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Abstract

Chirality, RS-stereogenicity, stereogenicity, and isoskeletal isomerism for allene
derivatives have been comprehensively discussed, where we have proposed a new
terminology for groups (point groups, RS-permutation groups, RS-sterenisomeric
groups, stereoisomeric groups, and isoskeletal groups) as well as a new terminol-
ogy for isomers (enantiomers, holantimers, RS-diastereomers, diastereomers, and
isoskeletal isomers). In the case of allene derivatives, RS-stereoisomeric groups
have been clarified to coincide with stereoisomeric groups so that diastereomers are
identical with RS-diastereomers. We have proposed the concept of stereoisogram
set in oder to discuss the relationship between (RS-)diastereomers and isoskeletal
isomers. As for allene derivatives, each stereoisogram set contains three stereoiso-
grams to represent isoskeletal isomerism. Each of the three sterecisograms has been
categorized into five stereogenicity types (Types I-V) so that the combination of
such stereogenicity types can be used to characterize the isomerism of allene deriva-
tives. The term “pseudoasymmetry” for allene derivatives has been discussed in
terms of stereoisograms.



1 Introduction

Stereochemistry is concerned with al least two aspects of organic molecules. The one is
a geometrical aspect, i.e., chirality, and the other is a nomenclature aspect, i.c., slere-
ogenicity.

The geometrical aspect (chirality) has been studied by means of point groups, which are
a standard repertoire for treating such continuous objects as wavefunctions as found in
various textbooks on chemical group theory 1, 2, 3]. However, this type of approaches
is unsuitable to solve such stereochemical problems that are characterized by the discrete
nature, e.g., isomer classification and combinatoric enumeration.

The other aspect (stereogenicity) has been related to the RS nomenclature [4, 5], where the
permutability of ligands is a main matter of concern for determining R- and S-descriptors.
Although such permutability has been treated by permutation groups, these groups have
been proved to be insufficient in discussing chirality. This type of ifisufficiency has been
discussed in terms of the violation of chirality fittingness [6].

To integrate point groups and permutation groups, we have proposed the USCI (unit-
subduced-cycle-index) approach, which is based on coset representations of point groups
and their subductions [7]. Mark tables related to the USCI approach have been featured
in a special issue of MATCH Commun. Math. Comput. Chem. (Vol. 46) on “Applications
of Tables of Marks in Chemistry”. The USCI approach has been extended by the concept
of sphericity so that it is capable of treating chirality and prochirality comprehensively as
well as of solving the stereochemical problems described above (8, 9, 10}

To discuss stereogenicity and chirality more intimately, we have proposed the concept
of stereoisomeric groups, which is a combination between coset representations of point
groups and permutation groups [11]. We have recently proposed the concepts of holan-
timers and stereoisograms, where we have concluded that RS-stereogenicity is more def-
inite than stereogenicity in discussing the RS-nomenclature [12]. This integrated ap-
proach has been formulated by RS-stereoisomeric groups by using tetrahedral molecules
as examples (13]. As a result, further questions have emerged: how stereogenicity and
RS-stereogenicity (or stereoisomeric groups and RS-stereoisomeric groups) are different
and what happens if they are identical with each other. Since these questions have not
been fully clarified by using tetrahedral molecules only, the integrated approach should
be applied to other types of molecules. In this paper, we sclect allene derivatives to
demonstrate the versatility of the integrated approach, where we compare point groups,
RS-stereoisomeric groups, and stercoisomeric groups as subgroups of isoskeletal groups.

2  Groups for Characterizing an Allene Skeleton

To comprehend the stereochemistry of allene derivatives, we take account of groups col-
lected in Fig. I, which act on the four positions of an allene skeleton. We adopt a
convention for drawing allene derivatives, as shown in Fig. 2.

L. To discuss the geometrical aspect {chirality) of allenes, we consider the point group
Dyy ol order 8. Precisely speaking, we take account of the coset representation
Da4(/C,). This coset representation is regarded as a permutation representation,
where permutations corresponding to improper rotations (rotoreflections) are des-
ignated by overbars. Thereby, it is capable of meadiating the point group Dag and













































