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Introduction and Literature Review
Vinylation reactions of dicarboxylic acids represent a promising area of modern organic
synthesis and polymer chemistry. The divinyl esters obtained through these processes are
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highly reactive compounds and are therefore employed as important monomers in
polymerization and copolymerization reactions, as well as in the synthesis of functional
materials and various organic compounds. In recent years, considerable attention has been
devoted to the development of novel functional and bio-based polymeric materials derived
from vinyl ethers [1]. One of the principal approaches to the vinylation of carboxylic acids is
the transvinylation reaction using vinyl donors, particularly vinyl acetate. In this process,
the nature of the catalyst, its acid—base properties, and the reaction conditions have a
significant influence on product yield. Recent studies have investigated catalytic systems
based on Pd, Ru, Rh, and Ir as alternatives to conventional mercury-based catalysts [2].

Kadidae et al. investigated the transvinylation of hydroxycinnamic acids in the presence
of Pd(OAc). and demonstrated that the addition of/KOH or H.SO. to the catalytic system
substantially increased the yield of the eorresponding vinyl ethers. These findings indicate
that, in addition to the nature of the metal catalyst, thé acid—base characteristics of the reaction
medium play an important role in determining the efficiency of the process [3]. The catalytic
activity of Ru-based Grubbs-type catalysts in transvinylation reactions has also been
investigated, with the involvement of metal—vinyl or.carbene-type intermediate complexes
proposed as part of the reaction pathway [4]. Tr-based catalytic systems have likewise
demonstrated the possibility of obtaining bis;Vinyl ethers with high selectivity using vinyl
acetate, while the underlying catalytic mechanism~has been rationalized through DFT
calculations [5]. _

An important alternative approach to the vinylation of dicarboxylic acids is direct
vinylation with acetylene. In this process, acetylene serves as the source of the vinyl group.
In recent studies, increasing attention has been-directed toward supported and heterogeneous
catalysts as alternatives to homogeneous catalytic*systems. In particular, the vinylation of
aromatic carboxylic acids with acetylene ‘has been investigated using Zn/SiOC, ZnO/SiOC,
and Ni/SiOC catalytic systems, among whiehZn/SiOCexhibited comparatively high catalytic
activity [6]. ».

Overall, research conducted over the past decade has increasingly focused on the
development and optimization of catalytic systems, the design of heterogeneous and
nanoscale catalysts, and the elucidation of vinylation mechanisms using quantum-chemical
methods. Nevertheless, a comprehensive understanding of the relationship between the
molecular structure, electronic properties, and reactivity of dicarboxylic acids remains an
important and relevant research problem. Further systematic investigation of these
relationships is essential for the rational design of efficient catalytic systems and the
development of technologically viable vinylation processes.

Comparative Analysis and Review Findings

The analysis of the literature on the vinylation of dicarboxylic acids demonstrates that
the efficiency of vinyl ether synthesis is governed primarily by the nature of the catalytic
system, the molecular structure of the substrate, and the technological parameters of the
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process. Based on a comparative evaluation of the available studies, vinylation processes can
be broadly classified into two major approaches: transvinylation and direct vinylation with
acetylene. In transvinylation, vinyl acetate is commonly employed as the principal vinyl
donor, enabling high selectivity under relatively mild reaction conditions. However, the
requirement for additional reagents and the formation of by-products may reduce the overall
atom economy of the process to some extent.

Direct vinylation with acetylene, in contrast, is theoretically a simpler and more atom-
economical approach, as it involves the direct transfer of the vinyl group from acetylene to
the substrate. A major advantage of this method is the absence of an additional organic vinyl
donor. Nevertheless, the high reactivity of acetylene and the need for precise control over the
active sites of the catalyst introduce additional technological challenges. In this context, the
use of heterogeneous catalysts offers important advantages, particularly with respect to
catalyst separation from the reaction mixture, catalyst recovery and reuse, and potential
adaptation of the process to continuous operation.

From the perspective of catalyst composition, hemogeneous systems based on Pd, Ru,
and Ir are distinguished by their high catalytic acﬁvity and selectivity. However, the use of
expensive metals in some of these systems, together with difficulties associated with catalyst
separation from the products and limited oppbrtunities for catalyst recovery and reuse, may
restrict their practical application on an industrial scale. Accordingly, supported Zn-based
catalysts can be considered an economically and technologically attractive alternative for
vinylation processes. Y

The influence of substrate structure on vinylation reactivity also emerges as an important
trend in the literature. In aromatic dicarboxylie-acids, the relative positions of the carboxyl
groups on the benzene ring affect reactivity through both electronic and steric factors. In
aliphatic dicarboxylic acids, the length and conformational characteristics of the hydrocarbon
chain separating the carboxyl groups play-assignificant role. Consequently, under identical
catalytic conditions, the yields of divinyl esters obtained from different dicarboxylic acids
may differ substantially. '

The analyzed data indicate that improving vinylation efficiency requires consideration
of the interplay between the active site of the catalyst and the electronic structure of the
substrate. The Lewis acidity, electron density, and ability of the catalytic center to activate
acetylene directly influence the initial stages of the reaction. The support material may further
enhance catalytic performance by controlling the dispersion, surface area, and electronic state
of the active metal species.

Furthermore, the application of DFT and other quantum-chemical computational
methods in contemporary research provides deeper insight into the mechanisms of vinylation
reactions. Analysis of HOMO-LUMO energy gaps, Fukui functions, electron-density
distributions, and activation energies makes it possible to predict and compare the reactivity
of different substrates. Such an approach provides an important theoretical basis for the
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rational planning of experimental synthesis and the development of novel, highly efficient
catalytic systems.

Overall, the literature analysis demonstrates that high catalytic activity alone is not a
sufficient criterion for determining the practical potential of a catalyst. Catalyst assessment
should additionally consider selectivity, metal cost and toxicity, catalyst regeneration
capability, support stability, energy consumption, and the environmental sustainability of the
overall process. From this perspective, supported Zn-based heterogeneous catalytic systems
represent one of the promising directions for the vinylation of dicarboxylic acids with
acetylene. Future studies should focus on detailed characterization of catalyst surface
structures and active sites, quantum-chemical modeling of the elementary steps of the
catalytic cycle, and systematic investigation Of catalyst regeneration and long-term stability.
Such studies would further enhance both the “seientific understanding and the practical
relevance of this research direction. ‘

Conclusion

The analysis of scientific literature published over the past decade on the vinylation of
dicarboxylic acids demonstrates that this p'rocess'represents a promising synthetic route for
the preparation of divinyl esters. A comparative assessment of transvinylation and direct
vinylation with acetylene indicates that the 'nature of.the catalytic system, the molecular
structure of the substrate, and the reaction conditions/are the principal factors governing
process efficiency. _

Although homogeneous catalysts based on Pd, Ru, and Ir can provide high catalytic
activity and selectivity, their relatively high «cost; difficulties associated with catalyst
separation from the products, and limited-=reusability highlight the need for further
development of heterogeneous catalytic systems. Trrthis regard, supported Zn-based catalysts
represent a promising alternative for acetylene-mediated vinylation owing to their potential
advantages in terms of active-site dispersion;.catalyst s€paration, recovery, and regeneration.

The analysis further demonstrates that the molecular structure of dicarboxylic acids has
a significant influence on their reactivity in/wvinylation reactions. Consideration of the
electronic and steric characteristics of both aromatic and aliphatic substrates is therefore
essential for the targeted optimization of catalytic processes. At the same time, the application
of DFT calculations, HOMO-LUMO analysis, and Fukui functions provides valuable
opportunities for elucidating vinylation mechanisms and predicting the relative reactivity of
substrates.

Future research should focus on the development of highly active and selective
heterogeneous catalysts with reduced toxicity and enhanced recyclability, as well as on the
identification and characterization of their surface active sites. Particular attention should be
devoted to quantum-chemical modeling of the elementary steps of the catalytic cycle and
systematic investigation of catalyst regeneration and long-term stability. These approaches
can provide a sound scientific basis for the development of environmentally sustainable,
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economically viable, and technologically efficient processes for the vinylation of dicarboxylic
acids.

References

[1] Steinbauer, P., Liska, R. and Baudis, S. Approaching new biomaterials:
copolymerization characteristics of vinyl esters with norbornenes, allyl esters and allyl ethers.
Polym Int, (2022), 71: 790-796. https://doi.org/10.1002/p1.6313

[2] E. Papaplioura, M. Mercier, S. Jerhaoui, M. Schniirch, ChemCatChem 2024, 16,
€202400513. https://doi.org/10.1002/cctc.202400513

[3] Kadidae, L.; Usami, A.; Honda, M. Palladium(Il) Acetate As Catalyst in
Transvinylation Reactions of Hydroxyeinnamic Acid and Its Derivatives. Asian Journal of
Chemistry, 2018, 30, 589-593. https://doi.org/10. 14233/a1chem 2018.21033

[4] Anna Brodzka, Dominik Koszelewski, Ryszard Ostaszewski; Dual Activity of
Grubbs-Type Catalyst in the Transvinylation of-Carboxylic Acids and Ring-Closing
Metathesis Reactions. Journal of Organic 'Cherﬁistry 4-December 2020; 85 (23): 15305—
15313. https://doi.org/10.1021/acs.joc. 0002135

[5] B. Spiegelberg, H. Jiao, R. Grauke, C. Kubls A. Spannenberg, A. Brandt, A. Taden,
H. Beck, S. Tin, J. G. de Vries. Use of Irldlum Catalyzed Transfer Vinylation for the
Synthesis of Bio-Based (bis)-Vinyl Ethers. Advanced Synthesis & Catalysis. 2022, 364,
1251. https://doi.org/10.1002/adsc.202101348

[6] Tursunov, Sh., Parmanov, A., Nurmanov, S. et al. Synthesis of vinyl esters of
aromatic carboxylic acids in the presence of-Zn/SiOC, ZnO/SiOC, and Ni/SiOC catalytic
systems. Turkish Journal of Chemistry, 2025. Ne 49, 2025, -P. 520-531
doi:10.55730/1300-0527.3750 ¥

Volume 4 Issue 7 [September 2026] Pages | 89


https://spaceknowladge.com/
https://doi.org/10.1002/pi.6313
https://doi.org/10.1002/cctc.202400513
https://doi.org/10.14233/ajchem.2018.21033
https://doi.org/10.1021/acs.joc.0c02135
https://doi.org/10.1002/adsc.202101348
https://www.scopus.com/pages/publications/105021558591?origin=resultslist

