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Summary 

The gap between chemistry and biology, though apparently modest, seems to be in 

practice difficult to bridge. The multiple and not fully known molecular interactions 

between macromolecules is the first difficulty that chemists face when trying to approach 

the behavior of biological systems, leaving this interfacial area of science relatively 

unexplored and underexploited. 

Dynamic Combinatorial Chemistry (DCC) is a relatively new chemical tool that allows the 

synthesis of complex molecules from simpler molecular building blocks able to react 

among themselves in a reversible way (Figure 1). The interactions of a Dynamic 

Combinatorial Library (DCL) of molecules with specific targets leads to composition 

changes of the library which can reveal potential guests and / or catalysts. 

In this thesis some chemical systems have been proposed to achieve a certain level of 

molecular complexity and interactions within molecular networks by using DCC. These 

systems were implemented for the discovery of catalysts and the construction of 

molecular communication networks. 

 

 

Figure 1 A dynamic combinatorial library made from different combinations of building blocks. The library 

members are constantly exchanging building blocks. The final composition of the library will depend on the 

stability of each library member.  

 

Chapter 1 displays an overview of the main terms and definitions related to dynamic 

combinatorial chemistry alongside with its usage and representative examples. An 

introduction to catalysis in supramolecular chemistry, a main topic in this thesis, is also 

found in the first chapter.  

In Chapter 2 the suitability of reversible hydrazone chemistry for catalysis was tested using 

dynamic combinatorial libraries in absence and presence of metals. Cyclen was chosen as 
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a metal binder unit which was included in the building blocks participating in the 

formation of the DCLs (Figure 2). The presence of Zn(II) in the hydrazide building block 

proved to be a valid catalytic center for the hydrolysis of 4-NPA. The hydrazone libraries 

made from the same building block also showed catalytic activity. These positive results 

set a precedent for the development of self-assembling catalytic libraries.  

 

Figure 2 The goal: a metal-cyclen building block reacting with dialdehyde compound to form a hydrazone 

compound able to perform catalysis. 

 

In Chapter 3 the results of the research devoted to the testing of disulfide dynamic 

combinatorial libraries were shown. Libraries containing combinations of dithiol building 

blocks were obtained, proving cyclen a compatible function in disulfide libraries. The 

presence of metals, however, disturbed the stability of the libraries by causing 

precipitation problems and alterations in the oxidation rate of the libraries when 

compared to the ones in absence of metals.  

 

 

Figure 3 A solution of building blocks gives rise to a dynamic combinatorial library where the dominant library 

member changes from the initial catenane to the catalytic tetramer upon addition of the reaction substrate. 

Once the substrate is consumed, the DCL shifts back towards the initial catenanes. 
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The results of dithiol catalytic libraries able to react to the presence of a substrate are 

presented in Chapter 4. The introduction of an aza-Cope rearrangement substrate in a 

dynamic combinatorial library, induced the shift of the library composition to form the 

catalytic species that accelerated the rearrangement reaction. After the substrate reacted 

away, the library changed back into its initial composition (Figure 3). The libraries had 

been previously screened with TSAs to identify stabilizing interactions that could lead to a 

decrease in energy of the TS of the reaction. The work presented in this chapter yielded 

the first successful responsive catalytic libraries. 

 

 

Figure 4 Schematic representation of the initial and final state of two initially different systems constituted by an 

aqueous hydrazone library and an aqueous disulfide library connected through an organic solvent. 

 

In Chapter 5, systems containing separated DCLs able to interact with each other were 

studied. Hydrazone libraries in aqueous solvent were connected through an organic bulk 

allowing the transfer of certain apolar molecules that acted as signals. The composition of 

each of the connected libraries varied depending on the distribution of the library 

members of the opposite library. An analog system communicating hydrazone and 

disulfide exchange reactions was also developed (Figure 4). For the first time, the 
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simultaneous equilibration of these two types of DCLs was obtained. Moreover, 

preliminary results in the communication of molecular networks enclosed in liposomes 

were also obtained. The development of these chemical communication systems might 

lead to their use as a simplified version of biological communication structures. 


