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AP AL KB ME D FRA R E R R EIERAMR
L owm Kk E O OxEX K = KER

(HAE MU SRR T RIS DI 20 U TT A T X LRSI 3
BRPGITE R A T2t e - P2 710062)

WE R IF AT 3 FmEnE I[1,6-a] 2K TR MERELL 4): 4-(2'-FRFERIL)EIE IF[1,6-a] 45 FE R ME-5-FRFR (L) 4-(2'-F2
FEIRFLVEIE IE[1,6-a] 2K DR E-3", 5, 10- = REFREN(L2) AN 4-(2',4'- —F2 FEFEFL) IR IE IF[1,6-a] 8 I DR -5 R A (L3), 18
SRR ARG S5 7 1 S G5 AT R AE 328 A TG IE 88 T L1, L2 F L3 X AP [RIRBIE, S5 REW]: AE/KEs+h
L2 figly APTLG, BLA R 76 sm g, min AL E 48 B 1(Cu®', He*', K', Mg>", Na", Ni*', Pb*", Zn*",
Cr'", F YA A ARk, LW L2 4 AP HAG LR BIPE. it Job's plot 12k Fl5¢ i i Se s i L2 A1 APTLLL :
2 I ELBIHEATIC A, L2 5 AP ROAS HEBR 2 0.073 umol/L, Jf H. L2 e al MALAIN AP,

KEEE) FCfr; RS T DOGIRED WURES N TR TR, Ikl

Synthesis and Characterization of a Visualization and Water-Soluble
Fluorescent Probe for AI**

Ma, Tuo Zhang, Jin Liu, Longzhu He, Yun Zhang, Zunting™
(Key Laboratory of the Ministry of Education for Medicinal Resources and Natural Pharmaceutical Chemistry, National En-
gineering Laboratory for Resource Development of Endangered Crude Drugs in Northwest of China and
School of Chemistry and Chemical Engineering, Shaanxi Normal University, Xi'an 710062)

Abstract In order to improve the water-solubility of 4-(2'-hydroxyphenyl)-pyrimido[1,6-a]benzimidazole and 4-(2'-hydrx-
yphenyl-4'-isopropoxy)-pyrimido[ 1,6-a]benzimidazoles, they were sulfonated in 98% H,SO,4. Sodium 4-(2'-hydroxyphenyl)-
pyrimido[1,6-a]benzimidazole-5-sulfonate (L1), sodium 4-(2'-hydroxyphenyl)-pyrimido[1,6-a]benzimidazole-3',5',10'-three-
sulfonate (L2), sodium 4-(2',4'-dihydroxyphenyl)pyrimido[1,6-a]benzimidazol-5-sulfonate (L3) were obtained and indentified
by the method of NMR, IR and MS. Fluorescence spectra of L1, L2 and L3 were detected, and they have the ESIPT effect
with a large Stokes shift (175~225 nm). The structures of these compounds could be complex with AI**, and the fluorescence
spectra of AI*" in L1, L2 and L3 were analyzed. The results showed that L2 exhibited good sensitivity selectivity to Al*".
The fluorescence of L2 was strengthened dramatically in the presence of A", Other metal ions, such as Cu*", Hg2+, K',
Mg”, Na*, NiZ", Pb*", Zn*", Cr**, Fe* induced negligible fluorescence strengthening for L2 under the same conditions.
When the concentration (0~20 pmol/L) of AI*" was increased, the fluorescence intensity of L2 (10 pmol/L) was also in-
creased. The Job’s plot and fluorescence titration indicated that the stoichiometry of L2-AI** was 1 : 2 and the detection limit
of A" was 0.073 pmol/L. Moreover, L2 was used for the visual detection of AI*".

Keywords coordinate; aluminum ions; fluorescent probe; excited state intramolecular proton transfer (ESIPT); visual detec-
tion
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NG s i BB 7 mg/kg R, BRI,
it Z MR N B S MAE KRG NG 51408, BT A
(G2 J73E AN IR BERE . e e okt —Fh 4e 1k 10
NI, LS TR RENE . IO E R G L)
BAMRZ MR, WR B my GeR 1 o Ao ek i pe
LO1 ) D32 i 3 )T — 2 4 s 3 1 R B 8 1 o
DAL T ) 40 25 B AT i M RN R O R 8 SR 1
WA HAT S = L
WOR AW 5T T ## (Bxcited state intramolecular
proton transfer, ESIPT)Z 8 —4H ML &40 2 )6
Mo WBMRG, WSO RE R RT R EUR S,
S F IR (AR R e H ALl A R R B T
IR a2 i+ B A A ), i AR
SRR RN, A, AT R AR T — &
FNDEN A FHREH2 .
AN IE B LT T2 T AP
a1 ROCREL, AH 2 K 2 HORR R AE A L 7 b 2R AT A
M, AEHER 5 TR E AN B > (Scheme 1)!>1],

Scheme 1

ASCCAHUAR 3-(N,N- LS ) - 1-(2'-FR HE R 3 )-2-
I PRI 1 2~ 2R S K ek JUR G B T W E [ 1,6-a] %
Ik A A T, Sl R A RN A T = R e
[1,6-a] 2K BRI AL 4-(2'-FRFEIR L) R E I [ 1,6-a] K
FEIK M-SR AN (L) 4-(2'-F2 e A IL )W IE I 1,6-a] 78
TEBRIE-3'5" 10- =R FR AN (L2) R 4-(2',4' - FR R oK ) ms g
IF[1,6-a) A FFIK -5 FR 4N (L3) (Scheme 2). K%
LTS T L1, L2 A L3 X AP IR BIE . 45 1%
Wl L2 4 AP AR AR, I HAHERENR
B AR G e Bk, Kt BRIA 0.073 pmol/L. Jd it
JEi 52+ Job's plot [k R R & e T L2 A AP
FOAZEEA 102, L2 % AP HA LRG0, 78 Cu®',
Hg’', K', Mg% Na', Ni**, Pb*", Zn®", Cr*", Fe* 12 1L
T, UiRext APTEEAT IR, RO R R TP A
L2 AERS al ALK I APT, 75 365 nm FAMT Mk, A
1 ZR5E
1.1 ERERSD

S22 SCRR[1 7] BT BEE IF[1,6-a] 28 TF K ML &4
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(1 1 2), ‘EATEREAT ESIPT 2, I H il T 27 R 5L A0
5 AR AT R S SR B R, A T K
FEEXT 1A 2 TR A T L1, L2 A1 L3.

1 763k HoSO, R TREALIT, BT 24 I A7 A,
790 CH, TRERZ S AL 1 1) 507, A pl— B ChEL L 4
L1. {£ 140 CH, BRI DAL 1 /9 2'067 5'A7 A0 10 47,
AR AR L2, A 90 AT 140 °C 2 Ih) = 34k pl ) & L1
1 L2 A Y)(Scheme 3).

@:\@ by

¥ H,S0y, NaCl NaCl | # H,SO,, 140°C, 6 h
SO3Na

90°C, 8 h
A\ NaO3S HO
g% UQ T -

SO3Na
L1 L2

ey
N ]
N \\>_©704< #HySO,4 60°C, 7 h
= NaCl
2
N HO
S—N
N OH

SOgNa

L3 SO3Na

Scheme 3
2 {EIR H,SO, FR BT AL A, 407 1) S PR AR FR I 25
AR N IR AL, BT 2 A 4 R LSRR, 2 7 60
CHY, BRI LA AL 507 A2 ol — IR i1k 9 L3
(Scheme 3).
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2.2 L1, L2 F1L3 BRI HIEDHT

L1 7E7K i B LR, A 1X 107 mol/L, [AIitk
H L1 BC R E R 10 pmol/L () — F LA (DMSO)A .
B L2 A1 L3 BCHSAKREE A 10 pmol/L Y ZAKVEW. 26
Tl 5 4 BT L1 L2 A L3 #B LA W B ESIPT 24
M, Stokes f7FELE 175~225 nm Z.[8]. #4351 L1, L2
HL3 (R IIKREZ R 50 umol/L 1) AP, L1
L3 AN APTJR, 9t am g &) Sksy, arhe
T IR AP 45915 A% T DMSO UK. L1
TR W IR SR W AT H A RS (1A 4k L3 ORIV
HAOIRARA, (HIE K EFIE ) 450 nm 2L 5] 510 nm. L2
TN AP R, Pl i SR 2 20 1%, BRI H 350
nm 2L %] 405 nm, K P H 520 nm B2 3] 505 nm, I
H L2 56616t 5 AP BN 2 5 16 AN T30
VEFI(E 1), B L2 v RUE R AP 9 19 654

500
1 Ex-L2+Al
400 - v |- -- Em-L2+Al
| F Ex-L2
V|- Em-L2
300 [
1
J [ !
w ! ‘\
200 ! \
1 \
| [ \
1004 ! \
\
| ) .
04 _./ _____________ ? S~

T T T T T T T T T
300 400 500 600 700
Alnm
B 1 L2 (10 pmol/L)F1 L2 (10 pmol/L)fIl A" (50 pmol/L)I¥]

L
Figure 1 Fluorescence spectrum of L2 (10 pmol/L) and L2 (10
pmol/L) with A" (50 pmol/L)

1.3 BoiK L2 Bositses
1.3.1 Fedk L2 69 5% kid <

B AR L2 FE Sk FE 4 10 umol/L (7K, 54>
SN A 50 umol/L (K48 5 (A", Cu*’, Hg™',
K", Mg®>", Na", Ni", Pb*", Zn*", Cr’", Fe’ ). ik i K
77 405 nm B, ZEHETELE 505 nm AbH L —AN K B0,
A cu*™, Hg®", K, Mg*", Na*, Ni*", Pb*", Zn*", Cr'",
Fe'', REHIEMIBE I A Mg Ak, A AP,
PN GG R STV I SR B G N T £ 20 £i%. R W& L2 %)
HesEE ruNREzE b AP HATE— IR
2).

N TR RAEAR L2 5 AP A TR, T
L2 5 AU 96302 8. RUCK RIRWREER ALY
(1~2.5 equiv.)IMAZERAER 10 pmol/L 1) L2 H1. 4
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0 _
None AI* Cu* Hg® K'Mg® Na'Ni** pp?Zn” Cr* Fe™
B2 L2 (10 pmol/LYXJ AN A 14 8 B +(50 pmol/L)I¥I%E i

I
Figure 2 The fluorescent response of L2 (10 pmol/L) to differ-

ent metal ions (50 pmol/L)

AP (1~2 equiv.) (¥R 5 2808 e, w7 LA B 505 nm
AB PR 2 S e FLAT A PR 8 5. 2 AR AR 2
equiv. [, FE6HREFIA R OCE. BJE, B AP 1k
JERIN2.0~2.5 equiv.), FIEHRE AT, KHL2 L
AP 1 2 TR A (A 3).

500

400

300 -
uF 200-

100

400 ' 4%0 ' 5C|)O ' 5%0 ' 6(|)0 ' 650

Alnm
B3 L2 (10 pmol/L)Bi#E AP WS4 IN(10~25 pmol/L)5é)6
A
Figure 3 The emission intensity of L2 (10 pumol/L) changes
with increasing concentrations of AI** (10~25 umol/L)

Motk L2 5 AP Job's plot gk, SIkJER 20
umol/L. M HHZEn] LU SEE, A AL 7 i Ll K,
GO W5, M APTETE LB 0.7 I,
IR IR, M AT M LL I gk EL e, 2k
JEBWIARSS. Mk, Fitk L2 5 APTNECAE 10 2(
4).

ARSI BRIME, SEIE L2 MPOEHE 10 X,
SRJE TS 10 DR IFRHEM 22 (a). 2 JA 1E L2 I
TN EER ALY, ARSI 45 Rk R Aa [, 7
ARG R FIRER & Fon. BRI T 3
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a0 N
X 300 - // \.
200 : /

100 ./

04

B4 L2 5 APT(# Job’s plot ([L2]+[AIP*]=20 pmol/L)
Figure 4 Job's plot of L2 and A" ([L2]+[AI’"]=20 umol/L)

FERRUE I 22 Ba) B LARER &, B 3a/&l"™, TH5775 3l 4
L2 5 AP ARSI B 0.073 pmol/L. — AT /K Fh
(1) AP 540 0.05 mg/L® (EPA standard)!™, [AH %I
AATLUHF ATH & AE AP 3). ek
4 365 nm [FPEAMT U, 17 L2 (10 pmol/L) ) 7K %
FOMASEER AP, RIUILT @A ek, X Fh
W R AR, R L2 % AP AT RAF IR e AT
DUSEEIGT AL (i a] MEALAS 0.
232 B4R L2 8% NAE R

FRLAR L2 eI 100 umol/L fRIZK VA,
3B FR L AP (0, 100, 200 wmol/L), & %&
AN, g R, Bl AP YREIE N, 360 nm
Ak (VR A U iR S TR TR S, T LI L2 5 AP RAET
BeAz(E 5).

20
—12
\ o L2+A” (1 equiv.)
15 N L2+A*" (2 equiv.)
Q
e
© 1.0+
[o]
(%2}
Qo
<<
05|
00L

300 350 400 ‘ 450 500
Ainm

B 5 L2 (100 umol/L)FIASHHKE A" (0, 100, 200 umol/L)H]
EHMGIE
Figure 5 Changes of the UV-Vis spectra of L2 (100 pumol/L)
with externally added AI** (0, 100, 200 pmol/L)
233 BFHELEH

AP" (50 pmol/L) A5 LAk L2 (10 pmol/L)f
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Cu®', K, Mg*", Na*, Ni*", Pb*", zn**, Cr’", Fe*" (50
umol/L)¥ VI, FE 6l i B 15 st A AP B )i
JETCAR KA, DX 8 8 7 (Cu®', K, Mg®', Na',
Ni**, Pb*", zn®", Cr*", Fe* )X} L2 5 AP (IRCA7 I IE K
RIGEEM. AHZIMAN He® ' 2 J5 ¢ i 5 W S5 R vk 59,
U He® 6 L2 F1 AP RCA AT S, wl B2 d T He® S
EH AP RS (B 6). ST T I BT
AP 5 L2 (A2 TR0, 23 mlse T 4 FhBH B 7R
[ [ ER ER[AICL, AI(NO3)s, Aly(SO4)s, Al(ClO4)s]5 L2 (1)
PENCHE, 4 FhEaEh 5 L2 BT 2 5 1 58 6 i B R 3 AL
8, AR, HEBR T 9T RS SLRCAT (s (1 7).

600

500

400

200

100

0
NoneA|3+ Cu2+ Hg2+ K+ Mgz+ Na+Ni2+ Pb2+zn2+cr3+ Fe3—

Bl 6 1E&MEIEE (50 pmol/L)IAEE R APY (50 pmol/L)
S L2 (10 pmol/L)5¢ 6 ) 540

Figure 6 Effect of AI** (50 pmol/L)on L2 (10 pmol/L) in the
presence of different metal ions (50 pmol/L)

500

400 -

300+

05

200

100

04
None  AICI, AI(CIO,), Al(NO,), Al,(SO,),

B 7 ARFEPIE S0 pmol/L)% L2 (10 pmol/L)5 AP (50
pmol/L) %% Y& 1) 52
Figure 7 Effect of AI’" (50 pmol/L) on L2 (10 pmol/L) in the
presence of different anions (50 umol/L)
1.3.4 Beikb54e B THOIIIRR

AT TR L2 5 AP Z I ey 7 58, AR L2
5 AP HHT TR e 5. A AE L2 (514t DMSO
WP 0, 1.0, 2.0 equiv.ff] AP, A APTHY, 6
12.3 A5 —Ag, BT 2RI Ui 1.0 equiv.i)
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AP, DETHIRRI gy, €W T L2 5 AP R ZAERA;
TN 2 equiv. AP, 2R B R IGEA e il Ok, &
BT L2 5 APTLL L : 2 (ERBIEAT T ECAZ () 8).

1.007 —
1.09 S

130 12,0

" 110 100
5
R .

13.0 12.0 11.0 1

o, ©
o .00

i

= =3
= —
0

.0 9.0 8.0 7.0
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90 80 70

13.0 12.0 11.0 1
)

B8 L2l AP U i i el il
Figure 8 'H NMR titration experiments of L2 and AI**
2 equiv.ff] AP L2 FEATRCAZRS, 1 equiv i) AP 4
TR B Na BETACH#, 5350 1 equiv.f) AP L2
BEATHCAL (Scheme 4).

NaO3S N SO-Na
N \

SO3Na
O3N NO3
N AI/\
038 N SO
\>\[‘\] Q, 3
N&Q i
S0,

Scheme 4

WA T 3 FRBEREIE[1,6-a] 5K I F KAL) LA,
L2 A L3, BT L1 7K s RGeS AP 4% 4, L3
FEKH S AP 44 G PO IREs, I LA L3 A& &1
N AP FHOCEREL. POz R A L2 /K
W R AV R, TAERA AT AEAE R AN TR T
RS (ESIPT), HAH KN Stokes f74(170 nm), 4 L2
5 AP TR 2 S5, Pe6amIEARsRA ESIPT 200 i
K, IFH L2 M5O ERE S B 1025 E i A4 5
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M. L2 % AP HAT IR GF AR PR AR s i R A%, mTLh
FETK AR AP HEAT A B AR DN, L] T Al ARG
AP, FEA AR S (0 W I R 8 LA T2 138
3 ZREH

3.1 E5RHA

X-5 WA e A (IR, RS E); ZF-2
T = 128 4MY; Bruker Tensor 27-IR ZL4MG B (KBr [
F1%); BrukerDaltonics APEX(II) 4.7E FT-ICR Mass
Spectrometer A /573 HE 5T (X ; Bruker AM 400 #4857
550 A% G L PR U (TMS W AR); SEE PE A H]
PELS55 %6 HotlEvh; Lilgdgikik Uv-6100S X0k
WERAM W] WA BT

ARFHE IR AN T b Ik BORS 4 Ak AT PR w4l
J%>97%), DMF-DMA 4+ 5 2 i BHE A7 BR A =] (2l
>98%) AL TFKIRI T PR SR Ak T AT PRA
A (LR >97%) AN, BRI, Ak, 2N
DMF. 4. LI CHBEEEH RIS thral, & ]
IK A ZEVEIK, MR K R 281K, 2Rl 8 AR 28
¥k AR 2.

32 IWAHE
3.2.1 B4R L1 A= L2 49465

FREC 1 mmol 1 (261.2 mg) T~ 5 mL &L,
A 0.5 mL RERER. 7E 90 C Fn# 8 h, TLC &, £F 1
EPNER VAT 1 i A R 6 AN R A o e
BE, 9k, AUTEE. KUt MEOH) @ V(H0)=1 :
1 RS, i, 3 ETE L1 (243.2 mg), /=% 67%.
BU7E 140 °C RN 6 h, TLC R, £5 131 25 6 [ Wi
PR, RS, R, Tk,
UUGE. FHH 20% 1 &AL B K 45 5 3 Ik, 19 3Bt
JE L2 (368.8 mg), M=F N 65%.

322 Feik L3 6946 R

FREL 1 mmol 1) 2 (319.4 me)I T 5 mL BB,
BN 0.5 mL KBTI, 7€ 60 C N, Mn#Amly 7 h, TLC M
W, £ 2 WRE, ¥R, SRS
W, wE, JuE, BUiE. HBUliE H VEOH) -
VH,0)=1 : 1 B HEL &, HEATHE L3 (273.1
mg), /HN 72%.

A-(2'-F2 I IR FL Y B I I [1,6-a] A% 1 WK M -5- s R
(L1): ¥ E{A. mp.>320 ‘C (decomposed); 'H NMR
(400 MHz, DMSO-dg) J: 11.69 (s, 1H), 9.84 (d, J=7.3 Hz,
1H), 8.85~8.18 (m, 3H), 7.91 (d, J=8.1 Hz, 1H), 7.81 (t,
J=17.7 Hz, 1H), 7.77~7.64 (m, 2H), 7.08 (d, J=8.5 Hz,
1H); “C NMR (101 MHz, CF;COOH) ¢: 163.9, 159.9,

Chin. J. Org. Chem. 2014, 34, 1780~1785
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140.6, 133.2, 131.1, 130.8, 128.0, 126.78, 125.3, 123.6,
121.7, 116.9, 110.69, 109.21; IR (KBr) v: 3685, 3498,
3412, 3027, 1714, 1553, 1491, 1404, 1332, 1278, 1210,
1177, 819, 763, 700, 566 cm '. HRMS caled for CisHjo-
N;0,4S [M—Na]  340.0392, found 340.0371.

4-(2'-FRHEIAR I WE T 1,6-a] AT TR E-3',5',10- — fif§
FRAN(L2): O 4A. mp.>320 ‘C (decomposed); 'H
NMR (400 MHz, DMSO-dy) 0: 12.24 (s, 1H), 9.98 (d, J=
7.1 Hz, 1H), 8.82 (s, 1H), 8.49 (s, 1H), 8.34 (d, J/=6.8 Hz,
1H), 8.16~7.98 (m, 2H), 7.85 (d, J=8.3 Hz, 1H); C
NMR (101 MHz, DMSO-d;) 6: 169.8, 164.8, 154.1, 104.7,
144.8, 1394, 137.7, 131.6, 129.6, 127.1, 124.6, 121.5,
113.4, 112.5, 111.45; IR v: 3687, 3027, 1718, 1552, 1492,
1445, 1404, 1333, 1276, 1210, 1181, 1106, 810, 764, 701
cm'; HRMS caled for C;sHgN;O40S; [(M—3Na)/3] :
165.9790, found 165.9795.

4-(2' 4= “FRFEIRFL)EIE TF[1,6-a] A2 I DK -5 - 1R
I (L3): # A [E 4. mp.>320 C (decomposed); 'H
NMR (400 MHz, DMSO-dy) J: 13.07 (s, 1H), 11.21 (s,
1H), 9.59 (d, J=7.4 Hz, 1H), 8.50~8.23 (m, 2H), 8.06 (d,
J=7.4 Hz, 1H), 7.83 (d, J=8.1 Hz, 1H), 7.63 (t, J=7.7
Hz, 1H), 7.52 (t, J=7.7 Hz, 1H), 6.43 (s, 1H); °C NMR
(101 MHz, DMSO-dq) 6: 163.0, 162.4, 158.9, 147.2, 136.6,
129.4, 127.3, 126.6, 124.7, 122.5, 116.7, 112.8, 111.2,
106.4, 103.7; IR (KBr) v: 3685, 3498, 3413, 3027, 1715,
1552, 1491, 1446, 1404, 1333, 1277, 1210, 1178, 819, 763,
701, 566 cm™'; HRMS calcd. for C¢H;oN;O05S [M—Na]
356.0341, found 356.0329.
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4 Bh#4 %} (Supporting Information) %1t T 5L 5%
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