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A study of diketopiperazines as electron-donor initiators in 
transition metal-free haloarene-arene coupling 

Florimond Cumine,a Shengze Zhou,a Tell Tuttle,*a and John. A. Murphy*a  

Several diketopiperazines  have been shown to promote carbon-carbon coupling between benzene and aryl halides in the 

presence of potassium tert-butoxide and without the assistance of a transition metal catalyst.  The structure of the 

diketopiperazine has an influence on its reductive potential and can help to promote the coupling of the more challenging 

aryl bromides with benzene.

Introduction  
 
Over the past ten years, transition metal-free cross coupling 

reactions of aryl halides with benzenes have become a major 

interest since they were first observed by Itami.1,2 These 

reactions require a base (typically potassium tert-butoxide) 

and an additive.3-16 Whilst organic additives are not always 

used,10,11,15 they significantly enhance reaction efficiency in 

terms of yield and time. The widely-accepted mechanism 

involved in these coupling reactions is base-promoted 

homolytic aromatic substitution (BHAS).17 A molecule of 

halobenzene 1 receives an electron and forms an aryl radical 2 

which adds to benzene to yield an intermediate 

cyclohexadienyl radical 3. Deprotonation by the base yields 

radical anion 4, which gives an electron to another 

halobenzene 1, propagating the chain, and simultaneously 

releasing biaryl product 5 (Scheme 1). 

 

The initiation process, in other words, the formation of aryl 

radical 2 from aryl halide 1 to start the chain, has been a main 

field of research for our group.18-20 Understanding the nature 

of this process is the key to extrapolating this transition metal-

free cross-coupling reaction to aryl bromides and chlorides 

which remain more challenging substrates than aryl iodides. 

We recently reported a study on organic additives and 

mechanistic studies on their ability to initiate cross-coupling 

reactions under basic conditions.19 We have been particularly 

interested in amino acids as additives since the report of 

proline and sarcosine as initiators under basic conditions.11 

Amino acids can undergo condensation to form peptides21 and 

also cyclic dipeptides under microwave conditions.22 These 

cyclic dipeptides, usually called diketopiperazines (DKP), once 

deprotonated, could act as electron donors. A N,N�[-dipropyl 

diketopiperazine 6 has already been reported by our group 

and was used as an electron donor under basic conditions.19 

This DKP was found to be a good initiator of coupling reactions 

with iodobenzenes. Herein, we report diketopiperazines 7-10, 

with different substituents on the nitrogens, all including a 

phenyl ring in order to improve the DKP solubility in benzene. 

These DKPs were found to be good initiators for the coupling 

of iodobenzenes and, for some of them, good initiators for the 

coupling of bromobenzenes with benzene (Figure 1). 
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Fig. 1 Diketopiperazines used as precursors to electron donors for coupling 
reaction of iodo and bromobenzenes with benzene.  


