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Fluorescent Probe Based on Morpholine Derivatives for Fe*/Cu*
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(Basic Medical School, North Sichuan Medical College, Nanchong, Sichuan 637000, China)

Abstract: A fluorescent probe L was synthesized using 9-anthracene aldehyde as fluorescent group with pyrazoline
and morpholine as recognition group, and its structure was characterized by '"H NMR and “C NMR. The ion recogni-
tion performance of probe L was investigated by fluorescence emission spectra and ultraviolet absorption spectra.
The results show that L has strong selective recognition performance for Fe** and Cu* with the fluorescence quan-
tum yield decreasing from 0.47 to 0.21 and 0.14, respectively. The selective recognition for L to Fe** and Cu* was
distinguished by naked eye along with color change from pale yellow to brown and blue, respectively. In addition, a
three-input “NOR” logic gate circuit was constructed at the molecular level by the quantum yield of L for Fe**, Cu®

and H' in different combinations.
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Scheme 1 Synthetic route for probe L

1.2.1 4-(9-FH JL) gk (3) i & 1%

b6 9- TR (1) A1 9-15 Y L T4 (2) 2 HE Gk
Mo £ 250 mL B EHEIE HIIA 2(5 g, 18.45 mmol).,
Je7K K,CO4(7.65 g,55 mmol) .80 mL JE/K CH,CN A1/l
HKLBEPEF O he WHIE SR, Mk, Jez%BR %
Ve S e AL TR (1 4, V/V)EE 45 A 3 B
O FRCR[EAR 4.1 g0 773 :80.4% , m.p.142~144 C,
'H NMR(400 MHz, CDCl,, 25 C): 8 2.61~2.64 (1, J=

4.6 Hz,4H, -N-CH,-), 3.64~3.66(t, J=4.6 Hz,4H, -O-
CH,-),4.46(s,2H, Ar-CH,-), 7.46~7.56(m, 4H , Ar-H),
8.00~8.03(m,2H, Ar-H), 8.44(s, 1H, Ar-H), 8.48~8.49
(d, J=4 Hz, 1H, Ar-H), 8.51(s, IH, Ar-H), "C NMR
(100 MHz, CDCL,):8 53.65,54.54,67.11,76.77,77.09,
77.41,124.84,124.99,125.63,127.55,128.96, 129.10,
131.35,131.39,

1.2.2 1-(10-(PthBpf HH 35 ) B -2 -3 ) 2, 1) (4) 9 6 K
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1£ 250 mL = U H M A 3(1 g, 3.6 mmol), Z,
.17 g,22 mmol)F1 50 mL Ik — 5 H b, VKL A 55
R HEFE B HI = -5~0 CH, 434t A 0.96 g JE/K =
SRR PR R VKE  BEFE IR TR 10 °C. HhiE,
KA BT . B IE S22 I A ] 150 mL 7Kl
WL TR IR AV Wb, F S B FK ZE 1, LAt
H1 Na,CO, I WV 2 pH=7, JC/K MgSO, T4 . i,
HEZERR ZV ), KL= b SR AT AR (V e V =
4: DIFEAER0.35 g0 7% :30%, m.p. 158~160 C.
'H NMR(400 MHz, CDCl,, 25 °C):8 2.60~2.62(t, J=4.4
Hz,4H,-N-CH,-),2.77(s,3H,-COCH,), 3.63~3.65(t, J
=4.4 Hz,4H,-0-CH,-), 4.44(s, 2H, Ar-CH,-), 7.51~
7.63(m, 2H, Ar-H), 8.03~8.07(m, 2H, Ar-H), 8.49~
8.53(m,2H, Ar-H),8.58(s, 1H, Ar-H), 8.64~8.65(d, J=
4 Hz,1H, Ar-H), "C NMR(100 MHz, CDCl,): 8 26.44,
53.52,54.42,66.97, 122.86, 124.99, 125.44, 125.58,
126.91,129.17,130.06,131.69,132.23,132.90,133.37.
1.2.3  1-(10-(hRbf B 35 JB-2- ) - 3- bk I P k-2 -0

-1-i (5) 5 B

TE 100 mL BB M A 7 ¢ KOH, 10 mL 7K
150 mL 95% £ T R HI EE . A 4(0.638 ¢,2
mmol ) F1 I BE H % (0.321 g, 3 mmol), 7£ 15 C F 43
he 298, KR, FJC K £ W 55 45 &b A5 5 (0 [E 1k
0.425g, 7= .64% ,m.p. 145~148 C., '"H NMR(400
MHz,CDCl,,25 °C):8 2.65(1, J=4.6 Hz,4H,-N-CH,-),
3.67(t, J=8 Hz,4H,-0-CH,-), 4.45(s,2H, Ar-CH,-),
7.33~7.37(m, 1H),7.52~7.56(m, 2H),7.60~7.64(m, 1 H),
7.77~7.81(m, 1H), 7.87~7.91(d, J=16 Hz, 1H), 8.06~
8.08(d, J=8 Hz, 1H),8.17~8.20(m, 1H), 8.36~8.40(d, J
=16 Hz, 1H), 8.51~8.58(m, 2H), 8.64(m, 1H), 8.75~
8.77(m, 1H),8.86~8.87(d, J=4 Hz, 1H).

124 LAYEK

50 mL [RS8 H A 5(0.5 g, 1.5 mmol) 1 10
mL JC/K S BE, AR, AR 0.199 g,1.18
mmol) Fl— 7 A ALEH , P FE IR 16 he BHIEE
Tk, I e KA s R, RhuE Kk, ISk S
Tt o 2% A AR (0 [FR 0.27 g0 2R 42% , m.p. 276~
278 °C., 'H NMR(400 MHz, CDCl,,25 °C):6 2.61~2.63
(t,J=4.6 Hz,4H,-N-CH,-),3.46(s, 1H), 3.64~3.66(t, J=
4.6 Hz,4H,-0-CH,-),4.07(s, 1H) ,4.44(s,2H, Ar-CH,-),
5.53~5.58(m, 1H),6.82~6.86(m, 1H, Ar-H),7.14~7.16
(m,2H, Ar-H),7.19~7.21(m, 1H, Ar-H), 7.23(s, 1H, Ar
-H), 7.24~7.25(d, J=4 Hz, 1H, Ar-H), 7.26~7.28(m,

1H, Ar-H),7.46~7.55(m,2H, Ar-H), 7.59~7.63(m, 1H,
Ar-H),7.86~7.87(d, J=4 Hz, 1H, Ar-H), 7.96~8.00(m,
1H, Ar-H), 8.24~8.27(m, 1H, Ar-H), 8.25(s, 1H, Ar-
H),8.45~8.48(m,2H, Ar-H), 8.65~8.67(m, 1H, Ar-H).,
BC NMR(100 MHz, CDCL): 8 41.64, 53.55, 54.44,
65.73,67.03,113.20,119.30, 120.24,122.53,123.32,
124.98,125.13,125.24,125.37,125.86, 125.96, 127.78,
128.84,129,129.16, 129.25, 131.00, 131.05, 131.70,
131.75,137.41,144.30,146.96,149.65,161.49,,
1.3 BFiRFILE
1.3.1  RECH

PR 4.9 mg(0.01 mmol) LF 100 mL 2 i
FHZ IS E 4, He 9 0.1 mmol - L7, BL il & 4 Na*
K'.Ca™ Mg* . Cu™ .Ag" . Fe’* \Ni** \Mn™ ,Ba™ . Co™",
Zn™ Hg™ 55 85 1 0y i S R Eh 3 W, Wk B2l 0.1
mmol-L™",
1.3.2 Jeigie

FEHL0.1 mL 1Y LW 43 0 % T 10 mL 25 2= )il
oL A A 0.1 mL A8 BHES VW, A BE 2R 10 mL
(HREE R 1 pmol - L7, ¥2 5], HE 24 he FIR T, 7EHL
K 360 nm BRAE TEE (d)5 wm B2 T I e ve
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SR
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Fig.1 Fluorescence spectra of L after adding various

cations in acetonitrile
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Fig.2 Color changes of L in acetonitrile after adding various ions
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Fig.3 Fluorescence spectra of L in acetonitrile upon addition of iron ion with different concentrations
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Fig.4 Fluorescence spectra of L in acetonitrile upon addition of copper ion with different concentrations
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Fig.5 Fluorescence intensity of L. when Fe’* and Cu**

coexist with other ions
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Fig.6  Fluorescence spectra of L in acetonitrile with

different pH values
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Fig.7 Ultraviolet spectra of L in acetonitrile upon

addition of various cations
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Fig.8 Ultraviolet spectra of L in acetonitrile upon

addition of iron ion with different concentrations
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Fig.9 Ultraviolet spectra of L in acetonitrile upon
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7E LY Z WSV (1.0 wmol - LY Fh 43 BN A Fe™
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L7, 7E38 & DK R 360 nm R 28 YEomEE . LA
(1.0 pmol - L) A S H(ZF i, 2=0.36), i H AN V.=
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Fig.11  Fluorescence intensity of L in acetonitrile upon
addition of different combinations of Cu*, Fe**
and H*
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C*HHHARAEGHRNEF =X

Table 1 Fluorescence quantum yield of L upon
addition of different combinations of

Fe**, Cu* and H* in acetonitrile

F,/au. A, /au. Y,
Probe L. 0009  45611.02 0.47
Probe L+Cu?* 0.029 21 171.81 0.14
Probe L+Fe 0.017 17772.13 021
Probe L+H+ 0.018 21822.94 0.24
Probe L+Cu?*+H* 0.032 20 147.12 0.12
Probe L+Fe3++H* 0.016 19 804.14 0.24
Probe L+Cu?*+Fe® 0.022 17 079.06 0.15
Probe L+Cu?*+Fe?*+H* 0.031 16911.91 0.11

AN IR FE

LB /=R BUE K T 03 55 M 1,/
F 030 55 0 0, RV B FEER 5 S
H 1545 Fe™  Cu® Fl H AT A — B i - AEAE s, 4 i
H9 N0, M58 LIME(ERGER2). FIL, 7 LER
IMAR R4 A B Fe |, Cu® F H I 2 NOR 12 5]
et ATA =5 A NOR 2> T2 51 (18 12).

Fe3+

El12 LA NOR ZH TG/~ E K
Fig.12  Circulation diagram of NOR logic gate for L
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Table 2 Truth table of NOR logic gate for L

INI (Cu®)  IN2 (Fe¥) IN3 (1) OUTPUT
(Flu. 532 nm)
0 0 0 1
0 1 0 0
0 0 1 0
1 0 0 0
0 1 1 0
1 1 0 N
1 0 1 0
1 1 1 0

2.7 BWHETLARAHIBRAR
PRER LA Fe* Al Cu™ EA AR RO H 2 B
SRR, FEIRRE LIPS - E AR E

(®)

R Y NP ve~ i B N O A R a7 R 7 N1 L )
AL AT SOG4 PET 11 2 i 42 )@ Fe' .Cu® &
A2 dBIE, Y LA A Fe (Cu™Ja , X 2FP i A &
N AFEAG B I B T R B 28 d B, R A AR
CANIER TR A UN R Rl L B U 5 ) b
AN YR A E BRI IS , Fe® | Cu® 7 N R IR 2% J5L 1
BCArAE B 5 30 1 f 55 55 AR S s i D R VR
T BB B FARAR G iR 5], AT B P ok R 2 Ji AR
R R R A5 G T AR R SR SR AT 430
JE 1 Fe+--0 5 Fe---N. Cu---0 55 Cu---N # L ICFF T
AW (Scheme 2)1°21, Bl 25 Fe™ ¥ BEHE TN, L9 Y608
JE B REARIT K A 2188, AT B2 R T ILIE PR _E N
TR IR - N JEF-[A] i 2 5 B A7 T e 75 Jo 3
BLG Y, DGR BAM ]

Scheme 2 LXF Fe®* (a)fl Cu®* (b)Y S5 HLB]

Scheme 2 Proposed recognition mechanism of L to Fe** (a) and Cu** (b)
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W L MR Fe Al Cu . LA Fe¥ Fl Cu® B #5
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e E AP, kA AR ST R R B a7
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W T4 TR 2R R T A 2
B T RIS T

Supporting information is available at http://www.wjhxxb.cn
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