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AcOEt: Ethyl acetate

CF: Carbofluorescein

DAC: Dacogen

DDQ: 2,3-dichloro-5,6-dicyano-p-benzoquinone
DCM: Dichloromethane

DMF: N,N-dimethylformaldehyde

DMSO: Dimethyl sulfoxide

EWG: electron withdrawing group

GST: Glutathione S-transferase

HOMO: Highest occupied molecular orbital
LUMO: Lowest unoccupied molecular orbital
MOM: methoxymethyl

NBS: N-bromosuccinimide

PCC: Pyridinium chlorochromate

PeT: Photoinduced electron transfer

PI; Propidium Iodide

PPA: Polyphosphoric acid

sec-BuLi: secondary Butyl lithium

TBAF: Tetra-n-butylammonium fluoride
TBS: Tert-butyldimethylsilyl

TFA: Trifluoroacetic acid

TG: TokyoGreen

THEF: tetrahydrofuran

TM: TokyoMagenta

WSCD<HCI: Water-Soluble Carbodiimide hydrochloride
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F1H AFEEFBRHFRFTREELE-®EATO—T(ZIDOVT

EERRNITFTET D EFEELE2 7 T2 T, ZOMEESCEEIZH LM T 5
ZEITEMBI RS OBRIZB W TEHEETHD. émw ié%m@ &
LT D LD TEDLNFA A=V 7EIE, AMBEMRICBOTRL Z
EDTERNWLDTHD., D TAA—V U TEO—DIlEt7e—7%H
WA A=V U ZERS D UL, B G O 51 & 2 THEERRED
kT 28T m—T 2 HNT, AENOBHIKSG S FE2RET 20D TH 5.
1980 AFEIZ R. Tsien N ANV T A A NZKT HENT o —T V2R LI-D %2R
I, v 7RI LRI T AT r— T PR I, L LR
O, #OLT v —7 OBRFIZEET 5 BARRY AR R EHEIX 2000 4RI 7R D E Thfe
NENAZ ot

SFHEEFTEE (Photoinduced electron transfer; PeT) [ZE D < &AL DHIHE
g

2001 FFIZHF B 1%, HFHEE 7B E) (PeT: Photoinduced electron transfer) |
@ﬁ%%%@ﬁ%ﬁﬂﬁéhé_k%ﬁmb,mt7ﬂ~7®$tﬂ@%%k
LT PeT ZAFENREL & L7 —BIAMRSA M HEOE 7 m—7 DMAX ZBA% L7
F72, 2004 FIZ BB LI, @Y e —T7 %, wERTHIEEEEZOEE
49 2w A S 53 0, EOEHIE 2 B LI E - EI T 5 a-PeT
(acceptor-exited PeT) , Ot 7> b #OCHHIHIC B892 d-PeT (donor-exited
PeT) @2 FFHICHFE LT 5. BEARAIICIE, a-PeT TlIphiIRIEICEWNT, EHE
FE D s a eI O HOMO 75 306 O HOMO (24 L TEFBEIT 5 2 &
THOEPHIE SN TWD 2, ELHEH OMELRICE S B FEERL LW
HOMO DK TIZ & D a-PeT 23R S THRWNVEDEZ HET 5 K 512725 (K 1-1-1].
—77, d-PeT TIHEIRREICIB VT, dOEH D LUMO 7 & 8- O VvdDE
HAEET O LUMO IZxt L CEFBEIT 5 2 & Trot il ST o 23, @kl
HFOREEZACITHE 2 BFHEES LV LUMO O EFIZ LY d-PeT Mk LT
FRWVEEEHRT DL IR D. TNHOWEND, SGHIEE#E & LT PeT %



FENEEE L L7cie 7' v — 7 O FRRGHED ML L, = b2 R0WE FH e
E Vo TNV FEREAIC R T D8N T o —T TR0, B-HT T RV A =R
TNEFF L SHEBEESE (GST) & W o mBERICHT %7 a—7 89 7l
DPAFE I TV D

B i 0

HOMO4— _H_HOMO 4— 1 -H- 4— _H_
HAE EAHOE

Strongly fluorescencent Non-fluorescent Non-fluorescent

1-1-1 a-PeT & & U d-PeT (2 & U & S Hl{EHEE DO BIREE °

DFRREOBRIERGIZE D < HADOH|EHE

F/o, #ECOREBEME L L TaEtERIRNWT 7 ML a b 23T 5 %Y
T RO (S FRNAE R BRLKES) A EERREE Lcaot e —7
DBFEMTONTWD . FEERIZ, dOLOfiERE & L ThFRA B BR{bRS
AEERNRPR L LT PG HEDHENL S, v - I NV Z IV T UV ARTFH—F

(GGT; v -glutamyl transpeptidase) °B-A 7 7 b H—RIIx$ 249067 0 —
TR INTNS O =X 5L, wT e —T O RRFHERHEN S,
BUEE Clohkx a7 e — 7 R ST D



E28 HATO—JTZAVENAMROKE

DA DIBERERZWNCBNT, DAMREREHT 22 SITEETH LS. Kol
IR A DIRIEEDRFIL, BAOERVELEZE, DADBRERSTHOUE
2O D L LTHIRF SN TWD. BUERADHBEZK CILH I TN D~
¥ Uy« =4 (Hematoxylin-Eosin; HE) YefaikTlX, o 7 VEERZH
BT A EE, PR E%E, —ERBREOHMAZZEL, BEMEEEH\T
AR DFCAR D FEF 7> 6 D3 AMifE & IEFE MR 25503 5. —F, mFEFER SN T
WD BNAHIEOBRHETEO —DIc@E 7 a—T & ATt A — U v FER
HD. WS, PAMIETERIAL TWDEEFE GGT OF T 5 X7 F 4 —BiE
PRI IR EOE & 321 THRECHED NN, R AFln—2 I 7
Y —> (HMRG) & 72% vy -glutamyl hydroxymethyl rhodamine green (gGlu-HMRG)
EAWTHRAMBERIITEX 220, BDAMIACERELT 28E TR
DT a0 —T WA A= ZIED, G B T2 A AR O
BHICEWWTHENTHLZ &R L (M1-2-1 (A)]) . 20, B-AHT7 b
VH—EBRAF Y I =H—F, DNARFIRT T =B Lo RAMIIET
ERBTOMRIIKTI2E T e —T BRI, IhbomtTe—T %A
WTHAAMIEZRTE S Z EAVRINTND M8 X518, B b, #®EA
A= TIECB T DRI « EOEIEE O R o R A R ISR 5 2 L
DTEDLINTFHNT—AA—VTICERL, Bled 2 EORTFLX—ED
EEEZNENBET 5 2 L O TE 5867 1 —7 Z-Phe-Arg-HMRG (fkta 82 8)
4 L oGlu-HMJICR GREEE) B2HAWT~ D AR L7 2 EO R 508,
A RERCEBIcE D2 L ER L (K 1-2-1 (B)].

ZOEIIZ, DAMBROREIZEBWT, w7 —T72HWowhA A—v
ZHETAMTH Y, EBRIZE FORABEITT DERKICH b1ThhTng 1617,



(A) gGlu-HMRG ZRWE=HAMBOSA T A—S0T
gGlu-HMRG

SHIN3

Q Q N
HoN O (o) O HJJ\/\‘/U\DH HoN O (¢} O NH,*
NH,

gGlu-HMRG HMRG
Non-fluorescent Strongly fluorescencent

Sci. Trans. Med, 2011, 3, 110, 110ra119

(B) Z-Phe-Arg-HMRG& gGlu-HMJCR ALV
NABBOZIVFAT—AA—=DY

O O /@ Z-Phe-Arg-HMRG/gGlu-HMJCR

o o —

sooSUS o >N US: |

N 0 HWDH HN o u NY\NHCbz
NH, o

N4

>

(]

O

HN Q

o

H,N" SNH %

]

gGlu-HMJCR Z-Phe-Arg-HMRG »
(Red) (Green)

Chem. Eur. J. 2016, 22, 1696-1703

1-2-1 (A) GGT FMHfHENLTO—T g6lu-HWRG DIt RIGHH LU SHINS 29554
THILA A=V E R, (B) Z-Phe-Arg-HMRG (#%) & &L U gGlu-HMJCR (F) D#Ed&E=, SHI3
BEIUSCON #BELEIVRICHTEIIILFHAS—A A—DUJER



4 8 GSTP1 BIRMFEMBREHENLTO—T DRH

AHITIE, E LRSS TT 72 o T NE OB E A Fidk L 7= (2017 ﬁf# flgt%jc)
HMIHEERE D — > TH DI/ NVE F A4 Sl (GST) 1%, BB FMH
u%ﬁﬁéﬂ%%ﬁﬁﬁwLﬁbf”*M&w&%ﬁ/(mm)@@Aﬁm%
filli£ L, Alpha, Mu, Pi 72 E D7 7 RTINS, TOHTH Pi /7 ATH
% GSTP1 1%, BISZIRS AR —IBONRNAMILAEFRE, £ < O 8200 A
AR 2B CIEBFEIFEHEL L T\ D (X 1-3-1 (A,B)]). F72, GSTP1 (3 ZYEdE R 7I&
AL & R TE X T —EBD—>T&H 5 INK (c-jum-N-terminal kinase) & & > /37
BHEAEEREFR L, INK DI ZLET 5 Z & TY A M —v R &3 2 2.
ZOT R b= ZOPHENIHLA TN T DIERETIMEICHF G L TnbH &&E R
HNTWNWD., L LD, ZiLE CHKRMEIZEWT, DAREBRBEFEDON A
FHARIZ 1T D GSTP1 OFHL&E & TRICHBEBMRE H 5 Z LRI NTWNDLH D

D B2 ZEMAR R BRI OW T REARHTH 5.

—7J7, GSTP1 #ZIF & A EFRBLL TORWEINIRD AMIIEC—E D 23 VMR T
I%, GSTP1 O 7w E—Z —fHENEHEIZA TF LSRN TS 3. Zonol
GSTP1 FEFH AMLIK LT, DNA A FIALBLEAICTH D 5-7 F-2-T 4%
Vv FTY (DAC) R NA T IR, IV IVENMWHTHE T aE—H
—HEIR DML A FAAKIZ LY GSTPL BHBLT 5 L 212705 23 (X 1-3-1 (O)).
ZD7D, DNA AT EBERIC L VFEINT Y = 2T 1 v 7 B bD
FREEL LT, GSTP1 BB AH TH L Z EAMESIN TN 2

FRL72E 912, Z< O AMITEIILT S GSTPL (TG ~— I —& LT
SN TCnD. F, BIVIEPAMEZIZILOH LT 2T 0 v 77
N LY GSTP1 Z1F & A EREBLL T 72 W AKIEE Tlix, DNA £ F /UL E
FICEVFEINTZZ T = 2T 1 v 7 RZEOFEEE L LT GSTP1 F B A H
THDHZEDNRENTWD., ZRHDI G, GSTPL JEMEZRIRAICH
HENT 0 =T N m A A= THEIE, D AHI R O TR 22 R e
GSTP1 FEFHLN AMLIZIB VT DNA A F /LI ERIC LV FEI ey
T RT A v I IRELOBRHNEIFFTE 5. 21 E TIZ DNAT-Me® X° DNs-CV33,
P-GST* L\ o7z GST IEMERHHE 7 o — 7 BB SN TWD L 00, HlEN
GSTP1 {EMEDIBRA R PAREETH L Z L NETH 7. £ T, GSTPI
JEPEZ BRI T2 2 L O TE L HHEL 7 0 —7 Ps-TAc ZB% L7z (B



R0 .

(A) (B)
Kz BITSL AR AR
% 250
e o & o
= =
:_,s l § 200 I §
S 150 °
S S
@ 100 ®
@ § 5
ol 3 3
A= o 50 o
i | g ©f
S 5 Il 5 ol i
©  EEBE a4 E# 75\/\/

Protein Atlas GSTP1 (Antibody HPA019869)

Cancer Res, 2005, 65, 20, 9485-9494
Oncology Research, 2017, ORM-A-1392

(C)
B AFILIEIREE EAFILIEIKEE
2 2
o DNA AF)L{EREHI 7
o ~ GSTP1 1§
JnE—4— & |:> ToE—4— /\
BIzF BIzTF

1-3-1 (A) E bFOKES, FE, BILBROSABBE X VCEEBRBIZI S GSTP1 DREHE
BILZ2EER B) £ FOXE FE, AILBROSABBE S CEREBBICESITSH GSTPI
RREOITRZY - TAYT 4 T, (C) GSTP1 FERIEAAMAIICILNT, DNA AFIL
EREFICIYFESAEIED IR T4 v I BELIZKY GSTP1 RROMBLMERSND
ey

BRI DT & 0 BAZE S 47z GST {EMEM H a0 7 2 — 7 DNAT-Me? 1%, d-PeT I
EVHESEDFI STV D, GST ARAFHY 7 05 FHERAZIE BT K0 a4
O=Fra KRNI NEFFATEBRIND Z LT, @t OEF-FERL X
NLUMO @ _EFIZ LY d-PeT 23 EER S 40 CTHELVEL ﬁ‘é%:%%ﬂ“é HL, ZOf=
b % GSTP1 IRINAIZ 95 2 & N TE UL, GSTPI IEM: 2 @ISR
THZEDTELHAT e —TORBEBMFFTES. DF 0, GSTPI ZRAYIZ



TINEF I ANE IG5 5 HERE= b efbE 4% DNAT-Me O iil{E
IHEAR AT & WD DY GSTP1 BIRIITE MM O 7" 1 — 7 OBHF T 31T 2 Bkl
Thsd (K1-32). LLARAEL, ZILETIZ GSTPL #IRMIZ 7 VX2 T4 1
ARG E =T DR ER= N b OWMEFNEME T 57272, GSTPI #&4R
Il = F el S b FEKE= b et &M ORE L L O b T il 2 6 )
TN AGA A TEFTHL GSTP1 BHRAVIE MM E 7 0 — 7 DGR - FHli 21T -

GSTP1 EIRMLEE GSTEMHBHEE T O0—T DANT-Me
DIFR&EA

(EWG: BFREIH)

DNAT-Me
Non-fluorescent

d-PeT

B HAHEE

JACS, 2008, 44, 14533-14543

1-3-2 GST ;EMHEtHE Y 70— DNAT-Me O GST {XFMIL T IIL 2 F4 UiaaRIGDILFER
R & d-Pel [CEDHAFUEDEIL, HIUHR GSTP1 EBIRMFMHRHEHE TO—T DM

GSTP1 :FIRE B DIFER
RURAT =Y RO2AMHDHWF 402 = ek, SvAr BUSMZ X A= h ek

SIS B 725 73R 51 5 (EWG; electron withdrawing group) %9 5 7 FRFED
b a Gk L. Gl LTAbEY OB = ks b DUV T4 GST 47 1-fise

10



PMEE TN 572, pH7.4 © U Ul N U U AEERS (100 mM) 12T, &
& L= HEE= s efbs® (50 uM, 1% DMSO), GSH (1 mM), 4% GST %+
f (GSTA1, GSTMI1, GSTP1 ZiLZ#L 5.0 ug/mL) {F(E FIZBT DI A~
NV ORREFZL 2 RE LTz, £ OFE%, GSH/GSTPI f71E P23 T O AL A
X7 MAPEET D FHE= et E LT 5- AT 2-= hp XU X7 =
N&2 R U7z (1X11-3-3].

(A) (B)
g 107
Q.0 ) 0 g GSTP1/GSH
o SR
N
® 06 GSTA1/GSH
02N GSH, GSTP1 § GSTM1/GSH
0”7 "NH i 0” "NH 8 049 None/GSH
5 = s
NO, 2 024
<
0.0 . : .
0 10 20 30
Time (min)

1-3-3 (A) GSTP1 IREFMLG TV E FA UAERGERITHE Y MEAYIDILERIEK, (B)
GSH & & U'%& GST 4 F#& (GSTA1, GSTMI, GSTP1) F#&E T, £ v MEEWMDRRKIUK K 280 nm
26T DRAEDRFEIL

GSTP1 FRAEMBRER A TO—TDERK

e T, FLHE L7 GSTP1 BERAVEVE 2 el & Lioila 7 e —7
Ps-TG O &R x 1T »72. £ DO, PTG O G HF MK TH D
4-NH;-2-Me-TokyoGreen (6) DA IZ DUV T, Cook HIZ X 0 &G Sz Fik (%
F—A1-3-1) P EBH LT, Cook HITA XV ANVKRUV BT T4 7oLy oy
=l 2AFARAT VT REMAT 52 & T, 2,7-Y 7
-TokyoGreen Z 5 CXHZ &2 /RLTz. £IZT, 22-AFb-4-= X XT )V
TER 3 Lvyry/— (4) D 2-Me-4-NOx-TokyoGreen (5) D& k%
1T-o7-.

11



L
HO OH O
3 Cl O Cl
MSA, 110°C
(o} H HO O [0}

y. 26%

AEx—L1-3-1 2-AF)L-2" |7 -2~ 0O0O-TokyoGreen DERE R F+— L

HARMNZIE, RT VA FNAVANVT 4 REAWTHEME TH LD 2- A F /1-4-
= FeZREER (1) 2 2-AF b= ba_X U7 ha— (2) 1ZETL ()
H81%), runrrZuhfge') V=0 L (PCC) ZMNT2-AF/L-4-= b~
AT (2) B 2-AF N 4= a7 T R 3) Ikl (I
TIY%). 2-AFN 4= R_XUZXTATER 3) Lryry/—L 4) & X
5 AJVIR CFERHTTINEL L C 2-Me-4-NOz-TokyoGreen (5) % 157=. EIERKD
Z PR TH > 7o T OMER AT - 721218, fifbF U U LTukFiEs
XUt PV A n KFiERH N TC=brii27 I 7 KICELLT
4-NH»-2-Me-TokyoGreen (6) % 137- (2 TR TULE 4%). ac el 2 EH A
% 7= ZHE A WSCDeHCl (Water-solved carbodiimide hydrochloride) % VT,
5-A 2 v2-= b RBEME (7) L 4-NHz-2-Me-TokyoGreen (6) 75 Ps-TG %

7= (IE 50%) . &I, WbT7vF e flnTr =/ — W kEREIC 7 B F
JV%%%J\ LT Ps-TAc 24572 [(AF—L4 1-3-2].

B L& T 00— T O

Ps-TG |%, GSH/GSTP1 & DA > F 2_X— 3 N2 K VK 100 [FOdE S E
Famrlic (K 1-3-4). 2O, ZOEMBE LHB 70V ZF A AL
M52 L% LC-MS 3L OVHPLC I THER L7-. MmN GSTP1 iEME % #:
H3 25 Z EMTEDBRAET D72, MCF7 Mz st L CREEIE 2T D4 v
N7 (DsRed) & FLAG ¥ 7 %#¥E AN L7-4 GST 43 {FEZ R I EL 77
A 2 R (pIRES2-DsRed Express2/3xFLAG-GST) % F\7=5FAfi % &2 FIH L 7=,
Ps-TG Z W TCT A TN A A= T E2ITo72M, Ps-TG Ol afsd N
RN ERRB I N7, Ps-TG OMiflafOEBRFFEARE LT T =/ — /%

12



KA 7B F A b L7z Ps-TAc ZBR%E L 7= (X 1-3-5). Ps-TAc IZHAEANIZ THL
TEF LI T Ps-TG & 720, HilaN T Ps-TG 73 GSTP1 iZ#RFIZ 7 V& F
AN EZ T TRVWENSERTHZ L2 LT,

NO, NO, Q
HO OH

BH3 SMe, PCC, silica gel
e —_—
THF, 50°C DCM, r.t. MSA, 90°C
OH (o) H
y. 81% y. 91%
(o Je]
0\\//0 \\s//
S\ ~N
O,N O.N
NH, 07 ~oH
Na,S-9H,0 1) WSCD-HCI
NaSH-nH,O 2) NaOH
e —_—
H,O, reflux O AN ‘ MeCN, r.t.
(o] HO (o) o
y. 4% in 2 steps y. 50%
(o]
\//
5\
O,N
o NH

AcCl, DIEA O
ﬂ
THF, rt. 0 O A ‘
)I\o 0 o

y. 22%

AF—L1-3-2 Ps-TAc DEBRRF—L

13



(A) ¥
e
(o) NH

HO O 0\ ‘ o

GSH, GSTP1
NO,
EEN: )l ke
(B) (C)
> -
-E 1000 - 4000
‘2 800 8
P 2 3000
3] )
§ 600 - g
8 £ 2000
g 4007 I §
= [
2 2001 @ 1000
s o
[}] =}
(14 0 ' . : . e
450 500 550 600 650
Wavelength (nm)
1-3-4 (A) GSTP1 IKTFEME T ILE FA o HERIEEZ (T 5 Ps-T6 DIEZERIGR,
BIRIZHBIT B Ps-TG DEILRRY kL,
HEDREBELEL

0

206
HO (0} [0}

ME M

GSTP1/GSH

GSTM1/ GSH

- GSTA1/GSH
GSH
W@
0 10 20 30
Time (min)

B R

(C) GSH, #& GST B FREFATIZEHITSH Ps-TG DENE

FGATENALAL A= TORER, Ps-TAe ZH WA A—T 712X Y GSTPI

BT D MCF7 Milans bW aEeaA st sz (M 1-3-6).

INHORER X

D, Ps-TAc Z 5 Z &2 X 0 AN GSTP IETEAZ BRI TE 52 &N

mENTZ. DEBNELRILETONETH 5.

14



//O NY
S\ S\
O
O 7°|:||~ w71k
Ps-TG Ps-TAc

—
—
-
”
/,

-
,/

3P
o D
/ﬁtH] H@Hﬁ 07 NH Esterase
S
io O O\ o
Ps-TAc

1-3-5 Ps-TAc D5 FE%&t

986
0 (o) o

0\\/,O 0\\//°

S\ s\
B B
o™ w  GSH, GSTP1 o7

SN ®

Y

Ps-TG
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(A)

1 day 5 min
- »
Transfection Ps-TAc o
Plasmid <
CMV IRES Poly A =
5 3 3

3xFLAG-GSTP1 DsRed

(C)

800 -

Green F.I. of DsRed positive cells

1-3-6

600 -

400 A

200 1

(B)

Ps-TAc DsRed Merge

GSTP1

S (NP < SNad 5
34 )@g‘: "
TR g

200 m— 1200 Bar: 40 um

A1 A2 A3 A4 A5 M1 M2 M3 M4 M5 P1 01 02 T1 T2 S1 Z1 K1 None

GST subtype
(A)Ps-TAc D% GST R FIBERMZE 54 T I A A= J TEHET H5E@ R, (B)

Ps-TAc ZRWNN=5 4 TEILA A= VS B, (5 : DsRed, #% : Ps-TAc), (C) 54 T4
A= U THRERAZR T HMEIOBRE SN E-REENLDESLBRE

16



% 2E Ps-TAc AU =#pans

FRamic CRial L7z Y, ZAUE TISHIREN GSTP &M% 2 BRI 35 2
EMMTEDHHEIET v —7 Ps-TAec B L7z ((BELFR30. L L7225, Ps-TAc
DE T EATH 5 4-NHz-2-Me-TokyoGreen (6) 2 &% 5 Z L RNREETH Y,
TATENA A=V U TICBEREE I T 22 N TERDP T2, £
Z C, 4-NH;-2-Me-TokyoGreen (6) OH 772 AR TEOMZBiE LT (B 1
). EORER, Ps-TAc ZZEMNMAET 22 LD TE D EMFIEL ML LT2T
W, B LT Ps-TAc AW F A4 TR NAA A= 0 702 50, BRAKRONTE
P GSTP1 {EMEZ M H T & 22 OfGE (55 2 i), B RIEB RO HT1080 (73 A
fu)  &RHESFMAL b ko NHDF (EHE#ME) 23%k5 C& 20 OfGE (G 3 i),
TV 2 XT 4 v 7 R HENC XV GSTP1 FEEAMH & TV D MCF7 AR it
LT, =5/ LIEDO—2THDH DAC ZHNTZE Y = 2T 1 v 7 IRl fiF
bR S 417 GSTP1 %8l MCF7 fila Z i T 2200 fGE (B 4 8i) #17-o72. K
B CIE, BHZE L7z Ps-TAc 2MIEMNIZISIT 5 NTEMED GSTP1 OIEM: 2 & INAYIZ
BHETH ERAE T a—TThsrZ L a2RT.

17



% 181 4-NH-2-Me-TokyoGreen D& B FixDFEL

TokyoGreen %, (1) Friedel-Crafts Sitz3s X OWAKME G BOG, FRALES %2 F
ALTRUVAT LT e RELyay ) —AnbE5MT5FEE () UVFHk
iz d DML Grignard UG EFIA LT b bomEeExX0EBUonb AT
LHFE, O2FEICKMNTES. REITIE, (1) BLW () OFELZRKEFL,
Ps-TAc OERH KA TH D 4-NH,-2-Me-TokyoGreen (6) DfE{E I DZh=RMA) 72
BRTFIEOIZ BiE L.

(I) Friedel-Crafts Rty K URHKiEE RS, BIERIGZEFIALTARUX7
ILTERELYAY ) —ILOLERT BFE

Ps-TAc DEFEFE (A% —24 1-3-1) IZBITF MBI, 2-AF /L 4-= buaZE
Fig 3) Lvvnry/— (4) 5 2-Me-4-NO2x-TokyoGreen (5) #4515
TRICHD. TORERET, (@) 2-AF 4= FaXUXT AT e R (3) O
HNVKR= VRN T oAb Eb, (b) Friedel-Crafts SNk, vy mv
J—=)b (4 L) 2-AFNA4-=huaRXUXTATE R 3) BDEET D, () ~F
R FICAFET KBNS 7 v AL I TRy +& LTHiBEL, Lry )
— )VHROKEEFEIZ KX A RIC L 0 e SN TR EZ LT 5, (d)
Friedel-Crafts [JSI2 LV, LYy ay/—L (@) EHMaT 5, (e) Wik
ARIENRZ 5, () BILEISIC XY, VT U BRBMERSND, Thd L
Mg s D (A¥— 4 2-1-1). BIAERNART 2 ERE LT, (AF—2L42-1-1)
BTV 7 2=V A X HRBAB I ONN Y 7 = =)L A 2 AR, 2- 2 F v
4= PR ZATATE R @) RV Tz A X R ERIS TS, b
V7 2=V A X AN DO = e MV ORBER SN ETT 5 2 ERE
bz,
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NO, NO, /@\ NO,
?\ @\ HO OH H O

SN SR < SR

OH OH

AEX—L2-1-1 ZITEFRFI ELYOL/ —)L 4 5 2-Me-4-NO,—tokyogreen M ERLIZH LY
THEEIN S RIHEE

J.Bacci HIZK D VT == A Z UHRHERS B U T = = b A Z R O R
HEr BT MEME A S ANR BT TRISSE D EMBEROSHEZ 2 Z
E, TLTENLDRIGENA RV ANKUEE, Yr/aaAXy, YEF)lo—
TIVOIRBEEEZ NS Z & TIMflEn s Z & 2HE L TV DH A% — 24 2-1-2]
¥, L7, 2-Me-4-NO,-TokyoGreen D5 R IZ W CTIEIARSAEZHAWTDH
Rt aHIET2 2 ERRETH . 2oz, BILIE, (AF—24 2-1-1) I
RLIZ MY 7 == A2 iRz G AT D BR, Friedel-Crafts RUSICZE D 27 =
SN A CHRESH DI R Y T ==V A X AR 2- 2 F 4= f Xy
ATNTEe R Q) RV == AL R E ORIBURERI ST, by
J = IVEIBEENZ TWD 0 7272, IROSFARBKNESR, BRLSE L ONE
JLR % #% T 4-NH3-2-Me-TokyoGreen % & %7 % T TIE, 2 TRRINE 3% & 72
S TUW5. Z i 2-Me-4-NO2-TokyoGreen O & iR (T 351 2 ER(L Ui NS T

ISWZERFERTHLEBZDBND. EWVWHDY, EFRSIETHL=F
nﬁ%%ﬁﬂ“ét&b FRALANZ T D BT 2 T IETROSHET LI N D &M
WEINTTDOTHD. £ I TAMETIE, BERISE LB E LRWETFE
% AV T 2-Me-4-NOz-TokyoGreen D5 k& 4772»7=. BARBIZIX, 74T 8 R
HRDKFEKRIEICT D ETHD. 2F0, M 7= A X KD
AT U UHROKENKBIEICES DS 2 & T, BILKE Tl < BKSS
WZED XY T oEEBEEIND LB X (K 2-1-1].
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AX—L2-1-2 J. Bacci Ik >THEENT=,

B F D & R AEER

9 )

X = o0
B L-8 R

9ﬁ

(L)
[e] (o) OH

/o N o\
Y
Et,SiH O
—_— " ;
28
HO OH
/O\H/\N/\n/o\

M T2 ILAR UhREERD S EREE

—_

NO,
23 A

¢
H* o (0} OH

—_

B K RIS 2-Me-4-NO,-TokyoGreen (5)

X 2-1-1 BIFOBIERIGICEDEMRBERE, BKRIGICE DHT-L G HRER
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BARICIE, 2-ATFN-4-= haZBl&Wm (1) hoxXyr Y7o/ (10) %#H
L, 2-Me-4-NO,-TokyoGreen (5) #1325 G aIH TH D [AF—2L4 2-1-3 (A)].
ZDEE, 2 OO AESR LTZ.

Kamino © 1%, FERFRFH 7 U dRBEICHONT, REFBHER LT =
— VHEERN LA R TH DR T2 ) U EERL, AZ ALK
HIZCT7 = /) = VBEER L G ST T U 2SI AR TEE RS L
TWD [AF—2L42-1-3 B)] Y. XV 7=/ a8 T 58RIV, T
=Y = BERTIE RS, T2 = ABEEREWD L, XY T = ) I
BT, ZATAFERBEOLNLZEbHELTWD. 22 YiI blE,
bR ARV v, WAL HENAF(E FIZ T Friedel-Crafts iz kv Lvrymay /s —)v
R L BERFERDSESER Y T = ) VIEBERE LN D Z & AW
LTWD [AF—L42-1-3 (O)]. £IT, Yi biZLoTHESNEZTEEZAD

HWALAR AR Y v, HEALHSATFE FICT2-A T -4 = b &R (1) &

Lyuay /)= @) HBHWVT13-VARFIRUBY (8) BORS . R
OFER, HALAR AR Y L, WAL FE FIZT 1,3-Y A R _XB (8)
E2-AFNd-= b RBER 1) ZMATL Ty 720 (9) (IR
59%), BLO=27/v (1) (IR 7%) Z#H (AF—L40 2-14 (A)]. )5,
WALAR AR Y v, BALESRFE I TL Yy ry /—L 4) L 2-AF/L-4-= |

BEE (1) ZNEA3 5 &, 2-Me-4-NO,-TokyoGreen (5) NAERKT 5 Z &0
HoMNEoTe [(Ax—24 2-144 (B)). 7272, BHPRETH > 77Dk

U A9 KFn#) & VT 2-Me-4-NO2-TokyoGree (5) O = bk iiaiETd 5
Z & T 4-NHz-2-Me-TokyoGreen (6) #UUH 6% Tz (AF—242-1-2 (B)].

2-AF N d-= b RER (1) LLvyoay /) — (4) »H HEHE
2-Me-4-NO;-TokyoGreen (5) 23F 5 i07=DlE, KISRHPICTERK LIz Y 7
=/ (10) Rryue/)— @) ERIGL, b T7xz=)L A X UFHERE R
HLT, FABKESRIGHETTLELDOTHD EEZLND (A% —2L4
2-1-3).

INET2AFA4-= e ZEB&ARE 1) 22 TRT2-AF 4= FrX X
TNATE R (3) IZE#L THD 2-Me-4-NO2-TokyoGree (5) % &k L T /=8
([ 1-3-2), $EACESNELET, AR AR Y AHIZT 2- A F-4-= ~ u & BFH5WE
(1) vwuay/—/I (4) »HEPE 2-Me-4-NO»-TokyoGree (5) %5 kd 25T
EEBRR L2728, 2 TRAHIRT 22 ENTE 7.
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(A)

(B)

SO, e

OH

RA¥—L2-1-3 (A) 2-Med4-NO,~TokyoGreen M ¥ L LNA RLETE
NEERBXRY T UOBROERTFE,

Fik

(o}
HO
OH
HO

NO,

C
AL,

R =CH, 090 2-Me-4-NO,-TokyoGreenl50
R=H(10)
Br
0~ ~cl
DMS NaH <|) AlCI, BBr,
—_— —_—
THF, r.t. ~o o~  DCM, 0°C DCM, -78°C
=99% y. 45% y. 50%

=z
MSA, 80°C

y. 10%

OH

OH
OH

POCI3 ZnCl, on
O L

y. 90% OH

(B) Kamino bIz&k > THE S
©) Yi BICE>THRESINRVY T/ VDER
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NO, 8
ZnCl,
—>
POCI,, 80°C
o OH
1 9 (y. 59%) 1 (y. 7%)
®) SN
HO OH NO,
NO 4
2 1) ZnCl,, POClI, O
sooc NaZS 9H,0
2) NaOH O O H 0, reflux
MeOH/H,0, r.t.
o OH HO y. 6% in 2 steps HO
1 5 6

Ax—L2-1-4 (A) LVAS/—IDT /) —)VHEKBEEZFRELE 1,3-A FFIRY
TUoFRAW-ERAT—L, B) REEZZEARTICLYBS/ —ILEZFDFEFFEFRWNE=ERK
Ax—L

B o Wl IS R I o W .
i NO, HO OH ' HO OH
| 4 : 4

ZnCl, HO
—_— fo) —_—
POCI,, 80°C O O O
(o) OH HO OH HO OH
1 — 10 OH OH _

2-Me-4-NO,-TokyoGreen

AF—L2-1-3 FEIhDRIGHE
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(I) Grignard RIGEFALT, YU ETOERVEUNLGERT HF

o
S

Q 1) Mg
_7890
l JL l THF, -78°C N
TBSO (o] OTBS 2) HCI HO (o] o
THF/H,O, r.t.
y. 96%

A — L 2-1-4 2-Me-TokyoGreen DR A F— L

HWEOIX, 7=/ — WMHKERHA TBS (tert-butyldimethylsilyl) 5& CHR# S 1
Xt hrcxticxt LT, AR L7 Grignard REZKISSHEHZ & T
TokyoGreen #/F T\ 5 [AFx—LA 6] 8. F£7o, 2 LI ATFAEEAI RN
4-NHz-TokyoGreen TlE, 7I /KA NI AFA T TIRELTZ p-7 BET =
U AZxt LT, FA# L7z Grignard 3K Z UG S5 G RCFIE 30, 7 K%
Boc B CHRELT p-7rET7 =Y ki LT, FARLZY U LKL G S
VLA TE P R/ RWESN TS, 22T, T /B2 U NVECRELEY
HENE 13Tk LT sec-Buli THEEY F 7 L3RG L, £ L (14)
& B 4T 4-NHz-2-Me-TokyoGreen (6) %1325 G MAF — L& N Tle. & 4)
I24-7RE3-AFLT=UY (12) OT I EER#ETH20, 12-8 X (/
BYUAFNALTYN) ZZUERISESETCT IV EEV I ALTHRELLET =0 &

(13) #1537, TDORE, ¥ U BT NERWZWRE| AT Z 5 TOREES NMR #
E LD CDCL ~DEE, LW ol BFIC LV BifREIN T 4- T 1E3-AF
NT=Ur (12) ICRDZEEMER L. 7272, DB L iR cx-7-
», NMR JIEEBED DMSO ([ZHiES 5 2 & CHEERE & 1T > 7. sec-BuLi %
WCUFHEISIZE D T =0 (13) OT7 aEihE U F U LIEBRL, $H
v hr (14) EBRUSEETE IN OB THRAT 252 LT, TBSABLOTY
JVEEDI AR S 3T 4-NHz-2-Me-TokyoGreen (6) 73R 52% T HiL7-.
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o}
TBSO” '! :o: '! ~OTBS NH,
14

=si  si— -5  §—
NH & el N
2 1) sec-BuLi
TEA, DMAP THF, -78°C
g g OO
DCM, r.t. 2) HCI
Br Br THF/H,0, rt. HO ° °
y. 84%
12 13 Y. 52% 6

R F&— L 2-1-5 4-NH,~2-Me-TokyoGreen M & LR F— L

UL E &Y, 4-NHz-2-Me-TokyoGreen (6) (213 % 2 FREO S TFIEL N L,
Ps-TAc # O BB TE D L ooz, RELIETIX, A L7- Ps-TAc %
AWz, BDARIRD T A T2/ A A= TIZOWTCELIR LTz,
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F 28 GSTP1 REMNAMBEOKRH

Ps-TAc % F\ T, MBAMIEONIENE GSTPL G2 T 2 &2 MEE L7z,
GSTP1 Z i@ RIZEHL9 255 AIEH S D HT1080 AMEIC % L C, HBSS AR & &
72 Ps-TAc (2.5 uM, 0.1% DMSO) ZH&ffl, HEIZ TS rFaX— 3L,
S L — P — 8BNS T I A TR A= T (T2, FRRGE &
(2 HT1080 MEfE2> AR S D HOLEE DS B Licoicxt L, GSTP1 &/ »
727 Lz HT1080 Mifa H Ak H S 32 #8580 FH-23555 L7z (4 2-2-1

(A,B)). ZHNDHHERMNS, Ps-TAc & W THAMINEONTEN: GSTPL iE1ME %
HTE5Z LN RBEhTz.

(A)

Ps-TAc %% (min)

Before 2 4 8 15

SiGSTP1

(B) (C)
2400 7 —o—sict
1800 [ siRNA
3 3
z J crl GSTP1
E 1200 4 T
8 T — - GSTP1
8
E 600 4 T/I .
2 _ 1 i — Rianti
Laa—t " i . B-actin

0 5 10 15 20
Time (min)

2-2-1 (MRNAi (EICK Y GSTP1 &2/ v o F o LT=#lla (siGSTP1) &/ v OB ENT
LVEUHERE (siCtrl) (Tx39 % Ps-TAc (2.5 M) ZRAWV =54 TEILA A—DUJEE (F:
DAPI, #& : Ps-TAc), (B) A4 TEILAA—DUJICKYRHEEN-BREHANBEDEREL
(%100 fERR D F{E), (C) RNAi GEICTK Y GSTP1 2/ v o F o> L1-#ika (siGSTP1) &/
VY FDINTWEWHER (siCtrl) OOz X2 T0yT 1 U@

26



RIZ, GSTP1 ZiERFEHL L TW D AEE S VRO HuCCTL, AINZIRAS AR
@ DU145, KGN AHEFKD HCT116 3 LY HT29, GSTP1 Z1E & A EFRELL T
W WL AU D MCF7, RISZARZS AVB S LNCaP (25 L C, HBSS TR
fif X 72 Ps-TAc (2.5uM, 0.1% DMSO) Z=H&ff L7z, 15 3M=E T ¥ =2~
—Yarl, BEAL—F—aOtBMEEICTIA T AL A=V T ER T T
ZOfER, GSTP1 WFEIREELA AN B IRV VE LA R S 41, GSTP1 FERBLN
AR DIXEAEDIF E A ERR S o7 (X2-2-2 (A,B)]. Ps-TAc %
WIZT A TRNVA A= 7IZRD, ML~ T GSTPL {EMHZ 45 2 &
MTEZ. ZTRHDORERIZONT, HIEMEEIZ 100 MidOfkEECRELZ Ry
RNy R E L TE LR, MIAFEIC X > CELEE O oA A ML L~ L
TR Z R an (K222 (0)].

VI EX Y, Ps-TAc % AV CINTEME GSTPI {EME 245 2 & TR AR & i
HT&E5Z LR ENTz. REITIE, Ps-TAc & AW C, MNAMA & B %
ARl T & D D REE L7z,
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GSTP1 expressing
HT29

HT1080 w0 HCT116

2000

200

Bar: 40 pm

GSTP1 non-expressing 3500

MCF7 LNCaP

3000

2500

2000

1000

Fluorescence intensity (a.u.)

500

. P

T T T T T T 1
HT1080 HuCCT1 DU145 HCT116 HT29  MCF7 LNCaP

Bar: 40 pm

GSTP1 expression GSTP1 non-expression

2-2-2 (A) Ps-TAc (2.5uM) ZFL = GSTP1 REAAMIBD S A TILA A —D U JEE,
(B) Ps-TAc (2.5 uM) ZFL V= GSTP1 ERBEHAMIAD S 1 TS A—DUJER (F:
DAPI, #%:Ps-TAc), (C) T4 TEILAA—DUJICTHRESN-BRBERLEED Fy 70
v M (% 100 #ERE)
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E3H MAMEEEEHBAOHEB

Ps-TAc Z V2T A TR A A= 7020, BNAKINL L 5 Z 555
TEDLDMREE LTz, FER e LT, BRIER O HT1080 ffuFs I ONRKE SR

(NHDF) Hifaz 558 L, Ps-TAc A L TCIA T AL A=V T HITH5
7o. ZOFE, HT1080 #ifid & NHDF iz X5 T & % X 52T & NHDF iz
cell tracker deep red CY4fa L7=. HT1080,NHDF D553 R 12xf LC, HBSS H
IZVAfR S H 7= Ps-TAe (2.5uM, 0.1% DMSO) ZHEfifL, REIZTTA 7k A
A= T EIToT2. EOFER, HT1080 fiias> & i@y iz Y23 i S 41, NHDF
A HIXIF & A Ea i S e o 72 [X 2-3-1 (A, B) 1. #i1Z, cell tracker
deep red TT YL L 72 HT1080 fifid & A Yefa,0> NHDF M D 538 Rkt LT
Ps-TAc ZH\W\\= T A TN A A= T EATIR > 7203, HT1080 HEh> 558
HEAKE XA, NHDF fifa H13E & A Catidmt s e o -7z [K2-3-1

(O)]. ZOERLY, Ps-TAc ZHW=T7A TRV A A=V 7280, BA
AlfE & B AR 2R T D 2 LR E T,

Ps-TAc Z V2T A4 TRIA A= 70280, SAMIN L IE5 o ks
BRPODAMIZFHAT 5 Z ENTE 728, WIZE M RIGOMBRE TG,
N AR & TR A FRBI T & DD MEE R T o 7. Z DR, ESLS AR v
2 —OWNHREEF ORI A, mALEAE . FOR R P I F 3 5 A 0 O T B 2
ZoOWMIDb L, B FORIKIZKTT D Ps-TAc DT A TENA A=V T HFE
L7z, LU, @REDZERNG, 25 ik & B A% 2
ZriIFTE o, TORIKE LT, KIGHEROREIZ Ps-TAc A h T v 7 &
AVTHRIIZ 72 E D BE N TN W &R0, WHBIIZ X 2 UIRINOEEICHW 5 ER
A AN X BTG A IZH 1T D GSTPL ORTESS GSH OFEBRE 2 b,
7272, Hg2REKITHED TE 6T, S%OMEE 2> TS,
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(A)

Ps-TAc B (min)
Before > - -l 20

(B) (C)

HT1080NHDF HT1080NHDF

3000 1

Ps-TAc

2000 A

Cell tracker /
DAPIW L

1000 A

Green fluorescence intensity (a.u.)

T
—
Y

Merge

0 5 10 15 20

Time (min)

Bar: 40

2-3-1 (A) HiEE L= HT1080 & NHDF (Cell tracker deep red T&f) [xt L T Ps-TAc
FARMLIEZSA TEILA A= ER, (B) HT1080 & & UNHDF M SR Shi-REHED
HYLEREE, (C) HT1080 35 LM NHDF % Cel | tracker deep red Tifa L =t E5&EZ (2 Ps-TAc
FERLESA TR A= TER

30



£ 48 DACUELE=-HDNAMBODSA TAA—08

TV XT 4 v 7 HENC X0 GSTP1 ZEBLMH] S 70T 28 AR
LT DNA 2 FIALBHERZNBET 52 & T, T8 = RT 4 v 7 IR EED
T GSTPl Z2RHT 25X H127D. D=8, GSTPI FHiA DNA A F /UL
ERNOMEORIEL LTEATHL Z EnMEI TS [IX24-1 (A)] 32
S 512, GSTP1 FEFHBLAIL T H 5 Raji ML MEG-01 fliflaizxt LT, DNA A
MELERITH D 5-TH-2-T4F v F Y (DAC) ZLEET % L, GSTPI
ZFREBLT DM & B L 2 W NRE T DR A E O TnD 9. 22T,
GSTP1 FEFEBLA VAN Td 5 MCF7 AIfRIZx LT DNA A F /AR EAR D —>
Td D DAC Z LB L, Ps-TAc & HI\V T GSTP1 &8 MCF7 fifa 2 fiifia L~/ T
R T & DD REEZ T o 7.

DAC (0, 1.25,2.5,5, 10 uM) % 6 HHALEE L7 MCF7 #ifaiZxt L C, Ps-TAc
BIOMREZRET 572003 77 m v 7 A (PL; Propidium lodide) %8
ML CTATRINA A=V T H4To T2, ZOFER, DAC ALEE L 7= MCF7 #ilia
IZBWTHROVEDE D S [ 2-4-1 (B)]. EEMIZ 200 MO Rk
MELZ Ry b7 ey MK ELTET L, DACALER L 7= MCF7 flidiZ B8 CHt it
PR S AVl & 1T & A S SR OIIANEIET S Z E RS
7z (K 2-4-1 (C)]. 1.25 uM @ DAC Z AP L 72 MCF7 fifidlZ->\ T, RNAI V&
ZHWTGSTPl %2/ v/ X352 L TR SNDHAEENAMEE L2 &
26, B SRk EEE s GSTPLICHKR T 5 2 & AR S iz (14 2-4-2 (A,
B,C)]. £7=, 6 HI# DAC 4L L 7= MCF7 #liiZ->U T GSTP1 Dt e bo i Yuth,
EERATIR o TofESR, GSTP1 Z%BLT DML & 13 & A EFBLL W2 EAE T
HZENRENT (K2-4-3). ZHORERNS, DAC & 4LE L 7= MCF7 #ilfy
IZ2WT, Ps-TAc & T GSTP1 FEHL MCF7 fifld 2 fifa L~ /L TR TE %
Z DRI
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BHRELAF ILERE ESRREL AT LR
No gene expression

GSTP1 FOE—5— (DNAXAF JLALPREH])

(©)

2500

2000

1500

10004

Fluorescence intensity (a.u.)

500

GSTP1 expression

& 2-4-1 (A) DAC Ao (=& Y GSTPT b‘%ﬁ"j‘é*ﬁ%@*ﬂﬂ%.
HAAIZxt LT Ps-TAc ZBRLESA TILA A= VBB (5% ; Ps-TAc, & ; Hoechst,
— OV THRHESNEHZEELBED Ry 7Oy FE

7= ; PD),

15 | 25 5
DAC concentration (uM)

C) 4 TkILA A

X10

X60

DAC concentration (pM
1.25 2.5

..... I )

Ps-TAc

@ g
<
sl
oo
£5
o @
o
2
7}
= Bar:
200 ym
2000
<
]
&
o
B
EE
oz

[
<
I
[

=

(B) 6 HFEl DAC A3 L 7= MCF7
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DAC (1.25 uM)

siCtrl siRNA vehicle

x10
Hoechst
Green fluorescence intensity (a.u.)

x60
Hoechst

1400

1200

1000

800

600

400

200

i i T T —

L 1 1 1

siCtrl siRNA vehicle

DAC (1.25 uM)

DAC (1.25 uM)
vehicle siCtrl siRNA

— - GSTP1

— — — = 3-actin

2-4-2 (A) 1.25 uM @ DAC Z 03B L 1= MCF7 #REI=xt LT, RNAi %I &kY GSTP1 %=/ v &
Aoy L=l (siGSTP1) &/ v O Z oSN TR (siCtrl) (233 5 Ps-TAc (2.5
u) ZRWESA4 TEILA A—D OB (8 Ps-TAc, & ; Hoechst), (B) 54 T4

A=V TRESNEREBRHABEDO Ny FTOY FE,

(C) 1.25 uM @ DAC =3 L 1=

MCF7 #RaI=xt LT, RNAi 3£12&k Y GSTP1 &/ w o &4 L1=#fa (siGSTP1) &/ vwo &Y
DENTWEWNAR (siCtrl) Oz RE2 IOy T 0 VT8N

33



DAC concentration (uM)

2-4-3 6 Hfd DAC 4RI L 7= NCF7 #ifGI= &+ 5 GSTP1 &N REFREEER (FE ; GSTPI,

& ; Hoechst)

KIZ, DAC (1.25 uM) % 2,3,4,5,6 HREALPE L 72 MCF7 iz xt L T, Ps-TAc
BIOSEHRAZ Y@ T 7200 a 77 e ey v A (Pl Propidium Iodide) % £
WMLTT7A 7BV, A=V T E2AToTMR, BEICHOELEZIET HMEN
BN 28-Sz (K 2-4-4 (A)). HET 200 AL O Fk LR E &
Ry hmy NEELTERT L, 8257 2MIBO 040 B HINT 5k
TR TER (X244 B)). F72, GSTP1 DU = AX T avT 4 THE
Prick v, BfEIZ GSTP1 ¥ EFRITL5Z0Ranlc. UbEoZ &b,
Ps-TAc Z /T, DACIZ XL D= Y =T 1 v 7 B KIZ XD GSTP1 JEHLD
P AME D T2 GSTP1 FEEL MCF7 MR Z Ml L~ L TR C& 5 Z L R &
7=,
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X10

X60

DAC treatment (days)

223200 ym
..... )

Hoechst
/PI/WL Ps-TAc

Merge

Hoechst
Ps-TAc

/PI/WL

Merge

(B)

12004

Green fluorescence intensity (a.u.)

10004

800

600+

4004

DAC treatment -

(©)

200 mmmﬂmﬂhmlﬁhﬂhm
+ + T + + +
2 3 4 5 6
Days

DAC treatment (days)

0 2 3 4 5 &6
e - GSTP1

P ——— - -Actin

2-4-4 (A) 1.25 uM @ DAC %40 L 1= MCF7 #RaICxt L T Ps-TAc Z &R LI=54 TEILA

A

— VB (# ; Ps-TAc, & ; Hoechst, 77 ; PI),
BFFERXO LY FT7Oy MR (% 200 #RE),

8709 T 1 T

(B) DAC ALIEE* ¥ & UF DAC SEALIREE(C

(C) DAC MnEBEIZH1+5 GSTPI DI T R
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S 5HET /ME

BHAERIZDONT

TokyoGreen D&% 7141%, @ Friedel-Crafts MG ZF|IH LT, XU X7 LT
Nevywy ) —=nAnbEKRT 5FE @ Grignard KOs & 2 WY F A GRS
ZRALT, ¥V b7 o®2xX0Bronb AR T5FECRIIEND. 2
AVE T Ps-TAc DJFENTH 5 2-Me-4-NO,-TokyoGreen 2 (O O FiLEZFIH L T,
2 AF 4= b _XXTATER 3) Lryry ) — 4) HHEERLT
WIS, REDRIERY OERIZ L0 RERDNEE R 5 2 ITINRPKD -T2, £
ZC, ZOMBEOMRAE B LICRER, 22 AT -4-= &k 1) L VY
ny /=L (4) 75 2-Me-4-NO,-TokyoGreen 2335105 Z L2 RH L=, 2
FCREEME VY ry ) — ) bEHE TokyoGreen &k L 72 Hilld7e <,
HLOWARFIETH D, £, 2-AF 4= huZ2 &k (1) »5 3 TRET
2-Me-4-NO;-TokyoGreen % 5% L T\ ey, RPEEZRFE LI LIk 2-2
Fh-4-= b2 EFH (1) 725 1 T T 2-Me-4-NOz-TokyoGreen % &7 5
TEBRTER. LLRRb, KKRE L TREDRIAERY OERIZ L0 RERN
N 5 AR MED -T2, £ 2T, @ OFEZFMLTT e B2 (13)
X% by (14) 205 4-NHz-2-Me-TokyoGreen D& & 1T72 7. % DR,
Grignard &S TIIAEBD 2155 Z LN TE RS 723, sec-BuLi 2 W72 U F4
{ERIEZ WD Z L TR ZSH Z R TE. U TFHHERISZFIH L8
&, IR 52% T 4-NHz-2-Me-TokyoGreen =155 = E N T& 7. LLEL Y, Ps-TAc
DERH A TH 5 4-NHz-2-Me-TokyoGreen O fii{# D3N =3R M) 72 & ik Tk % i
VL7722 ET, Ps-TAc Z BT 5 Z &N TET.

SATEILA A= UTIZDNT
Z 7UE T DNAT-Me’ <2 DNs-CV?33, P-GST?*, BNPA*' &\ o 7= HIWN GST 1E M4
ERIHCTE 28T 0 — T BB I TVDD, Pi 7 7 ATKT DB IRMEMK

WZ ERBIETH -T2, £ 2T, ABFZETIE, MR GSTPL M2 SR
HTX 587 n—7 Ps-TAe 57 Fixat « B L7z (5B 1 %). Ps-TAc Z AW
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T, GSTP1 ZEHLN AL CTH D KIGA AH KD HCT116 i, HT29 M, Az
23 A B e D DU145 #ifa, JBAE 23 AUk D HuCCT1 A, ‘B A JE > HT1080
AR LTI A T BNAA A= T ERITo TR, MOE DR S 7.
—7J5, RNAI{EIZL Y GSTP1 % / v 7 X% 7> L7- HT1080 #lfdds & O DU145 #f
ATz & A Ed e SN o7, 2 b ORERND, Ps-TAe Z T
AR GSTP1 {EME A IBIRAVICHRII TE 5 Z LR S Tz,

Ps-TAc % T, b33 U7ofMESRfifa b sk NHDF (IE&AIE) & B AiE
3k HT1080 (DSAMIIE) ICX LTI A4 T/ A A=V 0 T 54T o oA R,
HT1080 HEfE SiRWVVEEA R Sz, ZOfRENS, Ps-TAc ZHW T,
FEEREE D ZET 5 23 AHERE & IR &2 7B T & 5 2 AR S Tz,

TEV = RT 4 v 7 RHIENC XD GSTP1 3EE A S L Tv D MCF7 fllfaic
KL TS5-TH2-TAFLF TV (DAC) L o7- DNA A FUAVBHEHA] % 4L
HIHZ LT Y 2 RT 4 v 7 72l 23 #23 T GSTP1 Z5BL9 5 72 203,
DNA A FIALBLER OZEOFIE L LT, GSTP1 BENEH TH D Z & BN
INTWD 32, 2T, GSTP1 FEFELN AL TH 5 MCF7 Mildizxf L T DNA
A FIALILER D —>TdH 5 DAC ZHLFL L, Ps-TAc % AV T GSTP1 3§ MCF7
HMIZ R T 20EEEITo 72, ZDOfER, GSTP1 3 HL MCF7 a2 Hijiu L
UL TRICE A Z s, LLEOKER LY, Ps-TAc 23N GSTP1
EEE R T 28t 7 e —7CTho 2 LR ENT-.
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8 3 & TokyoMagenta & & U Carbofluorescein %

Bixé LE-EETO—T DR

L - EHE R ORI DB T B —T ERHN N T HT— A A=V T T
1%, HEEOERSFEZFIRFICHRET 2208 TES. DFE D, TokyoMagenta X°
Carbofluorescein & o 7o JREVE LB (s i A 56§ 5 GSTP1 ISR ATE AR Hiwt
K7 e—TEFBTDHENTEIIL, OENEERET D gGlu-HMRG (GGT
IEMER L7 1 —7) 9% HMRef-pGal (-4 7 7 b v ¥ —BiEMEMRHEE
r—7) M Wolt T R—T DTN TFNT—A A=V TINAREE 72 5.
ENOPR LTEEBOEN T e —T N~V TF T —A A=V 7T RY
TERAD IR 5 08 I DRI IR TE 5 P £ 2 TABIFETIE, Ps-TAc DRk
. T& % TokyoGreen & IFJEhitt « HOLI KR D572 % TokyoMagenta Z RHAZ & L7z
GSTPl HIRMIEMEBREE N T o — T OB T2 o7, KETIL,
TokyoMagenta % fF4% & L= .7 1 —7 Ps-TM 35 L OF Carbofluorescein % fh#%
LT m—7 Ps-CF OARRICHOWT (5 1 fi), EERICAR LT Ps-TM
BEOPs-CF 2N 2T A TRIAA A= ZIZONT (5 2 #i), Hzlc /i
L7z Ps-CF O3 kfsER O OIS HIZOWT (B3 i), S5 3HiTHRE
U7cEn 2RI U7 MRS I SWT (58 4 8i) Gl L7z, RFETIE, JRfhs
JeaFET D Ps-TM 25MEHLTZ GSTP1 JEIRITEMERIE 7T n—7 TH 5 2 L,
Ps-CF 73— Ribtd “ IR RHNER OB 72 GSTP1 i@ RATEMEMR e 7' —7
ThdZLiEmrT.
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% 181 Ps-TM &£ & U Ps-CF D&KL

Ps-TM % ACS central science |2 T J. Grimm HIZ X VN . SN - FE 2 25%E
IZ, Ps-CF X ACS chemical biology (2T J. Grimm 5|2 & VW fESL S 7= TFE 2 2 H
WTARK LT,

Ps-TM D & Rk

J. Grimm 52 X o THENL ST FlEE S22 L T 4-NHz-2-Me-TokyoMagenta
(22) OEEAT-TZ [(AF—24 3-1-1). BERWIZIE, 2-AF-4-7 X V%R
Bl (15) 7 4 v XY —Z AT IAUBONZ E 0D 7 2 ) ZBEFEBRAF NV AT
vo(16) 1AM, T /KA ALTHR#ELT 17) 25 3T rET 2/
—/b (18) DO/KERKL%Z TBS A CTHR#EL, Y rErEr (19) 2468 L (R
95%), sec-BuLi % 7= U FAALIGE DR, Y7 ra P AF Ny Ty &GS
BT, V7= T (20) 57 (N 34%). NBS ZHWT 2207 =E
EEBALTY 7=y T (21) 2880 (I 57%), sec-BuLi & 7z
U FHUIEDH%, REFBAF LT AT 17) LK%, HBlck
v Eo U v, Kigk o TBS E ok #E & AT W
4-NH,-2-Me-TokyoMagenta (22) Z#757= (I3 13%). & IZHES K] WSCDeHCI
%AW TC, 4-NH;-2-Me-TokyoMagenta (22) (2 5-A 2 L-2-= h a2 B&M (7)
ZHEALTPs-TM 1572 [AF— 24 3-1-1].
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NH, NH,
H,SO,
—>
MeOH, reflux
0% NoH 0% N o”
y. 84%
15 16
/@\ TBSCI, Imidazole /@\
—>
HO Br THF, r.t. TBSO Br
18 y. 95% 19
— Q Q
MeCN, r.t. TBSO OTBS
y. 57%
21
Y
~ 0 0
\\s//
O,N N
[o) OH O,N
7 07 "NH
1) WSCD-<HCI O
CHCI;/MeCN, r.t.
E—
2) NaOH

MeCN/H,0, r.t.

y. 40%

IO
HO Si
/\

Ps-TM

AF—L3-1-1 Ps-TMDERRAF—L

si S
/1 N =si_ Si—
¢l cl /NN

DMAP, TEA
—_—

DCM, r.t.

y. 84%

CI\ ,CI

ASiQ
sec-BuLi
—>

THF, -78°C

y. 34%

0% o

17

) sec-BuLi
THF 78°C

2) HCl
THF/H,O, r.t.

y. 13%
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Ps—CF M & Rk

J. Grimm HIZ XV HESNTVWDOIAERFIELZHNT, ¥ o2/l
BoOWwlD, TIOEEVIALTIHRELEZT TP (13) 12 sec-Buli &
720 F LIS EATY, P by (23) LG SETt%, HERICED T I
DTV VI L UUKEREE D TBS A% lifri# L, 4-NHz-2-Me-Carbofluorescein (24)
157, B1%IZHEAH WSCDHCI % F\ T, 4-NH;z-2-Me-Carbofluorescein (24)
(2 5- A n2-= brZ B (7) 5 AL T Ps-CF 2137z,

0 0
N \ //
\S/\ NV
N
ON
z ON
Br o OH
NH, 07 "NH
13 7
O 1) WSCD-HCI O
o sec-BuLi 2) NaOH

—_— —_—
CLO . e OO0, weveern OO0
TBSO OoTBS HO o HO o

y. 8% in 2 steps
23 24 Ps-CF

AF—L3-1-2 Ps—CF DEM A F— L
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F28H Ps-TME XU Ps-CFZRWE=Z54 TS A—=D0T

%1 EICCTAR LT Ps-TM 3 XU Ps-CF % iV C, HifEPN GSTPI JEM: 413
RN TE DN EDORAEEIT 72> 7=,

XU DIZ, Ps-TM B L Ps-CF 7% GSH/GSTP1 f#(E F CECMEN EFHT 5
IR ERRFET D72, BUGHETE LT 100 mM O pH7.4 DV BT b U o LGETE
RIZB T 867 v —7 2uM) ORI - @A~ ML, ROG#H E LT 1ImM
?® GSH, 3 pg/mL ® GSTP1 7#7E F, 100 mM @ pH7.4 O U > ) b U w7 LfEfE
IR D87 m—7 2 uM) ORI w1 A~RT MvZ2RIE Lz (X 3-2-1].
Z DGR, Ps-TM B L Ps-CF OHOLE FIIERNZN L1 0.084 I LT 0.031
THHoT=DIZXF L, GSH/GSTP1 DA »F aX— g 2k, #tE TIEERN
0.568 (K 71%) BXUN0.610 (12045 &72V, GSH/GSTPI (L F Tt 7' 1
— 7 OENIREN EHT L Z ARSI,

z
=
G

— Before
— After

— Before
— After

oN

QP
s\
09
07 NH
HO” ‘l ;i \‘ So
0

12 6000
— Before
o 0
N — After

s\
.z
(o] NH
S
/Si\ [e]

Normalized absorbance
o
&
Normalized fluorescence intensity (a.u.)
w
8

400 450 500 550 600 500 550 600 650 700

Wavelength (nm) Wavelength (nm)

(D)

—
m
~
—
T
~

— Before

— After
5000

09
4000

0.6 3000

Normalized absorbance

o

3-2-1 (A) Ps—CF m#&i&X, (B, O) RISHIERIZH TS Ps—CF MIRUN - HFAL XY kL, (D)
Ps-TM D18EX, (E, F) RIGHTRIZE TS Ps-TM DIRYR - HIEAART kL

Normalized fluorescence intensity (a.u.)

450 500 550 600 650 500 550 600 650 700

Wavelength (nm) Wavelength (nm)
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WIZ, Ps-TM BL O Ps-CF ZHW\\ =T A TN A A= 71280, HlaN
GSTP1 {&E M2 IR CTZ 20 B0 E MGk L7z, EBR & LT, GSTPI %
B T&H 5 HT1080 IR L, RNAiQ &I XV siGSTP1 A 4LFL L T GSTPI
/) v X U= (HT1080 siGSTP1) 38 XU siCtrl Z ALEE L 7= #i i

(HT1080 siCtrl) & W7o, Z DB, HES L ——BMEEIC L R—HHEFNT
Pl T A X 9, HT1080 siGSTP1 35 L T8, T Cell tracker deep red THeta L 7=
HT1080 siCtrl Z{RA L7- 5= 2% A2 (1X3-2-2 (A)]). HT1080 siCtrl 35 &
UNHT1080 siGSTP1 O 3538 R (2% LC, HBSS Z# W T/ VX F A4 A RD
P ZMH S HEH R 7 >V AR —F —D—2>Th H MRP1 OEEHK MK571 (10 uM,
0,1%DMSO) Z#HAfmf L, =|IRIZT 10 A v F=— 3 L. WIZ, HBSS
% T Ps-CF 3 X OV Ps-TM (2.0 uM, 0.1%DMSO0) ZHfifL, |IRIZTA %
2= g L. ZORER, Ps-TM ZHW\W5H Z & T, #EMEDELNS
GSTP1 FBLMIfL & GSTP1 / v 7 ¥ U Al ZFR TE 5 2 LR S (X
3-2-2 (D, E)). —J, Ps-CF [\ A A—T > 7 TiX, GSTP1 / v/ XU
AR D HIRWVEXEPRH SN, AEEETHHI OO, EABMEDERND
GSTP1 #BLMifd & GSTP1 / v 7 X o Uil ZGAIT 5 Z L NN TH - 7= (1M
3-2-2 (B,C)]). LAEX D, Ps-TM % H\T, #IEAN GSTP1 1EME &2 BRI f
TEXDHZENRBINT.
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(A)
Probe (2 uM)

siCtrl Labeledwith — ee MK571 (10 M) MK571 (10 uM)
Cell tracker Mixing
o - = » D » e
SIGSTP1 25°C, 10 min 25°C, 30 min
(B) ©)
2500

Ps-CF CeII trackerIB F.
WSV

2000

1500

10004

500

Red fluorescence intensity (a.u.)

siCtrl  siGSTP1

(Cell tracker +) (Cell tracker -)

200 —— 2500

Ps-TM _Cell trackerlB F. w501

15004

10004

500

Red fluorescence intensity (a.u.)

siCtrl  siGSTP1

(Cell tracker +)  (Cell tracker -)

4000 Bar: 40 um

200

3-2-2 (A) AUW-EERZROBIBRE : RNAi ;EIT& Y GSTP1 / v o A U#fa (siGSTP1) &
F& Cell tracker TEELI-O2 bO—)LHRE (siCtrl) Z2iEE L, =EIZT MKST1 (10 ul)
EELUPs-CF (2uM) HBHULMIPs-TM QM) ZEBTLTSA TEILA A—D T ETHE 1=

(B) Ps—CF ZRW=54 TIA A= JEg (F : Ps—CF, & :Cell tracker), (C) 5
ATENA A= TTRHSAEFRBRED FY Ty FE, (Student’ s t-test, sk
P<0.001), (D) Ps-TM #5414 TILA A= J B (Fr:Ps-TM, & : Cel | tracker),

B)ZA TN A= THRESNEZFREBRELDO Fy TOy FE, (Student’ s t-test,
wkx: P < 0.001),
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55 3 Hi #=ICRHE LT Ps-CF Oy ithit

W52 Hil2 T Ps-CF W= T A T/ A A= 7 TlE, BT D )
5 GSTP1 FEELMIfL & GSTP1 / v 7 XU UMzl T 5 Z L BHEETH - 72,
RIZ, Ps-CF % AU 72 FACS FENTIZ T, @GR DR )5 GSTP1 FEELMINE 4
BHTE DN ENERAELT. Milte U<, GSTPL BEMNAMIETH D Jurkat
AlfE s KUY GSTP1 FEFRBL AR Td 5 Raji flifid a2 H 2. Jurkat fifads LY
Raji ffIZx LT, HBSS ZHAWT I/ NAZ F A S EOPEH 2 5 JEH - 7 o~
AR—H —D—>TH 5D MRPI OFELER MK571 (10 uM) ZEfrL, 37°CIZT
55A ¥ a_—v 3 L7z, RIZ, HBSS % H\W\ T Ps-CF 3 L OV Ps-TM (2.0
uM) ZAfFL, 37°CIZCTA > Fa_X— 3 L. FACS @i o5, GSTP1
FEHLHIIG & GSTP1 FERBLMAAIZ I 1T D 2 HITENTH -7 (M3-3-1 (A, B)J.
L L2RR D, AT OfE IO\ T, FITC (BhSYE : 488 nm, 2% : 530 nm)
& PE (DL : 488 nm, H{JE : 585 nm) DO F ¥ > /LT IRICER T % & Jurkat
A & Raji Mz 3Bl 5 2 L3 T (X3-3-1 (C,D)], PE & FITC Ok TE
W52k, 2 BEOMBEMEL XA TE D Z ERHALNE RS T72 (K 3-3-1

(E)J.

(A) 1.0M (B) 1.0M

Jurkat & Raji Jurkat & Raji

800K =

600K =

FSC

400K =

200K =

Ty Ty Ty Ty Ty T Ty Ty Ty T T
w0 ' 10? 10° 10 10° 1® 0’ ' 10° 10} 4+

F.I. of PE (585 nm) F.I. of PE (585 nm)

T T T
10 0 1®

o
C
B

Jurkat & Raji Jurkat & Raji Jurkat & Raiji

1ot /
E P 800K =
5 A

F.I. of FITC (530 nm)
F.I. of FITC (530 nm)
FSC

T T Ty i BEEALLL BERLL BRI B B T T T T
0 ' 10? 10° 10t 0° 1® 0 10° 10° 10* w0® 1® 0 20 40 8.0 80

F.l. of PE (585 nm) F.l. of PE (585 nm) PE /FITC
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3-3-1 (A) Ps-CF Z 879 HRID Jurkat #if@d & U Raji iR FACS ##47 (PE: BhiZiK K
488 nm, HFKE : 585 nm), (B) Ps-CF Z# AL = Jurkat #iRE8 & L U Raji #REM FACS ##4T (PE:
iR ;488 nm, EYLKE : 585 nm), (C) Ps—CF &9 AHTMD Jurkat A KU Raji
HARa D FACS fig#r (FITC: RhiERE : 488 nm, BFIKEK : 530 nm, PE: FhiEiRE : 488 nm, =
St - 585nm), (D, E) Ps—CF Z ML f= Jurkat #fE#& & U Raji #RE O FACS fi##7 (FITC: fh
FCIER ;488 nm, WICKE : 530 nm, PE: FhEEIKE : 488 nm, EJtiKEK : 585 nm),

L& U TEA Th D — R — R HIVE Tl Jurkat ARG & Raji Hifd %
XBITE o7y, —HERME HERETIE, CALE2ERICHBETSZ
ENTE I, —RERE T ERIE T Jurkat HifE & Raji IR A X5 C & 725N

T 5700, ROGHTZIZE T DWIN - s A7 MV ZRIE LT, £ DR,
LY & U CReRWIE & Tk 72 <, FACS fi#hr & R U 488 nm & V7=, =D
FEE, BRI R 548 nm CTRbAL L7 A T ML &3 Re D8 A~ K
ARG, BARIIIZIE, 488 nm Tl L7285t A7 LT, 564 nm %
BRI R & T DHHALT FAVOMIZ, 520 nm (T ERKEKRE ST 5
WAL FVBFAE L T2 (K3-3-2 (A,B)]. & 51T, 564 nm (231 5 8L
FE DSBS T 12.4 f51272 2 DI LT, 520 nm (T IZ 1T 2 HOE R E 1 XSO0
HifE T LO3METHY, ZLEAEEI LN ERHLNERST.
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3-3-2 (M) BhiEt 548 nm [ZH T D RIGHTRDENXAANY bIL, (B) BHEES 488 nm(2FH(F 5
RIGHIERDELARY ML
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Ps-CF @ pKa (3 6.8 TH Y, B pH &M F T 7w b IEMEER L 7'a ko
FRBERI AR T D (B 3-3-3 (A)). Jabkdot 488 nm Z# 5 Z & T, 468 nm (Z
KW EZET 257 1 b IEMEER S bk S 7o f5 %, 520 nm fHTI288
VARSI EE R, £ 2T, pH3 BL O pHI0 2BV T, Ps-CF ©
7'a b IEMREER O F KRN R T & 2 468 nm TR L7280t 27 vl
E Lo, EORER, o7 b o IFREFR MEET 5 pH3 12388V Tidk 520 nm
I 7T AR S, FIZ7 v N fREPR M EET 5 pH10 (23T 520
nm fFITIZ S 7 AR S0 7z (4 3-3-3 (B,C) ). ZOREEN S, 520 nm
fHEDOHEN AT MR T m b IEMREEFRIC R T 5 Z LR Sz, e
N U IEMRBERL O LUMO L~LiX, 7' b fEEERL O LUMO L~L KD KW
D, d-PeT B DR FIZEWBUSHTOE T & A ETHE ST, 520 nm {13
DOENNIISRTHE TIZE AV EBL Lo To e E X HD.

(A)

R = NO,: Before °\/°

R = GS : After ~ /E?/

’;% O

JObUIEfRRER JONfERER

(B) (C)

i. 1200 7 — Before "“' 1200 9 — Before

. — After i — After

X 900 A 900 A

: :

600 4 600 4

'_‘_i 300 A :0__-‘ 300 A

-_ 0 ; 0

2 =200 S 500 550

Wavelength (nm) Wavelength (nm)

3-3-3 (M Ps-CFD 7R MRS LU TO F UEHEOEER, (B) pH3 (235(+5 Ps—CF
DRIEFEDEILARY ML, (C) pHI0 IZH TS Ps—CF DRIEFTEDEILARY bL
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ZORER X, FACS fEHTIZ T LR RIS OV TIE, FITC OF v > RV
AR 2 SRATER L OB RICB T 28t 7 o — 7 2ROFEE L Bk
L, PEDF ¥ V" RMIISRICB T 28T 0 —T DI EREZERT D5 2 &N
RERINTZ. ZNHORER KXY, Ps-CF % VW CHIFEN GSTP1 iEMEE L oA A
Y o Z I TE 5 Z ENRRBINT.
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55 4 81 Ps-CF Z AL =#Rais A

%3 HEICR VT, —iRRhE R VE A V2 FACS f##Ti2 T, GSTPI %
BN AUAIIE T & 5 Jurkat AAE & GSTP1 EFEL ALHINE T dH 5 Raji e & K5I T
XL ENRI NI, WIT, 2 WOH 4 HIlZTHT R o 12 F2BR L FIfklC, =¢
VX7 4y 7N LY GSTP1 FELAHIE S 4TV 5 Raji MIREIZK LT
DNA A FIALILERITH D 5-7TF2-TAF v F V0 (DAC) #MFEL, =
B 2T 4 7 IR LT GSTP1 S BN &2 fi HH T & 2 0 )& WGE
L.

DAC (0, 100 nM) % 2, 4 HIF4LEE L 7= Raji fiflaicxt L C, HBSS #HW\W T/
NWETF A ATEEROPEHZH S BEH F T VAR —% —D—>TH 5 MRP1 OfH
EHIMK571 (10 uM) ZARL, 37°CICT5 oA vFa—Tar Lz &
|2, HBSS % iV T Ps-CF (2.0 uM) AT L, 37°CIZCA > FaX—v 3L
72 (X13-4-1 (A)). FACS f#HrO#ER, 100 nM O DAC % 4LEE L 7= Raji M@l
FBUNT, PE & FITC OE IR EE Hh oD s il 256 H < 47z (14 3-4-1 (B, C, D) J.
ZORE, V=AFZ T uyT 4 TATIZT, DAC (100 nM) & ZLEE L 72 Raji
AREIZ IV T GSTP1 OFBNMER TE 72 (X 3-4-1 (B)]. ZNHORERLD,
Ps-CF Z T, =BV =7 ¢ v 7 7222 X % GSTP1 FHLA M L~/L T
R TX 5 Z EDRB Ik,

KREDHF 2 HilZTIT>72 Ps-CF Z W27 A4 7B/NAA A=V 7T, &
FFREEIZ =B D GSTPI R BUMIfE & GSTPL / v 7 Z 7 Ul 2705135 2 &1
WEThH -7z, 22T, BLFRICERRIZONT, —ERE R REE
WeT A TRINA A= TERATIR, dORE DR D GSTP1 FE LML
& GSTP1 / v 7 X0 A% B TE DI ENERAE LT, FOREE, H06E
JEFEDFEF )G GSTP1 Z BN & GSTP1 / v 7 B0 iz ikl c& 5 2 &)
RENTE (X 3-4-2). ZNHORER LY, Ps-CF % F\ 7o — K phifd — 3 B s
[ZX D, Ml GSTP1 fEME A IR TE 52 Z RSN,
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500 =

Raji DAC MK571 (10 pM) } hPﬂT(-g;1((21E'\:IJZ\/1) /;7
=) - = » » '
37°C, 5 min } 37°C, 15 min Zﬁ
(B) (C) (D)
DAC 0 nM Dav 2 (DAC 100 nM) Day 4 (DAC 100 nM)
99.4% 0.55% |  191.4% 8.56% =179.5% 20.5%

400 =
300 =

2 200
200 = 100 J

100 ) | ) 00 4 .
0 L 0 \\'\\ 0] L——\
T T

20 a0 y ' ! ! T Tt T —
PE/FITC

8.0

4.0 50 o 1.00 20 30 4.0 50 0 EI.D ' 4.0
PE/FITC PE/FITC

Raji

0 2 4 Day
0 100 100 DAC (nM)

Anti-GSTP1 20 = h

ANti-B-actin 48 um——

X 3-4-1 (A) FAL-EERADMEE : GSTP1 IEHKIRMAATH S Raji #MAIZx LT, DAC (100
nM) % 2, 4 BfSALIE L=, 37°CIZTMKS7T1 (10 M) && U Ps—CF (2uM) Z &7 L T FACS
R &7 o=, (B) DAC ZRLIE L TUL 4L\ Raji #RIM FACS 47, (C) DAC (100 nM) % 2
ERSALEE L 1= Raji #HB2 FACS 247, (D) DAC (100 nM) % 4 BRAALIE L 7= Raji #HBaM FACS
47, (F) FAUM-zRaji #RICH (T2 GSTPI BKUBTIFUDITRAY - TAYT AT
fR#T
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3-4-2 (A) AUWI-EERZDOBIBEE : RNAi jRIC&k Y GSTP1 / w o A V4R (siGSTP1) &
F& Cell tracker THEL-a 2 bO—)LHlifE (siCtrl) ZHIFE L, ZIRIZTMKET1 (10 pM)
BEUPsCF 2uM) #BRLTSA TEILA A= T HTHE>F=. (B) Ps—CF #FAL T 30
DEAUFAR= 3V LEBEOTATEILA A=V U TER (§ : BERE : 473 nm, ®
JiRE - 496 nm, 7R : EhE2IRER ¢ 473 nm, EERKE : 559 nm, F : Cell tracker), (C) 54
THIA A=V TREHEN-BEBERNADELBEOERLEL, D) SAELA A=
TTRESN-FERLOENLBEDRIEL, ) 4L A—DrFTRESAFK
BRALBEEXLOERNLBELORELEL, (F) Ps-CF &7/ L T 30 DEICHRE SIIKE
HABLUFBHEOHENLEBEDO FY FTOY MR

F2EOE 2HIIK T D Ps-TAc & W T=KHEBAMEDO T A TR/ A A=
V7 I, HT29 AifE<° HCT116 MfEIZ B W T VVE 2 R il s 12 L AL
WA SROMIANEEL TV, L LARRD, 1ZEAEEEE IR
HIEIZOWT, fENICB T 28T e —T OFEROERIZLDZHLOTHD
D7y, GSTP1 EMEMENZ L 2L TV DO W25 2 &L BREETH-
7-. 2T, HT29 #ilfE=° HCT116 ffEIZ >V T, Ps-CF W=7 4 7k A
A=V T EATIR o T2, FORER, HT29 fifd Tid—Hlg LU T EamEE b
IR DRER DB B —F, HCT116 Aifa TlXas btk Bk L2 [FfEE CTh
HAERNFF BT, HT29 Mgz BV TiE, GSTP1 IEMEDE W lilE & GSTPI %
PEDARNHII AT T ZIFET D Z E DR SN2, Ps-CF Z V-1 o7 &
N w722 A= TIEOMENIIZ LY, Ps-TAc TIXTE 2o lz—Hlfg L
JLCOD GSTP IEVEDFHM S ATRE & 72 o 72,
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F=HT20 RaD S A TILA A —D U FEHE (5% : BiEEE - 473 nm, EIEHE - 496 nm, 7 :
R E : 473 nm, EHKE : 559 nm)
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S 5HET /ME

Ps-TAc & (IhiE - #ei RO R 72 % GSTP1 BMRMIEMEM St 7 v —7
Ps-TM %A% L7z, Ps-TM ZHW=T7 A 78NV A A= 728\ T GSTPI
FHMNL L GSTP1 / v 7 Z 0 Alila 2 s DR LR TE 22 &0 b,
Ps-TM 725 Ml N GSTP1VEME 2 @ IRAYICIR T 5 Z & D TE N80t 7 v —
TThDHIENRINT. Ps-TM [FRAENERT a7 m—T 0572
GGT I&MERM 7 v —7 gGlu-HMRG X° -4 7 7 b v X —BiEMER ot 7
2 —7 HMRef-BGal &\ o 7ofkfadt it a5 9t 7 n—7 L OffHIc LY, <=
NFHT—A A= THRMFHTE D,

AW ClX, Carbofluorescein & £:£% & L 7= GSTP1 EIREYIEMEM HHE O 7 1 —
7 Ps-CF % 488 nm DO K Tt 95 &, RIGHIH TlE & A LNz L
7RI (520 nm 1) &, KRE AT S8 (565 nm £130) MBFAET D Z
Ex R LUz, 520 nm FHEOENIE, 7'a b IEMREERI S IEAET D EETESRM T
(pH 3) TiImi s s2y, 7'a b B SFAET D HEMESIE T (pH10)
Tl SN2 o722 &b, 520 nm AT OEIE T 1 b o IEAREER I sk
TH2LOTHDEHR L., 7 b BRI T e b FEfREER o
LUMO L~ MR 28, d-PeT 2RO FIZ X 0 st Bt Sz < vy, 3772
HbH, 520 nm (2B HEAFEENISATE TIZEA LB LARWERR E LT,
¢mT@¢@ﬁw7mb/#M%mfi,ﬁmm@mt#&ehkﬁt@%@%
ZUF RN Th D L HEER LT,

FERIZ, Ps-CF & o — R i RMVAIC LV, FACS f#TiZ T GSTPIL
FEBLMNN T d 5 Jurkat M & GSTP1 FEFE BN T o % Raji Mifd A s R EFED
ERNLXPTEDZ &, T4 TV A A= 72T GSTP1 FEAIN &
GSTP1 / v 7 X0 iz w CREEIED RN BRI TE 2 Z LA RS L.
PLEDZ Ene, Ps-CF 23l GSTPI iEMEZ2 BRI T 2 2 £ D TE 5
— W RNE R RANEROEN T e —T ThDH Z EBNRENT.
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FA4E K

l:&

AW TIX, GSTP1 BRI NV X F A ARG KL E5% T 5 5 EFE= h a1k
aWE R LTz, TokyoGreen ZHRHZ & L, wftiiliH & L CRH LI FEE=
ke b & A A A TEH 7 v — 7 Ps-TG X GSH/GSTP1 & DA > & 2~ —
Ta TR VK100 EOENIRE FA-AR LT, & 52 Ps-TG Ol a7
FHERTH D Ps-TAc % VT GSTP1 FELH AME O A AMIE & 15
faz %54 2% 2 &3 T, Ps-TAc 23l N GSTP1 V& 4 BRI kR HH 9~ 2 w0
Tur—T7 L LTHEHTHSL Z LRSI,

moERXT =T DN TF I T—A A= T EITH> T EEZMEL T,
TokyoMagenta % REE% & L 7c GSTP1 &M@t 7' v — 7 Ps-TM B LW
Carbofluorescein Z 4% & L7z GSTP1 {EM ML 7 2 — 7 Ps-CM Z 5k L 7-.
Ps-TM 5 1. O8 Ps-CF (% GSH/GSTPI & DA > F a2 _X— 3 (k) K&t
SRS AR L, Ps-TM IZHIMPN GSTPL iGME 2 @RI T 2N =80T
n—7ThdIENRBINTZ. —F, Ps-CF ZHW=F7 A4 TNV A=
7 ClE, MIEN GSTP1 iEMH 2 RINMICHR 35 Z L IZREECTH - 7.

TokyoGreen <> TokyoMagenta, Carbofluorescein & \N\> 7280 a2 RHZE LTz
T v —TNE, KERPIAFET H7 0 NSRBI CH D7 =4 B D51
BT 5 DONEATHDH. AKBFZETIE, Carbofluorescein % £:% &35 Ps-CF
DT v N REERICH DT =4 U RICIE R, Ta MR CH D = a2 —
NN T 5 2 8¢, —RERE HEAENAREE D 2 &, ARHIE
EIRT A TRNAA A= 70 FACS HTICHICHTE L 2 L 2T LHTRL
7o, ZHUCT LY, Ps-CF I E Rk — I EANEM OE 72 GSTP1 BIRAITEE
BRHENT 0 —T7 ThH 2D Z LIRS NIz, FIliC R Lz RIL, GSTP1 Bk
FTEMERRIH O T e —7 OB b6, hodt7 e —71Cx L THEM TE,
T O —T Oy FRkEHEE LTHIRFCEL B2 b 5.
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Materials

Roswell Park Memorial Institute 1640 medium (RPMI1640), and phosphate-buffered
saline (PBS) were purchased from Nissui Pharmaceutical (Tokyo Japan). Hanks’
Balanced Salt Solution (HBSS) was obtained from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan).Hoechst 33258 pentahydrate (10 mg/ml in water). Fetal bovine serum
(FBS) was obtained from Sigma-Aldrich (St. Louis, MO, USA). Alexa647-conjugated
Goat Anti-Mouse IgG H&L (Alexa Fluor® 647) (Cat. No. ab150115) was obtained
from Abcam, Inc. (Cambridge, UK). General chemicals for organic synthesis and
analysis were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan),
Tokyo Chemical Industries Co., Ltd. (Tokyo, Japan), Kanto Chemical Co., Inc. (Tokyo,
Japan), and Sigma-Aldrich Chemical Co., Ltd. (St. Louis, MO, USA), and used without
further purification.

Instruments

Identification of synthesized compounds. NMR spectra of synthesized compounds were
recorded on a Bruker DRX-400 spectrometer at 400 MHz for 'TH-NMR and at 100 MHz
for 3C-NMR. Chemical shifts ( § values) in 'H- and '3C-NMR were calibrated to the
residual solvent resonance at 2.05 and 29.84 ppm for acetone-ds, and 2.5 and 39.52 ppm
for DMSO-ds. Mass spectra were obtained using a Micromass LCT spectrometer

(Waters, Milford, MA, USA) in ESI positive or negative mode.

Semi-preparative HPLC was performed on a Mightysil RP-18 GP column (250 mm x
20 mm (5 um); Kanto Chemical, Tokyo, Japan) at a flow rate of 9 ml/min using an
HPLC system composed of a pump (PU-980, JASCO) and a detector (UV-975, JASCO).
Data were acquired by Clarity Lite software (DataApex, Prague, Czech Republic).
Eluent A: 10 mM ammonium acetate, B: acetonitrile. Subsequently, a fraction
containing the target compound was analysed by reverse-phase HPLC on an
Intertsustain C18 column (250 mm x 4.6 mm; GL Sciences, Inc.) at a flow rate of 0.2
ml/min using an HPLC system composed of two pumps (LC-20AD, Shimadzu) and a
detector (SPD-M20A and RF-20Axs for absorbance and fluorescence, respectively)
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operated by Clarity software through a system controller (CVM-20A, Shimadzu).

Eluent A: 10 mM ammonium acetate, B: acetonitrile.

HPLC analysis was performed on an Intertsustain C18 column (250 mm x 4.6 mm; GL
Sciences, Inc.) at a flow rate of 1.0 ml/min using an HPLC system composed of a pump
(LC-20AD, Shimadzu) and a detector (SPD-M20A and RF-20Axs for absorbance and
fluorescence, respectively). Eluent A: 10 mM ammonium acetate, B: acetonitrile.
LC-MS analysis was performed on an Intertsustain C18 column (150 mm x 3.0 mm;
GL Sciences, Inc.) at a flow rate of 0.2 ml/min using LC-MS (Shimadzu Quadrupole
LC-MS). Eluent A: 10 mM ammonium acetate, B: acetonitrile. LabSolutions software

was used for operation of the system and data analysis.

UV-visible spectra were obtained on a V-550 UV/VIS spectrophotometer (JASCO
Corp., Tokyo, Japan). Fluorescence photometric studies were performed on an

RF-5300PC spectrofluorophotometer (Shimadzu Corp., Kyoto, Japan).

Live cell imaging was performed using a FV10i confocal microscope with the
FLUOVIEW software and an oil immersion objective lens UPLSAPO60XO 60x (NA
1.35). Fluorescence images of Ps-TAc¢, Ps-CF and Ps-TM were taken via the FITC
(excitation at 473 nm), the MiCy/mKO/FRET (excitation at 473 nm) and the Mito
Tracker Red (excitation at 559 nm) channels, respectively. Immunofluorescence
imaging was performed using a FV1000 confocal microscope with the FLUOVIEW
software and an oil immersion objective lens UPLSAPO60XO 60x (NA 1.42).
Fluorescence images of DAPI and Alexa647 were taken via the corresponding channels

with excitation at 473 nm and 635 nm, respectively.

Flow cytometry was performed using a Cell Sorter SH800S (Sony Japan). Fluorescence
detection of Ps-CF was taken via the FITC (excitation at 488 nm) and PE (excitation at

488 nm) channels.

Fluorescence imaging
Ps-TAc

Prior to the imaging experiments, cells were rinsed twice with PBS, then incubated in

HBSS (+) containing 2.5 uM Ps-TAc (0.1% DMSO as a cosolvent) for 5 min at 37°C.

57



Cells were washed twice with PBS. 1 ml HBSS (+) was added, and the cells were
subjected to microscopic imaging. Cancer cells seeded one day before transfection were
washed twice with PBS and loaded with 10 pg/ml Hoechst 33258 in HBSS (+) for 20
min, and then incubated with 2.5 uM Ps-TAc in HBSS (+) at room temperature (25 °C).
During the incubation, fluorescence and bright-field images were captured every 2 min

for 20 min.

Ps-CF and Ps-TM

Prior to the imaging experiments, cells were rinsed twice with PBS, then incubated in
HBSS (+) containing 10 pM MKS571 (0.1% DMSO as a cosolvent) for 10 min at room
temperature (25 °C). Then incubated in HBSS (+) containing 2.0 uM Ps-CF or Ps-TM
(0.1% DMSO as a cosolvent) and 10 uM MKS571 (0.1% DMSO as a cosolvent) at room
temperature (25 °C) and the cells were subjected to microscopic imaging without PBS

wash.

Flow cytometry

1.2 x 10° cells were incubated in HBSS (+) containing 10 uM MK571 (0.1% DMSO as
a cosolvent) for 5 min at 37 °C. Then incubated in HBSS (+) containing 2.0 uM Ps-CF
(0.1% DMSO as a cosolvent) and 10 uM MK571 (0.1% DMSO as a cosolvent) for 15

min at 37 °C and the cells were subjected to cell sorting without PBS wash.

Organic synthesis

\o/: :\O/

NO, 8
ZnCl,
ﬂ
POCl,, 80°C
(0} OH
1 9 (y. 59%) 11 (y. 7%)
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(2,4-dimethoxyphenyl)(2-methyl-4-nitrophenyl)methanone (9)

A suspension of 1 (348 mg, 1.9 mmol), 8 (486 uL, 3.8 mmol) and ZnCl2 (514 mg, 3.8
mmol) in POCI3 (5.0 mL) was stirred at 80°C for 3h and then cooled to room
temperature. The reaction mixture was poured onto H20 (200 mL) on ice and then
partitioned between AcOEt and H20. The organic layer was washed two times with H20,
IN NaOH, brine, dried over anhydrous MgSOs, filtered, and concentrated in vacuo. The
crude was purified with silica gel column chromatography (hexane/AcOEt: 10/1) to
afford the crude compound 9 (334 mg, 1.1 mmol, y. 59%) and 11 (37 mg, 0.13 mmol,
7%) as yellow solid.

(2,4-dimethoxyphenyl)(2-methyl-4-nitrophenyl)methanone (9)

"H-NMR (400 MHz, CDCIs) 6 8.09 (1H, d, J = 2.3), 8.03 (1H, dd, J = 8.5, 2.1), 7.69
(1H, d, J=8.7), 7.34 (1H, d, J = 8.2), 6.57 (1H, dd, J = 8.7, 2.3), 6.42 (1H, d, J = 2.3),
3.88 (3H, s), 3.58 (3H, s), 2.39 (3H, s), *C-NMR (100 MHz, CDCl3) § 194.8, 165.6,
161.4, 148.1, 147.7, 137.3, 133.8, 127.7, 125.2, 120.5, 120.0, 105.6, 98.5, 55.6, 55.5,
19.7

3-methoxyphenyl 2-methyl-4-nitrobenzoate (11)

"H-NMR (400 MHz, CDCl3) 6 8.28 (1H, d, J=8.7), 8.18 (1H, d, J = 2.3), 8.15 (1H, dd,
J=28.7,2.3),7.36 (1H, t, J = 8.2), 6.89-6.79 (2H,m), 6.77 (1H, t, J = 2.5), 3.84 (3H, s),
2.78 (3H, s), *C-NMR (100 MHz, CDCIs) 6 200.3, 160.6, 151.3, 149.8, 143.0, 134.2,
132.1, 130.1, 126.4, 120.8, 113.7, 112.1, 107.6, 55.5, 21.9

HO
NO
2 )ZnCI2 POCI,
0°c Na28 9H,0
NaOH O ‘ H,0, reflux
P on MeOH/HZO o o
1 5 6

9-(4-amino-2-methylphenyl)-6-hydroxy-3H-xanthen-3-one
(4-NH;-2-Me-TokyoGreen; 6)

A suspension of 1 (500 mg, 2.8 mmol), 4 (1.2 g, 11 mmol) and ZnCl2 (1.6 g, 11 mmol)
in POCIs (1.5 mL) was stirred at 80°C under Ar atmosphere for 30 min and then POCIl3
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(1.5 mL) was added and stirred at 80°C for 20 min and then POCI3 (1.0 mL) was added
and stirred at 80°C for 2.5 h and then cooled to room temperature. The reaction mixture
was poured onto MeOH (20 mL) on ice and basified with 10N NaOH to pH14 on ice
and stirred at room temperature for 1 h. The reaction mixture was acidified with conc.
HCI and sat. NaH2PO4 to pH2 and then partitioned between AcOEt and sat. NaH2POa.
The liquid layer was extracted two times with AcOEt. The organic layer was washed
two times with brine, dried over anhydrous MgSQOs, filtered, and concentrated in vacuo.
The crude was purified with silica gel column chromatography (CHCI3/MeCN/MeOH:
10/1/1) to afford the crude compound 5 (81 mg) as red solid.

A solution of the crude compound (81 mg) and Na>S-9H20 (238 mg, 0.99 mmol) in
H20 (6.0 mL) was stirred at 50°C for 70min and then the reaction mixture was cooled to
room temperature. The reaction mixture was poured onto sat. NaH2PO4 and then
partitioned between AcOEt and sat. NaH2POa. The liquid layer was extracted two times
with AcOEt. The organic layer was washed with sat. NaH2POa, brine, dried over
anhydrous MgSQu4, filtered, and concentrated in vacuo. The crude was purified with
silica gel column chromatography (CHCI3/MeCN: 10/1 to CHCI3/MeOH: 4/1) to afford
the title compound 6 (152 mg, 0.48 mmol, y. 52%)as red solid.

=Si Si— ! .
=si_ Si—

NH, ‘& ool 7NN

TEA, DMAP

e

DCM, r.t.

Br Br
12 13

1-(4-bromo-3-methylphenyl)-2,2,5,5-tetramethyl-1,2,5-azadisilolidine (13)

A suspension of 12 (209 mg, 1.1 mmol), DMAP (20 mg, 0.17 mmol), triethylamine
(600 puL, 4.3 mmol) and 1,2-Bis(chlorodimethylsilyl)ethane (423 mg, 2.0 mmol) in
dichloromethane (5.0 mL) was stirred at room temperature for 24 h under Ar
atmosphere and then partitioned between AcOEt and sat. NaHCOs. The organic layer
was washed two times with sat. NaHCO3s and 1IN NaOH, brine, dried over anhydrous
MgSOs, filtered, and concentrated in vacuo to afford the title compound 13 (299 mg,
0.91 mmol, yield 81%) as brown oil.
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'H-NMR (400 MHz, DMSO-de) 6 7.33 (1H, d, J = 8.7), 6.77 (1H, d, J = 3.2), 6.61 (1H,
dd, J = 8.5, 3.0), 2.25 (3H, s), 0.80 (4H, s), 0.18 (12H, s), *C-NMR (100 MHz,
DMSO-de) § 146.9, 137.5, 132.4, 124.8, 121.9, 114.5,22.7, 7.9, -0.16

Br NHZ

13 O
o 1) sec-BulLi
THF, -78°C
(LC g U
2) HCI
TBSO o] OoTBS ) Ho o o

THF/H,0, r.t.

14 6

9-(4-amino-2-methylphenyl)-6-hydroxy-3H-xanthen-3-one
(4-NH;-2-Me-TokyoGreen; 6)

To a solution of 13 (450 mg, 1.4 mmol) in THF (4.0 mL), 1.0 M cyclohexane/n-hexane
solution of sec-BuLi (2.0 mL, 2.0 mmol) was added dropwise at -78°C under argon
atmosphere. The reaction mixture was stirred at -78°C for 30 min and then 14 (422 mg,
0.92 mmol) in THF (4.0 mL) was added dropwise at -78°C and stirred at -78°C for 20
min. The reaction mixture was stirred at room temperature for 1 h and then IN HCI was
added and stirred at room temperature and then partitioned between AcOEt and sat.
NaH2POa4. The liquid layer was extracted three times with AcOEt and the organic layer
was washed with brine, dried over anhydrous MgSOs, filtered, and concentrated in
vacuo. The crude was purified with silica gel column chromatography (CHCI3/MeCN:
10/1 to CHCl3/MeOH: 4/1) to afford the title compound 6 (152 mg, 0.48 mmol, yield
52%) as orange solid.

"H-NMR (400 MHz, DMSO-ds) 6 6.99 (2H, d, J=9.1), 6.85 (1H, d, J = 8.2), 6.70-6.42
(6H, m), 5.43 (3H, br), 1.89 (3H, s), HRMS (ESI-TOF) m/z calcd for C20Hi6O3NS [M +
H]": 318.1130, found: 318.1124 (-0.6 mmu).
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NH, NH,

H,SO,
_—
MeOH, reflux

o o v. 84% e
15 16

methyl 4-amino-2-methylbenzoate (16)
To a suspension of 15 (2.7 g, 18.1 mmol) in methanol (40.0 mL), H2SO4 was added
dropwise. The solution was refluxed at 80°C under Ar atmosphere for 12h and then
cooled to room temperature. The reaction mixture was partitioned between AcOEt and
sat. NaHCOs. The organic layer was washed two times with sat. NaHCO3, brine, dried
over anhydrous MgSOu, filtered, and concentrated in vacuo to afford the title compound
16 (165 mg, 0.54 mmol, yield 84%) as light brown solid.
"H-NMR (400 MHz, DMSO-ds) 6 7.61(1H, d, J = 9.1), 6.42-6.34 (2H, m), 5.82 (2H, br),
3.68 (3H, s), 2.39 (3H, s), *C-NMR (100 MHz, DMSO-ds) 6 166.8, 152.6, 141.9, 132.7,
115.7, 114.8. 110.6, 50.9, 22.2

O = A
NH, cl i 7/ NTN\
DMAP, TEA
—_—
DCM, r.t.
o> o~ 0”0
y. 84%
16 17

Methyl 2-methyl-4-(2,2,5,5-tetramethyl-1,2,5-azadisilolidin-1-yl)benzoate (17)

To a solution of 16 (105 mg, 0.64 mmol) in dichloromethane (2.0 mL), TEA (256 uL,
1.9 mmol), DMAP (5 mg, 0.041 mmol) and 1,2-bis(chlorodimethylsilyl)ethane (165 mg,
0.77 mmol) were added at room temperature. The reaction mixture was stirred at room
temperature under argon atmosphere for 20 h and then partitioned between AcOEt and
sat NaHCOs. The organic layer was washed two times with sat NaHCO3, brine, dried
over anhydrous MgSOs, filtered, and concentrated in vacuo. The crude product was
vacuum filtered through silica gel and washed with a solution of hexane/AcOEt: 10/1 to
afford the title compound 17 (165 mg, 0.54 mmol, yield 84%) as yellow oil.

"H-NMR (400 MHz, DMSO-ds) 6 7.79 (1H, d, J = 8.2), 6.81 (1H, dd, J = 8.2, 2.7), 6.79
(1H, d, J = 2.3), 3.77 (3H, s), 2.52 (3H, s), 0.89 (4H, s), 0.30 (12H, s), *C-NMR (100
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MHz, DMSO-de) 6 167.7, 153.2, 142.5, 133.0, 124.8, 120.8, 119.3, 51.4, 22.4, 87.4,
-0.13

/@\ TBSCI, Imidazole /@\
H
HO Br TBSO Br

THF, rt.

18 y. 95% 19
(3-bromophenoxy)(tert-butyl)dimethylsilane (19)
To a solution of 18 (2.6 g, 15.1 mmol) in THF (20 mL), imidazole (2.0 g, 29.7 mmol)
and a solution of TBS-CI (3.4 g, 22.6 mmol) in THF (10 mL) were added at room
temperature. The reaction mixture was stirred at room temperature under argon
atmosphere for 1h and then partitioned between hexane and sat. NaHCOs. The organic
layer was washed with sat NaHCOs3, brine, dried over anhydrous MgSOs, filtered, and
concentrated in vacuo. The crude product was vacuum filtered through silica gel and
washed with hexane to afford the title compound 19 (4.1 g, 14.4 mmol, yield 95%) as
colorless oil.
"H-NMR (400 MHz, Acetone-ds) 6 7.21 (1H, t, J=8.0), 7.14 (1H, dt, J = 8.1, 1.5), 7.05
(1H, t, J = 2.1), 6.92-6.86 (1H, m), 0.98 (9H, s), 0.22 (6H, s), *C-NMR (100 MHz,
Acetone-ds) 6 157.5, 131.8, 125.3, 124.0, 122.9, 119.9, 25.9, 18.7, -4.5,

CI\ /CI

ASiK

/@\ sec-BuLi /@\ /@\
—_—
TBSO Br TBSO Si OTBS
/\

THF, -78°C
19 y. 34% 20

bis(3-((tert-butyldimethylsilyl)oxy)phenyl)dimethylsilane (20)

To a solution of 19 (401 mg, 1.4 mmol) in THF (4.0 mL), 1.0 M cyclohexane/n-hexane
solution of sec-BuLi (2.0 mL, 2.0 mmol) was added dropwise at -78°C under argon
atmosphere. The reaction mixture was stirred at -78°C for 30 min and then
dichlorodimethylsilane (76 pL, 0.63 mmol) in THF (0.7 mL) was added dropwise at
-78°C and stirred at -78°C for 90 min. The reaction mixture was stirred at room
temperature for 2.5 h and then partitioned between AcOEt and sat. NH4Cl. The organic
layer was washed with sat NH4Cl, brine, dried over anhydrous MgSOs, filtered, and
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concentrated in vacuo. The crude was purified with silica gel column chromatography
(hexane/AcOEt: 20/1 to 10/1) to afford the title compound 20 (222 mg, 0.47 mmol,
yield 34%) as colorless oil.

"H-NMR (400 MHz, Acetone-ds) 6 7.26 (2H, t,J=7.8), 7.12 (2H, d, J = 8.2), 6.99 (2H,
d, J=12.7), 688 (2H, dd, J = 8.5, 2.1), 0.96 (18H, s), 0.51 (6H, s), 0.16 (12H, s),
BBC-NMR (100 MHz, Acetone-ds) 6 156.0, 140.5, 130.0, 127.8, 126.2, 121.6, 26.0, 18.8,
-2.5, -4.3, HRMS (ESI-TOF) m/z caled for C26Ha402NaSis [M + Na]": 495.2547, found:
495.2549 (+0.2 mmu).

TBso/©\ /©\OTBS MeCN, r.t. TBSOO\ Jij\OTBs

y. 57%
20 21

bis(2-bromo-5-((tert-butyldimethylsilyl)oxy)phenyl)dimethylsilane (21)

A suspension of 20 (105 mg, 0.22 mmol) and N-bromosuccinimide (79 mg, 0.44 mmol)
in MeCN (1.0 mL) was stirred at room temperature under Ar atmosphere for 19h and
then partitioned between AcOEt and sat. NH4Cl. The organic layer was washed two
times with sat NH4Cl, two times with 1N NaOH, brine, dried over anhydrous MgSOs4,
filtered, and concentrated in vacuo. The crude product was vacuum filtered through
silica gel and washed with hexane to afford the title compound 21 (78 mg, 0.13 mmol,
yield 57%) as white solid.

"H-NMR (400 MHz, Acetone-ds) 6 7.42 (2H, d, J = 8.2), 6.98 (2H, d, J = 2.7), 6.85 (2H,
dd, J = 8.5, 3.0), 0.95 (18H, s), 0.73 (6H, s), 0.17 (12H, s), *C-NMR (100 MHz,
Acetone -do) § 155.5, 140.6, 134.8, 129.5, 124.2, 121.8, 26.0, 18.8, -1.0, -4.3, HRMS
(ESI-TOF) m/z calcd for C2sH4202NaSisBr2 [M + Na]*: 651.9757, found: 651.0760
(+0.3 mmu).
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21 y. 13% 22

10-(4-amino-2-methylphenyl)-7-hydroxy-5,5-dimethyldibenzo[b,e]silin-3(SH)-one
(4-NH;-2-Me-TokyoMagenta; 22)

To a solution of 21 (209 mg, 0.33 mmol) in THF (1.0 mL), 1.0 M cyclohexane/n-hexane
solution of sec-BuLi (0.8 mL, 0.83 mmol) was added dropwise at -78°C under argon
atmosphere. The reaction mixture was stirred at -78°C for 60 min and then 17 (68 mg,
0.35 mmol) in THF (0.8 mL) was added dropwise at -78°C and stirred at -78°C for 15
min. The reaction mixture was stirred at room temperature for 2 h and then 1N HCI (3.0
mL) was added dropwise at room temperature and stirred at room temperature for 30
min. The reaction mixture was partitioned between AcOEt and sat. NaH2PO4. The
organic layer was washed two times with sat NaH2POu4, brine, dried over anhydrous
MgSOs, filtered, and concentrated in vacuo. The crude was purified with silica gel
column chromatography (hexane/AcOEt: 4/1) to afford the title compound 22 (15 mg,
0.042 mmol, yield 13%) as red solid.

"H-NMR (400 MHz, DMSO-ds) 6 7.05-6.85 (4H, m), 6.70 (1H, d, J = 7.8), 6.60-6.15
(4H, m), 5.23 (2H, br), 1.81 (3H, s), 0.43 (3H, s), 0.40 (3H, s), *C-NMR (100 MHz,
DMSO-ds) 0 155.6, 143.0, 134.5, 128.4, 123.7, 121.7, 26.0, 18.8, -0.4, -4.3, HRMS
(ESI-TOF) m/z caled for C22H22NO2Si [M + H]™: 360.1420, found: 360.1412 (-0.8

mmu).
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N-(4-(7-hydroxy-5,5-dimethyl-3-o0x0-3,5-dihydrodibenzo[b,e]silin-10-yl)-3-methylp
henyl)-5-(methylsulfonyl)-2-nitrobenzamide (Ps-TM)

A suspension of 22 (3.7mg, 15 umol) and WSCD<HCI (3.5 mg, 18 umol) in MeCN
(0.25 mL) and CHCI3 (0.25 mL) was stirred at room temperature for 20 min. 22 (1.7 mg,
4.7 pmmol) was added to the reaction mixture and stirred at room temperature for 30
min and then partitioned between AcOEt and sat. NaH2PO4. The organic layer was
washed two times with sat. NaH2POs, brine, dried over anhydrous MgSOs4, filtered, and
concentrated in vacuo. The crude was purified by semi-preparative HPLC (Eluent: A:B
= 60:40—20:80 (20 min), A: 10 mM ammonium acetate, B: acetonitrile, flow rate: 9
mL/min). After evaporation of acetonitrile from the collected fraction under reduced
pressure, the residue was acidified with 1N HCl and diluted with AcOEt. The organic
layer was washed with three times with 0.1 N HCI dried over anhydrous MgSOa,
filtered, and concentrated in vacuo to afford the title compound (1.1 mg, 1.9 umol,
40%) as a red solid.

"H-NMR (400 MHz, DMSO-ds) 6 11.06 (1H, s), 8.42-8.36 (2H, m), 8.30 (1H, dd, J =
8.0, 2.5), 7.72-7.68 (1H, m), 7.68-7.60 (1H, m), 7.15 (1H, d, J = 8.2), 7.01 (2H, br),
6.82 (2H, d, J=9.6), 6.46 (2H, br), 3.43 (3H, s), 1.99 (3H, s), 0.46 (3H, s), 0.44 (3H, s),
HRMS (ESI-TOF) m/z calcd for C30H27N207SiS [M + H]": 587.1310, found: 587.1308
(+0.2 mmu).
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N-(4-(6-hydroxy-10,10-dimethyl-3-0x0-3,10-dihydroanthracen-9-yl)-3-methylpheny
1)-5-(methylsulfonyl)-2-nitrobenzamide (Ps-CF)

23 was synthesized reported previously*. To a solution of 13 (401.5 mg, 1.223 mmol)
in THF (5.0 mL), 1.0 M cyclohexane/n-hexane solution of sec-BuLi (1.4 mL, 1.4 mmol)
was added dropwise at -78°C under argon atmosphere. The reaction mixture was stirred
at -78°C for 30 min and then 23 (291.4 mg, 0.6036 mmol) in THF (3.0 mL) was added
dropwise at -78°C and stirred at room temperature for 2 h and then IN HCI (1.0 mL)
and MeOH (2.0 mL) were added and stirred at room temperature and then partitioned
between AcOEt and sat. NaH2POa. The liquid layer was extracted three times with
AcOEt and the organic layer was washed with brine, dried over anhydrous MgSOsa,
filtered, and concentrated in vacuo. The crude was purified with silica gel column
chromatography (CHCI3s/MeCN: 10/1 to CHCIs/MeOH: 4/1) to afford the title
compound 24 (112.2 mg) as red solid.

A suspension of 7 (16.5 mg, 0.0673 mmol) and WSCD*HCI (21.1 mg, 0.110 mmol) in
MeCN (0.5 mL) and CHCI3 (1.0 mL) was stirred at room temperature for 5 min. The
crude of 24 (22.4 mg) was added to the reaction mixture and stirred at room temperature
for 1 h and then partitioned between AcOEt and sat. NaH2POs. The organic layer was
washed two times with IN HCI, brine, dried over anhydrous MgSOs, filtered, and
concentrated in vacuo. The crude was purified by semi-preparative HPLC (Eluent: A:B
=1:99—30 : 70 (20 min), A: MeOH, B: CHCIs, flow rate: 9 mL/min). The the
collected fractions were concentrated in vacuo to afford the title compound (8.7 mg,
mmol, 8% in 2 steps) as a red solid.

"H-NMR (400 MHz, DMSO-ds) 6 11.07 (1H, s), 10.50 (1H, s), 8.43-8.35 (2H, s), 8.31
(1H, dd, J = 8.2, 1.8), 7.76-7.71 (1H, m), 7.71-7.62 (1H, m), 7.20 (2H, d, J = 7.8),
6.96-6.58 (4H, m), 6.20 (1H, d, J=9.1), 3.43 (3H, s), 2.00 (3H, s), 1.62 (3H, s), 1.57
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(3H, s), C-NMR (100 MHz, DMSO-ds) 6 162.4, 151.3, 149.4, 144.7, 138.5, 136.2,
132.8, 131.7, 129.74, 129.67, 128.9, 128.0, 125.6, 124.0, 121.8, 121.0, 117.2, 114.7,

112.4, 79.0, 42.9, 33.6, 32.1, 19.2, HRMS (ESI-TOF) m/z caled for C31H27N207S [M +
HJ*: 571.1539, found: 571.1541 (+0.2 mmu).
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