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In silico generation of virtual libraries of molecules is a subject broadly studied from 

decades and most common application of this method is construction of chemical libraries for 

drug discovery process. Generation of virtual datasets of compounds rely not only on correct 

chemical structures, but also evaluation and estimation of their properties. Usually, the first 

step of evaluation of chemical libraries targeted for drug discovery is identification and 

exclusion of unpromising candidates. Lack of highly accurate methods in this area encouraged 

me to participate in construction of theoretical model, based on the machine learning methods, 

for estimation of drug-like properties of molecules (Publication 2).  

In silico generation of virtual libraries can be also applied in the origin of life studies. As 

part of my doctoral studies, I participated in construction of the network of prebiotic 

transformations that was subsequently used to create the chemical space that could have 

emerged on the abiotic Earth. During analysis of this space, I discovered new pathways leading 

to molecules relevant for living organisms, as well as self-replicating chemical cycles 

(Publication 1). 

Collections of reaction rules can be also employed to solve ecological problems. 

Computational simulation of chemical reactions, starting from 189 industry waste, allowed for 

generation of gigantic collection of molecules, including many drugs and agrochemicals. In 

order to evaluate chemical pathways leading to these molecules, the pathway scoring function, 

combining evaluation of ecological and economical aspects, has been created (Publication 4).  

Another important aspect of in silico generation of virtual chemical libraries is proposal 

of valid synthetic pathways. Approach based on the collection of reaction rules describing 

underlying reaction mechanism and taking into consideration functional groups incompatible 

in this transformation is, so far, the most effective one. In this method, every transformation on 

the proposed pathway is accompanied by suggested reaction conditions. The suggestion is 

based on the popularity of conditions for general transformation and does not have to be always 

optimal for the particular reaction. The last part of my studies was the attempt to create machine 

learning models for prediction of optimal reaction conditions for heteroaromatic Suzuki-

Miyaura coupling. Unfortunately, created models were only insignificantly better than the 

predictor based on the popularity of reaction conditions in the literature. This outcome draws 

attention to misconception that machine learning methods can be successfully used as solution 

to most problems. Additionally, it is often overlooked that the strength of machine learning 

model is heavily dependent on the quality of the input data and the quality of currently available 

chemical databases is not sufficiently high.  

 


