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A7) FEEe oy FAER AV i (subject)dl FAEE AS EH R 3= Ral GTPase A 33HE.

A8l gloj A,

A7) ok A 2AELS A7) SES AR Fago = v T (parenteral) Fo3lr]el AEe oFeA ALl
o, sty o7 FE 7l FPAE X5t AL EH O = Ral GTPase oA 3=

Ag&el glej A,

A = 37 stES An fFaEFe® A (oral) T8l
& 7t HEAE x3ete S 5H O % S Ral GTPase AA 3t

Eq' o

A3 12
Aggol] 9loj A,

JES AztdATtdERNAH A B 1(GGTase-1) AA, 44, 33 a9, WA, Wy @
H EE o5 9 sl o]y A Foue AS EFOR Sl Ral GTPase 9A| 3=,

7l & & oF
w2 A5sHH setE, o8 ek oA A= R o] A RelA o]o] ARgel #E Aol

ast OF2 o= & @A (oncogene) Rt} Bl RIVISHA tollA Weldh, wElbA], Rast FE|H o= tjxpld
A o] MtS f8te] FEEHJAAT, oAt AFAHQ sfdko] o] Fojx|A] Fokrt. 1989Wel, BE IFES
Ras @ % = W3to] A5 wt=uld XA (farnesyl lipids)ol 93k Ras ©@do] W % g
(posttranslational modification)& ¥ralWlth, 22U AAGE A (FTase)w= ol AHAHJL, EAHFHJoH,
drp AupA] oFob, AlgpdAlgtd A d(geranylgeranyl lipid)# 37 RasE W3A7]= 298] Zaddgdas
(second prenyltransferase)$l, AlztdAgld o) d A (geranylgeranyltransferase) EFS 1(GGTase-1)o] WA

Att. GGTase-1 AANA (GGTIs)So] AFEHo] How L GGTI-24177 TS Holx d1}te] A A= MiaPaCa2
A AE gFelo A AA&(in vitro growth) @ AEE dA 6t Aoz veEbsth, shx vk, o83 oA &y
E2 mng Ao o GGTIY A AL F3h=A] edrt.

Ral(Ras—#Al) GIPase: GTPase®] Ras &}¢l sida]e] FAdoly &4 GIP 2y H|&A GDP A A Alol=
T B2 29X EA FE5te] Ral Bo] ] old A F shubele] dm 2HgA] STt Ral-GEFsE
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Al ol A, EhAmAl B oolEe] HE Al

24,00, 0-Rs, C—Cp €74, CCp €AY, CCp Held, CC EFAE, Cs-Cp EIEZFY
CoCiz o8, A3¥ CoCpp o}, C-Cpp &FA], FE2EA], Alotx, (Cp E7=dSA], C-Cp ANl C-

Cpp &AM, CCp EIFATEY, Cp 7Moo, S-Rs,—-S0,-Rs, -NHSO:Ry H-NHCORsZ o] Fox] T2

24, -0, 0Re, C=Cip &4, CCi €7, C=Ci Held, C-Cio ETleld, Cs-Cip HEZIIE
Co=Cip oFd, AFH CCr b, C-Cip EFA, FFEHFA], Aok, C=Cp E7F=LdEA], C-C A2, C-

C12 OELZ?]_@F—% s CZ_CIZ OEL:—/; }\] 7}‘?—% ’ CZ_C12 OEL?]-—]—T—OE']_ O]—U] = ’ S_R8 ’ _SOZ_R8 ’ _NHSOZR8 uKJ_NHCOZRéﬁi O] '?‘0'] %_]_ ilvo——

Rs, Ry, Rs, Re 2 Ry S@H oz 4, &2A,-0H,-0-Ry, C;-Cpp &7, CCpp &AL, CCpp Holld, CCp E
golld, CCp BlEZFY, olmth=, CCp o}, C-Cp LFA, FFEEA], Aol (-Cp LI=DSA], (-
Cip @AMl e, C=Cpp SUAEY, CCpp SIFATIEY, CoCrp L= Lobr| . S-Rg,-SO0,~Rg, -NHSO2~Rs, ~NHCO,~
Ry, B Aexoz &=zl 4ba C-C €2, CCp oFd B CC; YFAZFE HE== 1 WA 3719 X372
28k C-Cp, 47, 2 Aedoz F2Al, - 47, CCp oFd ¥ (-C dFAZEE A8 1 U= 3719

2872 X 3+E Ce-Cpp oFH; ==
Ry % RE B0 AZRAM, 140184 i AYS 3% o

Ry Agixoz &=z, 24, C-C &2, CCyp oFE 2 C-C; SFAIZRE A= 1 A 719 237z
24, C-C ¢, CCp oFd, F CC EFAIR o]Fo3] o2 HE

S AAelA, shgh=e] R1 A7)

= Adgsom daAl, dl
379 M@= Mg 6-C12 oFd, F4, WE, Ad, Wg-dd, vEAZRE Med
A AAdelA, sgEe] R2 @)= FRA, C1-06 272 R C1-06 LFAZFEH A"e 1 Uz 3719 A&
71% 88 6-C12 o, F4&, g, dd, Wd-vd, WEARTEH dgdg
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ool ofete] dHEe Vlsd B odwe] AAdedA dAwE Ao, oldte] MyomiyH W
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2HY A% 2= 2% 11, dEx 2 @ YA 39 93] FAHFT. exo’4St E3HA|2] RalA-GNP2)
HA(C-D) (% lc, exo84= E’\]QX] 2S) % sechot EFAEH RalA-GNP(E 1d, secsE FA|HA
A 8 A 7Fs 99S yeRdt. ZE 292 Accelrys

&2 B oS
do & f
=3

). = 1b % 1ColA- F/He ¢
Discovery Studio AXZEojol A AA

_,4
> o
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=
S}
2

% 2a% 3FHE BQUS7 2 BQUSSS thak 313HA FAHEE wAgTh. E S3B-DE Ralel ZAFH QU574 EXNS B
o]}, &= 2bE 100 M BQUS? &zHoMW RalB-GNP(100 uM)<] ﬂi‘& H3lE HoFEy, ® 2cE BAUG7Y B
=7h % }etoll web RalB-GDPell A Aele 7] 1H-15N-HSQC NMR 3}8}2] wiste] =29 yekich., BQUS7

Atele] Agtel digk KDO| %W %—ﬂil& T SAHL Agd A3 FAle] 4.7 uMe KD #e ATTS

_u

% 3a-3E+ Raldll A3l & 548 Yeldth. = 3as= RBC8Y FEA BQUS7 T+x28 HAFEH. &=

3bt 100 pM Ral-GDP2] 15N-HSQC =~ E= 3} 100 pM BQU579] *xﬂo}b 79-2] enjglololtt, & 3¢ 40 uM

2 100 pMelA BQUS79] F=7F S Wl 2 §1& u] RalB-GDPY A®E 7|E HAFETE = 3dE RalB-GDP
(100 ud)@ 100 uM BQUS7 EAISHE Hlagh o] o] FEA 3 f‘;“# 1 3} 9

52 A dEATOE AHe3te] 249 RalB-GDPll thg+ BQUS72 23S HojFt).

EFE RYFy. & 3ew

l&*

% 4a-4]E= °J7& %+ *ﬂ:IL ol A Ral AAIel A A &S ebdT). 4719 A7 #H g Al

gk BUQS7(%= 4a) H BQUBS(% 4b) AHzlo] 3. MNEE vdd s=9 &
gH o @%— 6}313; Oj_fz ShHo A FAHHE FEUE 2-4 F Fol F4FE Y. Ral siRNA knockdown(H2122 2
H358)°l W73k M¥F+= 3] Aol Ral siRNA knockdownol] 73F MES(H460 2 Calub)+= FHAAMo|t}. dlo]g]
v Al 7H 5HAA A HuhS vERdY. FEEE oA FE fEE AR dAld oid H2122(%
4c, 4D) L H358(X= de, 4F) A EA 2] RalA % RalB 259 siRNA Ho}e &3, AEE 4877 Fot
10/30/50 nM siRNAZ EdA#:As 3, ¢Hste] A%k 3d Z2Y g4 248 s, A3 3" 22y
G0 th3k siRNA ©H59] S35 © 4c(H2122) 2 % 4e(H358)0] UERAATH = 4d(H2122) 2 %= 4f(H358)°l A
DMSO HEl® iz % ¥&2Ad F2Y Aol i3l sikNA + oFE A9 a3E yehdg, F=e$ 3
Ao FE-FE A gAo] I H2122(% 4g, 4H) = H358(% 4i, 4)) AENA 9 RalAG23V 2 RalBG23Ve)
e gy, Foue 3FH F2Y P4 B4 Ao H2122 AEE 48A)7F 59F FLAG-RalAG23V = FLAG-
RalBG23VE dAr oz &3 WA]%‘E}. H358 A3+ FLAG-RalAG23V =+ FLAG-RalBG23VE otz o= A
FAXNZT. & 7ol HAAL WAEEH o3 iFHAT. TAE RE Ais Al He 53F
A £ FF AXE el i 1. =2 FAE 25 7H9 A4 #F9 A& YEdt.

u %N-

ro,
il
o
lo g

% 5a-% ShE Y QIzF o]F o] mdo] thdt Ral oAAe &3S vekdth, @ i.p. 50 mg/kge] Fo
3AIZE F = whg-2oll A RBC8(E 5a) B BQUS7(E 5b)e] Z#] a; dlolE«= 3wkele] k-~ Hit £ EF
Haks yepdth, (= 5c 2 = 5d) 50 mg/kg/Q RBC8 HE 7NAl 24A17F Foll Q17 #Hd AXEF H21229] o] F
oA F AFE JAsIATE. HolE = 6vtele] mbg-29] Wk £ SEM(E o] XFQAH)& YUEHATE. Dunnett
A Ge p <0.05)l 3] ZAE uke} o], Auate] TG AAL dxad AR S, AF A T4
JB#E = 5dol FAIFEE. T Ser H2122 AlFE2] o]F o2 F4 AFS RalA 2 RalB £ the] siRNA A o]

_9_



[0045]

[0046]

ZIHSdl 10-2020-0034824

Ags RoFo, AEE 24A17F B¢t RalA 2 RalBell tidh siRNAZR dA|H oz A FFAAFTE oo FE
-2 AEE FHFIATH TS fmaasm A=k vpep o] SA3th. dloly &= 6ntg]e] whg-29
Pyt £ SEMNS Yehdith. X8 289 £ B3 Dunnett HAF (¢ p <0.05)E A 3 iRy EAHoR
zol7F ok, &= 5f& BQUS7 A&l (10/20/50 mg / kg / &) HE 2447 WA Fell H2122 A9 o]F o]
& TS AT AS HAFEnh. volHE 6rty ] w929 Hi & SEMS YERdT X® aF9 I &
Dunnett A} (¢ p <0.05)% =4 3 W2 EAKCRE Aoz At}t. = 5gx= ©Y 50mg / Kg i.p. 34
$o] F& whg-ZzoA BQUSS] %A #EE e HolE = 3utE]e] wbg-29] W £ BF AAE UER
th. % 5hiE #Hgke] 217k o]F o]z mulo] thd BQUSs AHEle] EHE Yehdtl. HE T 24 A7t AFE
BQU85 *2](5/10/20/50 mg / kg / day)¥ H2122 M|E9 o|F o] FTF S AA. tlolg = 6vhg] 9
w920 Fit + SEMS YERITH

% 6a-6E= AP TUolA Ral GAAL ME F4E Yehdd. H2122 A3 #HY AXE 10mMe] RBC8(XE 6a),
BQU57(% 6b), BQU85(%E 6¢c) P RBCS(= 6d)= A2 akgivt. MEE Aoldh A %(1, 5, 15, 30 ® 60 &)l <
Fskal LC / MSMS W (ZF Aol sl n = 3)S AREste] AlX9 E & FITE. = 6e RBCS,
RBC8 2 BQUS7l ©]&+ H2122 2 H358 A|Zo|A] Ral @42 AAE e}, AXE 1R-59 2746}oﬂxi %
ZAIZIAL 10l SHEHER 3 AIRE B3 AEsilth. ojolA], AE &3E Fo Ral A4S RalBPl o7tE @
HEE o] &3 ZErhd 241 Agste] SAIT. diojEl= Al 74 53 48S dehd.
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% 7a WA= 7fE 4719 QI7b wek MEFe] v &4 Aol K-Ras Ei= Ral Utk EE AHdd ] o
Vel & 7a¥ siRNA EdAWAH F H2122, H358, H460 2 Calu6 A ZFolA] K-Rase] siRNA Yt}he-9

O g oo
18 o

25 et & 7be 409 BE f¢lo] ¢dF 3 F2Y FA BAS AEske] K-Ras Yubeol Wzt

= AL HoFEr}h. RalA, RalB & RalA/Boﬂ gk siRNAE 48A17F Fot AlXo] J&A 7AAT tgS AEE A

skl F2Y A4 HA HEste], 4 MY A7 HG MEF 1 wdEA &GS APl dig Ral Yk

o] FFS ZARIGT. & 7ce AEF H2122/H358°] Ral YukLe] WIS HoFEth, ® 7dE AEF
o X 7eE YU v T

H460/Calu6°] Ral Yrhg-ol T7tslA] etk S HAFE
F9o] H2122 % H358 A|EFolA2] RalA ¥ RalBe] Yrbo W EX& veldo. & 7f+ H2122 ¥ H358 Aﬂ
Fol FAHor BAQ RalAG23V 2 RalBG23Ve] A T2 #de] W S=S yeldith, H2122 AlE

A 7F =<F FLAG, FLAG-RalAG23V 2 FLAG-RalBG23VE AAH oz &= ZAAZT. FLAG, FLAG—RalAGZSV ‘;‘
FLAG-RalBG23VE ¢t A o= 3put& sl H358 Ml EE G418 Aelo] o) AU,

o] siRNAZ A st 5 4841zt

ug S AAslr] et FAE e g
Bodgase Fde] A 9 Hdojore FEIGE AAFH FoAd vz, A XA 224 Ral GTPase
] Aok, ZE GTPasedt vl7IAIZE, Rale] &4 HIZA(GDP-AF) 2 A (GTP-Z23) FE A
19] Ato]E#o] ¢FE3l. A Ral @22 Ral Binding Protein 1(RalBP1, RLIP76 ¥ RIP1 (37)),
Sec5/Ex085, €z}l 2 phospholipase D1S ¥&3le] 24 38 =3 stF AR S A3, waba, Ral-
GDP7} obd Ral-GDPol Adshs 33E2 25 2 48S YAz JAsta H/EE= GIP 23 e #dd
Tx W3E i}DH%}O% 2 Aol B3 B Ral o GAHE] oFFEAL~ A fFrsted AMEE 5 AT
ol g 3132 Ral GIPase AIA9 7P 9 =8]4 ~38dS AR&ste] FRlw ).

[

Hel A Amdzol Ral> ¥ (GOP-ZA3) 2z A GIP-23) JeE ¢&sr}h. Ral-GTP(Z4) BT} Ral-
GDP(n]EA)oll a4 o g Agsted njgdAd e Rals A 7IE 3FES FAsax e THAE
RalAe] &4 4 ¥4 FHo 3atd F2E AT, o] 242 FEUSHE AF §9 ZHoA 2] &
g ztolE YEFRARNE 1). o] ZA(LR e §9])& o|dd 7<% C3bot A FA FASHH, 2903
IT 99 (Ral70-Ral77), &&= a2 (Ral78-Ral85) ¥ &~ o329 IW(% la)ol & FAFECTE HlR| AFE-
H Z2AH JZE exo84(PDB #= 17C4, Fig 1C) T secb(PDB FE= (PDB code 172C4, &= 1c))ot EA=%

RalA-GDP(PDB == 2BOV (& 1b) 2 RalA-GNP(H]-7}5=aj2de] &efje] GIP)o|t}h. zhzhe] Ad 9o Aitw
A A (25]) L RalA-GDP(= 1b)olA 175A°, RalA-GNP-exo84914 155A° (= 1¢) 2 RalA-GNP-sec5olA] 116A° (=
1d)oltk. 2719 RalB-GDP AA F+x2& TR EA AT, RalB-GNP 7+ (PDB ZZ= 2KE5, = 1)ollA o] A

AL Al EATA Gt RalA-GDPe] F22EE F-99] RalA-GDP 7l 50%F 7)) setas =AJAIZT
- te Sl Alabe de A8 oluAel SAske] Ajlstar s, 88709 shetEa A Hal
o] FRE Hetow HALYrh. 88F ] ShEES A AE RalBPlel theh 24 RalA-GTP] Aelx A 7%=
3k Ral &gel thal ELISAE AR&ste] wjdsel dopgle AlEolA Rald 2435 Alshz sl Wsl H7}
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DA EA2E FAFFo R HHA R EAHIAT. o] AlEClA RalAf] siRNA 172 Ske oAste= W
W caveolin (Cavl)-/-MEFst& RalA 1zl WAS YeERdT

TROSY 15N—HSQC(Transverse Relaxation-Optimized Heteronuclear Single Quantity Coherence) NMRS ©]-83}¢]
SH3HEo] Ral 34 Folo o A4 A4S Fdsgink. & EEAEe GNP(O] ANHM FEE fLd )
o} =9l RalBe] NIR 7%l 2HS w3%rh RalB-GDP 2 RalB-GNPe] 'N-HSQC NMR ~# =@

kil 3}shd AIZE ZpolE BAEGIY. NMR A~ ERS RBC8 H= DMSO tlzx=ate] EAstel 71538

15

o] ZH& Hxle] Agre N-HSQC w@id ofm= w79 A% (perturbation)el] & EUE HATE. 100 uM
o] B @ Zx 3tol A9l RalB-GDP(100 pM)9] 'N-HSQC 2= El e orm gel 9o
3 YA HEES et RBCSE NMR A E Ao HA 3183
A RalB-GNPol] ZA3H3}# ¢kobth. wak, A 719k ELISA 5-Aol| A 84 Rale] 4o 8k wx]= & RBCS
% RalB-GDPAlA 3184 olF W3IE FEdtA k7] wiel #7140 &4 txao = AFEH AT
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TEA 5AS X3e BE dlolHd 7]xate], dwlo] RBCE frEAE sk Al WA AdS AlEE
th. BQUS7-> RBC8 M]3l -8 oo A B ofkad e EAOR ste], AeEo] F7HAl HrhE A
t}. BQUS73} RalB-GDP A}o]e] Agtell that AAlsk NMR #24Jo] =AU, HFel 424 BTl 23k 313
A wsle] FR2 2YX-11(ot At 7] 70-77) R A=~ q2(obn] =t 7] 78-85) el dAS WsE
YehgE A717F 9SS Hth RalB-GDP 24 Fx7t o] & 7FsatA] 7] wliol, RalA-GDPeFe] frAAdel 7]
zote] e mdo] AAENR, sehEel WhEate] shEtA AIZE ¥stE vehds 17)7ke] REeA] ufsg
H ATt diF-Ee stehA wele dRodE F9o wgty o] mulgle] 7] xgh, o] F-9jo BQUS7 Agte] wid ¥}
A geh, RBC8S Al FAMSHAl, BAUS7T-S NMR ~FEgo) A 3}ety Wby = Wspsho 2 RE RalB-
GNP(100mM)oll A s}~ 3tk NUR 3heh#] o] 47 42 BUs7e] Aol 3} HoR ofz& B &
A &= A Al ger S YERATE RalB-GDPell digh BQUS79] AFe Hd 52 A4 IFAT0)E AHE
ste] SAselon Ay 1w Zehzvl ¥ (SPR)9 Axpel AR
izt #HY AMEZ AFe] s RBC8 % BQUS7Y @3S H7lsketl. Rale  F-2H]9]&EA (anchorage
independence)ll Aol &= Z A Y& v, WA= A HAA A A HAAHS FHSACE. Az
b A7 okE AF, AESA Sold B anE A4 A g Agel AU

E 3FES HE WE foldA EoVIE Hoew
R AT H21229F H358%Fo] Ral HThE-
EAE ddstr] 3 Ar1e] 54S AME

A3y} R
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2%k
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5]

&

RBC8, BQU57, BQUS5 = RBC52| A H4E5 ZAIe A

gAY, BE M ESFE K-Ras siRNA AP 77
(knockdown)oll W17+ Tk, Ras9t HlmL&}e] Ralel whdh A7) 3gdE9
sto], # WIgxES A4 oA F2Y 4 JAE Frresia, 1 al o]&A H2122 92 H358 F7}
nstE AL o4 4 JAuk. T3, RalBP1 3 W|=E AFE3F Ral U B4 RBC57F ofuE RBCS
BQU57¢] H2122 2 H358 M EF ESFolA RalA ¥ RalB B43Z oAdthes AL BoFAT. Ralol gk o=
E4s F712 44357 Hd gs-Als Aol ATl RBC8 E= BQUS7E RalA 2 RalB9] siRNA =t
Zh= H2122 2 H358 A|EZoA e A= FoAd dAE UeERA &gkt @4 2719 dlo]El= RBC8 % BQUS7
7} Ral JAE Za H2u) ol dA (anchorage independence) &S Fole= AL Hol FUL},

al,
Ra

rr

Ral®] GTP @3 wlwste], GDP Pl digh 7] s3tEel 545 H2122 9 H358 AlEol|A] RalAG23V B+
RalBG23Ve] &4 HE FAFo=Z Ao ddAPoZH Hrlslgloh. (G23V EdWol= GIP 71 E3ll9
RalGAP wi7i¥l &/d3tE WAste] &4 AHE Rals AAZITh.) RalAG23Vé} RalBG23V & X7+ RBC8¥ BQU57

H}
[e]
shgh=ol A A ads 78 5 o

g 2 FY AA = Hr)sktk. WA, RBC83} BQUS7E oF&she Al
455 HRES] Y& rlg-zolA WA EAEQ o RBC8Y BQUSTS £ oIE THZ HUulHE &= o]
JS
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B8 Fult ok 60 % v / v olskel GO S} o] AFAE T & vk, oF vheld, AeE, ofehy
of wY, EFejuld Sme, ETe, stEuv, du Aeus AR, Sd, Sebkie, 94 =R, 144
3L

At BafjAo dE YEF A& FEZYoE, aRAEEA YER, ARATIHE, AR 3 sfo]sEA =
2™ A2 ex T& XFY. T Fo FH9 0.1 FF @ WA 156 TF 92 ST F Ao

Fe8A/ A oqRe FRo|uA olitsita, ZHolEAE, wmladlE ZEoMHOE, ZgE XM E,
g5, A3} dnp 2R, Aake] A olaHEZ, uA 2R g d79 213 3] Ui So] ¥y, 5=
= Fo e 0.1 FF % WA 156 TF 9= v 4 )

W Jd A 2 2y 287 3gES Tiee d49 wE AAS dAsted AeE S g, W=
NE A= 84 S =8 5 B84 A 2 = Ay, S84 A de ZvdyEeE, 3
TEA Z2Y AEZeAa JEFA] L2d YudEZeos Hd ofMEHOE FF A, ZdEd
Aol =, EAFtEol=(EIA 4, A Ate H 5), HEAERe s 9 o5 EFES 2. & E&
A FEAe Az WEladYolE, oladHt FF Al B2 oA oE; AEReA FEA, dHd o
g AEZs I AEZ oA ofMEHoE; Zoddd 92 1 BEXE Zn|ddALs L)

e (a) Ral GTPase ¥ FHAHQl A& 3TES 7] S Egstes A3MAA AFA 7]
(b) Ral GTPase& A|AsI= &Al; 4&E #-83laL; (b) Ral GTPase®] &4 A4S 5

1
S B

A5 shehEe]l H7MEA @ W S vlaste]l aa BSqA & o FAHA A
2 S

b ATE e AuEE Py, A AN, AN NG HEEe R, Aol
AR oFE, EEE, AR £F, 49, o]F S04 A, ¥ W= wyAE £ged
el 9 A e gelA gel dol mi gl AE mE ol AgEINR B owe] syl
Aoleh,  we] Wl A4 Fej= el s ool dlo] wi o] AE i ool g 98 2

== A N O AU
j—i
oX,

Lo

© Ee gE AA FEls Wl 4ol A = dols gAsk] g ofAle] Alzel glojA e ¥ i
12 %=

=
shehe e 2AEY X0 ud Aon.

2o A&H 7 TEE ke 53e 2 AAVE 2o Fag x3hEn
/x]}(loq]
U= oo 54 A, AA FH 2 7S Adst] al AlgEw, HEE AT Helel 71A

Ral-GTP(&/d) Xt} Ral-GDP(H] &) -d4 o= AFste= <

2k EA7F v AHE HdsAIE Ao R g, @4 2 v FE] RalAe] 3 A & AANE
S QEtol= AR 9 2] 27 FEo Aolg YERITHE 1). o] EA(YRAHEY H-9)& ol 7=
H C3bot A T FAsIH, 29A 1T 99 (Ral70-Ral77), @E 2~ a2(Ral78-Ral8s) 2@ AF~ o392 3+
H(% la)ol o9& A", vl ALeE AR F2E exo84(PDB I= 1704, Fig 1C) & sech(PDB =

)

(PDB code 172C4, = 1c))¢} E-3ta|Z % RalA-GDP(PDB FE= 2BOV (& 1b) = RalA-GNP(H]-7}5=%-3)4d <2 &Ele
GIP)olth. Z47he] A 3.9)e Aakd A4 (55)L RalA-GDP(= 1b)olA] 175A°, RalA-GNP-exo849]4] 155A°
(% 1c) 2 RalA-GNP-sec5914 116A°(% 1d)olth. AF7]¢] RalB-GDP 24 T2 wEwx 2ok, RalB-GNP
TZ(PDB = 2KE5, = 1)ollA] o] A3 EALS Al EA5HA] &=t

2= RalA-GDPO] &= xee] 9l Zgtsh= 42 Za2 #lshr] 9js) 72 71w 7bd A Aee wsk
o}, 2.66A 1ZF RalA-GDP (PDB : 2BOV), exo84 (PDB : 1ZC4)9Fe] %53AlollA12] RalA-GNP, sec5 (PDB : 1UAD)
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A7 Fxobe] E3bA|ol el RalA-GNP+= RCSB wHd dlo]E W F(rcsbh.org). AutoDockdT Z7] #olB gy
Aggol AFEHAT. ChemDiv 2ho]Bejg] (WA 1FS Efstal e oz dezxl &4, ADE / 54, pl
7ol A Lipinski® %2 9 Vebere] Wz 2) o]ele] &e] 354 A& 7k ChemDiv gte]lB &= w4 15
S Bt e SEES AlQska ZING 94 B ZTREFS AREShe] RalA-GDPollA] ¥ Ato]Ed] ©
A3k, Y= ExbolE AutoDockToolsol]l A&d 7= F1] RE| 98] Gasteiger A3t} Al 42 A7}
A= Ak, AutoDock49] Lamarckian A%} ¢ = A F7be) gk g 7t= bkly o A
S 7. @ d-gte 53AE AArela, AbE A &8 oy Ao 7] xste] ER/3ska, 837 SHEtE

S A3 Fue) YAE FAsd
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S
Ak

N
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8878 deld stgh=s wdTd dokdls AEAAM Rald 23S JAlst= sl thal F7keksivt.

17k whagel AEF J82 X H¢ AESF H2122, H358, H460 E Calube AICCER-E F5al9itt. AMgH A=

RalA (BD Biosciences, # 610222), RalB (Millipore # 04-037) 2 FLAG B}z (Novagen # 71097)<] tfgh
10]t}. Ras (# BKO0S) 2 RhoA (# BK036)ol w3l &4 22 7|EE (ytoskeleton (WH], FEete F)oA o
2 Aolth. $gl= A A RalBPlo gk &4 RalA-GTPe] Ae&% Agtel] 7]1%3F Ral Ao sl ELISAE

FLAG-RalAZE ¢t Aoz itdsts J82 AEE 6-dZYolEoA 4 800,000 AIEZ Z#olgsta 16417t &

Fo37C). AEE AE FFEEG0 pM) e DNSO S ke 50012 A28 wix
247Fe PBSZ MlAsta Wy &3] 45 H(50 mM Tris, pH 7.5, 200 mM
NaCl, 1 % Igepal ca-630, 10 mM MgCl2 % Z=2eolA] JAAE &F3l= 750 p Dol FH3AL. &HES o
A YR AAS F AS A5 ZHA FEATL ARE w7hA-80TCel A HasITE. ELISA #41& 13
HisGrab U#A 38 96-LEZ#o|E ~EH(Pierce, # 15142)% ELISA €N (50 mM Tris, pH 8.0, 150 mM NaCl,
0.5 % Tween 20 2 10 mM MgCl2)2. & Ag3sttE. ©]%, RalBP1 (0.5 pg / 100 p1)<S Do HA7etn 5
FA (247 RT) M FTt. ojojA, Z#o]EZ 200 pl ELISA 9h=H o2 33] A H3ATH. ZYOES IS
FA & A EE &3 2 dEA(100 ul)E 43)e] ZA e "Ik, 2 F ZHOEE 4Tl £
So] 32 ke & W ELISA $Edio R 23] AH35HGITE. »k9-2 &-FLAG (Sigma, F1804) 3MAI(ELISA ¢+&
A Z= 1 : 20,0000 9@ @ 100x A HAUbstn wiEsITH(IAIZE, 4C). Al W AE 3 HRP (I|o)Xx, #
31430) (1 : 2,500)°l HegdE dx 3 w9 FAE 4 F 100w A FHrrskar vl (1A, 4T).
HRP(Vector Laboratories, # SK-4400)& 3W A& 3 $ 100z 7zt el Hrtata A2olA 1A7F & &
HiFsE T, SAH100 wl, 2N)& H7bete] W& HAAZTE. HEo] &8 A[UA|(Biotek Synergy) H1 E#o|E
7] (BioTek Instruments, Inc., Winooski, VI)JollA 0D450014 &FFEE H=3130; 0D5400 4 sdek 4
of tigh W= s wiA FHEE W= FFEC g BAsHi.

2
>
P
il
ne
o
(o
fr

FLAG-3%A1 ¥ RalAs SHgA o s wdal= J82 Abgre] Wt AlXe o
S5 PR, oA B0 FAE 4 HAE ATdrt. ZE RalAo] F2 A st el v

e
X
-0,

2
rl
)

B 2YE F8 coverslipsol w2 vjo} AfolAlE (MEFs)S &4t FoF A& exocytosis

g58 Fristed AREEAT. (HEE] oFAlY EE caevolin-/-vH9-2 Hjol AFolAEE 244
2], Accutase (Innovative Cell Technologies Inc., San Diego, CA)Z W[ Zo]EA £
2% 3% 2 0.5 % WEAEZ~7F T DMEMe] AAE sFar, AEH(90%, 37C)elA frAetairt.
YRl 4] AEE JAAI(S0 uM H= DMSO thzt, 1AZHE A advh. A §, AEE 0.2 % HS
b= DMEMO.= 13] 9-31(4°C, 2pg / L 1FF HE2YE) ¥) I9¥E 24-dZYo|Eo] BE A =FH

A3k o AEES H7FEIAT. AES 308 T HAAR F EZS AMgSte] 25 dHsER
=]
7)

‘&ol-ﬂ i)
o= = = ol I
o)
= L
o,
=
ey o

o w9 AL 2
o Ho
offt ol
[El AN
[H
il

]
ANAT. A= NS d7) 98 AES 2hbl A (34 F3}a Nikon TE300 &3 dn]7
AlZbstgivk. 74 Ao 3719 FElg d9S Fdsstal Al Gt Image] (NIDE A}-&3he] s}

o e

o jo K
¥@ KU ooxl
of
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n

471 AEENA RalA9] siRNA 1242 32HS A5k ¥HA caveolin (Cavl)-/-MEFsi= RalA iz WAS o
Ebdith, 917k RalA & RalB =& & E5Fo| thdl sikRNAE 371d LS AFE3}e] Dharmacon (Boulder, CO)ell
A
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[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]
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Al 3-A1% wl A9 A

2yxmo] W s4atEe] A ATS Felstr] 98 TROSY | N-HSQC (Tramsverse Relaxation-Optimized
Heteronuclear Single Quantum Coherence) NMRS AFE3t}h. pET16b(Novagen) ZeF2w]=¢2] RalB(Q72L
E9lMo])= Dr. Darerca Owen (Cambridge University)ZY-E ®tth. RalBE GDP Tt M7 &34 FEH <
GTP, GMPNPP (GNP, Sigma-Aldrich)& 293}7] 93t F7F AR AASAT. 79 gk 13C15N o] EA] il
A2 15N-NHAC1 3} 13C-F=Fo] BFd M9 viA|olA Aiksf Ak, 50 mM 1AM ES, pH 7.6, 100 mM NaCl 3 1
mM MgCI2e1 A NVMRS S Azd AZS A3t ZE NR 28-S 25T Agilent 900 Miz A~z 7] %3]
;. RalB-GNP E-3lA|o] thst &4 S Biological Magnetic Resonance Bank (BMRB, = : 15230)¢] 7]&rdl
ool WxE ATEHFE Fdolxlth. RNCB, GDP —"%%Liﬂiﬂ 3}g} o] &2 HNCACB, CBCA (CO) NH % COCNH-
TOCSY A3 & AHgste] mydox dojxrk. ZE MR vlolH= NRPipeE AH&-3te] AE] s 9lon (CPNR £4]
ZRIRE ARGt A AT, TES PINE% AHESE A BRI s 1Sl o8] F5E AT 16N-HSQC
AY e FFastE DMSOZ ATFAR 32 H7F F RalB WA (100m) ZHE Y oln= o]FS RUHHSE
o AR EATE. HE A EY DMSO F5E= 0.5 % B 1% 0.5 % B2 1% =424 DISOR gz ¥ES Axstu
BE AEES S5k DNSO iz v sl

SO
Of

NP} E31x]91 RalBe NMR F&wro] FH¥l7] @l (PDB code 2KE5, BMRB entry 15230), $-2l= o] oA
ézﬂ(lsoform)oﬂ ERs R mzairﬂr RalB-GDP 2 RalB-GNPS] 15N-HSQC MMR A#NEH S WA AA sl 3184 4
ZE zlo]E A&ttt MR A~ EHS RBCS L DNSO thxae EAsk 7=, dude] & Rxajo
AFS 16N-HSQC @A olmj= 179 AFel o8] EYE Ak, 100 M RBC8Y H-A] H FAIstel A RalB-
GDP (100 ulM)e] 15N-HSQC ~#Ew]e U= ~HE H-9jol g tix 719 Fa §AddA ¥sE el
SHA, RBC82 NMR ~#HEF 9] 3}84 o)F W/l A9 §le st 2kl A RalB-GNPol ZA7skA] eFUrt.

TEA 5RAS X9 RE ol 71xste], d#e] RB8 FrEAE IS AP A AdS Akl
T}, $@]= BQUS7 2 BQUSSE RBCS 2 k=il 7o EAo Hld ¢4:3 Ao e =7 e 98 Hes)
SH=E 3a, = 2).

SHEHE BQUS7 2 BQU5el dist A =4S = 23] YUERAT

A. 6-otv =-1,3-THE-4-(4-(EZ ER L 2WE) ¥ d)-1,4-t 3 =29 [2,3-c]9 g &-5-7I1ZRUEH
(BQUS7): elEhE (10 ml) 59 4-(EfEF2We)N=gd s =(500 mg, 2.87 mmol), TE¥=UEZ(190 mg,
2.87 mmol) 2 Ego|do}d1(400 pL mL, 2.87 mmol)e EFES 1.0%8 FoF wwrd ¥ 1H-¥2}E-5(4H)-2
(321 mg, 2.87 mmol)& F7Fstar, Z4dta, H-olA 22417k Bt wHkd & sl F2vuE 2y (Si02;
e 280t 5 2 % MeOH) = A AI3te] BQUSTE A nAR 753 TH(445 mg, 1.33 mmol, 46 % F5).

1H-NMR (400 MHz) DMSO-D6: 7.28 (s, 4H), 7.10 (brs, 2H), 4.64 (s, 1H), 3.57 (s, 3H), 1.64 (s, 3H); 13C-
NMR (100 MHz) DMSO-D6: 160.1, 147.6, 144.7, 143.9, 142.9, 129.9, 122.3, 121.4, 120.6, 96.2, 58.2,
36.8, 33.9, 12.8.

B. 6-olHx=-1-Wd-3-vd-4-(4-(EYEFLEMEAD W Y)-1,4-1 3 =29 [2,3-c]9JE-5-7IZHUEZ
(BQUO85): oleke (6.0 mL) T9 4-(EEFL 2HEA)M=LH 3] =(0.327 g, 1.72 mmol, 1.0 equ.), E=
=YEZ(0.114 g, 1.72 mmol, 1.0 equ.) ¥ Ego|E€0}(0.240 mL, 1.72 mmol, 1.0 equ) 10% &S xSk
ZF IH-98E-5(4H)-2(0.300 g, 1.72 mmol)& FH71etgdut. whe EFES 224)7F Fo EEA]7]aL Si02(2 %
Hee-tFes ) Ao 2y azveEadve Azse] BQU_03_85% I uAE 5313 tH(174ng,
0.421mmol, 25 %).

1H-NMR (400MHz) DMSO : 7.47-7.45 (d, 2H), 7.26-7.24 (d, 2H), 7.20-7.14 (m, 7H), 5.08 (s, 1H), 3.76 (s,
3H); 13C-NMR (100MHz) DMSO : 159.3, 147.4, 146.0, 144.7, 144.1, 133.1, 129.8, 128.6, 128.0, 126.5,
121.7, 121.2, 120.4, 95.3, 59.3, 37.4, 34.5.

BQUS7# RalB-GDP Atole] Agtel] thgh gk NMR 2ol 3= {rh. 100 uM BQUS7S] F-A (=) 2 EA)(nf
AEP ol 4 ¢ RalB-GDP(100 pl) NMR = EHE = 3 1 YER AT, &%-oEAQ1 sehA ®istE UEdE
WA ZA717F & 3eell ZA|EOIGITE. 100 uMe] BQUS7E o] &3 3184 o] W wrt AEHA T (%= 3d),
ZF a3k 3lehy olF WIE Jehe ) (F=x };A]L EH)L 22912 11 (aa 70-77) 2 &Y~ o2 (aa 78
85) ol $1A&3lth. RalB-GDPel 2 F&7F §lv A9, 45 222 RalA-GDPete] AE fAMdddl 7] x38}
QA Fe EAStA gted AZE WEEs AL Ar)E o] Bd oA wiEEHAT (= 3e). oA
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speba AZE Wste] divgrh dEAEE 9ol =dhEw, BQUsTol dS5dE F-eld A= As
ghQlgtt. RBC8¥ frARsAl, BQUS7 (100 pM)= NMR A= Eflo| A 2 Aghe] sheha Wstr vebd 213 RalB-
GNP (100 el AghsbA] ekttt (= 2b).

dat4 ol% A4l AL BsTel Aol gl Bud AW SAE (HMARE theF AQAA °F 75
B-GDPel o 3

=z
FARIHA sedEA ot A YEATH(E 2¢). AIH SR Ral o ha BUsTe Agte
2
]

i

mlo

A=A (110 & } 3}04 AREAG. ITC AE-S MicroCal iTC200 Al~®l& ARE-3}o] TEEQMD}
Wz 9w ookE w5 50 mM QA4 YEEH, pH 7.6, 100 mM NaCl 2 1 mM MgCl29olA #|Z3F5 ). HE DMSO &

A3l tt. RalB- GDP D}Hnﬂ (500 pM)S FA7]o] ¥ar oFE (25 M) e RO ZEA Q}Zouoi
At BE A8 25T FAHAY. ITC= KD = 7.7 £ 0.6 ulM & A= (&= 3f). o] Ae=
SPR(Surface Plasma Resonance)oll 2]&] &<15Act. SPR A& Biacore 3000 A]|2~¥lS Alg-3lo] =3 = Qu}.
Zbs 5N PBS, pH 7.4, 1uM GDP, 2mM MgCl2, 3 % DMSO. #{A8 w= : PBS, pH 7.4, 1uM GDP, 2mM MgCl2.
RalB @42 (M5 3 *JOH HASE AT Y S5 F SEE BT MES 60% HEF AIRE < 30 ul
/[ oz F9 3 g 5 B AYAFAT. PR 74 uAEsF WdEEE 4.7 £ 1.5 uMe] KDE YEA

DSF(Differential scanning fluorometry)i: 3&E3} RalB-GDP Alo]le] AdS Hrlste o AFEFATE. &8
2Ev wuide] A 9ol AFstE SYPRO LA ] F7HE EUHHFGoEA SAHATE. DSF= 10 mM
RalB-GDP 2 10 uM RalB-GPNPP, 20 mM Tris pH 8.0, 200 mM NaCl, 2.5 mM MgCl2 % 1 mM DIT €= F 4 x
SYPRO 2 @A & 3Hiate FHOlEE AXFo=N F3TE. NS0 HF s=7F e AEAdA 197 H=%

7y ol Al sHES AT, 4 8% F4L #e|E Ale]ZE 480(Roche)oll X 53T &8 2=
=4& Aatststar dol FA9 FAHAA SxE dFo=2M dojxrh. DSF= BQUS7H RalB-GDP Abelo] &
o) & AFE Flskgleon, w3 FEH e &S YFsAT

A A 4-A1F ) Q7 o A Aol didk &3

AZF #H e AIE Aol tist RBCS 2 BQUS79] F &S A7 718t t). Rale PABA HHANA e 9&=2 72 o4y
A A7) witel 2= A oA A A AAE AAIGT. 4719 Q1 A Al H2122, H358, HA60
Calubs oFE &4, AETH Eoli 3= ZAAs ] s ddY Ao ALgsATt. dd olrtol A 4A
A -5y A QI HYg Ao A AAE SAs7] s, AXE 4 19 1500002 6-LEHE
(1% A §4 o7tz o~ ol kst wx9 GBS e 0.4 % ASH

(¢}
Sh 3mlel Z A=tk vl T 2 A 45 (AEF 9F), AXE 1mg / ol NMTZ I3t F2YE €y
Aoz A3t 1050 k2 DMSO A 2ld dizxat3} Hlauste] 24 78 50 & AaA7]E g2 &2 A
o]kt
SiRNA Aol o3 Frd 4 2345 ¢, 7149 48 2 AES AHE35ke] RalA, RalB =& & 257 (RalA /
B)ol thadl 50 nM siRNAZ AMEXE A ZAAAAY. 72A17F &, AXE A 3 F224Y dA B4 AFsS

shet i AYS fdl, siRNA H2E AEZE st 529 ofEo EAlste] dg sl AFsh. Hdd
A8 S s), FLAG, FLAG-RalAG23V & FLAG-RalBG23VE ¢4z oz 3t sl H358 Al2S AXMAZ|AL, A
X5 oFE EATle Fge 3 F2Y A HdA4d HEAF T 12122 M EAA FLAG-RalAG23V %=+ FLAG-
RalBG23VE SHdH oz A7 |HE Alns ATHolx] FEa, H21225 o] &3 32 23S FLAG, FLAG-
RalAG23V EE+= FLAG-RalBG23VE A F oz A 7FAA 3 7247F Fol A2 E 3H T2y 4 B9 oF
o] NF ggtEo] Alx Uz gy 2 Sol7teEXE AFer] 8] 12122 QIF AY AlXE 6-9 EdolEe] 3
x 105 AEX2 FFstal 16417 5 2AAZ . =10 ul)s /fEde=s BQ Tl AEXE A2 o
AA (1, 5, 15, 30 2 60 ¥)ellA 500 ple W ACN : MeOH : H20 (1 : 1 : D& FHaec. Ax &3
Fo FE FEE 7] AAld 5ol AE TiEd nRgoAe ofsE) ‘%‘ ksl <ol #H3ste] |AH
/ NS-MS W& ARESte] AAEkglt

RBC8, BQUS7 % BQU8SS] A W AHAE Al & A3, BE okgo] A Ax U2 Editte A& B F
(% 6). oFZ Ao 94311 H2122 2 H358 M EA] Ral Aol JAHEAE &Asl7] ¢ Ral A Zuh-
S 3. AXE FEo R A7 B¢ AHEstar £33%aL RalBP1 & B4 J]|EMillipore # 14-
415)5 Abg3le] Ral 48 A tE. RBCS 2 BQUS7S F AlEFolA RalA 2 RalB &4& JAsA] &t}
(%= 6e).

i

= m{n il
[}

o 32

P

JlN‘
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w3, BE #}ele K-Ras siRNA Ao W7kst Aoz W HA 9 7a, 7b) H2122¢} H358%Fo] Ral =thd
(knockdown)oll T1ZFETh (&= 7c, 7D). ©] 5AS o] &3ste] Ralol digh 33E9 Bolds HHsHA #dEd
H]

m&

GTPase} Wlmsle] AAsA 1, -2l A M Z2Y FA9 AsE Hrslslar 1240 2 Calub Al
= uizkelA] @S H2122 @ H358S FE&}9ith (& 4a, b, k). RBC8l thdl 1050 H21220l4 3.5 uM 2 H358
oA 3.4 pMolw; H21229014 BQU57 2.0 pM 2 H35801A4 1.3 pMoldth. the-o = Ralol thil & EolAdS
F7t2 AR Y8 ge-An 2¥S 3Tk RalA 2 RalBSF RBCS T& BQU574 siRNA HThe& Zhe
H2122 2 H358 A|Eo A o2 F71 AalS Zdetx] LU= 4c-4f, = 7e). 37, o] HolHE=
RBC8, BQU57 X BQU857} Ral &A1& =3+ H]¥-252](anchorage independent growth)S A AlZIths AL 4
ERdict.

Rale] GIP efe} wjnste] GDPoll gt s}3tEel BoldS thF7] fdl, H2122 ¥ 1358 A EA] RalAG23V H+=

RalBG23Vel T4 4 FelS Azt 23V EdWol= GIP 7= 2312l RalGAP wiZl® 432 x| st
3 A Rals B4 AElE mAAZIT. $2l= RalAG23VeF RalBG23V7l shaEeol 44 A4 g 43 4
g WASGHE 4g-4j, = 76).

o

5~ A W(in vivo)ollXe] oFest, o} 5l FF A4

>
>
2,

Azte] Ht whg-2 REloA Ral 4 2 FF AT AAE Hrheklth. RBC8F BQUSTS] °FE EEIEH(PK) S
FE wkg-zoA WA BAste] A o] §ES HAEG. wd B4 O FAF (50mg / Kg) ¥, Y MES F
o] 3 0 WA 5A17F kA o= (9417 A1) AT, A 8 W AUC), Cmax 2 t 1/28 ¥3ets ofE &
g3} gt e = LC-MS / MSell ofgh v TS ARgste] FAHJAoH -8 FE FHE Foste FEd A
2e YA th(d7] % 1 #F=x)

FHE ggeR T o= gvtE HIFE AAsGtt. olE 4, d7® 7= w-2=NNer nu / nu,

National Cancer Institute, Fredrick, MD)E 5 WA 658l HEsta, &% 2 FE7F 443 Fof vlo]a=

A 7] AolA oA 25 B¢ AT, ve2E 24 BES AFEA AFE & AT 2 Al A
&

H2122 AEE AHE e 8=k, AEE HEE A ¢4 RPMI 1640 © gA73, 0.1 oL (2 x 107

-
)
2

AE)Z wpo 2t 47)e] Aol Eo] s.c. FAMISITH. H358 o]E o]AdWe] Ao AXE(5 x 10)Z nlEA(HE
520 %) E3Etal, 0.1alE Aol EH -

D s.c. FARIAT. AE HE F ouleAE ujd ZUEYEn F F
Ao (LxW) /20 ola] AxE o, o

0 ole] ZAA0lT W FFe o 4L dole SAAY. FF F e 9VE oFE

£ _1 o
X
©
Ay
ol
ol
K
ofN
o2
S
f
e
()
o
&
[~
Ay
ol
o
>
5
)
o
ofN
o2
i_tl’
2
flo

>

c—
N
02
10
nj
N,

>
_1.‘>io
i)
32
)
o

2o o2 N N
il
w B
i—\"‘

=< DMSOol &ajAI71aL F2EE A9sta vid 10/20/50 mg / kg i.p. FAFSFIIT

£ 2eg dxzaH o= Ay $E 79 iﬂ%-ﬂ 2pol &2 Wb 3 tET(DNS0) i okE A7 B2 1

ek 542 #EEA GArt. E ba, & 5b E = 5gollA, SHEE 39 AAAR] &S Fof 3 F T £

|4 AZEH AT o]F o2 FTF el I‘Hf‘f& Ral OHMH BFSE FE k2ol A AlFEEGITE whg-2of Al

H2122 1+ #HI9t AEE I3t A Fakar 24417k %3 < RBC8 50 mg/kg/d(F% ANE EZ U2 H33IT).

RBC8-S RalA & RalB (= 5¢)9] o]% du}La & 37] AR 2% AY (= 5c-d)& gAY, F HA

Hb AEZF HIB8S FAMEE A& e BQU57 9 BQUSSE Bk o7 7HA] Aol &5 (5, 10, 20 H 50
mg / kg / d) B &F oEH AR A Ayt YA Wl AIHATH(E 5f, 5h).

nlAlgte 7 $-glE H2122 ©]F olAdlA AA W(in vivo)ollA] Ral GTPase &S BH7/ .

5x 109 H2122 ME b2 & 4 Q9] YHolA s.c. FASAT. F% =71 109 ghel F 250 mn ol o]

2glom o] AlFolA mp$-ol A theFsh o] RBCS W BQUST] i.p. Folakelth. F%S RBC8 HEE BQUST

FAL & 3AIRE RS olojA, TS MIZolAe RalA ¥ RalB #4S& RalBPl EThE #4] JE

(Millipore # 14-415)% AMg3le] A AT, T MZolA Ras 2 Rhod A& Zh7te) E0he 24 7|EE

AHEEEY SAET. BE 24 B4 9" ERES HF B5oR AT, dy B 3

&, 7t BEXge =g WA zZhzhel U g2 (HT dddA AFF Ral, Ras EE Ral @& 10 ng) o=

Aarshe v, 1 2AE Adoldh FelA maskglon, el Am Z7. H2122 FH(FIF 271 250 mm3) S

B3 mpg-2~of 7] RBC8(50 mg / kg) =+ BQU57(10/20/50 mg / kg)o] wel Bk U EojEe Edsla, =
3 A zbel F%S AT, Ral &49 RalBP1 Zuvle =42 RBCS @ BQU57< 93+ RalA & R

o] Al oAE YEATE. BQUS7el of@l] k¥ Ral Ao & J

I, Ras % RhoA A& BQUS7 H#E FdolA =3 SHEJ o, o7l A= BEHA oo, o

2 o o
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[0145] A 6-2 WHlo] s} 3
[0146] oo sgEe b)) 23 B Aol uket A E AT
[0147] shet= 4 AE
R
R, 2
NH, (o] N=
I — |
NH
Ry o R
OEt
1-10
1,3-disubstituted-14-
pyrazol-5(4H)-one
P
NC” “CN CN
+
NC~X
(o}
~ Rg Rs
Rs Rs
R7 R4 R3
Rs 2-(substituted)-
ey hidemenaloncmis 6-amino-1.3-disubstituted-4-phenyl-1.4-
e dihydropyrano[2,3-c]pyrazole-5-carbonitriles
[0148]
#Z 2
[0149] Compound R1 R2 R3 R4 R5 R6 R7
Number
1 Ph Me —_— —_— —_— —_— —_—
2 Ph Me —_— —_— —_— —_— —_—
3 Me Ph —_— —_— —_— —_— —_—
4 Ph Ph —_— —_— —_— —_— —_—
5 CHo-Ph Ph —_— —_— —_— —_— —_—
6 Me m, p-DiOMe-Ph —_— —_— —_— —_— —_—
7 Ph m,p-DiOMe-Ph —_— —_— —_— —_— —_—
8 Ph p—OMe-Ph —_— —_— —_— —_— —_—
9 Me p—OMe-Ph —_— —_— —_— —_— —_—
10 Me Me H H H H H
11 Me Ph H H H H H
12 Ph Me H H H H H
13 Ph Ph H H H H H
14 Ph p—OMe-Ph H H H H H
15 Me p—OMe-Ph H H H H H
16 Me m, p—diOMe-Ph H H H H H
17 Me Me F H H H H
18 Ph Me F H H H H
19 Me Ph F H H H H
20 Ph Ph F H H H H
21 Me m, p—diOMe-Ph F H H H H
22 Ph p—OMe-Ph F H H H H
23 Ph m, p—diOMe-Ph F H H H H
24 Me p—OMe-Ph F H H H H

|
Y
N
|
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25 Me Me H F H H F
26 Me Ph H F H H F
27 Ph Me OMe H H H H
28 Me Me OMe H H H H
29 Me Ph OMe H H H H
30 Ph Ph OMe H H H H
31 Ph p-OMe-Ph OMe H H H H
32 Me p—OMe-Ph OMe H H H H
33 Me Me OMe F H H H
34 Me Me OMe H OMe OMe H
35 Me Ph OMe F H H H
36 Me Me CF4 H H H H
37 Me Ph CF, H H H H
38 Me Me 0-CF, H H H H
39 Me Ph 0-CF3 H H H H
40 Me Me CN H H H H
41 Me Ph CN H H H H
42 Me Me CH(CH3), H 0 0 i
43 Me Ph CH(CH3), H H H H
44 Me Me 0-CH,- CH,-0- H H H
45 Me Ph 0-CHy- CH,-0— H H H
46 Me Me N: H H H H
47 Me Ph N: H H H H
48 Me Me H N H H H
49 Me Ph H N: H H H
50 Me Me H Br N: H H
51 Me Ph H Br N: H H
52 Me Me imidazole H H H H
53 Me Ph imidazole H H H H
AR P PHoh) 2SI E, WAL=, 1 4-NESA-6-7HE A S, MA-S s, 6-nRR-g-3
g7t AGHE s, S4ast FREEF(CCIS), F2d Uud EFAbe]=(DNS0-d6), 3,5-HEFezH=d
sz, g oflEorAEHe|E, od wlxdotAHolE, o 3 4-tu|SA M Ao E o] E | d-E-3| =R T
g =RERTols, dE-4-wEAMZYHE, 4-EFRNZ2LHE, -EFLE-4-WEA|HZY

dsl=, 4-xadilzyEY, 4-o)laxzdu=dds =, 4-(1H-olv|thE-1-d)l=gdds=, drxUEY, o
g-sleebd, dd-sl=ebxl, 3-vedrtEads| s, YEFISAE, EHYolvl(TEA), 2,4,6-E2v5A|
Hlzoddsle 9 4-(EgEFeEdSsA)u=dds=s Aant d=gx AvZ 9 (Signa-Aldrich
Chemical Company (St. Louis, MO))ZH-E +43}3t}. Fisher Scientific (Pittsburgh, PA)ZHE g oA
Blo] E(EtOAc), HPLC &9 ™Ieb&(MeOH), HPLC &3 oFHE YE™(ACN), HPLC &+ E(H20), X284, d=#F
olMHOIE, it g wEdl F2#o|=(DOE T Y. ol§-E2 Decon Laboratories, Inc. (King of
Prussia, PA)olA T4 dth. Silica Gel 60 A 40-63 ume Sorbent Technologies (Norcross, GA)olA %33l
CHIH 2 13C MR 2= ELS 400 MHz Bruker MR, Avance 11 400S Abgste] 7]=59ch. 3ets HZE:=
ppml 2 X E T, Shimadzu HPLC (Shimadzu Scientific Instruments, Inc., Columbia, MD) % Leap auto-
sampler (LEAP Technologies, Carrboro, NC)7} 2F% Applied Biosystems Sciex 4000 (Applied Biosystems,
Foster City, CA)S AF&3}tt. A aZufE 183l = Agilent Technologies, Zorbax extended-C18 50 x 4.6
mn, 5 wlolAE AHE 40 oCAlA 0.4 mL / min®] F&5o= A&}, o542 A ¢ 10 mM (NH40Ac), H20 &
0.1 % X54F, 9 B : 50:50 ACN @ MeOHZ 4= Ach. AHEH A=ZwlEaes) WS 1.0 & &< 95 % A°aL;
3.0 &l 95 % BE AEA7IAL 4.5 & St FAStL, v o R 8.5 Fo 95 % AR EIFAI7|L 1.0 & (F A
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[0158]
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[0160]

[0161]
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g AZF 9.5 &) Bt A ST FAE sHESSY] 21E AFESke 7] BAF o]23) Fol& RE (ESI
HE 53 EYHY AT ¢ i) 5500Ve] o] 2-FHF At ii) 2% 450 oC; iii) AE 7k~ (CIR; 1002 A
) 2 FE &4 s (CAD; 52 AA) 7Fxs A AL, iv) o] &2 7k~ 1 7] (GS1) 2 2 7 (GS2); v)

A HE 10vE A4; vi) 4 F 1 QD 2 Q) 9 ®Balleoz A vii) AF AIZES 200 msecE A
AEAT. 2 oviil) d S¥2H" A9 (0P), = oA ((E) 2 T&5 A &7 A9 (XP)= A (Ve
A& (10 pL)Z LC / MS-MSZ #4313tk NMR 2 LC / MS-MS E4o ol g o], RE AAW 33eE
97% ol £EE R}

g-1-99-10-9 &=-54H)-(1) : EtOH (130 mL) 2] olg olAlE olAlEe]E(9.02 mL, 71.2 mmol)2
NS 0TColA Hd-stol=atA(Hd-stol=2td) (7.00 g, 64.7 mmol)S H7eFT. EFES F9 222
A3 s o 60T (3 AlIIHE 7FEsgitt. §ulE RFstdd AA L, JFRES A4 49 2=20E
9 (EtOAc A 1 0 DE AAS w2 @A EEEA 1 (7.60 g, 43.6 mmol, 67 % FTE)Z

1H NMR (400 MHz) CDC13 : 7.87-7.85 (d, 2H), 7.41-7.37 (t, 2H), 7.19-7.16 (t, 1H), 3.42 (s, 2H), 2.19
(s, 8H) 13C-NMR (100MHz) CDC13 : 170.5, 156.2, 138.0, 128.8, 125.0, 118.8, 43.0, 17.0; LC / MS-MS :
175.0-> 77.1 m/z; GS1 and GS2 at 30, DP = 56, CE = 25, CXP = 4, tR = 3.52 min.

1,3-tHe-1H-9 2H&-5(4H)-= (2): EtOH (200 mL) & olg ofrEcAHC]E(15.1 ml, 119 mmol)e] &N&
Hg 3 =247(5.00 g, 109 mmol) 22 0TolA AR, TFES 9 252 HH3] 7k ¢ v 60T(3
AZHZ 7tk s AFstel AAstL, JFFES A A Ay AZetEad 9 (Et0Ac ¢ #@AF 1
D= gAste] 472D 2 ) o= A & A a2 28 F5313TH8.02 g, 71.5 mmol, 66 %).

1H-NMR (400 MHz) CDC13: 3.25 (s, 3H), 3.16 (s, 2H), 2.08 (s, 3H), 13C-NMR (100 MHz) CDC13: 172.2,
155.4, 138.0, 41.3, 31.0, 16.8. LC/MS-MS: 113.2-> 82.0 m/z; GS1 and GS2 at 30, DP = 61, CE = 25, CXP =
4, tR = 2.9 min.

1-He-3-9d-1H-9 2} E-5(4l)-=& (3): o€
oA WE-3le]=e}x86.8 mmol) 2.2 Atk E}ES T 252 HJHd] 72 g o2 60 T3 AH=E
Zbgagitt. &ulE Fstel AAG, FFas AY7HA Ayl A2ZETHI(E0Ac ¢ A 1 0 DE AA
sho] vre A A2 A3l EE)o] 23 A F 3& 53 tH(11.0g, 63.1mmol, 73 % F&).

1H-NMR (400 MHz) CDC13: 7.67-7.65 (m, 2H), 7.42-7.41 (m, 3H), 3.60 (s, 2H), 3.41 (s, 3H), 13C-NMR (100
MHz) CDC13: 171.8, 154.2, 131.0, 130.3, 128.8, 125.6, 37.9, 31.4. LC/MS-MS: 175.0 -> 77.2 m/z; GS1 and
GS2 at 30, DP = 66, CE = 43, CXP = 4, tR = 3.45 min.

1,3-tAd-10-9 2}=-5(40) -2 (4): o Wiz LolAElo]E(12.2 nL, 71.2 mmol)2] EtOH (130 mL) &S 0T

oA #HE-s| =k (7.00 g, 71.2 mmol)2® ATt EFES FH L8 AAF ZF2AIZIAL 60T(3 Al
HE ZFdatadtr. &ulE JFetel AL, AFES A7 29 AErtEIHF(Et0Ac ¢ A 1 ¢ 4)
2 AA3t (EtOH) 2 AAste] 3FE 42 3 a4 2 FE55TH6.75 g, 28.6 mmol, 44 %).

1H-NMR (400 MHz) DMSO: 11.8 (s, 1H), 7.84-7.82 (d, 4H), 7.50-7.40 (m, 4H), 7.34-7.27 (m, 2H), 6.02 (s,
1H), 13C-NMR (100 MHz) DMSO: 154.2, 150.0, 139.3, 133.8, 129.3, 129.0, 128.2, 126.1, 125.5, 121.5,
85.5; LC/MS-MS: 237.0 —=> 77.1 m/z; GS1 and GS2 at 30, DP = 81, CE = 68, CXP = 4, tR = 4.15 min.

1-2-3-3 d-10-9 2} =-54l)-& (5): olEd WizdolAlElo] E(4.80 mL, 28.2 mmol)e] EtOH(60 mL) <] &9
< ocoﬂﬁ Wl 4 -3slo] = a}z (5.00 g, 25.6 mmol)2.2 A3ATH. EFES FH 222 HHAJ] 718t 60T
(16 N7H = 7Hgstdtr. w8 EHES HEA17]2 EtOH(100 L) & 3AAI7) & JYEF o|E Alol= 3.0 g&
H7yskar ksS40 *1 ). AAE oHstal uE WA AAS . ARES AIPAG 1 @A
EtOAc WA 100 % EtOAc)Fell A Ad FAZwtE1giu 2 AA|ste] ¥-o oA A ZA 5(25.5mg, 1.02mmol,

4% 7% SEST

1H-NMR (400 MHz) DMSO: 11.2 (s, 1H), 7.71-7.70 (d, 2H), 7.37-7.31 (m, 4H), 7.27-7.20 (m, 4H), 5.85 (s,
1H), 5.13 (s, 2H), 13C-NMR (100 MHz) DMSO: 153.6, 148.6, 138.3, 134.4, 128.8, 128.7, 127.6, 127.5,
125.1, 83.7, 50.0; LC/MS-MS: 251.1 -> 91.1 m/z; GS1 and GS2 at 30, DP = 2, CE = 33, CXP = 14, tR =
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4.01 min.

3-(3,4-vuEA Hd)-1-we-1H-3 &=-5(4H)-2 (6): EtOH(60 mL) Z 3,4-TlH|EA] WlZUolAEALE(5.00
g, 19.8 mmol)S 0TCA wWE-3|=2}+21(0.95 mL, 19.8 mmol, 1.0 eq.)o. 2 AR}, E=JES F9 2=
A8l 7HEAI713L 60T (3 Al 2 7HEstith. &g JFstel AAs L, JIRES AY7HAEA @ EtOAc; 4
1WA 1 : 1) aEveEdgygs 9 34 Baaxy AAse] 68 F5319vH(1.86 g, 7.94 mmol, 44 %
TE&).
1H-NMR (400 MHz) CDC13: 7.35-7.35 (d, 1H), 7.06-7.04 (dd, 1H), 6.87-6.85 (d, 1H), 3.94 (s, 3H), 3.92
(s, 3H), 3.57 (s, 2H), 3.39 (s, 3H); 13C-NMR (100 MHz) CDCI3: 171.6, 154.1, 151.1, 149.4, 124.1,
119.6, 110.7, 107.3, 55.9, 55.9, 38.0, 31.3; LC/MS-MS: 235.1 —> 219.0 m/z; GS1 and GS2 at 30, DP = 66,
CE = 33, CXP = 14, tR = 3.26 min.

3-(3,4-T W EA A ) -1-FId-1H-3 &=-54H)-&: (7): EtOH(60 mL) 9 3&ﬂwEA
(3.00 g, 11.9 mmol)<= 0CoA #Hd-3}o]=2}21(1.17 mL, 10.8 mmol)o.2 =2 3}3dc}.
22938 7FEAIZ1AL 60T (3 AIZHE 7k, §mlE ZAFstel AAstL, JFFES A

=
T (A4 2 EtOAc; 4 ¢ 1 WA 1 DR GAISte] A SHEOH) Ol o gk A Fof =& Fd= 75
(920 mg, 2.32 mmol, 22 %).

rM -
e
o
N
X

1H-NMR (400 MHz) CDC13: 8.00-7.97 (d, 1H), 7.48-7.42 (m, 3H), 7.25-7.21 (t, 1H), 7.17-7.14 (dd, 1 H),
6.91-6.89 (d, 1H), 3.98 (s, 3H), 3.95 (s, 3H), 3.83 (s, 2H); 13C-NMR (100 MHz) CDCI3: 170.1, 154.4,
151.4, 149.4, 138.1, 128.8, 125.2, 123.8, 120.1, 119.1, 110.7, 107.6, 56.0, 56.0, 39.7; LC/MS-MS:
297.0 => 218.2 m/z; GS1 and GS2 at 30, DP = 96, CE = 37, CXP = 18, tR = 3.98 min.

-4~ EA A D) -1-A d-1H-F 2} F-5(4H) -2 (8): EtOH(100 mL) T oNE-4-WEA] WZ LA E ] E(7.00 g,
27.8 mmol)e] €NS 0C HE-dto]=&}2(2.50 mL, 25.3 mmol) o2 &3}t EFES F9 SEZ A4
7FEAIZIAL 60T (3 AR E 7HE8titt. &ulE g sl AL, TFES A7t A2nEad a9 (g
A D EtOAc, 4 0 1 WA 1 DE AASY 3-(4-vEAHD)-1-dd-1H-9 }E-54l) -8 92 34 uA=
A 59 THS8; 5.21 g, 19.6 mmol, 78 % ).

1H-NMR (400 MHz) CDC13: 7.99-7.97 (d, 1H), 7.66-7.64 (d, 2H), 7.44-7.40 (t, 2H), 7.22-7.18 (t, 1H),
6.94-6.92 (d, 2H), 3.82 (s, 3H), 3.68 (s, 3H); 13C-NMR (100 MHz) CDC13: 170.1, 161.5, 154.4, 138.2,
128.8, 127.5, 125.0, 123.5, 118.8, 114.2, 55.3, 39.6; LC/MS-MS: 267.0 —> 77.2 m/z; GS1 and GS2 at 30,
DP = 81, CE = 65, CXP = 4, tR = 4.15 min.

3-(4-HEA A D) -1-m D -1H- 2} E-5(4H) -2 (9): EtOH (100 mL) &< old-4-w|5A] W

g, 27.8 mmol)e] &NE 0CoA wWE-sto] =7 (1.30 nl, %mengé.ﬂﬂaﬁﬂ.éﬁ%%E%Q%E
AAB] 7FAI7]AL 60T (3 AIZHE 7FEetlth. €mlE RF st AAS L, FFES Ae7HAddA A=ZnE
)y (A4t 0 EtOAc; 4 @ 1 WA 1 @ 1DE HASte] EtOHRY-E A3} 3 vre Ao uA= 33E 95 &
E3tATH3.00 g, 14.7 mmol, 58 % F&).

1H-NMR (400 MHz) DMSO: 10.9 (s, 1H), 7.63-7.60 (d, 2H), 6.92-6.90 (d, 2H), 5.70 (s, 1H), 3.76 (s, 3H),
3.54 (s, 3H); 13C-NMR (100 MHz) CDC13: 161.1, 153.4, 147.9, 126.3, 114.6, 114.4, 83.1, 59.7, 31.3;
LC/MS-MS: 205.0-> 190.1 m/z; GS1 and GS2 at 30, DP = 51, CE = 29, CXP = 12, tR = 3.44 min.

6-oln| -1, 3-t | e -4-Hd-1 4-v)3lo| =29 & [2,3-c]F &F=E-5-7FH o] EF (10): EtOH (10 me) = Hl

g 5}o] =( %Lm 2.87 mmol), TEXUEZ(190 mg, 2.87 L&) 2 TEAM400 w0, 2.87 HgE)o E3JES
1.0 & &<k wwksk £ 2(322 mg, 2.87 BEE)E AUtk whg EFES 19417 Fol 5417132, EtOH
2L ﬂﬁaiuﬂﬁ&ﬁq.ﬂﬁéﬂ AFNES Si02Aoll A AU ErE 223 (100 % EtOAcE ABE A2l F9
25 % EtOAc)= AAg §, EtOHEFH AdAstste] FA4 Fd=2 105 F53FUTH263 mg, 0.938 mmol, 34 %
TE).

IH-NMR (400 MHz) DMSO: 7.34-7.32 (m, 2H), 7.25-7.23 (t, 1H), 7.19-7.17 (d, 2H), 7.05 (s, 2H), 4.57 (s,
1H), 3.60 (s, 3H), 1.66 (s, 3H); 13C-NMR (100 MHz) DMSO: 159.9, 144.6, 144.4, 142.9, 128.8, 128.0,
127.3, 120.6, 96.5, 58.7, 37.5, 33.8, 12.8; LC/MS-MS: 267.0 —> 201.3 m/z; GS1 and GS2 at 30, DP = 61,
CE = 29, CXP = 12, tR = 3.74 min.
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6-obr| -1-wWel-3 4-t]Hd-1,4-v 3| =23 g [2,3-c|HFE-5-JF2ERYE™ (11): EtOH (10 mL) & W
H5]=(290 plL, 2.87 mmol), WEX=UEZH(190 mg, 2.87 mmol) ¥ TEA(400 ul, 2.87 mmol)9 =IES 1.
= Beh nkgk 0 3(500 mg, 2.87 mmol)S H7FEATE. WHg EFES 21A3F Fo FHA7|2, EtOH 9
Aoz MH3Fa; EtOHEYE AAA S ste] WA u4g 2 118 $£5390H282 mg, 8.58 mmol, 30 % F5).

o =z
N
o M

1H-NMR (400 MHz) DMSO: 7.41-7.38 (m, 2H), 7.28-7.24 (m, 2H), 7.21-7.18 (m, 6H), 4.88 (s, 1H), 4.77 (s,
2 H), 3.83 (s, 3H); 13C-NMR (100 MHz) DMSO: 158.1, 146.0, 144.8, 144.6, 133.2, 128.7, 128.5, 127.9,
127.8, 127.1, 126.4, 120.5, 95.7, 59.9, 38.2, 34.5; LC/MS-MS: 329.1 —> 263.1 m/z; GS1 and GS2 at 30,
DP = 71, CE = 31, CXP = 18, tR = 4.00 min.

6-obn| =-3-WE-1,4-T] 8 d-1,4-t 3| =21 2} [2, 3]V &FE-5-7I 2R YU EZ (12)9 F4: ¥4 DM (60 mL)
Zo] WH=AH ) =(290 ulL, 2.87 mmol), YEX=YEZ(190 mg, 2.87 mmol) % 1 (500 mg, 2.87 mmol)e] &I
of 4= Na2804(407 mg, 2.87 mmol) B o &-slo]=RFE <l sfo]=RF 2o =(46 mg, 0.122 mmol)S 7F
shgivh. ¥k E3ES AR(25 AIhdA gk gglrt. o #ska DONe.E AlF g 5, &wE st AAs)
Ak, WA EdES AP ZeA] 2 AReEI (A © EtOAc; 1 1 DE Agste] Wi a1
AZA e 1258 53304270 mg, 0.822 mmol, 29 % 4~&).

1H-NMR (400 MHz) CDC13: 7.69-7.66 (d, 2H), 7.50-7.46 (t, 2H), 7.39-7.26 (m, 6H), 4.68 (s, 1H), 4.67
(s, 2H), 1.91 (s, 3H), 13C-NMR (100 MHz) CDC13: 158.1, 146.4, 143.8, 141.9, 137.5, 129.2, 128.8,
127.8, 127.5, 126.7, 121.2, 119.0, 98.3, 64.0, 37.4, 12.8; LC/MS-MS: 329.1-> 263.1 m/z; GS1 and GS2 at
30, DP = 56, CE = 31, CXP = 18, tR = 4.18 min.

6-obv|=-1,3,4-Eg#d-1,4-Us =27 21 [2,3-c]F2E-5-7F 2R YE™Y (13): EtOH(10ml) % W=gds=
(290 plL, 287mmﬂ% D2 -UEH(190 mg, 2.87 mmol), % TEA (400 upL, 2.87 mmol)e] TFES 1.0% &
Qb wkel % 4(678 mg, 2.87 mmol)E FHI7FSIATE. HAES st EtOH B 4o 2 A A3 AL, EtOHEH-E
AAAdslste] WA TAZ 33HE 138 553 tH(330mg, 0.845mmol, 29 % & ).

1H-NMR (400 MHz) CDC13: 7.82-7.80 (d, 2H), 7.55-7.50 (m, 4H), 7.41-7.37 (t, 1H), 7.32-7.22 (m, 8H),
4.96 (s, 1H), 4.68 (s, 2H); 13C-NMR (100 MHz) CDC13: 157.5, 147.7, 144.9, 142.6, 137.5, 132.2, 129.3,
128.8, 128.2, 128.1, 127.5, 127.4, 127.1, 126.9, 121.6, 118.9, 97.5, 64.8, 38.2; LC/MS-MS: 391.1->
325.0 m/z; GS1 and GS2 at 30, DP = 91, CE = 33, CXP = 22, tR = 4.33 min.

6-obH| =-3-(4-H EA A H)-1,4-t] A d-1,4-H 3| =2 T 2} [ 2,3 ] gE-5-7F 2R Y E™ (14): EtOH (10 mL)
9] WMl=LE S =(290 plL, 2.87 mmol, loﬂ%ﬂ,%Ei@E%ﬂ%ngﬁ?mm,LOmMEQEMMOu
L, 2.87 mmol, 1.0 B o] EIES 1.0 & FoF wwksk & 8(764 mg, 2.87 mmol)S FH7lakict. wk$ =3
Eg 19A13F ol FFA7aL, EtOH 2 6‘4&3; ARSI, EtOHEEE AZ2ASAA N A2 148 F535)
AH(695 mg, 1.65 mmol, 58 % F%&).

1H-NMR (400 MHz) DMSO: 7.94-7.92 (d, 2H), 7.58-7.53 (m, 4H), 7.41-7.37 (t, 1H), 7.27-7.16 (m, 7H),
6.83-6.81 (d, 2H), 5.04 (s, 1H), 3.71 (s, 3H); 13C-NMR (100 MHz) DMSO: 159.5, 159.0, 146.6, 145.6,
144.5, 137.9, 129.8, 128.9, 128.3, 128.0, 127.3, 127.1, 125.1, 121.1, 120.3, 114.1, 97.5, 59.8, 55.5,
37.9; LC/MS-MS: 421.2 —> 355.0 m/z; GS1 and GS2 at 30, DP = 71, CE = 33, CXP = 24, tR = 4.3 min.

6-obH| h==3-(4-H| EA H D) -1-w| & -4-7 -1, 4-t] Sfo] =2 7] 2} 1= [ 2, 3-c ] F] 2h&-5-7FE o] EE (15): EtOH (10
ml) Fo WE2Ld|FFe]=(290 ulL, 2.87 mmol, 1.0 B=H), mi¢q5a (190 mg, 2.87 mmol, 1.0 equ.) &
TEAC400 pL, 2.87 mmol, 1.0 B TFES 1.0 ¥ 5o wukst F 9(583 mg, 2.87 mmol)E #H7}38}3t).
W EFES 2447 & FFAFAY. A Ee] 248 A9 ﬂiu}E:LaM(EW % 25 % EtOAc 2 100 %
EtOAcZ FZ)oll ofa] A F, EtOH=HE AAA s ste] 34 A2 155 F5313H80.9 mg, 8 % &,
0.226 mmol).

1H-NMR (400 MHz) DMSO: 7.42-7.40 (d, 2H), 7.23-7.21 (m, 2H), 7.15-7.13 (d, 3H), 7.06 (s, 2H), 6.77-
6.75 (d, 2H), 4.93 (s, 1H), 3.76 (s, 3H), 3.69 (s, 3H); 13C-NMR (100 MHz) DMSO: 159.1, 159.0, 145.9,
144.8, 144.5, 128.8, 127.8, 127.7, 127.1, 125.8, 120.5, 113.9, 95.0, 59.9, 55.4, 38.2, 34.4; LC/MS-MS:
359.1 —> 293.0 m/z; GS1 and GS2 at 30, DP = 76, CE = 31, CXP = 20, tR = 4.0 min.

6-0}m] =-3-(3,4-T W EA H ) -1-v E -4~ d-1,4-0) 3| =2 & [2,3-c] FH&FEZ-5-7FF 2R U EZ  (16): EtOH
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(5 mL) Fo W=y =(145 pl, 1.44 mmol), LEX=YEH(90.0 mg, 1.44 mmol) % TEA(200 pL, 1.44
mmol)e] E9HES 1 BoF wkek & 6(336 mg, 1.44 mmol)S H7FeFAT). Wb EIES 2443 & TF
N7, vAAdY] B4 A% IEnEH (100 % EtOAcE W39 A 3 25 % EtOAc) & BAIE 3, EtOH=
B AAAEst S aAR 16S +53HTHA48.5 mg, 9 % 48, 0.124 mmol).

1H-NMR (400 MHz) CDC13: 7.29-7.28 (d, 2H), 7.23-7.21 (d, 2H), 7.00-6.98 (d, 1H), 6.88 (s, 1H), 6.72-
6.70 (d, 2H), 4.84 (s, 1), 4.75 (s, 2H), 3.82 (s, 6H), 3.60 (s, 3H); 13C-NMR (100 MHz) CDC13: 157.6,
148.7, 148.6, 146.1, 145.7, 143.1, 128.9, 127.5, 127.4, 125.6, 119.3, 119.2, 110.9, 109.7, 94.7, 64 .4,
55.7, 55.6, 38.3, 34.1; LC/MS-MS: 389.1 —> 323.0 m/z; GS1 and GS2 at 30, DP = 66, CE = 31, CXP =

tR = 3.82 min.

6-otu| e—4-(4-ZF 2 27 d)-1,3-tHE-1 4-ts| =29 &= [2,3-c]He}E-5-7tERUEZ  (17): EtOH (8.0
ml) 9 4-ZFEHELY3]=(300 upl, 2.87 mmol), HZW=YEZH(190 mg, 2.87 mmol) % TEA(400 mL,
2.87 mmol)9] EFES 1.0 & B¢k whkdk F 2(322 mg, 2.87 mmol)E F7F8ISITth. g E3E

of sFA7]aL, EtOH 2 ko2 A FHelar, EtOH=H-E] AAdstete] WA A2 33kE 175 5533 H(335
mg, 41 % 4+, 1.17 mmol).

1H-NMR (400 MHz) DMSO: 7.23-7.20 (m, 2H), 7.16-7.12 (m, 2H), 7.07 (s, 2H), 4.61 (s, 1H), 3.60 (s, 3H),
1.67 (s, 3H); 13C-NMR (100 MHz) DMSO: 162.7, 159.9 (d), 144.6, 142.9, 140.7, 129.9, 120.6, 115.5 (d),
96.3, 56.4, 36.7, 33.8, 12.8; LC/MS-MS: 285.1-> 219.1 m/z; GS1 and GS2 at 30, DP = 61, CE = 27, CXP =
14, tR = 3.8 min.

6-o}m] 14— (4~

FozHd)-3-1e-1-7d-1,4-Us| =2 F = [2,3-c]HFZ-5-7F2 R EZ (18): EtOH (10
nL) 9 4-Z J

=

ZFozwM=dd = (356 mg, 2.87 mmol), TWEX=YEZ(190 mg, 2.87 mmol, 1.0 equ) %

TEA(400 pL, 2.87 mmol)9] E£ES 1.0 ¥ <k wyksl & 1(500 mg , 2.87 mmol)S H7}5tt). wke &3

%%1WM}§;%%Mﬂﬂ,@ﬁ%%‘@ﬂﬂﬂﬂﬁ%i%ﬂ WAARSA A 3SE 18(85.0 mg, 0.245 mmol, 9 %
al

FE)e WA TAA FEHA.

1H-NMR (400 MHz) CDC13: 7.68-7.66 (d, 2H), 7.50-7.46 (t, 2H), 7.34-7.32 (t, 1H), 7.28-7.22 (m, 2H)
7.08-7.04 (t, 2H), 4.68 (s, 3H), 1.91 (s, 3H); 13C-NMR (100 MHz) CDC13: 158.0, 146.2, 143.7, 137.8,
137.5, 129.4, 129.2, 126.8, 121.2, 118.8, 115.8, 115.6, 98.1, 63.8, 36.7, 12.8; LC/MS-MS: 347.1 —>
281.1 m/z; GS1 and GS2 at 30, DP = 11, CE = 31, CXP = 18, tR = 4.16 min.

6-obH] ie-4-(4-FF Q29 d)-1-wd-3-9 -1, 4-v] S| =29 2} = [ 2, 3—c] F 2HE-5-7F 2R Y E™Y (19): EtOH (10
ml) 9 4-ZF2ZWMEIY S =(300 ul, 2.87 mmol), TZ=YEH(190 mg, 2.87 mmol) 2 TEA(400 nlL,
2.87 mmol)e] TFES 1.0 ¥ FoF wHksk & 3(500 mg, 2.87 mmol)S #H7}stAT). ¥Hs E3ES 2077 &
o F-Fsle FFA 7|, EtOH Z Aoz AHsta, EtOHZF-E AZ2A3s el 35S 19 (182mg, 0.525mmol,
H

18 % 78)5 ¥ & AARN F553AT

1H-NMR (400 MHz) DMSO: 7.50-7.48 (d, 2H), 7.22-7.18 (m, 5H), 7.11 (s, 2H), 7.05-6.98 (t, 2H) 5.04 (s,
1H), 3.78 (s, 3H); 13C-NMR (100 MHz) DMSO: 162.5, 159.1, 146.0, 144.6, 140.9, 133.1, 129.8 (d), 128.5,
127.9, 126.5, 120.4, 115.4 (d), 95.5, 59.7, 37.4, 34.5; LC/MS-MS: 347.1 -> 281.0 m/z; GS1 and GS2 at
30, DP = 66, CE = 31, CXP = 14, tR = 4.0 min.

6-otu| e—4-(4-ZF 2 2Hd)-1,3-gHd-1,4-Hs| =29 &= [2,3-c]HHFE-5-7tERUEZ (20): &2 (10
mL) 9 4-ZF2 E] &3] =.(300 M,287MML T2 -UEZ(190 mg, 2.87 mmol) 2 TEA(400 pulL,
2.87 mmol)9 EFES 1.0 ¥ F¢F wwd T 4(678 mg, 2.87 mmol)ES FH7stATh. 18A1%F ¥ AA " HA
29 oJisla EtOH 2 ato 2 AA3ta, EtOHEREE AAA85e] 20(240 mg, 0.588 mmol, 20 % &)< i
A g R A F53GT

1H-NMR (400 MHz) DMSO: 7.94-7.92 (d, 2H), 7.61-7.55 (m, 4H), 7.42-7.38 (t, 1H), 7.28-7.24 (m, 7H),
7.06-7.02 (t, 2H), 5.15 (s, 1H), 13C-NMR (100 MHz) DMSO: 162.6, 159.0, 146.8, 145.6, 140.6, 137.8,
132.5, 130.0, 129.9 (d), 128.6, 128.6, 127.3, 127.0, 121.3, 120.2, 115.5 (d), 97.9, 59.6, 37.0; LC/MS-
MS: 410.4 —> 242.2 m/z; GS1 and GS2 at 30, DP = 21, CE = 47, CXP = 16, tR = 4.6 min.

6-0}n| =-3-(3,4-TH EA H Y )4-(4-ZF 2 239 d)-1-vwE-1,4-t 3| =29 &} = [2,3-c] Y E-5-7lEHUEH
(21): EtOH (10 mL) 5 4-ZF 2 =2wl=2d|slo]=(300 pL, 2.87 mmol), YEX=YEZ (190 mg, 2.87 mmol,
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1.0 equ) % TEA (400 pL, 2.87 mmol)<] %?}%% 1.0 & ZoF wwrsk & 6 (672 mg, 2.87 mmol)S #7138+
ok 17A17F &, FAE AHES AFst Bt B F4ko R AlFstal, EtOHEFH AA74state] 21(782 mg,
1.93 mmol, 67 % < )%@Mﬂ%%iﬁ—raﬁﬁq

IH NMR (400 MHz) DMSO : 7.20-7.18 (m, 2H), 7.09-7.03 (m, 5H), 6.96-6.95 (d, 1H), 6.80-6.78 (d, 1H),
5.02 (s, 1H ), 3.77 (s, 3H), 3.69 (s, 3H), 3.62 (s, 3H); 13C-NMR (100MHz) DMSO : 162.6, 159.0, 148.7,
146.0, 144.6, 141.0, 129.8, 129.7, 125.9, 120.4, 119.0, 115.7, 115.4, 111.8, 109.8, 94.7, 55.8, 55.7,
37.3, 34.4; LC / MS-MS : 407.1 —> 341.1m / z; 30, DP = 71, CE = 33, CXP = 22, tR = 3.9 oA} GS1 &
GS2.

6-obH| =-4-(4-ZF 0 2 Hd)-3-(4-H EA HD)-1-H d-1,4-t s =23 g} [2,3-c] 9 P ZE-5-7tEHUEZ (22):
EtOH (10 nL) ¢ 4-ZF o z@wl=d3lo]= (300 uL 2.87 mmol), ¥EZHxUEZ (190 mg, 2.87 mmol) 2L
TEA (400 pL, 2.87 mmol, 1.0 equ)®] ZFHES 1.0 ¥ E<F wuks 3 8 (764 mg, 2.87 mmol)S FH7}313it).
17A12 %, -8 ARES oA#3ta, EtOH % i‘i‘l’&ii M 3skal, EtOHRY-E AZ2A3ste] 22 (800mg,
1.83mmol, 64 % F&)E WA IAZA F53GT

1H-NMR (400MHz) DMSO : 7.93-7.91 (d, 2H), 7.55-7.53 (m, 4H), 7.41-7.37 (t, 1H), 7.26-7.23 (m, 4H),
7.07-7.05 , 2H), 6.84-6.82 (d, 2H), 5.11 (s, 1H), 3.72 (s, 3H); 13C-NMR (100MHz) DMSO : 162.6, 159.0,
146.6, 145.5, 140.7, 140.6, 137.9, 130.0, 129.9 (d), 128.3, 127.1, 125.0, 121.1, 120.2, 115.5 (d),
114.1, 97.3, 59.6 , 55.5, 37.0; LC / MS-MS : 439.2 —> 373.0 m / z; 30, DP = 61, CE = 35, CXP = 24, tR
= 4.3 A GS1 % GS2.

6-o}n) =-3-(3,4-TH EA H ) 4-(4-ZF 2 29d)-1-Hd-1,4-t) s =29 &} = [2,3-c] Y H}E-5-7 ER U EH

(23) EtOH (3.0 mL) ¥ 4-ZFo=zWl= EL ste]l= (70.0 mL, 0.675 mmol), TEX=UEZ (45.0 mg, 0.675

mmol) 2 TEA (90.0 mL, 0.675 mmol)9] EFEL 1.0 ¥ < wwrst 3 200 mg, 0.675 mmol)S H7}Fskith.
A A %

HhS EHES 9A7E T A3, nAA] B2AS 23 g2 Eady (100 % Et0AcE ZHE A F 25 4
EtOAc)Z AAISATE. 34 1S EtOHRHE AZAAIINA 712 AAse 315E 23 (164mg, 0.350mmol, 12
% F8)S M A 2A FEIAT)

1H NMR (400 MHz) CDC13 : 7.80-7.78 (d, 2H), 7.52-7.48 (t, 2H), 7.38-7.35 (t, 1H), 7.25-7.21 (m, 2H),
7.05-6.95 , 4H), 6.75-6.73 (d, 1H), 4.91 (s, 1H), 4.84 (s, 2H), 3.84 (s, 3H), 3.71 (s, 3H); 13C-NMR
(100MHz) CDC13 : 163.2, 157.8, 149.2, 148.7, 147.5, 144.9, 138.6, 137.4, 129.3, 129.1 (d), 127.1,
125.0, 121.5, 119.8, 119.0, 115.8 (d), 110.8, 109.9 , 96.6, 64.0, 55.8, 55.7, 37.5; LC / MS-MS : 469.3
> 403.1m / z; 30, DP = 6, CE = 35, CXP = 26, tR = 4.2 oA GS1 2 GS2.

6-ob) —4-(4-ZF 2 29 9)-3-(4-HEA H D) -1-HEd-1 4-v 3| =2 g} [2,3-c] I FE-5-7F 2R UEL  (24)
EtOH (10 mL) 9| 2-ZF o 2wl=ddsle]l= (300 uL, 2.87 mmol), W2XxUEZ (190 mg, 2.87 mmol) =
TEA (400 pL, 2.87 mmol)e] EES 1.0 & H<F wwkak & 9 (586 mg, 2.87 mmol)S H7lstdct. wg &
TS 1943 Foll sFHA 7|, FAE AAES EtOH 2 Fxo s AHsta, EtOHEY-E AZA A3} ste] 335
24 (350mg, 0.930mmol, 32 % T&)E WA uAZA F53 ).

1H NMR (400 MHz) DMSO : 7.43-7.40 (d, 2H), 7.20-7.16 (m, 2H), 7.10 (s, 2H), 7.06-7.02 (t, 2H), 6.78-
6.76 (d, 20 ), 4.99 (s, 1H), 3.75 (s, 3H), 3.69 (s, 3H); 13C-NMR (100MHz) DMSO : 162.5, 159.1, 145.8,

144.6, 141.0, 141.0, 129.8 (d), 127.8, 125.7, 120.5, 115.5 (d), 113.9, 94.9, 59.7, 55.4, 37.4, 34.4;
LC / MS-MS : 377.1 —> 311.1m / z; 30, DP = 66, CE = 33, CXP = 20, tR = 4.0 &4 GS1 ¥ GS2.

6-ob| =-4-(3,5-1] EFS 29 d)-1,3-tvE-1 4-t)s =2y w2 3-c]FeE-5-7 2RI EL (25)9] F4 ¢

3,5-t] ZEowwM=odds= | EtOH (10 nl) = Egto] old ofvl (0.408 g, 2.87 “‘al%), g2l EY
(0.190 g, 2.87 U&]&) 2 TEA (0.40 mL, 2.87 HEE)e EFES 5 ¥ 5 wuke & 2 (0.321 g, 2.87
s ). g E3ES 23817 Fo FFHA171a, vAA 225 EtOHRFH AZA A7) EtOH & n-dito g
A2 ko] 25 (291 mg, 0.963 mmol, 34 % &)Z WA uARA F53AT.

1H NMR (400 MHz) DMSO : 7.15 (br-s, 2H), 7.09-7.05 (t, 1H), 6.92-6.89 (m, 2H), 4.66 (s, 1H), 3.57 (s,
3H) 1.68 (s, 3H): 13C-NMR (100MHz) DMSO : 163.9 (d, CF), 163.8 (d, CF), 160.2, 149.2 (t), 144.8,
142.9, 120.4, 111.2 (m), 102.9 37.1, 33.9, 12.8. LC / MS-MS : 303.9 —> 236.9 m / z; 30, DP = 11, CE =
31, CXP = 16, tR = 4.19 EolA GS1 Z GS2.

_28_



[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

SIHS31 10-2020-0034824

6-obn| =-4-(3,5-T] %?g uﬂé_) -ME-3-9d-1,4-13| =292} [2,3-c] g BE-5-7t 2R EY (26)9 &
A ¢ EtOH (10 mL) = o ZW =y slol= (0.408 g, 2.87 mmol), BEXYEZ (0.190 g, 2.87 mmol)
gTM(Q@mL287mO¥4§ FeS 10 ¥ B9 sk ¥ 3 (0.500 g, 2.87 mmol , 1 equ.). WH§ &3¢
B85 2371 Fof] FFA7)AL, nAA EZAS EtOHRRE AAAIFAA 3= 26 (282 mg, 0.77 mmol, 27 %
)< WA aARA FEIU.

1H-NMR (400MHz) DMSO : 7.48-7.47 (d, 2H), 7.24-7.17 (m, 5H), 6.97-6.92 (m, 1H), 6.87-6.85 (d, 2H),
5.11 ), 3.74 (s, 3H); 13C-NMR (100MHz) DMSO : 163.5 (d, CF), 163.5 (d, CF),
159.5,146.1,144.7,133.0,128.6,128.1,126.6,126.5,120.2,111.3 (d), 102.8, 95.5, 58.5, 37.6, 34.6. LC /
MS-MS @ 365.1 =>299.0 m / z; 30, DP = 86, CE = 27, CXP = 20, tR = 4.38 &4 GS1 ¥ GS2.

6-ot| e—4-(4- EA H ) -3- & -1-Hd-1,4-t] Flol=2¥ g} x[2,3-c]IeZ-5-7lH UEZH (27) : oy~
AH 8= (350 b, EtOH (10 nl) $¢ #2:=YEZH (190 mg, 2.87 mmol) = TEA (400 pL, 2.87 mmol)e] &3
ES 1.0 ¥ B¢k wwkdk 31 (500 mg, 2.87 mmol)& A7 etk WS EIHE-S 24417 Fo FEHEAF L, A
AES EtOH 2 ko2 MAHslal, EtOHZHE A2 A4slsted 27 (800mg, 78 % 45, 2.23mmol)<S WA 1A=
A 5T

1H NMR (400 MHz) DMSO : 7.80-7.78 (d, 2H), 7.51-7.47 (t, 2H), 7.32-7.28 (t, 1H), 7.18-7.16 (m, 4H),
6.91-6.89 , 2H), 4.62 (s, 1H), 3.74 (s, 3H), 1.79 (s, 3H); 13C-NMR (100MHz) DMSO : 159.7, 158.6,
145.7, 144.2, 138.0, 136.0, 129.7, 129.2, 126.5, 120.5, 120.3, 114.3, 99.3, 59.0, 55.4, 36.4, 13.0; LC
/ MS-MS : 359.2 —=> 293.0 m / z; 30, DP = 71, CE = 29, CXP = 20, tR = 4.14 oA} GS1 % GS2.

6-obH| m-4-(4-H| EA A )-1,3-t M €-1,4-H3| =2 0 2} [2,3-c ] F BEF-5-7t 2 HYE™Y (28)9] 4 : o}y
Ad3)= (350 b, 2.87 mmol ), EtOH (10 mL) 9 ¥EZX=YEZ (190 mg, 2.87 mmol) = TEA (400 ulL, 2.87
mol)d ZFESE 1.0 ¥ FoF wwkd £ 2 (321 mg, 2.87 mmol)S H7letgich. whE EFES 244]7F Fo
A7, AA BES 2 FEetEad Y (100 % EtOAcE o] R #Aal 2= 25 % EtOAc) = A AT
g2 uAZ EtoH 2 3Askez Ak, EtOHZFE AZA3 skl 34gHE 28 (370 mg, 1.25 mmol, 44 % &
)< WY BARA FEIT.

IH NMR (400 MHz) CDCI3 : 7.12-7.10 (d, 2H), 6.85-6.83 (d, 2H), 4.61 (s, 2H), 4.55 (s, 1H), 3.79 (s,
3H) s, 3H), 1.80 (s, 3H); 13C-NMR (100MHz) CDCI3 : 158.8, 157.9, 144.5, 144.4, 134.5, 128.8, 119.3,
114.0, 96.4, 64.2, 55.2, 36.7, 33.7, 12.7; LC / MS-MS : 297.0 — 231.2m / z; 30, DP = 61, CE = 27, CXP
= 16, tR = 3.71 oA GS1 Z GS2.

6-o}u| -4~ (4~ EA F d)-1-v|&-3-Fd-1,4-t] Flo|=Z&x[2,3-c]FTFE-5-7tH YEZ (29) : ol x
A3 = (350 g, EtOH (10 mL) F¢ ZEZ2xYEZ (190 mg, 2.87 mmol) 2 TEA (400 ulL, 2.87 mmol)e] &3}
55 1.0 & weF wwkek & 3 (500 mg, 2.87 mmol)S H7IEFlth. WHE EFES 24417 Foll FFEA7 2L, A
AES EtOH 2 axtoz A, AAES BtOHEFE AZASANA B 324 3352 (29) (210 mg, 20
% <%, 0.586 mmol)S F53} ).

1H-NMR (400MHz) DMSO : 7.50-7.48 (d, 2H), 7.21-7.17 (m, 3H), 7.05-7.02 (m, 4H), 6.76-6.74 (d, 2H),
4.91 (s, 1H ), 3.76 (s, 3H), 3.64 (s, 3H); 13C-NMR (100MHz) DMSO : 158.9, 158.3, 146.0, 144.6, 136.9,
133.2, 128.9, 128.5, 127.8, 126.4, 120.6, 114.1, 95.9, 60.3, 55.3, 37.5, 34.5; LC / MS-MS : 359.2 —>
293.0m / z; 30, DP = 66, CE = 29, CXP = 20, tR = 3.98 #°lA GS1 % GS2.

6-obr] ie-4-(4-v H A # D) -1-F-3-7d-1,4-T] to|=2 3] e} =[2,3-c]I|e}E-5-7FH ol E & (30) @ ofH =
A3 = (350 g, EtOH (10 mL) F¢ ZEZx=YEZL (190 mg, 2.87 mmol) 2 TEA (400 ulL, 2.87 mmol)e] &3}
1.0 & &9F sk & 4 (678 mg, 2.87 mmol)E H7ISI Y. HHg EFES 2443 T FFA7AL, HA
EtOH 2 alatoz AHetdrt. WAHES BtOHERE AZAstete] WAl 122 3432 30 (1.05 g, 87 %
£, 2.50 mmol)S 53t}

-y 1 e
tlo wlo

1H-NMR (400MHz) DMSO : 7.94-7.92 (d, 2H), 7.63-7.61 (d, 2H), 7.57-7.53 (t, 2H), 7.40-7.36 (t, 1H),
7.29-7.23 , 3H) 7.15 (s, 2H), 7.13-7.11 (d, 2H), 6.78-6.76 (d, 2H), 5.02 (s, 1H), 3.65 (s, 3H); 13C-
NMR (100MHz) DMSO : 158.9, 158.4, 146.7, 145.6, 137.9, 136.5, 132.6, 129.8, 129.0, 128.7, 128.5,
127.2, 127.0, 121.2, 120.3, 114.2, 98.3, 60.2, 55.3, 37.1; LC / MS-MS : 421.2 —=> 355.0 m / z; 30, DP =
81, CE = 35, CXP = 24, tR = 4.32 Ho4 GS1 2 GS2.
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6-oF] -3, 4-H] 22 (4-W|F A d)-1-91d-1,4-1] Se|=2F T [2,3-c]HHFE-5-7tE YE- (31) @ ofY~
ad3d= (350 pL, 2.87 EtOH (10 ml) =9 U@;HE% (190 mg, 2.87 mmol, 1.0 equ.) ¥ TEA (400 nlL,

2.87 mmol, 1.0 equ)¥] %%" 1.0 ¥ FoF unkg & (764 mg, 2.87 mmol)& H7FSIATh. ¥ES E3ES
24AIZF Fo FFAT|AL, FAES EtOH 2 dxo g Az 3 3 EtOH=RE AZAHIAA 31 (1.06 g, 2.35
mmol, 82 % &) ulAl I’Jﬂi/ﬂ =3}9ith. 1H-NMR (400MHz) DMSO : 7.93-7.91 (d, 2H), 7.56-7.52 (m,

4H), 7.38-7.35 (t, 1H), 7.15-7.11 (m, 4H), 6.83-6.78 , 4H), 4.98 (s, 1H), 3.70 (s, 3H), 3.66 (s, 3H);
13C-NMR (100MHz) DMSO : 159.5, 158.9, 158.4, 146.6, 145.5, 137.9, 136.6, 129.8, 129.0, 128.3, 127.0,
125.2, 121.0, 120.4, 114.2, 114.1, 97.7, 60.3, 55.5, 55.3, 37.1 ; LC / MS-MS : 452.3 ->89.1 m / z; 30,
DP = 36, CE = 39, CXP = 4, tR = 3.47 &4 GS1 ¥ GS2.

6-o}] -3, 4-8] 2 (4-w| 5 A Fd)-1-WE-1,4-1] Stol=g2 9] et [2,3-c]IetE-5-7tE UEH (32) @ ofH~
g = (350 ul, 2.87 (10 L) 9 ¥2xUEZ (190 mg, 2.87 mmol) 2= TEA (400 pL, 2.87 mmol)e] &
FES 1.0 # Tk sk 9 (689 mg, 2.87 mmol)E H7FSIAT. WS EFES 2443 F FFA7|AL, A
AES EtOH 2 & Aloz Az 3 ¥ EtOHZ¥E AZAs sk 32 (690 mg, 1.78 mmol, 62 % I~&)5 WA
A EA FE3F T 1H NMR (400 MHz) DMSO : 7.42-7.40 (d, 2H), 7.05-7.03 (d, 2H), 7.00 (s, 2H), 6.78-
6.75 (dd, 4H), 4.86 3.73 (s, 3H), 3.68 (s, 3H), 3.66 (s, 3H); 13C-NMR (100MHz) DMSO : 159.0, 158.9,
158.3, 145.9, 144.5, 136.9, 128.9, 127.7, 125.9, 120.6, 114.1, 113.9, 95.3, 60.3, 55.4, 55.3, 37.5,
34.3; LC / MS-MS : 389.2 —> 323.0 m / z; 30, DP = 66, CE = 29, CXP = 22, tR = 3.94 ¥4 GS1 ¥ GS2.

6-oH| -4-(3-ZS 20 2-4-w| EA|Fd)-1,3-TrE-1,4-T) 3| =2 9| 2} [2,3-c]F e E-5-7ERUEY (33)9] ¥
A0 3-ZFQ R EtOH (10 mL) 5 4-WEA Wizddslo|= (o 442 g, 2.87 tﬂa%), T2 EZ (0.190 g,
2.87 HE]&E) 2 TEA (0.40 mL, 2.87 ¥ &) EFES 5 & Tk wwd 2 (0.321 g, 2.87 mmol)S
7hekdtt. wbE EFES 18A1ZF Foll sFA17]aL, WA %él" EtOH=H-E 247132, 1AE EtOH 2
n-Ako 2 At 31 (475 mg, 1.51 mmol, 53 % FH)& ¥ F3A A ZA 53T 1H MR (400
MHz) DMSO : 7.10-7.04 (m, 3H), 6.95-6.93 (m, 2H), 4.53 (s, 1), 3.79 (s, 3H), 3.56 (s, 3H), 1.65 s,
3H); 13C-NMR (100MHz) DMSO : 159.9, 153.0 (d, CF), 146.4 (d), 144.6, 142.9, 137.6 (d), 124.1, 120.6,
115.4 (d), 114.0, 96.2, 58.5, 56.4, 36.6 , 33.9, 12.8. LC / MS-MS : 315.0 => 248.9 m / z; 30, DP = 66,
CE = 27, CXP = 16, tR = 4.05 o4 GS1 2 GS2.

6-obn| -1, 3-T) W E-4-(2,4,6-E7] WEAHALD)-1,4-t)3| =29} w[2 3-c]FTEZ-5-71 2R UEZ (34) : 2.4
, EtOH (10 mL) = 6-E7 HEA] Hﬂ_%ohﬂ;]‘: (0.563 g, 2.87 mmol), WEX=UEH (0.190 g, 2.87 mmol) %
TEA (0.40 mL, 2.87 mmol)2] TFES 10 ¥ &<k kst & 2 (0.321 g, 2.87 mmol)S H7I8Ith. Wkg &
FES 2687 FFAFT. wAA %é}% Sio2Atel A AY F=ZwulEawHs (DM F 2 % MeOH)=
AAsA . A A S EtOHERE AZAA 72l EtOH B n-Fato g A sle] 3% 34 (60 mg, 0.168
mol, 6 % F&)5 A wAZA £538H90th. 1H NMR (400 MHz) DMSO : 6.72 (s, 2H), 6.20 (brs, 2H), 4.97
(s, 1H), 3.72 (s, 6H), 3.53 (s, 6H), 1.65 ; 13C-NMR (100MHz) DMSO : 161.3, 160.1, 145.4, 142.1, 121.3,
111.7, 96.5, 93.1, 91.2, 57.0, 56.6, 55.5, 33.7, 26.1, LC / MS-MS : 357.1 -> 189.0 m / z; 30, DP = 56,
CE =29, CXP = 12, tR = 4.07 &4 GS1 2 GS2.

6-011) e-4-(3-ZF Q Z—4-w BEA | )-1-v & -3-7| d-1,4-1] slol=mT e} [2 3-c]FeEH-5-7tE UEZ (35)

3-obH| =—4-EtOH (10 mL) & 4-ZF Q2 2-4-W|EA] wl=ddslo]l= (0.442 g, 2.87 mfﬂ%), T2 UEY
(0.190 g, 2.87 ¥gl=) 2 TEA (0.40 mL, 2.87 Hg|E)9 &S 10 & w¢F wwHkdk 5 3 (0.500 g, 2.87
mmol)S H7ISFTE. WHE EFES 18AIZF T FFAI7]aL, vAEA EES EtOHZS-EH Zﬂéxéﬁ}’\]ﬁ 3=
35 (348 mg, 0.927 mmol, 33 % F&)& ¥ WA uAZA =53}l 1IH-NMR (400MHz) DMSO : 7.50-48 (d,
2H), 7.22-7.15 (m, 3H), 7.07 (brs, 2H), 6.97-6.89 (m, 3H), 4.96 3.74 (s, 3H), 3.71 (s, 3H); 13C-NMR
(100MHz) DMSO : 159.1, 152.8 (d, CF), 146.1 (d), 146.0, 144.6, 137.9 (d), 133.2, 128.6, 127.9, 126.5,
124.0, 120.5, 115.2 , 113.9, 95.4, 59.7, 56.3, 37.2, 34.5. LC / MS-MS : 377.1 => 311.1m / z; 30, DP =
66, CE = 31, CXP = 20, tR = 4.27 oA GS1 2 GS2.

6-olr=-1,3-yud-4-(4-(E2] ZF2=2 vd) #d)-1,4-t3 =298 [2,3-c]FHE-5-7t2RYE™ (36)
o] A L 4-(EY ZFe=E f‘ﬂ‘:’]a zZogste]= (0.500g, 2.87mmol), TEX=YEZ (0.190g, 2.87mmol) H
TEA (0.40mL, 2. 87mmol)4 FES 10 £ Fob wEks F 2 (0.321g, 2.87mmol) mmol) S H7FeFRAth. WS
EFES 2A7F Fo wE Si02 (DCM 9] 2 % MeOH) Aol A Zre A =wEae)ul= AAsle] 36 (445 mg,
1.33 mmol, 46 % &)< %“—“. HAZA 5. IH-NMR (400MHz) DMSO @ 7.28 (s, 4H), 7.10 (brs, 2H),

) Z
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4.64 (s, 1), 3.57 (s, 3H), 1.64 (s, 3H); 13C-NMR (100MHz) DMSO : 160.1, 147.6, 144.7, 143.9, 142.9,
129.9, 122.3, 121.4, 120.6, 96.2, 58.2, 36.8, 33.9, LC / MS-MS : 337.2 => 59.1 m / z; 30, DP = 26, CE
= 31, CXP = 10, tR = 5.10 &4 GS1 2 GS2.

6-otu| =-1-ME-3-7d-4-(4-(Eg] ZF o2 #Ad) #Hd)-1,4-b3 =29 [2,3-c]9HE-5-712RYEY
(37) : 4-EtOH (6 mL) T Edlo] ZF Q2 olA" ofHE UolE & (0.10 g, 1.72 mmol), Eglo] ZF 22 v
g) wlzdd3le]= (0.300 g, 1.72 mmol), T=>=YEZ (0.114 g, 1.72 mmol) X TEA (O 240 mL, 1.72 mmo
Do EFES 1.0 & &< s =, 1.72 mmol)S H7IElth. WS EFES 2241 F FFA17]3L, Si02
(DCM 9] 2 % MeOM)OlA 2 3] AY aARvtEagsle] o] AA & F, EtOAc @ A2k (1 @ DO FogA
37 (120 mg, 0.301 mmol, 18 % }2% 1. 1H NMR (400 MHz) DMSO : 7.58-7.56 (d, 2H), 7.49-7.47 (d, 2H),
7.37-7.35 (d, 2H), 7.20-7.17 (m, 5H), 5.17 (s, 1H ), 3.77 (s, 3H); 13C-NMR (100MHz) DMSO : 159.4,
149.3, 146.1, 144.7, 133.0, 128.8, 128.6, 128.0, 126.4, 126.0, 125.7 (d), 123.3, 120.3, 94.9, 59.0,
37.9, LC / MS-MS : 397.1 => 331.0 m / z; 30, DP = 96, CE = 33, CXP = 22, tR = 4.44 Rol|A GS1 % GS2.

dJ)-1,4-93| =298 =[2,3-c] 9 etE-5-7t 2 EL
(38) : 4-(E¥ 222 2YEA]) EtOH (10 nl) ¥ W=YH3 lt (0.546 g, 2.87 mmol), TExUEZ (0.190
g, 2.87 mmol) 2 TEA (0.40 mL, 2.87 mmol)9] EES 10 ¥ =< w3k & 2 (0.321 g, 2.87 mmol ).

S EFEES 2247 Fo wF3ka Si02 (DA F 2 % MeOH)*loﬂH Ay FRulEaf 2 FAste] 38 (359 mg,
1.03 mmol, 36 % &)< F3A uAZA F53FQITE. 10 NMR (400 MHz) DMSO : 7.68-7.66 (d, 2H), 7.40-
7.38 (d, 2H), 7.14 (brs, 2H), 4.71 (s, 1H), 3.58 (s, 3H), 1.64 s, 3H); 13C-NMR (100MHz) DMSO : 160.2,
149.2, 144.7, 142.9, 129.0, 127.2, 125.9, 124.1, 120.5, 95.8, 57.8, 37.2, 33.9, LC / MS-MS : 352.0 —
335.1m / z; 30, DP = 26, CE = 9, CXP = 24, tR = 4.31 ®ol|A GS1 % GS2.

-0l -1-HE-3-Hd-4-(4-(EF EFL ZHFA]) #d)-1,4-13 =292} w[2,3—c] &5t 2R YE"Y
(39) : 4-EtOH (6 nL) ¢ W=Ld3]= (0.327 g, 1.72 mmol), YEXUEZ (0.114 g, 1.72 mmol) % TEA
(0.240 mL, 1.72 mmol)®] &£FES 10 & %?} wHkEE 33 (300 mg, 1.72 mmol)& H7Fstch. whE E3E
£ 22N F w53k Si02 (DCM F9 2 % MeOH)FellAl 28 aZvtETHI R AJAste] 39 (174 mg, 0.421
mol, 25 % F&)E FA AARA F5 o}Oﬂr:} 1H-NMR (400MHz) DMSO : 7.47-7.45 (d, 2H), 7.26-7.24 (d,
2H), 7.20-7.14 (m, 7H), 5.08 (s, 1H), 3.76 (s, 3H); 13C-NMR (100MHz) DMSO : 159.3, 147.4, 146.0,
144.7, 144.1, 133.1, 129.8, 128.6, 128.0, 126.5, 121.7, 121.2, 120.4, 95.3, 59.3, 37.4, 34.5. LC / MS-
MS : 413.1 — 346.9; 30, DP = 86, CE = 33, CXP = 24, tR = 4.49 Eo]A GS1 2 GS2.

6-olrli-1,3-Cl M E-4-(4-(Ee]  EFS ZWEA) o

6ol =—~4-(4-Alo} w Hd)-1,3-tdE-1,4-0)3 =28} x=[2,3-c]HTFZ-5-72RYEZ (40)9] A : 4-F
2 9 dlx YEY (0.376g, 2.87 EtOH (10 mL) F° Z2x=UEZ (0.190 g, 2.87 mmol) % TEA (0.40 mL,
2.87 mol)¢] EZFES 10 ¥ FoF wuksk ¥ 2 (0.321 g, 2.87 mol)E Hrlelgdvk. wg EFES 1847
Zo| FEA7)3, WAHA BAL Sio2AdA] AW AEntEadE (DM F 2 % MeOH) = AASIGTH. A 14
Z EtOH 2 n-FAtow MHsta, EtOHERE AZAs}sle] 40 (484 mg, 1.66 mmol, 58 % FH&)S WA 1A=
A 53k th. 1 NMR (400 MHz) DMSO : 7.78-7.76 (d, 2H), 7.38-7.36 (d, 2H), 7.17 (brs, 2H), 4.70 (s,
1), 3.57 (s, 3H), 1.63 s, 3H); 13C-NMR (100MHz) DMSO : 160.2, 150.1, 144.7, 142.9, 133.0, 129.2,
120.4, 119.2, 110.2, 95.6, 57.5, 37.4, 33.9, LC / MS-MS : 292.0 — 226.2m / z; 30, DP = 51, CE =
CXP = 14, tR = 3.90 ¥4 GS1 2 GS2.

6-obH| =-4-(4-Ao} = HH)-1-wE-3-7d-1, 4-Hs| =29 2} =2, 3-c]HHE-5-7t 2R YU EZH (419 FA
4-¥=2 A Wz YEHZ (0.376 g , 2.87 mmol), EtOH (10 mL) £¢ ¥2Z=YEZ (0.190 g, 2.87 mmol) % TEA
(0.40 mL, 2.87 mmol)9] €3}ES 10 & &< wHksk =, 3 (500 mg, 2.87 mmol)S H7MSITh. g E}EE
18A17F Zof] FFA|7]aL, v A A %7‘(——_13 EtOH 2 n-32to 2 HE AZAIAIA 3= 41 (160 mg, 0.453 mmol,
16 % &) W nAZA $53FF . 10 NMR (400 MHz) DMSO : 7.68-7.66 (d, 2H), 7.48-7.46 (d, 2H),
7.35-7.33 (d, 2H), 7.22-7.19 (m, 5H), 5.17 ), 3.77 (s, 3H); 13C-NMR (100MHz) DMSO : 159.4, 150.2,
146.1, 144.7, 133.0, 132.8, 129.1, 128.7, 128.1, 126.5, 120.2, 119.1, 110.0, 94.7, 58.6, 38.0, 34.6.
LC / MS-MS : 354.2 —> 288.1m / z; 30, DP = 66, CE = 33, CXP = 20, tR = 4.21 &4 GS1 % GS2.

6-otn| 4~ (4-0] 2 22 Hd)-1,3-yue-1,4-t]3 =2 &= [2,3-c]HZFE-5-FIEHYEH (42) : 4-9]&
r2d Wizdds= (0.425 g, 2.87 EtOH (10 mL) F9 Z2=YEZ (0.190 g, 2.87 mmol) 2 TEA (0.40 mL,
2.87 mmol)e] EFELS 10 ¥ FoF WHks = 2 (0.321 g, 2.87 mmol)E A7}, ¥k EFES 29047

_31_



[0224]

[0225]

[0226]

[0227]

[0228]

SIHS31 10-2020-0034824

o wFA713, AAES 9H4sta EtOHZ A& 3sle] 42 (163 mg, 0.528 mmol, 18 % &)< 12 34 nA=Z
A F53F3ith. 1H NMR (400 MHz) DMSO : 7.16-7.14 (d, 2H), 7.05-7.03 (d, 2H), 6.99 (s, 2H), 4.50 (s,
1H), 3.56 (s, 3H) 2.79 (m, 1H), 1.64 (s, 3H), 1.17-1.15 (d, 6H); 13C-NMR (100MHz) DMSO : 160.0, 147.2,
144.6, 142.9, 141.9, 127.9, 126.7, 120.8, 96.7, 58.8, 37.1, 33.9, 33.4, 24.3, 12.9. LC / MS-MS : 309.1
> 243.0m / z; 30, DP = 71, CE = 31, CXP = 16, tR = 4.44 &4 GS1 ¥ GS2.

6-ob]ie-4-(4-0] A& 2 #Hd)-1-we-3-7d-1,4-1 3| =2 T 2} e [2,3-c] I E-5-7F 2R U ES (43)

A Zay @z%ﬂaz(o%4g,172wmn,ﬂ%%(em)%@l%iqu%(OJMg,172mm)
TEA (0.240 mL, 1.72 mmol)¢] EFES 10 & F¢F wyks 3 3 (0.300 g, 1.72 mmol)S H7Fsklch. wk$
S-S 22417F Fof EEA|7|2 Si02AolA 2 3] A" A=EntE gy (DM 5 2 % MeOH) Zo]ojA EtOAc :
A1 0 D2 AAISEe] 43 (207 mg, 0.559 mmol, 33 % )% I LA ZA 53T, 1H NMR (400 MHz)
DMSO : 7.50-7.48 (d, 2H), 7.22-7.16 (m, 3H), 7.09-7.02 (m, 6H), 4.92 (s, 1H), 3.76 (s, 3H) 2.80-2.73
(m, 1H), 1.12-1.10 (d, 6H); 13C-NMR (100MHz) DMSO : 159.2, 147.1, 146.1, 144.5, 142.3, 133.3, 128.6,
127.9, 127.7, 126.7, 126.4, 120.7, 95.9, 60.1, 37.9, 34.5, 33.3, 24.2. LC / MS-MS : 371.1 — 305.0 m /
z: 30, DP = 106, CE = 29, CXP = 20, tR = 4.60 oA GSI 2 GS2.

e rkot« »E o,

6-obH| =-4-(2,3-ts| =2 Wz [b] ] T 22-6-9)-1,3-tdg-1,4-t]3| =20 &} [2, 3] FE-5-7} =
EQ#E(M)Im%(mnm<gL4m514£467ﬁzH*OW%F:@4ﬂg,2WmmU 4R L-UE
2 (0.190 g, 2.87 mmol) % TEA (0.40 mL, 2.87 mmol) 5 ¥ &<F wykek & 2 (0.321 g, 2.87 mmol)E X7}
3G Th. HEE ESELS 23A17F Fo FEA7|3 v AA EZL EtOHERE AAASA 7|2 EtOH 2 n-@dAto =
AA3ste] 33E 44 (131 mg, 0.404 mmol, 14 % F&)E A A A $E39Th. 1H NMR (400 MHz) DMSO :
6.98 (brs, 2H), 6.76-6.74 (d, 1H), 6.59-6.57 (m, 2H), 4.43 (s, 1H), 4.18 (s, 4H), 3.56 s, 3H), 1.67
(s, 3H); 13C-NMR (100MHz) DMSO : 159.9, 144.6, 143.5, 143.0, 142.6, 137.7, 120.7, 120.7, 117.3, 116.5,
96.6, 64.5, 64.4, 58.9, 36.8, 33.9. LC / MS-MS : 325.0 ->259.1m / z; 30, DP = 51, CE = 29, CXP =

tR = 3.98 A GS1 2 GS2.

6-on|=-4-(2,3-H3l=2 Wz [b] [1,4] U 4-6-U)-1-WE-3-3d-1,4-03 =29 =[2,3-c]F&t=E-5
(45) @ EtOH (10 mL) Z 1,4-¥1% ©] 24-6-7}12 2 AH3|= (0.471 g, 2.87 mmol), ZE=UEZ (0.190
g, 2.87 mmol) = TEA (0.40 mL, 2.87 mmol) 10 ¥ E<F wukdk & 3 (0.500 g, 2.87 Wal&)S #7159t}
WS- E9E-S 23417 B0l FEA7|a, vAFA E22E Si02 (DM 5 2 % MeOD) Aol 28 AzvtEaziu=
AA & L, EtOHERE] AZAZsF] 45 (93 mg, 0.240 mmol, 8 % FH)E M A=A F5a9v. 1M
NMR (400 MHz) DMSO : 7.53-7.51 (d, 2H), 7.25-7.18 (m, 3H), 7.03 (brs, 2H), 6.98-6.66 (d, 1H), 6.60-
6.57 (m, 20 ), 4.86 (s, 1H), 4.13 (s, 4H), 3.75 (s, 3H); 13C-NMR (100MHz) DMSO : 159.1, 146.0, 144.5,
143.5, 142.5, 138.1, 133.3, 128.7, 127.9, 126.5, 120.6, 120.5, 117.2, 116.3, 95.8, 64.4, 64.3, 60.2,
37.5, LC / MS-MS : 387.1 = 321.0 m / z; 30, DP = 66, CE = 31, CXP = 22, tR = 4.25 %ol GS1 % GS2.

6-ot| -1, 3-t W d-4-(F gl d-4-¢)-1,4-t 3| =23 2} = [2,3-c] I &} E-5-7l 2R Y EH (46) @ 3-¥gd 7} &
2 &Hsl= (0.307 g, 2.87 mmol), &S (10 mL) T¢ EE2=YEZ (0.190 g, 2.87 mmol) % TEA (0.40
ml, 2.87 mmol)¢] EIELS 10 & HoF wwksk = 2 (0.321 g, 2.87 mmol)E A7t th. 9g EIES 224]
7 o FF3FL Si02 (DCM F2] 2 % MeOH) Aol A Ay IAZvfEadd 2 AA S EtOHE A& st v 3
A aAZA 8EHE 46 (132 mg, 0.493 mmol, 17 % )& 533 th. 1H-NMR (400MHz) DMSO : 8.49-8.48
(d, 2H), 7.18-7.18 (m, 4H), 4.61 (s, 1H), 3.58 (s, 3H), 1.66 (s, 3H); 13C-NMR (100MHz) DMSO : 160.4,
152.9, 150.3, 144.8, 142.9, 123.4, 120.4, 95.2, 57.1, 36.8, 33.9, LC / MS-MS : 268.0 —> 189.1m / z;
30, DP =56, CE = 25, CXP = 12, tR = 3.38 Fo| A4 GS1 % GS2.

6-obH| =-1-m g -3-3 d-4- (3] g H-4-)-1,4-1] slo|=23 e} e[2,3-c]FeE-5-7tH HEH (47) @ 3-¥gd
I} B2 dgs|= (EtOH (10 mL) T2 Y2 E™ (0.190 g, 2.87 ¥al&E) 2 TEA (0.40 mL, 2.87 UIE)
o] ESES 10 B FoF Wk 3 3 (500 mg, 2.87 LHFE)S HUFsIAT. 2247 &, AAERS onsiu
EtOH 2 ko g AlH3te] 47 (340 mg, 1.03 mmol, 36 % &)S MA uAZA $53Th. 1H-NMR (400MHz)
DMSO : 8.38-8.36 (dd, 2H), 7.48-7.46 (d, 2H), 7.22-7.13 (m, 7H), 5.08 (s, 1H), 3.77 (s, 3H); 13C-NMR
(100MHz) DMSO : 159.6, 153.0, 150.1, 146.1, 144.7, 133.0, 128.7, 128.1, 126.5, 123.2, 120.2, 94.3,
58.2, 37.4, 34.6. LC / MS-MS : 330.1 —> 80.1m / z; 30, DP = 76, CE = 63, CXP = 4, tR = 3.94 EoJA]
GST 2 GS2.
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6-ofn| -1, 3~ E-4(3] 2| d-3-Y)-1,4-0)3| =29 &} [2,3~c]F FE-5-7I 2R U EH (48)9] FA : 3-Fd
72 B~ o4d3= (0.307 g , 2.87 mmol) o et (10 ml) =9 2= EY (0.190 g, 2.87 mmol) % TEA
(0.40 mL, 2.87 mmol)9] &EFES 5 & FoF wuksk & 2 (0.321 g, 2.87 mmol)E H7IsIAt}. whg TFEES
2%h}$ﬂo;NﬂL,4ﬁggﬁqwaEmﬁ;ﬂaW#%(%3m,memu60%¢gw>ﬁﬁ;m
24 #5339, 1 NMR (400 MHz) DMSO : 8.43-8.43 (d, 2H), 7.53-7.51 (d, 1H), 7.34-7.31 (m, 1H), 7.14
(brs, 2H), 4.63 3.57 (s, 3H), 1.64 (s, 3H); 13C-NMR (100MHz) DMSO : 160.2, 149.4, 148.8, 144.8, 142.8,
139.7, 135.8, 124.2, 120.5, 95.7, 57.8, 35.0, 33.9, LC / MS-MS : 268.0 —> 189.2m / z; 30, DP = 71, CE
= 34, CXP = 12, tR = 3.5 #ollA GS1 2 GS2.

6-olm) -1-H e -3-9 d-4- (3] g J-3-¥)-1,4-Y 3| =23 2} [2,3-c ] F=E-5-7I 2R Y EH (49) : 3-9gd 7}
Eﬁ:“ﬂ]E(EmHuom)sA dE-YUEY (0.190 g, 2.87 2 &) 2L TEA (0.40 mL, 2.87 2 &)<
0 ¥ FoF wukek & 3 (500 mg, 2.87 W) . 22A1%F o WA A Eo] PAE L ofE .
124 FtOHE A 24360 49 (389 mg, 1.19 mmol, 41 % &)S WA uA=A F530ch. 1M
(400 MHz) DMSO : 8.41-8.40 (d, 1H), 8.30-8.29 (dd, 1H), 7.49-7.47 (d, 3H), 7.23-7.16 (m, 6H), 5.12
(s, 1H ), 3.77 (s, 3H); 13C-NMR (100MHz) DMSO : 159.4, 149.3, 148.5, 146.1, 144.7, 139.9, 135.6,
133.0, 128.6, 128.0, 126.5, 124.0, 120.4, 94.8, 58.9, 35.6, LC / MS-MS : 330.1 = 80.1m / z; 30, DP =
56, CE = 57, CXP = 14, tR = 3.96 ol A GS1 ¥ GS2.

—_

g-ob| —4-(6-B 2R ¥ d-2-9)-1,3-t)Hd-1 4-t|3| =29 &} [2,3-c] 9 FE-5-FF 2R U EZH (50) : 6-H
ZXR-EtOH (10 mL) = 2-¥g4d 7} B~ 4d3= (0.307 g, 2. 87 mol), TEX=UYEZ (0.190 g, 2.87 mmol)
2 TEA (0.40 mL, 2.87 mmol)®] EIES 10 & FQF myksk & 2 (0.321 g, 2.87 mmol) S i47}6}°3t+ 224]
7F Fo] Whs EIES ofiteta IHES ot EtOHE AlHske] 50 (427 mg, 1.23 mmol, 43 % F8)S
A uAZA F$E3FR Y. 1H NMR (400 MHz) DMSO : 7.73-7.69 (t, 1H), 7.50-7.48 (d, 1H), 7.32-7.30 (d,
1H), 7.19 (brs, 2H), 4.69 3.56 (s, 3H), 1.71 (s, 3H); 13C-NMR (100MHz) DMSO : 164.4, 160.7, 144.7,
142.9, 141.4, 140.8, 127.0, 122.0, 120.5, 95.3, 56.3, 39.3, 33.9, LC / MS-MS : 348.0 -> 283.0 m / z;
30, DP = 66, CE = 25, CXP = 18, tR = 4.00 ¥4 GSI 2 GS2.

6-obm) —4-(6-B R B3 g d-2-9)-1-w|gd-3-Hd-1,4-T) 3| =2 9 &= [ 2, 3-c] T & ZE-5-7t 2R U EZ (51) : 6-
ol :=—4-EtOH (10 mL) F9¢] 4-B2Rr-2-vgd 7} B~ 2= (0.307 g, 2.87 mmol), T2ZxUEZ (0.190
g, 2.87 mmol) ¥ TEA (0.40 mL, 2.87 mmol)2] &EFEEL 10 & < Wkt ¥ 3 g, 2.87 mmol)S
A7VeTh. 22417 Fof] wke EEES of¥sln JAES ofFsta EtOHZE AlZske] 51 (971 mg, 2.38 mmol,
83 % )5 WA A EA F5srTt. IH NMR (400 MHz) DMSO : 7.59-7.53 (t, 1H), 7.52-7.50 (d, 2H),
7.38-7.35 (d, 1H), 7.30-7.26 (d, 1H), 7.24-7.21 m, 5H), 5.12 (s, 1H), 3.76 (s, 3H); 13C-NMR (100MHz)
DMSO : 164.4, 160.0, 146.0, 144.7, 141.2, 140.5, 133.0, 128.6, 128.1, 126.9, 126.4, 122.2, 120.2,
94.6, 57.5, 39.3, LC / MS-MS : 408.0 -> 175.1 m / z; 30, DP = 86, CE = 31, CXP = 10, tR = 4.28 oA
GS1 2 GS2.

4-(4-(1H-o]m] tE-1-9) #Hd)-6-o}r]x=-1,3-t/Wd-1,4-t)3 =29 & =[2, 3-c] TS E-5-7l 2R UEH (52)
© 9 EtOH (10 mL) 3 4-(1H-o]"] t}Z-1-%) W=z dusto]|= (0.494 g, 2.87 mmol), T2ZWw=UEZ (0.190 g,
2.87 mmol) ® TEA (0.40 mL, 2.87 mmol)9 &&ES 1.0 & F<F uwt 31} o]ojA] 2 (0.321 g, 2.87 mmo
DE H7rekgih. whe E3ES 22417 Fofl HFA)7)aL Si02 (DCM & 2 % MeOH) Aol A A A2vlE gy =
AAske] 52 (322 mg, 0.967 mmol, 34 % &) ¥ 4 mAZA =53k, 1H NMR (400 MHz) DMSO :
8.20 (s, 1H), 7.69 (s, 1H), 7.58-7.56 (d, 2H), 7.29-7.27 (d, 2H), 7.09-7.07 4.64 (s, 1H), 3.58 (s,
3H), 1.68 (s, 3H); 13C-NMR (100MHz) DMSO : 160.1, 144.7, 143.2, 143.0, 136.1, 136.0, 130.3, 129.5,
121.0, 120.7, 118.5, 95.3, 58.4, 36.9, 33.9. LC / MS-MS : 333.3 —> 266.9 m / z; 30, DP = 61, CE = 41,
CXP = 18, tR = 3.4 FolA GS1 ¥ GS2.

4-(4-(1H-°m  &-1-¢d)  #d)-6-olre-1-wE-3-d-1,4-t3 =212 [2,3-c]F &FE-5-7 2R EHY
(%):EmHUMm)%QA%ﬂWﬂU]4§ﬂﬁﬁ)@5%ﬂ4ﬂc(02%g 1.72 mmol), TEX=YUEY (0.114
g, 1.72 mmol) ¥ TEA (0.240 mL, 1.72 mmol)9¢] &S 10 & 5 wwt 314t} ojojA 3 (0.300 g, 1.72
mm”%%ﬂaﬁq.%°§§%E2WH}$ﬂo;ﬂﬂﬁ,&%(MMv2%MwmﬂﬂﬁZﬁiﬂiﬂilm
v2 AAlste] 3¢S 53 (308 mg, 0.780 mmol, 45 % F&)& WA mARA F53ITE. 1 NMR (400 MHz)
DMSO : 8.15 (s, 1H), 7.64 (s, 1H), 7.54-7.52 (d, 2H), 7.49-7.47 (d, 2H), 7.28-7.13 7.04 (s, 1H) 5.09
(s, 1H) 3.78 (s, 3H); 13C-NMR (100MHz) DMSO : 159.2 145.1, 144.6, 143.5, 135.9, 135.9, 133.2, 130.2,
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129.3, 128.7, 128.0, 126.5, 120.7, 120.5, 118.4, 95.4, 59.6, 37.6, 34.6. LC / MS-MS : 395.2 => 144.0 m
/ z; 30, DP = 101, CE = 59, CXP = 8, tR = 3.89 oA GS1 ¥ GS2.

3}3HE 54

Chemical Formula: C43H41BrN4OS
Molecular Weight: 351.22

6-obn| m—4-(5-HE2RE e#-2-A)-1,3-trd-1,4-U3| =23 e} = [2,3-c]FHE-5-7F2ERYEZ (54)9] T4

5-BERE o9 ofekd (10 nl) F¢ 2-HRE-2-7}u} LHE= (0.548 g, 2.87 "WE), dEL-UEZH
(0.190 g, 2.87 HWaE) © Ego] o ol (0.40 mL, 2.87 YH)o EFES 10 ¥ FoF wwrs 3 2
(0.321 g , 2.87 mmol)S H7}algith. S E3JES 2247F Fof oAFelar, IHES dEeez AdA s st
s}§= 54 (221 mg, 0.628 mmol, 22 % F+&)E ¥ T3} uA|ZA 53kt 1H NMR (400 MHz) DMSO :
7.18 (s, 2H), 7.02-7.02 (d, 1H), 6.86-6.85 (d, 1H), 4.93 (s, 1H), 3.56 (s, 3H), 1.81 s, 3H); 13C-NMR
(100MHz) DMSO : 159.9, 151.9, 144.2, 143.1, 130.3, 126.0, 120.3, 110.8, 95.8, 58.3, 33.9, 33.2, LC /
MS-MS : 352.9 —=> 287.0m / z; 30, DP = 66, CE = 29, CXP = 18, tR = 4.3 ¥4 GSI 2 GS2.

35 55

N™ ~0" “NH,

Chemical Formula: C4gH3BrN4OS
Molecular Weight: 413.29

6-o}r] =-4-(5-B R B Mo] 9 #H-2-)-1-H & -3-Hd-1,4-T) 3| =2 F &} = [2,3-c]F B E-5-FF2ERYUEY  (55)9]
A L 5-oEhe (6 L) F HERE o3-2-7}2 H 24ds|= (0.328 g, 1.72 mmol), TExUEZ (0.114 g,
1.72 mmol) ¥ Eg]| old o}7l (0.240 mL, 1.72 mmol)e] EFES 10 ¥ & wukek & 3 1.72 mmol) S #H7}
shalth. §hg E3ES 22413 Foll HFHA71a Si02 (DM F° 2 % MeOH) ol Al Zd A=wtE 1o <]
QA5 55 (80 mg, 0.194 mmol, 11 % F&)E T3 nAZA 533t 1 NMR (400 MHz) DMSO : 7.61-
7.59 (d, 2H), 7.30-7.23 (m, 5H), 6.92-6.91 (d, 1H), 6.78-6.77 (d, 1H), 5.41 (s, 1H ), 3.74 (s, 3H);
13C-NMR (100MHz) DMSO : 159.3, 151.9, 145.4, 144.8, 133.0, 130.3, 128.8, 128.2, 126.6, 125.8, 120.2,
110.4, 95.2, 59.1, 34.5, 33.9. LC / MS-MS : 415.1 -> 348.0 m / z; 30, DP = 81, CE = 31, CXP = 22, tR =
4.5 oA GS1 2 GS2.
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