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Control of molecular architecture by use of the appropriate ligand isomer: a mononuclear “corner-type” versus a tetranuclear [2 ( 2] grid-type cobalt(iii) complex
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The vapour diffusion of diethyl ether into the red-brown reaction solution containing H2La (226 mg, 600 µmol), Co(BF4)2·6H2O (204 mg, 600 µmol) and NEt3 (121 mg, 1.20 mmol) in MeCN (60 ml) afforded 288 mg (127 µmol, 85 %) of [Coiii4(La)4](BF4)4·10H2O (1·10H2O) in the form of red-brown crystal plates. Found (calc.) C80H92B4N24O18F16Co4 (2260.71 g mol–1): C 42.25 (42.50), H 4.04 (4.10), N 14.59 (14.87) %. 1H NMR (500 MHz, d3-MeCN). δ (ppm) = 8.23 (s, 8 H, 8 × pzH), 7.88 (d, J = 7.0 Hz, 8 H, 8 × 6-pyH), 7.79 (t, 3J4,5 = 3J4,3 = 7.0 Hz, 8 H, 8 × 4-pyH), 7.35 (d, J = 7.0 Hz, 8 H, 8 × 3-pyH), 6.95 (t, 3J5,6 = 3J5,4 = 7.0 Hz, 8 H, 8 × 5-pyH), 4.58 (d, J = 14 Hz, 8 H, 8 × ½ NCH2), 3.52 (t, J = 17 Hz, 8 H, 8 × ½ NCH2), 3.21 (d, J = 17 Hz, 8 H, 8 × ½ pyCH2), 2.23 (t, J = 14 Hz, 8 H, 8 × ½ pyCH2). 13C{1H} NMR (75 MHz, d3-MeCN): δ (ppm) = 168.5 (pzCO), 165.3 (2-py), 154.3 (6-py), 153.2 (pzCO), 148.4 (pzH), 142.4 (4-py), 129.7 (3-py), 125.6 (5-py), 42.0 (NCH2), 37.6 (pyCH2). ESI-MS (pos. MeCN): m/z (fragment) = 887.3 ({[Coiii2Coii2(La)4]·MeCN}2+), 866.8 ([Coiii2Coii2(La)4]2+), 619.8 [{[Coiii3Coii(La)4]·3MeCN}3+), 605.2 ({[Coiii3Coii(La)4]·2MeCN}3+, 591.5 ({[Coiii3Coii(La)4]·MeCN}3+), 577.9 ([Coiii3Coii(La)4]3+), 453.7 ({[Coiii4(La)4]·2MeCN}4+), 443.4 ({Coiii4(La)4]·MeCN}4+), 433.4 ([Coiii4(La)4]4+).

Slow evaporation of the reaction solution containing H2Lp (113 mg, 300 μmol) and Co(BF4)2·6H2O (51.1 mg, 150 μmol) in a solvent mixture of MeCN/EtOH (1:3, 60 ml) afforded 106 mg (94.8 μmol, 63 %) of [Coiii(H2Lp)2](BF4)3·EtOH (2·EtOH) in the form of a dark brick red crystalline solid. Found (calc.) C42H46B3N12O5F12Co (1118.25 g mol–1): C 45.06 (45.11), H 4.35 (4.15), N 15.11 (15.03) %. 1H NMR (500 MHz, d3-MeCN). δ (ppm) = 8.68 (s, 2 H, 2 × pzH), 8.56 (s, 2 H, 2 × pzH), 8.20–8.10 (m, 4 H, 4 × 6-pyH), 7.87 (t, J = 7.5 Hz, 2 H, 2 × NH), 7.70 (s, 2 H, 2 × 4-pyH), 7.62 (s, 2 H, 2 × 4-pyH), 7.41 (d, J = 7.5 Hz, 2 H, 2 × 3-pyH), 7.32 (t, J = 6.3 Hz, 2 H, 2 × 3-pyH), 7.16 (broad s, 4 H, 4 × 5-pyH), 4.68 (d, J = 13.5 Hz, 2 H, 2 × pyNH), 3.77 (broad s, 8 H, 4 × NHCH2), 3.30–3.24 (m, 8 H, 4 × pyCH2). ESI-MS (pos. MeCN): m/z (fragment) = 809.1 ([Coiii(HLp)2]+).


Crystal data14 for 1·12.75MeCN: C80H72Co4N24O8, M = 1733.34 g mol–1, monoclinic, space group P2(1)/c, red-brown blocks, a = 19.391(2), b = 19.688(2), c = 35.419(3) Å, β = 91.916(2)°, U = 13514(2) Å3, Z = 4, Dc = 0.852 g cm–3, μ(Mo-Kα) = 0.525 mm–1, T = 164(2) K, independent reflections 27173 [Rint = 0.0736]. In view of the disordered anion (4 BF4- per Co4 grid) and solvent (many MeCN) sites, and the fact that the best attempt to model this gave an R1 on observed data of 0.129, cf R(int) = 0.074, the structure was subjected to the SQUEEZE15 procedure of the PLATON suite. A total potential solvent/anion accessible volume of 7451 Å3 per cell containing 1798 electrons was calculated.  The electron count is very close to that calculated (1794 electrons) for 16BF4- and 51MeCN per cell. The final parameters, on reincorporation of electron density in the void volume, are: final R1 [16302 reflections with I > 2((I)] = 0.0772, wR2 (all data) = 0.2116, GOF = 0.983 for 1045 parameters, largest difference peak, hole = 0.980, –1.220 e Å–3. All atomic displacement ellipsoids were physically reasonable in the final refinement using the SQUEEZEd data. Because of the large numbers of poorly ordered solvent and anion species, diffraction data are rather weak at high resolution and parameters describing the well-ordered cation are not entirely free of bias from unaccounted for, or poorly modelled, electron density. Accordingly, estimated standard deviations for individual bond parameters are significantly underestimated (by a factor of ~2), when compared to the e.s.d.'s calculated for the scatter of chemically equivalent bond parameters about their mean. Figure 1, therefore, reports not only the e.s.d.'s for an individual bond parameter for a representative CoIII centre, but also the scatter of the chemically equivalent values about their mean. CCDC-233195. 

Crystal data14  for 2·2EtOH: C44H52B3CoF12N12O6, M = 1164.34 g mol–1, monoclinic, space group P2(1)/c, red block, a = 11.6949(8), b = 19.237(1), c = 22.169(2) Å, β = 100.437(1)°, U = 4904.9(6) Å3, Z = 4, Dc = 1.577 g cm–3, μ(Mo-Kα) = 0.458 mm–1, T = 163(2) K, independent reflections 10050 [Rint = 0.0336]. Final R1 [8182 reflections with I > 2((I)] = 0.0475, wR2 (all data) = 0.1243, GOF = 1.040 for 762 parameters, largest difference peak, hole = 0.887, –0.644 e Å–3. CCDC-233196.

14
G. M. Sheldrick, Acta Crystallogr., Sect. A, 1990, 46, 467; G. M. Sheldrick, Methods Enzymol., 1997, 276, 628; G. M. Sheldrick and T. R. Schneider, Methods Enzymol., 1997, 277, 319.

15
P. van der Sluis and A. L. Spek, Acta Crystallogr., Sect. A, 1990, 46, 194. 






