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7.1. Introduction 
The research in this thesis is dedicated to the incorporation of phosphorus in  

π-conjugated molecular frameworks, in particular the phosphole moiety 1 and the 

phosphine-acetylene moiety 2. In the past decade, especially the phosphole ring has 

emerged as a valuable tool in the development of novel π-conjugated materials. In this 

respect, it’s intriguing electronic properties are worth mentioning. Phosphole is hardly 

aromatic, and therefore favors interring conjugation, but the reactive phosphorus 

atom is via σ-π-hyperconjugation in electronic contact with the π-system, which offers 

a handle to fine-tune the photophysical properties thereof via reaction at phosphorus. 

The relevant literature on phospholes is summarized in chapter 2, and novel means to 

fine-tune the photophysical properties of phosphole-containing π-systems have been 

explored in chapters 4 and 5. 

Contrary to phospholes, phosphine-acetylenes are only marginally incorporated in  

π-systems, despite the fact their electronic structure is very similar to that of the 

phosphole ring. The relevant literature in this respect is summarized in chapter 3. The 

main reason that this moiety has been less popular in π-system development, is the 

difficulties associated with their synthesis, of which the explorations of chapter 6 are a 

marked example. 

 

7.2. Novel means for fine-tuning phosphole-containing π-systems 
From chapter 2, it was made clear that phospholes are incorporated in π-systems in 

two particular ways, i.e. introducing two aromatic substituents on the 2- and  

5-positions, as such forming a conjugated path over the phosphole ring, and fusing 

phospholes with other π-conjugated rings in ladder-type frameworks. 

For the former type, it was found that modifying phosphorus by reaction at its lone 

pair indeed led to tuning of the photophysical properties of the π-system in suit, but in 

general gave reduced quantum yields. In this respect, chapter 4 provides an efficient 

route towards such fine-tuning by modifying the π-conjugated backbone, whilst leaving 

the phosphorus center unmodified, i.e. in its P(III) state. Introduction of 3-azidophenyl 

moieties at the 2- and 5-positions of a phosphole sulfide ring, compound 3 (Scheme 

7.1), enabled easy extension of the π-system via the copper-catalyzed Huisgen 
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 Scheme 7.1.  Extension of the  π-system via click copper-catalyzed Huisgen [1,3]-

cycloaddition. 

 

 
 Scheme 7.2.  Synthesis of S,P-bridged trans-stilbenes 6. 

 

[1,3]-cycloaddition with aromatic acetylenes. The resulting π-systems 4 and 5 contain 

seven consecutive aromatic rings, and 5, in view of their λ3-phosphorus centre, emit 

intense blue-green light (λem = 460 – 469 nm; ΦF = 0.13 – 0.31). The corresponding 

sulfides 4 show significantly hypsochromically shifted emission (λem = 414 – 416 nm) 

with low intensity (ΦF = 0.00071 – 0.0036). 

Cyclic voltammetry and DFT calculations corroborated the low lying LUMOs of 

phosphole-based π-systems 4 and 5. It was found that the nature of the aromatic end-

group determines to some extent which p-orbitals contribute to the HOMO of the  

π-system, and that some fine-tuning of the photophysical properties of the extended 

π-systems is achieved by varying the extent of charge-redistribution occurring during 

excitation. This has a subtle effect on the shape and location of the HOMO and on the 

size of the HOMO-LUMO gap. As such, fine-tuning of the photophysical properties by 

election of the specific arylacetylene was achieved. 

 

Another route towards fine-tuning the photophysical properties of phosphole-

containing π-systems is described in chapter 5, wherein the size of the phosphorus 

exocyclic substituent is used to enforce increasing planarity of the phosphorus tripod, 

as such creating overlap between the phosphorus lone pair on the carbon-based  

p-oribtals of the phosphole-containing π-system. Ladder-type P,S-bridged trans- 

stilbenes 6 are efficiently prepared in a two-step procedure (Scheme 7.2), and exhibit 

intense emission in the blue region (λem = 408 – 411 nm; ΦF = 0.121 – 0.253). 
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The effect of the increasing bulkyness of the aromatic substituent on phosphorus was 

further elucidated using DFT calculations, which showed that the phosphorus tripod is 

indeed flattened, its lone pair increasingly incorporated in the π-orbitals and the 

energy of the HOMO raised. This effect of lone pair participation was only marginally 

translated to changes in the absorption and emission maxima, as the main transition 

associated therewith is the HOMO–1 → LUMO excitation, both orbitals of which 

remain largely unaffected. Oxidation of the π-systems 6 was also investigated, which 

leads to enhanced fluorescence quantum yields (ΦF = 0.683 – 0.895), but the 

wavelengths of emission remain unaffected (λem = 408 – 411 nm). 

 

Summarizing, chapters 4 and 5 describe two alternative routes towards fine-tuning of 

the photophysical properties of phosphole-containing π-systems. Introduction of 

reactive groups enables modification of the π-system by introducing various aromatic 

end-groups, and increasing the size of the exocyclic substituent on phosphorus gives 

rise to increased lone pair participation in the π-system. 

 

7.3. Phosphine-acetylenes in the construction of macrocyclic π-systems 
So far, less attention has been given to phosphine-acetylenes as building block for 

luminescent π-systems. All attempts towards macrocylic systems and cages employing 

this building block are summarized in chapter 3, but hardly any analysis of the 

photophysical properties has been performed. 

As chapter 6 demonstrates, this lack of attention for this unsaturated moiety is mainly 

because of its synthetic inaccessibility. Asymmetrically bridged 14-membered 

macrocycles 7 – 9 contain a bridging phosphorus atom on one side, and another 

heteroatom (S, Si or B) on the other side (Figure 7.1). The variations in electronic 

nature of the different heteroatoms was expected to influence the photophysical 

properties of these systems. Chapter 6 describes a multitude of synthetic approaches 

towards macrocycles 7 – 9, which was accompanied with many difficulties. In the end, 

a promising synthetic approach was developed, but the concluding ring-closing 

reactions need further optimization. 

 

 

 X Ar 

7a S Ph 
7b S Mes 
7c S Mes* 
8a Si(i-Pr)2 Ph 
8b Si(i-Pr)2 Mes 
8c Si(i-Pr)2 Mes* 
9a BMes Ph 
9b BMes Mes 
9c BMes Mes* 

 

 Figure 7.1.  Asymmetrically bridged P,S-, P,Si- and P,B-macrocycles 7 – 9. 




