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prediction accuracy for reactions resulting in novel prod-
ucts. The new methodology has been applied to model 
rate constants of E2 reactions. It has been demonstrated 
that the use of the fragment control domain applicability 
approach significantly increases prediction accuracy of the 
models. The models obtained with new “mixture” approach 
performed better than those required either explicit (Con-
densed Graph of Reaction) or implicit (reaction finger-
prints) reaction center labeling.

Keywords Chemical reactions · Simplex representation 
of molecular structure · Condensed graph of reaction · 
Reaction fingerprints · Rate constant prediction · Mixtures

Introduction

Structure–property modeling of chemical reactions rep-
resents a difficult task because of the complexity issue: 
any chemical reaction involves several molecular species 
of two types—reactants and products. The major question 
concerns the preparation of a descriptor vector encoding 
a chemical reaction which can serve as an input to a mod-
eling software. Earlier, two different methodologies have 
been used for this purpose. The first one is based on the 
explicit consideration of a reaction center identified either 
manually or automatically using atom-to-atom mapping 
procedure [1]. This approach has been used in most of 
reported QSPR studies of reactions. Thus, Gasteiger et al. 
used some physicochemical parameters (charges, polariz-
abilities, steric accessibilities, parameters for inductive 
and resonance effects) for selected atoms and bonds to 
prepare the models for pKa for aliphatic carboxylic acids 
[2] and for kinetics of amide hydrolysis [3]. ISIDA frag-
ment descriptors [4, 5] issued from Condensed Graph of 

Abstract We describe a novel approach of reaction rep-
resentation as a combination of two mixtures: a mixture of 
reactants and a mixture of products. In turn, each mixture 
can be encoded using an earlier reported approach involv-
ing simplex descriptors (SiRMS). The feature vector repre-
senting these two mixtures results from either concatenated 
product and reactant descriptors or the difference between 
descriptors of products and reactants. This reaction rep-
resentation doesn’t need an explicit labeling of a reaction 
center. The rigorous “product-out” cross-validation (CV) 
strategy has been suggested. Unlike the naïve “reaction-
out” CV approach based on a random selection of items, 
the proposed one provides with more realistic estimation of 
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