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Silver(I)‐Catalyzed Widely Applicable Aerobic 1,2‐Diol Oxidative Cleavage 

Dr. Zhong‐zhen Zhou Dr. Mingxin Liu Dr. Leiyang Lv Prof. Dr. Chao‐Jun Li 

 
 Angew. Chem. Int. Ed. 2018, 57(10), 2616-2620 
 
 

 

Abstract 
 
The oxidative cleavage of 1,2‐diols is a fundamental organic transformation. The stoichiometric 
oxidants that are still predominantly used for such oxidative cleavage, such as H5IO6 , Pb(OAc)4 , and 
KMnO4 , generate stoichiometric hazardous waste. Herein, we describe a widely applicable and highly 
selective silver(I)‐catalyzed oxidative cleavage of 1,2‐diols that consumes atmospheric oxygen as 
the sole oxidant, thus serving as a potentially greener alternative to the classical transformations. 
 
 
 

Solvent‐Free Enzyme Activity: Quick, High‐Yielding Mechanoenzymatic Hydrolysis of 
Cellulose into Glucose 

Dr. Fabien Hammerer Dr. Leigh Loots Jean‐Louis Do J. P. Daniel Therien Christopher W. Nickels Prof. Tomislav Friščić Prof. 

Dr. Karine Auclair 

Angew. Chem. Int. Ed. 2018, 57(10), 2621-2624 

 
Abstract 
 
Mechanochemistry enables enzymatic cleavage of cellulose into glucose without bulk solvents, acids, 
other aggressive reagents, or substrate pre‐treatment. This clean mechanoenzymatic process 
(coined RAging) is also directly applicable to biomass, avoids many limitations associated with the use 
of cellulases, and produces glucose concentrations greater than three times that obtained by 
conventional methods. 
 
 

 

  

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201711531
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201711643
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Synergistic N‐Heterocyclic Carbene/Palladium‐Catalyzed Reactions of Aldehyde Acyl 
Anions with either Diarylmethyl or Allylic Carbonates 

Dr. Shigeo Yasuda Takuya Ishii Shunsuke Takemoto Hiroki Haruki Prof. Dr. Hirohisa Ohmiya 

Angew. Chem. Int. Ed. 2018, 57(11), 2938-2942 

 

Abstract 

Benzylation and allylation of aldehyde acyl anions were enabled by the merger of a thiazolium N‐

heterocyclic carbene (NHC) catalyst and a palladium/bisphosphine catalyst in a synergistic manner. 

Owing to the mildness of the reaction conditions, various functional groups were tolerated in the 

substrates. 

 

 

Ruthenium(0)‐Catalyzed Cycloaddition of 1,2‐Diols, Ketols, or Diones via Alcohol‐Mediated 
Hydrogen Transfer 

Hiroki Sato Dr. Ben W. H. Turnbull Dr. Keisuke Fukaya Prof. Michael J. Krische 

Angew. Chem. Int. Ed. 2018, 57(12), 3012-3021 

  

Abstract 

Merging the characteristics of transfer hydrogenation and carbonyl addition, a broad new class of 

ruthenium(0)‐catalyzed cycloadditions has been developed. As discussed in this Minireview, fused or 

bridged bicyclic ring systems are accessible in a redox‐independent manner in C−C bond‐forming 

hydrogen transfer reactions of diols, α‐ketols, or 1,2‐diones with diverse unsaturated reactants. 

 

  

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201712811
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201709916
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Copper‐Catalyzed Highly Stereoselective Trifluoromethylation and Difluoroalkylation of 
Secondary Propargyl Sulfonates 

Xing Gao Yu‐Lan Xiao Xiaolong Wan Prof. Dr. Xingang Zhang 

Angew. Chem. Int. Ed. 2018, 57(12), 3187-3191 

 

 
Abstract 

It is challenging to stereoselectively introduce a trifluoromethyl group (CF3) into organic molecules. To 

date, only limited strategies involving direct asymmetric trifluoromethylation have been reported. 

Herein, we describe a new strategy for direct asymmetric trifluoromethylation through the copper‐

catalyzed stereospecific trifluoromethylation of optically active secondary propargyl sulfonates. The 

reaction enables propargylic trifluoromethylation with high regioselectivity and stereoselectivity. The 

reaction could also be extended to stereospecific propargylic difluoroalkylation. Transformations of the 

resulting enantiomerically enriched fluoroalkylated alkynes led to a variety of chiral fluoroalkylated 

compounds, thus providing a useful protocol for applications in the synthesis of fluorinated complexes. 

 

Iron‐Catalyzed Reductive Ethylation of Imines with Ethanol 

Marie Vayer Dr. Sara P. Morcillo Jennifer Dupont Prof. Vincent Gandon Dr. Christophe Bour 

Angew. Chem. Int. Ed. 2018, 57(12), 3228-3232 

 
Abstract 

 
The borrowing hydrogen strategy has been applied to the ethylation of imines with an air‐stable iron 
complex as precatalyst. This approach opens new perspectives in this area as it enables the synthesis 
of unsymmetric tertiary amines from readily available substrates and ethanol as a C2 building block. A 

variety of imines bearing electron‐rich aryl or alkyl groups at the nitrogen atom could be efficiently 
reductively alkylated without the need for molecular hydrogen. The mechanism of this reaction, which 
shows complete selectivity for ethanol over other alcohols, has been studied experimentally and by 
means of DFT computations. 

 

 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201711463
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201800328
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Sulfonamidation of Aryl and Heteroaryl Halides through Photosensitized Nickel Catalysis 

Taehoon Kim Stefan J. McCarver Prof. Dr. Chulbom Lee Prof. Dr. David W. C. MacMillan 

Angew. Chem. Int. Ed. 2018, 57(13), 3488-3492 

  

Abstract 
 

Herein we report a highly efficient method for nickel‐catalyzed C−N bond formation between 
sulfonamides and aryl electrophiles. This technology provides generic access to a broad range of 

N‐aryl and N‐heteroaryl sulfonamide motifs, which are widely represented in drug discovery. Initial 
mechanistic studies suggest an energy‐transfer mechanism wherein C−N bond reductive elimination 

occurs from a triplet excited Ni
II
complex. Late‐stage sulfonamidation in the synthesis of a 

pharmacologically relevant structure is also demonstrated. 

 

 

From Anilines to Aryl Ethers: A Facile, Efficient, and Versatile Synthetic Method Employing 
Mild Conditions 

Dr. Dong‐Yu Wang Ze‐Kun Yang Prof. Dr. Chao Wang Prof. Dr. Ao Zhang Prof. Dr. Masanobu Uchiyama 

Angew. Chem. Int. Ed. 2018, 57(14), 3641-3645 

 

 
Abstract 
We have developed a simple and direct method for the synthesis of aryl ethers by reacting 
alcohols/phenols (ROH) with aryl ammonium salts (ArNMe3

+
), which are readily prepared from anilines 

(ArNR′2, R′=H or Me). This reaction proceeds smoothly and rapidly (within a few hours) at room 
temperature in the presence of a commercially available base, such as KO

t
Bu or KHMDS, and has a 

broad substrate scope with respect to both ROH and ArNR′2. It is scalable and compatible with a wide 
range of functional groups. 
 
 
  

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201800699
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201712618
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Palladium‐Catalyzed Reductive Insertion of Alcohols into Aryl Ether Bonds 

Meng Wang Dr. Oliver Y. Gutiérrez Dr. Donald M. Camaioni Prof. Dr. Johannes A. Lercher 

Angew. Chem. Int. Ed. 2018, 57(14), 3747-3751  

 
 
Abstract 

Palladium on carbon catalyzes C−O bond cleavage of aryl ethers (diphenyl ether and cyclohexyl 

phenyl ether) by alcohols (R−OH) in H2. The aromatic C−O bond is cleaved by reductive solvolysis, 

which is initiated by Pd‐catalyzed partial hydrogenation of one phenyl ring to form an enol ether. The 

enol ether reacts rapidly with alcohols to form a ketal, which generates 1‐cyclohexenyl−O−R by 

eliminating phenol or an alkanol. Subsequent hydrogenation leads to cyclohexyl−O−R. 

 

Palladium‐Catalyzed Formal Cross‐Coupling of Diaryl Ethers with Amines: Slicing the 4‐O
‐5 Linkage in Lignin Models 

Prof. Dr. Huiying Zeng Dawei Cao Zihang Qiu Prof. Dr. Chao‐Jun Li 

Angew. Chem. Int. Ed. 2018, 57(14), 3752-3757 

 

Abstract 

Lignin is the second most abundant organic matter on Earth, and is an underutilized renewable source 

for valuable aromatic chemicals. For future sustainable production of aromatic compounds, it is highly 

desirable to convert lignin into value‐added platform chemicals instead of using fossil‐based 

resources. Lignins are aromatic polymers linked by three types of ether bonds (α‐O‐4, β‐O‐4, and 

4‐O‐5 linkages) and other C−C bonds. Among the ether bonds, the bond dissociation energy of the 

4‐O‐5 linkage is the highest and the most challenging to cleave. To date, 4‐O‐5 ether linkage model 

compounds have been cleaved to obtain phenol, cyclohexane, cyclohexanone, and cyclohexanol. The 

first example of direct formal cross‐coupling of diaryl ether 4‐O‐5 linkage models with amines is 

reported, in which dual C(Ar)−O bond cleavages form valuable nitrogen‐containing derivatives. 

 

 

 

 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201709445
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201712211


Joseph Samec Research Group Digest          

 

 

Dual Brønsted‐acid Organocatalysis: Cooperative Asymmetric Catalysis with Combined 
Phosphoric and Carboxylic Acids 

Dr. Raja Mitra Dr. Jochen Niemeyer 

ChemCatChem 2018, 10(6), 1221-1234 

 

Abstract 

How can an assisting Brønsted‐acid be beneficial in asymmetric Brønsted‐acid catalysis? In this 
Minireview, we discuss selected examples of chiral organocatalysts that feature two acidic groups 
working cooperatively by virtue of intra‐ or intermolecular hydrogen‐bonding. In these systems, the 
assisting Brønsted‐acid can play different roles, ranging from simple hydrogen‐bond donation, to 
substrate‐binding or even as a nucleophilic reaction partner. By analysis of combined experimental, 
structural and theoretical data, we aim at developing a better understanding of the reaction 
mechanisms, which are largely influenced by the underlying intramolecular‐ and intermolecular 
catalyst‐substrate interactions. This may aid in the future development of more selective dual 
Brønsted‐acid organocatalysts for specific asymmetric transformations. 

 

Continuous‐Flow Palladium‐Catalyzed Synthesis of Cyclohexanones from Phenols using 
Sodium Formate as a Safe Hydrogen Source 

Federica Valentini Niccolò Santillo Dr. Chiara Petrucci Dr. Daniela Lanari Dr. Elena Petricci Prof. Dr. Maurizio Taddei Prof. Dr. 
Luigi Vaccaro 

ChemCatChem 2018, 10(6), 1277-1281 

 

 
Abstract 
 
We report a procedure for the continuous‐flow production of cyclohexanone from phenol on the basis 
of the use of sodium formate as a biomass‐derived source of hydrogen and Pd/C as an easily 
accessible catalyst system. The reaction worked in water at pH 12.0 at 90 °C. By setting a packed 
reactor charged with the Pd/C catalyst (10 wt %) at a flow rate of 0.5 mL min−1, we achieved 
continuous‐flow production of cyclohexanone in high yield with high selectivity and productivity. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201701698
https://onlinelibrary.wiley.com/doi/abs/10.1002/cctc.201701922
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Ligand-Controlled Regioselective Hydrocarboxylation of Styrenes with CO2 by Combining 
Visible Light and Nickel Catalysis 

Qing-Yuan Meng, Shun Wang, Gregory S. Huff, and Burkhard König* 

J. Am. Chem. Soc., 2018, 140 (9), pp 3198–3201 

 

The ligand-controlled Markovnikov and anti-Markovnikov hydrocarboxylation of styrenes with 
atmospheric pressure of CO2 at room temperature using dual visible-light-nickel catalysis has 
been developed. In the presence of neocuproine as ligand, the Markovnikov product is obtained 
exclusively, while employing 1,4-bis(diphenylphosphino)butane (dppb) as the ligand favors the 
formation of the anti-Markovnikov product. A range of functional groups and electron-poor, -
neutral, as well as electron-rich styrene derivatives are tolerated by the reaction, providing the 
desired products in moderate to good yields. Preliminary mechanistic investigations indicate the 
generation of a nickel hydride (H-NiII) intermediate, which subsequently adds irreversibly to 
styrenes. 

Ligand-Controlled Chemoselective C(acyl)–O Bond vs C(aryl)–C Bond Activation of Aromatic 
Esters in Nickel Catalyzed C(sp2)–C(sp3) Cross-Couplings 

Adisak Chatupheeraphat, Hsuan-Hung Liao, Watchara Srimontree Lin Guo, Yury Minenkov, Albert Poater, Luigi Cavallo, and 

Magnus Rueping 

J. Am. Chem. Soc., 2018, 140 (10), pp 3724–3735 

 

A ligand-controlled and site-selective nickel catalyzed Suzuki–Miyaura cross-coupling reaction with 
aromatic esters and alkyl organoboron reagents as coupling partners was developed. This 
methodology provides a facile route for C(sp2)–C(sp3) bond formation in a straightforward fashion by 
successful suppression of the undesired β-hydride elimination process. By simply switching the 
phosphorus ligand, the ester substrates are converted into the alkylated arenes and ketone products, 
respectively. The utility of this newly developed protocol was demonstrated by its wide substrate scope, 
broad functional group tolerance and application in the synthesis of key intermediates for the synthesis 
of bioactive compounds. DFT studies on the oxidative addition step helped rationalizing this intriguing 
reaction chemoselectivity: whereas nickel complexes with bidentate ligands favor the C(aryl)–C bond 
cleavage in the oxidative addition step leading to the alkylated product via a decarbonylative process, 
nickel complexes with monodentate phosphorus ligands favor activation of the C(acyl)–O bond, which 
later generates the ketone product. 
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Tunable Thermosetting Epoxies Based on Fractionated and Well-Characterized Lignins 

Claudio Gioia , Giada Lo Re  Martin Lawoko, Lars Berglund 

J. Am. Chem. Soc., 2018, 140 (11), pp 4054–4061 

 

Here we report the synthesis of thermosetting resins from low molar mass Kraft lignin fractions of high 
functionality, refined by solvent extraction. Such fractions were fully characterized by 31P NMR, 2D-
HSQC NMR, SEC, and DSC in order to obtain a detailed description of the structures. Reactive 
oxirane moieties were introduced on the lignin backbone under mild reaction conditions and quantified 
by simple 1H NMR analysis. The modified fractions were chemically cross-linked with a flexible 
polyether diamine (Mn ≈ 2000), in order to obtain epoxy thermosets. Epoxies from different lignin 
fractions, studied by DSC, DMA, tensile tests, and SEM, demonstrated substantial differences in terms 
of thermo-mechanical properties. For the first time, strong relationships between lignin structures and 
epoxy properties could be demonstrated. The suggested approach provides unprecedented 
possibilities to tune network structure and properties of thermosets based on real lignin fractions, 
rather than model compounds. 

Transfer Hydrogenation of Alkenes Using Ethanol Catalyzed by a NCP Pincer Iridium Complex: 
Scope and Mechanism 

Yulei Wang, Zhidao Huang, Xuebing Leng, Huping Zhu, Guixia Liu, and Zheng Huang 

J. Am. Chem. Soc., 2018, 140 (12), pp 4417–4429 

 

The first general catalytic approach to effecting transfer hydrogenation (TH) of unactivated alkenes 
using ethanol as the hydrogen source is described. A new NCP-type pincer iridium complex (BQ-
NCOP)IrHCl containing a rigid benzoquinoline backbone has been developed for efficient, mild TH of 
unactivated C–C multiple bonds with ethanol, forming ethyl acetate as the sole byproduct. A wide 
variety of alkenes, including multisubstituted alkyl alkenes, aryl alkenes, and heteroatom-substituted 
alkenes, as well as O- or N-containing heteroarenes and internal alkynes, are suitable substrates. 
Importantly, the (BQ-NCOP)Ir/EtOH system exhibits high chemoselectivity for alkene hydrogenation in 
the presence of reactive functional groups, such as ketones and carboxylic acids. Furthermore, the 
reaction with C2D5OD provides a convenient route to deuterium-labeled compounds. Detailed kinetic 
and mechanistic studies have revealed that monosubstituted alkenes (e.g., 1-octene, styrene) and 
multisubstituted alkenes (e.g., cyclooctene (COE)) exhibit fundamental mechanistic difference. The 
OH group of ethanol displays a normal kinetic isotope effect (KIE) in the reaction of styrene, but a 
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substantial inverse KIE in the case of COE. The catalysis of styrene or 1-octene with relatively strong 
binding affinity to the Ir(I) center has (BQ-NCOP)IrI(alkene) adduct as an off-cycle catalyst resting 
state, and the rate law shows a positive order in EtOH, inverse first-order in styrene, and first-order in 
the catalyst. In contrast, the catalysis of COE has an off-cycle catalyst resting state of (BQ-
NCOP)IrIII(H)[O(Et)···HO(Et)···HOEt] that features a six-membered iridacycle consisting of two 
hydrogen-bonds between one EtO ligand and two EtOH molecules, one of which is coordinated to the 
Ir(III) center. The rate law shows a negative order in EtOH, zeroth-order in COE, and first-order in the 
catalyst. The observed inverse KIE corresponds to an inverse equilibrium isotope effect for the pre-
equilibrium formation of (BQ-NCOP)IrIII(H)(OEt) from the catalyst resting state via ethanol dissociation. 
Regardless of the substrate, ethanol dehydrogenation is the slow segment of the catalytic cycle, while 
alkene hydrogenation occurs readily following the rate-determining step, that is, β-hydride elimination 
of (BQ-NCOP)Ir(H)(OEt) to form (BQ-NCOP)Ir(H)2 and acetaldehyde. The latter is effectively 
converted to innocent ethyl acetate under the catalytic conditions, thus avoiding the catalyst poisoning 
via iridium-mediated decarbonylation of acetaldehyde. 

Sustainable Productions of Organic Acids and Their Derivatives from Biomass via Selective 
Oxidative Cleavage of C–C Bond 

Min Wang , Jiping Ma, Huifang Liu , Nengchao Luo , Zhitong Zhao, and Feng Wang* 

ACS Catal., 2018, 8 (3), pp 2129–2165 

 

Biomass is renewable and the most abundant carbon resource, and it shows great potential for 
sustainable production of chemicals in the future. With respect to limited fossil reserves, biomass 
conversion has aroused global attention. The use of biomass as a resource has developed 
rapidly in recent years, and various kinds of chemicals could be produced from biomass. 
Although biomass is annually renewable and abundant, it is important to process it in the most 
efficient way. Before rushing into biomass conversion, it is necessary to consider what chemicals 
are reasonably and economically produced from biomass. In this Review, we first analyzed the 
products from biomass based on the structural properties and economics. Taking into account the 
oxygen-rich character of the feedstock, it is a reasonable route to convert the biomass into 
valuable oxygen-containing fine chemicals, among which organic acids are one class of important 
and widely used fine chemicals. Then, we provided insights into the recent progress in the 
oxidative cleavage of biomass into organic acids and their derivatives, such as esters and 
anhydrides. The biomass resources cover the lignocellulose biomass, sugars, chitin, platform 
molecules, and fats. As biomass resources are generally polymers and the C–C bond is the 
backbone, the oxidative cleavage of C–C bond can break up the biomass to small molecules and 
introduce acid functionality at the same time. This Review particularly focuses on the generation 
of acids via a C–C bond-oxidative-cleavage process. Various methods, catalytic systems, and C–
C bond-cleavage mechanisms are summarized. Finally, we conclude with mentioning the 
challenges in the oxidative conversion of biomass and the possible research direction in this area. 
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Direct Catalytic Conversion of Biomass-Derived Furan and Ethanol to Ethylbenzene 

Ivo F. Teixeira†, Benedict T. W. Lo†, Pavlo Kostetskyy, Lin Ye, Chiu C. Tang, Giannis Mpourmpakis, and Shik Chi Edman 

Tsang 

ACS Catal., 2018, 8 (3), pp 1843–1850 

 

Herein, we report a synthetic strategy to convert biomass-derived unsubstituted furan to aromatics at 
high selectivity, especially to ethylbenzene via alkylation/Diels–Alder cycloaddition using ethanol, while 
greatly reducing the formation of the main side product, benzofuran, over zeolite catalysts. Using 
synchrotron X-ray powder diffraction and first-principles calculations, it is shown that the above 
methodology favors the formation of aromatic products due to ready alkylation of furan by the first 
ethanol molecule, followed by Diels–Alder cycloaddition with ethylene derived from the second ethanol 
molecule on a Brønsted acid site in a one-pot synthesis. This gives a double-promoting effect: an alkyl 
substituent(s) on furan creates steric hindrance to inhibit self-coupling to benzofuran while an alkylated 
furan (diene) undergoes a Diels–Alder reaction more favorably due to higher HOMO energy. 

Mechanistic Effects of Water on the Fe-Catalyzed Hydrodeoxygenation of Phenol. The Role of 
Brønsted Acid Sites 

Alyssa J. R. Hensley, Yong Wang, Donghai Mei, and Jean-Sabin McEwen 

ACS Catal., 2018, 8 (3), pp 2200–2208 

 

A mechanistic understanding of the roles of water is essential for developing highly active and 
selective catalysts for hydrodeoxygenation (HDO) reactions because water is ubiquitous in such 
reaction systems. Here we present a study for phenol HDO on Fe catalysts using density functional 
theory which examines the effect of water on three elementary pathways for phenol HDO using an 
explicit solvation model. The presence of water is found to significantly decrease activation barriers 
required by hydrogenation reactions via two pathways. First, proton transfer in the hydrogen bonding 
network of the liquid water phase is nearly barrierless, which significantly promotes the direct 
tautomerization of phenol. Second, due to the high degree of oxophilicity on Fe, liquid water molecules 
are found to be easily dissociated into surface hydroxyl groups that can act as Brønsted acid sites. 
These sites dramatically promote hydrogenation reactions on the Fe surface. As a result, hydrogen-
assisted dehydroxylation becomes the dominant phenol HDO pathway. This work provides 
fundamental insights into aqueous phase HDO of biomass-derived oxygenates over Fe-based 
catalysts; e.g., the activity of Fe-based catalysts can be optimized by tuning the surface coverage of 
Brønsted acid sites via surface doping. 
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Evaluating differences in the active-site electronics of supported Au nanoparticle catalysts using 

Hammett and DFT studies 

Gaurav Kumar, Luke Tibbitts, Jaclyn Newell, Basu Panthi, Ahana Mukhopadhyay, Robert M. Rioux, Christopher J. Pursell, 

Michael Janik & Bert D. Chandler 

Nature Chemistry, 2018, 10, 268. 

 

Abstract 
Supported metal catalysts, which are composed of metal nanoparticles dispersed on metal oxides 
or other high-surface-area materials, are ubiquitous in industrially catalysed reactions. Identifying 
and characterizing the catalytic active sites on these materials still remains a substantial challenge, 
even though it is required to guide rational design of practical heterogeneous catalysts. Metal–
support interactions have an enormous impact on the chemistry of the catalytic active site and can 
determine the optimum support for a reaction; however, few direct probes of these interactions are 
available. Here we show how benzyl alcohol oxidation Hammett studies can be used to 
characterize differences in the catalytic activity of Au nanoparticles hosted on various metal-oxide 
supports. We combine reactivity analysis with density functional theory calculations to demonstrate 
that the slope of experimental Hammett plots is affected by electron donation from the underlying 
oxide support to the Au particles. 
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Pt/Cu single-atom alloys as coke-resistant catalysts for efficient C–H activation 

Matthew D. Marcinkowski, Matthew T. Darby, Jilei Liu, Joshua M. Wimble, Felicia R. Lucci, Sungsik Lee, Angelos Michaelides, 

Maria Flytzani-Stephanopoulos, Michail Stamatakis & E. Charles H. Sykes 

Nature Chemistry, 2018, 10, 325. 

 

 
Abstract 
The recent availability of shale gas has led to a renewed interest in C–H bond activation as the first 
step towards the synthesis of fuels and fine chemicals. Heterogeneous catalysts based on Ni and 
Pt can perform this chemistry, but deactivate easily due to coke formation. Cu-based catalysts are 
not practical due to high C–H activation barriers, but their weaker binding to adsorbates offers 
resilience to coking. Using Pt/Cu single-atom alloys (SAAs), we examine C–H activation in a 
number of systems including methyl groups, methane and butane using a combination of 
simulations, surface science and catalysis studies. We find that Pt/Cu SAAs activate C–H bonds 
more efficiently than Cu, are stable for days under realistic operating conditions, and avoid the 
problem of coking typically encountered with Pt. Pt/Cu SAAs therefore offer a new approach to 
coke-resistant C–H activation chemistry, with the added economic benefit that the precious metal is 
diluted at the atomic limit. 
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Palladium-catalysed anti-Markovnikov selective oxidative amination 

Daniel G. Kohler, Samuel N. Gockel, Jennifer L. Kennemur, Peter J. Waller & Kami L. Hull 

Nature Chemistry, 2018, 10, 333.  

 

Abstract 
In recent years, the synthesis of amines and other nitrogen-containing motifs has been a major 
area of research in organic chemistry because they are widely represented in biologically active 
molecules. Current strategies rely on a multistep approach and require one reactant to be activated 
prior to the carbon–nitrogen bond formation. This leads to a reaction inefficiency and functional 
group intolerance. As such, a general approach to the synthesis of nitrogen-containing compounds 
from readily available and benign starting materials is highly desirable. Here we present a 
palladium-catalysed oxidative amination reaction in which the addition of the nitrogen occurs at the 
less-substituted carbon of a double bond, in what is known as anti-Markovnikov selectivity. Alkenes 
are shown to react with imides in the presence of a palladate catalyst to generate the terminal 
imide through trans-aminopalladation. Subsequently, olefin isomerization occurs to afford the 
thermodynamically favoured products. Both the scope of the transformation and mechanistic 
investigations are reported. 
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Asymmetric transfer hydrogenation by synthetic catalysts in cancer cells 

James P. C. Coverdale, Isolda Romero-Canelón, Carlos Sanchez-Cano, Guy J. Clarkson, Abraha Habtemariam, Martin Wills & 

Peter J. Sadler 

Nature Chemistry, 2018, 10, 347. 

 

Abstract 
Catalytic anticancer metallodrugs active at low doses could minimize side-effects, introduce novel 
mechanisms of action that combat resistance and widen the spectrum of anticancer-drug activity. 
Here we use highly stable chiral half-sandwich organometallic Os(II) arene sulfonyl diamine 
complexes, [Os(arene)(TsDPEN)] (TsDPEN, N-(p-toluenesulfonyl)-1,2-diphenylethylenediamine), 
to achieve a highly enantioselective reduction of pyruvate, a key intermediate in metabolic 
pathways. Reduction is shown both in aqueous model systems and in human cancer cells, with 
non-toxic concentrations of sodium formate used as a hydride source. The catalytic mechanism 
generates selectivity towards ovarian cancer cells versus non-cancerous fibroblasts (both ovarian 
and lung), which are commonly used as models of healthy proliferating cells. The formate 
precursor N-formylmethionine was explored as an alternative to formate in PC3 prostate cancer 
cells, which are known to overexpress a deformylase enzyme. Transfer-hydrogenation catalysts 
that generate reductive stress in cancer cells offer a new approach to cancer therapy. 
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Catalytic vinylogous cross-coupling reactions of rhenium vinylcarbenoids  

J. Chen, J. Wu 

Chemical Science 2018, 9, 2489. 

   

Abstract 

We report the first example of the rhenium-catalyzed allylation reaction of indolyl compounds by means 
of cross-coupling with propargyl ethers as non-obvious allylating reagents. Data from isotope-labeling 
and kinetic isotopic studies are consistent with a mechanism that proceeds by vinylidene formation as 
the rate determining step, followed by 1,5-hydride shift to generate a key rhenium vinylcarbenoid 
complex. Bond formation occurs at the vinylogous site and the reaction is conveniently carried out in air. 

 

Nickel-catalyzed enantioselective allylic alkylation of lactones and lactams with unactivated 
allylic alcohols  

A. Ngamnithiporn, C. I. Jette, S. Bachman, S. C. Virgil, B. M. Stoltz 

Chemical Science 2018, 9, 2547. 

   

Abstract 

The first nickel-catalyzed enantioselective allylic alkylation of lactone and lactam substrates to deliver 
products bearing an all-carbon quaternary stereocenter is reported. The reaction, which utilizes a 
commercially available chiral bisphosphine ligand, proceeds in good yield with a high level of 
enantioselectivity (up to 90% ee) on a range of unactivated allylic alcohols for both lactone and lactam 
nucleophiles. The utility of this method is further highlighted via a number of synthetically useful product 
transformations. 
 

 

 

 

http://pubs.rsc.org/en/Content/ArticleLanding/2018/SC/C7SC05477G#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2018/SC/C7SC05477G#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2018/SC/C7SC05216B#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2018/SC/C7SC05216B#!divAbstract
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Two-photon fluorescent polysiloxane-based films with thermally responsive self switching 
properties achieved by a unique reversible spirocyclization mechanism 

Y. Zuo, T. Yang, Y. Zhang, Z. Gou, M. Tian, X. Kong, W. Lin 

Chemical Science 2018, 9, 2774. 

   

Abstract 

Responsiveness and reversibility are present in nature, and are ubiquitous in biological systems. The 
realization of reversibility and responsiveness is of great importance in the development of properties 
and the design of new materials. However, two-photon fluorescent thermal-responsive materials have 
not been reported to date. Herein, we engineered thermally responsive polysiloxane materials (Dns-
non) that exhibited unique two-photon luminescence, and this is the first report about thermally 
responsive luminescent materials with two-photon fluorescence. The fluorescence of Dns-non could 
switch from the “on” to “off” state through a facile heating and cooling process, which could be observed 
by the naked eye. Monitoring the temperature of the CPU in situ was achieved by easily coating D1-non 
onto the CPU surface, which verified the potential application in devices of Dns-non. A unique alkaline 
tuned reversible transition mechanism of rhodamine-B from its spirocyclic to its ring-open state was 
proposed. Furthermore, Dns-non appeared to be a useful cell adhesive for the culture of cells on the 
surface. We believe that the constructed thermally responsive silicon films which have promising 
utilization as a new type of functional fluorescent material, may show broad applications in materials 
chemistry or bioscience. 
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Generalised Marcus theory for multi-molecular delocalised charge transfer 

N. B. Taylor, I. Kassal 

Chemical Science 2018, 9, 2942. 

    

Abstract 

Although Marcus theory is widely used to describe charge transfer in molecular systems, in its usual 
form it is restricted to transfer from one molecule to another. If a charge is delocalised across multiple 
donor molecules, this approach requires us to treat the entire donor aggregate as a unified 
supermolecule, leading to potentially expensive quantum-chemical calculations and making it more 
difficult to understand how the aggregate components contribute to the overall transfer. Here, we show 
that it is possible to describe charge transfer between groups of molecules in terms of the properties of 
the constituent molecules and couplings between them, obviating the need for expensive 
supermolecular calculations. We use the resulting theory to show that charge delocalisation between 
molecules in either the donor or acceptor aggregates can enhance the rate of charge transfer through 
a process we call supertransfer (or suppress it through subtransfer). The rate can also be enhanced 
above what is possible with a single donor and a single acceptor by judiciously tuning energy levels and 
reorganisation energies. We also describe bridge-mediated charge transfer between delocalised 
molecular aggregates. The equations of generalised Marcus theory are in closed form, providing 
qualitative insight into the impact of delocalisation on charge dynamics in molecular systems. 
 
Mechanochemistry as an emerging tool for molecular synthesis: what can it offer? 

J. L. Howard, Q. Cao, D. L. Browne 

Chemical Science 2018, 9, 3080. 

   

Abstract 

Mechanochemistry is becoming more widespread as a technique for molecular synthesis with new 
mechanochemical reactions being discovered at increasing frequency. Whilst mechanochemical 
methods are solvent free and can therefore lead to improved sustainability metrics, it is more likely that 
the significant differences between reaction outcomes, reaction selectivities and reduced reaction times 
will make it a technique of interest to synthetic chemists. Herein, we provide an overview of 
mechanochemistry reaction examples, with ‘direct’ comparators to solvent based reactions, which 
collectively seemingly show that solid state grinding can lead to reduced reaction times, different 
reaction outcomes in product selectivity and in some instances different reaction products, including 
products not accessible in solution. 
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Biodegradable PHB from rac-β‑Butyrolactone: Highly Controlled ROP Mediated by a 
Pentacoordinated Aluminum Complex 

F. M. García-Valle, V. Tabernero, T. Cuenca, M. E. G. Mosquera, J. Cano, S. Milione 

Organometallics 2018, 37, 837. 

    

Abstract 

The diphenoxyimine five-coordinated aluminum complex [AlMeL2] (1), (L = N-(2,6-
diisopropylphenyl)phenoxyimine), has been synthesized and fully characterized. The mononuclear 
structure observed in the solid state by X-ray diffraction analysis is maintained in solution, as shown by 
diffusion-ordered NMR spectroscopy (DOSY). Complex 1 is an active ROP catalyst able to provide well-
controlled living ring-opening polymerization of rac-BBL at 100 °C, with PDI = 1.03, in the presence of 
BnOH to give the biodegrable polyester poly(hydroxybutyrate) (PHB). The suggested active species of 
this catalytic process, the aluminum complex [Al(OBn)L2] (2), has been synthesized and fully 
characterized. DFT calculations have been carried out to study the influence of the catalytic active 
species pocket over the polymer molecular weight control. Moreover, 1 is also active in the 
copolymerization of rac-β-butyrolactone and l-lactide to provide random copolymers. 
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Structural analysis of humins formed in the Brønsted acid catalyzed dehydration of fructose 

Ziwei Cheng, Jeffrey L. Everhart, George Tsilomelekis, Vladimiros Nikolakis, Basudeb Saha and Dionisios G. Vlachos 

Green Chem., 2018,20, 997-1006 

 

Abstract 
 
 
We use infrared (IR) spectroscopy, gel permeation chromatography (GPC), and liquid chromatography-
mass spectrometry (LC-MS) in multistage dissolution experiments in various solvents to investigate the 
solubility and molecular structure of humins formed during fructose dehydration. We demonstrate that 
the soluble fraction of humins correlates positively with the donor number of solvents resulting in 
significant dissolution at room temperature in solvents with high donor number. Most of the solubilized 
humins fragments have relatively low molecular weight (Mw), and the same species are present in 
different quantities as the residual solid is repeatedly dissolved in the same solvent. In contrast to the 
common belief of humins consisting of polymers of large Mw, we postulate for the first time that they are 
spatially and chemically heterogeneous and consist of insoluble macromolecules and small soluble 
species that are weakly associated within the structure. The solubility profiles of dissolved species in 
acetonitrile and methanol are different in terms of Mw but possess similar IR spectra, indicative of similar 
functional groups in dissolved species. Furthermore, we hypothesize that the identified humins 
fragments form through aldol condensation between 5-hydroxymethylfurfural and its hydrated products 
and through condensation of furanic species. 
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Promising bulk production of a potentially benign bisphenol A replacement from a hardwood 
lignin platform 
 
S.-F. Koelewijn, C. Cooreman, T. Renders, C. Andecochea Saiz, S. Van den Bosch, W. Schutyser, W. De Leger, M. Smet, 
P. Van Puyvelde, H. Witters, B. Van der Bruggen and B. F. Sels 
 
Green Chem., 2018,20, 1050-1058 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
A full lignin-to-chemicals valorisation chain – from hardwood over bissyringols to aromatic polyesters 
(APEs) – is established for renewable 4-n-propylsyringol (PS), the main product from catalytic 
hydrogenolysis of (native) hardwood lignin. To do so, reagent-grade PS was produced from birch wood 
via reductive catalytic fractionation (RCF) and isolated in 34 wt% yield on lignin basis. Additional early-
stage theoretical calculations, based on both relative volatility (α) and distillation resistance (Ω) as well 

as Aspen Plus® simulations, predict that the isolation of PS by means of distillation is economically 
feasible at industrial scales ($85–95 per ton of propylphenolics at 200–400 kt a−1 scale). Subsequent 

stoichiometric acid-catalysed condensation with formaldehyde unveils a remarkably high 92 wt% 
selectivity towards the dimer 3,3’- methylenebis(4-n-propylsyringol) (m,m’-BSF-4P), which is isolated in 
>99% purity by facile single-step crystallisation. The striking dimer selectivity is ascribed to the 
synergetic interplay between the activating methoxy groups and the oligomerisation-inhibiting propyl 
chain. Next, an in vitro human oestrogen receptor α (hERα) assay was performed to ensure safe(r) 

chemical design. The bissyringyl scaffold displays reduced potency (∼19–45-times lower affinity than 
bisphenol A) and lower efficacy (∼36–45% of BPA’s maximum activity). Lastly, to assess the 
functionality of the safe(r) bissyringol scaffold, it was converted into an APE. The APE displays a Mw = 
43.0 kDa, Mn = 24.4 kDa, Tg = 157 °C and Td,5% = 345 °C. In short, (i) the feasibility and scalability of 
the feedstock, (ii) the simplified process conditions, (iii) the reduced in vitro oestrogenicity, and (iv) the 
functionality towards polymerisation, make this bissyringol a renewable and potentially benign bisphenol 
replacement, capable for production at bulk scale. 
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Renewable thermoset polymers based on lignin and carbohydrate derived monomers 

Yuan Jiang, Duanchen Ding, Shou Zhao, Hanyu Zhu, Hilkka I. Kenttämaa and Mahdi M. Abu-Omar 

Green Chem., 2018,20, 1131-1138 

 

Abstract 
 
 
With limited current biomass utilization as a renewable resource, it is important to develop a method to convert 
biomass into materials to replace fossil fuel products. In this article, lignin and carbohydrate derived monomers, 
including 4-methylcatechol, 5-hydroxymethylfurfural (HMF), and furfural, were used to prepare bisphenol–
furan type polyphenols. Epoxy networks were synthesized from different polyphenol 
monomers via glycidylation and curing steps under identical reaction conditions. The structures of bisphenol–
furan trinuclear compounds, epoxide precursors, and cured epoxy polymer networks were characterized by 
nuclear magnetic resonance spectroscopy (NMR), Fourier transform infrared spectroscopy (FTIR) and high 
resolution mass spectrometry (MS). Differential scanning calorimetry (DSC), thermogravimetric analysis 
(TGA), and dynamic mechanical analysis (DMA) were conducted to test the thermo-mechanical properties of 
the resulting networks. These polymer materials exhibited an excellent glassy modulus (9.6 GPa), glass 
transition temperature (Tg) (110 °C), and thermal stability. The density and water absorption of the materials 
were measured. This work provides synthesis routes to highly bio-based epoxy thermosets, which paves the 
way towards preparing moldable polymers from wood via biorefinery products. 
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Photocatalytic conversion of biomass into valuable products: a meaningful approach? 
 L. I. Granone, F. Sieland, N. Zheng, R. Dillert and D. W. Bahnemann 

 

Green Chem., 2018,20, 1169-1192 

 
Abstract 
 
The innovative combination of photocatalysis and biomass utilization represents a new and promising 
approach to achieve a higher grade of sustainability in chemical processes. A growing number of publications 
deal with topics like biomass conversion to solar fuels and the selective production of fine chemicals from 
waste. Despite the recalcitrant structure of several biological waste streams, which hampers the technical 
processing, huge progress has been achieved by the use of photocatalytic systems. This review analyzes 
recent examples of this promising field and investigates their potential for large-scale applications. Overall, the 
major critic is the lack of mechanistic investigations hampering the development of photocatalytic systems for 
biomass conversion. Therefore, this review represents a guideline, emphasizing the strategy and mechanistic 
considerations for the technical application of sustainable photocatalytic and photochemical reactions. 
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PQS-enabled visible-light iridium photoredox catalysis in water at room temperature 
Mei-jie Bu, Chun Cai, Fabrice Gallou and Bruce H. Lipshutz 

Green Chem., 2018,20, 1233-1237 
 

 
 

 

Abstract 
 
 
An amphoteric PQS-attached photocatalyst has been prepared that undergoes self-aggregation in water into 
nanomicelles. This covalently bound species enables Ir-based photoredox catalysis to be conducted in the 
absence of additives or co-solvents. Representative reactions are described using this new catalytic system, 
which require no additional investment of external energy in the form of heating or cooling. The entire aqueous 
reaction mixture readily undergoes in-flask recycling and thus, represents a sustainable precious metal 
technology. 
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Facile and high-yield synthesis of methyl levulinate from cellulose 
Yao-Bing Huang, Tao Yang, Yu-Ting Lin, Ying-Zhi Zhu, Li-Cheng Li and Hui Pan 

Green Chem., 2018,20, 1323-1334 

 

 

Abstract 
 
Efficient production of chemicals from cellulose provides sustainable routes for the utilization of natural 
renewable resources to meet the requirements of human society. Herein, we reported a highly efficient and 
simple metal salt catalyst, Al2(SO4)3, for cellulose conversion to methyl levulinate (ML) under microwave 
conditions. A highest ML yield of 70.6% was obtained at 180 °C within a very short time of 40 min. The 
introduction of water could reduce humin/coke formation and solvent consumption, and could also switch the 
reaction pathway via the more reactive intermediate glucose. Kinetic and mechanistic studies of the 
subreactions showed that both cellulose hydrolysis and alcoholysis pathways were involved in the cellulose 
conversion to ML, with the former as the main route in the presence of water. The Lewis acid species 
[Al(OH)x(H2O)y]n+ and the Brønsted acid species H+, generated by in situ hydrolysis of Al2(SO4)3, were 
responsible for the reaction conversions. The reaction with microwave heating showed accelerated reaction 
rates of 25 times the reaction with conventional oil heating, and even more times for the rates of glucose and 
methyl glucoside (MG) dehydration, resulting in higher reaction selectivity toward ML production. The catalyst 
was also successfully recycled and applied to the conversion of cellulose to other alkyl levulinates, as well as 
the conversion of raw biomass to ML with high yields. The homogeneous nature of Al2(SO4)3, together with its 
high efficiency and excellent recyclability, make it a potential catalyst for the large-scale production of ML in 
industry. 
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Covalent triazine framework catalytic oxidative cleavage of lignin models and organosolv lignin 
Li Zhao, Song Shi, Meng Liu, Guozhi Zhu, Min Wang, Wenqiang Du, Jin Gao and Jie Xu 

Green Chem., 2018,20, 1270-1279 

 

Abstract 

 
Covalent triazine frameworks (CTFs) were reported to be effective in the oxidative cleavage of the lignin model 
compound 2-phenoxyacetophenone, as metal-free catalysts with O2, producing phenol, benzoic acid, methyl 
benzoate and methyl benzoylformate as the major products. Combining the detailed characterizations with 
the reaction results, the triazine structure with unique properties of CTFs contributes to their superior catalytic 
performance. Mechanism investigation, including isotope-labeling, radical trapping and intermediate 
verification experiments, was carried out. CTFs promoted the decomposition of peroxide and cleavage of both 
the C–C bond and C–O bond occurred. The catalyst was reusable and very stable under the present reaction 
conditions. When CTFs were applied to the catalytic oxidative cleavage of organosolv lignin, nearly 80% of β-
O-4 ketone bonds of the oxidized lignin were converted, suggesting the potential of CTFs in lignin 
depolymerization. 
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Lignocellulose Liquefaction to Biocrude: A Tutorial Review 

Jean‐Paul Lange 

ChemSusChem Volume 11, Issue 6 

 

Abstract 
 
After 40 years of research and development, liquefaction technologies are now being demonstrated at 
200–3000 tons per year scale to convert lignocellulosic biomass to biocrudes for use as heavy fuel or 
for upgrading to biofuels. This Review attempts to present the various facets of the liquefaction process 
in a tutorial manner. Emphasis is placed on liquefaction in high‐boiling solvents, with regular reference 
to liquefaction in subcritical water or other light‐boiling solvents. Reaction chemistry, solvent selection, 
role of optional catalyst as well as biocrude composition and properties are discussed in depth. 
Challenges in biomass feeding and options for biocrude–solvent separation are addressed. Process 
concepts are reviewed and demonstration/commercialization efforts are presented 
 
 
 

Transparent Wood Smart Windows: Polymer Electrochromic Devices Based on Poly(3,4‐
Ethylenedioxythiophene):Poly(Styrene Sulfonate) Electrodes 

Augustus W. Lang  Dr. Yuanyuan Li  Dr. Michel De Keersmaecker  Dr. D. Eric Shen Dr. Anna M. Österholm  Prof. Lars Berglund  
Prof. John R. Reynolds 

ChemSusChem Volume 11, Issue 5, 854-863 

 

Abstract 
Transparent wood composites, with their high strength and toughness, thermal insulation, and excellent 
transmissivity, offer a route to replace glass for diffusely transmitting windows. Here, conjugated‐
polymer‐based electrochromic devices (ECDs) that switch on‐demand are demonstrated using 
transparent wood coated with poly(3,4 ‐ ethylenedioxythiophene):poly(styrene sulfonate) 
(PEDOT:PSS) as a transparent conducting electrode. These ECDs exhibit a vibrant magenta‐to‐
clear color change that results from a remarkably colorless bleached state. Furthermore, they require 
low energy and power inputs of 3 mWh m−2 at 2 W m−2 to switch due to a high coloration efficiency 
(590 cm2 C−1) and low driving voltage (0.8 V). Each device component is processed with high‐
throughput methods, which highlights the opportunity to apply this approach to fabricate mechanically 
robust, energy‐efficient smart windows on a large scale. 
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Cobalt Nanoparticles Supported on Nitrogen‐Doped Carbon: An Effective Non‐Noble Metal 
Catalyst for the Upgrade of Biofuels 

Liang Jiang  Dr. Peng Zhou  Chanjuan Liao  Prof. Zehui Zhang  Shiwei Jin 

ChemSusChem Volume 11, Issue 5 

 

Abstract 
A new method has been developed for the deoxygenation of vanillin to produce 2‐methoxy‐4‐
methylphenol (MMP) as a promising liquid fuel over a heterogeneous non‐noble metal catalyst. Cobalt 
nanoparticles supported on nitrogen‐doped carbon (Co/N‐C‐600) exhibit high activity and stability 
for the deoxygenation of vanillin into MMP under mild conditions (150 °C, 10 bar H2). Nearly quantitative 
MMP yield is obtained in isopropanol after 8 h at 150 °C and 10 bar H2 pressure. According to the 
distribution of products with time, the deoxygenation of vanillin into MMP mainly proceeds through the 
hydrogenation of vanillin into vanillyl alcohol and the subsequent hydrogenolysis of vanillyl alcohol into 
MMP, of which the latter is the rate‐determining step, owing to a much higher activation energy. 
Moreover, after being recycled several times, the loss of catalytic activity is negligible, which 
demonstrates that the Co/N‐C‐600 catalyst shows good resistance to deactivation. 
 

Selective Cleavage of Lignin β-O-4 Aryl Ether Bond by β-Etherase of the White-Rot Fungus 
Dichomitus squalens 

Mila Marinović, Paula Nousiainen, Adiphol Dilokpimol, Jussi Kontro, Robin Moore, Jussi Sipilä, Ronald P. de Vries, Miia R. 

Mäkelä, and Kristiina Hildén 

ACS Sustainable Chemistry & Engineering 2018 6 (3), 2878-2882 

 

Abstract 
Production of value-added compounds from a renewable aromatic polymer, lignin, has proven to be 
challenging. Chemical procedures, involving harsh reaction conditions, are costly and often result in 
nonselective degradation of lignin linkages. Therefore, enzymatic catalysis with selective cleavage of 
lignin bonds provides a sustainable option for lignin valorization. In this study, we describe the first 
functionally characterized fungal intracellular β-etherase from the wood-degrading white-rot 
basidiomycete Dichomitus squalens. This enzyme, Ds-GST1, from the glutathione-S-transferase 
superfamily selectively cleaved the β-O-4 aryl ether bond of a dimeric lignin model compound in a 
glutathione-dependent reaction. Ds-GST1 also demonstrated activity on polymeric synthetic lignin 
fractions, shown by a decrease in molecular weight distribution of the laccase-oxidized guaiacyl 
dehydrogenation polymer. In addition to a possible role of Ds-GST1 in intracellular catabolism of lignin-
derived aromatic compounds, the cleavage of the most abundant linkages in lignin under mild reaction 
conditions makes this biocatalyst an attractive green alternative in biotechnological applications. 
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Green Preparation of Cellulose Nanocrystal and Its Application 

Xingya Kang, Shigenori Kuga, Chao Wang, Yang Zhao, Min Wu, and Yong Huang 

ACS Sustainable Chemistry & Engineering 2018 6 (3), 2954-2960 

 

Abstract 
A green method was used to prepare cellulose nanocrystals (CNCs) with no use of harsh chemicals or 
organic solvents. This method was simple via ball milling cellulose with water followed by centrifugation. 
The diameter and length of the CNCs were 3–10 nm and 120–400 nm, separately, with a aspect ratio 
of 20–60. The yield was about 20%. The thermal stability of the CNCs was the same as that of raw 
cellulose owing to lacking of chemical modification. So it was superior to CNCs prepared by acid 
hydrolysis. Then poly(vinyl alcohol) (PVA)/CNC composite film was made by solution casting. The 
results showed that the tensile strength of the composite film was 79% increased from neat PVA film 
when adding 5% CNCs to the PVA matrix. In addition, the composite films possessed good transparency 
and thermal stability. 
 

Catalytic Conversion of Organosolv Lignins to Phenolic Monomers in Different Organic 
Solvents and Effect of Operating Conditions on Yield with Methyl Isobutyl Ketone 

Wanwitoo Wanmolee, Navadol Laosiripojana, Pornlada Daorattanachai, Lalehvash Moghaddam, Jorge Rencoret, José C. del 
Río, and William O. S. Doherty 

ACS Sustainable Chemistry & Engineering 2018 6 (3), 3010-3018 

 

Abstract 
Catalytic depolymerization of organosolv lignin to phenolic monomers with zeolites was investigated 
under various operating conditions. H-USY (Si/Al molar ratio = 5) outperformed H-USY with Si/Al ratios 
of 50 and 250, H-BEA, H-ZSM5, and fumed SiO2 to produce the highest phenolic monomer yield from 
a commercial organosolv lignin in methanol at 300 °C for 1 h. It was then further investigated in the 
presence of acetone, ethyl acetate, methanol, and methyl isobutyl ketone (MIBK) on the 
depolymerization of organosolv bagasse lignin (BGL). The total highest phenolic monomer yield of 10.6 
wt % was achieved with MIBK at 350 °C for 1 h with a catalyst loading of 10 wt %. A final total phenolic 
monomer yield of 19.4 wt % was obtained with an initial H2 pressure of 2 MPa under similar processing 
conditions. The main phenolic monomers obtained are guaiacol (7.9 wt %), 4-ethylphenol (6.0 wt %), 
and phenol (3.4 wt %). The solvent properties were used to account for the differences in phenolic 
monomer yields obtained with different organic solvents. 
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Mechanochemical Oxidation and Cleavage of Lignin β-O-4 Model Compounds and Lignin 

Saumya Dabral, Hermann Wotruba, José G. Hernández, and Carsten Bolm 

ACS Sustainable Chemistry & Engineering 2018 6 (3), 3242-3254 

 

Abstract 
A mechanochemical oxidation and cleavage reaction in lignin β-O-4 model compounds and lignin 
catalyzed by HO–TEMPO/KBr/Oxone (TEMPO is 2,2,6,6-tetramethyl-1-piperidinyloxy) has been 
developed under milling conditions. The studies on nonphenolic lignin β-O-4 model compounds led to 
selective oxidations of the benzylic hydroxyl groups. Subjecting phenolic lignin model compounds to the 
oxidative conditions in a ball mill initiated aryl–Cα bond cleavage reactions leading to the formation of 
the corresponding quinones and phenol derivatives. Transferring the mechanochemical protocol to 
lignin resulted in the simultaneous oxidation and cleavage of bonds with varied selectivity for monomeric 
products. Finally, a scale-up approach of the oxidative procedure by using vibrating disc mill technology 
enabled the mechanochemical protocol to be applied in gram-scale batch reactions under reduced 
milling time, while affording a similar extent of oxidation. 
 
 
 

https://pubs.acs.org/doi/10.1021/acssuschemeng.7b03418


Joseph Samec Research Group Digest    

 
 

Palladium-catalyzed site-selective arylation of aliphatic ketones enabled by a transient ligand  

Lei Pan, Ke Yang, Guigen Li and Haibo Ge  

Chem. Commun., 2018,54, 2759-2762 

 

A direct arylation of C–H bonds of ketones enabled by a cheap and commercially available transient 
ligand with high site-selectivity and functional group compatibility is reported. 
 
 
 
Synthesis of indolines via a palladium/norbornene-catalyzed reaction of aziridines with aryl 
iodides  

Ce Liu, Yujie Liang, Nian Zheng, Bo-Sheng Zhang, Yuan Feng, Siwei Bi and Yong-Min Liang  

Chem. Commun., 2018,54, 3407-3410 

 

A Pd- and norbornene-catalyzed domino procedure has been developed to synthesize indoline 
compounds. This reaction provides efficient access to indolines by employing aryl iodides with 
aziridines as new electrophiles. The transformation is scalable and tolerates a range of functional 
groups. 
 
A divergent and concise total synthesis of (−)-lycoposerramine R and (+)-lycopladine A  

Sheng Chen, Jinming Wang and Fayang G. Qiu  

Chem. Commun., 2018,54, 3598-3600 

 

A concise, asymmetric and divergent synthesis of lycoposerramine R and lycopladine A is presented. 
The synthesis features the palladium-catalyzed cycloalkenylation of a silyl enol ether for assembling 
the 5/6-hydrindane system and generating a quaternary carbon center in one step. 
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Stereoselective synthesis of α-methyl and α-alkyl ketones from esters and alkenes via 
cyclopropanol intermediates  

Maryia V. Barysevich, Volha V. Kazlova, Aliaksandr G. Kukel, Aliaksandra I. Liubina, Alaksiej L. Hurski, Vladimir N. Zhabinskii  

and  Vladimir A. Khripach   

Chem. Commun., 2018,54, 2800-2803  

 

Alkenes bearing a stereocenter in the allylic position were found to undergo Kulinkovich 
hydroxycyclopropanation with good diastereoselectivity. For the isomerization of the resulting 
cyclopropanols to diastereomerically enriched α-methyl ketones, a new mild regioselective method 
has been developed. A sequence of stereoselective cyclopropanation and cyclopropanol ring opening 
was successfully employed for the construction of the C20 stereocenter in steroids. 
 
 
Cobalt/N-Hydroxyphthalimide(NHPI)-Catalyzed Aerobic Oxidation of Hydrocarbons with Ionic 
Liquid Additive  

Sajid Mahmood, Bao-Hua Xu, Tian-Lu Ren, Zhi-Bo Zhang, Xiao-Min Liu, Suo-Jiang Zhang   

Molecular Catalysis 2018, 447, 90–96 

 

A highly efficient and solvent-free system of cobalt/NHPI-catalyzed aerobic oxidation of hydrocarbons 
was developed using imidazolium-based ionic liquid (IL) as an additive. These amphipathic ILs were 
found self-assemble at the interface between the organic hydrocarbons and the aqueous phase of 
catalyst combination (Co/NHPI), with forming a solution of reversed multilamellar vesicles for catalysis. 
The initial reaction rate was influenced by both the composition of microdomains and the structure of 
IL launched. Consequently, a proper water content (χH2O) of wet IL was requisite to reach the 
optimum reactivity. Besides, the interfacial boundary between aqueous and organic phase composed 
by C2-alkylated imidazolium ILs, such as [bdmim]SbF6 and [C12dmim]SbF6, not only has ternary 
aggregates (hydrocarbons/IL/H2O) of higher stability but renders O2 a faster diffusion rate and higher 
concentration, thereby offering a high reactivity of the protocol towards hydrocarbon oxidation. 
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Supported iron catalysts for Michael addition reactions  

Rong Yea, Franco F. Faucher, Gabor A. Somorjai  

Molecular Catalysis, 2018, 447, 65–71 

 

Heterogeneous catalysts have been widely used for chemical transformations and offer easy product 
separation in addition to their high activity. Iron is an earth-abundant metal, but it has not been studied 
thoroughly as heterogeneous catalysts for organic reactions. In this work, supported iron catalysts 
were synthesized via loading FeCl3 onto a mesoporous silica SBA-15. These catalysts were highly 
active for Michael addition reactions, a synthetic pathway for forming CC bonds that is typically 
achieved by homogeneous catalysts. Our studies show that for the supported iron catalysts, larger 
pore sizes of the silica resulting from the loading of iron and the oxidation state of iron being Fe(III) are 
essential for the high reaction rates. Notably, the catalysts show stability against leaching, regardless 
the presence or absence of a dendrimer as an additional stabilizing agent. The catalysts could be 
used for at least three runs without the loss of activity. The successful Michael addition reactions of 
indole or 2-methylindole and different α,β-unsaturated ketones corroborate the synthetic scope of the 
catalysts. These results show promises of using supported iron catalysts as inexpensive and effective 
alternatives for the formation of CC bonds. 

https://www.sciencedirect.com/science/article/pii/S2468823117306703
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Short, Gram-Scale Syntheses of β- and γ-Lycorane Using Two Distinct Photochemical 
Approaches 
Wai L. Yu, Thomas Nunns, Jeffery Richardson, and Kevin I. Booker-Milburn 
Org. Lett., 2018, 20 (5), 1272 
 

 
The synthesis of two diastereomeric members of the lycorane alkaloid family is reported. Although the 
routes are quite different in their approach, both involve the use of photochemistry as a key step, 
enabling the synthesis of gram quantities in the case of β-lycorane. 
 
Vitamin Catalysis: Direct, Photocatalytic Synthesis of Benzocoumarins via (−)-Riboflavin-
Mediated Electron Transfer 
Tobias Morack, Jan B. Metternich, and Ryan Gilmour 
Org. Lett., 2018, 20 (5), 1316 
 

 
An operationally simple protocol is disclosed to facilitate entry to benzo-3,4-coumarins directly from 
biaryl carboxylic acids without the need for substrate prefunctionalization. Complementary to classic 
lactonization strategies, this disconnection relies on the oxidation competence of photoactivated (−)-
riboflavin (vitamin B2) to generate the heterocyclic core via photoinduced single electron transfer. 
Collectively, the inexpensive nature of the catalyst, ease of execution, and absence of external metal 
additives are a convincing endorsement for the incorporation of simple vitamins in contemporary 
catalysis. 
 
Visible-Light-Induced External Radical-Triggered Annulation To Access CF2-Containing 
Benzoxepine Derivatives 
Haoyue Xiang, Qing-Lan Zhao, Peng-Ju Xia, Jun-An Xiao, Zhi-Peng Ye, Xiong Xie, Huan Sheng, Xiao-Qing Chen, and Hua 
Yang 
Org. Lett., 2018, 20 (5), 1363 

 
A facile and diversified synthesis of functionalized CF2-containing benzoxepine derivatives via 
photoredox catalysis was achieved in this work. This novel protocol features broad substrate scope, 
mild reaction conditions, operational simplicity, easy scale-up, and versatile derivatization, which 
would facilitate its practical and broad applications in the construction of valuable and synthetically 
challenging heterocycles. 
 
Rhodium-Catalyzed Asymmetric Conjugate Alkynylation/Aldol Cyclization Cascade for the 
Formation of α-Propargyl-β-hydroxyketones 
Ken-Loon Choo and Mark Lautens 
Org. Lett., 2018, 20 (5), 1380 

 
A rhodium-catalyzed conjugate alkynylation/aldol cyclization cascade was developed. Densely 
functionalized cyclic α-propargyl-β-hydroxyketones were synthesized with simultaneous formation of a 

https://pubs.acs.org/doi/10.1021/acs.orglett.7b03960
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C(sp)–C(sp3) bond, a C(sp3)–C(sp3) bond, as well as three new contiguous stereocenters. The 
transformation was achieved with excellent enantio- and diastereoselectivities using BINAP as the 
ligand. The synthetic utility of the newly installed alkynyl moiety was exhibited by subjecting the 
products to an array of derivatizations. 
 
Rationally Designed Chiral Synthons Enabling Asymmetric Z- and E-Selective Vinylogous Aldol 
Reactions of Aldehydes 
Akhil Padarti and Hyunsoo Han 
Org. Lett., 2018, 20 (5), 1448 

 

 
In a conceptually different approach, highly stereoselective 2-oxonia-Cope rearrangement reactions 
between rationally designed nonracemic vinylogous aldolation synthons and aldehydes are described 
to provide δ-hydroxy-α,β-unsaturated esters with excellent enantioselectivities and, for the first time, 
unprecedented Z- and E-selectivities without the regioselectivity issue. 
 
Dehydrative Mannich-Type Reaction for the Synthesis of Azepinobisindole Alkaloid Iheyamine 
A 
Takumi Abe and Koji Yamada 
Org. Lett., 2018, 20 (5), 1469 
 

 
A concise synthesis of the azepinobisindole alkaloid iheyamine A from an indole-2,3-epoxide 
equivalent has been achieved. This method features a formal C3 electrophilic reaction of an indole-2,3-
epoxide equivalent with tryptamine to form a 3-aminoindoline and a novel In-catalyzed dehydrative 
Mannich-type reaction of the hemiaminal to give the azepinobisindole core. 
 
A Regulation of Regiodivergent Routes for Enantioselective Aldol Addition of 2-Alkyl 
Allenoates with Aldehydes: α-Addition versus γ-Addition 
Jiyun Bang, Changhwa Oh, Eunhye Lee, Heejung Jeong, Junseong Lee, Ji Yeon Ryu, Jimin Kim, and Chan-Mo Yu 
Org. Lett., 2018, 20 (6), 1521 
 

 
A method for the regioselective asymmetric aldol addition of 2-alkyl allenoates with aldehydes to 
provide an α- or γ-adduct depending on the aldehyde pair is reported. In most cases, except enals, a 
mixture of a chiral bromoborane with 2-alkyl allenoates in the presence of iPr2NEt can react with 
aldehydes to provide efficient γ-addition products as single isomers containing axial and central 
chirality. On the other hand, observations indicate that enals undergo α-addition to yield highly 

https://pubs.acs.org/doi/10.1021/acs.orglett.8b00230
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functionalized adducts, including an α-carbon quaternary center in high levels of diastereo- and 
enantioselectivity. 
 
Transformation of Substituted Glycals to Chiral Fused Aromatic Cores via Annulative π-
Extension Reactions with Arynes 
Nazar Hussain, Kalyanashis Jana, Bishwajit Ganguly, and Debaraj Mukherjee 
Org. Lett., 2018, 20 (6), 1572 

 
The Diels–Alder addition of arynes to appropriately substituted vinyl/aryl glycals followed by π-
extension via pyran ring opening smoothly furnished meta-disubstituted fused aromatic cores 
containing a stereodefined orthogonally protected chiral side chain. The method is broad in terms of 
aryl homologation, affording benzene, naphthalene, and phenanthrene derivatives. Base-induced 
deprotonation followed by cleavage of the allylic C–O bond appear to be the crucial steps leading to 
the development of aromaticity, which is the driving force behind the annulative π-extension process. 
The present protocol can be used for the synthesis of meta-disubstituted naphthalene aldehydes and 
substrates for aldolases. 
 
Palladium-Catalyzed C–O Cross-Coupling of Primary Alcohols 
Hong Zhang, Paula Ruiz-Castillo, and Stephen L. Buchwald 
Org. Lett., 2018, 20 (6), 1580 

 
Two catalyst systems are described, which together provide mild and general conditions for the Pd-
catalyzed C–O cross-coupling of primary alcohols. For activated substrates, such as electron-deficient 
aryl halides, the commercially available ligand L2 promotes efficient coupling for a variety of alcohol 
nucleophiles. In the case of unactivated electrophiles, such as electron-rich aryl halides, the new 
ligand L8 was developed to improve these challenging C–O bond-forming reactions. 
 
A Selective and Functional Group-Tolerant Ruthenium-Catalyzed Olefin Metathesis/Transfer 
Hydrogenation Tandem Sequence Using Formic Acid as Hydrogen Source 
Grzegorz K. Zieliński, Jarosława Majtczak, Maciej Gutowski, and Karol Grela 
J. Org. Chem., 2018, 83 (5), 2542 
 

 
A ruthenium-catalyzed transfer hydrogenation of olefins utilizing formic acid as a hydrogen donor is 
described. The application of commercially available alkylidene ruthenium complexes opens access to 
attractive C(sp3)-C(sp3) bond formation in an olefin metathesis/transfer hydrogenation sequence under 
tandem catalysis conditions. High chemoselectivity of the developed methodology provides a 
remarkable synthetic tool for the reduction of various functionalized alkenes under mild reaction 
conditions. The developed methodology is applied for the formal synthesis of the drugs pentoxyverine 
and bencyclane. 
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A Convergent Approach to Diverse Spiroethers through Stereoselective Trapping of Rhodium 
Carbenoids with Gold-Activated Alkynols 
Arianne C. Hunter, Steven C. Schlitzer, Joseph C. Stevens, Bilal Almutwalli, and Indrajeet Sharma 
J. Org. Chem., 2018, 83 (5), 2744 
 

 
A convergent approach for the stereoselective synthesis of diverse spiroethers is described. The 
reaction involves stereoselective trapping of diazo-derived rhodium carbenoids with gold-activated 
alkynols for the installation of spiro cores. The reaction has proven general with a range of readily 
accessible homopropargylic alcohols and diazo carbonyls to provide functionalized spiroether cores of 
bioactive scaffolds such as spirobarbiturates, spirooxindoles, and pseurotin natural products. 
 
Iridium(I)-Catalyzed Alkylation Reactions To Form α-Alkylated Ketones 
Sertaç Genç, Salih Günnaz, Bekir Çetinkaya, Süleyman Gülcemal, and Derya Gülcemal 
J. Org. Chem., 2018, 83 (5), 2875 
 

 
A highly effective and green procedure for the formation of α-alkylated ketones has been disclosed via 
the reaction of primary alcohols with secondary alcohols and ketones by using [IrCl(COD)(NHC)] 
complexes as a catalyst. Various α-alkylated ketones were obtained in high yields from the alkylation 
of alcohol with alcohol and ketone with alcohol through a borrowing hydrogen reaction by using 0.05–
0.5 mol % iridium(I) and a catalytic amount of KOH (5–10 mol %) as the base under air atmosphere 
and within very short reaction times. 
 
Organocatalyzed, Visible-Light Photoredox-Mediated, One-Pot Minisci Reaction Using 
Carboxylic Acids via N-(Acyloxy)phthalimides 
Trevor C. Sherwood, Ning Li, Aliza N. Yazdani, and T. G. Murali Dhar 
J. Org. Chem., 2018, 83 (5), 3000 
 

 
An improved, one-pot Minisci reaction has been developed using visible light, an organic 
photocatalyst, and carboxylic acids as radical precursors via the intermediacy of in situ-generated N-
(acyloxy)phthalimides. The conditions employed are mild, demonstrate a high degree of functional 
group tolerance, and do not require a large excess of the carboxylic acid reactant. As a result, this 
reaction can be applied to drug-like scaffolds and molecules with sensitive functional groups, enabling 
late-stage functionalization, which is of high interest to medicinal chemistry. 
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PdIV Species Mediation in PdII-Catalyzed Direct Alkylation of Arenes with Oxiranes: A DFT 
Study 
Bing Lian, Lei Zhang, Shi-Jun Li, Lu-Lu Zhang, and De-Cai Fang 
J. Org. Chem., 2018, 83 (6), 3142 
 

 
The reaction mechanisms of Pd(OAc)2-catalyzed dehydrogenative alkylation of 2-phenylpyridine with 
oxirane were investigated using DFT calculations. The most plausible reaction pathway was confirmed 
as a PdII/IV/II catalytic cycle consisting of four processes: C–H activation, ring-opening oxidative 
addition of oxirane, reductive elimination, and recovery of the catalyst. According to the 
B2PLYP/DGDZVP computational data, the oxidative addition of oxirane for converting PdII to PdIV 
was assigned to be the rate-determining step with a free-energy barrier of 28.1 kcal·mol–1. For 
comparison, we also studied the alternative PdII-only pathway without a change of oxidation state and 
found that it was hindered kinetically by a high free-energy barrier of 75.1 kcal·mol–1 occurring for the 
ring-opening migratory insertion of oxirane. In addition, the small-ring strain of oxirane should be 
responsible for the feasible C–O bond-cleavage and subsequent PdII → PdIV conversion, because the 
designed four-, five-, and six-membered-ring reagents did not display such an oxidative addition 
reactivity. Lastly, an extended reactivity order among oxirane, PhI, PhBr, and PhCl toward oxidative 
addition onto PdII to form PdIV was proposed in this article based on the computed kinetic 
parameters. 
 
Intramolecular Photocycloaddition of 2(5H)-Furanones to Temporarily Tethered Terminal 
Alkenes as a Stereoselective Source of Enantiomerically Pure Polyfunctionalyzed 
Cyclobutanes 
Yangchun Xin, Luís Rodríguez-Santiago, Mariona Sodupe, Angel Álvarez-Larena, Félix Busqué, and Ramon Alibés 
J. Org. Chem., 2018, 83 (6), 3188 
 

 
Allyloxymethyloxymethyl and 4-pentenoyloxymethyl substituents have been used as tethering groups 
to study the intramolecular [2 + 2] photocycloaddition of chiral 5-substituted 2(5H)-furanones. The 
photoreactions proceed in good yield and provide the expected regio- and diastereoselective tricyclic 
compounds with complementary regioselectivity, which depends on whether the vinyl chain is attached 
to the furanone by an acetal or an ester linkage. Computational simulations agree with experimental 
observations and indicate that the origin of the different observed regioselectivity in the intramolecular 
photochemical reaction of lactones 5 and 6 arises from the relative stability of the initial conformers. 
The synthetic potential of the enantiomerically pure photoadducts is illustrated by preparing an all-cis 
1,2,3-trisubstituted cyclobutane bearing fully orthogonally protected hydroxyl groups. 
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Oxidant-Free C(sp2)–H Functionalization/C–O Bond Formation: A Kolbe Oxidative Cyclization 
Process 
Lei Zhang, Zhenxing Zhang, Junting Hong, Jian Yu, Jianning Zhang, and Fanyang Mo 
J. Org. Chem., 2018, 83 (6), 3200 
 

 
An anodic oxidation/cyclization of 2-arylbenzoic acids for the synthesis of dibenzopyranones has been 
developed. The reaction proceeds at room temperature with no oxidant or electrolyte required and 
exhibits a high atom economy with H2 being the only byproduct. A series of dibenzopyranones was 
obtained in good to excellent yields. Urolithins A, B, and C are formally synthesized by adopting this 
method as a key step to demonstrate its synthetic utility. 
 
Nickel-Catalyzed Phosphine Free Direct N-Alkylation of Amides with Alcohols 
Jagadish Das, and Debasis Banerjee 
J. Org. Chem., 2018, 83 (6), 3378 
 

 
Herein, we developed an operational simple, practical, and selective Ni-catalyzed synthesis of 
secondary amides. Application of renewable alcohols, earth-abundant and nonprecious nickel catalyst 
facilitates the transformations, releasing water as byproduct. The catalytic system is tolerant to a 
variety of functional groups including nitrile, allylic ether, and alkene and could be extended to the 
synthesis of bis-amide, antiemetic drug Tigan, and dopamine D2 receptor antagonist Itopride. 
Preliminary mechanistic studies revealed the participation of a benzylic C–H bond in the rate-
determining step. 
 
Mild Ring Contractions of Cyclobutanols to Cyclopropyl Ketones via Hypervalent Iodine 
Oxidation  
Yan Sun, Xin Huang, Xiaojin Li, Fan Luo, Lei Zhang, Mengyuan Chen, Shiya Zheng, Bo Peng 
Adv. Synth. Catal. 2018, 360, 1082 
 

 
An iodine‐mediated oxidative ring contraction of cyclobutanols has been developed. The reaction 
allows the synthesis of a wide range of aryl cyclopropyl ketones under mild and eco‐friendly 
conditions. A variety of functional groups including aromatic or alkyl halides, ethers, esters, ketones, 
alkenes, and even aldehydes are nicely tolerated in the reaction. This is in contrast with traditional 
synthetic approaches for which poor functional group tolerance is often a problem. The practicality of 
the method is also highlighted by the tunability of iodine oxidation system. Specifically, combining the 
iodine(III) reagent with an appropriate base allows the reaction to accommodate a range of 
challenging electron‐rich arene substrates. The facile scalability of this reaction is also exhibited 
herein. 
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Visible Light‐Induced Synthetic Approach for Selenylative Spirocyclization of N‐Aryl 
Alkynamides with Molecular Oxygen as Oxidant  
Harekrishna Sahoo, Anup Mandal, Suman Dana, Mahiuddin Baidya 
Adv. Synth. Catal. 2018, 360, 1099 
 

 
A visible light‐induced (blue LED) radical cascade has been devised to effect selenylative 
spirocyclization of N‐aryl alkynamides at room temperature under oxygen atmosphere and without the 
aid of external photocatalyst. The protocol is operationally simple, scalable, and offers clean synthesis 
of 3‐selenospiro[4,5]trienones in high yields (up to 92%). A novel spiro‐ring‐opening strategy has also 
been accomplished to access fully substituted acryl amides. 
 
Metal‐Free Azidation of α‐Hydroxy Esters and α‐Hydroxy Ketones Using Azidotrimethylsilane  
Xiao‐Ping, Yin Lei, Zhu Jian Zhou 
Adv. Synth. Catal. 2018, 360, 1116 
 

 
We herein report a commercially available perchloric acid catalyst capable of catalyzing the azidation 
of α‐hydroxy esters, α‐hydroxy ketones and taddols using azidotrimethylsilane in dichloromethane at 
room temperature. Various substituted tertiary alcohols are well tolerated in this reaction. Cα‐
tetrasubstituted α‐amino acid derivatives were prepared by one‐pot sequential azidation and 
hydrogenation procedure. The advantage of this newly developed method includes operational 
simplicity, ready availability of catalyst, scale‐up ability, and also good functional group compatibility. 
 
Silver‐catalyzed Double Decarboxylative Radical Alkynylation/Annulation of Arylpropiolic 
Acids with α‐keto Acids: Access to Ynones and Flavones under Mild Conditions  
Mengting Meng, Guofang Wang, Liangfeng Yang, Kai Cheng, Chenze Qi 
Adv. Synth. Catal. 2018, 360, 1218 
 

 
Ynones are privileged building blocks in various organic syntheses of heterocyclic derivatives due to 
their multifunctional nature, and flavones are an important class of natural products with a wide range 
of biological activities. We describe the catalytic double decarboxylative alkynylation of arylpropiolic 
acids with α‐keto acids. With Ag(I)/persulfate as the catalysis system, the valuable ynones bearing 
various substituents could be easily obtained. The introduction of hydroxyl substituent on ortho‐site of 
α‐keto acids make this strategy further applicable to the construction of flavone derivatives via 
heteroannulation in moderate to good yields with a similar silver‐catalyzed system. The reactions 
proceed under relatively mild reaction conditions and tolerate a wide variety of functional groups. 
Control experiments indicated that both the reactions undergo radical processes. 
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γ‐Regioselective Functionalization of 3‐Alkenylindoles via 1,6‐Addition to Extended 
Alkylideneindolenine Intermediates  
Giulio Bertuzzi, Lucia Lenti, Denisa Giorgiana Bisag, Mariafrancesca Fochi, Marino Petrini, Luca Bernardi 
Adv. Synth. Catal. 2018, 360, 1296 

 
Alkylideneindolenines are widely employed key electrophilic intermediates for the α‐functionalization of 
the C‐3 side chain of indoles. However, the reactivity of their extended (vinylogous) counterparts has 
not been carefully explored so far. These intermediates can undergo 1,4‐ or 1,6‐addition with 
functionalization at α‐ or γ‐position of the side chain, resulting in regioisomeric mixtures of products. 
This work demonstrates that a complete γ‐regioselectivity can be achieved in the reaction of 3‐indol‐3‐
yl allylic alcohols with various nucleophiles. This process is catalysed by just 1 mol% zinc(II) triflate at 
room temperature and entails the 1,6‐selective addition of the nucleophile to an extended protonated 
alkylideneindolenine generated in situ. Indoles, pyrroles, anilines and thiols can be efficiently used as 
nucleophilic partners for this reaction, delivering the corresponding 3‐vinyl substituted, γ‐functionalised 
indole products in moderate to good yields. 
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Modification of heterogeneous photocatalysts for selective organic synthesis 
Hongchang Hao,  Ling Zhang,  Wenzhong Wang  and  Shuwen Zeng 

Catalysis Science & Technology 2018, 8, 1229-1250 

 
 
Heterogeneous photocatalysts have recently been widely applied in selective organic synthesis due to 
their eco-friendliness, sustainable energy and facile recycling. However, unsatisfactory conversion and 
product selectivity present challenges when deriving extensive strategies for developing high-
efficiency photocatalysts. This review enumerates recent achievements related to heterogeneous 
photocatalysts in organic synthesis, including the selective oxidation of alcohols, hydrocarbons, and 
amines and the selective reduction of nitro compounds; it also discusses the roles of various active 
species. Herein, a concept is proposed that the performance of these catalysts is directly determined 
by the degrees of participation of various photo-induced active species, which can be selectively 
controlled by modifying the compositions, crystalline structures, electronic structures and surface 
structures of the photocatalysts. We wish to offer readers inspiring comprehension and enlightenment 
with general applicability for better understanding these modification strategies and guiding future 
investigations. 
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Direct versus acetalization routes in the reaction network of catalytic HMF etherification  
P. Lanzafame,  G. Papanikolaou, S. Perathoner,  G. Centi, M. Migliori,  E. Catizzone,  A. Aloise  and  G. Giordano 

Catalysis Science & Technology, 2018, 8, 1304-1313  

 

 
The etherification of HMF (5-hydroxymethylfurfural) to EMF (5-(ethoxymethyl)furan-2-carbaldehyde) is 
studied over a series of MFI-type zeolite catalysts containing different heteroatoms (B, Fe, Al), aiming 
to understand the effect of different isomorph substitutions in the MFI framework on the reaction 
pathways of HMF conversion. The rate constants in the reaction network are determined for these 
different catalysts and analyzed with respect to the amount of Brønsted and Lewis acid sites 
determined by FT-IR pyridine adsorption. Two different pathways of EMF formation, i.e. direct 
etherification and via acetalization, were evidenced. The Lewis acid sites generated from the presence 
of aluminum are primarily active in catalyzing direct HMF etherification to EMF, which has a rate 
constant about one order of magnitude lower than the etherification of the corresponding acetals. This 
behaviour is due to the competitive chemisorption between hydroxyl and aldehyde groups (both 
present in HMF) on the Lewis acid sites catalyzing the etherification. A cooperation phenomenon 
between Brønsted and Lewis acid sites is observed for the HMF acetal etherification to EMF acetal. In 
the reactions of direct HMF acetalization and deacetalization of the EMF acetal, the turnover 
frequencies for Silicalite-1 and B-MFI samples are about twice those for Fe-MFI and Al-MFI samples. 
This is attributed to the different reactivity of strong silanol groups associated with surface defects on 
the external surface in Silicalite-1 and B-MFI. These sites are also responsible for the EMF-to-EOP 
(ethyl 4-oxopentanoate) reaction step. In the deacetalization reaction of the EMF acetal, the behavior 
is determined from the presence of water (product of reaction) favouring the back reaction (aldehyde 
formation). 
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Mechanism of supported Ru3Sn7 nanocluster-catalyzed selective hydrogenation of coconut oil 
to fatty alcohols  

Zhicheng Luo,  Qiming Bing, Jiechen Kong, Jing-yao Liu  and  Chen Zhao 

Catalysis Science & Technology, 2018, 8, 1322-1332 

 

As a promising hydrotreating catalyst, it was previously reported that Ru⋯O Sn (Ru electronically 
interacts with Sn oxides) on RuSn/SiO2 was the active site for fatty acid hydrogenation, but here in this 
work we found that Ru3Sn7 nanoclusters on RuSn/SiO2 were responsible for the selective 
hydrogenation of diverse fatty acids and coconut oil to fatty alcohols. The XPS results indicated no 
interaction between Snδ+ and Ru0, suggesting that SnOx may exist as isolated species. In contrast, the 
binding energy shifts of Ru0 and Sn0 in the XPS spectra demonstrated a strong interaction, as a result 
of the formation of Ru3Sn7 alloy nanoclusters. It was demonstrated that the highest yield of fatty 
alcohol was obtained with a Sn/Ru ratio of 7/3 (hydrogenation rate: 2.45 g g−1 h−1), and the careful 
selection of the Sn/Ru ratio and reduction temperatures greatly suppressed the formation of Sn and 
SnO2 phases. The ratio of the stearyl alcohol formation rate to its consumption rate was 40.8 with 
Ru3Sn7/SiO2 under the selected conditions. In catalysts with a Sn/Ru ratio higher than 7/3, the 
presence of additional SnO2 catalyzes the formation of undesired esters at a rate of 0.31 g g−1 h−1. 
Excess SnO2 would be reduced to Sn at temperatures higher than 600 °C, while Sn can catalyze ester 
by-product formation at a rate of 0.88 g g−1 h−1. The DFT calculations showed that CH3COOH adsorbs 
on the Ru3Sn7 (111) surface via Sn–O interactions at the two top sites of adjacent surface Sn atoms, 
and such adsorption was mainly due to the electrostatic interactions between the molecule and the 
positively charged surface Sn atoms. The charge density difference (CDD) plots of co-adsorbed 
CH3CO* and OH* intermediates indicated the bonding relationships between Sn–O and Ru–α-C, 
suggesting that the surface Sn atoms also took part in the catalytic reaction as an important surface 
sorption site as well as a Ru3Sn7 structure component, while Ru atoms bonded with α-C and 
hydrogenated the adsorbed intermediate species with the adsorbed H* to the final alcohol. A further 
indication that Ru3Sn7 was the active species in the bimetallic Ru–Sn catalyst was given by the much 
lower energy barrier for hydrogenation of acetic acid in Ru3Sn7 (111) (81.0 kJ mol−1) compared to Ru 
(0001) (123.5 kJ mol−1). 
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Selective production of linear α-olefins via catalytic deoxygenation of fatty acids and 
derivatives  

 Anamitra Chatterjee,  Sondre H. Hopen Eliasson  and  Vidar R. Jensen 

Catalysis Science & Technology, 2018, 8, 1487-1499 

Scientists are exploring renewables as sources for a more sustainable production of chemicals. Linear 
α-olefins (LAOs) are key commodity chemicals and petrochemical intermediates, which are currently 
almost exclusively obtained from fossil resources. The most important renewable alternative is plant 
oil, from which fatty acids and their derivatives can be converted into LAOs by ethenolysis of 
monounsaturated fatty acids or deoxygenation of saturated ones. The variety, in terms of length, is 
greater for the saturated fatty acids found in plant oils, and this review covers deoxygenation 
processes mediated by homogeneous, heterogeneous and enzymatic catalysts and discusses the 
strengths and weaknesses of different approaches for the selective production of LAOs. Although 
progress has been made in recent years, the best catalysts in each category are still far from fulfilling 
the industrial requirements for efficiency, atom economy, and turnover numbers. We hope that our 
focus on the main remaining challenges will stimulate future research to develop catalysed 
deoxygenation of fatty acid derivatives as a sustainable and industrially viable route to a range of α-
olefins. 

Cinnamaldehyde hydrogenation using Au–Pd catalysts prepared by sol immobilisation 

Stefano Cattaneo, Simon J. Freakley, David J. Morgan, Meenakshisundaram Sankar, Nikolaos Dimitratos and Graham J. 
Hutchings 

Catalysis Science & Technology, 2018, 8, 1677-1685 

We report the catalytic performance of Au–Pd nanoparticles prepared via a sol immobilisation 
technique for the catalytic hydrogenation of cinnamaldehyde under mild reaction conditions. We 
synthesised a series of bimetallic Au–Pd colloidal supported nanoparticles with different Au : Pd molar 
ratios and optimized the experimental parameters to achieve the best catalyst performance. The 
optimum catalytic activity for the hydrogenation of cinnamaldehyde was observed for Au50Pd50/TiO2 
(with a Au : Pd molar ratio of 1 : 1), while the monometallic Pd/TiO2 was the most selective towards 
hydrocinnamaldehyde. The catalysts have been structurally characterised and FTIR analysis showed 
that the presence of adsorbed carbonyl surface species in used catalyst materials is coupled with Pd 
leaching, which is the main reason for catalyst deactivation. The effect of calcination on the most 
active Au–Pd/TiO2 was studied in the range 110–400 °C and a direct correlation between the rise in 
calcination temperature and catalyst stability and selectivity was observed. These results emphasise 
the importance of tuning the Au–Pd molar ratio and understanding the metal–support interaction of 
catalysts synthesised for hydrogenation reactions, such as cinnamaldehyde hydrogenation. 

http://dx.doi.org/10.1039/C7CY02580G
http://dx.doi.org/10.1039/C7CY02556D
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Oxidative [4+2] annulation of styrenes with alkynes under external-oxidant-free conditions 

Guoting Zhang, Yulin Lin, Xu Luo, Xia Hu, Cong Chen & Aiwen Lei 

Nature Communications 9, 2018, 1225 

The sequenced Diels–Alder/oxidation reaction represents a powerful route for the construction of 
aromatic compounds in organic synthesis. The oxidative Diels–Alder reaction with H2 evolution would 
be a more ideal approach that can avoid the additional oxidation procedure and stoichiometric oxidant. 
Herein, an oxidative [4 + 2] annulation reaction of styrene derivatives with electron-rich dienophiles 
accompanying the H2 generation has been developed by using the synergistic merger of photoredox 
and cobaloxime catalyst. With respect to atom and step-economy ideals, this dual catalytic system 
enables the formation of high-value molecules from feedstock chemicals in a single step under room 
temperature. 

Visible light-driven C−H activation and C–C coupling of methanol into ethylene glycol 

Shunji Xie, Zebin Shen, Jiao Deng, Pu Guo, Qinghong Zhang, Haikun Zhang, Chao Ma, Zheng Jiang, Jun Cheng, Dehui Deng 
& Ye Wang 

Nature Communications 9, 2018, 1181 

The development of new methods for the direct transformation of methanol into two or multi-carbon 
compounds via controlled carbon–carbon coupling is a highly attractive but challenging goal. Here, we 
report the first visible-light-driven dehydrogenative coupling of methanol into ethylene glycol, an 
important chemical currently produced from petroleum. Ethylene glycol is formed with 90% selectivity 
and high efficiency, together with hydrogen over a molybdenum disulfide nanofoam-modified cadmium 
sulfide nanorod catalyst. Mechanistic studies reveal a preferential activation of C−H bond instead of 
O−H bond in methanol by photoexcited holes on CdS via a concerted proton–electron transfer 
mechanism, forming a hydroxymethyl radical (⋅CH2OH) that can readily desorb from catalyst surfaces 
for subsequent coupling. This work not only offers an alternative nonpetroleum route for the synthesis 
of EG but also presents a unique visible-light-driven catalytic C−H activation with the hydroxyl group in 
the same molecule keeping intact. 
 
Cation vacancy stabilization of single-atomic-site Pt1/Ni(OH)x catalyst for diboration of alkynes 
and alkenes 

Jian Zhang, Xi Wu, Weng-Chon Cheong, Wenxing Chen, Rui Lin, Jia Li, Lirong Zheng, Wensheng Yan, Lin Gu, Chen Chen, 
Qing Peng, Dingsheng Wang & Yadong Li 

Nature Communications 9, 2018, 1002 

Development of single-atomic-site catalysts with high metal loading is highly desirable but proved to be 
very challenging. Although utilizing defects on supports to stabilize independent metal atoms has 
become a powerful method to fabricate single-atomic-site catalysts, little attention has been devoted to 
cation vacancy defects. Here we report a nickel hydroxide nanoboard with abundant Ni2+ vacancy 
defects serving as the practical support to achieve a single-atomic-site Pt catalyst (Pt1/Ni(OH)x) 
containing Pt up to 2.3 wt% just by a simple wet impregnation method. The Ni2+ vacancies are found to 
have strong stabilizing effect of single-atomic Pt species, which is determined by X-ray absorption 
spectrometry analyses and density functional theory calculations. This Pt1/Ni(OH)x catalyst shows a high 
catalytic efficiency in diboration of a variety of alkynes and alkenes, yielding an overall turnover 
frequency value upon reaction completion for phenylacetylene of ~3000 h−1, which is much higher than 
other reported heterogeneous catalysts. 

http://dx.doi.org/10.1038/s41467-018-03534-z
http://dx.doi.org/10.1038/s41467-018-03543-y
http://dx.doi.org/10.1038/s41467-018-03380-z
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Integrative structure and functional anatomy of a nuclear pore complex 

Seung Joong Kim, Javier Fernandez-Martinez[…]Michael P. Rout 

Nature 2018, 555, 475. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Nuclear pore complexes play central roles as gatekeepers of RNA and protein transport between the 
cytoplasm and nucleoplasm. However, their large size and dynamic nature have impeded a full structural 
and functional elucidation. Here we determined the structure of the entire 552-protein nuclear pore 
complex of the yeast Saccharomyces cerevisiae at sub-nanometre precision by satisfying a wide range 
of data relating to the molecular arrangement of its constituents. The nuclear pore complex incorporates 
sturdy diagonal columns and connector cables attached to these columns, imbuing the structure with 
strength and flexibility. These cables also tie together all other elements of the nuclear pore complex, 
including membrane-interacting regions, outer rings and RNA-processing platforms. Inwardly directed 
anchors create a high density of transport factor-docking Phe-Gly repeats in the central channel, 
organized into distinct functional units. This integrative structure enables us to rationalize the 
architecture, transport mechanism and evolutionary origins of the nuclear pore complex. 
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Monolayer atomic crystal molecular superlattices 

Chen Wang, Qiyuan He, Udayabagya Halim, Yuanyue Liu, Enbo Zhu, Zhaoyang Lin, Hai Xiao, Xidong Duan, Ziying Feng, Rui 
Cheng, Nathan O. Weiss, Guojun Ye, Yun-Chiao Huang, Hao Wu, Hung-Chieh Cheng, Imran Shakir, Lei Liao, Xianhui Chen, 
William A. Goddard III, Yu Huang & Xiangfeng Duan 

Nature 2018, 555, 231. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Artificial superlattices, based on van der Waals heterostructures of two-dimensional atomic crystals such 
as graphene or molybdenum disulfide, offer technological opportunities beyond the reach of existing 
materials1,2,3. Typical strategies for creating such artificial superlattices rely on arduous layer-by-layer 
exfoliation and restacking, with limited yield and reproducibility4,5,6,7,8. The bottom-up approach of using 
chemical-vapour deposition produces high-quality heterostructures 9,10,11 but becomes increasingly 
difficult for high-order superlattices. The intercalation of selected two-dimensional atomic crystals with 
alkali metal ions offers an alternative way to superlattice structures12,13,14, but these usually have poor 
stability and seriously altered electronic properties. Here we report an electrochemical molecular 
intercalation approach to a new class of stable superlattices in which monolayer atomic crystals alternate 
with molecular layers. Using black phosphorus as a model system, we show that intercalation with cetyl-
trimethylammonium bromide produces monolayer phosphorene molecular superlattices in which the 
interlayer distance is more than double that in black phosphorus, effectively isolating the phosphorene 
monolayers. Electrical transport studies of transistors fabricated from the monolayer phosphorene 
molecular superlattice show an on/off current ratio exceeding 107, along with excellent mobility and 
superior stability. We further show that several different two-dimensional atomic crystals, such as 
molybdenum disulfide and tungsten diselenide, can be intercalated with quaternary ammonium 
molecules of varying sizes and symmetries to produce a broad class of superlattices with tailored 
molecular structures, interlayer distances, phase compositions, electronic and optical properties. These 
studies define a versatile material platform for fundamental studies and potential technological 
applications. 
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A bound reaction intermediate sheds light on the mechanism of nitrogenase 

Daniel Sippel, Michael Rohde, Julia Netzer, Christian Trncik, Jakob Gies, Katharina Grunau, Ivana Djurdjevic, Laure Decamps, 
Susana L. A. Andrade, Oliver Einsle 

Science  2018, (359) 6383, 1484. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Reduction of N2 by nitrogenases occurs at an organometallic iron cofactor that commonly also contains 
either molybdenum or vanadium. The well-characterized resting state of the cofactor does not bind 
substrate, so its mode of action remains enigmatic. Carbon monoxide was recently found to replace a 
bridging sulfide, but the mechanistic relevance was unclear. Here we report the structural analysis of 
vanadium nitrogenase with a bound intermediate, interpreted as a μ2-bridging, protonated nitrogen that 
implies the site and mode of substrate binding to the cofactor. Binding results in a flip of amino acid 
glutamine 176, which hydrogen-bonds the ligand and creates a holding position for the displaced sulfide. 
The intermediate likely represents state E6 or E7 of the Thorneley-Lowe model and provides clues to 
the remainder of the catalytic cycle. 

 

http://science.sciencemag.org/content/359/6383/1484.full
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Carbothermal shock synthesis of high-entropy-alloy nanoparticles 

Yonggang Yao, Zhennan Huang, Pengfei Xie, Steven D. Lacey, Rohit Jiji Jacob, Hua Xie, Fengjuan Chen, Anmin Nie, 
Tiancheng Pu, Miles Rehwoldt, Daiwei Yu, Michael R. Zachariah, Chao Wang, Reza Shahbazian-Yassar, Ju Li, Liangbing Hu 

Science  2018, (359) 6383, 1489. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
The controllable incorporation of multiple immiscible elements into a single nanoparticle merits untold 
scientific and technological potential, yet remains a challenge using conventional synthetic techniques. 
We present a general route for alloying up to eight dissimilar elements into single-phase solid-solution 
nanoparticles, referred to as high-entropy-alloy nanoparticles (HEA-NPs), by thermally shocking 
precursor metal salt mixtures loaded onto carbon supports [temperature ~2000 kelvin (K), 55-
millisecond duration, rate of ~105 K per second]. We synthesized a wide range of multicomponent 
nanoparticles with a desired chemistry (composition), size, and phase (solid solution, phase-separated) 
by controlling the carbothermal shock (CTS) parameters (substrate, temperature, shock duration, and 
heating/cooling rate). To prove utility, we synthesized quinary HEA-NPs as ammonia oxidation catalysts 
with ~100% conversion and >99% nitrogen oxide selectivity over prolonged operations. 
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Lithium Bond Impact on Lithium Polysulfide Adsorption with Functionalized Carbon Fiber Paper 
Interlayers for Lithium–Sulfur Batteries 
Thana Maihom, Siriroong Kaewruang, Nutthaphon Phattharasupakun, Poramane Chiochan, Jumras Limtrakul, and Montree 
Sawangphruk 

J. Phys. Chem. C 2018, 122 (13), 7033. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Lithium–sulfur batteries (LSBs) are of great interest as a promising energy storage device because of 
their high theoretical capacity and energy density. However, they exhibit poor discharge capacity and 
capacity retention during long-term cycling because of their inherent drawbacks including the poor 
conductivity of sulfur and lithium sulfide, the shuttle effect of lithium polysulfides (LiPSs), and the large 
volume expansion of sulfur to lithium sulfide. An effective approach that can solve these problems is to 
use an interlayer inserted between the separator and the cathode. Nevertheless, the underlying 
adsorption mechanism of LiPSs on the interlayer has not yet been widely investigated. Herein, the effect 
of lithium bond chemistry on the adsorption of LiPSs on the functionalized carbon fiber paper (CFP) 
interlayer containing hydroxyl, carboxyl, or amide functional groups is investigated by a density 
functional theory approach. It is found that the functionalized CFP exhibits a strong lithium bond 
interaction between the Li electron acceptor of LiPSs and the N or O electron donor of the functionalized 
CFP interlayer. In addition, the correlation between the adsorption energy of LiPSs on the interlayer and 
the electrochemical performance of LSBs is investigated. The results provide the fundamental 
understanding of the structure–property relationship for the adsorption of LiPSs on the functional groups 
of the interlayer, which will be beneficial for the further development of advanced LSBs. 
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Influence of TiO2 Particle Size on Dye-Sensitized Solar Cells Employing an Organic Sensitizer 
and a Cobalt (III/II) Redox Electrolyte 

Yoon Jun Son, Jin Soo Kang , Jungjin Yoon, Jin Kim, Juwon Jeong, Jiho Kang, Myeong Jae Lee, Hyun S. Park , and Yung-Eun 
Sung 

 J. Phys. Chem. C 2018, 122 (13), 7051. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Hydrated metal ions in the gas phase serve as model systems to investigate the impact of hydration on 
the chemistry of monovalent transition-metal centers. As a prototypical organometallic reaction involving 
electron transfer, the reactions of M(H2O)n+, M = V, Cr, Mn, Fe, Co, Ni, Cu, and Zn, n < 40, with C3H7I 
are studied by Fourier transform ion cyclotron resonance mass spectrometry. While no reaction was 
observed for vanadium, three different reactions were observed with the other metals, two of them 
involving the oxidation of the metal ion. Ligand exchange occurs for all metals except zinc. This reaction 
is sensitive to the size of the solvation shell and is observed predominantly for small cluster sizes. For 
Cr, Co, and Zn, the metal center is oxidized with formation of MI+ ions. The formation of [MC3H6(C3H7I)2]+, 
M = Co+, Ni+, proceeds most likely via oxidative addition of C3H7I to the metal ion via insertion into the 
C–I bond, followed by reductive elimination of HI. For Cu+, this reaction seems to stop after the insertion 
of the metal into the C–I bond, resulting in Cu(C3H7I)(H2O)n+. The reactions are compared with earlier 
studies on electron transfer involving hydrated metal centers.  
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Photocatalytic Activity of Phosphorene Derivatives: Coverage, Electronic, Optical, and 
Excitonic Properties 

Srilatha Arra, K. R. Ramya, Rohit Babar, and Mukul Kabir 

 J. Phys. Chem. C 2018, 122 (13), 7194. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
In the context of a two-dimensional (2D) metal-free photocatalyst, we investigate the electronic, optical, 
and excitonic properties of phosphorene derivatives within the first-principles approach. Whereas 2D 
phosphorene does not catalyze the complete water-splitting reactions, O, S, and N coverages improve 
the situation drastically and become susceptible to catalyze the complete reaction at certain coverages. 
We find that for all of these dopants, 0.25–0.5 monolayer coverages are thermodynamically more stable 
and do not introduce midgap defect states and the composite systems remain semiconducting along 
with the properly aligned valance and conduction bands. Further, within visible light excitation, the optical 
absorption remains very high 105 cm–1 in these composite systems and the fundamental optical 
anisotropy of phosphorene remains intact. We also investigate the effect of layer thickness through 
bilayer phosphorene with oxygen coverages. Finally, we investigate the excitonic properties of these 
composite materials that are conducive to both redox reactions. The present results will open up new 
avenues to take advantage of these metal-free phosphorene derivatives toward its outstanding potential 
in photocatalysis. 
 

 

https://pubs.acs.org/doi/10.1021/acs.jpcc.7b12649
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