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Light-driven Au(III)-promoted oxidative cleavage of triazole-

bearing amine derivatives is utilized for the detection of ionic 

gold in aqueous media. A bistriazole-bearing boron 

dipyrromethane (1BODIPY) exhibited selective and sensitive 

fluorescence enhancement by the addition of Au3+ and 

subsequent UV irradiation. 

Elemental gold is one of the most stable chemical species and has 

been used since prehistoric periods as a precious metal for the 

fabrication of jewelry due to its high chemical stability and lustrous, 

bright yellow color.1 Due to its superior processability and many 

other advantageous characteristics, gold is currently a very important 

material in many industrial fields as well as throughout basic 

science.2 Although metallic gold has high chemical stability, ionic 

forms of gold are very reactive and can be used to catalyze various 

organic reactions.3 During the last decade, gold-related chemistry 

has become particularly active in the field of transition metal 

catalysis. A large number of gold-catalyzed reactions have been 

developed due to the versatility and high efficiency of gold 

complexes.4 Early studies of gold catalysis mainly focused on the 

development of methodologies, but current research has expanded to 

include gold-catalyzed cascade reactions for the total synthesis of 

natural compounds.5 The most common pattern in gold-catalyzed 

organic reactions is the activation of alkyne groups due to the strong 

Lewis acidity of ionic gold complexes.1f, 6 Therefore, several gold-

sensitive chemosensors have been developed using the gold-

catalyzed activation of alkyne groups.7 Additionally, ionic gold 

compounds can work as oxidizing agents for some organic species 

due to their high redox potential.1g-i Recently, we discovered a 

unique Au(III)-promoted oxidative cleavage of triazole-bearing 

amine derivatives in aqueous media. In this paper, we report the 

light-driven Au(III)-promoted oxidative cleavage of triazole-bearing 

amine derivatives and its application in the detection of gold ions in 

aqueous media. Scheme 1 illustrates the concept of this experiment.  

 
Scheme 1. Schematic expression of light-driven Au(III)-promoted fluorescence 

enhancement.  

 
Scheme 2. Synthesis of 1BODIPY, 1Ph, 1Et. Reagents and conditions; i) TFA, Chloranil, 

Et3N, BF3-Et2O, CH2Cl2, 25 °C, 12 h, 14%; ii) Fe, HCl, THF, reflux, 7 h, 65%; iii) 

Propargyl bromide, K2CO3, Acetone, reflux, 12 h, 32%; iv) methyl 4-

(azidomethyl)benzoate, CuSO4.5H2O, Na ascorbate, THF, H2O, 60 °C, 7 h, 85%; v) 

Ethylamine, triethylamine, propargyl bromide, 0 °C, 60%. 
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The receptor moiety quenches the emission of fluorescence probe. 

The light-driven Au3+-promoted chemical reaction transform the 

chemical structure of receptor moiety and emission of fluorescent 

probe can be enhanced.  

A series of bis((1-(4-methoxycarbonylbenzyl)-1H-1,2,3-triazol-4-

yl)methyl)amine derivatives (1Ph, 1Et, and 1BODIPY) were synthesized 

from ethynyl-bearing precursors (4 - 6) and 4-

methoxycarbonylbenzyl azide through the Cu(I)-catalyzed ‘click’ 

reaction. The synthetic procedures are outlined in Scheme 2. Briefly, 

a boron dipyrromethane (BODIPY)-bearing nitrophenyl group (2) 

was prepared by the acid-catalyzed coupling of 4-nitrobenzaldehyde 

and 2,5-dimethylpyrrole, followed by an oxidation reaction in the 

presence of BF3OEt2. The nitro group of 2 was reduced to an amino 

group, which was then reacted with propargyl bromide to produce an 

ethynyl-bearing precursor (4). The other two ethynyl-bearing 

precursors (5 and 6) were obtained from the reactions of propargyl 

bromide with ethylamine and aniline, respectively. 

 
Figure 1. Fluorescence response of 1BODIPY (10 µM) to various metal cation 

additions (2 eq) in MeCN/H2O (1:1 v/v); a) without light irradiation; b) after 2 min 

of UV irradiation by UV-handy lamp (365 nm); 1: blank, 2: Fe
3+

, 3: Fe
2+

, 4: Au
3+

, 5: 

Hg
2+

, 6: Zn
2+

, 7: Pb
2+

, 8: Ca
2+

, 9: Co
2+

, 10: Mn
2+

, 11: Mg
2+

, 12: Cu
2+

, 13: Cd
2+

, 14: 

Al
3+

, 15: Cr
3+

, 16: Au
+
, 17: Ag

+
, 18: Na

+
, 19: Pt

2+
, 20: Pd

2+
, 21: Rh

2+
, 22: Ni

2+
, 23: K

+
, 

24: Ba
2+

, λex = 460 nm, λem = 515 nm. 

In this experiment, we choose BODIPY as the fluorescent probe 

for the detection of Au3+ because the fluorescence emission can be 

easily tuned by structural modification of BODIPY. Although 

BODIPY is a well-known fluorescent dye, the fluorescence quantum 

yield of phenylamine-bearing BODIPY is very low due to the 

photoinduced electron transfer (PET) from the lone pair electron in 

the amino group to the photo-excited BODIPY unit.8 1BODIPY also 

exhibits a very weak fluorescence emission (Φ = 0.006 in EtOH). 

Such PET-mediated fluorescence quenching is often utilized as a 

powerful tool for the design of chemosensors because the metal 

coordination to the lone pair electron can prevent the PET process.9 

In fact, several examples of amine-bearing BODIPY derivatives 

have been reported as turn-on fluorescent probes for the detection of 

metal ions.10 

Based on the above information, we tested the bindings of various 

metal ions to 1BODIPY (10 µM) in 50% aqueous MeCN. Two 

equivalents of various metal ions were added to 1BODIPY, and the 

mixture solutions were incubated for 20 min at 25 °C under dark 

conditions. None of these solutions showed any fluorescence 

enhancement or changes in their UV-Vis absorption. In contrast, 

when exposed to UV light, the solution containing Au3+ exhibited 

great change in absorption as well as fluorescence enhancement. The 

solution reached its maximum emission intensity within 2 min of 

UV irradiation by a UV-handy lamp (365 nm) (Figures 1, S1, and 

Supporting movie). Although the solution containing Au+ and Pd2+ 

also exhibited fluorescence enhancement, the reaction rates were 

relatively slower than that of Au3+ containing solution. When 

fluorescence changes were monitored by a fluorescence photometer, 

the emission intensity reached its maximum in about 500 s due to the 

narrow window of light exposure in the fluorescence photometer 

(Figure 2). 

 
Figure 2. Time dependent fluorescence changes of 1BODIPY with Au

3+
 upon the UV 

irradiation (365 nm), monitored at 515 nm. 

 
Figure 3. Au

3+
 concentration dependent fluorescence changes of 1BODIPY (10 µM) 

in MeCN/H2O (1:1 v/v). a) Fluorescence emission of 1BODIPY after 2 min of UV 

irradiation (upper) and fluorescence intensity of 1BODIPY (lower; λex = 460 nm, λem 

= 515 nm) after 2 min of incubation with/without of UV irradiation, b) emission 

spectra of 1BODIPY after 2 min of UV irradiation (365 nm), c) emission spectra of 

1BODIPY after 2 min of incubation without UV irradiation. 

Figure 3 exhibits Au3+ concentration-dependent fluorescence 

changes. 1BODIPY does not show a change in fluorescence upon 2 min 

of incubation without light irradiation, whereas strong fluorescence 

enhancement was observed upon 2 min of UV irradiation. The 

fluorescence intensity of 1BODIPY exhibits a linear correlation with 

the Au3+ concentration when the amount of Au3+ is less than 1 
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equivalent of 1BODIPY, indicating the detection limit of 1BODIPY to 

Au3+ is lower than 2.0 µM. 

The fluorescence enhancement of 1BODIPY by Au3+ was also 

confirmed in the presence of other metal ions. Two equivalents of 

Au3+ were added to a solution containing 1BODIPY (10 µM) and two 

equivalents of various metal ions, and the solutions were irradiated 

with UV light by a UV-handy lamp for 2 min. All solutions 

exhibited strong fluorescence enhancements, indicating that the 

fluorescence enhancement of 1BODIPY caused by Au3+ is not 

influenced by the presence of other metal ions (Figure S2). 
1H NMR study was carried out for 1BODIPY and its structural 

fragments to investigate the mechanism of photoinduced 

fluorescence enhancement. Due to solubility problems at high 

concentrations, the 1H NMR study was conducted using a 5:1 

mixture of CD3CN and D2O. A slight spectral shift of several proton 

signals was observed for 1BODIPY, 1Ph, and 1Et after the addition of 

excess Au3+. Upon careful observation, all proton signals with major 

spectral changes can be assigned to the protons neighboring the 

nitrogen atom in the tertiary amine group. For an example, as shown 

in Figure 4, the major spectral change of 1Ph appears at the phenyl 

and methylene protons. This indicates that the primary binding site 

of Au3+ is the nitrogen atom in the tertiary amine group. Similarly, 

proton signals in N,N-dimethylaniline also showed a spectral shift 

with the addition of Au3+. Once again, this indicates that Au3+ 

primarily binds to the tertiary amine group (Figure S3). Upon UV 

irradiation, a new set of proton signals was generated from the 1H 

NMR spectra of 1BODIPY, 1Ph, and 1Et containing Au3+. In contrast, 

N,N-dimethylaniline with Au3+ does not show any spectral change, 
even after lengthy UV irradiation, indicating that the triazole group 

plays a very important role in the photoinduced chemical reaction. 

Because the newly generated proton signals from 1BODIPY, 1Ph, and 

1Et exhibited the same chemical shifts (Figures S3 and 4), we expect 

that the photochemical reaction resulted in the same product from 

the Au3+ complexes of 1BODIPY, 1Ph, and 1Et. Therefore, the reaction 

product was isolated and identified. Two equivalents of Au3+ were 

added to the 1Ph solution (in a 5:1 mixture of CH3CN and H2O) and 

then the solution was irradiated with UV light for 20 min. The 

reaction mixture was chromatographed with a silica column. As 

result, we isolated an aldehyde-bearing triazole derivative (7; 

Scheme 3) as the major product, which was unambiguously 

characterized by Tollen’s test, 1H NMR, and HR-MS (Figures S4 

and 5). We propose that the formation of 7 involves an oxidative 

cleavage mechanism. As shown in Scheme 3, the 1Ph•Au3+ complex 

transforms into a conjugated imine structure via a cyclic 

intermediate. This is followed by a hydrolysis reaction which yields 

the product in 7. Although the 1Et•Au3+ complex also yielded the 

same product after UV irradiation, the reaction rate was relatively 

slow compared to that of 1Ph. The cyclic intermediate structures 

generated from the 1Ph•Au3+ and 1Et•Au3+ complexes would not be 

energetically different, but the conjugated imine structure obtained 

from the 1Ph•Au3+ complex would be much more stable compared to 

the 1Et•Au3+ complex due to its expanded π-conjugation. Therefore, 

we can conclude that UV irradiation accelerates the formation of the 

conjugated imine structure. 

The fluorescence enhancement of 1BODIPY can also be explained 

by this mechanism. If the oxidative cleavage reaction proceeded 

completely, 1BODIPY would yield aniline-bearing BODIPY and 7. In 

fact, after UV irradiation, the 1H NMR spectrum of 1BODIPY•Au3+ 

changes into a similar pattern with a mixture of 7, aniline-bearing 

BODIPY (3; Scheme 2), and Au+ ions (Figure S4). Therefore, we 

tested the fluorescence response of 3 after the addition of various 

metals. A slight fluorescence enhancement of 3 was observed after 

Au3+ and Au+ additions. However, the fluorescence intensity of 3 

after the addition of Au3+ was significantly weaker than that of UV-

irradiated 1BODIPY•Au3+ (Figure S6). This indicates the weak binding 

of metal ions to the amine group in a polar aqueous solution. 

Therefore, the observed strong fluorescence enhancement cannot be 

explained by the simple binding of a metal ion to the lone pair 

electron in the aniline moiety.  

 
Figure 4. 

1
H NMR spectral change of 1Ph by addition of Au

3+
. 

 
Scheme 3. Proposed mechanism of light-driven Au(III)-promoted cleavage of 

triazole-bearing amine derivatives 

In the reaction mechanism, UV irradiation accelerates the 

formation of the conjugated imine structure. This conjugated imine 

structure should have strong fluorescent characteristics, because the 

PET process is unable to function in this state. However, the final 

product formed by hydrolysis would have reduced fluorescent 

intensity. UV irradiation of 1BODIPY•Au3+ would result in the 

accumulation of a highly fluorescent conjugated imine structure, 

which can be slowly hydrolyzed. In fact, the time-dependent 

fluorescence change of 1BODIPY•Au3+ (Figure 2) also showed a 

decrease in the fluorescence intensity which indicates the decreasing 

concentration of the conjugated imine structure by hydrolysis. 

In summary, a unique Au(III)-promoted oxidative cleavage of 

triazole-bearing amine derivatives has been utilized for the detection 
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of ionic gold in aqueous media. Because the ‘turn on’ response of 

1BODIPY requires both Au3+ binding and UV irradiation, we can 

greatly reduce the occurrence of false positives by undesirable 

fluorescence ‘turn on’ processes for the detection of gold ions. This 

unique function has the potential to lead to various applications. For 

example, this system can be applied to the design of fluorescence 

patterning because the photoirradiation selectively enhances the 

fluorescence emission of 1BODIPY (Figure S8).  
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