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- 1 - Mitoquinone Derivatives Used as Mitochondrially Targeted
Antioxidants. FIELD OF THE INVENTION  The invention relates to
amphiphilic antioxidant compounds having a lipophilic cationic group, and
the synthesis, foimulation, and physicochemical properties of such
compounds that favour their use as, for example, pharmaceuticals.
BACKGROUND 100xidative stress cbitributes to a number of human
degenerative diseases associated with ageing, such as Parkinson's
disease, and Alzheimer's disease, as well as to Huntington's Chorea and
FRetratne AR 4Nes dshoAs PLEsrhepdriae tregesed dmioxidangsitn

aging. It also contributes to inflammation and ischaemic-reperfusion tissue

- injury in stroke and heart 15 attack, and also during organ transplantation

FIEI Dol . TH RENSENTI3Nage caused by oxidative stress a number
of antioxidant therapies have been deyelqged. However, most of these

are not 1 RS HignTelales e & if cAREeRIdanD soRRNy Bt dasdng a

, Su tigXi f ySi ' 5? .
e R S BB Fhomical
peoptrties toathesachetompaotodsxetha tHarapautiheiffectse  aitdohorsttisple,
are intraceILuI organelles responsible for energy metabolism.

?ggaﬁeélﬁfﬁg{mitochondrial defects are damaging, particularly to neural
and muscle tissues which have high energy demands. They are also 25
the major source of the free radicals and reactive oxygen species that

B4 ess inside most cells. Therefore, the applicants believe
deliveri iQxid electivaly to mitochondria will be more effective .
than us%%%%ar%%{%g aﬁ%%g‘%)g%%. (t%:c% rd{li r%léﬂ%eif isofoﬁé%érl‘hg% generative
disvasienasbantioxitiaith witthomaychertaPaekedsienreiidicband imthatiHieimer’s
present inventjon is directed. -2 - _ Lipophilic cations may be

SHRSRS I 2BW GH AP RBEH IR Hidhwk B SaisRISh sodiivdaciadto non-
Qé'i?fbbe&@n}a%@ Mgthogds.&naysmel 5@/&&14721(%}%&.“' 198840 %&}ftfq&qtes to
edthey are sufficiently ‘

iol 4, 155). Such ions are accumulated provi ent
iipBpnitieatocscrend tivehasitivercperfmionddismedismjubyovar sttakge and heart
surface area, also provided that there js no active efflux pathway and the
%g[ﬁSn’is %t?f% ag%f'r'&% 8’?&%%%3?4@%8%%40 %eﬁﬁr&a”he Jygyent the
therayerionds hetsiiaive sRaPRraasibly Ythiahii-ikinesaRiafusikeeen

abiliti/pof mitochondria to concentrate specific lipophilic cations t0 take up

fenstrratoxiftoneEsradnothe thsscante mmntatgaied) withipresdlsrqand are
ical d I pPREl sing the oxidative sikes s.
S S B GRS pve
uivfayetientiitit ploysi eoticodiolizal fynopentibity witht reBpect tothectarggle, their
ompartment in vivo include Coenzyme Q (CoQ) and Idebenone. Both of
hioglatlabiipotResthSte BB IR AP AR IBREL BRI aeTt 2
HeRapiahidegesates to be efficacious, and therefore have low therapeutic
efficacy when referenced to the dose rate administered. ~ We believe
withoutMikithgndrise byandisyaaaliutarorprpandtiean wspoxisthte for energy

N R A e i,
tletesminam dhanisidantdunehrnelibyandir efigasydoniRiéSUThdsaferalso

example, therapeutic efficacy). Whilst it is true that to be useful as a
HhRd&RMP SacRrgbide ditpiriirtlorotirdbr ehexresespesientibatagnuse
10X ibit ' igxidant activity in viiro or .
R B, B T e e e ine
antipddantseedbenthidit csheitdekiaibiéa philsibochereiedfaidpettias. it non-

as, for example, suitable bioayailability, suitable localization or distribution
m%e@m@mchgﬁa?@% ol ditamaismbhfyprovisiopelgag dants
withaubwishoagiebe ey pdiyamatneany: that ﬂ}@éﬂfﬂ%ﬂﬁﬂ?ﬁ@%&ct@d.

targeted antioxidant compounds of the presentinvention - 3 - exhibi
advantageous antioxidant functionality, including bioavailability, and/or
mitochondria’ targeting and accumulation in vivo at least in part by virtue
of their physicochemical properties, such as, for example, their

amphiphilicity, their physical structure and/or dimensions, and/or low to
modaerate hvvdronhobicitys and/or nartitinon coefficiant <itich comnoiinde area
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In US Patent No. 6331532 by reference to exemplifications of compounds
mitoquinol and mitoquinone (referred to collectively herein as 10
mitoquinoneimitoquinol) there is disclosed the prospect of mitochondrial
targeting of an antioxidant moiety reliqrbt upon a lipophilic cation covalently
coupled to the antioxidant moiety. The eéxemplified compound therein

(despitamai@%@mggt@@aviQe%e&%ﬁﬁ@&@%%%ﬂ@éﬂﬁ%?&ﬂgmtﬁx

of the formula  15with a carbon bridge length of 10 (i.e. Clo bridg
feerasiss Rf Hiede Dewitive albarg (Revitrpher s 190G 8iddethiodsobunahol 55, 547.

depbite s, AURdanyaqily aadarasling and Sccumulalion ided

in mitdchondria in vitro and’in vive, Weé tiave foun

thetabte asffieibntinidipsphilit/adavecaisalfounskiiob tiBa#8e or delocalise it
physiochemical properties of mitoquione/mitoquinol as disclosed in US

OXR NEE8 39Ha0sakeds AlSPrBEMEEerh SuneanetivaLtation, rethway
SRRl BRI %%Wﬁé‘%%[@é‘f?&if&? Rkl eE %@B‘f@%f where

there is targeting - 4 - of the compound to mitochondria in"tisSues of
internalldrgdnsysoo thenitueitiam, ik ehedfoee, on atherppigacs) by which it is

Examples of compounds of t resent invention are suitable for, . .
SRR e ST —
aiutorisotiktonp, Hukamke AmerriaiodorMatomata 8L ant to the

admixture with other agents such as for example, carriers, excipients,
EBMRTISRAtER efEise refisthe radanarlya nxygetBIpe cischansitigrthe oxidative
gxagiple, cyclodextrins. Advantageously such agents are

pharmaceutically acceptable. We have determined a desirability to offer

examplBsafifiesafiphiphitidzia coitapbondsidibt roatededtiaddaitant activity
compounds of the .present invention with their pgsitive charge in

BRSNS, Ah 5 L RO S oM HBIe by GO THUbampsGhdaadhe tareer
genmBRaEhHAIONNe IHANRONY Qe ialie BEBAHEIR. I" Both of

such salt forms however certain salt forming anions we have foun e
Beasieavorapauitbgedhisit iaeveilpbibisinsnthenastibddadmifistered at very

pound, for examplesagainst the gntioxidant moiety, the linking moiety,
s T SR R O RN e e Heacy
aoxidéniomnaidto Dhdosatiateradimgnisignrg are considered
pharm euticilly undesirable. For examl%léz nitrate moieties are

consideed REMISYFopYARO e NE SISy s rhasadiby esmihary dhwkeify an
RhAGERGH Ealinnal CRUICRT R NBECaPiaRls: (Jx@sﬁt shyﬁfgge%&mple,

bromide frequently used in salt'forming of such compounds we find to
ratiexideidoptiilia fyrepenidechen dranl leadumal ataalvity mgaiostitbens the sole

ioxidant maiety..for. le, acl f a methyl group, from th
R B RGNS TGREY il (s, for
egmeperalbagreasedaivaiyity ofpthasevaral 250mpeund- 50 useful as a

examPIe, we have determined that the bromide salt of mitoquinone is

gyirensrduipliatrseoted pandosidate raapmamshlofothes prasetingusettion an

g ligui [ ystalline form, .of mitochondrjally targeted ,
e B SR R e BT o or
nivcleophilie, efficacioes3ewhish dites mottexhdRitFRARHViMAaRINShARY Gtant
the moiet(iies comp}r{iisingtthe _ i
compound must exhibit other desirable physicochemical properties, such as,

for example, suitable bioavailability, suitable localization or distribution within
the target mitochondria, and/or suitable stability.
We believe without wishing to be bound by any theory that the

mitochondrially targeted antioxidant compounds of the present invention
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- 5 - antioxidant compound or complex. It is also preferable that the anion

is pharmaceutically acceptable. OBJECT OF THE INVENTION

5Accordingly, it is an object of the present invention to provide

phaimaceutically acceptable amphiphilic antioxidant compounds and

compositions, dosage forms and methods reliant on said compounds

whishieregipmexasprie. Megiimiie Ferimanleydisashatiog condiioisbility,

associated with oxidative stress, or to provide the public with a useful

ahdice. MOSOMIMAR aOEeingE g Eqquonlationm g fidingbelsathdn part by
resent invention gonsists.in a.c prising adipgphili IONIC 1. o3

?HEY&Fy Iﬂ?keﬁdeéry é)(%ll ril%% moie @gg%%ggg |é%€ga%§%oi%%§/, %%% agr}%%a?ﬁ onic ther

& giaitigr dedt catigeleahaiatyctlvevhadéor tdéncetiioinsspendsisiow to

capable of mitochondrially targeting the, antioxigant specigﬁ,%gnd the salt

10 9EEn AP LPABIY RALPEHRAE R COSHPTIS RNt DBER SOTMBRRS are
reacti 'yﬁ‘&%g S iexidantqaoigt '%i&‘sinﬁ{e%ﬁfﬁ&? URKiRg oth
r{t%gl%gyl% on erégglﬁ)r:wge?rﬁ the g{gétio%iggﬁ?te%%%ty is a quinone orsa ou
quinokidfnircothpowrdbodiments the antioxidant moiety is selected from

the group pyising, vifamin itamin E derivatives, chain hreakin
antioxiiﬁn?ﬁ,?n Iﬁfﬁﬁb ﬁ&la@?ﬁg&\ﬁoi@nig%{(igér,egﬁ?yla?edéxemp%ﬁcah&ls of
RydredRtdensiaRaesl sadicaliscquriary Yisruddgdesynbstdely herein as
fullerenes, spin traps including derivatives of

SYBtaimEayespHeRREnRLb xtherceis biigrrrsdobin Arasprat. 96 mitochondrial
g%{regg&ggzte A %%[tﬁ%%%%% eﬁ%@f@é’rﬁrﬁ&ﬁ. ﬁe@i?gggﬁmoem% coviliently

empodiment, C cationic moiety Is a substituted or an
wosipdetitigeticteintionidpho sphienjunT hatiomniplifiedecobystimed thieeein (despite
compound has the general formula | .6 .and/or its quinol fonu, wherein R1
/@SS RS W Gk BA4HE SGPRLDr direben Ol Y RgRSRE, O the
(4}8&@@{; (optionally substituted) moieties or 5 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

quinol form, wihvgein Z isla nonynucleophilic anion.

MeO {

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

Mitoquinone/mitoquinol, despite excellence in antioxidant activity and
targeting and accumulation in initochondria in vitro and irn 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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- 7 - More preferably, the compound has the formula (ill) In another
aspect the invention provides a pharmaceutical composition comprising or
including a compound comprising a lipophilic cationic moiety 5 linked by a
linking moiety to an antioxidant moiety, grjd an anionic complement for
said cationic moiety, wherein the cationic species is capable of

nafoRRoBeRbIAT ABURAIEIh SAURY AN SRREIGT AREHNE SAlRE Tﬁ example,

chemically stable and/or the anionic complement does not exhibi
rb&%ﬁﬂ/iﬁﬁ%alﬁﬁl‘ﬂﬂ? aHiRITEARMoiety, the cationic moiety or the linking

moiety. 1 ime antioxidant moiety. is a guinone or a
ol A R ey oot Tl for
tphayraapeacioyirikingwitsivin ETdey iiamn e ey ivaiivesietainan aaki9stalline
antioxidants, includjng butylated hydroxyanisole, butyl ated

SO e Rt A A BB NSl derm s icichabihfieas by admixture

TR ReRe S IR AP SHMH UGN GO de HNal escgl'giers excipients, complexation

5,5-dimetlaylpyrroline-N-oxide, tert-but nifrosobenZene,
ragesbhbanzetheraagdiinesernd ulyintilanesanh miatin examppis)dsyclodixirins.

ong_embodiment, the lipophilic cationic moiety is a substituted or an
u‘%@},’%‘&ﬁ%%&& %r?’pﬁ%cr% eg% ﬁg%ﬁ}?ﬂr&?ﬁﬁ?qgaﬁ%a@ﬁ@ ent the
compourWasvbelgensiakonidarhbifity tRBEiAr dSHHNQ 8 amphiphilic

wherein 121, R2, and R3, which can be the same or different, are select

fraitpehopsially gorgsisbaatipxidsatarapovoidsied $he mrsendt inhentiomwith

i ' I t : in.Z.is.a non-rgactive anion. .
R B A8 G S KD R R FRRS R0vice the

sulfopatesi canitregesefriefenatbiieat saltoféhe (Goloddge ipEatwatedstalline
10In.a further em odir‘Te t, the compound has the fouilula Il and/or its

QB 6m ,?R/r? Spls oTBh-RORIEYHh e b isalt Jarming anions we have

found to be best avoided as they exhibit reactivity against the antioxidant
compound, for example, against the antioxidant moiety, the linking moiety, or
the lipophilic cationic moiety, and/or may lead to cleavage at or of the
antioxidant moiety. Other salt forming anions are considered pharmaceutically
undesirable. For example, nitrate moieties are considered inappropriate
generally by pharmaceutical companies as being pharmaceutically or
environmentally unacceptable, whilst a hydrogen bromide frequently used in
salt forming of such compounds we find to have nucleophilic properties that
can lead to a reactivity against the antioxidant moiety, for example, a cleavage
of a methyl group from the antioxidant moiety of the compound of general
formula (II) herein, and/or some overall decrease in stability of the overall -
compound. For example, we have determined that the bromide salt of
mitoquinone is somewhat unstable.

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

which does not exhibit reactivity against any of the moieties comprising the
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In a further embodiment the composition comprises a compound having

the fonnula Il and/or its quinol fonu, wherein Z is a non-nucleophilic anion,

and wherein the composition comprises cyclodextrin. In various examples

the molar ratio of compound to cyclodextrin is 5 from about 0:1 to about

1:10, from about 5:1 to about 1:5, from"about 4:1 to about 1:4, from about

2l bl uRhalRYIr hoapfEmale ihe ol gl glcompaund o,
cyclodextrin is about 1:2.  More preferably, ?he compaosition comp ey
chhpowrenionlythechptahlia  15wherein the cyclodextrin is

P-cyclodrextrin, more preferably the molar ratio of compound to

cyclodextrin is about 1:2. In one embodiment the pharmaceutical

CORBIECINOF AIE Y N P gdministration. In a further

embodiment the pharmaceutical composition is formulated 20 for
parenteraf*58ATHRENioH. s 2ruratdeelspeiitiee present inventiaom to provide

PRI uni ising or including a compaund comprising a
o s S R o detpounds  and
nesigtsitivas) doiage ﬁgmpgngmtfh?]sgiﬁbgalfi@m gameébﬂr?iﬁébﬁfﬁig gé;l'ﬁch are,
cationic species is capable o mitochondrially targeting the antioxidant
sg%rcF ,@Fﬁftﬁ@@fﬁ&ﬁ#‘%@?@%@élI9fsf%¢é3&ﬁ0?§r%ﬁgéﬁ@@ﬁi@88001ated with
comDlRTeRtase b B TEBRSPIER S AOHNt Mo the

cationic moiety or the linlcing moiety, - 10 - together with any
pharmaceutically acceptable diluent and/or carrier and/or excipient. In one

eg@gﬁmgi% Tavdl ety 1S.2 quinone or a quinol. In other
em odleen g@?ﬁ%ﬁ&ﬁ? selected from the 5 group
comprisiig vitariistE apdertatiun freleryaiivesnBAINCBIRMH9n a compound

antioxidants, including, butylated hydroxyanisole, butylated
h%%&%%&}@@&ﬁ%ﬁ%‘d‘i@ﬁ%&@@#@éfrslmkmibg derdinitisgd moiety to an
faliereneanePindians InalidiRAse ivf%%&’ id cationic moi
5,5-dimethylpyrroﬁ§E-N-oxide, tert-buty nltrés%g eerlmlzteﬁ%r, said cationic moiety,

t@‘fh‘?é@@%oﬂmmm'qm@nyia@rﬁ_ﬁt}M@W@ﬁ@ﬂ@@h@ﬁ(ﬁ@ﬁﬂ@oﬁﬁ'@tmg the
]aorlﬂ ngtembogllment tazll og#llgc cationic mojety is a substituted oran~
unsu%sltlﬁl%éégnﬁhe«ghm Eé)ﬁ i e dtior§ Britsbdinsad{ erehe anionic
coniplunenase arReerhiBifMackivity 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 35,5-dimethylpyrroline-N-oxide, tert-butylnitrosobenzene, tert-
nitrosobenzene, o-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



10

15 and/or its quinol form, wherein Fth R2, and R3, which can be the same
or different, are selected from C1 to C5 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. Prefergbly Z is selected from the group
consisting of alkyl or aryl 20sulfonates or nitrates. Preferably each C of the
(C)n bridge is saturated. - 11 -  In a further embodiment, the compound

has the formula and/or its quinol form, wherein Z is a non-nucleophilic
anion. 1l 5In a further embodiment th@®dosagé unitcomprises a

cyclodextrin. In various expmples the mofa pmpound to
cyclodextrin is frory about 10: 1:10, from abput 5:1 tQ about 1:5,
from about 4:1 to 1§ ,about1: ‘
for example the molar ra pou d to cy@lodexti
More preferably, the dosg it gomprises a compound having the
fmmula -12 - wheréin the eyclotmitin isp<cyclqdrexttin, more

in is about 1:2. In one

In a further aspect the present invention provides a compound or a
pharmaceutically acceptable salt thereof, a composition, or a dosage form
of the present invention for use in the prophylaxis or treatment of oxidative

S{RFSINA amBIaERoRieistaten of the.cerpRownd o e sl tieregine or

to said 10 mammal.  [n one embodimént, the compound is a compoun

olifdercola Arorselshtadnfiosuticatly Gacelbtablestatntidyenfbstitinedhatiaeties or

baodiment, said administrationds on the first day.at se of about 1.02 .
oy S SR T A b ahsad ooty ba ah T ASHeoR 1 @
afdha-esuripewndoer, the salt thereof at the daily maintenance dose of the

subsequent dg%fy. ,Preferabé&l\fhe salt is that of the methanesulfonate,
and theld&HepaRiyd % dbrplrrdadaiiiony e cstemp \eoRsistateraiyalikel or aryl

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

In a preferred embodiment, the compound has the formula

CHB CH3

CH;0

I

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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-13- Preferably, the cyclodextrin is P-cyclodrextrin, more preferably
the molar ratio of compound to cyclodextrin is about 1:2. In a further
aspect the present invention provides a compound or a pharmaceutically
acceptable salt thereof, a composition, gr a dosage faun of 5 the present
invention for use in the prophylaxis or tréatment of symptoms of aging in a
mammaNig SRIRSHBIORR (iR RMAPHAC L it spi{hereof to said
mammal.  In one embodiment, the compound I1s a compound of foimula
I Or a pharmaceutically acceptable salt thereof. 10In 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 galt thereof at thg gaily 1 ﬂ%ance 0
subsequent?da s.  (Il). 15Preferably the salt{s that of the
methanesul cﬁié

n tnpound is combifed with cycig in. More
preferably the co (1. Prefefably,
cyclodexn-ieis@-cy '
compound to cyclodextrin i 2. ,
invention consists in a stable compound 5 comprising a lipophiic_cationic
moiety linked by a linking moiety to an antioxidant moiety, g@nd an @nionic
complement for said cationic moiety, wherein the cationic spedies is

capable of mitochondrially targeting the antioxidant species, axnd

(1)

In another aspect the invention provides a pharmaceutical composition
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.

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, terz-butylnitrosobenzene, fert-
nitrosobenzene, o-phenyl-terz-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



10the 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 15 In other embodiments theSahtioxidant moiety is selected
from the group comprising vitamin E and vitamin E derivatives, chain
breaking antioxidants, including butylated hydroxyanisole, butylated
hydroxytohiene, general radical scaveggers inclteing derivatised
fullerenes, spin traps including derivafives df

one embodiment,the lipophilig cationic
unsubstituted triphenylphasphomium-€

from about 2 to aboyf20, and herein? is & non
Preferably Z is sele¢ted from the group con
sulfonates or nitrat8s. 10Preférably each C
In a prefen-ed embodiment, the compound has the formula Il and/or its
quinol form, wherein Z is a non-nucleoppilic anion. More preferably, the
compound has the formula - 16 - (llI). In another aspect the invention
PEOVIGES: ic gioncomprising or.including a stable
o A SC AR IR S i tapiagyne or

compound comprising & cationic species’béing aip

lidideirbiyt adtinlsntp chedefycim 40, aotiGxidHa S opeienal BN ARAMRYIF moieties or

lement for said cationic moiety, wherein the cationic species Is
> gg;a%i B‘fﬁ?ﬁ%’&ﬂbﬁ%m%ﬁ%ﬁéﬂ T BeRbRidant Speaikavhergin 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
S
CHLG \/\/\@P
0
II

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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the anionic complement is not a halogen ion, and the anionic complement
is hon-nucleophilic, and/or 10the 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 eofREi"dhaumioE THE VAR08 ORI CHUBBIRRI b aving

15 antioxidants, including butylated hydroxyanisole, butylate

Hierdeyranledl agsier Aty ol Sonmn gehetieiciuding aledvatisetbophilic anion,

f i i ding derivati .
B B Pl adine,
tennitro$nbenzene cxhphud-tes-bubyiritrens JTdd SO UUSAR rin is

one empodiment, the lipophilic cationic moiety is a substituted or an 10

Qb abertd tribrehprbipHbitnmaationt it dmBbdimdmomeabout 4:1 to
n fi 57 - its quiol form, wherein
g SR O 13, oyt A O S RS ot
toatis afkgoiupoiondiy sytisientd) maibtas b5 H, and wherein n is an
integer from abogt 2.t and wherein Z is a non-reactive anion.

2
Preferabfif 2 iB'S ‘F&Pg&’ i TRPGRILOTE SREBIRS D R QRPN having the

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

10In a further embodiment, the compound hgg the formula 1l and/or its
quinol form, wherein Z is a non-nucleophilic Aniom - 18 - i a further
embodiment the co position complkésat thd ha ormula Il
and/or its qHaol farm, Whersin Z is a non-nudleophilic anig diwherein
the composition ses cyclodextrin. In vaftdus examples:#fie mola
ratio of compgue yclo in isS from-abo 1 bopt 1:

3 a
about 5:1 to about 1:5, from about 4:1 to about 1:4, ffom a

about 1:2, or about@.:1, for example the nﬁl?r ratio of compound to
cyclodextrin is about 1:2. (I

wherein the cyclodextrin is 3-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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More preferably, the composition comprises a compound having the

formula d1130 CH30 (Ill) 10wherein the cyclodextrin is p-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
cmgmﬂ%iﬁlf@i{yuﬁfgﬁn%mﬁawt%e%?%g'%fm%%- and/BF ERHBF and/or
aspect the present invention consists of a dosage unit comprising or
ifelGMRh stable compound comprising a lipophilic cationic moiety linked

by a linki i antioxidant moiety, and an.anionic complement

for said c% |§?\1%:%r57¥6§%§i%88e ér%%ﬁ’%é%ﬁ%%&é%ﬁc%%%%&é’p%@l'
diluent arig/ostharriendodionansipient sbiesditant -8 a9lioNisIBCIESADM the
capable of mitochondrially targeting the antioxidant species, and - 19 -

AR oSBT RmaHRR ot rlldgaitashinard Herkirmtinms corhpiambraaking

'S RABXIEAIROP G AR OPIRA ARIPTH ik

reactivity against the ca ioni?:ﬁmoigty,gé el é%\%gn[%%@&%%%(z@?%%@g%ume’

rgisietyal nashenb seeudirgenst i whtigdaaivatixié tfuiteenei) spénctiraps including
inal. .. In other_embodiments the antioxidant moiety is selected from

Rt b VRAR S BA U A e AR BN GIEHORG, (et

MIRIIE BRI RS, ins Ry VR S Y SR AR SALEr YRS ounds.

hydroxytoluene, general radical scavengers including derlvgtlse

fullerenednspie sabodineninthedipepliticesatibnic moiety is a substituted or an
S-clirnethylpyreoline-N-poxide, tert-butyjnitrosobenzene, tert-

%ggggéﬁggﬁéjg-ﬁﬁlg%ﬁ?ﬁgmif%h%nand related compounds. In

one embodineashibdiliRanhiie cotpRcHRRIgitAe 2&1RaleR 24 7N

unsubstituted triphenylphosphonium cation. In one embodiment the

compound has the general formula | 15 and/or its quinol form, wherein R1,

R2, and R3, which can be the same Oé differeptnare selected from C1 to

C5 alkyl (optionally substituted) moieties o dwherein n is an integer

from about 2 to 20, and wherein Z is a non

0
3 | Y
o (C)r\ !
| e
0 Ry
Rz O
1

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. ‘

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.
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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

(C)n bridge is saturated. In a further embodiment, the compound has the

formula 5 and/or its quinol form, wherein Z is a non-nucleophilic Anion.

In a further embodiment the dosage unit comprises a compound having

the foi ruuleql macer kseankio O SiRpBina 1R HE'SRRANE, andor it

anion, and wherein the composition comprises cyclodextrin. 10In various

eBinokonme wheietawb isfacaspouriteplis addstrin 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 fpaving the 15 formula Zfl - Whe

cyclodextrin is j .

compound to cyclod In one embodiment therdosa

unit is suitable for : ur [

unit is suitable %H?aren eral 5 administration.

present invention consi$ds in a dosage unit suitable for oral admini

comprising as an active ingredient a compound in accordance

present invention, the compound being of or being formulateo

crystalline form and/or non-liquid form. 10In a further aspect, tfve

invention consists in a dosage unit suitable for parenteral administration

comprising as an active ingredient a compound in accordance with the

present invention. In a further aspect, the present invention provides a

pharmaceutical composition suitable for tredtment of a patient who would

benefit fram Afrfledusen SxidRENaIRLr rRHHCEShSY 035 ' ;

which comprises or inclydegfg%ﬁ gﬁ%c%%%%?nﬁoﬂir{lt of a g)%gggsjén ﬁ%ﬁ%@ having

pﬁlé%éﬁrw%ﬁomﬁ/@mmiﬁam viom riehsreiord pharmacentadatphilic anion,
Hor:11¢| ipierrts, or diluents. In one embodiment the

?ﬁ%ﬁ%ﬁ?}%@%ﬁﬁ%@%ﬁ%ﬁﬂgwllg,g?gﬁ ple, the compound

is complexeedrivitis cyciaieidisinthe mdbavaricies ermRISSIHE MOBIRIRAHN is

Cﬁm&? nd tolfﬁyﬂodextrin is from_about 10:1 to about 1:10, from about 5:1
tSrGBb AP, FomIQRRAW: 1 A absur BRoWom latshabout s absamaboyt 4:1 to

Wtilléél,f%&@%ﬁtt@m@%@HOI%,C%W RAYRA 10, SYEIPALXIBIS the molar
about 1:2.
ratio of compound to cyclodextrin is about 1:2.

More preferably, the dosage unit comprises a compound having the

formula

-

O H;C—S—0

(IID)
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25More preferably, the compound is a compound of foilmla (Ill) and the
cyclodextrin is [3-cyclodrextrin, more preferably and the molar ratio of
compound to cyclodextrin is about 1:2. In a further aspect, the
invention provides a method of reducing oxidative stress in a cell which
comprises the step of contacting said cdff with a 30 compound of the

present | i - 22 - In,one.embadiment the compound is a
compou@{ %%#(?rr}nhtﬁacmlr? detein 8, E%ﬁ@%%n@%%@ﬁ?ﬁ%ﬁwm molar
cyattsleRtompovadavscoubsapiasig Amlar aio of compound to

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

from abdBiR $8Bedigant:thedesagisomiz is satidoletfoon abdminisdation.
for exanjple;themRlar gﬂ'ﬁ paund,to cyclodextrin is abput 1:2.

More preferably, the cgmpoﬁfﬁ%%%%aﬂggm%%&#g 0 %;,ﬁ%glkﬁﬁggq“}'ﬂqeparenteral
cadiodeigtratisnl 3-cyclodrextrin, more preferably and the molar ratio of

compougd tocé%%fdextrin IS %E)out 1:2. 10In one embodiment the
pharmacedti PhptREch ReoRrseRE dseRtiammarideatorcomponad or a

fiyHaemacRnodinionidosRhBINaae ‘ﬂﬂ@?é&ﬁ’r&p%ﬁéﬂggsﬁig?t{mourl%[%og%ge form of

parenteral administration. In a further aspect, resent’invention
previBes b florrss iothpaitphydaitabte fosrerimentoxidative stress

patien ' om ot predispose Parkinson's disease, Alzheimer's i
d%e%s@%%?r% or#asn&lr‘%sr%ergﬁ%pn? d ?CBM%@ WhithecsrlipHsasr to said

imchrdemhn effective amount of a compound of the present invention in
combination with gne_or more pharmaceutically acceptable carriers,

excipie ,%ﬁdﬁmﬂ@%ﬁ%fbﬁaﬁ%ﬁﬂﬁ%éﬁ@@p@mmﬁlﬁmﬁmrI@ or a
deg@%ﬁﬁQH?%égg}ggfgggﬁEﬁé@&a. In still a further aspect, the
invention providés a method of therapy or prophylaxis of a patient who

would bishafiethsmarsdwckthemidativk atrassstiaiibretmptises SrElASSs 2 dose

t t f inisteri 1 id ient 5 d of th t

R B R e dhile aladrrBBomdonrfeliawed by

ladinimBkamipte ,otmmomﬁﬁfgséﬂa eRMRpiexsd Wit QyElad ”&a‘ig ‘gﬂ%‘éﬁi@nance
u .

examples the molar ratio of compound to cyclodextrin Is from a
195k the prlpsseeBb G851 to about 1:5, from about 4:1 to - 23 - about

1:4, froquQfélllEl ! t.1:2..0r ut1:1, for ex le the molar ratio

of compound to%éc@ézgg#nl%s%%?oﬁb@i methanssd ?g?éFa @tﬁée compound
derapabinkd withoypdodd:afiiarmula (111) and the cyclodextrin is

p-cyclodr. xtrinlé?gwg%[ﬁ%for%{}erably and the molar ratio of 5 compound to

cyclodcXtiFSi YR errHBddiashedaEmdministration is oral
administration. In another embodiment said administration is parenteral
i
S
l H;C—§—0
CH,;0 CH; \\O

CH;O

Yo

(IID).



10

15

administration. In another aspect the invention provides a method
of therapy or 10 prophylaxis of a patient who would benefit from reduced
oxidative stress, or reduced symptoms of ageing, which comprises the
step of administering to the patient a compound of the present invention.
In yet another aspect, the invention provides a method of therapy or

prophylaxis.of a, patient suffering from.or predisppsed 1o Parkinson's
disease%%eﬁ?za% 'm@?scﬁgg)ég‘g%n{ﬁw a‘h‘/gf AL QLR Bt rably  the
Atwiiar whiohofomnpiseadtdinsiulintehiesigrbbadmmnistering to said

patent %Hcfom ound of the present invention. _ Preferably the method of

therapy Br _ xR @ﬁaﬁé‘?ﬁ%ﬁﬁ@ﬂ?&%%@ﬁ%@@ﬁsﬁo@@@wum or a
Fiedreichs AN AR ANRIRST ARRESLENS inyS %9{118[&9"6?65' AR of
of reducing oxidative stress in a cell, which comprises thé step of’

dbmprsserihgnietiovefba weenppothe wiopleyhreient ireentiont Bfanotpesms of

ect the invention provides the use of viously

as ompound as_pre
R R By A B A R P R TRRRHEA RS bl Higgeof to
waid eiphatmaceutical composition effective for use in for the reduction of
oxidative stress in a patient. In another aspect the invention provides

the usel8f lgofRbRHIsElhrigotmnEndited inanwovadandtiforoula 1T or a
?ﬁﬂ{{ﬁ%ﬁﬁ%ﬁ@ g&%{&g&@@@?ﬂ%}&%%fnit, or pharmaceutical
eftective t )

omposition r use for the reduction 0 of symptoms of aging in a
patient.In 2dother ¢mbddithenigspidttaheiniseniion psovdgrthestsR Phe a dose
c ound e present invention hi the preparation or manufacture of a
Ao o 250 O of s e SBHGSHRAP cAesmelagouied by
g diaRImen o BORBHRER! BpAleN:n liRIBOATRY BIFYSROSEnance
to Parkinson's disease, 5 Alzheimer's disease, Huntington's rea, or
dgseeidhe subadauentcltgdmprises or includes the step of administering
to said patent a compound of the present invention. Preferably the
medicament, dosage unit, or pharmaceutical composition is effective for

use in the treatment or prophylaxis Of a patient 40 Séffering from.or
predisposed to Friedrefzh's Ataxia. In anot ect the i

provides the B?—Ec?f a cmpogﬁcgi as previously d%sécribed in @
preparation or man i 'i- of a medicament, dosgge unit, or
D

pharmaceutical co On effective far use | thWn\olf bxidafive
grably;Said preparation ormanufaCturenispwith ot\her /

stress in a ceff18Pre
pore preferably pharmaceutically acceptd

material or materials,
diluents, excipients, and/or carriers. In a further aspect thepresent
invention consists in a method of synthesis of a compound i
or the moiety of the founula | 20

(111).
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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- 25 - (and/or its quinone fo) wherein R.1, R2, and R3, which can be the
same or different, are selected from CI to C5 alkyl (optionally substituted)
moieties, and wherein n is an integer from 2 to 20, said method including
or comprising the admixture of cyclodextrin. 5Preferably each C of the
(C)n bridge is saturated. Ina furtﬁér aspect the present invention
consists in a method of synthesis of a compound having the formula said
method including or comprising the admixture of cyclodextrin. Ina
further aspect the present invention conﬁs #y a methg 0 synthesis
of a compound Kaving the formuth©-te S—00CH30d 30
essent'@}g}bas hetein ggscribed. - 26 - \\Any discusg ocuments,
acts, materia ces, articles or the like @hich has bee

Frincluded iy the
present spec N is solely farthe puposeaf providingla context forthe
:l It isThot to Be taken as ah admission thAtan \o\rall 0

LSy

preserftitEntio

these matters fofn part of the prior art base or 5 were compmon general
knowledge in the field relevant to the present inventiop&s itexisted before
the priority date of each claim of this application. put this
specification the word "comprise", or variations such a pprises” or

"comprising”, will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not 10 the
exclusion of any other element, integer o 1BifP, or group of elements,
integers or steps. Throughout this specification the term "quinone”,

whether ysedalane aidialkisdaienotetelBuadasCTaR e RXdARY the

form of a compound, will be understood to include within'its scope the
rechlee datiorofofahgrolmd denpitindexieiniss aheguiiadl form. Similarly,

et st R e S SR R Sl

within its fouu. roughout this specitication the ter
"guinplismbetharjepediriopgtionis efixsidiyitinked Hey terfinbidgsmibietheto an
reduced form of a compound, will be understood to ir}clude, ithin. its .

SRS IS ForR G MatBMRKOSRINDIP TGRS S Lok e S3ifh SR §8ifm moiety,

Simil ,r]lyl, reference to a quinol, by structural depiction for example, also
“whereiy - . ,
includes within its scope the quinone form. As used herein the term
"and/or" ihgudetidmth ‘gredieands'ocapsbdptiofis ntisoabeddrady, taceritng the
"partition coefficient" and "partition

antioxidant species, an

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 3,5-dimethylpyrroline-N-oxide, tert-butylnitrosobenzene, fer-
nitrosobenzene, a-phenyl-tert-butylnitrone and related compounds.

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

unsubstituted triphenylphosphonium cation.



10

25 coefficient (octanol-water)" refer to the octan-I-ol/phosphate buffered
saline partition coefficient determined at 25C or 37C (see Kelso, G.F.,
Porteous, C.M., Conker, C.V., Hughes, G. Porteous, W.K., Ledgerwood,
E.C., Smith, R.A.J. and Murphy, M.P. 2001 J Biol Chem 276 4588. Smith,
R.A.J., Porteous, C.M., Coulter, C.V. and Murphy, M.P. 1999 Eu. J

o SRR U A AR B e

octanoliwater partition coefficient calculated using Advanced Chemistry
Development (ACD) Software Solaris V4.67 as described in JausLin, M.
L., Wirth, T., Meier, T., and Schoumagher, F
3055. 5As used herein, the phrase "acceptaple for pharmaceutical
preparation” includes within its meaning, not acceptability with
regard to pharmalgseutical ad nistratio%, but aisg eetQf formulation

for, for example, as\ceptable tiability, s | preparation
and the like. 10As used -i ein a~yon-reactive~gni ' jon which
exhibits no reactivity agai tioxiﬁant m®j ic cation,

or the linking moiety. For
comprises a target of pdcleo
Although broadly aséaaimed s
but also consists of embodiments of which the following description
. Rz . .

provides examples. In particular, a better thderstanding of the
invention will be gained with reference to the accompanying drawings. 20
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 depicts the

uptake of amphiphilic antioxidant compounds by mitochondria, wherein

t a Mitaginone-C10 intg an.energised mitochondrion is shown
s%%%}%}agtgaﬁk/&na Porﬁgt}xr’éqgﬁgpl ts Eﬁé ?gﬁihgﬁc Wiﬂ‘?@ra‘i@f&%ﬂm same or
Mitfferingre<CslBet2d RianUneneomIG I ﬁaaﬁme-s@iﬂs%éedg;&wfé&es or

picts the strycture of Mitoquinone antioxidant compounds and t

affifi o Sth& TP MPIACERbIpMBIBhPBEAV P 6 bRutsAthesdatdisrein Z is a
3lignedwithdhgiMitoquinone antioxidant compounds to indicate potential
maximum depths of penetration of the ubiquinol side chain into one leaflet
of a - 28Prplesshholibidsbitelpeted.: fiv FhB:dWiitgs Woasst@g. 6f alkyl or aryl
Mitﬁguia one-OS.trD' Mitoquininone-C10. E: Mitoquinone-C15. F:
rﬁ%s%oﬁ%f& m afé?ﬁwe 4 presents graphs showing the uptake and
binding aheftiastiaet aoURALT O BREACR R Msagured Using an fon

selective 5 electrode. A: Mitoquinone-C3. B: Mitoquinone-05. C:
Mitoquingha-ereteredambodisraictis sompolaidHzaxtadetmula
mitochondria (1 mg protein/ml) in the presence of rotenone were present
and then the antioxidant compounds were added as five sequential 1
1.1M additions (black arrowheads) to calibrate the electrode respanse For
the right hand panels thg electrodes were first 19 Ralibrated b\

sequential 1 gt &8k arrowheads) and mitochond
protein/ml) were then added. In all cases succinate was added 1o
generate a membr lal-and PECP weas.added.to dissipate it.

Data are typicaﬁ]ﬁaé)ces f experiments repeated at least 2-3 timgs. Fig
5 presents graphs showing the antioxidant efficacy of 15 antioxidant
compounds A. Mitochondria were energised with succinate (

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

More preferably, the compound has the formula
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bars) or by incubation with an ATP regenerating system consisting of
ATP, phosphoenol pymvate 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 pit FeCl2 and 300
RM H202. 20 After 15 min incubation a‘t@rc, lipid peroxidation was
estimated by measuring TBARs. Data are means range of two
independent experiments. The slight protective effect of Mitoquinone-05
on lipid perwddation in the presence of ATP;js due to some of the
Mitoquinone-05 adged from the stock solutign b@ing in theakiquinol form
B. The mitochondr pl membrane p(ﬁéﬁ 1a indtced wi
with the AFBUre erathidisystem was measured from t

a inut

ons pta2
als aftera S-miqute incyibation
endense of the

compounds was measured. All incubations were carried
presence of succinate as described for A. Results are e}
inhibition of TBARS emulation, taking the value of a sa e
FeC12/H20, in the absence of Mitoquinone analogues as 0% inhibition,

and a control sample (no FeC12/H202 a ) as 100%. The data shown

are a typical titration with 5 each concentration determined in triplicate w

SD. D: THB goathenntesrtationsvontpoavertiddet 4piaperaxdeatancBabsition

AR oS imated from three independent titrations as shownin
C. The statfstical gﬁ%&é@?‘?&ﬂ/@%’ Wﬁ@@@ﬁmﬁtaﬁaﬁ%@-wmbemg
detdipipleiticisingi Gticdentitydisdied Hesk tﬁ,ﬂ@]%?;rﬁfﬂe 095 o
10Fi dre 6 gresents a graph showing the effect of | itoqui?l%ne- iloeglntgmdant
l@f?t%%u}’ngﬁ SR PR W SUBROFERRH Y, Said criinsir meistntsvhgeiph
showing the effefiAE Milpqsigone-¢ goguino e-%’%ﬂ left .
ventricular diastolic pressure. Qﬁ%ﬂg‘é g%rggé%(f%oa T%hf@ﬁgetmg the
SHHpxidenéfpetissMitshuinone-Cl 0 15 and Mitoquinone-C3 on heart

rate. Fig § s showing the rate of left ventricular change.

resents graph
Figure 1 e%ﬁ:?gl Grap 2%5% b B o8 Mg @R8ne-C10 and

MitoquintineaGidnit pestjschrarinpiashORIpR: ERSRitgIgRy function.
Figure 11, is a graph depicting the stability of pure Mitoquinone-C10 20

(batch n&f RS s geaisiaea oot TabiRkHT@EayBY%URIhanthSCationic
NEIeBYICRIBInking moiety, or the antioxidant moiety.

¢S

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 mncluding
derivatives of 3,5-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
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Figure 12 is a graph depicting the stability of Mitoquinone-C10 (hatch no.
4) at 25C, 50%RH, Figure 13 is a graph depicting the stability of
Mitoquinone-C10 f3- 25 cyclodextrin complex (1:1) at 4C over silica, 25C,
50%RH and 40C, 75%RH. Figure 14 js a graph depicting the stability
of Mitoquirione-C10 (3- cyclodextrin con’m lex (1:2) at 4C over silica, 25C,
50%RH and 40C, 75%RH. - 30 - Figure 15 is a graph depicting the
stability of Mitoquinone-C10 Pcyclodextrin complex (1:4) at 4C over silica,
25C, 50VORH and 40C, 75%R_H. _o Fig &presents a graph
showing the stability of Mitoquinone- 610 5 | esylate in water. Figure
17 presents a graph showing stability of Mltqumon C10 mesylate in

0. OlM HCl Figure 18 prents agr ph QW ili

Iex In water.
itoquinone-C10
Figure 23 presents

Mitoquinone-C10 m leate P yclodextfln (2) co

Figure 22 presents & graph showing the stapility of
mesylate-P-cyclod&ktrin (1:2) complex in 0.0%¥
a graph showing the stability of Mitoquinone-C10 20
mesylate-P-cyclodextrin (1:2) complex in IPB, pH7.4. Figure 24
presents a graph showing the stability o Mitoquinorie-ClO

( in5 . Figure 2
mﬁg ggra%ﬁgﬁgwng%{éé@? s?f);te ét%é |ty fk‘/’ll}loéﬂ.l%%hé i%e Same or

m@pa@ddaemdrﬁ(mﬁpmp@% zdkﬂfD(‘oﬁﬁ%aBtﬂ sabghtdRd) 2R8eties or
%II:' n§ over blue snhcag re 26 presents a graph showing
the Stability of MitsdtiABnE: &%W#é’%% OBty ddaprdivhessinptessre non-
wahekive an]ﬁmure 27 presents a graph showing the stability of
Mitoquingne-C10 mesylate-P-cyclodextrin (1:1) complex in 0.01M HCI.
31-  Pigliebly phetenelecnddiohothingtherstabilitistig of alkyl or aryl
Wﬁgﬁg{gggrq&gg@esylate -P-cyclodextrin (1:1) complex in IPB pH 7.4.

Figure 29 presents a graph showing the stability of Mitoquinone-C10
mesylatePitBeryblpdachiC @£ thedCipldrindO¥smerham!. Figure 30

presentelag how g the solid state stability of Mitoquinone-C10
mesylated 60 the compaved Fesdia-forsals0% RIT
and 4C over blue S|I|ca gel. Figure 31 presents graphs of Rat plasma

concentration-time profiles of Mitoquinone-C10 after single IV (A) (10
mg/kg) and oral (B) (504ng’/kg) 10 administration to rats of

Mitoquinone-C mesy ate in Mitoquinone-C10 znesylate P-c
(1:2) complex Phasrivasolcinetic parameters derived
data are given in Ta

clodextrin

II

and/or its quinol form, wherein Z is a non-nucleophilic anion.
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DETAILED DESCRIPTION OF THE INVENTION 15As stated above, the
focus of this invention is on the mitochondrial targeting of compounds,
primarily for the purpose of therapy and/or prophylaxis to reduce oxidative
stress. Mitochondria have a subst Etial membrane potential of up to

180 mV across their inner membrane"? egative inside). Because of this
poten“a'[x;x?% MRFRANG RS EARM lPePlis: ééi@lbila@@\ﬂﬁ%wi@é@ a_compound
several-hundred fold within the mitochondrial matrix. The applicants

hawvenip el formbladdutidigtipspiitivdations, (forarimpléstaengsoprticophilic

triphenylphosphoniym cation) tg.an antioxidant meie resulting
ORI Er R A B A0 L SR oL 6 matrin

within infact gabss Thaagiiexidrstisdlaendatgeddmpauirdaty pretodsiomin is
site of free radicals and reactive oxygen species within the cell, rather

thrambehegirafdotarsiek skl fror abedatis IRatRoMbW Rirfikep about 4:1 to
determined t ties tiqyi ompo ) .
B e L Py AR (8 mola
qheimicht chamatdristicgcdd des tinkingboniety? such - 32 - as, for
example, the length of Jlipophilicity of the linking moiety, and/or the,nature
of the Iip@ﬁ?ﬁﬁd’é A an’%‘ﬁuﬁ? UQHSMIBFIES éhﬁSQ?@gﬁfldngavmg the
nd in vivo and contribute to the antioxidant functionality of the
compound. For antioxidant compounds of the present invention, efficacy
in ) vivo may in part comprise suitable bioavailability, suitable stability,
suitable phannacolcinetics suitable antioxidant gctivity, and/or suitable
mitochondrial targeting and/or accumulation. / Iné)rincipl ipophilic
cation and any antioxiglant capable of fjging-tr ed to &
the mitochondrial membrang and accumulated\at 10 or wit
mitochondri&B% %@ﬁ be employed in*fprming the campound

the invention Itlis however preferred that the lipgphilic cation be t
triphenylph iunycationheréinexemplifie .Mlip atiQ
which may covalently(%)e coupled to antioxidants in accordanc®|with t
15 present invention include the tribenzyl ammonium and phgsphanium
cations. In some examples of antioxidant compounds of the prese
invention, the lipophilic cation is coupled to the antioxidant maQiety b
saturated linear carbon chain having fr&@ 1 to about 30 carbon~dtoms, for

example from 2 to about 20, from about 2 to about 15, from about 3 to
about 10ydreframthbatchodettrabisud-tydarbonttimmsota prpfarahiatye molar

preferred example, the lineay carbon chain comprises 10 carbon atoms.
ﬁi@?@ragﬁf‘fﬁ@cﬁg’@éﬂ %ﬁ%‘%ﬂm}ﬁﬁgﬂ&gf%p (for example, C1-C20, or
CI-C15), yet,arbaibshaiswichpaisnabiinaludsapesaichors fieuhlRed for

triple bonds are also within the scope of the invention. Also included are
26rehedomigisizizonhich include one or more substituents (such as

hydroxyl,.carqoxylic acid or.amide rqu&)i r.Jnc .
side chaif b (t,ﬁcé% (s)ﬂlc ea\st {#85% se e%?gé%?giméggﬁgsgtﬁb%gg ;If&mulated
sy&sggtaﬁ@élpyﬂmmwmlkynyl groups. Also included are carbon

chains which comprise more than about 3Q carbon atoms,but w osaﬁ)

length is &8 AvARHIG ASReShrtEe PARIFMePUSTRITCRAIFISIVIAG fofPsgs unit
gt %‘%ﬁ?%\%@lﬁ@ﬁﬁl% A3stable LYHRRAPRIGHRIRIRY dhapesiiliedcitionic
that ot

the ar? oleties than a straight alicylene may be used to

covalenytlyinkelbythe Enkiingdantisipidty a0 thgikipogaiicroaigy, foad an anionic
example, substjtuted or branched allcyl groups, peptide bonds, and the ..
iRETSRICERRRE &P oBRifn GAOME AOISMic CaRNET Tkt R armaccutically
aQHQéHé@fe’HBi?éMt%@/%%%'ﬁi@/@if‘%ﬁl@{?ﬁ@ﬁw&a@i@9 11010

c

carbon atoms; such as, for example an ethylene, propylene, butylene,
pentylendlos dedidene gregies is capable” of mitochondrially targeting the

antioxidant species, and
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Antioxidant moieties useful in the present invention include those which
require interaction with reductants for antioxidant activity whether for 10
initial antioxidant activity or for the recyling of antioxidant activity, or both.
For example, antioxidant compounds P§ the present invention which
comprise as the active antioxidant moiéty a quinol moiety may be
administgeeghigdhecoumaadariy d& instiiease) apdoxidant, that is to
have antioxidant activity, the quinone must be reduced to the quinol form
by intersetieniaie SOrBDsHaRRA it naraelcrphikiga#e/ A naitochondrial
ductant such a p . for initi tiaxidant activi u .
P S e AR R R ot
teeYolidgoharitoxidathaativitkidant @ibtgxamples of antioxidant
moieties useful in_the present inve,nti?a include those which exist already

as the réB GBS ERBRAURFHI IR AREGHIda6 THAFA IS A ARINPOG RIt AL -
initial anioxjdant activiyNowithatanding: {Risys therqyent E!%I?erc’l’k‘éﬁf’%’fn the

the oxidised form of such antioxidant moieties with mjtochondna .
geduptarimpasieadvidamerebycing ofitamoxidandactivtivasor ehaimplecaking

SACE AL, Ot FoAHee TR XARD TS aRce TR Ao dene:
aetivivl, radidaieycavBseaaRtiiudiesatdnvthiredUGIEBEenssIGH BStiSS including

example, the endogenous quinone pool, thereby to recycle antioxidant
detiviaives Fﬁrﬁaérdémﬂwﬂmﬂ%%daﬁdﬁzo@ﬁé?w%mwm{emgémtert—

inyention include th t ar recycle interaction with
AR SR R A RO R S s,
useful inhenpresddinentjehdniglugailitatativhiandoléaniindsdesivativeor an
chain breakinwantioxidants, such as butylated hydroxyanisole, butylated
RSB BiGE tE PhI RS BIGEMBRA A HBal scavengers such as
derivatised WREEIIA AAUIRR SRR I RS D ickhB R act Wil free
radicals to generate stable free radicals can alsobe used. These will
include derivatives of 5,5-dimethylpyrroline-N-oxide,
tenbutylnitrosobenzene, tert-nitrosobenzene, asphenyl-tert-butylnitrone
and related compounds Prefgfred arifioxidant compounds,
including those of general formulae 10 | ad Il hereln, can be readily
prepared, for example, by the following rea tion:/ The general
synthesis strategy is to heat a precurs%r contaif stable leaving
group, preferably\g alkyl sulfaqyl, brg [ [
than 1 equivalents @f-trigtienylphgsphipe

is then izgolated \
diethyl .- until an off-white solid
i : : PAT O d| loromethane and
precipitated with digthyl ethejt to remove the exces§ triphenylphosphine.
This is repeated ugtil the sol@ no longer dissolves th chloroform. At this

. Ry : . :

point the product is recrystallised several times-from a suitable solvent
such as 20 chloroform, acetone, ethyl acetate or higher alcohols. A
preferred synthetic method which may be used to prepare a stable form of
a preferred rnitochondrially targeted antioxidant compound of foimula. -
35 - 11l (also referred to herein as Mitoquinone-C10 mesylate or

' inQne- a ) is as t ir:vli,lfga{n in
%VW glgg %%%%r&%éﬁ%ﬁﬁﬁﬁi%zb t e%%iiom ant%%ﬁmjggi%%t s
diffeacet can sekdilydéexchanged wdtkdn@haophidynsabstitidedy ondeties or
harmacaologically acceptable anjon, if this is desirgble of necessary, .
S I S € oR DK REE R AR e &R0 WHSFRR. 2 is a nop-
FppRisREmave determined that the stability of the salt form of the
antioxidant compound is enhanced when the anion does not exhibit
reactivity towards the antioxidant moiety, the finking moiety, or the
lipophilic cationic 10 moiety. For example, in the case of preferred
examples of antioxidant compounds of the invention, the anion is not
nucleophilic. It is also desirable that the anion is a pharmaceutically
acceptable anion. It is also preferred that for pharmaceutical folinulation

the anion does not exhibit reactivity towards any other agents comprising
the formiilatinn

remains. This is the
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15Examples of non-nucleophilic anions include hexafluoroantimonate, -
arsenate or -phosphate, or tetraphenylborate, tetra(perfluorophenyl)borate
or other tetrafluoroborates, trifluoromethane sulfonate, aryl and alkyl
sulfonates such as methanesulfonate and p-toluenesulfonate, and
phosphates. Examples of pharmaceu‘ti%gliy acceptable anions include

halogen jons 20 such as a flugridedon, chloride ion, bromide.jo
iodide ioff%%&g?z}bﬁng’rgsae?ﬁ(& ggdﬂs% S sfclg%)s}l it?%{g%%ﬁégghé)%ra e,y1 or aryl

siifateapiasphataisand carbonate; pharmaceutically acceptable anions of
lower allcylsulfonic acid salts SUCthS methanesulfonic acid, and

ethanesdifshrsatii b CopdhadCneaigads ptarmednions of
aryisulforieAfidkaal's iR e treeiBN A6 Be 2Brmula

naphthalenesulfonic acid mid p-totuenesulfonic acid salts;
pharmaceutically acceptable anions of organic acid salts such as

trichaoroacetic acid, trifluoroacetic acid, hydroxyacetic acid, benzgic acid,
mandelic acid, butyric agid, propionic acid, formic acid, fumar
| a

succinic acid, c¢t acid tartag.ghacid, oxalic acid,zmaleic acidjjacetic acid,

malic acid, lactic At ANAF ~--s- A - 36 - ascorbic acid salts; and
pharmaceutically accgptab idi [ i as
glutamic acid apg@spargticacid salts”™ Tthe caSe of preferred

examples antioxidant cgimpounds of the invention, the halogen anion
precursor is exchanged for aryl or alkyl 5 sulphonate anions.
include, but are not limited to, benzene sulfonate, p-toluene stdfonat
2-napthylene sulphonate, metbanesulfonate, ethanesulfonateyxy__
propanesulfonate. A particularly preferred anion is the methanesuffonate
anion. As described above, an example of gn antioxidant compound of the
invention wherein the anion is rnethanesulfonate is the 10 particularly

pag R oeHaqinl antaompeaend Didermotatticwisiilieteried to as
Mitoquinone-C10 methanesulfonate or Mitoquinone-C10Q mesylate.

The sam&geieriicsoRbadimeahtbe 108aen MUEPRRATST &rigdtound having
it - ol tioxida S
S A O S,
caribwinstiedhEesepoiltiool comasseresysl edextimE derivatives, in

which the length of the bridge coupling the Vitamin-E functign with the .
triphenyl%ﬂog 8Hﬁﬁ¥?8?%%§eﬁ?pgﬁﬂ?g‘rcg%ﬂig}yrﬁ%@%r@a REX %%?an 15
aptiexidapta Whichisabbe: used, Fominlse thaie eaking afvaxidests. 4:1 to

such as butylated hydroxyanisole, butilated hydroxytoluene, quinols and
gebeh béyrﬁm@m%ﬁ@%‘e dets aberrad derfiapbentidnérdoeaaaplgitid, molar

SPeit?l (’gr%?s O%féﬁwg%t %%%%%gtﬁv%ﬁg% Sggéqe.@ferate stable free radicals

can also be's esize Inc derivatives of
5,5-dimethidpy podferasioxite destgetyinitrosnipeisesrecompound having the
tert-nitrosobenzene, (x-phenyl-tert-butylnitrone and related compounds
2EHde 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 inventfon can be determined by
methods such as thosgydescribed hereﬁayﬁing, mpleiSolateq
mitochondria and/or 3 isolatg% cells. Whilst it is\ ue that, to

3

O

(1)
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- 37 - antioxidant compound of the present invention an antioxidant
compound must exhibit a suitably high antioxidant activity in such assays,
to be efficacious in vivo the mitochondrially targeted antioxidant
compound must exhibit other desirable ghysicochemical properties, for
example, suitable bioavailability, 5stabil 31/,'or antioxidant functionality.

Examples\%@gﬂg)%ag%' ds the od antioxidant activit

yet exhibit poor bioaval é%%lty WI'[E r%ﬁ%@?gﬁ%%g %Wg%ﬁ%ﬁ?‘?@’irﬁw molar
vivatio el dertommay moec Qe |eteyranit lsehenbae. Both of these

compoun?s must b% administered at very high dose rates (for example,

0.5 - 1.2g) ¥ BBEH Piegicatutes wHahladparehrdministration.
Examplesgf theymitechandy ogled putigxi S ¢f the

present invention exhibit gogo%i%gﬁgxiﬂégnggg véityc/{ﬁalﬁrl{dq%%@\?%%%il%ra gren teral
tf@@ﬁ%\@@%acious in vivo at low dose rates. A determination of the
bioavailat}'illit o) é%fegreed hiphilic mitochondrially targeted ‘ )
antioxidant 1% compoufd &%@8@%&%6@8&%9&%ifé&lﬁﬁ%é_zb&odosage unit
meayible dndoratyniaciexstiatomuexHeHeohis 2 GIeC HRERIR AP o compound

Example 11. We believe the antioxidant compounds of the present

ik AGSATE BECe Ha B twassBh IRy RETRRg dhn commminxdd beingtvftyr being
' ibiti itiana. its of being available
M e

as a crystalline or so ormulated as a solid
form, incréasedistisititgspethanbedbisautiiabiityiandsistsdanced dosage unit

aQti%{ggngunctiogilit IT e physical and chemical characteristics of the
antioxidant ComBeaHd: of‘aﬁgﬁ}éﬁtﬁ?ﬂw\}@WBﬁWbéﬁe%, Hefhvs ileragtient a
vishintadenbaisaddan e ety pRear HRRM i antioxidant

compounds of the present invention preferred characteristics, 25 thereby
enabling #Reft d4ehisTcanmsesitiBaspTesaldivestion pretides anhagsiaceutical

o) kcati hich t tioxidant compounds.of the prior art may
b?%@%fé%ﬁ%@%g thig)?r c%%%ﬁ%%}#ar? p%y%?(%ﬁ ro‘ﬁgf’tie Pm(goh’?é‘g}ﬁ from
eradudm@m@ﬁmesitmmmomemme@t@xiqﬁahmam@%mgsmuip%mpﬁses or
deri:gagevfg of the.formula Il defined above. For example, a quinol 30 o
JERRICR SPHRHRCRREHIOWR nfhdittananaguohiecnissentvinsiention in
- EmsemRay f IS, B3 RERH ined above, A .
further exam p?qu% g{%:ég?%’l r?gékrl%%of the in%%ﬁ%%@g@g %@r%%?oé l%l%rc%tfsdr?ﬁ{& £ lents,
I%Wﬂﬁkﬁﬁl’(@),, is (CH2)5, and the quinol moiety is the same as that of

Mitoquingpe-C1 rein referred to as Mitaquinone-05 (see Figure 3C).
Yeta furgweglg%g%%?é%% nég%fcl)en%(%‘?l F\Seaiﬁ\()mgmg atkormpsimb of
formula | in udedx 46)plés dkertaldpanddhe estisisbmeiaiits dhe1sameas

that of Mifoquinone-C10, which is referred to herein as Mitogquinone-C3

(see Figurd BEJOusIPXaMRRs Samatesrativehsompeonttt inveytloddstan is

CoBHRoANS,Of tRIMuIad dn b s 15,.and the guinal moiety is

the same as tha%n(}:# %%%%tmﬁ(@e%}frg,al% E%%égltpe er(r)gg ?O%agmm abbut 4:1 to

Mhottihuhefons dheatriglirmatbout 1Qner pirpared, teestMigRNthe molar

compound of the inyention in any pharmaceutically appropriate fotin and

c{%ﬁon %‘M’S&ﬁ‘ﬁ %h%ﬁ%@@gﬁ{‘éfﬁ/%a?ole carriers, excipients,

diluents, KRRPITEADRITES RhAFIGHY §5 2 W] ik

patient requiring therap%gandIO( prﬁophylaxig\%gﬁo%gﬁgmr%{s%g#e%%@eand the
ill i gec yolodrinann actioty totbferatibchandrighwithipliie ratio of

Yol
cells of the, patient. tioxidant compounds of the present invention
r%%%lgguggirﬁ?n@@r%%eﬁ%ﬁ 9‘69?6& and/or parenteral administration
routes. The anieidankseepou! myshRBIORRIAIES BIORHEAIS A3 hucing

20 pharmaceutical composition for administration to a patient.

SEHfdTRoTreshiBe m@g&fb@h@mm@e&)tha stemtibcahimethgsaby cell with a
[ ' i n amount of the antioxidant compound

%%%ﬁ%gﬁoé%%e %%lg%lgl?r?t is from between 0.1mg to 1000 mg per

ml of diluent of the antioxidant compound. An acetate, phosphate, citrate

or glutamate buffer may 25 be added allowing a pH of the final

composition to be from 5.0 to 9.5;
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optionally a carbohydrate or polyhydric alcohol torticifier 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 fp%njection is used to obtain the
desired concentration of solution. 30 Additional tonicifying agents such as
sodium ¢hlefidendsodpias gkaiompdmRKERIYNHpBaNAISCIBARIBSENt, if
desired. Such excipients; however, must maintain the overall tonicity of

the anticBds Sslanthe compeuadis snimplcxidrar forimladardrin.
bufferedysolutioq, w i to. by -jon concentration .
or pH, reI%r{}t%L? esa f%lﬁgﬁg s%ﬁiggg%Fp?agr%%u g}rlf/ga aqué{g)tljés %ﬁg%%%x o8
rérsist sbolarigel ofopibontattdihgfemial ssalkali] aoabdilutio, Withe siedvent] to

Characterisfic of buffered solutions, which undergo small changes_ of pFl
SR QP RERPSDLSL, 18 R0 ke bindl AR b EhiCAUIIRIA e molar
%@ﬁ&&%ﬂg@hﬁi@, SJANERH RIS BHEk 3 salt of the weak base. An

example of the former system is acetic acid 10 and sodium acetate. The
change df¢ne ryefrinbbs herammiathisuntofipminstydidoided dbesnd the
not exceed the capacity of the buffer system to neutralize i The )
SUTRA o e BayBRLAYBTH RO O e HESERY  ARSh it s BflRancal of
Ry MsdiadNH e JER Bk Ai4NR iysaylason in the range of 15approximately

5.0 t0 9.5. Other pH ranges, for example, include, 5.5 to 9.0, or 6.0 to 8.5,

or 6.5 tol8.onerembesiient thy phautfeeauisalircemapasitiore isf fibrnulated for

r |7 [on s selected from any of the following, for example, an
g)é%eqa e bu e%%{%%é}iosphate buffer or glutamate buffer, the most preferred

buffer bding fuptheszimbodinfient 2 Phuriars aittxdipemnisosonse Rgmulated
%sed to facilléi]iat administration of the compound. Examples of carriers

RERAEHAL RI@LeRim carbonate, calcium phosphate, various
sugars Sueh FRIARPRpIUCIRE. (AL BR-ALIP ST A I Cl ARlliARRutical
derivatives, gelatin, polyethylene glycols and physiologically compatible

sowyusitize/sstable éomtepatsecnichite patichiesplfésgng fionulatipredisposed to

importantly, is not needed. If included,.however, a stabilizer useful in, _,
e S A B3 et
Aeaknl. Whpeymyiiialep hadtufsiudesachicempriid A8 $8HIBLind of the
mannitol, glycerol, and polyethylene glycols (PEGs). The carbohydrates

PGSR, roRVSaiinplein. 4Apmpiiaisdt, MhBseOtehAbsEoralGharmasaatically
lﬁ'@é@)}??&kﬁ?'@aﬁﬁ‘?@% %5&9' Qs %E'&ﬁ A Suitable stabilizers include,
e, polyhi

for examp Yydric alcohdls such as sorbitol, mannitol, inositol,

glycerol Brglitohbapnd pdipeapyteriatke tiyiepe sy yodtadpg froar, aprealigosed
arjous palyethylene glycols (PEG) of molecular weight 200, 400, 1450,

%%é%?%@%@?‘@%éé?’éﬁd 8000). The United States Pharmacopeia (USP)

states tha{ gi-MicreRi 1S RORRIEAIDSHAHFM dBOASIRIR 04 of therapy or

concentrations must be added o preparations contained in multiple dose

coandislasisTaBANatad présentonllo bansdiiafeoroneehicationxdiiive stress

time of use to prevent the,multiplication of microorganisms inadvertently.
i\rﬁrl?r%c(?bc%%rllﬁ She %rre%}acr%'t?{(;eﬁ W ﬁe%ﬁ%&%ﬁ@@éﬁ%ﬁ&g cr)}f(}hgat\,%eni’ ta

wismpdirbeermipnseedidmnshewinge, or using other invasive means for
delivery, such as pen injectors. Antimicrobial agents should be evaluated

to ensurdiceRsARBARISH ARCotRBIPESRS i sorrmRoNG efdhrriadnd

to ensurd Bies ,
Ptk i et R s R e

another.Ii isarotusn ezsemydastdlindiblar agarticflleomgenndiide wffedéivein is
in one formulation but not ctive in gnother fowl-illation. A preseryative
O e oA A Lo AB, S ot 124, Bom about &1 to
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20 that prevents or inhibits microbial growth and may be added to a
pharmaceutical formulation for this purpose to avoid consequent spoilage
of the formulation by microorganisms. While the amount of the
preservative is not great, it may never_t%lgss affect the overall stability of
the antioxidant compound. Thus, even selection of a preservative can be

diffioutt.12%, \itbite e wreservatidsolar Lse by tisgragtice ﬁtgﬁa?ﬁe%ﬁé%e molar

invention can range from 0.005 to 1.0% (W/V), the preferred range for eac

pFALR REA0EPIBRE 1 Gyelodaskimdn abitiolhars, is: benzyl alcohol

(0.1-1.09 = -0.69 r phenol (0.1-0.8%) ar.comhination of

ety (0 B G PO S Ehp s e heo8oRya LD and the

payeheksiineipafabgobdredaiver BbalkiRReEDES PafaMdranierZaig, of
in

acid. -41 - A detailed description of each preservative is set fort

“BRIRRRYRShiS pYelRdskEimdarberincds” as well as Pharmaceutical

Dosage s Rassai1alMesicati Vol, 1. 1992, Avis et.al. For these
purposes, the crystalline trientlfr{lgfglﬁygr%g JIlcg)rlfidlg 85?([@1%@“6@8”‘?‘4“0“'
_administéﬁed_pméh%rallyx(jhcﬂjﬂiagﬁ SbiclitaneeRiniBIRRIONS: is  parenteral
|QH<':1ven%t_u%i intramuscular, intradermal injection or infusion techniques) or
byin Aia

atlo : : : - :
ol 8pray in dosage unit formulations containing conventional

non-toxithafmlﬂ#ﬁ@&'%ﬁéeﬁi@@{ﬁiﬁﬁ"iﬁr&%gﬁa te?ggdv% i S{Pliéy or

may also he desirable to add sodium chloride or adjust

BFIERY Brif O Rantiert i fionldations b femdingduc ¢deotdidigifies stress, o

} , this is.optional and depends on the particular, .
O e Y B BlopAEstering to the
paitistainiatynisotorl o Stherpiseesidnifieansiritation and pain would occur

at the Sim dminjstration. 15The desired isotonicity may be
accomp ORGSO ARRALN BS e srEing: Pt eutethp dak fhatipy or

PIEPLY G G LBAHERE RPIFIAL! ﬂfg%‘?%@? '?tﬂ%{rfglﬁ%e%r?g %g%%%%&%’ disease,

polyols (su)ch as mannitol and sorbit organic 0
Enesehediiashe thmpogitorsis Guiosc with B dteRs of tAeaxia which

' 0Jf ired, t enteral,formulation may be thickened with a
I R R e G BN S siompound of
e paeseniniavcetivisified form, either water in oil or oil in water. Any of a
wide variety. of pharmaceutically acceptable emulsifying agents may be
employ (f‘?ﬁ@ﬁgmg%r %ﬁ&ﬂé,‘ﬁcé@ﬁ%@ér,}ﬂ&ﬁrﬂaﬂm ssrfaftantmitient
anfeRis2BaH fartl spo Ay alae qcﬁegiﬁble to add suitable

gg%\dir% agents to the

dispersing or sus p armacedtical formulation these
may inckideyfothexarmpieciadheoirsvansioensionsidush ASHYIBEIG AN ducing

gt erl%lvgusr{%s €. trag ant&iﬁ%cacia, alginate, dextran, sodium

CATboxy methy el A oEe" MEHRA ORI s tsp- eloadpisisteriato the cell
getipourtlof the ﬁh&gﬁbﬁ@eﬁ{igfgatest importance for parenteral

products is water. Water of suitable quality for parenteral administration

must belBrépaiker cinach tlsiieeizimon: pyorddessthesmesist @nigdpound as

IS itnossibleto separate. adequately various liquid, gas and
@%@%ﬁ%ﬁ%iu@sﬁéﬁc&%ﬁ%& aft. WA acuns cefion Redicament,
osigeedritjuepupharhiclestaidse ot mrimagestisal fagpulation of ghe 4

ntion. The water may be purged with nitrogen gas to remove

resent inv
%@%8 OFifativa gikess 8t ABAISRtrom the water. It is possible that

other ingyegh 0 ral,10 pharmaceutical
formulatioi%%%?e pr s%%ﬁﬁ%é%%&%? itiona %‘é%gd‘?éi?s ¢pound as

Eﬁ@ﬂ@@ifve@mﬁbedténoﬂhﬁ(emapamemma@ﬁemﬂ@&lﬂ@;ﬁﬁé‘s%ﬁ@em&%%ﬁiﬁent,
(fors Iive&matnﬁ%gegic agents, erﬂulsifiers, antioxidants, bulking agents, .
Onicity Mo ePA ARSI ca  rOLpRsORe iEsstivier beains g oy, themesuction
mmmﬁagﬁ@ﬁqlﬁﬁg@ﬂs) and a zwitterion (e.g., an amino 15
acid such as betaine, taurine, arginine, glycine, lysine and histidine). Such
additional ingredients, of course, should not adversely affect the overall
stability of the pharmaceutical formulation of the present invention.
Containers are also an integral part of the formulation of an injection and

may be considered a component, for there is no container that is totally 20

insoluble or does not in some way affect the liquid it contains, particularly
if the lidiind ie adirieniice Therefore the calection of 2 containar for a
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Stoppers for glass vials, such as, West 4416/50, 4416/50 (Teflon faced)

and 4406/40, Abbott 5139 or any equivalent stopper can be used as the
closure 30 for the dose vial. These stoppers pass the stopper integrity test
when tested - 43 - using patient use p_aitfrns, e.g., the stopper can

withstand at least about 100 injections. “" “Each of the components of the
pharmacedutig ) i . ' m i r IS
described in Pﬁﬁnﬁﬁﬁaﬁﬁ%ﬁﬁ &%%??{53 Parengtgirgl)ail'l e%k:%%‘i’r?&“d of the
VBTeseBhEentianidbthe. mepaviies! oretiam Newrd @k aNDediOfRent, dosage

ich is,J efer .Jn its eptirety herein. | The
et LR T e D P ——
sterdiplfiffeation fachfitieg seffrifheframee yieingpRReeH R MaY A’ dﬁsease
e le, inyolve the dissolution of ingredients in a specific order, 10 suc ’
az\ﬂﬁgjeﬁ?%%?v 19E3irst %ﬁ@%’é&%@ the(iarmzenroditiefreielis, Budeis which
apsrR il 19K | | Il of the ingredients
forming the%grqgﬁ?grga@ﬂgﬁﬁtﬁéegﬁ%t e sar#\fﬁ%?eo. & e?%tnél]lﬂ?eao?%ﬂgound of
nﬁbﬁmmr@b@ﬁﬁ@m parenteral formulation for administration is the

dissolutiog of the antigxidant cqmpound form, for example,

IvIitoquir(l)cl!)ilﬁeefeaf_aLerJ‘l e@feate%-glfgr&?ahdeﬁ‘]?ﬁi‘%f:zwmtwa@? arhanmasgutical

thengsodiciohmixefRdi v Pfoespiaia Ruteredsaline o » el patient
pare g

parenteral formulations of the present invention are pr y mixin

B HRgi B o BYris RssErta Hedepiel prvieadures. For example, the

selected t | in a blender or gther 20 standard

device toﬁgrr(?gg(@é%g %ﬁ%ﬁ% rgggg%é RS RE gﬁ%@%&j&‘i@&’ﬂimd as
tpectnasonclastratiod andtitsomsipabytitie additienahvvater.oF tHIKRING ment
a&grg a bu erf 5% human serum albumin or an additional solute to ’
PSSRkt PharpacRutical ampastiacfiedirsdonesecinthe reduction of
packagied asa i geligiand/or powder to be reconstituted with a solvent

to yield a parenteral formulation in accordance with the present invention

for use ab BT otrddropadion or mamdditioretie widnWagitiAgterial or

inelu ny. suitable sterilization process when developing,

G S R T Rty i s,
puodessemivcRide filtration, steam (moist heat), - 44 - dry heat, gases
(e.g., ethylene oxide, formaldehyde, chlorine dioxide, propylene oxide,
beta-pro I%cﬁ‘ﬁfg@f o2¥RSt cHIBrdprRaeRt pivertierdidnsisthylbrermaethod of

ke adi ; ' dling. Suitable routes of
e o IR Rt
subcutaneous, intmdernaal, sub dermal, intraarticular, trathecal,
intraperitoneal, and the like.The intravenous route of administration is
preferred. Mucosal delivery is also péPmissi R
regimen will depend upon the weight and

ilitate
a pharmaceutical farmulgtion, angfor t Ce\nmrﬂ
antioxidant compound. ple, C(erier Tt
cyclodextrin and derivatjues 15 thiereof are well known in the art for their

are cyclic molecules composed of glucopyranose
I
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20 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 hydrophobi@ﬁy’ of the interior can be altered

IRy 89 SRR AR QEbgEnRral ey OPhARG R O Same or
Mterior allows accommodation of relative hy ropzlﬁoblc guests within the
daffityeritccpsrsolededid frofrole tmale cilleyIVjdyiti @rmteulsskitotadh) asoicties, and

complexatipn and the resulting product is_ referred to as an inclusion . .
m&é&.@am%%ﬁaahgﬁ?& e?ﬁ}gti%?{fﬂ%l Jagluding or Comprising the
gﬂﬁ%&[gﬁ@gg}@gg&mﬁ!tosylcyclodextrin, 30 hydroxypropylcyclodextrin,
and salts thereof - 45 - Methods of forming pharmaceutically

acceptaflectomripysitioh Coplphisitig)arbmdassiesaumitex of a

mitochondrially. taygeted antioxidant compound., in this ¢ -

Mitoquin nezl-éfﬁatg% %o%qgtg( %?h -(?:Sye(r:ngalé%?lfﬁt} Kre %cfsr%?ggse eare?rﬁ:ﬁhc’d of
Eyafhedes baadtexponid FaMeghwdsfofdaiting 5 pharmaceutically

acceptable compositions comprising an inclusion complex of a preferred
mitochondrially targeted antioxidant compound Mitoquinone-C10 mesylate

in complex with fl-cyclodextrin are disclosedg rein in Example 9 and

Example 10. The ph%sicochemical properties; inciiding fog-exan

10 pharmaceutical pfoperties, of the antioxidgnt compoung
complex c&ilidewaried by Gdr example, variatigg of the mola
antioxidant comp ) ‘
For examptgy forthe p : [

I, the molar ratio of antioxidant compound to cyclodextrin (arf
compound:cyclodexfﬁn) 15 may be from about 10:1 to about %:
about 5:1 to about 1:5, from about 4:1 to about 1:4, from a
about 1:2, or about 1:1. In a further example, the preferred
exemplary antioxidant compound Mitoquinone-C10 to cyclote:
and the cyclodextrin is f3-cyclodextrin. Alternatively, the pharmaceutically
appropriaigdonstib@ntihidag 3occemphiing theydeifeims elegdodsteon.
enhance the stability and bioavailability of the antioxidant compound. For

example [ rte ABrERatingRHajlse BESSIAN M YSBIA00 CORethtihetrdRatled of
joXd Qf‘ﬂg A &%tﬁﬁﬁ either to reduce the risk of
gﬁg@%&%ﬁ%@gﬁgg@or to rﬁr}g!’%%aéin‘t e stthability of the antioxidant

compound which might otherwise be subject to degradation by 25
exposure to the gastric environment. Most pol@mers that are used for this
purpose are polyacids that function by virtueﬁth@ fact that their solubility
in aqueous medium{s pH-dependenHAhd-thgy-require cofpditionsjwith a
pH higher %ﬁ%nor ally epgountered in the stgmach.
preferable type o ontrolled release struct@re is enteric
a solid dosage fo ' i

remaining S Qcally
period when exposef

ncorporated’in the'dosage formfor a specifr
to gastric juice, yet the enteric coatings

some administrations, a multiple-unit type dosage form, such as granules,
may be superior to a single-unit type. Therefore, in one embodiment,
antioxidant compounds of the invention m e contained in an enterically
coated multiple-unit dosage form. In a moéey referable embodiment, the
antioxidaegg@mmy@@ HesanddesnibsdlO prepared by producing particles
having an antioxidant compound -enteric coating agent solid on an inert
core material. These granules can result in prolonged absorption of the
antioxidant compound with good bioavailability. Typical enteric
coating agents include, but are not limited to,
hydroxypropylmethylcellulose phthalate, methacryclic acid-methacrylic
acid 15ester copolymer, polyvinyl acetate-phthalate and cellulose acetate

phthalate. Examples of preferred antioxidant compounds of the
nracant invzentinn and/or formiilationne and/or comnlaevece tharanf evhihit
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Stage 1 Scheme: Dichloromethane CI 9F-13005 MO1. Wt: 338.44 Al

Ivlethanesulfonyl chloride C113S02C1 Mal. Wt.: 114.55 Cal-13207S Mol.
Wt.,: 416.53 A2 Step: 51.Idebenone (Al, 0.25 kg, 0.74 naol) is dissolved
in 2.5 L of reaction grade DCM, and thezgﬂ_xture is then cooled to 10 3 C

under an inert atmosphere. 2. Triethylarmine (0.152 kg, 1.5 mol) is added in

one portioArat aSIBHIRBPAGHIRARY thediitsallowed agticles or the

S
re-equilibrate to 103 C. 10 3. A solution of methanesulfony! chicr

(0is4wBich drambigan dmmwmmﬂsatmsauuw@ﬁmm%némgmeg for the
intai int |.t t f rox,.10 - . (On_this
S B OO e B o Tk 5 i fcen s

isaagirdteidsionathatther 16r-30 mintiess, hafield Coehepked JOHLOMRIRIAN bage or
b%TLC Rf 0.65 5% Ethanol / Diclaloromethane). 6. The mixture is
t

hERTG SOHET M eshsral knesledaninsthartield mlaseistooiemresent invention
bigarberiaie SELIHPD 4R Sriblity dath JHNGLAAARIGINGRIS &P Qigigd o a
red liquid under reduce

Throughout this specification the word “comprise”, or variations such
as “comprises” or “comprising”, will be understood to imply the inclusion of a
stated element, integer or step, or group of elements, integers or steps, but not
the exclusion of any other element, integer or step, or group of elements,
integers or steps.

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

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

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

As used herein, the term “partition coefficient” and “partition
coefficient (octanol:water)” refer to the octan-1-ol/phosphate buffered saline
partition coefficient determined at 25°C or 37°C (see Kelso, G.F., Porteous,
C.M., Coulter, C.V., Hughes, G. Porteous, W.X., Ledgerwood, E.C., Smith,
R.A.J. and Murphy, M.P. 2001 J Biol Chem 276 4588. Smith, R.AJ,
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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20 pressure at 4015 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.

Stage 2 Scheme: 0 MeOMe MC 0 - 48 - Methanol OMs

C201-13207S MO). Wt.: 416.53 A2 So#ifum borohydride NaBl44 Mol. Wt.:

3P Acad Sci 100, 5407.), or the octanol/water partition coefficient calculated
using Advanced Chemistry Development (ACD) Software Solaris V4.67 as
described in Jauslin, M. L., Wirth, T., Meicr, T., and Schoumacher, F., 2002,
Hum Mol Genet 11, 3055.

As used herein, the phrase “acceptable for pharmaceutical preparation”
includes within its meaning not only an acceptability with regard to
pharmaceutical administration, but also in respect of formulation for, for
example, acceptable stability, shelf life, hygroscopicity, preparation and the
like.

As used herein a “non-reactive anion” is an anion which exhibits no
reactivity against the antioxidant moiety, the lipophilic cation, or the linking
moiety. For example, if one such moiety of the compound comprises a target
of nucleophilic attack, the anion is non-nucleophilic.

Although broadly as defined above, the invention is not limited thereto
but also consists of embodiments of which the following description provides
exampleé.

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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C201-13407S Mot. Wt.: 418.55 A3 OMs 5Step: 1. Idebenone
mesylate (Al, 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 bgghydride (0.03 kg, 0 79 mol) is

added portionwise at 10 such a rate ag'to ensure that the internal

g@m%@%f‘d%ﬁ%.%&eﬁm.CBCWSHSH%Q&I@QP@”MNJ@MM&CS. D:
ccompani

ed by a colour change: red yellow (On this scale the addition

M toquinptemeaféd 2B: hitaguinone L. ThdrepharpholiRidre is agitated for

a further 10-30 mjnutes 4. IPC checked fgr.co [0 T. A3
210,60 B Pt 5 Bl BRI A SRS A ke ot DAY of
iR QAN cBashvihd by 2Mcbyaspchiarimaaitsdutiomandrexisactadective
three times with 1.2 L of dichloromethane. 6. The combined, organic

phestendarerh MMitPARHRENSNES with MitedmineaesCahddrivlitgguinone-C10. D:
: f ; _ : .
AR oo e (bl R b a0 e ) i

evaporated to 0 a
Aftepesysng doo Bncdetaitional & hrasentinder High taeuntict dantiecmpounds

e 0 e ot 5 S04 S
YUE: 43 P016 3 EpBAstASP M@l WY thARD Banels the electrodes were first
calibrated by five sequential 1 pM additions (black arrowheads) and
mitochondria (1 mg protein/ml) were then added. In all cases succinate was
added to generate a membrane potential, and FCCP was added to dissipate it.
Data are typical traces of experiments repeated at least 2-3 times.

Figure 5 presents graphs showing the antioxidant efficacy of
antioxidant compounds. A: Mitochondria were energised with succinate (black
bars) or by incubation with an ATP regenerating system conmsisting of ATP,
phosphoenol pyruvate and pyruvate kinase (white bars). Aftér a 30 sec
preincubation with the various Mitoquinone analogues, TPMP or carrier,
oxidative stress was induced by addition of 50 uM FeCl, and 300 pM H,0,.
After 15 min incubation at 37°C, lipid peroxidation was estimated by
measuring TBARs. Data are means + range of two independent experiments.

The slight protective effect of Mitoquinone-C5 on lipid peroxidation in the

.presence of ATP is due to some of the Mitoquinone-C5 added from the stock

solution being in the ubiquinol form. B: The mitochondrial membrane potential
induced with succinate or with the ATP regenerating system was measured
from the accumulation of [H]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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A4 Step: 51.Triphenylphosphine chunks (0.383 kg 1.46 mol) are added to
Idebenol mesylate (A3, 0.304 kg, 0.73 moD in a suitably sized
round-bottomed flask. 2.The flask is then attached to a rotary evaporator
and the contents heated under vacuunééo a bath temperature of 80-85 C.
103.The mixture should form a homogérieous melt at this temperature.

Qesaealt basdianneskand daassioas %QS@HQ GrEwideats Q?ieagel‘%ﬂ%?jbition

IS displaced with an inert atmosphere and the mixture i1s'spun gently in

bathI9BAR B st Gitor, dpln. tBadughue of a saniple exposddricoRylElieno, in
by 11-] and ? A minimum qf 15 95% versjqn is required before

b5 ahsence gk Migaunone axglogtics S (hihibitak i Foagal sample
te M EEOIIRT, digdeleskin 0084- Thdichiorameitang: a tyBid? fitlltion with

ethyl acetate is then added in portions with gentle warming to precipitate

8 spBapERint Araymiseleicdsy RortpbSipRoSHNECso coRcantrations
o B R D e & ek ipod from

pres e remaining mi sth
niaeeaindepdtdenpeipatienard dhoantdd. C. Tie $heisE0aRIBRI SYEIRY relative

resir%;:e ' thelf sﬁiected to the same washing procedure twice more and
B e MHERATRRGRS ech JiRS o0 ST B sk SloRs Brtovel dailed

tqastoamOcf(3. ka-§Pp yigkd (NOTE: product still contained some solvent,
see nmr) A4 so obtained is used directly in the next step. 5 Stage 4
Scheme:Figia®16 poRsis)C Brapl shaononp shivleffyut. o6 3diBIMilodét:C10 and

O %@ﬁoAnSe-Ci% on sinus coronary flow.

Figuare 7 presents a graph showing the effect of Mitoquinone-C10 and
Mitoquinone-C3 on left ventricular diastolic pressure.

Figure 8 present a graph which shows the effect of Mitoquinone-C10
and Mitoquinone-C3 on heart rate.

Figure 9 presents graphs showing the rate of left ventricular change.

Figure 10 depicts graphs showing the effect of Mitoquinone-C10 and
Mitoquinone-C3 on post ischaemia mitochondrial respiratory function.

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

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

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

Figure 14 is a graph depicting the stability of Mitoquinone-C10 B~
cyclodextrin complex (1:2) at 4°C over silica, 25°C, 50%RH and 40°C,
75%RH.
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Step: 1. The crude mitoQuinol mesylate salt (0.44 kg, assume 0.65
mol) 10 is dissolved in 6 L of anhydrous DCM and the flask is purged with

oxygen. 2. The flask contents are vigorously stirred under an oxygen
atmosphere for 30 minutes to ensure sgturation of the solvent with the
gas. 3. A0.1L solution of 0.65M"NO2 in dry DCM (2 mol % NOZ2) is

added rapjglyin P8&LQIRGANAIBRMISIUIR ISMORIQH Y @ﬁ}f{@@hﬂﬁﬁfé @10 p-

15 oxygen atmosphere for 4-8 hours at ambient temperature.
Efcoctextkitioconmastidh: Oy aE4 " Mev en s dption 2y G B MBI |911:1€br40°C
ggr i—%’l% 5. If the oxidation is incomplete a further 2 mol% of NO2

5 tion in DCM is added. This should drive the reaction to

completipgoiip€ L9 pheckids aheph. Aowhigstneshhintie af MAdRsmne-C10

solution in DCM was required for the reaction to reach completion. 6.
syttt Katfn removed by evaporatlon under reduced pressure to

afford a LU Thi 0 f

dichlorom aneﬁe)?t ?gé%ﬁés §55¥£§@9L o ethy é\{e%glté}f Irﬁer]}/I allt &eolln gue-C10
@ﬁeéglw;a/\mmgém}ﬁﬂ@lmmg to precipitate the desired product. A small
volume of solvent js -51 - rem l}/{;@léﬁ(?vaporatlon tln(ier

pressure i8R PTSEMS e i xR gt}(h%ﬁf@tﬂgalwm@lo

nReEAMPIRNiHepAratyre and decanted.  8.The oily residue is then
finally dried undér high vacuum to constant weight to afford a red glass

(419 g, Fignyeld9 pssantsviagraphishesdst e wjobility pRdErprinone-C10
ASAS\G F(\)/Ste I?e crude mitoQuinone inesylate salt (45 0.419 kg)
PSS r with gentle heating at 40-43 C. 2. The

beta- cycp;gemmza Yrignis sepgrapy shiesoingd the?Gbliaf waier, mtlbnhty of
heating at 60 C. 153.These twq solutions are cooled to approximatel
Br/ qt% i4°C over

AYERqEneBtafato mx&mhéa {or téorte RbbraBEenebus

%lgﬁldlg ld be stored at <5 C. 4.This orange solution is then frozen at
0 Can I%Léphlllsed in batches to constant weight (at least 48 hours).
Figure 21 presents a graph showing the stability of Mitoquinone-C10

mesylate-B-cyclodextrin (1:2) complex in water.

Figure 22 presents a graph showing the stability of Mitoquinone-C10
mesylate-B-cyclodextrin (1:2) complex in 0.01M HCL

Figure 23 presents a graph showing the stability of Mitoquinone-C10
mesylate-p-cyclodextrin (1:2) complex m 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—p-cyclodextrin (1:1) complex in 0.01M HCL.
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205.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 Waé?gheived by bubbling oxygen
through the solution, indicating the oxidation 25 reaction may be driven

substant i idati RelRY exiNal h
NO2. - ggﬁéc)%AM L%@%%%g%%ﬂ%%riauyﬁzgeted 180#H5ne-C10

antisyiaiznt Saydodedtrin (1ITheconephicalrsyAbedes df Mitoquinone-C3,
Mitoquingne-05 and Mitoquinone-C15 are.outlined in Eig 2 and are .
deseribo N BB R BETSES TR HETES SRR Hiounizgne-C1o
%ﬁmat\éar@eﬁ@&mr@v@%m A AshiMRtstanagthylsilane was

the internal'standard in CDC13. For 31P NMR 85% phosphoric acid was
the exterRighstanGérdp@bentical shifish(Sylwwingpheredatide statiee stability of

standard. Elemental analyses were done by the. Campbell Micr lygj
o0 T B o BRI e TS o by rigde REL
depe using & Fhimedee LEYBRRREA0KJIquid chromatography mass

spectrometer. Stock solutions were prepared in absolute ethanol and
stored atEp@dér3thprdsekis\itepliranBat plema isersentrationetipaprofiles of

itfoquinone-C3.is shown in Eig 2A. The startin terial, 2, 3,
Ry e b I DREEERD
Slenenftiation 199 8tatetighedies b ditd C10293 sydadrepardd diyuinone-C10
reducing 2,3-dimethoxy-5-methyl-1,4-benzoquinone (CoQO) to the

hyesotatedi-coalpiestn. (Irlopospesnd@ BefundharmaqabBssiy. prggmeters
em 3303- 3310) followed b latjon to give 1 (Lipshutz, B.H.,
%]%r}@fi%%ﬁ%? : ‘%rfl an%res%x\r/%%é [E%mé% 8) Tetrahedron 20 54,
1241-1253). A solution of 1 (6.35 g, 29.9 mmol) in dry hexane (80 mL) and
N,N,N',N'-tetramethﬁletr%)élenediamine 8.6 mL) was placed with a flame-

JREd SAL-EDRER ONQFSHEARY B G5 nitrogen. A hexane
solution f n-Rutvllitoe (1R Noctf 2intivasvelawin addes! #idaemochondrial

temperature and the mixture was cooled and stirred at OC for |hr. After

Heligs t2secoofe npamddyy MEAYIYOfiPEN tHRWHOSAL Okathstrizy, and/or
and a small aliquot of the.r. jon.mixture was removed, quenched with
1%%%}1 %%ide@é%:%%ug; %y%(%ﬁ& 0 asééure complete metallation. The

yellow susfiendiondvasibes dranbferrethiaeesdnand flasatidiies Sphieri80 mV

tube containing CuCN (0.54 g, 6,03 mmol).under nitrogen at -78C, The .
nAcERse @gér\,\}%wﬁgot@ér@&mge (negatg}e )m51des. Because o? this potential,

membrane permeant, lipophilic cations accumulate several-hundred fold within
the mitochondrial matrix.

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

The applicants have now further determined that the properties of the
antioxidant compound, such as for example the nature of the antioxidant

moiety, the physical and chemical characteristics of the linking moiety, such
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30 for 10 mins, then cooled to -78 C and ally]. bromide (3 62 mL) was
added and - 53 - the reaction was stirred overnight (19 hrs) and allowed
to warm to room temperature. The reaction was quenched with 10%
agueous NH4C1 (75 mL), and extracted with ether (2 x 200 mL). The
combined ethereal extracts were wasféd with 1120 (2 x 150 mL), 10%

agéjemfse%ﬁﬂ]g} héﬁ%} . Th
org’anic solventséif WQL'Z‘IrQe01 grl'lillg}ﬁ)?/%? %gg%ﬁfc %gg(r%g(jj%n the g}?\ngg??lt%mag?é%r the
bﬁamwé@pﬁkmﬁhwmfm ga'xmraamtadhm rlﬂmilﬁfﬁ(@;fﬁq)f@bw Bftioxidant
chromatogyaphy on silica ge elution with 20% ether/hexane gave
RO A EoRRGIE T Woanypmiepanb psfionaity of the
(¥ostokadT. Ryishhtoxitan comptaAg. of - il afasdhs Ewiabna oy in

Harikoshi, H. (1993), Eur. Pat. Appl. EP 549366 Al) (6.05 g, 83.5 9%). 111
NIR 615 8ALS et ePmprise suitybledusvalahility, soridy, satd]isy8snitable

R A R AR E TE  Ra Wann

dddgetih§ dndpoviscamunliionns under argon to a stirred suspension of 9-
borabicyclo| 1gonane in THY (79 mL, 39.67 mmol, 0.5 M) at 25C. The

[3,3,1 Y.
resulting Sl RS b Ay sec RSt AanierRable of being
TuiARSp - @ ARPERS A SOROHE: t
3M I?EalQH 53 mL) was thl(g% g(?;;g%ropwigl%ﬁg\%v%%}b@?é 0 agc?ggtﬁiﬂ tod at
HPZOWY 5. nutapkeBliaues dutietycells orandrmpenaplogethénvidaning the
p&)ﬁ? assggﬁ%t VWEHONaC]' and extracted 3 times with THF. The
com wéﬁ% ? q

organic fractions Were washed with saturated aqueous NacCl,
dried (Nd2S@¥), litteracdangesfepeidtetchta giﬁ%anlgfjb@gﬁguec@i’bg Obe the
which was purified by column chromatography on silica gel (200 g, packed
MH@@M@% QUG EARM WRFeEtnEXeERbfES 1Ql‘%©rvehpgpéuﬁc cations

H2ihd Srtet -6 : - -0l (3, ' Vo
3 SipemeanE D) BRI IR i
DREe3N8 B ¢ation, HenGldAhC ienry] 2 (@it aﬂ?.@mpﬁbﬁ%ﬁaﬁl,cgﬁons.

.17 (3H, s, Ar-Me), 1.74 (2H, quintet, J=7.0 Hz, -CH2- m. Anal. calcd.

T SOI SoatBIG o' MGGt Gommsinds F dog, bieseot imvgntion, the
Sopoiponlif 3308818, daupleRerEdriathyiarmiae ﬁ&&y@/@%ﬁ%@&hmm
m

in CH2C12 (50 mL) was stirred at room temperature for Ins.

e ehaiArERs i1l sig aboat 3 cashps atomd,ifioC k2@aplGiom 2 to
j 0,mins.and.th tiqn mixtyre stirred at
B A e OB S o

room 5 temperature

(B0atntn)takiticird ongroindayeravyastivaiity prifeA2d@LamAR0 ks §8%r carbon
agueous NaHCO (13?&mL), dried (MgSO4), filtered and the solvent

BYEOTRPYSES 0 Dy FR9R A0 Bbration to afford

1-(3-me ~A-methyl- - n

(4) as atllijc?g%%%.]i g, g?@%ﬁhéﬁ{ﬂ? %g%%’(i%%’%%@]ﬁgg@%%ﬁ&nércm
@H2-E shoegachon, chamsavaiich. pptear]s ititels 368 (Bihae double or

-S02-Me), 2.70 (2H, t, J.z 7.0 Hz, Ar-CH2:), 2.17 (31l, s, Ar-Me),.1.9
%%?gm{,\)/lgé‘lﬂ-fz-%r %pe}rg%w&% &%%%&ﬁf%ﬂ@ﬁ%?@@gﬁé?@ iedied are
wabusedidiiectiyliicid foligndnereastiandy TaHBGHMAHT fEashlY.9rddoxy1
mixture of 15 triphenylphosphine (4.08 g, 15.6 mmol) and Nal (7.78 g, ?
SAGOKHiS 3ld RinfRIlfb LD Ve A6/ 0N et adgopnd los mistarsideashains or
-7 i ic.stiring for 3.hrs. during which time the

e R e L o PRl "o

wiksuphled stkyerh teowsratite arinklbdeésics e AR CHRCA3Bprise
mL). The su penj'% n was 20 then fijtered and the filtrate evaporated in
o e AR e

ghospsi Pt RTRRRR AeRsB St ST YR 2eusdlinear
auraked vilbsx essnaiReHi2RomL) 18 RESHPARGIRG NGO, The

solid was filtered and washed with ether, dried in vactio to give
pure[3-(2,3,4,5-tetramethoxy-6-methyl-pheny1)- ,
propyl]triphenylphosphonium iodide (5) (5.69 g, 90%).'li NMR 5 7.82- 25
7.65 (15H, m, Ar-11), 3.88, 3.86, 3.74, 3.73 (12H, s, OMe), 3.76-3.88 (211,
m, CH2-P+), 2.98 (211, t, J=7.0 Hz, C112-Ar), 2.13 (311, s, Ar-Me),
1.92-1.78 (211, m, -CH2-) ppm. 31P NIVIR (121.4 MHz) 5 25.32 ppm.
Anal ecaled for CROHRRINEP, - C ROQ  H BE7-P AQ Entind: C EQ Q- H
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A solution of the iodide form of 5 (4.963 g, 7 8 mmol) in CH2C12 (80 30

raL) was shalcen with 10% aqueous NaNO3 (50 mL) in a separatory

funnel for -55-5 mins. The org.nic layer was separated, dried (Na2S04),

filtered and evaporated in vacuo to giv_e3g}1e nitrate salt of 5 (4.5 g, 7.8

mmol, 100%), which was dissolved in a"mixture of CH3CN and 1120 (7:3,

38 L) andwilirbd apednad e ikt RAUNER AGAURPATRRI (Bd: than
a solu

g, 39 mmol) was then added 5 followed by dropwise addition o 1on

ofetrighhAlbriehs Mestbgaelgoarmenl incomIe Kie 20t{0xidaRt nablety to

0 i ti ' was stirred at 0C for 20 mins and then at
e B SR R R R, eptie
pborets jatel HROI{REO mL) and extracted with CH2C12 (200 mL), dried
(Na2S04), filtered and evaporated in vacuo, to give a 10 crude

13-4 8- EAHERG PRI AL - dneiDoDAL ey eviciliakad fo the antioxidant
yeuiepyiirhemny P%BEB{“&M&( i o8 Pquciwgs .
dissglé\?gd Xl CH2C§11?2 (100 naL) a%@s%akzng%§%r%%% %@té%@%ﬂ atoms; such
agtelusremplsemathyteneopyepiddnygcburaleseppeatettmr ieddRRglene group.

evaporated ir to give.the bromide salt of 6 (4.1 g, 93.6%). 11-1

NMR 8 7%8%%%8#% , rﬁ?A?§Hﬁsﬁ¥l‘}1f5-1&58&?o§’@iﬁ%}1€ﬁlzﬂm) inodede those
39hidb irbquifdMetera o hith Jed\ Rt Cbl 2 N¥ox fada: By i AFMBer for
1.85-1,70 (2H, m, -0112-) PPm. 31P NMR 5 25.29 ppm. A solution o

siBTHAl gRteSatsas vy 9TnTen-the rocylingof easieniteat aitivitd. 064 both,

26 sQlution | fonate (100 20 mL) in a :
e IS R b comprise
(m&ﬁ@??mﬁgm@omjdmﬁoiat?iqrmgjmoiﬁ@eﬁ&wF%;]@m%Iﬂg@kgd in the
methy1-3,6-dioxo-1,4-cyclahexadien-lI-yDprapyltriphenylphosphonium
R e TP 09 GSotRpRR, Hietos Abarsr ahiioidant
Aty She3 82 dAk n9a s WE ked RS- ' 7 ‘ Mot
Jz?.dﬁz, 25 C112-Ar), 2.70 (3H, lg&ggégﬁ%@)iﬂlzo%g&éﬁ@ é%%?e 1o with 2
eduetant shehhas, Emexpmpla, 8 minehRndrd 4edist 2626a3p0omplex I,

l: 3 2S: 41:.H, 5.7, P,53;S,5.5. Found. C, .
oS R USRS S Raint fussaciing 4biBe bsed aweone
t6avtiogiinoe Gt sviedd foigeeBolRipyst anman d48: 838655 mol)
was added to 2,3- 30 dimethoxy-5-methyl-1,4-benzohydroquinone (COQ)

(50 g, 0.2755h&i2mRles HlmtiedidratBtRistisg EW@U%H) thedpstisend fvention

raQiniRMBsLatua ' o,thig, sojufi ded BE3.Et20 .

(38.57 g, 0.271 mol). %@eﬁ%%ig%i%% \%\%@ Qﬁer{rae% %glr 8 c?itj)rsn‘ét)tt require

rByRTaehaBerair s odretantis fionciviidatradtoraktinnactixtite Wb ReNHStnding
or

inte.ic 500 mL) and extracted with chloroform (1000 iriL) The
R AR RS0 Tpond immissaptmeietcs
sehvde mhitashoadirerbifuvasis a:06adhs BdReycl; joxi ivi
;3-dimethoxy-5-methyl-_6-(tetrahydro- _ran-_2-ﬁy)c-iF(%e%gﬁly}%P&lgﬁgn%gwny'
Sky FHHBRAIGH HheatiedidaTh 1805tih Bewwitoadnithisered in the

RUpficalion £ SelHto u% 7 é ):.in a mixture of acetic _
acid/perchloric 10 ac(l% %%5 8%1‘ gé%%rer?f)hv%%c & o dt%%“é}%}% dpr initial
@@"mmmmmﬂﬂ?h ,(?mmsasmk Whﬁ@fl(ﬁrr]@‘éwdﬁ@iﬁg'%&%h Ants, such as, for
temperature unti rogen uptake ceased (three days). The reaction
e at%jr%%/ etﬁ%#oﬁv? tﬂ%’gﬁquePB% &Fﬁf‘&ﬁépgﬁwﬁ@ goliv¥édrantactivity.
washed wigheshanel(506) Tre sampiad S
equal portions and eggg portion added to dis%ﬁ‘é%gvggste?% otd me) apgsent
exvieRien Withideittose that 200t JeTiiel edrbpiieeracgiani ca i acts Weikdrial
E%R éb%ith brine (500 mL), saturated sodium bicarbonate (500 nal),

rine? ‘mL) and then dried (MgSO4). The mixture was then filtered and
solvents were removed in vacuo to give crude
4-acetoxy-3-(5-acetoxypentyl)-5,6-ditnethoxy-2-methyl-phenyl acetate (8)
as a red oil (110g) which 20 was used in the subsequent step without
further purification. '1-1 NMR 6 4.0- 4.15 (2H, m, -C112-0), 3.86 (611, s,
2x OMe), 2.58 (211, t, J=7.0Hz, -CH2-Ar), 2.12 (311, s, Ar-Me), 2.06 (6H,
S, 2x CH3-C=0), 2.02 (3H, s, C113-C=0), 1.35- 1.70 (611, in,

-CH2CH2CH2-) ppm. Lithium aluminium hydride (8.0 g, 0.21 mol) was
Aadded to dAdrvvy THE 25 (EOND NnalYin all roinind hottomed flack earniinnad




- 57 - quenched by the dropwise addition of 3 M FIG! (20 mL) followed by

the slow addition of distilled water (70 inL). The reaction mixture was then
filtered and the filtrate was washed with brine (2 x 300 mL), dried

(MgSO04), filtered and the solvent remaoyed in vacuo. The green residue
remaining in the filter funnel was disséﬁlgd in 15 % HC1 (500 mL) and
extractedpp 2 [,1R 6 iC ions .
were coriEgi( ﬁih(? fqu\fvfaé%gg%v%lﬂgr%ﬁ%%%%eﬁgdﬂgh%&%% h?érélavennon
agladgpoiaratnif vaslivitamia & davvaaseso e dredlkineantigiitints, such

fr filttat 0 give cryde 245- .

AR BB SRR hrortolicher @isels spdssgnera
restli@ bicFhingusducthwastuitfied wiw&%gmm%&m&ogﬁ WaB8 which
silica gel, (600 g, packed in 10 % ether/CH2C12). Elution with 10 %
é@ﬂﬁ@p@é{@;@gg@cg@nﬁ% groceaestrbladiee radicals can also be used. These

im -m -1.4-hen7oklydrogui i aterial. Elution
PR AN o b L e
dhitg 19 thawob2Bzeliree thiexy-Giros i nkenbenzecshent - &a- BOMBAMRGRS  and
was slqwly converted to the quinone 10 on standing in air and satisfactory
g@?@&%&%@could not be obtained. 1H NM.12 b 5.41 (1H, s,

Ar-011), 3 : - 6 -1, t,J=6.3
o, Cho oy, e by s MR e iyl Fobtac
1 apdiTbgBin masbOead) lymreRoeds hrtienantyie byibel H6Fagdéaction:
mmol) in C142C12 (150 mL) was saturated with oxygen gas at

atmospheric pressure and a solution of NO2 in CH2012 (1 ‘
was added. The reaction was stirred at room temperature
oxygen atmosphere for 18 hguts by which time TLC (40 %
showed the formation of th inohe 2-(5-hydroxypenty1)-

M(YPUI’ - e Br

Yy, L. (1982) Biochemistry 21, 4096-4101)(7.40 gras a red oil; 1H R 2
3.99 (6H, s, 2 x Ar- 3.6%(2H, t, 3=6.3 Hz, CH2-0H), 2.47 (2H, t,
J=6.3 Hz, ArCH2), 1-1, s, Ar 62-1.60 (2H, m,fEH2Y),
1.37-1.43 (4H, m, 2CH2-) pih 3. Asolution of 10/(7.40 g,

27.3 mmol) in CH2CI2(150 mL) and ylamine (5.46 g, 5:46-fiunol)
was prepared and a solution of methanesulfonyl chloride (2.48 g, 30

mmol) inThie 2gx 1R @ O0nyin}veais astcistdgyves 3 nliates witestfinGdighing a
sétiririﬂ%é‘ an.additional 1.5 go%giyat rogm te erai_ure the reaction

mllfx/&u S%V\H%%I%SWHWE f?ﬁ V\l%\t%&(%l s Iﬁf ) P§%’tﬁ?a&?d1§ééilm¢0msor
igerhoeater (bR NLo@RdaakiRg 0¥ 4R thyIPRIGIHIE Rk, f E%Sgs%gd several

solvent removed in vacuo to give the crudé methanesulfonate
384 oif hePhorheniumy cempaund isthendadataivis)its. 886 Mo do this the

AR R R AR A S e o
t4tiains -CHPhIEHR- )i difelinethaneshltpostewas digsoivae itde and
100 mL) and stirred for 44 hours at room

wi/v) Nal in acetone ‘

BHRFL Vs ﬁ’uf’)gh}’ﬂe% tRdRTBeScPheacsqaps s ayighasphineo This
iedhawasiaddegifanh [ i e ted with 202 (3
70 ﬁ\% and the com b(:iérﬁggola glr%eé% 1%§%P§%§v%%é%%§?%rngi§%¢ﬁ\%Pém§ the
triedngV g8 O filstallibedhdsthesd vintasagramoreduiialdcuad @ive such  as
crude 2-(5-iodopenty1)-5,6-dimethoxy-3-methyl[1,4]benzoquinone (11).
‘f&!grﬁfg uCtaﬁﬁ%%)Bfrrﬁ 1&%%@8@%%&?&@ fry on silica gel (150 g).
Elution with fefizteli2s9nehéQ0ormetes (R Bich2d [/ %
as ared oifli.)llll NW?QHS 3.99 (611, s, 2 X Aroﬁ:feé{{%&(]ztélp%é%%%e ble
fermesfaprefeyesimitochondrialiyneeizy 2100GHA, odrieynt. 8F formula
(211, quintet, J=7.5Hz, 1.38-1.48 (4H, m, -012-CH2-) ppra. Anal. caicd.
For C141119104: C, 44.5; H, 5.1; 1,33.6. Found: C, 44.6; 11,5.1; 1,33.4%.
A solution of 11 (1.14 g, 2.87 namol) in methanol (20 ml) was treated with
NaB114 (0.16 g, 4.3 mraol) and the mixture turned colourless within 1 25

minute. After 5 minutes at room temperature 5 % aqueous HC1 (100 niL)
was added and the solution was extracted with CH2C12 (2 x 50 nit). The

nraanic fractinne were combined dried (NMa<OA) filtered and the ecolvvent
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- 60 - CH2-), 1.43 (2H, m, -CH2-) ppm. 31P NMR (121.4 MHz) 8 25.47
ppm. Anal. calcd. for C32H36104P: C,59.8; H, 5.7; |, 19.8; P, 4.8; Found:
C, 60.0; H, 5.3; 1, 19.7; 13, 4.7%. Mitoquinone-C15 (16). The synthetic
route to Mitoquinone-C15 is 5 shown igFig 2C. A solution of K25208
(0.450g, 1 66 minol) in H20 (25 nalL) was added dropwise over 2.5 hours

a1a(alisert e nsiasrein aNARd§AAd®-C g MEI9lhte or Mitoquinone-C10
16-hydroxybexadecanoic acid (0.408g, 1.50 mmol), and 2,3-

ORigNiS-aS AR A8 JireRaple. 2 1Egein a9 mmol) in

H20:CH A1 7 er stirri ' t

mixture \%gglégg]f g(g%g Mﬁ%@gé%%i%e@%}g g%% n?%%?#%fg%%tm Slﬁlé)é) und
thganjerghasd veas westidy WithekdCRaiRerd 00ithl, pridaitC PBadnMMcAXiSAlly or

L) and saturated NaC1 (2 x 50.mL). The organi¢c phase was dried L.

&I@%ﬁ%ﬁf&ﬂ@a’ SHERERE AR hﬁT(?HédB %ﬁﬁ?g S (B aag)smg 1on
ColumiLE P mRloapR REE 6w Dlslga gel, 150) and elution with
mixtureS of CH2C12 and ether (0 %, 5% 20%) 15 gave 2- (15-b ydroxyp

entadecyllhesaggplivaathbayeadaiernyinadathos o gtihdity (fSheosabXogsaf the

%).as asredoil. 111 NMR 6 3.99, 3.98 (6H..s, OMe), 3.64 (2H, t,.1= . .
LTS EL s G SR Bl DU 48 R0 o oty
SRk 3theAnaloCises: f961684HHOMRIGNZ Grbiktyd §r BeyiligoPhillsSeationic
H, 9.8%. 20A mixture of triphenylphosphine (0.066g, 0.25 minol), L
prARHEr (BUBEHRE ndfdlard s ftf.mffé%zgs RRAOPIRRsCtifagoxidant

Egg%&iﬂeg Jird ﬂn%%k‘?&l@ﬂ%@%é{l@%&?hﬁél@ﬁ}gﬁh@)’ Yhiehtiadtirable

rned into a viscous red oil. The residue was dissolved in minimum
42 G2 40i6mit papithpoaceutinadlpthecdp it ptdqrodinide alsedodferred that

ecipitate. The .solvents were 25,then decanted the residue was,. .
O AT E 1 BT R P i R RO 20 (AL Sehstgtowards
48% dikkr(o@rap b AninesRIg EiitRienRImEsand after the precipitate had

settled the supernatant was poured off and the residue was washed with
1120 (5 Rrgoesrediaca-wael enphitic sBneepitnsiHdadigsaninprgantiygonate, -

emoved | uo, T i dissal ! C .
AR s B R i Srace o
regictiecttluplaberchinsa wraltuoromyshemne (Sulforlzae) fary2Ahdwikid giionates
[1544,5- dimethoxy-2-methy1-3,6-dioxo-1,4-cyclohexadien- 1-

b R B S BB o) TOMOGP B s

yellow fogszmy%e B Qﬂ:ﬁa%éﬁﬁé?ﬂIg“a%@%wi%hslﬁl'ﬂ&@ﬁaggm ions
MHZz) 5 7.6 - 58.0 (15H, m, Ar-H), 3.89 (6H, s, OMe), 3.9 (2H, m,

smeh-Ry 2. dlggrridenion,cohiorideyyon, 7bromide ian mipd(drdjesiympanions of
31P NMR (121.4 z) 525.71 ppm. Electrospray mass ctrometr
ARG, R SR i O oA Ry e T BRG e, ond
reabimuierpbnsatistacion Yueckpinbin sisient eVRIs/ef sitvenilfoallisiand salts

10 EXAMPLE 3. Properties of exemplary rnitochondrially targeted

AHeHxigametbanssuanic acignanlatbangiefanin asdd galbssnharmaceutically
r ablo . ! Al ; T

O SR JF ASRRAIE W) PR RN B RRR B acid, 2-

eipbthilenestdfone cagsdatim® priediidfesnl fohibeavitbshtindndlrmaceutically

targeted antioxidant compound, Similarly, it is believed, without wishing to .
BBy PP Hecr), FECTHS aFkisHEuthafly GFOToRcete acid,

GERBHERQE thei BrasRILIRMRN AR 2bIaaRN K3 daleliRRe BN, butyric

their physicochemical propetties. 20The partition coefficients for a variety
afcadtipuiopiondonaptlinferaie acid, fumaric acid, succinic acid, citric acid,

tartaric acid, oxalic acid, maleic acid, acetic acid, malic acid, lactic acid, and
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shown in Table 1. Octan-I-ol/PBS partition coefficients were determined by
adding 400 nmol of the compound to 2 ml PBS-saturated octan-I-ol and
mixing for 30 mm at 37C with 2 ml octan-I-ol saturated PBS. The
concentrations of the compound in the two phases were measured by UV
25 absorption at 268 nm and quantita‘té from standard curves of the

g 10 -1-0lis RBSs I apd-ol: 13 ;
B B o o amino
laeddealioedck aCglGarittx; Beid ahd aspavatiphgidwaks, 2001, J Biol Chem

276, 4588; Smith, R.. A..J., Port , C. M., Coul G.V.,and M ,
TP Todh Bo RaGeRIPRaad s s Ao a SOMBOIREY of the
wereRisRargskinaselie Ailanopandirs&? issteretiaig@@Csr thadarky alkyl

[31-11TPMP was from American Radiolabelled Chemicals Inc, (MO,
\yslRhonatofaniemsular Reanplase ioalpdatitdw cotsrideht lonésehplundgnzene

Véi& sl ”ﬁ@&%@%@é 88‘[?00&%,0@%%@‘1 'i&éh%\?ﬁl%% Sant Mgty 8 fonate,
the 5" phospnonium. For example, a’c ound within the present

igdenienl foereik) reiepaddaididitoquinoperGylatighphesear8darhion is the
bridge has a partition coefficient approximately 50-fold lower than that . .
dBs %89%?%@%?&%%%9&%?%6@%’& é!b%aﬁaﬁ%qg 2fagjtieyidant

g e oy I SaNS
\waoGultly . prefersed Brsiosislagttdphgoupdosp hormmtaddlgbergmpreferred to
4&%%?0‘&3@ 1?5%8%%8{13%50 Ot P i'*\;/(lvict]%i uérr]l%r-lé-fblr%esylate.

The same general procedure can be used to make a wide range of
mitochondrially targeted compounds with different antioxidant moieties R
attached to the triphenylphosphonium (or other lipophilic cationic) moiety or
moieties. These will include a series of vitamin E derivatives, in which the
length of the bridge coupling the Vitamin-E function with the
triphenylphosphonium (or other lipohilic cationic) moiety is varied. Other
antioxidants which can be used as R include chain breaking antioxidants, such
as butylated hydroxyanisole, butylated hydroxytoluene, quinols and general
radical scavengers such as derivatised fullerenes. In addition, spin traps, which
react with free radicals to generate stable free radicals can also be synthesized.
These will include derivatives of 35,5-dimethylpyrroline-N-oxide, tert-
butylnitrosobenzene, tert-nitrosobenzene, «-phenyl-fert-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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1 oquinone-C10 0160 + 9 Mitoquinone-05 13.9 + 1.9 Mitoquinone-C3 02.8
+ 0.3 a-Tocopherol b274 + 1.9 Bromodecylubiquinone el310 60
Idebenone d3.1 x 103 Deeylubiquinone d3,1 x 10' Coenzyme Qo d133
Coenzyme Qi d409 Coenzyme Q2 d4. 4}x04 Ubig inone (Coenzyme Qto)
'1.82 x 1025 Ubiquinol '24.53 x 1025 Deeylubiquinol d7.91 x105

antioxidant compound of the present invention an antioxidant compound must
exhibit a suitably high antioxidant activity in such assays, to be efficacious in
vivo the mitochondrially targeted antioxidant compound must exhibit other
desirable physicochemical properties, for example, suitable bioavailability,
stability, or antioxidant functionality.

Examples of antioxidant compounds that show good antioxidant
activity yet exhibit poor bioavailability with respect to the target compartment
in vivo include Coenzyme Q (CoQ) and Idebenone. Both of these compounds
must be adiministered at very high dose rates (for example, 0.5 — 1.2g) to obtain
minimal clinical effects in human patients.

Examples of the mitochondrially targeted antioxidant compounds of
the present invention exhibit good antioxidant activity and bioavailability and
thereby are efficacious in vivo at low dose rates. A determination of the
bioavailability of a preferred amphiphilic mitochondrially targeted antioxidant
compound of the present invention, Mitoquinone-C10 mesylate and a
cyclodextrin complex thereof is presented herein in Example 11. We believe
the antioxidant compounds of the present invention to be effective at
mitochondrial targeting of antioxidant activity, whilst exhibiting one or more
of the additional benefits of being available as a crystalline or solid form or
being able to be formulated as a solid form, increased stability, enhanced
bioavailability, and/or enhanced antioxidant functionaﬁty. The physical and
chemical characteristics of the antioxidant compounds of the present invention
we believe, again without wishing to be bound by any theory, confer upon the
antioxidant compounds of the present invention preferred characteristics,
thereby enabling their use in compositions, formulations and methods amongst
other applications to which the antioxidant compounds of the prior art may be
less suitable given their chemical and physical properties.

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

derivative of the invention is the compound Mitoquinone-C10 (of which the
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Idebenol '17.82 x 103 - 63 - coefficients' calculated using Advanced

Chemistry Development (ACD) Software Solaris V4.67 as described in

Jauslin, M. L., Wirth, T., Meier, T., and Schownacher, F., 2002, Hum Mol
Genet 11, 3055. Kelso, G.F., Porteous, C.M., Coulter, C. V., Hughes,

G., Porteus, W. K., 5 Ledgerwood, E. C?’,SSmith, R. A. J., and Murphy, M.

P , IPEEHENA2H0 it =) . M.
Cgﬁ?géuédvépand Murpﬂg, 1§A§§P§p§8 E%%ﬁ%é?n%g%%ogbwé' A further
SexgPeAS. 2 RersuCofithS anention iaaccburpmdb PIREA3PTIAe which

Nat.10. A ei 100..9, 5407. From their octan-I-ol/PBS partition
cggﬁ}i‘cllsefgﬁ?\?%’c Eég%éaﬂ}%ﬂ% AT s thGifeHRsm 5oL Mitoquinone-C10,
MikagiinasferfedGand MitempiiRrR-CEd B@'F?g%@%(%?g?&f a er ee)iga}mple

hydrophobicities. That of Mitoquinqne-C(g is similar to the simple, relativ
witet SeMIBRIRBADLESHBNORIAE iR somipoynibefdorsdad indieated (C), is

thatif ha r Iubili Ikyltriphenylpho nium cations .
e s SR L0, which
wish teematiotoahtreiteve dvlibegoatbaxylis agidgPigeevbi thestill o further
hgdro obi%1 alk%:%%ou egetrates into the hydrophobic core of the _
RliES RE ARSI RGEPTh S rAcaRABNstof fommeudedder which

exteig b prcete AR oy 10

therpigrpferedde peiMitfoquinosetcidr (hesFigomeiitnds is illustrated in

Fi 3, h itoquii lants aligned with g typical
ool TR AN AR of HRfefpgAaton in any
Wﬁmtmmtﬁi@aﬂmemm@é%ﬁi@%@@@ﬁ%@emmé@agtﬂmg@ymany_

those of Mitoquinone-C10.and 11/litoquirione-C15 penetrate Close to the
CBrEH IR HREEROIRABIRR S, diluenife somplopmiierisgents seriedditives, will
apd Ok GRFBROMN YIS I R ]HI-Q&Qr obicities, and depths of
penetration into the phosgr?ct)%p[dqgiﬁayer. - gﬁ%pa@'mﬁ@fé prophylaxis. Once
' rrd hEakeropenitet ot daieist tanteted nomp@ving$oTi®e mitochondria
denﬁ. nstrate that mitochondrjal targeting is effective, the uptake by
LS ottrilf1 rFaeﬁl RspiRE e he membrane potential of exemplary

antioxidantfieopaLOCEPALRAY 8PN eV AUINARRA Iay be administered

Mitoquinone-C10, and Mitoquinone-C15 was determined. To'measure the

dSRRE s Mioxrahardm pataders asharaiseatinitaontesdria, an

ion-seleciiye elep t ith, R.A.. Kelso, G.F., James,
vt and e R el BN R AR B RE imiuafe ie) "Babe, safe
ghTiptengiBalanoiipositiyn MoP ah99Z)s Biaiere. J.28Rnf 3 A S omposition

Kamo, N., Muratsygu, M., Hongoh, R. and Kobatalce, Y. (1979) J. Membr,

SO 48° 1BESPASSY. ACCURIRROL aROY RRIREY) areilerde dlECtdisiolving or
WRES 4R h fsfi J i5r ng. . .

B S N D
poRefemmeERdistiGion debsrenes. fog Smméas0remntexidahtoforihgndos the

liver mitochongdria (1 mg protein/m1) were incubated at 30C in
e M A RRES o St e O S s mey
rigesidifedl stsmingand splesonBdSma mb: tagte gl n :
FCCP (500 nM) weg?e agded where indi.catjee)gé?ﬁgig%tgét ?r%%k@ §,() o 9.5;
iBRtatly 8 erbrbudraiasparelviysdcalsehoiianitifien aduisipeservative

i rent- ifi analysed using Chart software, all
O O ST R i petioL, ctiyl,
rwargenid iy fphosben bydiférentibheaniifadatiandadceacol@iyBRf amount
cantaining.250 mM, sucrose, 5 miV] Tris-HC1, 1 mM EGTA, pH 7.4
&‘gﬁbeéh, O BGH QL S T @@&f@?ﬁﬁw dosirsdmenrratiatiomofcition.

preERisHaD s daion wr%su%ﬁ-%s(%%ak%n?-gn%oyﬁfﬂ e?%%tree%ﬁ”g;’ other

London). The prot€in conCentration was determine Ss
using BSA as a standard (Gomall, 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
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30 [31-1JIPMP to mitochondria suspended in KC1 medium (120 inM KCI,

10 mM - 65 - HEPES, pH 7.2, 1 ITN EGTA) at 25C (Brand, M.D. (1995)

in: Bioenergetics - a practical approach, pp. 39-62 (Brown, G.C. and

Cooper, C.E., Eds.) IRL, Oxford). After incubation, the mitochondria were
pelleted by centrifugation and the amoutts of [31-1]TPMP in the

S ntifated.5 Qy sgintillation coynting and
D T i R R oy, o
OBailiigmtliocveraliiddpinitgiofithd antRMBindingyeeiection of 0.4

(Brown, . and Br %M.%“%GQ%) Biochem. J. 225, 399405), We

construct fbrji@g@i%i LicPHUgESRIuHensand thafieed splitiens ovhen used

COUIER RN 4! ' , urphy, MR
(2004) Meth. Enjgmﬁg@ 2,n fﬁggogg%éﬂgggé‘n’ﬁ%%’}% J"E';\gn &PF}W of a

ME¥steroppiioeiaety 20 2g80aB0 st santo, Nsidaratsige, YF pFDRGORdding
Ra&ad(%&o?ﬁga e,(;{u. g]ﬁg%g}lxglll I\Aem . Biol. 49, 105-121). The response of

these electrodes 13 simple tphenyiphopRBHiERT- cafiotagiersficTpiputfered
Nehatians, Jhidth aniieess @ﬁ@nr@@ggséegﬁgﬁp ¥R g qgolcRiigp base, is

cgncentration] and a slope of 60 mV at 30C (Davey, G.P., Tipton, K.F. an
FoRYESONEC @tyy)Bia ke acidgmdiasali vfidhenwenk, Midamugwedk base
A Biok 49, 105-121). The . .
B g st omnaam R 32 Yol Stk Aeic acid
epstreaditusparatetoiittheChiomge adspHo §OstighahsooeentatideSamount of
apoye 101JIJVI. T&%éa il ustrate(tj in Figure 4A, right hand side, by the
logarithiric Si8c rE858 B 5L S SARAGHNS O fhenputfer system to
Miteatifiepe:C3 in the absence of mitochondria. For Mitoquinone-05,

Mitoquinone-C10 and Mitoquinone-C15 the electrode, also responded
rapidly andPStakbilisedubstpizeaisrahsimutatiopent éhof @esent invention is

pily artftaliy s enarainmendimniztinooet ol s
o ok, inite, B A ST RsRetcH e range of

Negprtieimatel pélieve Hise O ther pidataidudfophaaieit0iHieste, 5.5 t0 9.0, or
c{gr@?ogpgs. Eﬁgn S ,éﬁr all four antioxidant compounds the ion-selective
ePetttBde e MENed the: tnhdldmént of the free concentrations of the
compoungBeaertaHESRe I YREKE Y GOOFY PRl IME 5188

To measure antioxidant comp%%nd uﬁa%%&%#gﬁggné%%%ﬁ% 5%8%18%3‘1 from
tReeleéitbaefelamig: ifothexmasiacenfaatmertmffenrevpholphasiduetr or

ial_(left side.of Fijgure.4). We then mage five sequential
S B RS el e e e et bager
responseCarfidiowedaRyiiengspaateIosSHoSIERLe &1 %‘é@ﬁ‘f@téoa%%lg%feﬁgon of

embrane potential. Mitochondrial energisation led to the rapid upt

THEORMRRYRhnE X BmRISS Y GarTiers s ircimoetidndialeasalcium carbonate,
suhsgay ifian Ir olished the membrane
potentialqglr?d e%g%’t‘r%%}rgrﬁeﬁplg ge?ga@g ]%%Crg‘n? eoisnei’tgg S S EHhPae, or types
44D stefichide cethdeseexderivetingsl 0 gletrtinshoporpéaghendriablycols  and
mﬁmbrine.é)a%igntial-de ndent uptake of Mitoquinone-C3,

IS0 SOmRRBIRIALFREE10. While Mitoquinone-C15 was also
taken up Ry sriteEheNGRA ORANGIIRR T R Mg E%Q&Pofﬁﬂﬂﬁk W8 but, and
electrode response to Mitoquinone-C15 in the presence o mltoghondrla ’
WED KAY, risigiet anedertbre Ifrinedudadtifhaweyas eontrbiisayithséf@l in the

e Ieshno to, Mitogquinone-C15. in.the apbsence of mitochondria
R O R R Y B oPlaBihE ol The
pelsénakriof siislebionddtide skl %ﬁﬁb@ﬁ@@%%@@ft&ﬂ@ﬂ%@oﬁ"‘%@?&m
to deenergised mitochondria was then determined (Figure 4, right han ’
&b pebyaHadensotlyprliniBRG the aHivadmbnaimieuitoladenfomverample,
first added to the electrode chamber and then mitochondria were added in
the presence of rotenone to prevent formation of a membrane potential.

The decrease in antioxidant compound concentration on adding
mitochondria is due to binding of antioxidant compound to the
deenergised mitochondria. The subsequent 25 addition of succinate to
generate a membrane potential indicates the membrane potential

dependent uptake of the compounds, which is then reversed by addition
nf ECCP tn ahonlich the memhrane notential The free concentratinn of
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For Mitoquinone-05 there was some binding of the compound to the
deenergised mitochondria (- 0.6 nmolimg protein), however this was
negligible compared to its subsequent uptake on energisation with
succinate, of about 2.8 nmol Mitoquinone-CS/mg protein, corresponding
to an accumulation 10 ratio of about .4%103 (Figure 4B, right hand side).

A0 IO Va0 B INICSSEIEIE cse, o

Rydiodber uptake of about 1 nmol/mg protein on addition of succinate
(Figure 4C, right hand_side).,15Nearly all of the free Mitoquinong-C15 was
bound toXHHAER 3G ar%mfiﬁ@ﬁuﬁar sEatARle RalylytraeRiols such as

RPN H&%ﬁ%@}i%&@fﬁﬁuﬁi&g&fwb% polypropylene/emadene

potentiai-dependent uptake of one-C15’'was clear on the left han

giyebbtFiglymet,rswwhellentheasiout qudyretbyberse gixediigi éoreftivelecular

R RO AR AR B Ao BT ochoncria. 1n
contrast,he upidiaioiSyitesn dgadiflirsittosspeontihe dattmicrobial
utaperdebpdsadiflirsit)

hand side of Figure 4D, where the electrode response was far less
aEEitveity baakrEoRasisuremdHnsiatRtsy sABREDE At GRS hE B chee asided to

, i \ H '
R e O imAE D MR bR i
eadeqtmiaf adpoeptiatitm naitotivohiadnia’ ofensbrdoeprégint hénedmidktiplication of

Figure 4). The adsqrption ranges ftrom negligible for Mitoquinone-C3, to )
THTOOLEARAGES biRAIBF IR RBHANERS. GPiaddHiEn sFoparation. while
Niteearneine: Gladeidgeneraisednmoniitashoadia,easemtialcaliiband sa/ﬁnge,

compound binds, distributed across both - 68 - surfaces of the inner anc
citengiagbrihes. WHasi e mermpRandotalaitnassindeeel vas b@ieayeinjectors.

U il e DGR Sel AN 1 05 S oRURd 10 e AU B ACH B ther

ce of the inAer membrane from the ou race o ein

roempoarea st flanfirmalicandethbranetiitgwhonddybalkihdansdiidan total
5 compound variants are taken up into mitochondria driven by the

o \SERHE DA PRETEHGE PR RSEiBrIYR Ihonrvepwiation is
agsoRiAR G RNASRABIRY bilayetsht wReMRIHEte- AigKidan ﬁﬁ‘:%‘fé(roc{gent

exemplary mitochondrially targeted 10 compounds The compounds of

thalinve nfitactave tismbifonpuldmivbegansfinatiztie strefxrformulation.
measure ntioxida%.efficac the abilxi%lgf the%antioxid}%nt aﬁt(])mgounds t% ¢
prevent w&d’ﬁ%%‘é Ao n it nanaHa BTG SHitRA L &°1se, @ substance
agemptatientof SBARBibHtMiItatbaisiHE eteesed hterraus irgeandded to a

hydrogen 15 peroxide (Figure 5). To quantitate lipid peroxidation, the
THArEAgeuHal de TR tRE e FHSBERRR Lo (2 YR FoRs Awepivepeilage of

i . . . .ng . T I -H . .
TR B e coniae AR o BT S e i
ratgngreatpitamas Resgetheteding KystetheobReralD stdbiATP ofnidd antioxidant

phosphoenolpyruvate and 4 LI/nil pyruvate Icinase The mitochondria were
A R S () e e

E1202 forgig B & 3dSerMifeiierncebaline SRS 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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(wily) butylated hydroxytoluene in ethanol was added, followed by 200 ml
35% (v/v) HC104 and 200 ml 1% (w/v) thiobarbituric acid. Samples were
then 25 incubated for 15 min at 100C, centrifuged (5 min at 12,000 x Q)
and the supernatant transferred to a glass tube. After addition of 3 nil
water and 3 nil butan- 1-01, samples whte vortexed, and the two phases

oo i R aet M MR Bl e QBN N LB S TR rripgton's

analyse uorometric’ plate reaaer nun; 3n

tirbhanbtuig atid chagidse apeeitsa3ONBARG IvE ICDRRe vttty aParenteral
manndia,Idehyde@iMDA standard curve, - 69 - prepared from 0.01 -5 mM ___
Megisaiensnetilypropane (RS0 CE#:, PfeBiSeCPRSSidhecopystalline

HHERARe (3B - 420 %5&013496 5&@%‘5%%1 nfdigu (ﬁ*ﬂc)éluding

M.P. (2001) J: Biol. Chem. 276, 45 mitochondria enérgise
vsithautavicmte, thiediaokgrdotrdvenetsf MTBRRSWas ratyligitteydbuniection or

S AL R 5 R B o Rtatins
apdiensiciang CorBRQURadaIochoRraaRie P RasesMdatom Ol PBARS., carriers,

while the simple cation TPMP did not. This confirms that it was the
u@ﬂﬂwfﬁ@lsﬁﬁé ¥Raiales.the Mitoquinone antioxidant compounds that was

10 reSpOﬁSlB%f%s%‘ %@@é‘%ﬁ%@ﬁ%@% WﬁtﬂX&&@b?Sﬁ%F salt to adjust

interactions of‘the cation wi ria. In these experime
sticeitatecitil obtthmahiwinaendodbrdompdidivial dependitipe omptédke tdnicifier

the_ cations_into mitochondria, and ajso recycle the ubiquinone fonn of the, .
RS on B MR U R OER P MG HRAARL Bh G ation
fET {16a1S0 PG Ent 2RI 8o R ufadn CRHIR bE  YooldHRNSS: §3bsBRIaAYSisotonic
W.K., Ledgerwood, E.C., Smith, R.A.J. and Murphy, M.P. (2001) J. Biol.

Citbarviys, 458854896 )uTitnbes if asdudpain byvbeldespieuoryathalie wade of
required {ortltgg antioxidant efficacy of the Mitoquinone antioxidant
c aﬁ%%‘ﬁ

i

rs, Wé incubated mitochondria in the presence of ATP 20 and an

ATP regeTiesatingrafsigiomdity hnayohsisaothpvbesbliofifigodium chloride or
mitochondrial ATP _synthase led to extensive proton_pumping which built

upthemBRAsrRMEpEREbaPSRAREI MRfgeMudel Hipsiiesmateripigeid sodium

Sl e S et

aiiimgataiot or organic solutes. Generally, the composition is isotonic with the
blood of the subject.

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

It may also be desirable to add suitable dispersing or suspending agents
to the pharmaceutical formulation these may include, for example, aqueous
suspensions such as synthetic and natural gums i.e. tragacanth, acacia, alginate,

dextran, sodium carboxymethylcellulose, methylcellulose, polyvinyl-
pyrrolidone or gelatin.
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25 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 energ'rsé%l‘by succinate (Figure 5b, black

bars). Th e I f. Mitoguinone antioxidant compoynds hy

the respig%r%g%ﬁgﬁ %%%&g%eﬂna}%%ﬁ%ntﬁ% lﬁ% imk?@?rmﬁ% & water.

mfaterao suatebitod aati te doir partart el adiemdaniRiicaeki0bSepared either

C&g‘? mé?g%.antloxr%z;mt compounds. ~ Lower levels of lipid peroxidatiort
BHLAOR iRy JSiiFEi S QvBRsSf AmbEHRY dhese raegise dswitrpossible to

SHEEINAE LRHRNEY t : o] ith ATP:(Eigure 5A)..This i

duiﬁfg the protectiveg agég%%%g% ffe’ctgo%%h%@ns (}g%n%t%&s{ar?ﬁ}%éﬂggdﬁ% stances

cenyyrater P¥atenHiohiiy tuidndedbedbinfin tieaesancesbl SCRIPAE: in the
b idi ' fATP (J , A.M,, Smith, R.A. and

R RO B P Ao oty e Wieranay, be purged
FaignaitoBeanchdNardenisaachidy &(?a%r%}l%?fﬁ@@ﬁ%éi’cgt% _%Aflc')%)_xé@n frgit/n the

summary, all the Mitoquinone antioxidant compounds require activation
tﬁ?é@@%piratory chain to be effective antioxidants. For Figure 5A a

single co j f . r all the Mitoquinone antioxidant
compounﬁg%agggga%%ﬁﬁ%glﬁgg é%%@%i a%YehﬁgBE‘?é?ﬁlénciﬁ%?eBaﬁ?@teml
cohapoasdstinzheforeselationt sdcdihatesesypicahiBditeation isgPWAItional
F.igure 5C. This experiment suggests that the antioxidant efficacy of these
cHRredichs (,Igﬁ‘%Ia&@qﬁ%h‘ffﬁ%@ﬁgﬁg@?tﬁae%%tﬁﬁ'l&n&bﬁ@g@ﬁﬁ’lﬁ oil such as

Qseaatiiate pimire selsiiaipd enti ipid .
peroxidatic]?r?%; the four exemﬁg?aér%%ﬂ%%%é&%%r%h g%ﬁ%%n%ﬁ%%%ﬁ r#%isbuﬂqng

(PEFWE. 4 tonieHysanediditire masiel cimfzmelsaginabe oreldchfsanpiotidast (e.g.,

|ca S, Mi inQne-C15 > Mitoquinone;C10 > Mitoquinone-05 >
e A Rl 95t dbrem amino
exdnsulattessirtetaiiteclhandiie, diiviiiby Wy aWochamdbialMeOmRiant). Such
potential. For th%ﬂrquSt hydrophobic compound, Mitoquinone-C15, this

1003 | dRgERPL ke @b LOBT8Se RN DiRGIn Gy pRokspHadlipnd the overall

hilayarey Of GEtBRSomPeHRAS WainalfacHVSRRLodants and for
persistg%t antiqgidant ac%{#i%g%ver 1@%&%&5 a%?’é&ﬁ?ﬁlel‘dl Vgna{%?l%h of the
respiratofyookaimets ascyalectiae lititogrihpast arftidiicdantcontEUDE 48 ifjection

i ntioxidant form after having detoxified lipid peroxidation )
e e RSP AT b B RGPl gelbat is fotally
dntiokidanbealvpowad PR GakliRg a%@dmaﬁqﬁﬁi shifgeRondria -
;Lg]c ion. . . The effect of administ}r}::\tion of mitoc on?:ﬁ%lly targét%%yﬁculaﬂy it

ﬁé*%‘éﬁt@cﬁﬂﬁ@%ﬁs,%ﬁ@f%@laﬁhm telpgionefa@aniner for a particular
Mitegki - jac b f ion assessed using the .
e i 4 UM S ot ontainer
fesloveihgSaithesobisicatiem drhepseLoriotdpiaceRa) wilME subjected.
(rnethyltri heg{gl phospho,nium),dﬁé@quimn&ClO, and Mitoquinone-C3.
FoIIowinEgtl% LASAPHE Ao fcnerefifunnedle fsarrisdaradanhic syringe
isaiatechheppsnRiscopnestaddnthgd 2 Ds%%;u Ligolated 10 perfysion, .
system. This?is system uses retro%grfuasio%?roug fnt%g%lo??%o o%rﬁa{lnfzaf?leeule 15
théthdarvwniredaruiat fsnstalads witlasurathtoefiolesurie el draspleewas, an
measye Ygrrfda left ventricular balloon. Coronary flow was also
measured. Figuie 6 depicts the coronary flow at 10 rrunHg left ventricular

15 pressSuspfsredoh ghtie, I@algIRR A/ OWRSt @@I%V‘%%ﬂ%@sgoeﬂon faced)

me suredffreischaemia and again at zero minutes, 20 minutes,

1406{A4.600hRthRLY IVRRY sativtisntoftimpererainbe wseel wayhe closure

[ ferrani po t was performed. Significance versus
gé}el?s%{:éqhg%grgi(? %%htr%%%‘%%%ﬁféﬁi (%?&E%Qﬁo’é%g%?@%ifﬁ%nﬁ’glen tested
versus respective time control: t 20 P<0.05; tt P<0.01,; ttt P<0.001. The
results show that treatment with Mitoquinone-C10 significantly reduces the
ischaenaia-induced reduction in coronary flow. Mitoquinone-C3 has a

lesser but still significant effect at the later time points The absence of any
effect with administration of TPIVIP indicate that it is the antioxidant
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25 moiety of Mitoquinone-C10 and Mitoquinone-C3, and not the
triphenylphosphonium cation, that is responsible for the effects observed
with the mitochoncirially targeted antioxidant compounds Figure 7 depicts
the effects of treatment on left ventricular diastolic pressure at 10 inniNg.
Left ventricular diastolic pressure wasTfiéasured prior 30 to induction of

[ i ' o minutes, 20 minutes, 40 minutes -.72 - and
ggﬁ%ﬁi&%ﬁ%gﬁ%‘gﬁ%ué dn o%is%:%@aer%ié%fg IS ?c%ﬁl(gr?éIQgﬁsgmgout 100
amfestddng. on ranks with Dunns post hoc test. Significance verses
preischaemic co %LL%: * P<0.05. t represents P<0.05 versus 60 min post
ischaem{ig%éﬁtpﬁ. _ gqmgﬁ%\ﬁ_ftﬁ]é? tP@éﬁWéﬁ?Wiﬂ?MW@bﬂCﬂbed
resoie s kadkatisHonY SORHILINIBLIABSE I IphMeieHa SR Qgﬁolﬁlorms:

pressure verses untreated rats, reducing the ischaemia-induced redu
irPreevisrtiddrdiensismtic Yedsdund nd.aldsencet of.afig.eliéetonitiDekker, New

admini o] T indicate that it is the antioxidant.moiety of )
e e St S e GRS EAdD kg herein.
responsitihdortieefienisinpsemadwittdo the mishongialyiiaigsedivolves

antioxidant compounds, The effect of administration of
MARSERINENIE Heiig iltrinRomd dllinerriaps rakhasomponadisgiinectdure,
FHaiveddepictsibe; 0 r t groups .
preﬁhaen%%@aﬁ’d @ﬂ%@r&%@é@%&?&ﬂgg %mﬁ’ es an @%@%?egrder,
fonoWing the prefervotiaf Stidelhay Ricbylthsbtbiliase/ msclb Waynts, buffers

ANQVA followed. by.honferroni post hoc test, *"* represents P<0.001 )
v%?s%ﬁ%?é@cﬁé?%@%&f%ﬁf? &%&%@%é}é&%@@é@%@@%é@ﬁm@

ishbagimineeatralrTae RIS ShOW-hat irgRtment ‘@%%}hﬁf@%ﬁ&&od of

significantly reduces the ischaemia induced reduction eart rate

COFRRaHEE ® parersriadonnalatisanter eanipistiationitis domiissthtioonobf the

TRMB,indicat i i antioxidant moiety of Mitoquingne-C10, and

n%%héitrlpﬁegﬁgﬁc%#orﬁégn%ta #();%n,g aﬂ%éséﬁ%‘ﬂg?&?efh(g%}fe]agsy ate-f-

obysended tith(the mito shated rakty dilgbigdthatiexidant COmMPOMNES a phosphate

(@rﬁuac #ggﬁgn was further assessed by determining the effect of

adthifts %f mitochondrially targeted antioxidant compounds on the

rate 25 ohteaAGHEN ARl AL N I SRS GISion arc

rate of contraction in each of the four treatment groups pre-ischaemia, an

Zateppanthtes mixing dhssingredicotefaldveingn gettes Thll adeg ied getesdures.
ISC la, Figure 9B depicts the rate of relgxation in.each of the four

?r%e(grggﬁt ?Sué%"’p%?%%tﬁée‘?ﬁ’%%f’é’%é‘r‘&térmrma[i?e&%%mu?e%}a@ef or other

rstantiasdde 360 prindies fodlonipatintiion i isHAeH R IRAT D £ 3 usted

ANQVA was - 73 - performed on ranks with Dunns post hoc test

&Qrmﬁﬁéﬁa. L GepseuRAtiongmd ceiseesifithby o additings eferstiraentinckening

ﬁ@’I.é r@@fﬁ?’egtg S Telalij ithP<0.05 versu ective post

isChaemic time controls. tté%ggggéigﬁntgsl@ﬁlljl%c%é% v%éf?ﬁ%%fgi%%go control

regpetyve post ischaemic time 5control. The results show that

administr E?;n gﬁg/lg oqujnone-C10 has a statistically significant effect,

reducing ﬁﬁd@@@@miﬁﬂmpﬂﬁ@%@aﬁf berpasdirgcdras a dry
redaatiad /of theweibyeptiele oA AABRNAHI %Qﬂ%fé}&{%&?-ﬁ@ﬁ § %.ﬂé’i?teral
oc ially

data clearly show the beneficial effect of administration of mi ond
tipyadationidriaseotdmpounitih dhe prgisanfuinstemtion Godarse detdwmninge of
\ﬁ@@&ﬂgﬁ% %bserved effects on cardiac function were due to the effect of

the mitochondrial targeted antioxidant compound on mitochondria’

function,Imitgddieiogriahactiiyple-teenac pid aRd NAsYISERAGINA M3S suitable
sterilization process when developing the parenteral formulation of the present

invention. Typical sterilization processes include filtration, steam (moist heat),
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15 assessed for each of the treatment groups. Figure 10A depicts NAD
linked respiratory function of mitochondria pre and post-ischaemia for
each of the four treatment groups. Figure 10B presents FAD linked
respiratory function pit and post-ischaemia for each of the four treatment
groups. *** represents significance withf9=0.001 versus pre-ischaemic

cqutrol, tt-i. r ents 20 significance with P<0.001.versus p . .
isacﬁsazi:}ﬁ%lcﬂ’cog%gﬁ rEE’%‘hegegl S{L‘E’élesh% at Kﬂﬂ@iﬂ?ﬁ%@é@lgﬁﬁgﬁe dioxide,
statiptitaily sigiificaiictmpedisialaiteshen aﬂ'&@;oaﬁ!@bﬁ)f@ﬁﬁimﬁaﬁceﬁc acid
function gpc%gowgg |s%haem|a cogﬁgred to control rats. These results

e@&ﬁbﬂ Radepaibiheikehs amantsespaswimmeharsp e adhogdrially
targeted gptigxida p n?%% rdiag: o i .

p‘rotectiveg {(ie%aeﬁcltgor?rg rﬁﬁ%%h%%d 1a’ fuﬁgﬁng@%gjﬁw g%%ﬁ%? O%ntravenous,
Nmisginesidat10 swbaptereeusith iteytindektrinsub  dénogforimglatiagoular,
studies Mitoquinone-C10 as the bromide salt was 30 found to degrade
o@er%ﬁ%ﬁ??ﬁ(é@%ﬁﬁ%ﬁ%’?&%he@ 0%8 a %C 50% ?QI—II%WHV@W%S 400ute  of
abeidisttoaticptoReb N O RIESAN RIHIY S 4R 6 PN NI IR se and

solid state stability of Mitoquinone-C10 could be improved by complexing

viasasecirasaerillvirpeRshapendho weightrndhealiidetibeonibisete
supplied i sear imited (New Zealand). p-cyclodextri

(lot no. 7%%%2@%&%?%%5%@@ #SP edhnsiSyies %nglrfg%%? > Natfiluents,
I%Umptbmﬁtdmr@cﬁht_@,L@j vadiditpros haggd Mmlﬁ;@éﬁ Solidsstage ﬁtﬁtb@%mple’
stugdy of pure Mitoquinone-C10 Samples of Mitoquinone-C10
@b%%ﬁﬁngqglf@ﬁESXNQ e Wec iR ol omRP e, clasilatge sarbiesis or
PpRsAdierR56f SA%RiArARCRUR Hand ArioNe siliga TS PeUlsice the

were removed after 1, 2, 4, 8, 16, 32 and 64 days angljé(?ﬂ%rysed for
WigsyaHabidity f ByeantivdadettieP@anathod using Mitoquinone-C10
stored at ver.silica as control. Preparation of Mjtoguinpne-C10: . .
13-cyclo eg}g%r)% cno]%l&eg(ae%l% Wr%guég%ﬁlllg gmﬁcéﬂ%mglr(}gﬁggtwes
(e finoaesClO0kbomide Brevatodexiii botedddab 4bWeiRxation agents

prepared using Mitoquinone010 batch no. 6. Preparation of fl-Cyclodextrin

SORART i Ina o1 BleifRchentorl el ofbdeaggranicules. For
CRERGIRN QLR MAIRIY rﬁfg @@Biii%@fg%%%%we'v (ggdma{p 3 1'\%%%%{3%(1}10@

in double distilled water by Sonicating ume was
dpcto oIl with svatedter tiRrephrbtidy of Mittinermret€ ith which they are
fl-cyclodextriny(1:1 molar ratio) complex 25An ethanolic solution of
o R AR R A A A—
WAE QyAROrMEd rr@ﬁmn%ﬂﬁ@alomm&@éatetmei%Eiﬁs&aéf‘l%éggyl%%&exm

min. 13-cyclodextrin solution (10 ml) and double distilled water

wateadigedso hyedrhebicyhs wiethextednicate d iydasphiinc, - Aaking " the
R jorn. of Mj ingne- IR dextrin (1:2 molar, ratio) complex
e L R AR

Ser8@ghgulisuttaipinehCiinas] eyeperiecia B SEIHNG NBtextrin,
late 5 maintained at 37 - 45C for 10 min followed by 3 min at 50C.
%éga} dextifi sgﬁml@blﬁﬂ)‘/arﬁf d&0pIciBiSTiREd waterio0 AlyIRErethrough

aaeeaHRibie eaken WRIRINGES e SARIEHGH LChAAN s f 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,



Preparation of Mitoquinone-C10: fl--cyclodextrin (1:4 molar ratio) complex
10An ethanolic solution of Mitoquinone-C10 bromide (90mg equal to
59.95 mg of Mitoquinone-C10) was evaporated under nitrogen on a hot
plate maintained at 37-50C for 12 min. ]A}%-cyclodextrin solution (40 ml)

- -

was added to the beaker which was therr'sonicated for 20 min. All

the abovengpiytiges Wgreﬁ%%gbyﬁﬂ%?gﬂ o vegni el y
frozen solutions were freeze-dried for aﬁl%%\cg ghe%&%é%%o r‘?gg%osmon
dieOMPRELR il racl v conydee el storaitath@diially Riffesasdtiantioxidant

* scapning calorintetry of the, freeze-dried. MitoquinoneC10 ; 13-cyclodextrin
compi%gqé%a?)iWe@ﬁti%?%%%ﬁ?%Sﬁ%ﬁlm {fh@/ﬁli%ré%cyclodexmn, are
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freésdodudd B&ciomplexesawptecalried @uiaing PErKIMGERIs of forming
Differential Scanning Calorimeter PYRIS- 1. A Mitoguinone-C10 sample

wBREFSTRRCRRHAH B sEEPitRlS SATERRsHANDSSONmDrithg ennindysivgaeatplex of

33 12 mj ini N0,0219-0041, supplied by.

e et hond T BRI ISR Miaginone-c10
pungeylEtepty pamplesrevhiufead/tboskixirin baseting:lose SE8RARINGN Example 9
tem@%atur%if?n e was 50-160C with an initial hold at 50C for Imin

fotio 663? crease of 10C/min up to 160C. HPLC assay

An
HPLC methpd foymMitegsiaansaEl lo ing 3Q-met |
and 0.01M sqdi?r%%hyd.rogen pho(ils)%‘}r)l%ac?ca\lq E\%%e:lg? gléf ?ni%%ile%oéxas%?{g&p]l% the
- Blimasearéeal prapaitiasd ithy entivigldetectinpat@Bbyctodxtrin complex

i ls as.idebenaone. The.column was Prodigy ODS3100A. .
R s o ML s
thearpivahdfte epsiockivirin, dheanalids phase dagddadhamesdifiedqr example,

thqod was methanol and 5 0.01M sodium dihydrogen phosphate f
(S0T2be PredeHsthantipxadaa ramponstet ssawpipfeyaatiekttheinblar ratio

%ﬁ@y&gw ' Mi inone-C10: :

P-cyclodextrin complexes. %ﬂggﬂ%%v%%ﬁ%g%gﬁéﬁn B (%lgg‘ﬁgf; lodextrin)

irfkayebs ianeatitotlthdrie-SroHPLE aseayatBiabfity etubyel 1:5, from about
itoquinope-C10; fi-cyclodextrin complexes 10 As there were three

E%rgp 8)(380&9 itéqﬁ%&e@%ﬁ% \Zﬂ& Eg Phiektfin thabebUnt of In 2 further

Miteauiioneaie1@ieferiod saivllesAigs the Qﬂ@?ﬁﬁmﬁprﬁﬁ{%ﬁaﬂ?ﬁ compound

different. In order to expose equal amounts of Mitoquinone-C10 In all

t%@?%ﬁﬁﬁ%@‘bﬁ?&ﬁﬁh@@@ﬂ@@ﬂc@ giietissoyelededion: i4 ﬁ%gynﬂddfextrm

| ining 4 A7 toguinope-C10: 65 mg 15 0f 12
complox conEinect s BT PHAPAIRNY. caBtolif s i, Bf eatioxidant

complex containing 1.4

coomppexndntzifibg foatililtgbiditotyindnerés D e BKeBRNB bSP& INbility
th%_‘%tabili study as per the Standard Operating Procedure. Aliquots
o Eé‘%ﬁ?&fi %%Wli%\?éﬁ%‘ia FrreEds Boitings suvhetepplied to

digbRiertheMiteq %@f&e%@éf'tﬁé!%’ﬁﬂ@ﬁﬂglﬁmﬁéﬁ%%%ﬁ S@%“gg@%@ﬁ either

pl) of these solutions were diluted to 1 ml with water. A

the gedradbssiskioisuopirsantinite «ftoip arytoteintricshepexsisity of the
I ed with 20Q pl of a 10.pg/m1.solution of internal standard in

AR SRLS T oA RIFROMIE i Sk a66bo0 piRdson by

e pidine sopeivagasis dniesieginiodhe NRIE SERMRAG VBor this

25 was prepared using solutions of Mitoquinone-C10 in the concentration

rRHERPSSSS PSAVRGIAN HasticBnetios Rigintvelafidhe &igs-thetldusixtsiolubility in
erq sli ge-yellow in colour and yery fluffy in
R B SR B mnat o o
tbughetstifaa botimailyfeheolnaase diwittg: fiaskmcB0The results of DSC are
given asgﬁlzlegws: @éi) Mitoguingne-C10: When a pure sample of
Mitoquinofit2 X6 gné}%&fpg% GravE sk rielgasBoseuroe. Witbnteric
QupSARRIE 8 MiACHINRE- G WeRreRN bgerved
betwﬁéﬁegr: 130C and 14%%%W%én%ﬁ£%£ﬁé%§§;§%&§@§dﬁ% Qmgpounds
prominent peaks were
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5 observed but small peaks were observed above 120C. After analysis,
the pans were cut and the samples examined. The samples were dark
green to black in colour in both cases. f3-cyclodextrin: There was a broad
peak between 70C and 85C. Mitoquingne-C10: j3-cyclodextrin (1:1)
complex: No significant 10 peaks werfe Observed. After analysis the pan

was_cut and.examined. Th ?‘.W%ﬁe’ r sli ﬁf@d] .
{5 |§ﬁ$“l§%\8%y(%189 E}él%ﬂégnt C angg{ig d&ql\%%]oqgﬁ%%%l%gé %%nod
whencCledsodsn (fo2kasmipleuidép sighiticanepeaics westimsamedlosimred to
analysis, no colour change. in hf?samé)i%WE? 15 pbser

r

iRIGHaHe 1B TepstigRl (1950 Qﬁpmigﬁﬁ%\yn%e%www is
g@g@ﬁ@%%bah%@ aAkExRhe o ReRINas QR AL A6 Afl8Tso the

nalysis, no colour change in the sampi:é was observed. The appearance

ofiseakeasttic RHptyingHe-@10mppesteainfieton iRaicaesatrdroktingations, a

the compound are taking place with,temperature. Howeyer, as there were .
R e P R R R O A Pl gl
FENHHE toTiRgERdasion Wheneaserbintsgmplt ofiMiiaquinapewad®d of the
was analyzed, it gave a different thermogram to the first sample, In the

dRYEISTARaEI S SRBsa e A SRS S icerrtsd arulbplenyai defggp form.
f li ili r 3
%lag'qggre gfeﬁ%ﬁ}éﬁé%ﬁ#&%%ﬁeﬂ %%ﬁﬁ@ﬁt%ﬁ%%ﬁ& ﬁosa_xlge form is

itoquinon atc are'givenin Table 2 a igure 11. Table .
Proolicdtate edditying Miaotjoleoreading (batcntioxddaitacGiassuBdtttenteric
0
%@%@%@%ﬁ%@ 2%}21% 64,;%? rs;ga e%%l?d' %E%J&é‘iﬁ%’?e%%%% result in

prolonged absorption of the antioxidant compound with good bioavailability.

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

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

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

the following non-limiting experimental section.

EXAMPLE 1. Synthesis of Mitoquinone-C10

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

complex thereof.
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- 78 - 25C, 50%RH 95.11 97.46 95.06 97.52 102,8 40.76 18.37 5C, silica
gel 97.04 102.8 92.97 95.67 98.37 67.36 63.70 Solid state stability of
Mitoqumone-C10 (batch no. 3) in the absence of light at 40C, 75%RH;
25C, 50%Rli and 5C over blue silica gel. Data are means of two values
expressed as percentage of original cofitent. Due to the significant
isiwﬁitabil'ty at 25C, 50%RH compared to 40C, 5 75%R1-1, the stability

as repeated at 25C, 50% RH with MitoquinoneCIlO batch no. 4.
Téehepeend stability study was conducted both in clear and amber bottles
and the results are given in Table 3 and Figure 12. Table 3. Solid state
stability of Mitoquinone-C10 (baiehisieméjatiéme (days 1 2 4

0 Triethylamine

. 0
MeO Me EfN MeO Me
MeQ Mol Wt.: 101.19 MeO
0 o)
OH o . OMs
C19H3005
Mol. Wt.: 338.44 Methanesulfonyl chloride Mo%%lr{f’?gzg 53
CH;S0,Cl I
Al A2

Mol. Wt.: 114.55

Step:

1.  Idebenone (A1, 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. Triethylamine (0.152 kg, 1.5 mol) is added in one portion at
ambient temperature and the mixture allowed to re-equilibrate to 10 £3 °C.

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

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

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

Dichloromethane).

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

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

the next step. Yield unknown as solvent was trapped in the liquid.
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8 16 32 64 Clear Glass Bottles 88.21 93.19 92.65 93.10 94.47 62.05
57.94 Dark Amber Glass Bottles 94.84 94.52 100.28 97.65 98.03
61.4858.66 Solid state stability of Mitoquinone-C10 (batch no. 4) was
measured in the 10 absence of light at 25C, 50 VoR_H. Data are means
of three values expressed as percentargla8 of the initial content. Both
% (batches no.3 and 4) of Mitoquinone-C10 supplied by the
C stry Department showed a sudden drop in content after 16 days.
Heskewae: for batch no. 4 the degradation was not as great after 32 to 64
days 15 compared to batch no. 3. Also it was observed whether the
bottles were clear or amber had no effect on Mitoquinone-6H.0 stability.

Thid tffhone-C10 supplied fromedRiowas used foMEf ration of
thé#it -C10: P-cyclodextrin complexes. TheMeti ne-C10
supplle8 from 1RL reddlsh -yellow syrup in ethyl alcgﬁol The

OMs

stability of 20 the MltoqwnSne -CdRinPr&alad@xtrin complexes is given in
Table.4 hg res 13, 14 and 1§, ]ﬁﬁ ause of the smaltafhendts of
Mltoqumone ]10%] cyclodextrln co exes available forlys[f’uaxf/, tﬁ@r@sare
no results foadlay 1 and day 4.

Step:

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 O—
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 I 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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- 79 - Table 4. Solid state stability of Mitoquinone-C10: P-cy_clodextrin
complexes 1:1 complex  Time (days) 2 8 16 32 64 4C, silica 106.38
110.97 01.71 101.71 102.68 95.65 93.00 101.15 101.15 108.89

40C,75%12.11

-49 .
Stage 3
Scheme:
Triphenylphosphine

OH OH

MeO Me v IC\i?HISP MeO Me
ol. Wt.: 262.29

MeO MeQ

OH > OH . -

OMs 80 °C, 3 days PPhsOMs
CooH340,8 C3gHyo0,PS
Mol. Wt.: 418.55 Mol. Wt.: 680.83
A3 A4

Step:

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. TPC 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 ofethyl 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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129.22 108.77 113.48 113.49 89.25 1:2 complex  Time (days) 2 8 16 32
64 4C,silica 105.48 101.23 105.08 111.21 101.16 25C,50%RH 08.16.
-95A6 105.41

- 50 -
constant weight to afford a tan foam 0.441 kg 89% vield (NOTE: product still

contained some solvent, see nmr). A4 so obtained is used directly in the next

step.
Stage 4
Scheme:

OH o
MeO Me MeO Me
MeO ' MeO

OH . cat. NO, in DCM (0.05M) 8 \

N —
PPhaOMs - PPhyOMs
C3gHa9O7PS bCM C3gHg704PS
Mol. Wt.: 680.83 Mol. Wt.: 678.82
Ad AS

Step:

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

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

3. A0.1 Lsolution of 0.65M NO, in dry DCM (2 mol % NO,) is
added rapidly in one portion and the mixture is vigorously stirred under an
oxygen atmosphere for 4-8 hours at ambient temperature.

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

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

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

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

warming to precipitate the desired product. A small volume of solvent is
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108.55. 99.78 40C,75%RH 115.99 110.22 114.03 101.50 99.44 1:4
complex  Time (days) 2 8 16 32 64 4C, silica 105.10 115.86 100.25
107.63 107.63 25C, 50%RH

.51 -
removed by evaporation under reduced pressure (to remove DCM) and the
remaining mixture is then cooled to near ambient temperature and decanted.

8. The oily residue is then finally dried under high vacuum to
constant weight to afford a red glass (419 g, 94% yield). A5 so obtained is used

directly in the next step.
Stage 5
Scheme:
Q 0
MeO .~ Me Meo. I Me
MeO
o beta-CD, H,0 MeO r
+ = -
PPhyOMs > EPhOM
3 S
C38H47O7PS .2 beta-CD
Mol. Wt.: 678.82 Mol. Wt.: 2,949.06
A5 A6
Step:

1. The crude mitoQuinone mesylate salt (A5 0.419 kg) is dissolved
in 6L of water with gentle heating at 40-43 °C.,

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

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

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

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

flowing yellow/orange powder (1.433 kg).

An alternative synthetic method has been performed wherein the
oxidation step 3 of stage 4 of the synthetic method described above was
acheived by bubbling oxygen through the solution, indicating the oxidation
reaction may be driven substantially to completion by oxidative means other
than oxidation with NO,.
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111,46 116.03 96.61 92.40 92.40 40C, 75%11H 108.85 100.01 87.34
71.13 71.13 Solid state stability of Mitoquinone-C10: P-cyclodextrin
complexes in the absence of light at 40C, 75%RH; 25C, 50%RH and 5C
over blue silica gel. Data are means of two values expressed as
percentage. 5The results show that Mltéaumone C10 can effectlvely form

; cyciogextrlrllthT e results s W@gﬁ#&%&%ﬁ #{ggigg deant

Peoyajouiaxdisn complexes was stable under various conditions. The
results also show that the stability of Mitoquinone-C10 in the 1:4 complex

was 10debheashdnatlveyatieaiabiithitddidacire0s;CLAioghiadng-C5 and
N&%l :2 £3-cycl g Xtrin com Ie%fs EXAMPLE 8 Stability studies of

QARBRES é«gmlé Bfctidh 5%.%y%@m@€§q&ﬁ%fﬁ&@qm@§m@clear

1 e
Nﬁleg%%ﬁ%ﬁg@?v‘i‘fﬁ?@' 1|\5|M :‘?ﬁ% 0.01M NaOH g?/PB (pH 7. %}%ment
&Meﬁt@mmmészmmmmm umﬁsneﬁ/vstamnlmsbiml@dg For 3'p

d_nit for 125 d t ji
s A e o o R e GASRPBAIS () are
(109 pgimlitivéne five salvents. \E@éﬁz@fmaéﬁglwe@lw@ &R $9ke Campbell

solution of 1 mg/ml Mitoquinone-C10 5 mesylate in water. Solutions (5

myisesrngltisalin bboratary, fldpisewmit apbr RiAggen, sEdtsiresnray mass

p a liq (O. 1) were at '

353%6%4 g% 125 %%3@ an%B%II:ee ca ntﬁéuorﬁ%ﬁ%umor?%&é?%&é%neg quid

byhsm@ography mass spectrometer. Stock solutions were prepared in absolute
ethanol and stored at —20°C in the dark.

Mitoquinone-C3 (6). The synthetic route to Mitoquinone-C3 is shown
in Fig 2A. The starting material, 2, 3, 4, 5-tetramethoxytoluene (1) (Lipshutz,
B.H., Kim, S.-k., Mollard, P. and Stevens, K.L. (1998) Tetrahedron 54, 1241-

1253) was prepared by reducing 2,3-dimethoxy-5-methyl-1,4-benzoquinone

(CoQp) to the hydroquinol (Carpino, L.A., Triolo, S.A. and Berglund, R.A.
(1989) J. Org. Chem. 54, 3303- 3310) followed by methylation to give 1
(Lipshutz, B.H., Kim, S.-k., Mollard,-P. and Stevens, K.L. (1998) Tetrahedron
54, 1241-1253). A solution of 1 (6.35 g, 29.9 mmol) in dry hexane (80 mL)
and N,N,N’,N’-tetramethylethylenediamine (8.6 mL) was placed with a flame-
dried stirrer bar in a flame-dried Schlenk tube under nitrogen. A hexane
solution of n-butyl lithium (1.6 M, 26.2 mL) was slowly added at room
temperature and the mixture was cooled and stirred at 0°C for lhr. After being
cooled to ~78°C, dry tetrahydrofuran (THF; 250 mL) was added, and a small
aliquot of the reaction mixture was removed, quenched with D,0 and
examined by "H NMR to assure complete metallation. The yellow suspension
was then transferred to a second flame-dried Schlenk tube containing CuCN
(0.54 g, 6.03 mmol) under nitrogen at —~78°C. The mixture was warmed to 0°C
for 10 mins, then cooled to —78 °C and allyl bromide (3.62 mL) was added and
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The results are given in Table 5. The stability of Mitoquinone-C10 10
mesylate in 0.01M NaOH is not included because Mitoquirione-C10
mesylate decomposed in this solvent within 15 minutes. The results show
that (a) solution stability is independen f?f the atmosphere above the
solution and (b) temperature has a significant effect on the stability of

“&i@%&[&%%&'@%@@'\b@%ﬁ%@f&e 161Gyl 3k a8 Swel YHON SEAPIEY room
of Mitoquinone-C10 mesylate in 4 different sOlvents under different

centitoaisr€ohbiicsasimenap aysindhed gith 30%4qpsonaiSH Al ¢BCmL),
ge?ng %}%t?ag%& \gm/%ﬂ% gt?rigr %ﬁ?{ %)6 %]_Ij tgr’cé‘gﬁbﬁ)& ge%%r%gloextracts were
washed with H,O (2 x 150 mL), 10% aqueous NH4OH (200 mL) and saturated
aqueous NaCl (200 mL). The organic solvents were dried over MgSQOy, filtered
and the solvent removed by rotary evaporation in vacuo to give a crude product
(7.25g). Column chromatography on silica gel and elution with 20%
ether/hexane gave pure 1,2,3,4-tetramethoxy-5-methyl-6-(2-propenyl)benzene
(2) (Yoshioka, T., Nishi, T., Kanai, T., Aizawa, Y., Wada, K., Fujita, T. and
Horikoshi, H. (1993), Eur. Pat. Appl. EP 549366 Al) (6.05 g, 83.5 %). 'H
NMR § 5.84-5.98 (1H, m, -CH=C), 4.88—5.03 (2H, m, =CH,), 3.78, 3.80, 3.90,
3.92 (12H, s, OMe), 3.38 (2H, d, J= 7.0Hz, Ar-CH,), 2.14 (3H, s, Ar-Me)
ppm.

A solution of 2 (8.0 g, 33.05 mmol) in dry THF (45 ml) was added
dropwise over 20 mins under argon to a stirred suspension of 9-
borabicyclo[3,3,1]nonane in THF (79 mL, 39.67 mmol, 0.5 M) at 25°C. The
resulting solution was stirred overnight at room temperature and for a further 2
brs at 65°C under argon. The mixture was then cooled to 0°C and 3 M NaOH
(53 mL) was then added dropwise followed by 30% aqueous HyO, (53 mL).
After 30 mins stirring at room temperature, the water phase was saturated with
NaCl and extracted 3 times with THF. The combined organic fractions were
washed with saturated aqueous NaCl, dried (Na,SO,), filtered and evaporated
to give an oily residue (11.5 g) which was purified by column chromatography
on silica gel (200 g, packed with ether/hexane 1:9). Elution with ether/hexane
1:4 gave pure 3-(2,3,4,5-tetramethoxy-6-methyl-phenyl)-propan-1-ol (3) as a
viscous, colourless oil (6.85 g, 80%). 'H NMR §3.91, 3.90, 3.84, 3.79 (12H,
s, OMe), 3.56 (2H, t, J=7.0Hz, -CH,-OH), 2.72 (2H, t, J=7.0 Hz, Ar-CH,),
2.17 (3H, s, Ar-Me), 1.74 (2H, quintet, J=7.0 Hz, -CH,-) ppm. Anal. calcd. for
C14H2,0s5: C, 62.2; H, 8.2. Found: C, 62.2; H, 8.4%.
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A solution of 3 (3.88 g, 15 mmol) and triethylamine (3.0 g, 30 mmol,
4.2 mL) in CH,Cl, (50 mL) was stirred at room temperature for 10 mins.
Methanesulfonyl chloride (1.8 g, 1.20 mL, 15.75 mmol) in CH,Cl, (50 mL)
was added dropwise over 20 mins and the reaction mixture stirred at room
temperature for 1 hr. The mixture was then diluted with CH,Cl, (50 mL) and
the organic layer was washed with H,O (5 x 100 mL), 10% aqueous NaHCO;
(100 mL), dried (MgSO,), filtered and the solvent removed in vacuo by rotary
evaporation to afford 1-(3-methanesulfonyloxypropyl)-2-methyl-3.4,5,6-
tetramethoxybenzene (4) as a liquid (4.8 g, 95 %). "H NMR & 4.27 (2H, t, ] =
7.0 Hz, -CH,-0-80,-Me), 3.91, 3.89, 3.82, 3.78 (12H, s, OMe), 3.03 (3H, s, -
0-50,-Me), 2.70 (2H, t, J = 7.0 Hz, Ar-CHy-), 2.17 (3H, s, Ar-Me), 1.9 (2H,
m, ~-CH,-) ppm.

The crude methanesulfonate 4 (3.30 g, 9.8 mmol) was used directly in
the following reaction by mixing with a freshly ground mixture of
triphenylphosphine (4.08 g, 15.6 mmol) and Nal (7.78 g, 51.9 mmol) in a
Kimax tube and sealed under argon. The mixture was then held at 70-74°C
with magneftic stirring for 3 hrs during which time the mixture changed from a
molten thick liquid into a glassy solid. The tube was cooled to room
temperature and the residue stirred with CH,Cl, (30 mL). The suspension was
then filtered and the filtrate evaporated in vacuo. The residue was dissolved in
a minimum amount of CH,Cl, and triturated with excess ether (250 mL) to
precipitate the white solid. The solid was filtered and washed with ether, dried
in  vacuo to give pure [3-(2,3,4,5-tetramethoxy-6-methyl-phenyl)-
propyl]triphenylphosphonium iodide (5) (5.69 g, 90%). 'H NMR 8 7.82-
7.65 (15H, m, Ar-H), 3.88, 3.86, 3.74, 3.73 (12H, s, OMe), 3.76-3.88 (2H, m,
CH,-P"), 2.98 (2H, t, J=7.0 Hz, CH,-Ar), 2.13 (3H, s, Ar-Me), 1.92-1.78 (2H,
m, -CH,-) ppm. *'P NMR (121.4 MHz) 6 25.32 ppm. Anal. caled. 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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5 mins. The organic layer was separated, dried (Na,SO,), filtered and
evaporated in vacuo to give the nitrate salt of 5 (4.5 g, 7.8 mmol, 100%), which
was dissolved in a mixture of CH;CN and H,O (7:3, 38 mL) and stirred at 0°C
in an ice bath. Pyridine-2,6-dicarboxylic acid (6.4 g, 39 mmol) was then added
followed by dropwise addition of a solution of ceric ammonium nitrate (21.0 g,
39 mmol) in CH3CN/H,0 (1:1, 77 mL) over 5 mins. The reaction mixture was
stirred at 0°C for 20 mins and then at room temperature for a further 10 mins.
The reaction mixture was then poured into H,O (200 mL) and extracted with
CH,Cl, (200 mL), dried (Na,SO,), filtered and evaporated in vacuo to give a
crude [3-(4,5-d'1methoxy-2—methyl~3 ,6-dioxo-1,4-cyclohexadien-1-
yl)propyl]iriphenylphosphonium (6) nitrate. The total product was dissolved in
CH,Cl, (100 mL) and shaken for 10 mins with 20% aqueous KBr (50 mL).
The organic layer was separated, dried and evaporated in vacuo to give the
bromide salt of 6 (4.1 g, 93.6%). 'H NMR 8 7.90-7.65 (15H, m, Ar-H), 4.15-
4.05 (2H, m, CH,-P"), 3.96, 3.95, (6H, s, OMe), 2.93 (2H, t, J=7.0 Hz, CH,-
Ar), 2.15 (3H, s, Ar-Me), 1.85-1.70 (2H, m, -CH,-) ppm. *'P NMR & 25.29
ppm.

A solution of 6 bromide (3.65g, 6.5 mmol) in CH,Cl; (75 mL) was
shaken with a 10% w/v aqueous solution of sodium methanesulfonate (100
mL) in a separatory funnel for 5 mins. The CH,Cl, layer was separated, dried
(Na,S0,), filtered and evaporated in vacuo to give [3-(4,5-dimethoxy-2-
methyl-3,6-dioxo-1,4-cyclohexadien-1-yl)propyl]triphenylphosphonium
methanesulfonate salt (6) (3.7 g, 98%). '"H NMR & 7.88-7.60 (15H, m, Ar-H),
3.93, 3.92, (6H, s, OMe), 3.90-3.78 (2H, m, CH,-P"), 2.85 (2H, t, ]=7.0 Hz,
CH,-Ar), 2.70 (3H, s, OSO,CH;y), 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;Hs30,PS:
C,64.1;H,57,P,53;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 (CoQq) (50 g, 0.275 mol)
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dissolved in acetic acid (500 mL) and stirred at room temperature for 10
minutes. To this solution was added BF;.Et,O (38.57 g, 0.271 mol). The
resulting solution was stirred for 18 hours at room temperature. After this time
the crude reaction mixture was poured into iced water (500 mL) and extracted
with chloroform (1000 mL). The organic extract was washed with brine (500
ml) and dried (MgSOy,). The solvent was removed in vacuo to give the crude
2,3-dimethoxy-5-methyl-6-(tetrahydro-pyran-2-yl)-4-(tetrahydro-pyran-2-
yloxy)-phenol(7) as a red oil (115 g) which was used without further
purification. A solution of crude 7 (110 g) in a mixture of acetic acid/perchloric
acid (97.5:2.5, 500 mL) was hydrogenated over 5 % palladium/charcoal (5.42
g) at atmospheric pressure and room temperature until hydrogen uptake ceased
(three days). The reaction mixture was then filtered through a pad of Celite,
and the solid residue washed with ethanol (500 mL). The combined filtrate was
divided into three equal portions and each portion added to distilled water
(1000 mL) and extracted with CH,Cl, (2 x 200 mL). The combined organic
extracts were washed with brine (500 mL), saturated sodium bicarbonate (500
mL), brine (300 mL) and then dried (MgSO,). The mixture was then filtered
and solvents were removed in vacuo to give crude 4-acetoxy-3-(5-acetoxy-
pentyl)-5,6-diﬁ1ethoxy—2-methyl—phenyl acetate (8) as a red oil (110g) which
was used in the subsequent step without further purification. '"H NMR & 4.0-
4.15 (2H, m, -CH,-0), 3.86 (6H, s, 2x OMe), 2.58 (2H, t, J=7.0Hz, -CH,-Ar),
2.12 (3H, s, Ar-Me), 2.06 (6H, s, 2x CH3-C=0), 2.02 (3H, s, CH;-C=0), 1.35-
1.70 (6H, m, -CH,CH,CH,-) ppm.

Lithium aluminium hydride (8.0 g, 0.21 mol) was added to dry THF
(500 mL) in a 1 L round bottomed flask equipped with a magnetic stirrer,
reflux condenser and surrounded by a room temperature water bath. A solution
of crude 8 (74 g) in dry freshly distilled THF (100 mL) and was added
dropwise to the THF/LiALH, mixture over a period of 25-30 minutes.
Additional dry THF (200 mL) was added, to facilitate stirring, and the reaction

was left stirring for 3 hours at room temperature. The reaction was then
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quenched by the dropwise addition of 3 M HCI (20 mL) followed by the slow
addition of distilled water (70 mL). The reaction mixture was then filtered and
the filtrate was washed with brine (2 x 300 mL), dried (MgSO,), filtered and
the solvent removed in vacuo. The green residue remaining in the filter funnel
was dissolved in 15 % HCI (500 mL) and extracted with CH,Cl, (1 x 300 ml, 2
x 200 ml). The organic fractions were combined and washed with brine (400
ml), dried (MgSO,), filtered and evaporated in vacuo. This extract was
combined with the material from the filtrate workup to give crude 2-(5-
hydroxypentyl)-5,6-dimethoxy-3-methyl-benzene-1,4-diol (9)(68.3 g) as a red
oil. This product 9 was purified using column chromatography on silica gel,
(600 g, packed in 10 % ether/CH,Cl,). Elution with 10 % ether/CH,Cl, gave
some unreacted 8 and 2,3-dimethoxy-5-methyl-1,4-benzohydroquinone
starting material. Elution with 20 % ether/CH,Cl,, gave a mixture of 9 and the
quinone 10 (14.14 g, 19 % from 2,3-dimethoxy-5-methyl-1,4-benzoquinol ).
Compound 9 was slowly converted to the quinone 10 on standing in air and
satisfactory elemental analysis could not be obtained. 'H NMR & 5.41 (1H, s,
Ar-OH), 5.38 (1H, s, Ar-OH), 4.88 (6H, s, 2 x Ar-OMe), 3.65 (2H, t, J=6.3
Hz, CH,-OH), 2.61 (2H, t, J=6.4 Hz, Ar-CH,), 2.14 (3H, s, Ar-Me), 1.42-1.68
(6H, m, 3x-CH,~) ppm.

A solution of the quinol 9 (7.5 g, 27.7 mmol) in CH,Cl, (150 mL) was
saturated with oxygen gas at atmospheric pressure and a solution of NO, in
CH,CL, (1 ml, 1.32 M) was added. The reaction was stirred at room
temperature under an oxygen atmosphere for 18 hours by which time TLC (40
% ether/CH,Cl,) showed the formation of the quinone 2-(5-hydroxypentyl)-
5,6~-dimethoxy-3-methyl-{1,4]benzoquinone (16) 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, -
CH,CH,-) ppm.
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A solution of 10 (740 g, 27.3 mmol) in CH,Cl, (150 mL) and
triethylamine (5.46 g, 5.46 mmol) was prepared and a solution of
methanesulfonyl chloride (2.48 g, 30 mmol) in CH,Cl, (50mL) was added over
30 minutes with stirring. After stirring for an additional 1.5 hours at room
temperature the reaction mixture was washed with distilled water (5 x 100
mL.), saturated sodium bicarbonate (150 mL) and dried (MgSO,). The mixture
was filtered and solvent removed in vacuo to give the crude methanesulfonate
(9.03 g) as ared oil. "H NMR & 4.19 (2H, t, J=7.5Hz, -CH,-OMs), 3.95 (6H, s,
2xAr-OMe), 2.98 (3H, s, OSO,CHj;), 2.44 (2H, t, J=7.5Hz, Ar-CH,-), 1.98
(3H, s, Ar-Me), 1.75 (2H, quintet, J=7.5Hz, -CH,-), 1.38-1.48 (4H, m, -CH}-
CH,-) ppm. The methanesulfonate was dissolved in 10 % (w/v) Nal in acetone
(100 mL) and stirred for 44 hours at room temperature. The mixture was then
concentrated in vacuo and H,O (100 mL) was added to the residue. The
mixture was extracted with CH,Cl; (3 x 70 mL) and the combined organic
extracts were washed with brine, dried (MgSO,), filtered and the solvent was
removed in vacuo to give crude 2-(5-iodopentyl)-5,6-dimethoxy-3-methyl-
[1,4Tbenzoquinone (11). This product was purified by column chromatography
on silica gel (150 g). Elution with CH,Cl, and 10% ether/CH,Cl, gave pure 11
(7.05 g, 69 %) as ared oil. "H NMR & 3.99 (6H, s, 2 x Ar-OMe), 3.18 (2H, t,
J=6.9 Hz, CH,-I), 2.47 (2H, t, J=7.2 Hz, Ar-CH,), 2.02 (3H, s, Ar-Me), 1.85
(2H, quintet, J=7.5Hz, -CH,-), 1.38-1.48 (4H, m, -CH,-CH,-) ppm. Anal.
caled. For C14,H0104: C, 44.5; H, 5.1; 1, 33.6. Found: C, 44.6; H, 5.1; 1, 33.4%.

A solution of 11 (1.14 g, 2.87 mmol) in methanol (20 ml) was treated
with NaBH, (0.16 g , 4.3 mmol) and the mixture turned colourless within 1
minute. After 5 minutes at room temperature 5 % aqueous HCI (100 mL) was
added and the solution was extracted with CH,Cl, (2 x 50 mL). The organic
fractions were combined, dried (MgSQ,), filtered and the solvent removed in
vacuo to give 12 (1.15 g, 100 %) as an oxygen sensitive yellow oil which was
used without delay. 'H NMR & 5.36, 5.31 (2H, s, Ar-OH), 3.89 (6H, s, 2x Ar-
OMe), 3.20 (2H, t, J=7.5Hz, -CH,-1), 2.62 (2H, t, J=7.5Hz, -CH,-Ar), 2.15
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in vacuo to give the crude product [5-(2,5-dihydroxy-3,4-dimethoxy-6-methyl-
phenyl)-pentyl jtriphenyiphosphonium iodide (13) (2.07 g, 115 %) as a brown
oil. The material was not stable on storage for extended periods and was used
as soon as practicable for subsequent reactions. '"H NMR & 7.84-7.68 (15H, m,
Ar-H), 5.45 (1H, s, Ar-OH), 5.35 (1H, s, Ar-OH), 3.89 (3H, s, Ar-OMe), 3.87
(3H, s, Ar-OMe), 3.65 (2H, m, -CH,-"PPhy), 2.54 (2H, t, J=7.0Hz, Ar-CH,),
2.08 (3H, s, Ar-Me), 1.65-1.75 (2H, m, -CH;-), 1.45-1.55 (4H, m, -CH,CH,-)
ppm. *'P NMR § 25.43 ppm.

A solution of 13 (2.07 g) in CH,Cl, (50 mL) was saturated with
oxygen gas and a solution of NO, in CH,Cl, (0.5 mL, 1.32 M) was added. The
reaction was then stirred at room temperature under an oxygen atmosphere for
18 hrs. The solvent was removed in vacuo to afford the crude product [5-(4,5-
dimethoxy-2-methyl-3,6-dioxo-1,4-cyclohexadien-1-
yl)pentyl]triphenylphosphonium iodide (14) as a red oil. This residue was re-
dissolved in CH,Cl, (10 mL) and triturated in ether (200 mL) to give an initial
yellow precipitate which congealed into a red oil in a few minutes. The
solvents were decanted and the precipitate dissolved in CH,Cl, and the solvent
removed in vacuo to give the product (14) (1.866 g) as a red oil. An aliquot
(0.880 g) of 14 was purified by column chromatography on silica gel (20 g).
Elution with CH,Cl, gave some unidentified purple coloured material. Elution
with 5% ethanol/CH,Cl, gave the pure iodide product 14 (0.606 g) as a red oil.
'H NMR § 7.84-7.68 (15 H, m, Ar-H) 3.98 (6H, s, 2 x Ar-OMe), 3.65 (2H, m,
CH,-P"), 2.40 (2H, t, J=7.5 Hz, Ar-CH,), 2.00 (3H, s, Ar-Me), 1.71 (4H, m, -
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CH,-~), 1.43 (2H, m, -CHy~) ppm. **P NMR (121.4 MHz) & 25.47 ppm. Anal.
caled. for C;H16IOP: C,59.8; H, 5.7, 1, 19.8; P, 4.8; Found: C, 60.0; H, 5.3; I,
19.7; P, 4.7%.

Mitoquinone-C15 (16). The synthetic route to Mitoquinone-C15 is
shown in Fig 2C. A solution of K,S,05 (0.450g, 1.66 mmol) in H,O (25 mL)
was added dropwise over 2.5 hours to a stirred suspension of AgNO; (0.262 g,
1.54 mmol), 16-hydroxyhexadecanoic acid (0.408g, 1.50 mmol), and 2,3-
dimethoxy-5-methyl-1,4-benzoquinone (0.271g, 1.49 mmol) in H,O:CH;CN
(1:1, 36 mL) held at 75°C. After stirring for 30 minutes the mixture was cooled
and extracted with ether (4 x 30 mL). The combined organic phase was washed
with H,O (2 x 100 mL), NaHCO; (1 M, 2 x 50 mL) and saturated NaCl (2 x
50 mL). The organic phase was dried (Na,SOy,), filtered and concentrated in
vacuo to give a red oil (0.444g). Column chromatography of the crude oil
(silica gel, 15g) and elution with mixtures of CH,Cl, and ether (0 %, 5% 20%)
gave  2-(15-hydroxypentadecyl)-5,6-dimethoxy-3-methyl-[1 ,4]Benzoquinone
(15) (0.192 g, 33 %) as ared oil. "H NMR & 3.99, 3.98 (6H, s, OMe), 3.64
(2H, t, J= 6.5Hz, -CH,0OH), 2.45 (2H, t, J= 7.5Hz, -CH,-ring), 1.4 — 1.2 (26H,
m, -(CH3);3-). Anal. Caled. for Cy4HyoOs: C, 70.6; H, 9.9. Found: C, 70.5; H,
9.8%.

A mixture of triphenylphosphine (0.066g, 0.25 mmol), Ph;PHBr
(0.086g, 0.25 mmol) and 15 (0.101g, 0.25 mmol) was stirred under argon in a
sealed Kimax tube at 70°C for 24 hours, by which time it had turned into a
viscous red oil. The residue was dissolved in minimum CH,Cl, (0.5 mL) and
poured into ether (10 mL) to produce a red oily precipitate. The solvents were
then decanted the residue was dissolved in CH;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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m&%bgy&g}geegﬂm&ﬁ{molvents except HC1. Table 7. Solution stability of
Mitoquinone-C10 mesylate-P-cyclodextrin (1.2) complex in 4 different

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

709). Stock solutions of compounds were prepared in absolute ethanol and
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stored at -20°C in the dark. [PH]TPMP was from American Radiolabelled
Chemicals Inc, (MO, USA).

Of particular note is the low partition coefficient of compounds with

small numbers of carbon atoms bridging the antioxidant moiety and the

5  phosphonium. For example, a compound within the present invention, herein
referred to as Mitoquinone-C3, which has a 3 carbon bridge has a partition
coefficient approximately 50-fold lower than that observed for the related

compound, Mitoquinone-C10 (Table 1).

TABLE L. Partition coefficients of antioxidants and related compounds

Compound Partition coefficient
Methyltriphenylphosphonium (TPMP) “0.35+0.02
MitoVit E 74+ 1.6
4-Bromobutyltriphenylphosphonium £3.83+0.22
4-Iodobutyli;1'iphenylphosphonium ‘40404
Mitoquinone-C15
Mitoquinone-C10 ‘ “160+9
Mitoquinone~C35 13.9+19
Mitoquinone-C3 28403
a-Tocopherol ba74+19
Bromodecylubiquinone “310 + 60
Idebenone “3.1x 10°
Decylubiquinone B31x10°
Coenzyme Qq “1.33
Coenzyme Q 4409
Coenzyme Q, 444 x 10*
Ubiquinone (Coenzyme Qjg) 1.82 x 10%
Ubiquinol 4,53 x 10%
Decylubiquinol 4791 x10°
Idebenol “1.82x 10°

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

determined at 25°C or 37°C as described above, or octanol/water partition
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coefficients? calculated using Advanced Chemistry Development (ACD)
Software Solaris V4.67 as described in Jauslin, M. L., Wirth, T., Meier, T., and
Schoumacher, F., 2002, Hum Mol Genet 11, 3055.

“ Kelso, G.F., Porteous, CM., Coulter, C. V., Hughes, G., Porteus, W. K.,
Ledgerwood, E. C., Smith, R. A. J., and Murphy, M. P., 2001, J Biol Chem
276, 4588. .
b Smith, R. A. J., Porteous, C. M., Coulter, C. V., and Murphy, M. P. 1999 Eur
J Biochem 263, 709.
¢ Smith, R.A.J., Porteous, C.M., Gane, A.M., and Murphy, M.P. 2003 Proc Nat
Acad Sci 100, 9, 5407. |

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

We have synthesised a series of antioxidant compounds with a range

of hydrophobicities and depths of penetration into the phospholipid bilayer.
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EXAMPLE 4. Mitochondrial uptake of mitochondrially targeted
compounds

To demonstrate that mitochondrial targeting is effective, the uptake by

mitochondria in response to the membrane potential of exemplary antioxidant
compounds Mitoquinone-C3, Mitoquinone-C5, Mitoquinone-C10, and
Mitoquinone-C15 was determined.
To measure the uptake of antioxidant compounds by energised mitochondria,
an jon-selective electrode was constructed (Smith, R.A., Kelso, G.F., James,
AM. and Murphy, M.P. (2004) Meth. Enzymol. 382, 45-67;, Davey, G.P.,
Tipton, K.F. and Murphy, M.P. (1992) Biochem. J. 288, 439-443; Kamo, N.,
Muratsugu, M., Hongoh, R. and Kobatake, Y. (1979) J. Membr. Biol. 49, 105-
121). The electrode and a Ag/AgClI reference electrode were inserted through
the air-tight Perspex lid of a stirred and thermostatted 3 ml incubation chamber
at 30°C, provided with an injection port for the addition of substrates. To
measure antioxidant compound uptake, rat liver mitochondria (1 mg
protein/ml) were incubated at 30°C in KCl medium (120 mM KCl, 10 mM
HEPES, pH 7.2, 1 mM EGTA) and nigericin (1 pg/ml) and rotenone (8 pg/ml).
Succinate (10 mM) and FCCP (500 nM) were added where indicated. The
output from the ion-selective electrode was passed to a PowerLab Data
acquisition system via a front-end pH amplifier and analysed using Chart
software, all from ADInstruments.

Rat liver mitochondria were prepared by homogenisation followed by
differential centrifugation in ice-cold buffer containing 250 mM sucrose, 5 mM
Tris-HCI, 1 mM EGTA, pH 7.4 (Chappell, J.B. and Hansford, R.G. (1972) in:
Subcellular components: preparation and fractionation, pp. 77-91 (Bimie,
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
[’H]TPMP to mitochondria suspended in KCI medium (120 mM KCI, 10 mM
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HEPES, pH 7.2, 1 mM EGTA) at 25°C (Brand, M.D. (1995) in: Bioenergetics
- a practical approach, pp. 39-62 (Brown, G.C. and Cooper, C.E., Eds.) IRL,
Oxford). After incubation, the mitochondria were pelleted by centrifugation
and the amounts of ["H]TPMP in the supernatant and pellets were quantitated
by scintillation counting and the membrane potential calculated assuming a
mitochondrial volume of 0.5 pl/mg mitochondrial protein and a TPMP binding
correction of 0.4 (Brown, G.C. and Brand, M.D. (1985) Biochem. J. 225, 399-
405).

We constructed ion-selective electrodes to measure their steady-state
concentrations (Smith, R.A., Kelso, G.F., James, AM. and Murphy, M.P.
(2004) Meth. Enzymol. 382, 45-67; Davey, G.P., Tipton, K.F. and Murphy,
M.P. (1992) Biochem. J. 288, 439-443; Kamo, N., Muratsugu, M., Hongoh, R.
and Kobatake, Y. (1979) J. Membr. Biol. 49, 105-121). ’fhe response of these
electrodes to simple triphenylphosphonium cations such as TPMP is Nernstian,
with a linear response of electrode voltage to logg[cation concentration] and a
slope of ~ 60 mV at 30°C (Davey, G.P., Tipton, K.F. and Murphy, M.P. (1992) |
Biochem. J. 288, 439-443; Kamo, N., Muratsugu, M., Hongoh, R. and
Kobatake, Y. (1979) J. Membr. Biol. 49, 105-121). The most hydrophilic
compound, Mitoquinone-C3, also gave a Nernstian electrode response with a
slope close to 60 mV at concentrations above 10 uM. This is illustrated in
Figure 4A, right hand side, by the logarithmic electrode response to sequential
additions of 1 pM Mitoquinone-C3 in the absence of mitochondria. For
Mitoquinone-C5, Mitoquinone-C10 and Mitoquinone-C15 the electrode, also
responded rapidly and stably to sequential additions in the absence of
mitochondria (Figure 4B, 4C, and 4D, respectively, right hand side panels).
However in these cases the electrode responses were not Nernstian, we believe
due to the greater hydrophobicity of these compounds. Even so, for all four
antioxidant compounds the ion-selective electrode enabled the measurement of
the free concentrations of the compounds and thus their uptake by

mitochondria in real time.
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To measure antioxidant compound uptake, mitochondria were added to
the electrode chamber in the presence of rotenone to prevent formation of a
membrane potential (left side of Figure 4). We then made five sequential 1 pM
additions of antioxidant compound to calibrate the electrode response,
followed by the respiratory substrate succinate to generate a membrane
potential. Mitochondrial energisation led to the rapid uptake of all the
antioxidant compound variants by the mitochondria, and subsequent addition
of the uncoupler FCCP abolished the membrane potential and led to their rapid
release from the mitochondria (Figure 4A-D, left side). These experiments
clearly show mitochondrial membrane potential-dependent uptake of
Mitoquinone-C3,  Mitoquinone-C5, and  Mitoquinone-C10.  While
Mitoquinone-C15 was also taken up by mitochondria on induction of a
membrane potential, the electrode response to Mitoquinone-C15 in the
presence of mitochondria was weaker, noisier and more prone to drift. This
contrasts with the electrode response to Mitoquinone-C15 in the absence of
mitochondria (cf. right hand panels), and is due to its low free concentrations
in the presence of mitochondria. |

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

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

to deenergised mitochondria (Figure 4A, right hand side). The FCCP-sensitive
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Mifngluénonentdguinesdals: bir eveleransin ik GRBRISHE WAS IHHESIH nmol
the absence of Iight under three different conditions; 40C, 75% RIl; 25C,

SEUORMNARE 4S/Bisr IOEEHiceOgasRO PNt LA piticastisrstdatiand ratio of ~
OPETAING RO EE Wiistent with that expected from the Nernst equation and a

mitochondrial membrane potential of about 180 mV, allowing for corrections
for intramitochondrial binding. '

For Mitoquinone-C5 there was some binding of the compound to the
deenergised mitochondria (~ 0.6 nmol/mg protein), however this was
negligible compared to its subsequent uptake on energisation with succinate, of
about 2.8 nmol Mitoquinone-C5/mg protein, corresponding to an accumulation
ratio of about 1.4x10° (Figure 4B, right hand side).

For Mitoquinone-C10 there was significant binding to deenergised
mitochondria of about 2.6 nmol Mitoquinone-C10, and this was followed by
further uptake of about 1 nmol/mg protein on addition of succinate (Figure 4C,
right hand side).

Nearly all of the free Mitoquinone-C15 was bound to the deenergised
mitochondria, but there was some further uptake on energisation with
succinate. The membrane potential-dependent uptake of Mitoquinone-C15 was |
clear on the left hand panel of Figure 4D, where the electrode response was
highly sensitive to enable measurement of the small amount of free
Mitoquinone-C15 when the electrode ’Was calibrated in the presence of
mitochondria. In contrast, the uptake of Mitoquinone-C15 is difficult to see on
the right hand side of Figure 4D, where the electrode response was far less
sensitive to enable measurement of Mitoquinone-C15 in the. absence of
mitochondria.

These experiments show that the length of the methylene bridges of
the antioxidant compounds at least in part determines their extents of
adsorption to mitochondrial membranes (right hand side of Figure 4). The
adsorption ranges from negligible for Mitoquinone-C3, to almost complete
binding for Mitoquinone-C15. On addition of Mitoquinone-C15 to deenergised

mitochondria essentially all the oompdund binds, distributed across both



10

15

20

25

30

A known weight of Mitoquinone-C10 mesylate-P-cyclodextrin (1:2) 10
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 Mitogwinone-C10 mesylate determined
by HPLC after dissolving the samples in water. The results are given in

Tabkdeand ithiguner2and hrutesutisBbeamiiativiguneeebdie potential is
mesylate was stable in 15 Mjtoquinone-C10 mesylate-P-cyclodextrin (1:2)

cBiipRed atuesbrrthr el de ssaidicastrastsriytian afohesmmpound to
i obibr Wisaunanscg esalevasdeaiadati MIGWIONSEI0 of the

mesylate-p-cyclodextrin (1:2) complex on storage to ays. -
Tialnler 80 Solithstatad thioititytlef Miternienmier42e0 ImeayiateR; ltiddextioxidant

1:2 at 40C, 75% RH; 25C, 50%, RH and 4C over blue sjlica gel.
AHBRBE oy 50 1§, EKeh YOI SUPCHEEH G207 Pyaibe Fogmprane

| HoReB P, 498 $19 Bl WA HEIE Bidge the greater their
adsorption to phospholipid bilayers.

EXAMPLE 5. Antioxidant efficacy of exemplary mitochondrially targeted
compounds

The compounds of the invention are also highly effective against
oxidative stress. To measure antioxidant efficacy, the ability of the antioxidant
compounds to prevent lipid peroxidation in mitochondria, measured from the
accumulation of TBARS in mitochondria exposed to ferrous iron and hydrogen
peroxide (Figure 5).

To quantitate lipid peroxidation, the TBARS assay was used. Rat liver
mitochondria (2 mg proteﬂml) were incubated in 0.8 m! medium containing
100 mM KCl, 10 mM Tris-HCI, pH 7.6 at 37°C, supplemented with either 10
mM succinate and 8 mg/ml rotenone, or an ATP regenerating system of 2.5
mM ATP, ImM phosphoenolpyruvate and 4 U/ml pyruvate kinase. The
mitochondria were then exposed to oxidative stress by addition of 50 mM
FeCl, /300 mM H,0, for 15 min at 37°C. After the incubation, 64 ml 2%
(w/v) butylated hydroxytoluene in ethanol was added, followed by 200 ml 35%
(v/v) HCIO4 and 200 ml 1% (w/v) thiobarbituric acid. Samples were then
incubated for 15 min at 100°C, centrifuged (5 min at 12,000 x g) and the
supernatant transferred to a glass tube. After addition of 3 ml water and 3 ml
butan-1-ol, samples were vortexed, and the two phases allowed to separate.
200 ml aliquots of the organic layer were then analysed in a fluorometric plate
reader (Ag; = 515 nm; Ay = 553 nm) for thiobarbituric acid reactive species

(TBARS) and compared with a malondialdehyde (MDA) standard curve
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(1:1) complex was_determined in five solvents; water, 0.01M HC1, 0.01M
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vials flushed with air or nitrogen, sealed and placed o

(83 Al pwerd Samentberadant componds, 180y prevenid@iiayscanshlation
Be PR URARIE TS R PMP did not. This confirms that it was

the ubiquinol side chain of the Mitoquinone antioxidant compounds that was
responsible for the antioxidant action, and not any non-specific interactions of
the cation with mitochondria.

In these experiments, succinate will both maintain a membrane
potential to drive the uptake of the cations into mitochondria, and also recycle
the ubiquinone form of the Mitoquinone antioxidant compounds to the active
antioxidant ubiquinol form (Kelso, G.F., Porteous, CM., Coulter, C.V,,
Hughes, G., Porteous, W.K., Ledgerwood, E.C., Smith, R.A.J. and Murphy,
MLP. (2001) J. Biol. Chem. 276, 4588 - 4596). To see if reduction by the
respiratory chain was required for the antioxidant efficacy of the Mitoquinone
antioxidant compounds, we incubated mitochondria in the presence of ATP
and an ATP regenerating system. ATP hydrolysis and reversal of the
mitochondrial ATP synthase led to extensive proton pumping which built up a
membrane potential similar to that generated by succinate (Figure 5B). This
will lead to the same Mitoquinone antioxidant compound uptake as for
mitochondria energised by succinate, but now the Mitoquinone antioxidant
compounds will no longer be recycled to their active ubiquinol forms by the
respiratory chain. The Mitoquinone antioxidant compounds were ineffective at
preventing lipid peroxidation in mitochondria energised by ATP hydrolysis
(Figure 5a, white bars), compared with the dramatic protection seen in
mitochondria energised by succinate (Figure 5b, black bars). Therefore

reduction of Mitoquinone antioxidant compounds by the respiratory chain, as
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The results are given in Table 9 and in Figures 26, 27, 28, and 29. The
stability of Mitoquinone-C10 mesylate-g-cyclodex Li in (1:1) in 0.01M
NaOH is not included because Mitoquinone-C10 mesylate decomposed in
this solvent within 15 minutes. The regu)bs_show that (a) solution stability is
independent of 25 the atmosphere above the solution and (b) temperature

hagB aigadticaniiaiieatipntemsiaionel Mite e Rs pbRmesyide - iifed for

1:1 complex with /3- cyclodextrin in water and IPS but hot in HC1 or 50%

Maorantigsdanhafiicacyditbe Mibsnsiv astoxidastcogpounds.

eote ol B SISO RS g, o

98aznBPed A0 RMtOcBANIHA. Senkatateair Wil 8Rdcaf Odmpared to those
energised with ATP (Figure 5A). This is due to the protective antioxidant
effect of the endogenous mitochondrial Coenzyme Q pool which is held
reduced by in the presence of succinate but oxidised in the presence of ATP
(James, A.M., Smith, R.A. and Murphy, M.P. (2004) Arch. Biochem. Biophys.
423, 47-56; Ernster, L., Forsmark, P. and Nordenbrand, K. (1992) Biofactors 3,
241-8). In summary, all the Mitoquinone antioxidant compounds require
activation by the respiratory chain to be effective antioxidants.

For Figure 5A a single concentration of 5 pM was used for all the
Mitoquinone antioxidant compounds. To compare their relative antioxidant
efficacies we ftitrated the compounds in the presence of succinate: a typical
titration is shown in Figure 5C. This experiment suggests that the antioxidant
efficacy of these cémpaunds correlates with the length of the methylene
bridge. To quantitate this we calculated the IC50 values for the prevention of
lipid peroxidation by the four exemplary Mitoquinone antioxidant compounds
(Figure 4D). These measurements confirmed that the order of antioxidant
efficacy was: Mitoquinone-C15 > Mitoquinone-C10 > Mitoquinone-C5 >
Mitoquinone-C3.

All the Mitoquinone antioxidant compounds were accumulated into
mitochondria driven by the mitochondrial membrane potential. For the most
hydrophobic compound, Mitoquinone-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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EXAMPLE 6. Effect of mitochondrially targeted antioxidant compounds

on cardiac haemodynamics and mitochondrial function.

The effect of administration of mitochondrially targeted antioxidant
compounds, in particular Mitoquinone-C10 and Mitoquinone-C3, on cardiac
function was assessed using the Langendorf isolated heart perfusion model.
Rats were assigned to the following four administration groups: Control
(placebo), TPMP (methyltriphenyl phosphonium), Mitoquinone-C10, and
Mitoquinone-C3.  Following the treatment period, rats were humanely
sacrificed and the isolated hearts were connected to the Langendorf isolated
perfusion system. This system uses retro-perfusion through the aorta to
maintain the heart while cardiac function is measured. Left ventricular pressure
was measured with a left ventricular balloon. Coronary flow was also
measured.

Figure 6 depicts the coronary flow at 10 mmHg left ventricular
pressure for each of the treatment groups. Coronary flow was measured pre-
ischaemia and again at zero minutes, 20 minutes, 40 minutes and 60 minutes
following induction of ischaemia. A one way ANOVA with bonferroni post
hoc test was performed. Significance versus pre-ischaemic control: * P<(.05;
** P<0.01; *** P<0.001. Significance versus respective time control: ¥
P<0.05; 1 P<0.01; 111 P<0.001..

The results show that treatment with Mitoquinone-C10 significantly
reduces the ischaemia-induced reduction in coronary flow. Mitoquinone-C3
has a lesser but still significant effect at the later time points. The absence of
any effect with administration of TPMP indicate that it is the antioxidant
moiety of Mitoquinone-C10 and Mitoquinone-C3, and not the
triphenylphosphonium cation, that is responsible for the effects observed with
the mitochondrially targeted antioxidant compounds.

Figure 7 depicts the effects of treatment on left ventricular diastolic
pressure at 10 mmHg. Left ventricular diastolic pressure was measured prior

to induction of ischaemia and again at zero minutes, 20 minutes, 40 minutes
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and 60 minutes following the induction of ischaemia. Statistical analysis was
an ANOVA on ranks with Dunns post hoc test. Signiﬁcance; Vérses pre-
ischaemic control: * P<0.05. t represents P<0.05 versus 60 min post ischaemic
control. The results show that treatment with Mitoquinone-C10 results in a
statistically significant increase in left ventricular diastolic pressure verses
untreated rats, reducing the ischaemia-induced reduction in left ventricular
diastolic pressure. 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.

| The effect of administration of Mitoquinone-C10 and Mitoquinone-C3
on heart rate was then determined. Figure 8 depicts the heart rate for each of
the treatment groups pre-ischaemia, and zero minutes, 20 minutes, 40 minutes
and 60 minutes following the induction of ischaemia. Results shown are one
way ANOVA followed by bonferroni post hoc test. *** represents P<0.001
versus pre-ischaemic control. 11 represents P<0.05 versus respective post
ischaemic control. The results show that treatment with Mitoquinone-C10
significantly reduces the ischaemia induced reduction in heart rate compared to
control rats. The absence of any effect with administration of TPMP indicate
that it is the antioxidant moiety of Mitoquinone-C10, and mnot 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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performed on ranks with Dunns post hoc test performed. * represents
significance with P<0.05 verses pre-ischaemia control. | represents
significance with P<0.05 versus respective post ischaemic time controls. t+
represents significance with P<0.01 versus respective post ischaemic time
control.

The results show that administration of Mitoquinone-C10 has a
statistically significant effect, reducing the ischaemia-induced reduction in the
rate of contraction and relaxation of the left ventricle when compared to
control rats.

The above data clearly show the beneficial effect of administration of
mitochondrially targeted antioxidant compounds on cardiac function. In order
to determine whether the observed effects on cardiac function were due to the
effect of the mitochondrial targeted antioxidant compound on mitochondrial
function, mitochondrial activity pre-ischaemia and post-ischaemia was
assessed for each of the treatment groups. Figure 10A depicts NAD" linked
respiratory function of mitochondria pre and post-ischaemia for each of the
four treatment groups. Figure 10B presents FAD linked respiratory function
pre and post-ischaemia for each of the four treatment groups. *** represents
significance with P<0.001 versus pre-ischaemic control. {1 represents
significance with P<0.001 versus post ischaemic control.

These data show that Mitoquinone-C10 has a statistically significant
beneficial effect on mitochondrially respiratory function following ischaemia
compared to control rats. These results support the conclusion that the effects
of administration of mitochondrially targeted antioxidant compounds on

cardiac function is due to a protective effect on mitochondrial function.

EXAMPLE 7. Stability of Mitoquinone-C10 complexes with
B—cyclodextrin
In preformulation studies Mitoquinone-C10 as the bromide salt was

found to degrade over time in the solid state when stored at 25°C, 50% RH and
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40°C, 75%RH. The objective of the present study was to establish whether the
solid state stability of Mitoquinone-C10 could be improved by complexing
with B—cyclodextrin.

Mitoquinone-C10 batch no. 6 and idebenone were supplied by
Industrial Research Limited (New Zealand). p—cyclodextrin (lot no. 70P225)
was purchased from ISP technologies Inc. NaCl, NaH PU and methanol
(HPLC) were purchased from BDH.

Solid state stability study of pure Mitoguinone-CI10

Samples of Mitoquinone-C10 (approximately 5 mg) were accurately
weighed into clear bottles and exposed to 25°C, 50%RH, 40°C, 75%RH and
4°C over silica. The bottles were removed after 1, 2, 4, 8, 16, 32 and 64 days
and analysed for Mitoquinone-C10 by a validated HPLC method using
Mitoquinone-C10 stored at -20°C over silica as control.

Preparation of Mitoquinone-C10: f—cyclodextrin complexes

Three complexes with different molar ratios (Mitoquinone-C10
bromide: B-cyclodextrin 1:1, 1:2 and 1:4) were prepared using Mitoquinone-
C10 batch no. 6.

Preparation of f—cyclodextrin solution in water

B—cyclodextrin (1.1397 g, equal to 1.0361 g after correction for
moisture content) was accurately weighed and dissolved in double distilled
water by sonicating for 10 min. The volume was made up to 100 ml with
water.

Preparation of Mitoquinone-C10: p-cyclodextrin (1:1 molar ratio)
complex

An ethanolic solution of Mitoquinone-C10 bromide (90 mg equal to
59.95 mg of Mitoquinone-C10) was evaporated under nitrogen on a hot plate
maintained at 40-50°C for 8 min. f—cyclodextrin solution (10 ml) and double
distilled water (30ml) were added to the beaker which was then sonicated for

40 min.
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50% MeOH, N2, 25C 101.2 101.4 104.5 102.4 97.6 96.4 99.0 50% MeOH,
N2, 40C 94.7 86.4 90,0 86.4 92.1 97.4 87.7 Data are the mean of two
values expressed as percentage of the time zero value. 5Solid state
stability Solid state stability of Mitoquinone-C10 mesylate
-f3-cyclodextin (1:1) complex was studiedin the absence of light under

three diffggent conditions; 75% RH.-2pC ,50% . RH. and 4¢ gver blue .
silica gel%agge & ?tg&\paj.ﬁgggm% Har Zg Tiidls cloc}_z!’x%m ZbCIgA%??%r{ atio)

icant'd standar operating procedure.
waighplekMitoquinone-C10 mesylate -13-cyclodextrin (1:1) complex was
put in clear glass bottles and stored under different conditions. grtg)licate

samples wersthanelissalaign ﬁf@/ﬁ?‘l‘ﬁ}@@%zgaﬁgbm@@&y@ g equal to
ceoaeNtEAlion RIMYIRARINRNE 163 QR BYateAriarminer Ilﬂ}frggénco?lﬂg "hot plate

dissolving'the samples in water. The resutts are given in Tabfe 10 and In

Figainet 4ih &DafTbe +dsilis endW that Kbithemestobe TiloaeSYa Waswitddextrin

aéo %tﬁ)‘ﬁer(zo ml) and double distilled water (20 ml) were added to the beaker
which was then sonicated for 30min.

Preparation of Mitoquinone-C10: p—cyclodextrin (1:4 molar ratio)
complex

An ethanolic solution of Mitoquinone-C10 bromide (90mg equal to
59.95 mg of Mitoquinone-C10) was evaporated under nitrogen on a hot plate
maintained at 37-50°C for 12 min. B~cyclodextrin solution (40 ml) was added
to the beaker which was then sonicated for 20 min.

All the above solutions were frozen by storing at -18°C overnight. The
frozen solutions were freeze-dried for 2 days using the LABCONO freeze
drier. The lyophilized compounds were stored at -20°C.

Differential scanning calorimetry of the freeze-dried Mitoquinone-
C10 : B—cyclodextrin complexes

Differential scanning calorimetry (DSC) of the three freeze-dried
complexes was carried out using a Perkin Elmer Differential Scanning
Calorimeter PYRIS- 1. A Mitoquinone-C10 sample was prepared by
evaporating an ethanolic solution under nitrogen gas at 35 - 50°C for 10 min.

Aluminium pans (No.0219-0041, supplied by Perkin-Elmer) were
used. The analysis was carried out under nitrogen purge. Empty pans were
used to set the baseline.

Scanning temperature range was 50-160°C with an initial hold at 50°C
for 1min followed by an increase of 10°C/min up to 160°C.

HPLC assay

An HPLC method for Mitoquinone-C10 was developed using
methanol and 0.01M sodium dihydrogen phosphate (85:15) as mobile phase at
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silica gel and at 25C, 50%RH but 37% of the Mitoquinone-C10 mesylate
was - 86 - degraded in Mitoquinone-C10 mesylate -13-cyclodextrin (1:1)
on storage for 125 days at 40C, 75% RH. Table 10. Solid state stability of
Mitoquinone-C10 mesylate-P-cyclodextrin (1:1) complex at 40C, 75% RH;
25C, 50% RH and 4C over blue silica@%@.‘l’ime (Days) 124816 3264

125w st Sheant0ah 90d 4980 B SARB A Eh %8493 The internal

25t/50%ifil 99.7 101.6 104.2
standard was idebenone. The column was Prodigy ODS3100A (Phenomenex)

with particle size 5p. Later this method was modified after the arrival of a new
column. The mobile phase used in the modified method was methanol and
0.0IM sodium dihydrogen phosphate (80:20). This method was validated.
Interference by P-cyclodextrin in the HPLC method was checked before
analysing the Mitoquinone-C10: p—cyclodextrin complexes. It was shown that
B—cyclodextrin does not interfere in the Mitoquinone-C10 HPLC assay.

Stability study of Mitoquinone-C10: f—cyclodextrin complexes

As there were three complexes of Mitoquinone-C10 with
p—cyclodextrin, the amount of Mitoquinone-C10 in 5 mg samples from the
different complexes was different. In order to expose equal amounts of
Mitoquinone-C10 in all three complexes, different weights of complexes were
taken: 4 mg of 1:1 complex containing 1.473 mg of Mitoquinone-C10; 6.5 mg
of 1:2 complex containing 1.469 mg of Mitoquinone-C10; and 11.5 mg of 1:4
complex containing 1.467 mg of Mitoquinone-C10 were taken and used in the
stability study as per the Standard Operating Procedure.

Aliquots of HPLC water (1.5 ml) were added to each sample bottle to
completely dissolve the Mitoquinone-C10: B—cyclodextrin complexes.
Aliquots (50 upl) of these solutions were diluted to 1 ml with watef. Aliguots
(100 pl) of these diluted solutions of Mitoquinone-C10: B—cyclodextrin
complexes were vortexed with 200 pl of a 10 pg/ml solution of internal
standard in methanol. The samples were centrifuged for 10 min at 10000 rpm
and 50 pl of the supernatants injected into the HPLC system. A standard curve
was prepared using solutions of Mitoquinone-C10 in the concentration range
2.5 to 120 pg/ml containing 5 mg/ml solutions of f—cyclodextrin.

All the compounds were slighty orange-yellow in colour and very
fluffy in appearance. The colour was not uniform and was more concentrated
towards the bottom of the freeze drying flasks.

The results of DSC are given as follows:



10

15

20

[N
W

101.8 102.4 100.7 95.2 101.9 40t/ 75%R11 98.2 101.6 98.3 97.8 98.8
96.0 87.2 66.7 5 The data are the mean of two values expressed as
percentage of the time zero value EXAMPLE 11. Pharmacokinetic Study
of a Single IV and Oral Dose of Mitoquingne-C1.0 mesylate-P-cyclodextrin
(1:2) complex in Rat (P2 & P3) 10 Based’on the results of a previous

pharmac ﬂ%t?q SHeS 'oqjgll'w - romide a .acute oral
toxicity stcll}gyo Mitoqt?i%%&rﬁgiCl me%li%ﬁé)-c%ﬁ%xﬁn%%omrﬁ&égl0 was
desetyatditgmaionsv@t0 oiesylatd-pabysloddR6A(1:2) Femplentor shgple of

pharmacoldnetig study were 50 mg/kg Mitoquinone-C10 mesylate for the
4o T oy B R RS, B R RS B e#8d 30°C and

Tenjeqalenisianisidmeameioht apRIOXEmatsly _&ﬁ%)err ﬁgﬁ)etﬂta Rgaks were

cannulated with Silastic tubing in the right jugular vein un

arhserredinsmabibralnvesiseobnentcdatuneeb26 Witdyfieremal@is, the pans
-P- ' 2 | luti 0 mg/nil itoqui -
o e S R T RIS erea By Dlack in

oralthe5h dotY tayte (n=5). Blood samples (0.2 ml) were collected at 0, 5,

10, 20, 30, 45, 60, 90,
f-cyclodextrin: There was a broad peak between 70°C and 85°C.

Mitoquinone-C10: B-cyclodextrin (1:1) complex: No significant
peaks were observed. After analysis the pan was cut and examined. The
sample colour had undergone a slight change to light brown (not a significant
change).

Mitoquinone-C10: B-cyclodextrin (1:2) complex: No significant
peaks were observed. After analysis, no colour change in the sample was
observed.

Mitoquinone-C10: B-cyclodextrin (1:4) complex: No significant
peaks were observed but a very small exothermic peak was observed at 120°C.
After analysis, no colour change in the sample was observed.

The appearance of peaks in the Mitoquinone-C10 pure sample
indicates that changes in the compound are taking place with temperature.
However, as there were many peaks and also colour changes in the sample,
these could have arisen due to degradation. When a second sample of
Mitoquinone-C10 was analyzed, it gave a different thermogram to the first
sample. In the case of the complexes, there were no significant peaks or any
colour changes.

The results of the solid state stability study of pure Mitoquinone-C10
(batch no. 3) are given in Table 2 and Figure 11.

Table 2. Solid state stability of Mitoquinone-C10 (batch no. 3).

Clear Glass Bottles | Day 1 | Day2 | Day4 | Day 8 | Day 16 Day 32 | Day 64

40°C, 75%RH 98.90 | 101.9 | 102.8 | 94.07 | 83.22 | 76.70 | 67.25
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120, 180, 240, 360, 720, and 1440 (24 h) min after the IV dose and at O,
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 25 ml) were stored in the -20C freezer. Samples of 24 h
urine and feces were also collected. - 7&he Mitoquinone-C10 mesylate

COTROBTHGHAN M MIgSHTA Vs aie ey iames By ERRESIg oAt $hakle 12).
-187 - I?harmacok netic Analysis  The pharmacolcinetics of
NIt uiamel C 10 )v0éRE dndREdPbYite Rative |LBMBIghtEd mohdimear

rast=squares-regressior-anatysis-using-MINEM--Fhe-N-data-were fitted

uSinlironats stabiktitd abiefitoquipentmen0r(indelsnhe)model BiaMRe Belioht at
best fit ong,with the minimum value according to Alcaike's
R A D TR A e ——
afigs duaeadminiRalon WERSIRNAC e st Al ariequately fitled by a

yt

three-compartment open model describe e following equation C =
Ae-'+ Beithiedn tipovsignéficasttinstalbiity ardg ¥on66ptRHo oo ApBred dE40°C,

o R P R 2 G A At g uinone-
cO1NEAR) 2004, NI OSBIAOK A5 WHbGHAMAEE BRI Ltcar and

phase. Drug elimination half-life (t10) 15 in the terminal phase was
c%%%?ét gitlescpng the wyghs aeasivem ipdablend weddimes Wah a
one-compartment model. The peak concentration (C,-,"x) and time to
rdiechagligriaiawabilibyoh Mitnmingnof i dbmebat dlon-time
rofile_The area under the plasma concentration-time curve (AUC) was
esimatégsising the linear tralprazoi al rule, with extgapalasion ffegam the last
rpeasured concentratign 20 to infinity detemlined by use of the termjnal
elthinatisn Bateconstantqy). e 4qtat ptasma oleanances afters7 o4
iptravenous (CL) and gral (Cl /F) administration
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 Mitoquinone-C10 supplied by the
Chemistry Department showed a sudden drop in content after 16 days.
However, for batch no. 4 the degradation was not as great after 32 to 64 déjfs
compared to batch no. 3. Also it v%fas observed whether the bottles were clear or
amber had no effect on Mitoquinone-C10 stability.

The Mitoquinone-C10 supplied from IRL was used for the preparation
of the Mitoquinone-C10: B-cyclodextrin complexes. The Mitoquinone-C10
supplied from IRL was a reddish-yellow syrup in ethyl alcohol. The stability of
the Mitoquinone-C10: B—cyclodextrin complexes is given in Table 4 and in
Figures 13, 14 and 15. Because of the small amounts of Mitoquinone-C10:
p—cyclodextrin complexes available for study, there are no results for day 1

and day 4.
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were estimated as CL = dose/AUC. Volumes of distribution were
calculated as = dose/(AUC:,(r) and Vy = dose/(AUC.y). Absolute
bioavailability (F) was calculated as: F = AUCpo x Doseiv / AUCIv x

Dosepo. Mean residence time 25 (MRT) was calculated as AUMC/AUC.
Apparent volume of dlstrlbutlon at stea %State (Vss) was calculated as

AR
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concentra ime pro
au...i. .ioctt.);ﬁu fMuuqu.. one-C1o-mesylate yeledextrin (1:2)
complex are °Shown in Figure 31 anf the meah Dhanna okinetic
parafifdevare|listed?n Table BL. Qrigind®data of gfsrha levéds of
Mitoquin&n'eacj 0 mesykate ara@dtachedable 1291.7Table 1k?.68
Hlaég&e%(dylﬂguu parggieters gt {itoquinpner € 10 7penytate ?OW”'Stered
as !\'/!!tnm none-Cl0 mes -P-cvtlodextrin (1 :2) complex. in rat after
smq‘fg W?f% J/kq1 23%% oral %7;41 /kgﬂlatﬁes I\illﬁlﬁ?oquméﬁésc 10 (n=5)
OraliMitonpierone-C10 (n¥5) Body Weight (g) [236.8 21]0 236.8 22.9
Gnawinfegdywy) |35.1 230 8 16 32 64
4°C silica 105.48 101.23 105.08 111.21 101.16
25°C,50%RHE- 108.16 95.46 105.41 108.55.- 99.78
40°C,75%RH 115.99 110.22 114.03 101.50 99.44
1:4 complex
Time (days) 2 8 16 32 64
4°C, silica 105.10 115.86 100.25 107.63 107.63
25°C, 50%RH 111.46 116.03 96.61 92.40 92.40
40°C, 75%RH 108.85 100.01 87.34 71.13 71.13

Solid state stability of Mitoquinone-C10: B-cyclodextrin complexes in the

- . absence of light at 40°C, 75%RH; 25°C, 50%RH and 5°C over blue silica gel.

Data are means of two Values}expressed as percentage.

The results show that Mitoquinone-C10 can effectively form
complexes with B~cyclodextrin, and can be stabilized by complexing with
B—cyclodextrin. The‘results show that Mitoquinone-C10 in the 1:1 and 1:2
B—-cyclodextrin complexes was stable under various conditions. The results
also show that the stability of Mitoquinone-C10 in the 1:4 complex was
decreased relative to the stability of Mitoquinone-C10 in the 1:1 and 1:2

f—cyclodextrin complexes.

EXAMPLE 8. Stability studies of Mitoquinone-C10 mesylate
Solution stability of Mitoquinone-C10 mesylate

The solution stability of Mitoquinone-C10 mesylate was determined in
five solvents; water, 0.01M HCI, 0.01M NaOH , IPB ( pH 7.4) and 50%
MeOH at two temperatures 25°C and 40°C, under two atmospheric conditions,
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t(min) U2a 1.6 - 0.3 tU2P) 10.4 3.2 t(h) 1.83 0.44 tit2 (h) 14.3* 13.9**
AUC (ug-min/m1) 473 11.1 29.3 2.7 AUMC (ug-min2/m1) 5292 831

7477 365 F (%) 100 12.4 CL (1/min/kg) 0.22 0.04 CL/F (1/minfkg)
- 80 -
air and nitrogen, for 125 days as per the Applicant’s standard operating
procedure. |

Mitoquinone-C10 mesylate solutions (100 pg/ml) in the five solvents
were prepared by dilution of a stock solution of 1 mg/ml Mitoquinone-C10
mesylate in water. Solutions (5 ml) were placed in glass vials, flushed with air
or nitrogen, sealed and placed on storage. Aliquots (0.25 ml) were collected at
0, 1,2, 4,8, 16, 32, 64 and 125 days and the concentration of Mitoquinone-
C10 determined by HPLC.

The results are given in Table 5. The stability of Mitoquinone-C10
mesylate in 0.01M NaOH is not included because Mitoquinone-C10 mesylate
decomposed in this solvent within 15 minutes. The results show that (a)
solution stability is independent of the atmosphere above the solution and (b)
temperature has a significant effect on the stability of Mitoquinone-C10 in all
solvents except HCI.

Table 5. Solution stability of Mitoquinone-C10 mesylate in 4 different

solvents under different conditions.

Conditions Time ( Days)

1 2 4 8 16 32 64 125
Water, Air, 25°C 99.6 | 983 | 98.1 | 91.2 | 93.8 | 98.0 | 94.7 | 91.7
Water, Air, 40°C 98.1 | 95.0 | 946 | 921 | 92.1 | 91.5 | 583 | 218

0.01M HCI, Air, 25°C | 103.7 | 107.6 | 102.8 | 983 | 98.8 | 98.6 | 98.6 | 925

0.0IMHCL, Air, 40°C | 98.4 | 98.8 | 99.2 | 96.5 | 100.6 | 1049 | 940 | 826

IPB, Air, 25°C 95.6 | 958 | 98.6 | 94.5 | 93.7 | 904 | 89.6 | 1003

IPB, Air, 40°C 957 1 955 | 94.1 | 923 | 91.2 | 89.5 | 68.7 | 40.0

50% MeOH, Air, 25°C | 97.7 | 97.1 | 106.9 | 103.6 | 104.5 | 98.6 | 102.8 | 98.0

50% MeOH, Air,40°C | 99.2 | 98.8 | 99.4 | 985 | 100.5| 1015 | 819 | 60.5

Water, N, 25°C 106.7 | 114.9 | 96.8 | 96.7 | 99.7 | 97.6 | 100.8 | 92.7

Water, N, , 40°C 97.0 | 97.5 | 983 | 93.0 | 90.4 | 87.3 | 59.8 | 22.0
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13.7 th 1.3 VA (1/kg) 3.33 - 1.46 VI, (I/kg) 24.04 18.3 MRT (h) 4.2 0.5
9.5 2.2 Vs s (11kg) 25.2 6,5 /Am value obtained from mean
concentrations at times > 4 h **tm value obtained from mean
concentrations at times >4 h - 89 - TaQle 12. Mitoquinone-C10
concentration in Rat Plasma for the P2-1V and P3-P0 study Time (min)

ORI, 209D AN TIONIEEW 08 [ 1017 | o8 | 9956 | 031

0.01M HCI, Ny, 40°C 99.3 1 99.6 | 100.2 | 98.3 | 100.4 | 102.9 | 94.1 | 88.8

IPB, N, 25°C 99.6 | 96.5 | 96.9 | 953 | 96.6 | 919 | 90.9 | 97.5

IPB, N,, 40°C 92.8 | 90.9 | 92.7 | 91.2 | 93.3 | 88.1 | 68.0 | 403

50% MeOH, N,, 25°C | 101.2 | 97.3 | 105.1 | 104.2 | 102.0 | 105.0 | 101.0 | 100.2

50% MeOH, N, 40°C | 99.8 | 100.5 | 99.3 | 98.9 | 101.5 | 103.6 | 83.8 | 63.6

Data are the mean of two values expressed as percentage of the time zero
value.

The solution stability of Mitoquinone-C10 mesylate in four solvents is also
shown in Figures 16, 17, 18, and 19.

Solid state stability of Mitoquinone-C10 mesylate

Solid state stability of Mitoquinone-C10 mesylate 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 was put in clear glass
bottles and stored under different conditions. Duplicate samples were
withdrawn at 1, 2, 4, 8, 16, 32, 64 and 125 days and the concentration of
Mitoquinone-C10 mesylate determined by HPLC after dissolving the samples
in water. The results are given in Table 6 and in Figure 20.

Mitoquinone-C10 mesylate was stable (<10% decomposition) at 4°C
over silica gel for 125 days and at 25°C/50%RH for 60 days.

Table 6. Solid state stability of Mitoquinone-C10 mesylate at 40°C, 75% RH
25°C, 50% RH; and 4°C over blue silica gel.

H

Time ( Days) 1 2 4 8 16 32 64 125

4°C over silica 101.6 1034 102.4 108.2 113.5 | 966 98.2 96.0

25°C/50%RH 109.2 110.7 110.2 108.1 107.6 | 95. 91.6 73.7

40°C/ 75%RH 98.0 101.7 101.3 98.5 93.1 86.1 82.1 59.9
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(ng/m1) 1.39 SW (ng/m1) 1.39 Time (11r) 0 Mean 0 0.4950.348 304 5
1010 867 1550 2300 1640 0.1 1473.4 10 306

-82 -

The data are the mean of two values expressed as percentage of the time zero
value,

EXAMPLE 9. Stability studies of Mitoquinone-C10 mesylate —f-
cyclodextrin (1:2) complex
Solution stability of Mitoquinone-C1¢ mesylate-B-cyclodextrin (1:2) complex

The solution stability of Mitoquinone-C10 mesylate-B-cyclodextrin
(1:2) complex was determined in five solvents; water, 0.01M HCL, 0.01M
NaOH, IPB (pH7.4) and 50 % MeOH at two temperatures 25°C and 40°C,
under two atmospheric conditions, air and nitrogen, for 64 days as per the
Applicant’s standard operating procedure.

Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex solutions
(100 pg/ml as Mitoquinone-C10 mesylate) in the five solvents were prepared
by dilution of a stock solution of Mitoquinone-C10 mesylate-B-cyclodextrin
(1:2) complex (1 mg/ml as Mitoquinone-C10 mesylate) in water. Solutions (5
ml) were placed in glass vials, flushed with air or nitrogen, sealed and placed
on storage. Aliquots (0.25 ml) were collected at 0, 1, 2,4,8,16,32, 64 and 125
days and the concentration determined by HPLC.

The results are given in Table 7 and in Figures 21, 22, 23, and 24. The
stability of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex in 0.01M
NaOH is not included because Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)
complex decomposed in this solvent within 15 minutes. The results show that
(a) solution stability is independent of the atmosphere above the solution and
(b) temperature has a significant effect on the stability of Mitoquinone-C10
mesylate in the 1:2 complex with fS-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 | 10331 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 | 55.9 | 172

cnnAnnn A
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- 83 -

0.0IM HCL Air, 25°C | 964 | 100.5 | 99.9 | 98.6 | 101.5| 97.6 | 104.5 | 101.6

C0.01IM HCL, Air, 40°C | 96.6 | 98.4 | 107.1 | 104.0 | 1004 | 96.4 | 101.0 | 962

IPB, Air, 25°C 974 | 943 | 983 | 96.1 | 1075 973 | 973 | 995

IPB, Air, 40°C 95.2 | 932 | 97.8 | 98.8 | 91.7 | 87.5 | 742 | 55.9

50% MeOH, Air, 25°C | 97.8 | 962 | 95.8 | 97.5 | 102.8 | 98.3 | 99.7 | 104.5

50% MeOH, Air, 40°C | 99.5 | 98.1 | 106.5 | 106.5 | 102.9 | 92.6 | 84.6 | 64.6

Water, Ny, 25°C 101.1 | 98.3 | 102.4 1 103.5| 109.3 | 96.8 | 1003 | 91.3

Water, N, , 40°C 100.6 | 100.3 | 104.8 | 101.6 | 94.1 | 78.1 | 52.8 | 149

0.0IM HCL, Np, 25°C | 100.1 | 100.7 | 97.9 | 101.0 | 103.0 | 100.6 | 104.3 | 100.0

0.0IM HCLN,, 40°C | 98.6 | 96.8_| 103.7.| 104.2 | 100.6 | 97.8 .| 100.3 |.95.14
IPB, N, 25°C 102.0 | 97.9 | 99.6 | 95.6 | 104.6 | 93.9 | 96.9 | 98.7

IPB, N,, 40°C 92.1 | 93.7 | 952 | 93.1 | 903 | 86.6 | 73.9 | 54.8

50% MeOH, Np, 25°C | 105.0 | 96.0 | 94.1 | 96.1 | 106.4 | 97.0 | 100.0 | 105.7

50% MeOH, Np, 40°C | 98.3 | 98.9 | 104.2 | 1053 | 994 | 94.9 | 88.8 | 64.4

Data are the mean of two values expressed as percentage of the time zero
value.

Solid state stability of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)
complex

Solid state stability of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)
complex was studied in the absence of light under three different conditions;
40°C, 75% RH; 25°C, 50% RH; and 4°C over blue silica gel as per the
Applicant’s standard operating procedure.

A known weight of Mitoquinone-C10 mesylate-B-cyclodextrin (1:2)
complex was put in clear glass bottles and stored under different conditions.
Duplicate samples were withdrawn at 1, 2, 4, 8, 16, 32, 64 and 125 days and
the concentration of Mitoquinone-C10 mesylate determined by HPLC after
dissolving the samples in water. The results are given in Table 8 and in Figure
25.  The results show that Mitoquinone-C10 mesylate was stable in
Mitoquinone-C10 mesylate-p-cyclodextrin (1:2) complex at 4°C over blue
silica gel and at 25°C, 50%RH. At 40°C, 75%RH, 37% of the Mitoquinone-
C10 mesylate was degraded in Mitoquinone-C10 mesylate-B-cyclodextrin
(1:2) complex on storage for 64 days.
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Table 8. Solid state stability of Mitoquinone-C10 mesylate-B-cyclodextrin
(1:2) complex 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 97.6 107.6 111.8 106.3 106.8 97.7 96.8 | 99.9
25°C/50%RH 96.0 99.7 101.0 104.1 102.9 98.1 98.7 | 99.6
40°C/ 75%RH 105.5 109.7 110.6 114.3 110.5 92.0 65.5 | 51.5%

The data are the mean of two values expressed as percentage of the time zero
value. * Mean of two very different values (71.9 and 31.1%).

EXAMPLE 10. Stability studies of Mitoquinone-C10 mesylatev - B-
cyclodextrin (1:1) complex
Selution stability

The solution stability of Mitoquinone-C10 mesylate - B-cyclodextrin
(1:1) complex was determined in five solvents; water, 0.01M HCI, 0.01M
NaOH, IPB (pH7.4) and 50 % MeOH at two temperature 25°C and 40°C ,
under two atmospheric conditions, air and nitrogen, for 64 days as per the
Applicant’s standard operating procedure.

Mitoquinone-C10 mesylate — P-cyclodextrin (1:1) complex solutions
(100 pg/m! in Mitoquinone-C10 mesylate) in the five solvents were prepared
by dilution of a stock solution of Mitoquinone-C10 mesylate — B-cyclodextrin
(1:1) complex (1 mg/ml as Mitoquinone-C10 mesylate) in water. Solutions (5
ml) were placed in glass vials flushed with air or nitrogen, sealed and placed
on storage. Aliquots (0.25 ml ) were collected at 0, 1, 2, 4, 8, 16, 32, 64 and
125 days and the concentration determined by HPLC.

The results are given in Table 9 and in Figures 26, 27, 28, and 29. The
stability of Mitoquinone-C10 mesylate—/f-cyclodextrin (1:1) in 0.01M NaOH
is not included because Mitoquinone-C10 mesylate decomposed in this solvent
within 15 minutes. The results show that (a) solution stability is independent of
the atmosphere above the solution and (b) temperature has a significant effect
on the stability of Mitoquinone-C10 mesylate in the 1:1 complex with S
cyclodextrin in water and IPB but not in HCI or 50% MeOH.
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Table 9. Solution stability of Mitoquinone-C10 mesylate—f-cyclodextrin (1:1)

in 4 different solvents under different conditions.

Conditions Time ( Days)
1 2 4 8 16 32 64
Water, Air, 25°C 101.3 98.2 99.5 99.0 94.0 92.7 89.8
Water, Air, 40°C 89.4 87.2 904 88.1 89.8 83.9 55.2
0.01IM HCI, Air, 25°C 103.0 104.3 109.4 104.6 99.1 102.2 100.0
0.01M HCI, Air, 40°C 94.9 88.22 91.17 99.76 99.74 108.5 102.6
IPB, Air, 25°C 97.9 95.7 96.1 97.1 96.1 97.1 95.5
IPB, Air, 40°C 935 94.1 994 105.4 93.6 86.9 75.3
50% MeOH, Air, 25°C 104.8 103.7 108.7 106.4 97.6 96.9 98.1
50% MeOH, Air, 40°C 89.3 85.68 91.01 93.0 93.1 92.9 85.9
Water, Na, 25°C 1017 | 1013 106.4 102.7 92.0 92.4 89.6
Water, Ny , 40°C 96.2 91.7 95.9 101.6 88.0 84.5 56.5
0.0IM HC1, Ny, 25°C 103.7 106.5 108.7 108.2 102.7 97.2 100.3
0.01IM HCL, N,, 40°C 96.2 90.9 97.5 98.5 98.5 106.7 104.8
IPB, N,, 25°C 100.1 99.2 100.4 97.1 96.4 98.2 95.5
IPB, N;, 40°C 98.4 95.3 102.7 101.0 91.4 87.9 75.7
50% MeOH, N,, 25°C 101.2 1014 104.5 102.4 97.6 96.4 99.0
50% MeOH, N,, 40°C 94.7 86.4 90.0 86.4 92.1 97.4 87.7

Data are the mean of two values expressed as percentage of the time zero
value.

Solid state stability

Solid state stability of Mitoquinone-C10 mesylate —p-cyclodextrin
(1:1) complex was studied in the absence of light under three different
conditions; 40°C, 75% RH; 25°C, 50% RH; and 4°C over blue silica gel as per
the Applicant’s standard operating procedure.

A known weight of Mitoquinone-C10 mesylate —B-cyclodextrin (1:1)
complex was put in clear glass bottles and stored under different conditions.
Duplicate samples were withdrawn at 1, 2, 4, 8, 16, 32, 64 and 125 days and
the concentration of Mitoquinone-C10 mesylate determined by HPLC after
dissolving the samples in water. The results are given in Table 10 and in Figure
30. The results show that Mitoquinone-C10 mesylate was stable at 4°C over
silica gel and at 25°C, 50%RH but 37% of the Mitoquinone-C10 mesylate was
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degraded in Mitoquinone-C10 mesylate —B-cyclodextrin (1:1) on storage for
125 days at 40°C, 75% RH.
Table 10. Solid state stability of Mitoquinone-C10 mesylate—B-cyclodextrin
(1:1) complex 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 102.1 97.7 100.0 98.5 103.4 | 101.4 100.6 | 102.3
25°C/50%RH 99.7 101.6 104.2 101.8 102.4 100.7 95.2 101.9
40°C/ 75%RH 98.2 101.6 98.3 97.8 98.8 96.0 87.2 66.7

The data are the mean of two values expressed as percentage of the time zero
value.

EXAMPLE 11. Pharmacokinetic Study of a Single IV and Oral Dose of
Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex in Rat (P2 & P3)

Based on the results of a previous pharmacokinetic study of
Mitoquinone-C10 bromide and an acute oral toxicity study of Mitoquinone-
C10 mesylate-B-cyclodextrin (1:2) complex, doses of Mitoquinone-C10
mesylate-B-cyclodextrin (1:2) complex for the pharmacokinetic study were 50
mg/kg Mitoquinone-C10 mesylate for the oral dose and 10 mg/kg
Mitoquinone-C10 mesylate for the IV dose.

Ten female Wistar rats (mean weight approximately 236 g) were
cannulated with Silastic tubing in the right jugular vein under halothane
anaesthesia 48 h before an experiment. An aqueous Mitoquinone-C10
mesylate-B-cyclodextrin (1:2) complex solution (10 mg/ml as Mitoquinone-
C10 mesylate) was freshly prepared and administered by either the oral (n=5)
or IV route (0=5). Blood samples (0.2 ml) were collected at 0, 5, 10, 20, 30, 45,
60, 90, 120, 180, 240, 360, 720, and 1440 (24 h) min after the IV dose and at 0,
15, 30, 60, 90, 120, 150, 180, 240, 300, 420, 540, 720, and 1440 (24 h) min
after the oral dose. Blood samples were centrifuged and plasma samples (0.1
ml) were stored in the -20°C freezer. Samples of 24 h urine and feces were also
collected.

The Mitoquinone-C10 mesylate concentration in plasma was
determined by ESR using LC/MS (Table 12).
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Pharmacokinetic Analysis

The pharmacokinetics of Mitoquinone-C10 were analysed by iterative
unweighted non-linear least-squares regression analysis using MINIM. The IV
data were fitted using one-, two- and three-compartment models. The model
giving the best fit was the one with the minimum value according to Akaike’s
information criterion (A.I.C). The plasma drug concentration-time curves after
drug administration were found to be best and adequately fitted by a three-

compartment open model described by the following equation

C=Ae%+Be? + Ee

where C is the plasma drug concentration, A, B and E are mathematical
coefficients, « is the rate constant for the distribution phase, £ is the rate
constant for an intermediate phase (distribution or elimination) and y is the rate
constant for a terminal, slower elimination phase. Drug elimination half-life (t;,5)
in the terminal phase was calculated as tip = 0.693/y. Oral data (post 4 h) were
fitted with a one-compartment model. The peak concentration (Ciax) and time to
reach Ciay (fmax) Were obtained directly from the concentration-time profile. The
area under the plasma concentration-time curve (AUC) was estimated using the
linear trapezoidal rule, with extrapolation from the last measured concentration
to infinity determined by use of the terminal elimination rate constant (y). The
total plasma clearances after intravenous (CL) and oral (CL/F) administration
were estimated as CL = dose/AUC. Volumes of distribution were calculated as
Vp = dose/(AUC-p) and Vy = dose/(AUC+y). Absolute bioavailability (F) was
calculated as: F = AUCpo x Dosejy / AUCjy x Dosepo. Mean residence time

(MRT) was calculated as AUMC/AUC. Apparent volume of distribution at
steady state (¥ss) was calculated as dose;, X AUMC/AUC)?.
Results and Discussion

The mean plasma concentration-time profiles of Mitoquinone-C10

mesylate after IV and oral administration of Mitoquinone-C10 mesylate-p-
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cyclodextrin (1:2) complex are shown in Figure 31 and the mean

pharmacokinetic parameters are listed in Table 11. Original data of plasma

levels of Mitoquinone-C10 mesylate are attached (Table 12).

Table 11. Pharmacokinetic parameters of Mitoquinone-C10 mesylate
administered as Mitoquinone-C10 mesylate-B-cyclodextrin (1:2) complex in rat
after single IV (10 mg/kg) and oral (50 mg/kg) doses

IV Mitoquinone-C10 Oral Mitoquinone-C10

(n=5) (0=5)
Body Weight (g) 236.8+£21.0 236.8%22.9
Cmax (ng/ml) - 351
tmax (min) - 30
t,, (min) 1.60.3 -
tiop (min) 104+3.2 .
t,, 1.83+0.44 -
t @ 14.3% 13.9%*
AUC (pg-min/ml) 473 11.1 293427
AUMC (pg'min®/ml) 5292 + 831 7477 & 365
F (%) 100 124
CL (Umin/kg) 0.22 % 0.04 -
CL/F (I/min/kg) - 137413
V; (kg) 333+ 146 -
v, (Vkg) 24.04% 183 -
MRT (h) 42405 9.5+£22
Vss (Vkg) 252465 -
* t1, value obtained from mean concentrations at times >4 h

** ¢ value obtained from mean concentrations at times > 4 h
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Table 12. Mitoquinone-C10 concentration in Rat Plasma for the P2-IV and P3-
PO study
Time 011V 21V 31V 41V 51V Time Mean
(min) (ng/ml) (mg/mb) | (ng/ml) | (mg/ml) | (ng/ml) (Hr)
0 0.495 0.348 30.4 1.39 1.39 0
5 1010 867 1550 2300 1640 0.1 1473.4
10 306 391 572 641 476 0.2 477.2
20 199 186 221 251 192 0.3 209.8
30 132 111 117 158 111 0.5 125.8
45 90.5 87.5 70 113 72.3 0.8 86.7
60 62.1 59.4 56.4 72.5 48.7 1.0 59.8
90 36.4 37.9 38.9 57.4 29.4 1.5 40.0
120 232 25.3 24.2 54.8 18.8 2.0 29.3
180 17.8 21.3 20.7 302 22 3.0 22.4
240 13.1 12.9 164 274 9.63 4.0 15.9
360 7.01 8.89 115 16.7 7.46 6.0 10.3
720 2.8 3.44 5.66 4.07 2.19 12.0 3.6
1440 1.49 1.63 1.47 1.37 1.96 24.0 1.6
Urine 193 52.6 48.5 10.1 12.9
Time 06 PO 07PO | 08PO | 09PO | 10PO Time Mean
(min) (mg/ml) | (g/mb) | g/mh | (mg/m) | (ng/ml) (Fr)
0 0.878 2.15 1.35 1.39 0.279 0 1.2
15 18.3 21.2 17.5 183 44.8 0.3 24.0
30 29.9 36.9 26.7 28 54 0.5 35.1
60 16 25.4 19.5 20.3 40.8 1.0 24.4
90 10.7 25.3 202 21.1 25.3 1.5 20.5
120 24.3 23.2 24.5 25.6 13.5 2.0 22.2
150 20.1 23.8 25.7 26.9 10.4 2.5 214
180 21 22.4 19.2 20.1 8.72 3.0 18.3
240 33.9 20.9 12 22 7.67 4.0 19.3
300 224 17.4 13 13.5 17.3 5.0 16.7
420 9.19 21.8 5.03 5.24 21.4 7.0 12.5
540 6.27 20.1 14.5 15.1 15.2 9.0 14.2
720 8.25 7.31 4.38 4.57 6.08 12.0 6.1
1440 2.12 0.418 2.93 3.05 171 24.0 2.0
Urine 1.54 354 4.42 4.61 20.7
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Following IV administration, a very rapid distribution phase is
followed by a slower distribution or initial elimination phrase followed at
approx 4 h by a prolonged elimination phase. The concentration-time profile
of Mitoquinone-C10 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-C10 from
the rat GI tract was fast. The peak plasma concentration of Mitoquinone—ClO
occurred within 1 h of oral administration and then declined slowly over time
with an elimination half-life based on post 4 h data of about 14 h.

The estimated F value is 12.4%.
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35.44.424.6120.7 -90- Following IV administration, a very rapid
distribution phase is followed by a slower distribution or initial elimination
phrase followed at approx 4 h by a prolonged elimination phase. The
concentration-time profile of Mitoquinone-C10 was fitted to a
three-compartment model with a termifalshalf-life of 1.8 h, although the
half-life based on data called post 4 h glese is 14.3 h (Table 13).
Following oral administration, the absorption of Mitoquinone-C10 from the
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occurred within 1 h of oral administration and then declined slowly over
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document and material is hereby incorporated by reference to the same extent as if

it had been incorporated by reference in its entirety individually or set forth herein
in its entirety. Applicants reserve the right to physically 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 on 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 spirit 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 modifications may be made to the invention
disclosed herein without departing from the scope and spirit of the invention. The
invention illustratively described herein suitably may be practiced in the absence of
any element or elements, or limitation or limitations, which is not specifically
disclosed herein as essential. Thus, for example, in each instance herein, in
embodiments or examples of the present invention, any of the terms “comprising”,
“consisting essentially of”, and “consisting of”” may be replaced with either of the
other two terms in the specification. Also, the terms “comprising”, “including”,
containing”, etc. are to be read expansively and without limitation. The methods
and processes illustratively described herein suitably may be practiced in differing
orders of steps, and that they are not necessarily restricted to the orders of steps
indicated herein or in the claims. It is also that as used herein and in the appended

claims, the singular forms “a,” “an,” and “the” include plural reference unless the

context clearly dictates otherwise. Thus, for example, a reference to “a host cell”
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includes a plurality (for example, a culture or population) of such host cells, and so
forth. Under no circumstances may the pateﬁt be imterpreted to be limited to the
specific examples or embodiments or methods specifically disclosed herein. Under
no circumstances may the patent be interpreted to be limited by any statement made
by any Examiner or any other official or employee of the Patent and Trademark
Office unless such statement is specifically and without qualification or reservation
expressly adopted in a responsive writing by Applicants.

The terms and expressions that have been employed are used as terms of

~description and not of limitation, afid there is no ifitent in the use of such terms and
expressions to exclude any equivalent of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within
the scope of the invention as claimed. Thus, it will be understood that although the
present invention has been specifically disclosed by preferred embodiments and
optional features, modification and variation of the concepts herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations
are considered to be within the scope of this invention as defined by the appended
claims.

The invention has been described broadly and generically herein. Each of
the narrower species and subgeneric groupings falling within the generic disclosure
also form part of the invention. This includes the generic description of the
invention with a proviso or negative limitation removing any subject matter from
the genus, regardless of whether or not the excised material is specifically recited
herein,

Other embodiments are within the following claims. In addition, where
features or aspects of the invention are described in terms of Markush groups, those
skilled in the art will recognize that the invention is also thereby described in terms
of any individual member or subgroup of members of the Markush group.

The compounds of the invention have application in selective antioxidant
therapies for human patients to prevent mitochondrial damage. This can be to
prevent the elevated mitochondrial oxidative stress associated with particular

diseases, such as Parkinson’s disease or diseases associated with mitochondrial
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DNA mutations. They could also be used in conjunction with cell transplant
therapies for neurodegenerative diseases, to increase the survival rate of implanted
cells.

In addition, these compounds could be used as prophylactics to protect
organs during transplantation, or ameliorate the ischaemia-reperfusion injury that
occurs during surgery. The compounds of the invention could also be used to
reduce cell damage following stroke and heart attack or be given prophylactically to
premature babies, which are susceptible to brain ischemia. The methods of the
invention have a major advantage over current antioxidant therapies — they will
enable antioxidants to accumulate selectively in mitochondria, the part of the cell
under greatest oxidative stress. This will greatly increase the efficacy of antioxidant
therapies.

Those persons skilled in the art will appreciate that the above description is
provided by way of example only, and that different lipophilic cation/antioxidant

combinations can be employed without departing from the scope of the invention.
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CLAIMS

L. A chemically stable antioxidant compound, comprising:

a lipophilic cationic moiety selected from the group consisting of
triphenylphosphonium, tribenzylammonium and phosphonium that is linked to an
antioxidant moiety by a linking moiety which comprises a carbon chain having a length
that is equivalent to a linear saturated carbon chain having from 1 to about 30 carbon
atoms; and

an anionic complement for said cationic moiety,

wherein the cationic moiety is capable of mitochondrially targeting the
antioxidant moiety,

wherein the antioxidant moiety is selected from the group consisting of
(i) a quinone or a quinol, (ii) vitamin E or a vitamin E derivative, (iii) a chain breaking
antioxidant, (iv) a derivatized fullerene, and (v) a spin trap, and wherein the anionic
complement is a pharmaceutically acceptable anion that is not a halogen ion or a nitrate
anion and does not exhibit reactivity against the antioxidant moiety, the cationic moiety
or the linking moiety, the pharmaceutically acceptable anion being selected from the
group consisting of (i) an alkyl sulfonate, (ii) an aryl sulfonate, (iii)
hexafluoroantimonate, (iv) arsenate, (v) phosphate, (vi) tetraphenylborate,
tetra(perflourophhenyl)borate or other tetrafluroborates and (vi) trifluoromethane

sulfonate.

2. The compound according to claim 1 wherein the lipophilic

cationic moiety is a substituted or an unsubstituted triphenylphosphonium cation.

3. The compound according to claim 1 or claim 2 wherein the
pharmaceutically acceptable anion is selected from the group consisting of
methanesulfonate, p-toluenesulfonate, ethanesulfonate, propanesulfonate,

benzenesulfonate and 2-naphthylenesulfonate.
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articles, and other documents and materials referenced or mentioned
herein are indicatiye of the levels of s(lidll of those skiIIFdlin thq ?rt3to \Het,]rig?l the
the inventich pertaing, QAP RWh G gL AL §WoLAEAP and Matera
antfoRRIBR LB RO ERIeddAyFFterence to the same extent as if it had been
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specificatiop,any and gl malsiaaanerinformatian fsem amysyehdpateniss, (if)
publications, scientific articles, web sites, electronically available

a dhibrrstlsmemdiotidanteféidncldinirsddiy srasciifdhtsa spin trap; and
(c) the group consisting of butylated hydroxyanisole, butylated
hydroxytoluene,  5,5-dimethylpyrroline-N-oxide,  fert-butylnitrosobenzene,  fert-

nitrosobenzene and a-phenyl-fert-butylnitrone.

5. A compound according to any one of claims 1 to 4 having the

general formula I:
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and/or its quinol form, wherein R;, R;, and R are the same or different and are selected
from C; to Cs alkyl, substituted C; to Cs alkyl and H, and wherein n is an integer from 2

to 20, and wherein Z is the anionic complement.

0. The compound according to claim 5 which is selected from:
(a) a compound according to claim 5 wherein Z is selected from the

group consisting of an alkyl sulfonate and an aryl sulfonate; and



The specific methods and compositions described herein are
representative of various embodiments or preferred embodiments and are
exemplary only and not intended as limitations on the scope of the )
invention. Other objects, aspects, examples and embodiments will otétirl-=F
to those skilled in the art upon cons_ig;;r_ation of this specification, and are
encompassed within the spirit 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 modifications may, be made t trlgerxin.ve ti isclosed
herein withBUt de Bt HBhAE £ S8 pir %ﬁn&% oS Farated
invention illustratively described herein suitably may be practiced in the
absence of any element or elements, or limitation or limitations, which is. = .
not specifically disch§seietsia é@@@éﬁt?ﬁl.&‘?ﬁﬁ}e@f&%ﬂmﬁlé,% akpich is
sel&?éﬁ &I{!erein, in embodiments or examples of the present invention,
any of the teinis "comprising”, "consisting essentially of', and "consisting
of' may be feplacedcnithainddrayithshetiari® terms in the specification.
Also, the terms "comprising”, "including", containing”, efg. are to be read

expansively agg without limitation. The ethods ang pro\ceses
illustrati ced in differing orders

“are not necessarily restricted
indicated he in th

claims. Iti in and inthe

a reference to a host cell* - 93 - includes a pluralit
culture or population) of such host cells, and so fort
circumstances may the patent be interpreted to be lhx
examples or embodiments or methods specifically disclosed herein. Under
no circumstances may the patent be interpreted to be limited by any
statement made by any Examiner or any other official or employee of the

angigfeit GHAOT FREBMEIRTO NSRRI WtlsmEnt fpecifically and
without quﬁﬁ?atiogwwgg@mgmqgg&yu@opted in a responsive
writing by Applicants. The terms and expressions that have been
employed are used as terms of -decripti¢prnd dot of limitation, affd there is
no ifitent I'n the use of such tenns and gfpressions tg. e
equivalent of th features showh#nddeScrived or p
is recqegniged hat vaxioys modifications Bxe possible
the inventio |

present jnyen
embogltﬁ’?rg{nts and

gralge

invention has been described broadly and generically M. Each of the
narrower species and subgeneric gr@lpings falling within the generic
disclosure also form part of the invention. This includes the generic
arfdeSEHptamer fhgninvention with a proviso or negative limitation removing
any subject matter from the genus, regardless of whether or not the
excised material is specifically recited herein. Other embodiments are
within the fojowingclaims hkageitiepmphenefeasgssargaspects of the
invention are described in terms of Mannish groups, those skilled in the art

will recognize thsmsalivEREISnARISNISAAE ROBPARRL HRY SATRERES R dRPPhilic
cdngividuglyrgmiereel-aubgsaipel members akigMaseusipaEaybhosphonium,

The compounds of the invention have application in selective antioxidant
triherayrsmsmhimancaiesrbapipre bt Hitddendidndaniagilanhigelghy by a

be to prevent the elevated mitochondrial oxidative stress associated with

particular diseases, such as Parldnson's disease or diseases associated

with mitochondrial - 94 - DNA mutations. They could also be used in

conjunction with cell transplant therapies for neurodegenerative diseases,

to increase the survival rate of implanted cells. In addition, these

compounds could be used as prophylactics to protect organs during
trancenlantatinn or amelinrate the icchaemia-ranarfiicion initirny that neecrire



MS SI_I. P - 96 - 4. The compound according to any one of claims 1 to 3
wherein the antioxidant moiety is selected from (a) a quinonc or a
quinol; or (b) the group consisting of (i) vitamin E or a vitamin E
derivative (ii) a chain breaking antioxidant, (iii) a derivatized fullereng;and; p
(iv) a spin trap; and (c) the group consisting of butylated
hydroxyanisole, butylated hydroxytoh?@ne 5,5-d
imethylpyrroline-N-oxide,tert-butylnitrosobenzene,ten- nitrosobenzene and
a-phenyl-tert-butylnitrone. 5.A compound according to any one of claims |
linkmeHAEQIRLY twélgﬁﬁempmﬁﬁalaarb@hal'@m@%ﬁw fsnathviheréireamivaent to a

1P shanh RGNS PLATIE AR I AIBRE Tt BR Ml 1o C5 alkyl,

substituted C1 to C5 alkyl and H, and wherein n is an integer from 2 to 20, ‘
and whereiriz aglmamnwmvéemntp@memﬂ edtineicompeyndvhctdindihg tationic

mOIa%rniS.SCWhal Sell ]['l l‘%ﬁ y ar e 1n rﬁgoupgxa&arﬁrdln%‘é,o claim 5
rein Z'1s se ected from the grotip consisting ot an alkyt sulfonate and

an aryI squomb&e:mmhie aﬂﬂox(b@atanmﬁgundeieﬁeddfngﬁcthdagm@wbvmstmg of

.Cof (C),, is saturat e Thte co ound t?ccorg:é to an?/ rﬁe Of%f %
(x84 Eﬁ 98 %éi‘é&%d (n 9(‘551% ShpSUAY! %%aé‘ Stritlla? TR AR e
ant gidig) {orma \wbeveilvdlisiheariond complegnentpnsdbybeeampauagionic
having the formula:
complement 1s a pharmaceutically acceptable anion that is not a halogen ion or a nitrate
anion and does not exhibit reactivity against the antioxidant moiety, the cationic moiety
or the linking moiety, the pharmaceutically acceptable anion being selected from the
group consisting of (i) an alkyl sulfonate, (ii)) an aryl sulfonate, (iii)
hexafluoroantimonate, (iv) arsenate, (v) phosphate, (vi) tetraphenylborate,

tetra(perflourophhenyl)borate or other tetrafluroborates, and (vi) trifluoromethane

sulfonate; and a carrier or excipient.

9. The pharmaceutical composition of claim 8 wherein the
chemically stable antioxidant compound is a compound as claimed in any one of claims

2to 7.

10.  The pharmaceutical composition of claim 8 or 9 wherein the
pharmaceutical composition is selected from

(a) a pharmaceutical composition which comprises cyclodextrin;

(b)  the pharmaceutical composition of (a) wherein the antioxidant
compound and cyclodextrin are present at a compound-to-cyclodextrin molar ratio that
is from about 10:1 to about 1:10;

(c) the pharmaceutical composition of (a) wherein the antioxidant
compound and cyclodextrin are present at a compound-to-cyclodextrin molar ratio that
is selected from the group consisting of (i) from about 5:1 to about 1:5, (ii) from about

4:1 to about 1:4, (iii) from about 2:1 to about 1:2, (iv) about 1:1 and (v) about 1:2;



and/or its quinol form. 8.A pharmaceutical composition, comprising:

a chemically stable antioxidant compound that comprises a lipophilie
cationic moiety selected from the group consisting of )
triphenylphosphonium, tribenzylammonium and phosphonium that is"CSLLF
linked to an antioxidant moiety by a M CS 1,LP - 98 - linking moiety which
comprises a carbon chain having a’length that is equivalent to a linear

saturated carbon chain having from 1 to about 30 carbon atoms; an
anionic complement for said cationic moiety, wherein the cationic mojety .
is capable é&%ito@h%ﬂ&ﬂ%’f’?ﬁ‘?&r@gﬂ?f&% tgng?\éx?ﬁgﬂtefﬂo'%?y?ycllo St s -

Cygyj;@g}@@ﬁr;pe antioxidant moiety is selected from the group consisting of (i)
a quinone or a quinol, (ii) vitamin E or a vitamin E derivative, (iii) a chain |
breaking arffibxidaht PhairaeaesiezCampmsHanke, WiF Py ) QBRI trasyaingextrin
wi¥PEreiRdNe ARIRRG CAOMRIKRRRLIFR RRapRacaUtically: AGpBREANIS. @iRidextrin
that is not a halogen ion or a nitrate anion and does not exhibit reactivity
mdgain&'@ﬂhétéhﬁbﬁxﬁtﬂér-ﬁ;moiety, the cationic moiety or the linking moiety,
the pharmageuticaly AceeRialie AnIORRANG RalRRISd LA MAkRhe growp
consisting of’(i) an atkyl sulfonate, (i) an aryl sulfonate, (i) S
cohgixtfigi arbantromate;t{a) axsepetsio)tphosplatey ] pieytéoraptab dibarisieation
tetra(perflourophhenyl)bgrate or other tetraflurobor ) ST
o T S R TU B A A 80 PR A ision: and
pharmaceutigal compiasitiaceoficihironBpedidoainvitiehotrenpicsdly cstelbiiextrin, and
antioxidant otmpou d is a compound asg:laimed in a]r;%{ orl1e of claims 2 0.
tha 15 selectefhy Frpr, [ifaioxPe SHRHIF BRI BbBA BT ASIN S oF FRPREIER tHe" '

foRhalRAcRYlisal compesitianisseleplegdiautical comi@saiphakimasdotinalated
composition which comprises cyclodextrin; (b) the pharmaceutical

for prpseTRbRIBEAHRHEPein the antioxidant compound and cyclodextrin are

present at a compound-to-cyclodextrin molar ratio that is from about 10:1

to about 1:10; (c) the pharmaceutical composition of (a) wherein

the antioxidaht corfipdbsidiashPEytedaeirgirraidapeseaieat dn a cell ex vivo,

Qﬁ%wd-to-cyclodextrin molar ratio that is selected from the group

consistig of (i) from about 5:1 to about 1:5, (ii) from about 4:1 to about

1:4, (i) fromcaitout b toeHbbat tomigivgeaboiioahondnid (withbookanpeally stable
Nt Tant Somponnd ﬂsgf) St _e%sdﬁoé‘ 555 [N 108 WREIRIN NG ted from the

cycC OG8X{rm 1158 cyc ode rn; 85 a pharmaceutical composition
gralpctoasistipises teiytiaddirispiibeinein thiberamipounsthand oytipdepiimare that
. present at a compaund-to-cyclodextrin molar. ratio that is abaut 1:2: (Qa .
A Al B G 8 o SR o R bt EorbiLhg o ghain
hfha raegstical-camapsiigenthat isifesmuaiadiédr eidbadihinistiatiap &oeh 1 to

a pharmaceutical composition that is formulated for parenteral . . X
abgiinitlistraion; dves: and (@) APraHAACeERIBAI SBRboSicHfiRHonic moiety,
WwhOIBRIERS GYRIpReXnANd hphinseleaiaddrenuthergrouR-aapsinting @b:ddant

pharmaceutical composition that is formulated for oral administration and
maiglyarmaceutical composition that is formulated for parenteral

administratiof, ;£ Mead:@AROHERY WIdAtVR SRR tﬂea%tzsupeéowg@ang of

comprising: contacting a cell that comprises mitochondria with a
(i hermiceny stableiantidkidamoompouad taatiodhsisesi b, dliipeptiin breaking

ationic mpiety sel fro ro ISt . .

o SR b e OSSP Sl and whgrein e anfonic
cdimipdartenaiis anfioxidarsuniaibyyabyeatlibkingionoiedy iwhighs ¢ahpeisésar a nitrate

carbondc ain hzvi atlen %h tthat is.e%l{vale?t to Iitnear at rateq. . -
HUSMTH &N &%ﬁ#}oﬁa T A0 Ca BT RS s RN i) S O e
oc@iBpigrignt i disatibaiemeiatyalvhaereipttiv: catlonidengiaidldsted from the

capable of mitochondrially targeting the antioxidant moiety,

wherein the antioxidant moiety is selected from the group consisting of (i)

a quinone or a quinol, (ii) vitamin E or a vitamin E derivative, (iii) a chain

breaking antioxidant, (iv) a derivatizal fullerene, and (v) a spin trap, and

wherein the anionic complement is a pharmaceutically acceptable anion

that is not a halogen ion or a nitrate anion and does not exhibit reactivity

against the antioxidant moiety, the cationic moiety or the linking moiety,
thea nharmacaeriticallvy accantable aninn beina cealacted from the



- 100 - group consisting of (i) an alkyl sulfonate, (ii) an aryl sulfonate, (iii)
hexafluoroantimonate, (iv) arsenate, (v) phosphate, (vi) tetraphenylborate,
tetra(perflourophhenyl)borate or other tetrafluroborates, and (vi)
trifluoromethane sulfonate, under conditions and for a time suﬁicier}& &fLi P
accumulation of the antioxidant compgund in the mitochondria, and ’
thereby reducing oxidative stress in Qg cell, 12. The method
according to claim 11 wherein the chemically stable antioxidant compound
is a compound as claimed in any one of claims 2 to 7 or comprises a

S RarRRESiRGl ImPbsitith &Sty By ol of Wairde'R tsUtpnate. (i)
hedafdORIRQA L) Prening aRAntioxidant compakiid thalis capaiigaliborate,

reducing oxidative stress in a cell, comprising admixing cyclodextrin or a

tetea(orsfiextrinhdenvhtioeatgitiera eBieipdeiielbreerfiepautd {\ahd/sflyeromethane
ol T ) . . : .
S N N e o
coismndtege ot eodt, and twrebeincuis rephadatiacatmsally hessptable
anion that is not a halogen ion or a nitrate anion and does not exhibit
reactivity against any moiety of the compound of formula 1, the
pharmaceutigally adeeptethtel avionddeing sklizctéd Wbercthalgrobgmicalg stable

consjsting of (i) an alkyl sulfonate, (ii) an aryl sulfonatc, (iii) .
wH%&ﬁiﬁﬂb%ﬁﬂé&r‘l‘(‘?ﬁa{%,a(i\?)og’r}%(é'ﬁgteefg(\?)??}ﬁgégpHﬁt%?%vﬁ%t?&ﬂ%?ﬁb%ré?e? or
colepiaesfimaranikbenyilRemip s eihetdediaf usohgratefandHeR to 10.

trifluoromethtme sul foliate. 14. A method of preparing an

antioxidant compound that is capable of reducing oxidative stress in a cell,

comprising PﬂmiXiQ\Qrﬁé’ﬁl@&'@ﬁﬂf&ﬁz{rﬁlgy&loﬂﬁﬁﬂﬂzﬁﬁr&\éﬁﬂy@hﬂ&thﬁt is capable

compound having the formula: and/or its quinol form. 15. A method of
of sypdheisis oPadasiviolirfashaning wralforsiNRE admigirgHgpdededipigr 2
xR e St arillipdraibas gl gaim 15 which s selected
rom: al)the method of claim 15 wherein the idebenone mesylate is
chemically reduced prior to the reaction with triphenylphosphine; (b)the
method of claim 15 further comprisie}g, prio the reaction of idebenone
mesylate with triphenylphosphine, £ne ste
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and/or its quinol form, wherein R;, R, and Rj are the same or different and are selected
from C; to Cs alkyl, substituted C; to Cs alkyl and H, wherein n is an integer from 2 to
20, and wherein Z is a pharmaceutically acceptable anion that is not a halogen ion or a
pitrate anion and does not exhibit reactivity against any moiety of the compound of

formula I, the pharmaceutically acceptable anion being selected from the group



(1) adding triethylamine to an idebenone solution to obtain an idebenone
triethylamine mixture; (2) cooling the idebenone triethylarnine
mixture of (a); and (3) reacting the idebenone triethylarnirgvg, g
mixture with a methanesulfonyl chloride solution to obtain idebenone ™ "
mesylate; and (c)the method of (b)_cl%r{\prising at least one of: (I)step (1)
wherein adding triethylamine comprises adding a molar excess of
triethylamine relative to idebenone, (i) step (2) wherein cooling

comprises cooling to 10+3C, and (iii) step (3) wherein reacting ..
CORHHLIL REHRY AP a2 A A g SRRSOt )
areAMPOSIIgSpEARIE (o tiaaipral Doaaratienhgetiesng frghphborate or other

predisposed to Parkinson's disease, Alzheimer's disease, Huntington's
tetaforeboratesy it €vehts Ruasamefiisrnsedriiiises an effective amount of an

antioxidant compound which comprises a lipophilic cationic moiety

selected from the group consisting of triphenylphosphonium, )
tribenzylarnrfoniud arethpAcdprrepiimetiaatastimieanicampgnskidants capable

of MEIRMBY BIRKRG Molely Wiich EOMPUSSRAGALRNLARID BRI or 2
leng at Is equivalent to a linear saturated carbon chain"having from | to
cyelodex 3 darbatiatevith, sarvohngawdbaicreptimpfernana:for said cationic

moiety, wherein the cationic moiety is crafable of mitochondrially targeting

LLP

the antioxidant moiety, wherein tfye antioxidant moiety is selected
i) Witgmin E or a

from the group 8onsisting of (i)rﬁﬁ%u_im org quinol
vitamin E derivdtive, (iii) a chain breaki

a
Cl v

tetra(perflourophhenyl)borate or other tetrafluroborates;arnd (vi)
trifluoromethane sulfonate; and a catHék or excipient. 18.The use of a
compound comprising a lipophilic cationic moiety selected from the group

andémsistingrof tipmenylphosphonium, tribenzylammonium and
phosphonium that is linked to an antioxidant moiety by a linking moiety
which comprises a carbon chain having a length that is equivalent to a
linear saturdt®d cafboretbldinfsauthgsisorhalctongbond boviagiibe taromk
and an anionic complement for said cationic moiety, wherein the cationic
species is capable of mitochondrially targeting the antioxidant species,
wherein the ant'B)xidant moiety iEIS lected froin the g sisting of (i)
a quinone or a quinol, (ii) vitamin & or a {tamin E de (i) a chain
breakiGf&htioxi @) a derivatized fulkerene, and
wherein the i

that is@@ics : :
against the anti axidant moiety, the cationic moiety or th@|link

the pharmaceutf?:ally acceptable anion being selected fi!i; the group

consisting of (i) an alkyl sulfonate, (ii) an aryl sulfonafée
hexafluoroantimonate, (iv) arsenate, (v) phosphate, ( aphenylborate,
tetra(perflourophhenyOborate or other tetrafluroboratesard (vi)
trifluoromethane sulfonate, in the pre(}l)lé}ation or manufacture of a
medicament, dosage unit, or pharmaceutical composition effective for use

a%ﬁf/ﬁ}%e %@?go%%‘ _at%%tﬁgfr@%tcﬂ%ﬁs?ﬁéi%qteaétilo(?l‘}o'f idebenoh® I 4R with

a compound according to ¢ ' in the preparation or manufacture

aim 1

tripithnylpbosphiterial or materials of a medicament, dosage unit, or
pharmaceutical composition effective for use for the reduction of
symptoms of aging in a patient. 20. The use of a compound
comprising a lipophilic cationic moiety selected from the group consisting
of triphenylphosphonium, tribenzylammonium and phosphonium that is
linked to an antioxidant moiety by a linking moiety which comprises a

carbon chain having a length that is equivalent to a linear saturated
crarbon chain havina from 1 10 ahoniit 20 carbon atome and an anionice
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16.  The method of claim 15 which is selected from:
(a) the method of claim 15 wherein the idebenone mesylate is
chemically reduced prior to the reaction with triphenylphosphine;
(b)  the method of claim 15 further comprising, prior to the reaction of
idebenone mesylate with triphenylphosphine, the steps of:
() adding triethylamine to an idebenone solution to obtain an
idebenone triethylamine mixture;
(2) cooling the idebenone triethylamine mixture of (a); and
3) reacting the idebenone triethylamine mixture with a
methanesulfonyl chloride solution to obtain idebenone mesylate; and
(c) the method of (b) comprising at least one of:
(1) step (1) wherein adding triethylamine comprises adding a
molar excess of triethylamine relative to idebenone,
(ii) step (2) wherein cooling comprises cooling to 10+3°C,
and
(iii) step (3) wherein reacting comprises reacting at

approximately 10-15°C.

17. 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 an effective amount of an antioxidant
compound which comprises a lipophilic cationic moiety selected from the group
consisting of triphenylphosphonium, tribenzylammonium and phosphonium that is
linked to an antioxidant moiety by a linking moiety which comprises a carbon chain
having a length that is equivalent to a linear saturated carbon chain having from 1 to
about 30 carbon atoms, and an anionic complement for said cationic moiety, wherein
the cationic moiety is capable of mitochondrially targeting the antioxidant moiety,

wherein the antioxidant moiety is selected from the group consisting of

(i) a quinone or a quinol, (ii) vitamin E or a vitamin E derivative, (iii) a chain breaking
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antioxidant, (iv) a derivatized fullerene, and (v) a spin trap, and wherein the anionic
complement is a pharmaceutically acceptable anion that is not a halogen ion or a nitrate
anion and does not exhibit reactivity against the antioxidant moiety, the cationic moiety
or the linking moiety, the pharmaceutically acceptable anion being selected from the
group consisting of (i) an alkyl sulfonate, (ii) an aryl sulfonate, (iii)
hexafluoroantimonate, (iv) arsenate, (v) phosphate, (vi) tetraphenylborate,
tetra(perflourophhenyl)borate or other tetrafluroborates, and (vi) trifluoromethane

sulfonate; and a carrier or excipient.

18.  The use of a compound comprising a lipophilic cationic moiety
selected from the group consisting of triphenylphosphonium, tribenzylammonium and
phosphonium that is linked to an antioxidant moiety by a linking moiety which
comprises a carbon chain having a length that is equivalent to a linear saturated carbon
chain having from 1 to about 30 carbon atoms, and an anionic complement for said
cationic moiety, wherein the cationic species is capable of mitochondrially targeting the
antioxidant species,

wherein the antioxidant moiety is selected from the group consisting of
(1) a quinone or a quinol, (ii) vitamin E or a vitamin E derivative, (iil) a chain breaking
antioxidant, (iv) a derivatized fullerene, and (v) a spin trap, and wherein the anionic
complement is a pharmaceutically acceptable anion that is not a halogen ion or a nitrate
anion and does not exhibit reactivity against the antioxidant moiety, the cationic moiety
or the linking moiety, the pharmaceutically acceptable anion being selected from the
group consisting of (i) an alkyl sulfonate, (i) an aryl sulfonate, (iii)
hexafluoroantimonate, (iv) arsenate, (v) phosphate, (vi) tetraphenylborate,
tetra(perflourophhenyl)borate or other tetrafluroborates, and (vi) trifluoromethane
sulfonate, in the preparation or manufacture of a medicament, dosage unit, or
pharmaceutical composition effective for use in the reduction of oxidative stress in a

patient.



- 104 -

19.  The use of a compound according to claim 18 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.

20. The use of a compound comprising a lipophilic cationic moiety
selected from the group consisting of triphenylphosphonium, tribenzylammonium and
phosphonium that is linked to an antioxidant moiety by a linking moiety which
comprises a carbon chain having a length that is equivalent to a linear saturated carbon
chain having from 1 to about 30 carbon atoms, and an anionic complement for said
cationic moiety, wherein the cationic species is capable of mitochondrially targeting the
antioxidant species,

wherein the antioxidant moiety is selected from the group consisting of
(i) a quinone or a quinol, (ii) vitamin E or a vitamin E derivative, (iii) a chain breaking
antioxidant, (iv) a derivatized fullerene, and (v) a spin trap, and wherein the anionic
complement is a pharmaceutically acceptable anion that is not a halogen ion or a nitrate
anion and does not exhibit reactivity against the antioxidant moiety, the cationic moiety
or the linking moiety, the pharmaceutically acceptable anion being selected from the
group consisting of (i) an alkyl sulfonate, (i) an aryl sulfonate, (iii)
hexafluoroantimonate, (iv) arsenate, (v) phosphate, (vi) tetraphenylborate,
tetra(perflourophhenyl)borate or other tetrafluroborates, and (vi) trifluoromethane
sulfonate, either:

(A) in the preparation or manufacture of a composition effective for use
in the reduction of oxidative stress in a cell; or .

(B) in the preparation or manufacture of a medicament, dosage unit, or
pharmaceutical composition effective for use in the treatment or prophylaxis of a patient
suffering from or predisposed to Parkinson’s disease, Alzheimer’s disease, Huntington’s

Chorea, or Friedreich’s Ataxia.





