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BGA A RS, AR T AR i 7F DPAC 43F N-N
B SR IR o S I 4R BT R k1A fil
YRS G AR 42 8 251, R B 7 F X DPAC
BATTI S A5 0 - T A AR 7 A R T A Y PR, B
ORI AR -4 J& L 5% 7% (LMET) & #2 X DPAC
PGV KRN B AN TR 28 615 5, M RE S X
Sy IR ZF 4 JE B 1Y) VIE RISk 2# A5 R

1 SRIEES
1.1 JEREFRF

- FORINIR | 2- FEOR IR w = 98%, LifE A
RBAEHARA R A 8 28 w=99%, 11
i 78 A= W BB A IR F 5 R4 : w = 99%, b ¥ AR AT
b2 B4 A7 BRA 75 1R AR 2 R B iR (BrCH,CO,Me) :
w = 99%, [ 254 A b2 F A R A Rl R w =
99%, [ 24 4 F1 1k 2F 0 A BR A Wl EE AR w =

@[B(OH»
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95%, |- 142 sObRAE AR Iy A FRAA w5 IO (SR 3
J§) 48 (PA(PPhy),): w = 99%, |1 4 s bk Ak AL B I
A BRAFL; AL AR w = 99%, il Aafb2r i BioR
A FRA ] WRIGE-1,4-— LB (PIPES) : w = 99%, i
ARATA =R A BR A | 2R (PhMe) . WBE . O
(CH,CN) . PU%( kMg (THF) . — H 3 i (DMSO) .
NN-Z PR B . — W5 (DCM) | Jo/K LB
P . 1,4-Z 20N F0: 420 00 Hrali, b 28 0 R R0y
ABRAF .
1.2 i 5RAE

H% G A i S /B 3 4 26 [ Bruker 23 A, Bruker
Avance-400 %I ; 5 % % . 35 B Waters 2\ H , Waters
LCT Premier XE Y ; 45 4| 0] UL 0 Ui o' 3% 4% . 36
Agilent /A 7], Varian Cary 60 Y ; ¢ & S 65 3£
[E Horiba/A 7], Horiba Fluoromax IV %!,
1.3 ZBSE

B U S an & 1 T, Sea R R A R RN A

BrCH,CO,Me .
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Fig. 1 Synthetic route of DPAC-H-COOH



168 AR B TOR A o2 R CH SR B 22 O

514

BT A EMA AT RN A2, FEE i 3 FL R RN L Suzuki
THY B S 107 N K A 2 N il & T A% 8 4% 53 DPAC-H-
COOH.,

1.3.1 o4 A1F2A209 & B 2-ZHRIIR(2.73 ¢,
20.0 mmol) F 100 mL X i A, il A 50 mLZ i %
i, B P R S ATRAR 212 H g (8.41 g, 55.0
mmol) . B R — S # (7.60 g, 55.0 mmol) . fll L 4
(1.50 g, 10.0 mmol) , 1P B #1304 3 Ik, AR
FONEE W, M RN, 2 A (TLC) Wi g s I F
B2, 10 h J5 JFRER N 58 4, 458 1R N o N 45 T
TR A O TR, L B AR B, B VE AR bR R
I, inA DCM ¥ iff Ja KB, A LA T4 5 il g,
TREZE IR i), A2 AT AT 43 B R AL, I AR DCMY
CH;OH(A B 100 = 1), 153 H & [ & A1(3.50 g,
P73 63.4%) . 'H-NMR (400 MHz, DMSO-dj, 9): 8.35
(s, 2H), 7.61 (dd, J= 7.2, 1.2 Hz, 1H), 7.33 (m, 1H), 7.26
(dd, J=7.2, 1.2 Hz, 1H), 7.06 (m, 1H), 4.06 (s, 4H), 3.60
(s, 6H),

B 2-F2 FEAL 2 (2.07 g, 15.0 mmol) T 100 mL
XN, A 50 mL Z W, B AR 2R
fi (3.41 g, 22.5 mmol) . kR4 (7.33 g, 22.5 mmol) ,
P MR B TR 3K, RONAR R NRIF I, 1
N7, TLC Wit SRR, 10 h J BB N SE 4, 15 1L
JEAbBR[E |, 793 A R A2(1.60 g, 773 51.5%) .
'H-NMR (400 MHz, DMSO-d;, 6): 7.84 (s, 2H), 7.67
(dd, J = 7.3, 1.8 Hz, 1H), 7.40 (m, 1H), 6.99 (m, 2H),
4.87 (s, 2H), 3.75 (s, 3H).

132 A&4#HDPAC-H-COOMe#) & %5 % Sk
[16] 9 )7 %4 W DPAC-Br. HU DPAC-Br(1.93 g, 3.27
mmol) F 50 mL XL H T, I A 27 mL B 2K A3 mL
HOBE A f, BEOMOA Bk R AR (1.02 g, 7.36 mmol) .
A1(1.38 g,4.91 mmol) . Pd(PPh,),(0.38 g, 0.030 mmol),
P AR SR 3 R L R, TLC W42 = i
HERR, 9 h Ji5 JFUBHR N 58 4, 455 I OV o RN 45 TR
T R =L O = B Ui B i = =% T R B E )
DCM, 5 %] 1 {4 [ /& DPAC-S-COOMe(1.50 g, 7= %
63.6%) . 'H-NMR (400 MHz, CDCl,, 6): 8.76 (d, J =
8.6 Hz, 2H), 8.22 (d, J= 8.2 Hz, 1H), 8.09 (d, /= 8.1 Hz,
1H), 7.82~7.70 (m, 2H), 7.74~7.53 (m, 4H), 7.42~7.29
(m, 4H), 7.20~7.12 (m, 2H), 7.15~7.03 (m, 4H),
7.03~6.90 (m, 2H), 6.88~6.81 (m, 2H), 3.61 (s, 4H), 3.53
(s, 6H),

Jt DPAC-S-COOMe(1.49 g, 2.00 mmol) F* 50 mL
M, AnA 18 mL R 2 mL FHBERS i, FEMA

WRR A1 (620 mg, 4.50 mmol) , A2(630 mg, 3.00 mmol)
Pd(PPh;),(0.23 g, 0.020 mmol) , 5 11 < 44 8 ¥ < 14
3 WK I BN, TLC Wi B N 2, 12 h J5 Bkt
N 584, A5 I NG o SN 435 BV TR v e B A
Je Ab BRI, AR 2 AT I 36 AH S5 DCM/CH;OH (14 7
I 50 = 1), 1535 (1 {4 [5 {4 DPAC-H-COOMe(520 mg,
P2 31.8%) . 'H-NMR (400 MHz, DMSO-d,, 6) : 8.97
(d, J = 8.4 Hz, 2H), 8.10 (dd, J = 8.2, 1.6 Hz, 2H), 7.99
(dd, J= 6.2, 3.2 Hz, 1H), 7.94 (dd, J = 6.1, 3.4 Hz, 1H),
774 (q, J = 6.7 Hz, 2H), 7.66 (q, J = 7.8 Hz, 2H),
7.51~7.41 (m, 4H), 7.38 (d, J = 8.8 Hz, 2H), 7.24~7.09
(m, 5H), 7.08~6.98 (m, 4H), 6.97~6.88 (m, 3H), 4.74 (s,
2H), 3.68 (s, 4H), 3.61 (s, 3H), 3.33 (s, 6H).

1.3.3 # & ZDPAC-H-COOH# &k  HU DPAC-H-
COOMe(90 mg, 0.10 mmol) F* & L, Al A 5 mL
LA4-Z S S IR, M 1 mol/L & A Ak 41 1 T
1.80 mL, ZE N 12 he O 25 35 e 7% B 25 5 571,
JH 5 mL 2 & F /KB 85N 1 mol/L R R 1 W, 4
W pH =5 2247, AULTEAE R, o Kk, TS
#| DPAC-H-COOH(42 mg, /= % 51%) . 'H-NMR
(400 MHz, CD;0D, 6): 8.87 (d, J = 7.6 Hz, 2H), 8.20 (m,
2H), 7.88 (m, 2H), 7.76~7.66 (m, 2H), 7.66~7.56 (m,
2H), 7.44 (dd, J = 6.0, 3.4 Hz, 2H), 7.38~7.28 (m, 4H),
7.21~6.96 (m, 9H), 6.97~6.83 (m, 3H), 4.50 (s, 2H), 3.61
(s, 4H), "“C-NMR (101 MHz, DMSO-d;, d): 175.04,
155.49, 147.43, 146.81, 146.63, 144.61, 143.77, 137.32,
136.98, 134.85, 133.25, 132.88, 131.54, 130.44, 129.96,
129.78, 129.14, 129.09, 128.79, 127.78, 127.23, 126.67,
126.19, 125.91, 12431, 124.02, 122.40, 122.10, 120.91,
119.08, 117.81, 112.56, 66.45, 58.80, ESI-MS (m/z)
[M+Na]*: calc. for [Cs;H;3N;0,Na]® 856.2993, found
856.2993,,

2 #HER5TIE

2.1 fERSESFRNZITRES

1E DPAC 73 1Y N-N i/ 32 19 838 4350051 A
HA 3B B E I -NN -2 LT DL S LA 1Y)
FRIRFEE J kU 61, TE i RE S HR AL 4 A B 450
FREVES, nisl 2 Fos o YEEE 25 A Rl 4 ) 55 1
W, B TE R TR R 22 5, MU B Y
e £, IS I DPAC UK 28 53 1 T AL i 7 19 52
PR B, oA A ZR 9 G (8 5 B 28 A AT LLGE 2o i
-4 Jm L 1% 7% B AR T K DPAC #2607, e



2

R, . ITRENA S LRI Zn? /Cd> /Cu* B e b 2A AL TR 169

Metal ion
(1/2/3)

Fluorescene quenching

<
&‘ _ N
ey

DPAC

Bl 2 Rl 04 8 1Y VIE BB b4 et m B

Fig.2 Schematic diagram of VIE fluorescent chemosensor for detecting multiple metal ions
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WA SZ YRI5 08, F4I7E 365 nm 7247 iR
KW, 7F 365 nm YR L ~, DPAC-H-COOH
FE 1R 7590 349 2 80 RO & AT R (D 3(b) ),
HA e 451~476 nm Ab Y5 6 4 SRl v AR AR K &
AL, MIAE 594 nm Ab i RS £ K 569 ik 1 D) AR £
FEARAs, B BRI VIE FR-1E . A T 3 15 kAR 4
T 548 B TR D R h S R R, DA A A
Xof YA 4 R S 5 B, AR SCE % DMSO/H,0 (14
U 3« DIRA R, REE I PIPES(0.1 mol/L) i
T8, = HpH = 7.4,

1 DPAC-H-COOH ¥ (10.0 pmol/L) H if AN
[ 4 J& 8 F (Zn*. Cd*. Cu*, Ca**, Mg*. Mn*",
Pb*", Ba*, Co**, Ni**, Ag', K*, Na", Li*, Fe**, Fe*,
40.0 pmol/L, [ F N AR ), 15 5 0 & J i Fn
PG WE 4 Fros . AR AE T, LR
DPAC-H-COOH 7 DMSO/H,0 & F (A FRLL 3 ¢ 1,
PIPES 0.1 mol/L, pH = 7.4) H. A 476 nm #1 594 nm
R 0 . M Zn* JE R R TE 476 nm Ab 126 %
S R R 2 470 nm, L% B3N 20046 (A 1Y 3.9 £
594 nm A0 1Y 2 5 BE W/ T 16%, Y 2 B
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5 594 nm Kb 1956 K 5 IR & AR B B AR Ak, VI
POCH I ARLL AR R4k . A Cu®'fF, 476 nm
1 598 nm Ab 42 ' [F] B & A T K, 5 FE AR =00 1R
B 42%. BT Lk 3 Frgs+ 2 5k, DPAC-H-COOH
X F At 4 R B AR AT B N . DL S5 R ER A,
DPAC-H-COOH #ff 5 BE % Xt 22 Fl 43 i 25 7 Wb 4711 531
It AN R B 5, wTaE A R AT 400

& J&4% DPAC-H-COOH % i B (AR AR B ( AT )
5 Zn/Cd*/Cu® (A B 22 (A1 F 30 15 BE AR DG I 2tk ¢
Z,WE S FoR . AR4ERI R (DL) 1931532420 DL =
30/S(HH o s FIRE I BRIEZS, S W ZeME s B A
), 1815 5] 1% B4t DPAC-H-COOH X} Zn>*, Cd**,
Cu* i 46 M BR 23 1) 9 80.2 nmol/L, 0.506 pmol/L 7l
0.263 pmol/L,
2.3 (RS SFXF Zn*/CA>/Cut By Ne Rz A

R T RFNEBER 5y F 5 Zn>/CA>/Cu 45 G AR
2, B SR Job’s plot % )6 T4 i 2k 2= S 8 5% A5 i
B4E A L. [# %2 DPAC-H-COOH 5 4 J&@ B 1 i) Lk
JE 24 10.0 pmol/L, 277 DPAC-H-COOH 5 4: J& & 1
B ¥R E LE (X, 0.1~1.0), LA 365 nm 1 R & B,
PRIV B L RIS 2Ot R BT 4R, il 6 B .
DPAC-H-COOH 43 il 5§ Zn*/Cd*/Cu®1E X=0.5 4b Wi
58 3 9t 5 B AR A6 1 e KAE (Zn®': 470 nm; Cd>*,

800

473 nm

600 |

400

Intensity/(a.u.)

200 -

400 450 500 550 600 650 700
Wavelength/nm
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3 DPAC-H-COOH 73T 1EA [l 57 FH i) (a) SN0 TE s (b) DL R i
Fig.3 (a) UV absorption spectra; (b) Fluorescence spectra of DPAC-H-COOH in different solvents
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E 4 DPAC-H-COOH(10.0 umol/L) 7 DMSO/H,O(#AFX L 3 : 1, PIPES 0.1 mol/L, pH = 7.4) i AR [F] 4 J& B T (40.0 umol/L)

JG B (a) 96 R HEHE; (b) YOI (A =365 nm)

Fig. 4 (a) Fluorescence emission spectra; (b) Photograph of DPAC-H-COOH (10.0 umol/L) with different metal ions (40.0 pumol/L) in
DMSO/H,0 (Volume ratio 3 : 1, PIPES 0.1 mol/L, pH =7.4) at 4., = 365 nm

400 350 ¢ 120
350 300 100 t ®
300 250 g0t
sl 3200¢ Ea!
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Lol 7=29.038 21x+43.372 21 100 f y=4.869 72x+19.256 13 20l 7=9.084 28x-1.524 71
o R’=0.984 83 50 R?=0.994 74 R*=0.989 46
50 1 1 1 1 1 J 1 1 1 1 1 — 0 1 1 1 1 1 J
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(a) Zn*" (b) Cd** (c) Cu?*

5 DPAC-H-COOH(10.0 pmol/L) )5k B AR Ak 5 AN [F] 4 Ji 8 F Uk B L &R
Fig. 5 Relationship between DPAC-H-COOH (10.0 umol/L) fluorescence intensity and concentration of different metal ions

Cu®*; 476 nm), W] DPAC-H-COOH 5 4; J& & T #R LA
1 LW Z LhE T 456 . S5k, riile T
DPAC-H-COOH 45 Zn?*/Cd*/Cu®>4 3L 1 = 1 B9
() 2 IR A5 A e e, [DPAC-H-COOH-3H+Zn?]
() J M b A 852.1714, Pt i+ 55 (H 4 852.1683;
[DPAC-H-COOH-3H+Cu?"] 9 Jii faf . 24 851.1698, Ff
Wit {H o~ 851.1687, ¥k — 4 iE B T DPAC-H-
COOH 5& BB T2 mLL 1 : 10 p &2z ikt

254 . T DPAC-H-COOH S Cd* 44 iy, &

W 2238 K $% %] DPAC-H-COOH 5 Cd*PA 1 : 1 1%
J ) 2 LU A I HE A 5 0

% FI'H-NMR %} DPAC-H-COOH 548 B T 1
5T . BT Cu A LA ge b4 T
MG AE, M 24 5T DPAC-H-COOH Y5 Zn?*/Cd**
4545 5 11 181748 4k . DPAC-H-COOHAE DMSO-d, 1

O EE A 7(a) B, Horpobe S i1 H 5K g
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Fig. 6 Binding ratios between DPAC-H-COOH and different metal ions by fluorescence Job’s plot
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Fig. 7 'H-NMR spectra of (a) DPAC-H-COOH; (b) DPAC-H-COOH + Zn*'; (c) DPAC-H-COOH + Cd**
# . DPAC-H-COOH 5 Zn*/Cd*Xt I 19 45 & ¥ M, inA Cd*'J§ DPAC-H-COOH I H, {5 5 41

(DPAC-H-COOH # T B I J 43 ) i Jin 4y ot i) 2 AR
1) Zo>/CA> 5 P A B B TTVE ) 1A% i 03 2 31 an
K 7(b) . 7(c) i o XF LA w5 o7 LLE A
Zn*'J5, DPAC-H-COOH 1) H, & 5 W5 2% (1 2 5 7K
g 2 EE), (KX Hy 45 51620 M4,
H, F1 H, {5 S WA= 00 0% 1 0.49, 5 H, {7
ST, £ DPAC-H-COOH #3525 Zn* kKB T
454, T DPAC-H-COOH 5 zZn* 45415 H, HfE
SRR R & A i ARk, % B DPAC-H-COOH
FEEA 3 ANRIRR UL N IR TF5 Zo> A7l o

&K, KX H, W& B 5 2455 4, H, Tk
MR IR T 0.17, Hy F1 H, L2400 8 % 3 07
7T 0.62, H,. H, il H i % )5 015 5% 5 H, &,
H, {5 5 W75 il A Cd® e th R & A= W 8 A8 1k, 2 W
DPAC-H-COOH 5 Cd* W4 & 77 A [FAE I 3 MR IR
AN 2 5% CE R BLA

Sk H1 9% 06 W %€ J7 ¥ ¥ & DPAC-H-COOHY5
Zn*'/Cd*/Cu* Z [a] Y 45 & W 8L (K) o [l % DPAC-H-
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A VIE-Based Fluorescent Probe for the Detection of Zn?"/Cd*'/Cu?*

GUO Qichao, WANG Jiaqi, CHEN Songyang, WANG Qiaochun
(Key Laboratory for Advanced Materials, Institute of Fine Chemicals, School of Chemistry and Molecular Engineering,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: N, N’-diphenyldihydrodibenzo [a, ¢] phenazines (DPACs) are a class of vibration-induced emission
(VIE)-active molecules, which exhibit either a bent or planar configuration at the excited-state, leading to unique blue
and orange-red dual fluorescence emission features. The emission color of DPAC molecules is tuned from red to deep
blue by varying the degree of inhibition of the planarization processes. Based on this principle, a new fluorescent probe,
DPAC-H-COOH, was designed and synthesized in this work by asymmetrically introducing metal-ion coordination
groups—aniline N, N’-diacetic acid and phenoxyacetic acid ligands—onto the two “arms” of a DPAC core for chelating
metal ions. DPAC-H-COOH was characterized by '"H-NMR (nuclear magnetic resonance), *C-NMR, and HRMS (high
resolution mass spectrum), and the test results indicate that DPAC-H-COOH binds selectively to Zn**/Cd*/Cu*
through tetra-coordination, forming intramolecular complexes in a stoichiometric ratio of 1 : 1. The coordination with
Zn*/Cd*" limits the planarization process of the excited state of DPAC core resulting in an enhancement in blue
fluorescence and decrease in orange-red fluorescence. While DPAC-H-COOH exhibits a grayish green fluorescence
when coordinated with Cd*", chelation with Zn*" leads to a stronger enhancement in the blue fluorescence and a
more thorough decrease in the red fluorescence of the probe. Moreover, due to the ligand-metal charge transfer
(LMCT) when bound with paramagnetic Cu®’, the blue and orange-red dual fluorescence of DPAC-H-COOH are
quenched simultaneously. The detection limit of the probe for Zn?>*, Cd** and Cu*" is 80.2 nmol/L, 0.506 pmol/L and
0.263 pmol/L, respectively. This work develops a single molecular probe suitable for the detection of multiple metal
ions based on the VIE mechanism.

Key words: vibration-induced emission; dihydrodibenzo[a,c]phenazine; fluorescent chemosensors; metal ion

detection; ligand-to-metal election transfer
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