CLAIMS

What is claimed is:

1. A formulation for use in preventing, reducing, ameliorating or treating an ophthalmic
disorder, 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
compounds selected from: |

guinones of Formula I:

Formula 1

and the hydroquinone forms thereof,

wherein:

the bonds indicated by a dashed line are independently of each other, at each occurrence,
double or single with the proviso that at least one bond is a double bond, and with the
proviso that they are not both double within the same unit;

R', R? and R’ are independently of cach other hydrogen, (C;-Cq) alkvl, or (C-Cg)
alkoxy; and

m is an integer from 0-1 ;

or any stereoisomer, or mixture of stereoisomers thereof; and additionally comprises a
pharmaceutically or ophthalmically acceptable vehicle;

wherein the ophthalmic disorder is associated with a disorder selected from the group
consisting of Leber’s Hereditary Optic Neuropathy (LHON); Dominant Optic Atrophy
(DOA); Chronic Progressive External Ophthalmoplegia (CPEO); Spinocerebellar ataxia
(SCA); Leigh's Syndrome; Friedreich’s ataxia (FRDA); Mitochondrial Myopathy,
Encephalopathy, Lactacidosis, and Stroke (MELASY; Myoclonic Epilepsy with Ragged
Red Fibers (MERRF); Kearns-Sayre Syndrome (KSS); an overlap syndrome; Co-Enzyme
Q10 (CoQ10) Deficiency; Complex I deficiency; Complex II deficiency; Complex III
deficiency; Complex IV deficiency; Complex V deficiency; a neurodegenerative disease;
Parkinson's disease; Alzheimer's disease; Amyotrophic Latera] Sclerosis (ALS); a motor
neuron disease; Huntington's Disease; an age-associated disease; glaucoma; a disorder of

the outer retina; macular degeneration; age related macular degeneration; juvenile
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macular degeneration; diabetic retinopathy; Progressive Supranuclear Palsy (PSP); a
Parkinson-like disease; Chacot-Marie-Tooth Disease; a Mucopolysaccharidosis;
Adrenoleukodystrophy; Niemann-Pick disease; Krabbe's disease; Pelizacus-Merzbacher
disease; and Progressive Encephalopathy, Edema, Hypsarrhythmia and Optic Atrophy
(PEHOY; or

wherein the ophthalmic disorder is associated with a trauma selected from the group
consisting of retinal ischemia, an acute retinopathy associated with trauma, a post-
surgical complication, damage associated with laser therapy including photodynamic
therapy (PDT), traumatic optic neuropathy (TON), damage associated with surgical light
induced iatrogenic retinopathy, damage associated with a corneal transplant, and damage

associated with stem cell transplant of eye cells,

. The formulation of Claim 1, for use as defined in said claim, wherein the formulation
comprises an ophthalmically effective amount of one or more compounds selected from:

quinones of Formula I-a:

Formula I-a

and the hydroquinone forms thereof,

wherein:

the bond indicated by a dashed line is double or single;

RY, R?, and R? are independently of each other hydrogen, (C;-Ce} alkyl, or (C;-Cg)alkoxy;
and

m is 0-1;

or any stereoisomer, or mixture of stereoisomers thereof.
. The formulation of Claim 1, for use as defined in said claim, wherein the formulation

comprises an ophthalmically effective amount of one or more compounds selected from:

quinones of Formula I-c:
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Formula I-c

and the hydroquinone forms thereof,

wherein:

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

R', R?, and R? are independently of each other hydrogen, (C;-Cs) alkyl, or (C;-Cs) alkoxy;
andmis 1;

or any stereoisomer, or mixture of stereoisomers thereof.

. The formulation according to Claim 1, for use as defined in said claim, wherein the one or
more compounds are selected from the group consisting of!
2-(3-hydroxy-3,7-dimethyloct-6-en-1-y1)-3,5,6-trimethylcyclohexa-2,5-diene-1,4-dione;
2-(3-hydroxy-3,7-dimethyloct-6-en-1-y1)-5,6-dimethoxy-3-methylcyclohexa-2, 5-diene-
1,4-dione;
2-(3-hydroxy-3,7,11-trimethyldodec-6-en-1-y1)-3.5,6-trimethylcyclohexa-2,5-diene- 1 4-
dione;
2-(3-hydroxy-3,7,11-trimethyldodeca-6,10-dien-1-y1)-3,5,6-trimethylcyclohexa-2,5-
diene-1,4-dione;
2-(3-hydroxy-3,7,11-trimethyldodec-6-en-1-y1)-3,6-dimethoxy-3-methylcyclohexa-2,5-
diene-1,4-dione;
2-(3-hydroxy-3,7,11-trimethyldodeca-6,10-dien-1-yl}-5,6-dimethoxy-3-methylcyclohexa-
2,5-diene-1,4-dione;

and the hydroquinone forms thereof;

or any stercoisomer, or mixture of stereoisomers thercof.

. The formulation according to Claim 1, for use as defined in said claim, wherein the one or

more compounds are selected from the group consisting of:
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2-(3-hydroxy-3,7-dimethyloct-6-en-1-yI)-3,5,6-trimethylcyclohexa-2,5-diene-1,4-dione;
and
2-(3-hydroxy-3,7,11-trimethyldodeca-6,10-dien-1-y1)-3,5,6-trimethylcyclohexa-2,5-
diene-1,4-dione;

or any stereoisomer, or mixture of stereoisomers thereof.

The formulation according to any one of Claims 1-4, for use as defined in said claim,

wherein the one or more compounds are quinones.

. Use of a compound of Formula I

Formulal

or the hydroguinone form thereof,

wherein:

the bonds indicated by a dashed line are independently of each other, at each occurrence,
double or single with the proviso that at least one bond is a double bond, and with the
proviso that they are not both double within the same unit;

R}, R?, and R® are independently of each other hydrogen, (C,-Cs) alkyl, or (C1-Cs)
alkoxy; and

m is an integer from 0-1; or any stereoisomer, or mixture of sterecisomers thereof; or

a compound of Formula I-a

Formula [-a

or the hydroquinone form thereof,
wherein:

the bond indicated by a dashed Iine is double or single;
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R', R?, and R® are independently of each other hydrogen, (Ci-Cs) alkyl, or (C-Ce)alkoxy;
and
m is 0-1; or any stereoisomer, or mixture of stereoisomers thereof;, or

a compound of Formula I-c

Formula I-c

or the hydroquinone form thereof,
wherein:
the bonds indicated by a dashed line are double or single, with the proviso that they are
not both double within the same unit; and the further proviso that at Jeast one bond is a
double bond;
R', R? and R’ are independently of each other hydrogen, (C;-Cs) atkyl, or (Cy-Cy) alkoxy;
and m is 1; or any stereoisomer, or mixture of stereoisomeré thereof’ or

a compound selected from the group consisting of:
2-(3-hydroxy-3,7-dimethyloct-6-en-1-y1)-3,5,6-trimethylcyclohexa-2,5-diene-1,4-dione;
2-(3-hydroxy-3,7-dimethyloct-6-en-1-vl}-5,6-dimethoxy-3-methylcyclohexa-2,5-diene-
1,4-dione; |
2-(3-hydroxy-3,7,11-trimethyldodec-6-en-1-y1)-3,5,6-trimethylcyclohexa-2,5-diene-1,4-
dione;
2-(3-hydroxy-3,7,11-trimethyldodeca-6,10-dien-1-y1}-3,5,6-trimethyleyclohexa-2,5-
diene-1,4-dione;
2-(3-hydroxy-3,7,11-trimethyldodec-6-en-1-y1)-5,6-dimethoxy-3-methylcyclohexa-2,5-
diene-1,4-dione; and
2-(3-hydroxy-3,7,1 1 -trimethyldodeca-6,1 0-dien-1-yl)-5,6-dimethoxy-3-methylcyclohexa-
2,5-diene-1,4-dione; | |

or the hydroquinone form thereof, or any stereoisomer, or mixture of stereoisomers thereof;

in the manufacture of a medicament for preventing, reducing, ameliorating or treating an
ophthalmic disorder, or for stopping the progression of, or reversing, the loss of vision in
a patient; wherein the ophthalmic disorder is associated with a disorder selected from the

group consisting of Leber’s Hereditary Optic Neuropathy (LHON); Dominant Optic
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10.

11.

Atrophy (DOA); Chronic Progressive External Ophthalmoplegia (CPEO);
Spinocerebellar ataxia (SCA); 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);
an overlap syndrome; Co-Enzyme Q10 (CoQ10} Deficiency; Complex I deficiency;
Complex H deficiency; Complex III deficiency; Complex IV deficiency; Complex V
deficiency; a neurodegenerative disease; Parkinson's disease; Alzheimer's disease;
Amyotrophic Lateral Sclerosis (ALS); a motor neuron disease; Huntington's Disease; an
age-associated disease; glaucoma; a disorder of the outer retina; macular degeneration;
age related macular degeneration; juvenile macular degeneration; diabetic retinopathy;
Progressive Supranuclear Palsy (PSP); a Parkinson-like disease; Chacot-Marie-Tooth
Disease; a Mucopolysaccharidosis; Adrenoleukodystrophy; Niemann-Pick discase:
Krabbe's disease; Pelizacus-Merzbacher disease; and Progressive Encephalopathy,
Edema, Hypsarrhythmia and Optic Atrophy (PEHO); or

wherein the ophthalmic disorder is associated with a trauma selected from the group
consisting of retinal ischemia, an acute retinopathy associated with trauma, a post-
surgical complication, damage associated with laser therapy including photodynamic
therapy (PDT), traumatic optic neuropathy (TON), damage associated with surgical light
induced iatrogenic retinopathy, damage associated with a corneal transplant, and damage

associated with stem cell transplant of eye cells,

The formulation of any one of Claims 1-6, for use as defined in said claim, wherein the

formulation is administered orally.

The formuiation of any one of Claims 1-6, for use as defined in said claim, wherein the

formulation is administered topically.

The formulation of any one of Claims 1-6, for use as defined in said claim, wherein the
formulation is administered topically in eye drops or an irrigating solution, periocularly,

or intraocularly.

The formulation of any one of Claims 1-6 and 8-10, for use as defined in said claim,
wherein the ophthalmic disorder is associated with a disorder selected from the group

consisting of Leber’s Hereditary Optic Neuropathy (LHON); Dominant Optic Atrophy
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12.

13.

14.

15.

16.

(DOA); Chronic Progressive External Ophthalmoplegia (CPEQ); Spinocerebellar ataxia
(SCA); 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); an overlap syndrome; Co-Enzyme
Q10 (CoQ10) Deficiency; Complex I deficiency; Complex II deficiency; Complex 1
deficiency; Complex [V deficiency; and Complex V deficiency.

The formulation of any one of Claims 1-6 and 8-10, for use as defined in said claim,
wherein the ophthalmic disorder is associated with a disorder selected from the group
consisting of Leber’s Hereditary Optic Neuropathy (LHON); Dominant Optic Atrophy
(DOA); and Chronic Progressive External Ophthalmoplegia (CPEO).

The formulation of any one of Claims 1-6 and 8-10, for use as defined in said claim,
wherein the ophthalmic disorder is associated with a disorder selected from the group
consisting of Friedreich’s ataxia (FRDA); Mitochondrial Myopathy, Encephalopathy,
Lactacidosis, and Stroke (MELAS); Myoclonic Epilepsy with Ragged Red Fibers
(MERRF); Leigh's syndrome; Kearns-Sayre Syndromé (KSS); and an overlap syndrome .

The formulation of any one of Claims 1-6 and 8-10, for use as defined in said claim,
wherein the ophthalmic disorder is associated with a disorder selected from the group
consisting of a neurodegenerative disease; Parkinson's disease; Alzheimer's disease;
Amyotrophic Lateral Sclerosis (ALS); a motor neuron disease; Huntington's Disease; an
age-associated disease; glaucoma; a disorder of the outer retina; macular degeneration;

age related macular degeneration; and juvenile macular degeneration.

The formulation of any one of Claims 1-6 and 8-10, for use as defined in said claim,
wherein the ophthalmic disorder is associated with a disorder selected from the group
consisting of diabetic retinopathy; Progressive Supranuclear Palsy (PSP); a Parkinson-like
disease; Chacot-Marie-Tooth Disease; a Mucopolysaccharidosis; Adrenoleukodystrophy;
Niemann-Pick disease; Krabbe's disease; Pelizacus-Merzbacher disease; and Progressive

Encephalopathy, Edema, Hypsarrhythmia and Optic Atrophy (PEHO).

The formulation of any one of Claims 1-6 and 8-10, for use as defined in said claim,

wherein the ophthalmic disorder is associated with a trauma selected from the group
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consisting of retinal ischemia, an acute retinopathy associated with trauma, a post-
surgical complication , damage associated with laser therapy including photodynamic
therapy.(PDT), traumatic optic neuropathy (TON), damage associated with surgical light
induced iatrogenic retinopathy, damage associated with a corneal transplant , and damage

associated with stem cell transplant of eye cells.

17. A compound of the Formula L.

. Formula I
or the hydroquinone form thereof,

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

wherein the compound is selected from the group consisting of:

(@)

“or the hydroquinone form thereof,
Whereiﬁ:
the bond indicated by a dashed line is double or single;
either R* and R* are independently of each other (C1-Cy) alkoxy and R' is (C,-Cq) alkyl
or hydrogen, or R', R?, and R* are independently of each other (C;-Cy) alkyl; and
m is an integer from 0-1;
or any stereoisomer, mixture of stereoisomers, or salt, thereof;
with the proviso that the compound is not 2~(3—hydroxy-&,7mdimethyloct~6—en—I—yi)—3,5,6—
trimethylcyclohexa-2,5-diene-1,4-dione, , lor the corresponding hydroquinone form

thereof; and
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(b)

or the hydroquinone form thereof,

wherein: _

the bond indicated by a dashed line is a doubie bond;

R}, R?, and R* are independently of each other hydrogen, (C,-Cy) alkyl, or (C;-Ce) alkoxy;
andmis 1,

or any stereoisomer, mixture of stercoisomers, or salt thereof.
18. The compound according to claim 17, wherein m is 0 in the compound in (a).
19. The compound according to claim 17, wherein m is 1.

20. A compound according to claim 17, wherein the compound is selected from the group
consisting of:
2-(3-hydroxy-3,7-dimethyloct-6-en-1-y1)-5,6-dimethoxy-3-methyleyclohexa-2,5-diene-
1,4-dione;
2-(3-hydroxy-3,7,11-trimethyldodeca-6,10-dien-1-y1)-3,5,6-trimethylcyclohexa-2,5-
diene-1,4-dione;
2-(3-hydroxy-3,7,11-trimethyldodec-6-en-1 ~yl)-3,5,6-trimethy}éyciohexa~2,5-di ene-1,4-
dione;
2-(3~hydroxy-3,7,11-trimethyldodeca-6,10-dien-1-y1}-5,6-dimethoxy-3-methylcyclohexa-
2,5-diene-1,4-dione;
2-(3-hydroxy-3,7,1 1-trimethyldodec-6-en-1-yl})-5,6-dimethoxy-3-methyleyclohexa-2,5-
diene-1,4-dione; |
and the hydroquinone forms thereof;

or any stereoisomer, mixture of stereoisomers, or salt thereof.

69



21. The compound according to any one of claims 17-20, wherein the compound is a

quinone.
22. The compound of claim 20, wherein the compound is 2-(3-hydroxy-3,7,11-

trimethyldodeca-6,10-dien-1-y1}-3,5,6-trimethylcyclohexa-2,5-diene-1,4-dione; or any

stereoisomer, mixture of stercoisomers, or salt thereof.
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CEATRES

What is claimed is:

1. A formulation for use in preventing, reducing, ameliorating or treating an ophthalmic
disorder, or for stopping the progression of, or reversing, the loss of vision in a patieng
wherein the formulation comprises an ophthalmically effective amount of one or mpbre
compounds selected frony: |

guinones of Formula b

Formulal

and the hydroguinone forms thereof,
wherein: _
the bonds indicated by a dashed line are indepé deﬁﬂ v of each other, at each oceurrence,
double or single with the proviso that at one bond is a double bond, and with the
proviso that they are not both double wigf in the same 1L
R’ R?, and R® are independently oFeach other hydrogen, (C:-Cg) alkyl, or {C-Cg)
alkoxy; and V4
m 1s an integer from 0-1 or 3 2 inclusive, wherein each unit is the same or different;
or any stereoisomer, mipfl re of sterecisomers, hydrate or solvate thereof
wherein the ophthalpéic disorder is associated with a disorder selected from the group
consisting of an m‘ited. mitochondrial disease; Leber’s Hereditary Optic Neuropathy
(LHON}; Dot vant Optic Atrophy (IDOA); Chronic Progressive External
Ophthalmegia {CPEQO); Spinocerebellar ataxia (SCA); Leigh's Syndrome; Friedreich’s
ataxia [ DA}; Mitochendrial Myopathy, Encephalopathy, Lactacidosis, and Stroke
(M AS); Myoclonic Epilepsy with Ragged Red Fibers (MERRE); Kearns-Sayre
__ (KS8); an overlap syndrome; Co-Enzyme Q10 (CoQ10) Deficiency; Complex
‘. I deficiency; Complex II deficiency; Complex Ii deficiency,; Complex IV deficiency;

Complex V deficiency; a neurodegenerative disease; Parkinson's disease;, Alzheimer's

P
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disease; Amyotrophic Lateral Sclerosis (ALS}; a motor nearon disease; Huntington's

Disesse; an age-associated disease; glavcoma; a disorder of the outer retina; macula

wherein the ophthalmic disorder is associated with 2 traumas seledled from the group

consisting of refinal ischemia, an acuteretinopathy asmcﬁaj;}grwéth frauma, a post-

#yv including photodypandc

surgicat complication, damage assdoiated with laser therag
thepapy (PDT), raumatic optic newropathy (TON), dagfage associated with surgical light

induced iatrogenic retinopathy, damage assc&r;;ia%c%ﬁith a-coreal transplant, and damage

agsociated with stem cell transplant of eve Cﬁﬂiﬁ
r 4

2. The formulation of Claim 1, for use as gé{ﬁncd in said claim, wherein the formulafion
comprises an ophthalmically effectivg’amount of ene or more compounds selected from:
L e
P Formula [-a
and the b }fd?éqném}m forms thereof,
wherein,#
r g
the b?@{d indicated by a dashed ling is double or single;
o 3 ~ o b .
%;%R , and R” are independentdy of each other hydrogen, (C-Cq) alkyl, or (C-Cslalkoxy:
e
Fand

#  mis 01 or 3-12 inclusive, wherein each unit is the same or different;

A

ar sny sterenisomer, moxiure of gtereoisomaers, hvdrate or salvate thereof
E > 13¥

3
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3. The formulation-of Claim 1, for use as defined in said claim, wherein the formulation
comprises an ophthalmically effective amount of one or more eomipounds selected fromy#

guinones of Formula T-c:

Formula I-¢

and the hydroguinone forms thereod,

wherein: fcﬁ

the bonds indivated by a dashed line are double or singll, with the provise that they are

i
not both double within the same unit; and the farthgf proviso that at least one bond is &

double bond,
RY R®, and R are independently of each othefhvdrogen, (Cr-Co) alleyl, or (C-Cy} alkoxy:
and m is 1 or an integer from 3-12 inclusiye, wherein each unit is the same or different;

or any stereotsomer, mivture of stereo;

i

omers, hydrate or solvaie thereof:
4. The formulation according to Clum 1, for use as defined in said claim, wherein the one
or more componnds are seleced from the group consisting oft _

£ L ] .
2-(3-hydrox y~3-,?—dim-$*;§}%cf—6—m* I~y1)-3,5 6-teimethyleyclobexa-2, 5-diene- 1, 4-dione;
2-(3-hydroxy-3,7-dimep tvloct-6-en-1-v1)-3,6-dimethoxy-3-methylevclohexa-2, 5-diene-

iA-dione;

2-{3-hydroxy-3, %1 -rimethyldodec-6-en-1-911-3 3, 6-trimethylovclobexa-2, 5-diene- 1 4-

diane:

fene-1,4-dione;
2-(3-hydroxy-1,7,1 -trimethyldodeca-6,10-dien-1-y1)-5, 6-dimethoxy-3-methvleyclohexas

2.5-diene-1,4-dione;




2-( w—hyc Taxy-3,7 1 13,19, 23-hexamethyitetracosa-6,10, 14,18, 22 -pentaen-1-y1)-3.3,6-
imn@tlzyicf;sclane};a—~,S diene-1,4-dione;
S3-(3-hydroxy-3,7,11,15,19,23- he\nmethgvltcti%ma 6 10,14,18,2 —wenta.en-l’—y%)#;?,;a»
dimethylovelohexa-2,5-diene-1 4-dione;
2-(3-hydrexy-3,7,11,15,19,23-hexamethylictracos-6-eo- 1 -y1}- 5, 6-dimethony-3-
methylcyelohexa-2,5-diens-1 4-dione;
2-(3-hydroxy-3,7.11,15,19.23-hexamethyltetracosa-6,10,14, 18 22 pentacnd-vi}-5,6-
dimethoky-3-methyicyclohexe-2, 5-diene- 1 d-dione;
5»(3%}@1‘0;{3@ 7.11,15,19 25 -hexamethyltetracosa-6,10,14,18,22-pefitaen-1-y1)-2,3-
dimathoxveyelohexa-2,5-diene-1 4-dione;

Z-(3-bydrowy-3,7,11,15,19,23,27 31 3 5-nonamethvikiexatriacomta-6

octagn-~1-vi}-3,5 6-trimethvlovelohexa-2, 5-dieng-1 —r—ﬁmﬁe;

aconta-0,] O-dien-1-v1)-3,5,6-

-

245 —?13/‘{%2‘@:};—3 F,00,15,19.23 27 51 35-nonamethvibexe

trimethyicyelo -2.5-diene-1 4-dione;
2-(3-hydroxy-3.7,11,15,19,25.27 51 3 5nonamethyfhexatrisconta- 6 14 18.22,26 30,34

octgen-1~vi}-3,0-dimethoxy-3omethyvleyvelohexgdl 5-diene-1 d-dione;
2-A-hydroxy-3,7,11,15,19,23 27 31 35-nongfethylhexatriaconta-6,] G-dien-1-y1)-5,6-
dimethoxy-3-methyleyclobexa-2,5-diene
5-(3-nydroxy-3,7,11,15,19,23,27 31 2 Fnonamethylbexatrieconta-6,10,14,18.22,26 30

ogtaen-1~vI2, 3-dimethoxyoveloh

ot any sterepisomer, mixture 47 steréoisomers, hvdrate gr solvate thereof,

or more amnpaumﬂg;m selected from the grouy cansis’ting ofi

2—{’3’&1}?&1‘%3&Bfﬁimethyi@cm’i-@nw1 -yi}3,3, 6-trimethyleyciohexa- 2, 5-diene- 1 4-dione;

-3, 56-rimethvlcvelohexa-2,5-




6. The formulation according to any one of Claims 1-4, for use as defined m said claim,

wherein the one or more compounds are quinones.

o

7. The formulation of any one of Claims 1-6, for use as defined in said claim, addition%k

comprising & pharmaceutically or ophthalmically acceptable vehicle,

8 Useof a compound of Formula [ as defined in claim 1, Formula I-a as in claim 2,
Formula I-c as defined in claym 3, or 2 oompouﬁd according to claim 4, gr the
hydroquinone forms thereot, or any sterecisomer, mixture of stereolgémers, hydrate or
solvate thereof, in the manufacture of a medicament for preventi 'ree:iu cing,
ameliorating or treating an ophthalmic disorder, or for stopping he progression of, or

almic disorder is associated

the outer retina; macuis jﬁegeneration; age related macular degeneration; juvenile

macular degenm'a_i:io £ diabetic retinopathy; Progressive Supranuclear Palsy (PSP); a

Parkinson-like digéase; Chacot-Marie-Tooth Disease; 2 Mucopolysaccharidosis;

Adrenoleuk.o@ ‘s:ﬁmphy; WNiemann-Pick disease; Krabbe's discase; Pelizasus-Merzbacher
disease; ang "igro gressive Encephalopathy, Edema, Hypsarthythmia and Optic Atrophy
(PEH(?J%}

whe}@‘ym the ophthalmic disorder is associated with a frauma selected from the group

cgﬂéistiag of retinal ischemia, an acute retinopathy associated with trauma, a post-
&

ﬁg;ﬁ’Surglcai complication, damage associated with laser therapy including photodynamic

fﬁ? therapy (PDYT), traumatic optic neuropathy (TON), damage associated with surgical light

&
y

V

4
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/
induced iatrogenic retinopathy, damage associated with a corneal transplant, and damagg

associated with stem cell transplant of eve cells.

o

9. The formulation of any one of Claims 1-7 , for use as defined in said elaim, w%efi'ein the
formulation is administered orally. f%”

10. The formulation of any one of Claims 1-7 , for use as defined in said %}@ﬁin, wherein the

i

formulation is administered topically. f%

11. The formulation of any one of Claims 1-7 , for use as defineddin said claim, wherein the
formulation is adminstered topically in eye drops or an i;_aﬁng solution, periccularly,

or infraocularly.

12, The formulation of any one of Claims 1-7 and for use as defined in said claim,
wherein the ophthalmic disorder is associat ﬁh a disorder selected from the group
consisting of an inherited mitochondrial dis, se; Leber’s Hereditary Optic Neuropathy
{(LHON); Dominant Optic Atrophy (D% Chronic Progressive External
Ophthalmoplegia (CPEO} Sp‘izxocer&;ﬂar ataxia {SCA); Leigh's Syndrome; Friedreich's
ataxia (FRIDAY), Mitochondrial My a*chy, Encephalopathy, Lactacidosis, and Stroke
(MELAS); Myoclonic Epﬂep:;'ith Ragged Red Fibers (MERREF); Kearns-Sayre
Syndrome (KSS),; an overlag ynd}"ome; Co-Enzyme Q10 (CoQ10) Deficiency; Complex
I deficiency; Complex 11 ﬁci,ency; Complex I deficiency; Complex IV deficiency; and
Complex V deﬁcian}ﬁ "

13. The fomnﬂatiog;é%f any one of Claims 1-7 and 9-11, for use as defined in said claim,
wherein the 4 @Etha'imic disorder is asseciated with a disorder selected from the group
consisting/of Leber’s Hereditary Optic Neuropathy (LHON); Dominant Optic Atrophy

(DOA;

¢ and Chronic Progressive External Ophthalmoplegia (CPEO).

14. Phe formulation of any one of Claims 1-7 and 9-11, for use as defined in said ¢laim,
¢ wherein the ophthalmic disorder is associated with a disorder selected from the group

consisting of Friedreich’s ataxia (FRDA): Mitochondrial Myopathy, Encephalopathy,
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i vy,

Lactacidosis, and Stroke (MELAS); Myoclonic Epilepsy with Ragged Red Fibers

(MERRFY; Leigh's rsyndz*ome; Kearns-Sayre Syndrome (KSS); and an overlap syndrome .

_ : #
5. The formulation of any one of Claims 1-7 and 9-11, for use as defined in said clabm, 7

wherein the ophthalmic disorder is associated with a disorder selected from the arg o
consisting of & neurodegenerative disease; Parkinson's disease; Alzheimer's disgh
Amvotrophic Laters! Sclerosis (ALSY, a motor neﬁmﬁ. i%is;-é&ée; Hhuntington's Disease; an
age-associated disease; glaucoma; a disorder of the outer reting; mdmla"l egeneration;

age related macular degeneration; and mvs,m le macular dcgcnemgoz},:f

/£

‘*‘%«\x\

16, The formulation of any one of Claims 1-7 and 9-11, for use aqﬂéb *ﬁ ned in said claim,
wherein the ephthalmic disorder is associated with & disordgh selected from the grﬁup

conmsting of disbetic retinopathy; Progressive Supranuchear Palsy (PSP, a Parkinson-like

Miemgnn-Fick disease, Krabbe's disense; Pelizacpt-Merrbacher disease; md mgrcf:wve

Encephalopathy, Edems, Hypsarrhyvthmia angyf mwtic Afrophy (PEHO).

/

J§' - - ' . -
17, The formulation of any one of Claims }gj; and 9-11, foruse as defined in sad claim,

wherein the ophthalmic disorder is gdSociated with & trauma selected from the group

consisting of retinal ischemia, m}ﬁ?ﬁuﬁa%ﬁﬂopaﬁy associated with trauma. a post-
surgical complication , &am;g@ associated with laser therapy including photodynamic

therapy (PDT), traumatic ghtic neurapathy (TOMN), damage associated with surgical Hght

induced iatrogenic refig mﬁh v, damage associated with a corneal transplant , and damage

&ab
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or the bydroguinone form thereof,
whereln;

the bond iﬁdicat.ed by a dashed line is double or single;

RY RS, and R are mdependently of each other hydrogen, (C;-Cs) alkyl, or (C-Ce) glloxy;
and fﬂ
m is an integer from 0-1 or 3-12 inclusive, wherein each unit is the same or E}%%fﬁl"ﬁ}?ﬁ;

or any sterecisomer, mixture of sterecisomers, prodrug, metabolite, sali, ¢fvstalline form,

non-erystalline form, hydrate or solvate thereof; y .
with the provise that the compound is not 2-{{6E,10E,14E 185,22 ~L6H, 308, 34E)-3-
hydroxy-3,7,11,15,19,23,27.31,35.39-decamethyl-6,10,14,1 &%{52;{%;,36,34,33-

tetracontanonaen-1 -yii-5,6-dimethoxy-3-methyl-2, S-cyclohegadiene- 1 4-dione, 2-(3-

hydroxy-3,7,11,15,19,23 27-heptamethvi-6,10,14,18,22,2¢

S-octacosahexaeny!}-5,6-

dimethoxy-3-methyl-p-benzoquinone or an isotopologde thereof, 2-{3-hydrogy-3,7-
dimethyloct-6-en-1-y1)-3,3,6-grimethyleyelohera-28-diene-1 4-dione, 5-{3-hydroxy-

3,71 -trimethyldodeca-6,10-dien-1-313-2,3~dimgthvieyclohexa-2,5-diene-1,4-dione, or
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20.

21.

RY R and R? are independently of each other hydrogen, {C-C) alkyi, or (Ci-Ce)

m is 1 or an integer from 3-12 inclusive, wherein each unit is the same or different, /

/

or any sterecisomer, mixture of stereoisomers, prodrug, metabolite, salt, crystaﬂii{?/fgomu

non-crystalline form, hydrate or solvate thereof.

The compound according to claim 18, wherein m is 0, Vi
/
The compound according to any one of claims 18-19, wherein m is &,
4
/
F
. A compound selected from the group consisting oft rd

2-(3-hydroxy-3,7-dimethyloct-6-en-1 —yi}-SﬁS—dimeﬂmxy-éf?; ethyleyclohexa-2,5-diene-

1, 4-dione; e 4

2-(3-hydroxy-3,7,1 [-trimethyldodeca~6, 1 {-dien-1 MZ}%{‘S 5. 6-trimethyleyclohexa-2,5-
diene-1,4-dione; F

2-(3-hydroxy-3,7,1 i-trimethyldodec-6-en-1-yi-3,5,6-trimethyleyelohexa-2,5-diene- 1 4~
dione; ‘

2-(3-hydroxy-3,7,1 l-trimethyldodeca-6y 0-dien-1 -y13-5,6-dimethoxy-3-methyloyeichexa-
2,5-diene-1,4-dione;

2-(3-hydroxy-3,7,1 l—trimethylé -6—(~m—1 -yi}-5,6-dimethoxy-3-methyicyclohexa-2,5-
diene-1,4-dione;

sthyihemdcca~6, 10, 144nen-1-y1)-5,6-dimethoxy-3-

2-(3-hydroxy-3,7,11,15-tel
methvicvelohexa-2,5-dig e— 1,4-dione;
2-(3-hydroxy-3,7,1 -tetramethylhexadec-6-en-1-v1}-5,6-dimethoxy-3-
me:thylcy{:lohexi -diene-1 4-dione;

5-(3 —hydmxy—,, 11,1 5-tetramethvihexadeca-6,10,14-trien-1-v1)-2,3~

dimethoxygyclohexa-2,5-diene-1,4-dione;
2,3-diet ﬂ~5—(3 -hydroxy-3,7,11,15-tetramethylhexadeca-6,10, 1 4-trien-1-yi}-G-
methyleyclohexa-2,5-diene-1,4-dione;

%ﬁé -hydroxy-3,7,11,15-tetramethylhexadeca-6,10,14-trien-1-v1)-3,6-diisopropyl-3-

gf ;;n ethylevelohexa-2 5-diene-1 4-dione;

65d
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5-(3-hydroxy-3,7,11,15,19,23-hexamethylietracosa-6,10,14,18,22-pentaen-1-y1)-2.3~
dimethoxycyclohexa-2,5-diene-1,4-dione;
2-(3-hydroxy-3,7,11,15,19,23-hexamethyltetracosa-6,10,14,18, 22 -pentaen-1 ~yi)-5;-6i
dimethoxy-3-methylcyclohexa-2,5-diene-1 4-dione; ' f}_ﬁg
2-(3-hydroxy-3,7,11,15,19,23 -hexamethyltetracos-6-en-1 —y%}-ﬁ,é»dim@thej\}_ﬁw
methyleyclohexa-2,5-diene-1,4-dione; P
2-3-hydroxy-3,7,11,15,19,23- hexamethyltetracosa-6,10,14,1 8,22~pey§in~ 1-v1)-3,5,6-
trimethylcyclohexa-2,5-diene-1,4-dione; ﬁff
5-(3-Lydroxy-3,7,11,15,19,23-hexamethyltetracosa-6,10,14,18,2 Fﬁypeﬂtden-l ~y1)- ’7,3.—
dumethyleyelohexa-2,5-diene-1,4-dione; ;’
2-(3-hydroxy-3,7,11,15,19,23,27,31.35- nonmnethylhem}fioma—é 10,14,18,22,26,30,34-
octaen-1-y13-3,5,6-trimethyleyclohexa-2,5-diene- 1 4—d;fmu,

2- (3-hydroxy-3,7,11,15,19,23,27,31 3ynmamethylhexairlacon‘caw 10,14,18,22,26.30,34-
octaen-1-y1)-5,6-dimethoxy- 3~naetiw§c,yc§obexa~2 S diene-1,4-dions;
5-(3-hydroxy-3,7,11,15,16,23,27 .31 33~ﬁon§;mthykhe;\ahaconta*{ 10,14,18,22.26,30,34-
octaen-1-y1)-2,3~dimethoxycyclohexa-2,5 ﬁienﬁ' 1.4-dione;
2-(3-hydroxy-3,7,11,15,19,23,27,31,3 ;ﬁfoﬂamct’rmhexamacoma 6,10-dien-1-y1)-5,6-
dimethoxy-3 methvlcya,iohexa 2 5 diene-1,4-dione;

2-(3-hyéroxy-3,7, 12 15,19,23.2 y"@l 35-nonamethylhexatriaconta-6,10-dien-1-y1)-3.5,6-

trimethylicvelobhexa-2,5-dien 1 JA-dione;
2-(3-hydroxy-3,7.11,1 5-teffamethylhexadec- 1 d-en-1-y13-3.5 6-trimethyleyelchexa-2,5-

diene-1,4~dione;

2-(3-hydroxy-3.7,1 W1 S-tetramethylbexadec-15-en-1-y1)-3,5,6-trimethyleyclohexa-2, 5-
diene-1,4-dicne, #

and the hydro, fninone forms thereof:

- or any stepgoisomer, mixture of stereoisomers, prodrug, metabolite, salt, crystalline form,

non-cryfialline form, hydrate or solvate thereof.

e compound according to any one of claims 18-22, wherein the compound is 2

¢ quinone.

G5e




24, The compound of claim 22, wherein the compeound is 2-(3-hvdroxy-3,7,11-
trimethyldodeca-6,1 0-dien-1-yi)-3,5.6-trimethyleyclohexa-2,5-diene-1,4-dione; or any

sterecisomer, mixture of stereoisomers, salt, crystalline form, non-crystalline form,

hydrate or solvate thereof.
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