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(18,5R)-6,6-T M & -4-((E)-2-(F & ©-3-2)n] Hyn| A Z 2 [3.1.1]F E-3-9-2-2(5

WO 2013/183920
a);
b);

[81]
[82]

oFell A

g

< 3l 7=

&l 8t

[83]

f

S

AT,

St -2l 2k (free acid)ol] 2]

L S

[§)

T

=

j

58 7}

5

l
o~
}(gluconic acid), 2+

LA

N
T

b EYEFQREOIA EAL Al E 24k, ) 01 Ak (maleic

E
23] 24k (propionic acid), - $14k(citric acid), 2 A} (lactic acid),

] Z-2H(glycollic acid), &5
= 7Bl = 4b(glutaric acid), & 5722} (glucuronic acid), o} 2~ 3} Z E A}

o2, ofAl
3 AV)E AR

L
=

3L

[86]

)

i

ol

E
1999]

A

B2 E 7| o]

E
e

| E o]

A Yol E, A

o] B o] E) H p

X
s T

E

Sy
kI

A
=

58

dolE) o] glom, G Aol A 2

A, oFA Bl o]
2]

Aol E, v

ol
Yol E(E

E|o|E, 1t

2)-
=

[88]
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[89] &71 3ot 19] sheka2, FiAll A H AU o2 A7k sk,
&F7] 8] Rkg- 2ol Al gl o el shohA o gt E = AN, o &
o 2wk kA == A& of
[90]
[91] g2 Al q
[92]
2a; R, = 4-OMOM 3a; R, = 4-OH
2b; R, = 2-OMe, 4-OMOM 3b; R, = 2'-OMe, 4-OH
2¢; R, = 3' 4'diOMOM 3¢; Ry =3'4'-diOH
2d; R, = 3-Br, 4-OMOM 3d; R, =3'Br, 4-OH
2¢; R = 2'6-diOMe, 4-OMOM Js; Ry =2 6'diOMe, 4-OH
2f, R, = 3-OMe, 4,5iOMOM 3. R, =3-OMe, 4 5'-diOH
29; R = 3-OMOM 3g; R, =3-0OH
2h; R, = 2-OMOM 3h; R, =2-OH
2i; Ry=2-OMOM, 4-OMe 3I; Ry=2-OH, 4-OMe
2 Reaction and condition: a) KOH, MeOH, 60 °C, 6 h; b) 10% HCI, MeOH, rt, 24 h,
[93]
[94] FEoE U7 T AHE T F (15)-()-Hl =M= (S 97] 238
shol=sal 2B 9] 2 Wk e E A R A S((2a) F F S
TG Foll Ao FW T WS FHste] dEFA e HRR X3y e
HE=4 716718 2Ew gk v 28 = 712 A40((Ga-) &S Al 278kt
[95]
[96] g2 Al 2

[97]



12
WO 2013/183920 PCT/KR2013/004932

2 R
4a; R1 =H
4b; Ry = 4'-F
4c; R, = 4'-OMe
4d; R, = 4'-Ph
4e; R, = 4'-pyrrole
4f, R, = 3'4'-di-OMe
4g; R, = 3',5-di-OMe
4h; R, = 2' 5'-di-OMe
4i; R, =2'-OMe, 5'Br

2 Reaction and condition: ay KOH, MeOH, 60 °C. 6 h.

[98]
[99] a2 Al 3
[100]
' a
o
1
5a; X=N,Y=C,Z=C
5b; X=C,Y=N,Z=C
5¢; X=C,Y=C,Z=N
@ Reaction and condition: a) NaOMe, MeOH, 60 °C, 6 h.
[101]
[102]  ETE FEASY FARORAM, AL O YT AT e T (1S

)-()-Hl 2= (D= 7] kg4 159 AR 2 e astke] Bde Vs r1E
Zte FEAlEdl 2B - (styry)E Y she] dehE b vhFe W 2=
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o 2, 7] 88t 19] P22 71A
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e
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o
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1

9
T

o) = in vivo B+ invitroZ 734 = k.

9]

A 27}

9
T

5l 1

[¢)

TEATOR

o

534 ] A gke] oy

o 19 725 7HA

j

.

-

T

]_

58 7}
s}

off 1o A, B A =%

2 3F(Alzheimer's disease), I} 71<= 2 Sk(Parkinson's disease),

2 2+ (Huntington's disease), T}

o
T

[®)

1

)

A (4a-1,5a-¢)
1

T

T:
~

[¢)

¥oubg e v ghel| A, 89k 19] g kA

3 kg
oS E3

7F
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[103]
[104]
[105]
[106]
[107]
[108]
[109]

[110]

0

o

1o

$}<5 (amyotrophic

a

o] %4, ¥ 217 o] 717)

}-

o) ZgHu]
o] Ab, ] 217 A E 2} ¥ 2]

L=
[€)

i D

Al o] Aol 7T

lateral sclerosis)

2178 Al

ol
o
KN
o

&S, B v

.

-

gl

S

2 =]
2]

=

Al =

S

2 =]
2]

o ol lo) A, B A gk, Bt

b

[111]
[112]
[113]
[114]
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[116]
[117]
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;OH

[118]
[119]

=H=

19] T25 7HA

Al
sl
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H 34w dghe] o
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o
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—_—

[120]
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X o

L

S

[121]
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o
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o

[122]
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[126]

[127]
[128]

[129]
[130]

[131]

I
LMl E, ey A A0l E, AR, vd ”‘%i; nAgd AErs,
ZYAld ) ZeE, B vE S ESA M o] B, A =S A Ml Z o] B
v g ool E ) FERE B Uk AASE A ol e
ALE8hE S XA, S ZAl, AFHA, Fa Al

&

=A% 2 (sucrose) = B E Q A (lactose), AELE 55 4o Z A W) ok
Gk LA o] 9ol nfadle ~E|Ho|E g e fd A== A EH
AT E A NAA R = A, WENA, A, A HA g o] 3| G E =
23] AR EH = e A Al &, g F = ek o] 9ol of ] ZHA] A, o &
X FaA, AL A, BEA o] EgE < AT H A A T E f g
A A ol &= W dl &, 0] & A, AEA|, A, T A A A, A 7T
EstE Y, v A8 A, A EA 2 2 U =2 F(propylene glycol),

Zojo gl Se]E, 28 oA 22 A EA V) E, ol & ol ESf & FAL
7Fs gk ol ~H| 2 5ol AMEE 7 Tt F A o] V) A Z = 9 ¥ S (witepsol),

na 23 EQ(tween) 61, 7H7FSA], B2 A], S| A A gbEl 5o] AlgHE <
A

T L dy 2 gy 18 A S
587 e 92 FRAAT R ok H A HE e o H A S
A7 A EE Ae g

o o] ek Ea sk ATV A EE HEA H A o RS
AGE oA, 45% R =8 ol st o] &2 o vk 2 g 9 setE s
A7re = A= AR o RE, o & B, A% AET, 58 A 3HA,
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[132]

2
) = o B
E Sﬂ m.g OW‘%EE -
— f ,_L.ﬁ‘l
@mwf]uw mwmﬂsm,d% G+
é.ooW& _Moﬂlmo ol @ & o I
. 4 — ~ __ﬂ_H
ﬂaiﬂlo HEOE@Mi do ™ gt o K
—~ mky s n <0 ol ot R ol — aoW 0
%LO#L ; ‘" AT AO# \bﬁlﬂ]r] ™
%ﬁ%%g ngfu@wﬂ% = éxﬁ@%u_x%@ﬂ .
E%@mozlf @ﬁ%%ﬂrmﬂﬁAﬁr@ ﬂ%i%ﬁ&ﬂwﬂ N
o 5 e o HTﬁygaPﬁza; ‘waH%%iuhb s
Eoﬁé%% &@%ﬂ%uﬁ]%% %%mﬂ&&@ﬂ W&.
%ﬂm?m x@og,m_xu_x < E %zﬂﬂivé_}% ol
4117eo. A%ﬂ%mw %@3¢ko ,dﬁuﬂaad Y
< Ak ﬂmﬂ/w %m omﬂlﬂﬂ%m m,zm%o %&x O.moo}
Emvmo%w@%% E%_%M%OWW%% HW%%@%%W %@?
T iy RN R E MR = = xS -
%g%%hw %%#@@@gﬂﬁ@ ﬁyﬂai%%% T o
N#l U UT.c x ;OE o \mWL 1I EO 1= vﬁ ﬂ X :-L QO 7AO mﬂ ;oﬂ ‘OI
@&@5% A 7 = 3 4 T Ao }zvyz o
N RO AR %ﬂﬁufv%ﬂ%}ﬂ %1§A1§§ﬂ W T
= i G o%%%;éﬂoa Nl
Luﬂxﬂ:?oﬂuoﬁ ]f Lfﬂ,%fﬂeg oo ]ﬂx ﬂl]oﬁm_u NroPﬂ
g XW%ﬂLﬂ@ﬂm%ﬂvbigﬁpm% = 5
ﬁ%]mowmﬂ %MEQ%%%%HEM7mﬁi%ﬁﬂrﬂ% ;wamo
Lf,cl_./lo..n__h_._ - WEOﬂﬂUE ‘mw_ﬂroﬂﬂw\or“ﬂul,laﬁrmALo# OMﬂm ﬂ_wxonno
ST N %ﬂﬂﬂu@wﬁ .ﬂﬂogxﬂﬂﬂ% Jap R l&m
B s s zﬂ@#%&ﬂ}@ﬂﬂ%ﬂ%%%%ﬁl =% 5
N ECC E%]%egﬂoo_ao o oy H ,Lﬂe wE o 2w X
wn o (= K X W gy E X o A = S %o =TT o
o 9 + 3 oﬁ%frﬁﬂiLW%%ow&mﬂ ,zﬂujalo = F
ﬂmﬂﬂ%@ﬂ %&aﬁagmﬂﬁﬂki%ﬂmm%ﬂ% o =
ﬂmo%uiﬂﬂ ﬁovﬂﬁﬂNA,mx?]ﬂrmﬂﬂ1wjmo%ﬂm¥ %&uﬂ
1512&? ﬂ?]%ﬂ,o%)%%@ﬂux o %4@
Hlﬂﬂﬂj. o 0 leﬁEoLlEo <M T P;aﬂaﬁOMﬂmo ™
Lh%gum%ﬂa @%@QHEEom@wm%%%mﬂ,%ﬁ?% T
X oﬂumﬂmoau ﬂaugdﬂdl.AiaTaxLLliLﬁglx]mﬂ o orlm_x
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[148]
[149]

g nn PAHen ey 43 ACE, 2wy Wt oE
AR ofloll & E= 2L obed A G A A e Aol

|
A 2FH(18)-(-)- W] 2 W] 2= (verbenone), & ] 3] = (aldehydes),
2 2 | ¥ of| €] 2 (methylchloromethylether; MOM-CI),
A3t 2 I of ] o} (diisopropylethylamine; DIPEA), <=4F3}
7 (potassiumhydroxide; KOH), ! A 5 A] = (sodium methoxide; NaOCH;)<
THAL BEA G L GuE AFER 9] AFEE AL A e Zgr o
o E R e A9 star 7L A BA §lo] np= AFEEF o ATk E
Avo] gle gh vbe2 A e-AHel | AE 7218 7] (vacuum-flame dried
glassware)ol| Al 12 2 A& tf 7] Slol| Al =8 =] QA T}, BF5
= 2 vHE 718 9) W (Thin-layer chromatography; TLC)-= UV & A] Z}3} &+
21 2] 7} (Merck silica gel 60 Fasy) = AM-8-3}a1 A7) g 2nfE T8y =
21 2] 7} (E.Merck silica gel, 70-230, 230-400mesh)= AF-&3} 21 TF IH-NMR & 13
C-NMR &3 E &2 7] 7|(Varian) .5 500 MHzol| Al &4 3}9) 31 3} 51 %]
©]-&(Chemical shift)<> W5 3% 2] 2K(s are reported in ppm from (TMS) as an
internal standard (CDCls:d7.26ppm) 4] A}-8&$F TMS(tetramethysilane) =5 E]
o] &S ppm .2 7] 5331 A 3§ (coupling constant) S 3| 2 = (hertz) &
7153t B (Multiplicity) & 817] 9} 22 2Fo] & A}-8-3} % thisinglet(s),
doublet(d), doublet of doublet (dd), doublet of doublet of doublet(ddd), triplet(t), triplet
of doublet(td), doublet of triplet(dt), quartet(q), multiplet(m) % broad(br). 313} %3
A& 2= 9] E e (High-resolutionmassspectra; HRMS)> 7] 7] (WatersQ-TOF micro
mass spectrometer) = 7|53} 31 -4 §] A S-(Optical rotation)> 7] 7] (JASCO
polarimeter mode IP-2000)& ©]-&3}¢] 589nmol| A =43t} & 3 ¢&
T2 7] 2719 97 (reverse-phase) HPLCO. & S A4 &8}al 71 o &=
>95%©] A T}: WH 1 (Solvent A: water, Solvent B: acetonitrile)--+<5: 0.2 ml/min:
90% of B in 20 min; *H 2 (Solvent A: water, Solvent B: acetonitrile) -f-<3: 1.0
ml/min: From 40% of B to 100% in 40 min. -$-€]|©} & % (Fetal bovine serum; FBS)->
3] AH(Hyclone, Logan, UT)ol| A 9] 3}o] AF-83} a1 vl %<l (neurobasal medium,
NBM) % X ZA4|(B27 supplement) = 3] A}(Invitrogen, Carlsbad, CA)ol| A -] &}
AFESFA T B slebEd 1A 9k 3] Ak(SigmaAldrich, St. Louis, MO) ¢l A]
T-S1 8k AR& 33T

=)
o
>y

>
U ol o

o

==
[}

2,

A A o] 1-1. (1S,5R
Y-4-(4-(H S AT W 5 AN 2Bl H)-6,6-T] W 1| A 2 2 [3.1.1] 3 E-3-20-2--2(2a) 3} 3}
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[150]

[151]
[152]
[153]

[154]

[155
[156
[157
[158

—_— e e

[159]

[160]

[161]

eh& = 39Mk-8-(aldol condensation) & & (15)-(-)-H] = H] :=(verbenone) & &2 5-E
t] ol A (diene) = A 7] $1 3+, (18)-(-)-H 21| 3=(verbenone 1,200mg, 1.33mmol)=
4-(H S A ] E AWl = - E] 3] = (332 mg, 2.00 mmol)2F MeOH (7 mL)©l A
2 HFH3FAL KOH (149 mg, 2.66 mmol) % =] & 3}t Hh-g S 3HE-2 64
60°Coll A ninkalar A0 2 WA Zv), gkl &5 HUbsal &3
24X 7 & A 2ol A WA B, ] E3E S g ShE S eke] &
Aar o] F AYrhA AY drvtE a2 YA sk 817 &4 E Ve =
A 3L A3 E] (18,5R
)-d-(4-(H) F- A H] 5 A1) 22 E] H)-6,6-T] W € 0] A 2 2[3.1. 1] E-3-¢l-2--(2a)[(15,5
R)-4-(4-(methoxymethoxy)styryl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one(2a)] <
S2E53)0] 317) A8l o 9] A& AF239 (353 mg, 5 89%).

mp 88-90 °C;

[a]25-211.6° (¢1.0,MeOH);

IH-NMR (CDCl5,500MHz): d7.45(d,J= 8.80 Hz, 2 H), 7.04 (d, J= 8.80 Hz, 2 H),
6.81-6.92 (m, 2 H), 5.90 (s, 1 H), 5.20 (s, 2 H), 3.48 (s, 3 H), 3.03-3.17 (m, 1 H), 2.91
(dt, J=9.48,5.53 Hz, 1 H), 2.72 (t, J= 5.62 Hz, 1 H), 2.12 (d, J=9.29 Hz, 1 H), 1.58 (s,
3 H), 1.01 (s, 3 H);

13C-NMR (CDCls,75MHz); d 204.25, 164.57, 158.00, 134.51, 129.75, 128.73,
125.62, 121.83, 116.44, 94.171, 58.09, 56.09, 52.78, 43.59, 39.98, 26.72, 22.10

HRMS: A2 C;H, 0, (M-H) 253.1229, =% ] 253.1221

HPLC 2 A3 (3 1) 100.0% (tz=3.67%).

Rt
e
=

el

.Q
==

_135 Ef
rl

2 Al o] 1-2. (18,5R

> 4-(3-¥ 5 A]-4,5-8] 22 (W] S AT | 5 A2~ E] )-6,6-T) W D B Al S 2 [3.1.1] 3 E-3-
A-2-2-2H) 3t =] A=

20 SHEHE o) Az FAE WS o) &3te] 3hv] B A E b E (1S
SR)-4-(3-1 5 A] 4, 5-19] 25 (0] 5 A ] 5 4] 22 ] 2)-6,6- V] o 6L ) A 253,111 9 -
3-2-2--(20)[(1S,5R)-4-(3-methoxy-4,5-bis(methoxymethoxy)styryl)-6,6-
dimethylbicyclo[3.1.1]hept-3-en-2-one(2f) ]S 53] 3}7] A3 oo A| 5=
A8 ATHEE 90%).

TH-NMR(CDCl;,500MHz);d6.94(d,J=1.96Hz,1H),6.84(s,2H),6.78(d,J=1.71Hz,1H),
5.92(s,1H),5.22(s,2H),5.15(s,2H),3.89(s,3H),3.60(s,3H),3.52(s,3H),3.09(t,/=5.75Hz,1
H),2.90(dt,/=9.48,5.53Hz,1H),2.72(td,J=5.75,1.47Hz,1H),2.10(d,/=9.29Hz,1H),1.57(
s,3H),1.00(s,3H);

BC-NMR(CDClI;3,75MHz); d203.92, 164.02, 153.63, 151.19, 136.64, 134.76, 132.10,
126.91, 122.43, 108.91, 104.88, 98.37, 95.33, 58.19, 57.11, 56.07, 52.70, 43.78, 39.93,
26.70, 22.11.
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[162]
[163]

[164]

[165]
[166]
[167]

[168]

[169
[170
[171
[172

—_— e e

[173]

[174]
[175]
[176]

[177]

A Al 1-3. (15,5R
)-4-(4-3] =5 A) 22 ] H)-6,6- U] W D U] A E 2 [3.1.1] 3 E-3-9l-2-2(3a) 8} 3 &= <]
A Z

MeOH(3mL)% 2a 3} $H5(200mg, 0.67mmol) W WHE| = &l o] o=
Z=31k-S-(aldolcondensation) & % (15)-(-)-H] = H| +=(verbenone) & & - E]

t] ol Al (diene) Z A 7] ﬂ 3lo], 10%HC1S %] 7}38fal kg Z8H5-5 uk2o] A=
w) 7kA] 82 0kE <k WA 8l vt 23} NaHCOsa A7Fekal 7] vbg 23S
oldolAH o] ER F&3t L - MeSO,= 11 &35l A% 83=8 AF
ARZvE YY) E A 2 st 847 EA A E e A Ao (1S
SR)-4-(4-3) =S A 22 B H)-6,6-U W B U A S 2 [3.1.1]§) E-3-91-2-(3a).[(15,5R)-
4-(4-hydroxystyryl)-6,6-dimethylbicyclo [3.1.1] hept-3-en-2-one(3a).] = 5 3}-¢]
al7] Ao o] AR 2 AFE3FATE.(162 mg, 58 95%)

mp 88-90 °C.

[a]-211.6° (c1.0,MeOH);

TH-NMR (CDCL,500MHz); d7.40(d,J= 8.56 Hz, 2 H), 6.78-6.92 (m, 4 H), 6.45 (br.
s., 1 H), 5.91 (s, 1 H), 3.12 (t, J= 5.75 Hz, 1 H), 2.88-2.95 (m, 1 H), 2.74 (t, J=5.62
Hz, 1 H), 2.13 (d, J=9.29 Hz, 1 H), 1.58 (s, 3 H), 1.02 (s, 3 H);

13C-NMR (CDCls,75MHz); d205.14, 165.56, 157.32, 135.24, 129.13, 128.51, 124.89,
121.29, 116.00, 58.10, 53.22, 43.86, 40.23, 26.79, 22.15;

HRMS Al2FA] C;Hs0,(M-H)253.1229,5 A ] 253.1221;

HPLC -2 A3} (39 1) 100.0% (t2=3.67%).

2 AT o]l 1-4. (18,5R
)-4-(4-3] =55 A]-2- UﬂEMiH H)-6,6-T Wl H A 2 2 [3.1.1]F E-3-91-2-2
(3b)shgheof Az

3a 8}k of Al ZW I FARSE S o] &3ko] 8H7] A E WER = 2
aLa)gel (18,5R
)-4-(4-3| EZA]2-H] FA] 22 E] 2)-6,6-T] W ] A & 2 [3.1.1] A E-3-9-2-&
(3b)[(1S5,5R)-4-(4-hydroxy-2-methoxystyryl)-6,6-dimethylbicyclo[3.1.1]hept-
3-en-2-one(3b)| 5 310] 317] A7 o o] Al 52 AL ATHT & 97%)

mp 78-80 °C;

[a]*5-140.0°(c1.0,MeOH);

'H-NMR(CDCI5,500MHz); d7.45 (d, J = 8.07 Hz, 1H), 7.24 (d, J = 16.63 Hz, 1H),
6.88 (d, J = 16.38 Hz, 1H), 6.42-6.48 (m, 2H), 5.88 (s, 1H), 3.86 (s, 3H) 5.64 (br. s.,
1H),3.16 (t, J = 5.75 Hz, 1H), 2.91 (dt, J = 9.35, 5.59 Hz, 1H), 2.72 (td, J = 5.60 Hz,
1H), 2.12 (d, J = 9.29 Hz, 1H), 1.58 (s, 3H), 1.02 (s, 3H);

BC-NMR (CDCl5,75MHz) ; d 205.53, 166.76, 159.17, 158.94, 130.48, 128.48,
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[178
[179
[180
[181

—_— e e

[182]

[183]
[184]
[185]

[186]

[187
[188
[189
[190

—_— e e

[191]

[192]
[193]
[194]

[195]

124.75, 120.62, 117.50, 108.19, 99.19, 58.10, 55.53, 53.25, 43.87, 40.33, 26.80, 22.16;
HRMS A|2FA] CsHaoO5(M+H)285.1491,5 4 2] 285.1480;
HPLC 521 A3} (W 1) 99.4% (tz=3.80%).

A Al 1-5. (15,5R
)-4-(3,4-T] 3| =5 A] 22 E] H)-6,6-T W & B A 2 [3.1.1] ] E-3-1-2-2 (3¢)
Shhe o] Al =

3a S} o] A2 FASE S o] 881 8] B A& Y e &= 34
LA e] (18,5R
)-4-(3,4-T] 3] =5 A 2= E] H)-6,6-T] W € 0] Al & 2 [3.1.1]F] E-3-l-2-2 (Bc)[(1S,5R
)-4-(3,4-dihydroxystyryl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one(3¢)] <
T538k] 317] A3 o o] A5 2 AFE A THET £ 84%)

mp 68-70 °C;

[a]2-208.6°(c1.0,MeOH);

IH-NMR(CDCL,500MHz); d7.13 (s, 1H), 6.70-6.96 (m, 4H), 5.92 (s, 1H), 3.12 (t, J=
5.50Hz, 1H), 2.86-2.95 (m, 1H), 2.71-2.81 (m, 1H), 2.14 (d, J=9.54Hz, 1H), 1.58 (s,
3H), 1.00 (s, 3H);

3BC-NMR (CDCls,75MHz) ; d206.39, 166.93, 146.23, 144.51, 136.47, 128.75,
124.62, 121.91, 120.72, 115.38, 113.17, 60.55, 58.04, 53.84, 44.01, 40.55, 26.78,
22.12;

HRMS Al2FA] C;H505(M-H)269.1178,5 % ] 269.11609;

HPLC 542 3 1) 100% (tz=3.47+).

A Al 1-6. (15,5R
)-4-(3-H 2 X 43| EFA] 22 E] H)-6,6-T] W B Al ZF 2 [3.1.1]3] E-3-20-2-& (3d)
sheheo] A&,

3a $}eE o Al I FAFS WS o] &3)o] 317 A A E YER = S
LA e] (18,5R
)-4-(3-H 2 H4-3]| = F A 2] 2H)-6,6-T] W D 0] A Z 2 [3.1.1] 3] E-3-20-2-2
(3d)[(1S5,5R)-4-(3-bromo-4-hydroxystyryl)-6,6-dimethylbicyclo[3.1.1]hept-3-
en-2-one(3d)|= 5310 317] A3l ol o] A8 = AFESF A THETE 95%)

mp 238-240 °C;

[a]2,-181.4°(c1.0,MeOH);

TH-NMR(CD;0D,500MHz);d7.75 (d, J=2.20Hz, 1H),7.45(dd, J=1.96, 8.56Hz, 1H),
7.02 (d, J=16.50Hz, 1H), 6.97 (d, J=16.50Hz, 1H), 6.92 (d, J=8.56Hz, 1H), 5.90 (s,
1H), 3.24 (t, J=5.99Hz, 1H), 2.97 (td, J=5.59, 9.35Hz, 1H), 2.62 (dt, J=1.50, 6.00Hz,
1H), 2.05 (d, J=9.54Hz, 1H), 1.60 (s, 3H), 0.98 (s, 3H);

13C-NMR(CD;0D,75MHz): d203.02, 165.13, 155.42, 134.47, 132.29, 129.42,



21

WO 2013/183920 PCT/KR2013/004932

[196
[197
[198
[199

—_— e e

[200]

[201]
[202]
[203]

[204]
[205]
[206]

[207]

[208]

[209]

[210]
[211]

[212]

128.79, 125.75, 121.59, 117.11, 110.36, 58.16, 52.33, 43.30, 26.83, 22.43;
HRMS Al4EA] Cy;H,,BrO,(M+H)333.0490,5 4 =] 333.0479;
HPLC #2174 7 (0 1)98.9%(6:=3.913).

Aol 1-7. (18,5R
)-4-(4-3] =5 A]-2,6-T) v 5 Al 2B ”)-6,6-T v W) A F 2 [3.1.1] 1 E-3-41-2-
(3e) 3} eh 9] Az,

3a 8}k of Al ZW I FARSE S o] &5ko] 8H7] A A E WER = 24
aLa)gel (18,5R
)-4-(4-3] =5 A]-2,6-T W] A 22 E)-6,6- U] W D W Al E 2311 E-3-9l-2-2(3
e)[(1S,5R)-4-(4-hydroxy-2,6-dimethoxystyryl)-6,6- dimethylbicyclo[3.1.1]
hept-3-en-2-one(3e)] & = 53t0] 7] A9 ol ] A B2 ALE8FQ (& 94%)

mp 216-218 °C;

[a]*p-175.4°(c1.0,MeOH);

'H-NMR(DMSO-ds,500MHz); d7.28 (d, J=16.50Hz, 1H), 7.23 (d, J=16.50Hz, 1H),
6.12 (s, 2H), 5.73 (s, 1H), 3.80 (s, 6H), 3.10 (t, J=5.38Hz, 1H), 2.89 (td, J=5.50,
9.05Hz, 1H), 2.53 (t, J=5.50Hz, 1H), 1.93 (d, /=9.29Hz, 1H), 1.53 (s, 3H), 0.91 (s,
3H);

BC-NMR(DMSO-ds,75MHz); d202.56, 166.66, 160.48, 160.27, 126.68, 126.11,
119.22, 104.67,92.17, 57.50, 55.71, 55.67, 51.67, 42.59, 26.42, 21.96;

HRMS 7| 4FA] CoHy0,(M+H)315.1596,5 4 ] 315.1583;HPLC -2 A (-
1)99.3%(1z=3.70-).

ro

Al el 1-8. (1S,5R
)-4-(3,4-1] 3] EFA]-5-1] = A 2~ E] 2)-6,6-T & H] A 2 [3.1.1]H E-3-¢0-2-2(3
SEREE RS
3a SHEHEO) A 2P FALE ES o §30] 517] B NS ekl 34
LA e] (18,5R
)-4-(3,4-1] 3] EFA]-5-1] = A 2~ E] 2)-6,6-T & H] A 2 [3.1.1]H E-3-¢0-2-2(3
DI(18,5R)-4-(3,4-dihydroxy-5-methoxystyryl)-6,6-dimethylbicyclo[3.1.1]
hept-3-en-2-one(3f) & 553101 8} 7] A ¢ oll o Al &= AFESFATHEH 92%):
mp 168-170 °C;
[a]*5-158.8000°(c1.0,MeOH);
'H-NMR(CDCl5,500MHz)d6.78-6.82(m,3H),6.64(d,/=1.47Hz,1H),5.82-6.01(m,3H),
3.92(s,3H),3.10(t,/=5.62Hz,1H),2.91(dt,J=9.35,5.59Hz,1H),2.74(td,/=5.69,1.59Hz,1
H),2.12(d,J=9.29Hz,1H),2.04(s,2H),1.58(s,3H),1.01(s,3H);
BC-NMR(CDCl;,75MHz);d204.92,165.07,147.23,144.24,135.54,134.13,128.07,125.
50,121.62,108.63,58.08,56.25,53.12,43.75,40.18,26.78,22.16;
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[213] HRMS A 2FA] C1sHyoO4(M+H)301.1440, =4 %] 301.1453;

[214] HPLC #4274 1)100%(t x=3.46 ).

[215]

[216] A Al of] 1-9. (15,5R
)-4-(3-3]| = EA] 2B H)-6,6-T W & 0] A| S 2 [3.1.1]§ E-3-90-2-+ (3g) 3} =9
A Z;

[217] 3a S}t o] A2 3 A WH S o] 8351 817] B A E e = A
LA e] (18,5R
)-4-(3-3]| == A] 2B EH)-6,6-T W E ] Al E 2 [3.1.1] 3] E-3-90-2-2-(3¢)[ (1S,5R
)-4-(3-hydroxystyryl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one(3g)] S <=5 &}-¢]
al7] A3 o o] Al 52 AFESFATHET & 98%)

[218]  mp 106-108 °C;

[219] [a]25-176.6° (c1.0,MeOH);

[220] TH-NMR(CDCl;,500MHz); d7.21-7.26 (m, 1H), 7.01-7.05 (m, 2H), 6.92 (d, J=
16.50Hz, 1H), 6.88 (d, J=16.50Hz, 1H), 6.83-6.86 (m, 1H), 6.46 (s, 1H), 5.96 (s, 1H),
3.11 (t, J=5.75Hz, 1H), 2.93 (td, J=5.53, 9.48Hz, 1H), 2.77 (dt, J=1.59, 5.69Hz, 1H),
2.14 (d, J=9.29Hz, 1H), 1.59 (s, 3H), 1.01 (s, 3H);

[221] 13C-NMR(CDCls,75MHz); d205.19, 165.18, 156.53, 137.42, 135.36, 130.03, 127.44,
122.37, 120.19, 116.68, 113.65, 58.17, 53.39, 43.89, 40.28, 26.77, 22.14;

[222]  HRMS AlAFA] CHis0,(M-H)253.1229, =4 2] 253.1228;

[223] HPLC &4 4 7 (H 2)99.3%(t=3.73 ).

[224]

[225] A Al o] 1-10. (1S,5R
)-4-(2-3] = EA] 2B H)-6,6-T W & 0] A| S 2[3.1.1] § E-3-21-2-+ (3h) 3} §+=9]
A &,

[226] 3a S}t o] A2 3 A WH S o] 8351 817] B A E e = A
LA 32 (18,5R)-4-(2-3] =5 A 2~ E] 2)-6,6-T W & B] A] ZF 2 [3.1.1] E-3-90-2-&-
(3h)[(1S,5R)-4-(2-hydroxystyryl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one (3h)]
T538k] a17] A3l o] AR 2 AR A THEE 100%)

[227]  mp 140-142 °C;

[228] []2°5-296.6° (¢1.0,MeOH);

[229] TH-NMR(CD;0D,500MHz);d7.56 (dd, J=1.59, 7.70Hz, 1H), 7.42 (d, J=16.14Hz,
1H), 7.15(dd, J=1.59, 15.53Hz, 1H), 7.13 (d, J=16.38Hz, 1H), 6.80-6.87 (m, 2H), 5.89
(s, 1H), 3.25 (t, J=5.87Hz, 1H), 2.99 (dt, J=5.53, 9.48Hz, 1H), 2.65(td, J=1.71,
5.75Hz, 1H), 2.08 (d, J=9.29Hz, 1H), 1.61 (s, 3H), 1.01 (s, 3H);

[230] 13C-NMR(CD;0D,75MHz); d207.46, 169.09, 157.56, 133.10, 131.67, 128.67,
127.63, 124.55, 122.03, 121.07, 117.05, 59.62, 54.52, 45.29, 41.45, 27.19, 22.58;

[231]  HRMS AlAFA] CHis0,(M-H)253.1229, -4 2] 253.1218;
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[232]
[233]
[234]

[235]

[236]
[237]

[238]

[239
[240
[241
[242

—_— e

[243]

[244]
[245]

[246]

[247
[248
[249
[250

—_— e e

HPLC #4274 1)99.4% (t:=3.804).

2 Aol 1-11. (1S,5R
)-4-(2-3] ‘ZEM -4-v] F A 2B H)-6,6- ] W | W] Al S 23,111 E-3-20-2-2 (31)
sheb=o] Al

3a 3} 9 Xﬂ R AR R S o] &5kl BFY] EA A E YER = S
A2ge] (18,5R
)-4-(2-3] =5 Al 4| FA] 22 E] H)-6,6-T) W E ] A 2 2[3.1.1]F E-3-¢1-2-2 3i)[(1
S,5R)-4-(2-hydroxy-4-methoxystyryl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one(31)]
S F530] 317] A e o o] Al &= AL S TG 96%)

[a]?°5-91.8°(c1.0,MeOH);

IH-NMR(CDCl,,500MHz); d8.46 (br.s., 1H), 7.37 (d, J=8.56Hz, 1H), 7.23 (d, J=
16.50Hz, 1H), 7.17 (d, J=16.00Hz, 1H), 6.42-6.55 (m, 2H), 6.04 (s, 1H),3.78 (s, 3H),
3.20 (t, J=5.38Hz, 1H), 2.88-2.98 (m, 1H), 2.76 (t, J=5.14Hz, 1H), 2.17 (d, J=9.54Hz,
1H), 1.59 (s, 3H), 1.05 (s, 3H);

13C-NMR(CDCls,75MHz); d206.56, 167.94, 161.72, 156.99, 132.26, 130.09, 125.37,
119.93, 116.29, 106.90, 101.73, 57.96, 55.28, 53.74, 43.85, 40.60, 26.76, 22.13;

HRMS A|2FA] CisHopO5(M+H)285.1491,5 4 2] 285.1494;

HPLC #2174 7h: (0 1)99.2% (6:=3.75).

A Ao 1-12. (15,5R>-6,6-r4 v e 4-2E A Z 2 [3.1.1]13) E-3-91-2-2 (4a)
sheb=o] Al

2a o499 Xﬂzmmﬂr FrAFEE i 2 o] 8-8lo] 817 = A E Ve = 4
AF2] (18,5R)-6,6-C) vl & -4-2~E] H N A 2 2[3.1.1]3) E-3-20-2-2 (4a)[(1S,5R
)-6,6- dimethyl-4-styrylbicyclo[3.1.1]hept-3-en-2-one(4a)| = =5 3} 3}7]

A3 o) o] AR = A A THETE 92%)

[a]?°5-91.8° (¢1.0,MeOH);

IH-NMR(CDCl,,500MHz); d7.50(d, J=7.09Hz, 2H), 7.35-7.40 (m, 2H), 7.33 (d, J=
7.34Hz, 1H),6.97 (d, J=16.00Hz, 1H), 6.92 (d, J=16.00Hz, 1H), 5.94 (s, 1H), 3.12 (td,
J=1.47,5.87Hz, 1H), 2.93 (dt, J=5.62, 9.54Hz, 1H), 2.74 (td, J=1.71, 5.75Hz, 1H),
2.13 (d, J=9.29Hz, 1H), 1.59 (s, 3H), 1.02 (s, 3H);

13C-NMR(CDCls,75MHz); d204.13, 164.23, 135.99, 134.96, 129.15, 128.88, 127.42,
127.35, 122.66, 58.23, 52.87, 43.76, 40.03, 26.78, 22.16;

HRMS A AFA] C,H;s0(M+H)239.1436, =74 2] 239.1426;

HPLC 214 7h: (0 1)95.0% (t:=4.82).

2 Aol 1-13. (1S,5R
)-4-(4-FF L 2= 2E H)-6,6- T I E B Al S 2 [3.1.1] 3 E-3-901-2-2 (4b) 8}3HE 9]
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[251]

[252]
[253]

[254]

[255
[256
[257
[258

—_— e e

[259]

[260]
[261]
[262]

[263]

[264
[265
[266
[267

—_— e e

[268]

A Z;

2a 3} o] A2 3 A
A2l (18,5R)-4- (4-E$ 22
(4b)y= 53k 317] A%l o ¢

[a]?°5-33.2° (¢1.0,MeOH);

IH-NMR(CDCl,500MHz); d7.46-7.51 (m, 2H), 7.04-7.09 (m, 2H), 6.90 (d, J=
17.00Hz, 1H),6.86 (d, J=16.50Hz, 1H),5.93 (s, 1H), 3.10 (td, J=1.35, 5.81Hz, 1H),
2.92 (dt, J=5.62,9.29Hz, 1H), 2.74 (td, J=1.71, 5.75Hz, 1H), 2.12 (d, J=9.29Hz, 1H),
1.59 (s, 3H), 1.02 (s, 3H);

BC-NMR(CDCls,75MHz); d204.04, 164.03, 162.13, 133.62, 132.21, 129.04, 127.15,
122.61, 116.02, 58.17, 52.83, 43.72, 39.99, 26.73, 22.12;

HRMS A|2FA] C;H,;,FOM-+H)257.1342,% 4 %] 257.1343;

HPLC &4 4 7 (H 1)90.6% (tx=4.524).

ki FUE o

HE o] 83l 817 E4 A& YER = 84
)-6,6-Cl W E U] Al E 231,11 E-3-¢1-2-2
Q =

2 AR AT E 92%)

=

>

]

ol

A Al 1-14. (1S,5R
)-4-(4-H 5 A) 2~ E] H)-6,6- T W B Al £ 2[3.1.1] F E-3-91-2-2 (4c) }5HE<]

A 2

2a S} o] Al ZWH I ARSI S o] &8k 7] EA X & LR = SR
LA 2] (18,5R)-4-(4-v]| B A 2~E] H)-6,6-C] W E U] A| S 2 [3.1.1]3 E-3-¢1-2-2
(4¢)[(1S,5R)-4-(4-methoxystyryl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one(4c)| <
T538k] 317] A3 o o] A5 2 AFESFATHE & 90%)

mp 138-140 °C;

[a]20-172.0° (¢1.0,MeOH);

IH-NMR(CDCl,,500MHz); d7.46 (d, J=8.80Hz, 2H), 6.91 (d, J=9.05Hz, 2H),
6.90(d, J=15.90Hz, 1H), 6.84 (d, J=16.50Hz, 1H), 5.90 (s, 1H), 3.85 (s, 3H), 3.12 (td,
J=1.35,5.81 Hz, 1H), 2.92 (dt, J=5.53, 9.48Hz, 1H), 2.73 (td, J=1.71, 5.75Hz, 1H),
2.13 (d, J=9.54Hz, 1H), 1.59 (s, 3H), 1.03 (s, 3H);

13C-NMR(CDCls,75MHz); d204.17, 164.63, 160.50, 134.64, 128.83, 128.78, 125.25,
121.66, 114.35, 58.17, 55.34, 52.74, 43.76, 39.99, 26.76, 22.15;

HRMS Al 2R CsHyOx(M+H)269.1542, =74 *] 269.1549;

HPLC 21 A 23 1)100% (tx=4.58%).

2 A] o] 1-15. (18,5R
)4(2 (1] 9 9-4-21)1] ©)-6,6-0] W & 0| A E 2 [3.1.113 E-3-20-2-2- (4d) 3} 9]
A Z

2a§} FE-o] Al 2RI fALS WS o] &-381o] 817] A A& Vel = 34
LA 9] (18,5R
)-4-(2-(F] ¥ D -4-) P D)-6,6- T W & H] Al S 2 [3.1.1]F E-3-l-2-2 (4d)[(1S,5R
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[269]
[270]
[271]

[272]

[273
[274
[275
[276

—_— e e

[277]

[278]
[279]
[280]

[281]

[282
[283
[284
[285

—_— e e

[286]

)-4-(2-(biphenyl-4-yl)vinyl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one(4d)] =
F5sto] sh7] Ad el o] AR R AL ATHE S 92%)

mp 148-150 °C;

[a]*p-152.4° (¢1.0,MeOH);

'TH-NMR(CDCl,,500MHz); d7.55-7.65 (m, 6H), 7.45 (t, J=7.58Hz, 2H), 7.34-7.39
(m, 1H), 7.01 (d, J=16.50Hz, 1H), 6.96 (d, /=16.50Hz, 1H), 5.95 (s, 1H), 3.14 (t, J=
5.75Hz, 1H), 2.94 (dt, J=5.50, 9.54Hz, 1H), 2.75 (t, J=5.62Hz, 1H), 2.14 (d, J=
9.29Hz, 1H), 1.60 (s, 3H), 1.03 (s, 3H);

BC-NMR(CDCl;,75MHz); d204.12, 164.23, 141.86, 140.23, 134.99, 134.50, 128.87,
127.84, 127.69, 127.51, 127.38, 126.94, 122.65, 58.24, 52.86, 43.77, 40.02, 26.79,
22.18;

HRMS A 22| CoH,,O(M+H)315.1749, <74 =] 315.1737;

HPLC &4 4 2:(H 1)100%(t,=6.35%).

2 AT of] 1-16. (1S,5R
)-4-(4-(1H-9] Z-1-) 2~ B 2)-6,6- L W & 0| A ZF 2 [3.1.1] 1 E-3-91-2-2 (de)
shobo] Al x;

2a 3} 9h= o] A=W R I FAFS S o] &8k 817 24 A E HERW = A
LA 4] (18,5R
)-4-(4-(1H-9] Z-1- ) 2= E] & )-6,6-T] Hl D 1] Al S 2 [3.1.1] ) E-3-9l-2- (4e)[(15,5
R)-4-(4-(1H-pyrrol-1-yDstyryl)-6,6-dimethylbicyclo[3.1.1]hept-3-en-2-one(4e) | <
F53te] 8171 A3l oo A8 2 AR A THT & 41%)

mp 146-148 °C;

[a]25-142.4° (¢1.0,MeOH);

IH-NMR(CDCl;,500MHz); d7.55(d, J=8.56Hz, 2H), 7.39 (d, J=8.56Hz, 2H), 7.12 (t,
J=2.20Hz, 2H), 6.95(d, J=16.00Hz, 1H), 6.91 (d, J=16.00Hz, 1H), 6.36 (t, J=2.20Hz,
2H), 5.94 (s, 1H), 3.12 (t, J=5.75Hz, 1H), 2.93 (td, J=5.59, 9.35Hz, 1H), 2.74 (dt, J=
1.71, 5.75Hz, 1H), 2.13(d, J=9.29Hz, 1H), 1.59 (s, 3H), 1.03 (s, 3H);

13C-NMR(CDCl,,75MHz); d203.97, 164.03, 140.92, 133.78, 133.21, 128.57, 127.14,
122.61, 120.25, 118.95, 110.94, 58.19, 25.79, 43.72, 39.97, 26.75, 22.14;

HRMS A 2FA] CoiHy NOM+H)304.1701,5 74 =] 304.1691;

HPLC &4 A 37 1)94.7%(t=5.10%).

2] el 1-17. (1S,5R
)-4-(3,4-T] W] 5 A] 2= B #)-6,6- U] W ;I W] AT 231113 E-3-<ll-2-8 (4f) 3}31&-9
A s

2a S} o] Al ZWH I} ARSI S o] &8k 7] EA X & e = SR
A2] (18,5R)-4-(3,4-T] W 5 A| 22 E] H)-6,6- T H EH B A S 2[3.1.1]3] E-3-9l-2-
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[287]
[288]

[289]

[290
[291
[292
[293

—_— e e

[294]

[295]
[296]

[297]

[298
[299
[300
[301

—_— e e

[302]

[303]
[304]

(4H) S 53] 317 Ao 9] Al RE AFESF AT 92%)

[a]2%-111.2° (¢1.0,MeOH);

IH-NMR(CDCl,,500MHz); d7.02-7.09 (m, 2H), 6.89 (d, J=16.00Hz, 1H), 6.86 (d,
J=7.00Hz, 1H), 6.83 (d, J=16.50Hz, 1H), 5.91 (s, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.11
(t, J=5.75Hz, 1H), 2.91 (dtd, J=1.47, 5.56, 9.41Hz, 1H), 2.72 (tt, J=1.74, 5.72Hz, 1H),
2.11 (d, J=9.29Hz, 1H), 1.58 (s, 3H), 1.02 (s, 3H);

13C-NMR(CDCls,75MHz); d204.03, 164.46, 150.28, 149.30, 134.89, 129.10, 125.42,
121.75, 111.24, 109.29, 58.19, 55.94, 52.69, 43.82, 39.96, 26.76, 22.15;

HRMS AR C1oHpnO5(M+H)299.1647,5 4 2] 299.1657;

HPLC -2 A 3} 2)97.9%(t:=9.19+).

A Al o] 1-18. (1S,5R
)-4-(3,5-T] W] 5 A] 22 E] H)-6,6-T] H & B A 2 Z[3.1. 1] E-3-9-2-2 (4g) &} 35 2]
A 2

2a 3} o] A2 3 AR 2 o] &5kl 1] A A E YER = S
Ax}e] (18,5R)-4-(3,5-T) W] - A] 2~ E] )-6,6-T) H &l 0] A| F 2 [3.1.1]F E-3-90-2-&
(4g)ys 53k 317] A7 o o] A5 = A8 T 90%)

[a]5-94.2° (¢1.0,MeOH);

IH-NMR(CDClL:,500MHz); d6.93 (d, J=16.00Hz, 1H), 6.85 (d, J=16.00Hz, 1H),
6.65 (d, J=2.20Hz, 2H), 6.45 (t, J=2.20Hz, 1H), 5.94 (s, 1H), 3.82 (s, 6H), 3.10 (t, J=
5.75Hz, 1H), 2.92 (dt, J=5.62, 9.54Hz, 1H), 2.74 (td, J=1.59, 5.69Hz, 1H), 2.12 (d, J=
9.29Hz, 1H), 1.58 (s, 3H), 1.02 (s, 3H);

1BC-NMR(CDCls,75MHz); d204.04, 163.03, 161.03, 137.88, 134.93, 127.83, 122.81,
105.32, 101.51, 58.19, 55.40, 52.82, 43.73, 39.99, 26.73, 22.12;

HRMS Al XA CHxn05(M+H)299.1647,5 7 2] 299.1662;

HPLC 22131 1)100% (tx=4.5815).

A Al 1-19. (1S,5R
)-4-(2,5-T] W] 5 A] 2~ E] EH)-6,6-T] Fl & 1] A F 2 [3.1.1]3) E-3-90-2-2- (4h) 3}§HE <]
A 2

2a 3}5H= o] A2 I FAFEE WS o] &3] 8H7] EA4 A& HER = A
A2 (18,5R)-4-(2,5-T] W] 5 A 22 E] EH)-6,6- T H EH B A S 2[3.1.1]3] E-3-9l-2-
(4h)yS F531o] 517] A J ol o] A5 = ARSI T 93%)

[a]?°5-94.8° (¢1.0,MeOH);

IH-NMR(CDCls,500MHz); d7.29 (d, J=16.38Hz, 1H),7.11 (d, J=2.69Hz, 1H), 6.95
(d, J=16.14Hz, 1H), 6.81-6.88 (m, 2H), 5.92 (s, 1H), 3.84 (s, 3H), 3.81 (s, 3H), 3.16
(dt, J=1.50, 6.00Hz, 1H), 2.91 (td, J=5.62, 9.29Hz, 1H), 2.72 (dt, J=1.71, 5.75Hz,
1H), 2.11 (d, J=9.29Hz, 1H), 1.58 (s, 3H), 1.02 (s, 3H);
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[305]

[306]
[307]
[308]
[309]
[310]

[311]
[312]

[313]

[314
[315
[316
[317

—_— e

[318]

[319]
[320]

13C-NMR(CDCl,75MHz); d204.16, 164.83, 153.74, 152.04, 129.50, 127.74, 125.62,
122.37, 115.85, 112.34, 111.85, 58.24, 56.13, 52.76, 43.76, 40.03, 26.76, 22.15;
HRMS Al 2R CHx05(M+H)299.1647,3 7 2] 299.1650;
HPLC &4 4 7 (H 1)96.4% (tz=4.694).

A Al ¢ 1-20. (1S,5R
)-4-(5-H 2 H.2- Uﬂ%*]iﬂ H)-6,6-U W EL B Al Z 2[3.1.1]F E-3-90-2- (4i)
sheb=o] Al

2a 3} 49 Xﬂ 2RI FARSE S o] &5k 1] = A E YER = A
A2l (18,5R
)-4-(5-H 2R 2 W EA| 2B H)-6,6-T] W E 0 A F 2 [3.1.1] ] E-3-91-2-2 (4i) &
T538k] 317] A3 o o] A5 2 AFESATHET & 97%)

[]205-71.6°(c1.0,MeOH);

IH-NMR(CDCls,500MHz); d7.66 (s, 1H), 7.36 (dd, J=2.45, 8.80Hz, 1H), 7.20 (d, J=
16.38Hz, 1H), 6.95(d, J=16.14Hz, 1H), 6.77 (d, J=8.80Hz, 1H), 5.93 (s, 1H), 3.87 (s,
3H), 3.12 (t, J=5.62Hz, 1H), 2.91 (dt, J=5.35, 9.60Hz, 1H), 2.73 (t, J=5.14Hz, 1H),
2.11 (d, J=9.29Hz, 1H), 1.58 (s, 3H), 1.01 (s, 3H);

13C-NMR(CDCls,75MHz); d203.97, 164.31, 156.40, 132.53, 129.53, 128.69, 128.09,
127.04, 122.89, 113.28, 112.75, 58.22, 55.77, 52.76, 43.71, 39.98, 26.73, 22.11;

HRMS Al 2FA] C1sHoBrO,(M+H)347.0647, =74 %] 347.0651;

HPLC &4 4 7 (H 1)99.0%(t:=6.23 ).

2 Aol 1-21. (18,5R
)-6,6-T Tl & -4-((E)-2-(¥] 2] &1 -2- D) n] )| A 2 2 [3. 1.1 §) B-3-l-2-2(52) 3} 9=
o A%
el& = 3Mk-8(aldolcondensation) 2. & (15)-(-)-Hl 2 W] = (verbenone) & & H-E]
t] ¢l A (diene) E A 7] H 3}, (1S)-(-)-H =M +=(verbenone 1, 200mg, 1.33mmol)=
2-7] 2| d 725 222 ] 3] = (171mg,1.60mmol)$} MeOH (7 mL)ol| A nlnk3a}aL
NaOCH; (MeOH= 25wt.%-& 9, 108mg, 2.00mmol) = = 2] 3} ¢l v} vh-3 E3H5-5
641 {H5 <t 60°Cell A ngkalal A2 0 2 WA v}, Akl =3 F7hekaL
S E S 244K o A Lol A WA S TE 7] Z9ES AHShs Fake] 24
Mg Fal o] 2 AeyhA AY A mebE e a2 A A st 817
e = A A H A (1S.5R
)-6,6- T ¥l & -4-((E)-2-(3] 2] T -2-)u] ) H] A F 22 [3.1.11 3 E-3-9-2-2(52).[(15,5
R)-6,6-dimethyl-4-((E)-2-(pyridin-2-yl)vinyl)bicyclo[3.1.1hept-3-en-2-one(5a) | &
S25510] 8h7) A ole] Al R 2 AFEEH AT (258 mg, S & 81%)
[a]*5-102.0000° (¢1.0,MeOH);
'"H-NMR(CDCl,,500MHz);d8.60(dd,/=4.77,0.61Hz,1H),7.67(td,/=7.70,1.71Hz,1H),

A

mlm

m{u
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[321]

[322
[323
[324
[325

—_— e e

[326]

[327]
[328]
[329]

[330]

[331
[332
[333
[334

—_— e e

[335]

[336]
[337]

7.45(d,J=15.90Hz,1H),7.39(d,J=7.83Hz,1H),7.19(ddd,/=7.52,4.83,0.86Hz,1H),6.96(d
J=15.89Hz,1H),6.02(s,1H),3.08-3.14(m, 1H),2.87-2.95(m, 1 H),2.73(td,J=5.69,1.59Hz,
1H),2.11(d,J=9.29Hz,1H),1.57(s,3H),1.00(s,3H);

13C-NMR (CDCl;,75MHz):d203.92, 163.51, 154.33, 149.96, 136.65, 133.90, 131.15,
124.29, 123.13, 58.27, 52.90, 43.86, 39.97, 26.71, 22.12;

HRMS 7| 2] C1H,;,NO(M-+H)240.1388, =4 %] 240.1392;

HPLC 542 3} (M5 1) 98.4% (t,=4.28 ).

A Al o)) 1-22. (1S,5R
)-6,6-T M €l -4-((E)-2-(¥] 2] ©-3- ) U] HH] Al & 2 [3.1.1]F E-3-20-2-2:(5b)
3h3hE o] Al x;

Sa S} o] A2 I FASE S o] 881 8] B A& YUER = 34
LA e] (18,5R
)-6,6-T) ] &l -4-((E)-2-(¥] 2] @ -3-2)yn] DHn| Al Z 2 [3.1.1] ) E-3-<-2-2(5b) =
T538k] 317] A3 o o] A5 2 AFESATHT & 77%)

mp 102-104 °C;

[a]?°p-204.0°(c1.0,MeOH);

IH-NMR(CDCl:,500MHz): d8.70 (d, J=1.96Hz, 1H),8.54 (dd, J=1.22, 4.65Hz, 1H),
7.85 (td, J=1.86, 8.01Hz, 1H), 7.31 (dd, J=4.77, 7.95Hz, 1H), 7.02 (d, J=16.00Hz,
1H), 6.91 (d, J=16.00Hz, 1H), 5.97 (s,1H), 3.12 (dt, J=1.10, 5.81Hz, 1H), 2.94 (td, J=
5.62, 9.54Hz, 1H), 2.76 (dt, J=1.71, 5.75Hz, 1H), 2.13 (d, J=9.54Hz, 1H), 1.60 (s,
3H), 1.03 (s, 3H);

1BC-NMR(CDCL,75MHz); d203.72, 163.28, 149.82, 149.35, 133.12, 131.73, 130.98,
129.34, 123.61, 58.23, 52.84, 43.64, 39.96, 26.72, 22.13;

HRMS 71 4F2] C4H,,NOM+H)240.1388,% 4 2] 240.1397;

HPLC &2 4 7 (H 1)98.7%(t=3.89).

A Al o)) 1-23. (1S,5R
)-6,6-T] ] & -4-((E)-2-(¥) 2] D -4-2yn] Y| Al F Z[3.1.1]F E-3
s}k o] A&,

5a 813t o] A2 H I AR WS o] 88k 8l7] AR E YER = 34
A2l (18,5R
)-6,6-T) ¥ & -4-((E)-2-(¥) 2] T -4-DHH] YR A ZF 2 [3.1.1]1F E-3
T538k] 317] A3 o o] A5 2 AFE A THET £ 80%)

[a]?h-152.0°(c1.0,MeOH);

'H-NMR(CDCls,500MHz); d8.62 (d, J=5.87Hz, 2H), 7.35 (d, J=5.87Hz, 2H), 7.13
(d, J=16.14Hz, 1H), 6.84 (d, J=16.14Hz, 1H), 6.01 (s, 1H), 3.10 (t, J=5.87Hz, 1H),
2.95 (td, J=5.62, 9.54Hz, 1H), 2.77 (dt, J=1.59, 5.69Hz, 1H), 2.13 (d, J=9.54Hz, 1H),
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[338]

[339]
[340]
[341]
[342]
[343]
[344]
[345]

[346]
[347]
[348]

[349]
[350]
[351]

[352]
[353]
[354]

1.60 (s, 3H), 1.02 (s, 3H);
13C-NMR(CDCL,75MHz); d203.57, 162.78, 150.42, 143.12, 131.89, 131.57, 124.62,
121.23, 58.24, 52.90, 43.68, 39.95, 26.70, 22.11;
HRMS A 4FX] C¢H,NO(M+H)240.1338,2 4 %] 240.1378;
HPLC &4 4 7 (H 1)98.4%(tz=4.294).

SD # E (260-270g <+71)E &) A} (Charles River Laboratories, Seoul, Korea,
gkanyoll A g kol 12417 /s gk 715 A Bk Aol A Al
H7bs kA shal A% ol e 3hA| A AFE-8FSL AL NIH 7] (NIH Guide
for the Care and Use of Laboratory Animals) = 9] &] (Korea University Institutional
Animal Care & Use Committee) <1 3}ol| <=3 ¥ 3t}

A A

Datat" means + S.E.M. © = * 2] 3} 31 one-way analysis of variance (ANOVA)E
TFaste]l A4 el AdS FASAL, thF 8] ulH S = post-hoc bonferroni test=.
T33P 3k<0.052 Frol 4 o2 dalal ANOVA 4] Aol At
547 (Equality of Variances)®l] ] ¢+ A] & *H(Levene'sTest)2] P LS
A A THP>0.05). F 2 Aol = A7) Hlo] Bl & Kruskal-Wallis test 5-
Mann-Whitney testZ 3§ 3}0] 2| -4] 3} 31 T

AA ol 2-1. A RS ol A= Wl 2 9] A o] Bk

7] AR ool A =5 A 5] G A E Sl ¢
kel el Al E WS S8kl shrlek dol AdlE S AT JuC.et
al., BBRC, 431(3), 484-489, 2013).

(1) 34 A7 A 3 a) <

3] 2 A1 74 Al 3 (neuron)(5 x 105cells/ml)+= Ef o} 16~17< SD &) E =5
TEIF. &, ¥ 9 4S Aedlar ¢4 9 (Hanks’ Balanced Salt Solution,
HBSS)oll 4] ] 2l (Pasteur pipette)$ ©]-&3}o] Wk % (trituration) & = A 25
A F T A E A E (1.8 x 103cells/mm2)<
< & ©] E(poly-D-lysine(100mg/ml)/laminin (4 mg/ml)- ol H] ] X| Z & 0] E) Z¢]
WG A = E Z7] 0 10% FBS-7 7F NBM Hlj #] ol 9] X]3}aL 37°Cell A 7154
96% & 71/5% CO, th 7138}l A A A ZTh Al 32 7] v oF=o w5
15~164 el 53 3} At}



30

WO 2013/183920 PCT/KR2013/004932

[355]
[356]
[357]

[358]
[359]
[360]

[361]
[362]
[363]

[364]
[365]

[366]

(2) OGD(Oxygen-Glucose Deprivation)$ A 2+ 4 3}

AAH ARG A S RS ko], MdE AEES I
e (AF T F<2mmHg) ol A 91X A1 7] 31 23 7] W FES A=A S A A 8
ko] 3041 @717 7H E3HE (95%N,, 5%CO,) = B3 (bubbling) 3} &

F -4 A vl ] (glucose-free DMEM) . Z-obA] 1l k&4t k2 A 3] (oxygen
deprivation) 9] 3}o] 9017k 37°Col| A B 3} th 90F- F- Ab7] = oS
2FA8) 25 mmol/L 3£ 3F+ DMEM Hj A & ZFol OGD WFHS-S S vhA] 7] 31
AEE A 2 02 S8 AH T OGDe)| wE 34| 2 g2 A X2
3717 37F22(95% air, 5% CO,)E A& 3= £ 9 (25 mmol/L)-3--5F
DMEMH}| A el A %] A Z T}, OGD/ A 2+ 2~ Sh(re-oxygenation) 30+ €] A L&
=R B k) (o B RS R A B o S e ko B A=

(A

(3) NMDA (N-methyl-D-aspartate)-11- 5= -3 Al 3 5=

=dlo|Eo) 15-18ULT A X gk F-of], 9] AMAHEES & (Mg>-A| 7] Earle’s
balanced salt solution (EBSS); 1.8 mM CaCl, ¥ 10mM glycine ¥-)oll A 1037t
NMDA (100 mM)°ll =ZA] F ek, 7] =2 Fof|, Al £ 52 MgSO, 3+ EBSS
&N 2 A A3} 37°Coll A 5% CO, 27 3foll ¥l 7] ol A 25 mmol/L &5 F 2
S DMEM W] 2] o] A 1)) 3131t} Al £5 NMDA A %] 305 A 5B A] 2(10
mM) 2 A 2] &} 3 T},

7] E(Sigma-Aldrich, St. Louis, MO 5
e w o A7) §-of] 251 vl vl & (sister cultures)oll A =4 ¥, A A A3 LDH
ol thek LDHS] W& = 5EA] 83l

e
=
> ¢
o X o
P
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lo
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[367]
[368]
[369]

[370]
[371]
[372]

[373]

[374]
[375]
[376]

[377
[378
[379
[380
[381
[382

— e e e e

-

x
N

kg o] 8h§HEE (3a, 3¢, 3f, 3i, 2 5a)°] MK-801°l] 453}

2L (anti-excitotoxic activities)d == o} A ok vl &k 3]4 Al
NMDA- 2174 =48 Fo 4 o2 TAAF T (E2) o] & 2
8H3h=5 0] NMDA-'2 A7 S A Z54 o] A7 -89 &4

o m] 71,

L
e
A

w
=
4l

Oﬁ o{oﬁt
m& = Mo
e

1 o

2 o

O

[

ped
o

AT o] 2-2. v 2= Fr A o] kst &4 't

) AN 5 AR A A9 FAeE TS $2187) 95k
el A E WS 3-8&3ko] & 7)o o]l He ST (Juc. etal,
BBRC, 431(3), 484-489, 2013 ; Huang D. et al., J. Agric. Food Chem.,53, 1841-1856,
2005.)

(1) k-4 AF2F(ROS)2 A2 2E 574 (DCF I3 5)

Nze] A7 iz 27] B2 sIs] f1stol,
A Ak A Sh(reoxygenation) 1A] 7F S0l Al 3E ] Atels ~E A8 S48+ b
HH 9347 o] & ¥ = H2DCF-DA(2,7-dihydroichlorofluorescein diacetate)
F G A A A} 2 A A E} a1, 241 7F - A EE 25 mM Glucose, 1.8 mM CaCal,, 1.2mM
MgSO, X 2.5mM probenecid(pH7.4) $F-+ EBSS ¢+ <Y ol A Al & &} 31 DCF2]
P& I 7]7] Z(fluorescence microplate reader, SpectraMax GeminiEM; Ex =
485 nm, Em = 530 nm) %= Y A& 7} 2H(DFC420C, Leica, Wetzlar Germany)
= & 1] 7 (fluorescence microscope; DM IL HC Fluo, Leica, Wetzlar,
Germany)C. = 43130, &4 A2 A s dF e 2 B A (S, H,DCF-DA=R
AT R AR S

B3 A 93 3¢ B 3f = OGD-Fr &= A2 4hsl 4 ~Ed s
FAAFE 2213 T (I 3).

2) A&t A A 59 =4 (DPPH o] Ao 'H)

Al 2 E<S DPPH (23.6 ug/ml, in ethanol) 2. < 3}3}31 37°C, ¢4l A 301t
Hj etk Al sl o3 7FA 3= DPPH &3 58 517nmell A 733l o},
H] E}9 C (Vit.C; SigmaAldrich, St. Louis, MO)Z t &% © 2 A}-&3} 31 DPPH %
#) &) £ (inhibition value)+= 3} 7] S78F2] 10]] ¢ &}o Akttt

I)\ shAl g

A7 % %L ¢ é (%) = [Absmax(Vit.C)'Astample]/ [AbSmax(Vit.C)'AbSmin(Vit.C)]X100-

(3) 2kA 2y 2 5522 (ORAC; oxygen radical absorbance capacity)Z g
ORAC o Alo]H& -3l 7HA | vho = A& 31 7] of 2o
8 3} th.(Huang, D. et al., J. Agric. Food Chem., 53,1841-56, 2005)
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[383]

[384
[385
[386
[387
[388
[389
[390
[391
[392
[393

— e e e e e e e e e

[394]
[395]

[396]

AAPH(60mM) X fluorescein(50nM)= £+ (75mM phosphate buffer,
pH7.4)o A Al & E= E= 9 (Trolox)§lo] 0] 3FA T A7) A5 FEd e
50% oA Eoll &3l *H 7% RMCD(randomly methylated beta-cyclodextrin) =
g eato] £0] kAT RMCD= A|-84 Al 59 &3l s S3A7]7] 9] 38k
<=H] 3} 9 v}, 3 3-8 9 (Fluorescein solution, 66nM, 190ul)< A] 2.9} 52 7F
A& sto] FikakAl 38kt 37°Cell A 10311 vl ¢ 5-oll, AAPH (500 mM, 30
u)E 2&8H A H7hekal 3] A G=S 35 7] (fluorescence microplate
reader, Ex = 485 nm, Em = 530 nm; SpectraMax GeminiEM, Molecular Devices,
Sunnyvale, CA)E ©]-& 3} 37°Cell A 9A] 1t &<t vl 535 vt} 54 3l o
H = A] 2}0] Zh(peroxyl radical) 2] A A 28 A HFelE ¢ 5lo], AA S
AUC(area-under-the-curve) & &} 7] 92512 20f w}&} Al A+s}al 559(net) AUCT
8k 30| upe} A Akelal Al 2.2 EE 52 5 X|(TE; trolox equivalents)+
EEZSA BT/ WE 94 AUCS] %+ =5 A (standard curve) S WH&9] 3}7]
S5 4ol whet A3l

I)\ Sh&l 2

AUC = (0.5 + filfo + plfs + fslfo + «ov + faolfo + firlfo + £lf) X 3,
(o] 71l A, £, & 05 2 Al Zk(time) I, o] A 2] & = P9l

I)\ 5l2l 3

L:” E(net) AUC = AUCsa_mple'AUCblank-

I}\ gl4l 4
A7 EES 2 o5 Z(TE; troloxequivalents)= [netAUC gy at25mM ]/[net

AUC, 0z at25mM]

LA E9] gtsl &2 270 9] Aol gk o gk,
2] A} o] &~ 7] of A o] M (single electron transfer-based assay), <, A}
+ &A A A A2 A 2831+ DPPHE| 745 &4 3= DPPH
o Al ©] }H(2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl [DPPH] assay) = (2) 54> 914}
o] o] Al o] FH (hydrogen atom transfer assay), =, AAPH(
2,2'-azobis-(2-methylpropionamide)-dihydrochloride) 2} 3% A] 2}t] Z¢
A %3 2 (peroxyl radical generator) 2} FAFSIA| 22 &= Al 5.9)o] AtslAd &
Z] A] A} (oxidizable fluorescent probe, fluorescein)oll U] gl 74 A 2] Wk-g-< g} 2185
=438k AbA g F7 58 o Al o] H(oxygen radical absorbance capacity
[ORAC] assay)= <=3 3}t

213 A3, DPPHO Al o] ol A o 73t 9] # = 7] & 2b+ 2~EE

A & (3a-f, 3h-i) = DPPH 25 7] A A A #}v] Z(organic nitrogen free

o
HN
o,
o
X
e

I
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radicals) = 0] W gkol| th gk 7= 3oL A A<l A A S YEFE S
SH1EFATEGE | 7). o] F SF3HE 3¢ B 3f & T sl A nE curt
2 e 2 E3E UEl o, ORAC o] Alol ol A =, 9] &£ 7] & 2h=

SHE 5 (3a-1) 0] E &3 2 (trolox) 1.t} 78 3k
=

F1eAde) L 978 2 wE ahgt
o
=

| EA] 2t 2 271808 e Flak e (1 E 3 2). ) d 7] 9
W EH(meta) R 7} EH(para) 9141 9] S| =5A] 7] 9] B fref B 2R S

ZRAAN7E s
[397]
[398] 31
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[Table 1]
s}sh2] 2 DPPH ORAC assay
assay
code |product % inhibition |Net AUC [TE,s"
a b
R1 R2 R3 R4 RS

3a H H OH H H 19.11+0.67 |153.98+1 (3.43+0.0
.68 4

3b OCH; [H OH H H 38.13+£5.62 |106.48+1 (2.37+0.0
.89 4

3c H OH (OH H H 91.62+3.27 |131.29+1 (3.11+0.1
1.97 1

3d H Br OH H H 29.45+2.41 |168.12+5 (3.74+0.1
24 2

3e OCH; [H OH H OCH; |55.80+£7.52 |166.26+6 (3.70+0.1
.05 3

3f H OH (OH OCH; |H 83.64+6.19 [99.06+37 |2.83+0.2
.80 2

3g H OH [H H H ND 73.74+3. [1.64+0.0
86 9

3h OH H H H H 4.64+0.60 |98.77£2. (2.20+0.0
53 6

3i OH H OCH; |H H 51.21+£3.83 |136.87+3 |3.05+0.0
24 7

4a H H H H H ND 27.73+0. (0.61+0.0
74 1

4b H H F H H ND 26.15+1. (0.62+0.0
26 2

4¢ H H OCH; |H H ND 38.06x2. 10.79+0.0
00 1

4d H H Ph H H ND 26.75+1. [0.56+0.0
27 1

de H H Pyrrol |H H ND 98.31+0. [2.19+0.0
48 1
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4f H OCH; |OCH; |[H H ND 39.35+1. 10.88+0.0
67 4
4g H OCH; |H OCH; |H ND 45.28+0. (1.01+0.0
62 1
4h OCH; [H H OCH; |H ND 32.44+1. 10.72+0.0
54 3
4i OCH; |H H Br H ND 32.96+1. 10.73+0.0
03 2
[399]
[400]  3kota 2
[401]
[402]
[403] )
[Table 2]
5}5k2] 3 DPPH assay |ORAC assay
code |product % inhibition®|Net AUCP TE,s"
X Y |Z
5a N [(C |C ND 23.51+0.79 0.52+0.02
5b C [N |C ND 22.93+0.61 0.51+0.01
5¢ C [C |N ND 22.51+0.34 0.50+0.01
[404]
[405] g‘tﬁ]—zﬂ 3
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[406]

[407]
[408]
[409]

[410]
[411]
[412]

[413]
[414]
[415]

sk & H o 7H/\]% WS 583ko] 3179k o] 23 & 83} T (Belayev
L. et al., Stroke, 27, 1616-1622, 1996 ; discussion 1623).

DEZRLEEREE R

P EE nfATE o]&31o] N,O 2 0,(70:30v/v) <3125 3.0%
o] 235 W (isoflurane) & 52 A 2F8}o] 29 o] A FF -2 A A A wh= 83T
AA AR 717F sk v ol A ek A B 59 7|7 A] G4 5 71 RA] Al -
244 2 2 &9 = F o] 85} 37°C £0.3°Co. 2 2d W FA A AT
T4y FdF e = o MCAOL & #5383t} 29814, 3-0
heat-blunted &A1 4] U= leSL/\}(monofﬂament nylon suture; Ethicon,
Johnson-Johnson, Brussels, Belgium)Z MCA 432 #H A A 7] 314} §-5 9] 5
s A itk Aol AFd sk ar W= 73%“—]19.?; 17.5 mm= A 2T,
/\]-7] H?SLO 5L QE_O]_T:E 1}\]7]- H]— 8011 ;(ﬂﬂ-c‘;]_oﬂq_ e q]v;]l_—?.%
MCAOE A| 9] 33l FUT e o2 a3l o), A el sh4] %= MCAO
153 2 2 A F5F 158 ol A3} Ha 92 Q7] (MicroMed, Lousville,
KY)= 55-7F S48 v}, & FpH, Pa0,, PaCO, & 83 4~%] = 54 7](Ciba
Corning Diagnostics Corp., Medfield, MA) = =74 3} %1 U}, DMSO= &-3)| A] 7] a1
10% & 2 2.3 (cremophore) & H 4 22 8] A3k (5%) A 23 24 8) =
MCAO F+5=5- 21 7HEE B Eof] 7 & Fo] 3131t (100 me/kg).

n}= 7\] Zl 51* ] %! —%%j—;‘/\] ﬁr/} HEQ Z:(rat brain matrix, Ted Pella, Reddmg,
™ HAH 2 mm)S A O 2%
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[416]
[417]
[418]

[419]
[420]
[421]

[422]
[423]

[424]
[425]
[426]

[427]
[428]
[429]

Edudu EgtEy 3 92k, Al vk =2 3], St Louis, MO) 3041k 37°Cell A
A ATE 4% IEFEE LU ] = (pH 7.4) % LA S LA 02 227) 30%
sucrose at 4°C N 4] 30% 5~ % 2>(sucrose)°l| A %@E.@J\] v = = e Al Se)
+4mm (18 R-6mm () AFol o] A4 A & A
3L 2 7151 (OPTIMASS. limage analysis program, BioScanInc. Edmonds, WA) 2. =2
Sk vh WA A7) 245 A AN d o S FEoR
A AT AA 4 A 23] (mm?)+= 73 (J Neurosci Methods (1998) 84:9-16;
Cereb Blood Flow Metab (1990) 10:290-293)°1] 7} A v}t 2 3} 7] 4=5}4] 59])
we) ¥ 3 0 2 0 A sl AAFEHLh W RES 5] 5344 63} 2ol
ES5/MEEA) W o 9 (ipsilateral(V, )/contralateral hemisphere area(Ve)) 2]
Mg SRR AT 2F ol S AN S4590,

I)\ 5l2l 5

AA w7 A E5) (mm?) = 2 7] 2‘—?@ 'H (direct measurement)l| 2] ¢k 5 =4
F-I(1vd) x [(HFA T3] (Vo)ikEA4 53] (V)

I)\ sl2l 6

% -5 (edema volume) (%) = [(5- 54 3] (V) W34 3-3] (Vo) ik 34
5] (Ve)] x 100.

o] F-o| A& W5 A7) 31 A7) (Leica 3050; Leica, Nussloch, Germany) - 10
0mm &4 ¥ o= deaba 20°Ce A A3 ¢l ot

Stroke, 17, 472-476,
5}2] Ad Qe 1. kS

L2 =

[}
e AL, s dshA o,

el
[

u-lk
yg,
P>
)
o e
it
I
o
&
o
TR g-)
>
.
2

IL-1a, IL-1b, TNF-a &} Z}2} 1:
AT A 22 1% 2
Ao A 1A s o A2
Hoechst 33258 141 o © &2 2017} 8-S 94 213} a1 A A 3fo] f2] &dlo]=

A 3 g4 o3 1) (Zeiss LSM510; Zeiss, Oberkochen, = e)#
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[430]
[431]
[432]

[433]
[434]
[435]

[436]

[437]
[438]

[439]

(5) -+ A8 T A3

Q149 (G2 B A0, 206) 8 AW FA} A] WA v LRI 6] FA]
Askato] P4 AP Fohat - gl P A2 WS, Wel @5
FIG H W2 ol Az Wov) G o] =445 of o ukzs B o] Fupa o
Z7hEo] Aalke] SR YIS WM B B 5P E e 0 AR
200 mie] A2l 4 2 A GTF AU HEALS A Fsto] FAS A F Ao}
(Bel 2222, 60%)) Bk 4°Col A 2441 7E A2 ). 242 149
10,000rpmell A 15%:2F 4] A A el AE o2 H sho] W2 e
o Wh2 17 91 4ol o] HHIEE 610 nmol A S eko] Ykah s el 22w

(6) &7 A=E 29
A7 YR 2 ESE U AS FE A 5UT 2HoM F4

A EEAE Ak, o]of AAH A% 3 E H B ALg8lo] ek
A AL 37.0237.9°CE FA| A 7T}, Bof] A4S Ak & &= BT

(common carotid artery: CCA)¥} 9-= BFZ-2-5- ] (external carotid artery: ECA) ¥}
%5 W78 5 (internal carotid artery: ICA)S H-2] 8lo] 7255wl 3 2 WL ) o
w2 A d o S HE AR slo] | E WS AAH oz 2ot}

S A T BA 7 A& E = S ZH A Al ste] d#3E9) o)
o]k =] 7F 217 0.3 mm= 21 94 0.58 mme] PE-50 7}H B 2

o]-&3sko] e A A47F 11 100 ul 3= FA] R 35 mm A A&
g g = 9] gk M Al E 3 29 Al A skar, e E S 24 28 A
W7 E ) 2 16-17 mmZ7FA] A A 3 ol g o] Al 2ol A oF 2 mm7}hA]

ol A tt ZH B o A7 S U s o 2 Q) Sk (10 ul). M A F9) 5E 5
THENE| & A A G WG e A Aol A oo, )R & BekEs 27}
P M A LS E Aol AR A e Y Hol A H g T e

A145:8] PE-50 7 H.ol| =31 8ke] 220l Al 241 7E, 4°Coll A 2241 71 1} 2] 8}
RS AN, A FHE Zel e A D55 T2 236 FAMME©]

F2E Iml A1 S AFE-31o] PE-10 725 B o) W PE-50 7HE B &

O



PCT/KR2013/004932

ol A, Al &.(3f, 50 mg/kg) 2]

3]
=

39

- #] A (Post-ischemic Treatment;

k2|
=

WO 2013/183920

[440]

o

FATHEE 4).

shol

o} (I 5).

:|

]_

o)
2

Nlo

mK

o

[441]

A =

5| .9} ED-1

3

A
o

3

Njo

e
ol
o
e

=

p=1

o]
& ol

.
T

A7

.

i=
A

]

Hox

th e

lon o] <l

ATt (52 6). B Wk o} e}, IL-1 alpha, IL-1 beta, TNF-alpha®} 7+
[}

11
oA FQ
== =
[e)

5]

tPA) 7}

N

bol g4 &

°©

Fol gale] Az ol whek ] el

T 100 mg

100 mg
Ze|ot 1At vl v 45 2 mg

A A el 1. AkA o] Az

8}3HE 3f 200 mg
3 100 mg

3 10 mg

A A ol 2. A 2] A =
$}3H& 3¢ 200 mg

O A

—

(o]
%

[442]
[444]
[445]
[446]
[447]
[448]
[450]
[451]
[452]
[453]
[454]
[455]
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A| 23k}

[457]

[458] A Aol 3. ZFA A 9] Az

[459]  RW 200 mg

[460] HAGQA AER Q22 3mg

[461] FEQ 2 14.8mg

[462] vl ylf Z2H ol o] E 0.2 mg

[463] B FFAA Aol whatk A7) o] Au-S &3kekar Aeke Fl<rol
Fxste] FHAA S Azt

[464]

[465] A A o] 4. FAFA o] A 2

[466] 3} 3+ 4e 200 mg

[467] T & 180 mg

[468] FAHE Hal T 2974 mg

[469]  Na,HPO, 12H,0 26 mg

[470] T FAA o] Az Hel w1 AET 2 ml) F7e] A EFe R
e =

[471]

[472] A A o] 5. MA 2] Az

[473] 3}51& 52200 mg

[474] o]/dsld 10 g

[475] T 5¢g

[476] A A

[477] O] MA o] Aol wha} A A ol Zh7ho] A S Thelo] &3 Al 7] L
LS A5 7hek vhe A7) 9 S £33 v AAE Ttske] dAE
QA5 7Heke] A 100 ml2E 285 5 Aol Fxslo] Al A A=
Az k)

[478]

[479] A A ol 6. 7 2E2] A=

[480]  3}$F= 3a 1000 mg

[481] HI Rl =39HE A %

[482] HIEFHL A oF Al E| 0] E 70 g

[483] HIEFY E 1.0 mg

[484] W) EFRl B10.13 mg

[485] W) EFRl B2 0.15 mg

[486] HIEF B6 0.5 mg

[487] HIEFY B12 0.2 pg

[488] BB} C 10 mg
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[489] H] 2 ¥l 10 g
8

[490]
[491]

E 1.7 mg

Aot

gy
™

2k 50 ug

A1 1.75 mg

Aksloled 0.82 mg

[¢]

[494]
[495]
[496]
[497]
[498]

B2 1 H] 45 25.3 mg

15 mg

=
et

<

A

—

A1

55 mg
90 mg

Lo
ol
=)

A

—_—

A|2°

:EL

=
=

e

B

A

[499]
[500]
[501]
[502]

A 100 mg

Al 4 24.8 mg

L]j]

[
H

AR, 21 H)

ol

ol

[503]

ol A%

8}3FE 3f 1000 mg
T4k 1000 mg

[505]
[506]
[507]
[508]
[509]
[510]

=931 100 g

FN2g
g

1

Al =

= O
=
=

gl

€}

O
-2

A

o1 2 4l 900 me

713

A

o

o

7] %

[512]

% 7) & 1o

] &=
s =T

o %]

2k

X

A

o

—

gl

& o)

g}
H

whebA 21 o

[513]

i

o]

[515]



42

PCT/KR2013/004932

WO 2013/183920

3} 54 A el

=

A

{2 o =2

Z

3

4

Hof ey v dgh o

A &=
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% o

1

o

0%

-
il
olo
gl
plo
ol

0



[;‘<4

[

[e]

s

WO 2013/183920

73

er

5}

[]

1]

3]

43

PCT/KR2013/004932

4TS

st7] 8hek) 19] 2 E 7 W 2k A mis ofst oz
5 &7s et 19 AS FRAFOE T8 H3lA W Asto

L=
28 L= o ukg oFs}lz A

e
g‘tﬁ]—%] 1

o

7] 2ol A, Ry, Ry, Ry, Ry, R
Cl, Br &=+ IETH Aeny sk
=

Uﬂ%ﬂ e 7], UﬂE*V] ol =] 7], o} ]
Eﬂiﬂo Feon %Uﬂa o
x4

A gk
2o¥oﬂ OW P Rl,Rz, Rs, Ry, ¥ Rz 247 B H o
S A .
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W), S AZL A ), 9E ), SR e R A o R
e st ol e X&) 9l skl of s =

Al 1@ell odel A, 7 X YR 7= 242 S5 o2 BAA B
N,O =& SUAE A T o2 E A H 3l o] 4ke]
o)Akl shghE el oSt B

Al 4l AolM, 371 X, YR Z+= 2Hh S A 0 R B Eis
AR A o RAE A sk o] e f1A)el
Shehe el ofshaA &,

(18,5R)-4-(4-3| EF A 2~E] H)-6,6-T] W El B) A 2 [3.1.1] P E-3-2l-

(LS,5R)-4-(4-3] =50 A]-2-1l]| = A] 22 E] )-6,6- T v D H] A| & 2[3.1.1]
A E_3-92-2 (3b);

(18,5R)-4~(3,4-V] | = A 2~ B 2)-6,6- ] W E H| A 2 [3.1.1] 3] E-
3-9l-2-2- (3c);

(18,5R)-4-(3- B 2 5L-4-3]| =5 A 2~ E] H)-6,6-TU W H| A S E[3.1.1]
N E-3-91-2-2 (3d);

(18,5R)-4-(4-3] =5 A1 -2,6- U] o] 55 A 22 E] 2)-6,6-T] v & 0] A] 2243,
L1 E-3-91-2-2 (3e);

(18,5R)-4-(3,4-T] 8] =5 A]-5-1]| 5 A] 2~ E] & )-6,6- U] v & 0] A} & 23
L1 E-3-qll-2-(3f);

(18.5R)-4-(3-3] =5 A 22 B 7)-6,6- 1] vl ] AT 2 2[3.1.1] 1 E-3-1-
2-+ (3);

(18,5R)-4-(2-3] =5 A 2~ E] H)-6,6- U] vl W] A| & 2[3.1.1] 3 E-3-9l-
2-2 (3h);

(18,5R)-4-(2-3] =5 A -4- v 5 A] 2= E] H)-6,6- U] ] El ] A & 2[3.1.1]
N E-3-901-2-2 (3i);

(18,5R)-6,6-1 v & -4- 2~ E] A N A S 2 [3.1.1] ) E-3-<1-2-2 (4a);
(1S,5R)-4-(4-ZF L 2 2B H)-6,6- T W & 0| A] 2 [3.1.1] 3 E-3-<l-
2-2 (4b);

(LS,5R)-4-(4-H] = A) 2~ B] H)-6,6-T] W A 1] A| & 2[3.1.1] 3] E-3-41-2-
.‘.l (4C)'

(18,5R)-4-(2-(0] # d-4-2)n] )-6,6-C) W H B A S 2 [3.1.1] ] E-3-
N-2-2- (4d);
(18,5R)-4-(4-(1H-Y] &-1-2) 2= & )-6,6- T W & M A F 2 [3. 1.1 P E
-3-9ll-2-2- (de);

(18,5R)-4-(3,4-Y] W] 5 A| 2~E] H)-6,6-T] W & H] A] 2 2[3.1.1] 3] E-3-
A-2- (4f);
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(18,5R)-4-(3,5-t] ¥ = A| 2~ E] H)-6,6-T] ] & 0] A] Z 2 [3.1.1] 3 E-3-
<l-2-2 (4g);

(18,5R)-4-(2,5-t] ¥ = A| 2~ E] H)-6,6-T] W & 0] A - 2[3.1.1] 3 E-3-
All-2-- (4h);

(1S,5R)-4-(5-H R HL2-v| & A ~E] H)-6,6-C] W & U] A| Z 2 [3.1.1]
E-3-91-2-2 (4i);

(18,5R)-6,6-T1 W &l -4-((E)-2-(F 2] H-2- 2y D A F 2311 E
-3-9ll-2- (5a);

(18,5R)-6,6-T1 W &l -4-((E)-2-(F 2] -3-yn D A F 2311 E
-3-Q1-2-2(5b);

(18,5R)-6,6-T1 W &l -4-((E)-2-(F 2] H-4-Hyn D A F 2311 E
-3-9-2-2(5¢);
S 2Ry A8 s3hEQl ofstxAd &,
Al 13}kl oA, 7] E
G=zslolw| A 91l A

Al 13+l oA, 7] E
at7] sksha] 19] 25 7HA = vl 2HlE frie
5187Fs sk 1ol S FrEAd Lo R ke
S e 2 i B = R G A Bl

'gt'é‘]—/\] 1

o4 rﬁ"
ks
uly
Ol
o,
4T,
i)
riot
-0,
(o]
o
o
BN
oX,
i

i o o
o g
il

o o °

o)

371 21l A, Ry, Ry, Ry, Ry, M Rs= 2424 55
4 .

1

mO*'
il
L,

Cl, Br -+ IE—,—H HE”%
AwLZ7], ¢ WA Cy AFE=A]7
Aol 7], ¢, WA Cy ALz Yol 7], kA<= 5 4] 82
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(7478 11]

[ 78 12]

[ 7% 13]
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H
A 9gtell 9lol A, 4]
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sl o) 4ol A 8h7] 9l shehEael 1475 4
114, A7) X, YR 23 27 B A 02 e 94 g
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A
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=
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(18,5R)-4-(4-3] =55 2] -2-w]| F-A] 2~ E] H)-6,6- V) v & H] A F 2 [3.1.1]
N E-3-9-2-2 (3b);

(18,5R)-4-(3,4-T) 8] =5 X] 2] & )-6,6-T] v & 1) A] 2 2[3.1.1]3) E-
3-9ll-2-2 (3c);

(18,5R)-4-(3- K 2 W.-4-3] =2 A] 2 E] 2l).6,6-1) v & 1] A 2 2 [3.1.1]
HE-3-9l-2-8 (3d);

(18,5R)-4-(4-3] =5 A]-2,6-T] W] 5-A] 2~ E] #)-6,6-1] vl & 0] A 22 [3.
L1131 E-3-ql-2-2 (3e);

(LS,5R)-4~(3,4-T] 8] =5 A]-5-1] 5 A 22 E] 2)-6,6-T] vl &l H) A 2 23,
1113 E-3-20-2-2(31);

(LS,5R)-4-(3-3] =55 A 22 E] H)-6,6-T] ™| &l H] A & 2[3.1.1] 3] E-3-9ll-
2-< (3g);

(18,5R)-4-(2-3] =5 A 2B E)-6,6- U] M = ] A 2 2 [3.1.1) 3] E-3-<ll-
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2-2- (3h);

(18.5R)-4-(2-8] =5 A -4-1]| 5 A] 2B 2)-6,6-T W R W] A 2 2[3.1.1]
P E-3-9l-2-2 (3i);

(18,5R)-6,6-T] ¥ & -4- 2~ B} 0] A F 2[3.1.119) E-3-90-2- (4a);
(18,5R)-4-(4-FF 2 2. 2= F| 21)-6,6- V] v W] A E 2 [3.1.1] ) E-3-<ll-

2-2- (4b);

(18,5R)-4-(4-H]) = A 2~ E] 2)-6,6-T) W E 1| A F 2 [3.1.1] 3 E-3-9-2-
.Q (4C)‘

(18,5R)-4-(2-(M] A d-4-2Hn] H)-6,6-H W W] Al £ 2 [3.1.1] 3] E-3-
oll-2-%- (4d);

(15,5R)-4-(4-(1H-3] =-1- ) =B H)-6,6- L F H H| A S 2 [3. 1.1 E
-3-201-2-7- (de);

(18,5R)-4-(3,4-0] ¥ = A| 22 E] H)-6,6-T] W & 0] A Z 2 [3.1.1] 3 E-3-
A-2-& (4h);

(18,5R)-4-(3,5-t] ¥ = A| 2~ E] H)-6,6-T] ] & 0] A] Z 2 [3.1.1] 3 E-3-
all-2- (4g);

(18,5R)-4-(2,5-H ¥ 5 A 2 E] H)-6,6-H W & W] A S 2[3.1.1]3] B-3-
All-2-- (4h);

(1S,5R)-4-(5-H R HL2-v| & A ~E] H)-6,6-C] W & U] A| Z 2 [3.1.1]
E3-9ll-2-2 (4i);

(18,5R)-6,6-T1 M & -4-(E)-2-(F & -2-yn Hu| A 22 [3. L1 P E
-3-91-2-%(5a);

(18,5R)-6,6-T) M & 4-((B)-2-( & H-3-2Hn DA S 2B LI E
-3-9ll-2-2-(5b);

(18,5R)-6,6-T] M & -4-((E)-2-(F] & H-4-HH DHV A S 2 [3.1L1AE
-3-9ll-2-(5¢);

S R2HE MY =l A7 545

[ 7% 15] A 9ol Qhol A, 7] B A H A gL HEF, 5, A,
sk, AGH A2l A7 54

stol A, 4 AR, Ei Y 5
(473 16] A 1580 Qol A, 47] H a4 ¥ AT N EF 4475 E.



