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1. INTRODUCTION 

Development of artificial receptors for the selective detection of 

biologically and environmentally relevant anions and metal ions 

has attracted considerable attention in recent years.
1,2

 Among the 
anions, fluoride ions play important role in treatment in dental 

decay and osteoporosis. However, the excess of fluoride ions can 

lead to several diseases such as fluorosis, gastrointestinal and 

kidney disorders. Among the various metal ions, copper ions play 
significant role in many fundamental biological processes and 

enzyme-catalysed reactions involving superoxide dismutase, 

cytochrome c oxidase and tyrosinase. Moreover, Cu
2+

 is an 

environmental pollutant and its excess amount can cause serious 
health problems such as Alzheimer’s and Parkinson’s diseases. 

Hence, there has been continuously growing interest to design 
new sensors for F

-
 and Cu

2+
 ions.

3,4
 

Recently, dipyrromethane and its derivatives have been found to 
show great potential for the design of receptors for anion and 

metal ion recognition. Sessler and co-workers synthesized 
various dipyrromethane based receptors which showed selective 

recognition of hydrogen sulphate, acetate, dihydrogen phosphate 
and pyrophosphate ions.5 Jurazak and co-workers reported the 

binding ability of a series of 7,7’-diurido-2,2’-diindolylmethane 

derivatives towards H2PO4
-
 ion.

6
 Azamacrocyclic and 

azacryptand receptors containing dipyrromethane units were 

reported by Mani and co-workers showing their ability to bind 

fluoride ion.
7
 Majerski and co-workers synthesized various 

admantane based dipyrromethane derivatives which were 
selective for fluoride and acetate ions.

8
 Pandey and co-workers 

reported the binding ability of meso-glycosyl dipyrromethane 

derivatives which exhibited fluorescent ‘turn on’ and ‘turn off’ 

signaling for Cd
2+

 and Cu
2+

 ions.
9 

Our research group has considerable interest in anion and metal 

ion recognition.10 Herein, we report a novel and easily accessible 

dipyrromethane based receptor as a colorimetric sensor for the 

dual sensing of F
-
 as well as Cu

2+
 ions which can be used for the 

naked eye detection of these ions in acetonitrile solution. 

2. RESULTS AND DISCUSSION 

2.1. Synthesis 

The dipyrromethane based receptor 4 was synthesized by 
following the sequence of reactions given in Scheme 1. 

Treatment of acetophenone 1 with pyrrole in the presence of HCl 
in water resulted in the formation of meso-methyl-meso-phenyl-

2,2’-pyrromethane 2.
11

 The Vilsmeier reaction of compound 2 
gave compound 3.12The  refluxing of the acetonitrile solution of 3 

and p-nitrophenylhydrazine in 1:1 molar ratio led to the 
formation of compound 4. 

 

 

Scheme 1. Synthesis of dipyrromethane based receptor 
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A novel dipyrromethane based receptor has been synthesized. It works as a highly selective 

colorimetric sensor for F
− 

andCu
2+ 

ions, which can be used for their necked eye detection with 

evident colour change of its solution. 
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2.2. Ions binding studies 

The anion binding property of receptor4 was investigated by UV-

Vis titration method. The change in the absorbance bands after 

addition of Bu4N
+
X

−
 (X = F, Cl, Br, I, HSO4, H2PO4, CH3COO) 

to the solution of receptor was monitored to determine the 
binding affinity of this receptor towards anions. 

Receptor 4 showed the highest selectivity towards F
-
 ion. The 

binding affinity of receptor 4 towards F
-
 anion was investigated 

by monitoring the absorbance changes on addition of Bu4N
+
F

−
 (1 

mM) to the solution of compound 4 (1 × 10-5 M) in CH3CN. As 

shown in Figure 1, the absorbance bands at 295 and 420 nm 
decreased and a new band around 531 nm developed with a 

isosbestic point at 462 nm, on incremental addition of F
-
 ion (0-

1.2 equiv). 

 

 

 

Figure 1: Absorbance spectra of compound 4 (1 × 10
-5

 M) in 
CH3CN in the presence of F

- 
ion (0-1.2 equiv). 

 

The binding constant was calculated using Hildebrand-Benesi 

equation
13

. The plot with A0/(A-A0) vs [G]
−1

 showed good linear 

relationship with correlation coefficient (R
2
) = 0.99. The binding 

constant was obtained from the ratio of the y-intercept to the 

slope and found to be 6.02 × 10
3 

M
−1 

(Fig. S8a). The Job’s plot 
indicated the 1:1 complex formation between receptor 4 and F

−
 

ion (Fig.S8b). 

Significant spectral changes were also observed in the UV-Vis 

spectrum of receptor 4 on addition of H2PO4
−
 anion (Fig. 2). As 

shown in Figure 2, the absorbance bands at 300 and 420 nm 

decreased and a new band around 450 nm developed with two 

isosbestic points at 436 and 560 nm, on incremental addition of 

H2PO4
−
 ion (0-1.5 equiv). The binding constant was found to be 

3.39 × 10
3 

M
−1 

(Fig. S9a) with 1:1 complex formation between 

receptor 4 and H2PO4
− anion (Fig. S9b).  

 

 

 

Figure 2: Absorbance spectra of compound 4 (1 × 10
-5

 M) in 
CH3CN in the presence of H2PO4

-
 ion (0-1.5 equiv). 

 

However, no measurable change in its spectrum on addition of 

Cl
−
, Br

−
, I

−
, HSO4

−
 and CH3COO

−
 anions was observed, 

suggesting no or very weak binding for these anions to receptor 
4. The colorimetric anion sensing ability of sensor 4 was 

examined by the anion-induced colour changes in the solution of 
sensor 4 in acetonitrile before and after the addition of an anion. 

Sensor 4 showed significant colour change in the presence of 
fluoride. Upon addition of 0.3 equivalents of fluoride ion 

(TBAF), the pale yellow solution of receptor 4 became violet, 
which can be used for the “naked-eye” detection of this anion. In 

the case of dihydrogen phosphate ion (TBAH2PO4), the pale 
yellow solution of receptor 4 became dark yellow after 5 equiv 

addition. No colour change was observed on addition of other 
anions such as chloride, bromide, iodide sulphate and acetate 

ions even up to 8 equiv (Fig. 3).  

 

5 F- Cl- I- H2PO4
-

Br- HSO4
-AcO-

 

Figure 3:  Photograph of receptor 4 (1× 10
−5

 M) in CH3CN and 
after addition of 0.3 equiv of F

−
, 5 equiv H2PO4

−
 and 8 equiv of 

Cl
−
, Br

−
, I

−
, HSO4

−
, CH3COO

− 

 

The mode of binding of F
-
 ion with compounds 4 was ascertained 

by 
1
H NMR spectroscopy. After addition of F

-
 ion to the solution 

of compound 4 (10 mM) in CD3CN, N-H protons of pyrrole ring, 

amino and –N=CH protons of hydrazone group shifted downfield 

(Fig. 4), indicating their involvement in H-bonding with F
-
 ion. 

The NMR showed fast disappearance of –NH protons, however, 

there was no peak observed for HF2
-
 at 12-16 ppm. 

 

 
 
Figure 4: (i) Proposed mode of binding of F

- 
with 4 based on 

NMR data (ii) Partial 
1
H NMR spectra (300 MHz, CD3CN, δ in 

ppm) of 4 showing chemical shift change in the presence of 

incremental addition of TBAF (0-1.2 equiv). 

 

Receptor 4 also showed high selectivity towards Cu
2+

 ion as 

indicated by the change in the UV-Vis spectrum of receptor 4 on 
addition of different metal ions. The binding affinity of receptor 

4 towards Cu
2+

 ion was investigated by monitoring the 
absorbance changes on addition of Cu(ClO4)2 (1 mM) to the 
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solution of compound 4 (1 × 10

-5
 M) in CH3CN. As shown in 

Figure 5, the absorbance band at 295 increased and at 420 nm 

decreased. A new band at 597 nm developed with a sharp 
isosbestic point at 509 nm, on the incremental addition of Cu

2+
 

ion (0-1.2 equiv). 
 

 

Figure 5: Absorbance spectra of compound 4 (1 × 10
-5

 M) in 
CH3CN in the presence of Cu

2+
 ion (0-1.2 equiv). 

 

The plot with A0/(A-A0) vs [G]
−1

 showed good linear 
relationship with correlation coefficient R

2
 = 0.99. The binding 

constant for complex formation between receptor 4 and Cu
2+

 ion 

was found as Ka = 9.82 × 103 M−1 (Fig. S10a). The Job’s plot 

indicated the 1:1 complex formation between receptor 4 and Cu
2+

 

anion (Fig. S10b). However, no significant change was observed 
in the absorbance spectrum of compound 4 with other metal ions, 

suggesting no or very weak binding for these ions to receptor 4. 

The colorimetric metal sensing ability of sensor 4 was examined 

by the metal-induced colour change in the solution of sensor 4 in 
acetonitrile before and after the addition of a metal. Sensor 4 

showed significant colour change in the presence of Cu
2+

 ion. 
Upon addition of 0.2 equivalents of Cu2+ the pale yellow solution 

of receptor 4 became colourless (pale blue) which can be used for 
the “naked-eye” detection of this cation. No colour change was 

observed on addition of other metal ions even up to 5 equiv (Fig. 
6). 

 

14 Cu2+ Hg2+Zn2+
Li+Pb2+

Na+Cd2+ Mg2+Co2+

 

Figure 6:A photograph of (1× 10
−4

 M) soln of receptor 4 in 
CH3CN and after addition of 0.2 equiv of Cu2+ and 5 equiv of 

other metals. 
 

The mode of binding of Cu
2+

 ion with compounds 4 was 
ascertained by 

1
H NMR spectroscopy. After addition of Cu

2+
 ion 

to the solution of compound 4 (10 mM) in CD3CN, N-H protons 

of pyrrole ring and -NH and -CH protons of hydrazone group 

shifted downfield, which showed the binding of Cu
2+ 

ion with the 
receptor as shown in Figure 7. 

 

 

 
 

 

 

 

 

Figure 7: (i) Proposed mode of binding of Cu
2+ 

with 4 based on 

NMR data.(ii) Partial 
1
H NMR spectra (300 MHz, CD3CN, δ in 

ppm) of 4 showing chemical shift change in the presence of 
incremental addition of Cu2+ ion (0-1.0 equiv). 

 

3. CONCLUSION 

A dipyrromethane based receptor containing two p-
nitrophenylhydrazone groups has been synthesized. The receptor 

showed highly selective binding and colorimetric sensing 
towards F

-
 and Cu

2+ 
ions, which can be used for the naked eye 

detection of these ions. 
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Highlights 

 

� A dipyrromethane-based receptor 

containing two p-

nitrophenylhydrazone groups has 

been synthesized. 

� This receptor shows excellent 

colorimetric sensing for F
-
 as well as 

Cu 2+ ions. 

� The binding studies were carried out 

by UV-Vis and 
1
H NMR 

spectroscopy. 

�  The binding studies show 1:1 

complex formation in both cases. 

 


