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The problem with 3D-QSPR

A chemical compound ...
cyclohexane

... may appear in different conformations

chair form twisted form

... having different geometric indices (e.g. topographic Wiener index):

34.44 34.15

It is not clear which conformation is responsible for the property.
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The problem with 3D-QSPR

Idea: Geometric indices should be based on a set (a mixture)
of conformations (e.g. centroid method)

Problem: How do we get a reasonable set of conformations?

reasonably sized
reasonably distributed over the conformation space

Classification of the conformation space

by “watersheds”
by stereoisomers (determined by stereo centers)
by configurations of each butane substructure
(gauche+ / gauche− or anti)
by orientation functions (i.e. chirotopes)
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The orientation function

The “right-hand rule”:

In molecules:

The orientation function χ (in combination with the molecular
graph) describes a molecule on an intermediate level between
constitution and conformation.
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Canonical forms are important for orientation functions (as
they are for the molecular graphs).

We are able to calculate the canonical form.
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Conformer generation

Our Strategy for conformer generation:

Generate orientation functions.

Try to find a conformer for each of these mappings.

Question:

Which mappings n4 → {0,±1} are orientation functions?
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Radon partitions

A chemical unfeasable conformation:
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Question:

Is it possible to recognize the infeasibility from the orientation
function only?
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A radon partition is a pair (A,B) of subsets of all atoms, such
that their convex hulls intersect:

The chirotope determines all radon partitions.

This way, we can recognize (some) chemical unfeasable
configurations, e.g.
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partially defined orientation functions?

Which further rules could be formulated with radon partitions?
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Conformer generation: The example cyclohexane

The molecular graph has 12 automorphisms.

We assume, that no 4 atoms are in a plane.

We get 386 chirotopes.

Excluding unfeasable radon partitions:

162

Restricting to quadrupels corresponding to
butane substructures: 13

Conformation as local minima of an energy
function were found for: 4

boat form (a “sattle point”)
twist form
chair form
twist form (enantiomere)
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Conformer generation: The example cyclohexane

The molecular graph has 12 automorphisms.
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