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However, the above patent document neither discleses nor
suggests the effects of verbenone derivatives on the
reduction of neuronal death and oxidative stress, the
inhibition of ischemic brain injury and the inhibition of
migration of inflammatory cells.

Accordingly, the present inventors have measured NMDA-
induced excitotoxicity and cell death in a hypoxic-ischemic
rat model in order to examine the effects of wverbenone
derivatives on the reduction of neuronal death and oxidative
stregs and the inhibition of ischemic Dbrain injury and
inflammatory responses, and performed an experiment on the
antioxidant activities of wverbenone derivatives. As a result,
the pregent inventors have first found that verbenone
derivatives have an effect on the treatment of degenerative
brain diseases. More specifically, the present inventors
have found that wverbenone derivatives according to the
present invention reduce neuronal death and oxidative stress,
and exhibit excellent effectsg on the inhibition of ischemic
brain infury and inflammatory responses in vive, thereby

completing the pregent invention.

DISCLOSURE
The object of the present disclosure is to provide the
novel use of a verbenone derivative for preventing or

treating a degenerative brain disease.

-12-
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To achieve the above object, the pregent disclosure
provides a pharmaceutical composition for preventing or
treating a degenerative Dbrain disease, the composition
comprising, as an active ingredient, a wverbenone derivative
having a structure of Formula 1 or a pharmaceutically

acceptable salt thereof:

Formula 1

wherein R;, R, Ri, Ry and Rs are each independently at
least one selected from a hydrogen atom, &a halogen atom
gselected from among F, Cl, Br and I, a hydroxyl group, a ;-G
alkyl group, a C;-C; alkoxy group, an amino group, a C-C
alkylamine group, a C;-C; alkyldiamine group, a Cs-Cg aromatic
ring, a Cs-Cs ¢yclic ring, and a Cs-Cs heterocaromatic ring; X,

Y and Z are each independently a carbon atom or at least one

-13 -
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hetercatom sgelected from the group consisting of N, 0 and S

atomsg;: and

denotes a double bond or a single bond.

In cne aspect, there 1g ©provided a uge of a
vharmaceutical composition in the manufacture of a medicament
for the prevention or treatment of a degenerative brain
disease, wherein the pharmaceutical composition comprises a
verbenone derivative represented by a following Formula 1 or
a pharmaceutically acceptable salt thereof, as an active

ingredient:

Formula 1

wherein Ri, Rz, Ri, R; and Rs are each independently at
least one selected from the group consisting of a hydrogen
atom, a halogen atom gelected from F, €1, Br and I, a
hydroxyl group, a C:-C; alkyl group, a C.~-C:; alkoxy group, an

amince group, a C;-C; alkylamine group, a ;-C; alkyldiamine

- 14 -
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group, a Cz-Cg aromatic ring, a Cs-Cy cyclic ring, and a Cyz-Cy
hetercarcomatic ring;

X, ¥ and Z are each independently a carbon atom or at
least cone hetercatom selected from the group consisting of N,

C and S atoms; and

denotesg a doukle bond or a single bond.

In the present disclosure, the mentioned verbenone
derivative wmay function to reduce neuronal death and
cxidative stregs, inhibit ilschemic brain injury, and inhibit
the migration of inflammatory cells.

In the present disclosure, the degenerative Dbrain
disease may be stroke, palsy, dementia, Alzheimer's disease,
Parkinson's disease, or Huntington's disease. Specifically,
it may be stroke, vasgcular dementia, or dementia of Alzheimer
type. More gpecifically, it may be stroke, and even mnore
specifically ischemic stroke disease.

In the present disclosure, the composition may further
contain a suitable carrier, excipient or diluent that is
generally used in the preparation  of pharmaceutical
compositions.

In the present disclosure, the composition wmay be
formulated or used in combination with one or wmore drugs
selected from the group consisting of calcium channel
blockers, antioxidants, glutamate antagonists, anticoagulants,
antihvyvpertensive drugs, antithrombotic drugs, antihistamines,

anti-inflammatory drugs, anticancer drugs, and antibiotics.
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The present disclosure also provides the use of a
verbenone derivative having a structure of Formula 1 or a
pharmaceutically acceptable salt thereof for preventing or
treating a degenerative brain disease.

The present disclosure also provides a method of
preventing or treating a degenerative brain disease using a
verbenone derivative having a structure of Formula 1 or a
pharmaceutically acceptable salt thereof.

The present disclosure also provides a method for
preventing or treating a degenerative brain disease, the
method compriging administering to a sukject a verbenone
derivative having a structure of Formula 1 or a
pharmaceutically acceptable salt thereof.

The present disclosure alsc provides a functicnal food
for preventing or alleviating a degenerative brain disease,
the food comprising, as an active ingredient, a verbencne
derivative having a structure of Formula 1.

In one aspect, there ig provided the use c©f a health
functional food in the manufacture of & medicament for the
prevention or improvement of a degenerative brain disease,

wherein the health functional food comprises a verbsnone

derivative represented by a following Formula 1 or a
pharmaceutically acceptable salt thereof, as an active
ingredient:

15
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Formula 1

wherein R;, Rz, Ri, Ry and Rs are each independently at
least one selected from the group consisting of a hydrogen
atom, a halcogen atom gelected from ¥, Ci1, Br and I, a
hydroxyl group, a Ci:-C; alkyl group, a C;-C; alkoxy group, an
amino group, a C:-C; alkylamine group, a C;~C; alkyldiamine
group, a Cs-Cg aromatic ring, a Cs-Cy cyclic ring, and a Cs-Cg
heterocaromatic ring;

X, Y and Z are each independently a carbon atom or at
least one hetercatom selected from the group consisting of N,
0 and 5 atoms; and

denotes a double bond or a single bond.

BRIEF DERECRIPYTION OF THE DREAWINGS

FIG. 1 shows the effects of compound derivatives of the
present invention on the protection of rat cortical neuronal
cells.

FIG. 2 shows the effects of compound derivatives of the

present invention against NMDA-induced excitotoxicity.

15a



]
b=

25

Ty

R T,
FLG. 3 shows

e
ivabtives oL

ot

10T of intracellular

5% shows ives of

CLAviTy in

sregsent invention on oan  inor

1 cereby

LR

brain tis:

model .

Drassue 1n A

present invention

[ o .
Fis. # shows

tissus in oan I1n vivo focal oe

rate







erred

= me

ZITE

ong Ccompe

WHETre

AR

halogen

group,

b
s
4]

21

Aatom

meatiny L

hord,

efinition

from

[
lig
[¥]

of




™

[53

L}

(15, 5R) ~4d-~{d-hydroxyst

LR

e

(18, 8R) -4~ {4~hydroxy-2, 6-dimne

dimethyibilcovoioil3

ieyolo 3010 i hen

- (Z2-hydronystyryl) -6

14

dimethylbicyold

nibhiovelol

) -6, 6-dime

G-stynyl

dime

yibioyel

- 19 -

~picyclolf

lTihept-3-en~-Z2-one (4c);

thoxystyr

lihept-d~en-Z-one {3h);

-y

I
£
i

h




™
et

cxysthyryiy -6, 6

~an-2-ona {4g) ;

hylbicyelol

O aY
sad

11 )‘J}]i =4

v An

N

ol e

o  compound




solution to form a sa

using a water-miscible anic

compound  and an aclid in water

Lo

-+
o
6]

miwturs by

£
it
m
Lds
141]
o
o
[

T

S L,L\.J

s

an  ilnorganic acic

inorganic  acids  inc

. [ [ WA e ]
o adid, Caria AT,

0
)
o
i
]
o
o
1
ﬁ
i
a1
o
b
.
.
Ky
Q
c
3
o
e
e

nic acid, gslacturconic acid, glut

aacorh

dissolving

solubicon,

and then droving 4

Vg e
LUrate oV

'
1]
'



1

]

i
<5

the aorresponding silver

alkali metal oxr

var salt {e.qg.

Unless otherwise indicated herain,

Ly

acceptable salits o©of The compounds having a s

Formals 1 dnclude salts of

or Dasic groups, which may

e}

compounds of Formuia 1. ¥or

.

{7
<
8]
-
{
il
@
!
et
b
L
e
pw
m
{
43
fent

tte dinclude sodium, calcium and

oot

ohil & hydroxyl Group, and

citralte, Lartrate, Lactate, mandelate, mathangsul

The compounds of Formula 1 may




2a; Ry = 4-OMOM Ba Ry o= 440
2R, = J‘ Ofde, 4-CROM A Ry o= 2NOle, 4M0H
200 R, = 3',»‘-@-{1;{}&/}@‘*{% 3o Ry = 30 ANdiOH

= B 4-OMOM Sel
diOMe, 4-OMOM Fa
wk, A" B iORACM Bi

LBy 480H

e
{"-.

£t
1
i

L

L, n
4

gt Rd :‘/"'--Q’»-’Z(Jt\/! 3h; Ry
2i Ry = 2OMOM, 4-0OMe R,

* Reaction and condition: 23 KOH, MeQH, 680 %C, § hn b 0% HCL MeOH, rt, 24 1

may be

con having a
hydroxystyryl group and  then
geprotected with acid der

(a—-i} having an

o f‘}i C‘“G G‘é/’,‘ (,(5: {_}

2-0H, 4-0Me



4
4h;
Ao
4,
de, Ry = 4 -pyrrole

{
I

A
= 4-OMe
= 4'Ph

5200w

U

41, Ry = 3, 4%di-Cha
dgg, R, = 3 5-di-OMie
by Ry = 2 5%di-OMe
4i; R, = 2-0OMe, 5'Br

i

? Reaction and condition: a) KOH, MeQOH, 80°C, 8h

Reaction

- 4__.;‘"
ity

My
L
1
)ﬂ.} ‘:i\‘.
4 Hooo &
% i

- Hewrr s LEET gy n %
7 Reaction and condition: a) NaOMe,

-~ 4
A -



may

Reaction

JYOUR rivatives

“hereby or

Al

excilfotoxLcrity

.
RV

expressicn of

anather aspect, Tl

Lre wuse of & @ verbend

W]

<




-~
<

5

& verbenone derivative having z structure of

[ORS}

brain

admin, ering to a subj=zct =

structure of

pharmacent acceptable salt . Herein, Che

may

3
[}

lemantia,

are most  important in

in the cerebpral nervs

among naurcens, o

erabiy stroke,




SUnTU

intraven

COMDOSs1

sl An

m
1
=
[
fos

Limited

igsa,

s Luabricating

20

=i

i

ding agents. TE

and/or flavoring and/or coloring

-7



The dose level of the pharmaceutical composition of the

presant  invention will depend upon

L

composiltion

LIS,

I
TR ONs

macentical composition

may be combinat with one or more

group consisting of

Ly

"

tamate antagonlsts,

i

1= rtensives, agents,
ta, anbi-inf] and
aspect, i LS
directed & method for preventing ohia ftreating a
20

composition comprising, as an

S50



[
ot

compesition and wreventing ox

“he preszent

I

because they employ a

and oxidative

Lreve

the compound  of

apmli

crevention of

can e




1
y
4

jesc

[

4

mechs

SN

30

!

D
oy
L

]

L

14
SNN
o e

3

—

1L

-y

poun

il
L

13

1
i

oy

lulose

nt

i}

P
o
i

Kaph

L.

it




D
o
b

invention with at lLeast

tarch, calcium ca

addition to

steara

s A e
ST

Girad 30

may  be

10 g/ke,



n

10

{5
L

&2
[

'

b

and  praferably

imog/kg to L g/fkg. The compound may be

e - o S - : T gy T e P
dose per day or in multiple doses

not intended toe limit the present

g e S ey e } e
SUCrTLonal ToOoc
brain disease, the Iood

ingredient, a

pe

& STIRen

Formala 1

aalt the:

1

including the compound of o

in  warious

strages tor

dagenera diseasas,

Cums,

and the

plets, capsules or

compound of the present

GUuins , teas, witamin <o e lexe

oy
[,

ol
the compound in food or beverage, the coumpound of the present



=
L2
<

o

=3

h

OO

o~
{

WOSLLLC

:

=

=

8] o

! L

. P

L o
o
o

PR
; &
T fa
.

o

oy

]
L4
1

stos

i)

¥

T

et _,v/ W
Ly A A
i AL iy
Yy Vi




]

r"\

invention

ins, minera

seasonings and

rOoving  agents {(cheese,

Q,
[
3
3
O
T

the:

alocochols,

nal

of the present inventi

COMDOosL

ctant Lo

S ¥
L1Qr an

compound  in an amount 0.01 on the total

depending on the




PP e g,
e Cog

present inven!

ciiiuent that 15

of pharmaceutical compos

5]

EXAMPLES

T o~ T A e T
Heveinafter, Ths

h

repgce Lo

cnly and are not intended to

scope of the present

Yol v “ - o~ S o wy % , 3 f -
Bxanple 1. Prepavation of verbenone derivatives

iy

.

Reagents and instruments

aldehvdes,

o 3 [ =
hyilamine

hydroxide (KOH), and

commercially purchased.

for dichloromethans

20

distil Wi T
A reaction VRO

under & dry nitrogsn

tography

{TLCy was performed using Merck silica gel 60




- - i W -
ca Jgol (B .Merck

yrmed using g4

4 IMR O and We e

; and  chemd

Was record
ERAY

ias meassured with an

nged WO

S

£l

236 -



£

Example 11 Preparation of {15,5R) 4~ {4~

(methexymethoxy) styvryll =6, 6~dimethylbhicvalo[3. 1. 1] hept~3-en-

and oools

{

a vellow praduct,

componnd was

below.

1oH 1.EE (s, 3 My, 1.00 s, 3 Hy;

i



C-NMROO{(CDCL,, TEMHzY ; d 204,25, 164.57, 158.00, 134.51,
129,95, 128.73, 1zi.62, 121.83, 11&6.44, 84,171, 58.0%, 56.0%,

haovg, 42059, 38,88, 26.72, 22.10

HRMEZ. calculated walus 0, (M-H) 25

L

HPLC analy 3.6%ming .

v {methood 1y 100

Example 1-2: Preparation of {15 58)-d-{3-methoxy-4,65~

bis (methoxystyryl)styryl) -6, 6~dimethyibicyclol3. 1, Ll hapt-3~

10 gn-Z-one (compound 21

preparation method of

compound Za,

wxylstyrvi)~6, b-dimet!

bis (methoxyme

@ -Z-ons  {oompou

nel ZE) showing the

compound was used as

= i) T e u T
TLal EXamprées Delow.

MR (CDC L, 200MH2)

F.48, 5. 530, 1HY, 2.

CO-NMR(CDULL, TBMHzY ; d203, 82 92, ib3.e3, 1i5l.1%,
136.64, 134,76, 132,10, B, 3,00108.081, 164,88, o837
25 25,33, » D73, 56U, bB2LT0, 43078, 35,93, 26.70, 2z.11




Example 1-3: Preparation of {18, 5R} -4~ {4~-hvdroxystyryl) -

5, 6~cdimathyibioyclol3. 1. Lihept-3~an~2-cnae {compounsd 3a)

o a
.67 mmol) in {Zmly,
unt il
added
o the which was
10 weetate  and dried anhydrous

v cob

S 0T {Common

lowing oF

chizinaed compound was ussad

15 & sample in

lmental

20 6.92 (m, 4

- 1 ™ P} 3 I ¢ T T q -~ 5. .
(1, ;o B 45 {br. a., 1 By, 5. (e, LEY, 3007 A, J

a4 - — DR = S T, )
2000 0d, Je= 90289 Hz, L oHy, 1.58 (s, 32 OHYy, L.0Z {z, 3 H);
3 aners e .
C—-NMRE 135,24,
129,13, 128, , 43084,




[y

T
g

methorystyryi}

Faam Le

snaration

B

o

Lt
=t
P
el

(18,5R)~&— (4-hydraxy-2-

mathylbicvelol[3.

L.1llhaept-Jd-aen-2-ong

{compound 3b

ot

b
T
R

Experimental EBxamples balow.

ZH), 5.88 (s, lH), 3.86
5.7% Hz, 1H), 2.91 (dt,
5. 60 Ly, 2.1z (4,

T
e,

43 .87,

HMHzY ;

COMpoUn o

- 40 -




calculated

CraboeO (MHH) 285, 1491

; . s
& al : {method 1) 9%.4%

5y
i

1-5: Preparation of (15,88 ~4-{3 4~

Athept-3-an-Z-ona

{ocompound 30}

method  of

oo e
W 55

hyik

iy

llowing

was usaed as =

S . - e , s .
L3647, AT 52, 1231.581, 120 34, 13, , BU
- . . - A
58,04, B384, 22,175

Lated WALl




Brample I~-8:

"C;

reparation of {18, 5R)~4

- {3-hromo-—4-

hydroxyatyryly -6, 6~dimethyloyelof3 1. 11he

thept-3-an-Z-ona

{compound 3}

80, measur

vihical re

joet

i
o=

*l'}



i

Erample 1~7: Preparation of (18 5R)-4- {d-hydragy-2 , 6~

dimethoxysts

cyl) -6, b-dimethyloyelol3 . 1. lthept-3-en-2-ong

N
L

;
e
AN N
iy A ol
L .5l

2
-3 -



i

Sxampls 1-8: Preparation of (158 BR)-4-(3 4-dihvydeogy-5-

methonysityeyl] -6, 6-dimethylbicyelo[2. 1. 11hept~3~an-2-one

{compound 3E)

Using &

(a1

alned comp

NME (CDCL4, 500MHy

1k
[
b4, 134,13, 1
B2UL2,42.75,4C.18,26.78
20 y 220 10;

)

3.46 wming .

A -



SR -4 -

18,

I
A3

oF

gparabion

2

~3

i
kS

Examnle

yibioyelold 1,371

-4

L

et

1

el

thort

e

e

Lon

v

Tax.

e

e

RS

-

it
i
-

D03

i

B,

o

=

]

COMPCLL

o

o

i}

PPN &

-
4

.

{.

SR} -4

{15

of {1

3

LT

-

Franara

0

L

1

&

ampl

I

o

- T Ty e =Y

i

T

2

£

. 1ln

t
¢

lolld,

'

oy

i
!

Geclimethy i

o~
n
[

-
e
oy

vy styryl)

]

3h

Bt
in

5

AR b [
. ~
gmd ™

D)

4

]
e

[

>4

{rommmonnd

fy)



COMmDOounaG

CQWIING T

i

ound was

iid

m:

as a sampie in the Experimental Examples below.
B}
4

s
e
:

HEMS  caiculated

(18, 5RY ~d— {2-hy

o

i-i%:  Preparation

holbicyolol[3, L. 1T hept-3-en—-2-ons

Rxample

methoxvstyryl) -6, 6-cdimaet

{compound 313

T



‘n
L

s

| T ey e ]y e
:ribal DEamples

10y, 6.42-6.55% {m, 2Hy, 6.04 (s, 1H!,3

—
4

9. 541z,

Jean-Y-one {compound 31 WA
cel showlng the followlng
The obtalined compound was used

fad
[

Praparation of

{1

T B

5,88 -6, d-dimathyl 4~

styryibiovelald. 1 1thept-I-an-Z-ons

{compoundg

P

o

pu——

3 mimilar ©o

a method

preparation




[

)

]
o
B
Iy
i
7
{
s
h
=
% ]
4}
F
b
@]
i3
.
Lz
i
b
i,_.
v
&
P
e
e

. The obtatned compound was 0S¢

as a sample in the

perimental Examples below.

Fatft -0 RS (010, MeOR)

3 - ! 5 o0 T s I R - e L7 S R e O
{d, J=16.00Hz, 1H)}, .84 (= By, 32012 {tg, Jell47 5.87H

vaLue

value Z238.1425;

o

HPLC analytical result: (method 1195.0% (L.

Gwample 1-13: Preparvation of (158,58R}-4-{4-flucrostyryl)-

&, 6-dimethyloyelol3. 1 Llhapt-3-en-2-one {compound 4b)

Using & method sim

ation

compound 2, {15, 5R) -4~ {4~-fluorostyryl) ~6, 6

[
[
e
5
T
&)
}._

the Huy Examples

~ 48 -



I3

o

A "
Fxamnle

|

T

fod

A

methorvatyryl)

 b-dimethyibicoyolo]3 ..

{oompound 4c)

UJ:

COmpouUna

N

&

4

vy
o,

B

wrystyryl) -




_ 0 T - -
- - - 1 U] i3 o - -
N i s o 1] 41 L. — )
b J i [ A ——r gt i
I3 o i jas = mw_ - b
) Y - —
N g - ]
. )
o] - St = e [ -
=) . e I = et
A [is! . & & o~ w — 3
4 e opd e fa
" - - . L o] o = . i
N o - ~ o) ad b - -
[ : o e v e’ ]
- - = £ o -
~ R o e :
. 0 . o ; - a =) -
5 - - i b nL
|59 . £} - ) 2 o,
— < . g “ - Iq...w : -
(S ) g i — At o ™
e s -~ : <7 0 - o W L
y — , . o i O e +
o o . ! o i = b A
~ o =X & ] o jon o .
gy : ' e Lt = *
o] ' N el 4 = -3
- 4 L =~ ~ —t oy ! 4 = [ o S L o
(o Mo o ; mr O = & g
S — ; ey S L} i T L T
O ISR = Moo R N ;
~ T o S 5 =
— o o £ i O T -
[~ .U,)‘ ‘o ..u, i = et m . L
(A . T —~ ¥ 18 . _ A i ] . -~
=l ~) —i had ; o S P e - ] [ —
o N X AR : N W A )
d v L ot Py - e
W < ,Q 3 i = 4 o
IRa) e bl ~ v
~ 2 =5 w@oa o T
[ X ¢ e £ o
—1 — . e - N
> s e v om )
i s ' [ o : - -~ ~—
o) A B 22 R R
b T o o -
i ~ o Lo et . W S
S e P
Y . EA] o = o3
- N N s - = ;
] i 14 O o)
et 9 ot vt : o —~
e N R - u Tosl o ..l\t_
- - oy 9 - w85 -
Lo A f m e o [l 3
™ o w ) = . -
(o] -~ pel N mam S 4 o3 . I
, - 3 pos o Y o — Z [ -
oy - & oo W { -
W o= D . K . — =
N § L . s al N kS s e oy
: P
N %;. - o 1 ﬂw 43 ,.\.fL\. \ ,.r x
o : e o P —
—. iy ] B -3 b & et o o {
™ i W 5 | e i . N
el \ 25 ] i [
™ ~ 0y ! o e o o~ -
- P o 3 e e
b C M ot £ et
o s s~ o F gy = L i
By t's ot s - “ , g
-~ 0 S o - i ¢ i o
- — (9] (! DJ (il <
. . & i —
<2 [N [48' o [l o e
-
fac o — oy K] o/ pf 0. ot
- . . “ o5 _Vr.w ot = B -
Bk o o v - o
o) o et - e
N . . s pas’ = @ =
— — . st o
i - - iyl B
e 5 oy I i T3 e o
—t o g e =N S 4 3 O




s

{oMHz

1

!
Yy
)

S

okl

i1

£

srati

-

Ry
g uh

-
o

1+

~16:

1

w1

I

11— E - one

&
A

&

__""“gm

i

>

) .1.11he

clof

SO

g

cimethyl

T

]

L.
k-

Ll ar

3y

)

3
bt

s

Do

i

.
L

CHT

I

ined

anta




(di, 5.705Hz, 1H), 2

] £y - v .
1,053 (s, 3HY;

nethod

Examp e 117

Preparation

1y 94.

of {15, 5R)

dimathorystyryi} -6, 6~dimethylbicyelo

3.1 hept-3-an-2-ona

{CDC L,

following

ugad

; 6.832 (d,

[,
L
-
-]
I
—
o
-

- 52



- . d
o [fe] [ Lo o
(A1 - iy .
. o : =
[N et i
< ; = ot i3
. i @
~ - w2 &
5 PR I g
. @y L
ooy i =
o3 . n s
B £ t oy
s s
o w1 O % o~
Loy e 1 o [
/ ~ L bl :
el a3 wu A
; :
o Py +
i e
1 et
. o
a3
g 2 ul o
S o)
s i
.
oo . -
r o] o (o s
. -t e — s
N m..b ~ s
. e} N =
~ e - <
r v - =5 o .\
s . 4 O | s #
o i3 m P @ — i e e
N — i o 1 o -
1 ~ . — o — ;
e ’ [¥d] : (£ [l
..J.\ Onf %ufm b . LN W
: o a1 ty o '
w - 2 sy — 'S -
N e : 4 Ex ol
b e P b = i
iy U 5 !
2 - . = o
O ey Lo . - ©
4 =1 I = |
. ; = N s
Ly &.r ] /v”.: = -] P
g Y i o o -~ =
N Ion) s ts a4 b
— . i ! 4 o .
- = i - .
o - oz ™ o o
- ™ rd . ™
g o
£ Fesl o~ "
-~ % i1 - T oy
. @ : o o
O e _Na by ! ety
oo mu ad =p ey i T3y
e 0 et = .
w TG - N s
& L = o - — oy
[ £ ..m N L s
~ I o S B < X
N Mhlr n A.»m g - — .
o . Ew 3 P
oo w0y o i
L g9 2 £ :
= . = o
oY e o o
= D ™ b =
Ty (] o o7

o [ [




v e s
+HY 29581647,

value  CiglseOs M

a7

calcula

oy

Ty
3

-

2 Praparation of (15,5R}-4-{2,5~

L"‘IL_ . b

L.ilhept-~J-an-2-one

itmethorvatyryl) -6, 6~cdimethylibioyolo 3,

seyerned A

{ oo 4
similar to the

ing  a

15, BR) —4— (

und

deen-Zeone

far )

33 a4 sample

25

L)




2

~hromo -,

{5

vibicyelo]

h

oy e

clime

-

FsYal

YL

{
5

<]

Fa

i,

tre o p e
FELY L

pie

o

)

W i

a

as

—

A

et
(5

vy
(X



Example 1-21: Preparabtion of (18, 58)-§, 6~dimethyl-4d-

() ~Z2- {pyridin-2-vlivinviibicyeleoi{3d, 1. Lihept~-3~an-2-one

{compound b5a }

In oxder

Y A e A e
IOT MAECUre D s

Lo room Laemparais & shitleBel

Was

pad by

.
DRY-6, 6

71

b
L

aen-Z2-one  (compound 5a)  as  a yellow

L

rrimental Bxamples

20




A

2

I
Lt

in~3-vlivinylibicyclol3 . 1.11h

A

epit-3-an-Z-onea

CHOYO O O owas

- oy el e
.86, B.0LL

e



walue

Joel s

Ty g N0 (M+H) 24001388,

Ty98. 78 (0 r o=, 89%min) .

-
]

Branmle 1-23:

Proaparation of éls,iﬁ)wﬁ,ﬁ—dimaﬁhvlméw

((EYy-2-{pyridin~-4d-viivinylibhicycelol[3, 1

iiheptedeen-2-one
{compound 5o

Using

[oe

o the

e oy ey b 4 e
Lresparation

-
LA
15 compound 5a, (18, 58) -8, o~dimethyl-4-{ (B} -2-{oyridin-4-

{oomnpound Ba) WaSs

following

Al

W)
o

8]
i1

S48



5

-

Lol

20

A2 G357, Le2 08, 150,42, 143012,

BEormmp La 23 Bffmcts o f vErhenons derivatives oL

axcitotoxicity, antioxidant  agtivity  and  foeal carebral

- b e

ischenia

ﬂ
g
-
=
in
.
[
e
T
i
£
O

Charles

rea University are &

0% was <ol

of Tevena's test

s

Lre

fta
:



CeSSary, data were further analyzed by Krus 15

followed by Ma

—Whitney te

Examele Z-1: The =affect of werbsnone derivatives on

excitobtoxlial iy

To examine

above Dxamg

UTOns

noosIe

hypoxic-i

DMy den




LA

T
a

<

L

L

bubi

T
tiyg

bei

e}
E

G

[
aq
i
&

P wrl N §

oS AT

(Gr=Y

TG

Qe

lols

ol

£

- 61 -




5 ) Lo ~eliular measnred Lo
N P N
CErRDITAL OiaD s
T M
3
'

ahowed no cyhotoxic

[SAVASD Y

CLTOTOMLG

wele G Oe than e



-l
*on

e

- b

1
by

3L

ant

L

4

TLE
5.9

ot
01

O
PR

-
o

Lo

t
=

O3

T

-

T
(IS

A

£
s

=
R,

on
]

neunr
ant
BR

Lol

A

LG

Hun
e

540

7

™

LR gt

-

o

in

acel

O

(O

1E, j}

Y

]

81
{

=

i

)
e

A

1
63

DOF

ol

T S




Wetrzliar, Germany) =sguiopad

- : - Py RS N [
Leica, Wetzlar

compensated wi

COMBGUn s

tluilar oxidative

[

reduce

Ly each sample

15 control,

21

Lo

ing ©h

Geavengling

i

of  oxyos

as

o, Agric. Food Chem., 53,1841-




-

o

™
-

by

shaldng

a1

o

55

of




&
3

Y

9

Inethl

i

=

sampl

r

el

At
o~

-

@guiv
v
Sl ralon

i
e

)

o
93

YVOALO

[

h

a1

35

<

- 66 -

L

PRERE

PR

S




[ORe

il
e

antrat

5

G

e

T

2Rl

)]
7
1

< ’ =%
[SH RN E Run e

&
o

"
o A
P

5
/‘.\-}

1,09
b

)
0

L - A

X
=l
v

)
¥4

5

s
oo
o
o

o

MeJ
v

P
.

e

6L 26
6.0t

L
b

P IR e, NPND YLD

< g Fy . N

i
|

=
YTYOT
LRSI

i
T
i
>

:

|

o]
ST

P

e

=

3
T

4
.80

3
!
i

showe

S ——

3 -1
3

SN en
z

ERgiit

o et s i
i

et pp
o s a p s e o

-

axr

i

o

mol o

et net
s e

rot
(R

B

™
o

¥
i

LI




) ot ) i
o i =i g [ +
(AR R - o} o8Oy OO
ST Fe . . e ~
i fan [ D [ tng 3
3 s "] [ £ »
[ s
. o
a .....
-+ i - - -4l - ~- el
oy
— © e e
T r PO =gt “,m
[l B e P e R B Ey
. [ ) [8] it i {
O ey T
[ = o
ot
&
&£}
o] [ i i 1]
: oy sy oy —
.M\M o ) prat, a bt
o
| 2
— t
o s o - [ ja— i oo
s o= e ) am jan ju :
et ret — pa— 4
iy ol 2ad — i
i 7 ta o
¢ i - L e
pa
O ey
i ol - i
B o - = o > [ = O
= i
e —
AN =
| o o e
i
e o s o e H \ et = Iy B
s I o) H . e o o
m ] w
S S U S - -~ = .
o T M o e i
H
fie
N - i R P
5 i | . N
0 i i} ] H il kel [
s = i =1 i e i 2%
i
- R - .




1

od

L3 W

GRETY

ohe

ol
e

W

1

Fo

ir

ment

Fa)

JET

kG

m3

AT

@

T

- 69 -



e

CRG

J

el

red

for

ept

L

3

-

51

e

¥
L

He

18]

LN

oy

s

L

~%

o

£

je
=

if

1o oy O




z

[

doub

volame ) {%)

volume {Vol

e P
e lon voiums

b

ro ool

Do neurclog

e

e

ceording

nt,




T E

I

of

ot
)

i

oo

e




i)

i

"

o
i
I8
o

A

ir

but

rrier,

e

i

a

5

25

T

(o)

in

S8,

€30

brain b

i
4

=X

«

P

e

4 houw

-
o

[
o)

ey

=

n

=10

i

513

i

-
I

er

ot

(S
fa



250

CONnect

ot
[
’r_.J -
[}
(T

artery

rovasceular olip.

and 25 mm embolus was

dlamelar: (. )

B £ — . 47 - P . o o
sultable for intravasculsary ST L0 . e microvascul

advancad 1o-

L7 mm into the internal carotid artery and moved ©o a point

sponding  to about 2 mm point of  the

middle cerebral artery. The

Wi s

intected into the internal

ates wWas  removed.

was tiasd, &

site was were allowed

{(collected from donor rats) quickly into & PE-50 tube and

to stang at roon

allowing

and at 40T i« 22 hours to produce  thrombi.




the

gt

T

>

e
EJ-

1

s
)

o~

[

i

<o
o




10

"

/ W

on  long-term  gurvi

@0l

B! o
o or
g b e o - ~ o] Fa
I oCned g 4 N = A

TeocQvery

gasting

DR e} omp ey
effects

anda aro

cresent iny

TR



Compound 3 20

O g

on ol o

200 1
3 omg

LB omg

0.2 mg §

LTT -



of

Formulatior

|

YT

Compound




ey

L

o :

o i

-lm 1 i |

U m
o

o

£

! o ey o} el
% Bl slal wia A
2 = [N =R ==
= w w N

£ . o RN I i

- R el i : = g

. TF o o . | T R RS

o — o’ ) o

3.



n

conventional

the

irred and hea

exa e

50T




: protection of

ivons, the inhibit:

-8y -



10

15

WHAT IS CLAIMED IS:

1, Use of a pharmaceutical composition in  the
manufacture of a medicament £for the prevention or treatment
ofa degenerative brain disease, wherein the pharmaceutical
composition comprises a verbenone derivative represented by a
following Formula 1 or a pharmaceutically acceptable salt

thereof, as an active ingredient:

Formula 1

wherein R;, R., R;, R; and Rs are each independently at
least one selected from the group consisting of a hydrogen
atom, a halogen atom selected from F, Cl, Br and I, a
hydroxyl group, a C,-C; alkyl group, a {;-C; alkoxy group, an
amino group, a C;-Cy alkylamine group, a C;-C; alkyldiamine
group, a Cs-Cg aromatic ring, a Cs-Cg cyclic ring, and a Cs-Cg

hetercaromatic ring;

_82.
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X, Y and 2 are each independently a carbon atom or at
least one hetercatom selected from the group consisting of N,

0O and & atoms; and

FETO——-—

denotes a double bond or a single bond.

2. The use of claim 1, wherein R., R, Ri, R; and Ry are
each independently at least one selected from the group
congisting of a hydrogen atom, a halogen atom selected from F,
Ccl, Br and I, a hvdroxyl group, a methyl group, an ethyl
group, a methoxy group, an ethoxy group, an amino group, a Cs-
oF aromatic ring, a (s-C¢ cyclic ring, and a Cs-Cg

hetercaromatic ring.

3. The use of olaim 2, wherein ER,;, Ri, Ri3, R:s and Rs are
each independently at least one selected £rom the group
consisting of a hydrogen atom, a halogen atom selected from F,
¢l, Br and I, a hydroxyl group, a methyl group, a methoxy

group, a phenyl group, a pyrrole group, and a pyridine group.



10

15

20

4. The use of claim 1, wherein the X, Y and Z are each
independently at least one atom selected from the group

congisting of a carbon atom and an N atom,

5. The use of claim 1, wherein the composition comprises
a compound selected from the group consisting of:

{18,5R) -4~ (4-hydroxystyryl) -6, 6-dimethylbicyclio[3.1.1]
hept-3-en-2-one (3a);

(18,5R) ~4- {4-hydroxy-2-methoxystyryl) -6, 6-dimethylibi
cyclo[2.1.1]hept-3-en-2-one {3b);

(18,5R)-4-(3,4~dihydroxystyryl) -6, &6-dimethylbicyelo
{3.1.1]lhept-3-en-2-one (3¢);

(18,5R)-4- {3~-bromo-4-hydroxystyrvl) -6,6-dimethylbicyclo
[3.1.1lhept-3-~aen-2-one {(2d);

(18,5R) -4~ (4-hydroxy-2,6-dimethoxystyryl) -6, 6~dimethylbi
cyclofi3.l.llhept-2-en-2-one (3e);

(18,5R) -4~ (3,4-dihydroxy-5-nmethoxystyryvl) -6, 6-dimethylbi
cyclo[3.1.1lhept-3-en-2-cne (3f};

{18,3R) -4~ (3-hydroxystyryl)-6,6-dimethylbicyclo[3.1.1]
hept-3-en-2-one {(2g);

(18, 5R} -4~ {2~hydroxystyryl) -6, 6-dimethylbicyclo[3.1.1]

hept-3-en-2-one (3h);

-84 -
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(18,5R) -4- (2-hydroxy-4-methoxystyryl) -6, 6-dimethylbi

cyclo{3.1.1l]hept-3-en~-2-one (31);

one

{18,5R)-6,6-dimethyl-4-styryl-bicyclo[3.1.1]hept-3-en-2-

(4a) ;

(15,5R} -4~ (4-flucrostyrvl)-6,6-dimethylbicyclo[3.1.1]

hept-3-en-2-one {4b);

(1S8,5R} -4~ (4-methoxystyryl) -6, 6-dimethylbicyclo[3.1.1]

hept-3-en-2-one (4¢);

[3.

[3.

[3.

[3.

(3.

[3.

(15,5R)-4-(2- (biphenyl-4-yl}vinyl) -6, 6-dimethylbicyclo

.1lhept-3-en-2-one (4d);

(18,5R) -4-(4- (1H-pyrrol-1-yl)styryl) -6, 6-dimethylbicyclo

.1]hept-3-en-2-one {4e);

(18,5R) -4-(3,4-dimethoxystyryl) -6,6-dimethylbicyelc

.1lhept-3-en-2-one {(4f);

(15,5R) -4~ {3,5-dimethoxystyryl) -6,6-dimethylbicyclo

.11hept-3-en-2-ocne {(49) ;

(15,5R) -4~ (2,5-dimethoxystyryl) -6, 6-dimethylbicyclo

.1lhept-3-en-2-one (4h};

(18,5R) ~4- (5-bromo-2-methoxystyryl) -6, 6-dimethylbicyclo

.Llhept-3-en-2-one (41i);

(158,5R) -6,6-dimethyl-4- {(E}-2- {pyridin-2-yl)vinyl) -

bicyclol3.1.1lhept-3-en-2-one (5a);

(15,5R) -6,6-dimethyl-4- {(E} -2~ {pyridin-3-y1)vinyl) -

bicyclo[3.1.1lhept-3-en-2-one (5b); and

-85.
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(18,8R)-6,6-dimethyl-4- {(E}-2- (pyridin-4-y1)-vinyl) -

bicyclo3.1.1lhept-3-en-2-one (5¢).

6. The use of claim 1, wherein the degenerative brain
disease ig @troke, palsy, dementia, Alzheimer's disease,

Parkinson's disease, or Huntington's disease.

7. The use of claim 1, wherein the degenerative brain

disease is gstroke.

8. Use of a health functiocnal food in the manufacture of
a medicament for the prevention or improvement of a
degenerative brain disease, wherein the health functicnal
food comprises a verbenone derivative represented by a
following Formula 1 or a pharmeceutically acceptable salt
thereof, as an active ingredient:

Formula 1

_86 -
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wherein R;, R, R;, R; and Rs; are each independently at
least one sgelected from the group consisting of a hydrogen
atom, a halogen atom selected from F, Cl, Br and I, a
hydroxyl group, a C;-C; alkyl group, a C;-C; alkoxy group, an
amino group, a €i1-C; alkylamine group, a C;-C; alkyldianmine
group, a3 Cs-Cg avomatic ring, a Cs-Cs cyclic ring, and a Ci5-Ce
heteroaromatic ring;

¥, Y and Z are each independently a carbon atom or at
least one hetercatom selected from the group consisting of N,
O and S atoms; and

zmmzoe denotes a double bond or a single bond.

9, The use of claim 8, wherein R,, Rs, R:, ER. and Rs are
each independently at least one selected from the group
congisting of a hydrogen atom, a halogen atom selected from F,
Cl, Br and I, a hydroxyl group, a methyl group, an ethyl

group, a methoxy group, an ethoxy group, an

-87 -
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amine group, a Cs-Cs aromatic ring, a Cs~C¢ cyclic ring, and a

C5-C¢ hetercaromatic ring.

10. The use of claim 9, wherein R;, R, R:, B, and Rz are
each independently at least one selected from the group
consisting of a hydrogen, a halogen atom gelected from F, Cl,
Br and I, a hydroxyl group, a methyl greup, a methoxy group,

a phenyl group, a pyrrole group, and a pyridine group.

11. The use of clazim 8, wherein the X, Y and Z are each
independently at least one atom selected from the group

consisting of a carbon atom and an N atom.

12. The wuse of claim &, wherein the compceition
comprigses a compound selected from the group consisting of:
(18,5R) -4~ (4-hydroxystyryl) -6, 6-dimethylbicyclo[3.1.1]

hept-3-en-2-cne (3aj;

-88%-



(18,5R} -4~ (4~-hydroxy-2-methoxystyryl} -6, 6-dinethylbi
cyclol[3.1.1lhept-3-en-2-one (3b);
{18,5R}-4-(3,4-dihydroxystyryl) -6, 6-dimethylbicyclo
[2.1.1]hept-3-en-2-one {(3c);
5 (18,5R) -4~ {2-Bromo-4-~hydroxystyrvl) -€, 6-dimethylbicvclo
[3.1.1}hept-3-en-2-one {34d) ;
(15, 5R) -4~ {4-hydroxy-2,6-dimethoxystyryi) -6, 6-dimethyl
bhicyclol[3.1.1Jhept-3-en-2-one (3e);
(1S,5R) -4~ (3,4-dihydroxy-5-methoxystyryl) -6, 6-dimethyl
10 bicyclol[2.1.1lhept-3-en-2-one (3f);
(18,5R) ~4~ (3-hydroxystyryl) -6, 6-dimethylbicycio
[3.1.1 hept-3-en-2-one [(3g);
{(15,5R) ~4-{Z2-hydroxystyryl) -6, 6-dimethylbicyclo
{3.1.11hept-3-en-2-one (3h};
15 {18,5R} -4- (2-hydroxy-4-methoxystyryl} -6, 6-dimethyl
bicyclo{3.1.1lhept-3-an-2-one (31);
(18,5R) -6, 6~dimethyl-4-styryl-bicyclo[3.1.1]hept-3-en-2-
one (4a);
{18,5R} -4-{4-fluorcstyryl) -6, 6-dimethylbicyelo[3.1.1]
20  hept-3-en-2Z-cne (4b);
(18,5R) -4~ {4-methoxystyryl) -6, 6-dimethylbicyclo[3.1.1]
hept-3-en-2-one (4c¢);
(18,5R) ~4~ (2~ (biphenyl~4-yl)vinyl)-6,6-dimethylbicyeclo

[3.1.17hept-3-en-2-one {(4d);
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(1S,5R) -4-(4- (1H-pyrrol-1-yl)styryl)-6,6-dimethylbicyclo
[3.1.1}hept-3-en-2-one (4e);

(18,5R} -4~ (3,4-dimethoxystyryl) -6, 6-dimethylbicyclo
[3.1.1]hept-3-en-2-one (4%f);

(1$,5R) -4- (3, 5-dimethoxystyryl) -6, 6-dimethylbicvclo

[3.1.1lhept-3-en-2-cne (44g);

Jd

(18,5R) -4-(2,5-dimethoxystyryl) -6, 6-dimethylbicyclo
{3.1.1]hept-3-en-2-one {(4h);

(1S5,5R) -4- (5~-bromo-2-methoxystyryl) -6,6-dimethyl
bicyclo[3.1.1 hept-3-en-2-one (41);

{18,5R}~6,6-dimethyl-4-{{E)-2- (pyridin-2-y1l)vinyl) -
bicycle(3.1.1lhept-3-en-2-one (5a);

(18,5R})-6,6~dimethyl-4- ((E) -2~ (pyridin-3-yl)ivinyl) -
bicycle[3.1.11lhept-3-en-2-one {(8b); and

(18,5R) -6,6-dimethyl-4- ((E) -2- (pyridin-4-v1)-vinyl) -

bicycloi3.1l.1]lhept-3-en-2-cne (5c).
13. The use of claim B8, wherein the degenerative bhrain
disease 1s strcoke, wpalsy, dementia, Alzheimer's disease,

Parkinson's disease, or Huntington's disease.

14. The use of claim 13, wherein the degenerative brain

disease 1s stroke.

-90 -



