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DESCRIPTION

Field of the invention

[0001] The present invention relates to the field of compounds useful in the treatment of ischemia-reperfusion-related
pathologies.

Background of the invention

[0002] Ischemia-reperfusion is a pathological condition characterised by an initial restriction of blood flow to an organ followed by
a subsequent restoration of perfusion and concomitant re-oxygenation. Perhaps surprisingly, restoration of the blood flow and re-
oxygenation is frequently associated with an increase in tissue damage and a profound inflammatory response ("reperfusion
injury"). Ischemia-reperfusion injury exists in a wide range of pathological conditions (Table 1).

Table 1

Affected organ

Example of clinical manifestation

Ischemia-reperfusion of individual organs

Heart Acute coronary syndrome

Kidney Acute hypoxic renal injury

Intestine Intestinal ischemia-reperfusion; MODS
Brain Stroke

Ischemia/reperfusion of multiple organs

Trauma and resuscitation

MODS; acute hypoxic renal injury; hypoxic intestinal injury; CTE

Circulatory arrest

Hypoxic cerebral injury; MODS; kidney damage

Sickle cell anaemia

Acute thoracic syndrome; puimonary hypertension; acute hypoxic renal injury

Sleep apnoea

Hypertension; diabetes

Ischemia-reperfusion in the course of surgery

Cardiac surgery

Acute heart failure following cardiopulmonary bypass

Thoracic surgery

Acute hypoxic pulmonary injury

Peripheral vascular surgery

CSE

Vascular surgery

Acute hypoxic renal injury

Acute transplant rejection; early transplant rejection

[0003] MODS (Multiple Organ Dysfunction Syndrome): Multiple organ dysfunction syndrome;

CSE (Compartment Syndrome of the Extremity): Compartment syndrome of the extremities

CTE (chronic traumatic encephalopathy): chronic traumatic encephalopathy caused by trauma from repeated blows (e.g., boxers,
rugby players etc.)

The above-described ischemia-reperfusion-related pathological conditions derive from a set of biochemical events at cellular and
tissue level. Once the blood flow has stopped in a given district, at a branch of the coronary artery for example, a series of
biochemical processes takes place within the cells of the non-perfused tissues. While in the face of complete anoxia some of them
undergo necrosis, the majority undergo a profound metabolic imbalance that is essentially characterised by a rapid increase of
the intracellular content of reactive oxygen species (ROS, which include superoxide anion, 0227, hydrogen peroxide and the
hydroxyl radical), by the low levels produced by the electron transport chain at amounts harmful to the cell. If the blood flow is
restored (i.e. reperfusion), as occurs after angioplasty surgery, the amount of free radicals further increases, giving rise to
extensive cell damage, which configures the "ischemia-reperfusion” condition. This situation, which is essentially a massive redox
shock, is not only directly harmful to various macromolecules within the cell (proteins, nucleic acids, lipids), but is capable of
triggering the intrinsic pathway of apoptosis.

[0004] Indeed, in myocardial infarction, up to 80% of the extension of the final lesion is linked to apoptotic death, which
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completes in hours to days following the onset of the ischemia-reperfusion condition.

[0005] From a biochemical viewpoint, the intense metabolic shock activates a large number of molecules that act as redox
sensors, such as ASK-1 kinase. This kinase is maintained in an inactive state by the bond with reduced thioredoxin and
glutaredoxin; the oxidation thereof determines their detachment from ASK-1 and the consequent functional activation of the
kinase.

[0006] Other pathways involved from the outset of the process include AMP kinase and Rho GTPase. Operating in synergy,
these systems can reciprocally influence each other, thus significantly amplifying the apoptotic process. A functionally coherent
family of kinases located downstream of the above-described metabolic pathways, consists of the JNK and p38 MAPK (MAP-
kinase) proteins, which represent a common node of the chain of signal transmission chain. These molecules have cytosolic and
nuclear substrates, that are in part shared, which participate in various ways to the processes of cell death by autophagy or
apoptosis. To cite a few examples, JNK and p38 MAPK bind and phosphorylate Bcl-xL and Bcl-2, inactivating the anti-apoptotic
potential thereof, an event followed by the release of cytochrome c from the mitochondrion, the combination thereof with molecule
Apaf-1 and the consequent activation of caspase-9. Other critical targets of the two MAP-kinases are Beclin-1 and p53, both
closely related to the onset of autophagic and apoptotic cell death, respectively.

[0007] On the basis of the above-reported considerations, it can be stated that the MAP-kinase are critical for the generation of
the cell damage that takes place in a number of clinical contexts, in particular in conditions of ischemia-reperfusion. It is also
interesting to note that p38 MAPK and JNK share a common biochemical modulator, MKP-1, a phosphatase specifically capable of
inactivating the MAP-kinase enzyme family.

[0008] A number of studies have directly demonstrated this statement; for example, knock-out mice for p38 MAPK, following the
closure of branches of the coronary artery, have greatly reduced myocardial lesions with respect to the normal controls, a finding
that emphasises the role of these kinases in the generation of tissue damage.

[0009] It is thus in the state of the art that for the treatment of ischemia-reperfusion-related pathologies or for the use in medical
procedures involving ischemia-reperfusion, a useful pharmacological approach can be achieved through the use of compounds
that are capable of modifying the activity of the MAP kinases family. Patent WO2004000324 sets out that 3-azabicyclo[3.2.1]octan
derivatives are active as agonists of human neurotrophins and are therefore useful for the preparation of pharmaceutical
compositions for the treatment of diseases in which the neurotrophin functions, particularly NGF functions, are implicated by
default: neurodegenerative disorders of the central nervous system, such as Alzheimer's disease (AD), amyotrophic lateral
sclerosis (ALS), Huntington's disease, neuropathies, neural damage caused by hypoxia, ischemia, or trauma, inducing apoptosis
of the nerve cells;

acquired immunodeficiency diseases linked to reduced bioavailability of NGF, such as age-related immunodeficiency;

diseases in which neoangiogenesis stimulation proves advantageous, such as myocardial infarction, stroke, or peripheral
vascular diseases;

certain diseases of the eye, such as keratitis of diverse aetiology, glaucoma, degenerative or inflammatory conditions of the
retina.

has been described as intermediate for the synthesis of a spiro-beta-lactam in A. Trabocchi, et al. Eur. J. Org. Chem. 2007, 4594-
4599.

[0010] The (1R,58,7R)-3-(p-methoxybenzyl)-2-oxo-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-carboxylic Acid compound has been
described as peptidomimetic in Antonio Guarna, et al J. Org. Chem. 1999, 64, 7347-7364.

[0011] The (1R,58,7R)-3-Benzyl-2-oxo-6,8-dioxa-3-azabicyclo[3.2.1]octan-7carboxylic Acid compound and the (1 R,58,7R)-3-(p-
phenyl)-benzyl-2-ox0-6,8-dioxa-3-azabicyclo[3.2.1]octan-7carboxylic Acid compound were described as inhibitors of
metalloproteases in C. Mannino et al. Bioorganic & Medicinal Chemistry 14 (2006) 7392-7403.

[0012] The synthesis of the (1S,5R,78)-3-ethyl-2-ox0-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-carboxylic acid compound is
described in Reymond, J-L.; et al. Tetrahedron Asymmetry 1990, 1(10), 729-736.

[0013] The object of the present invention is to provide compounds for the treatment of ischemia-reperfusion-related pathologies
or for use in medical procedures involving ischemia-reperfusion, and in particular, but not exclusively, those characterised by an
inappropriate variation in the activities of the MAP kinases W02004/009588 discloses 8-azabicyclo[3.2.1]octane derivatives for
use in the treatment of diseases related to ischemia-reperfusion family.

Summary of the invention
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[0014] Object of the present invention are compounds of formula (1)
Ry
(0]
Ry-N O
R3

O

wherein

R1 is selected from the group consisting of H, C1-galkyl, C1-galkenyl, Co-galkynyl, cycloalkyl, aryl, heterocycle -C4-galkyl-aryl, -C-
galkyl-heterocycle, -Cqgalkyl-NH2, - aryl-NH2, -Cqig alkyl-O-aryl -aryl-OH, Cqgalkyl-OH, -COOR, -Cqgalkyl-OR,
methyloxycarbonyl-C1-galkyl, carboalkyloxy-aryl, alkyl carbamoyl aryl and -(amino acid side chains);

Ro is selected from the group consisting of H, Cq-galkyl, Co-galkenyl, Co.galkynyl, cycloalkyl, aryl, -Cq-galkyl-aryl, -C1.galkyl-
heterocycle, -C1-galkyl-NRR', -aryl-NRR', - C1.galkyl-OR, -C1-galkyl-COOR, -C1.galkyl-OC(O)R, -C1-galkyl-N(R)C(O)R', -aryl-OR, -
aryl-COOR, -aryl-COR, -aryl-OC(O)R, -aryl-N(R)C(O)R', -CH(amino acid side chains)CO2R, -CH(amino acid side chains)C(O)NR),
-CH(CO2R)-amino acid side-chains and CH(CONRR')-amino acid side chains,

R3 is COOH

R and R, equal or different from each other, are selected from the group consisting of H, C1-galkyl, Co-galkenyl, Co_galkynyl,
cycloalkyl, aryl, heterocycle, -C4-galkyl-aryl; -C1-galkyl-heterocycle; protecting group, -C(O)CH-(amino acid side-chains)-NHT, -
NH-CH(amino acid side chains)COOT and -CH(amino acid side chains)COOT, where T is selected from H and C1-galkyl,

and where the above-reported alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocycle groups can be substituted with one or more
groupings selected from the group consisting of halogen, CN, NO2, NH2, OH, COOH, CO and C1.galkyl;

excluding the (18,5R,78)-3-ethyl-2-ox0-6,8-dioxa-3-azabicyclo[3.2. 1]octan-7-carboxylic acid, (1 R,58,7R)-3-(p-methoxybenzyl)-2-
0x0-6,8-dioxa-3-azabicyclo[3.2. 1]octan-7-carboxylic acid, (1R,58,7R)-3-benzyl-2-ox0-6,8-dioxa-3-azabicyclo[3.2.1]octan-
7carboxylic acid and (1R,58,7R)-3-(p-phenyl)-benzyl-2-oxo-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-carboxylic acid compounds.

[0015] In the course of studies aimed at clarifying the pathogenetic mechanisms generated from the uncontrolled activation of
the MAP-kinase enzyme, in clinical conditions determined by ischemia-reperfusion, it was surprisingly and unexpectedly found that
an effective control of the activation of p38 MAKP or of JNK could be obtained from the in vitro and in vivo administration of
certain derivatives of 3-azabicyclo[3.2.1]octan of general formula (l) as described above and other similar compounds belonging
to the collections of compounds that were the subject of patent W0O2004000324.

[0016] Compounds of formula (I) as described above (with R3=COOH), also including the (1S,5R,7S)-3-ethyl-2-ox0-6,8-dioxa-3-
azabicyclo[3.2.1]Joctan-7-carboxylic acid, (1R,5S,7R)-3-(p-methoxybenzyl)-2-oxo-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-carboxylic
acid, (1R,58,7R)-3-Benzyl-2-ox0-6,8-dioxa-3-azabicyclo[3.2. 1]Joctan-7-carboxylic acid and (1 R,58,7R)-3-(p-phenyl)-benzyl-2-oxo-
6,8-dioxa-3-azabicyclo[3.2. 1]octan-7carboxylic acid compounds, for use as a medicament, are thus also object of the invention.

[0017] A derivative compound of 3-azabicyclo[3.2.1]octan of general formula (1) is also therefore object of the present invention:
R1

(@]
R,-N O
Ra

)

wherein
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R1 is selected from the group consisting of H, C1-galkyl, C1-galkenyl, Co-galkynyl, cycloalkyl, aryl, heterocycle -C4-galkyl-aryl, -C-
galkyl-heterocycle, -Cq-galkyl-NH2, - aryl-NH2, -Cq.galkyl-O-aryl, -aryl-OH, Cqgalkyl-OH, -COOR, -Cq.galkyl-OR,
methyloxycarbonyl-C1-galkyl, carboalkyloxy-aryl, alkyl carbamoyl aryl and -(amino acid side chains);

Ry is selected from the group consisting of H, Cq.galkyl, Co_galkenyl, Co_galkynyl, cycloalkyl, aryl, -Cq.galkyl-aryl, -C4_galkyl-
heterocycle, -C1-galkyl-NRR', -aryl-NRR', - C1-galkyl-OR, -C4-galkyl-COOR, -C1-galkyl-OC(O)R, -C1-galkyl-N(R)C(O)R', -aryl-OR, -
aryl-COOR, -aryl-COR, -aryl-OC(O)R, -aryl-N(R)C(O)R', -CH(amino acid side chains)CO2R, -CH(amino acid side chains)C(O)NR),
-CH(CO2R)-amino acid side-chains and CH(CONRR')-amino acid side chains,

R3 is selected from the group consisting of H, C1.galkyl, Co_galkenyl, Co_galkynyl, cycloalkyl, aryl, -C4.galkyl-aryl, heterocycle, -C1.
galkyl-heterocycle; -C(O)R,-C(O)OR, -C(O)NRR', CHpOR, CHoNRR', -C(O)NH-CH(amino acid side chains)C(O)OR, CHoNRFmoc,
CHoNR-Boc and CHoNR-CBz,

R and R, equal or different from each other, are selected from the group consisting of H, C1-galkyl, Co-galkenyl, Co_galkynyl,
cycloalkyl, aryl, heterocycle, -C4-galkyl-aryl; -C1-galkyl-heterocycle; protecting group, -C(O)CH-(amino acid side-chains)-NHT, -
NH-CH(amino acid side chains)COOT and -CH(amino acid side chains)COOT, where T is selected from H and C_galkyl;

and where the above-reported alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocycle groups can be substituted with one or more
groupings selected from the group consisting of halogen, CN, N02, NH2, OH, COOH, CO and C1.galkyl;

for the treatment of ischemia-reperfusion-related pathologies or for use in medical procedures involving ischemia-reperfusion,
and in particular, but not exclusively, those characterised by an inappropriate variation in the activity of the MAP kinase family.

[0018] In particular, the 3-azabicyclo[3.2.1]octan derivatives of general formula (1), unexpected and unpredictably determine a
marked increase in the MKP-1 protein in a certain number of cell types that express Trk receptors (in particular, cardiomyocytes,
neural cells, renal parenchymal cells, etc.); this event was achieved in the absence of a significant activation of other metabolic
pathways, such as, for example, the phosphatidylinositol-3 kinase/protein-kinase B pathway, which leads to increased
intracitosolic calcium levels. Human memory B lymphocytes deprived of their autocrine survival factor, NGF, undergo a strong
activation of p38 MAPK, followed by the apoptotic death of the cells. This damage is profoundly reduced by the addition of 3-
azabicyclo[3.2.1]Joctan derivatives of general formula (I), which cause a marked increase in MKP-1 levels and an intense
modulation of p38 MAPK; consequently, the cells are protected from programmed death. In the same way, myocardial cells
cultured for 30 minutes under profoundly hypoxic conditions (p0O2<0.1%), then brought to normal oxygen levels, undergo a
marked redox shock, characterised by activation of p38-MAPK, activation of caspase and apoptosis. Nevertheless, if 3-
azabicyclo[3.2.1]octan derivatives of general formula (I), are administered before the hypoxia or immediately thereafter, the
intensity of the redox alterations remains unchanged, but p38 MAPK phosphorylation is profoundly reduced and apoptosis
controlled; indeed, in the same cultures there is recorded a parallel, marked increase of MKP-1 protein levels. The above-
descried studies demonstrate a possible biological approach addressed at mitigating the outcomes of the uncontrolled activation
of MAP-kinase family proteins, which is potentially useful in a number of clinical conditions characterised by ischemia-reperfusion,
in which there in particular occurs, an inappropriate variation in the activity of the MAP kinase family.

[0019] These unexpected findings allow identification of the pharmacological use of the 3-azabicyclo[3.2.1]octan derivatives of
general formula (1) in all those ischemia-reperfusion-related pathologies, in which the ischemic conditions generated from any

reduction or cessation of the blood flow, are followed by subsequent restoration of the influx of oxygen/nutrients to the tissue.

[0020] Further characteristics and advantages of the compounds according to the invention will be reported in detail in the
following description.

Detailed description of the invention

[0021]



DK/EP 2855487 T3

A further object of the present invention is therefore a pharmaceutical composition comprising as active ingredient at least one of
the 3-azabicyclo[3.2.1]Joctan derivatives of general formula (l) as described above for the treatment of ischemia-reperfusion-
related pathologies In particular, ischemia-reperfusion-related pathologies as defined above are for example:

¢ acute myocardial ischemia;

¢ central nervous system (CNS) ischemia caused by thrombosis or embolism of the intracranial arteries or by cardiac arrest,
involving the permanent or temporary interruption of the blood flow in some cerebral arterial districts or in the whole
encephalon;

» surgical procedures wherein the operation provides for certain arterial districts to be temporarily closed, as for example
occurs in renal tumour ablation surgery;

e explant, preservation and reimplantation protocols for organs intended for transplantation, such as kidneys, heart, lung,
liver, intestine, etc.;

¢ all the other ischemic pathologies characterised by a reduction or cessation of the blood flow, followed by subsequent
restoration of influx of oxygen/nutrients to the tissue;

e conditions of cerebral tissue hypoxia, such as for example, carbon monoxide poisoning or drowning, wherein following
normal medical intervention, it is possible to restore normal oxygenation levels;

o other tissue damage caused by hypoxia, ischemia or trauma, capable of causing death by apoptosis or autophagy, to the
point of generating significant anatomical and functional lesions

¢ chronic traumatic encephalopathy (CTE).

[0022] A further object of the invention is a cellular culture medium comprising at least one 3-azabicyclo[3.2.1]octan derivative of
general formula (1).

[0023] A further object of the invention is a storage medium for the preservation of transplanted organs intended for
transplantation, said medium comprising at least one 3-azabicyclo[3.2.1]octan derivative of general formula (1).

[0024] Object of the invention is also a 3-azabicyclo[3.2.1]octan derivative of general formula (l) labelled with a suitable reagent
(contrast agents, radioisotopes, fluorescent agents etc.), for use in any of the procedures useful for the purposes of medical
imaging, analysis for imaging of tissues and organs in vitro or in vivo, for the assessment and relevance of the ischemic
reperfusion injury and, in particular, to monitor the use and efficacy of the medicinal products.

[0025] In the present invention, the expression "amino acid side chain" means the groupings of L or D amino acid side chains
present in nature or of the amino acids that are rare or not present in nature.

[0026] Unless otherwise specified, the terms alkyl, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl, and heterocycle, as used in the
present invention, should be understood as follows:

e alkyl C1.g, alkenyl C1-g and alkynyl Co.g relate to linear branched alkyl radicals, respectively having only single bonds, at

least one double bond, at least one triple bond. Examples of alkyl groups according to the present invention include, but
are not limited to, methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, heptyl, octyl. Examples of alkenyl groups according to
the present invention include, but are not limited to =CHp, ethenyl, propenyl, 1-butenyl, cis-2-butenyl, trans-2-butenyl, 2-
methyl-1-propenyl, 1-pentenilel, cis-2-pentenyl, trans-2-pentenyl, 2-methyl-2-butenyl. Examples of alkynyl groups according
to the present invention include, but are not limited to, ethynyl, propynyl, 1-butenyl, 2-butynyl, 1-pentenyl, 3-methyl-1-
butynyl;

¢ the term "cycloalkyl" refers to a ring containing carbon atoms, generally having between 3 and 8 members, and preferably
between 5 and 6 members. Examples of cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, norbornanyl, camphanyl, adamantanyl;

e the term "aryl" indicates a group containing one or more unsaturated rings, each ring having between 5 and 8 members,
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preferably 5 or 6 members. Examples of aryl groups include, but are not limited to, phenyl, biphenyl and naphthyl;

¢ the term "heterocycle" refers to saturated or aromatic heterocycles containing one or more heteroatoms, and preferably
one or more N atoms. Examples of heterocycles include, but are not limited to, pyridine, imidazole, pyrrole, indole, triazoles,
pyrrolidine, piperidine;

[0027] In the present invention, the fluorenylmethoxycarbonyl groups, t-butyloxycarbonyl, carboxybenzyl, benzyl, phenyl and
acetyl are respectively indicated using the common terms Fmoc, Boc, Cbz, Bn, Ph and Ac.

[0028] According to the present invention, the alkyl, alkenyl, alkynyl, cycloalkyl, aryl and heterocycle groups can be substituted
with one or more groupings, and preferably one or two moieties selected from the group consisting of halogen, cyano, nitro,
amino, hydroxy, carboxylic acid, carbonyl and C1.g alkyl. The term "halogen" refers to fluorine, chlorine, bromine and iodine.

[0029] Of the compounds of formula (I) with R3 =COOH there is a preference for those in which:
R1 is selected from the group consisting of H, C1_galkyl, C4-galkenyl, -C4_galkyl-phenyl, -C1_galkyl-OH and -C_galkyl-OR;

R2 is selected from the group consisting of aryl, -C1-galkyl-aryl.

[0030] Particularly preferred are those in which R1 is selected from the group consisting of H, C4-galkyl, Co-galkenyl, -C1-galkyl-
phenyl, -C1_galkyl-OH and -C1_galkyl-OR;

R2 is selected from the group consisting of aryl, -C4-galkyl-aryl;

Of the compounds of formula (I) for use in medical conditions resulting from ischemia-reperfusion, those compounds wherein R1
is selected from the group consisting of H, Cqgalkyl, Cogalkenyl, -C 4-galkyl-phenyl, -C4-galkyl-OH and -C1galkyl-OR are
preferred;

R2 is selected from the group consisting of aryl and -C1-galkyl-aryl;

R3 is selected from the group consisting of C(O)OR, -C(O)NRR';

R and R', equal to or different from each other, are selected from the group consisting of H, C1-galkyl, -C1-galkyl-NH2, -C4_galkyl-

OH; R and R' combined with each other can form a cycloalkyl.

[0031] Particularly preferred are those compounds in which
R1is H, Me, =CH2, CH2Ph, CH20OH, CH20Bn;

R2 is Ph, CH2Ph, CHPh2;

R3 is COOH, COOMe, CONHCH2CH2NH2, CONHCH2CH20H,

(R-CON > (R)-CONQ

[0032] The compounds 1-96 of the general formula (1) according to the invention reported in the following Tables 1-2 are results
of particular interest on account of their activities in that they determine a marked increase in the MKP-1 protein; and they are
thus the compounds preferably used for the preparation of the pharmaceutical compositions according to the invention. (1)

TABLE

Ry
A
R»-N O
%/L%
o
(1a)

Compound R1 Ro R3
1. H PhCHo (R)-COoMe
2. H PhCHo (S)-COoMe




DK/EP 2855487 T3

Compound R1 Ro R3

3. H PhCHo (R)-CON<:>
4. H PhCH; (R)-CONG
5. H PhCHy (R)-COoH
6. H PhCHo (S)-COH
7. H CH(Ph)z (RyCOzH
8. H CH(Ph), (5)-COH
9. H Ph (R}-COgH
10. H Ph (S)-COoH
11. H PhCHy (R)-CONH(CHg)NHy
12. H PhCHy (R)-CONH(CHg),0H
13. (S)-Me PhCH, (R)-COoMe
14, (S) -Me PhCHy (S)-COsMe
15. (R)-Me PhCHy (R)-COyMe
16. (R) -Me PhCHy (S-COsMe
17. (R)-CHoPh PhCHy (S)-COyMe
18. (R)-CHoPh PhCHy (R)-COoMe
19. (S)-CHyPh PhCHy (S}-COMe
20. (S) -CHyPh PhCHy (R)-CO,Me
21. (S)-CH,0Bn PhCHy (R)-COoMe
22. (S)-CH,0Bn PhCHy (S)}-COyMe
23. (R)»-CH0Bn PhCHy (R)-COyMe
24. (R)»-CH,0Bn PhCHy (S)-CO,Me
25. (S)-CHoOH PhCHy (R)-COoMe
26. (S)-CH,OH PhCHy (S)-COyMe
27. (R)-CHo0H PhCHy (R)-COoMe
28. (R)-CH,0OH PhCHy (S)}-COyMe
29. =CHy PhCHy (R)-CO,Me
30. =CHy PhCHy (S)-COsMe
31. (S) -Me PhCHy (R)-COH
32. (S)-Me PhCHy (S)-COoH
33. (R) -Me PhCHy (Ry-COoH
34, (R) -Me PhCH, (S)}-COgH
35. (R) -CHoPh PhCHy (S)-COoH
36. (R)-CHoPh PhCHy (R)-COoH
37. (S)-CHoPh PhCH, (S)-COoH
38. (S)-CHyPh PhCHy (R)-COoH
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Compound R1 Ro R3

39. (S)-CHy,0Bn PhCHy (R)-COoH
40. (S)-CHo0Bn PhCHo (S)-COyH
41. (R)-CH20BN PhCHy (R)-COoH
42. (R)-CHo0Bn PhCHy (S)-COoH
43. (S)-CHoOH PhCHy (R)-CO5H
44, (S)-CHoOH PhCHy (S)-COH
45, (R)-CHo0OH PhCHy (R)-COoH
46. (R)-CHo,OH PhCHa (S)-COoH
47. =CH, PhCHy (R)-COoH
48. =CHy PhCHy (S)-COoH

Table 2

m Rs3
R-N O

Ri
(1b)
Compound R4 Ro R3
49. H PhCHo (R)-COoMe
50. H PhCHo (S)-COoMe

51. H PhCH; Q
{R)-CON
52. H PhCHy (R)_CO@

53. H PhCHy (R)-COoH

54. H PhCHy (S)-COoH

55. H CH(Ph)y (R) -COoH

56. H CH(Ph), (S)-COH

57. H Ph (R)-COoH

58. H Ph (S)-COoH

50. H PhCHy (R) -CONH(CHy)oNH,
60. H PhCHy (R) -CONH(CHy),0H
61. (S) -Me PhCHy (R)-CO,Me

62. (S)-Me PhCHy (S)-COMe

63. (R)-Me PhCHy (R)-COsMe

64. (R)-Me PhCHy (S)-COMe

65. (R)-CHoPh PhCHy (S)-COMe

66. (R)-CHyPh PhCHy (R)-CO,Me
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Compound R Ro R3

67. (S)-CH2ph PhCHy (S)-COMe
68. (S)-CHyPh PhCHo (R)-COsMe
69. (S)-CH20Bn PhCHo (R)-COgMe
70. (S)-CH,0Bn PhCHy (S)-COMe
71. (R)-CH20BnN PhCHo (R)-COoMe
72. (R)-CH0Bn PhCHyp (S)-COoMe
73. (S)-CH,OH PhCHy (R)-CO,Me
74. (S)-CHyOH PhCHop (S)-COoMe
75. (R)-CHo,0OH PhCHo (R)-COoMe
76. (R)-CH,0H PhCHy (S)-CO9Me
77. =CHy PhCHyp (R)-COoMe
78. =CHyp PhCHo (S)-COoMe
79. (S)-Me PhCHy (R)-COoH
80. (S)-Me PhCHo (S)-COoH
81. (R)-Me PhCHy (R)-CO9H
82. (R)-Me PhCH, (S)-COgH
83. (R)-CHoPh PhCHy (S)-COgH
84. (R)-CHoPh PhCHyp (R)-CO9H
85. (S)-CHgPh PhCHy (S)-COoH
86. (S)-CHyPh PhCHy (R)-COoH
87. (S)-CHo0Bn PhCHo (R)-CO9H
88. (S)-CHy0Bn PhCHyp (S)-COoH
89. (R)-CHy0Bn PhCHy (R)-COoH
90. (R)-CH20BnN PhCHo (S)-COoH
91. (S)-CHOH PhCHy (R)-COoH
92. (S)-CH,OH PhCHy (S)-COgH
93. (R)-CHOH PhCHop (R)-CO9H
94. (R)-CHo,0OH PhCHo (S)-COoH
95. =CHy PhCHy (R)-COoH
96. =CHo PhCHo (S)-COoH

[0033] The above-cited compounds 1-4, 11-30, 35-52 and 59-78 are described in J. Org. Chem. 1999, 64, 7347, Organic
Letters, 2000, 2, 3987-3990, Bioorganic &Med Chem 2001, 9, 1625-1632, Eur. J. Org. Chem. 2002, 873-880, in international
patent application no. WO 2001064686; and in international patent application WO2004000324; the methods of preparation of
the compounds of formula (I) wherein R3 is different from COOH are also described in these documents. Compound 5 is cited in
J. Org. Chem. 1999, 64, 7347.

[0034] The compounds 6-10, 31-34, 53-58, and 79-96 of formula | with R3 equal to COOH are new

[0035] The compounds of formula (I) wherein R3 = COOH can be prepared from the compounds of formula (l) wherein R3 =
COOMe by hydrolysis with NaOH in water and in the presence of linear or cyclic ethers as solvent. The sodium salt is poorly
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soluble in water and can be isolated by filtration after removal of the organic solvent. By acidification of the compounds of formula
() wherein R3 = COONBa, these can be transformed by treatment with aqueous HCI into the corresponding compounds of formula
() wherein R3 = COOH.

[0036] The present 3-azabicyco[3.2.1]octan derivatives of general formula (I) in free form or in the form of pharmaceutically
acceptable salts can be used for the preparation of pharmaceutical compositions following the usual pharmaceutical preparation
methods.

[0037] These pharmaceutical compositions can be conventionally formulated, and can include one or more pharmaceutically
acceptable excipients and/or diluents. The administration of these formulations can be performed by any conventional route, such
as the parenteral route, in the form of solution or suspension, oral, ocular, nasal, topical, etc.

[0038] The formulation of the 3-azabicyclo[3.2.1]octan derivatives of formula () according to the invention includes tablets,
capsules, pills, pellets, solutions, dispersions, suspensions, liposomal formulations, microspheres, nanospheres, creams and
ointments, emulsions and aerosols, which can also be prepared in a way that allows a controlled or delayed release of the active
compound.

[0039] These pharmaceutical compositions can comprise at least one of the present compounds of formula (I), or mixtures
thereof, as active ingredient or adjuvant, possibly in combination with another active ingredient or adjuvant, selected according to
the pathological conditions.

[0040] In addition to use in the previously-indicated pathologies, the 3-azabicyclo[3.2.1]octan derivatives of general formula (1)
and mixtures thereof, and thus the compositions that contain them, can be used for the preparation of culture media and storage
means useful for the preservation of explanted organs intended for transplantation.

[0041] The following examples are reported to provide a non-limiting illustration of the present invention.

Brief Description of the Drawings

[0042]

FIG. 1 - shows western blotting of Autophosphorylation of the TrkA receptor on PC12 cells when incubated with NGF or with a
mimetic (a compound of formula (l)) according to the invention.

FIG. 2 - shows western blotting for the evaluation in PC12 cells to induce an increase in the expression of the MKP-1 protein by
mimetics (compounds of formula (1)) according to the invention.

FIG. 3 - reports the determination in WB of the phosphorylation levels of the p38 MAPK protein in PC12 cells exposed to serum-
deprivation for 6 hours and subsequently to the mimetic (a compound of formula (l)) or to recombinant human NGF for 30
minutes.

FIG. 4 - reports the intensity values of the bands obtained in WB with the indicated antibodies, by analysing samples of cells
exposed to ischemia-reperfusion (I/R), in the presence or in the absence of the mimetic compound (a compound of formula (1)), as
compared with cells cultured in normal control conditions

FIG. 5 - shows the histological evaluation at 24 hours of the necrotic damage (upper panels) or apoptotic damage (lower panels)
to the right kidney of animals subjected to unilateral ligation of the right renal hilum in the presence or in the absence of the
mimetic compound (a compound of formula (1)) (the left kidney served as control) for the times indicated.

[0043] In the above-described drawings, mimetic is a 3-azabicyclo[3.2.1]octan derivative of general formula (l) and in particular
Mimetic 1 corresponds to compound 65;
Mimetic 2 corresponds to compound 83;
Mimetic 3 corresponds to compound 19;

Mimetic 4 corresponds to compound 20;

10
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Mimetic 5 corresponds to compound 38.

EXAMPLE 1

REFERENCE EXAMPLE

of formula (1) where R1=R2 PhCH2 R3=(COONa))

[0044] To a solution of the compound of formula (l), where R 1=RoPhCHp R3=(COOMe) in THF is added dropwise a solution of

NaOH in water. After about two hours the reduced pressure solvent completely evaporates and water is added to the residue
while leaving under magnetic stirring for 1 h. The resulting solid is filtered and dried to give the compound of formula (1), where
R1=Ro PhCH2 R3=(COONa)

m.p. 311.2-313.4 °C (dec.) [alpha]p2" + 34.3 (c 1.02, DMSO)

EXAMPLE 2

formula (l), where Rl=_R; PhCH_z R_3=1COOMe))

[0045] To a suspension of compound | where R 1= Ro PhCHoR3 =COONa in methanol containing a drop of DMF, is added thionyl

chloride, without exceeding 40 °C. After 30 minutes the solvent is removed under reduced pressure, the residue taken up with
toluene and the solvent again removed under reduced pressure. The crude residue is dissolved in toluene and the solution,
washed with a saturated aqueous solution of NaHCOs3, dried with MgSQy, is evaporated under reduced pressure, thus obtaining

compound | with R4= Ry PhCHyp, R3 = COOMe in the form of yellow oil.

EXAMPLE 3

formula (1) where R1= R2 PhCH3 R3 =(COOH))

[0046] To a suspension of the compound of formula (I) where R4 = Rp PhCH2R 3=(COONa) in Hp, is slowly added HCI 1 N until

pH 2 is reached. The product is extracted with dichloromethane while maintaining a constant pH, and the organic phase is dried
over NapSOy4. After filtration and evaporation, a compound of formula (I) where R1= R2 PhCHp R3=(COOH), is obtained as a white

solid.

EXAMPLE 4

formula (1) where R1= Ry PhCHy R3= (COO) lysine)

11



DK/EP 2855487 T3

[0047] To a solution of compound of formula (l), where R1= Ro PhCHp

R3=(COOH) in isopropanol, maintained at 65-70 °C and an equivalent solution of L-lysine in water is quickly added. It is cooled in
an ice bath and the product is recovered by filtration, after washing with cold isopropanol. The compound product of formula (1),
where R1=R2 PhCH2 R3=(COO-) lysine+ is obtained. [alpha]D25 +29.3 (c 1.0, HO)

[0048] In the following examples, the results of which are also graphically represented in figures 1-5, mimetic means a 3-
azabicyclo[3.2.1]octan derivative of general formula (l) and in particular

Mimetic 1 corresponds to compound 65;
Mimetic 2 corresponds to compound 83;
Mimetic 3 corresponds to compound 19;
Mimetic 4 corresponds to compound 20;

Mimetic 5 corresponds to compound 38.

Example 5

Autophosphorylation of the TrkA receptor and definition of the tyrosines involved in the process

[0049] Cells of the continuous PC12 pheochromocytoma rat line were cultured at a concentration of 4 x 105/ml in RPMI 1640
medium, supplemented with 5% glutamine, antibiotics, and in the absence of serum, in 24-well plates for 6 hours. Subsequently,
NGF at a final concentration of 10 ng/ml or alternatively the compounds of formula (l), at the final concentration of 10 pm, were
added to these cultures. After 20 minutes, the cells were thus lysed in RIPA buffer (20 mM Tris-HCI, pH 7.5, 150 mM NaCl, 1 mM
Na 2 EDTA, 1 mM EGTA, 1% NP-40, 1% sodium deoxycholate, 25 mM sodium pyrophosphate, 1 mMB-glycerophosphate, 1 mM
NazVOy4, 1 pg/ml leupeptin) for biochemical analysis by means of Western blotting (WB) technique ,using specific antibodies for
the phosphorylated form of the tyrosines 490, 674/675 or 785.

[0050] Analysis of the results makes it possible to establish that while NGF invariably induced the phosphorylation of all
tyrosines, the compounds of formula | induced the phosphorylation of one of the tyrosines studied but not of others, in different
combinations (FIGURE 1). The graphs show the phosphorylation values of the indicated tyrosines (Y490, Y674/675, Y785),
expressed as the ratio of the intensities of the bands observed in WB, developed with the respective anti-phosphotyrosine
antibodies, to the band relating to the total TrkA protein. It is clear that the mimetics very strongly induce the phosphorylation of
Y490 and much less that of the other tyrosines. The phosphorylation levels of Y490, but not those of Y674/675 and Y785,
induced by the mimetic are significantly higher than the control (p <0.01).

[0051] The same experiment, with similar results, was repeated using clones of NIH-3T3 fibroblasts stably transfected with DNA
encoding the human TrkA receptor protein.

Example 6

[0052] PC12 cells were cultured in the absence of serum, exactly as described above in example 5, and then treated for 30
minutes with NGF, at the final concentration of 10 ng/ml, or alternatively with the compounds of formula (I), at the final
concentration of 10 pm; subsequently, the cells were lysed, and analysed by WB, using antibodies specific for the MKP-1 protein.
The results indicate that the mimetics were capable of inducing an increase in synthesis of MKP-1, to an extent similar to that
observed with NGF (FIGURE 2). The gel shows the early induction (20 minutes) of the MKP-1 protein in PC12 cells treated with
the mimetic compound or with recombinant human NGF. The graph shows the quantitative determination, carried out by means of

12
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densitometry, of the gel band is expressed as the ratio of the density of the MKP1 band to that of the B-actin. The MKP-1 protein
levels induced by NGF or by the mimetic are significantly higher than the control (p < 0.001).

Example 7

[0053] PC12 cells were cultured in the absence of serum, exactly as described above in example 5, and treated for 30 minutes
with NGF, at the final concentration of 10 ng/ml, or alternatively with the compounds of formula |, at the final concentration of 10
um; the cells were subsequently lysed and analysed by WB, using antibodies specific for the phosphorylated form of the enzyme.
The results indicate that the mimetics invariably induced marked dephosphorylation of p38 MAPK, as the native neurotrophin.

[0054] Figure 3 shows the determination in WB of the phosphorylation levels of the p38 MAPK protein in PC12 cells exposed to
serum-deprivation for 6 hours and subsequently to the mimetic (a compound of formula (1)) or to recombinant human NGF for 30
minutes. A homogeneity control of protein load on gel, normalisation with B-actin is reported. (FIGURE 3).

Example 8

Evaluation of the activity of an in vitro model of ischemia-reperfusion on murine cardiomyocytes.

[0055] Murine cardiomyocytes, obtained from neonatal mice or from continuous cultures of HL1 cells (murine atrial myxoma),

were cultured in triplicate at the concentration of 4 x 10%/ml in RPMI 1640 medium supplemented with 5% glutamine, antibiotics
and 10% fetal bovine serum, in 24-well plates, up to the state of confluence. Some plates were then placed at 37 °C for 30
minutes in an incubator containing an artificial atmosphere of air with a partial oxygen pressure equal to 0.5%; another share of
cells was cultured under normal conditions as negative control.

[0056] The culture period in profound hypoxia having elapsed, some of the cultures were immediately subjected to cell lysis in
RIPA buffer to obtain the necessary material for biochemical analysis, while others were cultured in the presence or in the
absence of one of the mimetics at a concentration of 5 pm, for a further 3 hours in a normal atmosphere, to evaluate the effect of
the reoxygenation/reperfusion, and were then lysed as above; lysates were obtained in parallel from the control cells cultured in
normal atmosphere. The three sets of lysates (hypoxia, hypoxia/reperfusion, control) were then processed in WB, obtaining
membranes that were exposed to specific antibodies for the p38 MAPK proteins, in phosphorylated or non-phosphorylated form,
MKP-1, Bcl-2, Bel-xL and, as a standardisation control, actin. After further processing for the acquisition of images, the
quantitative evaluation of the experimental results was carried out.

(FIGURE 4).

[0057] The graph shows the intensity values of the bands obtained in WB with the indicated antibodies, by analysing samples of
cells exposed to ischemia-reperfusion (I/R), in the presence or in the absence of the mimetic compound, as compared with cells
cultured in normal control conditions. In the samples treated with the mimetics, there is evident induction of the MKP-1 protein
synthesis and the consequent attenuation of the phosphorylation of the p38 MAPK protein. Under the same conditions, NGF
induces similar results.

[0058] It is evident that there was an evident phosphorylation process of the p38 MAPK protein in the ischemia phase, compared
to the controls cultured in normal atmosphere; this activation was further increased after the successive three hours of exposure
to normal atmosphere, a procedure that simulates the reperfusion condition. The phenomenon of the increase in the p38 MAPK
phosphorylation rate was largely controlled by exposure to the mimetic. Moreover, the marked increase of the MKP-1 protein, a
specific phosphatase for the p38 MAPK enzyme, to be thus deemed responsible for the inactivation of the kinase itself, is evident
in the same cultures treated.

Example 9

13
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high presence of Oxygen Reactive Species (ROS).

[0059] On another aliquot of cells cultured in hypoxia, with or without treatment, treated as described in example 9, experiments
were conducted to assess the efficacy of mimetics in controlling the apoptotic phenomenon induced by the high presence of
Reactive Oxygen Species (ROS), which is in turn caused by ischemia and exacerbated by reperfusion. At the end of the
reperfusion period, the cells were stained with Annexin-V labelled with fluorescein for 10 minutes, washed, resuspended in an
special buffer and analysed by flow cytometry to highlight the cells positive to the dye and thus in active phase of development of
the apoptotic process. Analogously to the above-reported results, the cultures treated with NGF or with the mimetic compounds of
formula |, capable of inducing increased synthesis of MKP-1, showed a much lower percentage of apoptotic cells than the
controls. This data confirms the ability of some mimetics of control the programmed cell death induced by ischemia-reperfusion or
by metabolic stress in the broad sense of the word.

Example 10

Evaluation of the effect of the compounds | in an in vivo model of organ ischemia-reperfusion.

[0060] For the purposes of demonstrating the efficacy of the mimetics of formula (I) in controlling the apoptotic phenomenon
induced by ischemia-reperfusion in an organ, the warm kidney murine ischemisation model was used. In short, 6 C57BI6 eight-
week old male mice were subjected to unilateral closure, by clamping, of the renal hilum, while keeping the organ in situ ("warm"
ischemia); this condition was maintained for 40 minutes, at the end of which the blood flow was restored. Three of the animals
were injected with one of the mimetics of formula (I) capable of inducing in vivo increase in MKP-1 protein synthesis, at a dose of
1 mg/kg of body weight, while the remaining animals were injected with a similar volume of the buffer used to solubilise the
compound, as control. The animals were then kept under observation for 24 hours and, then euthanised. Both the ischemised
organ and the contralateral organ, as control, were then prepared for histological examination, with a view to determining the
intensity of the necrotic and apoptotic damage induced by the ischemia-reperfusion, both evaluated by means of the use of the
scale typically employed for carrying out the grading of the histological damage. The extensive analysis of the histological
preparations highlighted a marked level of cellular damage, both necrotic and apoptotic, to the glomerular structures and to the
tubular structures, in the control organs. In the organs obtained from the animals treated with the mimetic, on the other hand,
there was an evident marked reduction of the intensity of the apoptotic damage, while the levels of necrotic damage were
comparable to those of the control organs (FIGURE 5). It is evident that the necrotic damage is substantially unchanged by
treatment with the mimetic, while the apoptotic damage is strongly modulated by the pharmacological activity of the compound, at
statistically significant levels (p < 0.001). These observations confirm, even in an in vivo ischemia-reperfusion model, the
effectiveness of certain mimetics of formula 1 in the modulation of the apoptotic damage and thus induce to extend the use
thereof for the treatment of organs intended for transplantation, for the purposes of obtaining an improved state of preservation
thereof.

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav

1. Forbindelse med formel (1)

hvor

R+ er udvalgt fra gruppen bestaende af H, Cqsalkyl, Cisalkenyl, Cosalkynyl,
cycloalkyl, aryl, heterocyklus -Cq.salkyl-aryl, -Cqgalkyl-heterocyklus, -Cq.sal-
kyl-NH2, -aryl-NH2, -Cq.salkyl-O-aryl, -aryl-OH, Cq.salkyl-OH, -COOR, -C;.
salkyl-OR, methyloxycarbonyl-Cq.salkyl, carboalkyloxy-aryl alkyl carbamoyl
aryl og -(aminosyre-sidekaeder);

R. er udvalgt fra gruppen bestaende af H, Csalkyl, Cosalkenyl, Cosalkynyl,
cycloalkyl, aryl, -Cq.salkyl-aryl, -Cq.salkyl-heterocyklus, -Cqgalkyl-NRR', -aryl-
NRR', -C4.salkyl-OR, -C4.galkyl-COOR, -C1.salkyl-OC(O)R, -C+.salkyl-
N(R)C(O)R', -aryl-OR, -aryl-COOR, -aryl-COR, -aryl-OC(O)R, -aryl-
N(R)C(O)R', -CH(aminosyre-sidekaeder)CO.R, -CH(aminosyre-sidekaeder)-
C(O)NR, -CH(CO2R)-aminosyre-sidekaeder og CH(CONRR')-aminosyre-side-
keeder,

Rs; er COOH;

R og R/, ens eller forskellige fra hinanden, er udvalgt fra gruppen bestaende
af H, Cqsalkyl, Cosalkenyl, Cygalkynyl, cycloalkyl, aryl, heterocyklus, -Cs.
salkyl-aryl; -C4.gheterocyklusalkyl; beskyttelsesgruppe, -C(O)CH-(aminosyre-
sidekaeder)-NHT, -NH-CH(aminosyre-sidekeeder)COOT og -CH(aminosyre-
sidekaeder)COOQT, hvor T er udvalgt blandt H og Cq.salkyl; R og R' kombiner-
et med hinanden kan danne en cycloalkyl;

og hvor de ovennaevnte alkyl-, alkenyl-, alkynyl-, cycloalkyl-, aryl-, heterocy-
klusgrupper kan veaere substitueret med en eller flere enheder udvalgt fra
gruppen bestdende af halogen, CN, N02, NH2, OH, COOH, CO og C+.salkyl;
eksklusive (1S,5R,7S)-3-ethyl-2-0x0-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-
carboxylsyre-, (1R,5S,7R)-3-(p-methoxybenzyl)-2-ox0-6,8-dioxa-3-azabi-
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cyclo[3.2.1]octan-7-carboxylsyre-, (1R,5S,7R)-3-benzyl-2-0x0-6,8-dioxa-3-
azabicyclo[3.2.1]octan-7-carboxylsyre- og (1R,5S,7R)-3-(p-phenyl)-benzyl-2-
0x0-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-carboxylsyreforbindelserne.

2. Forbindelse ifglge krav 1, hvor

R1 er udvalgt fra gruppen bestdende af H, Cisalkyl, Cisalkenyl, -Cq.salkyl-
phenyl, -Cq.salkyl-OH og -C4.salkyl-OR,;

R2 er udvalgt fra gruppen bestédende af aryl, -C1.salkyl-aryl;

3. Forbindelse ifalge krav 2, hvor
R1 er H, Me, =CH2, CH2Ph, CH20H, CH20Bn;
R2 er Ph, CH2Ph, CHPh2.

4. Forbindelser ifglge krav 2, med formel (la)

Ri
) 1o

R>-N O

NRa

o] la
hvor _
R1 R2 R3
H PhCH2 (R) -CO2H
H PhCH2 (S)-CO2H
H CH(Ph)2 (R)-CO2H
H CH(Ph)2 (8)-CO2H
H Ph (R) -CO2H
H Ph () -CO2H
(S)-Me PhCH2 (R) -CO2H
(S) -Me PhCH2 (S) -CO2H
(R) -Me PhCH2 (R) -CO2H
(R) -Me PhCH2 (S)-CO2H
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3
R1 R2 R3
H \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ PhCH2 ©-coH
H CH(Ph)2 (R)-CO2H |
H CH(Ph)2 (S)-CO2H
eller med formel (Ib)
0
Rz-m "
W
Ib
hvor
L R RS
H §PhCH2 (R) -CO2H |
H gPhCHz (S) -CO2H
H §CH(Ph)2 (R) -CO2H
H CH(Ph)2 (S) -CO2H
L Pho mooM
H Ph (S) -CO2H
(S) -Me gPhCHQ (R) -CO2H
(S) -Me PhCH2 (S) -CO2H
®-Me  prche  (RCOM
(R) -Me PhCH2 (S) -CO2H
(R) -CH2Ph PhCH2 (S) -CO2H
(R) -CH2Ph PhCH2 (R) -CO2H
(§)-CHePh PhCH2 (S) -CO2H
(8) -CH2Ph PhCH?2 (R)-Co2H
E(S)-CHZOBn §PhCH2 (R) -CO2H
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4

o R2 R3

Syoreomn ProH2 ®co
(R)-CH20Bn PhCH2 (R) -CO2H |
(R)-CH20Bn PhCH2 (S) -CO2H

(8)-CH20H PhCH2 (R) -CO2H

©CHOH P2 S-coH
(R)-CH2OH PhCH2 (R) -CO2H |
(R)-CH20H PhCH2 (8) -CO2H

—CH2 PhCH2 (R) -CO2H

~CH2 PhCH2 () -CO2H

5. Forbindelse med formel(l) ifolge et af kravene 1-4, ogsad omfattende
(1S,5R,7S)-3-ethyl-2-0x0-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-carboxylsyre-,
(1R,5S,7R)-3-(p-methoxybenzyl)-2-0x0-6,8-dioxa-3-azabicyclo[3.2.1]octan-7-
carboxylsyre-,  (1R,5S,7R)-3-benzyl-2-0x0-6,8-dioxa-3-azabicyclo[3.2.1]oc-
tan-7-carboxylsyre- og (1R,5S,7R)-3-(p-phenyl)-benzyl-2-0x0-6,8-dioxa-3-
azabicyclo[3.2.1]octan-7-carboxylsyreforbindelserne til anvendelse som et
medikament.

6. Forbindelse med formel(l)

hvor

R+ er udvalgt fra gruppen bestaende af H, Cqsalkyl, Cisalkenyl, Cssalkynyl,
cycloalkyl, aryl, heterocyklus, -Cisalkyl-aryl, -Ci.salkyl-heterocyklus, -Ci.
salkyl-NH2, - aryl-NH2, -C4.salkyl-O-aryl, -aryl-OH, Cisalkyl-OH, -COOR, -Cs.
salkyl-OR, methyloxycarbonyl-Cq.salkyl, carboalkyloxy-aryl, alkyl carbamoyl
aryl og -(aminosyre-sidekaeder);
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Rz er udvalgt fra gruppen bestaende af H, Cisalkyl, Czsalkenyl, Casalkynyl,
cycloalkyl, aryl, -Ci.salkyl-aryl, -C1.salkyl-heterocyklus, -C4.salkyl-NRR', -aryl-
NRR', -C1.salkyl-OR, -C4.salkyl-COOR, -C4.salkyl-OC(O)R, -C+.salkyl-
N(R)C(O)R', -aryl-OR, -aryl-COOR, -aryl-COR, -aryl-OC(O)R, -aryl-
N(R)C(O)R', -CH(aminosyre-sidekaeder)CO2R, -CH(aminosyre-sidekaeder)-
C(O)NR, -CH(CO2R)-aminosyre-sidekaeder og CH(CONRR')-aminosyre-side-
keeder,

Rs er udvalgt fra gruppen bestaende af H, Cisalkyl, Cosalkenyl, Cosalkynyl,
cycloalkyl, aryl, -Cq.salkyl-aryl, heterocyklus, -Cq.salkyl-heterocyklus; -C(O)R,
-C(O)OR, -C(O)NRR', CH2OR, CH:NRR', -C(O)NH-CH(aminosyre-sidekee-
der)C(O)OR, CH2NR-Fmoc, CH>NR-Boc og CHoNR-CBz,

R og R/, ens eller forskellige fra hinanden, er udvalgt fra gruppen bestéende
af H, Cqsalkyl, Cosalkenyl, Csgalkynyl, cycloalkyl, aryl, heterocyklus, -Cs.
salkyl-aryl; -Cq.gheterocyklus alkyl; beskyttelsesgruppe, -C(O)CH-(aminosyre-
sidekaeder)-NHT, -NH-CH(aminosyre-sidekeeder)COOT og -CH(aminosyre-
sidekaeder)COOQT, hvor T er udvalgt blandt H og Cq.salkyl; R og R' kombiner-
et med hinanden kan danne en cycloalkyl;

og hvor de ovennaevnte alkyl-, alkenyl-, alkynyl-, cycloalkyl-, aryl-, heterocy-
klusgrupper kan veaere substitueret med en eller flere enheder udvalgt fra
gruppen bestaende af halogen, CN, N02, NH2, OH, COOH, CO og C4.salkyl;
til anvendelse ved behandling af iskaemi-reperfusions-relaterede patologier
eller til anvendelse ved medicinske procedurer, der involverer iskaemi-
reperfusion.

7. Forbindelse til anvendelse ifglge krav 6, hvor R1 er udvalgt fra gruppen
bestdende af H, Cq.salkyl, Cisalkenyl, -C4galkylphenyl, -C.salkyl-OH og -Cx.
salkyl-OR;

R2 er udvalgt fra gruppen bestaende af aryl og -C1.salkyl-aryl;

R3 er udvalgt fra gruppen bestédende af C(O)OR, -C(O)NRR’;

R og R/, ens eller forskellige fra hinanden, er udvalgt fra gruppen bestaende
af H, Cqsalkyl, -Cqsalkyl-NH2, -C1.salkyl-OH; R og R' kombineret med hinan-
den kan danne en cycloalkyl.

8. Forbindelse til anvendelse ifglge krav 7, hvor
R1 er H, Me, =CH2, CH2Ph, CH20H, CH20Bn;
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R2 er Ph, CH2Ph, CHPh2;
R3 er COOH, COOMe, CONHCH2CH2NH2, CONHCH2CH20H,

(R)-CON ) (R)-CONQ

9. Forbindelse til anvendelse ifglge krav 8, kendetegnet ved formel (la)

Ry
Ra

0 la
hvor
Forbindelse R, Re | T
1 H PhCH,  (R)-CO:Me |
2 H PhCH,  (S)-CO:Me
3 H PhCH; (R)_COND
4 H PACHz | g CONQ
5 H PhCH,  |(R)-COH
L Mo POk (cOM
7 H CH(Ph),  (R)-CO-H
8 H CH(Ph).  (S) -CO.H
9 H Ph (R)-COH
10 H Ph (S)-COH
1.1] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H PhCHe  (F)-CONH(CHoNH,
‘;12 H PhCHz  (R) -CONH(CH,):OH |
13 (S) -Me PhCH,  (R)-CO:Me




DK/EP 2855487 T3

7
Forbindelse R Re Rs
9 PhCH, (9-COMe .
15 (R) -Me PhCH,  |(R)-CO.Me |
16 (R)-Me PhCH,  |(S)-COoMe
17 (R-CHPh  PhCH,  (S)-COMe
18 (R-CHPh  PAOH  (M-COMe
E19 (S) -CH,Ph PhCH,  (S)-CO.Me |
20 () -CH,Ph PhCH,  (R)-CO:Me
21 (S-CH,0Bn  PhCH,  |(R)-CO:Me
22 (S:CHOBN  PhCH, (5)-COMe
23 (R-CH0Bn  PhCH,  (R)-COMe |
24 (R-CH,OBn  PhCH,  (S)-COoMe
25 (8)-CH,0H PhCH,  |(R)-COsMe
26 (8)-GH,OH PhCH,  (S)-COaMe
o7 (RCHOH  PhCH;  (R-COMe
28 (R-CH:OH  PhCH,  (S)-COoMe
29 §=CH2 PhCH.  (R)-CO.Me
30 —CH, PhCH»  (S)-CO:Me
S (Mo PnCH.  (ACOH
I CE PHCH: (9O
33 (R)-Me PhCH,  (R)-CO.H
34 (R) -Me PhCH,  (S)-CO:H
35 (R-CH:Ph  PhCH.  (S)-COH
% (RCHPh  PACH,  (ACOM
337 (S) -CH,Ph PhCH,  (S)-CO.H |
38 (8) -CHPh PhCH,  (R)-COH
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Forbindelse R Re Rs
%9 (9CHOBr  PhCH  (RCOMH
40 (S-CH,0Bn  PhCH,  (S)-COH |
41 (R-CH:0Bn  PhCH,  (R)-CO:H
42 (R-CH,OBn  PhCH,  (S)-CO.H
43 (S9CHOH  PAGH  (MCOH
44 (S)-CH,OH PhCH,  (S)-COwH |
45 (R-CH:OH  PhCH,  (R)-CO:H
46 (R-CH,OH  PhCH, () -COH
a7 ~CH: PHCH:  (M-COHM
48 _CH; PhCH,  (S)-CO.H |
eller kendetegnet ved formel (Ib)
0}7\(':{:3
Rg-N)&/O
R4 Ib

YO
Fobindelse R1 Rz R3S
49 ........... H PhCH2 (R) -COQMe ...............
S M PncHe  (9COeMe
‘51 ‘H §PhCH2 |

(R)-CONQ
52 H %PhCHZ |

(R)-CON@
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Forbindelse  R1 R2 R3
S R e —
54 H PhCH2  (8) -CO2H |
55 H CH(Ph)2 (R)-CO2H
56 H CH(Ph)2  (S)-CO2H
s M P mCOM
358 H Ph E(S)-COZH |
59 H PhCH2  (R)-CONH(CH2)2NH2
60 H PhCH2 | (R) -CONH(CH2)20H
ot (©) Mo P2 (R)-CO2Me
62 (S) Me PhCH2 () -CO2Me |
363 (R)-Me §PhCH2 {(R)-CO2Me
64 (R) -Me PhCH2  (S)-CO2Me
65 (R)-CH2Ph PhCH2  (S)-CO2Me
66 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (R)-CH2Ph PhCH2  (R)-CO2Me
67 (S)-CH2Ph éPhCHz (S) -CO2Me
68 (S) -CH2Ph fPhCH2 %(R) -CO2Me
69 (S-CH20Bn ~ PhCH2  (R)-CO2Me
oo (S)CHeOBn  PhCH2  (8)0OMe
7 (mOHeOBn  PhoH2  (R)-COMe
72 (R-CH20Bn  PhCH2 (8)-CO2Me
73 (S)-CH20H PRCH2  (R)-CO2Me
74 (S)-CH20H PhCH2  (S)-CO2Me
75 (ROHPOH  PhGH2  (R)-COMe
76 (R)-CH20H PRCH2  (S)-CO2Me |
77 _CH2 PhCH2  (R)-C2Me
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Forbindelse R1 R2 R3

10. Forbindelse til anvendelse ifglge et af kravene 6-9, hvor patologierne eller
de medicinske procedurer er udvalgt blandt:

- akut myokardial iskeemi;

- iskeemi i centralnervesystemet (CNS) forarsaget af trombose eller embolis-
me i cerebrale omrader af de intrakraniale arterier eller ved hjertestop, som
medfgrer permanent eller midlertidig afbrydelse af blodtilstramningen i nogle
cerebrale arterielle omrader eller i hele encefalon;
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- alle de andre iskaemiske patologier kendetegnet ved reduceret eller stand-
set blodstramning efterfulgt af en efterfglgende genoprettelse af tilstramning
af oxygen/naeringsstoffer til veevet;

- cerebrale vaevshypoksitilstande, hvor normale oxygeneringsniveauer kan
genoprettes ved medicinsk indgreb, sdsom f.eks. carbonmonoxid-forgiftning
eller drukning;

- anden veevsskade forarsaget af hypoksi, iskeemi eller traume, som er i
stand til at forarsage dod ved apoptose eller autofagi, til det punkt, hvor der
genereres vaesentlige anatomiske og funktionelle laesioner.

11. Forbindelser til anvendelse ifolge et af kravene 6-9, hvor patologierne
eller de medicinske procedurer er udvalgt blandt:

- kirurgiske procedurer, hvor operationen tilvejebringer, at bestemte arterielle
omréder lukkes midlertidigt, saledes som det f.eks. forekommer i nyretumor-
ablationskirurgi;

- eksplantat, konservering og reimplantationsprotokoller for organer, som er
beregnet til transplantation, sdsom f.eks. nyrer, hjerte, lunge, lever, tarm etc.;
- kronisk traumatisk encefalopati (CTE).

12. Farmaceutisk sammensaetning omfattende mindst en forbindelse ifelge et
af kravene 6-11.

13. Cellekulturmedium omfattende mindst en forbindelse med formel (1) ifelge
et af kravene 6-9.

14. Opbevaringsmiddel til konservering af eksplanterede organer beregnet til
transplantation, hvilke opbevaringsmidler omfatter mindst en forbindelse med
formel (1) ifalge et af kravene 6-9.

15. Forbindelse med formel (1), ifalge et af kravene 6-9, markeret med et eg-
net reagens, til anvendelse ved en hvilken som helst fremgangsmade, der er
nyttig til medicinske billedgengivelsesformal, til analyser til billedgengivelse af
in vitro- eller in vivo-vaev og organer, til vurdering og kvantificering af iskaemi-
reperfusionsskade og til overvagning af anvendelsen og effektiviteten af lae-
gemidler.
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