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a b s t r a c t

2-Arylethynyl anilines undergo very fast reaction (5 min) with nitrite ions in aqueous acidic media to
produce 4(1H)-cinnolones which exhibit yellow color and UV absorbance at 391 nm. This reaction is irre-
versible and has been successfully tested for the detection of nitrite ions in water at ppm concentration.
Thus, 2-phenylethynyl aniline serves as a chemodosimeter. An efficient and general method for the syn-
thesis of 4(1H)-cinnolones has been developed based on this reaction.

� 2010 Elsevier Ltd. All rights reserved.
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Scheme 1. Reaction of nitrite with 2-arylethynyl aniline.
The nitrite contamination in food, beverages, and drinking
water is of growing concern1 as nitrite reacts with dietary compo-
nents in the stomach to generate toxic and carcinogenic nitroso-
amines.2 Another potential danger of entry of nitrite ions in the
blood stream is its capability to convert oxyhemoglobin into met-
hemoglobin and thereby interfering with oxygen transport in the
blood.3 As defined by US Environmental Protection Agency (EPA)
the maximum content of nitrite ions in drinking water should
not exceed 1 ppm.4 Thus, even a trace amount of nitrite is harmful
to human health.

Various methods have been developed to detect the presence of
nitrite ions, based on organic chromophores,5 florophores,6 and ion
chromatography7 among others.8 However, these methods usually
require sophisticated and expensive instruments and thus restrict
their use in rural areas. Thus an easy-to-use colorimetric sensor is
more helpful for an on-the-spot survey. Recently, a noncross-link-
ing colorimetric nitrite sensor using 4-aminothiophenol modified
gold nanorods9a and gold nanoparticle probes9b have been re-
ported. We report herein a new chemodosimeter, 2-arylethynyl
aniline which undergoes fast reaction with nitrite ions to form
4(1H)-cinnolones displaying a yellow color (Scheme 1). Although
application of chemodosimeter in sensing other ions such as CN�

and F� is common10 similar use for the nitrite ions is rare.
In a typical experiment,11 2-phenylethynyl aniline was treated

with NaNO2/HCl(2 N) at 0–5 �C to produce 3-phenyl-4(1H)-cinnol-
ones with an immediate change of color to yellow from colorless.
ll rights reserved.

: +91 3324732805.
The change of color is clearly visible up to 10 ppm concentration
of nitrite ions.
Figure 1. UV spectroscopic studies for nitrite sensing (L = 2-phenylethynyl aniline,
10�4 M in H2O).
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Figure 2. Fluorescence studies for nitrite sensing (L = 6-methoxy-2-naphthylethy-
nyl aniline, 10�6 M in H2O).

Figure 3. Colorimetric studies for nitrite sensing (L = 2-phenylethynyl aniline,
10�4 M in H2O).
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The end products, 3-phenyl-4(1H)-cinnolones show a charac-
teristic UV absorption at 391 nm (Fig. 1). We next turned our atten-
tion on fluorescence studies. It was found that starting compound,
2-phenylethynyl aniline as well as the product, 3-phenyl-4(1H)
cinnolone is not fluorescence active. However, we discovered that
Table 1
Synthesis of 3-aryl-cinnolones
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6-methoxy-2-naphthylethynyl aniline shows strong fluorescence
emission at 401 nm (excitation at kmax 315 nm), whereas the corre-
sponding cinnolone obtained by reaction with nitrite was com-
pletely fluorescence inactive (Fig. 2).

This property was successfully utilized for the detection of ni-
trite ions at a very low concentration (<1 ppm). The effect of a wide
variety of other ions including F�, Cl�, Br�, I�, N3

�, PO4
3�, OAc�,

SCN�, SO4
2�, and NO3

� has also been investigated in the sensing
process of nitrite by this reaction.

Remarkably, in an experiment in absence of nitrite ion none of
these ions even at a higher concentration (1000 ppm) shows any
change of color (Fig. 3) or UV absorption at 391 nm ( Fig. 1) or
quenching of fluorescence emission at 401 nm (Fig. 2). The pres-
ence of these ions in the test sample containing nitrite ion also
N
H

N

O

l

min

Product Yielda

N
H

N

O

92

N
H

N

O
Me

90

N
H

N

O
Cl

95

N
H

N

O
Me

Cl

92

N
H

N

O

NC

Cl

95



Table 1 (continued)

Entry Substrate Product Yielda
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a Yields refer to those of pure isolated products characterized by spectroscopic data (IR, 1H NMR, 13C NMR and HRMS).
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does not interfere in the detection process. For an on-the-spot sur-
vey when a paper strip soaked with 2-phenylethynyl aniline and
aqueous HCl was quenched with a drop of sample, the presence
of nitrite was immediately reflected by a change of color to yellow.
The presence of other ions has absolutely no effect.

The 4(1H)-cinnolines, have received considerable attention in
recent times because of their promising biological activities.12 Sur-
prisingly, a few methods have been available for the synthesis of
cinnolines.13

The direct method for the synthesis of cinnolones is rare. We
have found only one report of their synthesis by electrochemical
reduction of cinnolines.14 Considering the importance of cinnol-
ones, we standardized the basic reaction of 2-phenylethynyl ani-
line and nitrite toward a general procedure15 for the synthesis of
4(1H)-cinnolones. Several 2-arylethynyl anilines which are ob-
tained by the Sonogashira coupling of 2-iodoanilines and aryl acet-
ylenes in water by a standard procedure,16 were converted into the
corresponding 3-aryl-4(1H)-cinnolones by this procedure.15 The
results are summarized in Table 1. A variety of substituted phenyl
and naphthyl-ethynyl anilines participate in this reaction and sev-
eral functional groups such as Cl, CN, and OMe are compatible with
the reaction conditions. The reactions in this two-step procedure
starting from 2-iodoanilines to 3-aryl-4(1H)-cinnolones were car-
ried out in aqueous medium and a minimum amount of relatively
safe17 ethyl acetate was used for extraction and crystallization. The
compounds are obtained in high purity on recrystallization and
were characterized by spectroscopic data (IR, 1H NMR, 13C NMR
and HRMS).
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Scheme 2. Possible reaction pathway.
In general, the reactions are very fast, clean and high yielding.
The possible reaction pathway involves diazotization of the ethy-
nyl anilines followed by hydration of ethynyl moiety and subse-
quent cyclization to provide the 4(1H)-cinnolones, as outlined in
Scheme 2.

In conclusion, we have developed a simple tool for sensing ni-
trite ions selectively in presence of other ion contaminants by vi-
sual color change, UV absorption, and fluorescence emission,
based on a key reaction of 2-arylethynyl aniline and nitrite in
acidic aqueous medium. This kit is also effective on a paper strip
for an on-the-spot survey without any instrument at low concen-
tration of nitrite ions (10 ppm). This reaction has been utilized to
develop a general procedure for the synthesis of 4(1H)-cinnolones
which are pharmaceutically very important. To the best of our
knowledge, this is the first direct method for the synthesis of
4(1H)-cinnolones. In addition, the significant advantages of high
yield, fast reaction, reaction in aqueous media, and ambient tem-
perature make this procedure very attractive.
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