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Isomerism is a fundamental chemical concept, reflecting the fact that the arrangement of atoms in a molecular entity has a
profound influence on its chemical and physical properties. Here we describe a previously unclassified fundamental form of
conformational isomerism through four resolved stereoisomers of a transoid (BF)O(BF)-quinoxalinoporphyrin. These comprise
two pairs of enantiomers that manifest structural relationships not describable within existing IUPAC nomenclature and termi-
nology. They undergo thermal diastereomeric interconversion over a barrier of 104 + 2 kJ mol~", which we term ‘akamptisomer-
ization'. Feasible interconversion processes between conceivable synthesis products and reaction intermediates were mapped
out by density functional theory calculations, identifying bond-angle inversion (BAI) at a singly bonded atom as the reaction
mechanism. We also introduce the necessary BAl stereodescriptors parvo and amplo. Based on an extended polytope formalism
of molecular structure and stereocisomerization, BAl-driven akamptisomerization is shown to be the final fundamental type of

conformational isomerization.

somerism is a key concept in chemistry, and understanding the

relationships that exist between different isomers—compounds

made up of the same atoms, but arranged in different manners—
is not only of fundamental interest but also holds vast structural
and functional implications. Constitutional isomers, for example,
present the same general formula, but their atoms are held together
through different chemical bonds, making them distinct com-
pounds. In contrast, stereoisomers feature the same connectivi-
ties but their atoms are arranged differently. They result from the
dynamical nature of molecules, and can be further divided into
subcategories: configurational isomers are inhibited from intercon-
version by large energy barriers (this is the case for E/Z isomers of
alkenes) and are easy to isolate under ambient conditions, whereas
conformational isomers interconvert over low barriers (such as a
rotation around a single bond), which renders their isolation dif-
ficult. Figure 1 provides an overview of the key [UPAC terms' and
current practice’” involved in describing isomerism, emphasizing
stereoisomerism and in particular conformational isomerism; for
reference, a full list of relevant terms and their formal definitions is
provided in Supplementary Section 1.

In some cases, specific circumstances can lead conformational
isomers having unusually high interconversion barriers, rendering
them isolable. The first of these instances to be discovered was the
unexpected bond-rotation-based phenomenon called atropisomer-
ism, reported in 1914'""*and described in 1922" and 1933". In 1961,
similar isolable conformational isomerization involving pyramidal
inversion was discovered in phosphorus compounds”, and then in
isolable nitrogen compounds in 1968'°. Are there other fundamen-
tal forms of conformational isomerization remaining unidentified?
The polytope formalism'* (introduced in detail in Supplementary
Section 1b) was developed to understand stereoisomerization
processes in molecules containing atoms with high coordination

numbers (that is, chemically bonded to a large number of other
atoms), leading to the identification of possible conformational iso-
mers, but such a systematic analysis has yet to be applied to low-
coordinate species and has not previously been used to describe
internal rotation as a reaction pathway.

We show how the polytope formalism can be extended to include
bond rotations and provide a comprehensive description of the fun-
damental stereoisomerism processes for each coordination number.
Applying this to the lower-coordinate systems, we found an unrec-
ognized fundamental type of conformational isomerism that, for
example, could be produced by a bond-angle inversion (BAI) reac-
tion mechanism about centres of the form M,—X—M, (where the
central atom X exhibits a bent geometry and M, and M, are any
atoms) linked by only single bonds. Isolable compounds distin-
guished by only this feature have not previously been synthesized,
although the process has been envisaged as occurring at linkages
inside polymeric systems®. We make isolable compounds by encap-
sulating B—O—B as (BF)O(BEF), inside a porphyrin macrocycle.

No existing IUPAC terminologies' can describe the rela-
tionships between the compounds synthesized. We term these
stereoisomers ‘akamptisomers, and their process of interconver-
sion ‘akamptisomerization. In Fig. 1, the listed standard TUPAC
nomenclature has been extended to include this new process. Also,
we introduce the new stereodescriptors parvo and amplo for nam-
ing the akamptisomers and related structures, including classifica-
tion of transition-state structures and some as yet undiscovered
structural possibilities.

Results and discussion

Generalized polytope formalism for conformational isomerism.
In Fig. 1, the relationships between existing definitions of isomeri-
zation (according to the IUPAC') are depicted graphically using a
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Considerando apenas as informacdes contidas no texto INTRODUTORIO (iniciando com a letra | em
caixa alta e terminando ao final do paragrafo antecessor a secdo Resultados e discussao), responda,
em portugués, as seguintes questdes:

01) Quais sao as duas grandes classes de isbmeros?

02) Qual é a caracteristica fundamental que diferencia as classes de isdmeros?

03) Estereoisomeros conformacionais sdo facilmente isolados sob condicdes ambientais. Esta
afirmacgdo é verdadeira ou falsa? Valide sua resposta informando a razdo da veracidade ou
falsidade do fenémeno supracitado.

04) Quais sdo os dois fendmenos responsdveis pelo isolamento de isbmeros conformacionais que
foram, respectivamente, descobertos em 1914 e 19617

05) O que sdo atomos com alto nimero de coordenagao?
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