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„Palladium catalyzed tandem reaction of addition of perfluoroalkyl iodide to alkynes and 

following coupling with boroorganic coumpouds” 

 
The aim of this doctoral thesis was to develop palladium-catalyzed multicomponent 

methodologies for the synthesis of tri- and tetrasubstituted alkenes and enones bearing a perfluoroalkyl 

group. Because of their extraordinary properties, for instance increased stability, lipophilicity, and 

bioavailability, fluorinated molecules have found broad applications in both material and 

pharmaceutical industry. Although numerous methodologies allowing the incorporation of either single 

fluorine atoms or whole perfluorinated groups into organic molecules have been developed, 

a considerable part of them rely on multistep approaches or require the use of expensive, sophisticated 

reagents. Due to the still rising demand of new and efficient methodologies for the synthesis of 

fluoroorganic compounds, I decided to apply perfluoroalkyl iodides as a cheap and easily accessible 

source of perfluoroalkyl groups. 

The dissertation is divided into two main parts comprising (1) a brief introduction to fluorine 

chemistry, properties of fluorinated compounds, and general approaches to the synthesis of fluorinated 

molecules, and (2) a description of my research involving carboperfluroalkylation of internal and 

terminal alkynes, boroperfluoroalkylation and carbonylative carboperfluroalkylation of terminal 

alkynes, including comments and comparisons with contemporary accounts from other groups.   

In the course of working on the first methodology, I designed a three-component 

carboperfluoralkylation of alkynes leading to tri- and tetrasubstituted alkenes bearing a fluoroalkyl 

moiety. It exhibited a broad substrate scope, encompassing variously substituted terminal and internal 

alkynes, electronically diverse boronic acids, as well as a range of perfluoroalkyl iodides. Mechanistic 

experiments pointed towards a mechanism involving two catalytic cycles: radical Pd(0)/Pd(I) and 2e 

Pd(0)/Pd(II). Moreover, a dual role of the boronic acid, which also acted as an internal reductant for the 

recovery of the active form of the palladium catalyst, was proposed 

 The second part of my thesis describes a methodology for the synthesis of tri- and 

tetrasubstituted vinylboronic esters via the palladium-catalyzed addition of perfluoralkyl iodides to 

alkynes and subsequent coupling of the in-situ generated vinyl iodide with diboron reagents. Based on 

this methodology, I also disclosed the first example of a reductive dicarbofunctionalization of alkynes 

with two different electrophiles – perfluoroalkyl and aryl iodides. Moreover, mechanistic studies 

revealed that the outcome of the overall process is easily controllable by temperature, which opens the 

route to selective synthesis of three different compounds (vinyl iodide, boronic ester or alkyne) from the 

very same reaction mixture.  

 The aim of the last project was to develop palladium-catalyzed carbonylative 

carboperfluoroalkylation of alkynes, leading to fluoroalkyl-substituted enones. The reaction, carried out 

under an ambient pressure of CO, showed a broad scope in terms of both alkyl- and aryl-substituted 

alkynes, as well as boronic acids. Careful analysis of 13C NMR spectra revealed the characteristic 

multiplicity of signals originating from indirect through-space 13C-19F coupling which was successfully 

employed in the determination of the configuration of the obtained products.  

All of the developed methodologies were characterized by good-to-excellent yields, complete 

regioselectivity, and high diastereoselectivity (>95:5 E/Z). Additionally, all of those transformations 

were conducted in a one-pot and tandem manner, which allows to avoid time-consuming and expensive 

isolation and purification steps. Moreover, broad mechanistic studies provided the most plausible 

mechanisms of the transformations, involving two independent catalytic cycles: a radical one where the 

vinyl iodide is generated, and another, typical two-electron Pd(0)/Pd(II) mechanism of the coupling of 

the vinyl iodide with boron reagents. 

 


