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ABSTRACT: 42 

 43 

A family of decanuclear chiral clusters with a MnII 2MnIII 6NaI 2 core have been synthesized from 44 

enantiomerically pure Schiff bases. The new systems consist of two MnIIMnIII 3NaI units linked by  45 

rare triple chloro or bromo bridges between the divalent Mn cations. Susceptibility measurements point 46 

out the weak antiferromagnetic interaction mediated by these kinds of bridges and afford the first 47 

magnetic measurements for the (μ-Br)3 case. 48 
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Multidentate Schiff bases obtained from the condensation of o-vanillin and amino alcohols have been 60 

widely employed in coordination chemistry (around 180 entries in CCDC) because of their good 61 

chelating properties with 3d or 4f cations. The large variety of easily available amino alcohols has been 62 

useful in modulating the size, charge, or number of O-atom donors resulting in H2L, H3L, or H4L 63 

Schiff bases as a function of the adequate choice of the starting reagent 2-amino-1- ethanol,1−5 3-64 

amino-1,2-propanediol,6−10 2-amino-2-methyl- 1,3-propanediol,3 or 65 

tris(hydroxymethyl)aminomethane.11  66 

One characteristic kind of complex derived of these ligands in manganese chemistry consists of [MnIII 67 

3MnIINaI] cages, in which the cations determine a trigonal bipyramid defined by one {(μ3- O)MnIII 68 

3} triangle with NaI and MnII cations in the apical positions. Among them, two kinds of complexes can 69 

be differentiated as a function of the employed Schiff base: the H3L ligands derived from condensation 70 

with 3-amino-1,2- propanediol,6−10 which generate two octahedral cavities that satisfy all of the 71 

coordination sites of the apical MnII and NaI cations (Chart 1; H3L-A type) and the H2L ligands 72 

derived from 2-amino-1-ethanol, or in some random cases H3L or H4L, which maintain the cavity for 73 

the NaI ion but not for the MnII cation, which, after formation of the cage, still has an open face capable 74 

of coordinating additional ligands (Chart 1, H2L-B type). Usually, these coordination sites are occupied 75 

by anions or solvent molecules, but two pentanuclear units are able to share their open faces by means of 76 

triple bridges, as has been reported in two cases for the μ1,1-N3 ligand.4,10 77 

An additional interest of H2L-B kinds of ligands is that chirality can be incorporated by substitution on 78 

the C atoms of the hydroxyethyl fragment and enantiomerically pure chiral bases can be easily obtained 79 

from the substituted (R)- or (S)-2-amino- 1-ethanol. 80 

Following our work in this field,5,12 we have explored the reactivity in manganese chemistry of the 81 

enantiomerically pure (R)- and (S)-H2L ligands derived from the condensation of ovanillin and 2-82 

amino-3-methyl-1-butanol (Chart 2), which remains unexplored in 3d coordination chemistry (only one 83 

meso-[Ni4L4] cubane13 has been reported to date). The reason for this choice was to check its reactivity 84 

in comparison with other members of this family of ligands because the substituent is not innocent and 85 

different clusters or nuclearities can be obtained. 86 

The reaction of H2L with manganese halides in a methanolic solution allowed characterization of the 87 

first manganese derivatives of H2L consisting of two enantiomeric decanuclear anionic clusters with the 88 

formula Na[Mn8Na2(L)6(O)2(Cl)9] (1R and 1S) and the pair of enantiomers of the related complex 89 

with bromo ligands Na[Mn8Na2(L)6(O)2(Br)9] (2R and 2S). See the Supporting Information for 90 

synthetic details. The core of these complexes consists of two [MnIII 3MnIINaI] cages linked by the 91 

extremely unusual triple halide MnII−(X)3−MnII bridge. The new compounds have been characterized 92 

by X-ray diffraction, electronic circular dichroism (ECD), and magnetic susceptibility measurements. 93 

The structures are very similar; therefore, only a common description based on 1R is provided. Crystal 94 

data for 1R and 1S are summarized in Table S1. Selected bond parameters for 1R and 1S are listed in 95 

Tables S2 and S3. The cell and some significant bond parameters for the isostructural complex 3S are 96 



also provided in Tables S1 and S5. The oxidation states of the Mn atoms have been assigned by 97 

structural considerations and bondvalence- sum calculations (Table S4). 98 

Compound 1R consists of two trigonal-bipiramidal [MnIII 3MnIINaI] clusters joined by a triple μ-Cl 99 

bridge that links the MnII cations. A view of the cluster and a labeled core can be seen in Figure 1. Each 100 

pentanuclear subunit consists of a μ3-Ocentered equilateral triangle of MnIII cations, one MnII cation, 101 

and one NaI cation in the apical positions of the trigonal bipyramid. These cations are held together by 102 

three L2− ligands that link the NaI cation with the MnIII ions by means of the phenoxide O atom and 103 

the MnIII with the MnII cations with the alkoxide O-atom donors (Chart 2). The coordination 104 

polyhedron around the MnIII cations is an elongated octahedron with two trans-μ-Cl ligands in the axial 105 

coordination sites. Coordination is completed with one μ3-O donor placed in the center of the triangle. 106 

The three methoxide and phenoxide Oatom donors form a cavity that holds the NaI cations. 107 

The two [MnIII 3MnIINaI] subunits are not equivalent and show different bond parameters (Table S2). 108 

The oxo donor O7 is placed in the center of the triangle determined by Mn1 (and symmetry-related 109 

cations) and acts as a μ3-O, whereas O8 is displaced by 0.262 Å out of the mean MnIII 3 plane 110 

determined by Mn2 (and symmetry-related cations) toward the NaI cation, resulting in a Na2−O8 111 

distance of 2.605 Å and, thus, O8 can be assumed as a μ4-O bridge. SHAPE14 measurements show that 112 

the coordination polyhedron around Na1 is very close to a trigonal prism, but it is closer to an 113 

octahedron for Na2 (Figure 2 and Table S6). An axial view of the clusters shows that, taking the 114 

[OMnIII 3Cl3] mean plane as a reference, the two subunits are slightly deviated from an eclipsed 115 

configuration (determined by the sharing of one face of the MnII coordination polyhedra), in contrast 116 

with the related systems that consist of two [MnIIIMNaI] units sharing the M cation (M = MnII, 117 

LnIII),5,15 which always show a staggered conformation. 118 

Transfer of the chirality from the chiral centers to the coordination sphere of the cations or the whole 119 

molecule is a common effect that, in this case, can be seen at the level of opposite helicity of the 120 

propeller-shaped [MnIII 3MnIINaI] units or the opposite Δ/Λ conformation of the chiral NaI cations 121 

(Figure 2). 122 

These structural results point out that the resulting complexes are sensitive to the substituents on the 123 

hydroxyethyl C atoms. Equivalent reactions with the ligand with one phenyl group instead of isopropane 124 

produce one nonanuclear system formed by the same subunits but sharing the MnII cation.5 125 

Interestingly, the reported systems with triple bridges (azido) have also been obtained from ligands with 126 

methyl or alkoxo substituents.4,10 127 

The ECD spectra for the two pairs of enantiomers 1R/1S and 2R/2S measured in a methanolic solution 128 

show similar plots and are perfect mirror images among them, as must be expected from isostructural 129 

enantiomerically pure compounds (Figure 3). The spectrum of (R)-H2L shows two positive absorptions 130 

centered at 213 and 275 nm, three negative bands at 227, 248(w), and 314(w) nm associated with the 131 

π−π* transitions, and no bands in the visible region. The spectra of the reported complexes exhibit bands 132 

with the same sign in the UV region due to the coordinated L−2 ligand, strong new absorptions around 133 



380 and 425 nm, and weak broad absorptions up to 700 nm that suggest the participation of molecular 134 

orbitals, with contribution of the MnIII cations that are directly linked to the aromatic groups. A 135 

comparison between the spectra of the chloro or bromo complexes shows identical spectra, and thus any 136 

effect related with these ligands or the MnII cation, linked to the aliphatic moiety of the ligand, must be 137 

expected. 138 

Susceptibility measurements were performed on powdered samples of one chloro and one bromo 139 

complexes. The room temperature χMT values for 1R and 2S are 21.8 and 24.0 cm3· mol−1·K, 140 

respectively, lower than the calculated value of 26.75 cm3·mol−1·K for two MnII and six MnIII isolated 141 

cations (g = 2.00; Figure 4). Upon cooling, χMT decreases continuously to values of 3.60 or 9.91 142 

cm3·mol−1·K at 2 K for 1R or 2S, respectively. 143 

The complexes possess C3 symmetry, and assuming that both subunits contribute equally to the 144 

magnetic response, a simplified coupling scheme with only three different superexchange pathways 145 

(MnIII···MnIII, J1; MnII···MnIII, J2; MnII···MnII, J3) can be proposed to fit the experimental data (see 146 

Figure S3 for the coupling scheme and the applied isotropic Hamiltonian). 147 

Fitting of the experimental data was performed with the PHI16 program in the 300−2 K range of 148 

temperatures, and best-fit parameters were J1 = +2.0 cm−1, J2 = −7.8 cm−1, J3 = −2.6 cm−1, and g = 149 

1.91 with R = 8.5 × 10−4 for 1R and J1 = +7.2 cm−1, J2 = −6.4 cm−1, J3 = −0.3 cm−1, and g = 1.89 150 

with R = 1.9 × 10−4 for 2S. These values indicate ferromagnetic interaction inside the MnIII 3 triangles 151 

and antiferromagnetic (AF) interaction with the MnII cations, resulting in a local S = 7/2 for each 152 

subunit. The weak AF interaction mediated by the triple halide bridge led to a final S = 0 ground state 153 

with very close S ≠ 0 levels for 1R, whereas the response of 2S is closer to the sum of two quasiisolated 154 

MnIIMnIII 3 fragments. In agreement with these data, the magnetization plot for 1R shows a continuous 155 

increase of the magnetization with a change of slope around 1 T, reaching the unsaturated value of 7.1 156 

Nμβ under the maximum field of 5 T, whereas the magnetization plot for 2S tends to a quasi-saturated 157 

value of 11.8 Nμβ, slightly lower than the sum of two isolated {(μ3-O)MnIIMnIIINaI} fragments (12.6 158 

Nμβ for the g = 1.90 value found in the susceptibility measurement). 159 

Magnetic measurements for triple chloro bridges between MnII cations have only been reported for 160 

three [MnCl3]− chains17−19 with Mn−Cl−Mn bond angles comprised between 77.5 and 78.4° and 161 

similar J values (−4.8/−5.5 cm−1) and for one discrete molecular dimer reported by Wieghardt et al.20 162 

for which a J value of −11.6 cm−1 was found for an average Mn−Cl−Mn bond angle of 74.4°. Our value 163 

of −2.6 cm−1 for the bond angle of 76.2° is comparable with these data. In contrast, any measure has 164 

never been reported for structurally characterized triple bromo bridges and thus any comparison can be 165 

made. The only data for a Mn−(Br)3−Mn fragment were reported in a partially characterized dimer for 166 

which a weak AF interaction was proposed.20 In light of our results, there is evidence for a weak AF 167 

interaction promoted by triple chloro or bromo bridges, being clearly lower for the bromo case. 168 

The MnIII coordination polyhedron is elongated toward the chloro donors and, thus, the easy axis lies in 169 

the {μ3O−Mn3 III} plane, forming angles of around 60° between them. This arrangement cancels the 170 



anisotropy, and as was experimentally checked, no out-of-phase response was found in 171 

alternatingcurrent experiments. 172 

In conclusion, the reported systems reveal or confirm several unusual features: (a) evidence of the 173 

versatility of these kinds of ligands as a function of the substituents on the aliphatic C atoms; (b) the first 174 

examples of manganese complexes with H2L and their first chiral derivatives; (c) the second molecular 175 

compound with a triple chloro bridge between Mn atoms and the first one with triple bromo bridges; (d) 176 

magnetic susceptibility measurements confirming the ferromagnetic response for the unusual {MnIII 177 

3(μ-Cl)3(μ3-O)} triangles and evidence of the weak AF interaction promoted by the triple bridge, with 178 

the interaction being stronger for (μ-Cl)3 than for (μ-Br)3. 179 

 180 
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Legends to figures 260 

 261 

Chart 1. Schematic Drawing of the Typical [MnIII3MnIINaI] Cages with a Closed Pocket around the 262 

MnII Cation (H3L-A) or Open-Face MnII Cation (H2L-B)a 263 

 264 

Chart 2. Schematic Drawing of the Anionic Form of the H2L Ligand Employed in This Work and Its 265 

Coordination to the Metallic Centersa 266 

 267 

Figure. 1. (Top) View of complex 1R. (Bottom) Labeled core of 1R. 268 

 269 

Scheme 4 Oxidative addition of methyl iodide followed by isomerisation. 270 

 271 

Scheme 5 Proposed species formed in solution (the charges of the ionic species are omitted). 272 

 273 

Figure. 2. Mirror image of the helical arrangement of the ligands for 1R (left) and 1S (right) and a view 274 

of the coordination of the corresponding Na1 (top) and Na2 (bottom) cations. 275 

 276 

Figure. 3. ECD spectra in a methanolic solution for complexes 1R, 1S, 2R, and 2S. 277 

 278 

Figure. 4 χMT product vs. temperature for complexes 1R (squares) and 2S (circles). Inset, 279 

magnetization plot for 1R and 2S. 280 
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CHART 1 283 

 284 

 285 

 286 
 287 

aColor code for all plots: O, red; N, navy blue; NaI, blue; MnII, orange; MnIII, dark green; Cl, violet. 288 
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CHART 2 290 
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 295 
aThe asterisk denotes the chiral C atom. 296 
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