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Dear Colleagues, 

Join us from July 19–24, 2026, at USP São Carlos, Brazil, for an exciting 

international meeting that brings together researchers from around the 

world to explore the latest advances and ideas in heterocyclic chemistry, 

featuring cutting-edge presentations, networking opportunities, and 

scientific excellence in a beautiful university setting. For the first time in its 

history, the traditional congress of the International Society of Heterocyclic 

Chemistry (ISHC) will be held in Latin America, marking a milestone for the 

region’s growing scientific community. Inaugurated in 1967 in Albuquerque, 

New Mexico, with the 'First International Congress of Heterocyclic 

Chemistry,' this series of meetings has since evolved into a premier global 

forum. Today, the ISHC congresses continue to drive the advancement of 

the field, consistently drawing hundreds of researchers from around the 

world. 

The event in Brazil will bring together leading scientists in synthetic and 

medicinal chemistry to present recent and creative advances in molecular 

design, catalysis, and the synthesis of complex heterocyclic systems and 

natural products. The program will feature new catalytic and radical-based 

strategies, as well as sustainable and photochemical methods that expand 

the chemist’s toolkit for efficient molecular and heterocycle construction. 
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Several talks will highlight the development of stereoselective 

transformations, novel organocatalytic approaches, and modern redox 

processes that enable precise control over molecular and heterocyclic 

architecture. These advances reflect the growing emphasis on efficiency, 

selectivity, and environmental responsibility in synthetic chemistry. 

In addition to methodological innovation, the event will explore the 

interface between chemistry and biology, showcasing how carefully 

engineered molecular scaffolds contribute to new discoveries in imaging, 

photodynamic therapy, and drug development. Collectively, the discussions 

will emphasize creativity, new methods in synthesis, sustainability, and 

translational potential as driving forces of contemporary chemical research. 

Located in the heart of São Paulo state, São Carlos is a small, yet lively 

university city recognized for its strong research tradition and welcoming 

atmosphere. Known as Brazil’s “Capital of Technology,” it blends innovation 

with a touch of nature, offering great restaurants, cozy cafés, and nearby 

areas for eco-tourism and outdoor exploration. With its vibrant academic 

environment and relaxed charm, São Carlos provides an inspiring backdrop 

for this landmark international scientific gathering. 

As the President of the International Society of Heterocyclic Chemistry 

(http://www.ishc-web.org/), it is with great pleasure that I welcome you to 

São Carlos to attend the ISHC congress 2026. 

Antonio Burtoloso 

University of São Paulo 
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ISHC BRIEF HISTORY AND PAST PRESIDENTS 

The International Society of Heterocyclic Chemistry (ISHC) was established 

in August, 1968, in Albuquerque, New Mexico, in the USA by Dr. Raymond 

N. Castle (1916–1999). The function of the society is to promote

heterocyclic chemistry, in particular by serving as the primary sponsoring

agency for the ISHC Congress, a large biennial meeting attracting hundreds

of participants. Further aims of the ISHC are to honor persons who have

made outstanding contributions to the field with three distinguished

Awards and the appointment of ISHC Fellows. The ISHC is also actively

involved in the publication of “Progress in Heterocyclic Chemistry” (PHC) a

major reference work on heterocyclic chemistry, and monthly bulletins

providing updates on recent publications by ISHC members to the ISHC

community.

The current president of the ISHC is Antonio Burtoloso (2025–2026), 

University of São Paulo and the past presidents are: 

1973 - 75 Raymond Castle (founder), Albuquerque, USA 

1976 - 77 Edward Elslager, Warner–Lambert Parke–Davis 

Pharmaceuticals, USA 

1978 - 79 Miha Tisler, University of Ljubljana, Slovenia 

1980 - 81 Leroy Townsend, University of Michigan, USA 

1982 - 83 Wolfgang Pfleiderer, University of Konstanz, Germany 

1984 - 85 Stewart Schneller, University of South Florida, USA 

1986 - 87 Henk van der Plas, University of Wageningen, Netherlands 

1988 - 89 Yoshio Ban, Hokkaido University, Japan 

1990 - 91 Victor Snieckus, University of Waterloo, Canada 

1992 - 93 Jan Bergman, The Royal Institute of Technology, Sweden 

1994 - 95 Albert Padwa, Emory University, USA 

1996 - 97 Hal Moore, UC Irvine, USA 

ix



1998 - 99 Christopher Moody, University of Exeter, UK 

2000 - 01 Yoshi Yamamoto, Tohoku University, Japan 

2002 - 03 Steven Weinreb, Penn State, USA 

2004 - 05 Marco Ciufolini, University of British Columbia, Canada 

2006 - 07 Margaret Brimble, University of Auckland, NZ 

2008 - 09 Jeffrey Aube, Kansas University, USA 

2010 - 11 Richard Taylor, University of York, UK 

2012 - 13 Dawei Ma, Shanghai Institute of Organic Chemistry, China 

2014 - 15 Daniel Comins, NCSU, Raleigh NC, USA 

2016 - 17 Oliver Reiser, University of Regensburg, Germany 

2018 - 19 Masayuki Inoue, The University of Tokyo, Japan 

2020 - 22 Christopher D. Vanderwal, of University of California, USA 

2023 - 24 Teresa Pinho e Melo e Arthur Silva, Portugal 
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AWARDS 

The International Society of Heterocyclic Chemistry (ISHC) created the ISHC 
Senior Award for outstanding heterocyclic chemists since 1981. The award 
started carrying the name E.C. Taylor in 2013 to honour the professor who 
received it in 1989. One person is chosen for the prize at the ISHC congress 
held once every two years.  

In 1997, ISHC attributed the first A. R. Katritzky Junior Award, which is given 
to scientists 45 years of age or younger to recognize exceptional heterocyclic 
chemists. More recently, in 2017, the first ISHC Industrial Award was given, 
which is meant to distinguish any industrial scientist whose research has 
significantly impacted heterocyclic chemistry. The 2026 ISHC award winners 
are:  

E. C. Taylor Senior Award – Peter Wipf, University of Pittsburgh

A. R. Katritzky Junior Award – Thomas Maimone, University of California–
Berkeley 

ISHC Industrial Award – Gregory Hughes – MERCK 

Congratulations to the winners! 
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Jorge Caron Auditorium from Marklin suites: 



Casa Poá (registration and welcome reception) from Marklin suites: 



CONFERENCE PROGRAM 



PLENARY LECTURES 

Presentation Index 
Presentations are organized by category and date. The page column indicates the location of each abstract in 

the Book of Abstracts. 

Monday, July 20, 2026 

Code Time Title Presenter Page 

PL1 09:30 - 10:30 Advancing Total Synthesis via Skeletal Editing Mingji Dai 1 

PL2  11:00 - 12:00 From sulfonium salts to samarium catalysis: New radical David J Procter 2 

chemistry for synthesis 

PL3 16:00 - 17:00 Adventures in the Synthesis of Heterocyclic Natural Products Thomas Maimone 3 

Tuesday, July 21, 2026 

Code Time Title Presenter Page 

PL4 09:00 - 10:00 Harnessing Biocatalysis for Selective Heterocycle Synthesis Matthew Winston 4 

in the Commercial Manufacturing of Pharmaceuticals 

PL5 11:00 - 12:00 Development of Privileged Spirocycles for Asymmetric Jianwei Sun 5 

Synthesis 

PL6 16:00 - 17:00 Greg Hughes 
REPLACED

6 Use of Enzymes in Pharmaceutical Manufacturing – From 

transaminases to an Enzymatic cascade For making 

Islatravir REPLACED

Wednesday, July 22, 2026 

Code Time Title Presenter Page 

PL7 09:00 - Main-Group Fluorophores with Environmental Shigehiro Yamaguchi 7 

10:00 Responsiveness 

Thursday, July 23, 2026 

Code Time Title Presenter Page 

PL8 09:00 - 10:00 From [2+2]-Cycloadditions to In Situ Analytical Data-Driven Corinna S. Schindler 8 

Electrochemical Optimization 

PL9 11:00 - 12:00 New Synthetic Strategies for Tetrapyrrolic Macrocycles: Teresa M. V. D. Pinho e Melo 9 

Toward Improved Cancer Photodynamic Therapy and 

Imaging 

PL10 16:00 - 17:00 The Dance of Rings: Orchestrating Molecular Complexity Peter Wipf 10 

Friday, July 24, 2026 

Code Time Title Presenter Page 

PL11 09:00 - 10:00 Visible-Light Catalysis for the Synthesis and Magnus Rueping 11 

Functionalization of Heterocycles 
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Monday, July 20, 2026 

Code Time Title Presenter Page 

IL1 12:00 - 12:30 Adaptive Aromaticity in Heterocyclic Chemistry and Its Jun ZHU 12 

Application to Singlet Fission 

IL2 17:00 - 17:30 Iboga Alkaloids and Inspired Isoquinuclidines: Ignacio Carrera 13 

Semi-synthetic Approaches, Reactivity, and Biocatalytic 

Strategies 

IL3 17:30 - 18:00 From Simple Enamide Building Blocks to Complex Georg Manolikakes 14 

Heterocyclic Scaffolds and Beyond 

Tuesday, July 21, 2026 

Code Time Title Presenter Page 

IL4 10:00 - 10:30 Synthesis of Chalcogen-Functionalized Heterocycles Eder João Lenardão 15 

IL5 12:00 - 12:30 Expanding Discovery Chemistry Toolbox: From Concept to Parthasarathi Das 16 

Practice  REPLACED

Wednesday, July 22, 2026 

Code Time Title Presenter Page 

IL6 10:00 - 10:30 Heterocycles in Materials Chemistry Colleen Scott 17 

IL9 11:00 - 11:30 Diverting Olefination Reaction to Thanh Vinh Nguyen 21 

Deconstructive–Reconstructive Editing of Carbonyl 

Compounds 

IL8 11:30 - 12:00 Gold-Redox Chemistry in the Synthesis of Valuable Susana Porcel-García 20 

Heterocycles 

IL7 12:00 - 12:30 Creating Structural Diversity and Complexity via Alfonso Carlos Valdés Gómez 19 

Carboborylation of Sulfonylhydrazones 

Thursday, July 23, 2026 

Code Time Title Presenter Page 

IL10 10:00 - 10:30 Photochemistry as a tool for reaction discovery with reactive Rene Koenigs 22 

intermediates 

IL11 12:00 - 12:30 Greener synthesis of five-membered N-heterocycles Arlene Gonçalves Corrêa 23 

Friday, July 24, 2026 

Code Time Title Presenter Page 

IL12 10:00 - 10:30 New catalytic methods for efficient organic synthesis Oleg Larionov 24 

IL13 11:00 - 11:30 Chiral Isochalcogenourea Lewis Base Organocatalysis Mario Waser 25 

INVITED LECTURES 
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SHORT TALKS 1-6 
Monday, July 20, 2026, 14:00 - 15:30 h 

Code Time Title Presenter Page 

ISHC-083 14:00 - 14:15 Synthesis and evaluation of the trypanocidal activity of new Leonardo Gomes Cavalieri 109 

5-(1H-1,2,3-triazol-1-yl)-1,4-naphthoquinones de Moraes 

ISHC-084 14:15 - 14:30 Synthesis and photocatalytic three-component ring-opening Lucas Giani Furniel 110 

of 3-substituted-1-azabicyclo[1.1.0]butanes towards 

3,3-disubstituted N-sulfonylazetidines 

ISHC-085 14:30 - 14:45 Photoredox-Catalyzed Synthesis of a Novel Class of Emanuele Ferrari Pissinati 111 

Fluoroalkyl Pyrazolones 

ISHC-086 14:45 - 15:00 1,1-Difluoroallenes as Versatile Platform for Syntheses of Junji Ichikawa 112 

Ring-Fluorinated Oxacycles 

ISHC-087 15:00 - 15:15 Sacrifice of Diorganyl Diselenide Enables Cyclization of Aryl Pedro Jose Tronco Pauletto 113 

Propargyl Ethers in the Synthesis of 3-Organoselenyl 

Chromenones 

ISHC-088 15:15 - 15:30 Accessing novel heterocycles from Natural Products through Manuela Emilia García 114 

Complexity-to-Diversity approaches 

SHORT TALKS 7-12 
Tuesday, July 21, 2026, 14:00 - 15:30 h 

Code Time Title Presenter Page 

ISHC-089 14:00 - 14:15 Making Heterocycles using Wood, Light and Electricity Till Opatz 115 

ISHC-090 14:15 - 14:30 Comprehensive Method for Reductive Amination under Nilo Teixeira 116 

Electrosynthesis Conditions. 

ISHC-091 14:30 - 14:45 Enantioselective Titanium–BINOL Catalyzed IEDDA/ Viktor Saraiva Câmara 117 

cheletropic cycloaddition of Thiophene S,S-Dioxides with 

Indenes 

ISHC-092 14:45 - 15:00 Synthesis of N-heterocycles via a multicomponent reaction Thiago Sabino da Silva 118 

with unprecedented reactivity 

ISHC-093 15:00 - 15:15 Synthetic Exploration of Ethyl 7-oxo-1,6-naphthyridine Temitayo Omowumi 119 

Scaffolds and Their Analogues Alegbejo Price 

ISHC-094 15:15 - 15:30 One-pot four-step sequential Guilherme Furtado Botelho 120 

cohalogenation/oxidation/Hantzsch condensation/ 

multicomponent aza-Friedel–Crafts strategy for the 

synthesis of 2-aminoselenazole–indole hybrids 

SHORT TALKS 

xix



SHORT TALKS 13-18 
Thursday, July 23, 2026, 14:00 - 15:30 h 

Code Time Title Presenter Page 

ISHC-095 14:00 - Enantioselective Multicomponent Carbonylative Gustavo Henrique Cicero 121 

14:15 Heck–Matsuda Reaction from Anilines: Synthesis of Masson 

Spiro-Heterocycles Containing Two Stereogenic Centers 

ISHC-096 14:15 - Automated direct-to-biology discovery of CDK-1 and CDK-2 Gustavo Barbosa dos Reis 122 

14:30 inhibitor hits from an underexplored imidazo[1,2-a]pyrazine 

scaffold 

ISHC-097 14:30 - A Modular Acetamide-Based Triazole Synthetic Platform for Marcelo Folhadella M. F. 123 

14:45 the Diversity-Oriented Synthesis of Quinolones Azevedo 

ISHC-098 14:45 - Expanding Antiparasitic Chemical Space Through Daniel Gedder Silva 124 

15:00 Miniaturized Synthesis of Nitrogen-Rich Heterocycles 

ISHC-099 15:00 - Spectroscopic and Structural Characterisation and Thermal R. Alan Aitken 125 

15:15 Reactivity of Heavier Chacogen analogues of Pyran-4-one 

ISHC-100 15:15 - Peptide Synthesis: why using microwave could improve the Murillo Fernandes Chapina 126 

15:30 kinetics and purity of the final product 

xx



POSTER SESSION 1 
Tuesday, July 21, 2026, 17:00 - 18:30 h 

Code Title Presenter Page 

ISHC-001 Lighting Up the Synthesis of Sulfur-Based Heterocycles: A Continuous Flow 

Photochemical Approach Leading to 3-Sulfenylthiochromones 

Lucas Emanuel Beluzzo Iarocz 26 

ISHC-002 SYNTHESIS AND CHARACTERIZATION OF DENSELY FUNCTIONALIZED PIPERIDINES Stefany Amorim 27 

ISHC-003 Visible-Light-Driven Pd-Catalyzed Heck Reaction for C3 Alkylation of Coumarins Camila Pelizzer de Oliveira 28 

ISHC-004 C-3 Functionalization of the 4-Quinolone Core: Synthesis of Acylhydrazone

Derivatives and Prospective Acyclonucleoside Analogues

Gabriela Alves da Silva 29 

ISHC-005 SYNTHESIS OF HYBRID TRIHETEROCYCLIC 

4H-PYRIMIDO[2,1-a]BENZIMIDAZOLE DERIVATIVES CATALYZED BY IONIC 

LIQUIDS 

Waleska Arcanjo 30 

ISHC-006 One-pot synthesis of N-(hetero)arylsuccinimides from activated (hetero)arenes: 

the full use of NBS 

Vanessa Mayumi Higa 31 

ISHC-007 Visible‑Light Catalyzed Access to Fluorescent 3‑Aryl‑2-Quinolones Rachel de Campos Vilas 

Novas 

32 

ISHC-008 Trifluoromethylation of Tryptophan Derivatives via Photoelectrochemical 

Strategy 

Guilherme A. Machado 

Martins 

33 

ISHC-009 Design and Synthesis of Novel 4-Quinolone-Based Hydroxamic Acids: Structural 

Functionalization at C-3 of a Privileged Heterocyclic Scaffold 

Brenda Demier Teixeira 34 

ISHC-010 N-Heterocyclic Peptidomimetics as Cysteine Protease Inhibitors Evelin Ribeiro Cardoso 35 

ISHC-011 Synthesis of 1,2,3-triazoles from enantioenriched intermediates by enzymatic 

kinetic resolution 

Júlia Helena Topan 36 

ISHC-012 Exploring Heterocyclic Chemical Space from Brazilian Biodiversity: ADMET 

Driven Multi-Parameter Optimization for Virtual Screening of Antifungal 

Candidates 

Albisto Adriano 37 

ISHC-013 Di-Fluoroalkylated Pyrazolo[1,5-a]pyrimidines: Three-step Synthesis and BSA 

Binding Profiling 

Juliane Nascimento Araújo 38 

ISHC-014 Synthesis and stability tests of decahydroacridines André Braga Alvino 39 

ISHC-015 Selenium-functionalized pyrazoles as promising antiviral agents against ZIKV 

and MAYV 

João Pedro Senna Silva 

Cardoso Thomaz 

40 

ISHC-016 Synthesis of Selenated Chromenes via Electrochemical Cyclization of Propargylic 

Ethers 

Felipe de Lucca 41 

ISHC-017 Continuous flow synthesis of buclizine under photo and electrochemical 

conditions 

Tiago de Oliveira Ramos 42 

ISHC-018 Multicomponent synthesis of [3,2-c]thienocoumarins and evaluation of their 

activity againstMycobacterium tuberculosis 

Bruno Gabriel Larsen Soares 43 

ISHC-019 Two-step Electrochemical Synthesis of Glibenclamide Matheus Pereira de Jesus 44 

ISHC-020 Design of Experiments-Guided Optimization of Midazolam Precursor 

Oxidative Aromatization under Continuous Flow 

Guilherme Souza Galdino 45 

ISHC-021 Visible-Light Photocatalytic Oxidative Dehydrogenation toward Midazolam under 

Continuous Flow 

Alan Gonçalves de Souza 46 

ISHC-022 Synthesis of Benzoxazoles from Acid Chlorides and o-Aminophenol using 

Microwave Irradiation 

Maria Eduarda da Silva 

Alexandre 

47 

ISHC-023 Cu(II)‑Mediated Oxidative Cyclization of Azocoumarins to New 

N2‑1,2,3‑Chromenotriazoles 

Fernando Alves Barretto 48 

ISHC-024 Light-Mediated Synthesis of Chalcogen-Decorated 2,3-Dihydrobenzofurans Mateus Wagner Rambo 49 
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Code Title Presenter Page 

ISHC-025 Photocatalyzed Synthesis of Benzothiazoles Under Continuous-Flow Process 

Optimization 

Felipe Lopes Nunes da Silva 50 

ISHC-026 Toward a Scalable Manufacturing Route for Thiamethoxam: Reaction and 

Crystallization Optimization 

Igor Vinícius Conceição de 

Moura 

51 

ISHC-027 Fluorogenic 7-azidocoumarin and 3/4-azidophthalimide derivatives as indicators 

of reductase activity in microorganisms 

Rhiannon Alexandra 

Thompson 

52 

ISHC-028 Dual-Target Nitroheterocyclic Carbamates as Novel Antileishmanial Agents Juliana Romano Lopes 53 

ISHC-029 Design, synthesis, and prodrug optimization of quinolone-based 

acyclonucleosides: a heterocyclic platform for antiviral drug development 

Fernanda da Costa Santos 

Boechat 

54 

ISHC-030 Synthesis of 1,2,3,4-Tetrahydroquinolines through N-Arylation of Adducts of 

the Ugi 5-Center-4-Components Reaction 

Vinicius de Moura Felix 55 

ISHC-031 Synthesis of Heterocyclic Unnatural Amino Acids as Building Blocks for 

Peptidomimetic Inhibitors of Cysteine Proteases 

Ana Lucena Silva e Costa 56 

ISHC-032 Phosphoramide-Linked 4-Quinolone-3-carboxamides: Synthesis and 

Evaluation as Antitumor Agents 

Rodrigo Luis Moreira Gomes 57 

ISHC-033 Development of functionalized pyrimido[6,1-a]isoindole derivatives as novel 

heterocyclic scaffolds for medicinal chemistry applications. 

Jackson Breno Amaral Silva 58 

ISHC-034 Metal-free route toward the synthesis of 1,2,3-triazole derivatives inspired in 

Hsp90 inhibitors: synthesis of potential new antifungal agents 

ISIS APOLO SILVEIRA DE 

BORBA 

59 

ISHC-035 C–H annulation strategy to obtain furo[2,3-d]pyrimidines Maria Carolina Theisen 60 

ISHC-036 Enantioselective Synthesis of γ-Butyrolactones Bearing a Quaternary 

Stereocenter from Allylic Alcohols via a Palladium-Catalyzed Carbonylative Heck–

Matsuda Reaction 

Sergei Aleksandrovich 

Gorbatov 

61 

ISHC-037 Synthesis, Antibacterial and Antifungal Activity Evaluation of N-(4,6-Diaryl 

pyrimidin-2-yl)-1H-benzo[d]1,3-thiazol-2-ylamines 

William Gomes Volpato 62 

ISHC-038 From privileged scaffolds to heterocyclic hybrids: Design and antibacterial 

evaluation of chromene–pyrimidine derivatives 

Hudieyllen Alves Moreira 63 

ISHC-039 Detection of L-alanylaminopeptidase activity in microorganisms using fluorogenic 

self-immolative enzyme substrates 

Darren William Gardner 64 

ISHC-040 Metal-Free and Visible-Light-Driven Multicomponent Synthesis of Chalcogenated 

Pyrazoles 

Pâmella Cordeiro 65 

ISHC-041 OPTIMIZATION OF THE SYNTHESIS OF BENZOTHIAZOLE HETEROCYCLIC NUCLEUS 

DERIVATIVES UNDER GREEN CHEMISTRY CONDITIONS 

David Esteban Quintero 

Jimenez 

66 

ISHC-042 Unveiling Heterocycles Containing Exo-Allenes from Sulfoxonium Ylides João Pedro Arantes Campos 67 

ISHC-043 Silver-Mediated Electrosynthesis of Substituted Isoquinolines via Cyclization 

of 2‑Ethynylbenzaldehydes 

Eliakin Sato De Borba 68 

ISHC-044 Catalyst-Free Synthesis of Trifluoromethylated Tetrahydrofurans via 

EDA-Mediated Cyclization 

Giovanna Scalli Tâmega 69 

ISHC-045 Synthesis of Novel Quinazoline–Pyridine Derivatives with Activity Against 

Trypanosoma cruzi 

Rosana Helena C N Freitas 70 

ISHC-046 In silico evaluation of the Trypanosoma cruzi proteasome inhibitory potential 

of the heterocyclic compounds LASSBio-458 and LASSBio-2030 

Laudicéa do Nascimento 

Oliveira 

71 

ISHC-047 Data science applied to the design of redox-active phthalimides Rafaela Binda da Silva 72 

ISHC-048 Synthesis of Furalaxyl and Benalaxyl under Batch and Continuous-Flow 

Electrochemical Conditions 

Sofia Bacan Fiuza 73 

ISHC-049 Photoinduced three-component alkylazolylation of alkenes enabled by 

halogen-atom transfer (XAT) 

José Tiago Menezes Correia 74 

ISHC-050 Iodine-Promoted Mechanochemical Synthesis of Functionalized N-

Arylpyrazoles from Aza-Michael Adducts 

Renan de Oliveira Gonçalves 75 
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POSTER SESSION 2 

Thursday, July 23, 2026, 17:00 - 18:30 h 

Code Title Presenter Page 

ISHC-051 Projeto e Síntese de novos Híbridos Calcogenbenzimidazolona-Triazol com 

Potencial Biológico 

Marya Júlya Lugão 76 

ISHC-052 3-(Aryl-1H-1,2,3-triazo-4-yl)-1,1-difluoro-1H-1λ4,10λ4-benzo[4,5]thiazolo[3,  2-

c][1,3,5,2]oxadiazaborinines: Design, Synthesis and Photophysics of Rufinamide 

Luminescent Hybrids 

Fábio Mulazzani da Luz 77 

ISHC-053 Design, synthesis, and inhibitory potential of tert-butyl based Ugi products 

towards butyrylcholinesterase 

Alma Ramic 78 

ISHC-054 Anisole as a Strategic Green Solvent in the Synthesis of Furoic Esters Mayane Barbosa dos Santos 79 

ISHC-055 Enantioseletive Synthesis of Artemisinin Inspired Tetracyclic Compounds Natan de Moura Uchiyama 80 

ISHC-056 Tetracyclic Alkaloidal-Like Pseudonatural Products Frederick Luzzio 81 

ISHC-057 Nuevos reguladores epigenéticos para la terapia del cáncer mediante la 

inhibición dual de CDK9/HDAC. 

Felipe Cortés-Monroy 82 

ISHC-058 Condition-Controlled Synthesis of Functionalized Selenophenes via 

Cyclization of 1,4-Diyn-3-ones 

Yago Cezar Bastianello 83 

ISHC-059 Study of Spirocyclopropanation of α,β-unsaturated Isoxazol-5(4H)-ones Using 

Sulfoxonium Ylides 
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Leveraging Biocatalytic Selectivity for Heterocycle Synthesis in the 
Commercial Manufacturing of Pharmaceuticals

Matthew S. Winston

Process Research and Development, MSD, Rahway, NJ USA 07065

Email: matthew.winston@msd.com

Enzymes catalyze biological reactions with exquisite selectivity and specificity in high activity through curated active 
site control. Wild-type enzymes can be engineered for alterations from their natural behavior, allowing specificity for 
synthetic, non-natural substrates often under decidedly non-natural reaction conditions. This is particularly powerful in 
the commercial manufacturing of pharmaceuticals, as the greenness and efficiency of biocatalysis is compounded at 
large reaction scales. Here we discuss applications of biocatalysis for the commercial synthesis of heterocycles in two 
drug substances: 1) an imine reductase engineered to catalyze a "new-to-nature" sequence of stereoselective 
reductions of a pyrazinium substrate to a fully saturated piperazine, and 2) a series of engineered oxidoreductases and 
ligases to selectively access macrocyclic peptides.

Scheme or Figure 1: Ledendlegenlegendlegenlegendlegenlegendlegenlegend.
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Development of Privileged Spirocycles for Asymmetric Synthesis 

Jianwei Sun 

Department of Chemistry, the Hong Kong University of Science and Technology 

Clear Water Bay, Kowloon 999077, Hong Kong SAR, China 

Email: sunjw@ust.hk 

 

The development of effective chiral catalysts continues to play an important role in modern asymmetric synthesis. While 
nature has provided a range of useful chiral catalysts (e.g., enzymes) for biosynthesis, rationally designed manmade 
chiral catalysts have often shown superb and complementary performance in a broad spectrum of asymmetric reactions. 
Specifically, chiral spirocyclic molecules have emerged as powerful privileged backbones for chiral catalysts. In 
particular, 1,1'-spirobiindane-7,7'-diol (SPINOL) has gained tremendous success in this regard owing to its rigid C2-
symmetric skeleton. 
 

In this context, our laboratory has developed a new structure SPHENOL (2,2′,3,3′-tetrahydro-1,1′-
spirobi[phenalene]-9,9′-diol) featuring two naphthol rings in a spirocyclic framework. It not only exhibits good 
performance as a chiral catalyst backbone, but more importantly, features convenient synthesis owing to the high 
nucleophilicity of the naphthol ring as well as the established enantiocontrol over the key ortho-quinone methide 
intermediate. More recently, we have further incorporated indole rings into spirocyclic frameworks, which have been 
demonstrated as another family of chiral catalyst backbone. The application of these related structures in asymmetric 
catalysis will be discussed in detail. 

 

 

Figure 1: Representative Spirocycles. 

 

Acknowledgements: We thank Hong Kong RGC and Croucher Foundation for financial support (C6012-21G, 16309321, 16304322, 
16309023, 16310924). 
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Use of Enzymes in Pharmaceutical Manufacturing – From transaminases to 
an Enzymatic cascade For making Islatravir Hughes, Gregory J. a 

a Department of Process Research and Development, Merck & Co., Inc., Rahway, New Jersey 07065, United States 

Email: greg_hughes@merck.com 

 

As protein engineering has become more widely used, our ability to leverage Nature’s tools for the 
selective synthesis of compounds of industrial relevance has expanded rapidly.  This presentation will 
provide an overview of our journey at Merck from simple early application of biocatalysis, through 
landmark commercial applications such as the use of a transaminase to prepare sitagliptin1 and the 
development of a multi step enzymatic cascade for the production of islatravir2.   

 

 

Scheme 1: Applications of biocatalysis in the pharmaceutical industry. 

Acknowledgements: We thank literally hundreds (thousands?) of scientists at Merck and our external partners who have enabled 
these developments. 
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G.; Hughes, G.J. Science, 2010, 329, 5989. 
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Garske, M.; Campos, K. R.; Canada, K. A.; Devine, P. N.; Duan, D.; Forstater, J. H.; Grosser, S. T.; Halsey, H. M.; Hughes, G. 
J.; Jo, J.; Joyce, L. A.; Kolev, J. N.; Liang, J.; Maloney, K. M.; Mann, B. F.; Marshall, N. M.; McLaughlin, M.; Moore, J. C.; 
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6



B
Mes

P
O

PhPh

B S

R3P

B

PR3

S

N
S
N

P

P

N
O

O

7



 
 

From [2+2]-Cycloadditions to In Situ Analytical Data-Driven 
Electrochemical Optimization 

Author Corinna S. Schindler 

Department of Chemistry, University of British Columbia, UBC Faculty of Science, Vancouver Campus, 2036 Main Mall, Vancouver, 
BC, Canada 

Email: schindler@chem.ubc.ca 

 

Data-driven reaction optimization is limited by the scarcity of descriptors that are simultaneously information-rich and 
experimentally scalable. Electrochemical measurements offer a direct, physically grounded probe of reaction 
environments, but their integration into machine-learning workflows has been hindered by the lack of high-throughput 
hardware and automated analysis pipelines. Here, we introduce an in situ electrochemical optimization framework that 
combines custom parallelized hardware, automated data processing, and machine learning to enable high-throughput 
acquisition and encoding of electrochemical descriptors for reaction modeling. The platform centers on a miniaturized, 
parallel three-electrode array that performs non-destructive electroanalytical measurements prior to electrolysis within 
the same experimental configuration, ensuring that each reaction is represented by descriptors intrinsically tied to its 
operative electrochemical environment. When coupled with computer-vision–based feature extraction and Bayesian 
optimization, the framework enables efficient, data-efficient exploration of large reaction design spaces under tightly 
controlled conditions. Together, these elements establish a generalizable electrochemical machine-learning platform 
for scalable reaction optimization and predictive modeling. 
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Visible-Light Catalysis for the Synthesis and Functionalization of 
Heterocycles 

 

Magnus Rueping 

King Abdullah University of Science and Technology, Thuwal, 23955-6900, Saudi Arabia 

 

Email: Magnus.Rueping@KAUST.EDU.SA 

 

 
Visible-light catalysis has emerged as a powerful platform for enabling highly selective bond-forming 
reactions under mild and sustainable conditions. By harnessing the unique reactivity of photoexcited 
catalysts, previously inaccessible transformations can be achieved, providing efficient access to structurally 
complex heterocycles and other biologically relevant molecules. 
 
This presentation will highlight our recent advances in visible-light-driven C–C and C–heteroatom bond 
formation. Particular emphasis will be placed on synergistic approaches that merge photoredox and 
transition-metal catalysis to access complementary reactivity. Representative examples include 
photocatalytic C–H functionalization and selective functional group interconversions, illustrating the 
versatility of these methods in heterocycle synthesis. 
 
Mechanistic investigations have provided valuable insight into photoinduced electron-transfer processes, 
radical intermediates, and catalyst cooperation, guiding the rational development of highly selective 
transformations. These studies have enabled practical and broadly applicable methods for the efficient 
construction and late-stage diversification of heterocyclic frameworks. 
 
The scope of these visible-light-driven transformations will be demonstrated through the synthesis of 
medicinally relevant heterocycles and natural product cores, illustrating how combining photochemistry with 
transition-metal catalysis provides new opportunities for the efficient synthesis of structurally complex 
molecules. 
 
 

11



 

Adaptive Aromaticity in Heterocyclic Chemistry and Its Application to 
Singlet Fission 

Jun ZHUa  

a The Chinese University of Hong Kong (Shenzhen), Longgang, Shenzhen, Guangdong, 518172, P.R. China 

Email: jun.zhu@cuhk.edu.cn 

 

Adaptive aromaticity has attracted substantial attention due to its unconventional two-state aromaticity in both the 
lowest singlet state (S0) and the lowest triplet state (T1) and its application to singlet fission.1 This concept denotes two-
state aromaticity and thus stands in marked contrast to the traditional one-state aromaticity governed by the Hückel 
and Baird rules. Here, we carry out a comprehensive investigation on a series of pyrrole derivatives by density functional 
theory (DFT) calculations and machine learning (Scheme 1).2 Various aromaticity indices including HOMA, NICS, 
EDDB, and MCI suggest that the pyrrole rings in these derivatives show adaptive aromaticity when the other ring of 
bicyclic systems has weaker (or comparable) aromaticity than the pyrrole ring among these pyrrole derivatives, which 
could be considered as a sacrificial reagent strategy to achieve adaptive aromaticity of these pyrrole rings. In contrast, 
when the other ring such as the phenyl ring has stronger aromaticity than the pyrrole ring, it cannot be sacrificed to 
achieve adaptive aromaticity of the pyrrole rings. More interestingly, a singlet fission chromophore is predicted when 
the other ring is an antiaromatic borole among these pyrrole derivatives. Additionally, principal component analysis 
(PCA, one of the most commonly used unsupervised machine learning algorithms) suggests that ΔNICS(1)zz 
(NICS(1)zz(S0) − NICS(1)zz(T1)) of the other ring in these pyrrole derivatives can be an important factor in predicting 
E(T1) values, which is also supported by a strong correlation (R2 = 0.98) between ΔNICS(1)zz and E(T1). All these 
findings provide an alternative idea for the design of singlet fission chromophores. 
 

 

Scheme 1: The proposed sacrificial reagent strategy to achieve adaptive aromaticity in the pyrrole rings. 

Acknowledgements: This work was supported by the National Natural Science Foundation of China (22231009), the Shenzhen 
Science and Technology Program (Grant No. 2024SC0019 and KQTD20240729102028011), the Guangdong Basic Research Center 
of Excellence for Aggregate Science and the University Development Fund at the Chinese University of Hong Kong, Shenzhen 
(UDF01003116). 
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Synthesis of Chalcogen-Functionalized Heterocycles

Eder João Lenardão

Centro de Ciências Químicas, Farmacêuticas e de Alimentos – CCQFA, Universidade Federal de Pelotas – UFPel. P. O. box 354, 
96010-900, Pelotas – RS, Brazil.

Email: lenardao@ufpel.edu.br

The combination of the heterocyclic unit with organochalcogen groups has been a promising strategy to prospect new 
bioactive compounds with a diversity of boosted activities.1 Regarding organoselenium compounds, their role in organic 
synthesis has gradually migrated from their application in stoichiometric reactions, for example in the syn elimination 
of selenoxides, to their use as catalysts in oxygen transfer reactions, as Lewis base catalysts in the activation of 
electrophiles, or in Se- -acid catalysis.1 In recent years, the development of selective and efficient protocols to prepare 
chalcogen-containing heterocycles (S, Se and Te) has increased.2 Considering the urgency for greener and efficient 
protocols to access organoselenium compounds, we have dedicated our efforts in the development of new strategies 
to access molecular hybrids of heterocycles and other active platforms with organoselenium moieties.3-5 In this lecture, 
we present our recent results on the use of arylseleninic acids3-5 and triselenium dicyanide (TSD)6 as source of 
electrophilic selenium, both under thermal conditions or visible light irradiation (Figure 1).

Figure 1: Some reactions to be discussed in this lecture.

Acknowledgements: We thank CNPq, CAPES, and FAPERGS for financial support.
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The pharmaceutical and chemical industry remains solely reliant on synthetic methodology to prepare drugs or drug 
like molecules for their discovery/process program. The expansion of synthetic methodology in recent years has greatly 
facilitated the preparation of heterocycles that would once have been considered an insurmountable synthetic 
challenge. In turn, the pharmaceutical industry, where large numbers of heterocycles are prepared and tested for their 
therapeutic use became the principal end-users and beneficiaries of this enlarged toolkit. Designing and discussing of 
Transition-Metal promoted various synthetic tools for the synthesis of pharmaceutically important heterocycles and 
generation of new chemotypes with translational potential will form the basic premise of my presentation.1 
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Heterocycles in Materials Chemistry 

Chathuranga S. L. Rathnamalala, Ishanka Rajapaksa, Emmanuel Ankomah, Ranganath Wahalathantrige Don, 
Mohammed Almtiri, Hari Giri, and Colleen N. Scott

Department of Chemistry, Mississippi State University. Mississippi State, MS, 39762

Email: cscott@chemistry.msstate.edu

Organic dyes are of significant interest for diverse applications, including light-emitting diodes, organic photovoltaics, 
dye-sensitized solar cells, photodynamic therapy, and biological imaging. Among these materials, xanthene-based 
dyes are especially attractive because of their unique molecular switching behavior, excellent photophysical properties, 
and remarkably concise synthetic accessibility.[1] Polyaniline (PANI), by contrast, is a classical conducting polymer 
valued for its high electrical conductivity, redox reversibility, and electrochromic properties, which have enabled 
applications in hole-injection layers, anticorrosion and antistatic coatings, electrochromic devices, sensors, and 
catalysis.[2] Despite their utility, both organic dyes and PANI suffer from important limitations that our group has 
addressed through heterocyclic chemistry. Traditional xanthene dyes, such as rhodamine and fluorescein, typically 
absorb and emit in the visible region, which limits their effectiveness for biological imaging because visible light has 
poor tissue penetration and higher background interference. To overcome this challenge, our group uses heterocyclic 
structural modifications to shift xanthene dye absorption and emission into the far-red, near-infrared (NIR), and 
shortwave infrared (SWIR) regions for sensing and imaging in biological tissues.[1a, 1b, 3] Similarly, PANI is limited by 
poor solubility in common organic solvents and insufficient redox stability. Our group has applied heterocyclic design 
principles to address these challenges, developing PANI derivatives with improved processability and enhanced 
electrochemical stability while retaining desirable electronic properties.[4] (Figure 1), 

This presentation highlights how heterocyclic chemistry can be used to tailor the properties of xanthene dyes and PANI
derivatives. Specifically, I will discuss the use of heterocyclic structures to control the wavelength and molecular 
switching behavior of xanthene dyes for NIR and SWIR imaging applications, as well as the redesign of PANI to improve 
its redox stability, processability, and electrical conductivity. Together, these studies demonstrate the power of 
heterocyclic chemistry in developing advanced functional materials for bioimaging and organic electronics.

Acknowledgements: We thank the national Science foundation (OIA-1757220 and CHE-1945503) for funding these two projects as 
well as Mississippi State Unioversity College of Arts and Science and Department of Chemistry for support. 
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Figure 1. a) Xanthene-based SWIR dye NO-sensor response in mouse liver; b) Phenoxazine-
based PANI derivative as redox stable electrochromic material.
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N-Sulfonylhydrazones, readily prepared from aldehydes and ketones, have become powerful reagents for carbonyl 
diversification and C–C bond formation.1 Their reactivity is commonly initiated by in situ generation of diazo compounds 
that are intercepted under transition-metal-catalyzed or metal-free conditions, enabling a wide range of synthetic 
transformations. Moreover, the divalent nature of the diazo intermediate allows the formation of two new bonds through 
cascade or stepwise processes, providing efficient access to molecular complexity. 
We have exploited this reactivity for the synthesis and late-stage modification of heterocycles aimed at the generation 
of structural diversity. This lecture will highlight recent contributions from our laboratory, with particular emphasis on 
thermal and photochemical carboborylation processes of N-tosylhydrazones.2 Their application to the synthesis and 
functionalization of heterocyclic scaffolds will be discussed. 
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Gold-Redox Chemistry in the Synthesis of Valuable Heterocycles
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Aryldiazonium salts are strong electrophiles capable of triggering gold-redox transformations involving arylAu(III) 
intermediates.1 The latter can address C-C and C-X cross-coupling reactions and promote multicomponent 
transformations, providing straightforward access to valuable heterocycles. Within this context, we have described the 
synthesis of alkylidenelactones, 3-aryl(3-acyl)indoles, 3-acylindoles, 3-(chloromethylene)indolines, 2H-chromenes, 
isoindoles, 1,2-dihydrophtalazines, and triazoles, among others (Scheme 1).2 A key parameter that distinguishes our 
contribution to the field is the use of a biocompatible Au(I)-redox-activating agent, ascorbic acid. The former avoids the 
need to add a cocatalyst and/or irradiation, leading to readily accessible protocols that are easy to implement. Very 
recently, we have found that the combination of ascorbic acid with NHC^N ligands enables the activation of reluctant 
electron-rich aryldiazonium salts. EPR, NMR, and X-ray analyses reveal the reaction to be triggered by a radical 
pathway facilitated by the ligand-assisted stabilization of the Au(III) center.
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Scheme 1: Synthesis of heterocycles by gold-redox transformations involving aryldiazonium salts.
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Greener synthesis of five-membered N-heterocycles  

Arlene G. Corrêa 
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Five-membered N-heterocycles are commonly found in a wide range of drugs and natural products, where they exhibit 
significant biological activity. The importance of these compounds has driven the development of greener synthetic 
methods to access this core structure.  
In this presentation, we will discuss the photocatalysed synthesis of Δ¹-pyrrolines1 and 2-pyrrolo[2,3-b]indoles (Figure 
1) in batch or under continuous flow regime. Moreover, the one-pot synthesis of γ-lactams,2 employing the Ugi 
multicomponent reaction followed by intramolecular Michael addition will be described.

Figure 1: Five-membered N-heterocycles
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Catalytic functionalizations present new avenues for the construction of carbon–carbon and carbon–heteroatom bonds 
from readily available and abundant feedstocks. We have been developing new catalytic systems as versatile synthetic 
tools that enable efficient conversion of a variety of precursors to functionalized products. Additionally, we have been 
pursuing the development of asymmetric catalytic strategies to understudied stereogenic functional groups. The talk 
will highlight the progress in the development of new catalytic approaches to challenging synthetic targets and their 
potential applications in organic synthesis. 
 

 

 

Figure 1: Examples of developed catalytic methods. 
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 Flow chemistry is increasingly important for industrial applications because it enables continuous and well-controlled 
reactions with improved safety, efficiency, and reproducibility compared to traditional batch processes.1 In this context, 
this enabling technology has been employed in the development of methodologies for the synthesis of chalcogen-
substituted heterocycles via electrophilic chalcogenation/cyclization reactions.2 Accordingly, based on a previous report 
from our research group,3 this work aims to develop a protocol for the continuous flow photoinduced synthesis of 2-
aryl-3-(arylthio)-4H-thiochromen-4-ones 3 through radical annulation of ortho-thioaryl ynones 1 in the presence of thiols 
2 as reaction partners (Scheme 1). Our approach enabled the synthesis of twenty compounds 3 in yields ranging from 
23 to 96%, using a solution of 0.25 mmol (0.25 M) of ortho-thioaryl ynone 1 and 0.50 mmol (0.50 M) of thiol 2 in acetone 
(1.0 mL) under irradiation with UVA light (365 nm, 40 W) at 35 °C and 1 atm. The reactions were conducted with a 
residence time of 250 minutes and a flow rate of 16 μL/min.  
 

  
Scheme 1: Selected results of this work  
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Multicomponent synthesis represents a versatile and efficient approach for constructing complex molecular 
architectures, including densely functionalized piperidines, which are of considerable interest in pharmacology due to 
their potential as bioactive compounds. In this study, the synthetic route to the parent molecule, ethyl-(2S,6R)-1,2,5,6-
tetrahydro-1,2,6-triphenyl-4-phenylalanine-3-pyridinecarboxylate, was investigated, and four derivatives were obtained 
by varying the benzaldehyde component. The methodology involved a multicomponent reaction in which ethyl 
acetoacetate (1 mmol), aniline (2 mmol), and acetic acid (3 mL) were stirred at room temperature for 20 min. 
Subsequently, 2 mmol of the appropriate benzaldehyde, - 2-chlorobenzaldehyde (B1), 2-fluorobenzaldehyde (B2), 4-
fluorobenzaldehyde (B5), or 3-fluorobenzaldehyde (B6) (Fig. 1) - was added, and the reaction mixture was stirred for 
an additional 90 min. The resulting products were washed, filtered, and dried, affording yields of 82%, 83%, 81%, and 
79%, respectively. The structures of the synthesized compounds were confirmed by 1H and 13C NMR spectroscopy. 
Overall, the proposed methodology proved to be efficient for the synthesis of these compounds and represents a 
promising strategy for the preparation of new piperidine derivatives. 
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Figure 1. Structures of compounds B1, B2, B5 and B6  
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Coumarin derivatives are widely recognized for their diverse biological activities and remain as privileged molecules in 
medicinal chemistry.¹ Functionalization at the C3 position constitutes a powerful strategy to advance in their 
physicochemical and pharmacological properties. Despite this relevance, general metal-catalyzed methods for the direct 
and regioselective alkylation at C3 position are underdeveloped, and classical cross-coupling protocols often rely on high 
temperatures and stoichiometric oxidants, which may restrict functional group tolerance.² Herein, we report the C3-
alkylation of coumarins via a palladium-photoredox Heck reaction using alkyl bromides as radical precursors under 
visible-light irradiation. After full optimization of the reaction parameters, the desired products were obtained in up to 80% 
yield. The methodology exhibits a broad substrate scope, where electron-rich derivatives and π-extended systems were 
well tolerated. Besides, halogenated substrates remained compatible, while strongly electron-withdrawing substituents 
led to diminished reactivity (Scheme 1a). Mechanistic investigations, including light on/off experiments and radical clock 
studies, support a radical pathway and indicate that the transformation does not proceed through a radical chain 
mechanism (Scheme 1b).³ 

 

Scheme 1: Optimized conditions, selected scope examples, and mechanistic studies (light on/off and radical clock) for the Pd-
photoredox C3-alkylation of coumarins. 
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The modification of heterocyclic scaffolds remains an important strategy in synthetic chemistry, enabling the
preparation of structurally diverse compounds. In this context, the 4-quinolone framework represents a versatile
system, particularly due to the reactivity of the C-3 and N-1 positions. In this work, we investigated different synthetic
approaches for the functionalization of the C-3 and N-1 positions of the 4-quinolone scaffold, aiming to access
structurally distinct derivatives. Initially, a series of acylhydrazone derivatives was obtained using reproducible
synthetic methodologies from carbohydrazide-type precursors, allowing the introduction of conjugated groups onto
the 4-quinolone scaffold. In parallel, acyclonucleoside analogues were synthesized through functionalization at the
N-1 position of the quinolone core, aiming at the incorporation of structural fragments inspired by nucleosides, whose
antiviral activity is well established. This approach enabled the exploration of different substitution patterns from the
same heterocyclic nucleus. In addition, selected derivatives were evaluated for antiviral activity in preliminary assays,
showing promising initial results. Overall, these findings reinforce the usefulness of the 4-quinolone scaffold as a
synthetic platform for the preparation of functionalized derivatives, contributing to the expansion of the set of bioactive
compounds available for further studies.

Scheme 1: Divergent C-3 functionalization of the 4-quinolone core affording biologically evaluated acylhydrazone derivatives and
prospective acyclonucleoside analogues.
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Benzimidazole and its derivatives are aromatic heterocyclic compounds present in the structure of several drugs due 
to their biological and pharmacological properties, including antimicrobial, anticancer, antifungal, antileishmanial, and 
antituberculosis actions.1 Among the structurally modified subclasses, the substituted 2-aminobenzimidazoles stand 
out, which have been used as new inhibitors of acetylcholinesterase and butyrylcholinesterase enzymes, in addition to 
acting as potent glucagon receptor antagonists.2 Due to this pharmacological and biological relevance, the present 
work aims at the synthesis of benzimidazole hybrids through multicomponent reactions (MCRs) in ionic liquids, with the 
objective of developing an efficient synthetic strategy that allows obtaining structurally complex molecules, with high 
atom economy, reduction in the number of reaction steps, minimal waste generation, and alignment with the principles 
of green chemistry.3 In the synthesis of the hybrids 4H-pyrimido[2,1-a]benzimidazole 4 (Scheme 1), a round-bottom 
flask adapted for reflux was used, where 1 mmol of 2-aminobenzimidazole 1, 1 mmol of aldehyde 2 and 1 mmol of 
malononitrile 3 were added under constant temperature and magnetic stirring. 

Scheme 1. Synthesis of a benzimidazole derivative. 

N

N
NH2

O

H
N

N N
H

CN

NH2
1 2 3

4

NC CN

 

 

The synthesis of 4H-pyrimido[2,1-a]benzimidazole hybrids proved efficient with yields of 20-80%. It was possible to 
apply a synthesis with a catalyst and solvent with low toxicity that fits within the parameters of Green Chemistry, since 
the synthesis of this class of compounds has immense biological and pharmacological applicability. 
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N-bromosuccinimide (NBS) is a versatile brominating reagent. It is used not only in radical bromination but also in 
electrophilic addition and electrophilic substitution reactions. NBS can be used to obtain aryl bromides, which are useful 
for further functionalization, such as coupling reactions for C/N/O/S-aryl bond formation.1 However, the succinimide 
group of NBS is poorly explored and is often treated as a waste. Because of this, and considering the biological potential 
of succinimide derivatives,2 some research groups have demonstrated that the succinimide moiety of NBS can act as 
a nucleophile. For instance, the imidation of α-bromo (di)ketones.3  
Although the synthesis of N-arylsuccinimides can be easily carried out from anilines,4 direct imidation of aromatics 
leading to N-arylsuccinimides is still challenging. To date, Baran and colleagues developed a methodology for obtaining 
N-(hetero)arylsuccinimides from (hetero)arenes, however, their approach requires multiple reagents and, also requires 
the formation of a specific reagent separately.5 Alternatively, the Ullmann-Goldberg reaction allows the coupling of 
imides with only aryl halides mediated by copper or copper salts.6 However, this reaction is known for harsh conditions 
(excess amount of metal, high temperatures, long reaction times). Currently, catalytic conditions7 and the use of greener 
methods, such as microwave irradiation8 are available, which it is still considered a very attractive reaction. 
In this work, we propose the full use of NBS, both for a brominating agent of arenes and for the incorporation of the 
succinimide group in a one-pot sequence (Scheme 1). Using low-cost reagents such as Cu2O and K3PO4, N-
arylsuccinimides were obtained in moderate to good yields directly from non-halogenated aromatics. It was observed 
that microwave irradiation was crucial to circumvent the low nucleophilicity of succinimide. 
 

 
Scheme 1: One-pot bromination/Ullmann-Goldberg coupling sequence for the synthesis of N-arylsuccinimides  
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Quinolones are a well-established scaffold for molecules with diverse biological activities, however, their fluorescent 
properties remain relatively underexplored. This dual functionality combines biological activity and real-time molecular 
tracking in biological systems, enabling the monitoring of their distribution, transport, and metabolism within cells.1 
Despite their relevance, the direct arylation of 2-quinolones remains underexplored, with only limited examples reported 
in the literature.2 In this context, the present study focuses on the optimizing the photoredox-catalyzed arylation of 1-
methyl-2-quinolone 1 and on the photophysical characterization of the resulting compounds 3, with the aim of future 
biological applications. Similar to our previous work on the photoredox catalysis of 3-aryl-N-aryl coumarins 3 ,a 
methodological study was conducted. The reaction conditions were systematically optimized by varying solvent, 
reaction time, catalyst loading, concentration, and substrate ratios. The optimal conditions consisted of dry DMSO, 1 
mol% of Ru(bpy)₃(PF₆)₂, and five equivalents of quinolone. Under these conditions, the desired products were obtained 
in moderate yields (34%-69%), with relative fluorescence quantum yields reaching up to 69%, relative to anthracene in 
ethanol. The quinolones derivatives displayed absorption maxima around 340 nm and emission maxima near 450 nm. 
Notably, substituents at the C3 aryl group (R2) and the C7 position (R1) significantly influenced their fluorescence 
properties. (Scheme 1). These results underscore the potential of this class of coumpounds as fluorescent probes for 
biological applications. 
 

 

Scheme 1: Synthesis of fluorescent 3-aryl-1-methyl-2-quinolones via photoredox catalysis and their quantum yields. 
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The functionalization of tryptophan derivatives is widely explored in organic synthesis and medicinal chemistry, 
since this moiety is directly associated with critical biological functions.1 L-tryptophan is a precursor of essential 
metabolites such as serotonin and melatonin, and is also present in drugs such as sumatriptan and zolmitriptan, acting 
in the modulation of serotonergic targets.2 

Additionally, the introduction of the trifluoromethyl group (CF3) is a strategic approach for adjusting pharmacokinetic 
and electronic properties, increasing lipophilicity and metabolic stability.3 However, direct trifluoromethylation of 
tryptophan derivatives remains limited, especially under conditions compatible with late functionalization.4 Notably, 
there are no established drugs containing trifluoromethylated tryptophans, which reinforces the unexplored nature of 
this modification. 

In this project, we are developing a methodology for the trifluoromethylation of tryptophan derivative 1, employing 
NaSO CF  (2) as the CF  source under combined anodic and photochemical activation in the presence of Eosin Y as 
a photocatalyst (Scheme 1). Applying ACN, light, electric current, and electrolyte, the desired product 3 was obtained 
with a yield of 29%, demonstrating a synergistic effect between the electric current, the photocatalyst, and light 
irradiation. 

The methodology, currently under development, shows potential for extension to other amino acids and peptide 
systems, enabling access to fluorinated heterocyclic scaffolds relevant to medicinal chemistry. 

 

Scheme 1: Trifluoromethylation of Tryptophan Derivatives. 
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The 4-quinolone nucleus is a privileged heterocyclic scaffold widely explored in medicinal chemistry due to its 
structural versatility and synthetic accessibility. In this work, we report the design and synthesis of a series of novel 
4-quinolone-3-hydroxamic acid derivatives, aiming to investigate the functionalization of the quinolone core at the C-3 
position through the incorporation of a hydroxamic acid moiety. The synthetic approach involved thermal cyclization to 
construct the 4-quinolone framework, followed by N-alkylation to introduce an ethyl substituent  and improve 
solubility. Subsequent transformation of the C-3 carbonyl group was achieved via nucleophilic acyl substitution using 
hydroxylamine generated in situ from NH₂OH·HCl/KOH, enabling the efficient preparation of seven novel hydroxamic 
acid derivatives in moderate to good yields (34–83%). All compounds were fully characterized by IR, ¹H and ¹³C NMR 
spectroscopy, high-resolution mass spectrometry, and melting point analysis, confirming the successful modification 
of the heterocyclic core. The synthetic methodology proved to be robust and versatile, allowing access to structurally 
diverse derivatives from a common intermediate. Preliminary biological evaluation against HSV-1 revealed moderate 
antiviral activity (3.25–42.27%) combined with low cytotoxicity (CC₅₀ > 300 μM), suggesting that the introduction of 
hydroxamic acid functionality may influence interaction of the quinolone scaffold with biological targets. Overall, this 
study highlights the potential of C-3 functionalization of the 4-quinolone nucleus as a strategic approach for the 
generation of new heterocyclic derivatives, providing a valuable platform for further structural optimization and 
exploration of structure–activity relationships in the search for bioactive compounds.  

 

 

Figure 1: Synthetc methodology for obtaining the results of 4-quinolone-3-hydroxamic acids 3ah 
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Six-membered aromatic N-heterocycles are widely found in bioactive molecules due to their ability to engage in diverse 
noncovalent interactions and modulate physicochemical properties. As such, they are considered privileged scaffolds 
in medicinal chemistry.¹˒² In parallel, unnatural amino acids (UAAs) have emerged as valuable tools in drug design, 
enabling improved metabolic stability, tunable reactivity, and enhanced molecular recognition.³ Herein, we report the 
design and synthesis of peptidomimetic compounds incorporating new UAA building blocks bearing pyrimidine and 
pyrazine moieties. The general structure consists of side chains containing N-heterocycles incorporated into a 
dipeptidomimetic framework previously explored for cysteine protease inhibition⁴ (Figure 1). Selected analogues were 
further modified to include trifluoromethyl (CF₃) substituents via reductive amination, aiming to modulate electronic 
properties and lipophilicity. The synthetic strategy for accessing these UAAs relies on Pd(AmPhos)₂Cl₂-catalyzed 
Negishi cross-coupling reactions, enabling efficient C–C bond formation between organozinc intermediates and 
(hetero)aryl halides under mild conditions, and providing access to structurally diverse intermediates that were 
subsequently incorporated into the target peptidomimetics. The resulting compounds were evaluated for inhibitory 
activity against cruzain (Cz), a key cysteine protease associated with Chagas disease, as well as against human 
cathepsin L (hCatL), a cysteine protease involved in SARS-CoV-2 entry into host cells. Initial biochemical data indicate 
that the incorporation of these UAAs enhances inhibitory affinity and may contribute to improved selectivity and target 
interactions. The obtained compounds showed promising activity, with several analogues exhibiting pK ᵢ values above 
9.0, supporting their potential as cysteine protease inhibitors suitable for cell-based assays.

                        

Figure 1: Design of N-heterocycles peptidomimetics incorporating unnatural amino acids and their biological targets.
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In this study, six 2-azido-1-phenylethanones (2a-2f) were synthesized from commercial 2-bromo-1-phenylethanones 
(1a-1f) and sodium azide, with yields of 81-99%. Subsequently, (±)-2-azido-1-phenylethanols (3a-3f) were synthesized 
from the reduction of azidoketones (2a-2f) with sodium borohydride, with yields of 92-99%. The compounds were 
characterized by NMR, IR, and melting point. Racemic acetates (4a-4f) were synthesized from azido-alcohols (3a-3f) 
with acetic anhydride and pyridine, with yields of 80-98%. Subsequently, the (±)-2-azido-1-phenylethanols (3b-3f) and 
racemic acetates (4b-4f) were analyzed by HPLC-UV/Vis on a chiral AS-H column. Compounds 3a and 4a, in turn, 
were analyzed on a chiral OD-H column. The racemic azido-alcohols (3a-3f) were subjected to Enzymatic Kinetic 
Resolution with Pseudomonas fluorescens (PFL) and Burkholderia cepacia (BCL) lipases in hexane (1-3 days), and 
the products were obtained in enantiomerically enriched form and purified by chromatography.1 Enriched azido-alcohols 
(3a-3f, 91-99% ee) were used for the synthesis of enriched β-hydroxy-1,2,3-triazoles (6a-6f) via a Cu(I)-catalyzed 1,3-
dipolar cycloaddition click reaction.2 Racemic compounds (6a-6f) were also synthesized under the same reaction 
conditions starting from racemic azido-alcohols (3a-3f) to be used as standards in chromatographic separations (UV/Vis 
HPLC) using a chiral column (AS-H or OD-H). The absolute configurations of compounds (3a-3f) and (4a-4f) were 
obtained by measuring the optical rotations using a polarimeter.  

 

Scheme 1: Steps in the reactions for the synthesis of enantiomerically pure or enriched hydroxy-1,2,3-triazole compounds. 
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Fungal infections are an increasing global health concern, particularly among immunocompromised patients, and are 
associated with approximately 3.8 million deaths annually, while treatment options remain limited and resistance to 
current antifungal agents (e.g., Candida albicans resistance to fluconazole, amphotericin B, and caspofungin) continues 
to rise, underscoring the need for compounds with new mechanisms of action. In this context, Brazilian biodiversity 
offers a rich source of chemical diversity. This study explored the heterocyclic chemical space of the Brazilian Natural 
Products Database (BRNPDB) through an ADMET-driven multi-parameter optimization strategy. A dataset of 9,865 
compounds was processed using Python (Anaconda/Spyder) and the RDKit toolkit, yielding 4,983 heterocyclic 
structures, which were filtered according to ADMET criteria (MW 200–600 Da, logP ≤ 5, HBD ≤ 5, HBA ≤ 10, TPSA < 
140 Å²) and structural toxicity alerts, encoded with Morgan fingerprints, and projected into chemical space using t-SNE 
(Figure 1A), resulting in 1,371 compounds selected for virtual screening. Molecular docking was carried out with GOLD 
with the validated ERG10 target (PDB ID: 6L2C), an enzyme involved in ergosterol biosynthesis. The analysis revealed 
marked structural diversity and progressive refinement following ADMET-guided filtering, while differences in 
physicochemical properties, particularly TPSA, hydrogen bond donation, and logP, suggested distinct pharmacokinetic 
profiles across classes such as alkaloids, polyketides, flavonoids, and phenylpropanoids (Figure 1B). Docking indicated 
key interactions within the active site, including hydrogen bonds, hydrophobic contacts, and π-stacking. Model 
performance assessed by k-fold cross-validation showed strong predictive ability (ROC-AUC = 0.915), indicating that 
molecular descriptors and fingerprints capture structural features associated with docking scores, while the F1-score 
(0.605) suggests that high-affinity compounds form a distinct subset within the chemical space, further supported by 
their clustering in specific regions. Together, these results show that combining chemical space exploration with 
ADMET-guided optimization enables the identification of promising antifungal candidates, selected for subsequent in 
vitro and in vivo validation. 
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Multicomponent reactions (MCRs) are a versatile and efficient way to obtain complex and bioactive molecules, often 
showing higher yields when compared to linear and convergent methodologies.1 

Among the heterocyclic molecules that can be obtained through MCRs are the decahydroacridines, a class of 
compounds with a variety of biological and pharmaceutical applications. These molecules can be obtained by mixing 
cyclohexane-1,3-dione, benzaldehyde and ammonium acetate in a single reaction flask, using ethanol under reflux as 
the solvent. However, the contact of the final product with oxygen can initiate an oxydation process of the central ring 
(Figure 1), which makes it necessary to understand the stability of these compounds when applied in the 
pharmaceutical industry.2 

With this objective, the synthesized molecule was subjected to severe conditions to evaluate its resistance to 
degradation. Tests were carried out at high temperatura (150ºC) for 72h, with samples collected every 24h, as well as 
exposure to ultraviolet radiation under acidic, neutral and basic conditions for 12h, with sampling at 1, 2, 3, 6, 9 and 
12h. 
The synthesized molecule was characterized by 1H NMR, while the degradation analyses were performed using 
ultraviolet spectroscopy. 
It was observed that exposure to high temperature did not induce oxidative processes in the sample. When exposed 
to ultraviolet radiation, no changes were observed under neutral conditions, whereas in acidic and basic media, 
oxidation of the molecule is observed. 
This is an ongoing work and further testing is necessary to deepen the understanding of the degradation profile of the 
molecule. 
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Figure 1: Synthesis and oxidation of decahydroacridine 
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Arboviroses represents a major group of emerging diseases that recurrently threaten global health1. Thus, Zika (ZIKV) 
and Mayaro (MAYV) have emerged primarily due to negligence that disproportionately impacts vulnerable populations. 
This gap necessitates the discovery of novel bioactive scaffolds, where the combination of organoselenium compounds 
with heterocyclic frameworks such as pyrazoles can represent a promising key for the development of antiviral agents2.
Drawing inspiration from a recently documented one-pot selenium functionalization of pyrazoles3, this research 
evaluates the inhibitory potential of these synthesized analogs against ZIKV and MAYV. Compound 9n stood out due 
to their superior balance between potency (EC50 = 1.3 μM) and low cytotoxicity (CC50 = 403 μM), showing strong 
antiviral and virucidal activity against ZIKV, inhibition of MAYV adsorption, and a favorable selectivity index. In silico
ADMET analysis indicated suitable drug-like properties, including high gastrointestinal absorption and, in most cases, 
blood-brain barrier permeability. PASS predictions suggested chemoprotective, redox-related, and anti-inflammatory 
activities, along with moderate potencial to interfere with viral replication. Overall, results support a multifactorial antiviral 
mechanism involving redox modulation and direct viral inhibition, highlighting compound 9n as a promising candidate 
for futher development.

Figure 1: Activity of 4-selanylpyrazoles against Arboviruses.

Acknowledgements: We thank UFF, CNPq, CAPES and FAPERJ.

References: 
1. C. H. Calisher, N. Karabatsos, Arbovirus serogroups: definition and geographic distribution, in: T. P. Monath (Ed.), The Arboviruses: 
Epidemiology and Ecology, CRC Press (2020) 19–58.
2. V.K. Jain, K.I. Priyadarsini, Selenium compounds as promising antiviral agents, New J. Chem. 48 (2024) 6534–6552.
3. Peglow, T. J.; Thomaz, J. P. S. S. C.; Gomes, L. S.; Nascimento, V. Potassium Persulfate Promoted the One-Pot and Selective 
Se-Functionalization of Pyrazoles under Acidic Conditions. ACS Omega 2024, 9 (52), 51295–51305.

rain barrier permeability. PASS predictions suggested chemoprotective, redox related, and anti inflam
s, along with moderate potencial to interfere with viral replication. Overall, results support a multifactorial a

nism involving redox modulation and direct viral inhibition, highlighting compound 9n as a promising can
er development.

Figure 1: Activity of 4-selanylpyrazoles against Arboviruses.

ledgements: We thank UFF, CNPq, CAPES and FAPERJ.

ces: 
Calisher, N. Karabatsos, Arbovirus serogroups: definition and geographic distribution, in: T. P. Monath (Ed.), The Arbo

l d E l CRC P (2020) 19 58

40



 
 

Synthesis of Selenated Chromenes via Electrochemical Cyclization of 
Propargylic Ethers 

Felipe de Lucca,a Pedro P. de Castro,b Samuel R. Mendes,c Timothy J. Brocksom,a Kleber T. de Oliveiraa and 
Guilherme M. Martins,a* 

a Department of Chemistry, Federal University of São Carlos, São Carlos, São Paulo, 13565-905, Brazil. 
b Department of Pharmacy, Federal University of Juiz de Fora - Campus Governador Valadares, Minas Gerais, 35010-177, Brazil.  

c Department of Chemistry, State University of Santa Catarina, Joinville, Santa Catarina, 89219-719, Brazil. 

Email: guilherme.martins@ufscar.br 

Chromenes constitute an important class of oxygen-containing heterocycles widely found in numerous natural 
products and biologically active molecules. Compounds containing the chromene core have attracted significant 
attention due to their broad range of biological activities, including anticancer, antimicrobial, antiviral, anti-inflammatory, 
and antioxidant properties.1 These features have driven the development of synthetic strategies for the synthesis and 
functionalization of chromene derivatives. 

Additionally, synthetic methods for the incorporation of selenium into organic cores are a well-established strategy 
to enhance biological activity, largely due to its distinctive redox properties.2 However, the use of traditional selenation 
reagents, such as selenols (RSeH) or selenenyl bromides (RSeBr), is often limited by their high toxicity and low stability. 

In line with the pursuit of more sustainable and less toxic methodologies, organic electrosynthesis has emerged as 
a robust and environmentally benign approach to perform chemical transformations.3 In this context, we propose the 
synthesis of selenated chromenes via electrochemical cyclization of propargylic ethers, employing low-potential electric 
current and eliminating the need for external oxidizing or reducing agents. 

The optimized reaction conditions for the electrochemical cyclization of propargylic ether derivatives (1) with 
diphenyl diselenide (2) were developed by using an undivided cell equipped with graphite electrodes under constant 
current (10 mA), using acetonitrile as solvent, and lithium perchlorate as supporting electrolyte. The transformation was 
developed at 0°C to afford the corresponding selenated chromenes (3) in yields of up to 96% (Scheme 1). 

 

Scheme 1. Selenated Chromenes via Electrochemical Cyclization. 
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Buclizine is an antihistaminic and antiemetic drug present as the API in numerous medicines. The use of this compound 
was approved by the FDA (Food and Drug Administration) in 1957, and nowadays, this API is also repositioned as an 
appetite stimulator. Structurally, buclizine consists of a central piperazine core, which is present in various 
pharmaceutical formulations. Attached to this core are a tert-butylbenzyl group and a diphenylmethyl group (Scheme 
1).
In this study, we present the gram-scale synthesis of the API buclizine enabled by continuous flow technologies, 
integrating both photochemical and electrochemical strategies. Starting from the commercially available and 
inexpensive building blocks (4-(tert-butyl)benzaldehyde, piperazine, and 4-chlorobenzophenone), we utilized a 
photocatalytic reductive amination and an electrochemical reduction to assemble the key intermediates for the final 
nucleophilic substitution. In our approach, continuous flow conditions were successfully implemented across all the 
reaction steps, and this methodology afforded significant overall yields while ensuring enhanced safety, straightforward
scalability, shorter reaction times, and reduced solvent consumption, thus demonstrating the robustness of continuous 
flow technologies for the synthesis of high-value-added APIs.1

Scheme 1: Continuous flow protocol for the synthesis of Buclizine.1
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Tuberculosis isthe leading cause of death among the infectious diseases, with an estimated 1.3
million deaths worldwide, surpassing COVID-19 and HIV [Trajman, 2025]. Approximately 10.6 million cases were
reported in 2023, including both diagnosed and undiagnosed cases. Moreover, 275 thousand people were diagnosed
with drug-resistant tuberculosis, highlighting the urgent need for new drugs and treatments. Coumarins are naturally
occurring natural products abundant in medicinal plants. These phenylpropanoids are widely explored due to their
importance in biological systems [Gupta, 2023]. Recent studies have shown that triazole and thiazole derivatives
exhibit promising minimum inhibitory concentrations (MICs) of 100 μM and 60 μM, respectively.Therefore, a
multicomponent synthesis will be employed to access [3,2-c]thienocoumarins, aiming to evaluate their inhibitory
activity against Mycobacterium tuberculosis.

Using the Farapjour method, we were able to obtain four analogs (this research is ongoing), as outlined in
Scheme 1. These scaffolds are of interest due to their potential biological activity and structural versatility. Compound
TC-1 is the only derivative previously reported in the literature and was used as a reference for comparison. The
reaction employing heteroaromatic arylamines was not successful under the tested conditions, possibly due to
electronic or steric effects. Nevertheless, new arylamines are being explored to expand the scope of the reaction and
improve its applicability. The yields range from 8% to 31%, which are lower than those reported in the literature. We
are currently investigating the cause.

Scheme 1: Synthesis procedure and obtained scaffolds.

The biological assays are being conducted in the Department of Pharmacology, the method for inhibition
evaluation is Resazurin Microtiter Assay, and the expected date for the results is May 5. We will continue synthesizing
compounds to expand the scope, and once all reactions are completed, if an active compound is identified, the final
step will be to understand its mechanism of inhibition in the pathogen.
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According to the International Diabetes Federation (IDF), approximately 415 million adults aged 20 to 79 years 
worldwide were affected by diabetes mellitus in 2015. Estimates suggest that this number will rise to more than 640 
million by 2040, making diabetes mellitus (DM), particularly type 2 diabetes, a major global public health concern.1 
Glibenclamide, an active pharmaceutical ingredient (API) for medicines that treat DM, was developed by Pfizer and 
Remedy Pharmaceuticals Inc. and approved by FDA in 1984.2 It is one of the sulfonylureas available through Brazil’s 
universal public healthcare system (SUS), and is included in the emergency medication kit for public calamity situations, 
according to regulations of the Brazilian Ministry of Health.  
Although several strategies have been reported for its synthesis, most rely on extensive routes, long reaction times, 
the direct handling of highly toxic reagents, and often expensive starting materials.3 In this context, we have developed 
an innovative route to glibenclamide based on a two-step protocol consisting of an electroamidation followed by addition 
to the corresponding isocyanate, also generated in situ by electrosynthesis (Scheme 1). After optimizations, starting 
from the commercially available carboxylic acid 1 and amine 2, the intermediate 3 was obtained in 70% yield in batch 
conditions. In the second step, an in situ protocol for the generation of cyclohexyl isocyanate from the corresponding 
oxamic acid 4 was applied, which, upon reaction with intermediate 3, afforded glibenclamide in 43% yield. The yields 
of batch conditions are under final investigation, and we intend to transpose both steps to continuous-flow conditions, 
in order to improve the reaction conditions, yields, sustainability and scalability. 
 

 
 

Scheme 1: Glibenclamide synthesis under batch electrochemical conditions. 
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Midazolam (I) is a benzodiazepine derivative widely employed as a sedative, anxiolytic, and anesthetic induction agent.1
Its conventional synthesis involves construction of the 1,4-benzodiazepine core, followed by a key oxidative 
aromatization step that provides the stability and bioactivity required for the final active pharmaceutical ingredient.1–3 In 
this work, a continuous-flow process for the oxidative aromatization of the non-aromatic precursor of midazolam (II) 
was developed using a packed-bed reactor containing Manganese dioxide (MnO2) as a heterogeneous oxidizing 
agent.4 A process optimization was development applying a full factorial 2³ design of experiments (DoE) and the
evaluating variables were: substrate concentration (0.017–0.025 g mL ¹); temperature (70–110 °C); MnO mass (4–6 
g), at a fixed residence time of 30 min. The conversion was determined by HPLC-PDA and NMR spectroscopy. All 
investigated variables showed statistically significant effects on the process, with temperature being the most influential 
factor. Under the optimized conditions (0.017 g mL ¹ substrate concentration, 110 °C, 6 g MnO ), conversions higher 
than 99% were achieved with a residence time of only 30 min. Compared with the corresponding batch process (97% 
conversion in 12 h), the continuous method provides higher productivity, shorter reaction times, and reduced waste 
generation.

Scheme: Reactional scheme for base Midazolam obtention.
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Midazolam (I) is a benzodiazepine widely used in clinical practice, whose pharmacological activity depends on the 
presence of a conjugated heteroaromatic system. The final step of its synthesis involves the oxidative dehydrogenation 
of a non-aromatic intermediate, which is critical for obtaining the active compound.1 Conventional methods employ 
stoichiometric oxidants, such as manganese dioxide and permanganates, which present limitations related to waste 
generation, low sustainability, and the need for additional purification steps.2 In this context, more sustainable 
approaches have been investigated, including the use of molecular oxygen and catalytic processes under milder 
conditions, providing higher selectivity and efficiency.3 However, the application of this step in continuous flow systems 
remains limited and highlights a significant gap, representing a major challenge for the implementation of more modern 
and integrated synthetic routes.3,4 This work proposes an innovative continuous process for the synthesis of midazolam 
base (I) through photocatalysis-mediated oxidative dehydrogenation under visible light irradiation.3 The method 
employs tetrafluoroborate of 2,4,6-triphenylpyrylium (TPPT) as a photocatalyst, capable of promoting electron transfer 
reactions leading to the formation of the heteroaromatic system (Scheme). The reaction is carried out using an imidazo-
benzodiazepine precursor (II) under controlled conditions of irradiation, solvent, and reaction atmosphere. The 
continuous flow strategy provides improved operational control, reduced reaction time, and decreased use of 
conventional oxidizing agents. Reaction progress was monitored by HPLC, confirming the formation of midazolam 
base. Although feasibility was demonstrated, the initial results showed low yields and limited purity, indicating the need 
for optimization of reaction parameters. Nevertheless, this study contributes to the development of more sustainable 
and efficient synthetic routes, highlighting the potential of photocatalysis in continuous systems for pharmaceutical 
industry applications. The initial results indicate that photocatalysis constitutes a promising approach for this system, 
being applied through a continuous flow process. These results demonstrate that optimizing the photocatalytic 
conditions significantly increases the efficiency of oxidative dehydrogenation, highlighting the feasibility of this new 
process.

Scheme: Reaction for the synthesis of midazolam base (I) via photocatalysis.
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Oxazoles are heterocycles characterized by the presence of oxygen and nitrogen atoms at the 1 and 3 positions of 
their structure, respectively. The efficient synthesis of oxazoles has been of significant interest, as the oxazole core 
finds applications in medicine, chemistry, and agriculture.1 According to Ramos (2024)2, its presence in various drugs 
is associated with a wide range of biological responses, including antibiotic, antiviral, antitumoral, and antifungal 
activities. In this context, benzoxazoles formed by the fusion of an oxazole ring to a benzene ring also stand out, 
being widely used in biochemical and pharmaceutical derivatives, as well as in several industrial applications.3 

Therefore, investigating new and efficient synthetic routes is an ongoing target for preparing of such heterocycles.In 
this sense, the present work describes a study of synthetic pathways for obtaining benzoxazole derivatives from the 
reaction between acid chlorides and o-aminophenol, followed by cycling the benzamide pyridinium p-toluenesulfonate 
(PPTS) as an acid catalyst under microwave irradiation, as illustrated in Scheme 1. According to Santos (2021)4, 
microwave irradiation technology surpasses conventional heating by offering superior heating rates and the capacity 
for selective heating, in which energy is absorbed directly by the reagents or solvents without contact with the heat 
source. Such characteristics result in significant benefits, including increased yields and selectivity, as well as a 
reduction in thermal decomposition.The synthesized structures were duly confirmed by 1H and 13C NMR 
spectroscopic techniques. 
 

 

Scheme 1:Formation of 2-substituted-benzoxazole  
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Triazoles are an important class of five-membered aromatic heterocyclic compounds containing three nitrogen atoms, 

widely explored in medicinal chemistry and materials science.1 Among their isomers, N2-1,2,3-triazoles are 

considerably less common than N1-1,2,3-triazoles and N4-1,2,4-triazoles. In parallel, coumarins have been extensively 

investigated, both in the formation of azo compounds2a and in the construction of triazole cores2b. However, studies 

involving N2-1,2,3-triazole-containing coumarins remain scarce3, revealing a significant gap in understanding their 

potential applications. The present work describes the synthesis of azocoumarins (3a–m) via diazotization reactions 

between 4-aminocoumarins (1a–b) and diazonium salts (2a–h) in ethanol at room temperature for 3 h, followed by 

Cu(II)-mediated oxidation using Cu(OAc)₂ in CH₃CN at 80 °C for 2 h to afford new N2-1,2,3-chromenotriazoles (4a–h). 

The compounds were characterized by spectroscopic techniques (¹H, ¹³C, and 2D NMR, FTIR, and HRMS), and 

structural elucidation was further confirmed by X-ray crystallography of intermediate 3a, which demonstrated a 

preference for the enamine tautomer stabilized by hydrogen bonding (Scheme 1).

Scheme 1: Synthesis of chromenonetriazole 4a-h.
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Since the introduction of the 12 Principles of Green Chemistry by Anastas and Warner, the development of sustainable 
synthetic methodologies has expanded considerably, particularly through the search for alternative energy sources that 
minimize the need for catalysts and stoichiometric redox agents. In line with Principle #6 (design for energy efficiency), 
visible-light-mediated reactions have emerged as a powerful and sustainable tool for organic transformations under 
mild conditions.1 In parallel, 2,3-dihydrobenzofurans constitute an important class of heterocycles, serving as building 
blocks for the synthesis of complex molecules and exhibiting great potential for biological application.2 In this context, 
we report hereina new methodology for the synthesis of chalcogen-decorated 2,3-dihydrobenzofurans 3 under blue-
light irradiation, without the need for photocatalysts, oxidants, or additives.
The methodology developed in this work consists of the visible-light-mediated reaction between 2-allylphenols 1 and 
diaryl dichalcogenides 2. To establish the best reaction conditions, a series of optimization experiments was performed, 
evaluating the influence of stoichiometry, solvent, reaction time, and light wavelength. The best results were obtained
using 0.3 mmol of substrate 1, 1.3 equivalents of dichalcogenide 2, and acetonitrile (2.0 mL) as the solvent, under 
argon atmosphereand blue light irradiation (Kessil PR160L, λ max = 440 nm) for 16 h, affording 3a in 96% yield
(Scheme 1). With the optimized reaction condition in hands, the reaction scope was then explored with substrates 
bearing electron-donating and electron-withdrawing groups, furnishing a library of 18 derivatives 3a-r, in yields ranging 
from 20% to 96%. Control experiments (TEMPO, DPE) and UV–Vis analysis support a radical pathway initiated by 
direct photolysis of the Se–Se bond, consistent with the lower yields observed for electron-deficient diselenides. The 
protocol was also scaled up to 3.0 mmol, delivering 3a in 76% yield.
In summary, the protocol reported herein represents an efficient and sustainable alternative for the synthesis of
chalcogen-functionalized 2,3-dihydrobenzofurans, aligning with the principles of green chemistry through the use of
visible light as the energy source and the complete absence of external oxidants, additives, and metal-based 
photocatalysts. Instead, the diorganyl dichalcogenide itself acts as the light-absorbing species that initiates the radical 
pathway. Overall, this work expands the toolkit of light-mediated organochalcogen chemistry and offers a simple, 
operationally friendly route to bioactive heterocyclic scaffolds.

Scheme 1: Into a reaction vial was added the 2-allylphenol derivative 1a-f (0.3 mmol), 2a-h (1.3 equiv, 0.2 mmol), and MeCN (2.0
mL). The resulting mixture was stirred under blue light irradiation (Kessil PR160L, λmax = 440 nm) for 16h.
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Benzothiazoles are privileged sulfur-containing heterocycles widely present in pharmaceuticals, bioactive compounds, 
and functional materials. Conventional synthetic approaches to prepare this class of compounds generally rely on 
oxidative cyclization under harsh conditions and long reaction times in the presence of stoichiometric oxidants. 
Therefore, the development of sustainable and efficient synthetic routes remains highly desirable.1,2 
The merger of photochemistry and continuous-flow processing represents an attractive strategy due to improved 
photon transfer, enhanced safety, precise control of reaction parameters, and facile scalability.3,4 Herein, we report a 
photocatalyzed continuous-flow methodology for the synthesis of benzothiazoles from 2-amino(disulfides) and alcohols 
under blue LEDs irradiation. 
Initial transfer of the optimized batch conditions to flow mode revealed a strong influence of lamp power and residence 
time. Moderate conversions were obtained at 50–100 W (53–58%), while 200 W increased conversion to 70%; higher 
irradiation (300 W) led to substrate/product degradation. A residence time of 10 min was identified as the best 
compromise between high conversion and productivity. 
To systematically optimize the process, two sequential Design of Experiments (DoE) studies were conducted. The first 
design delivered 87% conversion using 4 equiv of benzyl alcohol, 20 mol% photocatalyst, and 200 W irradiation. A 
second expanded DoE identified light intensity as the most influential factor and enabled conversions up to 97% under 
8 equiv benzyl alcohol, 30 mol% photocatalyst, and 300 W. Response-surface analysis confirmed a broad high-
performance operational region. 
These findings demonstrate the potential of integrating photochemistry, continuous-flow technology, and statistical 
optimization for efficient benzothiazole synthesis, opening perspectives for broader scope and future scale-up studies. 

 

Scheme. Photocatalyzed synthesis of Benzothiazoles. 
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Thiamethoxam (I) is one of the most widely used insecticides in the world, belonging to the neonicotinoid chemical 
class.1,2 Introduced to the market in the late 1990s, it revolutionized pest control due to its high efficiency at low doses 
and its versatility of application. Thiamethoxam is characterized as a synthetic organic compound with a specific 
molecular formula. It features an oxadiazine ring, which chemically distinguishes it from the first generation of 
neonicotinoids.Thiamethoxam can be synthesized through an SN2 nucleophilic substitution reaction between the 
oxadiazine (II) intermediate and thiazole (III) under basic conditions using K CO , catalyzed by KI.3 Among the variables 
investigated, potassium iodide loading proved to be the most critical parameter: increasing the catalyst amount to 5 
mol% raised conversion to 94% after 5 h at 45 °C. Kinetic studies also showed that prolonged reaction times reduce 
selectivity and promote by-product formation, defining an optimal reaction window between 5 and 7 h Product isolation 
and crystallization were identified as the most critical downstream stages due to significant mass losses during 
purification. These steps were optimized through solvent screening and crystallization studies. Dichloromethane 
showed the best performance during filtration and product recovery, while selective washing/crystallization with ethyl 
acetate provided isolated yields of 78–80 % and final purity of 97–99 %, demonstrating a robust and scalable route to 
Thiamethoxam. The next stage of development will focus on expanded crystallization screening with alternative 
solvents to reduce solvent consumption during purification, as well as reaction calorimetry and exothermicity studies to 
evaluate how temperature deviations influence impurity and by-product formation.

Scheme: Synthesis of thiamethoxam between the oxadiazinic intermediate and the thiazolic derivative, in a basic medium (K CO ) 
via potassium iodide (KI) catalysis.
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A series of fluorogenic heterocyclic azides were prepared and assessed as reductase substrates across a selection of 
Gram-negative and Gram-positive microorganisms. The majority of these azides showed similar activity profiles to 
nitroreductase substrates. Microorganisms that do not produce hydrogen sulfide reduced the azides, indicating 
reductase activity was not linked to hydrogen sulfide production. 

 
 

 
 

Scheme 1. Detection of reductase activity via azide reduction. 
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Introduction: Nitroheterocycles comprise a class of compounds with broad application in the treatment of parasitic diseases [1]. Two 
representative examples of this class are the drugs nifurtimox, a nitrofuran derivative, and benznidazole, a nitroimidazole derivative. 
The mechanism of action of these molecules involves the bioactivation by nitroreductase enzymes (NTR), which during reduction 
process of nitro groups yields toxic metabolites that cause parasite death [2,3]. In this work, compounds containing a nitroheterocyclic 
moiety were designed to achieve a dual mechanism of action targeting nitroreductase (NTR) and the Leishmania cysteine protease 
CPB. Cysteine proteases of Leishmania have diverse functions, ranging from macrophage infection to cellular differentiation and the 
progression of lesions caused by the parasite [4]. In addition, they are involved in the parasite’s growth, viability, and pathogenicity 
[5,6]. To this end, the NTR recognition portion of the molecules were combined with an amino acid substituted with a warhead moiety, 
capable of covalently binding to cysteine residue in CPB. Methods: A series of carbamates bearing nitrofuran, nitrothiophene, 
nitrobenzene, or nitroimidazooxazole moieties, an L-phenylalanine portion, and nitrile warheads targeting cysteine residues was 
designed. Scheme 1 outlines the synthetic route. The first step involved the reaction of Boc-L-phenylalanine (1) with the warhead 
moiety (2-aminoacetonitrile or 1-aminocyclopropanecarbonitrile) using HATU as a coupling agent and DIPEA as a base, affording 
intermediate (2) in yields ranging from 37 to 40 %. Subsequently, Boc deprotection was carried out with acetic acid, yielding compound 
(3), which was neutralized with sodium bicarbonate during liquid–liquid extraction to provide the free amine. This intermediate was 
then reacted with nitroheterocyclic reagents using carbonyldiimidazole (CDI) and DIPEA, affording the desired carbamate derivatives 
(4-7). Results: Six carbamates were obtained and characterized by NMR and HRMS, with average yields of 20%. These compounds 
were evaluated against CPB enzyme, with IC  values ranging from 1.38 to 0.39 μM. Cytotoxicity was assessed in murine peritoneal 
macrophages and all compounds showed CC  values higher than 240 μM. Two compounds were evaluated against Leishmania 
amazonensis, with EC  values of 3.096 μM (SI ~96.89), and 10.247 μM (SI ~ 23.83). Conclusions: Results indicate that dual-
targeting sign yielded potent in vitro leishmanicidal compounds. Evaluation of the full series will provide valuable insights into the 
structure–activity relationships of these carbamates. 
 

 

Scheme 1: Synthetic route for carbamate series.  
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The 4-quinolone nucleus is a privileged scaffold widely explored in medicinal chemistry due to its structural and
biological versatility. In this context, the introduction of nucleoside-mimetic motifs into the 4-quinolone framework
represents a promising strategy for the development of novel antiviral agents. Herein, we report the design and
synthesis of a new series of 4-quinolone-based acyclonucleosides (1a-j) and their corresponding isobutyrate
prodrugs (2a-j), aiming to investigate the impact of esterification on antiviral activity and physicochemical properties
(Scheme 1).  The synthetic approach involved a one-pot procedure starting from substituted 4-quinolones, including
an initial silylation step followed by nucleophilic addition of 1,3-dioxolane to afford the acyclonucleoside derivatives.
Subsequent functionalization with isobutyric anhydride afforded the efficient preparation of the corresponding
prodrugs in satisfactory yields.

Scheme 1: Synthetic design for the preparation of quinolone-based acyclonucleoside isobutyrates 2.

All compounds were fully characterized by spectroscopic methods. Their antiviral activity was evaluated against
SARS-CoV-2 in HuH-7 and Calu-3 cell lines. Several derivatives exhibited significant inhibition of viral replication, with
selected compounds showing ≥ 80% inhibition in both cellular models. Notably, the incorporation of the isobutyrate
moiety consistently enhanced antiviral activity, highlighting the relevance of the prodrug strategy in modulating
antiviral performance.

Acknowledgements: We thank PPGQ-UFF, CAPES (Finance code 001), FAPERJ and CNPq.

References:
1- Xu, H.; Li, B. et al. Privileged scaffold repurposed: the evolving role of quinolone derivatives in antiviral therapy.
Bioorg Med Chem Lett., 2026, 130, 130427
2-Mahajan, S.;  Choudhary, S. et al. Antiviral strategies targeting host factors and mechanisms obliging +ssRNA viral
pathogens. Bioorg Med Chem, 2021, 46, 116356.
3-Lucero BD et al. Quinolonic acyclovir analogues. Bioorg Med Chem Lett., 2006, 16, 1010-1013.

54



 
 

Synthesis of 1,2,3,4-Tetrahydroquinolines through N-Arylation of Adducts 
of the Ugi 5-Center-4-Components Reaction 

Vinicius M. Felix,a Thiago S. Silva,a Márcio W. Paixãoa  

a Laboratory for Sustainable Organic Synthesis and Catalysis, Department of Chemistry, Federal University of São Carlos – 
UFSCar, 13565-905 São Carlos, São Paulo, Brazil. 

Email: mwpaixao@ufscar.br 

The modular synthesis of 1,2,3,4-tetrahydroquinolines (THQs), alkaloid compounds of significant structural relevance, 
is highlighted by their presence in bioactive compounds, pharmaceuticals, and natural products, and can be achieved 
through various synthetic routes with different degrees of substitution.[1] Therefore, the approach described in this 
project is based on the combination of the Ugi five-center four-component multicomponent reaction, using amino acids 
as bifunctional reagents, followed by an N-arylation cyclization step. Appropriate selection of multicomponent reaction 
substrates will provide access to functionalized intermediates suitable for efficient cyclization. 
Two distinct methodologies are currently being investigated for the cyclization step. The first approach involves 
exploring base-catalyzed nucleophilic aromatic substitution (SNAr) reactions,[2] which have already enabled the 
synthesis of a glycine-decorated tetrahydroquinoline. The second approach focuses on metallaphotoredox C-N 
couplings, aiming to expand the scope of THQs obtained from Ugi adducts and to circumvent epimerization issues 
commonly observed in related transition-metal cross-couplings.[3] Additionally, improvements in the diastereoselectivity 
of the central Ugi reaction are currently being pursued. 
 

 

Scheme 1: Exploring the Ugi 5C-4CR en route to asymmetric synthesis of Tetrahydroquinolines from amino acids.  
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Amino acids are the fundamental monomers of peptides and proteins, featuring a basic structure composed 
of a central (α) carbon bonded to amino and carboxyl groups, as well as a variable side chain that defines their chemical 
properties.1 Although nature predominantly utilizes a set of 20 canonical amino acids, advances in synthetic and 
medicinal chemistry have expanded the interest in unnatural amino acids (UAAs) due to their ability to modulate 
metabolic stability, solubility, and lipophilicity.2 In parallel, compounds containing nitrogen- or sulfur- heterocycles stand 
out in medicinal chemistry, making them valuable building blocks in the development of UAAs and peptidomimetics 
with high affinity and selectivity. In this context, cysteine proteases, nucleophilic enzymes essential in various 
pathological processes, emerge as strategic therapeutic targets, driving the design of new inhibitors based on 
structurally optimized UAAs.3

Therefore, this work aims at the synthesis and development of unnatural amino acids (UAAs) containing 
different heterocyclic cores, targeting their application as building blocks in peptidomimetic inhibitors of cysteine 
proteases, such as SARS-CoV-2 Mpro, cruzain (Cz), and human cathepsin L (hCatL). The proposed methodology 
comprises three steps: (i) the synthesis of the precursor N-(Boc)-3-iodo-L-alanine methyl ester following a protocol 
adapted from Atmuri and Lubell (2015)4; (ii) the obtainment of UAAs through Negishi cross-coupling based on the 
protocols of Dachwitz (2021)5 and Nimje et al. (2020)6; and (iii) structural characterization. In total, six UAAs containing 
the heterocycles pyridazine, pyrimidine, pyrazine, quinoxaline, benzothiophene, and indole were synthesized (Scheme 
1).

Scheme 1: Synthetic route for the obtainment of heterocyclic unnatural amino acids (UAAs) via Negishi cross-coupling. Synthesis of 
the iodinated precursor (B) from the L-serine derivative (A), followed by Negishi cross-coupling with different aryl bromides (C) to 

obtain structurally diversified UAAs (D).
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The 4-quinolone scaffold represents a versatile heterocyclic framework that can be readily modified at different 
positions, particularly at the nitrogen atom and the C-3 position, including a carboxamide moiety. Such structural 
modifications enable access to a wide range of derivatives with distinct functional and biological properties. In addition 
to the classical antimicrobial potential, 4-quinolone derivatives may act as antitumoral agents1, standing out as a 
promising molecular platform. Structural derivatization of this system has generated derivatives with antitumor activity
both in vitro and in vivo.2 In this work, we report the synthesis and characterization of a novel series of phosphoramide-
linked 4-quinolone-3-carboxamides (7). Different derivatization strategies were explored, aiming to expand the 
structural diversity off the system and to support future structure–activity relationships (SAR) studies. To date, 15 
derivatives have been obtained in yields ranging from 33% to 89% through the reaction of 4-quinolone-3-carboxamides 
(3) with diisopropyl N-(3-chloropropyl)phosphoramidate (6) under optimized conditions. In addition, precursor 4-
quinolone-3-carboxamides not previously reported in the literature were also synthesized. All compounds and
intermediates were characterized by IR spectroscopy and ¹H, 13C and 31P NMR. The synthesized phosphoramide-
containing derivatives, along with their corresponding precursors, are currently under in vitro evaluation against 
melanoma cell lines (A375 and SK-MEL). These results highlight the synthetic flexibility of the 4-quinolone core and 
demonstrate the feasibility of introducing phosphorus-containing functionalities into this heterocyclic system, 
contributing to the development of structurally diverse quinolone-based derivatives.

Scheme 1: Reaction conditions and yields for the synthesis of the target molecules 7.
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Fused N-heterocyclic systems serve as key scaffolds in medicinal chemistry due to structural diversity, established 
reactivity and druglike molecular properties. The pyrimido[6,1-a]isoindole ring system remains underexplored in 
synthetic and medicinal chemistry studies, despite its potential application in drug design. This work describes the 
synthesis of functionalized pyrimido[6,1-a]isoindole derivatives through a four-step sequence involving phthalimide 
reduction (Sn/HCl/AcOH, or Zn/AcOH), Vilsmeier-Haack transformation, and a Suzuki cross-coupling reaction. Final 
annulation with alkyl isocyanides yields the fused core1,2 (Scheme 1). These standard procedures enable efficient 
assembly of the fused core from readily available precursors, and substitutions at multiple positions to explore steric 
and electronic effects on the molecular scaffold. The synthesis of substituted pyrimido[6,1-a]isoindoles is expected to 
proceed under mild conditions and afford the target compounds in moderate to good yields. The synthetic approach 
accommodates late-stage functionalization, making it amenable for expanding chemical space and structure-activity 
relationship studies. This scaffold was selected in view of the potential compatibility with fragment-based drug discovery 
approaches3 to find innovative ligands for biologically relevant protein targets. Ongoing studies focus on developing a 
library of substituted pyrimido[6,1-a]isoindoles, and on the biological evaluation and physicochemical characterization 
of selected derivatives. Overall, this work expands the accessible chemical space around pyrimido-fused N-
heterocycles and supports their further exploration in a medicinal chemistry context. 
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Scheme 1: Synthetic route to pyrimido[6,1-a]isoindole derivatives. Reduction of phthalimide via Path A (Sn/HCl/AcOH) or Path B 
(Zn/AcOH) is followed by Vilsmeier–Haack reaction, Suzuki coupling, and annulation with alkyl isocyanides. 
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INTRODUCTION: Fungal diseases affect more than 6.55 million people annually, resulting in approximately 3.75 million 
deaths worldwide1. Despite the availability of four major classes of antifungal agents like polyenes, triazoles, 
echinocandins, and pyrimidine analogues, the prolonged use of these drugs has promoted the emergence of resistance 
among opportunistic pathogens, representing a major public health concern2,3. In this context, the development of new 
antifungal agents, particularly against Cryptococcus spp., is urgently needed. Medicinal chemistry strategies such as 
scaffold hopping and molecular simplification have proven valuable in generating novel bioactive compounds4,5. Here, 
these approaches were applied to obtain triazole derivatives inspired in inhibitors of chaperone Hsp90, a key protein 
involved in fungal survival, virulence, and drug resistance6,7. OBJECTIVE: Synthesize novel potential antifungal agents 
based on resorcinol aminopyrazole scaffolds using a metal-free route to obtain 1,2,3-triazole derivatives. METHODS: 
Target compounds were synthesized through a two-step protocol. First, amide bonds were formed via coupling 
reactions between amines and carboxylic acids using EDCI and OxymaPure® as activating agents8. Subsequently, a 
triazole moiety was introduced via a triazolization reaction9 involving an amine, a ketone, and 1-azido-4-nitrobenzene 
in toluene (Scheme 1). RESULTS: In the amide coupling step, 3-acetylbenzoic acid and 5-acetylsalicylic acid were 
reacted with isoindoline hydrochloride (yields of 42% and 14%, respectively) and pyrrolidine (33% and 5%, respectively) 
to obtain the first ketone derivatives to use in step 2. In the triazolization reaction, the free hydroxyl group did not 
interfere with triazole formation; however, yields varied widely across the different scaffolds, making it impossible to 
establish a relationship between structure and yield, which ranged from 3% to 75%. CONCLUSION: A total of four 
compounds bearing the isoindoline moiety were obtained, including analogues with and without a hydroxyl substituent 
on the aromatic ring and incorporating either m- or p-methoxybenzylamine fragments. For the pyrrolidine derivatives, 
so far only the p-methoxybenzylamine analogue was successfully obtained under the evaluated conditions. The 
proposed synthetic strategy proved effective for generating Hsp90 inhibitor-inspired compounds, which represent 
promising candidates for antifungal drug development. 

 
Scheme 1. General synthetic route for the preparation of the target compounds.  
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5,6-Fused bicyclic heteroaromatic cores containing azine moieties are widely present in drugs and other biologically 
active compounds1–3. However, due to the electron-deficient nature of azines, the C–H functionalization of this ring to 
synthesize these fused compounds can be challenging4. In this way, we expanded the application of a C–H annulation 
strategy already used for pyridine analogues5 to synthesize furo[2,3-d]pyrimidines. Using a three-step route 
(Scheme 1), we first synthesized the α-aryl ester from 5-iodopyrimidine. The conditions of the Ullmann-type reaction6,7 
were optimized (Table 1), and the conditions in entry 1 were selected. In the sequence, N-oxidation was achieved in 
55% yield. For the heterocyclization, we started with the optimized condition for the furo[2,3-b]pyridine core5 (entry 1, 
Table 2). But using anhydride, the higher yield (81%) was achieved in entry 2 (Table 2), and when acetyl chloride was 
used as the acyl source, the higher yield (43%) was obtained under the conditions in entry 10 (Table 2). The results so 
far have demonstrated the feasibility of this synthetic route for obtaining the furo[2,3-d]pyrimidine core via C–H 
annulation. 

 
Scheme 1. Synthetic route for furo[2,3-d]pyrimidines. 

Table 1. Optimization of reaction conditions for the synthesis of α-aryl-esters. 1 mmol scale. *Starting material recovery. 

Entry Copper source 
(0.1 equiv) 

Ligand 
(0.2 equiv) 

Additive 
(3 equiv) 

Solvent 
(2 mL) 

Temperature/ 
time Yield (*) 

1 CuI 5-F-picolinic acid - DMF 80 °C, 24h 40% (55%) 
2 CuI L-proline - DMF 80 °C, 24h 23% (60%) 
3 CuI 5-F-picolinic acid EtOH DMF 80 °C, 24h 24% (40%) 
4 CuBr 5-F-picolinic acid - DMF 80 °C, 24h 12% (60%) 
5 CuI 5-F-picolinic acid - DMF 80 °C, 48h 40% (30%) 
6 CuI (0.2 equiv) 5-F-picolinic acid (0.4 equiv) - DMF 80 °C, 24h 40% (21%) 
7 CuI Picolinic acid - DMF 80 °C, 24h 27% (10%) 

 
Table 2. Optimization of reaction conditions for the synthesis of furo[2,3-d]pyrimidines. 0.5 mmol scale. Reaction time: 18h. 

Entry Base (1.2 equiv) Acyl source (equiv) Additive (equiv) Solvent (3 mL)  Temperature  Yield 
1 DBU Acetic anhydride (6) DMAP (2) DCM 25 °C 73% 
2 DBU Acetic anhydride (6) DMAP (2) MeCN 25 °C 81% 
3 DBU Acetic anhydride (6) DMAP (2) MeCN 80 °C 81% 
4 DBU Acetic anhydride (3) DMAP (1) MeCN 25 °C 52% 
5 t-BuONa Acetic anhydride (6) DMAP (2) MeCN 25 °C 40% 
6 LiHMDS Acetic anhydride (6) DMAP (2) MeCN 25 °C 42% 
7 DBU Acetic anhydride (6) DMAP (1) MeCN 25 °C 71% 
8 DBU Acetyl chloride (6) DMAP (2) MeCN 25 °C 14% 
9 DBU Acetyl chloride (6) DMAP (3) MeCN 25 °C 22% 
10 DBU Acetyl chloride (6) DMAP (6) MeCN 25 °C 43% 
11 DBU Acetyl chloride (3) DMAP (3) MeCN 25 °C 33% 
12 DBU Acetyl chloride (12) DMAP (12) MeCN 25 °C 35% 
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A practical and efficient palladium-catalyzed carbonylative Heck–Matsuda reaction has been developed for 
the synthesis of aryl γ-butyrolactones and δ-valerolactones bearing quaternary stereocenters directly from readily 
available allylic alcohols. Using ex situ carbon monoxide generation via a two-chamber COware® system, the protocol 
enables rapid access to structurally diverse lactones in excellent yields of up to 99% under operationally simple 
conditions. The methodology displays broad substrate scope and high tolerance toward electronically diverse 
arenediazonium salts as well as sterically differentiated allylic alcohols. 
 

The asymmetric variant of the transformation was also investigated using chiral N,N-ligands, providing 
enantioenriched γ-butyrolactones with enantiomeric ratios of up to 80:20. Additionally, the method enables 
straightforward and cost-effective incorporation of 13C isotopic labels at the lactone carbonyl through the use of 13C-
formic acid as the carbon monoxide precursor. 
 

This strategy provides a valuable synthetic platform for the preparation of isotopically labeled and 
enantioenriched γ-butyrolactone scaffolds of significant interest in medicinal chemistry, mechanistic studies, and 
synthetic methodology development. 

 

 

Scheme 1: Strategy for the synthesis of γ-butyrolactones adopted in this work. 
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In this study, we report the design, synthesis, structural characterization (1H- and 13C-NMR, HRMS, and single-crystal 
X-ray diffraction analysis), and microbiological evaluation of two novel series of N-(4,6-dialkyl(aryl/heteroaryl)-
pyrimidinyl)-1H-(benzo[d]thiazolyl)-2-amines (4a-e) and their N-methylated derivatives (5a-e) as dual antibacterial and 
antifungal agents. Compounds 1 and 4 were obtained according to similar procedures already described in the 
literature1,2 and the reaction conditions for obtaining series 5 are shown in Scheme 1.  
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Scheme 1. Design, synthesis, structure and microbiological study overview for compounds 4 and 5. 

A structure–activity relationship (SAR) analysis indicated that N-methylation at the exocyclic nitrogen significantly 
enhances the anti-staphylococcal activity.3 In silico ADME profiling and molecular docking simulations were conducted 
to correlate structural features with biological performance.4The  results revealed favorable binding energies and 
increased hydrophobic and π-interactions for the N-methylated derivative 5d (R5 = R6 = 4-OMeC6H4), supporting a 
relationship between structural modification and enhanced activity. Compound 5d showed potent inhibition of S. aureus 
(MIC = 0.25 μg/mL) and fungistatic activity against Candida spp. (MIC = 4 μg/mL), while maintaining acceptable drug-
likeness based on ADME predictions.5 These findings provide mechanistic insight and identify N-methyl-N-(pyrimidin-
2-yl)-1H-benzo[d]thiazolyl-2-amine scaffolds 5 as promising candidates for further antimicrobial optimization.
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Pyrimidine and coumarin-based scaffolds occupy a prominent place in medicinal chemistry due to their well-
documented and several biological activities, including antitumor1, anticoagulant2, and antibacterial3 effects. Building 
on this pharmacological relevance, the strategic combination of these two privileged structures through molecular 
hybridization represents a promising approach for the development of new antibacterial heterocyclics agents. Since 
both coumarin and pyrimidine nucleus individually exhibit antibacterial properties, their fusion into a single molecular 
framework may enhance biological performance and broaden therapeutic potential. In this context, a straightforward 
and environmentally benign synthetic strategy was developed, aligned with green chemistry principles. A one-pot 
multicomponent reaction was employed to access a chromene-based hybrid, using equimolar amounts of 
4-hydroxycoumarin 1, 2-aminopyridine 2, and benzaldehyde 3. This efficient approach led to the formation of 
7-phenyl-6H,7H-chromene[4,3-d]pyrido[1,2-α]pyrimidin-6-one 4 in excellent yield. Reaction kinetics were 
systematically investigated by evaluating the influence of catalyst type, solvent, temperature, reaction time, and reagent 
proportions. These studies enabled the establishment of optimized conditions, resulting in a fast, robust, and highly 
reproducible protocol (Scheme 1). A key feature of this methodology is the combination of a one-pot procedure, without 
the isolation of intermediates, with a recyclable ionic liquid catalyst 5, synthesized from a polymeric matrix 
(polyethyleneimine) combined with a heteropolyacid (phosphotungstic acid).  
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Scheme 1: Synthesis of the hybrid obtained by combination of pyrimidine and coumarin nucleus. 

Under these optimized conditions, the target hybrid was obtained in 91% yield, highlighting the efficiency and 
sustainability of the process. To explore structural diversity, the aldehyde core was systematically modified, leading to 
the obtainment of sixteen additional derivatives. All compounds were isolated and fully characterized by NMR and 
infrared spectroscopy, with yields ranging from 22% to 99%. 
The antibacterial potential of the synthesized hybrids was evaluated through minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC) assays against Staphylococcus aureus and Escherichia coli. The 
biological results were encouraging, revealing strong inhibitory activity for four derivatives and moderate antibacterial 
effects for eight others. Overall, the results demonstrated that the developed one-pot strategy is highly effective for 
molecular hybridization, providing access to a relevant class of chromene–pyrimidine hybrids with significant potential 
as antibacterial drug candidates. 

Acknowledgements: The authors acknowledge the financial support provided by UEG, CAPES, CNPq, and FAPEG. 

References:  
1. Chiacchio, M. A.; Ianazzo, D.; Romeo, R.; Giofrè, S. V.; Legnani, L. Current Medicinal Chemistry, 2020, 26, 7166. 
2. Mustafa, Y. F.; Mohammed, E.T.; Khalil, R. R. Egyptian Journal of Chemistry, 2021, 64, 4461. 
3. Jebir, R.M.; Mustafa, Y. F. Eurasian Chemical Comunication, 2022, 4, 692. 

63



O OHO O

O

HO
O

N

HO

S

N OH
S

N

HO

Ar =

7-Hydroxyflavone 2-(1,3-Benzoxazol-2-yl)phenol

2-(1,3-Benzothiazol-2-yl)phenol 6-(1,3-Benzothiazol-2-yl)-2-naphthol

4-Methyl-umbelliferone

O

N
H

Ar
O

HN

Ar

H

H+

HN

HO Ar+H3N
O

L-AlaAP 1,6-elimination

H2N

OH

H2O

Weakly fluorescent
Fluorescent

Cl-

1 3
2

64



Metal-Free and Visible-Light-Driven Multicomponent Synthesis of 
Chalcogenated Pyrazoles 

Pâmella Cordeiro,a João Pedro S. S. C. Thomaz,b  Matheus G. Theodorio,b Antonio L. Bragaa and Vanessa 
Nascimentob  

aLabSelen, Department of Chemistry, Universidade Federal de Santa Catarina, SC, Brazil 

bSupraSelen Laboratory, Department of Organic Chemistry, Universidade Federal Fluminense, RJ, Brazil 

Email: pamellacordeiro@id.uff.br  

Pyrazole derivatives are an important class of heterocycles with broad applications in medicinal chemistry, materials 
science, and catalysis due to their unique electronic structure and versatile functionalization.1 The introduction of 
chalcogen elements into heterocyclic frameworks is an efficient strategy to modulate molecular properties, benefiting 
from the high polarizability and directional noncovalent interactions of sulfur and selenium. In this work, we report a 
mild, multicomponent, visible-light-driven and photocatalyst-free approach or the synthesis of an unprecedented class 
of chalcogen-containing pyrazoles.2 Initially, the reaction conditions were carefully optimized by systematically varying 
the light source, irradiation power, photocatalyst, additives, reaction time, temperature, solvent, and iodine source. This 
study revealed that the best performance was achieved under additive- and photocatalyst-free conditions using catalytic 
iodine under blue LED irradiation (50 W) for 12 h in ethyl acetate as a greener solvent. The substrate scope was 
expanded to a broad range of diselenides and, for our delight, disulfides, as well as diverse hydrazines, enabling the 
synthesis of more than 30 structurally diverse chalcogenated pyrazole derivatives. Finally, the synthetic utility of the 
method was demonstrated through derivatization of the main product via a Clauson-Kaas reaction, providing access to 
more complex molecular architectures (Figure 1). This operationally simple, metal-free, and visible-light-promoted 
methodology provides an unprecedented and efficient platform for the synthesis of structurally diverse chalcogenated 
pyrazoles containing both selenium and tellurium motifs, a transformation not previously described for these two 
chalcogen classes under unified conditions. 

Figure 1: Synthesis of 4-arylchacogenyl-1H-pyrazoles. 
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The benzothiazole nucleus is part of a class of bioactive molecules, featuring a benzene ring followed by a thiazole 
ring. According to Bandock et al., (2010), this nucleus is the basis of many drugs, as it has interesting biological 
properties such as antitumor agent, neurotransmitter blocker, among others. Other types of biological activity include: 
antifungal, antiviral, antibacterial, antitumor, antimalarial, antidiabetic, antischizophrenic, and anti-inflammatory. 
 
Gawali et al., (2018) studied the obtaining of benzothiazole nuclei using 2-bromomethylacetophenone derivatives, 
thiourea, reflux, 8-12 hours, and ethanol, with yields of 89-96%. These compounds were used as reaction intermediates 
for the synthesis of dihydro-2-(4-(4-methoxyphenyl)thiazol-2-yl)-1H-naphtho[1,2-e][1,3]oxazine compounds that 
exhibited significant HIV-1 RT activity inhibition compared to commercial drugs such as Zidovudine and Efavirenz. 
 
In the works of SHEN et al., (2010); WAN, (2010) several modifications to the original procedure are proposed, since 
the reaction requires heating at high temperatures, requires prolonged time and results in low yield at the end of the 
reaction. Some of these changes include the use of Lewis acids for catalysis, the absence of solvents, and the 
application of microwave energy. 
 
Considering that the benzothiazole nucleus is important for the synthesis of new drugs and bioactive compounds, the 
methodologies of synthetic routes for obtaining products derived from these compounds are continuously studied so 
that new routes can be optimized in order to improve yield, cost and reaction time. Thus, the present study aims to 
optimize the synthetic route for obtaining benzothiazole nucleus derivatives through a multicomponent reaction, in order 
to improve time and yield, reducing the use of toxic solvents (Scheme 1). 
 

 

Scheme 1: Reaction scheme for the synthesis of benzothiazole compound derivatives with thiourea. 

Benzothiazole nuclei showed relevant antimicrobial and antifungal activities against the tested bacteria 
(Staphylococcus Epidermidis -ATCC 12228, Staphylococcus Aureus -ATCC 6538P, Escherichia Coli -ATCC 25922, 
and Pseudonomas Aeruginosa -ATCC 9027), and yeasts (Candida krusei -ATCC 6258 and Candida albicans -ATCC 
10231) with moderately low minimum inhibitory concentrations (62.5-250 μg/mL). Furthermore, these same compounds 
exhibited low toxicity with HC50 between 1.59-4 mg/mL. The study confirms that the heterocyclic nuclei studied stood 
out, presenting moderately low minimum inhibitory concentrations. 
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In this work, we describe the synthesis of tetrasubstituted allenes (3) from keto-sulfoxonium ylides (2) and 

propargylic alcohols (1a) under mild reaction conditions. Sulfoxonium ylides act as carbene precursors and display high 
functional group tolerance, making them versatile tools for the development of new synthetic methodologies.  

Allenes, in turn, constitute a unique class of compounds featuring orthogonal π-systems, which impart distinct 
structural and electronic properties. The synthesis and derivatizations of highly substituted allenes can be challenging, 
particularly due to issues of regioselectivity. Therefore, the molecules synthesized in this study exhibit significant 
synthetic potential, as they incorporate two important functional motifs in organic chemistry.  

Finally, we propose a synthetic route toward heterocycles containing allenes using the methodology 
developed herein. In this synthetic route, we proposed the formation of the heterocycles isochromane (H1) and 
tetrahydroisoquinoline (H2) via intramolecular cyclization. 

 
Scheme 1: Possible heterocycles obtained using our developed metodology 
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Isoquinoline derivatives constitute an important class of nitrogen-containing heterocycles widely found in 
natural products and biologically active compounds, displaying relevant antitumor, anti-inflammatory, and analgesic 
properties. However, traditional synthetic approaches generally rely on transition-metal catalysis under harsh 
conditions, involving expensive catalysts, oxidants, and environmentally unfavorable reagents. In this context, 
electrosynthesis has emerged as an attractive alternative, offering improved atom economy, reduced waste generation, 
and milder reaction conditions. Herein, we report an efficient silver-mediated electrochemical methodology for the 
synthesis of substituted isoquinolines through intramolecular cyclization of 2-ethynylbenzaldehydes using ammonium 
acetate as a nitrogen source. The reactions were carried out in an undivided electrochemical cell employing a sacrificial 
silver anode and a graphite cathode under constant current conditions. Optimization studies demonstrated that the best 
results were obtained using a DMF/isopropanol mixture at 60 °C in the presence of LiClO4 as supporting electrolyte, 
affording the desired isoquinoline derivatives in yields up to 76%. 

 

Scheme 1: Silver-Mediated Cyclization via Electrosynthesis. 

Mechanistic investigations involving control experiments, cyclic voltammetry, ON/OFF electrolysis 
experiments, and density functional theory (DFT) calculations supported a non-radical anodic pathway involving in situ 
generation of Ag+ species from the sacrificial silver anode, followed by silver-mediated alkyne activation and selective 
6-endo-dig cyclization. Overall, this work demonstrates that sacrificial silver electrodes can efficiently mediate 
electrochemical annulation reactions for the preparation of isoquinoline derivatives under mild and sustainable 
conditions. The developed protocol represents a valuable contribution to modern organic electrosynthesis and 
sustainable heterocycle construction.1–3 
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The incorporation of trifluoromethyl groups into organic frameworks is often employed in medicinal chemistry, especially to improve
lipophilicity, hydrophobicity, metabolic stability, and overall physicochemical properties.1 In particular, trifluoromethylated heterocycles 
are highly valuable motifs due to their frequent presence in bioactive molecules. Among the approaches for C-CF3 bond formation, 
photochemical methods have attracted increasing attention, including transition-metal photocatalysis, organophotocatalysis, and 
electron donor–acceptor (EDA) activation. However, many of these methods rely on costly or hazardous trifluoromethylating reagents, 
such as Togni reagent, Umemoto reagent, or CF3I. In this context, trifluoromethanesulfonyl chloride (CF3SO2Cl) represents an 
attractive alternative due to its commercial availability, operational simplicity, and especially an efficient radical fragmentation profile, 
releasing CF3 radicals with extrusion of SO2 and chloride as byproducts. Although broadly employed in traditional radical chemistry 
and photocatalysis for the trifluoromethylation of arenes, alkenes, and difunctionalization processes, its application in EDA reactivity 
remains scarcely explored.2,3 Herein, we report one of the few examples employing CF3SO2Cl as an acceptor in EDA complex
activation, for the synthesis of trifluoromethylated tetrahydrofurans through visible-light-induced cyclization of homoallylic alcohols
(Scheme 1). The transformation proceeds in a highly diastereoselective fashion and was developed through two complementary 
protocols to accommodate substrates with distinct electronic profiles. In this sense, electron-rich aryl-substituted homoallylic alcohols 
undergo productive cyclization, affording the desired tetrahydrofurans in 40–76% yield, without the need of an additive, such as an 
external donor. In contrast, electron-poor substrates that showed low reactivity under this first condition were subjected to donor-
assisted conditions, using 1,3,5-trimethoxybenzene as an external donor, providing the cyclized products in 30–50% yield. Current 
efforts are focused on expanding the substrate scope, replacing the hydroxyl nucleophile with carboxylic acids and amines to access 
trifluoromethylated lactones and pyrrolidines, respectively. In parallel, mechanistic studies involving photophysical techniques and 
computational investigations are underway to elucidate the activation modes operating in both protocols.

Scheme 1 – synthesis of trifluoromethylated tetrahydrofurans through visible-light-induced cyclization of homoallylic alcohols
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Chagas disease is a neglected tropical disease caused by the flagellated protozoan Trypanosoma cruzi. The two clinically available 
drugs, benznidazole and nifurtimox, both nitro-heterocyclic compounds discovered empirically in the 1970s, present limited efficacy, 
particularly in the chronic phase of the disease, and are often associated with significant side effects1. In this context, the search for 
new heterocyclic prototypes with antiparasitic activity remains highly relevant. Thus, the present study focuses on the synthesis and 
antiparasitic evaluation of novel quinazoline–pyridine derivatives. Derivatives were obtained via a three-step linear synthetic route, as 
depicted in Scheme 1. In the first step, 2-cyanopyridine (1) was treated with sodium methoxide at room temperature under an inert 
atmosphere, leading to the formation of the corresponding methyl benzimidate intermediate. Subsequently, anthranilic acid was 
introduced, and the reaction mixture was heated under reflux for 6 h, affording 2-(pyridin-2-yl)quinazolin-4(3H)-one (2) in 89% yield2. 
In the following step, (2) was converted into the chlorinated intermediate through treatment with thionyl chloride (SOCl₂) and 
phosphorus oxychloride (POCl₃) in 1,2-dichloroethane (DCE) under reflux for 24 h, yielding 4-chloro-2-(pyridin-2-yl)quinazoline (2) in 
70% yield3. Finally, the key intermediate (2) underwent nucleophilic aromatic substitution with substituted anilines in N-methyl-2-
pyrrolidone (NMP) at 160 °C, providing the desired 4-amino-2-(pyridin-2-yl)quinazoline derivatives (4a-d) in excellent yields4. 

 
Scheme 1: Synthetic route for the preparation of quinazoline–pyridine derivatives (4a-d). 

Before the in vitro antiparasitic evaluation, the synthesized derivatives (4a-d) were screened for cytotoxicity in mammalian LLC-MK2 
cells after 96 h of treatment. Since these compounds exhibited low cytotoxicity, with CC₅₀ values ranging from 20 to 28 μM, they were 
selected for subsequent biological assays against Chagas disease. The compounds were evaluated against the three developmental 
forms of Chagas disease and exhibited pronounced trypanocidal activity against the trypomastigote form, with LD₅₀ values below 0.5 
μM, as well as relevant activity against the epimastigote form, with IC₅₀ values ranging from 1.5 to 10 μM. However, the molecules 
showed low activity against the intracellular amastigote form, possibly due to limited cellular permeation, which may be associated 
with their low aqueous solubility. Among the evaluated compounds, 4d emerged as the most promising derivative, exhibiting the best 
selectivity index, with an IC₅₀ value of 3 μM against the epimastigote form and an LD₅₀ value below 0.5 μM against the trypomastigote 
form of Chagas disease. 
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Chagas disease, caused by the protozoan Trypanosoma cruzi, affects approximately 6–7 million people worldwide 
and leads to more than 10,000 deaths annually¹. The T. cruzi proteasome, a key multisubunit complex of the 
ubiquitin–proteasome system, represents a promising target for antiparasitic drug development². Initially, two 
heterocyclic compounds from the LASSBio® synthetic chemical library, LASSBio-458 (4-(((3-(benzyloxy)-8-
methyl-6-phenyl-6H-pyrazolo[3,4-b]thieno[2,3-d]pyridin-2-yl)methoxy)methyl)benzoic acid) and LASSBio-2030 
(N-(4-fluorobenzyl)-5-(pyridin-3-yl)-1,3,4-thiadiazol-2-amine)³, were evaluated through in silico studies against the 
T. cruzi proteasome (PDB ID: 9F9T). LASSBio-458 showed a binding free energy (ΔG) of −12.016 kcal/mol, 
whereas LASSBio-2030, previously identified as a hit with anti-T. cruzi activity (IC₅₀/24 h = 16.6 ± 0.9 μM), 
exhibited a ΔG value of −7.829 kcal/mol. Although LASSBio-2030 showed a less favorable docking score, its 
reported antiparasitic activity supported its selection as a structural component in the molecular design strategy. 
Based on these findings, a molecular hybridization approach was employed to design novel heterocyclic analogues 
combining structural features of both compounds. Four new 6H-pyrazolo[3,4-b]thieno[2,3-d]pyridine hybrid 
molecules were proposed and evaluated using the same molecular docking protocol implemented in Flare Software⁴. 
The results demonstrated that all new analogues exhibited improved theoretical affinity for the target compared with 
LASSBio-2030. Notably, compound 4 (C4) showed the most favorable binding energy (ΔG = −12.335 kcal/mol), 
surpassing both LASSBio-458 and LASSBio-2030. The remaining compounds also displayed enhanced affinity 
relative to LASSBio-2030: C1 (ΔG = −11.547 kcal/mol), C2 (ΔG = −11.714 kcal/mol), and C3 (ΔG = −11.691 
kcal/mol). Analysis of the ΔG/mass ratio (Table 1) further highlighted the performance of C4, which presented a 
value of −0.10, compared with −0.09 for LASSBio-458. These findings indicate that molecular hybridization was 
effective in generating novel compounds with improved predicted affinity for the T. cruzi proteasome, highlighting 
its potential as a rational strategy for the development of new antichagasic agents. 

Table 1: Correlation between ΔG and the molecular mass of the synthesized compounds (LASSBio-458; LASSBio-
2030) and the planned ones (C1, C2, C3, and C4) 
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Phthalimides have emerged as promising scaffolds for the development of sustainable redox-active materials 
for energy storage applications, particularly as anolytes in redox flow batteries (RFBs). Beyond their favorable 
electrochemical properties, this class of heterocycles can be synthesized through a sustainable route based on 
renewable feedstocks. Biobased phthalimides can be accessed through Diels–Alder cycloaddition followed by 
aromatization, employing maleimides and furan derivatives obtained from biomass-derived sources such as amino 
acids, cellulose, and chitin1 (Scheme 1). This strategy provides an atom-economical and structurally modular pathway 
for constructing functional phthalimide frameworks aligned with green chemistry principles. In this work, a combined 
design and synthesis approach was employed to explore the chemical space of phthalimide derivatives. A virtual library 
comprising 5,705 compounds was constructed to guide the selection of synthetically accessible targets. Structure–
property relationships2 were investigated using principles of physical organic chemistry to identify key properties 
relevant to the development of redox-active molecules, such as redox potential and radical stability. Statistical modeling 
and clustering analyses further enabled the identification of promising candidates for application as anolytes in fully 
organic RFBs. Guided by these computational insights, four phthalimide derivatives displaying distinct structural and 
physicochemical features were synthesized through a sustainable route involving Diels–Alder and aromatization 
reactions, as well as complementary classical synthetic methodologies. Electrochemical characterization of phthalimide 
8′ revealed excellent cycling stability over 2,000 redox cycles without detectable degradation. Overall, these findings 
show that combining computational screening with sustainable synthesis speeds up the discovery of tunable, 
renewable, high-performance organic materials for next- generation energy storage.

Scheme 1: Design of biobased redox-active phthalimides from renewable feedstocks, integrating physical organic principles and 
high-throughput screening to guide synthesis.
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We present a synthetic route to the agrochemicals Furalaxyl and Benalaxyl,1 emphasizing the use of enabling 
technologies to improve the production of these compounds. The key step involves an electrochemical reductive 
amination of 2,6-dimethylaniline (1) with methyl pyruvate (2), affording the key intermediate 3. This transformation is 
being investigated in both batch and continuous-flow electrochemical conditions to evaluate efficiency and 
scalability.The key intermediate 3 will then be submitted to an acylation reaction, leading to the target molecules 
Furalaxyl and Benalaxyl (Scheme 1). This approach aims to improve the process chemistry of these relevant 
agrochemicals by replacing the use of conventional stoichiometric reducing agents.2 Preliminary results in batch 
indicate the formation of 3 in up to 53% yield, and further studies are ongoing.  

 
Scheme 1: General scheme and Table of the reductive amination. 
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Azole compounds, such as (benzo)imidazoles, (benzo)thiazoles, and (benzo)oxazoles, are ubiquitous in biologically
active molecules.1 However, the synthesis of 2-substituted azoles often requires transition-metal catalysis, elevated
temperatures, or costly additives, limiting functional-group tolerance and operational simplicity.2 As part of our
ongoing efforts to develop synthetically useful methodologies based on photoinduced radical processes, we herein
report a visible-light-catalyzed three-component radical cascade involving a C2-haloazole, an electron-rich alkene,
and an electron-deficient alkene, providing straightforward access to structurally complex 2-alkylazole derivatives.
This approach relies on halogen-atom transfer (XAT) to generate electrophilic azolyl radicals, species that have so far
been largely neglected in azole functionalization.3 Despite the growing prominence of alkene difunctionalization
methodologies in recent years, only a few protocols have been reported for the synthesis of 2-alkylazoles through this
strategy. In these cases, the azole-containing component typically behaves as a radical acceptor, leading to
Markovnikov-type incorporation of the azolyl unit across the alkene.4 In contrast, our strategy exploits azolyl radicals
as radical donors, reversing the conventional regioselectivity and enabling the preparation of a new family of azole
compounds with potential biological activity.

Scheme 1: Multicomponent synthesis of 2-substituted azoles enabled by photoredox catalysis.
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Pyrazoles are heterocyclic compounds of high biological relevance, widely present in FDA-approved drugs and 
agrochemicals, exhibiting anticancer, anti-inflammatory, and antibacterial activities.1 Their synthesis is commonly 
performed via condensation between hydrazines and 1,3-dicarbonyl compounds or enones.2 More recent approaches 
include dual indium/silver catalysis for [2+2+1] oxidative N-annulation and cascade reactions catalyzed by 
montmorillonite K10 under solvent-free conditions.3 In this scenario, the development of sustainable methodologies for 
the synthesis of these compounds has attracted increasing interest. In this context, mechanochemistry emerges as a 
promising strategy, aligned with green chemistry principles, allowing access to new reactivity under solvent-free 
conditions.4 Therefore, this work reports a new methodology for the synthesis of pyrazole derivatives via 
mechanochemistry, employing aza-Michael adducts between phenylhydrazine and acrylates, activated by iodine. 
Under the optimized conditions, using of aza-Michael adduct (0.3 mmol), iodine (0.05 mmol, 0.4 equiv.), and 1  mass 
equivalent of sodium chloride as a grinding auxiliary, the reactions were carried out in a 5 mL jar containing one 7 mm 
ball, at a frequency of 15 Hz for 1 h in a ball mill, affording the desired product (1a) in 84% yield (Scheme 1). The 
reaction scope is currently under investigation. Nevertheless, the methodology demonstrated an efficient approach for 
the synthesis of pyrazole derivatives under solvent- and metal-free conditions, with short reaction times, highlighting its 
potential as a promising alternative to conventional synthetic strategies. 
 

Scheme 1: Mechanochemical synthesis of functionalized N-arylpyrazoles under ball-milling conditions. 
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Benzimidazolone is a heterocyclic scaffold of considerable relevance in medicinal chemistry due to its structural 
versatility and ability to interact with multiple biological targets1, as observed in Bendamustine, an antineoplastic agent 
containing the benzimidazole nucleus.2 Thus, our research group is dedicated to combining biologically active scaffolds 
with organochalcogen compounds, which exhibit important pharmacological properties, using 1,2,3-triazoles as 
molecular linkers.3 In this work, we aimed to develop a library of compounds combining benzimidazolone and selenium 
azides and evaluate their biological potential.Initially, o-phenylenediamine reacted with ethyl chloroformate, affording 
benzimidazolone in 74% yield.4 Subsequently, this intermediate was subjected to propargylation, yielding the 
corresponding propargylated derivative in 64% yield. The formation of the 1,2,3-triazole core was achieved through a 
1,3-dipolar cycloaddition between the terminal alkyne and selenium azide, synthesized from sodium azide and 
diselenide, using the CuAAC methodology in a DMF/water solvent system,3 leading to the regioselective formation of 
triazoles in 35% yield after purification. Based on the analysis of the ¹H NMR spectra, it was possible to confirm the 
formation of the desired product through the presence of characteristic signals attributed to hydrogen (A) from the 
triazole ring and hydrogen (C) corresponding to the azide CH₂ group. Ongoing studies are focused on applying this 
strategy to obtain new benzimidazolone–triazole hybrids, as well as optimizing key reaction parameters, such as 
temperature, reaction time, solvent, and copper source, in order to improve yields and expand the synthetic scope.

Figure 1: Synthetic pathway to 1,2,3-triazole compound; 1H NMR spectra; Examples of drugs
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Rufinamide is a drug that was granted orphan drug status for the adjunctive treatment of Lennox-Gastaut syndrome. 
Being a drug leader, analogues have been developed and studied to achieve greater effectiveness, and also, to add
new physical chemistry properties [1]. A recent study reported an innovative series of Rufinamide analogs that exhibited 
luminescent properties, including good fluorescence emission. However, the quantum yields were low and the Stokes 
shifts were short [2]. In order to increase these values, the system benzo[4,5]thiazolo[3,2-c][1,3,5,2]oxadiazaborinine 
was designed and synthesized by us. This heterocyclic core is a well-known fluorophore and exhibits high quantum 
yields and large Stokes shifts, consequently, compounds containing this system have been used as molecular probes
in photodynamic therapies [3]. Molecular probes are important for investigating and elucidating a drug's mechanism of 
action and could helps to understand the action mechanism of Rufinamide. Based on data from the literature [2] and in 
order to obtain the benzo[4,5]thiazolo[3,2-c][1,3,5,2]oxadiazaborinine derivatives 5, a new series of amides of 
Rufinamide analogs 3 were synthesized by us from ketone precursosrs 1 [2,4] and cyclized with BF3·OEt2 to furnish 
the novel series of Rufinamide luminescent hybrids 5, (Scheme 1). As predicted, the new products 5 showed an 
improvement of quantum yields from 8 to 26% and larger Stokes shifts from 56 to 128 nm compared with literature data
[2]. TD-DFT computational calculations corroborate with the photophysical behavior showing significant low values of 
band gap and revealing the ICT phenomenon for chemical scaffolds like 5a-d.

Scheme 1: General view and scope of  the present study.
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By condensing an aldehyde, an amine, a carboxylic acid, and an isocyanide, the Ugi multicomponent reaction provides 
efficient access to structurally complex molecules, peptidomimetics, with high atom economy in one-step synthesis.1 
This reaction plays an important role in drug discovery, as it represents a tool for exploring chemical space and 
identifying molecules with activity against various biological targets. Recently, some compounds prepared by the Ugi 
reaction were identified as potent inhibitors of butyrylcholinesterase, which is important for the treatment of progressive 
neurodegenerative disorders such as Alzheimer’s and Parkinson’s disease.2  

In this work, we have designed and synthesized a library of structurally related peptidomimetics by employing 
the Ugi multicomponent reaction using an carbocyclic acid (N-(tert-butoxycarbonyl)-glycine or tryptophan, benzoic 
acid), heterocyclic amine (4-(aminomethyl)pyridine, quinuclidin-3-amine or benzylamine), tert-butyl isocyanide, and a 
paraformaldehyde or acetone (Figure 1). The Ugi reaction was performed using microwave irradiation or conventional 
methods. The structures of the prepared compounds were determined by 1D and 2D 1H and 13C NMR spectroscopy 
and high-resolution mass spectrometry. The purity of the compounds was checked by HPLC. The inhibitory potential 
of the synthesized Ugi products against equine butyrylcholinesterase was evaluated using the spectroscopic Ellman 
method.3  
The prepared compounds exhibited potent activity against equine butyrylcholinesterase (with IC50 values in the low to 
mid-micromolar range), indicating their potential as promising scaffolds for the further development of 
butyrylcholinesterase inhibitors. 
 

 
Figure 1. Scheme of Ugi reaction 
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The replacement of conventional organic solvents with sustainable alternatives is a fundamental pillar of Green Chemistry, 
especially given the urgent need to increase crop yields to meet global population growth (Tavares & Neto, 2020). Traditionally, 
ester synthesis via Steglich esterification relies on solvents such as dichloromethane (DCM) or toluene. DCM, while efficient, 
exhibits high toxicity and volatility, being classified as a potential carcinogen (Sousa et al., 2020). In this context, anisole 
(methoxybenzene) emerges as a high-performance "eco-friendly" alternative, capable of reconciling reaction efficiency with 
operational safety. Anisole is an aromatic ether that stands out for being biodegradable and possessing a significantly lower 
toxicological profile compared to halogenated solvents. Its relevance in the bioeconomy is reinforced by its renewable origin, 
as it can be obtained from the valorization of lignin, an abundant natural polymer derived from biomass that is frequently 
underutilized. Transitioning to bio-based solvents is essential to mitigate environmental impacts caused by reliance on fossil 
resources (Maja & Ayano, 2021). Technically, anisole offers advantageous physicochemical properties for the synthesis of 
furoic esters. Its moderate boiling point (154 °C) allows reactions to be conducted under heating, whether conventional or 
microwave-assisted, in a much safer manner than in volatile solvents. Furthermore, its solvation capacity enables the effective 
dissolution of aryl carboxylic acids and coupling agents, ensuring satisfactory yields and aligning with the urgency for new 
methodologies to synthesize value-added compounds (Rother et al., 2022). The application of anisole in this synthetic route 
is positively reflected in sustainability metrics, such as the E-factor and the Green Star. By eliminating halogenated compounds 
and reducing the process mass intensity (PMI), this methodology responds to global challenges regarding biodiversity 
preservation and food security (Kubiak et al., 2022). The result is a cleaner process for obtaining furoic esters, whose final 
products serve as essential building blocks for the development of new agrochemicals, bridging methodological innovation 
with ecosystem protection. 

 

Scheme 1: General synthetic route towards furoic esters. 
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Artemisinin (ART) is one of the most used drug against malaria. However, numerous strains of 
Plasmodium falciparum resistant to various drugs, including ART itself, were observed. This highlights the 
need for the discovery and development of new antimalarial drugs. In this context, there is precedent that 
the 1,2,4-trioxolane (ozonide) endoperoxide system exhibits good anti-malarial activity, as seen with 
arterolane and artefenomel, which have already been approved for clinical trials in some countries.

In this context, the present work aimed to obtain an ART inspiredmolecules that contain an ozonide
group, a bridged peroxide moiety different from the present in ART itself that has a 1,2,4-trioxane 
(endoperoxide). To achieve this, we build the desired 1,5-dicarbonyl system using a previously described
asymmetric Michael addition with Jørgensen-Hayashi catalyst, followed by a cyclic hemiacetal formation1,2.
The 1,3-cyclohexadione and a α,β-unsaturated aldehyde bearing a strategically placed dithiane moiety 
were used as substrates in the enantioselective organocatalytc step. From that, a sequence of oxidations 
take part, the first aimed at obtaining the lactone using the Parikh-Doering oxidation. This is followed by an 
oxidative deprotection of the 1,3-dithiane group revealing the 1,5-dicarbonyl compound for which, based 
on Terent'ev's work3, we expected to find the ozonide product. Unexpectedly, we detected the bisperoxide 
that usually forms only when 1,3- and 1,4-dicarbonyl systems are subjected to these reaction conditions.

Scheme 1: Preparation of the desired 1,5-Dicarbonyl compound

With these results at hand, we tried to optimize the experimental conditions but the major product 
observed was mostly the outcome of a Baeyer-Villiger oxidation (BV) (phenol detect on GC-MS). We are 
currently working on the influence of eletronics effects on the aromatic substituent of the molecule, which 
we expect will reverse the product ratio observed between the BV and the desired bis-peroxide formation.

Scheme 2: Expected ozonide and bis-peroxide obtained from the 1,5-Dicarbonyl compound
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The chemical merging of isoindoline and indolizidine structural frameworks may qualify as an entry into a unique set of 
pseudo-natural products with therapeutic potential. Benzylic acyliminium ions derived from isoindolinones have proven 
to be effective in generating polycyclic structures which are of interest in both the natural products and synthetic 
medicinal arenas. In the present work, the utilization of an intramolecular acyliminium ion reaction in conjunction with 
a substrate bearing a suitably-disposed unsaturated cyclic appendage gives rise to a tetracyclic carbon framework 1 
which is hitherto unknown in the natural product realm. The overall process has the potential to accommodate 
substituents at several positions of the tetracycle once formed. The conditions for the generation of the tetracyclic 
framework and the routes and reactions for the preparation of its functional derivatives such as ester, hydroxyl, 
mesylate, azide and amine. The synthetic sequences used to arrive at tetracyclic 1 and its analogues will be presented. 
 

 

N
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                                                          Figure 1: Tetracycle formed through acyliminium cyclization 
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Cyclin-dependent kinase 9 (CDK9) plays a fundamental role in transcriptional regulation by phosphorylating RNA 
polymerase II, thereby sustaining short-lived oncogenic drivers such as MYC and MCL-1. Although selective CDK9 
inhibition represents a powerful therapeutic strategy for transcription-addicted cancers, first-generation candidates 
often trigger adaptive compensatory mechanisms—such as epigenetic remodeling—leading to transcriptional recovery 
and drug resistance1. To overcome these limitations, the simultaneous dual inhibition of CDK9 and HDACs emerges 
as a highly promising synergistic strategy. By concurrently disrupting RNA polymerase II elongation and blocking 
chromatin-mediated adaptive reprogramming, this dual-targeting approach aims to thoroughly dismantle oncogenic 
survival networks and prevent resistance2,3.
Driven by this compelling therapeutic rationale, as shown in Scheme 1, we developed a synthetic route to access the 
target pyrimidine derivatives starting from the versatile 2,4-dichloropyrimidine scaffold 1. First, a Suzuki–Miyaura cross-
coupling reaction, catalyzed by Pd(dppf)Cl₂, was employed to introduce the desired aryl substituent, affording 
compound 2. Subsequently, C–N bond formation was achieved through a Pd(OAc)₂-catalyzed Buchwald–Hartwig 
amination, furnishing intermediates 3a–c. Finally, treatment with hydroxylamine promoted a carbonyl addition–
elimination reaction, providing the target compounds 4a–c.

Scheme 1: Synthesis of pyrimidine-based dual CDK9-HDAC inhibitors.
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Selenophenes are a prominent class of organoselenium heterocycles whose unique electronic properties arise from 
the high polarizability of selenium. Recent advances in their synthesis include transition-metal-catalyzed cyclizations, 
electrophilic selenylation of alkynes, and multicomponent strategies that enable efficient access to structurally diverse 
selenophene derivatives.1 These methodologies have expanded the scope of functionalized selenophenes with precise 
control over substitution patterns. Owing to their narrow band gaps and strong intermolecular interactions, 
selenophenes are widely applied in organic electronics, including OLEDs, OFETs, and photovoltaic devices.1 In 
addition, they exhibit promising biological activities, such as antioxidant and anticancer properties.2 Consequently, the 
development of new synthetic approaches to selenophenes remains of significant importance for both materials science 
and medicinal chemistry. In this context, we herein describe the synthesis of iodine- and methylene-functionalized 
selenophen-3-ones 2 via the cyclization of 1,4-diyn-3-ones under BuSeSeBu/I2 conditions, affording the desired 
products in yields up to 94% (Scheme 1). A key outcome of this study is the strong dependence of product formation 
on the reaction conditions. While the BuSeSeBu/I  system promotes the incorporation of the SeBu moiety, switching 
the halogen source to NIS, in the presence of water, completely alters the reaction pathway, leading instead to 
hydroxylated selenophene derivatives 3 without selenium incorporation (Scheme 1). Thus, by simply modulating the 
reaction conditions, it is possible to selectively access distinct classes of selenophenes. The obtained scaffolds are 
highly versatile, bearing multiple reactive sites, including iodine, selenium, and carbonyl functionalities, which enable 
diverse post-functionalization strategies and expand their potential applications in synthesis. 

 
Scheme 1 
In conclusion, this work highlights the continued relevance of developing versatile synthetic strategies for 
selenophenes, given their importance in materials science and medicinal chemistry. The proposed methodology 
provides access to functionalized selenophen-3-ones with good yields. The ability to control the reaction outcome by 
simple variation of the halogen source, in the presence or absence of water, enables the selective synthesis of distinct 
classes of selenophenes. The resulting scaffolds, endowed with multiple reactive sites, represent valuable platforms 
for further functionalization and broaden the synthetic and application potential of organoselenium compounds.  
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The α,β-unsaturated isoxazol-5(4H)-ones are five-membered heterocycles widely applied in the synthesis of natural 
products and medicinal compounds, and their scaffolds are also found in nature. Methodologies aimed at introducing
structural modifications to these compounds have been extensively investigated due to their broad applicability. 
Examples include flash vacuum pyrolysis and intramolecular hetero-Diels-Alder cycloaddition reactions.
Spirocyclization reactions can afford a wide variety of spiro-isoxazole-5-one structures through approaches such as 
multicomponent reactions, asymmetric catalysis, and synthesis of compounds exhibiting antitubercular, cytotoxic, and 
antibacterial activities.1
Sulfur ylides are versatile reagents capable of generating cyclic structures through cyclopropanation of α,β-unsaturated
compounds.2 In 1976, Croce described a reaction involving α,β-unsaturated isoxazol-5(4H)-ones with sulfonium ylides
and speculated on the reaction mechanism based on the stereochemistry of the obtained products.3 However, neither 
experimental nor computational methods were employed to propose mechanistic pathways at that time.
In this work, we describe a spirocyclopropanation reaction between α,β-unsaturated isoxazol-5(4H)-ones and 
sulfoxonium ylides that afforded 12 examples of spiro-isoxazole-5-one in yields ranging from 93 to 99% and a 
diastereomeric ratio from 6:1 to >19:1 (Figure 1). In contrast to the cis product reported in Croce's work, the major 
product was characterized as the trans isomer by X-ray diffraction, despite the large NMR coupling constant in the 
doublet signals corresponding to the hydrogen in the cyclopropyl moiety. A Michael-type addition pathway was 
proposed as the mechanism governing the reaction system based on Density Functional Theory calculations performed 
at the SMD/ꞷB97M-V/def2-TZVP//SMD/X3LYP/def2-SVP level. Furthermore, the microkinetic analysis model
employing the calculated energy barriers at this level successfully reproduced the experimentally observed reaction 
time for the complete consumption of the starting material and correctly predicted the trans isomer as the major product.

Figure 1: Spirocyclopropanation reaction of α,β-unsaturated isoxazol-5(4H)-ones using sulfoxonium ylides.
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In this work, a new method for the synthesis of cyclic ketosulfoxonium ylides, containing a tetra-substituted 
cyclohexanone moiety, is described. These new cyclic ylides were obtained in an one-pot reaction through two 
sequential Michael additions from α,β-unsaturated ketosulfoxonium ylides, employing various carbon nucleophiles
containing electron-withdrawing groups. Products were obtained in yields up to 90% and as single diastereomers. The
main results are presented in Scheme 1.

The cyclic ylides structure will be further functionalized through reduction, substitution, or insertion reactions, 
enabling access to a variety of substituted heterocycles. Reduction of the nitrile group to the corresponding alkyl amine 
can promote the formation of the six-membered lactone 1 after an intramolecular cyclization involving the ester 
functionality. Alternatively, reduction of the methyl ester group to the corresponding alcohol or its hydrolisis to the 
corresponding carboxylic acid can yield furan 2 or the substituted lactone 3, through intramolecular O–H insertion 
reactions with the ylide functionality. Furthermore, nucleophilic addition of an amine on the methyl ester group can 
afford the corresponding amide intermediate, which may subsequently undergo intramolecular N–H insertion to furnish 
the five-membered lactam 4.

Given the significance of this class of compounds and the synthetic versatility of the obtained scaffold, ongoing 
efforts are focused on accessing and expanding this family of derivatives.

Scheme 1: Possible heterocycles obtained by the derivatization of the cyclic ylides obtained.
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Morpholines and piperazines are heterocycles found in numerous drugs, including those 
targeting the central nervous system and bearing antitumoral acitivity.1,2 Their presence is 
associated to several different contribution on the drug’s mechanism of action, including potential 
increases of in vivo stability, affinity, potency and bioavailability.1  Given their strong 
pharmacological potential, we are particularly interested in exploring their bioisosteres by 
synthesizing novel variations. Introducing heteroatoms such as sulfur allows for the formation of 
1,4-oxathianes and thiomorpholine rings, which may alter and even enhance drug effectiveness 
and bioavailability.3 Despite that, 1,4-Oxathiane is a heterocyclic system still underexplored in 
medicinal chemistry. Due to the limited literature on the enantioselective synthesis of these 
structures, we are developing a methodology that could also enable similar modifications with Se 
and Te variations. 

Based on the methodologies previously described for the formation of α-substituted α,β-N-
Tosyl aziridines,4,5 we are utilizing these species as electrophiles in reactions with 2-
mercaptoethanol acting as a bis-nucleophile,  leading to a cyclic hemiacetal. A subsequent 
oxidation allowed the isolation of the desired heterocycle as described on Scheme 1. The reported 
enantioselective cyclization, followed by the stereospecific aziridine ring-opening, is expected to 
ensure the enantiopurity of the product. 

 

Scheme 1: Enatiosselective cyclization and formation of the 1,4-Oxathiane. 
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Introduction: Building upon the previous 1,2-diarylethine fragment(1), a human dihydroorotate dehydrogenase
(HsDHODH) inhibitor with favorable inhibitory (IC50 = 1.5 0.2 M) and antiviral activity (EC50 = 1.7 0.5 M), but± μ ± μ
insufficient water solubility, this work employs Sonogashira coupling reactions to synthesize a new series of
fragments bearing different nitrogen-containing heterocycles. Through the capacity of these scaffolds to modulate
physicochemical properties relevant to aqueous solubility and intermolecular interactions with biological targets,(2) we
are introducing heterocycles to the 1,2-diarylethines as a strategy to obtain structurally diverse alkyne fragments with
improved physicochemical properties and potency. Methods: Using a copper-free Sonogashira coupling with
pyrrolidine(1,3) exemplified in Scheme 01, it was possible to obtain the coupling products with 1, where the
p-acetamide functional group is essential for the activity, and 2, with diverse homo and bicyclic nitrogenated
heterocycles.

Scheme 01 - The hit compound of the alkyne series and the methodology to obtain the diarylalkyne fragments. The
heterocycles coupled with N-p-ethynylphenylacetamide are described in R, along with their respective reaction yields.

Results: To date, the successfully synthesized alkyne fragments present commonly explored nitrogen-containing
heterocycles in medicinal chemistry: benzimidazole (IC50 = 200 μM), indazole (C3 = H: IC50 = 9.0 ± 1.0 μM; C3 = F:
IC50 = 18.0 ± 1.0 μM), quinoline, and different substituted pyridines with isolated yields of 19–67%. Conclusions: As
only two of the heterocyclic 1,2-diarylethine fragments have been evaluated in enzymatic assays so far, both
displaying intermediate potency, it is essential to continue exploring additional heterocyclic scaffolds and assess the
inhibitory activity of the remaining fragments to elucidate the structure-activity relationships of this series and guide
the optimization of antiviral compounds.
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Multicomponent reactions are one of the synthetic strategies employed in the preparation of bioactive compounds, and 
the combination of these reactions has already led to the production of molecules with broad biological activity, as well 
as compounds with high diversity and structural complexity.1 Among the structural and reactional frameworks that 
remain unexplored, the Hantzsch reaction and the Ugi-4CR stand out. The combination of the 1,4-dihydropyridine 
nucleus with pseudopeptides may result in molecules with high biological potential. The present study aims to integrate 
these reactions to obtain a series of novel compounds. 
The synthetic route shown in Scheme 1 is currently in the validation and optimization phase. Using benzaldehyde as 
a prototype, the Hantzsch reaction produced the 1,4-dihydropyridine nucleus 1 with a 96% yield. Initially, the compound 
was subjected to a hydrolysis reaction to obtain compound 2; however, due to the rigidity and resonance effects of the 
structure, the reaction did not proceed. Alkylation of the nitrogen atom of the 1,4-dihydropyridine nucleus is essential 
to increase the susceptibility of the structure to reactions in its side substituents.2 Therefore, attempts were made to 
obtain compound 3 through a modified Hantzsch reaction, in which methylamine replaced the ammonium salt. 
However, the reaction produced a complex mixture of product and by-products. Compound 3 was then obtained in 63% 
yield by N-alkylation with iodomethane. The subsequent steps of the study consist obtaining compound 4 through 
hydrolysis reaction and using it in the Ugi-4CR to obtain the desired type 5 compound series.  
 

 
Scheme 1: Synthetic scheme under study for obtaining peptides with a 1,4-dihydropyridine nucleus. 
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Diarylacetylene derivatives are important scaffolds in organic chemistry due to their extended π-conjugation and 
photophysicial properties, enabling applications in luminescent and optoelectronic materials.1 Furthermore, sulfur-
functionalized vinyl systems, in particular, exhibit light-sensitive fluorescence with red-shift effects, making them 
promising for sensors and organic emitters.2 However, any approaches for the preparation of vinylaryl sulfides and 
related π-conjugated systems still rely on expensive metals or non-sustainable conditions, reinforcing the importance 
of more sustainable approaches. In this context, this work presents a visible-light-driven methodology for the synthesis 
of vinylaryl sulfides from diphenylacetylene derivatives and explores their tunable optical properties, contributing to the 
development of sustainable methods for next-generation functional materials.
The synthesis started with the preparation of 5a from 2-aminopyridine, which underwent a bromination-addition reaction 
(i), followed by iodination (ii), then pyrrole functionalization (iii) and finally a Sonogashira cross-coupling reaction (iv)
(Scheme 1a). For the synthesis of the vinylaryl sulfide derivatives 7a-f, an optimization study was carried out. The best 
condition was achieved using blue LED light (50 W) as the energy source, DMSO as solvent during 2 hours of reaction 
in the presence of thiophenol 6a. Through this condition, the desired product 7a was obtained with a 70% yield (Scheme 
1b). After optimization, the protocol was applied to three p-substituted thiols 6a-c and four diphenylacetylene derivatives 
5a-d, affording six new products in 50-70% yields, demonstrating good efficiency. 
The compounds are currently under photophysical evaluation by Professor Fabiano Rodembusch’s group, and 
preliminary observations suggest that structural modifications may influence their photophysical behavior, highlighting 
their potential as promising building blocks for the development of functional materials. Thus, the developed protocol 
provides an efficient and practical approach to access vinylaryl sulfides under mild visible-light conditions while enabling 
the exploration of their structure-property relationships.

Scheme 1. (a) Synthesis of starting material and (b) synthesis of the vinyl aryl sulfides.
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Coumarins are heterocyclic compounds widely distributed in plants and well known for their diverse biological activities, 
particularly their anticancer and antimalarial potential.1a In parallel, compounds containing chalcogens have attracted 
significant attention due to their pharmacological properties.1b,2a Our research group has stood out in the combination 
of chalcogen-containing moieties with important bioactive scaffolds.2b,2c In this context, in the present work, we 
designed two distinct series of compounds combining chalcogens and coumarins. One series incorporates a 1,2,3-
triazole group, while the other is based on direct coupling with diorganoyl dichalcogenides. In the first series, the 
introduction of the 1,2,3-triazole ring was a strategic choice due to its high chemical stability and its well-established 
role as a bioactive linker capable of enhancing interactions with biological targets.In the second series, the direct 
coupling approach allows a more straightforward incorporation of chalcogen atoms, potentially modulating electronic 
and lipophilic properties and, consequently, biological activity.2b The synthetic route began with the propargylation of 
coumarins, a strategy that allowed us to obtain the desired products in 80% yield.2a Subsequently, triazole derivatives 
were obtained through the CuAAC reaction between propargylated coumarins and chalcogen-containing azides derived 
from dichalcogenides.2b Simultaneously, a second series was synthesized through the direct coupling of 
dichalcogenides with propargylated coumarins using copper iodide in dimethyl sulfoxide (Scheme 1).2c These 
approaches allowed access to structurally diverse hybrids, which were subjected to biological evaluation, triazole 
derivatives for antimalarial assays and chalcogen-coupled compounds for anticancer studies, highlighting their potential 
as promising bioactive structures.

Scheme 1. General synthetic route for the preparation of the target compounds.
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N-Substituted 2-pyridones are privileged heterocyclic scaffolds widely found in natural products and biologically active 
molecules,[1] exhibiting important pharmacological properties such as anticancer, anticonvulsant, and anti-inflammatory 
activities.[2] Owing to their synthetic and medicinal relevance, the development of efficient methods for their preparation 
remains highly desirable. In this context, we investigated the use of Morita–Baylis–Hillman (MBH)-derived allylic 
bromides as versatile building blocks for the synthesis of functionalized pyridones. Regioselective allylation of ethyl 
acetoacetate with MBH bromides under microwave irradiation afforded key 1,5-diester intermediates, which were 
subsequently subjected to a one-pot sequence involving treatment with primary amines to generate β-enaminoesters, 
followed by sodium borohydride-mediated cyclization under mild acidic conditions. This operationally simple approach 
avoids the isolation of unstable intermediates and enables rapid access to 1,3,5,6-tetrasubstituted N-substituted 2-
pyridones in moderate overall yields from allylic bromides. Remarkably, NaBH4 promoted cyclization without reduction 
of ester or olefinic functionalities, suggesting an unusual activation pathway, possibly involving in situ generated borane 
species. Control experiments are currently underway to better understand the mechanistic role of NaBH4 in the 
cyclization step. This study represents the first use of MBH-derived allylic bromides as precursors for highly substituted 
2-pyridones of synthetic and potential pharmacological relevance. 

 

Scheme 1: synthesis of 2-pyridones. 

Acknowledgements: CAPES, CNPq, FAPESC and INCT-Catálise  

References:  
1. a) Verma, K. K.; Kapoor, S.; Kushwaha, V. K.; Mishra, A.; Upadhyay, A.  Lett. Drug Design Discov. 2024, 21, 1617-1631. b) Asmaa, 
K.; Fatima, B.; Zahira, K.; Noureddine, C.-B. Mini-Rev. Org. Chem. 2023, 20, 358-371. c) Amer, M. M. K.; Aziz, M. A.; Shehab, W. S.; 
Abdellattif, M. H.; Mouneir, S. M. J. Saudi Chem. Soc. 2021, 25, 101259. 
2. a) Lehmann, M.; Kolb, M. Eur. Respir. J. 2023, 61, 2300240. b) Watts, J. M.; Shaw, S. J.; Jonas, B. A. Curr. Treat. Opt. Oncol. 
2024, 25, 1345–1353. 
3. Moro, P. A. M.; Russo, T. V. C,; Viana, F.R.; Sá, M. M. Tetrahedron Letters 2026, 181, 156124. 

92



 
Visible light-mediated cyclization of Sulfoxonium ylides: 

Synthesis of trisubstituted furans 

Kauê C. Capellaro,a Antonio C. B. Burtolosoa  

a  Institute of Chemistry of São Carlos, University of São Paulo, USP-IQSC, 13563-120 

Email:  kaue.capellaro@usp.br 

 

Since their first appearance in the early 1930s, sulfoxonium ylides have steadily expanded in both synthetic 
utility and chemical relevance. This trend is also evident in the context of photocatalytic transformations, particularly in 
recent years. The application of sulfoxonium ylides in visible-light-mediated reactions has enabled the synthesis of a 
wide variety of structurally complex and synthetically valuable compounds, including, but not limited to, tetralones, 
sultines, modified peptides, and other relevant molecular scaffolds¹. 

In this work, we demonstrate that the combination of sulfoxonium ylides with a suitable photocatalyst possessing 
sufficiently high oxidation potential, in the presence of a proton source, enables the one-pot synthesis of trisubstituted 
furans (Scheme 1). It is noteworthy that, although new methodologies for the synthesis of trisubstituted furans have 
recently been reported,2 this is the first time that these types of furans can be reached from sulfoxonium ylides.  

Furans are well recognized for their importance in materials science, particularly in the development of biodegradable 
polymers and, more recently, in applications related to organic light-emitting diodes (OLEDs).³ In addition, numerous 
furan-derived molecules exhibit significant biological activity, including commercial drugs such as Furosemide and 
Tanshinone I⁴.  

In summary, beyond enabling the one-pot synthesis of trisubstituted furans, the methodology described herein 
represents a novel and significant contribution to the chemistry of sulfoxonium ylides. 

 

Scheme 1: Synthesis of Trisubstituted furans from sulfoxonium ylides 
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Furans are heterocycles of great relevance across various fields, particularly in the pharmaceutical industry 
and in materials science.1 In addition, they stand out as versatile intermediates in the synthesis of 
industrially relevant molecules.1 Many furanic compounds can be obtained from renewable sources, such 
as carbohydrates, making them particularly attractive from the perspective of sustainable chemistry.2

Despite advances in this area, the application of furan derivatives in the synthesis of sulfur ylides (SY)
remains unexplored. SY are important intermediates in synthetic transformations, particularly as precursors 
to carbene species.3 In this context, this work describes the development of a new methodology for the 
synthesis of α-carbonyl sulfur ylides from 5-(chloromethyl)furan-2-carbonyl chloride (CMFCC). The CMFCC 
was obtained through the oxidation of 5-(chloromethyl)furfural, a fructose-derived compound, in yields of 
up to 84% (Scheme 1). Subsequently, this intermediate was employed in the synthesis of the new sulfur 
ylide (2), with yields of up to 67%. It was observed that the formation of this compound occurs via the 
intermediate ylide (1).From ylide (2), X–H insertion reactions (X = S and N) were carried out via metal–
carbene intermediates, affording the corresponding products in good to excellent yields. Michael addition 
reactions with different nucleophiles also led to the formation of new functionalized ylides, with yields of up 
to 46%. Furthermore, radical reactions were also explored, resulting in addition to the double bond and the 
formation of another functionalized ylide, with yields of up to 40%.These results highlight the versatility of 
this system, demonstrating that a single biomass-derived furanic ylide, such as (2), can provide access to 
a variety of functionalized furanic compounds, thereby expanding its potential in organic synthesis.

Scheme 1: Synthesis of New Biomass-Derived Sulfur Ylides.
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Metal catalyzed-coupling reactions play an important role in organic chemistry, as they permit the synthesis of diverse 
molecules that can serve as building blocks for a range of compounds, such as pharmaceuticals, dyes, and agricultural 
products. Among these reactions, those involving copper catalysts deserve special attention, since they represent a 
cheaper and greener alternative when compared to those involving catalysts made of more precious metals. In this 
scenario, the Ullmann reaction is remarkable, allowing the production of arylamines.1 This reaction has been widely 
reported in the literature, being investigated for a series of heterocycles, however, methods aiming to obtain the arylated 
4-aminopyrrolo[2,1-f]triazine heterocycle via the Ullmann reaction have not yet been extensively investigated. This 
heterocycle deserves special attention, since is a component of several drugs with potential biological activity, such as 
Avapritinib and Rogaratinib, and has recently attracted attention due to its presence in Remdesivir, an antiviral used in 
the treatment of COVID-19.2 

In this work, we report a method to N-arylate pyrrolotriazine via the Ullmann reaction, using a methodology that was 
optimized for this heterocycle, aiming to achieve a series of analogues that can be potential building blocks in the 
construction of new molecules. Initially, we investigated conditions such as solvent, temperature, reagent equivalents, 
and solvent concentration, allowing the reaction yield to increase from 22% to 71%. Furthermore, a scope of molecules 
is being constructed to verify the generality of this protocol and thus obtain a series of compounds. 
 
 

 
Scheme 1: Optimized reaction condiction. 
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In a previous study published by our research group, we described an optimized synthetic route for the preparation of 
the N-heterocycle pyrrolo[2,1-f][1,2,4]triazin-4-amine, as well as alternative methodologies for its functionalization at 
the C7 position and the exocyclic amino group (NH2). Among the investigated strategies, we highlight the selective 
halogenation at C7 through the reaction with molecular iodine (I2) under mild conditions (Scheme 1, eq 1).
However, under analogous conditions, the reaction with diphenyl diselenide (Ph2Se2) did not promote heterocycle 
functionalization, suggesting a delicate balance between the electrophilicity of the reactive species and the 
nucleophilicity of the substrate (Scheme 1, eq 2).1 To gain further insight into this reactivity, we investigated the reaction 
of the heterocycle with Ph2Se2 in the presence of I2. Notably, this system proved highly reactive, enabling selective 
functionalization at both the C7 and C5 positions as well as the concurrent formation of disubstituted derivatives 
(Scheme 1, eq 3). Control experiments employing phenylselenyl bromide (PhSeBr) alone or Ph2Se2 and I2 in the 
presence of the radical scavenger TEMPO afforded identical results. These findings suggest that the halogen promotes 
the in situ generation of highly electrophilic selenium species, such as PhSeI and PhSeBr, thereby supporting the 
involvement of a likely non-radical reaction pathway. Furthermore, new diaryl diselenides bearing different substitution 
patterns will be synthesized to evaluate the scope and generality of the developed methodology.2

Scheme 1: Conditions for the iodine-promoted selenylation of pyrrolo[2,1-f][1,2,4]triazin-4-amine.
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Trypanosomiasis is a neglected tropical disease (NTD) caused by protozoa of the genus Trypanosoma, including T. b. 
gambiense and T. b. rhodesiense (sleeping sickness, sub-Saharan Africa) and T. cruzi (Chagas disease, the Americas). 
Current therapeutic options are limited and frequently associated with adverse effects. 1a-e Safer and more effective 
treatment alternatives are needed.Previously, our group identified a hit compound from the imidazo[1,2-c]pyrimidine 
scaffold with in vitro activity against T. cruzi (EC  = 0.09 μM) and T. brucei (EC  = 0.02 μM), along with metabolic 
stability in mouse liver microsomes (t /  > 60 min) and high plasma protein binding (unbound fraction of 9.9%), and a 
favorable pharmacokinetic profile. However, its low solubility under gastric (0.7 μM), intestinal (2.4 μM), and 
physiological (1.9 μM) pH conditions indicated the need for structural optimization.2 This work developed new 
imidazo[1,2-a]pyridine and imidazo[1,2-c]pyrimidine derivatives to improve aqueous solubility while maintaining 
trypanosomicidal activity and optimizing the pharmacokinetic profile. Twenty compounds containing an fluorinated/non-
fluorinated aromatic rings were synthesized (Figure 1), with yields ranging from 7 to 82%. Single-crystal X-ray 
diffraction confirmed an orthorhombic system, in agreement with 1H and 13C nuclear magnetic resonance (NMR) 
spectroscopy and mass spectrometry. In silico pharmacokinetic analysis identified two distinct clusters based on 
lipophilicity and solubility. In vitro assays demonstrated established structure–activity relationships that will guide the 
design of subsequent series. The next series will incorporate saturated sp3-renriched fragments to improve aqueous 
solubility and overall pharmacokinetic. 

 

 

Figure 1: Synthetic route used to obtain the imidazopyrimidines. 
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Naphthoquinones are redox-active scaffolds widely recognized for their ability to generate reactive oxygen species 
(ROS) and for their broad range of biological and photophysical properties.¹ In parallel, chalcogen-containing 
compounds, particularly those bearing sulfur, selenium, and tellurium, have attracted considerable attention due to their 
capacity to modulate electronic, redox, and optical properties, thereby enhancing biologically relevant activities.² Herein, 
we report a sustainable visible-light-assisted methodology for the selective cyclization and chalcogen functionalization 
of naphthoquinones under mild conditions. Using juglone as a model substrate and diphenyl diselenide as the coupling 
partner, the reaction was optimized under blue LED irradiation (50 W, 12 h) in the presence of SnCl₂·2H₂O (200 mol%) 
in CH₂Cl₂, affording selenonaphthoquinone derivatives in yields of up to 94%. The optimized conditions enabled the 
preparation of a diverse series of selenium-containing derivatives from juglone, while extension of the methodology to 
other naphthoquinone scaffolds, including lawsone and lapachol, proved compatible with sulfur-, selenium-, and 
tellurium-based reagents, significantly broadening the structural diversity of the products obtained. Mechanistic 
investigations, including light on/off experiments, confirmed the essential role of visible-light irradiation throughout the 
transformation, supporting a photoinduced chalcogen-radical pathway (Scheme 1). Overall, the developed protocol 
provides an efficient and versatile platform for accessing structurally diverse chalcogen-functionalized naphthoquinones 
under sustainable conditions.
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Scheme 1. Reaction optimization, substrate scope, and light “on/off” experiments for the visible-light-mediated 
synthesis of chalcogen-functionalized naphthoquinones.
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Fluorescent organic dyes are key to advanced luminescent materials due to their tunable optics, high efficiency, and 
need for well-designed, photostable chromophores.1 Within this context, quinoline scaffolds emerge as an alternative
due to their rigid π-conjugated framework and tunable electronic properties, which enable fine control over optical 
behavior.2 In this context, incorporation of selenium-containing chalcogen units further modulates excited-state 
dynamics through enhanced spin–orbit coupling,4 while 1,2,3-triazole linkers provide structural stability and favorable 
electronic and biological interactions, making them attractive components in fluorescent molecular architectures.5

Based on these considerations, the present work aimed at the synthesis of a series of new molecular hybrids derived 
from 4,7-dichloroquinoline and organochalcogens, using the 1,2,3-triazole core as a linker. Initially, alkynes 1a-l were 
synthesized from diorganyl dichalcogenides through a sequence involving copper-catalyzed coupling followed by a 
retro-Favorskii reaction, affording yields ranging from 20 to 90%. Azide 2 was obtained in 90% of yield. After that, The 
two blocks were combined via CuAAC reaction to afford a library of 11 hybrid molecules 3a-l with yields of 15–80% in 
which the oxidized selenium derivative was also obtained. Additionally, photophysical studies were carried out, 
revealing a pronounced heavy-atom effect when comparing derivatives 3a, 3h, and 4a (Fig. 1b). Computational results 
suggest preferential minor groove binding for all quinoline derivatives, with compounds 3c and 3e showing the strongest 
DNA interactions (Fig. 1c). In conclusion, the present work is at an advanced stage, with final experiments underway.
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Fig 1. A) Synthetic route for the molecular hybrids; B) Photophysical assays ; C) Molecular docking studies.
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Plant-derived flavonoids are a class of naturally-occurring phenyl chromenes that are widely-distributed in edible plants, 
and possess a range of biological activities, including those of the anti-inflammatory, antiallergic, antiproliferative, 
antibacterial, antidiabetic, antiviral, antimutagenic, antithrombotic, anticarcinogenic, estrogenic, hepatoprotective, 
insecticidal, and antioxidant varieties.1 Hesperetin (5,7,3′-trihydroxy-4′-methoxyflavonone), a flavonoid abundant in 
immature citrus fruits and attracted considerable research interest due to its antimicrobial, antifungal, antioxidant, 
chemopreventive and antitumor potential.2,3 In view of the significance of the frameworks of chromene-based 
compounds, efficient synthesis of 2-amino 3-cyano chromene derivatives are of great interest as part of our program 
on the synthesis of heterocyclic derivatives and screening of their biological activities.4 In the light of the wide range of 
biological activities associated with the 2-amino 3-cyano chromene derivatives we focused on the synthesis of novel 2-
amino 3-cyano pyrano[2,3H]hesperitin analogues  via one-pot multi-component reactions (MCRs) (Scheme 1), and 
investigation of their in vitro cytotoxicity on tumor cells and on intracellular amastigotes of Leishmania amazonensis 
and T. cruzi. 
 

 

Scheme 1: Synthesis of target compounds. 
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Nitrogen-fused heterocyclic molecules may exhibit significant potential for the protection and modulation of biological 
systems.1 In this context, pyrimidobenzimidazoles have attracted considerable pharmacological interest due to their 
wide range of reported biological activities, including antihypertensive, antidiabetic, anti-inflammatory, antirheumatic, 
and antibacterial properties. Therefore, the study of heterocyclic chemistry represents an important tool for 
understanding the mechanisms of drug action and for the development of new therapeutic agents, constituting a 
research field that is continuously expanding worldwide. In this context, the present study aims to synthesize 
pyrimido[1,2-a]benzimidazole derivatives through A3-type multicomponent reactions,3 employing methodologies 
aligned with the principles of green chemistry in order to achieve more sustainable, efficient, and environmentally 
friendly synthetic processes.  For the synthesis, 1 mmol of 4-chlorobenzaldehyde, 1 mmol of phenylacetylene, and 1 
mmol of 2-aminobenzimidazole were added under reflux conditions at 100 °C for 24 hours. The catalyst and solvent 
were also added to the reaction system, as shown in Scheme 1 below. 

Scheme 1. Synthesis of Pyrimido [1,2-a] Benzimidazole derivative. 
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The synthesis of pyrimido[1,2-a]benzimidazole hybrids proved to be efficient, providing yields ranging from 20% to 
80%. The best reaction conditions were achieved under solvent-free conditions using an AgCl/CuI catalytic system.  
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The benzazole and imidazole nuclei stands out in heterocyclic chemistry due to the chemical, farmacological and 
photophysical properties presented by their derivatives.1 Herein, we describe the synthesis of novel lophine-benzazole 
dyads, as well as their photophysical characterization and interaction studies with bovine serum albumin (BSA). The 
N-alkylaminolophine intermediates were synthesized through a tetracomponent reaction between an appropriate 
diamine, benzaldehyde, benzil and ammonium acetate under microwave irradiation (300 W), employing EtOH at 110°C 
for 5 h. On the other hand, the benzazole intermediates were synthesized in two steps. First, the cyclocondensation 
between 5-amino-2-hydroxybenzoic acid and o-amino(thio)phenol was carried out in polyphosphoric acid at 200 °C for 
4 h. The aminobenzazoles obtained were then treated with SCCl2 in acetone at room temperature for 3 h, giving the 
desired NCS derivatives. Ultimately, the lophine and benzazole nuclei were connected through a thiourea linker. The 
reaction was performed in dichloromethane at 40 °C for 20 h, affording the benzoxazole derivatives in 66 - 91% yield 
and the benzothiazole derivatives in 65 - 95% yield. The photophysical characterization of the 14 dyads synthesized 
were performed in three different solvents: dichloromethane, methanol and dimethyl sulfoxide. In the fluorescence 
emission spctra, it was possible to observe a dual emission related to the lophine core (~380 nm) and the keto form of 
benzazole unit (~520-550),2 demonstrating the potential of these compounds as optical sensors in solution. Four 
lophine-benzazole dyads were chosen as models for the BSA interaction studies. After the addition of different amounts 
of the dyads to the BSA solution, quenching of the protein fluorescence emission was observed. Molecular docking 
calculations were perfomed to better understand the dyad-protein interactions. The results suggest a static 
fluorescence quenching mechanism occurring mainly in the binding pocket of site III (subdomain IB) , where Trp-134 
residue is located, due to the highest docking score values. 

 

 

Figure 1: Lophine-benzazole dyads. 
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The copper-catalyzed azide–alkyne cycloaddition (CuAAC), commonly known as ‘click chemistry’, is a powerful and 
environmentally friendly strategy for the rapid construction of biologically relevant molecules.1 Inspired by the 
therapeutic importance of Zidovudine (AZT) and the broad pharmacological potential of phthalimide derivatives, we 
designed and synthesized a new series of phthalimide-linked AZT hybrids connected through a 1,2,3-triazole linker. 
The study aimed to generate multifunctional compounds with potential antimalarial activity through targeting 
Plasmodium falciparum heat shock protein 90 (PfHSP90). Two key intermediates, X1 and Z1, were successfully 
obtained in high purity using optimized CuAAC conditions. Subsequent structural diversification was achieved 
through N-alkylation of amide functions, alcoholysis, esterification, sulfonylation, and hydrolysis reactions, affording a 
focused library of novel derivatives (Scheme 1). The synthetic route provided efficient access to structurally diverse 
compounds while maintaining the desirable features of both AZT and phthalimide pharmacophores. 2 
Computational investigations, including drug-likeness prediction, molecular docking, and molecular dynamics 
simulations against PfHSP90 (PDB ID: 3K60), indicated favorable binding profiles for several derivatives. Biological 
evaluation was performed through in vitro antimalarial assays against the PfHB3 strain and cytotoxicity assessment 
using the PC12 cell line (MTT assay). The results identified X1 and Z1 as promising antimalarial drug-like scaffolds, 
while derivatives Xa2, Xb2, Za1, and Zb1 displayed particularly encouraging computational and biological profiles. 
Overall, this work demonstrates the utility of click chemistry for the generation of innovative AZT–phthalimide hybrids 
and highlights their potential as lead structures for future antimalarial drug development.3 

 

                                      Scheme 1: Graphical abstract scheme of the designing phthalimide-linked pyrimidinones. 
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The incorporation of stereochemically defined fragments into heterocyclic scaffolds is a valuable strategy for generating 
structurally complex molecules with potential biological relevance. Dihydropyrimidinones (DHPMs), classically 
accessed through the Biginelli multicomponent reaction, are an important family of nitrogen-containing heterocycles 
associated with diverse biological activities.1 In this work, carquejol, a rare o-menthane obtained from carquejyl acetate, 
a major constituent of Baccharis trimera essential oil and a distinctive irregular monoterpenoid from this plant, was 
explored as a renewable, locally abundant, and enantiopure source of chirality for the construction of terpene-
functionalized DHPMs.2,3

Carquejol was converted into two diastereomeric 1,3-dicarbonyl derivatives designed to act as chiral β-dicarbonyl 
components in the Biginelli reaction. Diastereochemical divergence was achieved by selecting complementary 
stereochemical routes: the syn derivative was obtained through rapid acetylation using TMD, while the anti derivative 
was accessed through a Mitsunobu protocol. The resulting 1,3-dicarbonyl compounds were then employed in 
multicomponent condensations with urea and aromatic aldehydes, affording DHPM scaffolds bearing a terpene-derived 
chiral handle (Scheme 1).
This approach demonstrates the potential of carquejol as an abundant natural source of chirality for heterocycle 
diversification. By merging a renewable monoterpene fragment with the biologically relevant DHPM core, this work 
provides a platform for the synthesis of chiral, structurally enriched dihydropyrimidinones and supports further 
exploration of carquejol-derived building blocks in heterocyclic and medicinal chemistry.

Scheme 1: Isolation of carquejyl acetate from Baccharis trimera essential oil, conversion to carquejol, and further use as a 
renewable chiral building block for the synthesis of 1,3-dicarbonyl derivatives and dihydropyrimidinone (DHPM) scaffolds via the 

Biginelli reaction.
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   The search for novel drugs capable of reducing the morbidity and mortality associated with neurodegenerative 
diseases, such as Alzheimer's disease (AD), is a cornerstone of organic synthesis applied to medicinal chemistry. 
Advances in understanding AD mechanisms have driven the development of inhibitors targeting cholinesterases and 
Aβ peptide aggregation, a scenario in which coumarins stand out due to their broad therapeutic applicability.1,2 In this 
work, we propose the synthesis of novel coumarin-1,3,4-oxadiazole hybrids, and the evaluation of their anti-Alzheimer 
potential through enzyme inhibition assays and antioxidant activity. 
   In order to obtain hybrids 8, the synthesis of intermediate 2 was required, which was prepared via a Knoevenagel 
condensation starting from 4-hydroxybenzaldehyde (1) and diethyl malonate in the presence of piperidine (Scheme 1). 
Subsequently, 2 was reacted with the corresponding dibromoalkane. Intermediates 3 were then treated with piperidine 
to afford intermediates 4, which were subsequently reacted with acylhydrazides 6; however, this step did not yield the 
desired product. Proceeding with the synthesis, the alkylated derivatives 4 were hydrolyzed using 2M NaOH and 
converted into the respective diacyl intermediates 7 (20–62%). These compounds were subjected to dehydratative 
cyclization conditions, but the target products were not obtained. Alternatively, the gradual addition of phosphoryl 
chloride to a mixture of 4a–d and benzohydrazides 6 was tested (Scheme 1, Route 2), successfully affording the desired 
products (34–56%). Overall, 31 substances were obtained in satisfactory yields, 22 of which are novel compounds. 
   The biological activity of intermediates 7 was also evaluated. In the assays against AChE, several compounds 
demonstrated significant inhibition percentages; most notably, two derivatives exhibited 94.1% and 93.5% inhibition, 
outperforming the positive control (donepezil, 92.9%). Complementing Ellman method, AChE assays were conducted 
using an IMER system. Screening identified three compounds as the most potent inhibitors, displaying IC50 values 
ranging from 150 to 715 nM, with all three exhibiting a competitive inhibition mechanism and Ki values ranging from 
137 to 720 nM. Further oxadiazole evaluations are currently underway, reinforcing the importance of SAR studies in 
optimizing drug candidates for AD. 

 

Scheme 1: Proposed synthetic route for the preparation of coumarin–oxadiazole compounds. 
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We describe the synthesis and evaluation of six halogenated nitrophenyl glycosides for detection of β-galactosidase 
and β-glucuronidase enzyme activity among Enterobacterales (“coliforms”) and Escherichia coli, respectively. These 
were evaluated alongside the established substrates; o-nitrophenyl-β-D-galactopyranoside (ONPG), p-nitrophenyl-β-
D-galactopyranoside (PNPG) and p-nitrophenyl-β-D-glucuronide (PNP-GUR).1,2 The evaluation was performed using 
30 isolates of Enterobacterales including 19 isolates of E. coli. Hydrolysis of 2-fluoro-p-nitrophenyl-β-D-
galactopyranoside (2-fluoro-PNPG) yielded a significantly stronger yellow colouration after a six-hour incubation period 
compared to hydrolysis of ONPG and PNPG, potentially allowing for a more sensitive detection of Enterobacterales. 
Similarly, hydrolysis of the novel substrate 2-fluoro-p-nitrophenyl-β-D-glucuronide sodium salt (2-fluoro-PNP-GUR Na) 
by producers of β-glucuronidase also yielded a significantly stronger yellow colouration, potentially allowing for a more 
sensitive detection of E. coli. The yellow chromophore 2-fluoro-PNP retained high colour intensity at reduced pH when 
compared to o-nitrophenol and p-nitrophenol. Both substrates potentially offer enhanced sensitivity for the detection of 
Enterobacterales and E. coli in environmental samples as markers of faecal pollution.3

Figure 1: The six chromogenic substrates based on glycosides of halogenated nitrophenol evaluated in this study. Abbreviations: 
PNPG, p-nitrophenyl-β-D-galactopyranoside; PNP, p-nitrophenol; GUR, glucuronide.
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Naphthoquinones are a class of compounds extensively studied due to their diverse biological activities. A 
naphthoquinone-triazole hybrid (1) linked through the aromatic ring of the naphthoquinone moiety, has shown promising 
trypanocidal activity.1 However, as this compound represents the only reported analogue of this type, SAR studies 
could not be performed, leaving the biological potential of this structural modification largely unexplored. In addition, 
the reported synthesis of compound 1 employs relatively high-cost catalysts and starting materials. Accordingly, this 
work aimed to synthesize novel naphthoquinone–1H-1,2,3-triazole hybrids through a synthetic route employing more 
accessible catalysts and reagents and evatuate their trypanocidal activity. The synthesis began with the nitration of 
compound 2, followed by reduction to afford 4 (Scheme 1).2 This intermediate underwent diazotization and subsequent 
nucleophilic aromatic substitution to yield 5, and a Cu(I)-catalyzed cycloaddition with commercially available and 
synthetic alkynes afforded triazole derivatives 6.3 A total of 17 derivatives of type 6 were synthesized, 16 of which are 
novel, and their trypanocidal activity was evaluated. Among them, 6a was more potent against trypomastigotes than 
the prototype 1 and demonstrated approximately 37-fold greater selectivity than benznidazole (BNZ). 

Scheme 1: Synthetic route for the production of new triazole-naphthoquinone hybrids and 6a trypanocidal activity. 
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Azetidines exhibit a wide range of biological activities and are present in several approved drugs and drug 
candidates.1,2 The azitidine core can act as a bioisostere for a variety of groups and incorporation of such motifs often 
results in improved physicochemical and pharmacokinetic properties.3 An emerging strategy to prepare azetidines is 
the ring-opening reaction of 1-azabicyclo[1.1.0]butanes (ABBs).4 Many polar methods have been developed,5 however 
the first photocatalytic radical difunctionalization using ABBs was only reported in 2024.6 Following this report, other 
related methods emerged, all relying on the attack of an electrophilic sulfur-centered radical to the electron-rich nitrogen 
atom. Despite these advances, preparation of 3,3-diaryl-substituted azetidines remain a synthetic challenge. Another 
major challenge in advancing this chemistry is the lack of convenient methods to prepare 3-aryl-1-
azabicyclo[1.1.0]butanes, hampering their broader adoption as convenient starting materials. In this report, we aim to 
tackle both problems by developing a new route to the preparation of 3-aryl-ABBs 2 and their application in the 
photocatalytic and modular three-component preparation of 3,3-diaryl-N-sulfonylazetidines 5 (Scheme 1).

Scheme 1: Synthesis and photocatalytic three-component ring-opening of ABBs 2 towards N-sulfonylazetidines 5. 

Starting from commercially available ketone 1, and using a four-step sequence, 11 ABBs were prepared, with 
yields in the range of 7-58% (over four steps), without need for column chromatography purification in the last two 
steps. Using the ABBs 2 in combination with cyanopyridines 3 and sodium sulfinates 4, a three-component 
photocatalytic reaction was developed. Under optimized conditions, 28 examples of 3,3-diaryl-N-sulfonylazetidines 5 
with yields in the range of 13–72% were prepared.
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N-Heterocyclic compounds are of major importance due to their widespread presence in biological systems and their 
diverse pharmacological activities, with 82% of FDA-approved small-molecule drugs (2013–2023) containing at least 
one nitrogen heterocycle.1 Among these, pyrazolones, especially 2-pyrazolin-5-ones, are privileged scaffolds in 
medicinal chemistry, displaying a broad range of biological activities and enabling structural diversification, including 
enantioenriched and 4,4-disubstituted derivatives with therapeutic potential.2

Despite significant progress in the synthesis of fluoroalkyl pyrazoles, the regio- and chemoselective construction of 
fluoroalkyl-containing 2-pyrazolin-5-ones remains underexplored. Existing approaches rely mainly on electrophilic or 
nucleophilic fluorination,3 or on modification of preformed pyrazolones,4 while the selective incorporation of fluorinated 
groups such as difluoromethylene (–CF2–) and perfluoroalkyl (–CnF2n+1) units remains challenging, despite their strong 
impact on physicochemical and pharmacokinetic properties of potential pharmaceuticals.5
Herein, we present a robust and regioselective strategy for the synthesis of fluorinated 2-pyrazolin-5-ones via radical 
cascade cyclization of (E)-N'-benzylidene-N-methacryloyl-hydrazides (Scheme 1, 1).6 These readily accessible and 
modular substrates enable rapid structural diversification, making them particularly attractive for synthetic applications. 
By employing perfluoroalkyl halides as radical precursors, the transformation proceeds under mild, transition-metal-
free conditions, enabling the efficient incorporation of both polyfluoroalkyl (2) and difluoromethylene groups (3). The 
methodology demonstrates broad substrate scope, accommodating both aryl and alkyl derivatives, and performs 
effectively in both batch and continuous flow systems, underscoring its robustness and scalability. Overall, this 
approach significantly expands the synthetic utility of hydrazide-based platforms and provides streamlined access to 
fluorinated heterocycles with promising applications in drug discovery and materials science.

Scheme 1. General representation of the synthesis of perfluoroalkylated pyrazolones via a photocatalysis-driven radical cascade.
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We report the synthesis of 3-organoselenyl chromenones 2 via a cascade cyclization of organoselenyl aryl propargyl 
ethers 1 (Scheme 1). The transformation is promoted by diorganyl diselenides and hydrogen peroxide. In this process, 
the diselenides are first activated by hydrogen peroxide to generate reactive selenium species. These selenium species 
then add to the terminal alkyne group of the propargyl ether, leading to alkyne functionalization. Subsequent 
intramolecular nucleophilic attack by the aryl oxygen onto the activated alkyne intermediate triggers cyclization. During 
this cyclization step, a carbonyl group is incorporated in situ, forming the chromenone scaffold without pre-installed 
carbonyl functionalities.1 Although the diselenide acts sacrificially, it is regenerated and can be recovered at the end of 
the reaction, underscoring the sustainability and atom economy of this protocol. 

 
Scheme 1: Synthesis of 3-organoselenyl chromenones promoted by H₂O₂ and diorganyl diselenides. 

This methodology provides access to 23 distinct 3-organoselenyl chromenones in yields up to 90%. Additionally, 
intermediate 3 was isolated and thoroughly characterized by NMR spectroscopy and X-ray diffraction. 

 
Scheme 2: Proposed mechanism. 

Moreover, the resulting 3-organoselenyl chromenones are not only robust end products but also versatile intermediates, 
as demonstrated by their use as starting materials for the synthesis of selenium-containing pyrimidines 4 in yields up 
to 95% (Scheme 3). 

 
Scheme 3: Post-synthetic transformation of 3-organoselenyl chromenones into pyrimidine derivatives 
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Natural products (NPs) are a privileged source of structural complexity and bioactive scaffolds.1 However, their 
transformation into diverse heterocyclic frameworks is rarely addressed through conventional synthetic strategies. In 
this context, the Complexity-to-Diversity (CtD) approach provides a powerful platform to access novel heterocycles 
through ring distortion processes rather than de novo construction.2

Herein, we apply complementary CtD methodologies to terpenoid NPs, including diterpenes and sesquiterpene 
lactones isolated from their natural plant sources, enabling the rapid generation of structurally diverse libraries enriched 
in non-natural heterocyclic architectures.3 Transformations such as oxidative rearrangements, acid-promoted skeletal 
reorganization, and chemoenzymatic and photochemical processes afford highly functionalized scaffolds in a limited 
number of steps. A central goal of this approach is the identification of biologically active compounds, with emphasis 
on anti-infective applications for the generation of new derivatives with improved efficacy, selectivity, and reduced 
toxicity (Scheme 1).

Notably, these strategies exploit the inherent complexity of NPs to generate unprecedented heterocyclic motifs, often 
inaccessible through classical synthetic routes. Many transformations reveal hidden or newly formed heterocyclic cores 
embedded within the original frameworks, expanding chemical space in terms of connectivity and three-dimensionality. 

Overall, this work highlights CtD as a complementary paradigm in heterocyclic chemistry, linking NPs remodeling with 
the discovery of innovative and bioactive molecular architectures.

Scheme 1. Complexity-to-Diversity strategy applied to diterpenoid solidagenone for the generation of novel heterocyclic scaffolds 
with anti-infective potential.
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Making Heterocycles using Wood, Light and Electricity
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At present, synthetic organic chemistry largely relies on fossil carbon sources. The presentation will highlight the 
alternative use of wood-based renewable chemical feedstocks and of photo- and electrochemical reagentless 
transformations in the synthesis of complex heterocyclic frameworks, including biologically active natural products such 
as morphinan, ergot, curare and strychnos alkaloids (Figure 1),1

Figure 1: Synthesis of complex organic frameworks using wood-based starting materials, photo- and electrochemistry.
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We present an investigation of the scope and robustness of our recently developed reductive amination method for 
aldehydes and ketones with primary and secondary amines under electrosynthetic conditions (Schemes 1a and 1b)1. 
Given the limited precedents of electrochemical methods2 for reductive amination, especially those focused on the use 
of ketones, this research opens up new possibilities for sustainable and scalable applications. With optimized solvents, 
electrolytes, reagents, and their concentrations, and applied currents (in batch), we now extend this method to a broad 
range of molecules and valuable APIs3, enabling access to a diverse chemical space (Scheme 1c).

Scheme 1. a) General reaction conditions; b) Proposed reaction mechanism; c) Substrate product scope.
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The Diels-Alder reaction was developed nearly a century ago, and numerous non-stereoselective and asymmetric 

variants have been reported; nevertheless, the demand for an ever-expanding library of synthetic and natural products 

continues to drive the development of new methodologies based on this transformation. By enabling the rapid assembly 

of polycyclic frameworks in a single step, the Diels-Alder has become a cornerstone in the synthesis of structurally 

intricate molecules such as terpenoids, alkaloids, and polyketides.1 In this regard, thiophene S,S-dioxides (TDOs) have 

attracted considerable attention as highly reactive electron-deficient dienes in Diels-Alder reactions, affording adducts 

that readily undergo a [4+1] cheletropic extrusion of SO2. Despite their promise as reactive dienes for IEDDA reactions, 

the use of TDOs remains an underexplored challenge, with relatively few reported examples achieving high levels of 

stereocontrol in the formation of new chiral centers.2 Herein, we report the development of a highly enantioselective 

titanium–BINOL-catalyzed Diels–Alder reaction between TDOs and electronically unbiased indenes. This 

transformation exhibits broad substrate scope and remarkable functional group tolerance, enabling the asymmetric 

construction of complex polycyclic frameworks. Furthermore, the reaction is amenable to gram-scale synthesis, and 

the chiral ligand can be readily recovered and recycled with no deterioration in yield or enantioselectivity, demonstrating 

the practicality and sustainability of this protocol. Moreover, the resulting adducts serve as versatile synthetic 

intermediates, undergoing facile derivatization via hydrogenation, esterification, Suzuki coupling, and further Diels–

Alder transformations.

Acknowledgements: .We thank the EPSRC for support (EP/X028674/1) and the São Paulo Research Foundation (FAPESP) for 
financial support (2024/07727-8)

References:
1. Nicolaou, K. C.; Snyder, S. A.; Montagnon, T.; Vassilikogiannakis, G. The Diels-Alder reaction in total synthesis. Angew Chem Int 
Edit 2002, 41 (10), 1668–1698.
2. Park, K. H. ‘Kenny,’ Park, J., Frank, N., Zhang, H., Tian, P., Biddick, Y., Duarte, F., & Anderson, E. A. Collective asymmetric 
synthesis of the Strychnos alkaloids via thiophene S,S-dioxide cycloadditions. Nature Chemistry 2026, 18(4), 782–789.

117
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The ubiquitous presence of N-heterocycles in biologically relevant compounds is a constant source of inspiration 
towards the development of new synthetic methodologies. The privileged alkaloid core of 1,2,3,4-Tetrahydroquinolines 
(THQs), for example, has been the object of numerous synthetic approaches, among these, the hydrogenation of 
quinolines, the multicomponent Povarov reaction, and transition-metal catalyzed intermolecular C-N bond formation 
are particularly significant.1
Based on our previous works on isocyanide-based multicomponent reactions that explored hemiacetals as bifunctional 
components,2 we envisioned that a variant of the Ugi-Smiles reaction could render modular access to THQs through 
an N-arylative cyclization (Scheme 1). This newly developed Ugi-Smiles 4C-3CR (four centers, three components) 
successfully generates N-functionalized tetrahydroquinolines under mild conditions, notably working with unproductive 
components of the original Ugi-Smiles 4C-4CR, such as anilines, α-branched primary amines, and less activated and 
sterically demanding phenols.3 The origins of this unprecedented reactivity are currently under investigation using DFT 
calculations. Interestingly to note, peptidomimetics were also obtained via a competing Ugi-3CR pathway when those 
less reactive partners were employed. 

Scheme 1: Multicomponent synthesis of 1,2,3,4-Tetrahydroquinolines.
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Underrepresented heteroaromatic scaffolds constitute a largely untapped source of chemical 

diversity for drug discovery1-3. Nitrogen-containing heterocycles are present in over 60% of FDA-

approved small-molecule drugs, owing to their capacity to modulate electronic properties, polarity, 

and intermolecular interactions4-6. Among these, the 1,6-naphthyridine framework is a bicyclic 

motif that remains underexplored relative to its structural potential for fragment-based design and 

scaffold diversification. This work reports the synthesis and structural diversification of ethyl 7-

oxo-1,6-naphthyridine scaffolds via a two-step route to yield fragment-like molecules in moderate 

overall yields. The 7-oxo functionality serves as the primary handle for further derivatization and 

potential engagement with biological targets, providing access to a set of fused [6,6] nitrogen 

heterocycles. 

 

Scheme 1: General Scheme for their synthesis of the compounds 
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Multicomponent reactions (MCRs) have emerged as a fundamental strategy in modern synthesis, since they allow easy 
access to complex products from the combination of three or more reagents in a single process. Accordingly, eliminating 
the need for intermediate isolation typically results in greater molecular diversity and improved overall yields with less 
experimental effort. From a Green Chemistry perspective, MCRs are particularly attractive due to their intrinsic atom 
economy. In addition, they can drastically reduce energy consumption, execution time, and waste generation while 
bypassing purification steps.[1] 1,3-Selenazoles constitute an important class of compounds with broad applications in 
medicine and agriculture. Not surprisingly, considerable effort has been dedicated to the development of new synthetic 
methodologies to access 1,3-selenazole scaffolds.[2] Traditionally, these compounds are prepared via the Hantzsch 
synthesis; however, this methodology often relies on the use of brominated compounds that are lachrymatory and toxic, 
raising concerns regarding their handling and safety.To overcome these limitations, an interesting approach consists 
of generating α-bromo carbonyl compounds in situ using safer and easily handled sources of electrophilic bromine. 
Among them, tribromoisocyanuric acid (TBCA) has proven to be an efficient electrophilic brominating agent.[3] Through 
acid catalysis, the aza-FC reaction joins electron-rich aromatics to imines, establishing new C–C and C–N bonds. This 
process is fundamental for accessing polysubstituted amines of high pharmacological and biological relevance.[4] The 
present work, based on the studies of Gholami et al [5], describes the development of a one-pot, four-step telescoped 
approach to 2-aminoselenazole–indole hybrids, mediated by TBCA, starting from styrenes, through a consecutive co-
bromination, oxidation, Hantzsch condensation, and a multicomponent aza-Friedel–Crafts reaction sequence. For 
instance, using substituted styrene and benzaldehyde, the selenazole was obtained in 34-60% yield after 
recristalizarion with water/ethanol (Scheme 1). Furthermore, the generality of the method is currently under 
investigatation to extend this protocol to β-dicarbonyl compounds, enabling access to structurally diverse hybrids with 
different substitution patterns. 
 

 

Scheme 1: Multicomponent reaction for the synthesis of 2-amino-selenazoles-indoles hybrids 
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Palladium-catalyzed C–C couplings are versatile transformations widely used in organic synthesis and 
pharmaceutical chemistry.1 The Heck-Matsuda (HM) reaction stands out for using aryldiazonium salts which readily 
undergo oxidative addition to Pd(0), forming reactive cationic intermediates under mild conditions. Using in-situ 
diazotization from anilines instead of preformed diazonium, in the presence of N,N-chiral ligands avoids unnecessary 
handling, improving safety and practicality of the overall reaction.2,3 Herein, we describe an intramolecular and 
sequential Heck-Matsuda reaction to create enantioselective spiro heterocyclic compounds of biological and 
pharmaceutical relevance.1

Additionally, the capture of the reactive alkyl–palladium intermediates provides a practical strategy for 
introducing new functional groups, thereby expanding the scope of functionalized compounds while simultaneously 
generating new stereogenic centers through practical multistep one-pot cascade.3

In this context, the present work describes the development of an enantioselective cascade methodology for 
the synthesis of highly enantioenriched spiro-heterocycles from anilines bearing a non-conjugate diene in the carbon 
chain, enabling sequential migratory insertions (Scheme 1). Thus, these reactions were conducted with in-situ 
diazotation of the aniline, followed by a double-HM reaction, generating the spiro compounds from an eliminative HM
to provide a mixture of two diastereomeric unsaturated spiro benzofurans. Furthermore, by employing controlled 
amounts of CO gas, it is selectively incorporated after the second migratory insertion step, affording ester-functionalized 
spirocyclic products bearing two stereogenic centers with high enantiomeric ratio (up to 5:95) in a carbonylative double 
HM reaction. This methodology enables the synthesis of enantioenriched spirocyclic scaffolds, opening synthetic 
possibilities for the synthesis of even more complex molecules.

Scheme 1: Cascade enantioselective intramolecular Heck-Matsuda for the obtention of functionalized spiro-heterocycles derivatives.
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Protein kinases have emerged as one of the most prominent drug targets in the 21st century. These enzymes play 
central roles in cell signaling pathways, which are critically implicated in neoplastic and inflammatory diseases. In 2025, 
the FDA approved ten new kinase-inhibitor drugs, underscoring how drug-discovery is a hot topic 1. Many of these 
drugs are small molecules featuring fused-ring scaffolds. For example, teletrectinib contains an imidazo[1,2-
b]imidazopyridazine core. Similar cores can be accessed through multicomponent reaction strategies, such as 
Groebke-Blackburn-Bienaymé (GBB) reactions 2, a powerful tool for rapidly generating large libraries of structurally 
complex compounds from simple starting materials.
In this work, we report a direct-to-biology approach for the generation of potential CDK-1 and CDK-2 inhibitors via 
multicomponent reactions. 3-Chloropyrazin-2-amine was used as the amidine in GBB reactions to afford a new series 
of 8-chloroimidazo[1,2-a]pyrazine derivatives. Following the methodology optimization, 16 new GBB products were 
obtained in yields ranging from 10-38% (figure 1). Although the yields are modest, the workflow enables broad 
analogue generation and efficient exploration of previously underexplored kinase-focused chemical space.
Subsequently, these compounds were subjected to nanoscale amination reactions in two 384-well plates. Aryl, 
heteroaryl, and aliphatic amines were employed, yielding 363 new imidazo[1,2-a]pyrazin-8-amine derivatives. Inhibition
screening identified several hit compounds at 10 μM. Selected candidates will be synthesized on a large scale to 
confirm their inhibitory profiles and serve as starting points for the development of more potent kinase inhibitors.

Figure 1. Synthesis in nanoscale of novel potential kinases inhibitors using a D2B approach
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1,2,3-triazoles are versatile heterocyclic units with potential far beyond the formation of bioactive molecules. Among 
their derivatives, 4-acyl-1,2,3-triazoles stand out as multifaceted compounds, due to their straightforward synthesis and 
significant potential for generating new molecular entities. Despite their use for this purpose, reports in the literature of 
their use as key compounds to achieve new heterocycles, mainly quinolones, remain scarce.1 Quinolones represent a 
privileged class of heterocycles, widely employed in the development of new drug candidates.2 Based on LabSint’s 
expertise in streamlined nitrogen-heterocycle synthesis with simple methodology and purification, this work explores 
acetamide-based 4-acyl-1,2,3-triazoles 3 as a versatile synthetic platform to achieve novel quinolone-based molecules 
via C-C and C-N cyclizations. The precursor compounds 3 were synthesized via a tandem enaminone-azide 
cycloaddition previously described by our research group, with yields up to 85%.3 These were subsequently 
transformed into (arylamino)quinolin-4(1H)-ones 4 through C–N bond formation, followed by a ring-chain isomerization 
promoted by white-light irradiation in a basic medium (KOH/DMF), resulting in 23 new derivatives with yields ranging 
from 34% to 91%. Furthermore, by modulating reaction conditions to exclude light, we obtained fused quinolone-triazole 
hybrids 6, from deprotected  acyl-1,2,,3 triazol 5 affording only two initial examples in 45% and 59% yield. Finally, the 
4-(1-aryl-1H-1,2,3-triazol-4-yl)quinolin-2(1H)-one 7 scaffold was efficiently synthesized under solvothermal conditions 
in methanol with KOH, yielding 17 new compounds (up to 65% yield) (Scheme 1).  

 

Scheme 1: Convergent synthesis of quinolone-based structures from acetamide-based 4-acyl-1,2,3-triazoles 
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Neglected tropical diseases caused by trypanosomatid parasites still suffer from limited therapeutic options and a 
restricted diversity of validated chemotypes. In this context, we report integrated miniaturized medicinal chemistry 
strategies focused on the rapid synthesis and phenotypic evaluation of structurally diverse nitrogen-rich heterocycles 
against Trypanosoma and Leishmania species. Our approach combines microscale parallel synthesis (MPS), direct-
to-biology concepts,1 fragment-based drug design (FBDD), and heterocyclic scaffold expansion to accelerate 
antiparasitic hit discovery while reducing solvent consumption, purification steps, and experimental time (Figure 1). 
Different heterocyclic series were explored, including aminopyrazoles, pyrazolo[1,5-a]pyrimidines, indazoles, 
imidazopyrimidines, and Groebke–Blackburn–Bienaymé (GBB)-derived fused scaffolds. Aminopyrazole derivatives 
obtained through collaboration with DNDi and the Open Synthesis Network were diversified through urea formation, 
N-protection strategies, methylation, and piperazine incorporation, leading to compounds with promising activity 
against Leishmania infantum, including analogues displaying IC₅₀ values below 1 μM and favorable selectivity 
profiles. In parallel, fragment-growing strategies based on 1H-indazole derivatives employed Sonogashira cross-
coupling reactions to introduce alkynyl fragments and investigate structure–activity relationships. Among the 
synthesized compounds, selected N-protected indazole derivatives displayed low micromolar activity against T. cruzi 
and L. infantum, while carbamate-containing analogues improved selectivity by reducing cytotoxicity. Additionally, 
imidazopyrimidine-derived ureas and amides synthesized through MPS–MTS workflows demonstrated that crude 
reaction mixtures can reliably anticipate antiparasitic structure–activity trends after resynthesis and purification 
validation. The combined use of miniaturized synthesis, phenotypic screening, and heterocyclic diversification 
represents a sustainable and efficient strategy for rapidly expanding antiparasitic chemical space and identifying 
novel hit candidates for neglected tropical diseases. 

 

Figure 1. A Greener and Cost-Effective MPS–D2B Platform. 
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Abstract 

Solid-phase peptide synthesis (SPPS) has long relied on iterative coupling and 
deprotection cycles separated by extensive solvent washing steps, resulting in 
significant reagent consumption and waste generation. CEM's Liberty platform 
introduces Ultra-E icient SPPS (UE-SPPS), a microwave-assisted, wash-free 
methodology that eliminates all solvent washing steps between amino acid 
additions. By combining optimized microwave irradiation, CarboMAX™ coupling 
chemistry, and a one-pot deprotection/coupling process, UE-SPPS reduces 
solvent waste by up to 95% while maintaining — and often improving — crude 
purity and synthesis yield. The result is a faster, greener, and more cost-e ective 
approach to peptide synthesis, capable of producing standard, complex, and long-
sequence peptides with unprecedented e iciency. This technology represents a 
significant step forward in sustainable peptide manufacturing, with applications 
ranging from research-scale synthesis to GMP-compliant pharmaceutical 
production. 
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