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Introduction

The high interest in the chemistry of heterometallic cyanido-bridged complexes was triggered by the synthesis of the first molecular magnets with high critical temperatures, which belong to the Prussian Blues family [1]. Another milestone in this field is due to Ohba, Okawa et al. [2], who showed that the hexacyanido-complexes can be used as metalloligands not only towards bare (actually hydrated) metal ions, but also towards complex cations with one or more coordination sites blocked by ancillary ligands. Following this strategy, a plethora of cyanido-bridged complexes with interesting magnetic properties have been described [START_REF] Dunbar | Several excellent reviews on heterometallic complexes constructed using hexacyanido metalloligands have been[END_REF]. The denticity of the ancillary ligands has a strong influence on the nature of the polymetallic cyanido-bridged complexes resulted from the self-assembly processes (oligonuclear species versus coordination polymers with various dimensionalities and network topologies). A rich variety of organic molecules can be used to block several coordination sites of the assembling cations with various denticities (ranging from monodentate to pentadentate), geometries (e.g. linear, tripodal or macrocyclic) and charge (neutral or often anionic). Let us recall briefly the case of macrocyclic blocking ligands. They are usually coordinated into the equatorial plane of the metal ions, the axial positions being occupied by weakly bonded groups (usually solvent molecules), which can be easily replaced by cyanido bridges. Generally, the self-assembly process involving trans-[M(mac)(solv) 2 ] 2+ (where mac stands for macrocyclic ligand) and [M' (CN) 

6 ] 3-ions yields 2-D [M 3 M' 2 ] networks. Within a layer, each [M(mac)] 2+ moiety is linked to two [M'(CN) 6 ] 3-ions in
trans positions, and each [M'(CN) 6 ] 3-ion is surrounded by three [M(mac)] 2+ units. If the [M'(CN) 6 ] 3-tecton employs three facial cyanido groups as bridges, layers with a stair-shaped honeycomb architecture are formed [4]. On the other hand, flat brick wall-like layers are assembled when the three cyanido bridges are disposed in meridional positions [5].

Two interesting macrocyclic ligands, L 1 and L 2 , both potentially pentadentate, result from the condensation reaction of 2,6-diacetylpyridine with 3,4-dioxaoctane-1,8-diamine, and triethylenetetramine, respectively (Scheme 1). These two ligands favour a pentagonal bipyramidal geometry around metal ions. Another important property of these ligands arised from the coordination geometry imposed to the metal ions. They generate very robust Co II and Mn II complexes with high preference for octahedral coordination and prevent their oxidation to Co III and Mn III , respectively. Moreover, it has been shown that the geometry of these ligands can enhance the local magnetic anisotropy of high spin Fe II complexes [6]. Interestingly, the selfassembly process between [M(L 1/2 )(solv) 2 ] 2+ and [M'(CN) 6 ] 3-ions do not always lead to 2-D coordination polymers. For example, by reacting [Mn(L 2 )(H 2 O) 2 ]Cl 2 with K 3 [Fe(CN) 6 ], we obtained a linear pentanuclear [Mn II 3 Fe III 2 ] complex [7], while reactions between [10]. The synthesis of 2 was performed in a glove box operating under argon using degassed solvent by freeze-pump-thaw technique prior to use.

[Mn(L 2 )(H 2 O)

Physical measurements

The IR spectra were collected in the 4000 -400 cm -1 range on a Bruker Tensor 37 spectrometer for 1 (KBr pellets) and on a Thermal Scientific Nicolet 6700 spectrometer equipped with a Smart iTR diamond window for 2. Magnetic measurements were carried out with a Quantum Design MPMS-XL SQUID magnetometer equipped with a 7 T magnet. Measurements were performed on crystals of 1 (7.9 mg) and 2 (13.6 mg) covered and thus restrained in a minimum of their frozen mother liquor within a sealed straw to prevent desolvation of the solid. No evaporation of the mother liquor was observed during the measurements. The mass of the sample was determined after the measurements and subsequent mother liquor evaporation. These measurements were collected in the temperature range 1.8-280 K and in the field range -7 to 7 T.

An M vs. H measurement was performed at 100 K to confirm the absence of ferromagnetic impurities. Ac magnetic susceptibility data were collected in zero dc field in the temperature range 1.8-10 K, under an ac field of 3 Oe, oscillating at frequencies in the range 1-1000 Hz. The magnetic susceptibility data were corrected for the sample holder and the diamagnetic contributions.

Synthesis

Synthesis of complex 1

[{Co(L 1 )} 

X-ray data collection and crystal structure refinement

The crystals are losing quickly their interstitial solvent molecules once filtered from their mother solution, resulting in a loss of crystallinity. For this reason, the crystals were mounted on a fiber CrysAlis RED programs from Oxford Diffraction [START_REF]CrysAlis CCD and CrysAlis RED[END_REF]. The structure of 1 was solved with the SHELX-97 crystallographic software package [START_REF] Sheldrick | SHELXL-97; Program for Crystal Structure Refinement[END_REF], while 2 was solved using SIR-97 [START_REF] Altomare | [END_REF], and refined by a full-matrix least squares method on F 2 with SHELXL-97. The non-H atoms were refined with anisotropic displacement parameters. Hydrogen atoms were located at calculated positions using suitable riding models except the ones on methanol and water molecules that were not introduced, but are taken into account in the compound formula. The structure of 2

presents a disorder rather difficult on one of the two macrocyclic complex contained in the unit cell. Also, it was necessary to use numerous restraints and set isotropic four nitrogen atoms. C29 and N14 from a cyanide group coordinated to Co(1) are disordered on two positions and were refined with relative occupations of 0.642 : 0.358. A summary of the crystallographic data and the structure refinement for crystals 1 -2 are given in Table 2.

Results and Discussion

Syntheses and general description

The two compounds, 2), have been obtained in a similar way, by slow diffusion of a solution containing the assembling cation, [M(L 1/2 )] 2+ , into the solution of the corresponding hexacyanometallate. The characteristic bands of the cyanido group are observed by infrared spectroscopy for the two compounds as follows: 2145 and 2110 cm -1 for 1, and 2122 cm -1 for 2.

[{Co(L 1 )} 3 {Fe(CN) 6 } 2 ]•6CH 3 OH•6H 2 O (1) and [{Fe(L 2 )} 3 {Co(CN) 6 } 2 ]•2CH 3 OH•13H 2 O (

Crystal structure of complex 1

The crystallographic investigation of the two compounds reveals an assembly of layers with different topologies driven by the relative position of the three bridging groups from the hexacyanidometallo-ligands (facial for {Fe(CN) 6 } in 1 and meridional for {Co(CN) 6 } in 2). The asymmetric unit for 1, presented in Figure 1, reveals two crystallographically independent heptacoordinated cobalt ions, both with a pentagonal bipyramidal stereochemistry. Their equatorial plane is occupied by the macrocyclic L 1 ligand, with metal-donor atom distances varying between 2.318(3) and 2.117(3) Å for Co1 and between 2.257(2) and 2.127( 4 

Crystal structure of complex 2

The asymmetric unit for compound 2, shown in Figure 3, contains two crystallographically independent heptacoordinated iron(II) ions with a pentagonal bipyramidal geometry. The L 2 ligand coordinated to Fe1 is disordered over two positions with relative occupancy of 0.642 : 0.358. The Fe -N distances within the equatorial plane vary between 2.076(11) and 2.355( 12) Å (for Fe1), and between 2.180(6) and 2.290( 5) Å (for Fe2). Each {Co(CN) 6 } building-block interacts with three iron ions through meridional cyanido groups, resulting in a 2-D coordination polymer with a distorted brick wall topology (Figure 4). The distortion is due to the deviation from the linearity of the Co-CN-Fe bridges: Fe1 -N12 -C25 = 147.4( 5), Fe1 -N13 -C26 = 153.8( 5) and Fe2 -N9 -C24 = 164.9(4)°. The distances between the metal ions bridged by cyanido groups are:

Co1•••Fe1 = 5.018, Co1•••Fe2 = 5.086, Co1•••Fe1 i = 4
.947 Å (i = 0.5-x, -0.5+y, 0.5-z). Each mesh of the network contains six cobalt ions (each one shared between three meshes) and six iron ions (each one shared between two meshes). Similarly to the case of compound 1, the stacking of the layers, parallel to the ab plane, generates channels, which are filled by the solvent molecules.

Selected bond distances and angles for the two compounds are gathered in Table 1.

Magnetic properties

The magnetic properties of the two compounds have been investigated. The magnetic susceptibility shown as a T vs. T plot for compound 1 is represented in Figure 5. The room temperature value of the T product, 10.8 cm 3 mol -1 K ( defined as M/H per Co 3 Fe 2 unit), corresponds to the value expected for three high spin Co II and two low spin Fe III non-interacting magnetic centers (10.8 cm 3 mol -1 K with g Co = g Fe = 2.6), having in mind that both high spin Co II and low spin Fe III ions are characterized by a significant orbital contribution to their magnetic moment. By decreasing the temperature, T product increases slowly, then more abruptly until reaching 71 cm 3 mol -1 K at 2.7 K, indicating dominant ferromagnetic interactions between the Co II and Fe III ions through the cyanido bridges. The exchange interaction between high spin Co II and low spin Fe III ions within cyanido-bridged complexes is frequently ferromagnetic [15], and in fewer cases it was also found to be antiferromagnetic [16]. Below 2.7 K, T decreases due to a saturation associated to the long-range magnetic order (vide infra). The field dependence of the magnetization recorded between 1.8 and 8 K is shown Figure 6. The magnetization reaches 10.7

µ B at 1.85 K under 7 T. Below 3 K, the magnetization increases very fast at low field, indicating the occurrence of a magnetic order. This magnetic order appears to be ferromagnetic, as no inflection point (that could be related to an antiferromagnetic interactions and thus antiferromagnetic order) is seen on the M vs. H plot. Moreover, the ferromagnetic order is also in agreement with the increase of the χT vs T data discussed above. This magnetic order is further confirmed by the ac measurements displaying (i) out-of-phase susceptibility χ'' different to zero below 3 K and (ii) no significant frequency dependence of the in-phase χ' and χ'' components, as seen on the data shown in Figure 7. The absence of an inflection point on the M vs H curve, even at low fields, and the out-of-phase signal below 3 K strongly suggest that the interlayer interaction is ferromagnetic.

The temperature dependence of the χT product for compound 2 at 1000 Oe is presented in Figure 8. The magnetic contribution for 2 is due solely to the high spin Fe II ions, and the room temperature value of 10.9 cm 3 mol -1 K corresponds exactly to the expected values for three S = 2

Fe II ions per formula unit with g Fe = 2.2. The χT product remains constant down to ca 40 K, then is decreases abruptly, because of the quite strong ZFS effect associated to the iron(II) ion within this stereochemistry [6]. Intralayer antiferromagnetic interactions between the Fe II nodes, if any, are very weak because of the quite long Fe•••Fe distances (7.699 and 7.514 Å). The presence of the magnetic anisotropy is confirmed by the non-superposition of the M vs. H/T curves (Figure 8). Consequently, the magnetic data of 2 have been fitted using the following Hamiltonian: Table 1. Selected bond lengths (Å ) and angles (°) in compounds 1 and 2.

i = 1-x, y, 0.5z i = -x, y, 0.5-z ii = 1.5-x, -0.5+y, 0.5-z ii = 0.5-x, -0.5+y iii = 1. 5-x, 0.5+y, 0.5-z 

  loop and immediately placed under the nitrogen flux to prevent desolvatation. X-ray diffraction measurements for crystal 1 were performed at 173 K on a STOE IPDS II diffractometer operating with Mo K (λ = 0.71073 Å) X-ray tube with graphite monochromator. A four-circle Oxford Diffraction Xcalibur 3 diffractometer with graphite-monochromated Mo-K radiation ( = 0.71073 Å) with a 2D Saphire 3 CCD detector coupled with an Oxford CryoSystem nitrogenflow cryostat was used for the data collection at 100(2) K of 2. The structures were solved by direct methods and refined by full-matrix least squares techniques based on F 2 . The unit cell parameters and the data integration of 2 were respectively obtained with the CrysAlis CCD and

  ) Å for Co2.The Co -O bond lengths are slightly longer than the Co -N ones (Co1 -O1 = 2-N10 = 2.127(4) Å). The apical positions are occupied by the nitrogen atoms arising from the cyanido bridges (Co1 -N3 = 2.088(3), Co1 -N4 ii = 2.101(3) Å with ii = 1.5-x, -0.5+y, 0.5-z; Co2 -N8 = 2.117(3) Å). The Fe -C distances (1.945(3) -1.952(3) Å) fall in the normal range for cyanido complexes of iron(III)[7],[9]. The {Fe(CN) 6 } building block involves three facial cyanido groups as bridges. The three Fe-CN-Co bridges deviate significantly from linearity (Co1 -N3 -C7 = 166.1(3), Co2 -N8 -C6= 150.0(3), Co1 iii -N4 -C2 = 158.6(3)° with iii 0.5-x, 0.5+y, 0.5-z). Each {Fe(CN) 6 } unit is connected to three cobalt ions, and each cobalt center is connected to two hexacyanido-iron(III) units, resulting into a distorted honeycomb topology (Figure2a). The intralayer Co -Fe distances are: Fe1•••Co1= 5.125, Fe1•••Co2 = 4.964, Fe1 ii -Co1 = 5.083 Å ( ii 1.5-x, -0.5+y, 0.5-z). The layers are parallel to the ab plane. Each mesh of the network contains six cobalt atoms (shared between two meshes) and six iron atoms (shared between three meshes). The deviation from the regular honeycomb topology is caused by the non-linearity of the Co-NC-Fe bridges. The stacking of the layers generates channels, which run along the crystallographic c axis and host the solvent molecules (Figure2b).

Figure 1 .

 1 Figure 1. Perspective view of the asymmetric unit of compound 1 (i = 1-x, y, 0.5-z).

Figure 2 .

 2 Figure 2. (a) View along the crystallographic c axis of the coordination polymer 1. (b) Packing diagram showing the formation of the channels containing the solvent molecules. The macrocyclic ligands coordinated to the cobalt ions (pink) have been removed for the sake of clarity.

Figure 3 .

 3 Figure 3. Perspective view of the asymmetric unit of compound 2.

Figure 4 .

 4 Figure 4. View along the crystallographic c axis of the coordination polymer 2 showing only the major component of the disordered macrocyclic complex for the sake of clarity.

Figure 5 .

 5 Figure 5. Temperature dependence of the χT product at 1000 Oe (with defined as the molar magnetic susceptibility equal to M/H) for compound 1; Inset: enlarged view of the main figure emphasizing the high temperature behaviour of the χT product.

Figure 6 .

 6 Figure 6. Field dependence of the magnetization for 1, recorded at different temperatures.

Figure 7 .

 7 Figure 7. Temperature dependence below 10 K of the in-phase (χ', top) and out-of-phase (χ", bottom) components of the ac susceptibility at different frequencies between 1 and 1000 Hz with a 3 Oe ac-field in zero dc-field for compound 2. Solid lines are guides for eyes.
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 8234567 Figure 8. Temperature dependence of the χT product at 1000 Oe (with defined as the molar magnetic susceptibility equal to M/H) for compound 2; Inset: M vs. H plots at different temperatures below 8 K. The solid lines are representing the best simulation of the experimental data as described in the text.
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3 {Fe(CN) 6 } 2 ]•6CH 3 OH•6H 2

  .5 cm diameter tube and layered with 1 mL CH 3 OH/H 2 O 1:1. A solution of [Fe(L 2 )(H 2 O) 2 ]Cl 2 (26 mg, 0.05 mmol) dissolved in CH 3 OH (2 mL) was layered very carefully.

	After 1 day, big dark blue crystals appeared at the interface, which were collected and dried with
	diethylether. Yield: 15 mg (55% based on Fe for C 59 H 95 Co 2 Fe 3 N 27 O 13 ). Anal. calcd for
	C 57 H 95 Co 2 Fe 3 N 27 O 13 (2-2MeOH, 1651.95 g/mol): C 41.44; H 5.80; N 22.89%. Found C 41.6; H
	5.0; N 23.1%. The crystals are quickly losing some solvent molecules as seen by the fast loss of
	crystallinity during the crystal mounting. Methanol molecules are expected to leave easily
	compared to water ones so the elemental analysis was calculated for
	[{Fe(L 2 )} 3 {Co(CN) 6 } 2 ]•13H 2 O. IR data (ν /cm -1 ): 3283 (w, NH), 2920 (w), 2862 (w), 2122 (s,
	conj. CN), 1639 (s), 1589 (m), 1461 (w), 1426 (m), 1378 (m), 1351 (m), 1289 (w), 1267 (m),
	1198 (m), 1180 (w), 1125 (w), 1109 (m), 1049 (m), 961 (w), 914 (w), 887 (w), 813 (s), 742 (m),
	728 (m), 651 (m), 624 (w), 617 (w), 608 (w).
	Yield 20
	mg (42%, based on Co for C 57 H 75 Co 3 Fe 2 N 21 O 12 ). IR data (cm -1 ): IR data (ν /cm -1 ): 3349 (w,
	NH), 2927 (w), 2881 (w), 2124, 2110 (m, conj. CN), 1647 (m), 1588 (m), 1423 (m), 1369 (m),
	1354 (m), 1270 (w), 1242 (m), 1203 (m), 1123 (w), 1097 (w), 1080 (m), 1045 (m), 957 (w), 896
	(w), 836(w), 816 (s), 743 (m), 728 (m), 652 (m), 583 (w), 617 (w), 572 (w).
	2.3.2. Synthesis of complex 2

O(1). K 3 [Fe(CN) 6 ] (23 mg, 0.07 mmol) in H 2 O (3mL) was introduced in a 1.5 cm diameter tube and layered with 10 mL CH 3 OH/CH 3 CN 1:1 . A methanolic solution (3mL) containing [Co(L 1 )(H 2 O) 2 ]Cl 2 (46 mg, 0.1 mmol) was then layered. After 2-3 days, green crystals were formed at the interface, collected and dried with diethylether. [{Fe(L 2 )} 3 {Co(CN) 6 } 2 ]•2CH 3 OH•13H 2 O(2). K 3 [Co(CN) 6 ] (16 mg, 0.05 mmol) in H 2 O (2 mL) was introduced in a 1
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The theoretical susceptibility calculated from this Hamiltonian fits quite well and simultaneously the T vs. T and M vs H/T data of 2 (solid lines in Figure 8) leading to D/k B = -5.5 K and g = 2.21 (5).

The magnetic properties of 1 and 2 are strongly affected by the nature of the hexacyanidometallate bridging unit, either paramagnetic (S Fe(III) = ½) for compound 1 or diamagnetic (S Co(III) = 0), resulting in a ferromagnetically ordered phase below 3 K for 1 or a paramagnetic state even at low temperatures for 2.

Conclusions

In summary, we described two new cyanido-bridged 2-D coordination polymers constructed from [M(CN) 6 ] 3-spacers and pentagonal bipyramidal complex cations acting as structuring nodes. The two compounds show honeycomb versus brick-wall network topologies observed for the first time for these types of building blocks. These two examples illustrate also the robustness of the precursors, obtained using the pentadentate macrocyclic ligands L 1 and L 12) N9-Fe2-N7 = 94.98(18) N9-Fe2-N8 i =86.36(18) N9-Fe2-N8 = 89.14(18) N9-Fe2-N7 i =86.89(19) Fe1-N12-C25 = 147.4(5) Fe1-N13-C25 = 153.8(5) Fe2-N9-C24 = 164.9(4) 

GRAPHICAL ABSTRACT

New bidimensional cyanido-bridged heterometallic coordination polymers, [Co II 3 Fe III 2 ] and [Fe II 3 Co III 2 ], have been assembled following the building-block approach. The cobalt(II)-iron(III) derivative shows a ferromagnetic order below 3 K.

SYNOPSIS (Text)

New bidimensional cyanido-bridged heterometallic coordination polymers, [Co II 3 Fe III 2 ] and [Fe II 3 Co III 2 ], have been assembled following the building-block approach. The cobalt(II)-iron(III) derivative shows a ferromagnetic order below 3 K.