WO 2011/ 137126PCT/ US2011/ 033983 FORMULATI ONS OF QUI NONES FOR THE TREATMENT
OF OPHTHALM C DI SEASES CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
subj ect maORer/Bf126hi s application is related to UnitedPBratses 1/883983 si onal
Pat ent Application Nos. 61/214,795, filed April 28, 2009, 61/318,737, filed
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61/ 328,546 filed April 27, 2010 anBIPEANES onal  Pat ent Application No.
61/ 393,693 filed Cctober 15, 2010. [0003] The entire contents of those
applications are hereby incorporated by reference herein in their entirety.

DESCRI PTI ON CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The subject matter of this application is related to United States Provisional Patent
Application Nos. 61/214,795, filed April 28, 2009, 61/318,737, filed March 29, 2010 and
61/318,733 filed March 29, 2010.
[0002] This application claims priority benefit of United States Provisional Patent
Application No. 61/328,546 filed April 27, 2010 and Provisional Patent Application No.
61/393,693 filed October 15, 2010.
[0003] The entire contents of those applications are hereby incorporated by reference

herein in their entirety.

DESCRIPTION
[0004] The present invention relates to a formulation comprising one or more quinones of
Formula I or mixtures thereof as described herein, to prevent, reduce, ameliorate, or treat
ophthalmic disorders, or to stop the progression of, or reverse, the loss of vision. The present
invention relates to a formulation comprising one or more quinones of Formula I or mixtures
thereof as described herein, to prevent, reduce, ameliorate, or treat ophthalmic disorders, or to
stop the progression of, or reverse, the loss of vision associated with neurodegenerative
diseases or trauma. The present invention relates to a formulation comprising one or more
quinones of Formula I or mixtures thereof as described herein, to prevent, reduce, ameliorate,
or treat ophthalmic disorders, or to stop the progression of, or reverse, the loss of vision
associated with mitochondrial myopathies, including Leber’s Hereditary Optic Neuropathy

(LHON) or Dominant Optic Atrophy (DOA).

BACKGROUND OF THE INVENTION
[0005] Mitochondrial myopathies are a group of diseases caused by damage to the

TN

mitochondria - small, energy-producing structures that serve as the cells' "power plants."
Inherited changes in mitochondrial DNA can cause problems with growth, development, and
function of the body's systems. These mutations disrupt the mitochondria's ability to
efficiently generate energy for the cell and always affect worse the organs with highest
energy need. Although the health consequences of inherited mitochondrial DNA mutations

vary widely, some frequently observed features include abnormalities involving the eyes and
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[0009] ronic Progressive External Ophthalmoplegia (CPEO) is a disorder

characterized by slowly progressive paralysis of the extraocular muscles. Patients usually

experience bilateral, symmetrical, progressive ptosis, followed by ophthalmoparesis months

to years later. Ciliary and iris muscles are not involved. CPEO is the most frequent

manifestation of mitochondrial myopathies. CPEQO in association with mutations in

mitochondrial DNA (mtDNA) may occur in the absence of any other clinical sign, but it is

usually associated with skeletal muscle weakness.
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an aut osomal recessive neur odegener ative and
causes the progressive loss of voluntary motor coordination (ataxia) and cardiac

complications. Symptoms typically begin in childhood, and the disease progressively
worsens as the patient grows older; patients eventually become wheelchair-bound due to
motor disabilities. Patients with Friedreich's ataxia develop loss of visual acuity or changes
in color vision. Most have jerky eye movements (nystagmus), but these movements by
themselves do not necessarily interfere with vision.

[0013] Mitochondrial myopathy, Encephalopathy, Lactacidosis, and Stroke (MELAS) is
a disease that can manifest itself in infants, children, or young adults. Ocular changes in
MELAS syndrome have included reversible scotomata, ophthalmoplegia, and pigmentary
retinopathy.

[0014] Kearns-Sayre Syndrome (KSS) is characterized by a triad of features including:
(1) typical onset in persons younger than age 20 years; (2) chronic, progressive, external
ophthalmoplegia; and (3) pigmentary degeneration of the retina. In addition, KSS may
include cataracts.

[0015] Spinocerebellar ataxia (SCA), also called Machado-Joseph disease, is
characterized by slowly progressive incoordination of gait and often associated with poor
coordination of hands, speech, and eye movements. Nystagmus and macular degeneration
are two characteristics of this disease. Gupta, S et al., (Journal of Neurological Sciences
(2008) 264: 173-176) have disclosed the diagnosis of spinocerebellar ataxia with vision loss

secondary to retinal pigmentary dystrophy.
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nerve damage at a relatively low pressure, while another person may have high eye pressure

for years and yet never develop damage. Untreated glaucoma leads to permanent damage of

the optic nerve and resultant visual field loss, which can progress to blindness.

[0019] Glaucoma can be divided roughly into two main categories, "open angle" or

chronic glaucoma, and "closed angle" or acute glaucoma. Angle closure, acute glaucoma

appears suddenly and often with painful side effects and so is usually diagnosed quickly,

although damage and loss of vision can also occur very suddenly. Primary open-angle

glaucoma (POAGQG) is a progressive disease leading to optic nerve damage and, ultimately,

loss of vision. Glaucoma results in the neuronal degeneration of the retina and optic nerve

head. Even with aggressive medical care and surgical treatment, the disease generally

persists causing a gradual loss of retinal neurons, a decline of visual function, and ultimately

blindness.

[0020] Diabetic retinopathy (DR) is a common complication of diabetes and a leading

cause of legal blindness in working-age adults. The clinical hallmarks of DR include

increased vascular permeability, leading to edema, and endothelial cell proliferation. Much

of the research effort has been focused on vascular changes, but it is becoming apparent that

other degenerative changes occur beyond the vascular cells of the retina. These include

increased apoptosis, glial cell reactivity, microglial activation, and altered glutamate

metabolism. When occurring together, these changes may be considered as
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[0023] Alzheimer's disease is a common progressive neurodegenerative disease that
affects approximately 4 million people in the United States. In about one-third of
Alzheimer's cases, there is a predominantly "visual" presentation in which symptoms of
visual cortical dysfunction dominate. These patients usually present with vague complaints
of poor vision, problems with way-finding, and problems reading.

[0024] Progressive Supranuclear Palsy (PSP) is a rare neurodegenerative disorder that
combines an abnormality of voluntary eye movements with preserved vestibular ocular reflex
movements, impaired postural reflexes with falling backwards, and Parkinsonism.

[0025] Parkinson Disease (PD) and other Parkinson-like diseases (called Parkinsonisms)
frequently cause increasing vision problems as the illness progresses. As PD or a related
disease progresses, many patients develop increasingly poor eyesight (functionally reduced
visual acuity).

[0026] Patients with Amyotrophic Lateral Sclerosis (ALS) typically experience ocular

abnormalities thought to be caused by dysfunction in the neural system that controls motor
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exper i g0029]ocullatumatic Optic Neuropathy (TON) refers to an acute injury of the optic nerve
secondary to trauma. The optic nerve axons may be damaged either directly or indirectly and
the visual loss may be partial or complete. An indirect injury to the optic nerve typically
occurs from the transmission of forces to the optic canal from blunt head trauma. This is in
contrast to direct TON, which results from an anatomical disruption of the optic nerve fibers
from penetrating orbital trauma, bone fragments within the optic canal, or nerve sheath
hematomas. Patients undergoing corneal transplant or stem cell transplant of eye cells may
also undergo trauma.
[0030] Acute orbital compartment syndrome is a rare but treatable complication of
increased pressure within the confined orbital space as a result of facial trauma. The
condition presents with recognizable physical findings and progressive visual deficit.
[0031] The use of quinones for the treatment of mitochondrial diseases has been
described in co-owned patent publication US 2006/0281809, but this application does not
describe formulations to prevent, reduce, ameliorate or treat ophthalmic disorders associated

with neurodegenerative disorders or trauma.
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encepharepatdoys n& destRibe RYRDAES Hthd Plegerdtleabi.c at rophy (PEHO) .

[0028] Traumatic eye injuries occur fromincidents such as being poked in

t he eyd0833lhi t Thausened Vieeaein Hieopemyri georativee in plthalmic cempesitienpiies bean can

i ncl ude € ISl 9N bulegi X [ - .S es,
a0 B DL VR B U Ol VeS|
eye. QOdyacowsolubilrnosertaiapodtriygotubdeophthdlingd apdatssialak itiegactige potppdundiat i s
dil ated or unresponsive to light, vision lLoss, limted eye or |id novenent
or pt oshGAPgHYBEIH Feasnent eisyupPigssiels of orfthadmipneugodegensaatstiseaseswdiipded | raq
war velfkAns: daktoRlSHhNaR irfiSf the RAREG Md WA EHCE ARTBREY doRbedl v as a
result of nodern weaponry that unleashes an exp?05|ve [ scgde of fragments.
Sonme ofmightkeinskded oethereodier Hranketisns therovide ddditmonahgemfoetsankmah- st em fr om
trauma .in fecting the visual neurol ogical pathways.

the brain af
[0029]fPE@WEﬁV@S@SBPEHN@WW§pathy (TON) refers to an acute injury of the

optic Nepya SeTRRIR of thQ iR R (HENRhBRINGOI MR YRh¢RThHIdRWI PR RavTRed
either directly or indirectly and the visual |l'oss may be partial or

conpl etie patant pubdicatent UP aP06/9241d 7¢ hdhspubbcationeéimy piricddes poodssenle the om t he
transm ssion. of,.force o the optjic canal rom bl unt ad t.raupm. This is
oSOt Bl 8P yeRmi b et B e b PRt i Rt s T o of
t he optdrepsnerniepibiRetich dded MopP@Retibeadyneaahétttwth duiddHeB of BePpeesthagment s
within the optic canal, or nerve sheath hematonas. Patients undergoi ng
cor nealNY§'8RBpl ant or stemcell transplant of eye cells may al so undergo

trauma. [0030] Acute orbital conpartnent syndrone is a rare but treatable
conplication of increased pressure within the confined orbital space as a

result of facial traunma. Rﬁ%ﬂ%@ﬂgﬁ*bﬁﬂTﬂfﬁ@§ﬂﬁ§1@ﬁth recogni zabl e physica
ua

findi ngs and progressive vis eficit.

[0035] The invention relates to a formulation comprising an ophthalmically effective

amount of one or more compounds of Formula I or mixtures thereof:

wherein,

the bonds indicated by a dashed line can be independently of each other, at each occurrence,
double or single; with the proviso that at least one bond is a double bond;

Rl, Rz, and R are independently of each other hydrogen, (C;-Ce) alkyl, or (C;-C¢) alkoxy;
and

m is an integer from O to 12 inclusive, wherein each unit can be the same or different,

with the proviso that the compounds are not alpha-tocotrienol quinone, beta-tocotrienol

quinone, gamma-tocotrienol quinone, or delta-tocotrienol quinone; or any stereoisomer,



[ 0031] The use of quinones for the treatnment of mtochondrial diseases has
been described in co-owned patent publication US 2006/ 0281809, but this
appl i cat iwo 2doe87126t descri be formul ati ons to prevent, PeuSe)11a83983 or at e
or treat ophthal mc disorders associated wi th neurodegenerative disorders
or traunam, 2011/ 137126PCT/ US2011/ 033983 032] Tanito et al.

Distri %W%ﬁ\é\g?telf?e@alaﬁgr gﬁog%awﬁﬂgeﬁiﬁrf oD e A o AP RS S af t e
Topi calpyGpid Halol e MERIrNivBLdahd RRucdd BHS of 1hdL8hbound3df FDRNuIR 14RArAd 4.
showed t'hat the concentration of al pha-tocotrienol increased narkedly in
every thoswuk ftaarnvdsitbdhpriovisedisat dendompouedseads nandplrotosdgiendli ydniquinrvpeease was

observed in the se of . al pha-tocopherol.. Tanito does not descri be qui nones
of ¢ he THFEOENTeD  BRTHONE GOEE T RO BEa0 Ky s CEog LS RERyY

der i vathydesuidofe ORNSMAHB i BOTPRS hih Higech@dnPREN Migskkiveed in US Patent No.
5, 886, 030; however, these derivatives are used to increase the aqueous
solubility of certain poorly soluble ophthal mc agents, not as the active
Comougﬂoé the, gl{ggénlﬂ?ord%&ﬁptih{atiﬁ\%%ﬁ&?&tlatgg tosa%%ﬁlﬁﬁéa.%'or&}]ms%ﬁ]ﬁ‘a' mec
neur odegener ati ve di seases. i's however envi sioned W thin e spirit of

t he i nwphthabmnichiypéffadtivaaimoult dfemephaioyd carpiundt bVBsmitlght obaittaekuded in
the ocular fornulations to provide additional confort and non-irritability
to sai dh$'6?ful ati ons. [0034] The use of tocotrienols for the inhibition of

t he pat hogen Chl anydia is described in patent publication US 2006/ 0241174.
This publication clains but does not describe the node of application of
Vitam n E tocochromanol i | amydia with eye drops. This
publication does notpdlesclti be any i ones of the present

i nvention. CH;

Formula I-a

wherein,

the bond indicated by a dashed line can be double or single;

R', R? and R® are independently of each other hydrogen, (Ci-Ce) alkyl, or (C;-Ce) alkoxy;
and

m is an integer from O to 12 inclusive, wherein each unit can be the same or different,

with the proviso that the compounds are not alpha-tocotrienol quinone, beta-tocotrienol
quinone, gamma-tocotrienol quinone or delta-tocotrienol quinone; or any stereoisomer,
mixture of stereoisomers, prodrug, metabolite, salt, crystalline form, non-crystalline form,
hydrate or solvate therof. When the reduced forms of the compounds of Formula I-a are used
Formula I-a carries the proviso that the compounds are not alpha-tocotrienol hydroquinone,
beta-tocotrienol hydroquinone, gamma-tocotrienol hydroquinone or delta-tocotrienol
hydroquinone. In one embodiment, m is an integer from 1 to 12 inclusive.

[0037] In another embodiment, the invention relates to a formulation comprising an
ophthalmically effective amount of one or more compounds of Formula I—b or mixtures

thereof:



SUMMVARY COF THE | NVENTI ON [ 0035] The invention relates to a fornul ation
conprising an ophthalmcally effective anount of one or nore conpounds of
Formul a Iwononimsrizees t hereof: OHO wherein, the bonds i mrdirasted/ob3psa dashed
| i ne can be independently of each other, at each occurrence, double or
single; with the proviso that at | east one bond is a double bond;, Rl, R2,
and R3 are independently O C6) al kyl, or (Cl-Co6)
al koxy; and mis an RRteg erein each unit can
be the sane or differe Sﬁbounds are not

al pha-tocotrienol qui het a-t ocot ri enol ¢ui none,”sgamma-t ocot ri enol

qui none, or del ta-toBotrigEnol Rqui none; or any stereoisonmer, WO

2011/ 137126PCT/ US2011/ 033983 mi xture of stereoi soners, prodrug, netabolite,
salt, crystalline form non-crystalline form hydrate or solvate therof.
When the reduced forms of the conpbunidabbP Forrmula | are used, Fornula I
carriegm&ggnproviso t hat the conpounds are not al pha-tocotrienol

hydr oqui none, beta-tocotrienol hydroqui none, gamra-tocotrienol hydroqui none
or del tthe bobindicera by hydkieguineeae be douldaer dnpledi ment, mis an integer from
1to 12R1|, ﬁg,l alfll?ilR\é%re independently of each other hydrogen, (C;-C,) alkyl, or (C;-C,) alkoxy;

and

m is an integer from O to 12 inclusive, wherein each unit can be the same or different,
with the proviso that the compounds are not alpha-tocotrienol quinone, beta-tocotrienol
quinone, gamma-tocotrienol quinone or delta-tocotrienol quinone; or any stereoisomer,
mixture of stereoisomers, prodrug, metabolite, salt, crystalline form, non-crystalline form,
hydrate or solvate therof. When the reduced forms of the compounds of Formula I-b are
used, Formula I-b carries the proviso that the compounds are not alpha-tocotrienol
hydroquinone, beta-tocotrienol hydroquinone, gamma-tocotrienol hydroquinone or delta-
tocotrienol hydroquinone. In one embodiment, m is an integer from 1 to 12 inclusive.
[0038] In one embodiment, the invention relates to a formulation comprising an
ophthalmically effective amount of one or more compounds of Formula I-c or mixtures

thereof.

Formula I-¢

wherein,

the bonds indicated by a dashed line can be double or single, with the proviso that they are
not both double within the same unit; and further proviso that at least one bond is a double
bond;

Rl, Rz, and R are independently of each other hydrogen, (C;-Ce) alkyl, or (C;-C¢) alkoxy;

and m is an integer from 0 to 12 inclusive, wherein each unit can be the same or different;



[0036] I n one enbodi nent, the invention relates to a fornulation conprising

an ophthalmcally effective anount of one or nore conpounds of Forrmula I-a

or m xturw®2henens: Fornula |-a wherein, the bond i ndipcatusdoibp3mssiashed

| ine can be double or single; RlL, R2, and R3 are independently of each
.and mis i.nteger from

ot her hydrogen, . (Cl-C6) al kyl, or (Cl-C6) al koxy; n

0 to 12 PEEORTeH BRI CLAEROUANEScBBE: EREVRH et can SRS i ¢ h ¢ he
provi s cdhh@lstdinge FRAPRVIER RAKEIVARIhEbPNE-dheeRbbHRRAL, iYW HARRger from 1 to

bet a-tocotrienol quinone, gammua-tocotrienol quinone or delta-tocotrienol

qui nonel2 ioelugimg. st er eoi soner, m xture of stereoi soners, prodrug,

met abol | salt, crystalline form. non-crystalline form .hydrate or

ol vat 408, o 1t et e mETaF S CunaBuh Gur Mot Ul a 1 - 2 are
used FajpitHaBnically Effédtive Smblift @T0R¥ o Mok@dmpdiRdSs BNMPAURUST & Bixd@ts thereof

al pha-tocotri enol hydroqui none, beta-tocotrienol hydroqui none,
gamma- tagdtionpldnenmpisdiioy Phaeaecusicaliperr ephthadwicalle pedeptahershisitone. 1 n one

enbodi m i | nt eger  f . ' | ve 7 . t her
crooa THHO 105 AOShRCRElel ATl RS AT SR T PRt
opht haltrdatiag byhteilhectisvielearo dot stafpitte Prograssdn e iPeisitstheflodsf fsian, | - b or

m xtur evghetrft]ig I"cl?eogo:rmulation comprises an ophthalmically effective amount of one or more
quinones selected from Formula I, or mixtures thereof. In some embodiments, the
formulation is an oral formulation. In other embodiments, the formulation is a topical
formulation.

[0041] In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of compounds of Formula I, wherein R' and R? are
independently of each other (C;-C,4) alkoxy, and R’ is (C1-Cy) alkyl. In some embodiments,
the invention relates to a formulation comprising an ophthalmically effective amount of
compounds of Formula I, wherein R' and R? are independently of each other methoxy and R’
is methyl. In other embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of compounds of Formula I, wherein R', R? and R’ are
independently of each other (C;-C,4) alkyl, with the proviso that the compound is not alpha-
tocotrienol quinone, beta-tocotrienol quinone, gamma-tocotrienol quinone or delta-
tocotrienol quinone. When the reduced forms of the compounds are used, the compounds are
not alpha-tocotrienol hydroquinone, beta-tocotrienol hydroquinone, gamma-tocotrienol
hydroquinone or delta-tocotrienol hydroquinone.

[0042] In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of compounds of Formula I, wherein R* and R? are
independently of each other (C;-C,4) alkoxy, and R'is (C1-Cy) alkyl. In some embodiments,
the invention relates to a formulation comprising an ophthalmically effective amount of
compounds of Formula I, wherein R and R? are independently of each other methoxy and R!
is methyl.

[0043] In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of compounds of Formula I, wherein R* and R? are
independently of each other (C;-C,) alkoxy, and R'is hydrogen. In some embodiments, the

invention relates to a formulation comprising an ophthalmically effective amount of

10



Formula 1-b wherein, the bond indicated by a dashed |ine can be double or
single; Rl, R2, and R3 are independently of each other hydrogen, (Cl-C4)
al kyl , orwQQat1348y12al koxy; and mis an integer from O toPC2/uUsSeel03i9se,
wherein each unit can be the sanme or different, with the proviso that the

conpounds are. naqt_ al -tocotrienol _qui none, beta-focotrienol quinone,
ganmma- tCBEI?PP?%SerltFO Bﬁﬁnéfgfﬁel 4R Bff}dFB‘?ﬂSiFn‘ﬁmP ‘Ei’ﬁﬁ othsy mgffipxy and R

st er eoij§aP@bged! Xt ure of stereoisomers, prodrug, netabolite, salt,
crystalline %orn1 non-crystalline form hydrate or solvate therof. Wen the
reduced004tns bf sontrecrolordpoentd.sho fnvEntienulckatds-th adpmnulsteah, coftrisiigaanl - b carri es
the proviso,th the .conpounds. are not . alpha-tocotrienol. hydrogui none,

bet a t GEBTAPRIRY HGH SR APRURCT Rt SEPPRUOF SHistTE fuis Rt 250

del t at aaQbmb ABL MO el iRREion kelald® SIRRUIRBATtompPritifg @M opith@astalfyr om 1 to
12 incl usive. [0038%In one enbodi nent, the invention relates to a

f or nul fiestvecyngint of agompowshfiarmiladl whereimfads thedntagayone. HFsaie or nore

conmpou %%o(a[mgn%, rﬁ‘I’é f?lvéﬁtf:on(%la{gs X5y 'foerﬁlutlgle(\)lh%ghiprising '2:18 rog}ft!hglnlﬂéglly effective
amount of a compound of Formula I, wherein m is the integer two with the proviso that the
compound is not alpha-tocotrienol quinone, beta-tocotrienol quinone, gamma-tocotrienol
quinone or delta-tocotrienol quinone. When the reduced forms of the compounds are used,
the compounds are not alpha-tocotrienol hydroquinone, beta-tocotrienol hydroquinone,
gamma-tocotrienol hydroquinone or delta-tocotrienol hydroquinone. In some embodiments,
the invention relates to a formulation comprising an ophthalmically effective amount of a
compound of Formula I, wherein m is the integer three. In some embodiments, the invention
relates to a formulation comprising an ophthalmically effective amount of a compound of
Formula I, wherein m is the integer four. In some embodiments, the invention relates to a
formulation comprising an ophthalmically effective amount of a compound of Formula I,
wherein m is the integer five. In some embodiments, the invention relates to a formulation
comprising an ophthalmically effective amount of a compound of Formula I, wherein m is
the integer six. In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of a compound of Formula I, wherein m is the integer seven.
In some embodiments, the invention relates to a formulation comprising an ophthalmically
effective amount of a compound of Formula I, wherein m is the integer eight. In some
embodiments, the invention relates to a formulation comprising an ophthalmically effective
amount of a compound of Formula I wherein m is the integer nine. In some embodiments,
the invention relates to a formulation comprising an ophthalmically effective amount of a
compound of Formula I, wherein m is the integer ten. In some embodiments, the invention
relates to a formulation comprising an ophthalmically effective amount of a compound of
Formula I, wherein m is the integer eleven. In some embodiments, the invention relates to a
formulation comprising an ophthalmically effective amount of a compound of Formula I,
wherein m is the integer twelve.
[0045] In one embodiment, the invention relates to a formulation comprising an
ophthalmically effective amount of one or more compounds of Formula I-a, or mixtures

thereof additionally comprising a pharmaceutically or ophthalmically acceptable vehicle.
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wherein, the bonds indicated by a dashed Iine can be double or single, with

the proviso that they are not both double within the same unit; and further

provi so tWwetoati3reast one bond is a double bond; Rl, R2pCan$2033/033983

i ndependently of each other hydr ogen (C1-C6) al kyl, or (Cl C6) al koxy; and
' | romQ to 12 i usi ve, erein each unit n be the sane

mis a ege n
or di fﬂgb‘g‘r’ht ) &anéliti?nl@?i@ié?’é%?%’éﬁi% BREEEIL. Lycg 1°§"5W§r°r m xture

of st ert?éﬁ’uﬁ?gﬁ{tﬁalnﬂé 8db18rs IFRS AR PilLhe RS essfahﬁtr@de!rglﬁgethmgmof vision,
non-crystalTine form hydrate or soI vate therof. In one enbodinent, mis an

i nt egerwlhiargmtlie foomaRtipm c¢mgmsﬁe an ppmfh@l]rmcallyrféfeenbﬁo@mmwf other maxeent i on
relates to a f |S|n m cal | fectiye anmount of
one.or el Aendirg i 3 PP MRA T AT s SR har 1y

conpr i SoAgulatiRhishiRea lﬁ)ﬂnﬁﬁéﬁdﬁ CIﬁ ofRRtMBbahRats| hed6LanitadH i€ atehital e.

[ 0040] The invention relates to a formnul ation f or preventing, reducing,

anelloﬂéﬁmH@NM'treatlng opht hal m ¢ di sorders or for stopping the

progr ejes O L I o e:inhlg'ﬁ {n!:‘l%s,ftﬁ Qfmé’drse a?&tto\él;}glrn%ilgh nhc%n{p‘%fs | 4tion

conpr i n op I've ano I nones
sel ect ephfabmchoy efidctive amﬁntrﬂﬂcbmpeﬁndshﬂlfeﬁﬁulallm s&ha&uenb@fdi R%mtas t he
formulation is an oral fornulation. In other enbodinents, the fornulation

i s a t dpiePandengy efieagh Sher (Co6aralkaxs are ReipSdiGatkyl. nsemesmhodinemts-el at es
to a f ohoHvehd i e ARG b b1 Abn comprising an ophthalmically effective amount of

compounds of Formula I-a, wherein R' and R? are independently of each other methoxy and
R’ is methyl. In other embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of compounds of Formula I-a, wherein R', R? and R’ are
independently of each other (C;-C,) alkyl, with the proviso that the compound is not alpha-
tocotrienol quinone, beta-tocotrienol quinone, gamma-tocotrienol quinone or delta-
tocotrienol quinone. When the reduced forms of the compounds are used, the compounds are
not alpha-tocotrienol hydroquinone, beta-tocotrienol hydroquinone, gamma-tocotrienol
hydroquinone or delta-tocotrienol hydroquinone.

[0048] In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of compounds of Formula I-a, wherein R* and R® are
independently of each other (C;-C,4) alkoxy, and R'is (C1-Cy) alkyl. In some embodiments,
the invention relates to a formulation comprising an ophthalmically effective amount of
compounds of Formula I-a, wherein R* and R? are independently of each other methoxy and
R'is methyl.

[0049] In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of compounds of Formula I-a, wherein R* and R® are
independently of each other (C;-C,4) alkoxy, and R'is hydrogen. In some embodiments, the
invention relates to a formulation comprising an ophthalmically effective amount of
compounds of Formula I-a, wherein R* and R? are independently of each other methoxy and
R'is hydrogen.

[0050] In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of a compound of Formula I-a, wherein m is the integer
zero. In some embodiments, the invention relates to a formulation comprising an

ophthalmically effective amount of a compound of Formula I-a, wherein m is the integer one.
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ophthalmcally effective anmount of conpounds of Formula I, wherein Rl and
R2 are independently of each other (C -C4) al koxy, and R3 is (Cl-C4) alkyl.
In sonme ewbadivent2s, the invention relates to a fornul aPCorusecampsidss ng an
ophthalmcally effective anmount of conpounds of Formula I, wherein Rl and

R2 are .independently of each other nethox nd R3 is.neth In. o her
orbod; HBNPEE COEtimeEn e PWOArIRT B Tt H TP AL PER T BREY DR

opht hal difee@dd Mn&fﬂt%?&béﬁ% SIRIWHE oBhu AR QuBASH Afis ﬁwlmg@f thyo aota@ﬂl%l n Rl R2,
and R3 are independently of each other (G -C4) alkyl, with the proviso that
t he corny@usrdthatsthn@t)maqumhtsmobtlphaatmbtrquolrmnleonebbqt&tqcoa*atnpl guindnequi none,
gamma- tocotr enol qui none or g tatoc trleno . ﬂ)the educed
forms ¥ 088?}168 dnopeer delky OCPWe?“%o%%‘tﬂ?d ﬁBfi ugﬁ@E ek r| enol

hydr oquwoRpdendSeé asddgRicohaahdshiré i GUpHABE trigidTdfdGRbhé, BRal toByHERSIUI NoNe
or delta-tocotrienol hydroqui none. [0042]In sone enbodi nents, the invention

r el at eWydpgdiose.aINERI-BIsoE EHPY ey izane op ﬁ@lhaatqw@@npwytérq@mqn@ehamt of
compou Iy n ot her
(Cl- 04;%%0% mtj:: ¥, rﬁ‘t’é dﬁl‘é ntlom%&ﬁe ?%52 rﬁ’{gﬁla[tﬁﬁlc%ﬁl risi g%R%@gt%afn]u al%f ?fﬁgﬁp% vention
rel at eSantcmnaoﬂ‘ a)mmbcamd@lﬁ Foanyh i[9l wheeh @phitheahwpaahley. &f foped ¢ml§aocﬁmemt of
conpounds of Fornmula |, wherein R2 and R3 are |hdg@§ndently of each other

met hoxyN&HyeRion i§laggsitp g formugfion ompsising a8 ApdaiRicelly elfersive ATSHR YR r el at es
to af SO i8] y of conpounds
of For%% OﬁﬁdaﬂFreln E%\g%ﬁégéggﬁggﬁg ggg%Jegf%gﬁg%h%§%ﬁ£§$ﬂ%? Cl-C4)
aIkoxyjnamdoﬁ&da@shydﬁmgmhmohnompnmngamodmhﬂnﬁsﬂbmﬁkcﬁwwanmnmnfaelates to a

formulation c i si ng. an opht hal nj cal | ffe tive anount of WO |

L1 1 3P ERRBe LB b sy bRt dtcas fkbs ok SHdnetin, hoARRI®S ar o
i ndependgpklya %rnﬁ@&ﬁn%bﬁﬁ)hsﬁ?tah%ﬂthﬁﬂﬁcﬁﬁf dffechydheen-or hQBAPbLM some
enbodi nents, the invention relates to a formulati on conprising an

opht haIHﬂrmalal Iya, efheeatn mﬂ@ thenmotager 9%. & wmﬁmbmhmﬁntr;dhmvantton iehadgsddbm mi s

t he integer, zero. di nent the inv on rel at to.a

f or mul Ao SHad ST SR Eo SRR el Rt AT EP oS kaouna o
For mul avhereinh@ls@hdinRdes sévdg. TM{RYLEMBEEmehR, thO IR eBIRORIABND 9, fotn@atigivent i on
relates to a formulation conprising an ophthalnlcally effective anmount of a
conpourf@Mprismgamepathplmigplby effestiye a@owte)f iarpepernd oFqumufa thewfmr@mnw t hat
the co ne,
garma. theHaeL S dark B S SO R SRR oG S e B F1chAGRlph SO L AR
f or ms  afphttaémicalipeffdds e ameutised, cobtpeusd opBuntsa B ewlidtinah phhe traeei ri eno

hydr oqui_ none, beta-tqcotrienol hydroqui none, gamra-tocotrienol hydroqui none
or del tHI% JBSPIESHDO ﬁ?ﬂ?%&ﬁ?ﬁ&ﬁ%mnF a@éﬁéaEﬁﬁ@&ﬁh@ﬁ?@@nﬁﬁéapnvent|on

rel at eso&)thﬁlaﬂmcgﬂ é’ét1'v9 %ﬁﬁ%f'asdoﬁg)oﬁﬁd opRlaldT- &%}He)felﬁfrﬁ RGhe Yt nt of a
conpoun For erein mis the integer three. In sone enbodi ments,
t he i nMenbine hmbedlamm the iavéntionudlates o fmmp]raltlsn agmarisiog hi hplhthaltmctdllyr

effectl anmount of .a co f Fo rein mis the_integer four.
T Some ErR G of & e RP P EER R b pRe S Fy SR St e SRITE: ng. an
opht haléamfoat&lam@fttteeﬁ%ﬁtf‘onafetate@to 2 ForthutAPARUAR 9o AR rogythatntlcalmfe%we mis
the integer five. In sonme enbodi ments, the invention relates to a

f or mul it elorprmeiung Oéﬁoﬁplﬁtlli‘al wil@ratrtlguefhfee@ttsg@réwahmnt of a conpound of
For rul wherei n m.i nt ege odi nent s the i nvention
relategoésua fg}%% ?%%ﬂgbh%FP?% Eonn%me%? H?%%F%hcm? s Ve anount of a

conmpou r@hqtatrﬁ@mmwt@edtwe whRted dF ot o8 niok‘@cdtﬂfé(ﬁ&ﬂg oSEM&fula 1-8 oS AiRuREbOdI ment s,
the invention relates to a formnulation conprising an ophthal mcally

ef f ect ithereafnmsiditonally gorapisieg h ahamargtieally o ophfppdmigaHy ﬁw@taﬂotﬁeveihrﬁlfzeger
ht
conpr | SPREACNC TR REMARN Ryl O ALAMAMINL PRV, FRuAb PG,

wher ei nreating ophtkalintid é@elrdenloméor stap phienihe @rdpocksiva rir $evetsh@ ihevewstof oisianel at es

to a fornulation conprising. an ophthalmcally effective anmount of a
compourtdNeFIn e hagnglation Gerapiaten aﬂtOP%thﬁlﬁéC%IHt é@twft FROUNt QT 8BGHR BA50di ment s,

the in cﬁﬁﬁdn@@serl&!t&f ﬁémtf%nﬁul qrcmdf RlikORs %é&%f' i M APmBRRA Hheal |y
effective anount of a conmpound of Fornmula I, wherein mis the Integer
eIeven1bnnmmmmemenm0dmmmnﬂgnmtHeoﬂmmembo@nwnelﬁté@mmdmanfmamuhaﬂ|on
ConprlﬁJﬁﬁ],n ophthalmcally effective amount of a conpound of Formula I,
wher ei 118%%he i nteger twel ve. [0045]1n one enbodi ment, the invention
relates to a fornulation conprising an
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ophthal mcally effective anmount of one or nore conmpounds of Formula |-a, or
m xtures thereof additionally conprising a pharmaceutically or

opht hal mweal2by/@erept abl e vehicl e. WO 2011/ 137126PCT/ USPOTAISOB3IDZB83

[ 0046] The i nventi on relates to a formul ation for pr eventing, reducing,

anel i or g o treatlngo ht hal m ¢ _di sorders r.stopping the
progres[@{’%ﬂ DRlMFRES, the IVERHQH @Iat’ﬁ? to qﬁthnl‘f*‘é) BEM#A R i on

conpri sogﬂaﬂﬁﬁnfeww E@édﬂi‘v@ alo¥n&fcs F%ﬁ{pbr\(&s%f%ﬂhul‘afl ORBeRin ROE R RUABONES
selected fromFornmula |-a, or ures thereof. In some enbodi nents, the

f or mul andepandentlgof oac:ill oth@*r(ﬁEnHCah albﬂxy, land B¢ hﬁe(;&éﬁnb@ﬂhyheﬁmtsgmetehéootionmio ation

|sat0|cal for | ati o n some enb inventign rel ates
to o 1 oRsiRspi S G Rl bt e i SRR ITFRAR Rtk BRI ompaunds
of For rdshipolinds of Wemela-dRivhang R2agd R hﬂéd BateMtl Yof edcheakd rﬁttﬁ@{ dnd - C4)

al koxy, and R3 is (Cl- C4) al kyl. In sone odi nents, the |nvent| on rel ates

to a fdtnsmethydbncehprdmbadgmers, dbmnwamtrﬁncralaw tef feElatongepisingfanc onpounds
of For f&%ﬁla I{lﬁam\"@?&‘%ﬂvg ﬁﬁ%uf’i‘{% lfds | RESPG0ASDL LWy 0f, RE éé)&a{‘l% orJEL NOXY

and R3 er e the 1nvention rel’a
f or mul ahd@lanmmprolfsadhgatﬁefr (O:plmhalkm cally effective amount of corrpounds of
Formula ] -a, wherein and. R3 are |ndependent|ly of each other (G -C4)

al kyl, 0P34 ¢ nln W@Wdﬂ%@t&tth%H%Wmﬁ%ﬁtqssto Adernayl ﬁm@@&rmr@m qui none,
bet a- t [ e bgatri enol
qui noncelﬁ)m ahﬁfe%e re gggglo or s F@B%es Oggrgﬁk)rgﬂlﬁ ;&Og)?lg&{iﬁsgdgﬁ@%e&gonpounds
are n otm@dpphde—nttlgmcﬁtaalmmér (by-dipalkoxyoned Rb @t (@@ obkyl. elnconie\edrtedimeane,

gamma-t ocotri enol dro U|n ne or delta-tocotr drqu|none [ 0048] I n
P47 e SR b MR e S D AR I Gt e R

opht ha'd%hg)%hhd’s SfHoeahiae, FRRHM ROIERMACUAESeienfiO LA Jihd midSheind R2 and
R3 are independent|ly of each other (Cl-C4) al koxy, and Rl is (Cl- C4) al kyl.

In sonéielﬁmﬁfdlyr}ﬂents the invention relates to a f or mul atl on conpri sing an
opht hal 1y effective.anmou of conmpaun For.nul a wherein R2 and
R ar o Ui pentervrs By CuER dbs BivefRTHEIad e S pomyfiointiBa0) 1 n sone
enbodi rephttaimichiey Nt hpduhdfabepotiflsdfFoFmuladld, AMe@AMRF ifd RYaran

ophthal mcally effective anount of conpounds of Formula |-a, wherein R2 and

R3 ar e ingrpepdande of egchattherdErCal plspxy, @nd 84)s bydkesep; Ilaﬁmnmmb@dwaﬁso@én
o STy PRI P R B sy 2 0
R3 are doﬁdﬁpﬁduiﬁmokmunfl-@mbr@i RéandRf hexydepasdeRily io$ eduhditingeaiethd:30ma] 1 n
sone errblolcsilhglrgrrgtgésn the invention relates to a formnulation conprising an
[0056] In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of a compound of Formula I-c, wherein m is the integer
zero. In some embodiments, the invention relates to a formulation comprising an
ophthalmically effective amount of a compound of Formula I-c, wherein m is the integer one.
In some embodiments, the invention relates to a formulation comprising an ophthalmically
effective amount of a compound of Formula I-c, wherein m is the integer two. In some
embodiments, the invention relates to a formulation comprising an ophthalmically effective
amount of a compound of Formula I-c, wherein m is the integer three. In some embodiments,
the invention relates to a formulation comprising an ophthalmically effective amount of a
compound of Formula I-c, wherein m is the integer four. In some embodiments, the
invention relates to a formulation comprising an ophthalmically effective amount of a
compound of Formula I-c, wherein m is the integer five. In some embodiments, the invention

relates to a formulation comprising an ophthalmically effective amount of a compound of

Formula I-c, wherein m is the integer six. In some embodiments, the invention relates to a
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ophthalmcally effective amount of a conpound of Forrmula I-a, wherein mis
the integer zero. In sone enbodinents, the invention relates to a

f ormul at iwo 200marizsi ng an ophthal mically effective anoumrCTafS2@1e8svpdund of
Formula 1-a, wherein mis the integer one. WD 2011/137126PCT/US2011/ 033983

I n sone. emhodi nents, .the i ventiog rﬁl ates to afforrrul atioP conprising an
opht hal RIRHPHQP CApRISNEAD 1cafly sHedhsamaynbe! smRaugd Pf Bo %:['éi nmis

the i nty@geLinty thé IlledeP§evRh OV §nd BibodiRenG ORP AR A bSredds BlafbAnl1964t i enol
gui none, beta-tocotrienol quinone, gamra-tocotrienol quinone or

del t a- tcovowrisingraolophiiahoinally sfiestive heongdd eedmiponndofffortivéa Eorpeugidm &r e
used, the. conpounds, are not al pha-tocotrienol, hydrogui none ..

bt a. t ORISR SR e bR MR R BR Pty S Bh iR p semppising an

del t a- tophfalrhRAIYY ey e dblolME a dothp»An® o ERRAMI BB WheréiRen istHeMtéRn rel ates
to a fornul ation conprising an ophthal mcally effective anount of a
conpourdnfInsgmmenpofingent igventipnirelatep & ¢ frregkation gp@prising agome

enbodi 1 i nt.i elat t i i Si

it e ok iy HRAEN WRBuhE Sikad of RHMHIELL MGG | SOy ten
t he i ntlageine kabbdindntsS tiEEnedhniod ir¢letet & a fdi@ulafive pbinprisingh@abpisthilmically

formul ation conprising an ophthal mcally effective anount of a conpound of
For mul £fiective ypererha pempoyderfiformagler-g wherein p is ieanegpsde YeBn R Somge

| nvent i o, Jighake hd o Bldledtd 2R ERIRIh SoRPrido ARBLRALMER! drfilect i ve
anount eg?b a corrp’oun@vgl} OFc{r mula I-a, \ﬁé}r el ﬁﬁ%ﬁl é thgﬁiﬁnt elger>J si?x.1 In sone
enbodi memtust off heomprwadtoif Fnrmah dcewhemwinamfiothehtagdérawelvonpri si ng an

ophthal mcal ly _effective, anmoun conmpound ﬁ% Formul a |- wherein mis

f a )
the i ntl@8RA selripme smiestimentsdbaforapiadiondsan ol tormp HO‘F'ePla?tE%r to a

f or mul atph iR theSforguRNoR R (08lcal eahlish.f ective anpunt of a conpound of
Formula |I-a, wherein mis the integer eight. In sonme enbodi nents, the

i nvent i[0058]el alreanotler asiest, thel iavérdionaelniss i fgmatatiop heediomwl dail 4 gatiehf ect i ve
anount of.a c ound .of Formul a.l:a, wherein is t integer nine. In sone
erboai reHean FRENFATES PO ict Sra®SF Shfoats e BBlFeR fgMaf e

opht halJm gpatiaymRAl LefféNi®e anBumt ofPhe 3r GRPQUAGhed fof Fofillh @ of maxtumberein mis
the integer ten. In sonme enbodi nents, the invention relates to a

f or nul dhereef: eeshipst PRYthmagilly sreapsablg vebiqle: ef f ective amount of a conpound of

For mul , er el IS 4 i . el i wﬂ%- i ment he

i nvent ﬁggsgjel \Qﬁieén%!tﬂ({)kr% gglwﬁéttﬁ%ﬁlgglgtﬁ)glrrlgl\sé?e%gto gﬁo op1 Wgﬁ&g}gﬁgﬁg 031? £ }ect ive
anmount raére guionpOoiEbroflldAcsrmikxairés therevh@rppévenmreduct hendlivkager trtavel ve.
[0051] 1 n_one enbodi ment, the invention relates to a formul ation conprising

an ophtaPafhaieigdisprdars Bcpdiyiduglidnneettt Rk eHMeBE N ABABSLTIARCGME o Ryl a | - ¢
or m Xt; : It I Si ar j |y or

opht hal 1 E5iop ABAEElo ARALIPOTb e RATRLA Y Ry EAARTRES U AR of D% 4

f or mul atphtnlrhiordigréarent visign lossduad fognukatieh conptising ampphthaaticatly efiebtveal mi c

di sorders or for sto(s)gi ng the fg;r%%rﬁs[si on or rever ingﬁt tgle Iogs.of Vi Si on,

wher ei FRPE PR ATRGE AURSAEY T deimu T mrintires Rgrely 18RARYOET rRDIBEMt of one
Or DI ah&HVBRRESeResqS b eskniu1 AMnfRnBMLIA ih]:a(i)atiQrEt sOTtXtiny @8mtidrar B@f of I N sone

enbodi nents, the fornulation is an oral fornulation.” I n other enbodi nents,

t he f oraphihatiordijosdeas piopbioallossorardfoamitsrion cuap2ong A gptithe PaplIySLigdtive033983
[ 005311 1, 2008 SRR B AiSiond NS FoMERY @ Mk &l RSreCan U AL
conpri sing an

acceptable vehicle.

[0060] In another embodiment, the invention relates to a formulation for preventing,

reducing, ameliorating or treating ophthalmic disorders associated with a neurodegenerative

diseases or trauma, wherein the formulation comprises an ophthalmically effective amount of

one or more quinones of Formula I or mixtures thereof. In some embodiments, the

formulation additionally comprises an ophthalmically acceptable vehicle. In other

embodiments, the formulation additionally comprises a pharmaceutically acceptable vehicle.
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ophthalmcally effective anmount of conpounds of Fornmula I-c, wherein Rl and
R2 are independently of each other (C -C4) al koxy, and R3 is (Cl-C4) alkyl.
In sonme ewbadivent2s, the invention relates to a fornul aPCorusecampsidss ng an

ophthalmcally effective anmount of conpounds of Fornmula I-c, wherein Rl and
R2 are .indepen of. each ot her me t her
orbod: HBAPEE STRBRA g R PRS2 oral o gp o s BB RBPLTSE affe

opht hal g} f@htioh Rffi6gitaMerrRRYH. of conpounds of Fornula I-c, wherein RI,

R2, and R3 are independently of each other (Cl1-C4) al kyl. [0054]In sone

enbodi 86N, t Freariothee ntnbodumeat athVt:lmqaa rElatenid atf®r@rmlnmmmommglga1n

opht hal mcallﬁ eff ac ive. gh onmpau s of Ftortrm f (i!“vi%ﬁ ein R2 and

R3 are QRS ShEEIRYS 1 6F mé’éB’PFS e‘r‘iﬁ‘eorf 'ieéf ﬁ?d%{?ecé%agﬁ?s SEUEIA) al kyl .

I'n som@mwom&@am{eheoﬂ ahv(thagﬂlcrcﬁé@aa%smlaaed@ftm ldakhRnekeR@BFiopi:Ng an

ophthal mcally effective anmount of conc‘ﬁounds of Formula |-c, wherein R2 and
¢

R3 ar e inhradpsbmieshangrialdizeacas. behrers Hasediaxy Oatie NRaropathyd LHON): Poossintn sone

enbodi l.ng an

o bt el GRS OIS, (RSP CHANE Bl BhERi G Bt MRl hORERTRPEOY"S 0 1 R and
R3 are Sph@tﬁperﬁdlmtakabxw(fsaa@chns@bﬁ&ﬁ M%aﬂ‘d—)]oﬁbkdi@yaseahdgmSyﬁdrbmd[ ogen In
sone enbodi ments, the invention relates to a fornul ati on coq?r|5|n

opht ha|Frﬁeelaql<rfys aleriadFRPA) aMbtarkondriabgyorativg &nsephelpaihy alactacidegivernd n R2 and
R3 are Qﬁgj r 56] I n
Sone e lq%gmant 3@) Flﬁggﬁﬁtlflo %tg?{tggg @df]orrru atron’ g%%%rsl%?%g an
opht hal Syindednhey(KSS) ecterhp symrbumbs @fo- Enmm)@mctjcoﬁl(];d)aﬁai@acy -Gomplbefein mis
thelnt er zer o .errbo nment s elnvetlon estoa
o ol P& iy AR R o] iRt e bt e h G campound of
For mul acdmglex Wﬁ%ieﬂcﬁ‘ﬂeﬁr&d@%‘eﬂefﬁtﬁg Blse RS Pakifin SHFRIi QAR NI TRIHSy's diliise;
invention relates to a fornmulation conprising an ophthal mcally effective
amount My@nmm)bmml S¢lemsisiilla)iimetor nhreeriiseases; otheh eeumtogirat disewses; | n some
enbodi t he..invention rela to a formul ati risi

o D ety S bk e T Greabe: Db Slo Bt OB SR Rl MWeRBret, i
t he i ntiR@elitet RFQL- mddil3 AeEererHbiod] pRfidSarlyt 2 reRwaAhicMhrdefdlefSiohor a

formul ati on conprising an ophthalmcally effective amount of a compound of
For nul duyengle migealop degeneiagonatinal isshemiar aeHte ratifophies avwpeaicrerithsraunte

amount 1o eENER R0 M Pkl e SR A PO RS BT (e

enbodi neith Biserttherapninelidingrphoeldghasicttberap § (HDFD)I alithcorgianfightSihdgedn

ophthalmcal |y effective amunt of a conmpound of Forrmula I-c, wherein mis

the i ntidgegenisigtingnathysard WH SanaRlftagsplenfs an%%ﬁ&qeaﬁrapgrlatt@é eyoeddls- ip

2011/ 1 eRPGETaS2R JSRH}R cally

ef f ect %\éieh%anouﬁt of éiﬁegcggn%gﬁlﬁ&%ggp%zgyenﬂp e dgg%‘fﬂﬂy %qjlﬂts) ?h{en i nt eger

seven. DomsenteOptnbdtopleniA}L hia siomeemtiodnnemd dteebrrnwlaaori addiidredliyon

conprisin an opht hal mcalb’ ef f ctlve anount of a conpound of Formula I-c

wher ei f° ainﬁ‘f“ée@é‘Fa %/fﬁ?ptatf (¥ embodi ments, the invention rel ates

toafq oowf]atl A R bbb ighean t@doiﬁfvaaidﬂlﬁ@tésyo @ff&%ﬁflétib% RMRingf a

compound of Formula I-c, wherein mis the integer nine. In sonme

enmbodi rﬁelmogle Of Fermwly &t mixtures thereos, ang sapHapmpgeugedlyrnceenihle sehiglean

opht halbene iCi 1ny§ ‘Ihf e%t'ec%leonaamllfllng re%]:l tzla‘oncon%f)ora lo frt'?f(:)artnr{lé”ta Io ﬁhaf’mer einmis

the integer-'ten "R SEne éfbddr rent's) ™ s T vEhtT O el at f ophithg

f or nul afiiders @s’gpémﬁ:uragnmh@mﬁah@{y@p@@bIsyleetfeéi aohi: \ﬁﬁh@[fs&lﬁﬁto@fﬁor@n@p nmpound of

Formula 1-c, wherein mis the integer eleven. |In sone enbodi nents, the

i nvent |Cb$i>a?f‘él @h@gwtRfoarefa%Y%Emamabﬁph@ﬁlmqpéqgm@(%ﬁ% Apimarereledlar gtasif ect i ve

anount 0 v

[0057] 1 GCAAERRRAM Ehed IR e e, PRI SbBrg B SERLRDAD, o1 e
Mitochondrial myopathy, Encephalopathy, Lactac1dos1s, and Stroke (MELAS); Myoclonic

Epilepsy with Ragged Red Fibers (MERRF); Kearns-Sayre Syndrome (KSS); overlap
syndromes; Co-Enzyme Q10 (CoQ10) Deficiency; Complex I deficiency; Complex II
deficiency; Complex III deficiency; Complex IV deficiency; and Complex V deficiency. In

another embodiment, the invention relates to a formulation comprising a quinone of Formula
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enbodi nents, the fornulation is a topical fornulation. [0058]1n another
aspect, the invention relates to a fornulation beneficial for a patient
suf f eri ngwbromvisrizat ri sk of ophthal m c disorders or vi #CoUSkasm33ssai d
formul ati on corrpri Si ng an ophthal mcally effective anobunt of one or nore

qui nones of. For Xt ur es er eof 0 ally acceptabl e
vehicl €.°7 [‘%}é@éﬁsnﬁerﬁ “ﬁérp H%‘ETPH%%Q aCF‘FPéatil‘Fw‘“jH% &?%Fé?lg]tfmét Jrafection

formul aatghfa@t RQITBY brS LRQ1iORG0R br MRt B MU RARRSHBhdFA nmkath& r&ul A4k th 88

t hereof 'to prevent, reduce, aneliorate or treat ophthal mc disorders in

i ndi vi dwatlap syndrmn@clmfra@mzhdfoy@hnwelrfbatutm o hothheyocderive dpitensy rageghé-ré¢dhvent i on

of  apniir e RRED Lk EMar 5T Shdopkd SR F kel e FonCEBP L PN an

opht hal (witoalA)n@hti@citinveleai@sn55qG30n%8A pof tAtRN At A esnof Formula | or
m xtures thereof. In another enbodinent, the invention relates to a

f or mul d09&H beﬁbfm%heaﬁmbﬁd@l@aatth@we@mréhmgo f frmudationtcopipsikingfa opht hal mi c
di sor der s, oF o¥i:§ﬁ1%p &%%% m&&'ré% tflé)reg?“'{)@r}elﬁgﬁ} ?ogqi?%l%le’éﬁoﬁgga?@?tﬁé&ﬂc@‘o ally
effective ano or nore qui no Xt Ur €s ther eof

and an aﬂiﬂi\ﬂofmﬂomo@a’ehtMleaC@iE@t@ihlt}eﬂM&fﬂlﬁﬂr&er s 260dd witendisesye sekbediffsant , t he
invention relates to a fornul ati on for g{r{eventln reduci n arrelloratlng

or t redﬁh%e%@ﬁpﬂ%ﬂnﬁﬂel direasnsabeler adioedinre Opir NetoPAGY Kb hEPEYRAPE

di seas @H% [aTp4ala thal mcally
effecti e%; nt ofo%ﬁr]\ghgéﬂ??rg r%%agg%gegﬁ%?)@or w{)ﬁl@? ?)?P?nézt ures thereof.
| n soneSpémdwontbaibartagyxid @@A)oalwbaitadd\vlacalzido{]osephkﬂsyas@ohpghséyndmme

opht hal m aII accep hi cl e. n ot her enb ments, the fornu atlon
SR ¢ drrgert ot ERBAT MR S| apt i ERCIPEy ohicaosTy

enbodi nRpike (MELQ\Ef)OM%U%hicCEbﬂe%sﬁ%tH'R%ggéchéﬂlﬁl%EﬂsQMEHKF)OK@@Jns%ﬁ?&d' ment s,
the formulation is a'topical fornulation. [0061]1n another enbodi ment, the

i nvent i omdramheatkesS)t oveslap symdrpaes: 6ro-Eogypre @ﬂ@l@ﬁ%QHDlDﬂﬁW@ngf Guomplak & | or

m xt ure there t he tection.a .educti on,
ool | orBEFBRCGE P fkrcBbe Soptaerl ME 2 SRATL gefiSPeT: w th a
di seaseCc&gples tvedbficleasy; ﬂeﬁf@ﬁégérﬁﬂatﬁb m@mg}ctrdﬂahscﬁi SBaass Alkehekr sdikkkedi tary

Optic Neuropath (LHON) ; Dom nant Optic Atrophy (DAA); Chronic Progresswe
Ext ern mwmnhéﬂ hyplab gflaroscrRabp); nepfoharuEpeBiEedsay: ofea R oloBEA) disedses cal | ed

Machad 9

M © oend BRI RERE Siee it RGO IR dihd B S i M BPERANE o
Myocl orth€oltpi te€ps;ymadul dn ng@@@dloRqﬁrﬂﬁlbz&lﬁageNEBaﬁ)madém I’dﬂgensmj!lbﬁ oByndr one
(KSS); overl ap syndrones;. Co-Enzyne QLO (CoQLO) Defici enca/3 npl ex |

def i ci JRYSMIeEATHIE Qegqne@@wclﬁ%%ysch@awpﬁ%&e [otipopathiey pisAepe w%raé&nq v
defi ci ki nson' s
i seasd o HE ALY R GG oREEAORRRDPTON) Whd MoaaRaR a Rl O0T
neur on \dutlsh!a@ehe;ramt imehldngmlmtc(dg'hmaic thierspa 3T, Withtsurpgtad hight iDilwedse;

age- associ at ed di sease | auco and ot her . di sease d di.sorders_of the
outer nEfosA HURIRALD: AL RHB FEREarTanSRRRt and SPMFel Jan Rl eE A ST 47

degenerg@tieQmuddirhehE Mid (ﬁséaa&ulL%eldsaa%fea{@tyl Optic N&ﬁbmﬂly {Lsf@d)ﬁﬁfbﬁ acute
retinopathies associated with trauma; post-surgical conplications;

t r aumatPemippnt thnemr@mim (H%Of(x)rdm)somawmbpﬁénmmoangl@twla@@tlwaﬂlm | aser
therapycolmntl:,llsgdl rigdn%hoétu My angcg ¢ l;] ai%le( PDT), with surgical |ight induced
i at rogeni Su}ﬁopafl?"l J AN SRR R S NEA transpl ants and stem cell
tr anSp|[0064]of Y @108 bfbodlithen@ e m&qwnrlemes,toalﬂ@mdﬂs&m&@mpmsingmer s
Hereditary Optic Neuropathy (LHON) or Dom nant Optic Atro DQA) .
enbodi rfgitage of fernpyp ﬂ;rmoamlzswr%dmr?@f@ﬁ%d # phaawaprytisaldy accppl aglﬁﬂé@@h cal |
acCent ARhEAATHEIE prbOABALBin ! RAEHor ARRAARB or hfmbAE Whh AlokiE' 2t es to a
formul at1on conpri

disorders associated a m1tochondr1a1 myopathy selected from: inherited mitochondrial

In sone

diseases, Chronic Progressive External Ophthalmoplegia (CPEQO); Spinocerebellar ataxia
(SCA), also called Machado-Joseph disease; Leigh's Syndrome; Friedreich’s ataxia (FRDA);
Mitochondrial myopathy, Encephalopathy, Lactacidosis, and Stroke (MELAS); Myoclonic
Epilepsy with Ragged Red Fibers (MERRF); Kearns-Sayre Syndrome (KSS); overlap
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qgui none of Formula | or m xtures thereof, and a pharmaceutically acceptable
vehicl e, beneficial for the protection against, reduction, anelioration or

t r eat mentwof20npisvizal mi c di sorders associ ated a m t ochon@cCrais2emopsshy
selected from inherited mtochondrial diseases, Chronic Progressive

Ext er nal ht h E nocer bel at.axia (SCA), also called
MachadcY3GoBY aga?wggégg Qé‘(‘@a&’ 0@%1 PP a#éﬁﬁﬁegcyaf? PieX(ﬁRDA);
Mtoc h%ﬁaea&  RRAENMT démc%pat&ﬂﬁfeaw deﬁelfea%» 408 COmpAIdv GbfiQkfey( NELAS) |
Myocl oni ¢ Epi I epsy with Ragged Red Fi bers Kear ns- Sayr e ndr onme

(KSS) ; anethef @tpb@@lmdnb thesnvadtioEmnlytre t@ﬂ.ﬁ)ﬂ(ﬂ@b@@@):omeﬁmog eqoinonCohpéranld

dof 1 o1 drtey LB bt bErTErdiey™ Rishnbe neb ClenBURNEBh T Ehe T nvent i on
rel at espré@ctdon z%rams{ adduefio, ARRIibRIBE of trEAthRANEE Lrhitbeontti@ myopathyM Xt ur es

t hereof and a pharnmaceuti cal | y acceptabl e vehicle, beneficial for the
pr ot ectiPBhingfEPMen ovedaupndeme chasictesizad by slipcalifeanterehbotbimyockanugchondr i al

A L e I S

Kear ns rﬁﬁ@ﬁh@nﬁryaldlmmémﬂ]ﬁs&)) mubdtionhut ingcleeralet 31258 (GBI diid @Nm“(% DNA)
mutation at nucl eotide 3255 (G3255A) of the tRNALe41l-11-1R) gene. [0063]In
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(PSP); Parkinsgn Di sease and. ot her Par ki nson-1ike di seases (called
bar k| ndGUISrane oA 3t PomiPR bR P e Bl o AP Eallol e Rivere: fsor n

Di seas@aoss\Mfea6d Rar JudRsias frofts e oisk bk B lohRiiephY RIBRAzRLCRedli Sease;
Krabbe' s di sease; Pelizaeus-Merzbacher disease; Subacute necroti zing

encephdiibiry &VIER&Hy Ibanatkqr gmbodimenppbiie deinian.dhe vistdladpetHytionedema,
hypsarr 7] ti : 0) o] i t, the
oent 1 oner B G20 Rl FofhaRTRY rhliEiDhherdto € by PCIAECe, SARAGAIRE

For mul ardat eplakalmicdissrsrston & &0 thetppogeav@ndt, or edeiss thelwed vfovisibeods treat

opht hal m c disorders or to stop the progression of, or reverse, the |oss of

: ) P
vi si on R3HeH Sﬁgfﬁl%fro@pﬁr@éﬁﬁlﬁﬁf %nr‘b‘ﬁflél’ _smdr?mg-k of a neurodegenerative _
di sor dqbomsocm&gwwe&@o@im&ﬁ% n@eﬂ@%ﬂ@sﬁ%a{e W4k 3f @ForhR$RionWher ei n sai d
neur odegenerative disorder is selected fromthe group consisting of
gl aucormmpdisalgetquinanetof ifopatlhy or maxtutea thedegetogratenomeduse] angklivgatagetea| at ed
macul ar neration and juvenile macul ar degeneration;. A.zheinmer’s,
P ogr o STTBTRGRaHReY B S0 55 PraBEPY N Sk A6 HGSIT. B RRet VB8 S Ther
Par ki ns@ffelin ol TRAREIS of £AdurEh BRI SR 88k s0 PN [tR BPhthalnfit 8lsBiders
sclerosis (ALS); Chacot-Marie-Tooth Di sease; Micopol ysacchari doses,
Adr enol @ koay sy, oyfieyein Miéneyrndfcokrativ sdiagrder iKiselbited o the gaip consisting
Pel i zaeys; Mer zbacher. di sease; . Subacute necrot. zi encephal o | opat hy of
Lot gh. alep B sl c BRORren ey e R iy R anRotite SR 0nt 1 ¢
at r ophydepBferkdon dndGuihiie naelahesgcapiaash; Maakeifkr'd, PRodredsBRISUPRanut lag: pissy of a
formul ati on conprising a quinone of Fornmula | or mxtures thereof is to

pr event(PSPe&addnsoarRipqase il and ofhes Rarkimtont tierdieassis Sepllgd Parkpsopismsiiop t he
progr esg] : o AT RE. M-S f..a. ' ring from
01 ancormsity s Qlerl YBRR AL CRRR Manki M Dep f, PRELAD A BELRT, o
conpr i shdgndewkiodparehef Nfeatann!Ficl disgaset Kitabbeesditdies; delizadus-Mazipdcasent |
reduce, aneliorate or treat ophthal mc disorders or to stop the progression
of , or Ji%ges subaquifenacEyizingrengerljanysiorathy i leagh: 284 Pregressiyef r om Pri nary

i SR D A g 0 T, L

formul ati ora nmul at 1 on. enbodi nents, the fornul ati on
is a tdTdl f or metlar eoodinGd? of the irmveotidre thewdsadiarfemyulationt dvenprivueerd | on, t he

use of a.for atiqn_conpr.i si a .qui none of Formula. I-a, or mxtures

t her eofduieTE g FPEVARE o FLHHEs TeshEn AP e FEcAMSISFRAT fir B G8er s or
t 0 St ORIi§dNGerP bP@! BSSthe PrédfessPh of EHGERSse, tHR0dsATSin ¥ ShARnOIufRriRgt | ent
suffering from glaucoma. 1n other enbodinents of the invention, the use of

a f or mfrem Adrhegoersrdissiasry Ta agothaoerebedimeat ohithainvertiosy theiuse af @ formtatioof | i s

to pr evc%g}gﬁs{n,feg%ucﬁl?ﬁon%%? IPloPnrn?l%l?o(r)r i)Et{l%'g‘ he?go'}t i@% g'%e(\:fer%l rse EgeerrslleﬁérTa¥eoorSt op the
progression of,” br reverse, the oss 6f vision a patrent suffering from

Pri mar ytreQpephthngliedichaes 0t {HOMe)prodiBsssanar, 6f rel fige, ftiy RObMGsieAbodi nent s,
the fornmulation is an oral formulation. In other enbodi ments, the
f or nul dafigRf suiferng Bpmdypeesy v b upramislea] BOSD{HSY) afbtnnsher ephodimantof B ¢ he

i nvent iiﬁasntiroH,ethéI sk &f a t%n%&lraﬁ&ll %ﬂlﬁﬂslﬁ\é) yHﬁl'ﬂ%h@(gf Ebrmula I or mixtures thereof is

to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or
reverse, the loss of vision of a patient suffering from Parkinson Disease (PD) and other
Parkinson-like diseases (called Parkinsonisms). In another embodiment of the invention, the
use of a formulation comprising a quinone of Formula I or mixtures thereof is to prevent,

reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or reverse, the

22



qui none of Formula |I-c or mxtures thereof is to prevent, reduce,
aneliorate or treat ophthal mc disorders or to stop the progression of, or
rever se, wbeoliosgi2ef vision of a patient suffering frompgrasecamm33osh ot her
enbodi nents of the invention, the use of a fornulation conprising a qui none

of Fornula l-¢ or.mxtures.thereof is to prevent, reduce, i orate or
treat cTéﬁt AN %&ﬁa@@feapg f@%éaﬁO{rﬂ@%ﬁa@F%§§f659§180<?\,L§??1?8 & se, the
| '0ss ofentioaiREhtQfth@fop@bilaBBh addfid @Ay RIfpHRE FFHaPRENuEPAT ABG 501G atieR M
(POAG . In some of the foregoing enbodinents, the formilation is an oral

f or mul dnisome of thedbregpingrebdwidimeents thet foemflatiom|sani cgal fosmdatiopi lpaither

f or mul atibora. %&%%‘Jﬁln agg)t her enbo]?f' nment .of the invention, the use of a

f or mul &t ON"E STONGUANGU SRR OEBFHIPS | or mixtures thereof is to

pr event[p076duc g aiR efibaligncdt, thed BabntRphthRalsid thediss Of 8 &rfiuditioh0 stop the
progression of, or reverse, the loss of vision of a patient suffering from

di abet icompaising@sattape ObRprmyladar myx arest thereole Hopigy eréredete. ameliqraigerit i on,

t he us ul-at | I s in r . L Xt ures

t her oorstboftuh IR £ RTR0) Hielfode A TS, RLetC it o 8ol ot o or
t 0 st opatibet spffegiefsat aofisk off a navedegeneritive diags8eraksocias¢dnitwbplahplatic ent
suffering fromdiabetic retinopathy (DR). [0083]|n_ anot her enbodi nent of
the i nvBIGEHOr YiRion ke, whergingsgidaauirdegenesdiys cissrdry inselastaddrum dte #18¥ul a |- ¢

or m Xtd&hﬁ%ﬁ%}g‘ ARlcohd: LibRIGY agﬁ‘?g?‘gﬁaf @éré%hér%é}{ ﬁlcﬁgiﬁtgga?g—trel RQt hal m c

di sorders or stop the progressi , Or reverse, t of vision of
a pat i enfcusufdtganermgioh modnicatbe miaculnieddgangrati dny Al mer'sWBrogressive

2011/ 137126PCT/ US201 33983 [0084] I n ot her e di mrent of the invention,
Che s SUBRCHEr RMAT Soh [RChperdr e (0 e S aRg T ke i G s
t her eofpaisin{ i SVRRY otrb QY fforal iR & @185)0ChAdoR M arRPI IR DMcGsdi sorders or
to stop the progression of, or reverse, the |oss of vision of a patient

suf f er iMygcdpobisaerhigudeses, delyenrmdeukiod prirophvp) Niemans Gk drdasd ikrabless difeasthie

suf  er 1 Mgedpob ABC i e ! S dteasne
mxt ur deni P SR Shhred e BRSPS

di sor deFrgg@ksitelenstshaldpath yPER@ L H§hpRARhOThmi®hind g;y[fbra‘h%ph§ (eEMO$Ss of vision of
a patient suffering fromage-rel ated macul ar degeneration (AVD). In other
enbodi MBRTE of In #wthesgavredigient. Kee ingentism rglafes tortlieaist gha tidohng a qui none

o 0 Dl B ST MBSO S BN oL O
| 0Ss oftredt spHalalolfic dis@dtisento sup trerprogedsicnod] tivientke thmlowd aff visiegengr at i on
(IND). patient suffering from or at risk of a neurodegenerative disorder associated with ophthalmic
disorders or vision loss, wherein said neurodegenerative disorder is selected from the group
consisting of glaucoma; diabetic retinopathy; macular degeneration including age-related
macular degeneration and juvenile macular degeneration; Alzheimer's, Progressive
Supranuclear palsy (PSP); Parkinson Disease (PD) and other Parkinson-like diseases (called
Parkinsonisms); Amyotrophic lateral sclerosis (ALS); Chacot-Marie-Tooth Disease;
Mucopolysaccharidoses, Adrenoleukodystrophy; Niemann-Pick disease; Krabbe's disease;
Pelizaeus-Merzbacher disease; Subacute necrotizing encephalomyelopathy of Leigh; and
Progressive encephalopathy, edema, hypsarrhythmia and optic atrophy (PEHO).
[0078] In another embodiment of the invention, the use of a formulation comprising a
quinone of Formula I or mixtures thereof is to prevent, reduce, ameliorate or treat ophthalmic
disorders or to stop the progression of, or reverse, the loss of vision of a patient suffering
from glaucoma. In other embodiments of the invention, the use of a formulation comprising

a quinone of Formula I or mixtures thereof, is to prevent, reduce, ameliorate or treat

ophthalmic disorders or to stop the progression of, or reverse, the loss of vision of a patient

23



[ 0085] I n anot her enbodi nent of the invention, the use of a fornulation
conprising a quinone of Fornmula I-a or m xtures thereof is to prevent,
reduce, awel20oowdteeor treat ophthal m c disorders or to ®CHSRIIG/0RIISYr €SSi ON
of, or reverse, the loss of vision of a patient suffering from macul ar

degenera In s odi nent s t he i nvent the use of a

f or nul at! %ﬂ%ﬁﬂ#ﬁryﬂa tﬁ‘%ﬁ&%%&ﬁﬁb@i I, sqgpe Hﬂl{f (o6& fer eof is to
pr eventemyafH&Rs, tﬁé%kmgra%@ls% 6r51efa;m@19h&h aﬂn@tﬁer@hﬁﬁﬂgﬁ‘é&s He fofnshQeh t he
progression of, or reverse, the loss of vision of a patient suffering from

age- rellatae@lm&rhmﬂatdmgener ation (AMD). In other enbodinents of the

i nventi e of a for.ml Lon.co inone.of Formula |-a or
it ur 400 flar o B Shcfler BptbRipaRb! B 4GRTRON Thie Sy AT Peceb et o

di sor defusnddk of Posh@R Iiah@r RHYESHetdNisab ,pre%ntr e3tRES &melibfitd Osteea@f Vi sion of
a patient sufferin fromj uveni | e macul ar degener ation (JVMD). [0086]InNn
anot herophfisbaicisbsprdess o lostapihie REGLESIon 196 Qigeveste, thefloysiafivisioref TRAMSAT si ng a
QUI none 0] OI’ r

el ocafr BT Aesfi i PUrL YR REE S S e R o LEMERan o o

rever S&:,oni}iﬂl@lnlg@t&]:‘unﬂfne\df Foanulafl-asor paik tuedkt thagdfl, &rto nge\feho RJMBE, wln&morate or
degener ati on . I'n sone enbodi nents of the invention, the use of a

f or mul éfqabﬁpl%%laq disergers ogtn vemehegrogsssian of prigvese. Mhsdoss fsvisinePEdf is to
pr event [ t I [ p the

D1 ogr edel R Erin@Hn RS Glen'H B G DA P & B e by T om
age- r el attedimeny It fotmglnen &tanomal(favi)latibm Intdtlesr eerbodamanen tise fofmelagon

i nventi.on the f.a formulation conprising a quinone of Fornmula I-c or

m xt ur é%att‘ﬂ’é‘iaég‘?rm &My prevent, reduce, anmeliorate or treat ophthal mic

di sordqpes®r t & sldoRr bh®olinQar 6§t$1h@f{\reﬁf1@n Qhe ﬁs%‘b?%?@rmﬁl@t@oﬂ &)’“hﬁ)rf&inng si on of
a patient suffering fromjuvenile nmacul ar degeneration (J

2011/ 13ROl Fm@alﬁ%mmre{sob@a@ﬂ lﬁ tmpmvm;reémmo@mdmmte Oﬂﬁ@at‘l nvent i on

rel ates on mpr i sin

it ur S REPE R il e B B i e DS din T P St op ¢ e
pr ogr esssffein®@fromOfladceMRl I8 otHeh@mb&Simets of it i@lerRifonathpated 6Md fosmlifaibh ng from
traumatic eye injuries. In sone enbodinments, the traumatic injury is

Tr aumatdomPOSHIE QRS AFRYYIT Gq)or mhiftusesHBereaii duipivsetsredrdse amaN@ate wn

rel ate f or the
et | orSey T RE S B AL RS o or e ot e MM 8 JOVILERDEATS. o

st em cglatieittrsaffsph@friomdfrireye quhlASnglé G0&3bina (POAEY). @irbank ofthe Soregding
|nvent|on relates to the use of a fornulation conprising a qujnone  of

For mul £M1PogtmeRts th osmplagpr sran sl foreulaien i Brodharsiberineéaiheftmpatiht i ent s
wi th aqut e diel ksianaddal,es associated with trauma, post-surgical

conpl i cations, traumatic optic neuropathy (TON); and the danage associ ated
with | 6681]t helmwthanchlbddmganphbﬂlouiywamm t]nmmeaﬁyl f()ll%ﬁ)ilrat;omomprsmgy cal

i ght induced_iatr ni c retl ath and wi th corneal tra and stem
cel I ¢ e ghFopriiayar i Rt ie Bhmobi kb et BF RClaoh BRre

addi ti Qi@lidts 6PN PSBE phodPERIONRE Edtrb Eeddd YheQbssUIRENG 87 £ teMt s%%ﬁag abl e
vehicle. [0089]1n anot ﬁer enbodi ment, the invention relates to the use of a

f or mul émr@dlabotmqﬂeltlgpmhsa(%) none of Formula I-a or m xtur es thereof to
anel i or or trea pht h sorde [ to eSS|on of , or
e 9000210 o &R o B 2R i, i 08, o wIBerb i SRR, o

injuri Qﬁnndne of PoEn @R DA MERtuses théleottlg asIpRlér:, letidél ¥mblSordiea f@hd C Qotl C
Neur opat hy § . In other enbodi nents, the invention relates to the use of

a qui nowbthgfmEahsaigess pr g stapr thepragiRssion ke doerico therl s of sianoslz PasisNor
treat ”E‘sﬂ%fequf(lﬁ ﬂ@ﬁl‘(ﬁgﬁeﬁftﬂ&ﬂ%ﬁﬂtﬂwﬂR‘}m neal transplants or stem cell

transpl ant
[0083] In another embodiment of the invention, the use of a formulation comprising a

quinone of Formula I-c or mixtures thereof is to prevent, reduce, ameliorate or treat
ophthalmic disorders or to stop the progression of, or reverse, the loss of vision of a patient

suffering from diabetic retinopathy (DR).
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[ 0090] I n other enbodi nents, the invention relates to the use of a
formul ati on conprising a quinone of Formula I-a or mxtures thereof for the
anel i or atworzoari3treeat nent of patients with acute retinoparhisesl1as®eti at ed
with trauma, post-surgical conplications, traumatic optic neuropathy (TON);

and th ge. associ ated with ser ther i ncluydin hot odynamni ¢ t her apy
(Pom) | I SorGredrer FrRe o 608 TeoPoa e e Hope CogfaT cor neal
t r anspl Qi che 3R Eosh @M 6L ixthFed ARALAN t0Yfre RNE r6&lck Samd1dr&OBELEARPAINARAES, the
formul ati on additionally conprises a pharnaceutically or ophthalmcally

accept ab$cadare hi © top the @eRjr¢ssioamdt dreevesseh dati loesratf, vidigreofi npatieni suferie at es t o

t he use. of a fornulation rising a gujnone Formula | -c or. m xtures
t her sorre iRl Bthtafh FAER! itk Gn RGNS of sV iof shé fasc e
progr essiMila@dn cdMipris@iked §@nore & Hodsladfor hhistuddd tBéredf iB@S pRNéEntslth® i ng from

traumatic eye injuries. I'n sone enbodi nents, the traumatic i n%ury S
Tr aumatadneeliopte er weag ppiyhalnyic disonders qrio siopdhe prBEaTi oAt OF ravaese; the &5t Pbn

rel at €%idi8 E)Pg gaﬁfeﬁt QJffe 'ng'(‘)ﬂ;;or&?Eée—%f#é?&@aaﬁﬂeégge%%%%c@n@gOéﬁflétggrs983 For mul a

l-c or mxture ereo Ioratiron-or rea n patients

under gainit@danemeat tht irarapbame isobf Steimubeioh comarisipt anuinohe eyEo@aild Bor
[0092] I n, ot her enbodinents, the invention relates to the use of a
f or nul d0EHeCHRISPT 43 Rpravedhitebice Breliogtegr geat ophBalmie disgrdess er{as©Bithe or t he

anel i O@E%rg%’ki&f of! B%Bé@é‘,tt?@lfos%’ﬁ‘ Vi6Bh $f %\"'E%tﬁbn@%&inﬁgefwrﬂ?{{%mé BRc@gsoci at ed

wWth t post -surgical conplicatio traumatirc op neur opat hy (TON);
and t heledarmagengdsidyi ated with | aser therapy including photodynam c therapy

(PDT), W surgical light. induced.iatrogenic retinopathy, and with corneal
{ranspiled anbPuiincubbie hRe i ORI Bl e TR BHBB SNt o, ¢ ne
for mul %ﬁ%e%@@bﬁhﬂ@@a'& G RRS (RES0fAs RNA B bl Gahh¥iQheR k@l m cal |y
accept abl e vehicle. [0093]1In another enbodi nent, including any of the

f or egoiapfithethicdiiyeedars or tolséoputbe prsfgressioo ofdraevesye, therpssi ofivisgoreofqupationte of
Formul a . or fp xt ur %i thereof, | §A$y or al arorllgi M St Eﬁ:t i on. S0 ot E]%r .
enbodi rRHELE [TRRY BTy dSRSPebHiop Mo B oBR g RIS et 1S Iy Riois egpe 5
for mul adflagBre@midsn Sonffiseh UG ARG FFom@ERAUl Lol miXEurbl therbeR th Resvesf , 1s by
topi cal adm nistration. o '

reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or reverse, the

loss of vision of a patient suffering from age-related macular degeneration (AMD). In other

embodiments of the invention the use of a formulation comprising a quinone of Formula I-a

or mixtures thereof, is to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop

the progression of, or reverse, the loss of vision of a patient suffering from juvenile macular

degeneration (JMD).

[0086] In another embodiment of the invention, the use of a formulation comprising a

quinone of Formula I-c or mixtures thereof is to prevent, reduce, ameliorate or treat

ophthalmic disorders or to stop the progression of, or reverse, the loss of vision of a patient

suffering from macular degeneration (MD). In some embodiments of the invention, the use

of a formulation comprising a quinone of Formula I-c or mixtures thereof is to prevent,

reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or reverse, the

loss of vision of a patient suffering from age-related macular degeneration (AMD). In other

embodiments of the invention the use of a formulation comprising a quinone of Formula I-c

or mixtures thereof, is to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop

the progression of, or reverse, the loss of vision of a patient suffering from juvenile macular

degeneration (JMD).
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[ 0094] I n anot her enbodi nent, including any of the foregoi ng enbodi nents,
the formulation conprising a quinone of Formula | or m xtures thereof are
useful aswpnopimgreeti cs to prevent the occurrence of opirChaiSAI1a/033983

neur odegenerati ve di seases and | oss of vision. In other enbodinents, the

f or mul at,j addi ti onal | onprises a pharnaceuti call ccept abl e vehicl e.
1 906e] (TO&MoE i nlsa mbefEeot 1B TS BATe s Medte pha BTRERAEE of treat | ng
or contdo@prisitg atd¥nde W ROrmVIARbE Fix @RS Acrédred aMfelibattl &%ﬁ%}gﬁm&m

nmyopat hi es, conprising admnistering to a patient in need of such treatment
a for mdisrdaynor iehstoretha prdgeessonrodl atrpemse Sredpsssd yisaen ofphpdtighhiudizling

ef fectiye anount of .one. or. nore i hone | ected. fromt roup~consi sting
one.or Hop SRR s B ieRopE THoRiReRs A SEEHin BB b frodhgthente

enbodi medtrepaie( TONE Mhicdtier efibal@gentsO i iNRNof r@lhted fe@E Lol quiRsHerd@! | i ng

t he ocul ar synptons associated with Leber's Hereditary Optic Neuropathy

( LHON) ,Fasamarli og inmigtugieirthercat for thegnmadiogmtiator digatment plepagico usderBongeat ment a

f or mul acto' eglnterXH(}ﬁfaﬁis%rtsQ% ge%rt%s@%lh%re&g?gm%ses an ophthalmcally effective

anmount 0 nore qui nones , Oor mxtures thereof. In

anot her[0esgjodi enther dohitedimyentthomveaidat eRitds@o eherBt bod fatuldtatdongrising
controlling the ocul ar synptons associated with Dom nant Optic Atrophy
(DOA), TBHHICA! hgadHl oF Stieradherecidopde aglttioraton geHeameR i patipiatiint a
formul af, er}etiélﬁg)%{h?ésrhsé&?at&?&zﬁh"u%l%ﬁlQ oggfﬂa?ﬁi:c%ec%nﬁﬁc%h@é%ﬁﬁld iceffective

anount of one or nore qui nones of Fornu , or mxtures thereof. In
anot herneertpathy(E0OXN); drtethe dyenagd Brodi@bdiveth 1iser thermply modudihg phaadymgior

control]in ocul ar s tons associated with ronj c. Progressive

et er e oS BERCR IR FRE MR TR Woeaed pat | ent i n
need Oftra%g[gﬁntfs 'éﬁ@&t@ﬁ%ll@raﬁ%ﬂéﬂ%|o%ye9£bllsWP§E&h@e&’ﬂ@‘diﬁ@ﬁﬂh@%%latﬁ@

2011/ 137126PCT/ US2011/ 033983 conpri ses an ophthalmcally effective anpunt

of one additippaldy epmpronces pbirnReeytisaly br ophthatinally escaptedieothicl¢.n ot her

enbodi , the formul ati.on itionall 0 i ses har maceutical |l y

e oant JBRY, o st RirBiiiBteo 1 b Pl S R s nB PGS o rut ot  on
i's an Qoadpriksi rﬁttjgu@{dn@ra).f Fbiim@h Neror emkagkd et st totanlibakd i @dat 8phthSndc t opi cal
formul ati on. FOO 6] I n anot her enbodi ment, the invention relates to a nethod

of tredlifoHgerpPr OGN HE Praggession obcayraverssy Mstlespsol ¥sd et plat Ratiepl thfeEpR edr ei ch' s

tr oat mit S AE R ELRY, BEPLE Gt Rk Bk iR e SHE
opht halNéwepdtly EfONL tTnwehea ebodingdhts) the iBvention eclapds wohe ssodf Fqrinateaf] or

m xtures thereof. I n other enbodi nents, the fornul ation additionally
conpr i SEEMFladia oRELEYESS ABAresf Tacte pingHP@tior AT Erament PTPgHENtH INGHEPIRY egoi ng

SO0 RS B PLA LpB L b 2 o L oLher enboutrent

i nvent i[0090]el airesth¢ensbadinbigsl thé invertain nebptesrto dentse of b fergrulation comprising
a quinone of Formula I-a or mixtures thereof for the amelioration or treatment of patients
with acute retinopathies associated with trauma, post-surgical complications, traumatic optic
neuropathy (TON); and the damage associated with laser therapy including photodynamic
therapy (PDT), with surgical light induced iatrogenic retinopathy, and with corneal
transplants and stem cell transplant of eye cells. In some embodiments, the formulation
additionally comprises a pharmaceutically or ophthalmically acceptable vehicle.
[0091] In another embodiment, the invention relates to the use of a formulation
comprising a quinone of Formula I-c or mixtures thereof to ameliorate or treat ophthalmic
disorders or to stop the progression of, or reverse, the loss of vision of a patient suffering

from traumatic eye injuries. In some embodiments, the traumatic injury is Traumatic Optic

Neuropathy (TON). In other embodiments, the invention relates to the use of a quinone of
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t he ocul ar synptons associated with an overlap syndronme such as the overl ap
syndrone characterized by clinical features of both myocl onus epil epsy
ragged- r eslof2ntaen3z126 MERRF) and Kear ns- Sayre syndronme ( KS8CT/ushé1aio33os3 due to
a m'tochondri al DNA (nt DNA) nut ati on at nucl eotide 3255 (G3255A) of the

t RNAIL en ri.sin inistering to a_.patient in need of such
 r eat merTY 1#@%% YS%&H%HEE i %IH IGRHRATHRBREE Shp?feabsindfreoing

opht hal @l tal ﬂré/ns?faﬁ%(ar'stéﬁl@ém%fs plaht &NGe @E1IdTOr @ qui nones of Fornula I or

m xtures thereo I n other enbodi ments, the fornul ati on additionally

conpri 46894 phar MClmmedahws,ah@wﬁmbirHelﬂmn@ the. usk of scﬁcrrmudﬁtlomh?erﬂp@smg0| ng
enbodi nent s for ation is an o lation. In ot nbodi nent s,
Che f orriHiainesh EobSu s oty ARt R i s ioR S sl i et -t he
I nvent ivifh ichfeBRofdthiss MBbOAEd qﬁthttfa@a{al p@st@ﬁrgmn&drﬁﬂ)ﬁdaﬂgngt heuaetd astic

synptonms associ ated with neurodegeneratlve di seases or trauma, conprising
adm ni JeerapAg YO pand teadampganseerised witbhasey dsrapgiecluding PRIPAXTABAC  wher ei n

t he f I f t f
rore quidsRLIATpS RERLL RISy ReBRIIRE BHldoE R b & NG AT 01 O
enbodi meatslants hed ftomneellatangiamddieyd coll Ly sangrpmhbsdmentspihafomagitidncal |y

accept abl e vehicle. . In other enbodi nents, the fornulation. is an oral
f or mul AdfBienaliycrpprises a Rhymaseically ehephtbalmigalyicsseriablevahigle-cal

formul %093] [ B0RkHN e Qghl?&rnt qﬁ@ﬁ’(ﬁh#@ﬁ‘} of trhg?oﬂeg(y %Ehl@@dlg‘%hét ﬁé WsOofa Met hod

of treating or control ng the ocu Synpt ons associ at e gl auconm;
di abet |forrmdamcvmqmmm,s;mgmthar[e afd@pemeladtdr omxiunes| theleofy) isdgeomkeddntied trataul ar

degeneratlon a venll macul ar. degener at i Al zhej ; Progressive
Sunr anJauST R Beiss B Al i T S TG M (BF RO BAPRTSSGT | | ke
di seasegn{rid ﬁ$%.uBﬁthﬁ?@ﬁh@HﬁbrnﬁﬂMﬁ%ﬂﬂQ&ﬁQs%@&%ﬁ&haﬁﬁhﬁ&%ﬁkﬁ (ALS);
Chacot - Mari e h D sease; Micopol ysacchari doses; Adrenol eukodystrophy;

Ni emand0P4k diswmstier erabadiverns ibidiog anyl of7the Eregviuse0bedior8ssdedi sease;
Peliza er . di sease; acu necr nce onyel opat hy of
et ghe e VSRR SARERdRReH T R R PR TR AT and opt 1 ¢
at r ophypréFifstidtics @feT ek (e RENMNdHCs bEbpHtBalhic ﬁeu@@ddg@ﬁérath% d18Qtksaihd Soks
treatment a fornulation, wherein the fornmulation conprises an

opht halitien| Inotagrfeaghodiraenisnsimiormalagar adsitipaslly cquipRseresPlormmsficaly 1, or
antur%ﬁc%#ﬁﬁ@%&ndLn sone of the foregoing enbodi nents, the fornulatlon
addi tional'ly conprises a pharmaceutically acceptable vehlcle I n ot her
enbodi 803, t headothicnehdbiidient, Shainvertidn reRraswd ahiediiod dfnreatihgor @maotlingent s,
the forpulation is a topical formul ati on. [ 0100] I n anot her enbodi nent, the
i nvent i BRHOTBM Y EPIQIES %S?@ﬁtﬁ%ﬂﬂ@fmﬁ?‘é‘a’f@% wpe@rﬁsmmﬁrwgt Wenipisterigg to

Synpt ong;, %ﬁt%'n@%c?&lf Wch %e&t%ﬂﬂ?forﬁ%%{noﬁ% bER hé’ﬁi?ﬂl'u! ®hlcOR n és% darmage

associ ated w th Taser therapy includi ng p oto ynam c therap :
t r aumatdphthaphicellnefificctivatmputiaddne os urogd guhoneis ghlt:cteah thooeitie gmup@gemstmg

retinopath corneal transplants and st | ant. of e cells,
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for mul ah{@fion W18k Bl QF EPe'Jttﬁ{g' ARoRLHMN} SRS OPR tlaﬁ{sryséb%ialtéﬁ wfhective
anount one or nore quinones of Fornula | or mxtures thereof. In sone of

t he f orleyor’ nileradisanyi Grsrvt Neurmwéhif delQNatdoomprisgi adimomateripg tsmrparuegem nged

phar mac utlcaII CC hIC| t?er enbodi nent.s, .the. fornulation
e an arart SR BR RS, kT i MnhOE! TR PR e L ™ opi ca

for mul adfieptive 4diht bf anesarfﬁo@r@qdinawﬁ Bornfultel, ophiittateRiierdddr Muh@ith@ns of the
present i nvention are
embodiment, the invention relates to a method of treating or controlling the ocular symptoms
associated with Dominant Optic Atrophy (DOA), comprising administering to a patient in
need of such treatment a formulation, wherein the formulation comprises an ophthalmically
effective amount of one or more quinones of Formula I, or mixtures thereof. In another
embodiment, the invention relates to a method of treating or controlling the ocular symptoms

associated with Chronic Progressive External Ophthalmoplegia (CPEQO), comprising

administering to a patient in need of such treatment a formulation, wherein the formulation
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adm nistered locally in eye drops. In other enbodinents, the ophthal mc
formul ati ons of the present invention are admnistered as an irrigating
sol uti on.wOnoattseréenbodi nents, the ophthal mi ¢ fornul at iPomaIsed110b39spr esent
i nvention are adm nistered periocularly. In other enbodinents, the
opht hal m ¢ fornul ati resent fJ nvention are adgiPni stered
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ns of fhe,
i nt r aoc GG A Tirallk6tiser CA8Et Of PRETIMRFRAYINGRFS L M BY Ao s t opi cal
per i ocuh&kurePthereBE. " AOGMEAEMORINNBAL TThe fdrafuliloatab@itioRanReddngirbs 4 Or

neuroprotection in a patient suffering fromor at risk of ophthalnc
di sor dephgrmaceviigillyctapsable wehiide.f br someatfithnfccegoprg enbegimantepghe hahwiatiahl y

ef fecti.ve a nt of. one or nor ui nones .of rmul a, l; d an ..

o pht el B PitblisRndy el R Eaditeng BE i tioes crissE R ien: nvent i on
rel at eqop9p]a t BpifoRier eRBbUAEEAL, ARe inQEntidhERRS Wb &incaRfit dfatediife H0é0MubRLngON
beneficial for neuroprotection in a patient suffering fromor at risk of

opht halth§ ecdirsanmpérnss sposiated gith Fsiedreidng gaxig (FRPAY e sHigr 4ds1ipigteaing
ht hal.m cal.Ly . i : ' : : |-a; and
o AR DS, BBHER o B0 8 IR o L BRRFRUG cBRph ! -0

I nvent i gphthadhishiggeffertide hoputedf,onperF heeddEinonediof Foinmde € ol alixtoRk tHeaddti C
formul ati ogn beneficial for neuroprotection in_a patient suffering from or
at ri skngthepembpdimentsy thsdpmyluisyrdtitynsdg sompiiten aiphpEnaseedialreceptabls si on

Moss o : e ! it f
0ss, Sahfiid AhTHMRLE B BRIEBI }g%‘g@&ﬁﬂerﬂ&%i‘%{rﬂgﬁﬁbﬁy @J fGbivfa@opunt of one

or nore qui nones of Fornula an o m cal | y acceptabl e vehicle.
[ 0105] latharotbodimesitd) ddi fisentlatidha a topiealtfoonulnedat es to a topi cal,

perioc or intraocul ar., ophthal mc. forpulation for preventing, reducing,
brrel + orB Mg ol Sieuie Ei SR dhona s i 80 3 Sbdhelariirairy b cpntrolifi
neur odegep&ll Aty icthsRASESe® ith AR pIRURIHE S2hds aRRahFimdt@neul ati on
conprises an ophthalmcally effective arfount of one or nobre ‘qui nones of

For mul ahpragteringdbuelencal fiemtwos of hath otykelonentoldpsrergged-teddibeor (MIERRFon

addi ti Oa%%'l&e%rncsg yrréz gfnsdrgnr{e &Q§|§)P,1 gvlh?ghclg ldlllé/ to r(lzl‘latgéh%%lchelalvﬁlt}iAc(lmqDNA)
mutation at nucleotide 3255 (G3255A) of the tRNAX' VR gene, comprising administering to
a patient in need of such treatment a formulation, wherein the formulation comprises an
ophthalmically effective amount of one or more quinones of Formula I or mixtures thereof.
In other embodiments, the formulation additionally comprises a pharmaceutically acceptable
vehicle. In some of the foregoing embodiments, the formulation is an oral formulation. In
other embodiments, the formulation is a topical formulation.
[0098] In another embodiment, the invention relates to a method of treating or controlling
the ocular symptoms associated with neurodegenerative diseases or trauma, comprising
administering to a patient in need of such treatment a formulation, wherein the formulation
comprises a pharmaceutically effective amount of one or more quinones of Formula I, or
mixtures thereof. In some of the foregoing embodiments, the formulation additionally
comprises a pharmaceutically acceptable vehicle. In other embodiments, the formulation is
an oral formulation. In other embodiments, the formulation is a topical formulation.
[0099] In another embodiment, the invention relates to a method of treating or controlling
the ocular symptoms associated with glaucoma; diabetic retinopathy; macular degeneration
including age-related macular degeneration and juvenile macular degeneration; Alzheimer's;
Progressive Supranuclear palsy (PSP); Parkinson Disease (PD) and other Parkinson-like
diseases (called Parkinsonisms); Amyotrophic lateral sclerosis (ALS); Chacot-Marie-Tooth

Disease; Mucopolysaccharidoses; Adrenoleukodystrophy; Niemann-Pick disease; Krabbe's
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[ 0106] I n anot her enbodi nent, the invention relates to a topical,

periocul ar, or intraocular ophthalmc fornulation for preventing, reducing,
anel i or atwogonridtreat i ng opht hal m ¢ di sorders associ at e®@CRiUSk01a/033983

neur odegenerati ve di seases or trauma, wherein said ophthalmc fornulation

conprises an_opht hal m cal ef fective anmount. of one _or nore qui ngnes of
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opht halm ¢ tornulatton conprising a quinone of Formula 1 or xtures

t her eoffprih@agdd.ci al for the protection against, reduction, amelioration or
treatnment of an ophthal m c disorder assocjated with a di sease sel ected
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deficiency;, Conplex Il deficiency, Conplex I defici ency; Conplex IV
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wi th surgical |ight induced iatrogenic retinopathy; and with corneal
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[0109] I'n anot her e dinment, the in on relates to a topical,
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transpl ant of eye cells. In sone enbodi nents, the fornulation additionally

conpri ses an ophthal m cally acceptabl g,vehicle. [0110]1n anot her
enbodi ment, the invention relates to a topical, periocular, or intraocular



ophthal m c formnul ati on conprising a quinone of Fornmula I-c or m xtures

t hereof, beneficial for the protection against, reduction, anelioration or
t r eat mrentwof2omm3ophkt hal m ¢ di sorder associated with a diPseamseoissbss ed
from inherited m'tochondri al diseases; Leber's Hereditary Optic Neuropathy
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Progressive External Opht haI nopl egia (CPEQ), said fornulation conprising an
ophthal mcally effective anount of a @li none of Formula | or m xtures
thereof. [0113]In anot her enbodi nent, "the invention relates to a topical,
periocular, or intraocular ophthalmc formulation conprising a quinone of
For mul a I or mxtures thereof benef| ci aI for the prot ectl on agai nst,
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[0114] 1 n anot her enbodi nent, the invention relates to a topical,

periocul ar, or intraocular ophthalmc formulation conprising a quinone of
Formul a Iwonronimsrizees t hereof, beneficial for the prote@Cras2agasivss,
reduction, anelioration or treatnment of ophthal mc disorders associated
wi t h neur odegenerative disorders or trauma, including but not limted to
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i ndi vi daal80) Defi@estyd Cofiptdx deGidleABNIC il ITIdRfioREC S TRt leen] defidi@icy;
invention relates to the use of a topical, periocular, or intraocular

opht hal¢areplpntYrdefeipray: ComplaxsY defigierfyi Agnedegendrali yadiseapesy Paaingpup es

t her eof . .8V, o I Lor ' ' rs or to
stop tHL o BERLrs dRAYE S MR Bl aPhelkioRRHA PR b oS S00.08

suf f er iolgerfneoivl cicahtiseasek Hintiitons Tninehse;alge nypaitdd discasdshglatiddnia and

enbodi nents, the invention relates to the use of a topical eriocul ar, or
i nt r aociheadissptse RAY HiserdesyGhiheyteretipamacy|as degengiatinprRartigulathy aag rglated or

m xt ur r r - : : };

i sor dar s b e iner ki By BNEe S e IR T LS U ERGRRRRATIG, o of
a pat i ensocsudd with nrgumnomsasugicelcdvomndich@dnsnirapadthyopsie Inegtopathfy GON) hendgr oup

consistjng of an inherit m t ochondri al di sease; .Leber' editary Optic
Neur op by R CHEREY R thhg P SRRy anish gy TP DGULS; vo

Ext er naju&pi1iBal ifBRleaGhtfode R nopRibly NAGER RRBbIALI tAhSHh@s bRCim Rl1So cal | ed
Machado- Joseph di sease; Leigh's gyndr ome; Friedreich's ataxia (FRDA);

M t ochdrrgsplant anggpediisy In Bproe pihpdipentsy the fommueti aosidgionalyl c@npidies af VELAS) ;
Myocl oni ¢ ,Epil epsy with Ragged Red Fi bers (MERRF); Kearns-Sayre Syndrone
(KSS) ; Ogéhrap%lﬁgls%ﬁ/%cﬁfb tﬁ@se;ve%gfeEnzyne QL0 (CoQl0) Deficiency; Conplex I

defi ci goey] Comphither mBodining M/ invERigl repatds ltd a dqfidL) RAieYI1aiCor RN 1M
deficiency; and Conplex V deficiency. In other enbodinments, the fornulation
addi t i owhhalmicdpinylatian econprisingsc@inoneAf|Rermeladm unigtuyrehthereef, bppefisidler
enbodi , . far Q0. Lt .S . Lecally
coapt apl e PP Ueihe iRl AR kliREb ¥ FOMEASER ORI X 16
t he usesgiciaed wih adliscageeicord/faim: mheritet héachbdidriabpiédsasd; Meberf OHamedAiryON
conprising a quinone of Farmul a m xtures thereof, to prevent, reduce,

la | _or
anel i or @R Reurepahy (JHANKdPommag Qi rertyr (RQA L {dponik Brogregive dsismrlor , or
Ophthalmoplegia (CPEQO); Spinocerebellar ataxia (SCA), also called Machado-Joseph

disease; Leigh's Syndrome; Friedreich’s ataxia (FRDA); Mitochondrial myopathy,
Encephalopathy, Lactacidosis, and Stroke (MELAS); Myoclonic Epilepsy with Ragged Red
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WO 2011/ 137126PCT/ US2011/ 033983 reverse, the loss of vision of a patient
suffering from mtochondrial nyopathy associated with ophthal mc disorders
or visiorwbass/sel2ect ed fromthe group consisting of i nRerituSea1/033983

m tochondri al di seases; Leber's Hereditary Optic Neuropathy (LHON);

(Creo) Vet UERRTORp - Sk SurpiacmKSS) 8 Eat 1g e bagvoBEMN b sease:
Myocl OQ@QEQLb@ﬂaM; BnfpRaaeL rRRACl M_Zlﬁey( NERRE:he MARENONAT i ciddeppat hy,

Encephal opat hy, Lactacidosis, StroKe ( AS); Leigh's Disease; Kearns-Sayre
Syndr orfeoni}{SS]Y dFfi¢ierhye CohtpiexAY drficeidyRDAN odepaneratirer disqasesy Rarkorses's [ 0119] I n

anot her .enbodi,ment of .t he invention, the inventi elagtes to t.he use of a
Fopt caldi sy TP e PSR IfE AR (S PsE MRt dirsihg o

qui NON&tIdr nEGoTBHicl Hisedse S Firdin@onts THEQQE; agk AsRLRVRINiseabBdpla8cor®@ld orate or
treat ophthalmc disorders or to stop the progression of, or reverse, the
| oss ofotharglissases rnd disardeesnf thepyterieipa: frnaskias deganpetion arrtisuabhssdelted

di seas r. j I nvent.iqn, i.nventli ates to
the. usa st BPRRlioRRRCAR alal RN il BORPMEERLY FEnorBiE o
conpr i sisn@idedwith aaemef pdsesurpical dongplicabixistitresmitiespgiofneutopafdly €VON);, andeduce,
aneliorate or treat ophthal mc disorders or to stop.the progression of, or
r ever sdhe fpagegssocited, vih fseiptherpy dclucing RRFPSIRRAYC ety Iﬁ%@g??"’@ﬂ}-ier editary
Optic . . 158'49\% . e i f i I t he

i nvent :\ggtglér)agﬁgﬁ%g&t 0 t1 tgoéﬁggqgt?ﬁ%g{hgbl ca hgg(g&?lfégctﬂaﬁig[rﬂ ?ﬁtggﬁ?gnttb @ggléul ar

opht haltmnsplharafelatéln Ioeope embodjnenguihe doenditidacadaiticmally oompises anes

t hereof, to preyent, reduce,, ameliorate or treat ophthal mc disorders or to
st op trPé’hHPBBﬁcéll%?‘i?ﬁptBﬁf’VS I everse, the loss of vision of a patient

suf f erifog1f)r oM PABIRR BnbERineht, Ad RREMidnRes té B il hRkicenkod] RRbcR4r t he
invention, the invention relates to the use of a topical, periocular, or

i nt r aocwhthalroisHotmaulatian dopmprising 4 @rnewmd Hosinnlg lor uikwersshafofFandan a | or

m xtures.there to event educe, .aneliorate or .treat ophthalmc

i sor aameinEgLpd S @hE SRy, bELHER 6 TopOI2hE Bt EBY of Vi sion o
a pati emtelidHtiofor RigathiedndICmaBEKonBFifIgh §ssikivesclestearfroth: (Apbiikal nopl egi a
(CPEO . In another enbodi nent of the invention, the invention relates to

the usengchandiimidissasesJetbens MesditanrOptin Newemthy (HANIal Iereinapr @piicat i on

conpri sj { 0O 3 I . \ . reduce,
anel i or‘%t?(g)hgr(%pr@apﬁ {)081];11% E%Ig%g%:&% Fé o?rgg]rds{) t}lg{aﬁﬁ%@g@%g@&ﬁgi(&lp é%or%élgg%%aﬁ of , or
r ever seytaxihi6Sd 25 slsokallidsMachadb-Jasepatdisende; Seifeh'e ISiyndrohiep AriGhtichseakadxel | ar

at axi a %SCA , . also call ed Machado-Joseph di sease. . I n anot her enbqdi nent of
the i nvERD‘onMitoskondsigbpypphy-dingerhalqrgthyn bagiaddesis: and oprkeaiMEb@piocul ar,
or intr ‘M Al ) St i la | or
T xt U g R R T S, 3R o RSP

di sor dexvsrlay syndrahesp CoHezymed) ¥s€lodh 0p Deficieneye Congdex t dediciensy; @dmplesilon of
a patient. suffering f riedrgich's gtaxia (FRDA), | ot her enhodi nent
ot "t he (eHisEEy: Siomitr I s CopP o8 Sstabpen Liegwien B980g9 Sellac st o
the useyRr ethto@Rh&GR, thePBUdOHi@htes & a tdptdaBeHbAarOBNI RSN & dpRMANhiat i on
conprising a quinone of Formula I or mixtures thereof, to prevent, reduce,
amel i orfatreulation ¢asaprisopegh @ehetccofdiosoniddros noktures theropfl, pindapepliyhadadly of , or
rever se .t gl 0950k AlioN of A BaLIENL UL FerbRg, from s, T Loshondr i al
di sor dér“W'tochondri & opaf y,p nceﬁh§flopatref1y, aétadPdost 8 Tahg Y roke
( MELAS)of alriit@hohd@il n8spedy ne@iHhin@it dpkie nbivépathy aR otidiembbyigintOther €l at es to
the use of a topical, periocular, or intraocular ophthalmc fornulation
conpr i ShyRtian gelpted ea wpicpb Paiipalar, grintwpoauipr @phthplarie fermulaiioncepwhising@educe,
anel i or at r - ' i SO S - r ssion of, or
rever seq?lthfqﬁlg OF gélgﬁ%? ?{E}Pé}q%{ﬁf%?h egéog’a nl(agd?llt()p ggwgrg}cﬁﬁgg?c%gﬁblgﬁgﬂ%ﬁ ochondri al
di sor deren¥@anlfsr hapraeSondigainst, (dd58)on, hmeAnatitie or @ednmen i atmiodchbhdrial
invention, the invention relates to the use of a topical, perjocular, or

i nt r aodBY R YPHPRAR AFEIEBY RRIGEFERPH B ShHFTPoUnHEh & DRB R a | or
m xt ur edgdftf&%ﬁ}pgor{lﬁ%e%%g r Balnﬁ@ﬂl%l%ce l | graLe or treat ophthalmc

di sorders or to sto ogressiron of, or reverse, the loss of vision of
a pati dft1uf f &r anvghefr eoipodineentithomventimi ralatedits o tapecal Lierighilsr, sy mdinoedar | n
anot her e ?djgﬁnt of t@e bnve ti.on, the inventio .elateﬁrt§>the use of a
t opi cal SPIPBITISA BTNt QR NG AL Of g PRSI NASH L £ PHAEAEEPT sing a

qui none of Formula | or mxtures thereof, to prevent, reduce, aneliorate or
treat ophthalmc disorders or to stop,the progression of, or reverse, the

| oss of vision of a patient suffering from Myocl onic Epilepsy wth Ragged
Red Fibers (MERRF). In another enbodi nent of the invention, the invention
relates to the use of a topical, periocular, or intraocular ophthal mc

o, . o — o " Y



i ntraocul ar ophthal mc formul ation conprising a quinone of Fornula I-a or
m xtures thereof, to prevent, reduce, aneliorate or treat ophthal mc

di sor der swor20t1013%t26p t he progressi on of, or reverse, theCrasg010/03398%i on of
a patient suffering fromor at risk of a neurodegenerative disorder

associ ated wi.th opht hal m.c disarders or visj | ass, erein said

neur odé&ém?%PF 9_8‘5’%3?3? fary Opg Ef@athfyr@ﬁ(ﬁﬁesag? Eﬁalﬁ%wgicgmpﬁ@mgfan

gl aucongh i ARENY SrfE@lk ARREETDFa (IR FARIARE LRI Alrds Rt 4t MgaRdRkeT el at ed
macul ar degenerati on and juvenile macul ar degeneration; Al zheiner's,

Pr ogr eswibodirSenr tha irolee@on dtesyto @PSHYal, pardcihs om iliaevlgeogiPmmand ot her

Par ki nson- |.i ke di seas cal | ed.Par ki nsonjs ; Anyot.rophic | ateral

ol or odnEnAE SeraRRRE BrAR o Rt BERELE R T B Bp By

Adr enol eskpdysOptaPRopHY @A) sid Gkrmelil KeAas@mpNsaRe’ heiabRREBY effective

Pel i zaeus- Mer zbacher di sease; Subacute necrotizing encephal onyel opat hy of
Lei gh; aamanppioyaeseiad kosaalsHar opatusss, thegelin anppins gpmbegipait.adhangeran c

at rophy . | odi ; Ljavent i es to the
use of rgl(aﬁa’gg? 2&5 IJI 9%’ ri 8%?‘2% ﬁ%ﬁ”%ﬂ%@%ﬂé& fé'gﬁfl Jgnm&gleﬁéﬁra frrtue(\)% g}{ei on

conpr i Sirdigctiontipialingg eeduktibgrameliarakions of treatinehtisfaShrbhie Peedressive Exta@vigint |

reduce, aneliorate or treat ophthalmc disorders or to _stqop the progression
of , or PRVRHEeplegRd CPELN. wid iprgpigHopFompiitng ahpPhillpically gTieetos Bpowt ri sk
of a neyrQRERsReF 8bin@a HheRsdeles @RsQii ated with ophthal mc disorders or
vision | oss, wherein said neurodegenerative disorder is selected fromthe
group d0hKl]st i hgamthegleabodimeent, dhainetntonrretatesopatdpical meciotwdnr, degwnecddi on

i ncl udi ng _age-rel at ed nacul ar degener ati on juveni |l e macu] ar . .
Hogen Ak SR et P Blng SR SopP AR o B F s e mbBIericish g nson
Di seasené Fldlecabf a24ila! refadtithNSAAdradksh §HREARER of S thAfiPakkldBgOoNi SMB) ;

Anyotrophic lateral sclerosis (ALS), Chacot Marie-Tooth Di sease,;
Muc opolapsaseasdrhwithl ob toshonsiabmybpatkies rstudopghipherifed matenh@ideik] disssese; Krabbe' s

ehcepnalPaI eI BT A B (Rar oo MBSt P GHh SiBsE B Bf s SRy romsbm,
hypsar rinedhiiias aagia@PRDA) B RN pat WO RO Ha lopdiha SPRTAGERDL 14 D33983

[0123] 1 n anot her enbodi ment of the invention, the invention relates to the
use of MrakeMEMIAS)pNbicslonicatpilepsy With Rasgasl Bed BisptsHMERRE ) BenabSayisn

conpri sd FQn f E Jn~ 0 ] X1 L . reduce,
anel i o?g t gm%}eq(fkr%}gt g%eglﬁ%) ﬁgrﬁc{h}yﬂggsdicsog}? rs ggﬁﬁg@@gp{fﬁg%g}?%oﬁﬂe@g% (I)n of , or
r ever selefitifcy; @3snpdéx Mideficienof, Canfpddéx BhdefRidntgrCmgplex dvndatizibedyrend s

di sease. In another enbodi prent of the invention the invention relates to
the usd-WBRPlgx Vofsiticiney phiy qtheramhodinggnts. dhe togautagen adstitipallyicompsisenanat i on
Conpr i jechafimBHiPRREPQ leEfo‘i@}é'.a | or mxtures thereof, to prevent, reduce,
aneliorate or treat %p thalmc disorders or to stop the progression of, or
rever sd01t4e | bsmotiereimbodiment, the patntemtrektes fien itopged remofulag oessiaveular

Supr anucl ear Pal s PSP). | n.another e di t of. the jnvention,. e
o L ey G o R sy o iop Sjtures yitesinbiriiial B
opht hal i grof%iBNhadih Qe8I ShlhraidibNRABN&: oFOFHHAIAId diRbrdRlsXt UT es

thereof, to prevent, reduce, aneliorate or treat ophthalmc disorders or to
st op t hesqsiasest wigh npyroddgenenativedigerders or eumasiscloflingibyi oot lonited tpat i ent

sufferi from Parki. n.Di sease (PD nd, ot her ki nsop: Li ke .di seases
(cal | ed AP AR S Rer SRR hnl EoPR Dok e
i nvent iRardnalights; b@ei MirolsiclfdiRate@PHEMingtRELY DRSMe dlige-Bhodidtbd aREdsbar
ophthal m c formul ati on conpri s,lﬁgrg a gw none of Forrmula | or m xtures
t her eofglaycemaragg other diseasge and dippers Athe Qyerrpting: MepHandLsNYadesor ders or to

stop t i f t . VIL.Si on - '

sut T or (g PRNRR O oS BEAPER Sep B e S, Aol ot

t he f orwith @huroa padedulrgiodiabhplicaigns ] tsesnaaicpipac magepdthe drOY);and ept ddnhaze
vehicle. In other enbodi nents, the fornulation additionally canprises an
opht hal3ciated, Wb lspk pTaaY (isHdinephqtesypamigtheiigy Kl Te meduiurgin! lighhe

I nvent 1,01, &8 Iiaﬁ{%%nit:?eﬁﬂ&?aﬂég,earﬁfwi% E(ﬁﬁésﬁ%lans &l Apiah cel@'frahé}tld’n@gpwear
ophthal mc formul ati on conprising a quinone of Formula | or "'m xtures

t her eofcells.olnprtkarentbodmechis ¢he mmehliateatddioonaly eampopdstdnalpiilaldicgldy ders or to
stop the ragre sion of, or reverse, the loss of vision of a patient
sufferial‘f&%ﬂ?g V%I%}El'corra. I n other embodinents of the invention, the
invention relates to the use of a topical, periocular, or intraocul ar
ophthal mc fornulation conprising a qgg none of Formula | or m xtures
thereof, to prevent, reduce, aneliorate or treat ophthalmc disorders or to
stop the progression of, or reverse, the loss of vision of a patient
suffering fromPrimary Open-Angle d aucoma (POAG . [0125]1n another

I Y . o, b - o oy o o



aneliorate or treat ophthalmc disorders or to stop the progression of, or
reverse, the loss of vision of a patient suffering fromPrimary Open-Angl e
d aucoma WB@AG)1371260126] | n anot her enbodi ment, the i nvenPCcomse@liasm®s3to the
use of a topical, periocular, or intraocular ophthalmc fornulation

conpri si a quinone of Formula l-c or m xtures thereof, to prevent,
reduce,s[bg%dl i ortatet eW@i‘P‘e&bﬁlﬂ%Wﬁ‘i‘t@n&F@?ﬁ&%Péopé‘ial’tﬂ‘}r@%br’ ChEU3PHMessi on
of , or JpaMRAIMR foltRat @SS nHfrisgSdu@ibreiof ®oRAk1h g} mitkth&thddehtl bQRYiBapREOMR. | N
ot her embodi ments of the invention, the invention relates to the use of a
t opi calthe petdction hgainstoredigtionagoeliantiapdttieaimdnt of ophthidleni¢ disorderspri si ng a

qui none of . Fo | -c or, m xtures, thereof .0 prevent, .reduce, aneliorate
or ¢ rede i althfavaf oGl REpcaRL E Nl BB Das BT VoD ce.
the | ogmsofurdicsl @mphitaforRadra@idticophit @eidpathy OTORY dRarle LoeReARPctidd aucoma
(POAG) . [0127]1n anot her enbodi ment, the invention relates to the use of a
t opi calWithhlaperdberppy incydingqhotaslyosraic theypph eI e Mithrspigien fight i8dvesei si ng a

gui none r 0 ] t her ev | iiorate or
reat appssarrrhSholny? il WB RO S LB SRy b R R S e AR, 18771 D

| 0ss ofothdreioddiienss, pat foaniilagod A&tifiarglll compeiakatdphthahicaldpaicBytableR) .

[0128] I n, anot her enbodi nent, the invention relates to the use of a topical,
peri oculeBicle-or i ntraocul ar ophthal m ¢ fornul ati on conprising a qui none of
For mul or 1 : i e,or treat
opht haﬁ%i%:@}di sé&dﬁ@%&e{cgﬂgﬁgg@?ﬁg r%?%é?d;%g iug‘%ggfsypggqﬁg}gér@%: OI?he | oss of
Vi si on iofraczujaabplethlnsa fdremilatignfcooprising heirone of Foopds hyr hDR)ices fi@id) tbn

anot her enbodi pnent, the invention rel.ates to the use of a topical,

ber i oo SNt ssduch AmEOiAte P it CRIPAITC FBPRISTHNT BIVEHAS 7 B5Hd SU5U none of
For mul g,;darfger@r M Xtures thereof, to prevent, reduce, aneliorate or treat
ophthal m c disorders or to stop the progression of, or reverse, the |oss of
vi si on [B11A paln enetenshedimentnie fimention ehases to thevsermdpaopigal( PRioculag x80] | n

anot her. ten‘norii rrﬁﬁ{ 1of. %he in.venti on.. t he inven%'}:on relates to he yse of a
t opi cal "UHEH BT EPIMIS FOTTRAIRE COIMRF S BRAAHIS O FRVIHT APT USRI a

qui nongyr&fent;QEdTi¢k Banhel RiatBoX {rétt @hthhigti€ afsorde®s dHt6 ¥@Plthe piBdHEQon BB Orat e or
treat ophthal m c disorders or to stop the progression of, or reverse, the

| oss oftevarss. dhie lets of vaden e pafient ifieng e fioohpacisk &F miegeensiial mypPANE)-. 1 n
sone e . . X . p

perioc HP %gi,e?gﬁln”?%ﬁe%cﬂﬁ@\éﬁ%yﬁﬁﬁ ﬁ%%?%)e[ %p%u(?%[etlogﬁglég%ﬁ%uisa?’n(gqgﬁ%qoﬁﬁl%ne of
For mul aophthatmigifstnurlesor dveigeding 4 quipsrevdEMormuaduwe enix @l thaeet & mevdnteat

opht hal m ¢ disorders or to stop the progression of, or reyerse, the |oss of
vi si on '6#Ucs HEEHBHE 08 HF%@&)M@@F&W&%& Petr st WdherRIAgIesP 0N O e 65 V5 SCo e ( AVD) .

I n ot hap GIRAGL &M ﬁatieh{'sgnrffeg}{ W’%gf@nﬁt%%;ﬁérﬁﬁaf &?8 fnsfectd Borh ARI £8Lp

periocular, or 1ntraocu pht mc fornmulatfon conprising a i none of
For mul aohsistingneHanunlesitechmrtedfondtiol diseave heben’ edeaeditargi@dtici¥atrepathry t r eat

oD e (e PP PO oL Bk LSl BUR L s> ©
(CPEO); Spinocerebellar ataxia (SCA), also called Machado-Joseph disease; Leigh's
Syndrome; Friedreich’s ataxia (FRDA); Mitochondrial myopathy, Encephalopathy,
Lactacidosis, and Stroke (MELAS); Myoclonic Epilepsy with Ragged Red Fibers (MERRF);
Kearns-Sayre Syndrome (KSS); overlap syndromes; Co-Enzyme Q10 (CoQ10) Deficiency;
Complex I deficiency; Complex II deficiency; Complex III deficiency; Complex IV
deficiency; and Complex V deficiency. In other embodiments, the formulation additionally
comprises a pharmaceutically acceptable vehicle. In other embodiments, the formulation
additionally comprises an ophthalmically acceptable vehicle.
[0118] In another embodiment, the invention relates to the use of a topical, periocular, or
intraocular ophthalmic formulation comprising a quinone of Formula I or mixtures thereof, to

prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or
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WO 2011/ 137126PCT/ US2011/ 033983 [0131] I n anot her enbodi nent of the
invention, the invention relates to the use of a topical, periocular, or
i nt raoculo 20ph3heRbm ¢ formmul ati on conpri sing a qui nonePOT/USeOITOBI8E - a Or
m xtures thereof, to prevent, reduce, aneliorate or treat opht hal m c

di sorders or t sto t.he ogr essi_on_of reverse, the | oss of on of
a pati eRYTSufledPS Ry VF?W&%B%P&PS fg? é‘i%% fnbtﬁdtqvé?al PYORAYRE asm%}# et s,

the Invoﬂ;‘)m}iaﬁﬁlcrcﬁdo@&&w@sﬁ)h%mae&ad AohPik ¢Alu ceﬁglgtafgtdfe}ﬁhe&édl ntraocul ar
ophthal m c fornul ati on conprising a qui none 01P Forrmula 1-a or m xtures

t her eofmth@Opdml@lmeasesd@h]v@es Hereslitagr @ptec Neurppahy (lod@itNhalDeingmadi Optider s or to

St or PR ARCEE L C et BRETIF kR il CRol iR kS E0) FrufieBRbu RN

enbodi neaGis(SAAE alsb ¢ Sdl MacHaababge;phtd@emeMg@eloafc Epileppy wath Rapesd Red!l ar, or
i ntraocul ar ophthal m c fornul ati on conpri sing gui none of Fornmula I-a or

m xt ur d4barh F)1 Miteekandrial Myepaiew En&ﬁ@aiqmaatyeLmtaq@@a% Sepkt MERNS):
di sord f
o ot s st Pt RBybl 8ot ISR MR ) p DI ER R FRDARSR Pisrlthy " °

anot hersyﬁd}ibﬁﬁsrrent of the invention, the invention relates to the use of a
t opi cal er| ocul ar, or intraocul ar ophthal mc formul ation corrprl sing a

qui nondOb891For Fritnether embpdinept of e inveatienhe %%}W@Hﬁ% tp B¥eeof anel i orat e
or tr eatB ie (a/élﬁJc{ﬂaF 11%%0@5]513 hzh éfo?ﬂﬂu En 9&9 hﬂﬂm@fle oplﬁorﬁﬁl\fﬁ{ Se,
the | oss’ o Ision o apatle erlng rom r degeneration (M).
In sorrmrermd&mdesrthﬁtsf, td plevémWEMQeomeMramem tiea ctplhehairme diforders opiocsadp, the

periocul ar, or t raocul aI m c_.for nul at on conprisin qui none of
P ot PP in o6 3 e dhreRBop Hgh BF eour SHEted B AR INGRie or "tr eat

opht hal fit6chdh&@d1 dResseOln taﬁ’otﬁé%ﬁoﬂ?mél{t%gﬁﬁﬁﬁlf@ﬁoﬁfthe HvehBYEfefes bl | 0SS of
vision of a patient suffering fromage-rel ated macul ar degenerati on (AND).

| n ot herse ehb tapicabrpesiocul e of mvremulairpphénlaém@sfowlam@ m;@rtsingaa qupirealf,

perioc aog Iar ht hal m ¢ for ation i none of
For i o opmpiacon sk ERabe R PEB Ve efipesy eI b LA R BB B e
opht ha|tmstbpdh§pfro§ﬁrs§oﬁ)6f to@r@tefse thB €osR P YisRmSIfArpabént sOffeli@yB6@E.cbbhe | 0ss of
vi si on of patient suffering fromjuvenile macul ar degeneration (JMD).

[0133] |Hﬁra¢itﬁm@@t1§m§ampﬁr@m(L - ilnweetheigrmbadimentof thye infentiggethef a t opi cal ,
periocyj, nnoﬁ&elht@E {oat‘BS‘d%]eana@B{cgﬁg%cfluia‘%r h@&dcﬁﬁr%@t’g @%g@nﬁ% Qt;!nnone of

For mul a m xXtures thereo ora e or trea I sorders

or to sdoﬁgm‘tsh@ afubgine ®$ IForm@ih I ob mixt@ms tikecof] ldeprévass reducw ghdivrat optrpat i ent
suffering fromtraumatic eye injuries. I n some enbaodi nents, the invention
r el at ePPIaimis digoadess OratOtS&ﬂ thg Progiession Of g reveste. gpssf yisien fhRatishtn ¢

for mul %hff@ﬁlé%%ﬂfﬂ)érh{hgor a?ﬂéﬂ RHB@PP(D(EQF L a%o{hePE ! SOanﬁteéf thdffebon, IR

pr event or eat ophthalmc ers or to stop the
pr ogr essvamionf¢lates tor the @sesef, a toheal, pssoavdaryershpapcofar aplgnhallrrenforswﬂaft@m ng from
Traumatic Qptic Neuropath T | n ot her enbodi t he .i nvention

rel at e P PHE 2 ‘—W?OBGP?/(F ?é‘?‘glé ?\%:ﬁ“/”fﬁg% 1116‘7{%}%3@8%6\(?% r% g, qpgljogdF or treat

per i ocWpthaliRic dlg&d@s)@moastopomb bhﬁgkéggl%nfo@ rdmé@errgeOﬂleqsﬁmflvﬁl&gofaa Shdiepone of
Formula | or mixtures thereof, for the amelioration or treatnent of

pat i entsstfendefrgoi (algrom@rm@@rbssnwdivggmalrﬁ)shtbzﬂmpmac(é]HEQ)r amemithert of eye
cells. e[mel?d4I]an ot her enbgdt rrentti(m}etl'ua%esit ention rel.ates to the use of a

t opi cal SIS U Q are 1nvent10n the invén he use of a topical, periocular, or
intraocular ophthalmlc formulatlon comprising a quinone of Formula I or mixtures thereof, to
prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or
reverse, the loss of vision of a patient suffering from Spinocerebellar ataxia (SCA), also
called Machado-Joseph disease. In another embodiment of the invention, the invention relates
to the use of a topical, periocular, or intraocular ophthalmic formulation comprising a
quinone of Formula I or mixtures thereof, to prevent, reduce, ameliorate or treat ophthalmic
disorders or to stop the progression of, or reverse, the loss of vision of a patient suffering

from Friedreich's ataxia (FRDA). In another embodiment of the invention, the invention
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i ntraocul ar ophthal mc formul ation conprising a quinone of Fornula I-a or

m xtures thereof to aneliorate or treat ophthalmc disorders or to stop the
progr essiwo 20f1/130126r ever se, the | oss of vision of a patipemtussusfifossoshg from
traumatic eye Il’lj uries. In sonme enbodinents, the invention relates to the
use of t opi ri oc or intraocul ar ht hal mi c _fornul atj on

conpri sra]ﬁtfséo &\Sl‘%ﬂ fli’h)rﬂ?ﬂP%P lgr, gr ]cS‘Fraﬁ‘ilB](%r&ng‘ irﬁlérf%%‘?‘ﬂa Y PRIEHE 2
reduce,q@Rkiop F@ﬁﬁul% of ﬁﬁﬂﬁre@ RL-Oa! 10 e ling QEHRE San%'hohﬁe ot 9&1‘[ bpemhRhAgr essi on
of , or reverse the |l oss of vision of a patient suffering from Traumatic
thl c wardmapht;@ SCOPONp prdgnesetoherf @nbodserthietless afvesiometenpationt sugfeaings to t he

compri <190 HarshoRan I eaf Bnofi SR ey B PPy ki

anel i orsifdkeMMBLAS)E ah BRdther@imtddirh@flo$ tHeNHedndioh e GReRSHH reldt@ns Pheibef Or
stemcell transplant of eye cells. [0135]In another enbodi nent, the

i nvent icdAPicel pereecutas, qrietrapselappphihalppe Eamulatien icomnriaing agiuinone phBem s

opht hal r i res
ot oo T ELSELER, FOTUE A0S, B A0E oL RISyl groil

progr eshé progadssionof, log véeless, the ﬂk&SsloﬁsB;ldhfof\al mikiont soffednpabinaht nitsthardriag from
traumatic eye injuries enbodi nents, the invention relates to the

use of ASUHiKearns-$re¥s %mr%}?sw (88S)- i eaeher epbsmentaf iacinyentiam dei on
conpri %a&t Bn WAROREMO s FAT Wb R al, pEri@urdhl Klilf g‘o%uta?%pﬁtﬂslmlé PorRfufaRR! -
iy Rl pfridtondy

reduce, Iorate or treat o sor ers or to stop the progression
of, or qompeusmg aquhm)nle@sﬁ Foohulwil o nmxtofesahqnectf; mrp:remnt fraiucn,garmaflm)mtél' pRueEt i C

OptlcNe Inoher enbodi nment s invention Iat.estothe
e of RHGRTArso R Phisufoa he Blost o AL 4 s RAP I Ul S R

conpri sfuffrife AYINNAO&iRESHRILALHBo e CLAEh TiyHikiRS INRbaRF emb&indeR€of the
anelioration or treatnent of patients undergoing corneal transplants or

st em cdhventioanbp inventief rekajes todhd wse of @1@8?alme®10helar enbodion at ephthahaic
invention relates to.the use of eri Qr _intraocul ar

opht hal RRETH STt Pite CatBF SIS R AR BGFRETo R gl HRR o

t her eofanfediordid16r @8 bpthalinli© BisOFdety @ab mp&h@ﬁrog@hslmbﬁ oWdvBrsaciHé Boss of
retinopathies associated with traunma, post-surgical rrgl i cations,

t r aunmtVigionpt ¢ patiga ﬁltfff‘élﬂlﬁyfm(mﬂ\‘fpdoaﬁoﬁﬁlk@sﬁd‘é(ﬁh gaﬂ:&%%@d et WMERRPader

ther apyanoﬂl%} B@cﬁm@Fﬁ;fqg gﬁt?o hl%rlﬂpéﬁt ()E?Qmes Yé% '&IQ u§éj(§fgi t% ca h:g)glh(% uﬁa@duce{j

i atrogenic retinopa " Corneal 'transpl ants and y

transpl canﬁtramfculeyep}ﬁledlhﬁc folnlnumhbe cophddg rgnindne dhBorhalalibiahixoreadhdidof,onal | y
conprises a pharmaceutically acceptable vehicle. In other enbodlnents t he

f or mul dP iPERY Rl BRUFS REIeligrateiFqat eRhthl mic s prdentios &9 ptop hequpEISEion fefi cl e. WO
2011/ 1%‘3&&”@5@19&2&% 193308 taﬁélﬁlglee#@% sopgan svrg?fap ra&ae i gndaient i on

relates to the use a toplic ocul ar opht hal m ¢
f or nul ambediroenpf ﬂElllngEnaqu,LﬂlﬂanCBn fetatentb ahd usa otﬁlatopmatlmee@cullaeroeof for the

anel i orati on or ti@a}lmfe P ients wth acu t1 Fathles ass C|ated
with t ragRRsulan ghthalipie formu aé@ﬁﬁPf“@&ﬂ“éﬂﬁumcoPsﬁ ‘P‘in& %EP RS YO(TON) ,
and thepr%ﬂag@dlﬁesgﬁélﬁe&ﬁslomrw obR®8Imit RRLARYs dr6 kisdithd @Q%Qgﬂefi%}c t her apy
(PDT), with surgical |ight induced iatrogenic retinop It) Yy, d Wi th corneal
t r ansplravdarse, dredoss @misen pf a paamgmléﬁmgﬁroey‘éleeelm@ondrml dtsrzeier ehﬁy@fdmmdt s,
theforrmlatl ddlt anal | nprises a eut t abl e

vehi cl e ‘ihmcafﬂaure b ﬁlmﬁ Cslon eé)ﬂF%SP/r%ﬁ%gpl 8h aaral(%ﬁ Ia§8§§eﬁa{)nrsl ses an
opht hal E@dyhﬁro@f@(mbskfﬁlcﬁ e t6 a rhiecB8hdrinl BN (meEmRAg inf@aich.at t he

invention rel ates he use of a topical, periocular, or intraocular

opht halw@oﬂ@?m%ﬁ%ﬁébﬂﬁhpéﬁlﬂé “a({dRhegie of Formula I-c or mixtures
t her eof ai 1 the ér%ﬁ%%&%?rthé fn@@ﬁtﬁ% afs t@ﬁfe‘&?%?a% }1&1 }%Hggular or

retino I'es assocl ate rauma, -surgica
t r aumatihcaceptar opittaali &drivy]tTHONpmpaisid g Tahﬁinﬂbaﬁﬂg Boasgdo € bain@duisk tHerdodister
therapy including photodynani c therapy (PDI), with surgical |ight induced

i at r ogeiF¥eEnt: é%#%paa%wrataﬁatrwtpﬁh%hnﬁeé}smea%&rﬁp avpdhagessdmm e% [oF
transpl ant Ot 8%& F8hdisn o# z{‘ gfen{eguffcmg%ﬁw srisk %@aﬁl@myég%haﬁﬂvedd' tionally

conprises a pharnaceuti cal accept able vehicle. In other enbodi nents, the
f or nul atiscoderadebictatesimaith yplubadpm divgrdars omp[rﬂmrallom cdleteyn sewd eptra@dgnmahva:l e.

[0139] I another_ enodi qent...inel uding oy, of, 1he fior el ng. enbod rrent s.
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topical, periocular, or intraocular ophthalmc fornulation conprising a

qui none of Fornmula | or mxtures thereof, is by topical admnistration. In

anot her ewbadivsnt2s i ncl udi ng any of the foregoi ng enbodCrarsté,1/083983 use of

a formul ation conprising a quinone of Fornula | or mxtures thereof, is by
[ admn tration. |n_ another enbo I ncl udi of. the

d
D boo gt R e B AR fese Rt O ot eira s aRBe it o

For mul aajhQfed ﬁr&gr@s%lae@f efuclehSpdhy (Iprsp; .30eh&h 18488 (18T #d QRer | N ot her
enbodi nents, the formulation additionally conprises a pharnmaceutically

accept dtsirignsaehlile) Cﬁselalm (oflreérPaelﬁbmménlm;tlsmgoﬁn@mmammlasplemmsa(ddﬁh Ghyiol-y
1 I
Co SRR P A ARG SR PR RO bl AP B BB s on

conpri difgsed Kihbieangscale; PerimehaMertHachdrdidea s Shb@uafectigingsef ul  as
prophyl actics to prevent the occurrence of opht hal m ¢ neur odegenerative

di seas @@C@}h@lquawéop@fhmféeeﬁh andhProerespive ghigsahatepatBy. edpaaflopaarathmg and

addi ti opall ]ﬁn@; a pharmaceutically acceptable vehicle. In other
enbodi rPEJ% a%oﬁ fE I ation additionally conprises an ophthalmcally

accept g0l H]vehichmther Waba@ikioh], Il A6 BETNUSRERS 14 (33883 § @hdch] rerioallhr, bhe
formul ati ons_ and net hods descri bed above, .the conposition can be used in
its rediEarsuie PRIhEYHS EIIIURGIRE CPBIPHFINE Astuinede of Fomauly L 96 muxiessiherpin

d wh
esir egu P 63' ?ﬂ;Yed(aEe taﬁfe bRk @t g@ﬁga?}gﬂcugig@‘a%{sg@%% ngou bQ@Qlﬁp&V Er en

the re rms of e conmpoun s are nof
al pha- trocwte, itlerioss dfymmmquﬁ npatent Mfeﬂng bt o1 @msk oﬁydequmgmmenve

gare L peenLenchy R ndne, o cel (et oeol il shol. huskoniinene. gtz o

for mul ajisoridres §‘eilébted from the group consisting of glaucoma; diabetic retinopathy; macular
degeneration including age-related macular degeneration and juvenile macular degeneration;
Alzheimer's, Progressive Supranuclear palsy (PSP); Parkinson Disease (PD) and other
Parkinson-like diseases (called Parkinsonisms); Amyotrophic lateral sclerosis (ALS), Chacot-
Marie-Tooth Disease; Mucopolysaccharidoses; Adrenoleukodystrophy; Niemann-Pick
disease; Krabbe's disease; Pelizacus-Merzbacher disease; Subacute necrotizing
encephalomyelopathy of Leigh; and Progressive encephalopathy, edema, hypsarrhythmia and
optic atrophy (PEHO).
[0122] In another embodiment, the invention relates to the use of a topical, periocular, or
intraocular ophthalmic formulation comprising a quinone of Formula I-c or mixtures thereof,
to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or
reverse, the loss of vision of a patient suffering from or at risk of a neurodegenerative
disorder associated with ophthalmic disorders or vision loss, wherein said neurodegenerative
disorder is selected from the group consisting of glaucoma; diabetic retinopathy; macular
degeneration including age-related macular degeneration and juvenile macular degeneration;
Alzheimer's, Progressive Supranuclear palsy (PSP); Parkinson Disease (PD) and other
Parkinson-like diseases (called Parkinsonisms); Amyotrophic lateral sclerosis (ALS), Chacot-
Marie-Tooth Disease; Mucopolysaccharidoses; Adrenoleukodystrophy; Niemann-Pick
disease; Krabbe's disease; Pelizacus-Merzbacher disease; Subacute necrotizing
encephalomyelopathy of Leigh; and Progressive encephalopathy, edema, hypsarrhythmia and
optic atrophy (PEHO).
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t he bond indicated by a dashed |ine can be double or single; Rl, R2, and R3
are i ndependently of each other hydrogen, (Cl-C6) alkyl, or (Cl-C6) al koxy;
and miswo22nmtBges fromO to 12 inclusive, wherein eackCuniseolcasde t he
same or different, with the proviso that the conpounds are not
ggrgg;,g[afgg{ ROkt oy et 8 LocoLenal. AULANG ARTR!SggFL T eno

[ (6E, 1QEpid4t érﬁfeul%? Bor 26030y alBideEhanYios cc?mﬂﬁsnlga aglyngl’%e & FGnudpy 39- dec
anet hyl 6, 10, 18, 22, 26, 30, 34, 38-t et racont anonaen- | -y1] -5, 6- di net hoxy- 3- net
hy 1-2, Br rmytulr@sﬁbmadﬁ gngeg[em,-nddmtpeamehorate or treat ophthalmic dlsorders or to stop the

2-(3 hydrox 3, 7,11, 15 19 23, 27 hept

oot acodhaR kit derdd it Rasgr dSRR RS phe it R TR ds8ioopol ogue
t her eofth.anéther embodiment of the invention the invention relates to the use of a topical,

(3-hydroxy-3, 7-di mret hyl oct-6-en-1-y1)-3,5,6-trinethyl cycl ohexa- 2, 5-di ene-1,
4- di Oné)en@qaulgr_, or intraocular ophthalmic formulation comprising a quinone of Formula I or

( 3 Q%dr@&ﬁng’s tﬁeﬂe%f &5 Fﬁ%ﬂy}eﬁg&gﬁ&eﬁﬁ% o‘%'u%Q% {Pﬂﬂaﬁ?& cﬁ%ogg%?fsog}r@esﬁéﬁ h%?géaué 5

met abolprbgess"ﬁﬁi ctf 01C1rey6ﬁs@,|thd 1es bfovikibn BOM patiens betfdringerdm Pragréngdeat e or
sol vate therof. The reduced faorns of the conpounds carry the proviso that

the compBiiy (gslear RalioPSE)- phlaanp%étmbeﬁmenh\}fd%weﬂ%% thﬂdétf@lttoaé@@teﬁ &hol
hydr oquj, DR Bf; etﬁfoghrat ERPher AL I RARE: REmUBkbROAEALRE §48Inone

hydr oqui none, or rogui nones o

24( 6E, 10 H:“oﬂniﬂ,aJ[8>EnﬁztﬁreZGE:r&&EtO&ﬁE\)e{ﬁ-rh@wheoamaio?at& by bt OPhhd|ridi¢ ddbrdss 39- dec
anet hyl- 6, 10, H% 18, 22, 26, 30, 34, 38- rac nt anonaen-1-y &

5, 6-di rPétt%B?Q RFREIEYI OOl O [FV FISrel %1 Séﬂ vigion ofp gaEent Suffering from

2- (3- hygi1ax Yondpibeasd (Ill§ A @RerPhrkinson-like diseases (called Parkinsonisms). In another
hept amet hy1- 6, 10, 14, 18 22, 26- oct acosahexaenyl) - 5, 6- di met hoxy- 3- net hyl - p- ben

zoqui n(jmé)od(mcpnt@ﬁ thegqumpl@n @lgu@v@rﬁ@me‘glﬁyes to the use of a topical, periocular, or
t2 r I( ?re{] ﬁg rrzg ][ag iﬂé}é(tgalgﬁt% ?%‘lfnglﬁaéfog c&map&%g a q(]Jl no’ne of Formula I or mixtures thereof, to

5- ( 3- hyeaxy, ré&ube Jakndliorate bhiré A ogrRGambc dRotietNdity dlop2hSpdbfliiby be el ohexa- 2,
5-di ene-1,4-dione. |In further enbodinents, mis an i nteger from1l to 12

i ncl usireeerse, feflgss feiisiemplotpatisnt w1iferng drogh Apoegaiic fLatsktl Gctesosds (Adeusi ve.

oo HLST P TRBELTRALS sl ST EARRELY LA 8o bR Gpef  "er
hydr ogerhiclel Thuwilidhembedipaaisyeitisrmututicn atditionabgesmpri@af opbthdlniingllyusi ve, R2

and R3 are (Cl- %) al koxy, and Rl is (Cl-C6) al kyl or hydrogen. In further
enbodi ASAREAPISVENClen jnteger from1 to 4 inclusive, R2 and R3 are (Cl- C6)

al koxy,ropif] Rl shobifel efBbadledty thOinvBMHmAeRR: t& ﬁl%lh%L bfa ﬁ{b@éaﬁ" HSHHQP' bfrent,

t he i nvention conprises one or nore COI’TpOUI'] s selected fromt formul ae:
and mhauamuhrbmmhﬂnndﬂnnﬁﬂ&mmedmmﬁﬁagdawhedebfﬁammamlDnmmummyﬂmmﬂﬁﬂpence
be dOUblrg e%t reciucg a%lelygrz}te or treat %r lgt\ﬂhlsﬁ%c tdls%}de?st orI toe asltsot tl?en erobrczzggorll gf %r double
bond; Prev P p the prog
reverse, the loss of vision of a patient suffering from glaucoma. In other embodiments of the
invention, the invention relates to the use of a topical, periocular, or intraocular ophthalmic
formulation comprising a quinone of Formula I or mixtures thereof, to prevent, reduce,
ameliorate or treat ophthalmic disorders or to stop the progression of, or reverse, the loss of
vision of a patient suffering from Primary Open-Angle Glaucoma (POAG).
[0125] In another embodiment, the invention relates to the use of a topical, periocular, or
intraocular ophthalmic formulation comprising a quinone of Formula I-a, or mixtures thereof,
to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or
reverse, the loss of vision of a patient suffering from glaucoma. In other embodiments of the

invention, the invention relates to the use of a topical, periocular, or intraocular ophthalmic

formulation comprising a quinone of Formula I-a or mixtures thereof, to prevent, reduce,
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Rl, R2, and R3 are independently of each other hydrogen, (Cl-C6) alkyl, or

(C1-C6) al koxy; and mis an integer fromO to 12 inclusive, wherein each

unit can we2bhe13gese or different, or any stereoi soner, POTAISAN1E/085983

stereoi sonmers, prodrug, netabolite, salt, crystalline form non-crystalline

form hydrate or sol vahe therof. In further enbodi ments, mis | nLeger
alpHcg

; an
from 1 ¥WHPEE ALirghd Ppi! PEIREYOr D ORITERICETSHPR 85 QhTSVABEJEF 19 8 0 to 4

i ncl usiwgen ba hatehh&lrreBit FHMPALS ¢ ARBlel b &GRka (PONGHL to 4 inclusive.
|t uriflon by b Tent s, RRIRTE Ay O el Sthmta & A i s (G - CB)

al kyl dP126ldr ofreanothen efbpdinemt,ahdimdemtemtrelateantd thearse pha eapégal fpeoinsart, or 4

i | i. ) - Cb | .k , d i Cl- Co) .al kvl
e oodhtaqeity BPtadiSfEnttionebe g Saie SEEP Sk B MR ve. ro
and R3 tapeevehd, rddbte, ahleYibrat@hitrea\6p Rl Aid 3iddrdERGT 14530 thk 11388 &3oRif, biS

(C1-C6) al kyl or hydrogen. In further enbodinments, mis an integer froml
to 4 irfevasd the lopof vigomepip Reicgt wiffegne dem glarsama. [ Ip pabey embpginanésy of the

enbodi . the.j Nt i ol ; ) ‘
2 (3~ ny vy I RHER TR ARE D i O P TR onbsl 51 o ene.
1, 4- di dvg&nulation comprising a quinone of Formula I-c or mixtures thereof, to prevent, reduce,

2- (3-hydroxy- 3, 7-di net hyl oct - 6-en-1-y1)-5, 6-di met‘hox%/- 3- net hyl C¥C| ohexa-2,5
- di ene-¥nediorals giigeat ophthalmic disorders or to stop the progression of, or reverse; the loss of

2- (3 UGG 2 ichd i BARERPORerkAngletMadeohl) o 11 ety oy ohex
2- ( 3- hy[@1 2Ky - 3[17arbther eimbredinydnd obkeimy Gatem-rktayet o Bhe5is6of a tapitahyecyallahexa- 2, 5-
di-ene- 1, 4- diaogel;lt Imi 0 isi uinone of Formulg I or mi
2- (3- hydiFfey1as ophhalmic formuiRion SBPES B2 ROMI08AR L FgTyuls T 6L BTHUER G208 Ret hyl
ycl ohexgedend redlice NEnckiofatél bPREt ophthalmic disorders or to stop the progression of, or

reverse, the loss of vision of a patient suffering from diabetic retinopathy (DR).

[0128] In another embodiment, the invention relates to the use of a topical, periocular, or

intraocular ophthalmic formulation comprising a quinone of Formula I-a or mixtures thereof,

to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or

reverse, the loss of vision of a patient suffering from diabetic retinopathy (DR).

[0129] In another embodiment, the invention relates to the use of a topical, periocular, or

intraocular ophthalmic formulation comprising a quinone of Formula I-c or mixtures thereof,

to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or

reverse, the loss of vision of a patient suffering from diabetic retinopathy (DR).

[0130] In another embodiment of the invention, the invention relates to the use of a

topical, periocular, or intraocular ophthalmic formulation comprising a quinone of Formula I

or mixtures thereof, to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the

progression of, or reverse, the loss of vision of a patient suffering from macular degeneration

(MD). In some embodiments, the invention relates to the use of a topical, periocular, or

intraocular ophthalmic formulation comprising a quinone of Formula I or mixtures thereof, to

prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or

reverse, the loss of vision of a patient suffering from age-related macular degeneration

(AMD). In other embodiments, the invention relates to the use of a topical, periocular, or

intraocular ophthalmic formulation comprising a quinone of Formula I or mixtures thereof, to

prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the progression of, or

reverse, the loss of vision of a patient suffering from juvenile macular degeneration (JMD).
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2- (3-hydroxy-3,7,11-trinet hyl dodec- 6-en-1-y1)-5, 6-di net hoxy- 3- net hyl cycl ohe
xa- 2, 5- di enel, 4- di one;

2- ( 3- hydrweyeB/B7128, 15-t et r amet hyl hexadeca- 6, 10, 14-t ri eRCTABL)H B3P8I net hox
y- 3- net hyl cycl ohexa- 2, 5- di ene-1, 4-di one; _

2 oY Sl et Soypmat of the RVSARSE e flrtioh Hhiaizs 8o the'TRE B~ 3~ et V!

5-(3- h%Qﬁi@éﬂ}’%e:ﬁiozuﬂaﬂ-,,&%t?a?&ﬁl@ﬂ@ﬁlﬁﬂd]&%%@&ﬁﬁﬁ@m $0mpAsihg b §0mbny &) F&mdn4li-met hox

ycycl ohexa2, 5- di ene- 1, 4- di one; ' o

2, 3- di exdryixBu¢gthpmedf, dx pre3emt, edudes ameliprateetr isghhephtlthdmes- Bsarders 4r tordtem- 1- y1) -
6- met hyl cycl ohexa-2, 5-di ene-1, 4-di one; . .

> (3. ny b GRRFRNGN TE s 26 bl Brdeshpf WERE plabrsients  ating FrRR WY 5, 6- di f sopro
pyl- 3- deBtdrydttonqMIDEXa-sdm® eibeBRncht b i@M&ition relates to the use of a toBical,
5- (3-hydroxy-3, 7,11, 15, 19, 23- hexanet hyl t et racosa- 6, 10, 14, 18, 22- pent aen- 1-y1
) - 2, 3- RéTipetpeRy ByepeheExaphthanigifarmaulation ¢fingpyesing a quinone of Formula I-a or

2-(3-h - , 23- 2 | t - 0. - -1-y1
e L

2- ( 3- hymto@xsich of, ddredérsd, IBshekdsivh by h patiandsefergaron ayelyelfiedmatuiet hoxy- 3-
nmet hyl cycl ohexa- 2, 5- di ene- 1, 4- di one;

2- ( 3- hyl§eenayatpnt AMD) sinjghey smbodingnth yhe igyendiogdelatss iptheasa af apisaht aen- 1-y1

)-3,5, grﬁ)&.ﬂﬁe%piﬁltﬁ)f&h fHa é’fgfrﬁﬂﬁﬁ é‘b’nﬁbrﬁ » a quinone of Formula I-a or
5- (3- hydroxy- 3,7, 11, 15, 19, 23- hexanet hyl t et racosa- 6, 10, 14, 18, 22- pent aen- 1-y1
) - 2, 3- mlixmeththbeyt to hexent2reBudh, emel drate-ait@aeophi@Imic disorders or to stop the
2011/ 137126PCT/ US2011/ 0339813 . . . . .
progression of, or reverse, the loss of vision of a patient suffering from juvenile macular
degeneration (JMD).
[0132] In another embodiment of the invention, the invention relates to the use of a

topical, periocular, or intraocular ophthalmic formulation comprising a quinone of Formula I-
c or mixtures thereof, to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop
the progression of, or reverse, the loss of vision of a patient suffering from macular
degeneration (MD). In some embodiments, the invention relates to the use of a topical,
periocular, or intraocular ophthalmic formulation comprising a quinone of Formula I-c or
mixtures thereof, to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the
progression of, or reverse, the loss of vision of a patient suffering from age-related macular
degeneration (AMD). In other embodiments, the invention relates to the use of a topical,
periocular, or intraocular ophthalmic formulation comprising a quinone of Formula I-c or
mixtures thereof, to prevent, reduce, ameliorate or treat ophthalmic disorders or to stop the
progression of, or reverse, the loss of vision of a patient suffering from juvenile macular
degeneration (JMD).

[0133] In another embodiment, the invention relates to the use of a topical, periocular, or
intraocular ophthalmic formulation comprising a quinone of Formula I or mixtures thereof to
ameliorate or treat ophthalmic disorders or to stop the progression of, or reverse, the loss of
vision of a patient suffering from traumatic eye injuries. In some embodiments, the invention
relates to the use of a topical, periocular, or intraocular ophthalmic formulation comprising a
quinone of Formula I or mixtures thereof, to prevent, reduce, ameliorate or treat ophthalmic
disorders or to stop the progression of, or reverse, the loss of vision of a patient suffering

from Traumatic Optic Neuropathy (TON). In other embodiments, the invention relates to the
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2- (3-hydroxy-3,7,11, 15, 19, 23, 27, 31, 35- nonanet hyl hexatri acont a- 6, 10, 14, 18, 22
, 26, 30, 34- octaen-1-yl1)-3,5,6-trinethyl cycl ohexa-2, 5-di ene- 1, 4-di one;

2- ( 3- hydrweyeB/B718, 15, 19, 23, 27, 31, 35- nonanet hyl hexat r i CDn1Sa016/03P814, 18, 22
, 26, 30, 34-

octaen-|-y1)-5, 6-di net hoxy- 3- net hyl cycl ohexa- 2, 5-di ene- 1, 4- di qne;
5- ( 3- hytf 8%30\?}‘37"‘,1’&}’1?2@5&@?‘;%@, rgqcuy @éﬁﬁgﬂ%& PRI CAMRT SIS QHIBONEPT 14, 18, 22

, 26, 30, BdmuRct Aefixhirdsltherdofd t6H (HELROXMEN S QNEN4BnentDf Bh&es dnddrddine;
2- (3-hydroxy-3, 7,11, 15, 19, 23, 27, 31, 35- nonanet hyl hexatri acont a- 6, 10- di en- 1-y

1) - 5, 6-codieabtritorlanB-arsteny¢adbiedngplentefZzys ceisene- 1, 4- di one; and

2- (3-hy y-3,7,11.15,19,23, 27, 31, 35- non t hyl hexatri aconta-.6, 10-di en-1-y
D5 RIS o wptne) BmbRaiid SRRSO His SE B & el P d gt

M Xt Ur @n@4octlae beRthSIR1TE Fsrmulitidd icuthprifiE aREkddne of Baintula ¢ Y htktutdd@hdrestm
non-crystalline form hydrate or solvate therof. In further enbodi nents,

t he corpemetisratsant tset eRfrbilmicidispraers or ghuppriicaiegrestianofaeicieperabites loay ofi er or
feg ﬂ g:M.exﬁégio% éﬁ%g%lﬁ:hgstférrith%fon?ggﬁ)rgétﬂ?weqnju}igsg TS SRR IR AGESint O&ion

2- ( 3- hyrdliaex Yo the lisd df 4 boplical, rparivé iy, bexadesad dbptthalmiy ¥drndylftidr domprBideyd cycl oh
exa- 2, 5-di enel, 4-di one; and ] ]

2- ( 3- hyinsws o8 Formula {5 or gixawestheefe loaRiexert gedice; apaljarate sr geatraphthakyiccycl oh
exa- 2, i - di : t er.eql.soner et L iS5 rs,
pr odr ug?gjrrrgét}gégf&ist% : ggf(%rresg%sot%’a lr?\%'é&f (E:)Hrae %Ossnmgﬁ%érggga ﬁgﬁ{eﬁ? 3?19 hydr at e
or sol faire Trdvemavic. Optic Nauropuehy €idddi Inetlics entblhéincmng diendeentian réletes antbe ned

with a pharnmaceutically acceptabl e carrjer or excipient,.[0146] For all the
f or mul dt5F 8h& 'PHF-REPRTER: 8%%’5‘?‘?%% B Wh?lctfﬂ%n AR B ed i n

i ts redugdlal10f, B (hYEFQAOINR kiQ! dReliisicRas (Rhinhdn® oﬂﬁﬁtﬁﬁﬂ%nﬁ@g@ln‘@hen
desired. In any of the fornulations and enbodi ments described above, when

t he redwyuedl frarspinpforsiea edhntpospldst dregegelésd, t he conpounds are not

al pha-t rienol dr oqui.none, . bet a-t ocof ri engl hydrogui none,.

Ganma (0L oRotmr BANASAE @i ATl B Ml OFS BsiRtne e ar Leo
DESCRI Ridr£Nufar oﬁlkdﬁalhhh/ﬁh&ﬂuﬁﬂoh%ﬂaﬁhmg aRfueFABbf FoMAN 1-00r iSRS eof
conmpounds, fornul ations, nethods and kits for use in patients. A patient is

a manmmeP amsHefagy grrapt ephihaleic disorders or to stop the progression of, or reverse, the loss of

vision of a patient suffering from traumatic eye injuries. In some embodiments, the invention
relates to the use of a topical, periocular, or intraocular ophthalmic formulation comprising a
quinone of Formula I-c or mixtures thereof, to prevent, reduce, ameliorate or treat ophthalmic
disorders or to stop the progression of, or reverse, the loss of vision of a patient suffering
from Traumatic Optic Neuropathy (TON). In other embodiments, the invention relates to the
use of a topical, periocular, or intraocular ophthalmic formulation comprising a quinone of
Formula I-c or mixtures thereof, for the amelioration or treatment of patients undergoing
corneal transplants or stem cell transplant of eye cells.

[0136] In other embodiments, the invention relates to the use of a topical, periocular, or
intraocular ophthalmic formulation comprising a quinone of Formula I or mixtures thereof for
the amelioration or treatment of patients with acute retinopathies associated with trauma,
post-surgical complications, traumatic optic neuropathy (TON), and the damage associated
with laser therapy including photodynamic therapy (PDT), with surgical light induced
iatrogenic retinopathy, and with corneal transplants and stem cell transplant of eye cells. In
other embodiments, the formulation additionally comprises a pharmaceutically acceptable
vehicle. In other embodiments, the formulation additionally comprises an ophthalmically

acceptable vehicle.
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[ 0148] The active conmponent of the fornulation of the present invention is
sel ected fromone or nore quinones of Fornmula |I and m xtures thereof. In

ot her entwoizoant3zi2ét he forrul ati ons of the present i nveRCirams2¢omnsse one
or nore quinones of Fornula | or WO 2011/137126PCT/US2011/ 033983 mi xtures
t her eof a pharmaceutically acceptabl e vehicle. |Ln other art| cul ar
enbodi n@}éﬁ t 4‘%%@%@6‘?{% ?E‘stg‘mnﬁF eért‘éﬁled’r%lo%%toﬂl?? -deHgfular, or

embodi NRM R ulak bﬁhth%ﬁyk&%ﬂumn%m&)h@mgra e LP¥EMI19Na GO MRk RS (REOr DI e
qui nones of Formula | or m xtures thereo in an ophthalmcally acceptabl e
vehi cl gof te atmgppetibn opaedtment efrpationts ithragoieutaropadhsris siciaaed with trh@n49] The

formul ati ons .of, t he. present inventi.on co s, which ca

br oduc it Sy ReRth B PR T ebp e TR RO e SR
sui t abl\gitioxkétitRérhgy MERALS, p}@ﬁod;yﬁamﬁ%aémbﬁ(m) Gi A KUY A e A ihd@de@ ( CAN) .
Synt heses of various nenbers the tocotrienol famly in the d,1- or

( RS) - f dptiegeairaceensthyuprd wib gornsaldransplagts angh ptemseH (eabplatt ojeye cqllé| ¥y Chim

1576. 11903 enfRe e e oM Yo Rl Rbmps Bl BV Rl GBI 02
al ., Heleftich Vialogiter eA®8Bmehts, thb%ﬁmilgtﬁk&i additiddafinoo@prisds.an oph@mmiPiann. Bul | .

(1983) 31, 4341 4345, Pearce et al., J. Med Chem (1992), 35, 3595-3606 and
Pear ce 3S£ePKID eV?i“CR/Ed Chem (1994) 37, 526- 541. Synt heses of natural

f or m d- tri r t al.
PR L5 PR UL ARG L YRR b o o

63063671141)raoc8h11r oplethalahc fqrdmpraioe Sempatiap t gNmahP o0 E@3BAT Bﬁ oandxtGousltgteefr os et
al . ent No.. 7,038, 067 Q150] The conpounds.for use jn the present

i nvent %@ﬁﬁ&@lﬂ@%? H&Fe%tﬁ]é}lé‘ifé{?ﬁﬁbtéh @ AGRIEIVERG Ssﬂs%fhat W ]aFFF“h‘g%’t er ed
at t he gecaiprendeethplR iR M flnhdticRtic ﬂ@&%ﬁ&h%T@N) | QUeKe 80808 asddenage | evels
of the active conpounds in the conpositions use in the present

i nvent ivith kesgr therapmainclidingphatodyoarnistthérapyn(RIZE)L medl strgagad pehitindugedsponse

ceponsar i iRl uABho R ree B san Nehl RalBF v et gl "

t her apedidrengaithénts, tefoliehapediCorrdRbepFiddd dyhafhid¥uliadigthcasptagpar at e
conpositions that are given at the same tinme or different tinmes, or the

t her apeighicte. dgeoties cebadipeng, therforaulatiay slittonaBpeprisesan OPb@ElBlll}“Fﬁbf
conmpoungds lﬂ;o%gv% icikhe nethods of the invention may be adm nistered in any
sui t abl’6 form t W Il provide sufficient plasma |evels of the conpounds.
The corfpd3fds Geamdder ativbdintine ieduding aiipbf tie fatgdihy embadlmhar ke luge of a

subl i ng[ual ly, by | nhal ati on (e}g as msts or sprays), rectal I%

t opi cal'PRicinPaikictlag 9% dyfErordiahon ]Efil%foé@ﬁlta&%F?I‘Q‘PE%}H%HPWBH%P m%&l

phar mc&‘ﬂ%&ﬁﬂs ther@GE gﬁtggﬁapﬁnflhﬁ{r%mp)qﬁ'aﬁb Qfémb&ﬁlﬂnbh}ftaﬁfcﬁrdlrfgnag‘ vsghi cles

as desire For exanpl ui tabl e nodes of mnistration I nc oraI

subcut atheﬁusgomg anb@hmmﬂs the nssefmuioosalation omtnplpmmg atjuiopné off Famatols,

i nt raarter| al nuscul a intra erl t oneal asa vi a. nasal
ke I Rdin

muicosa)’! X&H%I@?F@P lsr pgfoct ‘{hPBﬁlsﬁ L8R ‘anﬂ}fﬁS qunkénd‘é‘?}gg a¥eetly to

a specihé for®doid ERBEBFR IR u oftd BeHBlatidhNEorhflidhPRALERLES 8t F@mulsest herein
i ncl udes subcutaneous injections, intravenous injection, intraarterial

i nj ect inafurgnthergafiseby mtrapmlercetd_rmmstratmnr dstothen allnbpdirr@@t& e formrulatifousi on
techn qa'tlig%onaltp ecé:ncl)p s%lsjg?)ﬁar%{a%eurﬂc)éﬁg ac\:lge%gble vehicle. In other embodiments, the

formulation additionally comprises an ophthalmically acceptable vehicle.

[0140] In another embodiment, including any of the foregoing embodiments, the
formulation comprising a quinone of Formula I or mixtures thereof are useful as
prophylactics to prevent the occurrence of ophthalmic neurodegenerative diseases and loss of
vision. In other embodiments, the formulation additionally comprises a pharmaceutically
acceptable vehicle. In other embodiments, the formulation additionally comprises an

ophthalmically acceptable vehicle.
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WO 2011/ 137126PCT/ US2011/ 033983 pharmaceutically acceptable carriers,
exci pi ents, adjuvants, and vehicles appropriate for the desired route of
adm ni st re0i20n/13@2al adm ni stration i s advant ageous duePCO/USk&11033983 Of
inplenentation and patient (or caretaker) conpliance. In certain

enbodi , ve c ound . an e car |er are.adm ni stered
Wi th arf‘ﬁﬂ%ﬂ Eﬂf ajgtthé %&é‘éé@dnﬁ ég %H@?CL?%OV& thg GOmBPsEen ¢ with at
| east 2R% ﬁﬁksqreu&%dffsmﬁﬁ}oqumn@ @&%nﬁg@adéul;g%%@uﬁm s Qhat 8QRef 1 he

| i pi d-sol ubl e qui nones of the invention he conpounds descri bed for
use heraaymf d@rfobeuladmsmnétem’o@dlmqnt%dﬂscldbefdca’onye iwhehithpuredudedrfrms of ther osol

form or int for f t abl et p, xtures ul es,.
or anul eemroH s Bl P b B iiuasf hor el B Bl bt Eon MR S tignaln ¢
i rrigaty f@m@ﬂu@hﬁﬂ@tocdtr&asr@d%@ln&@w dpli£Bc¥eRnoddroduiinBer sui tabl e
forms. The conpounds can al so be adm nistered in |iposone fornul ations. The
compourl@42an &1 ywthes cabadinest. dheiveriiqarompliges ongHameore sempewuls 9f thender goes
transfq;HRﬁ on in the treated subject to a formwhich is therapeutically
effective. Additional methods of administration are known in the art.
[0153] I nj ectabl e preparations, for exanple, sterile injectable aqueous or
ol eagi nous suspensi ons, y be fornulated according to nmethods known in the
art using suitable disperpsi
sterile injectabl e pR& At i « el i L&) nj ectabl e sol ution or
suspensi on i n a nont oxi i or solvent, for
exanpl e, as a solution ylene gl ycol. Anong the accept abl e vehicl es
Enpl Byed are water, Ringer's solution, and

i sotoni c sodium chloride §olution. In addltlon, sterile, fixed oils are
conventional ly enpl oyed as a sol vent or suspending nmedium For this purpose
any bl and fixed oil may be enpl oyed including synthetic nono or

glycqgldes In addition, fatty acids such as oleic acid find use in the
prepardY OH™of injectables. [0154] Solid dosage forns for oral

adm ni shé BéddiNdiFRKEd bGldddedaaRedh 88 dotibbetiglepi | |'s, powders, and granul es.
In such solid dosage forns, the active conpound may be adm xed with at

| east dﬁeRhﬁ@ﬁﬂ{dﬁ?u@ﬁpﬂgﬁéﬁy9%ﬂ§h@ﬂ6%éympa@bé@eckbﬂkﬁt%ﬁ@ﬂlC%$@@ﬁxﬂosage
f 0 r s rg?lér L a?L 18{%5@ frc?rﬁ Ongbtnllcqgs%e %@?eﬁr?@acﬁ%nﬁtcgﬁ be h{%asg[n'h ¢ rcﬁffe?étltu ents,

MAgnNesi um st e

capsule@ﬂlma@hahﬁnhanﬂepmhb&nm&hﬁnﬂmsqget&&mmﬁqumnaM§@e@aﬂaﬁn&eﬂbuffer|ng
agents. Tablets and pills can additional|ly be prepared with enteric
coat i ngBINE1SHIP} éﬁﬁOHle@B%%}@%m?%Fi‘#ﬁa ﬁoa?tr%?%hqugmﬁlﬁn% stration nmay i ncI ude

e A e U e i S M

Such cdhﬁbbiﬂ%@h§66ﬁ¢4éBSGHmmnpmomEnddwmﬁahmﬂmﬂgUQHBasﬂmmﬂﬁing agents,

emul sifyi lr;')gexaighene UISAP gﬂ)crille r@(f‘g}? roxy- 3C7),/1C1|, gf&ii,&ﬁﬁéptgnqgthif%ﬁbﬁQ,i1%,%’2,26—
octacosahexaenyl)-5,6-dimethoxy-3-methyl-p-benzoquinone (or an isotopologue thereof), 2-
(3-hydroxy-3,7-dimethyloct-6-en-1-yl)-3,5,6-trimethylcyclohexa-2,5-diene- 1,4-dione, or 5-
(3-hydroxy-3,7,11-trimethyldodeca-6,10-dien-1-yl)-2,3-dimethylcyclohexa-2,5-diene-1,4-
dione; or any stereoisomer, mixture of stereoisomers, prodrug, metabolite, salt, crystalline
form, non-crystalline form, hydrate or solvate therof. The reduced forms of the compounds
carry the proviso that the compounds are not alpha-tocotrienol hydroquinone, beta-tocotrienol
hydroquinone, gamma-tocotrienol hydroquinone or delta-tocotrienol hydroquinone, or the
hydroquinones of 2-[(6E,10E, 14E,18E,22E,26E,30E,34E)-3-hydroxy-
3,7,11,15,19,23,27,31,35,39-decamethyl-6,10,14,18,22,26,30,34,38-tetracontanonaen-1-yl]-
5,6-dimethoxy-3-methyl-2,5-cyclohexadiene-1,4-dione, 2-(3-hydroxy-3,7,11,15,19,23,27-
heptamethyl-6,10,14,18,22,26-octacosahexaenyl)-5,6-dimethoxy-3-methyl-p-benzoquinone
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WO 2011/ 137126PCT/ US2011/ 033983 fl avori ng, and perfum ng agents.
Alternatively, the conmpound may al so be admnistered in neat formif

sui t abl e. WwpQaB6P3TI2é conpounds for use in the present i nPEmtsSeN1033¥8RlI so be
adm nistered in the formof |iposones. As is known in the art, |iposones

are generally derive hol i p or .oth subst ances.
Li posorﬁ@%arh}sétof)?)]toﬁ’é%t Vof?bmﬁé?%@ﬂﬁ WT%J{g ‘?‘ré"( %fr6eﬁ‘§/&r3§)( gﬂé "iquid crystals
t hat artﬁnfét}ﬁlﬁgkﬁﬁ@xd @56&@%@%&@&% m@ey RoNT L @xh&ny BEY2h Bl @GhieRl | Y

acceptabl e and metaboli zabl e |ipid capab form ng Ilposorres can be
used. ﬂhd)@skémhsd@mh&waﬁdﬁ@enmlﬂermrifa fhghencodadimaamtairmis annntagkdi ti on to

a conpaqund .for LN th ent i nv ntlon st abi reservatives,

e oy S 12 R 0B FolieE B Rbo g £ Bn B bt B BAER R as and
phosphatiteét enffdalrhéirs n Isesi lhﬁ%m}ombqb b inatsivel InFudh&eMboInhents, Metaheds t o
form|iposones are known inthe art. See, for exanple, Prescott, Ed.

Met hoddR i ate ei-Corilsragpd Ruds (§reCoxalkyl achysbpges. p dydher RERodigIcRls, N igan . 33
et seq 7 i 3 t tered
accor dllﬁtjeg%rq}qrﬂ b%ﬁeilsléeliﬁﬁv% (riia\tlieaﬁl h{ %P‘Jrlg}laé %ﬁio; F ? %%ﬁla@' ﬁls

i ngr edﬁ@ﬂt@cm Ilﬁfulﬂi(ﬂblﬂgnbchﬂlmﬂﬁﬁs thiigrirt @ebgeofromr f @of aolusive RN R Yaragent s,
buffers, preservatiyves, co-solvents and viscosity building agents.

[ 0158] Az’ﬁc),é]rl@?%gmfiéi ihEC e rlad Obhyqrﬂ%enpresent i nvention, a topical

opht haI f or i r ?q{gng]m% or

m xt ur egl ‘tpsher e[%lé&ttﬂeg@m% téﬁgltf?nfgglg?lﬁildﬁ;gc rfge% carri gr&fn g@{c{glg%l?%tg

opht halfroms tledioimuls¢:r ati on or inplantation into the conjunctival sac or
anterior chanber of the eye, is admnistered to a patient in need thereof.
The fornul ations are fornulated in accordance with nethods known in the art
for the particular route oH admmistration desired. [0159] The topi cal
ophthal m ¢ fornul ati ong: adii ni st ergd toplc ly pg iocularly, or
intraocularly conprise af i i e Jaimunt of one or nore
conpounds of Formula | oy } As used,herein, an

“opht hal mi cal l'y ef f ectRVe froukt " is one whi ch is sufficient to reduce or
elimnate signs or synptong of the ophthal mc disorders described herein.
Generally, for fornulations intended to be adm nistered topically to the
eye in the formof eye drops or eye ot nents, the total amount of the
quinone will be 0.001 to 100%(%&\/) When ppI i ed as eye drops, 1-2 drops
(approxi mately 20-45 pk3 eah) of V\,i |1 be adm ni stered
fromonce to several tins
topi cal. The conpounds of

wherein,

the bond indicated by a dashed line can in every occurrence be double or single; with the
proviso that at least one bond is a double bond;

R', R? and R® are independently of each other hydrogen, (Ci-Ce) alkyl, or (C;-Ce) alkoxy;
and

m is an integer from O to 12 inclusive, wherein each unit can be the same or different,

or any stereoisomer, mixture of stereoisomers, prodrug, metabolite, salt, crystalline form,
non-crystalline form, hydrate or solvate therof. In further embodiments, m is an integer from
1 to 12 inclusive. In further embodiments, m is an integer from O to 4 inclusive. In further
embodiments, m is an integer from 1 to 4 inclusive. In further embodiments, R? and R are
(C1-Cs) alkoxy and R'is (C1-Cg) alkyl or hydrogen. In further embodiments, m is an integer
from O to 4 inclusive, R? and R? are (C1-Cs) alkoxy, and R'is (C1-Co) alkyl or hydrogen. In

further embodiments, m is an integer from 1 to 4 inclusive, R? and R are (C1-Co) alkyl, and
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can be adm nistered as sol utions, suspensions, or enulsions (dispersions)
in an ophthal mcally acceptable vehicle. An "ophthal mcally acceptable"”
conponentwoasiuseéherein, refers to a conponent whi ch WwCrIUSP@il/0a®83e any
significant ocul ar damage or ocul ar disconfort at the intended

concentr@atiqn_and over the ti of intended use, Salubilizers and WO
2011/ 1 llléé‘g&;@@?ﬁfi b‘%@é@% tarﬁ??rie?épglf%%%lsﬁé‘ IRgeen R i0g.  An
"opht halm,aad, IR, REGRPRaBELeCY.EN Ak@” refers to any substance or combination

of substances which are non-reactive with the conpounds and suitable for
adni ni 014l onlnt réepanbaimentSithe atyertioediphess thalollbeimpesnapwedus | i qui d

UsP i skt sy SRS RO gr v P B Brlr et B S ed cast or
oi | and-yEgeirad)-8 7alimsthyfRt-caxanpl) S ¢ ety 3-pRaidycilexa-0r5-dibge- 1 4ke.

O her suitabl e vehicles nmay be aqueous or oil-in-water solutions suitable
for toplieR® application to the patient's eyes. These vehicles may be

Gaci Ly A etr IR LD A 130 I8l PRI AR B3 P8 o or ops

of the Ispldidnepons in the affected eyes. The fornul ati ons nmay al so be
suspensi ons, . viscous or sem -viscous gels, aor aother types of solid or

sem - sA I YBeRuP il ofignethiidrdead-ga ke, 3- 3 bdimsthyicaciphara-sadignegl-4whi t e bees
wax, cafifauba wax, wool wax (wool fat), purified |anolin, anhydrous

| anol in; pétroleumwax e.g. solid paraffin, mcrocrystalline wax;

hydr oc &-Gemgirexyg3.7| lileguincttipdd@feta-A,1 Owhiet- & ybed. 6 alimt thnxy-gehdtbylc paoheaxh & 3+m  or
conbi nations thereof. The fornulations may be applied by use of the hands
or an af{ﬁ ef]iéld ®such as a wi pe, a contact |lens, a dropper or a spray. The
conpourds; piflof 28 AUl 1adinRAsy1dRlec 65& - 1 H)ENE- RHERENS-3 IIMEBNE|@Bhek &2, P8iene-

adm ni stered using a contact | ens-based bi oactive agent delivery system
such asl.4Hiwe; described in U S. Pat. Appl. Pub. No. 2009/0060981. [0161] The

opt el L RLIG L 0SS RS B kIR D S

lim tednétﬁy@ymzf)mb&;\s_aiengqm_@iiohy; agents, buffers, preservatives,
co-solvents and viscosity building agents. [0162]Various tonicity agents
may be Zethphviery-8.d.ddjoustramp@ytheraderoyerot -ybheodonpibext-dorethyexdleliezni v t o
t hat of, g al, S for ophthal mc conpositions. For exanple, sodium
chl ori dzé?a}peg%gés?%ﬁ%’chl ori de, magnesium chl oride, cal cium chloride,

dext r oSe(Zmdiroty-3anini t5oletromythb e ratides 6110, dheiea-d rdpaj3tdiaetHor yayrivhexi-mat e
physi ol ogical tonicity. Such an amount of tonicity agent will vary,
dependizng‘dt?ﬁe”tlbfbdlﬁa??ti cul ar agent to be added. In general, however, the

for mul %,%-ﬁ{cbghr%55|-d3-ﬁ}%}‘&ﬁ3,t79@!1%i-tEt¥arg%§2Igf:ia{&e ] ,‘i&%%erﬁ‘f{;{li-@j ent to cause

the fina ositi'on t'o have an o m cal 'y acceptable osnolality
( gener ah¢thylapdoliex2005-d@@e136dibke) . [ 0163] An appropriate buffer system

bor Ve di o e ddeau B vHBeFaRRG PP aEe 0 SPGHEOBRIBF T 1 under

st or agen&Rndidibiig-2, LhRnPaL dieHt:ar concentration will vary, depending on
t he agent ergl oyed. Preferably, however, the buffer will be chosen to
?

mai nt ai h(Gehydiexged, 7o, Mi IR hhexamethaiigaacshaH 06471 822-pptaen-1-y1)-2,3-

2011/ 134 1205l Ra24t5 8329831 4-dione;
2-(3-hydroxy-3,7,11,15,19,23-hexamethyltetracosa-6,10,14,18,22-pentaen-1-yl)-5,6-
dimethoxy-3-methylcyclohexa-2,5-diene-1,4-dione;
2-(3-hydroxy-3,7,11,15,19,23-hexamethyltetracos-6-en-1-yl)-5,6-dimethoxy-3-
methylcyclohexa-2,5-diene-1,4-dione;
2-(3-hydroxy-3,7,11,15,19,23-hexamethyltetracosa-6,10,14,18,22-pentaen-1-yl)-3,5,6-
trimethylcyclohexa-2,5-diene-1,4-dione;
5-(3-hydroxy-3,7,11,15,19,23-hexamethyltetracosa-6,10,14,18,22-pentaen-1-yl)-2,3-

dimethylcyclohexa-2,5-diene-1,4-dione;
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[0164] Topi cal ophthal mc formul ations for the treatnent of ophthalmc

di sorders associ ated with neurodegenerative di seases and di sorders nmay al so
conpri se wQuenus7rarri ers designed to provi de i nmedi at e pPCThusea1083983 r el | ef
of dry eye-type conditions. Such carriers can be fornmul ated as a

e neod-hab- g TS Lap-fpGame EhScaliichoiies P14 B AL P e, o o1

to aque&@h%nno%wnslﬁéhﬂﬁah {@BhexhlD) 5-QRMPI1I £8ioa8e or nore phospholipids (in
the case of pho id carriers) or other compounds, which |ubricate,

?a@plnxdroxuaﬁé lﬂhlé Cons?58 la&i:*ylomim%h:dbg’eimgnltae(al&M a8.d220.3Aaur al tear

bUI|d u or i S royvi d rar lie dry eye synptons and
condi tldongnl}ﬁ@ﬁ]g(;%(’E#Fg&d%a' 'Wieglty Ce‘(rfrfgﬁxa %IS (§ S 4 éﬁng and (iii) provide the
appr oprs- ?il@ydﬁ@iy vy, et 23 27, 8 DB5 - hbearh ARy 1B atiddBh AL G 10, 84,1 902.06,3934ef f ect i ve
amount of one or nore of the speC|f| ed cytoki ne inhi bitors. Exarrpl es or

artifi cicstentledh3, %@nv&mxw%@ea@@fﬁadleaeslérdlpm cial tears car riers include,
but t |
Tgar 2r %Mﬂrm q)l 1% éar’ S’ ur a &%h')glhémﬁéégﬁ%aéldr ar s“?%%r a( il( (r:) on

Labor atd‘nhbelaxy-Brrﬁethylelbhe\Mrzt,ﬁdle]iex,Ab dloEegeuﬂiﬁl es of phospholipid carrier
for mul at| ons i nclude those disclosed in Pat. Nos. 4,804,539 (Quo et

al.), 468 W%Mlbkﬁ)w%%éﬂ é%@ov@%wékﬁxaﬂsacev@ O fhdiety le¥ld e &t al .
5, 278, Jtﬁﬁle(}{%glglo?d(@b@dle& ?9‘8«@1@7 (Gonek et al.), 5,371,108 (Korb et

al.), 5,578 onek et fhe foregoi ng patents are incorporated
her ei n dryany etfemoemﬁer troixture oémelenisomhsypI@dsrgL osebphiesgiito tiypiatinedomasi t i ons

Compouriid-ReLR Bt Hoh B o 3t Baie et R JBE bR e ST ELRTE ot
endogenusnibRisSwith Phdrthabalidhi®y adcBpablRhtlr UPex@fie@t her wi se provi de

tenporary relief of dry eye synptons and conditions upon ocul ar
adm ni d014#tli onInt ﬁlethely@nlandemkmt&vﬂ“le inyentien %mbraCfsuhmeél@mqumsiS enhance the

Fororert B Bisrar e T DS by BRE s sy e BB v Bt e s s o

pol yneri @dmlgyzgids such as, polyethyl ene gl ycol hydroxypropyl nmet hyl

cel lul ose, car box% met hyl cel | ul ose sodi um droxypro cel I ul ose;

dext r ars(3-Byseras, déxltSrfaHamethymaw}eCslérqmbl ¥ phdpdiimsthy el@hasa-éétdaqnen; and
vinyl polynges, such as, polyvinyl alcohol, polyvinylpyrrolidone, povidone
and carbBoners. [0166]C1her conpounds may aI so be added to the topical

opht halodriaay fs«efdasiﬂoateir Qﬂﬁ(uﬁé of fterepisement piodMgnineaidolie, salC tigaslineerny,i scosity
of the carrier, es of viscosjty enhanci ng agents include, but are not
i mit edmpcprysfs% l%aoé@ha}@ra@sor sQlyat t%ﬁgOWafﬁlfﬂafmealbagir%Fnaﬁa the ogpoipdscan
chondr Qleldofhi il s Heﬁlrﬂak (R3] SocoflGhklcatty of Bldigus, POl ymers of the

cel | ul ose am Y, y yrrers acrylic acid polynmers. In general,
the phd&p#d! i pFar aihnhmfmrmdattlcmstand rrrcﬂwlds tiwnbecbd:rqveethe composiion amsbewi | |

exhibit a, viscosity .of 0 400 centipoise

2011/ 13993 B’Iﬂ&rfFalé'f\éfi% é‘é’& Uiners ‘TY?BF}P%%ﬁd Q%ﬁt‘lﬁéﬂoﬁF Lot wherdsigd-eIn

typi caldny op afekfagﬁﬁiah&smﬂhteh%aﬁn&@g dfescﬁsea%bvatvlzﬁéﬁsm@feauééa%nﬁ@mhé ed to
prevent im crobial contam nation during use. Suitable preservatives include:
benzal konipgmdsire piadethechinpooibdstaan oot alpharzeocoded ihyiliparinooer he - topeitiagel

par abe par abe hen th aI cohol ., . edet alg di sodi um sorbic

aci d, Biéldp Pone amm"!L{1"‘:8{3“““6‘ %h %m‘é’m rlgligl\}\%tocomteﬁ %s%l“ﬂl?onﬁ inthe art.
Such preservatlves are typically enpl oyed at a level of fromO0.001 to 1.0%
wv. Unit dose conpositions of the present invention wll be sterile, but
typically unpreserved. Such corrgom tions, therefore E)eneral ly will not
contain preservati vedE W’Eﬂ@@ﬁ PR C&&PMQFO?H%NMEI\EF Nr ni xtures thereof,
of the Bresent invention may be fornulated in solutions or susgen& ons for
i nt r aodQ144] ad?HlfhP@ﬁ%ﬂrivaﬁﬂowﬁlédpaﬁsmm@stf%muiaﬁéniarmféms A FERiqron may
be adm i trlﬁmrﬂtl c events involving the
retina %%ﬁ%ﬁ%ﬁ tcs rqxe ﬁ%ﬁ d%%{rlnélgu Pé,%%?l prior to or during ophthal mc

sur ger y{0148]pr eThmctdarmg@omsnt iofifherfgrmHationLibfahe preserit $efeutiod drselented dmaul ar

adm nistration w |l rally be intraocul ar, injecti OB c{.orrrul tions or
sur gl c 41neijoF P’}Oé%_ﬂllllﬁaneécﬂ E’p}‘rg I and mixtures thereof. In other embodiments, the

formulations of the present invention comprise one or more quinones of Formula I or

46



[ 0169] The conpounds of Fornmula | or m xtures thereof can also be fornul ated
in an ocular irrigating solution used during ophthal mc surgery to treat
reti nal owoapti/s7reer ve head damage resulting from traunRCais2a410/083983iry or
pr event damage resulti ng fromthe invasive nature of the surgery. [0170] The

conpounds  of l.a | m xtures thereof can also be ad red via
per i ocUM&fursH Ii‘?P th QPP%}‘HlaC%%HaﬁwCCBBm% vehic e‘g ofhifr PaftigE Bﬁ@E% 1ments,

sus pensth@fb%mm&loﬁﬁaﬂe%Hlluﬁgte@qmrmys tIﬁ%TtHe? embm%lew melrath@isorRior e present
invention may be administered periocularly f | ow ng traumatic events

i nvol vipregenhigvemtonrrampnide opt dromeierquencnesolf Eorsmilﬁelsor mxxttp‘r:s tberepd impn dur i ng

S R e R T Tt e e e R

formul g0149]1S OThé trBiufadiont bf thg PhdsBigt is@ntdbh @A pri&eduiRsieh whl@mhrwest ration
refers to admnistration to tissues near the eye, such as admnistration to

t he ti S¥odusedsynsheiicaly Sonybe MP?@IVFNéYOé@B@BéBVIOXmHOW% sHitgHe opidizing
Peri oc 0 y
Cener g AT LALRLA0 SO LA PLETe AR, SORRELL 00 UERTRer P80V,
are nottoctdtﬂa:ﬂoeﬁarﬁ@y 1nSthbdQﬂ¢ﬂ{R‘SDJfM@i hax&uﬁelaphlﬂrshecﬂabe fgrexiraplelSehade] e
posterior juxtascleral, sub- ézéjost erior sub-Tenon, retrobul bar,

per i bul%afie Vophf’%t@l%blt?ﬁ%)aﬁm 3@”\2 H.pd s vadlettedy- Ch”Ex’ﬁ@F’t(l?ﬁ) A% Dr ug
Deliv. 2366)11993 ]I‘1-4J ?(%99 t12aé ) 2%60#%(19178) g‘é’?@ 'M%QJY&ar%P&F%WO%YeSand

Vi sual Sci ence Kar Csaky,” Retina’Today,” pp. 32-35
( Mar ch/(A@%O)IMZDQPZS}199813820@9[)@28&37(7henﬁm’da51? HLEMIHDBQ) desBdil B84y drdaoesr r out es

genor a4l redbage BPET Asa s R Ag5e dldorh BB QUL w P 2Gar . but

W T besiin sgRmelds@¢ hhveal aombikodofidbRMRRE beéneﬁ%ﬁ%éar SRk bRARHIS. ¥ Stétha or
optic nerve head neuropathy. As used herein, "ophthalmcally effective

anount "et gf., Htlhe(rflapvedﬂadéW@ 3¢ 290 B0 Satoas wht(TapandsePstend 6367 Arrbainte! of
ti | t
2oL ) RN e B R BRI PR TR 1o

cont ai egs0]n t nrﬁe tORp&Alds fReakt Qpﬂhls?[reseﬂl’lnifdihhbﬁ@ﬁ&l HrRrothe@ ftiahutioN sy
contenpl ated herein in an amunt of from about 0.001 to about 10.0%

wei ght /agiyupgents g Re peminigeisd af hedecontaertied maxgngmglinical @mgge PrasevEtiout 0. 1
to ab OL&osés % \Q%é/ Ievg-lg’}giC g%lacIlQe{ %}889% c&mgg%i't%tﬁlfby 1]1%321& ﬂrgﬁlff d to the

eye one to sIxXx tines a |scre|ono "I 'nicr an.

Co- adniinveitien ethyagentisd & asm] oblfen fadembldahetr@ptsmofrestphﬂsepiegsmﬁﬁg bmsherrbuteon may

contai n addi ti onal
of administration, severity of the disease and the response of the patient. When administered
in combination with other therapeutic agents, the therapeutic agents can be formulated as
separate compositions that are given at the same time or different times, or the therapeutic
agents can be given as a single composition.
[0151] The compounds used in the methods of the invention may be administered in any
suitable form that will provide sufficient plasma levels of the compounds. The compounds
can be administered enterally, orally, parenterally, sublingually, by inhalation (e.g. as mists or
sprays), rectally, or topically in unit dosage formulations containing conventional nontoxic
pharmaceutically acceptable carriers, excipients, adjuvants, and vehicles as desired. For
example, suitable modes of administration include oral, subcutaneous, transdermal,
transmucosal, iontophoretic, intravenous, intraarterial, intramuscular, intraperitoneal,
intranasal (e.g. via nasal mucosa), subdural, rectal, gastrointestinal, and the like, and directly
to a specific or affected organ or tissue. The term parenteral as used herein includes

subcutaneous injections, intravenous injection, intraarterial injection, intramuscular injection,

intrasternal injection, or infusion techniques. The compounds are mixed with
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pharmaceutically active agents or may be dosed concurrently with other
phar maceuti cal conpositions. For exanple, when treating a nmammal for the
prevent i oNQ 20Hd3CL260N, treatnent or amelioration of gl arcorst@us33ogs
retinopat hy, the formul ati ons of the present inventi on may contain
additional "anti - Iauco ents or may be dose urrentl
sequentRh&W%feW“E éﬁ?ﬁipta&?ea%’g% KGNS SAPSaRE Ay C léf?éﬁBlPrQB“éF Tor the
ant i - gl ueQMRLRARIHMIAi N tsdeOr D L9t A A '1§‘§dv‘aﬁtagédh§fdﬁ@&! fi$easedf boni c
anhydr ase inhibitors, beta-adrenergic agonists and antagoni sts,
pha- ampmlgatmnagd pRen (@Tcatﬂtﬁ@r) ca)mphag¢eado@maalagmbpélnkamwmetagumose

skl lled in th(g ({ Igtolf]ln;g |l e t.he .co Qun ds dgiscrl bed her in_can
adnmi ni SCAPRYNGAY HECIEBYIE CHTET 8 AHIMNEEEY GaH & ¢ Ry s eaﬁeé%“ be used
i N conmyjuidf, o Bny\bthbr PBE wath dTMaCt THIP exloAGEMES f&tsﬁﬁeﬂcBthQ@ulBtﬁE@éﬂﬁent or
suppr essi on of O[})1tl c nyopat hies. Representative agents useful in
corbi nabpeRtion ehthe higidcyipde Adigowrssd thpideinei n for the treatment or
suppre of I b r enzyne

0P el e AR R RS 2ol 98 b
acetyl -ltquq:cafomnnt inneraol et yit imbhe oamrofttabies,; plmlpﬂwﬂaylhﬁ@uras tchpsalessuc h as

pal mtoyl-L-carnitine or palmtoyl-DL-carnitine); carnitine (such as

L- car ni&fHéesoigstabiesy ?ﬁeﬁmﬁéylutﬁa% SERROSHEr ey RSt ealpnic dgigationyy ¢raplsions.
N-acet yjj Y (gﬂ%' f@)%d(p es, RAY er&ﬁ&oguﬁabh%'i'&%lsa h%%%*ﬁﬁ)()@ﬁc{s@a albiam n A
Vitam n utei n; beta-carotene; |ycopene; ut at hi one; atty aci ds,
i ncl udi adgnmmegral -i8 hfpaﬂ;dnye facimdtisne HHES:OmﬁOllmbSi @niatsodei adnm(ifikid)ed as

ei cosapen aen0| c acid PA) , . and doc sahexaen C aci DHA aC| d;
and ||§HP gt ivdete F\PE& deﬁéoteéFﬁaﬂs R R et{ﬁa{e&rﬁuﬁle%*it)o(atfjﬂfrg

Vit am ng BRrdpehiQily@¥iefve. \A&cﬂﬂ%rﬁl BRtHodk 8EAdminh&Rbd ARMEnEG N 11€’Eherh'rta0' nani de);
Vitamn B5 (pantofthenic acid); Vitamn B6 (pyridoxine or pyridoxam ne);

Vi t ami M0BB]( bi Bm?qﬁable Mep@mtmnsBQor(eﬁc@mpb steiilg mJa¢tgblelaqmws asommous

2011/ 137126PCT/ US2 ﬁ f § Vi tﬁﬁi rtl ﬁ%@ m n % Vi tam

(cobal anfhis; *8ucha SEOBETAM R)Y M° FF‘&?WWP & ﬁlé‘bl&r?%‘i‘ aC| d

folini cigetdghg o \i@eﬂhg\ a@ntmﬂa%spsnaﬁ@agéms amhe aBtileQijectanie pﬁé}ﬁ%‘éﬁ(ﬂﬁag

[0174]1n certain enbodi nents of the invention, the fornulations an

pr epar a¥sodies? tigde injectalle sphetiproassusPesioa 1N AvieRtoxisrPasgrecral  pgceptablgdalupnte

pr epar at. a r n nis
used fgo& s&%?%téfoﬁggglg e £ esrofhg[g)rnelﬁ Z&ﬁ%&ﬂcﬁséﬁlg e acg‘?ﬁt?“f}gw?%&? e routes
| i st ed dnerselivants ftiait nta@[ble@ﬁipl@ﬂ:ﬂlam S'hﬂ’eﬁ,tRlﬁgErts(SOId’ﬁﬁnﬁatﬁ,1S(§16nfb@bdlﬁﬂlrdhmrldear

adm ni stratl on. Sterile gparations can al so be used for_ the enbodi nents
used foelugiony In gddition. éteﬂgaélf%%% as cpmantiopllyesmpieyed asdrehicat 'at i on.

Steril g BIFRGH A AR @ g bng X208 %Qﬁ& ‘{}-.élﬁ i

accordi Rgé’ét%om%har maceu'?]if caﬁnim‘fég ternl I%gat |Hon stan ards Unlat gd St at es
Phar macypéeac ﬂoapbedsgl?@ehdes,OHQa,ddanm @ty lcidSahe oy aleia aBddindass igthe

Pr of essi ons Cod«% 41271 , 16 California Code of Regulations 1751, 21 Code of
Feder alP'ERHORTGNESBYY known to those of skill in the art. Dosages

[ 0175] Toesqonmpsundigodaseehrind f@ﬂ't%al%ﬁrﬁﬁﬂﬁat@cfn ﬂlayelﬂcmﬂ@ RhpRsC@ABIREpills,

adm ni stered in various anounts. nig i |y dosages which can be
used arpowsiarsefficegainwles. almosuph swdtdnswget em@ldls%lgélvma@eomd abobe adnikedy/ kg to
ggg;t V\g?gh?qe%sr or\t})ﬁOd I-I't\r@lal‘ Pchgars S\IAJACIIOP{%(QB.C?QS%UH' sq%rc%o ey osa eaf(%(r)nl‘llg m]agﬁ% n’g/ kg
Wi thi n abguise dditi ol k@astacnc@éo&uér théh 1ﬁﬁ91‘t|ﬁgu£}ﬁ§i)é g/velugﬂéa,tmgragcvmi Jsuch agbout 0 1
ng/ kg to about 30 ng/ kg body weight, or within about 0.1 ng/kg to about 10
ng/ kg DBRBRefiEMmgigaratey If\/\lih? §RS§ Chlsaprules, Bbleiy Rl pigs -dbodesagolergs gy wei ght,

or wt 0 i n about
o o g oie Bt RSO TR RAM PRk R AR LA with SR, T E0OU ou
10 ng/k@abmgy wei ght, or mnthln about 10 ng/kg to about 80 ng/kg body

gg wi t hin_about 50 n? t o about 150 %ﬁpOd wei g or within
about 1[@ My/ k§ l%d aPaes formo qurklgadﬁawtr%&ngﬁey mslf Pﬁiffﬁlc%t?ﬁ]c Y150 my/ kg
to aboucltcc Q)lg&ﬁﬁgloggd%ld%hg ké{u@ eﬁgloﬂ\é tsﬁl#gs %99 ‘éflx@@él)n@(nlﬁg 1ﬁé?t @IHEH& 300
ng/ kg body wel ght, or w t hi n about I’kg to about
wei ght comm(ﬂﬂjz)uised]m tIEbIItJtSuéh asabaert SIL;@h cablpumtld_lﬁ mapa s C(ﬁﬁprlﬁbﬂwaﬁﬂs about
30, about, 40, bout HB@? t 60d aboud li 175 about 80, about 90,
about 161 2HB8 gf%%“ 58 Yigrnd R dipgaeenty GYFlodgiring pad s WesE g o it
250, about 275, about 300, about 325, about 350, about 375, about 400,
about 425, about 450, about 500, abou&8550 about 600, about 650, about
700, about 750, about 800, about 850, about 900, about 950, or about 1000
ng total. The conpound(s) nmay be administered in a single daily dose, or
the total daily dosage may be admi nistered in divided dosage of two, three

VAN M NA AT A PN™ A PN ETNNVT | 1 1NN NA AT NN\



times daily. These dosages can be adm nistered long term for exanple, over
nont hs, years, or even over the entire lifetine of the patient. [0176] The
parti cul awodosiagel2appr opri ate for a specific patient isPdetuseoniiossdshy dose
titration. The starting dose can be estimated based on the dosage of
tocotri gui nones of on the Unite ates Food an Adm ni stration
gui del i er{lg’taing@e‘%@?fﬁgﬁétﬁpﬁg 1‘%‘?@%&%&?%@%8‘1@0&?3{ %ﬁé’%@%@%ﬁrﬁ i al

A i ni calealot@lipsdi@ble Ther apeutics in Adult Heal thy Vol unteers” (July 2005)

as well as the International C(_)nf erence on Har noni sati on pf_ Techni cal
Requi r dfb¥fils f dhe Regpamndatiorone of thPipagsaeigevenitionlcan filee bidadmimistyed (1 @)

gui delines tj.tled "Q)i dance on n-c¢lini cal Safet S udi for the Conduct
o Rom AR el libesfher, s R R i b s BBy S e BRr et 1 o o
(Jul'y ZQ8holiPRis ok @iﬂeﬂﬁ%ﬁ%{lbﬂﬁﬁ:es le?dbcﬁﬁ@Chr@Yc@@ﬁﬂ b§$ndno0b MRi-RhMlki Ng dose
shoul d not exceed 1/50th the NOAEL ( No-Adversebserved- Effect- Level) in the

nor e séh@fatt@d/]él%‘é)éﬁ’s@bs that age digpersediagn SAMAYS tRadi g AnE APMERICES f i cacy
0177 | vt
oot o dSypLEiRLE LR AiSerabh 020 BB BORY RIETod Pl EbBeapred o

bal anCETheﬁdréSéhﬁddn(i}fiﬁltioﬂs Irhl@lﬁcﬁomatfd)m ca:na@nbaen us addition asseappEmdifenise in
nmet abol j ¢ function. Increased blood |actate, increased bl ood pyruvate,

i ncr eadBEPISPEH INVANHeH- HEbiliZRE. PlesyatpiasGx61Pignst Rnd B 1iket dB6Prefersed iRids s) can
al so be,pp ﬁ%ggﬁggﬁdg%Z@hﬁ@%ﬁgﬁif@lcﬁmgga@iﬁh%) %otwh&ﬁ{z?g%%ew&lee Urine

anal ysis ca p or nme pat 1 ent can i nc asurenment of
t he foIMoﬂmdlgtocfogmhposoarmsdse: kirlcenat inchaait. dSeqoﬁmnmhmpEanb,sccsucEdl Maethadsiid,

fumaric 2-ke C .aci I C |d, 3- utyric acid,
acet oac%fi loé%ydb E’”Eeegi)\?é%g‘?lﬁiﬂ &% i\]h%’ %‘g&dﬁq& g% égfgr(’gl c acid,

2- ket o-[ppomal e‘Th@td%@da@o IREAi TR0 a6 0 ACA dhnin AR SccBidith toSthﬁfe's&ltaC' d,
sebaci c acid, 4-0H phenyl acetic acid, 4-OHphenyllactic acid

4- OH phemnltlpy mimad;soancldde RF IS @Weau@tﬂtﬁh@lts anduding But it fignitedyto patfagtealsysi s
perfor ]g g Batt 2 in ]g ude reasur ement of th[e fol |l owi ng
ani no a8’i“8 Y a%ﬁnﬁ | éersgﬁre%%ﬁ IHSS CPﬁP VSR AR VEEPINSUIGINS 2SR aci d,

ar gi ni Me158)! y cisreorditlgad ktitemetAb&d dftthd Bresdrt sivieBtion/ al tbpieal opsidaImdigi ne,

met hi oni ne, phenyl al ani ne, isol eucine, |eucine, tyrosine, hydroxyproline,

cr eat | HPRBUIaGRIGIRRTESIRECONE, or gyaie PMBOUNSYS i9f FRimda I oF miXifes fereHotddy st ei ne,
and t ay 'hﬁl%l 1CQ1 a pgﬁgtle%grr{g? hﬂ’qgé&%} %Hglaﬁltl%%drrl]ﬁ@gtrz{tﬁlnlo?% Anfadd Hﬁo

measur ed. assium c I'carbo ani on gap, glucose
(ser umthe wr@rmdmvalr sagenarftbli@athmber &ahé Byd) s adbdhistewsd tohi gatienttih eedaspar t at e
am no transf erase, alanine am no transferase,  al kaline phosphatase, total

pr ot ei ihereeh (ke formulations areformmatedin acepsdanics avith metheds kneawdithgart fqse
Cr| ti catheg EQulla b teAdfi M lllﬂgéatﬂ)?{tdegl?écfh a battery of biomarkers to predict

drug toxicity t at can so reflect renal mtochondrial function.
Al t er at[Db5 | nTke Mpical épHsbatingg fOTHlUHJthﬁ’&‘ altrmmmrerng@)pmaHy,qghobdhnlm orCystatin

C, Custerin, Trefoil Factoy-3. utro | at i nase- Assocj at.ed

! pocannfrastimbeSiPhte rooahi S erert e s Al SISO e P PRSI onr opat hy
and asgeibR RorMikeir@Cchstest eAéjﬁééU%feﬂ{‘ aﬁf'olsmﬁaméa ?%kfet'th\%ta‘?ﬁd{m@'fls%h@':]-

renal function. Finally, Haas, et al Genet Me 2008) 94(1):16-37

descri b@lstclwssmuffmertté@teﬁucgm@hrmgatmnbasednmpme héthecp@hthahnilc gjogders hat can

be useddelscrlbeg%el%line S&enetraliw?o tf‘o lat[lgn(%zgt]er%)edl tg% go E]nelgteerrf]:a%oplcaqf) %Pehé/ye( ocT) -
OCT is Hon-i nvasi ve T echndl g

in the form of eye drops or eye omtments, the total amount of the quinone will be 0.001 to
1.0% (w/w). When applied as eye drops, 1-2 drops (approximately 20-45 pl each) of such
formulations will be administered from once to several times per day.

[0160] One route of administration is topical. The compounds of the present invention
can be administered as solutions, suspensions, or emulsions (dispersions) in an
ophthalmically acceptable vehicle. An "ophthalmically acceptable” component, as used
herein, refers to a component which will not cause any significant ocular damage or ocular

discomfort at the intended concentration and over the time of intended use. Solubilizers and
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for imaging the retina, the nulti-layered sensory tissue |lining the back of
the eye. OCT, the first instrument to allow doctors to see cross-sectional

i mges ofwOhelwwrizaa, is revolutionizing the early deteeCirars2@ana3iseat mnent

of eye conditions such as macul ar hol es, pre-retinal nenbranes, macul ar

swellin nd eyen tic nerve danm 01 Ret i nal ckn ss may al so be
measur e t PaVFEYes %é’h ggthfﬂ&‘@ %Bgtarcﬁ%ﬂta %Wﬁé‘? Yer (RTA;

Tal i a Tephnkeg¥ombidion MEMASERES WIFPAe nbr@Rk)e %"f'tﬂ tﬁé‘@o helgl Rer 9 Retina
Tonmogr aph (HRT; Hei del berg Engi neering GrbH, Hei del ber g, rmany). Persons

skill ecsultablelﬁfa‘aérrnmwationatpprpemerat Suitiide thelesm@pée obnagudopaliquidinggéchizss may
be cal cuI at. ov di. tan and t the smal.l e di st ance
U Gal IR o Bl B TR R SRESS U RRES LT Phei B FREe e

met hOd%)O(D}f(eﬂthné-@Y}QBIﬂ DPolyttBdBAitks badha Al fHal vebetdBIS loils, FoLedapiplbada ool or
test is a test for red-green col or deficiencies. The test consists of a

nunber RsENEollopieide hikat eré@rab&jvqhgqiﬁ:mmabwmee@s oledk - wtemlwpr@ont ain a
circle o t%ﬂ t&g&‘ﬁ%r bf‘&t Andgm gnets 'ﬁ{es@{)&} ﬁé&ﬁa%é% bR NG Rpttern

are dot's er VI hose w nor col or Vvision and
i nVvi Si bin&‘,as@dif fdirhfiiacon tasmllﬁea,pafla{t stahﬂﬁjatd/\ﬂtatsﬁly adiidktgrsaeinfamlubitions By on
defect. The full_test consists of 38 plates, but the existence of a

def i ci dRedRs PEingdlligg ope & %Ordrgp%@ﬁthawléwbﬂ igithssaftepteshavay Theeformplationy p at es
gi ves g, £1§ogﬁfa Eéﬁs?ong'a%a%?se% 4 P§gé’l§rdrtoYhe?ft ﬁ@%f 1d%8r s¥inkQfy def ect.

[0182] Co s include a circle of dots in sh: green and |ight
bl ues iotrhulatidrisgundefatibdste secit asataadtal wash adesitobeek mawncariomuba weixr ebel of dot s
i n shades of , _orange and oww th a figure in sh green; the
et vty ing! Foh o BrERe AR o RaIE Sitites ans A e <

[0183] -Eﬂf%rdcg}\’s@ﬂﬁﬁé)\ﬂa;allﬁf@rd%ﬁl‘?)%hg@ ? @qdid pAaFi0vhiRpEE-SGHuR, §e A pkirbitum;
containing naterials useful for treating optic nyopathies. The article of

manuf actrgemboatipny t@eleré Eleenfioainwlerionsi miny be mpﬂﬂeﬂ by Sa¢ ofathe dardsriranner s
i ncl ude, f.or e ottles, .via t est tu@fs. The CEontal ners may be

f or med PPOA'Y 3\96]?”?%? y! 1Poef ar?ﬁ?%?t 15 aéf? era%r YIPLYs OF BIRSFPE A%he cont ai ner
hol ds &oME12@dnk/f3B0sk2R BeTrel4Pihié @38 be administered using a contact lens-based

bioactive agent delivery system, such as those described in U.S. Pat. Appl. Pub.

No. 2009/0060981.

[0161] The topical ophthalmic formulations administered according to the present
invention may also include various other ingredients, including but not limited to surfactants,
tonicity agents, buffers, preservatives, co-solvents and viscosity building agents.

[0162] Various tonicity agents may be employed to adjust the tonicity of the composition,
preferably to that of natural tears for ophthalmic compositions. For example, sodium
chloride, potassium chloride, magnesium chloride, calcium chloride, dextrose and/or
mannitol may be added to the composition to approximate physiological tonicity. Such an
amount of tonicity agent will vary, depending on the particular agent to be added. In general,
however, the formulations will have a tonicity agent in an amount sufficient to cause the final
composition to have an ophthalmically acceptable osmolality (generally about 200-400
mOsm/kg).

[0163] An appropriate buffer system (e.g., sodium phosphate, sodium acetate, sodium
citrate, sodium borate or boric acid) may be added to the formulations to prevent pH drift
under storage conditions. The particular concentration will vary, depending on the agent
employed. Preferably, however, the buffer will be chosen to maintain a target pH within the

range of pH 6-7.5.
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compound of Fornmula I. In one enbodi nent, the active agent is a qui none of
Formula |I. The | abel on the container indicates that the conposition is
used for woeat/isgi2ept i ¢ myopat hi es, and nmay al so i ndi careTdiSe@atdies f or
use in treatment. [0184] The invention al so provides kits conprising any one

or nor a cgnpound qof Formula |, or conposition c ri.si an active
agent | S0P oa TPRGH SendishsG e Srions e TRt SRR BBAEIES. ¢ he ki
of the Jopentd QNh GOIBALRAS atiREdISORE LIRS sHESS Hah @tk oaBMpRise Wiicohs £Rtids a
conmpound of Forrmula I, or a conposition conprising an active agent of

For mul alepign¢chtogirhede enrodiintvesitost-tetthaelidt of dfy ayedypacaditicon. Sustpearges t he
cont ai ner ,descri hed above i.ch holds a ¢ und of. Formula |, .or a
composi BN B TSRS Py e rror G RERC RS <frick H P Dt 3o Eont a ner
conpr i sagsea h¥RiM, ChospRéligid EarEieNR@U Mehtiici of VARG IHidrOfeferstdGuéisOne or nore
veget abl e-derived oils, such as sesane oil, and/or one or nore

ani mal -feenilpénsorhish: (Ramprisoore FrmersmBosihekpide (invericase 05 phaspheimiér

enbodi i the j. j ri . 0 i scri bed
above, %?ezﬂ qr%g&c?g cém@%u%%uwn%@?éw&%uﬁg@1ab§1§)§<g£%§ﬁl%oé;6§@ ig%ﬁéyc%errpri sing an
acti ve eagegdnoof tehl idli@ndturaear uildiep,co mpeunide @rovidenpopbiarprelibAst digen
pre-mxed with a vehicle for the con;ipo,und Qr conposition, such as one or
mor e veEgesEBPEMsand ¢apdifpnsupos acplag adaistivgonsi (1) atgsaten Anchiiid) RiPvids the

ani mal - Y2 i fi.sh-der Il LS may
furt hera%?{\dg }lﬁ%e&:l:}tb ﬁZrV%Hrr%{egﬂrbf a 2013 ézgirgrggg?lg&%{r&g %‘?gh \éggrr%g re ca?rgjlu};gﬁfd&if sOZr

st andpanatof ihecipadtind cptbkiae inkélitarb.eBxarbpitd erstificinl tai@antcempbdsitiversefuheedl es,

syringes, .and package .inserts with jnstructions fqr rformn ny of the
ot hode HASEHFHS G Herd T Fobot HEdp hRCbR- ST G Rise S\ PO T8 n ot her
aspect s\athRR KTt ss NaYurfe 1S et afsNatdle BEe® NGdBbRadsrsdestichR edb8loRES,

i ncluding, for exanple, to treat an individual with optic nyopathies |ike

LHON arlde.DSat WEXAVEEES Exanplee ofl pliorpitoliped artipfermelatignsandudanihosal  Screen

noi 11ty TS, A S P o O R SRR 4 B TER B e £ r om
t he Cor3 @13, 103aldre 3091 5, 31785l 51 CRBEHES ol N5, 29460 A1 61k AuNPRar37G4078), from

stress effected b%/ addi tion of L-buthionine-(S, R)-sulfoximne (BSO, as
descri B&@h ¢f dausDT85% ((Apnek qugm: thipforegoiiigapatents {rp Ancogpsated heggmby Jausl i n

3 cosEEBEP g 8 RSB ML SEA IR PR BBt on, V0,

medi umanidre bfetle ipresentiitvensich.ds and vitami ns, catal og no. 1-31F24-1)
[0165] Other compounds designed to lubricate, "wet," approximate the consistency of
endogenous tears, aid in natural tear build-up, or otherwise provide temporary relief of dry
eye symptoms and conditions upon ocular administration the eye are known in the art. Such
compounds may enhance the viscosity of the composition, and include, but are not limited to:
monomeric polyols, such as, glycerol, propylene glycol, ethylene glycol; polymeric polyols,
such as, polyethylene glycol, hydroxypropylmethyl cellulose, carboxy methyl cellulose
sodium, hydroxypropyl cellulose; dextrans, such as dextran 70; water soluble proteins, such
as gelatin; and vinyl polymers, such as, polyvinyl alcohol, polyvinylpyrrolidone, povidone
and carbomers.
[0166] Other compounds may also be added to the topical ophthalmic formulations of the
present invention to increase the viscosity of the carrier. Examples of viscosity enhancing
agents include, but are not limited to: polysaccharides, such as hyaluronic acid and its salts,
chondroitin sulfate and its salts, dextrans, various polymers of the cellulose family; vinyl
polymers; and acrylic acid polymers. In general, the phospholipid carrier or artificial tears

carrier compositions will exhibit a viscosity of 1 to 400 centipoises.
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and Medium 199 (M99, catal og no. 1-21F22-1) with Earle's Bal anced Salts,
w t hout phenol WD 2011/ 137126PCT/ US2011/ 033983 red, are purchased from

Bi oconcepwo 2patt@@i12€al f Serum i s obtai ned from PAA Labor aCoriSesL1/0B®s3 c
fibroblast growmh factor and epidermal growth factor are purchased from
PeproT Penjcillin-streptonycin-glutamne m x,.L-buthionine

(S, R)-iﬁrﬂ;x! m!TﬂlélFélaﬂP&a\aiE PRI BOVARLS PAckier SO PERas e from

Si gma. I@é‘ée@@a‘ﬁ%ﬂﬂe't&sﬁ@%&%&ﬁ/ﬁr&%&%%tﬁﬁlébﬁ‘(am'?ﬁa@i‘%ﬁ%uri bie. &tlifapfce medi um
is made by conbining 125 ni 99 EBS, 50 ml Fetal Calf Serum 100 U/ nL

peni ci |gréservaties ingludd: tenradbemwmpehlorid2, dnldrgbutheeti brazod@letintugd htoniidsul i n, 10

ng/ mL EG-, .and .10 ng/ bEGF.  ME i dded, t ke the val,ume up to 500
T T B R gl o T Peh s B e e s s sTadB 208 o of
nmedi um puiljduaerieRaUeRbthkt hde@tsielo®ii th itk isRilled MLitht ARG, 1Sheh pRYUESRiRE afdhe
experinments, this solutionis stored at +4 C L£;$188] The test sanples are
suppl i edpicdlyiersplayedptadeva)ioffrem Ol iednPpBunss Uartedoss Fempepitgnsiof BvsO,

et hanol ) result | i di ss they are
ot or oa PafvenGVedftfBde il BuP Bl AR ERLH Stn OB GRS Bl o1 T oui ng
pr ot oc enerAll ¢ wlill uoecontdif pfekifativiebr obl asts is started froma 1 nL vial with

approxi mately 500,000 cells stored in |i gllaji d nitrogen. Cells are propagated

in 10 JHeI1 &b tyrenctiodhesmpy Topmixuraighacalr 9f hAPFECHAYY I HORM o of 1: 3
unti | %HﬁulQﬂeéEr?%l@tﬁ@s%Y%é 2ii6hns P GEra6a0E altll?rﬁfli’str%twﬁr ofeq5 19&&1s%?rve$t ed.
For 54 mcro titer plates (1)96 wel | -MIP) a total of 14.3 mllion cells

( passaghbe pieghtt Jnva@ngon ey bp ediledstened 48omilarte dollowing oaurestponentsgntavih@0 1AL

mediumwi th 3,000 cells/well. The remaining cells are distributed in 10 cm
Ter | oult ha? Bre o R o T e TRt TS P AN B TR Bl o5 ar ¢

i ncubatgehagy 6f Hli[jlﬁE)I Foim@4Gorshséfdl Al ReRREHLaNhinh AR RuMbeictayanrd 5% CO2 to
allow attachnent of the cells to the culture plate. [0190] MIP nedi um (243

1AL) i sntrigelr igeciiondpimyitiqiser mingicot intigatinglsatusionThe test conpounds are
unfroz nd 5 1AL of a mM. st ock. sol ut,i on.i s di ssolved.in, the well
cont o K 12as o RealitnP PBlE ] RGO befapin T B USRI Bar

di | uti Qieslaf ieeh s oM Fhalsed Qhiriid GphtiiRidReery I gedd dtingHolitiveeRetlegd si ngl e
dilution steps is kept as short as possible (generally less than 1 second).
[ 0191] Plagrage respliing dvpm Gywpsdghto Ny peprerdnt damppgicauliing tnoat e invanEe next

day, 1 BSO sol ution are added to the wells, resulting in al
v fi ngfaﬁtg%%%%ﬁ%%ﬁ{g;ﬂati on. Forty-eight hours later, three plates are

exam ngd1701der Tae phapamdoof Fasiulal o @sampe tHegeo¥ ein filyo bdadminksere@hias i n t he
0% control (wells El-Hl) are clearly dead. The nediumfromall plates is

di scar dEHOCHNRHBISHRYRE ARK AN PFEPEUIYCE BREPNHYT HEREIY S AYREE IR pl at e
I nver segd BRk@atfnP AR FolidWeions of the present invention may be administered periocularly

following traumatic events involving the retina and optic nerve head tissues, or prior to or
during ophthalmic surgery to prevent damage or injury. Formulations useful for periocular
administration will generally be periocular injection formulations or surgical irrigating
solutions. Periocular administration refers to administration to tissues near the eye, such as
administration to the tissues or spaces surrounding the eyeball and within the orbit.
Periocular administration can take place by injection, deposit, or any other mode of
placement. Periocular routes of administration include, but are not limited to,
subconjunctival, suprachoroidal, juxtascleral, posterior juxtascleral, sub-Tenon, posterior sub-
Tenon, retrobulbar, peribulbar, or laterobulbar delivery. Raghava et al., Expert Opin. Drug
Deliv. 1(1):99-114 (2004); Ghate et al. Investigative Ophthalmology and Visual Science, 48
(5): 2230 (2007); Karl G. Csaky, Retina Today, pp. 32-35 (March/April 2007);

WO 2009/023877; and EP 1611879 describe various routes of periocular administration.
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WO 2011/ 137126PCT/ US2011/ 033983 [ 0192] 1001AL of PBS containing 1.21AM
Calcein AM are then added to each well. The plates are incubated for 50-70
m nut es aworoum3tersperature. After that tine the PBS isPdirasardmaioss he
plate gently tapped on a paper towel and fluorescence (excitation/em ssion

wavel e of _ 485 nm 525 espectivel Is read on, a Gemni

fl uoreggi:'ﬂ@e r Bngreral [ﬁ? goﬁeéuPE{ﬁS‘rfi)égl 'aﬁ?ﬁ‘fﬂ g‘%‘&f?&“ﬁp%ﬁ%&(ﬂl (EXCHI WL 4

r egi St ajq oh LABRIR Kt M ERetddeRbpamatibar £k & ®ﬁ6 eAsesd program
and used to cal culate the EC50 concentration for each conmpound. [0193] The

conpou rmtsroavaélyt éstwsed héreime"ephtedmicalle effedtive agopet’iomgherapatigelty dffertide t hr ee
ti mes, the passage nber of.the cells,increasing by one wi.th ever

repot | (BT [BEOuPHHE “DEMYERR AT DB M RIOT PR el RIS ORI SEa or
detri ”&ﬁbh@'neﬁ/feflﬁﬁd néiRopdigy. Viaddindnes of thepResBRCOnéeidh edl1Gehdsllyee di d they
have a beneficial influence on BSO-treated fibroblasts even at the highest

concentogtaingd in dttapicgli pgriocyhe o orRoGRIAs fsmalatinss eatenplpigd hesdeic®, The
v ab! |l PR TR0 67 SbLYORRE A BB AP R e viaDl ity

of the ound-trea S ate as re |vetoth|s
val ue. doxesmplagos \kzﬁlc‘ﬂaln@eﬂrbmlalbaa 0AB sBaboansl. Ol%wwm afopheat &&ﬁluiamlbnEfVﬁlﬁBCt ive
Conmpounds [ 0195] The qui nones of Formula | are screened as described in
Exanpl e2°2¢aBybe Seiheric i9rtheey FRA° el traesd day. tidbefisgrelier et tlagd eprigian-

Neur opathy (LHON) cells obtained fromthe Coriell Cell Repositories
(Canden, NJ; repository nunber GW3858). The quinones are tested for their
abi | i t yCa-odmegsered hgevan dernmal fibroblasts from LHON patients from

oxi dat i[ﬁ%ﬁt ' ei‘ﬁé formulations of the present invention may contain additional
pharmaceutically active agents or may be dosed concurrently with other pharmaceutical
compositions. For example, when treating a mammal for the prevention, reduction, treatment
or amelioration of glaucomatous retinopathy, the formulations of the present invention may
contain additional "anti-glaucoma" agents or may be dosed concurrently or sequentially with
anti-glaucoma agent compositions. Examples of anti-glaucoma agents include:
prostaglandins or prostanoids, carbonic anhydrase inhibitors, beta-adrenergic agonists and
antagonists, alpha-adrenergic agonists or other anti-glaucoma agents known to those skilled
in the art.
[0173] While the compounds described herein can be administered as the sole active
pharmaceutical agent, they can also be used in combination with one or more other agents
used in the treatment or suppression of optic myopathies. Representative agents useful in
combination with the compounds described herein for the treatment or suppression of optic
myopathies include, but are not limited to, Coenzyme Q, including Coenzyme Q10;
idebenone; MitoQ; acetylcarnitine (such as acetyl-L-carnitine or acetyl-DL-carnitine);
palmitoylcarnitine (such as palmitoyl-L-carnitine or palmitoyl-DL-carnitine); carnitine (such
as L-carnitine or DL-carnitine); quercetine; mangosteen; acai; uridine; N-acetyl cysteine
(NAC); polyphenols, such as resveratrol; Vitamin A; Vitamin C; lutein; beta-carotene;
lycopene; glutathione; fatty acids, including omega-3 fatty acids such as a-linolenic acid
(ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA); lipoic acid; and
lipoic acid derivatives; Vitamin B complex; Vitamin B1 (thiamine); Vitamin B2 (riboflavin);
Vitamin B3 (niacin, nicotinamide, or niacinamide); Vitamin BS (pantothenic acid); Vitamin

B6 (pyridoxine or pyridoxamine); Vitamin B7 (biotin); Vitamin B9 (folic acid, also known as
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[ 0196] The qui nones of Forrmula | are considered active if they exhibit
protection against LHON with an EC50 of |ess than about 100 nM Exanple 3
Hunt i ngt om0=20Ge3r12ki ne Assay and Initial Screen for Eff@criuseoiCosiysznds
[0197]The quinones of Formula | are tested using the screen as described in

Exanpl t|tu i t.h Hunti ngton' ceIIs obt ai ned
fromth ta(‘%lP |Or Hml i\%g’l%}ﬂﬁggs 5 RESH 35 6‘%‘?‘:9 MR iRt

04281) .4 fiREoALbiR ABRIS AR 4RBNVEFhnfifE; biMRI euﬁﬁﬂnklatnn ahaoh@%ﬁléemlwm der mal
fibroblasts from Huntington's patients fromoxidative stress. |[0198] The

qui nond8174] Fohmmenea@&@mmMspﬂémemwmmpaneﬁﬂnmhé@ne&mimrPMpmumesaimm
2011/ 1474 BBHER? UED 1100 R Bt 51y Propr<tths SRR Line Assay
and | nlérﬁkﬁﬂdlrﬁ&fts?ﬁ%/ﬁelfe(&rfoﬁﬁlﬁlﬁﬁéﬂ MeiséDFP MYBEBN or other parenteral administration,

including the routes listed herein, for topical administration to the eye, or for periocular

administration. Sterile preparations can also be used for the embodiments used for oral,

gastric, gastrointestinal, or enteric administration. Sterile pharmaceutical formulations are

compounded or manufactured according to pharmaceutical-grade sterilization standards

(United States Pharmacopeia Chapters 797, 1072, and 1211; California Business &

Professions Code 4127.7; 16 California Code of Regulations 1751, 21 Code of Federal

Regulations 211) known to those of skill in the art.

Dosages

[0175] The compounds used in the methods of the invention can be administered in
various amounts. Examples of daily dosages which can be used are an effective amount
within the dosage range of about 0.1 mg/kg to about 300 mg/kg body weight, or within about
0.1 mg/kg to about 100 mg/kg body weight, or within about 0.1 mg/kg to about 80 mg/kg
body weight, or within about 0.1 mg/kg to about 50 mg/kg body weight, or within about 0.1
mg/kg to about 30 mg/kg body weight, or within about 0.1 mg/kg to about 10 mg/kg body
weight, or within about 1.0 mg/kg to about 80 mg/kg body weight, or within about 1.0 mg/kg
to about 50 mg/kg body weight, or within about 1.0 mg/kg to about 30 mg/kg body weight, or
within about 1.0 mg/kg to about 10 mg/kg body weight, or within about 10 mg/kg to about 80
mg/kg body weight, or within about 50 mg/kg to about 150 mg/kg body weight, or within
about 100 mg/kg to about 200 mg/kg body weight, or within about 150 mg/kg to about 250
mg/kg body weight, or within about 200 mg/kg to about 300 mg/kg body weight, or within
about 250 mg/kg to about 300 mg/kg body weight, or about 1, about 5, about 10, about 15,
about 20, about 25, about 30, about 40, about 50, about 60, about 70, about 75, about 80,
about 90, about 100, about 125, about 150, about 175, about 200, about 225, about 250, about
275, about 300, about 325, about 350, about 375, about 400, about 425, about 450, about 500,
about 550, about 600, about 650, about 700, about 750, about 800, about 850, about 900,
about 950, or about 1000 mg total. The compound(s) may be administered in a single daily

dose, or the total daily dosage may be administered in divided dosage of two, three or four
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[ 0199] The qui nones of Forrmula | are screened as described in Exanple 1, but
substituting FRDA cells with Parkinson's Di sease (PD) cells obtained from
t he Cori eWwb20al137Reposi tori es (Canden, NJ; repository necbars28&a989). The
qui nones are tested for their ability to rescue human dermal fibrobl asts

from Par ki nson' g, di sease patjents. fro xi dative stress. [0200] The qui nones
of For MM aﬁVn\serﬂstei A2&EE &2 BNY fﬂlé‘iséf‘dg%&g\}f‘em}’ Ortﬁ}’féﬁﬁpgxm’ PR HYEYD on

agai nstorRAEKLNS ML hiitd BRAKR WihdpARNECSO of | ess than about 100 nM Exanpl e
5 Treatnment of a Patient Diagnosed with Friedreich's Ataxia [0201] A pati ent

with Fri0¥trlei cihe patiaxinaddssge appaepehtevord spedifopdicof iskistemmined by dbke qui none

i s adninist to th tient ly: t is pmixed with. i |
For aaritaneer 30 s i s T @leoopd iy BBl of L Giefblab 8RR OB
yogurt ithé CRited SaBs Fbbe ah® Drenhagi oo aidegHéNang Estimsess thk0202] On Day

1 the dose is 100ng TID. It is escalated on Day 8 to 200 | D and
cont i nidaxigrum hifs SissagPosq ndosiiteiinsalbliagfor ldgfapeutigs imAgult htsakhy t he

pat | ent\lf(ﬁuﬁ"zggjsﬁ 61111); ﬁﬁ)@) QPQEﬁ Qe ﬁletlﬁ't%mational Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) guidelines
titled “Guidance on Non-clinical Safety Studies for the Conduct of Human Clinical Trials and
Marketing Authorization for Pharmaceuticals™ (July 2008). Per ICH guidelines, predicted
exposures from the starting dose should not exceed 1/50th the NOAEL (No-Adverse-

Observed-Effect-Level) in the more sensitive species on a mg/m?2 basis

Monitoring Treatment Efficacy

[0177] Routine plasma analytes: Blood ketone body ratios including lactate:pyruvate,
and beta-hydroxy butyrate:acetoacetate reflect electron balance. Alterations in these ratios
can be used to assess systemic metabolic function. Increased blood lactate, increased blood
pyruvate, increased blood alanine, and blood pH (to check for metabolic acidosis) can also be
monitored.

[0178] Metabolomic analysis of plasma and urine: Urine analysis can be performed on
the patient, and can include measurement of the following organic acids: lactic acid, pyruvic
acid, succinic acid, fumaric acid, 2-ketoglutaric acid, methyl malonic acid, 3-OH butyric acid,
acetoacetic acid, 2-keto-3-methylvaleric acid, 2-keto-isocaproic acid, 2-keto-isovaleric acid,
ethylmalonic acid, adipic acid, suberic acid, sebacic acid, 4-OH-phenylacetic acid, 4-OH-
phenyllactic acid, 4-OH-phenylpyruvic acid, succinylacetone, and creatinine. Urine analysis
performed on the patient can also include measurement of the following amino acids:

proline, glutamine, threonine, serine, glutamic acid, arginine, glycine, alanine, histidine,
lysine, valine, asparagine, methionine, phenylalanine, isoleucine, leucine, tyrosine,
hydroxyproline, creatinine, aspartic acid, cysteine, ornithine, citrulline, homocysteine, and
taurine. In a panel of metabolic analytes, the following can be measured: sodium, potassium,
chloride, bicarbonate, anion gap, glucose (serum), urea nitrogen (blood), creatinine, calcium,
bilirubin, aspartate amino transferase, alanine amino transferase, alkaline phosphatase, total
protein (serum), albumin (serum), and hemolysis index. Recently, the Critical Path Initiative

has put forth a battery of biomarkers to predict drug toxicity that can also reflect renal
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patient's eyes for any signs of inprovenment or signs of worsening of the

di sease by neasuring visual acuity, color vision, vision field and COCT.

[ 0204] Cl ose 203 26i ng of the patient during the study iPSTASRI10/083963 t O
detect any adverse events. In addition, the investigator is authorized to
stop the study.if the safety of. t subj ect. i ri sk. [ 0205] The,
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hereby i'ncorporated herein by reference in their entirety. [0206] Al t hough

t he f orbegoedty hatly deteitdif piessni eenbdimseit népddopathysowessimnbie b nipyre wegprasé

illustration a ex l.e for ses .of clari of -under st gndi.n it is
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nmodi f i odblapN2008) d4(Del PIREdst R valibed @0y Rch hRIREEBEH BidcBEmRACLRKANP! es
shoul d not be construed as |imting the scope of the invention. CLAI M5 Wat

i s cl aithe¢an de uged in theprasAnainventidtor preventing, reducing, ameliorating or
et g AP 46 BT PGS L B GREFRLRD o

reversing the visron in r ormu

conpr i sesinadyigpiht halnal thalnhultied et deveoramesirtlindfg thadack offthe eyeqLOOD@S of

Formul afirlst i(rjlgtmng.lé(r}t l‘cjg z?l%ov:g Qggtgrgfté see cross-sectional images of the retina, is revolutionizing
the early detection and treatment of eye conditions such as macular holes, pre-retinal
membranes, macular swelling and even optic nerve damage.
[0180] Retinal thickness may also be measured using other devices such as the Retinal
Thickness Analyzer (RTA; Talia Technology, Ltd., Mevasseret Zion, Israel) and the
Heidelberg Retina Tomograph (HRT; Heidelberg Engineering GmbH, Heidelberg,
Germany). Persons skilled in the art will appreciate that the slope of retinal thickness may be
calculated over any number of distances, and that the smallest distance is only limited by the
resolution of the devices used to practice the methods of the invention.
[0181] Ishihara Color Test: The Ishihara Color test is a test for red-green color
deficiencies. The test consists of a number of colored plates, called Ishihara plates, each of
which contain a circle of dots appearing randomized in color and size. Within the pattern are
dots which form a number visible to those with normal color vision and invisible, or difficult
to see, for those with a red-green color vision defect. The full test consists of 38 plates, but
the existence of a deficiency is usually clear after a few plates. Testing the first 24 plates
gives a more accurate diagnosis of the severity of the color vision defect.
[0182] Common plates include a circle of dots in shades of green and light blues with a

figure differentiated in shades of brown, or a circle of dots in shades of red, orange and

yellow with a figure in shades of green; the first testing for protanopia and the second for

deuteranopia.
Kits
[0183] The invention also provides articles of manufacture and kits containing materials

useful for treating optic myopathies. The article of manufacture comprises a container with a
label. Suitable containers include, for example, bottles, vials, and test tubes. The containers

may be formed from a variety of materials such as glass or plastic. The container holds a
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OHO CH3 im Fornmula | wherein, the bonds indicated by a dashed Iine can be

I ndependently of each other, at each occurrence, double or single with the
provi so tWwetoati3reast one bond is a double bond; Rl, R2pCan$2033/033983

i ndependent|y of each other hydrogen, (Cl-C6) al kyl, or (Cl-C6) al koxy; and

mis an integer.from O- i ncl ysi.ve, erein each unit can be t ne or
differ ERMPOYRY pf %ﬂa{% bﬁ@&éfﬂﬂ%ﬁdmté HOUAAESY 1t SIHBPI P AT St Hicenol
qui nongapddeh MR AihE HicALN thANBe cARPIRIIOG Abdd BPALatfHdl IPRREnWpathies,

del ta-tocotri eno_l qui none; or any stereoisoner, mxture of stereoisoners,
hydr at endmaycilscaindictieglingtior® foiTire if gratoleat.i on of Claim 1 for preventing,

et Qe RO RRPBAEHE S R o Bl e B0 10
the forpgimala 106r s;@dmﬁsds&m R pRRIHAl Atti cahdent Sfldctsd firyi aFBIpOLN@Ef ONe or nore
quine nelésorr?l]:ﬂaFI? rIrrlné”onale er-n%oc?i;lerrﬂs),( ‘Ehl::rk?tsoftﬂrl]f? irnggr];tion clzcrilrprlriléll:sathlf: -cg.ntainer described
above, which holds a compound of Formula I, or a composition comprising an active agent of
Formula I. In other embodiments, the kit of the invention comprises the container described
above, which holds a compound of Formula I, or a composition comprising an active agent of
Formula I, and a second container comprising a vehicle for the compound or composition,
such as one or more vegetable-derived oils, such as sesame oil, and/or one or more animal-
derived oils, and/or one or more fish-derived oils. In other embodiments, the kit of the
invention comprises the container described above, which holds a compound of Formula I, or
a composition comprising an active agent of Formula I, where the compound or composition
has been pre-mixed with a vehicle for the compound or composition, such as one or more
vegetable-derived oils, such as sesame oil, and/or one or more animal-derived oils, and/or one
or more fish-derived oils. The kits may further include other materials desirable from a
commercial and user standpoint, including other vehicles, buffers, diluents, filters, needles,
syringes, and package inserts with instructions for performing any of the methods described
herein for treatment of optic myopathies.
[0185] In other aspects, the kits may be used for any of the methods described herein,

including, for example, to treat an individual with optic myopathies like LHON and DOA.

EXAMPLES
Example 1
FRDA Cell Line Assay and Initial Screen for Effective Compounds
[0186] The quinone of Formula I is tested for its ability to rescue Friedreich’s Ataxia
(FRDA) fibroblast cells obtained from the Coriell Cell Repositories (Camden, NJ; repository
number GM04078), from stress effected by addition of L-buthionine-(S,R)-sulfoximine
(BSO), as described in Jauslin et al., Hum. Mol. Genet. 11(24):3055 (2002), Jauslin et al.,
FASEB J. 17:1972-4 (2003), and International Patent Application WO 2004/003565. EC50
of test compound is determined and compared.
[0187] MEM (a medium enriched in amino acids and vitamins, catalog no. 1-31F24-I)
and Medium 199 (M 199, catalog no. 1-21F22-I) with Earle's Balanced Salts, without phenol
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wherein the bond indicated by a dashed |line can be double or single; Ri,
R2, and R3 are independently of each other hydrogen, (Cl-C6) alkyl, or (Cil-
Co6) al koxywoand/msvizs 0- 12 i ncl usive, wherein each unit ca&oThs2athe3mane or
different; with the proviso that the conpound(s) is not al pha-tocotrienol

qui none,  betat ocotri.enol. qui non -tocotrienol .quipnon r .

dol - ThbgET PURBREG PR HBLORERG t%@?%%ﬁrglaﬁ%??mwﬂ frgrfblgfgf\e%a@@%aé%?eépner s,
hydr at g fc SRbyatiréPar@éor %d@}ﬁdé‘r%ﬂ%b%&ﬂ RRtRhre(hRtnisdd M RHRYIRBAI NY,
reduci ng, anmeliorating or treating ophthal mc disorders, or for stopping

t he pr dgnasldinestreptomyoin-gletaerisd mix, { Keuthiogmed$.R)issifoxiniine, ang atsilemtromaher ei n
the formul ati on conpri ses opht hal m, cal. | ffective, anount, of. one or nore
s nondBv b reafaE A P& i3 ARl el BRI psFitat) AERNIEIA  he' bonas
i ndi catrebdy lidaghrdnéding i§ﬁcﬁd@8¥] derbinghgor2 5shN M B9 MBS B0t PFARAIQUdIS0 t hat
they are not both double within the sane unit; and further proviso that at

| east orssuBoHl Wanlaperveibine 169 ng/;ml streptomycin, 2 mM glutamine, 10 pg/mL insulin, 10

ng/mL EGF, and 10 ng/mL bFGF. MEM EBS is added to make the volume up to 500 mL. A
10 mM BSO solution is prepared by dissolving 444 mg BSO in 200 mL of medium with
subsequent filter-sterilization. During the course of the experiments, this solution is stored at
+4 °C.

[0188] The test samples are supplied in 1.5 mL glass vials. The compounds are diluted
with DMSQO, ethanol or PBS to result in a 5 mM stock solution. Once dissolved, they are
stored at -20 °C.

[0189] Test samples are screened according to the following protocol: A culture with
FRDA fibroblasts is started from a 1 mL vial with approximately 500,000 cells stored in
liquid nitrogen. Cells are propagated in 10 cm cell culture dishes by splitting every third day
in a ratio of 1:3 until nine plates are available. Once confluent, fibroblasts are harvested. For
54 micro titer plates (96 well-MTP) a total of 14.3 million cells (passage eight) are re-
suspended in 480 mL medium, corresponding to 100 pL. medium with 3,000 cells/well. The
remaining cells are distributed in 10 cm cell culture plates (500,000 cells/plate) for
propagation. The plates are incubated overnight at 37°C in an atmosphere with 95%
humidity and 5% CO2 to allow attachment of the cells to the culture plate.

[0190] MTP medium (243 pL) is added to a well of the microtiter plate. The test
compounds are unfrozen, and 7.5 pLL of a 5 mM stock solution is dissolved in the well
containing 243 pLL medium, resulting in a 150 uM master solution. Serial dilutions from the
master solution are made. The period between the single dilution steps is kept as short as
possible (generally less than 1 second).

[0191] Plates are kept overnight in the cell culture incubator. The next day, 10 uL of a 10
mM BSO solution are added to the wells, resulting in a 1 mM final BSO concentration.
Forty-eight hours later, three plates are examined under a phase-contrast microscope to verify
that the cells in the 0% control (wells E1-H1) are clearly dead. The medium from all plates is
discarded, and the remaining liquid is removed by gently tapping the plate inversed onto a

paper towel.
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Rl, R2, and R3 are independently of each other hydrogen, (G -C6) alkyl, or
(C1-C6) al koxy; and mis an integer fromO to 12 inclusive, wherein each
unit can we2bhe13gese or different; or any stereoi soner, POTAISAN1e/085983
stereoi soners, hydrate or solvate therof. 4. The fornulation according to

ol Sl ARRL Y RSB TnE 3 IR mECKY Sk SReTRLAR Selcthe ©
opht hal ﬁﬂt@@i&Ync%%%@Tf@f@WO’ﬁm&éseat ra/elal Ak ke 1 26RET WRAR L @ﬁ@%ﬂ?» 6. A
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6, wherein the formulation is admnistered orally. 8 The nethod of Caim
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Claim 6 1£§ the ophthalmc fornulation is adm nistered topically in
ni

eye droeﬁcs: or rri gating solution. 10. The nethod of Caim6, wherein the

formul 40198] i sTaeledmpaines act tpaed heed tanesy i.e.lthe ekpaimaithogerffrmel shirse 6,
wherein the fornulation is adm nistered intraocul arly.
times, the passage number of the cells increasing by one with every fepetition.
[0194] The solvents (DMSO, ethanol, PBS) neither have a detrimental effect on the
viability of non-BSO treated cells nor did they have a beneficial influence on BSO-treated
fibroblasts even at the highest concentration tested (1%). The compounds show no auto-
fluorescence. The viability of non-BSO treated fibroblasts is set as 100%, and the viability of

the BSO- and compound-treated cells is calculated as relative to this value.

Example 2

LHON Cell Line Assay and Initial Screen for Effective Compounds
[0195] The quinones of Formula I are screened as described in Example 1, but
substituting FRDA cells with Leber’s Hereditary Optic Neuropathy (LHON) cells obtained
from the Coriell Cell Repositories (Camden, NJ; repository number GM03858). The
quinones are tested for their ability to rescue human dermal fibroblasts from LHON patients
from oxidative stress.
[0196] The quinones of Formula I are considered active if they exhibit protection against

LHON with an ECsg of less than about 100 nM.

Example 3
Huntington’s Cell Line Assay and Initial Screen for Effective Compounds
[0197] The quinones of Formula I are tested using the screen as described in Example 1,
but substituting FRDA cells with Huntington’s cells obtained from the Coriell Cell
Repositories (Camden, NJ; repository number GM 04281). The quinones are tested for their
ability to rescue human dermal fibroblasts from Huntington’s patients from oxidative stress.
[0198] The quinones of Formula I are considered active if they exhibit protection against

Huntington’s with an ECs of less than about 100 nM.
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12. The method according to Claim?7, wherein the oral fornulation
additionally conprises a pharmaceutically acceptable vehicle. 13. The

met hod acwordimig7t2ze Cl ai m 8, wherein the topical fornmul aCras2addsidsdnal |y
conprises an ophthalmcally accept abI e vehicle. 14. The nethod according to
Claim6, wherein the ophthal m c di LF? are associated with inherited

m t ochondri al di seases; Leber'’ ‘&/ Opti ¢ Neuropat hy (LHON),

Dom nant Opti cpilhRpRY CQ@@?%A&EB& QR @uﬂﬁl%?&‘z%?‘bﬂgﬁ‘ A e BRIt hal nopl egi a
(CPEO); Spinocerebellar ataxia (SCA), also ca Machado- Joseph di sease;
Lei gh' iOQ&]dr ofrb qEnpetiragiFohhelad nesdceeeitRDAJescilibaddo Fmpieal . bMy opat hy,
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deficiency; Conmplex Il i ci ency | ex 1V detficiency; and Conplex V
defi ci expdity to W@dwmamimz@lﬁ@m@s%i@ bigson| sdisqase pm%@lmac%&a@mg to
Claim 14 vvherel n the ophthal m c disorders are associated with Leber’
Heredltary Optic Neuropathy (LHON); Dom nant Optic Atrophy (DQOA); and

Chr oni OZM0Igr eTh¢ yeinbixdseif Falma HtiantiophegoasidéPEadtivelifthey behiblrt hod
according to Claim 14, wherein the ophthalmc disorders are associated with
Fri edr dqreﬁctéona%gamsglf"f(rkmm SdWF%SSé’HB}*l@‘rE%iO Aesp e botlO8WAl opat hy,

Lactaci dosis, and Stroke (MELAS); Moclonic Epilepsy with Ragged Red Fibers
(MERRF) ; Lei gh' s syndrone; Kearns-Sayre Syndrome (KSS); and overl ap
syndromes. 17. The method accordi ngxtmple ai m 6 V\/nerei n the ophthalmc

di sorders are assogl at ed Wltf}Dneu degen ra ases;. Parkinson's

di sease; Al zhei ner' e"ffﬁ%’@z%r@ aﬁ(ﬁ’ff 8phe Wi_ rei FéYEed s (ALS): notor

neur on [ga@Qas e, padeit W M9 FARSichsSaasi8 is @&Qe@v%ﬁ@@lhﬁbﬁgoﬁ&%?ﬁﬁ T aucome;
di sorders of the outer retina, macul ar degeneration, age related nmacul ar

degenerqinasn w:hnqnwem Ioethﬁa@imnaoraﬂég@némm otixed gith remestifod accor di ng to
claim6,, wherein th thalmc di.sor ssoma ed with di betic

Cont mopsribStid, bEERE BN Pk S BBkl filas Pl fletbkn vBRG Leases:
Chacot M@Wﬁgm@mg quﬁlgaﬁfe],s uhasopol ysaccharl doses; Adrenol eukodystrophy;

Ni emann- Pi ck di sease; Krabbe's di sease; Peli zaeusl\/ErzbaCher di sease; and

Progr es[Q?-Q/?d En@@d?ﬁi/l bipatdase isedewa, TIRy dsiarsenjaterhpmDand togbPme AlPepAy (PEHO) .
19. The, dahﬁﬁgggsq Dg to Caim6, wherein the ophthalmc disorders are
associ at rau sel ected fromretinal ischema, acute retinopathies
associ e[()mB]vm t WHilecheire, trqaest wishig@incad, tieqrpibntCaimkdiog, tednh encdétolgke associ at ed
wth |aser ther aPy i nc] udi ng phot odynamni c therapy (PDT), . traumatic optic
neur opaRH§II(STORS [OTPRY SEANAGENRISYTRI A PE N ?fhwgra?lg% af thP diggeseiNduced

I at r 096RLLufifd Jﬂglgaqqg]ﬂyy .c%l??vﬂﬂﬁa%% ?%?e?&érﬂf?éﬂ“ th corneal transplants, and

t he danage associ at stem ce transplant of eye cells.
[0204] Close monitoring of the patient during the study is performed, to detect any

adverse events. In addition, the investigator is authorized to stop the study if the safety of the
subject is at risk.

[0205] The disclosures of all publications, patents, patent applications and published
patent applications referred to herein by an identifying citation are hereby incorporated herein
by reference in their entirety.

[0206] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is apparent to those
skilled in the art that certain minor changes and modifications will be practiced. Therefore,

the description and examples should not be construed as limiting the scope of the invention.
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CLAIMS

What is claimed is:

1.

A formulation for preventing, reducing, ameliorating or treating ophthalmic
disorders, or for stopping the progression of, or reversing the loss of vision in a
patient, wherein the formulation comprises an ophthalmically effective amount of

one or more quinones of Formula I or mixtures thereof.

Formula I

wherein,

the bonds indicated by a dashed line can be independently of each other, at each
occurrence, double or single with the proviso that at least one bond is a double bond;
Rl, Rz, and R are independently of each other hydrogen, (C;-Ce) alkyl, or (C;-Cy)
alkoxy; and

m is an integer from 0-12 inclusive, wherein each unit can be the same or different;
with the proviso that the compound(s) is not alpha-tocotrienol quinone, beta-
tocotrienol quinone, gamma-tocotrienol quinone or delta-tocotrienol quinone;

or any stereoisomer, mixture of stereoisomers, hydrate or solvate therof.

The formulation of Claim 1 for preventing, reducing, ameliorating or treating
ophthalmic disorders, or for stopping the progression of, or reversing the loss of
vision in a patient, wherein the formulation comprises an ophthalmically effective

amount of one or more quinones of Formula I-a or mixtures thereof.

Formula I-a

wherein
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the bond indicated by a dashed line can be double or single;

Rl, Rz, and R are independently of each other hydrogen, (C;-Ce) alkyl, or (C;-
Ce¢)alkoxy; and

m is 0-12 inclusive, wherein each unit can be the same or different;

with the proviso that the compound(s) is not alpha-tocotrienol quinone, beta-
tocotrienol quinone, gamma-tocotrienol quinone or delta-tocotrienol quinone;

or any stereoisomer, mixture of stereoisomers, hydrate or solvate therof.

The formulation of Claim 1 for preventing, reducing, ameliorating or treating
ophthalmic disorders, or for stopping the progression of, or reversing the loss of
vision in a patient, wherein the formulation comprises an ophthalmically effective

amount of one or more quinones of Formula I-c or mixtures thereof

Formula I-¢

wherein,

the bonds indicated by a dashed line can be double or single, with the proviso that
they are not both double within the same unit; and further proviso that at least one
bond is a double bond;

Rl, Rz, and R® are independently of each other hydrogen, (C;-Ce) alkyl, or (C;-Co)
alkoxy; and m is an integer from O to 12 inclusive, wherein each unit can be the same
or different;

or any stereoisomer, mixture of stereoisomers, hydrate or solvate therof.

The formulation according to Claim 1, additionally comprising a pharmaceutically

acceptable vehicle.

The formulation according to Claim 1, additionally comprising an ophthalmically

acceptable vehicle.
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10.

11.

12.

13.

14.
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A method for preventing, reducing, ameliorating or treating ophthalmic disorders, or
for stopping the progression of, or reversing the loss of vision in a patient, comprising
administering to the patient in need thereof, a formulation comprising an
ophthalmically effective amount of one or more quinones of Formula I according to

Claim 1.

The method of Claim 6, wherein the formulation is administered orally.

The method of Claim 6, wherein the formulation is administered topically.

The method of Claim 6, wherein the ophthalmic formulation is administered topically

in eye drops or an irrigating solution.

The method of Claim 6, wherein the formulation is administered periocularly.

The method of Claim 6, wherein the formulation is administered intraocularly.

The method according to Claim 7, wherein the oral formulation additionally

comprises a pharmaceutically acceptable vehicle.

The method according to Claim 8, wherein the topical formulation additionally

comprises an ophthalmically acceptable vehicle.

The method according to Claim 6, wherein the ophthalmic disorders are associated
with inherited mitochondrial diseases; Leber’s Hereditary Optic Neuropathy (LHON),
Dominant Optic Atrophy (DOA), Chronic Progressive External Ophthalmoplegia
(CPEO); Spinocerebellar ataxia (SCA), also called Machado-Joseph disease; Leigh's
Syndrome; Friedreich’s ataxia (FRDA); Mitochondrial Myopathy, Encephalopathy,
Lactacidosis, and Stroke (MELAS); Myoclonic Epilepsy with Ragged Red Fibers
(MERRF); Kearns-Sayre Syndrome (KSS); overlap syndromes; Co-Enzyme Q10
(CoQ10) Deficiency; Complex I deficiency; Complex II deficiency; Complex IIT

deficiency; Complex IV deficiency; and Complex V deficiency.
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15.

16.

17.

18.

19.

WO 2011/137126 PCT/US2011/033983

The method according to Claim 14, wherein the ophthalmic disorders are associated
with Leber’s Hereditary Optic Neuropathy (LHON); Dominant Optic Atrophy
(DOA); and Chronic Progressive External Ophthalmoplegia (CPEO).

The method according to Claim 14, wherein the ophthalmic disorders are associated
with Friedreich’s ataxia (FRDA); Mitochondrial Myopathy, Encephalopathy,
Lactacidosis, and Stroke (MELAS); Myoclonic Epilepsy with Ragged Red Fibers
(MERRF); Leigh's syndrome; Kearns-Sayre Syndrome (KSS); and overlap

syndromes.

The method according to Claim 6, wherein the ophthalmic disorders are associated
with neurodegenerative diseases; Parkinson's disease; Alzheimer's disease;
Amyotrophic Lateral Sclerosis (ALS); motor neuron diseases; Huntington's Disease;
age-associated diseases; glaucoma; disorders of the outer retina, macular

degeneration, age related macular degeneration and juvenile macular degeneration.

The method according to claim 6, wherein the ophthalmic disorders are associated
with diabetic retinopathy; Progressive Supranuclear Palsy (PSP); Parkinson-like
diseases; Chacot-Marie-Tooth Disease; Mucopolysaccharidoses;
Adrenoleukodystrophy; Niemann-Pick disease; Krabbe's disease; Pelizaeus-
Merzbacher disease; and Progressive Encephalopathy, Edema, Hypsarrhythmia and
Optic Atrophy (PEHO).

The method according to Claim 6, wherein the ophthalmic disorders are associated
with trauma selected from retinal ischemia, acute retinopathies associated with
trauma, post-surgical complications, the damage associated with laser therapy
including photodynamic therapy (PDT), traumatic optic neuropathy (TON), the
damage associated with surgical light induced iatrogenic retinopathy, the damage
associated with corneal transplants, and the damage associated with stem cell

transplant of eye cells.
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