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Synthesis, Two—photon Fluorescence Imaging and Photodynamic Therapy of
Near Infrared Thienyl-BODIPY Photosensitizer

Liu, Badi Wang, Chengjun Qian, Ying*
(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189, China)

Abstract In this paper, two novel thienyl boron dipyrromethene (thienyl-BODIPY) near infrared (NIR) photosensitive
dyes, ITBDP-1 and ITBDP-2 were designed and synthesized. The absorption and emission wavelengths of two photosensi-
tizers reach near infrared region. The absorption and emission peaks of ITBDP-1 are 617 and 650 nm while the absorption
and emission peaks of ITBDP-2 are 687 and 731 nm respectively. The singlet oxygen yields (®a) of photosensitizers were
determined using 1,3-diphenyliso- benzofuran (DPBF) as singlet oxygen scavenger. The results turned out that two pho-
tosensitizers both could generate singlet oxygen under 660 nm light irradiation, and the absorption of DPBF decreased over
50% within 1 min. @aof ITBDP-1 and ITBDP-2 are 51% and 24% respectively. Excited state energy level of photosensitizers
were studied by density functional theory (DFT) calculation. Theoretical calculation indicates that ITBDP-1 and ITBDP-2
can reach triplet state through intersystem crossing (ISC) after being excited to singlet state, thus improving singlet oxygen
yield. ITBDP-1 and ITBDP-2 showed satisfying imaging effect in A549 cells, and ITBDP-1 could show distinct two-photon
fluorescence in zebrafish under 900 nm excitation. Apart from good cell imaging effect, these two photosensitizers showed
abilities to generate reactive oxygen species (ROS) in tumor cells as well. It can be proved that photosensitizers could pro-
duce singlet oxygen in tumor cells and zebrafish under light excitation with dichlorodihydrofluorescein diacetate
(DCFH-DA) as ROS indicator. Besides, ITBDP-1 and ITBDP-2 also presented high cytotoxicity under 660 nm light irradia-
tion. In the tetrazolium (MTT) experiment, the maximum half inhibitory concentration (ICso) of ITBDP-1 and TBDP-2 were
2.22 and 2.86 pmolL! respectively, and the cell viability was over 80% without irradiation, which proved that both photo-
sensitizers possess high phototoxicity and good biocompatibility. ITBDP-1 and ITBDP-2 could realize imaging-guided pho-
todynamic therapy under excitation of NIR light in tumor cells, and displayed two-photon fluorescence imaging in vivo. Pho-
tosensitizers ITBDP-1 and ITBDP-2 are excepted to lay good foundation for the application of thienyl-BODIPY photosensi-
tizers in two-photon photodynamic therapy under NIR excitation.
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Two-photon imaging in zebrafish Light induced cell apoptosis
Highlights:

* NIR thienyl-BODIPY photosensitizer

*  Good biocompatibility, high phototoxic and low dark
toxicity

sl * Two-photon imaging in zebrafish

e  Intracellular imaging-guided photodynamic therapy
um
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Scheme 1 (a) Different types of reported photosensitizers; (b) NIR photosensitizer ITBDP-1, ITBDP-2 and their imaging-guided photodynamic therapy
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Figure 1 The absorption and emission spectra of thienyl-BODIPY compounds in dichloromethane (all concentrations are 10> molsL™). (a) UV-Vis and
fluorescence emission spectra of ITBDP-1 (10° molsL™"); (b) UV-Vis and fluorescence emission spectra of ITBDP-2; (c) UV-Vis and fluorescence emis-
sion spectra of TBDP; (d) UV-Vis and fluorescence emission spectra of ITBDP
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Figure 2 (a) Time-dependent plot of UV-Vis intensity of DPBF in ITBDP-1 solution; time-dependent plot of (4/4,) value of DPBF at 414 nm in IT-
BDP-1 solution and methylene blue solution; (b) time-dependent plot of UV-Vis intensity of DPBF in ITBDP-2 solution; time-dependent plot of (4/4,)
value of DPBF at 414 nm in ITBDP-2 solution and methylene blue solution

R WEW LU ik R AP R B

Table 1 Photophysical properties of thienyl-BODIPY derivatives @

[

Compound ~ A™ / Sl;lfx/ Y/ N N 1Cso/ 2728V S == e P —T; 2596V | ,-.'?9’_.1'.'* 1
1 A ISC By 1 ~a8g> 1
nm (10*Lemol'scm™) nm (umol-L™) 7 M |
’ Sy J LUMO 1
ITBDP-1 617 0.62 650 0.1 222 e | R
ITBDP-2 687 7.60 731 024 2.86 | mg' ! 1 | #=0.00001
TBDP 513 3.50 523 — — ! ; I :
ITBDP 546 3.90 562 0.63 — I Ty O8aBd 1 %ges !
1§ 457nm S 1 [) I
} ] 1 =1 1450: e \\ 1_HOMO=3
N T 32U B WG EIGR A5 B2 S O R R e L il -
i, BT R EG AT SRR s REUE A 1T I AT S
BT T A MAANEOR SRR E VA, BT TR IR A I Homo, ! |_movo __ _____ who_ _ !
S
Gaussian 09 2 € @ 17, {f H DFT//cam-B3LYP/ ®) ’
6-31G(d)f1 DFT//B3LYP/6-31G(d)/LANL2DZ X}t 55 2416V S

a1 g5t AT R 4k, A B TD-DFT//cam-B3LYP/
6-31G(d)=k, TD-DFT//B3LYP/6-31G(d)/LANL2DZ J5iZ%
R T A FRIBESRE, &85 TR SIULIHF
&),

ITBDP-1 1 ITBDP-2 ¥ & A& Be s 15 45 LW 3
fit7~. #E ITBDP-1 77, Sy A1 T, kK & H HOMO—LUMO

(R ——

644nm |
f=0.0000y

1 d S
POTES, Ty &5 HOMO-3—~LUMO %5, S, Afight il " L .. il
(.72 eV)ERT T 25(0.98 eV)Mil & T Ts 45(2.59 eV) ! | }'“ o |
B, S R Ty ASHIIAES 29 0.13 oV, RMATEITUE | o ! 1 By == TN :
SR Ty 2 W, Ty ABId PR T) AR R > -

K& =%*®K-> N —
23%1“‘%“' fE ITBDP-2 1, S, #il T, &7y HOMO LUMP B 3 %:7T DFT/B3LYP/6-31G(d)Fl DFT/B3LYP/6-31G(d)/LANL2DZ
LTS, T; 5H HOMO-1—-LUMO £, S; f1 T Z5[H) ff) J 45 45 M 8 1k 45 5 UL K 56 T TD-DFT//cam-B3LYP/6-31G(d) il

fIAEst N 0.49 eV, [EIRER] LLK A 2 [a) B k. TD-DFT//cam-B3LYP/6-31G(d)/LANL2DZ i+ 573 5fJ(a) ITBDP-1 I
VY SR PR R B A Ve St () ITBDP 2 MU ER A T A
. Figure 3 Ground state structure optimization based on

KS1FUR. 4G B R T DIUE, HIE sl N e DFT/B3LYP/6-31G(d) and DFT/B3LYP/6-31G(d)/LANL2DZ. (a)
SIS R S BE R I B0, (315 B S = A Al A EsT calculated excited state energy and frontier orbital diagram of ITBDP-1;
(b) calculated excited state energy and frontier orbital diagram of

KRR, }}\ﬁﬁ{ﬁi&%‘[‘aﬂ AR, B SR R ITBDP-2 based on TD-DFT/cam-B3LYP/6-31G(d) and TD-DFT//
IR B ORGSO K H B A R R I cam-B3LYP/6-31G(d)/LANL2DZ

Acta Chim. Sinica 2022, 80, 1071—1083 © 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1075



o F 5 R

AEst BHHK, 1X 0] e B TR A R X R EIR L0
A0 BPDIPY BRZ )47 (L A Fe AL AE ., Tl A% 2>
FE— SRR RE i) 3R] BB F2 00, g Ab, B TRk
Kok, HBONMBURSREE TR, 21 R EM RN
RN T SfembE 2 FEIC, MRS A %
N 28 L, 3,5 MOEBEN R LR 20 5L S A AL IGRIR
W K LL R B [F) I 3 RA Esr, AT PR B 5 5™ 2.
2.3 EMREFEM AR LI ERR A T B 4R
MBS & AR R RIRRIK

BT RICHUGHARBA FHERE R B I
SR A, X7 VE AT DLSE IR B LR AW T R Bh S
AIARAE AR, B/ o AR A 4 T, R v A U ) R
JEBTA MG T OO, O g A K
BB OGRENS AP 2B A, I HARBOR 201
FCPNG, ST T I OGN S ) R R
AR AT 7 ITBDP-1 IXOG T ROG AR S, Kk
4 2 pmolsL™' ) ITBDP-1 55f &3t [m¥s5% 2 h f5, #
FROE TR A BABILE 900 nm K HOEER N
5%, Bl da~dc 3 BE B A Sk Bk b ORI R R

N TR RE, 5 ITBDP-1 JL[FIBFF 2 h 5 B S fa A
MR R T IHSETEMT LB, JF HA AT AR e BE
Ty AR ) 5 ERAL. IX —25 SRR WIBE S f1 % ITBDP-1 {145
AL T A B s K, B ITBDP-1 fEAE YR R I
T RIFIIXUE TG TR, BE 5 5% ITBDP-2 [
FEBUK R, B PED A ITBDP-2 3L H 4 h J51XA
R JURMIE N AR, BB UG AT R TR
£ 4900 nm, 17 ITBDP-2 H & Wk K8 687 nm, £
900 nm YK BK T PRI TR S, Bl EE T2
7 ITBDP-2 7EBE 5 44 P X T UG RO A

%} ITBDP-1 F1 ITBDP-2 #47 T A549 2% 6 15
A, S5 RUE S Fos. BIREEN 2 pmoleL ! B4
RS AS49 i I [F 9 F 3 h, BEJG 8 RO R A B
BEREAT SR, AT DL S B 40 i 2 I H T I B A e e
3, HHAEA M EE I, SRS A T 5 SR RGT Ak
S A MAF IS R AE S 4ERRAE 80% LA b, RN 45 FAEH]
T Ot ITBDP-1 A1 ITBDP-2 HA B IAE WA 251k,
REf B POE e N R, [RIIN B f BAR s bk, RAT
B/ 2% A1 T 0 248 i P 45

B4 ITBDP-1 (2 pmolL™, 2=900 nm) 5B LRI E 2 h /5 KIXOET R RAR B () BED f Sk BRAR (0) B i B i P BORR s (o

AR

Figure 4 Two-photon fluorescence imaging of ITBDP-1 (2 umoleL™!, /.,,=900 nm) incubated with zebrafish for 2 h: (a) head imaging of zebrafish; (b)

body imaging of zebrafish; (c) tail imaging of zebrafish
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Figure 5 (al~a3) Fluorescence imaging of ITBDP-1 (2 umolsL™") in A549 cells; (b1 ~b3) fluorescence imaging of ITBDP-2 (2 pmolsL™") in A549 cells
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TR, EBGIIIA 24 h JGAFE R AT IA 80% LA I, AH[H
2 T4 660 nm YRR 15 min AL FH A 40 I 00 2 0 H TR
RHIAEIE 2R, fEEB RN 4 pmolsL ™!, YHH 15
min kT, A549 40 M AEIE F LT 50%, Hh
ITBDP-1 7£ 4 pmol-L™ 'K & '~ 5 41 f St [Rl i B JFOLIE 5,
YHHIAEIE A 34%; ITBDP-2 7F 4 umoleL ' ¥ & T 541
Jf 3 (5] 9 B F OIS B AR TS 2 46%. 17 A549
Y1 i o ) S5 P RO RO IR E R 2RI R AR KR 4R,
FHIF %A%~ ITBDP-1 )6 #EE 1% B2 KT ITBDP-2. £l
%€, ITBDP-1 (1] ICso {8 N 2.22 pmoleL™!, ITBDP-2 [£] ICsp
{9 2.86 pmolsL ™!, IR 25 SRAESL T I FPIT 21 4 B
) B AR AR s B A e G B, RERSAE LG
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1 E 3h 5, i 660 nm YRGS 10 min, W% 240 g
EE 9 Fisimsastis, BuRnEZEk s 30
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Figure 6 (a) Cell viability of A549 cells treated with ITBDP-1 under light irradiation for 15 min (660 nm, 4 mWecm™) and dark conditions; (b) cell
viability of A549 cells treated with ITBDP-2 under light irradiation for 15 min (660 nm, 4 mWecm2) and dark conditions
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Figure 7 (a) Cell growth curve of A549 cells treated with ITBDP-1 under light irradiation for 15 min (660 nm, 4 mWecm 2); (b) cell growth curve of
A549 cells treated with ITBDP-2 under light irradiation for 15 min (660 nm, 4 mWescm 2)
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(b3)

B8 ITBDP-1 7£ A549 411X ROS if%. (al~ad) A549 ZHufE DCFH-DA Fll ITBDP-1 f£4E F T SBREth 4L 3 h BiAZ: (b1~b4) A549 4Hff7E
DCFH-DA # ITBDP-1 7#4E F T B HiEik 3 h J&, JelE(660 nm, 4 mWecm™) 10 min J§{%

Figure 8 ROS imaging of ITBDP-1 in A549 cells. (al ~a4) A549 cells incubated in dark for 3 h in the presence of DCFH-DA and ITBDP-1; (b1~b4)
A549 cells incubated in dark for 3 h in the presence of DCFH-DA and ITBDP-1, then irradiated under light (660 nm, 4 mWscm™2) for 10 min

Green channel Red channel Bright channel Merge channel

(al)

(b1)

Bl 9 ITBDP-2 7E A549 40N Y ROS Hif%. (al~a4) A549 iffi7E DCFH-DA Al ITBDP-1 7£7E T B thiEik 3 h sif%; (b1~b4) A549 4HfLE
DCFH-DA 1 ITBDP-2 7246 T T R4k 3 h J&, Y660 nm, 4 mWeem2) 10 min Fif%; (c1~c4) A549 4AfifE DCFH-DA 1 ITBDP-2 7£4£ F T
Bk 3 h 5, JEHE(660 nm, 4 mWecm ™) 30 min J§% 1%

Figure 9 ROS imaging of ITBDP-2 in A549 cells. (al ~a4) A549 cells incubated in dark for 3 h in the presence of DCFH-DA and ITBDP-2; (b1~b4)
A549 cells incubated in dark for 3 h in the presence of DCFH-DA and ITBDP-2, then irradiated under light (660 nm, 4 mWescm ) for 10 min; (c1~c4)
A549 cells incubated in dark for 3 h in the presence of DCFH-DA and ITBDP-2, then irradiated under light (660 nm, 4 mWscm2) for 30 min
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TEANME N PR 2R A EUSE ) S5t -, f# /] DCFH-DA
VRN B LR 25 AR BT HEAT T D S R A N 1) B R S SOk
BURSEE, ARaE 10 fos. KPS ML ITBDP-1 (2
umoleL )TEBEE & THFE 1 h, EEERA ERH
PN, UEMIEA PABET . XML NRE N
BE I 3T 15 min FYEREAL (660 nm, 4 mWeem 2)J5,
ATDAVLER B, B T O9kLE SR, SEimiE R
N T RIS T, IEBAE 660 nm K HIGEUK
T, ITBDP-1 {EBE S fa A Py o Y 7 347 i R 2R S S
R, _LIRSE AL ITBDP-1 fEAEY AL 2L AT A=A 2k

Green channel Red channel

(al) (a2)

AE, R A B 6E) 16 T B BT 1 S W
7]

IR SRS AR B T PRI 2D BRI B T AR Ok
HERFEAM M N 7 AR BRSNS 5 5 R 40
U S I b 72 ol DU GrilEeadis 2 E ) NN OB eI AR
JTROR, @i AO/EB WAL SEEHEFL | ITBDP-1 5 341
MR TS RE ). TEVE AN, 0T BE R (AO) T LA 5 E %
JE, Xt DNA #EAT 40, K HSERE, M EE(EB)
R T AT G ta, R tuOn. il 11 pr
7R, ¥ A549 415 2 pumolsL ! i ITBDP-1 7£ HBHE 3t

Bright channel Merge channel

B 10 ITBDP-1 fEBE T4 N ROS J&%. (al~ad)BE 4 f£ DCFH-DA I ITBDP-1 7776 I T A h 4k 1 h 5 f%; (b1 ~b4)BE S fa /E DCFH-DA
A ITBDP-1 f#4E T T RBIE P HEL 1 h 5, JeMMAK 660 nm, 4 mWecm™) 15 min 5 %

Figure 10 ROS imaging of ITBDP-1 in zebrafish. (al ~a4) imaging of zebrafish incubated in the dark for 1 h in the presence of DCFH-DA and IT-
BDP-1; (bl ~b4) imaging of zebrafish incubated in dark for 1 h in the presence of DCFH-DA and ITBDP-1, and then irradiated (660 nm, 4 mWecm ) for

15 min

Red channel

Green channel

Bright channel Merge channel

B 11 (al~ad)LIaHE % T ITBDP-1 5 A549 401 JL0% & /5 1) AO/EB fif%; (b1~b4) Yl 5 min 241~ ITBDP-1 5 A549 41/l L5 & /5 ) AO/EB
HAZ; (c1~c4) IR 15 min 26fF F ITBDP-1 5 A549 ZH I 3L57 5 5 1) AO/EB £ (UK %K 660 nm, 4 mWeem )

Figure 11 (al~a4) AO/EB imaging of A549 cells incubated with ITBDP-1 in dark; (b1~b4) AO/EB imaging of A549 cells incubated with ITBDP-1
under light irradiation for 5 min; (c1~c4) AO/EB imaging of A549 cells incubated with ITBDP-1 under light irradiation for 15 min (excitation wavelength
660 nm, 4 mWecm ?)
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[ E 30 min, ARER AO MEEEHOE, KA
JUPFEA T, M %4 T 5 ITBDP-1 L5 & 14 i
1E 660 nm Y5 K4 AIIEH; 5 min 1 15 min B, WEZ5
EB ML 6B MG N, AO IG5 t/, JERT T
ITBDP-1 £ 660 nm YGRS T 22 5[ &4 i 1-. ITBDP-2
7E AO/EB XUYeSEI6 R [RIFER I T B4 155 5 s 4t
MO T-8E /). 4 2 pmoleL ™' f] ITBDP-2 5 A549 4t
E 2 h 5, WE 12 Fiow, EBAER T A0 FISE
PN, A 660 nm YRS 15 min J5 &6 40 R
EB 40755, Y68 30 min 5400 T JLFEA S O%
e, BRI LA iR T, R g AR B RO g
BT AFE IR A4 R F 30 min P15 SR 40 ik =
J81:, HA ITBDP-1 BT A MR A =%, M T
ITBDP-2 BA B & 1) E .

e, BEAT T 40 MR S B0 SR AT 5T BRI R
AR AR R, 25 R 13 Fias. 7R RIR SEae
Hh, WE T AEATIRES. K AS49 g RAE S FLAR A
BR, A4 Hu3s 51 B B M A AR fE S FLR e, 78 SEIG 4 T
o B A B R — 25 EPAT RIRIR, 78 A4 i A 3
A ITBDP-1 (2 pmol-L ™5, S564H 408 FH 660 nm
PRI 15 min, SRJE4REERER, 75 12 h 1 24 h i
I3 S A KAE B AN 13(a) PR, £ 660 nm Ob
MRER, I mgnuEZt 24 h 5, i) L a4k
K, JEHME RGeS CEeBE T RAe. M
o B ZH 40 B TE 24 h 5 o] DLUEDEN K, IERTER A R

Green channel Red channel
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PTG, SERGR A B EAR /D, LA 2 s i
TR AN AL P IE AR

FRgE R, ma s B gkl ITBDP-1 Al
ITBDP-2 1F—Fh & Mg AL 2L/ MG RGR, TE4H M %
BE L fi R T BT I A A AR B R S AR
Ae7), I HHEA R PG REE AR 221, ML
FIBIRERETE 660 nm KGR T RES S8 41 i 4
WG R F 168 71T, H A ITBDP-1 T B
AR5, A REEESIIe T BoR T AR
ICso 8, 3 HfE AO/EB X Yesgib v EHLH T8 F
ITBDP-2 [543 773697 %%, H ITBDP-1 £ 900 nm ¥
IR T REMSAEBE Dy 0 T SERLOUG T8 g, X e
W 55 U — b g s SR T K B UK T RO T80 7
RIT AT R 7 3EAE. RS A, AT —
i Vg Wy 56 GRUA - NH % 30T 40 AR G BB AE O 26 6 %
Je XN 6 2l 75 TR 5T S 8 A, IF A X ol BRI
ITBDP-1 1 ITBDP-2 {25t 3k AT i — 2180, ang| At
IR 23T P A [ I 4] ko 4 B 8 o o7 2
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A SCR G T R T 2R ) M gy R ) bk e T 41 Ak
Hefekl ITBDP-1 A ITBDP-2. &% T 8 fEmy BRI
BODIPY, JF7E 2,6 475 N JE PR 2 Bk
R FEMK, THAFRSRNPRESE SR, g
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Bl 12 (al~ad) e84 T ITBDP-2 5 A549 AL & 5 %, (b1~b4)JtHE 15 min 41 F ITBDP-2 5 A549 4L & J& (1) AO/EB if%;
(c1~c4)J6H# 30 min 4514~ ITBDP-2 5 A549 4Hlf1JL0% 5 /5 1) AO/EB g (BRI KN 660 nm, 4 mWecm ?)

Figure 12 (al~a4) imaging of A549 cells incubated with ITBDP-2 in dark; (b1~b4) imaging of A549 cells incubated with ITBDP-2 under light irradi-
ation for 15 min; (c1~c4) imaging of A549 cells incubated with ITBDP-2 under light irradiation for 30 min (excitation wavelength 660 nm, 4 mWscm™?)
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Figure 13 (a) Scratch state within 24 h after illumination for 15 min (660 nm, 4 mWecm ) in the presence of ITBDP-1 (2 umolL™"); (b) scratch state

within 24 h in dark in the presence of ITBDP-1 (2 umolsL™")

Knoevenagel #4i& [ NIEK [ 70T HIFLHES M, (E0EK
ORISR R S K R 2L 404X, ITBDP-1 (1%
KWW KN 617 nm, i KR E KN 650 nm;
ITBDP-2 ()8 KIS KA 31 687 nm, e K & BT Kik
F| 731 nm, FFPGECRL I OSORT R G K Bk i
ZLAMX. BRI e SLIeH, ITBDP-1 HIHRLES
P RNELE RN 51%, ITBDP-2 HIHLSEE A
24%. DFT 11H5HRY, BUR 715 N2 BN 71
BEA-ZHERMAEs, I HEEE 5 TPk R G
K, TEWRWCE AR IR, Bk AEsT B 2 1
K, TG S B R A A = R PR, TEAE SR,
ITBDP-1 1 ITBDP-2 34 J@ I T 8L UF M AE WA 71, B
1E A549 i SEIL O g e S 163l 1R yT, JER
TEXOEF O S5, WM& ITBDP-1 #£ 900 nm
WOCWOR N EBE L 4y R H T BT 80O 5 .
UEAMEI 2 T RS EO R A B, S AS49 41D
55 2 pmoleL ™" 6B R 73 7 3L [ & 30 min, PRI
BOARL ) R BLH T BRI 35 M N s i e ik, e
#3 %] ITBDP-1 1 ITBDP-2 [¥] ICs0 {53 %14 2.22 pmoleL ™
F12.86 umoleL™". AO/EB X L5156 A 40 fa K1 JR 52 56 11F B
TIE LA AT DAAE G IOR T A Ak 5] R 4n i T
FiRGE LR, ITBDP-1 Al ITBDP-2 A] LAVE A 7E AL
HeFBGLRL, TEAW A P SEI UG F8 S 1063 1243
7, FEEAEXOET 63N 1R TT 7 A B R RAME
FIRLFTE 7.

4 EES

4.1 SELISNEEIERL ITBDP-1 #0 ITBDP-2 BU& X
ITBDP-1 1 ITBDP-2 [ &5 ##8 CL & iid 7 "TH NMR
I R FURE RAE, FrA M BT e R E B R
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(G

ITBDP-1 4 Al ¥ B B K H I (0.031 g, 0.25
mmol)MAF| TBDP (0.057 g, 0.10 mmol)H]H A,
HINIREE(30 puL) A ZBR(15 pL)fE AfEtkT). SR 5 # iR
EYHER TR R ER 4 h, P2 (i W) S SRR
FRR WA ARG, Wi A R Ak AL IS
A, ML= A E kR R Al ik, 15 B IR & A
ITBDP-1(7*#% 26%). 'H NMR (600 MHz, CDCl;) &: 9.87
(s, 1H), 8.14 (d, J=15.6 Hz, 1H), 7.80 (d, J=8.5 Hz, 2H),
7.59~7.54 (m, 1H), 7.53 (d, J=8 Hz, 1H), 7.35 (d, J=
18.0 Hz, 1H), 6.95 (d, J=8.5 Hz, 2H), 6.89 (d, J=8.4 Hz,
1H), 2.01 (s, 3H), 1.59 (s, 3H), 1.26 (s, 3H). 3C NMR
(151 MHz, CDCL) d: 190.99, 176.25, 163.34, 132.30,
129.91, 129.49, 128.94, 124.53, 124.37, 123.98, 123.47,
119.02, 118.86, 116.09, 46.45, 19.77, 8.68. HRMS: m/z
caled for Cp4H19BF2IbN,OS [M+Na]® 708.9261; found:
708.9283.

ITBDP-2 {14 ik KXt 2 5L 5 8 (0.041 g, 0.32
mmol) A TBDP (0.046 g, 0.08 mmol)HJH AW,
IONIREE (50 puL)AIZFR(25 pL)E k7. 1B &WTE
ZAMRY TR 6 he FHEZE G R SRR, RN
SERGFFERA I B =R, W AR SR EN
A, R e E b Ak, 15 2] 2R A A )
ITBDP-2(;* % 28%). 'H NMR (600 MHz, DMSO) J:
10.08 (s, 2H), 8.09 (d, J=15.9 Hz, 2H), 7.94 (s, 1H), 7.50
(s, 4H), 7.38 (d, J=16.5 Hz, 2H), 7.27~7.30 (m, 2H),
6.90 (s, 4H), 1.60 (s, 6H). *C NMR (151 MHz, DMSO) 6:
191.41, 163.78, 160.01, 150.64, 145.86, 140.15, 134.31,
133.80, 132.57, 130.73, 129.76, 128.84, 127.51, 116.74,
116.31, 11541, 85.12, 16.78. HRMS: m/z calcd for
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C31H23BF212N2028 [M“‘NEITr 8129523, found: 812.9545.

4.2 ITBDP-1 #1 ITBDP-2 BY4AAEAR 1§ B IS & AT
pAEdSMyn,

SEG TR AS49 A0 AR FH & 10% 48R 2 $ it 2 1
TE 1) 1640 $5 7788578, BAMRE 15 5% CO, iFFE
Ri7%, €37 CFMAE 24 h. frgifEK 24 h )5, K4
BRI ERT IR, JREMFAE 4k 425595 24 h. HATRKE
SERFE UG E A, B H R, RN 2 pL ik
&5 2 mmolsL ™! ff] ITBDP-1 A1 ITBDP-2 VAW, M\
FEHEE 3 h. HUHEAHME, St ARG BT (PBS)E
Ve kISR, FEANN 2 mL PBS ZEmik, fEILERER
B IR BE i X06 T RE SR R, TR A B
It ff) 85 95 W in N ITBDP-1, %6 HIKE A 2
umoleL!, HIAJGEGIZ 2 h J5{8 FIXOE T B A B
B iR
4.3 A549 MAAFIBES & AHY ROS ALK SLLE

ITBDP-1 [ A549 il N ROS A% S5 K557 4F
&4 2 pmolsL ™' ITBDP-1 {4 fu A fERE FR LA, 7F
660 nm P EVE R RS 0 min A1 10 min, BAMIEITE
3 h, BUHEEFRILG I\ DCFH-DA, 4k4E0$ 5 1 h, B
RiFRIL, F PBS SRS e =ik, TEHLRERRS: Tt
1T

ITBDP-2 [ A549 4l N ROS A% S5 K55 77 4F
&4 2 pmolsL ™' ITBDP-2 4 fu e fERE FR L, 7F
660 nm YK I TS 0 min. 10 min A1 30 min, A
JEFEIFE 3 h, BUHREFRMLS N DCFH-DA, 4k4L6% &
1 h, BUKKFFRIL, F PBS ZZMifiiE v — ik, fERER
B N T I

BN ROS HUESEE: ¥ &H 2 pumolL ! IT-
BDP-1 [P 5 R F= AR AL E 1 h, 73 660 nm
KA ETR A S 0 min AT 15 min, BEJS 0\ DCFH-DA,
30 min J57EFL IR AL BT NI S I
4.4 TEMFEMTT)EL&IESELE

Fhd: 75 96 FLER A A549 4if Ha £ ¥ (5000
cells/well), TERFARHIFE 24 h. BJGHCH A0, 554608
(3T Ik, K% R — W FE B BETRC i 1) 6 85T ITBDP-1
AT ITBDP-2 (0.25, 0.5, 1,2, 3, 4 umolsL™") 7> Al i 96 FL
R, RELEATIEE 24 h

WS BRI E: fEBIE KT, W96 LRI 5
mgemL ! ff] MTT (100 pL/well), F-4k S5 i 6 o i
H 4 h RFREFILFIMA 100 pL B = H 3 TR
(DMSO)EW, M7 E 2.5h, K96 fLIRE THIK I, #RHES
min 5 I BRI H R IR, AR RO
B TT 5 A7 2.

FEEEMEIE : S A AR 96 FLARAE 660 nm
VR T RRES 15 min J&, ¥ E 12 h. [\ 96 fLRHIIA 5
mgemL™" f{] MTT ¥ (100 pL/well), Ff4k4:1E 45 b i
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H 4 h. BRJF FEAEFLF A 100 uL ) DMSO &k, 1 E
2.5h, ¥ 96 FLIRE THEIK I, JRFE 5 min & i i BRI
TN A0 L ) RO B, AR RO B AR T S A A
4.5 AO/EB W21t

ITBDP-1: ¥ A549 #fEfirER FRILF, 5 2
pmoleL™" ITBDP-1 [ H 5, ] 660 nm B
23 S HE S 0 min. 5 min A1 15 min, JANFEAREE 1 h.
HERFRILE, A AO/EB Jetaifl, k40 E 30 min, HX
HEEFRIL, A PBS ZrPilia s =ik, TEHERERME T
AT

ITBDP-2: ¥ A549 #MfEFirERFRILF, 5 2
pmoleL™" ITBDP-2 [ H 5, ] 660 nm PFAIGYH
23 B 5F 0 min. 15 min 1130 min, BNBEAEMEE 1 h. B
HEFRILE, NN AO/EB Yeta7, 4k4:0%H 30 min, HX
HEFFRIL, A PBS Z2rPilia s =ik, TEERERME T
AT
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