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INTRODUCTION

Porphyrins are aromatic compounds with exceptional electronic properties widely present in Nature. Synthetic modifications of their structure at their peripheries were conducted to obtain new electronic properties or catalytic activities. These macrocyclic compounds possess a cavity well-suited to host many different metal ions. These metalloporphyrins, also found in natural systems, have been widely developed during the last few decades [START_REF] Kadish | The Porphyrin Handbook[END_REF] and have presented either catalytic activities or photochemical properties. The addition of metal ions to the periphery of the macrocycle was explored more recently, leading to porphyrins bearing two (or more) coordination sites, which can be described as internal (for the classical macrocyclic N4 ligand) and external coordination sites [START_REF] Richeter | Handbook of Porphyrin Science[END_REF].

Serendipity led to the simultaneous discovery of a new isomer of porphyrin now known as "N-confused or carbaporphyrin" by the groups of Prs. Hiroyuki Furuta and Lechoslaw Latos-Grazynski (see Fig. 1) [3,4]. In addition to novel spectroscopic properties and a modified internal coordination site CN3 giving access to organometallic species, the presence of an external nitrogen atom led to the development of new externally metalated porphyrinoids [5][6][START_REF] Pawlicki | Handbook of Porphyrin Science[END_REF][START_REF] Toganoh | Handbook of Porphyrin Science[END_REF]. Numerous other porphyrin derivatives bearing heteroatoms at their periphery have been described since the publication of these two seminal articles and coordination chemistry is now no longer restricted to the inner core of the macrocycle [START_REF] Wang | [END_REF][10][11][12][13][14][15][16][17][18][19].

Nickel(II)porphyrins bearing enamino(thio)ketones are easily accessible by an intramolecular Friedel-Craft cyclization followed by amination (and thionation)(see Chart 1). These porphyrinoids were used as ligands to bind metal ions. Deprotonation of the NH 2 part led to an external ligand isoelectronic with acetylacetonate and was therefore able to bind many metal ions. Numerous symmetric dimers linked by metal ions have been prepared by our group [20]. Strong electronic interactions were present in these dimers, due to electron delocalization through the coordination linkages. Magnetic interactions between metalloporphyrins were also found in porphyrin dimers linked by paramagnetic copper(II) or diamagnetic palladium(II) ions [21]. This article describes the synthesis, characterisation and electrochemical studies of a few nickel(II)porphyrins bearing at their periphery an external palladium(II) or platinum(II) acetylacetonate complex.

RESULTS AND DISCUSSION

Synthesis and characterization

The preparation of the palladium(II) appended nickel(II)porphyrins was performed in one step in the case of the enaminoketone functionalized starting material. Reaction of porphyrin 1 with a base and the complex Pd(PPh 3 )Cl(acac) gave compound 3 after purification (see Scheme 1). In the case of the enaminothioketone functionalized starting material 2, it was necessary to prepare an intermediate palladium(II) complex 4 bearing a phosphine and a chloride as additional ligands, before adding potassium acetylacetonate to isolate cleanly the desired compound 5. The phosphine ligand in complex 4 was located trans to the nitrogen atom of the enaminoketone and this coordination geometry was determined by NOESY experiments.

Preparing the analogous platinum(II) complexes proved to be more tedious, due to the known inertness of this metal ion. After numerous other unsuccessful attempts, compound 7 could be obtained in low yields by reacting the known porphyrin dimer 6 with an excess of acetylacetone in refluxing dichlorobenzene (see Scheme 2, left). Starting from nickel(II)porphyrin 2, reaction with a base and the complex KPt(DMSO) Cl 3 gave the intermediate compound 8, which could be transformed into the desired compound 9 by reaction with potassium acetylacetonate (see Scheme 2, right). Again the DMSO ligand was found trans to the enaminoketone nitrogen atom in complex 8 (determined by NOESY experiments).

All four new compounds 3, 5, 7, and 9 were characterized by NMR and mass spectrometry. A comparison between the 1 H NMR spectra (aromatic region) of the four compounds is shown in Fig. 2. The four spectra are quite similar, except for the acac signals (see experimental part), the aromatic proton next to the ketone (or the thio ketone) and the broad signals of the external N-H protons. The chemical shifts of these last signals moved from 6.97 ppm (compound 3) to 9.10 ppm (compound 9).

We could not grow single crystals of these complexes, but crystals suitable for X-ray could be obtained for an analogous porphyrin with different meso-aryl groups. The X-ray structure of the fragment palladium(II)acac attached to an enaminothioketone nickel(II)porphyrin with 3,5-di-tertbutylphenyl meso groups is shown in Fig. 3. We did not prepare all compounds with these meso-aryl groups, because the electrochemical studies were often more difficult with these substituents due to passivation of the electrodes.

The structure of the nickel(II)porphyrin was ruffled as expected for these porphyrins, because the four Ni-N distances were all rather short, ranging from 1.90 to 1.91 Å. The coordination geometry around the external palladium(II) was square planar, thus bringing the acetylacetonate ligand roughly in the same plane as the extended part of the porphyrin. In the crystal, π-π interactions were found between two molecules with a very small distance of 3.40 Å (see Fig. 4). Such small distances between two planes are present in planar poly-aromatic compounds and often formulated as π-π stacking. In the example shown here, the interaction between these planar parts of the two molecules was due to interactions involving p and d orbitals.

Electrochemical studies

The electronic spectra of the four new compounds are shown in Fig. 5. Bathochromic shifts were observed for the four compounds when compared to the spectra of the starting porphyrins 1 and 2. The lowest energy bands of compound 1 and 2 are found respectively at 651 nm (15361 cm -1 ) and 692 nm (14451 cm -1 ). Compounds 3 and 7 presented maxima around 680 nm (14706 cm -1 ): a shift of approximatively 30 nm compared to the spectrum of 1. Similarly, compounds 5 and 9 shifted bathochromically by approximatively 20 nm (from 692 to 710 nm (14085 cm -1 )) by comparison with 2. Changing the metal ion (Pd(II) or Pt(II)) led surprisingly to small differences in the electronic spectra. This observation contrasts notably with the earlier findings concerning symmetrical porphyrin dimers linked by palladium(II) or platinum(II), where much larger differences were observed between these dimers [20]. The electronic delocalization between the two porphyrins in dimers linked by metal ions is probably much stronger in this case because the two parts around the linking metal ion are identical. In the compounds described here, the acetylacetonate chelate is different from the porphyrin chelate found on the other side, hence limiting the delocalization. The same phenomenon has been observed earlier (compare results from the groups of DP Arnold and A Osuka with organometallic monomeric or dimeric derivatives) [22,23].

The redox potentials of the new porphyrinoids were measured in dichloromethane solutions containing 0.1 M NBu 4 PF 6 as supporting electrolyte by cyclic voltammetry (CV) and by rotating disk voltammetry (RDV). The measured potentials are summarized in Table 1. All electron exchange reactions were monoelectronic (number of electron exchanged determined by RDV) and chemically reversible for all compounds. As is known for nickel(II)porphyrins [START_REF] Kadish | The Porphyrin Handbook[END_REF], two oxidation and two reduction steps were observed for these porphyrinoids and no redox processes were observed for the external palladium(II) or platinum(II) complexes within the electrochemical window used (from -2.2 V to 1.0 V vs. Fc /Fc). The potential gap between the first oxidation and the first reduction (E ox1 -E red1 ) was very close to the optical gap measured in the electronic spectra. These gaps were smaller than the gap measured for the starting porphyrins 1 and 2 [20d].

A typical cyclic voltammetry is shown in Fig. 6 (top: CV of compound 9) and compared to previous electrochemical results obtained with a porphyrin dimer (two porphyrins 2 linked by a platinum(II) ion). The first oxidation potential measured for the porphyrin monomer can be found between the first two monoelectronic oxidation steps measured for the porphyrin dimer [20e]. The same observation can be made on the reduction side for the first reduction steps. As previously noticed for other dimers, the splitting of the first oxidation waves is much larger than the splitting of the first reduction waves. This was explained by the involvement of the "d" orbitals of the linking metal ion in the HOMO level but not in the LUMO level [20e].

EXPERIMENTAL General information

The HRMS ESI and MALDI were obtained on a Bruker MicrOTOF. UV-vis spectra were recorded in dichloromethane with a Cary 5000 UV-vis-NIR doublebeam instrument. Cyclic voltamograms (CV) were recorded in a standard three electrode electro chemical cell using glassy carbon (GC) as working electrode in dichloromethane containing 0.1 M NBu 4 PF 6 as supporting electrolyte. The cell was connected to an autolab PGSTAT30 potentiostat (Eco Chemie, Holland) driven by GSE software running on a personal computer. All potentials are vs. Fc /Fc used as external electrode and are uncorrected from ohmic drop. Chromatographic separations were performed with silica gel (Merck, 40-63 µm). Dichloromethane was distilled over calcium hydride and THF from sodium/benzophenone ketyl. NMR spectra were recorded on Bruker Avance 400 and 500 spectrometers equipped with a cryoprobe for 13 C. Chemical shifts are given in parts per million (ppm) by taking the solvent signals as a reference (δ 7.26 ppm or δ 77.16 ppm). All other solvents and reagents were used without further purification. The starting porphyrins 1 and 2 were prepared as previously described [20d-20e]. The dinuclear palladium(II) complex was prepared following a known procedure [START_REF] Uson | [END_REF]. The palladium(II) intermediate complex Pd(PPh 3 )Cl(acac) was prepared by following a procedure described previously for similar complexes (26).

Porphyrin 3. To a solution of porphyrin 1 (30 mg, 31 µmol) in dry THF (15 mL) was added potassium tertbutoxide (3.5 mg, 31 µmol, 1 eq.) under argon. After 5-10 Porphyrin 4. To a solution of porphyrin 2 (30 mg, 31 µmol) and toluidin (0.20 mL of a 100 mg/mL solution in THF, 31 µmol, 1 eq.) in dichloromethane (20 mL) was added [Pd(PPh 3 ) 2 Cl] 2 (20 mg, 18 µmol, 0.6 eq.) portionwise. The mixture was stirred for 30 min at room temperature and then evaporated to dryness. The residue was diluted with dichloromethane (30 mL) and filtered through alumina. The product 4 (45 mg, 31 µmol, quant.) was obtained after evaporation of the solvent. Porphyrin 8. To a solution of porphyrin 2 (50 mg, 51 µmol) and toluidin (0.33 mL of a 100 mg/mL solution in THF, 51 µmol, 1 eq.) in THF (20 mL) was added KPt(DMSO)Cl 3 (19 mg, 51 µmol, 1 eq.). The mixture was stirred for 1 day at room temperature and then 2 additional hours at 50 °C. After consumption of the starting materials, the solvents were removed under reduced pressure. The residue was chromatographed (silica gel, dichloromethane/cyclohexane, 3/1 then dichloromethane) and the product 8 (31 mg, 24 µmol, 48%) was isolated. UV-vis (CH 2 Cl 2 ): λ max (ε) 367 (41600), 396 (51200), 431 (97200), 466 (64300), 497 (76400), 652 (18900), 685 (20000), 705 nm (30600 M -1 . cm -1 ).

The crystals were placed in oil, and a single crystal was selected, mounted on a glass fibre and placed in a low-temperature N 2 stream. X-Ray diffraction data collection was carried out on a Bruker APEX II DUO Kappa-CCD diffractometer equipped with an Oxford Cryosystem liquid N 2 device, using Mo-Kα radiation (λ 0.71073 Å). The structure was solved by direct methods using the program SHELXS-2013 [27]. The refinement and all further calculations were carried out using SHELXL-2014 [28]. Two tert-butyl groups were disordered on two positions with a ratio of 0.6/0.4. The SQUEEZE instruction in PLATON [29] was applied and the residual electron density was assigned to five chlorobenzene molecules.

Crystal data. C 74 H 81 N 5 NiO 2 PdS, M 1269.60 g . mol -1 , crystal size 0.50 × 0.30 × 0.20 mm, triclinic, space group P-1, a 13.8668 

CONCLUSION

The synthesis of a series of porphyrins bearing palladium(II) or platinum(II) complexes at their periphery was completed. Whereas the yields were quite good for the two palladium(II) containing compounds, the syntheses were less efficient for the platinum(II) complexes, due to the known inertness of the platinum ions. Bathochromic shifts were observed in the electronic spectra of these compounds when compared to the starting porphyrin derivatives. The electrochemical studies demonstrated that these porphyrinoids can be reversibly oxidized and/ or reduced twice, with the redox steps localized on the porphyrin rings. 

Chart 1 .Scheme 1 .

 11 Scheme 1. Preparation of nickel(II)porphyrins 3, 4, and 5 bearing palladium(II) complexes at their periphery.

Fig. 2 .

 2 Fig. 2. 1 H NMR spectra (aromatic region) of the four nickel(II)porphyrins 3, 5, 7, and 9. Highlighted in pink are the broad signals of the external N-H protons.

Fig. 3 .

 3 Fig. 3. X-ray structure of a nickel(II) porphyrin bearing a peripheral palladium(II) complex.

Fig. 4 .

 4 Fig. 4. X-ray structure of a nickel(II) porphyrin bearing a peripheral palladium(II) complex: two orthogonal views showing the π-π interactions between the external complexes of two molecules in the crystal (all hydrogen atoms and the tert-butyl groups omitted for clarity).

Fig. 5 .

 5 Fig. 5. Electronic spectra of the four compounds 3, 5, 7, and 9 (in dichloromethane).

Fig. 6 .

 6 Fig. 6. Comparison between the cyclic voltametries of monomeric porphyrin 9 and the corresponding porphyrin dimer linked by a platinum(II) ion.

  (6) Å, b 17.0190 (7) Å, c 18.6347 (8) Å, α 82.888 (1)°, β 81.704 (1)°, γ 67.296 (1)°, V 4003.3 (3) Å 3 , Z 2, ρ calc 1.053 Mg/m 3 , T 173 (2) K, Mo-Kα 0.71073 Å, 1.601 < θ < 30.056, 109013 reflections measured, 23382 unique reflections, R 1 0.0474, wR 2 0.1171, GoF 1.033. CCDC Nr 2096258.

Scheme 2. Preparation of nickel(II)porphyrins 7 and 9 bearing platinum(II)(acac) fragments at their periphery.
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Table 1 .

 1 Electrochemical data: reduction and oxidation potentials of the four new compounds (Volts vs. Fc /Fc). a

	Compound	E red 2 (Volts)	E red 1 (Volts)	E ox1 (Volts)	E ox 2 (Volts)	E ox 1 -E red 1 (Volts)	Optical gap (eV)
	3	-1.88	-1.48	0.34	0.78	1.82	1.81
	5	-1.76	-1.34	0.41	0.80	1.75	1.75
	7	-1.86	-1.41	0.37	0.79	1.78	1.79
	9	-1.52	-1.39	0.37	0.79	1.76	1.74
	a Experimental conditions: Cyclic voltammetry, glassy carbon working electrode, v = 0.1 V/s in dichloromethane containing 0.1 M
	NBu 4 PF 6 as supporting electrolyte.					

  min, the deprotonated porphyrin was added via cannula to a solution of Pd(PPh 3 )Cl(acac) (16 mg, 31 µmol, 1 eq.) in dry THF (15 mL) at 0 °C and the mixture was stirred at room temperature overnight. A few spatulas of NH 4 Cl were added and the solvent was evaporated. The products were separated by column chromatography (silica gel, cyclohexane/dichloromethane, from 2/1 to 1/1). Porphyrin 3 was obtained after recrystallization from dichloromethane/methanol (11 mg, 9.4 µmol, 30%). 1 H NMR (500 MHz, CDCl 3 , 25 °C): δ 9.03 (d, J 5.0 Hz, 1H, H pyrr ), 8.79 (dd, J 8.0, 1.5 Hz, 1H, H cyclPh ), 8.38 (d, J 5.0 Hz, 1H, H pyrr ), 8.32 (dd, J 8.2, 1.2 Hz, 1H, H cyclPh ), 8.08 (d, J 4.7 Hz, 1H, H pyrr ), 8.07 (d, J 4.9 Hz, 1H, H pyrr ), 8.00 (d, J 4.7 Hz, 1H, H pyrr ), 7.77 (ddd, J 8.3, 7.1, 1.5 Hz, 1H, H cyclPh ), 7.74 (d, J 4.8 Hz, 1H, H pyrr ), 7.53 (ddd, J 8.0, 7.0, 1.1 Hz, 1H, H cyclPh ), 7.41 (s, 2H, H m-Ar ), 7.32 (s, 2H, H m-Ar ), 7.27 (s, 2H, H m-Ar ), 6.97 (s, 1H, NH), 5.45 (s, 1H, CH -acac ), 2.20 (s, 3H, CH 3-acac ), 2.00 (s, 3H, CH 3-acac ), 1.98 (s, 6H, H Me ), 1.95 (s, 6H, H Me ), 1.90 (s, 6H, H Me ), 1.50 (s, 9H, H tBu ), 1.48 (s, 9H, H tBu ), 1.47 ppm (s, 9H, H tBu ).
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  NiPPdS (M • ): 1346.4040. Porphyrin 5. A solution of Kacac in THF (2.25 mL at 40 mM, 88 µmol, 3 eq.) was added to a solution of porphyrin 4 (42 mg, 29 µmol) in dry THF (30 mL) and the mixture was stirred overnight at 35 °C, then two additional hours at 60 °C. After evaporation of the solvent, the product was separated by column chromatography (silica gel, dichloromethane/cyclohexane, 1/1) and porphyrin 5 was obtained after recrystallization from dichloromethane/methanol(23 mg, 19 µmol, 66%). CDCl 3 , 25 °C): δ 9.17 (dd, J 8.1, 1.4 Hz, 1H, H cyclPh ), 9.00 (d, J 5.0 Hz, 1H, H pyrr ), 8.43-8.36 (m, 2H, NH H pyrr ), 8.36-8.29 (br dd, 1H, H cyclPh ), 8.11-8.04 (m, 2H, H pyrr ), 8.01 (d, J 4.7 Hz, 1H, NMR (500 MHz, CDCl 3 , 25 °C): δ 9.05 (d, J 5.0 Hz, 1H, H pyrr ), 8.88 (dd, J 8.0, 1.4 Hz, 1H, H cyclPh ), 8.40 (d, J 4.9 Hz, 1H, H pyrr ), 8.34 (d, J 8.1 Hz, 1H, H cyclPh ), 8.09 (d, J 5.0 Hz, 1H, H pyrr ), 8.08 (d, J 5.0 Hz, 1H, H pyrr ), 8.03-8.97 (m, J 4.7 Hz, 2H, H pyrr NH), 7.84 (ddd, J 8.4, 7.1, 1.5 Hz, 1H, H cyclPh ), 7.75 (d, J 4.8 Hz, 1H, H pyrr ), 7.54 (ddd, J 8.0, 7.0, 1.1 Hz, 1H, H cyclPh ), 7.41 (s, 2H, H m-Ar ), 7.32 (s, 2H, H m-Ar ), 7.27 (s, 2H, H m-Ar ), 5.56 (s, 1H, CH -acac ), 2.12 (s, 3H, CH 3-acac ), 1.99 (s, 6H, H Me ), 1.96 (s, 6H, H Me ), 1.90 (s, 6H, H Me ), 1.89 (s, 3H, CH 3-acac ), 1.50 (s, 9H, H tBu ), 1.49 (s, 9H, H tBu ), 1.47 ppm (s, 9H, H tBu ). 13 C NMR (125 MHz, CDCl 3 , 25 °C): δ 185.5, 184.5, 163.0, 159.2, 152.1, 150.8, 145.0, 143.2, 142.7, 141.3, 140.7, 139.6, 138.9, 138.2, 138.1, 137.8, 136.2, 136.1, 136.0, 134.3 (CH), 134.2 (CH), 133.1, 132.5, 131.4 (CH), 130.9 (CH), 130.3 (CH), 129.4 (CH), 129.1 (CH), 129.0, 127.9 (CH), 126.7 (CH), 125.6 (CH), 125.3 (CH), 124.0 (CH), 123.9 (CH), 122.5, 120.2, 116.2, 113.9, 102.8 (CH), 100.4, 34.7, 34.60, 34.57, 31.7 (CH 3 ), 31.62 (CH 3 ), 31.58 (CH 3 ), 26.5 (CH 3 ), 26.4 (CH 3 ), 21.6 (CH 3 ), 21.5 (CH 3 ), 21.4 ppm (CH 3 ).

	1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 16 17 18 19 20 21 22 23 24 25 26 27 28 30 29	1 H NMR (500 MHz, CDCl 3 , 25 °C): δ 9.58 (d, J 2.4 Hz, 1H, NH), 8.92 (d, J 4.9 Hz, 1H, H pyrr ), 8.42 (dd, J 8.2, 1.2 Hz, 1H, H cyclPh ), 8.35 (d, J 4.9 Hz, 1H, H pyrr ), 8.31 (dd, J 8.2, 1.2 Hz, 1H, H cyclPh ), 8.11 (d, J 4.8 Hz, 1H, H pyrr ), 8.05 (d, J 4.7 Hz, 1H, H pyrr ), 8.01 (d, J 4.7 Hz, 1H, H pyrr ), 7.93-7.84 (m, 7H, 6H o-PPh 1H pyrr ), 7.70 (ddd, J 8.3, 7.0, 1.3 Hz, 1H, H cyclPh ), 7.55 (ddd, J 7.2, 5.2, 1.7 Hz, 3H, H p-PPh ), 7.52-7.45 (m, 8H, 6H m-PPh 2H m-Ar ), 7.41 (ddd, J 8.2, 7.0, 1.2 Hz, 1H, H cyclPh ), 7.32 (s, 2H, H m-Ar ), 7.27 (s, 2H, H m-Ar ), 1.99 (s, 6H, H Me ), 1.95 (s, 6H, H Me ), 1.91 (s, 6H, H Me ), 1.52 (s, 9H, H tBu ), 1.50 (s, recrystallization from dichloromethane/methanol the porphyrin 7 was isolated (3 mg, 2.4 µmol, 13%). 9H, H 13 C NMR (125 MHz, CDCl 3 , 25 °C): δ 164.2, 153.0, 151.0, 146.0, 143.3, 142.3, 141.1, 139.6, 139.4, 138.4, 138.2, 138.1, 137.36, 137.36, 136.1, 136.0, 135.7 (CH), 135.56 (CH), 134.5 (CH), 134.1 (CH), 134.0, 132.6, 132.08 (CH), 132.05, 132.0, 131.1, 131.0 (CH), 130.7 (CH), 130.13, 130.10, 129.5 (CH), 129.3 (CH), 129.1, 128.8 (CH), 128.60 (CH), 128.59 (CH), 128.3 (CH), 128.2 (CH), 126.7 (CH), 126.2, 125.2 (CH), 124.11 (CH), 124.06 (CH), 123.2, 121.6, 114.4, 101.8, 34.9, 34.74, 34.71, 31.9, (CH 3 ) 31.7 (CH 3 ), 21.8-21.3 ppm (CH 3 ). 31 P NMR (160 MHz, CDCl 3 , 25 °C): δ 30.8 ppm. UV-vis (CH 2 Cl 2 ): λ max (ε) 380 (42100), 428 (86900), 466 (61000), 497 (82300), 637 (16800), 671 (18300), 704 nm (24700 M -1 . cm -1 ). HRMS, ESI-TOF: m/z 1346.4025. Calcd for (ddd, J 8.2, 7.0, 1.2 Hz, 1H, H cyclPh ), 7.55 (d, J 4.8 Hz, 1H, H pyrr ), 7.42 (s, 2H, H m-Ar ), 7.32 (s, 2H, H m-Ar ), 7.26 (s, 2H, H m-Ar ), 5.39 (s, 1H, CH -acac ), 2.09 (s, 3H, CH 3-acac ), 2.04 (s, 3H, CH 3-acac ), 1.99 (s, 6H, H Me ), 1.93 (s, 6H, H Me ), 1.89 (s, 6H, H Me ), 1.50 (s, 9H, H tBu ), 1.49 (s, 9H, H tBu ), 1.46 ppm (s, 9H, H tBu ). 13 C NMR (125 MHz, CDCl 3 , 25 °C): δ 186.4, 186.0, 165.1, 153.6, 152.2, 150.94, 150.91, 145.6, 143.4, 142.4, 141.0, 139.4, 139.2, 138.51, 138.45, 138.1, 137.9, 135.87, 135.85, 134.5 (CH), 134.1 (CH), 133.7, 133.0, 132.9, 131.8 (CH), 131.4, 130.9 (CH), 130.2 (CH), 129.24 (CH), 129.16 (CH), 129.0 (CH), 128.0 (CH), 127.6, 125.6 (CH), 125.4 (CH), 124.0 (CH), 123.9 (CH), 123.1, 121.3, 113.4, 101.8, 100.1, 92.8, 34.7, 34.60, 34.55, 31.60 (CH 3 ), 31.56 (CH 3 ), 27.8 (CH 3 ), 26.8 (CH 3 ), 21.6 (CH 3 ), 21.4 (CH 3 ), 21.3 ppm (CH 3 ). UV-vis (CH 2 Cl 2 ): λ max (ε) 385 (36300), 428 (64500), 467 (42600), 496 (54000), 645 (13600), 668 (13300), 707 nm (20800 M -1 . cm -1 ). HRMS, ESI-TOF: m/z 1183.3534. Calcd for C 68 H 69 N 5 NiO 2 PdS ([M] • ): 1183.3571. Porphyrin 7. A solution of platinum(II) dimer 6 (20 mg, 9.4 µmol) in a acetylacetone/1,2-dichlorobenzene mixture (1/3, 20 mL) was refluxed under argon overnight. The solvents were removed under vacuum and the residue was purified by column chromatography (silica gel, dichloromethane/cyclohexane, 2/1). After UV-vis (CH 2 Cl 2 ): λ max (ε) 370 (36000), 426 (60000), 462 (58500), 488 (84500), 636 (14300), 652 (12800), 691 nm (31300 M -1 . cm -1 ). HRMS, ESI-TOF: m/z 1257.4475. Calcd for C 81 H 77 N 5 H pyrr ), 7.79 (ddd, J 8.3, 7.0, 1.4 Hz, 1H, H cyclPh ), 7.59 C 68 H 70 N 5 NiO 3 Pt ([M H] ): 1257.4386.
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tBu ), 1.47 ppm (s, 9H, H tBu ). 1 H NMR (500 MHz, 1 H

  NH), 9.22 (dd, J 8.2, 1.3 Hz, 1H, H cyclPh ), 9.05 (d, J 4.9 Hz, 1H, H pyrr ), 8.44 (d, J 4.9 Hz, 1H, H pyrr ), 8.37 (dd, J 8.1, 1.2 Hz, 1H, H cyclPh ), 8.15 (d, J 4.8 Hz, 1H, H pyrr ), 8.13 (d, J 4.7 Hz, 1H, H pyrr ), 8.07 (d, J 4.7 Hz, 1H, H pyrr ), 7.89 (d, J 4.8 Hz, 1H, H pyrr ), 7.85 (ddd, J 8.3, 7.0, 1.3 Hz, 1H, H cyclPh ), 7.59 (ddd, J 8.2, 7.0, 1.CH), 124.03 (CH), 123.96 (CH), 122.9, 121.3, 114.6, 102.7, 46.3 (CH 3 ), 34.8, 34.62, 34.59, 31.8 (CH 3 ), 31.61 (CH 3 ), 31.57 (CH 3 ), 21.6 (CH 3 ), 21.5 (CH 3 ), 21.4 ppm (CH 3 ). NMR (500 MHz, CDCl 3 , 25 °C): δ 9.26 (dd, J 8.2, 1.3 Hz, 1H, H cyclPh ), 9.10 (s, 1H, NH), 9.02 (d, J 4.9 Hz, 1H, H pyrr ), 8.41 (d, J 4.9 Hz, 1H, H pyrr ), 8.34 (dd, J 8.2, 1.3 Hz, 1H, H cyclPh ), 8.10 (d, J 4.7 Hz, 1H, H pyrr ), 8.07 (d, J 4.8 Hz, 1H, H pyrr ), 8.03 (d, J 4.7 Hz, 1H, H pyrr ), 7.87 (ddd, J 8.3, 6.9, 1.3 Hz, 1H, H cyclPh ), 7.58 (ddd, J 8.1, 7.0, 1.2 Hz, 1H, H cyclPh ), 7.55 (d, J 4.8 Hz, 1H, H pyrr ), 7.42 (s, 2H, H m-Ar ), 7.32 (s, 2H, H m-Ar ), 7.26 (s, 2H, H m-Ar ), 5.49 (s, 1H, C H-acac ), 2.04 (s, 3H, CH 3-acac ), 1.99 (s, 6H, H Me ), 1.98 (s, 3H, CH 3-acac ), 1.93 (s, 6H, H Me ), 1.89 (s, 6H, H Me ), 1.50 (s, 9H, H tBu ), 1.49 (s, 9H, H tBu ), 1.46 ppm (s, 9H, H tBu ). Hz, H cyclPh ), 8.26 (d, 1H, J 4.8 Hz, H pyrr ), 8.16 (d, 1H, J 4.8 Hz, H pyrr ), 8.03 (d, 1H, J 4.8 Hz, H pyrr ), 7.93 (s, 1H, NH), 7.40-7.90 (broad, 6H, H Ar-ortho ), 7.79 (ddd, 1H, J 7.7 Hz, 7.7 Hz and 1.2 Hz, H cyclPh ), 7.73 (t, 1H, J 1.7 Hz, H Ar-para ), 7.65 (t, 1H, J 1.7 Hz, H Ar-para ), 7.61 (t, 1H, J 1.7 Hz, H Ar-para ), 7.57 (ddd, 1H, J 7.7 Hz, 7.7 Hz and 1.2 Hz, H cyclPh ), 5.37 (s, 1H, CH acac), 2.07 (s, 6H, CH 3 acac), 1.44 (s, 18H, CH 3 t-Bu), 1.41 (s, 18H, CH 3 t-Bu), 1.39 (s, 18H, CH 3 t-Bu). 13 C NMR (CDCl 3 , 125 MHz, 25 °C): δ C (ppm) 186.2, 185.9, 164.9, 153.3, 151.9, 149.4, 149.3, 146.1, 143.5, 143.1, 141.4, 139.6, 138.8, 138.7, 138.6, 136.2, 135.1 (CH), 134.5 (CH), 133.5, 132.7, 132.4 (CH), 131.4, 131.0 (CH), 130.9 (CH), 130.1 (CH), 129.2 (CH), 129.1 (CH), 128.7 (CH), 128.0 (CH), 127.6 (CH), 126.1 (CH), 125.9, 125.5 (CH), 124.2, 122.2 (CH), 121.5 (CH), 121.4 (CH), 116.0, 102.2, 100.2 (CH), 35.2, 35.02, 34.98, 31.7 (CH), 31.63 (CH 3 ), 31.60 (CH 3 ), 27.9 (CH 3 ), 27.0, 26.9 (CH 3 ). MALDI-TOF: m/z 1267.299 Calcd for C 74 H 81 N 5 NiO 2 PdS 1267.451 (M • ).

		SYNTHESIS AND ELECTROCHEMISTRY OF NICKEL(II)PORPHYRINS BEARING EXTERNAL PALLADIUM(II)	I
	1 2 3 4 5	dried filtrate by column chromatography (silica gel, 300 mL, cyclohexane/CH 2 Cl 2 (2:8)) and cristallization from hexane/dichloromethane/MeOH afforded the title compound (177 mg, 0.14 mmol, 92%) as green crystals. Crystals suitable for X-Ray diffraction analysis were	(CH), 125.9 (UV-vis (CH 2 Cl 2 ): λ max (ε) 385 (33800), 426 (69000),
	6 7	grown from chlorobenzene-methanol. 1 H NMR (CDCl 3 , 500 MHz, 25 °C): δ H (ppm) 9.15	470 (39600), 498 (56000), 641 (12200), 672 (15500), 700 nm (17300 M -1 . cm -1 ).
	8	(dd, 1 H, J 8.0 and 1.0 Hz, H cyclPh ), 9.00 (d, 1H, J	HRMS, ESI-TOF: m/z	1325.3220. Calcd for
	9	4.8 Hz, H pyrr ), 8.62 (d, 1H, J 4.8 Hz, H pyrr ), 8.35 (d,	C 65 H 68 ClKN 5 NiOPtS 2 ([M K] ): 1325.3191.
	10 11	1H, J 4.8 Hz, H pyrr ), 8.32 (dd, 1 H, J 8.0 Hz and 1.0	Porphyrin 9. A solution of porphyrin 8 (31 mg, 24 µmol) in dry THF (15 mL) was refluxed with Kacac
	12		(0.96 mL of a 0.125 M solution in THF, 120 µmol,
	13		5 eq.) for one day. The mixture was then washed
	14		with water (15 mL), the organic layer was separated,
	15		dried over Na 2 SO 4 and the solvent evaporated under
	16		reduced pressure. The product 9 was purified by
	17		column chromatography (silica gel, dichloromethane/
	18		cyclohexane, 2/1) and recrystallized from dichloro-
	19		methane/methanol (19 mg, 15 µmol, 30%).
	20			
	21			
	22			
	23			
	24			
	25			
	26			
	27			
	28			
	29			
	30			
	31			
	32		13 C NMR (125 MHz, CDCl 3 , 25 °C): δ	184.6,
	33		158.4, 152.2, 150.9, 145.8, 142.7, 142.3, 141.2, 139.8,
	34		139.0, 138.6, 138.4, 138.1, 137.8, 136.1, 136.0, 135.2
	35		(CH), 134.2, 134.0 (CH), 133.1, 133.0, 132.5, 131.8
	36		(CH), 131.2 (CH), 130.1 (CH), 129.5 (CH), 128.2
	37		(CH), 128.1 (CH), 127.7 (CH), 126.0 (CH), 125.6
	38		(CH), 124.0 (CH), 123.9 (CH), 122.1, 121.0, 112.7,
	39		102.8, 101.9, 34.8, 34.60, 34.56, 31.61 (CH 3 ), 31.57
	40		(CH 3 ), 27.9 (CH 3 ), 26.7 (CH 3 ), 21.6 (CH 3 ), 21.5 (CH 3 ),
	41 42		21.4 ppm (CH 3 ). UV-vis (CH 2 Cl 2 ): λ max (ε) 388 (45700), 436 (65700),
	43 44		467 (50000), 498 (63600), 649 (15100), 669 (14200), 712 nm (23400 M -1 . cm -1 ).
	45		MALDI-TOF: m/z	1272.432. Calcd for
	46		C 68 H 69 N 5 NiO 2 PtS (M • ): 1272.417.
	47	2 Hz,	X-Ray diffraction. Under argon, a solution of the
	48	1H, H cyclPh ), 7.51 (s, 2H, H m-Ar ), 7.34 (s, 2H, H m-Ar ), 7.29	nickel(II)porphyrin analogous to 2 but with 3,5-tBu 2 -
	49	(s, 2H, H m-Ar ), 3.66 (s, 6H, H Me-DMSO ), 1.99 (s, 6H, H Me ),	phenyl meso-aryl groups (160 mg, 0.15 mmol) in
	50	1.93 (s, 6H, H Me ), 1.91 (s, 6H, H Me ), 1.56 (s, 9H, H tBu ),	1,2-dichloroethane (130 mL) was added dropwise over
	51 52 53	1.51 (s, 9H, H tBu ), 1.48 ppm (s, 9H, H tBu ). 13 C NMR (125 MHz, CDCl 3 , 25 °C): δ 160.0, 153.2, 151.04, 151.02, 148.5, 145.3, 143.8, 142.9, 142.6, 141.3,	a period of 8.5 h to a solution of Pd(acac) 2 (930 mg, 3.05 mmol, 20 eq) in 1,2-dichloroethane (100 mL) at 60 °C. After cooling down to room temperature, the
	54	139.9, 138.74, 138.70, 138.1, 137.8, 137.4, 135.83,	solvent was removed under vacuum. Cyclohexane/
	55	135.81, 135.0 (CH), 134.2 (CH), 133.6, 133.4, 132.2,	CH 2 Cl 2 (8:2, 50 mL) were added to the mixture
	56	132.0 (CH), 131.9, 131.1 (CH), 130.6 (CH), 129.7 (CH),	and the obtained suspension was filtered. Pd(acac) 2
	57	129.2 (CH), 128.9 (CH), 128.6 (CH), 127.8, 126.9, 126.7	(783 mg) was recovered as a solid. Purification of the
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1 H NMR (500 MHz, CDCl 3 , 25 °C): δ 9.53 (s, 1H, 1 H
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