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EXTRADOF| X

B~ A (PBi) 1, EWIEE 15 1%, # 6 AMNIALE T 2 MUNETHR Th 5, 2Bi 1THEL
ERMAETH S HOD, Z 0T 1.9 x 1094E L IEFITR L, VRERIEME D TH &
L THbTn5, FAHRICBWTEARAY ZOEFICIET D EHR (As), 7 FEL (Sh),
£ Y oL (TI), 7 (Pb), KER (Hg), Re=7 L (Po) IZREINDH L DT, EHukid— &m
WCHEMEREWVEE N H 5, L, ERAS R IFISICEIENMENZ b TEY,
&%J%w&EXVX%ﬁ SRR E A~ AL E B RERICT AR O8A L LTHWS
nTnas,

BT, BHSBLFSIICHBWTOE 2< R, A Al 00 (Al 118 7 — L
B 418 722 PRSI & L COFIAN— RO TH S, iz, ke A~ (BiCl) < k
UZndna R Z s AR CERE A< A() (Bi(OTHs) 1d/vA Afig: LT, Bkl
R ZMMTCHD BT ) =7 I AN —OBS»D bITFEEREIN TS, Zh
HLUAMZE, BEATADNA ARRMEIZE B LIoFRITEANATOIL TN D, 1920 F 7= 54ld
EA~ 2 {EEWITERILEEDR E <, 3 MIE AV A~NELITETLIND 2 &G, BEAlE LT
LRSS, 51, AME A~ AMEEMITIRF-E A~ AFEE P HEPAKE LT VWS
L, AR EBEVARIGERI LTV k%ﬂ%bf?)~»kﬁkbf%%w%nfkb
TIVRT =), B NEOT ) — B ERTRBIZL TS, 2 2O L) RISHE L
TOFMAITNTID B A~ ARG OMHEE %ﬂ%bt%@f@@ B A~ ADHF AL
DODB5D, LLRNL, AMEA~Z2LEMB & Zinetts & U TR L72FlER S
NTWD, BEFO®WS & LTI, BRI 2 B BLETEECHE 2 M (25§ 2 His A&
LWV B AT AMEEWOIEIEMEIZER Lz b d 220 L) ANMEREEEIE L COR]
A% HBE LTEbODORTHY, B R~ ZADMEERIEE 2S5 & F 05 AICBET 255

I+ TR,

ZDEIIZ, EARRAIMOTTEITITRVREAH A RO TV HIZHEb LT, £
DI U CTIERBAH R I 30132 < RS T\ D,

10 EEBRB O—FSUEDORERFMY
H—& I RS TEAEEDO DO TH Y, WL - WHIRENRKE N &, KEHESHL
EVERENZ &, AERICHT 2 FENMRNZ ENFRETH D, MEEMiNLENAES TH 5
7o, #OEOD offlon 7 & OHEREST G-I « HOGHE RO LT <, BUETHAR%
AL TOENT v —T DEREHE L TR INTND, 2628



H—& X ORI - OB RIRE TGRS DIED—o & LT, m—& I FR 10 (Lo
RIFFEMO~T BJiFICEZHRZ D FERHY, ZhE TIZKE (C), 27 A% (Si), 07
/1/’\7:17,& (Ge), 3L Y > (P), 3233ffi (S),3*35 & L2 (Se), 3T /1L (Te)d ZE7N 10 (ZIZHHL I~

WENTo—F I U5 FREE SR TWA (Figure 1), T TH, 74 FBNMAAENT Si-
0—XIN0E7 F 7 AF Y (TMR) & Bl U TRt - 406 E & 5128 90 nm o F
WRALZER L TRV, BUE Itz LTESHWLATND, ZORER
BRI A FIVIEDRFE-T A FREED o* Ul & X7 > O n*E 1R M COLE MM AE
HIZED, LUMO O LMK L, HOMO-LUMO ¥ » 72V NS <725 Z L ITER L T
WDH, BB E Uy (V) ICEEHRZ T P-u—& 2 0T, AR~ ARSMER L S WIS i
AL, EIOLRAMMEN <, RN A A= 7 e —T OFi L LTHE
HEN TS, —FT, BLUOT ML ENWSTZ 16 EOFETLRICEZ B X 72 Se-m— 4 I >
RTe-r—F I UL, Si-n—F I 0P-r—% I D &) RRIEEDORERLIZA ONT,
Flod N bIFEAEH LR, L, TOEEFHRND, Bt RIIC L) —HERE
FREAERT DA E UTHREET 2 2R TCn5, —EEBRITMREEEEZS
T o720, SHEAI G & OCIRE 21T 72 o Tl O B 2 RIREIC G T 5 2 L BN ARETH
%o FFIT Se-m— & I NIFFE OBERAFAE T CORNIRREAEN M1 LR RE M 2 75 37581

HOTEAEAL R & L CORBAZ ST 5, 40
/» /'
+ +
N Sl N
| I
Substituted to SiR6502 NR%Gb
O Sior P Aps = 646 nm, A, = 660 nm Aaps = 666 Nm, A, = 685 nm

e
+
\'il o N/

TMR Substituted to
Aaps =549 nm, A, = 569 nm Se or Te
302 302
(X (X
+ +
\T - T/ \T - T/

TMR-Se® TMR-Ted
Ags =581 nm, @(10,) = 0.87 Agps =597 nm, ®(20,) = 0.43

Figure 1. Structures of 10-position substitueted rhodamine derivatives. ®Ref. 30. "Ref. 32. °Ref. 36.
Ref. 37.



ABMRDODBEMNE LU HE

HWRETETHY BN GRBETHL L VIHIMEIZEATAIZRHAOLDTH D, Lh
L, ZOAIZEHL, 2NEFIA LAY 2~ 2{bAPITE 2NV E TIoE N, 22T
AAFGE CIIREME RN E R & L CORBEE A~ A F ORI 2l ietk 2 B L, 20
ARMEZ ST 5~ ARF A REZ0HHLG © A~ 24000 F OB AT/ 2 & & LT,
BARINZIE, v = I U2 EREK E LTEHRE A~ 2 LB DB EITIRV, £ D)
PEF LTV in vitro, in vivo LUV TOREBERMII 21772 9, & BIT, AERICIRT 2 WPEHI R
DES & EDOFM HATR 5. A TIEZ DFEMIZ OV TREIR T 2,



ZN

B—F HRAEAIFERATRO—FIVORRE

¥—# BiR D4 FRE

Fam TR _7= K918, 0—& 2 B8 10 (i 7 A FBa AR Si-n—& 2 L OWRI -
W R ORREIT LUMO LV DI FIZ L2 6D TH D, 3 EREDHEAIE dithienosilole
(DTS) D AFETHLWESINTEY, 47 2% 7 A FHTHME L7 DTS ITRFETHME L
72DTC £V H LUMO LSRR T L, ZHUC KD RERIAALND, H S 62, T47
= &R E AV A THRIE LT DTBI2 (T2 AUTKIGT 5 DTS2 & [AREEOWINAT 24 LT\ 5
ZENREENTWD (Figure 2), 2

Ho _H Ph_ _Ph Ph_ _Ph P
C Si Si Bi
YR ENEWE I\ yaeaN

DTC? DTS? DTS2 DTBI2?
Aaps = 323 nm Aaps = 356 nm Aaps = 354 nm Aaps = 356 nm

Figure 2. Structures of carbon- or heteroatom-bridged bithiophenes. 2Ref. 41. PRef. 25.

ZOMREIIZ, n—# I 10 (LT EAY AL MAIAT Z & T, Si-n—4 I L [RFEE
DEREANEXAZ L2 LT, X512, EAXAYRADOEBTLIEND Te-u—F I %0
Se-n —H I DI NIEKEEZATLHZ L THIENS, 22T, FTEEAY AR —
B DN EAET R, T R I AF LY I (TMR) ZHEABHKE L, 10 fiZlc 7
= =VERLT ) HEMAAIANLT BIR kit L7 (Figure 3),

Substituted to Bi 7
o9 ;
~ -
N Bi N
o ° " | @ |

Tetramethylrosamine
(TMR)
BiR

Figure 3. Structure of BiR.



ERAv AR —X I UFEOEKIT, XhT50 78 NI T U —AAZ bR —F
CERERRT D FEEBINLE, 20X ohn—F I UAREII M SICE D Si-n—4
SUAR PR Zhou HIZE D P-u—HX I A2 THOLATWS (Scheme 1),

O O b - ‘ g O
R. _R R+ R
N N N X N
| Br  Br | | |
R R R R
Scheme 1. Synthesis strategy of rhodamine derivatives from triarylmethane.
F - BRDEK

Scheme 2 |2 BIR D&M 2 /RT, 222 F AR X7 AT RLICXL T2 48D 3-7
2E-NN-UAF LT =V 2 ZHT 2 M EEEKEERH C Firedel-Crafts S &1T720y, b
UT V=LA H 3 EULR 45% THT-, KT, sec-BuLli Z VT HRY T U — LA X 3D
UFHALEITIR o1, ¥/ 7 = VEASTRAEINMA THENICEAYAZGTHY
bt FrXHh o7 oBREEKR LT, 0%, BRIIIT2DT, p-rue =1zt~
An—H Iy (¥ MEE) ~OBLEITR T, F%IC KPR & o 7o A & Bt LIS
X, BBEAYM TH 5 BIR Z~FH 740 ) UERE DR AR S LT, ka3 kb
IR 4% CfF7=, BIR OiEIE, TH NMR A7 kb, BC NMR AX7 hL, @y fRiE~ A A
A7 RV, JeHESHT, B X OHAE R X ARHSERNT (REISH) IRV FE LT,

/@ 1. sec-BuLi 3. p-chlorainl O
E\;\ Br N~ THF, Ar CH4CN

\ e . .
2 80 °C, 30 min rt,2h PF,
2M aq. HCI O 2. PhBICI, 4. KPF, ‘ = O
reflux, 24 h THF, Ar CHACN .
o7 SN N~ -80°C, 30 min; i, 2 h N Bi N
\ Br  Br \ thenrt, 13 h \ bh |
1 3
45% BiR

Scheme 2. Synthesis of BiR.

E=H BiR O X #R#E RS AR

5 B30T BIR O HUE i X MG ST 21772 o 7= (Figure 4), © A~ R 11X Fififi
DF YT ERANICHAIAENLTEY, AL TS 2 2O 7 = =L E OMAFEIL 89.8°
(C1-Bil-C8) Th-o7=, £/, 10D E A~ RTHEA L2 7 = =V, 907 L EEIC
HLUTHEITLTRY, EAY A LEEBAE LEREZR BT AETTXUIEEATH
- 72 (C1-Bil-C25: 92.4°, C8-Bi1-C25: 89.6°), = M X 9 72 C-Bi i DELfA —fAdEiEix, A
BE A~ 2N EEWITFRHEN 2 b OTH Y, 5§ 6 FABIITLE THDIE A~ ZAD 6p #LE L 65



BLOEANE & A CIRKEE 2 TR T, 6p BB B ICH 5T 5720 Th D, T8 F1- =
DOHEERFFEN S THIEND L2, ST 9D MY ILVEDOAFLEEL 10 D7 =
=VIEDOEEVEN S 2 FEDO TR N4 U D ATREVER H - 7=, LA L, BT~ BiR O
B E TIEATFNELE 7T 2= VENR E R A 07 UEEIZRT L, [J—IZ & 2 Bk
DHRBBESI N, Vo7 U FETICET 5 C-Bi fiaidEn2i 2236 A, 2226 A L 75
FRIZB T 5 REIRFERE (1.39-1.43 A) 1THE L TK 15 f#RE R < 72 > TH Y (Bil-C1
=2.226, Bil-C8 = 2.236 A), Bi1-C1-C6-C7-C9-C8 /5 72 5 /N BERICB W T, KikFE LD
AL 12008 W R&EL, BEAS AN EE M BT RNAIMEE L 2> TnD 2 E3bne
572, 51T, C3-N1 (1.349 A) & C12-N2 (1.335 A) DA RIT AR HMES L E
&, BEFFEDODAFNALENTXRTCERASY AT T B & A—Ff EICRE ST
WD Z &G, MERFEFN spP xR, RE-EREED _HEHEGMETHD Z L, EEM
NHZERZMTHRELLTWDZ L, BEONL 7S N2 £ T ERNHFELTWH I &
AN <V AW

Figure 4. Crystal structure of BiR. Only selected atoms are labeled; hydrogen atoms, solvent
(acetonitrile), and counter anion (PFs~) molecules are omitted for clarity; gray: carbon; blue:
nitrogen; purple: bismuth. Selected bond lengths (A): Bil-C1 = 2.226(5), Bi1-C8 = 2.236(5),
Bil- C25 = 2.283(7), C1-C2 = 1.389(6), C1-C6 = 1.426(7), C2-C3 = 1.412(6), C3-C4 =
1.407(8), C3-N1 = 1.349(6), C4-C5 = 1.361(7), C5-C6 = 1.405(7), C6-C7 = 1.432(6),
C7-C9 = 1.418(6), C7-C18 = 1.508(7), C8-C9 = 1.428(7), C8-C13 = 1.361(6), C9-C10 =
1.449(7), C10-C11 = 1.331(7), C11-C12 = 1.411(8), C12-C13 = 1.421(7), C12-N2 =
1.335(6). Selected angles (°) C1-Bi1l-C8 = 89.8(2), C1-Bil-C25 = 92.4(2), C8-Bil-C25 =
89.6(2), Bil-C1-C2 = 116.1(4), Bi1l-C1-C6 = 123.6(4), C2-C1-C6 = 120.2(5), C1-C2-C3 =
122.7(5), C2-C3-C4 = 116.4(5), C2-C3-N1 = 122.3(5), C4-C3-N1 = 121.2(5), C3-C4-C5 =
120.8(6), C4-C5-C6 = 124.1(6), C1-C6-C5 = 115.6(5), C1-C6-C7 = 126.2(5), C5-C6-C7 =
118.1(5), C6-C7-C9 = 129.3(5), C6-C7-C18 = 115.1(5), Bi1-C8-C9 = 122.3(4),
Bi1l-C8-C13 = 115.0(4), C9-C8-C13 = 122.2(5), C7-C9-C8 = 127.3(5), C7-C9-C10 =
119.0(5), C8-C9-C10 = 113.7(5).



FEZHE RUL-H A

DMSO (0.2% viv) %yt & U C VT, HEPES #2f7i#% (50 mM, pH 7.4) T2 T BiR OW
- AT MAVRIEZEAT 72 572, BIR IZWINARK Z 635 nm (¢ = 77600 Mt em™?), 2 Al
K% 658 nm IZH L, 10 MABERFTHLHT v 7 AFrr¥ Iy (TMR) LHEL TER
Zi86nm, 91 nm B RAL L T2 Z EAURE iz, £, Mxtd e & IR 2 JE L &
Z 5,0.039 TH 7= (Figure 5, Table 1),

(a)

—
O
-

0.6 120
Z 658
8 635 c
c 04 2 80
I kS
< c
<)
2 02 5 40
< 2
€
0 1 1 I C ol 1 |
500 550 600 650 700 650 700 750 800
Wavelength (nm) Wavelength (nm)

Figure 5. (a) Absorption spectra of BiR (5 uM) in HEPES buffer (50 mM, pH 7.4, 0.5%
DMSO). (b) Fluorescence spectra of BiR (2 uM) in HEPES buffer (50 mM, pH 7.4, 0.2%
DMSO). Excitation was provided at 630 nm.

Table 1. Photophysical properties of BiR and comparison with other xanthene-based
fluorophores and photosensitizers.

Heteroatom A, ¢ Aem @y @('0,)

at 10-position (nm) (M 'em™!) (nm)
BiR Bi 635 77600 658 0.039  0.66
TMR o) 549 52400 569 035 nd
SiR650¢ Si 646 110000 660 031  n.d€
NRgs” P 666 165000 685 038  n.df
TMR-Se¢ Se 581 44000 n.d.f 0.009 0.87
TMR-Te? Te 597 81000 nd° ndf 043

aRef. 30. PRef. 32. ‘Ref. 35. “Ref. 36. *Not determined.

0—& I UEEICB T DBERTOMRDVIZTAFE (Si) RV v (P) ZHAAALT Si-n
— X IR P-r— &I b REEBICRIN - #OE AT S 2 EBBICHRE STV D, —
T, T (Te) LY (Se) LW olmHILELAMAPIAATE Te-n —X I R Se-n—4
IUTHEHELVALVORINEREORERITR OIS, iR AfETchL 2 &N
WMEINTEY, RERIFIEAYRAZE0HE 1415BB LOHE IR TRIFATHDL L& X
Hivd, Table 1128 r—4 I U HH L BIR ORI OWTRT,

FTz, WL, #EWT ISR NT S pH I T 2 AT MLVOZEARITA BT, pH OZH)

7



IR L CIXEETH D = & v b= (Figure 6),
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Figure 6. (a) Absorption and (b) Fluorescence spectra of BiR (5 puM) in aqueous buffer at
various pH (3.3, 5.4, 6.2, 6.7, 6.8, 7.3, 7.9, 8.2, 8.9, 11.1). For fluorescence measurement,
excitation was provided at 630 nm. (c) Plot of absorption at 635 nm of (a) against pH. (d) Plot
of fluorescence intensity at 658 nm of (b) against pH.

BIROEWEIIZEALT, 1427 U v 7R A N —IC LD bR CEBALHIE & B

IBIEGER (DFT) HREMNDZELZE LTz, BIR &7 7 AFrmH I /(MM)®%47)/
7 RVH TS T L% Figure 7Ta i3, BiR (X £ 40241-0.99V, 0.64 V (2 R 7218 0 & Bk
WrawmR LIz, —F, T hT7AF a0 TiE, -1.20V,0.80 V| %m%MEﬁ ua%m$

MEMEER S, BiR ik U CEALEENLAY 0.16 V 5 <, HITENM DS 0.21 V KWFER & 72 o 72,
ZNENOBMIIEA O HOMO B L LUMO IZxHET 2 D THD Z L, WEMM
DEZEFT S &, BIRIZ TMR XV & HOMO-LUMO X v v 703N Z L 3b b,

—J7, DFT &% (B3LYP/LANL2DZ) 7°5 %, LUMO LU RE S EL L7eho 7 b DD,
BiR ® HOMO L~ i3 A IC 5 (0.30 eV) LTEBY, 2D EHICEY TMR 12k LT
HOMO-LUMO fH D= L X —ZE03fE /N L TV DR 23S S 7z (Figure 7b), 7233, EEA~
A DOEE~ORGITBIE SN2 T2,

UL EDORER NG, B iR ITEN, DFT FHEWTIOHEIZE N TS BiR 1X TMR & bk L
T HOMO-LUMO H] D =R /L F —Z0/NE < 7e o T D 2 & Mo 7=, HOMO-LUMO [#]
DTN F—ZFFEKEEO TRV —LXIE LTS, T7obb, I THELNAERN
5, BIR Ot = x VX =037 b7 AFrad I ot = r X —L /ha<, FhiEEE
DEMEELEGET DR-RP G LN,



@ (b)
-0.99 V

Seglavs. g
3 ¢

@/A -5.64 -5.65
2| Lumo LUMO
0.80 V %
TMR 5 | _Homo oM
2| -814 T
o o 3 a
PRI 7 XN
Y\ YRX /YN
L 1 1 1 1 1 1 3 'ﬁ
15 10 05 0 -05 -1.0 -15 3 e
Potential (V, vs Fc/Fc*) BiR TMR

Figure 7. (@) Cyclic voltammograms of BiR and TMR in acetonitrile (0.1 M
tetrabutylammonium perchlorate as an electrolyte). The data were acquired with a glassy
carbon electrode. The sample concentrations were 1 mM. The scan speed was 0.2 V s™1. (b)
Energy diagrams and HOMO/LUMOs for BiR and TMR calculated using the
B3LYP/LANL2DZ set.

FhE —EIRERREREED ST

AV AFEILETHDHZ LD, BHENICE A~ AR TE2E&T BiR IXEFF2hHRIC X
HHIEEREZAETHE TRILT, EEE, m—% I BENO 10 (fLOBER1%2 7 LR
TLYEWVWSEILRICEIHRZT Se-n—F IR0 Te-u— & I LR L Y —FEIH
Fede 2 ARk D A & L CTHRET 2 Z &3 S % (Table 1), # 2 G, BIR I2)
FRES U7-BR oo — B IER AR BE 2 31l L7, 2 2 Cl, e —EIEm SIS <H 5 1,3-
U7z =X 75 (DPBF) RIS Z LI L2, DPBF |Z—HBHIHBE L T 5 &
410 nm OWINBERT H78, ZHICE Y —EHBEOTFHALZHRT H LN TED, £
7=, BEE L LC, MR RIS OBEBER 2R3 A F L 70— (MB) &AWz,

Figure 8 [ZoRT DI, BIRBL A F L > 7 /L— (MB) 1#-1E F THIRE L 7-34 o DPBF
DOWRNEEN D D, FEPRITITHRE LED (625 nm, 1.2 mW cm2) %z /=, BIR B3 XU MB &
RIZHERRES U72BRI21E, DPBF OWRINAS RS R RURTFIICIA L, —BHEmES AL T
5D EDNHERTE T, —F, BBRREITR b7 - 72841213 DBPF OWRIIEIE & A E21 L
9, BIR [3ERAFMIC — EHEBFE L LK T D 2 EVRENTZ, & 512, DPBF OWIEE DI
DHREEDN D — BB R AR R IR d(0) 2 FI LIz & 25, 0.66 TH Y, YLH DI
ToH5H MB (D102 =052)% LV bR I —HEMBEL LR T HZ LnbhrroT,
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Figure 8. Absorption spectral changes of DPBF upon irradiation with red light (625 nm, 1.2
mW cm) in the presence of BiR (a) and MB (b). (c) Absorption spectral change of DPBF
without irradiation in the presence of BiR. (d) Plots of absorption at 410 nm measured in (a),
(b), and (c) against time. The data were collected every 1 minute.

% 7=, DPBF FE/71E FIZ T 60 sr[EAR Y FRET (625 nm, 1.2mWem2) % L7- & Z A, BiR 1%
#9 15%, MB 135 10% DWW 275 L= (Figure 9), ZH 5 OFE RS, BIR 1Z MB & [d
BEOHZEREGTHENZD,

(a) (b)
0.2 0.2
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c c
© ©
2 0.1 £ 01f
o o
2 8
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Figure 9. Absorption spectral changes of DPBF upon irradiation with red light (625 nm, 1.2
mW cm?) in the presence of BiR (a) and MB (b). (c) Absorption spectral change of DPBF
without irradiation in the presence of BiR. (d) Plots of absorption at 410 nm measured in (a),
(b), and (c) against time. The data were collected every 1 minute.
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SEAHE kR THERERT M

AFMIEH T BIR OBEREFEM 21772 > 7=, HepG2 #lfE (&t FAF2SAMINE) % BIiR T30 4y
MALE L=, A SO CIAMEE, Cy5 7 4 V¥ — IS TR BT o T, TORER, il
TBIR D ADBIEE S, BIRITHIIBICAEZ IV IAEND Z ENH LN Loz, 2, /b
ik (ER) JAfE~ 1 —=7 ER-Tacker Green & DI DFER BIR (X ERIZBET HZ &b
o7z (Figure 10),

BiR ER-Tracker Green Merge

Figure 10. Colocalization assay of BiR (1 uM) and ER-Tracker Green (0.2 uM) in HepG2
cells. Left and middle images were acquired using a Cy5 filter (BiR) and a FITC filter
(ER-Tracker Green), respectively. The right image is the merged image of the left and middle
images. Scale bars indicate 25 um.

IZ, BiR THLHE L 7= HepG2 MifRlZ AR (2 (608-648 nm, 9.0 J cm™2) # FAGt L7=1%, 3 vk
Tr vy v s (Pl, SEHIEYe Al & Hoechst 3342 (BHIfEOYLR]) TYBEITRV, Th
FNoHEOtEBIE LT (Figure 11), BiR ALERD 7, YHRE 72 L DA I Pl TY i X 7= #
fe 3R T & 9, BIR B AMERMEIIRN 2 & B3bh o7, —F5 T, BiR ALFE & YRR O
T AT R > M T Pl THRESNI-HIRAER S, BEERSMRESHR S, R
F1% TIEBIROEIEN DT NI LTV, M TIItRHIC LY BIROSENE & T
WD L ERIET HEERNG L, £z, BIR LB L, SEHRE O Z o TIIHlasti LR
o T,
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Figure 11. Fluorescence microscopic images of HepG2 cells stained with BiR followed by
Pl/Hoechst. Left column: images of the irradiated cells without BiR staining. Middle column:
images of the non-irradiated cells stained with BiR. Right column: images of the irradiated
cells stained with BiR. All the cells were treated with a mixture of Pl and Hoechst 33342 after
irradiation. Scale bars indicate 100 pum.

E BT, HepG2 MRz AN %, AS49 il (& b Atios AMERE), HEK293 Al (B bR it B i),
TIG-3 Ml (b NAGVERRHEZEAI) © 4 FEOMBEZ VT, LRI 50%4H fiu st
(ECs0) ZHiH L7z (Figure 12), W L OHIAERE T IR 2177270 o 7 BRI I AT
IR TE R oo, — 5T, R %1772 - 72854 T, HepG2 fllfi, A549 i, HEK293
HAE, TIG-3 HIBE D 4 FE CZ 241 ECso 23 375 nM, 11 nM, 40 nM, 20 nM & {552 2 C O %Al
IR o T=, FT2, BiR & 24 FFEALEL R, YRS 21T 7207270 o T2 56 0 50 e SEik B
(ICs0) 1% HepG2 il T 0.53 uM, A549 il C 0.62 uM, HEK293 i T 2.26 uM, TIG-3 e T
0.96 UM TH ~7= (Figure 13), LA ED Z LD, BNAMBERMIEIZR SN2t oo,
BiR 2SHIlENIZ W T H IR —EHIEHB R A A ST D 2 E RGN o7z,
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Figure 12. Plot of the population of Pl-stained cells to Hoechst-stained cells against BiR
concentration, with irradiation (filled circles) and without irradiation (open circles). (a) HepG2
cells, (b) A549 cells, (c) HEK293 cells, (d) TII'-3 cells. Error bars indicate standard deviations

(n=23).
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Figure 13. Cell viability assay (MTT assay) of (a) HepG2 cells, (b) A549 cells, (c) HEK293
cells, and (d) TIT-3 cells after treatment with various concentrations of BiR for 24 h. Error

bars indicate standard deviations (n = 3).



EEt&H IhvivolHITAHEEETE

)77 b= RETAEHNTin vivo i 21T72 o7, ~ U AOMWRKL vy 7
= 7 —BREMIN UM (LLC-luc Hifa) 2 A L, 17 H#0 &RHEGRE (PDT) #FHm 925k
{172 o7, HH U, LLC-luc #lfdid BiR OG- LG L v ilaEniEx s Z & %
MTT 7 v &A1 THERE L 72 (ECso = 15.4 nM),

BiR % i IR T EAURTE, /R OAEHEST (625 nm, 102 J cm™?) L, 24 FEf#%
e 7=V b L, Vo7 =27 —BORNENE, ZNES5ERRYRLLY T =T —
EOFRIIEN D BIR Z M\ 7= PDT 1 X DO N FIC DWW TR 21772 > 72, 0.5
mo/kg & G- HEOBAENEG DL > 7 = 7 — BRI AR L2 b O % Figuer 14, #FEKRIZI T D
SRS (fER) LR EITRDRP ST (FR) OO E 7 FZ 7Lzt D%
Figure 15 12759, 0.5 mg/kg #¢-5-8F TIZIRST O A M X 0 [EE O/ NN BT EER S & -
7273, BiR # 5.8, EFGHEE BITMERIC L D IEEREREOENKE L, SLREIC K 2 E
B DFE/N D D WIEAEBLE O[T A DR o7, KA EZIZ BIR HSROHENAIEAL
THEY, AP TIELBIR BN EIRHZIZOMR L, +o 7 BN REBE Do =D Tlidis
WnEEBZEL TS,

Luminescence

6.0
4.0 x105

2.0

Radiance
(p/sec/cm?/sr)

Figure 14. In vivo imaging of luminescence. Mice bearing subcutaneous tumors were injected
with BiR (0.5 mg/kg) and irradiated with red right (625 nm, 102 J cm2) and imaged at 24 h
after irradiation. Injection and irradiation were repeated five times every 24 h.

1.00

L/R

0.5

Figure 15. Relative luminescence intensity (left leg witout irradiation / right leg with
irradiation) obtained from the images in Figure 14.
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FNE ME

0= I FRO 10 fLll 7 2=V ERLTF VA EALZE A A0 —4 2 (BIR)
rEEt c AR L7z, 13 b7z BIR OBRSEh X SRS st G RIT 21772 o 72 & 2 A, it
EHTLHXYV T UBENICE AT APRMAIA TN TN D 2 & DR T X 7=, BIR XA
I & 635 nm (= 77600 M~ cm™), Hi KOG R 658 nm, Al d Ot &I 0.039 DRt
L LTOMWEER LT, 612, REJCEIEIZ XV 2RI —EEBRAZERL, b
BRGEZ A9 5 Z LN bh o T, AN E O TSR 21T/~ 72 & 25, JeRAFRI 7
JaE &R X - Lz, UL EOFRER LY, B A AR—X I VR REEEIEIERESS T & LT
BRTHDZ EPRENT,
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FoE BRMEHLEREERTRO—FSU O/

% —# BiRNH & U BiRAc D4 FE&E

ATEIC T EAST AR —F I U R R O 77 v F 7+ —L L LTHAMTHL Z
EDRENT, 2T, AR E L CO A~ Ar—4 I O)x ARk
BT o<, ORI 2 0 FAREERI R OBG L, Zh el L CRED S
T COHEIT LOVHIERR T 5 L 5 RiRE D 52 B L7z,

FTEEIL, EAVAR—X I OWEELEYIEORERER~L LT, n—¥IF
o7 X EOBFMIEEOZEADRINERICEZ DHBER LI, V7 /7 %V
TUBKTD 2 SOTNAFILT R EOBNAFAET D IER[EM DO IEER T, Mt —
B UHERRICHNBEORRTH D, 2, T ROB TGO~V IR -2
D 1 RN E KIET LW S T EFBECmb R TERY, ZRETIE, 7T K
DN-T L IALIBT v bz e A A v F L LCRIA Lz e —& 2 VRl 7 — 7135 %
SHE I TS, S8REERIC, YBFEE THZE L AligkA 4 8 IRMdt 7 n—7 Th
% RhoNox-1 1%, 5O =F T 2 ) DO N-AX v MUIZ L 2B GO T E, Zh
IR DWW R DR RAL L HFREORTIZFIH L TS, “Zh oD &b, BEAY
AR = I NZBWTHT I OB FHGMEEGIET L 2 LT, WIEE, diRE
JEHRAE A HIH T 2O TR RV EHIFF LT,

COEHEFAT DL, BHFIIECAYAR—LIVORFOT I ) EE2TRvF L
72 BIRAC & Z DT & F MEMARIZHIYS 35 BIRNH Z5%5F L, W& O HE%E e+ 2 2 &

12 L7 (Figure 16),
MeO I OMe MeO I OMe
yo9® YOO
. . )J\
\T Bi NH, SN Bi N

BiRNH BiRAc

Figure 16. Structures of BiRNH and BiRAc.
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8 BiRNH & U BiRAc DERK

A A —& I EEOBELUL BIR FIERIZ, Y7 RERNIT U —AAZ U EZNL
7= Z)VERALTF AT DK AR L7, BiIRNH 35 K U BiRAc D3k AEEEPFEJM:
ThoHILEW 11 DA% Scheme 3 12737, 1,3-V A F¥-2-7 BERE % sec-BulLi
ERHWCUF A LR, 47 3 7-2-7a8EXR AT LT R6 ISk L TREMNSE, ¥
Tz =)V AL )= T BIE 2% TH, itW\T, EMHIZL D7 =) T g f~—
FGEFRSi-n—& 2 0) OB P EZBEICL, BREO ZHHWTY 7 2= L AKX ) —)L T &
T INT =V 8 TCOHRFHEREFBEMLUSZITR, P T V=L X FZ 9 %I T0%
THZ, #O T, tert-Buli Z T R U T Y — LA X 9 DU FALEI TR 1%, ¥/ 1
B7 = LERAYZAEME TEEAY AL Raxd o7 0 10 ZU0E 47% TE-, (LEW
101X 10D EAY A LD T = =)V L QN OKFBOEEMENS 1: 13D T AT LA ~—

REWE L THLINIZZ &% HHNMR AT ML BRERR LT, fiev ¢, Pd filtlf 2 Fv Tk
AW 10 OBLT UV ML EITRWD, LA 1L 2 VT AT LA~—RAME LT LA 11

DT AT LA —X V= F T —TFT )LA~DIRIEVED ZEN D Y = F )L —T LI AR 7R cis
& (11-cis, trans /A% 14% & Te) & HEVA7: trans /& (11-trans) (2B D Z LN T 7=,

J

o} é\ﬂg OMe OH Br Br\©/N\/\ MeO O OMe
H)E@\ BF3 Et,O O O

Br N/ THF Ar OMe CHZCIZ N/\/

-78 °C, 30 min; rt, 7h

| then rt, 16 h Br
6
92% 70% |
1. tert-BulLi
MeO oM
THF, Ar ¢ Hoooo Pd(PPh3),
~78 °C, 30 min DMBA
—_—

2. PhBICl, O O _ CH,Cl,

THF, Ar SN Bi NN s0cC25h

-78 °C, 30 min to —40 °C, 1.5 h; | b

thenrt, 11 h

10 | 1
47%,dr=1:1.3 46%, cis : trans =1:0.16

Scheme 3. Synthesis of compound 11.

LG 11 @ cis-trans BB X E D NOESY A7 RILD BN GRE LT, 2 DD EME
KD NOESY A2 bDHH, FHDARZ ML TIE 10 D7 = = VHEFDE R~ AD
AN MIOTa Ry (Ha) Eve FaxHhrr o mo 9o 7 m b (He) DT NOE fH
FAZR I &7z (Figure 17, EX), —J7T, & 5 A7 ORMERD NOESY A7 MLinb T
FREOMBIE R SN e > 7 (Figure 17, FIX), 2D 2507 v b iy e Rafxth o7
MEIEIZRE U ClRl— i BICAFTET 2 (trans BliE) & IZEHET 579, NOE AHRIMEL <
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NI ALEW % trans /& (11-trans), FHEI R S e o 72 b D% cis (& (11-cis) & L CRIE
L7,

I
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L i
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50 |0
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~ - -
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2 B
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>
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Figure 17. NOESY spectra of 11-cis and 11-trans.
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cis R 22 (b A% 11 (cis s trans = 1:0.16) % p-7 v 7 =/L% WV CER{L L, BiRNH % [ 3%
44%\ZCT15&7= (Scheme 4), —J7, HEEIZHL) L7-#ik7e 11-trans 2> 51X BIRNH 28 &< 55
9, cis-trans BMEKR TR DROMEEZ R L=, LAWY 11 27 v F /b LTALEY 12 ©
cis-trans EAMEKRIZEB W T H RIERICSOSMED ZERN A B AL, 12-trans [ IE{L 3 HEITH T, 12-cis
(12-trans & 14% & 1) (X p-27 v 7 =/LIC KV HG T L S U BIRAC 23X 58% T HAL7,
55172 BIRNH 8 LTV BIRAC 13 'H NMR, BC NMR, ®F-NMR, @i~ A A7 hLiz &
DRIE LT,

MeO I Y OMe p-chloranil MeO I OMe

KPFg
S -
Crio e T
rt, 45 min +
N B NH, SN Bi NH,
| Ph
1 BiRNH
cis:trans=1:0.16 44%
MeO I OMe Ac0 MeO I OMe p-chloranil MeO I OMe
H pyridine KPFg
—_— —_—
DO O O g L r O I
rt,3h rt, 30 min " )J\
SN B NH, By SN B
| Ph |
1 12 BiRAc
cis:trans=1:0.16 64%, cis : trans=1:0.16 58%

Scheme 4. Synthesis of BIRNH and BiRAc.
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¥ =8 BiRNH XU BiRAc DIt 1Tl

DMSO (0.5%v/v) % IiasE & L CHVY, HEPES #E#Z (50 mM, pH 7.4) F112351) %5 BiRNH
& BiRAC DWRIY « 50 ALY R VRIE 21772 - 7= (Figure 18), BiRNH /% 615 nm (&= 90400
M em™) [ZRUAB K, 634 nm (ZH K 2 7R L7z, BIR & EREGT 25 LW - 326 & B8
20 nm DM FAbZ R L7z b OO, BIRNH I3 AREREIIC I - S a2 92 Z & bho
Too FT2, ECETFINERIL0.033 Th -7, — T, BIRAC DRI KIE 526 nm (¢ = 31700 M !
cmt) TH Y, BIRNH & Hl U TR0 nm AL E S 7 b L, BRI BIRWETH > 72,
DI, wHITFEA R SNtz 2SO EHIEOME AL, THEF DI X o T
INTz Si-r—F I D N-T7 2 /ARIZ K DWIN DR RAL & a TR O & —B L7z,

(a) — BiRNH (b) — BiRNH
— BiRAc — BiRAc
0.6 . 600 -
615 3 634
Q c
S 04} 2 400
8 £
5 s
2 0.2} 526 ° 200
< @2
€
0 w 0 1 1 1
400 500 600 700 600 700 800
Wavelength (nm) Wavelength (nm)

Figure 18. (a) Absorption spectra of BiRNH (black) and BiRAc (red) in HEPES buffer (50
mM, pH 7.4, 0.5% DMSO). Sample concentrations are 5 uM. (b) Fluorescence spectra of
BiRNH and BiRAc. In HEPES buffer (50 mM, pH 7.4, 0.2% DMSOQ). Sample concentrations
are 2 uM. Excitation was provided at 600 nm for BiRNH and 530 nm for BiRAc.
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BiRNH & BIiRAC D% pH IZBIT WU A~ hAVELERIE L= E 24, pH Zfkic L 5%
WIPED TS, pH OB xt L TRETH D Z & 2o 7= (Figure 19),
@) (b)

0.6 0.6
@ = e ® "o 0° 4 o
2 03f © o3} ®
2 ©
< 8
<
0— 1 0 1 1 1 1 1 1 1
400 500 600 700 4 5 6 7 8 9 10
Wavelength (nm) pH
(c) (d)
0.2 0.2
9 £
5 g cefec e
£ 041 © 011 ®%e
[e] ©
2 8
< 8
<
0 1 1 O 1 1 1 1 1 1 1
400 500 600 700 4 5 6 7 8 9 10
Wavelength (nm) pH

Figure 19. Absorption spectra of (a) BiRNH (5 uM) and (c) BiRAc (5 uM) in phosphate
buffer (200 mM, 0.5% DMSO) at various pH (4.1, 4.7, 5.2, 5.8, 6.5, 7.1, 7.8, 8.4, 9.3, 10.2).
Plots of absorbance of (b) BiRNH and (d) BiRAc at the maximum (615 nm for BiRNH, 526

nm for BiRACc) against pH obtained in (a) and (c).
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BiRNH & BIiRAC @ *H NMR A7 R Lo b il H O S DE A B LE LT, BIRNH O
AFNT I ITEMTH Y, 322 ppm IZ6H DI Ly hE—27 L LTHATEY, &
F-ERZE D PERA RS CTHDH LB R LTS, ZhuIthor —4 I 0+ TH IRk
ThHO, EBMAFY T U BREMOERNOERE TOREWEERT CIHRAELL T
WHTZDTHDH X LT,BIRACTIZIVATF AT I VKD 2O0 A FNVIKITIEEMTHY, &
ALZI 3.28 ppm (3H) & 3.36 ppm (3H) IZBIZE STz, ZAUTIRFB-EREE O _EESHEN
W EERLTND, 77205 BIRAC TIXIEBMNR I AF LT 2 ) EOERITHELT
BY, 78X I FOERIT o ERITHAAEN TV WZ RISz, £72, BiRAC
WZBIFHTE T I RED LD 1 ko (Figure 20a, Ha 35 X T8 Hg) 1, BIRNH D itid
%71 k2 (Figure 20b, Ha 3 XY Hp) & bl U TR FHIRIC B — 27 BRAE BT, Z DK
Betas 7 Mk N-T 2 F MBI L W ZBHRF 0L OB FHEGMENET L2720 THY, £0D
FERT 'S I NED o ROV EES L, WINEENFEERELTWD Z L 2R L
TWD, U EDOFERNS, EAVZAr—4 I ORIL - 40OUFRHET N-T 2 F A bD 8%
RELZIFTEY, BiIRAC DA BT ROM/IMNCER T2 Z & BNEMIT b,

@)

ppm

| Bi H, NH,
HA
M
. . . = S : BIRNH
9 8 7 6 4 3
ppm

Figure 20. 'H NMR spectra of (a) BiRAc and (b) BiRNH.

BiR [AlEk, —EIHEEF AT dH 5 DPBF % W 7= EE 43411 £ Y BIRNH 3 X UVBIRAC
(IR U7 B o0 — B TE PR R AL RRE & A4 L 72, AEYEME & L C, AREERIE TR E M
BRI AF LT I—F L ORI TRBRBIER 2R 1 — A L% V-, R/
LED (Aex = 625 nm, 1.1 mW cm2) % F\ T BiRNH (26 L 72554, DPBF OWRIN 2B |
B L, —EHEHBBENEMRL TWNDZ L E2MRTE T (Figure 21a), —HEHMFEA R ETIL

22



EHRMLIZEZA,074THY,BIR LY bOTNITEVMEE R LTZ, —F T, BiRAC IZ4R
@i‘é%’% (ex =625 nm, 1.1 mW cm2) L 7=FI21Z DPBF OWIY D813 BIRNH (2 EL#R L T
BN THD,N-T 2 HIZ K > TREIEBEFHNC L5 —FHEEBRFARLPMZONTNDH I L
MRS T (Figure 21c), AREEIRS T CoO—HIARRFE A KEE O ML BIRAC DI 625
nmAFTIZIZ E A ERW T EITEK LTV 5, 52, BiIRAC 23R 2 A 3 Dkt (530 nm,
1.1 mW em?) ZR L7 & 25, DBPF OWRIIEA L, —EHHEBEOARNPBIE ST
(Figure 21e), :@%ﬁ@—ﬁiﬁﬁé%éﬁi%ﬂﬂ% $0.66 7=~7-, F7-, BiRNH, BiRAc \\ 7
NOLGEIZB W T HRIBH 21772070 -5 723561213 DBPF OWIUTIFE E A EZ{E L7z
- 7= (Figure 21b, d), Z4 5 DfEFR2 5, BIRNH B X O BiRAC 1Z 2 NN A ET 5
WRONZRHN LG E O —BEEERZ AR T D LIRS,

(a) (b)
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o e
3 ©
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Figure 21. Evaluation of the red light-induced photogeneration of 'O, for (a, b) BiRNH (1.7
uM) and (c, d, e) BiRAc (1.7 uM). Absorption spectral change of 1,3-diphenyldibenzofuran
(DPBF) in the presence of BiRNH (a) with a red light irradiation (625 nm, 1.1 mW cm2) or
(b) in the dark. Absorption spectral change of DPBF in the presence of BiRAc (c¢) with a red
light irradiation (625 nm, 1.1 mW cm™2), (d) in the dark, or (e) with a green light irradiation
(530 nm, 1.1 mW cm2). All the measurements were performed with a DPBF concentration of
60 puM in acetonitrile. (f) Plots of absorption measured at 410 nm in (a)—(e) against time. The
data were acquired every 60 seconds.
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BiRNH 5 X O BiRAc % HEPES FEfEE 112 C 2 REELIRS L2 O A b 2 8lgg Lz
& A, WNFEDRA 1T 15% AN TIH > 7= (Figure 22), £72, [Fl—5AE I T MB DR
WX T D RERERRI2L A, WHERDIT 18%ThH-o7-, 77205, BIRNH BLW
BiRAC DL EMEIL MB E[FRIFRE TH D, AN GFREDOBEIT DI &b oTz,
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Figure 22. Photostability tests of BiRNH and BiRAc. Absorption spectra of (a) BiRNH in the
dark, (b) BiRNH under continuous irradiation with a red LED light (625 nm, 1.1 mW cm™2)
(c) BiRAc in the dark, (d) BiRAc under continuous irradiation with the red LED light (625 nm,
1.1 mW cm2), (e) BiRAc under continuous irradiation with a green LED light (530 nm, 1.1
mW cm2), (f) MB under continuous irradiation with the red LED light (625 nm, 1.1 mW
cm2). The absorption spectra were acquired with the sample concentration of 5 uM every 5
min for 2 h in HEPES buffer (50 mM, pH 7.4, 0.5%DMSO0). (g) Plots of the relative
absorption at each maximum (615 nm for BiRNH, 526 nm for BiRAc) measured in (a)—(f).
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E72, WTHOLEM LIRS L, IESEHT (37 °C, 60 °C) |
IE=Z T N2 LR bdo 7z (Figure 23),
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Figure 23. Stability tests of BIRNH and BiRAc in the dark. Absorption spectra of (a) BIRNH
at 37 °C, (b) BiRNH at 60 °C, (c) BiRAc at 37 °C and (b) BiRAc at 60 °C in HEPES buffer
(50 mM, pH 7.4, 0.5% DMSO). Absorption spectra were obtained every 5 min for 2 h. (e)
Time course plots of relative absorbance at the maximum (615 nm for BiRNH and 526 nm for

BiRAC) obtained in (a)—(d).
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BiRNH 1 X O BiRAc DIAfiEM: OB %4772 > 72, HEPES #&fi+ (50 mM, pH 7.4, 1%
DMSO) B L7t b=k U HIZTHE 2 OIREEICISIT 5 BIRNH 36 LU BiRAC DO 4
HIE L, ENENOREIKT HWILELA 7 7 v ~ Lz (Figure 24), W HLOWSLEIZEB U
TH 200 UM F TEARITHEML TER Y, b ONIEANIFEEFRIR T B L O ET 7 b ok
BRI U C RAFRIBIRME 2 R 2 E b o Tz,
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Figure 24. Solubility tests of BIRNH and BiRAc. Absorption spectra of (a) BiRNH (1, 5, 10,
25, 50, 100, 200 uM) and (e) BiRAc (1, 5, 10, 25, 50, 100, 200 uM) in HEPES buffer (50 mM,
pH 7.4, 1% DMSO). Plots of absorbance of (b) BiRNH and (f) BiRAc at the maximum (615
nm for BiRNH, 526 nm for BiRAc) against concentration measured in (a) and (e). Absorption
spectra of (c) BiRNH (1, 5, 10, 25, 50, 100, 200 uM) and (g) BiRAc (1, 5, 10, 25, 50, 100, 200
uM) in acetonitrile. Plots of absorbance of (f) BIRNH and (h) BiRAc at the maximum (615
nm for BiRNH, 526 nm for BiRAc) against concentration measured in (¢) and (g).
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$ME BiRGIu DS FERET

AIETE CTORRNS, EAvAR—X I 03 N-TEFURIZ LD 20N, T70b
B, W, B, EEREN B LT 5 Z Edboots, TNEFIATAZ EICEk 5T N-T
b BT Ak E B U T— & LT SRRRED offlon 23 RIRETS E B 272, T H, N-T Vb
{EARIZIR G2 B L7235 8180 &ORBERE & W o T2IE A B L7220, BRI K- T
i 7 > Ak E 40 BIRNH ICZ{E L 72 556 O A AR B I X £ 03 KOS EH R 2 &AL
THZEDNHFFTE S (Scheme5), LN, ZOWEEDIFZFEAZTT/R 5 Z LIT LTz,

red-light red-light
irradiation irradiation

cleavage of
amide bond

no fluorescence red fluorescence
no phototoxicity phototoxicity

Scheme 5. Concept of activation of fluorogenic photosensitizer by N-deacylation.

LAl -7 NE I N T AT F X —F (GGT) DEERMGETEFEMALD M) H—& LT
FIRT2ZLE L, TREFAEORDVIZ L-ZNVE I VEBBOMEEI VAR U BEZ T 2 RiES
72 BiRGlU Z#%Gt L7z, GGT 13ffix O AMIAOME FIZHERHELL TWDET I/ R T A
RTFHZ =B THY, LTI I VBRIZDOED—>THDH, N FE, TI /X7 %
FEABE Lz GCTIRMHLH 7 o — 71X 2 E THHE SN TN D 905258 = L), y-7
WA INVT )XV T UREEILGGT OEE L L THEEEL D D L2 D,
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¥R BiRGlu DERK

BiRGlu D& FIIE% Scheme 6 (2757, BiRGIu D& R RIA & 72 D AW 11 135 5, &
CHiITCH AR @m0 AR L, (kA 11 L -7V X UEEERER (Alloc-Glu-OAllyl) %
HBTU Z VW THEA L, (LA 13 2 VT AT LA~ —1:028 DV T AT LA~ —iREW
& LTUEE 5% T3 72, feW\C, (LA 11 Ot LBt 21772 > 7-%%, Wik HPLC 2T
Y BUREELA 1T 72\, BIRGlU % IR 5.5% C157-,

Alloc-Glu-Oallyl
MeO OMe HBTU MeO OMe
H DIPEA
B —
i, 4.5 h
SN Bi NH, SN By N OAllyl
h | Ph NHAlloc
11 13
cis:trans=1:0.16 75%,dr=1:0.24
Pd(PPhs), pbQ MeO O OMe
DMBA KPFq B
PF,
CH,Cl, CH,Cl,/MeOH 6 = 9 0
40°C,1.5h 0°C,1h <
N Bi N OH
| | H
Ph NH,

BiRGlu
5.5%

Scheme 6. Synthesis of BiRGlu.

$/RE BiRGIu DI ER{E

RIZ, 135472 BiRGIu Z IV T HEPES A& (50 mM, pH 7.4), WU, HOEHIE 21772
- 7= (Figure 25), BiRGIlu {% 525 nm (ZWNB K Z A L (e = 48000 Mt cm™), 525 nm T D it
TIHEOLIIRE S e h o7z,

(a) (b)
0.6 = 100
) [2]
2 04 g
g 525 s o
2 02 ®
< 2
£
O 1 1 | Y 0 1 1 1 1
400 500 600 700 550 600 650 700 750
Wavelength (nm) Wavelength (nm)

Figure 25. (a) Absorption spectra of BiRGIlu (5 uM) in HEPES buffer (50 mM, pH 7.4, 0.5%
DMSOQ). (b) Fluorescence spectra of BiRGlu (2 uM) in HEPES buffer (50 mM, pH 7.4, 0.2%
DMSO). Excitation was provided at 526 nm.
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F 72, FRECHES Tl DPBF OWEEZE LI/ Th Y, BIRNH O X 5 7B /e —E
HBERARITA DN oT, ZIUD OFERI D BIRGIU OWIY, H2E, SE&RRIZ R 2
JEFRFEIT BIRAC b0 SHELLL THR Y, ARESEHHEIC X 580 - SHHIEAE R 6 S
TWbHZ Enbh-7= (Figure 26),

(a) (b)
1.5 1.5
410 410
3 g
c 1.0 c 1.0
® @
2 2
o o
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< . < .
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0 1 | 0 1 l
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Wavelength (nm) Wavelength (nm)
(c) (d)
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g § 0.6 irr. (625)
(o] Q
2 © 0.4
< —
BiRGlu g 02 — irr. (530)
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Figure 26. Absorption spectral change of DPBF (60 uM) without irradiation (a), with red light
irradiation (625 nm, 1.1 mW cm~2) (b) and with green light irradiation (530 nm, 1.1 mW cm2)
(c) in the presence of BiRGlu (1.7 uM) in acetonitrile. (d) Plots of absorption at 410 nm
measured in (a), (b) and (c). The data were collected every 1 minute.
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BiRGlu % HEPES FEMEK 2 CHME oW EA L2 E L, XEEETM L=, 2
BEEDEIRE 21T 70 572 & 2 A, WORE DA 15% LN TH Y (Figure 27), BiRAC & [RIFLE
DIEZEME & 78 LT= (Figure 22¢c—, ),
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Figure 27. Photostability tests of BiRGIlu. Absorption spectra of (a) BiRGlu in the dark, (b)
under continuous irradiation with a red LED light (625 nm, 1.1 mW cm), (c) under
continuous irradiation with a green LED light (530 nm, 1.1 mW cm™2). The absorption spectra
were acquired with the sample concentration of 5 uM every 5 min for 2 h in HEPES buffer (50
mM, pH 7.4, 0.5%DMSO). (d) Plots of the relative absorption at maximum (525 nm)
measured in (a)—(c).
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AT B L O 7 &' b= kU ZkT 5 BIRGIU 1af#!E % #es® L7~ (Figure 28), BiRGlu
BRI L CHEEEZ 7 r Y R LEE 25, 200 uM & CTEAMESMEZN TR Y, Bk

FWZ Ehbnrolz,
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Figure 28. Solubility tests of BiRGIlu. Absorption spectra of BiRGIu (1, 5, 10, 25, 50, 100,
200 uM) (a) in HEPES buffer (50 mM, pH 7.4, 1% DMSO) and (c) in acetonitrile. (b, d) Plots
of absorbance of BiRGIlu at the maximum (525 nm) against concentration measured in (a) and

(©.
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S$EtH BiRGlu O GGT IGE M

BiRGlu @ GGT {253 2 B MEIZ DUV TREAM L 72,37 °C, HEPES #%##¢ 1" (50 mM, pH 7.4,
0.5% DMSO) (281 % BiRGlu (10 uM) & GGT (10 U/mL) Dz, e = & (ki
k7 v~ 2777 4— (HPLC) |\ CilBfF L7z (Figure 29), SIIGBHAATE 54312 C 16.6 S
T/ — 7 BB L7, 20— 1% 254 nm, 615 nm CHEFRH S 47278, 526 nm Tl &
T, BEHIRERAS BIRNH & —8 L7z, —77, 12.8 230 BiRGlu ® &'— 7 [TIEfEIH & & b 1C
WD L, 2.5 B2 IIZIZIEE R Li-, ZOREE) D, BIRGIU D y-27 /L % VI GGT IZ &
> TYIWF &N, BIRNH (2262 Z LR E Tz,

(a) at254 nm (b) at526 nm (c) at615 nm

BiRGIlu ﬂ BiRGIlu L BiRGlu

5 min —J—f——‘A——‘ 5 min —A— 5 min L

1h - A& —r— 1h —h 1h L

26h ——— . —JM—— 55 2.5h -

BiRNH ; - - A - BiRNH ; - - - BiRNH ; - - [\ -
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Figure 29. HPLC analysis of the reaction between BiRGlu (10 uM) and GGT (10 U mL™?) in
HEPES buffer (50 mM, pH 7.4, 5% DMSO). The reaction mixture was analyzed at each time
point (5 min, 1 h, and 2.5 h) by reversed phase HPLC (A: 0.05% formic acid in water, B:
0.05% formic acid in acetonitrile, A/B = 20/80 to 80/20 for 5-20 min). Elutes were monitored
at (a) 254nm, (b) 526 nm, and (c) 615 nm. Pure samples of BiRGIu and BiRNH were also
analyzed at the same concentrations.
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F 72, GCT IZxt T BInBMETWIN « #E AT 7 MABIZ L > THRHMEL72, GGT {7
ET, WfffRimE & & & HIT 525 nm FFr ORI IXEES L, 615 nm {3 W 30 L 7=
(Figure 30), Z OFr7= 2B 7-WILT BIRNH ORI & —E L7z, WA~ MLV L
13560 nm OEWIN S ZA L THEY, ZORIGH B AR AR DAE R LITHETT L
TWHZ EERLTWD, F£72, GGT AL F TOHEIEANT ML b BIEE LT, GGT ik
JNATE 530 nm 35 KU 615 nm TOh#Elz L 2 H0tIT < BlE S o7-, LavL, GGT #
N#%, KEERRIE & & $1Z 630 nm fFE OE IR AN L, 30 /3 LANIC Y 7 h—IZiE LT,
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Figure 30. (a) Absorption spectral change of BiRGlu (1 uM) upon the reaction with GGT (1.5
U mL™) in HEPES buffer (50 mM, pH 7.4, 0.5% DMSO). (b) Plot of absorption at 526 nm
(open circles) and 615 nm (filled circles) measured in (a) against time. (c) Fluorescence
spectral change of BiRGlu (1 uM) upon the reaction with (1.5 U mL™) in HEPES buffer (50
mM, pH 7.4, 0.5% DMSO). Excitation was provided at 615 nm. (d) Plots of emission intensity
at 634 nm, indicated by an arrow, in (c), against time. The data in (a) and (c) were collected
every 1 min.
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F/\E £MEahIZHI1TS BiRGIu DHEREST

AR T C ORSREREAT 21T 72 o 7=, MIRERIZIE GGT {EMHENEWZ ERHME I TWD
A549 ffifia (B KA AUKERE), 3 KON GGT IHMEDIKVY SKOV3ipl #if (B hINELAS AfA)
EHWD Z LI Lo, 4052%% 9 ik GCT BIRME 7T —7Thd
ProteoGREEN-gGIu % FH N CHHEREEK D GGT 1HM: 2 il L 72, & D5 R, A549 Ml TlL 7' v
— 7 HROEENBIZE I N0, SKOV3ipl Mild Cidd ey 7 vidmii s ng, hz2ih
D GGT IEMEN EW D B UWHERW Z & 23R8 T X 7= (Figure 31),

A549 SKOV3ipl

ProteoGREEN

Figure 31. (Upper) Differential interference contrast (DIC) images of the same field of view
of the fluorescence images. (Lower) Fluorescence microscopic images of A549 cells (left) and
SKOV3ipl cells (right) stained with ProteoGREEN-gGlu (GGT probe, referred as to
gGlu-HMRG in the literaturel0). The images were acquired using an FITC filter set
(excitation = 470 nm, emission = 516-556 nm). Scale bars indicate 100 pm.

A549 #ifid% BIRGIU TR L 7= & Z A, MERRFMKFAICE Y 7T VN gk LT
(Figure 32), A549 #ifi1% GGT PHEH| (GGSTOP) THIALEE L 72, BiRGIu THLEL L 723412
IREOBITBIER S e o T2, — 77, SKOV3ipl #AEIZ BiRGIu Z ALEE U 7= 55 13 e 13 42
SN oTe, TNHDENA A=V T ORERN S BIRGIu TREE L 72356 0wty 7
JVHABRIT AR S D GGT 12 & ¥ BIRGIU 28 BIRNH IZZE L L7722 L A /RE LTV 5,

A549 SKOV3ipl

GGsTOP - -
Time(h) 0.5

1 2
ex. 640 nm i
em. 672-712nm 1

Figure 32. Fluorescence microscopic images of A549 cells and SKOV3ipl cells treated with
BiRGlu (1 pM) for 0.5, 1, 2, and 4 h (A549) or for 2 h (SKOV3ipl). Pretreatment with a GGT
inhibitor, GGSTOP (100 uM), was performed for 1 h prior to the treatment with BiRGIlu for 2
h.

JAE 2R 572010, IEMAVIATSH 5 BIRNH & ER Tracker % FHU N T A yua 5265k 24772
572, BiRNH [ZAIEPNICEZIZH Y IAE 1, B/ MaRICERT 2 2 L 3bho 7 (Figure
33), GGT ITAMEEE R IZ I L T\ 572, GGT #HMifE 2 BiRGIu THLEE L /=554, flliy
ST T y- 7 L 2 I VEEMEIE S 472, BIRNH & L CHEFICER W AEN D EHEHI L TV 5,
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BiRNH ER-Tracker Green Merge

Figure 33. Colocalization assay of BiIRNH (1 uM) and ER-Tracker Green (0.2 uM) in A549
cells. Left and middle images were acquired using a Cy5 filter (BiRNH) and a FITC filter
(ER-Tracker Green), respectively. The right image is the merged image of the left and middle
images. Scale bars indicate 25 um. Pearson’s correlation value (Reoloc) Was calculated to be
0.87+£0.05 (n=3).

AR HRIZ351F 5 BIRGIU DY EREFEAT 21772 o 7=, AB49 i % BiRGlu T 2 IRFfAJALER L
7%, RONXEREL, a7 o ey (P, LY & Hoechst 3342 (£l
Yea ) CY T D 2 & CHIRAETER 2T, FORR, RENRI 21772 o - il
BiRGlu DALERRERIEAFHIIC Pl BEIEMAR LR S 57, 72 b LIRS LA L=, Z ok
13 BiRGIu OB KRR 2800t 7 F v BR & —F L=, — 5T, SR E21T0b7%
Do T2 MR ClE BIRGIU OALEERFRIZ &L 577 Pl MM IXBIZE S vied o 7= (Figure 34),
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Figure 34. (a) Fluorescence microscopic images of A549 cells stained with propidium iodide
(PI) and Hoechst 33342 after the treatment with BiRGlu (1 uM) for the indicated times (0.5, 1,
2, and 4 h) followed by (right) irradiation with red light (640 nm, 14.1 mW cm, 1 min) or
(left) no irradiation. Scale bars indicate 100 pm. (b) Plot of the populations of Pl-positive cells
in the total cells (Hoechst-stained cells) under each condition in (a). Each value indicates the
mean = SD (n = 4). Statistical analysis was performed with Student’s t-test (vs dark condition
of the corresponding incubation times). *P < 0.005.
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72, GGT [HEHITH 2D GGSTOP THIULE L /-l TlX, MRECIRE 2177 - 7= R EaR
2T/ T2 GEIZB W TH Pl BBMEMENBIER SN -T2, 51T, GGT IEMEDIRW
SKOV3ipl #ifld TITERRS O A I & 37, PI BPEMIaIXBIZ2 S v/ d > 7= (Figure 35),

(@) A549
GGsTOP - - + _ SKOV3ip1

BiRGlu + + + - + _ +
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Figure 35. (a) Representative fluorescence images of A549 cells and SKOV3ipl cells stained
with Hoechst 33342 and propidium iodide (PI). The cells were irradiated with red light (640
nm, 14.1 mW c¢m2) for 1 min after incubation with BiRGlu (1 uM) for 2 h. Pretreatment with
GGsTOP (100 uM) was performed for 1 h prior to the treatment with BiRGlu. Scale bars
indicate 100 um. (b) Graph of the population of PI-positive cells (dead cells) acquired from
the images under the conditions indicated in (a). Each value shows the mean + SD (n = 4).
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BT, OIS T CTO ECsoflie MTT 7 v A2 L W R 7=, FREIEIRE FlokBW\ T,
AB549 #liid > BiRGIu @ ECsp 1% 175 nM T - 7273, SKOV3ipl i CTld 1 mM & CHHE 72
JagEIT AR B Zehr o7z (Figure 36), £72, JEHRST 21T DR WA ITITMIASEITIZ L A LBl
gL X7z o 7= (Figure 37),

LLEDRR S, BIRGlU OXEMEIT GGT KFHIZIEM IS N D Z LavREnTz, —7,
BiRGIu TRLER L 7o M |2k (a0l A B L 72 555, AB49 fllfie, SKOV3ipl AfE 34z T
LTI EEEN A Bz, 2T BiRGlu 721 T < O 07emn 5 4 BiRNH (2 bk
TEINZCRIN N B BT TH 5,

—
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Figure 36. (a) Cell viability assay of A549 cells and (b) SKOV3ipl cells after the treatment
with the indicated concentrations of BiRGlu for 2 h followed by irradiation with a red light
(625 nm, 20 J cm™2) or a green light (530 nm, 20 J cm™2) and by no irradiation. Each value
indicates the mean = SD (n = 6).
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Figure 37. Cell viability assay (MTT assay) of (a) A549 and (b) SKOV3ipl cells after 24 h
treatment with various concentrations of BiRGIlu. Each value indicates the mean + SD (n = 6).
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EAE ME

IR E A~ A1 — & I VIHEROARIEZ ML L, #7212 BiRNH & BiRAc D&%
BERL L7z, BiRNH [EAREMEEICIRIN - #0842 A L, S OICRERRIC LY —HEEERE
AR LT-, —5 T, BIRAC XN BN RS 7 b L, ARESLEIEIC X B0 « YeHmifE
AR SN, MEITRRDFREEEZ R L, CHODORRENS, EAvAR—F I U3
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MmoTm,

FRTHLNZFRNS, y-Z AV Z I R T ARTFZ—F (GGT) 128 #t & e
AR NEMAL SN D Z L 285 L, BIRAC DT B F LA y-Z L Z INIRICEEHZ -
BiRGlu Z %5t « Ak L7z, BiRGIu I% BiRAc & [AIERIZ BIRNH & b~ TR &3 & v
7 b L, ARENEIERIC X D8 - HEIERIXA b 720 572, BIRGIU IZ GGT Z{EH s+
& A, Rt & & b y-7 v 2 IVEED O S 40 BIRNH 23425% L, 615 nm {3 O
I E & U635 nm A3 O SIEEE R A A2 O AT, AR T OMSREREA 21T/ o 72 & 2 A, GGT
TEPED R ABAY Ml A2 AW 72354121, BiRGIU ALERE, IRIRGE & & b ICREEE S B
L, & OICHRESERH BRI MRS R CE /-, —FH T, GGT iEMED KL SKOV3ipl
MR CITAREEDE, B X OVEHREHNT X 2 IS I3MER T & 7, BIRGIU X GGT mEifhMfuik
TOHIREEN & NEIER 258435 Z L AR Sz,
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DRI A—IZFHTE D Z ENRFEIEINT,
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R ESEHRTh D & A~ RTMF MR EHT 5 b OO, PtECiAICBIT 5 HF7EER
PIEZRE 2 <, A ADRMETE P LEN TV, B, IKFEIERETR THDIC
HLEDL LT, EEFIFEZ B L LA E 2~ 2L OWEENTD 70, AT, ©
A~ ADBRFEMER M ETTR &0 ) FIUCIE R 2 5T, ERFIHZ B E LIcHio Atk
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LUTIS, ARBFE TR O N /L2 T 5,
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PLE, HiBla e A~ 2 m—4 I VM HOEMDEEEA L LTERTH D 2 LavREhie,
ZAVE TIZHOG EOUHIRE 2 R R LB I3 2 < DT DITHE STV 2 23,5658 SR
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BT - BB R A2 AT 5 b 013 <, AR &K DML B A~ A tHR & FIH
LMD ZFERTEELDTH D, IO, EE~OFIFANRARTHS 2 EMb, Kkih
FRIESOISHBHBICAND Z LN TE D, TOHE, HEROKRNLT 1V R &
R, HOENPUOEARAYAR—F I VORI E {EZ S CTHRRTHZENTED
72, B EIRIREFIFHIAT O ®T ) AT 4 7 A~DRERLA[GETH 5,

ARIFFROFRIE, BA~ AR A MR E TR & ) FiE: -+ 0ol Lo/ RS
LATZHDTHY, ThrbDOHAEE A~ Z{LEMDEERFIM 2 IR 2 —FI272 5 L HifF
LTW5h,
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e

O VITERA, ARBFFRIZXE U CHRARERIE 70 2 1F58, SMEEEL 15 0 £ L 72 BIER K FA)
AP RGE SRR KRS T HRIORE- O EER L ET,

AHBFFED G « FEhd AT L OVERIC 72 0 IR, HHi5E, W ONCEME 215 0
F L7l RIERL R FAISA S RGE IR L AT R S LR I T2 L E T,
KIFZEDHEEIZ BV CTHBIS, 5, WO ZIME 2 TE & £ L2 B3R R AIER LR
AR TR T BB W T LE T

X Bl ST H7- 0, B, WAV E F LR R TR R S
SLEF G - L E T,

B 7T 7 b~ URET LD PDT sl BRI ONEAGR SCIERRIC 72 V), EEEEIFR A,
WS, EEh 2 W22 & E L RO TR A MG Tk TR E0R, nL&EiLth
(B, BIBERKFEEM) (CEH - LET,

SKOV3ipl Mtk z Tk 7272 & F Lz, BB RFPRFEBLE R SR E R ARy
PR R — R R, NIRRT e L E T,

RIFFROREHEIZ 720 ZIGICE L FHE T 285 22T S0, AR s 0
Wb A N2 72 & F L Tl RIERL ORISR OGRS L 2 gt 2. RIS E IS, BT IR
(V= AVl D=

FEBRICES U CHIEER, BB, WA W& E LSRR 0 ST, Rk,
B DERRITEH - LE T,
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TR ORI S ORI TR 72 i 2 AT 72 o T IT H e,

IH NMR A2 | LIRIEOL#EINM-ECA500 (500 MHz), JEOL#:INM-ECZ400 (400 MHz) 35
& OVEOL#:LNM-AL400 (400 MHz) % FIWTHIE L7=, BC NMRZZ k/LIZIEOL#:
INM-ECA500 (125 MHz) # J TNEOL#:INM-ECZ400 (100 MHz) % AW CHIE L7-, 9F
NMR 227k JLIFIEOL#EINM-ECZ400 (376 MHz) % FHWTHIE L7-, NMRA Y kL3
KFE{EZ7 v adL s (CDCl), #HAKFE(ETE =KV /L (CDsCN) & D WNFHEAKFILY A F
JLALIEF Y R (de-DMSO) Z IR EE & L CHW =, H NMRIZ(EZF Y 7 MiE (BH) %
ppm, FEEES (i) #HzTHFL L, CDClsds L Ude-DMSOTHIE L7=85&1E7T b7 A F L
VI DYT Ly 7 FLE0.00 ppmdFEHE L L, CDsCN%E AV 72854 1XCHD.CN H 3k
DIAVTy N7 FNELIAppmDIEREL L=, BC NMRIZ/LF> 7 ME (5fE) ZppmT
#Fi L, COClZ AW A I3k Y Ly R 7 v %770 ppmDIEHE L L,
CD:CNZ H WA sl ko> 7Ly B —2 2118.0 ppmDIEHEL L=, °F NMR
b7 ME ) Zppm, fEEH (JE) #Hz TERRLL, ~FH 7t Er0
VT by hE—27 %1650 ppmDEEHEL LT, 7TV DL EEILs = singlet, d = doublet, t
= triplet, dd = doublet of doublet, dt = doublet of triplet, td = triplet of doublet, g = quartet, m =
multiplet, br = broad & B&FC L 7=,

B TREEE BT (HRMS) (XIEOLAEIMS-TI00T A4 L, HEEME L L TRY =F L
7Y a—) (PEG) #fH L7,

KX 7 567 a~ 777 4 — (TLC) (2 TEBBF L, TLCIZIZSilica gel 60 Foss
(Merck) zHW, UVIZIL (254 nm) &HHWNEY Y 77 URICE B 2EICTHRIB L7,

HWTLrav NTTT 4 —IlE ) —~ LU 7L (AP-300, KELFEE) ¥ L ODIOLY
U 7147V (CHROMATOREX DIOL MB 100-40/75, & £V v 7) &= Az,

WFHHPLCIEChromaster series (HZ) ZfEH L, 43#rHHIHPLC 7 Z 2/30DS-80Ts analytical
column (5.0 um, 4.6 x 75 mm, ¥V —) Z 0.5 mL min Tl L7z, #WiH BERHPLCIZ A v
7" (PU-986, JASCOIs L ('PU-2086, JASCO) , &I < % — (MX-2080-32, JASCO) , UV Hi
#& (UV-970, JASCO) ##iA G T L, s BHHPLC A 7 41X TSKgel ODS-80Ts
preparative column (5.0 pm, 20 x 250 mm, > —) Z¥E#10 mL min ¢ L=,
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F—EICBEYHRER

BiRD& R

3-Bromo-N,N-dimethylaniline (2)%°

NaH
/@\ Mel
~
Br NH THF Br N

2 0°Ctort,21h |

4 2

3-7uE7 =14 (500 g, 29.1 mmol, 1.0 eq.) DOTHF&EH# (50 mL) %0° CIZm#EIL, KFE
{7 h U oA (5.82 g, 146 mmol, 60%w/w, 5.0 eq.) Z 0Nz, 30458 L7, = D%, Gk
(2= 7{k A F v (9.05 mL, 145 mmol, 5.0 eq.) Mz, iR TR L=, REOKFEL
T RU T AEK (50 mL) TR L721%, ORGSR Z T/ (50 mL x 3) THiH L
7= FHEIE A AUFNRIE/K (100 mL) TR L, fifg~ 7 %o v AR, IR A TR 5 L
T GoNTREE Y I ITNAI T LI~ T T 70— (HEE=F /Vvin-~FH ) I TH
L, BB LA s kAL LCHE7- (5.78 g, 28.9 mmol, 99%),
IH NMR (500 MHz, CDCls): & 7.07 (t, J = 7.5 Hz, 1H), 6.82 (m, 2H), 6.63 (dd, J = 2.5, 8.5 Hz, 1H),
2.94 (s, 6H).

4,4’-(o-Tolylmethylene)bis(3-bromo-N,N-dimethylaniline) (3)

Br” : ‘I}l/ O

2

2 M ag. HCI O
reflux, 24 h
(@] H \T T/

Br Br
1 3

3-7 BE-NN-VAF /LT =1 >2(2.00g, 10.0 mmol, 2.0 eq.) D2 MEEEEIAK (20 mL) (Z2-
AF IR X7 VF B R1(601 mg, 5.00 mmol, 1.0 eq.) %1%, 24K INEGERIE L7z, % D14,
RIEKFZT RY U ATHRIL, IBRAWKREY 7aa A% (50mLx3) T Lz, A=
AR EIEOK (40 mL) IS THEE L, BiEg~ 71 v U M TR, WA BIERE L, 15
ONTREE VDTN T A a~ N7 T 7 40— (HiE— T Vin-~F %) ([TTHEL,
HOO(bLAE A A e LT (1.14 g, 2.27 mmol, 45%),

IH NMR (500 MHz, CDCls): & 7.12-7.16 (m, 2H), 7.08 (dd, J = 7.5, 1.7 Hz, 1H), 6.94 (d, J = 2.9 Hz,
2H), 6.73 (d, J = 7.5 Hz, 1H), 6.63 (d, J = 8.6 Hz, 2H), 6.54 (dd, J = 8.6, 2.9 Hz, 2H), 5.96 (s, 1H),
2.92 (s, 12H), 2.20 (s, 3H).

13C NMR (125 MHz, CDCls): § 150.0, 141.7, 137.1, 131.1, 130.4, 129.6, 128.8, 126.6, 126.3, 125.7,
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116.6, 111.3, 51.5, 40.5, 19.7.
HRMS (ESI*) m/z calcd. for C24H27BroN2 [M+H]* 503.0516; found 503.0544.

Dichlorophenylbismuthine*

@ BIiCl, ©
Bi Et,0
Bi
©/ \© e Cl/ \CI

Triphenylbismuth Dichlorophenylbismuthine

R Z7xz=/LEA<A (220 g, 5.00 mmol, 1.0 eq.) ® Y =F /L= —TF VKK (25 mL) %
=¥k A~ A (3.15 g, 10.0 mmol, 2.0 eq.) O ¥ =F /)L —F VIEREIE (25 mL) 2z T,
FIRCORFRIRIE LTz, 20k, WA EIEREL, BHonlEEE2 = F Lo —7 LTl
L7o, UERERSE, BRI AGEKARE LTH LI (4.359, 12.2 mmol, 81%), AR D
FEROBUSIZHN
IH NMR (400 MHz, CDCl3): & 8.95-8.97 (d, J = 7.6 Hz, 2H), 7.88-7.92 (t, J = 7.6 Hz, 2H),
7.37-7.40 (t, J = 7.6 Hz, 1H).

BiR
O 1. sec-BuLi 3. p-chlorainl O
THF, Ar CHLCN
- ° i 2 h —-
80 °C, 30 min rt, PF,
O O 2. PhBICl, 4. KPFg ‘ =~ O
THF, Ar CH4CN N
~N
>N N -80°C, 30 min ; 2 h N By N~
| Br  Br | thenrt, 13 h | b |
3 BiR

TN I U FEER FIZT, (LA 3 (900 mg, 1.80 mmol, 1.0 eq) DK THF 7A# (10 mL) %
—80 °C (2 A L, sec-BuLi (4.50 mL, 4.50 mmol, 2.5eq. 1.00 M 7 B X4 o n-~FH 9%
) =MW F L7z, —80°CIZT 30 il L=, v/ rr 7=/l A~ (771 mg, 2.16
mmol, 1.2 eq.) @ THF &K (15 mL) Z RGEEHRICH T L7z, ROGERHR % -80 °C (2T 30 47
ffERtE, =R T C 13 REf it L=, 2 D%, 2 M Hi#E (100 uL) Z Nz, ¥EBEEREE 5 L
7o BoNT-EELEZ T F=FVU /L (20 mL) IZ&fEL, p-2 25 =/L (885 mg, 3.60 mmol,
2.0eq.) ZMx 7z, S| T 2 Kl L7 t%, ROGHETRIZ KPFs (663 mg, 3.60 mmol, 2.0 eq.)
Iz, SHICEIRT 2 K@ Lo, 20%, WEZRBIEREEL, Boniikiks v U b
BAHTEI O~ NTTT 4g— (AH )= ranm A X ) TR, IEREEEE
572 (308 mg), ZNETE b= FVJWRIRE L, V=F o —T VARKIEEEIC CTHERE L,
HEO(L AW & ikt ish & L TH72 (51 mg, 66 umol, 4%),

IH NMR (500 MHz, CDCls): & 7.75 (d, J = 6.9 Hz, 2H), 7.58 (d, J = 2.9 Hz, 2H), 7.43 (d, J = 9.7 Hz,
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2H), 7.40 (t, J = 7.5 Hz, 1H), 7.26-7.33 (m, 4H), 7.20 (t, J = 7.5 Hz, 1H), 7.06 (d, J = 7.5Hz, 1H),
6.47 (dd, J =9.8, 2.9 Hz, 2H), 3.29 (s, 12H), 1.80 (s, 3H) .

13C NMR (125 MHz, CDCls): § 178.8, 168.1, 157.1, 154.5, 143.5, 140.3, 136.7, 135.7, 130.9, 130.3,
129.3, 128.7, 128.0, 125.7, 125.1, 124.4, 113.5, 40.9, 19.2.

HRMS (ESI*) m/z calcd. for [M—PFs]* C3oH30BiN2*: 627.2207; found 627.2201.

Anal. calcd for C32H33BiFsNsP [BiR+CH3CN]: C, 47.24, H, 4.09; N, 5.16; found: C, 46.96; H, 4.09;
N, 5.11.

m.p. 208.1-210.5 °C (decomp.).

Tetramethylrosamine (TMR)&

1. p-TsOH+H,,0
EtCOOH

(0] 1 H

60 °C,24 h KPFg -

+ PFsg

2. p-chloranil MeOH =
CHCI3/MeOH rt, 1h N
2 rt, 18 h SN o N~
HO N | |
| Tetramethylrosamine
5

3-(NN-PAF LT 2 /)7 =/ —/L5 (400 mg, 2.92 mmol, 2.0 eq.), 2- A F /LR X7 LT b
K1 (178 mg, 1.46 mmol, 1.0 eq.), p- F /L= ALk B —/KFi¥ (26 mg, 0.29 mmol, 0.2 eq.)
A UEE (20 mL) IZERE LT, ROSERIR A 60 °C, 24FFEIFEHE L7-1%, 3 MFEE ) R U
2 AKERHR (100 mL) ICVEXFFIL, Zm ks (50 mL x 3) THiH L7, A= I Taime
YRV LT U, BIRARERE E LT, BonEiEL 7 aa RV A A Y ) —
Jv (11, 40 mL) DIRATABICIAR S, p-7 v 7 =)L (356 mg, 1.46 mmol, 1.0 eq.) ZZ T
FEIRIC T8RRI L, WWIEZ BT E LI, YU BTN DT Ia~ KT T 7 4 —
(A% =7 aadR)Lh) ICTHERLEZ (17 mg), =Dk, SGohi=AlkmiE A% ) —)
(5 mL) (Z¥fi% L, KPFe (160 mg, 0.89 mmol, 2.0 eq.) DA %/ —/LiRik (5mL) ZINZ, =ik
\CCLRFREIBHR L7z, 2%, IBEA2E~ZEEL, iElc7nak/L s (10 mL) 2z, &
WaEt 74 NAETRE L, BN AROUEEZJRE-E % L, tetramethylrosamine ®
PFea # Wf SR tlEl A & L CTHF7- (18 mg, 36 umol, 2.5%),

'H NMR (500 MHz, CDCls): & 7.51 (t, J = 8.2 Hz, 1H), 7.44-7.39 (m, 2H), 7.17-7.15 (m, 3H),
6.90-6.87 (m, 4H), 3.33 (s, 12H), 2.04 (s, 3H).

XiR#E SIS E R
BIRDIF kA fkfh 2 W2 K& & (033 x 0.31 x 028 mm3) ICLTH T AT 7 A 83— ki
DT, XERIFIZIZIMoKa (A = 0.71075 A) % A\, Rigaku Mercury CCD ¥R o Higs % $5;
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L 7-Rigaku AFC7TRZ i Fl L CHIE L7z, fK20maxa55.0°& L, 12952[RI 55 2 J|E L7z,
Ba T — X LR AL OFE LI Table SXIZE L7, BIROEEICET 288 T — 71X
CCDC 1530802 & L CTCambridge Crystallographic Data Centre{Z & &k L 7=,

Table SX. Crystallographic data and structure refinements for BiR

Empirical formula
Formula weight
Crystal system
Space group
a(A)

b (A)

c(A)

a (%)

B(°)

7 ()

V (A3

z

Temperature (K)
Dc (gm~)

Absorption coefficient (mm™)

F (000)

Crystal size (mm?3)
Measured reflections
Independent reflections
Goodness-of fit on F2
R[I>20()]

R (all data)

BiR

Cs2H33BiFsNsP

813.56

triclinic

P-1

10.7064 (18)

11.8965 (17)

14.505 (2)

66.593 (6)

77.962 (6)

70.259 (6)

1589.9 (4)

2

293

1.699

5.657

796

0.33 x 0.31 x 0.28 mm?®
12952

7179 [Rint = 0.0300]
1.062

R: =0.0391, wR, = 0.0997
R1 =0.0458, wR, = 0.1065

RAR - HHEARTFILAIE

LAV 2~ 7 b 113 Cool SpeKIRLEE fill iz /L 7k /L #— (USP-203, Unisoku) A #£#; L
7-Agilent 84537 + h ¥ A A — K7 L A A O EEEE (Agilent) A4 L CHIE L7z, HIE®
L, R Lem, HIERE3 mLO2EEH A LA H LTz,

WAL BTSN G E FFFP6600 (JASCO) A L, EhiEfl 2 U » Migixs mm,
HOERIA Yy MEIZ6 mmIZEE L CRIE Lo, HIEEE, JEEEELem, HER &3 mLo4
B A e LR Lz,
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HAEFIVEAE
HEPESHEFZ (50 mM, pH 7.4) 1|2 THktPL &1 I =R M| & %E & Quantaurus-QY (C11347-01,
WA b =27 R) ZHAWTHIE LT,

pHIT} A 1 & B%

%pH (3.3, 5.4, 6.2, 6.7, 6.8, 7.3, 7.9, 8.2, 8.9, 11.1) |ZFHHL L7= U » ERAEEE T (200 mM,
0.5% DMSO) (2T, BiR (5 uM) OWIZHIE L7z, HIE XS IRIR 2 FHEE L, 300 @ 212
1T72-7=,

A2y IRILEV AR)—

YA U w7 RIVE A Y —1X600A electrochemical analyzer (ALS) % F W CHIE L7,
WIEIIE, #iBhEMmE L CHEEM, EAEMmE LTr T v v — 0 — KRB, LUEEmRL
L CAQ/AgHE M 2 7=, &Y >~ 7 (BiIRE X Utetramethylrosamine) 1£0.1 M ®
tetrabutylammonium perchlorate (TBAP) 7 & k= k U /LIRE % AV TL mMIZFERL L, JIERT
TN NT Y T ERIOGEITR o Te, BONTCEMITT7 = n e ZNEEREL LT, vs
(FC/Fc*) IZEH LT=, A% v VHEX02VsITITR2o 7=,

DFTEE
AT OFBEITEENBEKIER (DFT) 12X - TITV, JLEIEIEB3LYP, BT
LANL2DZ% v =, 4> Tl = %L X — T Gaussian09 % fAWTEHE L7-,

—EIRM R £ R

HRBEHNITRIAZ A A K (1.2 m, ¢ =5 mm, LLG-0538-4, Thorlabs) % £%f5i L 7=7/R (4
LED 7 1 K (625 nm, M625L3, Thorlabs) % fiH L, &R IZILT-Cube LED K7 A /S —
(Thorlabs) Z{iH L7z, &M HEEA BIRBXOAF L7 — (MB)) £13-V7 ==L
>>'7 7 (DPBF, —HIMEEMEA]) #IREG LT € =R U MERORILA T kL
ZREERHE T (1.2 mW cm?) (2 TIOmICHIE L7z, BIRO —EIERFEAKE FIUR
(P(*02)sir) IEDPBFDOEELDOFIEEE (k) 225, UL FORXEHWTHEM L,

D(102)sir = P(*O2)sp*(ksir/Ksp)*(Fsp/Fair)

S HARA] (SP) & LT, AF L7 — (@ (102 =0.52in CHCN)* % v 7=, S ooF
IIF = 1-10C1 52 2% ThH v, ODITIEIEGHE F 21T WL EE DRI % <3, 410 nm
\Z331F %5 DPBF DI HIW L 0.8, BiRFS L UMB DML Y 130.1 & L THRIE AR % i
L7,
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W2 EMRBRICOWTIE, BIRBEXUOMBDO T k= k U /LIEIKR (625 nmiZIs 1) 5 0180k
FEEEA0.1) (kU CHRESEBE (1.2 mWem™2) T, 155 fF, TIRFREIOEE ORIE 21772 > 7=,

HpaiEE

HepG2 #Mia (b HAFASAAMIM) 8 X O HEK293 i (b MR IEESHINN) 1% 1%A — 7 Lk
INAZEES L (MEM) FZET 2 /B8 (NEAA, Gibco) , 1 mM E/LE VBT KU 7 2 (Wako),
10% 7 v HRIEImIE (FBS, Gibco), 1% Antibiotic-Antimycotic (ABAM, Gibco) % #sJ1 L 72 MEM
B2 ML (Gibco) % VY, 37 °C, 5% CO, f 13 = — & TEE L T2,

A549 i (b Bl B IR2S AHIIE) 12 1 mM BV E RS R U A (Wako) , 10% FBS
(Gibco), 1% Antibiotic-Antimycotic (ABAM, Gibco) % #s/ll L 7= Dulbecco's modified Eagle's
medium (D-MEM, Gibco) % F\», 37 °C, 5% CO, A > F = _X— X THi&E L 7=,

TIG-3fa (b FARVEARAEZEAID) 131% MEM FI4ZET 3 7 8 (NEAA, Gibco), 1 mM /L
B MY A (Wako) , 10% v R IR iIE (FBS, Gibco), 1% Antibiotic-Antimycotic
(ABAM, Gibco) Z¥RIML72 E-MEM (L-Z V4 >, 7=/ —)L L v REH, Wako) % Hu,
37°C,5% COy A > F 2 X—H TEFE LT,

HERERNA—DVT

HAESHNA A= L, HAREEN AT = A % 2 _X—% (STX series, HifF
by b)), T4 A7 AFx v HERa2=y b (DSU), EMCCD# A7 (ImagEM, IEiAK k=2
R), 130 WIKER T > 7" 2 5 U 72 AR SC R SR FE iR BT (1X83, Olympus) 2] L T3 L 7=,
iR, T 4N F—, XA a4y 7 I 7= FARIISCTLTO@Y ITEHE LT,
* BiR: excitation = 608-648 nm, emission = 672—-712 nm, and dichroic mirror = 660 nm.

» ER-Tracker Green: excitation = 465-500 nm, emission = 516-556 nm, and dichroic mirror = 495
nm.

* Hoechst33342: excitation = 330-380 nm, emission = 460-480 nm, dichroic mirror =400 nm.

* Propidium iodide (PI) : excitation = 465-500 nm, emission = 572-642 nm, dichroic mirror = 562
nm.

FARIX 4 73 7 AR b Ay v — 1L (Advanced TC CELLview Cell Culture Dish, Greiner) |2
2.5 x 10* cells/well CHEFE L, ) 7ek5Hirf € 48 BFMIEG 8 L2 % ICHEBRICHERA L, 4 A—V
V7 DORRIZIE T = 7 —/V Ly RARE Hanks' Balanced Salt Solution (HBSS, Gibco) % fv 7z,
YL B FERITIT 60 fFHR A L o X, ZDOMDA A= 71T 20156 L o XA L
770
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H XA ER

HepG2 fifil 2 HBSS TYEiEr (x 3) L7-1%, BiR (1 uM, from 1 mM stock solution in DMSO)
¥ L WVER-Tracker Green (0.5 uM) % h12 T 30 47fd, 37 °C TA > F aX— kL7, ZTDH,
HBSS Ty L (x 1) d0A A= F %4772 o 7=, f#HTIZIE Image J & Fv 7=,

Pl/HoechstR &I & 5HllasE 7 vt A

fl A HBSS THEH (x2) L7-#%, BiRZ N X, 37 °C T30 A > ¥ =_— kL=, D%,
I AZHBSSTH (x2) L, BAMEEDFhEL: (608648 nm, ca. 150 mW cm2) % e K% ¢
FESF L 7=, Propidium iodide (PI, 5 uM, from 500 uM stock solution in EtOH) & Hoechst 33342 (1
ug mL%, from 0.1 mg mL* stock solution in water) T304y fH4LEE L, HBSSTHEM (x 1) L7-%%,
WA A= T HATIR o 7o, PITEEYE S U= Ml (FEHERE) & Hoechst CRZYefa S 7= A
e (ZAmAE) oz FHI L, PIBYERIIE/Hoechstys (AL D b 2> D HIIESE DB & 2 i L=,

MTTZ vt A ISk HilkasE 1 a

%96 = /L7 L— b (Techno Plastic Products AG) (25.0 x 103 cells/well THEAE L, £
T4 A % 2 _X— [ LT, 20, Mz fic OREEDBIRT37 °CT24KFH A v % =
~N— kL, 5mg mLt MTTaR3EZ I x 45, 37 °CTULER L7z, % D%, DMSO Cififia % 14
fig L, ~f 27 a7 1L — kKU —4— (Multiskan JX plate, Thermo Fisher Scientific) % f\ T
570 nmO WG 2 HIE L, MAFRE2HH LT,

¥/5 5709 RETIIER- PDT SRl 52ER

6 ##h > B6 albino (B6N-Tyrc-Brd/BrdCrCrl ) ~ 7 2 (HAF ¥ —/L & » U N—RA St X
DHEAN) O R FIC LLC/luc il (L3 7 = 7 — B3 H~ 7 Z[ifiH AHIN, 1.0 x 106 cells)
AL LT, B 17 HEH 5V X5 1 cm) 705 BiR #5356 L OVEIRE & Bits L7z,
i & DOIEE 431 BIR (0.5, 0.1, 0.01 mg/kg in saline (25%DMSO0)) % J&i¥: L, T-Cube LED K<
A 73— (Thorlabs) % #%#t L7277 LED 74 b (625 nm, M625L3, Thorlabs) % i\ T~ &
FE RIS (102 Jem?) Lz, 24 Bif##%, D-luciferin Z JEFENTEST (10 ug/100 uL) L, 15
43112 IVIS Imaging System (SPECTRUM, PerkinElmer) Z MW C, Ly 7 =7 —E R KB X
O BIiR #t (lex = 605 nM, Aem = 660 Nm) ZHIE L7z, BIR $&4- & CHRGHT 24 e g, 5 04T
2N, VT = T — B ORI B IRE O A X AR LT,

Y757 b~ AT /AN LIz in vivo BRI B T 3RS ME T2 b e
Bz, DELLoBh L (B, BIGERIKEEM) oo b &, B LERTFEY EREE
FBRAIANESY U, BOR TR P FERE B OB E S TI M L7,
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FEICEHTIRER

BiRNH, BiRAc# &S UBIRGIuD & Ak

2-Bromo-4-(dimethylamino)benzaldehyde (6)°*

(0]

/©\ POCl, H
Br N DMF B N

| 0°Cto50°C, 14 h |

2 6

THFPHL, KG TS THALA AR Y L (752 pl, 8.09 mmol, 1.2 eq.) % itk DMF (10 mL)
\ZhN %, 0°C T154 M L7-1%, {b&W2 (1.359,6.75 mmol, 1.0eq.) # MMz 72, 5Hi20°C
(2T 10 4y FE RS, BUSIRZ 50 °C ICHHE L, 14 BERIEHE L7, ROSHRIZEAFRBR K T b
U v LJKERIR (40 mL) CTHRI L7728, 155 I IREGTRIR & HEfs — T Vin-~F - IR G VAL
(1/1, 40 mL x 3) Tl L7=, AEEEITAFIAIE/AK (100 mL) THYE L, Wik~ 7 x> U AL
fts, RIEZBIERE L, BoNBEEY VISV I T a< N T5 7 4 — (Hilik=
Fouin-~FH ) IZTHR L, BibEWE AaEEk s L THE7- (1.33 g, 5.83 mmol, 86%).
IH NMR (400 MHz, CDCls): & 10.09 (s, 1H), 7.81 (d, J = 9.2 Hz, 1H), 6.80 (d, J = 3.0 Hz, 1H), 6.64
(dd, J = 8.8, 2.4 Hz, 1H), 3.08 (s, 6H).

[2-Bromo-4-(dimethylamino)phenyl](1,3-dimethoxyphenyl)methanol (7)
OMe

0 CEU OMe OH Br
THF, Ar
- ’ -
Br N -78°C, 30 min; OMe N
| then rt, 16 h |
6 7

TAIUFEREKFICT, 718 °CICARILTZ 227 2 E-1,3-V A h¥ o+ (160 g, 7.37
mmol, 1.0 eq.) OPi/K THF %#& (10 mL) (Zxf L T, sec-BuLi (7.70 mL, 8.09 mmol, 1.1 eq. 1.05
M 7 aFtoin-~F Y UURR) B R Lz, —78°CIZTC 30 i Liztk, h==—
7 Z W TIE&E% 6 (1.68 g, 7.37 mmol, 1.0 eq.) @ THF ¥&#% (10 mL) & _EEEoD S IRIK & i
T UL72,-78°CITZ T304 M Lo, PUNEIK A =IRIZRE L, 16 RFfEIftHR L7z, £ D%, X
JEERIRIZ K (B0 mL) Z N CRUS &2 &Ik S, O NTIRATRIRE 7 v kb A (50 mL x
3) THEH L7z, AR XA AEAK (100 ML) THE L, File) b U w7 LI CHolits, i
EWEEE L SoNTRIEZ VATV T A7 a~ N 7T 7 4 — (BT Lin-~%
PN ICTHR L, BRbEW A EaT L7 7 AL LTHT- (247 g, 6.74 mmol, 92%),
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'H NMR (500 MHz, CDCl3): § 7.24 (t, J = 8.6 Hz, 1H), 6.98 (d, J = 8.6 Hz, 1H), 6.95 (d, J = 2.3 Hz,
1H), 6.61 (d, J = 8.6 Hz, 2H), 6.49 (dd, J = 8.6, 2.9 Hz, 1H), 6.46 (d, J = 10.9 Hz, 1H), 4.40 (d, J =
11.5 Hz, 1H), 3.82 (s, 6H), 2.90 (s, 6H).

13C NMR (125 MHz, CDCl3): § 157.85, 150.51, 129.41, 128.92, 128.68, 125.73, 118.01, 116.47,
110.80, 104.38, 68.93, 55.74, 40.25.

HRMS (ESI*) m/z calcd. for [M+Na]* C17H20BroNNaO3* 388.0519; found 388.0496.

3-Bromo-N,N-diallylaniline (8)¢?

allyl bromide
AN
Br NH H,O/EtOH Br N

2

70°C,14 h
4 8 |

3-7mET7 =1 4 (400 mg, 2.33 mmol, 1.0 eq.) DK/ % ) — BRI (114, 25 mL) (2
tREE7 U v A (1.28 g, 9.26 mmol, 4.0 eq) & BALT UL (605 uL, 7.00 mmol, 3.0 eq.) ZMZ,
70 °C T 14 FEfIHR U 7=, ROSRZ RIRIZER L72tk, RNEME 74 hABIC TR bR,
W2 R = LT, 5 D - iRt 27k (60 mL) (20 L7-1%, HEe—F /L (60mLx3) T
i U7z, AR T ik (60 mL) THed L, Wilg~ 7 1o U LT CHIEEE, WEIEA TR
JEREE LT, o TREEZ VDTN AT L ua~ NI T 70— (BEB=F vin-~F%+
N ACTHRLL, BRLAY & IRk & LT 7= (595 mg, quant.),

IH NMR (500 MHz, CDCly): § 7.02 (t, J = 8.0 Hz, 1H), 6.80-6.77 (m, 2H), 6.59 (dd, J = 8.0, 2.3 Hz,
1H), 5.86-5.79 (m, 2H), 5.18-5.14 (m, 4H), 3.90-3.89 (m, 4H).

N,N-Diallyl-3-bromo-4-{[2-bromo-4-(dimethylamino)phenyl]1,3-dimethoxyphenylmethyl}anili
ne (9)

J
Br. N\/\ O
OMe OH Br \©/ MeO OMe

8
BF5-Et,0
~ 2v12
OMe N M, 7 h N N
| | Br  Br
7 9 |

LAY 7 (1.59 g, 4.34 mmol, 1.0eq.) E{LA# 8 (1.31 9,520 mmol, 1.2eq.) DY 7 rnr A X
VIR (20 mL) 12 =5 o klE D FY =T L= —T LR (1.10 mL, 8.75 mmol, 2.0 eq.) %
T U7z, SIS T 7 R L7e %, IS Z 7K (50 mL) THUE L, o iRATERE 7
m /LA (50mLx 3) THIH L7z, A A miEE~ 7 %> 7 ATl Lo th, W% T
BELE, BoNEEBEE VWAV T Ao~ b T 57 4 — (BT Fin-~F4 )
WCTHERLL, BbAME G T 'L 7 7 AL LTH7= (1.83 g, 3.05 mmol, 70%),
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IH NMR (500 MHz, CDCls): § 7.18 (t, J = 8.3 Hz, 1H), 6.90 (d, J = 8.6 Hz, 1H), 6.87-6.84 (m, 3H),
6.56-6.54 (m, 3H), 6.50 (dd, J = 8.6, 2.9 Hz, 1H), 6.21 (s, 1H), 5.85-5.77 (m, 2H), 5.16-5.12 (m,
4H), 3.84 (d, J = 5.2 Hz, 4H), 3.55 (s, 6H), 2.88 (s, 6H).

13C NMR (125 MHz, CDCls): § 158.9, 149.5, 147.8, 133.8, 131.9, 131.7, 130.4, 129.8, 127.8, 125.6,
125.5,120.2, 116.1, 116.0, 115.8, 111.0, 110.9, 105.5, 56.1, 52.6, 45.4, 40.5.

HRMS (ESI*) m/z calcd. for [M+Na]* C29H32BroN>NaO,* 623.0708; found 623.0710.

2-Diallylamino-9,10-dihydro-10-(2,6-dimethoxy)phenyl-7-dimethylamino-9-bismaanthracene

(10)
MeO O OMe 1. tert-BulLi MeO OMe

THF, Ar

H
=78 °C, 30 min
- O O - . PhBICl, ~ . AN
N NN N Bi N

N

THF, Ar

Br  Br -78 °C, 30 min to =40 °C, 1.5 h;
| thenrt, 11 h |

9 10

TN FEHRA T, 18 °ClzHmEN L= kA4 9 (1.81 g, 3.01 mmol, 1.0 eq) DMtk THF &K
(40 mL) (Zx% L, tert-BuLi (7.90 mL, 12.6 mmol, 4.2 eq. 1.60 M n-~<> &% UIRHR) i K L7,
—78 °CIZC 30 /i L7k, V77 ==/LE A< A (1.08 g, 3.03 mmol, 1.0 eq.) ®
THF &R (10 mL) % SOGERICH T L7z, —78 °C 2T 30 Syl Lok, RINEIK A
1.5 B¢fl73 T T-40 °CIZFHE L7z, £ D1%, HiRIZRE L & 612 11 Rt Lz, BOSEIRIC
K (50 mL) ZMNZ CTRISEAEIE S, 56N TIRAERZ BiE~F /L (80 mL x 3) THiH
L7z, AHEJE Tk (80 mL) THed L, file) kYU U Ailg, W2 RERE LT,
BONTEEELZDIOLY Y B AN BT hra~v N5 74— (il F Lin-~FH2) 12T
B, BLAEME RO T TN T 7 ADVT AT LA~ —iREWHE LTH7= (1.02g, 1.40
mmol, 47%, diastereomer A:B=1:1.3),

'H NMR (500 MHz, CDCls): Diastereomer A: § 8.01 (d, J = 6.3 Hz, 2H), 7.37-7.29 (m, 4H),
7.20-7.16 (m, overlapped, 1H), 7.10-7.03 (m, overlapped, 3H), 6.71 (d, J = 8.6 Hz, 2H), 6.47 (dd,
overlapped, J = 8.9, 2.6 Hz, 1H), 6.39 (dd, J = 8.6, 2.9 Hz, 1H), 5.71 (s, 1H), 5.72-5.65 (m, 2H),
5.10-5.05 (m, 4H) , 3.85-3.74 (m, overlapped, 2H), 3.69-3.65 (m, 2H), 3.67 (s, 6H), 2.75 (s, 6H);
Diastereomer B: 6 7.83 (dd, J = 8.0, 1.1 Hz, 2H), 7.55 (d, J = 8.6 Hz, 1H), 7.53 (d, J = 8.6 Hz, 1H),
7.24 (t, J = 7.2 Hz, 2H), 7.20-7.16 (m, overlapped, 1H), 7.10-7.03 (m, overlapped, 3H), 6.53 (dd, J
=8.9, 2.6 Hz, 1H), 6.50 (d, J = 8.6 Hz, 2H), 6.47 (dd, overlapped, J = 8.9, 2.6 Hz, 1H), 6.39 (s, 1H),
5.79-5.75 (m, 2H), 5.03-4.97 (m, 4H), 3.85-3.74 (m, overlapped, 4H), 3.75 (s, 6H), 2.83 (s, 6H).

13C NMR (125 MHz, CDCls): 8 159.2, 157.4, 154.5, 154.3, 154.0, 152.9, 152.8, 152.6, 152.5,
150.2, 149.3, 148.0, 147.3, 138.6, 137.6, 134.4, 134.3, 133.4, 132.8, 132.3, 131.4, 129.9, 129.8,
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129.7, 129.5, 128.5, 128.2, 127.4, 126.9, 126.7, 124.2, 121.5, 120.9, 120.8, 120.6, 117.5, 115.9,
115.8, 113.4, 113.0, 112.0, 111.4, 104.8, 104.4, 56.0, 55.4, 52.9, 52.8, 52.1, 51.4, 41.0, 40.8.
HRMS (ESI*) m/z calcd. for [M+H]* CasHssBiN2O2* 727.2332; found 727.2716.

2-Amino-9,10-dihydro-10-(2,6-dimethoxy)phenyl-7-dimethylamino-9-bismaanthracene (11)

MeO I OMe MeO I OMe

Pd(PPh3),

H H
O O DMBA
~ . AN CH,Cl, ~ '
T Bi NH 40°C,25h 'i‘ Bi NH;
10

1

7 v RS T I T Pd (PPhs)s (85.0 mg, 73.6 umol, 5 mol%) & N,N-2° A F L 30 ey —
JUI# (DMBA, 920 mg, 5.89 mmol, 4.0 eq.) Z{k&4) 10 (1.07 g, 1.47 mmol, 1.0 eq. dr =1 : 1.3)
DY B AL R B0mL) ITIA Tz, SOSHIRIT 40 °C 12T 2.5 WefEffie L7z, fafn
PREERFET B U 7 LKEEIR (50 mL) (& THRI L7z, 15 b IRE R 2 g —F /L (50 mL
x3) THIH L7, BB ZmEET Y U ACTHIE L%, WIEZRIERE LT, B ohizrk
% DIOL U BTN BT hra~ NTT 74— (BT Vin-~F %) ICTTHRE L,
BoNECT AT LA~ —BAMIY = F Lo —F VBRE L, AaitEms AT L=, A
WRITHIERE L, BBt aikkEaTrEn7 7 2L LTHE7- (440 mg, 0.681 mmol, 46%,
11-cis : 11-trans = 1: 0.16), AHt L7- AR IIE 28 U, #iFe7e 11-trans & L CTH72 (150
mg, 0.232 mmol, 16%),
'H NMR: 11-cis (500 MHz, CDsCN): 6 7.91 (dd, J = 7.7, 1.4 Hz, 2H), 7.42-7.30 (m, 4H), 7.08 (d, J
= 2.9 Hz, 1H), 6.96-6.94 (m, 2H), 6.84 (dd, J = 8.6, 1.1 Hz, 1H), 6.80 (d, J = 8.0 Hz, 2H), 6.43 (dd,
J=28.6,2.9Hz, 1H), 6.30 (dd, J = 8.3, 2.6 Hz, 1H), 5.55 (s, 1H), 3.83 (brs, overlapped, 2H), 3.64 (s,
6H), 2.71 (t, J = 7.7 Hz, 6H); 11-trans (400 MHz, ds-DMSO): & 7.76 (dd, J = 7.8, 1.4 Hz, 2H), 7.43
(d, J = 8.7 Hz, 1H), 7.27 (d, J = 8.2 Hz, 1H), 7.21-7.24 (m, 2H), 7.15-7.19 (m, 1H), 7.09-7.05 (m,
2H), 6.88 (d, J = 2.3 Hz, 1H), 6.59 (d, J = 8.2 Hz, 2H), 6.48 (dd, J = 8.7, 2.7 Hz, 1H), 6.48 (dd, J =
8.6, 2.7 Hz, 1H), 6.30 (dd, J = 8.2, 2.3 Hz, 1H), 6.25 (s, 1H), 4.76 (brs, 2H), 3.754 (s, 6H), 2.76 (s,
6H).
13C NMR: 11-cis (100 MHz, CDsCN): & 159.7, 157.7, 154.2, 153.0, 151.1, 147.8, 138.7, 132.5,
132.1, 130.6, 130.2, 129.3, 129.2, 129.0, 128.3, 123.2, 122.0, 114.2, 112.6, 105.5, 55.8, 52.0,
40.6 (the peaks of 11-trans were not detected); 11-trans (125 MHz, CDCls): 6 157.3, 154.9, 152.7,
152.4, 149.4, 144.7, 137.9, 135.0, 133.1, 130.0, 129.8, 129.7, 127.0, 126.9, 124.4, 123.1, 120.9,
115.8, 113.5, 104.9, 56.1, 52.2, 40.8.
HRMS (ESI*) m/z calcd. for [M+H]* C2H30BiN202* 647.2106; found 647.2099.
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BiRNH

MeO I OMe MeO I OMe

H p-chloranil -
(1 o yoeP
CHaCN N
\T Bi NH, doal \T Bi NH,
1 BiRNH

&4 11 (40.1 mg, 62.0 umol, 1.0 eq. cis : trans = 1 : 0.16) O 7 & h= h U LIFIE (3 mL)
\Z KPFg (22.5 mg, 0.122 mmol, 2.0 eq.) & p-Z =< =/L (30.5mg, 0.124 mmol, 2.0 eq.) Z/NZ,
IR T 45 I Lo, 0%, NaWEt 74 N AT BrE, WEE RS E
L, onicikiEah o Lru~ 777 4— (DIOL Y 5N, T Moz mmkiL
L) WCTRRL, BREE ZiRM s & LT (21.4 mg, 27.1 pmol, 44%),

'H NMR (500 MHz, CDsCN): & 7.87 (dd, J = 8.0, 1.1 Hz, 2H), 7.72 (d, J = 2.9 Hz, 1H), 7.62 (d, J =
9.7 Hz, 1H), 7.57 (d, J = 9.7 Hz, 1H), 7.53 (t, J = 8.6 Hz, 1H), 7.46 (d, J = 2.3 Hz, 1H), 7.35 (t, J =
7.4 Hz, 2H), 7.25 (tt, J = 7.4, 1.3 Hz, 1H), 6.83 (d, J = 8.6 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.61
(dd, J = 9.7, 2.9 Hz, 1H), 6.49 (dd, J = 9.5, 2.6 Hz, 1H), 6.23 (brs, 2H), 3.65 (s, 3H), 3.57 (s, 3H),
3.25 (s, 6H).

13C NMR (100 MHz, CDsCN): 176.4, 168.2, 167.5, 157.7, 157.7, 156.6, 155.8, 144.0, 143.9,
137.3, 1315, 131.2, 128.5, 126.1, 125.9, 125.4, 125.2, 116.0, 114.9, 105.0, 104.7, 56.4, 56.4,
41.0.

19F NMR (376 MHz, CDsCN): & —73.5 (d, Jep = 707 Hz, 6F).

HRMS (ESI*) m/z caled. for [M—PFs ] C29H2sBiN20O2*" 645.1949, found 645.1923.

m.p. 193.0-196.0 °C (decomp.).

2-Acetylamino-9,10-dihydro-10-(2,6-dimethoxy)phenyl-7-dimethylamino-9-bismaanthracene

12)
MeO I H OMe MeO I OMe

Ac,0

H
O O pyridine o
~ . CH,Cl, ~ . JJ\
N Bi NH N Bi N
2 ", 3h | N

1" 12

E'J 2 (150 pL, 1.86 mmol, 10 eq.) & #E/KEERE (88.0 pL, 0.931 mmol, 5.0 eq.) Z{L&4
11 (120 mg, 0.186 mmol, 1.0 eq. cis : trans =1:0.16) O 7 ru A X U IFHK (5mL) ([N z 7=

54



%, IR C 3 WEMEEE L7, ISR AE /K (10 mL) TUELL7-%, ok mkE 7 an
AV (10mLx 3) THIH L7z, AHE 2T N U o A CTHalie U721k, W2 WIEE = L
Too BFBNIFRMEZ DIOL U WSV AT L7 u~ N7 T 74— (BERT T Vin-~F%42)
WL, BRLEY 2 EEAaBIRE LTHZ (824 mg, 0.120 mmol, 64%, 12-cis :
12-trans =1 : 0.16),

IH NMR (500 MHz, CDCls): 12-cis: § 7.93 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 2.3 Hz, 1H), 7.38-7.35
(m, 2H), 7.30-7.09 (m, 5H), 6.71 (d, J = 8.6 Hz, 2H), 6.50-6.45 (m, 2H), 5.68 (s, 1H), 3.64 (s, 6H),
2.74 (s, 6H), 1.87 (s, 3H); 12-trans: 6 7.78 (d, J = 6.3 Hz, 2H), 7.64-7.61 (m, 3H), 7.30-7.09 (m,
7H), 7.02-7.01 (m, 2H), 6.54 (dd, J = 8.3, 2.6 Hz, 1H), 3.72 (s, 6H), 2.80 (s, 6H), 1.91 (s, 3H).

13C NMR (125 MHz, CDCls): 6 168.3, 159.1, 157.2, 154.4, 153.0, 152.4, 150.3, 149.4, 140.6,
139.6, 138.8, 137.8, 137.1, 136.3, 132.5, 131.1, 130.0, 129.8, 129.7, 128.7, 128.6, 128.5, 127.9,
127.7,123.7,121.3, 120.6, 120.1, 119.1, 116.9, 113.5, 112.1, 104.7, 104.5, 56.0, 55.4, 52.5, 52.1,
40.8, 40.7, 24.2 (several peaks were overlapped).

HRMS (ESI*) m/z calcd. for [M+H]* C31H3:BiN2O3* 689.2211, found 689.2209.

BiRAC
MeO I OMe MeO I OMe
H p-chloranil _
O O 0 KPFg PFg = 1)
~ ) J\ CH5CN ~0 . J\
N Bi N : N Bi N
| H rt, min | H
12 BiRAc

{5 12 (75.0 mg, 0.109 mmol, 1.0 eq. cis : trans = 1 : 0.16) O 7 & b=k U LA (2
mL) {Z KPFs (40.2 mg, 0.218 mmol, 2.0 eq.) & p-7 =7 =/ (40.2 mg, 0.163 mmol, 1.5 eq.)
Mz, IR T30 o Lic, 0%, NEMEZE T4 N AWICT]RY RE, A2+
MELE, BbhifE#%Z DIOL U B AV AT hra~ N7 40— (T hvZnn
BRVL) ITTHR L, BREEM 2 RFSRaE AR L LTz (52.8 mg, 63.4 pmol, 58%).

IH NMR (500 MHz, CDC): & 8.46 (s, 1H), 8.26 (d, J = 2.3 Hz, 1H), 7.78-7.75 (m, 3H), 7.71 (d, J
= 9.2 Hz, 1H), 7.64 (d, J = 2.6 Hz, 1H), 7.63 (dd, J = 8.3, 2.3 Hz, 1H), 7.47 (t, J = 8.6 Hz, 1H), 7.21
(t,J=7.4Hz, 2H), 7.10 (t, J = 7.4 Hz, 1H), 6.73 (d, J = 8.6 Hz, 1H), 6.65 (d, J = 8.6 Hz, 1H), 6.63
(dd, 3= 9.6, 2.6 Hz, 1H), 3.69 (s, 3H), 3.51 (s, 3H), 3.36 (5, 3H), 3.28 (5, 3H), 2.14 (s, 3H).

13C NMR (125 MHz, CDCls): 6 176.3, 172.1, 170.3, 162.8, 157.2, 157.0, 156.9, 156.4, 146.7,
144.4, 140.4, 136.7, 131.9, 131.4, 130.9, 128.9, 128.1, 127.6, 126.4, 120.1, 117.0, 116.1, 104.2,
103.9, 56.1, 56.0, 41.8, 41.5, 24.6.

19F NMR (376 MHz, CDsCN): § —73.5 (d, Jep = 706 Hz, 6F).
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HRMS (ESI*) m/z calcd. for [M—PFs ]* C31H30BiN2O3s* 687.2055, found 687.2030.
m.p. 195.0-196.5 °C (decomp.).

L&) 13
MeO OMe Alloc-Glu-OAllyl MeO OMe
H HBTU H
L2 DOOW Py
~ , DMF ~ _ A
N Bi NH, 't 4.5h ’\ll Bi H)J\/\‘)J\O
HN O\/\
D

" 13

Alloc-Glu-OAllylI® (240 mg, 0.885 mmol, 1.1 eq. cis : trans =1 : 0.16) & DIPEA (280 pL, 1.61
mmol, 2.0 eq.) DEA DMF &% (3 mL) & HBTU (335 mg, 0.885 mmol, 1.1 eq.) #{tA&% 11
(120 mg, 0.186 mmol, 1.0 eq.) ® DMF &% (5 mL) 2Nz 7=, =EIRIZ T 4.5 Kl #8#R L 7=,
BOGHHE 227K (20 mL) TR L, 1§ 5 AVIIREWIR & Hiig = F /L in-~F 2 (4/1, 25 mL x
3) THiH L7z, BB I EE/K (25 mL) THE L, e~ 7 1> U Ltk Wiks
WIEREE LIz, o EEEZ DIOL Y Y A XV T Lo a~ 7T 7 4 — (Bifg=T Vin-
ANFP ) ICTHREL, BBt Z g7 'L 7 7 AL LTHZ (545 mg, 0.605 mmol,
75%, dr=1:0.24),

'H NMR (500 MHz, CDCls): Major diastereomer: & 8.00 (d, J = 7.4 Hz, 2H), 7.65-7.61 (m, 1H),
7.56-7.52 (m, 1H), 7.40-7.33 (m, 4H), 7.17 (d, J = 8.6 Hz, 1H), 7.11-7.13 (m, 2H), 6.73 (d, J = 8.6
Hz, 2H), 6.48-6.51 (m, 1H), 5.93-5.76 (m, 2H), 5.69 (s, 1H), 5.54 (br, 1H), 5.31-5.15 (m, 4H),
4.60-4.59 (m, 2H), 4.53-4.43 (m, 2H), 4.41-4.32 (m, 1H), 3.68 (s, 6H), 2.77 (s, 6H), 2.42-2.31 (m,
2H), 2.31-2.21 (m, 1H), 2.04-1.93 (m, 1H).

13C NMR (125 MHz, CDCls): $171.6, 169.8, 159.1, 157.2, 156.2, 154.3, 152.9, 152.4, 152.4, 150.3,
149.4, 139.7, 139.6, 138.7, 137.8, 137.1, 137.1, 136.3, 132.4, 131.3, 130.0, 129.8, 129.7, 128.8,
128.6, 127.6, 127.4, 127.2, 126.9, 123.7, 121.3, 120.6, 119.9, 119.1, 118.8, 118.0, 1167.0, 113.5,
112.1,104.7, 104.5, 66.1, 65.9, 56.0, 55.4, 53.5, 52.5, 52.1, 40.8, 40.7, 33.4, 28.8, 28.7.

HRMS (ESI*) m/z calcd. for [M+H]* Cs1HasBiN3O7+ 900.3056, found 900.3037.
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BiRGlu

MeO I OMe MeO I OMe

Pd(PPhs)s DDQ -
o o DMBA KPFg

H
L0 oY PP
~ . ~F  CHCL CHCL/MeOH .7 :
| i Hwo 40°C.15h 0°C,1h | i N oft
HN o NH
T \/\ 2
o

13 BiRGIlu

7 v = RS T IZ T Pd(PPhs)s (18.1 mg, 15.7 umol, 5 mol%) & N,N-2° A F /L 30 e —
JLIE (DMBA, 195 mg, 1.25 mmol, 4.0 eq.) Z#{k&%) 13 (282 mg, 0.313 mmol, 1.0 eq. dr = 1 :
024) Y7 A K (3mL) ISz, 40 °C 12T 1.5 BEEIEHR LT, = D%, A2
JEREL, o725kl %E DIOL U B AN BT Lhra~w NI T 7 41— (AX ) —7n
BRIV A) ISCTRER L7, 507 RS (196 mg, 0.252 mmol, 1.0eq.) ¥ 7 o X4
UIAZ ) —v (11,5 mL) (2% L, K5 T KPFs (92.8 mg, 0.504 mmol, 2.0 eq.) & 2,3-27
nu-56-Y7 /-14-X% /L (DDQ, 86.0 mg, 0.379 mmol, 1.5 eq.) Z ANz, 1 FRRE#EH#E
L7z, EO%, WIEARBEREL, 5N FRELZ WIS I HPLC I TR L, BobaEY
TR L LTS (15.7 mg, 17.1 pmol, 5.5%),

IH NMR (500 MHz, ds-DMSO): & 8.53 (s, 1H), 8.27 (d, J = 2.3 Hz, 1H), 7.90 (d, J = 6.9 Hz, 2H),
7.60-7.54 (m, 3H), 7.43 (s, 1H), 7.32 (t, J = 7.4 Hz, 2H), 7.21 (t, = 7.2 Hz, 1H), 6.97-6.94 (m, 1H),
6.92 (d, J = 8.6 Hz, 1H), 6.87 (d, J = 8.6 Hz, 1H), 3.66 (s, 3H), 3.60 (s, 1H), 3.56 (s, 3H), 3.49 (s,
3H), 3.37 (overlapped with H,O, 3H), 2.54 (s, 2H), 1.96 (s, 2H).

19 NMR (376 MHz, dg-DMSO): & —72.5 (d, Jep = 711 Hz, 6F).

HRMS (ESI*) m/z calcd. for C34H3sBiN3Os™ [M—PFg |* 774.2375, found 774.2347.

m.p. 210.9-215.0 °C (decomp.).

BiRGlu 0 HPLC fiZ#f

300

200 12.8 min

100 J
0

Intensity

0 5 10 15 20
Time (min)

HPLC conditions: Solvent A/B = 20/80 for 5 min, and then 20/80-80/20 for 15 min. The eluate was
monitored at 254 nm. Retention time = 12.8 min. Solvent A: 0.05% (v/v) formic acid in water,
Solvent B: 0.05% (v/v) formic acid in acetonitrile.
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RN - H A XRIEIVEIE
SRS AT e AL VX Cool SpeK IR il 12 L Ak L & — (USP-203, Unisoku) % #454# L
7-Agilent 84537 + h # A A — K7 L A A5 N EEEE (Agilent) A4 L CTHIE L7z, HIEE
S, JEEL om, HIEREI mLO2EEH ARV, BLOEKRE0.1 cm, HIEZES uLo
2EBHA T VA LT,
WIEANT MVREILH— B & Rk O F I THEMm LT,

HAERFINEAE
T L [RIRR DT THEME L7z,

pHITF A 1 B B&

%pH (4.1, 4.7, 5.2, 5.8, 6.5, 7.1, 7.8, 8.4, 9.3, 10.2) (ZFRHL L 7=V »EEFEMENR T (200 mM,
0.5% DMSO) (2T, BiRNH (5 uM) 3 L UBIRAC (5 uM) DU Z-HIE L 7=, HIE X5 TR %
LU, IR T30 MEE LRI T~ 7,

kR 2 72 I2FHHL L 72BIRNH, BiRACc, BiRGIu (1, 5, 10, 25, 50, 100, 200 pM)D 7 & b = k
U L3 X OHEPESHEEIR AT (50 mM, pH 7.4, 1%DMSO) DWLIR ZHlE L 7=,

—EIRM R £ R

HRBEHNITRIAZ A b HA K (1.2 m, ¢ =5 mm, LLG-0538-4, Thorlabs) % £%f5i L 7=7/R (4
LEDZ A bk (625 nm, M625L3, Thorlabs) 3 X ONKEALEDZ 4 K (530 nm, M530L3, Thorlabs)
ZEA L, B\IFIZIZT-Cube LED K7 A »3— (Thorlabs) # i L7z, & XHIEA (BIRX =
BiRNH, BiRAc, BiRGlu) £13-7 = =/LX ' 75 (DPBF, —&EHEHEZMEH) DES
WHRIZ DWW, KRS T (1.1 mW em?) (2Tl 4, 3043 I A~ 2 S AVRIIE 21772 o 72,
BIRX D —EH IR H A pl BT UUHE (D(102)sirx) |ZDPBFOIEEL DR (k) 725, LLFD
XEHWCTHEIE L,

D(102)sirx =P(*02)spe(kgirx/Ksp)*(Fsp/Fairx)

FEYENCHARA] (SP) & LT, AF L7 — (9(102) = 0.52 in CHCN)# B LN — A~y
v (D(*02) = 0.54 in CHsCN)®* Z 7=, FFFDOFIIF = 1-10 P b 72 54550 CH vV, OD
IXTERRGTE R 1T DWW O #IiE 2 7~ 3, DPBFOWIMAREL1X60 uM, BiRNH, BiRAcK
L OBIRGIUD WA EE 1Z1.7 uMIZ 72 % K D 128 7L 2R L 7=,

ez EMERRBRIZ OV T, BIRX (5 pM) @ HEPES #2f&#% (50 mM, pH 7.4, 0.5% DMSO) (2
xFUCRRST (L1mWem?) T, 5 507, 2 RO ORIE 21772 > 72,
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B EMERRBRIZ OV T, BIRX (5 M) @ HEPES #&f#i#% (50 mM, pH 7.4, 0.5% DMSO) (2
% L CEAGRAF: (37 °C, 60 °C) T, 5 43 fi, 2 REFEIROEE OJIE A2 1T 72 - 7=,

BiRGIu&EGGTD RIS ICH (5451t

HEPESKEEZ ' (50 mM, pH 7.4, 5% DMSO), BiRGIu (10 uM) {ZGGT (10 U mL—1) Z SN
L, 1 vFaX—hL7, A rFaX— g, 55, LRFHE, 258 SO SRR E > 7D v
2" LHPLC (Solvent A: 0.05% (v/v) H2/K¥ R, Solvent B: 0.05% (v/v) X7 & =k U P&
1%, Solvent A/B = 20/80 to 80/20 for 5-20 min) T/#T L 7=, ¥&HKIE254, 52633 L U615 nmiZ
BIFOWHEIZTE=2Y T LT,

it

ASA9HEAE (b Al ERZARAS AMIAE) F5 K OSKOV3ipliifE (B NIREEASAMMAL) 131 mME
VB R R Y T A (Wako), 10% 7 TR YIME (FBS, SIGMA), 50 U mL > =1
YAV A (=Y >, Meiji), 50 ng mLUiEEA F LT R A vy (ARL T hv AT,
Meiji) , 50 ng mL Wil F~ A > > (B~ A T2, Meiji) ZUsHIL7-D-MEM (Wako) %1%
Hi& UTHY, 37 °C, 5%C0 1 > F o N— & Z AN TH#& LTz,

HEREHXAA—DT

HAERA A A=V U 7R, HAREEEGEN AT — 2 A % 2—F (STX series, Hiff
By b)), T4 A7 AF v o HERa2=y b (DSU), EMCCD# A7 (ImagEM, IEIAK k=2
R), L—H—F A 4 — K (LDI with 7 laser lines, 89 North) 7Z ¥ U 7= 37 RIS 1 AR
(Olympus IX83) Z A L CHEl L7, Wi, w7y — ¥4 7ua( v 7 I7—%
RIS U TLL T O# Y IZERE LT,
» BiRGlu and BiRNH: excitation = 640 nm, emission = 672—712 nm, and dichroic mirror = 660 nm.
* ProteoGREEN-gGlu: excitation = 470 nm, emission = 516-556 nm, and dichroic mirror = 495 nm.
» ER-Tracker Green: excitation = 470 nm, emission = 516-556 nm, and dichroic mirror = 495 nm.
» Hoechst: excitation = 405 nm, emission = 423-467 nm, dichroic mirror = 414 nm.
* Propidium iodide (PI) : excitation = 555 nm, emission = 572-642 nm, dichroic mirror = 562 nm.
AR A 7 AR R AT v — 1 (Advanced TC CELLview Cell Culture Dish, Greiner) {Z 5.0 x
10* cellsiwell & 72 % & 5 #FE L, D-MEM H1°C 24 BfiE58 L2 R ICEBRICHER Lz, £ A —
T ORRZIE T =/ —/L L v RARE Hanks' Balanced Salt Solution (HBSS, Glbco) % fu 7z,
YL B FFRITIT 60 5 DIRI L o X, ZDOMDA A —2 0 72056 L o X & fd
L7z,
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GGTHIERER

ABAGHERE & 5 N ESKOVBipl i 2 HBSS THEyd (x 2) L 7-%%, ProteoGREEN-gGlu (1 uM,
from 0.1 mM stock solution in DMSO) % /1 23057, 37 °CTA »F aX— | L7, £D%,
HBSSTYEI L (x 1) dOtA A=Y U T 2T o7z,

GGTHHEXER

ABAHEE A HBSS T (x 2) L7=%, GGTRHEH| (GGSTOP, 100 uM, from 10 mM stock
solution in water, Wako) % /il CL1RffE], 37 °CCTA > F =2_X— K L7z, ZD%, BiRGIu (1 uM,
from 0.2 mM stock solution in DMSO) % /il ., 2B§fH], 37 °CTA > F = X— h L72t& I8
A= T uATIRo T,

H A EER

ABA9HINIE A HBSS T (x 2) L7-%%, BiRNH (1 uM, from 0.2 mM stock solution in DMSO)
B X OER-Tracker Green (0.2 uM, from 20 uM stock solution in DMSO) % Il % T304 [t], 37 °C
TA Y Fax—hL7, ZDO% HBSSTHF L (x1) ®lA A —T 0 75T~ T-, LRTE
DIEMTIZFijidColoc2 7 11 7T L& FIWTE T ¥V UHIBREL Reotoe) ZHEHTHZ LIk -
TAT72 > 72 (n=3),

Pl/Hoechst# & (k5 lfAFE 7Vt A

HMAE 2 HBSSTYEE (x 2) L7=%4, BiRGIu (1 uM, from 0.2 mM stock solution in DMSO) %
%, 05,1,2 4, 37 °CTA ¥ ax— b Lz, 0%, Mz BMEEoRiEY: (640 nm,
ca. 14 mW cm2) THREH L 7=, Propidium iodide (PI, 5 uM, from 500 uM stock solution in DMSO)
& Hoechst 33342 (1 pg mL™%, from 0.1 mg mL* stock solution in water) T304 HJ/ALEE L 7= 14,
WA A= T HATI o T, PITEEG S 7=/l (JEMIAE) & Hoechst CREY L S u7-#
Jay (ASHR) %z FHRI L, PIBS PRI H/Hoechst e I oD b s & IR ZE DEIS 2 FH LTz,

MTT7 vt A k5 HliaEs 14 5

SeEERER OBRIZ X, MiaA 967 = /L7 L— K (Techno Plastic Products AG) (21.0 x 10*
cells/well CHEFE L, i C24ERA ¥ 2 _— b L7z, MRz fE~ O OBIRXT37 °C,
QWA > F 2 _X— b L7zt%, MRELEDZ A ~ (625 nm, 20 J cm2, M625L3, Thorlabs) 35 X Of
FEELEDZ A (530 nm, 20 J cm™2, M530L3, Thorlabs) % AV CHeMRET 21772 » 7=, = D%, 5
mg mL-t MTTEREE CAIER, 37 °CTHLEE L 7= 1%, DMSO Rl 2 ¥R L 7=, 24WF BtEakER o
BI2iE, Ml A96™ = /L7 L — k (Techno Plastic Products AG) (Z5.0 x 103 cells/well CHEFE L,
BEthi i C24REf A ¥ a2 _X— bk L7, MRz FE 4 O EEDBIRXT37 °C, 24l A > % =2
— b L72#5 mg mL™t MTTE3E T4RER, 37 °CTILER L 7=, Z D%, DMSO THILZ VAfE L,
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~A /7 n7L— kY —4— (SpectraMax iD3, Molecular Devices) % i\ >"T560 nm®DW o %
RE L, MiladfrRzeHH L,

61



Ac;0: acetic anhydride

Alloc-Glu-OAllyl: N-allyloxycarbonyl-L-glutamic acid 1-allyl ester
DFT: density functional theory

DIPEA: N,N-diisopropylethylamine

DMBA: 1,3-dimethylbarbituic acid

D-MEM: Dulbecco's modified Eagle's medium

DMF: N,N-dimethylformamide

DMSO: dimethylsulfoxide

DPBF: 1,3-diphenylbenzofuran

FBS: fetal bovine serum

GGT; y-glutamyltranspeptidase

HBSS: Hanks' balanced salt solution

HBTU: 1-[bis(dimethylamino)methylene]-1H-benzotriazolium 3-oxide hexafluorophosphate
HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HOMO: highest occupied molecular orbital

LUMO: lowest unoccupied molecular orbital

HPLC: high performance liquid chromatography

MB: methylene blue

MEM: minimum essential medium

MTT: 3-[4,5-dimethylthial-2-yl]-2,5-diphenyltetrazalium bromide
Pd(PPhz)a: tetrakis(triphenylphosphine)palladium(0)

PDT: photodynamic therapy

PI: propidium iodide

THF: tetrahydrofuran
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