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A simple propargylamide-fuctionalized chemodosimeter was prepared for the ratiometric fluorescence

detection of mercuric ions in HEPES buffer. The chemodosimeter exhibited Hg2+-induced propargyl amide-to-

oxazole transformation, with a significant accompanying ratiometric change in fluorescence. It afforded high

selectivity for mercuric ion detection without any competitive inhibition by common alkali, alkaline earth, or

other transition metal ions. The probe showed a 17 × 10−6 M detection limit for Hg2+ ions and potential

applicability for detecting aqueous Hg2+ ions.
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Introduction

As one of the heavy metals, mercury ion can severely

inhibit organisms' normal functioning.1 Its accumulation in

various areas of the human body2 can cause diseases in the

digestive, the cardiovascular, and notably the neurological

systems.3 In spite of stringent regulations designed to reduce

the industrial use of mercury, it remains an important

pollutant4 that affects natural and human environments.5

Although several fluorescent probes have been developed

that show changes of fluorescence intensity upon binding

with mercury ions,6-8 their accurate determination of mer-

cury ion concentrations is vulnerable to their environment.

Therefore, the development of a ratiometric probe for

mercury detection that exhibits fluorescence that is in-

susceptible to environmental changes would be beneficial.

This work reports a simple ratiometric probe for the

detection of mercuric ions through a mercury(II)-mediated

transformation of propargylamide to oxazole, which led to

highly selective ratiometric responses to mercuric ions in

HEPES buffer.9

Kuscheroff reactions of alkynes with water in the presence

of mercury(II) ions afford ketones.10 Several researchers

including the Koide's group employed such alkyne-to-

ketone conversion in the sensing of mercury ions.11 Recently

our group also reported an alkyne-based chemodosimeter for

mercuric ions that used the alkynophilicity of Hg(II) ions, in

which fluorescence was turned off in the presence of

Hg(II).12 To increase fluorescence in a probe and to induce

the ratiometric response, an alkyne-tethered simple benz-

amide (1) was designed (Fig. 1). Hg(II) ions were expected

to activate the alkyne and to induce a cyclization reaction to

afford an oxazole ring, a similar reaction to one reported

involving gold ions.13 Therefore, 1 was prepared here from

4-N,N-dimethylaminobenzoic acid by the modification of a

reported procedure.14

Experimental Section

General. 4-Dimethylaminobenzoic acid, oxalyl chloride,

and propargylamine hydrochloride were from Aldrich

Chemical Co. and used without further purification. Spectro-

scopic grade solvents for UV-vis and fluorescence spectro-

scopy were from Dae Jung Co. NMR measurements were

performed on Bruker Avance-300 (300 MHz) or Varian-200

(200 MHz) spectrometers using dimethyl sulfoxide (DMSO-

d6) or D2O solvents. All peaks are given as δ in ppm relative

to the residual solvent peaks as a reference; they correspond

to signals from compounds' nondeuteriated components.

UV-vis spectra were recorded with an Agilent 8453 spectro-

meter. Fluorescence spectra were measured on a Jasco FP-

6500 spectrophotometer. Mass spectra were recorded on a

G6401A MS-spectrometer. TLC analyses were performed

on silica gel plates and flash chromatography was conducted

using silica gel column packages from Merck.

Preparation of 1. 4-Dimethylaminobenzoic acid (825 mg,

5.0 mmol) and oxalyl chloride (2 M, 3.5 mL, 7.0 mmol)

were dissolved in 20 mL CH2Cl2 under N2 and stirred at

room temperature overnight. The solvent was then removed

under reduced pressure and replaced with 15 mL CH2Cl2.

The resulting mixture was added dropwise to a mixture of

propargylamine hydrochloride (686 mg, 7.5 mmol) and TEA

(1.5 g, 15 mmol) in 20 mL CH2Cl2 under N2 at 0 °C and

stirred overnight at room temperature. Volatiles were then

evaporated under reduced pressure and the residue was

purified by recrystalization in CH2Cl2, affording 1 as a white

solid (462 mg, yield 45%). 1H NMR (300 MHz, DMSO-d6)

δ 8.54 (t, 3J = 8.1, 1H), 7.72 (d, 3J = 12.9, 2H), 6.70 (d, 3J =

12.9, 2H), 4.01 (dd, 3J = 8.1, 4J = 3.6, 2H), 3.08 (t, 4J = 3.9,
Figure 1. Hg(II)-mediated transformation of a propargylamide (1)
into an oxazole (2).
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1H), 2.97 (s, 6H). 13C NMR (75 MHz, DMSO-d6) δ 166.3,

152.6, 151.7, 129.1, 120.8, 111.2, 82.4, 72.9, 28.7. HRMS

(m-NBA, FAB+) m/z obsd 203.1186 ([M+H]+, calcd 203.1184

for C12H15N2O).

Preparation of 2. 4-(Dimethylamino)-N-(prop-2-ynyl)-

benzamide (100 mg, 0.5 mmol) and mercuric chloride (203

mg, 0.75 mmol) were dissolved in 10 mL THF and stirred at

room temperature overnight. The solvent was then removed

under reduced pressure and the residue was purified by

column chromatography using CH2Cl2/MeOH (v/v 10:1, Rf

= 0.65) to afford 2 as a yellow solid (19 mg, yield 18%). 1H

NMR (300 MHz, DMSO-d6) δ 9.70 (s, 1H), 8.25 (s, 1H),

7.90 (d, 3J = 13.5, 2H), 6.84 (d, 3J = 13.8, 2H), 3.04 (s, 6H).

HRMS (m-NBA, FAB+) m/z 217.0979 ([M+H]+, calcd

217.0977 for C12H13N2O2).

General UV-vis and Fluorescence Spectral Measure-

ments. Since the chemosensor was not fully soluble in pure

water, a minimal amount of DMF was used to aid solubility.

A stock solution of 1 (10 mM) was prepared in DMF. UV-

vis and fluorescence spectra were obtained in 0.1 M HEPES

buffer at pH 7.4. Sample solutions for these measurements

were obtained by mixing an appropriate amount of the stock

solution of 1 (10 mM in DMF) with an aqueous stock

solution containing metal chlorides (20 mM) and then

diluting this mixture with buffer. An aqueous solution of the

desired concentrations of 1, metal ions, and buffer resulted.

Fluorescence measurements employed slit widths of 3 nm/3

nm.

Binding Stoichiometry Determination. The binding

stoichiometry of 1 with Hg2+ ions was determined using

Job’s plot.15 For which, a series of solutions with varying

mole fractions of metal ions were prepared with constant

total concentrations of 1 and Hg2+ ions (200 μM). Fluore-

scence emissions were measured at 322-700 nm for each

sample by exciting at 312 nm. Fluorescence intensity at 445

nm was plotted against the mole fraction of final analyte

solution.

Results and Discussion

Oxazole compound 2 was prepared in moderate yield by

the Kuscheroff reaction of 2 equivalents of mercury chloride

with 1, which was prepared by the Schotten-Baumann

reaction of propargylamine with (dimethylamino)benzoyl

chloride (Scheme 1). The chemosensing behavior of 1 was

investigated by UV-vis and fluorescence measurements.
1H NMR spectra were recorded before and after the

addition of the mercury chloride to 1 (Fig. 2).

After the reaction was complete, the product was charac-

terized by 1H NMR spectroscopy. Cyclization resulted in

new aldehyde (CHO) and oxazole (Hc) protons at 9.62 and

8.19 ppm, respectively; the signals from allyl (Ha, 4.02 ppm)

and alkyne (Hb, 3.08 ppm) protons disappeared, as did the

broad amide NH proton signal.

Time-dependent UV-vis and fluorescence spectra of 1

exhibited ratiometric changes when 1 (20 μM) was treated

with Hg(II) (5.0 mM) in HEPES buffer (0.10 M, pH 7.4).

The absorbance of 1 around 297 nm decreased and that at

326 nm gradually increased to afford an apparent isosbestic

point at 312 nm. The transformation of 1 to 2 was complete

within 12 min at 25°C, k = 1.8 × 10−1 M−1s−1 (Fig. 3).

The fluorescence spectrum of 1 in HEPES buffer (0.1 M,

pH 7.4) displayed moderate fluorescence intensity at 380

nm. Fluorescence spectra were not changed significantly in

the presence of representative alkali (Na+, K+), alkaline earth

(Ca2+), or other transition metal (Fe3+, Co2+, Cu2+, Zn2+,

Mn2+, Pd2+) ions (Fig. 4(b)).16 However, the addition of Hg2+

ions considerably increased fluorescence intensity and red-

shifted the signal from 380 to 445 nm (Fig. 4(a)).

Scheme 1. Synthesis of 1 and its Hg(II)-mediated cyclization.

Figure 2. Partial 1H NMR spectra of 1 (20 mM) upon the addition
of 2 equiv HgCl2 in DMSO-d6. (a) 1, (b) 1 + Hg2+, (c) 2.

Figure 3. Time-dependent UV-vis spectra of 1 (20 µM) in HEPES
buffer (0.1 M, pH 7.4). Inset: its kinetics.
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Opposite to Hg(II), Cu(II) and Fe(III) ions showed a hypo-

chromic effect on the fluorescence intensity of 1. The F445/

F380 fluorescence intensity ratios (Fig. 4(b)) clearly demon-

strate the prominent selectivity of 1 towards Hg(II) ions.

The fluorescence of 1 (20 μM) for Hg2+ signaling was

quantitatively investigated through F445/F380 ratio measure-

ments (Fig. 5) during titration with HgCl2 in HEPES buffer

(0.1 M, pH 7.4). With increasing concentrations of Hg2+

ions, the ratiometric fluorescence intensities of 1 increased

significantly before reaching a plateau. The linear range of

increasing signal intensity showed a standard deviation (σ =

0.15) of 1 in the absence of Hg2+ ions, its slope (m = 0.53, n

= 3) to afford the limit of detection of Hg(II) ions of 17 μM

(0.85 equiv. Hg2+ ions) at 3σ/m (Fig. 5, inset).

To determine the reaction stoichiometry between 1 and

Hg(II), a Job’s plot was carried out under the concentration

Figure 4. (a) Fluorescence spectra of 1 (20 µM) in HEPES buffer
(0.1 M, pH 7.4) upon the addition of various metal ions. (250
equiv, excitation at 312 nm). (b) Its ratiometric fluorescence inten-
sity (F445/F380).

Figure 5. Titration graph of 1 with Hg2+ ions. [1] = 20 µM in
HEPES buffer, λex 312 nm.

Figure 6. Job’s plot of 1-Hg2+, where the total concentrations were
maintained as [1] + [Hg2+] = 200 µM in HEPES buffer (0.1 M, pH
7.4).

Figure 7. Time-dependent 1H NMR spectra of 1 upon addition of
2 equiv HgCl2 and 2 in DMSO-d6/D2O (20:1, v/v). (A) 1, (B) 1 + 2
equiv Hg(II), 15 min, (C) 1 + 2 equiv Hg(II), 1 d, and (D) 2.

Figure 8. A proposed mechanism.
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condition of [1] + [Hg2+] = 200 μM in HEPES buffer. The

plot indicates that 1 reacted with 2 equivalents of Hg(II)

ions, showing that the 1:2 complex stoichiometry was main-

tained (Fig. 6).

To explore the reaction mechanism, time-dependent NMR

analysis was conducted (Fig. 7). 1 showed rapid formation

of vinyl mercurate in the presence of 2 equivalents of HgCl2
owing to activation of alkyne by a Hg(II) ion, which sub-

sequently reacted with water and a second Hg(II) ion to

afford a vicinal dimercurate species, similar to the gold ion-

mediated reaction.13b,c Slow reduction of the organomercu-

rate likely led to a stable aromatic oxazole compound, 2,

with an aldehyde functional group (Fig. 8).

Conclusion

A ratiometric chemodosimeter for toxic Hg(II) ions was

designed using an alkyne-functionalized simple benzene

derivative. Hg(II)-mediated cyclization resulted in highly

selective and ratiometric fluorescence responses toward the

Hg(II) ions over other metal ions. The sensor showed a

detection limit of 17 μM aqueous mercury ions.
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