
cu free click chemistry
cu free click chemistry has emerged as a significant advancement in the field of chemical synthesis
and bioconjugation. This innovative approach offers an alternative to traditional copper-catalyzed
click reactions, circumventing issues related to copper toxicity and metal contamination. Cu free click
chemistry provides a highly efficient, bioorthogonal method that is particularly valuable in biological
and medicinal applications where copper's presence can be detrimental. The development of copper-
free click reactions has expanded the toolkit for researchers aiming to achieve fast, selective, and
mild chemical ligations. This article explores the principles, methodologies, applications, and
advantages of cu free click chemistry, shedding light on its growing importance in various scientific
disciplines. The following sections detail its mechanism, common reaction types, and practical uses in
biotechnology and materials science.
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Overview of Cu Free Click Chemistry
Cu free click chemistry refers to a class of bioorthogonal chemical reactions that proceed rapidly and
selectively without the need for copper catalysts. Traditional click chemistry, notably the copper-
catalyzed azide-alkyne cycloaddition (CuAAC), has been widely used due to its efficiency and
specificity. However, the copper catalyst can be cytotoxic and problematic in sensitive biological
environments. To overcome this limitation, cu free click chemistry employs alternative reaction
pathways or reagents that eliminate the necessity for copper, enabling safer and more versatile
applications.

The inception of copper-free click reactions has revolutionized bioconjugation techniques, allowing for
in vivo labeling, imaging, and drug delivery without the complications associated with metal catalysts.
These reactions maintain the hallmark features of click chemistry such as high yield, selectivity, and
mild reaction conditions, thereby broadening the scope of chemical biology and materials science
research.

Mechanism and Types of Cu Free Click Reactions
Cu free click chemistry involves several mechanistic approaches that facilitate rapid and selective
bond formation without copper catalysis. The most prominent reaction in this category is the strain-
promoted azide-alkyne cycloaddition (SPAAC), which leverages ring strain in cyclic alkynes to drive



the reaction with azides.

Strain-Promoted Azide-Alkyne Cycloaddition (SPAAC)
SPAAC utilizes strained cyclooctyne derivatives to react with azides in a [3+2] cycloaddition. The high
ring strain in the cyclooctyne moiety lowers the activation energy, allowing the reaction to proceed
rapidly at room temperature without a catalyst. This reaction forms stable triazole linkages and is
highly bioorthogonal, making it ideal for labeling biomolecules in living systems.

Other Copper-Free Click Reaction Variants
Beyond SPAAC, other copper-free click reactions include:

Tetrazine Ligation: A fast inverse electron-demand Diels-Alder reaction between tetrazines
and strained alkenes or alkynes resulting in rapid covalent bond formation.

Oxime and Hydrazone Ligation: Reactions between aldehydes or ketones and aminooxy or
hydrazide groups yielding stable oxime or hydrazone bonds under mild conditions.

Dibenzocyclooctyne (DBCO) Reactions: A subtype of SPAAC involving dibenzocyclooctyne
reagents with enhanced reactivity and stability.

Advantages Over Copper-Catalyzed Click Chemistry
Cu free click chemistry presents several benefits compared to copper-catalyzed methodologies,
especially in contexts requiring biocompatibility and minimal toxicity.

Biocompatibility and Reduced Toxicity
Copper ions can induce oxidative stress and damage biomolecules, limiting the use of CuAAC in live
cells and organisms. Cu free click chemistry eliminates this risk, enabling safe application in biological
environments, including living cells, tissues, and whole organisms.

Simplified Reaction Conditions
Without the need for copper catalysts, these reactions often proceed under aqueous, ambient
conditions without additional ligands or reducing agents. This reduces experimental complexity and
enhances reproducibility.



Enhanced Selectivity and Speed
Many copper-free click reactions, such as SPAAC and tetrazine ligation, demonstrate rapid kinetics
and high selectivity, facilitating efficient conjugation even at low reactant concentrations.

Compatibility with Sensitive Functional Groups
The mild conditions of copper-free reactions preserve the integrity of sensitive biomolecules, such as
proteins, nucleic acids, and carbohydrates, which might otherwise be damaged by copper catalysts or
harsh reaction environments.

Applications in Biology and Medicine
The bioorthogonal nature and mildness of cu free click chemistry have made it indispensable in
various biological and medical applications, ranging from molecular imaging to targeted drug
delivery.

In Vivo Imaging and Labeling
Cu free click reactions enable the selective labeling of biomolecules within living systems without
interference from endogenous biomolecules or toxicity. SPAAC and tetrazine ligation are widely used
for fluorescent tagging of proteins, nucleic acids, and glycans in cells and animals, allowing real-time
visualization of biological processes.

Drug Development and Targeted Therapeutics
Copper-free click chemistry facilitates the conjugation of drugs to targeting moieties such as
antibodies or peptides, producing antibody-drug conjugates and other targeted therapies. The rapid
and selective bond formation improves drug delivery efficiency and reduces off-target effects.

Biomaterials and Diagnostics
Cu free click chemistry is utilized in the synthesis and functionalization of hydrogels, nanoparticles,
and biosensors. These materials benefit from the specificity and efficiency of copper-free click
reactions, enhancing their performance in diagnostic assays and tissue engineering.

Future Perspectives and Challenges
Although cu free click chemistry has transformed chemical biology, ongoing research focuses on
expanding its reaction scope, improving reagent stability, and optimizing kinetics for diverse
applications.



Development of New Bioorthogonal Reactions
Efforts continue to discover novel copper-free click reactions with faster rates, greater selectivity, and
compatibility with complex biological environments. Innovations in reagent design aim to enhance
reactivity while maintaining biocompatibility.

Scalability and Cost Considerations
Some copper-free reagents, particularly strained cyclooctynes, can be synthetically challenging and
expensive. Streamlining synthetic routes and reducing costs are important for broader adoption in
industrial and clinical settings.

Integration with Emerging Technologies
The integration of copper-free click chemistry with advanced techniques such as single-cell analysis,
super-resolution imaging, and personalized medicine holds promise for next-generation biomedical
research and therapeutics.

Cu free click chemistry enables copper-free, bioorthogonal reactions ideal for biological1.
applications.

Strain-promoted azide-alkyne cycloaddition is the flagship copper-free click reaction.2.

Advantages include biocompatibility, mild conditions, and rapid kinetics.3.

Applications span in vivo imaging, targeted drug delivery, and biomaterials.4.

Future work focuses on new reactions, cost reduction, and technological integration.5.

Frequently Asked Questions

What is Cu-free click chemistry?
Cu-free click chemistry refers to copper-free click reactions, a class of bioorthogonal chemical
reactions that proceed rapidly and selectively without the use of copper catalysts, making them
suitable for biological applications.

Why is copper-free click chemistry important in biological
systems?
Copper-free click chemistry is important because copper ions can be toxic to living cells, so
eliminating copper allows for biocompatible labeling and imaging in live cells and organisms without
adverse effects.



What is the most common type of Cu-free click reaction?
The most common Cu-free click reaction is the strain-promoted azide-alkyne cycloaddition (SPAAC),
which involves a strained alkyne reacting with an azide to form a stable triazole ring without needing
a copper catalyst.

How does strain-promoted azide-alkyne cycloaddition (SPAAC)
work?
SPAAC works by using a strained cyclooctyne that reacts rapidly with an azide group via a [3+2]
cycloaddition, driven by the release of ring strain, enabling fast and selective conjugation in biological
environments.

What are the advantages of Cu-free click chemistry over
traditional Cu-catalyzed click reactions?
Cu-free click chemistry offers advantages such as reduced cytotoxicity, compatibility with living
systems, faster reaction kinetics in some cases, and elimination of the need for copper removal post-
reaction.

What applications benefit from Cu-free click chemistry?
Applications include live cell imaging, in vivo biomolecule labeling, drug delivery, biomaterials
functionalization, and diagnostic probe development where biocompatibility and specificity are
critical.

Can Cu-free click chemistry be used for protein labeling?
Yes, Cu-free click chemistry is widely used for site-specific protein labeling in live cells and organisms,
enabling visualization and tracking of proteins without damaging the biological system.

What types of molecules can be used as strained alkynes in
Cu-free click chemistry?
Common strained alkynes include cyclooctynes such as DIBO (dibenzocyclooctyne), DBCO
(dibenzylcyclooctyne), and BARAC (biarylazacyclooctynone), which facilitate rapid and selective
reactions with azides.

Are there any limitations to Cu-free click chemistry?
Limitations include sometimes slower reaction rates compared to Cu-catalyzed reactions, potential
steric hindrance affecting reaction efficiency, and the synthetic complexity and cost of strained alkyne
reagents.

How is Cu-free click chemistry contributing to advances in



drug delivery systems?
Cu-free click chemistry allows for selective and bioorthogonal conjugation of drugs to targeting
molecules under physiological conditions, improving targeting accuracy, reducing side effects, and
enabling controlled drug release.

Additional Resources
1. Advances in Copper-Free Click Chemistry: Principles and Applications
This book provides a comprehensive overview of copper-free click chemistry, highlighting the
fundamental principles and recent advances in the field. It covers various bioorthogonal reactions and
their applications in chemical biology and materials science. Readers will find detailed discussions on
reaction mechanisms, catalyst-free protocols, and innovative uses in drug delivery and imaging.

2. Copper-Free Click Chemistry in Bioconjugation and Drug Development
Focusing on the use of copper-free click chemistry in bioconjugation techniques, this text explores
how these reactions enable selective and efficient labeling of biomolecules. The book emphasizes
applications in drug development, including targeted therapeutics and diagnostics. It also reviews
challenges and future perspectives for copper-free click reactions in medicinal chemistry.

3. Bioorthogonal Chemistry: The Rise of Copper-Free Click Reactions
This volume delves into bioorthogonal chemistry with an emphasis on copper-free click reactions such
as strain-promoted azide-alkyne cycloaddition (SPAAC). The book discusses the importance of copper-
free methods in living systems to avoid toxicity and side effects. Case studies demonstrate successful
in vivo applications and emerging trends in molecular imaging.

4. Strain-Promoted Cycloadditions: A Copper-Free Click Chemistry Approach
Dedicated to strain-promoted cycloadditions, this book details the mechanisms and synthetic
strategies behind copper-free click reactions. It provides extensive coverage of cyclooctynes and
related strained alkynes used as bioorthogonal reagents. The text also highlights their utility in
labeling, sensing, and polymer synthesis.

5. Copper-Free Click Chemistry for Material Science and Nanotechnology
This book explores the role of copper-free click chemistry in the design and fabrication of advanced
materials and nanostructures. It discusses the chemical versatility and biocompatibility of copper-free
protocols for surface modification, hydrogel formation, and nanoparticle functionalization. Practical
examples illustrate how copper-free click reactions enable precise control over material properties.

6. Chemical Tools for Imaging: Copper-Free Click Chemistry in Fluorescent Labeling
Focusing on imaging applications, this text describes how copper-free click chemistry facilitates the
selective attachment of fluorescent probes to biomolecules. It covers methodologies for live-cell
imaging, super-resolution microscopy, and in vivo visualization. The book also addresses the
development of novel fluorophores compatible with copper-free click reactions.

7. Copper-Free Click Chemistry: Methodologies and Synthetic Applications
This book offers a detailed survey of synthetic methodologies utilizing copper-free click chemistry. It
includes protocols for the synthesis of complex molecules, polymers, and conjugates without the need
for copper catalysts. The practical guide format makes it suitable for synthetic chemists interested in
adopting copper-free click strategies.



8. In Vivo Applications of Copper-Free Click Chemistry
Dedicated to in vivo studies, this title examines how copper-free click chemistry is employed for
imaging, drug delivery, and biomolecule tracking in living organisms. It discusses the biocompatibility
advantages and challenges associated with copper-free approaches. The book includes examples
from recent research demonstrating successful biological applications.

9. Emerging Trends in Copper-Free Click Chemistry and Bioorthogonal Reactions
This forward-looking book covers the latest developments and future directions in copper-free click
chemistry and related bioorthogonal reactions. It highlights newly discovered reagents, reaction
conditions, and applications across chemistry and biology. The text also explores interdisciplinary
approaches and potential industrial impacts.

Cu Free Click Chemistry

Find other PDF articles:
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  cu free click chemistry: Development of Copper-free Click Chemistry and Application to
Imaging Glycans in Living Systems Jeremy Michael Baskin, 2009
  cu free click chemistry: Click Chemistry Vinod K. Tiwari, Manoj K. Jaiswal, Sanchayita
Rajkhowa, Sumit K. Singh, 2024-07-20 This book comprehensively covers the fundamentals and
latest advancements in the area of click chemistry. It discusses notable applications of click
chemistry in various emerging areas ranging from chemical biology to catalysis and from medicinal
chemistry to material sciences. Various topics covered in this book are catalysis in regioselectivity in
click chemistry, organocatalysis in triazole synthesis, Bertozzi’s Bioorthogonal Concept,
photo-triggered click chemistry, SuFFEx Click, Thiol-Ene Click, MCR Click, Intramolecular Click
Chemistry, synthesis of diverse triazoles and their applications, Click's Post Functionalization, etc.
The book is a valuable reference for beginners, researchers and professionals interested in
sustainable click concept and its diverse applications in allied fields.
  cu free click chemistry: Chemoselective and Bioorthogonal Ligation Reactions W. Russ Algar,
Philip Dawson, Igor L. Medintz, 2017-06-19 This timely, one-stop reference is the first on an
emerging and interdisciplinary topic. Covering both established and recently developed ligation
chemistries, the book is divided into two didactic parts: a section that focuses on the details of
bioorthogonal and chemoselective ligation reactions at the level of fundamental organic chemistry,
and a section that focuses on applications, particularly in the areas of chemical biology,
biomaterials, and bioanalysis, highlighting the capabilities and benefits of the ligation reactions.
With chapters authored by outstanding scientists who range from trailblazers in the field to young
and emerging leaders, this book on a highly interdisciplinary topic will be of great interest for
biochemists, biologists, materials scientists, pharmaceutical chemists, organic chemists, and many
others.
  cu free click chemistry: Click Chemistry for Biotechnology and Materials Science Joerg
Lahann, 2009-11-23 Mimicking natural biochemical processes, click chemistry is a modular
approach to organic synthesis, joining together small chemical units quickly, efficiently and
predictably. In contrast to complex traditional synthesis, click reactions offer high selectivity and
yields, near-perfect reliability and exceptional tolerance towards a wide range of functional groups
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and reaction conditions. These ‘spring loaded’ reactions are achieved by using a high
thermodynamic driving force, and are attracting tremendous attention throughout the chemical
community. Originally introduced with the focus on drug discovery, the concept has been
successfully applied to materials science, polymer chemistry and biotechnology. The first book to
consider this topic, Click Chemistry for Biotechnology and Materials Science examines the
fundamentals of click chemistry, its application to the precise design and synthesis of
macromolecules, and its numerous applications in materials science and biotechnology. The book
surveys the current research, discusses emerging trends and future applications, and provides an
important nucleation point for research. Edited by one of the top 100 young innovators with the
greatest potential to have an impact on technology in the 21st century according to Technology
Review and with contributions from pioneers in the field, Click Chemistry for Biotechnology and
Materials Science provides an ideal reference for anyone wanting to learn more about click
reactions.
  cu free click chemistry: Click Chemistry in Polymer Science Nikhil K Singha, Prantik Mondal,
Richard Hoogenboom, 2024-11-01 ‘Click’ reactions are a unique class of versatile synthetic tools
used in organic and polymer chemistry to develop new materials. The high efficiency of the click
reactions, combined with their easy and straightforward execution, have made them an inevitable
tool for the development of a variety of advanced polymer materials with tailor-made architectures
and stimuli-responsive features. This book aims to give a comprehensive overview and introduction
on the use of ‘click’ chemistry in polymer science, including ‘click,’ ‘click-like,’ and reversible ‘click’
(or ‘un-click’) approaches in the design of macromolecules. Moreover, it will outline recent progress
in utilizing different ‘click chemistry’ in the development of functional polymer materials for various
applications, such as self-healing, hydrophobic, shape-memory, and bio-based materials. Written and
edited by leading experts in the field, chapters cover the use of different ‘click’ reactions, like
azide-alkyne, Diels-Alder, Alder-ene, thiol-X, electrophilic substitution, and trans
(esterification/amination) reactions, in polymer science. It will also cover the concept of ‘trans-click’
reactions, which have come to the foreground on account of improving the exchangeable efficiency
of covalent bonds in covalent adaptable polymer materials. Recognizing the present state-of-the-art,
this book will be a suitable reference handbook with a valuable resource of information for students
of all levels, for learning and teaching endeavors, and for researchers and scientists working on the
next generation of advanced polymeric materials.
  cu free click chemistry: Click Chemistry Ram K. Gupta, 2024-09-06 Click chemistry involves
highly efficient, reliable, and stereoselective reactions that can synthesize new materials
cost-effectively. The first volume entitled “Click Chemistry: Fundamentals and Synthesis” covers the
fundamentals, mechanisms, kinetics, and various approaches to synthesizing new materials making
it suitable for synthetic chemists and researchers working in nanoscience and technology. The main
objective of this book is to provide information about current, state-of-the-art development in click
chemistry as well as challenges. Experts from around the world have contributed towards this book,
making this a suitable textbook for students and providing new guidelines to researchers and
industries working in these areas.
  cu free click chemistry: Cycloadditions in Bioorthogonal Chemistry Milan Vrabel, Thomas
Carell, 2016-05-28 The series Topics in Current Chemistry Collections presents critical reviews from
the journal Topics in Current Chemistry organized in topical volumes. The scope of coverage is all
areas of chemical science including the interfaces with related disciplines such as biology, medicine
and materials science. The goal of each thematic volume is to give the non-specialist reader,
whether in academia or industry, a comprehensive insight into an area where new research is
emerging which is of interest to a larger scientific audience. Each review within the volume critically
surveys one aspect of that topic and places it within the context of the volume as a whole. The most
significant developments of the last 5 to 10 years are presented using selected examples to illustrate
the principles discussed. The coverage is not intended to be an exhaustive summary of the field or
include large quantities of data, but should rather be conceptual, concentrating on the



methodological thinking that will allow the non-specialist reader to understand the information
presented. Contributions also offer an outlook on potential future developments in the field.
  cu free click chemistry: Click Chemistry in Glycoscience Zbigniew J. Witczak, Roman
Bielski, 2013-02-04 Lays the foundation for new methods and applications of carbohydrate click
chemistry Introduced by K. Barry Sharpless of The Scripps Research Institute in 2001, click
chemistry mimics nature, giving researchers the tools needed to generate new substances quickly
and reliably by joining small units together. With contributions from more than thirty pioneering
researchers in the field, this text explores the many promising applications of click chemistry in
glycoscience. Readers will learn both the basic concepts of carbohydrate click chemistry as well as
its many biomedical applications, including synthetic antigens, analogs of cell-surface receptors,
immobilized enzymes, targeted drug delivery systems, and multivalent cancer vaccines. Click
Chemistry in Glycoscience examines a broad range of methodologies and strategies that have
emerged from this rapidly evolving field. Each chapter describes new approaches, ideas,
consequences, and applications resulting from the introduction of click processes. Divided into four
sections, the book covers: Click chemistry strategies and decoupling Thio-click chemistry of
carbohydrates Carbohydrate click chemistry for novel synthetic targets Carbohydrate click
chemistry in biomedical sciences Thoroughly researched, the book reflects the most recent findings
published in the literature. Diagrams and figures throughout the book enable readers to more easily
grasp complex concepts and reaction processes. At the end of each chapter, references lead to the
primary literature for further investigation of individual topics. The application of click chemistry to
carbohydrates has tremendous implications for research. With this book as their guide, researchers
have a solid foundation from which they can develop new methods and applications of carbohydrate
click chemistry, including new carbohydrate-based therapeutics.
  cu free click chemistry: Click Triazoles Janez Košmrlj, 2012-05-30 B. R. Buckley and H.
Heaney: Mechanistic Investigations of Copper(I)- Catalyzed Alkyne–Azide Cycloaddition Reactions.-
J. D. Crowley and D. A. McMorran: “Click-Triazole” Coordination Chemistry: Exploiting
1,4-Disubstituted-1,2,3-Triazoles as Ligands.- S. Lee and A. H. Flood: Binding Anions in Rigid and
Reconfigurable Triazole Receptors.- M. Watkinson: Click Triazoles as Chemosensors.- H.-F. Chow,
C.-M. Lo and Y. Chen: Triazole-Based Polymer Gels.- T. Zheng, S. H. Rouhanifard, A. S. Jalloh, P. Wu:
Click Triazoles for Bioconjugation.- S. Mignani, Y. Zhou, T. Lecourt and L. Micouin: Recent
Developments in the Synthesis 1,4,5-Trisubstituted Triazoles.
  cu free click chemistry: Primer Of Proteomics Paulina Czaplewska, Katarzyna Macur, Pawel
Ciborowski, 2024-07-26 This book contains examples written by internationally recognized experts
applying proteomics and analysis applications of mass spectrometry in their everyday research. They
dedicate this book to a broad audience of all scientists to encourage them to use the omics approach
to investigate biological processes.The first chapter is a short introduction to the basics of analytical
chemistry. The following chapters describe high-throughput proteomic studies and how they are
applied in various areas of biological and biomedical sciences, providing valuable insights into how
biological systems work at the molecular level.
  cu free click chemistry: Advances in Nanotechnology Research and Application: 2011
Edition , 2012-01-09 Advances in Nanotechnology Research and Application: 2011 Edition is a
ScholarlyEditions™ eBook that delivers timely, authoritative, and comprehensive information about
Nanotechnology. The editors have built Advances in Nanotechnology Research and Application:
2011 Edition on the vast information databases of ScholarlyNews.™ You can expect the information
about Nanotechnology in this eBook to be deeper than what you can access anywhere else, as well
as consistently reliable, authoritative, informed, and relevant. The content of Advances in
Nanotechnology Research and Application: 2011 Edition has been produced by the world’s leading
scientists, engineers, analysts, research institutions, and companies. All of the content is from
peer-reviewed sources, and all of it is written, assembled, and edited by the editors at
ScholarlyEditions™ and available exclusively from us. You now have a source you can cite with
authority, confidence, and credibility. More information is available at



http://www.ScholarlyEditions.com/.
  cu free click chemistry: Green Chemistry in Environmental Sustainability and Chemical
Education Virinder S. Parmar, Priti Malhotra, Divya Mathur, 2018-08-13 Chemistry is considered to
be one of the prime causes of environmental pollution and degradation. The United Nations General
Assembly also addressed the environmental challenges in its Sustainable Development Goals (SDGs),
which have been adopted in 2015. A closer look shows that to meet these goals chemistry will play
an important role. Green chemistry encompasses design and synthesis of environmentally benign
chemical processes, green approaches to minimize and/or remediate environmental pollution, the
development of biomaterials, biofuel, and bioenergy production, biocatalysis, and policies and ethics
in green chemistry. When products in use today become waste, we need to treat that waste so that
hazardous substances are not re-circulated into new products. In this context, circular economy is
also an important point of discussion, which focuses on recycling, reuse and use of renewable
sources. The theme of the International Conference on Green Chemistry in Environmental
Sustainability & Chemical Education (ICGC-2016) held in Delhi from 17-18 November 2016 was to
discuss the emerging green trends in the direction of sustainability and environmental safety.
ICGC-2016 consisted of keynote, plenary and invited lectures, panel discussion, contributed oral
papers and poster presentations. The conference provided a platform for high school students,
undergraduate and postgraduate students, teaching fraternity and young researchers to interact
with eminent scientists and academicians from all over the world who shared their valuable views,
experience and research on the harmonious methods in chemistry for a sustainable environment.
This volume of proceedings from the conference provides an opportunity for readers to engage with
a selection of refereed papers that were presented during the ICGC-2016 conference. The
overarching goal of this book is to discuss most recent innovations and concerns in green chemistry
as well as practical challenges encountered and solutions adopted to remediate a scathed
environment into a pristine one. It includes an extensive variety of contributions from participants of
ICGC-2016 that demonstrate the importance of multidisciplinary and interdisciplinary approach to
problem solving within green chemistry and environmental management. The proceedings is thus a
green chemistry monograph resulting from the fruitful deliberations in the conference, which will
deeply enhance awareness about our responsibility towards the environment.
  cu free click chemistry: Biomarkers Vishal S. Vaidya, Joseph V. Bonventre, 2010-10-05 This
book provides an introduction to the field of biomarkers, how they have been and can be used, and
how different approaches can be used to identify, characterize, and monitor biomarkers. The book
has chapters on topics including HIV, Cancer, Parkinson’s, vascular injury, environmental exposure.
A following section discusses the technologies (diagnostics and assays) to detect biomarkers and
authors have emphasized the preclinical and clinical manifestation of the injury/disease process.
  cu free click chemistry: Sulfonyl Ynamides as Useful Tools for N-Heterocyclic Chemistry Tim
Wezeman, 2016-12-31 Sulfonyl ynamides are highly versatile and synthetically useful reagents. This
thesis details the modular synthesis and use of sulfonyl ynamides in order to access N-heterocyclic
scaffolds, such as quinolines and pyrazoles. The synthesis of a wide array of sulfonyl ynamides can
be realized via copper-catalyzed amidative cross-couplings or by elimination of dichloroenamide
precursors. Additionally the use of Sonogashira chemistry to further diversify terminal ynamides and
the synthesis of solid-supported ynamides was investigated. Electrophilically-activated amides can
be reacted with sulfonyl ynamides in order to access highly functionalized 4-aminoquinolines. The
straightforward amide activation procedure with triflic anhydride and 2-chloropyridine was found to
tolerate a wide range of substrates, which allowed for the development of a library of
4-aminoquinolines with ease. Moreover, 4-aminopyrazoles can be prepared by reacting terminal
sulfonyl ynamides with sydnones under copper catalysis. However, as the copper catalysts were also
found to promote the degradation of the ynamides, a copper-free strain-promoted alternative was
developed. An in situ prepared 3-azacyclohexyne was found to tolerate a wide array of C-4
substituted sydnones, producing a mixture of both the 3,4- and 4,3-fused pyrazoles in good yields.
Additional investigations into heterocyclic methodology led to the development of highly



sophisticated, non-symmetrical and axially-chiral dibenzo-1,3-diazepines, -oxazepines and
-thiazepines from simple, commercially available anilines. The anilines were coupled to their
corresponding reaction partners via a chloromethyl intermediate and the 7-membered ring was
subsequently formed using direct arylation.
  cu free click chemistry: Concise Encyclopedia of Biomedical Polymers and Polymeric
Biomaterials Munmaya Mishra, 2017-08-16 The Concise Encyclopedia of Biomedical Polymers and
Polymeric Biomaterials presents new and selected content from the 11-volume Biomedical Polymers
and Polymeric Biomaterials Encyclopedia. The carefully culled content includes groundbreaking
work from the earlier published work as well as exclusive online material added since its publication
in print. A diverse and global team of renowned scientists provide cutting edge information
concerning polymers and polymeric biomaterials. Acknowledging the evolving nature of the field, the
encyclopedia also features newly added content in areas such as tissue engineering, tissue repair
and reconstruction, and biomimetic materials.
  cu free click chemistry: Polysaccharides-Based Hydrogels Shakeel Ahmed, Akbar Ali,
2023-09-01 Polysaccharide-Based Hydrogels: Synthesis, Characterization and Applications looks at
the synthesis, characterization and application of polysaccharide-based materials in a broad array of
fields. The book discusses the role of polysaccharides in the preparation of hydrogels, the use of
hydrogel-based green materials, and their applications in biomedical applications, drug delivery,
water purification techniques, food industries, agricultural fields, and pharmaceuticals applications.
Written by leading experts in this field, this book will be a valuable reference for scientists,
academicians, researchers, technologists, consultants and policymakers. - Explains origin,
extraction, processing, structural analysis and applications of polysaccharides-based hydrogels -
Includes chapters that specifically focus on a particular hydrogel - Provides specific applications of
polysaccharide hydrogels
  cu free click chemistry: Chemistry of Organo-hybrids Bernadette Charleux, Christophe
Coperet, Emmanuel Lacote, 2015-01-21 This book provides readers with a one-stop entry into the
chemistry of varied hybrids and applications, from a molecular synthetic standpoint • Describes
introduction and effect of organic structures on specific support components (carbon-based
materials, proteins, metals, and polymers). • Chapters cover hot topics including nanodiamonds,
nanocrystals, metal-organic frameworks, peptide bioconjugates, and chemoselective protein
modification • Describes analytical techniques, with pros and cons, to validate synthetic strategies •
Edited by internationally-recognized chemists from different backgrounds (synthetic polymer
chemistry, inorganic surfaces and particles, and synthetic organic chemistry) to pull together
diverse perspectives and approaches
  cu free click chemistry: Synthetic Approaches to Nonaromatic Nitrogen Heterocycles, 2
Volume Set Ana Maria Faisca Phillips, 2020-11-17 A comprehensive overview of synthetic strategies
for nonaromatic nitrogen heterocycles Nitrogen heterocycles are extremely widely distributed in
nature, as well as in synthetic substances found in pharmaceuticals, agrochemicals, and materials
chemistry. With new structures and medicines that include these structures emerging yearly, and a
vast new journal literature to describe them, anyone who wants to be effective in R&D needs to
easily access a synthesis of the latest research. This state-of-the-art survey explores recent
developments in the most widely used reactions, as well as completely new ones. Highlights the
major modern synthetic methods known to obtain nonaromatic nitrogen heterocycles, and their
practical applications Topics include enantioselective synthesis and catalysis, photocatalysis,
biocatalysis, microwave-assisted synthesis, reactions of oximes and nitrones, and ionic liquids
Discusses how to synthesize rings of specific sizes Covers sustainable synthetic approaches for
obtaining salts Whether you are using nonaromatic nitrogen compounds as an academic researcher,
a synthetic chemist in industry, or an advanced student, this book is an essential, up-to-date
resource to support your work.
  cu free click chemistry: Modular Hyaluronan-Based Hydrogels for 3D Cell Culture and
Bioprinting Michael Jury, 2022-04-29 Three-dimensional (3D) cell culture facilitates development of



biological relevant assays for drug screening and toxicity testing. Compared to conventional 2D cell
culture, cells cultured in 3D can more accurately mimic human tissues and organs and thus provide
ex vivo data with potentially better predictive value for cancer research, pharmacology, and
toxicology, reducing the need for animal models, improving experimental reproducibility, and
reducing time and costs in drug development. The most widely used options for scaffold-based 3D
cell culture are, however, based on poorly defined biologically derived extracellular matrix (ECM)
with limited possibilities to tailor material properties and that are difficult to combine with
state-of-the art biofabrication techniques. The overall aim this thesis was to design and explore
modular hyaluronan (HA) based ECM-mimicking hydrogels with tuneable physiochemical properties
and biofunctionalities, for development of advanced 3D cell models and biofabrication. The thesis
work is presented in five papers. In paper I, we used copper free click chemistry for both hydrogel
cross-linking and functionalization with fibronectin derived peptide sequences for culture of human
induced pluripotent-derived hepatocytes in a perfused microfluidic system. The tuneable and
bioorthogonal cross-linking enabled both retention of high cell viabilities and fabrication of a
functional liver-on-chip solution. In paper II, we combined the developed HA-based hydrogel system
with homo- and heterodimerizing helix-loop-helix peptides for modulation of both cross-linking
density and biofunctionalization. We further demonstrated the possibilities to use these hydrogels as
bioinks for 3D bioprinting where both the molecular composition and the physical properties of the
printed structures could be dynamically altered, providing new avenues for four-dimensional (4D)
bioprinting. In paper III we investigated the possibilities to chemically conjugate full size
recombinant human laminin-521 (LN521) in the HA-based hydrogels system using copper-free click
chemistry, with the aim to enable 3D culture and 3D bioprinting of neurons. We quantified the
impact of using different linkers to tether LN521 and the influence of LN-functionalization on the
structural and mechanical properties of the hydrogels. We show that both differentiated and
non-differentiated neuroblastoma cells and long-term self-renewing neuroepithelial stem cells
(lt-NES) remained viable in the hydrogels. The hydrogels also had a protected effect on lt-NES
during syringe ejection and bioprinting. In paper IV, we used HA-based hydrogels modified with
peptides sequences derived from fibronectin and laminin for culture of fetal primary astrocytes
(FPA). We explored both the interactions between the hydrogels and FPA and possibilities to 3D
bioprint FPAs. Finally, in paper V, we developed HA-nanocellulose composite hydrogels with the aim
to increase printing fidelity and enable fabrication of multi-layered bioprinted structures without the
use of a support bath. In addition to HA, we used wood-fibre derived nanocellulose (NC) to increase
the viscosity of the bioink during the printing process. The developed biorthogonal and modular
hydrogel systems provide a large degree of flexibility that allows for encapsulation and culture of
different cell types and processing using different techniques, which can contribute to further
exploration of fabrication of biologically relevant tissue and disease models.
  cu free click chemistry: Organic Azides Stefan Bräse, Klaus Banert, 2011-09-23 Most current
state-of-the-art overview of this important class of compounds, encompassing many new and
emerging applications The number of articles on organic azides continues to increase tremendously;
on average, there are more than 1000 new publications a year Covers basic chemistry as well as
state-of-the-art applications in life science and materials science World-ranked authors describe
their own research in the wider context of azide chemistry Includes a chapter on safe synthesis and
handling (azides can decompose explosively)
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