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Field of the Invention

The present invention relates to novel a-keto carbonyl calpain inhibitors for the
treatment of neurodegenerative diseases and neuromuscular diseases including
Duchenne Muscular Dystrophy, Becker Muscular Dystrophy and other muscular
dystrophies. Disuse atrophy and general muscle wasting can also be treated.
Ischemias of the heart, the kidneys, or of the central nervous system, and cataract
and other diseases of the eye can be treated as well. Generally all conditions
where elevated levels of calpains are involved can be treated.

The novel calpain inhibitors may also inhibit other thiol proteases,. such as.
cathepsin B, cathepsin H, cathepsin L. and papain. Multicatalytic Protease (MCP).
also known as proteasome may also be inhibited by the compounds of the
invention. The compounds of the present invention can be used to treat diseases
related to elevated activity of MCP, such as muscular dystrophy, disuse atrophy,
neuromuscular diseases, cardiac cachexia, cancer cachexia, psoriasis, restenosis,
and cancer. Generally all conditions where activity of MCP is involved can be

treated.

Surprisingly, the compounds of the present invention are also inhibitors of cell
damage by oxidative stress through free radicals and can be used to treat
mitochondrial disorders and neurodegenerative diseases, where elevated levels of

oxidative stress are involved.

Also provided are pharmaceutical compositions containing the same.

Background of the Invention

Neural tissues, including brain, are known to possess a large variety of proteases,
including at least two calcium-stimulated proteases, termed calpain | and calpain II.
Calpains are calcium-dependent cysteine proteases present in a variety of tissues
and cells and use a cysteine residue in their catalytic mechanism. Calpains are



WO 2004/078908 PCT/EP2004/002142

activated by an elevated concentration of calcium, with a distinction being made
between calpain | or p-calpain, which is activated by micromolar concentrations of
calcium ions, and calpain Il or m-calpain, which is activated by millimolar
concentrations of calcium ions (P. Johnson, Int. J. Biochem., 1990, 22(8), 811-22).
Excessive activation of calpain provides a molecular link between ischaemia or
injury induced by increases in intra-neuronal calcium and pathological neuronal
degeneration. If the elevated calcium levels are left uncontrolled, serious structural
damage to neurons may result. Recent research has suggested that calpain

activation may.. represent. a-.final common pathway in many types. of. :

neurodegenerative diseases. Inhibition of calpain would, therefore, be an. attractive
therapeutic--approach in the treatment of ‘these diseases. Calpains: play -an
important: role -in. .various .physiological . processes -including the .cleavage -of -

regulatory. proteins such as protein kinase C, cytoskeletal proteins stich as MAP 2 . .-
and spectrin, and muscle proteins, protein degradation in rheumatoid arthritis, .
proteins associated with the activation of platelets, neuropeptide metabolism,
proteins in mitosis and others which are listed in M. J. Barrett et al., Life Sci., 1991,
48, 1659-69 and K. K. Wang et al., Trends in Pharmacol. Sci., 1994, 15, 412-419.
Elevated levels of calpain have been measured in various pathophysiological
processes, for example: ischemias of the heart (eg. cardiac infarction), of the
kidney or of the central nervous system (eg. stroke), inflammations, muscular
dystrophies, injuries to the central nervous system (eg. trauma), Alzheimer's
disease, etc. (see K. K. Wang, above). These diseases have a presumed
association with elevated and persistent intracellular calcium levels, which cause
calcium-dependent processes to be overactivated and no longer subject to
physiological control. In a corresponding manner, overactivation of calpains can
also trigger pathophysiological processes. Exemplary of these diseases would be
myocardial ischaemia, cerebral ischaemia, muscular dystrophy, stroke, Alzheimer's
disease or traumatic brain injury. Other possible uses of calpain inhibitors are listed
in K. K. Wang, Trends in Pharmacol. Sci., 1994, 15, 412-419. It is considered that
thiol proteases, such as calpain or cathepsins, take part in the initial process in the
collapse of skeletal muscle namely the disappearance of Z line through the
decomposition of muscular fiber protein as seen in muscular diseases, such as
muscular dystrophy or amyotrophy (Taisha, Metabolism, 1988, 25, 183).
Furthermore, E-64-d, a thiol protease inhibitor, has been reported to have life-
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prolonging effect in experimental muscular dystrophy in hamster (Journal of
Pharmacobiodynamics, 1987, 10, 678). Accordingly, such thiol protease inhibitors
are expected to be useful as therapeutic agents, for example, for the treatment of
muscular dystrophy or amyotrophy.

An increased level of calcium-mediated proteolysis of essential lens proteins by
clapains is also considered to be an important contributor to some forms of cataract
of the eyes (S. Biwas et al., Trends in Mol. Med., 2004). Accordingly, calpain
inhibitors are expected to be useful as therapeutic agents for the treatment of
cataract and are diseases of the eye.

Eukaryotic cells constantly degrade and replace cellular protein. This permits the
cell to selectively and rapidly remove proteins and peptidés hasting abn‘ormél
conformations, to exert control over metabolic pathways by adjusting levels of
regulatory peptides, and to provide amino acids for energy when necessary, as in
starvation. See Goldberg, A. L. & St. John, A. C. Annu. Rev. Biochem., 1976, 45,
747-803. The cellular mechanisms of mammals allow for multiple pathways for
protein breakdown. Some of these pathways appear to require energy input in the
form of adenosine triphosphate ("ATP"). See Goldberg & St. John, supra.
Multicatalytic protease (MCP, also typically referred to as “"multicatalytic
proteinase,” “"proteasome,” "multicatalytic proteinase complex," "multicatalytic
endopeptidase complex," "20S proteasome" and "ingensin") is a large molecular
weight (700 kD) eukaryotic non-lysosomal proteinase complex which plays a role in
at least two cellular pathways for the breakdown of protein to peptides and amino
acids. See Orlowski, M., Biochemistry, 1990, 9(45), 10289-10297. The complex
has at least three different types of hydrolytic activities: (1) a trypsin-like activity
wherein peptide bonds are cleaved at the carboxyl side of basic amino acids; (2) a
chymotrypsin-like activity wherein peptide bonds are cleaved at the carboxyl side of
hydrophobic amino acids; and (3) an activity wherein peptide bonds are cleaved at
the carboxyl side of glutamic acid. See Rivett, A. J., J. Biol. Chem., 1989, 264(21),
12215-12219 and Orlowski, supra. One route of protein hydrolysis which involves
MCP also involves the polypeptide "ubiquitin." Hershko, A. & Crechanovh, A.,
Annu. Rev. Biochem., 1982, 51, 335-364. This route, which requires MCP, ATP
and ubiquitin, appears responsible for the degradation of highly abnormal proteins,
certain short-lived normal proteins and the bulk of proteins in growing fibroblasts



WO 2004/078908 PCT/EP2004/002142

and maturing reticuloytes. See Driscoll, J. and Goldberg,, A. L., Proc. Nat. Acad.
Sci. U.S.A., 1989, 86, 787-791. Proteins to be degraded by this pathway are
covalently bound to ubiquitin via their lysine amino groups in an ATP-dependent
manner. The ubiquitin-conjugated proteins are then degraded to small peptides by
an ATP-dependent protease complex, the 26S proteasome, which contains MCP
as its proteolytic core. Goldberg, A. L. & Rock, K. L., Nature, 1992, 357, 375-379. A
second route of protein degradation which requires MCP and ATP, but which does
not require ubiquitin, has also been described. See Driscoll, J. & Goldberg, A. L.,
supra. In this process, MCP hydrolyzes' proteins in an ATP-dependent manner.
See Goldberg, A. L..& Rock, K. L., supra.. This process has been observed in
skeletal muscle:;See Driscoll & Goldberg, supra. However, it has been suggested.
that in muscle, MCP functions synergistic,ally with another protease, multipain;.thus- ..
resulting in-an accelerated breakdown .of muscle protein. See Goldberg:& -Rock;".. ;
supra. It has been reported that MCP functions by a proteolytic mechanism
wherein the active site nucleophile is the hydroxyl group of the N-terminal threonine
residue. Thus, MCP is the first known example of a threonine protease. See
Seemuller et al., Science, 1995, 268, 579-582; Goldberg, A. L., Science, 1995,
268, 522-523. The relative activities of cellular protein synthetic and degradative
pathways determine whether protein is accumulated or lost. The abnormal loss of
protein mass is associated with several disease states such as muscular
dystrophy, disuse atrophy, neuromuscular diseases, cardiac cachexia, and cancer
cachexia. Accordingly, such MCP inhibitors are expected to be useful as
therapeutic agents, for the treatment of these diseases.

Cyclins are proteins that are involved in cell cycle control in eukaryotes. Cyclins
presumably act by regulating the activity of protein kinases, and their programmed
degradation at specific stages of the cell cycle is required for the transition from
one stage to the next. Experiments utilizing modified ubiquitin (Glotzer et al,
Nature, 1991, 349, 132-138; Hershko et al., J. Biol. Chem., 1991, 266, 376) have
established that the ubiquitination/proteolysis pathway is involved in cyclin
degradation. Accordingly, compounds that inhibit this pathway would cause cell
cycle arrest and would be useful in the treatment of cancer, psoriasis, restenosis,

and other cell proliferative diseases.
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On a cellular level elevated oxidative stress leads to cell damage and mitochondrial
disorders such as Kearns-Sayre syndrome, mitochondrial encephalomyopathy-
lactic-acidosis-stroke like episodes (MELAS), myoclonic epilepsy and ragged-red-
fibers (MERRF), Leber hereditary optic neuropathy (LHON), Leigh’s syndrome,
neuropathy-ataxia-retinitis  pigmentosa (NARP) and progressive external
opthalmoplegia (PEO) summarized in Schapira and Griggs (eds) 1999 Muscle
Diseases, Butterworth-Heinemann.

Cell damage induced by free radicals is also involved in certain.neurodegenerative
diseases. Examples for such diseases include .degenerative ataxias“'such.-as -
Friedreich* Ataxia, Parkinson’s disease, Huntington’s:disease, amyotrophic: latéral
sclerosis:(ALS), and .Alzheimer’s disease. (Beal M.F.; Howell N., Bodis:Wollner .- -

(eds),.1997, Mitochondria and free radicals in.neurodegenerative diseases:; Wiley- -
Liss).

Calpain inhibitors have been described in the literature. However, these are
predominantly either irreversible inhibitors or peptide inhibitors. As a rule,
irreversible inhibitors are alkylating substances and suffer from the disadvantage
that they react nonselectively in the organism or are unstable. Thus, these
inhibitors often have undesirable side effects, such as toxicity, and are therefore of
limited use or are unusable. Examples of the irreversible inhibitors are E-64
epoxides (E. B. McGowan et al., Biochem. Biophys. Res. Commun., 1989, 158,
432-435), alpha-haloketones (H. Angliker et al., J. Med. Chem., 1992, 35, 216-220)
and disulfides (R. Matsueda et al., Chem.Lett., 1990, 191-194).

Many known reversible inhibitors of cysteine proteases, such as calpain, are
peptide aldehydes, in particular dipeptide or tripeptide aldehydes, such as Z-Val-
Phe-H (MDL 28170) (S. Mehdi, Trends in Biol. Sci., 1991, 16, 150-153), which are
highly susceptible to metabolic inactivation.

It is the object of the present invention to provide novel a-keto carbonyl calpain
inhibitors preferentially acting in muscle cells in comparison with known calpain

inhibitors.
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In addition, the calpain inhibitors of the present invention may have a unique
combination of other beneficial properties such as proteasome (MCP) inhibitory
activity and/or protection of muscle cells from damage due to oxidative stress.
Such properties could be advantageous for treating muscular dystrophy and

amyotrophy.

Summary of the Invention

The present invention refates to novel a-kete:carbonyl calpain inhibitors -of the «
formula (I) and thejr-tautomeric and. isomeric forms, :and also, where appropriate, '«

physiologically tolerated salts.

O

R, H
=y Y YR
H

O R, O .

These o-keto carbonyl compounds are effective in the treatment of
neurodegenerative diseases and neuromuscular diseases including Duchenne
Muscular Dystrophy, Becker Muscular Dystrophy and other muscular dystrophies.
Disuse atrophy and general muscle wasting can also be treated. Ischemias of the
heart, the kidneys, or of the central nervous system, and cataract and other
diseases of the eye can be treated as well. Generally, all conditions where elevated

levels of calpains are involved can be treated.

The com.pounds of the invention may also inhibit other thiol proteases, such as
cathepsin B, cathepsin H, cathepsin L and papain. Multicatalytic Protease (MCP)
also known as proteasome may also be inhibited, which is beneficial for the
treatment of muscular dystrophy. Proteasome inhibitors can also be used to treat
cancer, psoriasis, restenosis, and other cell proliferative diseases.
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Surprisingly, the compounds of the present invention are also inhibitors of cell
damage by oxidative stress through free radicals and can be used to treat
mitochondrial disorders and neurodegenerative diseases, where elevated levels of

oxidative stress are involved.

The present invention also relates to pharmaceutical compositions comprising the
compounds of the present invention and a pharmaceutically acceptable carrier.

Detailed Description.of.the:Invention

-The present invention relates to .novel a-keto. carbonyl calpain inhibitors. of the .
formula: () and their tautomeric and isomeric.forms, and also, where. appropriate:.:-
physiologically tolerated salts, where the variables have the following meanings:

Ry 4
T—L-N L
O R, O

R’ represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl,
-alkylene-cycloalkyl,
éryl,
-alkylene-aryl,
-SOq-alkyl,
-SOz-aryl,
-alkylene-SO,-aryl,
-alkylene-SO,-alkyl,
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heterocyclyl or
-alkylene-heterocyclyl;

X represents O or NH;

R? represents
hydrogeh,
straight chain alkyl,
branched chain alkyl,
cycloalkyl, -
-alkylene-cycloalkyl, -
aryl or
-alkylene-aryl;:

R® represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl or
-alkylene-cycloalkyl;

L represents
a bond or at least one group selected from

-CO-(CH,)y-CO- , wherein y is an integer of 1 t0 6, i.e. 1, 2, 3, 4, 50r 6,
-NH-(CH,),-CO- , wherein z is an integerof 110 6, i.e. 1, 2, 3, 4, 5 or 6,
-CO-cycloalkylene-CO-,

-NH-cycloalkylene-CO- ,

CO-arylene-CO- and

-NH-arylene-CO-;

T is selected from the group consisting of
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0 o N o
YN
/Yj/\(CHz)n)l ~ HN (CH:,_)p/u ~
z_-A(CH,)m Y
Re
CH,  Q CH, CH,
o o
Re” CH,
o)
H,C @] H,C 0 ——
CH, CH, o)

wherein each of m, n, and p represents an integer of 0 to6,ie. 1,2, 3,4, 50r6;

' R® represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl,
-alkylene-cycloalkyl,
-alkylene-aryl,
A-O-CO-,
A-NH-CO-
A-CO-
A-SO,- or
A-NH-SO,-;

A is selected from the group consisting of
straight chain or branched chain alkyl,
straight chain or branched chain alkyl substituted with at least one halogen
atom,
straight chain or branched chain alkyl substituted with B,
straight chain or branched chain alkyl substituted with at least one halogen
atom and with B,
cycloalkyl,
cycloalkyl with at least one halogen atom,
cycloalkyl substituted with B,
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cycloalkyl substituted with at least one halogen atom and with B,

straight chain or branched chain alkyl with an attached cycloalkyl group,
straight chain or branched chain alkyl with two attached cycloalkyl groups,
straight chain or branched chain alkyl with an attached cycloalkyl! group
substituted with B,

straight chain or branched chain alkyl with two attached cycloalkyl groups
substituted with B,

1-adamantyl,

9-fluorenyl,

phenyl,

phenyl substituted.with D, .-

phenyl disubstituted with D,

phenyl! trisubstituted with D,

naphthyl,

naphthyl substituted with D,

naphthyl disubstituted with D,

naphthyl trisubstituted with D,

straight chain or branched chain alkyl with an attached pheny! group,
straight chain or branched chain alkyl with two attached phenyl groups,
straight chain or branched chain alkyl with an attached phenyl group
substituted with D,

straight chain or branched chain alkyl with two attached phenyl groups
substituted with D,

straight chain or branched chain alkyl with an attached phenoxy group,
straight chain or branched chain alkyl with an attached phenoxy group
substituted with D on the phenoxy group and '

straight chain or branched chain alkyl with an attached 9-fluorenyl group;

B is selected from the group consisting of
halogen,
COOH,
OH,
CN,
NO,,
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NHa,

alkoxy,

alkylamine,
dialkylamine,
alkyl-O-CO-,
alkyl-O-CO-NH- and
alkyl-S-;

D is selected from the group consisting of
halogen,
alkyl,
perfluoroalkyl,
alkoxy, =
NO.,
CN,
OH,
COOH,
NH,
alkylamino,
dialkylamino,
acyl,
alkyl-O-CO- and
alkyl-S-; and

Y and Z independently represents
S,
SO or
CHa.
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Preferably, the present invention relates to compounds of the formula (1), wherein

R’ represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl,
-alkylene-cycloalkyl,
aryl,
-alkylene-aryl,
-SO,-alkyl,
-SO;-aryl,
-alkylene-SOq-aryi, .
-alkylene-SO,-alkyl,
heterocyclyl or
-alkylene-heterocyclyl;

X represents O or NH;

R? represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl,
-alkylene-cycloalkyl,
aryl or
-alkylene-aryl;

R® represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl or
-alkylene-cycloalkyl;
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L represents
a bond or at least one group selected from
-NH-(CHz).-CO-, wherein z is an integer of 1 to 6, i.e. 1, 2, 3, 4, 5 or 6,
-NH-cycloalkylene-CO- ,and
-NH-arylene-CO-;

T is selected from the group consisting of

o)

0 H 0 ,
/Y\/\(CHz)n)l T H\;J[:G/\(CHz)p)l “
Y

z_-(CH,)m

« Wherein each of m, n, and p represents an integer of 0 to 6; i.e. 1, .2; 3, 4, Sor6; -

and

Y and Z independently represents
S,
SOor
CH..

In the present invention, the substituents attached to formula (|) are defined as

follows:

An alkyl group is a straight chain alkyl group, a branched chain alkyl group or a
cycloalkyl group as defined below.

A straight chain alkyl group means a group —(CH,),CHs, wherein x is 0 or an
integer of 1 or more. Preferably, x is 0 or an integerof 1t0 9, i.e. 1, 2, 3, 4, 5, 6, 7,
8 or 9, i.e the straight chain alky! group has 1 to 10 carbon atoms. More preferred,
X is 0 or an integer of 1 to 6, i.e. 1, 2, 3, 4, 5 or 6. Examples of the straight chain
alkyl group are methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl and n-decyl. '
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A branched chain alkyl group contains at least one secondary or tertiary carbon
atom. For example, the branched chain alkyl group contains one, two or three
secondary or tertiary carbon atoms. In the present invention, the branched chain
alkyl group preferably has at least 3 carbon atoms, more preferably 3 to 10, i.e. 3,
4,5,6,7,8, 9or 10, carbon atoms, further preferred 3 to 6 carbon atoms, i.e. 3, 4,
5 or & carbon atoms. Examples thereof are iso-propyl, sec.-butyl, tert.-butyl, 1,1-
dimethy! propyl, 1,2-dimethyl propyl, 2,2-dimethyl propyl (neopentyl), 1,1-dimethyl
butyl, 1,2-dimethyl butyl, 1,3-dimethyl butyl, 2,2-dimethyl butyl, 2,3-dimethy! butyl,
3,3-dimethyl butyl, 1-ethyl butyl, 2-ethyl butyl, 3-ethy} butyl, 1-n-propyl propyl, 2-n-
- propyl propyl, 1-iso-propyl propyl, 2-iso-propyl propyl, 1—methy! pentyl, 2-methy! -
“pentyl, 3-methyl pentyl and 4-methyl pentyl.

In the present invention, a cycloalkyl group preférably has 3 to 8.carbon atoms; i.e.
3,4, 5, 6, 7 or 8 carbon atoms. Examples thereof are cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. More preferably, the cycloalkyl
group has 3 to 6 carbon atoms, such as cyclopentyl, cyclohexyl and cycloheptyl.

In the present invention, the straight chain or branched chain alkyl group or
cycloalkyl group may be substituted with at least one halogen atom selected from
the group consisting of F, Cl, Br and |, among which F is preferred. Preferably, 1 to
5 hydrogen atoms of said straight chain or branched chain alkyl group or cycloalkyl
group have been replaced by halogen atoms. Preferred haloalkyl groups include
-CF3, -CH,CF3 and -CF,CF;,

In the present invention, an alkoxy group is an -O-alkyl group, wherein alkyl is as

defined above.

In the present invention, an alkylamino group is an -NH-alkyl group, wherein alkyl is

as defined above.

In the present invention, a dialkylamino group is an -N(alkyl), group, wherein alkyl
is as defined above and the two alkyl groups may be the same or different.
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In the present invention, an acyl group is a -CO-alkyl group, wherein alkyl is as

defined above.

In an alkyl-O-CO- group, alkyl-O-CO-NH- group and alkyl-S- group, alkyl is as

defined above.

An alkylene moiety may be a straight chain or branched chain group. Said alkylene
moiety preferably has 1to 6, i.e. 1, 2, 3, 4, 5 or 6, carbon atoms. Examples thereof
include .methylene,. ethylene, n-propylene, n-butylene, n-pentylene, «N-hexylene;:
methyl methylene, ethyl methylene, 1-methyl ethylene, 2-methyl.ethylene, 1-ethyl
- ethylene; wpropyl methylene, 2-ethyl ethylene, 1-methyl .propylene;:.2-methyl

propylene,. 3-methyl propylene, 1-ethyl propylene, 2-ethyl. prapylene, “3-ethyl
.propylene; i'fl-dime'thyl propylene;1,2-dimethyl propylene, 2,2-dimethyl'propylene;:. .-

1,1-dimethyl butylene, 1,2-dimethyl butylene, 1,3-dimethyl butylene, 2,2-dimethyl
butylene, 2,3-dimethy! butylene, 3,3-dimethyl butylene, 1-ethyl butylene, 2-ethyl
butylene, 3-ethyl butylene, 4-ethyl butylene, 1-n-propyl propylene,‘ 2-n-propyl
propylene, 1-iso-propyl propylene, 2-iso-propyl propylene, 1-methyl pentylene, 2-
methyl pentylene, 3-methyl pentylene, 4-methyl pentylene and 5-methyl pentylene.
More preferably, said alkylene moiety has 1 to 4 carbon atoms, such as methylene,
ethylene, n-propylene, 1-methyl ethylene and 2-methyl ethylene.

In the present invention, a cycloalkylene group preferably has 3 to 8 carbon atoms,
le. 3, 4, 5, 6, 7 or 8 carbon atoms. Examples thereof are cyclopropylene,
cyclobutylene, cyclopentylene, cyclohexylene, cycloheptylene and cyclooctylene.
More preferably, the cycloalkylene group has 3 to 6 carbon atoms, such as
cyclopropylene, cyclobutylene, cyclopentylene, and cyclohexylene. In the
cycloalkylene group, the two bonding positions may be at the same or at adjacent
carbon atoms or 1, 2 or 3 carbon atoms are between the two bonding positions. In
preferred cycloalkylene groups the two bonding positions are at the same carbon
atom or 1 or 2 carbon atoms are between the two bonding positions.

An aryl group is a carbocyclic or heterocyclic aromatic mono- or polycyclic moiety.
The carbocyclic aromatic mono- or polycyclic moiety preferably has at least 6
carbon atoms, more preferably 6 to 20 carbon atoms. Examples thereof are phenyl,
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biphenyl, naphthyl, tetranydronaphthyl, fluorenyl, indenyl and phenanthryl among
which phenyl and naphthyl are preferred. Phenyl is especially preferred. The
heterocyclic aromatic monocyclic moiety is preferably a 5- or 6-membered ring
containing carbon atoms and at least one heteroatom, for example 1, 2 or 3
heteroatoms, such as N, O and/or S. Examples thereof are thienyl, pyridyl, furanyl,
pyrrolyl, thiophenyl, thiazolyl and oxazolyl, among which thienyl and pyridyl are
preferred. The heterocyclic aromatic polycyclic moiety is preferably an aromatic
moiety having 6 to 20 carbon atoms with at least one heterocycle attached thereto.
;Examples thereof are benzothienyl, naphthothiényl,. benzofuranyl, chromenyl,
indolyl;.svisoindolyl, indazolyl, quinolyl,, isoguinolyl, phthalazinyl,: -quinaxalinyl,
cin‘nblinyl and: quinazolinyl.

The aryl group may'have 1, 2, 3, 4 or 5.substituents, which may bethe same or-
different. Examples of said substituents are straight chain or branched chain alkyl
groups as defined above, halogen atoms, such as F, Cl, Br or |, hydroxy groups,
alkyloxy groups, wherein the alkyl moiety is as defined above, fiuoroalkyl groups,
i.e. alkyl groups as defined above, wherein 1 to (2x + 3) hydrogen atoms are
substituted by fluoro atoms, especially trifluoro methyl, -COOH groups, -COO-alkyl
groups and -CONH-alkyl groups, wherein the alkyl moiety is as defined above, nitro

groups,and cyano groups.

An arylene group is a carbocyclic or heterocyclic aromatic mono- or polycyclic
moiety attached to two groups of a molecule. In the monocyclic arylene group, the
two bonding positions may be at adjacent carbon atoms or 1or 2 carbon atoms are
between the two bonding positions. In the preferred monocyclic arylene groups 1 or
2 carbon atoms are between the two bonding positions. In the polycyclic arylene
group, the two bonding positions may be at the same ring or at different rings.
Further, they may be at adjacent carbon atoms or 1 or more carbon atoms are
between the two bonding positions. In the preferred polycyclic arylene groups 1 or
more carbon atoms are between the two bonding positions. The carbocyclic
aromatic mono- or polycyclic moiety preferably has at least 6 carbon atoms, more
preferably 6 to 20 carbon atoms. Examples thereof are phenylene, bipheﬁylene,
naphthylene, tetrahydronaphthylene, fiuorenylene, indenylene and phenanthrylene
among which phenylene and naphthylene are preferred. Phenylene is especially
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preferred. The heterocyclic aromatic monocyclic moiety is preferably a 5- or 6-
membered ring containing carbon atoms and at least one heteroatom, for example
1, 2 or 3 heteroatoms, such as N, O and/or S. Examples thereof are thienylene,
pyridylene, furanylene, pyrrolylene, thiophenylene, thiazolylene and oxazolylene,
among which thienylene and pyridylene are preferred. The heterocyclic aromatic
polycyclic moiety is preferably an aromatic moiety having 6 to 20 carbon atoms
with at least one heterocycle attached thereto. Examples thereof are
benzothienylene, naphthothienylene, benzofuranylene, chromenylene, indolylene,

isoindolylene,. . indazolylene; .. quinolylene, isoquinolylene, phthalazinylene;.- :.

‘quinaxalinylene, cinnolinylene and quinazolinylene.

The arylene group may have 1, 2, 3,4 or 5 substituents, which may be thef‘:éame or
different:Examples. of said: substituents are straight .chain or branched chain alkyl
groups as defined above, halogen atoms, such as F, Cl, Br or |, alkyloxy groups, .
wherein the alkyl moiety is as defined above, fluoroalkyl groups, i.e. alkyl groups a
defined above, wherein 1 to (2x + 3) hydrogen atoms are substituted by fiuoro
atoms, especially trifluoro methyl.

The heterocyclyl group is a saturated or unsaturated non-aromatic ring containing
carbon atoms and at least one hetero atom, for example 1, 2 or 3 heteroatoms,
such as N, O and/or S. Examples thereof are morpholinyl, piperidinyl, piperaziny!
and imidazolinyl.

In formula (1), R' may be hydrogen.

In formula (1), R may be a straight chain alkyl group as defined above. In the more
preferred straight chain alkyl group x is O or an integer of 1 to 3, i.e. the straight
chain alkyl group of R is preferably selected from methyl, ethyl, n-propyl and n-
butyl. Especially preferred, the straight chain alkyl group is ethyl.

In formula (1), R may be a branched chain alkyl group as defined above. The more
preferred branched chain alkyl group has 3 or 4 carbon atoms, examples thereof

being iso-propyl, sec.-butyl, and tert.-butyl.
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In formula (1), R' may be a cycloalkyl group as defined above.

In formula (1), R' may be an -alkylene-cycloalkyl group. Therein, the alkylene
moiety and the cycloalkyl group are as defined above.

In formula (I), R' may be an aryl group as defined above. The more preferred aryl
group is mono- or bicyclic aryl. Especially preferred, the aryl group is phenyl or

pyridyl.

In formula-{ly, R'-may be an -alkylene-aryl group. Therein, the alkylene:moiety and
- the aryl group are as defined above. Mbre.preferned, the alkylene:moiety contains 1

to 4.carbon atoms. The more preferred aryl group attached.to an alkylene moiety is

mono- or-bicyclic aryl: Especially preferred, the aryl group is phenyl.or pyridyl.

In formula (1), R" may be an SO,-alkyl group, wherein alkyl is as defined above.
In formula (1), R' may be an SO-aryl group, wherein aryl is as defined above.

In formula.(l), R' may be an -alkylene-SO,-aryl group, wherein alkylene and aryl
are as defined above. More preferred, the alkylene moiety contains 1 to 4 carbon
atoms. The more preferred aryl group attached to the SO,-moiety is mono- or
bicyclic aryl. Especially preferred, the aryl group is phenyl or pyridyl.

In formula (1), R" may be an -alkylene-SO,-alky! group, wherein alkylene and alkyl
are as defined above. More preferred, the alkylene moiety contains 1 to 4 carbon

atoms.
In formula (1), R" may be a heterocyclyl group as defined above.

In formula (l), R may be an -alkylene-heterocyclyl group, wherein the alkylene
moiety and the heterocyclyl group are as defined above. More preferred, the
alkylene moiety contains 1 to 4 carbon atoms. The more preferred heterocyclyl
group attached to an alkylene moiety is monocyclic hetérocylcyl. Especially
preferred, the heterocyclyl group is morpholinyi.
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Preferably, R' is selected from the group consisting of hydrogen, straight chain
alkyl, -alkylene-aryl, and -alkylene-heterocyclyl, and -alkylene-SOs-aryl. More
preferably, R is hydrogen or straight chain alkyl. Most preferably, R is ethyl.

Alternatively, R' is selected from the group consisting of a straight chain or
branched chain alkyl, cycloalkyl, -alkylene-cycloalkyl, -alkylene-aryl, -alkylene-
heterocyclyl, and -alkylene-SOz-aryl.

In formula (1), R"' may be a straight chain alkyl group as defined above.

In formula (1), R* may be a branched chain alkyl group as defined above. More
preferred, the branched chain alkyl group has 3 or 4 carbon atoms, examples
thereof being iso-propyl, sec.-butyl and 1-methyl-propyl. Especially preferred is

sec.-butyl.

In formula (1), R*> may be an aryl group as defined above. The more preferred aryl
group is an optionally substituted phenyl group having one or two substituents.
Preferred substituents are selected from the group consisting of halogen atoms,
especially F and/or Cl and/or Br, alky! groups, especially methyl, alkyloxy groups, .
especially methoxy or ethoxy, fluoroalkyl groups, such as trifluoromethyl, and nitro

and cyano groups.

In formula (i), R? may be an -alkylene-aryl group. Therein, the alkylene moiety and
the aryl group are as defined above. More preférred, the alkylene moiety is a
methylene group. The more preferred aryl group attached to the alkylene moiety is
an optionally substituted phenyl group having one or two substituents. Preferred
substituents are selected from the group consisting of halogen atoms, especially F
and/or Cl and/or Br, alkyl groups, especially methyl, alkyloxy groups, especially
methoxy or ethoxy, fluoroalkyl groups, such as trifluoromethyl, and nitro and cyano
groups. Especially preferred substituents are F, Cl, Br, methyl, and methoxy.

Preferably, R? is a substituted or unsubstituted benzyl group. More preferably, R? is
a substituted benzyl group, having one or two substituents selected from the group
consisting of halogen atoms, alkyl groups, fluoroalky! groups and alkyloxy groups.
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Most preferably, R? is a substituted benzyl group, having one or two substituents
selected from the group consisting of F, Cl, Br, methyl, and methoxy.

In formula (1), R® may be a straight chain alkyl group as defined above.

In formula (I), R® may be a branched chain alkyl group as defined above. More
preferred, the branched chain alkyl group has 3 or 4 carbon atoms, examples
thereof being iso-propyl, sec.-butyl and 1-methyl-propyl. Especially preferred, are
iso-propyl and sec.-butyl.

In formula (1), R®* may be a cycloalkyl group-as defined aboye. The 'preferred
cyloalkyl-group is cyclopropyl.

In formula (1), R® may be an -alkylene-cycloalkyl group. Therein, the alkylene
moiety and the cycloalkyl group are as defined above. The preferred alkylene
moiety is a methylene group. The preferred cyloalky! group is cyclopropyl.

Preferably, R® is a branched chain alkyl group, a cycloalkyl group, or an -alkylene-
cycloalkyl group as defined above. More preferably, R? is a branched chain alkyl
group as defined above. Most preferably, R® is iso-propyl or sec.-butyl. .

In formula (1), L may be -NH-(CH>).-CO- , wherein z is an integer of 1 to 6. More
preferred, zis 1, 2, 3 or 4.

In formula (I), L may be -NH-cycloalkylene-CO- as defined above.

In formula (I), L may be -NH-arylene-CO- as defined above. More preferred, the
arylene moiety is selected from phenyl and pyridyl. Especially preferred is phenyl.

In formula (I), L may be a combination of at least two groups, for example of two,
three or four groups, selected -NH-(CH,),-CO- , wherein z is an integer of 1 to B,
i.e. 1,2, 3, 4, 5or6, -NH-cycloalkylene-CO- , -NH-arylene-CO-. More preferred, L
is a combination of two groups selected from -NH-(CH,),-CO- , wherein z is an
integer of 1 to 6. Therein, z is preferably 2, 3, 4 or 5.
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Preferably, L is a bond or a group selected from -NH-(CH,),-CO- , wherein z is an
integer of 1 to 8, or -NH-cycloalkylene-CO-, or —NH-arylene-, or a combination of
two of these groups as defined above. More preferably, L is abond or -NH-(CH,),-
CO-, wherein z is 1. Most preferably, L is a bond.

In formula (1), T may be

Y\/\«:Hz)n/u

Z\/ (CH,)

‘ wherern m, n, Y and Z are as defi ned above More preferred mis an rnteger of 17
2 and n is an rnteger of 1 — 4, and Y and Z rndependenﬂy represent s or SO. |
Especially preferred, mis 1, andnis 3,and Y and Z are both SorYis S and Z is
SOorYisSOandZisS.

In formula (1), T may be
o

o DU
HN\@/\ (‘3*'2#’)l n
Y

wherein p, and Y are as defined above. More preferred, n is an integer of 1 ~ 4,
and Y represents S or SO. Especially preferred, nis 3, and Y represents S.

In each of groups T having a group R* R*is as defined above. Preferably, R* is
selected from the group consisting of A-O-CO-, A-NH-CO-, A-CO-, and A-NH-SO,-.

In the present invention, A may be a straight chain alkyl group, which has
preferably 1 to 10 carbon atoms as defined above.

In the present invention, A may be a branched chain alkyl group, which has
preferably 3 to 10 carbon atoms as defined above. More preferred, the branched
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chain alkyl group has 3 to 6 carbon atoms. Especially preferred, the branched

chain alkyl group is tert.-butyl.

In the present invention, A may be a straight chain alkyl group, which has
preferably 1 to 10 carbon atoms as defined above, and is substituted with at least
one halogen atom selected from F, CI, Br and I, among which F is preferred.
Especially preferred haloalkyl groups include -CFs, -CH,CF3 and -CF,CFs.

In the present invention, A may be a branched chain alkyl group,:which has
preferably 3 to 10 carbon atoms as defined above and is substituted‘l with at least: -
'-;a;onehalo“gen atom selected from F, Cl, Br and I,.among:which F:_ius, preferred: = -
-Especially:preferred are. perfluoroalkyl groups.

In the present invention, A may be a straight chain or branched chain alkyl group

as defined above, which is substituted with B. Further, A may be a straight chain or
branched chain alkyl group substituted with at least one halogen atom as defined
above, which is in addition substituted with B as defined above.

In case B is selected from the group consisting of -O-alkyl, -NH-alkyl, -N(alkyl),
alkyl-O-CQO-NH- and alkyl-S-, alkyl is preferably a straight chain or branched alkyl’
group having 1 to 10 carbon atoms. In the group -N(alkyl),, the alkyl groups
independently preferably have 1 to 6 carbon atoms.

In the present invention, A may be a group as defined above, which is substituted
with D as defined above. In case D is selected from the group consisting of alkyl,
perfluoroalkyl, alkoxy, alkylamino, dialkylamino, acyl, alkyl-O-CO- and alkyl-S-,

alkyl is as defined above.

Preferably, R* is A-O-CO-, A-CO-, A-SO,- or A-NH-CO-, wherein A is alkyl,
-alkylene-cycloalkyl, ary! or -alkylene-aryl, -alkylene-heterocyclyl as defined above.
Especially, R* is selected from the group consisting of A-O-CO-, A-NH-CO-, A-CO-,
and A-SO,- wherein A is a straight chain alkyl group, which has 1 to 10 carbon
atoms, a branched chain alkyl group, which has 3 to 10 carbon atoms, a cycloalky!
group, having 3 to 8 carbon atoms, an -alkylene-cycloalkyl group wherein the



WO 2004/078908 PCT/EP2004/002142
23

alkylene moiety is a straight chain alkylene group having 1 to 6 carbon atoms, and
the cycloalkyl group has 3 to 8 carbon atoms, an aryl group, an -alkylene-aryl
group, wherein the alkylene moiety is a straight chain alkylene group of 1 to 6
carbon atoms, and the aryl group is selected from substituted or unsubstituted
phenyl, naphthyi, thienyl and pyridyl, or an -alkylene-heterocyclyl group wherein the
alkylene moiety is a straight chain alkylene group of 1 to 6 carbon atoms.

In each of groups T having a group R®, R® is as defined above. Preferably, R® is
selected from the group consisting of XH; X'; -X-(CH2)xCHs as defined above,
wherein X is preferably an.integer of 1 to 6; -X-branched chain alkyl having 3 to0’6
- carbon atoms as defined.vabove; -X-cycloalkyl having 3 to 8 carbon ‘atoms ‘as

.defined above -X-alkylene-cycloalkyl, wherein the alkylene .moiety is a straight. -

‘chain alkylene group preferably having 1 to 6 carbon atoms as defined above, and-
the cycloalkyl group has 3 to 8 carbon atoms as defined above; -X-ary! selected
from substituted or unsubstituted phenyl, naphthyl, thienyl and pyridyl as defined
above; -X-alkylene-aryl, wherein the alkylene moiety is a straight chain alkylene
group preferably having 1 to 6 carbon atoms as defined above, and the ary! group
is selected from substituted or unsubstituted phenyl, naphthyl, thienyl and pyridyl
as defined above;-X-SO;-alkyl, -X-SO»-aryl, -X-alkylene-SO,-aryl, -X-alkylene SO,-
alkyl or -X-alkylene-heterocyclyl, wherein X is as defined above.

More preferably, R® is -X-alkyl, -X-branched chain alkyl, especially -o-tert.-butyl,
-X-cycloalkyl, -X-alkylene-cycloalkyl, -X-aryl, -X-alkylene-aryl or -X-alkylene-
heterocyclyl. Especially R® is -X-(CH.),CHa, wherein x is an integer of 1 to 6; -X- .
branched chain alkyl having 3 to 6 carbon atoms, -X-cycloalkyl having 3 to 8
carbon atoms, -X-alkylene-cycloalkyl, wherein the alkylene moiety is a straight
chain alkylene group having 1 to 6 carbon atoms, and the cycloalkyl group has 3 to
8 carbon atoms; -X-aryl selected from substituted or unsubstituted phenyl,
naphthyl, thienyl and pyridyl, -X-alkylene-aryl, wherein the alkylene moiety is a
straight chain alkylene group having 1 to 6 carbon atoms, and the aryl group is
selected from substituted or unsubstituted phenyl, naphthyl, thienyl and pyridyl, -X-
alkylene-heterocyclyl wherein the alkylene moiety is a straight chain alkylene group
of 1 to 6 carbon atoms, -X-cycloalkyl, -X-alkylene-cycloalkyl, -X-aryl, -X-alkylene-
aryl or -X-alkylene-heterocyclyl.
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In each groups T having a group R® R® is as defined above. Preferably, R® is
hydrogen, a straight chain alkyl group having 1 to 6 carbon atoms as defined
above, preferably 1 to 3 carbon atoms, especially being methyl; a branched chain
alkyl group having 3 to 8 carbon atoms as defined above, preferably 3 to 6 carbon
atoms, a cycloalkyl group having 3 to 8 carbon atoms as defined above; -alkylene-
cycloalkyl, wherein the alkylene moiety is a straight chain alkylene group preferably
having 1 to 6 carbon atoms as defined above, and the cycloalkyl group has 3 to 8
- carbon.atoms..as defined above; -alkylene-aryl, wherein the alkylene.moiety is a -
straight chain alAkylenewgroup preferably having 1 to 6 carbon atoms as defined: . :
above, and :the aryl group is selected from substituted:..or unsubstituted phenyl, =
“naphthyl, thienyl and pyridyl as defined above; A-O-CO-, A-NH-CO-, A-CO=, andA--
I.\J'H“-‘SOZ-,,.,whérein A.may be"a.straigh;t’ chain alky!l group, which preferably. has 1 to: -
10 carbon atoms as defined above, or a branched chain alkyl group, which
preferably has 3 to 10 carbon atoms as defined above, or a cycloalkyl, -alkylene-
cycloalkyl, aryl, or -alkylene-aryl group, or -alkylene-heterocyclyl as defined above.
More preferably, the branched chain alkyl group has 3 to 6 carbon atoms.
Especially preferred, the branched chain alkyl group is tert.-butyl.

In each groups T having a group R’, R” is as defined above. Preferably, R is
-SO,NHRe.

Preferably, T selected from the group consisting of

0

0 H 0
A
/YW/\(CHz)D)IN‘ HN\O/\(CH2)p/u\~
Y

Z_A(CH,)m

wherein m is an integer of 1 -2, nis an integer of 1 — 4, p is an integer of 1 - 4, and
Y and Z independently represent S or SO.
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More preferably, T is

0
/Yj/\(CHz)n)l .

z-(CH,)m

wherein mis an integer of 1 - 2, nis an integerof 1 — 4, and Y and Z are both S or
YisSandZisSOorYisSOandZisS.

k‘Moétv preferably, T is

-9
o

L ZaACH)M

whereinmis 1, nis3,andYandZarebothSorYisSand Zis SOorYis SO and
Zis S.

The compounds of structural formula (I) are effective calpain inhibitors and may
also inhibit other thiol proteases, such as cathepsin B, cathepsin H, cathepsin L or
papain. Multicatalytic Protease (MCP) ‘also known as proteasome may also be |
inhibited. The compounds of formula (I) are particularly effective as calpain
inhibitors and are therefore useful for the treatment and/or prevention of disorders
responsive to the inhibition of calpain, such as neurodegenerative diseases and
neuromuscular diseases including Duchenne Muscular Dystrophy, Becker
Muscular Dystrophy and other muscular dystrophies, like disuse atrophy and
general muscle wasting and other diseases with the involvement of calpain, such
as ischemias of the heart, the kidneys or of the central nervous system, cataract,
and other diseases of the eyes.

Optical Isomers - Diastereomers - Geometric Isomers — Tautomers

The compounds of structural formula (I) contain one or more asymmetric centers
and can occur as racemates and racemic mixtures, single enantiomers,
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diastereomeric mixtures and individual diastereomers. The present invention is
meant to comprehend all such isomeric forms of the compounds of structural

formula (1).

Some of the compounds described herein may exist as tautomers such as keto-
enol tautomers. The individual tautomers as well as mixtures thereof are
encompassed within the compounds of structural formula (1).

The .compounds :of :structural. formula (I) may be separated into.their individual
diastereoisomers by, for example, fractional crystallization from.a suitable solvent,
for.example methanol --or -ethyl acetate or a mixture thereof:sor ‘via chiral
uchromatog[aphy: Z,"using ‘an. .optically active stationary: phase. 'Absoilut'e
‘a:sterebcﬁe_mistry ;nay be determined by X-ray crystallography.of crystalline prdﬁdu‘ctﬁsq-. -
or crystalline intermediates which are derivatized, if necessary, with a reagent
containing an asymmetric center of known absolute configuration.

Alternatively, any stereoisomer of a compound of the general formula (1) may be
obtained by stereospecific synthesis using optically pure starting materials or

reagents of known absolute configuration.

Salts

The term "pharmaceutically acceptable salts" refers to salts prepared from
pharmaceutically acceptable non-toxic bases or acids including inorganic or
organic bases and inorganic-or organic acids. Salts derived from inorganic bases
include, for example, aluminum, ammonium, calcium, copper, ferric, ferrous,
lithium, magnesium, manganic, manganous, potassium, sodium and zinc salts.
Particularly preferred are the ammonium, calcium, lithium, magnesium, potassium
and sodium salts. Salts derived from pharmaceutically acceptable organic non-
toxic bases include salts of primary, secondary and tertiary amines, substituted
amines including naturally occurring substituted amines, cyclic amines, and basic
ion exchange resins, such as arginine, betaine, caffeine, choline, N,N'-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-



WO 2004/078908 PCT/EP2004/002142
27

dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethyl-morpholine, N-
ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine,
lysine, methylglucamine, morpholine, piperazine, piperidine, polyarnine resins,
procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine and

tromethamine.

When the compound of the present invention is basic, salts may be prepared from
pharmaceutically acceptable non-toxic acids, including inorganic and organic acids.
Such : acids include, for example, .acetic; - benzehesulfonic, benzoic,
‘camphorsulfonic, citric, ethanesulfonic,” formic, fumaric, sgluconic, glutamic,
hydrobromic, hydrochloric, -isethionic; . lactic; maleic,» ‘malic, mandelic,
methanesulfonic, malonic,. mucic, -.-nitric,” parnoic, - pantothenic, - phosphoric, -
propionic; -succinic; sulfuric,-tartaric, -ptoluenesuifonic’ .and- triflucroacetic acid. -
Particularly preferred are citric, fumaric, hydrobromic, hydrochloric, maleic,

phosphoric, sulfuric and tartaric acid.

It will be understood that, as used herein, references to the compounds of formula
(1) are meant to also include the pharmaceutically acceptable salts.

Utility

The compounds of formula (1) are calpain inhibitors and as such are useful for the
preparation of a medicament for the treatment, control or prevention of diseases,
disorders or conditions responsive to the inhibition of calpain such as
neurodegenerative diseases and neuromuscular diseases including Duchenne
Muscular Dystrophy, Becker Muscular Dystrophy and other muscular dystrophies.
Neuromuscular diseases such as muscular dystrophies, include dystrophinopathies
and sarcoglycanopathies, limb girdle muscular dystrophies, congenital muscular
dystrophies, congenital myopathies, distal and other myopathies, myotonic
syndromes, ion channel diseases, malignant hyperthermia, metabolic myopathies,
hereditary cardiomyopathies, congenital myasthenic syndromes, spinal muscular
atrophies, hereditary ataxias, hereditary motor and sensory neuropathies,
hereditary paraplegias, and other neuromuscular disorders, as defined in
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Neuromuscular Disorders, 2003, 13, 97-108. Disuse atrophy and general muscle
wasting can also be treated. Generally all conditions where elevated levels of
calpains are involved can be treated, including, for example, ischemias of the heart
(eg. cardiac infarction), of the kidney or of the central nervous system (eg. stroke),
inflammations, muscular dystrophies, cataracts of the eye and other diseases of
the eyes, injuries to the central nervous system (eg. trauma) and Alzheimer's

disease.

The compounds of formula (l). may also inhibit other thiol proteases.such as,: .:

cathepsin B, cathepsin H, cathepsin L .and papain. Multicatalytic Protease: (MCP)
also ‘kmownzas proteasome. may: also.-be inhibited by the: compounds: of the:.
invention-and-as, such they are. useful for.the preparation of-a. medic_ament-for‘the L

treatment, .control or prevention of diseases, disorders or conditions.responsive.to- . .

the inhibition of MCP such as muscular dystrophy, disuse atrophy, neuromuscular
diseases, cardiac cachexia, and cancer cachexia. Cancer, psoriasis, restenosis,
and other cell proliferative diseases can also be treated.

Surprisingly, the compounds of formula (I) are also inhibitors of cell damage by
oxidative stress through free radicals and can be used to treat mitochondrial
disorders and neurodegenerative diseases, where elevated levels of oxidative

stress are involved.

Especially, those compounds of formula (I) wherein T is selected from

0
/Y\,/\(CHZ)n/u “

z (CH,)m

wherein m, n, Y and Z are as defined above act as inhibitors of cell damage by
oxidative stress through free radicals and can be used to treat mitochondrial
disorders and neurodegenerative diseases, where elevated levels of oxidative
stress are involved. Among these compounds, those wherein mis 1, nis 3, and Y
and Z are both S orYis S and Zis SO or Y is SO and Z is S are especially

preferred.
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Mitochondrial ~disorders include Kearns-Sayre syndrome, mitochondrial
encephalomyopathy-lactic-acidosis-stroke like episodes (MELAS), myoclonic
epilepsy and ragged-red-fibers (MERRF), Leber hereditary optic neuropathy
(LHON), Leigh’s syndrome, neuropathy-ataxia-retinitis pigmentosa (NARP) and
progressive external opthalmoplegia (PEQO) summarized in Schapira and Griggs
(eds) 1999 Muscle Diseases, Butterworth-Heinemann.

Neurodegenerative diseases with free radical involvement include degenerative
ataxias, such as Friedreich’ Ataxia, Parkinson’s disease, Huntington’s disease,
amyetrophic lateral sclerosis (ALS) and Alzheimer's disease (Beal:M.F., Howell N.,
Bodis:Wollner |. (eds), 1997, Mitochondria and free radicals in neurodegenerative
diseases’, Wiley-Liss).

Administration and Dose Ranges

Any suitable route of administration may be employed for providing a mammal,
especially a human, with an effective dosage of a compound of the present
invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary or nasal
administration may be employed. Dosage forms include, for example, tablets,
troches, dispersions, suspensions, solutions, capsules, creams, ointments and
aerosols. Preferably the compounds of formula (I) are administered orally,

parenterally or topically.

The effective dosage of the active ingredient employed may vary depending on the
particular compound employed, the mode of administration, the condition being
treated and the severity of the condition being treated. Such dosage may be
ascertained readily by a person skilled in the art.

When treating Duchenne Muscular Dystrophy, Becker Muscular Dystrophy and
other muscular dystrophies, generally, satisfactory results are obtained when the
compounds of the present invention are administered at a daily dosage of about
0.001 milligram to about 100 milligrams per kilogram of body weight, preferably
given in a single dose or in divided doses two to six times a day, or in sustained
release form. In the case of a 70 kg adult human, the total daily dose will generally
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be from about 0.07 milligrams to about 3500 milligrams. This dosage regimen may
be adjusted to provide the optimal therapeutic response.

When treating ischemias of the heart (eg. cardiac infarction), of the kidney or of the
central nervous system (eg. stroke), generally, satisfactory results are obtained
when the compounds of the present invention are administered at a daily dosage
of from about 0.001 milligram to about 100 milligrams per kilogram of body weight,
preferably given in a single dose or in divided doses two to six times a day, or in

sustained release form.:In.the case of a 70 kg adult human, the total daily dose will: ..

generally :be from about 0.07 milligrams: to -about 3500 milligrams. This ddsage
regimen:may be:adjustea to provide the optimal therapeutic responsei-

Whentreating ‘ cancer, psoriasis, restenosis, and other- cell proliférative. diéeases‘,‘f._‘ .

generally, satisfactory results are obtained when the compounds of the present
invention are administered at a daily dosage of from about 0.001 milligram to about
100 milligrams per kilogram of body weight, preferably given in a single dose or in
divided doses two to six times a day, or in sustained release form. In the case of a
70 kg adult human, the total daily dose will generally be from about 0.07 milligrams
to about 3500 milligrams. This dosage regimen may be adjusted to provide the

optimal therapeutic response.

When treating mitochondrial disorders or neurodegenerative diseases where
oxidative stress is a factor, generally, satisfactory results are obtained when the
compounds of the present invention are administered at a daily dosage of from
about 0.001 milligram to about 100 miligrams per kilogram of body weight,
preferably given in a single dose or in divided doses two to six times a day, or in
sustained release form. In the case of a 70 kg adult human, the total daily dose will
generally be from about 0.07 milligrams to about 3500 milligrams. This dosage
regimen may be adjusted to provide the optimal therapeutic response.

Formulation

The compound of formula (I) is preferably formulated into a dosage form prior to
administration. Accordingly the present invention also includes a pharmaceutical
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composition comprising @ compound of formula (l) and a suitable pharmaceutical

carrier.

The present pharmaceutical compositions are prepared by known procedures
using well-known and readily available ingredients. In making the formulations of
the present invention, the active ingredient (a compound of formula (I)) is usually
mixed with a carrier, or diluted by a carrier, or enclosed within a carrier, which may
be in the form of a capsule, sachet, paper or other container. When the carrier
'.serves as a diluent, it may be a solid, semisolid or:liquid-material which acts as a
vehicle,-excipient or medium for the active ingredient. Thus, the compositions can
bein the form of tablets, pills, :powders, 1ozenges, ‘sachets, ca"chei-s,« elixirs,
suspensions, emulsions, solutions, syrups, aerosol (as a .solid: or:in a liquid
~medium), soft and hard gelatin c’ap,sules, suppositories, sterile.injectable solutions * -

and sterile packaged powders.

Some examples of suitable carriers, excipients and diluents include lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, caicium phosphate,
alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water syrup, methyl cellulose, methyl and
. propylhydroxybenzoates, talc, magnesium stearate. and mineral oil. The
formulations can additionally include lubricating agents, wetting agents, emulsifying
and suspending agents, preserving agents, sweetening agents and/or flavoring
agents. The compositions of the invention may be formulated so as to provide
quick, sustained or delayed release of the active ingredient after administration to

the patient

Preparation of Compounds of the Invention

The compounds of formula (f) of the present invention can be prepared according
to the procedures of the following Schemes and Examples, using appropriate
materials and are further exemplified by the following specific examples. Moreover,
by utilizing the procedures described herein in conjunction with ordinary skills in the
art additional compounds of the present invention can be readily prepared. The
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compounds illustrated in the examples are not, however, to be construed as
forming the only genus that is considered as the invention. The Examples further
illustrate details for the preparation of the compounds of the present invention.
Those skilled in the art will readily understand that known variations of the
conditions and processes of the following preparative procedures can be used to
prepare these compounds. The instant compounds are generally isolated in the
form of their pharmaceutically acceptable salts, such as those described previously
hereinabove. The free amine bases corresponding to the isolated salts can be

generated by -neutralization.:with a- suitable base, such as aqueous -sodium :..:

hydrogencarbonate, - sodium carbonate; « sodium hydroxide, ~and potassium
hydroxide,.and extraction of:the liberated amine free base into an ‘organic solvent
followed - by evaporation. The amine free base isolated in this«'-vmanner can:be"
further: converted into another pharmaceutically acceptable salt by dissolution. in-an. -
organic solvent followed by addition of the appropriate acid and subsequent
evaporation, precipitation, or crystallization. All temperatures are degrees Celsius.

When describing the preparation of the present compounds of formula (1), the
terms “T moiety”, “L moiety” and “Dipeptide moiety” are used below. This moiety

1

concept is illustrated below:

L moiety

AR

T moiety

Dipeptide moiety

The preparation of the compounds of the present invention may be advantageously
carried out via sequential synthetic routes. The skilled artisan will recognize that in



WO 2004/078908 PCT/EP2004/002142
33

general, the three moieties of a compound of formula (l) are connected via amide
bonds. The skilled artisan can, therefore, readily envision numerous routes and
methods of connecting the three moieties via standard peptide coupling reaction

conditions.

The phrase "standard peptide coupling reaction conditions" means coupling a
carboxylic acid with an amine using an acid activating agent such as EDC,
dicyclohexylcarbodiimide, and benzotriazol-1-yI-N,N,N',N'-tetramethyluronium
hexafluorophosphate in a inert solvent such as DMF in the presence of a catalyst
such as HOBt. The uses of protective groups for amine and carboxylic acids to
facilitate the. desired reaction and minimize undesired reactions ~are well
documented. Conditions required to remove protecting groups which may be
present can be found in Greene, et al., Protective Groups in Organic Synthesis,
John Wiley & Sons, Inc., New York, NY 1991. ‘
Protecting groups like Z, Boc and Fmoc are used extensively in the synthesis, and |
their removal conditions are well known to those skilled in the art. For example,
removal of Z groups can he achieved by catalytic hydrogenation with hydrogen in
the presence of a noble metal or its oxide such as palladium on activated carbon in
a protic solvent such as ethanol. In cases where catalytic hydrogenation is
contraindicated by the presence of other potentially reactive functionality, removal
of Z can also be achieved by treatment with a solution of hydrogen bromide in
acetic acid, or by treatment with a mixture of TFA and dimethylsulfide. Removal of
Boc protecting groups is carried out in a solvent such as methylene chloride,
methanol or ethyl acetate with a strong acid, such as TFA or HCI or hydrogen
chloride gas. Fmoc protecting groups can be removed with piperidine in a suitable

solvent such as DMF.

The required dipeptide moieties can advantageously be prepared via a Passerini
reaction (T. D. Owens et al., Tet. Lett., 2001, 42, 6271; L. Banfi et al., Tet. Lett.,
2002, 43, 4067 from an R'-isonitrile, a suitably protected Rz-aminoaldehyde, and a
suitably protected R®-amino acid followed by N-deprotection and acyl-migration,
which leads to the corresponding dipeptidyl a-hydroxy-amide. The groups R', R?
and R® are as defined above with respect to formula (1). The reactions are carried
out in an inert solvent such as CHgCIz at room temperature. The a-keto amide
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functionality on the dipeptide moiety is typically instalied using a Dess-Martin
oxidation (S. Chatterjee et al., J. Med. Chem., 1997, 40, 3820 in an inert solvent
such as CH,Cl, at 0 °C or room temperature. This oxidation can be carried out
either following the complete assembly of the compounds of Formula (I) using
peptide coupling reactions or at any convenient intermediate stage in the sequence
of connecting the three moieties T, L, and dipeptide, as it will be readily recognized
by those skilled in the art.

The compounds of formula (1), when exi'sting as a diastereomeric mixture, may be ...

separated into diastereomeric pairs of enantiomers by:fractional crystallization from -

a suitable: solvent suchi:as methanol, .ethyl acetate or a mixture theredf. The:pair:of: .

enantiomers: thus: obtained may be separated :into individual sterecisomers by
conventionai: means - by using .an..optically active acid as a-resolving ~agent..
AlternatiVely, any enantiomer of a compound of the formula (I) may be obtained by
stereospecific synthesis using opfically pure starting materials or reagents of

known configuration.
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In the above description and in the schemes, preparations and examples below,
the various reagent symbols and abbreviations have the following meanings:

Boc t-butoxycarbonyl

DIEA diisopropylethylamine

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

Eb e ethyl .

EtOAc - ethyl acetate

Fmoc + 9-fluorenylmethyl-carbamate

HBTU : . benzofriazol-1-yl-N,N,N',N'-tetramethyluronium héxaﬂuorophosphaté .

HOAc .. - -aceticacid '+ - .

HOAt 1-hydroxy-7-azabenzotriazole

HOBt 1-hydroxybenzotriazole

h hour(s)

NMM N-methylmorpholine

Me methyl

Phe phenylalanine

PyBOP benzotriazol-1-yloxytris(pyrrolidino)-phosphonium™
hexafluorophosphate

TFA trifluoroacetic acid

TEA triethylamine

4 benzyloxycarbonyi
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Reaction Scheme 1: Coupling technigue for compounds of formula (1)

Boc—L—OH TFA T—0OH
Dipeptide — Dipeptide—L—Boc ——— - Dipeptide—L—H —
HBTU/HOBt HBTU/HOBt
Dess-Martin
Dipeptide—L.—T —_— T—L—Dipeptide
oxidation

An appropriate dipeptide moiety (e.g. HzN-Val-Phe(4-Cl)-hydroxy-ethylamide) is
coupled to an L moiety (e.g., Boc-Gly-OH) in the presence of HBTU/HOB followed
by Boc deprotection. The coupled L-dipeptide hydroxy-ethylamide compound is
then coupled to an appropriate T moiety followed by Dess-Martin oxidation to the
corresponding a-keto amide compound.

Generally, after a peptide coupling reaction is completed, the reaction mixture can
be diluted with an appropriate organic solvent, such as EtOAc, CH.Cl, or Et,0,
which is then washed with aqueous solutions, such as water, HCI, NaHSO,,
bicarbonate, NaH,PO,, phosphate buffer (pH 7), brine or any combination thereof.
The reaction mixture can be concentrated and then be partitioned between an
appropriate organic solvent and an aqueous solution. The reaction mixture can be
concentrated and subjected to chromatography without aqueous workup.

Protecting groups such as Boc, Z, Fmoc and CF;CO can be deprotected in the
presence of H,/Pd-C, TFA/DCM, HCI/EtOAc, HCl/doxane, HCI in MeOH/Et,0,
NHs/MeOH or TBAF with or without a cation scavenger, such as thioanisole,
ethane thiol and dimethyl! sulfide (DMS). The deprotected amines can be used as
the resuilting salt or are freebased by dissolving in DCM and washing with aqueous
bicarbonate or aqueous NaOH. The deprotected amines can also be freebased by

ion exchange chromatography.

More detailed procedures for the assembly of compounds of formula (I) are
described in the section with the examples of the present invention.
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Reaction Scheme 2: Preparation of "Dipeptide moiety" employing the Passerini

reaction
R, )Ri a) CH,Cl, (Passerini reaction) R ., OH
)\ + NC 4 ppN~"cooH — N Nep
BocHN CHO R, b) TFA, CH,Cl, . P-HN ;
¢) Et;N, CH,CI, 0 R, O
1 2 3 4

P IS .an-amino protectrng group as described before and R to R3 are as defi ned

| above with respect to formula (1).

”The d|pept|de m0|et|es of the present invention, |n general may be prepared from o V
commercraliy avallable startmg materrals via known chemlcal transforma‘uons “The "

preparatlon of a dipeptide morety of the compound of the present |nvent|on is

illustrated in the reaction scheme above.

As shown in Reaction Scheme 2, the “dipeptide moiety” of the compounds of the
present invention can be prepared by a three-component reaction between a Boc-
protected amino aldehyde 1, an isonitrile 2 and a suitably protected amino acid 3
(Passerini reaction) in an - organic solvent, such as CH,Cl,, at a suitable
tempe‘r‘ature. Following deprotection of the Boc group using TFA ‘_in a suitable -
solvent, such as CH,Cl,, the dipeptide moieties 4 are obtained after base-induced-
acyl-migration using a' suitable .base, such as EtsN or DIEA, in.a suitable solvent,
~such as CH,Cl. More detailed examples of dipeptide moiety preparation -are

described below.

Suitably functionalized L moieties are commercially available or can readily be
prepared by the skilled artisan following published procedures (M. Hill et al., FEBS

Lett., 1979, 102, 282).

Suitably functionalized T moieties are commercially available or can readily
prepared by the skilled artisan from commercial precursors by standard protecting

group manipulations.
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The following describes the detailed examples of the invention.

Synthesis Scheme for Example 1:

y\ JOL a) EtNC, Boc-Val-OH, CH,Cl, \/?L o} DL Lipoic acid
H HN _
°" N b) TFA, CH,Cl, YN N HeTU, HoBt
o] c) »EtaN, c|-|g(;12 /5\ OH DIEA, DMF
cl

. De‘s‘s-.Martin‘» s,

et e e 0. .

CHjcl, DMso S

Synthesis Scheme for Example 169:

cl
0 o
Fmoc-Gly-OH,
HN Ml
’ \)k{ﬂ, N WBTU, Hoet
: OH DIEA, DMF
N
al o
0 o 0 0 0
O 5 JLN/YH\)I\N o~ B HN/\H/H N o~ Ditipoioacia
. g & H &y H DMF 8 i H g, H  HBTUHOBt
O A AL DIEA, DVF
cl al

(e} (o] o . o
Dess-Martin
S H A B CH,ClL,DMSO  § {j ; H ir:ll
[e] H OH o) 0
S
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Example 1:

Cl

A solution of 11.0 mg of intermediate 1b) in 1.2 ml of DMSO and 1.2 ml of CH,Cl,
was -cooled in ice.”10.2 -mg of Dess-Martin reagent were added :and the. mixture
. was stirred in an ice bath for 60 min. The cooling bath was removed and stirring -

"'was continued at r.t. for a further 60 min. CH,Cl, was added. and the mixture was
’washed W|th 1 M NazS20s, sat. NaHCOs, and H0, drled wnth anh.. NaZSO4 and ...

evaporated in vacuo. The crude product was purified by column chromatographyi
(CH2:Cl/MeCH 98:2 — CH,Cl/MeOH 95:5) which yielded Example 1 in form of a
slightly yellowish solid. In addition, a small amount of Example 2 was obtained as a

colorless solid.
Rf = 0.61 (CH,Cl,/MeQOH 9:1); Mp. 209-212 °C.

The required intermediates can be synthesized in the following way: .

Cl
@] o]
é H SH H
S

To a solution of 1.00 g of Boc-p-chloro-phenylalaninal in 14 ml of anh. CH,Cl, were
added 0.39 ml of Ethyl isocyanide, followed by 0.76 g of Boc-valine, and the
mixture was stirred at r.t. for 18 h. The resulting solution was evaporated to
dryness and the residue redissolved in 14 ml of CH,Cl,. 5 ml of TFA were added

Intermediate 1a):

and the reaction was stirred at r.t. for 2 h. The volatiles were evaporated in vacuo
and the residue dried in vacuo. The resulting yellow oil was dissolved in 14 m! of



WO 2004/078908 PCT/EP2004/002142
40

CHClz, 10 ml of Et;N were added and the reaction was stirred at r.t. overnight.
Then the reaction mixture was evaporated t'o’dryness in vacuo and the residue was
partitioned between 1 N NaOH and EtOAc. The organic layer was washed with 1 N
NaOH, H,O, and brine. The aqueous layers were back extracted with EtOAc and
the combined organic layer dried over Na,SO,4 and evaporated in vacuo. The crude
product was suspended in Et;O, filtered off, washed with cold Et,O, and dried in
vacuo to yield intermediate 1a) as a white solid.

R¢ = 0.27 (CH,Cly/MeOH 9:1); Mp. 187-190 °C.

Intermediate 1b):

To a solution of 30.9 mg of DL-Lipoic acid and 27.0 mg of HOBt in 1.50 m| of DMF
were added 56.9 mg of HBTU, followed by 0.11 ml of DIEA, and the mixture was
stirred at r.t for 10 min. Then, 39.8 mg of intermediate 1a) were added and the
reaction stirred at r.t. overnight. The resulting solution was diluted with EtOAc,
washed with 1 N HCI (3x), 2 N K,CO;3 (3x), H20, and brine. The organic layer was
dried with anh. MgSO, and evaporated in vacuo. The crude product was triturated
with hot EtO, filtered off, washed with cold Et,O, and dried in vacuo to yield
intermediate 1b) as a yellowish solid.

R¢= 0.34 (CHCl,/MeOH 9:1); Mp. 230-232 °C.

Example 2:

Cl
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R¢ = 0.49 (CH,Cl/MeOH 9:1); Mp. 201-203 °C.

The compounds of the following examples can be prepared in a similar way:

Example 3:

R¢ = 0.54 (CH,Cl,/MeOH 9:1); Mp. 228 °C.

Example 4.
Cl
Ko
S’ H (o] (o]
- N Ay N
o ¢ H g H
P
Example 5:
Cl
H (o] o]
EYY WY
o ¢ H o H
PN

R¢ = 0.28 (CH.Cly/MeOH 95:5); Mp. 228-230 °C.
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Example 6.

o]

R¢ = 0.74 (CH,Cl/MeOH 9:1); Mp. 241-242 °C.

- Example 7:
: Cl
S~g H [e] [e]
MN\E/“\HJ;EOH
o = o}
AN
Example 8:
Ci
(0]
S~g* H (o] (o]
MN\)]\NJ:!S);
o : M g
P
Example 9:

Cl
S-~g o (o]
H
MN%N/ESOKL//\/N
o ¢ H g H
N

PCT/EP2004/002142

o
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Example 10:
Cl
S~s"o w9 o (\o
MN\)LN NN
Example 11:
Cl A
S~g : 0 0 AN
’ o é H o H
SN .
Example 12:
Cl
o]
S~g” o] (o] A
: H H
(o] H o]
PN
Example 13:

Cl
S~g (o] (o]
H
MN\)LN/&Q:\S’p
o  H g HJ
N

R¢= 0.35 (CH2Cl,/MeOH 9:1); Mp: 205-206 °C.
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Example 14:

Cl

Rf=0.23 (CH2Clx/MeOH 9:1); Mp: 170-173 °C.

Example 15:

cl

S~g b 9 o]

MN\:/”\N NN
0 j/H o "

R = 0.20 (CH,Cl/MeOH 95:5); Mp. 144-150 °C.

Example 16:

Cl
S~s o9 o)
«/K/\/\H/N\_/”\N N/\
z H H

Rf = 0.15 (CH2Clo/MeOH 95:5); Mp. 154-155 °C.
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Example 17:
Cl
S H o] (o]
C\/\/YN\:)J\N N/\
o) :W/H o H
Example 18:
Cl
§° b © o)
MN\;)I\N N/\
SN o
Example 19:
Cl
S~s Lo o
MN\)\H oH
o = o
Example 20:
Cl
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Example 21:
Cl
S~g 0 o (o
MHJN N/\/N\/'
Example 22:
Cl
s\s'-o hn @ o} o)
MN\Z)LN NN
Example 23:
Cl
S~g (o} (0]
M“\/U\N N/\/Ig\,j
"
Example 24.
Cl
S~5"O (o] (0]
vW\(]/H\)LN N/\/(Nj
Foon g
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Example 25:;

Cl

o]

S—g H (o] o
WV\{(N\/[LN N/\S/’
: H H &

° Y © 0 °

Rr= 0.37 (CH.Cl,/MeOH 9:1); Mp: 200-201 °C.

Example 26:

Cl

Rf = 0.24 (CH.Cl/MeOH 9:1); Mp: 163-165 °C.

Example 27:

Cl
S-g o ! 0
H
MN\)LN NN
: H H
o = o

Rr = 0.59 (CH.Cl,/MeOH 9:1); Mp. 100-102 °C.
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Example 28:

Cl

Re= 0.32 (CH,Cl/MeOH 9:1); Mp. 92-94 °C.

Example 29:

Cl

Cl

p

R¢ = 0.52 (CH,Cl./MeOH 30:1); Mp. 210 °C.

Example 30:
Cl
Cl
.0
S~g” . o) o)
MN\:)LN NN
Example 31:

Cl

R¢=0.75 (CH,Cl,/MeOH 15:1).
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Example 32:
cl
cl
s\s"o b9 o)
o \r o
Example 33:
cl ci
S~s h 9 o}
v\/\/\(N\Z/LN NN
o : H g H
N

Rr= 0.43 (CH,Cl./MeOH 9:1); Mp. 219-220 °C.

Example 34
cl cl
S~s"o h © o
v\/\/\[(N\:)J\N NN
o é H S H
P
R¢ = 0.20 (CH,Cl/MeOH 9:1).
Example 35:
cl
cl
S~s o9 o]
K)\/\/\’]/N\;/”\N NN
5 B H ) H

R¢ = 0.50 (CH,Cl,/MeQOH 9:1); Mp. 173-174 °C.

PCT/EP2004/002142
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Example 36:

Cl

Rr=0.20 (CH,Clo/MeOH; 9:1); Mp. 150-152 °C.

Example 37:

S~g h © o)
W\/\[(N\_-)LN NN
o ¢ H g H
P
R¢ = 0.64 (CH,Cl./MeOH 9:1); Mp. 181-182 °C.
Example 38:
F
S‘S"O H “ o) 0
MNJN N7
3 H o4 H

Re = 0.35 (CH,Clo/MeOH 9:1); Mp. 170-171 °C.
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Example 39:
F
S~s b0 o
UM]/N\:)LN N/\
o é H S H

R¢= 0.58 (CH,Cl,/MeOH 15:1); Mp. 173 °C.

Example 40:

Rf= 0.26 (CH.Cl./MeOH 15:1).

Example 41:

o} : o)
N
R¢ = 0.57 (CH.Cl,/MeOH 9:1); Mp.A216-217 °C.
Example 42:
F
S~s"o bo° g F
. o : " o H

PCT/EP2004/002142
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Example 43:
F
S H (o] (o] F
O\/\/\(N\;/U\N N/\
o o5 B
PN
Example 44
F .
s"o y © o
O\/\/\(N\:/U\N NN
o ¢ H g5 H
PN
Example 45.
F
S~3 PR o F
U\/\/\[rN\:)]\N OH
o : H
PN
Example 46:.
F
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Example 47:

R¢ = 0.58 (CH.Cl,/MeOH 9:1); Mp. 179-180 °C.

Example 48:
F
F
s~s”o b © o)
MN\*N N/\
Example 49:
F‘
F
S H (o] (0]
O\/\/\FN\:)]\N NN
S Y
Example 50:
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Example 51:
F
F
S~s w @ 0
MN\-)LN OH
o} Y (o}
Example 52:
F
F
S\S"O b © o
MNJH OH
[e] 3 (o)
\‘/
Example 53:

Br

R = 0.32 (CH2Cl./MeOH 95:5); Mp. 199-200 °C.

Example 54:

Br

Rf = 0.22 (CH.Cl,/MeOH 95:5); Mp. 205-206 °C.

PCT/EP2004/002142
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Example 55:
Br
S u © 0
O\/\/\’(N\:)J\N NER
o H oo H
S
Example 56:
' Br
) o
S b © o)
O\A/\“/N\:)I\NL'S(EN//\
o : H 5 H .
PN
Example 57:

Br
S L0
oiHoH
S

R¢ = 0.34 (CHCl,/MeOH 95:5); Mp. 228-229 °C.

Example 58:

Br
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Example 59:

Br
.0
S~g* b0 o
T LA,
o. : oo
S )

Example 60:
Br
S~g o} o] o
MH\J\N/EEE‘;\/N\/'
z H H
o} 2 e}
PN
Example 61.
Br
(0]
S~s" (@] [o] (]
MH\)LN N/\/N\)
:H
° A
Example 62:
Br
H l
MN%N N N/
o é H H
PN
Example 63:

Br
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Example 64.

Br
S~g e 0
Q/K/\/\[(N\:)kN N/\
o ‘\/H o H

Rr= 0.44 (CH,Cl,/MeOH 95:5); Mp. 155-158 °C.

Example.65: |

Br

R¢=0.31 (CHClz/MeOH 95:5); Mp. 156-157 °C.

Example 66:

Br
S o} (o]
o : M g H
hi
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Example 67:
Br
.0
S H 0 0
O\/\/\’(N\:/U\N NN
'Examgle 68:
Br
S~s H © o
u\/\/\(N\:/”\N OH
o :ﬁ/H o}
Example 69:
Br
S\S"O . o S
MN\E)I\H OH
(0] Eﬁ/ (o]
Example 70:

«Sj\/\/\[(n\:)?\ﬁ/f%ﬁ//\/'@
‘ o} 5\( e}
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Example 71:
Br
o i 3
N N
o] _\r (o]
Example 72:
Br
58 HoJ 9
W/YN\)LN N/\/(Nj
H H H
[o] :\l/ (o]
Example 73:
Br
(o]
s‘*s" H i i /\/(ﬁ
MN: N N NG
Example 74:

Br
S~g , o 0
o /éﬁ H o H

Rr=0.29 (CH,Cl/MeOH 95:5); Mp. 225-226 °C.
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Example 75:

Br
.0
S~g” w9 o]
«)\/\/\H/N\:/lkN NN
o = H g H

Rf= 0.13 (CH.Cl/MeOH 95:5); Mp. 213-215 °C.

Example 76:
|
S~5 b © o)
u\/\/YN\:)J\N N/\
o AT o F
Example 77:
|
S~s"O b 9 o)
Q/‘\/\/\KN\:)J\N N/\
o AN e F
Example 78:

PCT/EP2004/002142



WO 2004/078908 PCT/EP2004/002142
61

Example 79:

R¢ = 0.55 (CH.Clo/MeOH 95:5); Mp. 176-178 °C.

Example 80:.
OH
S—8§ @] (o]
W\/YH\)LN NN
Rs = 0.46 (CH,Clx/MeOH 9:1); Mp. 150-152 °C.
Example 81:
OH
s~s"o H 0 0
K)\/\/\]/N\:)J\N NN
Example 82:

OH
St e} o}
H
k)\/\/\"/N\:)J\Nﬁ//\
o W/H o "

R¢ = 0.57 (CH.Cl/MeOH 9:1); Mp. 103-105 °C.
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Example 83:
OH
0
S~s’ H [o] o]
MN\/[]\N N/\
Example-84:

(o]
$-5 . H (o] (o]
MN\:/[LN NN
R¢= 0.60 (CH.Cl,/MeOH 9:1); Mp. 176-178 °C.
Example 85:
|
(o]
0
S~s’ H (e} (o}
W/YN\)LH H/\
(o] /3\ (o]
Rr = 0.54 (CH,Cl,/MeOH 9:1); Mp. 164-166 °C.
Example 86:
|
o]
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Example 87.
|
o]
s"o o) 0
H
O\/\/\]/N\:/U\N NN
R¢ = 0.34 (CH,Cl,/MeOH 9:1).
Example 88.:
|
(o]
S~8 H (o] (o]
MN\:)LN oH
o 2 " o
Example 89:
|
(]
,0
S-s” H o] 0
QW\[(N\;/U\N OH
o AN o
R = 0.15 (CHCl,/MeOH 9:1); Mp. 159-162 °C.
Example 90:
(o]
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Example 91:
0\
5-g° yo9 o o
MN‘ N N/\/N
I H H
o :
A
Example 92:
o\
MN\)LN N N/
o : o "
PN
Example 93:
o\
N >
Y N N N
o : H H
AN
Example 94:

l
o
S~8 H o] 0
o] ‘\(H o H

R¢ = 0.65 (CH.Cl/MeOH 9:1); Mp. 120-121 °C.
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Example 95:

O-—

s-s"o y © o)
MN\AN N/\
Rf = 0.50 (CH,Cl,/MeQOH 9:1); Mp. 90-91 °C..
Example 96: .
|
o)
s b9 o
O\/\/\N/N\_/”\N N/\
Example 97:
|
(o]
.0
S H o] (o]
Q\/\/YN\)LN N7
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Example 98:
|
(@]
S~8 H (e} [o}
«)\/\/YN\Z)I\N OH
o) —\rH o}
Example 99:
|
Q
S~s"o | o) 0
H
K)\/\/YN\:)I\H OH
(o] :ﬁ/ (o]
Example 100:
o\
S—g o) o] o]
MH\)\N NN
Example 101:
o\
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Example 102:
o\
S—g o} o}
MH\)I\N N/\/(Nj
. o : " g5 H
T
Example 103:
o\
(o]
S-S" [e] (o] X
MH\:)J\N’iEN/\)I\/Nj
Example 104:

S~g ho© o)

MN\:)J\N NN
o : H g H
PN

R¢ = 0.39 (CH.Cl,/MeOH 95:5); Mp. 190-191 °C.

Example 105:

Rf=0.19 (CH,Cl,/MeOH 95:5); Mp. 171-172 °C.
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Example 106:
S H (o] (o]
O\/\/\n/N\:)l\N N/\
Example 107:
0 ‘
S H (o] (0]
Q\/\/\'(N\:/U\N NN
Example 108:
S—~s H [e] o]
u\/\/\n/N\:)LN OH
-
PN
Example 109:
o]
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Example 110:

R¢=0.41 (CH2Cl,/MeOH 95:5); Mp. 124-126 °C.

Example 111:

Rr=0.22 (CH,Cl/MeOH 95:5); Mp. 122-123 °C.

Example 112:
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Example 113:
2 0 o
S
H
O\/\/\'(N\;/U\N N/\
Example 114:
S-3 o) 0
H
MN\/ILN/&:
Y
Example 115:
s-g° 0 0
=S
H
MN\_/&N oH
Y
Example 116:

S~

S y 9 0
MN\AN NN
o : H o H

R = 0.33 (CH2Clo/MeOH 95:5): Mp. 201-203 °C.
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Example 117:

s 0
~$ H e} o)
o i H g H

R¢=0.19 (CH,Cl,/MeOH 95:5); Mp. 217-218 °C.

S-s H 9 0o
W/YN\)LN NN
o : H o H
S

R¢=0.79 (CH,Cl/MeOH 9:1).

Example 118:

Example 119:
S © o) o]
=S
H
u\/\/\n/N\:/“\N NN
o] /E\H o M
Example 120:

S~8 H (0] (o}
MN\/II\N NN
0 T/H o "
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R¢= 0.81 (CH.Cl/MeOH 9:1); Mp. 165-167 °C.

Example 121:
.0
S~s’ H o} (0]
v\/\/\”/N\_)J\N NN
Example 122:

R¢=0.47 (CHClo/MeOH 9:1). Mp. 212-216 °C.

Example 123:
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Example 124:

Re=0.56 (CH,Cl/MeOH 9:1); Mp. 185-186 °C. -

TF
F
s N
~s’ o] o]
H
MN\)LL\{' TN
o Y o "

R¢= 0.52 (CH.Cl,/MeOH 9:1); Mp. 164-166 °C.

Example 125:

Example 126:
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Example 127:
FLF
s .0
-8 H (o] (o]
M v N N/\
o z H 0 H
TN
Example 128:
FF
S-g [e] (o]

R¢ = 0.57 (CH,Clo/MeOH 9:1).

Example 129:

0
S—~5°

H o] Q
K)\/\/\W/N\;/LN NN
o YH o "

R¢= 0.44 (CH,Cl/MeOH 9:1); Mp. 160-162 °C.
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Example 130:
CN
S~g w o © o
Q)\/\/\ﬂ/N\:)J\N N/\
o i H o H
PN
R¢=0.31 (CH,Clo/MeOH 95:5); Mp. 216-217 °C.
Example 131:
CN
A S~s"o no o]
MN\)LN NN
5 : H H
P
R¢=0.18 (CH,Cl./MeOH 95:5); Mp. 186-188 °C.
Example 132:
CN
S~s 9 0.
Q/K/\/WN\__/U\N NN
Y
R¢=0.33 (CH,Cl,/MeOH 95:5); Mp. 174-176 °C.
Example 133:
CN
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Rs = 0.22 (CH,Cl,/MeOH 95:5); Mp. 151-152 °C.

Example 134
NO,
S-g b9 o}
«/K/\/\H/N\:)LN N/\
o AT e F
Example 135:
NO,
5*3"0 b © o)
N\:/U\N NN
o A" o
Example 136:
NO,
S—g " o} o)
(0] —\’/ (o]
R¢= 0.56 (CH,Cl,/MeOH 15:1); Mp. 206 °C.
Example 137:
NO,
s\so 0 o)
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Example 138:
S~s o) o}
MH\‘)kN NN
o ¢ R oo A
PN
R = 0.65 (CH,Clo/MeOH 60:5).
Example 139:
S\s"o b9 o)
MN\/U\N NERS
6 : H g A
A
Example 140:
S o) o)
MH\A\N g’
o i H o H "\©\
A
R¢ = 0.39 (CHCly/MeOH 20:1); Mp. 180 °C.
Example 141:
S—g (o] (o]
MH\_)LN NN
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Example 142:
S~s//o b 9 0
MN\)LN NN
S H H
(o] :\( e}
R:= 0.31 (CH,Cl,/MeOH 95:5).
Example 143:
S—g o] (o]

5

R¢= 0.59 (CH.Cl,/MeOH 9:1); Mp. 178-181 °C.

Example 144

Rf = 0.32 (CH.Cl/MeOH 9:1); Mp. 1563-156 °C.
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Example 145:
ST
SN
S~s o) o)

Rf = 0.25 (CH,Cl,/MeOH 95:5); Mp. 182-184 °C.

Example 146:
S\\
5\5"0 b9 o)
Q)\/\/\WN\:)]\N NN
6 ¢ " g H
N
Example 147:

PN

[
S-s w9 o)
Q)\/\/\H/N\:)]\N N/\

R = 0.36 (CH,Clo/MeOH 95:5); Mp. 154-156 °C.

Example 148:

PCT/EP2004/002142
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Example 149:

112}
{
w

R¢ = 0.32 (CH,Cl/MeOH 95:5).

Example 150:

[ -0 o) o]

-8

MH\)LN N/\
Example 151:

S~8 H o (o]
WVYN\AN N/\
0 \(“ o "

R¢ = 0.35 (CH,Cl,/MeOH 95:5); Mp. 131-133 °C.

Example 152:
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Example 153:
S8 H (o] (o]
U\/\/\H/N\:/U\N NN
R¢= 0.75 (CHxClL,/MeOH 10:1); Mp. 197 °C.
Example 154:
' 0
S-g’ H o] 0
k/\\/\/\(N\:/U\N NN
R¢ = 0.58 (CH,Cl,/MeQH 10:1); Mp. 174 °C.
Example 155:
S-s (0] (o]
k)\/\/\n/k}\-/U\N N/\
o z H o H
Example 156:
'O
S-s H (e] (o]
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Example 157:
S~s (o] 0]
H
MN\)LN N
R¢ = 0.41 (CH,Cl,/MeOH 20:1); Mp. 191 °C.
Example 158:
S~s"o y © fo)
MN\)LN NN

Example 159:

R = 0.15 (CH2Cl/MeOH 9:1); Mp. 230-234 °C (dec).

Example 160:

o c
w,
N8
S 'u/\/j.]/ ; ” H/\

o]
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Example 161:

e

O F
R
H NH .
SIS :
N
S /\/\cﬂ: : H T u/\
N

Example 162:
o F
s
s 1./\/\‘-[,]/ é H H/\
Example 163:
o Br
eat
H (@] [o]
N
S /\/E]/ :)LH Y H/\
A
Example 164:

HN

1% Br
A
H NH
NSNS
S A

R¢ = 0.34 (CH,Cl./MeOH 95:5); Mp. 197-199 °C.
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Example 165:
O o
~
HNJ(NH
H
T w8 %
. N
8§ . N
Qo H (@]
S

R¢=0.30 (CHzCIz/MeOH 91)

Examgle 166:
A,
s
", N
S /\/11/ é H T ”/\
Example 167
Az
H (o] Q
N
S /\/\c[)r \é)ku I H/\
AN
Example 168:

o
HN/[(

H NH
H H \)OL 0
", N
S /\/\([)r E H ] H/\
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Example 169:
cl
(o] H\)Cj)\ (o]
S N PN
S\jM)LN/\ﬂ/ H I H

A solution of 12.0 mg of intermediate 169c) in 1.2 ml of DMSO and 1.2 ml of
CHzCl> was cooled in ice. 10.2 mg of Dess-Martin reagent were added and the
mixture was stirred in an ice bath for 60 min. The cooling bath was removed and
stirring continued at r.t. for a further 60 min. CH,Cl, was added and the mixture
was washed with 1 M Na;S,03, sat. NaHCO;, and H,O, dried with anh. Na,SO,
and evaporated in ‘vacuo. The crude product was purified by column
chromatography (CH.Cl,/MeOH 982 — CH,Cl,/MeOH 95:5) which yielded
Example 169 in form of a yellowish solid. In addition, a small amount of Examplé
170 was obtained as a colorless solid.

R¢ = 0.36 (CH.Cl,/MeOH 9:1); Mp. 198-200 °C.

The required intermediates can be synthesized in the following way:

Intermediate 169a):
cl

O‘ Y

: OH
O PN

To a solution of 44.6 mg of Fmoc-Glycine and 27.0 mg of HOBt in 1.50 ml of DMF
were added 56.9 mg of HBTU followed by 0.11 ml of DIEA and the mixture was
stirred at r.t for 10 min. Then, 44.5 mg of intermediate 1a) were added and the
reaction was stirred at r.t. overnight. The resulting solution was diluted with EtOAc,
washed with 1 N HCI (3x), sat NaHCO;3 (3x), H,0, and brine. The organic layer was
dried with anh. MgSO, and evaporated in vacuo. The crude product was
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suspended in Et,0, filtered off, washed with cdld Et;,O, and dried in vacuo to yield
intermediate 169a) as a yellowish solid.
Rf= 0.32 (CH,Cl/MeOH 9:1); Mp. 175-177 °C.

Cl
H o o}
; HZN/\“/N\E)kN NN
o i on "
N

64 mg of Intermediate 169a) were dissolved in 2.ml of DMF and 0.18.ml of Et;NH
were added. The reaction mixture was stirred at r.t. for 4 h. The solution was

Intermediate 169b):

evaporated in vacuo and the residue was suspended in Et,O and EtOAc, filtered
off, and washed with cold Et,O to furnish intermediate 169b) as a yellowish solid
which was dried in vacuo.

R¢= 0.02 (CH,Cl/MeOH 9:1); Mp. 223-225 °C.

Infermediate 169¢):
Cl

To a solution of 30.9 mg of DL-Lipoic acid and 27.0 mg of HOBt in 1.50 mi of DMF
were added 56.9 mg of HBTU, followed by 0.11 ml of DIEA, and the mixture was
stirred at r.t for 10 min. Then, 41.9 mg of intermediate 169b) were added and the
reaction stirred at r.t. overnight. The resulting solution was diluted with EtOAc,
washed with 1 N HCI (3x), 2 N KaCQOj3 (3x), H20, and brine. The organic layer was
dried with anh. MgSO, and evaporated in vacuo. The crude product was triturated
with hot CH,Cl,, filtered off, washed with cold CH2Cl,, and dried in vacuo to yield
intermediate 169c) as a white solid.

R¢ = 0.22 (CH,Cl,/MeOH 9:1); Mp. 178-180 °C.
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Example 170:

cl

“en=0
o]
Q
(o]

R¢= 0.35 (CH,Cl,/MeOH 9:1); Mp. 172-173 °C.

The compounds of the following examples can be prepared in a similar way:

Example 171:
Cl
(o] H\)OL (]
S N
S e
AN
Example 172:

Cl

R = 0.41 (CH,Cl,/MeOH 9:1).
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Example 173:
Cl
s- H o 9 Q
U\A/\N/NWN\i)LN NN
o) o : H o H
PN
Rf = 0.37 (CH.Cl/MeOH 9:1).
Example 174:
' ) ‘ Cl
(e} H\)Cj)\ (o]
. S~ . . = o}
PN
Rs= 0.50 (CHCl./MeOH 9:1).
Example 175:
Cl
S-s H H\)OJ\ ©
N N
A
Rf = 0.35 (CH,Cl/MeOH 9:1); Mp. 219-220 °C.
Example 176:
Cl

Rr = 0.17 (CH2Cl,/MeOH 95:5); Mp. 144-147 °C.
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Example 177:

Cl

R¢=0.11 (CH.Cl./MeOH 95:5); Mp.124-127 °C.

Example 178:
Cl
(o] H\/[(L (o]
S N
Wsﬁr '
(o] Y O
Example 179:
F‘
F
(o] H\i (o]
% VY WY
(o] e (o]
Example 180:
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Example 181:
F
F
(o] H (o]
SWN N N N/\
H o z
Example182:
F
F
2 9 H\)O]\ 2
(o]
Example 183:

Br

Rt = 0.25 (CH,Cl,/MeOH 95:5).
Example 184:

Br
(o] o} (0] (o]
n H
s N E )§J\
. N v N
SJ/\/\)LH/Y ; ” H
0 _~_ O

R¢ = 0.23 (CH,Cl/MeOH 95:5); Mp. 178-180 °C.
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Example 185:.
Br
(@] H\)OJ\ Q
S N
ET Y i '
O A (o]
Example 186:

SN”/TH&@”/\ '

R; = 0.23 (CH,Cl/MeOH 95:5); Mp. 125-127 °C.

Example 187

Br

R¢= 0.15 (CH.Cl,/MeOH 95:5); Mp. 154-157 °C.

Example 188:

Br
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Example 189:
O_._
(o] H o] (o]
SQS)/\/\)L”/\J;(N\_/[LH u/\
Example 190:
o_..
C\)\ H (o] (o]
s'S N/\er\)J\H H/\
(o] P (o]
Example 191:
O_._.
(o] H\/U\ (e}
S N
Example 192:

o_
Q H (o] (e}
SWNQ /N\__)J\N NN
H H H H
[e] A (o]

R¢ = 0.51 (CH,Clx/MeOH 9:1); Mp. 149-150 °C.
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Example 193:
O._..
O H (o] (o]
SWN N\:/U\N NN
H o /:\ H o H
Example 194:
o_
. (o] H (o] Q
0 AL o)
Example 195:

O.—.
O H o} (o]
SWN N\:)J\N N7
H z H H
o] P o]

R¢ = 0.49 (CH,Cl/MeOH 9:1): Mp. 112-113 °C.

Example 196.

|
o}

S-~g H

v\/\/\n/N H o o

o) N\)kN N~
Y H
PN

Rs = 0.62 (CH.Cl,/MeOH 9:1); Mp. 213-215 °C.
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Example 197:

R¢ = 0.50 (CH,Clo/MeOH 9:1); Mp. 211-212 °C.

Example 198:

o—

R¢ = 0.67 (CH,Cly/MeOH 9:1); Mp. 201-202 °C.

Example 199:

Rs = 0.52 (CH,Cl/MeOH 9:1); Mp. 206-207 °C.

Example 200:



WO 2004/078908

95
Example 201:
(@] O (o]
| H
S N
Example 202:
(o] H (o]
o Y
Example 203:
(o} H\/([)J\
S N
Example 204:

PCT/EP2004/002142



WO 2004/078908 PCT/EP2004/002142

96
Example 205:
o] H\/?]\ (0]

s N

CASS AR RS
Example 206:

3 PO PP Y

k] N

s\j/\/\)LH/T iﬁ/ﬁ ] H/\
Example 207

H
N
AN
R¢ = 0.48 (CH,Clo/MeOH 10:1).
Example 208:
o] H\)Cj)\ (o]
MH/\WN N
‘S H
P
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Example 209:
(Y\/\)ol\ H\)OJ\ i
N/\[(N < N N
- H : H H
§-S o A © /\©
Rs= 0.40 (CH,Cl/MeQOH 10:1).
Example 210:
: (@] H\)OI\ lo]
Y .
gﬁs/\/\/“\uﬁg Ay o

R¢ = 0.44 (CH.Cl,/MeOH 95:5).

Example 211:

(\(\/\)kN/YH\)LNI i ~
.~O (o] _-_\(

R = 0.22 (CH,Cl,/MeOH 95:5).

Example 212;
cl
o e o)
S N/\[(N\_.)LN NN
\—kH H o ¢ H g H
Hi-‘lN NH AN
\\(
o}

R¢ = 0.39 (CH,Clo/MeOH 9:1); Mp. 220-223 °C (dec).
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Example 213:
cl
o) W © o)
S N/ﬁrN\‘)‘\N N/\
H :H H
H G+ H o = o
HN\‘(NH Y
o)
Example 214.
F
o) b O o °
S N/YN\:)J\N NN
4 H H o ¢ H g H
HHN\\(NH AN
o]
Example 215:
F
(o] H (o] (o] F
N H o ¢ H g H
HHN\\{NH Y
(o]
Example 216:
Br
o) o © 0
S N/\H/N\:)LN N/\
\ v H H 0 é H fo H
HHN\‘(NH PN
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Example 217:
Br
0 g © (o}
S N/HI/N\.)LN NN
H H H H
H otH o = o}
HN\\(NH Y
0
Example 218:
o\
0 PR o}
S N/\"/N\')!\N NS
H H fo) é H o) H
o z
HN\\(NH PN
o]
Example 219:
o\
o) y @ o)
S NﬁrN\/lLN NN
a) (*H H g ¢ H g H
HN\\(NH Y
o}
Example 220:
o] y 9 o]
S N/\H/N\-)kN N/\
wH H o) H H 5 H
o H
HN\(NH PN
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Example 221:

Biolo‘qical Assays:

The ihhibitingl effect of the a-keto carbonyl calpain inhibitors of formula (I) was
determined using enzyme tests which are customary in the literature, with the
concentration of the inhibitor at which 50% of the enzyme activity is inhibited
(=ICsp) being determined as the measure of efficacy. The K; value was also
determined in some cases. These criteria were used to measure the inhibitory
effect of the compounds (1) on calpain 1, calpain Il and cathepsin B.

Enzymatic Calpain Inhibition Assay

The inhibitory properties of calpain inhibitors are tested in 100 pl of a buffer
containing 100 mM imidazole pH 7.5, 5 mM L-Cystein-HCI, 5 mM CaCl,, 250 MM of
the calpain fluorogenic substrate Suc-Leu-Tyr-AMC (Sigma) (Sasaki et al., J. Biol.
Chem., 1984, 259, 12489-12949) dissolved in 2.5 ul DMSO and 0.5 pg of human
u-calpain (Calbiochem). The inhibitors dissolved in 1 ul DMSO are added to the
reaction buffer. The fluorescence of the cleavage product 7-amino-4-
methylcoumarin (AMC) is followed in a SPECTRAmax GEMINI XS (Molecular
Device) fluorimeter at Aex = 360 Nm and Aem = 440 nm at 30°C during 30 min at
intervals of 30 sec in 96-well plates (Greiner). The initial reaction velocity at
different inhibitor concentrations is plotted against the inhibitor concentration and
the ICso values determined graphically.
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Calpain Inhibition Assay in C2C12 Myoblasts

This assay is aimed at monitoring the ability of the substance to inhibit cellular
calpains. C2C12 myoblasts are grown in 96-well plates in growth medium (DMEM,
20% foetal calf serum) until they reach confluency. The growth medium is then
replaced by fusion medium (DMEM, 5 % horse serum). 24 hours later the fusion
medium is replaced by fusion medium containing the test substances dissolved in 1
. Ul DMSO. After 2 hours of incubation at 37°C the cells are loaded with the calpain
| fluorogenic substrate Suc-Leu-Tyr-AMC at 400 pM in 50 pl of a reaction buffer
containing 135 mM NaCl; 5 mM KCI; 4 mM CaCly; 1. mM MgCly; 10°'mM Glucose;
10 mM HEPES pH 7.25 for 20 min at room temperature.” The " calcium influx,
necessary to activate the cellular calpains, is evoked by the addition of 50 pl
reaction buffer containing 20 uM of the calcium ionophore Br-A-23187 (Molecular
Probes). The fluorescence of the cleavage product AMC is measured as described
above during 60 min at 37°C at intervals of 1 min. The ICs, values are determined
as described above. Comparison of the ICso determined in the enzymatic calpain
inhibition assay to the ICso determined in the C2C12 myoblasts calpain inhibiton
assay, allows to evaluate the cellular uptake or the membrane permeability of the

substance.

Spectrin Breakdown Assay in C2C12 Myoblasts

Although calpains cleave a wide variety of protein substrates, cytoskeletal proteins
seem to be particularly susceptible to calpain cleavage. Specifically, the
accumulation of calpain-specific breakdown products (BDP’s) of the cytoskeletal
protein alpha-spectrin has been used to monitor calpain activity in cells and tissues
in many physiological and pathological conditions. Thus, calpain activation can be
measured by assaying the proteolysis of the cytoskeletal protein alpha-spectrin,
which produces a large (150 kDa), distinctive and stable breakdown product upon
cleavage by calpains (A.S. Harris, D.E. Croall, & J.S. Morrow, The calmodulin-
binding site in alpha-fodrin is near the calcium-dependent protease-I cleavage site,
J. Biol. Chem., 1988, 263(30), 15754-15761. Moon, R.T. & A.P. McMahon,
Generation of diversity in nonerythroid spectrins. Multiple polypeptides are
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predicted by sequence analysis of cDNAs encompassing the coding region of
human nonerythroid alpha-spectrin, J. Biol. Chem., 1990, 265(8), 4427-4433. P.W.
Vanderklish & B.A. Bahr, The pathogenic activation of calpain: a marker and
mediator of cellular foxicity and disease states, Int. J. Exp. Pathol., 2000, 81(5),
323-339). The spectrin breakdown assay is performed under the same conditions
as in the C2C12 myoblast calpain inhibition assay described above, except that the
fluorogenic substrate is omitted. After the 60 min incubation with the calcium
inonophore, the cells are lysed in 50 pl of lysis buffer containing 80 mM Tris-HClI
pH 6.8; 5 mM EGTA; 2.% SDS..The lysates-are then probed on western blots using.
the monoclonal antibody mAb1622 (Chemicon). The activation of calpains is
determined by measuring‘the ratio of the 150 kDa célpain-speciﬁc BDP to the“intact  °
240 kDa alpha-spectrin band densitometrically.

Cathepsin B Assay

Inhibition of cathepsin B was determined by a method which was similar to a
method of S. Hasnain et al., J. Biol. Chem., 1993, 268, 235-240.

2uL of an inhibitor solution, prepared from inhibitor and DMSO (final
concentrations: 100 pM to 0.01 pM) are added to 88 L of cathepsin B (human
liver cathepsin B (Calbiochem) diluted to 5 units in 500 uyM buffer). This mixture is
preincubated at room temperature (25° C) for 60 min and the reaction is then
starting by adding 10 pL of 10 mM Z-Arg-Arg-pNA (in buffer containing 10%
DMSO). The reaction is followed at 405 nm for 30 min in a microtiter plate reader.

The ICso's are then determined from the maximum slopes.

20S Proteasome-Assay

25 |l of a reaction buffer containing 400 pM of the fluorogenic substrate Suc-Leu-
Leu-Val-Tyr-AMC (Bachem) are dispensed per well of a white microtiter plate. Test
compounds dissolved in 0.5 pl DMSO are added. To start the reaction; 25 pl of
reaction buffer containing 35 ng of enzyme (20S Proteasome, Rabbit, Calbiochem)
are added. The increase in fluorescence (excitation at 360 nm; emission at 440
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nm) is measured over 30 min at 30°C at 30”. The ICso's are then determined from

the slopes.

BSO Assay

Primary fibroblasts were derived from donors with molecular diagnosis for
Friedreich Ataxia (FRDA) and control donors with no mitochondrial disease. Cell
Ilnes were obtamed from Coriell Cell Reposntones (Camden NJ; catalog numbers
GMO4078 GM08402 and GM08399 respectlvely) All cell types were diagnosed on
the moleculan Ievel for intronic GAA triplet repeat length of at least 400-450 repeats
using a PCR-based method. Experiments were cafrjed out:aS‘desc‘r'ibed in:the
literature (M. L. Jauslin et al.,, Human Mol. Genet., 2002, 11, 3055-3063); Cells
were seeded in microtiter plates at a density of 4'000 cells per 100 i in growth
medium consisting of 25% (v/v) M199 EBS and 64% (v/iv) MEM EBS without
phenol red (Bioconcept, Allschwil, Switzerland) supplemented with 10% (v/v) fetal
calf serum (PAA Laboratories, Linz, Austria), 100 U/ml penicillin, 100 pg/mi
streptomycin (PAA Laboratories, Linz, Austria), 10 ug/mi insulin (Sigma, Buchs,
Switzerland), .10 ng/ml EGF (Sigma, Buchs, Switzerland), 10 ng/mi bFGF
. (PreproTech, Rocky Hill, NJ) and 2 mM glutamine (Sigma, Buchs, Switzerland).
The cells were incubated in the presence of various test compounds for 24 h
before addition of L-buthionine-(S,R)-sulfoximine (BSO) to a final concentration of 1
mM. Cell viability was measured after the first signs of toxicity appeared in the
BSO-treated controls (typically after 16 to 48 h). The cells were stained for 60 min
at room temperature in PBS with 1.2 yM calceinAM and 4 uM ethidium homodimer
(Live/Dead assay, Molecular Probes, Eugene, OR). Fluorescence intensity was
measured with a Gemini Spectramax XS spectrofiluorimeter (Molecular Devices,
Sunnyvale, CA) using excitation and emission wavelengths of 485 nm and 525 nm

respectively.
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Example Calp I ICs Calp I ICso 20S Prot BSO

MM Myoblast ICso ECso

MM MM MM
MDL-28170 0.02 40.00 >1 n.d.
1 0.060 0.35 0.500 0.35
2 -0.080 6.00 n.d. -2.00

3 - ~.0.100. - 0.40 0.110 ., -4.00 |

5 0.120| 2.00 nd. T2.00
6 0110 - - 3.20. n.d. n.d.
13 0.200 0.50 n.d. 1.00
14 0.200 1.20 n.d. n.d.
15 0.022 2.50 n.d. 4.00
16 0.050 2.00 n.d. 4.00
25 0.120 1.50 n.d. 2.00
26 0.120 2.00 n.d. 4.00
27 0.100 | . . . 3.50 n.d. - inactive
28 0.180 4.00 n.d. inactive
29 0.085 10.00 n.d. n.d.
31 0.030 2.50 n.d. 15.00
33 0.100 40.00 n.d. inactive
34 0.500 20.00 n.d. n.d.
35 0.050 3.00 n.d. inactive
36 0.040 5.00 n.d. 3.00
37 0.100 2.50 n.d. inactive
38 0.180 7.00 n.d. 20.00
39 0.035 3.00 0.800 inactive
40 0.035 15.00 n.d. 3.00
41 0.100 0.70 n.d. n.d.
47 0.040 0.40 0.450 n.d.
53 0.060 0.20 0.180 0.40
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Example Calp | ICso Calp I ICsp 20S Prot BSO

uM Myoblast ICso ECso

MM pM MM
54 0.150 8.00 n.d. 5.00
57 0.075 0.31 >1 inactive
64 0.025 0.50 0.040 1.00
65 0.015 1.50 0.400 1.00
74 0.180 9.00 n.d, 3.00
75 0.750 9.00 | “nd. 6.00
79 0.015 0.50 | n.d. - .nd.
80 0.150 250 _  nd 6.00
82 0.040 10.00 nd. | 15.00
84 0.400 400 nd. 2.00
85 0.080 0.90 n.d, 5.00
87 0.400 1.20 >10 9.00
89 0.060 4.00 n.d, n.d.
04 0.015 1.00 0.400 1.50
95 0.035 2.50 n.d, 10.00
104 0.070 0.35 0.180 0.30
105 0.080 1.00 n.d, 0.20
110 0.030 0.50 0.280 0.50
111 0.025 1.20 n.d. 3.00
116 0.300 1.00 nd. 2.00
118 0.400 1.80 n.d, n.d.
120 0.095 0.85 n.d, n.d.
122 0.200 1.10 n.d. 5.00
124 0.075 1.10 1 5.00
125 0.040 0.80 n.d. n.d.
128 0.100 15.00 n.d. 20.00
129 0.050 4.00 n.d. 2.00
130 0.120 5.00 nd. 20.00
131 0.180 7.50 n.d. 30.00
132 0.030 1.70 n.d. 5.00
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Example Calp I 1Cso Calp | ICsp 20S Prot BSO
uM Myoblast ICso ECso
MM uM puM
133 0.050 2.50 n.d. 15.00
136 0.020 8.00 n.d. inactive
138 0.080 350 nd. 10.00
140 0.150 0.45 0.080 0.50
142 0.100 20.00 nd. 3.00
143 0.120 10.00 n.d. 2.00
144 0.080 5.00 n.d. 7.00
145 0400 6.00 nd. 150
147 0.040 | 2.50 nd. 150
149 0.250 3.00 n.d. nd.
151 0.035 1.80 >100 n.d.
153 0.400 2.00 n.a. 2.50
154 0.750 n.d. n.d. n.d.
157 0.500 0.250 n.d. n.d.
159 0.100 5.00 n.d. inactive
164 0.020 2.00 >1 inactive
165 0.085 11.00 nd. 60.00
169 0.025 1.00 n.d. n.d.
170 0.150 4.00 n.d. n.d.
172 0.040 30.00 n.d. 3.00
173 0.200 40.00 n.d. 25.00
174 0.020 2.50 n.d. 6.00
175 0.100 20.00 n.d. >100
176 0.040 2.50 n.d. 20.00
177 0.009 2.50 n.d. 6.00
184 0.100 5.50 n.d. 10.00
186 0.040 150 nd. 5.00
187 0.015 7.50 n.d. 20.00
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Example Calp ' ICso Calp I ICso 20S Prot BSO
MM Myoblast ICs0 ECso
MM UM MM
192 0.370 3.20 n.d. 1.50
195 0.170 150 n.d. 5.00
196 >1 0.40 n.d. 2.00
197 0.046 0.25 0.420 n.d.
198 0.026 1.80 n.d. 8.00
199. 0.026 120 . - nd.| | 4.00
207 0.047 8.0 nd.| . 3000
209 0.060 250 nd. | >100
210 | . 0040 450 n.d. 10,00,
211 0.025 15.00 n.d. 4.00
212 0.150 35 n.d. n.d.

Examples with an ICs in the Calpain Inhibition Assay in C2C12 Myoblasts of 1 yM
or lower generally exhibited complete inhibition of Spectrin Breakdown in C2C12
myoblasts at a test concentration of 10 pM.
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In vivo Experiments:

The mdx mouse is a well established animal model for Duchenne Muscular
Dystrophy (Bulfield G., Siller W.G., Wight P.A., Moore K.J., X chromosome-linked
muscular dystrophy (mdx) in the mouse, Proc. Natl. Acad. Sci. USA., 1984, 81(4),
1189-1192). Selected compounds were tested in longterm treatments of mdx mice,
according to the procedures described below. ‘

Mouse strains: C57BL/10scsn and C57BL/10scsn mdx mouse strains were
purchased at The Ja;ﬁksoh Lab‘oratory (ME, USA) and bred inhouse. Mouse males
were sacrificed at the“age of3or7 weeks by CO, asphyxiation. ; | ,‘
Treatment: Compounds were dissolved in 50% PEG, 50% saline solution and -
applied by i.p. injection.

Histology: Tibialis anterior (TA) and diaphragm (Dia) muscles were collected and
mounted on cork supports using gum tragacanth (Sigma-Aldrich, Germany). The
samples were snap-frozen in melting isopentane and stored at —80°C. 12 um thick
cryosections of the mid-belly region of muscles were prepared. For staining,
sections were air dried and fixed with 4% PFA in PBS for 5 minutes, washed 3
times with PBS and incubated over night at 4°C in PBS containing 2 ug/ml Alexa
Fluor ™ 488 conjugated wheat-germ agglutinin (WGA-Alexa, Molecular Probes,
Eugen, OR, USA) to stain membrane-bound and extracellular epitopes and 1 pg/ml
4',6-diamidino-2-phenylindole (DAPI; Molecular Probes) to stain nuclei.

Image acquisition and analysis: Fluorescence microscopy images of both labels
were acquired using a digital camera (ColorView ll, Soft Imaging System, Minster,
Germany) coupled to a fluorescence microscope (Vanox S, Olympus, Tokyo,
Japan). Combination of these two stainings to a composite image, assembling of
several images to a complete image of the entire muscle cross-section and further
semi-automated analysis was performed using the image analysis program
AnalySIS (Soft Imaging System). Image analysis of 1200-2900 muscle fibers in
each section was performed in three steps: 1) determination of the muscle fiber
boundaries, 2) determination of the muscle fiber size, and 3) determination of the
percentage of muscle fibers containing centralized nuclei. Six different geometrical
parameters were tested for the determination of the muscle fiber size: (a) the
"minimal feret” (the minimum distance of parallel tangents at opposing borders of
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the muscle fiber), (b) the "area", (c) the "minimal inner diameter" (the minimum
diameter through the center of the muscle fiber), (d) the "minimal diameter" (the
minimum diameter of a muscle fiber for angles in the range 0° through 179° with
step width 1°, (e) the "minimal outer diameter" (the minimum diameter through the
muscle fiber from outer border to outer border), and (f) the "perimeter". The
variance coefficient of the muscle fiber size is defined as follows: variance
coefficient = (standard deviation of the muscle fiber size / mean of the muscle fiber
size of the section)*1000. For statistical analysis of different variance coefficient
values Mann-Whitney U test was used.

Selected Examplés of the present invention were active in the madx mouse model at
10 mg/kg/day, using 3 week old mice and a treatment period of 4 weeks (N =5 -
10). ‘

Example 64 at 10 mg/kg/day lead to a decrease in the variance coefficient of the
muscle fiber size by 43% (p < 0.005; N = 6) in the TA and by 29% (p < 0.005; N =
5) in the Dia, compared to control mdx mice receiving vehicle only (N = 15). The
precentage of centralized nuclei was reduced by 28% (p < 0.001; N = 6) in the TA
and by 61% (p < 0.001; N = 5) in the Dia, respectively, compared to control madx
mice receiving vehicle only (N = 20).

No prominent adverse side effects of the compound were observed upon this
longterm treatment.

In contrast to this, the potent standard calpain inhibitor MDL-28170 did not show
statistically significant activity in this experiment.
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As evident from the results presented above, generally compounds of the present
invention display significantly improved activity in C2C12 muscle cells compared to
standard calpain inhibitors such as MDL-28170. For selected examples the
improvement in the cellular assay is in excess of a factor of thousand, whereas
their activity in the enzymatic calpain | inhibition assay is comparable to the one of
MDL-28170.

This illustrates that selected compounds of the present invention possess greatly
enhanced muscle cell membrane permeability with regard to the known standard
comf)ound MDL-28170, while retaining the potent activity for inhibition of calpain.
This improved cell penetration renders them particularly useful for the treatment of
diseases, where the site of action is a muscle tissue, such as muscular dystrophy: -

and amyotrophy.

As illustrated by the biological result (see above), in addition to showing potent
calpain inhibitory activity, selected examples of the present invention are also
potent inhibitors of the proteasome (MCP) and/or effectively protect muscle cells
from damage due to oxidative stress. Such additional beneficial properties could be
advantageous for treating certain muscular diseases such as muscular dystrophy

and amyotrophy.

In contrast to known calpain inhibitors of the peptide aldehyde class, such as MDL-
28170, the compounds of the present invention possess the necessary metabolic
stability and physicochemical properties to permit their successful application in
vivo. Selected compounds of the present invention accordingly exhibited potent
activity upon longterm treatment in a mouse model of Duchenne Muscular
Dystrophy, whereas the activity of standard calpain inhibitory aldehydes, e.g. MDL-
28170 in this animal model did not reach statistical significance.
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Examples of a Pharmaceutical Composition

As a specific embodiment of an oral composition of the present invention, 80 mg of
the compound of Example 1 is formulated with sufficient finely divided lactose to
provide a total amount of 580 to 590 mg to fill a size 0 hard gelatin capsule.

As another specific embodiment of an oral composition of a compound of the
present invention, 100 mg of the compound of Example 169 is formulated with
sufficient finely divided lactose to provide a total amount of 580 to 590 mg to fill a

size 0 hard gelatin capsule.

While the invention has been described and illustrated in" reference to certain
preferred embodiments thereof, those skilled in the art will appreciate that various
changes, modifications and substitutions can be made therein without departing
from the scope of the invention. For example, effective dosages other than the
preferred doses as set forth hereinabove may be applicable as a consequence of
the specific pharmacological responses observed and may vary depending upon
the particular active compound selected, as well as from the type of formulation
and mode of administration employed, and such expected variations or differences
in the results are contemplated in accordance with the objects and practices of the
present invention. It is intended, therefore, that the invention be limited only by the
scope of the claims which follow and that such claims be interpreted as broadly as

is reasonable.
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CLAIMS

A compound of structural formula (1):

R, ,, O
Ty TR

| "0 R, 0
- (1)

or a pharmaceutically acceptable salt or solvate thereof, wherein

R’ represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl,
-alkylene-cycloalkyl,
aryl,
-alkylene-aryl,
-SO,-alkyl,
-SO,-aryl,
-alkylene-SO-aryl,
-alkylene-SO,-alkyl,
‘heterocyclyl or
-alkylene-heterocyclyl;

X represents O or NH;
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R? represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl,
-alkylene-cycloalkyl,
aryl or
-alkylene-aryi;

R® represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl or
-alkylene-cycloalkyl;

L represents
a bond or at least one group selected from
-CO-(CH,),-CO-, wherein y is an integer of 1 to 6,
-NH-(CH,),-CO-, wherein z is an integer of 1 to 6,
-CO-cycloalkylene-CO- ,
-NH-cycloalkylene-CO-,
CO-arylene-CO- and
-NH-arylene-CO-;

0 o  H 0
N
v . Y
/ \/\(CHz)n/u . HN (CHz)p/u\
Zv(CHZ)m Y
Re
CH, O, CH, CH,

[e] -~
- R 6/0
i CH,
H,C 0 H,C 07 -

CH, CH, o
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wherein each of m, n and p represents an integer of 0 to 6;

R® represents
hydrogen,
straight chain alkyl,
branched chain alkyl,
cycloalkyl,
-alkylene-cycloalkyl,
-alkylene-aryl, or
A-O-CO-,
A-NH-CO-
A-CO-
A-SO,-or
A-NH-SO-

A is selected from the group consisting of
straight chain or branched chain alkyl,
straight chain or branched chain alkyl substituted with at least one halogen

© “atom,

straight chain or branched chain alkyl substituted with B,
straight chain or branched chain alkyl substituted with at least one halogen
atom and with B,
cycloalkyl,
cycloalkyl with at least one halogen atom,
cycloalky! substituted with B,
cycloalkyl substituted with at least one halogen atom and with B,
straight chain or branched chain alkyl with an attached cycloalky! group,
straight chain or branched chain alkyl with two attached cycloalkyl groups,
straight chain or branched chain alkyl with an attached cycloalkyl group
substituted with B,
straight chain or branched chain alkyl with two attached cycloalkyl groups
substituted with B,
1-adamantyl,
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9-fluorenyl,

phenyl,

phenyl substituted with D,

phenyl disubstituted with D,

phenyl trisubstituted with D,

naphthyl,

naphthy! substituted with D,

naphthyl disubstituted with D,

naphthyl trisubstituted with D,

straight chain or branched chain alkyl with an attached pheny! group,
straight chain or branched chain alkyl with two attached phenyi groups,
straight chain or branched chain alkylh with' an attached phenyl group
substituted with D, |

straight chain or branched chain alkyl with two attached phenyl groups
substituted with D,

straight chain or branched chain alkyl with an attached phenoxy group,
straight chain or branched chain alkyl with an attached phenoxy group
substituted with D on the phenoxy group, and

straight chain or branched chain alkyl with an attached 9-fluorenyl group;

B is selected from the group consisting of
hal.ogen,
COOH,
OH,
CN,
NO,
NHa,
alkoxy,
alkylamine,
dialkylamine,
alkyl-O-CO-,
alkyl-O-CO-NH- and
alkyl-S-;
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D is selected from the group consisting of
halogen,
alkyl,
perfluoroalkyl,
alkoxy,
NO,
CN,
OH,
COOH,
NH,

~ alkylamino,

dialkylarhino,’
acyl,
alkyl-O-CO- and
alkyl-S-;

Y and Z independently represents
S,
SOor
CHa.

2. The compound of claim 1, wherein R! is selected from the group consisting of
hydrogen, straight chain alkyl, -alkylene-heterocyclyl, and -alkylene-aryl, and -
alkylene-SO,-aryl.

3. The compound of claim 1 or 2, wherein R* is a substituted' or ‘unsubstituted

benzyl group.

4. The compound of any of claims 1 to 3, wherein R® is a branched chain alkyl
group, a cycloalkyl group or an -alkylene-cycloalky! group.
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The compound of any of claims 1 to 4, wherein L is a bond or a group selected
from -NH-(CH,).-CO, wherein z is an integer of 1 to 6, or -NH-cycloalkylene-CO-
or, -NH-arylene-CO-, or a combination of two of these groups.

The compound of any of claims 1 to 4, wherein L is a bond.

The compound of any of claims 1 to 6, wherein T is selected from the group

consisting of

fo) 0]

H
i i
/Yj/\(CHz)n)l\ s HN‘\CK\(CHQP/U\‘
z(CHy)m Y .

wherein m, n and p are as defined in claim 1.

The compound of any of claims 1 to 7, wherein T is

O
/YY\(CHz)n/u\

Zv(CHZ)m

wherein m and n are as defined in claim 1.

The compound of any of claims 1 to 8, wherein R® is hydrogen, a straight chain
alkyl group having 1 to 6 carbon atoms, a branched chain alkyl group having 3 to
8 carbon atoms, a cycloalkyl group having 3 to 8 carbon atoms, an -alkylene-
cycloalkyl group, wherein the alkylene moiety is a straight chain alkylene group
having 1 to 6 carbon atoms, and the cycloalkyl group has 3 to 8 carbon atoms, an
aryl group, an -alkylene-aryl group, wherein the alkylene moiety is a straight
chain alkylene group of 1 to 6 carbon atoms, and the aryl group is selected from
substituted or unsubstituted phenyl, naphthyl, thienyl and pyridyl, an -alkylene-
heterocyclyl group, or A-O-CO-, A-NH-CO-, A-CO-, or A-NH-SO,-, wherein A is a
straight chain alkyl group, which has 1 to 10 carbon atoms, a branched chain
alkyl group, which has 3 to 10 carbon atoms, a cycloalkyl group, having 3 to 8
carbon atoms, an -alkylene-cycloalkyl group wherein the alkylene moiety is a
straight chain alkylene group preferably having 1 to 6 carbon atoms, and the
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11.

12.

13.

14.

15.

16.

17.

18.
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cycloalkyl group has 3 to 8 carbon atoms, an aryl group, an -alkylene-aryl group,
wherein the alkylene moiety is a straight chain alkylene group of 1 to 6 carbon
atoms, and the aryl group is selected from substituted or unsubstituted phenyl,
naphthyl, thienyl and pyridyl, or an -alkylene-heterocyclyl group wherein the
alkylene moiety is a straight chain alkylene group of 1 to 6 carbon atoms.

The compound of any of claims 1 to 9, whereinm =1, n =3, and Y and Z are
bothSorYisSandZisSOorYisSOorZisS.

The compound of any of claims 1 to 10 for use as a medicament.

Use of the compound of any of claims 1 to 10 for the preparation of a

medicament for the treatment or prevention of disorders, diseases.or conditions
responsive to the inhibition of calpain | and other thiol proteases.

Use according to claim 12 for the preparation of a medicament for the treatment
or prevention of disorders, diseases or conditions responsive to the inhibition of

cathepsin B, cathepsin H, cathepsin L, or papain.

Use according to claim 12 for the preparation of a medicament for the treatment -
or prevention of disorders, diseases or conditions responsive to the inhibition of
Multicatalytic Protease (MCP).

Use according to claim 12 for the preparation of a medicament for the treatment
or prevention of Duchenne Muscular Dystrophy.

Use according to claim 12 for the preparation of a medicament for the treatment

or prevention of Becker Muscular Dystrophy.

Use according to claim 12 for the preparation of a medicament for the treatment

or prevention of neuromuscular diseases.

Use according to claim 17 for the preparation of a medicament for the treatment
or prevention of muscular dystrophies, including dystrophinopathies and
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20.

21.

22.

23.

24,

25.
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sarcoglycanopathies, limb girdle muscular dystrophies, congenital muscular
dystrophies, congenital myopathies, distal and other myopathies, myotonic
syndromes, ion channel diseases, malignant hyperthermia, metabolic
myopathies, hereditary cardiomyopathies, congenital myasthenic syndromes,
spinal muscular atrophies, hereditary ataxias, hereditary motor and sensory
neuropathies and hereditary paraplegias.

Use according to claim 12 for the preparation of a medicament for the treatment
or prevention of disuse atrophy and general muscle wasting.

Use according to claim 12 for the preparation of a medicament for the treatment
or prevention of ischemias of the heart, of the kidney or of the central nervous

- system, inflammations, muscular dystrophies, injuries to the central nervous

system and Alzheimer's disease.

Use according to claim 12 for the preparation of a medicament for the treatment
or prevention cataracts of the eye, and other diseases of the eye.

Use according to claim 14 for the preparation of a medicament for the treatment

of cancer.

Use according to claim 14 for the preparation of a medicament for the treatment
of psoriasis, and restenosis, and other cell proliferative diseases.

Use of the compounds of any of claims 1 to 10 for the preparation of a
medicament for the treatment or prevention of mitochondrial disorders and
neurodegenerative diseases, where elevated levels of oxidative stress are

involved.

Use according to claim 24 for the preparation of a medicament for the treatment
of mitochondrial disorders including, Keamns-Sayre syndrome, mitochondrial
encephalomyopathy-lactic-acidosis-stroke like episodes (MELAS), myocionic
epilepsy and ragged-red-fibers (MERRF), Leber hereditary optic neuropathy
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27.

28.

29.
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(LHON), Leigh's syndrome, neuropathy-ataxia-retinitis pigmentosa (NARP) and
progressive external opthalmoplegia (PEO).

Use according to claim 24 for the preparation of a medicament for the treatment
of neurodegenerative diseases with free radical involvement including
degenerative ataxias such as Friedreich’ Ataxia, Parkinson’s disease,
Huntington’s disease, amyotrophic lateral sclerosis (ALS) and Alzheimer's

disease.

Use of the compounds of claim 8 for the preparation of a medicament for
inhibiting cell damage by oxidative stress through free radicals.

Use of the compounds of claim 8 for the preparation of a medicament for the
treatment of mitochondrial disorders and neurodegenerative diseases, where

elevated levels of oxidative stress are involved.

A pharmaceutical composition which comprises a compound of any of claims 1 to
10 and a pharmaceutically acceptable carrier.
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