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 Organometallics Downloaded from pubs.acs.org by UNIV OF WINNIPEG on 12/27/18. For personal use only.
 
 S Supporting Information *
 
 ABSTRACT: The synthesis and investigation of a new family of anionic N-heterocyclic carbene (NHC) ligands, based on Nsulfonyliminoimidazolium ylides, is reported. Their corresponding silver complexes have been synthesized and present distinctive geometries compared to the previously reported ligands derived from the N-acyliminoimidazolium family. A comparison of the two ligand families was performed with palladium(II) allyl complexes to investigate their binding mode preference. The N-sulfonyl derived ligands were found to strongly favor bridging binding instead of chelation. This strong preference was exploited to synthesize a novel copper(I)−palladium(II) heterotrimetallic complex.
 
 ■
 
 INTRODUCTION Ever since the isolation of a free carbene by Arduengo in 1990,1 N-heterocyclic carbenes (NHCs) have been a target of interest for the scientiﬁc community. They have been found to be potent nucleophilic organocatalysts.2 Nonetheless, their major application has been to serve as ligands in organometallic complexes, a subject actively studied during the last decades.3 They are strong sigma donors and are comparable to phosphines as L-type ligands. In many cases, these ligands were found to provide increased stability toward oxygen, water, and light, in comparison to their phosphine counterparts.4 The heterocyclic scaﬀold (1, Scheme 1) can be easily modiﬁed, thus providing metal complexes exhibiting a very
 
 bond, potentially increasing selectivities in stereoselective reactions.7 Bidentate unsymmetrical NHCs bearing an anionic ligand (3, Scheme 1) oﬀer great potential. The anionic tether usually can bind early transition metals, while the neutral NHC is more prone to bind late-transition metals. Therefore, the resulting scope of accessible metal complexes is signiﬁcantly extended. The nature of the anionic tether greatly inﬂuences the properties and reactivity of the resulting complexes. Consequently, numerous anionic groups, possessing a wide range of basicity, have already been reported in the literature: alkoxide,8−11 aryloxide,12−19 bis-aryloxide,20,21 enolate,22 amino,23−26 bis-amido,27−29 bis-thiolate,30 indenyl, and ﬂuorenyl.31,32 These have been subject of numerous reviews.33,34 In an eﬀort to access novel reactivity patterns, organometallic catalysis has taken new research directions in the recent years, in particular in ligand development. For example in cooperative catalysis,35 the development of functional ligands (i.e., ligands actively involved in the catalytic steps)36 is receiving increasing attention. Another very active area of research involves the use of bimetallic catalysts.37 In the context of these two ﬁelds, functional bidentate NHC ligand families, such as 2 and 3, are particularly attractive.38 Our group has been investigating novel anionic NHC ligands in an eﬀort to develop catalysts with unique reactivity and selectivity proﬁles. Building from a proof of concept reported by Charette and co-workers,39 in 2013 we reported a methodology to access a versatile family of N-acyliminoimidazolium ylides (4),
 
 Scheme 1. General Structures of NHC Ligand Families
 
 wide array of reactivity depending of the substituents. For example, it has been shown that unsymmetrical NHCs ligands can, in some cases, oﬀer more reactivity and selectivity toward challenging processes.5 In this particular group, bidentate NHCs ligands which possess a second complexing group such as 2 (Scheme 1) have received more attention.6 They can chelate the metal, leading to higher complex stability. The chelation also restricts rotation around the carbene−metal © XXXX American Chemical Society
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 RESULTS AND DISCUSSION Formation of the N-Sulfonyliminoimidazolium Ylides. The general retrosynthetic approach to ylides 5 is described in Scheme 4. N-Amino salts 6 are rapidly obtained
 
 and their conversion into their corresponding anionic NHC ligands.40 Their synthesis is modular, and their structures can be easily modiﬁed to provide rapid ﬁne-tuning of the properties of the resulting metal complexes. Following deprotonation of ylides 4, the resulting anionic NHC ligands present an ambident anionic tether due to its resonance properties (Scheme 2). The endocylic resonance
 
 Scheme 4. Retrosynthesis of Ylides 5
 
 Scheme 2. Binding Modes of Anionic NHC Ligands Derived from 4 from the corresponding imidazole and the electrophilic amination reagent O-(2,4-dinitrophenyl)hydroxylamine (H2NODNP),42 as described in our previous publication.40 Salts 6 are reacted with a sulfonyl chloride (R2SO2Cl) to aﬀord ylides 5. Due to the high similarity of the two families, we initially attempted to use the protocol developed for the synthesis of N-acyliminoimidazolium ylides.40 Unfortunately these simple conditions, involving the use of 2 equiv of the sulfonyl chloride, resulted in very modest yields (
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