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6.1 Introduction 

Dynamic combinatorial chemistry appears to be gradually finding its niche within 

chemistry. As more investigations on the basics and uses of DCC are carried out, an 

increasing attention is being drawn towards it. As a relatively young field of research, 

some foundations needed to be initially set. After an initial period of three decades of 

discovering new possibilities, the time has arrived to start profiting from the possibilities 

offered by DCC. Even though promising results have been achieved, mainly only proof-of-

principle examples have been reported. The lack of general and effective applications has 

prevented DCC from becoming a main discussion topic among chemists. Up to now, the 

major uses of DCC are related to the discovery of receptors. However, the recent 

applications of DCLs to catalysis should hopefully serve as a motivation for researchers to 

consider DCC as a real alternative in the discovery of new catalytic approaches, 

contributing to the development of DCC. Much of the work described in this thesis aimed 

to explore the possibilities that disulfide and hydrazone dynamic combinatorial libraries 

offer for the identification and development of catalysts (Figure 6.1). Taking advantage 

from the ease of DCLs to yield complex molecular networks, part of the work described in 

this thesis was dedicated to the development of dynamic molecular arrays. Their 

reequilibration was promoted through a membrane, in an attempt to extend the 

functionality of DCC. 

 

Figure 6.1 Schematic representation of a catalytic dynamic combinatorial library 
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6.2 Research overview 

The suitability for catalytic purposes of two types of reversible covalent chemistry, 

disulfides and hydrazones, was tested by means of the preparation and study of dynamic 

combinatorial libraries in absence and presence of metals.  

Cyclen was chosen as the metal binding unit included in the building blocks which 

participated in the formation of the DCLs. 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 (Chapter 2). 

These positive results can be considered as promising and set a precedent for the 

development of self-assembling catalytic libraries.  

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.  

By using naphthalene-based dithiol building blocks, catalytic libraries able to react to the 

presence of a substrate were formed (Chapter 4). The presence of an aza-Cope 

rearrangement substrate in a 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 to its initial composition. 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. 

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 analogous system of communicating hydrazone and 

disulfide exchange reactions was also developed. For the first time, the simultaneous 

equilibration of these two types of DCLs was obtained. Moreover, preliminary results in 
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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. 

 

6.3 Research perspectives 

Advance in the development of catalysis within DCC has been certainly made during the 

research reported throughout this thesis. However, further work is needed in order to 

solve fundamental issues frustrating the establishment of a general methodology to reveal 

new catalysts. Difficulties in this regard, may include the rational prediction of TSA 

structures which effectively imitate the real TS of the reaction aimed to be catalyzed 

(Chapter 4). By now, the collection of successful examples, probably in combination with 

molecular modeling, seems to be the only possible way to achieve a sufficient knowledge 

for the prediction of valid TSAs.   

Other opportunities for improvement may come from the solubility problems experienced 

with cyclen building blocks (Chapter 2 and Chapter 3) which could be avoided by using 

multiphase combinatorial systems as the ones presented in the Chapter 5. Furthermore, 

potential incompatibilities between the substrate and the library conditions in any 

catalytic DCL could be a matter of concern which might be solved by a proper application 

of the mentioned triphasic systems.  

An important inconvenience observed in the DCLs involving the cyclen moiety was the lack 

of templating effects. The composition of the library was not affected by the presence of 

any external molecule. This fact implies that the presence of possible catalysts will not be 

detected by simple analysis of the library after addition of the substrate or the TSA, but 

rather a kinetic study of the catalytic reaction is needed in presence of the DCL. After 

proving that certain substrates were able to bind to the individual building blocks 

containing cyclen, a plausible explanation to the absence of a shift in composition of the 

libraries is that the binding of the potential templates took effect without interacting with 

the rest of the structure of the library members. The location of the face of the cyclen 

holding the metal ion towards the outside of the building block would keep the guest 

away from the library member, therefore rendering the potential template inactive. In this 

situation, the substitution of the building block containing the metal ion by a more rigid 
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structure that ensures the proximity of the bound guest to the rest of the library member 

would increase the possibility of detecting catalytic effects within the DCLs. 

The accomplishment of DCLs with catalytic behavior is important for the generation of 

molecular feedback systems mimicking biological control systems. When a DCL produces 

supramolecular structures able to interact with the products of the catalyzed reaction, 

feedback processes may emerge, as the equilibrium state of the library will change due to 

that host-guest interaction. As shown in Figure 6.2, the binding of library members to the 

reaction product will drive the library equilibrium to the formation of more of the binder. 

When this library member is formed by building blocks which are part of the catalyst, the 

increase of the reaction product concentration will induce a decrease in catalyst 

concentration, resulting in the deceleration of the reaction. On the contrary, the increase 

of concentration of a receptor which does not contain building blocks forming the catalyst, 

will free  catalytic building blocks that will be able to self assemble into more catalyst, 

increasing the rate of the catalyzed reaction.     

 

Figure 6.2 Representation of a dynamic combinatorial library of which one of the members acts as the catalyst of 

a chemical reaction. The binding of the reaction products to any library member containing brown or purple 

building blocks would induce a negative feedback, as the library would amplify this member at the expense of 

the catalyst. The binding of the reaction products to any other library member would favor the production of 

more of the catalytic library member. 
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Multi-phase systems of DCLs, as the ones presented in Chapter 5, might be beneficial for 

the generation of the mentioned feedback systems, as well as for merely synthetic 

purposes via selective cascade processes. For example, a substrate could go through a 

series of specific transformations in different phases influenced by the equilibrium state of 

the DCL. 

In conclusion, new dynamic combinatorial libraries have been implemented during the 

course of this thesis work. The catalytic potential of some of the libraries and the multi-

phase combinatorial systems discovered, may constitute the foundations of promising 

complex systems with emergent properties where the behavior of the whole network 

cannot be explained by only the effect of the individual components. 


