A inorganics

Editorial

Synergy between Main Group and Transition Metal Chemistry

Stephen M. Mansell

check for
updates

Citation: Mansell, S.M. Synergy
between Main Group and Transition
Metal Chemistry. Inorganics 2023, 11,
98. https://doi.org/10.3390/
inorganics11030098

Received: 16 February 2023
Revised: 24 February 2023
Accepted: 25 February 2023
Published: 28 February 2023

Copyright: © 2023 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Institute of Chemical Sciences, School of Engineering and Physical Sciences, Heriot-Watt University,
Edinburgh EH14 4AS, UK; s.mansell@hw.ac.uk; Tel.: +44-131-451-4299

Since the pioneering studies of Alfred Werner at the beginning of the 20th Century [1],
the interplay between ligands, primarily derived from the p-block of the main group
elements, and transition metals has been shown to be of vital importance in inorganic chem-
istry (Figure 1). For instance, the series of compounds CoCl3-4NHj (violet), CoCl;-4NHjs
(green), CoCl3-5NH3 (purple), and CoCl3-6NHj3 (yellow) came to be understood in terms
of an octahedral Co(IIT) centre with different coordination environments: cis- and trans-
[CoCly(NH3)4]Cl, [CoCI(NH3)5]Cl,, and [Co(NH3)6]Cls, respectively [2].

A more sophisticated understanding of the synergy between ligands, transition metal
reactivity, and applications in homogeneous catalysis, initially focused on phosphine
complexes, was developed by Chadwick Tolman at DuPont’s Central Research and De-
velopment Department in the 1960s and 1970s [3]. Since then, the concept of synergy in
inorganic chemistry has bloomed, with key areas of research including mixed-metal bases
focused on s-block metals that have shown enhanced reactivity and selectivity [4], and
the concept of metal-ligand cooperativity, where ligands play an active role in the key
bond-breaking and bond-making steps in catalysis [5].

This Special Issue on Synergy Between Main Group and Transition Metal Chemistry
demonstrates the breadth of modern research in inorganic chemistry. The organometallic
chemistry of Rh complexes featuring unusual [N,O] bidentate ligands was studied by
Elmakki, Venter, Roodt, and co-workers, with a focus on the oxidative addition of Mel,
demonstrating the power of spectroscopic techniques in deducing the fate and mechanism
of the reaction of different Rh centres, particularly in a bimetallic complex [6]. [N,O] ligands
were also used in new Sn(Il) chemistry, described by Johnson and co-workers based on
deprotonated 2-hydroxypyridine. The importance of the structure of the ligand and its
impact on the aggregation state was demonstrated, particularly when comparing the results
to ligands with an extended distance between the N and O donors, providing a series that
contained 4-, 5-, and 6-membered chelate rings [7]. Further studies on the coordination
of the Sn atom are also possible, thereby expanding the exciting coordination chemistry
and reactivity of transition metal stannylene complexes. Similarly, the Ge cations described
by Reid and co-workers showed the expanding coordination chemistry of main group
compounds, an area that is underexplored compared to transition metal analogues [8]. The
coordination chemistry of chloranilate with niobium described by Belay, Venter, Roodt,
and co-workers also demonstrated the interplay of the coordination environment and the
aggregation of metal centres [9].
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Figure 1. Divisions within the periodic table of elements. Figure adapted from work by Dr M.
Haddow (University of Edinburgh), with permission.

The coordination chemistry of alane (AlH3) with carbenes was explored in detail
by Weetman and co-workers. Interestingly, they utilised the percent buried volume—an
extension of Tolman’s ideas on quantifying the steric bulk—to quantify the size taken
up by the carbene ligand bound to aluminium, reporting alane fragments bound to the
largest and smallest NHCs reported to date [10]. Ligands containing group 13 elements
are of increasing importance thanks to their use and generation in homogeneous catalysis,
such as transition metal-catalysed C—H borylation. Liptrot and co-workers took a different
approach by investigating the frustrated Lewis pair concept as applied to an NHC complex
of copper(I) boryliminomethanide. A range of reactivity was observed, demonstrating that
many pathways are possible when ligands become more than spectators to metal-centered
reactivity [11]. Finally, coinage metal complexes—in this case, gold—of unconventional
group 15 ligands were described by Mansell and co-workers. For a bis(phosphinine),
a stable digold complex was generated, whereas a phosphinophosphinine complex readily
decomposed, thus reinforcing the presence of additional pathways when ligands become
directly involved in chemistry [12]. Overall, we hope that this Special Issue draws increas-
ing attention to the interplay between main group elements and transition metals, whether
there are direct bonds, subtleties introduced to the coordination chemistry, or new reaction

pathways that are now available, and we hope that this Issue will keep interest in this
field high.
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