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Copper complexes are important synthons that find applications in different fields, ranging from 

drugs to photochemistry, homogenous and heterogeneous catalysis. One of such homogeneous 

catalytic processes is the CuAAC – copper catalyzed azide-alkyne cycloaddition. This is the well-

known “click chemistry” approach that selectively gives rise to 1,4-disubstituted-1,2,3-triazoles, 

firstly reported by Sharpless in 2001 [1].  Since then, several Cu-based catalysts were developed, 

and part of its mechanistic details disclosed [2]. Nevertheless, there are still drawbacks to 

overcome, such as the need to use halides or additives, high catalyst loadings or temperature. 

Moreover, in the last two decades, several synthetic methodologies have been developed 

towards more sustainable and economical processes. One of these is mechanochemistry, which 

has the advantages of being an effective and cheap technique, for the synthesis of both organic 

and inorganic/coordination compounds [3] and for various other applications in Chemistry. 

Herein, some of our recent developments on solution-based and mechanochemical synthesis 

and structural characterization of copper (I) and copper (II) complexes containing steric- and 

electronically versatile bis-aryl-diiminoacenaphthene (BIAN) ligands will be presented (Figure 1). 

Catalytic studies for the CuAAC reaction including comparative studies to determine the 

influence of the counterion or the polarity of solvents on their activity, were performed. 
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Figure 1. Examples of derivatives synthesized in this work: (a) [Cu(p-iPrBIAN)(PPh3)2]OTf and 

(b) [Cu(Mes-BIAN)(NO3)2]. 
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The treatment of complicated skin infections, like diabetic foot ulcers and other chronic wounds, 

are often associated with persistent polymicrobial biofilms that delay and difficult the healing 

process.[1] The most severe cases culminate in inpatient hospital admission, where infections 

can be exacerbated by hospital-acquired pathogens, in particular, if caused by the so-called 

ESKAPE pathogens, for which few efficient antibiotics are available.[2] The current biomedical 

approaches to chronic wounds aim at providing both protection against multidrug-resistant 

(MDR) bacteria and a matrix scaffold, often collagen-based, to boost the reestablishment of 

healthy skin.[3] Therefore, new options and new antibiotics are urgently needed and having that 

in mind our strategy is to use: i) antimicrobial peptides (AMP) to prevent or treat infection in the 

open wound; ii) collagen-inducing peptides (CBP)[4] to induce fast healing; iii) and ionic liquids 

(IL)[5] with intrinsic antimicrobial activity and a chemical permeation enhancement properties 

for an improved skin permeation. Through different combinations of these three types of 

building blocks, we aim to find a new class of active pharmaceutical ingredients suitable for 

topical application in the treatment of complicated skin infections. All the different conjugates 

designed and tested in vitro thus far will be presented.[6-8] The most promising ones, result 

from conjugation of CBP with IL, delivering a new type of conjugate with potent antibacterial, 

antifungal, and collagen-inducing effects on human dermal fibroblasts.[9] Hence, these peptide-

ionic liquid conjugates are promising leads towards the development of a topical formulation 

for the treatment of complicated skin infections. 
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Organic fluorophores are very versatile, with applications ranging from lightning devices to sensors and 
molecular probes for biological imaging. It is well established that their photophysical properties are 
strongly influenced by their structure and their environment, and it is possible to fine-tune their emission 
color by modifying their conjugation or substituents. But upon excitation, an organic fluorophore has 
various ways to return to the ground state: non-emissive relaxation through vibrations, fluorescence, 
phosphorescence, and it can even re-organize its structure in the excited state before the emission 
process. Understanding the relation between the structure of the dye and the different luminescence 
pathways is of fundamental importance, in order to reveal the full potential of organic dyes and develop 
practical applications. 
 
Here, we will present some of our recent results, focusing on two approaches:  

- Aggregation-Induced Emission Enhancement, or Restriction of Intramolecular Motions, which 
favor the emission pathway over the non-emissive relaxation, thus increasing the luminescence 
intensity, and how it can be used in molecular probes (Figure 1); 

- Excited State Intramolecular Proton Transfer, and more generally proton transfer, and its 
influence on the emission color of organic dyes (Figure 2). 

 
 

 
Figure 1: Example of organic dye presenting an enhanced emission in the solid state. 

 

Figure 2: Representative emission spectra of different families of triarylpyridines. 

 

 


