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VAR, A T AL ANDOEBL L HITHMO—&E2T L > T D B EY
DI, BHHEICDIE > THARANDOEERFEKDO—2>TH D fFelF T\ D,
A L, AR A SRR A U RIS L > T, EFERME LY L)
7o REETERE A A L T A, HEIEEESE X, AR & 72 mitogen (Z Lo THEEL I ND
BHEHORENIFERCERKE TEHEINTEBY . FlxZT) k- Y >~
LT K D & v X7 EHERE OIS AL/ RIEMEALIZ K o TR S Tn 2B, Zo
728, Z X7 E Y RS (protein kinase, LA T kinase) (3. Al HE5E -
B DHEMEAL & R ICE b > T\ D, IEEMIAL T, il BB in 2RI
& % kinase DIEF )72 TEMHAL-CIERIFE B GTRD H v, Bl 213 receptor B tyrosine
kinase T& 5 LR R 15 &K (epidermal growth factor receptor, EGFR) (%, &
AR N CIIARE NN TUHE L TR Y . mitogen D 1 FETH 5 Lk EIK T (EGF) 23
fEa LTV EFIFIRIEL TWD) IREETYH, MAuE 23553 5 kinase
cascade % IHPEAL L CU 5B Kinase cascade [TMIfE 2D a7 577, A& HAES
chemical mediator DPEA7R EHRIRAOIETE & fERF I LB 2R A OFFEIZE G- L T
WD T2 DA RGN TR IS MDY 157975 kinase Z AR > & A0
(T T2 AIZEDNE AT TR Y | kinase DILEA N L CHIESEEHEZ L7257
DFRERIRIC IS,

Kinase |%, ATP ZAfilER L L TRV, €DV VBEEIEN S X7 HIZEER
S 5B, Kinase @ ATP-binding site Tl&, ATP @ adenine {53 238 TH D |
ATP 137 2 /7 Btk & O AN L - TS LT 519, Kinase (2592 50 F
PRI, ATP-binding site (235U T ATP LHEHT L C VU IR LISRER PLET D b
DT, adenine |[ZHML Lo B ER G EFRIBIE LA LTV DV, AHE) EGFR FRFE
H D gefitinib (Iressa®) <. erlotinib (Tarceva®), lapatinib (Tykerb®) 72 £id. WI'1
%AWmeymﬁéﬁﬁ@%éMmmmmmmm%%%ﬁbfwyﬂ—ﬁ\
MIEH DOREIE I TILBERAL D70 < R & U TR S\ a2 n 2
ELBWTH D (Fig. 1), ZiLiE. ATP-binding site PNIZIZ LB K X 72 2SN &
V. BRx RRFRZEANTLIENARTHL I EEZRBLTWNDLN, WTo
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BRI ¢ Z 2 OMIEH Y EGFR @ ATP-binding site FIZ(FET DR EDT 2/
PRI LIS T 2B FMEEZ B L7 b O TiERvy, Th2bb, T oHEAILS
T4k & LT ATP-binding site |ZX% B @V EAMEE R L, BiA Y72 EGFR [HF
ERBBEINTNDEZZ2 N TEYPL FEGRAEERT 2 EREL D
7272 =8 EGFR BAEMERIZ A7 6 O TH 5, — T, EGFR @ ATP-binding
site FHUZAEIET D cysteine 75 Hk & michael SN DO FFEE KR EZ T 5 Z & T,
EGFR Z RA[IZIHET 5 & LTHE AU TWAH DA afatinib (Giotrif®) T
%101 (Fig. 2), Afatinib % 4-anilinoquinazoline ##1%|Z & - T EGFR ¢ ATP-binding
site |ZBUFNME & FF D U3 3638 LTV 2 23, MISHHE S D o, B-REAFN 7 L 7R = LA 1
73 cysteine O thiol £52> B RIZBEE A 5 1T % Z & T afatinib & EGFR IZHAFEA %
Rk L. AAl#ify7e EGFR BHEEHANEE SN D Z L2/ rENTCW5 (PDB:
4G5HM,

Gefitinib Erlotinib | | Lapatinib

cl
0/\ NH NH
(_N~_O HiC ~_O o /] L
~ TN\ N e I N ’S/\’NH O N
H,C. » O J HsC p
(o) N H,C 0 N N

Fig. 1. EW &N TV 5 A#H EGFR FAEA|DO#EE.

Afatinib D X 5 (KRR EMRSy FITRT 2 BUFNERR 3 & | ARy T OFERERR
O TEVEER 7y DR AG O S o125 Tk, Bkx I EMTENE 5 T I L S D # 72
BB TH D, Aspergillus BB FELT HH I HEHEHEE LTHILALS aflatoxin
I%. AR T cytochrome P450 12 &> T 8,9-exo-epoxide BUIARFHHEM L S D =
ORI E T XML TE D L DI Y, DNA ISR MR BEE 52 5
Z EME STV B U2 (Fig, 3), 8,9-Exo-epoxide %! aflatoxin (Z 33\ T, aflatoxin
DOBIR V-GS DNA “H L AME~OfRMMEZL | epoxide i 231 M Hi,
(CHEERT VX ULIEEZ S TV D, ABFFETIE Z 06 OB, FRRYA
B FIEMMEZ b O oiE & | AR T OB L FEE T 25 720 O# i
A GDLETZANAA T Y v FEBER A indirubin  3’-(0-oxiran-2-ylmethyl)
oxime : Epox/Ind % &5t L 7=,



Cys797 (EGFR)

Afatinib Cl H Cl
N
F \’ \:/&0 F
CH, o - i s o -
.N PUON
H,C \/\)LNH H,C \)\/U\NH

SN SN

) g

Q Q

Fig. 2. RFA[¥H) EGFR [HLEHA afatinib D& & 5S4k

9 o
Cytochrome P450
5 >
OCH,
Aflatoxin B, Aflatoxin B;-exo-8,9-epoxide
(Non-carcinogenic form) (Carcinogenic form)
DNA intercalation l
Guanine N7 alkylation l

H,N

Guanine N7 NH

Fig. 3. Aflatoxin B1 DRI

Indirubin (1) (&, FEHCEOTEAFHNEAMPRIZLT) S TEIZFEOE
PRy T&H U | cyclin-dependent kinase (CDK) ¢ ATP-binding site (2 &AM % &>
bis-indole {L&5# CTo 5114, F 7= indirubin |X. CDK 721 T72 < glycogen synthase
kinase-3p (GSK-3p) Z# 38 JICPHET H 2 bbb TRV IS FiZ CDK <
GSK-3BDAEZ I L7e Pl EH 2 HfF ST b, CDK X° GSK-3Bi1%, Wi
1t EGFR % @ receptor ! tyrosine kinase 732 i & 72 5 kinase cascade O [ it iZir
&7 % serine/threonine kinase C, Z 415 @ kinase HREA FHLET 5 Z LT L » THt
FEIEEAE T SO AR S M D ) 70 k&2 7o FEWITETE DS HIFF S LT 5 U617 CDK R
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X DPUEBEHRICB W CRICEZE /2D, CDK & cyclin protein DA AKIC
&2 2 il e JET A [ETHA oD [ 2R 22 IEEEAE T o 5, FRIZ Gl ORI B 2 1P b3
% CDK4/cyclin D ¥ T CDK6/cyclin D &K%, FEEMIZAN TIiX mitogen
signaling |2 &> T cyclin D 2M@RIFEEL T 5 2 & TREICIEMEL L TR Y | HifuE
JRZ A LT\ %, £ 2T, CDK4/6 2R & LRI AIZ e > TE TR Y
(181 KE RS EH SR (FDA) 132015 45 2 A I palbociclib (Ibrance®) % LAY A %
A SR T PGSR & U CHERE Lz, —JF . GSK-3BiX. glycogen synthase
ZAEME(LT D kinase & L CU Y FOFRG CRILSNIEMETH L8, BifE
Tidhk 2 Zefllf& THEHL L TV T, mitogen signaling 2 & Te AR 72 1 HARIZERE S IC
BIEL TWD ZEDRMESNTND b DODRMHAZR R H L FHFISNTNDHIT
LU, GSK-3BFAFEANIFZFUESEER N H 5 Z L DNERMITRINTED
apoptosis i 5X° glucose [V B F 25| Z L Z 32 L A HUEBEHOMFTH 5 L
EZ BTN 5920,

Indirubin (1) Indox (2) Epox/Ind (3)

Fig. 4. Indirubin 33 X (¥ indirubin FHE A D&,

Indirubin ‘B 41X, CDK K> GSK-3B?® ATP-binding site {ZEFIEZ AT 5 Z &3
PN oTEY ., kinase EAHAEHZEATH2DIX1,2, VAL THDZ ENbDo
TV B R 1 (LD % FE % methyl b L 7= indirubin 753541230 T, kinase
PREVEMEA RIRICHE b D 2 & bl STV AR, Sk, indirubin [3REX
Wik sy & U CHBES LIALE TIxd 508, KMz v o mihcs oy
TG EEME 2 R TIREITIFRE ICm <. 2 E T indirubin OAEMIEMICD
WTHET L TE 2R DIRIE T THA, 3L carbonyl £:% oxime FEIZAHL L7
indirubin 3’-oxime (Indox, 2) % EALE#) & 75 indirubin FHEMRIZET 2L DO TH
% (Fig. 4)224, AWF7e Ta%Et L 7= Epox/Ind (3) & Indox ZRFZ L L CakEt L7
t, O T, indirubin ‘H#5IZ X 5 CDK X° GSK-3B~DOBFENHIFF S b, Fiz,
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Indox ™ oxime ¥BNL % &5 & L T, epoxide f#iE & & T ¢ oxiranylmethyl £: 438 A L |
ATP-binding site N TD7 X / Rk EE & OILH A 2 M#F L7-, Epox/Ind (Z
1%, indirubin ‘HH#&IZHI2K T2 kinase FRIA1ME & . epoxide FRT K D AN ALY 2l 5
FEREILE I L DU ER A I T & 5,

Z Z T indirubin OEW R Z LT %, Indirubin (3 EH A DIRHIZ
HEN55+THH V., dioxin receptor & HFEE4L5 aryl hydrocarbon receptor
(AhR) DONEM: ligand & STV AL ARR [T T X TOMAL, #HHk THIL
DR B, ligand 56T 5 2 & T, FEIZ CYPI X° glutathione-S-transferase.,
UDP-glucuronosyltransferase 0555 (Z B 5-9- 2 fth. kinase cascade ~ 5%, T-cell
DGR 2 2 & T, MBEEICBEET 2 2 & 2 Lol b & 51607,
Indirubin @ AR (Z%f 9" 2 BLFPE (L, dioxin HH O P Tl b F ML & W
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) @ 50 i & X1 TV 5 M2 dioxin ¥ &
(35272 indirubin ® AhR Z 41 L 72 MEIC BT 2 @A IR 72127220, AERNICH
f£9° % indirubin (2 AhR Z 4T L2 EDOHEN 20 EV 5 T &I, FrllbuiisA|
DBAFEIZ IV T, indirubin B ZREZ L T2 5 A THRIZRER TH D, 72, i
FREAZHOBILD L 951272 > T X 7= tyrosine kinase FLER /> 742 19 31X | kinase
cascade D it W95 Z LICH RS 2 LMEBEE S BER SN D K oIk -
TE TR L EHEAI I E AR B 53 % serine/threonine kinase P
EHIRRD HTWD 25 b, indirubin (% ATP-binding site BiFM: AL & L CH
naTnd,

L ED X5 BLE G ARHFSE T I3M e & 5 5] 2 E 2 IS Hil 9 5
serine/threonine kinase {Z %13~ % indirubin O AW FEHIBFMEZFIH Liz A 7V &

RAUBUEE A Epox/Ind &, B BICEHI A 4D Epox/Ind 755D AIFIC S
WTHRRET L7,



N
#—% Epox/Ind DA% & £ OMIBLEEIFHEDORIE

#H—H  Epox/Ind D& AL
XU O, ARFFETi%E L7z Epox/Ind (3) DA RIEIZ DWW TR %, Epox/Ind
. k3% X 9T indirubin 3’-oxime (Indox, 2) (T epibromohydrin % {Ef ST
TS AWM TH D, Indox (TS SALTW D 23IEF w1l Td 0 A ek
ELTCOFMIZNEETH > 72, £Z T, +2ED Epox/Ind 215572012, g
2272 indole #5E A% HFEFRE LT, FEICHEY Indox ZFHEL L7014, 4
72bb. £4 isatin (4) & indoxyl acetate DFfE A IZ L ¥ indirubin (1) ZFHEL L, &
V" C indirubin {2 hydroxylammonium chloride % {Ef &+ T Indox ~ & & 7=,
Hydroxy £ DiEME(LAI & L T triethylamine (TEA) & sodium hydride (NaH) % Fu»
T Indox % epibromohydrine & D )ts (Sn2 &) (2FF L. HAY & L7 Epox/Ind
% T1%DU = T1E7= (Scheme 1), 7235, oxirane (epoxide) 1%, M IZE A LRI
HETH Y | ALFRVLZEVET AR < | BRYESRAME T TIEA S TR iRk %2 5
T2 EBMBNTND N, ABFIETHBUC WS T TRk %
E T, A REFEW T epibromohydrin 2% indirubin @ 1’ {ZIZ 0L 7=

bis(oxiranylmethyl) #E{K (5) DA TH -7,

oA
©\/\g Na,CO; O NH,OH + HC1
_—
N methanol, r.t. pyridine, reflux
16 h 4h (93 %)
Isatin (4) Indoxyl acetate (88%) Indirubin (1)

(0}
A A,
Br \N

TEA, NaH
> +
DMF, r.t. N
22h H o
Indox (2) Epox/Ind (3)
(77 %) Compound 5

Scheme 1. Epox/Ind (3) DA REE.



B_fi  Epox/Ind DILZERIGHE DR

Epox/Ind I&, kinase ® ATP-binding site # D7 I /iR LEOT v F ik, &0
DT thiol % 4D cysteine F%5k & DS A AR L7 indirubin 358K TH 5,
Epox/Ind ODEERER) & /X7 B D 1 T % GSK-3D ATP-binding site PNIZIE
kinase /G PHEFEBLUZ LB A K 72 cysteine 783 (Cys199) 2377E L T 0 21 Indox
FHER L OFESE D X B S ARNTIZ W) T Indox @D 3L oxime KD UTEEIZ L E §
%2 ENRENTNDEY (Fig, 5), F7-RERICIEN X 7 B CTh 5 CDK

IZBWTHIENRL D CDK1/cyclin B &K ATP-binding site PNIZ cysteine 7% 5&
(Cys312) WAFFEL TW AR 20 15 728l M0 5, £3 Epox/Ind @ thiol ZIZ%f
TIPSR 2 2 & & LT,

) ) ,
BN \/ ! \ 5
\( 4 (\ Z/ o
6-Br-Indox (6)
/ - )T

Fig. 5. 6-Br-Indox (6) % ligand & 3% GSK-3pD#EERE (PDB:1UV5EY were

6-Br-Indox (6)

created with Python Molecular Viewer).

BB DORFHTIE, £ T /L thiol (LA # & L T 2-mercaptoethanol (2-ME) % 5
U, RISIREIXAERNEREEZBZ 0N 30°C & Lz, £, B804
DFRIZ oxirane Z NLET 2 Z & ITHEW & L7z TEA % thiol AOTEMALE
L LU THWE, 7272 L. Epox/Ind (Z/KD 7% &3 alcohol FHIZ kI3 2 IfifME ©
Kz & D, WX N N-dimethylformamide (DMF) & L7z, 2O X 9 725k
PRIZB W TAR LA IR Z B L . &R EZIT o7& 2 A, Epox/Ind D
oxirane #B57 DNARREE A3 720 Y methylene F5/H]IZ 2-ME @ thiol J&5857 235t L
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7 indirubin 3’-(0-2-hydroxy-3-(2-hydroxyethylthio)propyl)oxime (7) TH D Z &M
B 570272 572 (Scheme 2), 7235, Z OE&E LA Z pyridine H C 8K FE
k2 fEH S H TR b 7e diacetate (RIZ351F % "H-NMR @ chemical shift DZAkIZ
BOWTHLXFFENDHDOTHD (Fig. 6),

Hs /\/OH
TEA

Y

DMF, 30 °C

30 h (39 %)
Epox/Ind Compound 7

Scheme 2. AEENEREIZ R TEEMAET TO Epox/Ind & 2-ME O K.

8y 3.53 8y 4.16

Compound 7

Fig. 6. Compound 7 @ diacetate £33} % 'H-NMR ® chemical shift DZ1k.



H=F1 Epox/Ind DHIEEEEDKRE

Epox/Ind OHIfEEETEEIX, & MF2S A B KD HepG2 #ifu 2 F W Tt L7z,
F 72 BRI O £ 17 2R 1T alamarBlue® assay (2 X ¥ >R 72, AlamarBlue® i 381X
FEHE S 458 O resazurin & F T2 KEAHR C . mitochondria O FF HIZAFAET 2 1L
BICHERICIVEITLIND &, FENMED resorufin (TS5, FEAMALTIX
mitochondria LY S8 DFERENS KDIL TN D DT, resorufin DA ITAEMALIZ B
KT HZ LD, LEED> T, #EWEIERINEFO resorufin & & IRINEFD
resorufin D HHZIZ LV ORI EEZRBHTELHLETHHDOTH D, el
AT DTN, REMED formazan DR AR & 35 MTT IEREH S LTV
DM WICEIEIZR T % formazan DRI Y indirubin DZH & EHR D120,
HEMOFEEIMEL 72D, ZORRRBUEN G, dOLREZWET % alamarBlue®
assay Id indirubin #F5E RO MR EEMEFEMIZE L7 Fikim Td D,

ARG ETEE ORI AW B D8R IX, #48 L 72/ doubling time

DOFLUUTFNR—IEO & E 72> TEY | 24 B A —%HTH %, ATP-binding site
NTOIEFEETER DB EIEHMF CTH 5 Epox/Ind TiX, BiEMEDAREZIEH
W & 9% Indox (T AR TER O R MRt L3 IR C & 223, SURRE B & Db
BRET D LT S 25 LT, MG Er 0 ERGET ORF# R I3 —ixa0 72 24
IKifd] & L 7=, Fig.7 {2 Indox & Epox/Ind O 5 EIE M DO MipTiE R4 8 LTz, it
I ZFERINRF O HOETREE 2 100% & U 7oA H9 A MR 2 | Al IINEEE o #&
TEEE CHRME) oY, ZOREREZ I S0%EBEERE (ICsE) 25 Lz
L 2%, Indox TiE 15 uM T - 72 D% LT Epox/Ind Tl 1.7 uM TH v |
Epox/Ind (ZHWTE L /NS [Cso B STz, RBAREESFMFTIX
indirubin (% 30 pM F THEIAEEIGMEZ /R X 720> 7= (data not shown), KU NT,
oxiranylmethyl J£ D& A CHIZE S oM EETEMED E5-A3, HilZ oxirane i D
R BV IC O A H KT D AT fEtE 2 a5 2 & & Lz, £ 2T, Indox
DERIHEIE AL L 7= isatin 3-oxime (8) 7> 5k L 7= isatin 3-(O-oxiranylmethyl)
oxime (Epox/Isatin, 9) % F\> HepG2 fifi@iZxtd9 2 MG EIEEA MO L7z & &
% . Epox/Isatin @ ICso fiZ 100 uM LA T& - 7= (data not shown), Z DFEH, A
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WFE CRIZE LTS E1EEIX. Epox/Ind 73 Il > TARER 2 b DO TH D
ZEMBBMNT/ Y Indox (2 epoxide HiEA B AT H Z LI L0 MRS EIEE
DRIEZRE) LS TZD St T D ICso EITAI 10 0D 1 ICETIR T 95 Z & A3
B L7z (Fig. 8), AWIETHOIIZEFLIL, Indox DOER7ZREWEERY 2 /37 H %
RYEL epoxide HEIEDERZRILATEETZARRED LS (hybrid) 238172 7247 FARRISE
DOBICBITOAEERFIER THLZ 2R L TW5, 728, Epox/Ind Dl
RS ETEIEIL, SR R PUEBEEM 2 A9 % cis-platin (HepG2 #EIZx3 % ICso
B 4.0 pMB2Y) LRI EDOIEFEIZE N RO TH D,

_ 1004 %

s

g

<

@]

S

=

E 50

5

=

— )

m -

Q
0 T T ' T * T
0.05 0.1 1 10 100

Concentration (M)

Fig. 7. HepG2 KJZIZ%F3 % Indox (¢) 33 X T Epox/Ind (A) DRI EEME.

Indirubin Indox Epox/Ind Epox/Isatin
IC5¢> 100 uM IC5y =15 uM IC50=1.7 uM IC5¢> 100 uM

Fig. 8. Indirubin FFEAXIS L U Epox/Isatin @ ICs fE (uM).

Ak DA< | Epox/Ind 1E Indox (Z b~ TYEH R O R WIFFMEN I TE 5,
DL BRBLEND, BiERE % & < LT Epox/Ind O ETE M2 FEN L
Too AREEREMITH T DO EE Z —E & RKET D &, Epox/Ind DIEH
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R N ERFE CL 2 DR OV RFEINIC RS S VT Ml sELC K 0 ZE e B 23 I
D UTSE . —EIREE OMEEFE CIXAEMBEHIAICEZRITAE LN EFZ DL
No, —F. Fex BNHEE L L 91T Epox/Ind DIEFRFFRIZELERAE <. odt
AREIERICO AREDORMAZHET 5 BZ x5 & +0IREL LD Epox/Ind 23
TFET DGR T, KBRS R < 72 512240 CT 2 @ RLENT O MG EIE
Mixm<ed EEZ BN, —f&IZ HepG2 Ml doubling time 134 48 FFRE T
H25Z ENBEY] doubling time A TE HIZ 24 BRI R 2T & & L,
PEARIRFA] 22 72 W§fE] & L7z, Fig. 9 (ZHRESRE R4 L7z, #ilHhi3 alamarBlue® assay
THIE L7 806IRE (FxHE) TH Y| AMIaikoEE s U, S, wminL
7= Epox/Ind DFEPRIETH U . X HTFor LT-, Epox/Ind FEUSINEE D Y58 1T
B IRFRE] 24 WERECIEK 9,000 TH V| 72 FEETIXZ403 18,000 55 & 720 72
RFEESRIC L VMR E S 5 b L7e 2 E R EETREN D bR S, ABGE S
RN CIERE R R 2 24 REH2 S 72 BEICIER L C b M Ris E ~ D 5280 X
ZEAEBOLNRNT & F o wmLIRE O I X0 M S EEE O g
AHETH D Z & &R LT 5, Epox/Ind DEMNFEER Tl BANBEEE A 1 uM D FRE,
24 FEFIRERIRF OWOEIREITAY 7,000 277 L, M RICHEAE T2 &5 75%F2
JETH oIz ONs, 72 BRI TIXEOEIREL T 18,000 2R L, M qr=R
ICHARL T2 & 100%I272 72 2 & D USRS 1 uM LU T Tl 72 Ref B & RIS
I% Epox/Ind DU X AHAEENRENRBD LN RD Z ENRBH LN -
Toe 5. USHNIREE 2 uM Tl, 24 FEIESE RO SR EE 1TH 4,000 2= L,
J AR TR 40% Thd o 7o b DA, 72 IFEEEERRF O 21 61349 12,000 36 X
I 70% & . [FAIIREED Epox/Ind Z i1 L T B2 HFHlfER & o7, S HIT
Epox/Ind DIEE 25 3 uM &1 5 & | 24 BRI R O3 650 13559 2,500 & 7R
L. ABAETERITK 30% Cho7o b DA, 72 REEFERE O Z 1 5136 1,500 5
KON 10%LL T & LT EofasEisim B Lz,
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20000}
15000 -
10000

5000

=

‘ R ] —
0.1 1 3 10 30
Epox/Ind concentration (M)

Fig. 9. Epox/Ind OIS EFMHICRERERMSE X 2% | 24 FHRE
(4), 72 REFIHREE (V).

Living cell activity (Fluorecsence intensity)

(=

ATP—binding site
iy ARG
Epox/Ind LpUilio) ey RS
(BEREVHE &) (BEREHEER])
i}
R EED
(I EEEEDOET)

Scheme 3. Epox/Ind DA NEIRE.

Epox/Ind OHIfANENRE (Scheme 3) ZE[ET 5 &, 24 FFEIEERRFICBIE S
72 Epox/Ind OHIMGFTEMEIX, RIREETIZE L L TrIHREETH Y |
ERMAZEHET 52 L2k BN EoMBEEEENEE LD LB X
LD (INREE 1 uM S R), 723, rIIRRE 2 ERET & 3 2 R EEAC
BT D ICso flilE, FREAORMERBLE L CT@EEL S TRV, Eilkod 24 KEfH
BEAR IR I CBE LT ICs E(1.7 pM) 1%, Epox/Ind D% £ B3 2@ ) 72K 1 &
BEZTC0D, £z, ZORFIIRHNC L D clearance Z/REL TWEHDE 15
2D, —J, ICsoflED 2 (FFRELL EOUSIIRE CTIX, 24 FEFEEERTH 72
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PRI 2 IR C b MG EVEMEITR < BTV D, 24U, Epox/Ind DN S
<. BFZ NI BE~DOBEMEICANTH D Z L2, Rt&Ez ERlS
+43 8D Epox/Ind 2N EEEH FIZIFE L TS 728, Epox/Ind I% ATP-binding site
PIC R C & 3 _BROIE RS TEREIG D EITT 5+ e &
HZ KT DHEEX TS, Fo, ICso EIZITV 2 uM IRINRFIZIX, +5372
SRS G & AR +03 e R RIS RRE & ORE AL 72 IRFHTEE 2 IR O MR (55 15 R 1T 24
RFFRFIC LR TIRWEEH i & Ao oo b D EE X B D,
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WG MR % O 2 Epox/Ind DRE ORI X OREM OIS ERE
MO

B/ OMRET, RHHNC X D Epox/Ind DM ETEMERES O AIEEME DS RIS S
e Z e n | MRS ETE RN I N 72 HepG2 R & HEFR Al A7 IR & 15 L
C. Epox/Ind DICHMEROMFET 21T 572, HepG2 Mz 50mM U el U o A
FRMER (pH 7.4) H CHE AR L CHM L 72 MR Bz (200 pL, 38.2 mg
protein/mL) (Z Epox/Ind @ 10% DMSO & £ ethanol %% (10 puL, 1 pM) Z#ANL
37 °C T 1 F¥fH] incubate L7z, BUGHE T4, methanol (10%) 7 F ethyl acetate (400
uL) %Nz T vortex Z W TH4IZiEf L, &=L (1,000 rppm, 5 min.) %, L&
(100 pL) Z £V JERLE L7-1%, 7% trifluoroacetic acid (TFA) (0.05%) &H
acetonitrile (CH3CN) \ZI&fE L Caidigik 7 v~ 277 7 4 — (HPLC) (Zff L7z,
Column %, #FH52 ODS column Zff ] L, #HIZIEL UV-VIS FrHigs 2 Hvy,
indirubin ‘B ¥ IZRFEEY 720 K 550 nm (2 DR ZHIE Lz, BEMEIC
CH3CN/TFA (0.1%) &H H0 (8:2, v/v) Z M\, it % 1.0 mL/min. & 95 & X
Epox/Ind DIRFFRFHEIL 4.3 min. Th o7, —J7. MREAEK & incubate L 7= 5K}
DA R 5y 22 HPLC (A&, PREFIRF] 3.4 min AT IHT 7272 peak O
HELGFR D B Av7e (Fig. 10),

07 Es04
5 40 Retention time: 3.392 min. Ep{)x/I.nd . . . OH
= :  Retention time: 4.305 min. 0\/«’
£ : o}
= 30 i
2 .
g 3
2 20
8 H
O
< 10

U ‘ U T I T T ‘ T | T T } U U ‘
0 1 2 3 5 6 7 8
Retention time (min.)

| Compound 10
0 I (E804)
T U ‘ T U T T I
4

Fig. 10. HepG2 MfR@fi##% + C Epox/Ind % incubation L 72F£® chromatogram.
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FH13. Epox/Ind 12 HEA~TEWWBRME A 7R3 Z O ED 1T oxirane 853 237K
3R % %} 7= indirubin 3’-(0-2,3-dihydroxypropyl)oxime (10) T 2 & H#EE L .
Epox/Ind Fi# & [FkED Kt 4 T Indox & 3-bromopropan-1,2-diol % iz & ¥ T
Bk LT, AR S, & ARHEEY 2 B2 HPLC (2381 2 4FFF 5 & OV UPLC-MS
2 K APRERREE & oy FEE LiERET L. 2 2 TR L7 Epox/Ind OREHEY A
compound 10 TH 5 L [AE L7z, 723, compound 10 /%, BEIZ ES04 & LT G.
Eisenbrand 512 X U #HE SN TV DBEAEA Y T, MG EEMI KO stat
signaling D BRETEMED FLH STy 53334

Z T, BEEOFMR AR L C. ES804 DOMIIMEEIEMEZME LT (Fig.
11), ES04 ifSNt. OB 2 24 Bl & L= & & MIRAEFRIT 1 uM TITH
80%. 3 uM TIFRI 35%TH Y . 77 76RO ICs HIEZ 2.1 uM Th o 72, F
=HiTRD 7= Epox/Ind D ICso AN 1.7 uM Tdho7-Z L 2 EETH L. Z DfEH
1% 24 BRI D ER04 D RN EoMMEEENEIL, Epox/Ind & IFIF[A]
FTHHZLZRLTWD, —J7, BHRINE ORI A 72 Rl & 32 &,
7T TN RDI-FNEND ICs . (E804: 2.8 uM, Epox/Ind: 2.2 pM) (2K & 72
ZFRITRD 5NN E DO, Epox/Ind CIEERGE A 72 MRS E3E M O R B A3 38
HIL7Z 3 uM T E04 WA TIFA M DI 2338 BTz, 7235, E804 1T &
LFHHAIR G FTEMEX. 10 pM TIFBlgE Sz, BLEORIR, Relifpy7pde
ARG A TR S MG B TEER B O— & % Epox/Ind 13, #EHIZ 3
~OFEE A ToH 5 E804 |[ZH AT, HFUEGH & L CORMERESNHED L
B2 D,
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: ZOOOOEI)/‘H\

0 T T T T T i
0.03 0.1 1 10 30
E804 concentration (UM)

Living cell activity (Fluorecsence intensity)
S
S
S
T

Fig. 11. E804 OMAEETE I AIIRBIFHI AN 5 2 2 8 24 RFHIREE (w), 72
FFRRE (0).
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B B -EDOELY

ZZFETCONRE/NET D, Epox/Ind 1X, HlfaEHEHE % H4H9 2 kinase (2
BN A A9 5 indirubin B & | thiol 2 & WHFE A 2 FERL T X 2 oxirane & # A
Ao TR L7 indirubin #%35K T, cis-platin &[R4 0L _E O EEENE 2 7R~
THIEER O seed (LEWNTRVIEDHZ EEHLNCT S Z LR TEXT-, HepG2
AR & RS U 7o MR AR ik & WO Te B P EE O RRETRE R B, &5 L
7= Epox/Ind O —Fi%. ZEHMIIEH T oxirane ¥50 23NN/K /0 fif % 5% 1 E804 (2254
HZ LT, MBREEIEENEE T2 2 &R sz, — 5T, ¥t HPLC
AT Epox/Ind XV EWRFFFFHI T L7722 &b KEBEWERR EL TS Z
& DRI STz, KEEPEO [ BiX, st ~DOPEEEE D\ RIS 7RR3 D726,
oxirane OEAIIHUESGAI TR & 2 2 FHEHEOBEBIZLHFE T D EE %
HALD, [FIREIZ, B804 I stat signaling DBAENEH OMIZ & | & T ANl 1E A E
N STV S indirubin FEARTH H 0 | Epox/Ind (XML H T E804 (24 #a
XD LT, B804 ([CHKT D Z b o IRMER b #F T & % indirubin 7%
HIKTH D,
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%% Epox/Br-Ind DBI% L & DMK ETE M OME

H—H&i Epox/Br-Ind D& RK

—FE T, Epox/Ind ZBA% L. & OMIREEEME S ONCHIZ OV TR
L. TOHAMEEZA SN Lz, Epox/Ind ODRHMEAY T % Indox 1. Fllfa)E
HA[mldE O HIEN 238 < BI5-4 5 CDK <2 GSK-3B% ATP-binding site (Z &V ELFIM: %
9, ZAUD serine/threonine kinase (O ATP-binding site 3, Al HEF I fE112 B 5-
T 5% < @ tyrosine kinase & (FAFEANIKEZ S BAR->TEBY, OO INLE
REIER & T HHAEANIFREIEND EEBEZ DN TS, THETICHES
A7z Indox % E Ep indirubin #5EARIL, Indox @ oxime KEEH:Z £ L L CTHilz7e
JRFHZEAN LS DL indole ‘B LICEBILZEA L2 HDITKAISND,
$#1Z indole “H ¥ DK R JF ¥ & R4 TEH L 72 bromoindirubin 3’-oxime
(Br-Indox) 1%, FHLAW D Indox (2~ THIRAE TR M & 5 W T kinase BHETEME
DRIEIZH B2 2 &, FRBRTOEBAEIZL Y kinase ~OZBPEH
R ETEEN KR E S EBT 5 2 & 03 HE STV 589, i 2 13, 5-bromoindirubin
3’-oxime (5-Br-Indox, 11) Tl%, Indox DIFER)TH 5 CDK ¥ L O GSK-3BIT*FT %
PR A 22 & QN HIRR S FIS O TR Bl S 2P, E 72, 6-bromoindirubin
3’-oxime (6-Br-Indox) T3 kinase (2% 3~ % BHETG ML GSK-3BIZ 30 T D A5l A3
H B, CDK IZXT DB, T7hbb, 6 LRI TFZEATLH L
GSK-3BIZ %3 2 18R FBL T 58, 7-Bromoindirubin 3’-oxime (7-Br-Indox, 12)
IZHOWTH @WMBEEIEVERHE STV D2, [FKIZ, ZO/EHIT kinase
AT SIRWATRRME & R STV 5B, Zauid, GSK-3B% D ATP-binding site
(23T Indox D 7 NEAFTIZIE A0 7R ZERIFI R 2 8 < RBRFNHEASIND
& Indox 7% EKI kinase & Z2E 72 complex ML TE 72 < 725 T 72 b b Bt
WERTFT 5, 2HEBEZXBNTWD, £72, indirubin ‘B LD Zpr N BB T
TE# S N7ZFHFE(R (dibromoindirubin) O AMIEMIZEIT 5 %1 7 W < D7k
HINTNDH, # U T kinase FHEFIEHEZ A L TV D & ST 5B,
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VIED X9 72856, Epox/Ind 128 T indirubin B k% ~D B3 H -0 iE
AN, s EIETER Eom 5 AF) & 2 T Epox/Br-Ind DA KAEITH Z & &
L7z, RFEFTFOEANEIL, indirubin B 5,6,7,5,6(rL L, —D2HDH\
X OORFFF-HEL L7z Epox/Ind FHEMREZRHT DL L Lz, 2B, 4
(BRI TSR FIC L0 SRR RETH 0 | TALEHRAR IR O A R o
B[R TH 5 7-bromo-2-chloro-3H-indol-3-one (13) ~DZEH)N KR 72 DI H
N SERA Uiz, E2, #AEBAIL, 4’-bromoindirubin (14) OFHBLTAIEE T
HLLOD, ALDORFIFFIZEY 3IALO T VIR =)V EISSLARRE S 25217 T
oxime LG 3T L7228, 4’-bromoindirubin 3’-(O-oxiran-2-ylmethyl)oxime
(15) b EERHILA D BRI LT (Fig. 12),

o) Br
SN
N
Br

Compound 13 Compound 14 Compound 15

Fig. 12. Indirubin BIE{LEH DHELE.

O

6

. OJ(CH3
N
H

5-R-Isatin Indoxyl acetate

(0]
R
)>—Ca o+ —_—
N NH
O
Oxindole 5'-R-Indirubin

Fig. 13. Indirubin D& FRAITERIA isatin OEHE & indirubin OB, E O B4R,
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Indirubin OF FIEIX, isatin ZRHIEEA & L CTH—F THU /- indoxyl acetate &
%W T oxindole AT 5 Z & THEL T, isatin DEHILONE &G UG
@ indirubin O EHIEONE OBIZIX Fig. 13 1R L= X ) RBE@AH 5, Z o7
. indole ‘H ¥ DK F 2 RFFFIZEH L7 indirubin DG ALIT, B LT
ATERAR DT VB CTH 5, Indoxyl acetate & V7= indirubin DA R ILEIFEY 3
DI EWINETHIIMZ155 Z &N TE 5 H, indoxyl acetate DA ELANEHME T
RO LW, FEARDPBAFRREGGIX. Thzlns L, —
77 . indoxyl acetate % EARDO AF W72 55513, isatin & oxindole DFAFEHIZ LY
indirubin Z ARk L7z, AVEIE, BRI S OO, isatin D 3 {i carbonyl k&%
Wolff-Kishner {£TiEt9 % & oxindole #4325 Z LN TE 5720, PLHMEDOEW
A RIETH 5, Isatin OFHHELIT, aniline 2 JFEF & Lo A EIED ML STl H 1O
iR OFEFE 2 < FLEY LA AT rIREZR & D3V, R FRE WAL IR
DOFEFH N EE T, 5-bromoisatin (5-Br-Isatin, 16), 6-bromoisatin (6-Br-Isatin, 17),
5-bromoindoxyl acetate, 5-oxindole (5-Br-Oxindole, 18) [LHiik STV A 728, 1@
B L CARIZH W=, —J7. 7-bromoisatin (7-Br-Isatin, 19){3 7 i it 23 FE 3

WZEi CTdh o 772D, ZAMIZ ATFRIBEZR 2-bromoaniline Z HFE RS L TER L
7= (Scheme 4), 5,6-Dibromoisatin (5,6-Bry-Isatin, 20) ¥ & OV 5,7-dibromoisatin
(5,7-Bry-Isatin, 21) ¥ . 6-Brsatin ¥ £ 8 7-Br-Isatin % JfU B} & L <
N-bromosuccinimide (NBS) (2L > T 5 iz RFE T HZ & TER LT (Scheme
4), 708, AJEILS. Bartoli © @ aniline #5385 25 BINA R FALSE O I
Toh DN, isatin FHERA~OEIIAN DM O T T DM, F72, 6-Br-Isatin
FBEW 7-Br-Isatin % J5UEFE LT Wolff-Kishner ItnZ LY 3 fif carbonyl J&%
methylene £ (23%E £ 9 5 Z & T 6-bromooxindole (6-Br-Oxindole, 22) ¥ & Of
7-bromooxindole (7-Br-Oxindole, 23) % 157= (Scheme 4), LA_ED & HFENE FHW T,
Epox/Br-Ind D J5UE}L & 72 % bromoindirubin (24-36) D& %% 17> 7- (Scheme 5),

WNTE— L [EA£IZ, indirubin (2 hydroxylammonium chloride % /B &€ C
Br-Indox (6, 11, 12, 37-46) ~& H X 55— 5§ i CHAFE L 72 /714 T epibrohydrin
& B & THAE) L L7z Epox/Br-Ind (47-59) %A L7= (Scheme 6),

20



CL,CCH(OH),

NH,O0H - HCI o)
Nast4 HZSO4
HCl ———> (0]
Q\NHZ H,0, A Q\ 2% “OH 65 °c X
Br 6h 1h Br
o-Bromoaniline Isonitrobromoacetanilide 7-Br-Isatin (19)
Hydrochloride
0] (0]
NBS Br
(o) > o
R N DMF, r.t. R N
oy H 24h oy H
2 2
6-Br-Isatin (17): R;=Br,R,=H 5,6-Br,-Isatin (20): R; =Br, R, =H (85%)
7-Br-Isatin (19): R, =H, R, =Br 5,7-Br,-Isatin (21): R; =H, R, = Br (89%)
O (0]
NBS Br
(0] > (0}
R N DMF, r.t. R N
oL H 24h L H
2 2

6-Br-Isatin (17): R;=Br, R,=H 5,6-Br,-Isatin (20): R; = Br, R, = H (65%)
7-Br-Isatin (19): R; =H, R, =Br 5,7-Br,-Isatin (21): R; = H, R, = Br (89%)

Scheme 4. Bromoindirubin

BB OFREL : 7-Br-Isatin (19), 5,6-Br2-Isatin (20),

5,7-Br2-Isatin (21), 6-Br-Oxindole (22), 7-Br-Oxindole (23) D& k.
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Y

R3 N32CO3
o + (jf\g
NH N
H

methanol, r.t.

o 16 h
Br-Isatin (16,17,19) Indoxyl acetate Br-Ind
5-Br-Ind (24) (96%)
6-Br-Ind (25) (79%)
7-Br-Ind (26) (41%)
5,6-Br,-Ind (27) (99%)
5,7-Br,-Ind (28) (99%)
o) 0 NH
R, PCl; R, o
oO———> )—C ————>
R; A benzene R; N toluene
reflux reflux
Br-Isatin (16,17) 4h 1h Br-Ind
5'-Br-Ind (29) (17%)
6'-Br-Ind (30) (36%)
R
1 Rz o)
oA
R, Br Na,CO;
o + 0 -
NH N
H methanol, r.t.
o 16 h
Br-Isatin (16,17,19) 5-Br-Indoxyl acetate Br-Ind
5,5'-Br,-Ind (31) (81%)
6,5'-Br,-Ind (32) (70%)
7,5'-Br,-Ind (33) (83%)
R,

0]
PCl;
o ———>»
Br E benzene
reflux
6-Br-Isatin (17) 4h 1h Br-Ind

5,6'-Br-Ind (34) (13%)
6,6'-Br-Ind (35) (trace)
7,6'-Br-Ind (36) (14%)

Scheme 5. Bromoindirubin (24-36) D& k.

22



R,  NH,OH HCI

L
v

pyridine, reflux
Br-Ind (24-36) 4h Br-Indox (6, 11, 12, 37-46)
5-Br-Indox (11) (84%)
6-Br-Indox (6) (63%)
7-Br-Indox (12) (75%)
5'-Br-Indox (37) (53%)
6'-Br-Indox (38) (79%)
5,6-Br,-Indox (39) (95%)
5,7-Br,-Indox (40) (95%)
5,5'-Br,-Indox (41) (43%)
5,6'-Br,-Indox (42) (60%)
6,5'-Br,-Indox (43) (71%)
6,6'-Br,-Indox (44) (20%)
7,5'-Br,-Indox (45) (74%)
7,6'-Br,-Indox (46) (75%)

(o}
R, &Br

Triethylamine
Rs NaH _
DMF, r.t.
4~16h
Br-Indox (6, 11, 12, 37-46) Epox/Br-Ind (47-59)
5-Br-Indox (11) Epox/5-Br-Ind (47) (60%)
6-Br-Indox (6) Epox/6-Br-Ind (48) (65%)
7-Br-Indox (12) Epox/7-Br-Ind (49) (21%)
5'-Br-Indox (37) Epox/5'-Br-Ind (50) (54%)
6'-Br-Indox (38) Epox/6'-Br-Ind (51) (34%)
5,6-Br,-Indox (39) Epox/5,6-Br,-Ind (52) (74%)
5,7-Br,-Indox (40) Epox/5,7-Br,-Ind (53) (78%)
5,5'-Br,-Indox (41) Epox/5,5'-Br,-Ind (54) (12%)
5,6'-Br,-Indox (42) Epox/5,6'-Br,-Ind (55) (18%)
6,5'-Br,-Indox (43) Epox/6,5'-Br,-Ind (56) (98%)
6,6'-Br,-Indox (44) Epox/6,6'-Br,-Ind (57) (45%)
7,5'-Br,-Indox (45) Epox/7,5'-Br,-Ind (58) (41%)
7,6'-Br,-Indox (46) Epox/7,6'-Br,-Ind (59) (89%)

Scheme 6. Br-Indox (6, 11, 12, 37-46) 3 X O Epox/Br-Ind (47-59) D& FX.
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H_#1 Epox/Br-Ind OHIEEIEME &

B — B L [FRR IS S G 1 HepG2 #lifd 2 HV 72 alamarBlue assay®lZ & %
M FR A IR & U C/ET Lo, BEIeRIT 24 i) & L. MG EvE o b
BATIT 50%EFLERE (ICso ) 2z, Ml HiEED—% % Table 1 (2
NI

Table 1. Br-Indox3 X TXEpox/Br-Ind? # j 145 2= 1& #

ICsy (LM)
Oxime Form Epox Form
Non-substituted 15 1.7
5-Br 6.9 0.62
6-Br 53 >100
7-Br 4.8 37
5'-Br 11 3.3
6'-Br 14 4.5
5,6-Br, 4.4 1.9
5,7-Br, 6.6 8.8
5,5'-Br, 7.0 2.5
5,6'-Br, > 100 >100
6,5'-Br, 3.2 >100
6,6'-Br, 16 >100
7,5'-Br, 4.9 10
7,6'-Br, 17 >100

9. Indox FILEMD ICso EA LTS 5 & 6 (ks KOS REF 48
A L7 dibromoindirubin 3’-oxime (Bro-Indox) ##E K Td % 6,5°-Bro-Indox (43) 73
RHIRVME 3.2 uM) %27k L., Indox @D 6 i & S FICRFBFHFZ2EATH &
MRS IR MR IR 5 fFlcHs S D 2 & 3B L 72, Monobromoindirubin
3’-oxime (Br-Indox) Z# % &, 507, 6 (iDL TAIZRFRFZEATLH L
WTHUCENT S ICs 1T/ S <7220 | AFHIRICH VT b AR FIE ML 2~3
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IR SN D 2 LR &R, Indox 43 T-~D R FIFT-OFEADOFNMEZ R~ L
TeBESR DI LA MR T D RER NG =B, —F5 A dh 5 WV0IE o fIic D AR
FIRTFEZEA L CTHMREEEEOM LXK RN E LN -7, IR
(2. Bra-Indox (2 DWW TZN & OMIEEIEMEZ e 2 & | 5 A2 T 6 fir,
T DN SN RFEIRF 28 L2 T EHA T, ICsfEIX 44~7.0uM T
&Y . 5-Br-Indox (11) @ 6.9 uM & g3 2% & 5,6-Bro-Indox (39) (ZHWTH T D
HEIRANTR D ALy, M OFRALA~ D RFRF - O Z AT G FIE VIS E el
EBELELT LI hotz, Fio. 5 MLOMIZ NI L BREBER 28 A LT
i&mﬂmm(n)@mmﬁﬁumuMuL&ﬁD\5&&@ﬁ@ﬁﬁh%%ﬁ
FEZEANT D MR EETEEITHEAT 5 Z L0 LT, 6 fLICRFBIR 12 FFD
Bry-Indox TiE., & BT 5MLd 5 WM O(LIC R R TN AET 256121E, Ak
DL < 6,5-Br-Indox 3 b mWEFIEMEZ R L72AS, I RFR 28 A
L 7= 6,6’-Bra-Indox (44) @ ICso fElZ 16 uM T& ¥ | 6-Br-Indox (6) X 5.3 uM TH
L&, ZOHAED ML ~DRIBRFOENIMGEEFEEDOK N 2R Lz,
B, SIS REFFE2EH A LT 5,6-Bro-Indox (39) TiZ44uM TH Y, &HT
DUFEDFRD BTz, S BT TALICRFE T2 E A L7z 7-Br-Indox Tld, 5ALIZ
2 DHORFRF2HAL THMIEEEMEICEIHIE O SRR o72h (4.8
uM — 4.9 pM), ZOEAEL LI O DRFFFAZEA LB EITIT ICs
fEIX 17 pM & 720 | MG FETEMHEITE T Lic, ZRE TITRRTE 22 & %2/
N AR

1. Mono BEHUKIZISWTIZ, 5AL. 6 (LD VI T RFERFZEAT D

& . Indox DMAREFVENEIT 2~3 51T I T,
2. Mono BEHARIZIVTIE, ML D W 6L ~D RFEF T DE A X, Indox

DOFREE WCREREBEE LTI )ho T,
3. SR FBIFEAZFFD 5-Br-Indox (2, X HIZ 6. THLd DWW S)LIZ R
FFRZEALTH. 5-Br-Indox DOHfLEE IR E 72 BT A Uy

o7z, =7 CAA~DRFFFOENTE LG EEEOKT 247
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AV

4. 6 NLIZEFEF %KD 6-Br-Indox 12, S B SNACRFER A2 EATH L
60%F2 L DA G ETEMED EA N O, —FH, Z0Has efnicR
RIRFZBANT 5 & MG FTEMED K 3 730 1R T L7,

5. THLICRFIF T ZFFD 7-Br-Indox 12, E HIZ SMICRFBR T2 EALTYH
ARG ETE RIS BITB O N -T2, T2 CH OfIC BB 14
AT 5 ERIAEEEENSR 3 00 1 IIET LT,

LUk, Br-Indox 28\ TIE, 57, 6 fLE72iL 7 ii~D RFF T2 E AT
EEIGEOM LI TH DM S0, (i ~DENITh RN | Br-Indox 1T
B TIE, 5-Br-Indox (11), 6-Br-Indox (6), 7-Br-Indox (12) @ 5°f7~D R FHJHF
OBFNFTHREFEEDOWBIE T OFEENHL5H RO LI, D%
REFPEWTH -T2, —F7. OO RZAF T OENTMIAEFEEEOETZ2 B 72
LT LA LTz, 2D X 95 7 Indox DEFIZISIT L 5k 72 iE MEFE RIS
B2 mAIZ, RERESNLTELT, AFERYIHDTTH D,

RUNT, Epox/Ind RILEMD 1Cso % L3 5, Indox D6 & FIERIZ,
monobromo EHUATH 5 Epox/Br-Ind IZOWTE L DD L 5NA~DRFEFHFD
BANIMRD TR MR E G 2T, T72bb, RIEFRFOBEAIZLY ICs fEHA
1.7 uM 05 0.62 uM & 720 | HIRREFETEMEDK 3 512 BA L7ehs, *HREYIZ 6
o, 7 fi~ORFIFRF OB NITMREEEEOBERE T2 7256 L7z, Indox
TOMET TG FIGHEA~O RZIF T HADKE N D& Lz S0, 6001
Epox/Br-Ind D354 C b [RIFRISHIRE FIE T~ O BT A OZE TIdd - 72230
TR D L E L MIREEIREIL 2~3 5D L IR T LEOARTH T,
¥ 7= . dibromo EH#A (Epox/Bra-Ind) 12OV Tldk, 5 /7 B #E @ #11K 7D Epox/5-Br-Ind
47) O 6N, ThHL, 5N, PEDOWTIONEICRFF T AEAL T ICso 1T
3fFUL EoEE L R U, MG EEE DR T MR ST, &0 DT ehi~DE
A Epox/5-Br-Ind (28 T % Br-Indox DA & [AARIZE LW IS EEME DK
TEH725 L, 6 (ICRERT% b Epox/6-Br-Ind (48) D 5'(L& 5\ ML 6°)iL
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ICRFR 28 AL CHHREEIEEOSEITRD LT TICERR T2
> Epox/7-Br-Ind (49) IZB W TH 6fi~DRFZOEANTEE L RAWEERE 5 %
7o 2B, SNAODEANTIIETOEERH -T2, ZOFER, Epox/Ind 123 T
X, SAL~DRFBIFFOBEADHBNEZN T, MONALE DB AT ETEME D
KTFZ2b70T ZENHLNITRST,

—J5. Indox FILEW~D oxirane BMADIRE W NSRS & Indox T
(ARG FTEMEDY 8.8 51T A L7223, 5-Br-Indox Tid 11 &g o7z, Fiz,
b >SN R 57z 5-Br-Indox (37). 6’-Br-Indox (38). 5,6-Bro-Indox (39).
5,5°-Bro-Indox (41) TIL 23 ~33FRETH -7, ORI, —BMHEEENS

D, HUEGAIBAFE (3o Tl & IUEE R [ E A~ D epoxide HE AN —D>DHZ)
IR LD L BRI LTV D,

7Rk, ARG ETEVEREM 2 V) T Epox/5-Br-Ind @ ICso fE2Y 620 nM Td - 7=
ZLIIRETREZLTHY . ZOEREOEF DML E 512 Epox/Ind H
LB OHUEEA] & LT brush-up (OB 5 HDTH 5,
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B=H Epox/Br-Ind ORFIHHIHIIEEFRMREBICEKIT 2RHB L TREK
itk & B o

HlEiE . B—EH ={ICHE U TR R & BT oM HEiEtts L OR
BT DA 21T o 7o, £9. AT 24 RpHEE 2R IRy O MR G F 5 & 72
RFRE R RO Z & g UT- (Fig. 14), 85— 5 Cik~724kIZ, Epox/Ind ILF 7
i I kinase @ ATP-binding site WIZ/R A L, FIHHYIC kinase % PR L Tl
EHEEMEEZ BT 5, HERANICRH#EEL LEID 45580 Epox/Ind BMFAET 2
& . Epox/Ind (X ATP-binding site IZEFRFHE £ 5 Z LN TEX, ZOMEILERES
T 5 Z LN TE, MREGEEEZHERFTE 2 X 91272 %, Epox/Ind D%
Bl EOREN 3 UM Th o 72, —F, 24 FFEREEIRFIZ R 72 Epox/5-Br-Ind @
ICsofE1Z, Epox/Ind DFI3 53D 1 THDHZ LD, Z 2 TIIRFTT 2 UINRE %
3uMITHIZ T 1 uM baxE LTz, 223, LT O Tl Mifads EiE M08
IR DM AAF =R & BINRF ORI AEFROZE (%DCV) & LTHRLT D, i
F LA L 3 uM WINREOFE R (Fig. 14B) % W5 & AT OSSR & [AEEIZ Epox/Ind
Tl 24 REEE I (%DCV: 62%) (1ZH~T 72 FFREIRS 2R (%DCV: 93%) (280
TRV EGEEEPBLE Iz, FEEOE TP IL Epox/5-Br-Ind .
Epox/5°-Br-Ind, Epox/6’-Br-Ind THEILE I 1L, TNEINLD%DCV D 24 IRffiREE
IRE7 5 72 ISR IRFA~DZEALIX, 68%—92%. 70%—83%. 74%—88% CTdh - 7=,
— . 1 uM ININREOFE R & bl 3 5 & | 72 RRfijRGEE C T oM S EiE 1o
BN SNIALAWIT Epox/5-Br-Ind DA TH o7, 2B, TOEIE
67%—91% T o7z, TiiE, 24 FFEEEE TR U7z 1Cso 2 FAIZHER L 724
REBVW—FEZRL TS,

28



A T72h

100 '
E
s 24h
&)
S
2
= 50
=
[
=
3
U E

0
Epox/Ind Epox/S -Br- lncl Epox/6-Br- lncl Epox/7-Br-Ind Epox!S -Br- lncl Epox/6'-Br- Ind
B

100
H
g
o
S
2
= 504
O
=
>
) '
o |

0 T

Epox/lnd Epox/S Br- Ind Epox/6-Br-Ind  Epox/7-Br-Ind Epox/S -Br- Incl Epox/6'-Br- Ind
Fig. 14. Epox/Ind (3) 3 X% Epox/Br-Ind (47-51) DHIRMEETE M & RIKIRE
BREfE (24 h,72h) DREEGR; A: BINEE 1 uM, B: HINEE 3 uM.

KT, RFNZOWTHRET LT, B —EIZBW TS 72 R RICBE S h
2 RAENT EOMIEETE O S AZAEHIC K D clearance 35 L TW\WD Z & &
FEE LT, € 2T, HepG2 Mificl7 HFHL U 7= o @Rk 4 F v T Epox/5-Br-Ind
DO Z M LTz, BiE & [FIEEIC Epox/5-Br-Ind % fl Rl f#E#E # C incubate L.
FORSE D> & A B HH B o 2 53 L7z, AT HPLC O4rBESAt: 2 Fv Tl
HHIE 5y FP D RSy % M L 720 Epox/5-Br-Ind O ERFFRERIL 5.2 min. TH - 7= DIZxf
L CERFFFERT 3.7 min \ZH 7272 peak DHENRD b= (Fig. 15), FHIE
Epox/Ind D54 & [RIERIZHT 721 HBL L 7= peak DRk 1L epoxide Br 23K 53 fiFt %
ZF AR EY. 725 S-bromoindirubin 3’-(0-2,3,dihydroxypropyl)oxime (60)
ThdEBE LT, £ THIEDFIEIZHE L T 5-Br-Indox (11) & 3-bromo
propane-1,2-diol 7> & £/ 2 FHHL L C HPLC 35 L OVUPLC-MS (28 1T D R FFRFf 5
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KOG FAF D FEEZHE UTe, £ ORER . EF L Z ORED S epoxide
BRI DOINAR Y (ER04 @ 5 (TR FLIR) TH D LIAE L7z, Epox/Ind 1%
HepG2 #lfaflfi# -F C incubate 92 Z & “C vehicle control & kb L C peak area 234
80%JE 4 L. E804 ™ peak 23 HiiL7- (Fig. 10), —J7. Epox/5-Br-Ind D234
60%DIEHRIZE F V. HepG2 MIALIZ X » THIAKD iR ZZ I W ERREN
7. Epox/Ind ® 5 \f% Br TEHLT 5 &, kinase ~OFFMEN I ELTH L L
ff T, hydrolase DILE L7220V IZ< <7257, Epox/Ind & il U TR E
JEMEMET LI <7220 | BB EEEZ R~ T Lol holcbEZI BN

%)o

50

Absorbance (mAU)

Epox/5-Br-Ind
Retention time: 5.282 min. yq OH

Compound 60 / \/K/O Br

Retention time: 3.695 min.

Compound 60

Fig. 15.

1 2 3 4 5 6 7 8
Retention time (min.)

HepG2 #fi i3 @ #2 & H T Epox/5-Br-Ind % incubate L 7z & ®

chromatogram.
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G A

Tailor-made [EH & W HIBEENRBIND L DI TALWIESTIE, fEx
DB DOIFRESCEIS R K - TR 2R EK 1 24589 & L7270 TR SO B
FHFFEENERE LS BEL TS, FRCHUIEEAI ORIV TIL, mitogen 57
AR tyrosine kinase Z 21 & 3 D HEK D kinase FLEHIBI A5, mitogen signal
cascade @ FJRIZNLE 95 serine/threonine kinase 4% & L 7= kinase BHZEHI%
seed (LAY & T 2 BTG A OB ~EFERANELL TETWD, &
Fx. AmAQ B A RS 2§49 % serine/threonine kinase (ZBIFNME A F 7% indirubin
FRIZHER L, K ViRJ)7e kinase FAEF OB ZEK L, 7 I/ BRIREDOT v
XLk & HIIZ oxirane #i& %A 7 % Epox/Ind Z##%¢5t L7z, Indirubin HH# i,
GSK-3BX° CDK {Zxf L THREIZm W ELFIME A A L kinase @ ATP-binding site C ATP
EHEHLL T kinase DX 7B Y UL EFREL 5 5 b D TH D, FFIZ.GSK-3
K> CDK ® ATP-binding site |Z I IHEREFEBLIC EEL 72 cysteine FREENFET 5 2 &N
Do TEY ., oxirane ME AL ILH D cysteine 7% BHEREAFRRE 2 2
TERLIZBDTH D,

LLED X9 7255 FaRFHIHAD W THFE L7z Epox/Ind 1&, ZEFRIC HepG2 Al
*9 % 50%EBHFRE (ICso) BEHMEEW TH 5 Indox DK 105D 1IZIKF L
(Epox/Ind: 1.7 pM, Indox: 15 uM), GSK-3B=° CDK 72 & ™ 7] iiH kinase PHLZE 1 H
DH %A T % Indox &l LT, MG FIEMED KRIGLIERAFE D iz,
Epox/Ind DALFHIT L AT, ARNEREE 280 L 7 )OGS ¢, A
—/43FWIZ thiol 2 & alcohol 1 hydroxy 5% 49 % 2-mercaptoethanol & O KT
X o THEGR L. Epox/Ind 28 thiol J£ & AR A LK T HZ L, BLOEORE
AL E 25 E LTc, & 2 C, Epox/Ind (2 X257 X/ gFkAk, FFIT thiol 2k & D
LHREAEHIL, MG EEEOHERO LR BT, 2R OFR(LICKE < FHE
T 5 LB MR EIEME A RN RHRERFF 00 550 & FRRGEE L 72, HepG2 (25
% Epox/Ind DIEFERE %2 24 BRI & 72 B o 2 S B W CHERT 5 & Epox/Ind
ZUIL TG 24 B ORNZERD b5 Ml FIEPEIL, I indirubin HH%(Z
Hk9 2% Al kinase FHEMEHIC L 26D TH D EHEHI S 4172, HIZ Epox/Ind
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D RAH) kinase FLEAEM X, Epox/Ind #RAIND & KRR35 & ek 35
bR E, —J5, Epox/Ind ZUSII L THD 72 RO TRO HILD
AR ETEPE X, FEIT oxirane &2 KT~ % FE R kinase BHE/ERIC L D 6
DTHDHEHR ST, ICsofED 2 FRRELL EOUIMPRE TIX, 24 REfAIRGERRF
T 72 REFEF I C b MRS EIEE I35 < Bl Epox/Ind X+ BAFET D & |
Epox/Ind OMIINIEE A TE T L TH, FEFT 5 Epox/Ind DIEEN+77Th
UL ATP-binding site PIZ RN L. LHEFE SRS EITT 5 72 D128
JI TR EEE N RE SN D L B2 DD,

Epox/Ind DYEH O551k1%. Epox/Ind DHEEHIFFR Td % oxirane FHAL M
EZATIZMBTIERWNERE L, AP REMEZ R L7z, HepG2 Hifad
1= AR C Epox/Ind % incubate L. SCIGR OO BT Rl HH i ) 2 3RS L
T, HPLC |Z T Epox/Ind DFEAFEZFH~7= & Z A, incubate FFfE] 1 FERE THI 80%
DWHEPFRD b, Fio, FRHZORFIREH 3.4 min (#7272 peak D HHLAFE
D HITE, #7772 peak 1L, WFEIRLESR T Epox/Ind (PRFEFFFM] 4.3 min) LY &
FRRFRI N o 72 2 LB | REAUEE 1T Epox/Ind O oxirane FRAL2NIN/K 57 fif %
=1} C diol #3& & 72 - 7= indirubin 3’-(0-2,3-dihydroxypropyl)oxime T& 5 & #EE
L. &AL, HPLC OLRFFRERH] & 8 T UPLC-MS 2 & % %) - &fifsd TRl —
LB TH D & MR LT-, Epox/Ind @ diol B FIX E804 & MEIEN 2 BEZI DAL,
M THY  MREEEEHICETIMAN NS O E IR TN,
Epox/Ind & E804 OIS ETG M2 bl L7=, #5 %, HepG2 AHIEIZx LT 24 FFF
[EREE L 72B5 D ICso fEIZ> T 22 Epox/Ind 2MEWVERE T (Epox/Ind: 1.7 pM,
E804: 2.1 uM) FA[#HY kinase PHEIEAIC R E 21T > 72, —5 T, Epox/Ind
O oxirane it D X 9 22 I [ kinase FHEIEH A WIFF SN D HREE Z b 72720
E804 (X, A1) kinase FLEMEH OA D=8, BEFEN D 72 BEFRFRRE % £ Tk
TGER 7o A B R & 6484 5 (21T Epox/Ind @ 3 5Ll LOBEEEZE -, UL
D LG, Epox/Ind 1XfUHIC & D E804 ~DZEHAT & MG EIHMENNTI T 5
EEZBND, LAL E804 1L, stat signaling DFLESS, & H AMEIER 72 &
M X3 TS indirubin 7538 (R TH Y  Epox/Ind 1X E804 [ZEH I D Z & T,
E804 (ZHIZKRT 2 2 b D ZRAYZ2/EH & BIFF T & % indirubin i58AKTHH Z &
WRENTe, £o. REHT X o TREMEDO M E &G FEIEIEDORE RO 5
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L5 Z L%, Epox/Ind @ oxirane #§1&E7Y, HUEEAIC LI UL S 105 %5718
HFEHEOBBIC L T T HMEThHL EF XD,

Z ZE TOMGEREFR DB, Epox/Ind (FHTHHGUEEHID seed (bEME L THE
LB TH D L OfimE ST, EE MG FTEE 7 & O IS M SR
7] o> 7= Epox/Ind DEHMEAY T % Indox DHFLEEIGTEDRFTRE R NS E
(2725 & & Z | Indox OFMBAEEIEEN M E L2 & OHENH D Br-Indox 38 L
Bry-Indox (2% H L7z, % ZC. Epox/Ind O EIGMHHE M A2 /R L T, HE
Br BICRFER %5 A L 72 Epox/Br-Ind 3 X OV Epox/Bra-Ind &t 13 i & #1125 Ak
L. 06 ORI GETEMEZ R Lz, £ ORR, indirubin HH& D 5 (LIZRFE A
A L7z Epox/5-Br-Ind (Z Epox/Ind £ ¥V WA EETSMEN R S 7z (ICso =
620 nM), Epox/5-Br-Ind i%, FHMELE¥ TH D 5-Br-Indox OIS EIEMEE 11 %
(ZHE5R L7z, Z4UE. Epox/Ind ~DZEHiH Indox DOMNEEETENE% 8.8 {512 HY7H
L7ofERE BIZ LRSI hRTH > 72, 1CsofEAS Epox/Ind DK 3 43D 1 12
F T T L7z Epox/5-Br-Ind 1%, Epox/Ind {235\ THERGE R 72 /0 fa {5 =I5 O F8 1
ICHBER3I M D 35D 11I2HT=5 1 uM T, [RIZOEHE e i EEEEN
P B ALz, BIZ, Epox/5-Br-Ind I3 Epox/Ind & [FI#RIZ oxirane 547 23 AINK 43 fif L
72 B804 @ 5 (R BIRICERT 5 Z & sl L7278, Epox/Ind & [AIEEIZ diol
RN U RIS BRI ES T 5 & TSNS, UL, [[l—5F Tk
L 72Hf, Epox/Ind IZ HPLC £ C peak @ 80%/3VH K L T E804 [T #2135 DI %t
L C. Epox/5-Br-Ind @ peak VHKIL 60%IZ & EF~7-, ZiLiE. Epox/Ind @ 5
MACRFEEEAT D Z LA, MREGFEEEDED O b IEHEHRF OmE N5 §
BENZFERLTHDL L ERDLTND,

Epox/Ind 1%, BEfFO 58 2Pl HICToh % cis-platin & [F1ZE 2L _E OIS ETE
VEZ R A D72 HUEEAID seed (LEWTH Y | Z OMBEFIENEL 5 LIC R
FEATLHETCREISHEMIND Z EW/RENTZ, Indirubin FF X, Hl e E
BE38# serine/threonine kinase & i WELFIMEZ /RT LWV ) M THAE SN TWDH—J,
B RGO BN T2 D KIATEICZ L &0 D RS 5, Epox/Ind DBAFE I,
indirubin FHEMRDEYEMELIER L, KEBLZERIED LV FHIZEBNT
indirubin ORI T 595 FiEm O TH 5, £72. indirubin H -~ D EHLE
DA X > T Epox/Ind DEMIEMITHICHBEND Z L 2EH TR L,

33



A% . Bpox/Ind 731D S B2 55 T iz X o THEBUEEAI OIS 72
NHZ L EWHFT 5,
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ARG AT UFAGGR L E £ & O DIHT- 0 | ARG 7 T8 e A 15
D& LIZIREHAE O AARRFHZEE A —BRISR S EH W LE TS
AR LR AW T, BEAQTHE L THE 2 THWZ AARARZEAN &
B FER., RETEEIRZ O BN L ET

A0 ZTHEERE BV £ L AARFE L = RBHEER. NIl
WAMZIR L DREH N LET, £, AARTFIEEE LI
[T RHFOHEmaE LT, B o TERTIHE LR WHEEIZIBY £ Lz, Z
ISR L THREOBEEAR LE T,

FRE AR DI 21T > TOTZEn e, TR OREICH T > TIR DV
W BRI o o 2 —  BRE LD BE#H - LET,

AWFTEIT. RG22 D ONIHERE I R A 13 U AARZHSH AL

WFIERITTERE L 722 < DAZENIIEEDHEFEM T EDTRNIZ L > THRESNEL
o TR L TESHEILE L ETF 4, £/, AARREREGE2OIER 3K
o LR SRR, FHARLZ GO TRVHZ O I %
THEE L2 Z LI EGH UL L BT E3, RIS, S8k T ORYpi
ETHICI|MIL, 2L ELFATDHI LN TELFEEIES . RRA, BRIEFRIZ
DD L ET,

KEIZ, HOWLHE TROWIIEAE 2 XA T mBl, KR, MACHES
A L £,

2016 = F
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EEROH

Chemical synthesis

Apparatus
BRI 227 F)L (NMR)

"H-NMR spectra (%, JEOL JNM-ECX500 (500 MHz) spectrometers % F Tl iE
L. tetramethylsilane (TMS) Z PNIEYEM'E (tetramethylsilane; du 0.00, DMSO-ds;
2.50, Chloroform-d; 7.26) & L7z, FKitiZid, LT OS2 HW T % : Chemical
shift (3, ppm), multiplicity (s = singlet, d = doublet, dd = doublet of doublets, ddd =
doublet of doublet of doublets, df = doublet of triplets, ¢ = triplet, td = triplet of doublets,
m = multiplet, bs = broad singlet),

BEHH (MS)

Electron impact (EI) mass analyses 33 KON fast atom bombardment (FAB) mass
analyses (%, JEOL JMS-GCMATE % H\\CHllE L 7=,
R (mp)

Melting points £, AS ONE ATM-01 % i\ CHIE L7z,
Chromatography

Column chromatography /%, Wakogel C-200 (100-200 mesh) & 7={% Kanto Silica
gel 60N (63-210 mesh) % ffi ] L 7=, Thin-layer chromatography /. Merck Keiselgel
60 Fass plate Zffi ] L7,

Genaral precedures
Method I: General procedure for preparation of indirubin derivatives.

Isatin (4) (1.47 g, 10 mmol) & indoxyl acetate (1.75 g, 10 mmol, 1 molEq) %
methanol (anhydrous) (300 mL) (25222 MHE L, I CHE L7225 argon gas &
FE°/MZ bubbling L72, 30 43%%. sodium carbonate, Na;COs (2.33 g, 22 mmol, 2.2
molEBq) %A% TR THIHE L 72, NaxCOs3 I~ & 3 R[] #% . argon gas @ bubbling
ik L, BT 16 REAFR Mk L 7o, ROSH T#. Hriti 2 s 8 L. I8
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WHAHHEIZAR D ETAREL L, MHAERY Z IR BEET &%,
1,4-dioxane/n-hexane 7> 5 FHffgh L RS L. indirubin (1) 2.25 g (Yield: 86 %) %
fEm e LT,

Method II: General procedure for preparation of indirubins derivatives.

Argon ZX[H& T, 6-bromoisatin (17) (1.13 g, 5.0 mmol) & phosphoric chloride (1.04
g, 5.0 mmol, 1 molEq) % benzene (anhydrous) (5 mL) ' CHNEGENE L 7=, 4 B[ .
PSR 2 J8)E TR 25 L. oxindole (665 mg, 5.0 mmol, 1 molEq) % /Il Z C toluene
(anhydrous) (5 mL) H TR L7, 1 R, ROSEZm L. Bk L7
AR toluene (5 mL) Z A T slurry RIZ L THHRSITER L7z, 15§ 61728
AR % NIRRT TRz . methanol/dichloromethane 7> & FRfifidl L CORSRLL |
6’-bromoindirubin (30) 620 mg (Yield: 36 %) Zfish & L CTIE7-,

Method III: General procedure for preparation of indox derivatives.

Indirubin (1) (1.31 g, 5.0 mmol) & hydroxylammonium hydrochloride (3.47 g, 50
mmol, 10 molEq) % pyridine (20 mL) F CHNEGEGE L7, 4 FFfEIE, BOUSK Z F
HmLTHE H0 (100 mL) ZANx TSR T 10 o Uiz, Srii® & s 8 HL
L DEJEE T #2084 . methanol/dichloromethane 7> & Ffit g L CREHL L | indirubin
3’-oxime (2) 1.29 g (Yield: 93 %) % #kidh & L CH7=,

Method IV: General procedure for preparation of Epox/Ind derivatives.

Argon FXPH5 T, indirubin 3’-oxime (1) (277 mg, 1.0 mmol) % N,N-dimethyl
formamide (super dehydrated) (5 mL) (Z¥&f# L. triethylamine (280 pL, 2.0 mmol, 2
molEq) ¥ £ T sodium hydride, NaH (60% in paraffin liquid) (80 mg, 2.0 mmol, 2
molEq) Z 1 x TR THEE L7z, 30 57, epibromohydrin (815 pL, 10 mmol, 10
molBq) ZhNx TR Z ke L=, 16 Kfffl# . ISHRIZ H.0 B0 mL) Z Nz T
IR C 10 03R4 U7z, AT i) 2 We 5 [ U IME I T #28:4% | aqueous 1,4-dioxane
GRS L CTRRLL . indirubin 3’-(0-oxiran-2-ylmethyl)oxime (3) 257 mg (Yield:
77 %) Zihan & LCRT,
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Analytical data of indirubin derivatives

Indirubin (1): Ind

Yield: 86%, mp. >300 °C. 'H-NMR (500 MHz, DMSO-ds) §: 6.91 (1H, d, J = 7.7 Hz,
7-H), 7.00-7.05 (2H, m, 5-H and 5°-H), 7.26 (1H, td, J= 7.7 and 1.1 Hz, 6-H), 7.43 (1H,
d,J=8.0 Hz, 7’-H), 7.58 (1H, td, J = 7.7 and 1.1 Hz, 6’-H), 7.66 (1H, d, J = 7.4 Hz,
4°-H), 8.77 (1H, d, J = 7.7 Hz, 4-H), 10.92 (1H, s, 1-H), 11.04 (1H, s, 1>-H). LR-MS
(EI): 262 (IM]"). HR-MS (EI): Calcd for C16H10N202; 262.0742. Found: 262.0740.

5-Bromoindirubin (24): 5-Br-Ind

Prepared by method I with minor modifications. Yield: 96%, mp. >300 °C
(1,4-dioxane/n-hexane). 'H-NMR (500 MHz, DMSO-ds) &: 6.85 (1H, d, J = 8.0 Hz,
7-H), 7.03 (1H, ¢, J = 7.3 Hz, 5’-H), 7.36-7.42 (2H, m, 6- and 7°-H), 7.57 (1H, ¢, J= 7.7
Hz, 6’-H), 7.64 (1H, d, J = 7.5 Hz, 4’-H), 8.91 (1H, d, J = 1.8 Hz, 4-H), 11.10 (2H, bs,
1- and 1°-H). LR-MS (EI): 340 (IM]"). HR-MS (EI): Calcd for Ci16HoN2O2Br; 339.9847.
Found: 339.9843.

6-Bromoindirubin (25): 6-Br-Ind

Prepared by method I with minor modifications. Yield: 79%, mp. >300 °C
(1,4-dioxane/n-hexane). 'H-NMR (500 MHz, DMSO-ds) &: 7.03 (1H, ¢, J = 7.5 Hz,
5’-H), 7.05 (1H, d, J= 1.7 Hz, 7-H), 7.21 (1H, dd, J = 8.3 and 2.0 Hz, 5-H), 7.42 (1H, d,
J=28.1 Hz, 7’-H), 7.59 (1H, t, J = 7.6 Hz, 6’-H), 7.65 (1H, d, J = 7.5 Hz, 4’-H), 8.68
(1H, d, J = 6.6 Hz, 4-H), 11.10 (2H, bs, 1- and 1’-H). LR-MS (EI): 340 ([M]"). HR-MS
(EI): Calcd for Ci6HoN202Br; 339.9847. Found: 339.9849.

7-Bromoindirubin (26): 7-Br-Ind

Prepared by method I with minor modifications. Yield: 41%, mp. >300 °C
(1,4-dioxane/n-hexane). '"H-NMR (500 MHz, DMSO-ds) &: 6.99 (1H, ¢, J = 7.9 Hz,
5-H), 7.05 (1H, td, J = 7.4 and 0.8 Hz, 5°-H), 7.43 (1H, dd, J = 8.0 and 0.9 Hz, 7°-H),
7.44 (1H, d, J = 8.0 Hz, 6-H), 7.60 (1H, td, J = 7.7 and 1.3 Hz, 6’-H), 7.67 (1H, d, J =
7.5Hz,4’-H), 8.77 (1H, dd, J= 7.7 and 0.9 Hz, 4-H), 11.16 (1H, bs, 1-H), 11.18 (1H, bs,
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1’-H). LR-MS (EI): 340 ([M]"). HR-MS (EI): Calcd for CicHoN202Br; 339.9847.
Found: 339.9855.

5’-Bromoindirubin (27): 5’-Br-Ind

Prepared by method II with minor modifications. Yield: 17%, mp. >300 °C (methanol/
dichloromethane subsequently acetone). 'H-NMR (500 MHz, DMSO-dj) &: 6.90 (1H, d,
J=17.5Hz, 7-H), 7.03 (1H, td, J= 7.8 and 1.2 Hz, 5-H), 7.27 (1H, td, J= 7.7 and 1.1 Hz,
6-H), 7.41 (1H, d, J = 8.6 Hz, 7°-H), 7.73 (1H, dd, J = 8.6 and 2.0 Hz, 6’-H), 7.78 (1H,
d,J=2.0 Hz, 4’-H), 8.75 (1H, dd, J = 7.4 Hz, 4-H), 10.93 (1H, bs, 1-H), 11.12 (1H, bs,
1’-H). LR-MS (EI): 340 ([M]"). HR-MS (EI): Calcd for CisHoN,O,Br; 339.9847.
Found: 339.9850.

6’-Bromoindirubin (30): 6’-Br-Ind

Prepared by method II with minor modifications. Yield: 36%, mp. >300 °C
(1,4-dioxane/n-hexane). '"H-NMR (500 MHz, DMSO-ds) &: 6.90 (1H, d, J = 7.7 Hz,
7-H), 7.02 (1H, d, J= 7.7 Hz, 5-H), 7.19 (1H, dd, J = 8.0 and 1.7 Hz, 5°-H), 7.27 (1H, ¢,
J=1.7Hz, 6-H), 7.73 (1H, d, J = 8.1 Hz, 4’-H), 7.68 (1H, d, J = 1.8 Hz, 7°-H), 8.76
(1H, dd, J= 1.7 Hz, 4-H), 10.97 (1H, bs, 1-H), 11.11 (1H, bs, 1’-H). LR-MS (EI): 340
(IM]"). HR-MS (EI): Calcd for C16HoN202Br; 339.9847. Found: 339.9848.

5,6-Dibromoindirubin (27): 5,6-Br2-Ind

Prepared by method I with minor modifications. Yield: 99%, mp. >300 °C
(1,4-dioxane/n-hexane). 'H-NMR (500 MHz, DMSO-ds) &: 7.04 (1H, d, J = 7.5 Hz,
5’-H), 7.17 (1H, s, 7-H), 7.41 (1H, d, J = 8.0 Hz, 7°-H), 7.58 (1H, ¢, J/ = 7.8 Hz, 6’-H),
7.63 (1H, d, J="1.5 HZ, 4’-H), 9.03 (1H, s, 4-H), 11.10 (2H, bs, 1- and 1’-H). LR-MS
(ED): 418 (IM]"). HR-MS (EI): Calcd for C16HsN2O2Br; 417.8952. Found: 417.8955.

5,5’-Dibromoindirubin (31): 5,5’-Br2-Ind
Prepared by method I with minor modifications. Yield: 81%, mp. >300 °C
(1,4-dioxane/n-hexane). 'H-NMR (500 MHz, DMSO-ds) &: 6.87 (1H, d, J = 8.3 Hz,
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7-H), 7.41 (1H, d, J = 8.3 Hz, 7°-H), 7.43 (1H, dd, J = 8.3 and 2.0 Hz, 6-H), 7.75 (1H,
dd, J = 8.6 and 2.0 Hz, 6’-H), 7.79 (1H, d, J = 2.0 HZ, 4-H), 8.91 (1H, d, J = 2.1 Hz,
4-H), 11.15 (2H, bs, 1- and 1°-H). LR-MS (EI): 418 ([M]"). HR-MS (EI): Calcd for
C16HsN20:Br2; 417.8952. Found: 417.8950.

5,6’-Dibromoindirubin (34): 5,6’-Br2-Ind

Prepared by method II with minor modifications. Yield: 13%, mp. >300 °C
(methanol/dichloromethane). 'H-NMR (500 MHz, DMSO-dj) &: 7.05 (1H, d, J=2.0 Hz,
7-H), 7.22 (1H, dd, J = 8.2 and 1.6 Hz, 5’-H), 7.43 (1H, dd, J = 8.3 and 2.0 Hz, 7°-H),
7.60 (1H, 4, J = 8.0 Hz, 4’-H), 7.68 (1H, d, J= 1.4 HZ, 7°-H), 8.93 (1H, d, J = 2.0 Hz,
4-H), 11.14 (2H, bs, 1- and 1’-H). LR-MS (EI): 418 ([M]"). HR-MS (EI): Calcd for
Ci6HsN202Br2; 417.8952. Found: 417.8951.

6,5’-Dibromoindirubin (32): 6,5’-Br2-Ind

Prepared by method I with minor modifications. Yield: 70%, mp. >300 °C
(1,4-dioxane/n-hexane). 'H-NMR (500 MHz, DMSO-ds) &: 7.05 (1H, d, J = 2.0 Hz,
7-H), 7.22 (1H, dd, J = 8.6 and 2.0 Hz, 5-H), 7.40 (1H, d, J = 8.6 Hz, 6-H), 7.74 (1H, dd,
J=8.5and 2.2 Hz, 6’-H), 7.78 (1H, d, J= 1.8 HZ, 4’-H), 8.65 (1H, d, J = 8.6 Hz, 4-H),
11.06 (1H, bs, 1-H) , 11.17 (1H, bs, 1’-H). LR-MS (EI): 418 ([M]"). HR-MS (EI): Calcd
for C16HsN202Br2; 417.8952. Found: 417.8953.

6,6’-Dibromoindirubin (35): 6,6’-Br2-Ind

Prepared by method II with minor modifications. Yield: farce, mp. >300 °C
(methanol/dichloromethane). 'H-NMR (500 MHz, DMSO-ds) §: 7.05 (1H, s, 7-H), 7.21
(2H, ¢, J = 9.8 and 9.2 Hz, 5- and 5°-H), 7.58 (1H, d, J = 8.9 Hz, 4’-H), 7.68 (1H, s,
7’-H), 8.67 (1H, d, J = 8.9 Hz, 4-H), 11.15 (2H, bs, 1- and 1°-H). MS (EI): 418 ([M]").
HR-MS (EI): Calcd for CisHsN2O2Br2; 417.8952. Found: 417.8951.

7,5’-Dibromoindirubin (33): 7,5’-Br2-Ind
Prepared by method I with minor modifications. Yield: 83%, mp. >300 °C
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(1,4-dioxane/n-hexane). 'H-NMR (500 MHz, DMSO-ds) &: 6.98 (1H, ¢, J = 7.9 Hz,
5-H), 7.35-7.48 (2H, m, 6- and 7°-H), 7.73 (1H, d, J = 8.3 Hz, 6’-H), 7.77 (1H, s, 4’-H),
8.73 (1H, d, J= 1.5 Hz, 4-H), 11.20 (2H, bs, 1- and 1’-H). MS (EI): 418 ([M]"). HR-MS
(ED): Calcd for CisHsN202Br2; 417.8952. Found: 417.8952.

7,6’-Dibromoindirubin (36): 7,6’-Br?-Ind

Prepared by method II with minor modifications. Yield: 14 %, mp. >300 °C
(methanol/dichloromethane). 'H-NMR (500 MHz, DMSO-dj) &: 6.99 (1H, ¢, J = 8.0 Hz,
5-H), 7.22 (1H, dd, J = 8.0 and 1.7 Hz, 5’-H), 7.45 (1H, dd, J = 8.2 and 1.0 Hz, 6-H),
7.59 (1H, d, J = 8.1 Hz, 4’-H), 7.69 (1H, d, J= 1.5 Hz, 7’-H), 8.76 (1H, dd, J = 7.7 and
0.9 Hz, 4-H), 11.20 (1H, s, 1-H), 11.25 (1H, s, 1’-H). LR-MS (EI): 418 ([M]"). HR-MS
(ED): Calcd for Ci6HsN202Br2; 417.8952. Found: 417.8954.
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Analytical data of indirubin 3’-oxime derivatives

Indirubin 3’-oxime (2): Indox

Yield: 93%, mp. 273 °C. 'H-NMR (500 MHz, DMSO-ds) &: 6.92 (1H, d, J = 7.6 Hz,
7-H), 6.97 (1H, td, J = 7.6 and 1.1 Hz, 5-H), 7.01-7.07 (1H, m, 5°-H), 7.15 (1H, td, J =
7.6 and 1.1 Hz, 6-H), 7.44-7.49 (2H, m, 6>~ and 7>-H), 8.24 (1H, d, J = 7.6 Hz, 4>-H),
8.66 (1H, d, J = 7.7 Hz, 4-H), 10.75 (1H, s, 1-H), 11.74 (1H, s, 1>-H), 13.54 (1H, s,
3’-N-OH). LR-MS (EI): 277 ([M]"). HR-MS (EI): Calcd for C1¢H11N30z; 277.0851.
Found: 277.0848.

5-Bromoindirubin 3’-oxime (11): 5-Br-Indox

Prepared by method III with minor modifications. Yield: 84%, mp. >300 °C (aqueous
ethanol). 'H-NMR (500 MHz, DMSO-ds) §: 6.84 (1H, d, J = 8.4 Hz, 7-H), 7.06 (1H, td,
J=73and 1.6 Hz, 5’-H), 7.27 (1H, dd, J = 8.3 and 1.4 Hz, 7°-H), 7.38-7.46 (2H, m, 6-
and 6’-H), 8.25 (1H, d, J = 7.3 Hz, 4’-H), 8.76 (1H, d, J = 2.0 Hz, 4-H), 10.83 (1H, s,
1-H), 11.86 (1H, s, 1’-H), 13.72 (1H, s, 3’-N-OH). LR-MS (EI): 355 ([M]"). HR-MS
(ED): Calcd for CisH10N302Br; 354.9956. Found: 354.9954.

6-Bromoindirubin 3’-oxime (6): 6-Br-Indox

Prepared by method III with minor modifications. Yield: 63%, mp. >300 °C (aqueous
ethanol). 'H-NMR (500 MHz, DMSO-ds) §: 7.03 (1H, d, J = 2.0 Hz, 7-H), 7.05 (1H, td,
J=7.3and 1.6 Hz, 5’-H), 7.09 (1H, dd, J = 8.4 and 1.9 Hz, 5-H), 7.38-7.46 (2H, m, 6’-
and 7°-H), 8.23 (1H, 4, J = 7.7 Hz, 4’-H), 8.56 (1H, d, J = 8.4 Hz, 4-H), 10.85 (1H, s,
1-H), 11.77 (1H, s, 1’-H), 13.62 (1H, s, 3’-N-OH). LR-MS (EI): 355 ([M]"). HR-MS
(EX): Calcd for C16H10N302Br; 354.9956. Found: 354.9953.

7-Bromoindirubin 3’-oxime (12): 7-Br-Indox

Prepared by method III with minor modifications. Yield: 75%, mp. 293 °C
(methanol/dichloromethane). 'TH-NMR (500 MHz, DMSO-ds) &: 6.90 (1H, ¢, J= 8.0 Hz,
5-H), 7.06 (1H, t, J=7.5 Hz, 5’-H), 7.28 (1H, d, J = 8.1 Hz, 7’-H), 7.37-7.47 (2H, m, 6-
and 6°-H), 8.25 (1H, 4, J = 7.7 Hz, 4’-H), 8.68 (1H, d, J = 7.7 Hz, 4-H), 10.92 (1H, s,
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1-H), 11.92 (1H, s, 1’-H), 13.60 (1H, s, 3’-N-OH). MS (EI): 355 ([M]"). HR-MS (EI):
Calcd for C16H10N3O2Br; 354.9956. Found: 354.9949.

5’-Bromoindirubin 3’-oxime (37): 5’-Br-Indox

Prepared by method III with minor modifications. Yield: 53%, mp. 272-273 °C
(aqueous ethanol). 'TH-NMR (500 MHz, DMSO-ds) §: 6.89 (1H, d, J = 7.7 Hz, 7-H),
6.94 (1H, ¢, J = 7.9 Hz, 5-H), 7.13 (1H, ¢, J = 7.6 Hz, 6-H), 7.40 (1H, d, J = 8.4 Hz,
7°-H), 7.56 (1H, m, J = 8.4 and 1.9 Hz, 6’-H), 8.36 (1H, d, J = 2.0 Hz, 4’-H), 8.63 (1H,
d, J=1.6 Hz, 4-H), 10.71 (1H, s, 1-H), 11.81 (1H, s, 1°-H), 13.74 (1H, s, 3’-N-OH).
LR-MS (EI): 355 (IM]"). HR-MS (EI): Calcd for CicHioN3O2Br; 354.9956. Found:
354.9956.

6’-Bromoindirubin 3’-oxime (38): 6’-Br-Indox

Prepared by method III with minor modifications. Yield: 79%, mp. >300 °C (aqueous
ethanol). '"H-NMR (500 MHz, DMSO-ds) &: 6.89 (1H, d, J= 7.7 Hz, 7-H), 6.95 (1H, ¢, J
=7.7Hz, 5-H), 7.13 (1H, ¢, J=7.5 Hz, 6-H), 7.18 (1H, d, J = 8.1 Hz, 5’-H), 7.68 (1H, s,
7°-H), 8.14 (1H, d, J = 8.0 Hz, 4’-H), 8.64 (1H, d, J = 8.1 Hz, 4-H), 10.73 (1H, s, 1-H),
11.78 (1H, s, 1’-H), 13.58 (1H, s, 3’-N-OH). LR-MS (EI): 355 ([M]"). HR-MS (EI):
Calcd for C16H10N302Br; 354.9956. Found: 354.9965.

5,6-Dibromoindirubin 3’-oxime (39): 5,6-Br2-Indox

Prepared by method III with minor modifications. Yield: 95%, mp. >300 °C
(methanol/1,4-dioxane). '"H-NMR (500 MHz, DMSO-ds) 8: 7.07 (1H, td, J=17.5 and 1.0
Hz, 5’-H), 7.18 (1H, s, 7-H), 7.43 (1H, td, J = 7.5 and 1.0 Hz, 6’-H), 7.46 (1H, d, J =
7.5 Hz, 7’-H), 8.24 (1H, d, J = 7.5 Hz, 4’-H), 8.90 (1H, s, 4-H), 10.94 (1H, s, 1-H),
11.83 (1H, s, 1’-H) 13.79 (1H, s, 3’-N-OH). LR-MS (EI): 433 ([M]"). HR-MS (EI):
Calcd for C16HoN30O2Br2; 432.9061. Found: 432.9054.

5,7-Dibromoindirubin 3’-oxime (40): 5,7-Br2-Indox
Prepared by method III with minor modifications. Yield: 95%, mp. >300 °C. 'H-NMR
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(500 MHz, DMSO-ds) &: 7.10 (1H, td, J = 7.5 and 1.2 Hz, 5°-H), 7.43 (1H, td, J = 7.7
and 1.0 Hz, 6>-H), 7.47-7.51 (2H, m, 6- and 7°-H), 8.25 (1H, d, J = 7.7 Hz, 4’-H), 8.80
(1H, d, J= 1.6 Hz, 4-H), 11.11 (1H, s, 1-H), 11.98 (1H, s, 1°-H) 13.86 (1H, s, 3°-N-OH).
LR-MS (EI): 433 ([M]*). HR-MS (EI): Calcd for CisHoN30,Bra; 432.9061. Found:
432.9056.

5,5’-Dibromoindirubin 3’-oxime (41): 5,5’-Brz2-Indox

Prepared by method III with minor modifications. Yield: 43 %, mp. >300 °C (ethanol).
"H-NMR (500 MHz, DMSO-ds) &: 6.84 (1H, d, J = 8.0 Hz, 7-H), 7.29 (1H, dd, J = 8.4
and 1.9 Hz, 6-H), 7.44 (1H, d, J=8.4 Hz, 7°-H), 7.60 (1H, dd, J= 8.4 and 1.9 Hz, 6’-H),
8.35 (1H, d, J=2.0 Hz, 4’-H), 8.75 (1H, 4, J = 1.9 Hz, 4-H), 10.86 (1H, s, 1-H), 11.86
(1H, s, 1’-H) 13.96 (1H, s, 3°-N-OH). LR-MS (EI): 433 ([M]"). HR-MS (EI): Calcd for
Ci16HoN302Br2; 432.9061. Found: 432.9053.

5,6’-Dibromoindirubin 3’-oxime (42): 5,6’-Br2-Indox

Prepared by method III with minor modifications. Yield: 60 %, mp. >300 °C (ethanol).
"H-NMR (500 MHz, DMSO-ds) &: 6.85 (1H, d, J = 8.1 Hz, 7-H), 7.22 (1H, dd, J = 8.3
and 1.8 Hz, 5°-H), 7.28 (1H, dd, J= 8.0 and 1.9 Hz, 6-H), 7.71 (1H, d, J= 1.9 Hz, 7°-H),
8.16 (1H, d, J = 8.1 Hz, 4’-H), 8.76 (1H, 4, J = 1.9 Hz, 4-H), 10.87 (1H, s, 1-H), 11.87
(1H, s, 1’-H) 13.84 (1H, s, 3°-N-OH). LR-MS (EI): 433 ([M]"). HR-MS (EI): Calcd for
Ci16HoN302Br2; 432.9061. Found: 432.9061.

6,5’-Dibromoindirubin 3’-oxime (43): 6,5’-Br2-Indox

Prepared by method III with minor modifications. Yield: 71 %, mp. 290 °C (ethanol).
'H-NMR (500 MHz, DMSO-ds) &: 7.03 (1H, d, J = 1.9 Hz, 7-H), 7.10 (1H, dd, J = 8.4
and 1.9 Hz, 5-H), 7.42 (1H, d, J=8.4 Hz, 7°-H), 7.59 (1H, dd, J = 8.7 and 2.2 Hz, 6’-H),
8.32 (1H, d, J = 2.3 Hz, 4’-H), 8.53 (1H, d, J = 8.4 Hz, 4-H), 10.88 (1H, s, 1-H), 11.78
(1H, s, 1’-H) 13.91 (1H, s, 3°-N-OH). LR-MS (EI): 433 ([M]"). HR-MS (EI): Calcd for
C16HoN302Br2; 432.9061. Found: 432.9061.
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6,6’-Dibromoindirubin 3’-oxime (44): 6,6’-Br2-Indox

Prepared by method IIT with minor modifications. Yield: 20 %, mp. >300 °C (ethanol).
"H-NMR (500 MHz, DMSO-ds) : 7.03 (1H, s, 7-H), 7.10 (1H, d, J = 8.4 Hz, 5-H), 7.22
(1H, d,J=8.4 Hz, 5’-H), 7.70 (1H, s, 7°-H), 8.13 (1H, d, J = 8.4 Hz, 4’-H), 8.55 (1H, d,
J = 8.4 Hz, 4-H), 10.89 (1H, s, 1-H), 11.77 (1H, s, 1’-H) 13.74 (1H, s, 3’-N-OH).
LR-MS (EI): 433 ([M]"). HR-MS (EI): Calcd for CicHoN3O:Br2; 432.9061. Found:
432.9056.

7,5’-Dibromoindirubin 3’-oxime (45): 7,5’-Brz2-Indox

Prepared by method III with minor modifications. Yield: 74 %, mp. >300 °C (ethanol).
'H-NMR (500 MHz, DMSO-dy) &: 6.89 (1H, ¢, J = 7.9 Hz, 5-H), 7.30 (1H, d, J = 8.0 Hz,
6-H), 7.42 (1H, d, J= 8.4 Hz, 7°-H), 7.58 (1H, d, J = 8.5 Hz, 6’-H), 8.32 (1H, d, J=1.9
Hz, 4’-H), 8.62 (1H, d, J = 7.7 Hz, 4-H), 10.94 (1H, s, 1-H), 11.87 (1H, s, 1’-H) 13.94
(1H, s, 3°-N-OH). LR-MS (EI): 433 ([M]"). HR-MS (EI): Calcd for CicHoN3O2Br2;
432.9061. Found: 432.9061.

7,6’-Dibromoindirubin 3’-oxime (46): 7,6’-Br2-Indox

Prepared by method III with minor modifications. Yield: 75 %, mp. 293 °C (ethanol).
"H-NMR (500 MHz, DMSO-dy) &: 6.88 (1H, ¢, J = 8.0 Hz, 5-H), 7.19 (1H, dd, J = 8.0
and 1.5 Hz, 5’-H), 7.29 (1H, 4, J = 8.0 Hz, 6-H), 7.69 (1H, s, 7°-H), 8.10 (1H, d, /= 8.4
Hz, 4’-H), 8.62 (1H, d, J = 7.7 Hz, 4-H), 11.03 (1H, s, 1-H), 11.93 (1H, s, 1’-H) 13.84
(1H, s, 3’-N-OH). LR-MS (EI): 433 ([M]"). HR-MS (EI): Calcd for CicHoN302Br2;
432.9061. Found: 432.9063.
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Analytical data of Epox/Ind derivativs

Indirubin 3’-(0-oxiran-2-ylmethyl)oxime (3): Epox/Ind

Yield: 77%, mp. 243 °C. 'H-NMR (500 MHz, DMSO-ds) &: 2.78-2.84 (1H, m, one of
oxiran-methylene-H), 2.93 (1H, td, J = 4.8 and 1.4 Hz, one of oxiran-methylene-H),
3.48-3.54 (1H, m, oxiran-methyne-H), 4.45 (1H, ddd, J = 12.3, 6.5 and 1.1 Hz, one of
oxiran-CH»-0), 4.91 (1H, ddd, J = 12.3, 2.9 and 1.1 Hz, one of oxiran-CH»-O), 6.90
(1H, d, J = 7.8 Hz, 7-H), 7.00 (1H, ¢, J = 7.6 Hz, 5-H), 7.05 (1H, t, J = 7.3 Hz, 5’-H),
7.16 (1H, ¢, J = 7.5 Hz, 6-H), 7.43 (1H, d, J = 7.3 Hz, 7’-H), 7.45 (1H, ¢, J = 8.2 Hz,
6’-H), 8.16 (1H, d, J = 7.4 Hz, 4’-H), 8.63 (1H, d, J = 7.7 Hz, 4-H), 10.79 (1H, s, 1-H),
11.69 (1H, s, 1’-H). LR-MS (EI): 333 ([M]"). HR-MS (EI): Calcd for Ci9HisN3Os;
333.1113. Found: 333.1113.

5-Bromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (47): Epox/5-Br-Ind

Prepared by method IV with minor modifications. Yield: 60%, mp. 249-250 °C
(ethanol/dichloromethane). 'H-NMR (500 MHz, DMSO-d;) &: 2.81-2.86 (1H, m, one of
oxiran-methylene-H), 2.94 (1H, ¢, J = 4.6 Hz, oxiran-methylene-H), 3.53-3.59 (1H, m,
oxiran-methyne-H), 4.46 (1H, dd, J = 12.5 and 6.7 Hz, one of oxiran-CH»-0), 4.89 (1H,
dd,J=12.3 and 2.7 Hz, one of oxiran-CH»-0), 6.86 (1H, d, J= 8.4 Hz, 7-H), 7.08 (1H,
td, J = 6.7 and 2.7 Hz, 5°-H), 7.31 (1H, d, J = 8.1 Hz, 7°-H), 7.43-7.51 (2H, m, 6- and
6’-H), 8.16 (1H, d, J="7.7 Hz, 4’-H), 8.84 (1H, s, 4-H), 10.94 (1H, s, 1-H), 11.75 (1H, s,
1’-H). LR-MS (EI): 411 ([M]"). HR-MS (EI): Calcd for Ci9H14N303Br; 411.0218.
Found: 411.0217.

6-Bromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (48): Epox/6-Br-Ind

Prepared by method IV with minor modifications. Yield: 65%, mp. 250 °C
(methanol/dichloromethane). 'H-NMR (500 MHz, DMSO-ds) &: 2.81 (1H, dd, J = 5.0
and 2.7 Hz, one of oxiran-methylene-H), 2.92 (1H, ¢, J = 4.6 Hz, one of oxiran-
methylene-H), 3.47-3.52 (1H, m, oxiran-methyne-H), 4.46 (1H, dd, J=12.5 and 6.7 Hz,
one of oxiran-CH»-0), 4.93 (1H, dd, J = 12.2 and 2.7 Hz, one of oxiran-CH»-0), 7.03
(1H, d, J= 1.5 Hz, 7-H), 7.07 (1H, td, J = 8.4 and 2.0 Hz, 5’-H), 7.31 (1H, dd, J = 8.4
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and 1.9 Hz, 5-H), 7.43-7.49 (2H, m, 6’- and 7°-H), 8.16 (1H, d, J = 7.7 Hz, 4°-H), 8.56
(1H, d, J = 8.4 Hz, 4-H), 10.93 (1H, s, 1-H), 11.70 (1H, s, 1’-H). LR-MS (EI): 411
(IMT"). HR-MS (EI): Caled for C1oH14sN303Br; 411.0218. Found: 411.0217.

7-Bromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (49): Epox/7-Br-Ind

Prepared by method IV with minor modifications. Yield: 21%, mp. 250 °C
(methanol/dichloromethane). 'H-NMR (500 MHz, DMSO-ds) &: 2.81 (1H, dd, J = 5.1
and 2.8 Hz, one of oxiran-methylene-H), 2.93 (1H, ¢, J = 4.7 Hz, one of oxiran-
methylene-H), 3.47-3.52 (1H, m, oxiran-methyne-H), 4.46 (1H, dd, J=12.4 and 6.8 Hz,
one of oxiran-CH»-0), 4.94 (1H, dd, J = 12.3 and 2.9 Hz, one of oxiran-CH»-O), 6.96
(1H, ¢, J = 7.9 Hz, 5-H), 7.05-7.11 (1H, m, 5’-H), 7.33 (1H, d, J = 8.0 Hz, 6-H),
7.44-7.50 (2H, m, 6’- and 7°-H), 8.16 (1H, d, J= 7.5 Hz, 4’-H), 8.65 (1H, d, J = 8.0 Hz,
4-H), 11.00 (1H, s, 1-H), 11.82 (1H, s, 1’-H). LR-MS (EI): 411 ([M]"). HR-MS (EI):
Calcd for C19H14N303Br; 411.0218. Found: 411.0216.

5’-Bromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (50): Epox/5’-Br-Ind

Prepared by method IV with minor modifications. Yield: 54%, mp. 262 °C
(methanol/dichloromethane). 'H-NMR (500 MHz, DMSO-ds) &: 2.81 (1H, dd, J = 5.2
and 2.6 Hz, one of oxiran-methylene-H), 2.93 (1H, ¢, J = 4.7 Hz, one of oxiran-
methylene-H), 3.48-3.54 (1H, m, oxiran-methyne-H), 4.47 (1H, dd, J=12.4 and 6.6 Hz,
one of oxiran-CH»-0), 4.94 (1H, dd, J = 12.5 and 2.8 Hz, one of oxiran-CH»-0), 6.90
(1H, ¢, J = 7.5 Hz, 7-H), 7.00 (1H, ¢, J = 7.7 Hz, 5-H), 7.17 (1H, t, J = 7.6 Hz, 6-H),
7.43 (1H, d, J = 8.6 Hz, 7°-H), 7.63 (1H, dd, J = 8.6 and 2.0 Hz, 6’-H), 8.26 (1H, d, J =
2.0 Hz, 4’-H), 8.60 (1H, d, J = 7.7 Hz, 4-H), 10.81 (1H, s, 1-H), 11.72 (1H, s, 1°-H).
LR-MS (EI): 411 ([M]"). HR-MS (EI): Calcd for Ci9H1aN303Br; 411.0218. Found:
411.0217.

6’-Bromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (51): Epox/6’-Br-Ind
Prepared by method IV with minor modifications. Yield: 34%, mp. 246-247 °C
(methanol/dichloromethane). 'H-NMR (500 MHz, DMSO-ds) 6: 2.81 (1H, dd, J = 5.4
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and 2.8 Hz, one of oxiran-methylene-H), 2.92 (1H, ¢, J = 4.6 Hz, one of oxiran-
methylene-H), 3.47-3.52 (1H, m, oxiran-methyne-H), 4.47 (1H, dd, J=12.5 and 6.8 Hz,
one of oxiran-CH»-0), 4.91 (1H, dd, J = 12.3 and 2.9 Hz, one of oxiran-CH»-0), 6.90
(1H, ¢, J = 7.5 Hz, 7-H), 7.00 (1H, ¢, J = 7.6 Hz, 5-H), 7.17 (1H, ¢, J = 7.5 Hz, 6-H),
7.22 (1H, d, J = 8.3 Hz, 5’-H), 7.71 (1H, s, 7’-H), 8.06 (1H, d, J = 8.3 Hz, 4’-H), 8.62
(1H, d, J = 7.7 Hz, 4-H), 10.82 (1H, s, 1-H), 11.72 (1H, s, 1’-H). LR-MS (EI): 411
(IM]"). HR-MS (EX): Calcd for C190H14N303Br; 411.0218. Found: 411.0218.

5,6-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (52): Epox/5,6-Br2-Ind
Prepared by method IV with minor modifications. Yield: 74 %, mp. 269 °C (aqueous
1,4-dioxane). "H-NMR (500 MHz, DMSO-d;) &: 2.82 (1H, dd, J = 5.5 and 2.5 Hz, one
of oxiran-methylene-H), 2.94 (1H, ¢, J = 5.0 Hz, one of oxiran-methylene-H), 3.52-3.58
(1H, m, oxiran-methyne-H), 4.45 (1H, dd, J = 12.3 and 6.8 Hz, one of oxiran-CH»-0),
4.89 (1H, dd, J = 12.3 and 2.8 Hz, one of oxiran-CH»-0), 7.05-7.10 (1H, m, 5’-H), 7.16
(1H, s, 7-H), 7.43-7.49 (2H, m, 6’- and 7°-H), 8.12 (1H, d, J= 7.5 Hz, 4’-H), 8.95 (1H, s,
4-H), 10.98 (1H, s, 1-H), 11.71 (1H, s, 1’-H). LR-MS (EI): 489 (IM]"). HR-MS (EI):
Calcd for C19H13N303Br2; 488.9323. Found: 488.9320.

5,7-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (53): Epox/5,7-Br2-Ind
Prepared by method IV with minor modifications. Yield: 78 %, mp. 278 °C (aqueous
1,4-dioxane). '"H-NMR (500 MHz, DMSO-dy) &: 2.83 (1H, dd, J = 4.9 and 2.6 Hz, one
of oxiran-methylene-H), 2.94 (1H, ¢, J = 4.6 Hz, one of oxiran-methylene-H), 3.53-3.58
(1H, m, oxiran-methyne-H), 4.62 (1H, dd, J = 12.5 and 6.8 Hz, one of oxiran-CH»-0),
491 (1H, dd, J = 12.5 and 2.8 Hz, one of oxiran-CH»-O), 7.11 (1H, #d, J = 6.9 and 2.3
Hz, 5°-H), 7.46-7.55 (2H, m, 6’- and 7°-H), 8.15 (1H, 4, J = 7.7 Hz, 4’-H), 8.87 (1H, s,
4-H), 11.17 (1H, s, 1-H), 11.88 (1H, s, 1’-H). LR-MS (EI): 489 ([M]"). HR-MS (EI):
Calcd for C19H13N303Br2; 488.9323. Found: 488.9325.

5,5’-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (54): Epox/5,5’-Brz2-Ind
Prepared by method IV with minor modifications. Yield: 12 %, mp. 250 °C
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(1,4-dioxane). '"H-NMR (500 MHz, DMSO-ds) §: 2.83 (1H, dd, J = 5.1 and 2.6 Hz, one
of oxiran-methylene-H), 2.94 (1H, ¢, J = 4.6 Hz, one of oxiran-methylene-H), 3.54-3.59
(1H, m, oxiran-methyne-H), 4.48 (1H, dd, J = 12.4 and 6.8 Hz, one of oxiran-CH»-0),
4.92 (1H, dd, J = 12.6 and 2.9 Hz, one of oxiran-CH»-0O), 6.86 (1H, d, J = 8.3 Hz, 7-H),
7.32 (1H, dd, J = 8.2 and 2.2 Hz, 6-H), 7.45 (1H, d, J= 8.3 Hz, 7’-H), 7.65 (1H, dd, J =
8.6 and 2.0 Hz, 6’-H), 8.25 (1H, d, J = 2.0 Hz, 4’-H), 8.81 (1H, d, J = 2.0 Hz, 4-H),
10.94 (1H, s, 1-H), 11.77 (1H, s, 1’-H). LR-MS (EI): 489 ([M]"). HR-MS (EI): Calcd
for C19H13N303Br2; 488.9323. Found: 488.9320.

5,6’-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (55): Epox/5,6’-Br2-Ind
Prepared by method IV with minor modifications. Yield: 18 %, mp. 280 °C
(1,4-dixane). 'TH-NMR (500 MHz, DMSO-ds) &: 2.82 (1H, dd, J = 5.0 and 2.6 Hz, one
of oxiran-methylene-H), 2.94 (1H, ¢, J = 4.6 Hz, one of oxiran-methylene-H), 3.52-3.57
(1H, m, oxiran-methyne-H), 4.45 (1H, dd, J = 12.5 and 6.8 Hz, one of oxiran-CH»-0),
4.89 (1H, dd, J = 12.5 and 2.8 Hz, one of oxiran-CH»-0), 6.86 (1H, d, J = 8.3 Hz, 7-H),
7.26 (1H, dd, J = 8.2 and 1.9 Hz, 5’-H), 7.32 (1H, dd, J = 8.3 and 2.2 Hz, 6-H), 7.73
(1H, d, J=1.7 Hz, 7’-H), 8.05 (1H, d, J = 8.0 Hz, 4’-H), 8.83 (1H, d, J = 2.0 Hz, 4-H),
10.95 (1H, s, 1-H), 11.75 (1H, s, 1’-H). LR-MS (EI): 489 ([M]"). HR-MS (EI): Calcd
for C1oH13N303Br2; 488.9323. Found: 488.9315.

6,5’-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (56): Epox/6,5’-Br2-Ind
Prepared by method IV with minor modifications. Yield: 98 %, mp. 291 °C
(1,4-dixane). "TH-NMR (500 MHz, DMSO-ds) &: 2.80 (1H, dd, J = 5.1 and 2.6 Hz, one
of oxiran-methylene-H), 2.93 (1H, ¢, J = 4.8 Hz, one of oxiran-methylene-H), 3.48-3.52
(1H, m, oxiran-methyne-H), 4.45 (1H, dd, J = 12.6 and 6.9 Hz, one of oxiran-CH»-0),
4.97 (1H, dd, J=12.3 and 2.6 Hz, one of oxiran-CH»-0), 7.03 (1H, d, J = 2.0 Hz, 7-H),
7.16 (1H, dd, J= 8.5 and 1.9 Hz, 5-H), 7.44 (1H, d, J= 8.6 Hz, 7’-H), 7.64 (1H, dd, J =
8.6 and 2.0 Hz, 6’-H), 8.25 (1H, d, J = 2.0 Hz, 4’-H), 8.54 (1H, d, J = 8.3 Hz, 4-H),
10.93 (1H, s, 1-H), 11.72 (1H, s, 1’-H). LR-MS (EI): 489 ([M]"). HR-MS (EI): Calcd
for C19H13N303Br2; 488.9323. Found: 488.9321.
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6,6’-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (57): Epox/6,6’-Br2-Ind
Prepared by method IV with minor modifications. Yield: 45 %, mp. 274 °C (acetone).
"H-NMR (500 MHz, DMSO-ds) §: 2.81 (1H, dd, J = 5.2 and 2.6 Hz, one of oxiran-
methylene-H), 2.92 (1H, ¢, J = 4.3 Hz, one of oxiran-methylene-H), 3.46-3.51 (1H, m,
oxiran-methyne-H), 4.42 (1H, dd, J = 12.6 and 6.6 Hz, one of oxiran-CH»-0), 4.92 (1H,
dd, J=12.3 and 2.6 Hz, one of oxiran-CH»-0), 7.01 (1H, d, J = 2.0 Hz, 7-H), 7.15 (1H,
dd, J= 8.3 and 2.0 Hz, 5-H), 7.23 (1H, dd, J = 8.2 and 1.9 Hz, 5’-H), 7.71 (1H, d, J =
1.8 Hz, 7°-H), 8.03 (1H, d, J= 8.3 Hz, 4’-H), 8.54 (1H, d, J = 8.3 Hz, 4-H), 10.94 (1H, s,
1-H), 11.71 (1H, s, 1°-H). LR-MS (EI): 489 ([M]"). HR-MS (EI): Calcd for
C19H13N303Br2; 488.9323. Found: 488.9330.

7,5’-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (58): Epox/7,5’-Brz2-Ind
Prepared by method IV with minor modifications. Yield: 41 %, mp. 274 °C
(1,4-dioxane). '"H-NMR (500 MHz, DMSO-dp) &: 2.81 (1H, dd, J = 5.0 and 2.8 Hz, one
of oxiran-methylene-H), 2.93 (1H, ¢, J = 4.7 Hz, one of oxiran-methylene-H), 3.49-3.53
(1H, m, oxiran-methyne-H), 4.46 (1H, dd, J = 12.6 and 6.6 Hz, one of oxiran-CH»>-0),
4.97 (1H, dd, J = 12.5 and 2.7 Hz, one of oxiran-CH»-0O), 6.96 (1H, ¢, J = 8.0 Hz, 5-H),
7.34 (1H, d, J = 8.3 Hz, 6-H), 7.46 (1H, d, J = 8.6 Hz, 7°-H), 7.66 (1H, dd, J = 8.5 and
2.1 Hz, 6°-H), 8.26 (1H, d, J= 2.1 Hz, 4’-H), 8.63 (1H, d, J= 7.5 Hz, 4-H), 11.09 (1H, s,
1-H), 11.85 (1H, s, 1°-H). LR-MS (EI): 489 ([M]"). HR-MS (EI): Calcd for
C19H13N303Br2; 488.9323. Found: 488.9320.

7,6’-Dibromoindirubin 3’-(0-oxiran-2-ylmethyl)oxime (59): Epox/7,6’-Brz2-Ind

Prepared by method IV with minor modifications. Yield: 89 %, mp. 255 °C
(1,4-dioxane). '"H-NMR (500 MHz, DMSO-dj) &: 2.80 (1H, dd, J = 5.2 and 2.6 Hz, one
of oxiran-methylene-H), 2.92 (1H, ¢, J = 4.7 Hz, one of oxiran-methylene-H), 3.47-3.51
(1H, m, oxiran-methyne-H), 4.44 (1H, dd, J = 12.3 and 6.8 Hz, one of oxiran-CH»-0),
4.94 (1H, dd, J = 12.3 and 2.9 Hz, one of oxiran-CH»-0), 6.96 (1H, ¢, J = 8.0 Hz, 5-H),
7.25 (1H, dd, J = 8.3 and 1.7 Hz, 5’-H), 7.34 (1H, d, J = 8.0 Hz, 6-H), 7.74 (1H, d, J =
1.7 Hz, 7°-H), 8.05 (1H, d, J= 8.0 Hz, 4’-H), 8.64 (1H, d, J= 7.7 Hz, 4-H), 11.04 (1H, s,
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1-H), 11.83 (1H, s, 1’-H). LR-MS (EI): 489 ([M]"). HR-MS (EI): Calcd for
C1oH13N303Br2; 488.9323. Found: 488.9322.
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Others
Isatin 3-oxime (8)

Isatin (4) (294 mg, 2.0 mmol) & hydroxylammonium hydrochloride (1.39 g, 20
mmol, 10 molEq) % pyridine (10 mL) H CHNENEE L7, 2 Refife. KOS
BETHEELTEOLNTMARY % aqueous methanol 7> 6 FfGEE L TR L .
isatin 3-oxime (8) 201 mg (Yield: 62 %) Z#fdh & LT/,
mp. 221 °C. '"H-NMR (500 MHz, DMSO-ds) §: 6.88 (1H, d, J = 7.7 Hz, 7-H), 7.02 (1H,
td, J="1.7 and 1.2 Hz, 5-H), 7.35 (1H, td, J= 7.7 and 1.2 Hz, 6-H), 7.94 (1H, d, J = 7.7
Hz, 4-H), 10.69 (1H, s, 1-H), 13.29 (1H, s, 3-N-OH). LR-MS (EI): 162 ([M]"). HR-MS
(ED): Calcd for CsHgN202; 162.0429. Found: 162.0430.

Isatin 3-(0-oxiran-2-ylmethyl)oxime (9): Epox/Isatin

Argon Z5XH5 T, isatin 3-oxime (8) (162 mg, 1.0 mmol) % N,N-dimethylformamide
(super dehydrated) (4 mL) (Z{&fi# L. triethylamine (280 pL, 2.0 mmol, 2 molEq) %
Mz CTHEIRTHA L=, 3053, epibromohydrin (815 pL, 10 mmol, 10 molEq) %
Iz TR Z kG L7-, 16 Fifil#:. BB % ethyl acetate THliH L, A H)E 4
KT B U 7 L, NaaSOs THKFEE L TODIE TR A E LT, (56
HAE ¥ % ethanol/diethyl ether 7> 5 FRfffh L TR L | isatin 3-(O-oxiran-
2-ylmethyl)oxime (9) 70 mg (Yield: 32 %) % #igh & LT,
mp. 199 °C. 'H-NMR (500 MHz, DMSO-ds) 8: 2.71 (1H, dd, J = 5.2 and 2.6 Hz, one of
oxiran-methylene-H), 2.86 (1H, ¢, J = 4.9 Hz, one of oxiran-methylene-H), 3.50-3.60
(1H, m, oxiran-methyne-H), 4.27 (1H, dd, J = 12.3 and 6.6 Hz, one of oxiran-CH»-0),
4.71 (1H, dd, J = 12.3 and 2.9 Hz, one of oxiran-CH»-0), 6.90 (1H, d, J = 7.8 Hz, 7-H),
7.05 (1H, td, J= 7.8 and 0.9 Hz, 5-H), 7.41 (1H, td, J= 7.8 and 1.2 Hz, 6-H), 7.87 (1H,
d, J= 6.9 Hz, 4-H), 10.77 (1H, s, 1-H). LR-MS (EI): 218 ([M]"). HR-MS (EI): Calcd
for C11H10N203; 218.0691. Found: 218.0691.

5,6-Dibromoisatin (20)
Argon Z5XPHX T, 6-bromoisatin (17) (1.13 g, 5.0 mmol) & N-bromosuccinimide

(1.78 g, 10 mmol, 2 molEq) % N,N-dimethyl formamide (super dehydrated) (18 mL)

52



R L. IR TR L7-, 19 Rfil#e. HAU % ethyl acetate/methanol Tl
L. B 2 KRR T R U 7 L, NapSOs THI/KFEE L T BIJE T2 ¥ £
L7z, BoN=HERY % aqueous 1,4-dioxane 705 Fffdh L THRELL .
5,6-dibromoisatin (20) 992 mg (Yield: 65 %) ZfEah & L CTH 7=,

mp. >300 °C. 'H-NMR (500 MHz, DMSO-ds) 5: 7.26 (1H, s, 7-H), 7.84 (1H, s, 4-H),
11.22 (1H, s, 1-H). LR-MS (EI): 303 ([M]*). HR-MS (EI): Calcd for CsHsNO>Brz;
302.8530. Found: 302.8529.

5,7-Dibromoisatin (21)

Argon ZXPHX T, 7-bromoisatin (19) (1.13 g, 5.0 mmol) & N-bromosuccinimide
(1.78 g, 10 mmol, 2 molEq) % N,N-dimethyl formamide (super dehydrated) (18 mL)
MR L. IR TR L7, 24 KM% . H UM% ethyl acetate Tl L. AH&)E
Z BEKRRET N U D A, NaxSOq THKFZEE L T DIRE T A B E LT, 156
NI A % aqueous 1,4-dioxane 7> 5 FfiEfh L TR L, 5,7-dibromoisatin
(19) 1.35 g (Yield: 89 %) #ifbdh & L7,
mp. >300 °C. 'H-NMR (500 MHz, DMSO-ds) §: 7.68 (1H, d, J = 1.7 Hz, 4-H), 8.04
(1H, d, J = 1.7 Hz, 6-H), 11.44 (1H, s, 1-H). LR-MS (EI): 303 ([M]"). HR-MS (EI):
Calcd for CsH3NO:Br2; 302.8530. Found: 302.8529.

6-Bromooxindole (22)

6-Bromoisatin (2.26 g, 10 mmol) % hydrazine monohydrate (100%) (20 mL) H C
NBGRGE U Tz, 3 BEIR . BOSHK Z fiim L. £ O%KE T cone. HC1 (20 mL) %
Az THAE L7, M L7oRid 2 RS 1TEE L . 8K & [Rl & D ethanol Z 12 THT
i L7218 %D hydrazine hydrochloride & ffife A1 L CTERE . IEIK 2 #E LITH L
Toiftibn 2 WG IR L7z, [FEROEEA S 612 4 MRV IR L, 1567 Mk &
# 7>H T methanol/dichloromethane 7> & Fftidh L CTHREHE L, 6-bromooindole (22)
844 mg (Yield: 40 %) Ziffdm & L TR,
mp. 232 °C. "H-NMR (500 MHz, DMSO-ds) &: 3.50 (2H, s, 3-H), 6.76 (1H, d, J = 8.3
Hz, 4-H), 7.33 (1H, dd, J = 8.3 and 2.1 Hz, 6-H), 7.37 (1H, d, J = 1.7 Hz, 7-H), 10.48
(1H, bs, 1-H). LR-MS (EI): 211 ([M]"). HR-MS (EI): Calcd for CsHsNOBr; 210.9632.
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Found: 210.9640.

7-Bromooxindole (23)

7-Bromoisatin (2.26 g, 10 mmol) % hydrazine monohydrate (100%) (20 mL) H C
INEGEGE LTz, 3 BEL ., SO & it L. 2 D% K% TIZ cone. HClI (20 mL) %
INATHE LTz, B L7ofSdh 2 W e L, I8 & [Rl & ethanol Z 1z THr
i L7218 %D hydrazine hydrochloride & ffife A1 L TERE . IRIK 2 & {E LITH L
Toften 2 ol EH Lz, [ARROEMEAZ S HIZ 2 BV IR L, 5o laidhz
£ 4 T methanol/dichloromethane 7> & Fffah L TR L, 7-bromooindole (23)
1.65 g (Yield: 78 %) Ziffih & L7,
mp. 212 °C. 'H-NMR (500 MHz, DMSO-ds) &: 3.62 (2H, s, 3-H), 6.88 (1H, 1, J = 7.7
Hz, 5-H), 7.20 (1H, d, J = 7.3 Hz, 6-H), 7.37 (1H, d, J = 8.1 Hz, 4-H), 11.35 (1H, bs,
1-H). LR-MS (EI): 211 ([M]"). HR-MS (EI): Calcd for CsHeNOBr; 210.9632. Found:
210.9633.

Indirubin 3’-(0-2,3-dihydroxypropyl)oxime (10): E§04

Prepared by method IV with minor modifications. Yield: 68 %, mp. 252 °C (ethanol).
"H-NMR (500 MHz, DMSO-ds) &: 3.52 (2H, t, J = 4.6 Hz, 3°-N-O-CHz), 3.98-4.04 (1H,
m, 3°-N-O-CH»-CH), 4.51 (1H, dd, J = 109 and 6.6 Hz, one of
3’-N-O-CH»-CH(OH)-CH»), 4.65 (1H, dd, J = 10.6 and 4.0 Hz, one of
3’-N-O-CH2-CH(OH)-CH>»), 4.81 (1H, ¢, J = 5.5 Hz, 3’-N-O-CH,-CH(OH)), 5.12 (1H,
d,J=4.9 Hz, 3°-N-O-CH,-CH(OH)-CH»-OH), 6.90 (1H, d, J = 7.5 Hz, 7-H), 6.99 (1H,
td, J=".1 and 1.2, 6-H), 7.04 (1H, td, J = 7.0 and 1.4 Hz, 5’-H), 7.15 (1H, td, J = 7.5
and 1.2 Hz, 5-H), 7.41 (1H, d, J= 7.5 Hz, 7’-H), 7.43 (1H, td, J= 7.4 and 1.2 Hz, 6’-H),
8.19 (1H, d, J=17.5 Hz, 4’-H), 8.63 (1H, d, J = 8.0 Hz, 4-H), 10.75 (1H, s, 1-H), 11.69
(1H, s, 1’-H). LR-MS (EI): 351 (IM]"). HR-MS (EI): Calcd for Ci19H17N304; 351.1219.
Found: 351.1221.

5-Bromoindirubin 3’-(0-2,3-dihydroxypropyl)oxime (60)
Prepared by method IV with minor modifications. Yield: 71 %, mp. 266 °C (ethanol).
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'H-NMR (500 MHz, DMSO-dy) &: 3.55 (2H, ¢, J = 5.4 Hz, 3’-N-O-CHy), 4.00-4.07 (1H,
m, 3-N-O-CH»-CH), 4.56 (1H, dd, J = 107 and 65 Hz, one of
3’-N-O-CH,-CH(OH)-CH,), 4.64 (1H, dd, J = 107 and 42 Hz, one of
3’-N-O-CH,-CH(OH)-CH,), 4.78 (1H, ¢, J = 5.7 Hz, 3’-N-O-CH,-CH(OH)), 5.13 (1H,
d, J = 5.0 Hz, 3’-N-O-CH,-CH(OH)-CH»-OH), 6.86 (1H, d, J = 8.0 Hz, 7-H), 7.05-7.10
(1H, m, 5°-H), 7.30 (1H, dd, J = 8.0 and 1.9 Hz, 7>-H), 7.44-7.48 (2H, m, 6- and 6°-H),
8.19 (1H, d, J = 7.6 Hz, 4°-H), 8.85 (1H, d, J = 1.9 Hz, 4-H), 10.90 (1H, s, 1-H), 11.75
(1H, s, 1°-H). HR-MS (ESI): Calcd for C19H17N304Br; 430.0402. Found: 430.0406.

Indirubin 3’-(0-2-hydroxy-3-(2-hydroxyethylthio)propyl)oxime (7)

Argon ZZPHX T, Epox/Ind (3) (208 mg, 0.62 mmol) % N,N-dimethyl formamide
(super dehydrated) (25 mL) (Z{&fi# L. triethylamine (20 mL) 35 X T 2-mercapto
ethanol (2.5 mL, 36 mmol, 58 molEq) Z /N X TR TR L7z, 30 KEEE. S
% % ethyl acetate TA7HR L., sat. NaCl |Z conc. HC1 Z /N 2. CTlgtE & L721%. +471c
G3R LTz, AHJE % sat. NaHCOs THEJEMEIZ L7=f2, HPEIC72 5 £ T HoO THENr
L7c, Btk 2 BKRET N U ¥ A, NaxSOs TH/KHZIR L TH BLIRE T st 4 ¥
L L7, BoT AR % NEYK chloroform/methanol (20:1, v/v%) 72 & TNZ
chloroform/ethyl acetate (1:1 ~ 1:2, v/v%) % ¥ T & 3% column chromatography
(AT U TRER L7z, %9 2 J8UE T H2%4% . methanol/dichloromethane 7> & Fif
fn L CORS 8 L. indirubin 3°-(0-2-hydroxy-3-(2-hydroxyethylthio)propyl)oxime (7)
99.1 mg (Yield: 39 %) Zfiim & L TH7,

'H-NMR (500 MHz, DMSO-dg) 8: 2.66 (2H, 1, J = 6.8 Hz, S-CH,CH,0H), 2.73 and
2.78 (each 1H, dd, J = 13.4 and 6.3 Hz, S-CH,CH(OH)CH2-0), 3.53 (2H, ¢, J = 6.4 Hz,
S-CH2CH,OH), 4.10-4.20 (1H, m, S-CH,CH(OH)CH»-0), 4.55 (1H, dd, J = 11.2 and
6.6 Hz, one of S-CH,CH(OH)CH,-0O), 4.66 (1H, dd, J = 11.2 and 4.0 Hz, one of
S-CH>CH(OH)CH»-0), 4.82 (1H, 1, J = 5.4 Hz, S-CH,CH:OH), 5.43 (1H, d, J = 5.2 Hz,
S-CH,CH(OH)CH»-0), 6.91 (1H, d, J = 7.5 Hz, 7-H), 7.01 (1H, #, J = 7.6 Hz, 5-H),
7.04 (1H, td, J = 7.4 and 1.5 Hz, 5°-H), 7.16 (1H, ¢, J = 7.6 Hz, 6-H), 7.42 (1H, d, J =
8.0 Hz, 7°-H), 7.44 (1H, 1, J = 7.8 Hz, 6’-H), 8.18 (1H, d, J = 7.7 Hz, 4-H), 8.63 (1H, d,
J = 8.1 Hz, 4-H), 10.79 (1H, s, 1-H), 11.71 (1H, s, 1’-H). 'H-NMR (500 MHz,
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DMSO-ds mixed with D;0) &: 2.67 (2H, ¢, J = 6.8 Hz, S-CH,CH,OD), 2.74 and 2.79
(each 1H, dd, J = 13.5 and 6.3 Hz, S-CH.CH(OD)CH»-0), 3.57 (2H, ¢, J = 6.9 Hz,
S-CH,CH,OD), 4.13-4.20 (1H, m, S-CH,CH(OD)CH,-0), 4.57 (1H, dd, J = 11.2 and
6.6 Hz, one of S-CH,CH(OD)CH,-O), 4.67 (1H, dd, J = 11.2 and 4.0 Hz, one of
S-CH,CH(OD)CH»-0), 6.96 (1H, d, J = 7.8 Hz, 7-H), 7.03 (1H, td, J= 7.7 and 1.2 Hz,
5-H), 7.07 (1H, td, J= 7.6 and 0.9 Hz, 5°-H), 7.19 (1H, td, J = 7.6 Hz, 6-H), 7.37 (1H, d,
J=8.0 Hz, 7°-H), 7.46 (1H, td, J= 7.6 and 1.1 Hz, 6’-H), 8.19 (1H, d, J = 7.8 Hz, 4°-H),
8.63 (1H, d, J = 8.0 Hz, 4-H). LR-MS (EI): 411 ([M]"). HR-MS (EI): Calcd for
C21H2N304S; 411.1253. Found: 411.1253.

Indirubin 3’-(0-{3-(2-acetoxyethylthio)-2-hydroxypropyl}-1’-acetyl)oxime

Indirubin 3’-(0-2-hydroxy-3-(2-hydroxyethylthio)propyl)oxime (7) (fJ 10 mg) %
pyridine (1.0 mL) (Z¥fF L, =R CTHIE L7, 16 FEff2. IGH % ethyl acetate
THM L. sat. NaCl T conc.HCl Z N2 TEeME & L7ctk, + ik Lo, Ak
J& % sat. NaHCOs THE ML L7z &, PRI/ % £ T H0 T L7, AtE %
HERWEE T ~ U © A, NaxSOs THRKHIEE L T BIRE T 28R L, Goh
T HLAE R % IBEYR n-hexane/ethyl acetate (2:1, v/v%) ZIRHIVABE L 9% column
chromatography (Z fF L T 8 L | indirubin 3’-(O-{3-(2-acetoxyethylthio)-2-
hydroxypropyl}-1’-acetyl)oxime % s & L CT5E7-,
"H-NMR (500 MHz, Chloroform-d) §: 1.98 and 1.99 (each 3H, s, each CH;COO-), 2.81
and 2.84 (each 1H, dt, J=13.8 and 6.6 Hz, S-CH,CH,OCOCH3), 2.88 (1H, dd, J= 14.3
and 7.2 Hz, one of S-CH>CH(OCOCH3)CH20-), 3.02 (1H, dd, J = 14.3 and 5.7 Hz, one
of S-CH.CH(OCOCH3)CH20-) 4.16 (2H, t, J = 6.6 Hz, S-CHCH,OCOCH3), 4.74 (1H,
dd, J=12.0 and 6.6 Hz, one of S-CHCH(OCOCH3)CH>0-), 4.81 (1H, dd, J=12.0 and
3.5 Hz, one of S-CH>CH(OCOCH3)CH20-), 5.40-5.47 (1H, m, S-CH>CH(OCOCH:j3)
CH,0-), 6.91 (1H, d, J= 7.7 Hz, 7-H), 7.01 (1H, td, J= 7.4 and 1.1 Hz, 5-H), 7.04 (1H,
td, J=7.7 and 1.4 Hz, 5>-H), 7.17 (1H, td, J= 7.7 and 1.1 Hz, 6-H), 7.42 (1H, d, J = 8.0
Hz, 7°-H), 7.45 (1H, td, J = 8.0 and 1.1 Hz, 6’-H), 8.08 (1H, d, J = 7.5 Hz, 4’-H), 8.61
(1H, d, J=7.7 Hz, 4-H), 10.81 (1H, s, 1°-H).
"H-NMR (500 MHz, Chloroform-d mixed with methanol-dy) &: 2.05 and 2.06 (each 3H,

56



s, each CH3COO-), 2.85 (2H, td, J= 6.9 and 1.1 Hz, S-CH,CH,OCOCH:3), 2.90 (1H, dd,
J=14.1 and 6.0 Hz, one of S-CH,CH(OCOCH3)CH-0-), 2.95 (1H, dd, J = 14.1 and 6.9
Hz, one of S-CH,CH(OCOCH;3)CH0-) 4.25 (2H, ¢, J = 6.7 Hz, S-CH,CH,OCOCH3),
4.81 (1H, dd, J = 12.0 and 5.7 Hz, one of S-CH,CH(OCOCH;3)CH20-), 4.87 (1H, dd, J
= 12.0 and 4.0 Hz, one of S-CH,CH(OCOCH3)CH:0-), 5.43-5.49 (1H, m,
S-CH>CH(OCOCHj3;) CH20-), 6.95 (1H, d, J = 7.4 Hz, 7-H), 7.01 (1H, d, J = 7.4 Hz,
7’-H), 7.03 (1H, ¢, J="7.8 Hz, 5-H), 7.12 (1H, td, J= 7.4 and 0.9 Hz, 5’-H), 7.20 (1H, d,
J=7.4and 1.1 Hz, 6-H), 7.39 (1H, ¢td, J= 7.7 and 1.1 Hz, 6’-H), 8.15 (1H, d, J= 7.4 Hz,
4’-H), 8.67 (1H, d, J = 7.8 Hz, 4-H), 11.56 (1H, s, 1’-H). LR-MS (EI): 495 ([M]").
HR-MS (EI): Calcd for C2sHasN306S; 495.1464. Found: 495.1464.
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Comprehension asignement of the chemical shifts of protons in the aromatic ring

Br

4-H

5-H

6-H

7-H

4'-H

5'-H

6'-H

7-H

Ind

Indox|

Epox

Ind

Indox|

Epox

Ind

Indox

Epox

Ind

Indox|

Epox

Ind

Indox|

Epox

Ind

Indox

Epox

Ind

Indox|

Epox

Ind

Indox|

Epox

8.77

8.66

8.63

7.00-
7.05

6.97

7.00

7.26

7.15

7.16

6.91

6.92

6.90

7.66

8.24

8.16

7.00-
7.05

7.01-
7.07

7.05

7.58

7.44-
7.79

7.45

7.43

7.44-
7.49

7.43

5-Br

8.91

8.76

8.84

7.36-
7.42

7.38-
7.46

7.43-
7.51

6.85

6.84

6.86

7.64

8.25

8.16

7.03

7.06

7.08

7.57

7.38-
7.46

7.43-
7.51

7.36-
7.42

7.27

7.31

6-Br

8.68

8.56

8.56

7.21

7.09

7.31

7.05

7.03

7.03

7.65

8.23

8.16

7.03

7.05

7.07

7.59

7.38-
7.46

7.43-
7.49

7.42

7.38-
7.46

7.43-
7.49

7-Br

8.77

8.68

8.65

6.99

6.90

6.96

7.44

7.37-
7.47

7.33

7.67

8.25

8.16

7.05

7.06

7.05-
7.11

7.60

7.37-
7.47

7.44-
7.50

7.43

7.28

7.44-
7.50

5'-Br

8.75

8.63

8.60

7.03

6.94

7.00

7.27

7.13

7.17

6.90

6.89

6.90

7.78

8.36

8.26

7.73

7.56

7.63

7.41

7.40

7.43

6'-Br

8.76

8.64

8.62

7.02

6.95

7.00

7.27

7.13

7.17

6.90

6.89

6.90

7.73

8.14

8.06

7.19

7.18

7.22

7.68

7.68

7.71

5,6-Br;

9.03

8.90

8.95

7.17

7.18

7.16

7.63

8.24

8.12

7.04

7.07

7.05-
7.11

7.58

7.43

7.43-
7.49

7.41

7.46

7.43-
7.49

5,7-Br,

8.80

8.87

7.47-
7.51

7.46-
7.55

8.25

8.15

7.10

7.11

7.43

7.46-
7.55

7.47-
7.51

7.46-
7.55

5,5'-Br,

8.91

8.75

8.81

7.43

7.29

7.32

6.87

6.84

6.86

7.79

8.35

8.25

7.75

7.60

7.65

7.41

7.44

7.45

5,6'-Br,

8.93

8.76

8.83

7.43

7.28

7.32

7.05

6.85

6.86

7.60

8.16

8.05

7.22

7.22

7.26

7.68

7.71

7.73

6,5'-Br,

8.65

8.53

8.54

7.22

7.10

7.16

7.05

7.03

7.03

7.78

8.32

8.25

7.74

7.59

7.64

7.40

7.42

7.44

6,6-Br,

8.67

8.55

8.54

7.21

7.10

7.15

7.05

7.03

7.01

7.58

8.13

8.03

7.21

7.22

7.23

7.68

7.70

7.71

7,5'-Br,

8.73

8.62

8.63

6.98

6.89

6.96

7.35-
7.48

7.30

7.34

7.77

8.32

8.26

7.73

7.58

7.66

7.35-
7.48

7.42

7.46

7,6'-Br,

8.76

8.62

8.64

6.99

6.88

6.96

7.45

7.29

7.34

7.59

8.10

8.05

7.22

7.19

7.25

7.69

7.69

7.74
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Bioassay

Materials

Human hepatocellular carcinoma (HepG2 cell) (& Cellular Enginnering Technologies
o D% AU =, Dulbecco’s modified Eagle’s medium, Penicillin-Streptomycin,
Fetal bovine serum, Trypsin-EDTA solution %, Sigma-Aldrich ££D & @ % v 7=,
AlamarBlue® reagent |Z =1 AE « /XA A 4ED H D% V7, Dimethylsulfoxide (for
Biochemistry), acetonitrile (for HPLC), trifluoroacetic acid (Wako special grade), #ft:
-~ U L (Wako special grade), ¥ifb 7 U 7 L (Wako special grade), U »EE/K
# 7~ U DL (Wako special grade) [EFDEHSK TRMEDO S DZ AW, U R
T K%V 7 A (Bxtra pure reagent), U U EE/KSE 7 U 7 A (Extra pure reagent)
Id Nacalai tesque 1D & D & N7z,

Phosphate buffered saline (PBS) (X, NaCl (16 g), KCl1 (0.4 g), Na,HPO4* 12H,0 (5.8
g), KH,PO4 (0.4 g) % ultra pure water (> 18.2 MQ) (200 mL) (Z{&fi# L7=H D% 10
& PBS &R 2 R AFIRHR & L. FIF ultra pure water C 10 {5 L 72 & @ Z JEaE I
L THWE,

50 mM Kpi buffer (pH 7.4) &£, KH2POs4 (10.89 g) / ultra pure water (200 mL) & |
K>HPO4 (73.02 g) / ultra pure water (800 mL) % &> TV »E T pH & L 7=
400 mM Kpi buffer (pH 7.4) % . ultra pure water C 8 {5 R L 7= & DD pH % &
FHET LTV,

Cell viability assay: alamarBlue® assay
Preparation

HepG2 #lifid DE5#8 1213, Dulbecco’s modified Eagle’s medium (450 mL) #1Z., PS
(10 mL; Penicillin 100,000 units and Streptomycin 100 mg) 3 X OX fetal bovine serum
B0mL) ZMz7=boEE#E LTHWE (LLF DMEM), iUk aE 4 °C) £+
17U ARSI 35 °C ICME L CTHW, TR L TD 1 4 A ZREL LTl
LT,

PRERIEAIRIL, cryovial ICHREAIE A K) 1 mg FEELL T DMSO (Z¥fE L7
10 mM stock solution ZF% L, FHFFAR L T/HV 2, 10 mM stock (X555 ik
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(20 °C) PR1F L. 1 » A ZRE & U CHESE LHERRL L THW=, Cell viability
assay (23N Ti, #IEIZ L7z 10 mM stock solution (10 pL) % DMEM (990 uL) T
AR LT 100 uM AR & L. 100 uM AR % Bili@di e L 7= 1% DMSO & 4f DMEM
ZHAWTHNT 52 & T, FIREOHKEEERER 2R LT,

AlamarBlue® assay

Trypsin ZLEE L CEX L, DMEM (28 L 7= HepG2 %, DMEM T BAR L
T 1.0 x 10* cells/100 pL. & L. 96 well microplate (Z477E (100 pL/well). pre-incubate
(BIZZR1EF 37 °C, 5.0 % CO2, 24 h) L7, 8z (REL. #BmE 4+ &1
DMEM (0.01-100 uM, 100 pL/well, n = 4-6) % #s/ L C incubate (F2IE 54 T 37 °C,
5.0% COy, 24 or 72 h) L7-, Bz W5[FRrE L7-%IZ PBS Ty LT (100
uL/well), DMEM T 10 {%##R L 7= alamarBlue® reagent % ¥/l (100 pL/well),
incubate (A 5:14F T 37 °C, 5.0 % CO», 3-5h) L7, AlamarBlue® reagent D%t %
A CRERS L7t b & 577 nm, # IR 612 nm (2361) 2 #OGIREE 4 ) E
L 7= (FLUOstar OPTIMA), #{BR¥%E % & % 72\ > DMEM % ¥R L 7= well % control,
HepG2 HMifE % 7 F 720> well I control & [FIERDALER A JiE L 7= well % background
& L C. control D FEHRIE A 100% & L7z & & OB N well O HHE )
il R 2R LT,

Hydrolysis assay
Preparation

HepG2 #fifid % petri-dish (60 cm?, 60-70% confluent) 8 #¢/3 FHE L. 1 £ Z & I2hs
Wil 51412 PBS CT¥ei¥ L. DMEM (2 mL) Z¥%shN L T cell scraper "CiilfiE % i
L7z, AMIESHE 2.0 (4 °C, 1000 rpm, 5 min) L _BIEZRE L2, KBTI,
50 mM Kpi buffer (pH 7.4) (2 mL) |2/ L CHEE A L7 H D% cell lysate &
L7z,

BEEREREKIZ, A 10 mM stock solution (20 pl) % FFF ethanol (180 pL) THy
LT, ImM#iRE LTHWE,
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Incubation

77T A BERERE 1T cell lysate & 7213 50 mM Kpi buffer (pH 7.4) (200 uL) & #75r
AH (10 pL) 2 ANIEE (37 °C, 250 rpm, 1 h) L7z, 10% Methanol &4 ethyl
acetate (400 uL) % i1 2 T, vortex-mix (20 sec), sonication (60 sec). i[> (4 °C, 1000
rpm, 5 min) DONEIZALER A L CTHE7= E3FO—HF (100 uL) % HPLC A vial IZ47HL L |
JE T EEA R 25 UTe CAMSISIERt I 5)), A A IRl HH I 313 0.05% TFA &
A acetonitrile (300 uL) (Z¥&fFE L, % DO—H (50 uL) % HPLC (Z inject L 72,50 mM
Kpi buffer (pH 7.4) & (TR L7z & & OWBRGIEH S D peak HifE % 100% & L.
cell lysate CHLEL L 7= ¥ BRFAIK K D peak HFEZ b LMK fRFE R H LT,
F 7o, RO TIE T U 7 AR SR 5y 2 UPLC/MS (24 L CorF&HIE
AT o7,

HPLC and UPLC-MS apparatus

HPLC

HPLC #|%E (%, Shimadzu Prominence (15~ = v k; LC-20AD, #4— hr> 7 F
—; SIL-20A, #Hi%s; SPD-20A and RF-10AXL, 4 —7 >; CTO-20A, 4> 7 A >~
FH ¥, DGU-20A, ¥ AT L= ha—F—; CBM-20A) (2, Shiseido Capeell
pak C18 MG III (250 x 4.6 mm) A #&e L CHEMH L7-, BEIFH (CH3CN:acidified
(0.10% TFA) H,0 = 8:2, v/v%) 1%, #iti#H 1.0 mL/min. {Z5%E L7z, S0 HrIEEE 13 40 °C
TIT> 7,
UPLC-MS

UPLC-MS HIE %, Waters Xevo G2-S QTof |, Waters AQUITY 1.7 um UPLC BEH
C18 (130 A, 2.1 x 50 mm) A& L CfEH L7-, BEIFH (CH3CN:acidified (0.10%
TFA) H20 = 8:2, viv%) &, Jiti# 0.1 mL/min. {ZF% € L7z, IR EIL 40 °C TTT

7,
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