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Isomerism plays a central role in modern chemistry and bio-
chemistry. Its initial discovery in 1830 was followed by the 
revelation of chirality in 1848, the revelation of cis–trans iso-
merism about double bonds ca. 1890, the isolation of hin - 
der ed rotamers about single bonds in 1914, and the isolation 
of hindered invertomers at pyramidal centres in 1961.

Now, in the latest issue of Nature Chemistry, Peter  
Canfield, University of Sydney (Australia) PhD candidate, his 
research supervisor Professor Maxwell Crossley (University 
of Sydney), co-supervisor Professor Jeffrey Reimers (Univer-
sity of Technology Sydney and Shanghai University, P. R. of   
China), and co-workers including Elmars Krausz and Rika 
Kobayashi (Australian National University) described a new, 
previously unclassified, fundamental form of conformational 
isomerism.

Professor Crossley said: “We performed a single ‘BOFyla-
tion’ reaction (a synthetic strategy developed by Penelope 
Brothers at The University of Auckland, New Zealand) on a 
free-base quinoxalinoporphyrin, yielding four chiral trans oid 
B(F)OB(F)-quinoxalinoporphyrin products (see Scheme 1). 
When separated by chiral HPLC as enantiopure stereoisomers, 
we found them to slowly interconvert in a highly stereoselec-
tive way that could only be explained by a bond angle inver-
sion (BAI) mechanism. Each reaction involved an intermediate 
featuring a linear B–O–B geometry as shown in Scheme 2.”

Summarizing the results, Mr. Canfield noted: “I always ex-
pected four reaction products and knew of BAI as a possible 
mechanism for certain examples of cis–trans isomerism of a 
double bond. However, it came as a surprise that isolable com-
pounds involving only single bonds (in the present case B–O 
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Scheme 1  Synthesis of the four chiral products showing their stereoisomeric relationships and pattern of unimolecular intercon-
version.
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bonds) distinguishable in this way had not previously been 
prepared. After all, the observed process just directly paral-
lels rotamerism about single bonds and pyramidal invertome-
rism.”

Rationalizing this, Professor Reimers explained: “The 
 reason that compounds displaying this feature had not pre-
viously been isolated is that, in most molecules, rotation can 
happen about single bonds extremely quickly. Any BAI reac-
tion can therefore normally be undone by Hula-twist rotations 
about the two involved bonds, making the reactants and pro-
ducts non-isolable conformational isomers. In the synthesised 
molecules, an external, low-symmetry porphyrin macrocycle 
encapsulates the reacting B–O–B system. This bounding ma-
crocycle prevents rotation about the two B–O bonds, allowing 
unique configurational isomers to be isolated.”

The original intent of the synthesis was to design mole-
cules that would yield different spectra to those of normal 
porphyrins, with focuses on possible technological applica-
tions. Professor Krausz said: “We hoped the molecules would 
yield novel spectral properties so that we could learn more 
about how magnetic circular dichroism originates and its in-
terpretation for porphyrins and chlorophylls. This is part of 
our ongoing collaboration on the electronic properties of por-
phyrins, which are ubiquitous in biochemistry.” Dr. Kobayashi 
added: “My interest was in how well the density functional 
theory computational methods that I was developing would 

work given the anticipated high-quality data from Professor 
Krausz’s lab.” 

“A comprehensive analysis of porphyrin substitution 
patterns in the context of conceivable isomerisation path-
ways revealed that the 2,3-disubstituted pattern gave us the 
 simplest and therefore most elegant system with which to un-
equivocally demonstrate the anticipated phenomenon,” said 
Mr. Canfield. Professor Crossley remarked: “Fortunately, my 
group has developed the quinoxalino[2,3-b′]porphyrin class 
 (Schemes 1 and 2) for numerous applications, so we had the 
right in-house expertise.” “And our long-standing collabo-
ration meant we also had the theoretical tools in place that 
proved critical for assigning structures based on spectroscopic 
measurements,” added Professor Reimers.

“However, it all worked out very different to expectations,” 
continued Professor Reimers. “Some properties of the mole-
cules were strikingly different to anything seen before. The 
compounds are soluble in almost everything but 100% water, 
making crystallization difficult and mounting crystals in X-
ray spectrometers even more so. Then the spectra were not as 
 distinctly characteristic as we expected, but we had to rely on 
them and the associated calculations, along with 2D NMR, to 
identify which isomer was which.”

Focusing on the future, Professor Crossley noted: “In prin-
ciple, many compounds showing the novel isomerism could 
be obtained. The essential features are an external environ-

Scheme 2  Models depicting the bond angle inversion mechanism that converts between pairs of akamptisomers via the intermedi-
ate transition structure featuring a linear B–O–B geometry. For clarity, the models are of the meso-unsubstituted analogues. 
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ment such as a rigid macrocycle used to constrain BAI at some 
two-coordinate atom linked by only single bonds. Very many 
macrocycles, and very many reacting groups, could be com-
bined in this way. It does not have to be a porphyrin, it does 
not have to be B–O–B.”

Mr. Canfield emphasised “As Scheme 2 suggests, new iso-
mers should have very different 3D structures. In the com-
pounds synthesised, the fused quinoxalino group makes the 
porphyrin asymmetric. In this way the diastereomeric pairs of 
compounds related by BAI are different to each other. Through 
synthetic control of the asymmetry, the relative stability of the 
isomers can be adjusted. In a similar way, the barrier height 
to interconversion, measured at 104 kJ/mol for the BOFylated 
porphyrins, can be adjusted over a wide range through varia-
tion of the inner bridging species and through control of the 
macrocycle induced compression of this bridge.” 

Each author had their own reasons for making the mole-
cules. The large differences in the shapes of the isomers would 
facilitate binding modulation for drug candidates, allow dif-
ferent electrical, magnetic, and optical properties for mole-
cules used in functional materials and devices, and provide 
basic theoretical insight into chemistry and its spectroscopic 
techniques. The authors commented: “We believe that exploi-
tation of the synthetic flexibility and accessibility of this new 
form of isomerism may lead to a wide range of new molecules 
and materials tailored for specific purposes.”

Expounding on their possible pedagogical role, Profes-
sor Reimers noted: “The existing IUPAC naming rules are in-
adequate for the description of the new compounds and their 
reactions. Hence, we considered a wide range of conceptually 
feasible isomers using computational means, proposing de-
finitions intended to be proven adequate for naming future 
compounds and processes.” 

The isomerism process was named “akamptisomerism”, 
meaning “without bending”, in direct analogy to the name 
“atropisomerism”, which means “without turning”, that is 
 applied to name hindered rotamers. In addition, the new ste-
reodescriptors “parvo” and “amplo” were introduced speci  - 
fying the relationship between the host and its surrounding 
macrocycle, facilitating unique chemical names for akamptiso-
mers.

“The conceptual basis for understanding akamptisomer-
ism was already known,” explained Mr. Canfield. He con-
tinued: “Historically, the discovery of new isomerism pheno-
mena came about and was understood somewhat in isolation. 
Seeking an understanding of processes in complex systems like 
ML5 and those of higher coordination numbers,  Muetterties 
introduced the geometric concept of polytopal rearrange-
ments in the late 1960s. This unified previous discussions of 

isomerism and is now utilised by IUPAC as its central concept 
in classifying stereoisomerism. It was just that this rigorous 
mathematical approach to stereoisomerism had never been 
applied to the very simple case of BAI. Now all possible scena-
rios have been examined, indicating that there are no more 
fundamental forms of isomerism remaining to be discovered.”
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