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Fluoranthene—Modified Tetraphenylethene Derivatives: Synthesis, Aggrega—
tion—Enhanced Emission Characteristic and Their Highly Sensitive Detection
of Picric Acid
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Abstract Aggregation-induced emission (AIE) active compounds and materials have become one of the hottest research
topics worldwide, due to their unprecedented merits such as ultra-high fluorescence quantum efficiencies as aggregates or in
solid state. Up to now, it is still extremely crucial and fundamental to expand the AIE-genic molecular systems for this research
area. Here, we prepared two fluoranthene-modified tetraphenylethene (TPE) derivatives, TPE-FA and TPE-DFA, through the
Suzuki-Miyaura coupling between boronate-bearing TPE and bromo-bearing fluoranthene under mild reaction condition. The
conjugation between fluoranthene and TPE moieties assures that the as-prepared TPE-FA and TPE-DFA both possess aggrega-
tion-enhanced emission (AEE) characteristics. The emission maximum of TPE-FA and TPE-DFA as aggregates in THF/water
mixtures is at 477 nm and 494 nm, and the absolute quantum yields of the two compounds in solid films are as high as 74.1%
and 40.4%, respectively. They can be utilized as fluorescent probes for picric acid with high sensitivity. Their quenching coef-
ficients can be as high as 4 X 10* Lemol ', while their detection limits can be lower than 1 pgeg™". These AEE-active molecules
are promising to act as fluorescent probes in the detection of other nitro-substituted electron-deficient molecules.
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AHLRICTIREM B D2 F T =R . A%
& SRS SRR, I EOR R R
FRTSUL SR, FERF AR, B T RSO
LTI AN T [ e . o T AT R K o Sk
R, SR B FAE R SRS Tl 2 ERN
n-n AHEAER T TR K 4 S Y B 2 &
Yy, B3 BFARILOOE R IR, X —RER R K
(Aggregation-caused quenching, ACQ)IL R i 1X L& 5, 43
TN 3 7 R

FIBMIE, ACQ FHAEFTH L FHIEG R, 5
Z IR S BRI R T TR R PRI, X
— UL Gy % R E T K6 (Aggregation-induced
emission, AIE)®. HA AIE MR > TAERER P AR R
PGB PENARTATS, T 7E TN B &S T A i s g o
o, HESRNETF =R EHARER RS, W
RO FAEMIE WA — & Ko, HERER 56 RIEY
o, DU BRR N SR EE 55 % Y (Aggregation-enhanced emis-
sion, AEE)7 ¥, AEE 1] & 1E AIE 5], AIE BLR 50l
T ARG A [ A I T ) R 85, AT SR
() T R el R BRSO 52 2R SR Tl S )
WREM, B 5MREE S RS SR —.
RSB 22 1) 27— A ) A SRR S R 3 460 2 A2 S5 03k 1
T AIE AN, B3Rl T 2 AR AR A
HenEAT N, Hb 7 W23 52 BE (Restriction of intra-
molecular motions, RIMHLEE1S 31| Ak 2 5256 F 5L 1 S 7
W)z R 5 2001 4F AR AP e AR E — Fh 2
IRIMEN TR J PR I M (AT AV AIE 1785,
X — A A FOAS B S T SR 24 ATE #0070
P R R DU N R R R, i 35 44 1A DY 2R 206
(TPE)®, 2RI IR pus Ry, 2okt
FOVE T AIE BLEOGH MR AT S, ST R AN
IEHTH AIE fR Fo0f THERE ALE 808 K R a4 BA
&N =SS

T RIM AL LR 50K, B84 ATE 707 ml
Witk B+ Wiz s R, O TN+
B Ak 23 6] R EFRE EE . EIXFER BB e 5 R, BPfE LS
IR R IEEER, 0 1,4-XF —itbme 3% 2P 2K, JE it pk
BRI K AN X FE ) A 3, BRI 23 (R 5 R FE TR
FHAT WSS, thagsi oy AIE 4710 2=
PRI @ IR L ) ACQ AR EE I 2 T ik 2
BT B 7 AR (1) =B . 2K 3E7 . TPE
&), B0 TAHREK, Wik 17 IRER ST T nn H
HAEH; TEURES S TR A 1 L A AL A A
A AIE $5E, T 7 LLEE N DRI ATE 437U

Btz 4h, @i A 1 AIE R e iid ACQ 7y 1, B
TN AIE 2 TR ATF-B. fEZRIBE i, ¥
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A ACQ At AIE HEooLHusds, Wit
PO 7 1L BE K BE 5 25 32 AR AR RO AR BE TS, gk i i)
H 1330 5 ] AR ZLANX PIAE ALE 231, B4
W T 2R G RN o S M s AR, 7EAR
WA % B A BN E. Rz R
— 7l AIE A 0 3] 5 (Quinoline-malononitrile, QM),
18T MR QM 1 D-n-A S5, 1&1ZE BT AR Y
FEMA, ATSEIRAT RN L AN GRS, N m Mg
HIZEPE, 30T S AR AR DB AR I BROR R 5 78, 401
TE /N BRAA A ARG B 2 1) e 40 RS [ 12

% B (Fluoranthene, FA)s& FEHI R/ FHK, HalFE
YRR SR Too AR T A 2P BCIR R o SLidh
. AE NP EE LN ZH T HEREANLEY
(Polycyclic aromatic hydrocarbons, PAHs), »¢ & HA &
WE R ICHCR R e RE, HAGR ey, b
R HAT A 2 9 F T A VUG A RS 5% A k)
AR 7T Fpt A v, 3 R A o St T S i 45 M P
WRATAEY AT B e R S g, 528 — K54
[F) 17 BRI R RS 1, X85 AE A HLAA 7 7 45 K BH e
HB AT 2 AR, BAVE A, XA St R S IR
o 0 B B e R T R T g L L0, T A b AR R
AN, R R AT AR R TR R T - (2 e
TR ENEDD) F A BOR B A I, Kaner 5% 7% B
AT =N AEAG S IER AN, B3] & AR BRI
EW, IR TRF 2,4,6- =T 525 ARy 117 M) S5 Ko 4
AL 10% L/mol B4, T3k T 87 B LI/ Tk
BRE RS E B B A B R AR, B, B
HATAEY BT H AR TERESIE T 2 5.

P B ACQ T 28 S ATE A= th [ L4k
¥, NS RO EBIN AIE 401, BN E BT
5 AIE 5 T I s REM R OCHRREL A Patil 2524 g
Diidid Diels-Alder NS 2] [ PYAS 2R B EAZ )
TPE fi74E4) TFPE, 3XAN717E DY S kIR (THF) 57K 7R
B R PRI R RO I R, WOLE T
FEEIR 39.4%, ¥ THERHEEY BRI, MR R
U, AR, TFPE MO 207E 210 CRmER FIET, B
AT X B, FRATT R TE a4 1 5 bR R
Suzuki-Miyaura B NA )% EAZTR TPE fiT4
W, 4358 RS BAS ) TPE f7 4 Y)(TPE-FA) -5 XU B
&40 TPE 745 4)(TPE-DFA), X /N1 ELA LY ()
ALE et T B AR IX AN 73 F1E THF 5K &
T TR 22 R R R HE T (R BR S E L 23 78 R R (Picric
acid, PA) LA RAFHIm RN E, KIBRIE 1 pgeg™.

2 #ER5118
2.1 TPE-FA 5 TPE-DFA 9%

TPE-FA 5 TPE-DFA (14 il 4k W Scheme 1. %% &
5 N-BACT B (NBS) ELA R 1] 3- 1A R
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(T 2), o1 2 43 S S ER T A OSU R I AZ 1 1)
TPE fi7AEWTE PA(PPh;), 5 K,COs HIMEAL it fi B 1)
Suzuki-Miyaura {5 N, 6] %43 %] TPE-FA 5
TPE-DFA. TPE-FA Nik# kK, TPE-DFA N k)
K. BT 57 25 5 i A RS 5 v o
MRR A HIA.

D = O
B ——
A s ()
1 2

Q \ O B/O Pd(PPhs),
2 —_—
* ‘O~ THF/K,CO; (aq.)
O Reflux

3

o)
B 0
o Oy
0 THF/K,CO;3 (aq.)
O Reflux
4
OO~y

TPE-DFA

E= 1 TPE-FA 55 TPE-DFA [f14 U2k
Scheme 1  Synthetic routes to TPE-FA and TPE-DFA

EAEERNE, TR RELEY, HI5H B
M ATEAZ R A I E P a4, Rk 3-7R4R
WMo T LR BN E. 111 NBS BALIAL Sk
PR R Y, BRI ERCONEIR, HERATHA &
TR SRR T R e, R ER 7o b, AT 3k
— B X5 2 1347 Sonogashira I B, 2 b = BERE
FepEE, 13305 50 M HEH 4\ BL COSY. HMQC.
HMBC, VLK b5 F)(CCDC 1499072)HE4T 40y, ek
e RO 258 3-0, BEIMHGE /1 2 A 3-TRARIR L
FHI A BD IR 5 R AE 20 WA Bh S .
2.2 TPE-FA 5 TPE-DFA HIJ¢4IR 4 Rk

XS PAS B AR 5 1085 8 R AE 5 A 1S 2 BUH
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FER G, AT H Y E R T T . HAERE
fITHE THF #s i i 884h=n] WRoEig, ikl 1A fr
IR ONEFTEAR LR, FRAT R AT T E— A .
TPE-FA 5 TPE-DFA 43 #I7E 370 nm 5 372 nm HEL—4
BH S BRI U, ARFB A>T o BRIE (R, B AR A
I3 T RS B AN, ERBUREE ook 3L 5K
AR, A G TR S R B AR, JE5E
R BT 2 nm IYEIEL RS, B FRIITO MR
W, FRATTRA 370 nm AF iR K HEAT IR,

JYHE TPE-FA Il TPE-DFA J2& 75 24 AIE F#iE, &,
ATRR 73X A4 T4 THE S5KETR G FE R 1)
PRI, FrUYIREE 10 pmol/L, FrfH) TPE-
FA 5 TPE-DFA )56 56 e il 45 5 WL 1B #1 1C.
16 THF H/KENRGEFRIE RS, 154 REFIKIAER
BB (e )ET 70%HI%M4 R, TPE-FA K986 K64k K
i b, HJAE 477 nm fHEA — AN/, B0 R
AR S BN AR, SR, MK BT 80%),
PECHRE AR, 477 nm AL P GER I T N, /K
TP LT E] 90%, WOLIEE S THF il AELk
#5823 £5(K 1D). TPE-FA 5% 658 B 7R K AR &
IR F 80% T TURIFE =, HEIHA R TPE-FA fEA RIF
R T TR CREN, KRN, XFISR R
MAIMREFES RN R. HEBE THF HR P
TPE-FA #5919, 731 SRERAT K26 I IR B 3
98, WM TPE-FA ABEA L8P C(AEE) I 15
T. TPE-DFA (706K 647 85 TPE-FA 2848, A3
AEE H#tE, e KES KN 494 nm, /KA S RN
90%I, i LLAE THF ¥l i65% 14 £5. 5 TPE-
FABSHEAFIZ, MK EEIAR] 70%, 4R ETH I
W5E, X 2K~ TPE-DFA VAR 2 TPE-FA B,
K& EE T 70%J5, TPE-DFA /K 27580 b2, &
T80 43 98 6 o T U0E ok, 20 F IO BT R B (B
S13).

B0 T B A R 48 2R, bl
TR SZ 0 IR RS2 ik 55, DRI s AR PR K
T BRI RIS R shc A S, PAN T
B 2R SEAEA DK & B %4 T AR B EER,
B RO e . AR T A -] DL e 1,
D R FE VG T 20 1 0 K R S5 DAL 3R e B B
&, TPE-DFA 156 KK L TPE-FA FIZL# 17 nm,
PN NNy NI

BT 96 R BG4, TPE-FA 5 TPE-DFA 7£ THF
7K G 77 1 58 6 & 17 % (Quantum yield, QY)ill
RS RIS AELH T AR EF SR RIT N,
TPE-FA 5 TPE-DFA 15 Y& T 7= KB /KA R & B4R
rIhge W 2, A 55k 2401l TPE-FA
[) THF 35 R EAK (0, = 90%) 17 6 & F 72 550 il N
1.9%5 12.5%; TPE-DFA 7EAH A PN 2644 T 19t &=
TP DN 1.5%5 24.0%. BEEK QY WHIEHR
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B 1 (A)A—MJ5¥ TPE-FA 5 TPE-DFA [¥] THF ¥RIK2E40-1] WKW, (B)FI(C)4 5l TPE-FA F1 TPE-DFA 7EA[FI/K & & 1) THF//KIR &
ERIP T ESHERE. (D) TPE-FA 5 TPE-DFA [(%¢ Y34 50 F2 i B /K & B8 (L ) i 8. [TPE-FA]=[TPE-DFA]=10"> mol/L, #/~4>F M5 6k
F1 1.=370 nm

Figure 1 (A) Normalized UV-vis absorption spectra of TPE-FA and TPE-DFA in THF solution. (B) and (C) Fluorescence (FL) emission spectra of
TPE-FA and TPE-DFA in THF/water mixtures with different water fractions, respectively. (D) Plots of the emission enhancements of TPE-FA and
TPE-DFA in accordance with various water fractions in the THF/water mixtures. [TPE-FA]=[TPE-DFA]=10 > mol/L. 1.,=370 nm for all the measure-
ments

12 204
4
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B2 (A) TPE-FA M5 T/ SR G AR K S AR NN L. (B) TPE-DFA MTEIGH 17~ S MR A 7 K & B AR i 2. 7 Bk -
[TPE-FA]=[TPE-DFA]=10 > mol/L, ¥ & #K: 1,=370 nm

Figure 2 (A) Plot of QY of TPE-FA in accordance with various water fractions in the THF/water mixtures. (B) Plot of QY of TPE-DFA in accordance
with various water fractions in the THF/water mixtures. Concentration: [TPE-FA]=[TPE-DFA]=10 > mol/L. 4,=370 nm
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em T —MESR, 57306 R—2

RNE—B TN 7 R 3EAT A, FRAT T
IBE S R IS T T AN 7 T I e % . TPE-FA
L TPE-DFA 7t THF ¥¥5 THF/ZKIEE 7R H 280
FFar g 1 (O6F a2 W E S14). nT UK I AN 73
TAE R 6 FF AR 5, 43725 0.87 ns 5 0.61
ns; TMES T 34N, TPE-FA I TPE-DFA /N4> F 1
WHFF A PTG, W FEam il 5.94 ns 5 2.09
ns, X5 EATHIER BRI LR PR TR R
AR R — B, BR T T E5 R B e
REE M ESTIN, 5T RERNRELSMAL LM
AIREAEAEAR R IX S, 57 AU B AR Jl o0 1T e 2
S, XK ERLEEEH, 4388 TPE-FA K%L
it TPE-DFA &, {HU G = R AL LL.

#£1 TPEFA 5 TPE-DFA [H5 )t %6 ¢

Table 1 Lifetime results of TPE-FA and TPE-DFA®

Compound 71/ns 7,/ns <r>/ns ;(2

TPE-FA Solution” 031 (84%) 3.91 (15%) 0.87 1.24
Aggregate 3.89 (31%) 6.84(69%) 594  1.19

TPE-DFA Solution 0.21 (91%)  4.65 (9%) 0.61 099
Aggregate 133 (61%) 3.27(39%) 2.09  1.01

AR I TPE-FA HIREEM RS WKL T 477 nm, 1 [ 44
R RS KB 2 #5F 10 nm, 2T 467 nm; TPE-
DFA [ SRS R 55 [ A B P S O K U35 67 T 494 nm.
3 R IX R T 2 S B4 DR DR R BE SRR T B R 4> FAE R A
I P RELENZESR. FRAVHIN, TPE-FA [ [FH 1A 5
ATRETE R T L R LM, R RS, M
TPE-DFA 7 & 5BUK HAFAE N S S fa A8, (E BT B
REFE g SRR T RERUIC, A SR A TR A R4
R RERSZ RN, RAGIER 2 R BN, 45
B PNE T HRMR N Z 2 FrR), TPE-FA SR &EAE
TR IS 12.5%, 1T [ A R 1 7 S U s
74.1%; MM S, TPE-DFA SR T/ i m il
15 24.0%, ERERENGEF-RIPRREERE, N
40.4%. XULE R, 6T AIE/AEE 4> TA& R0 =,
b T BER T N sh RS, LA R S HES,
AR T B RFE PR = 7 T IO R e

R2 WG FEARRE TR S TR =%
Table 2 Emission wavelength and QY of the two compounds

Compound Aems ag /MM @agb/% Aems fn/NIM D/ %
TPE-FA 477 12.5 467 74.1
TPE-DFA 494 24.0 494 40.4

“ The fluorescence lifetime results are recorded by an Edinburgh Instrument
FLS920 Transient/Steady State Photoluminescence Spectrometer. The samples
are excited by a 405-nm picosecond laser; b Results of solutions are measured
in THF, and those of aggregates are measured in THF/water mixtures
(THF/water=10/90 by volume).

FEUREERN b, FRATTO P A 37 TR AV 77 Hh 1 SR 4
5 [ A R 1) R AT AT TR BRI A, [ A A A
I eI &, BLHREA 1077 mol/L ) THF
W, AETIR A DR i =R, R R Nk
G JiE74:(200 r/min, 10 s; 1000 r/min, 15 s), &FIHE RS
FI[E AL, AR A — O R S (LKL 3), AT

—— TPE-FA Aggregate
—— TPE-FA Film

Normalized FL intensity

Wavelength/nm

420 470 520 570 620

“ ag represents the aggregates (THF/water=10/90 by volume), fm represents
the film; ® The fluorescence quantum yields are measured by a Hamamatsu

Absolute Quantum Yield Spectrometer.

2.3 TPE-FA 5 TPE-DFA BB F45 R0 IR IS &

N R U M ER AR A oy 1 S5 R ORI ERAT A I B
Wi, FAIMEB) Gaussian BRI ERRTHE T 0 1 BLEEAT
etk FERT IS SEORAS BT = oMM B RS LT
8T, BT TR NS T DFT/B3LYP/6-31G(d).
TPE-DFA fEENR S [ &5, S Bigil, Ji1k
TP AL) B ) B v o5 A LB (HOMO) 5 IR AR o i

—— TPE-DFA Aggregate
—— TPE-DFA Film
2
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TR
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N
©
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B3 (A) TPE-FA [t R4 Pk 55 [ P FE AR A — Ak 56 RS 6. (B) TPE-DFA 1R SR4E e 5 i (A R PR VA — Ak 9O R ARG
Figure 3 (A) Normalized FL emission spectra of the aggregates and film of TPE-FA. (B) Normalized FL emission spectra of the aggregates and film of

TPE-DFA
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FIFP M. [FIRS, 98BN TPE A0 i) 20 JE i 42
RO IR ] ) - TH A RSB AN K, A7 49° /8 44, X 1B
PR TPE #1170 F WiZ s s A K. IR 7E
XWANF R, TPE SRR 59 B E 1E i 1,
TR T WIE8h % 5y, T SRR BT 437 [ AH B 5
i, ZERET, MRTZ RS, A THRSHREE
I I PR SRR AR A A S B, RIS AR T I R
R

TE MR R EF R A 7 HOMO 5
LUMO feZ (WK 4), TPE-FA () HOMO ¢ 2% H 1 2= /0 Aii
T TPE 5% I, X4+ T TPE, 1fid LUMO ReZt
T WAL A T 90 U 5 BB 2R3 |, TPE (3L
R HET =M. kA TPE-DFA #] HOMO 5
LUMO H,7 =Mt 5 TPE-FA 34K —5. AN 1
1) HOMO 5 LUMO #[B¥ A BB T = 0 B rfE L,
X —4E BN TPE-FA 5 TPE-DFA 7 T-HIOE RS
AN A R PR e SR AIE B L 5 Ah, T A
TPE-FA ff] HOMO 5 LUMO % 7N 3.45 eV,
ff) TPE-DFA [ 6EZ: %4 3.38 eV, TPE-FA [ BEZ 2505 K,
TEELAHD-1] WSS b A IR A R i e ) 1l 5 B %

TPE-FA TPE-DFA
il 8
wg , -1.82 eV N » A
Lumo ‘f‘:‘e‘o’ == ?pﬂ‘ e
& ,
’ ':No: d ° @‘4 >
3! 587 y
e 2
AE=345eV ‘ IAEz 3386V

N §

o it = = oédaelfannszs

B4 B SMmIm TPE-FA 530 TPE-DFA [#) HOMO. LUMO
REZR A1

Figure 4 Optimized molecular amplitude plots of HOMO and LUMO
energy levels of TPE-FA and trans-TPE-DFA

2.4 TPE-FA 5 TPE-DFA X} PA B34

WA FHRNERTHRR, BRI E TR,
AT T SR A AR AR R, B R S OEEL
FEL ] 5 8% 5 S 1) 7 Dl 8 KR SIZBIL X B FL 40 1 A 9 Ok
BN, SHZMENS RS TEARERIEE, W
2,4,6-=THFFFIAFR TNT, NE S E REEY, FH
B X R JEY) B A s i 7 1, Ik TPE-FA 5
TPE-DFA A 2 H TiX 571kl X B, FRATUAAEL
SERIR T R R (PA YL B Rl H AR 43 F-, 7E THF 57K IF17R
Bk & o T 98 6, TPE-FA 5 TPE-DFA ] PA

898  http://sioc-journal.cn

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

HRILX
R IS5 AR 5.

B 1 P R S EREINR S R SR, 7R KRR
BN 90%MTRA R, WA T 1R GERE Y N
5, ELIEXFERTINR &R T, AHLE R LGS, XFFAE
MK R PA B BSRIIILSE R X, #ERATIE 2 LA
TNMRRZEAE: PN BB TPE AT AP0 M ik FE 1)
74910 pmol/L, THF/ZKHIAAALLHI Ty 10/90, 75 A [F] ()
PA IR, WA 370 nm UK TGRS, B
T PA 5 TPE fiT/EMr=AEAHEAEH, &K TPE fiTAY)
MIRERIOE, MR PA IIKE, A RWOE T
MR, B S hsEI g R EIR, BAMARNHT PAYH
Ml 7. JT TPE-FA P IlAA 2 (1) ¢ 6 3 B 0T PA A4
FEA M, 7EMRR FE VI (0~530 umol/L) N, PA K&
WK, R RUOLIRTT. DL PA IKENBEALKR, DLUOEREK
EEB (/DD ALFRAE I, o I AN PA IR Rk
SRIE, 190N PA B RO G5RE. JATATMELR], 24 PA
WA T 80 umol/L B}, 1y/1 5 PA ¥R LR 0 R, WREE
ARSI, W gw s Zetk, VIR 38K, XX
BRI T YR KA I IO, JE T PA KRFES
w1, PA 5586551 (B A AR AN A2 A Vi v 2544 B
. AERIPERBILAE X A P, PA X585 HIRE KL
Zul IMRHE Stern-Volmer 7 FERIFAT, HFEMIRIAR N
I/I=Ksy[PA]+1, HA Ko A Stern-Volmer # %Y, BI%%
FEREK A W, AT S TPE-FA 7EMR %%
R BRI BN 4.26X10% Lemol ', [AIFEHS, FE
T TPE-DFA A IIAA F 2 65 K ELBIE PA IKEE 80
umol/L UL F7Ri#i /& Stern-Volmer 2, 15 EIME K HEHH
3.51X10* Lemol . BN FXFT PA HUXEK &K% 7
K, 5 Patil {541 F TFPE kil 45 21 1088 K BULE 6]
—HE, 1 PA WRPERCET AR H T PA AR R A R
B, B SERTF A] L, Al 285 S5 o] LA R A I 7 Bl i
LR R RN H K.

FERTIN BR 7 T, A A2 8 Sk BE M 5 e =
f5 LA I ER, TPE-FA ATAG H 5k PA #RE N 1.3
umol/L, TPE-DFA AJ & Hi (B PA ¥ &4 3.3 pmol/L,
YT T &= 30, TPE-FA 5 TPE-DFA FIA I PR 4 S
£ 03 pgeg 508 pgeg. b, WATHILHIH A TPE
AT4%) TPE-FA 5 TPE-DFA ¥J%F PA 45 R I I 5 66l
ROR, TE PA KK T 80 umol/L HIZME R, e K H
B Key 70 WAL 4.26X10* Lemol ™' 5 3.51X10* Le
mol ', FLEK PA f IR K S 0.3 5 0.8 pgeg ™.

WIETATiA, FATHEN A TPE-FA A1 TPE-DFA &l
PA R LR T 5 RIR 7T 2 MG BUE T #%
B, WMEJBNT, WEZ AR EEE SRR,
ELEL PA (584 0-1] WSO 5 P NMRE -1 12k
KA S16) 1] & B TPE-FA 8% TPE-DFA ()&%t
WS PA MITRIOGTE 1A S X 5D, 22 XAE st
AL F % H U 0 T R K AL, IXERE PA 5K
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B 5 (A) TPE-FA TE & AFEIREE PA () THF/ZKIR G TROK AT B 8 90%) H 1586 K 6. (B) TPE-FA TE & ASFIMREE PA TR GV P 78
PR LR CR 4TI 477 nm). (C) TPE-DFA 7E & A FIRE PA [1) THF/ZKIR & KA FE & 90%) 4 758 6 Kk 41561, (D) TPE-DFA 7E& AR E
PA IR A P 28 Y6 R 2R (RSB K 494 nm). (E)5(F) TPE-FA 55 TPE-DFA ({1568 K (8 . [TPE-DFA]=10 "> mol/L. J&i X 1.=370
nm. KIEH A 2=365 nm

Figure 5 (A) FL emission spectra of TPE-FA in THF/water mixtures (¢,=90%) with different [PA]. (B) Plots of fluorescence quenching at 477 nm of
TPE-FA in accordance with [PA] in THF/water mixtures. (C) FL emission spectra of TPE-DFA in THF/water mixtures (¢, =90%) with different [PA]. (D)
Plots of fluorescence quenching at 494 nm of TPE-DFA in accordance with [PA] in THF/water mixtures. (E) and (F) Digital images of fluorescence
quenching of TPE-FA and TPE-DFA with different [PA] in THF/water mixtures. [TPE-DFA]=10 > mol/L. 2,,=370 nm for FL spectroscopy. A« =365
nm for photos taken

EFIA Y BE B BCRARMK, ARVOH K FER. HA H %153 7 B BB TPE A14E%9) TPE-FA 5 X 7¢ B
TPE TN DO K ERAM 2T )L, BEAZIER AL &1 1 TPE 144 TPE-DFA, J&Z)fH TPE iX— AIE /£
S ZE R, ER KR b, — B A kAR P GE TR BRI AL ACQ . TPE-FA M
T E BT 5T RS TR R, I SEIses TPE-DFA B MR AEE R¢tk, REEMRMIA K
BRI PA TRKBAN 53 T 15 75 i ) S 96 45 AT 477 5 494 nm, IR T8 12.5%H1
J(F S6)F W, PA X TPE-FA 5 TPE-DFA 175 Y6 ¢ K 24.0%, T H R BT AR A 74.1%H 40.4%. @i
INAF& B SR KA, R K I R IR LN N I S J BRI RS 1 FO BB AT I 4

K AR R FH 0 5 5 ST A I HIEG HedE. TPE-FA 5 TPE-DFA 1457
3 i T PA VAR, F R HOEF] 4% 10° Lomol !
aakd Bl E, K RIEET 1 pgeg. ZWFSIRE T AIE 4

AL S BRI Suzuki-Miyaura fBECR N, TR, Frie=a BT Scha e L e sk 72
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TR AR BRI,

4 EES

3-IRAK (T )AL IIE S, HBERES
50U R Es &1 i) TPE AT AE & LS55 k. 0 T
RAE L e b 78 B dE W22 SR,

1-(4-(3-7¢ B I FE)-1,2,2- = K 25 (TPE-FA) [ &
B 7E 100 mL X EUEH NS> T 2 (281 mg, 1 mmol).
¥ 3 (458 mg, 1 mmol). Pd(PPh;), (46 mg, 0.04 mmol),
HE SRR =R, FHENSIMABRKERER THF (10
mL), 285 FESRZEIIA K,CO;3 /KM (2 mol/ L, 5 mL).
B G E R SRY R R 24 he NSRS, 151
W ek REI R ER, IMAMERR(A0 mL)Z k&M, H
TR AR =K, WAV, BAEYUERT, B
L= hE A (i 4> 85, WREkFIN (PE) @ (DCM)
=30 : 1, BRI YI1E PE 55 THF B 455, m&E5
WO AREA, 72 %N 18.8%. 'H NMR (400 MHz,
CDCly) &: 7.97~7.87 (m, 4H), 7.85 (d, J=8.4 Hz, 1H),
7.64~7.53 (m, 2H), 7.40~7.35 (m, 2H), 7.33 (d, J=8.2
Hz, 2H), 7.20~7.02 (m, 17H); *C NMR (100 MHz,
CDCly) 8: 143.79, 143.75, 143.70, 142.90, 141.41, 140.64,
140.08, 139.56, 139.14, 137.74, 137.08, 136.19, 132.75,
131.49, 131.48, 131.41, 131.38, 129.62, 128.53, 128.37,
128.01, 127.80, 127.72, 127.60, 127.46, 126.61, 126.59,
126.53, 125.70, 121.51, 121.44, 120.05, 120.01. HRMS
(MALDI-TOF, m/z) caled for C4oHog [M '] 532.2186, found
532.2152.

1,2-(4-(3-7%¢ B 36 K 5L )-1,2- — 2K 2 4% (TPE-DFA)
KA. A REEREP Y TPE-FA M54 —M, R
W7 3 DT 4, FFEATH Rk T L R
BIAT. FE 35 B ke V(PE) @ (DCM)=10 : 1.
REIW=Y)1E PE 5 THF W E S dh, RAIF BTG K
REE, 72%4 31.7%. '"H NMR (400 MHz, CDCl;) o:
7.97~7.85 (m, 10H), 7.66~7.43 (m, 5H), 7.43~7.31 (m,
6H), 7.31~7.10 (m, 15H); >C NMR (100 MHz, CDCl;) ¢:
143.75, 143.55, 143.04, 142.89, 141.15, 141.06, 140.05,
139.56, 139.14, 137.92, 137.82, 137.09, 136.24, 132.76,
132.04, 131.62, 131.52, 131.44, 129.72, 129.66, 128.56,
128.38, 128.11, 128.03, 127.92, 127.86, 127.61, 127.48,
126.71, 126.39, 125.62, 121.53, 121.46, 120.07, 120.04.
HRMS (MALDI-TOF, m/z) caled for CsgHys [M ']
732.2812, found 732.2840.
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