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诺蒎酮基喹唑啉-2-胺型铜离子荧光探针的合成及其应用研究 

张明光 a    李明新 a    杨益琴 a    徐  徐 a    宋  杰 b 

王忠龙*,a    王石发*,a 
(a南京林业大学轻工与食品学院  南京林业大学林业资源高效加工利用协同创新中心    南京 210037) 

(b密西根大学菲林特分校化学与生物化学系  菲林特  密西根 48502) 

摘要  以可再生的-蒎烯衍生物诺蒎酮为原料, 设计合成了一种新型的诺蒎酮基喹唑啉-2-胺铜离子荧光探针 N-苄基- 

4-(4-(二乙氨基)苯基)-7,7-二甲基-5,6,7,8-四氢-6,8-桥亚甲基喹唑啉-2-胺(BNQ). 探针 BNQ 在 PBS/THF (V/V＝8/2, 10 

mmol•L－1, pH＝7.4)溶液中对 Cu2+表现出高度选择性的荧光猝灭效应, 并能在较宽 pH 范围(4～10)内有效识别 Cu2＋. 同

时, 荧光滴定实验结果表明, 探针 BNQ 对 Cu2＋具有良好的灵敏度, 其检测限为 0.09 μmol•L－1, 远低于世界卫生组织

(WHO)规定在饮用水中 Cu2+的最高含量(＜30 μmol•L－1). 而且, 采用高分辨质谱以及密度泛函理论计算确定了探针

BNQ 与 Cu2＋的络合作用机理. 探针 BNQ 还可以对不同水环境中的微摩尔级 Cu2＋进行快速检测. 生物成像实验发现, 

探针 BNQ 还可检测斑马鱼体内的 Cu2＋, 并呈现出良好的荧光成像效果. 
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Synthesis of Nopinone-Based Quinazolin-2-amine Fluorescent 
Probe for Detection of Cu2＋ and Its Application Research 

Zhang, Mingguanga    Li, Mingxina    Yang, Yiqina    Xu, Xua    Song, Jieb 

Wang, Zhonglong*,a    Wang, Shifa*,a 
(a Co-Innovation Center of Efficient Processing and Utilization of Forest Resources, College of Light Industry and Food, 
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Abstract  In this study, a novel nopinone-based quinazolin-2-amine fluorescent probe N-benzyl-4-(4-(diethylamino)phenyl)-
7,7-dimethyl-5,6,7,8-tetrahydro-6,8-methanoquinazolin-2-amine (BNQ) was synthesized from renewable -pinene derivative 
nopinone. The probe BNQ exhibited a high selective fluorescence quenching response toward Cu2＋ in PBS/THF (V/V＝8/2, 10 
mmol•L－1, pH＝7.4) solution, and could effectively recognize Cu2＋ within a wide pH range (4～10). Meanwhile, the fluores-
cent titration experiment showed that the probe BNQ was high sensitive for detecting Cu2＋, and its detection limit was found 
to be 0.09 μmol•L－1, which was much lower than that of stated by World Health Organization (WHO) in drinking water (＜30 
μmol•L－1). Furthermore, the coordination mechanism of probe BNQ with Cu2＋ was confirmed by high resolution mass spec-
trum (HRMS) and density functional theory (DFT) calculations. The probe BNQ could detect micromolar Cu2＋ in different 
environmental water samples. The results of bio-imaging experiment demonstrated that the probe BNQ was also successfully 
used for monitoring Cu2＋ in living zebrafish, and showed an excellent fluorescence imaging performance. 
Keywords  nopinone; quinazolin-2-amine; fluorescent probe; Cu2＋ ion; bioimaging 

 

1  Introduction 

The small molecular organic fluorescent chemosensors 
have made great progress all over the world in recent 
years.[1-7] Among them, the fluorescent probes for the de-

tection of Cu2＋ with an excellent sensitivity and selectivity 
obtained researchers’ attention in particular.[8-14] Copper 
was the third most abundant metal ranking second to alu-
minum and iron, and widely distributed in water and soil 
environments in the ionic state. As a kind of common and 
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deleterious heavy metal, copper was widely applied in in-
dustrial, agricultural, and domestic fields owing to its ex-
cellent conductivity, thermal conductivity, and ductility, 
which results in heavy pollution to water and land envi-
ronment. Moreover, copper was also regarded as the third 
necessary trace metal element in the human body and 
maintained vital functions by participating in important 
physiological processes, such as energy generation, oxygen 
transportation, and nerve signal transduction.[15-16] For all 
that copper was so indispensable to the human body, it 
resulted in a series of serious injuries to human health as 
well. Once upon intaking or accumulating a certain dose of 
Cu2＋ in the human body, the brain cortex as well as the 
central nervous system would be injured and various 
symptoms could emerge.[17-18] The serious Alzheimer’s 
disease, Prion diseases, and Wilson’s disease were exactly 
caused by the overdose intake of copper ions.[19-23] For the 
sake of safety, the World Health Organization (WHO) had 
been aware of the harmfulness of copper ion and set the 
maximum dose limit of copper at 31 µmol•L－1 in drinking 
water,[24] and the concentration of copper in the blood 
should not exceed 1.5 g/L.[25] Therefore, developing sensi-
tive and quantitative detection and analysis tools for Cu2＋ 
is still promising and necessary. 

Compared with traditional analytical methods including 
high-performance liquid chromatography (HPLC),[26] elec-
trochemical analysis[27-28] and colorimetry,[29] the fluores-
cent chemosensor shows some unique merits, such as swift 
recognition speed, low development cost, good biocom-
patibility, and specificity, which are beneficial to develop-
ing the fluorescent probe for detecting Cu2＋ in biology 
and environment. The previous Cu2＋ fluorescent sensors 
were mainly based on some existing fluorophores, such as 
BODIPY,[30-31] rhodamine,[32-33] arylimidazole,[34-35] cou-
marin,[36-37] triphenylamine,[38] hemicyanine,[39-40] dan-
sylhydrazine,[41-42] naphthalimide,[43-45] which lacked nov-
elty more or less. Thus, it’s necessary to design novel flu-
orescent sensors based on new fluorophores.  

Differed from the traditional luminescent matrixes, a 
novel chemosensor (BNQ) for Cu2＋ whose fluorophore 
was built from β-pinene derivative nopinone was designed, 
which was prepared by selective oxidation of β-pinene. 
The designed Cu2＋ chemosensor presented an obvious 
turn-off fluorescence signal in the 365 nm UV light which 
attributed to the formation of copper-complex. The fluo-
rescent probe BNQ has satisfactory detection limitation as 
low as 0.09 µmol•L－1, perfect selectivity compared with 
other competitive metal ions, and wide pH response range 
in 4～10. The complexation mechanism of BNQ with  
Cu2＋ was proved by HRMS and 1H NMR. What’s more, 
the nopinone-based fluorescent probe was applied in de-
tecting Cu2＋ in the real water samples and bioimaging in 
living zebrafish successfully, which enlarged the applica-
tion area of renewable resource β-pinene. 

2  Results and discussion 

2.1  Design and synthesis of BNQ 

The raw material nopinone was a kind of derivative of 
valuable natural product and owned a rigid bridge ring 
structure, which was beneficial to maintain the stability of 
the fluorophore. To make the designed probe complex with 
copper ions more easily, the multiple nitrogen atoms were 
introduced to the structure of BNQ in the forms of pyrim-
idinamine. At the same time, the pyrimidine ring could 
play the role of fluorophore by connecting with the bridge 
ring unit of nopinone. Furthermore, the existence of the 
diethylamine group enhanced the electron-donating activi-
ty of the probe BNQ. 

The synthetic route of target compound BNQ was illus-
trated in Scheme 1. For the synthesis of the fluorescent 
probe compound BNQ, nopinone was firstly reacted with 
4-diethylaminobenzaldehyde by an aldol condensation 
reaction. Then the obtained unsaturated ketone continued 
to react with guanidine hydrochloride under the catalysis 
of potassium tert-butoxide to generate the nopinone-based 
pyrimidine. Finally, the target chemosensor BNQ was 
synthesized by the substitution reaction between the py-
rimidine derivative and benzyl chloride. 

 

Scheme 1  Synthesis routes of BNQ 

2.2  Optical physical properties of BNQ to Cu2＋ 

The spectroscopic responses of BNQ to Cu2＋ including 
UV-Vis absorption spectra and fluorescent emission spec-
tra were investigated in PBS/THF (V/V＝8/2, 10 mmol•  
L－1, pH＝7.4). As presented in Figure 1a, the BNQ (1 
μmol•L－1) exhibited two strong absorption peaks at 250 
and 350 nm. While adding 10 equiv. Cu2＋ solution, the 
absorption spectra only had a little change. The inset of 
Figure 1a showed the color of the BNQ solution with or 
not Cu2＋ in the sunlight as well. Figure 1b showed the 
fluorescent emission spectra of BNQ in or not the exist-
ence of Cu2＋ (λex＝350 nm). A dramatic decrease of fluo- 
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rescence intensity (λem＝422 nm) could be observed in the 
presence of 1×10－5 mol•L－1 Cu2＋ and the color changed 
from dark blue to light blue in the inset of Figure 1b 
demonstrated this circumstance. 
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Figure 1 (a) UV-Vis absorption and (b) fluorescence emission 
spectra of BNQ (1 μmol•L－1) with or not Cu2＋ (10 μmol•L－1) 
Inset: (a) The responding photographs under day light; (b) The responding 
photographs under 365 nm UV light 

2.3  Effect of pH and time-responding test 

For further optimizing the test conditions of fluorescent 
spectra measurements, the pH effect and time-responding 
test of BNQ towards Cu2＋ in PBS/THF (V/V＝8/2, 10 
mmol•L－1, pH＝7.4) were investigated, respectively. Just 
like that Figure 2 exhibited, while only 1 μmol•L－1 BNQ 
existed in the measured solution, the fluorescence intensity 
of the mixed solution kept in high sites at pH 4～10. 
However, the emission intensity was not very high in the 
solution environment of strong acid or base. When adding 
10 equiv. Cu2＋ into the BNQ solution, the fluorescent 
intensity of the mixture had an obvious decrease at pH 4～
10, which meant BNQ could detect Cu2＋ at a wide pH 
range (pH 4～10) that contained the required pH in the 
physiological test. 

As for the time-responding study, Figure 3 depicted the 
change trends of fluorescence emission intensity of BNQ 
solution with the time adding. In the beginning, there 
wasn’t any Cu2＋ added into the BNQ solution and the 
probe solution held a high fluorescence intensity. Upon 
supplying 5×10－6 mol•L－1 copper ions into the probe 
solution, the emission intensity decreased successively 

over time and reduced to the lowest intensity and kept a 
stable status 10 min later. It is suggested that BNQ and  
Cu2＋ could reacted completely in ten min. Therefore, we 
decided to measure the solution samples after BNQ and 
Cu2＋ solution reacting for 10 min. 
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Figure 2  Fluorescence intensity (λem＝422 nm) of BNQ (1 
μmol•L－1) in the absence and presence of Cu2＋ (10 μmol•L－1) in 
PBS/THF (V/V＝8/2, 10 mmol•L－1, pH＝7.4) with different pH 
values 
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Figure 3  Fluorescence intensity of BNQ (1 μmol•L－1) at 460 
nm in the presence of Cu2＋ (0, 5, 10 μmol•L－1) in PBS/THF 
(V/V＝8/2, 10 mmol•L－1, pH＝7.4) 

2.4  Sensitivity of BNQ toward Cu2＋and linear rela-
tionship 

To investigate the sensitivity of the probe BNQ towards 
Cu2＋ in the PBS/THF solution, the standard titration ex-
periments were carried out by an LS55 fluorescence spec-
trometer (λex＝350 nm). As depicted in Figure 4, the emis-
sion intensity at 422 nm declined heavily with 0～15 
μmol•L － 1 Cu2 ＋  supplied into the PBS/THF solution   
(V/V＝8/2, 10 mmol•L－1, pH＝7.4) of the chemosensor 
BNQ. The corresponding fluorescence intensity at 422 nm 
with different Cu2＋ concentrations was listed in Figure 5 
and their linear fitting curves were performed as well. Ac-
cording to the slope (k) of the fitting equation and the root- 
mean-square (rms) of the sensor noise in the fluorescence 
spectrometer, the limit of detection (LOD) of BNQ for  
Cu2＋ to be as low as 0.09 μmol•L－1 was calculated based 
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on the Martins and Naes’s formula LOD＝3 rms/k.[46] 
Then the association constant (Ka) of BNQ towards Cu2＋ 
was calculated to be 4.69×104 L•mol－1 based on Benesi- 
Hildebrand plot equation using the data obtained from flu-
orescence titration. Therefore, it is concluded that the 
probe BNQ for the recognization of copper ions was spe-
cial sensitive in the PBS/THF solution. 
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Figure 4  Fluorescence spectra of 0～15 μmol•L－1 Cu2＋ added 
into 1 μmol•L－1 BNQ solution (λex＝350 nm) 
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Figure 5  Linear fitting curve of emission intensity of BNQ with 
Cu2＋ concentrations (0～15 μmol•L－1) 

2.5  Selectivity and competitivity of BNQ for Cu2＋ 

Firstly, the selectivity of BNQ for the detection of Cu2＋

was evaluated in PBS/THF solution (V/V ＝ 8/2, 10 
mmol•L－1, pH＝7.4) by a fluorescence spectrometer. The 
fluorescent spectra of BNQ solution with various metal 
ions (Ag＋, Na＋, K＋, Cd2＋, Ca2＋, Mg2＋, Zn2＋, Co2＋, Ni2＋, 
Fe2＋, Pb2＋, Hg2＋, Cr3＋, La3＋, Fe3＋, Al3＋, Ce4＋, Zr4＋) 
were presented in Figure 6. The obvious emission peaks 
at 422 nm could be observed which belongs to the mix-
ture solution of BNQ and other metal ions except for the 
Cu2＋. On the contrary, while 10 equiv. of Cu2＋ was add-
ed into the BNQ solution, a sharp intensity decrease (pur-
ple line) occurred in the fluorescent spectra compared 
with the single probe solution (green line) in Figure 6. 
These results showed that BNQ had high selectivity to 
Cu2＋ compared with close 20 kinds of other metal ions. 
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Figure 6  Fluorescent spectra of BNQ (1 μmol•L－1) with dif-
ferent metal ions (10 μmol•L－1) including Ag＋, Na＋, K＋, Cd2＋, 
Ca2＋, Mg2＋, Zn2＋, Co2＋, Ni2＋, Fe2＋, Pb2＋, Hg2＋, Cr3＋, La3＋,  
Fe3＋, Al3＋, Ce4＋, Zr4＋, and Cu2＋ in PBS/THF (V/V＝8/2, 10 
mmol•L－1, pH＝7.4) 

To evaluate the competitivity of BNQ to Cu2＋, the in-
terference tests were performed in PBS/THF solution  
(V/V＝8/2, 10 mmol•L－1, pH＝7.4) via a fluorescence 
spectrometer from Perkin Elmer. Different metal ions were 
added in the mixture solution of the BNQ solution in the 
presence of 10 equiv. of Cu2＋ and their fluorescent spectra 
were examined, respectively. Just as the 3D histogram in 
Figure 7 presented, the fluorescence intensity of the BNQ 
with Cu2＋ and other metal ions solution (Ag＋, Na＋, K＋, 
Cd2＋, Ca2＋, Mg2＋, Zn2＋, Co2＋, Ni2＋, Fe2＋, Pb2＋, Hg2＋,  
Cr3＋, La3＋, Fe3＋, Al3＋, Ce4＋, and Zr4＋) was still as low as 
of that BNQ with Cu2＋. Thereby it could be deduced that 
the probe BNQ owned excellent anti-interference capabil-
ity as well. 

2.6  Proposed detection mechanism 

To explore the possible complexation mechanism of 
BNQ with Cu2＋, Job’s plot analysis was first investigated. 
The turning point appeared at a molar fraction of 0.5, 
which suggested the formation of BNQ and Cu2＋ com-
plexation according to the ratio of 1∶1. To further illus-
trate the complexation mechanism of BNQ with Cu2＋, 1H 
NMR spectra of BNQ was recorded by gradually adding 
Cu2＋ in DMSO-d6 solution. As shown in Figure 8, the 
original proton signal at nearly δ 8.5 (1H), 7.7 (1H), 7.4 
(1H), 7.2 (2H), and 4.5 (2H) corresponding to the benzyl 
group disappeared completely after the addition of 0.2 or 
0.5 equiv. of Cu2＋, which strongly suggested the benzyl 
group removing from the BNQ molecule because of the 
reducibility of Cu2＋. In addition, the widened signal peaks 
on the whole also indicated the formation of BNQ-Cu2＋ 
complexation. The HRMS of BNQ reacted with Cu2＋ was 
also investigated. The peaks at m/z 399.2587 and 400.2667 
were attributed to [BNQ-Cu2＋＋  H＋] and [BNQ-Cu2＋＋
2H＋]. The peak at about m/z 337 may be corresponding to 
the rest portion of BNQ-Cu2＋ removing Cu2＋. Thus, the 
HRMS results also proved the 1∶1 complexation mode of  
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Figure 7  Fluorescence intensity (λem＝422 nm) of BNQ (1 
μmol•L－1) with Cu2＋ (10 μmol•L－1) in the presence of different 
competitive anions (10 μmol•L－1) including Ag＋, Na＋, K＋, Cd2＋, 
Ca2＋, Mg2＋, Zn2＋, Co2＋, Ni2＋, Fe2＋, Pb2＋, Hg2＋, Cr3＋, La3＋,  
Fe3＋, Al3＋, Ce4＋, Zr4＋ in PBS/THF (V/V＝8/2, 10 mmol•L－1,  
pH＝7.4) 

 

Figure 8  1H NMR spectra analysis of BNQ and Cu2＋ 

BNQ with Cu2＋. According to the above results, the pro-
posed detection mechanism of BNQ for Cu2＋ was demon-
strated in Figure 9. 

 

Figure 9  Proposed complexation mechanism of BNQ with  
Cu2＋ 

2.7  DFT calculation and analysis 

To further explore the intrinsic coordination mechanism 
of BNQ and copper ions, the density functional theory 
(DFT) calculation was carried out by Gaussion 09 program 
software. The optimized geometric structures of BNQ and 
BNQ-Cu2＋ were firstly presented in Figure 10. The cor-
responding frontier molecular orbital was calculated at the 
B3LYP/6-31G(d) level including the lowest unoccupied 
molecular orbital (LUMO) and the highest occupied mo-
lecular orbital (HOMO). As depicted in Figure 10, the 
LUMO of BNQ was mainly distributed on pyrimidine ring 
and connected benzene ring, while the HOMO of BNQ 
expanded to the nitrogenous unit such as diethylamino 
group and imine part. As a contrast, the LUMO and HO-
MO of BNQ-Cu2＋ were only spread on the pyrimidine, 
N,N-diethylaniline group and Cu2＋. Moreover, the HO-
MO-LUMO band energy gap of BNQ-Cu2＋ (0.90 eV) was 
lower than that of BNQ (4.25 eV), which indicated the 
occurrence of complexation interaction.  

2.8  Real water samples analysis 

To investigate the potential application of BNQ for the 
detection of copper ions in water environment, three real 
water samples which were collected from local water en-
vironment including Zihu creek, Xuanwu lake, and Yang-
tze river were chosen as solution system to research the 
sensing performance of BNQ towards Cu2＋. The fluores-
cence intensity (λem＝422 nm) of different concentrations 
of Cu2＋ solution (0, 5, 10, 15, 20 μmol•L－1) supplied into 
10 μmol•L－1 BNQ solution was recorded by a fluores-
cence spectrometer and depicted in Figures 11a～11d. The 
stepwise intensity decreases in three water samples sug-
gested that BNQ could detect micromole-level Cu2＋ in the 
natural water environments even though the containing 
impurities and other ions would affected the complexation 
of BNQ with Cu2＋. As Table 1 shown, the good recovery 
(from 89.1% to 106.8%) of Cu2＋ in the three water samples 
also demonstrated that BNQ could be applied in the recog-
nition of Cu2＋ in the natural water environments. 

2.9  Bioimaging application 

Before performing the zebrafish fluorescence bioimag-
ing investigation, the cytotoxicity assay of probe BNQ was  
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Figure 10  Optimized structures and frontier molecular orbitals of BNQ and BNQ-Cu2＋ 
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Figure 11  (a) Fluorescence intensity of BNQ (1 μmol•L－1) at 422 nm towards different concentration of Cu2＋ (0, 2, 5, 10, 15 μmol•   
L－1); (b) A linear correlation between the fluorescence intensity at 422 nm against Cu2＋ concentrations (0, 2, 5, 10, 15 μmol•L－1) in Zihu 
creek water; (c) A linear correlation between the fluorescence intensity at 422 nm against Cu2＋ concentrations (0, 2, 5, 10, 15 μmol•L－1) 
in Xuanwu lake water; (d) A linear correlation between the fluorescence intensity at 422 nm against Cu2＋ concentrations (0, 2, 5, 10, 15 
μmol•L－1) in Yangtze river water 

evaluated in living MDA-MB-231 cells. The cell viability 
of MDA-MB-231 still could maintain over 90% when less 
than 20 μmol•L－1 BNQ incubated with them. The results 
showed that probe BNQ was hardly cytotoxic to living 
MDA-MB-231 cells, and could be applied in further 
zebrafish bioimaging experiment. The confocal fluores-
cence imaging investigations of living zebrafish were re-
searched due to the enrichment of copper(II) ions in fish. 

As shown in Figures 12a and 12e, the good state of 
zebrafish in the bright field confirmed that the probe BNQ 
had good biocompatibility and low cytotoxicity. As exhib-
ited in Figure 12b, strong fluorescence could be observed 
in the blue channel when 5 μmol•L－1 BNQ incubated with 
living zebrafish for 2 h. Upon 10 μmol•L－1 Cu2＋ added 
into the BNQ solution which incubated with living 
zebrafish for 1 h, and further cultured for another 1 h, the  
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Table 1  Determination results of Cu2＋ concentration in three 
real water samples by BNQ. 

Water sample 
Added Cu2＋/
(µmol•L－1)

Found Cu2＋/ 
(µmol•L－1) 

Recovery/%

Zihu Creek water 

0 0±0.26 0 
2 1.78±0.32 89.1
5 5.08±0.23 101.5

10 10.35±0.34 103.5
15 14.81±0.30 98.7

Xuanwu Lake water 

0 －0.02±0.28 0 
2 1.93±0.30 96.7
5 4.96±0.24 99.2

10 10.47±0.34 104.7
15 14.85±0.26 99.0

Yangtze River water 

0 －0.18±0.30 0 
2 1.93±0.24 96.5
5 5.01±0.22 100.2

10 10.68±0.28 106.8
15 14.41±0.33 96.1

 

 
Figure 12  (a～c) Confocal fluorescence images of zebrafish 
incubated with BNQ (5 μmol•L－1) for 2 h; (e～g) incubated with 
BNQ (5 μmol•L－1) for 1 h followed by adding Cu2＋ (10 μmol•  
L－1) for 1 h (emission was collected by blue channel from 405 
nm to 460 nm, λex＝405 nm); (d) corresponding 2.5D surface plot 
of merged fluorescence image in Figure 12c; (h) corresponding 
2.5D surface plot of merged fluorescence image in Figure 12g 

fluorescence intensity had an obvious attenuation in the 
blue channel (Figure 12f). The 2.5D surface plot in Figures 
12d and 12h intuitively depicted the fluorescence intensity 
difference of zebrafish before and after added 5 μmol•L－1 
Cu2＋ into the BNQ solution. Furthermore, the merged 
images in Figures 12c and 12g visually indicated that the 
fluorescent probe BNQ could be applied in monitoring Cu2

＋ in zebrafish. 

3  Conclusions 

Herein, a small molecular fluorescent probe BNQ was 
designed and synthesized based on nopinone derivative. 
The probe could selectively complex with Cu2＋ in wide 
pH and short time. BNQ also represented high selectivity 
and competivity compared other 20 kinds of metal ions. 
The limit of detection of BNQ to Cu2＋ was calculated to 
be 0.09 μmol•L－1. The complexation mechanism of BNQ 
with Cu2＋ was proved by HRMS analysis and DFT calcu-
lation. Moreover, BNQ was applied in the detection of 

micromole level Cu2＋ in real water samples and bioimag-
ing in living zebrafish. 

4  Experimental section 

4.1  Instrumentations and materials 
1H NMR and 13C NMR spectra were recorded in 

DMSO-d6/CDCl3 solutions using a Bruker 400 spectrome-
ter. Mass spectra was recorded on an America Agilent 
5975c mass spectrometer (ESI). The pH values were rec-
orded on a Mettler FE28 standard pH meter. Fluorescence 
spectra were measured using a Perkin Elmer LS55 fluo-
rescence spectrophotometer at emission wavelength rang-
ing from 380 to 550 nm with λex＝350 nm. The fluores-
cence photographs were taken by a Zeiss 710 confocal 
laser scanning fluorescent microscope. 

For synthesis experiments, all chemical chemicals and 
solvents were analytical grade and commercially available, 
and used directly without further purification. Among 
them, potassium tert-butylate and guanidine hydrochloride 
were purchased from Adamas-beta Co., Ltd.  

The starting material nopinone (1) was synthesized from 
β-pinene according to the former research results in our 
research group.[47] 

4.2  Synthesis of compound 2 

Nopinone (1) (4.0 g, 28.9 mmol) was added to tert-butyl 
alcohol (50 mL), potassium tert-butoxide (2.36 g, 34.8 
mmol) and 4-(diethylamino)benzaldehyde (5.31 g, 30.0 
mmol) were successively added into a 100 mL dried 
three-necked flask equipped with a stirrer, condenser and 
thermometer. The mixture was stirred and refluxed for 12 h 
until the conversion ratio of nopinone exceeded 95% 
(monitored by GC). The reaction solution was evaporated 
under vacuum, added distilled water (40 mL) and extracted 
with ethyl acetate three times (30 mL×3). The combined 
organic layer was washed to neutrality with saturated salt 
water, dried with sodium sulfate, and purified by column 
chromatography to afford pale yellow oily 3-(4-(diethyl- 
amino)benzylidene)nopinone (2) (7.54 g, yield 84.6%). 1H 
NMR (400 MHz, CDCl3) δ: 7.65 (s, 1H), 7.52 (d, J＝8.9 
Hz, 2H), 6.68 (d, J＝8.9 Hz, 2H), 3.02～2.87 (m, 2H), 
2.65 (t, J＝5.6 Hz, 1H), 2.36 (dt, J＝5.5, 2.8 Hz, 2H), 1.50 
(d, J＝10.2 Hz, 1H), 1.37 (d, J＝3.4 Hz, 4H), 1.19 (t, J＝
7.1 Hz, 5H), 0.92 (s, 2 H); 13C NMR (100 MHz, CDCl3) δ: 
203.85, 148.18, 136.40, 133.11, 127.12, 122.89, 111.17, 
55.87, 44.41, 40.67, 39.70, 27.84, 26.28, 21.61, 12.62; 
HRMS calcd for C20H28NO [M＋H]＋: 298.2165; found: 
298.2167.  

4.3  Synthesis of compound 3 

Compound 2 (5.9 g, 20 mmol), guanidine hydrochloride 
(3.82 g, 40 mmol), tert-butyl alcohol (90 mL), and potas-
sium tert-butoxide (5.6 g, 50 mmol) were successively 
added into a 250 mL dried three-necked flask equipped 
with a stirrer, condenser and thermometer. The mixture 
was stirred and refluxed for 24 h until the conversion ratio 
of compound 2 was over 95% (monitored by GC). The 
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reaction mixture was evaporated under vacuum, added 60 
mL of water and extracted three times with ethyl acetate 
(40 mL×3). After drying over anhydrous sodium sulfate, 
purification by recrystallized with ethanol, white solid 
4-(4-(diethylamino)phenyl)-7,7-dimethyl-5,6,7,8-tetrahy- 
dro-6,8-methanoquinazolin-2-amine (3) (6.67 g, yield 
78.5%) was obtained. m.p. 146.7～148.8 ℃; 1H NMR 
(400 MHz, DMSO-d6) δ: 7.63 (d, J＝8.0 Hz, 2H), 6.68 (d, 
J＝8.0 Hz, 2H), 6.13 (s, 2H), 2.96～2.74 (m, 2H), 2.70～
2.54 (m, 2H), 2.40 (d, J＝81.4 Hz, 2H), 1.34 (s, 4H), 1.22 
(d, J＝7.5 Hz, 2H), 1.11 (t, J＝6.0 Hz, 7H), 0.67 (s, 3H); 
13C NMR (100 MHz, DMSO-d6) δ: 175.26, 162.36, 
161.64, 148.16, 130.50, 125.35, 111.39, 110.81, 50.07, 
44.09, 38.54, 30.29, 29.92, 26.09, 21.49, 12.92; HRMS 
calcd for C21H29N4 [M＋H]＋: 337.2387; found: 337.2390. 

4.4  Synthesis of compound BNQ 

To a stirred mixture of compound 3 (3.36 g, 10 mmol) 
and benzyl chloride (1.52 g, 12 mmol) in tetrahydrofuran 
(20 mL), and N,N-diisopropylethylamine (0.4 g, 3.0 mmol) 
was added dropwise, then stirring at 60 ℃ for 4 h. The 
reacted mixture was evaporated under vacuum, added wa-
ter (20 mL) and extracted with ethyl acetate three times (15 
mL×3). The organic layer was washed with H2O (20 mL). 
After drying over anhydrous sodium sulfate, purification 
by column chromatography, white solid N-benzyl-4-(4-(di- 
ethylamino)phenyl)-7,7-dimethyl-5,6,7,8-tetrahydro-6,8- 
methanoquinazolin-2-amine (BNQ) was obtained (237 mg, 
yield 46.5%). m.p. 57.6～60.3 ℃; 1H NMR (400 MHz, 
DMSO-d6) δ: 8.50 (d, J＝4.9 Hz, 1H), 7.72 (t, J＝7.7 Hz, 
1H), 7.62 (d, J＝8.5 Hz, 2H), 7.33 (d,  J＝7.9 Hz, 1H), 
7.22 (d, J＝6.4 Hz, 2H), 6.66 (d, J＝8.6 Hz, 2H), 4.61 (m, 
2H), 2.95 (dd, J＝16.3, 3.2 Hz, 1H), 2.82 (d, J＝15.2 Hz, 
1H), 2.66～2.54 (m, 2H), 2.32 (s, 1H), 1.35 (s, 3H), 1.23 
(d, J＝9.0 Hz, 1H), 1.10 (t, J＝6.9 Hz, 6H), 0.68 (s, 3H); 
13C NMR (100 MHz, DMSO-d6) δ: 174.92, 160.16, 
159.88, 148.59, 147.73, 136.42, 130.06, 124.82, 121.67, 
120.69, 111.15, 110.33, 49.75, 49.68, 46.19, 46.15, 43.58, 
38.03, 29.90, 29.40, 25.55, 21.00, 12.43; HRMS calcd for 
C28H35N4 [M＋H]＋: 427.2856; found: 427.2877. 

4.5  Spectroscopic measurements 

An original solution of probe BNQ was prepared in THF 
with a concentration of 1×10－3 mol•L－1, and was then 
diluted to various concentrations for further investigation. 
The 1.0 mmol•L－1 Cu2＋ and other metal ions solution 
including Ag＋, Na＋, K＋, Cd2＋, Ca2＋, Mg2＋, Zn2＋, Co2＋, 
Ni2＋, Fe2＋, Pb2＋, Hg2＋, Cr3＋, La3＋, Fe3＋, Al3＋, Ce4＋, Zr4＋

were prepared in distilled water. For the fluorescence 
spectroscopy measurement, the excitation wavelength was 
set as 350 nm, the slit width was λex＝3.5 nm and λem＝4.0 
nm, respectively. For the UV-Vis absorption spectra, the 
test wavelength range was from 800 nm to 200 nm by us-
ing a Shimadzu UV-2450 spectrophotometer. 

4.4  Cytotoxicity assay 

MDA-MB-231 cells were incubated in 96-well plates 
using DMEM with 10% fetal bovine serum (FBS) and 1% 

penicillin-streptomycin (P/S), and different concentrations 
of BNQ (1, 2.5, 5, 10, 20, 40, 80 μmol•L－1) were cultured 
for 24 h. Then the MDA-MB-231 cells continue to incu-
bate with 5 mg/mL of methyl thiazolyl tetrazolium (MTT) 
for 4 h at 37 ℃ in 5% CO2 concentration. The MTT su-
pernatant was removed and 150 μL of dimethyl sulfoxide 
(DMSO) was added to each well to dissolve the formazan 
crystal. Finally, the absorbance was recorded by a micro-
plate reader. The cytotoxic experiment was performed 
three times. 

4.6  Bioimaging in zebrafish 

The living 5-days-old zebrafish was first incubated with 
5 μmol•L－1 probe BNQ for 2 h, and then the zebrafish in 
the control group was washed with phosphate buffer saline 
(PBS) three times and taken fluorescent images by a laser 
confocal fluorescence microscope. For the experimental 
group, the zebrafish was continuously cultured with 10 
μmol•L－1 Cu2＋ for 1 h and washed with PBS three times 
to remove free compounds and ions. Then the bioimaging 
was taken under a Zeiss 710 confocal laser scanning mi-
croscope. 
 
Supporting Information  NMR, HRMS, UV-vis and 
fluorescent spectra of compounds 2, 3 and BNQ. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn/. 

References 

[1] Chen, S. H.; Pang, C. M.; Chen, X. Y.; Yan, Z. H.; Huang, S. M.; 
Li, X. D.; Zhong, Y. T.; Wang, C. Y. Chin. J. Org. Chem. 2019, 39, 
1846 (in Chinese).  
(陈思鸿, 庞楚明, 陈孝云, 严智浩, 黄诗敏, 李香弟, 钟雅婷, 
汪朝阳, 有机化学, 2019, 39, 1846.) 

[2] Yue, Y.; Huo, F.; Cheng, F. Chem. Soc. Rev. 2019, 48, 4155.  
[3] Ma, C.; Zhong, G.; Zhao, Y. Spectrochim. Acta, Part A 2020, 

118545.  
[4] Singh, H.; Tiwari, K.; Tiwari, R. Chem. Rev. 2019, 119, 11718.  
[5] Chen, X.; Pradhan, T.; Wang, F. Chem. Rev. 2012, 112, 1910.  
[6] Cao, D.; Liu, Z.; Verwilst, P. Chem. Rev. 2019, 119, 10403.  
[7] Shi, Y.; Yu, Y. W.; Xue, L.; Wang, Y.; F. Chin. J. Org. Chem. 2019, 

39, 3414 (in Chinese).  
(石岩, 于有伟, 薛林, 王延风, 有机化学, 2019, 39, 3414.) 

[8] Zhao, Y.; Luo, Y.; Wang, H. Anal. Chim. Acta 2019, 1065, 134.  
[9] Patil, A.; Salunke, G. S. Inorg. Chim. Acta 2018, 482, 99.  

[10] Han, Z.; Nan, D.; Yang, H. Sens. Actuators, B 2019, 298, 126842.  
[11] Murugan, N.; Prakash, M.; Jayakumar, M. Appl. Surf. Sci. 2019, 

476, 468.  
[12] Zhang, Y.; Li, H.; Pu, S. J. Photochem. Photobiol., A 2020, 112721.  
[13] Wang, R.; Zhang, L.; Liu, R. Carbohydr. Polym. 2019, 223, 115117.  
[14] Meng, X. J.; Zhao, J. Z.; Ma, W. B. Chin. J. Org. Chem. 2020, 40, 

276 (in Chinese).  
(孟宪娇, 赵晋忠, 马文兵, 有机化学, 2020, 40, 276.) 

[15] Que, E. L.; Domaille, D. W.; Chang, C. J. Chem. Rev. 2008, 108, 
1517.  

[16] Mathie, A.; Sutton, G. L.; Clarke, C. E. Pharmacol. Ther. 2006, 111, 
567.  

[17] Georgopoulos, A.; Yonone, L. M.; Opiekun, R. E. J. Toxicol. Envi-
ron. Health, Part B 2001, 4, 341.  

[18] Barnham, K.; Masters, C.; Bush, A. Nat. Rev. Drug Discovery 
2004, 3, 205.  

[19] Meng, Q.; Shi, Y.; Wang, C. Org. Biomol. Chem. 2015, 13, 2918.  



   
有机化学 研究论文 

 
1176      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 1168～1176 

[20] Chen, D.; Chen, P.; Zong, L. R. Soc. Open Sci. 2017, 4, 171161.  
[21] Chen, F.; Hou, F.; Huang, L. Dyes Pigm. 2013, 98, 146.  
[22] Gaggelli, E.; Kozlowski, H.; Valensin, D. Chem. Rev. 2006, 106, 

1995.  
[23] Dell'Acqua, S.; Pirota, V.; Anzani, C.; Rocco, M. M.; Nicolis, S.; 

Valensin, D.; Monzani, E.; Casella, L. Metallomics 2015, 7, 1091.  
[24] World Health Organization Guidelines for Drinking-Water Quality, 

2004.  
[25] Jonas, R. Appl. Environ. Microbiol. 1989, 55, 43.  
[26] Xiao, Q.; Gao, H.; Yuan, Q. J. Chromatogr., A 2013, 1274, 145.  
[27] Wang, X.; Luo, C.; Li, L. J. Electroanal. Chem. 2015, 757, 100.  
[28] Selvarajan, S.; Alluri, N.; Chandrasekhar, R. Biosensors Bioelec-

tron. 2017, 91, 203.  
[29] Ahmed, K.; Sengan; Veerappan, A. Sens. Actuators, B 2016, 233, 

431.  
[30] Li, Y.; Zhou, H.; Yin, S. Sens. Actuators, B 2016, 235, 33.  
[31] He, C.; Zhou, H.; Yang, N. New J. Chem. 2018, 42, 2520.  
[32] Duan, G.; Zhang, G.; Yuan, S. Spectrochim. Acta, Part A 2019, 219, 

173.  
[33] Zheng, X.; Ji, R.; Cao, X. Anal. Chim. Acta 2017, 978, 48.  
[34] Wang, Y.; Liu, S.; Chen, H. Dyes Pigm. 2017, 142, 293.  
[35] Liu, S.; Liu, Y.; Pan, H. Tetrahedron Lett. 2.018, 59, 108.  
[36] Feng, Y.; Yang, Y.; Wang, Y. Sens. Actuators, B 2019, 288, 27.  
[37] Yin, G.; Yao, J.; Hong, S. Analyst 2019, 144, 6962.  
[38] Zhang, X.; Sun, P.; Li, F. Sens. Actuators, B 2018, 255, 366.  
[39] Xu, Z.; Wang, H.; Chen, Z. Spectrochim. Acta, Part A 2019, 216, 

404.  
[40] Zhu, D.; Luo, Y.; Shuai, L. Tetrahedron Lett. 2016, 57, 5326.  
[41] Choi, M.; Kim, G.; Hong, J. Tetrahedron Lett. 2016, 57, 975.  
[42] Wang, Y.; Zhou, J.; Zhao, L. Dyes Pigm. 2020, 108513.  
[43] Huang, C.; Li, H.; Luo, Y. Dalton Trans. 2014, 43, 8102.  
[44] Shen, R.; Yang, J.; Luo, H. Tetrahedron 2017, 73, 373.  
[45] Liu, Y.; Yang, L.; Li, P. Spectrochim. Acta, Part A 2020, 227, 

117540.  
[46] Peng, L.; Zhao, Q.; Wang, D. Sens. Actuators, B 2009, 136, 80.  
[47] Jiang, Q.; Wang, Z., Li, M. Dyes Pigm. 2019, 171, 107702.  

(Li, L.; Fan, Y.) 


