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Quantifying molecular chiral properties in solution
using Ensemble Steric and Electrostatic Chirality

(ESEC) descriptors
Enantiomers of chiral molecules behave differently in chiral environments. This is typically due to interactions
with a chiral host system, such as a chiral reagent or catalyst in a synthetic context, a target protein in the
context of drug discovery or a chiral stationary phase in chiral chromatography. The most obvious route for
studying these interactions in solution phase is throughMD simulations that include both the aforementioned
host system and the (chiral) guest molecule of interest. However, doing so is laborious and computationally
intensive, and in many cases poorly eligible for automation. For such purposes, it would be more convenient
if generic chiral properties of the molecule of interest could be calculated and correlated with differences in
behavior between its enantiomers.

While considerable effort has been invested into developing chiral molecular descriptors,[1][2] existing chiral
descriptors are hard to interpret and often yield acceptable results only when applied to highly congeneric
molecules. Therefore, we developed universal chiral descriptors based on a molecule’s asymmetric micro-
scopic properties using the 2 distinct approaches in figure 1: (A) scalar triple products of molecular vector
properties, and (B) descriptors that attempt to quantify the amount of twist in the overall molecular shape.
Because both approaches give rise to conformation dependence, descriptor values were averaged over a con-
formational ensemble obtained by Molecular Dynamics. In addition, a method is introduced that attempts to
quantify the asymmetry of the distribution of the descriptor values over the conformational ensemble. As a
proof-of-concept, the resulting “Ensemble Steric and Electrostatic Chirality (ESEC) descriptors” were applied
to constructQuantitative Structure-Enantioselectivity Relationships (QSER) for chiral High-Performance Liq-
uid Chromatography (HPLC) on a set of known chiral pharmaceuticals.
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