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1 HAFOLIRE BD-3 #4514

Fig.1 Chemical structure of new fluorescence probe (BD-3)

2 SLIGERSY

2.1 EIUER

LS-55 %'t 43 Ot BE it ( 35 [ PerkinElmer 24w ) ;
Cary 100 % 4h-0] W43 66 FE 3 (36 1H Varian A #]) ;
MicrOTOF Q II 1 43 #% it 3% X (5 [ Bruker 24 ] ) ;
Avance T 600 MHz #% % 2L 92 4% ( 35 F Bruker 24 H]) ;
Gnnie 2T JiEiR IR & #% (£ E Vortex /4] ) ; S220-K £
SR A (R - A 2 AL Bl A R A )
ME204 H1, ¥ K7 (Mg 5¢ 8-45 A1) 240 8% B A R A
Al )5 DF-T SRR H 1R B0 FE 48 (V105 & 5 T V1R
IXEET) 5 RE-3000 Jie % 7% & 2% (b1 W 2% A= (b A 2%
J7); WFH-203B i 4 X = JH 28 4 43 A (1 i oG )
S A RA T ) 5 ENF-260C T2 045 AP AT (3%
[€] Spectronics 24 & ) ; S300-H & /& i & /= a% (1 [
Elma A w]); FD115 SR T4 4% (15 [E Binder A H]) ;
VD23 H25 T4 (F2H Binder 24 +]) o
2.2 EIKFH

ML R T SR R IR S = O =R
AT 2 Bk TG 7K DU & IR A 2 BT A e (100 ~ 200 H)
¥k dr e, W @3 L a2l A Ak BB R A BR A
2, 4- HUREI NG o3 BT A, W T UL S 2 3 R 3 A BR
I A V- -A-GE R OR A4-ROR g G ALk A 34
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JBl ) — S AbA, o3 M 2,/ Sigma-Aldrich ( i) 51 5
EEN SN R Yy = TR e v NS E N T N R - S
Ny AR A R O HE TC K B ER £ A g
W4 R o B ok, W A 1 25 4 25 X 0 A PR A |l o oAt it
BB o TS (W T B = e ) 8

2.3 R 4-(4-HEXEBE)-FWH 0tk B ix

(BD-3) B & B,

2.3.1 4-B-FWZMIEH L (BD-1)WAK

EREAYR 5 2,4- —H (0.7 mL,6.71 mmol )
TN E) E A 4-E S (0.7 g,2.63 mmol) 1 JEK
TAE MBS (150 mL) Hh EIRBERE 72 by R HGK
A=W (2.2 mL,15.75 mmol) Fl = 5 AL ] £ Bk
(2.68 mL,20.79 mmol) , =GB 24 h; BEEK
FHA AR R 2050 7 W (60 mL x 3) Wk, JF 5 W
ot 25 BUA AL )2 T JC K B R 6 1 M 5 e e 728 T B K
R, ARERAE N (WRBER: RO kE/ R TR =4/1)
4ali k193] BD-1 B8 K 361.2 mg, =% 30.59% ,

"H NMR (600 MHz, CDCl,)8: 7.82 (dd, J=
26.4,8.2 Hz, 2H), 7.05 (d, J=8.2 Hz, 2H), 5.99
(s, 2H), 2.55 (s, 6H), 1.42 (s, 6H); "C NMR
(151 MHz, CDCl,)§: 155.89, 142.92, 140.07,
138.35,134.57,131.14,129.96, 121.44,94.74,
14.66; HRMS (ESI): calcd for [ M-H] 449.0498;
found 449.0491 ,

2.3.2 4-(4HEFXZHRE)-mW B K
(BD-2) B & B,

TER S AR YR ,BD-1 (100 mg,0.22 mmol) 5%
SR 2 B (80 mg,0. 54 mmol) % fif 7 TG /K PO & 1k
(10 mL) i AR A (= R ) — & b4
(PdCl, (PPh,),) (10 mg,0. 02 mmol) , i fk V. 4
(Cul) (5 mg,0.03 mmol) = (1 mL) fEfEALF],
60 CN i 10 hy Jighe 2= 1), 2 mk AL 2 A (i
VER): AW EE/ IO ke =3/2) 4ifk 15 5] BD-2 #E (4
K 58.8 mg, /=% 56.51%

"H NMR (600 MHz, CDCIl,)é§: 8.30 ~8.25
(m, 2H),7.76 ~7.68 (m, 4H), 7.37 (d, J=8.0 Hz,
2H), 6.03 (s, 2H), 2.59 (s, 6H), 1.45 (s, 6H);
"C NMR (151 MHz, CDCl,)§8: 154.95, 146. 23,
141.85, 139.33, 135.06, 131.54, 131.34, 130.08,
128.71,127.48,122.73, 121.95, 120.46, 92.66,
87.74, 13.58; HRMS (ESI): calcd for [ M-H ]
468.1695; found 468.1688,
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2.3.3 4-(4-HEFEHRE)RB Mg HAR
(BD-3) K& B

fE R R, BD-2 (60 mg,0. 13 mmol) # fi# 7£
DMSO(3 mL) i ARLAE 4 (PdI, ) (5 mg,0.014 mmol )
VEMEALTR), 140 CCRIN 4 hy W 202 %R, ] 20 mL K
B, B 60 mL(20 mL x 3) Y 2 R 2 15 %6 B, W 4
A HLIZ I P AR R Ak B S T Tk, AR S P JE K i R
T BEREZE TR, Rk A2 M (ke &
Pe/RC ke = 3/1) 4k 15 8] BD-3 IR 20 A # K
27 mg,fr &K 42.18% ,

"H NMR (600 MHz, CDCl,)s: 8.27 (d, J=7.0 Hz,
2H),7.72 (dd, J=12.0, 11.2 Hz, 4H), 7.37 (d,
J=8.2 Hz, 2H), 6.07 (s, 2H), 2.58 (s, 6H),
1.46 (s, 6H); "C NMR (151 MHz, CDCl,)§: 191.58
(s), 191.23 (s), 156.50, 151.31, 142.64, 142.52,
139.11, 137.12, 132.72, 131.15, 130. 74, 130. 67,
129.40, 124.21, 121.75, 14.68; HRMS (ESI) .
caled for [M-H] 500.1593; found 500.1597,

2.4 R4t BD-3 ik e ik

LN I (B 1 em B s b, {f A Varian
carry 100 %8411 WL WO 35 {00 %2 200 ~800 nm
K LAY 28 A 1 5 OO . 5 6 1S I 1l
JA 1T cm G, 78 PerkinElmer LS-55 ¢ 5% 436 3 X
i E 200 ~800 nm P FI A RSO TE 5 ¢
JERREE . WA e 22 sh W - IEIR G (V/V Ry
8/2,pH=7.0) , 52 th %5 W A W R A8 — A -A A6 1R 42 o
Wo TEWREEH 1.0 pmol - L7 AW P InA — &
WRERY H, O, FRHEV WL, 76 5 i SO 30 min J5 47
2.5 X%t BD-3 Myt E MK

FH KR 365 nm (158 S0k i 2 B G O BB %
W H, O AT A 7 Wi W, S8 5 B 20 miin il 7 5%
SEHE B W& Kl 500 nm & Fi R BB g 4y
12.0/0.0,

2.6 $R§t BD-3 gyt MK

WE 1.0 wmol « L™ B 4T Wb 43900 A e
% 10 mmol - L™ NO; NO; .CIO™ N 3 4 1k
T RN (DCP) GEAL TR R (BPO) (i S Ak kL
T#(DTBP) H,O, i = M N 60 min; BREHEEE N
1.0 pmol = L™ %) 2} % Wi 4> %17 A 10 mg - L™
) NO, . NO S & = #id x B 60 min, % J5 F
PerkinElmer LS-55 ¢ 5 43 O FE A 5 | 3 & 117 A= %
WD CHE FE 3k P K 500 nm 3k R A Rk 4%
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Ay 12.0/0.0,
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60 min,#kJ5 T PerkinElmer LS-55 3¢ 3643 36 B AU &
IR AT AR VW SO IR R O Wk K
500 nm , R RS BSE 73 5 12.0/0.0,
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3.1 FHBRFMIRITEEN
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Gy i = H, O, HAG I 3 72 220K 26 e 4 F H &
Y EAR E . BODIPY HA 47 iy e b da e vk, ]
FAVEB BB EE 28 e A . RIS T 5 H, O, m ik
PERRL, HOARSZ A5 5L KE Y NO 1 52, m] £ Sk i Al
PREF UM B o oAb, R A b gL AR g A
WS H,O0, RN ATE 5] &2 BODIPY JL4if& R
ML= 40 A 9 AE Ak, i 1A B S B BODIPY iy 9%
REag R o BT DR BT DL i A R AR
iR 3 A, BODIPY fE %)% [T, DL 4-ft 2% B i S
2, 4- WIS Ry i 4h JRORL, &0t — RV HLA LR
N i85 T —Fpxt H, O, HLAT 5 5t 1 8 iy 1 1) 87 8 45
B BD-3, BAR G ik 2 an Scheme 1 Jif 7R .

I
W (i) Ar, 1, 72 h 1-ethynyl-4-nitrobenzene
N\ NH (i) NEts, OEt:BF3, 24h S5y N\ PdCI,(PPha)y, Cul, NEt, THF

cocl NN NS Ar, 60°C, 10h

Pdl,, DMSO
Ar, 140°C, 4h

Scheme 1 Synthesis strategy of new fluorescence probe (BD-3)
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Fig.2 The UV absorption spectrum and fluorescence emis-

sion spectrum of BD-3 before and after reaction with H,O,

3.3 IR§TNIRL H,O, B3 S 158§ 12

T 58 AR IO 1S RO K I 6T 5 R AR B
BD-3 5 H,O, 2 [H & & T A 0] i 1h 2% s h, H R
PLBRANIE 3 7R o FH T 2R I i 1A 2 A 5 W Pl 1
G RO SR TR BE L A B 45 BODIPY
R A AT e R A T R A e RS, kAR SRR TR
BB FHF %88 (d-PET) HLIHE, DT (8 488 41 19 58 28
Z B AUR R B 9, MImA H,O, )5,
k5 H,0, %t Baeyer-Villiger i , fifi A8 WE 55 A5
SRR, 4 R BT R — WK R R X
— o S R U FEL A i 35 I AT I A 3 — e R
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SR SR T, S H, O, Y ZE s a1
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Fig.3 Reaction mechanism of new fluorescence probe for H,O,
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T AR AR X RGN S R T T g K W AT O A
7P H,O,  BOR GO M AT A B A RIFRY
JeRRENE . ST T ARSI Dy 365 nm {5 AMLIE
SRR T POETRET IR S H, O, 11 A2 7 W ¥ W0 ¢
JCBAEAE B, WA 4 Pras o 6l 20 min )5, %4 BD-3
2S5 R K e W R AR, H, O, RT A2 )
IR PR BE U /N T 2% 5 J6 iR 40 min J5, PR 5
BD-3 ¥ i (19 9t i I HEA PR 5 A AL, H H, O, it A2 7
Vs W) 2SR BE DU T 4% 5 JE IR 90 min J5, ]
£ BD-3 ¥ 2GR BE OGN T 6% , H H, O, fif &
PR PG IR AT HERF A 94% LA Lo L, AT
FEH T R EE B B 1 AR E T, RE W L o AR g
KEW0 1) ARG 2o o PR B DA RE PR Y K
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Fig.4 Fluorescence intensities of BD-3 and its H, O, deriva-

tive solution under continuous illumination
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JCERE BD-3 75 W 7E 09 T 48 W) AL 55 36 1k /N 98 KE
Yy =y A S SE AL W R A AE R X H, O, ik
PR R G A, UL 5. MWK S AT LA, BD-3 5
H,O, N Z J& % 65k B B B 3 58, i 5 NO (NO; |
NO; il .DCP BPO .DTBP [ Ji J5 #¢ )t i B 7R & A=
B A4k, 5 NO, (CIO™ I Ji5 , ¢ i B 43 st/ T
10% F1 4% o F34b, 35 38 1% 0 0 T e R 25 3R 41 &) 2
fiF L KE W = A2 1 NO 52 i, (15 78 B 1 2 40
RIGRERXF H, O, B IF A 32 NO T4, Ik, #r
RIPREE T H, O, ELA U 114 35 15 4 v 7, AN 32 I Al A 2
P VeV B Ao 7= 0 ) T4 o

100

80+

60+

40

20+

fluorescence intensity
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Fig. 5 Fluorescence intensities of BD-3 in the presence of

different interferences

3.6 FERHNIGHEARIHE

LR —HHEET 1.0 umol - L7 HYH BAEEHA
YR RO AN R BE 1 H, O, (0 ~ 10 mmol - L) iy 3%
R TE K hn i TAEM &, BAR B 6 frm, W&
H, O, i B2 1 38 fin, 2 6o B R Wi 3 i FL7E H, O, Wk &
EE 5.0 mmol - L' Z E# TR, 75 H,O, K EN
1.0x107° ~1.0x10™* mol « L™" {3 Bl /3, B BV 45 5 1
PEOCIREES H, O, 11k B 2 B AP 2t X R, Rtk
J K Y=0.22185X+5.50365,R=0.9998, R4/
(1) A A R R R AR H, O, 1K BR (LOD)
$70.9 wmol - L',

4 F it

(1) AR BEAE M R 50 S A, IF DOk Ra @ Mg 1
BODIPY 1EZ LI, 1 kBT A W T —F Xt H,O0, B
7 G s A . ) BODIPY #£4t BD-3,BD-3 (145 K
WO & 55 % 43512 500 nm il 508 nm, BE IR WO &
¥reh6.68x10° L mol” - cm™,
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Fig.6 Fluorescence emission spectrum of BD-3 reacting with

various concentrations of H,O, and the standard curve

(2)BD-3 H B AUA RSO, 5 H,0, b5,
FETOUTE T A LI (PET HLEE) A 55 H 45008 i 4%
U, DR BEG IR 2y 11 A%, JF HARIR v L, 7 Y
BD-3 X H,O, 52 Bl H 55 4f 14 2 P i 1, 4k 1 i [
1.0x10° ~1.0 x 10" mol - L, #HEEE R N
0.9998 , # ik 0.9 wmol - L',

(3) 3 & BD-3 Xf H, O, iy #& I H. A3 18 & i e F
FEME, Y5 A S2 IR AT 90 min 5, #7 B BD-3 M i
H, O, 1Y% 3 BE A 4k +5 H A GG 1 94% LA b it
Ah BT BD-3 X H, O, 38 B T &5 1 3 1, Al
ot BN 37 Al i A L AR L SRR AR
NO By . Btk , Hr 8 58 ¥R F BD-3 W] i 4] T ik
SR KE W 1) B K
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Novel Fluorescent Probe Based on BODIPY for the Detection of Hydrogen Peroxide

LI Bao-sheng'’, CHEN Jian-bo”, SUN lJie’
(1. College of Materials Science and Engineering , Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical Materi-
als, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: In order to improve the detection performance of the fluorescent probe to the peroxide explosives ,hydrogen peroxide
(H,0,) is typically taken as a signature compounds, and a new method for H, O, will facilitate security monitoring of peroxide ex-
plosives. In this study, a novel fluorescent probe (4-(4-nitro-benzyl)-boron-dipyrromethene, BD-3) was firstly designed and syn-
thesized by using benzyl as the recognition group and boron-dipyrromethene (BODIPY) as the fluorophore. Meanwhile, the
chemical structure of BD-3 was characterized and its detection performance was investigated. The fluorescence of BD-3 itself was
very weak with the maximum absorption/emission wavelength of 500/508 nm. When BD-3 was fully reacted with H,O, , the flu-
orescence intensity of BD-3 was increased by approximately 11-fold and observed by the naked eye. The Turn-on fluorescence of
BD-3 with response to H,O, was based on the mechanism of photo induced electron transfer (PET). The linear range of BD-3
responding to H,O, was from 1x107° to 1x10™* mol - L™' with the correlation coefficient of 0.9998, and the detection limit was
0.9 umol - L.
this new probe BD-3 had many advantages of good photo-stability, high selectivity and fluorescence enhancement to H,O

In addition, BD-3 displayed good photo-stability and high selectivity when responded to H, O,. In conclusion,
,, and it
could meet the requirement of on-site detection of peroxide explosives under complex environmental conditions.

Key words: peroxide explosives; hydrogen peroxide; fluorescent probe; boron-dipyrromethene( BODIPY)
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