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Abstract

2,6-dipyrazolyl pyridine (bpp) skeleton is a good building unit for iron(I) spin crossover
research. Various functional groups can be appended on pyrazolyl and pyridine rings
thereby modifying potentially the spin state properties of [Fe(bpp),]** derivatives. In this
work, we have worked on substituted pyrazole by grafting an ester function as an electro-
attractor group and a methyl substituent as an electro-donating group in 3 and 5 positions,
respectively. Mossbauer analyses of the mononuclear complex 1 [FeL,](ClO,), (L= diethyl-
1,1'-(pyridine-2,6-diyl)bis(5-methyl-1H-pyrazole-3-carboxylate) revealed high-spin iron(II)
ions at room temperature. On cooling down to liquid helium temperature, magnetic suscep-
tibility measurements confirmed a paramagnetic state, suggesting that the steric influence of
the pyrazole substituents was to great to allow a thermally induced spin crossover to occur.
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1 Introduction

Pyridine and its derivatives form one of the most widely studied classes of ligands in
coordination chemistry, in particular terpyridine, in iron chemistry. Their popularity is due
to synthetic accessibility of substituted terpyridines and their ability to generate remarkable
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properties including redox or spin crossover (SCO) phenomena [1,2,3] However, the combi-
nation of pyridyl functional group and other N-donors aromatic group in one organic ligand
may lead to intriguing structural motifs. Therefore, other classes of NNN tridentate ligands
such as 2,6-di(benzimidazol-2-yl)pyridines [4] and 2,6-di(pyrazolyl)pyridines [5,6] have been
developed. Based on the above ideas, we pre-selected 2,6-bis(pyrazolyl)pyridine (1-bbp) as
ligand. The particularity of this skeleton is its ability to be substituted at every position on both
pyrazole and pyridine rings [5]. Substitution at pyrazole groups provides steric and electronic
control of the metal centre. While adding functional groups on pyridine ring allows the
introduction of functional groups at the periphery of the complex without affecting the metal
center [7]. This flexibility had led bpp iron complexes to be included in a variety of
multifunctional SCO molecular switches [8], magnetic materials [9] and so on.

In this work, we present another 2,6-di(pyrazolyl)pyridine derivative by introducing attrac-
tor and donor groups in 3 and 5 positions of a pyrazole ring, respectively. We discuss the
Maossbauer and magnetic investigation of the obtained mononuclear iron complex.

2 Experimental

The ligand diethyl-1,1'-(pyridine-2,6-diyl)bis(5-methyl-1H-pyrazole-3-carboxylate) L, was
prepared by nucleophilic aromatic substitution reaction of pyrazolic anions with 2,6-
dibromopyridine [10]. Complex [FeL,](ClO,4), (1) was prepared as follows: to a solution of
L (38.3 mg, 0.1 mmol) in chloroform (20 mL) wad added a solution of Fe(ClOy),"6H,0O (18.1
mg, 0.05 mmol) in acetone (10 mL) and the mixture was stirred for 15 min. An orange/yellow
solution was formed. A solution of diethyl ether (40 mL) was then added dropwise to the
solution causing an immediate yellow precipitate. After the solution was stirred for 30min at
room temperature, the yellow precipitate was collected and washed with diethyl ether.
Recrystallisation was carried out by dissolving the precipitate in nitromethane (6 mL) and
vapour diffused with Et;O over two weeks. Yellow crystals were collected by filtration. Yield
31% (16 mg). FT-IR/cm! 3134 (w), 2994 (w), 1635 (m), 1235 (s), 856 (w). HRMS (ESI): m/z:
921.2016 [2M35CIO4¢Fe].

All solvents and chemicals were obtained from commercial sources and used without
purification.’’Fe Mdssbauer spectra were recorded in transmission geometry with a constant
acceleration mode conventional WissEl GmbH spectrometer equipped with a 50 mCi
57Co(Rh) source and a Reuter Stokes proportional counter. The powdered samples were sealed
in aluminium foil and spectra were recorded at 298 K. Spectra were fitted using Recoil 1.05
Maossbauer Analysis software [11]. Isomer shift values are given with respect to «-Fe at 298 K.
Magpnetic susceptibilities were measured on a Quantum design MPMS-5s SQUID magnetom-
eter. The magnetic data were corrected for the sample holder and diamagnetic contributions.
The polycrystalline sample was quickly loaded into a gelatine capsule and immediately
inserted within the SQUID cavity.

3 Results and discussion
57Fe Mossbauer spectra of 1 before (Figure 1) and after recrystallization (Figure 2) have been

recorded at room temperature. Related parameters are gathered in Table 1. At 298 K, the
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Fig. 1 57Fe Mossbauer spectrum of the precipitate of 1 recorded at room temperature. Purple, pink and green
quadrupole doublets correspond to HS Fe(Il) and Fe(IIl) ions, respectively

spectrum of the precipitate shows a major quadrupole doublet with an isomer shift § = 1.00(1)
mm s and a quadrupole splitting AEp=1.73(1) mm sl diagnostic of Fe(Il) ions in the high-
spin (HS) state (Figure 1). Such parameters are similar to those observed in other Fe(II)
complexes with NNN tridentate ligands with narrow bites like bpp ligand [12,13]. An
additional symmetrical doublet characterized by ¢ = 1.32(1) mms™! with a large AE, =
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Fig. 2 5’Fe Mdgssbauer spectrum of single crystals of 1 at room temperature
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Table 1 Overview of 3’Fe Mossbauer parameters for 1 for spectra recorded at room temperature

Sample Spin State A/Ao Mossbauer parameters
o (mm s7!) AEq (mm s) 12
1 powder HS Fe(I) 58 1.00(1) 1.73(1) 0.14(1)
[Fe(ClOy),]-:6H,O 18 1.32(1) 3.15(3) 0.13(3)
HS Fe(III) 24 0.20(3) 0.51(1) 0.21(5)
1 crystals HS Fe(I) 67 1.02(1) 1.88(3) 0.13(2)
HS Fe(III) 33 0.14(1) 0.33(2) 0.26(1)

0: isomer shift (with respect to a-Fe at 298 K); AE: quadrupole splitting; I7/2: half width at half maximum

3.15(3) mm s'! is also present arising from the perchlorate Fe(Il) salt used in the preparation of
1, [Fe(Cl0O4),]-6H,0, as found in an earlier literature report, after the deposition of this salt on a
bio-membrane (0 = 1.34(2) mms™) [14]. Apart from this, we also notice a third contribution
due to Fe(IIT) ions in the HS state, with § = 0.20(3) mm s! and AEp = 0.51(1) mm s°!, which is
in good agreement with previous reported values [14].

After recrystallisation, a Mdssbauer analysis revealed a quadrupole doublet with § = 1.02(1)
mm s and AEy = 1.88(3) mm s! indicative of HS Fe(Il) ions (Figure 2). The observed
asymmetry of the lines is due to a texture effect. This experiments thus confirms the success of
the recrystallisation with the disappearance of the signal associated to [Fe(ClO,4),]-6H,0. Long
acquisition time afforded a second quadrupole doublet with § = 0.14(1) mm s! and AE, =
0.33(2) mm s'!, characteristic of HS Fe(III) ions [15].

The solid-state magnetic behavior of 1 was investigated by variable-temperature magnetic
susceptibility measurements over the range 300-4 K (Figure 3) on fresh crystals to track any
possible spin state crossover. A constant x,,7 value of 3.7(1) cm? K mol! , indicative of HS
Fe(Il) ions, was observed over the whole temperature range investigated, thus confirming a
paramagnetic behavior. This result is consistent with a rigid solid lattice which prevents any
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Fig. 3 Temperature-dependent x,,7 plot for single crystals of 1 over the range 300-4 K
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spin state crossover to occur on this material [16]. The drop of the x,,7 value below 25 K is
due to zero-field splitting of HS Fe(II) ions.

4 Conclusions

Insertion of substituents on the bispyrazolyl pyridine bpp skeleton is believed to influence
strongly the properties of [Fe(bpp),]** complexes, in particularly spin crossover properties. In
this work, we show that the introduction of both ester and methyl groups into 3,5 positions on
pyrazole ring respectively trap the Fe(Il) center in its high-spin state, preventing it to be
converted to the low-spin state at all temperatures. Steric and electronic properties of substit-
uents need to be taken into account.
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