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1-obAl d-4-v e -2~ d-5- (3] g D -3- vl &) -1H-¥) e}£ 2[4, 3-c] 9] g ©-3,6 (2H,5H)-1]2;

tert=28 - 4-{[4-WE-3,6-0 F2-2-50d-5-(5) 2] -3~ 9)-2,3, 5, 6-Fl = efabe] = 219 2= 2[4, 3-c 7]
29-1-2 17289} 9 5 2 P-1-7 2 E 2 gl o]  ;

1-(MEA oA ) -4-m e -2- I -5-(F) 2] -3-d v &) -1H- ] 2}E 2 [4,3-c] F & 9-3,6(2H,5H)-T]2;

4-v -1~ (4-7 5 A FEb e ) -2- 9 I -5- (I 2] 9 -3- U v &) - 1H-9 2k & 2[4, 3-¢] 9] 2] -3, 6(2H, 5H) - 1] 2
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A

B owwe shehy (DO WehER Jed FEAsh, old ot 4% % 4¥W A3, £F7) 4T, bl 3
G vAE AR, AP QEs e Ay, A7 55 99, A% 29, 447 28, 934 A8 ¥ 9o A=
W/EE RS A% oofe] ALE AT olE §Eo B Aotk PAHOD, ¥ B YmEohu= of
A EirF Qe s EadolE SAvtelAl (NADPH SAtiobd)e] 4 E /15 245 9%, 53, o
A7) A okt AGE] AxE Ast] FE NBER AW FEAN B Aol

vl F 7] &

NADPH Z-Ajthoba]l (NOX)E AEsHd s 724y AxES Adste o 2] > A

Zolal, AR Ag g AAEL FAslEo|td, =R, NOX 549 AETF 752 AARRE 9S4
X3 o

A ROS)S EAATIE Aotk wkgA a4 F (ROS)S Ak

oz Ghtek eole (%0, 1, stel==4 [H0%], #9a [Ro0®], =4 [R0%] 2 stel=zmea [H0®))

2 absbAlol /v w4 Buze Weks 53 vd02 (nonradicals)o] Aok, Abst A E

4 AxT RNS)OR BATH RS AL mHoz splstBel AEEA A2
olth. abshEe AWAoR, 3 W pllA EiE FHSAIE afeebddl o
= Adsp) WFdn. 105 499 AzAcl=Ad e hEss, dadad JH%"
EololEg RS BE, SsEAZRE Aolame] Stk Su 94, 2 e

% EEZ
Z24 g S fFEste Z-=0] 3E 95 (Fenton reaction)©] AT},

(<3

= =

St oThE A3 R 24 % DN, @A, Ad, 95 3 9aS uEg ged 24d we 2
e !

e, ol <kl FAA Fs7 FHA. ROS
A= 3z ZZ]

lr e rlr 8
oo
%
ko)
°

%:
AEY s L A ApE R e AE L 2AN e gHe 24 wgel B
@k, e, Z1RAe Aeshgel sge) 2AelA RS FaAelE BTE, RS Ae EH BAhe] 7]
s Ml dos 9w APAZ 5 A ARHOR, RSt ARIA 47140 AN Fe Y 2 )
SIARA AR A o, AR A A W,
9% Fobol, MOPH SAITholAl 9% 4ol ol dw AXAA RS A4Sl 7P Fad 39 3 shtolr

(Thabut et al., 2002, J. Biol. Chem., 277:22814-22821).

ol A, 2242 ik Wbl ofsto] WA ow A= (A, MEZE=L 35 B gFE"E A4S Al
o] &35 = w7 FolA Aoz IG (Y, '@l V] Ee= w7 29) s FEd =F
Hi Aok gEel, dAe vE 24 Hste] H2 AbA §utell ] m=FEa, A 3WAS v, 3
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N FFo] Hu, 53] RSO <olste] wisfE= AFA o %"—;3}3} (Brigham, 1986, Chest, 89(6): 859-863). ¥
o Az W P& Al A o] NADPH SA thobA] ©F&/4d ROS AL 7]AlE o] t. A=l ik ¥h-3g- o2 A
NADPH SAltfolA] &3t # 18y 4 7 I3 5 57} 04 SF7] Aol de #oste AR A
At} (Djordjevic et al., 2005, Arterioscler. Thromb. Vasc. Biol., 25, 519-525; Liua et al., 2004, Am.
J. Physiol. Lung, Cell. Mol. Physiol., 287: L[111-118). ©l%o], #H A&ZL 7 d=o] EAol1, Ir}3t
ROS A3/4do] EAo|tt.

SZAXE (Osteoclasts), W] ©1-W (turn-over) (oAZAD], W AFF)oA Fa3 &S = vfa=HX]
& A|EQlH, NADPH SA|tjolAl-o&A WU SE 53] ROSE DALY (Yang et al., 2002, J. Cell.
Chem. 84, 645-654).

o o3kl ROSSl Z7hEl WAE

R CER R

S¥shE BASE B ] AE PR @ ) AZ) A NADPH S A chol A

= , 2000, Free Rad. Biol. Med., 28:91-101). Y<%0],

WEE GFAA A8 SEdS R0SE 2AHE AL FwE] AR AAF AL F 98l
(

Pillarisetti et al., 2004, Expert Opin. Ther. Targets, 8(5):401-408) .
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ROSE olEHlEA TWAS S, Ax F2, 18 D AR I A3 Ay o] dubdoz dAstA #
ot} (Cai et al., 2003, Trends Pharmacol. Sci., 24:471-478). TAstE A, oA 59 HoA olH &
A EHASE g BE 93 AXTE ST EE A Y ofyE, ROSE AlFHU ME w4 "olElFAd T

oW AsES FEE 4 At} (proatherogenic)". 3 AAEo|A] ROSY o] Fag AELS Abstda (NO)9
Z2Roltk, NOE o é%A A4S JA|star, NO9 &4 Adyd Awel wye glo] Fasd) A 9
(balloon injury) ¥ &% Z NADPH SA|tholA] &Ad QolA] Z7b7F ma® vl o}t (Shi et al., 2001

Throm. Vasc. Biol., 2001, 21, 739-745) .

A AEds EE AG SO2 S 474 H94 A4l ol Fa 4 A4
o rE vEZEgel HAAd, A gz, AXE AE, A4 AE 2 A dF A, AP AE EHE
A Age] wAdS AR er Fudd JMs5A Sol Aot (Munomura et al., 2001, J. Neuropathol. Exp.
Neurol., 60:759-767; Girouard, 2006, J. Appl. Physiol. 100:328-335).

Lo, Aol 9Jgk ROSE AP vl FolA FHE v 9low, AFFUl NADPH SA|tfolAldl 7]ofsl= Ao
2 Aerd vk Ay (Vernet et al., Biol. Reprod., 2001, 65:1102-1113). 22 ROS AL Eolz g1 &
7 A% g AdgddS vES Ax g gl doste Aoz Abd uk Q).

NADPH SAjttolAl= wholl A3t A|EFEF b558 EwQl Al /o] Mzd dwld AB54<1 pd7phox, p67phox
2 iﬁg GTPasegl, Raco & o]FolZth. NOX &4 7709 oliEo]l EAHE ul 9Edl, o7]dE NOX1, NOX2,
NOX3, NOX4, NOX5, DUOX1 2 DUOX27} Ut} (Leto et al., 2006, Antioxid Redox Signal, 8(9-10):1549-61;
Cheng et al., 2001, Gene, 16,269(1-2):131-40).

Je B, NADPHER-E freffd ROS= Z45 AW, 53] Add AW Ee 48, 257 29 £ 4, diibl
FdEFe VA= AW Ee A, W Zd, A7 HAY A, 95 2, A4 g m2e 29, 55, 4 R
A
al

=13 (o) _8_0

e Ady AW, 357 A8, diabel e viAs A9, vF s/me ow dy, A B3 2,
A A, AAY] A, A 28, o, LA 28, o3 Aal (traumatisms), HEA, Fd4 2
W &, el AW e 2, dv A 2 98 A4 A S §9 Ao = O}Eﬂ palS Tl
QEE A O|E ZAttopA] (NADPH SAIthobA]) whed Agke] X8 /= ool &3 Alqf Akl w3
Zolty. 53], & W2 AEUelA ROS Aol Al E= el F83 AlaF ZAkl B3 Aot
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2 Thsgt YAA olF AFe Jhed AE M 4 dedl, olF A2 WiEe (B) e (2)
o 4 9t} o] Rol= H|d, &, olAZ=EIY, -ZEIHY, o-dE-1-ZaHd, 1-FHd, 2-FHd,
3-5Hd, 2-od-1-FHd, 3-dE-2-Fud, 1-ded, 2-Agd, -dHed, 4-ed, 4-He-3-3ed, 1-
aAd, 2-3Ad, 3-FAd, 4-3Ad, 5-AAd, 1-9Ed, 1-5Ed, Agd, 1-dAd, 1-HESHAY, 1-
SeHAY, 9-FEHEMY, 1-oelmAd, 2 3, 7, 11, 15-HEZHE-1-AA}eAd 59 ZE72 dAHT),
725, oE GG gAY, " FVE2x GG EAdS ¥, O TR 53] 4ad He Hd &
= dH"d (-CH=CH,), n-2-Z=23d (&=, -CH,LCH=CH,), ¢|AXZ=2Hd, 1-Z=23d, 2-vE-1-Z25d, 1-4H
g, 2-3Hd, 2 s3-dE-2-FEHd Solu.
GEoR e tE fojgt I AMEE o "dy)delgte folv AHE T EXAE GGy &74dE 23
sith, o] oo FhEst Aol deojo] Thsgk kel e Ajto] d& 4 k. o] foj= ' G 2 o
A 20700)aL, doRE olF Aol AE &IV 59 71, dHAd, JEd (-C=CH), 1-Z23d, 2-Z2yd
(=232 -CHLC=CH), 2-FEd, 2-#el-4-o]d o] Jt}. 53], o= CC &71d, "= F72= GG

d7ld & FFIT. FUIEE, ole (G E7IEdS sk, ol w4 A F7F 2 WA 674e]ar, ¢4l

"FEHzEd A o)k gol= C-Cp-eE, FEE GG -EZEEAM o] T 1) ol &4 A&7 0, N, EE S
25 Ad9H s duzdars Agys As wek, o7]ds 2-w S " So] St

g " (dddg #Hd ) % s 59 B (dxd, Jdud, dzeE)s = g
715 ey, ofdel= dd, UEd, kEH, HAdEHd Tl

ATt
"CCo A of-"olT= Bof= GG € AFAE T ofHYIE ek, of7lddle vdEdd, <ddd
ol 3

"ol C-Cp gA"olttE &ole ofd AIAE VA= -G €AVIE Feted, A7lee 3-ddEZEsd, W

"SRl olek: goli MicAlolZE EZWYE] Ei wlolAtolY wi EeliolZE §F I dHZ
GuEs wan. AMZEEe A Azt 9o Avd 999, wEd, Seucd, #9,
geld, olrthEd, SAEY, o ASAEY, ElolEY, ohEolEY, WeEY, 1,2,3-EdolEY, 1,2,4-5
GobEe, 123 ST 12,454 kS, 12 5- ALk 5, 1,3,4-SAE0bE e 1,3 4-Eejel
9, L23Eeebd, MEFY, (23 Cselmn MaR, olaneRe, NeHdd, MEsdesd, o)k
MxEld, AEd, o405, J-AEY, wzolrichrd, olrltE(l 2-alneld, WA oEY, W=
Y. Ay, A, SR, S, A, ey, AR aldg, o
03,2009, ARSI, A, oladlwd, HEASY, 5675 dAnddolm 2w,
5.6.7,8-HIE ol = 2ol arl e, el ZHACY, A2nEd, 2HY £t wEAEdel 3

'0-Cs 22 dEEololeke §ol (G U ABAE AL dEzolRe waked, WY FU ol
2

"HlEl b (G B ol ol dHlEold ABAZ A (- BAYE Fehid, FL 6 o] 9
o,

"G BA SlEolgh ol (s 2 ARAE A ofd g Bahed, Hd Ad So| Uk
"ob CCy B Ol Folt ofd ABAF AL G 2ALIE ek, A v Bo] Yok
'CoCo BAE FE| ol ol Foji (-G SAY ABAS AL e zolRs) S Bahzd, ool WY
Aed Fel ek,

"SlElZokE CCy AAI el golt slHlzeld ABAZT AL G BAEIE Fahd, d Wy

<ol 3
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"CyCs-Atel ERGA ot gole 9 ® (7l AolEFREAM) EE vF 53 B (dXd, =2Ed)S
A A dA7E 3 WA 89l 23t 2R EE 7S WEtt). CCeAll E 2 S o= Afo|FREAY, A}
olFRHd, m2ryd So| .

"FEH ZAto|F R A olgkE Fol A
0, S, NRZ o]Fo|X&= FoZHE A
g weth. dH Aol E RSl
ol Stk

"CCs & CCeAtelZ 2L "olgt= ol (-G ¢ ABAE 7HAE (Aol Z 2L 275 Taiy, wE
AtelE=2E Fol gt}

ot
N
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i=)
fl
£
£
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o,
lu
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o,
g
fiu
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©,
4N

N A 3709 e A7}
Uy e a2 (FHY, o714 RS 44w wEs AoHi=
vyZgud, vdgud, uxd, L2Zed, gEsto|=zHad

_L4

[e}

"CoCeAtel ERU (-C A" eolEte ol G (Aol ERY AFAE /A= -G ¢471E Zah, 3-A

olFEdY Zay Fo] 9}

"C-Cs & slHEA|F 2L olghs Boj= C-C ¢ HFAE JHA = dEHZAIEF2UAVE Dk, 4-

Hdysetd Fol 9t

"FEH ZAOlZ R (-C EA"olEke gole HEAIZ RS ABAE A= GG EEVIE Te, (1-
ey g d-4-2) wE Fo] gl

"FEEEA g g0l -C(0)0HYE Tt

"FFEEA] C-Cs EA" olgte &l FIEEA XFAE M= GG EAVIE FEh, 2-7tE R Y Fo

ATH.

"opAteolEhE o= -C(OR7IE WakH, of7]A, R H, "<, FUIEE GG <A, 'old",

"slE| 2ol ", "CoCeAtolFR A", "slEEAto|F A", "ol (-C; A", "dHZoFE C-C; ¢A",

7‘1

"CCAT 2R €GB EE e EAelFRAD (0 FA'e EFsa, ofde] dzt okl
ol grh.

"obd C-Cy FA'olehE ol obd NBAB HAE € FA/E WaH, 2-obAEe D So] gtk

"obd ofgroleke golE obd ABAF AL ofds)E wainl, 2-oblEsY Fol v,

[

Tobd A" ol -0CORZIE WRH, of7)A RS H, "0C 2T, GGy A, 0 2719
OGNl FRA", S RA ZEGAY, "ok, "eEEold", "ok (- 2", "HEROR CoCy @
A, Toh GoCy AN, "HlElRol OoG BAEY, "ok G 271E", "aElROR CoCy B, "G
APl RN CoCy B, EE SERACIZREN OGBS TSI, obASAY efol= opAE A
5ol gt

"ML A GGy BA"OlRhE Boli obASA ATAE JE G HANE T, 2-(NPARRLGA)
g 5ol k.

"SRR Boli -0R71E AQLE], o 7|4 RE "CCo 2T, "ok’ MaE Rl "ol (G o
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[0191]
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10-1703360

s==4

Fd-1-d]7t2rd 9]+ g
1-(HEA oM E ) —4-v & -2~

-5-(¥ gl¥-3-Ume)-11-1 e} =2 [4,3-c]9 g d-3,6(2H, 5H)-1]&;

4= R -1-(4-3 A B =) -2-9 I -5- (9] g I -3-Ld W ') - 1H-9] eh5 2[4, 3-c] ¥]2]d-3,6(2H,5H)-t]2;

[0192]

[0193]

-5-(9 gl ¥-3-Udme)-11-1 e} =2 [4,3-c]19 g d-3,6(2H, 5H)-1] & ;

-4~ g -2-5]

€]
=

1=[(3-v|=A# D) o}Al

[0194]

i)
=

1-o} A g-4- v F-2- (2 50 ) -5- (9] 2] Wl-2- 0 &)~ 1H-3] e 2[4, 3-c] 9] €] € 3, 6(2H, 51)-] &

[0195]

1-obA 82~ (2-F 2 2.9 d)-4-o @5~ (5] 2] -2~ A v &)~ -] 2} 2[4, 3- |31 2] -3, 6 (21, 5H)-T] &

[0196]

=K

4

[0197]

19 Ysdohr = otdid o3 e

oF
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==

I L

A%, 5%
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% g3 Qe 849
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[0198]
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el

all

s
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We ol

ks

g, o714 o]

el

[N

[0199]

=l

Al

of AHE& Zlo] dds=dl, o714 <

15
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il

Fefjoll 2lol A,

g, Aol & d+
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el
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el
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=
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[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

HEgslol mr e Bel
dlo

Eeloldonl, AF sfolmvlols wi Zehé sh2uolE G G719 EA sl 1E ey
B AARAYE 48del A (09 AAEE Y FEAS 4 FRAfols, nvjols, ofelorfo
= e ddelE Bo HAsAE AT [o714, G AEF uish AT, mE wgoRA, A9d §
W, e, NN-UWEESel s £t dEdstels e, Udaade Fo Agd 97, dad, e
"obwl, & ohdHelEs EAste, 71 AN it AAAAYE AHgdtel 5y (1a)9) WSR3
W REAE AZY Ao EAs] TRE, obd FEuels, mt ERunom Aesgd (714, ¢

A% vheh goh]. o] Aol wek, WA 1o AAH o] 7% Fope] LA & FAH] Y= EE &
2 2

ARgste], steba] (Ib)ell e et Jgd fFEA7t
o FAE ol 22 HYE A7 etk
A ($2EF), AcO (OMER F5), eq. (%), min (&), h (A, g (Z3), Mz (H7H&E22), nl

(2Y9E), mm (LYW E), mmol (L2]E; millimole), mM (22 %; millimolar), ng (U=2%), nm (W}x=mn|
), rt (AZ2), BLM (Ed&mle]4l), BSA (& ¥3 &H4l), DCF (2, 7—E]aii‘:]3}°]—‘:— ZF294l), DM
(hE==vg), DIPEA (E]—] Zed ogoeldl), DMSO (HWd wFAte]l=), DWF (N N-TIWEdEFolr=),
DAPI (4,6 tlolr|t]i~2-#dE), DPI (YHd-2A%=+w), cHex (Alo ]%i@l"&), EDTA (el &t]o}rlH EgtolAl
EXD), EGF (W9 A% OJX}), EtOAc (o€ oMAHIC|E), FC (Ag7F A 4 Edi+ Z=rtE1#9]), HBSS
(32 &= 4 gd) HPLC (S AA Z=2uleE1ds), LDCF-DA (2',7'-UZ2 2 slo| =2 Z 2 ¢l
CobAEIOIE), MM (2-WlSASISAME), NS (A% B47]), NADPH (Uzlopn]= obrld lirZel 2 Ee o
YxHolE #4¢3¥), NBT (UEZEF HEZHEHE), MR (3 7] ¥9), PBS (E2HE &5 A4,
PetEther (4 olE|2), TEA (Eg|oE o}vl), TFA (EGZFLZolAEX), TGF-B (4% A3 AxF HED,
THF (HEZtsle]l=25F), tBuK (EZEMgE tert-F-5Ale]=), ROS (WFgA 24 F), SOD (FHSZAFO|= f2=fH
ElolAl), SPA (A% =4 =4W), TLC (U I 2vlEadgs]), UV (F4).

=3
, B3 A AR The el wheh dEbAH, vl b 'ekA| Rk, ol Rk Z}E% ol 7l& Eokel &

=
dAxloll Al 2 dHA At EE HE W "gHIH deMeE uS Ed [Philip J. Kocienski, iIn
"Protecting Groups", Georg Thieme Verlag Stuttgart, 2005 and Theodora W. Greene and Peter G. M. Wuts

. . . . . . . th .. o s
in "Protective Groups in Organic Synthesis", Wiley Interscience, 4 FEdition 2006.]1 =%t A.

oo sigtEe Add guje] FHEYH AAsgoRA & Exet Agste] Eeld & vk 3EHA
(DY ggtEe Fgyoz 58 7M5e A H7bde 7] F4 (basic center)E& dfated]l, oles 9L &
of o R AT F vt A7, AF 47 A4S HAGH &A Fo| B= &F (neat) &Y FoA A

A ol o3 = FEAFoRM At ofFg)
o= 3E Jted V] HUF d2 3 (DY sEEe] §9& AT V= HYTOo2ZN fFARE Ao
& F Aok FX] 4 EY BF ol ud FAHS AMEStY FAEAY s wEE 3l
olgtol| = IS AAdE Tl AHated, ¥ dye] HYE dAE ASR HFH oA ol H.

olg] AA]de] A&E HPLC, NMR 2 MS dHlo]gl:= t}S3 o] ddr). HPLC: A# Waters Symmetry C8 50 x
4.6 mm, Z7: MeCN/H:0, 5 WA 100% (8%), Hd =F 230-400 nm; FHd ~#NE=: PE-SCIEX API 150 EX

(APCI % ESI), LC/MS 2=#E®d: Waters ZMD (ES); 'H-NMR: Bruker DPX-300MHz.

A|Z HPLC A A= ZA= Prep Nova-Pak HR C186 m 60A, 40x30 mm (FH | 100 mg) %+ XTerra Prep MS C8, 10
wn, 50x300 mm (F ) 1g)o] #2rE HPLC Waters Prep LC 4000 System©.2 G35t th. MeCN/H.0 0.09% TFAS]
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[0222]

[0223]

[0224]

[0225]

[0226]
[0227]

[0228]

[0229]

[0230]

[0231]

=545] 10-1703360

omn

T8, 254 nm 2 220 nmollA] UV A3 7<% 20 mL/min (H W 50 mg)o.® BE AAES 43359k, TLC 418
Merck Precoated 60 Fuy Z0]E Abo]l A Tﬁgﬂq. ZY4 AEnEDY ] 93 AA= Alo] F 2 A/EtOAc

= DOM/MeOH EH=s &efomA ARgate] Si0, AAA el e},

AA _1: 1-olNE-4-wE-2-7d-5- (I 2 H-3-A | &)-1i-H E =2 [4,3-c]F 2] H-3,6(2H,5H)-t& (DY _§
A (B3E Ib, ¥4 1)

g olubzlol wlo] wel, wdslseld, tvE 3-Ladet] ool e, 1,1,1-Ea]cl|E Aol e,
3- o}umﬂ Sy gl o 2 RE Huksle], oA EAF BRES A 84 ([a)o] wE Y FhAl 3gEe of
As & OBA = At (HPLCOl elate] 97% <=%). MS(ESI):
375.6; MS(ESI ): 373.3.

~

DS HWolXA nAZA 41% FE=Z o

AA _2: tert-%8 4-{[4-v¥-3,6-T] §4-2-9d-5-(I e D-3-Ur&)-2,3,5,6-H Ecleto| ==2-1-| 2 E=
[4.3-c]¥ED-1-d]7l=2 v d}vFed-1-7l= R4 g ol E (2)(&F= Ib, ¥t-&4 1)9 HA

AAld 7ol 71 A %‘H&@O W] whel, Hds|=ekA, ﬂUﬂ -2 4T oo E| 1,1, 1-Eg]oE Aol &},
-olnmEyd o g Fuksle] Ao 5o wE tert-HE 4-(FREIERY) I HYP-1-7I2E A Yo ER
seta (la)ol me sig F304) e obdstste], Al %% (2)% 25% +82 WA nARA Fe
th (HPLCO ©]3}e] 97% %=%2). MS(ESI'): 544.6; MS(ESI ): 542.3.

AAd 30 1- (ﬂ]il\]o}ﬂl‘%) 4~ =-2-v d-5-(3 | HA-3-A &) -1H-9| 2} £ = [4,3-c] 9] g -3, 6(2H, 5H)-T] &
(3)(F3HE Ib, Bk 1) HA

, dvilE 3-Saddr ool E, 1,1, 1-Egol 5o e,
AlotAd FReol=r 51k (Ta)ol] wh 3

= ] 1__
3- O}Ul Heygdos %‘%}—8}04, *‘A]oﬂ 50 wet wE 3
2 WA 2N B3k (HPLCo 2l3le] 96% <=

=
A FFES obEtete], EA IFE (3)S 23%
MS(EST'): 405.5; MS(ESI ): 403.3.

=3t
Ly
—a

).

AA 4: 4w =E-1-(4-H FA F B )-2-3 d-5- (I 2| D -3-U v & )-1H-9| e} = 2 [4,3-c] ¥] 2| I -3,6(2H, 5H) -1
= (4) (3= Ib, ¥+34 19| A
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[0232]
[0233]

[0234]

[0235]
[0236]

[0237]

[0238]
[0239]

[0240]

S=50dl 10-1703360

AAld 79 71" durE <l wWhilef uwhel, dAdd=ekd, tdE 3-SRy oo 1,1, 1-Eg|o| EA] &,
-oln=vdygido g Zusle] AAld 5o wEl 4-HHAIRERY FRgel=g 3}8H (Ia)o] wE T
T FEES oldElsle], Al FEE (4H)E 29% &= WA uAEA B3t (HPLCO 2)8ke] 98% <=
=), MS(ESI'): 495.7; MS(ESI ):

Ao _5: 1-[(3-HEA YY) oA E |-4-m & -2-5d-5-(F g D-3-Ldr&)-1i-H A== [4,3-c]H I I~
3,6(2H,50)-t]2 (5)(3FE Ib, ¥+84] 1) A

O/N\/
N‘\ON
N
[¢]

Aol 7ol Z1AE AukAQl W] whel, Fds|=ek, tuE 3-SRt ool E, 1,1, 1-Eg] o FA]of &,
-otmiemgldeldow Fubeto], thg dxfe] whel 88k (Ta)el whe sid T34 stdeEs obdstsiaivt:
0C, Ny th7latel A, DNF 3.2 mL 9] 4-wE-1-(4-H 5 AR E=Y)-2-3d-5-(F g d-3-admd)-1H-v| e} = =2
[4,3-c]9 = d-3,6(2H,50)-t2 (4) (3= Ib, ¥H&2 1) (0.100 g, 0.301 mmol, 1 equiv.) &Hel, iPrNEt,
(0.058 mL, 0.331 mmol, 1.1 equiv.)E A7}l3ivt. A€ £FES 0ColA wyate], 24

Q
| [l | o] A
3, o]Z 3-HEAHL-olNE ZEdo]= (0.061 g, 0.331 mmol, 1.1 equiv.)® AHglsti, Aoz Zol7}A
Tk, Ao 308 3, /PrNEt, (0.058 mL, 0.331 mmol, 1.1 equiv.)E FH7}sla, WHe Z3IES EtOAc/E

2

2 st 5 daks Fdska, oloA NaS0y AolA f7148S ARAR F, AF sFAAYG. AE
ZAFE Si0, e Z4 ARvtEay) (CHLCly:MeOH, 97:3)2 AAI3le] wlo|x A A9 %A 3gES A
T} (0.077 g, 53% 4&). H NMR (500 Mz, CDCls) 2.79 (s, 31, 3.74 (s, 3H), 5.40 (s, 2H), 6.52 (s, 1H),
6.56 (d, J 7.6 Hz, 1H), 6.77 (dd, J 8.2, 1.6 Hz, 1H), 7.16 (m, 2H), 7.28 (m, 1H), 7.34 (m, 1H), 7.50-
7.45 (m, 4H), 7.57 (d, J 7.9 Hz, 1), 8.55 (m, 2H); MS(ESI'): 481.6; MS(ESI ): 479.3.

A 6: 1- M E-4-vE-2-2-v e d)-5-(HD-2-Y wE)-11-9&E=[4,3-c]¥ 2] D-3,6(2H,50)-t] &
(6) (3= 1b, W34 1) ¥A

AAle 7ol 7R ARkl el uwhel, (2-wEs )=z, HHE -SadgitevelE, 1,1,1-Eg]d
S g, 1-vjgd-2-dgoll o s Fwstal, ofMEA FeER ofdstete], Al e (6)& 39% TEE
4.

g aA 2N Heergh (PLCol 8lo] 98% %=%). MS(ESI): 389.5: MS(ESI ): 387.

AAle 7 1-otAg-2-C-EE =¥ d)-4-HE-5-(F g D-2-d v E)-1H-9&E=[4,3-c]¥ 2 H-3,6(2H,5H)-1]
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[0241]
[0242]

[0243]

[0244]

[0245]

[0246]

[0247]

[0248]

[0249]

S=50dl 10-1703360

= (D(SRE 1a, 934 1) FA

l\
N~

Cl O
i\
N. o
N7 o

o

a) W2 [1-(2-222Hd)-5-3to| =FA-1H-9 ZE-3-d [ oM H o] E (8] (IV)9] F3HE, v 1).

E579 (50 ml) 9 2-F2zdds|=gb (1.82 g, 10.16 mmol, 1 equiv.) @AErNo| Tjo]LEZzH e
(2.1 ml, 12.19 mmol, 1.2 equiv.) ¥ OHE 3-SAxdAgrieyo]E (1.77 g, 10.16 mmol, 1 equiv.)Z
Azbelivk. ¥ EFES Dean-Stark FAE ARE3I] 130-140C=E 7HEeltt (5 F& EF<o]
HEE ). 227 3, sugE AV W] PAFESIT. Holax2dEoell (2.1 ml, 12.19 mmol,
quV)E o H7beta, AAEE £FES Dean-Stark A|2BlS AFE3le] 140TColA 46A12F 7FE3QITE. ot
A= o] 2F slEgEe EFdder 24 if&%*‘l Aoz AL = Avk. YE 2N 2dS

Si0, c}/] 4 ARnEIRI R AAsdtt. &5 WY [1-(2-2 2 29d)-5-3to]| = A -1H-9] ¢}5-3-4

o o) 2 2 u
N -1>

OLAEIO|E 1.65 g B4 mAZA ATk, S8 61%. MS(ESI): 267.8; MS(ESI ): 265.6.

b) WE [(4E)-1-(2-EZ2 =29 d)-4-(1-dFA o D d)-5-& 44, 5-1 30| EZ2-1H-F &} S-3-L | o} M E| o] E (3} 3}
2 (VIDY] 33E, 984 1).
7] dACA e WE [1-(2-F 229 H)-5-3lo| EFA-1H-T 2}&-3-L JolMH ol E (8}e2] (1V)9 3§=,
H) A 0.1 equiv.) 2 MeC(OEt); (2.00 ml)2] EFES 60TCAA 1A17F 1587 7FE 8.
ARE AN gas Ay FFEAA, A AHS AL, ol AolEFRdstes AHS vg, JT AFRA
ATk, olAL wmA HetAslgr] widl, WY [4E)-1-(2-F 223 d)-4-(1-AEA N8 dl)-5-5 24, 5-1]
sto] = 2-1H-9] gt E-3-A JopAl o] B o] 27} A= Falabx] 29T} (1.26 g, A4 8). NS(ESI): 336.8;
MS(ESI ): 334.6.

o) g [(4E)—1—<z-aziﬁﬂ@—5—&)«-4—{1—[(sﬂam—z-w@o}uli]oﬂaw} ~4,5-T o] = 2-1H-9 2hE-
3-dletMElo| E(3HeH4] (VIID) Y] e, 9hg4 1).

37 A9 408 A (D182 2 )4 (A RAN LA D5 Gbod 5ol ol =2l et g-5-

oLAlElo| E(518H4] (VID O] shH, 1.26 ) 2 1-3]2d-2-wlgkold] (0.262 nl) E3HEE ALold, BF

(35 nl) FAA 0543 AU, B AFAA AASNLD, BAH BAE A2P CLE 5

17131, Abel 22t 200 ml wuk geolol Frhsteleiyl, 2 FARel AAHoH, o F ofustdrt. o] A
& #59 Wg [4E)-1-(2-Z 229 9)-5-2 2-4-{1-[ (I 2] P-2-d W & ) o}w] ;= ] o D 2] ¥l }-4 , 5-T] B} o] = 2 -
-3~

AJolAE|0 E(1.42 ¢)9] Ao® ZWEATE. & 95 %. MS(ESI): 399.9; MS(ESI ): 397.8.

o]
o

A

~

X

=
o325

d) 2-(2-2==2349)-4-vE-5-(Ifd-2-AH D)-1H-9 2} =2 [4,3-c] 9 d-3,6 (2H,50)-t]2 (331 (1a)9]
g, 924 1)

-PrOH (75 ml) o 2% (0.082 g, 3,57 mmol, 1 equiv)S E3AIAC=H AL j-PrONa ©o]ATZHEL &
S vy [4E)-1-(2-F22Y)-5-22-4-{1-[ (g d-2-L &) olu| = || & &) Wl }-4 5-T] 3l o] = 2~ 1H-3] &} -
3-dJolAEH el E(88HA] (VIID) e 33E (1.42 g, 3,57 mmol, 1 equiv.)® APt v+ EIES 1A
=ol 3FA 73, WZHA 7)™, 20% HCl €94 0.59 mlE H7tete] pH 72 F3AZ . i-PrOH 50 ml & X3
A AASIL, H0 25 mlE Zg2zo] Yi, o2 YA WA BAsET. dAdE WA JAE
AAIZ AL, B (2x5 mDE AFZ g3, AtolEFrdAto R A, Aol AXRAAG. £5F AHE 2-
(2-F22H4Y)-4-vd-5-(Fgd-2-d | &)-1H-3 == [4,3-c]9 g 9-3,6(2H,5H)-) & 1.07 g& 4Idd. &+
& 82%. H-MVR: (500 MHz, DMSO-ds, ppm): 2.78 (s, 3H), 5.41 (s, 2H), 5.66 (s, 1H), 7.31-7.28 (m, 1H),

—

il
=

7.32 (d, J 7.9 Hz, 1H), 7.50-7.47 (m, 2H), 7.60-7.56 (m, 1H), 7.66-7.64 (m, 1H), 7.79 (td, J 7.6, 1.9
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[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]

[0257]

[0258]

[0259]

[0260]

[0261]

S=50dl 10-1703360

Hz, 1), 8.48 (m, 1H), 10.73 (s, br, 1H). MS(ESI+)I 367.9; MS(ESI ): 365.7.
o) l-olig-2-(2-Z 2 2o d)-4-v|d-5-(A2]9-2- e W)-10-H L2 [4,3-c] 32 F-3,6(2H,50)-T] (7)
(324 (1)l B3, 94 1)

2-(2-F22Hd)-4-vgd-5-(F g d-2-Ld W e)-1H-F e} =2 [4,3-c] 9 2| 9-3,6(2H,5H)-t] < (334 (1a)e] 3}
FHE (0.250 g, 0.682 mmol, 1 equiv.) ¥ 2% oFAEIC]E(0.056 g, 0.682 mmol, 1 equiv) E&Eol ofA|EAH
F4E 10.0 mlE M7, AAdE ERES 40C°M IA7E 7FE e ggoll, IF FFAZT. A" A}
E EtOAcol &alAI7]ar, &2 AU, F718S NSO Ax:A7|3, AF %—Alﬁ 53 3352 1-okA
g-2-(2-2 22 Y)-4-re-5-(v 2 -2-d v &) -1H-9] k£ 2 [4,3-c] 9] 2| &-3,6(2H,5H)-H] 2 0.228 g& WA
AR AT (82% 4&). Rf (EtOAc) 0.34: H NMR (500 MHz, CDCly) 2.08 (s, 3H), 2.95 (s, 3H), 5.47 (s,

9H), 7.04 (s, 1H), 7.21 (m, 1H), 7.37-7.32 (m, 4H), 7.56 (m, 1H), 7.67 (td. J 7.6, 1.9 Hz, 1H), 8.51
(m, 11); MS(ESI): 409.2: MS(ESI ): 407.7.

Al 8: gold AL wjokel Fo] vy Ak F £F 5
wowgel whe sgEel SAe ALY AAZYH w4 i T (RS FHE oA EE RaAE @

Aol tiste] Al = 9k, 3RHEe S ol ZREZ wEl, YEZEF HEZEE, Amplex Red, 3}
Shabg (Fr)E) 2 2" 7' -gEFEEYSE| =2 Z 20 Al tolAEHolE (HDCF-DA) £¢ Aoldt 7|He] ¢ste]

ok A dgelol A A S,

12+ Aot A E5

9l

rO

QA17F wlAMlolnl A EF (HMC3, <17t U]/ch’]-—’ MEF Z2 3)(Janabi et al., 1995, Neurosci. Lett. 195:105)
2 10% FBS® 7 50 U/ml #lUAA G 2F 50 pg/ml ~ERAEnfo]lal L£H0]EE &35t MEM (o] F2~ HA

gk W) FollA wigata, 37°ColA 2447k 1ol Egitt. 0, B4 AE3s7] Ao, IFN-y (AZF IFN-
v Roche. 11 040 596 001)E 10 ng/ml 24 he] HE = %o thsle] vk uwj=|o] Hr}etglth.
It HE AW s AE (HUVEC)

HUVECS 3dlol=2x=2E& (1 ug/ml, CalbioChem), & ¥ FEE (12 pg/mL), AEehto]al (50 ug/ml,
CalbioChem), <+¥€]E]4l B (50 ng/mL, CalBioChem EGF (10 ng/mL, % 10% FCS)o] EZ¥ Wy 7|E wx] o
A A 7R i FetTE. sUlAl wieko] AlFE SIS W, "X XA Alge] glow MXE EGF FA Fd Ak
FCS (2%) = wieFstaict. 5 vt AXE 2E A3l AHEsglth. AEXE OxLDL (Atstd AdE Ackad) s}
SHA wl st AY, B Rz oz2A S5AT A 2423 Aol dstar, 0, Ao diste] AE3IT.
HL-60 A=
A7 w4 T4 MEY AEXFT H-60S 10% 7FE 2343tE Folx 84, 2 oM 2FE, 100 U/ml #W4
2EWEnlo]lAl (Sigma)o] HE4¥ RPMI 1640 (Invitrogen)olA 5% CO.7F A& 571 7]
ol Al vjFslitt. HL60C] T4 HdPFo= st A2 vl iAol Me,S0 (6¥47F HZF 5% 1.25% v/v)E H

Rero.m EwAAt

ofN (i

1. YEZEZ HEHEF (NBD)

I 2 AEe JisES AYH JEZEF HESHEF (NBD) AdES AFEste] B4
Fol& EAlstel, SODo| 2Jste] A 7hsgk FENZ, NBT=ZHE wAg A %]Zd% o7
AL B337] (Fluostar Optima spectrometer (BMG labtech))E Ap&3sle]l A3t A3 2=}
g 5, AEE EfA Agsta (IX Trypsin-EDTA), HAFE= #3¥3stal, PBSE A3
AAGATE. 5 X 100 A AES 489 ZeolEo] Zelolgdaln, B o] @ 4HEe] £ mi s,
800 U/mL SODS Fr3tAY &34 &% 0.5 mg/ml NBTE 3$Hisls a2 Wt o & Foi QifHo]
Atk dizTo =4, DPIE HF 10 pM vz XFHIAT. 2583 §&, HAXE 34zt HAgs=
AFste], Q5% F2 NBIS AASIY. 99 F2vhdS 230 we] 2M EEFE dlo]|=EAto]= 2 280 ul
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[0262]

[0263]

[0264]

[0265]

[0269]
[0270]

[0271]

[0272]

S=50dl 10-1703360

o udEEaels Fol SN, F4E 630 mold AU AL 9Iste], 630 A FRE
AERA Wl elo] AAHAG, 1A 29 k] BEE AR e
ok NOX &S gl AlzddAe] &4 %= Ed3sHIT. DPI

4t _li

at
>,
i)
ro
2
el
Lo
3
)
i
ox
o
s
offt |
N
A
(e}
=
32
g

2. Amplex Red

AFEW #aksleAZS Amplex UltraRed (Molecular Probes)E Abg3le]l ZA3IAtk. AXE EYA 281X
Trypsin-EDTA)8}3L, 994l Be& Fy&tal, 1% FF727F B39 HBSS Fol| A eAZth, B wye] 313HE
=4 == FA shell, 200 b A LEN (0.005 U/mL &2 H4] HZA]= (Roche)E 3k HBSS 1% =
F32) 2 50 uM Amplex Red £9¢] 50,0007 AE2] ez MEE Wl 969 ZHo|Ed AH3AT). hxo
24, DPIE 10 pMe HF sx=2 XIAFHY. ZYolE #=7] [fluorescent Optima Fluorescent plate
reader o ZHYCIEE Fi1, olF 20837 37T FAY. FFS 1583F ZZF 544 nm E 590 nmol| A of7] & Wb
= Wgo SASAT. NX AL gzt AxeA 249 92 AU, DPIZ HEd AEo 3] 24
o HE <10%°]t}.

A3k viel 7o) DMSO-¥-3t# HL60 A|EZE AFE3le] Amplex Redoll 9l3le] SHE NOX E4le] o
7

[¥ 1]
H1
Fg= AT oA (%)
D) 53
D) 76
3) 70
@) 68
) 77
(©) 57

ol#) ¥ 2% A3 e} o], DMSO-#3}¥l HL60 A FEE AF&3le] Amplex Redoll ¢l3sle] =A% NOX &4 9

[% 2]
2
shetE AE ICso (LM)
) <5
) <5
(3) <5
) <5
&) <5
(6) <5

3. 38 27 (Fr%)
ROSE #tst g B3 FrlEs AREste]l SASIT. AlEE wistal, ©]E Amplex RedW 3} o] = o]

oﬂ
ol
ol

Aed, ot o] wi= Amplex RedAE 10 pg/ml FwW|is (Sigma 09235) 2 thA|3 Aw deic), @3S % Jlo] E
#=7] [FluoStar Optima fluorescent plate reader]9] 3}eHibsd} 7155 AF&3Fe] 6087 37ColA A% 7=
silth. 49l B3 ghe] HAS 2 Algel gk 2t RAgd gro=HE 7Hbskolh. NoX g4 EH&E A3

el &g %= FASA. DPI-Aeld Alxe] o] 242 e <10%0]3ltt.

4, 2", 7'-tS22Y3lo|=E2ZF 2 Al tlo}A E o] E(H,DCF-DA)
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[0273]

[0274]
[0275]

[0276]

[0277]

[0278]

[0279]

[0280]

[0281]

[0282]

[0283]

[0284]

[0285]

[0286]

S=50dl 10-1703360

HUVECS AW & Hd Z#ol8sta, 0.5% BSA Zol 9 &X|A]

g
o B
=
ik
™
it
Y
oy
gL

T3 wiA] Foll 1087F 5uMe] CM-H2DCFDAS H]EOH 2dsta, B o) 3gEY E4 e B

B (R&D Systems)Z A @|a}dr}t. o]oJA, A XS DAPIZ e TAHsT A3t = W g Fujgo= #as)
A, B 24 dvjdom aga 7“};}034. DCF &332 488 nm 7] ¥ 2 515 WA] 540 nm H& 3%
ol A ZhAlEleRAer. BAA fEe F AstE FElr] fete, BE AZ sty Yd FErEE AMEEH
13] A&t A =AYt olu X & FReAT. AMES f8k, 540 el XY FFE ZF A Dol sk 540 nm
oM o] Froll sk A tetsidvl. 4o B el HES ZF Al Uigk 2 A gezRE 7Hakssl
oF. NOX A& T AZoAY S 924 TP T. DPIZ A st Axe 2o IdAde BE <10%°|th

AAld 9: Al n¥Y YE (SHR)AA St S4

2oubgo] w2 gghEe] el Agd Wd sEe Ay fste, v BANS 33t

F%7] dgto] 170 mmHg ©]/4<l 1153 SHRS ARg3tth, B dbhgo] wg 315HES 10:100 WA 12:00 h Afold
oF 3, 10, 30 ¥ 100 mg/kge] FolZoz HEA AT T}, Hi, FF7] g L oley] et © AF
ey Boabgo] eSS (S Fodd T 24, 6, 8 E 24A7F o] RUEHElY, 197 93 BAS 5
gk, I v, dtS ZF 24239 ofH e 253t 2wt} RUE YA, FFEE] S ARG

Z , S, A
Aoyttt fle] diste] AjtslA vhE §F UES AT HoR 253 FES 1¥99 13 5 nl/kg® AF
k. TES ARREI dA, olES 293 ASA7IA, 17 o FEAIY. 92 tail-cuff
plethysmography (Codas 6, Kent)ZE AF&3le] 7o) &= FHYEAA SHIT. SEd= 2 7F T4 3 2 )
o] 2Fo] EFEIL, SBP 7PHAol < 40 mm Hg, =, +/- 20 mm Hegolth., 2¥ H4 2946 7&4 54S
ettt e AFSrlo] UA, Hdd & wEY] Y5l $ES FAR 4er).

AAld 10: wp-2oA B entoldl fEE ¥ o4

2 owve] shEel 887 48 T AWe oW wx Anss 5Ug AR s, e BAUS 53

st

S ¥ ARS 59 TE7] A3 i dye 24 ok ¥ §ae BT fEte], SE0 Edlvtol
21 (BLM) &) 13] XA} FogknteE He g 7|3A FAqs (0.9% NaCl 0.25 ml S 83l€ 2.5 U/kg
ANZF). NET 5L U ZZEZS FsiA R, vrk BLM tialel A9 538 7| RAY Fojdt). 7]
#HA AH FALE A (AF 80 mg/kg, i.p.) 2 AL (AT 20 mg/kg, i.p.) v sloll 3 IIT).

713 BN B AT Fo 25 S, AF HAEw|DS AL Tt & 7 FuS ddste] 558
S|BAIZITE, 7138 MF S s, \*H THS Ax, e (2% #H 24, n=10), ¥ 2F3 (%
H, n=10) ATE Hste], otele} o] wWE A3t FES FAYAE 49 Fo= vErh gRT-AgS
(n=8) % thET* + BIM (n=10); 3}gE Folzk 1 + BLM (n=10) 2 3= FoI=F 2 + BIM (N=10). g H]3| &

EE HEE 257 Fa.

Aol AZFste], 25:3F, B owltgo] wlE 33E e AE5/dERTe] Y AT B2 wpS2E g3,
A g8d 2] AA ¥ F42 Sircol AW

AA 11: ¢Fe] B8 29

77 WA 1057 C57BL6/T hFlell, 500 ng/mle] 3 A1A A (b-FGF & VEGF)7F H5¥ Matrigel 378 <l
2 400 s F3F FARIG, O X E 15 & ul92~E MicroCT (Skyscan)E *}*‘10}0# g, g9 dx
E 7HAgkel] 98k Edlo]A (400w 8253 2EF)E np-29] g el FARSLE. o]ojA], 2~

S Recon TRIPOF zﬂ-?/ﬂo}*r ”‘31 =9 331*—'1 HEE SO 7 EE Zgfol=o| A AT, 2 ouk
el ggE2 1047k, 19 13, Fo® 1 % 22 AT FAdr. A2 3 dER xdH =, o
v 83 Uxe A&ttt Matrigel %Eﬁ T YEAl 1 , ¥E 7N EE7] 9lste] (D316l tiake] A gt

O r_‘

!
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[0287]

[0288]

FF 47 249

5 .10 o]~ (Lewis) #loFE A% (LLCDE w$2o Sof 335 FApgch, B ou
WA per osZ FF-2o A sk, iR Tl &F 1 cm Aol vk o

Fote] THES 93 YEAZL X5 BAS 95k, FYe] oF 0.5 cmE A &
2 FAle e, neAsS Agsta 2% 712 ujd 2490, 3§ 29SS Y9 3
-CD31 A= AA3t3, ROS 7S A3k},

ot
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