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Preface 

 

Hypovalent Substrates in Transition Metal Catalysed: Synthesis  

of Ring Compounds and Polymers. 

 

Functionalisation of ‘unactivated’ molecules is currently one of the most important 

challenges that synthetic organic chemists are facing.1  Pharmaceutical researchers have 

focused on the development of new technologies that can offer atom-economical production 

of drug relevant molecules with industrially cheap, accessible, and environmentally friendly 

reactions.2 Moreover, the necessity of efficient approaches towards functionalised molecules 

is also an important topic in the discovery of new synthetic pathways to generate 

new/alternative materials (i.e. functionalised polymers), which broaden the scope of current 

technologies or introduce new ones.  

 
Figure 1. Hypovalent organic and metal-organic reagents. 

Existing strategies to functionalise molecules often make use of directing groups in non-

aromatic C−H bond activation processes, but these methodologies limit the scope of 

substrates and quite often require pre- or post-modification steps.3 Direct functionalisation via 
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oxidative addition of metals into (non-aromatic) C–H bonds has attracted a lot of interest too.4 

However, regeneration of the active low-valent metal is often problematic. Alternatively, the 

typically high reactivity of hypovalent reagents (Figure 1), such as carbenes, nitrenes or 

radicals, towards C−H, X−H and multiple bonds provides excellent opportunities for 

hydrocarbon functionalisation and polymer synthesis. These reactive reagents typically 

require metal catalyst to achieve controlled reactivity, where transition metal catalysis comes 

into play (Figure 1).5  

Neutral divalent carbenes and monovalent nitrenes are electron deficient species with only 

6 valence electrons. The free organic species are generally unstable. Their formation is 

associated with high-energy processes, they are difficult to isolate and they typically reveal 

non-controlled and unselective reactivity patterns. 6  In contrast, transition metal-bound 

carbenoids and nitrenoids often display a much more controlled, but still high reactivity. This 

particular ability of the transition metal to bind and control carbene and nitrene groups in 

hypovalent group transfer-reactions provides a powerful synthetic approach.  

Synthetic applications of (metal) carbenes have meanwhile been developed to a high level, 

while related developments in (metal) nitrene chemistry currently lacks behind. Despite the 

existence of different nitrene precursors, these species are typically more difficult to generate, 

and this has thus far limited their application window compared to that of carbenes. In fact, 

metal-nitrene chemistry started its development towards applications only since the 70’s with 

the introduction of iminoiodanes (PhI=NR) as nitrene precursors.7 While ample nitrene-

transfer reactions have made use of iminoiodane derivatives, these nitrene-precursors have 

several disadvantages such as a limited scope, solubility problems, and they produce large 

amounts of undesired waste. Recent developments in nitrene-transfer chemistry have focussed 

on the use of alternative nitrene sources such as organic azides. These are typically more 

difficult to activate with transition metals, but their use solves many of the problems 

associated with iminoiodane derivatives. Only recently, azides were introduced as nitrene-

precursor substrates in catalytic olefin aziridination and C–H amination reactions. Moderate 

to good yields were reported, and decent selectivities were reached. Among the most active 

systems are Co- and Fe-porphyrin complexes that are able to generate the desired nitrene from 

azides with only dinitrogen as a side-product.8  

More generally, the existence, (electronic) structure and exact nature of the proposed key 

nitrene intermediates in nitrene-transfer reactions have been under debate for several decades. 

Scarce examples of imido/nitrene species have been reported, and in most cases the effects of 
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spin-densities and other important electronic structure parameters have been mostly neglected 

or poorly investigated. Hence, it is clear that a better understanding of these systems is 

required, which should lead to further developments in nitrene-transfer catalysis. Remarkably, 

recent examples in literature have suggested the (cooperative) involvement of nitrogen 

centred radicals. This behaviour of these nitrene complexes points to nitrene transfer reactions 

proceeding via a radical mechanism. Part of this thesis aims to get insight in this matter. 

In the first chapter, we present an overview of well-defined and characterised nitrene 

radical complexes and their catalytic applications. In chapters 2–5, we present our theoretical 

and experimental investigations that reveal the mechanism of nitrene-transfer reactions 

mediated by Co- and Fe-porphyrins. These investigations provide detailed mechanistic 

insights into the reaction pathways and the role of the peculiar electronic structures of the 

nitrene intermediates. In the fifth chapter, we discuss the differences between iron and cobalt 

in these reactions in the light of catalysis with potential implications for further developments. 

The theoretical investigations nicely correlate with experimental findings described in 

Chapter 3 and Chapter 4. 

While better developed than nitrene chemistry, there are also still many hidden avenues 

and unexplored possibilities in carbenoid chemistry. Most studies in the field of carbene 

chemistry have focused on synthesis of small molecules and currently the research still 

primarily focuses on overcoming typical selectivity problems associated with these highly 

reactive species, such as preventing carbene dimerisation and achieving high stereo- and 

enantioselectivities.9 However, carbenes offer a much richer chemistry with many venues to 

discover based on their rich and typical hypovalent reactivity. Along this line, our group 

recently discovered stereoselective carbene polymerisation reactions, which represent a 

completely new and revolutionary way to synthesise stereoregular polymers that so far cannot 

be obtained by any conventional polymerisation method (Scheme 1).10 These new types of 

materials are readily synthesised from diazo esters and diazo ketones as monomers, using 

RhI–diene complexes as catalyst. Among the benefits of this polymerisation technique are the 

 
Scheme 1. New polymer with polar functional side-groups connected to each carbon of the carbon-
chain backbone. 
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functionalisation at every carbon of the polymer backbone (C1 polymerisation) and the 

stereospecificity of the polymeric chain.  

Functionalised polymers are attractive materials because of the vast benefits they offer 

regarding their surface properties in specific application areas.11 However, compatibility with 

non-polar materials is an often encountered obstacle to overcome. Thus, copolymers bearing 

polar and non-polar groups that can interact with both faces are highly desirable. In the last 

chapter of this thesis, we focused on an unconventional new method to prepare such 

polymers. In this chapter we first present our studies that aim at understanding the influence 

of the diene ligands on the activity of Rh catalysts for carbene polymerisation. We describe 

the synthesis of various RhI(diene) complexes (with electron-rich and electron-poor olefins) 

and their performance in the carbene polymerisation. The studies further focus on finding 

alternative carbene-precursors to replace diazo compounds, in particular those that can avoid 

the use of the dangerous (toxic & explosive) non-stabilised diazomethane.10b We present the 

successful RhI(diene) mediated synthesis of polymers and copolymers (with diazo esters) 

using sulfoxonium-ylides as a carbene source.  
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