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Abstract

A sensitive fluorescent chemosensor was developed for detecting Cu" through microwave irradiation by using
diethylamino-3-carboxamide coumarin. This receptor was employed as fluorescent probe for Cu' with selectivity over
other cations in aqueous solution. The fluorescence intensity quenched when 7-diethylamino-N-[2-(dimethylamino)
ethyl]-2-oxo-2H-chromene-3-carboxamide (3) used as a receptor in the presence of very low concentration of Cu"

with an excitation at 360 nm.

Keywords: Fluorescent chemosensor; Cation detection; Coumarin-
based fluorescent probe

Introduction

Coumarins (benzopyran-2-ones) as oxygenated heterocycles
with natural base possess several biological activity consist of
anticancer, antioxidant, anti-inflammatory, MAO inhibitory, antiviral,
antimicrobial and antihyperlipidemic activity [1]. Several methods for
synthesis of coumarins have been developed in recent years. Some of
the most common synthetic reactions for oxygenated heterocycles are
Pechmann and Duisberg [2], Perkin and Henry [3], Brafola et al. [4],
Claisen et al. [5], Shringer [6], Heck, and 1,3-dipolar cycloaddition
reactions [7].

Coumarin scaffold is a privileged structure as fluorescent
chemosensor [8]. In particular, for a selective measurement of heavy
metal ions such as mercury, lead and copper in trace amounts [9,10].

The copper plays an important role in various biological processes
[10]. However, copper is released into the bloodstream and is deposited
in the kidneys, cornea, and particularly, the brain [11,12]. Therefore,
exposure to higher levels of copper can cause rheumatoid arthritis,
gastrointestinal disturbances, and Wilson’s disease.

Copper ion has an essential role in various enzymes involve
cytochrome oxidase, superoxide dismutase, dopamine-hydroxylase
and catalysis [13]. Moreover, anticancer activity and DNA-binding
[14] of the Cu" has been investigated by coumarin derivatives [15].

Despite these functional roles, over load of this metal have toxic
challenges in human health which have been visible in Huntington’s
disease [16], Alzheimer ’s disease (AD) [17] and Parkinson’s disease
(PD) [18].

The average diet provides substantial amounts of copper, and the
recommended intake is 0.9 mg/day. Also, the average concentration of
blood copper in the normal people is 100-150 pg/dL. Thus, detection
and elimination of this ion is important. In this regard, many analytical
techniques are available for the determination of species. Among them,
substantial attention has been paid to fluorometry technique because of
its high sensitivity [19-22].

Therefore, we designed a novel derived coumarin fluorescent
sensor for selective detection of Cu" through solvent-free condition.

Experimental Section

'H and *C-NMR spectra were recorded using a Bruker (400 MHz)
Avance (IIT) spectrometer. Chemical shifts (§) were reported in ppm
downfield from the internal standard tetramethylsilane (TMS). The
fluorescence emission spectra were obtained using a Jasco FP-200
spectrofluorometer. The Perkin-Elmer lambda-EZ 201 was used to
record UV-Vis spectra.

The FT-IR Perkin-Elmer spectrometer was employed to record
Infrared (IR) spectra in cm’'. Microwave irradiation reactions were
carried out on a Milestone Micro-SYNTH apparatus. Internal
temperatures were measured with fiber-optic sensor in conjunction
with Milestone immersion well. Electrothermal-9200 melting point
apparatus was used to measure melting point in open capillary tubes.

1-1-7-diethyl)-N-(2-(dimethylamino)ethyl)-2-oxo0-2H-chromene-
3-carboxamide Coumarin ester derivative was prepared through the
condensation of 4-(Diethylamino)salicylaldehyde and malonic ester
under microwave irradiation. The prepared ester was hydrolyzed to
produce the related carboxylic acid. Consequently, 3-carboxamide
coumarin, as a receptor, was easily made through reaction with N,N'-
dimethylethylenediamine. Fluorescence spectra was investigated in the
presence of low concentration of cations, including Na', K, Cu", Pb",
Hg", Co", Zn", Fe", Cd", A" and Cr". Compound 1 was formed by
the reaction of 4-(Diethylamino)salicylaldehyde and diethyl malonate
in the presence of piperidine and glacial acetic acid under solvent-
free conditions (Table 1, Scheme 1). The related carboxylic acid 2 was
produced by hydrolysis of 1 in sodium hydroxide solution.

In order to produce the desired carboxamide 3,
dicyclohexylcarbodiimide (DCC), N,N’-dimethylethylenediamine,
and 4-(dimethylamino) pyridine (DMAP) as a catalyst were added
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Step Time Temperature | Temperature = Max Power
(T) (T,)
1 15 min Ramp to 110°C 85 800 W
2 17 min 110°C 85 700 W
3 7 min Ramp to 135°C 105 700 W
4 6 min 135°C 105 700 W

Table 1: Microwave settings for compound [1].
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Scheme 1: Synthetic pathways to 7-diethylamino-N-[2-(dimethylamino)ethyl]-
2-0x0-2H-chromene-3-carboxamide [3].

DCC, DAMP

N,N-dimethyl ethylene diamine

to a mixture of 2 dissolved in chloroform. After filtration of N,N’-
dicyclohexylurea (DCU) precipitate, the carboxamide 3 was obtained
after purification in mixture of ethanol and water. Subsequently,
spectrofluorometry was used to assessment of the cations chelating on
receptor 3 in (HEPES:DMSO) 9:1, v/v.

The selected physical and spectral data for synthetic compounds
are as follows: (1): mp: 195-199°C. '"H NMR (400 MHz, CDCL,) &:
L.1(Me, t, 6H, J=7.2), 1.5(Me, t, 3H, ]=7.0), 3.2 (CH,, 4H, q, ]=7.2), 4.3
(CH,, q,2H,J=7.0), 6.0 (Ar, d, 1H), 6.1 (Ar, dd, 1H), 7.1 (Ar, d, 1H), 9.3
(Ar, s, 1H). IR (KBr): 1685 (ester C=0), 1769 (lacton C=0) cm™. (2):
m.p. 201-205°C. '"H NMR (400 MHz, CDCL,) 6: 1.1(Me, t, 6H, J=7.2),
3.2 (CH,, 4H, q, J=7.2), 6.1 ( Ar, d, 1H), 6.3(Ar, dd, 1H), 7.3 ( Ar, d,
1H), 9.3 (Ar, s, 1H), 11.3 (OH, s, 1H). IR (KBr): 3445 (OH), 1960 (acid
C=0), 1786 (lacton C=0) cm™. (3); m.p. 212-215°C. 'H NMR (400
MHz, CDCL) §: 1.1(Me, t, 6H, J=7.2), 2.4 (N(Me),, s, 6H), 3.2 (CH,,
4H, q,]=7.2), 3.8-4.1 (HNCH,, m, 2H, ] _7.1),6.1 (Ar,d, 1H), 6.3

CH2-CH2=

(Ar, dd, 1H), 6.8 (NH, 1H), 7.3 (Ar, d, 1H), 9.3 (Ar, s, 1H).

IR (KBr): 3425 (amide NH), 1652 (amide NH), 1610 (amide C=0)
cm. BC NMR (400 MHz, CDC13) 8: 12.1, 37.1, 43.2, 45.2, 46.8, 57.2,
115.1,116.7,118.2, 121.0, 129.2, 135.2, 140.1, 155.1, 16.1.2, 163.1.

Results

UV-Vis spectra show hypochromic effects in absorbance for all the
cations studied in this research. Nevertheless, it was difficult to detect
specific cations because of the no selectivity related to any cations.
Thus, spectrofluorometry was used to investigate of the Cu" chelating
on fluorophore 3 in the presence of other cations.

The fluorescence spectra for complex 7-diethyl)-N-(2-
(dimethylamino)  ethyl)-2-oxo-2H-chromene-3-carboxamide and
cation, 3-M"*, was studied and given in Figure 1 in aqueous solution
(HEPES:DMSO) 9:1, v/v). The fluorescence spectra 3-M"* was recorded
at 360 nm with an emission at 470 nm. Also, Figure 2 shows the
fluorescence spectra of 7-(N,N-diethyl)-N-(2-(dimethylamino)ethyl)-
2-0x0-2H-chromene-3-carboxamide upon the addition of Cu" in the
presence of various mixture of cations with an excitation at 360 nm.

To investigate of stoichiometry between the sensor and Cu,
spectroscopic changes generated upon titration experiments were done
using 0.6 pumol of 3 in solution (HEPES:DMSO) 9:1 with changing
concentrations of metal salts (0-4.5 umol) by means of UV-visible
spectroscopy (Figure 3).

Furthermore, full geometry optimization were performed by means
of Hartree-Fock (HF) and 6-31G* basis set employing the Gaussian 03
code [23,24]. To assess the performance of this approach, the 3-Cu"
structure was proposed and computed at abinitio method (Figure 4)
[25].

Discussion

Coumarin-based derivatives are important group of fluorescent
heterocycles that can be used as fluorescent probes [26-29]. Recently,
we have synthesized nitro-3-carboxamide coumarin derivative,
proposed as novel fluorescent chemosensor and has been employed
as fluorescent probe for Cu" [30]. That receptor played a role for
complexation of heavy toxic metals and exhibit enhanced fluorescence
in the presence of Cu'. In this research, we prepared and studied a
new fluorescent chemosensor that Cu" over other ions was detected
by florescence quenching technique. In fact, the fluorescence intensity
decreased in the presence of Cu" in comparison of other metal ions
(Figure 1). Thus, fluorescence quenching was occurred when Cu"
gradually added (Figure 2).

Figure 3 shows the Uv-Vis titration of complex sensor-Cu"
using 0.6 pmol of 3 in solution (HEPES:DMSO) 9:1 with changing
concentrations of Cu” salts (0-4.5 pmol). The mild negative slope of
the plotted line during the initial phase indicates a low concentration
of 3 in the vessel and forming 3-Cu" complex. Increasing of Cu"
concentration, the slope became linear, representing the highest
concentration of 3-Cu" complex and the ligand 3 was consumed. It
shows 1:1 stoichiometry between the sensor and Cu'’.

To find reliable results for investigation of binding modes between
fluorophore and its Cu', ab initio calculations was done using HF/6-
31G*. The optimized model of 3-Cu" complex is revealed that Cu"
binds with an oxygen atom, two nitrogen atoms of an amide and an
amine, as well as two oxygen atoms of an anion (Figure 4).

As a result, the ab initio calculation outcomes confirm the
relationship between absorbance and a mole ratio of 1:1 stoichiometry.

The association constant (Ka) of complex sensor-Cu" was found
using the Benesi-Hildebrand equation [30] as follows:
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Figure 1: Relationship between the fluorescence intensity and additional
concentration of cations (M™). The fluorescence intensity of 7-diethyl)-N-(2-
(dimethylamino) ethyl)-2-oxo-2H-chromene-3-carboxamide decreased when
Cu'" was added in additional concentration.
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Figure 2: Fluorescence spectra of 7-diethyl)-N-(2-(dimethylamino) ethyl)-2-oxo-
2H-chromene-3-carboxamide in the presence of various concentration of Cu'.
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Figure 3: UV-Vis titration of complex sensor-Cu'" using 0.6 ymol of 3 in solution
(HEPES:DMSO) 9:1 with changing concentrations of Cu" salts (0-4.5 pmol).

Figure 4: Optimized structure of 3-Cu'" by abinitio calculation.
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F and F__ represent the fluorescent intensity of the ligand 3 at
moderate concentration and in the presence of excess amount of Cu",

respectively. F__ is the saturated fluorescent intensity of free ligand 3.

Regarding to Benesi-Hildebrand evaluation, the association
constant for complex sensor-Cu" was calculated from the
spectrofluorometeric titration data and was found to be 7.2 x 10*M™.

These results led us to the agreement of the Benesi-Hildebrand
evaluation method and abinitio study for the determination of
association constant with 1:1 stoichiometry between 3 and Cu".

Conclusion

Here, a new coumarin-based fluorescent chemosensor through
microwave irradiation as fluorescent probe for Cu" ion was designed
and synthesized. Dimethylamino-N-[2-(dimethylamino)ethyl]-2-oxo-
2H-chromene-3-carboxamide (3) is a suitable fluorophore because of
its large stokes shift and visible excitation and emission wavelengths.
The receptor exhibits quenched fluorescence in the presence of Cu"
with selectivity over other metal ions in aqueous solution. The lowest
fluorescence intensity for diethylamino-3-carboxamide coumarin was
observed in the presence of Cu" in preference to a variety of other
common heavy and toxic metal ions. Therefore, we synthesized a new
diethylamino-3-carboxamide coumarin as a receptor, which employed
for detection of Cu" with excitation at 360 nm.

Acknowledgement

The authors gratefully acknowledge the financial support for this work received
from the Mazandaran University of Medical Sciences “Professor’s Projects Funds”.

References

1. Sandhu S, Bansal Y, Silakari O, Bansal G (2014) Coumarin hybrids as novel
therapeutic agents. Bioorg Med Chem 22: 3806-3814.

2. Pechmann VH, Duisberg C (1884) Neue Bildunsweise der cumarine synthese
des daphnetins, J Chem Ber 17: 929-979.

3. Perkin WH, Henry WS (1875) On propionic coumarin and some of its
derivatives. J Chem Soc 28: 10-15.

4. Brafola G, Fringuelli F, Piermatti O, Pizzo F (1996) Simple and efficient one-pot
preparation of 3-substituted coumarins in water. J Heterocycles 43: 1257-1266.

5. Cairns N, Harwood LM, Astles DP (1994) Tandem thermal Claisen—Cope
rearrangements of coumarate deriveatives. Total syntheses of the naturally
occurring coumarins: suberosin,demethylsuberosin, ostruthin, balsamiferone
and gravelliferone. J Chem Soc Perkin Trans 1: 3101-3107.

6. Shringer RL (1942) The reformatsky reaction. J Org React 1: 15-18.

7. Shafiee A, Kassaee MZ, Bekhradnia AR (2007) Synthesis of Novel 3,4-Diaryl-
1H-Pyrroles. J Heterocyclic Chem 44: 471-474.

8. Jung HS, Kwon PS, Lee JW, Kim JI, Hong CS, et al. (2009) Coumarin-
derived Cu(2+)-selective fluorescence sensor: synthesis, mechanisms, and
applications in living cells. J Am Chem Soc 131: 2008-2012.

9. Rurack K, Kollmannsberger M, Resch-Genger U, Daub J (2000) A Selective
and Sensitive Fluoroionophore for Hgll, Agl, and Cull with Virtually Decoupled
Fluorophore and Receptor Units. J Am Chem Soc 122: 968-969.

10. Moon SY, Cha NR, Kim YH, Chang SK (2004) New Hg**-selective chromo- and
fluoroionophore based upon 8-hydroxyquinoline. J Org Chem 69: 181-183.

11. Marshall ME, Kervin K, Benefield C, Umerani A, Albainy Jenei S, et al. (1994)
Growth-inhibitory effects of coumarin (1,2-benzopyrone) and 7-hydroxycoumarin
on human malignant cell lines in vitro. J Cancer Res 120: 3-10.

12. Tanaka T, Kumamoto T, Ishikawa T (2000) Enantioselective total synthesis
of anti HIV-1 active (+)-calanolide A through a quinine-catalyzed asymmetric
intramolecular oxo-Michael addition. J Tet Lett 41: 10229-10233.

13.Ji HF, Zhang HY (2006) Theoretical evaluation of flavonoids as multipotent
agents to combat Alzheimer’s disease, THEOCHEM. J Mol Struct 767: 3-9.

14. Kassaee MZ, Bekhradnia AR (2003) The kinetics of interactions between
fecapentaene-12 and DNA. J Biosci Bioeng 95: 526-529.

15.Zhu T, Wang Y, Ding W, Xu J, Chen R, et al. (2015) Anticancer activity and
DNA-binding investigations of the Cu(ll) and Ni(ll) complexes with coumarin
derivative. Chem Biol Drug Des 85: 385-393.

16. Graham RK, Deng Y, Slow EJ, Haigh B, Bissada N, et al. (2006) Cleavage at
the caspase-6 site is required for neuronal dysfunction and degeneration due
to mutant huntingtin. Cell 125: 1179-1191.

Pharm Anal Acta
ISSN: 2153-2435 PAA, an open access journal

Volume 7 « Issue 1+ 1000461


http://www.ncbi.nlm.nih.gov/pubmed/24934993
http://www.ncbi.nlm.nih.gov/pubmed/24934993
http://onlinelibrary.wiley.com/doi/10.1002/cber.188401701248/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cber.188401701248/abstract
https://books.google.co.in/books/about/On_Propionic_Coumarin_and_Some_of_Its_De.html?id=Yz3UZwEACAAJ&redir_esc=y
https://books.google.co.in/books/about/On_Propionic_Coumarin_and_Some_of_Its_De.html?id=Yz3UZwEACAAJ&redir_esc=y
https://www.infona.pl/resource/bwmeta1.element.elsevier-52796313-2915-3996-9574-4adcfbbaf45b
https://www.infona.pl/resource/bwmeta1.element.elsevier-52796313-2915-3996-9574-4adcfbbaf45b
http://pubs.rsc.org/en/Content/ArticleLanding/1994/P1/p19940003101#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1994/P1/p19940003101#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1994/P1/p19940003101#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1994/P1/p19940003101#!divAbstract
http://onlinelibrary.wiley.com/doi/10.1002/jhet.5570440232/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jhet.5570440232/abstract
http://www.ncbi.nlm.nih.gov/pubmed/19191706
http://www.ncbi.nlm.nih.gov/pubmed/19191706
http://www.ncbi.nlm.nih.gov/pubmed/19191706
http://pubs.acs.org/doi/abs/10.1021/ja992630a?journalCode=jacsat
http://pubs.acs.org/doi/abs/10.1021/ja992630a?journalCode=jacsat
http://pubs.acs.org/doi/abs/10.1021/ja992630a?journalCode=jacsat
http://www.ncbi.nlm.nih.gov/pubmed/14703394
http://www.ncbi.nlm.nih.gov/pubmed/14703394
http://www.ncbi.nlm.nih.gov/pubmed/7510710
http://www.ncbi.nlm.nih.gov/pubmed/7510710
http://www.ncbi.nlm.nih.gov/pubmed/7510710
http://www.sciencedirect.com/science/article/pii/S0040403900018207
http://www.sciencedirect.com/science/article/pii/S0040403900018207
http://www.sciencedirect.com/science/article/pii/S0040403900018207
http://www.sciencedirect.com/science/article/pii/S016612800600220X
http://www.sciencedirect.com/science/article/pii/S016612800600220X
http://www.ncbi.nlm.nih.gov/pubmed/16233450
http://www.ncbi.nlm.nih.gov/pubmed/16233450
http://www.ncbi.nlm.nih.gov/pubmed/25141910
http://www.ncbi.nlm.nih.gov/pubmed/25141910
http://www.ncbi.nlm.nih.gov/pubmed/25141910
http://www.ncbi.nlm.nih.gov/pubmed/16777606
http://www.ncbi.nlm.nih.gov/pubmed/16777606
http://www.ncbi.nlm.nih.gov/pubmed/16777606

Citation: Bekhradnia A, Ghanbarimasir Z (2016) A Novel Sensitive Fluorescent Coumarin-Based Chemosensor for Detection of Copper lon. Pharm

Anal Acta 7: 461. doi:10.4172/2153-2435.1000461

Page 4 of 4

2

2

22.

2

g

. Gaggelli E, Kozlowski H, Valensin D, Valensin G (2006) Copper homeostasis
and neurodegenerative disorders (Alzheimer’s, prion, and Parkinson’s diseases
and amyotrophic lateral sclerosis). Chem Rev 106: 1995-2044.

oo

. Squitti R, Polimanti R (2013) Copper phenotype in Alzheimer's disease:
dissecting the pathway. Am J Neurodegener Dis 2: 46-56.

9. Azizi SN, Shakeri P, Chaichi MJ, Bekhradnia AR, et al. (2014) The use of
imidazolium ionic liquid/copper complex as novel and green catalyst for
chemiluminescent detection of folic acid by Mn-doped ZnS nanocrystals.
Spectrochim Acta A 122: 482-488.

0. Azizi SN, Chaichi MJ, Shakeri P, Bekhradnia AR (2013) Determination
of Epinephrine in Pharmaceutical Formulation by an Optimized Novel
Luminescence Method Using CdS Quantum Dots as Sensitizer J. Fluoresc 23:
227-235.

=

.Azizi SN, Chaichi MJ, Shakeri P, Bekhradnia AR (2013) Determination of
atropine using Mn-doped ZnS quantum dots as novel luminescent sensitizers,
J Lumin 144: 34-40.

Albani JR (2015) Fluorescence Study of Bovine B-Lactoglobulin, Pharm Anal
Acta 6: 1-2.

3. Raghavachari K, Pople JA, Replogle ES, Head-Gordon M (1990) Fifth order
Moeller-Plesset perturbation theory: comparison of existing correlation
methods and implementation of new methods correct to fifth order. J Phys
Chem 94: 5579-5586.

24,

25.

26.

27.

28.

2

©

30.

Stewart JJP (1989) Optimization of parameters for semiempirical methods 1.
Applications. J Comput Chem 10: 221-264.

Arshadi S, Bekhradnia AR, Ahmadi S, Karami AR, Pourbeyram S (2011)
New insights on the mechanism of thermal cleavage of unsaturated bicyclic
diaziridines. Chin J Chem. 29: 1347-1352.

Kinza Aslam K, Khosa MK, Jahan N, Nosheen S (2010) Short communication:
synthesis and applications of Coumarin. Pak J Pharm Sci 23: 449-454.

Haupt K, Mayes AG, Mosbach K (1998) Herbicide assay using an imprinted
polymer-based system analogous to competitive fluoroimmunoassays. J Anal
Chem 70: 3936-3939.

Raju BB, Varadarajan TS (1995) Photophysical properties and energy transfer
dye laser characteristics of 7-diethylamino-3-heteroaryl coumarin in solution.
Laser Chem 16: 109-120.

.Wagner BD (2009) The use of coumarins as environmentally-sensitive

fluorescent probes of heterogeneous inclusion systems. Molecules 14: 210-
237.

Bekhradnia A, Domehri E, Khosravi M (2016) Novel coumarin-based
fluorescent probe for selective detection of Cu(ll). Spectrochim Acta A Mol
Biomol Spectrosc 152: 18-22.

Pharm Anal Acta
ISSN: 2153-2435 PAA, an open access journal

Volume 7 « Issue 1+ 1000461


http://www.ncbi.nlm.nih.gov/pubmed/16771441
http://www.ncbi.nlm.nih.gov/pubmed/16771441
http://www.ncbi.nlm.nih.gov/pubmed/16771441
http://www.ncbi.nlm.nih.gov/pubmed/23844331
http://www.ncbi.nlm.nih.gov/pubmed/23844331
http://www.ncbi.nlm.nih.gov/pubmed/24322762
http://www.ncbi.nlm.nih.gov/pubmed/24322762
http://www.ncbi.nlm.nih.gov/pubmed/24322762
http://www.ncbi.nlm.nih.gov/pubmed/24322762
http://www.ncbi.nlm.nih.gov/pubmed/23054304
http://www.ncbi.nlm.nih.gov/pubmed/23054304
http://www.ncbi.nlm.nih.gov/pubmed/23054304
http://www.ncbi.nlm.nih.gov/pubmed/23054304
http://www.sciencedirect.com/science/article/pii/S0022231313003359
http://www.sciencedirect.com/science/article/pii/S0022231313003359
http://www.sciencedirect.com/science/article/pii/S0022231313003359
http://www.omicsonline.org/open-access/fluorescence-study-of-bovine-lactoglobulin-2153-2435-1000452.pdf
http://www.omicsonline.org/open-access/fluorescence-study-of-bovine-lactoglobulin-2153-2435-1000452.pdf
http://pubs.acs.org/doi/abs/10.1021/j100377a033
http://pubs.acs.org/doi/abs/10.1021/j100377a033
http://pubs.acs.org/doi/abs/10.1021/j100377a033
http://pubs.acs.org/doi/abs/10.1021/j100377a033
http://onlinelibrary.wiley.com/doi/10.1002/jcc.540100209/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jcc.540100209/abstract
http://www.ncbi.nlm.nih.gov/pubmed/20884461
http://www.ncbi.nlm.nih.gov/pubmed/20884461
http://pubs.acs.org/doi/abs/10.1021/ac980175f
http://pubs.acs.org/doi/abs/10.1021/ac980175f
http://pubs.acs.org/doi/abs/10.1021/ac980175f
http://www.hindawi.com/archive/1995/051920/abs/
http://www.hindawi.com/archive/1995/051920/abs/
http://www.hindawi.com/archive/1995/051920/abs/
http://www.ncbi.nlm.nih.gov/pubmed/26186393
http://www.ncbi.nlm.nih.gov/pubmed/26186393
http://www.ncbi.nlm.nih.gov/pubmed/26186393

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Experimental Section 
	Results  
	Discussion 
	Conclusion 
	Acknowledgement 
	Table 1
	Scheme 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References 



