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ABSTR ACT
Ferrocene and their derivatives are well-known redox active materials and were extensively
used by construction of modified electrodes for the design of electrochemical sensors and
biosensors. Substituent derivatization of ferrocene offers the prospect of controlling ferrocene
moiety properties such as solubility, stability, reversibility of oxidation wave (important for
their role as an electron transfer mediator) and oxidation potential, which is critical in the
electrochemical determination of biological compounds. A new series of rigid alkynylferrocene
including of 2-ferrocenylethynyl fluoren (3a), 2-ferrocenylethynyl fluoren-9-one (3b), 4ferrocenylethynyl aniline (3c) and 3-ferrocenylethynyl-1-trifluoromethyl benzene (3d) have
been prepared in good yields by Sonogashira coupling reaction. All products were
characterized by 1H and 13 C NMR, FT-IR, and elemental analysis. The redox chemistry of these
compounds has been investigated by cyclic voltammetry. The half-wave potential of the
terminal ferrocenyl moieties increases progressively in the order of 3c<3a<3b<3d, which is
consistent with the electron density on the ferrocenyl unit.
© 2013 Growing Science Ltd. All rights reserved.

1. Introduction
In recent years, the synthesis and electrochemical investigation of redox active compounds has
found wide application in electrochemistry 1. For example, ferrocenyl and multiferrocenyl systems
have been used as mediators in amperometric biosensors 2-3 as redox sensors for molecular
recognition 4-8, as building blocks in polymers 9-12 or as coatings to modify electrode surfaces 13-16.
Electrochemical techniques have been particularly investigated for determining the concentration of
biologically and clinically important compounds. In electrochemical methods an applied potential is
used between reference and working electrodes for oxidation or reduction of an electroactive species,
for example ferrocene derivatives 17-22.
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Ferrocenylacetylenes constitute an interesting class of ferrocene derivatives since they may serve
as starting materials for the construction of more complex organometallics 23-25. Sonogashira
coupling, the reaction of terminal alkynes with aryl or alkenyl halides is the most straightforward and
powerful method for the synthesis of aryl and alkenyl substituted acetylenes 26-28. This method has
been extensively studied and frequently used as a key in the synthesis of polymers, pharmaceuticals,
liquid crystals, optical or electronic materials 27-28, 29.
In this paper, we report the preparation of some ferrocene derivatives by Sonogashira coupling
reaction of ethynylferroce with various aryl halides (Scheme 1). The electrochemical properties of
the resulting ferrocene derivatives are investigated.
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Scheme 1: Synthesis of alkynylferrocenes by Sonogashira reaction
2. Results and Discussion
2.1. Synthesis
Coupling reaction of ethynylferrocene with aryl halides in the presence of palladium complex,
copper iodide and triethyl amine, is used for preparation of internal alkynylferrocenes. The results are
summarized in Table 1.
Table 1 Preparation of internal alkynylferrocenes by Sonogashira reactiona
Entry
Ary halides
Times(h)
Products
1

Yields(%)b
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General conditions: 1.0 mmol of aryl halides, 1.3 mmol of ethynylferrocene, PdCl2 (PPh3)2 (29 mg) and CuI (7.6 mg) in DMF and N(C2 H5 )3 at reflux
temperature. bIsolated yield. Products were characterized by spectroscopic data (IR, 1H &13C NMR) and elemental analysis.
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As can be seen from Table 1, aryl halides with electron releasing and electron withdrawing groups
could be successfully coupled with ethynylferrocene. In the first step, alkynylferrocenes with fluorene
and fluorenone moieties (3a and 3b) are prepared by the Sonogashira reaction of ethynylferrocene
with 2-bromofluorene (2a) and 2-bromofluorenone (2b). The coupling reaction was preceded very
well and products were obtained in good yields (Table 1, entries 1-2). When aryl halide with electron
withdrawing group, such as trifluoromethyl group reacted with ethynylferrocene under the same
reaction conditions, a very good yield of the coupling product (3d) was obtained (Table 1, entry 4).
However, when electron releasing substituted aryl halide 2c applied in this reaction, only moderate
yield of the corresponding alkynylferrocene 3c was obtained (Table 1, entry 3).
2.2. Cyclic voltammetry study
In this study, the electrochemical characteristic of synthesized compounds has been investigated using
cyclic voltammetry (CV) method by recording their cyclic voltammograms in dichloromethane in the
presence of tetrabuthylammonium chloride at the surface of glassy carbon (GC) electrode. Typical cyclic
voltammograms related to 2-ferrocenylethynyl fluoren-9-one (3b) has been shown in Fig. 1.

Fig. 1. Cyclic voltammograms of 1 mM of 2-ferrocenylethynyl fluoren-9-one (3b) in 0.25 M (n-Bu)4NCl in CH2Cl2
solvent at various scan rates at the surface of glassy carbon (GC) electrode.

Other compounds (3a, 3c and 3d) show the similar cyclic voltammograms. As can be seen at the
proper potential scan rate, generally these compounds exhibit one forward peak relating the oxidation
of ferrocene moiety to ferrocinium form and one reverse peak relating the reduction of ferrocinium to
ferrocene moiety.
Some electrochemical characteristic data of these derivatives are summarized in the Table 2.
According to this data and with notice to ΔEp values, it is clear, from the view point of
electrochemical reversibility, the compound 3a is the most reversible compound compared to the
others. Also order values of E1/2, half wave potential, as E1/2(3d) > E1/2(3b) > E1/2(3a) > E1/2(3c) show
a logical process that with notice to presence of electron withdrawing groups on the 3d and 3b
molecules and electron releasing group on the 3c and 3a derivatives, it is acceptable. On the other
hand, one interested point is the absence of reverse peak (cathodic peak) at low potential scan rate for
all these derivatives. In fact, at the low potential scan rates, for forward oxidative product exists an
enough time to contribute in a chemical follow up reaction (probably an intramolecular reaction). But
at higher potential scan rates, there is not enough time to occur a reaction due to decrease the time
window of the voltammetric method. Thus the cathodic peak appears in the reverse scan at high
potential scan rates. Previously, we observed this behavior for acetylferrocene derivative and used
this compound as an electrocatalyst for electrocatalytic oxidation and determination of hydrazine 30. It
is clear that the derivative with highest potential scan rate to show the cathodic peak has an oxidative
product with the highest reactivity compared to the others. Therefore, oxidative products of 3c and 3d
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needing highest potential scan rate of 2000 mV/s must be recognized as molecules with highest
reactivity.
Table 2 Some electrochemical characteristic data for synthesized ferrocene derivatives.
Derivatives
3a
3b
3c
3d
a

Epa(V)a
0.800
0.840
0.810
0.880

Epc(V)b
0.685
0.698
0.600
0.680

Ep (V)∆
0.115
0.142
0.210
0.180

E1/2(V)
0.742
0.769
0.705
0.780

υ(mV s-1)c
800
1000
2000
2000

Epa: Anodic peak potential; bEpc: Cathotic peak potential; cυ: Required potential scan rate to observe reverse peak

3. Conclusions
A new series of rigid alkynylferrocene (3a-d) have been prepared in good yields by Sonogashira
coupling reaction. The redox chemistry of these compounds has been investigated by cyclic
voltammetry. The half-wave potential of the terminal ferrocenyl moieties increases progressively in
the order of 3c<3a<3b<3d, which is consistent with the electron density on the ferrocenyl unit.
According to electrochemical studies, from the view point of electrochemical reversibility, the
compound 3a is the most reversible compound compared to the others. In addition, these compounds
have great potential for the electrocatalytic determination of many important biological active
compounds even at real samples.
Acknowledgements
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4. Experimental
4.1. Materials and equipment
All reactions were carried out under argon with the use of standard inert atmosphere and Schlenk
techniques. Infrared spectra (IR) were recorded on a Bruker water 22 spectrometer using KBr pellets.
NMR spectra were obtained at 500 (300) MHz using BrukerAvance DRX spectrometer in CDCl3 as
solvent and tetramethylsilane (TMS) as an internal standard. Melting points were measured with
Electro Thermal 9100. Elemental analyses were performed by LECO 600 CHN Elemental Analyzer.
The electrochemical experiments were carried out using a Potentiostat/Galvanostat (BHP 2061-C
Electrochemical Analysis System, Behpajoh, Iran) coupled with a Pentium IV personal computer
connected to a HP laser jet 6L printer. Ethynylferrocene was prepared according to known procedure
22, 31
from acetyl ferrocene. According to the literature, ethynylferrocene has a reversible
electrochemical behavior showing an E1/2 (half wave potential) about 0.5 V/Ag/AgCl in an aqueous
solution 22.
4.2. General procedure
Preparation of alkynylferrocenes:
To a stirred solution of aryl halides (1.0 mmol) and ethynylferrocene (1.2 mmol) in Et3N (5 mL)
and DMF (5 mL) were added PdCl2(PPh3)2 (29 mg) and CuI (7.6 mg) and the resulting mixture was
stirred at reflux temperature for specified time (Table 1). The progress of the reaction was monitored
by TLC. After addition of 200 mL of H2O and stirring for 30 min, the resulting crude product was
filtered. The resulting raw material was dissolved in CH2Cl2, then washed with diluted HCl and
saturated NaCl solution. After drying with MgSO4 and solvents removal, the crude products was
purified by column chromatography on silica gel using hexane-CH2 Cl2 (for 3a, 3b an 3d) and EtOAcCH2Cl2 (for 3c) as eluent to afford the corresponding internal alkynylferrocenes.
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4.3 Physical and Spectral Data
2-Ferrocenylethynyl-9H-fluoren (3a): Orange solid; mp: 160-162 °C. IR: υ (cm-1)= 745, 1380, 2203
(C≡C). 1H NMR (500 MHz, CDCl3): δ (ppm)= 3.92 (s, 2H), 4.20-4.30 (pseudo s, 7H), 4.55 (s, 2H),
7.27-7.79 (m, 7H). 13C NMR (125 MHz, CDCl3): δ(ppm)= 36.73, 65.50, 68.84, 70.03, 71.43, 86.45,
88.26, 119.72, 120.08, 122.01, 125.07, 126.89, 126.98, 127.96, 130.27, 141.20, 141.30, 143.16,
143.50. Anal. Calcd for C25H18Fe: C, 80.23; H, 4.85. Found: C, 80.53; H, 4.68.
2-Ferrocenylethynyl fluoren-9-one (3b): Red solid; mp: 147-148 °C. IR: υ (cm-1)= 750, 1602,
1712(C=O), 2201(C≡C). 1H NMR (500 MHz, CDCl3): δ(ppm)= 4.20-4.30 (pseudo s, 7H), 4.54 (s,
2H), 7.30-7.76 (m, 7H). 13C NMR (125 MHz, CDCl3): δ(ppm)= 64.62, 69.04, 70.00, 71.48, 85.03,
90.51, 120.20, 120.45, 124.36,124.88, 127.02, 129.12, 134.16, 134.27, 134.81, 137.19, 142.94,
144.07, 193.11. Anal. Calcd for C25H16FeO: C, 77.34; H, 4.15. Found: C, 76.98; H, 3.96.
4-Ferrocenylethynyl aniline (3c): Light orange solid; mp: 186-188 °C. IR: υ (cm-1)= 820, 1300,
1580, 2353 (CC), 3442, 3359 (NH2). 1H NMR (300 MHz, CDCl3): δ (ppm)= 3.80 (br s, 2H, NH2),
4.22 (pseudo t, 2H, J= 3.6), 4.25 (s, 5H), 4.48 (pseudo t, 2H, J= 3.6), 6.65 (d, 2H, J= 8.6), 7.32 (d,
2H, J= 8.6). 13C NMR (125 MHz, CDCl3): δ (ppm)= 66.18, 68.50, 69.90, 71.21, 85.58, 86.15, 113.45,
114.77, 132.77, 146.16. Anal. Calcd for C18H15FeN: C, 71.79; H, 5.02; N, 4.65. Found: C, 72.08; H,
4.83; N, 4.72.
3-Ferrocenylethynyl-1-trifluoromethyl benzene (3d): Orange solid; mp: 67-69 °C. IR: υ (cm-1)=
2215 (C≡C). 1H NMR (500 MHz, CDCl3): δ (ppm)= 4.28-4.30 (pseudo s, 7H), 4.55 (s, 2H), 7.46-7.75
(m, 4H). 13C NMR (125 MHz, CDCl3): δ (ppm)= 64.60, 69.28, 70.20, 71.67, 84.34, 90.38, 123.37 (q,
CF3, 1JCF=272 Hz, CF3), 124.08, 124.95, 128.08, 128.78, 130.92 (q, C, 2JCF= 32 Hz), 134.40. Anal.
Calcd for C19H13F3Fe: C, 64.44; H, 3.70. Found: C, 64.70; H, 3.93.
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