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Abstract: A new benzoazacrown ether fluorescence sensor was synthesized with 9-anthrylmethyl 
chloride and benzoaza-15-crown-5 in CH3CN, which particularly shows a strong affinity for Zn2+. 
Its fluorescence quantum yield increase more than one order of magnitude and a red shift could be 
noticed when passing from the apolar to the polar solvent.  
    
    
Keywords: Anthracylmethyl benzoazacrown ether, fluorescence sensors, Zn2+. 
    
    
Azacrown ethers for its synthetic feasibility compared with all oxygen analogues1 have 
been used as important building blocks for constructing host molecules in 
surpramolecular chemistry2.  The azacrown ethers with N-substituents bind with metal 
cation are better than the parent azacrown ethers3.  

PET (photoinduced electron transfer) fluoroionophores, which give rise to a 
specific emission spectral change upon complexation with guest cations, have attracted 
considerable attention as spectrophotometric analytical reagents for the detection of 
particular guest cations4.  

Crown ether fluoroionophores, due to their high sensitivity on emission spectra and 
selectivity on different cations, can offer great potential for the qualitative and 
quantitative analysis of various metal ions in chemistry and biology5.  However, less 
attention has been paid to the cation binding properties for fluoroionophores with small 
cage of benzoazacrown ether.  Zn2+ is widespread used in biology and there is much 
interest in its detection6.  

Here we report the synthesis and spectroscopic properties of new fluorescent 
azacrown ether 1 derived from 9-anthrylmethyl chloride and benzoaza-15-crown-5, 
which particularly shows a strong affinity to Zn2+.  

Compound 1 was synthesized with 9-anthrylmethyl chloride and benzoaza- 
15-crown-5 in CH3CN under reflux for 4 h, after moving CH3CN, the needle crystals 
were obtained, then purified by column chromatography (silica gel with CH2Cl2 as eluant) 
and characterized by 1H NMR, 13C NMR and MS7.  Fluorescent spectroscopic data was 
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CH3CN, reflux 4 h, m.p:119.2~120.8 ûC (column chromatography, silica gel with CH2Cl2), 87.5% yield 
 

Table 1  Fluorescence quantum yield of 1 (10-5 mol/L ) in different solvent* 
 

 Hexane Dioxane THF CH2Cl2  CH3OH CH3CN H2O 
λem (nm)  418.4 422.4 422.2 422.4 428.4 428.2 430.4 
ΦF 0.0031 0.0087 0.0062 0.0086 0.0629 0.0705  0.1306 

 *λex = 350 nm 
 

determined by using HITACHI F-4500 fluorescence spectrophotometer.  Table 1 gives 
the fluorescence quantum yield of 1 in different solvents. 

The fluorescence quantum yield and emission wavelength of 1 are strongly sensitive 
to the solvents, they increase by more than one order of magnitude when passing from 
the apolar to the polar solvent, the emission wavelength of 1 also shifts to long 
wavelength from the apolar to the polar solvent. 

The fluorescence intensity of 1 in methanol upon alkali and alkaline metals has been 
illustrated in Figure 1 using Na+ as a typical example.  

Addition of the sodium salt leads to an increase in the fluorescence intensity of the 
system, and the fluorescence intensity increase with the increasing of the concentrations 
of sodium ion.  

Table 2 gives the relative fluorescence intensity of 1 with alkali and alkaline metal 
salts or without metal salts.  The addition of Zn2+, Fe3+, Ni2+, Cu2+, Na+, Mg2+, NH4

+, 
K+, Cs+, Ca2+ ion to methanol solution of 1 leads to the change of fluorescence intensity 
in the presence of tetramethylammonium hydroxide which eliminated the effect of H+, 
the order of change of the fluorescence intensity is Zn2+ > Na+ > Ni2+  Υ Mg2+ > NH4+ > 
K+ 

 
Figure 1  Fluorescence emission spectra of 1 (10-5 mol/L in methanol, λex = 350 nm) with Na+ 
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Table 2  Spectroscopic data of 1 in CH3OH with different metal ions** 
 

  Na+ K+  NH4
+ Zn2+ Ca2+ Mg2+ Cs+ Fe3+ Ni2+ Cu2+ Metal-free 

420.8 419.6 429.0 428.8 419.2 425.2 421.4 -- 421.4 421.4 421.8 λem(nm) 
I/I0 2.0 1.0 1.5 10.0 1.0 2.0 1.0 0.1 1.5 0.6 1.0 
 
** compound 1 (C = 10-5 mol/L) in methanol at 25 ºC with 10-3 mol/L tetramethylammonium 

hydroxide for eliminated the effect of H+ and 7×10-4 mol/L metal ions [= (M+)] 
 

Υ Cs+ Υ Ca2+ > Cu2+ > Fe3+, and in the presence of K+, Cs+, Ca2+ the fluorescence 
spectrum of 1 showed only little change, and the fluorescence intensity of 1 was 
quenched strongly by addition of Fe3+, Cu2+ for energy or electron transfer8.  Yet the 
largest effect is observed in case of Zn2+ which enhanced the fluorescence intensity 
about 10 folds.  

1 is consists two parts, one is the benzoaza-15-crown-5, the other is anthryl 
fluorophore, the former is a rigid crown with unsymmetrical shape, which might 
improve the selectivity to cation, and anthrylmethyl moiety, connecting the nitrogen 
atom of benzoazacrown via methylene group, which also might raise the selectivity to 
the metal ions.  1 has a more favorable conformation for Zn2+ over Na+, even the size of 
15-crown-5 cavity usually matches for Na+.  
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