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Selective Hydrogen Atom Abstraction through Induced Bond Polarization: Direct α‐Arylation 
of Alcohols through Photoredox, HAT, and Nickel Catalysis 

Jack Twilton Melodie Christensen Dr. Daniel A. DiRocco Dr. Rebecca T. Ruck Dr. Ian W. Davies Prof. Dr. David W. C. 
MacMillan 

Angew. Chem. Int. Ed. 2018, 57(19), 5369-5373 

 

Abstract 
 
The combination of nickel metallaphotoredox catalysis, hydrogen atom transfer catalysis, and a Lewis 
acid activation mode, has led to the development of an arylation method for the selective 
functionalization of alcohol α‐hydroxy C−H bonds. This approach employs zinc‐mediated alcohol 
deprotonation to activate α‐hydroxy C−H bonds while simultaneously suppressing C−O bond 
formation by inhibiting the formation of nickel alkoxide species. The use of Zn‐based Lewis acids 
also deactivates other hydridic bonds such as α‐amino and α‐oxy C−H bonds. This approach 
facilitates rapid access to benzylic alcohols, an important motif in drug discovery. A 3‐step synthesis 
of the drug Prozac exemplifies the utility of this new method. 
 

 

Literally Green Chemical Synthesis of Artemisinin from Plant Extracts 

Susann Triemer Kerry Gilmore Giang T. Vu Peter H. Seeberger Andreas Seidel‐Morgenstern 

Angew. Chem. Int. Ed. 2018, 57(19), 5525-5528 

 

Abstract 
 

Active pharmaceutical ingredients are either extracted from biological sources—where they are 

synthesized in complex, dynamic environments—or prepared in stepwise chemical syntheses by 

reacting pure reagents and catalysts under controlled conditions. A combination of these two 

approaches, where plant extracts containing reagents and catalysts are utilized in intensified chemical 

syntheses, creates expedient and sustainable processes. We illustrate this principle by reacting crude 

plant extract, oxygen, acid, and light to produce artemisinin, a key active pharmaceutical ingredient of 

the most powerful antimalarial drugs. The traditionally discarded extract of Artemisia annua plants 

contains dihydroartemisinic acid—the final biosynthetic precursor—as well as chlorophyll, which acts 

as a photosensitizer. Efficient irradiation with visible light in a continuous‐ flow setup produces 

artemisinin in high yield, and the artificial biosynthetic process outperforms syntheses with pure 

reagents. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201800749
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201801424
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Electrifying Organic Synthesis 

Anton Wiebe Tile Gieshoff Sabine Möhle Dr. Eduardo Rodrigo Michael Zirbes Prof. Dr. Siegfried R. Waldvogel 

Angew. Chem. Int. Ed. 2018, 57(20),5594-5619 

 
Abstract 
 
The direct synthetic organic use of electricity is currently experiencing a renaissance. More 
synthetically oriented laboratories working in this area are exploiting both novel and more traditional 
concepts, paving the way to broader applications of this niche technology. As only electrons serve as 
reagents, the generation of reagent waste is efficiently avoided. Moreover, stoichiometric reagents can 
be regenerated and allow a transformation to be conducted in an electrocatalytic fashion. However, 
the application of electroorganic transformations is more than minimizing the waste footprint, it rather 
gives rise to inherently safe processes, reduces the number of steps of many syntheses, allows for 
milder reaction conditions, provides alternative means to access desired structural entities, and 
creates intellectual property (IP) space. When the electricity originates from renewable resources, this 
surplus might be directly employed as a terminal oxidizing or reducing agent, providing an ultra‐
sustainable and therefore highly attractive technique. This Review surveys recent developments in 
electrochemical synthesis that will influence the future of this area. 

 

Carbon Quantum Dot Implanted Graphite Carbon Nitride Nanotubes: Excellent Charge 
Separation and Enhanced Photocatalytic Hydrogen Evolution 

Yang Wang Prof. Xueqin Liu Dr. Jia Liu Prof. Bo Han Xiaoqin Hu Fan Yang Zuwei Xu Yinchang Li Songru Jia Prof. Zhen Li Prof. 
Yanli Zhao 

Angew. Chem. Int. Ed. 2018, 57(20), 5765-5771 

 
Abstract 
 
Graphite carbon nitride (g‐C3N4) is a promising candidate for photocatalytic hydrogen production, but 
only shows moderate activity owing to sluggish photocarrier transfer and insufficient light absorption. 
Herein, carbon quantum dots (CQDs) implanted in the surface plane of g‐C3N4 nanotubes were 
synthesized by thermal polymerization of freeze‐dried urea and CQDs precursor. The CQD‐implanted 
g‐C3N4 nanotubes (CCTs) could simultaneously facilitate photoelectron transport and suppress charge 
recombination through their specially coupled heterogeneous interface. The electronic structure and 
morphology were optimized in the CCTs, contributing to greater visible light absorption and a 
weakened barrier of the photocarrier transfer. As a result, the CCTs exhibited efficient photocatalytic 
performance under light irradiation with a high H2production rate of 3538.3 μmol g

−1
 h

−1
 and a notable 

quantum yield of 10.94 % at 420 nm. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201711060
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201802014
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Ruthenium‐Catalyzed Cascade Annulation of Indole with Propargyl Alcohols 

Julia Kaufmann Elisabeth Jäckel Dr. Edgar Haak 

Angew. Chem. Int. Ed. 2018, 57(20), 5908-5911 

 
Abstract 

Cascade transformations forming multiple bonds and one‐pot procedures provide rapid access to 

natural‐product‐like scaffolds from simple precursors. These atom‐economic processes are valuable 

tools in organic synthesis and drug discovery. Herein, we report on ruthenium‐catalyzed cascade 

annulations of indole with readily available propargyl alcohols. These provide rapid access to diverse 

carbazoles, cyclohepta[b]indoles, and further fused polycycles with high selectivity. A bifunctional 

ruthenium complex featuring a redox‐coupled cyclopentadienone ligand acts as a common catalyst for 

the different cascade processes. 

 

Modern Electrochemical Aspects for the Synthesis of Value‐Added Organic Products 

Sabine Möhle Michael Zirbes Dr. Eduardo Rodrigo Tile Gieshoff Anton Wiebe Prof. Dr. Siegfried R. Waldvogel 

Angew. Chem. Int. Ed. 2018, 57(21), 6018-6041 

 

Abstract 
 
The use of electricity instead of stoichiometric amounts of oxidizers or reducing agents in synthesis is 
very appealing for economic and ecological reasons, and represents a major driving force for research 
efforts in this area. To use electron transfer at the electrode for a successful transformation in organic 
synthesis, the intermediate radical (cation/anion) has to be stabilized. Its combination with other 
approaches in organic chemistry or concepts of contemporary synthesis allows the establishment of 
powerful synthetic methods. The aim in the 21st Century will be to use as little fossil carbon as 
possible and, for this reason, the use of renewable sources is becoming increasingly important. The 
direct conversion of renewables, which have previously mainly been incinerated, is of increasing 
interest. This Review surveys many of the recent seminal important developments which will 
determine the future of this dynamic emerging field. 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201801846
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201712732
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Stereoselective Synthesis of 2‐Deoxyglycosides from Glycals by Visible‐Light‐Induced 
Photoacid Catalysis 

Dr. Gaoyuan Zhao Prof. Ting Wang 

Angew. Chem. Int. Ed. 2018, 57(21), 6120-6124 

 

Abstract 

The direct, photoacid‐catalyzed synthesis of 2‐deoxyglycosides from glycals is reported. A series of 

phenol‐conjugated acridinium‐based organic photoacids were rationally designed, synthesized, and 

studied alongside the commercially available phenolic catalyst eosin Y. In the presence of such a 

photoacid catalyst and light, synthetic glycals were activated and coupled with a range of alcohols to 

afford 2‐deoxyglycosides in good yields and with excellent α‐selectivity. 

 

Bridging the Gap between Industrial and Well‐Defined Supported Catalysts 

Prof. Dr. Christophe Copéret Florian Allouche Ka Wing Chan Prof. Matthew P. Conley Murielle F. Delley Dr. Alexey Fedorov Ilia 
B. Moroz Dr. Victor Mougel Margherita Pucino Dr. Keith Searles Dr. Keishi Yamamoto Dr. Pavel A. Zhizhko 

Angew. Chem. Int. Ed. 2018, 57(22), 6398-6440 

 

Abstract 
 
Many industrial catalysts contain isolated metal sites on the surface of oxide supports. Although such 
catalysts have been used in a broad range of processes for more than 40 years, there is often a very 
limited understanding about the structure of the catalytically active sites. This Review discusses how 
surface organometallic chemistry (SOMC) engineers surface sites with well‐defined structures and 
provides insight into the nature of the active sites of industrial catalysts; the Review focuses in 
particular on olefin production and conversion processes. 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201800909
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201702387
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Concerted Bimetallic Nanocluster Synthesis and Encapsulation via Induced Zeolite Framework 
Demetallation for Shape and Substrate Selective Heterogeneous Catalysis 

Dr. Takayuki Iida Prof. Daniela Zanchet Dr. Koji Ohara Toru Wakihara Prof. Yuriy Román‐Leshkov 

Angew. Chem. Int. Ed. 2018, 57(22), 6454-6458 

 
Abstract 

Bimetallic nanoparticle encapsulation in microporous zeolite crystals is a promising route for producing 

catalysts with unprecedented reaction selectivities. Herein, a novel synthetic approach was developed 

to produce PtZnx nanoclusters encapsulated inside zeolite micropores by introducing Pt
2+

 cations into 

a zincosilicate framework via ion exchange, and subsequent controlled demetallation and alloying with 

framework Zn. The resulting zeolites featured nanoclusters with sizes of approximately 1 nm, having 

an interatomic structure corresponding to a PtZnx alloy as confirmed by pair distribution function (PDF) 

analysis. These materials featured simultaneous shape and substrate specificity demonstrated by the 

selective production of p‐chloroaniline from the competitive hydrogenation of p‐chloronitrobenzene and 

1,3‐dimethyl‐5‐nitrobenzene. 

 

Synthesis of Reversed C‐Acyl Glycosides through Ni/Photoredox Dual Catalysis 

Shorouk O. Badir Audrey Dumoulin Jennifer K. Matsui Prof. Gary A. Molander 

Angew. Chem. Int. Ed. 2018, 57(22), 6610-6613 

 
Abstract 

The incorporation of C‐glycosides in drug design has become a routine practice for medicinal 

chemists. These naturally occurring building blocks exhibit attractive pharmaceutical profiles, and have 

become an important target of synthetic efforts in recent decades.1 Described herein is a practical, 

scalable, and versatile route for the synthesis of non‐anomeric and unexploited C‐acyl glycosides 

through a Ni/photoredox dual catalytic system. By utilizing an organic photocatalyst, a range of 

glycosyl‐based radicals are generated and efficiently coupled with highly functionalized carboxylic 

acids at room temperature. Distinctive features of this transformation include its mild conditions, 

impressive compatibility with a wide array of functional groups, and most significantly, preservation of 

the anomeric carbon: a handle for further, late‐stage derivatization. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201800557
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201800701
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201800701#anie201800701-bib-0001
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Synthesis of Non‐Classical Arylated C‐Saccharides through Nickel/Photoredox Dual 
Catalysis 

Dr. Audrey Dumoulin Jennifer K. Matsui Dr. Álvaro Gutiérrez‐Bonet Prof. Gary A. Molander 

Angew. Chem. Int. Ed. 2018, 57(22), 6614-6618 

 

Abstract 
 
The development of synthetic tools to introduce saccharide derivatives into functionally complex 
molecules is of great interest, particularly in the field of drug discovery. Herein, we report a new route 
toward highly functionalized, arylated saccharides, which involves nickel‐catalyzed cross‐coupling of 
photoredox‐generated saccharyl radicals with a range of aryl‐ and heteroaryl bromides, triggered by 
an organic photocatalyst. In contrast to existing methods, the mild reaction conditions achieve 
arylation of saccharide motifs while leaving the anomeric carbon available, thus providing access to a 
class of arylated glycosides that has been underexplored until now. To demonstrate the potential of 
this strategy in late‐stage functionalization, a variety of structurally complex molecules incorporating 
saccharide moieties were synthesized. 

 

From Ruthenium to Iron and Manganese—A Mechanistic View on Challenges and Design 

Principles of Base‐Metal Hydrogenation Catalysts 
Dr. Thomas Zell Dr. Robert Langer 

ChemCatChem 2018, 10(9), 1930-1940 

 

Abstract 
 
The development of new homogenous base‐metal catalysts for hydrogenation reactions is a rapidly 
expanding and evolving field of research, which has the potential to provide inexpensive and 
sustainable alternatives for atom economic reactions and possibly contribute additional tools for 
hydrogen storage applications. While tremendous accomplishments in terms of catalytic activity and 
substrate scope have been reported over the last years, the available mechanistic information on 
these reactions is often very limited. The current Concept article intends to summarize, categorize and 
analyze mechanistic information on iron‐based hydrogenation catalysts. In addition, we present the 
challenges that must be tackled in the future to develop more effective and mature catalyst systems. 
The primary focus of this work lies on iron‐based catalysts. However, manganese‐based 
hydrogenation catalysts have recently attracted significant interest and a remarkable progress in their 
development has been made. Available mechanistic information on manganese catalysts is compared 
to that on iron catalysts and basic similarities and differences are discussed. 

 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201802282
https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201701722
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In Situ Growth of CoP Nanoparticles Anchored on Black Phosphorus Nanosheets for Enhanced 
Photocatalytic Hydrogen Production 

Dr. Qingshuang Liang Fangbing Shi Xiufeng Xiao Xiaofeng Wu Keke Huang Prof. Shouhua Feng 

ChemCatChem 2018, 10(10), 2179-2183 

 

Abstract 
 
A novel zero‐dimensional/two‐dimensional CoP/black phosphorus heterostructure was successfully 
constructed by in situ growth of CoP nanoparticles on the surface of black phosphorus (BP) 
nanosheets through a facile solvothermal method. The as‐prepared CoP/BP heterostructure 
exhibited excellent photocatalytic H2 production activity under visible‐ and near‐infrared‐light 
irradiation. The hydrogen evolution rate of the CoP/BP heterostructure was 694 μmol h−1 g−1, which 
is about two times higher than that of the Pt/BP heterostructure. The in situ growth of CoP 
nanoparticles in black phosphorus nanosheets gives rise to excellent interfacial contact between the 
light‐harvesting material and the co‐catalysts, promotes fast charge transfer, and reduces charge 
recombination. Because the CoP nanoparticles are anchored on the surface of the BP nanosheets, 
agglomeration of the CoP nanoparticles is suppressed, and thus, the high surface area and large 
number of active sites are effectively maintained. 

 

 

Advances in Nanocatalyst Design for Biofuel Production 

Alessio Zuliani Dr. Francisco Ivars Prof. Rafael Luque 

ChemCatChem 2018, 10(9), 1968-1981 

 

Abstract 
 
The exploitation of nanocatalysts, at the boundary between homogeneous and heterogeneous 
catalysis, offers new efficient ways to produce renewable biofuels in environmentally friendly 
conditions. Specifically, biodiesel and high density fuels have been chosen as major topics of research 
for the design of catalytic nanomaterials. As solid‐state catalysts, they are recyclable, and their 
nanometric particle size enables high activities that approach those of homogeneous catalysts. In 
addition, they offer novel and unique catalytic behaviors not accessible to solids above the nanometer 
range. Furthermore, the use of magnetically active materials has led to the development of 
nanocatalysts easily recoverable through the application of magnetic fields. In this Minireview, the 
latest achievements in the production of advanced biofuels using stable, highly active, cheap and 
reusable nanocatalysts are described. 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201701907
https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201701712
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Iron‐Doped Nickel Phosphide Nanosheets In Situ Grown on Nickel Submicrowires as Efficient 
Electrocatalysts for Oxygen Evolution Reaction 

Jiahui Chen Yunming Li Guoqing Sheng Lu Xu Huangqing Ye Xian‐Zhu Fu Rong Sun Ching‐Ping Wong 

ChemCatChem 2018, 10(10), 2248-2253 

  

Abstract 
 
Tens of micrometers long metallic Ni submicrowires with a diameter of approximately 200 nm are prepared by a 

chemical reduction method under a magnetic field. Fe‐doped Ni2P nanosheets are then in situ grown on Ni 

submicrowires by a simple wet‐chemical reaction followed by a low‐temperature phosphorization process. The 

(Ni0.87Fe0.13)2P–Ni composite exhibits the highest catalytic activity toward oxygen evolution reaction in alkaline 

solution among all the as‐prepared (Ni1−xFex)2P–Ni catalysts, delivering a current density of 10 mA cm−2 at an 

overpotential of only 257 mV and keeping high stability over 10 h electrolysis. These exceptional activities are 

attributed to the unique structure combining metallic Ni submicrowires as good electronically conductive substrate 

and the in situ grown Fe‐doped Ni2P nanosheets. Specifically, Fe incorporation leads to strong electron 

interactions between Ni, Fe, and P, fast reaction kinetics, small charge‐transfer resistance, and a large 

electrochemical surface area, which are responsible for the excellent catalytic performance. 
 

 

Highly Dispersed Mo2C Anchored on N,P‐Codoped Graphene as Efficient Electrocatalyst for 
Hydrogen Evolution Reaction 

Yang Wang Shengdong Zhu Noritatsu Tsubaki Prof. Mingbo Wu 

ChemCatChem 2018, 10(10), 2300-2304 

 

Abstract 
 
Uniformly dispersed Mo2C were anchored on N, P‐codoped graphene (Mo2C‐N,P‐rGO) by a 
facile method, during which phytic acid was employed as cross‐linker to bridge the polyethyleneimine 
(PEI) modified graphene oxide (PEI‐GO) and Mo ions through electrostatic adsorption and 
coordination bonding. Thanks to this ingenious strategy, the aggregation of Mo2C that usually occurs 
at high calcination temperature was effectively suppressed. This well‐defined nanohybrid exhibits an 
excellent activity and high stability in hydrogen evolution reactions both in acidic and basic media due 
to the synergistic effects of the heteroatoms doped, accessibility of active sites, and conductivity of the 
two‐dimensional (2D) structure. The obtained Mo2C‐N,P‐rGO requires only small overpotentials 
of 71 and 95 mV to drive 10 mA cm

−2
 in alkaline and acidic solution, respectively. Benefiting from the 

protective effect of the coated carbon layers on the Mo2C surface, no obvious degradation was 
detected after 20 h of operation. This facile strategy may provide new opportunities for the precise 
design of functional 2D materials with unique properties. 
 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201800036
https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201800025
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Overview on the Recent Strategies for the Enantioselective Synthesis of 1, 1‐Diarylalkanes, 
Triarylmethanes and Related Molecules Containing the Diarylmethine Stereocenter 

Dr. Sankalan Mondal Deblina Roy Dr. Gautam Panda 

ChemCatChem 2018, 10(9), 1941-1967 
 
 

 

Abstract 

There has recently been an increased interest in active pharmaceutical agents and various other 

molecules that contain the 1, 1‐diaryl stereocenter. This has led to the development of novel synthetic 

strategies to access molecules having this structural moiety. The current Review describes the variety 

of synthetic methodologies available for the enantioselective synthesis of 1, 1‐diarylethanes, 

triarylmethanes and related molecules with a 1, 1‐diaryl stereogenic center that were reported since 

1995. The prime focus of the Review is on the formation of the 1, 1‐diarylmethine stereocenter either 

through the use of various enantioselective processes using chiral catalysts (the asymmetric catalytic 

approach) or through the use of chiral substrates and achiral catalysts. Resolution of racemic 

substrates is also required for the synthesis of this chiral molecule, but this approach is not covered in 

this Review. Moreover, comparative discussions on the future aspects of the synthesis of these 

molecules with a short comparison of the different available routes and possible areas of development 

are also presented. 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201701601
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Sc3+ (or HClO4) Activation of a Nonheme FeIII–OOH Intermediate for the Rapid Hydroxylation of 
Cyclohexane and Benzene 

Subhasree Kal, Apparao Draksharapu, and Lawrence Que, Jr. 

J. Am. Chem. Soc., 2018, 140 (17), pp 5798–5804  

 

Abstract  

[Fe(β-BPMCN)(CH3CN)2]2+ (1, BPMCN = N,N′-bis(pyridyl-2-methyl)-N,N′-dimethyl-trans-1,2-
diaminocyclo-hexane) is a relatively poor catalyst for cyclohexane oxidation by H2O2 and cannot 
perform benzene hydroxylation. However, addition of Sc3+ activates the 1/H2O2 reaction mixture to be 
able to hydroxylate cyclohexane and benzene within seconds at −40 °C. A metastable S = 1/2 FeIII–
(η1-OOH) intermediate 2 is trapped at −40 °C, which undergoes rapid decay upon addition of Sc3+ at 
rates independent of [substrate] but linearly dependent on [Sc3+]. HClO4 elicits comparable reactivity 
as Sc3+ at the same concentration. We thus postulate that these additives both facilitate O–O bond 
heterolysis of 2 to form a common highly electrophilic FeV═O oxidant that is comparably reactive to the 
fastest nonheme high-valent iron-oxo oxidants found to date. 

 

Chiral Brønsted Acid Catalyzed Enantioselective Dehydrative Nazarov-Type Electrocyclization 
of Aryl and 2-Thienyl Vinyl Alcohols 

Jianwen Jin, Yichao Zhao, Ali Gouranourimi, Alireza Ariafard, and Philip Wai Hong Chan 

 J. Am. Chem. Soc., 2018, 140 (17), pp 5834–5841 

 

Abstract 

https://pubs.acs.org/doi/10.1021/jacs.8b01435
https://pubs.acs.org/doi/10.1021/jacs.8b02339
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An efficient chiral Brønsted acid-catalyzed enantioselective dehydrative Nazarov-type 
electrocyclization (DNE) of electron-rich aryl- and 2-thienyl-β-amino-2-en-1-ols is described. The 4π 
conrotatory electrocyclization reaction affords access to a wide variety of the corresponding 1H-
indenes and 4H-cyclopenta[b]thiophenes in excellent yields of up to 99% and enantiomeric excess 
(ee) values of up to 99%. Experimental and computational studies based on a proposed intimate 
contact ion-pair species that is further assisted by hydrogen bonding between the amino group of the 
substrate cation and chiral catalyst anion provide insight into the observed product enantioselectivities. 

 

Structural Dynamics of the Oxygen-Evolving Complex of Photosystem II in Water-Splitting 
Action 

Andrew J. Wilson and Prashant K. Jain 

J. Am. Chem. Soc., 2018, 140 (17), pp 5853–5859 

 

Abstract 

Oxygenic photosynthesis in nature occurs via water splitting catalyzed by the oxygen-evolving 
complex (OEC) of photosystem II. To split water, the OEC cycles through a sequence of oxidation 
states (Si, i = 0–4), the structural mechanism of which is not fully understood under physiological 
conditions. We monitored the OEC in visible-light-driven water-splitting action by using in situ, 
aqueous-environment surface-enhanced Raman scattering (SERS). In the unexplored low-frequency 
region of SERS, we found dynamic vibrational signatures of water binding and splitting. Specific 
snapshots in the dynamic SERS correspond to intermediate states in the catalytic cycle, as 
determined by density functional theory and isotopologue comparisons. We assign the previously 
ambiguous protonation configuration of the S0–S3 states and propose a structural mechanism of the 
OEC’s catalytic cycle. The findings address unresolved questions about photosynthetic water splitting 
and introduce spatially resolved, low-frequency SERS as a chemically sensitive tool for interrogating 
homogeneous catalysis in operando. 

 

Formation of Chiral Allylic Ethers via an Enantioselective Palladium-Catalyzed Alkenylation of 
Acyclic Enol Ethers 

Harshkumar H. Patel, Matthew B. Prater, Scott O. Squire, Jr., and Matthew S. Sigman 

J. Am. Chem. Soc., 2018, 140 (18), pp 5895–5898 

https://pubs.acs.org/doi/10.1021/jacs.8b02620
https://pubs.acs.org/doi/10.1021/jacs.8b02751
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Abstract 

This report details a palladium-catalyzed process to access highly functionalized, optically active allylic 
aryl ethers. A number of electron-deficient alkenyl triflates underwent enantioselective and site-
selective coupling with acyclic aryl enol ethers in the presence of a chiral palladium catalyst. This 
transform provides chiral allylic ether products in high yields and excellent enantiomeric ratios, 
furnishing a unique disconnection to incorporate heteroatoms at a stereocenter. Finally, the 
applicability of the products to target synthesis was demonstrated through the formation of a chiral 
allylic alcohol and the generation of a flavone-inspired product. 

 

Chemo- and Enantioselective Pd/B Hybrid Catalysis for the Construction of Acyclic Quaternary 
Carbons: Migratory Allylation of O-Allyl Esters to α-C-Allyl Carboxylic Acids 

Taiki Fujita, Tomohiro Yamamoto, Yuya Morita, Hongyu Chen, Yohei Shimizu,and Motomu Kanai 

J. Am. Chem. Soc., 2018, 140 (18), pp 5899–5903 

 

Abstract  

We describe herein the asymmetric synthesis of α-allyl carboxylic acids containing an α-quaternary 
stereocenter by a chiral hybrid catalyst system comprising palladium and boron complexes. The 
reaction proceeded through palladium-catalyzed ionization of α,α-disubstituted O-allyl esters for the 
generation of chiral π-allyl palladium complex as an electrophile, boron-catalyzed enolization of the 
carboxylate part for the generation of chiral α,α-disubstituted carboxylic acid-derived enolates as a 
nucleophile, and enantioselective coupling between the thus-generated nucleophile and electrophile. 
Proper combinations of chiral ligands for the boron and palladium catalysts were crucial. The reaction 
proceeded chemoselectively at the α-position of the carboxylic acid group. 

 

Palladium-Catalyzed Asymmetric Allylic Alkylation of 3-Substituted 1H-Indoles and Tryptophan 
Derivatives with Vinylcyclopropanes 

https://pubs.acs.org/doi/10.1021/jacs.8b02783
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Barry M. Trost, Wen-Ju Bai, Christoph Hohn, Yu Bai, and James J. Cregg 

J. Am. Chem. Soc., 2018, 140 (21), pp 6710–6717 

 

Abstract 

Vinylcyclopropanes (VCPs) are known to generate 1,3-dipoles with a palladium catalyst that initially 
serve as nucleophiles to undergo [3 + 2] cycloadditions with electron-deficient olefins. In this report, 
we reverse this reactivity and drive the 1,3-dipoles to serve as electrophiles by employing 3-alkylated 
indoles as nucleophiles. This represents the first use of VCPs for the completely atom-economic 
functionalization of 3-substituted 1H-indoles and tryptophan derivatives via a Pd-catalyzed asymmetric 
allylic alkylation (Pd-AAA). Excellent yields and high chemo-, regio-, and enantioselectivities have 
been realized, providing various indolenine and indoline products. The method is amenable to gram 
scale and works efficiently with tryptophan derivatives that contain a diketopiperazine or 
diketomorpholine ring, allowing us to synthesize mollenine A in a rapid and ligand-controlled fashion. 
The obtained indolenine products bear an imine, an internal olefin, and a malonate motif, giving 
multiple sites with diverse reactivities for product diversification. Complicated polycyclic skeletons can 
be conveniently constructed by leveraging this unique juxtaposition of functional groups. 

 

Challenging the [Ru(bpy)3] 2+ Photosensitizer with a Triazatriangulenium Robust Organic Dye 
for Visible-Light-Driven Hydrogen Production in Water 

Robin Gueret, Laurelie Poulard, ́  Matthew Oshinowo, Jeró ̂me Chauvin, Mustapha Dahmane, Gregory 
Dupeyre, ́  Philippe P. Laine,́ Jeró ̂me Fortage, and Marie-Noelle Collomb 

ACS Catal., 2018, 8 (5), pp 3792–3802  

https://pubs.acs.org/doi/10.1021/jacs.8b03656
https://pubs.acs.org/doi/10.1021/acscatal.7b04000
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Abstract 

Photosensitizers used in homogeneous photocatalytic systems for artificial photosynthesis, such as 
hydrogen production, are typically based on expensive transition metal complexes such as 
d6ruthenium(II) or iridium(III). In this work, we demonstrate efficient H2 production in acidic water by 
using an organic dye derived from the triazatriangulenium (TATA+) family as a visible-light-absorbing 
photosensitizer (PS). By associating the hydrosoluble tris(ethoxyethanol)triazatriangulenium with an 
efficient H2-evolving cobalt catalyst and ascorbic acid as sacrificial electron donor (SD), remarkable 
photocatalytic performances were reached in aqueous solution at pH 4.5, under visible-light irradiation, 
with up to 8950 catalytic cycles versus catalyst. The performances of this dye largely exceed those of 
the benchmark Ru tris-bipyridine in the same experimental conditions when low concentrations of 
catalyst are used. This higher efficiency has been clearly ascribed to the remarkable robustness of the 
reduced form of the organic dye, TATA•. Indeed, the combination of the planar structure 
of TATA+ together with the presence of the three electron-donating nitrogen atoms promotes the 
stabilization of TATA• by delocalization of the radical, thereby preventing its degradation in the course 
of photocatalysis. By contrast, the reduced form of the Ru photosensitizer, [RuII(bpy)2(bpy•–)]+ (“Ru–”), 
is much less stable. Nanosecond transient absorption experiments confirm the formation of TATA• in 
the course of the photocatalytic process in accordance with the mechanism initiated by the reductive 
quenching of the singlet excited state of TATA+ by ascorbate. The second electron transfer 
from TATA• to the catalyst has also been evidenced by this technique with the detection of the 
signature of the reduced Co(I) form of the catalyst. The present study establishes that certain organic 
dyes are to be considered as relevant alternatives to expensive metal-based PSs insofar as they can 
exhibit a high stability under prolonged irradiation, even in acidic water, thereby providing valuable 
insights for the development of robust molecular systems only based on earth-abundant elements for 
solar fuel generation. 

 

Engineering Cobalt Defects in Cobalt Oxide for Highly Efficient Electrocatalytic Oxygen 
Evolution 

Rongrong Zhang, Yong-Chao Zhang, Lun Pan, Guo-Qiang Shen, Nasir Mahmood, Yu-Hang Ma, Yang 
Shi, Wenyan Jia, Li Wang, Xiangwen Zhang, Wei Xu, and Ji-Jun Zou 

ACS Catal., 2018, 8 (5), pp 3803–3811 
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Abstract 

Defect engineering is an effective way to modulate the electric states and provide active sites for 
electrocatalytic reactions. However, most studied oxygen vacancies are unstable and susceptible 
under the oxygen circumstance. Here, we fabricated cobalt-defected Co3–xO4 in situ for an efficient 
oxygen evolution reaction (OER). XAFS and PALS characterizations show that the crystals have 
abundant Co vacancies and a distorted structure. DFT calculations indicate that the metal defects lead 
to obvious electronic delocalization, which enhances the carrier transport to participate in water-
splitting reactions along the defective conducting channels and the water adsorption/activation on the 
catalyst surface. Therefore, cobalt-defected Co3–xO4 shows remarkably high OER activity by delivering 
a much lower overpotential of 268 mV@10 mA cm–2(with a small Tafel slope of 38.2 mV/dec) for OER 
in KOH electrolyte, in comparison with normal Co3O4 (376 mV), IrO2 (340 mV), and RuO2 (276 mV). 
This work opens up a promising approach to construct electronic delocalization structures in metal 
oxides for high-performance electrochemical catalysts. 

 

Enhanced Activity Promoted by CeOx on a CoOx Electrocatalyst for the Oxygen Evolution 
Reaction 

Jun-Hyuk Kim, Kihyun Shin, Kenta Kawashima, Duck Hyun Youn, Jie Lin, Tae Eun Hong, Yang Liu, 
Bryan R. Wygant, Joy Wang, Graeme Henkelman, and C. Buddie Mullins 

ACS Catal., 2018, 8 (5), pp 4257–4265 

https://pubs.acs.org/doi/10.1021/acscatal.8b00820
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Abstract 

Included among the many challenges regarding renewable energy technology are improved 
electrocatalysts for the oxygen evolution reaction (OER). In this study, we report a novel bifunctional 
electrocatalyst based on a highly dense CoOx catalyst by introducing CeOx. The CoOx catalyst is 
fabricated by two-step electrodeposition, including Co seed formation, to obtain a very dense, layered 
structure, and CeOx is also successfully deposited on the CoOx catalyst. CoOx is an active catalyst 
showing good activity (η = 0.331 V at 10 mA cm–2) and also stability for the OER. Higher activity is 
observed with the CeOx/CoOx electrocatalyst (η = 0.313 V at 10 mA cm–2). From mechanistic studies 
conducted with synchrotron-based photoemission electron spectroscopy and DFT calculations, Ce 
promotes a synergistic effect by perturbing the electronic structure of surface Co species (facile 
formation to CoOOH) on the CoOx catalyst and optimizes the binding energy of intermediate 
oxygenated adsorbates. 

 

Cobalt-Doped Black TiO2 Nanotube Array as a Stable Anode for Oxygen Evolution and 
Electrochemical Wastewater Treatment 

Yang Yang, Li Cheng Kao, Yuanyue Liu, Ke Sun, Hongtao Yu, Jinghua Guo,,∇ Sofia Ya Hsuan Liou, 
and Michael R. Hoffmann 

ACS Catal., 2018, 8 (5), pp 4278–4287 
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Abstract 

TiO2 has long been recognized as a stable and reusable photocatalyst for water splitting and pollution 
control. However, it is an inefficient anode material in the absence of photoactivation due to its low 
electron conductivity. To overcome this limitation, a series of conductive TiO2 nanotube array 
electrodes have been developed. Even though nanotube arrays are effective for electrochemical 
oxidation initially, deactivation is often observed within a few hours. To overcome the problem of 
deactivation, we have synthesized cobalt-doped Black-TiO2 nanotube array (Co-Black NTA) 
electrodes that are stable for more than 200 h of continuous operation in a NaClO4 electrolyte at 10 
mA cm–2. Using X-ray photoelectron spectroscopy, X-ray absorption spectroscopy, electron 
paramagnetic resonance spectroscopy, and DFT simulations, we are able to show that bulk oxygen 
vacancies (Ov) are the primary source of the enhanced conductivity of Co-Black. Cobalt doping both 
creates and stabilizes surficial oxygen vacancies, Ov, and thus prevents surface passivation. The Co-
Black electrodes outperform dimensionally stable IrO2 anodes (DSA) in the electrolytic oxidation of 
organic-rich wastewater. Increasing the loading of Co leads to the formation of a CoOx film on top of 
Co-Black electrode. The CoOx/Co-Black composite electrode was found to have a lower OER 
overpotential (352 mV) in comparison to a DSA IrO2 (434 mV) electrode and a stability that is greater 
than 200 h in a 1.0 M KOH electrolyte at a current density of 10 mA cm–2. 

 

 

Water Oxidation Initiated by In Situ Dimerization of the Molecular Ru(pdc) Catalyst 
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Abstract 

The mononuclear ruthenium complex [Ru(pdc)L3] (H2pdc = 2,6-pyridinedicarboxylic acid, L = N-
heterocycles such as 4-picoline) has previously shown promising catalytic efficiency toward water 
oxidation, both in homogeneous solutions and anchored on electrode surfaces. However, the detailed 
water oxidation mechanism catalyzed by this type of complex has remained unclear. In order to 
deepen understanding of this type of catalyst, in the present study, [Ru(pdc)(py)3] (py = pyridine) has 
been synthesized, and the detailed catalytic mechanism has been studied by electrochemistry, UV–
vis, NMR, MS, and X-ray crystallography. Interestingly, it was found that once having reached the 
RuIV state, this complex promptly formed a stable ruthenium dimer [RuIII(pdc)(py)2-O-RuIV(pdc)(py)2]+. 
Further investigations suggested that the present dimer, after one pyridine ligand exchange with water 
to form [RuIII(pdc)(py)2-O-RuIV(pdc)(py)(H2O)]+, was the true active species to catalyze water oxidation 
in homogeneous solutions. 
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An artificial interphase enables reversible magnesium chemistry in carbonate electrolytes 

Seoung-Bum Son, Tao Gao, Steve P. Harvey, K. Xerxes Steirer, Adam Stokes, Andrew Norman, Chunsheng Wang, Arthur 
Cresce, Kang Xu & Chunmei Ban 

Nature Chemistry, 2018, 10, 532. 

 

Abstract 
Magnesium-based batteries possess potential advantages over their lithium counterparts. 
However, reversible Mg chemistry requires a thermodynamically stable electrolyte at low potential, 
which is usually achieved with corrosive components and at the expense of stability against 
oxidation. In lithium-ion batteries the conflict between the cathodic and anodic stabilities of the 
electrolytes is resolved by forming an anode interphase that shields the electrolyte from being 
reduced. This strategy cannot be applied to Mg batteries because divalent Mg2+cannot penetrate 
such interphases. Here, we engineer an artificial Mg2+-conductive interphase on the Mg anode 
surface, which successfully decouples the anodic and cathodic requirements for electrolytes and 
demonstrate highly reversible Mg chemistry in oxidation-resistant electrolytes. The artificial 
interphase enables the reversible cycling of a Mg/V2O5 full-cell in the water-containing, carbonate-
based electrolyte. This approach provides a new avenue not only for Mg but also for other 
multivalent-cation batteries facing the same problems, taking a step towards their use in energy-
storage applications.  

https://www.nature.com/articles/s41557-018-0019-6
https://www.nature.com/articles/s41557-018-0019-6
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A general strategy for synthesis of cyclophane-braced peptide macrocycles via palladium-
catalysed intramolecular sp3 C−H arylation 

Xuekai Zhang, Gang Lu, Meng Sun, Madhu Mahankali, Yanfei Ma, Mingming Zhang, Wangde Hua, Yuting Hu, Qingbing 
Wang, Jinghuo Chen, Gang He, Xiangbing Qi, Weijun Shen, Peng Liu & Gong Chen 

Nature Chemistry, 2018, 10, 540. 

 

 
Abstract 
New methods capable of effecting cyclization, and forming novel three-dimensional structures 
while maintaining favourable physicochemical properties are needed to facilitate the development 
of cyclic peptide-based drugs that can engage challenging biological targets, such as protein–
protein interactions. Here, we report a highly efficient and generally applicable strategy for 
constructing new types of peptide macrocycles using palladium-catalysed intramolecular C(sp3)–H 
arylation reactions. Easily accessible linear peptide precursors of simple and versatile design can 
be selectively cyclized at the side chains of either aromatic or modified non-aromatic amino acid 
units to form various cyclophane-braced peptide cycles. This strategy provides a powerful tool to 
address the long-standing challenge of size- and composition-dependence in peptide 
macrocyclization, and generates novel peptide macrocycles with uniquely buttressed backbones 
and distinct loop-type three-dimensional structures. Preliminary cell proliferation screening of the 
pilot library revealed a potent lead compound with selective cytotoxicity toward proliferative Myc-
dependent cancer cell lines.  

https://www.nature.com/articles/s41557-018-0006-y
https://www.nature.com/articles/s41557-018-0006-y
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O2−O2 and O2−N2 collision-induced absorption mechanisms unravelled 

Tijs Karman, Mark A. J. Koenis, Agniva Banerjee, David H. Parker, Iouli E. Gordon, Ad van der Avoird, Wim J. van der 
Zande & Gerrit C. Groenenboom 

Nature Chemistry, 2018, 10, 549.  

 

Abstract 
Collision-induced absorption is the phenomenon in which interactions between colliding molecules 
lead to absorption of light, even for transitions that are forbidden for the isolated molecules. 
Collision-induced absorption contributes to the atmospheric heat balance and is important for the 
electronic excitations of O2 that are used for remote sensing. Here, we present a theoretical study 
of five vibronic transitions in O2−O2 and O2−N2, using analytical models and numerical quantum 
scattering calculations. We unambiguously identify the underlying absorption mechanism, which is 
shown to depend explicitly on the collision partner—contrary to textbook knowledge. This explains 
experimentally observed qualitative differences between O2−O2 and O2−N2 collisions in the overall 
intensity, line shape and vibrational dependence of the absorption spectrum. It is shown that these 
results can be used to discriminate between conflicting experimental data and even to identify 
unphysical results, thus impacting future experimental studies and atmospheric applications.  

https://www.nature.com/articles/s41557-018-0015-x
https://www.nature.com/articles/s41557-018-0015-x
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A [4Fe–4S]-Fe(CO)(CN)-L-cysteine intermediate is the first organometallic precursor in [FeFe] 
hydrogenase H-cluster bioassembly 

Guodong Rao, Lizhi Tao, Daniel L. M. Suess & R. David Britt 

Nature Chemistry, 2018, 10, 555. 

 

Abstract 
Biosynthesis of the [FeFe] hydrogenase active site (the 'H-cluster') requires the interplay of multiple 
proteins and small molecules. Among them, the radical S-adenosylmethionine enzyme HydG, a 
tyrosine lyase, has been proposed to generate a complex that contains an Fe(CO)2(CN) moiety 
that is eventually incorporated into the H-cluster. Here we describe the characterization of an 
intermediate in the HydG reaction: a [4Fe–4S][(Cys)Fe(CO)(CN)] species, 'Complex A', in which a 
CO, a CN−and a cysteine (Cys) molecule bind to the unique 'dangler' Fe site of the auxiliary [5Fe–
4S] cluster of HydG. The identification of this intermediate—the first organometallic precursor to 
the H-cluster—validates the previously hypothesized HydG reaction cycle and provides a basis for 
elucidating the biosynthetic origin of other moieties of the H-cluster. 
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Towards a molecular understanding of cellulose dissolution in ionic liquids: anion/cation 
effect, synergistic mechanism and physicochemical aspects  

Y. Li, J. Wang, X. Liu, S. Zhang 

Chemical Science 2018, 9, 4027. 

  

Abstract 

Cellulose is one of the most abundant bio-renewable materials on the earth and its conversion to biofuels 
provides an appealing way to satisfy the increasing global energy demand. However, before carrying 
out the process of enzymolysis to glucose or polysaccharides, cellulose needs to be pretreated to 
overcome its recalcitrance. In recent years, a variety of ionic liquids (ILs) have been found to be effective 
solvents for cellulose, providing a new, feasible pretreatment strategy. A lot of experimental and 
computational studies have been carried out to investigate the dissolution mechanism. However, many 
details are not fully understood, which highlights the necessity to overview the current knowledge of 
cellulose dissolution and identify the research trend in the future. This perspective summarizes the 
mechanistic studies and microscopic insights of cellulose dissolution in ILs. Recent investigations of the 
synergistic effect of cations/anions and the distinctive structural changes of cellulose microfibril in ILs 
are also reviewed. Besides, understanding the factors controlling the dissolution process, such as the 
structure of anions/cations, viscosity of ILs, pretreatment temperature, heating rate, etc., has been 
discussed from a structural and physicochemical viewpoint. At the end, the existing problems are 
discussed and future prospects are given. We hope this article would be helpful for deeper 
understanding of the cellulose dissolution process in ILs and the rational design of more efficient and 
recyclable ILs. 
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Reductive coupling of benzyl oxalates with highly functionalized alkyl bromides by nickel 
catalysis 

X.-B. Yan, C.-L. Li, W. J. Jin, P. Guo, X.-Z. Shu 

Chemical Science 2018, 9, 4529. 

   

Abstract 

Coupling reactions involving non-sulfonated C–O electrophiles provide a promising method for forming 
C–C bonds, but the incorporation of functionalized or secondary alkyl groups remains a challenge due 
to the requirement for well-defined alkylmetal species. In this study, we report a reductive nickel-
catalyzed cross-coupling of benzyl oxalates with alkyl bromides, using oxalate as a new leaving group. 
A broad range of highly functionalized alkyl units (such as functional groups: alkyl chloride, alcohol, 
aldehyde, amine, amide, boronate ester, ether, ester, heterocycle, phosphonate, strained ring) were 
efficiently incorporated at the benzylic position. The utility of this synthetic method was further 
demonstrated by late-stage modification of complex bioactive compounds. Preliminary mechanistic 
experiments revealed that a radical process might be involved in the reaction. 

 

A chiral nickel DBFOX complex as a bifunctional catalyst for visible-light-promoted asymmetric 
photoredox reactions  

X. Shen, Y. Li, Z. Wen, S. Cao, X. Hou, L. Gong 

Chemical Science 2018, 9,4562. 

   

Abstract 

The enantioselective photoredox reaction of α,β-unsaturated carbonyl compounds and 
tertiary/secondary α-silylamines was enabled by a readily available single NiII–DBFOX catalyst (DBFOX 
= 4,6-bis((R)-4-phenyl-4,5-dihydrooxazol-2-yl)dibenzo[b,d]furan) under visible light conditions. The non-
precious chiral catalyst is involved in the photochemical process to initiate single electron transfer and 
at the same time provides a well-organized chiral environment for the subsequent radical 
transformations. Good to excellent enantioselectivities (80–99% ee) were obtained for the formation of 
chiral γ-amino carboxylic acid derivatives and γ-lactams. 

http://pubs.rsc.org/en/Content/ArticleLanding/2018/SC/C8SC00609A#!divAbstract
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Next-Generation Water-Soluble Homogeneous Catalysts for Conversion of Glycerol to Lactic 
Acid 

M. Finn, J. A. Ridenour, J. Heltzel, C. Cahill, A. Voutchkova-Kostal 

Organometallics 2018, 37, 1400.   

 
 
 
 
 
 
 
 
 
 
Abstract 

An attractive method for valorization of glycerol is the catalytic transformation to lactic acid. By 
overcoming the solubility challenge associated with known homogeneous catalysts for this reaction, we 
show that thermally robust Ir(I), Ir(III), and Ru(II) N-heterocyclic carbene (NHC) complexes with 
sulfonate-functionalized wingtips are highly prolific for this process, requiring no cosolvents other than 
aqueous base. The activity of the catalysts is compared under both conventional heating and microwave 
conditions. The most active catalyst reaches a TOF of 45 592 h–1 (microwave) and 3477 h–1 
(conventional) with 1 equiv of KOH, and proceeds at a constant rate for at least 8 h. Although higher 
activity is observed with KOH, the catalysts are also highly active with the weaker base, K2CO3 (13 000 
h–1 and concurrent formation of formate). The protocol can be modified to achieve quantitative 
conversion of glycerol in only 3 h. The high activity of these catalysts compared to nonsulfonated analogs 
is attributed to the stabilization the lactate product in aqueous media. The most active catalyst retains 
equal activity for crude glycerol. A mechanism is proposed for the most active catalyst precursor 
involving O–H oxidative addition of glycerol. 

 

Cobalt-Catalyzed C–H Borylation of Alkyl Arenes and Heteroarenes Including the First Selective 
Borylations of Secondary Benzylic C–H Bonds 

C. R. K. Jayasundara, D. Sabasovs, R. J. Staples, J. Oppenheimer, M. R. Smith, III, R. E. Maleczka, Jr. 

Organometallics 2018, 37, 1567. 

    

 
 
 
 
 
Abstract 

A cobalt di-tert-butoxide complex bearing N-heterocyclic carbene (NHC) ligands has been synthesized 
and characterized. This complex is effective at catalyzing the selective monoborylation of the benzylic 
position of alkyl arenes using pinacolborane (HBpin) as the boron source. This same cobalt complex 
enables selective monoborylation of N-methylpyrrole, N-methylpyrazole, and N-methylindole. Catalysis 
can be achieved with as little as 2–3 mol % of the cobalt precatalyst at 80 °C. 

https://pubs.acs.org/doi/10.1021/acs.organomet.8b00081
https://pubs.acs.org/doi/10.1021/acs.organomet.8b00144


Accelerated decarbonylation of 5-hydroxymethylfurfural in compressed carbon dioxide: a facile 
approach 

M. Chatterjee, T. Ishizaka and H. Kawanami 

Green Chemistry, 2018, 20, 2345-2355 

 
Astract 

Herein, decarbonylation of biomass-based 5-hydroxymethylfurfural (HMF) in compressed CO2 with an 
unexpected acceleration of the reaction rate and excellent catalytic activity is reported. Without any additive, 
CO surrogates, or any organic solvents, via the developed method, an excellent conversion of 99.8% and 
highest selectivity of furfuryl alcohol (99.6%) in 4 h at 145 [degree]C were achieved using an alumina-
supported Pd catalyst (Pd/Al2O3). The superior activity is due to the unique characteristics (miscibility of 
reactant gases and high diffusivity) of compressed CO2 and the synergy between CO2 and Pd/Al2O3, 
where CO2 plays an interesting role in accelerating the reaction by enhancing the diffusion of CO and 
furfuryl alcohol (both products have high solubilities in CO2), consequently shifting the equilibrium to the 
forward direction. Characterisation of the catalyst suggested its direct interaction with the substrate and 
provided an indication of the possible reaction path. Thus, a mechanism was outlined. Compared to the 
results obtained using organic solvents, the results obtained using compressed CO2 were superior in terms 
of activity, selectivity, and reaction rate. This strategy highlights easy product separation, improved catalyst 
life, and a simple sustainable process. The efficiency of this protocol is confirmed by its potential application 
to a series of aldehydes with various substituents to produce decarbonylated products in good to excellent 
yields. 
  



 
 
Enhanced photostability of cuprous oxide by lignin films on glassy carbon electrodes in the 
transformation of carbon dioxide 

E. Landaeta, Z. D. Schultz, A. Burgos, R. Schrebler and M. Isaacs 

Green Chemistry, 2018, 20, 2356-2364 

 
Astract 

Photoelectrochemical reduction of CO2 was investigated on carbon electrodes modified with lignin and 
cuprous oxide. The electrodes were modified by electropolymerization of lignin and subsequent pulse 
electrodeposition of Cu2O. Characterization of the electrodes was performed by SEM microscopy, Raman, 
IR-ATR and UV-visible spectroscopies, as well as electrochemical methods. Lignin films provide a micro-
environment where Cu2O is stabilized and also its reactivity is modified toward C-H-O containing 
compounds. The main products obtained from the reduction of CO2 are formaldehyde, methyl formate and 
ethyl acetate, as detected and quantified by nuclear magnetic resonance and UV-Vis spectroscopy. Our 
results demonstrate that lignin is a good material for the formation and support of the electrodeposited 
Cu2O, where the Cu2O enables the potential use of solar energy for the photoelectrochemical reduction of 
CO2 at low overpotentials. 

  



 

 
Coupling organosolv fractionation and reductive depolymerization of woody biomass in a two-step 
catalytic process 

X. Ouyang, X. Huang, B. M. S. Hendriks, M. D. Boot and E. J. M. Hensen 

Green Chemistry, 2018, 20, 2308-2319 

 
Astract 

A two-step catalytic process for woody biomass fractionation and valorization is presented. Both lignin and 
carbohydrate are converted to useful chemicals. Oak sawdust is effectively delignified in methanol using 
different homogeneous acids (sulphuric acid, aluminium triflate, p-methylbenzenesulfonic acid, 
hydrochloride acid and phosphoric acid) in the first step, resulting in a lignin oil and cellulose pulp. In the 
second step, the lignin oil is upgraded to phenolic monomers in methanol in a H2 atmosphere by a Pd/C 
catalyst. The degree of delignification correlates inversely with the aromatic monomer yield. 
Characterization of the lignin oil by gel permeation chromatography and heteronuclear single quantum 
coherence NMR revealed that the cleavage of [small beta]-O-4 bonds during acidolysis is accompanied by 
repolymerization of lignin fragments. A model compound study shows that species containing unsaturated 
aldehyde groups are prone to form high molecular-weight products due to repolymerization. The use of 
Pd/C in combination with H2SO4 or aluminium triflate did not lead to noticeable leaching, whereas severe 
leaching and Pd particle size growth occurred when HCl and p-TsOH were used as acid catalysts. H3PO4 
is the suitable acid catalyst for the present process since the lignin repolymerization is minimized in the first 
step (160 [degree]C, 2 h, atmospheric N2 pressure). Up to 25.0 wt% yield of mainly 4-n-propyl 
syringol/guaiacol and their derivatives was obtained over the Pd/C catalyst in the second step (180 
[degree]C, 2 h, 30 bar H2). The Pd/C catalyst can be recycled with no significant loss of activity and 
selectivity after four runs. The cellulose pulp can be easily separated from the other products and shows 
enhanced susceptibility to enzymatic hydrolysis, resulting in glucose yields as a high as 66 wt%. 

  



 

 
d-Tagatose manufacture through bio-oxidation of galactitol derived from waste xylose mother liquor 

F. Sha, Y. Zheng, J. Chen, K. Chen, F. Cao, M. Yan and P. Ouyang 

Green Chemistry, 2018, 20, 2382-2391 

 
Astract 

In this study, the bio-oxidation of galactitol to the valuable d-tagatose is presented. This proposed strategy 
could start with the refined by-product of waste xylose mother liquor formed by chemical hydrogenation. 
Through a computationally guided enzyme screening approach, a robust polyol dehydrogenase (PdPDH) 
was rapidly identified from a massive number of candidates. When coupled with a water-forming NADH 
oxidase (StNOX) for environmentally benign cofactor regeneration, subsequent reaction optimization 
facilitated the complete transformation of 100 g L-1 galactitol into the desired product within 15 h, with a 
yield of 91% in a 2 L scale preparative reaction. Compared to the current enzymatic isomerization system, 
our approach avoids low conversion, high operative temperatures and by-product formation, while enabling 
simplified product isolation. 

  



 

 
Recent advances in understanding the pseudo-lignin formation in a lignocellulosic biorefinery 

S. D. Shinde, X. Meng, R. Kumar and A. J. Ragauskas 

Green Chemistry, 2018, 20, 2192-2205 

 
Astract 

The formation of lignin-like structures by the degradation primarily of plant polysaccharides has been 
observed after the severe thermochemical acidic pretreatment of lignocellulosic biomass. These structures 
were found to be deposited as droplets and microspheres on the surface of solid biomass residue and/or in 
liquid effluent. These structures showed lignin-like properties and yielded a positive Klason lignin (K-lignin) 
value, and are termed pseudo-lignins and/or humins. Pseudo-lignin is an aromatic material containing 
hydroxyl and carbonyl functional groups, which contributes to K-lignin values but is not derived thereof. 
Pseudo-lignin arises from the polymerization/condensation reactions from key intermediates such as 3,8-
dihydroxy-2-methylchromone and 1,2,4-benzenetriol derived from furfural (FF) and 5-hydroxymethylfurfural 
(5-HMF), respectively. Furthermore, pseudo-lignin retards the biological conversion of pretreated biomass 
through unproductive binding to enzymes/microbes and a physical hindrance to enzymes and microbes by 
blocking the active cellulose surface binding sites. This necessitates a fundamental understanding of the 
pseudo-lignin structure and its effect on biomass recalcitrance. This review examines the pseudo-lignin 
formation during acidic and hydrothermal biomass pretreatments and the cooling process after 
pretreatment, which are applied to biomass for biofuel synthesis through a biochemical route. The review 
article is divided into five parts: the first part gives the background information on pseudo-lignin formation 
during different pretreatment processes for the conversion of biomass to biofuels, the second part focuses 
on the chemistry and mechanism of pseudo-lignin formation, the third part emphases on the different 
analytical techniques used for pseudo-lignin characterization and recalcitrance elucidation, the fourth part 
illustrates the recalcitrance behaviour of pseudo-lignin, and the fifth part deals with the practical 
consideration regarding the design of the processes for the prevention of pseudo-lignin formation. 

 

 



 

Life cycle assessment of the production of surface-active alkyl polyglycosides from acid-
assisted ball-milled wheat straw compared to the conventional production based on corn-
starch 

R. Briere, P. Loubet, E. Glogic, B. Estrine, S. Marinkovic, F. Jerome and G. Sonnemann 

Green Chemistry, 2018, 20, 2135-2141 

 
Astract 

Production of alkyl polyglycosides (APGs) from mechanocatalytic depolymerization of wheat straw 
is a promising route because of the use of an available bio-based feedstock. This study aims to 
verify the environmental benefit of this process in comparison with a reference process that 
produces APGs from corn starch based glucose. A life cycle assessment methodology is used to 
compare both production routes. The results have shown that the new production route based on 
wheat straw generates lower environmental impacts compared to the reference process because 
of the use of wheat straw instead of corn starch based glucose and the energy recovery from the 
by-product lignin that meets most of the energy demand of the process. The LCA results also show 
that the production of fatty alcohol dominates the life cycle impact of APGs. Environmental impacts 
are sensitive to the source of the fatty alcohol (from palm kernel or coconut oil). 

  



 

 
A novel route for the flexible preparation of hydrocarbon jet fuels from biomass-based 
platform chemicals: a case of using furfural and 2,3-butanediol as feedstocks 

X. Cui, X. Zhao and D. Liu 

Green Chemistry, 2018, 20, 2018-2026 

 
 

Astract 

Herein, a novel route for the production of renewable hydrocarbon jet fuels from the biomass-
derived platform chemicals furfural and 2,3-butanediol (BD) was developed. Carbonaceous solid 
acids bearing -SO3H groups were prepared from biomass or its isolated polymeric components to 
catalyze the dehydration of BD to methyl ethyl ketone (MEK) in the liquid phase at low temperatures 
(<170 [degree]C). Lignocellulose, cellulose, and lignin were more suitable feedstocks than xylan to 
prepare cabonaceous solid acids for well introducing -SO3H groups into carbon carriers with good 
acidity. The highest MEK yield of 57.6% with 79.1% BD conversion and 72.8% MEK selectivity was 
obtained when sugarcane bagasse solid acid with p-toluenesulfonic acid (PTSA) was used as the 
catalyst. However, the main side product in the dehydration process was cyclic hydrophobic ketal 
(CHK), formed by the condensation of BD and MEK, and it could be easily re-converted to BD and 
MEK via acid catalysis. The C9/C14 precursors were obtained by carbon chain extension via aldol 
condensation of furfural and MEK under alkaline conditions. The product profile could be easily 
controlled by adjusting the reaction variables, particularly the ratio of furfural to MEK, as well as the 
solvent system to maximize the yield of the desired C9/C14 precursors and minimize the formation 
of heavier condensation products. Under the optimal reaction conditions, nearly 100% conversion 
of furfural with a C9/C14 yield of 99.8% was obtained. Hydrodeoxygenation of the precursors 
resulted in the formation of hydrocarbon fuels, with C1-C4, C5-C8, and C9-C14 alkane products 
obtained in the yields of 15.4%, 7.9%, and 73%, respectively. This process showed a theoretical 
exergy efficiency similar to that of the bioethanol process and higher than that of the biobutanol 
process. 

  



 

 
Single pot selective hydrogenation of furfural to 2-methylfuran over carbon supported 
iridium catalysts 

N. S. Date, A. M. Hengne, K. W. Huang, R. C. Chikate and C. V. Rode 

Green Chemistry, 2018, 20, 2027-2037 

 
Astract 

Various iridium supported carbon catalysts were prepared and screened for the direct 
hydrogenation of furfural (FFR) to 2-methyl furan (2-MF). Amongst these, 5% Ir/C showed excellent 
results with complete FFR conversion and highest selectivity of 95% to 2-MF at a very low H2 
pressure of 100 psig. Metallic (Ir[degree]) and oxide (IrO2) phases of Ir catalyzed the first step 
hydrogenation involving FFR to FAL and subsequent hydrogenation to 2-MF, respectively. This was 
confirmed by XPS analysis and some control experiments. At a low temperature of 140 [degree]C, 
almost equal selectivities of FAL (42%) and 2-MF (43%) were observed, while the higher 
temperature (220 [degree]C) favored selective hydrodeoxygenation. At optimized temperature, 2-
MF was formed selectively while higher pressure and higher catalyst loading favored ring 
hydrogenation of furfural rather than side chain hydrogenation. With the combination of several 
control experimental results and detailed catalyst characterization, a plausible reaction pathway has 
been proposed for the selective formation of 2-MF. The selectivity to various other products in FFR 
hydrogenation can be manipulated by tailoring the reaction conditions over the same catalyst. 

  



 

 
Mild chemical pretreatments are sufficient for bioethanol production in transgenic rice 
straws overproducing glucosidase 

Y. Li, P. Liu, J. Huang, R. Zhang, Z. Hu, S. Feng, Y. Wang, L. Wang, T. Xia and L. Peng 

Green Chemistry, 2018, 20, 2047-2056 

 
 

Astract 

Rice is a major food crop containing large amounts of lignocellulose residues usable for biofuels. In 
this study, we collected transgenic rice plants that over-produced Trichoderma reesei [small beta]-
1,4-d-glucosidase (BGL I) into the cell walls in the mature straws. Without any pretreatment, the 
transgenic rice straws showed a consistently higher biomass enzymatic saccharification than the 
wild-type (WT) cultivar, in particular when 1% Tween-80 or 0.5% PEG-4000 was co-supplied into 
the enzymatic hydrolysis. Notably, under mild alkali pretreatment (1% NaOH at 50 [degree]C for 2 
h), the desirable transgenic line exhibited complete biomass enzymatic hydrolysis, resulting in the 
highest bioethanol yield of 21% (% dry matter) when compared with the rice and other bioenergy 
crops subjected to stronger pretreatment conditions reported in previous studies. Meanwhile, 
despite relatively low hexose yields obtained under 1% H2SO4 pretreatment, the transgenic rice 
straw also showed high bioethanol production at 18% due to an almost complete sugar-ethanol 
conversion rate. Chemical analyses indicated that the transgenic rice straw had significantly 
increased biomass porosity and reduced cellulose features (CrI, DP), which contributed to the 
largely enhanced biomass enzymatic hydrolysis. In addition, the raised arabinose level in 
hemicellulose and the lignin H-monomer proportion may also positively affect the biomass 
enzymatic saccharification in the transgenic rice straw. Hence, this study demonstrated a cost-
effective and green lignocellulose conversion technology for high bioethanol production in the 
transgenic rice straw. It also provided a strategy for the potential genetic modification of plant cell 
walls in bioenergy crops. 

  



 

 
Efficient reductive depolymerization of hardwood and softwood lignins with Brookhart's 
iridium(iii) catalyst and hydrosilanes 

L. Monsigny, E. Feghali, J.-C. Berthet and T. Cantat 

Green Chemistry, 2018, 20, 1981-1986 

 
 

Astract 

Efficient catalytic reduction of lignin model molecules and reductive depolymerization of softwood 
and hardwood lignins is presented with the iridium based Brookhart's catalyst and hydrosilanes 
R3SiH as reductant. This catalyst displays increased stability and selectivity in comparison to the 
B(C6F5)3/hydrosilane system and it enables a convergent reductive depolymerization of wood 
lignins to isolable mono-aromatics. 
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Reductive Cleavage Method for Quantitation of Monolignols and Low‐Abundance Monolignol 
Conjugates 

Matt Regner  Allison Bartuce  Dharshana Padmakshan  John Ralph  Steven D. Karlen 

ChemSusChem Volume 11, Issue 10 

 

As interest in biomass utilization has grown, the manipulation of lignin biosynthesis has received 
significant attention, such that recent work has demanded more robust lignin analytical methods. As the 
derivatization followed by reductive cleavage (DFRC) method is particularly effective for structurally 
characterizing natively acylated lignins, we used an array of synthetic β‐ether γ‐acylated model 
compounds to determine theoretical yields for all monolignol conjugates currently known to exist in 
lignin, and we synthesized a new set of deuterated analogs as internal standards for quantification using 
GC–MS/MS. Yields of the saturated ester conjugates ranged from 40 to 90 %, and NMR analysis 
revealed the presence of residual unsaturated conjugates in yields of 20 to 35 %. In contrast to traditional 

selected‐ion‐monitoring, we demonstrated the superior sensitivity and accuracy of multiple‐

reaction‐monitoring detection methods, and further highlighted the inadequacy of traditional standards 
relative to isotopically labeled analogs. 
 
 

Going Beyond the Limits of the Biorenewable Platform: Sodium Dithionite‐Promoted 
Stabilization of 5‐Hydroxymethylfurfural 

Rafael F. A. Gomes  Dr. Yavor N. Mitrev  Dr. Svilen P. Simeonov  Prof. Dr. Carlos A. M. Afonso 

ChemSusChem Volume 11, Issue 10 

 

The lack of thermal and storage stability and occurrence of side reactions during the processing of 5‐

hydroxymethylfurfural (5‐HMF) limits its potential as biorenewable platform molecule. The addition of 
small amounts of the readily available sodium dithionite has a remarkable effect on promoting the 
stability of 5‐HMF and inhibiting side reactions, thus helping to circumvent such limitations. The 
addition of sodium dithionite led to improvements in thermal stability (120 °C, 4 h, neat; 100 % vs. 37 %), 

under distillation (yield: 85 % vs. 52 %), and in a wide range of reactions, including 5‐HMF synthesis 

under biphasic conditions (yield: 98 % vs. 67 %; purity: 92 % vs. 83 %) and 5‐HMF transformations, 
such as Knoevenagel condensation with Meldrum's acid (yield: 96 % vs. 74 %), Cannizaro reaction 
(yield: quantitative vs. 83 %), and condensation with primary diamines to give pyridinium salts (yield: 
88 % vs. 60 %). 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cssc.201800617
https://onlinelibrary.wiley.com/doi/abs/10.1002/cssc.201800297
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Production of Plant Phthalate and its Hydrogenated Derivative from Bio‐Based Platform 
Chemicals 

Rui Lu  Prof. Dr. Fang Lu  Xiaoqin Si  Huifang Jiang  Qianqian Huang  Dr. Weiqiang Yu Dr. Xiangtao Kong  Prof. Dr. Jie Xu 

ChemSusChem Volume 11, Issue 10 

 

Direct transformation of bio‐based platform chemicals into aromatic dicarboxylic acids and their 
derivatives, which are widely used for the manufacture of polymers, is of significant importance for the 
sustainable development of the plastics industry. However, limited successful chemical processes have 
been reported. This study concerns a sustainable route for the production of phthalate and its 
hydrogenated derivative from bio‐based malic acid and erythritol. The key Diels–Alder reaction is 
applied to build a substituted cyclohexene structure. The dehydration reaction of malic acid affords 
fumaric acid with 96.6 % yield, which could be used as the dienophile, and 1,3‐butadiene generated in 
situ through erythritol deoxydehydration serves as the diene. Starting from erythritol and dibutyl 
fumarate, a 74.3 % yield of dibutyl trans‐4‐cyclohexene‐1,2‐dicarboxylate is obtained. The 

palladium‐catalyzed dehydrogenation of the cycloadduct gives a 77.8 % yield of dibutyl phthalate. 

Dibutyl trans‐cyclohexane‐1,2‐dicarboxylate could be formed in nearly 100 % yield under mild 

conditions by hydrogenation of the cycloadduct. Furthermore, fumaric acid and fumarate, with trans 
configurations, were found to be better dienophiles for this Diels–Alder reaction than maleic acid and 
maleate, with cis configuration, based on the experimental and computational results. This new route 
will pave the way for the production of environmental friendly plastic materials from plants. 
  

https://onlinelibrary.wiley.com/doi/abs/10.1002/cssc.201800646
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Palladium‐Catalyzed Functionalization of Kraft Lignin: Ether Linkages through the 
Telomerization Reaction 

Clément Dumont  Dr. Régis M. Gauvin  Dr. Frédéric Belva  Prof. Mathieu Sauthier 

ChemSusChem Volume 11, Issue 10 

 

Kraft lignin was efficiently functionalized with octadienyl ether linkages through the palladium‐catalyzed 

telomerization of 1,3‐butadiene. Comparison with molecular model substrates assessed the grafting 
of phenols and alcohols and an optimization study led to up to 69 % conversion of the total number of 
hydroxyl groups present in lignin. This catalytic study evidenced the partial oxidation of 
triphenylphosphine into triphenylphosphine oxide and triphenylphosphine sulfide by contaminants 
present in the industrial grade kraft lignin. The telomerised lignin is a malleable material and a 
preliminary study of the thermal properties showed a decrease in the glass transition in comparison with 
the starting material. 
 
 
 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cssc.201800123
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Selective Hydrodeoxygenation of Vegetable Oils and Waste Cooking Oils to Green Diesel Using 
a Silica‐Supported Ir–ReOx Bimetallic Catalyst 

Dr. Sibao Liu  Trent Simonetti  Dr. Weiqing Zheng  Dr. Basudeb Saha 

ChemSusChem Volume 11, Issue 9 

 

High yields of diesel‐range alkanes are prepared by hydrodeoxygenation of vegetable oils and waste 

cooking oils over ReOx‐modified Ir/SiO2 catalysts under mild reaction conditions. The catalyst 
containing a Re/Ir molar ratio of 3 exhibits the best performance, achieving 79–85 wt % yield of 

diesel‐range alkanes at 453 K and 2 MPa H2. The yield is nearly quantitative for the theoretical 

possible long‐chain alkanes on the basis of weight of the converted oils. The catalyst retains 
comparable activity upon regeneration through calcination. Control experiments using probe 
molecules as model substrates suggest that C=C bonds of unsaturated triglycerides and free fatty 
acids are first hydrogenated to their corresponding saturated intermediates, which are then converted 
to aldehyde intermediates through hydrogenolysis of acyl C−O bonds and subsequently hydrogenated 

to fatty alcohols. Finally, long‐chain alkanes without any carbon loss are formed by direct 
hydrogenolysis of the fatty alcohols. Small amounts of alkanes with one carbon fewer are also formed 
by decarbonylation of the aldehyde intermediates. A synergy between Ir and partially reduced ReOx 
sites is discussed to elucidate the high activity of Ir–ReOx/SiO2. 
 
 
 

Transglycosylation: A Key Reaction to Access Alkylpolyglycosides from Lignocellulosic 
Biomass 

Dr. François Jérôme  Dr. Sinisa Marinkovic  Dr. Boris Estrine 

ChemSusChem Volume 11, Issue 9 

 

An overview is provided on the recent advances in transglycosylation of cellulose and hemicellulose 
with either short‐chain or long‐chain alkyl alcohols. Catalytic processes are compared in terms of 

yield, selectivity and space‐time yield, with a view to identifying the most promising pathways for 
future developments. In this context, the synthesis of alkylpolyglycosides directly from lignocellulosic 
biomass is discussed while keeping in mind the impact of the botanical origin on the transglycosylation 
reaction and the product distribution. A section dedicated to the physicochemical properties and 
ecological footprint of alkylpolyglycosides is also included. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cssc.201800321
https://onlinelibrary.wiley.com/doi/abs/10.1002/cssc.201800265
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Performances of Several Solvents on the Cleavage of Inter‐ and Intramolecular Linkages of 
Lignin in Corncob Residue 

Hui Zhang  Xudong Liu  Dr. Jianmei Li  Zhicheng Jiang  Prof. Dr. Changwei Hu 

ChemSusChem Volume 11, Issue 9 

 

The performances of solvents, including γ‐butyrolactone (GBL), γ‐valerolactone (GVL), 

tetrahydrofuran (THF), ethyl acetate (EAC), 2‐methyltetrahydrofuran (2‐MeTHF), and the 

corresponding mixtures with H2O, on the cleavage of inter‐ and intramolecular linkages of lignin in 
corncob residue were investigated. At 200 °C, miscible cosolvents (H2O–GBL, H2O–GVL, and H2O–
THF) exhibited much better efficiency for lignin dissolution than that of both immiscible cosolvents (H2O–

EAC and H2O–2‐MeTHF) and pure solvents. The synergetic effect between H2O and organic solvent 
significantly promoted the breakage of intermolecular linkages between C6−O−H of amorphous 
cellulose and lignin. GBL and THF solvents preferentially dissolved lignin with H and G units, whereas 
GVL, EAC, and 2‐MeTHF solvents exhibited high selectivity for the dissolution of lignin with S and G 
units. In addition to dissolution, the intramolecular β−O−4 linkage in lignin could be selectively cleaved 
in H2O–GBL cosolvent, whereas the β−O−4, α−O−4, and β−5 linkages were cleaved in H2O–EAC, 
H2O–THF, and H2O–2‐MeTHF cosolvents. At 300 °C, the breakage of the β−γ bond prior to β−O−4 

in H2O–GBL, H2O–THF, H2O–EAC, and H2O–2‐MeTHF produced 4‐ethylphenol and 4‐
ethylguaiacol selectively (accounting for ≈70 % of the total identified monophenols), whereas the α−1 
bond was preferably broken in H2O–GVL to form guaiacol (accounting for ≈75 % of the total identified 
monophenols). 
 
 
 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cssc.201800309
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Three-Dimensional Printing of Wood-Derived Biopolymers: A Review Focused on Biomedical 
Applications 

Wenyang Xu, Xiaoju Wang, Niklas Sandler, Stefan Willför, and Chunlin Xu 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 5663-5680https://pubs.acs.org/doi/10.1021/acssuschemeng.7b03924 

 

Wood-derived biopolymers have attracted great attention over the past few decades due to their 
abundant and versatile properties. The well-separated three main components, i.e., cellulose, 
hemicelluloses, and lignin, are considered significant candidates for replacing and improving on oil-
based chemicals and materials. The production of nanocellulose from wood pulp opens an opportunity 
for novel material development and applications in nanotechnology. Currently, increased research 
efforts are focused on developing 3D printing techniques for wood-derived biopolymers for use in 
emerging application areas, including as biomaterials for various biomedical applications and as novel 
composite materials for electronics and energy devices. This Review highlights recent work on emerging 
applications of wood-derived biopolymers and their advanced composites with a specific focus on 
customized pharmaceutical products and advanced functional biomedical devices prepared via three-
dimensional printing. Specifically, various biofabrication strategies in which woody biopolymers are used 
to fabricate customized drug delivery devices, cartilage implants, tissue engineering scaffolds and items 
for other biomedical applications are discussed. 
 
 
 

https://pubs.acs.org/doi/10.1021/acssuschemeng.7b03924
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Valorization of Quercus suber Bark toward Hydrocarbon Bio-Oil and 4-Ethylguaiacol 

Ivan Kumaniaev and Joseph S. M. Samec 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 5737-5742 

 

A reductive fractionation process for the valorization of Quercus suber bark toward hydrocarbons in 
gasoline and diesel ranges and optionally 4-ethylguaiacol has been developed. The procedure involves 
three steps: (1) tandem hydrogen-free Pd/C-catalyzed transfer hydrogenolysis of lignin where the 
carbohydrates serve as an inherent hydrogen donor under slightly alkaline conditions to also facilitate 
the depolymerization of suberin, (2) optional distillation, to isolate the 4-ethylguaiacol, (3) 
hydrodeoxygenation of the mixture from the first step by a Pt-MoO3/TiO2 catalyst generated 
hydrocarbons in gasoline and diesel ranges. The yield of 4-ethylguaiacol (90% purity) is 2.6% of dry 
bark weight (12% of acid insoluble lignin), and yield of hydrocarbon bio-oil is 42% of dry bark weight. 
This corresponds to a theoretical maximum yield of 77% for lignin and suberin. The carbon yield of the 
obtained bio-oil is thereby 64% from the total initial bark. 
 
 
 

https://pubs.acs.org/doi/10.1021/acssuschemeng.8b00537
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Controlled Hydrodeoxygenation of Phenolic Components in Pyrolysis Bio-oil to Arenes 

Guangce Jiang, Yinghui Hu, Guoqiang Xu, Xindong Mu, and Huizhou Liu 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 5772-5783 

 

Hydrodeoxygenation of phenolic components in pyrolysis bio-oil is considered to be a potential strategy 
for producing renewable aromatic chemicals. The key issue of this process is the establishment of an 
effective catalytic system that can cleave the CAr–O bonds without affecting the aromatic structure. To 
achieve this goal, an efficient heterogeneous catalyst with solid acid support (WOx/ZrO2) and active 
metal (Ru) was prepared in this study. The Ru–WOx/ZrO2 catalyst can effectively convert model 
phenolic compounds into aromatic hydrocarbons. For a mixed phenolic sample, the conversion to and 
selectivity for arenes were all around 90%. The good selectivity was proved to be strongly related to the 
surface adsorption and acid properties of the catalyst as well as the reaction pathway. Moreover, the 
hydrodeoxygenation of a pretreated bio-oil was also conducted and presented a satisfactory yield of 
arenes at 240 °C with 1 MPa of H2 reacted for 5 h. The depolymerization of high-molecular-weight 
phenolic oligomers was found to be significant during the catalytic process, which further enhanced the 
yield of aromatic monomers. 
 
 
 

https://pubs.acs.org/doi/10.1021/acssuschemeng.7b03276
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Hydrothermal Liquefaction of Enzymatic Hydrolysis Lignin: Biomass Pretreatment Severity 
Affects Lignin Valorization 

Mads M. Jensen, Demi T. Djajadi, Cristian Torri, Helene B. Rasmussen, René B. Madsen, Elisa Venturini, Ivano Vassura, Jacob 
Becker, Bo B. Iversen, Anne S. Meyer, Henning Jørgensen, Daniele Fabbri, and Marianne Glasius 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 5940-5949 

 

Alkaline hydrothermal liquefaction (HTL) of lignin-rich enzymatic hydrolysis residues (EnzHR) from 
wheat straw and Miscanthus x giganteus was performed at 255, 300, and 345 °C to investigate 
valorization of this side-stream from second-generation bioethanol production. The EnzHR were from 
biomass hydrothermally pretreated at two different levels of severity (190 °C, 10 min or 195 °C, 15 min), 
and HTL at 300 °C of these EnzHR showed the most effective lignin depolymerization of the low severity 
EnzHR for both wheat straw and Miscanthus. The degree of depolymerization during HTL was 
temperature dependent and was not complete after 20 min at 255 °C, most distinctly for the Miscanthus 
EnzHR. The yields of 128 monomeric products quantified by gas chromatography–mass spectrometry 
were up to 15.4 wt % of dry matter. Principal component analysis of the quantified compounds showed 
that nonlignin HTL products are main contributors to the variance of the HTL products from the two 
biomasses. The chemically modified lignin polymer was found to have increased thermal stability after 
HTL. Analytical pyrolysis was applied to investigate the chemical composition of a larger fraction of the 
products. Analytical pyrolysis contributed with additional chemical information as well as confirming 
trends seen from quantified monomers. This work is relevant for future lignin valorization in biorefineries 
based on current second-generation bioethanol production. 
 
 

Mechanochemical Treatment Facilitates Two-Step Oxidative Depolymerization of Kraft Lignin 

Soledad G. Yao, Justin K. Mobley, John Ralph, Mark Crocker, Sean Parkin, John P. Selegue, and Mark S. Meier 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 5990-5998 

 

Mechanochemical treatment of Indulin AT kraft lignin by ball-milling with KOH and toluene produces 
significant carbonyl functionality, among other changes. The chemical reactivity of the lignin is 
increased, resulting in greater lignin degradation from porphyrin oxidation followed by Baeyer–Villiger 
oxidation. The mechanochemical treatment produces a level of lignin oxidation that is similar to that 
produced by porphyrin-catalyzed oxidation. Combining mechanochemical treatment with porphyrin 
oxidation has a synergistic positive effect on the depolymerization of lignin, as demonstrated by a 
significantly higher yield of monomers. The methyl ester of vanillic acid was obtained as the main 
monomeric product (after methylation), along with of methyl 5-carbomethoxyvanillate, in a 10% yield, 
which is among the highest reported from kraft lignin. 

https://pubs.acs.org/doi/10.1021/acssuschemeng.7b04338
https://pubs.acs.org/doi/10.1021/acssuschemeng.7b04597
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Fast Fractionation of Technical Lignins by Organic Cosolvents 

Yun-Yan Wang, Mi Li, Charles E. Wyman, Charles M. Cai, and Arthur J. Ragauskas 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 6064-6072 

 

A simple and fast fractionation method was developed to obtain carbohydrate-free lignin with well-
defined characteristics, such as narrowly distributed molecular weights and a tunable chemical structure 
for specific applications. In this study, an industrial softwood kraft lignin and a hardwood CELF lignin 
(coproduct lignin obtained from cosolvent enhanced lignocellulosic fractionation pretreatment) were 
dissolved in acetone–methanol and tetrahydrofuran–methanol cosolvents, respectively. Hexane was 
applied as the antisolvent for sequential precipitation of both lignin preparations. A thorough 
characterization including various NMR techniques (31P, quantitative 13C, and 2D-HSQC), GPC, DSC 
and TGA was conducted to correlate the molecular weight of obtained lignin fractions with their structural 
features including distributions of aliphatic and phenolic hydroxyl groups and relative abundance of 
interunit linkages. It was found that approximately 10% of the softwood kraft lignin was lignin 
carbohydrate complexes, and the latter one could be removed efficiently by decreasing polarity of the 
cosolvent. 
 
 
 

doi:%2010.1021/acssuschemeng.7b04546
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Low-Cost, Sustainable, and Environmentally Sound Cellulose Absorbent with High Efficiency 
for Collecting Methane Bubbles from Seawater 

Nan Li, Wei Chen, Guangxue Chen, Xiaofang Wan, and Junfei Tian 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 6370-6377 

 

The use of natural materials to solve environmental problems is intended to decrease the burden on the 
global environment. In this paper, we describe a natural, repeatable, and low-cost method for terminating 
methane bubbles under water before they release into the atmosphere. A cellulose aerogel with porous 
structure and large surface area was fabricated via combining a dry pulp disintegration process with 
freeze-drying. The aerogel became superhydrophobic after it was modified with methyltrimethoxysilane 
(MTMS); therefore, it was able to effectively collect and store transport methane bubbles under water. 
The hydrophobic cellulose aerogel (HCA) exhibited exceptional performance for collecting methane 
bubbles under both static and dynamic absorption-release conditions. We hope this work will inspire 
alternative methods for the exploitation and elimination of environmental methane with the potential to 
alleviate global warming. 
 

Catalytic in Situ Hydrogenolysis of Lignin in Supercritical Ethanol: Effect of Phenol, Catalysts, 
and Reaction Temperature 

Minghao Zhou, Brajendra K Sharma, Peng Liu, Jun Ye, Junming Xu, and Jian-Chun Jiang 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 6867-6875 

 

This study aimed to explore the in situ hydrogenolysis of alkali lignin into bio-oil over three kinds of 
heterogeneous catalysts with varied catalytic properties (Ru/C, Ni/ZSM-5, and CuNiAl hydrotalcite-
based catalyst) in supercritical ethanol. Phenol was first introduced to the in situ hydrogenolysis system 
to form a complex solvent to improve the lignin depolymerization over heterogeneous catalysts. The 
promotion effect of phenol was obviously observed during the hydrogenolysis process, leading to 
improved bio-oil yield and decreased solid residue yield, due to the unique dissolution and diffusion 
properties of phenol-containing solvent. The synergistic effects of basic sites and complex solvents were 
observed; thus, herein, the effect of catalysts, reaction temperature, and time on the hydrogenolysis, 
repolymerization, and coking on catalysts was investigated in detail, considering the molecular weight, 
elemental composition, and higher heating value (HHV) of bio-oil. The highest bio-oil yield was up to 
81.8%, with an improved HHV of 30.09 MJ/kg, when the hydrogenolysis reaction was carried out at 
290 °C for 3 h over CuNiAl catalyst, in ethanol–phenol solvent (phenol/lignin ratio of 0.8). This study 
could provide a beneficial reference for the hydrogenolysis of lignin over heterogeneous catalyzed 
systems in complex solvent. 

https://pubs.acs.org/doi/10.1021/acssuschemeng.8b00146
https://pubs.acs.org/doi/10.1021/acssuschemeng.8b00701
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Understanding Lignin Fractionation and Characterization from Engineered Switchgrass 
Treated by an Aqueous Ionic Liquid 

Enshi Liu, Mi Li, Lalitendu Das, Yunqiao Pu, Taylor Frazier, Bingyu Zhao, Mark Crocker, Arthur J. Ragauskas, and Jian Shi 

ACS Sustainable Chemistry & Engineering 2018 6 (5), 6612-6623 

 

Aqueous ionic liquids (ILs) have received increasing interest because of their high efficacy in 
fractionating and pretreating lignocellulosic biomass while at the same time mitigating several 
challenges associated with IL pretreatment such as IL viscosity, gel formation during pretreatment, and 
the energy consumption and costs associated with IL recycling. This study investigated the fate of lignin, 
its structural and compositional changes, and the impact of lignin modification on the deconstruction of 
cell wall compounds during aqueous IL (10% w/w cholinium lysinate) pretreatment of wild-type and 
engineered switchgrass. The 4CL genotype resulting from silencing of 4-coumarate:coenzyme A ligase 
gene (Pv4CL1) had a lower lignin content, relatively higher amount of hydroxycinnamates, and higher 
S/G ratio and appeared to be less recalcitrant to IL pretreatment likely due to the lower degree of lignin 
branching and more readily lignin solubilization. The results further demonstrated over 80% of lignin 
dissolution from switchgrass into the liquid fraction under mild conditions while the remaining solids were 
highly digestible by cellulases. The soluble lignin underwent partial depolymerization to a molecular 
weight around 500–1000 Da. 1H–13C HSQC NMR results demonstrated that the variations in lignin 
compositions led to different modes of lignin dissolution and depolymerization during pretreatment of 
engineered switchgrass. These results provide insights into the impact of lignin manipulation on biomass 
fractionation and lignin depolymerization and lead to possible ways toward developing a more selective 
and efficient lignin valorization process based on aqueous IL pretreatment technology. 
 
 
 

 

https://pubs.acs.org/doi/10.1021/acssuschemeng.8b00384
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Copper-catalyzed carbonylative transformations of indoles with hexaketocyclohexane 

Zechao Wang, Zhiping Yin and  Xiao-Feng Wu  

Chem. Commun., 2018,54, 4798-4801  

 

With hexaketocyclohexane octahydrate as the carbon monoxide source, a novel procedure for copper-
catalyzed direct double carbonylation of indoles has been established. Using alcohols as reaction 
partners, moderate to good yields of the desired double carbonylation products have been obtained. 
Wide functional group tolerance and substrate scope can be observed. 
 
 
 
The synergistic effect of self-assembly and visible-light induced the oxidative C–H acylation of 
N-heterocyclic aromatic compounds with aldehydes  

Lingling Zhang, Guoting Zhang, Yongli Li, Shengchun Wang and Aiwen Lei  

Chem. Commun., 2018,54, 5744-5747 

 
 
Constructing carbon–carbon bonds through oxidative cross-coupling between two hydrocarbon 
compounds is regarded as a foundational issue in green chemistry. High atom-economy and mild 
conditions are long term pursued goals in this field. Herein, we developed a visible-light mediated 
direct cross-coupling between N-heterocycles and aldehydes without the requirement of a 
photocatalyst. Several N-heterocycles afforded the acylation products with aromatic or aliphatic 
aldehydes in good yields. The reaction can be conducted under room temperature and easily scaled 
up. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pubs.rsc.org/en/content/articlelanding/2018/cc/c8cc01784k
http://pubs.rsc.org/en/content/articlelanding/2018/cc/c8cc02342e


Joseph Samec Research Group 
Digest          

 

 

Controlled photorelease of alkynoic acids and their decarboxylative deprotection for copper-
catalyzed azide/alkyne cycloaddition  

Nikoleta Vohradská, Esther M. Sánchez-Carnerero, Tomáš Pastierik, Ctibor Mazal and Petr Klán  

Chem. Commun., 2018,54, 5558-5561 

 
 
A controlled photorelease of alkynoic acids from the meso-methyl BODIPY photoremovable protecting 
group facilitates their subsequent efficient decarboxylation to give terminal alkynes for a CuI-catalyzed 
azide/alkyne cycloaddition. The quantum efficiencies of the photochemical step and the kinetics of the 
click reaction step are reported. 
 
 
Chemoselective deoxygenation of ether-substituted alcohols and carbonyl compounds by 
B(C6F5)3-catalyzed reduction with (HMe2SiCH2)2  

Wenyu Yang, Lu Gao, Ji Lu and Zhenlei Song  

Chem. Commun., 2018,54, 4834-4837 
 

 
 
B(C6F5)3-catalyzed deoxygenation of ether-substituted alcohols and carbonyl compounds has been 
developed using (HMe2SiCH2)2 as the reductant. This unique reagent shows distinct superiority over 
traditional one silicon-centered hydrosilanes, giving the corresponding alkanes in high yields with good 
tolerance of ethers, aryl halides and alkenes. The control experiments suggest that (HMe2SiCH2)2 
might facilitate the approach in an intramolecular Si/O activation manner. 
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Steam reforming of carboxylic acids for hydrogen generation: Effects of aliphatic chain of the 
acids on their reaction behaviors  

Jiaojiao Li, Peng Jia, Xun Hu, Dehua Dong, Guanggang Gao, Dongsheng Geng, Jun Xiang, Yi Wang, Song Hu   

Molecular Catalysis, 2018, 450, 1–13 
 

 

 
 
• Molecular structure of the acids determines their behaviors in steam reforming. 
• Formic acid was more active in homogenous decomposition than acid with CC bond(s). 
• Number of CC bonds in the acids affects their reactivity and tendency to coking. 
• The coke formed during steam reforming of the acid has large aromatic ring systems. 
• The coke formed in reforming of the heavier carboxylic acids was fibrous. 
 
 

Hydrogenolysis of lignin over Ru-based catalysts: The role of the ruthenium in a lignin 
fragmentation process  

Marian  Verziu, Alina Tirsoaga, Bogdan Cojocaru, Cristina Bucur, Bogdan Tudor, Aurore Richel, Mario Aguedo, Ajaikumar 
Samikannu, Jyri Pekka Mikkola  

Molecular Catalysis, 2018, 450, 65–76 

 

 
 
• Ru or/and Ni catalysts were prepared by coprecipitation or wet impregnation. 
• Ru supported on alumina led to the highest degree of lignin depolymerisation. 
• Presence of ruthenium led to dimers as dominant products. 
• The interaction between ruthenium and nickel had an influence in the depolymerisation performance 
of lignin. 
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Glucose hydrogenation to sorbitol over unsupported mesoporous Ni/NiO catalyst  

Hari Singh, Aditya Rai, Rajkumar Yadav, Anil K. Sinha  

Molecular Catalysis, 2018, 451, 186–191 
 
 

 
 
• Support free magnetically recoverable green mesoporous Ni/NiO catalyst. 
• Relatively inexpensive compared to other hydrogenation catalysts. 
• Green method of synthesis mesoporous Ni/NiO catalyst using organosilane template. 
• Catalyst with high surface area and acidity for glucose hydrogenation to sorbitol. 
• Kinetic study and TOF study for glucose hydrogenation over mesoporous Ni/NiO catalyst. 

https://www.sciencedirect.com/science/article/pii/S2468823118300105


Joseph Samec Research Group Digest          

 

 

Palladium-Catalyzed Direct C–H Arylation of 3-(Methylsulfinyl)thiophenes 
Hui Jiang, Ana Bellomo, Mengnan Zhang, Patrick J. Carroll, Brian C. Manor, Tiezheng Jia, and Patrick J. Walsh 
Org. Lett., 2018, 20 (9), 2522 

 

 
A palladium-catalyzed direct arylation of (3-thiophene)S(O)Me derivatives has been developed. This 
protocol is effective for the selective synthesis of 2-arylated and 2,5-diarylated sulfinylthiophene 
derivatives with as low as 0.5 mol % catalyst loading. Various functional groups are well tolerated. A 
method to install two different aryl groups on 3-(methylsulfinyl)thiophenes is also introduced. 
 
Highly Selective Pd-Catalyzed Direct C–F Bond Arylation of Polyfluoroarenes 
Zhi-Ji Luo, Hai-Yang Zhao, and Xingang Zhang 
Org. Lett., 2018, 20 (9), 2543 

 

 
A directing-group-free palladium-catalyzed direct arylation of simple polyfluoroarenes with arylboronic 
acids through selective C–F bond activation is described. The combination of Pd(OAc)2 with BrettPhos 
was identified as an efficient catalytic system to promote the reaction with high regioselectivity and 
broad substrate scope. Preliminary mechanistic studies reveal that the oxidative addition of Pd to the 
C–F bond is involved in the catalytic cycle. 
 
Cis-Selective Decarboxylative Alkenylation of Aliphatic Carboxylic Acids with Vinyl Arenes 
Enabled by Photoredox/Palladium/Uphill Triple Catalysis 
Chao Zheng, Wan-Min Cheng, Hong-Lian Li, Ri-Song Na, and Rui Shang 
Org. Lett., 2018, 20 (9), 2559 

 

 
An iridium photoredox catalyst in combination with phenanthroline-supported palladium catalyst 
catalyzes decarboxylative alkenylation of tertiary and secondary aliphatic carboxylic acids with vinyl 
arenes to deliver β-alkylated styrenes with Z-selectivity. A broad scope of aliphatic carboxylic acids, 
including amino acids, exhibit as amenable substrates, and external oxidant is not required. The 
reaction proceeds by synergistic utilization of both energy-transfer and electron-transfer reactivity of 
iridium photoredox catalyst merging with palladium-catalyzed hydride elimination and insertion. 
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Lewis-Base-Catalyzed Reductive Aldol Reaction To Access Quaternary Carbons 
Yvonne C. DePorre, James R. Annand, Sukanta Bar, and Corinna S. Schindler 
Org. Lett., 2018, 20 (9), 2580 

 

 
A synthetic method for the efficient construction of β-hydroxylactones and lactams bearing α-
quaternary carbon centers is described. This transformation relies on an electronically differentiated 
Lewis base catalyst, which is uniquely capable of promoting a reductive aldol reaction of α,α-
disubstituted and α,α,β-trisubstituted enones. This approach provides a valuable synthetic alternative 
for carbon–carbon bond formation in complex molecular settings due to its orthogonal reactivity 
compared to that of traditional aldol reactions. Based on this method described herein, lactones, 
lactams, and morpholine amides bearing α-quaternary carbon centers are accessible in yields up to 
85% and 50:1 dr. 
 
One-Step TEMPO-Catalyzed and Water-Mediated Stereoselective Conversion of Glycals into 2-
Azido-2-deoxysugars with a PIFA–Trimethylsilyl Azide Reagent System 
Ande Chennaiah, and Yashwant D. Vankar 
Org. Lett., 2018, 20 (9), 2611 

 

 
An unprecedented water-mediated and TEMPO-catalyzed, one-step, highly regiospecific and 
stereoselective functionalization of glycals to 2-azido-2-deoxysugars has been developed using a 
PIFA–Me3SiN3 reagent system in the presence of Bu4NHSO4 as a phase-transfer catalyst. The 
method is metal-free, proceeds under mild reaction conditions, and tolerates a variety of protecting 
groups. Using this method, the synthesis of an important trisaccharide unit bound by the monoclonal 
anti-I Ma antibody has also been demonstrated. 
 
Nucleophilic Reactivities of Bleach Reagents 
Robert J. Mayer, and Armin R. Ofial 
Org. Lett., 2018, 20 (10), 2816 

 

 
The nucleophilicities of the oxidants hydroperoxide, hypochlorite, hypobromite, bromite, and 
peroxymonosulfate were determined by following the kinetics of their reactions with a series of 
benzhydrylium ions of known electrophilicity (E) in alkaline, aqueous solutions at 20 °C. The 
reactivities of the oxidants correlate only weakly with their basicities. Analyzing the rate constants by 
using the relationship log k2 = sN(N + E) gave the parameters N (and sN), which were applied to predict 
the rates of Weitz–Scheffer epoxidations. 
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Enantioselective Decarboxylative Alkylation of β-Keto Acids to ortho-Quinone Methides as 
Reactive Intermediates: Asymmetric Synthesis of 2,4-Diaryl-1-benzopyrans 
Hyun Jung Jeong, and Dae Young Kim 
Org. Lett., 2018, 20 (10), 2944 

 

 
A novel and efficient asymmetric synthesis of 2,4-diaryl-1-benzopyrans via enantioselective 
decarboxylative alkylation of β-keto acids to o-QM intermediates, followed by sequential cyclization 
and dehydration, has been developed. The synthetically useful chiral 2,4-diaryl-1-benzopyran 
derivatives were obtained in moderate to high yields and high enantioselectivities through a one-pot, 
two-step sequence. This approach offers a facile way to prepare chiral 2,4-diaryl-1-benzopyran 
derivatives with a wide range of functional group tolerance. 
 
Cross-Coupling of Amides with Alkylboranes via Nickel-Catalyzed C–N Bond Cleavage 
Xiangqian Liu, Chien-Chi Hsiao, Lin Guo, and Magnus Rueping 
Org. Lett., 2018, 20 (10), 2976 

 

 
A protocol for the nickel-catalyzed alkylation of amides was established. The use of alkylboranes as 
nucleophilic partners allowed the use of mild reaction conditions and compatibility of various functional 
groups with respect to both coupling partners. The catalytic alkylation proceeded selectively at the 
amides in the presence of other functional groups as well as other carboxylic acid derived moieties. 
 
Catalytic Dehydrative Lactonization of Allylic Alcohols 
Ji Liu, Romain J. Miotto, Julien Segard, Ashley M. Erb, and Aaron Aponick 
Org. Lett., 2018, 20 (10), 3034 

 

 
A convenient strategy for the synthesis of phthalides and γ-butyrolactones is reported. The method 
utilizes readily prepared allylic alcohols in formal Au(I)- and Pd(II)-catalyzed SN2′ reactions. Using 

these catalysts, exclusive formation of the desired five-membered lactones is observed, completely 
avoiding the competing direct lactonization pathway that forms the undesired seven-membered ring 
with protic acids and alternative metal salts. This mild and operationally simple method notably 
tolerates exomethylene groups and should find use in both phthalide and terpene syntheses. 
 
Halogenation through Deoxygenation of Alcohols and Aldehydes 
Jia Chen, Jin-Hong Lin, and Ji-Chang Xiao 
Org. Lett., 2018, 20 (10), 3061 
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An efficient reagent system, Ph3P/XCH2CH2X (X = Cl, Br, or I), was very effective for the 
deoxygenative halogenation (including fluorination) of alcohols (including tertiary alcohols) and 
aldehydes. The easily available 1,2-dihaloethanes were used as key reagents and halogen sources. 
The use of (EtO)3P instead of Ph3P could also realize deoxy-halogenation, allowing for a convenient 
purification process, as the byproduct (EtO)3P═O could be removed by aqueous washing. The mild 

reaction conditions, wide substrate scope, and wide availability of 1,2-dihaloethanes make this 
protocol attractive for the synthesis of halogenated compounds. 
 
Rapid Construction of Complex 2-Pyrrolines through Lewis Acid-Catalyzed, Sequential Three-
Component Reactions via in Situ-Generated 1-Azaallyl Cations 
Marcel Schlegel, and Christoph Schneider 
Org. Lett., 2018, 20 (10), 3119 

 

 
The first Sc(OTf)3-catalyzed dehydration of 2-hydroxy oxime ethers to generate benzylic stabilized 1-
azaallyl cations, which are captured by 1,3-carbonyls, is described. A subsequent addition of primary 
amines in a sequential three-component reaction affords highly substituted and densely functionalized 
tetrahydroindeno[2,1-b]pyrroles as single diastereomers with up to quantitative yield. Thus, three new 
σ-bonds and two vicinal quaternary stereogenic centers are generated in a one-pot operation. 
 
Tn Antigen Mimics by Ring-Opening of Chiral Cyclic Sulfamidates with Carbohydrate C1-S- and 
C1-O-Nucleophiles 
Pablo Tovillas, Iván García, Paula Oroz, Nuria Mazo, Alberto Avenoza, Francisco Corzana, Gonzalo Jiménez-Osés, Jesús H. 
Busto, and Jesús M. Peregrina 
J. Org. Chem., 2018, 83 (9), 4973 

 

 
Starting from commercially available (S)-isoserine and effectively accessible (S)-α-methylserine, 
enantiopure cyclic sulfamidates have been prepared as chiral building blocks for the synthesis of 
various S- and O-glycosylated amino acid derivatives, including unnatural variants of the Tn antigen, 
through highly chemo-, regio-, and stereoselective nucleophilic ring-opening reactions with 
carbohydrate C1-S- and C1-O-nucleophiles. 
 
One and Two-Carbon Homologation of Primary and Secondary Alcohols to Corresponding 
Carboxylic Esters Using β-Carbonyl BT Sulfones as a Common Intermediate 
David J.-Y. D. Bon, Ondřej Kováč, Vendula Ferugová, František Zálešák, and Jiří Pospíšil 
J. Org. Chem., 2018, 83 (9), 4990 
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Herein we report the efficient one- and two-carbon homologation of 1° and 2° alcohols to their 
corresponding homologated esters via the Mitsunobu reaction using β-carbonyl benzothiazole (BT) 
sulfone intermediates. The one-carbon homologation approach uses standard Mitsunobu C–S bond 
formation, oxidation and subsequent alkylation, while the two-carbon homologation uses a less 
common C–C bond forming Mitsunobu reaction. In this latter case, the use of β-BT sulfone bearing 
esters lowers the pKa sufficiently enough for the substrate to be used as a carbon-based nucleophile 
and deliver the homologated β-BT sulfone ester, and this superfluous sulfone group can then be 
cleaved. In this paper we describe several methods for the effective desulfonylation of BT sulfones 
and have developed methodology for one-pot alkylation-desulfonylation sequences. As such, overall, 
a one-carbon homologation sequence can be achieved in a two-pot (four step) procedure and the two-
carbon homologation in a two-pot (three step) procedure (three-pot; four step when C-acid synthesis is 
included). This methodology has been applied to a wide variety of functionality (esters, silyl ethers, 
benzyls, heteroaryls, ketones, olefins and alkynes) and are all tolerated well providing good to very 
good overall yields. The power of our method was demonstrated in site-selective ingenol C20 allylic 
alcohol two-carbon homologation. 
 
Cooperative Catalysis-Enabled Asymmetric α-Arylation of Aldehydes Using 2-Indolylmethanols 
as Arylation Reagents 
Meng-Meng Xu, Hai-Qing Wang, Yu-Jia Mao, Guang-Jian Mei, Shu-Liang Wang, and Feng Shi 
J. Org. Chem., 2018, 83 (9), 5027 

 

 
A catalytic asymmetric α-arylation of aldehydes using 2-indolylmethanols as arylation reagents has 
been established. This reaction was enabled by a cooperative catalytic system consisting of a gold 
complex, a Brønsted acid, and a chiral amine, which have a synergistic effect in the reaction process. 
By using this strategy, a series of α-arylation products of aldehydes were generated in overall 
acceptable yields and good enantioselectivities (up to 69%, 91:9 er). The control experiments 
demonstrated that the addition of PPh3AuCl as a gold complex was helpful to improve the yield, and 
trifluoroacetic acid as a Brønsted acid played a crucial role in the reaction by promoting the generation 
of carbocation and chiral enamine intermediates, which are two key intermediates of the asymmetric 
α-arylation reaction. In addition, the enantioselectivity of the reaction was mainly controlled by the 
chiral amine catalyst via forming a chiral enamine intermediate. This reaction has not only provided a 
useful protocol for catalytic asymmetric α-arylation of aldehydes but also enriched the research 
contents of 2-indolylmethanol-involved reactions and asymmetric cooperative catalysis. 
 
Amide Bond Formation Assisted by Vicinal Alkylthio Migration in Enaminones: Metal- and CO-
Free Synthesis of α,β-Unsaturated Amides 
Zhuqing Liu, Fei Huang, Ping Wu, Quannan Wang, and Zhengkun Yu 
J. Org. Chem., 2018, 83 (10), 5731 

 

 
Amide bond formation is one of the most important transformations in organic synthesis, drug 
development, and materials science. Efficient construction of amides has been among the most 
challenging tasks for organic chemists. Herein, we report a concise methodology for amide bond 
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(−CONH−) formation assisted by vicinal group migration in alkylthio-functionalized enaminones (α-oxo 
ketene N,S-acetals) under mild conditions. Simple treatment of such enaminones with PhI(OAc)2 at 
ambient temperature in air afforded diverse multiply functionalized α,β-unsaturated amides including 
β-cyclopropylated acrylamides, in which a wide array of functional groups such as aryl, (hetero)aryl, 
alkenyl, and alkyl can be conveniently introduced to a ketene moiety. The reaction mechanism was 
investigated by exploring the origins of the amide oxygen and carbon atoms as well as isolation and 
structural characterization of the reaction intermediates. The amide bond formation reactions could 
also be efficiently performed under solventless mechanical milling conditions. 
 
Exploration of Biaryl Carboxylic Acids as Proton Shuttles for the Selective Functionalization of 
Indole C–H Bonds 
Jing-Jing Pi, Xiao-Yu Lu, Jing-Hui Liu, Xi Lu, Bin Xiao, Yao Fu, and Nicolas Guimond 
J. Org. Chem., 2018, 83 (10), 5791 

 

 
A survey of diversely substituted 2-arylbenzoic acids were synthesized and tested for use as proton 
shuttle in the direct arylation of indoles with bromobenzenes. It was found that 3-ethoxy-2-
phenylbenzoic acid gives superior yield and selectivity for this class of substrates. 
 
Sequential Photoredox Catalysis for Cascade Aerobic Decarboxylative Povarov and Oxidative 
Dehydrogenation Reactions of N‐Aryl α‐Amino Acids 
Tianju Shao Yanli Yin Richmond Lee Xiaowei Zhao Guobi Chai Zhiyong Jiang 
Adv. Synth. Catal. 2018, 360, 1754 

 

 
A visible‐light‐driven sequential photoredox catalysis to allow N‐aryl α‐amino acids to experience 
efficient cascade aerobic decarboxylative Povarov and oxidative dehydrogenation (ODH) reactions is 
described. With a dicyanopyrazine‐derived chromophore (DPZ) as a photoredox catalyst in both 
transformations, two series of valuable azaarenes, i. e., 4‐amino tetrahydroquinolines (THQs) and 
quinolines, were obtained in satisfactory yields featuring diverse 2‐ and 2,3‐substituent patterns. To 
enable the ODH reaction of 4‐amino THQs, a cooperative catalysis with N‐hydroxyphthalimide was 
developed. Additionally, an unprecedented synthesis of chiral N‐amino‐2‐methyl THQs with high 
enantioselectivities was realized. 
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Nickel Catalyzed Ipso‐hydroxylation and Subsequent Cross Dehydrogenative Coupling of 
Arylboronic Acids with Tertiary Amines: A Facile Access to α‐phenolated Tertiary Amines 
Promod Kumar Anup Kumar Sharma Rahul Singh Tirumaleswararao Guntreddi Krishna Nand Singh 
Adv. Synth. Catal. 2018, 360, 1786 
 

 
A straightforward and new approach has been developed for the α‐functionalization of tertiary amines 
via sequential oxidative hydoxylation and cross‐dehydrogenative coupling (CDC) of arylboronic acids 
with tertiary amines to afford α‐phenolated tertiary amines. The results demonstrate an easy arylation 
of C(sp3)−H bond in the presence of an inexpensive and readily available nickel metal salt. 
 
Direct Allylation of Active Methylene Compounds with Allylic Alcohols by Use of 
Palladium/Phosphine‐Borane Catalyst System 
Aika Shimizu Goki Hirata Gen Onodera Masanari Kimura 
Adv. Synth. Catal. 2018, 360, 1954  

 

 
The C−C bond formation between active methylene compounds and allylic alcohols has been newly 

developed by using a palladium complex as a catalyst together with a phosphine‐borane ligand. The 
best phosphine‐borane ligand for this direct allylation has been revealed to be Ph2P(CH2)4(9‐BBN) to 
produce a variety of desirable allylated products in high yields. 
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Construction of a chiral macromolecular catalyst in hollow silica nanoreactors for efficient and 
recyclable asymmetric catalysis  
Lingyan Jing,  Xiaoming Zhang,  Ruqun Guan  and  Hengquan Yang 

Catalysis Science & Technology, 2018, 8, 2304-2311  

 

 
 
The entrapment method is a fascinating pathway to convert homogeneous into heterogeneous 
catalysts. However, the types of entrapped catalysts and available supports are still limited because of 
the strict requirements of this method. Here, we reported a novel strategy for achieving efficient 
entrapment of a chiral homogeneous catalyst by forming macromolecular polymers in the cavity of 
hollow silica nanoreactors. Specifically, through in situ polymerization of the chiral ligand (1R,2R)-N1-
(4-vinylbenzenesulfonyl)-1,2-diphenylethane-1,2-diamine (VBS-DPEN) with styrene followed by 
coordination of the metal precursor [Cp*RhCl2]2 (Cp* = pentamethylcyclopentadiene), a chiral solid 
catalyst with a confined macromolecular polymer was obtained. In the aqueous asymmetric transfer 
hydrogenation (ATH) of ketones, such a catalyst exhibited much better activity (TOF 991 vs. 724 h−1) 
and similar enantioselectivity (94% ee) compared with its homogeneous counterpart. This excellent 
activity can be attributed to the combination of the hollow mesoporous structure, unique 
hydrophobic@hydrophilic surface properties and semi-free state of the macromolecular catalyst. 
Moreover, the solid catalyst exhibits good recyclability, which is much better than the pure 
macromolecular polymer catalyst. Our studies not only provide an excellent heterogeneous 
asymmetric catalyst but also demonstrate that the pathway for confining macromolecules could be 
used as an efficient scaffold for the synthesis of entrapped catalysts. 
 
 

Direct liquid-phase phenol-to-aniline amination using Pd/C 
Thomas Cuypers, Patrick Tomkins and  Dirk E. De Vos 

Catalysis Science & Technology 2018, 8, 2519-2523 

 
Here, we report the first direct amination of phenol with ammonia into primary anilines in the liquid 
phase. For this, Pd/C was demonstrated to be the most suitable catalyst. Optimization of the reaction 
parameters resulted in very selective and sustainable production of primary anilines with yields of up 
to 95%. 
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Efficient C–C coupling of bio-based furanics and carbonyl compounds to liquid hydrocarbon 
precursors over lignosulfonate derived acidic carbocatalysts 
 
Lakhya Jyoti Konwar, Ajaikumar Samikannu, Päivi Mäki-Arvela and  Jyri-Pekka Mikkola 

Catalysis Science & Technology 2018, 8, 2449-2459 

 
 
This paper demonstrates the catalytic potential of novel Na-lignosulfonate (LS) derived 
meso/macroporous solid protonic acids upon C–C coupling of bio-based furanics and carbonyl 
compounds. The materials demonstrated catalytic activity for solventless hydroxyalkylation/alkylation 
(HAA) of 2-methylfuran with furfural, acetone, butanal, cyclohexanone, levulinic acid and α-angelica 
lactone under mild reaction conditions (50–60 °C) producing branched-chain C12–C16 hydrocarbon 
precursors in yields approaching 96%. Moreover, the carbon materials exhibiting high total acidity (6–
6.4 mmol g−1) outperformed sulfonic acid resins (Amberlyst®70, Amberlite®IR120 and LS resin), 
zeolites and liquid acids (p-toluenesulfonic acid, acetic acid and phenol). In fact, the most active 
carbocatalyst (60LS40PS350H+) exhibited the same turnover frequency as p-toluenesulfonic acid (186 
h−1) upon furfural conversion but with an improved HAA product yield (up to 88%) and reusability, 
maintaining 98% of its original activity up to seven reaction cycles. The observed catalytic activity and 
operational stability of the LS derived acidic carbocatalysts were attributed to the strongly Brønsted 
acidic –SO3H groups covalently incorporated into their structural carbon framework and the 
promotional effects of hydrophilic surface functional groups (–COOH and –OH) favoring adsorption of 
oxygenated reactant molecules. 
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Activating molecular oxygen by Au/ZnO to selectively oxidize glycerol to dihydroxyacetone 

Ye Meng, Shihui Zou, Yuheng Zhou, Wuzhong Yi,  Yang Yan,  Bin Ye,  Liping Xiao,  Juanjuan Liu,  Hisayoshi Kobayashi and  
Jie Fan  

Catalysis Science & Technology, 2018, 8, 2524-2528 

The activation of molecular oxygen is a critical step in gold-catalyzed aerobic oxidation of alcohols. In 
this paper, we demonstrate that the charge of Au-adsorbed oxygen as well as the length of the O–O 
bond provides a useful descriptor for predicting effective catalysts for glycerol oxidation under base-
free conditions. ZnO was theoretically predicted and experimentally confirmed to be the most effective 
support for Au to activate molecular oxygen and thus to catalyze aerobic oxidation of glycerol. Kinetic 
studies as well as electron paramagnetic resonance (EPR) spectra indicate that the as-generated O2− 
species on the surface of Au/ZnO could selectively abstract protons from the central hydroxyl group of 
glycerol to form dihydroxyacetone (DHA), resulting in a selectivity to DHA of up to 85%. 

 

Recyclable cobalt(0) nanoparticle catalysts for hydrogenations 

Philipp Büschelberger, Efrain Reyes-Rodriguez, Christian Schöttle, Jens Treptow, Claus Feldmann, Axel Jacobi von Wangelin  
and  Robert Wolf  

 Catalysis Science & Technology, 2018, 8, 2648-2653 

The search for new hydrogenation catalysts that replace noble metals is largely driven by sustainability 
concerns and the distinct mechanistic features of 3d transition metals. Several combinations of cobalt 
precursors and specific ligands in the presence of reductants or under high-thermal conditions were 
reported to provide active hydrogenation catalysts. This study reports a new method of preparation of 
small, monodisperse Co(0) nanoparticles (3–4 nm) from the reduction of commercial CoCl2 in the 
absence of ligands or surfactants. High catalytic activity was observed in hydrogenations of alkenes, 
alkynes, imines, and heteroarenes (2–20 bar H2). The magnetic properties enabled catalyst separation 
and multiple recyclings.  
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Adipic acid production catalyzed by a combination of a solid acid and an iodide salt from 
biomass-derived tetrahydrofuran-2,5-dicarboxylic acid  

Matthew J. Gilkey, Rachana Balakumar, Dionisios G. Vlachos and  Bingjun Xu 

Catalysis Science & Technology, 2018, 8, 2661-2671 

 

We recently reported biomass-derived tetrahydrofuran-2,5-dicarboxylic acid (THFDCA) as a potential 
renewable feedstock for adipic acid (AA) production by combining HI and molecular H2 in organic acid 
solvents. However, the volatile and corrosive nature of HI, the catalyst, presents challenges in 
industrial implementation. In this work, we demonstrate an improved, less corrosive system with 
comparable AA yields (∼87%) using Nafion and an iodide salt, e.g., LiI, NaI and KI. Kinetic and 
reactivity studies indicate that the activation of THFDCA's etheric C–O bond proceeds either by direct 
protonation at the surface of the solid acid or by liquid-phase protons which are transported from the 
surface of the solid acid to the bulk solvent through an ion-exchange process. The combination of a 
solid acid and an iodide salt functions as a controlled release mechanism for protons without 
sacrificing the effectiveness of HI, while significantly reducing the corrosiveness of the reaction 
mixture. Further, the spent Nafion can easily be separated from the reaction mixture and regenerated 
by ion-exchange with minimal loss in reactivity. 

http://dx.doi.org/10.1039/C8CY00379C
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Supramolecularly directed rotary motion in a photoresponsive receptor 

Sander J. Wezenberg & Ben L. Feringa  

Nature Communications 9, 2018, 1984 

Stimuli-controlled motion at the molecular level has fascinated chemists already for several decades. 
Taking inspiration from the myriad of dynamic and machine-like functions in nature, a number of 
strategies have been developed to control motion in purely synthetic systems. Unidirectional rotary 
motion, such as is observed in ATP synthase and other motor proteins, remains highly challenging to 
achieve. Current artificial molecular motor systems rely on intrinsic asymmetry or a specific sequence 
of chemical transformations. Here, we present an alternative design in which the rotation is directed by 
a chiral guest molecule, which is able to bind non-covalently to a light-responsive receptor. It is 
demonstrated that the rotary direction is governed by the guest chirality and hence, can be selected 
and changed at will. This feature offers unique control of directional rotation and will prove highly 
important in the further development of molecular machinery.  

 

Topologically guided tuning of Zr-MOF pore structures for highly selective separation of C6 
alkane isomers 

Hao Wang, Xinglong Dong, Junzhong Lin, Simon J. Teat, Stephanie Jensen, Jeremy Cure, Eugeny V. Alexandrov, Qibin Xia, 
Kui Tan, Qining Wang, David H. Olson, Davide M. Proserpio, Yves J. Chabal, Timo Thonhauser, Junliang Sun, Yu Han & Jing Li 

Nature Communications 9, 2018, 1745 

As an alternative technology to energy intensive distillations, adsorptive separation by porous solids 
offers lower energy cost and higher efficiency. Herein we report a topology-directed design and 
synthesis of a series of Zr-based metal-organic frameworks with optimized pore structure for efficient 
separation of C6 alkane isomers, a critical step in the petroleum refining process to produce gasoline 
with high octane rating. Zr6O4(OH)4(bptc)3 adsorbs a large amount of n-hexane but excluding 
branched isomers. The n-hexane uptake is ~70% higher than that of a benchmark adsorbent, zeolite-
5A. A derivative structure, Zr6O4(OH)8(H2O)4(abtc)2, is capable of discriminating all three C6 isomers 
and yielding a high separation factor for 3-methylpentane over 2,3-dimethylbutane. This property is 
critical for producing gasoline with further improved quality. Multicomponent breakthrough experiments 
provide a quantitative measure of the capability of these materials for separation of C6 alkane 
isomers. A detailed structural analysis reveals the unique topology, connectivity and relationship of 
these compounds. 

http://dx.doi.org/10.1038/s41467-018-04249-x
http://dx.doi.org/10.1038/s41467-018-04152-5
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Nanoscale synthesis and affinity ranking 

Nathan J. Gesmundo, Bérengère Sauvagnat, Patrick J. Curran, Matthew P. Richards, Christine L. Andrews, Peter J. Dandliker 
and Tim Cernak 

Nature 2018, 557, 228. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Most drugs are developed through iterative rounds of chemical synthesis and biochemical testing to 
optimize the affinity of a particular compound for a protein target of therapeutic interest. This process is 
challenging because candidate molecules must be selected from a chemical space of more than 1060 
drug-like possibilities, and a single reaction used to synthesize each molecule has more than 107 
plausible permutations of catalysts, ligands, additives and other parameters. The merger of a method 
for high-throughput chemical synthesis with a biochemical assay would facilitate the exploration of this 
enormous search space and streamline the hunt for new drugs and chemical probes. Miniaturized high-
throughput chemical synthesis has enabled rapid evaluation of reaction space, but so far the merger of 
such syntheses with bioassays has been achieved with only low-density reaction arrays, which analyse 
only a handful of analogues prepared under a single reaction condition. High-density chemical synthesis 
approaches that have been coupled to bioassays, including on-bead, on-surface, on-DNA and mass-
encoding technologies, greatly reduce material requirements, but they require the covalent linkage of 
substrates to a potentially reactive support, must be performed under high dilution and must operate in 
a mixture format. These reaction attributes limit the application of transition-metal catalysts, which are 
easily poisoned by the many functional groups present in a complex mixture, and of transformations for 
which the kinetics require a high concentration of reactant. Here we couple high-throughput nanomole-
scale synthesis with a label-free affinity-selection mass spectrometry bioassay. Each reaction is 
performed at a 0.1-molar concentration in a discrete well to enable transition-metal catalysis while 
consuming less than 0.05 milligrams of substrate per reaction. The affinity-selection mass spectrometry 
bioassay is then used to rank the affinity of the reaction products to target proteins, removing the need 
for time-intensive reaction purification. This method enables the primary synthesis and testing steps that 
are critical to the invention of protein inhibitors to be performed rapidly and with minimal consumption of 
starting materials. 
 
 

 

https://www.nature.com/articles/s41586-018-0056-8
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Simulating the vibrational quantum dynamics of molecules using photonics 

Chris Sparrow, Enrique Martín-López, Nicola Maraviglia, Alex Neville, Christopher Harrold, Jacques Carolan, Yogesh N. 
Joglekar, Toshikazu Hashimoto, Nobuyuki Matsuda, Jeremy L. O’Brien, David P. Tew and Anthony Laing 

Nature 2018, 557, 660. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Advances in control techniques for vibrational quantum states in molecules present new challenges for 
modelling such systems, which could be amenable to quantum simulation methods. Here, by exploiting 
a natural mapping between vibrations in molecules and photons in waveguides, we demonstrate a 
reprogrammable photonic chip as a versatile simulation platform for a range of quantum dynamic 
behaviour in different molecules. We begin by simulating the time evolution of vibrational excitations in 
the harmonic approximation for several four-atom molecules, including H2CS, SO3, HNCO, HFHF, N4 
and P4. We then simulate coherent and dephased energy transport in the simplest model of the peptide 
bond in proteins—N-methylacetamide—and simulate thermal relaxation and the effect of 
anharmonicities in H2O. Finally, we use multi-photon statistics with a feedback control algorithm to 
iteratively identify quantum states that increase a particular dissociation pathway of NH3. These methods 
point to powerful new simulation tools for molecular quantum dynamics and the field of femtochemistry. 
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Hybrid molecular-colloidal liquid crystals 

Haridas Mundoor, Sungoh Park, Bohdan Senyuk, Henricus H. Wensink, Ivan I. Smalyukh 

Science  2018, (360) 6390, 768. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Order and fluidity often coexist, with examples ranging from biological membranes to liquid crystals, but 
the symmetry of these soft-matter systems is typically higher than that of the constituent building blocks. 
We dispersed micrometer-long inorganic colloidal rods in a nematic liquid crystalline fluid of molecular 
rods. Both types of uniaxial building blocks, while freely diffusing, interact to form an orthorhombic 
nematic fluid, in which like-sized rods are roughly parallel to each other and the molecular ordering 
direction is orthogonal to that of colloidal rods. A coarse-grained model explains the experimental 
temperature-concentration phase diagram with one biaxial and two uniaxial nematic phases, as well as 
the orientational distributions of rods. Displaying properties of biaxial optical crystals, these hybrid 
molecular-colloidal fluids can be switched by electric and magnetic fields. 
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Structure, mechanism, and regulation of the chloroplast ATP synthase 

Alexander Hahn, Janet Vonck, Deryck J. Mills, Thomas Meier, Werner Kühlbrandt 

Science  2018, (360) 6389, 4318. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
The chloroplast adenosine triphosphate (ATP) synthase uses the electrochemical proton gradient 
generated by photosynthesis to produce ATP, the energy currency of all cells. Protons conducted 
through the membrane-embedded Fo motor drive ATP synthesis in the F1 head by rotary catalysis. 
We determined the high-resolution structure of the complete cF1Fo complex by cryo–electron 
microscopy, resolving side chains of all 26 protein subunits, the five nucleotides in the F1 head, and 
the proton pathway to and from the rotor ring. The flexible peripheral stalk redistributes differences in 
torsional energy across three unequal steps in the rotation cycle. Plant ATP synthase is autoinhibited 
by a β-hairpin redox switch in subunit γ that blocks rotation in the dark. 
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Molecular Simulation of Quaternary Ammonium Solutions at Low Hydration Levels 

Srdjan Pusara, Simcha Srebnik, and Dario R. Dekel 

J. Phys. Chem. C 2018, 122 (21), 11204. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abstract 

Much research has focused on the stability of substituted ammonium salts in anion-exchange 
membranes (AEMs). While cation chemistry dictates AEM stability, chemical degradation has been 
recently shown to be significantly influenced by the hydration level at which the AEM operates. At low 
hydration, it is now known that almost every quaternary ammonium may suffer significant decomposition. 
In this work, we use molecular dynamics simulations to explore the behavior of three common 
quaternary ammonium cations with stoichiometric hydroxide concentration and at very low hydration. 
We find that water preferentially solvates hydroxide anions and hence when water is present in sufficient 
amount (more than four water molecules per ion pair), stability of the cations is expected to significantly 
improve. However, lower amounts of water result in the formation of isolated molecular clusters and 
ammonium hydroxide pairing that lead to degradation of the cation. The composition and size of the 
water–hydroxide–cation clusters that form is shown to be significantly affected by the cation chemistry. 
Implications of the observed behavior are discussed in view of recent experimental results on the 
differences in stability of these cations. This study highlights, for the first time, the crucial importance of 
studying hydroxide–water–cation interactions at low hydration levels. 
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Density Functional Theory Modeling-Assisted Investigation of Thermodynamics and Redox 
Properties of Boron-Doped Corannulenes for Cathodes in Lithium-Ion Batteries 

Jiwoong Kang, Ki Chul Kim, and Seung Soon Jang 

 J. Phys. Chem. C 2018, 122 (20), 10675. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Abstract 

Understanding thermodynamics and reduction potentials of boron-doped corannulenes (BDCs) can 
provide meaningful insight to establish strategies for designing doping processes of organic materials 
applicable to cathodes in lithium-ion batteries (LIBs). In this study, a comprehensive set of BDC models 
is prepared to investigate the effect of the number and geometric position of doped boron atoms on the 
thermodynamic stability and redox properties of the corannulene. Our investigation enables us to 
evaluate their potential as organic cathode materials in LIBs. In this study, it is found that the first and 
second boron atoms can be exclusively doped in thermodynamically stable positions. Corannulene 
derivatives doped by the boron atom show enhanced reduction potentials ranged from 2.41 to 5.05 V 
vs Li/Li+ as compared with the pristine corannulene (0.9 V vs Li/Li+). A higher level of structural 
heterogeneity created by another boron atom does not guarantee a higher reduction potential (3.03 and 
2.51 V vs Li/Li+ for probability-averaged reduction potentials of 1- and 2-boron-doped corannulenes, 
respectively). Reduction potential is strongly correlated with the spin state as well as the structural and 
electronic properties. The doped boron atoms play a critical role in improving the stability of the Li-
binding thermodynamics, showing their positive impact on the enhancement of the charge capacity. 
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