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Abstract

The present invention relates to a thiazine amide derivative and a
pharmaceutical use thereof, and particularly to a compound of formula ! (in the
formula, variables are as described In the specification), a pharmaceutically
acceptable salt, solvate or hydrate thereof. The present invention further
relates to a method for preparing the compound, a pharmaceutical
composition containing the compound, and a method or use thereof for

prevention or treatment of neurodegenerative diseases.
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THIAZINE AMIDE DERIVATIVE AND PHARMACEUTICAL COMPOSITION
AND USE THEREOF

Field of the invention
The present invention relates to a thiazine amide derivative, a
pharmaceutical composition containing the compound, and a method or

use thereof for prevention or treatment of neurodegenerative disease.

Background of the invention

Neurodegenerative disease is the disease caused by progressive
lesions of nervous system, including Alzheimer's disease, Parkinson's disease,
Huntington's disease, amyotrophic lateral sclerosis (ALS), ischemic or
hemorrhagic stroke, etc.. Since the cause of the disease is complex and the
pathogenic mechanism is not very clear, there is no effective therapeutic at
present.

FKBPs, which is named because of its binding with
immunosuppressant FK506, is an important mediator enabling FK506 to
exert immunosuppressive function, however, its phystological function has
not yet been fully explained. In 1992, Steiner J.P. et al. found that the
concentration of FKBPs (FKBP family) in brain and periphery nervous
system was much higher than that in immune tissues, which leads to
speculation that there is a certain relationship between FKBPs and
nervous system. The research results of Dawson, et al. showed that
FK506 could block nervous excitotoxicity caused by activation of NMDA
receptor by glutamate. It is speculated that FK506 might increase
phosphorylation of nitric oxide synthase (NOS) after inhibiting Calcineurin,
and inhibit the catalytic activity of NOS, thus prevent neurons from being
injured by NO. In addition, researches showed that GAP43, which was
closely related to neurons, was also a substrate of Calcineurin. The
regeneration of injured facial nerve and sciatic nerve always accompanied
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with obvious increase in mMRNA level of GAP43, meanwhile, the mRNA

level of FKBPs is correspondingly increased. These research results
indicated that FKBPs might have certain relationship with the growth of
nerves, and finally inspired people to find out organic small-molecular
compounds, which were capable of promoting the growth of nerves, from
ligands of FKBPs, and FKBPs were therefore also called as
neuro-immunophilins.

Directed by the view mentioned above, in 1994, the study of Lyons, et
al. showed that the immunosuppressant FK506 had significant in-vitro
activity of promoting the growth of the nerves, and initiated the research on
organic small-molecular nerve growth promoter. Although the mechanism
of promoting the growth and protection of nerves by the ligands of FKBPs
family had not been completely understood, more and more researches
showed that FKBPs participated in and mediated the process. The
biological evaluations, including in-vitro tests (chicken embryonic dorsal
root ganglion growth, PC12 cell differentiation, oxidative injuries of nerve
cell strains, etc.) and a variety of animal models (a rat peripheral sciatic
nerve injury model, a diabetic rat peripheral nerve degeneration model, a
Parkinson's disease animal model, an Alzheimer's disease animal model
and the like), showed that some compounds designed and synthesized
pbased on the structure of FKBPs had significant effects of promoting the
growth and protection of nerves. The typical compound is GP11485 of
Guilford Pharmaceuticals Inc., according to the company, the phase |l
clinical researches of GPI1485 as a therapeutic for prevention or treatment
of Parkinson's disease and stroke has been completed, and the phase Il
clinical researches are also ongoing. Simultaneously, a large number of
high-activity compounds continue to emerge, thereby enabling FKBPs to
become important targets of the pharmaceuticals for prevention or
treatment of the neurodegenerative disease.

Chinese patent application No. 01142744.2 (Substituted hexa
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azacyclo compounds and their use as neuroregulator) discloses FKBP

ligands with brand-new structure and capable of promoting nerve
regeneration, wherein the compound 4 is an optimal compound. However,
researches showed that, the compound had poor blood-brain barrier
permeability, and due to the low melting point and being oil state at normal
temperature, the compound was not suitable for preparation of
pharmaceuticals for prevention or ftreatment of neurodegenerative
disease.

Thus, there is a need to find and develop a novel compound with
enhanced permeability of blood-brain barrier and useful in prevention or

treatment of neurodegenerative disease.

Summary of the invention

The present invention aims at providing a new thiazine amide
derivative, a pharmaceutical composition containing the compound, and a
method or use thereof for prevention or treatment of neurodegenerative

disease.
The first aspect of the present invention provides a thiazine amide

derivative having a structure of formula |,

S
E O
NH%—I\ R,
N ®
R

O':.:S::O O .

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein,
R+ is hydrogen or straight or branched chain alkyl having 1-6 carbon
atoms; and
R, is straight or branched chain alkyl having 1-4 carbon atoms or

phenyl-substituted straight or branched alkyl having 1-4 carbon atoms.
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In an embodiment, the present invention provides a thiazine amide
derivative having a structure of formula | or a pharmaceutically acceptable
salt, solvate or hydrate thereof, wherein,

R+ Is the hydrogen or straight or branched chain alkyl having 1-4
carbon atoms; and

Ro is straight or branched chain alkyl having 1-4 carbon atoms or
phenyl-substituted straight or branched chain alkyl having 1-4 carbon
atoms.

In another embodiment, the present invention provides a thiazine
amide derivative having a structure of formula | or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein,

R, is straight or branched chain alkyl having 1-4 carbon atoms; and

Ra Is straight or branched chain alkyl having 1-4 carbon atoms or
phenyl-substituted straight or branched chain alkyl having 1-4 carbon
atoms.

In another embodiment, the present invention provides a thiazine
amide derivative having a structure of formula | or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein,

R, is straight or branched chain alkyl having 1-4 carbon atoms; and

Rz Is straight or branched chain alkyl having 1-4 carbon atoms.

In another embodiment, the present invention provides a thiazine
amide derivative having a structure of formula | or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein,

R4 Is straight or branched chain alkyl having 1-4 carbon atoms; and

Rz is phenyl-substituted straight or branched chain alkyl having 1-4
carbon atoms.

In another embodiment, the present invention provides a thiazine
amide derivative having a structure of formula | or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein,

R+ is isobutyl; and
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R2 is straight or branched chain alkyl having 1-4 carbon atoms or
phenyl-substituted straight or branched chain alkyl having 1-4 carbon
atoms.

In another embodiment, the present invention provides a thiazine
amide derivative having a structure of formula | or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein the compound is
selected from the following compounds:

(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbo
nyll-amino}-pentanoic acid,

(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbo
nyl]-amino}-pentanoic acid ethyl ester,

(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbo
nyl]-amino}-pentanoic acid propyl ester, '

(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbo
nyl]-amino}-pentanoic acid isopropyl ester,

(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbo
~ nyl}]-amino}-pentanoic acid benzyl ester,

or the pharmaceutically acceptable salt, solvate or hydrate thereof.

The second aspect of the present invention provides a pharmaceutical
composition, comprising the compound mentioned in any embodiment of
sald first aspect and one or more pharmaceutically acceptable excipients.

In an embodiment, the present invention provides a pharmaceutical
composition, wherein, in addition to the compound of any embodiment of
sald first aspect, the composition also comprises other appropriate
pharmaceutical active compounds, and one or more pharmaceutically
acceptable excipients.

The third aspect of the present invention provides a use of the
compound of ahy embodiment of said first aspect in preparation of a
medicament, wherein the medicament is used for prevention or treatment
of neurodegenerative disease caused by physiological or physical injUry or
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progressive lesions.

In an embodiment, the neurodegenerative disease is selected from
Alzheimer's disease, Parkinson's disease, Huntington's disease,
amyotrophic lateral sclerosis, acquired immunodeficiency-related
neuropathy, cerebrospinal multiple sclerosis, stroke or physical
stimulation-related brain injury and various neurodegenerative disease
affecting central or peripheral nervous system.

The fourth aspect of the present invention provides the compound of
any embodiment of the first aspect, wherein the compound is used for
prevention or treatment cf neurodegenerative disease caused by
physiological or physical injury or progressive lesions.

In an embodiment, the neurodegenerative disease is selected from
Alzheimer's disease, Parkinson's disease, Huntington's disease,
amyotrophic lateral sclerosis, acquired immunodeficiency-related
neuropathy, cerebrospinal multiple sclerosis, stroke or physical
stimulation-related brain injury and various neurodegenerative disease
affecting central or peripheral nervous system.

The fifth aspect of the present invention provides a method for
prevention or treatment of neurodegenerative disease caused by
physiological or physical injury or progressive lesions in a subject,
comprising administering to the subject an effective amount of the
compound of any embodiment of the first aspect or the pharmaceutical
composition of the second aspect.

In an embodiment, the neurodegenerative disease is selected from
Alzheimer's disease, Parkinson's disease, Huntington's disease,
amyotrophic lateral sclerosis, acquired immunodeficiency-related
neuropathy, cerebrospinal multiple sclerosis, stroke or physical
stimulation-related brain injury and various neurodegenerative lesions
affecting central or peripheral nervous system.

The compound of the present invention can be prepared via the
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method as shown in the following reaction route:

0 it
NH, | |
H: é OH \ g Q Ho_f"‘vs\,"n]\n/on e Ct./"\/’ Hcr
8K 1 © 2

When describing the compound of the present invention, the
pharmaceutical composition containing the compound, and the method for
preventing or treating the neurodegenerative disease caused by
physiological or physical injury or progressive lesions of the “subject by
using the compound, the following terms as used herein have the following
meanings. If the terms as used are not specifically defined, the terms have
the meanings as generally understood by those skilled in the art.

The term “straight or branched chain alkyl having 1-6 carbon atoms’
refers to the straight or branched chain alkyl having 1, 2, 3, 4, 5 or 6 carbon
atoms, exemplary groups include methyl, ethyl, n-propyl, isopropyl, n-butyt,
Isobutyl, tert-butyl, pentyl, hexyl, etc..

Similarly, the term “straight or branched chain alkyl having 1-4 carbon
atoms” refers to the straight or branched chain alkyl having 1, 2, 3 or 4 carbon
atoms, exemplary groups include methyl, ethyl, n-propyl, isopropyl, n-butyl,
Isobutyl, tert-butyl, etc..

The term “pharmaceutically acceptable salt” refers to the salt of the
compound of the present invention which is pharmaceutically acceptable
and has the pharmacological activity of the parent compound. The salt
disciosed herein includes those derived from inorganic and organic acids.
Examples of inorganic acids include hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, etc.; examples of organic acids

include acetic acid, propionic acid, hexanoic acid, cyclopentyl propionic
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acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, naphthalene sulfonic acid, camphorsulfonic acid,
glucoheptonic acid, giuconic acid, glutamic acid, hydroxynaphthoic acid,
salicylic acid, stearic acid, muconic acid, etc.; The salt also includes those
formed 'by substitution of acidic protons on the parent compound by
metal ions, such as alkali metal ions or alkaline earth metal ions; and
coordination compound formed by the parent compound with organic
bases, examples of the organic bases include ethanolamine,
diethanolamine, triethanolamine, N-methylglucamine, etc..

The term “solvate”, unless otherwise specified, refers to a substance
formed by complex of the compound of the present invention by a
pharmaceutically acceptable soivent. The pharmaceutically acceptable
solvent comprises water, ethanol, acetic acid, etc.. The solvate comprises
those stoichiometric and non-stoichiometric solvate, preferably hydrate.
The compound of the present invention can be crystallized or
re-crystaliized in water or various organic solvent. In this case, various
solvate may be formed.

The term “subject” comprise mammals or human, preferably human.

The term "an effective amount” refers to a dose of the compound
which is sufficient to prevent or treat the disease when administered to the
subject in need. The “effective amount” can be adjusted according to the
compound, the disease and the severity thereof, as well as age, body
weight of the treated subject, etc..

The term “treatment” refers to improve or eliminate one or more
symptoms of a disease of a subject.

The term “prevention” refers to reduce the risk of a subject suffering
from a disease, namely at least one of the clinical symptoms of a disease
can be prevented for a subject which may contact or be susceptible to the

8
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disease and do not suffer from or show the symptoms of the disease.

The term “pharmaceutically acceptable excipients” refers to any excipients
which are conventionally used in the field of pharmaceutical preparations. The
selection of specific excipients will depend on administration methods for
treating particular patient or disease types and states. For example, the
pharmaceutically acceptable excipients comprise conventional diluents,
carriers, fillers, binders, humectants, disintegrating agent, absorption
enhancers, surfactants, adsorption carriers, lubricants and the like in the
pharmaceutical field. If necessary, flavoring agents, preservatives, sweeteners
and the like can be added into the pharmaceutical composition. The
preparation method of an appropriate pharmaceutical composition for a
specific administration mode is well within the scope of knowledge of those
skilled In the pharmaceutical field.

The pharmaceutical composition of the present invention can be
administered in any ways and any forms commonly used in the art. For
example, the pharmaceutical composition of the present invention can be
administered in the way selected from the followings: oral administration,
spray inhalation, rectal administration, nasal administration, vaginal
administration, topical administration, parenteral administration, such as
subcutaneous, intravenous, Intramuscular, intraperitoneal, intrathecal,
intraventricular, intrasternal or intracranial injection, preferably oral
administration, intramuscular injection, and intraperitoneal or intravenous
injection.

The pharmaceutical composition of the present invention can be made
into the form of a unit dose for administration. The dosage forms can be
liguid dosage forms or solid dosage forms. The liquid dosage forms can be
solution type, colloid type, emulsion type or suspension type and the like.
The solid dosage forms can be tablets, powder, suppositories, granules or
capsules and the like. Other dosage forms comprise aerosols, implants,

patches or liniments and the like.
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Generally speaking, it has been proved as advantageous that the
dosage of the compound of the present invention is about 1-1000mg per
24h, preferably 5-500mg no matter for human or veterinary use. If
appropriate, the daily dosage can be administered in several times by
using multiple dose units to achieve the desired effects. The content of the
compound of the present invention in the dose unit can be 1-200mg,
preferably 1-100mg. However, the specific administration dosage depends
on the type and the body weight of the subject to be treated, the nature and
the severity of the disease, the type of the preparation, the administration
mode of the pharmaceutical, the administration period or the time intervals
and the like.

According to the present invention, the compound of formula | is able
to permeate through blood-brain barrier, and is better than the compound 4
in Chinese patent application No. 01142744.2, thus resulting in a higher
bioavailability. Furthermore, as compared with the compound 4 in Chinese
patent application No. 01142744.2, the compound of formula | is white
crystal, thereby can be readily processed. The compound is stable
crystalline with high melting point, the solid of which is loose and has good
flowability. Thus, the compound of formula | is suitable for large-scale

industrial preparation and processing, in particular to pharmaceutical

processing which requires heat or produces heat, such as grinding, drying
by heating, fluidized bed drying, high-temperature and high-pressure
sterilization and the like. Moreover, the compound of the present invention
has a significahtly better effect as compared with the compound 4 in
Chinese invention patent application No. 01142744.2 in evaluation of anti
mouse incomplete cerebral ischemia efficacy.

Based on the experiments completed by the inventors and the results
thereof, it is expected that the compound of the present invention can
promote nerve growth and regeneration under various neuropathy states,
Including neurological diseas= which is related to neuro degeneration, and

10
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neuropathies caused by various physical injuries (such as mechanical

Injury or shock) or diseases (such as diabetes or acquired autoimmune
deficiency disease), thus can be used for prevention or treatment of the
neurodegenerative disease, such as Alzheimer's disease, Parkinson's

disease, amyotrophic lateral sclerosis or stroke.

Detailed Description of the Embodiments

The following embodiments are exemplary embodiments used for
further illustration and should not be construed as limitation to the present
invention.

The melting point of a compound was measured by RY-1 melting point
apparatus, and thermometer was not calibrated. '"H NMR was measured by
ARX-400 NMR instrument. Mass spectra was measured by VG-ZabSpec
MS instrument. Unless otherwise indicated, all solvent used for reactions

was subjected to a standard pretreatment.

Example 1: 2-hydroxyethyl cysteine

109g (0.9mol) of L-cysteine was added into a 2000m! round-bottomed
flask, dissolved with 1000ml of distilled water, cooled to 10°C in ice bath,
and neutralized to PH~7 with 24ml of 1M NaOH solution. 100ml of
ethylene oxide which was pre-cooled was taken at 10°C and added to the
above mixture, the mixture was reacted for 1h while keeping the
temperature at 10°C, then the temperature was raised to room
temperature and the reaction was continued for another 1.5h.

The mixture was extracted with 400mix4 of ethyl ether to remove the

unreacted ethylene oxide. The aqueous layer was removed by distillation
below 60°C, a yellow solid was obtained, re-crystallized with water and
ethanol in a ratio of 85ml: 350ml, filtered, fully washed with 95% ethanol
to afford the target compound as white flaky solid, wherein the mp (meiting
point) was 195-196°C, the weight was about 100g, and the yield is 67.5%.

11



CA 02882289 2015-02-17

'H-NMR (400MHz, D,0) &: 3.96131 (dd, 1H, J;=4.272Hz, J,=7.816H2),
3.80680-3.77293 (m, 2H), 3.17887 (dd, 1H, J;=4.268Hz, J,=14.814Hz),
3.08224 (dd, 1H, J1=7.480Hz, J,=14.814Hz), 2.80103 (t, 2H, J= 6.036Hz).

Example 2: 2-chloroethyl cysteine hydrochloride

449 of 2-hydroxyethyl cysteine was added into a 1000m! round-bottom
flask, dissolved in 600ml of concentrated hydrochloric acid, heated till the
external temperature was 90-95°C, stirred and reacted for 7h. After the
reaction, the system was refrigerated and left to stand overnight, and a
large number of needle-like solid was precipitated from the system. The
solvent was removed by sucking filtration, the obtained solid was naturally
dried to give a gray white solid wherein the mp is 185-186°C, the weight is
about 40g, and the yield is more than 70%. 'H-NMR (400MHz, D,0) &:
4.30477-4.26952 (m, 1H), 3.81913-3.78409 (m, 2H), 3.25903 (dd, 1H,
J1=4.444Hz, J,=14.984Hz), 2.18877 (dd, 1H, J;=7.352Hz, J»,=15.072Hz),
3.04410-3.00625 (m, 2H).

Example 3: (3R)-Thiomorpholine-3-carboxylic acid hydrochloride

20g of 2-chloroethyl cysteine hydrochloride was dissolved in water,
added dropwise of NaHCO3; water solution containing 7.2g of NaHCOj; in
an ice bath, after the addition, the mixture was fully stirred for
neutralization, extracted with ethyl acetate for three times, the organic
phases were combined and dried with Na,SQO,.

The solvent was removed under reduced pressure, 400ml of absolute
methanol was added, and the system was stirred at room temperature for
5 days. The solvent was removed under reduced pressure, and the residue
was re-crystallized with methanol and ethyl ether to give about 6g of nearly
white solid, wherein the mp is 160-161°C. '"H-NMR (400M Hz, DMSO-de) &:
10.0898 (brs, 2H), 4.4214 (dd, 1H, J;=3.52Hz, J,= 8.56Hz), 3.7833 (s, 3H),
3.4986-3.4766 (m, 1H), 3.2246-3.0606 (m, 3H), 2.9897-2.9593 (m, 1H),

12
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2.8763-2.8622 (m, 1H): MS (FAB) m/z: 162.0 (M-35.5), 102.0, 74.0.

Example 4: (3R)-4-(Toluene-4-sulfonyl)-thiomorpholine-3-carboxylic
acid

13.0g of (3R)-Thiomorpholine-S-carboxylic acid hydrochloride was
suspended in 120ml of dichloromethane, cooled to 0°C, 30ml of
triethylamine was slowly dropped in, the mixture was stirred for 1h, then
120ml of dichloromethane solution dissolved with 13.5g of
p-toluenesulfonyl chloride was slowly dropped in, the resulting mixture was
reacted at room temperature for 24h, filtered to remove a white precipitate,
the filtrate was successively washed with saturated sodium bicarbonate
solution and water, dried with anhydrous sodium sulfate, the drying agent
was removed, dichloromethane was removed by distillation to obtain a
white solid, re-crystallized with ethyl acetate and cyclohexane to obtain
19.49g of white crystals, wherein the yield was 93.5%, the mp was 87-88°C,
and the specific rotation [o]p**°=-78.1° (¢ 2.00, CH,Cl,). 'H-NMR (400MHz,
CDCl3) o: 7.66938 (d, 2H, J=7.352Hz), 7.29941 (d, 2H, J=8.036H2),
5.06654 (t, 1H, J=3.436Hz), 4.04908-3.99999 (m, 1H), 3.63087 (s, 3H),
3.45333-3.38197 (m, 1H), 3.06102-3.02157 (m, 1H), 3.00305-2.95904 (m,
1H), 2.82287-2.74967 (m, 1H), 2.42975 (s, 3H), 2.40451-2.36514 (1H).

Example 5:
(28)-4-Methy|—2-{[(3R)-4-(toerne-4-squonyI)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid ethyl ester

6ml (0.042mol) of TEA was added to a mixture of 4.2g (0.14mol) of
(3R)-4-(Toluene-4-sulfonyl)-thiomorpholine-3-carboxylic acid , 3.0g
(0.017mol) of L-leucine ethyl ester hydrochloride, 3.2g (0.014mol) of DCC,
and 1.7g (0.014mol) of DMAP in 200ml of CH.Cl,, and the mixture was
reacted at room temperature for 24h. After the reaction, the solid was
removed by sucking filtration, the solvent was removed by evaporation, the

13
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residue was dissolved with an appropriate amount of ethyl acetate, filtered

1o remove the insoluble matter, diluted with ethyl acetate, successively
washed with 10% of NaHCO; solution and saturated NaCl solution, dried
with Na2804. The drying agent was removed, ethyl acetate was removed
by evaporation, the residue was separated by flash chromatographic
column (eluent: CHCl,: CH3Cl = 1:1), to obtain 4.0g of oily matter.
'H-NMR (400MHz, CDCls): & 7.77337-7.75377 (d, 2H, J=8.4H2),
7.37582-7.264111 (d, 2H, J=8.4Hz), 6.79090 (d, 1H, J=8.644Hz),
4.79698-4.58466 (m, 2H), 4.31444-4.08398 (m, 3H), 3.31989-3.11674 (m,
2H), 2.53154-2.45847 (m, 5H), 2.24620-2.21545 (m, 1H),

1.69352-1.65150 (m, 7H), 0.97759-0.94891 (m, 10H): MS (E1) m/z: 443.4.
397.2, 369.2, 263.1, 256.1, 155.0, 139.2, 101.1.

Example 6:
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-suifonyl)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid ethyl ester

According to example 5,
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid ethyl ester was obtained as a white crystal from
D-leucine ethyl ester hydrochloride, wherein the yield was 83.5%, the mp
was 93-95°C, and the specific rotation [o]p°*°=-35.4°. "TH-NMR (400MHz,
CDCly): & 7.77337-7.75377 (d, 2H, J=8.4HZ), 7.37582-7.264111 (d, 2H,
J=8.4Hz), 6.79090 (d, 1H, J=8.644Hz), 4.79698-4.58466 (m, 2H),
4.31444-4.08398 (m, 3H), 3.31989-3.11674 (m, 2H), 2.53154-2.45847 (m,
SH), 2.24620-2.21545 (m, 1H), 1.69352-1.65150 (m, 7H),
0.97759-0.94891 (m, 10H); MS (El) m/z: 443.4, 397.2, 369.2, 263.1, 256.1,
155.0, 139.2, 101.1.

Example 7:
(2R)-4-Methyl-2-{[(3 R)-4-(toluene-4-suIfonyl)-thiomorpholine-S-carbonyI]-a

14
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mino}-pentanoic acid propyl ¢ster

According to example S,
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid propyl ester was obtained as a white crystal from
D-leucine propyl ester hydrochloride, wherein the yield was 87.5%, the mp
was 96-98°C, and the specific rotation [a]p**°=-38.1°. '"H-NMR (400MHz,
CDCly): & 7.76337-7.74277 (d, 2H, J=8.4HZ), 7.37782-7.35712 (d, 2H,
J=8.4Hz), 6.76390-6.74745 (d, 1H, J=8.644Hz), 4.79598-4.70066 (m, 2H),
4.28444-4.08098 (m, 3H), 3.54489-3.53274 (t, 1H, J=2.6HZ), 3.14892 (d,
1H, J=13.676), 2.56954-2.42247 (m, 5H), 2.23720-2.19945 (m, 1H),
1.70552-1.62350 (m, 5H), 0.95459-0.93291 (m, 9H); MS (El) m/z: 457.3,
397.2, 369.3, 256.2, 174.0, 118.1, 101.1.

Example 8:

(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbo
nyl]-amino}-pentanoic acid isopropyl ester

According to example 5,
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid isopropyl ester was obtained as a white crystal from
D-leucine isopropyl ester hydrochloride, wherein the yield was 91.5%, the
mp was 89-91°C, and the specific rotation [o]p°*°=-43.9°. 'H-NMR
(400MHz, CDCl3): 6 7.76237-7.74077 (d, 2H J=8.208Hz), 7.37382-7.26511
(d, 2H, J=8.208Hz), 6.75090 (d, 1H, J=8.944Hz), 5.40112 (m.1H),
4.79298-4.25166 (m, 3H), 3.54989-3.53674 (t, 1H, J=12.31110),
3.15292-3.11800 (d, 1H, J=13.676HZ), 2.56054-2.46247 (m, 4H),
2.23220-2.20345 (m, 1H), 1.62552-1.43450 (m, 4H), 1.26202-1.24745 (m,
6H), 0.94659-0.93191 (m, 6H); MS (El) m/z: 457.3, 397.2, 369.2, 256.2,
154.7, 101.1.

Example 9:
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(2R)-4-Methyl-2-{[(3R)-4—(toluene-4-suIfonyl)-thiomorpholine-3-carbonyl_]--a
mino}-pentanoic acid benzyl ester

According to example 5,
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid benzyl ester was obtained as a white crystal from
D-leucine benzyl ester hydrochloride, wherein the yield was 83.5%, the mp
was 91-93°C, and the specific rotation [o]p**°=-33.1°. 'TH-NMR (400MHz,
CDCls): 8 7.75237-7.71377 (d, 2H, J=1.2HZ), 7.36382-7.26322 (m, 7H),
6.73090 (m, 1H), 5.18600-5.11600 (2H, m), 4.78698-4.75466 (m, 2H),
4.24244-4,10298 (m, 1H), 3.37689-3.09274 (m, 2H), 2.52054-2.44547 (m,
5H), 2.06820-2.04745 (m, 1H),* 1.66552-1.25450 (m, 3H),
0.92259-0.90691 (m, 6H); MS (El) m/z: 505.6, 475.1, 457.6, 434.7, 399.0,
370.8, 336.7, 308.3, 272.4, 232.6, 148.8, 106.5.

Example 10:
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid

According to example 5,
(2R)-4-Methyi-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbonyl]-a
mino}-pentanoic acid was obtained as a white crystal from D-leucine,
wherein the yield was 77.5%, the mp was 87-89°C, and the specific
rotation [a]p**°=-86.7°. "H-NMR (400MHz, CDCls): § 7.75237-7.71377 (d,
2H, J=1.2HZ), 7.36382-7.26322 (m, 7H), 6.73090 (m, 1H),
5.18600-5.11600 (2H, m), 4.78698-4.75466 (m, 2H), 4.24244-4.10298 (m,
1H), 3.37689-3.09274 (m, 2H), 2.52054-2.44547 (m, 5H),
2.06820-2.04745 (m, 1H), 1.66552-1.25450 (m, 3H), 0.92259-0.90691 (m,
6H); MS (El) m/z: 505.6, 475.1, 457.6, 434.7, 399.0, 370.8, 336.7, 308.3,

272.4, 232.6, 148.8, 106.5.

Example 11: evaluation of neurotrophic activity of the compound
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The neurotrophic activity of the compound of the present invention
can be reflected on a variety of in-vitro biological models, such as an
In-vitro serum-free culture model of chicken embryonic dorsal root ganglia.
Chicken embryo incubated for 8d was used, and spine and ganglia on the
two sides were exposed under a dissecting microscope in sterile
environment. The dorsal root ganglia was picked one by one with tweezers,
Inoculated into culture bottles laid with rat tail collagen according to 5-6
dorsal root ganglia per bottle, two bottles were prepared per dose, and
cultured at 37°C, 5% of CQO,, for 1h in an incubator for adherence, then
added with a serum-free culture medium DMEM containing NGF
(0.15ng/mL) and the compound of the present invention, while the control
group was only added with the culture medium and the same dose of NGF.
After being cultured in the incubator for 48h, the growth of the neurite
around dorsal root ganglia was observed under an inverted phase contrast
microscope and scored according to the length and density of the neurite,
wherein O point represents no neurite; 1 point represents the neurite was
sparse; 2 points represent the neurite was relatively long or dense: and 3
points represent the neurite was long and dense. The score of the growth
of neurite of chicken embryonic dorsal root ganglion under the promotion
of the compound of the present invention with different dosage was shown

In table 1, wherein each score is an average of five dorsal root ganglia.

Table 1: Evaluation Results of Activity of Compounds in Promotion of

Chicken Embryonic Dorsal Root

Group Mean score
Culture medium + NGF (0.15ng/mL) (control group) 0.33
Example 5 (1pM) + NGF (0.15ng/mL) . 0.65
Example 5 (100pM) + NGF (0.15ng/mL) 1.55
Example 6 (1pM) + NGF (0.15ng/mL) 1.23
Example 6 (100pM) + NGF (0.15ng/mL) 1.88
Example 7 (1pM) + NGF (0.15ng/mL) 1.46

Example 7 (100pM) + NGF (0.15ng/mL) 1.95
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Example 8 (1pM) + NGF (0.15ng/mL) 1.68
Example 8 (100pM) + NGF (0.15ng/mL) 2.25

Example 12: in-vivo pharmacodynamics evaluation of compounds for
stroke

1. Experimental scheme

The example, which took Kunming mice as experimental subjects,
iInvestigated the protection of prevention administration of the compound of
the present invention against incomplete cerebral ischemia of mice,
through intravenous and intragastric administration, on mouse bilateral
carotid artery occlusion with low blood pressure (BCAO-LBP) model, by
measuring neurological function score and MDA content in brain.

2 Experimental methods

2.1 Drug preparation

2.1.1 Preparation of 0.7% CMC-Na: on the day before use, 0.7g
(700mg) of CMC-Na dry powder was weighted, added into 100ml of
distilled water, the mixture was heated and stirred moderately, and allowed
to stand overnight to fully and uniformly mixed after completely dissolved,
seal preservation.

2.1.2 Preparation of drug for intragastric administration: the
compound of the present invention was made into 30mg/kg by using 0.7%
CMC-Na, fully and uniformly mixed with sonication to afford a solution of
1.5mg/ml. Intragastric (i.g) administration was performed according to
0.2ml/10g.

2.1.3 Preparation of 10% DMSOQO: 1000uL of DMSO (analytically pure)
was transferred to 9 ml of N.S. with a micro-pipette and uniformly mixed.
Prepare when needed.

2.1.4 Preparation of drug for intravenous administration: the

compound of the present invention was firstly dissolved with a small
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amount of DMSO, N.S. was added to reach the required volume after
several minutes and fully and uniformly mixed to give the solution of
1mg/mi (the final concentration of the DMSO was 10%), prepare when
needed. The solution was inj:ected to caudal vein according to 0.1ml/10q,
wherein the dosage in mice was 10mg/kg.

2.2 Group and administration

2.2.1 Observation of anti-cerebral ischemia effect of compounds of
the present invention by intragastric administration

28 mice which had adapted to the laboratory environment for one
week were divided into balanced groups according to body weight, i.g
administered respectively with 0.7% CMC-Na or the compound of the
present invention, once per day for continuous 3d. The specific groups
were as follows:

sham operation group: 4 mice, with i. g of 0.7% CMC-Na solution

cerebral ischemia model group: 12 mice, with i. g of 0.7% CMC-Na
solution

drug group: 12 mice, with i. g of solution of compounds of the present
iInvention separately, wherein the dosage was 30mg/kg

2.2.2 Observation of anti-cerebral ischemia effect of compounds of
the present invention by intravenous administration

28 mice which had adepted to the laboratory environment for one
week were divided into balanced groups according to body weight, i. v
administered with 10% DMSO or the compound of the present invention,
respectively, once per day for continuous 3d. The specific groups were as
follows:

sham operation group: 4 mice, with i. v of 10% DMSO solution

model group: 12 mice, with i. v of 10% DMSO solution

drug group: 12 mice, with i. v of solution of compounds of the present
invention separately, wherein the dosage was 10mg/kg

2.3 Determination of incomplete global cerebral ischemia and MDA
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content in brain of the mice

2.3.1 Mouse bilateral carotid artery ligation: the mouse was performed
with orbit bloodletting (about 30% of the total blood volume of the mouse) to
lower the blood pressureth later after last administration, then the mouse was
fixed on an operation plate in a,supine position, and an incision in the middle of
the neck was made. The common carotid artery was exposed with blunt
separation, and 2 sutures were prepared under each end of the exposed artery,
and both end of the artery were ligatured, respectively. When the ligation was
completed for the third suture, started timing, then cut the common carotid
artery between the two ligations, and the incision was sutured. In the sham
operation group, the common carotid artery was separated without ligation.
The mouse was rapidly released after the operation, the behavior in 6h
and the death time of the mouse was observed and recorded (scored by a
blind method according to the following table). The brain was quickly took
out after death, the cerebellum was removed, and the MDA content in the
whoie brain was determined by a TBA method. The mouse which did not
die until 6h, was put to death and taken the brain.

2.3.2 Neural function score: the scoring standard was shown in Table 2.

Table 2: Neurobehavioral Evaluation Table

(1) Place the mouse on the ground 4 points
(If several following behaviors simultaneously occur, record as the most serious
behavior; if the mouse does not move, gently push the buttock to stimulate the

mouse to move)

Normal activities 0 point
Bent walking route, but no circling (no appearance of rear-end phenomenon)
1 point

Circling, with appearance of rear-end phenomenon (record the rotation direction,
clockwise or counter-clockwise)

circling for 1-2 times 1 point
Circling for 3-5 times | 2 points
Circling for more than 5 times 3 points
Rolling (record the rolling direction, left or right)

rolling for 1-2 times 1 point
Rolling for 3-5 times 2 points

Rolling for more than 5 times 3 points
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Herﬁiplegia (record the hemiplegia direction, left or right) 4 points

(2) Abnormal Activities 8 points

Dystonia (torsional involuntary movements, resulting in postures which are
persistent and often weird), seizures (sudden loss of consciousness, falling to the
ground, hypsokinesis of head and rigidity of limbs) and myoclonus (convulsions)

1 point
Exciting (jumping)
jumping for 1-2 times 1 point
Jumping for 3-5 times 2 points
Jumping for more than 5 times 3 points
Stationary or wheezing occasionally(if hemiplegia occurs, record the hemiplegia)
2 points
4 points: dead immediately after an operation (within 10min)
(3) Loss of reflexes 1 point
Pinna reflexes (the mouse shakes the head when the ear canal of the mouse is
touched) 1 point

Total 13 points

2.3.3 Determination of MDA content in brain of mice

The brain of a mouse was taken out, weighted, prepared into 15%
brain homogenate wit'h N.S, 1.2ml of the homogenate was taken out and
put into a 37°C water bath for 1h (shaked once every 10min), then taken
out from water, added with 0.6ml of 20% trichloroacetic acid, uniformly
mixed, and stood for 10min, centrifugated at 2000r for 10min, 1.2mi of
supernatant fluid was added with 0.6mi of 0.67% TBA, and put into a

boiling water bath for 10min, then cooled, and OD value was determined at

o32nm.
3. Statistical Analysis

Experimental data was represented by x+SEM | SPSS13.0 statistical

software was applied, homogeneity of variance was judged by
single-factor variance analysis. The homogeneity of variance was tested
by LSD, the non-homogeneity of variance was tested by Dunnett’'s T3, the
significant differences between the groups were compared and P < 0.05
represented a statistical significance. The results were shown in Table 3.

Table 3: MDA Content and Neurobehavioral Score Evaluation Results of
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Compounds on BCAO-LBP Mice (x+SEM )
—_—

MDA content

Treatment (i. g) N (hmol/g) Neural deficit score
Control 4 33.15+2.75 0.00+0.00

Medium 11 40.94+1.754~ 3.92+0.25*F
Example5 (30mg/kg) 12  36.09+1.85 3.62+0.31

Example 6 (30mg/kg) 12 30.87x0.95### 3.08+£0.40

Example 7 (30mg/kg) 11 34.90+1.65## 2.91+0.28

Example 8 (30mg/kg) 12  33.27+1.91## 2.67+0.31#

*p<0.05, compared with the control group; *p<0.01, compared with the
control group; #p<0.05, compared with the medium group; ##p<0.01,
compared with the medium group; ###p<0.001, compared with the medium
group; analyzed with ANOVA followed LSD on SPSS 13.0 is used for

analysis.

Example 12: Evaluation of Blood-Brain Barrier Permeability and Researches

on Membrane Permeability of MDCK-MDR1 Cells of the Compounds

1. Experimental scheme
MDCK-MDR1 cells are monolayer cells with high expression of a P-gp
transporter after MDR1 genes are transfected in MDCK (Madin-Darby

canine kidney epithelial cells). Due to the compactness of the monolayer

cells and high expression of a pharmaceutical efflux protein, the cells have
a similarity to the structure of the blood-brain barrier (BBB), and can be
used as one of the models tor evaluating the BBB permeability. Because
the compounds of the present invention targeted at the central nervous
system and were needed to permeate the BBB, the MDCK-MDR1 cells
were applied to research the membrane permeability, and the BBB
permeability was preliminarily evaluated.
2 Experimental methods

2.1 Solution preparation
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Preparation of a culture solution: when in use, DMEM was added with
10% FBS, 1% glutamine, 100 U-mL™" of penicillin and streptomycin
double-antibiotic solution, 1% non-essential amino acids, and 1.2mg-L'1 of
(G418.

Preparation of a digestion solution: 1g of trypsin and 80mg of EDTA
were weighted, added with 400mL of phosphate buffer solution, filtered
with a 0.22um filter membrane to remove bacteria, and stored at -20°C for
later use.

Preparation of a glutamine stock solution: 2.92g of glutamine was
added with 100mL of PBS buffer solution, filtered with 0.22um filter
membrane to remove bacteria, sub-packaged in 1mL, and stored at -20°C
for later use.

Preparation of a penicillin and streptomycin stock solution: 0.8 million
U of penicillin was added with 20mL of saline; 1 million U of streptomycin
was added with 25mL of saline; the two solution were uniformly mixed in a
ratio of 1:1, filtered with 0.22um filter membrane to remove bacteria,
sub-packaged in 1mL, and stored at -20°C for later use.

Preparation of an HBSS solution: 8.0g of NaCl, 0.4g of KCI, 0.0475¢
of Na;HPO,4-H,0O, 0.06g of KH,PO, and 6g of Hapes were added into
ultra-pure water for dissolution, the pH value was adjusted to 7.2-7.4,
water was added till 1L, filtered with 0.22um filter membrane to remove
bacteria, and stored at -20°C for later use.

2.2 Cell culture

The cryopreserved MDCK-MDR1 cells were fast thawed in a 37°C
water bath. The postthawed cells were added into a DMEM culture medium
containing 10% FBS, cultured in an incubator at 37°C, 5% CO, with the
relative humidity of 90%, and the culture medium was replaced every other
day. After 1-2 days’ growth for cell fusion, the cells were digested at 37°C,
with the mixed digestion solution of 0.25% trysin-EDTA (0.2%), and
subcultured according to a certain ratio, wherein the cells used for the
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experiment are 40~60-generation cells.

When 80% of the cells were fused, the cells were suspended with a
complete culture medium, and inoculated into a Millicell plate according to
1x10°-mL™". The culture solution was changed once every two days, then
once every day after 1 week. After cultured for 5 days, the cells were ready
for transport experiment when the resistance achieves a platform (>
200Q-cm?).

2.3 Quality control of MDCK-MDR1 monolayer cells:

2.3.1 Measurement of transepithelial electrical resistance (TEER)

When the transepithelial electrical resistance was measured, the
electrode was firstly immersed in DMEM culture solution and balanced for
24h, then the electrode was took out and immersed into 70% alcohol and
sterilized for 15min, then placed at room temperature, naturally dried, and
further placed into the steriie DMEM culture solution and balanced for
15min. During the experiment, the two ends of the electrode was
sequentially inserted into the upper and lower pools of each well of a
24-well Millicell culture plate to detect the resistance, any point in each
well was measured for three times, the resistance was recorded, the
resistance of a blank well was measured simultaneously, and the

transepithelial electrical resistance (TEER) was calculated according to

the following formula:
TEER=(Rt-R0)xS

wherein, Rt is the measured resistance; RO is the resistance of the
blank well; and S is effective membrane area.

2.3.2 Quality control of positive compound:

Rho-123 (Rhodamine 123) was taken as a positive quality control
compound, diluted to 5pmoI-L‘1 with HBSS, the culture medium in the wells
was firstly’ suction abandoned before the experiment, the wells were
washed with HBSS solution at 37°C for two times, then incubated in
incubator at 37°C, Rho-123 was added into the upper pools, HBSS
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solution was added into the lower pools, and the wells were incubated in a

constant-temperature shaker. The solution in the lower pools was
collected at 0, 30, 90 and 120min and stored at -20°C for later
measurement. The permeation amount of the Rho-123 in the lower pools
was detected by a fluorescence spectrophotometer, wherein the
transmission wavelength was set to 430nm and the excitation wavelength
was set to 530nm.The Papp value of Rho-123 in the experiment is
accorded with literature reports.

2.4 Pharmaceutical transport experiment

The Millicell inoculated With cells was soaked with HBSS solution at
37°C for an appropriate time before the test, and slightly flushed to remove
matters attached on the surfaces of the cells. Permeability from the cavity
surface to the basal surface: 0.35mL of drug contained HBSS solution was
added from the apical side (AP), while1.2mL of blank HBSS solution was
added from the basolateral side (BL), placed at 37°C, shaked at 50 r-min”".
S0uL was sampled from the lower layer at 0, 30, 90 and 120min separately,
and the same volume of blank HBSS solution was supplemented. Each
concentration was repeated in three wells, the sample was precisely added
with S0uL of internal standard solution and 350uL of ethyl acetate, shaked
and uniformly mixed, centrifugated at 12000rmp for 5min, 300uL of
supernatant was took, volatilized to dryness, re-dissolved with 50uL of
acetonitrile and 10uL was took for sampling and determination.
Permeability from the basal surface to the cavity surface: drug was added
from the basolateral side (BL), while the blank HBSS solution was added
from the apical side (AP), and the following steps were same as those in
the permeability test from the cavity surface to the basal surface.

The apparent permeability coefficient (Papp) of the drug reflected the
capability of permeating the monolayer cells of the drug and the absorption
speed and degree of the drug, which can be calculated by the following

formula:
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p,,——2E
L AN - A - C

wherein, AQ was the permeation amount of the drug in a At time
period, A was the surface area of the cells, namely the area (0.6cm*®) of a
support membrane in the moael, and CO was the initial concentration. The
unit of the Papp was commonly represented by cm-h™' or cm-s™.

2.5 Sample detection

The sample was detected by LC/MS. Concentration of each sample
was quantified with a standard curve (50nM-10000nM).

3. Experimental results
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Example 6 19.2
Example 7 49.8
Example 8 39.5
Example 9 12.4
Example 10 34.1
Example 5 8.38
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A thiazine amide derivative having a structure of formula |,

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein,
R, is straight or branched chain alkyl having 1-6 carbon atoms; and
R2 is a straight or branched chain alkyl having 1-4 carbon atoms or

phenyl substituted straight or branched chain alkyl having 1-4 carbon atoms.

2. The compound according to claim 1, wherein,
R1 Is a straight or branched chain alkyl having 1-4 carbon atoms; and
Ro is a straight or branched chain alkyl having 1-4 carbon atoms or
phenyl substituted straight or branched chain alkyl having 1-4 carbon atoms,

or a pharmaceutically acceptable salt, solvate or hydrate thereof.

3. The compound according to claim 1, wherein,
R4 is a straight or branched chain alkyl having 1-4 carbon atoms; and
Rz is a straight or branched chain alkyl with 1-4 carbon atoms,

or a pharmaceutically acceptable salt, solvate or hydrate thereof.

4. The compound according to claim 1, wherein,

R, Is a straight or branched chain alkyl having 1-4 carbon atoms: and
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Rs is phenyl substituted straight or branched chain alkyl having 1-4 carbon

atoms,

or a pharmaceutically acceptable salt, solvate or hydrate thereof.

5. The compound according to claim 1, wherein,
R, is isobutyl; and
Rs is a straight or branched chain alkyl having 1-4 carbon atoms or phenyl
substituted straight or branched chain alkyl having 1-4 carbon atoms,

or a pharmaceutically acceptable salt, solvate or hydrate thereof.

6. The compound according to claim 1, wherein the compound is selected from
the group consisting of:
(2R)-4-Methyl-2-{[(3R)-4~(toluene-4—-su!fonyl)-thiomorpholine-s-carbo
nyl]-amino}-pentanoic acid ethyl ester,
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl}-thiomorpholine-3-carbo
nyl]-amino}-pentanoic acid propyl ester,
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sulfonyl)-thiomorpholine-3-carbo
nyl]-amino}-pentanoic acid isopropyl ester, and
(2R)-4-Methyl-2-{[(3R)-4-(toluene-4-sultonyl)-thiomorpholine-3-carbo

nyl]-amino}-pentanoic acid benzyl ester,

or a pharmaceutically acceptable salit, solvate or hydrate thereof.

7. A pharmaceutical composition, comprising the compound as defined in any
one of claims 1-6 or a pharmaceutically acceptable sait, solvate or hydrate

thereof, and one or more pharmaceutically acceptable excipients.

8. Use of the compound as defined in any one of claims 1-6 or a
pharmaceutically acceptable salt, solvate or hydrate thereof in the preparation

of a medicament, wherein the medicament is for prevention or treatment of
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neurodegenerative disease caused by physiological or physical injury or

progressive lesions.

9. The use according to claim 8, wherein the neurodegenerative disease IS
selected from the group consisting of Alzheimer's disease, Parkinson's
disease, Huntington's disease, amyotrophic lateral sclerosis, acquired
immunodeficiency-related neuropathy, cerebrospinal multiple sclerosis, stroke
or physical stimulation-related brain injury, and a neurodegenerative disease

affecting central or peripheral nervous system.

10. The compound according to any one of claims 1-6 or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein the compound is for use in
the prevention or treatment of a neurodegenerative disease caused by

physiological or physical injury or progressive lesions.

11.  Use of the compound as defined any one of claims 1-6 or a pharmaceutically
acceptable salt, solvate or hydrate thereof or the pharmaceutical composition
as defined In claim 7 in the prevention or treatment of a neurodegenerative
disease caused by physiological or physical injury or progressive lesions, in a

subject.

12.  The use according to claim 11, wherein the neurodegenerative disease is
selected from the group consisting of Alzheimer's disease, Parkinson's
disease, Huntington's disease, amyotrophic lateral sclerosis, acquired
immunodeficiency-related neuropathy, cerebrospinal muitiple sclerosis, stroke
or physical stimulation-related brain injury, and a neurodegenerative disease

affecting central or peripheral nervous system.
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