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Abstract:

 Starting very early, with the findings of Zeise, or Pope and Peachey, organoplatinum complexes were studied intensely in the 1970s and 1980s and were found to be quite stable and very versatile. From then on, the number of publications on organoplatinum complexes has more than doubled in each subsequent decade, and organoplatinum complexes have stretched into many fields of application today. This introduction to the Special Issue on “Organoplatinum Complexes” spans from the history of organoplatinum complexes to the seven manuscripts published in the frame of this Special Issue, representing some of these fields.








Some say that the 1970s and 1980s of the last century were dull and boring. This might possibly be true for pop music or arts but surely not appropriate for organoplatinum complexes. Those were the days when organoplatinum chemistry received a real boost. Scientific giants, such as Joseph Chatt, F. Gordon A. Stone, Michael Green, Wolfgang Beck, Howard C. Clark, Richard J. Puddephatt, Umberto Belluco, Hans Albert Brune, and Bernard L. Shaw, were active at that time, together with the “next generation”, Martin A. Bennett, George M. Whitesides, Giovanni Natile, Rafael Uson, Raffaello Romeo, and Gerard van Koten, just to name a few. However, organoplatinum chemistry started as early as the 19th century, with reports on the so-called Zeise’s salt [Pt(CH2CH2)Cl3]Cl, after William Christopher Zeise [1,2,3,4,5,6,7,8], or the heterocubane [Pt(Me)3Cl]4 by W.J. Pope and S.J. Peachey [6,9,10,11,12,13]. This “early success” can be simply rationalized by the fact that platinum, especially in the oxidation state +II, provides very inert and thermodynamically stable Pt−C bonds and Pt2+ is (besides Pd2+) the best ion to coordinate to olefin ligands [1,14].

Many of today’s applications of organoplatinum compounds, e.g., as building blocks in materials make use of this robustness, which is even elevated in cyclometalated compounds or units. In turn, the ease of the metalation reaction, activating H−C or X−C functions, opens a vast field of synthetic organometallic chemistry. Organometallic platinum complexes or building blocks can be used perfectly to construct supramolecular aggregates or hybrid materials. The most frequent application of such materials lies in their easily tuneable (electro)luminescence. Here, the heavy and relativistic character of platinum and, thus, the availability of triplet-excited states add to the stable binding in such compounds.

The inertness of the Pt−C bond of organoplatinum compounds has also allowed them to enter the field of medicinal chemistry. An increasing number of reports have appeared in the last decades, reporting no marked protonation of such compounds (no loss of the organo ligand) under physiological conditions and increased cytotoxicity compared to the established (non-organometallic) drug cisplatin, while the mechanism of the toxicity seems to be different from the latter.

Finally, chemists would not be chemists if they could not tune the bond strength and reactivity of Pt−C bonds and render them more reactive. Thus, in addition to the established use of organoplatinum complexes as slow models in processes catalyzed by platinum group metals (palladium and rhodium are far less inert), platinum compounds themselves have entered the stage as reactive, chemo- or stereoselective homogeneous catalysts in important organometallic catalytic processes. Nevertheless, a great deal of modeling of organometallic catalysis is carried out studying Pt derivatives in lieu of the assumed organopalladium species. It is not only the higher inertness of the Pt complexes, compared to their palladium derivatives, which allows one to isolate them and study the underlying reaction in stoichiometric variants; the lower reactivity, combined with the unique property of a relatively highly abundant NMR detectable nucleus (195Pt; I = ½; natural abundance 33.8%) make Pt containing species detectable even if they occur in mixtures and/or with relatively low abundance.

The contributions in this Special Issue demonstrate the vigor of organoplatinum chemistry today, or in other words, why organoplatinum complexes are “stayin’ alive”.

In the first contribution, Margarita Crespo gives an account of her recent work devoted to the synthesis of cyclometalated Pt(II) and Pt(IV) complexes [15]. Diarylplatinum(II) complexes, such as [Pt(aryl)2(SMe2)2], can be used in reactions with N-donor ligands carrying suitable adjacent C−H functionalities to produce a variety of cycloplatinated compounds including endo-five-, endo-six-, endo-seven-, or exo-five-membered platinacycles. One of the two initial aryl groups on Pt deprotonates the target ligand, cleaving aryl−H, while the other one remains on the Pt atom. Additionally, more complicated reactions were observed when reacting diarylplatinum(II) precursors with suitable ligands including oxidative addition/reductive elimination sequences, involving C–X (X = H, Cl, Br) bond activation and, in some cases, C(aryl)–C(aryl) bond formation. Mechanistic details are discussed in this review.

In a more classical way, using non-organometallic cis-[PtCl2(dmso)2] and enantiopure ferrocenyl Schiff base ligands (SC)-[FcCH=N–CH(Me)(C6H5)] (1) (Fc = ferrocenyl) Concepción López, Ramón Bosque and coworkers have obtained new chiral Pt(II) complexes [16]. One of them is the enantiomerically pure trans-(SC)-[Pt{κ1-N[FcCH=N–CH(Me)(C6H5)]}Cl2(dmso)] in which the imine acts as a neutral N-donor ligand; while the others are the cycloplatinated complexes [Pt{κ2-C,N[(C6H4)–N=CHFc]}Cl(dmso)] and the two diastereomers {(Sp,SC) and (Rp,SC)} of [Pt{κ2-C,N[(η5-C5H3)–CH=N–{CH(Me)(C6H5)}]Fe(η5-C5H5)}Cl(dmso)]. Additionally, the PPh3 derivatives [Pt{κ2-C,N[(C6H4)–N=CHFc]}Cl(PPh3)] and the diastereomers (Sp,SC) and (Rp,SC) of [Pt{κ2-C,N[(η5-C5H3)–CH=N–{CH(Me)(C6H5)}]Fe(η5-C5H5)}Cl(PPh3)] were synthesized. Selected samples of these complexes were submitted for comparative studies of the electrochemical properties and cytotoxic activities on MCF7 and MDA-MB231 breast cancer cell lines. The new complexes exhibit largely ferrocene-centered oxidation processes at rather low potentials. Decreasing potentials seem to go along with increasing cytotoxicity. DFT calculations support this surprising correlation.

A very special type of cyclometalated Pt complexes, so-called half-lantern complexes, were presented by Violeta Sicilia and coworkers [17]. New half-lantern complexes of Pt(II) [Pt2(µ-L)2(bzq)2] (Hbzq = benzo[h]quinoline; HL = 4-(trifluoromethyl)pyrimidine-2-thiol) were obtained from the precursor [Pt(bzq)(MeCN)2]ClO4 and 4-(trifluoromethyl)pyrimidine-2-thiol in the presence of NEt3. Oxidation using X2 leads to Pt(III) half-lanterns [Pt2(µ-L)2(bzq)2(X)2] (X = Cl, Br, or I) having a covalent Pt−Pt bond. Alternatively, the S^N ligands 2-mercaptobenzothiazolate and 2-mercaptobenzoxazolate have been used to prepare the corresponding complexes. The short Pt…Pt contacts of about 3 Å in the Pt(II) complexes provide interesting optical properties. Oxidation using X2 (X = Cl, Br, or I) yields the diamagnetic binuclear Pt(III) complexes with Pt−Pt distances of about 2.6 Å.

Instead of short Pt(II)…Pt(II) contacts as in the half-lantern complexes, a real Pt(I)−Pt(I) bond of only 2.8209(2) Å (XRD) provides the basis for a long-lived, orange emission of the binuclear complex [(PHCy2)(Me3SiC≡C)Pt(μ-PCy2)(μ-H)Pt(PHCy2){κP-P(O)Cy2}] reported by Piero Mastrorilli and coworkers [18]. The emission, which is observed in the solid state at 77 K, originates from a metal-metal to ligand charge transfer (MMLCT) (L = alkynyl) excited state. This complex contains a bridging hydride and was obtained through protonation of the Pt(I)−Pt(I) bond in the phosphinito phosphanido precursor complex [(PHCy2)Pt(μ-PCy2){κ2P,O-μ-P(O)Cy2}Pt(PHCy2)].

Another type of interesting luminescent material is reported in the paper by Elena Lalinde, Maria Teresa Moreno and coworkers [19]. The here reported, binuclear [{Pt(pq)(C≡CtBu)}2(μ-L)] and trinuclear [{Pt(pq)(C≡CtBu)}3(μ-L)] (L = μ-1,3,5-tris(pyridine-4-ylethynyl)benzene; Hpq = phenylquinoline) complexes were formed by bridge-splitting reactions with [Pt(pq)(μ-κCα:η2-C≡CtBu)]2. The complexes are characterized by a combination of 1H NMR spectroscopy, mass spectrometry and XRD. 1H NMR proves the existence of a dynamic equilibrium in solution between the diplatinum complexes, the corresponding mononuclear complex with terminal N-donor ligands, the starting material and the free ligand (L) and the effects of concentration, temperature and solvent properties on the equilibrium have been studied. The complexes exhibit a broad absorption range (λ < 500 nm), are strong emitters, with maxima around 600 nm, and the corresponding excited states show contributions from pq, L, C≡CtBu and the metal as analyzed by TD-DFT calculations.

The new cyclometalated Pt complexes containing pyridine-functionalized coumarin ligands and acetylacetonate reported by Rainer F. Winter and coworkers are revealed to be rather strong triplet emitters and, thus, suitable for technical application [20]. The Pt atom in these two complexes is C-coordinated either to the phenyl core of coumarin (2H-chromen-2-one) or to the “olefinic” 4-position core, respectively. Both complexes show intense green emissions from largely coumarin-centered triplet states. Spectroelectrochemistry and quantum chemical calculations support this assignment. In the crystal structures of both complexes, multiple and strong intermolecular interactions, such as π-stacking, short Pt…Pt or C−H…O hydrogen bonding were observed.

While all the above-described Pt(II) complexes exhibit the most abundant coordination number four and a square planar geometry, higher coordinated organoplatinum(II) complexes are known and it is established that such species, especially those carrying olefin ligands, play an important role in organoplatinum catalysis. The last report presents the crystal and molecular structure of the five coordinate organoplatinum diolefin complex [Pt(bpy)(cod)(Me)][SbF6] (cod = 1,5-cyclooctadiene, bpy = 2,2’-bipyridine) [21]. Detailed NMR spectroscopy revealed that the trigonal bipyramidal structure found in the crystal is retained in solution. Interestingly, the application of the well-established τ values for the discrimination between trigonal bipyramidal vs. square pyramidal coordination fails, which can be explained from the steric strain from the two chelate ligands. Additionally, a brief review is provided for the occurrence of further five coordinate olefin Pt(II) complexes and their importance in organocatalysis.
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