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BACKGROUND G ?Ez J-NVENTI ON Background Art

[0002] R R R rp a-tocopher ol qui none i s under devel opnent for treatnent of
synptonms associated with fitochgndHi al di seases. It oceurs naturally in man
but in very Iom1concen£[a"ons\(KO 2] A LnL%xf$LJszsﬁq1lar to Coenzyne Q
(CoQ10, ubiquinone), a lij pi|d-sol uble conponent of cell nenbranes that
functions as both a coenz ~in the mtochondrial electron transport chain
and, in its reduced form 4as an antioxidant. Lenaz, t al.

M t ochondri on 7S: S8- 33 (2807). In vitro experinents MAtHe

R R, R- al phat ocopher ol qui none have shown it to be far nore potent than CoQ

i n enhanci ngheinkddeipriingf suidizimgnalpiEeteopticrolnwith tar meahdalt bxidizing agendites
have denonstrated the potential benefit, of CoQ .in a variet of dj ease? of

t he nervous faysthesrmparnd psbernsile Ja‘ghefﬁlﬁdh?-ﬂﬁtqh%@%‘ﬂc e of the met
m tochondri gl %kﬁﬁﬁﬁgsdgéﬁgatlﬁﬁtm@cq;h'eﬁ)l is 1.6 to 4. The invention is also dlrected to a

method of synthesizing a compound of Formula 1, the method comprising (a)

hydrolyzing alpha-tocopheryl acetate in the presence of a base; (b) neutralizing the
hydrolyzing of (a), thereby forming alpha-tocopherol; and (c) oxidizing the alpha-
tocopherol of (b) with a metal salt oxidizing agent to form the compound of Formula I,
wherein the stoichiometric ratio (mol/mol) of the metal salt oxidizing agent/alpha-

tocopherol is 1.6 to 4.

BACKGROUND OF THE INVENTION

Background Art

[0002] R,R,R-alpha-tocopherolquinone is under development for treatment of symptoms
associated with mitochondrial diseases. It occurs naturally in man but in very low
concentrations (< 0.2 pg/mL). It is similar to Coenzyme Q (CoQ'°, ubiquinone), a lipid-
soluble component of cell membranes that functions as both a coenzyme in the
mitochondrial electron transport chain and, in its reduced form, as an antioxidant. Lenaz,
G., et al., Mitochondrion 75:S8-33 (2007). In vitro experiments with R, R, R-alpha-
tocopherolquinone have shown it to be far more potent than CoQ'" in enhancing
mitochondrial function. Several in vitro and in vivo studies have demonstrated the
potential benefit of CoQ' in a variety of diseases of the nervous system (Parkinson

Disease and Huntington Disease) and mitochondrial diseases (mitochondrial
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y
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Ph.D. Thesis, University of Texas at Austin (1952)).

[0005] However, traditional methods of synthesizing alpha-tocopherolquinone often
result in higher than desired concentrations of side-products. For example, commercial
R,R,R-alpha-tocopheryl acetate is invariably contaminated with varying amounts of beta-
tocopheryl acetate and gamma-tocopheryl acetate. A consequence of these impurities is
that oxidation of alpha-tocopherol to form alpha-tocopherolquinone also results in
oxidation of these impurities and formation of beta-tocopherolquinone and gamma-
tocopherolquinone. Thus, new methods of synthesizing alpha-tocopherolquinone are
needed to reduce the level of side-products such as beta-tocopherolquinone and gamma-

tocopherolquinone.

BRIEF SUMMARY OF THE INVENTION

[0006] The invention is directed to a method of synthesizing a compound of Formula I:
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conpri sing oxidizing al pha-tocopherol with a netal salt oxidizing agent to
form t he worepounees7ef Forrmul a |, wherein the stoichi onet PCt/usatiiio216om! / nol )
of nmetal salt oxidizing agent/al pha-taogapherol is 1.6 to 4. [0007] Tne
present invention is also directed to a nmethod of synthesizing a conpound
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hydr ol yzi ng alpha-tocophéfyl acet@te inj the presence gf a base; (b)
neutralizing the hydrotyzivagelta);~thereby. forming-al pha-tocopherol; and
(c) oxidizing the al phailt odopherol of (b) with a netal salt oxidizing agent
to formthe conpound of Fgfrula |, wherein the stoichionetric ratio

(mol /nol) of metal salt oxidizing agent/al pha-tocopherol is 1.6 to 4.
[0008] I n sone enbodi nents, the netal salt oxidizing agent is an iron halide
such as, e.g., Fed 3. In sone enbodinents, the netal salt oxidizing agent
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or a stereoisomer thereof, the method comprising: (a) hydrolyzing alpha-tocopheryl
acetate in the presence of a base; (b) neutralizing the hydrolyzing of (a), thereby forming
alpha-tocopherol; and (c) oxidizing the alpha-tocopherol of (b) with a metal salt oxidizing
agent to form the compound of Formula I, wherein the stoichiometric ratio (mol/mol) of
metal salt oxidizing agent/alpha-tocopherol is 1.6 to 4.

10008] In some embodiments, the metal salt oxidizing agent is an iron halide such as,
e.g., FeCls. In some embodiments, the metal salt oxidizing agent is serially added in
more than one portion. In some embodiments, the method further comprises washing the
product of (c) with an aqueous solution.

(6609} In some embodiments, the stoichiometric ratio (mol/mol) of metal salt oxidizing
agent/alpha-tocopherol is 2.5 to 3.5. In some embodiments, the metal salt oxidizing agent
1s added in an amount sufficient to oxidize 70% (mol/mol) to 98% (mol/mol) of the
alpha-tocopherol to the compound of Formula I.

[0010] In some embodiments, the base is potassium hydroxide or sodiwm hydroxide. In
some embodiments, the neutralizing is by addition of an acid.

[0011] In some embodiments, the alpha-tocopheryl is dissolved in an alcohol before
hydrolysis. In some embodiments, the hydrolysis occurs at about 5°C to about 20°C.

{0012} In some embodiments, alpha-tocopheryl acetate is R, R, R-alpha-tocopheryl acetate.



1001011 n sone enbodi nents, the base is potassi um hydroxide or sodi um
hydr oxi de. I n sonme enbodi nents, the neutralizing is by addition of an acid.
[ 0011] I n worrellertaydi nent s, the al pha-tocopheryl is di ssecras20m/oarso@l coho
bef ore hydrol ysis. In some enbodignents, the hydrolysis occurs at
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i.e., R, R, R-alpha-tocopherolquinone, or a stereoisomer thereof.

{8313} in some embodiments, the method of the present invention produces a
composition having less than 2% (mol/mol) gamma-tocopherolquinone relative to the
compound of Formula I. In some embodiments, the composition has less than 0.7%
(mol/mol) gamma-tocopherolquinone, or less than 0.2% (mol/mol) gamma-
tocopherolquinone relative to the compound of Formula I. In some embodiments, the
compound of Formula I is greater than 70% (wt/wt) of the composition. In some
embodiments, the composition has less than 20% (wt/wt) of alpha-tocopheryl acetate,
alpha-tocopherol, beta-tocopherol, beta-tocopherolquinone, gamma-tocopherol, or
combinations thereof.

[0014] In some embodiments, the method of the present invention further comprising
adding a pharmaceutically acceptable excipient. In some embodiments, the invention is
directed to an oral dosage form comprising the compound of Formula I, made by the
method of the present invention.

[0015] The present invention is also directed to a method of treating a mitochondrial
disorder, modulating one or more energy biomarkers, normalizing one or more energy
biomarkers, or enhancing one or more energy biomarkers, the method comprising
administering to a subject a therapeutically effective amount or effective amount of a
composition made by the methods of the present invention, the composition comprising a

compound of Formula I



[ 00131i n sone enbodi nents, the nethod of the present invention produces a
conposition having | ess than 2% (nol /nbl) gamma-tocopherol qui none rel ative
to the conpaondiied7oFormula 1. I n sone enbodi ments, the ecmusgeilioorsdhas | ess
than 0. 7% (nol /nol ) gamra-tocopher ol quisnone, or |ess than 0.2% (nol/nol)
ganmmat ocopher ol qui none rel ative to the conpound of Fornmula |I. In sone
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invention is directed to an oral dosage form conprising the conpound of
Formula |1, made by the nethod of the present invention. [0015] The present
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[0016] in some embodiments, the energy biomarker is selected from the group consisting

of: lactic acid (lactate) levels, either in whole blood, plasma, cerebrospinal fluid, or
cerebral ventricular fluid; pyruvic acid (pyruvate) levels, either in whole blood, plasma,
cerebrospinal fluid, or cerebral ventricular fluid; lactate/pyruvate ratios, either in whole
blood, plasma, cerebrospinal fluid, or cerebral ventricular fluid; phosphocreatine levels,
NADH (NADH+H) levels; NADPH (NADPH+H) levels; NAD levels; NADP levels;
ATP levels; reduced coenzyme Q (CoQ™?) levels; oxidized coenzyme Q (CoQ®) levels;

Yy levels; oxidized cytochrome C levels; reduced cytochrome C

total coenzyme Q (CoQ
levels; oxidized cytochrome C/reduced cytochrome C ratio; acetoacetate levels,
B-hydroxy butyrate levels, acetoacetate/B-hydroxy butyrate ratio, 8-hydroxy-2'-

deoxyguanosine (8-OHAG) levels; levels of reactive oxygen species; levels of oxygen
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usi ng pot assi um hydroxi de, and TBME. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0019] The present invention is directed to a method for limting the

formation of beta- BRIEF DESCRIPTION OF THE FIGURE

[0018] FIG. 1 summarizes a method of converting alpha-tocopherol acetate to alpha-

tocopherolquinone using potassium hydroxide, and TBME.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention is directed to a method for limiting the formation of beta-
and gamma-tocopherolquinone through control of the stoichiometry of the metal salt
oxidizing agent. The inventors have found that the rate of reaction of alpha-tocopherol
with ferric chloride is faster than the rate of reaction of either beta- or gamma-tocopherol.
Thus, if the oxidation process uses a limited amount of metal salt oxidizing agent, such
that some of the tocopherols are not oxidized before the metal salt oxidizing agent is

exhausted, preferential oxidation of the alpha-isomer can be achieved.



and gamma-tocopher ol qui none through control of the stoichionetry of the
netal salt oxidizing agent. The inventors have found that the rate of

reacti on wb 2alphasocopherol with ferric chloride is fagcenustdan2iche rate
of reaction of either beta- or gamma-tgcopherol. Thus, if the oxidation
process uses a limted amount of netal salt oxidizing agent, such that sone
of the tocopherols are not oxidized before the netal salt oxidizing agent
is exhausteglmbﬂéierential oxi dation of the al pha-isonmer can be achieved,
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occur in th&HRPIR F‘tﬁ F‘éﬁc‘ﬁ“S OTFAISISy 95 AR RO LhegtIcel WS on

al lows the Wg@oGimdnf @fphx%aéphépepfsqs&%arﬁfroaf adlabagd oeeya&sreydﬂsas%ﬁaé Balm
wi t hout the need of fu

oil, sunflower, com, soybean and olive oil, nuts, seabuckthorn berries, kiwifruit, wheat
germ, whole grains, peanut butter, or green leafy vegetables, and is then chemically
converted to acetate. In some embodiments, the alpha-tocopheryl acetate starting
material is in a relatively impure form, i.e., it is contaminated with beta-tocopheryl
acetate and/or gamma-tocopheryl acetate. For example, in some embodiments, the alpha-
tocopheryl acetate contains greater than 1%, 2%, 3%, 5%, 8%, 10%, or 15% beta-
tocopheryl acetate, gamma-tocopheryl acetate, or a combination thereof. Thus, the
method of the present invention can be of particular benefit when an impure form of
alpha-tocopheryl acetetate is used as a starting material, since it will reduce the formation
of beta-tocopherolquinone and/or gamma-tocopherolquinone that would otherwise occur
in the oxidation reaction. Thus, the method of the present invention allows the use of

relatively impure forms of alpha-tocopheryl acetate, without the need of further



WO 2011/ 112679PCT/ US2011/ 027690 chr onot ogr aphi ¢ net hods to renove the

bet a-t ocopher ol qui none and/ or gamrat ocopher ol qui none. [0022] The

i nt er nedivaibesitthiad79result fromthe hydrol ysis of al pha-rotapsh@nypbkicacet at e
and/or the neutralization of hydrolysig.can be isolated prior to the

oxi dation of the al phatocopherol, or the oxidation can be performed w thout
i solating the al pha-tocopherol Hydrol sis of al pha-tocopheryl acet ate to
al pha- t ocopAEPBIOREIP e BEbOADI 10 H@E}Ob@/ BB aPgliariecapherokpyirans: iaad/er qgrmmpt y
of al pha-to I ate into a reaction vessel, and then adding a base.
The term™" h&ggﬁy’%ézll P\igl%g ‘pha-t ocopheryl acet ate" |nvoI ves the conversi on,
i.e., [0paeplysi sThefinehpbdateodbphesyit fanetthé dytml fiy mstfadlmatotqﬂﬁgheﬁcetate

[ 0023] Hydrol ysi reactl ons tF renpve ac tat c{]oups are known in the art,
and i ncl ude %‘F)‘k@?@a Botiopat hydalysis can Bg t‘F PaYnie B BEdrtiRIeLth et“h’@a‘oase

hydrol ysi s [
base. St rong&ggﬁs‘eggmaa!rr éﬁ@ﬁ)gﬁﬁ?%leﬁtgg ?ir%d%%qggﬁt&t é?"gﬂ“gn [ ncé}hagté)% ut are

not Iim tedthdrol)a;ltskaf i alpiractoeaphehy]l addetultd tweilpﬂa-ﬂoyob}mxoldm hﬂ(hc%rhplxshdés‘ws uch
as sodi um hydr oxi gﬁ &xt assi um h. dr?Xl.Pg‘? i} dr oxi de, rubi di

hydr oxi de, Sens R e VR 8 AR HORAPEM IS A NE A BB sB um
al koxi de, p@feAssidiip al k¥l d?he'tbﬁx@"%%l%h}l&%@ QE)haQBCJpHQH‘# HER" KA¥HII8 the

cal ci um aI koxi de, strontium al koxi de; bari um al koxi used herei n,

the ter m " abdyiseiat, 1.e.ehydrolysis, ¢ﬁﬁl1@11a-fab<kniwr3d@s¢tat@ tg fqrnmiplhaabacolldter(dt hoxi de,
propox Nn_SOFr ment t he sent vention, th
hydr ol SI 3 occur%i%foaysas rcfa‘ftiloéﬁe%fremgve ace%aé%&f% ﬁgedg%%’rbgl H‘ﬁcﬁré ﬁiﬁl?ﬁtlm%
hydr oxi de, Badolysis By editds, 0Pl 38, urmnrretrh@wﬂa)dlaaetsumeebw ho@oBREY @
pot assi um et hOXI de. Additional strong bases can include, but are not

linmted to,acPmpgsheddhy, but nsit lgniteddn, asdyionfiagiong Rase. g desesue ey tout y|

lith 4 1 t h
di et hy ar cspq ¢ oo R bt RRAARY LAt ke (A, iy Shfneca
| i thium bi smtldrbﬂﬁédﬁyihél dlydxides eech a§ G02din hydsmide, qmmsstuﬁf hidroxidae lithium

hydrol ysi s ction is perforped in the presence of additional solvents
e.g., an al %’Fld‘éuéﬁ lg@nhe]t*m%ﬂe Sty | hydspxide.o siapium | Rydsgxide, barium’

enbodi ment sy, &rt@adttgétﬁ tnyaik @%g%%ﬂm' AkBE &é %gﬁﬁt atci)gd %@lﬁ&ag ﬁgfggt@tur e,

e.g., froma out out Cto a
from about &I@Jmoalkbxlde ﬁﬁnﬁunnalkbmdm abtbmtturﬁ dkdadabaAd uddd Rereinn tlsomem

enbodi nents, .the g at ocopheryl acetate is cooled prior to.the hydrolysis,
and is mai ntaa]f%‘é? fB‘ Fhio 18@ ’gﬁia&gat‘ﬂiaéot“ﬁ%‘?} (2 pEWEOXHi?dPG} ydjus, in

reaction. | %rﬁ&@iﬁb@&ﬁféﬁtsr@ﬂhé prés@a 1|flygftﬁhy%iesh}fd?&g§1§ OBcur$ V?&g%&d%(ﬁpof sYch

as, e.g., by nechanical neans, throughout the reaction perio
2011/ 11267 9@@1’11@92@1(1)[16@,7 ﬁeﬁssa@n 1Bﬂ1}5m7ﬁh,e sbdidmo Inyeslilcsnalae apdtassiunc anethexide,

al l owed to procee ha- e tatels al nost Ietely
v ol yzed. A Fihedielano BT SRS o UGRET SF et uSe A G 2

anal yzi ng th& ihatio bgrdmansits 80Wbiod) asRlek narfdhﬁrdﬁﬂ&s suh 9s but?yhdﬂf’tn@ n-l n
some enbodi ments, the reaction is conpl ete when al’pha-t ocopheryl acet ate i's

| ess than 2ByLi)edighitmadiisopsopylaneids (LAk) I%HQLIN)eslshlﬂlnardlﬂhﬂ@maieeéLIbBAg\,e nt
at 205 nm ag r{%a%&r d(%ﬁb gsgdlum 1%?0611 Kl\lﬁgg%ngmgmrge& rlrhetfx}bl 1}1}’ drglysis

reaction can neu que
[0024] in some embodiments, the hydrolysis reaction is performed in the presence of

additional solvents, e.g., an alcohol such as methanol, ethanol, or propanol. In some
embodiments, the hydrolysis reaction is performed at a reduced temperature, e.g., from
about -20 °C to about 35°C, or from about -10 °C to about 30 °C, or from about 0 °C to
about 20 °C, or from about 5 °C to about 15 °C. In some embodiments, the alpha-
tocopheryl acetate is cooled prior to the hydrolysis, and is maintained at the cooled
temperature throughout the hydrolysis reaction. In some embodiments, the hydrolysis

reaction is agitated, such as, e.g., by mechanical means, throughout the reaction period.



to stop the hydrolysis reaction. In sonme enbodi nents, the nmethod of the
present invention can involve the neutralization of the hydrolysis reaction
by additiwo20fr/am7aci d. As used herein, the term "aci d" pcefuses 1og76amy
conmpound or conposition capable of |owering the pH of the hydrolysis
reaction to less than a pH of 7. For exanple, in sone enbodinents the acid
is a stong] acid such as, but not limted to, hydrogen halides and their

sol uti §02>1 such dbe Hgyérqizm aeaction g heHaflgweth & ﬂ?me@fb gt Eheaaipha-toq@pheryl
| furi P
Zgi duE IH(Z: C(? 8 t'E{tgce I'C %(2(% ,le }}f\ﬁ(ﬁolé(lg@}@’} %?%gﬁ&gga{dd& eﬁg%én%ﬁg gggp ft&{ggsgtm g

aci d, oxal i by aahplingind @faly@irigcthadadth bihReaeikdswaan thge a;ddechrﬁ,e g,ls HRBC! i on
vessel in an amount_ sufficient tq reduce the pH of the hydrolysis reaction
to bel ow a PH®RC smbaligients, the gesstipmisromplets whﬁ‘n a%nhaﬁ%otﬁaerab ate 1s lgggdlan ¢ o
the product H6f 1d0 Y50l Y8l ok 9361 Bkl Barf BSi) hicAbErckfie 2050 hOMeRlurdde
al pha-tocop erol to a cohpoun salt oxidizing agents

are known tbyHRig€e in the art, and can include, but are not limted to

transi met aI with hali des chr.om um hal i nese hal |

i ron AR S, ST PRUIoT 5 iechAFRINSIF FEASBOT SR DR HET PGS

hal i des, anq, Tsﬂ)% {Hekﬁydrny%@Sfeﬁét% Mgh lonfX bABSdinfent; -thS Ih&BSd OX1HE present
pernmanganate ions; ferricyanide ions; nitric acid; [ odi ne; brom ne;

hypochl ori texveptmmcandesolvamb mnuygbzatmntotﬁ tlze Hydzelysiadéactibn byiaddisionof an acidome
enbodi nment s gl ectro&zee ca,l, ag be used |ndpl ace of .a %ﬂﬂ#l ailnt
oxi di zi ng aé\é lfse 55t Ef“phaﬁl o’i%eﬁﬁ P ALY T9TRPRd Qi FIMRQFitane Capaple
cal cul at e t RRvdringBh@PH SMRE BYdroRAMI rERMohab 188 ﬂ@dnegﬁq%hem&aelxmﬁ?iel irf @dme
achi eve an anount of oxidation conparable to the nmethods of syn hesi s

descri bed hembpdimeTiscthe agih is astperescid sagke ps,thyt aoh limdigdrio.ahysiedenrhabides iy a

negative ch | S| f

loori de ( FeroRlbdttis A aiis R ERICE and RE S T P EBRI MRRLR R

term net al EI@JSO&)XIM(HCZ helg (BIOEDY), pl&?d’sphcﬁtﬁ‘d uele, (HBPQ,), chefhid dcitl gItRO,), ‘acetic

enbodi nent s, the metal salt oxidizing agent 1s dissqlved in a solvent

sol ution, eagd . citricreidpdonmie peidh ghirome peidsiastis Aoy exic-acid or taririg|acidy| The

oxidizing a I ol
ol it on. { BOObfiFres SRl B HERHEAC A Man Srunt A SENE BB b o A

al pha-t ocophﬁdrolyss@bmlbmtb belowarphus7 Wayss. For exarrpl e, the rret al salt

oxi di zi ng agent can b ddeg to the que ched hydr SIS reygctl Qn at  a
[ ]

si ngl el@Wé7ht in &Rl af Pt axidizig agepbistadged t%WG/Pé? PF e WIM%%FES‘H?%W
m xi ng for I [ "EIWQ t he
metal salt %&?&%itﬁ%bgg%%n %Qﬁe%gthg& ﬂf%??(ﬁ% CgI?leuct {rg, ro y5|1ts
reaction sl oWd;zmg/egenas medimn@em qhesa mdthefart, ian@ ,cae igclydep et ark, ncz liriiDed 5,

20, or 30 m nutes. er nat.i net al t oxi di zi ng agent can.be
added i n muTEIG BT B M 06, .o G B i DR GRS, Tt BRI ¢ he
netal salt ipd} BAIREs a}ﬂﬂ‘dﬁmﬂl%aﬁ@&eﬁﬁgﬂalﬂkﬁ éﬂdﬁlh&h%ahaesahﬁ@%qlkteotrﬁx%‘iﬁdne

I n some enbodi ments, the aqueous [ayer is rempved prior to addition of the
next porti ometaﬂ opmiteale gaisliveommdﬁzpm’glaagtmte iohsy fsmwaredmmmmcsamd,ogdme

portions ar ac{dedl,[1 fgltggi qu ous er bei.ng ra% g rtera t|on of
o b eaulrfiing: bkl R SioS, Rpd BSkeD Sifla LB S ftab Sl

enbodi nent Sembé@EnRhiRhan él@@tﬁmﬂemwaqwm@uﬁeomwﬁn g@cé 6§éliﬂetam galf mmziﬂgeagent
addition of the netal salt oxidizi ng agent can be washed one or nore tines

wi th an aquisoesdwastiphaiogepherel dpne BGFRErin e gr caotHawAlp e BG e TeT
ot her_29ueOpuR0L HI AL Srothom P ANSAEAEM oFBUN W aaliof porg BRI O
pot assi um c 3 and I'Zi ng

agent . For exeodl ef smhmemﬁbMB&emMthr fhalidesd réfer the hulpen ahi wn of
t he oxi dati on reaction. In sone enbodinents, one or. nore washes are used,

e.g., 2, 3,bearing adregﬁ%\feed\mﬁ@ h&%lée preis selacied feam theagropmennsiseng Pt Huerisd |
or aI ternat I |8 aghgl/ ed. in sone enbodi nents, an
agueous vvaanP'L?scyl%)Oe %?l%/%r( t3 d?{‘%d%ﬁf one or nore portions of

met al  §0O28] oxi di Thuy thgetaxtm mdtal tdie oamlidng saigb@yetn iklude/me\edF¢Cl; wdat®me

bet ween each ortion.
godlments the metal salt oxidizing agent is dissolved in a solvent sclution, e.g., the



[ 0031] Unl ess designated otherwi se, the term"stoichionetric ratio" refers
to the total ratio of the noles of netal salt oxidizing agent relative to
t he nol eswof20alpbe9t ocopherol in the oxidation reacti onPCThi$g011/02T69@
stoichionetric ratio in an oxidation rgaction which includes serial
additions of nultiple portions of netal salt oxidizing agent, the term
stoichionetric ratio would refer to the total additive anount of noles of
metal salt mﬁtaéliszltr@lézgmt agent a$ |in tave aghigions spRitigdr eigonwatgt @k tgtarfateohol
oxi dati on rgebgﬁ# I n sone enbodi ments the stoichionetric ratiois 1.6 to
4, 1.8 to 4 04 2.2to 4, 2.5to04, 3to 4, 3.5to 4, or 3.8 to 4. In
some efooag) ment SThé higetslt QdlC bkidiEhg iagetitaédnobfadded ad sgtattocdBerol solution in
2011/ 112679PCT/ US2011/ 027690 - 11 - oxi di zi ng agent/al pha-tocopherol is 1.7
to 4, 1. 8 t BArpus grays. {£igr oxample,ihg sieial sl oaing @getnﬁéars b iddsrddee quenehidh o
of metal [ agent 0£0 r

2.7 to 3.2. i"%ddg%% ‘Zr?bés]‘g’rrr‘egg %b%@%lg‘:&” e ﬁg{%b%‘ tf‘%}f’t ?8@%’?1 Sﬁnd/cg;B ﬁ?g?%sbg;
seri al addi medmical mixing ifgy the daration o thaf oxtédtin readtionodh dom rmbadeikngs, the

wherein the individual .portion o et al 't oxidizin t cont ai ns
St ol chi ot FEE! il Pooerariecs »@a{% “géﬁ%o‘ﬁszﬁai EhtY @Pgﬂag SHpHariEi iy
greater thag,dagprolh &dh?f"tnﬂe %o RRAUES, 1td‘€}§ ﬁ) Qr 30SahRE. Nﬂ@ﬂlagvéy,

greater than 1, greager .2, greater’ than 1.5 greater than 2, greater
than 2.5, gthean@al $alhamxl®l,zngr@me¢antlm:rd®d5n rmltlgheqmt‘tmnsx hansetial haditiomseor

nbodi ment hi t t f net |t oxj di zi .
Sent | al phatlicsstp R 6 Biieh Seth iifribi pE i pifed s iotile és alpwed
3.5, 1.0 tosd B solmdethBodiments! the 5B MRRE iNMRMVed piSr & [dHMPSEhE inext

ratio of netal salt oxidizin agent/al ha-t ocopherol in each individual
portion is porfon@f/netyl st @uglzmg ageny. %5801@6 samb@>d9nenls fourpportions arg, glded,
2.5, or 3.0, thre r four rtions o
reral “salt Shdrs HEe Ry p R BB R Faid RE Rk 0B B
rati o of nematal %{@x@pﬂl@agbmg agent/al pha- tocopher ol in each individual
portion of 0.5, 0.6, 0.7, 0.75, 0.8, or 0.9. In sone enbodi nents, multiple
por ti of938F et aln seme embpdinniry ﬂa@g@l@baé@@ph@rehlulr@@é HoBIio8 gerdRg Hom then

having a de ger Ooin%% %’Zﬁt({fﬁ&z@gtig?ntoﬁm{*ﬁ ﬁ@d Bné)%k ¢ Gk b dhnes, with an

agent/ al pha ocop Ras a'Fa

second port aqueotasvash, reag.j o/awfr Buffer (ard s‘oﬁﬁlni Imdarbon@ue) Icﬁrl’bth\ﬁSaqaedSL&t sobutivin
0.6. Alternatively, rrultlpl e portions_of netal salt oxidizing agent can be
used with eed @u%@@%%&l %Ftﬂqlbhehéﬂ)‘ihﬁﬁl A RARSERAS S ORdD); INCHIVE AMPUREGS; o

of et al saldy Xl 06 AR U ARNGIRn oy FAF hESABERLPR has

a ratio of 0.6, e secon trron has
portion hastha temhnalwmfof&hﬁom[iﬁmﬁ&]ehaumorin senmbca:mmmms bheonmbed wsshle!; are

oxi di zi ng n an anmount suffi t to oxidize 70% | [ nol)
to 98% (ol Th 720 §-%0 :ﬁ ﬁﬁénqrsc%ﬁﬁssr Bic 1§ thﬁhecé}’ﬁﬂbﬁ%l then %ﬂw&"ﬁeﬁ of 1
some enbodi Qf?e?ﬁé’twefﬁ"'%aﬁﬁé dcyeRl lan @6k AhAb NI LRGSR eﬁx%oﬁﬁféﬁg bg oﬁ?@z‘dﬂh
sufficient to oxidi'ze 75% gS% 87% 90% 92% 95% or 7%(m) nol) to the

conpound of pdEtrmetl rior tq mimqn of @eme neorb pditivmn 0§ metabsdt ohidmingagesoedtite can

be added to the product o si S reaction. Such solvents can
i ncl ude, e.6‘1‘1,60‘3&3%'“6&{??0%&“?1%&‘&8&’ﬁ@%eflfﬁmﬁo B¥t-et hyl ether, or other

sol venfed3im si COhRsVdbAgRdE btherwise, the term "stoichiometric ratio” refers to the total
ratio of the moles of metal salt oxidizing agent relative to the moles of alpha-tocopherol
in the oxidation reaction. Thus, for a stoichiometric ratio in an oxidation reaction which
includes serial additions of multiple portions of metal salt oxidizing agent, the term
stoichiometric ratio would refer to the total additive amount of moles of metal salt
oxidizing agent in all the multiple portions added to the oxidation reaction. In some
embodiments the stoichiometric ratiois 1.6 to 4, 1.8 t0 4,2 to 4,2.2to 4, 2.5 to 4, 3 to 4,

3.5 to 4, or 3.8 to 4. In some embodiments, the stoichiometric ratio of metal salt



WO 2011/ 112679PCT/ US2011/ 027690 - 12 - [0035] Oxi dati on of al pha-tocopher ol
can be carried out by adding a netal salt, e.g., ferric chloride, to the
al pha-t ocwpherioli267%he al pha-t ocopherol can be di ssol vedpcm/usedihazmsbg

et hanol, or acetone, with the netal sahi{, with or without water. In sone
enbodi nents, the reaction proceeds in a honogeneous solution. [0036]1n

ot her enbodlnents oxi dati on of al pha-tocopherol can be carried out by

di ssol vi ng amh?ang agoRbhaitodorheral st hafo 4el.§.10 3 eF 2 1pddy| hlrﬁ@tnﬁqu@@ﬁé?nts

(TBME), and, Lt t g, d
et hanol , pre era léhggilgﬁ &gb%ne a%g?&uﬁﬁ%ﬁhvﬁﬁh@- %ﬁ#@ﬁ% %% ?ﬁégaéta
salt are then2mitséd. the resulting m xture of netal salt/alpha t ocophero

con5|st|n of two phases; (i) an _organic phase consjting predom nantly of
al pha- 1 3bher ol In am¢ smbaqgl sy SCGPREONJERTHOR SOHRES SPVA d fiwommﬁmu

(ii) a pr Edgﬁhf&ﬁgtdfy RAYRQHSoRAIRE %m alyRéag ifef fdd i woﬂ (6iPE Alhosdides,

thus formn two phase reaction-system 10037In e phase reaction
system theoreizahg sgbit canaibe asetmaildryetaddmdm of m@lta:h sr,mllteo;idizﬁlig)lagc;ntmmuaei n

a first portlon of t al t i s added owed renoval first
Bt on pon oL s Giah 07 RGN hen O deciar tn 0o, gt eraharel fpgrehte
portion add'tltdnoln éd@& ARt ?-|2 gl%lafer ant f'? é‘rbﬁtélt thaR th Wﬁte@ﬂaﬂ'??sgﬂ:ﬁ@r than 3,

al pha-t ocopherol’ and the speft oxidizer enters the aqueous phase and is
predonlnant@ymﬁmﬁbmeaSt@rwa@n@“%emdrehaamntwnﬁmdﬁanQtbmb@e@u&mﬂHQGMUJoﬁ.

[ 0038] The oxidation reaction e a .QGEe nti.

L e o oot seff BigEAE bty G PoBhesY B et RRESH Dol 0B 40 Likked
for conpl et e fys. 6@ml>I5I 3. 8Nth 1M ¥abodnieh, BatsedichymBRiR Itk BPMtal Salt
those in the art, e. g., HPLC. In sonme enbodi nents, the reaction s

conpl ete meﬁldaalwnag@debbm@phml ineagsh ndividua) Pertie0s). 2599, 050946, 4560.750%
35% 1 30% 2% o301 1357 1% PReocdlh 3% BNpidth SnHBLaheAl ALSRARLEON!

at 205 nm as neasut e sone enb €’I's ana yzed

by HPLC usi pgrt@n&of Riewn)gdilt exldixay :(gEhemrﬁséte)eacthcsrnamhevln@)stc@éméxﬁanWratib a
m xt ure of acetonltrlle and water . R0039]Alternat|vely, t he oxi dation
reaction caff Bel@splonsizee pEc5talpha-togepherohisagagh ingjvidual portion of 0.5, 0.6, 0.7,

0.75, 0.8, or 0.9. In some embodiments, multiple portions of metal salt oxidizing agent
are used, each subsequent portion having a decreased stoichiometric ratio of metal salt
oxidizing agent/alpha-tocopherol, e.g., the first portion has a ratio of 0.8, the second
portion has a ratio of 0.7, and the third portion has a ratio of 0.6. Alternatively, multiple
portions of metal salt oxidizing agent can be used with each subsequent portion having a
increased stoichiometric ratio of metal salt oxidizing agent/alpha-tocopherol, e.g., the first
portion has a ratio of 0.6, the second portion has a ratio of 0.7, and the third portion has a
ratio of 0.8.

[0033] In some embodiments, the metal salt oxidizing agent is added in an amount
sufficient to oxidize 70% (mol/mol) to 98% (mol/mol) of the alpha-tocopherol to the
compound of Formula I. In some embodiments, the metal salt oxidizing agent is added
in an amount sufficient to oxidize 75%, 85%, 87%, 90%, 92%, 95% or 97% (mol/mol) to
the compound of Formula I.

[0034] In some embodiments, more than one solvent can be added to the product of the
hydrolysis reaction. Such solvents can include, e.g., fert-butyl methyl ether (TBME),

diethyl ether, or other solvents immisicble with water.



the formation of one or nore of the undesired side-products are forned. It
has been found that there exists selective oxidation during the oxidation
of al pha-wocophaead to al pha-tocopherol qui none. For examrpralS2@ne2mpo nor e
side-products is produced at a relativepy reduced rate relative to the
production of al pha-tocopherol qui none at the begi nning of the oxidation
reaction. Thus, in_some enbodi nents, the oxidation reaction

WO
2011/ 11882bpcT/ USXidetion ofgdpha-togapherelaganple spprisdeantthy pldbesadmetat salt. 14,

| evel of on Si r ; he | ' , el: o
1ov 85 ooaera, TR g8yl ABhEkoBRATN "R PhRE R GRR Ll B disschi i
HPLC. | n sometleanbb ditimeiol, Sor act@ienglith giedmefai cdlic withsogwithber whatean mo%omdds

3% 2% 1% or 0Q.5% area percent at .261 nm as neasured by HPLC. These
undesired sFH‘éQ%F%?&%{@ TE%‘]‘OPHE‘?CGE%,IHB MOgENGoYE sPlfiPR-ed  t o,

bet a- t gpger ol Ay NG, aBEITRhQC %Rﬂn%figﬂl Qi ?@H@-toc@ﬁhérér ko Q%h@a{rﬁ_l:&l W ogie,

and conbi nations thereof. In sone enbodi nen the side-product iIs
ganma- t ocoplessaiupgi alphetocbpherohen embeticneags, fettHmitylemethybrethes C@MEdearst t o

be conpl et e \when. one or re of the side-products is |ess than.about 10%
806 651 €34 CUrogivisgy eggerdr el fayus pEp dERErG oY Sl ntaS ek o P B HPbe
[ 1040] Var i oystdiRanRfolc aThbalptiedcdpheRAdntiytht Nectal PiRatc-omer heiked, ouk neqdifd om
any solvents which can be present. Solvent extraction nethods are known in

the art. Fomigtkempf enctdlrsadiiiphactabepdicrad rmossistsrd e tWo ephesasp O aani ongawarphigse

used to evaporate the solvent. ._sone. enbodi nment.s r gt ary .evaporat.or, can
be used 1o PaRRVE MgoRGiayEhior aithan SRR AT L e BebBlshin BR800k
conpound of ifFOBMH, andl (iijsa pleds@thahfly afucdngphdse cEMaMeiy fefritCihdarrBud @éades, f or

storage and/or further processing. [0041]1n sonme enbodi ments, a netal
chel ati ng a8fwistonnga&wo phasgipaclien 8ystemt al chel ati ng agents are known to

t hose i e art i i : [ id. .
ot ashlii i mi nba SR bHepE P st P RICHTRAR e Sl IS BBLEin mulipl
et hyl enedi aportieds,sulxeeini afigsc portiohDIetaledalityik adéet, dolloveddeby smomial of gl fikst
(EDTA), nethyl ene phqsphonic acid), mali¢ acid, or nitrilotriacetic acid
(NTA) . Addi P%lﬁa@nﬁééﬁléloe&.ﬁ A5EC riion gbpstah sty HFing seriglesdsn adlition, the

but ot 1T e B B R R P S P AT e o
the inventi 6 hguedis edsd ahd ia preddrothantdly symbhes ite i wagtea befonp adddioof ofFdrerul a
. subsequent portion.

[0038] The oxidation reaction can be allowed to proceed until the alpha-tocopherol is
almost completely oxidized. The reaction can be checked for completeness by sampling
and analyzing the batch by means known to those in the art, e.g., by HPLC. In some
embodiments, the reaction is complete when alpha-tocopherol is less than about 60%,
55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1%, 0.5% or
0.2% area percent at 205 nm as measured by HPLC. In some embodiments, the sample is
analyzed by HPLC using a C6-Phenyl column (Phenomenex, Torrance, CA) eluted with a
mixture of acetonitrile and water.

[0039] Alternatively, the oxidation reaction can be allowed to proceed, while measuring
the formation of one or more of the undesired side-products are formed. It has been
found that there exists selective oxidation during the oxidation of alpha-tocopherol to
alpha-tocopherolquinone. For example, one or more side-products is produced at a

relatively reduced rate relative to the production of alpha-tocopherolquinone at the

beginning of the oxidation reaction. Thus, in some embodiments, the oxidation reaction



WO 2011/ 112679PCT/ US2011/ 027690 - 14 - or a stereoisoner thereof, wherein
the synthesis results in a conposition having |l ess than 2% (nol / nol)

gama- t ocwpherioligatonone rel ative to the conpound of For mairaisko11/0p®9¢3] The
i nvention also includes all stereoi songgs of the conpounds, including

di astereonmers and enantioners. The invention also includes m xtures of
stereoisoners in any ratio, includin but not limted to, racemc

m xtures. URteds aliasredotherrosed yintis tg& devediafl gng waimereetide-Arosugtsr gaghes e
the structuge ot racecal ko Shbl 8.5t ere 0
conpound deB %t%ﬂh&%gﬁ]stére% ﬁﬂ}) %%’?6%i§/°g§§ BA’?I/fi O?l/ohl%?gglr ?’%trgtg%g%m
portion or pomichsunsd ©f HRLID! Iacohe, enihdihrﬁﬁits frmrsnagm‘slheprqmbus(gmeamafr thar $%pns
of a nolecule, the structure is intended to enbrace all paqgssible

st er eoi sorreﬂs/«» i3k 2He Toer 05 Or "B rasioPEicEMsatnhel 1% A macsewer Bt HPLG ridwese
explicitly ﬂ@ésﬁ’@&aﬁsg(} OIETQQIII&%]-EQErlﬁCﬁ & bt & RGCHRNEE rﬁ)e'béta—tﬁcophero}ﬂumone,

alpha-tocop ero a- tocop érol qui none, resulting Iin-eig

st er eoi sonmeganma; t&@heﬁlﬂlﬁbnematﬂoc@lﬁrcﬂqmﬂp&, and SpRpBiatiGsIhBteoAntl sime
S, S, S. Each %‘L ﬁShese ter 0| sqner.s, either |nd| vi.dual .y, or in an

conbi nat i on Ieat Benit g““ 1§ BpRmagaeRpherp! THROY e“fﬂ’tne'eﬁg’é’rc

the conpoungefiolf QrBbideled 48 Be %bﬁ@le‘t@%b‘ﬁ 8néBY moRE6S fhe %1&7-&6&99@9, MBYs-thd)
sonme enbodi nents, the conpound o e present invention can be in the R

conf or mat i oabouas 0ffe sk Gféd Sty 4%133%02‘}7&1 on:1%erea percent at 261 nm as measured by
HPLC.

[¢040] Various means can be used to purify the alpha-tocopherolquinone from any
solvents which can be present. Solvent extraction methods are known in the art. For
example, in some embodiments, selective evaporation can be used to evaporate the
solvent. In some embodiments, a rotary evaporator can be used to remove the solvent
under vacuum. In some embodiments, the compound of Fermula I is placed in an
organic solvent such as n-heptane for storage and/or further processing.

[0041] In some embodiments, a metal chelating agent is used. Examples of metal
chelating agents are known to those in the art and can include acrylic polymers, ascorbic
acid, tetrasodium iminodisuccinate, citric acid, dicarboxymethylglutamic acid,
ethylenediaminedisuccinic acid (EDDS), ethylenediaminetetraacetic acid (EDTA),
methylene phosphonic acid), malic acid, or nitrilotriacetic acid (NTA). Additional means
can be used to separate various undesired side-products, as well as the reaction material,

the techniques including, but not limited to silica columns.

Compositions

[0042] In some embodiments, the invention is directed to a method of synthesizing a

compound of Formula I:

f’%ﬁﬁs s,

R R



In some enbodi ments, a single stereoisoner is present, e.g., RRR in the
conposition of the present invention. In sone enbodi nents, at |east 70%
80% 90%w02%41/1026799% (nol / nol ) of the conpounds of For ralraiskothaymsot he sane
stereochem stry, e.g., RR R In sone-eqbodi ments, the conmpounds of Fornul a
| are in a racemc mxture, containing two or nore different stereocenters.
[ 00451The present invention can be directed to a nethod of synthesizing

conposi tions having | ow ay unts\Q?Hga p- t ocopher ol quisnone.
Ganma- t ocopher ol qui none..€an-be.represented by-theformil a; WO
2011/112679PCT/U82011/0ﬁ76QD - 15 - [ 0046] Conpositions described herein

can contain various awﬁhhﬁ§\bf gamma- tocopherol qui none. In sone

enmbodi nents, the conpositdon has less than 2% less thap 1.5% |ess than
1.0% less than 0.8% less than 0.6% less than 0.4% or less than 0.2%
(rmol /rnol) of ganma-tocopherol quinone relative to the conpound of Formul a
. In sone enbslgressemsr theneolowhgrowi the eynthesss teswlts infragpntpoiofrhelingdess than

anma-t oco rol qui none relative to.the _compou of Formul.g. 1. |n sone
arbod mont 2 4 AR REmH R Rl Sl QonE rRTE a0s SmdSnfit Foginulsl °F oss
than O[ob4%p or |EEs ihbaitiod. 41880 inematd mul teBRNETRIAL QFNBE ObdipdRREe IRldldgve
to the conmpound of Formula |. In sone enbodi nents, ganma-tocopher ol qui none

i s not det egirgigrepmersand papiédanes od he dnviegtionalse inpliedes mixesstafslerepssomernint he
art. Met h0d§nypfratllt§iiﬂauding, but not limited to, racemic mixtures. Unless stereochemistry is
explicitly indicated in a structure, the structure is intended to embrace all possible
stereoisomers of the compound depicted. If stereochemistry is explicitly indicated for
one portion or portions of a molecule, but not for another portion or portions of a
molecule, the structure is intended to embrace all possible stereoisomers for the portion or
portions where stereochemistry is not explicitly indicated.
[0044] There are three stereocenters in alpha-tocopherol and/or alpha-tocopherolquinone,
resulting in eight stereoisomers: R,R,R; S,R,R; R.S,R; RRS; RS,S; S,R.S; S.SR; and/or
S,8,S. Each of these stereoisomers, either individually, or in any combination of racemic
mixture, is included in the present invention. Thus, the compound of Formula I can also
include any specific stereoisomer. In some embodiments, the compound of the present

invention can be in the R, R, R conformation, as described by the formula:

0 oH .

\(‘é)\/\/(’;)\/\/(’é)\/\A

o some embodiments, a single stercotsomer 18 present, e.g., 8.8 R, in the composition of
the present invention. In some embodiments, at least 70%, 80%, 90%, 95%, or 99%
(mol/mol) of the compounds of Formula I have the same stereochemistry, e.g., RR,R. In
some embodiments, the compounds of Formula I are in a racemic mixture, containing
two or more different stereocenters.

[0045] The present invention can be directed to a method of synthesizing compositions
having low amounts of gamma-tocopherolquinone. Gamma-tocopherolquinone can be

represented by the formula;



[0047] I n sone enbodi nents, the conpound of Formula | can be used to treat
one or nore conditions in a subject. The conposition can conprise ot her

mat er i al swardiicaegrounds i n addition to the conmpound of Parmsk@1i02765@r
exanpl e, the conposition can conprise. ggiditi onal tocopheryl derivatives. In
sonme enbodi nents, the tocopheryl derivatives can be | ess than 50% (wt/w)
of the total conposition. In sone enbodi nents, the conposition has |ess
than 20% (w/wt) of aIpha it ocopkeyl acetate, al pha-tpcopherol,

bet a-t ocopherol, beta-t cpp Tyl Lﬂene'\gawna\tecephekoqu|none or

conbi nati ons thereof | nl sdire enbodi nents, the conposition has | ess than
15% (mt/w), |less than~ 10%6(m¢/mﬂ) or 1@6to 10% (wm/wt) al pha-tocopheryl
acetate, al pha-tocopherol o betatocopherol, beta-tocopheryl qui none,

gama- t ocopher ol qui none, or conbi nations thereof [0048] One of skill in

t he ar recogni ze .t.hat arlo S ex0|p|ents flavorants, colorants,
and/or(wégg rel e ngaﬂﬂﬂ@hﬁé b&CEYHetRTt SOPRE CYAHIOYS| FNGHITS | AT sgima-

enbodi nent SyocbhiRrOIgHReRE. t kP Sorhs eﬁ’abQJﬁﬁ{eﬂ?sC% s IsHioACERALRRNS SOMQS ikdnon.
In some enbodiments, the conposition further conprises a pharnacéutically

accept abl e bR¥%,dése han 1.0%, dese dhaned 8Vn less dikan potntess thdned. 474 or dess tivst GRbe,

m xture nces, .tha used in.the ornulatlo osi tions

of the presErRUIR BhErER- S RhroEuRER Bt B EF P i e Beorg s ne
fornul at i onembsdimsad, er®nipositiBe Ha® 148k TR0 EW(&hlctlhﬁ@lb loymafce BBl Rquihdteer S
to those MD 2011/ 112679PCl/ US2011/ 027690 - 16 - onpounds, materi al s,
conposi t i onglatiyade dre epaeeyad b Fegmufd £ hlnasome WbQﬂlmemﬁethg @@@EO%ﬁOIsbaﬁriéSS
Ted cal 1 HAE s Bl ABLR & 00c L Ak W40, DG RESS U (DUTRAY LA, B0
ani mal s wi t hout "excessive to T ic’t s ons ot her
probl em cormabolﬂ&talqmaoﬁ@mmuﬂ&matﬂe: \Abﬂhbmmd’ oA JwrAdM £ Ibemefsbmérerﬁlkodﬁraémt@ In
sone enbodi nents, the term "pharmaceutically acceptabl e" neans approved by
a regul at or&araaeﬁwpmro{%@omedepaq dedected ux e cogpeEapuang dechnjges gurenthyne
U.S. Phar megQR&i @ theQ99) or other generally recogrized international
pharmacopeia for use in animals, and nore particularly in humans. Vari ous
phar maceuti cal |y acceptabl e exci pients can be used. In sone enbodi nents,
t he phar nackgthiodabf Usiagcept abl e exci pi ent can be, but is not linted to, a
stiffening agent, a solvent, an enulsifier, a buffering agent, a filler, an
enDIIiEmﬂﬂ a stahihhn@enmmmnmnmbﬂmakmqmmndméHQQMupﬂwéaﬁBhemaennneauhkhﬁning
agent" refers to a,.substance, ture of substances, ed to gﬁke t he

composi t i orAGT SOWEERET 2 S§hith { hpCRERRPIION) G repigtialy and
stiffening aﬂeﬁuunaa@amltﬁiﬁt}e&m]&omaa oPFRPRL &S, THok BRd gae A cGm &&%@H &hl on

having a semsolid or solid consistency. The stiffeni agent c
hydr ophi | i ccc(r@rgse adxhtndumpdbcopdlarylbod(qmthl c€ehl sgnos embodiments, the tocopheryl

hyd | | || . al.ginate, pol | |y
oo mont SUeAEN s e lr g i Riof (REYBi oo P spmepaach Y st b aihaee
(UB) . Exanphgompositbh 8 RsSthhh ey (@e/va? gn m@huf&bgﬁam RdtataHhaQbcdphBiot,ed

to, hydrogenated vegetable oil, cet cohol esters wax,
m crocr yst abdta-irsoplascol, pmtachpnhe*slnempye aﬂmﬁhdbcoﬂhamlqulmmeccﬂﬁobombﬂw‘m%al

| cohol I
e, oot ton Bt malist ey Er P 1l et Bl SOV B0 T ons

t hereof . 10@abdfhert eymto sm%emvwoeﬁphatdﬁpwl sdéb@ted NAIphLRRFHLo10 beta-
di ssol ving or dispersing the conpound of Formnu or one or nore of the

exci pi ent s. loFpRheEd)) bﬁéﬁoceahﬁrbleumppepaqnmactocwh%@ﬁen%@ai:%bmetlorxsﬁleereqﬁ vent
| i o b h
Lot al "ROMs i oDt bE ok Bl el thalfarfill eRei SR Motk G eojchined "

veget abl e, andfor raﬂede&eﬁdg agdiss (0 tg: addad moti@d chlpositiast O s@h¢ embodinieuts, tel

corn oil, cotton seed oil, jojoba oil, |inseed oj], grape seed qil rape
seed oi |, nifERosHiog;is 2 ehlqrméceéwalbpaqcr%pfah’& EORRPSHIGRN sme erphegdiments; the

saf f | over Oldmp %A TEr Bl con SOXBCR M rhecr SR QUESSREoBlchis. SALIRA 18k,

wheat germ ol cocoa r petrol eumo
petrol at um "elxmlpfﬁna'l refdrs to asubstancg)iod rrpalruaé of supstances, that is used in the formulation

of compositions of the present invention, to give desirable physical characteristics to the

formulation. As used herein, the term "pharmaceutically acceptable”" refers to those



WO 2011/ 112679PCT/ US2011/ 027690 - 17 - [0051] I n sone enbodi nents, the
conposition of the present invention conprises an enulsifier. The tem
"ernul si fiwD20r1efie678 t 0 any substance that pronotes forneCrams2@and27690
stabilization of an emul sion or suspensgon. In some enbodi ments, the

enul sifier includes, but is not limted to, sodiumlauryl sulfate,

propyl ene gl ycol nonostearate, nethyl stearate, glycer I nonost earate, and
conbi nat i onSONARESF MEOUSHE] THEDASEINE "4’5@1‘@&%%@ faganhigeefreriithip thmseope of
subst ance ¢ I o] dhase ere

TRi Nt ai ni ng@(ﬁ.ﬁ'&% gxéegm?iggﬂ%h%h u{::tg}wig ﬁw x%% 49‘§ v«gﬁﬁf ﬁ? hﬁbs%b@g\gn%lgldﬁvg')é?%S and

sone enbodi aeiiads Wikienbuddcedsivg t@ﬁﬁm, ﬁhfﬁehs aub@xerfbti;ﬁmi@u fg Olﬁies@p@bbleﬁﬁ-
I n some enbodi nents, the buffer can be, but is pnot limted to, Tris buffers
(Tris EDTA eqisyiivdﬁpﬁ%f»%@%%&e AR 2 mﬁq@bﬁﬁﬁﬁlﬁ%}ﬁ% r@fr@Efﬁ SOPR SYPYHICHE) |

phosphate b f é)ﬁ anaceSRAUY {}}g ?cg)r OHRDAL L a0 POLASR 8 a%ﬁ%&%e%ﬁ%u? of the

bi carbonat e acetate b s (e.g di um
buffers, ci ¥ E@Iﬁ dyufstae goveaandeder vat uwé*& laﬁd?hmmiacmia @nék})td?@t}emfemdmﬁxsone

enmbodi nents, an .organic aC| uffer is ysed. Ln so embodi nents, an. .
acet ate buf F"‘é‘P@%ﬂgH’@?‘Bﬁgf’ PRERCcOPEE HTchS 8t é‘nB{TF‘g* e‘?“dcﬁ‘iﬁ“%é’aﬁé‘é‘gﬂ 7 H‘

some enbodi ARALS. avMbid %ﬁé&f&c&ﬁ@dm/ e&&&@bz@eeﬁ%gmsl dnsgg%s%HbOle ba5| 4.

the buffering agent is a phosphate buffer” (e.g., 'sodi um phosphate
[ 0053] The pHnbbdittvetse Srpuisintiontiofilyt iecprbierdcpmnt am be, mhys inoi bgmmw,ya

conpati bl e and/ or sufficie OITB.II’] nst ity of th 05|t

o enbodi RUIFETE HECGrPREI Bh CBPITHE Br GOGE #FEht] SHCEAR RaVLRAL G
about 5 to ahpltedor MmEnRidQkhabaut 6.5 to about 8. [0054] As defl ned
herein, a "filler® is a substance used to give bulk to the conposition

wi t hout® Eﬁbm cal Fje ﬁ%@cf&»tlﬁ@nmfﬁﬁwﬁh@i@r@ﬁp@@ﬁﬂst@fccmwt@cmf sEpdtdnses agdal

known to th e e ngt on Sci ence an Pr act.i ce of
Phar macy, gﬁ&w ihe ?ﬁé%mw Ig‘(?g%?mi‘h ‘%%ﬁ%éin‘f'rr r|‘1our?€‘“of the' cog%éiurﬁ‘éﬁ

Formula | i Enﬁ'éiﬁmﬁ@g@@&l dnlyGAbAincehigat prESeRt fdrmeant bon faaia@i havi@la semi-
exanple, in sonme enphodi nents, the conpound of Fornmula us greater than 40%

45% 50% 66040 PO SWMSISENEY- 0GB LIGEIBY WEFRAL Jaobe fldroaBsosi i BHDORT,
sonme enbodi gﬁg&gmgtmcaa{mum afk ngggg;g icé@i&@ogfonﬂ@ﬁ& ng% ggbeﬂ;

(wt/wt) of onposition resing
about 40% t in shestmBOMmEnts/ a}vb)snffer[mgbgm h&O%a( wtdrphiliofipspielic bamau e L ef).
Formula 1 is placed in_a caps gel atin capsul e. [0056] As used

herein, "adRikHnRIeeAfgptaplss %‘rfé’n%n@ %g‘“é‘l‘ﬁ Htjh@te Gt |a¥FePPtanétCBI*F§r hydregenaged | y

vegetable oil, cetyl alcohol, cetyl esters wax, microcrystalline wax, paraffin, stearyl
alcohol, lauryl alcohol, myristal alcohol, cetostearyl alcohol, white wax, yellow wax,
beeswax, candelilla wax, cotton wax, carnauba wax, bayberry wax, rice-bran wax, and
combinations thereof.

[0050] The term "solvent" refers to any substance capable of dissolving or dispersing the
compound of Fermula I or one or more of the excipients. The solvent can be lipophilic.
In some embodiments, the solvent is lipophilic, and is 2% to 50% by weight, or 5% to
20% by weight, of the total composition. In some embodiments, the solvent is an oil,
such as vegetable, nut, and seed oils (e.g., almond oil, castor oil, coconut oil, corn oil,
cotton seed oil, jojoba oil, linseed oil, grape seed oil, rape seed oil, mustard oil, olive oil,
palm and palm kemel oil, peanut oil, safflower oil, sesame oil, soybean oil, sunflower-
seed oil, crambe oil, wheat germ oil, and cocoa butter), or hydrocarbon and petroleum oils

(e.g., petrolatum, mineral oil, and liquid paraffin).



effective anount of the conpound of Formula | to the subject being treated.
Exanpl es WO 2011/ 112679PCT/ US2011/ 027690 - 18 - of such adm nistration

i ncl ude pwowendirge®he desired active agent by routes, s®ech/is911etsonot
limted to, parenterally, subcutaneousiy, intravenously, intranuscularly,
transdernal Iy, buccally, or orally. For exanple, conposition of the present
invention can be adm nistered via solid oral dosage forns which include,

but ar B0t | i mi Fegows erpbasiaems, f@a;ﬂoeﬁesﬂeaattfe@etﬁaeé% enwea@s Wé\emes an

cachets, pellgisierPid E’Justb rﬁ%ﬁﬁf&ﬁdcr% nyss)(l%lslt?ﬁ e &15%&3&&)? t‘u&n%&}od S

topi cal dosage torns I'nc ut are not ted't rans er ma
pat ches, powwdeitigatidnl of chnemmluismns;r §uhpnndlosusﬂﬁrmmmembeéMensolthdsemulmﬁer

oi nt ment s, e creanms, . gels and jellies, and foans; and parent er al
dosage f or n@%ﬁiﬁehbmnlawehmmﬁ toyriediyg 14k pdiple proRYPRR Bbisel mofeieaidfons,

emul si ons, Etléa %‘Q’%@gﬁff PnIBaR e TRIDAHSNE Merdgm ni stration are

known in the a Isan can refer to various phannacol ogic
ref er ef9862] f or g[ﬁhdamne"blﬁfmngmﬁm eefei‘si\/tmdmynsdblsancmcmab]ecxsf tleuBahkieg b&th

Rhod Ma | k 4t h.ed. . (2 & .G Th
oy oot gSils EChes andhiten ot Sinine 1D dhiisd b R e o RRS BGh P O e e,
New Yor k 20Refdh. D@ saitSithb&imeh@0BE b NeSATRe S AHHERRL Snylkidfing FRBRRI] O

is adm nistered orally, e.g., the conposition can be adm nistered via an
oral dosagelrfsmm emhedlmgagélefbuffﬁr@alm benleutusl@ot bmgged t<a Tousshuftars (TrapEDIE, or

o gel ati n Gili: a7 gpiecl AR, TR SR | Ben 1B R3NT phi T Bty

capsul es Caﬁbcﬁuﬁﬁt phoyphite, P@ﬁaké«hﬁnl PigdsprdteNtisicdrbordfdbafierse Adktate buffb@r(esgmh
as, e.g., oils, tocopherol derivatives, |actose, binders such as

starches, afRilER acgista).canmensie Huliers, sitepte bukers, ard degyasary mletcealbaiaeons
and/ or st abpl.}zer ¢, ddnge éﬂﬁéd@%ﬁ%”&f&;ﬁ@%ﬁ%ﬁfé ﬁ%sg{i Eﬁo%‘é %gﬂoqﬁﬁgn@e

di ssol ved or ‘suspended I'n sul qul suc y 0Ol |qu

paraffin, oucetitebiflerpa Ipyeﬁ;ihyie&méfegltheate boffsiocan bendsedli fresunse erab&liments,
adni nistration .is ano | i shed by adm ni steri ngﬂ(éo t he subject a |iqui d
dosage for nit 2YViHee DUHSE cABOssUsedr & SPmgarmbRErents; e buffering perpk 1s a

phar maceut i Shﬂatggﬁﬁgt(tatgd%o&mﬁg{&gﬁmgfgl{lg{%ons, suspensi ons, syrups, and

elixirs contal hing I ner i l'uent ed in the art, such as water.
The colf963] ti on The pdl sbtlivecanmisitiont ef e mmeﬂtiopcxsmrt& ploysialib gitdliynsompatibkome

enbodi nent s ral adm njstrati.on is.acconplished b mni ste to the
subj ect a s%rfq(? nglthoEOa@?“* YR ritabgldyi Wl‘i‘?&lpa’élélﬁﬁsa]gr %’%8%[‘] él%leflﬁeﬂ}%t
and can i nclydesitfordof the r&%{‘}ilv%ﬂﬁorgkéﬁcﬁévegd }éﬁe&f z%%t ‘5%%%@1"9 Oér Hoof

di-, and triglycerides, and nono- and diesters of polyethylene glyc
(Gel umre(rabouGétSttefabsweS Canada, Montreal, Canada) and WO

201 LhgREPnCT USZORHLPASER, 3l DS SRS Lok BB o comensitra
adm ni st r at {RRostPemital réRtiAO$aUaRe Sothp AR ITFYrmIHEN AU sHS ki RNthose
in the art, see e.g., Remington: The Science and Practice of Pharmacy, 21* ed. (2005).
[0055] The concentration of the compound of Formula I in the composition of the
present invention can vary. For example, in some embodiments, the compound of
Formula I is greater than 40%, 45%, 50%, 60%, 70%, 75%., 80%, 90% or 95% (wt/wt) of
the composition. In some embodiments, the compound of Formula I is about 40% to
about 60% (wt/wt) of the composition. In some embodiments, the composition
comprising about 40% to about 60% (wt/wt), or about 50% (wt/wt) of the compound of
Formula I is placed in a capsule, e.g., a gelatin capsule.
[0056] As used herein, "administering” refers to placing or delivering a pharmaceutically

effective amount of the compound of Formula I to the subject being treated. Examples



[ 0058] The conposition of the present can al so be adm ni stered
transdernmal ly. Transdernal adm nistration of the conposition of the present
i nventi orwoaniima2@pplied to a plaster or a transdernal paraises,l/obwbh of

whi ch are known in the art, for prol onggd delivery across the skin. Devices
or systens known to the art include reservoir type devices involving

menbr anes that control the rate of drug release to the skin and devices

i nvol ving a® F‘é“é‘eﬁfdéliﬂéﬁtfétﬂoﬁ welude pgoviding thedesised ap@%@geph by sopbsheh 8 bthn

al so be ad inp d i

intraarter |mfalpf ‘ra?ﬁlfegrrugbéu %Qﬁtg{aﬁpnt Sg%gl? 6815 Ct)xgge%‘ﬁfg} %{r@ﬁ%ﬁﬁy al
preparati onaansfdermﬂlgahpd:cally,%mralﬂ}e Fon eﬁ:@tn@bd eomgm@mrsOme ptesagiinausion can

suspensi ons, can, be foqrnul at ed according t the 0 art using suitable
di spersing BF adiinitisgd At a&epfé ﬁﬁ@ s ek e ithy @Rleibl e
preparati on gahg at!o%ﬁ:dl@ol@ts Séaggt}lgs‘? gHHSe h#él%:ts'? Eg}%g& 5 %?arﬁl‘ﬂs%p b OBukiks

nont oxi ¢ par nt er al accept exa as a
solution inapt dqqyideneomctqtodﬂsageAﬁnpg WIﬂeheinclam,eliuiteareetut_(iim@tuj tsermtsdmnma]s

that can be enpl oyed are nger'.§ solution, and ¥ otoni c sodium
chiori de SoPHERSn PONEddEg GuISPEY Tl SPREMGH SORreEonoBHEFInaPIyFs
enpl oyed asgasQ] ¥ hn®elBdss Bﬁd‘@ddﬂ% @B@?Hﬁhte?ﬂrdo%eﬁgesfoﬁﬁé RO%% RBMdB! KR Gre
fixed oil can be eénployed i ncl udi ng synthetic nono-or diglyceri des. In

addi tion, faot jimacide, soluhons wkpdnsioasi emfisids.ugel idry phedpr e gdcamears mid i I’lj
ect ab Ies The anount, of actiyve in ient that can be cogbined .w

Che carr: er Mediosr 7 SR dionci s rn L Bt Emt Tt Al % 3PP 48 sertiho
upon the hogharifcybbierefdiéhcas FdrVigidangé.e $o BtanhSlc, 20Mbdurs Pak@chcamnsts!" Banker
particul ar node of adm nistrati on, It.w |l be understood, however, that the

speci fic dofe Rhodes, Marcohrholker.t incul 47 esht (20A2); vind "Gepdmen Woorilmay'ar The v

of factors cluding the activity of theguspecific oun | oyed,
age, body w%B@rHtace‘Ht?a 3%3% Togapeticss 9 ﬁ%é& lfa@ sirngﬂ@apﬁ? ¥83‘
diet, tine ehopdmivdiShbdidqon, route of admi nistration, rate of excretion,

drug conbi nation, and the type, progression, and severity of the parti cuI ar
di seasf03fitler goi hg folner aquybodithents,heéhapamposaiony iefddetnisteecdanmally, erg., the

effective anount .for a qgi uat.ion can, be readil 1%ter ned b ioutlne
expor | mont abPBRLSHER 740 T AR olonl e o o7 i apclgian hs oS 1o ude
clinician. e\QD a%@dsiahit%@&ﬁg o é-@g@ %3&1&?3&%@1@ BO0somd %ﬁ&iﬂn@n@oﬂﬁ capsule is

enbodi nent s, effective anount" of a conpound of Fornula I's ah anobunt
of the conpmd@l of igefatini emgelaton podialpdasticizan siell ay glycenol enhenbttel ofhke pushwﬁ»tre

energy bionarkers. A " euti cal effective amount” .of a conpound.of
eormy 2”1 TRl eath s B RS St G R Vi e Bef 2 P8 9ifd
subj ect, | Sto%blf)ﬁdr«gll @Mvatives! BLHRE, BIhd®E kildat . gels'ftzi}@ﬁesaatﬁi/&elﬂﬁﬁca@ﬁs SR 2Qf
nor e syrrptoms of a di sease, or to retard the progression of a disease or
one or nor eegyrfﬁtcmfsm@gnealum sleargte aggl/on siablbmx&e Itltsefts@wﬂﬁwh@ﬁompm@ee%e
or one or Waﬁm?ym gme% ssglvgh ?%ﬁg engéd In fn%{égperﬁci 1d§ @% Isrtla’t oils, liquid
mani f estati on of a disease, or 0 s press & anit estaf |on 0 aasverqse

synpt ons of paraftirs eﬁse}ul&pbbem@metgty@hd y hefsémetdmm&ﬂmgtor@tam@msgw@n ig n
one or nore admi nistrations, An "effective arm nt a conpaund enbraces
both a t her fsomnlishad By adtmigistsring tathrusibjecha kﬂétdl d%égeafﬁ’ﬂﬁnﬂd‘ﬂﬂld@f)fa@ét PRRS t 0

modul at e, NGB 2t ERISORCIRRe PhyRAGARSH o bRER! KEHSIOhD Sigtkect

10062] The term "dal osage osage sdge anount,
or "daily dsusspénmmmnsyrhﬂme and)tehklrsaucmmnmgfmdnhdﬂwmq)mjmdomtry 1Eedt iruthe art, fach a

stereoi sonmer thereqf) adm ni.stere r day.. Thys, for ex | e,.
adni ni st r at POWA5T ﬁte compstifien &1 %6‘5) Eﬁlagm%/m%rea 14 fippogie %ﬁaﬁﬁaﬁ | | ¥5¥age
anount  of 39m90d1fﬁ%ﬁﬁ501rahQ&mfnﬁ@taﬁHQh@ﬁcoﬁ@ﬁﬂeﬂﬁ? Antifkatin@to 8% YRkt 4 Mia

conpound on a daily bas whet her the co Is admnrstered as a single
30 g dose opral glogage fdmee Ssvéqdafymtgeagc@tsgawokwn Gonthe rdri, camall careamdudef e.g.,

adm ni sterin e conpo of . Fornul a an a single daily . oral ,dose,

twi ce dai | yP PelstS1s5E BRRRTE Peride® fiipdbetl L ity o " Fd iy astia &, &g G085y
The term "opgsichapt plalyetﬁiflenéi%l}lc% (G@lfu&'ie@ tea RN 'C%hé&at INGhtRh], %&ﬁ&l}oa?ddt ion
of the present invention onc€ during a 24 hour peri od



[0063] Daily dosage anmounts of the conpound of Formula | can vary, but can
include, e.g., about 0.5 |lig/kg to about 200 ng,/kg body wei ght, or about
1.0 ig/ kgwoaonbaed79100 ng/ kg body wei ght, or about 2.0 jpcg/usgotio2mbout 50
ng/ kg body wei ght, or about 3.0 jig/kgigo about 10 ng/ kg body weight, or
about 100.0 jig/ kg to about 10 ng/ kg body wei ght, or about 1.0 ng/kg to
about 10 no/ kg baogy wei ght, or about 10 n% %%GO about 100 ng{k bodé

wei ght, or hfswlms HPERY Buniometasdiaiey cahbPgHEpany r Aligmpogigens
1yl kg 10 abal ARG UG bos L e N ey
[0064] In sonme em ments, various a nistration regi nens can be used to
achi evi)0O5BE deS| frhel e dsitoinalofetifee pirssentl rtas onlBo ehb oalimidiztesed tﬂtmlsdermally

conposi tion_of sent i.nve on is adm |stered for treat a
chroni ¢ di sEHL8 ﬁff O b OB SR IS B g e i inpfea ©
remai nder of bj 8Ghs d%nhélfggatté%@ b&ﬁ Jfrmbﬁ O kROWY 8 Re af) fok prélongeiD
2011/ 112679P /U82011/ 027690 , or 15 years. |n some enbodi Rents,

t he conposi d¢lomry scmssethet s:knac Hdevees aormysémsrﬂnmd\mtoetlbeareﬁn@ucw reetfrf'@c ttyrmn

th bj ect d.th t st i f t t 1
> weoks. 3 HEARS IoTHER AR s o RO B EHE o gruggr'el%ﬁ% R RS et
In sone enbgg,bmggasdlsﬁé}gqbﬂloﬂ}{eaﬁhgﬁlAﬁlatrgpnt| nuous consecutl ve" for

the length of the treatnment period. The term "conti nuous or "consecutive"
in ref B8Ake to Th@l@pmrpgﬁltlam icatm alsne@wgdmmterﬁﬁenma&qtﬂéﬂc@osage ammisni-et Vi i on
s at. | east dl?%%gl%o%gl Er}{r ; uﬁragnusg}al 12 <§) E%Pa%engo ga.lcccl)o {)es thaatrentt?{al

admi ni st er e ORI udUE?

conposi ti onpieparadlpig)ifst e;fa@«cl.le,t stérélashjeorable adlaednys cﬁIOdSle@gmdLSGéiﬁspéhlloQ@rkﬁ‘aﬁCbH ive
cal endar days. Notdg hgﬂv\evgéhtfgq?t tr;met frequettr;g eccl)f adm ni str[tgg onngg\e/l&ﬁlbe
greater tha Iﬁlr‘ilf’ée GPYIRE 9 Kpovgk arl SHReR Y 18PCESIRE Or tWR e8¢

L oo s ailBbhtos AT 2020l HBLNS LA Pl MR CRIROSE IOkl
conposi ti onsdlationl @ag@spdnkian @ simgitexid Pparenkaallexaogptable ahlaemgdne sélvemts der mal
patch that delivers a qall y. dosage anpunt of th conpo f For nul for
7 consecut i PERRIGASROIIHIBRINGIARY GRS 8lyoelo AR the drsRI Feer‘glac leshande %9%6

for 7 consegij baﬁebéia&{@ ved %@%&Jﬂﬂmﬁg%w@omﬁa@%d ihic s8RREBMride sBfufbn ! 0
both therapeutic trea rrgnt and prophylactic or preventative neasures,

wher ei n theIrobqldancbn |$ertle, Pxal e arei mbmuqna]rlgwenﬂ@edrassa svlveldver s(ulspmsla’rg) an

undesired p i ol conditio r or di seas or.. 0

benef | ot al | Beagy; fugdhispumess iy Baof FES! bFas sbSREEhe Bhins Sbia mone-
beneficial gf g dBREAGE. Ahi AAifRN, FRGUIE dubk |a§“3felc BUY RSB tild ﬁfb}gzﬁ'%&rp@f
al l eviation of synptons di m ni shirent of extent of condition, disorder or

di sease; staipdtdbtesd (i .e., not worsening) state of condi ti on, dlsorder or
or oor ebefi: LrethoRTe ot e Giral teE R i et S R g
rem ssion (Whather PR akaer fhAtall) va9rd-pBRARE QRBAtHO hodt MBI ONERBRE 10fve
condition, disorder or disease. Treatnent also includes, but is not limted
to, elicitihgretiosl isupdminigepdnssl thatparkcwddy madsl Py asognpratiaant L witl stm
excessive |¢ de. e e LSea i

and net ho dS @reimg%;e%w%ggéfﬂ{ﬁ%é a%ﬁc-lgfc %&gxer}g\«eéekﬂ:.ﬁ g{frﬁﬁ%yla% Eaétgeh? wﬁg[&g&é
conmpounds dupails sedeth@fdhdtorsvibélndiog the hdtivity @title speiftad cdrhpcnmnmmﬁplcyealg et s
in order to reduce or elimnate either the djisease or agn nore synptons
of the di sed%e body weightebadygarehdody dpzss dadesn(Bi Dy H@leaﬁlé]éé]é}é 5% Gft @H&? ofr
nore synpt Og&nﬂlflstltaHGn %ﬁ@%%%ﬁmﬂgst}ﬂloheﬁwg é&?eti%ﬁvcﬁ{lgtcx?g na d&? aﬁh%ﬁ@@?ﬁor

of one or nobre synptons o I sease uppr essi on I Ssease W
conpounds aprbgneiibndsandi seusipdofiethei patteuthef diseakeasimdehgpmigs ttearapyg orikhe wo
o RSO Gra e oS e e L
wth or wit i

clinical maghbeshad hdbint NpdlineRaton Ahatig @MBHrtﬁéssk‘ilh%nH%ﬁﬂéxﬁé{ta&f g of
adverse synptons o |seag The distinction between treatnent and
suppr essi onoidnarhakinitiagat nent occurs after adverse synptons of the disease
are mani fest in a subject, while suppression occurs before adverse synptons
of the disease are manifest in a subject. Suppression can be partial,
substantially total, or total. Because many of the mtochondrial disorders
are inherited, genetic screening can be used to identify patients at risk
og t he ?isegss The c?npognds a?d nftho?s pfkth$ anertipn C?R tth be

adm nistered to asynptomatic patients at risk of devel oping e clinica
synptonms of the disease, in order to suppress the appearance of any adverse
synptonms. [0066]"Subject” refers to human, and nonhuman ani nals, e.g.,
domestic and farm



animal s, and zoo, sports, and conpanion ani mals such as househol d pets and
ot her donesticated aninmals such as, but not limted to, cattle, sheep,
ferrets, woizng/11bevpses, rabbits, goats, dogs, cats and trhe/useke/0216m0 sone
enbodi ments, conpani on aninmals are doggpand cats. [0067] The conpounds can
be useful in treating or suppressing mtochondrial disorders, and nethods
of usi nqcbésuch conpounds for nodul ati on of energy bi omar kers. "Mdul ati on”

¥ nodul & eome gwbediaegis. pr iﬂﬁﬁ%ﬂp\/ér& fofraocammaigd of diermelal 150 t he
e”er gy bi 0%@% SONR %ﬁnsﬁo gs%&ﬁéle af,u ate ! QoRRARAE of Rnd Xeclneoér S

ener gy bi omar Ina rec i on ; Increase or decreas
Modul ati on ewmsrgy hmhnw&rs hat theﬁdplmicalllymifﬁeﬂdvet amoum’r obd carapmmd cﬁfddlrﬁfula Iis
enhancenent. [0068]"' No mal i zat i on" normal i ze, " .an en

bi omar ker i &0 d8IUREQT dke eﬂ@ﬁ@% WIH%h | %gﬁé} a@mn%lﬁ%reé ﬁ@ragﬁutli?‘iﬁﬂhsr lcire?foﬂa a
pat hol ogi caleqyal UxeelfrH%@{e%ht ty éQ:s‘E oV éllfléj(?r mmes Tt&‘ﬁs & ('ﬁgéasé/ -8 redrd ttlli‘lé3

ener gy bi omarker can eveI t he en bl omal ker 'in a healt
person or sphygesssion@f azymaasd evale Qrfmbﬂeesyﬁrpdmgg/of)a drsaatsleeor tk)haducalthevevanes
one or nore Pnd sirabl e S\F/ tons in the g on .or sug% For eﬁ< nBI e, .to
normal i ze af! éndiSGEhPhREFKYT MFe SYBIRPTBR (OfwR; Upease S?e%‘BB‘ETS§ ey fipicabse
stat e meanspf,QittdRiRRSEa ldiRadeS Ve o @ﬁpﬁr@s% {88 Sh AN D QR LK @lvdrQWR S0l & f a
normal (heal thy) val ue or towards a val ue which alleviates an undesirable

synpt om [ 00663stErhtherpretitally sffectore anpoung pérmabe given anenggr prsrainknisgatimans
to intentional, cha e the evel of e_en bio ker s _awa
from et her At GTRGNTSAR ol & imptina Ay &es FRUF o TRl RIS of

achi eve a bgnekiiGisan ﬁﬁoﬁﬁ%lfﬂe@tﬁjveeﬁof @6dulateOhormMize, or enhance one or more energy
2011/ 112679PCT/ US2011/ 027690 - 23 - exarrpl e, in a situation where

si gni fi cant bomarkpys Hehsubiest-are pl aced on a subj ect, |t can be desirable to

increa;;@ﬁatz{uﬁal evel . of M, llb{rhotsg tn Sdé e&%%?%ole%ll"e"’d?ll el orogahalr?,evel

of ATP t subjec anc 0 be’ of ICI er’f ect

subj ect suf tegel' mgeahs ﬂm tatalt hﬁl@ﬁﬂﬂ)f(ﬂ‘le pahb@hﬂggf Borotulad (ar arsteeolzomar thateof)
di sease, in that nor mal | zi ng an _ener gy, bi gmarker can not achi eve the
opt i mum out BGREISERd PRiedayy bf ksy for Gxaripie, admustration d s srBwOUR obfermrladpy e

ener gy bi Onfc{)éfgﬁb?g[: %Pabﬁalﬁgﬁ&%%v éuntf&r30 %P:irﬁ’laﬂ ﬁ‘g bélt e?ec@Rfreggletothfeyﬁl S

of ATP, or an- nor | C aci can
benefici al 860 gxfcle comspdundwh.a daily basis, whether the compound is administered as a single

30 g dose or, e.g., three separate 10 g doses. Conventional means of administering the
compound of Fermula I can a single daily oral dose, a twice daily dosing, three times
daily dosing, or four times daily dosing. The term "once daily," or "daily" refers to
administration of a composition of the present invention once during a 24 hour period.

[0063] Daily dosage amounts of the compound of Fermula I can vary, but can include,
e.g., about 0.5 pg/kg to about 200 mg/kg body weight, or about 1.0 pg/kg to about 100
mg/kg body weight, or about 2.0 pg/kg to about 50 mg/kg body weight, or about 3.0
ng/kg to about 10 mg/kg body weight, or about 100.0 pg/kg to about 10 mg/kg body
weight, or about 1.0 mg/kg to about 10 mg/kg body weight, or about 10 mg/kg to about
100 mg/kg body weight, or about 50 mg/kg to about 150 mg/kg body weight, or about
100 mg/kg to about 200 mg/kg body weight, or about 150 mg/kg body weight.

[0064] In some embodiments, various administration regimens can be used to achieve the
desired beneficial effects. In some embodiments, the composition of the present
invention is administered for treatment of a chronic disease, and thus is administered at

least once daily for the remainder of the subject's lifetime, or from 1 to 20 years, or 1, 2,



Exanpl es [ 0070] Al pha-tocopheryl acetate (Vita-Sol ar Bi otechnol ogy Co.,

Chi na) was hydrol yzed to achi eve the non-isol ated internedi ate of

al pha-t ocwpherioli2dry chargi ng the appropriate quantity ofPCT/US2011/027690

R, R R-al pha-tocopheryl acetate (7.0 kg)iinto a 72 L reaction vessel. The

al pha-tocopheryl acetate was di ssolved in ethanol (200 Proof denatured with
0.05% tol uene). The reaction vessel was cooled to 10-12 C and potassium
hydr oxi de pél L@ter PByogra. dnsomgraakodiments haFempositipRds ppedkte Jghiqve a mere

t enperat ure. 1Rl } 3 ! - Was .agj-1- er
L oar - ar LR S BhORERt bR ch ey HIIMELSRBARICE ARLLAER Y S
by sanpl i ngat teastbhtwelk ahdvaakgl 3/ Hiebigs, HynbRhC 2amahtis,| & montify) 6110 thbeths eachd on
was conpl et ed .when al pha-tocopheryl acetate was |ess than 0.5% area_percent
at 205 nm THIeHy dpsops @nhodapentspdpyaisHatigng ki |COBYNURUE hOhy-dPeRaHiYT | T 4k d
sol ution (34%h0 % . i phas r j e ; '

vessel . Thefegf%hh%?t?lgctg%ﬁg%?eg%?'uﬁhéﬁe%sbﬁtgﬁg%g :}?egb?ég&gw%oéﬁ E@tglzaegg{g} ory
funnel i nt o"admiatstrhgor"-hednglthatehd freqenbe of adiBMEtraes inatdeabst pfide &iky)Thus,
[0072] Ferric chloride solution.was added in four porti.ons, each. portion,
provi di ng 085 RGRISA 'dhit corgpositign s egl_eml%?rﬁﬁéorﬁgwowwfordfwrgltﬁwb?qﬁc% erol
resul ting i tha@duQV et the Whnfostdht isOXiHIAdfd aderhétabrieadhide BN ek abast atil 0
of 3. The first aliquot was added into the separatory funnel and stirred

f or appr oxi nensetyiivesBlandaudays. Note, mdwever,ehetaibe dtdqoonsy afoadgmnisiraticanchnt bre

aqueous | ayer renoved.t o t.e. Ferric.chloride.additio re carried
Ut three. mEIFEIe EBCoRS ey ot Riche {0ty by AR U iR a AR e Rl

| ayer was rer@auR@ally @shBiratidiCofllBYEoaPALALNIfHY"doRSecif®d! ddyd@an be achieved

R R, R-al pha-t ocopherol qui none was washed with water four tinmes. To carry

out the washy ®ssgeképrors that admiigerathgeeprinesitiva foodonges dhair at ¥rglefdaineFoand

agitated for_10 .mn i eQus ) S, Ik
So1 171196 7o P b ﬁgg‘%nﬁglg’f%ﬁ t%’%ta%%& g %1gf@‘é{%harﬁm%§gt gL ihe campgun
anal yzed byofiForinupy ¢cfos S dddké&cunivt ags woakl bt @ondddred as hane Oxdninigstedfthd he

process. 100731HPLC anal ysis.was acconplished using the conditions in Table
1: TABLE 1 compound for 7 consecutive days."

[0065] The terms "treat" and "treatment" refer to both therapeutic treatment and
prophylactic or preventative measures, wherein the object is to prevent, inhibit, reverse or
slow down (lessen) an undesired physiological condition, disorder or disease, or obtain
beneficial or desired clinical results. For purposes of this invention, beneficial or desired
clinical results include, but are not limited to, alleviation of symptoms; diminishment of
extent of condition, disorder or disease; stabilized (i.e., not worsening) state of condition,
disorder or disease; delay in onset, or slowing, of condition, disorder or disease
progression; amelioration of the condition, disorder or disease state, remission (whether
partial or total); or enhancement or improvement of condition, disorder or disease.
Treatment also includes, but is not limited to, eliciting a cellular response that is clinically
significant, without excessive levels of side effects. "Treating” a disease with the
compounds and methods discussed herein is defined as administering one or more of the
compounds discussed herein, with or without additional therapeutic agents, in order to
reduce or eliminate either the disease or one or more symptoms of the disease, or to retard
the progression of the disease or of one or more symptoms of the disease, or to reduce the
severity of the disease or of one or more symptoms of the disease. "Suppression” of a

disease with the compounds and methods discussed herein is defined as administering one



[ 0074] The TBME cont ai ni ng al pha-tocopher ol qui none was then washed w th USP
purified water containing A . C. S. reagent grade sodiumchloride (1.5 kg of
NaCl i n Ao 2kpg/abeat er) by addi ng the sodi um chl ori de ®ofrmtse@n/otwoa he 100
L funnel and agitating for a mninumofz;5 m nutes. The sodi um chl ori de
solution was then renoved to waste. [0075] The TBME cont ai ni ng

al pha-t ocopher ol qui none was then washed with water containing sodium

bi car bonat eoimorE, & the eqipeonndy diseessed hegpingwigh o gdthas asiditianpbiharapeytts agenfsig
of water) b I dj i-car 0 e t unnel
and agitati %lg% %rr n% %ﬁbﬁ)lrgrrsgn#hgm lg‘h‘rgnﬁn&ggl?%&aﬁ?g égglll%n(ﬁ %ﬁh%ezrﬁﬁ?\(gtsgﬁgrg%su% on

was then refaugestitionwdtiecrsd SOnadhbef thieghdtiace. | Eiyeadistision batweed trestirenband
gal | on pol yet hyl ene containers and a sufficient quantity of granul ar, sodi um
sul fate wasSURRERSHOR &S BathcaBARtAchwE a8ieT AVATSeEYBIPITRT L 1B Fispase RremaniFit tthe

bot t f the contaj ' ' i
ottom o ?g?lag(g, I@fh{f% Elgjpréégﬁ)n%gﬁ'ﬂg 'b%fdr@ﬁ@&ern%g)&ﬁg&ﬂg CPRR ALY RRMRadifast

TBVE) was C rotary evaporator a sol vent was renove
under vacuum atubgeC. S@Ppressioneai Bepatab sebspdrady eéctal, bhioed. Hebage arnyof the

A.C. S. reagent grade n-heptane was added.to the evaporation flask under
vacuum - andmEoSRSRERLESATERS 2 iHPRSth SRC HORRIRARR DoBeh by KRR Y RRlIFT & was
seen. WO 2Q41/k1g67@KGEE USAQL 1L QRIKAMs -4 memgg 7de&}\% ﬁ]dé%ﬁ%rp g@ﬂ Uhbn VIRS

di ssolved in and rinsed out of the evaporation flas . C. S. reagent
grade n- hepadmiaistFbd tpasydiptemitic patiseistatnisk wh dewllepingi thercliBiaghsyraptotns @h the
density pol X'Et hgl.enedc nt ai ner aﬁpri or to &uri fi.cation. t%‘3078] Ais to be
appr eci at ed SHRASE 1 NEISHEY SYRPETS BEAPPEYIRGS PLEBY A EASe SHPIHBY t he Summary and

Abst r aioe8ECt | ONssybjset RéBRARA hiiahe abd adnh@nbMtRR4IS! elgheddih@tigBandl em
Summary and Abstract sections can set forth one or nore but not all
exenpl ary edtiv@isnend sz0gf speids, pidseamrpaninse ariets geche e thengshalde peth yandhether

i R\éegégégg)e r@?sgilc%tgh'isa’rr]ﬁrg%lg S\l/r}\% aé,nﬁu%%%?qlrﬁ@edl {omctattltepghé%g)? ?&‘%ts,%%ﬁé}tﬂo?&s,and
rabbits, goats, dogs, cats and the like. In some embodiments, companion animals are
dogs and cats.

[0067] The compounds can be useful in treating or suppressing mitochondrial disorders,
and methods of using such compounds for modulation of energy biomarkers.
"Modulation" of, or to "modulate," an energy biomarker means to change the level of the
energy biomarker towards a desired value, or to change the level of the energy biomarker
in a desired direction (e.g., increase or decrease). Modulation can include, but is not
limited to, normalization and/or enhancement.

[0068] "Normalization" of, or to "normalize," an energy biomarker is defined as changing
the level of the energy biomarker from a pathological value towards a normal value,
where the normal value of the energy biomarker can be 1) the level of the energy
biomarker in a healthy person or subject, or 2) a level of the energy biomarker that
alleviates one or more undesirable symptoms in the person or subject. For example, to
normalize an energy biomarker in a subject which is depressed in a disease state means to
increase the level of the energy biomarker towards the normal (healthy) value or towards
a value which alleviates an undesirable symptom.

[0069] "Enhancement" of, or t¢ "enhance," energy biomarkers means to intentionally
change the level of one or more energy biomarkers away from either the normal value, or

the value before enhancement, in order to achieve a beneficial or desired effect. For



[0079] All of the various enbodi nents or options described herein can be
conbined in any and all variations. The foregoi ng description of the
speci fi c wohodirestvs will so fully reveal the general nacuns2af/orteeo

i nvention that others can, by applyingzknowl edge within the skill of the
art, readily nodify and/or adapt for various applications such specific
enbodi nents, w thout undue experinentation, wthout departing fromthe
general con€&puplef intheitystien aviierq sigeificans energyedeaiapfe areqileded fiab BN §<bS Chd
nmodi ficatio 0 t L4 bi-p - |
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or abstract §endhdpl kSR aQUbfepr r esponding U.S. or foreign patent
applications, issued or foreign patents, or any other docunents, are each

entirely incorporated by reference herein, including all data, tables,
figures, and text presented in the wlggcurrents. WO
2011/ 112679PCT/ US2011/ 027690 - 26 - CLAIMED | S: 1. A net hod of
synt hesi zi ng a conpound of Formula 1:

[0070] Alpha-tocopheryl acetate (Vita-Solar Biotechnology Co., China) was hydrolyzed

to achieve the non-isolated intermediate of alpha-tocopherol by charging the appropriate
quantity of R,R,R-alpha-tocopheryl acetate (7.0 kg) into a 72 L reaction vessel. The
alpha-tocopheryl acetate was dissolved in ethanol (200 Proof denatured with 0.05%
toluene). The reaction vessel was cooled to 10-12 °C and potassium hydroxide pellets
(> 85% A.C.S. grade) were added to the flask while the temperature was maintained at 10
to 15°C. The mixture was agitated for over 1 hour. After at least one hour, the reaction
was checked for completeness by sampling the batch and analyzing by HPLC analysis.

[0071] The reaction was completed when alpha-tocopheryl acetate was less than 0.5%
area percent at 205 nm. The hydrolysis reaction was neutralized with hydrochloric acid
solution (34% to 39% aqueous) to give alpha-tocopherol in the reaction vessel. The
alpha-tocopherol solution was transferred to a 100 L separatory funnel into which zerz-
butyl methyl ether (TBME) was added (17.8 kg).

[0072] Ferric chloride solution was added in four portions, each portion providing 0.75
equivalents of ferric chloride per unit of alpﬁa—tocopherol, resulting in an overall metal
salt oxidizing agent/alpha-tocopherol ratio of 3. The first aliquot was added into the
separatory funnel and stirred for approximately 35+5 minutes. The mixture was allowed
to settle and the aqueous layer was removed to waste. Ferric chloride additions were
carried out three more times for a total of four aliquots. After the last aqueous layer was
removed to waste, the TBME containing the resulting R,R,R-alpha-tocopherolquinone
was washed with water four times. To carry out the wash, 8.9 kg of water was added to

the 100 L separatory funnel and agitated for 10 minutes. The aqueous layer was removed



or a stereoisoner thereof, the nmethod conprising oxidizing al pha-tocopherol
with a netal salt oxidizing agent to formthe conpound of Formula I,

wher ei n twe 28tiwiledonetric ratio (nol/nol) of netal sal PCEAISAI1Zi0DTHIO
agent/ al pha-tocopherol is 1.6 to 4. 2. & nmethod of synthesizing a conpound
of Fornmula I: OH or a stereoisoner thereof, the nethod conprising:

(a) hydrolyzing al pha-tocopheryl acetate in the presence of a base;

b)
neutral i zi n® Whge-hyldedrajeli wgs stmplgyl and papkypgd P ragi lﬁ@raqeﬁﬁﬁlﬁl&m‘l&dm S¢eand
(c) oxidizi (b) with a netal salt oxidizing agent
to formtheﬁ%u}ehgtfjo?{&m&? II&%S&B{&% ?koc% lerei n the stoichiometric ratio 9%
(ol / np@oy3pf met HPLSJadnhly@wv(zhsmagnpl@(hldhahgﬁ&»doﬁdmphenﬁrabhsl.l. 6 to 4. 3.The
nmet hod of any one of clainms 1 or 2, wherein the netal salt oxidizing agent
is an iron halide. 4. The nmethod of claim3, wherein the iron halide is
FeC13. 5. ThéA#dithéd of any one of clains.1.to 4, wherein the netal salt

oxi di zi ng ageimlanm seri al | y | ad@ethiniCorBhenyl helumone porti on.
(4.6 mm diameter x 150 mm length, 3 um particle size).
Column 30 °C
. _temperatare
 Fiow 1.0 mL/minute
__Mobile Phase A 80:20 v/v acetonitrile:water
Mobile Phase B acetonitrile e
Gradient elution | Time %B
0 0
30 ) 100
50 100
- 51 0
Injection volume op,.
Detection -~ UV at261l nmand 2050
[0074] The TBME containing alpha-tocopherolquinone was then washed with USP

purified water containing A.C.S. reagent grade sodium chloride (1.5 kg of NaCl in 7.4 kg
of water) by adding the sodium chloride solution to the 100 L funnel and agitating for a
minimum of 5 minutes. The sodium chloride solution was then removed to waste.

{0075] The TBME containing alpha-tocopherolquinone was then washed with water
containing sodium bicarbonate (A.C.S. reagent grade) (150 g of sodium bicarbonate to
8.9 kg of water) by adding the sodium bicarbonate to the 100 L separatory funnel and
agitating for a minimum of 5 minutes. The sodium bicarbonate solution was then
removed to waste.

[0076] The organic layer was drained into 5 gallon polyethylene containers and a
sufficient quantity of granular sodium sulfate was added to each container so that 0.5 inch
to 1 inch was on the bottom of the containers. The organic layer (alpha-
tocopherolquinone in TBME) was charged into a rotary evaporator and the solvent was
removed under vacuum at 35°C. Once the TBME was evaporated, three kilograms of
A.C.S. reagent grade n-heptane was added to the evaporation flask under vacuum, and

evaporated for a minimum of 1 hour until no more distillate was seen.



6. The nmethod of any one of clains 1 to 5, wherein the stoichionetric ratio
(nol /ol ) of netal salt oxidizing agent/al pha-tocopherol is 2.5 to 3.5. WO
2011/ 1126¥0RaN/1W52011/ 027690 - 27 - 7. The met hodprafi/tsey10em0f

clains 1 to 6, wherein the nmetal salt_exidizing agent is added in an anount
sufficient to oxidize 70% (nol/nmol) to 98% (nol /nol) of the al phat ocopherol
to the conpound of Formula I. 8. The nmethod of any one of clainms 1 to
7, furiME7] conpr iTee sepdeeahdung wasedigsobgddn and ripegd quttof the exepossion Baskuvitton.
9. The net hqd~Qf _any one.of .cl ai s to wher.ein the base . i.S potassi-ym
nydr oxi de. ofGau BoRy Sras ppEne® heyBotigt N REFRRat Jfes 0% i SPOBRIL .

to 9, Wnereﬂ&lsﬁtls@olﬁtnyneaieicbhmgqe'mpwtﬁﬁdﬁﬁmmnof an acid. 11. The
met hod of any one of clains 1 to 10, erein the al pha-toco her%% acetate
i s di st¥™ed in &ris4e beRepregiated that gheiPetajled Description sqczl.onms{, witthodumaghy

one o 1t By ik b1 AL 0L RG5O N 190

acetate i s Rberitabghmstoassphérii omcet aioge but not all exemplary embodiments of the
present invention as contemplated by the inventor(s), and thus, are not intended to limit
the present invention and the appended claims in any way.

[0079] All of the various embodiments or options described herein can be combined in
any and all variations. The foregoing description of the specific embodiments will so
fully reveal the general nature of the invention that others can, by applying knowledge
within the skill of the art, readily modify and/or adapt for various applications such
specific embodiments, without undue experimentation, without departing from the
general concept of the present invention. Therefore, such adaptations and modifications
are intended to be within the meaning and range of equivalents of the disclosed
embodiments, based on the teaching and guidance presented herein. It is to be understood
that the phraseology or terminology herein is for the purpose of description and not of
limitation, such that the terminology or phraseology of the present specification is to be
interpreted by the skilled artisan in light of the teachings and guidance.

[0080] The breadth and scope of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with
the following claims and their equivalents.

[0081] All documents cited herein, including journal articles or abstracts, published or
corresponding U.S. or foreign patent applications, issued or foreign patents, or any other
documents, are each entirely incorporated by reference herein, including all data, tables,

figures, and text presented in the cited documents.



14. The method of any one of clains 1 to 13, wherein the conmpound of

Formula | is pH or a stereoi soner thereof. 15. The nethod of any one
of cl ai mew 20t/114679wWher ei n t he al pha tocopheryl acet at epPcs/ussahatmdo from a
pl ant . 16. A compound of Fornulapd., made by the nethod of any one of
clainms 1 to 15. 17. A conposition conprising a conpound of claim 16,
wherein the conposition has |less than 2% (nol/nmol) gamma-t ocopherol qui none
relatiﬁgiéoﬁ%2§1co ound of Formula I. WO 2011/112679PCT/ US2011/ 027690 - 28
- 18. T ) it & claim 17, wherein the conpound of Forrmula I is: OH
1. A method of synthesizing a compound of Formula I:
Q N OH " . ,
. A-«""‘ii\\; P \‘\,‘..::&{:‘\*..f"’v!\\‘\,‘..«'"Ji\\r_ ,..f"f\k"\v.a“"ﬂé\v.r"f\\;‘.v." '{i S
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or a stereoisomer thereof, the method comprising oxidizing alpha-tocopherol with
a metal salt oxidizing agent to form the compound of Formula I, wherein the stoichiometric ratio

(mol/mol) of metal salt oxidizing agent/alpha-tocopherol is 1.6 to 4.

2. A method of synthesizing a compound of Formula I
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or a stereoisomer thereof, the method comprising:

(@ hydrolyzing alpha-tocopheryl acetate in the presence of a base;

(b) neutralizing the hydrolyzing of (a), thereby forming alpha-tocopherol; and

() oxidizing the alpha-tocopherol of (b) with a metal salt oxidizing agent to
form the compound of Formula I, wherein the stoichiometric ratio (mol/mol) of metal salt

oxidizing agent/alpha-tocopherol is 1.6 to 4.

3. The method of any one of claims 1 or 2, wherein the metal salt oxidizing agent is

an iron halide.
4. The method of claim 3, wherein the iron halide is FeCls.

5. The method of any one of claims 1 to 4, wherein the metal salt oxidizing agent is

serially added in more than one portion.

6. The method of any one of claims 1 to 5, wherein the stoichiometric ratio

(mol/mol) of metal salt oxidizing agent/alpha-tocopherol is 2.5 to 3.5.



or a stereoisoner thereof 19. The conposition of any one of clains
17 to 18, wherein the conposition has less than 0.7% (nol/nol)

gama- t ocwpherioligatonone rel ative to the conpound of For malrasko11/027690  20.
The conposition of any one of clains 177to0 19, wherein the conposition has
| ess than 0.2% (ol /nol) gamra-tocopherol qui none rel ative to the conpound
of Formula I. 21. The conposition of any one of clainms 17 to 20,
wher ei n t he7conpdbaencdiodmfranyloae ofictaigs d4e & whiein thoopgtelt salitoxidizing ggent 1s

conposi t ian, C i L b [ 1 )
wher ei %&4eaemcgrrlrpaon§(f I %Hfiﬁ%tltgggﬁ ? {r%%n ﬁ%‘lo\?}wﬁyﬁﬁgoﬁ‘% /‘éﬁ%ﬁgﬁ)l cé{)tﬁlger é}]pha
acet at eycophdpbiato ttiacaphsival of Fokmulaolopher ol , bet at ocopher ol qui none,

gama-t ocopherol, or conbinations thereof. 23. The conposition of
any one of clai 17 to 22, wherein the conposition is a pharmaceutically
accept abl e %orrpo he mgthod of any o@ﬁfn%@scloﬁ?pnﬁsffs‘ftf’gﬁoa?p“éﬂ‘ﬁ %?Fé‘ll’tgftﬁﬁlp&? t17
to 23, ofggw?ﬁrancagﬁpéds%ﬁgioﬂ. pharmaceutical |y acceptable excipient.

25. An oral dosage formconprising the conposition of any one of clains 17
to 24. 26. A nethod of treating a mtochondrial disorder, nodulating
one or nore9ener gie biethal dfeany, ona@f whiiths il g Sowbersm ting besecis @otppsibindiydrdeades |

or enhanci nlﬁ'gﬁ)ln or, nore energy biomarkers, conprising admnistering to a
subj ecf” 304 é{%@ﬁ{qecal |y effective amount or effective amount of the
conposition of any one of clains 17 to 25. 27.The nethod of claim 26,

wher ei n t he 160 TUE cheBodrstraniilode BS clady 2@/ WHLEAIRETEUURRRhE/OBY 8@ftion of

an acid.

11.  The method of any one of claims 1 to 10, wherein the alpha-tocopheryl acetate is

dissolved in an alcohol before hydrolysis.

12.  The method of any one of claims 1 to 11, wherein hydrolysis occurs at about 5°C

to about 20°C.

13.  The method of any one of claims 1 to 12, wherein the alpha-tocopheryl acetate is

R, R, R-alpha-tocopheryl acetate.

14.  The method of any one of claims 1 to 13, wherein the compound of Formula I is

0 OH - -

\("i:)\/\/(;")\/\/(é)\/\A

or a stereoisomer thereof.

15.  The method of any one of claims 1 to 14, wherein the alpha tocopheryl acetate is

isolated from a plant.
16. A compound of Formula I, made by the method of any one of claims 1 to 15.

17. A composition comprising a compound of claim 16, wherein the composition has

less than 2% (mol/mol) gamma-tocopherolquinone relative to the compound of Formula I.



C or a stereoisoner thereof, 28. The nethod of any one of clains
26 to 27, wherein the mtochondrial disorder is selected fromthe group
consi sti nyoabiiimnkepi t ed m tochondri al di seases; Mocl oniPCTHES201@03%69W t h
Ragged Red Fi bers (MERRF); M tochondriag_Mopathy, Encephal opathy,
Lact aci dosis, Stroke (MELAS); Leber's Hereditary Optic Neuropathy (LHON);
Lei gh Di sease; Kearns-Sayre Syndrome (KSS); Friedreich's Ataxia (FA); other
myopat hi es; 18ar diTbayepaesiion eldaphhl. sthgspatieycomnenad of Kpxmln 14 dosi s;

neur odegener ati ve di seaseg; Parkiggon' s_disease; Al zhei mer's disease;

anyotrophic | ateral sclerpsis ( ) ; nmotor neur:on di seases; other

. . ) - ( )\d,i/\ea%‘?) ; ' . .
neur ol ogi cal di seases; ™ @ exc S X nthngton's D sease;
nood di sorders; schi zoph a; bipolar disorder; age-associated di seases;
macul ar degeneration; i af ; and cancer. 29. The nethod of any one

of claims 26 to 28, wherepn the mtochondrial disorder is selected fromthe
group consisting of inherited mtochondrial diseases; Moclonic Epilepsy

wi th Ragged Red Ej : tochondri al Myopat hy, Encephal opat hy,
Lact aci dosi s, Stg%ggg%ﬁ&lﬁg§;e‘%¥2r's Hereditary Optic Neuropathy (LHON);

Lei gh D sease; Kearns-Sayre Syndrone (KSS); and Friedreich's Ataxia (FA).
30. The net hdd ofTharympostiai ofhmi o Acliims2T, toVil8e médkereirt the cenpogiyiob hanksker

is selected fromth roup consisting of: Jactic acid actate) | evels,
ei t hor 1A Q?M(@glama@oﬁ R taeaPherlapipPRE IRlatye t9 rll?icaﬁlpaﬁigféﬁrﬁ'ﬁla\lent ricul ar
fluid; pyruvic acid (pyruvate) levels, either in whole blood, plasma,

cerebrospi nab. fl yhd coRpoSB6ELHI Ay MRS dISHsAT 6191 GheteR HRIBHPYEHYALSS less
ratios, either in whole blood, plasnma, cerebrospinal fluid, or cerebral

vent ri thandx2% (mobmoplgsspivtocepharelquineyetedati viiptie(caDeurB o Formudn d;  NADPH
(NADPH+H30) | evels; NAD | evels; NADP | evels; ATP |levels; reduced coenzyne Q

(CoVed) |evsls; | dj n CqQ'- eyel s; ,4 0 ognz o]
t) levels; g)h(“l di éﬂes% é@é’ﬁ’%@ﬁ@%n@%ﬁ eg\l}élos; I)Fnéll(ljsu\éZdt%c%/(?’ocﬁl?rglﬁrleﬁ% ?’%5%(%5&%{1
oxi di z #Fdrmylaolis gesaeer ThaneTdys et/ witodele i okitioal i 0; acetoacetate |evels,

P- hydroxy butyrate | evels, acetoacetate/13-hydroxy butyrate ratio,
8-hydroxy-2'-deOééguanosLne (F-OFH(E | evel s; WD i .

2011/ 112679P&T/ U sampostbapol ampone ofrfaims Idsto2d awherpin g yrgRosifar hasless

| evel sy, %we@vm?s?gpc%%)w&%} 1 laEUGHeS O@gheﬁﬁarcﬁ}&ikr&i, %t?—?oc%’glﬁég&ht, 662) ;

respiratory quotien ercise t rance;, and anaero
t hr eshalcdpherolquinone, gamma-tocopherol, or combinations thereof.

23.  The composition of any one of claims 17 to 22, wherein the composition is a

pharmaceutically acceptable composition.

24.  The composition of any one of claims 17 to 23, further comprising a

pharmaceutically acceptable excipient.
25.  An oral dosage form comprising the composition of any one of claims 17 to 24.

26. A method of treating a mitochondrial disorder, modulating one or more energy
biomarkers, normalizing one or more energy biomarkers, or enhancing one or more energy
biomarkers, comprising administering to a subject a therapeutically effective amount or effective

amount of the composition of any one of claims 17 to 25.

27.  The method of claim 26, wherein the compound of Formula I is



31. The nmet hod of any one of clains 26 to 30, wherein the subject is

sel ected fromthe group consisting of: a subject wwth a mtochondri al
di sease; wo=uhjmed7ounder goi ng strenuous or prol onged physirasboiaoeicwety; a
subj ect with chronic energy problens;.a subject with chronic respiratory
probl ens; a pregnant female; a pregnant female in |abor; a neonate; a
premat ure neonate; a subject expoged to an extrene environnent; a subject
exposed to a hot environ ?nt; a§§ﬁ%ject?exposed to a cpld environnent; a
subj ect exposed to an ey ment i th-Povers tFanaverdge oxygen content; a
subj ect exposed to an eﬂllﬂonnent wi t h hi gher-than-average carbon di oxi de
content; a subject expos an environnent w th higher-than-average | evel
of air pollution; a subjegt with lung disease; a subject with
| ower -t han- average | ung capacity; a tubercul ar patient; a |lung cancer
patient; an enphysenma patient; a _cystic fibrosis patient; a subject
recovering from SU# gefegisomesthgieeét " recovering fromillness; a subject
undergoi ng acute trauma; a subject in shock; a subject requiring acute
oxygen adm 5 Str ght fiindd Syt Jreiths 2Bl 0T GRLEin Y AEbORITINM lsbAfct A
an el derly subject; an elderl'y subject experiencing decreased energy; and a
subj ecseletdd omrthe roomcohsistmgeoffiabérgedmitochondrial diseases; Myoclonic Epilepsy with
Ragged Red Fibers (MERRF); Mitochondrial Myopathy, Encephalopathy, Lactacidosis, Stroke
(MELAS); Leber's Hereditary Optic Neuropathy (LHON); Leigh Disease; Kearns-Sayre

Syndrome (KSS); Friedreich's Ataxia (FA); other myopathies; cardiomyopathy;
encephalomyopathy; renal tubular acidosis; neurodegenerative diseases; Parkinson's disease;
Alzheimer's disease; amyotrophic lateral sclerosis (ALS); motor neuron diseases; other
neurological diseases; epilepsy; genetic diseases; Huntington's Disease; mood disorders;
schizophrenia; bipolar disorder; age-associated diseases; macular degeneration; diabetes; and

cancer.

29.  The method of any one of claims 26 to 28, wherein the mitochondrial disorder is
selected from the group consisting of inherited mitochondrial diseases; Myoclonic Epilepsy with
Ragged Red Fibers (MERRF); Mitochondrial Myopathy, Encephalopathy, Lactacidosis, Stroke
(MELAS); Leber's Hereditary Optic Neuropathy (LHON); Leigh Disease; Kearns-Sayre
Syndrome (KSS); and Friedreich's Ataxia (FA).

30. The method of any one of claims 26 to 29, wherein the energy biomarker is
selected from the group consisting of: lactic acid (lactate) levels, either in whole blood, plasma,
cerebrospinal fluid, or cerebral ventricular fluid; pyruvic acid (pyruvate) levels, either in whole
blood, plasma, cerebrospinal fluid, or cerebral ventricular fluid; lactate/pyruvate ratios, either in
whole blood, plasma, cerebrospinal fluid, or cerebral ventricular fluid; phosphocreatine levels,
NADH (NADH+H*") levels; NADPH (NADPH+H) levels; NAD levels; NADP levels; ATP

red

levels; reduced coenzyme Q (CoQ™) levels; oxidized coenzyme Q (CoQ™) levels; total
coenzyme Q (CoQ™) levels; oxidized cytochrome C levels; reduced cytochrome C levels;
oxidized cytochrome C/reduced cytochrome C ratio; acetoacetate levels, B-hydroxy butyrate

levels, acetoacetate/B-hydroxy butyrate ratio, §-hydroxy-2'-deoxyguanosine (8-OHAG) levels;
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levels of reactive oxygen species; levels of oxygen consumption (VO,); levels of carbon dioxide

output (VCOy,); respiratory quotient (VCO,/VO,); exercise tolerance; and anaerobic threshold.

31.  The method of any one of claims 26 to 30, wherein the subject is selected from the
group consisting of: a subject with a mitochondrial disease; a subject undergoing strenuous or
prolonged physical activity; a subject with chronic energy problems; a subject with chronic
respiratory problems; a pregnant female; a pregnant female in labor; a neonate; a premature
neonate; a subject exposed to an extreme environment; a subject exposed to a hot environment; a
subject exposed to a cold environment; a subject exposed to an environment with lower-than-
average oxygen content; a subject exposed to an environment with higher-than-average carbon
dioxide content; a subject exposed to an environment with higher-than-average level of air
pollution; a subject with lung disease; a subject with lower-than-average lung capacity; a
tubercular patient; a lung cancer patient; an emphysema patient; a cystic fibrosis patient; a
subject recovering from surgery; a subject recovering from illness; a subject undergoing acute
trauma; a subject in shock; a subject requiring acute oxygen administration; a subject requiring
chronic oxygen administration; an elderly subject; an elderly subject experiencing decreased

energy; and a subject suffering from chronic fatigue.



