
Joseph Samec Research Group Digest          

 
 

  
 
 
Digest Aug 2017 



Joseph Samec Research Group Digest          

 

 

Flow Asymmetric Propargylation: Development of Continuous Processes for the Preparation of 
a Chiral β-Amino Alcohol  

Dr. Hui Li, Jillian W. Sheeran, Dr. Andrew M. Clausen, Dr. Yuan-Qing Fang, Dr. Matthew M. Bio and Dr. Scott Bader 

Angew. Chem. Int. Ed. 2017, 56(32), 9425. 

 
 
 
 
 
 
 
 
 
Abstract 
 
The development of a flow chemistry process for asymmetric propargylation using allene gas as a 
reagent is reported. The connected continuous process of allene dissolution, lithiation, Li-Zn 
transmetallation, and asymmetric propargylation provides homopropargyl β-amino alcohol 1 with high 
regio- and diastereoselectivity in high yield. This flow process enables practical use of an unstable 
allenyllithium intermediate. The process uses the commercially available and recyclable (1S,2R)-N-
pyrrolidinyl norephedrine as a ligand to promote the highly diastereoselective (32:1) propargylation. 
Judicious selection of mixers based on the chemistry requirement and real-time monitoring of the 
process using process analytical technology (PAT) enabled stable and scalable flow chemistry runs. 

 

 
Alkynyl Moiety for Triggering 1,2-Metallate Shifts: Enantiospecific sp2–sp3 Coupling of Boronic 

Esters with p-Arylacetylenes 

Dr. Venkataraman Ganesh, Dr. Marcin Odachowski and Prof. Varinder K. Aggarwal 

Angew. Chem. Int. Ed. 2017, 56(33), 9752 

 
 
 
 
 
 
 
 
 
 
 
Abstract 

The enantiospecific coupling of secondary and tertiary boronic esters to aromatics has been 

investigated. Using p-lithiated phenylacetylenes and a range of boronic esters coupling has been 

achieved by the addition of N-bromosuccinimide (NBS). The alkyne functionality of the intermediate 

boronate complex reacts with NBS triggering the 1,2-migration of the group on boron to carbon giving 

a dearomatized bromoallene intermediate. At this point elimination and rearomatization occurs with 

neopentyl boronic esters, giving the coupled products. However, using pinacol boronic esters, the 

boron moiety migrates to the adjacent carbon resulting in formation of ortho boron-incorporated 

coupled products. The synthetic utility of the boron incorporated product has been demonstrated by 

orthogonal transformation of both the alkyne and boronic ester functionalities.  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201704882/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201703894/abstract
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Controlling Reaction Selectivity through the Surface Termination of Perovskite Catalysts  

Felipe Polo-Garzon, Shi-Ze Yang, Victor Fung, Guo Shiou Foo, Elizabeth E. Bickel, Matthew F. Chisholm, De-en Jiang and Zili 
Wu 

Angew. Chem. Int. Ed. 2017, 56(33), 9820 

 
 
 
 
 
 
 
 
 
 
 
Abstract 

Although perovskites have been widely used in catalysis, tuning of their surface termination to control 

reaction selectivity has not been well established. In this study, we employed multiple surface-

sensitive techniques to characterize the surface termination (one aspect of surface reconstruction) of 

SrTiO3 (STO) after thermal pretreatment (Sr enrichment) and chemical etching (Ti enrichment). We 

show, by using the conversion of 2-propanol as a probe reaction, that the surface termination of STO 

can be controlled to greatly tune catalytic acid/base properties and consequently the reaction 

selectivity over a wide range, which is not possible with single-metal oxides, either SrO or TiO2. 

Density functional theory (DFT) calculations explain well the selectivity tuning and reaction mechanism 

on STO with different surface termination. Similar catalytic tunability was also observed on BaZrO3, 

thus highlighting the generality of the findings of this study. 

 

 

Direct Alkylation of Amines with Primary and Secondary Alcohols through Biocatalytic 

Hydrogen Borrowing  

Sarah L. Montgomery, Dr. Juan Mangas-Sanchez, Matthew P. Thompson, Dr. Godwin A. Aleku, Dr. Beatriz Dominguez and 
Prof. Nicholas J. Turner 

Angew. Chem. Int. Ed. 2017, 56(35),10491 

 

 
 
 
Abstract 

The reductive aminase from Aspergillus oryzae (AspRedAm) was combined with a single alcohol 

dehydrogenase (either metagenomic ADH-150, an ADH from Sphingobium yanoikuyae (SyADH), or a 

variant of the ADH from Thermoanaerobacter ethanolicus (TeSADH W110A)) in a redox-neutral 

cascade for the biocatalytic alkylation of amines using primary and secondary alcohols. Aliphatic and 

aromatic secondary amines were obtained in up to 99 % conversion, as well as chiral amines directly 

from the racemic alcohol precursors in up to >97 % ee, releasing water as the only byproduct. 

 

http://onlinelibrary.wiley.com/doi/10.1002/anie.201704656/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201705848/abstract
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γ-Functionalizations of Amines through Visible-Light-Mediated, Redox-Neutral C−C Bond 
Cleavage 

Dr. Wei Shu, Alexandre Genoux, Dr. Zhaodong Li and Prof. Dr. Cristina Nevado 

Angew. Chem. Int. Ed. 2017, 56(35),10521 

 
 
 
 
 
 
Abstract 

Cleavage of unstrained C−C bonds under mild, redox-neutral conditions represents a challenging 

endeavor which is accomplished here in the context of a flexible, visible-light-mediated, γ-

functionalization of amines. In situ generated C-centered radicals are harvested in the presence of 

Michael acceptors, thiols and alkyl halides to efficiently form new C(sp3)−C(sp3), C(sp3)−H and 

C(sp3)−Br bonds, respectively. 

 

 

Decarboxylation of Lactones over Zn/ZSM-5: Elucidation of the Structure of the Active Site and 
Molecular Interactions 

Dr. Lin Ye, Dr. Qi Song, Benedict T. W. Lo, Dr. Junlin Zheng, Prof. Dejing Kong, Dr. Claire A. Murray, Prof. Chiu C. Tang and 
Prof. S. C. Edman Tsang 

Angew. Chem. Int. Ed. 2017, 56(36),10711 

 
 
 
 
 
 
 
 
 
 
 
Abstract 

Herein, we report the catalytic decarboxylation of γ-valerolactone (GVL) over Zn/ZSM-5 to butene, 

followed by aromatization at high yield with co-feeding of water. An evaluation of the catalytic 

performance after prolonged periods of time showed that a water molecule is essential to maintain the 

decarboxylation and aromatization activities and avoid rapid catalyst deactivation. Synchrotron X-ray 

powder diffraction and Rietveld refinement were then used to elucidate the structures of adsorbed 

GVL and immobilized Zn species in combination with EXAFS and NMR spectroscopy. A new route for 

the cooperative hydrolysis of GVL by framework Zn−OH and Brønsted acidic sites to butene and then 

to aromatic compounds has thus been demonstrated. The structures and fundamental pathways for 

the nucleophilic attack of terminal Zn−OH sites are comparable to those of Zn-containing enzymes in 

biological systems. 

 

http://onlinelibrary.wiley.com/doi/10.1002/anie.201704068/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201704347/abstract


Joseph Samec Research Group Digest          

 

 

Asymmetric Synthesis of Tertiary Alcohols and Thiols via Nonstabilized Tertiary α-Oxy- and α-
Thio-Substituted Organolithium Species  

Dr. Alexander P. Pulis, Dr. Ana Varela, Dr. Cinzia Citti, Pradip Songara, Dr. Daniele Leonori and Prof. Varinder K. Aggarwal 

Angew. Chem. Int. Ed. 2017, 56(36), 10835 

 
 
 
 
 
 
 
Abstract 

Nonstabilized α-O-substituted tertiary organolithium species are difficult to generate, and the α-S-

substituted analogues are configurationally unstable. We now report that they can both be generated 

easily and trapped with a range of electrophiles with high enantioselectivity, providing ready access to 

a range of enantioenriched tertiary alcohols and thiols. The configurational stability of the α-S-

organolithium species was enhanced by using a less coordinating solvent and short reaction times. 

 

 

 
Re2O7-Mediated Dehydrative Cyclization Reactions: Total Synthesis of Herboxidiene and Its 12-
Desmethyl Analogue  

Tyler M. Rohrs, Qi Qin and Prof. Dr. Paul E. Floreancig 

Angew. Chem. Int. Ed. 2017, 56(36), 10900 

 
 
 
 
 
 
Abstract 
Re2O7 catalysis effects efficient and stereoselective dehydrative cyclization reactions from monoallylic 
diols, with stereocontrol arising from thermodynamic equilibration. This method was applied to a rapid 
synthesis of the spliceosome inhibitor herboxidiene. The route was also utilized for the synthesis of an 
analogue that highlights the importance of a single methyl group in biasing the conformation in the 
acyclic region of the molecule. 

 

 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201706722/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201705924/abstract
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Concerted Catalysis in Tight Spaces: Palladium-Catalyzed Allylation Reactions Accelerated by 
Accumulated Active Sites in Mesoporous Silica 

Dr. Ken Motokura, Marika Ikeda, Masayuki Nambo, Prof. Dr. Wang-Jae Chun, Dr. Kiyotaka Nakajima and Dr. Shinji Tanaka 

 

ChemCatChem  2017, 9(15), 2924 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
The surface of mesoporous silica was modified with a Pd–bisphosphine complex and/or a tertiary 
amine group for concerted acceleration of allylation reactions. Mesoporous-silica-supported catalysts 
with a 1.6 nm pore diameter showed higher performance than nonporous or larger mesoporous silica-
supported catalysts owing to the accumulation of active sites into a confined space. For the case in 
which allyl alcohol was used in the reaction, the presence of a silanol group on the surface was quite 
effective: the turnover number of Pd was nine times greater than that of the homogeneous Pd 
complex. 

 

The Role of Various Chlorides on Xylose Conversion to Furfural: Experiments and Kinetic 
Modeling 

Olga Ershova, Kaarlo Nieminen and Prof. Herbert Sixta 

 

ChemCatChem  2017, 9(15), 3031 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
In this paper, the catalytic activity of thirteen different metal chlorides in aqueous solution for the 
conversion of xylose into furfural was studied in comparison with both the auto- and HCl-catalyzed 
reactions. A maximum furfural yield of 60.3 mol % was reached with the addition of FeCl3 to the 
aqueous xylose solution. However, the catalytic efficiency of FeCl3 decreased on use of birch 
hydrolysate as a raw material, resulting in 43.5 mol % furfural yield. The obtained experimental results 
were incorporated in a kinetic modeling study. The assessed reaction rates for xylose dehydration to 
furfural and xylose decomposition to byproducts, in the presence of AlCl3 and CrCl3 are significantly 
higher than during acid-catalyzed conversion. The logarithms of the reaction rates show a linear 
correlation with the ionization energy as well as with the acidity of the metal ions. 
 

 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700439/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700269/abstract
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Enzyme-Promoted Asymmetric Tandem Passerini Reaction 

Dr. Anna Żądło-Dobrowolska, Dr. Dominik Koszelewski, Daniel Paprocki, Arleta Madej, Monika Wilk and Prof. Ryszard 

Ostaszewski 

 

ChemCatChem  2017, 9(15),3047 
 
 
 
 
 
 
 
 
 
Abstract 
 
A versatile and highly efficient three-step, one-pot, enzyme-promoted Passerini tandem reaction has 
been developed. The chemoenzymatic sequence involved simultaneous enzyme catalyzed hydrolysis, 
subsequent Passerini reaction, and enzymatic kinetic resolution of the Passerini product. This 
methodology combines the diversity delivered by multicomponent reactions with the selectivity of 
biocatalysts, which results in efficient synthesis of the target compounds with excellent enantiomeric 
excesses of up to 99 %. With a small set of substrates, a large library of complex molecules was 
obtained within a short time by using the developed procedure. 

 

 

 

Palladium-Catalyzed Ligand-Controlled Selective Synthesis of Aldehydes and Acids from Aryl 
Halides and Formic Acid  

Fu-Peng Wu, Dr. Jin-Bao Peng, Ling-Shen Meng, Dr. Xinxin Qi and Prof. Dr. Xiao-Feng Wu 

 

ChemCatChem  2017, 9(16), 3121 
 
 
 
 
 
 
 
 
 
Abstract 
 
Selective synthesis is in the core of modern organic chemistry. In this communication, a novel ligand-
dependent palladium-catalyzed carbonylation procedure for the divergent synthesis of aldehydes and 
carboxylic acids from easily available aryl halides was established. Under the same reaction 
conditions, the reaction pathway could be controlled by the ligands applied to give formylated and 
carboxylated products selectively. Sterically hindered monodentate ligands facilitated the reductive 
carbonylation and provided aldehydes, whereas bidentate ligands preferred the carboxylation reaction 
and produced carboxylic acids. A wide range of functional groups were tolerated, and the products 
were, in general, obtained in moderate to excellent yields. 
 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700427/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700517/abstract
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Combined Theoretical and Experimental Studies of Nickel-Catalyzed Cross-Coupling of 
Methoxyarenes with Arylboronic Esters via C–O Bond Cleavage 

Martin C. Schwarzer, Ryosuke Konno, Takayuki Hojo, Akimichi Ohtsuki, Keisuke Nakamura, Ayaka Yasutome, Hiroaki 
Takahashi, Toshiaki Shimasaki, Mamoru Tobisu, Naoto Chatani, and Seiji Mori 

Journal of the American Chemical Society 2017 139 (30), 10347-10358 

 

Nickel(0)-catalyzed cross-coupling of methoxyarenes through C–O bond activation has been the 
subject of considerable research because of their favorable features compared with those of the cross-
coupling of aryl halides, such as atom economy and efficiency. In 2008, we have reported 
nickel/PCy3-catalyzed cross-coupling of methoxyarenes with arylboronic esters in which the addition 
of a stoichiometric base such as CsF is essential for the reaction to proceed. Recently, we have also 
found that the scope of the substrate in the Suzuki–Miyaura-type cross-coupling of methoxyarenes 
can be greatly expanded by using 1,3-dicyclohexylimidazol-2-ylidene (ICy) as the ligand. Interestingly, 
a stoichiometric amount of external base is not required for the nickel/ICy-catalyzed cross-coupling. 
For the mechanism and origin of the effect of the external base to be elucidated, density functional 
theory calculations are conducted. In the nickel/PCy3-catalyzed reactions, the activation energy for the 
oxidative addition of the C(aryl)–OMe bond is too high to occur under the catalytic conditions. 
However, the oxidative addition process becomes energetically feasible when CsF and an arylboronic 
ester interact with a Ni(PCy3)2/methoxyarene fragment to form a quaternary complex. In the 
nickel/ICy-catalyzed reactions, the oxidative addition of the C(aryl)–OMe bond can proceed more 
easily without the aid of CsF because the nickel-ligand bonds are stronger and therefore stabilize the 
transition state. The subsequent transmetalation from an Ar–Ni–OMe intermediate is determined to 
proceed through a pathway with lower energies than those required for β-hydrogen elimination. The 
overall driving force of the reaction is the reductive elimination to form the carbon–carbon bond. 

Reductive Etherification via Anion-Binding Catalysis 

Chenfei Zhao, Christopher A. Sojdak, Wazo Myint, and Daniel Seidel 

Journal of the American Chemical Society 2017 139 (30), 10224-10227 

 

Reductive condensations of alcohols with aldehydes/ketones to generate ethers are catalyzed by a 
readily accessible thiourea organocatalyst that operates in combination with HCl. 1,1,3,3-
tetramethyldisiloxane serves as a convenient reducing reagent. This strategy is applicable to 
challenging substrate combinations and exhibits functional group tolerance. Competing reductive 
homocoupling of the carbonyl component is suppressed. 

http://pubs.acs.org/doi/10.1021/jacs.7b04279
http://pubs.acs.org/doi/abs/10.1021/jacs.7b05832
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Fine Tuning the Redox Potentials of Carbazolic Porous Organic Frameworks for Visible-Light 
Photoredox Catalytic Degradation of Lignin β-O-4 Models 

Jian Luo, Xiang Zhang, Jingzhi Lu, and Jian Zhang 

ACS Catalysis 2017 7 (8), 5062-5070 

 

We report a facile approach to fine tune the redox potentials of π-conjugated porous organic 
frameworks (POFs) by copolymerizing carbazolic electron donor (D) and electron acceptor (A) based 
comonomers at different ratios. The resulting carbazolic copolymers (CzCPs) exhibit a wide range of 
redox potentials that are comparable to common transition-metal complexes and are used in the 
stepwise photocatalytic degradation of lignin β-O-4 models. With the strongest oxidative capability, 
CzCP100 (D:A = 0:100) exhibits the highest efficiency for the oxidation of benzylic β-O-4 alcohols, 
while the highly reductive CzCP33 (D:A = 66:33) gives the highest yield for the reductive cleavage of 
β-O-4 ketones. CzCPs also exhibit excellent stability and recyclability and represent a class of 
promising heterogeneous photocatalysts for the production of fine chemicals from sustainable 
lignocellulosic biomass. 

Scaling Relations and Kinetic Monte Carlo Simulations To Bridge the Materials Gap in 
Heterogeneous Catalysis 

Mikkel Jørgensen and Henrik Grönbeck 

ACS Catalysis 2017 7 (8), 5054-5061 

 

Scaling relations combined with kinetic Monte Carlo simulations are used to study catalytic reactions 
on extended metal surfaces and nanoparticles. The reaction energies are obtained by density 
functional theory calculations, where the site-specific values are derived using generalized 
coordination numbers. This approach provides a way to handle the materials gap in heterogeneous 
catalysis. CO oxidation on platinum is investigated as an archetypical reaction. The kinetic simulations 
reveal clear differences between extended surfaces and nanoparticles in the size range of 1–5 nm. 
The presence of different types of sites on nanoparticles results in a turnover frequency that is orders 
of magnitude larger than on extended surfaces. For nanoparticles, the reaction conditions determine 
which sites dominate the overall activity. At low pressures and high temperatures, edge and corner 
sites determine the catalytic activity, whereas facet sites dominate the activity at high pressures and 
low temperatures. Furthermore, the reaction conditions are found to determine the particle-size 
dependence of the turnover frequency. 

http://pubs.acs.org/doi/10.1021/acscatal.7b01010
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Visible-Light-Promoted Selective Oxidation of Alcohols Using a Covalent Triazine Framework 

Wei Huang, Beatriz Chiyin Ma, Hao Lu, Run Li, Lei Wang, Katharina Landfester, and Kai A. I. Zhang 

ACS Catalysis 2017 7 (8), 5438-5442 

 

The formation of aldehydes and ketones via selective oxidation of alcohols is an essential 
transformation in organic synthesis. However, the usually harsh reaction conditions using toxic metal 
catalysts or corrosive reagents lead to undesired side products and wastes. Environmentally friendly 
and mild reaction conditions using metal-free catalysts remain a huge challenge. Herein, we report the 
use of a thiophene-based covalent triazine framework (CTF) as pure organic and visible-light-active 
photocatalyst for the selective oxidation of alcohols at room temperature. Molecular oxygen was 
activated as a clean and selective oxidant. The high selectivity and efficiency of the pure organic 
photocatalyst could be demonstrated and were comparable to those of the state-of-art metal or 
nonmetal catalytic systems reported. 

Hydrodeoxygenation of Furylmethane Oxygenates to Jet and Diesel Range Fuels: Probing the 
Reaction Network with Supported Palladium Catalyst and Hafnium Triflate Promoter 

Saikat Dutta and Basudeb Saha 

ACS Catalysis 2017 7 (8), 5491-5499 

 

Catalytic hydrodeoxygenation of furylmethane oxygenates to high carbon branched chain jet and 
diesel fuel range alkanes under mild reaction conditions is a promising strategy for energy-efficient 
production of fuels with minimal C–C cracking to undesired products. Here, we report that a strong 
Lewis acidic promoter can overcome the energy barrier for furylmethane hydrodeoxygenation at lower 
temperature. Furan rings of furylmethanes are first hydrogenated to fully saturated cyclic ethers by a 
hydrogenation catalyst, which then undergo facile ring opening and deoxygenation by the promoter. A 
cyclic intermediate between ethereal O and the Lewis acidic metal center, assisted by the triflate 
ligand of the promoter, is formed in the ring-opening step. Probing the reaction pathway with 
symmetric single furan ring surrogate molecules suggests that the promoter is necessary for the ring 
opening. Deoxygenation of ring-opened oxygenates takes place more quickly for single furan ring 
surrogates than for the multiple furan ring furylmethanes. A maximum 97% jet fuel range alkanes with 
93% selectivity in C15H32 and C14H30 is achieved from C15-furylmethane under optimal conditions. 
The yield and selectivity of alkanes with desired carbon numbers can be tuned using furylmethanes 
with tailored carbon chains, furan numbers, and a carbon center that minimizes C–C cracking. 

http://pubs.acs.org/doi/10.1021/acscatal.7b01719
http://pubs.acs.org/doi/10.1021/acscatal.7b00986
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Main-chain metallopolymers at the static–dynamic boundary based on nickelocene 
Rebecca A. Musgrave,Andrew D. Russell,Dominic W. Hayward,George R. Whittell,Paul G. Lawrence,Paul J. 

Gates,Jennifer C. Green& Ian Manners 

 
NATURE CHEMISTRY, 2017, 9, 743 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Interactions between metal ions and ligands in metal-containing polymers involve two 

bonding extremes: persistent covalent bonding, in which the polymers are essentially static in 

nature, or labile coordination bonding, which leads to dynamic supramolecular materials. 

Main-chain polymetallocenes based on ferrocene and cobaltocene fall into the former 

category because of the presence of strong metal–cyclopentadienyl bonds. Herein, we 

describe a main-chain polynickelocene—formed by ring-opening polymerization of a 

moderately strained [3]nickelocenophane monomer—that can be switched between static 

and dynamic states because of the relatively weak nickel–cyclopentadienyl ligand 

interactions. This is illustrated by the observation that, at a low concentration or at an 

elevated temperature in a coordinating or polar solvent, depolymerization of the 

polynickelocene occurs. A study of this dynamic polymer–monomer equilibrium by 1H NMR 

spectroscopy allowed the determination of the associated thermodynamic parameters. 

Microrheology data, however, indicated that under similar conditions the polynickelocene is 

considered to be static on the shorter rheological timescale. 
 

 
 

 

 

http://www.nature.com/nchem/journal/v9/n8/abs/nchem.2743.html
http://www.nature.com/nchem/journal/v9/n8/abs/nchem.2743.html
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Parameterization of phosphine ligands demonstrates enhancement of nickel catalysis via 
remote steric effects  

Kevin Wu & Abigail G. Doyle 

NATURE CHEMISTRY, 2017, 9, 779 

 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
The field of Ni-catalysed cross-coupling has seen rapid recent growth because of the low 

cost of Ni, its earth abundance, and its ability to promote unique cross-coupling reactions. 

Whereas advances in the related field of Pd-catalysed cross-coupling have been driven by 

ligand design, the development of ligands specifically for Ni has received minimal attention. 

Here, we disclose a class of phosphines that enable the Ni-catalysed Csp3 Suzuki coupling 

of acetals with boronic acids to generate benzylic ethers, a reaction that failed with known 

ligands for Ni and designer phosphines for Pd. Using parameters to quantify phosphine steric 

and electronic properties together with regression statistical analysis, we identify a model for 

ligand success. The study suggests that effective phosphines feature remote steric 

hindrance, a concept that could guide future ligand design tailored to Ni. Our analysis also 

reveals that two classic descriptors for ligand steric environment—cone angle and % buried 

volume—are not equivalent, despite their treatment in the literature.  

http://www.nature.com/nchem/journal/v9/n8/abs/nchem.2741.html
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Enantioselective copper catalysed, direct functionalisation of allenes via allyl copper 
intermediates 

A. P. Pulis, K. Yeung, D. J. Procter    

Chemical Science 2017, 8, 5240. 

 

Abstract 
 
The direct functionalisation of allenes under copper catalysis enables efficient access to 
enantioenriched, densely functionalised molecules. In this review we explore the breadth and depth of 
a versatile reaction manifold, which involves the element-cupration of allenes to generate allyl copper 
intermediates that are subsequently coupled with diverse arrays of electrophiles. 
 

Recent developments in the use of aza-Heck cyclizations for the synthesis of chiral N-
heterocycles 

N. J. Race, I. R. Hazelden, A. Faulkner, J. F. Bower 

Chemical Science 2017, 8, 5248. 

  

Abstract 
 
Aza-Heck cyclizations are an emerging method for the construction of chiral N-heterocyclic systems. In 
these processes, an activated N–O bond replaces the C–X bond (X = halide, OTf) used in conventional 
Heck reactions, with the associated aza-Pd(II)-intermediate engaging pendant alkenes in a Heck-like 
manner. This perspective article commences with an historical overview of the area, which stems from 
Narasaka's seminal studies using oxime esters as the initiating motif. The scope and mechanism of 
associated chiral N-heterocyclic methodologies are then outlined, including cascade processes that 
enable diverse alkene 1,2-carboaminations. The recent emergence of new N–O donors and the 
realization of highly enantioselective aza-Heck cyclizations are then discussed. Collectively, these 
studies suggest that the aza-Heck approach can underpin a broad family of redox-neutral and 
enantioselective C–N bond forming processes. 

http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01968H#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01968H#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01480E#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01480E#!divAbstract
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Efficient Iridium Catalysts for Base-Free Hydrogenation of Levulinic Acid 

S. Wang, H. Huang, V. Dorcet, T. Roisnel, C. Bruneau, C. Fischmeister 

Organometallics 2017, 36, 3152. 

   

Abstract 
 
The synthesis and characterization of new dicationic ruthenium and iridium complexes bearing a 
dipyridylamine ligand (dpa) are reported. These complexes display an unusual zwitterionic molecular 
structure in the solid state. The iridium complex [Cp*Ir(dpa)(OSO3)] (Ir1) was found to be very efficient 
in base-free hydrogenation of levulinic acid into γ-valerolactone (GVL). TONs as high as 174000 in 
hydrogenation have been obtained. We have demonstrated that reduction of LA into GVL by transfer 
hydrogenation with formic acid is in fact operating by hydrogenation fed by preliminary formic acid 
dehydrogenation. A mechanism based on the characterization and isolation of Ir–H complexes is 
proposed. 
 
 

Frustrated Lewis Pair Catalyzed S–H Bond Borylation 

E. Rochette, H. Boutin, F.-G. Fontaine 

Organometallics 2017, 36, 2870. 

   

Abstract 
 
The frustrated Lewis pair (FLP) [NMe2-C6H4-BH2]2 is shown to catalyze the dehydrogenative borylation 
of thiols. The scope of the reaction, the experimental and computational investigation of the mechanism, 
and the application of the system to a one-pot Michael addition on α–β unsaturated carbonyl leading to 
the β sulfido ketone are reported. 
 
 
 

http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00503
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00503
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00346
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00346
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Approaches to Sigma Complexes via Displacement of Agostic Interactions: An Experimental and 
Theoretical Investigation 

A. Ramaraj, K. H. K. Reddy, H. Keil, R. Herbst-Irmer, D. Stalke, E. D. Jemmis, B. R. Jagirdar 

Organometallics 2017, 36, 2736. 

   

Abstract 
 
A series of coordinatively unsaturated, 16-electron, cationic ruthenium complexes bearing PNP pincer 
ligands of the type [RuH(L)(PNRP)]+ (L = PPh3, R = PhCH2 (3), Ph (4); L = CO, R = PhCH2 (5); PNRP = 
RN(CH2CH2PPh2)2) has been prepared and characterized. These complexes exhibit agostic interaction 
in the sixth coordination site. The binding of various X–H (X = H, Si, B, and C) bonds in small molecules 
such as H2, silanes, tetracoordinate boranes, and CH4 to the ruthenium center via displacement of the 
relatively weak agostic interaction in these complexes has been studied. Structures of [RuH(L)(PNRP)]+ 
(L = PPh3, R = PhCH2 (3), Ph (4); L = CO, R = PhCH2 (5); PNRP = RN(CH2CH2PPh2)2) complexes and 
the sigma-borane complex trans-[RuH(CO)(η1-H-BH2·NMe3)(PNRP)]+ (R = PhCH2 (15)) have been 
established by X-ray crystallography. The relative binding strengths of the X–H bonds to ruthenium 
center in these complexes has been studied using computational methods. 

http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00210
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.7b00210
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Aggregation and Solvation of n-Butyllithium 
Onkei Tai, Russell Hopson, and Paul G. Williard 

Org. Lett., 2017, 19 (15), 3966. 

 
Solution characterizations and ligand binding constants were determined for n-butyllithium in 

hydrocarbon and ethereal solvents using diffusion-ordered NMR. In hydrocarbon solvents, n-

butyllithium exists primarily as an octamer at −40 °C and deaggregates to a hexamer when the 

temperature is increased. In the presence of THF or diethyl ether, n-butyllithium exists predominantly 

as a tetra-solvated tetramer and deaggregates to a tetra-solvated dimer in the presence of a large 

excess or neat THF. The ligand binding constants for the tetra-solvated tetramers were measured 

using 1H NMR/DOSY titration. 

 

Insight into Copper Catalysis: In Situ Formed Nano Cu2O in Suzuki–Miyaura Cross-Coupling of 

Aryl/Indolyl Boronates 
Ganapathy Ranjani and Rajagopal Nagarajan 

Org. Lett., 2017, 19 (15), 3974 

 
A ligand-free copper catalyzed Suzuki–Miyaura coupling of 3,5-diiodopyridine with aryl and indole 

boronates has been explored in good to excellent yields. In situ generation of nano-Cu2O from CuCl2 

under the reaction conditions has been discovered for the first time. The generality of the reaction was 

further demonstrated by the arylation of 5-iodopyrimidine, iodopyridines, iodobenzenes, and 

diiodobenzenes and resulted in good to moderate yields. Moreover, bisindole alkaloid Scalaridine A 

has been successfully synthesized in 60% overall yield. 

 

Hydrogen Bond Direction Enables Palladium-Catalyzed Branch- and Enantioselective Allylic 

Aminations and Beyond 
Ya-Ni Wang, Bao-Cheng Wang, Mao-Mao Zhang, Xiao-Wen Gao, Tian-Ren Li, Liang-Qiu Lu, and Wen-Jing Xiao 

Org. Lett., 2017, 19 (15), 4094 

 
The palladium-catalyzed branch- and enantioselective allylic amination of vinyl benzoxazinones was 

accomplished through controlling the hydrogen bond direction. This protocol provides a rapid and 

efficient route for synthesizing an important building block, chiral amino alkene, from widely available 

aliphatic amines in 64 → 99% yields with up to 99% ee. Furthermore, this transformation and the 

accompanying products were utilized to develop one-pot reactions through dual catalysis, affording 

chiral indolines with good synthetic efficiency and excellent enantiocontrol. 
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BF3-Promoted Divergent Reactions between Tryptophols and Propargylic Alcohols 
Kai Huang, Guorong Sheng, Ping Lu, and Yanguang Wang 

Org. Lett., 2017, 19 (15), 4114 

 
Trifluoroboron-promoted cascade reactions between tryptophols and propagylic alcohols furnished 

three types of skeletons, including carbazoles, cyclopenta[b]furo[2,3-b]indoles, and allenyl furo[2,3-

b]indoles, with excellent selectivity based on the substrate structure. Tryptophols without a substituent 

on the 2-position of the indole ring reacted with 1,1,3-triphenylprop-2-yn-1-ol and 9-(phenylethynyl)-

9H-fluoren-9-ol to give carbazoles and cyclopenta[b]furo[2,3-b]indoles, respectively, while the reaction 

of 2-substituted tryptophols afforded allenylfuro[2,3-b]indoles. 

 

Pd-Catalyzed Hydroamination of Alkoxyallenes with Azole Heterocycles: Examples and 

Mechanistic Proposal 
Ivan Bernar, Béla Fiser, Daniel Blanco-Ania, Enrique Gómez-Bengoa, and Floris P. J. T. Rutjes 

Org. Lett., 2017, 19 (16), 4211 

 
Palladium-catalyzed regio- and enantioselective addition of azole heterocycles to alkoxyallenes was 

developed (up to 92% yields and up to 94% ee). DFT calculations suggest a new Pd(0)-driven 

mechanistic pathway proceeding through protonation of the Pd-coordinated allene (4-PdL2), which 

develops a strongly nucleophilic character at the central C atom. 

 

Enantioselective Direct Synthesis of Free Cyclic Amines via Intramolecular Reductive 

Amination 
Ying Zhang, Qiaozhi Yan, Guofu Zi, and Guohua Hou 

Org. Lett., 2017, 19 (16), 4215 

 
Chiral cyclic amines can be prepared via intramolecular reductive amination of N-Boc-protected amino 

ketones in a one-pot process. With the complex of iridium and f-spiroPhos as the catalyst, a range of 

N-Boc-protected amino ketones are smoothly transformed into chiral cyclic free amines in high yields 

and excellent enantioselectivities (up to 97% ee). Moreover, this method can also be successfully 

applied to the synthesis of a κ-opioid receptor selective antagonist, (S)-1. 
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Non-Heme Iron Catalysts with a Rigid Bis-Isoindoline Backbone and Their Use in Selective 

Aliphatic C−H Oxidation 
Jianming Chen, Martin Lutz, Michela Milan, Miquel Costas, Matthias Otte and Robertus J. M. Klein Gebbink 

Adv. Synth. Catal. 2017, 359, 2590 

 
Iron complexes derived from a bis-isoindoline-bis-pyridine ligand platform based on the BPBP ligand 

(BPBP=N,N′-bis(2-picolyl)-2,2′-bis-pyrrolidine) have been synthesized and applied in selective 

aliphatic C−H oxidation with hydrogen peroxide under mild conditions. The introduction of benzene 

moieties on the bis-pyrrolidine backbone leads to an increased preference of tertiary over secondary 

C−H bond oxidation (3°/2° ratio up to 33). On the other hand, substituting the meta-position of the 

pyridines with bulky silyl groups affords enhanced secondary C−H oxidation selectivity and generally 

leads to higher product yields and mass balances. 

 

Catalytic Asymmetric [3+3] Cycloaddition of Azomethine Ylides with C3-Substituted 2-

Indolylmethanols 
Xiao-Xue Sun, Can Li, Ying-Ying He, Zi-Qi Zhu, Guang-Jian Mei and Feng Shi 

Adv. Synth. Catal. 2017, 359, 2660. 

 
The first catalytic asymmetric [3+3] cycloaddition of azomethine ylides with C3-substituted 2-

indolylmethanols has been established, leading to diastereo- and enantioselective construction of a 

tetrahydropyrimido[1,6-a]indole framework (up to 91% yield, >95:5 dr, 98:2 er). This reaction also 

represents a new type of catalytic enantioselective [3+3] cycloaddition using azomethine ylides. 

 

Calcium(II)-Catalyzed Alkenylation of N-Acyliminiums and Related Ions with Vinylboronic Acids 
Xiao-Xue Sun, Can Li, Ying-Ying He, Zi-Qi Zhu, Guang-Jian Mei and Feng Shi 

Adv. Synth. Catal. 2017, 359, 2671. 

  
Efficient C−C bond-forming reactions between N,O-acetals and vinylboronic acids were achieved via a 

calcium(II)-catalyzed formation of a N-acyliminium intermediate or a related ion. This strategy can give 

a rapid access to a wide variety of alkenyl-functionalized nitrogen-containing compounds in good to 

excellent yields under simple reaction conditions. 
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Lewis Acid-Catalyzed [4+2] Annulation between Propargylic Alcohols with Benzo[d]isoxazoles 
Ya-Ping Han, Xue-Song Li, Zhou Sun, Xin-Yu Zhu, Ming Li, Xian-Rong Song and Yong-Min Liang 

Adv. Synth. Catal. 2017, 359, 2735. 

 
An unprecedented copper(II) trifluoromethanesulfonate-catalyzed [4+2] cascade annulation of 

propargylic alcohols with benzo[d]isoxazoles proceeds through a sequential ring opening/Meyer–

Schuster rearrangement/intermolecular cyclization. This protocol, which tolerates a broad variety of 

functional groups, offers a versatile, modular and atom-economical access to a new class of 

fascinating quinoline derivatives in good yields under mild conditions. The transformation could be 

scaled up to a gram scale efficiently, thus highlighting the synthetic utility of this methodology. 

 

Hydrogen Bonding-Assisted Enhancement of the Reaction Rate and Selectivity in the Kinetic 

Resolution of d,l-1,2-Diols with Chiral Nucleophilic Catalysts 
Kazuki Fujii, Koichi Mitsudo, Hiroki Mandai and Seiji Suga 

Adv. Synth. Catal. 2017, 359, 2778. 

 
An extremely efficient acylative kinetic resolution of d,l-1,2-diols in the presence of only 0.5 mol% of 

binaphthyl-based chiral N,N-4-dimethylaminopyridine was developed (selectivity factor of up to 180). 

Several key experiments revealed that hydrogen bonding between the tert-alcohol unit(s) of the 

catalyst and the 1,2-diol unit of the substrate is critical for accelerating the rate of monoacylation and 

achieving high enantioselectivity. This catalytic system can be applied to a wide range of substrates 

involving racemic acyclic and cyclic 1,2-diols with high selectivity factors. The kinetic resolution of d,l-

hydrobenzoin and trans-1,2-cyclohexanediol on a multigram scale (10 g) also proceeded with high 

selectivity and under moderate reaction conditions: (i) very low catalyst loading (0.1 mol%); (ii) an 

easily achievable low reaction temperature (0 °C); (iii) high substrate concentration (1.0 M); and (iv) 

short reaction time (30 min). 

  

http://onlinelibrary.wiley.com/doi/10.1002/adsc.201700495/full
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201700057/full


Joseph Samec Research Group Digest          

 

 

Indolylmethanols as Reactants in Catalytic Asymmetric Reactions 
Guang-Jian Mei and Feng Shi 

J. Org. Chem., 2017, 82 (15), 7695 

 
Indolylmethanols have emerged as versatile reactants in catalytic asymmetric reactions because of 

the facile generation of reactive intermediates from these compounds. The most common 

indolylmethanols are 3-indolylmethanols and 2-indolylmethanols, and the reaction types applicable to 

these heterocycles mainly include catalytic enantioselective substitutions and cyclizations. Using 

indolylmethanols as reactants in catalytic asymmetric reactions enables the enantioselective 

construction of a variety of indole-containing frameworks. 

 

Direct Catalytic Asymmetric Aldol Addition of an α-CF3 Amide to Arylglyoxal Hydrates 
Akinobu Matsuzawa, Hidetoshi Noda, Naoya Kumagai, and Masakatsu Shibasaki 

J. Org. Chem., 2017, 82 (15), 8304 

 
Direct asymmetric aldol addition of an α-CF3 amide to arylglyoxal hydrates was promoted by a chiral 

catalyst comprising a soft Lewis acidic Cu(I), a chiral bisphosphine ligand, and DBU. The 7-

azaindoline moiety of the amide facilitates its enolization and stabilizes the thus-generated Cu enolate, 

furnishing enantioenriched aldol adducts. 

 

Preparation of Spiro[indene-1,1′-isoindolin]-3′-ones via Sulfuric Acid-Promoted Cascade 

Cyclization  
Lang Sun, Peng Liu, Jing Wang, Ping Lu, and Yanguang Wang 

J. Org. Chem., 2017, 82 (16), 8407 

 
The sulfuric acid-promoted cascade cyclization of 2-(3-hydroxyprop-1-ynyl)benzonitriles led to an 

efficient synthesis of spiro[indene-1,1′-isoindolin]-3′-ones. This class of spiro compounds could also be 

prepared by the sulfuric acid-catalyzed cyclization of 2-(phenylacryloyl)benzonitriles, which were 

readily derived from 2-(3-hydroxyprop-1-ynyl)benzamides using trifluoroacetic acid as a catalyst. 
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In Situ-Generated Glycinyl Chloroaminals for a One-Pot Synthesis of Non-proteinogenic α-

Amino Esters  
Shyam S. Samanta and Stéphane P. Roche 

J. Org. Chem., 2017, 82 (16), 8514 

 
An acetyl chloride-mediated cascade transformation involving a primary carbamate, ethyl glyoxylate, 

and various types of nucleophiles is reported for the synthesis of orthogonally protected α-amino 

esters. These reactions proceeded rapidly to afford the pivotal α-chloroglycine intermediate in 

excellent yields, which can be directly functionalized in situ with various types of nucleophiles. A mild 

and unique AcOH(cat.)/AcCl system was found to promote an autocatalytic-like condensation and 

facilitate the multicomponent assembly of non-proteinogenic α-amino esters. To better understand this 

one-pot transformation and the orchestration of the components’ condensations, the investigation of a 

broader scope of nucleophiles and some kinetic studies are presented. Our findings suggest that the 

halogenation step toward the formation of α-chloroglycine is the rate-determining step likely 

proceeding through the formation of N-carbamoyl iminium. Also, the initial kinetic profiling for the 

nucleophilic substitution supports an SN1-like (SN2C+) mechanism in which nucleophiles add to the 

iminium–chloride tight ionic pair. These results lead ultimately to the design of a new protocol in which 

an achiral hydrogen bond donor thiourea catalyst was utilized to enhance the reaction scope and 

enable silylated nucleophiles to be efficiently exploited to synthesize novel non-proteinogenic α-amino 

esters. 

 

Fe(II)-Catalyzed Isomerization of 4-Vinylisoxazoles into Pyrroles  
Ekaterina E. Galenko, Vladimir A. Bodunov, Alexey V. Galenko, Mikhail S. Novikov, and Alexander F. Khlebnikov 

J. Org. Chem., 2017, 82 (16), 8568 

 
The first synthesis of pyrroles by Fe(II)-catalyzed isomerization of 4-vinylisoxazoles is reported. 5-

Alkoxy, amino, and N,N-dialkylamino-3-aryl/alkyl-4-(2-R-vinyl)isoxazoles afford 2-aryl/alkyl-5-

aryl/alkyl/methoxycarbonyl-1H-pyrrol-3-carboxylic acid derivatives typically under mild conditions with 

cheap and available FeCl2·4H2O as a catalyst. The isomerization of 5-alkoxy/amino-3-arylisoxazoles, 

bearing unsaturated carbo and heterocyclic substituents at the position 4, gives the corresponding 

fused pyrrolecarboxylic acid derivatives in high yields. DFT calculations were used to elucidate a 

probable mechanism of the isomerization and explain the influence of steric congestion of the vinyl 

moiety on the isomerization pathway. 

 

Chiral Brønsted Acid Catalyzed Enantioselective aza-Friedel–Crafts Reaction of Cyclic α-Diaryl 

N-Acyl Imines with Indoles  
Danijel Glavač, Chao Zheng, Irena Dokli, Shu-Li You, and Matija Gredičak 

J. Org. Chem., 2017, 82 (16), 8752 
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Asymmetric addition of indoles to cyclic α-diaryl-substituted N-acyl imines, which are generated in situ 

from 3-aryl 3-hydroxyisoindolinones, is described. The transformation proceeds smoothly with a broad 

range of indoles and isoindolinone alcohols using a SPINOL-derived chiral Brønsted acid catalyst to 

afford α-tetrasubstituted (3-indolyl)(diaryl)methanamines in excellent yields and enantioselectivities (up 

to 98% yield, up to >99:1 e.r.). The origin of stereochemical induction is supported by DFT calculations 

and experimental data. 

 

Iron-Catalyzed Direct C3-Benzylation of Indoles with Benzyl Alcohols through Borrowing 

Hydrogen  
Giovanni Di Gregorio, Michele Mari, Francesca Bartoccini, and Giovanni Piersanti 

J. Org. Chem., 2017, 82 (16), 8769 

 
We present the coupling of primary and secondary benzyl alcohols with indoles to form 3-benzylated 

indoles and H2O that is catalyzed, for the first time, by a complex of earth-abundant iron. This 

transformation accommodates a variety of substrates and is distinguished by its operational simplicity, 

sustainability, high functional-group tolerance, and amenability to gram-scale synthesis. On the basis 

of the preliminary experimental observations, we propose that the reaction proceeds through a 

borrowing hydrogen process. 

http://pubs.acs.org/doi/10.1021/acs.joc.7b01603
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Enzymatic Functionalization of HMLS-Polyethylene Terephthalate Fabrics Improves the 
Adhesion to Rubber 

 

Sara Vecchiato, Jennifer Ahrens, Alessandro Pellis, Denis Scaini, Bernhard Mueller, Enrique Herrero Acero, and Georg M. 
Guebitz 

ACS Sustainable Chemistry & Engineering 2017 5 (8), 6456-6465 

 

Among synthetic thermoplastic fiber materials for reinforcement, high modulus and low shrinkage 
poly(ethylene terephthalate) (HMLS-PET) became the major carcass material for the low- to medium-
end tire segment. Usually cords are coated with a resorcinol–formaldehyde–latex (RFL) dip to achieve 
acceptable power transmission. However, the low concentration of polar groups on the PET’s surface 
requires an additional activation with costly and potentially toxic chemicals to create additional 
nucleophilic groups prior to RFL dipping. Here, a green enzyme based alternative to chemical HMLS-
PET activation was investigated. Four different cutinase variants from Thermobifida cellulosilytica were 
shown to hydrolyze HMLS-PET cords, creating new carboxylic and hydroxyl groups with distinct 
exoendo-wise selectivity. The highest degree of enzymatic functionalization reached a concentration 
of 0.51 nmol mm–2 of COOH with a release of 1.35 mM of soluble products after 72 h. The chemical 
treatment with 1 M NaOH released more soluble products leading up to a 10% decrease of the tensile 
strength while the functionalization degree achieved was only 0.21 nmol mm–2. This clearly indicates a 
more endowise mode of hydrolysis for the enzymatic treatment when compared to chemical 
hydrolysis. Scanning electron microscopy of the fibers confirmed the aggressiveness of the chemical 
treatment, whereas the enzymatic approach only led to 0.7% solubilization of the polymer with no loss 
of mechanical properties and crystallinity changes. The newly created groups were chemically 
accessible and reactive in the dipping step and led after the vulcanization to a significant improvement 
of the adhesion between the polymer and a representative carcass rubber compound according to the 
peel tests. 
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Toward Fast Pyrolysis-Based Biorefinery: Selective Production of Platform Chemicals from 
Biomass by Organosolv Fractionation Coupled with Fast Pyrolysis 

Anqing Zheng, Tianju Chen, Jiangwei Sun, Liqun Jiang, Jinhu Wu, Zengli Zhao, Zhen Huang, Kun Zhao, Guoqiang Wei, Fang 
He, and Haibin Li 

ACS Sustainable Chemistry & Engineering 2017 5 (8), 6507-6516 

 

The heterogeneous structure of biomass causes the complex compositions of bio-oil, thereby posing 
huge challenges for the extraction of value-added chemicals from bio-oil and the catalytic upgrading of 
bio-oil in existing petroleum-refining infrastructures. In order to overcome these challenges, a new 
advanced biorefinery based on organosolv fractionation coupled with fast pyrolysis is first proposed. 
The experimental results showed that biomass can be effectively divided into cellulose-rich fractions, 
organosolv lignins, and xylose by organosolv fractionation, thus improving the relative yields of 
platform chemicals (levoglucosan (LG) and phenols) in subsequent fast pyrolysis. The relative LG 
yields from eucalyptus, pine, and bagasse increased from 4.8, 3.5, and 2.1 wt % to 42.1, 22.7, and 
59.8 wt %, respectively. These findings provide a simple and efficient integrated process to selective 
production of platform chemicals, which is different from the existing processes, e.g. catalytic fast 
pyrolysis and postpyrolysis separation. In addition, the fast pyrolysis of acid-passivated cellulose-rich 
fractions with varying cellulose contents revealed that the LG yields were linearly related to the 
cellulose contents of feedstocks, and the gap between actual and theoretical yields of LG decreased 
with increasing cellulose contents of feedstocks, suggesting that the interactions between cellulose 
and other components (lignin and hemicellulose) were the main controlling factor of LG yields from 
pyrolysis of acid-passivated cellulose-rich fractions. 
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New Method for Highly Efficient Conversion of Biomass-Derived Levulinic Acid to γ-
Valerolactone in Water without Precious Metal Catalysts 

Heng Zhong, Qiuju Li, Jianke Liu, Guodong Yao, Jie Wang, Xu Zeng, Zhibao Huo, and Fangming Jin 

ACS Sustainable Chemistry & Engineering 2017 5 (8), 6517-6523 

 

γ-Valerolactone (GVL) is receiving increasing attention because of its significant characteristics of an 
ideal sustainable liquid fuel. In this work, a novel and nonprecious metal catalytic method of the 
hydrogenation of biomass-derived levulinic acid (LA) into GVL by water splitting is first reported. 
Commercially available nonprecious metals of Fe, Ni, Cu, Cr, and Mo exhibited significantly catalytic 
activities in the hydrogenation of LA into GVL. Over 90% yield of GVL from LA can be obtained at a 
relatively low temperature of 180 °C, and an excellent 98% yield of GVL was achieved over the Fe 
catalyst at 250 °C. Catalyst Fe is stable and still keeps the high catalytic activity after recycles. The 
extraordinary catalytic activity of the general Fe powder is probably because of the role of hot water 
and also a synergistic role of the Fe and ZnO or Zn/ZnO. Also, the reactor wall of a reactor made of 
the stainless steel material acted as a significant catalyst, and a considerably high GVL yield of 56% 
can be obtained even without any addition of catalyst. This method is simple, highly efficient, and 
requires neither gaseous hydrogen nor precious metal catalyst, which is key for the practical 
application. 
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Depolymerization of Lignin to Aromatics by Selectively Oxidizing Cleavage of C–C and C–O 
Bonds Using CuCl2/Polybenzoxazine Catalysts at Room Temperature 

Xiaorong Ren, Ping Wang, Xinyu Han, Geng Zhang, Jiangjiang Gu, Cong Ding, Xinsheng Zheng, and Feifei Cao 

ACS Sustainable Chemistry & Engineering 2017 5 (8), 6548-6556 

 

A novel strategy for the oxidative cleavage of C–C and C–O bonds in a series of model substrates 
including β-O-4 lignin model compounds using CuCl2/polybenzoxazine composites catalysts with 
H2O2 as oxidant at room temperature showed good conversions (up to 88%) and an over 96% total 
selectivity to aromatic monomers within 2 h. This approach then succeeded in application to actual 
lignin depolymerization monitored by gel permeation chromatography (GPC), 1H NMR, and 2D-NMR 
(HSQC). The results suggest that lignin can be effectively degraded into an array of functionalized 
dimer–trimeric aromatic acids, aldehydes, phenols, etc., obtained from the selective cleavage of 
aliphatic C–C and C–O bonds in the major linkages β-O-4′ aryl ethers, resinols, and p-
hydroxycinnamyl alcohols while leaving the natural aromaticity intact. Furthermore, the mechanistic 
insights into the catalytic reactions reveal a two-electron transfer process involved with a phenoxy 
radical, and an oxidation-then-cleavage route proposed for lignin depolymerization. The clean 
process, mild reaction conditions, and high aromatics selectivity indicate that it is a promising 
heterogeneous catalytic system for oxidative depolymerization of lignin to valuable aromatic 
chemicals. 
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Integrated Biorefining: Coproduction of Renewable Resol Biopolymer for Aqueous Stream 
Valorization 

A. Nolan Wilson, Mariel J. Price, Calvin Mukarakate, Rui Katahira, Michael B. Griffin, John R. Dorgan, Jessica Olstad, Kimberly 
A. Magrini, and Mark R. Nimlos 

ACS Sustainable Chemistry & Engineering 2017 5 (8), 6615-6625 

 

Phenol-formaldehyde resins are major material classes that are used in a range of applications 
including composites, adhesives, foams, electronics, and insulation. While efforts have been made to 
produce renewable resins, there has yet to be an approach that offers potential for economic viability 
and meets all critical quality metrics. This failure can be attributed largely to the use of phenol and 
cresol homologues and to high separation costs. In this work, the use of phenol, cresol, and alkyl 
phenols derived from the aqueous phase generated from catalytic fast pyrolysis of biomass to produce 
a high-quality biobased resin is demonstrated. Production, through catalytic fast pyrolysis (CFP), 
separation, through distillation and adsorption unit operations, and synthesis, through typical resol 
chemistry, produced a resin with properties, such as curing kinetics and molecular weight, competitive 
with petroleum-derived resin. This work explores a pathway to value-added coproducts from a CFP 
waste stream, which has the potential to improve the economic viability of biofuels production. 
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Self-Plasticization of PVC Materials via Chemical Modification of Mannich Base of Cardanol 
Butyl Ether 

Puyou Jia, Lihong Hu, Qianqian Shang, Rui Wang, Meng Zhang, and Yonghong Zhou 

ACS Sustainable Chemistry & Engineering 2017 5 (8), 6665-6673 

 

The internally plasticized PVC materials by displacement of chlorine with mannich base of cardanol 
butyl ether, that is, the covalent attachment of the cardanol-based internal plasticizer to the PVC 
matrix, is descried for the first time. The chemical structure and properties of cardanol-based internal 
plasticizer and internally plasticized PVC materials was characterized. The results showed that the Tg 
of self-plasticization PVC material decreased from 85.6 to 49.3 °C when chlorine atoms in PVC were 
substituted with mannich base of cardanol butyl ether, tensile strength decreased from 30.33 to 18.86 
MPa, and the elongation at break increased from 180.37% to 357.20%, which illustrated that mannich 
base of cardanol butyl ether played internally plasticized effect on PVC. The internal plasticization 
mechanism was also studied. Self-plasticization PVC films showed no migration in n-hexane, but 
15.7% of DOP leached from the DOP/PVC system into n-hexane. The PVC materials were expected 
to be commercial application in producing food packing, toys, and medical devices with high 
requirements in migration resistance. 
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Density Functional Theory Study of Spirodienone Stereoisomers in Lignin 

Thomas Elder, Laura Berstis, Gregg T. Beckham, and Michael F. Crowley 

ACS Sustainable Chemistry & Engineering 2017 5 (8), 7188-7194 

 

The spirodienone structure in lignin is a relatively recent discovery, and it has been found to occur in 
lignin of various plant species at concentrations of ∼3%, which is sufficiently high to be important for 
better understanding of its properties and reactivity. The cyclic structure, with a β-1 bond, has been 
proposed to be a precursor for acyclic β-1 linkages in lignin. Previous analytical work has revealed the 
presence, but not the absolute configuration, of two stereoisomeric forms of spirodienone. The 
objective of the current work was to determine if there are thermodynamic differences that could help 
identify the experimentally observed stereoisomers. Results from density functional theory calculations 
reveal the presence of clusters of stereoisomers with varying stability that may be of use in narrowing 
the list of possible structures. Furthermore, the bond dissociation enthalpy of the cyclic ring exhibited a 
particularly high value for the C–O cleavage reaction relative to more conventional ether bonds in 
lignin, perhaps due to limited electron delocalization possibilities. 
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Metal-Free Oxidation of Glycerol over Nitrogen-Containing Carbon Nanotubes 

N. Gupta, O. Khavryuchenko, A. Villa, D. Su 

ChemSusChem 2017, 10, 3030 

 

Nitrogen rich carbon nanotubes have been used as a metal free catalyst for the conversion of glycerol 
into dihydroxyacetone using tert-butyl hydroperoxide as an oxidant. Pyridine nitrogen groups 
embedded in a carbon matrix are identified as active sites for the reaction. Computational studies have 
demonstrated that oxidation of pyridine groups to pyridine oxime followed by hydrogen abstraction 
from secondary alcohol is likely responsible for the oxidation process. 
 
 
 
 
Hydroxyacetone: A Glycerol-Based Platform for Electrocatalytic Hydrogenation and 
Hydrodeoxygenation Processes 

W. Sauter, O. L. Bergmann, U. Schröder 

ChemSusChem 2017, 10, 3105 

 

Here, we propose the use of hydroxyacetone, a dehydration product of glycerol, as a platform for the 
electrocatalytic synthesis of acetone, 1,2-propanediol, and 2-propanol. 11 non-noble metals were 
investigated as electrode materials in combination with three different electrolyte compositions toward 
the selectivity, Coulombic efficiency (CE), and reaction rates of the electrocatalytic hydrogenation 
(formation of 1,2-propanediol) and hydrodeoxygenation (formation of acetone and propanol) of 
hydroxyacetone. With a selectivity of 84.5 %, a reaction rate of 782 mmol h−1 m−2 and a CE of 32 % 
(for 0.09 m hydroxyacetone), iron electrodes, in a chloride electrolyte, yielded the best 1,2 propanediol 
formation. A further enhancement of the performance can be achieved upon increasing the educt 
concentration to 0.5 m, yielding a reaction rate of 2248.1 mmol h−1 m−2 and a CE of 64.5 %. Acetone 
formation was optimal at copper and lead electrodes in chloride solution, with lead showing the lowest 
tendency of side product formation. 2-propanol formation can be achieved using a consecutive 
oxidation of the formed acetone (at iron electrodes). 1-propanol formation was observed only in traces. 
 
  

http://onlinelibrary.wiley.com/doi/10.1002/cssc.201700940/full
http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201700996/full
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Greening the Processes of Metal–Organic Framework Synthesis and their Use in Sustainable 
Catalysis 

J. Chen, K. Shen, Y. Li 

ChemSusChem 2017, 10, 3165 

 

Given the shortage of sustainable resources and the increasingly serious environmental issues in 
recent decades, the demand for clean technologies and sustainable feedstocks is of great interest to 
researchers worldwide. With regard to the fields of energy saving and environmental remediation, the 
key point is the development of efficient catalysts, not only in terms of facile synthesis methods, but 
also the benign utilization of such catalysts. This work reviews the use of metal–organic frameworks 
(MOFs) and MOF-based materials in these fields. The definition of MOFs and MOF-based materials 
will be primarily introduced followed by a brief description of the characterization and stability of MOF-
related materials under the applied conditions. The greening of MOF synthesis processes will then be 
discussed and catalogued by benign solvents and conditions and green precursors of MOFs. 
Furthermore, their suitable application in sustainable catalysis will be summarized, focusing on several 
typical atom-economic reactions, such as the direct introduction of H2 or O2 and C−C bond formation. 
Approaches towards reducing CO2 emission by MOF-based catalysts will be described with special 
emphasis on CO2 fixation and CO2 reduction. In addition, driven by the explosive growth of energy 
consumption in the last century, much research has gone into biomass, which represents a renewable 
alternative to fossil fuels and a sustainable carbon feedstock for chemical production. The advanced 
progress of biomass-related transformations is also illustrated herein. Fundamental insights into the 
nature of MOF-based materials as constitutionally easily recoverable heterogeneous catalysts and as 
supports for various active sites is thoroughly discussed. Finally, challenges facing the development of 
this field and the outlook for future research are presented. 
 
 
 
  

http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201700748/full
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Vinylation of Aryl Ether (Lignin β-O-4 Linkage) and Epoxides with Calcium Carbide through 
C−O Bond Cleavage 

S. P. Teong, J. Lim, Y. Zhang 

ChemSusChem 2017, 10, 3198 

 
Calcium carbide has been increasingly used as a sustainable, easy-to-handle, and low-cost feedstock 
in organic synthesis. Currently, methodologies of using calcium carbide as “solid acetylene” in 
synthesis are strictly limited to activation and reaction with X−H (X=C, N, O, S) bonds. Herein, a mild 
and transition-metal-free protocol was developed for the vinylation of epoxides and aryl ether linkage 
(β-O-4 lignin model compound) with calcium carbide through C−O bond cleavage, forming valuable 
vinyl ether products. Calcium carbide plays a vital role in the C−O bond activation and cleavage, and 
in providing acetylide source for the formation of vinylated products. These exciting results may 
provide new methodologies for organic synthesis and new insights toward lignin- or biomassrelated 
degradation to useful products. 
 
 
 
 
Quantitative Insights into the Fast Pyrolysis of Extracted Cellulose, Hemicelluloses, and Lignin 

M. Carrier, M. Windt, B. Ziegler, J. Appelt, B. Saake, D. Meier, A. Bridgwater 

ChemSusChem 2017, 10, 3212 

 
The transformation of lignocellulosic biomass into bio-based commodity chemicals is technically 
possible. Among thermochemical processes, fast pyrolysis, a relatively mature technology that has 
now reached a commercial level, produces a high yield of an organic-rich liquid stream. Despite recent 
efforts to elucidate the degradation paths of biomass during pyrolysis, the selectivity and recovery 
rates of bio-compounds remain low. In an attempt to clarify the general degradation scheme of 
biomass fast pyrolysis and provide a quantitative insight, the use of fast pyrolysis microreactors is 
combined with spectroscopic techniques (i.e., mass spectrometry and NMR spectroscopy) and 
mixtures of unlabeled and 13C-enriched materials. The first stage of the work aimed to select the type 
of reactor to use to ensure control of the pyrolysis regime. A comparison of the chemical fragmentation 
patterns of “primary” fast pyrolysis volatiles detected by using GC-MS between two small-scale 
microreactors showed the inevitable occurrence of secondary reactions. In the second stage, liquid 
fractions that are also made of primary fast pyrolysis condensates were analyzed by using quantitative 
liquid-state 13C NMR spectroscopy to provide a quantitative distribution of functional groups. The 
compilation of these results into a map that displays the distribution of functional groups according to 
the individual and main constituents of biomass (i.e., hemicelluloses, cellulose and lignin) confirmed 
the origin of individual chemicals within the fast pyrolysis liquids.  

http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201701153/full
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Catalytic Hydrodeoxygenation of High Carbon Furylmethanes to Renewable Jet-fuel Ranged 
Alkanes over a Rhenium-Modified Iridium Catalyst 

S. Liu, S. Dutta, W. Zheng, N. S. Gould, Z. Cheng, B. Xu, B. Saha, D. G. Vlachos 

ChemSusChem 2017, 10, 3225 

 
Renewable jet-fuel-range alkanes are synthesized by hydrodeoxygenation of lignocellulose-derived 
high-carbon furylmethanes over ReOx-modified Ir/SiO2 catalysts under mild reaction conditions. 
Ir−ReOx/SiO2 with a Re/Ir molar ratio of 2:1 exhibits the best performance, achieving a combined 
alkanes yield of 82–99 % from C12–C15 furylmethanes. The catalyst can be regenerated in three 
consecutive cycles with only about 12 % loss in the combined alkanes yield. Mechanistically, the furan 
moieties of furylmethanes undergo simultaneous ring saturation and ring opening to form a mixture of 
complex oxygenates consisting of saturated furan rings, mono-keto groups, and mono-hydroxy 
groups. Then, these oxygenates undergo a cascade of hydrogenolysis reactions to alkanes. The high 
activity of Ir−ReOx/SiO2 arises from a synergy between Ir and ReOx, whereby the acidic sites of 
partially reduced ReOx activate the C−O bonds of the saturated furans and alcoholic groups while the 
Ir sites are responsible for hydrogenation with H2. 
 
 

http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201700863/full


Chem Commun didgest 
August 2017 

 
 
Darui Wang, Bo Wang, Yu Ding, Qingqing Yuan, Haihong Wu, Yejun Guan and Peng Wu. Robust synthesis of 
green fuels from biomass-derived ethyl esters over a hierarchically core/shell-structured ZSM-5@(Co/SiO2) 
catalyst.  
Chem. Commun., 2017, 53, 10172–10175 
DOI: 10.1039/C7CC05007K 

 
A novel bifunctional ZSM-5@ (Co/SiO2) material with a hierarchical core/shell structure was successfully 
prepared through a simple chemoselective interaction between the crystal surface silica species of zeolite and 
the external Co2+ source in basic media, which served as an excellent catalyst in the synthesis of green fuels from 
biomass-derived ethyl esters. 

 

 
 
 
 
Andrew L. Kocen, Maurice Brookhart and Olafs Daugulis. Palladium-catalysed alkene chain-running 
isomerization.  
Chem. Commun., 2017, 53, 10010–10013 
DOI: 10.1039/C7CC04953F 
 
We report a method for palladium-catalysed chain-running isomerization of terminal and internal alkenes. Using 
an air-stable 2,9-dimethylphenanthroline-palladium catalyst in combination with NaBAr4 promoter, olefins are 
converted to the most stable double bond isomer at −30 to 20 °C. Silyl enol ethers are readily formed from 
silylated allylic alcohols. Fluorinated substituents are compatible with the reaction conditions, allowing the 
synthesis of fluoroenolates. Catalyst loading as low as 0.05% can be employed on a gram scale. 
 

 
 
 
 

http://pubs.rsc.org/en/content/articlelanding/2017/cc/c7cc05007k
http://pubs.rsc.org/en/content/articlelanding/2017/cc/c7cc04953f


Xiaohui Gao  and  Wei Chen. Highly stable and efficient Pd6(SR)12 cluster catalysts for the hydrogen and oxygen 
evolution reactions. 
Chem. Commun., 2017, 53, 9733–9736 
DOI: 10.1039/C7CC04787H 
 
Atomically precise Pd6(SC12H26)12 nanoclusters were synthesized and investigated as electrocatalysts for the 
hydrogen and oxygen evolution reactions. The present study shows the high catalytic performances of the Pd6 
clusters, the key role of the outer-shell electronic state of the metal core in mediating the catalytic properties 
and the double-edged function of the protecting ligand in the catalytic reactions. 

 
 
 
 
 

Kaituo Liu, James Pritchard, Li Lu,  Robbert van Putten, M. W. G. M. (Tiny) Verhoeven, Mike Schmitkamp, 
Xiaoming Huang, Laurent Lefort, Christopher J. Kiely,  Emiel J. M. Hensen  and  Evgeny A. Pidko. Supported nickel–
rhenium catalysts for selective hydrogenation of methyl esters to alcohols.  
Chem. Commun., 2017, 53, 9761–9764 
DOI: 10.1039/C7CC04759B 
 
The addition of Re to Ni on TiO2 yields efficient catalysts for the hydrogenation of acids and esters to alcohols 
under mild conditions. Rhenium promotes the formation of atomically dispersed and sub-nanometre-sized 
bimetallic species interacting strongly with the oxide support. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://pubs.rsc.org/en/content/articlelanding/2017/cc/c7cc04787h
http://pubs.rsc.org/en/content/articlelanding/2017/cc/c7cc04759b


Molecular Catalysis didgest 
August 2017 

 
Daolai Sun, Atsutaka Ohkubo, Keisuke Asami, Takahiro Katori, Yasuhiro Yamada, Satoshi Sato. Vapor-phase 
hydrogenation of levulinic acid and methyl levulinate to γ-valerolactone over non-noble metal-based catalysts.  
Molecular Catalysis, 2017, 437, 105–113 
DOI: 10.1016/j.mcat.2017.05.009 
 
Highlights: 
• Cu, Ni, and Co exhibited high activities but different behaviors in the vapor phase reactions. 
• Cu/Al2O3 was the most selective catalyst for the formation of γ-valerolactone. 
• Ni/SiO2 showed the most stable activity, whereas it promoted the decomposition reactions. 
• Reaction pathways would be different in the hydrogenation of levulinic acid and methyl levulinate. 
• Levulinic acid led to more severe catalyst deactivation than methyl levulinate did. 

 
 
 

Andreia Nunes, Laurent Djakovitch, Lhoussain Khrouz, François-Xavier Felpin, Véronique Dufaud. Copper(II)-
phenanthroline hybrid material as efficient catalyst for the multicomponent synthesis of 1,2,3-triazoles via 
sequential azide formation/1,3-dipolar cycloaddition. 
Molecular Catalysis, 2017, 437, 150–157 
DOI: 10.1016/j.molcata.2016.11.017 
 
Highlights: 
• A copper(II)-phenanthroline hybrid material, Cu(II)phen@SBA-15, was prepared. 
• Cu(II)phen@SBA-15 was characterized by XRD, XPS, EPR, HRTEM, SEM, UV-vis and IR. 
• Cu(II)phen@SBA-15 was highly active for the click reaction of azides with alkynes. 
• The reaction proceeds in pure water, without any reducing agent nor additive. 
• The reaction product was isolated free of copper residues after a single filtration. 
 

 
 
 
 
 
 
 
 

http://www.sciencedirect.com/science/article/pii/S2468823117302663
http://www.sciencedirect.com/science/article/pii/S1381116916304939


Chao Sui, Fulong Yuan, Zhiping Zhang, Dong Wang, Xiaoyu Niu, Yujun Zhu. Catalytic activity of Ru/La1.6Ba0.4NiO4 
perovskite-like catalyst for NO + CO reaction: Interaction between Ru and La1.6Ba0.4NiO4.  
Molecular Catalysis, 2017, 437, 37–46 
DOI: 10.1016/j.mcat.2017.05.004 
 
Highlights 
• Strong interaction between Ru and La1.6Ba0.4NiO4. 
• Enhancing reducibility and mobility of oxygen species for Ru/La1.6Ba0.4NiO4. 
• Increasing the amount of the surface adsorbed oxygen and the adsorption capacity of CO and NO of 
Ru/La1.6Ba0.4NiO4. 
• Ru3+ species as an effective active site for NO + CO reaction. 
• High active absorbed species of NO and CO was formed on the surface of Ru/La1.6Ba0.4NiO4. 
 

 

http://www.sciencedirect.com/science/article/pii/S2468823117302614
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Towards high-yield lignin monomer production  

Li Shuai and Basudeb Saha  

Green Chem., 2017, 19, 3752 

3752 

  

 

Abstract 
 
 
Depolymerizing lignin into lignin monomers has been extensively studied as a pathway to valorize lignin 
biopolymer. However, low monomer yields and selectivities pose a significant disadvantage in process 
economics when technical lignins (referring to lignin separated or extracted from biomass pretreatment 
or fractionation) are used as feedstocks. While it is widely recognized that low monomer yields are the 
result of lignin condensation occurring during biomass fractionation, research efforts to minimize such 
condensation to improve the monomer yield is limited. In this article, we analyze the causes of the low 
monomer yield and present a perspective of achieving high-yield monomer production using methods 
compatible with the conventional biorefinery concept—biomass fractionation followed by lignin 
hydrogenolysis. After a mechanistic analysis of lignin condensation and a comparative analysis of the 
state-of-theart of avoiding lignin condensation, a lignin stabilization stragegy is suggested for minimizing 
lignin condensation during biomass fractionation and seperating uncondensed lignin stream for mild-
temperature continuous upgrading. 
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Tandem dehydration–transfer hydrogenation reactions of xylose to furfuryl alcohol over zeolite 
catalysts 
Priscilla N. Paulino, Rafael F. Perez, Natália G. Figueiredo and Marco A. Fraga  
 
Green Chem., 2017, 19, 3759 
 
 
 
 
 
 
 
 
 
Abstract 

Dehydration and transfer hydrogenation tandem reactions of xylose to furfuryl alcohol in 
water/isopropanol were performed on MFI, FAU and BEA zeolites. An unprecedented selectivity of 75% 
was accomplished on zeolite beta, evidencing the crucial role of the configuration of tetrahedral 
framework Al-Lewis centres. 
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Facile and sustainable synthesis of sodium lignosulfonate derived hierarchical porous carbons 
for supercapacitors with high volumetric energy densities 
 

Jie Pang, Wenfeng Zhang, Jinliang Zhang, Gaoping Cao, Minfang Han and Yusheng Yang 

Green Chem., 2017, 19,3916 

  

 

 

Abstract 
 
 
Interconnected hierarchical porous carbon was successfully prepared by direct carbonization of 
industrial waste sodium lignosulfonate without additional templating and activation agents. The as-
prepared carbon sample shows a moderate specific surface area of 903 m2 g−1 and high contents of 
8.11 at% oxygen and 1.76 at% nitrogen, which could improve the electrolyte-affinitive surface area in 
an aqueous electrolyte. When used as electrode materials for symmetric supercapacitors in 7 M KOH 
electrolytes, the as-synthesized carbon sample exhibits a significantly high gravimetric capacitance of 
247 F g−1 , a volumetric capacitance of 240 F cm−3 , and an areal capacitance of 27.4 μF cm−2 at a 
current density of 0.05 A g−1 . Moreover, a superior energy density of 8.4 W h L−1 (at 13.9 W L−1 ) and 
a power density of 5573.1 W L−1 (at 3.5 W h L−1 ), as well as a remarkable cycling stability after 20 000 
cycles at two different current densities were achieved for the assembled supercapacitors. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 



Joseph Samec Research Group 
Digest          

 

 

 
Conversion of C5 carbohydrates into furfural catalyzed by a Lewis acidic ionic liquid in 
renewable γ-valerolactone 
Shurong Wang, Yuan Zhao, Haizhou Lin, Jingping Chen, Lingjun Zhu and Zhongyang Luo 

 
Green Chem., 2017, 19, 3869 

 

 
 
 
Abstract 
 
For the purpose of building a green reaction system to produce furfural (FF), the conversion of two 
important pentoses from hemicellulose, namely xylose and arabinose, was investigated in an aqueous 
reaction system including a Lewis acidic ionic liquid as a catalyst and renewable γ-valerolactone (GVL) 
as a co-solvent. The results showed that the introduction of GVL greatly improved the reactivity of 
pentose and inhibited the secondary decomposition reaction of FF compared to a pure-water reaction 
system. NMR analysis suggested that the composition of pentose conformers was greatly altered 
towards a reactive distribution. The highest FF yields were 79.76% (from xylose) and 58.70% (from 
arabinose), which were obtained at 140 °C. The influence of reaction parameters on pentose conversion 
was also studied. A comparison between different reaction conditions suggested that arabinose had 
less reactivity than xylose, leading to its lower conversion rate and FF yield. Furthermore, xylan and real 
biomass materials were tested in the proposed reaction system, and decent FF yields of up to 69.66% 
(from xylan) and 47.96% (from corn stalk) were obtained. 
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Metal-exchanged magnetic β-zeolites: valorization of lignocellulosic biomass-derived 
compounds to platform chemicals 
Erlen Y. C. Jorge, Thiago de M. Lima, Carolina G. S. Lima, Lucas Marchini, William N. Castelblanco, Daniel G. Rivera, 

Ernesto A. Urquieta-González, Rajender S. Varma and Márcio W. Paixão 

 
Green Chem., 2017, 19, 3856 
 

 
 

 

Abstract 
 
 
An array of magnetically recoverable β-zeolites exchanged with late transition metals (Pd, Fe and Ir) 
have been synthesized and fully characterized and had their catalytic activity evaluated on the 
conversion of several bio-derived compounds to other value-added platform chemicals. The nature of 
the transition metals exchanged in the zeolite matrix and the significant effect of reaction conditions such 
as temperature, time and solvent usage on both the conversion and selectivity of the process are 
delineated. 
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A continuous flow process for the production of 2,5-dimethylfuran from fructose using (non-
noble metal based) heterogeneous catalysis 
 
Max Braun and Markus Antonietti 

 
Green Chem., 2017, 19, 381 

 
 

Abstract 
 
The abundant carbohydrate fructose is converted into two biofuel molecules, namely 2,5-dimethylfuran 
(DMF) and ethyl levulinate (EL) in a simple cascade flow reactor. With an overall yield of 85% (38.5% 
of 2,5- dimethylfuran and 47% of ethyl levulinate), the main remainder is unconverted fructose. The two 
column flow reactor set-up enables the adjustment of temperatures and reaction times in such a way 
that the reactive intermediate hydroxymethylfurfural (5-HMF) is generated in optimal yields and 
converted into the stable DMF immediately. The process is so simple and fast (t< 20 min) that economic 
and sustainable production of these fuels and platform chemicals can be envisioned. A remaining minor 
char formation is regarded to be the major problem which has to be addressed by catalyst development. 
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Examples of xylochemistry: colorants and polymers 
Jonas Kühlborn, Ann-Kathrin Danner, Holger Frey, Rishab Iyer, Anthony J. Arduengo and Till Opatz 

 
Green Chem., 2017, 19, 3780 

 

 

 

Abstract 
 
Against the backdrop of modern sustainable chemistry and valorization of biomass for chemical raw 
materials, the syntheses of indigo dyes and polyamides as representatives of two classes of everyday 
chemical products based on xylochemicals are described. Wood-derived starting materials were 
transformed into functional materials using the principles of green chemistry to expand the scope of 
products gained from renewable resources. The indigo dyes were synthesized in a short, straightforward 
sequence starting from vanillin. Two polyamides, representatives of an important class of polymers, 
were obtained from 4-propylcyclohexanol, which is one of the longest known (and most abundant) 
hydrogenative depolymerization products of lignin. 
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Selective phenol hydrogenation to cyclohexanone over alkali–metal-promoted Pd/TiO2 in 
aqueous media 
Hu Zhou, Bingbing Han, Tianzhu Liu, Xing Zhong, Guilin Zhuang and Jianguo Wang 

 
Green Chem., 2017, 19, 3585 

 

 

Abstract 
 
Selective phenol hydrogenation to cyclohexanone is an important process in both the chemical industry 
and renewable feedstock processing. However, the direct hydrogenation of phenol to cyclohexanone at 
mild conditions remains challenging. Here, we report an easily manufactured catalyst, alkali–metal-
promoted Pd/TiO2, achieves 99% phenol conversion and 99% cyclohexanone selectivity at mild 
conditions of 80 °C and an extremely low H2 pressure of 0.06 MPa in water. By contrast, only about 18–
36% phenol conversion is achieved using Pd/TiO2 that without addition of alkali metal at the same 
conditions. The kinetic studies and TOF values indicate that K or Na metals indeed promote the phenol 
conversion without changing cyclohexanone selectivity. Further studies suggest that the change of 
electronic structures over Pd NPs that induced by alkali metal is the main reason for enhanced phenol 
conversion. This result, combined with DFT calculations, suggest that phenol hydrogenation occurs both 
along the direct hydrogenation pathway and the dissociation and hydrogenation pathway over Pd/TiO2, 
and that the main pathway over alkali–metal-promoted Pd/TiO2 catalysts is the dissociation and 
hydrogenation pathway. 
  

http://pubs.rsc.org/en/content/articlepdf/2017/gc/c7gc01318c
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Heterogeneous Diels–Alder catalysis for biomass-derived aromatic compounds 
Amy E. Settle, Laura Berstis, Nicholas A. Rorrer, Yuriy Roman-Leshkóv, Gregg T. Beckham, Ryan M. Richards and Derek 

R. Vardon 
Green Chem., 2017, 19, 3468 

 
Abstract 
 
In this tutorial review, we provide an overview of heterogeneous Diels–Alder catalysis for the production 
of lignocellulosic biomass-derived aromatic compounds. Diels–Alder reactions afford an extremely 
selective and efficient route for carbon–carbon cycloadditions to produce intermediates that can readily 
undergo subsequent dehydration or dehydrogenation reactions for aromatization. As a result, catalysis 
of Diels–Alder reactions with biomass-derived dienes and dienophiles has seen a growth of interest in 
recent years; however, significant opportunities remain to (i) tailor heterogeneous catalyst materials for 
tandem Diels–Alder and aromatization reactions, and (ii) utilize biomass-derived dienes and dienophiles 
to access both conventional and novel aromatic monomers. As such, this review discusses the 
mechanistic aspects of Diels–Alder reactions from both an experimental and computational perspective, 
as well as the synergy of Brønsted–Lewis acid catalysts to facilitate tandem Diels–Alder and 
aromatization reactions. Heterogeneous catalyst design strategies for Diels–Alder reactions are 
reviewed for two exemplary solid acid catalysts, zeolites and polyoxometalates, and recent efforts for 
targeting direct replacement aromatic monomers from biomass are summarized. Lastly, we point out 
important research directions for progressing Diels–Alder catalysis to target novel, aromatic monomers 
with chemical functionality that enables new properties compared to monomers that are readily 
accessible from petroleum.  

http://pubs.rsc.org/en/content/articlepdf/2017/gc/c7gc00992e?page=search
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Production of levoglucosenone and 5-hydroxymethylfurfural from cellulose in polar aprotic 
solvent–water mixtures 
Jiayue He, Mingjie Liu, Kefeng Huang,a  Theodore W. Walker,a  Christos T. Maravelias,a  James A. Dumesica  and  

George W. Huber 
Green Chem., 2017, 19, 3642 

  

 

 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
We demonstrate a process to produce levoglucosenone (LGO) and 5-hydroxymethylfurfural (HMF) from 
cellulose in up to 65% carbon yield using sulfuric acid as catalyst and a solvent consisting of a mixture 
of tetrahydrofuran (THF) with water. In pure THF, LGO is the major product of cellulose dehydration, 
passing through levoglucosan as an intermediate. Increasing the water content (up to 5 wt%) results in 
HMF as the major product. HMF is formed both by glucose dehydration and direct dehydration of LGA. 
The maximum combined yield of LGO and HMF (∼65 carbon%) is achieved in the presence of 1–2.5 
wt% H2O, such that comparable amounts of these two co-products are formed. THF gave the highest 
total yields of LGO and HMF among the solvents investigated in this study (i.e., THF, diglyme, 
tetraglyme, gamma-valerolactone (GVL), cyclopentyl methyl ether (CPME), 1,4-dioxane, and dimethyl 
sulfoxide (DMSO)). Furthermore, the rate of LGO and HMF degradation in THF was lower than in the 
other solvents. LGO/HMF yields increased with increased strength of the acid catalyst (H2SO4 > H3PO4 
> HCOOH), and HMF was produced more selectively than LGO in the presence of hydrochloric acid. 
Techno-economic analysis for LGO and HMF production from cellulose shows that the lowest LGO/HMF 
production costs are less than $3.00 per kg and occur at a cellulose loading and water content of 2–3% 
and 1.5–2.5% respectively.  

http://pubs.rsc.org/en/content/articlepdf/2017/gc/c7gc01688c
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Iron-catalyzed dehydrogenation reactions and their applications in sustainable energy and 
catalysis 
Ekambaram Balaraman,  Avanashiappan Nandakumar,  Garima Jaiswal and  Manoj K. Sahoo 

Catalysis Science & Technology 2017, 7, 3177-3195 

 
Inspired by nature, chemists have designed new catalysts in the pursuit of selective bond activation 
and chemical transformations. Emergent biological systems often use earth-abundant first-row 
transition elements as catalytically active sites to facilitate specific and highly selective chemical 
processes. The design of a new catalytic system based on abundant and inexpensive catalysts, 
particularly the iron-based catalysts, for fundamentally significant synthetic transformations under 
environmentally benign conditions is an important paradigm in chemical synthesis. In recent times, 
iron-based catalytic systems have shown unprecedented reactivity in the acceptorless 
dehydrogenation reactions of feedstock chemicals, with the liberation of molecular hydrogen as the by-
product, and have enabled greener chemical synthetic methods and alternative energy storage 
systems. Indeed, it has been demonstrated that the proper design of iron catalysts by judiciously 
choosing ligands, can aid in the development of new sustainable energy storage systems and 
catalysis. This tutorial review focuses on the recent development of iron-based dehydrogenation 
reactions of fundamentally important feedstock, as a route to sustainable chemical synthesis and 
energy storage applications. The emerging area of the iron-based dehydrogenation strategy provides 
an opportunity to make industrially applicable, cost-effective and environmentally benign catalytic 
systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://dx.doi.org/10.1039/C7CY00879A


Joseph Samec Research Group Digest          

 
 

Mo@Pt overlayers as efficient catalysts for hydrodeoxygenation of guaiacol and anisole 

Qinghua Lai, Chen Zhang  and  Joseph H. Holles 

Catalysis Science & Technology, 2017, 7, 3220-3233  

 
 
Silica alumina supported Mo@Pt overlayer catalysts were prepared via the directed deposition 
technique and evaluated for hydrodeoxygenation (HDO) of guaiacol and anisole. As predicted 
computationally, Mo@Pt overlayers showed reduced heats of hydrogen and carbon monoxide 
adsorption via chemisorption. The decreased activity of Mo@Pt overlayer catalysts for the ethylene 
hydrogenation descriptor reaction also suggested decreased hydrogen adsorption strength compared 
to a Pt only catalyst. H2-TPR results demonstrated the close interaction between Pt and Mo species for 
Mo@Pt overlayer catalysts and the enhanced reducibility of the molybdenum oxides via deposition of 
Pt to Mo. Mo@Pt overlayer catalysts showed significantly improved guaiacol and anisole 
hydrodeoxygenation (HDO) activity compared to the monometallic Pt and Mo catalysts. For the guaiacol 
HDO reaction at 350 °C, the Mo@Pt double deposition (DD) showed the highest HDO turnover 
frequency (TOF), twice as high as that of Pt and Mo catalysts. For the Mo@Pt DD catalyst, the selectivity 
to benzene, toluene, and xylenes (BTX) could reach up to 80% for HDO of guaiacol and anisole at high 
contact time compared to 43% for HDO of anisole over the Pt catalyst. 
 

A five coordination Cu(II) cluster-based MOF and its application in the synthesis of 
pharmaceuticals via sp3 C–H/N–H oxidative coupling 

Thuan V. Tran, Hanh T. N. Le, Hiep Q. Ha, Xuan N. T. Duong, Linh H.-T. Nguyen, Tan L. H. Doan, Ha L. Nguyen and Thanh 
Truong 

Catalysis Science & Technology, 2017, 7, 3453-3458 

 
Herein, a copper metal–organic framework, termed as VNU-18, containing penta-coordinated sites was 
successfully synthesized and fully characterized. This material was demonstrated to be an efficient 
heterogeneous catalyst for the oxidative C–H activation via N–H bonds. The optimized conditions are 
applicable for the synthesis of pharmaceuticals constructed by α-amino carbonyl skeletons. 

http://dx.doi.org/10.1039/C7CY00565B
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Joseph Samec Research Group Digest          

 
 

Catalytic carbonyl hydrosilylations via a titanocene borohydride–PMHS reagent system  

Godfred D. Fianu,a  Kyle C. Schippera  and  Robert A. Flowers II 

Catalysis Science & Technology, 2017, 7, 3469-3473 

Reduction of a wide range of aldehydes and ketones with catalytic amounts of titanocene borohydride 
in concert with a stoichiometric poly(methylhydrosiloxane) (PMHS) reductant is reported. Preliminary 
mechanistic studies demonstrate that the reaction is mediated by a reactive titanocene(III) complex, 
whose oxidation state remains constant throughout the reaction. 

 

 

Phosphine-pyridonate ligands containing octahedral ruthenium complexes: access to esters 
and formic acid 

A. R. Sahoo,  F. Jiang,  C. Bruneau, G. V. M. Sharma,  S. Suresh,  T. Roisnel,  V. Dorcet  and  M. Achard 

Catalysis Science & Technology, 2017, 7, 3492-3498 

 

The preparation of three well-defined ruthenium complexes arising from phosphine-pyridon-e/-ate 
ligands is described. Solvent dependent Lewis acidic species formation was observed with these 
complexes. Selective formation of acetals or esters from primary alcohols was observed in the 
presence of these catalysts. Preliminary evaluation of these complexes in the base free hydrogenation 
of carbon dioxide is also reported. 

 

 

http://dx.doi.org/10.1039/C7CY01088E
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Production of liquid fuel intermediates from furfural via aldol condensation over Lewis acid 
zeolite catalysts 

Mingxue Su,  Wenzhi Li,  Tingwei Zhang,  HaoSheng Xin,  Song Li,  Wei Fan  and  Longlong Ma 

Catalysis Science & Technology, 2017, 7, 2616-2623 

 
Aldol condensation reactions between furfural and acetone can be used to produce liquid fuel 
intermediates. It was found that tin-containing zeolites with MFI (Sn-MFI) and BEA* (Sn-Beta) framework 
structures are effective for C–C bond formation via the aldol condensation reactions between furfural 
and acetone. Aldol condensation between furfural and acetone produced two main products, 4-(2-furyl)-
3-buten-2-one (FAc) and 1,5-di-2-furanyl-1,4-pentadien-3-one (F2Ac). Although both these catalysts 
were active for the aldol condensation reactions, different selectivities to aldol products were observed 
over Sn-MFI and Sn-Beta. FAc and F2Ac were formed over the Sn-Beta catalyst with selectivities to FAc 
of 40% and F2Ac of 22%, respectively. In contrast, only FAc was produced over Sn-MFI. The variation 
in selectivity is likely due to different pore geometries of Sn-Beta and Sn-MFI, suggesting that Sn-MFI 
exhibits shape selectivity for aldol condensation between furfural and acetone. In addition, it was found 
that the addition of water to the reaction system can also affect the product selectivity, leading to the 
aldol product exclusively being FAc over Sn-Beta. 
 
  

http://dx.doi.org/10.1039/C7CY00535K
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Oxidative coupling of sp 2 and sp 3 carbon–hydrogen bonds to construct dihydrobenzofurans 

Jiang-Ling Shi, Ding Wang, Xi-Sha Zhang, Xiao-Lei Li, Yu-Qin Chen, Yu-Xue Li & Zhang-Jie Shi 

Nature Communications 8, 2017, 238 

Metal-catalyzed cross-couplings provide powerful, concise, and accurate methods to construct carbon–
carbon bonds from organohalides and organometallic reagents. Recent developments extended cross-
couplings to reactions where one of the two partners connects with an aryl or alkyl carbon–hydrogen 
bond. From an economic and environmental point of view, oxidative couplings between two carbon–
hydrogen bonds would be ideal. Oxidative coupling between phenyl and “inert” alkyl carbon–hydrogen 
bonds still awaits realization. It is very difficult to develop successful strategies for oxidative coupling of 
two carbon–hydrogen bonds owning different chemical properties. This article provides a solution to this 
challenge in a convenient preparation of dihydrobenzofurans from substituted phenyl alkyl ethers. For 
the phenyl carbon–hydrogen bond activation, our choice falls on the carboxylic acid fragment to form 
the palladacycle as a key intermediate. Through careful manipulation of an additional ligand, the second 
“inert” alkyl carbon–hydrogen bond activation takes place to facilitate the formation of structurally 
diversified dihydrobenzofurans. 

 

Multi-orbital charge transfer at highly oriented organic/metal interfaces 
Giovanni Zamborlini, Daniel Lüftner, Zhijing Feng, Bernd Kollmann, Peter Puschnig, Carlo Dri, Mirko Panighel, Giovanni Di 
Santo, Andrea Goldoni, Giovanni Comelli, Matteo Jugovac, Vitaliy Feyer & Claus Michael Schneidery 

Nature Communications 8, 2017, 335 

The molecule–substrate interaction plays a key role in charge injection organic-based devices. Charge 
transfer at molecule–metal interfaces strongly affects the overall physical and magnetic properties of 
the system, and ultimately the device performance. Here, we report theoretical and experimental 
evidence of a pronounced charge transfer involving nickel tetraphenyl porphyrin molecules adsorbed on 
Cu(100). The exceptional charge transfer leads to filling of the higher unoccupied orbitals up to LUMO+3. 
As a consequence of this strong interaction with the substrate, the porphyrin’s macrocycle sits very close 
to the surface, forcing the phenyl ligands to bend upwards. Due to this adsorption configuration, 
scanning tunneling microscopy cannot reliably probe the states related to the macrocycle. We 
demonstrate that photoemission tomography can instead access the Ni-TPP macrocycle electronic 
states and determine the reordering and filling of the LUMOs upon adsorption, thereby confirming the 
remarkable charge transfer predicted by density functional theory calculations. 

 

Nickel-catalyzed synthesis of 1,1-diborylalkanes from terminal alkenes 
Lei Li, Tianjun Gong, Xi Lu, Bin Xiao & Yao Fu 

Nature Communications 8, 2017, 345 

Organoboron compounds play an irreplaceable role in synthetic chemistry and the related 
transformations based on the unique reactivity of C–B bond are potentially the most efficient methods 
for the synthesis of organic molecules. The synthetic importance of multiboron compounds in C–C bond 
formation and function transformation reactions is growing and the related borations of activated or 
nonactivated alkenes have been developed recently. However, introducing directly two boron moieties 
into the terminal sites of alkenes giving 1,1-diborylalkanes in a catalytic fashion has not been explored 
yet. Here we describe a synthetic strategy of 1,1-diborylalkanes via a Ni-catalyzed 1,1-diboration of 
readily available terminal alkenes. This methodology shows high level of chemoselectivity and 
regioselectivity and can be used to convert a large variety of terminal alkenes, such as vinylarenes, 
aliphatic alkenes and lower alkenes, to 1,1-diborylalkanes. 
 

http://dx.doi.org/10.1038/s41467-017-00078-6
http://dx.doi.org/10.1038/s41467-017-00402-0
http://dx.doi.org/10.1038/s41467-017-00363-4


Joseph Samec Research Group Digest          

 
 

Photoelectrochemical oxidation of organic substrates in organic media 
Tengfei Li, Takahito Kasahara, Jingfu He, Kevan E. Dettelbach, Glenn M. Sammis & Curtis P. Berlinguette 

Nature Communications 8, 2017, 390 

There is a global effort to convert sunlight into fuels by photoelectrochemically splitting water to form 
hydrogen fuels, but the dioxygen byproduct bears little economic value. This raises the important 
question of whether higher value commodities can be produced instead of dioxygen. We report here 
photoelectrochemistry at a BiVO4 photoanode involving the oxidation of substrates in organic media. 
The use of MeCN instead of water enables a broader set of chemical transformations to be performed 
(e.g., alcohol oxidation and C-H activation/oxidation), while suppressing photocorrosion of BiVO4 that 
otherwise occurs readily in water, and sunlight reduces the electrical energy required to drive organic 
transformations by 60%. These collective results demonstrate the utility of using photoelectrochemical 
cells to mediate organic transformations that otherwise require expensive and toxic reagents or 
catalysts. 
 

http://dx.doi.org/10.1038/s41467-017-00420-y
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Polymer Solar Cells Employing Water-Soluble Polypyrrole Nanoparticles as Dopants of 
PEDOT:PSS with Enhanced Efficiency and Stability 

Xingye Zhang†, Bin Zhang, Xinhua Ouyang , Lihui Chen, and Hui Wu 

J. Phys. Chem. C  2017, 121, 18378. 
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Abstract 
 
Water-soluble polypyrrole nanoparticles (PPy NPs) were developed and demonstrated as effective 
modifiers of PEDOT:PSS. By using them as the anode interfaces of polymer solar cells (PSCs), these 
PSCs showed a high power conversion efficiency (PCE) with the value of 9.48% as doping 20% PPy 
NPs into PEDOT:PSS. Interestingly, the enhancement of ∼16% and ∼150% compared with that of 
pure PEDOT:PSS (PCE = 8.04%) and PEDOT:PSS-free (PCE = 3.76%) was observed. Importantly, 
the stability of these devices with 20% PPy NPs doped PEDOT:PSS was also improved significantly. 
The enhanced performance was possible attributed to the changes of pH value, enhanced 
conductivities, and morphological changes of PEDOT:PSS. Our study supplies an alternative method 
to obtain high-efficient PSCs with the development of polymer NPs interfacial materials. 
 

 

http://pubs.acs.org/doi/10.1021/acs.jpcc.7b05767
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Origins of Protons in C–H Bond Insertion Products of Phenols: Proton-Self-Sufficient Function 

via Water Molecules 

Zhoujie Luo, Ya Gao, Tong Zhu, John Zenghui Zhang, and Fei Xia 

J. Phys. Chem. A 2017, 121, 6523. 
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Abstract 
 

Water molecules can serve as proton shuttles for proton transfer in the C–H bond insertion reactions 

catalyzed by transition metal complexes. Recently, the control experiments performed for C–H bond 

insertion of phenol and anisol by gold carbenes show that large discrepancy exists in the yields of 

hydrogenated and deuterated products. Thus, we conducted a detailed theoretical analysis on the 

function of water molecules in the C–H bond insertion reactions. The comparison of calculated results 

and control experiments indicates that the solution water molecules play a crucial role of proton shuttle 

in C–H bond insertion. In particular, it was found that the hydroxyl groups in phenols were capable of 

donating protons via water shuttles for the production of C–H products, which had a substantial 

influence on the yields of inserted products. The hydroxyl groups instead of C–H bonds in phenols 

function like “proton reservoirs” in the C–H bond insertion, which we call the “proton self-sufficient” 

(PSS) function of phenol. The PSS function of phenol indicates that the substrates with and without 

proton reservoirs will lead to different C–H bond insertion products.

 

http://pubs.acs.org/doi/10.1021/acs.jpca.7b06411
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Visible-light-driven methane formation from CO2 with a molecular iron catalyst 

Heng Rao, Luciana C. Schmidt, Julien Bonin, Marc Robert 

 

Nature 2017, 548, 74 
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Abstract 
 
Converting CO2 into fuel or chemical feedstock compounds could in principle reduce fossil fuel 
consumption and climate-changing CO2 emissions1, 2. One strategy aims for electrochemical 
conversions powered by electricity from renewable sources3, 4, 5, but photochemical approaches 
driven by sunlight are also conceivable6. A considerable challenge in both approaches is the 
development of efficient and selective catalysts, ideally based on cheap and Earth-abundant elements 
rather than expensive precious metals7. Of the molecular photo- and electrocatalysts reported, only a 
few catalysts are stable and selective for CO2 reduction; moreover, these catalysts produce primarily 
CO or HCOOH, and catalysts capable of generating even low to moderate yields of highly reduced 
hydrocarbons remain rare8, 9, 10, 11, 12, 13, 14, 15, 16, 17. Here we show that an iron 
tetraphenylporphyrin complex functionalized with trimethylammonio groups, which is the most efficient 
and selective molecular electro- catalyst for converting CO2 to CO known18, 19, 20, can also catalyse 
the eight-electron reduction of CO2 to methane upon visible light irradiation at ambient temperature 
and pressure. We find that the catalytic system, operated in an acetonitrile solution containing a 
photosensitizer and sacrificial electron donor, operates stably over several days. CO is the main 
product of the direct CO2 photoreduction reaction, but a two-pot procedure that first reduces CO2 and 
then reduces CO generates methane with a selectivity of up to 82 per cent and a quantum yield (light-
to-product efficiency) of 0.18 per cent. However, we anticipate that the operating principles of our 
system may aid the development of other molecular catalysts for the production of solar fuels from 
CO2 under mild conditions. 
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Observation of the hyperfine spectrum of antihydrogen 

M. Ahmadi, B. X. R. Alves, C. J. Baker, W. Bertsche, E. Butler, A. Capra, C. Carruth, C. L. Cesar, M. Charlton, S. Cohen, R. 
Collister, S. Eriksson, A. Evans, N. Evetts, J. Fajans, T. Friesen, M. C. Fujiwara, D. R. Gill, A. Gutierrez, J. S. Hangst, W. N. 
Hardy, M. E. Hayden, C. A. Isaac, A. Ishida, M. A. Johnson 
 
Nature 2017, 548, 66. 
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Abstract 
 

The observation of hyperfine structure in atomic hydrogen by Rabi and co-workers1, 2, 3 and the 
measurement4 of the zero-field ground-state splitting at the level of seven parts in 1013 are important 
achievements of mid-twentieth-century physics. The work that led to these achievements also 
provided the first evidence for the anomalous magnetic moment of the electron5, 6, 7, 8, inspired 
Schwinger’s relativistic theory of quantum electrodynamics9, 10 and gave rise to the hydrogen 
maser11, which is a critical component of modern navigation, geo-positioning and very-long-baseline 
interferometry systems. Research at the Antiproton Decelerator at CERN by the ALPHA collaboration 
extends these enquiries into the antimatter sector. Recently, tools have been developed that enable 
studies of the hyperfine structure of antihydrogen12—the antimatter counterpart of hydrogen. The goal 
of such studies is to search for any differences that might exist between this archetypal pair of atoms, 
and thereby to test the fundamental principles on which quantum field theory is constructed. Magnetic 
trapping of antihydrogen atoms13, 14 provides a means of studying them by combining 
electromagnetic interaction with detection techniques that are unique to antimatter12, 15. Here we 
report the results of a microwave spectroscopy experiment in which we probe the response of 
antihydrogen over a controlled range of frequencies. The data reveal clear and distinct signatures of 
two allowed transitions, from which we obtain a direct, magnetic-field-independent measurement of the 
hyperfine splitting. From a set of trials involving 194 detected atoms, we determine a splitting of 
1,420.4 ± 0.5 megahertz, consistent with expectations for atomic hydrogen at the level of four parts in 
104. This observation of the detailed behaviour of a quantum transition in an atom of antihydrogen 
exemplifies tests of fundamental symmetries such as charge–parity–time in antimatter, and the 
techniques developed here will enable more-precise such tests. 
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A molecular spin-photovoltaic device 

Xiangnan Sun, Saül Vélez, Ainhoa Atxabal, Amilcar Bedoya-Pinto, Subir Parui, Xiangwei Zhu, Roger Llopis, Fèlix Casanova, 
Luis E. Hueso 
 
Science 2017, 357, 677. 
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Abstract 
 

We fabricated a C60 fullerene–based molecular spin-photovoltaic device that integrates a photovoltaic 
response with the spin transport across the molecular layer. The photovoltaic response can be 
modified under the application of a small magnetic field, with a magnetophotovoltage of up to 5% at 
room temperature. Device functionalities include a magnetic current inverter and the presence of 
diverging magnetocurrent at certain illumination levels that could be useful for sensing. Completely 
spin-polarized currents can be created by balancing the external partially spin-polarized injection with 
the photogenerated carriers. 

 

http://science.sciencemag.org/content/357/6352/677.full
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