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Aromaticity has been one of the most fundamental and fas-
cinating concepts ever since it was first proposed by Hückel 
in 1831. Aromaticity-driven reactions are crucial in synthetic 
chemistry, owing to the relatively low energies of aromatic 
products. π-Aromaticity is an important driving force in di-
recting the synthesis of aromatic compounds; in contrast, re-
actions induced by σ-aromaticity are uncommon.

In a study recently published in Nature Synthesis, a team 
led by Professors Haiping Xia and Yu-Mei Lin from Xiamen 
University (P. R. of China) & Southern University of Science 
and Technology at Shenzen (P. R. of China), developed a π- and 
σ-aromaticity relay strategy to realize an unprecedented ring 
contraction of metallacyclobutadiene to metallacyclopropene 
(Figure 1).

Based on a series of aromatic metal bridgehead polycyclic 
frameworks dubbed “carbolong complexes” (Acc. Chem. Res. 
2018, 51, 1691–1700) by the authors, Zhuo et al. designed 
and synthesized a new sort of osmacyclobutadienes 2a–c, 
which underwent ring contraction reaction to afford osma-
cyclopropenes 3a–c in acidic conditions. “In principle, me-
tallacyclobutadienes tend to undergo ring expansion or ring 
opening. Restricted by ring strain effects, small metallacycles 
are prone to ring expansion or ring opening, while the ring 
contraction reaction is challenging, especially in the smallest 
four-to-three ring contraction version (Figure 2),” explained 
Professors Xia and Lin. They continued: “In fact, this may re-

present the first observation of a structurally well-defined 
ring contraction of metallacyclobutadiene to metallacyclo-
propene. This methodology enables the construction of stable 
small metallacycles, opening an avenue for new transforma-
tions within small rings.” 

Density functional theory (DFT) calculations were per-
formed to investigate the mechanism of the ring contraction, 
which turned out to proceed through a ring opening–re closing 
pathway, involving acid-mediated protonation and depro-
tonation via vinylcarbene species intermediates. “Under the 
treatment of excess HBF4·Et2O, vinylcarbene intermediate 4A 
was isolated,” said Professor Xia. He continued: “The com-
puted Gibbs free energy profile revealed that the influence 
of acids on the ring contraction lies in the energy difference 
of intermediates 4A or 4a, and the energy barrier distinction 
of TS2 or TS2′ of the conversion from intermediate into final 
product 3a. Notably, the successive decreases in energy during 
the transformation 2a ⟶ 4A ⟶ 3a aroused our interest in the 
aromaticity properties (Figure 3).”

A variety of aromaticity criteria, including nucleus- 
independent chemical shift (NICS), anisotropy of the  induced 
current density (ACID), and isodesmic reactions, indicated 
the antiaromaticity of metallacyclobutadiene in complex 
2, aromaticity in fused metallapentalene 4 and enhanced 
σ-aromaticity of metallacyclopropene in complex 3, which 
revealed that aromaticity plays an important role in lowering 
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Figure 1 Aromaticity relay strategy for ring contraction
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the energy associated with the transformation of 2 ⟶ 3. Pro-
fessor Lin explained: “The ring opening of osmacyclobutadi-
ene in 2a to form 4A involves the release of antiaromaticity 
accompanied by the reinforcement of the π-aromaticity in 
osmapentalene and can be viewed as a π-aromaticity-driven 
process. Next, the ring-reclosing process from 4 ⟶ 3 further 
expands the aromaticity system of the metallacycles with 
newly formed σ-aromaticity. Thus, the ring-contraction reac-
tion is driven by successive enhancements of the aromaticity, 
accompanied by successive decreases in energy during the 
transformation and various changes in (anti)aromatic proper-
ties.”

Finally, Zhuo and co-workers tested the thermal and che-
mical stability and optical properties. The species 3a exhibit-
ed excellent thermal stability even when heated to 180 °C in 
air for 3 hours. “Electrophilic substitution and an oxidation 
reaction both take place at the exocyclic positions of 3a, sug-
gesting the high stability and resistance to oxidation of the 
metallacyclopropene moiety, consistent with its σ-aromatic 
character,” noted Professor Xia. He continued: “Otherwise, 
it is supposed that a three-membered ring system with high 

ring-strain should be unstable in the absence of an aromatic 
stabilization energy contribution.”

“In summary,” said Professor Xia, “This work demon-
strates an unusual acid-induced ring contraction of metalla-
cyclobutadiene to metallacyclopropene via a ring opening–
reclosing process. This involves π-aromaticity-driven ring 
opening of an antiaromatic metallacyclobutadiene, followed 
by σ-aromaticity-driven ring reclosing resulting in the expan-
sion of global aromaticity, as confirmed by both successful 
isolation of the key intermediate and theoretical calculations.” 
He concluded: “These findings offer a valuable supplement 
to ring contraction in small metallacycles and provide new 
insight into aromaticity-driven relay strategies in synthetic 
transformations.”
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Figure 2 Synthesis and characterization of precursor 1, [2+2]-cycloaddition products 2a–c and ring-contraction products 3a–c.
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Figure 3 DFT calculations for mechanistic investigation

Kaiyue Zhuo was born and grew up in 
Yanping, Fujian Province (P. R. of Chi-
na). She received her B.S. degree from 
Xiamen University (P. R. of China) in 
2016 and then joined Prof.  Haiping 
Xia’s group at Xiamen University to 
further her studies in organic che-
mistry. Her research interests include 
the synthesis, reactivity, and applica-
tion of small metallacycles.

Yanan Liu was born and grew up in 
Dezhou, Shandong Province (P. R. of 
China). She received her B.S. degree 
from Qingdao University of Science 
and Technology (P. R. of China) in 
2018 before joining Prof. Haiping Xia’s 
group at Xiamen University (P. R. of 
China) to further her study in organic 
chemistry. Her research interests are 
the synthesis and reactivity of metal 
heterocycles.

About the authors

K. Zhuo Y. Liu
>>



© 2023. Thieme. All rights reserved. Synform 2023/03, A54–A57 • Published online: February 13, 2023 • DOI: 10.1055/s-0040-1720588

Literature CoverageSynform

A57

Kaidong Ruan was born and grew up 
in Fu’an, Fujian province (P. R. of Chi-
na). He received his B.S. degree from 
Xiamen University (P. R. of China) in 
2018 and then joined Prof. Haiping 
Xia’s group at Xiamen University to 
further his studies in organic che-
mistry. His research interests are car-
bolong chemistry and computational 
chemistry.

Yuhui Hua was born in Suzhou, 
 Jiangsu Province (P. R. of China). He 
 received both his B.S. and his Ph.D. 
degrees from Xiamen University (P. 
R. of China; 2011–2020). Then, he 
worked as a postdoctoral fellow at 
Southern University of Science and 
Technology (P. R. of China; 2020–
2022). He has studied and worked in 
the Xia Group, focused on carbolong 
chemistry, for 11 years.

Yu-Mei Lin received her Ph.D. degree 
from Xiamen University (P. R. of China) 
in 2010, directed by Prof. Haiping Xia. 
Then, she worked with Prof.  Stefanie 
Dehnen at Philipps-Universität Mar-
burg (Germany), as an Alexander von 
Humboldt fellow. She joined Xiamen 
University as an Associate Professor in 
2013. Her current research interests 
involve the synthesis, reactivity and 
properties of metalla-aromatics, and 
the design of new catalysts based on 
organometallic scaffolds.

Haiping Xia obtained his B.S. in 
chemistry in 1983, his M.S. in 1986, 
and his Ph.D. in 2002 from Xiamen 
University (P. R. of China). He was a 
visiting scholar at Hongkong Univer-
sity of Science and Technology (Hong 
Kong) from 1995 to 1997. He started 
to work at Xiamen University in 1986, 
was promoted to Associate Professor 
in 1991, and to Professor in 1999. In 
2018, he joined Southern University 
of Science and Technology (P. R. of 

China) as Chair Professor, and is currently acting as Executive 
Dean of Shenzhen Grabbs Research Institute (P. R. of China). His 
research focuses on the synthesis, reactivity, and applications of 
metalla-aromatics.

K. Ruan

Dr. Y. Hua

Prof. Y.-M. Lin

Prof. H. Xia


