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 Abstract: A colorimetric anion sensor of methyl-3-(2-hydroxy-5-nitrophenyl amino)-3-
phenylpropanoate bearing –OH and –NH groups as binding sites and nitrophenyl as a 
signaling unit, has been successfully accomplished. The compound functioned as a 
colorimetric chemosensor for H2PO4

– and AcO–, in particular, the sensor showed 
significant naked-eye detectable color change from colorless to light yellow. In contrast, 
no color change was detected upon addition of other anions such as SO4

2–, NO3
–, and 

CIO4
–. The anion sensing ability of the sensor was further investigated by UV-Vis 

absorption spectroscopy in acetone. Characteristic UV-Vis spectra changes were revealed 
upon addition of H2PO4

– and AcO–. 
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■ INTRODUCTION 

The development of colorimetric chemosensors 
capable of recognizing biologically important anions has 
received great attention. Molecules containing NH 
fragments, such as amines, amides, sulfonamides, 
ureas/thioureas, pyrroles/calixpyrrole, and imidazoliums 
groups have been widely used as binding sites for the 
detection of anions or toxic metal ions via hydrogen 
bonding interactions [1-4]. Likewise, compounds 
containing –OH group have been reported for colorimetric 
sensing of anions with successive color changes utilizing 
hydrogen-bonding ability of alcohol and phenolic -OH 
groups with different anions [5]. Chromogenic signaling 
units, such as a nitrophenyl group is frequently linked 
covalently to the sensor moiety. The presence of an 
electron-withdrawing nitro (NO2) group enhances the 
acidity of the anion recognition moiety to the sensors, 
which enables the deprotonation of the hydrogen bond 
donor followed by the donation of the proton to the 
anions [6-9]. Suryanti et al. [10] have reported fluoride 
and cyanide anion sensors based on N-acetyl glyoxylic 
amides, which have two NH groups as anion binding sites 
and a nitrophenyl moiety as a signaling unit. These 

compounds also have been reported as a receptor for 
anions HSO4

−, Cl−, Br− and NO3
− [11]. 

Application of organic compounds as colorimetric 
chemosensors in biomedical and environmental 
sciences has been reported. A Schiff base derivative of 
cinnamaldehyde, 4-chloro-2-[(3-(4-(dimethylamino) 
phenyl)allyl-dene)amino]phenol, has been established 
as a colorimetric Ni2+ sensor in aqueous solution [12]. A 
cinnamaldehyde derivative, methyl-3-(2-hydroxy-5-
nitrophenyl amino)-3-phenylpropanoate 4 has been 
prepared by a three-step synthetic reaction from 
cinnamaldehyde (Scheme 1) [13]. Cinnamaldehyde 1 
was oxidized into cinnamic acid 2, followed by 
esterification reaction with methanol to give methyl 
cinnamate 3. The addition reaction of methyl cinnamate 
with 2-amino-4-nitrophenol produced compound 4, 
which comprises amine and hydroxyl groups as anion 
binding sites and nitrophenyl moiety as a signaling unit. 
This compound was expected to bind to anions via 
strong hydrogen bond functionalities on amine and/or 
hydroxyl moiety. In this work, we report the 
colorimetric sensing of compound 4 towards a variety of 
oxyanions, such as H2PO4

−, AcO−, SO4
2−, NO3

−, and ClO4
−. 
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Scheme 1. Reagents and reactions: (i) (C2H5)2O, H2O, Polysorbate 20, CrO3, 6 h, r.t. (ii) CH3OH, sat. HCl, reflux, 6 h. 
(iii) CH2Cl2, reflux, 48 h 
 
■ EXPERIMENTAL SECTION 

Materials 

All anions in the form of tetrabutylammonium salts 
were purchased from Sigma–Aldrich Chemical Company 
and used without further purification. All reagents and 
solvents employed were of analytical grade and also used 
without further purification. 

Instrumentation 

The UV-Vis spectra were recorded on a UV-Vis 
Shimadzu Lambda 25 spectrophotometer at room 
temperature. The 1H NMR spectra were measured with an 
Agilent VNMR 400 MHz instrument at 25 °C. The ESI 
mass spectrum was recorded on a Waters LCT XE ESI-
TOF. 

Procedure 

Synthesis of Methyl-3-(2-hydroxy-5-nitrophenylamino) 
-3-phenylpropanoate (4) 

The synthesis of compound 4 was accomplished 
based on previously published procedures using 
cinnamaldehyde as a starting material [13]. The first step 
was the oxidation reaction of cinnamaldehyde 1 with 
chromium trioxide (CrO3) in diethyl ether and water in 
the presence of polysorbate 20 as phase transfer catalyst to 
give cinnamic acid 2. The reaction was then followed by 
esterification of the acid with methanol under reflux for 6 h 
in the presence of concentrated HCl. The last step was the 
reaction between 2-amino-4-nitrophenol with the ester 3 
in dichloromethane under reflux for 48 h to give the 
compound 4. This procedure gave compound 4 in 65% 
yields and m.p. 80 °C. 1H NMR (400 MHz, CD3OD): δ 
3.62 (s, OCH3, 3H), 6.51 (d, Ar-CHCH, J=16 Hz, 2H), 6.75 
(m, Ar-CHCH, J=8.7 Hz, 1H), 7.37 (dd, 3 x Ar-H, J=10.9, 

8.1 Hz, 3H), 7.50 (dd, J=10.9, 8.1 Hz, 1H), 7.56 (m, 3 x 
Ar-H, 3H), 7.67(m, Ar-H, 1H). MS (ESI-TOF) m/z 
calculated for C16H16N2O5 (M−H)− 315.3007. Found 
315.3002. 

Anion binding studies 
A solution of compound 4 in acetone with a 

concentration of 10-5 M was added with 10-3 M oxyanion 
(as tetrabutylammonium salts) solution with variations 
amount of moles equivalent to compound 4 (0-10 moles 
equivalent). The resulting product was then analyzed by 
naked eye and characterization using UV-Vis 
spectroscopy. 

Computational studies 
The molecular structure of compound 4 which has 

the most stable conformation was reacted with AcO− or 
H2PO4

− ions. The interaction that occurs was calculated 
using ONIOM with the method HF/basis set 6-311G (d, 
p) as a low layer and the DFT/cc-PVDZ method as a high 
layer. The result was a log archive which was used for 
UV-Vis characterization. 

Statistical Analysis 

Experimental results were performed in triplicate, 
and the data were presented as mean ± SD. The results 
were compared by one-way ANOVA. The difference 
was considered as statistically significant if p ≤ 0.05. 

■ RESULTS AND DISCUSSION 

Since protic solvents will compete with anions in 
forming hydrogen-bonding interaction with the sensor, 
the colorimetric sensing ability of compound 4 was 
performed in aprotic solvents, such as acetone. The 
anions were added as their tetrabutylammonium salts to 
compound 4 solutions  (1 × 10-5 M).  The visible color  
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Fig 1. Color changes observed for compound 4 in acetone upon addition of the anions as TBA salts: H2PO4

− (upper) 
and AcO− (lower) 
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Fig 2. The absorption spectra of compound 4 (1 × 10–5 M) 
in acetone solution upon addition of 4 eq. of anions as 
TBA salts, such as H2PO4

−, AcO−, SO4
2−, NO3

−, and ClO4
− 
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Fig 3. The absorption spectra of compound 4 (1 × 10–5 M) 
in acetone solution upon the addition 0-10 eq. of 
tetrabutylammonium dihydrogen phosphate 

 
and the UV-Vis spectral changes towards anions were 
studied. Since peaks of protons from –OH and –NH 
groups did not appear in 1H NMR spectra, the 
colorimetric sensing ability of sensor 4 was not monitored 
by 1H NMR Spectroscopy. 

Visual Color Change Observation 

A solution of compound 4 changed from colorless 
to faint yellow upon the addition of 1 eq. of H2PO4

− or 2.0 
eq. of AcO−. The coloration of the solution was intensified 
with increasing anions concentration. The color changes 
of compound 4 upon the addition of H2PO4

− or AcO− ions 
were detected by the naked eye. The representative 
photographs showing the color change of solutions of 
compound 4 by H2PO4

− or AcO− ions are shown in Fig. 1. 
Under similar experimental conditions, the addition of 

SO4
2−, NO3

− or ClO4
− to the solution of compound 4 did 

not exhibit any naked-eye detectable color change. 

Anion Recognition Studies by UV-Vis Spectroscopy 
and Computational Methods 

As preliminary studies, the spectroscopic 
behaviors of compound 4 in acetone were investigated 
upon addition 4 eq. of various anions, such as H2PO4

−, 
AcO−, SO4

2−, NO3
−, and CIO4

−. One characteristic 
absorption peak for UV–Vis spectra of compound 4 was 
observed at 379 nm in the absence of anions. As shown 
in Fig. 2, compound 4 reveals insignificant perturbation 
upon addition of 4 eq. of NO3

− and ClO4
−. In contrast, 

significant UV-Vis absorption spectra changes were 
noticed in the presence of H2PO4

− where the absorption 
band at 379 nm disappeared, and a new absorption band  
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Scheme 2. Resonance structure of the deprotonated form of compound 4 

 
appeared at 475 nm. In the presence of AcO−, the 
absorption peak at 379 nm moved to 456 nm. Meanwhile, 
the UV-Vis absorption spectra increased upon addition of 
4 eq. of SO4

2−. The sensing abilities of the sensor towards 
H2PO4

−, AcO− and SO4
2− were then studied by UV-Vis 

titration experiments. 
The UV-Vis absorption spectra changes were 

obtained upon addition of increasing amount of H2PO4
− 

ions to the acetone solution of sensor 4 (Fig. 3). The 
absorption peak at 379 nm gradually decreases its 
intensity, and a strong absorption peak gradually 
appeared at 469 nm. These new absorption peaks existed 
upon addition of 1 eq. of H2PO4

−. Furthermore, the color 
change from colorless to faint yellow could be detected by 
naked eye for the solution of compound 4 along with the 
addition of H2PO4

− ions. A clear isosbestic point at 401 
and 402 nm was observed during the titration process 
between the compound 4 and H2PO4

− ion, respectively. 
The development of new bands and the presence of a clear 
isosbestic point can be explained by initial hydrogen bond 
formation between H2PO4

− and NH and OH groups 
followed by deprotonation which subsequent 
intramolecular charge-transfer (ICT) transitions within 
the whole structure of the sensor 4 (Fig. 4 and Scheme 2) 
[14-15]. 

A similar phenomenon of UV–Vis absorption was 
also observed upon addition of AcO− to a solution of 
compound 4 (Fig. 5). As the concentration of AcO− was 
increased, the absorption peak at 379 nm disappeared 
while a new absorption peak at 456 nm developed. This 
new absorption peak appeared upon addition of 2 eq. of 
AcO−. These spectral characteristics were also 
accompanied by a visual color change of the solution from 
colorless to faint yellow upon addition of AcO−. These  
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Fig 4. Proposed initial hydrogen bonding interactions 
between compound 4 and H2PO4

− (a) or AcO− (b) 
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Fig 5. The absorption spectra of compound 4 (1 × 10–5 M) 
in acetone solution upon the addition 0-10 eq. of 
tetrabutylammonium acetate 

results suggest that AcO− initially formed hydrogen 
bonding interactions with sensor 4, followed by 
deprotonation of compound 4 upon further addition of 
AcO− with the subsequent ICT transitions within the 
entire structure of the compound 4 (Fig. 4 and Scheme 2) 
[16]. However, an approximate isosbestic point at 392 nm 
was observed during the titration process, indicating 
that deprotonation was not complete and the hydrogen-
bonded complex and the deprotonated compound 4 
were both existed. 
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Fig 6. The absorption spectra of compound 4 (1 × 10-5 M) 
in acetone solution upon the addition 0-10 eq. of 
tetrabutylammonium sulphate 

The possibility of deprotonation occurs in –OH 
proton because the electronegativity of oxygen atom is 
greater than that of nitrogen atom so that the partial 
positive charge of hydrogen atom will be more easily 
removed from the oxygen atom compared to the nitrogen 
atom. The –OH proton (the partial positive charge) 
interacts strongly with oxyanion (a negative charge). In 
addition, -OH group also facilitates the withdrawal of 
electrons by NO2 groups. Consequently, the hydrogen 
atom is easily separated from the oxygen atom. The loss 
of the –OH proton causes electron delocalization in the 
structure of compound 4 to a more stable form (Fig. 4). 

Under similar experimental conditions, increasing 
of UV-Vis absorption spectra were found in the addition 
of less basic anion such as SO4

2− (Fig. 6). However no 
changes in absorption peaks of UV-Vis spectra. These 
findings implied that SO4

2− formed weak hydrogen 
bonding interactions with compound 4, which was not 
able to pursue deprotonation of compound 4. Hence, no 
visible color changes were observed. On the contrary, the 
addition of weakly basic anions such as NO2

− and ClO4
− 

did not show any noticeable spectra or color changes 
which suggest no interaction or complexation of these 
anions with compound 4. 

Computational data revealed that the UV-Vis 
spectrum of compound 4 gave an absorption peak in the 
wavelength of 306.35 nm. The interaction of compound 4 
with anions causes a shift in the wavelength to 544.34 and 

560.11 nm for AcO− and H2PO4
−, respectively. The UV-

Vis spectra resulting from the interaction of compounds 
4 with AcO− and H2PO4

− oxyanion caused a longer 
(bathochromic) wavelength shift. This indicates that an 
electronic structure of compound 4 changes due to 
conformational changes due to the addition of AcO− and 
H2PO4

− to receptor compounds. The UV-Vis spectra 
shift since the presence of oxyanion is related to the 
formation of hydrogen bonds and/or deprotonation 
between the ions with the protons of -NH and -OH 
groups which causes a decrease in energy for electronic 
transition through delocalization. 

In the experiment data, the interaction of receptor 
compounds with anions causes a shift in the wavelength 
to 410 and 475 nm for AcO− and H2PO4

−, respectively. 
The wavelength difference occurred in the experiment 
with the theory from computational data was related to 
the difference in oxyanion used. The wavelengths that 
have been produced experimentally and the theory have 
the corresponding results where the addition of AcO− 
and H2PO4

− oxyanions can shift the wavelength towards 
the visible area. 

Compounds 4 were selective for H2PO4
− and AcO− 

over other oxyanions such as SO4
2−, NO3

−, and ClO4
−. 

This can be explained by basicity and/or the hydrogen 
bonding ability of the anions. Among the tested 
oxyanions, the order of basicity of oxyanions was AcO− 
> H2PO4

− > SO4
2− > NO3

− > ClO4
−. As the basicity and 

hydrogen bonding ability of H2PO4
− and AcO− are 

higher than that of the rest of the tested anions, they 
provide strong hydrogen bonding interactions and 
undergo deprotonation reactions with compound 4 [17-
18]. Meanwhile, SO4

2− established weak hydrogen 
bonding interactions with compound 4, which was not 
able to undertake deprotonation reactions. Conversely, 
the weakly basic anions such as NO3

− and ClO4
− were 

unable to establish hydrogen bonding interactions nor 
deprotonation reactions. 

Interestingly, the deprotonation of compound 4 
took place at higher concentrations of AcO− than that of 
H2PO4

−. This was an unexpected result as the AcO− has 
higher basicity than that of H2PO4

− which should have 
considered greater hydrogen bond donor capacity to the 
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NH and/or OH groups. The selectivity of the anions 
toward sensor 4 can be explained on the degree of shape 
complementarity between the host and anionic guests. 
Thus, sensor 4 employs better affinities for H2PO4

− with 
tetrahedral geometry than that of AcO− with planar Y-
shaped geometry [19-20]. 

■ CONCLUSION 

We have developed a novel colorimetric sensor 4 
based on an organic compound from cinnamaldehyde 
containing NH and OH groups as binding sites and a 
nitrophenyl moiety as a signaling unit. Compound 4 was 
selective for H2PO4

− and AcO− over other examined 
oxyanions. Both anions exhibited hydrogen bonding 
interactions with the compound 4 and induced 
deprotonation of the sensor 4. The subsequent 
intramolecular charge-transfer transitions of the 
compound 4 then occurred resulting in the visible color 
and the UV–Vis spectra changes. However, the sensor 4 
showed better affinities for tetrahedral geometry of 
H2PO4

− than that of Y-shaped geometry of AcO−. These 
results showed that the organic compound based 
cinnamaldehyde derivative could provide a very 
important application in anion recognition and sensing of 
chemical, environmental and biological systems. 
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