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Abatract: In this paper, we present the synthesis and anion recognition properties of the amide 
based phenanthroline derivatives 1, 2 and 3.  In all cases 1:1 receptor : anion complexes were 
observed.  The receptors were found to be selective for fluoride and chloride respectively over 
other putative anionic guest species. 
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Recently, supramolecular chemists have devoted considerable effort to developing 
systems to be capable of recognizing, sensing and transporting negatively charged 
species1.   Some simple, water-soluble anions such as fluoride, chloride and phosphate 
play critical roles in many biological processes and a number of diseases associated with 
fluorosis or cystic fibrosis and are thus considered important targets in terms of receptor 
design2, 3.  The amide NH groups of the receptor 1 and 2, 3 could function as anion 
binding moieties while the phenanthroline rings might serve as a colorimetric receptor of 
any binding events.   
 

Figure 1  Structures of receptors of 1, 2 and 3 
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Figure 2  UV spectral changes of 1 upon the addition of fluoride anion 
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C1 = 1.0 × 10−5 mol/L, CTBAF = 0-5 × 10−4 mol/L, CH3CN, 25 °C.  The inset shows the fit of the 
experimental data to a 1:1 binding profile. 
 

Figure 3  UV spectral changes of 3 upon the addition of chloride anion 
 

240 280 320 360 400
0.0

0.2

0.4

0.6

A
bs

or
ba

ne
c

Wavelength/nm

0.00 0.04 0.08 0.12 0.16
0.0

0.1

0.2

0.3

∆
A

34
0

C
Cl- (mmol/L)

 
C3 = 1.0 × 10−5 mol/L, CTBACl = 0-5 × 10−4 mol/L, CH3CN, 25 °C.  The inset shows the fit of the 
experimental data to a 1:1 binding profile. 

Table 1  Binding constants (mol−1) of 1-3a with various anionsb in CH3CN 

 1 2 3 
F− 13000 2800    NDc 

Cl− 940  750 72000 
Br− 210   90  8100 
I− 70   NDc   590 

a All errors are ± 10%  All binding constants are reported as the average of 2-4 trials. 
b Anions used in this assay were in the form of their tetrabutylammonium (TBA) salts. 
c ND = not determined. 

 
The host molecules 1, 2 and 3 were synthesized starting from tris(aminoethyl)amine, 

propylenediamine and 2,4-dinitroaniline by reaction with the appropriate acid 
chlorides4-8.  Compounds 1-3 were isolated in 40-70% yields after recrystallization and 
were characterized by 1H NMR, infrared spectroscopy, mass spectrometry and elemental 
analysis. 

The receptors were required to contain electron withdrawing nitro substituents 
and/or electron poor phenanthroline rings that would render the amide N-H protons more 
acidic, thereby promoting the key anion-to-receptor interactions.  In addition, the more 
recognition sites would increase the stability of the anion-receptor complex.  In the case 
of receptors 1, 2 and 3, these electron poor/withdrawing effects were expected to take 
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place efficiently and lead to high binding affinities. 
As a test of the above hypothesis, the fluoride, chloride, bromide and iodide anion 

binding properties of the receptors were studied by UV spectroscopy in CH3CN using the 
tetra-n-butylammonium (TBA) salts of the anions in question.  Figure 2 shows the 
spectroscopic changes observed when receptor 1 is treated with increasing concentrations 
of TBAF.  In this case, the peak at 265 nm decreased upon the addition of TBAF, a new 
peak at 320 nm appeared with saturation being observed after the addition of ca. 25 equiv. 
Figure 3 shows the spectroscopic changes observed of receptor 3.  The peak at 285 nm 
decreased and a new peak at 340 nm appeared upon the addition of TBACl, with 
saturation of ca. 3 equiv in this case.  From Job-plot analysis, these spectral changes are 
ascribed to the formation of 1:1 complex between the receptor and fluoride or chloride 
anion.  Standard curve-fitting procedures were then used to derive binding constants9.  
The resulting values are collected in Table 1. 

Receptor 1 displayed higher affinities (Table 1) for various anions than 2, which is 
not really surprising, because the more recognition sites of 1 lead increase in the stability 
of anion-receptor complex.  Besides, we also found that 1 and 2 are selective for the 
smaller fluoride anion over other putative anionic guest species.  As to receptor 3, its 
absorbance spectroscopy did not show an evident change upon the addition of TBAF, 
because that the size of fluoride anion is too small to coordinate with the two amide N-H 
groups simultaneously.  But it displayed a very high affinity (Table 1) for chloride 
anion.  Relative to 1 and 2, the greater “success” for chloride and bromide of 3 is due to 
the greater electron deficiency of phenanthroline and the dinitro substitutes which lead 
increase of its hydrogen bond-donating character. 
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