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A Novel 1,8-Disubstituted Pyrene-Based Fluorescent Probe for
Subsequent Detection of Cu*" and Pyrophosphate
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Abstract A 1,8-disubstituted pyrene-based fluorescent probe L was designed and synthesized using 1,8-diethynylpyrene and
8-aminoquinoline as raw materials by “click” reaction and the structure of L. was characterized. The probe L exhibited good
selectivity and sensitivity to Cu?" with fast response and good anti-interference ability in the THF/H,O (V' : V=1 : 1, HEPES
1X 1072 mol/L, pH=7.4). Job’s plot and high resolution mass spectrometry showed that stoichiometric ratio of L to Cu®" was
1 : 1, and the density functional theory calculations indicated that L with Cu>" formed a multicomponent complex. In addi-
tion, the L-Cu®** showed highly selective sequential recognition of PPi with good sensitivity and fast response. The detection
limit of L-Cu®" to PPi could reach 6.32 pmoleL™", which illustrated L-Cu®" had the potential application value.

Keywords disubstituted pyrene; fluorescence probe; Cu* ; PPi; recognition
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Scheme 1 Proposed sequential recognition mechanism of L
with Cu?" and PPi
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Figure 1 Fluorescence spectra of L (1X 107> mol/L) in THF/
H,0O (V: V=11, HEPES 1X1072 mol/L, pH=7.4), respec-
tively upon addition of metal ions including Ni**, Hg**, Ba*",
Mg**, Ag', Fe*', K', AP¥Y, Pb*', Na', Mn?", Sr**, Cu*', Co*",
Zn*", Cd*", Cr**, Fe*', Ca®" (1, =366 nm)

Inset: the fluorescence changes of probe L without and with Cu®* under a

portable UV lamp at 365 nm
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Figure 2 Titration curve of probe L to Cu*"
Inset: the nonlinear fitting curve of L to Cu®’
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Figure 3 Fluorescence intensities of L in THF/H,O (V' : V=

1: 1, HEPES 1X107% mol/L, pH=7.4) in the presence of vari-

ous metal ions and further addition of 2X 10~ mol/L Cu**
Intensity was recorded at 410 nm, excitation at 366 nm
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Figure 5 Fluorescence spectra of L-Cu** in THF/H,O (V :

V=11, HEPES 1X10 % mol/L, pH=7.4) upon addition of 4
equiv. anions (A =366 nm)
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Figure 6 Fluorescence changes of L-Cu’’ without and with
various anions under a portable UV lamp at 365 nm
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Figure 7 Fluorescence emission spectra of L-Cu®*in THF/H,O
(V:Vv=1":1, HEPES 1X107% mol/L, pH=7.4) upon addition
of PPi (0~4 equiv., 1, =366 nm)
1.3.3  L-Cu*"32 7] PPi #9 4 fE 2 4T Ak

R SCHR[33] R HRIE J71%, LA log[ P,O7 AR AL
FR, (I Lin) (Imax — Lmin) NAARR, FIF Origin X 4 i3t
ITERIERLE, BRIZLMAHKREN R=0.9914 [—%H
LRI 8), Lt T 1ER S PPi BRI E N 6.32X107°
mol/L, EF T B /RS. AT TSI R HER S* 4h,
HA A ES 7% PPi (iR 5 i A2 0 BH S j2 e, 1 BH
L-Cu®' X} PPi (IR B A — Pt TR

http://sioc-journal.cn/ 2005



R

s
BUHE
0.6
Y =7.565 + 1.455X -
05 R =0.9914 .
Detection limit = 6.32X10™ mol/L
:E
" 0.4
~E
:E
< 0.3
0.2
T T

. — .
510 -505 -500 -495 -490 -485  -4.80
Log[P,0,"]

B8 L-Cu® M5 HAB (I Lin)/ (Imax — Imin) ¥ log[ PO~ 11
LR R
Figure 8 Normalized response of the fluorescence signed to
change P,03™ concentrations of L-Cu*
1.3.4 pH %t L-Cu®" iR % PPi &9 7R
9T W3 L-Cu® R PPi S BRI FE, 5280 &

TARR pH %t L-Cu® fl L-Cu®"+PPi ¢ ;38 B [ 54
WP 9 FiaR, pH 75 2~5 JEl W, L-Cu®" B — 2 M7t
BRI, 7E pH 6~13 28] L-Cu®" s W 1 9% 67 K.
L-Cu® "IN PPi J5, pH 7 5~8 i [Hl Py AT BRI
Jefs s, KR L-Cu® 7] LAFE pH 5~8 7 FH Py 5t PPi i3t
ATAI, PIVEAE R T AE WA R b SR PP IR

800

700 ——L-Cu”+P,0."

—e—L-Cu™

600 ~
500
400
300

200 1

Fluorescence intensity/a.u.

1004

04

B9 L-Cu*" K& L-Cu®"+PPifEA[H pH E N 5658 38 1k,

(Aex =366 nm)
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L-Cu®*+PPi in different PH (Aex=366nm)
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2 2-FRIE3- T IR0, -G AR AER. PN M
FREN. BEEREN. S ZBEA. NaN;. TE. Mk, BUERER.
WRARIR . Na,S,05+ Cul. PU(Z=ZRIEEBHA. S AN
TLKBRERER =K 2 FoRHA sk g BT fr T (i, FE), &
Atk R AT A

A 1P VRIL A4 25945 B8 SR 7 v B k.

32 ZWHE
3.2.1  FAIRAT L G9E

I A% 1 (680 mg, 3 mmol), 2 (250 mg, 1 mmol)
T 10 mL /) V(THF) © V(H,0)=4 : 1 1, I FKE
FR4(250 mg, 1 mmol). HUIAMEREN(400 mg , 2 mmol),
THEZ 66 CHiFEIR. ME/KF CHCL FHL, HJEK
Na,SO, T, & T UE, WA =2 AT i
B eEaith, o CHCL AR, B VAR
fig) © MZEHRE) =11 13 Belit, /93 155 mg B8 (58 {4
L, /3% 22%. m.p. 156.4~158.4 ‘C; "H NMR (400 MHz,
DMSO-d) d: 10.79 (s, 2H), 8.95 (d, J=4.1 Hz, 2H), 8.90
(s, 2H), 8.87 (s, 2H), 8.60 (d, J=7.6 Hz, 2H), 8.41 (dd,
J=17.1, 6.4 Hz, 6H), 8.26 (s, 2H), 7.70 (d, J=8.4 Hz, 2H),
7.64 (dd, J=8.4, 4.1 Hz, 2H), 7.58 (d, J=7.6 Hz, 2H),
5.82 (s, 4H); *C NMR (100 MHz, DMSO) ¢: 165.52,
149.52, 146.28, 138.73, 137.11, 134.47, 131.35, 128.2,
127.67, 127.38, 126.84, 126.19, 125.84, 124.91, 123.15,
122.73, 117.78, 53.34. HRMS (ESI ") caled for
C4oHaoN 10O, [M+H]": 705.2475, found 705.2462.

322 RAXIENE Ik

PREF L L) DMSO A FIEEHI AL 1.0 X 10 mol/L 1)
W, YRJ5FH THE/H,O (V@ V=1 : 1, HEPES 1.0X 10>
mol/L, pH=7.4)%2& ¥ (0.01 mol/L)FBE M 1.0X107°
mol/L ¥, DA IRZEIBR/AK NI, K FH4h R s SR
5.0 X 10> mol/L I #-Fh B &5 F(F, Cl,Br ,I ,SCN ,
CN~, PO , H,PO, , H,PO} , NO, , NO; ,
Clo; , SO3 , Sio3, S,03 , P03 , HSO; ,
CO3;™, HCO; ). RI6Iail il e B8 =i N %A Tk
7. FESN 1 em X 1 emX 4 cm A e, REUE 2,
EX 4895 2, EM 4255 10, BRI Aoy N 366 nm.

BN Bl (Supporting Information) L /) '"H NMR.
13C NMR 1 HRMS %5, L 325 Cu®* % L-Cu® i1 5 PPi
() ETE AR . A b L AT DA 4 B AR 1] X 3t (http://sioc-
jour nal.cn/) | T #%.
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