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Summary 
Chloroalkanes are an abundant class of substrates that offer unique advantages in 

terms of cost, availability and stability but are understudied for radical chemistry 

due to the higher C–Cl bond dissociation energy and overall lower reactivity. In this 

thesis, challenges regarding the use of chloroalkanes in radical chemistry and the 

development of more complex protocols are explored. Specifically, ruthenium-

catalysed atom transfer radical addition (ATRA) forms the basis of this thesis. It is 

a chemical reaction where a carbon halogen bond is added on a π system such as 

an alkene, via a radical pathway, generating a new C–C and a new C–X bond. 

In Chapter 1, an overview of the current literature on atom transfer radical 

addition of chlorinated substrates is presented. Emerging fields such as 

photoredox catalysis and electrochemistry show great potential for tackling 

inherent reactivity problems of chlorinated substrates, but their application to 

ATRA chemistry remains in its infancy. Copper and especially ruthenium 

homogeneous catalysts are the most used for ATRA of chloroalkanes. Specifically, 

ruthenium pianostool complexes of the type [Cp*RuClx(PR3)y] have been 

extensively developed and give the highest turnover numbers in literature, but 

often suffer from catalyst deactivation. To extend catalyst lifetimes, the addition 

of a reducing agent to the system is now a common approach and has greatly 

improved the performance of these complexes in ATRA reactions. 
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Chapter 1. Challenges and developments in atom transfer radical additions of chlorinated 
substrates. 

Chapter 2 describes our studies of [Cp*RuCl2(PR3)] complexes in combination with 

reducing agents, systems known for their high performance and versatility in other 

ATRA reactions, for the ATRA of primary alkyl chlorides to styrene. Primary alkyl 

chlorides is a class of substrates for which the C-Cl bond is notoriously difficult to 

activate via homolytic bond activation. 

By using a radical initiator with a higher temperature resistance as reductant, a 

three-fold improvement for the radical addition of ethyl chloroacetate onto 

styrene is obtained (61 turnover numbers). Catalysts with different phosphine 

ligands are compared based on their kinetic profiles, obtained by in situ IR 

spectroscopy studies. While PMe3, the more electron donating phosphine tested, 

gives the fastest reaction rate, the best yields are obtained with PPh3, because it 

makes the catalyst more robust. The reaction mechanism proceeds via an open-

shell singlet pathway, as supported by density functional theory, where the side 

reaction (polymerisation) is kinetically disfavoured. 

 

Chapter 2. Atom transfer radical addition of activated primary alkyl chlorides using in situ 
generated [Cp*RuII(Cl)(PR3)] catalysts. 

In Chapter 3, we describe our efforts to explore the potential of these ruthenium 

pianostool complexes for enantioselective catalysis. Chiral complexes of the type 

[Cp*RuCl2(PR3)] are formed in situ using various chiral phosphines and are shown 

to be a viable approach for asymmetric ATRA, although the obtained enantiomeric 
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excess is modest. The most promising phosphine ligand tested for the ATRA of 

styrene onto CCl4 is (R)-MeOPhBIDIME, and with a modest enantiomeric excess of 

30% at 0°C, it represents a twofold improvement compared to literature. 

Substituting the α-position on the alkene considerably decreases the enantiomeric 

excess, while increasing the sterics on the phenyl ring gives a small improvement, 

but reduces the yield. The absence of C2 symmetry in the system is unlikely to be 

the sole reason for the lower enantiomeric excess observed and further research 

is required for a better understanding and improvement the system. 

 

Chapter 3. Asymmetric atom transfer radical addition of CCl4 with chiral [Cp*RuIICl2(PR3)] 
catalysts. 

In the second part of this thesis, cascade reactions involving multiple and distinct 

C–Cl bond activation steps with ATRA-type chemistry are investigated for the 

development of new synthetic routes with increased product complexity. 

In Chapter 4, the first example of atom transfer radical cyclisation on aromatic 

rings (ArATRC) is reported. 2,3-aryl-1,3-butadienes are reacted with 

polyhalogenated substrates forming benzyl halide and allyl halide substituted 

naphthalenes and dihydronaphthalenes in one pot under mild reaction conditions. 

This novel reaction is tolerant to alkyl, aryl, halides, ethers, esters, aldehydes and 

trimethyl silyl functional groups and could even be extended to thiophenes, 

forming substituted benzo[b]thiophene selectively. Mechanistic experiments 

support a sequential pathway involving first an ATRA step, generating an 

intermediate that then cyclises via an ArATRC 6-endo-trig mechanism, followed by 

HCl elimination to regain aromaticity and form naphthalene. The resulting 
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naphthalene products have a reactive benzylic and aromatic C–Cl bond, that is 

demonstrated to be valuable for further functionalisation.  

 

 

Chapter 4. Unlocking atom transfer radical cyclization on aromatic systems for the synthesis 
of benzyl halide- and allyl halide substituted naphthalenes and dihydronaphthalenes. 

 

In Chapter 5, we describe our investigations to use sequential intermolecular ATRA 

reactions for the one-pot polymerisation of divinyl benzenes with Cl3COOEt at 

room temperature, forming novel chlorinated polymers. Longer reaction times 

result in higher molecular weights with a broad distribution, as expected with a 

step-growth mechanism. Using para-divinyl benzene resulted in longer chains and 

higher glass transition temperatures compared to the meta analogue. Upon 

heating under controlled conditions, the off-white polymers developed a bright 

orange or red coloration. This effect is attributed to a chemical change in the 

polymer, likely HCl elimination from the backbone instead of a phase change. 

Based on the study of a model reaction, the applicability to other alkenes or 

chloroalkanes is limited by the lower yields, but could be improved with the use of 

more active catalysts. 
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Chapter 5. Sequential intermolecular atom transfer radical addition of chloroalkanes for 
the synthesis of regularly alternating chlorinated copolymers. 

Overall, this thesis explores challenges and opportunities in ATRA chemistry, such 

as the use of primary chloroalkanes and asymmetric protocols, together with the 

development of cascade reactions that turn simple chloroalkanes in more complex, 

and possibly valuable products. While ATRA offers new opportunities for the use 

of chloroalkanes, protocols are generally limited by inherent reactivity factors, 

which could be overcome with the development of new catalytic systems. 

  




