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Synthesis of a new type of alkene metal complex using 
face-capping thione-alkene ligands† 

Long Zhang,a Tao Yan, a Ying-Feng Hana,* F Ekkehardt Hahna,b and Guo-Xin Jina,* 

A series of complexes of novel chelating thione-alkene S(η2-
C=C)S tridentate ligands bound to late transition metals (Ir, 
Rh, Pd) were isolated and characterised. Counter-anions play 
an important role in the binding of the alkene moiety to the 
metals. Different solvents were observed to affect the stability 
of the rhodium complexes. 

Olefin ligands are omnipresent in organometallic chemistry, which is 
reflected by the myriad of applications involving olefin-bearing 
metal catalysts in areas ranging from homo- and hetero-geneous 
catalysis to material science.1 In fact, one of the first organometallic 
complexes to ever be isolated, Zeise's salt, is an olefin complex. Its 
true nature was unambiguously determined about a century after its 
discovery.2 As an archetype of the π-coordination mode, the studies 
of coordination complexes contain η2-ethylene ligands led to 
fundamental insights into the nature of the chemical bond.3 
Considerable attention has been paid to the use of chiral olefins as 
steering ligands in asymmetric catalysis.3i,3j Transition metal 
complexes of a class of neutral chelating ligands containing a central 
alkene and two phosphine groups have been reported.4  

Thiones are an underexplored ligand class in organometallic  

 

Scheme 1 Alkene‐coordinating tridentate S(η2‐C=C)S ligands. 

chemistry. This is surprising considering such ligands are easily 
accessible, highly tailorable, and their metal complexes generally 
exhibit good stability.5 Indeed, imidazole-based thiones are an 
exciting class of structures with utility in antithyroid drugs.6 

Imidazolin-2-thiones have also been synthesized during the 
capture of highly-reactive N-heterocyclic carbene species.7 Studies 
of thione metal complexes have led to many important discoveries 
related to their fundamental chemistry,8 their applications in 
catalysis,9 and their use as potential materials.10 Very recently, we 
found that organometallic complexes featuring thione ligands have 
potential applications in the activation of small molecules.11 
However, in general, the chemistry of thione-based ligands and their 
metal complexes is a relatively underdeveloped field. 

Herein we report a novel alkene-bridged thione-based ligand 
family and complexes of these ligands with iridium, rhodium and 
palladium. The structures formed represent a new class of complexes 
containing metal-alkene π-bonding (Scheme 1). 

Imidazolin-2-thiones L1 and L2 were synthesized by treating 1,4-
dibromo-2-butene with appropriate N-substituted imidazoles to 
produce the corresponding imidazole salts, followed by their 
reactions with element sulfur to afford the corresponding thiones.9a 
The metal- alkene coordinated complex 1-Cl2 was obtained in 92% 
yield from the reaction of [Cp*IrCl2]2 with two equimolar amounts 
of L1 in methanol at room temperature (Scheme 2). Complex 1-Cl2 
was characterized by multi-nuclear NMR spectroscopy, ESI-MS and 
elemental analysis. The 1H NMR spectrum of complex 1-Cl2 shows 
significant upfield shift of the olefinic protons compared to those of 
the free ligand L1. This shift is consistent with a π-bound olefinic 
unit and a considerable amount of π backbonding from the metal 
center.4 
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