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Manganese Complexes for (De)Hydrogenation Catalysis: A Comparison to Cobalt and Iron 
Catalysts  

M. Sc. Fabian Kallmeier and Prof. Dr. Rhett Kempe 

Angew. Chem. Int. Ed. 2018, 57(1), 46. 

 
 

 
 
 
 
 
 
Abstract 
 
The sustainable use of the resources on our planet is essential. Noble metals are very rare and are 
diversely used in key technologies, such as catalysis. Manganese is the third most abundant transition 
metal of the Earth's crust and based on the recently discovered impressive reactivity in hydrogenation 
and dehydrogenation reactions, is a potentially useful noble-metal “replacement”. The hope of novel 
selectivity profiles, not possible with noble metals, is also an aim of such a “replacement”. The 
reactivity of manganese complexes in (de)hydrogenation reactions was demonstrated for the first time 
in 2016. Herein, we summarize the work that has been published since then and especially discuss 
the importance of homogeneous manganese catalysts in comparison to cobalt and iron catalysts. 

 

Oxygen Vacancy-Mediated Photocatalysis of BiOCl: Reactivity, Selectivity, and Perspectives  
 
Dr. Hao Li, Dr. Jie Li, Prof. Zhihui Ai, Prof. Falong Jia and Prof. Lizhi Zhang 
 
Angew. Chem. Int. Ed. 2018, 57(1), 122 

 
 
 
 
 
 
 
 
 
 
 
Abstract 

Semiconductor photocatalysis is a trustworthy approach to harvest clean solar light for energy 

conversions, while state-of-the-art catalytic efficiencies are unsatisfactory because of the finite light 

response and/or recombination of robust charge carriers. Along with the development of modern 

material characterization techniques and electronic-structure computations, oxygen vacancies (OVs) 

on the surface of real photocatalysts, even in infinitesimal concentration, are found to play a more 

decisive role in determining the kinetics, energetics, and mechanisms of photocatalytic reactions. This 

Review endeavors to clarify the inherent functionality of OVs in photocatalysis at the surface molecular 

level using 2D BiOCl as the platform. Structure sensitivity of OVs on reactivity and selectivity of 

photocatalytic reactions is intensely discussed via confining OVs onto prototypical BiOCl surfaces of 

different structures. The critical understanding of OVs chemistry can help consolidate and advance the 

fundamental theories of photocatalysis, and also offer new perspectives and guidelines for the rational 

design of catalysts with satisfactory performance. 

http://onlinelibrary.wiley.com/doi/10.1002/anie.201709010/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201705628/abstract
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Direct Dehydroxytrifluoromethoxylation of Alcohols 

Xiaohuan Jiang, Zhijie Deng and Prof. Pingping Tang 

Angew. Chem. Int. Ed. 2018, 57(1), 292 

 
 
 
 
 
 
 
Abstract 

The first example of a direct dehydroxytrifluoromethoxylation of alcohols has been developed. This 

method generated an alkyl fluoroformate in situ from alcohols, followed by nucleophilic 

trifluoromethoxylation with trifluoromethyl arylsulfonate (TFMS) as the trifluoromethoxylation reagent. 

The reaction is operationally simple and scalable, and it proceeds under mild reaction conditions to 

provide access to a wide range of trifluoromethyl ethers from alcohols. In addition, this method is 

suitable for the late-stage trifluoromethoxylation of complex small molecules. 

 

Site-Selective O-Arylation of Glycosides 

Weidong Shang, Ze-Dong Mou, Hua Tang, Xia Zhang, Jie Liu, Zhengyan Fu and Prof. Dawen Niu 

Angew. Chem. Int. Ed. 2018, 57(1), 314 

 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Direct and site-selective O-arylation of carbohydrates has been a challenge in synthesis. Herein we 
report a method based on copper-catalyzed O-arylation to address this challenge. Proper choice of the 
ancillary ligand on copper is critical for the efficiency and site selectivity of this transformation. This 
method features mild conditions, tolerates various functional groups, and demonstrates broad 
substrate scope. 

 

 

 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201711050/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201710310/abstract
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Nickel(0)-Catalyzed Hydroarylation of Styrenes and 1,3-Dienes with Organoboron Compounds  

Li-Jun Xiao, Lei Cheng, Wei-Min Feng, Mao-Lin Li, Prof. Jian-Hua Xie and Prof. Qi-Lin Zhou 

Angew. Chem. Int. Ed. 2018, 57(2), 461 

 
 
 
 
 
 
Abstract 
 
A Ni-catalyzed hydroarylation of styrenes and 1,3-dienes with organoboron compounds has been 
developed. The reaction offers a highly selective approach to diarylalkanes and allylarenes under 
redox-neutral conditions. In this hydroarylation reaction, a new strategy that uses the proton of 
methanol to generate the active catalyst species Ni−H was developed. The Ni-catalyzed 
hydroarylation, combined with a Ir-catalyzed C−H borylation, affords a very efficient and 
straightforward access to a retinoic acid receptor agonist. 

 

 

Atropoenantioselective Redox-Neutral Amination of Biaryl Compounds through Borrowing 
Hydrogen and Dynamic Kinetic Resolution 

Dr. Jianwei Zhang and Prof. Dr. Jian Wang 

Angew. Chem. Int. Ed. 2018, 57(2), 465 

 
 
 
 
 
 
 
Abstract 

We report herein a novel atropoenantioselective redox-neutral amination of biaryl compounds 

triggered by a cascade of borrowing hydrogen and dynamic kinetic resolution under the cooperative 

catalysis of a chiral iridium complex and an achiral Brønsted acid. This protocol features broad 

substrate scope and good functional-group tolerance, and allows the rapid assembly of axially chiral 

biaryl compounds in good to high yields and with high to excellent enantioselectivity. 

 

 

 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201710735/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201711126/abstract
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Photoinduced Remote Functionalisations by Iminyl Radical Promoted C−C and C−H Bond 
Cleavage Cascades 

Elizabeth M. Dauncey, Dr. Sara P. Morcillo, Dr. James J. Douglas, Prof. Nadeem S. Sheikh and Dr. Daniele Leonori 

Angew. Chem. Int. Ed. 2018, 57(3), 744 

 
 
 
 
 
 
 
 
Abstract 
A photoinduced cascade strategy leading to a variety of differentially functionalised nitriles and 
ketones has been developed. These reactions rely on the oxidative generation of iminyl radicals from 
simple oximes. Radical transposition by C(sp

3
)−(sp

3
) and C(sp

3
)−H bond cleavage gives access to 

distal carbon radicals that undergo SH2 functionalisations. These mild, visible-light-mediated 
procedures can be used for remote fluorination, chlorination, and azidation, and were applied to the 
modification of bioactive and structurally complex molecules. 

 

 

Evidence for Triplet Sensitization in the Visible-Light-Induced [2+2] Photocycloaddition of 
Eniminium Ions  

M. Sc. Fabian M. Hörmann, Dr. Tim S. Chung, Dr. Elsa Rodriguez, M. Sc. Matthias Jakob and Prof. Dr. Thorsten Bach 

Angew. Chem. Int. Ed. 2018, 57(3), 827 

 
 
 
 
 
 
 
 
Abstract 

Εniminium ions were prepared from the corresponding α,β-unsaturated carbonyl compounds (enones 

and enals), and were found to be promoted to their respective triplet states by energy transfer. The 

photoexcited intermediates underwent intra- or intermolecular [2+2] photocycloaddition in good yields 

(50–78 %) upon irradiation at λ=433 nm or λ=457 nm. Iridium or ruthenium complexes with a 

sufficiently high triplet energy were identified as efficient catalysts (2.5 mol % catalyst loading) for the 

reaction. The intermolecular [2+2] photocycloaddition of an eniminium ion derived from a chiral 

secondary amine proceeded with high enantioselectivity (88 % ee). 

 

 

 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201710790/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201710441/abstract


Joseph Samec Research Group Digest          

 

 

ortho-Directing Chromium Arene Complexes as Efficient Mediators for Enantiospecific C(sp2)–
C(sp3) Cross-Coupling Reactions 

Dr. Raphael Bigler and Prof. Dr. Varinder K. Aggarwal 

Angew. Chem. Int. Ed. 2018, 57(4), 1082 

 
 
 
 
 
 
Abstract 

A new strategy for the coupling of a broad scope of electronically diverse aromatics to boronic esters 

is reported. The coupling sequence, which relies on the directed ortho-lithiation of chromium arene 

complexes followed by boronate formation and oxidation, occurs with complete ortho-selectivity and 

enantiospecificity to give the coupling products in excellent yields and with high functional group 

tolerance. An intermediate chromium arene boronate complex was characterized by X-ray, NMR, and 

IR experiments to elucidate the reaction mechanism. 

 

Double Regioselective Asymmetric C-Allylation of Isoxazolinones: Iridium-Catalyzed N-
Allylation Followed by an Aza-Cope Rearrangement 

M. Sc. Stefan Rieckhoff, M. Sc. Jan Meisner, Prof. Dr. Johannes Kästner, Dr. Wolfgang Frey and Prof. Dr. René Peters 

Angew. Chem. Int. Ed. 2018, 57(5), 1404 

 
 
 
 
 
 
 
 
 
 
Abstract 

Isoxazolinones are biologically and synthetically interesting densely functionalized heterocycles, which 

for a long time were not accessible in enantioenriched form by asymmetric catalysis. Next to the deficit 

of enantioselective methods, the functionalization of isoxazolinones is often plagued by regioselectivity 

issues due to the competition of various nucleophilic centers within the heterocycles. We report the 

first regio- and enantioselective C-allylations of isoxazolinones. These occur with high regioselectivity 

in favor of the linear allylation products, although Ir phosphoramidite catalysts were used, which 

commonly results in branched isomers. Our studies suggest that this outcome is the result of a 

reaction cascade via an initial regio- and enantioselective N-allylation to provide a branched allyl 

intermediate, followed by a spontaneous [3,3]-rearrangement resulting in chirality transfer. 

 
  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201711816/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201710940/abstract
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A New Mechanism for β-Lactamases: Class D Enzymes Degrade 1β-Methyl Carbapenems 
through Lactone Formation 

Dr. Christopher T. Lohans, Emma van Groesen, Kiran Kumar, Catherine L. Tooke, Dr. James Spencer, Prof. Dr. Robert S. 
Paton, Dr. Jürgen Brem and Prof. Dr. Christopher J. Schofield 

Angew. Chem. Int. Ed. 2018, 57(5), 1282 

 
 
 
 
 
 
 
 
Abstract 

β-Lactamases threaten the clinical use of carbapenems, which are considered antibiotics of last resort. 

The classical mechanism of serine carbapenemase catalysis proceeds through hydrolysis of an acyl-

enzyme intermediate. We show that class D β-lactamases also degrade clinically used 1β-methyl-

substituted carbapenems through the unprecedented formation of a carbapenem-derived β-lactone. β-

Lactone formation results from nucleophilic attack of the carbapenem hydroxyethyl side chain on the 

ester carbonyl of the acyl-enzyme intermediate. The carbapenem-derived lactone products inhibit both 

serine β-lactamases (particularly class D) and metallo-β-lactamases. These results define a new 

mechanism for the class D carbapenemases, in which a hydrolytic water molecule is not required. 

 

Thioketone-Directed Palladium(II)-Catalyzed C−H Arylation of Ferrocenes with Aryl Boronic 
Acids 

Zhong-Jian Cai, Chen-Xu Liu, Dr. Qing Gu and Prof. Dr. Shu-Li You 

Angew. Chem. Int. Ed. 2018, 57(5), 1296 

 
 
 
 
 
 
 
 
Abstract 

A palladium(II)-catalyzed thioketone-chelation-assisted direct C−H arylation of ferrocenes is described. 

With thioketone as an efficient directing group, various monoaryl- and diaryl-substituted 

thiocarbonylferrocenes were obtained by palladium-catalyzed direct C−H functionalization in high 

yields under mild and base-free reaction conditions. Furthermore, the arylated thiocarbonylferrocene 

could undergo diverse transformations. 

 

 

 

http://onlinelibrary.wiley.com/doi/10.1002/anie.201711308/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201711451/abstract
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Photoinduced Cobalt(III)−Trifluoromethyl Bond Activation Enables Arene C−H 
Trifluoromethylation (pages 1311–1315) 

Dr. Caleb F. Harris, Christopher S. Kuehner, Dr. John Bacsa and Prof. Jake D. Soper 

Angew. Chem. Int. Ed. 2018, 57(5), 1311 

 
 
 
 
 
 
Abstract 

Visible-light capture activates a thermodynamically inert Co
III
−CF3 bond for direct C−H 

trifluoromethylation of arenes and heteroarenes. New trifluoromethylcobalt(III) complexes supported 

by a redox-active [OCO] pincer ligand were prepared. Coordinating solvents, such as MeCN, afford 

green, quasi-octahedral [(
S
OCO)Co

III
(CF3)(MeCN)2] (2), but in non-coordinating solvents the complex 

is red, square pyramidal [(
S
OCO)Co

III
(CF3)(MeCN)] (3). Both are thermally stable, and 2 is stable in 

light. But exposure of 3 to low-energy light results in facile homolysis of the Co
III
−CF3 bond, 

releasing 
.
CF3 radical, which is efficiently trapped by TEMPO

.
 or (hetero)arenes. The homolytic 

aromatic substitution reactions do not require a sacrificial or substrate-derived oxidant because the 

Co
II
 by-product of Co

III
−CF3 homolysis produces H2. The photophysical properties of 2 and 3 provide a 

rationale for the disparate light stability. 

 

 

 

Chiral Bi Enantioselective Iridium-Catalyzed Phthalide Formation through Internal Redox 
Allylation of Phthalaldehydes 

James M. Cabrera, Dr. Johannes Tauber and Prof. Michael J. Krische 

Angew. Chem. Int. Ed. 2018, 57(5), 1390 

 
 
 
 
 
 
 
Abstract 

An inside job: Enantioselective phthalide synthesis was achieved through internal redox allylation of o-

phthalaldehydes. Oxidative esterification is balanced by reductive carbonyl addition to achieve an 

overall redox-neutral process. This method enabled formal syntheses of ent-spirolaxine methyl ether 

and CJ-12,954. 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201711693/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201712015/abstract
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Chiral Bifunctional Phosphine-Carboxylate Ligands for Palladium(0)-Catalyzed 
Enantioselective C−H Arylation 

Dr. Lei Yang, Dr. Markus Neuburger and Prof. Dr. Olivier Baudoin 

Angew. Chem. Int. Ed. 2018, 57(5), 1394 

 
 
 
 
 
 
 
 
 
 
Abstract 

Previous enantioselective Pd
0
-catalyzed C−H activation reactions proceeding via the concerted 

metalation-deprotonation mechanism employed either a chiral ancillary ligand, a chiral base, or a 

bimolecular mixture thereof. This study describes the development of new chiral bifunctional ligands 

based on a binaphthyl scaffold which incorporates both a phosphine and a carboxylic acid moiety. The 

optimal ligand provided high yields and enantioselectivities for a desymmetrizing C(sp
2
)−H arylation 

leading to 5,6-dihydrophenanthridines, whereas the corresponding monofunctional ligands showed 

low enantioselectivities. The bifunctional system proved applicable to a range of substituted 

dihydrophenanthridines, and allowed the parallel kinetic resolution of racemic substrates. 

 

Protection Group Effects During α,γ-Diol Lignin Stabilization Promote High-Selectivity 
Monomer Production 

Dr. Wu Lan, Masoud Talebi Amiri, Christopher M. Hunston and Prof. Jeremy S. Luterbacher 

Angew. Chem. Int. Ed. 2018, 57(5), 1356 

 
 
 
 
 
 
Abstract 

Protection groups were introduced during biomass pretreatment to stabilize lignin's α,γ-diol group 

during its extraction and prevent its condensation. Acetaldehyde and propionaldehyde stabilized the 

α,γ-diol without any aromatic ring alkylation, which significantly increased final product selectivity. The 

subsequent hydrogenolysis catalyzed by Pd/C generated lignin monomers at near-theoretical yields 

based on Klason lignin (48 % from birch, 20 % from spruce, 70 % from high-syringyl transgenic 

poplar), and with high selectivity to a single 4-n-propanolsyringol product (80 %) in the case of the 

poplar. Unlike direct hydrogenation of native wood, hydrogenolysis of protected lignin with Ni/C also 

led to high selectivity to this single product (78 %), paving the way to high-selectivity lignin upgrading 

with base metal catalysts. The use of extracted lignin facilitated valorization of polysaccharides, 

leading to high yields of all three major biomass polymers to a single major product. 

http://onlinelibrary.wiley.com/doi/10.1002/anie.201712061/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201710838/abstract
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Ligand- and Solvent-Controlled Regio- and Chemodivergent Carbonylative Reactions  

Dr. Jin-Bao Peng and Prof. Dr. Xiao-Feng Wu 

Angew. Chem. Int. Ed. 2018, 57(5), 1152 

 
 
 
 
 
 
 
 
Abstract 
 
The development of highly selective procedures is one of the core goals in organic chemistry. Among 
the known organic transformations, carbonylation reactions present an ideal choice for the preparation 
of carbonyl-containing compounds. In this review, the recent achievements on the control of the 
selectivity for carbonylation reactions have been summarized. The effects of ligands, solvents, and 
bases on the selectivity are been discussed. 

 

Heteroatom-Doped Carbonaceous Photocatalysts for Solar Fuel Production and Environmental 

Remediation  
 
Prof. Zhongkui Zhao, Dr. Guifang Ge and Di Zhang 
 
ChemCatChem  2018, 10(1), 62. 
 

 

Abstract 
 
Photocatalytic solar energy conversion and environmental remediation including water splitting, 
CO2reduction, and pollutant degradation have attracted rapidly growing attention, owing to global fossil 
fuel depletion and increasing environmental issues. From the viewpoint of the broad availability, good 
environmental acceptability, high corrosion resistance, as well as the readily tailorable microstructure, 
electronic structure and surface chemical properties, carbonaceous materials have been 
demonstrated as promising and sustainable low-cost metal-free alternatives to metal-based 
photocatalysts for solar fuel production and pollutant degradation. The non-metallic heteroatoms 
doping approach has been considered as a powerful tool for modulating electronic structure, 
morphology, surface structure and surface chemistry, textural properties, optical properties, and 
electrochemical properties, as well as catalytic properties of carbonaceous photocatalysts. This 
Review represents a comprehensive overview of the latest advance in preparation and 
physicochemical properties of diverse non-metallic heteroatoms-doped carbonaceous materials, as 
well as their applications in heterogeneous photocatalysis towards solar energy conversion and 
environmental remediation. The physicochemical properties and photocatalytic performance of the 
carbonaceous photocatalysts are carefully compared, as well as a brief overview of fundamental 
principles for the promoting effect of heteroatoms-doping is also presented. In addition, the future 
perspectives on the opportunities and challenges of heteroatoms doping for fabricating novel and 
excellent carbonaceous photocatalysts are outlined. 

http://onlinelibrary.wiley.com/doi/10.1002/anie.201709807/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700707/abstract
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The Highly Efficient Suzuki–Miyaura Cross-Coupling of (Hetero)aryl Chlorides and (Hetero) 
arylboronic Acids Catalyzed by “Bulky-yet-Flexible” Palladium–PEPPSI Complexes in Air  

Jia-Sheng Ouyang, Yan-Fang Li, Fei-Dong Huang, Dong-Dong Lu and Dr. Feng-Shou Liu 
 
ChemCatChem  2018, 10(2), 371 

 

 

Abstract 

A series of Pd–PEPPSI complexes were designed and synthesized. The relationship between catalyst 

structure and properties was systematically investigated. It was revealed that “bulky-yet-

flexible” C3bearing ancenaphthyl backbone was a highly efficient precatalyst and could be 

successfully employed in Suzuki–Miyaura reactions of (hetero)aryl chlorides with (hetero)arylboronic 

acids at a low palladium loading in the presence of a weak inorganic base in air. 

 

Tungsten-Based Bimetallic Catalysts for Selective Cleavage of Lignin C−O Bonds  

Dr. Jianwei Ji, Haiwei Guo, Dr. Changzhi Li, Zaojuan Qi, Dr. Bo Zhang, Tao Dai, Min Jiang, Chuanqing Ren, Prof. Aiqin Wang 
and Prof. Tao Zhang 
 
ChemCatChem  2018, 10(2), 415 

 

 

 
Abstract 

Tungsten-based bimetallic catalysts M–W/AC (M=Ru, Pt, and Pd; AC=activated carbon) exhibited high 

activity and selectivity in the hydrogenolysis of typical α-O-4 model compounds and deconstruction of 

lignin feedstock for the production of aromatic chemicals. Synergy effect was observed between 

tungsten and noble-metal species, which on the one hand modulated the hydrogenolysis activity of 

tungsten and improved the activity of catalyst, and on the other hand suppressed overhydrogenation 

that avoided the formation of cycloalkanes. The conversion of α-O-4 model compounds with different 

substituents showed that electronic effects play an important role in stabilizing the reaction 

intermediates, and the electron-donating methoxy group on the aromatic ring accelerated the 

hydrogenolysis efficiency. Solvent effect was another factor that determined hydrogenolysis efficiency; 

dipolar aprotic solvents such as n-hexane provided the high yields of target aromatics. In the 

conversion of realistic lignins, the bimetallic catalyst showed excellent activity not only in α-O-4 

cleavage but also in the hydrogenolysis of other major linkages such as β-O-4 and β−β between 

aromatic units, so that a high yield of liquid oil was obtained from lignin. 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201701076/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201701240/abstract
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Carbon-Increasing Catalytic Strategies for Upgrading Biomass into Energy-Intensive Fuels and 
Chemicals 

Hu Li, Anders Riisager, Shunmugavel Saravanamurugan , Ashok Pandey, Rajender S. Sangwan, Song Yang, Rafael Luque. 

ACS Catal., 2018, 8 (1), pp 148–187 

 

Lignocellulosic biomass is the most abundant organic carbon source and has received a great deal of 
interest as renewable and sustainable feedstock for the production of potential biofuels and value-
added chemicals with a wide range of designed catalytic systems. However, those natural polymeric 
materials are composed of short-chain monomers (typically C6 and C5 sugars) and complex lignin 
molecules containing plenty of oxygen, resulting in products during the downstream processing having 
low-grade fuel properties or limited applications in organic syntheses. Accordingly, approaches to 
increase the carbon-chain length or carbon atom number have been developed as crucial catalytic 
routes for upgrading biomass into energy-intensive fuels and chemicals. The primary focus of this 
review is to systematically describe the recent examples on the selective synthesis of long-chain 
oxygenates via different C–C coupling catalytic processes, such as Aldol condensation, 
hydroalkylation/alkylation, oligomerization, ketonization, Diels–Alder, Guerbet, and acylation reactions. 
Other integrated reaction steps including, for example, hydrolysis, dehydration, oxidation, partial 
hydrogenation, and hydrodeoxygenation (HDO) to derive corresponding key intermediates or final 
products are also reviewed. The effects of catalyst structure/type and reaction parameters on the 
catalytic performance along with relevant reaction mechanisms are in detail discussed. Apart from this, 
the formation of other useful compounds containing C–X bonds (X = O, N, and S) derived from 
biomass-based substrates for producing fuel additives and valuable chemicals is also briefly reviewed. 

Hydrophobic Solid Acids and Their Catalytic Applications in Green and Sustainable Chemistry 

Fujian Liu, Kuan Huang, Anmin Zheng, Feng-Shou Xiao, Sheng Dai 

ACS Catal., 2018, 8 (1), pp 372–391. 

 

Acid catalysts are widely used in petrochemical reactions, the synthesis of fine chemicals, and 
biomass conversions in industry. To comply with the principles of green and sustainable chemistry, 
much attention is being paid to the replacement of traditional liquid acids with solid acid catalysts. 
Normally, solid acids exhibit hydrophilicity because of the unique hydrophilic nature of the acidic sites 
on their surfaces. Water, as a typical solvent, byproduct, or negative component in a variety of acid-
catalyzed reactions, may be adsorbed on solid acids and then cause the deactivation of catalytic sites 
or hydrolysis of the frameworks. The development of solid acids with suitable hydrophobicity largely 
overcomes these issues and enhances their catalytic activities and reusability. This Review discusses 
some recent advances in the preparation of novel solid acids with controllable wettability and suitable 
hydrophobicity and highlights their application in catalyzing various reactions such as esterification, 
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transesterification, acylation, condensation, hydration, and depolymerization of crystalline cellulose. In 
addition, this Review discusses how the hydrophobicity of solid acids is affected by their structures, 
surface characteristics, and acid centers, and determines the principles for designing solid acids with 
high catalytic activity and good reusability. It is instructive for researchers who are interested in 
designing new kinds of solid acids with improved efficiency and reusability for applications in green 
and sustainable chemistry. 

Catalytic Strategies for the Cycloaddition of Pure, Diluted, and Waste CO2 to Epoxides under 
Ambient Conditions 

Rafik Rajjak Shaikh , Suriyaporn Pornpraprom, Valerio D’Elia 

ACS Catal., 2018, 8 (1), pp 419–450 

 

Cyclic organic carbonates represent a relevant class of chemicals that can be prepared from CO2by 
cycloaddition to epoxides. The application of efficient catalysts is crucial in allowing the cycloaddition 
reaction to proceed under very mild conditions of temperature, pressure, and CO2concentration, thus 
resulting in a sustainable and carbon-balanced approach to CO2 conversion. This is particularly the 
case if impure waste CO2 could be employed as a feedstock. In this Review, we have critically 
analyzed the burgeoning literature on the cycloaddition of CO2 to epoxides with the aim to provide 
state-of-the-art knowledge on the catalysts that can convert CO2 to carbonates under ambient 
conditions. These have been systematically organized in families of compounds and critically 
scrutinized in terms of catalytic activity, availability and mechanistic features. Finally, we provide an 
overview on the catalytic systems able to function using diluted and impure CO2 as a feedstock. 

Calcium-Based Catalytic System for the Synthesis of Bio-Derived Cyclic Carbonates under Mild 
Conditions 

Lars Longwitz, Johannes Steinbauer, Anke Spannenberg, Thomas Werner 

ACS Catal., 2018, 8 (1), pp 665–672 

 

Recently, bio-derived cyclic carbonates have gained significant importance: e.g., as building blocks in 
non-isocyanate polyurethanes (NIPUs). Herein we report the development of a calcium-based catalyst 
system for the synthesis of challenging internal and trisubstituted cyclic carbonates from bio-derived 
epoxides and CO2 under mild reaction conditions. Several crown ethers were tested as ligands in 
combination with various cocatalysts for the possible activation of CO2. The most active system 
consists of a dicyclohexyl-functionalized 18-crown-6 ether and triphenylphosphane in addition to 
calcium iodide. The in situ complexation of Ca2+ by the crown ether was detected by 1H NMR 
spectroscopy. Interestingly, the addition of triphenylphosphane as a cocatalyst leads to a significant 
increase in activity, which is similar to or even higher than that of organic superbases such as DBU 
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and TBD. The catalytic system was employed in the conversion of 16 different bio-derived epoxides, 
including fatty acid esters, oils, and terpenes with CO2, and is able to facilitate the reaction under mild 
conditions. Various internal epoxides were converted at only 45 °C, 0.5 MPa CO2 pressure, a catalyst 
loading of 5 mol %, and a reaction time of 24 h with isolated yields up to 98% of the respective 
carbonate. The challenging terpene-based carbonates were isolated in yields up to 81%, although 
harsher reaction conditions were necessary. 

Stereoselective Dynamic Cyclization of Allylic Azides: Synthesis of Tetralins, Chromanes, and 
Tetrahydroquinolines 

Matthew R. Porter, Rami M. Shaker, Cristian Calcanas, Joseph J. Topczewski* 

J. Am. Chem. Soc., 2018, 140 (4), pp 1211–1214 

 

This report describes the stereoselective synthesis of 3-azido-tetralins, -chromanes, and -
tetrahydroquinolines via a tandem allylic azide rearrangement/Friedel–Crafts alkylation. Exposure of 
allylic azides with a pendant trichloroacetimidate to catalytic quantities of AgSbF6 proved optimal for 
this transformation. This cascade successfully differentiates the equilibrating azide isomers, providing 
products in excellent yield and selectivity (>25 examples, up to 94% yield and >25:1 dr). In many 
cases, the reactive isomer is only a trace fraction of the equilibrium mixture, keenly illustrating the 
dynamic nature of these systems. We demonstrate the utility of this process via a synthesis of 
hasubanan. 
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Organocatalytic asymmetric arylation of indoles enabled by azo groups 

Liang-Wen Qi, Jian-Hui Mao, Jian Zhang & Bin Tan 

Nature Chemistry, 2018, 10, 58–64. 

 

 
Abstract 

Arylation is a fundamental reaction that can be mostly fulfilled by electrophilic aromatic substitution 

and transition-metal-catalysed aryl functionalization. Although the azo group has been used as a 

directing group for many transformations via transition-metal-catalysed aryl carbon–hydrogen (C–

H) bond activation, there remain significant unmet challenges in organocatalytic arylation. Here, we 

show that the azo group can effectively act as both a directing and activating group for 

organocatalytic asymmetric arylation of indoles via formal nucleophilic aromatic substitution of 

azobenzene derivatives. Thus, a wide range of axially chiral arylindoles have been achieved in 

good yields with excellent enantioselectivities by utilizing chiral phosphoric acid as catalyst. 

Furthermore, highly enantioenriched pyrroloindoles bearing two contiguous quaternary chiral 

centres have also been obtained via a cascade enantioselective formal nucleophilic aromatic 

substitution–cyclization process. This strategy should be useful in other related research fields and 

will open new avenues for organocatalytic asymmetric aryl functionalization. 
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Mechanism-based enhancement of scope and enantioselectivity for reactions involving a 

copper-substituted stereogenic carbon centre 

Jaehee Lee, Suttipol Radomkit, Sebastian Torker, Juan del Pozo & Amir H. Hoveyda 

Nature Chemistry, 2018, 10, 99–108. 

 

Abstract 

A rapidly emerging set of catalytic reactions involves intermediates that contain a copper-

substituted stereogenic carbon centre. Here, we demonstrate that an intimate understanding of this 

distinction provides ways for addressing limitations in reaction scope and explaining why 

unexpected variations in enantioselectivity often occur. By using catalytic enantioselective Cu–

boryl addition to alkenes as the model process, we elucidate several key mechanistic principles. 

We show that higher electrophile concentration can lead to elevated enantioselectivity. This is 

because diastereoselective Cu–H elimination may be avoided and/or achiral Cu–boryl 

intermediates can be converted to allyl–B(pin) rather than add to an alkene. We illustrate that lower 

alkene amounts and/or higher chiral ligand concentration can minimize the deleterious influence of 

achiral Cu–alkyl species, resulting in improved enantiomeric ratios. Moreover, and surprisingly, we 

find that enantioselectivities are higher with the less reactive allylphenyl carbonates as 

chemoselective copper–hydride elimination is faster with an achiral Cu-alkyl species. 
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Biocatalytic site- and enantioselective oxidative dearomatization of phenols 

Summer A. Baker Dockrey, April L. Lukowski, Marc R. Becker & Alison R. H. Narayan 

Nature Chemistry, 2018,  10, 119–125. 

 

Abstract 

The biocatalytic transformations used by chemists are often restricted to simple functional-group 

interconversions. In contrast, nature has developed complexity-generating biocatalytic reactions 

within natural product pathways. These sophisticated catalysts are rarely employed by chemists, 

because the substrate scope, selectivity and robustness of these catalysts are unknown. Our 

strategy to bridge the gap between the biosynthesis and synthetic chemistry communities 

leverages the diversity of catalysts available within natural product pathways. Here we show that, 

starting from a suite of biosynthetic enzymes, catalysts with complementary substrate scope as 

well as selectivity can be identified. This strategy has been applied to the oxidative dearomatization 

of phenols, a chemical transformation that rapidly builds molecular complexity from simple starting 

materials and cannot be accomplished with high selectivity using existing catalytic methods. Using 

enzymes from biosynthetic pathways, we have successfully developed a method to produce ortho-

quinol products with controlled site- and stereoselectivity. Furthermore, we have capitalized on the 

scalability and robustness of this method in gram-scale reactions as well as multi-enzyme and 

chemoenzymatic cascades. 
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Direct α-C–H bond functionalization of unprotected cyclic amines 

Weijie Chen, Longle Ma, Anirudra Paul & Daniel Seidel 

Nature Chemistry, 2018,  10, 165–169. 

 

Abstract 

Cyclic amines are ubiquitous core structures of bioactive natural products and pharmaceutical 

drugs. Although the site-selective abstraction of C–H bonds is an attractive strategy for preparing 

valuable functionalized amines from their readily available parent heterocycles, this approach has 

largely been limited to substrates that require protection of the amine nitrogen atom. In addition, 

most methods rely on transition metals and are incompatible with the presence of amine N–H 

bonds. Here we introduce a protecting-group-free approach for the α-functionalization of cyclic 

secondary amines. An operationally simple one-pot procedure generates products via a process 

that involves intermolecular hydride transfer to generate an imine intermediate that is subsequently 

captured by a nucleophile, such as an alkyl or aryl lithium compound. Reactions are regioselective 

and stereospecific and enable the rapid preparation of bioactive amines, as exemplified by the 

facile synthesis of anabasine and (–)-solenopsin A. 
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A general approach to intermolecular carbonylation of arene C–H bonds to ketones through 

catalytic aroyl triflate formation 

R. Garrison Kinney, Jevgenijs Tjutrins, Gerardo M. Torres, Nina Jiabao Liu, Omkar Kulkarni & Bruce A. Arndtsen 

Nature Chemistry, 2018,  10, 193–199. 

 

Abstract 

The development of metal-catalysed methods to functionalize inert C–H bonds has become a 

dominant research theme in the past decade as an approach to efficient synthesis. However, the 

incorporation of carbon monoxide into such reactions to form valuable ketones has to date proved 

a challenge, despite its potential as a straightforward and green alternative to Friedel–Crafts 

reactions. Here we describe a new approach to palladium-catalysed C–H bond functionalization in 

which carbon monoxide is used to drive the generation of high-energy electrophiles. This offers a 

method to couple the useful features of metal-catalysed C–H functionalization (stable and available 

reagents) and electrophilic acylations (broad scope and selectivity), and synthesize ketones simply 

from aryl iodides, CO and arenes. Notably, the reaction proceeds in an intermolecular fashion, 

without directing groups and at very low palladium-catalyst loadings. Mechanistic studies show that 

the reaction proceeds through the catalytic build-up of potent aroyl triflate electrophiles. 
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Iridium-catalysed arylation of C–H bonds enabled by oxidatively induced reductive elimination 

Kwangmin Shin, Yoonsu Park, Mu-Hyun Baik & Sukbok Chang 

Nature Chemistry, 2018,  10, 218–224. 

 

Abstract 

Direct arylation of C–H bonds is in principle a powerful way of preparing value-added molecules 

that contain carbon–aryl fragments. Unfortunately, currently available synthetic methods are not 

sufficiently effective to be practical alternatives to conventional cross-coupling reactions. We 

propose that the main problem lies in the late portion of the catalytic cycle where reductive 

elimination gives the desired carbon–aryl bond. Accordingly, we have developed a strategy where 

the Ir(III) centre of the key intermediate is first oxidized to Ir(IV). Density functional theory 

calculations indicate that the barrier to reductive elimination is reduced by nearly 19 kcal mol–1 for 

this oxidized complex compared with that of its Ir(III) counterpart. Various experiments confirm this 

prediction, affording a new methodology capable of directly arylating C–H bonds at room 

temperature with a broad substrate scope and in good yields. This work highlights how the 

oxidation states of intermediates can be targeted deliberately to catalyse an otherwise impossible 

reaction. 
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Polarisation effects on the solvation properties of alcohols  

S. Henkel, M. C. Misuraca, P. Troselj, J. Davidson, C. A. Hunter 

Chemical Science 2017, 9, 88. 

   

Abstract 

Alcohol solvents are significantly more polar than expected based on the measured H-bonding 
properties of monomeric alcohols in dilute solution. Self-association of alcohols leads to formation of 
cyclic aggregates and linear polymeric chains that have a different polarity from the alcohol monomer. 
Cyclic aggregates are less polar than the monomer, and the chain ends of linear polymers are more 
polar. The solvation properties of alcohols therefore depend on the interplay of these self-association 
equilibria and the equilibria involving interactions with solutes. Twenty-one different molecular 
recognition probes of varying polarity were used to probe the solvation properties of alkane–alcohol 
mixtures across a wide range of different solvent compositions. The results allow dissection of the 
complex equilibria present in these systems. Formation of a H-bond between two alcohol molecules 
leads to polarisation of the hydroxyl groups, resulting in an increase in binding affinity for subsequent 
interactions with the unbound donor and acceptor sites. The H-bond donor parameter (α) for these sites 
increases from 2.7 to 3.5, and the H-bond acceptor parameter (β) increases from 5.3 to 6.9. Polarisation 
is a short range effect limited to the first H-bond in a chain, and formation of subsequent H-bonds in 
longer chains does not further increase the polarity of chain ends. H-bond donor sites involved in a H-
bond are unavailable for further interactions, because the formation of a bifurcated three-centre H-bond 
is three orders of magnitude less favourable than formation of a conventional two-centre H-bond. These 
findings are reproduced by quantum chemical calculations of the molecular electrostatic potential 
surfaces of alcohol aggregates. Thus, the overall solvation properties of alcohols depend on the 
speciation of different aggregates, the polarities of these species and the polarities of the solutes. At low 
alcohol concentrations, polar solutes are solvated by alcohol monomers, and at higher alcohol 
concentrations, solutes are solvated by the more polar chain ends of linear polymers. The less polar 
cyclic aggregates are less important for interactions with solutes. Similar behavior was found for ten 
different alcohol solvents. Tertiary alcohols are marginally less polar solvents than primary alcohols, due 
to steric interactions that destabilises the formation of polymeric aggregates leading to lower 
concentrations of polar chain ends. One alcohol with an electron-withdrawing substituent was studied, 
and this solvent showed slightly different behavior, because the H-bond donor and acceptor properties 
are different. 
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Catalyst characterization in the presence of solvent: development of liquid phase structure–
activity relationships  

N. S. Gould, B. Xu 

Chemical Science 2017, 9, 281. 

  

Abstract 

Due to the low volatility and highly oxygenated nature of biomass derived feedstocks, biomass upgrade 
reactions are frequently conducted in the presence of solvent to improve substrate mass transfer to the 
catalyst surface. However, relevant catalyst characterization techniques are most often performed in 
vacuum or inert gas environments, where the effect of solvent on the catalytic sites is ignored. 
Comparatively, characterization techniques in the presence of solvent are relatively rare, which poses 
challenges in developing structure–activity relationships for liquid phase reactions. In this perspective, 
commonly utilized techniques for probing the solid–liquid interface are briefly covered, with a focus on 
the role of solvent on zeolite and solid acid catalysis. New applications of techniques are proposed, most 
notably with ATR-FTIR, in the context of extracting thermodynamic information for the further 
understanding of the role of solvent on broadly applicable catalyst properties, such as acidity, and to 
develop structure–activity relationships for solid catalysts in solvent. 
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Challenges and opportunities for alkane functionalisation using molecular catalysts 

X. Tang, X. Jia, Z. Huang 

Chemical Science 2017, 9, 288. 

  

Abstract 

The conversion of vast low-value saturated hydrocarbons into valuable chemicals is of great interest. 
Thanks to the progression of organometallic and coordination chemistry, transition metal catalysed C 
sp3–H bond functionalisation has now become a powerful tool for alkane transformations. Specifically, 
methods for alkane functionalisation include radical initiated C–H functionalisation, carbene/nitrene 
insertion, and transition metal catalysed C–H bond activation. This perspective provides a systematic 
and concise overview of each protocol, highlighting the factors that govern regioselectivity in these 
reactions. The challenges of the existing catalytic tactics and future directions for catalyst development 
in this field will be presented. 

 

Beyond optical rotation: what's left is not always right in total synthesis 

L. A. Joyce, C. C. Nawrat, E. C. Sherer, M. Biba, A. Brunskill, G. E. Martin, R. D. Cohen, I. W. Davies 

Chemical Science 2017, 9, 415. 

   

Abstract 

This work describes the application of vibrational (VCD) and electronic (ECD) circular dichroism 
spectroscopy to solve the longstanding debate around the absolute configuration of (+)-frondosin B (1). 
The absolute configuration of (+)-1 could confidently be assigned as (R) using these spectroscopic 
techniques. The discrepancy in the optical rotation (OR) values obtained in previous studies can be 
attributed to an undetected minor impurity (ca. 7%) that arose unexpectedly in a key step late in the 
synthesis. Additionally, the conditions used in the final step of the previous reports for demethylation to 
form the natural product proceeded with significant loss of enantiopurity. The large OR measured for 
the impurity at its observed level, when compared to the small rotation for the less enantiopure natural 
product 1, led to a measured OR value for the synthetic material that had the opposite sign of the natural 
product. 
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Nickel-catalyzed difunctionalization of allyl moieties using organoboronic acids and halides with 
divergent regioselectivities 

W. Li, J. K. Boon, Y. Zhao 

Chemical Science 2017, 9, 600. 

   

Abstract 

Efficient difunctionalization of alkenes allows the rapid construction of molecular complexity from simple 
building blocks in organic synthesis. We present herein a nickel-catalyzed dicarbofunctionalization of 
alkenes using readily available organoboronic acids and organic halides in a three-component fashion. 
In particular, an unprecedented regioselectivity of the 1,3-dicarbofunctionalization of N-allylpyrimidin-2-
amine is achieved when aryl and methyl iodides are utilized. In contrast, the use of alkyl bromides with 
β-hydrogens results in 1,3-hydroarylation or oxidative 1,3-diarylation. Preliminary mechanistic studies 
suggest an isomerization involving nickel hydride in the 1,3-difunctionalization reactions. On the other 
hand, the use of alkenyl or alkynyl halides promotes alternative regioselectivities to deliver 1,2-
alkenylcarbonation or intriguing 2,1-alkynylcarbonation products. Such 2,1-alkynylarylation is also 
applicable to N-allylbenzamide as a different class of substrates. Overall, this nickel-catalyzed process 
proves to be powerful in delivering versatile difunctionalized compounds using readily available 
reagents/catalysts and a simple procedure. 

 

Direct sulfonylation of anilines mediated by visible light 

T. C. Johnson, B. L. Elbert, A. J. M. Farley, T. W. Gorman, C. Genicot, B. Lallemand, P. Pasau, J. Flasz, J. L. Castro, M. MacCoss, 

D. J. Dixon, R. S. Paton, C. J. Schofield, M. D. Smith, M. C. Willis 

Chemical Science 2017, 9, 629. 

   

Abstract 

Sulfones feature prominently in biologically active molecules and are key functional groups for organic 
synthesis. We report a mild, photoredox-catalyzed reaction for sulfonylation of aniline derivatives with 
sulfinate salts, and demonstrate the utility of the method by the late-stage functionalization of drugs. Key 
features of the method are the straightforward generation of sulfonyl radicals from bench-stable sulfinate 
salts and the use of simple aniline derivatives as convenient readily available coupling partners. 
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Dual nickel and Lewis acid catalysis for cross-electrophile coupling: the allylation of aryl halides 
with allylic alcohols 

X.-G. Jia, P. Guo, J. Duan, X.-Z. Shu 

Chemical Science 2017, 9, 640. 

   

Abstract 

Controlling the selectivity in cross-electrophile coupling reactions is a significant challenge, particularly 
when one electrophile is much more reactive. We report a general and practical strategy to address this 
problem in the reaction between reactive and unreactive electrophiles by a combination of nickel and 
Lewis acid catalysis. This strategy is used for the coupling of aryl halides with allylic alcohols to form 
linear allylarenes selectively. The reaction tolerates a wide range of functional groups (e.g. silanes, 
boronates, anilines, esters, alcohols, and various heterocycles) and works with various allylic alcohols. 
Complementary to most current routes for the C3 allylation of an unprotected indole, this method 
provides access to C2 and C4–C7 allylated indoles. Preliminary mechanistic experiments reveal that 
the reaction might start with an aryl nickel intermediate, which then reacts with Lewis acid activated 
allylic alcohols in the presence of Mn. 

 

Dual vicinal functionalisation of heterocycles via an interrupted Pummerer coupling/[3,3]-
sigmatropic rearrangement cascade 

M. Šiaučiulis, S. Sapmaz, A. P. Paulis, D. J. Procter 

Chemical Science 2017, 9, 754. 

   

Abstract 

A dual vicinal functionalisation cascade involving the union of heterocycles and allyl sulfoxides is 
described. In particular, the approach provides efficient one-step access to biologically relevant and 
synthetically important C3 thio, C2 carbo substituted indoles. The reaction operates under mild, metal 
free conditions and without directing groups, via an interrupted Pummerer coupling of activated allyl 
sulfoxides, generating allyl heteroaryl sulfonium salts that are predisposed to a charge accelerated [3,3]-
sigmatropic rearrangement. 
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Unravelling the enigma of ligninOX: can the oxidation of lignin be controlled? 

H. Guo, D. M. Miles-Barrett, A. R. Neal, T. Zhang, C. Li, N. J. Westwood 

Chemical Science 2017, 9, 702. 

   

Abstract 

As societal challenges go, the development of efficient biorefineries as a means of reducing our 
dependence on petroleum refineries is high on the list. One of the core strengths of the petroleum 
refinery is its ability to produce a huge range of different products using all of the components of the 
starting material. In contrast, the target of using all the biopolymers present in lignocellulosic biomass is 
far from realised. Even though our ability to use the carbohydrate-based components has advanced, 
our plans for lignin lag behind (with the notable exception of vanillin production). One approach to lignin 
usage is its controlled depolymerisation. This study focuses on an increasingly popular approach to this 
challenge which involves highly selective lignin oxidation to give a material often referred to as ligninOX. 
But what do we mean by ligninOX? In this study we show that it is possible to form many different types 
of ligninOX depending on the oxidation conditions that are used. We show that variations in the levels of 
processing of the β–O-4, the β–β and a third linkage occur. Through use of this information, we can form 
a well-defined ligninOX from six different hardwood lignins. This process is reproducible and can be 
carried out on a large scale. With a source of well-defined ligninOX in hand, we show that it can be 
converted to simple aromatic monomers and that any remaining ligninOX is sufficiently soluble for further 
processing to be carried out. 
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Light- and Thermal-Activated Olefin Metathesis of Hindered Substrates 

E. Ivry, A. Frenklah,Y. Ginzburg, E. Levin, I. Goldverg, S. Kozuch, N. G. Lemcoff, E. Tzur 

Organometallics 2017, 37, 176. 

  

Abstract 
 
Efficient light- and thermal-activated metathesis reactions of tetra-substituted olefins were obtained by 
the S-chelated ruthenium precatalyst Tol-SCF3. Its reactivity in a series of benchmark olefin metathesis 
reactions was compared to previously reported Mes-SCF3 and a novel sterically congested S-chelated 
complex, Dipp-SCF3. Tol-SCF3 is thus the first latent catalyst proven to be capable of promoting olefin 
metathesis of demanding substrates upon light stimulation at room temperature. 
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Visible-light-induced regioselective sulfenylation of imidazopyridines with thiols under 

transition metal-free conditions 

Rajjakfur Rahaman,  Shivasish Dasa  and  Pranjit Barman 

Green Chem., 2018,20, 141-147  

 

Abstract 
 
 

A metal-free visible-light-promoted regioselective C-3 sulfenylation of imidazo[1,2-a]pyridines and 

indoles using thiols has been developed via C(sp2)–H functionalization. This method provides direct 

access to a wide range of structurally diverse 3-sulfenylimidazopyridines of biological interest. The 

operational simplicity, eco-energy source, high atom efficiency, and the use of green solvents under 

ambient conditions are some of the attractive features of this methodology. 
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High performance man-made cellulosic fibres from recycled newsprint 
 
Y. Ma, M. Hummel,  I. Kontrob  and  H. Sixta  

 

Green Chem., 2018,20, 160-169  

 

 

 
 
 
 
 
 

 

 

 

Abstract 

Herein, we propose a biorefinery concept for the production of man-made cellulosic fibres from waste 

newsprint using environmentally friendly technologies. Newsprint represents one of the most 

challenging ligno-cellulose substrates as it comprises mostly virtually unrefined wood pulp. Spinning 

dopes were prepared with pulps obtained through kraft pulping and alkaline glycerol pulping at varying 

intensities. The solubility of kraft deinked newsprint pulps in the ionic liquid 1,5-diazabicyclo[4.3.0]non-

5-enium acetate ([DBNH]OAc) was not promising and resulted in solutions of poor spinnability. In 

contrast, dopes prepared from alkaline glycerol pulping showed promising visco-elastic properties and 

the spun fibres possessed high tensile properties that are comparable to commercial Lyocell fibres made 

from highly refined dissolving pulp. The structural features of these fibres in terms of degree of 

orientation, crystallinity and the moisture sorption behaviour were analyzed and are discussed. 
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Mechanistic studies of base-catalysed lignin depolymerisation in dimethyl carbonate 

Saumya Dabral,  Julien Engel, Jakob Mottweiler,  Stephanie S. M. Spoehrle, Ciaran W. Lahiveb  and  Carsten Bolm 

Green Chem., 2018,20, 170-182  

 

Abstract 
 
 
The depleting fossil reservoirs have stimulated global research initiatives on renewable lignin feedstocks 

as sustainable alternatives to petroleum-derived aromatics. Base-catalysed depolymerisation (BCD) is 

regarded as an economical and efficient approach for the valorisation of technical lignins. The major 

limiting factor encountered during this process is the re-condensation of the formed phenolic products, 

which results in lower monomer yields. To diminish these side reactions, we selected alkali earth metal 

catalysts in dimethyl carbonate (DMC) to produce methylated phenol derivatives as the final products. 

Herein, we demonstrate for the first time a base-promoted depolymerisation process affording low-

molecular weight oils in high yields (52–67 wt%) wherein the employed bases are used in truly catalytic 

quantities (with catalyst loadings of around 5 mol%). The general applicability of this methodology was 

proved on four different lignin samples (1 Kraft, 3 organosolv) using caesium carbonate and lithium tert-

butoxide as catalysts. The 2D NMR studies on the post-reaction lignin samples showed a similar 

degradation of the major lignin linkages for both bases. A difference in the reduction of phenolic moieties 

was revealed by quantitative 31P NMR analysis. Furthermore, GPC analysis demonstrated a significant 

shift towards lower mass fragments for the Cs2CO3-catalysed lignin degradation. A detailed GC-MS 

analysis for these samples identified a range of methoxy capped-monomeric degradation products. The 

scope of this reaction system was further expanded to lignocellulosic biomass such as milled 

beechwood chips, which notably showed similar product distributions. Based on the correlation of the 

experimental observations for extracted lignin samples and model compound studies, a mechanistic 

pathway for the Cs2CO3-catalysed system was suggested. DFT calculations provided reaction 

pathways for the observed cleavage products. 
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In situ hydrogenation and decarboxylation of oleic acid into heptadecane over a Cu–Ni alloy 

catalyst using methanol as a hydrogen carrier 

Zihao Zhang,  Qiwei Yang, Hao Chen,  Kequan Chen, Xiuyang Lu,  Pingkai Ouyang,ab  Jie Fu  and  Jingguang G. Chen 

 

Green Chem., 2018,20, 197-205  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 

In this work, supported Cu–Ni bimetallic catalysts were synthesized and evaluated for the in situ 

hydrogenation and decarboxylation of oleic acid using methanol as a hydrogen donor. The supported 

Cu–Ni alloy exhibited a significant improvement in both activity and selectivity towards the 

production of heptadecane in comparison with monometallic Cu and Ni based catalysts. The 

formation of the Cu–Ni alloy is demonstrated by high-angle annular dark-field scanning transmission 

electron microscopy (HADDF-STEM), energy dispersive X-ray spectroscopy (EDS-mapping), X-

ray diffraction (XRD) and temperature programmed reduction (TPR). A partially oxidized Cu in the 

Cu–Ni alloy is revealed by diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) 

following CO adsorption and X-ray photoelectron spectroscopy (XPS). The temperature 

programmed desorption of ethylene and propane (ethylene/propane-TPD) suggested that the 

formation of the Cu–Ni alloy inhibited the cracking of C–C bonds compared to Ni, and remarkably 

increased the selectivity to heptadecane. The temperature programmed desorption of acetic acid 

(acetic acid-TPD) indicated that the bimetallic Cu–Ni alloy and Ni catalysts had a stronger adsorption 

of acetic acid than that of the Cu catalyst. The formation of the Cu–Ni alloy and a partially oxidized 

Cu facilitates the decarboxylation reaction and inhibits the cracking reaction of C–C bonds, leading 

to enhanced catalytic activity and selectivity. 
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Dimethyl carbonate: a versatile reagent for a sustainable valorization of renewables 

G. Fiorani,  A. Perosab  and  M. Selva 
 

Green Chem., 2018,20, 288-322  

 

 

Abstract 
 
 

Dimethyl carbonate (DMC) is an environmentally sustainable compound which can be used efficiently for the 

upgrading of several promising renewables including glycerol, triglycerides, fatty acids, polysaccharides, 

sugar-derived platform molecules and lignin-based phenolic compounds. This review showcases a thorough 

overview of the main reactions where DMC acts as a methylating and/or methoxycarbonylating agent for the 

transformation of small bio-based molecules as well as for the synthesis of biopolymers. All processes 

exemplify genuine green archetypes since they couple innocuous reactants of renewable origin with non-toxic 

DMC. Each section of the review provides a detailed overview on reaction conditions and scope of the 

investigated reactions, and discusses the rationale behind the choice of catalyst(s) and the proposed 

mechanisms. Criticism and comments have been put forward on the pros and cons of the described methods 

and their perspectives, as well as on those studies which still require follow-ups and more in-depth analyses. 
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Synthesis of medium-chain carboxylic acids or α,ω-dicarboxylic acids from cellulose-derived 

platform chemicals 

Xing-Long Li,  Kun Zhang,  Ju-Long Jiang,  Rui Zhu,  Wei-Peng Wu,  Jin Deng  and  Yao Fu 

Green Chem., 2018,20, 362-368  

 

Abstract 

 
Medium-chain fatty acids and their derivatives have important applications in the energy and chemical 

industries. Thus, we have prepared a series of medium-chain fatty acids by the selective 

hydrodeoxygenation of the aldol condensation products derived from cellulose using a metal triflate and 

Pd/C catalyst system. The selective retention of the carboxyl group is a notable feature of this catalytic 

system. 
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Water promoted allylic nucleophilic substitution reactions of (E)-1,3 diphenylallyl acetate 

Seema A. Ghorpade,  Dinesh N. Sawant,  Arwa Makki,  Nagaiyan Sekar  and  Jörg Eppinger 

 

Green Chem., 2018,20, 425-430  

 

Abstract 

 
A transition metal free, water based, greener protocol for the allylic alkylation, allylic amination, O-
allylation of (E)-1,3-diphenylallyl acetate is described. The developed methodology is applicable for a 
wide range of nucleophiles furnishing excellent yields of corresponding products up to 87% under mild 
reaction conditions. A distinct effect of water and base is explored for allylic nucleophilic substitution 
reactions of (E)-1,3-diphenylallyl acetate. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pubs.rsc.org/en/content/articlelanding/2018/gc/c7gc03123h#!divAbstract


Joseph Samec Research Group 
Digest          

 

 

 



Joseph Samec Research Group 
Digest          

 
 

Iridium catalysis: reductive conversion of glucan to xylan  

Martin Jæger Pedersen, Robert Madsen and Mads Hartvig Clausen 

Chem. Commun., 2018, 54, 952-955 

 

By using iridium catalysed dehydrogenative decarbonylation, we converted a partly protected 
cellobioside into a fully protected xylobioside. We demonstrate good yields with two different aromatic 
ester protecting groups. The resulting xylobioside was directly used as glycosyl donor in further 
synthesis of a xylooctaose. 
 
 
 
Wheat flour-derived N-doped mesoporous carbon extrudate as superior metal-free catalysts for 
acetylene hydrochlorination  

Guojun Lan, Yan Wang, Yiyang Qiu, Xiaolong Wang, Ji Liang, Wenfeng Han, Haodong Tang, Huazhang Liu, Jian Liu and Ying Li 

Chem. Commun., 2018, 54, 623-626 

 

N-Doped mesoporous carbon extrudate with a major quaternary N species has been successfully 
prepared through direct carbonization of wheat flour/gluten with silica, which is a cheap and 
convenient method for scale-up production approach. The obtained carbon extrudate metal-free 
catalyst enables highly efficient production of vinyl chloride monomer through acetylene 
hydrochlorination, with a superior catalytic performance and excellent stability (>85% conversion and 
vinyl chloride selectivity over 99% at 220 °C). 
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Nucleophilic fluorination facilitated by a CsF–CaF2 packed bed reactor in continuous flow 

M. B. Johansen  and  A. T. Lindhardt 

Chem. Commun., 2018, 54, 825-828 

 

A simple to prepare, dry and handle packed bed reactor carrying CsF on CaF2, towards nucleophilic 
fluorinations in continuous flow, is reported. The reactor also proved adaptable for silyl-ether 
deprotection and trifluoromethylations with Ruppert's reagent. The study includes reactor stability and 
scale-up investigations. 
 
 
 
Solvated-electron production using cyanocuprates is compatible with the UV-environment on a 
Hadean–Archaean Earth   

Zoe R. Todd, Albert C. Fahrenbach, Christopher J. Magnani, Sukrit Ranjan, Anders Björkbom, Jack W. Szostak and Dimitar D. 

Sasselov 

Chem. Commun., 2018, 54, 1121-1124 

 

UV-driven photoredox processing of cyanocuprates can generate simple sugars necessary for 
prebiotic synthesis. We investigate the wavelength dependence of this process from 215 to 295 nm 
and generally observe faster rates at shorter wavelengths. The most efficient wavelengths are 
accessible to a range of potential prebiotic atmospheres, supporting the potential role of cyanocuprate 
photochemistry in prebiotic synthesis on the early Earth. 
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MoO3 supported on ordered mesoporous zirconium oxophosphate: An efficient and reusability 
solid acid catalyst for alkylation and esterification  

Zhichao Miao, Zhenbin Li, Jinping Zhao, Weijiang Si, Jin Zhou, Shuping Zhuo 

Molecular Catalysis, 2018, 444, 10-21 

 

A series of molybdenum oxide supported on ordered mesoporous zirconium oxophosphate (MoO3/M-
ZrPO) materials with different MoO3 loadings (0–20 wt%) and calcination temperatures (500–900 °C) 
have been designed, synthesized and employed as solid acid catalysts in alkylation and esterification. 
The XRD, TG-DSC, H2-TPR, N2-physisorption and TEM characterizations were taken to investigate 
the structural properties and states of introduced MoO3 species. The influence of MoO3 loadings and 
calcination temperatures in catalytic performance was detsailedly investigated and optimal catalytic 
activity was reached at 10 wt% MoO3 loadings and treated at 700 °C. Moreover, MoO3/M-ZrPO 
catalysts exhibited outstanding catalytic performance in Friedel-Crafts alkylation of different aromatic 
compounds and esterification of levulinic acid with 1-butanol. Furthermore, it was noteworthy that the 
catalyst had superior reusability and no noticeable declines were observed in catalytic performance 
even after seven runs. 
 
 
 
Combining biocatalysts to achieve new phase change materials. Application to non-edible 
animal fat  

PauGallart-Sirvent, MarcMartín, Aran Solé, Gemma Villorbina, Mercè Balcells, Luisa F.Cabeza, Ramon Canela-Garayoa 

Molecular Catalysis, 2018, 444, 76-83 

 
 
The thermal properties of various alkyl threo-9, 10-dihydroxystearates (DHSEs) prepared from non-
edible fat were studied. Non-edible animal fat was hydrolyzed in a 93% yield with R. oryzae resting 
cells. Crude unsaturated fatty acids were recovered from the matter liquor resulting from a 
crystallization performed to achieve the saturated fatty acids. These unsaturated free fatty acids were 
epoxidized with 30% H2O2 using immobilized Candida antarctica Lipase-B (CAL-B) as biocatalyst. The 



Joseph Samec Research Group 
Digest          

 
 

epoxy ring was cleaved with hot water in the presence of tert-butanol (t-BuOH). Pure threo-9, 10-
dihydroxystearic acid (DHSA) from animal fat was recovered by crystallization (51% yield). 
Subsequently, DHSA was esterified in α-limonene using biocatalysts yielding twelve DHSEs (58–90% 
yield). Differential scanning calorimetry (DSC) analysis of these esters revealed potential latent heats 
ranging from 136.83 kJ kg−1 to 234.22 kJ kg−1 and melting temperatures from 52.45 °C to 76.88 °C. 
Finally, the compounds with enthalpies above 200 kJ kg−1 were subjected to 100 and 1000 thermal 
cycles. These experiments showed that these products present good thermal reliability. 
 
 
 
Highly selective hydrogenation of α-pinene in aqueous medium using PVA-stabilized Ru 
nanoparticles  

Xiaoyan Wang, Fengli Yu, Congxia Xie, Shitao Yu 

Molecular Catalysis, 2018, 444, 62-69 

 

Polyvinyl alcohol (PVA)-stabilized ruthenium nanoparticles in water were synthesized and applied in 
the hydrogenation of α-pinene. Both the preparation of catalyst and hydrogenation of α-pinene were 
under mild experimental conditions and environmentally friendly. The Ru nanoparticles exhibited 
excellent catalytic performance and recyclability for selective production of cis-pinane. 
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Valorization of Grass Lignins: Swift and Selective Recovery of Pendant Aromatic Groups with 

Ozone 

Andrew M. Danby, Michael D. Lundin, and Bala Subramaniam 

ACS Sustainable Chemistry & Engineering 2018 6 (1), 71-76 

 

The lack of a simple process for valorizing the lignin produced during cellulosic ethanol manufacture is 
a major hurdle preventing such biorefineries from becoming economically sustainable. Here, we 
demonstrate a facile ozonolysis process in a continuous stirred tank reactor (CSTR) to generate a value-
added product stream from lignin dissolved in either acetic acid (as in acetosolv lignin) or formic acid. 
At ambient pressure, relatively mild temperature (70 °C), and short residence times (few minutes), ozone 
is bubbled through the solution to selectively cleave the C═C bonds associated with specific pendant 
groups present in corn stover and wheat straw lignins. The resulting products, mainly vanillin and 4-
hydroxybenzaldehyde, constitute approximately 7 wt % of the lignin and command high value with 
established applications in the flavoring, pharmaceutical, and electronics industries. These products are 
easily separated from the remaining lignin via membrane nanofiltration of the product mixture. The lignin 
resulting from ozone pretreatment and nanofiltration retains its polymeric structure and is available for 
further valorization. The lack of detectable secondary ozonide intermediates and the dominant formation 
of aromatic aldehyde monomers as the main products strongly suggest that the short chain carboxylic 
acid solvents may be acting as participating solvents, interrupting the classic Criegee mechanism. 
 
 
 

http://pubs.acs.org/doi/10.1021/acssuschemeng.7b02978
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Environmental, Economic, and Scalability Considerations and Trends of Selected Fuel 

Economy-Enhancing Biomass-Derived Blendstocks 

Jennifer B. Dunn, Mary Biddy, Susanne Jones, Hao Cai, Pahola Thathiana Benavides, Jennifer Markham, Ling Tao, Eric Tan, 

Christopher Kinchin, Ryan Davis, Abhijit Dutta, Mark Bearden, Christopher Clayton, Steven Phillips, Kenneth Rappé, and 

Patrick Lamers 

ACS Sustainable Chemistry & Engineering 2018 6 (1), 561-569 

 

Twenty-four biomass-derived compounds and mixtures, identified based on their physical properties, 
which could be blended into fuels to improve spark ignition engine fuel economy, were assessed for 
their economic, technology readiness, and environmental viability. These bio-blendstocks were modeled 
to be produced biochemically, thermochemically, or through hybrid processes. To carry out the 
assessment, 17 metrics were developed for which each bio-blendstock was determined to be favorable, 
neutral, or unfavorable. Cellulosic ethanol was included as a reference case. Overall economic and, to 
some extent, environmental viability is driven by projected yields for each of these processes. The 
metrics used in this analysis methodology highlight the near-term potential to achieve these targeted 
yield estimates when considering data quality and current technical readiness for these conversion 
strategies. Key knowledge gaps included the degree of purity needed for use as a bio-blendstock. Less 
stringent purification requirements for fuels could cut processing costs and environmental impacts. 
Additionally, more information is needed on the blending behavior of many of these bio-blendstocks with 
gasoline to support the technology readiness evaluation. Overall, the technology to produce many of 
these blendstocks from biomass is emerging, and as it matures, these assessments must be revisited. 
Importantly, considering economic, environmental, and technology readiness factors, in addition to 
physical properties of blendstocks that could be used to boost engine efficiency and fuel economy, in 
the early stages of project research and development can help spotlight those most likely to be viable 
in the near term. 
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The Nature of Hololignin 

Xianzhi Meng, Yunqiao Pu, Poulomi Sannigrahi, Mi Li, Shilin Cao, and Arthur J. Ragauskas 

ACS Sustainable Chemistry & Engineering 2018 6 (1), 957-964 

 

Acid chlorite delignification is frequently used to obtain a mixture of cellulose and hemicellulose known 
as holocellulose from biomass. While a majority of lignin is removed after holocellulose pulping, there 
appears to be a minor fraction of lignin that is more resistant to acid chlorite treatment and remains in 
the holocellulose even after repeated delignification treatment. This type of lignin, defined as hololignin, 
has not been characterized, is likely to contribute to biomass recalcitrance and is clearly of fundamental 
interest to understand its structural characteristics. In this study, hololignin isolated from poplar 
holocellulose was characterized with a wide array of techniques including GPC, quantitative 13C, DEPT-
135, HSQC, and 31P NMR. The results were compared to those from milled wood lignin (MWL), the 
representative native lignin isolated from poplar. NMR analysis demonstrated a depletion of cinnamyl 
aldehyde, acetyl group, and decrease of p-hydroxybenzoate structural units in hololignin. An enrichment 
of condensed structures in hololignin was observed. Hololignin also had a significantly lower molecular 
weight than MWL. Finally, hololignin is relatively enriched in guaiacyl units and has a lower S/G ratio, 
lower β-O-4 ether linkages, fewer aliphatic and phenolic hydroxyl groups, and more carboxylic acid 
groups than MWL. 
 
 
 
 
 

31P NMR Chemical Shifts of Solvents and Products Impurities in Biomass Pretreatments 

Mi Li, Chang Geun Yoo, Yunqiao Pu, and Arthur J. Ragauskas 

ACS Sustainable Chemistry & Engineering 2018 6 (1), 1265-1270 

http://pubs.acs.org/doi/10.1021/acssuschemeng.7b03285
http://pubs.acs.org/doi/10.1021/acssuschemeng.7b03602
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The identification of chemical impurities is crucial in elucidating the structures of biorefinery products 
using nuclear magnetic resonance (NMR) spectroscopic analysis. In the current biorefinery platform, 
contaminants derived from pretreatment solvents and decomposition byproducts may lead to 
misassignment of the NMR spectra of biorefinery products (e.g, lignin and bio-oils). Therefore, we 
investigated 54 commonly reported compounds including alcohols, carbohydrates, organic acids, 
aromatics, aldehydes, and ionic liquids associated with biomass pretreatment using 31P NMR. The 
chemical shifts of these chemicals after derivatizing with 2-chloro-4,4,5,5-tetramethyl-1,3,2-
dioxaphospholane (TMDP) were provided. The 31P NMR signals of these derivatives could serve as 
valuable and informative spectral data in characterizing lignocellulose-based compounds. 
 
 

Continuous-Flow Synthesis of Supported Magnetic Iron Oxide Nanoparticles for Efficient 

Isoeugenol Conversion into Vanillin 

M. D. Marquez-Medina, P. Prinsen, H. Li, K. Shih, A. A. Romero, R. Luque 

ChemSusChem 2018, 11, 389. 

 

This work presents the synthesis of iron oxide nanocatalysts supported on mesoporous Al-SBA-15 by 
using a continuous-flow setup. The magnetic nanomaterials were tested as catalysts in the oxidative 
disruption of isoeugenol by using hydrogen peroxide as a green oxidant, featuring high activities (63–
88 % conversion) and good selectivities to vanillin (44–68 %). The catalytic systems exhibited good 
magnetic properties when synthesized under continuous-flow conditions at temperatures not exceeding 
190 °C. The use of microwave irradiation significantly reduced times of reaction drastically but exerted 
negative effects on catalyst reusability. 

Effect of Tetrahydrofuran on the Solubilization and Depolymerization of Cellulose in a Biphasic 

System 

Z. Jiang, P. Zhao, J. Li, X. Liu, C. Hu, 

http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201701884/abstract
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ChemSusChem 2018, 11, 397 

 

The dissolution of cellulose from biomass is a crucial but complicated issue for maximizing the utilization 
of biomass resources to produce valuable chemicals, because of the extreme insolubility of cellulose. A 
biphasic NaCl–H2O–tetrahydrofuran (THF) system was studied, in which most of the pure 
microcrystalline cellulose (M-cellulose, 96.6 % conversion at 220 °C) and that contained in actual 
biomass were converted. Nearly half of the O6−H⋅⋅⋅O3 intermolecular hydrogen bonds could be broken 

by THF in the H2O–THF co-solvent system, whereas the cleavage of O2−H⋅⋅⋅O6 intramolecular 
hydrogen bonds by H2O was significantly inhibited. In the NaCl–H2O–THF system, THF could 
significantly promote the effects of both H2O and NaCl on the disruption of O2−H⋅⋅⋅O6 and O3−H⋅⋅⋅O5 
intramolecular hydrogen bonds, respectively. In addition, THF could protect and transfer the cellulose-
derived products to the organic phase by forming hydrogen bonds between the oxygen atom in THF 
and the hydrogen atom of C4−OH in the glucose or aldehyde group in 5-hydroxymethylfurfural (HMF), 
which can lead more NaCl to combine with the -OH of M-cellulose and further disrupt hydrogen bonding 
in M-cellulose, thereby improving the yield of small molecular weight products (especially HMF) and 
further promoting the dissolution of cellulose. As a cheap and reusable system, NaCl–H2O–THF system 
may be a promising approach for the dissolution and further conversion of cellulose in lignocellulosic 
biomass without any enzymes, ionic liquids, or conventional catalysts. 
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Imidazolium-Based Ionic Liquids as Efficient Reagents for the C−O Bond Cleavage of Lignin 

M. Thierry, A. Majira, B. Pégot, L. Cezard, F. Bourdreux, G. Clément, F. Perreau, S. Boutet-Mercey, P. Diter, G. Vo-Thanh, C. 

Lapierre, P.-H. Ducrot, E. Magnier, S. Baumberger, B. Cottyn, 

 

ChemSusChem 2018, 11, 439. 

 

The demethylation of lignin in ionic liquids (ILs) was investigated by using pure lignin model monomers 
and dimers together with dioxane-isolated lignins from poplar, miscanthus, and maize. Different 
methylimidazolium ILs were compared and the samples were treated with two different heating 
processes: microwave irradiation and conventional heating in a sealed tube. The conversion yield and 
influence of the treatment on the lignin structure were assessed by 31P NMR spectroscopy, size-
exclusion chromatography, and thioacidolysis. The acidic methylimidazolium IL [HMIM]Br was shown to 
be an effective combination of solvent and reagent for the demethylation and depolymerization of lignin. 
The relatively mild reaction conditions, the clean work-up, and the ability to reuse the IL makes the 
described procedure an attractive and new green method for the conversion of lignin to produce phenol-
rich lignin oligomers. 
 
 
 
 

Catalytic Upgrading of Ethanol to n-Butanol: Progress in Catalyst Development 

X. Wu, G. Fang, Y. Tong, D. Jiang, Z. Liang, W. Leng, L. Liu, P. Tu, H. Wang, J. Ni, X. Li, 

ChemSusChem 2018, 11, 71 

 

Because n-butanol as a fuel additive has more advantageous physicochemical properties than those of 
ethanol, ethanol valorization to n-butanol through homo- or heterogeneous catalysis has received much 
attention in recent decades in both scientific and industrial fields. Recent progress in catalyst 
development for upgrading ethanol to n-butanol, which involves homogeneous catalysts, such as iridium 
and ruthenium complexes, and heterogeneous catalysts, including metal oxides, hydroxyapatite (HAP), 
and, in particular, supported metal catalysts, is reviewed herein. The structure–activity relationships of 
catalysts and underlying reaction mechanisms are critically examined, and future research directions on 
the design and improvement of catalysts are also proposed. 
 
 
 
 

http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201701668/abstract
http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201701590/abstract


Joseph Samec Research Group Digest         

 

 

Production of Jet Fuel-Range Hydrocarbons from Hydrodeoxygenation of Lignin over Super 

Lewis Acid Combined with Metal Catalysts 

H. Wang, H. Wang, E. Kuhn, M. P. Tucker, B. Yang 

ChemSusChem 2018, 11, 285. 

 

Super Lewis acids containing the triflate anion [e.g., Hf(OTf)4, Ln(OTf)3, In(OTf)3, Al(OTf)3] and noble 
metal catalysts (e.g., Ru/C, Ru/Al2O3) formed efficient catalytic systems to generate saturated 
hydrocarbons from lignin in high yields. In such catalytic systems, the metal triflates mediated rapid ether 
bond cleavage through selective bonding to etheric oxygens while the noble metal catalyzed subsequent 
hydrodeoxygenation (HDO) reactions. Near theoretical yields of hydrocarbons were produced from 
lignin model compounds by the combined catalysis of Hf(OTf)4 and ruthenium-based catalysts. When 
a technical lignin derived from a pilot-scale biorefinery was used, more than 30 wt % of the hydrocarbons 
produced with this catalytic system were cyclohexane and alkylcyclohexanes in the jet fuel range. Super 
Lewis acids are postulated to strongly interact with lignin substrates by protonating hydroxyl groups and 
ether linkages, forming intermediate species that enhance hydrogenation catalysis by supported noble 
metal catalysts. Meanwhile, the hydrogenation of aromatic rings by the noble metal catalysts can 
promote deoxygenation reactions catalyzed by super Lewis acids. 
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Photocatalytic Synthesis of γ-Lactones from Alkenes: High-Resolution Mass Spectrometry as a 
Tool To Study Photoredox Reactions 
Ierasia Triandafillidi, Maroula G. Kokotou, and Christoforos G. Kokotos 
Org. Lett., 2018, 20 (1), 36–39 

 
A mild photocatalytic manifold for the synthesis of γ-lactones has been developed. Utilizing 
Ru(bpy)3Cl2 as the photocatalyst, a cheap and reproducible synthetic protocol for γ-lactones has been 
introduced. Mechanistic studies revealed the successful monitoring of photocatalytic reactions and 
radical intermediates via high-resolution mass spectrometry. 
 
Glycosyl Bunte Salts: A Class of Intermediates for Sugar Chemistry 
Yasuhiro Meguro, Masato Noguchi, Gefei Li, and Shin-ichiro Shoda 
Org. Lett., 2018, 20 (1), 76–79 

 
S-Glycosyl thiosulfates have been discovered as a new class of synthetic intermediates in sugar 
chemistry, named “glycosyl Bunte salts” after 19th-century German chemist, Hans Bunte. The 
synthesis was achieved by direct condensation of unprotected sugars and sodium thiosulfate using a 
formamidine-type dehydrating agent in water–acetonitrile mixed solvent. The application of glycosyl 
Bunte salts is demonstrated with transformation reactions into other glycosyl compounds such as a 1-
thio sugar, a glycosyl disulfide, a 1,6-anhydro sugar, and an O-glycoside. 
 
Tertiary and Quaternary Carbon Formation via Gallium-Catalyzed Nucleophilic Addition of 
Organoboronates to Cyclopropanes 
Truong N. Nguyen and Jeremy A. May 
Org. Lett., 2018, 20 (1), 112–115 

 
GaCl3 and (IPr)GaCl3/AgSbF6 formed γ-tertiary and γ-quaternary carbons via homoconjugate addition 
of organoboron nucleophiles to diester- and ketone-functionalized cyclopropanes. Electron donor 
group cyclopropane substituents were not needed, allowing electron-deficient aryl, alkenyl, alkyl, and 
hydrogen-substituted cyclopropanes to be used. The catalytic conditions were compatible with alkenyl, 
alkynyl, and aryl nucleophiles, including ortho-substituted aromatics, to synthesize highly hindered 
quaternary carbons. Alkynyl nucleophiles formed substituted cyclopentenes. A control experiment 
supports an intermediate carbocation in quaternary carbon center formation. 
 
Assembly of Diverse Spirocyclic Pyrrolidines via Transient Directing Group Enabled Ortho-
C(sp2)–H Alkylation of Benzaldehydes 
Feng Li, Yirong Zhou, Heng Yang, Dandan Liu, Bing Sun, and Fang-Lin Zhang 
Org. Lett., 2018, 20 (1), 146–149 

 

https://pubs.acs.org/doi/10.1021/acs.orglett.7b03256
https://pubs.acs.org/doi/10.1021/acs.orglett.7b03400
https://pubs.acs.org/doi/10.1021/acs.orglett.7b03349
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A diversity-oriented synthesis of useful spirocyclic pyrrolidines was successfully accomplished via late-
stage cascade reactions of o-succinimide-substituted benzaldehydes. A catalytic amount of aniline as 
a transient directing group was efficient for the ruthenium-catalyzed ortho-C(sp2)–H alkylation of 
benzaldehyde with maleimide. The in situ formed imine overrided a series of other traditional directing 
groups with excellent site selectivities. More importantly, only 0.5 mol % of ruthenium catalyst was 
sufficient for a 100 mmol scale-up reaction without column chromatography purification. 
 
Vitamin B12 Catalyzed Atom Transfer Radical Addition 
Keith ó Proinsias, Agnieszka Jackowska, Katarzyna Radzewicz, Maciej Giedyk, and Dorota Gryko 
Org. Lett., 2018, 20 (1), 296–299 

 
Vitamin B12, a natural Co-complex, catalyzes atom transfer radical addition (ATRA) of organic halides 
to olefins. The established conditions were found to be very selective, with atom transfer radical 
polymerization (ATRP) occurring only in the case of acrylates. 
 
Palladium-Catalyzed, Norbornene-Mediated, ortho-Amination ipso-Amidation: Sequential C–N 
Bond Formation 
Andrew Whyte , Maxwell E. Olson, and Mark Lautens 
Org. Lett., 2018, 20 (2), 345–348 

 
A palladium-catalyzed, norbornene-mediated ortho- and ipso-C–N bond-forming Catellani reaction is 
reported. This reaction proceeds through a sequential intermolecular amination followed by 
intramolecular cyclization of a tethered amide. The products, ortho-aminated dihydroquinolinones, 
were generated in moderate to good yields and are present in bioactive molecules. This work 
highlights the challenge of competing intra- vs intermolecular palladium-catalyzed processes. 
 
Heck Reaction of Electronically Diverse Tertiary Alkyl Halides 
Daria Kurandina, Mónica Rivas, Maxim Radzhabov, and Vladimir Gevorgyan 
Org. Lett., 2018, 20 (2), 357–360 

 
The efficient Pd-catalyzed Heck reaction of diverse tertiary alkyl halides with alkenes has been 
developed. Unactivated tertiary alkyl halides efficiently react at room temperature under visible light 
irradiation with no exogenous photosensitizers required. For activated tertiary alkyl halides, the same 
catalytic system works well without light. These methods offer a general access to electronically 
diverse alkenes possessing quaternary and functionalized tertiary allylic carbon centers. The 
substituents at these centers include alkyl-, carbalkoxy-, tosyl-, phosphonyl-, and boronate groups. It 
was also shown that the end-game mechanism of this transformation may vary depending on the type 
of the substrates used. 
 
Metal-Free Electrocatalytic Aerobic Hydroxylation of Arylboronic Acids 
Jian Luo, Bo Hu, Alyssa Sam, and T. Leo Liu 
Org. Lett., 2018, 20 (2), 361–364 

https://pubs.acs.org/doi/10.1021/acs.orglett.7b03699
https://pubs.acs.org/doi/10.1021/acs.orglett.7b03577
https://pubs.acs.org/doi/10.1021/acs.orglett.7b03591
https://pubs.acs.org/doi/10.1021/acs.orglett.7b02483
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Hydroxylation of arylboronic acids to aryl alcohols was realized by a scalable electrocatalytic method. 
The present electrochemical hydroxylation employs low-cost methyl viologen as an organic cathodic 
electrocatalyst and involves O2 as a green and sustainable reactant. The electrochemical kinetic 
studies shown here can be a powerful tool to gain rich mechanistic and kinetic information and thus an 
in-depth understanding of the electrocatalytic mechanism. 
 
β-Aminocarbonates in Regioselective and Ring Expansion Reactions 
Fabio Aricò, Alexander S. Aldoshin, Manuele Musolino, Marco Crisma, and Pietro Tundo 
J. Org. Chem., 2018, 83 (1), 236–243 

 
The reactivity of β-aminocarbonates as anisotropic electrophiles has been investigated with several 
phenols. Products distribution shows that the regioselectivity of the anchimerically driven alkylation 
reaction depends on the nucleophiles. The results suggest that in the presence of nucleophiles that 
are also good leaving groups, the reaction takes place under thermodynamic control favoring the 
attack on the most sterically hindered carbon of the cyclic aziridinium intermediate. Furthermore, when 
an enantiomerically pure pyrrolidine-based carbonate was used, the reaction with phenols proceeds 
via a bicyclic aziridinium intermediate leading to the stereoselective synthesis of optically active 3-
substituted piperidines via ring expansion reaction. These results were confirmed both by NMR 
spectroscopy and X-ray diffraction analysis. 
 
Direct Wittig Olefination of Alcohols 
Qiang-Qiang Li, Zaher Shah, Jian-Ping Qu , and Yan-Biao Kang 
J. Org. Chem., 2018, 83 (1), 296–302 

 
A base-promoted transition metal-free approach to substituted alkenes using alcohols under aerobic 
conditions using air as the inexpensive and clean oxidant is described. Aldehydes are relatively 
difficult to handle compared to corresponding alcohols due to their volatility and penchant to 
polymerize and autoxidize. Wittig ylides are easily oxidized to aldehydes and consequently form 
homo-olefination products. By the strategy of simultaneously in situ generation of ylides and 
aldehydes, for the first time, alcohols are directly transferred to olefins with no need of prepreparation 
of either aldehydes or ylides. Thus, the di/monocontrollable olefination of diols is accomplished. This 
synthetically practical method has been applied in the gram-scale synthesis of pharmaceuticals, such 
as DMU-212 and resveratrol from alcohols. 
 
Visible-Light-Promoted Synthesis of Dibenzofuran Derivatives 
Ji Young Cho, Geum-bee Roh, and Eun Jin Cho 
J. Org. Chem., 2018, 83 (2), 805–811 

 

https://pubs.acs.org/doi/10.1021/acs.joc.7b02609
https://pubs.acs.org/doi/10.1021/acs.joc.7b02720
https://pubs.acs.org/doi/10.1021/acs.joc.7b02796
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Dibenzofurans are naturally occurring molecules that have received considerable attention for a 
variety of practical applications, such as in pharmaceuticals and electronic materials. Herein, an 
efficient and eco-friendly method for the synthesis of dibenzofuran derivatives via intramolecular C–O 
bond formation, which involves the in situ production of a diazonium salt, is described. The 
transformation requires a diazotizing agent and is promoted by the use of an organic photosensitizer 
under visible-light irradiation. 
 
Enantioselective Synthesis of Chiral α-Thio-Quaternary Stereogenic Centers via Phase-
Transfer-Catalyzed α-Alkylation of α-Acylthiomalonates 
Min Woo Ha, Jun Young Lee, Doyoung Kim, Geumwoo Lee, Jae Kyun Lee, Suckchang Hong, and Hyeung-geun Park 
J. Org. Chem., 2018, 83 (2), 1011–1018 

 
An efficient synthetic method for establishing chiral α-thio-α-quaternary stereogenic center was 
successfully developed. The enantioselective α-alkylation of α-acylthiomalonates under phase-transfer 
catalytic conditions [50% aq. KOH, toluene, −20 °C, and (S,S)-3,4,5-trifluorophenyl-NAS bromide] 
provided the corresponding α-acylthio-α-alkylmalonates in high chemical yields (up to 99%) and high 
optical yields (up to 98% ee). 
 
Organocatalyzed Enantioselective Aldol and Henry Reactions Starting from Benzylic Alcohols 
Juan V. Alegre-Requena, Eugenia Marqués-López and Raquel P. Herrera 
Adv. Synth. Catal. 2018, 360, 124. 

 
Pioneering aldol and Henry reactions starting from benzylic-type alcohols are described. The aldol 
reaction has been successfully performed following a one-pot strategy starting from alcohols, while the 
Henry reaction has been carried out following a sequential protocol for the first time. In both 
processes, enantiomerically enriched products were obtained with good yields and high 
enantioselectivities. We have also demonstrated that in reactions sensitive to small amounts of acid 
the use of alcohols instead of aldehydes could be a good solution for improving the results of these 
reactions. 
 
Metal-Free Decarboxylative Trichlorination of Alkynyl Carboxylic Acids: Synthesis of 
Trichloromethyl Ketones 
Aravindan Jayaraman, Eunjeong Cho, Francis Mariaraj Irudayanathan, Jimin Kim and Sunwoo Lee 
Adv. Synth. Catal. 2018, 360, 130. 

 
2,2,2-Trichloroacetophenone derivatives were synthesized via decarboxylative trichlorination from 
arylpropiolic acids and trichloroisocyanuric acid (TCCA). The reaction was performed in the presence 
of water at room temperature, and the desired products were obtained in good yields. The reaction 
showed good functional group tolerance towards halide, cyano, nitro, ketone, ester and aldehyde 
groups. In addition, the 2,2,2-trichloroacetophenone derivatives were readily transformed into esters, 
amides, and hydrazides. Based on experiments with H218O (water-18O), we proposed a cationic 
reaction pathway as the mechanism and suggested two different pathways for producing aryl- and 
alkyl-substituted propiolic acids. 

https://pubs.acs.org/doi/10.1021/acs.joc.7b02605
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201701351/full
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201701116/full
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Visible light induced Trifluoromethyl Migration: Easy Access to α-Trifluoromethylated Ketones 
from Enol Triflates 
Shuyang Liu, Jiyang Jie, Jipan Yu and Xiaobo Yang 
Adv. Synth. Catal. 2018, 360, 267. 

 
Herein, we reported a novel method to synthesize α-trifluoromethylated ketones from enol triflates. 
Involving a cascade sulfur dioxide extrusion and a CF3 (trifluoromethyl) radical addition process, this 
reaction proceeds at room temperature and is driven by visible light irradiation. This protocol bears 
good functional group compatibility, which can generate the desired products in good to excellent 
yields even in gram scale. It is hoped that this approach to generate CF3 radicals from enol triflates 
can be used in other radical-involved reactions. 
 
Copper-Catalyzed Dehydrative Cyclization of 1-(2-Hydroxyphenyl)propargyl Alcohols with 
P(O)H Compounds for the Synthesis of 2-Phosphorylmethylbenzofurans 
Ming Zhang, Jianlin Yang, Qing Xu, Chao Dong, Li-Biao Han and Ruwei Shen 
Adv. Synth. Catal. 2018, 360, 334. 

 
A tetrakis(acetonitrile)copper(I) hexafluorophosphate [Cu(MeCN)PF6]-catalyzed dehydrative reaction 
of 1-(2-hydroxyphenyl)propargyl alcohols with diarylphosphine oxides has been developed to provide 
an efficient synthesis of phosphorylated benzofurans in good to high yields. In the presence of a 
catalytic amount of an organic base, a variety of H-phosphonates and H-phosphinates can also be 
employed as good substrates to produce the corresponding products in moderate yields. The reaction 
has significant economical and ecological advantages since the formation of a new C(sp3)–P bond and 
the benzofuran framework could both be achieved using an inexpensive copper catalyst with water 
produced as the sole by-product. Some synthetic transformations of the product have also been 
demonstrated. 

http://onlinelibrary.wiley.com/doi/10.1002/adsc.201701051/full
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201701368/full
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Fe–Zr–O catalyzed base-free aerobic oxidation of 5-HMF to 2,5-FDCA as a bio-based polyester 
monomer  

Dongxia Yan, Jiayu Xin, Qiu Zhao, Kai Gao, Xingmei Lu,  Gongying Wang  and  Suojiang Zhang 

Catalysis Science & Technology 2018, 8, 164 

An environment-friendly and economical route for 5-hydroxymethylfurfural (HMF) aerobic oxidation to 
2,5-furandicarboxylic acid (FDCA) in an ionic liquid (IL)-promoted base-free reaction system was 
reported using Fe–Zr–O as a catalyst. A series of FexZr1−xO2 catalysts were synthesized by a 
hydrothermal method and the catalytic performance was investigated. Among these catalysts, 
Fe0.6Zr0.4O2 exhibited excellent catalytic activity in the HMF oxidation. A 60.6% FDCA yield and 99.9% 
HMF conversion could be obtained after 24 h under 2 MPa O2 pressure and base-free conditions. The 
good performance could be attributed to the large amount of acidic and basic sites on the surface of 
the catalyst and its high reducibility and oxygen mobility. In addition, the formation of humins and the 
reaction pathways in the ILs were also investigated, which revealed parallel reactions between FDCA 
and humin formation. A plausible reaction mechanism was proposed based on the results of a series 
of designed experiments. Finally, the catalyst was used five times without obvious loss of activity. To 
the best of our knowledge, this is the best result for a non-noble metal catalyzed base-free oxidation of 
HMF to FDCA using molecular oxygen as an oxidant. 
 
Performance of edges on carbon for the catalytic hydroxylation of benzene to phenol  

Ya-Jing Lyu, Ting Qi, Hua-Qing Yang and  Chang-Wei Hu 

Catalysis Science & Technology, 2018, 8, 176-186  

 

Carbon catalyst is regarded as an efficient and environment-friendly material for the direct oxidation of 
benzene to phenol. However, the essence and detailed performances of the active sites are still 
unclear at the molecular level. In the present study, the role of typical defect sites on carbon for 
benzene hydroxylation to phenol with hydrogen peroxide as the oxidant was theoretically investigated 
at M06-2x/6-311++G(d, p) level in acetonitrile solution. The carbon with defect sites was modeled with 
armchair and zigzag edges. The turnover frequency analysis indicated that the rate-controlling step 
was associated with the HO–OH bond cleavage in the H2O2 moiety for the formation of hydroxyl 
radical. For both the armchair and zigzag edges on carbon material, the defect site plays an essential 
role in the hydroxyl radical formation from H2O2. In the presence of water, the defect site of carbon 
could readily be hydrated, where the zigzag defect site could be more easily hydrated to hydroquinone 
than the defect armchair site. Furthermore, the zigzag defect carbon exhibits better catalytic 
performance than the armchair defect carbon. Based on activation strain analysis, there is a stronger 
stabilizing transition state interaction in the zigzag defect carbon than that in the defect armchair 
carbon, which arises from a narrower HOMO–LUMO gap. The present study could shed some light on 
the essence and function of active sites on carbon for the benzene hydroxylation to phenol. 

 

 

http://dx.doi.org/10.1039/C7CY01704A
http://dx.doi.org/10.1039/C7CY01648D
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The selective hydrogenation of furfural over supported palladium nanoparticle catalysts 
prepared by sol-immobilisation: effect of catalyst support and reaction conditions  

Reem Albilali, Mark Douthwaite,  Qian He and  Stuart H. Taylor 

Catalysis Science & Technology, 2018, 8, 252-267 

The selective hydrogenation of bio-derived furfural was investigated under mild conditions using a 
series of supported palladium catalysts prepared by a sol-immobilisation technique. Catalysts using 
alumina and titania supports were more selective towards tetrahydrofurfuryl alcohol. The catalytic 
activity of 1.19% Pd/TiO2 was evaluated under different reaction conditions and higher selectivity 
towards tetrahydrofurfuryl alcohol was observed when using 2-propanol as a solvent, and the yield of 
tetrahydrofurfuryl alcohol decreased as reaction temperature increased. The performance of the Pd 
catalyst was enhanced by the addition of Pt and a 95% yield of tetrahydrofurfuryl alcohol was 
achieved. The catalysts were characterised using a range of techniques, and the synergistic effect of 
adding Pt to Pd was due to an electronic promotional effect. 

 

Bio-based acrylic acid from sugar via propylene glycol and allyl alcohol  

C. V. Pramod,  R. Fauziah, K. Seshan  and  J.-P. Lange 

Catalysis Science & Technology, 2018, 8, 289-296 

A new route for producing bio-based acrylic acid is proposed. It starts with the conversion of 
carbohydrates to propylene glycol, being main or by-product, and proceeds via a subsequent 
dehydration to allyl alcohol under gas-phase conditions over K-modified ZrO2 and a final oxidation 
over MoWVOx catalyst at atmospheric pressures. Although preliminary, this study shows the possibility 
to convert propylene glycol to allyl alcohol with ∼50 mol% selectivity (at ∼64 mol% conversion) and 
convert allyl alcohol to acrylic acid with ∼77 mol% selectivity (at ∼90 mol% conversion). The oxidation 
of unconverted propylene glycol or the by-products propanal and 1-propanol results in propionic acid 
under these conditions. A preliminary process flow scheme is proposed based on the distillation 
resistance of the reaction products. 

 

 

 

 

http://dx.doi.org/10.1039/C7CY02110K
http://dx.doi.org/10.1039/C7CY01416C


Joseph Samec Research Group Digest          

 
 

Selectivity tuning over monometallic and bimetallic dehydrogenation catalysts: effects of 
support and particle size 

Konstantinos A. Goulas, Yuying Song, Gregory R. Johnson, Justin P. Chen,  Amit A. Gokhale,  Lars C. Grabow  and  F. Dean 
Toste 

Catalysis Science & Technology, 2018, 8, 314-327 

The efficacy of tandem dehydrogenation–condensation catalysts for the upgrade of bio-derived 
intermediates is largely determined by their relative (de-)hydrogenation and decarbonylation activity. 
Here, the effects of support and particle size of heterogeneous PdCu alloy catalysts on 
(de-)hydrogenation and decarbonlylation reactions were investigated using kinetic measurements, X-
ray absorption spectroscopy and density functional theory (DFT). The chemical mismatch of Cu2+ with 
Ti4+ and Ca2+ prevents the substitution of Cu into the lattice of TiO2 or hydroxyapatite supports, and 
facilitates its alloying with Pd, resulting in improved selectivity for hydrogenation–dehydrogenation 
reactions compared to decarbonylation reactions. Based on kinetic measurements of butyraldehyde 
reactions over Pd and PdCu/SiO2 model catalysts, decarbonylation activity is attributed to the 
presence of Pd surface ensembles, while (de-)hydrogenation reactions are catalyzed by PdCu sites on 
the surface. This is consistent with selectivity and CO coverage trends with increasing conversion, and 
DFT-based microkinetic modeling. Selectivity control can also be achieved using the PdCu 
nanocluster size. Smaller nanoparticles favor the C–CO bond scission step of the decarbonylation 
reaction, due to the stronger binding of CO and alkyl species to sites of lower coordination. CO-
induced segregation of reactive Pd atoms to under-coordinated step/edge sites also amplifies the 
geometric effect on the catalytic behavior. 

Asymmetric one-pot reactions using heterogeneous chemical catalysis: recent steps towards 
sustainable processes  

György Szőllősi 

Catalysis Science & Technology, 2018, 8, 389-422 

The preparation of optically pure fine chemicals is among the most important and challenging tasks 
met by organic chemists. Recently, significant efforts have been focused on the development of green 
and sustainable procedures for the synthesis of these high value-added compounds. Asymmetric 
heterogeneous catalysis has provided efficient solutions to these challenges. The application of 
heterogeneous chiral catalysts in one-pot processes combines the advantages of use of these 
materials with time, material, and energy savings associated with cascade or sequential procedures. 
This review surveys these asymmetric one-pot reactions reported until July 2017, in which a 
heterogeneous chemical catalyst has been applied either as a single multifunctional catalyst or in 
combination with a second catalytically active material. These processes include one-pot procedures 
catalysed by carefully designed solids obtained by the immobilization of chiral metal complexes, by 
anchoring chiral organocatalysts, or by modifying catalytic surfaces with optically pure compounds, 
which may also incorporate uncatalyzed and homogeneously catalysed steps. Methods applying 
achiral heterogeneous catalysts in combination with soluble chiral chemical catalysts or biocatalysts 
are also presented. Sophisticated, finely tuned materials have been applied in most of these reactions, 
which have been discussed along with the main requirements necessary to perform these 
transformations in a one-pot manner. 
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Unsupported shaped cobalt nanoparticles as efficient and recyclable catalysts for the solvent-
free acceptorless dehydrogenation of alcohols  

Arnaud Viola, Jennifer Peron, Kamila Kazmierczak, Marion Giraud, Carine Michel, Lorette Sicard, Noémie Perret, Patricia 

Beaunier, Mickaël Sicard, Michèle Besson and  Jean-Yves Piquemal 

Catalysis Science & Technology, 2018, 8, 562-572 

Oxidation of alcohols is a key-reaction for the valorization of biomass compounds, and green 
processes are preferred to avoid the use or production of toxic compounds. In this context, 
unsupported nanometer-sized catalysts have emerged as very promising materials for heterogeneous 
catalysis. In this paper we explore the catalytic activity of unsupported cobalt nanoparticles towards 
the dehydrogenation of aliphatic primary and secondary alcohols under solvent-free conditions. The 
unsupported particles are found to be highly active for the conversion of secondary alcohol to the 
corresponding ketone vs. the primary alcohol. The oxidation process is following an acceptorless 
dehydrogenation mechanism, where the only by-product of the reaction is the highly valuable H2 
molecule. DFT calculations evidence that the chemoselectivity of secondary vs. primary alcohols 
originates from a more favorable desorption of the ketone reaction product compared to the aldehyde. 
It is also found that the morphology of the particles has a strong influence on the catalyst efficiency 
and stability: Co nanorods can be recycled at least three times without a loss in catalytic 
performances. 

http://dx.doi.org/10.1039/C7CY02089A
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Dual catalysis for enantioselective convergent synthesis of enantiopure vicinal amino alcohols 

Chen-Xi Ye, Yared Yohannes Melcamu, Heng-Hui Li, Jiang-Tao Cheng, Tian-Tian Zhang, Yuan-Ping Ruan, Xiao Zheng, Xin Lu 

& Pei-Qiang Huang 

Nature Communications 9, 2018, 410 

Enantiopure vicinal amino alcohols and derivatives are essential structural motifs in natural products 
and pharmaceutically active molecules, and serve as main chiral sources in asymmetric synthesis. 
Currently known asymmetric catalytic protocols for this class of compounds are still rare and often 
suffer from limited scope of substrates, relatively low regio- or stereoselectivities, thus prompting the 
development of more effective methodologies. Herein we report a dual catalytic strategy for the 
convergent enantioselective synthesis of vicinal amino alcohols. The method features a radical-type 
Zimmerman–Traxler transition state formed from a rare earth metal with a nitrone and an aromatic 
ketyl radical in the presence of chiral N,N′-dioxide ligands. In addition to high level of enantio- and 
diastereoselectivities, our synthetic protocol affords advantages of simple operation, mild conditions, 
high-yielding, and a broad scope of substrates. Furthermore, this protocol has been successfully 
applied to the concise synthesis of pharmaceutically valuable compounds (e.g., ephedrine and 
selegiline). 

 

Streamlined asymmetric α-difunctionalization of ynones 

Siyu Peng, Zhaofeng Wang, Linxing Zhang, Xinhao Zhang & Yong Huang 

Nature Communications 9, 2018, 375 

Ynones are a unique class of structural motifs that show remarkable chemical versatility. Chiral 
ynones, particularly those possessing an α-stereogenic center, are highly attractive templates for 
structural diversification. So far, only very limited examples have been reported for asymmetric α-
functionalization of ynones. Asymmetric double α-functionalization of ynones remains elusive. Here we 
describe a streamlined strategy for asymmetric α-difunctionalization of ynones. We developed a gold-
catalyzed multicomponent condensation reaction from a simple ynone, an amine, and an electrophilic 
alkynylating reagent to generate a 1,2-dialkynyl enamine, a key stable and isolable intermediate. This 
intermediate can undergo asymmetric fluorination catalyzed by a chiral phosphoric acid derivative. 
Chiral ynones with an α-quaternary carbon and containing a fluorine and an alkyne can be 
synthesized in high yield and high ee. The synthetic utility of this method is demonstrated by the 
synthesis of enantioenriched tri(hetero)arylmethyl fluorides. 
 
 
 

http://dx.doi.org/10.1038/s41467-017-02698-4
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A record of deep-ocean dissolved O2 from the oxidation state of iron in submarine basalts 

Daniel A. Stolper & C. Brenhin Keller 

Nature 2018, 553, 323. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
The oxygenation of the deep ocean in the geological past has been associated with a rise in the partial 
pressure of atmospheric molecular oxygen (O2) to near-present levels and the emergence of modern 
marine biogeochemical cycles1,2,3,4,5. It has also been linked to the origination and diversification of 
early animals3,5,6,7. It is generally thought that the deep ocean was largely anoxic from about 2,500 to 
800 million years ago1,2,3,4,5,6,7,8,9,10,11,12, with estimates of the occurrence of deep-ocean oxygenation 
and the linked increase in the partial pressure of atmospheric oxygen to levels sufficient for this 
oxygenation ranging from about 800 to 400 million years ago3,5,7,11,13. Deep-ocean dissolved oxygen 
concentrations over this interval are typically estimated using geochemical signatures preserved in 
ancient continental shelf or slope sediments, which only indirectly reflect the geochemical state of the 
deep ocean. Here we present a record that more directly reflects deep-ocean oxygen concentrations, 
based on the ratio of Fe3+ to total Fe in hydrothermally altered basalts formed in ocean basins. Our 
data allow for quantitative estimates of deep-ocean dissolved oxygen concentrations from 3.5 billion 
years ago to 14 million years ago and suggest that deep-ocean oxygenation occurred in the 
Phanerozoic (541 million years ago to the present) and potentially not until the late Palaeozoic (less 
than 420 million years ago). 
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Systems of mechanized and reactive droplets powered by multi-responsive surfactants 
 

Zhijie Yang, Jingjing Wei, Yaroslav I. Sobolev & Bartosz A. Grzybowski 

Nature 2018, 553, 313. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 

Although ‘active’ surfactants, which are responsive to individual external stimuli such as temperature1, 
electric2,3 or magnetic4 fields, light5,6, redox processes6,7 or chemical agents8, are well known, it would 
be interesting to combine several of these properties within one surfactant species. Such multi-
responsive surfactants could provide ways of manipulating individual droplets and possibly assembling 
them into larger systems of dynamic reactors9,10. Here we describe surfactants based on 
functionalized nanoparticle dimers that combine all of these and several other characteristics. These 
surfactants and therefore the droplets that they cover are simultaneously addressable by magnetic, 
optical and electric fields. As a result, the surfactant-covered droplets can be assembled into various 
hierarchical structures, including dynamic ones, in which light powers the rapid rotation of the droplets. 
Such rotating droplets can transfer mechanical torques to their non-nearest neighbours, thus acting 
like systems of mechanical gears. Furthermore, droplets of different types can be merged by applying 
electric fields and, owing to interfacial jamming11,12, can form complex, non-spherical, ‘patchy’ 
structures with different surface regions covered with different surfactants. In systems of droplets that 
carry different chemicals, combinations of multiple stimuli can be used to control the orientations of the 
droplets, inter-droplet transport, mixing of contents and, ultimately, sequences of chemical reactions. 
Overall, the multi-responsive active surfactants that we describe provide an unprecedented level of 
flexibility with which liquid droplets can be manipulated, assembled and reacted. 
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A platform for automated nanomole-scale reaction screening and micromole-scale synthesis in 
flow 

Damith Perera1, Joseph W. Tucker, Shalini Brahmbhatt, Christopher J. Helal, Ashley Chong, William Farrell, Paul Richardson, 

Neal W. Sach 

Science 2018, (359) 6374, 429. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 

The scarcity of complex intermediates in pharmaceutical research motivates the pursuit of reaction 
optimization protocols on submilligram scales. We report here the development of an automated flow-
based synthesis platform, designed from commercially available components, that integrates both rapid 
nanomole-scale reaction screening and micromole-scale synthesis into a single modular unit. This 
system was validated by exploring a diverse range of reaction variables in a Suzuki-Miyaura coupling 
on nanomole scale at elevated temperatures, generating liquid chromatography–mass spectrometry 
data points for 5760 reactions at a rate of >1500 reactions per 24 hours. Through multiple injections of 
the same segment, the system directly produced micromole quantities of desired material. The optimal 
conditions were also replicated in traditional flow and batch mode at 50- to 200-milligram scale to provide 
good to excellent yields. 

 

http://science.sciencemag.org/content/359/6374/429.full
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A self-assembled nanoscale robotic arm controlled by electric fields 

Enzo Kopperger1, Jonathan List, Sushi Madhira, Florian Rothfischer, Don C. Lamb, Friedrich C. Simmel 

Science  2017, (359) 6373, 296. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
The use of dynamic, self-assembled DNA nanostructures in the context of nanorobotics requires fast 
and reliable actuation mechanisms. We therefore created a 55-nanometer–by–55-nanometer DNA-
based molecular platform with an integrated robotic arm of length 25 nanometers, which can be 
extended to more than 400 nanometers and actuated with externally applied electrical fields. Precise, 
computer-controlled switching of the arm between arbitrary positions on the platform can be achieved 
within milliseconds, as demonstrated with single-pair Förster resonance energy transfer experiments 
and fluorescence microscopy. The arm can be used for electrically driven transport of molecules or 
nanoparticles over tens of nanometers, which is useful for the control of photonic and plasmonic 
processes. Application of piconewton forces by the robot arm is demonstrated in force-induced DNA 
duplex melting experiments.

 

http://science.sciencemag.org/content/359/6373/296.full
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Effect of Internal Heteroatoms on Level Alignment at Metal/Molecular Monolayer/Si Interfaces 

Hadas Alon, Rachel Garrick, Sidharam P. Pujari , Tal Toledano, Ofer Sinai, Nir Kedem, Tatyana Bendikov, Joe E. Baio, Tobias 

Weidner, Han Zuilhof, David Cahen, Leeor Kronik, Chaim N. Sukenik, and Ayelet Vilan  

J. Phys. Chem. C 2018, 122 (6), 3312. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 

Molecular monolayers at metal/semiconductor heterointerfaces affect electronic energy level alignment 

at the interface by modifying the interface’s electrical dipole. On a free surface, the molecular dipole is 

usually manipulated by means of substitution at its external end. However, at an interface such outer 

substituents are in close proximity to the top contact, making the distinction between molecular and 

interfacial effects difficult. To examine how the interface dipole would be influenced by a single atom, 

internal to the molecule, we used a series of three molecules of identical binding and tail groups, differing 

only in the inner atom: aryl vinyl ether (PhO), aryl vinyl sulfide (PhS), and the corresponding molecule 

with a CH2 group—allyl benzene (PhC). Molecular monolayers based on all three molecules have been 

adsorbed on a flat, oxide-free Si surface. Extensive surface characterization, supported by density 

functional theory calculations, revealed high-quality, well-aligned monolayers exhibiting excellent 

chemical and electrical passivation of the silicon substrate, in all three cases. Current–voltage and 

capacitance–voltage analysis of Hg/PhX (X = C, O, S)/Si interfaces established that the type of internal 

atom has a significant effect on the Schottky barrier height at the interface, i.e., on the energy level 

alignment. Surprisingly, despite the formal chemical separation of the internal atom and the metallic 

electrode, Schottky barrier heights were not correlated to changes in the semiconductor’s effective work 

function, deduced from Kelvin probe and ultraviolet photoemission spectroscopy on the monolayer-

adsorbed Si surface. Rather, these changes correlated well with the ionization potential of the surface-

adsorbed molecules. This is interpreted in terms of additional polarization at the molecule/metal interface, 

driven by potential equilibration considerations even in the absence of a formal chemical bond to the top 

Hg contact. 

 

https://pubs.acs.org/doi/10.1021/acs.jpcc.7b09118
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Study of Confinement and Catalysis Effects of the Reaction of Methylation of Benzene by 
Methanol in H-Beta and H-ZSM-5 Zeolites by Topological Analysis of Electron Density 

María Fernanda Zalazar , Esteban Nadal Paredes, Gonzalo D. Romero Ojeda, Néstor Damián Cabral, and Nélida María 

Peruchena 

J. Phys. Chem. C 2018, 122 (6), 3350. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
In this work we studied the host–guest interactions between confined molecules and zeolites and their 
relationship with the energies involved in the reaction of methylation of benzene by methanol in H-ZSM-
5 and H-Beta zeolites employing density functional theory (DFT) methods and the quantum theory of 
atoms in molecules. Results show that the strength of the interactions related to adsorption and 
coadsorption processes is higher in the catalyst with the larger cavity; however, the confinement effects 
are higher in the smaller zeolite, explaining, from an electronic viewpoint, the reason why the 
stabilization energy is higher in H-ZSM-5 than in H-Beta. The confinement effects of the catalyst on the 
confined species for methanol adsorption, benzene coadsorption, and the formed intermediates 
dominate this stabilization. For the transition state (TS), the stability of the TS is achieved due to the 
stabilizing effect of the surrounding zeolite framework on the formed carbocationic species (CH3

+) which 
is higher in H-ZSM-5 than in H-Beta. In both TSs the methyl cation is multicoordinated forming the 
following H2O···CH3

+···CB concerted bonds. It is demonstrated that, through the electron density 
analysis, the criteria can be defined to discriminate between interactions related to the confinement 
effects and the reaction itself (adsorption, coadsorption, and bond-breaking and bond-forming 
processes) and, thus, to discriminate the relative contributions of the degree of confinement to the 
reaction energies for two zeolite catalysts with different topologies. 
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