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Editorial on the Research Topic 
Metal-Free Oxidative Transformations in Organic Synthesis

INTRODUCTION
The tools of synthetic approaches must be continuously expanded and enriched to facilitate the sustainable production of chemicals. The development of processes with considerably superior environmental and industry-relevant credentials is one of the prime objectives for organic chemists. Most of the organic transformations, including C-C and C-X bond-forming cross-coupling reactions, and cross dehydrogenative-coupling reactions generally rely on the prerequisite of transition-metal catalysts and harmful organic solvents. Hence, there is a dire need of developing green synthetic strategies by avoiding the use of transition-metal catalysts and hazardous organic solvents. Metal-free oxidative transformations have emerged as an important alternative to metal catalysis in the past few decades. Even, in some cases, metal-free catalysis has more advantages over metal-catalyzed reactions, such as exceptional performance, better selectivity, recyclability, and higher substrate tolerance. This thematic issue includes research papers covering key aspects of metal-free transformations.
Furfural and its derivatives are an important class of biomass platform compounds and, have been widely used in industries. Reported synthetic methods for these compounds involve the use of inorganic acid catalysts (Zhou et al., 2021), such as sulfuric acid, hydrochloric acid, phosphoric acid (Yemis and Mazza, 2011), and also the solid acid [Nb2O5-MCM-41] (Garcia-Sancho et al., 2013). However, these methods suffer many disadvantages. In the case of sulfuric acid, hydrochloric acid, and phosphoric acid, the yield of the furfural derivatives was only upto 37.5% while the synthetic method using [Nb2O5-MCM-41] was suffering from less selectivity and high cost. These limitations were overcome by the use of ionic liquids (ILs), in particular, the ionic liquids bearing diimidazole rings (Ni et al., 2017; Liu et al., 2019) that give superior results because of their better hydrophobic character and good thermal stability. Xiong and coworkers explored the catalytic utilization of various diimidazole hexafluorophosphates, with varying carbon chain lengths, under microwave irradiation for the conversion of xylose into furfural. Salient features of the developed protocol are the shorter reaction time, 1/40th of the reaction time required for the conventional method, with a slight increase in the yield. Further, the catalytic activity of these catalysts was available after being recycled five times.
Hypervalent iodine compounds were discovered a long time ago and, in 1886 a German chemist, C. Willgerodt synthesized (dichloroiodo)benzene as the first stable polyvalent organic iodine compound (Willgerodt, 1886). This achievement was quickly followed by the preparation of many other iodine compounds, including the most common reagents (diacetoxyiodo)benzene and iodosylbenzene (Willgerodt, 1892), 2-iodoxybenzoic acid (IBX) (Hartmann and Meyer, 1893), and the first examples of diaryliodonium salts reported by Hartmann and Meyer (1894). Over the last few decades, hypervalent iodine chemistry has evolved from being a mere curiosity to a most prosperous field in organic synthesis (Wirth, 2016; Yoshimura and Zhdankin, 2016; Parra, 2019; Dohi, Han and Kumar, 2021; Singh and Wirth, 2021; Kumar et al., 2022; Rimi et al., 2022). The most important representative of pentavalent iodine compounds is IBX, apart from Dess-Martin Periodinane (DMP) (Hartmann and Meyer, 1893). Despite having shortcomings such as explosive nature and insolubility in common organic solvents, IBX is widely applied for organic oxidative reactions. Nageswar et al. presented the recent developments related to the IBX-mediated organic transformations in heterocyclic chemistry, in particular, from 2010 onwards.
With progress in active pharmaceutical ingredients (API) and functional materials, the demand for manufacturing processes utilizing resource-recyclable reagents and highly atom-economical synthetic methods has enhanced substantially (Horvάth and Anastas, 2007; Sheldon, 2012; Hayashi, 2016; Horvάth, 2018). Yamamoto et al. developed a metal-free organocatalytic practical approach for the synthesis of diverse nitrogen heterocycles. Salicyclic acid and its derivatives were efficiently used as organocatalysts under atmospheric oxygen. Synthesis of the quinazolines was successfully achieved by the group with excellent atom economy, an environmental factor (E-factor) of 2.7, and reaction mass efficiency (RME) of 73%. In addition, the synthesis of quinazolines was scaled up to 10 mmol.
Indole, as well as quinoline, is widely present in natural products and medicines and, their functionalization gives a wide array of essential targets. However, the C-3 modification of these rings is quite challenging and, has been the field of extensive research. A one-step metal-free C-3 functionalization of the quinoline ring leading to C-C bond formation is recently reported in the literature (Sangher et al., 2020). Taking into consideration the concepts of green chemistry, a mild C-H functionalization approach for the construction of diverse indole-containing heterocyclic frameworks was established by Chen et al. The one-pot three-component coupling of α-Amino aryl ketones, indoles, and perbromomethane afforded biologically significant 2-(1-bromo-1H-indol-3-yl)-2-imino-carbonyls involving the simultaneous construction of three different new bonds (C=N, C–C, and N-Br). Salient features of the methodology involve mild reaction conditions, atom economy, and transition metal-as well as oxidant-free approach.
PERSPECTIVES
This Research Topic of articles showcases different aspects of metal-free approaches toward achieving various valuable organic transformations. Irrespective of the fact that there are continuous expansions in this field, there are still many areas yet to be explored. Refereeing the advantages of metal-free oxidative transformations, it seems certain that these reactions will be further utilized in the development of sustainable synthetic methods.
AUTHOR CONTRIBUTIONS
RK conceived and wrote the manuscript. All authors provided comments and discussed the contents, and approved this Editorial for publication.
ACKNOWLEDGMENTS
We would like to express our sincere gratitude to all authors for their valuable contribution to this special thematic issue. We also thank the reviewers for their voluntary work in evaluating the submitted articles and for constructive advice on the improvement of the quality. We would also like to thank the Specialty Chief Editor Iwao Ojima, and other editorial board members of the organic chemistry section for their continuous cooperation in preparing this Research Topic.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Dohi, T., Han, J.-W., and Kumar, R. (Editors) (2021). “New hypervalent iodine reagents for oxidative coupling,”, Front. Chem. Lausanne 9, 642889. doi:10.3389/978-2-88966-650-8
 García-Sancho, C., Sádaba, I., Moreno-Tost, R., Mérida-Robles, P. J., Santamaría-González, P. J., López-Granados, M., et al. (2013). Dehydration of xylose to furfural over MCM-41-supported niobium-oxide catalysts. ChemSusChem 6, 635–642. doi:10.1002/cssc.201200881
 Hartmann, C., and Meyer, V. (1893). Ber. Dtsch. Chem. Ges.26, 1727–1732. doi:10.1002/cber.189302602109
 Hartmann, C., and Meyer, V. (1894). Ueber eine neue Klasse jodhaltiger, stickstofffreier organischer Basen. Ber. Dtsch. Chem. Ges. 27, 426–432. doi:10.1002/cber.18940270183
 Hayashi, Y. (2016). Pot economy and one-pot synthesis. Chem. Sci. 7, 866–880. doi:10.1039/c5sc02913a
 Horváth, I. T., and Anastas, P. T. (2007). Innovations and green chemistry. Chem. Rev. 107, 2169–2173. doi:10.1021/cr078380v
 Horváth, I. T. (2018). Introduction: Sustainable chemistry. Chem. Rev. 118, 369–371. doi:10.1021/acs.chemrev.7b00721
 Kumar, R., Singh, F. V. S., Takenaga, N., and Dohi, T. (2022). Asymmetric direct/stepwise dearomatization reactions involving hypervalent iodine reagents. Chem. Asian J. 17 (4), e202101115. doi:10.1002/asia.202101115
 Liu, J., Wen, Q., Jia, W., Wang, N., and Gong, L. (2019). Synthesis and characterization of novel imidazole ionic liquids. Pet. Ind. Techno. 3, 6–7. 
 Ni, W., Liu, S., Fei, Y., He, Y., Ma, X., Lu, L., et al. (2017). The determination of 1- methylimidazole in room temperature ionic liquids based on imidazolium cation by cyclic voltammetry. J. Electroanal. Chem. (Lausanne). 787, 139–144. doi:10.1016/j.jelechem.2017.01.056
 Parra, A. (2019). Chiral hypervalent iodines: Active players in asymmetric synthesis. Chem. Rev. 119, 12033–12088. doi:10.1021/acs.chemrev.9b00338
 Rimi, R., Soni, S., Uttam, B., China, H., Dohi, T., Zhdankin, V. V., et al. (2022). Recyclable hypervalent iodine reagents in modern organic synthesis. Synthesis 54 (12), 2731–2748. doi:10.1055/s-0041-1737909
 Sangher, S., Kesornpun, C., Aree, T., Mahidol, C., Ruchirawat, S., Kittakoop, P., et al. (2020). Functionalization at C2, C3, and C4 of quinolines: Discovery of water-soluble betaine dyes of C3 quinolinium derivatives with solvatochromic and pH-sensitive properties. Dyes Pigments 178, 108341. doi:10.1016/j.dyepig.2020.108341
 Sheldon, R. A. (2012). Fundamentals of green chemistry: Efficiency in reaction design. Chem. Soc. Rev. 41, 1437–1451. doi:10.1039/c1cs15219j
 Singh, F. V., and Wirth, T. (2021). Hypervalent iodine chemistry and light: Photochemical reactions involving hypervalent iodine chemistry. ARKIVOC 2021, 12–47. doi:10.24820/ark.5550190.p011.483
 Willgerodt, C. (1886). J. Prakt. Chem.33, 154–160.
 Willgerodt, C. (1892). Zur Kenntniss aromatischer Jodidchloride, des Jodoso‐ und Jodobenzols. Ber. Dtsch. Chem. Ges. 25, 3494–3502. doi:10.1002/cber.189202502221
 Wirth, T. (2016). Hypervalent iodine chemistry, Top. Curr. Chem. , 373. 
 Yemiş, O., and Mazza, G. (2011). Acid-catalyzed conversion of xylose, xylan and straw into furfural by microwave-assisted reaction. Bioresour. Technol. 102, 7371–7378. doi:10.1016/j.biortech.2011.04.050
 Yoshimura, A., and Zhdankin, V. V. (2016). Advances in synthetic applications of hypervalent iodine compounds. Chem. Rev. 116, 3328–3435. doi:10.1021/acs.chemrev.5b00547
 Zhou, N., Zhang, C., Cao, Y., Zhan, J., Fan, J., Clark, J. H., et al. (2021). Conversion of xylose into furfural over MC-SnOx and NaCl catalysts in a biphasic system. J. Clean. Prod. 311, 127780. doi:10.1016/j.jclepro.2021.127780
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Singh, Dohi and Kumar. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Metal-free oxidative transformations in organic synthesis		Introduction

		Perspectives

		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Chemistry






OPS/images/logo.jpg
2 frontiers | Frontiers in Chemistry





