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[TITLE OF THE INVENTION]
'NOVEL QUINAZOLINE-2,4-DIONE DERIVATIVE, AND MEDICAL COMPOSITIONS

FOR THE PROPHYLAXIS AND TREATMENT OF CRANIAL NERVE DISEASE .

CONTAINING THE SAME
[TECHNICAL FIELD]

The present invention relates to a novel quinazoline-2,4-dione derivative of formula (I)

R
i1

wherein

R; is hydrogen or alkyi; ,
each of R, and R; is independently selected from hydrogen, alkyl, -CORe, -SO2R7, or
substituted or unsubstituted phenyl or benzyl, wherein Rg is alkyl, alkoxy, phenyl,
phenyloxy or benzyloxy, each of which is unsubstituted or substituted with halogen,
hydroxy, methoxy, ethoxy or nitro, and Ry is unsubstituted or substituted lower alkyl or
aryl;

A is -(CHy)y- or -CHCH=CHCHj,-, wherein n is an integer selected from 2 to 4;

'Ry is hydrogen and Rs is hydrogen or benzoyl unsubstituted or substituted with one or more
of halogen, hydroxy, alkoxy or nitro in benzene ring or when Ry and Rs together w1th N
form a ring, R4 and Rs form a divalent mOIety of ?N?;_ ’ mgtéa:_” or .
wherein Ry is hydrogen or alkyl; / ’

each of £ and m is independently an integer selected from 2 to 4; and

pis an integer of O or 1,
or a pharmaceutically acceptable salt thereof, and a pharmaceutical composition comprising
the compound of formula (I) as an active ingredient for preventing or treating neurological

brain diseases

[BACKGROUND ART]
Neurological brain diseases progress by the death of nerve cells for a short or long time and
result in fatal loss of brain function. Stroke is one of the cerebrovascular diseases most

frequently generated. Because cranial nerve disorders in patients in the vigorous age group
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from the forties to fifties have remarkably increased, it is pointed out as not only an

individual issue but also a national issue.

There are largely - two kinds of stroke: cerebral infarction and cerebral hemorrhage. Cerebral
infarction resuls from necrosis of brain tissue caused by a blockage of blood supply to
brain tissue brought on by thrombus and so forth. Cerebral hemorrhage, on the other hand,
results from loss of blood duwe to ruptured blood vessels in the brain. Although the
pathogeneses of cerebral infarction and cerebral hemorrhage are different, their symptoms

are often similar.

The standard method for treating the acute period of infarction is currently thrombolysis.
The time period before starting treatment and after onset of cerebral infarction is very
important, and it is known that the patient’s functional status can be improved when a

thrombolytic agent is administrated within 3 hours after onset of cerebral infarction,

The cause of brain cell necrosis due to ischemia has been elucidated by many researchers,
and the main pathway is suggested as excitable toxicity by excessive neurotransmitter,

oxidative toxicity by stress, zinc toxicity, apoptosis and so forth.

Glutamate, which is one of the excitable toxic substances, is an excitable neurotransmitter
of the central nervous system, and it reacts with NMDA (N-methyl-D-aspartate) receptor.
Death of nerve cells is induced when glutamate is overproduced by ischemia. It is
recently reported that these excitable toxicities may be the main mechanism of nerve cell’s
death by ischemic stroke as well as epilepsy. If the supply of oxygen-glucose to nervous
tissue after ischemia is reduced, glutamate which is an excitable neurotransmitter, is
accumulated in the junction between neurons. And then, nerve cell’s death by excessive
activity of NMDA glutamate receptor mainly occurs. Therefore, nerve cell’s death by

ischemic stroke can be suppressed by using antagonist of NMDA glutamate receptor.

Free radicals are also one of the main mechanisms of nerve cell death. An increase of free
radicals by ischemia and others in nerve cells induces destruction of membrane lipid by
lipid peroxidation, damage of nucleic acid by oxygen radicals, denaturation of protein and

the like. This results in fatal damage to essential factors for cell survival. Many researchers
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have reported that ischemia leads to increases of active oxygen in the brain, reactive oxygen
species in Parkinson’s disease, Huntington’s disecase and Alzheimer’s disease, catalase (a

radical- scavenging enzyme), activity of Cu/Zn superoxide dismutase (SOD) and Fe®*,

As mentioned above, although many mechanisms are revealed to treat cranial nerve
disorders, development of new drugs is delayed because of problems about efficacy and

toxicity.

The present inventors found out that natural substances are released from living Eisenia
Andrei and Eisenia fetida given electrostimulation while we studied them from folk
-temedies long used in the Orient. And we discovered that specific compounds of these
substances show the valid protection of cranial nerves. Many derivative compounds
including new compounds isolated from natural products were synthesized based on this
discovery. It was learned that quinazoline-2,4-dioné derivative compound of foj:mﬁié (I}
and a salt thereof have a superior effect on protecting the activity of nerve cells, and we

perfected the present invention.

[DETAILED DESCRIPTION OF THE INVENTION]
[PURPOSE OF THE INVENTION]

The purpose of the present invention is to provide a compound of formula (I) or a
pharmaceutically acceptable salt thereof, and a pharmaceutical composition comprising

said compound as an active ingredient for preventing or treating neurological brain diseases.

[TECHNICAL MEANS]

The present invention provides a novel quinazoline-2,4-dione derivative of formula (I)

wherein
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R is hydrogen or alkyl;

each of R, and R; is independently selected from hydrogen, alkyl, -COR¢, -SO:R7 or
_ substituted or unsubstituted phenyl or benzyl, wherein R¢ is alkyl, alkoxy, phenyl,
phenyloxy or benzyloxy, each of which is unsubstituted or substituted with halogen,
hydroxy, methoxy, ethoxy or nitro, and Ry is unsubstituted or substituted lower alkyl or
aryl;

A 1s -(CHy)y,- or -CH;CH=CHCH,-, wherein n is an integer selected from 2 to 4;

R4 is hydrogen and Rs is hydrogen or benzoyl unsubstituted or substituted with one or more

of halogen, hydroxy, alkoxy or nitro in benzene ring or when R4 and Rs together with N

form a ring, R4 and Rs form a divalent moiety of _9 B
wherein Ry is hydrogen or alkyl, \
each of £ and m is independently an integer selected from 2 to 4; and
p is an integer of O or 1,

ora phaﬁnaceutically acceptable salt thereof.

As used herein, the term “alkyl” refers to alkyl having from 1 to 6 carbon atoms, for
example, an aliphatic hydrocarbon chain including straight chain, branched chain or cyclic
form such as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-
pentyl, 2-methylpentyl, hexyl and cyclohexyl.

The term “lower alkyl” refers to a straight or branched hydrocarbon chain having from 1 to

4 carbon atoms.

The term “alkoxy” refers to -O-alkyl, wherein “alkyl”r refers to a straight or branched

hydrocarbon chain having from 1 to 4 carbon atoms.

The compounds of formula (I} can be used in forms of pharmaceutically acceptable salts
thereof and the pharmaceutically acceptable salts include conventionally known acid

addition salts or alkali metal salts in the art.

Typical examples of formula (I) according to the present invention are follows:
3-{3-[4-(3-aminopropylamino)butylamino]propyl }-1H-quinazoline-2,4-dione;
3—(3—{4-[3-(2,4—diox0—1,4-dihydro-2H-quinazolin—3—yi_)propylamino}butylarrﬂno}propyl)-
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1H-quinazoline-2,4-dione;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylaminojbutyl }acetamide; o
-N-(4-{acetyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]amino }butyl)-N-{3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]acetamide;
{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl } carbamic acid ethyl ester;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propyl|methylamino }butyl )acetamide;
3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl } -1 H-quinazoline-.
2.,4-dione;
N-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino } propyl)-
4-hydroxybenzamide;
3-{3-[4-({N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-

benzyl }amino)butylaminolpropyl }-1H-quinazoline-2,4-dione;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }benzamide;
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{ 4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl }carbamic acid tert-butyl ester;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl}-N-{ 4-[3-(2,4-dioxo0-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl } methansulfonamide;
N-(4-{benzyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]amino } butyl)-N-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]acetamide;
(4-{acetyl-{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yhpropyl]amino } butyl )-[3-(2,4-
dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]carbamic acid ethyl ester;
3-{[3-(4-{N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-benzylamino }butyl})-
N-benzylamino]propyl }-1H-quinazoline-2,4-dione;
{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl}-(4-{ [3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propyl]ethoxycarbonylamino }butyl)carbamic acid ethyl ester;
(4-{tert-butoxycarbonyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yDpropyljamino }butyl)-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyljcarbamic
acid tert-butyl ester;

N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{ [3-(2,4-dioxo-1,4-dihydro-
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2H-quinazolin-3-yl)propyl] methansulfonylamino }butyl)methansulfonamide;
N-[3-(acetyl-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
ybhpropylamino]butyl }amino)propyl]-4-hydroxybenzamide;
N-[3-(4-{acetyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropyl]amino }butylamino)propyl]-4-hydroxybenzamide;
N-{3-[acetyl-(4-{acetyl-[3-(2,4-diox0-1,4-dihydro-2H-quinazolin-3-
yDpropyl]amino}butyl)amino]propyl }-4-hydroxybenzamide;
N-[4-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)butyl]-N-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yhpropyl]acetamide;
3-(2-{3-12-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)ethylamino] propylamino }ethyl)-1H-
quinazoline-2,4-dione;
.3-(3- {3-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino}propylamino } propyl)-
IH-quinazoline-2,4-dione;
3-(3-{4-13-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino}-2-
butenylamino }propyl)-1H-quinazoline-2,4-dione;
(4-{tert-butoxycarbonyl-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propyl]amino }butyl)-{3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
-yD)propyl]carbamic acid tert-butyl ester;
I-methyl-3-(3-{4-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropylamino]butylamino }propyl)-1H-quinazoline-2,4-dione;
3-(3-{4-[3-(1,3-dioxo-1,3-dihydro-iscindole-2-yl)propylamino]butylamino } propyl)-1H-
quinazoline-2,4-dione;
3-(3-{2-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl}propylamino}ethylamino }propyl)-
1H-quinazoline-2,4-dione;

" [3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{ [3-(2,4-dioxo0-1,4-dihydro-2H-
quinazolin-3-yl)propylJThexylamino }butyl)carbamic acid tert-butyl ester;
3-[3-(4-{N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-
hexylamino }butylamino)propyl]-1H-quinazoline-2,4-dione;
(4-{tert-butoxycarbonyl-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropyl]lamino }butyl)-{3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yD)propyl]carbamic acid tert-butyl ester;
1-hexyl-3-(3-{4-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropylamino]butylamino }propyl)-1H-quinazoline-2,4-dione;
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{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{ [3-(2,4-dioxo- 1,4-dihydro-2H-
quinazolin-3-yl)propyl]heptanoylamino }butyl)carbamic acid tert-butyl ester;
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{ 4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl }heptanoic amide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-ylpropyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]lbutyl }-2,2,2-trifluoroacetamide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl}-N-{4-[[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yDpropyl]-(2,2,2-trifluoroacetyl)amino]butyl }-2,2,2-trifluoroacetamide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }-2-methoxyacetamide;
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl }carbamic acid benzyl ester;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino] butyl }-4-methyibenzenesulfonamide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{ [3-(2,4-diox0-1,4-dihydro-
2H-quinazolin-3-yl)propyl]-4-methylbenzenesulfonylamino }butyl)-4-
methylbenzenesulfonamide; or

3-(3-{4-[3-(2,5-dioxo-pyirolidine- 1-yl)propylamino]butylamino } propyl)-1H-quinazoline-
2,4-dione,

The compound of formula (1) can be prepared by the reactions as described in the
following reaction schemes I to III. Therefore, it is another object of the present invention

to provide such preparation processes.

However, the following reaction schemes illustrate most general preparation processes of
the present invention. The processes for preparing the compound of formula (1) according
to the present invention are not limited to the following illustrated reaction schemes. The

compound of formula (1) can be prepared by various processes known in the arts.

Reaction scheme 1
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By reacting the benzoic acid derivative compound (IV) having an alkoxycarbonylamino
substituent at position 2 with amine compound (V) in which A is suitably selected to form a
ring under the existence or the absence of solvent, a quinazoline 2,4-dione derivative of
primary amine compound (IX) having a quinazoline 2,4-dione skeleton structure may be
obtained, wherein R4 and Rs are hydrogens. Alternatively, by increasing stoichiometric
amounts of the compound (IV), a quinazoline 2,4-dione derivative of compounds (IX) in
which R4 and Rs form cyclic quinazoline-2,4-dione with N atom may be obtained. Ring
fusion reaction under the absence of solvents should be carried out at a temperature

sufficient to melt two reactants.

In the above reaction scheme, A, £, m and p are the same as defined above, R4 and Rs

represent hydrogens, or when R4 and Rs together with N form a ring, R4 and Rs form a
divalent moiety of "

and Alk represents alkyl. L represents a leaving group that is

preferably hydroxy, alkoxy or halogen.

Reaction scheme IT

T f{cm:giﬁwﬂ {orabne « mex o q—v — forahy pa~g-{m2};«*ms
By the reaction of the compound (VI) with the compound (VII) or (VIII) having R4 and Rs
substituents, a quinazoline-2,4-dione derivative of the compound (IX) in which R4 and Rs
are suitably introduced into terminal primary amine may be obtained, wherein the reaction
may be carried out under the existence of solvents, fusion reaction may be carried out under

the absence of solvents or condensation reaction may be carried out, if X is hydroxy.

The condensation reaction may be carried out by using DCC (dicyclohexyl carbodiimide)

or EDC (1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide). Alternatively, the compound
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(IX) may be obtained by conversing carboxyl group into more reactive group such as acid

anhydride or acid chloride and then reacting it with the compound (VI).
In the above reaction scheme, A, R4, Rs, £, m and p are the same as defined above, Rs is not
H, X represents hydroxy, halogen, alkoxy or -ORs, Each of Y and Y' is hydroxy, halogen,

alkoxy or when Y and Y' form a ring, Y and Y’ form -O-.

Reaction scheme II1

—————ttis il ‘ -
CH2 N‘J’A—N—{CHgtNR‘,Rs ﬁ:ﬂg}‘“ A—N—(OHg NR4R5

)

Y.o

By substituting at least one hydrogen of the compound of formula (IX) with R» and/or Rs, a
quinazoline-2,4-dione derivative of the compound (I) may be obtained, wherein R, and R;
are suitably introduced into amine position, R, is hydrogen, and at least one of R, and Rj
is not hydrogen. In case of obtaining the compound in which R, and R; are the same

substituents, R, and R; substituents can be introduced at once.

In case of obtaining the compound in which R, and R; are different substituents, R,
substituent can be first introduced into the compound (IX) to obtain the guinazoline-2,4-
dione derivative of the compound (I} that R; and Rj3 are hydrogen, and then Rj substituent
can be introduced in the presence of organic solvent and base. On the other hand, R
substituent can be first introduced into compounds (IX) and then R substituent can be
introduced into the R; substituted compound to obtain the quinazoline-2,4-dione derivative

of the compound (I} in which R; and R; are suitably substituted and R, is hydrogen.

Also, after the desired substituents are introduced into the secondary amine position of the
compound (IX), the quinazoline-2,4-dione derivative of the compound (I), in which R, is
alkyl and the desired substituents are introduced, can be obtained by alkylation of position 1
in quinazoline ring with an alkylating agent under the existence of base or additional
deprotection subsequent to the alkylation. Alkyl halide, dialkyl sulfate or alkyl sulfonate

can be used as the above alkylating agent.
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In the above reaction scheme, A, R;, Ry, Rs, R4, Rs, £, m and p are the same as defined
above, and Rs is not H. More specific reaction conditions are described in the following

‘Examples 1 to 42.

On the other hand, the compound of formula (1) according to the present invention
prepared by the above processes can be subjected to further isolation and purification by
conventional post-treatment methods or can be prepared as a corresponding,
pharmaceutically acceptable salt by conventional methods. The salt, as generally known to
skilled artisans, should be pharmaceutically acceptable and not toxic. Several salts can be
used to produce the compound of the present invention and a non-toxic, pharmaceutically

acceptable salt thereof.

The pharmaceutically accéptéble salt of the compound.according to the prééént invention
includes acid addition salts or alkali metal salts. Such acid addition salt may be, but not
limited thereto, a salt with hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric
acid, acetic acid, benzensulfonic acid, methanesulfonic acid, phosphoric acid, nitric acid,
formic acid, propionic acid, succinic acid, glucolic acid, lactic acid, malic acid, orotic acid,
nicotinic acid, adipic acid, tartaric acid, citric acid, ascorbic acid, maleic acid, benzoic acid,
salicylic actd, fumaric acid, camsylic acid or carboxylic acid, and such alkali metal salt may

be, but not limited thereto, a salt of sodium, potassium, lithium, magnesium or calcium,

Additionally, the present invention provides a pharmaceutical composition which is useful
for preventing or treating neurological brain diseases as aforementioned by combining the
quinazoline-2,4-dione derivative compound of formula (I} and the pharmaceutically

acceptable salt thereof with a pharmaceutically acceptable carrier.
The compound of formula (I) according to the present invention is useful for treating a
disease caused by normal or abnormal degeneration of the neuroldgical brain system or

protecting the nerve cells therefrom, as proven by the results of the following examples.

The present invention provides a pharmaceutical composition comprising the compound of

formula (I) or a pharmaceutically acceptable salt thereof as an active ingredient with a

10
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pharmaceutically acceptable carrier, for preventing or treating neurological brain system
disorder, degenerative neurological brain disease or nervous system dysfunction. More
__specifically, a pharmaceutical composition according to the present invention is useful for
preventing or treating the disease which is selected from neurological dysfunction, failing
memory, cerebrovascular insufficiency, local brain injury, focal brain trauma, diffuse brain
trauma, spinal cord injury, cerebral ischemia, cerebral hemorrhage, ischemic stroke,
hemorrhagic stroke, dementia, cerebral infarction, embolic occlusion, thrombotic occlusion,
reperfusion following acute ischemia, transient ischemic attack, perinatal hypoxic-ischemic
injury, cardiac arrest, intracranial hemorrhage, subarachnoid hemorrhage, cerebral
aneurysm, Willis aneurysm, acute infantile hemiplegia, whiplash, shaken-infant syndrome,
Alzheimer's disease, Pick's disease, diffuse Lewy body disease, progressive supranuclear
palsy (Steel-Richardson syndrome), multi-system degeneration (Shy-Drager syndrome),
chronic epileptic conditions associated with neurodegeneration, motor neuron diseases,
amyotrophic lateral sclerosié, primary lateral sclérosis, degenerative ataxias, cortical basal
degeneration, subacute sclerosing panencephalitis, Huntington's disease, Parkinson's
disease, synucleinopathies, primary progressive aphasia, spinal muscular atrophy and
spinobulbar muscular atrophy (Kennedy's disease), multipte sclerosis, Tay-Sach's disease,
spastic paraplegia, prion disease, Creutzfeldt-Jakob discase, epilepsy, plexopathy or

neuropathy; and for memory improvement.

The pharmaceutical composition of the present invention can be prepared by combining a
compound of the present invention with a pharmaceutically acceptable inactive carrier in
the form of solid or liquid and may be formulated into an appropriate pharmaceutically
acceptable form for administration. The above formulation may be prepaied in the form
of immediate release or sustained release, which would be well known to a skilled artisan.
The pharmaceutical composition may be formulated into tablets, pills, granules, powders,
‘capsules, suspensions, syrups, elixirs, solutions, emulsions or injections for oral,
intravenous or parenteral administration. The pharmaceutical composition may be
formulated into tablets, capsules, powders, microgranules, sterilized solutions or

suspensions for rectal administration or in the form of suppositories.

The above pharmaceutically acceptable carrier may include lactose, dextrose, sucrose,

sorbitol, mannitol, xylitol, erythritol, malditol, starch, acacia gum, alginate, gelatin, calcium

11
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phosphate, calcium silicate, cellulose, methyl-cellulose, microcrystalline cellulose,
polyvinylpyrrolidone, water, methylhydroxybenzoate, propylhydroxybenzoate, talc,
magnesium stearate or mineral oils.  Additionally, the above pharmacentically acceptable
carrier may include diluents or additives such as fillers, extenders, bonding agents, wetting

agents, disintegrants, surfactants, etc.

The solid formulation for oral administration may be in the form of tablets, pills, powders,
granules, capsules, etc. and may include at least one additive, for example, such as starch,
calcium carbonate, sucrose, lactose and gelatin, or lubricants such as magnesium stearate,
tale, etc. The liquid formulation for oral administration may be in the form of suspensions,
solutions, emulsions, syrups, etc. and may include diluents such as water and liquid paraffin,
wetting agents, sweeteners, aromatics or preservatives. The formulation for parenteral
administration may be in the form of sterilized solutions, non-aqueous solvents,
suspenéions, emulsions, lyophilizations or suppositorics. Non-agueous solvents and
suspensions include propylene glycol, polyethylene glycol, vegetable oils such as olive oil,
injectable esters such as ethyloleate, etc. Witepsol, macrogol, tween 61, cacao oil, lauryn

oil, glycerogellatin and the like as a carrier for suppositories may be used.

The desirable dose of the compound of formula (I) or the pharmaceutically acceptable salt
thereof included in the pharmaceutical composition of the present invention varies
depending on the condition, weight, age and gender of the subject, severity of the disease,
drug form, and route and period of administration, and may be chosen by those skilled in
the art. For example, it is generally recommended to administer at the amount ranging
from 0.01 to 500 mg/kg, preferably, 0.1 to 100 mg/kg by weight/day of the compound of
formula (I) or the pharmaceutically acceptable salt thereof, but it is not limited to this scope.

A single dose may be administered or it may be divided into several times per day or week.
Additionally, the pharmaceutical composition of the present invention may include 0.001 to
50 weight %, preferably 0.1 to 50 weight % of the compound of formula (I) or the

pharmaceutically acceptable salt thereof, on the basis of total weight of the composition,

but it is not limited to this scope.

[ADVANTAGEQUS EFFECTS]

12
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A quinazoline-2,4-dione derivative, a pharmaceutically acceptable salt thereof and a
composition comprising . the quinazoline-2,4-dione derivative and the pharmaceutically
acceptable salt thereof according to the present invention have effects on suppresston of cell
death in the brain, protection of nerve cells, anti-oxidation, anti-convulsion and relaxation
-of blood vessels, and thus are useful for preventing or treating the aforementioned various
diseases for example, stroke, Alzheimer’s disease and epilepsy as well as enhancing

memory.

[BRIEF DESCRIPTION OF THE DRAWINGS]
Figure 1 shows the anti-stroke effect of compound 3 in a middle cerebral artery occlusion
(MCAO) model. The red color (stained) represents the normal brain area and the white
color (unstained) represents the occlusion area. 100 mg/kg of compound 3 and 2000
mg/kg of citicoline were administered at 1 hour and right before inducing stroke (eight

mice were used in each experiment group).

Figure 2 shows an effect of compound 3 on the suppression of oxidative stress induced by
NMDA of brain cells in mice. “Normal control” is normal cells withont any treatment,
and “negative control” is brain cells with treatment of 300 pM NMDA. 125 pg/mL and
250 pg/mL of compound 3 were administered (compounds-treated groups).  Marks of #,
* and ** are intended to show the significant difference of P<0.05, as compared with each
corresponding control, in cases of carrying out ANOVA and Student-t test (#; to compare
normal control with negative control; and * and **; to compare compounds-treated groups

with negative control).

[CONCRETE EMBODIMENTS FOR CARRYING OUT THE INVENTION]

- The present invention will be more specifically explained by reference to the following

examples, which are provided by way of illustration and are not intended as limiting.

Example 1
3-{3-[4-(3-aminopropylamino)butylamino]propyl } - 1H-quinazoline-2,4-dione(Compound
1)

1) Preparation of ethyl 2-ethoxycarbonylamino benzoate:

13
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Ethyl 2-amino benzoate (20g, 0.12mol) was dissolved in 140mL xylene and ethyl
chloroformate (13.8mL, 0.15mol) was added thereto. After reacting under reflux for 3
hours, the solvent was removed by distillation under reduced pressure. 30 mL petroleum
ether was added to the residue and cooled. The title compound of white solid (26g,
90.5%) was obtained by gathering the formed solid through the filtration process and by

concentration and crystallization of the filtered solution.

'H NMR(CDCLs) : 10.51¢s,1H), 8.43(dd,1H), 8.01(dd,1H), 7.51(t,1H), 7.01(t,1H),
4.37(q.2H), 4.22(q,2H), 1.40(t3H), 1.32(t3H); '

2) Preparation of 3-{3-[4-(3-aminopropylamino)butylaminolpropyl }-1H-quinazoline-2,4-
dione:

Ethyl  2-ethoxycarbonylamino benzoate (8.0g, 33.7mmol) and N,N’-bis-(3-
aminopropyl)butane-1,4-diamine (8.87g, 43.8mmol) were melted with heating. After
stirring for 4 hours at 125-135°C, isopropylalcohol was added thereto and concenirated

hydrochloric acid was added to form solid.

The solid obtained by the filtration process was dissolved in water and neutralized with
sodium hydroxide aqueous solution. After removal of water by distillation under reduced
-pressure, silica gel column-chromatography of the remaining residue was performed to give

the title compound in oil form (5.0g, 43%).

'H NMR{D20} : 7.48(dd,1H), 7.30(,1H), 6.83(m;2H), 3.73(t,2H), 2.59(t2H),
2.52(6,2H), 2.46(L,6ED, 1.66(m,2H), 1.56(m,2H), 1.37(m,4H);

Example 2

3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino } propyl)-
1H-quinazoline-2,4-dione(Compound 2)

(Process 1)

Ethyl  2-ethoxycarbonylamino benzoate (4.9g, 20.6mmol) and N,N'-bis-(3-
aminopropyl)butane-1,4-diamine (2.1g, 10.3mmol) was melted with heating. After
stirring for 5 hours at 125-135C, 25ml. isopropylalcohol was added thereto to make a solid

and dried under reduced pressure after filtration to give the title compound of white solid

14
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(3.3g, 64%).

'"H NMR(CDCl;) : 8.05(d,2H), 7.62(t2H), 7.22(1,2H), 7.15(d,2H), 4.11(t,4H),
- 2.62(m,8H), 1.94(m,4H);- 1.55(s,4H); T

(Process 2)

3-{3-[4-(3-aminopropylamino)butylamino]propyl } - 1H-quinazoline-2,4-dione(2.1g,
6.0mmol) and ethyl 2-ethoxycarbonylamino benzoate (1.6g, 6.6mmol) was melted at
125~135TC. After 5 hours, 20mL isopropylalcohol was added thereto to make a solid and
dried under reduced pressure after filtration to give the title compound of white solid (2.2g,

74%}) which is the same as the compound obtained by Process 1.

Example 3

Hydrochloride acid salt of N-{3-(2,4—di0xo—l,4—di_hydr0-2H—quinazolin—3-yl)propyl]—N—{4-
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl }acetamide = (Compound
3)

After 3-(3-{4-[3-(2.4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propylamino]butylamino}propyl)- 1H-quinazoline-2,4-dione(3g, 6.1mmol) was dissolved
in 60mL pyridine, acetic anhydride (0.7mL, 7.3mmol) was added thereto. After 2 hours,
pyridine was removed by distillation under reduced pressure. Dichloromethane and water
were added to the remaining residue, and each layer was separated in the solution after the
formed solid was removed by the filtration process. Concentrated hydrochloric acid was
added to the aqueous layer, and pH was adjusted to 2-3. After removal of water by
distillation under reduced pressure, silica gel column-chromatography of the remaining

residue was performed to give the title compound (1.1g, 32%).

- 'H 'NMR(MeOD) : 797(m,2H), 7.61(m2H), 7.17(m4H), 4.14(m,2H), 4.02(m,25),
3.47(m,4H), 3.07(m,4H), 2.12(m,5H), 1.96(m;2H), 1.73(m,4H);

By treating compound 1.0g of the above Example 3 with ion exchange resin, compound in
base form, N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-
1,4-dihydro-2H-quinazolin-3-yl)propylamino}butyl }acetamide (0.65g) was obtained.

"H NMR(MeOD) : 7.89mi,2H), 7.53(m,2H), 7.15-7.01(m,4H), 3.97(m,4H),

3.40(62H), 3.32(q.2H), 2.54(m,4H), 2.05(d,3H), 1.94-1.83(nA4H), 1.61-1.44(m 4H);
10
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Example 4 L _ R
N-(4-{acetyl-[3-(2,4-dioxo0-1,4-dihydro-2H-quinazolin-3-yl)propyl]Jamino } butyl)-N-[ 3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]acetamide (Compound 4)

"~ After 3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-guinazolin-3-
yl)propylamino]butylamino}propyl)-1H-quinazoline-2,4-dione  (2g, 4.lmmol) was
dissolved in 50mL pyridine, acetic anhydride (1.0mL, 10.2mmol) was added. After 2
hours, pyridine was removed by distillation under reduced pressure, and silica gel column-
chromatography of the remaining residue was performed to give the title compound (2.1g,

90%).

'H NMR(DMSO-d¢) : 11.40(s,2H), 7.91m,2H), 7.63(m,2H), 7.17(m,4H),
3.86(m,4H), 3.27(m,8H), 1.95(m,6H), 1.80(m4H), 1.43(m,AHT);

“Example 5
Hydrochloric acid salt of [3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-{3-(2,4-
dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl }carbamic acid ethyl ester
(Compound 5)
3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino } propyl)-
1H-quinazoline-2,4-dione(2g, 4. lmmol) was dissolved in 20mL hexamethylphosphoramide
with heating, cooled and ethyl chloroformate (0.4mL, 4.1mmol) was added thereto. After
2 hours, silica gel column-chromatography of the reaction mixture was performed to give

the title compound of yellow solid (0.48g, 20%)

'H NMRMeOD) : 8.00(t2H), 7:63(q,2H), 7.21(q2H), 7.14(m,2H), 4.15(t2H),
4.09(0,2H), 4.02(12H), 3.36(nAH), 3.05(m,4H), 2.106(m,2H), 1.95(m,2H),
L7L{tAH), 1.21(bs,3H);

Example 6 _
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propyllmethylamino }butyl)acetamide (Compound 6)

Hydrochloride acid salt of N-[3-(2,4-dioxo-1,4-dihydro-2H-guinazolin-3-yl)propyl]-N-{4-
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino|butyl } acetamide (2g, 3.5mmol}
was dissolved in 80mL dichloromethane and 10mL methanol. Triethylamine (0.45g,
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4.5mmol) and paraformaldehyde (0.14g, 4.5mmol} was added thereto and stirred for 2
hours at room temperature. After concentration of the solvent, 40mlL methanol and
sodium borohydride (0.76g, 20.2mmol) were added thereto and stirred for 15 hours. After
removal of methanol by distillation under reduced pressure, silica gel column-
chromatography of the remaining residue was performed to give the title compound of
white solid (1.2g, 62%).

'H NMR(MeOD) : 7.98(m,2H), 7.60(m,2H), 7.19(m2H), 7.11(m,3H), 4.02(n,4H),
3.46-3.36(m,AH), 2.69-2.52(m,4H), 2.41,2.34(s,3H), 2.10(d,3H), 1,98-1.90(m,4H),
1.63-1.51(m4H),;

Example 7

3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl } -1 H-quinazoline-
2,4-dione (Compound 7)

Ethyl 2-ethoxycarbonylamino benzoate (7g, 29.5mmol) and N-(3-aminopropyl)butane-1,4-
diamine 2.1g (14.8mmol) were melted at 140°C. After 3 hours, 50mL isopropylalcohol
was added thereto for solid formation, filtered and dried under reduced pressure. The title

compound of yellow solid was obtained (3.2g, 50%).

'"H NMR(DMSO-ds) : 7:91(m,2H), 7.63(u,35), 7.18(m,4H), 3.90(m, 41D,
2.50(m,4H), 1.69(m,2H), 1.58(m,2H), 1.39(m,20;

Example 8
Dihydrochloric  acid  salt of  N-(3-{4-[3-(2,4-diox0-1,4-dihydro-2H-quinazolin-3-
yDpropylaminojbutylamino }propyl)-4-hydroxybenzamide (Compound 8)

4-hydroxybenzoic acid(1.13g, 8.2mmol), I-hydroxybenzotriazole(1.27g, 9.4mmol), 1,3-
dicyclohexylcarbodiimide (1.94g, 9.4mmol) and N,N'-diisopropylethylamine (1.64ml.,
9.4mmol) were added in 20mL dimethylsulfoxide and stirred for 15 minutes. 3-{3-[4-(3-
aminopropylamino)butylamino}propyl }-1H-quinazoline-2,4-dione (2.18g, 6.3mmol)
dissolved in dimethylsulfoxide 10mL. was added thereto and stirred at 50 ‘C with heating.
After 5 hours, dimethylsulfoxide was removed, the remaining solution was dissolved in
methanol with concentrated hydrochloric acid. After the removal of methanol, silica gel

column-chromatography of the remaining residue was performed to give the title compound

17
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of white solid (1.6g, 47%).

'H NMR(D:0) : 7.91d,1H), 7.74(t,1H), 7.63¢d,2H), 7.33¢,1H), 7.16(d,1H),
6.87(4,2H), 4.07(1,2H), 3.53(t.2H), 3.20(m,8H), 2.11(m,4H), 1.91(s,4H);

Example 9
3-{3-[4-({N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-
benzyl }amino)butylamino]propyl } -1 H-quinazoline-2,4-dione (Compound 9)

3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino } propyl)-
1H-quinazoline-2,4-dione(2g, 4.1lmmol) was dissolved in 60mlL. tetrahydrofuran and
sodium hydroxide (0.3g, 8.1mol) aqueous solution 60mL and was cooled. Benzyl
bromide (0.48mL, 4.1mmol) was added dropwise thereto. After 15 hours, formed solids
were filtered and the filtrate was distilled under reduced pressure. Silica gel column-

_c.:-hromatograpﬁy of the remaining residue was performed to give the title compound of
white solid (0.28g, 12%).

'H NMR{(CDCls) : 7.91(dd,2H), 7.48(m,4H), 7.29-7.04(m,7H), 4.13(t,21D),
3.92(t21), 3.57(s,2H), 3.13(t,2H), 3.04(t.2H), 2.51m4H), 2.30(m,2H),
2.00(m,2H), 1.78(m,2H), 1.63(m,2H);

Example 10
Hydrochloric acid salt of N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl }benzamide (Compound 10)

In the above Example 5, benzoyl chloride (0.69g, 4.9mmol) was used instead of ethyl
chloroformate. The same procedure described in the above Example 5 was performed to

give the title compound of white solid (0.2g, 7.8%).

'H NMR(DMSO-ds) : 7.94-7.84(m,2H), 7.65(m,211), 7.38(m,2H), 7.22-7.01(m,7H),
3.96-3.72(m,4H), 3.48-3.16(m,4H), 2.89-2 64(mAH), 1.96-1.83(m,4ED),
1/62-1.34(, 4E);

Example 11 _
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yhpropylamino]butyl }carbamic acid tért—butyl ester(Compound 11)
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3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino }propyi)—

1H-quinazoline-2,4-dione (2g, 4.1lmmol) was dissolved in pyridine 20ml and then cooled.
0.93g di-tert-butyl dicarbonate (4.3mmol) was added thereto. After 3 hours, pyridine was
removed under reduced pressure, and silica gel column chromatography was performed to

give the title compound of yellow solid (0.25g, 10.4%).

'H NMR(MeOD) : 7.99(m,2H), 7.60(m,2H), 7.22-7.09(m,4H), 4.04(m,4H),
3.25(t4H), 2.59%(m,4H), 1.90(m,4H), 1.60-1.48(mA4H), 1.40(s,9H):

Example 12

Hydrochloric acid salt of N-[3-(2,4-diox0-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino}butyl }methansulfonamide
(Compound 12)

3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino ) propyl)-
1H-quinazoline-2,4-dione(2g, 4.lmmol) was dissolved in hexamethylphosphoramide 10mL
with heating.  Dichloromethane 30ml. was added thereto and cooled, and then
methansulfonyl chloride (0.5g, 4.3mmol}) was added thereto.  After 2 hours,
_ dichloromethane was removed under reduced pressure and silica gel column-
chromatography of the remaining residue was performed to give the title compound of

white solid (0.67g, 27%).

'H NMRDMSO-dg) : 7.93(m,2H), 7.64(m;2H), 7.20(m.4H), 3.97(L2H), 3.91¢,2H),
3.07(mAH), 2.90(s,3H), 2.89(m,dH), 1.97(m,2H), 1.85(m,2H), 1.61(s4H);

Example 13
N-(4-{benzyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]amino } butyl)-N-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyljacetamide (Compound 13)

3-3-[4-({N-{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl}-N-

benzyl}amino)butylamino]propyl-1H-quinazoline-2,4-dione  (0.28g, 0.48mmol) was
dissolved in SmL dichloromethane. Triethylamine (0.13mL, 0.96mmol) and acetic
anhydride (0.06mL, 0.58mmol) were added thereto and stirred for 1 hour. The organic
layer was separated by addition of water and dried with magnesium sulfate. After

filtration and concentration, silica gel column-chromatography of the remaining residue
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was performed to give the title compound of oil form (0.12g, 40%).

'H NMR(MeOD) : 7.96(t,2H), 7.580m,2H), 7.32(d,2H), 7.25-7.06(z,7H),
4.01(m,4H), 3.64,3.59(,2H), 3.41(m;2H), 3.29m,2H), 2.54(mAH), 2.09,2.04(s,3H),
1.98-1.85(m,4H), 1.63-1.49(m,4H);

Example 14
(4-{acetyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]amino } butyl)-[3-(2,4-
dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]carbamic acid ethyl ester (Compound 14)

In the above Example 4, hydrochloric acid salt of N-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yl)propylaminojbutyl}acetamide 3g (5.3mmol) and ethyl chloroformate 0.6mL(6.3mmol)
were used, instead of 3-(3-4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propylamino]butylaminopropyl)-1H-quinazoline-2,4-dione and acetic anhydride. The
same procedure of the above Example 4 was performed to give the title compound of white

solid (1.1g, 34%) in the mix-solvent of pyridine and dichloromethane.

'H NMR(CDCl) : 1040(d;2H), 8.06(m,2H), 7.56(m,2H), 7.17¢m,4H), 4.10(m,6H),
3.50-3.30(m,8H), 2,10(s,3H), 1.97(mAH), 1.55d4H), 1.21(m,3H);

Example 15
3-[3-(4-{N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-benzylamino }butyl)-
N-benzylamino]propyl-1H-quinazoline-2,4-dione (Compound 15)

In the above Example 9, the title compound (0.4g, 15%) was obtained by filtering white

~ solids formed by reaction of 15 hours.

"H NMR(DMSO-ds) = 7.88(d,2H), 7.61(42H), 7.27-7.13(m,14H), 3.88(t.4H),
3.46(s,4H), 2.39(t.4H), 2.29(s,4H), 1.72(m,4H), 1.36(s,4H):;

Example 16
- [3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propyl]ethoxycarbonylamino }butyl)carbamic acid ethyl ester (Compound
16)
o 3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino } propyl)-
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1H-quinazoline-2,4-dione(2g, 4.1lmmol) was dissolved in 40mL pyridine and ethyl
chloroformate (0.46mlL, 4.9mmol) was added thereto. After 2 hours, pyridine was
removed under reduced pressure and dichloromethane and water was added to the
remaining residue. After each layer was separated, dichloromethane was removed and
silica gel column-chromatography of the remaining residue was performed to give the title

compound of yellow solid (0.61g, 24%).

3,35-3.25(m,8H), 1.96(m,4H), 1.52(s,4H), 1.21(t,6H);

Example 17

(4-{tert-butoxycarbonyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yl)propyl]amino }butyl)-[3-(2,4-dioxo-1,4-dihydro-2H-guinazolin-3-yl)propyl]carbamic
acid tert-butyl ester (Compound 17)

In the above Example 11, the title compound of white solid (0.3g, 11%) was obtained by

taking another fraction of silica gel column-chromatography.

'H NMR(CDCl) : 10.08(bs,2H), 8.09(d,2H), 7.564.2H), 7.19(2H), 7.12(d.2H),
4.05(mAH), 3.30-3.20(m,8H), 1.94(t,4H), 1.51(s,4H), 1.42(s,18H);

Example 18

N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{ [3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propyl]methansulfonylamino }butyl)methansulfonamide ~ (Compound
18)

In the above Example 12, the title compound of white solid (0.24g, 9.1%) was obtained by

taking another fraction of silica gel column-chromatography.

'H NMR(DMSO-ds) : 11.36(s,2H), 7.90(3.2H), 7:62(t2H), 7.16(m,4H), 3.90(t.4H),
3.21-3.13(m,8H), 2.88(s,6H), 1.84(m,4H), 1.56(s,4H);

Example 19
. N-[3-(acetyl-{4-[3-(2,4-dioxo-1.4-dihydro-2H-quinazolin-3-
.yl)propylanﬁno]butyl}amino)propyl]-4-hydroxybenzamide (Compound 19)
N-(3-{4-[3-(2,4-dioxo0-1,4-dihydro-2H-quinazolin-3-yl)propylamino] butylamino }propyl)-
4-hydroxybenzamide(1.27g, 2.72mmol) was dissolved in 10mL pyridine and acetic
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anhydride (0.4mL, 4.07mmol) was added thereto. After 2 hours, pyridine was removed by
distillation under reduced pressure and dichloromethane and water were added thereto.
The organic layer was separated and removed. After concentration under reduced
pressure, the remaining residue was treated by silica gel column-chromatography and ion

exchange resin to give the title compound of oil form (0.06g, 4.3%).

'H NMR(MeOD) : 8.00(d,1H), 7.70(d,2H), 7.63(;,1H), 7.21(,1H), 7.16(d,1H),
6.80(d,2H), 4.05(t,2H), 3.39%m,6H), 2.77(m,4H), 2.12,2.09(s3H), 1.99<1.82(m,4H),
1.59(m,4H);

Example 20
N-[3-(4-{acetyl-[3-(2,4-dioxo0-1,4-dihydro-2H-quinazolin-3-
yl)propyl]amino }butylamino)propyl}-4-hydroxybenzamide (Compound 20)

In the above Example 19, the title compound of oil form (0.06g, 4.0%) was obtained by
taking another fraction of silica gel column-chromatography and treating the fraction with

CG-50 ion exchange resin.

'H NMR(McOD) : 7.99(m,1H), 7.70(d,2H), 7.61(m,1H), 7.17(m 2H), 6.80(d,2H),
4.01(m,2H), 3.42(m,6H), 2.87(m.,4H), 2.10(s,3H); 1.97-1.90(m4H), 1.64(m AH);

-Example 21

N-{3-[acetyl-(4-{acetyl-|3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yDpropyl]amino }butyl)amino]propyl }-4-hydroxybenzamide (Compound 21)

In the above Example 19, the title compound of white solid (0.53g, 35.4%) was obtained by

taking another fraction of silica gel column-chromatography.

'H NMR(MeOD) : 7.98(LTH), 7.76(dd,2H), 7.60(m,1H), 7.15(m;2H), 6.80(dd,2H),
399(m,2ZH), 3.42-3300m,10H), 2,09(,3H), 2.07(t3H), 1.92-1.78(rm,4H),
1.55(m,4H);

Example 22
N-[4-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)butyl]-N-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propy!]acetamide (Compound 22)
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In the above Example 4, 3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropylamino]butyl}-1H-quinazoline-2,4-dione (1g, 2.3mmol) was used instead of 3-(3-
4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylaminopropyl)-1H-

quinazoline-2,4-dione. The same procedure of the above Example 4 was performed to
give the title compound of white solid (0.89g, 81%) in the mix-solvent of pyridine and

dichloromethane.

'H NMR(MeOD) : 7.98(m,2H), T:60(0,2H), 7.16(m,4H), 4.02(m4H), 3.42(m,4FD),
2.09(d,3H), 1.95(m,2H), 1.64(m,4H);

Example 23 .
3-(2-{3-[2-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)ethylamino]propylamino }ethyl)-1H-
quinazoline-2,4-dione (Compound 23)

In the above Example 7, N,N"-bis(2-aminoethyl)-1,3-propanediamine 2.4g (14.8mmol) was
used instead of N-(3-aminopropyl)butane-1,4-diamine. The same procedure of the above

Example 7 was performed to give the title compound of yellow solid (3.7g, 55%).

'H NMR(DMSO-dg) : 7.88(d,2H), 7.59(t2H), 7.14(m,4H), 3.92(L4H), 2.65(L4H),
2.47(mAH), 1:43(m,2H);

Example 24
3-(3-{3-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]propylaminc } propyl)-
1H-quinazoline-2,4-dione (Compound 24)

In the above Example 7, N,N';bis(S-alrainopropyI)—1,3—pr0panediamine 2.8g (14.8mmol)
was used instead of N-(3-aminopropyl)butane-1,4-diamine. The same procedure of the

above Example 7 was performed to give the title compound of white solid (2.9g, 41%).
'H NMR(DMSO-dg) : 7.91(d.2H), 7.63(t2H), 7.17(m,4H), 3.92(14H), 2.49(t,8H),
1.70(m 4H), 1.49(m,2H);

Example 25

3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]-2-

butenylamino }propyl)-1H-quinazoline-2,4-dione (Compound 25)

In the above Example 7, N,N'-bis(3-aminopropyl)-2-butene-1,4-diamine 2.96g(14.8mmol)
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was used instead of N-(3-aminopropyl)butane-1,4-diamine. The same procedure of the

above Example 7 was performed to give the title compound of white solid (4.5g, 62%).

'"H NMR(DMSO-dg) : '7.9'1((1,21;1);- :7:62--'(t,2H),. 7.17(m,4H), 5.51(s,2H), 3.91(1,4H),
3.06(s;4H), 2.47(mAH), 1.68(m,4H);

Example 26
(4-{tert-butoxycarbonyl-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
ybpropyllamino }butyl)-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
ylypropyljcarbamic acid tert-butyl ester (Compound 26)

(4-{tert-butoxycarbonyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yhpropyl]amino }butyl)-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyljcarbamic
acid tert-butyl ester(2g, 2.9mmol) was dissolved in 10mL tetrahydrofuran and 10mL
dichloromethane and cooled. Sodium hydride (0.2g, 8.3mmol) and methyl iodide (0.6mL,
9.6mmol) were added thereto and stirred for 2 hours. After the solvent was concentrated
under reduced pressure, silica gel column-chromatography of the remaining residue was

performed to give the title compound of oil form (1.9g, 91%).

'H NMR(CDCly) : 8.21(d,2H), 7.66(L25), 7.24(,2H), 7.18(d,2H), 4.09¢41D),
3.59(s,6H), 3.26-3.19¢m.8H), 1.91(m4H), 1.48(s,4H), 1.40(s,18H);

Example 27

Dihydrochloric acid salt of 1-methyl-3-(3-{4-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butylamino } propyl}-1H-quinazoline-2,4-dione ~ (Compound
27)

(4-{tert-butoxycarbonyl-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropyljamino }butyl)-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropyl]carbamic acid tert-butyl ester(1.8g, 2.5mmol) was dissolved in 20mL methanol,
concentrated hydrochloric acid was added thereto and stimed. After methanol was

concentrated, the title compound of white solid (1.3g, 88%) was obtained by crystallization.

'H NMR(D:0) : 7.81(d,2H), 7.71(t2H), 7.25(2H), 7.19(d,2H), 40441,
3.34(s,611), 3.13(m,8H), 2.10(m,4H), 1.89(s,4H);
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Example 28
-Dihydrochloric acid salt of  3-(3-{4-[3-(1,3-dioxo-1,3-dihydro-isoindole-2-
yl)propylamino}butylamino } propyl)- 1 H-quinazoline-2,4-dione (Compound 28)

3-{3-[4-(3-aminopropylamino)butylamino]propyl }- | H-quinazoline-2,4-dione(1.06g,

3.1mmol) and diethyl phthalate (0.68g, 3.1mmol) was heated and stirred at 125~130C.
After 3 hours, 25mL isopropylalcohol and concentrated hydrochloric acid were added
thereto for forming a solid. Silica gel column-chromatography of the solid obtained by

filtration was performed to give the title compound of white solid (0.25g, 15%).

'H NMR(D,0) : 7.77(d,1H), 7.71{m,4H), 7.61(m,1H), 7.19(t,1H), 6.99(d,1IT),
3.98(t,2H), 3.71{t,2H), 3.10(m,8H), 2,06(m,4H), 1.81(s,4H);

Example 29
- Dihydrochloric  acid  salt of  3-(3-{2-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
ylypropylamino]ethylamino }propyl)-1H-quinazoline-2,4-dione (Compound 29)

In the above Example 7, N,N'-bis(3-aminopropyl)ethylenediamine (2.5g, 14.3mmol) was
used instead of N-(3-aminopropyl)butane-1,4-diamine. The same procedure of above
Example 7 was performed to form a solid and concentrated hydrochloric acid was then

treated to give the title compound of white solid (1.5g, 9.5%) in methanol.

'H NMR(D:0) : 7.91(d,2H), 764(m,2H);, 725(m,2H), 7.07(d,2H), 4.07(14H),
3.48(s,41D), 3.21¢04H), 2.12(m4H);

Example 30
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propyl]hexylamino }butyl)carbamic acid tert-butyl ester (Compound 30)

{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl }carbamic acid tert-butyl ester (2g, 3.4mmol) was
dissolved in 40mL tetrahydrofuran.  Sodium hydride (0.16g, 6.7mmol) and 1-

bromohexane (0.67g, 4.0mmol) were added thereto and stirred under reflux. The solvent
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was concentrated under reduced pressure, and silica gel column-chromatography of the

remaining residue was performed to give the title compound of white solid (0.52g, 23%).

'H NMR(MeOD) : 7.99(m,2H), 7.61(m,2H), 7.20(u;2H), 7.12(dd,2H), 4.04(m,4H),
3.26(m AH), 2.74(m,6H), 1.93(m,4H), 1.54(m,6H), 1.40(s,9H), 1.25(s,6H),
0.88(t,3H);

Example 31
Dihydrochloric acid salt of 3-[3-(4-{N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propyl]-N-hexylamino } butylamino)propyl]-1H-quinazoline-2,4-dione (Compound 31)

[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{ [3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylJhexylamino }butyl)carbamic acid tert-butyl ester 0.4g (0.6mmol)
was deprotected by the same procedure of the above Example 27 and separated by

éhromatography to give the title compound of white solid (0.1g, 26%).

'H NMR(MeOD) : 7.97(m,2H), 7.60(m;2H), 7.20m2H), 7.11(£2H), 4.13@2H),
4,04(t,2H), 3.04(m4H), 2.75(t,2H), 2.67(m,4H), 2.10(m,2H), 1.91¢m,2H),
L.79(m,2H), 1.70(m,2H), 1.55(m,2H), 1.30(m,6H), 0.88(t,3H);

Example 32
(4-{tert-butoxycarbonyl-[3-(1-hexyl-2 4-dioxo- 1,4-dihydro-2H-quinazolin-3-
yDpropyl}amino }butyl)-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropyl]carbamic acid tert-butyl ester (Compound 32)

(4-{tert-butoxycarbonyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yl)propyl]amino }butyl)-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl Jcarbamic
acid tert-butyl ester (3g, 4.3mmol) was dissolved in 120mL acetonitrile. Potassium
carbonate (3.45g, 25.0mmiol) and 1-bromohexane (3.5g, 21.1mmol) were added thereto and
stirred for 3 hours under reflux. The solvent was concentrated under reduced pressure,
and silica gel column-chromatography of the remaining residue was performed to give the

title compound of colorless oil form (3.7g, 99%).

H NMR(CDCls) © 8.13(d,2H), 7.57(t2H), 7.14(.25), 7.09(d,2H), 4.01(m,8H),
3.13(m,8H), 1.84(m,4H), 1.64(mA4H), 1.36(s,18H), 1.41-1.25(m,16H), 0.82(t.6H);
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Example 33

_ Dihydrochloric  acid salt of 1-hexyl-3-(3-{4-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butylamino }propyl)-1H-quinazoline-2,4-dione  (Compound
33)

(4-{tert-butoxycarbonyl-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propyl]amino }butyl)-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
ybpropyl]Jcarbamic acid tert-butyl ester (2g, 2.3mmol) was de-protected by the same
procedure as the above Example 27 and crystallized in ethanol to give the title compound of

. white solid (1.07g, 63%).

'H NMR(MeOD) : &15(d,2H), 7.78(m,2H), 7.43(d2H), 7.30(t2H), 4.17(m,8H),
3.09(L8H), 2.12(n,4H), 1.84(s4H), 1.72(mAH), 1.45-1,35(m,12H), 0.91(t6H);

Example 34

[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{ [3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propyl]heptanoylamino } butyl)carbamic acid tert-butyl ester (Compound
34)

[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-dioxo-1,4-dihydro-2H-

quinazolin-3-yl)propylamino]butyl Jcarbamic acid tert-butyl ester (0.4g, 0.7mmol) was
reacted with hepatanoic anhydride (0.2g, 0.8mmol) instead of acetic anhydride of above
Example 4. The title compound of white solid (0.37g, 88%) was obtained by the same

procedure as the above Example 4.

'H NMR(CDCls)  8.10(m,2H), 7.58(m;2H), 7.26-7.10(m,4H), 4.08(mAH),
3.49-3.23(m,8H), 2.28(t,2H), 1.95(m,4H), 1.66-1.50(m,6H), 1.43(@,9H), 1.27(mn,6H),
0.87(m,3H); |

Example 35

Hydrochloric acid salt of [3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-
dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl }heptanoic amide (Compound
35)
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~ Using [3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yhpropyl]-(4-{[3-(2,4-dioxo-1,4-
dihydro-2H-quinazolin-3-yl)propyl]heptanoylamino }butyl)carbamic acid tert-butyl ester
(0.36g, 0.5mmol), the title compound of white solid (0.2g, 61%) was obtained by the same

procedure as the above Example 31.

'H NMR(MeOD) = 8.01(m,2H), 7.63(m,2H), 7.23-7.13(m,4H), 4.14(t,2H),
4.05(m,2H), 3.45(m,4H), 3.02(mAH), 2.35(m,2H), 2.10-1.95(m,4H),
1.76-1.55(m,6H), 1.27(m,6H), 0.87(m,3H);

LAUIpLe JU
Hydrochloric acid salt of N-{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl } -2,2,2-trifluoroacetamide
(Compound 36)

In the above Example 3, trifluoroacetic anhydride 1.5g (7.3mmol) was used instead of
acetic anhydride, and the title compound of yellow solid (0.6g, 15.8%) was obtained by the

same procedure as the above Example 3,

'H NMR(MeOD) : 8.00(m,2H), 7.63(m,2H), 7.25-7.13(mAH), 4.14(m,2H),
4.06(m,2H), 3.54(m4H), 3.01(m,4H), 2.07(m,4H), 1.74{m,4H);

Example 37
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[{3-(2,4-diox0-1,4-dihydro-
2H-quinazolin-3-yl)propyl]-(2,2,2-trifluoroacetyl)amino]butyl } -2,2,2-trifluoroacetamide
(Compound 37)

The title compound of white solid (1.1g, 26.4%) was obtained by taking another fraction of
silica gel column-chromatography and solid formed in the above Example 36.

'H NMR(MeOD) : 8.01(m,2H), 7.62(,2H), 7.23-7.12(m,4H), 4.03(m,4H),
3.50(m,8H), 2.01(m,4H), [.65(mAH);

Example 38

- Hydrochloric acid salt of N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl } -2-methoxyacetamide
(Compound 38)
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Starting material of above Example 5 0.5g (1.0mmol) and methoxyacetyl chloride (0.12g,
1.lmmol} instead of ethyl chioroformate were used. The same procedure of the above

Example 5 was performed to give the title compound of white solid (0.1g, 16.4%).

'H NMR{MeOD) : 8.00(m,2H), 7.63(m,2H), 7.23-7.12(m,4H), 4.14(m,4H),
4.05(m,2H), 3.48-3.32(m,7H), 3.01(m4H), 2.12-2.01(mAH), 1.70(m,4H);

Example 39

Hydrochloric acid salt of [3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl}-{4-[3-(2.4-
dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl }carbamic  acid benzyl ester
(Compound 39)

Benzyl chloroformate 1.05g (6.1mmol) instead of acetic anhydride of the above Example 3
was used, and the same procedure of the above Example 3 was performed to give the title

compound of yellow solid (0.34g, 8.4%).

' NMR(MeOD) : 8.00(m,2H), 7.63(m;2H), 7.33-7.19(m,7H), 7.13(t2H),
5.08(s,2H), 4.13@,2H), 4.00(m,2H), 3.41(m,4H), 3.00-2.92(m4H), 2.06(m,2H),
1.96(m,2H), 1.69(bs,4H);

Example 40
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl}propylJ-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }-4-methylbenzenesulfonamide (Compound 40}

Instead of methansulfonyl chloride of the above Example 12, p-toluenesulfonyl chloride
1.4g (7.3mmol) was used. The same procedure of above Example 12 was performed in
methanol and then CG-50 ion exchange resin was treated to give the title compound of

white solid (0.3g, 8%).

'H NMR(MeOD) : 7.95(d,2H), 7.66(d,2H), 7.58(m,2H), 7.33(d,2H),
7.18-7.08(m,4H), 4.02(m,4H), 3.23(L2H), 3.15(t2H), 2.55(q,4H), 2.39(s,3H),
1.89(m;4H), 1.63(m,2H), 1.52(m,2H);

Example 41
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propyl]-4-methylbenzenesulfonylamino }butyl)-4-
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methylbenzenesulfonamide (Compound 41)

In the above Example 40, the title compound of white solid (1.27g; 26%) was obtained by
taking another fraction of silica gel column-chromatography.

"H NMR(DMSO-ds) : 11.40(s,2H), 7.90(d,2H), 7.62(m,6H), 7.32(d4H),
7.17(m4H), 3.86(1,4H), 3.08(m,8H), 2.35(s,6H), 1.75(m,4H), 1.42(s,4H);

Example 42
Dihydrochloric acid salt of 3-(3-{4-[3-(2,5-dioxo-pyrrolidine-1-
yl)propylamino]butylamino } propyl)-1H-quinazoline-2,4-dione (Compound 42)

Starting material 1.5g (4.3mmol) of the above Example 28 was used, and succinic
anhydride (0.43g, 4.33mmol) instead of diethyl phthalate was used. The same procedure
of the above Example 28 was performed to give the title compound of yellow solid (0.23g,
11%).

'H NMR(MeOD) : 8.05(d,1H), 7.67(m,1H), 7.25(t1H), 7.20(d,110), 4.16{,2H),
3.61(L2H), 3.07(m;8H), 2.72(s,4H), 2.12{m2H), 1.9%(m,2H), 1.82(m,4H);

It will be explained in detail that the compound of the above formula () according. to the
present invention has excellent effects as a neuro-protecting agent, by the following

Examples using the compounds prepared by the above Examples.

The following Experimental Examples are set forth to aid in the understanding of the
invention, and should not be construed to limit in any way the invention set forth in the

claims which follow thereafter.

<Experimental Example 1> Experiment of anti-stroke effect in middle cerebral artery
occlusion (MCAQ) model

Male rats of SD species with 290-300g of body weight were used as laboratory animals,

and 8 rats were used in each experiment group. The operation was performed by using the
method of Nagasawa et al. (Nagasawa, H. and Gogure, K. 1989, Stroke, 20: 1037-1043).
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The rats were anesthetized by Ketamine, and the operation was performed as body
. temperature was maintained using thermoplate. The cerebral region was incised following
the median line of the neck, and the left common carotid artery, internal carotid artery and
external carotid artery were separated, taking care not to damage the vagus nerve. The
common carotid artery and external carotid artery were ligatured, and a probe was inserted
into the internal carotid artery from the branch point of the internal and external carotid
arteries. And then the fundus of the middle cerebral artery was occluded by ligature just on
“the upper side of the insertion region. A probe was made by heating the end of a 4-0 nylon
surgical suture (Dafilon, B.Braun, Germany) and cut into 30mm. The 7-9mm end of the
. probe was coated with the mixture of silcon (Xantopren VL plus, Heraecus Kulzer,
Germany) and curing agent (Optosyl-Xantopren VL plus, Heracus Kulzer, Germany), and
the thickness was to be 0.3-0.4mm. After the intervention of the probe insertion and the
animals came out of the anesthetic, individuals in which neurological deficit symptom

(right direction circling) was observed were included in the ischemia group.

After 3 hours of ischemia, the inserted probe was removed to reperfuse blood circulation.

The brain was extracted after 24 hours, followed by histological staining.

 The compound 3 was administered at a programmed time before or after insertion of the |
probe with oral or intravenous administration. TTC (2,3,5-triphenyltetrazolium chloride)
staining was performed to estimate the damage of brain tissue by ischemia. Procephalon of
the extracted brain was sliced into 2mm of sequential slice by using brain matrix (ASI
instrument, Warren, MI, USA). The slices were put into 2% of TTC solution and incubated
at 37°C for 60 minutes for staining. The TTC stained brain slice was fixed in 10% of
formalin buffer and the front of the each slice was photographed with a digital camera. The
infarcted areas (cm?®) that were not stained with deep red in each acquired image were
measured using an image analyzer, and total infarcted volume (cm’) was calculated by

multiplying the thickness of the slices

As a result, the oral administration (100mg/kg) of compound 3 showed the inhibitory effect
that percentage of cerebral infarcted volume was 22.3% and 69.8% compared to negative
control by oral administration done by an hour and right before inducing stroke. Citicoline

(2g/kg) administered as a positive control was observed 51.1 and 37.8 % each (Table 1 and
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Figure 1).

In the experiment, the probe was removed after stoke induction so that circulation was
reperfused. Compound 3 was then administered in a split time with Smg/kg dose, the
inhibitory effect of necrosis volume of 62.7% was observed even though administration
was performed 12 hours after reperfusion. On the other hand, MK-801 administered as a
positive control showed the maximum effect at 30 minutes after reperfusion (Table 2).
Therefore, Compound 3 has obvious effects on prevention and treatment of stroke, and may

also be applied to patients whose treatment was delayed after the onset of stroke.

Table 1. Anti-stroke effect by oral administration

D e Compound 3 (100 mg/kg, po) ‘Citicoline (2 g/kg, po)
Treatment time Infarcted . Inhibitory Infarcted Inhibitory .-
{before: Inducmg volume percentage voliime percentage .|

: 1schem1c SthKE) (em®Mean | :compared to (cm®Mean £ | compared to

standard . | i negative stanidard. negative .
SR T deviation | icontro (%) deviation control (%) .
TR 0.14+0.02 69.8 0.2840.04 378 .

Lol 3-:_:_ : 0,350 07 22'3 .22+0.03 51.1

Table 2. Anti-stroke effect by intravenous administration

BT Compound 3-(5 meg/ke, ) - MK-801 (1 mg/kg, v} |
Treatment time- Infarcted | ‘Infarcted Inhibitory:. .|
(After reperfusion) volume . volume percentage . |
SR et (Cms',Mjeén'-:-'::!: : '(cma_,'M_éan + -cOmpai'éd to ik
standard ; standard
_deviation)- control(%) deviation) .
0.14£0:03: L 67.2 0.194+0.06:
0.12+0.03 723 0.21+0.04
0.20£0.0 538 | 0.31%0.02 |-
0.22+0.02 - 49.9: - 0.33X0.02°
0,2210.0! 47,9 - 0.284£0.08 -
0.17£0:0 60.9 0.37£0.06" -
0.16£0:0 C62.7 '0.3940.06
- 0.37%0.03 1135 0.40£0.08
' 0’.36i0.€)8” 1673 1 0.39+0.05
0.43+0.02

<Experimcntal Example 2> Inhibitory effect of excitable neurotoxicity in mixed culture of
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nerve cells-glial cells

Isolation and culture of nerve cells were performed by Choi’s method (Choi, D. W. 1985,
Neurosci. Lett., 58: 293-297). That is, the cortex was isolated in fetus ICR mouse that was
14 days pregnant, and then single cells were obtained from the tissue using pipette. The
cells were aliquoted into 2 x 10°/well density in a 24-well plate (Falcon) in which glial cells
of cerebral cortex had been cultured in an incubator maintained at 37°C with 5% CO, for
over 3 weeks The culture medium was supplemented with MEM (minimum essential
medium, Sigma), 2mM glutamine, 21mM glucose, 26.5mM bicarbonate, 10% fetal bovine
serumn (FBS). In 3-5 days after aliquot, 10 pM Ara-C (cytosine arabinoside) was treated to
suppress proliferation of neuroglia. And it was treated with 100 uM NMDA and 1xg/mL
or 2ug/mL of each sample (compound) to induce the death of nerve cells due to excitable
toxicity for 20 minutes, in 12-15 days after aliquot. Because of nerve cell death, lactate
dehydrogenase (LDH) accumulated in proportion to the number of dead cells. In 24 hours
after drug treatment, the amount of dehydrogenase (LLDH) released to outside of cells was
measured by using an LDA measurement kit (CytoTox 96, Promega). After the reaction
was completed, the change of absorbance depending on the amount of LDH was measeured

by using a microplate spectrophotometer.

The inhibitory effect on cell death compared with negative control was shown in Table 3,

and it showed a significant effect.

Table 3. Protecting effect on NMDA-induced nerve cell death in mixed culture of nerve

cells-glial cells
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ND th detected

Inhibitory effect of cell death Inhibitory effect of cell death’.
- | by NMDA-induced excitable by NMDA-induced extitable
Compound . - neurotoxicity; % C:ompound' neuroloxicily, % = .
1 pg/ ml 2 pg/ ml 1 g/ ml 2 ug/ ml

MK-801 - 49.0 63.6 .21 19.6 16.6
1 16.1 2.4 22 17.0 14.0°
-2 11.0 Q.7 .23 36.0 32.2-
3 45,5 S B44 24 27.4 30.8:
4 22.3 - 7.4 . .25 35.2 288
5 11.4 $394 26 8.8 29.7
7 26.0 39.7 27 33.7 36.0°
8 20.0. - 1 28.2 28 23.1 22.4
9 21.4 - 33.3 29 8.5 205
10 15.4 137 30 - 38.3 444
11 - 15.0 ND 32 32.0 29.8
12° 5.7 2.6 33 14.6 65.1
13 - 17 4 23.0 .35 - 32.5 35.7
14 18,9 26.9 C36.0 32.2 18.4
15 22.4 . S 923 3T - 27.3 250
16 18.1 COND . 38" 335 135
17 210 “10.7 3 308 17T
18 444 21.0 40 - [ ND 345
19 40.1 45.2 410 ND 285

C 200 36.4. CoA42.5 R R | 24.6 21.8

<Experimental Example 3> Inhibitory effect on HyO;-mediated cytotoxicity in SH-SY5Y

cells

SH-SY5Y cells that are oriented by nerve cell line from humans were cultured with 3 x 10*

cell concentration in 96 well plate, and the sample was treated. After 30 minutes, 200uM

hydrogen peroxide was treated to induce toxicity for 24 hours. After the reaction was

completed, the survival rate of cells was measured by MTT assay.

As a result, it was identified that the survival rate of SH-SY5Y cells was positively

correlated with the concentration of Compound 4, and it showed about 35% of protecting

effect on cells in the concentration of 100ug/ml (Table 4).

Table 4. Inhibitory effect on oxidative toxicity induced by hydroperoxide
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concentration - inhibitory percentage (%)
5 pg/ml 2.0x0.4
-850 ng/ml : 18.142.1 s~

100 pug/mi . - 34.545.8

<Experimental Example 4> Inhibitory effect on ZnSO4s-mediated cytotoxicity in SH-SY5Y

cells

SH-SYSY cells were cultured with 3 x 10* cell concentration in 96 well plates, and the
comp:ound (50pg/ml) was treated. After 30 minutes, 600 uM of zinc sulfate was treated to
induce toxicity for 24 hours and survival rate of cells was measured by MTT assay. The

result showed an inhibitory effect of 9.1 to 21.7% on toxicity (Table 5).

Table 5. Inhibitory effect on zinc-induced toxicity

:.:-f-c-c__)mpound o finhibitory-pérééntégé (%)
........... 2 — 217&41 —
.3 T 176435

12 C e 1zrEas

35 . ; 9118 T

<Experimental Example 5> Inhibitory effect on ROS production in brain cells

Oxidative stress was measured to test inhibitory effects on the production of reactive
oxygen species (ROS) by using DCF-DA, which is a fluorescent probe. Brain cells were
obtained from brain cortex of mouse to prepare cell solution with 2 x 10° cells/ml. Each
brain cell was treated with 11 pM of DCF-DA followed by reaction in 37T, 5% CO,
incubator for an hour. After washing twice, Compound 3 was treated with a concentration
of 125 pg/ml and 250 pg/ml. At the same time, 300uM of NMDA was treated and it was
incubated in 37C, 5% CO; incubator for 24 hours. After the reaction was cofnpleted,
fluorescence that showed reactive oxygen in reaction solution was measured by using
fluorescence spectrophotometer (excitation 480nm/emission, 535nm). As a result,

Compound 3 suppressed the oxidative stress induced by NMDA of nerve cells in a dose-
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dependent manner (Figure 2).

ROS inhibitory effect of compounds was represented to the dose suppressing 50% of
production of reactive oxygen compared to control. It was observed to increase of the
activity of superoxide dismutase (SOD), an enzyme that plays a key role in the production
of reactive oxygen, and a rate of increase was represented compared to control. The activity
of superoxide dismutase (SOD) was measured by using a kit acquired in Sigma. As a result,
most of the compounds showed lower doses of IDsy compared to MK-801, which is

positive control. It indicates that they have a superior effect with lower doses than MK-801.

Table 6. Inhibitory effect on ROS production in mouse brain cells

1 ROS inhibitory ROS inhibitory
. effect effect
compound [ compound| . .
1| s (eg/mb) | IDso {ue/m1)
IMK-801] +164.8+£17.6] 27 - 21.94+16.1
Lo 1 73.0414.1] 28 30.9+13.7
3 .17108.3+£27.2] 29 101+17.3
5 2444105 30 - 79,5%15.7|
e 17.7417.3] 82 - 14.447.6].
1910274204 33 | 17274197
|0 87.3+10.9] 35 . 140.0+18.6
.90.1+12.2] 37 - 22,9417.3] .
1725+23.6] 38 | 136.1£11.0
5554272 39 | 32.3+£20.0)
122:4+32.4] 40} 3L0+£8.1
104.0£32.5] 41 | 27.2+18.6/
L 42 | 137.7421.0] -

Table 7. Effect on increase of superoxide dismutase (SOD) activity in mouse brain cells
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Increase of SOD Increase of SOD
activity : actvity
|compound™100 "2g/mi,|compound™ 100 pg/ml,
compared to control compared to control
MK-801 | 20529 | 21 -0,3%£3.7 o

1 0.7+5.6 . 22 3.7+0.8

2 2.8%+4.0 23 40£10

3 3.84+27 24 6.9+3.8

4 0.6%2.2 . 2b 1.6+8.3

5 2.5+2.8 : 26 0.7L£5.7

7 "ND 27 2.4%7.8

8 “ND N 28 ' ND

9 - ND . 29 3.0%1.1

10 ND 30 6.2+6.2

11 | 2.3+3.4 32 0.3£7.1

12 - 2.8+1.8 33 ND )

13 7.61£2.9 - 35 3.4+79

14 2.7x1.0 36 49412

15 O 13+3.1 0 37 2.0+5.8

16 | - 75%23 38 3.2+4.9

17 O3 E0.0 39 19.0+6.3

18 U ND 40 8.3+3.2

19 4. T ONDL . 41 2.0+0.9

20 - SND 42 ' 1.6+2.6

Antagonistic effects of the compounds on NMDA receptor examined in Experimental
Examples 2 to 5 demonstrated that the compounds of the present invention may be used as
a drug not only to treat ischemic stroke but also to prevent and treat degenerative brain
disease related to this receptor, such as epilepsy, amyotrophic laieral sclerosis (ALS),
Parkinson’s disease, Huntington’s disease, Alzheimer’s disease, and traumatic brain injury

or spinal cord injury. It may also be used for memory improvement.

<Experimental Example 6> Experiment of anti-convulsant effect

An experiment was performed by the method of Ali et al. (Ali, A. et al. 2006,
Pharmacological Reports, 58: 242-245). A 10mg/kg dose of compound was
intraperitoneally administered to identify the anti-convulsant effect and the effect was
observed (Table 8). Researching the process of activity was performed by the Anti-epileptic
Drug Development Program (ADD) of NIH during development of the anti-convulsant
drug. One of the assessed items of anti-convulsant activity in the first step of this program
is the pentylentetrazole (PTZ) test. After administration of the testing drug, 80mg/kg dose
of PTZ was subcutaneously administered and it was observed for at least 30 minutes. After
10mg/kg of the testing drug was administered, assessment was performed by estimating the

initiation time of convulsion, duration until convulsion completely disappeared and
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- mortality rate. It was assessed as having an anti-convulsant effect when a single episode of
clonic spasm was not shown over 5 seconds on at least one of the 4 laboratory animals after

PTZ administration.

Table 8. Anti-convulsant effect of compounds

Injtiatio ; Thduciion .::::].3’101—.ta.lity
com d - | Duratjon of . Lo
p(?un lconviilston (min) convulsion ?mm)-%%lr—;ﬁﬁs?gg(%s f*_rale(%) '
negative | - 5.0%0.7 - 46.7+3.3 100(23/28) " | '70{17/23)
<itvet - ——
§i§§j§§;}: - N N.D." olo/6) - |- - otose)
1 16.1%9.0" . 43.9£9.0 83(s/6) . | i gT(4/8)

2 1294377 - BB7E7N 100(6/6) | " -67(4/8)
3 - 4TELT 11.8::5.6™ 5006/12) | 7(RI12)
7 o
9

3.140.3 42.918.7 100(6/6) |- BH4/6)

. 4.4%0.7 ' 39.8:+10.3 100(6/6) |17 B7{4/6)
10~ 58414 .| 499454 - 100(e/6) [ tr(1/6)
11 | - 101x48 | 449358 100(6/6) | x 17(1/6)
1277 1e7eE2 ' 39:3%8.8 100(6/6) 1
14 | estie [ 2exene 100(6/6} - | 0(0/6)

15 | = a57x72" . 34.37.2 B3(5/6) - | . 83(5/6)
16 | - 7.6£1.7 . | . 6423 100(6/6) |1 ofe/e)

18 i9.ax84™ | 52384 |  es(s/e) |- 0(0/6)

19 | am7s1st | 1827 50(3/6) -~ [... .- 0(0/6)
200 [ a4 7xR0™ | oex1e” 50(3/6) -] 5 - olore)
21 - 22 2411.9" N N AR -67{a/6)- " | oloe)
22 | 1s2sxeet | Croxzzr | esee) | owsel
o N R o R SR 1 -3 100676} =L 5 "aatere) ¢
1240 eakt7 [ o857x84 |  100(6/6) | . 50(a/3)
1 2577 ezxis. | 4saisg 100(6/6). . | . .83(5/6)
26 | 15448000 {0 33.0+05 .. sasiey | 50(3/6)
27| saxze | 358+08 100(6/6) .| .- 50(3/6)
.28 | dsxa2 - | 269465 100(6/6) {11 0{0/6)
290l T aB2geat w0 a0sk1a "B3(5/6)" AT(1/8)
S B0 asgre0t | aide.0 - 83(5/6): ] eats/e) -
5320 taxast L 208%120 | 100(6/8). . | 50(3/8)
EEEETIT Y 36,6£7.6 - | 1006y ] sase) |
85 . Baxle ) | osaee |
] ' “Taa(eiE) |
11.247.3" sa(sie): Tl 17116)
U Mgsxear. | - “100(6/6) i 0(0/6) :
- 423+85 | 1o0(6/6) | 8a3lse) T
S..1B.248.6" 100(6/6) |- 1r(iE) |

C100(6/6)

Each value represents mean value (n=6) of measurement (In the case of negative control,

1n=23)
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*: Statistical significance compared with control (95% confidence)
*%*; Statistical significance compared with control (99% confidence)
N.D.: Not Detected

<Experimental Example 7> Relaxing effect on thoracic aorta in rats

After male rats of SD species (250-300g) were anesthetized by inhalation of ether, their
thoracic aortas were extracted and put into a Krebs buffer (mM; NaCl 118, NaHCO; 27.3,
KCl1 4.8, MgS04 1.2, KH,PO,4 1.0, CaCl, 1.25, glucose 11.1). 2mm of aortic ring was made
under dissecting microscope and cultured in an organ bath to measure the tension of blood
vessels. The organ bath was filled with Krebs buffer and saturated with 95% O3, 5% CO» to
maintain dissolved oxygen and physiological pH. Changing of tension was measured by a
tension meter (Hugo-sachs, model K30) and recorded by physiological recorder (Coulbourn
polygraph). The length of the blood vessels was increased step by step to make 1.0g of
basal temsion for 90 minutes. The equilibrated blood vessel was contracted by
phenylephrine (0.5 pM). When the contraction furrow reached equilibrium, compounds

were added, followed by observation of relaxation response.

A result that Compound 3 was added with the doée of 50 pg/ml, 100 pg/ml. and
200 pg/mL was listed in Table 9, and Compound 3 dose-dependently relaxed the thoracic
aorta of rats contracted by phenylephrine (Table 9). The result that each compound was
administered with a dose of 67 ug/mL was listed in Table 10, and this result may be

presumed to delay cell death and induce the revival of death cells, owing to the increase of

the bloodstream by the expansion of a blood vessel in a body.

Table 9. Dose-dependent relaxing effect on muscles of blood vessels

L I Relaxation percentage (%), |

L Lol sein Dese (pgf ml) G fi(Mean # standard ‘deviation) |

""" Control. = 7 RIS - PR N 0. e D

50 ool 162%44
oo Compound 3 100 ik 440485 .
LU e 200 oo 6BBETL i

Each value represents mean values standard deviation (n=3) of measurcment.
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Table 10. Relaxing effect on compounds on muscles of the blood vessel of thoracic aorta

Compound  |Relaxation percentage (%)} - Compound Relaxation percentage (%)
MK-801 ND B 2] ' 2.6
1’ 128 22 ND
2 10,9 ' 23 204
3 - 274 24 : ND -
4 7.7 25 - 20.0°
5 ' S92 e 26 . 37 -
7 56.8 .- 27 | ND - .
8 3657 . 28 83 -
9 955, ' 29 © - ND
10 4.9 ' ' 30 . 404
11 - 109 - 32 : ND - - -
12 109 _ 33 385 o
13 9.3 : 35 ' 42.6
14 ND S 36 - ND:
i6. o NE 38 Lo 882
17 - Bl 39 oo 548
18 424 40 - ND
39 : 11.8 - 1 41 | 7.1 o
20 ' R b A R 42 - 1460

Each value represents mean (n=3) of measurement.

ND: Not Detected

A superior relaxing effect of muscles of the blood vessel was observed, compared with

control in most compounds.

[INDUSTRIAL APPLICABILITY]
As mentioned above in the examples, the compounds of the present invention show an anti-
stroke effect, antagonistic effect on NMDA receptor, inhibitory effect on H,O, toxicity and
ZnSOy toxicity in nerve cells, antioxidant effect in nerve cells, anti-convulsant effect and
relaxing effect of thoracic aorta. Therefore, they can be used as a drug to prevent and treat
aforementioned various diseases such as stroke, nerve system functional disorder, memory
loss, cerebrovascular dysfunction, damage of brain and spinal cord, cerebral ischemia,

- dementia, Alzheimer’s disease, Parkinson’s disease and epilepsy.
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[Claim 1]
A quinazoline-2,4-dione compound of formula (I)

wherein

R is hydrogen or alkyl;

each of R; and Rj is independently selected from hydrogen, alkyl, -COR¢, -SO,R7, or
substituted or unsubstituted phenyl or benzyl, wherein Rg is alkyl, alkoxy, phenyl,
phenyloxy or benzyloxy, each of which is unsubstituted or substituted with halogen,
hydroxy, methoxy, ethoxy or nitro, and Ry is unsubstituted or substituted_lower alkyl or
aryl;

A is -(CHy),- or -CH,CH=CHCHj,-, wherein n is an integer selected from 2 to 4;

R4 is hydrogen and Rs is hydrogen or benzoyl unsubstituted or substituted with one or more
of halogen, hydroxy, alkoxy or nitro in benzene ring or when R4 and Rs together with N

form a ring, Ry and Rs form a divalent moiety of 9 EBG %_, or

L] iy
~&hee- =€
wherein R is hydrogen or alkyl;

each of £ and m is independently an integer selected from 2 to 4; and

pisanintegerof Qor 1,

or a pharmaceutically acceptable salt thereof.

[Claim 2]
The compound according to Claim 1
wherein
R; is hydrogen;
each of Ry and R3is independently selected from hydrogen, Cjsalkyl, -CORs, -SO2R7, or
substituted or unsubstituted phenyl or benzyl, wherein R¢ is alkyl, alkoxy, phenyl,
phenyloxy or benzyloxy, each of which is unsubstituted or substituted with halogen,
hydroxy, methoxy, ethoxy or nitro, and Ry is unsubstituted or substituted lower alkyl or
aryl;
A is -(CHy)p- or -CH,CH=CHCH,-, wherein n is an integer selected from 2 to 4;
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Ry is hydrogen and R; is hydrogen or benzoyl unsubstituted or substituted with one or more
of halogen, hydroxy, alkoxy or nitro in benzene ring, or when R4 and Rjstogether with N
form a ring, R4 and Rs form a divalent moiety of _gng_ , wherein Rg is hydrogen
or alkyl; =

cach of £ and m is independently an integer selected from 2 to 4; and
pis an integer of O or 1,

.or a pharmaceutically acceptable salt thereof.

[Claim 31

The compound according to Claim 1 which is selected from the group consisting of:

3-{3-[4-(3-aminopropylamino)butylamino]propy! } - |H-quinazoline-2,4-dione;
3-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino }propyl)-
1H-quinazoline-2,4-dione;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }acetamide;
N-(4-{acetyl-[3-(2,4-diox0-1,4-dihydro-2H-quinazolin-3-yl)propyl]amino } butyl)-N-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]acetamide;
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{ 4-[3-(2,4-diox0-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl}carbamic acid ethyl ester;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{ [3-(2,4-diox0-1,4-dihydro-
2H-quinazolin-3-yl)propyl]methylamino }butyl)acetamide;
3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylaminoJbutyl }- 1 H-quinazoline-
2,4-dione;
N-(3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butylamino } propyl)-
4-hydroxybenzamide;
3-{3-[4-({N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-

“benzyl Jamino)butylamino}propyl }-1H-quinazoline-2,4-dione;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl}-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }benzamide;
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-dioxo-1,4-dihydro-2H-

quinazolin-3-yl)propylamino]butyl }carbamic acid tert-butyl ester;
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N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-diox0-1,4-dihydro-
2H-quinazolin—3-yl)propylamino]butyl }methansulfonamide;
N-(4-{benzyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]amino } butyl)-N-[3-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]acetamide;
(4-{acetyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]amino } butyl)-[3-(2,4-
dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]carbamic acid ethyl ester;

3-{[3-(4-{N-[3-(2 4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyt]-N-benzylamino } butyl)-
N-benzylamino]propyl }-1H-quinazoline-2,4-dione;
{3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{ [3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propyljethoxycarbonylamino }butyl)carbamic acid ethyl ester;
(4-{tert-butoxycarbonyl-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yl)propyl]amino } butyl)—[3~(2,4-di0xo— 1,4-dihydro-2H-quinazolin-3-yl}propyl]carbamic
acid tert-butyl ester;

N-[3-(2,4-dioxo-1 ,4-dihydro—2H—quinazolin—3—yl)propyl] -N-(4-{[3-(2,4-diox0-1,4-dihydro-
2H-quinazolin-3-yDpropyl]methansulfonylamino }butyl)methansulfonamide;
N-[3-(acetyl-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yDpropylamino]butyl } amino)propyl]-4-hydroxybenzamide;
N-[3-(4-{acetyl-[3-(2,4-diox0-1,4-dihydro-2H-quinazolin-3-

yDpropyl]amino }butylamino)propyl]-4-hydroxybenzamide;
N-{3-[acetyl-(4-{acetyl-[3-(2,4-diox0-1,4-dihydro-2H-quinazolin-3-

yl)propyl]amino }butyl)amino]propyl }-4-hydroxybenzamide;
N-[4-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)butyl}-N-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propyljacetamide;
3-(2-{3-[2-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)ethylamino]propylamino}ethyl)-1H-
‘quinazoline-2,4-dione;
3-(3-{3-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino] propylamino } propyl)-
1H-quinazoline-2,4-dione;
3-(3-{4-[3-(2,4-diox0-1,4-dihydro-2H-quinazolin-3-yl)propylamino]-2-

butenylamino }propyl)- 1H-quinazoline-2,4-dione;

(4-{tert-butoxycarbonyl-[ 3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropyl]amino }butyl)-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yDpropyllcarbamic acid tert-butyl ester;
1-methyl-3-(3-{4-[3-(1-methyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
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yDpropylamino]butylamino }propyl)-1H-quinazoline-2,4-dione;
3-(3-{4-[3-(1,3-dioxo-1,3-dihydro-isoindole-2-yl)propylamino]butylamino }propyl)-1H-
quinazoliqe—_Z,{L-dionc; o
3-(3-{2-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]ethylamino } propyl)-
1H-quinazoline-2.4-dione;

[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{ [3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylihexylamino }butyl)carbamic acid tert-butyl ester;
3-[3-(4-{N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-

. hexylamino }butylamino)propyl]-1H-quinazoline-2,4-dione;
(4-{tert-butoxycarbonyl-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
ybhpropyl]amino }butyl)-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propyl]carbamic acid tert-butyl ester;
1-hexyl-3-(3-{4-[3-(1-hexyl-2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

.yDpropylamino]butylamino }propyl)-1H-quinazoline-2,4-dione;
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-(4-{[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-ylpropyl|heptanoylamino ) butyl}carbamic acid tert-butyl ester;
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl }heptanoic amide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{ 4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }-2,2,2-triflucroacetamide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[{3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propyl]-(2,2,2-trifluoroacetylyamino]butyl }-2,2, 2-trifluoroacetamide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{ 4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylaminoJbutyl }-Z-mcthoxyacetémide; |
[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-{4-{3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl }carbamic acid benzyl ester;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }-4-methylbenzenesulfonamide;
N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propyl]-N-(4-{[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propyl]-4-methylbenzenesulfonylamino } butyl)-4-
methylbenzeﬁesulfonamide; and

3-(3-{4-[3-(2,5 -dioxo_—pynolidine—l -yl)propylamino]butylamino } propyl)-1H-quinazoline-
2.,4-dione,
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or a pharmaceutically acceptable salt thereof.

IClaim 4] L S
‘The compound according to Claim 1 which is N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-
3-yDpropyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-

yDpropylamino]butyl }acetamide, or a pharmaceutically acceptable salt thereof.

[Claim 5]
The compound according to Claim 1 which is 3-{4-[3-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylamino]butyl }-1H-quinazoline-2,4-dione, or a pharmaceutically

acceptable salt thereof,

[Claim 6]
The compound according to Claim 1 which is 3-{3-[4-({N-[3-(2.4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)propylj-N-benzyl }amino)butylamino]propyl }-1H-quinazoline-2,4-dione, or

a pharmaceutically acceptable salt thereof.

[Claim 7]
The compound according to Claim 1 which is N-[3-(acetyl-{4-[3-(2,4-dioxo-1,4-dihydro-
2H-quinazolin-3-yl)propylamino]butyl }amino)propyl]-4-hydrox ybenzamide, or a
pharmaceutically acceptable salt thereof.

[Claim 8]
The compound according to Claim 1 which is N-[3-(4-{acetyl-[3-(2,4-diox0-1,4-dihydro-
2H-quinazolin-3-yl)propylJamino }butylamino)propyl]-4-hydroxybenzamide, or a

pharmaceutically acceptable salt thereof.

[Claim 9]
The compound according to Claim 1 which is 3-(2-{3-[2-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)ethylamino]propylamino }ethyl)-1H-quinazoline-2,4-dione, or a

pharmaceutically acceptable salt thereof.
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[Claim 10]
The compound according to Claim 1 which is [3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propyl}-(4-{[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
‘yl)propyl]hexylamino }butyl)carbamic acid tert-butyl ester, or a pharmaceutically

acceptable salt thereof.

[Claim 11]
The compound according to Claim 1 which is [3-(2,4-dioxo-1.4-dihydro-2H-quinazolin-3-
yl)propyl}-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)propylamino]butyl } carbamic

acid benzyl ester, or a pharmaceutically acceptable salt thereof.

[Claim 12]
The compound according to Claim 1 which is N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-
3-yDpropyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yh)propylamino]butyl } -4-

methylbenzenesulfonamide, or a pharmaceutically acceptable salt thereof

[Claim 13]
A process for preparing a compound of formula (IX) comprising a step of reacting a
compound of formula (IV) with an amine compound of formula (V) to obtain the

compound of formula (IX) under the existence or the absence of solvents:

wherein

A, £, m and p are the same as defined in Claim 1;

R4 and Rs represents hydrogens, or when R4 and Rs together with N form a ring, R4 and Rs
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. . O HO
form a divalent moiety of -C@MG— ;

Alk represents alkyl; and

L represents a leaving group.

[Claim 14]

The process for preparing a compound of formula (IX) according to Claim 13, wherein the
compound of formula (IV) is ethyl 2-ethoxycarbonylamino benzoate which is obtained by
the reaction of ethyl 2-aminobenzoate of formula (II) and ethyl chloroformate of formula

(III) in an organic solvent:

L 0

[Claim 15] _
A process for preparing a compound of formula (IX) comprising a step of reacting a
primary amine compound of formula (VI) with a compound of formula (VII) or formula
(VII) to obtain th_f:-compound of formula (IX) under the existence or the absence of

solvents:

wherein

A, R4, Rs, £, m and p are the same as defined in Claim 1;
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R; is not hydrogen;
X represents hydroxy, halogen, alkoxy or -ORs;
Each of Y and Y' is hydroxy, halogen or alkoxy, or when Y and Y' form a ring, Y and Y"

form -O-.

[Claim 16]
A process for preparing a compound of formula (Ia) comprising a step of obtaining a
compound of formula (Ia) in which at least one of R, and Rj is not hydrogen by substituting
at least one hydrogen of a secondary amine compound of formula (IX) with Rz, R3 , or R
and Rs:

wherein
Ra, R3, Ry, Rs, A, £, m and p are the same as defined in Claim 1, provided that Rs is not
hydrogen.

[Claim 17]
A process for preparing a compound of formula (I) in which R, is alkyl, comprising a step
of reacting a compound of formula (Ia) with an alkylating agent and, if necessary, removing

a protecting group to obtain a compound of formula (I) in which R, is alkyl
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wherein
R1, Rz, R3, Ry, Rs, A, £, m and p are the same as defined in Claim 1, provided that R; and
R5 are not hydrogen.

[Claim 18]
A pharmaceutical composition for protecting nerve cells, or preventing or treating
- neuroiogical brain disease, comprising as an active ingredient the compound according to

any one of claims 1 to 12, or a pharmaceutically acceptable salt thereof.

[Claim 19]
A pharmaceutical composition for preventing or treating degenerative neurological brain
disease, comprising as an active ingredient the compound according to any one of claims 1

to 12 or a pharmaceutically acceptable salt thereof.

[Claim 20]
A pharmaceutical composition comprising as an active ingredient the compound according
to any one of claims 1 to 12 or a pharmaceutically acceptable salt thereof for preventing or
treating the disease which is selected from neurological dysfunction, failing memory,
cerebrovascular insufficiency, local brain injury, focal brain trauma, diffuse brain trauma,
- spinal cord injury, cerebral ischemia, cerebral hemorrhage, ischemic stroke, hemorrhagic
stroke, dementia, cerebral infarction, embolic occlusion, thrombotic occlusion, reperfusion

following acute ischemia, transient ischemic attack, perinatal hypoxic-ischemic injury,
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- cardiac arrest, intracranial hemorrhage, subarachnoid hemorrhage, cerebral aneurysm,
Willis aneurysm, acute infantile hemiplegia, whiplash, shaken-infant syndrome,
_Alzheimer's disease, Pick's disease, diffuse Lewy body disease, progressive supranuclear
palsy (Steel-Richardson syndrome), multi-system degeneration (Shy-Drager syndrome),
chronic epileptic conditions associated with neurodegeneration, motor neuron diseases,
amyotrophic lateral sclerosis, primary lateral sclerosis, degenerative ataxias, cortical basal
degeneration, subacute sclerosing panencephalitis, Huntington's disease, Parkinson's
disease, synucleinopathies, primary progressive aphasia, spinal muscular atrophy and
spinobulbar muscular atrophy (Kennedy's disease), multiple sclerosis, Tay-Sach's disease,
spastic paraplegia, prion disease, Creutzfeldt-Jakob disease, epilepsy, plexopathy and

neuropathy.

[Claim 21]
A pharmaceutical composition for preventing or treating a stroke, comprising as an active
ingredient the compound according to any one of claims 1 to 12 or a pharmaceutically

acceptable salt thereof.

[Claim 22]
A pharmaceutical composition for preventing or treating Alzheimer’s disease, comprising
as an active ingredient the compound according to any one of claims 1 to 12 or a

pharmaceutically acceptable salt thereof.

[Claim 23}
A pharmaceutical composition for preventing or treating epilepsy, comprising as an active
ingredient the compound according to any one of claims 1 to 12 or a pharmaceutically

acceptable salt thereof.

[Claim 24]
A pharmaceutical composition for memory improvement, comprising as an active
“ingredient the compound according to any one of claims 1 to 12 or a pharmaceutically

acceptable salt thereof.
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