
HAL Id: hal-03344543
https://univ-angers.hal.science/hal-03344543

Submitted on 15 Sep 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

The parent tetrathiafulvalene-terpyridine dyad:
synthesis and metal binding properties

Esmah Belhadj, Abdelkrim El-Ghayoury, Miloud Mazari, Marc Sallé

To cite this version:
Esmah Belhadj, Abdelkrim El-Ghayoury, Miloud Mazari, Marc Sallé. The parent tetrathiafulvalene-
terpyridine dyad: synthesis and metal binding properties. Tetrahedron Letters, 2013, 54 (24), pp.3051-
3054. �10.1016/j.tetlet.2013.03.102�. �hal-03344543�

https://univ-angers.hal.science/hal-03344543
https://hal.archives-ouvertes.fr


Tetrahedron Letters 54 (2013) 3051–3054
Contents lists available at SciVerse ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
The parent tetrathiafulvalene–terpyridine dyad: synthesis and metal
binding properties

Esmah Belhadj a,b, Abdelkrim El-Ghayoury a,⇑, Miloud Mazari b, Marc Sallé a,⇑
a LUNAM Université, Université d’Angers, CNRS UMR 6200, Laboratoire MOLTECH-Anjou, 2 bd Lavoisier, 49045 Angers Cedex, France
b Laboratoire de Synthèse Organique Appliquée d’Oran, Université d’Oran Es-Sénia, Algeria

a r t i c l e i n f o a b s t r a c t
Article history:
Received 12 February 2013
Revised 21 March 2013
Accepted 22 March 2013
Available online 3 April 2013

Keywords:
Tetrathiafulvalene
Terpyridine
Metal complex
Electronic absorption
Cyclic voltammetry
0040-4039/$ - see front matter � 2013 Elsevier Ltd. A
http://dx.doi.org/10.1016/j.tetlet.2013.03.102

⇑ Corresponding authors. Tel.: +33 2 41 73 54 92; fax
tel.: +33 2 41 73 54 39; fax: +33 2 41 73 54 05 (M.S.).

E-mail addresses: abdelkrim.elghayoury@univ-ang
salle@univ-angers.fr (M. Sallé).
The still unknown parent tetrathiafulvalene–terpyridine- ligand 5 (namely TTF–terpy), was synthesized
through a straightforward strategy. The dyad exhibits an intramolecular charge transfer (ICT) which was
evidenced by UV–vis electronic absorption. Complexation of various transition metal cations by this
redox-active ligand was studied by UV–vis absorption spectroscopy as well as by cyclic voltammetry
titration studies, supporting the dual functional character of this system. In addition, these results dem-
onstrate that ligand 5 is a suitable building block for the preparation of electroactive neutral as well as
charged metal complexes.

� 2013 Elsevier Ltd. All rights reserved.
Tetrathiafulvalene (TTF) and its derivatives have been the sub-
ject of considerable attention, in particular for their ability to reach
molecular conductors and superconductors at the solid state.1 This
behavior is mainly supported by their strong electron donating
ability which results in two sequential and reversible oxidation
processes, affording stable cation radical (TTF�+) and dication
(TTF2+) species.2 In addition, they have also found use as redox
switches in more recent molecular and supramolecular architec-
tures.3 In particular, many efforts have been devoted to the associ-
ation of a binding unit to the redox-active TTF moiety, either to
produce TTF-based redox-responsive receptors for guest sensing
applications in solution,3 or to reach multifunctional molecular
materials that can exhibit, in the solid state, an interplay between
two or more physical properties such as magnetism and electrical
conductivity.4 On this ground, only few of these TTF-based ligands
incorporate an oligopyridine-based coordinating unit.5 Falling into
this category, pyridines,6 bipyridines,6c,7 1,10-phenanthroline,8

Schiff bases,9 and dipyridylamines10 TTF-based ligands have been
synthesized. Surprisingly, though the 2,20;60,200-terpyridine unit is
a well-established building block for allowing a strong and topo-
logically predictable binding to essentially all metal ions,11 only
one example of TTF/2,20;60,200-terpyridine assembly has been
reported so far, with no investigation of any metal complexation.12

Very recently we have reported two new TTF/2,20;60,200-terpyridine
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ligands which incorporate an amide linker between the two sub-
units.13 Herein we report on the straightforward synthesis and
the study of complexation ability of the pristine TTF–terpy ligand
5, for which the two units are directly connected through one car-
bon–carbon covalent bond.

The synthesis protocol of the TTF–terpy ligand 5 involves the
progressive construction of the terpy moiety11,14 on the periphery
of the TTF unit (scheme 1). The starting formyltetrathiafulvalene 1
was prepared as previously described15 in 56% yield by lithiation
and formylation, at low temperature, of the commercially available
tetrathiafulvalene. The formyl derivative 1 was then reacted
through an aldol condensation, with 2-acetylpyridine 2 in the pres-
ence of sodium methanolate to afford the TTF–enone intermediate
3.16

Compound 3 was subjected to a Michael addition with the
pyridylacetylpyridinium iodide salt 4 which was prepared from
2-acetyl pyridine [Scheme 2, reaction (iii)].17 The ring closure reac-
tion [reaction (iv)] was led in the presence of ammonium acetate
affording the desired 40-tetrathiafulvalene-2,20;60,200-terpyridine
5.18

The electronic absorption spectrum of TTF–terpy ligand 5 was
recorded in a dichloromethane/acetonitrile solution (Supplemen-
tary Figure S1). This ligand exhibits two strong electronic
absorption bands at k = 283 nm and 318 nm which are assigned
to the ligand centered p ? p⁄ and n ? p⁄ transitions of both the
TTF ring and the aromatic terpyridine ring. The broad band
observed in the visible region around kmax = 450 nm is characteris-
tic of the intramolecular charge transfer transition (ICT) from the

http://dx.doi.org/10.1016/j.tetlet.2013.03.102
mailto:abdelkrim.elghayoury@univ-angers.fr
mailto:marc.  salle@univ-angers.fr
mailto:marc.  salle@univ-angers.fr
http://dx.doi.org/10.1016/j.tetlet.2013.03.102
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Figure 1. Frontier molecular orbitals of ligand 5. Top (HOMO), bottom (LUMO).

λ

Figure 2. UV–vis titration of ligand 5 (C = 1.25 10�5 M) by Ni(ClO4)2, in DCM/ACN
(1/1, v/v) (curves from 0.5 equiv (green) to 2 equiv (pink) are exactly identical).

Scheme 1. Synthesis scheme of TTF-enone 3. Reagents and conditions: (i) 1) LDA,
Et2O, �75 �C, Ar, 40 min. 2) N-methylformanilide, �75 �C, Ar, 40 min. 56%; (ii) THF,
CH3ONa, 30 �C, 12 h, 30%.
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highest occupied molecular orbital (HOMO) of TTF to the lowest
unoccupied molecular orbital (LUMO) of the electron-accepting
terpyridyl unit.19 These values are similar to the values obtained
for the previously described EDT–TTF–CONH–terpyridine ligand.13

Theoretical calculations based on density functional theory
(DFT) methods have been performed with the GAUSSIAN 09 pro-
gram.20 Becke’s three parameter gradient-corrected functional
(B3LYP) with 6-31G (d,p) basis in vacuo was used for full geometry
optimization and to compute the electronic structure at the min-
ima found. The resulting frontier molecular orbitals are given in
Figure 1. The optimized geometry of ligand 5 reveals a coplanar
conformation for the three pyridine cycles and a significant bend-
ing for the TTF fragment that is typical of the TTF-based molecules
in the neutral state. The rotation angle around the TTF–terpy bond
is of 24�, which illustrates a moderate distortion between the two
units. The electron density of the HOMO orbital is located on the
TTF fragment, while the LUMO is essentially distributed over the
central pyridine cycle and the dithiole ensemble. The HOMO value
(EHOMO = �4.616 eV) confirms that the high p-donating ability of
the TTF framework is maintained in the ligand. The calculated band
gap (Eg = 2.94 eV) between the HOMO (EHOMO = �4.616 eV) and the
LUMO (ELUMO = �1.677 eV) is in reasonable accordance with the
experimental optical band gap Eg � 2.74 evaluated from the kmax

of the ICT band, this difference being assigned to the solvent ef-
fects, which are neglected in calculations.

The 2,20;60,200-terpyridine derivatives are known to form stable
complexes with most transition metal ions.11 In particular, because
of their p-accepting character, they behave as chelating ligands for
low oxidation states transition metals such as Fe2+, Co2+, Cu2+, Zn2+,
Cd2+, Ru2+, Os2+,. . . which therefore allows to generate and to iso-
late the corresponding [M(terpyridine)2]2+ complexes.

Preliminary metal binding studies were undertaken from the
pristine TTF–terpy ligand 5 in the presence of Ni(II), Zn(II), Cd(II),
and Fe(II) as illustrative examples. A UV–visible titration was per-
formed by adding increasing amounts of a nickel perchlorate solu-
tion into a CH2Cl2/CH3CN solution of ligand 5 (Fig. 2). A progressive
Scheme 2. Synthesis scheme of TTF-Terpy 5. Reagents and conditions: (iii)
Pyridine, I2, reflux, 1 h, 95%; (iv) NH4OAc, EtOH, 20%.
decreasing of the band located at 283 nm and the concomitant
appearance of a new band around 318 nm were observed. The lat-
ter new absorption band corresponds to a ligand centered (LC,
p ? p⁄ and n ? p⁄) transitions that appears upon formation of a
metal complex and is likely due to the conformational change
(all trans to all cis) of the chelating terpyridine moiety upon com-
plexation.11 It appears clear from the titration, that no additional
absorption change is observed upon introduction of more than
0.5 equiv of M(ClO4)2 (yellow to pink curves) as expected for the
formation of 2:1 complexes. Note that the ICT transition is red
shifted by more than 100 nm in the metal complex related to free
5, indicating a significant effect of metal complexation. This effect
appears more important than with the previously described TTF–
CONH–terpy ligand.13 Such observation is likely to be due to the
close proximity between the directly connected TTF and
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terpyridine units in 5, as well as to the good p-delocalization
shown by calculations above. The same behavior is observed upon
titrations of zinc perchlorate (Supplementary Figure S2) and cad-
mium perchlorate (Supplementary Figure S3).

In the case of Fe2+, the high intensity of the absorption band in
the visible region suggests a superimposition of both the red
shifted ICT band and the Metal to Ligand Charge Transfer (MLCT)21

band which indicate the formation of [Fe(5)2]2+ (Supplementary
Figure S4).

The electrochemical behavior of ligand 5 was investigated by
cyclic voltammetry. This measurement shows the usual two
reversible one-electron oxidations of the TTF unit, which corre-
spond to the successive formation of a radical cation at +0.005 V
and a dication at +0.430 V (vs Fc+/Fc). These oxidation potentials
are slightly positively shifted when compared to pristine TTF
(�0.035 V and 0.265 V vs Fc+/Fc), which is assigned to the presence
of the electron-deficient terpyridine moiety.

Treatment of an electrolytic solution of ligand 5 with an
increasing amount of nickel perchlorate in a CH2Cl2/CH3CN mix-
ture causes an anodic shift (+60 mV) of the first oxidation potential
(Fig. 3). This behavior is assigned to the increased accepting char-
acter of the terpyridine fragment upon complexation of a metal
cation.22 In the case of Fe2+, in addition to the changes observed
above, a new band is observed at +0.576 V which is assigned to
the oxidation of [Fe(terpyridine)2]2+ complex (Supplementary Fig-
ures S5). As for UV–visible titrations, the voltammograms remain
unchanged upon addition of more than 0.5 equiv of metal cation,
confirming the formation of [M(5)2]2+ complexes in all cases.

A new difunctional, simple ligand 5, composed of the pristine
electron-donating TTF and the terpyridine coordinating units, has
been synthesized in three steps from the commercially available
TTF. The electronic absorption study demonstrates an intramolec-
ular communication between the strong electron donor (TTF) and
acceptor (terpy) parts which are directly connected. Transition me-
tal titration experiments show that this model ligand is suitable for
the preparation of electroactive metal complexes. The electro-
chemical behavior of the ligand indicates that the redox activity
of TTF is preserved and suggests that 5 is also a useful candidate
for the preparation of radical cation salts. Altogether, the easy-to-
prepare system 5 constitutes a model ligand suitable for a wide
μ

Figure 3. CV titration of 5 (10�3 Mol.L�1) in the presence of Ni(ClO4)2, CH2Cl2/
CH3CN (1/1), t = 100 mVS�1 Bu4NPF6 (10�1 mol.L�1)/ Fc+/Fc.
range of applications, in particular indebted with the preparation
of multifunctional molecular materials which exhibit a synergic
interaction between a redox process and an alternative physical ef-
fect promoted by the bound metal (i.e., related to optics, magne-
tism, or conductivity).
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