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Introduction

The application of fluorescence spectroscopy and
imaging in biological systems has expanded tremendously
over the past decades. Fluorescence spectroscopy and
time-resolved fluorescence are considered to be primarily
research tools in biochemistry and biophysics.
Fluorescence is now a dominant methodology used in
many fields of science, i.e., biotechnology, flow
cytometry, medical diagnostics, DNA sequencing,
forensics, genetic analysis and other1). Imaging of
biological structures by fluorescence microscopy acquires
special importance in the diagnosis of cancer, e.g., in
photodynamic diagnosis (PDD) in urology2, 3) or brain
imaging4, 5). Recently, fluorescent properties of
styrylochinolines have been discovered and used, e.g., for
quantification of zinc in urban runoff6), in combined
therapeutics and diagnostics in protein misfolding
diseases in brain cells5), as the fluorescent sensor for
Fe2+ 7) demonstrates multicolor fluorescence upon addition
of different metal cations8). Fluorescent properties of dyes
can be dependent on perturbation of their emission by
proximity to conducting particles or surfaces9, 10), as
shown in the studies of DNA11, 12) and the cyanine
determination oligonucleotides13, 14). Recently, metal ions
interactions with fluorescent dyes have also been
investigated15–19).

A series of quinoline derivatives were designed based
on the styrylquinoline system (Fig. 1). The results
indicated that representative compounds are biologically
inactive (cell culture, MTS assay) but have promising
physicochemical properties (Stokes shift, quantum yield)
and preferentially incorporated into the plasma membrane
or any other intracellular organelles20).

Experimental methods

Preparation of catalyst 5% nano-Pd/Cu
The bimetallic nano-Pd/Cu was obtained by digesting

the carrier in nano-Pd/silica and transferring the
nanoparticles onto electrolytic copper. Amorphous silica
synthesized by sol-gel technique was used as the

intermediate carrier. Nano-Pd/SiO2 and electrolytic
copper were suspended in deionized water and placed in
an ultrasound bath and stirred. Then, SiO2 was digested
with 40% aqueous NaOH. Next, the suspension cooled to
room temperature, centrifuged and washed to neutral pH
with deionized water. The resulting preparation of the
catalyst was dried at room temperature to constant mass.

Synthesis of styrylquinoline derivatives
Synthesis by using Pd/Cu catalyst (synthesis of

aldehydes): aryl halides, Pd/Cu, PPh3 were suspended in
dry triethylamine. Then, the acetylene compound was
added and the mixture was stirred for 3 h in a temperature
of 80 oC. Next, the mixture was cooled to room
temperature and the catalyst was centrifuged, filtered and
washed with ethyl acetate. The filtrate was washed three
times with deionized water and then dried over
magnesium sulfate, filtered and concentrated under
reduced pressure to give the product.

Synthesis of styrylquinoline: quinaldine derivatives and
obtained aldehyde were dissolved in acetic anhydride.
The resulting mixture was stirred under argon at 130 °C
for 20 h. After evaporation to dryness, the product was
purified by a short SiO2 column (eluent – ethyl
acetate/hexane). The solution was then cooled and
concentrated under reduced pressure. Next, the mixture
was washed with diethyl ether. The product was obtained
as a yellow solid.

Biological tests 
Biological studies of obtained compounds were carried

out by using well-known methods, i.e., cell cultures, the
MTS assay, cellular imaging. In cell culture, human colon
adenocarcinoma cells (HCT116) and normal human
fibroblast (GM 07492) were used. Cytotoxicity assay
consisted of an addition of MTS reagent (CellTiter
961AQueousOne Solutions-MTS (Promega)) to the wells
with cells and the test substance, and then incubation with
a dye. The quantity of formazan product as measured by
absorbance at 490 nm (using an Elx800 device – from
BioTek Instruments, USA) is directly proportional to the
amount of viable, proliferating cells. Live cell imaging
involves seeding of HCT116 cells in medium and
incubation under normal conditions at 37 °C in a CO2
atmosphere for 24 hours. Then the test compound is added
to the cells (concentration – 25 µ�M) and incubated for
a further 2 hours. After incubation, the cells are rinsed
three times with PBS. The direct observed living cell is
formed under an inverted fluorescence microscope (IX81,
Olympus).
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Physicochemical studies
Absorption and fluorescence spectra were measured

at room temperature in a 10-mm quartz cell with
a U-2900 spectrophotometer (Hitachi) and an F-7000
spectro fluorimeter (Hitachi), respectively. Styryl -
quinoline solutions were prepared at various
concentrations in spectroscopic grade DMSO. Stokes
shift (nm) were designated as the difference between

Fig. 1. Styrylquinoline derivatives

Fig. 2. Synthesis of aldehydes

Table 1. Fluorescent and absorption properties of quinoline dye solutions in DMSO

Absorption data Emission data Stokes 

Compounds R λλabs εε* 103 ��λλmax � shift φφdye

(nm) (M–1 cm–1) (nm) (nm)

292 22.1 

A –C(CH3)3 346 36.5       407 47 0.06

360 37.0     

289 22.3 

B –H 342 33.8       408 52 0. 01

356 33.5    

C –Ph
298 20.0 

411 51 0.32
360 44.0

positions of the band maxima of the absorption and
fluorescence spectra of the same electronic transition.
The fluorescence quantum yields were measured using
the comparative method with anthracene in cyclohexane
as a reference.

Results and discussion

A group of styrylquinoline derivatives shown in Figure
1 was obtained and tested in our previous study. These
compounds are biologically inactive but have good
physicochemical properties such as Stokes shift, quantum
yield (Table 1) and preferentially incorporated into the
plasma membrane or any other intracellular organelles,
i.e., lysosome (Fig. 5.).

In our investigations we showed that the heterogeneous
catalyst consisting of an active catalytic Pd species
supported on copper is active enough to perform the
Sonoghasira reaction under mild conditions. The reactions
with the highly effective Pd/Cu system could provide
even quantitative conversions and subsequently
quantitative yields of the coupling products. Another
important advantages of the use Pd/Cu catalyst are
selectivity and high purity of the final products21).
Synthesis of novel test compounds included: modification
in preparation Pd/Cu catalyst, synthesis of building blocks
– aldehydes (Fig. 2), synthesis of styrylquinoline (Fig. 3)
and hydrolysis (Fig. 4). The building blocks were
prepared using the Sonogashira reaction in homogeneous
or heterogeneous conditions. This study employed the
system of Sonogashira coupling catalysed by nano-Pd/Cu
as a new approach to the synthesis of alkyne compounds
having a formyl function at position 4 (Fig. 2). The next
advantage of the use nano-Pd/Cu-catalyst is the lack of

Fig. 3. Synthesis of styrylquinoline
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competitive reactions (the Glaser coupling) in the
presence of air22).

Styrylquinolines were obtained according to the
standard method from quinaldine derivatives with
carbonyl compounds in acetic anhydride20, 23). All new
compounds were characterized by their NMR, and MS
spectra elemental analysis.

The compounds that were tested appeared to be inactive
against the HCT116 cell lines. The differences that were
observed between excitation and emitted light for the dyes
described in this report are applicable (Table 1). The
quantum yields that were calculated are presented in Table
1. Among the compounds that were investigated, C had
the highest quantum yield. Also for this compound we
observed the highest molar absorption coefficients value
(ε�) in DMSO (ε� = 44 000 M–1cm–1 at 360 nm). The cellular
staining of compound C in the human colon carcinoma
cells (HCT116) is presented in Fig. 5.

In Table 1 we showed that compounds incorporating an
additional aromatic unit have better fluorescent properties.
This is in agreement with the general opinion about the
nature of the fluorophoric properties of the aromatic core.
Polycyclic systems and scaffolds packed with π conjugated
bonds are the base of the most effective fluorophores.

Conclusions

Several new quinoline derivatives were designed. These
compounds were obtained according to the novel method
of Sonogashira coupling on a bimetal nanocatalyst that
provided us with quantitative conversions yielding the
high purity target dye samples. The compounds that are
presented have low toxicity and are tolerable in biological
systems in concentrations that appeared effective for long
time staining. The presented results suggest that the
quinoline compounds that were investigated in this study
may be valuable compounds for the development of new
fluorescent dyes that could have biological applications.
Their fluorescent properties make them potentially
interesting leading structures for further development.
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Fig. 4. Hydrolysis of styrylquinoline

Fig. 5. Live cell imaging of HCT116 cells following treatment with compound C using bright field optical microscopy (BF) and
fluorescence microscopy (DAPI filter).
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