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Description

TECHNICAL FIELD

[0001] The application discloses compounds for use
in methods of treatment or suppression of diseases and
symptoms related to oxidative stress affecting normal
electron flow in the cells or caused by reactive oxygen
species. The state of oxidative stress can be induced by
radiation exposure.

BACKGROUND

[0002] Oxidative stress is caused by disturbances to
the normal redox state within cells. An imbalance be-
tween routine production and detoxification of reactive
oxygen species such as peroxides and free radicals can
result in oxidative damage to the cellular structure and
machinery.
[0003] Oxygen poisoning or toxicity is caused by high
concentrations of oxygen that may be damaging to the
body and increase the formation of free-radicals and oth-
er structures such as nitric oxide, peroxynitrite, and tri-
oxidane. Normally, the body has many defense systems
against such damage but at higher concentrations of free
oxygen, these systems are eventually overwhelmed with
time, and the rate of damage to cell membranes exceeds
the capacity of systems which control or repair it. Cell
damage and cell death then results.
[0004] A cause of oxidative stress is radiation. Radia-
tion is known to produce various reactive oxygen species
(ROS) in biological systems such as superoxide, hydro-
gen peroxide and hydroxyl radical and cause various
types of tissue damage due to free radical reactions
(Adler V. et al., Oncogene 1999 Nov 1; 18(45):6104-11).
Reactive oxygen species and free radicals react with nu-
cleic acids, lipids, proteins and carbohydrates and induce
damage. Cytoplasmic irradiation can result in damage to
nuclear DNA. Experiments with free radical scavengers
have shown this DNA damage is dependent on ROS gen-
eration (Spitz DR, et al. "Metabolic Oxidation/Reduction
Reactions and Cellular Responses to Ionizing Radiation:
A Unifying Concept in Stress Response Biology." Cancer
and Metastasis Reviews. (2004) 23:311-322; and Wu LJ,
et al., "Targeted Cytoplasmic Irradiation with Alpha Par-
ticles Induces Mutations in Mammalian Cells." Proceed-
ings of the National Academy of Sciences. (1999) 96(9):
4959-4964).
[0005] Exposure to ionizing radiation (such as X-rays,
gamma rays and alpha- or beta-radiation) can cause
damage to cells. The damage can result in cell death
(e.g. through apoptosis), or can cause genetic changes
in the cell, resulting in unchecked cell proliferation and
cancer. While in general, exposure to such radiation is
therefore undesirable, the administration of carefully reg-
ulated doses is an accepted treatment for certain can-
cers. By targeting the radiation to a tumor, cells can be
destroyed. A frequent complication of radiotherapy is the

irradiation of normal tissues surrounding the cancerous
tissues. Such normal tissues are often damaged by the
radiation resulting in undesired injury to normal cells and
tissues, which can have severe consequences for the
affected patient.
[0006] Radioprotective agents, also known as radio-
protectors, are defined as agents that protect cells or
living organisms from deleterious cellular effects of ex-
posure to ionizing radiation. These deleterious cellular
effects include damage to cellular DNA, such as DNA
strand break, disruption in cellular function, cell death
and /or carcinogenesis. The mechanism of the protective
effect may at least be partially due to radical scavenging
properties and cell cycle modulating properties of the ra-
dioprotective agents. These agents, administered prior
to, during, and/or after exposure to radiation would elim-
inate or reduce the severity of deleterious cellular effects
caused by exposure to environmental ionizing radiation
such as those resulting from a nuclear explosion, a spill
of radioactive material, close proximity to radioactive ma-
terial and the like.
[0007] In addition, these agents are believed to provide
a selective protection of normal cells and non-cancerous
cells during cancer therapy. For example, these agents,
administered to the cancer patient prior to or during ra-
diation therapy, will be absorbed by normal, non-cancer-
ous cells to provide a protective effect. However, the ra-
dioprotective agents will be absorbed to a lesser or no
effect by tumor cells due to their different vascularity and
their other known biological differences from normal
cells.
[0008] The treatment of malignant tumors through the
use of radiation is often limited by damage to non-tumor
cells. Damage to the non-tumor cells can exceed the ef-
fectiveness of the radiation therapy. The main consider-
ation in establishing radiation doses for cancer radiother-
apy is the assessment of tolerance of the most radiosen-
sitive normal tissue or organ in the treatment field. Often
the maximum tolerable doses are insufficient to eradicate
the tumor. Thus the use of a radioprotective agent would
greatly increase the tolerable dose, and therefore the
prospects of eradication of tumors and treatment of can-
cer. Cell survival and adaptation to an environment con-
taining radiation can mainly depend on the ability of cells
to maintain optimal function in response to free radical-
induced damage at the biochemical level. There remains
an acute need for non-toxic and effective radio-protec-
tors.
[0009] Exposure to radiation can also occur in other
ways, including exposure to normal background levels
of radiation (such as cosmic rays or radiation due to nat-
urally occurring isotopes present in the earth) or elevated
environmental radiation (including occupational expo-
sure of workers in medical facilities working in diagnostic
and therapeutic nuclear medicine or of workers in nuclear
power plants). Another potential source of exposure to
certain types of radiation is accidental or intentional re-
lease of radioactive materials, as the result of an accident
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or of terrorist activity, e.g. as the result of a radiologic
weapon such as a so-called "dirty-bomb."
[0010] There remains a need in the art for improving
patients in need of treatment of diseases related to oxi-
dative stress affecting normal electron flow in the cells
induced by chemical agents, radiation and/or disruptions
in the transport of oxygen to tissues. The present inven-
tors have unexpectedly discovered that administration of
the compounds of this invention are effective in improving
the outcome in patients that have suffered from radiation
exposure.

DISCLOSURE OF THE INVENTION

[0011] The present invention is based on the discovery
disclosed herein that administration of certain redox-ac-
tive therapeutics can prevent, reduce or treat diseases
related to oxidative stress. The compounds of the present
invention may be administered to promote the protection,
survival or regeneration of cells, tissues, and/or organs
after qualitative and/or quantitative disruptions in the
transport of oxygen to tissues that result from energy
disruption in red cells. The compounds of the present
invention may be administered to prevent or reduce the
effects of radiation in a patient exposed to radiation.
[0012] The present invention provides a compound
which is a redox-active therapeutic of Formula I, or a
stereoisomer thereof:

wherein,
the bonds indicated with a dashed line are all single or
all double,

R1, R2, and R3 are independently selected from the
group consisting of H, (C1-C4)-alkyl, (Ci-
C4)-haloalkyl, CN, F, Cl, Br, and I; and
R4 and R5 are independently selected from the group
consisting of hydroxy and (C1-C4)-alkyl, and R6 is
hydrogen; or
R4 is (C1-C4)-alkyl, and R5 and R6 are hydrogen; or
R4 is (C1-C4)-alkyl, and R5 and R6 together form a
double bond;

for use in a method of reducing or preventing the effects
of radiation in a mammal exposed to or at risk for expo-
sure to radiation;
said method comprising administering to the mammal a
therapeutically effective amount of said compound.
[0013] The invention embraces a compound for use in

a method of treating, preventing or reducing the effects
of radiation injury or radiation damage on normal cells of
a patient or subject incurring exposure to radiation, com-
prising administering to a subject in need thereof a ther-
apeutically effective amount of a redox-active compound
of the invention.
[0014] In another embodiment, the invention embrac-
es a compound for use in a method of reducing the effect
of ionizing radiation on normal cells in a subject at risk
of incurring exposure to ionizing radiation comprising ad-
ministering to said subject prior to, concurrently or after
the exposure to radiation, a therapeutically effective
amount of a redox-active compound of the invention.
[0015] In another embodiment, the invention embrac-
es a compound for use in a method of preventing radia-
tion injury to normal cells in a subject at risk of incurring
exposure to ionizing radiation comprising administering
to said subject prior, concurrently or after the exposure
to radiation, a therapeutically effective amount of a redox-
active compound of the invention.
[0016] In another embodiment, the invention embrac-
es a compound for use in a method for preventing or
reducing radiation injury or radiation damage on normal
cells in a mammal exposed to ionization radiation, com-
prising administering a therapeutically effective amount
of a redox-active compound of the invention to the mam-
mal, prior to a radiation exposure.
[0017] In another embodiment, the invention embrac-
es a compound for use in a method for preventing or
reducing radiation injury or radiation damage on normal
cells in a mammal exposed to ionization radiation, com-
prising administering a therapeutically effective amount
of a redox-active compound of the invention to the mam-
mal, subsequent to an accidental or intentional release
of radioactive materials.
[0018] In another embodiment, the invention embrac-
es a compound for use in a method of preventing death
of radiation-damaged or radiation-injured non-cancerous
cells with a therapeutically effective amount of a redox-
active compound of the invention.
[0019] In another embodiment, the invention embrac-
es a compound for use in improved radiotherapy meth-
ods for treatment of cancer, comprising administering to
a subject a therapeutically effective amount of a redox-
active compound of the invention, and then administering
to the subject an effective amount of radiation, such that
radiation injury to normal cells is decreased or eliminated.
[0020] In another embodiment of the invention, includ-
ing any of the foregoing embodiments, the radiation is
selected from the group consisting of diagnosing X-rays,
radiotherapy for cancer treatment, CAT-scans, mammo-
grams, radionuclide scans, interventional radiological
procedures under computed axial tomography (CAT) or
fluoroscopy guidance, tissue-incorporated radionuclides
from ingestion of contaminated food or water, and un-
controlled exposure to ionizing radiation from nuclear
weapons, radioactive spills and/or cosmic radiation.
[0021] The redox-active therapeutics are selected
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from one or more compounds of Formula I, and all ster-
eoisomersthereof.

MODES FOR CARRYING OUT THE INVENTION

[0022] The invention embraces compounds for use in
a method of treating or suppressing diseases and symp-
toms related to oxidative stress affecting normal electron
flow in the cells or caused by reactive oxygen species.
The redox-active therapeutics for treatment or suppres-
sion of oxidative diseases and associated aspects of the
invention are described in more detail herein.
[0023] By "subject," "individual," or "patient" is meant
an individual organism, preferably a vertebrate, more
preferably a mammal, most preferably a human.
[0024] By "radiation," as used herein, is meant radia-
tion, including ionizing radiation, capable of causing cel-
lular damage. Such forms of radiation include alpha rays,
beta rays, x-rays, gamma rays, and neutrons. In one em-
bodiment, ionizing radiation is radiation that has enough
energy to eject electrons from electrically neutral atoms,
leaving behind charged atoms or ions. In another em-
bodiment, ionizing radiation is a dose of radiation above
155 electron volts that may have carcinogenic, mutagen-
ic, or teratogenic health effects in humans. In another
embodiment, alpha rays are alpha radiation or alpha par-
ticles (helium nuclei). In another embodiment, beta rays
are beta particles (electrons). In another embodiment,
high frequency electromagnetic waves, x-rays, are gen-
erally identical to gamma rays except for their place of
origin. In another embodiment, neutrons are not them-
selves ionizing but their collisions with nuclei lead to the
ejection of other charged particles that do cause ioniza-
tion. Other forms of radiation sufficiently energetic to
cause damage to cells, such as ultraviolet (UV) radiation,
are also included. Sources of radiation include radioac-
tive isotopes, which may be naturally-occurring or man-
made, and cosmic rays. Radiation can be emitted due to
the gradual decay of radioactive isotopes, or due to nu-
clear fission or fusion events (as in an atomic bomb or
nuclear reactor). In certain embodiments, the radiation
is x-ray radiation or gamma radiation. In other embodi-
ments, the radiation is beta radiation. In other embodi-
ments, the radiation is alpha radiation. In certain embod-
iments, the radiation is due to radiation therapy. In certain
embodiments, the radiation is radiation due to radioactive
fallout or contamination.
[0025] The term "radiation damage," as used herein,
refers to damage to a nucleic acid molecule in a cell,
which damage is caused by exposure of the cell to radi-
ation. For example, radiation exposure can result in dou-
ble-strand breaks of nucleic acids. As another example,
radiation exposure can result in single-strand nicks,
breaks, or gaps in nucleic acids, as well as damage to,
or loss of, nucleic acid bases. As another example, radi-
ation exposure can result in nucleic acid translocations
or various other chromosomal abnormalities. Radiation
damage to nucleic acids may be direct or indirect, e.g.,

radiation may create free radicals, which in turn induce
nucleic acid damage. As used herein, the term "prevent-
ing radiation damage" means eliminating, ameliorating
or decreasing one or more indicia of radiation damage
in a treated cell, compared to an untreated cell. As used
herein, the term "protecting a cell or subject against ra-
diation damage" means eliminating or decreasing one or
more indicia of radiation damage in a treated cell com-
pared to an untreated cell. In one aspect, preventing (or
treating) radiation damage in a cell involves decreasing
damage to one or more nucleic acid molecules in cells
treated according to this invention by at least about 10% ,
20%, 30%, 40%, 50%, 80%, 90%, or 95%, compared to
untreated cells. In one aspect, preventing (or treating)
radiation damage means enhancing DNA repair in a nor-
mal cell.
[0026] "Treating" a disease with the compounds and
methods discussed herein is defined as administering
one or more of the compounds discussed herein, with or
without additional therapeutic agents, in order to reduce
or eliminate either the disease or one or more symptoms
of the disease, or to retard the progression of the disease
or of one or more symptoms of the disease, or to reduce
the severity of the disease or of one or more symptoms
of the disease. "Suppression" of a disease with the com-
pounds and methods discussed herein is defined as ad-
ministering one or more of the compounds discussed
herein, with or without additional therapeutic agents, in
order to suppress the clinical manifestation of the dis-
ease, or to suppress the manifestation of adverse symp-
toms of the disease. The distinction between treatment
and suppression is that treatment occurs after adverse
symptoms of the disease are manifest in a subject, while
suppression occurs before adverse symptoms of the dis-
ease are manifest in a subject. Suppression may be par-
tial, substantially total, or total. The compounds and
methods of the invention can then be administered to
asymptomatic patients at risk of developing the clinical
symptoms of the disease, in order to suppress the ap-
pearance of any adverse symptoms, for example the
compounds of the invention can be administered to pa-
tients undergoing radiotherapy at risk of radiation dam-
age or injury. "Therapeutic use" of the compounds dis-
cussed herein is defined as using one or more of the
compounds discussed herein to treat or suppress a dis-
ease, as defined above. A "therapeutically effective
amount" of a compound is an amount of the compound,
which, when administered to a subject, is sufficient to
reduce or eliminate either a disease or one or more symp-
toms of a disease, or to retard the progression of a dis-
ease or of one or more symptoms of a disease, or to
reduce the severity of a disease or of one or more symp-
toms of a disease, or to suppress the clinical manifesta-
tion of a disease, or to suppress the manifestation of ad-
verse symptoms of a disease. A therapeutically effective
amount can be given in one or more administrations.
[0027] As used herein, "redox-active therapeutics" em-
braces therapeutics comprising a moiety having the prop-
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erty of giving up electrons to a suitable oxidizing agent
or taking up electrons from a suitable reducing agent.
For the purposes of the present invention, the preferred
moieties comprise a quinone core structure. For the pur-
pose of the invention, the term includes derivatives of the
redox-active compounds defined herein, wherein one or
more hydrogen atoms have been replaced by a hydrogen
isotope, for example by deuterium. For the purpose of
the present invention, the term excludes β-Lapachone.

Examples of Redox-Active Therapeutic Compounds.

[0028] Redox-active therapeutic compounds used in
the present invention are selected from compounds of
Formula I:

wherein,
the bonds indicated with a dashed line can be all single
or all double,

R1, R2, and R3 are independently selected from H,
(C1-C4)-alkyl, (C1-C4)-haloalkyl, -CN, -F,-Cl, -Br, and
-I; and
R4 and R5 are independently selected from hydroxy
and (C1-C4)-alkyl, and R6 is hydrogen; or R4 is
(C1-C4)-alkyl, and R5 and R6 are hydrogen; or
R4 is (C1-C4)-alkyl, and R5 and R6 together form a
double bond;

and stereoisomers thereof.
[0029] Some examples of redox-active therapeutics
described in co-assigned US publications
2006/0281809, 2007/0072943, and 2007/0225261 are:

• alpha-tocopherol quinone (alternatively named as
2-(3-hydroxy-3,7,11,15-tetramethylhexadecyl)-
3,5,6-trimethylcyclohexa-2,5-diene-1,4-dione);

• 2,3,5-trimethyl-6-(3,7,11,15-tetramethyl-hexade-
cyl)-[1,4]benzoquinone;

• beta-tocopherol quinone;

• gamma-tocopherol quinone;

• alpha-tocotrienol quinone (alternatively named as
2-(3-hydroxy-3,7,11,15-tetramethyl-6,10,14-hexa-
decatrienyl)-3,5,6-trimethyl-2,5-cyclohexadiene-
1,4-dione or 2-(3-hydroxy-3,7,11,15-tetramethyl-

6,10,14-hexadecatrienyl)-3,5,6-trimethyl-p-benzo-
quinone, CAS Registry number 14101-66-7);

• beta-tocotrienol quinone;

• gamma-tocotrienol quinone;

• 2,3,5-trimethyl-6-(3,7,11,15-tetramethylhexadecyl)-
2,5-cyclohexadiene-1,4-dione;

• 2,3,5-trimethyl-6-(3,7,11,15-tetramethyl-2,6,10,14-
hexadecatetraenyl)-2,5-cyclohexadiene-1,4-dione;

• 2-butyl-3-(3-hydroxy-3,7,11,15-tetramethylhexade-
cyl)-5,6-dimethylcyclohexa-2,5-diene-1,4-dione;

• 2,3,5-trimethyl-6-(3,7,11,15-tetramethyl-hexadeca-
2,6,10,14-tetraenyl)-[1,4]benzoquinone;

• 2-butyl-3-(3-hydroxy-3,7,11,15-tetramethyl-hexa-
decyl)-5,6-dimethyl-[1,4]benzoquinone;

• 2-(3-hydroxy-3,7,11,15-tetramethyl-hexadecyl)-
5,6-dimethyl-3-propyl-[1,4]benzoquinone;

• 3-(3-hydroxy-3,7,11,15-tetramethyl-hexadecyl)-5-
methyl-2-propyl-[1,4]benzoquinone;

• 2-(3-hydroxy-3,7,11,15-tetramethyl-hexadecyl)-3-
isobutyl-5,6-dimethyl-[1,4]benzoquinone; and

• 3-hydroxy-3,7,11,15-tetramethylhexadecyl]-3,5,6-
trimethyl-2,5-cyclohexadiene-1,4-dione;

and all stereoisomers thereof.
[0030] For all the formulations and methods described
herein, any composition in the quinone form can also be
used in its reduced form (hydroquinone) when desired.
That is, the compounds recited herein as cyclohexadi-
enedione compounds (oxidized quinone) form can also
be used in their benzenediol (reduced hydroquinone)
form as desired.
[0031] While the compounds described herein can oc-
cur and can be used as the neutral (non-salt) compound,
the description is intended to embrace all salts of the
compounds described herein, as well as methods of us-
ing such salts of the compounds. In one embodiment,
the salts of the compounds comprise pharmaceutically
acceptable salts. Pharmaceutically acceptable salts are
those salts which can be administered as drugs or phar-
maceuticals to humans and/or animals and which, upon
administration, retain at least some of the biological ac-
tivity of the free compound (neutral compound or non-
salt compound). The desired salt of a basic compound
may be prepared by methods known to those of skill in
the art by treating the compound with an acid. Examples
of inorganic acids include, but are not limited to, hydro-
chloric acid, hydrobromic acid, sulfuric acid, nitric acid,
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and phosphoric acid. Examples of organic acids include,
but are not limited to, formic acid, acetic acid, propionic
acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid,
malonic acid, succinic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, cinnamic acid, mandelic acid,
sulfonic acids, and salicylic acid. Salts of basic com-
pounds with amino acids, such as aspartate salts and
glutamate salts, can also be prepared. The desired salt
of an acidic compound can be prepared by methods
known to those of skill in the art by treating the compound
with a base. Examples of inorganic salts of acid com-
pounds include, but are not limited to, alkali metal and
alkaline earth salts, such as sodium salts, potassium
salts, magnesium salts, and calcium salts; ammonium
salts; and aluminum salts. Examples of organic salts of
acid compounds include, but are not limited to, procaine,
dibenzylamine, N-ethylpiperidine, N,N-dibenzylethylen-
ediamine, and triethylamine salts. Salts of acidic com-
pounds with amino acids, such as lysine salts, can also
be prepared.
[0032] The invention also includes all stereoisomers
of the compounds, including diastereomers and enanti-
omers. The invention also includes mixtures of stereoi-
somers in any ratio, including, but not limited to, racemic
mixtures. Unless stereochemistry is explicitly indicated
in a structure, the structure is intended to embrace all
possible stereoisomers of the compound depicted. If ster-
eochemistry is explicitly indicated for one portion or por-
tions of a molecule, but not for another portion or portions
of a molecule, the structure is intended to embrace all
possible stereoisomers for the portion or portions where
stereochemistry is not explicitly indicated.
[0033] "C1-C6 alkyl" is intended to embrace a saturated
linear, branched, cyclic, or a combination thereof, hydro-
carbon of 1 to 6 carbon atoms. Examples of "C1-C6 alkyl"
are methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-
butyl, isobutyl, sec-butyl, t-butyl, cyclobutyl, cyclopropyl-
methyl, methyl-cyclopropyl, pentyl (where the point of at-
tachment of the pentyl group to the remainder of the mol-
ecule can be at any location on the pentyl fragment),
cyclopentyl, hexyl (where the point of attachment of the
hexyl group to the remainder of the molecule can be at
any location on the hexyl fragment), and cyclohexyl.
[0034] The terms "(C0-C4)-alkyl" "(C0-C6)-alkyl"
"(C0-C8)-alkyl" are intended to embrace a saturated lin-
ear, branched, cyclic, or a combination of linear and/or
branched and/or cyclic hydrocarbon chain and/or ring of
1 to 4, 1 to 6, or 1 to 8 carbon atoms, respectively, or, for
the option of Co, where the alkyl group is absent. If the
absence of the alkyl group results in an open valence,
as in -C(=O)-C0 alkyl, then Co alkyl represents a hydro-
gen atom. This term can represent either a monovalent
or a divalent hydrocarbon chain, for example,
(C0-C8)-alkyl can embrace (C1-C8)-alkyl and
(C1-C8)-alkylene chains. Terms such as
"(C0-C8)-haloalkyl" are interpreted in a similar manner,
that is, as C1-C8 haloalkyl or as an absent group, where
if the absent group results in an open valence, as in

-C(=O)-C0 haloalkyl, then Co alkyl represents a hydrogen
atom.
[0035] "C1-C6 alkylene" is intended to embrace a di-
valent saturated linear, or branched, hydrocarbon chain
of 1 to 6 carbon atoms. Examples of "C1-C6 alkylene"
are, but are not limited to ,-CH2-, -(CH2)2-, -CH(CH3)-,
-C(CH3)2-, --(CH2)3-, -CH2-CH(CH3)-CH2-,
-CH2-C(CH3)2-CH2-, -CH2-CH2-CH(CH3)-,
-CH2-CH2-C(CH3)2-, -(CH2)4-, -(CH2)5-, -(CH2)6-.
[0036] "Halogen" or "halo" designates fluoro, chloro,
bromo, and iodo.
[0037] "C1-C6 haloalkyl" is intended to embrace any
C1-C6 alkyl substituent having at least one halogen sub-
stituent; the halogen can be attached via any valence on
the C1-C6 alkyl group. Some examples of C1-C6 haloalkyl
is -CF3, -CCl3, -CHF2, -CHCl2, -CHBr2, -CH2F, -CH2Cl.
[0038] The term "aryl" is intended to embrace an aro-
matic cyclic hydrocarbon group of from 6 to 20 carbon
atoms having a single ring (e.g., phenyl) or multiple con-
densed (fused) rings (e.g., naphthyl or anthryl). A pre-
ferred aryl group is C6-C10 aryl.
[0039] The terms "heterocycle", "heterocyclic", "hete-
rocyclo", and "heterocyclyl" are intended to encompass
a monovalent, saturated, or partially unsaturated, carbo-
cyclic radical having one or more rings incorporating one,
two, three or four heteroatoms within the ring (chosen
from nitrogen, oxygen, and/or sulfur). Preferably the het-
erocyclic ring has between 2 and 6 carbon atoms. Ex-
amples of heterocycles include morpholine, piperidine,
piperazine, thiazolidine, pyrazolidine, pyrazoline, imida-
zolidine, pyrrolidine, tetrahydropyran, tetrahydrofuran,
quinuclidine, and the like.
[0040] The terms "heteroaryl", is intended to encom-
pass a monovalent aromatic, carbocyclic radical having
one or more rings incorporating one, two, three or four
heteroatoms within the ring (chosen from nitrogen, oxy-
gen, and/or sulfur). Preferably the heteroaryl ring has be-
tween 2 and 6 carbon atoms. Examples of heteroaryl
include pyridine, pyrazine, imidazoline, thiazole, isothia-
zole, pyrazine, triazine, pyrimidine, pyridazine, pyrazole,
thiophene, pyrrole, pyran, furan, indole, quinoline, quina-
zoline, benzimidazole, benzothiophene, benzofuran,
benzoxazole, benzothiazole, benzotriazole, imidazo-py-
ridines, pyrazolo-pyridines, pyrazolo-pyrazine, acridine,
carbazole, and the like.
[0041] The substituent "oxo" is =O, that is, an oxygen
with a double bond to the atom to which it is attached.
When oxo is listed as a potential substituent, it is intended
to be a substituent only on atoms within groups where
such substitution is chemically possible. For example, if
a list of substituents for cyclohexyl and benzene groups
recites "oxo" among the possibilities, the oxo group would
only be available for substitution on the cycloalkyl group,
and not on the benzene group, where such a substitution
would exceed the valence of any carbon atom of the ben-
zene group. Similarly, the oxo group would not be bonded
to either of the two sp-hybridized carbons involved in an
alkyne group.
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Diseases amenable to treatment or suppression with 
compounds and methods of the invention

[0042] A variety of diseases are believed to be caused
or aggravated by oxidative stress affecting normal elec-
tron flow in the cells or caused by reactive oxygen spe-
cies. Diseases caused by energy impairment include
damage due to radiation exposure or injury.

Assessment and efficacy of therapy

[0043] The compounds of the invention can be used
in biochemical tests or assays. Such tests can include
incubation of one or more compounds of the invention
with a tissue or cell sample from a subject to evaluate a
subject’s potential response (or the response of a specific
subset of subjects) to administration of said one or more
compounds, or to determine which compound of the in-
vention produces the optimum effect in a specific subject
or subset of subjects.
[0044] The utility of the redox-active therapeutic com-
pounds of the present invention may be demonstrated
as radioprotective agents both in vitro and in vivo. For
example, the ability of cultured cells to form clones (col-
onies) may be evaluated as a function of exposure to X-
ray dose. Cells are either not treated or are treated with
a redox-active therapeutic 30 minutes prior to exposure.
The degree of retention of ability to form clones after ex-
posure, in comparison to untreated cells, is directly re-
lated to the protective effect of the drug. A typical exper-
iment of this type may be carried out essentially as de-
scribed by Snyder and Lachmann Radiation Res. (1989)
120:121-128.
[0045] Alternatively, the utility of the redox-active ther-
apeutic compound as radioprotective agent can be eval-
uated by measuring the production of DNA strand breaks
upon exposure to X-ray dose. Cells are either not drug
treated or are treated with a test agent about 30 minutes
prior to exposure. The extent of DNA strand breakage
after exposure, in comparison to that in untreated cells,
is inversely related to the protective effect of the drug. A
typical experiment of this type may be carried out essen-
tially as described by Snyder Int. J. Radiat. Biol. (1989)
55:773.
[0046] In vivo, the radioprotective protective properties
of the redox-active therapeutic compounds of the inven-
tion may be evaluated by the survivability of mice ex-
posed to whole body irradiation. Animals, either pre-treat-
ed with a redox-active therapeutic or untreated, are ex-
posed to whole body irradiation (1500 rads). Untreated
control animals are expected to survive about 12-15
days. The degree of survivability of the treated animals,
in comparison to the untreated controls, is directly related
to the protective effect of the redox-active therapeutic
treatment. A typical experiment of this type may be car-
ried out essentially as described by Carroll et al. J. Med.
Chem. (1990) 33:2501.
[0047] Additionally, the production of DNA strand

breaks in lymphocytes taken from treated animals ex-
posed to whole body irradiation may be evaluated in com-
parison to untreated control animals. Alternatively, the
viability and clonogenicity of bone marrow cells taken
from treated animals exposed to whole body irradiation
may be evaluated in comparison to cells taken from un-
treated control animals as described by Pike and Robin-
son J. Cell Physiol. (1970) 76:77-84.

Pharmaceutical formulations

[0048] The compounds described herein can be for-
mulated as pharmaceutical compositions by formulation
with additives such as pharmaceutically acceptable ex-
cipients, pharmaceutically acceptable carriers, and phar-
maceutically acceptable vehicles. Suitable pharmaceu-
tically acceptable excipients, carriers and vehicles in-
clude processing agents and drug delivery modifiers and
enhancers, such as, for example, calcium phosphate,
magnesium stearate, talc, monosaccharides, disaccha-
rides, starch, gelatin, cellulose, methyl cellulose, sodium
carboxymethyl cellulose, dextrose, hydroxypropyl-β-cy-
clodextrin, polyvinylpyrrolidone, low melting waxes, ion
exchange resins, and the like, as well as combinations
of any two or more thereof. Other suitable pharmaceuti-
cally acceptable excipients are described in "Reming-
ton’s Pharmaceutical Sciences," Mack Pub. Co., New
Jersey (1991), and "Remington: The Science and Prac-
tice of Pharmacy," Lippincott Williams & Wilkins, Phila-
delphia, 20th edition (2003) and 21st edition (2005).
[0049] A pharmaceutical composition can comprise a
unit dose formulation, where the unit dose is a dose suf-
ficient to have a therapeutic or suppressive effect.
[0050] Pharmaceutical compositions containing the
compounds of the invention may be in any form suitable
for the intended method of administration, including, for
example, a solution, a suspension, or an emulsion. Liquid
carriers are typically used in preparing solutions, suspen-
sions, and emulsions. Liquid carriers contemplated for
use in the practice of the present invention include, for
example, water, saline, pharmaceutically acceptable or-
ganic solvent(s), pharmaceutically acceptable oils or
fats, and the like, as well as mixtures of two or more
thereof. The liquid carrier may contain other suitable
pharmaceutically acceptable additives such as solubiliz-
ers, emulsifiers, nutrients, buffers, preservatives, sus-
pending agents, thickening agents, viscosity regulators,
stabilizers, and the like. Suitable organic solvents in-
clude, for example, monohydric alcohols, such as etha-
nol, and polyhydric alcohols, such as glycols. Suitable
oils include, for example, soybean oil, coconut oil, olive
oil, safflower oil, cottonseed oil, and the like. For parenter-
al administration, the carrier can also be an oily ester
such as ethyl oleate, isopropyl myristate, and the like.
Compositions of the present invention may also be in the
form of microparticles, microcapsules, liposomal encap-
sulates, and the like, as well as combinations of any two
or more thereof.
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[0051] Time-release or controlled release delivery sys-
tems may be used, such as a diffusion controlled matrix
system or an erodible system, as described for example
in: Lee, "Diffusion-Controlled Matrix Systems", pp.
155-198 and Ron and Langer, "Erodible Systems", pp.
199-224, in "Treatise on Controlled Drug Delivery", A.
Kydonieus Ed., Marcel Dekker, Inc., New York 1992. The
matrix may be, for example, a biodegradable material
that can degrade spontaneously in situ and in vivo for,
example, by hydrolysis or enzymatic cleavage, e.g., by
proteases. The delivery system may be, for example, a
naturally occurring or synthetic polymer or copolymer,
for example in the form of a hydrogel. Exemplary poly-
mers with cleavable linkages include polyesters, poly-
orthoesters, polyanhydrides, polysaccharides, po-
ly(phosphoesters), polyamides, polyurethanes, poly(im-
idocarbonates) and poly(phosphazenes).
[0052] The compounds of the invention may be admin-
istered enterally, orally, parenterally, sublingually, by in-
halation (e.g. as mists or sprays), rectally, or topically in
dosage unit formulations containing conventional non-
toxic pharmaceutically acceptable carriers, 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. For
delivery to the central nervous system, spinal and epi-
dural administration, or administration to cerebral ventri-
cles, can be used. Topical administration may also in-
volve the use of transdermal administration such as
transdermal patches or iontophoresis devices. The term
parenteral as used herein includes subcutaneous, intra-
venous, intramuscular, and intrasternal injection or infu-
sion techniques. The compounds are mixed with phar-
maceutically acceptable carriers, adjuvants, and vehi-
cles appropriate for the desired route of administration.
Oral administration is a preferred route of administration,
and formulations suitable for oral administration are pre-
ferred formulations. The compounds described for use
herein can be administered in solid form, in liquid form,
in aerosol form, or in the form of tablets, pills, powder
mixtures, capsules, granules, injectables, creams, solu-
tions, suppositories, enemas, colonic irrigations, emul-
sions, dispersions, food premixes, and in other suitable
forms. The compounds can also be administered in lipo-
some formulations. The compounds can also be admin-
istered as prodrugs, where the prodrug undergoes trans-
formation in the treated subject to a form which is thera-
peutically effective. Additional methods of administration
are known in the art.
[0053] Injectable preparations, for example, sterile in-
jectable aqueous or oleaginous suspensions, may be for-
mulated according to the known art using suitable dis-
persing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile inject-
able solution or suspension in a nontoxic parenterally

acceptable diluent or solvent, for example, as a solution
in propylene glycol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer’s so-
lution, and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a sol-
vent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid
find use in the preparation of injectables.
[0054] Solid dosage forms for oral administration may
include capsules, tablets, pills, powders, and granules.
In such solid dosage forms, the active compound may
be admixed with at least one inert diluent such as su-
crose, lactose, or starch. Such dosage forms may also
comprise additional substances other than inert diluents,
e.g., lubricating agents such as magnesium stearate. In
the case of capsules, tablets, and pills, the dosage forms
may also comprise buffering agents. Tablets and pills
can additionally be prepared with enteric coatings.
[0055] Liquid dosage forms for oral administration may
include pharmaceutically acceptable emulsions, solu-
tions, suspensions, syrups, and elixirs containing inert
diluents commonly used in the art, such as water. Such
compositions may also comprise adjuvants, such as wet-
ting agents, emulsifying and suspending agents, cyclo-
dextrins, and sweetening, flavoring, and perfuming
agents.
[0056] The compounds of the present invention can
also be administered in the form of liposomes. As is
known in the art, liposomes are generally derived from
phospholipids or other lipid substances. Liposomes are
formed by mono- or multilamellar hydrated liquid crystals
that are dispersed in an aqueous medium. Any non-toxic,
physiologically acceptable and metabolizable lipid capa-
ble of forming liposomes can be used. The present com-
positions in liposome form can contain, in addition to a
compound of the present invention, stabilizers, preserv-
atives, excipients, and the like. The preferred lipids are
the phospholipids and phosphatidyl cholines (lecithins),
both natural and synthetic. Methods to form liposomes
are known in the art. See, for example, Prescott, Ed.,
Methods in Cell Biology, Volume XIV, Academic Press,
New York, N.W., p. 33 et seq. (1976).
[0057] The compounds of the present invention can
also be administered in a formulation comprising a first
and second compound wherein the first compound is ef-
fective against an oxidative stress disorder and the sec-
ond compound is one or more compounds of the present
invention. The formulation of the present invention may
comprise two or more redox-therapeutics as described
herein.
[0058] Articles of manufacture and kits containing ma-
terials useful for treating or suppressing oxidative stress
diseases may be provided. Kits comprising any one or
more of the compounds of the invention may be provided.
[0059] In other aspects, the kits may be used for any
of the methods described herein, including, for example,
to treat an individual with an oxidative stress disorder, or
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to suppress an oxidative stress disorder in an individual.
[0060] The amount of active ingredient that may be
combined with the carrier materials to produce a single
dosage form will vary depending upon the host to which
the active ingredient is administered and the particular
mode of administration. It will be understood, however,
that the specific dose level for any particular patient will
depend upon a variety of factors including the activity of
the specific compound employed, the age, body weight,
body area, body mass index (BMI), general health, sex,
and diet of the patient; time of administration, route of
administration, rate of excretion, or drug combination;
and the type, progression, and severity of the particular
disease undergoing therapy. The pharmaceutical unit
dosage chosen is usually fabricated and administered to
provide a defined final concentration of drug in the blood,
tissues, organs, or other targeted region of the body. The
therapeutically effective amount or effective amount for
a given situation can be readily determined by routine
experimentation and is within the skill and judgment of
the ordinary clinician.
[0061] Examples of 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
1.0 mg/kg to about 100 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 100 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. Compounds of the present invention may
be administered in a single daily dose, or the total daily
dosage may be administered in divided dosage of two,
three or four times daily.
[0062] While the compounds of the invention 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 dis-
orders.
[0063] When additional active agents are used in com-
bination with the compounds of the present invention,
the additional active agents may generally be employed
in therapeutic amounts as indicated in the Physicians’
Desk Reference (PDR) 53rd Edition (1999), or such ther-
apeutically useful amounts as would be known to one of
ordinary skill in the art.
[0064] The compounds of the invention and the other
therapeutically active agents can be administered at the
recommended maximum clinical dosage or at lower dos-
es. Dosage levels of the active compounds of the inven-
tion may be varied so as to obtain a desired therapeutic
response depending on the route of administration, se-
verity of the disease and the response of the patient.
When administered in combination with other therapeutic

agents, the therapeutic agents can be formulated as sep-
arate compositions that are given at the same time or
different times, or the therapeutic agents can be given
as a single composition.

Preparation of Compounds of the Invention

[0065] In general, the nomenclature used in this Appli-
cation was generated with the help of naming package
within the ChemOffice.RTM. version 11.0 suite of pro-
grams by CambridgeSoft Corp (Cambridge, Mass.).
[0066] The compounds of this invention can be pre-
pared from readily available starting materials using gen-
eral methods and procedures. It will be appreciated that
where typical or preferred process conditions (i.e., reac-
tion temperatures, times, mole ratios of reactants, sol-
vents, pressures, etc.) are given, other process condi-
tions can also be used unless otherwise stated. Optimum
reaction conditions may vary with the particular reactants
or solvent used, but such conditions can be determined
by one skilled in the art by routine optimization proce-
dures.
[0067] Preparation of the redox-active therapeutics of
this invention is provided in co-assigned US Patent Ap-
plication Publications No. 2006/0281809,
2007/0072943, 2007/0225261, 2009/0118257 and Inter-
national Patent Publication No. WO 2009/089224.
[0068] Furthermore, the compounds of this invention
will typically contain one or more chiral centers. Accord-
ingly, if desired, such compounds can be prepared or
isolated as pure stereoisomers, i.e., as individual enan-
tiomers or diastereomers, or as stereoisomer-enriched
mixtures. All such stereoisomers (and enriched mixtures)
are included within the scope of this invention, unless
otherwise indicated. Pure stereoisomers (or enriched
mixtures) may be prepared using, for example, optically
active starting materials or stereoselective reagents well-
known in the art. Alternatively, racemic mixtures of such
compounds can be separated using, for example, chiral
column chromatography, chiral resolving agents and the
like.
[0069] Although the foregoing invention has been de-
scribed 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.

Claims

1. A compound which is a redox-active therapeutic of
Formula I, or a stereoisomer thereof:

15 16 



EP 2 362 726 B1

11

5

10

15

20

25

30

35

40

45

50

55

wherein,
the bonds indicated with a dashed line are all single
or all double,

R1, R2, and R3 are independently selected from
the group consisting of H, (C1-C4)-alkyl,
(C1-C4)-haloalkyl, CN, F, Cl, Br, and I; and
R4 and R5 are independently selected from the
group consisting of hydroxy and (C1-C4)-alkyl,
and R6 is hydrogen; or
R4 is (C1-C4)-alkyl, and R5 and R6 are hydrogen;
or
R4 is (C1-C4)-alkyl, and R5 and R6 together form
a double bond;

for use in a method of reducing or prevent-
ing the effects of radiation in a mammal ex-
posed to or at risk for exposure to radiation;
said method comprising administering to
the mammal a therapeutically effective
amount of said compound.

2. The compound as claimed in claim 1, for use as de-
fined in said claim, said method comprising admin-
istering to the mammal a therapeutically effective
amount of said compound in combination with a
pharmaceutically acceptable carrier.

3. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is selected
from the group consisting of diagnostic X-rays, radi-
ation therapy in cancer treatment, CAT-scans, mam-
mograms, radionuclide scans, interventional radio-
logical procedures under computed tomography or
fluoroscopy guidance, tissue-incorporated radionu-
clides from ingestion of contaminated food or water,
and uncontrolled exposure to ionizing radiation from
nuclear weapons, radioactive spills, or cosmic radi-
ation.

4. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the method is for treating,
preventing, or reducing radiation injury or radiation
damage to normal cells, comprising administering a
therapeutically effective amount of the compound to
the mammal concurrently with or after exposure to
ionizing radiation.

5. The compound as claimed in claim 1, for use as de-

fined in said claim, wherein the method is for reduc-
ing an effect of radiation on normal cells in a mammal
at risk for incurring exposure to radiation, comprising
administering to the mammal, prior to an exposure
to radiation, a therapeutically effective amount of the
compound.

6. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the method is for reduc-
ing an effect of radiation on normal cells in a mammal
exposed to ionizing radiation, comprising adminis-
tering to the mammal, subsequent to an exposure
to radiation, a therapeutically effective amount of the
compound.

7. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the method is an im-
proved radiotherapy for treatment of cancer, com-
prising administering to the mammal a therapeuti-
cally effective amount of said compound, and then
administering to the mammal an effective amount of
radiation, such that radiation injury to normal cells is
decreased or eliminated.

8. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is ionizing
radiation.

9. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is X-rays.

10. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is gamma
radiation.

11. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is alpha
radiation.

12. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is beta ra-
diation.

13. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is neutron
radiation.

14. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is cosmic
rays.

15. The compound as claimed in claim 1, for use as de-
fined in said claim, wherein the radiation is ultraviolet
(UV) radiation.

16. The compound as claimed in any one of claims 1-15,
for use as defined in said claim, wherein the redox-
active therapeutic comprises the compound of For-
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mula I wherein:

the bonds indicated with a dashed line are all
single or all double;
R1, R2, and R3 are independently selected from
(C1-C4)-alkyl;
R4 is hydroxy;
R5 is (C1-C4)-alkyl, and
R6 is hydrogen;
or a stereoisomer, or a mixture of stereoisomers
thereof.

17. The compound as claimed in any one of claims 1-15,
for use as defined in said claim, wherein the redox-
active therapeutic is alpha-tocotrienol quinone, or a
mixture of stereoisomers thereof.

18. The compound as claimed in claim 17, for use as
defined in said claim, wherein the redox-active ther-
apeutic is alpha-tocotrienol quinone.

Patentansprüche

1. Verbindung, die ein Redox-aktives Therapeutikum
von Formula I oder ein Stereoisomer davon ist:

wobei,
die Bindungen, die mit einer gestrichelte Linie ange-
zeigt sind, alle einfach oder alle doppelt sind,

R1, R2, und R3 unabhängig ausgewählt sind aus
der Gruppe bestehend aus H, (Ci-C4)-Alkyl,
(C1-C4)-Haloalkyl, CN, F, Cl, Br, und I; und
R4 und R5 unabhängig ausgewählt sind aus der
Gruppe bestehend aus Hydroxy und (C1-C4)-Al-
kyl, und R6 Wasserstoff ist; oder
R4 (C1-C4)-Alkyl ist, und R5 und R6 Wasserstoff
sind; oder
R4 (C1-C4)-Alkyl ist, und R5 und R6 zusammen
eine Doppelbindung bilden;

zur Verwendung in einem Verfahren zum Reduzie-
ren oder Verhüten der Auswirkungen von Strahlung
in einem Säugetier, das an Strahlung ausgesetzt ist,
oder bei dem ein Risiko für eine Aussetzung besteht;
wobei das Verfahren ein Verabreichen einer thera-
peutisch wirksamen Menge der Verbindung an das
Säugetier umfasst.

2. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei das Verfahren
ein Verabreichen einer therapeutisch wirksamen
Menge der Verbindung in Kombination mit einem
pharmazeutisch annehmbaren Träger an das Säu-
getier umfasst.

3. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
ausgewählt ist aus der Gruppe bestehend aus dia-
gnostischen Röntgenstrahlen, Strahlungstherapie
bei Krebsbehandlung, CAT-Untersuchungen (axiale
Computertomografie), Mammogrammen, Radionu-
klid-Untersuchungen, radiologischen Eingriffsver-
fahren unter Computertomografie- oder Fluorosko-
pie-Führung, in das Gewebe aufgenommenen Ra-
dionukliden durch die Einnahme von kontaminiertem
Lebensmittel oder Wasser und unkontrollierter Aus-
setzung an Ionisationsstrahlung von Nuklearwaffen,
radioaktiven Leckagen oder kosmischer Strahlung.

4. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei das Verfahren
zum Behandeln, Verhüten oder Reduzieren von
Strahlungsverletzung oder Strahlungsschaden an
normalen Zellen ist, umfassend ein Verabreichen ei-
ner therapeutisch wirksamen Menge der Verbindung
gleichzeitig mit oder nach einer Aussetzung an Ioni-
sationsstrahlung an das Säugetier.

5. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei das Verfahren
zum Reduzieren einer Wirkung von Strahlung auf
normale Zellen in einem Säugetier ist, bei dem ein
Risiko besteht, dass es Strahlung ausgesetzt wird,
umfassend ein Verabreichen einer therapeutisch
wirksamen Menge der Verbindung vor einer Ausset-
zung an Strahlung an das Säugetier umfasst.

6. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei das Verfahren
zum Reduzieren einer Wirkung von Strahlung auf
normale Zellen in einem Säugetier ist, das Ionisati-
onsstrahlung ausgesetzt ist, umfassend ein Verab-
reichen einer therapeutisch wirksamen Menge der
Verbindung nach einer Aussetzung an Strahlung an
das Säugetier umfasst.

7. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei das Verfahren
eine verbesserte Strahlentherapie zur Behandlung
von Krebs ist, umfassend ein Verabreichen einer
therapeutisch wirksamen Menge der Verbindung an
das Säugetier, und dann Verabreichen einer wirksa-
men Menge an Strahlung an das Säugetier, sodass
eine Strahlungsverletzung normaler Zellen vermin-
dert oder eliminiert ist.
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8. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
Ionisationsstrahlung ist.

9. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
Röntgenstrahlung ist.

10. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
Gammastrahlung ist.

11. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
Alphastrahlung ist.

12. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
Betastrahlung ist.

13. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
Neutronenstrahlung ist.

14. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
kosmische Strahlen sind.

15. Verbindung nach Anspruch 1, zur Verwendung wie
definiert in diesem Anspruch, wobei die Strahlung
ultraviolette (UV) Strahlung ist.

16. Verbindung nach einem der Ansprüche 1-15, zur
Verwendung wie definiert in diesem Anspruch, wo-
bei das Redox-aktive Therapeutikum die Verbin-
dung von Formel I umfasst, wobei:

die Bindungen, die mit einer gestrichelte Linie
angezeigt sind, alle einfach oder alle doppelt
sind;
R1, R2, und R3 unabhängig ausgewählt sind aus
(C1-C4)-Alkyl;
R4 Hydroxy ist;
R5 (C1-C4)-Alkyl ist, und
R6 Wasserstoff ist;
oder ein Stereoisomer, oder ein Gemisch aus
Stereoisomeren davon.

17. Verbindung nach einem der Ansprüche 1-15, zur
Verwendung wie definiert in diesem Anspruch, wo-
bei das Redox-aktive Therapeutikum alpha-Tocotri-
enolchinon oder ein Gemisch aus Stereoisomeren
davon ist.

18. Verbindung nach Anspruch 17, zur Verwendung wie
definiert in diesem Anspruch, wobei das Redox-ak-
tive Therapeutikum alpha-Tocotrienolchinon ist.

Revendications

1. Composé qui est un agent thérapeutique à activité
d’oxydoréduction de Formule I, ou stéréoisomère de
celui-ci :

dans laquelle,
les liaisons indiquées par un trait tireté sont toutes
simples ou toutes doubles,

R1, R2 et R3 sont indépendamment choisis dans
le groupe constitué par H, un groupe alkyle en
(C1-C4), halogénoalkyle en (C1-C4), CN, F, Cl,
Br et I ; et
R4 et R5 sont indépendamment choisis dans le
groupe constitué par des groupes hydroxy et
alkyle en (C1-C4), et R6 est un atome
d’hydrogène ; ou
R4 est un groupe alkyle en (C1-C4), et R5 et R6

sont un atome d’hydrogène ; ou
R4 est un groupe alkyle en (C1-C4), et R5 et R6

forment ensemble une double liaison ;

destiné à une utilisation dans un procédé de réduc-
tion ou de prévention des effets du rayonnement
chez un mammifère exposé à un rayonnement ou
présentant un risque d’exposition à un
rayonnement ;
ledit procédé comprenant l’administration au mam-
mifère d’une quantité thérapeutiquement efficace
dudit composé.

2. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, ledit procédé comprenant l’admi-
nistration au mammifère d’une quantité thérapeuti-
quement efficace dudit composé en combinaison
avec un support pharmaceutiquement acceptable.

3. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
choisi dans le groupe constitué par un diagnostic
radiologique, un thérapie par rayons dans le traite-
ment du cancer, un tomodensitogramme, un mam-
mogramme, une scintigraphie, une procédure d’in-
tervention radiologique sous contrôle tomodensito-
métrique ou fluoroscopique, des radionucléides in-
corporés aux tissus après ingestion de nourriture ou
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d’eau contaminée et exposition incontrôlée à un
rayonnement ionisant issu d’armes nucléaires, de
fuites radioactives ou de rayonnement cosmique.

4. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le procédé est des-
tiné à traiter, prévenir ou réduire des lésions par
rayonnement ou des dommages par rayonnement
infligés à des cellules normales, et comprend l’ad-
ministration d’une quantité thérapeutiquement effi-
cace du composé au mammifère en même temps
que l’exposition au rayonnement ionisant ou après
celle-ci.

5. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le procédé est des-
tiné à réduire un effet d’un rayonnement sur des cel-
lules normales chez un mammifère présentant un
risque d’exposition à un rayonnement, et comprend
l’administration au mammifère, avant une exposition
à un rayonnement, d’une quantité thérapeutique-
ment efficace du composé.

6. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le procédé est des-
tiné à réduire un effet d’un rayonnement sur des cel-
lules normales chez un mammifère exposé à un
rayonnement ionisant, et comprend l’administration
au mammifère, à la suite d’une exposition à un rayon-
nement, d’une quantité thérapeutiquement efficace
du composé.

7. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le procédé est une
radiothérapie améliorée pour le traitement du can-
cer, et comprend l’administration au mammifère
d’une quantité thérapeutiquement efficace dudit
composé, puis l’administration au mammifère d’une
quantité thérapeutiquement efficace de rayonne-
ment, de sorte que les lésions par rayonnement in-
fligées aux cellules normales soient réduites ou éli-
minées.

8. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
un rayonnement ionisant.

9. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
constitué de rayons X.

10. Composé tel que revendiqué dans la revendication

1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
un rayonnement gamma.

11. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
un rayonnement alpha.

12. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
un rayonnement bêta.

13. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
un rayonnement neutronique.

14. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
constitué de rayons cosmiques.

15. Composé tel que revendiqué dans la revendication
1, destiné à une utilisation telle que définie dans la-
dite revendication, dans laquelle le rayonnement est
un rayonnement ultraviolet (UV).

16. Composé tel que revendiqué dans l’une quelconque
des revendications 1 à 15, destiné à une utilisation
telle que définie dans ladite revendication, dans la-
quelle l’agent thérapeutique à activité d’oxydoréduc-
tion comprend le composé de Formule I dans
laquelle :

les liaisons indiquées par un trait tireté sont tou-
tes simples ou toutes doubles ;
R1, R2 et R3 sont indépendamment choisis par-
mi un groupe alkyle en (C1-C4) ;
R4 est un groupe hydroxy ;
R5 est un groupe alkyle en (C1-C4), et
R6 est un atome d’hydrogène ;
un stéréoisomère ou un mélange de stéréoiso-
mères de celui-ci.

17. Composé tel que revendiqué dans l’une quelconque
des revendications 1 à 15, destiné à une utilisation
telle que définie dans ladite revendication, dans la-
quelle l’agent thérapeutique à activité d’oxydoréduc-
tion est l’alpha-tocotriénol quinone, ou mélange de
stéréoisomères de celui-ci.

18. Composé tel que revendiqué dans la revendication
17, destiné à une utilisation telle que définie dans
ladite revendication, dans laquelle l’agent thérapeu-
tique à activité d’oxydoréduction est l’alpha-tocotrié-
nol quinone.
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