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Abstract Resumen Resumo

The synthesis of new grid-type complexes of 
Co2+ and Fe2+ based on a highly soluble double 
hydrazone framework is reported. The data 
obtained from 1H NMR, FT-IR, and elemental 
analysis indicate that the complexes adopted 
a grid-like structure. Electronic properties 
of the metallogrids were analyzed by UV-
Vis spectroscopy in chloroform, methanol, 
and dichloromethane. Additionally, cyclic 
voltammetry and square wave voltammetry 
were carried out in N,N-dimethylformamide 
(DMF). These compounds exhibited two 
oxidation processes corresponding to the 
organic ligand and several reductions events, 
comprising the ligand and metal centers. 
Furthermore, the interplay between the metal 
nature and the ligand framework was also 
studied in detail. These results represent an 
advancement in the chemistry of metallogrids 
not only because of the few reports concerning 
to the electrochemical properties found in 
the literature, but also for the design of novel 
hydrazone ligands of high solubility and easy 
preparation.

Se reporta la síntesis de nuevos complejos 
metálicos de Co2+ y Fe2+ tipo rejilla que contienen 
como ligando orgánico una doble hidrazona 
altamente soluble en solventes orgánicos. 
Los datos obtenidos de resonancia magnética 
nuclear (RMN 1H), espectroscopía infrarroja 
con transformada de Fourier (FT-IR) y análisis 
elemental indican que los complejos adoptaron 
una estructura de tipo rejilla. Las propiedades 
electrónicas de las metalo-rejillas fueron 
analizadas a través de espectroscopía UV-
Vis en cloroformo, metanol y diclorometano. 
Adicionalmente, se realizaron medidas de 
voltamperometría cíclica y voltametría de onda 
cuadrada en DMF. Los complejos exhibieron 
dos procesos de oxidación atribuidos al 
ligando orgánico y a varios eventos reductivos 
que comprometían al ligando y a los centros 
metálicos, por tanto, la interacción entre la 
naturaleza del ion metálico y la estructura 
del ligando fue analizada en detalle. Estos 
resultados representan un avance en la química 
de metalo-rejillas no solo por los escasos 
reportes de propiedades electroquímicas 
encontrados en la literatura, sino también por 
el diseño de nuevos ligandos hidrazónicos de 
alta solubilidad y fácil preparación.

Neste trabalho relata-se a síntese de novos 
complexos de Co2+ e Fe2+ tipo grelha baseados 
na estrutura de uma hidrazona dupla altamente 
solúvel em solventes orgânicos. Os dados 
obtidos de ressonância magnética nuclear (1H 
RMN), espectroscopia de infravermelho com 
transformada de Fourier (FT-IR), e análise 
elementar indicam que os complexos adotaram 
a estrutura tipo grelha. As propriedades 
eletrônicas das grelhas metálicas foram 
analisadas por espectroscopia UV-Vis em 
clorofórmio, metanol e diclorometano. 
Adicionalmente, foram realizadas medidas 
de voltametria cíclica e voltametria de onda 
quadrada em DMF. Os compostos estudados 
exibiram dois processos de oxidação 
correspondentes ao ligando orgânico, e a vários 
eventos redutivos que envolvem o ligando 
orgânico e os centros metálicos. Além disso, 
a interação entre a natureza do metal e a 
estrutura do ligando foi estudada em detalhe. 
Estes resultados representam um avanço na 
química de metalo-grelhas não somente pelos 
escassos relatos de propriedades eletroquímicas 
encontrados na literatura, mas também pelo 
design de novos ligandos hidrazônicos de alta 
solubilidade e fácil preparação.
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Introduction

Supramolecular chemistry was defined by Jean-Marie Lehn (Nobel 
Prize in Chemistry 1987) as “The chemistry beyond the molecule” (1-5), 
where non-covalent interactions are responsible for holding together the 
supramolecular entities and building, by self-assembly, more complex 
architectures (1). In this regard, nature and specifically biological systems 
have been a great inspiration to supramolecular chemists (6, 7) making use 
of intramolecular interactions to replicate biological systems, to develop 
new applications in medicine (8), to design and synthesize drug delivery 
systems (9), and to develop  molecular machines (10), self-healing materials 
(11), among others (1, 5, 12).

One of the most attractive interactions for supramolecular chemistry 
has been metal-ligand coordination interactions and receptor-host systems. 
The pioneering research has been developed by Pedersen and Cram in 
crown ethers (13, 14) and by Lehn in Cryptands (15, 16). More elaborated 
metal-supramolecular systems such as catenanes (17, 18), molecular 
knots (19), metal-cages (20), and metallogrids (21) have been reported. 
The latter have aroused great interest in the scientific community for their 
potential electronic properties and the possibility to exhibit spin-crossover 
phenomena that could convert them into storage information devices and 
magnetic nanodevices which are able of modulating their spin states by 
thermic or optical excitation (24).

The first reports on metallogrids synthesis included preparations 
from polytopic linear organic ligands, that is, with at least two tridentate 
(terpyridine) or bidentate (bipyridine) coordination sites in their structure, 
that by self-assembly can coordinate metallic ions in an octahedral (if the 
ligand has tridentate sites) or tetrahedral (if the ligand has bidentate sites) 
fashion. Figure 1 shows two of the first examples found in the literature 
(25, 26).
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All starting reagents for the synthesis of the reported compounds were 
purchased from Sigma–Aldrich (USA) and were used without further 
purification. Reactions were monitored by TLC using silica gel 60F 254 
plates with a 0.2 mm thickness (Merck), manually revealed with a UV 
lamp Spectroline Series E with two wavelengths (254 and 365). 1H NMR 
spectra were taken in a Bruker UltraShield 400 MHz instrument using 
CD3CN, DMSO-d6 and CDCl3 as solvents according to the case. E/Z 
photoisomerization was carried out by UV light using a Mercury Vapor 
Lamp of 250 W. This process was monitored by 1H NMR; the samples were 
subjected to irradiation with UV light in a quartz NMR tube. The studies 
were conducted in CDCl3.

Ultraviolet spectra were taken in an UV-vis UV–1700 PharmaSpec 
spectrophotometer. Elemental analysis was carried out in a Thermo 
elemental analyzer model FlashEA 1112 CHNS; reported values are in a 
range of ± 0.4% of the theoretical values. The electrochemical study was 
registered by voltammograms in a bipotentiostat model 700B from CH 
Instruments. 

Compound 1 and its precursors (see Figure 2) were prepared according to 
procedures previously reported by Lehn et al. (28), therefore, no additional 
analysis was carried out except for the 1H NMR spectra matching.
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However, in many cases there is still a problem with the low solubility 
of hydrazones and, therefore, a restriction for the study of several of their 
electrochemical and spin-crossover properties. In fact, there are few reports 
in the literature concerning the study of electrochemical and photophysical 
properties of hydrazone based metallogrids (21, 23, 27). 

In this work, a new bis(hydrazone) possessing a twelve carbon alkyl 
chain was prepared. This compound exhibited a high solubility in the 
majority of common organic solvents. Such bis(hydrazone) was used 
for the formation of Fe2+ and Co2+ metallogrids. These compounds were 
analyzed by 1H NMR, elemental analysis, UV-Vis spectroscopy and cyclic 
and square-wave voltammetry.

One of the main difficulties in metallogrids formation has been the 
synthesis of ligands with acceptable solubility in common organic solvents. 
Besides, many of the synthetic protocols for preparation of terpyridine like 
structures imply tedious and multi-step synthesis. To overcome this issue, 
Lehn et al. (27) reported a large number of grids based in, which it turned 
out to be an easy preparation. 

Figure 1. Formation of metallogrids based on ditopic ligands a) bipyridine 
and Cu+ ions and tritopic ligands b) terpyridine and M2+ ions. Image inspired 
by references 25 and 26.

Synthesis of 4,6-dichloro-2-(4-(dodecyloxy)
phenyl)pyrimidine (2)

A solution of 1 (0.300 g, 0.72 mmol) in POCl3 (1 mL, 10.84 mmol) was 
taken to reflux in an oil bath under inert atmosphere. After 8 h, 3 mL of a 
water-ice mixture was added, then extracted with Ethyl acetate and finally 
dried with sodium sulfate. After filtrating, the solvent was evaporated under 
reduced pressure. The resulting compound was purified using column 
chromatography with heptane/diethyl ether 20:1, a light yellow liquid was 
obtained with a 60% yield. 1H NMR (400 MHz, chloroform-d) δ/ppm: 8.37 
(d, J = 8.9 Hz, 2H), 7.17 (s, 1H), 6.96 (d, J = 8.9 Hz, 2H), 4.03 (t, J = 6.6 Hz, 
2H), 1.85 – 1.76 (m, 2H), 1.52 – 1.43 (m, 2H), 1.41 – 1.21 (m, 16H), 0.88 (t, 
J = 6.8 Hz, 3H). NMR 13C-{1H} (101 MHz, chloroform-d) δ 165.75, 162.90, 
161.94, 130.91, 127.40, 117.73, 114.70, 68.40, 32.08, 29.82, 29.79, 29.75, 
29.72, 29.54, 29.51, 29.33, 26.17, 22.85, 14.27. Elemental analysis C 64.54 
(64.52); H 7.39 (7.41); N 6.84 (6.81); O 3.91 (3.94).



Synthesis of bis(hydrazone) 4
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Results and Discussion

Figure 2. Synthetic route to obtain Fe(II) and Co(II) metallogrids.

Synthesis of 2-(4-(dodecyloxy)phenyl)-4,6-
dihydrazinylpyrimidine (3)

Three mL of hydrazine monohydrate were added to 150 mg (0.37 mmol) of 
2 under argon atmosphere. The solution was taken to reflux for 3 h, then, the 
excess of hydrazine monohydrate was removed under reduced pressure and 
the product was dissolved in chloroform. The resulting solution was treated 
with K2CO3 (2 equivalents) under stirring for 10 min; the liquid phase was 
extracted with CHCl3 (3 x 50 mL) and, after drying the different portions, 
compound 3 was obtained quantitatively as a white solid. 1H NMR (400 
MHz, DMSO-d6) δ 8.18 (d, J = 8.7 Hz, 2H), 7.48 (s, 2H), 6.92 (d, J = 9.1 
Hz, 2H), 5.92 (s, 1H), 4.16 (s, 4H), 3.98 (t, J = 6.5 Hz, 2H), 1.70 (p, J = 
6.8 Hz, 2H), 1.47 – 1.03 (m, 18H), 0.84 (t, J = 6.6 Hz, 3H). NMR 13C-{1H} 
(101 MHz, DMSO-d6) δ 166.45, 161.18, 160.09, 131.06, 129.15, 113.70, 
99.63, 77.16, 67.54, 31.37, 29.10, 29.08, 29.07, 28.84, 28.78, 25.59, 22.17, 
14.04. Elemental analysis C 65.97 (65.94); H 9.06 (9.01); N 20.98 (20.96); 
O 3.99 (4.01).

Synthesis of 2-(4-(dodecyloxy)phenyl)-4,6-
bis(2-((E)-pyridin-2-ylmethylene) hydrazinyl) 
pyrimidine (4)

100 mg of 3 were dissolved in ethanol (3 mL) and, under inert atmosphere, 
an ethanolic solution of 2-pyridinecarboxaldehyde (2 equivalents, 1 mL) 
was added dropwise. The resulting solution was taken to reflux for 12 h. 
After cooling, it was recrystallized in cold ethanol. After 12 h crystals were 
obtained in a 79% yield. 1H NMR (400 MHz, chloroform-d) δ 9.23 (s, 2H), 
8.63 (d, J = 4.8 Hz, 2H), 8.32 (d, J = 8.7 Hz, 2H), 8.08 (d, J = 7.9 Hz, 2H), 
8.01 (s, 2H), 7.79 (t, J = 7.6 Hz, 2H), 7.29 (dd, J = 7.5, 5.1 Hz, 2H), 7.07 
(s, 1H), 6.97 (d, J = 8.7 Hz, 2H), 4.01 (t, J = 6.6 Hz, 2H), 1.80 (p, J = 6.8 
Hz, 2H), 1.50 – 1.43 (m, 2H), 1.35 - 1.27 (m, 16H), 0.88 (t, J = 6.8 Hz, 
3H). NMR 13C-{1H} (101 MHz, chloroform-d) δ 162.05, 153.44, 149.69, 
143.39, 136.59, 129.90, 123.88, 120.71, 114.59, 100.14, 81.55, 77.37, 
68.35, 32.08, 29.82, 29.80, 29.76, 29.74, 29.56, 29.51, 29.37, 26.18, 22.85, 
14.27. Elemental analysis C 70.56 (70.55); H 7.31 (7.33); N 19.36 (19.34); 
O 2.76 (2.79).

General procedure to obtain metallogrids

Hydrazone 4 (10 mg) was dissolved in acetonitrile (2.0 mL) under argon 
atmosphere. Then, a solution of acetonitrile (3.0 mL) of the respective salt, 
Fe(BF4)2·6H2O or Co(BF4)2·6H2O, was added dropwise. In both cases an 
equivalent of the metallic ion was added with respect to the hydrazone. 
The resulting solution was stirred for 48 h. then concentrated to half the 
initial volume and 10 mL of ethyl ether were added; a black precipitate was 
obtained in both cases. The precipitate was dried under reduce pressure for 
12 h, yielding 88% and 90% for Fe(II) and Co(II) complexes, respectively. 
Once dried, the solids were subject to elemental analysis and NMR. 
Elemental analysis: [Co4(1)4](BF4)8•6H2O C 48.71 (48.65); H 5.41 (5.47); 
N 13.37 (13.30); O 4.47 (4.80). [Fe4(1)4](BF4)8•6H2O C 48.89 (48.83); H 
5.43 (5.48); N 13.42 (13.40); O 4.79 (4.82).

This work began with the design of a ditopic organic ligand of easy 
preparation and with the requirement of high solubility in common 
organic solvents. For that purpose, a protocol similar to the one found in 
the literature (19), which implied four synthetic steps towards compound 
1 (See Figure 2) was carried out. This compound exhibited the same 1H 
NMR signals as the one reported, therefore, no further characterization was 
performed (26). Subsequently, 1 was reacted with POCl3 to obtain 2 in an 
86% yield. The chloride compound was subjected to a nucleophilic aromatic 
substitution reaction, using hydrazine monohydrate as solvent with reflux 
for 3 h. Excess of hydrazine was removed under reduced pressure and the 
obtained product was re-dissolved in chloroform. The resulting solution 
was treated with K2CO3 (2 equivalents) under constant stirring for 10 min. 
The liquid phase was extracted with CHCl3 (3 x 50 mL) and the extracts 
were taken to dryness obtaining compound 3 quantitatively as a white solid. 
This compound proved to be sensitive to air and had to be used as soon as 
possible in the following reaction because it tended to decompose into a 
black substance, which was insoluble in common organic solvents. 



Once compound 3 was obtained, it was dissolved in ethanol 
and added dropwise to an ethanolic solution of 2 equivalents of 
2-pyridinecarboxaldehyde. The resulting solution was taken to reflux for 12 
h. After cooling, compound 4 was recrystallized in cold ethanol (after ~12 
h crystallization begins) and compound 4 in a 79% yield as a beige solid 
soluble in ethanol, methanol (partially), chloroform, DMSO, acetonitrile, 
dichloromethane, DMF, acetone, nitromethane, THF, and ethyl acetate, 
was obtained. Figure 3 shows 1H NMR spectra of compounds 2, 3 and 4 
which, to the best of our knowledge, have not been reported in literature. 
Compound 4 is a new type of organic ligand, which can be seen as two 
arms system whose transoid-conformation is capable of, via two bonds 
rotation, change to a cisoid-conformation and coordinate metallic ions 
through the nitrogen atoms of the pyrimidine, imine and pyridine moieties, 
acting similar to a terpyridine ligand (Figure 2). Through such coordination 
molecular metallogrids of high solubility can be obtained, allowing the 
study of electronic and electrochemical properties as it is reported in the 
present work.
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The 13C NMR spectrum showed the 25 expected signals, 14 of which 
appear at downfield and correspond to aromatic carbons and the alpha carbon 
to oxygen. At high field (14-32 ppm) there were 11 signals corresponding 
to the alkyl chain. The HSQC (Figure 4) allows the assignment of the 
corresponding signals.

Figure 3. 1H NMR (400 MHz) spectra expansion of compounds 2 (in 
CDCl3), 3 (in DMSO-d6) and 4 (in CDCl3). 

Compounds 2, 3, and 4 showed the right number of characteristic signals 
of each molecule. At high field, four signals integrate for 23 protons, which 
correspond to those of the alkyl chain. Besides, around 4.0 ppm a triplet 
integrating for two protons was observed. This triplet corresponded to the 
methyl group bonded directly to oxygen. As expected, the signals of the 
alkyl chain were not affected by the substitution occurring in the pyrimidine 
ring and, therefore, they were observed at similar chemical shifts in the three 
compounds. At downfield the protons corresponding to the aromatic rings 
were seen. For the case of 2, two doublets (8.37 and 6.96 ppm, J = 8.90), 
which corresponded to the protons of the aromatic ring, are bonded to the 
pyrimidine center. Furthermore, there was a singlet at 7.17 ppm integrating 
for one proton corresponding to H-5 in the pyrimidine ring. In the case of 
3, additionally to signals observed for 2, there were two new signals at 7.50 
and 4.18 ppm integrating for two and four protons corresponding to the two 
of hydrazine units, respectively. 

For the case of bis(hydrazone) 4, five additional signals correspond 
to the imine group protons and those of the pyridine ring. All the signals 
integrated correctly. The two N-H protons appeared as a wide band due to 
the rapid proton exchange in solution. 

Figure 4. HSQC spectrum (400 MHz) of bis(hydrazone) 4 in CDCl3

Formation of metallogrids

Once prepared the bis(hydrazone) 4, the formation of Fe(II) and Co(II) 
metallogrids was carried out. Such compounds were prepared through a 
self-assembly process between hydrazone and M2+ ions (M = Fe or Co) 
at room temperature. The elemental analysis for structures [Co4(4)4]
(BF4)8·6H2O and [Fe4(4)4](BF4)8·6H2O agreed well with the theoretical 
values (Table 1). This result is proof of the thermodynamic stability of the 
metallogrids and how these are the product of the self-assembly of several 
molecular components by molecular cooperativity (21, 29).

Figure 5. A) Computed structure of metallogrids of 1. B) and C) top and 
side view of the metallogrids; for simplicity, alkyl chains were removed. 
Carbon atoms are represented in grey, oxygen in red, nitrogen in blue and 
metallic ions in orange. 
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1H NMR of metallogrids

The obtained metallogrids were analyzed by 1H NMR in deuterated 
acetonitrile (Figures 5 and 6). In the case of Co(II) metallogrid, a 
paramagnetic complex is obtained with signals from -60 to 220 ppm. The 
large number of signals were interesting because they indicate that not all 
the metallic centers had the same spin and, thus, the protons of the four 
bis(hydrazones) were not equivalent. The same phenomena has been 
observed in other metallogrids and coordination complexes previously 
published. It has been largely attributed to the influence exerted by the 
Co(II) ions over the local magnetic field and to the relaxation rate of protons 
(30-35).

E/Z photoisomerization

To follow the occurrence of isomers in the Z and E configurations, a 100.0 
mM solution of 4-E,E in CDCl3 was prepared and introduced in a quartz 
NMR tube, which was irradiated with a mercury vapor lamp of 250 W for 
different times, varying between 0 to 21 min. The photoisomerization was 
monitored by 1H NMR spectroscopy to quantify the amounts of the formed 
isomers. When examining the 1H NMR spectrum, the singlet at 7.13 ppm, 
corresponding to the 8-proton on the structure, split as the isomers were 
formed, indicating the formation of intramolecular hydrogen bonds. Pho-
toisomerization was monitored over time and the relative amounts of each 
isomer were calculated (see Figure 8) and used to determine a first order 
reaction with a kinetic constant k = 9.5 x 10-4 s-1. The percentages of the 
E,E’ and E,Z isomers were 29.6 and 70.4% respectively, after irradiating 
the sample during 21 min. No Z,Z was observed during this time window. 

Table 1. Theoretical and experimental values of the elemental analysis of 
synthesized metallogrids.

Compound %C %H %N %O

[Co4(4)4](BF4)8•6H2O 
(21, 29) 48.71 5.41 13.37 4.77

Experimental 48.65 5.47 13.30 4.80

[Fe4(4)4](BF4)8•6H2O 
(21, 29) 48.89 5.43 13.42 4.79

Experimental 48.83 5.48 13.40 4.82

Figure 5 shows how four molecules of bis(hydrazone) and four metallic 
centers are organized. The M2+ cations coordinate octahedrically to six 
nitrogen atoms from two perpendicular bis(hydrazones). The four alkyl 
chains are orientated outside the metallogrid.

Figure 6. 1H NMR (400 MHz) spectra of Co(II) metallogrid in deuterated 
acetonitrile. Concentration 50 mM.

In the case of Fe(II) complex, wide signals were observed. However, 
these were not localized over a broad range of chemical shift as it was 
obtained for the Co(II) counterpart. This suggests that the metallogrid is 
under low/high spin crossover, as it was also observed by Lehn et al. (34-
37). However, although supported by the literature, this assertion will keep 
being a conjecture until Mössbauer spectroscopy, Light-Induced Excited 
Spin-State Trapping (LIESST) and thermomagnetic experiments can be 
carried out. In this regard, paramagnetism in metallogrids can occur for at 
least four reasons: 

1) inter and intramolecular steric effects of the ligands (38-39), 2) 
electronic effects of the ligands and their substituents (40-42), 3) protonation 
state of the ligand (43), and 4) the type of counterion of the grid (44-45). 

All these factors affect in different degrees the magnetic properties of the 
metallogrids and, thus, its ability to exhibit the spin crossover phenomena 
(25).

Figure 7. 1H NMR (400 MHz) spectrum of Fe(II) metallogrid in deuterated 
acetonitrile. Concentration 50 mM.

Figure 8. Photoisomerization of 4. Top: Scheme of photochemically 
activated isomerization. Bottom: 1H NMR (400 MHz) spectrum of 
bis(hydrazone) 4 in CDCl3 at different irradiation times in a quartz tube.



Methanol, chloroform, and dichloromethane solutions of the bis(hydrazone) 
and its metallogrids were analyzed by UV-Vis spectroscopy. Figure 9 shows 
the spectra in methanol and Table 2 the characteristic absorptions. 

For the bis(hydrazone) 4 a very intense band was observed at 303 
nm with a shoulder at 334 nm. This absorption is associated to a ππ* 
electronic transition which exhibited a hypochromic shift when reducing the 
polarity of the solvent. The same transitions were observed for Fe(II) and 
Co(II) complexes but with lower intensities. Besides, additional absorption 
bands were detected in the visible region of the spectra, which are attributed 
to dd transitions.
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Figure 9. UV-Vis spectra of the free ligand 4 and its corresponding Fe(II) 
and Co(II) complexes in methanol.

Electrochemical Studies

Cyclic and squared wave voltammetry studies were carried out for ligand 
4 and its corresponding metallogrids, in 0.1 M solutions of NBu4PF6 in 
DMF. A 3 mm glassy carbon electrode was used as working electrode, 
a silver wire as pseudo-reference electrode, and a wire of platinum as a 
counter electrode. Ferrocene was added at the end of the experiment and its 
oxidation potential was taken as internal reference. 

Bis(hydrazone) 4 exhibited two irreversible oxidative processes, which 
shift slightly towards cathodic potentials after coordination with Fe(II) 
and Co(II). These oxidations are probably located at the –N-H moiety of 
the hydrazone framework (46). The inherent acidity of the N-H protons 
facilitates the oxidative process. However, the relative oxidation potentials 
do not seem to be affected by the metal ion present in the complex, 
suggesting that the central pyrimidine group would play an active role 
during the oxidation mechanism (47, 48).

Besides that, compound 4 exhibited five irreversible reduction 
potentials, going from -1.10 V until -2.54 V. When comparing with other 
reports, these potentials can be attributed to reduction of the imine groups 
from the hydrazone framework and the lateral pyridines. Such reduction 
potentials were also observed for Fe(II) and Co(II) complexes and have been 
summarized in Table 3. In the case of Co(II) metallogrid, two additional 
reductions were observed, presumably due to the reduction processes in 
the metallic centers. Whereas for Fe(II) metallogrid only one additional 
reduction was observed.

Electronic studies (UV-Vis)

Table 2. UV-Vis bands in methanol associated to the compounds presented 
in this work.

Compound Wavelength (nm)

Bis(hidrazone) 516 and 447 low intensity; 334 (shoulder), 303, 238, 
and 220

[Co4(4)4](BF4)8
528, 412 (low intensity), 304 (wide with a non-

defined shoulder close to 341), 236, and 221

[Fe4(4)4](BF4)8 518, 462, 388, 349, 304, 279, 223, 208

In the case of the Co(II) complex, according to the NMR results, 
[Co4(4)4](BF4)8 corresponds to a (d7) complex of high spin (low field). 
Therefore, 4T1g(F)4T2g, 

4T1g(F)4A2g, and  4T1g(F)4T2g(P) transitions 
were expected. The last two are of high energy (according to Tanabe-Sugano 
diagram) and thus they are not observable within the measured window. 
The d-d transitions exhibit Jahn-Teller distortions in dichloromethane, 
probably due to the interactions of the solvent with the organic ligands, 
which are evident because of the hypochromic shift, increasing the solvent 
polarity (Figure 10). By contrast, the Fe(II) (d6) complex exhibited only 
one 5T2g(D)5Eg allowed transition. However, in methanol an additional 
electronic transition was observed, which is likely due to formation of a 
complex (via hydrogen bond) between the solvent and the metallogrid.

Figure 10. UV-Vis spectra of Fe(II) (left) and Co(II) (right) metallogrids in methanol, dichloromethane and chloroform.
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        In general, these compounds exhibit electrochemistry mainly character-
ized by processes occurring on the hydrazone framework (amine or imine 
groups). It is interesting that oxidation of Fe(II)/Fe(III) was not observed, 
probably because of a shielding effect of the hydrazones which anodically 
shifts such process. Noteworthy, these compounds exhibit multiple reduc-
tion states, which can be further studied, along with the above mentioned 
paramagnetic properties, for the development of multi-responsive devices 
(49).

Figure 11. Squared wave voltammetry of the bis(hydrazone) 4 (in black) 
and Fe2+ (in blue) y Co2+ (in red) metallogrids. Scan rate 100 mV s-1.

Figure 12. Cyclic voltammetry of the bis(hydrazone) 4 (in black) and Fe2+ 
(in blue) y Co2+ (in red) metallogrids. Scan rate 100 mV s-1.

Compound Ep, oxd(1) Ep, oxd(2) Ep, red(1) Ep, red(2) Ep, red(3) Ep, red(4) Ep, red(5) Ep, red(6) Ep, red(6)

4 0.67 0.84 -1.10 -1.32 -2.29 -2.40 -2.54

[Co4(4)4](BF4)8 0.66 079 -0.57 -1.11 -1.27 -1.77 -2.30 -2.48 -2.58

[Fe4(4)4](BF4)8 0.66 0.80 -1.03 -1.40 -1.89 -2.20 -2.33 -2.58

Table 3. Anodic and cathodic potentials of bis(hydrazone) 1 and its complexes. Potentials reported in volts vs ferrocene.

Conclusions

A new ditopic ligand based on a double hydrazone was prepared. This com-
pound contains two terpyridine-like tridentate coordination sites, which are 
capable of forming metallogrids with Fe(II) and Co(II) ions. Such metallog-
rids exhibited high spin for the Co(II) complex and presumably spin-cross-
over for Fe(II) metallogrids. As for the electrochemical properties of these 
architectures, they exhibited different irreversible cathodic process and two 
anodic processes mainly located at the hydrazone framework.
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