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1. Introduction  
 
DNA has become one of the primary targets in many drug design and discovery protocols based on its primary 
functions which include replication and transcription [1]. A malfunction of the two functions would lead to genome 
instability which may result in Down syndrome (trisomy 21) [2], diabetes [3] and human cancer [4]. DNA-targeted 
drugs aim to modulate the core DNA functions via various interactions which can be covalent or noncovalent [5].  
Our interest is in the noncovalent interactions which include intercalation, electrostatic, and groove binding [6]. In 
this study, a set of derivatives of heterocyclic rac-2-amino-3-carbonitrile are used. The presence of polar functional 
groups can lead to various intermolecular interactions with DNA. These compounds also have chiral centers which 
are also known to influence interactions with DNA [7]. Working with compounds as racemic mixtures, correlation 
between the in silico and experimental DNA binding affinities can be tricky, and here we attempt to use crystal 
engineering approaches to link the two.   
 
2. Results 
 
Crystal structure analysis, show that different hydrogen bonding motifs are possible for the rac-2-amino-3-
carbonitriles, chains and rings. Noncovalent interactions plots and molecular pairwise energy calculations were all 
used to determine the inherent properties of classical hydrogen bonding motifs with the rings having stronger 
molecular pairwise interactions compared to the chains. Hirshfeld surface analysis gave the contribution of 
reciprocal N…H and O…H contacts as 14.0-15.3% and 11.5-14.0% which were attributed to N—H…N and N—
H…O hydrogen bonds, respectively. Investigations into the ctDNA binding ability of rac-2-amino-3-carbonitriles 
via a spectroscopic absorption technique revealed that all compounds have good ctDNA binding affinities with 
intrinsic binding constants (Kb) of 8.00 x 104 - 5.00 x 105 M-1. Molecular docking studies were performed on each 
R- and S-enantiomer of the racemic compounds. Based on the calculated free energy change of the best docked 
pose, it was found that the compounds interact with B-DNA via a minor groove binding mode and that the docking 
of the S-enantiomers are more favourable than that of their enantiomeric counterparts for most compounds. The 
ratio of calculated free energy changes for the docking of the R enantiomer to that of the S enantiomer (∆𝐺𝐺𝑟𝑟 ∆𝐺𝐺𝑠𝑠� ) 
including and the ratio of the contribution of reciprocal N…H contacts to that of reciprocal O…H contacts towards 
the Hirshfeld surface (R(N…H):(O…H)) were found to correlate with experimental Kb values as shown in Figures 1 
and 2, respectively. 
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Fig. 2: Line graphs of experimental Kb 
and R(N…H):(O…H). 

Fig. 1: Line graphs of Kb and ∆𝐺𝐺𝑟𝑟 ∆𝐺𝐺𝑠𝑠�  
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