noi ety, wherein Q@he cationic speci es i s capablie of
mtochondrially targeting the antioxidant s 2
and wherein the anionic conplenent is not a
ion, and the -anionic conplenent is non-nucleQp
and/ or the anionic conplenent does not exhibi
reactivity against the cationic iety, the Iinking
noi ety, or the antioxidant noiety. 93. A nethod

accor andigr it qoirml fod, wheresi 7 it AhonCARROSHHi|ie ﬂgjl(ﬁl. a
conposition according to any of clains 11 to . 94.
81a et HBethgdcasncerdiggtte amaiofdidimsh@? eion80 hehetengr: EomBound is

.5 SRS RRS "9, Lo oy of ol m 92 Lo S
TR KT RS S—

- andlcgelodestrittismedmiaboit 1009b@bBuRi:10R2, and R3, which
3can be the sane or

method according to claim 82 wherein the molar ratio of compound to
cyclodextrin is from about 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 tq_claim 85 wherein the moiar 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 acqording to any of claims 81 to 87 wherein the compound has the

formula



different, are selected fron1C1 to CS aIkyI

(optionally substituted) noieties or H, and wherein n
is an integer fromabout 2 to 20, and wherein Z is

a' non- reactive anion. 96. A nethod according to claim
95 wherein the conpound is cqnplexed with

cycl odextrin. 97. A nethod according to claim 96
wherein the nolar ratio of compound to cyclodextrin
is fromabout 10:1 to about 1:10. 98. A nethod
according to claim 97 wherein t nol ar. rati o of.
conpound to ¢yclodextrin is frotn akout 5: S
1:5. 99. A netjhod according t0 ¢ a1ﬁ998
mol ar C&:0q_ o C

4:1 to about

wher ei
i's fro%@out -1 o abuout 10%" A™ret hodpaest

to claim100 \@erein the mol ar ratio of confpund
cycl odextrin. is about 1:1. 102. A nethod ageqrding to
cl aim 100 wherein the nolar ratio of conp(
cycl odextrin is about 1:2. 103. A nethod & ng to
any of clains 95 to 102 wherein the conpound t he
formula -114 .0 OH3C ~~_ O CH30 CH3 0. CH30O \ . / oP
(111). 104. A nethod according to any of clains 95 to
103 wherein the cyclodextrin is: (g -cycl odrextrin.

105. A method according to clai m104 wherein the

89% onpoumethodd acedrdirigtonanyaof €aims 81 to 88 wherein the cyclodextrin is B-_
| cyclodrextrin.

90. A method according to claim 89 wherein the coinpound has the formula

¥
Cl) H3 C— S_"@O
CH,O CH;

CH;O

11D
and the molar ratio of compound to cyclodextrin is about 1:2.

91. 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 f(_)rm_ wherein the compound is, or the
compos_ition or dosage form comprises, a cbr'npounci comprising a lipophilic

cationic mdiety linked by a linking moiety to an antioxidant moiety, and an



0 H3C S p CH30 CH3 \1 O CH30 oP - (Il1) and the

nmol ar ratio of conmpound to cyclodextrin is about 1:2.

106. A nethod according to any of clainms 91 to 105
wherein said admnistration is oral adm nistration.
.107. A method according to.gamy.of clains 91 to 105
wherei.n said adm nistration_is parenteral

adni HESRIeLOPERemenitormasd galdonie raoietyyphardinctheprativnigspecies is

or PR B oARiEBall ki i abeRaant e, and the sa
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t ar gehétivgtyt againstrthe eitidXiarf RB61eBS the Qﬁﬁoﬁﬁem%ﬁér}g chofh@ linking
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is chemcally stable and/or the "anionic conple
doedmfl®ty.exhi bit reactivity against the antioxidant

Di ety he cationic nmoiety or, the linking noiety in
9 he A el 5 D RRMIPERIAKS of 2 aveal sehomould benefit from

dos: - ical onposition effective )
for ot bid B AT RE M 55 Rlged SRRRRLSEesinsShich Somprises
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i pophiulli c cati on_iStéb%nDi ety |i nEe yfogrg%%d b@?%‘g‘ a compound,
noi eomposition sand/oxi dizsage mforhy wlereinarthenicofipound is, or the
conpl enent,, for said cationic noiety, wherein the -

cat ISOHROSEIOR: PE 0832 £pEB| eomprisas; e Rishly camppund comprising a

o B PG BT BRP S B St Toridn

- doesnéiety, @ndl M ni@Ae tdo éélén%rﬂ?itfﬁxz%?ifdﬂgaﬁoqﬂé in?éf'[e a:in%/herein the

moi ety, "the cationic nol I'ng ol

t he capiomipaspeciasn iDrcapablel aft midchbhdridly@Argdihgr tl atioxidant
materi gl s of a medi canent, dosage unit, or -
phafRedettandavhersip e anignie complementfisrnatse hilmgehtien, and the
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93.

not exhibit reactivity against the cationic moiety, the linking moiety, or the
antioxidant moiety.
A method according to claim 91 wherein the composition is a bomposition

according to any of claims 11 to 31.

94. A method according to claim 91 wherein the dosage form is a dosage form

9s5.

according to any of claims 32 to 52.
A method according to claim 91 or 92 wherein the fnitochon_drially targeted -

antioxidant compound is a compound of formulaI



110. The use of a conpound conprising a |ipophilic
cationic noiety linked by a linking noiety to an
anti oxi dant noiety, and an ‘ani onic conplenent for said
cationic noiety, wherein the cationic species is
capabl e of mtochondrially -g&3geting the antioxi dant
species, and the salt formis chenmically stable

-and/ or the. anionic conpl enent does. not -exhibit

. reactivity against the antioxidant pgjety, the

~ cationic noiety- or the linki
‘preparation or manufacture of a cg

for use in the reductie@n of oxidd

cell. 111. A m'ithod of $lynt hesﬂs of™N\a
formula | =116 o0 RY ORi

gui none form rei n-RI1, fo~R3,! whi
same or different, § cted fram

conprising the adof xtur§ f cy®l od
" met hod of synt he;zfls of @ conmpound]havi ng{ the formul a
Oe OHICSO REH30 | CH3 \~ O @ JoP \ [/ (Il1)

- and/or its quinol form, wherein R;, R,, and R;, Which c_ah 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. |
96. A method according to claim 95 wherein the compdund is complexed with
cyclodextrin.
97." A method according to claim 96 wherein the molar ratio of ‘compound to
cyclodextrin is from about 10:1 to about 1:10. _
98. A method according to claim 97 wherein the molar ratio of compound to
: cyclodextrm 1s from about 5:1 to about 1:5. |
- 99. A method accordmg to clalm 98 wherein the mola: rat10 of compound to
. cyclodextrm is from about 4:1 to about 1:4 o
100. = A method according to claim 99 wherein the molar ratio of compound to
cyclodextrin is from about 2:1 to about 1:2
101. A method according to claim 100 wherein the molar ratio of compound to
cyclodextrin is about 1'1
102. A method according to claun 100 wherein the molar ratio of compound to
| cyclodextrin is about 1; 2. | D
103. A method according to any of clalms 95 to 102 wherein the compound has
the formula '



said nmethod including or conprising the adm xture. of
cyclodextrin. -117- 113. A nethod of synthesis of a
compound having the formula 0 0 H3C S OGO CH30 CH3
\\
descri bed. 114. A pharmaceutilt4+ conposition suitable
for treatnent of a patient suffering fromor
predisposed to Parkinson's disease, Al zheiner's
di sease, ‘Huntington's Chorea, or,Friedreich s Ataxia,
whi ch conprises or incl.udes an- f fective ambunt of a
c :

conpound corrp!rd' sing alip

CH30 oP O I (IIl) essentially as herein

atl oni ¢ o

an
nking noi et ﬁﬁ;acsm@oxi dd

linked by a Ii ety,
and an GloQnie~_cotiy enent for sand cati on ety,
wherein the bni ¢ species is cépable

mt OCh%ﬁ‘Pbi 3

t he salt™Form
- conpl ement  dogj

anti oxi dant noi ety,

the cationic noiety or_the_linking
noiety, in conbination with one or nore L
‘pharmaceutically acceptable carriers, ex( s, or
NG

di luents. 115. A conposition according to

Lar geti ng-the anti oxidan

a/ or P
agaf®hs

5 not exhibit reactivity

suitable for treatnent of a patient suffering fromor
predi sposed to Friedreich's Ataxia. 116. A nethod of
t herapy or prophylaxis of a patiglﬂ) :suffering fromor

1 S

sposed to Parkinson's disease, Al zheiner's
guethpd raccongling) te angiofradaimns ko il€8r wherrirs th¥ eydladextrin is

whi ch caonprises or includes the step of adm nistering
to JQFMCHET

103

106.

- 107.

108.

at i
fit i

&H.a conpound conprising a |ipophilic

8ol cEbntigg P o wheu e Somiprund ha e formuta
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and the molar ratio of cbmpound to cyclodextrin is about 1:2.

A method according to any of claims 91 to 105 wherein said administration

is oral administration.

A method accordiﬁg 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



conpl ement for said cationic noiety, wherein the
cationic species is capable -118- of m tochondrially
targeting the antioxidant species, and the salt form
is chenmically stable and/or the anionic conplenment
does not exhibit reactivity-1afai nst the anti oxi dant

' - I Qni ' .the |inki moi ety. o
T LabioniC madiBlyl SPheip Mot datiunic, Spasienir paabie of dmitochondrially
t her [ i S, | f a jent suffering fro
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\rl;lhs :;@'ﬁgmppaﬂrfnmwfa@m A aypedigamznlk id@dz%aspmf,lh @sphanthceutical
: |t fOor o ical.ly.stable, and/or, the | )
;Eﬁocnqxgﬁé:stétﬁélf éﬁ%ﬁﬁv‘g g@?‘ﬂ%%tmefﬂ‘iitgﬁrefi%%&q of 1oxidafivenstress in a
t he paajeht.oxi dant noiety, -t he cationic noiety or t_h_ef S _
~linking noiety, in the preparation or manufacture of E
102. nethecuseeof @ adaymyadusmprising phEpERHIRY Cafidhic moiety linked by a
composi.tion effective for use in the treatment or _
pro o1y tg agaantigxidantgueiety,iang o afonic complement for said
j Par ki nsqn' s di sease, , Al zheiner's . .
i s Séaa?,@??c?%w&%%gﬁﬂm%Eﬁ&aﬂgmcospemqséar@p@weﬁommomuy
19. ag gl =] Al rein the .
rlregit%rg%gﬁg?ﬁg osag eﬂg%?t gﬁ%c(rfés?p#}grl _ﬁec\ggﬁl ﬁ’éﬁn 15 chemically stable
conpadidri the iani@fié ecdthpleniait 866 indtt Benibit e?éaeg_{}& 05%%11“ the
prophyl axj s of a patient suffering fromor predispos
t o PaHegidant Hneiety,athey . 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 cofnpound coinprising 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 i8 éapable of mitochondrially
targeting the antioxidant species, and the salt form is chemically stable
and/or the anionic complement does hot exhibit reactivij:y, 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
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(and/or its quinone form) wherein Ry, Ry, and R;, 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 cbmpound having the formula

(IID)

‘said method including or comprising the admixture of cyclodextrin.



113.

114.

115.

116,

-117-
A method of synthesis of a compound having the formula

(ITD)

essentially as herein described.

A pharmaceutical composition suitable for treatment 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 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 c'_omplement does not exhibit reaétivity

against the antioxidant moiety, the cationic moiety or the linking moiety, in
dombinaﬁon with ~ohe or inc}re pharmaceutically acceptablé carriers,
excipic-_:nts, or diluents. | |
A composition according to claim 114 suitable for &eatment of a patient
suffering from or predisposed to Friedreich’s Ataxia.

A method of therapy or prophylaxis of a patient -suffering from or

'p_redispos'ed 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



117.

118.

119.

-118 -

- of mltochondnally targetmg the ant10x1dant 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 the amtivxidant 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 medicament, dosage unit, or pharmaceutlcal
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 fhe treatment or

prophylaxis of a patient suffering f_rom or predisposed to F riedreichfs Ataxia.



