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Three Salicylaldehyde Schiff Base Fluorescent Probes: Synthesis and Recognition of Zn**

LI Zhong-Yan QIN Hai-Bo ZHU Hong-Yu FAN Xu YUAN Lin*
(School of Chemical and Biological Engineering, Hunan University of Science and Engineering, Yongzhou, Hunan 425199, China)

Abstract: Three novel Schiff-base fluorescent probes, 2-((2-hydroxybenzylidene)amino)-2-(hydroxymethyl)propane-
1,3-diol (L1), 2-((5-chloro-2-hydro-xybenzylidene)amino)-2 - (hydroxymethyl) - propane- 1,3 -diol (L2), and 2-((2-
hydroxy-4-methoxy-benzylidene)amino)-2 - (hydroxymethyl)propane-1,3-diol (L3), were designed and synthesized,
and characterized by '"H NMR, "C NMR, elemental analysis, and HRMS. The results of the spectral analysis showed
that probe L2 was more selective and sensitive to Zn>* than probes L1 and L3. The detection limit of L2 was found to
be 11.96 nmol- L', which was far lower than the limit value of Zn** in drinking water, 1.0 mg-L™" (about 15 wmol-
L"), stipulated in the national standard GB5749—2006. There was a good linear relationship between the fluores-
cence intensity of probe L2 and the concentration of Zn* in a range of 0 to 10 wmol-L™". Meanwhile, the single-
crystal structure of complex [Zn(C; H;CINO,),] (L2-Zn**) and the Job's plot revealed a 2: 1 1.2-Zn*" identification.
Moreover, probe L2 could detect Zn*" in actual water samples. CCDC: 2121021, L2-Zn™.

Keywords: salicylaldehyde; Schiff base; fluorescent probe; zinc ion

0 31 = JE TR WX AW BA R R . R AR5 A f3L
HICRZ — TR HUAACIH] e R AR IE A 2

FSIEICRE AT T I LA S A8 DRRAE A A AR AR, B A A
ERICEM AR R AT WA L8 RN Z IR AT E A 60 %

Wk H 91 :2021-12-12, Y& ek H 1 :2022-04-24

I AR A 4B (No.2021)J30291) 1] 1 45 A~ 2B AT 1l T H (No.[2021]197-3585) , ] 1 Bk 457 27 e K 2 A A1 7 Aol 0 H
(No.202 1) o - 2 e N AR A R gE Bl

SHEHER N . E-mail :teyl431102@163.com



1292 Jc ML 1k

¥ 38 %

Fofr, T BFFE NAR N 1 55 52 294 0.004% , 2 K T8k
(5 R TR, Zn® e L K Kk | 4 e B R
5 DNA G AN BT A 45 2 A B A v 1y
B EEAEM AR AR 2o UL, 2582
TP o b Zn 25 EIHIA B BN R, BhEE
JUEE W AR T A2 3 7™ 5 e I B o 1 R £
RESEREAR s 5 — 7 T, Zn® 3 i 4 30— S ER R IR
IR 2R AT PRSI | T AT 2 T R 4 8 D
WU AE LS4 | S8 0 1 0 2% B A hE 25, B
e, Bt A R R | m R U Y Zn” 5Ot
A AR EERE X

H T, 1% 50 10 4 8 B 7 AR 7 1 32 20 A0
2 R AR (kAL AR o TR R IO G
R BT I A H R ik S Ty A AR — 2 Ry

HO
R, CHO OH
X w4

R OH

1
HO

Ethanol
Reflux

PR R 000 s ] AR D0 e A g 45 PR 2R BR A 1 AR
SEBRAI TAE R Iz A o SO EREAE N —Fh
B BRI, B SRR AT R B
ERAE T B A M ARRE s e O N O S IR
i 22 A AR Gors i 7 0k i B A A0 A FE 42 e 5
TR b £ 52 0T TR A Ik A Ak R 2
PpeE A5 AU AT B 1 e i

JIE RS DGR B T A AR B A
ARG ECA g AR Bl ks TAEE ) 2 ¢
TR FRATRIK A K HATT HE ) 5 = TP L g ik
HJGE Sy D BE 5 BT 3 OB B Y O IR BT L1~L3
(Scheme 1), FF3i 2 SE1E LI IE T HREE XS Zn™ (1) 1
PEPEFU AN

OH
R, —N
R, on HO

L1:R=H,R,=H;
12:R=H,R,=CL
13:R;= OCH, R,=H

Scheme 1 Synthesis of probes L1-1.3

1 SLIGERS

1.1 UE5IRHA

FEE{UAA AVANCE 11 HD 400 MHz 7% 4R
PG AL (72 [ Bruker 24 F]) . UV-2401 PC 2540500000
JETH(H AR 5 HEA R)  RF-6000 %€ 56 43 66 B i (H
7R 5 /A 7))  UPH- M- TOTN 8 40 K AL (DU )1 A3
R IR AT

7K ¥ 1 (salicylaldehyde) . 5 -4 7K # I (5 - chloro-
salicylaldehyde) ,4-H 5 FE /K #7718 (4-methoxysalicylal -
dehyde) . =35 H L2035 H 05 (tris(hydroxymethyl)meth-
yl aminomethane) ) 4y 73 B 211 (1 13 28 SR 47 e A A7
PR Ao HAl IR 2 o [ 7 0 M ali o T P 42 Js
Ty AR L A B TR h s R FR o SR Ee UK Ol
4K
1.2 #HR$TLI-L3IMA KRR

TREF I U220 Scheme 1R . 50 mL
JIE BRI v I A K A% 1 SBCROK % 1 (1 mmol), =52
B BE S L 1 5€.(121 mg, 1 mmol) 1 15 mL I 7K 21,
SRIGTE 80 CHYTMI Th N mliA 4 ho OS5 RS ,
B e 28 R bR 22 2 R A D SRR BRI
U8, HET AR B B AR AR

L1: IR & @ E R, 77 % 91%, m.p. 158~159 C.
'"H NMR(400 MHz, DMSO-d,): 8 14.54(s, 1H), 8.56(s,

1H), 7.41(dd, J=7.9, 1.6 Hz, 1H), 7.33~7.18(m, 1H),
6.87~6.68(m, 2H),4.76(s, 3H), 3.62(d, J=4.3 Hz, 6H).
BC NMR(101 MHz, DMSO - dJ): 6 164.91, 163.84,
132.81,132.62,118.92,117.87,117.58,67.50,61.78 .,
JUE 53T €, H sNO, T E (%) : C 58.66,H 6.71,
N 6.22; 52 55{H (%): C 58.23,H 6.93,N 6.01, HRMS
% C, H NO, 1931518 (m/z) : 226.107 9[M+H]" ; 525
{8 :226.108 0.,

L2 B AR, 723 96% ., m.p. 145~146 °C., 'H
NMR(400 MHz, DMSO - d,): 8 14.71(s, 1H), 8.54(s,
1H), 7.52(d, J=2.7 Hz, 1H), 7.28(dd, J=9.0, 2.7 Hz,
1H), 6.77(d, J=9.0 Hz, 1H), 4.84(s, 3H), 3.61(s, 6H).
BC NMR(101 MHz, DMSO - dJ): 6 164.43, 164.10,
132.92,131.57,120.63,119.96,119.16,67.55,61.51 .
JCE /% €, H,,CINO, [ 31 5 {H (%) C 50.88, H
5.43,N 5.39; 525l (%): C 50.64, H 5.66, N 5.12,
HRMS #% C, H,,CINO, i 11 55 {H (m/z) : 260.069 O[M+
H'; 52504 : 260.069 3.

L3: R R, 72 3R 90%. m.p. 141~142 °C.
'H NMR(400 MHz, DMSO-d,): 6 14.20(s, 1H), 8.27(s,
1H), 7.16(d, J=8.8 Hz, 1H), 6.11(dd, J=8.8, 2.4 Hz,
1H), 6.04(d, J=2.4 Hz, 1H), 5.02(s, 3H), 3.71(s, 3H),
3.61(s,6H), “C NMR(101 MHz, DMSO-d,):5 174.80,
165.50,162.46,135.07,111.32,105.33,102.35,65.56,
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61.40,55.41. JCR % C,H, NO WA (%): C
56.46,H 6.71,N 5.49; 55 {H (%) : C 56.21,H 6.90,N
5.25. HRMS #% C,H,NO, i 54 {H (m/z): 256.118 5
[M+H]"; L5514 : 256.118 8.
1.3 i R

R EE L1~13 3 T & B ol 15 5 51 6f 45 T2
mmol - L"), ALl 4 )& &+ (Na’ K", Ag" . Ca™ .Ba™ .
Co™ \Ni* . Pb* . Zn* .Cu> .Sn* . Fe¥ .Cr* AI)ig £ W
2 mmol- LY F & & & F Ik PRI . K 4-F2
CHEWR W 2B R (HEPES) % T 4l K H il 45 0.1 mg-
mL W, I FH# HCLRT NaOH 18715 2 pH=7.47,
YERGE AT . KA R ECOH-H,0(9: 1, V/V,pH
=7.47),

HEAT ST 2 LB ), B B 20 L i 75 T
(2 mmol - L"), T AGE £ Zn® P28 MOAET, ARG I
CFEEAR R 2 mL, OIS 45 : 1,=381 nm,
A,,=390~650 nm , 38 & /K 5k 2% 55 M 3 nm/3 nm,
S5 A1 AT L IROSCT A S AL 20 WL R 6f £ (2
mmol - L), HILAGE 5t (1) Zn* P22 0PI, AR5 I &

e 25 28 2 mL, JE UV-Vis WIOGTE
14 BB XL

KSR 12 5 2 B TS A L dl s T
Bo A9 L2-Zn™ ik . T 50 mL RSB T hn AR 4t
L2(518 mg, 2 mmol)\E§@%$(183 mg, 1 mmol)ﬂ] 15
mL JC/K £, SR J5 76 80 C M I T I #A B 1 he
J2 45 oI F BV A, 24 h R A R IR
3 B SE N 0.40 mmx0.38 mmx0.34 mm Y i & ¥
L2-Zn* {4, B F Bruker APEX I CCD B 5417 Y
e PR T T R X SR A AT R 2 A
AL Y Mo Ka 55 (1 =0.071 073 nm)VE K47 5%
T5 o B WO AR | M A BB 3 D AR ISR
it multi-scan $E47, 338 i3 STR2004 f4 BL#E 5 oK fi#
Shikey . X AR AR SR AL bR KA ) SRS L
FH SHELXL-97 #2 ¥ #5474 5 e fe /D — TR IHE IE s &
JE B A . WG W) L2-Zn™ 1Y AR A
W1,

CCDC:2121021,L2-Zn*,

®1 EEYL2-Zn> K RIEFEE
Table 1 Crystallographic data of complex L2-Zn*

Parameter L2-Zn* Parameter L.2-Zn*
Empirical formula C,,HyCuN,04Zn - H,0 D,/ (Mg-m>) 1.649
Formula weight 600.73 Absorption coefficient / mm™! 1.292
Temperature / K 296(2) F(000) 1240.0
Crystal system Monoclinic Crystal size 0.40x0.36x0.32
Space group P2,/n Index ranges —13<h<13,-15<k<15,-18<I<18
a/nm 1.174 4(17) Independent reflection 4257 (R,,=0.041 7)
b/ nm 1.337 1(19) Data completeness 1.000
¢/nm 1.552(2) Goodness-of-fit on F'? 1.048
B/(°) 96.828(17) Final R indices [I>20(1)] R,=0.035 1, wR,=0.086 2
Volume / nm? 2.420(6) R indices (all data) R,=0.048 1, wR,=0.093 8
4 4

2 GRSt

2.1 #F5HL2 5 L2+Zn*# UV-Vis IR 3%

TRET 12 50 F v 0 e B A N I 0 35 v 1
R RV TR AN = &l L 3 BN AR EA
EF L2064 fk . 7E EtOH-H,0(9: 1, V/V, pH=
7.47) X L2 /) UV-Vis Gt B4 T 75T, an gl 1
FR o REF L2 A B 7 333 F1 414 nm Ab A 2 Ik
W, B A Zo2 MR BE RGN, L2 7€ 414 nm A 91
JGRE T B, 1 370 nm Ab B IO BE RS K, H7E 333 il

400 nm Ab B AE MR A, SR L2 5 Zn” B BUBE &
Y. UV-Vis BSOS WO 2085 1 B R AT e 2 R
125 2o AR, @15 125> F C=N 51k %2
[SEI | s S [ L N B
22 FETL2 5 L2+Zn* HIsE e it

WE 2 iR, FERTIR I 2O G R A5 L 3R
BF L2 AR B LA 9O, X T figf& R ERER 12 3
T C=N XS R AL, ) T 32 S T IEE
R ERAE , (R A G LT AR RS0 Wi Zn™
I BREF L2 7F 462 nm AL (78 Y650 3 25 15
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Fig.1  UV-Vis absorption spectra of L2 in the presence of

7Zn*" with different concentrations
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Fig.2 Effect of Zn® on fluorescence spectra of probe 1.2
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Fig.3 Fluorescence spectra of probe L2 in the presence

of Zn** with different concentrations
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Fig.4 Linear relationship between the concentration of

Zn*" and the fluorescence intensity of probe 1.2
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PEat KA 25 B C=N FE J1 /4 431, 1 A P 2o R A
2l iR 2 v 8 Zn> I S8 Zn(OH), , W5 B 1) T84t
12 5 Zn* LA 124720 (R R 1 pH=7.47 A 5658
JE o, BRI, pH=7.47 , 28 wh A 2y HEPES 2%
N8
24 BFEEMEMRTHE

FET R R L2400 Zn> Pk 5k . Wkl 6
FR  FEE A 10 pmol - L 8% L2 A9 EtOH-H,009: 1,



5573

PR MUK IE IR KM IRET 9B BSO Zn* B3 1295

Intensity / a.u.

¢1,=10 pumol - L7, ¢, =20 pmol - 17!

5 pHXFREFL2(10 wmol - LYAT L2+7Zn> 1R R 56
EER A
Fig.5 Effect of pH on the fluorescence intensities of

probe L2 and L.2+Zn*" system
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fluorescence intensity of 1.2 at 462 nm when
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Fig.7 Job's plot for interaction between L2 and Zn**
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Water molecules are omitted for clarity
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K2 L2t B kKK FE Zn> B8

Table 2 Determination of Zn>* by L2 in tap water and river water

Sample Added / (pumol - L) Found / (wmol - L) Recovery / % RSD" / %

Tap water 0 — — —
4.00 4.10 102.5 1.38

8.00 7.93 99.2 1.15

12.00 12.15 101.3 1.88
River water® 0 — — —

4.00 4.17 104.3 1.67

8.00 8.06 100.8 1.33

12.00 12.33 102.7 2.22

#Sample was taken from Xiaoshui River; " n=5

B 2 BHRET 12 0] LU F 32 FRK AL Zn> BRI
3 & 1B

DAIRCAR 7K A i AR =5 R 2 W o oy D et
I T B SR A B T 3 R AR ) R R R R
PREF L1~L3, P 4T L2 % Zn® 28 90 M 1 €0 0 e %
PER R BUE . A L2 5 2o W B & 8 5 1 R 4
RO, & SR I PO KBRS 11.96
nmol - L™, il i 'H NMR %5 7 X L2 5 Zn™ 1 45 &
BEAHE T THRE . G5 RU] IR L2 th G N i
T mEETHERETFSREREPHARETSST
12 5 Zn™ (BN . BCE Y 12-Zn™ B B S 5 K9 FT Job
LR UE SR AT 12 5 Zo™ AW R A 2 1 20 1 Bi Az
[FIERF , R L2 76 52 PRk RE i PR B i 36 IR BT
FERTIN AT (%) Zn™ 7 T AT PR R L FH A
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