
Joseph Samec Research Group Digest          

 
 

  
 
 
Digest July 2017 



Joseph Samec Research Group Digest          

 

 

Catalytic Electrophilic Alkylation of p-Quinones through a Redox Chain Reaction  

Xiao-Long Xu and Dr. Zhi Li 

Angew. Chem. Int. Ed. 2017, 56(28), 8196 

 
 
 
 
 
 
 
Abstract 
 
Allylation and benzylation of p-quinones was achieved through an unusual redox chain reaction. 
Mechanistic studies suggest that the existence of trace hydroquinone initiates a redox chain reaction 
that consists of a Lewis acid catalyzed Friedel–Crafts alkylation and a subsequent redox equilibrium 
that regenerates hydroquinone. The electrophiles could be various allylic and benzylic esters. The 
addition of Hantzsch ester as an initiator improves the efficiency of the reaction. 
 
 
 
 
 
 

Allyl-Palladium-Catalyzed Ketone Dehydrogenation Enables Telescoping with Enone α,β-
Vicinal Difunctionalization 

Dr. Yifeng Chen, David Huang, Yizhou Zhao and Prof. Dr. Timothy R. Newhouse 

Angew. Chem. Int. Ed. 2017, 56(28),8258 

 
 
 
 
 
 
 
Abstract 
 
The telescoping of allyl-palladium catalyzed ketone dehydrogenation with organocuprate conjugate 
addition chemistry allows for the introduction of aryl, heteroaryl, vinyl, acyl, methyl, and other 
functionalized alkyl groups chemoselectively to a wide variety of unactivated ketone compounds via 
their enone counterparts. The compatibility of the dehydrogenation conditions additionally allows for 
efficient trapping of the intermediate enolate with various electrophiles. The utility of this approach is 
demonstrated by comparison to several previously reported multistep sequences. 
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An Organoruthenium Anticancer Agent Shows Unexpected Target Selectivity For Plectin  

Dr. Samuel M. Meier, M. Sc. Dominique Kreutz, Dr. Lilli Winter, M. Sc. Matthias H. M. Klose, M. Sc. Klaudia Cseh, M. Sc. 
Tamara Weiss, Dr. Andrea Bileck, M. Sc. Beatrix Alte, Dr. Johanna C. Mader, M. Sc. Samir Jana, Dr. Annesha Chatterjee, Dr. 
Arindam Bhattacharyya, Michaela Hejl, Dr. Michael A. Jakupec, Priv.-Doz. Dr. Petra Heffeter, Prof. Dr. Walter Berger, Prof. Dr. 
Christian G. Hartinger, Prof. Dr. Bernhard K. Keppler, Prof. Dr. Gerhard Wiche and Prof. Dr. Christopher Gerner 

Angew. Chem. Int. Ed. 2017, 56(28), 8267 

 
 

 
 
 
 
 
 
 
 
 
 
Abstract 
 
Organometallic metal(arene) anticancer agents require ligand exchange for their anticancer activity 
and this is generally believed to confer low selectivity for potential cellular targets. However, using an 
integrated proteomics-based target-response profiling approach as a potent hypothesis-generating 
procedure, we found an unexpected target selectivity of a ruthenium(arene) pyridinecarbothioamide 
(plecstatin) for plectin, a scaffold protein and cytolinker, which was validated in a plectin knock-out 
model in vitro. Plectin targeting shows potential as a strategy to inhibit tumor invasiveness as shown in 
cultured tumor spheroids while oral administration of plecstatin-1 to mice reduces tumor growth more 
efficiently in the invasive B16 melanoma than in the CT26 colon tumor model. 
 
 
 
 

Continuous Synthesis and Purification by Coupling a Multistep Flow Reaction with Centrifugal 
Partition Chromatography (pages 8742–8745) 

Róbert Örkényi, Dr. János Éles, Prof. Dr. Ferenc Faigl, Péter Vincze, Anita Prechl, Dr. Zoltán Szakács, János Kóti and Dr. 
István Greiner 

Angew. Chem. Int. Ed. 2017, 56(30), 8742 

 
 
 
 
 
 
Abstract 
 
Continuous-flow multistep synthesis is combined with quasi-continuous final-product purification to 
produce pure products from crude reaction mixtures. In the nucleophilic aromatic substitution of 2,4-
difluoronitrobenzene with morpholine followed by a heterogeneous catalytic hydrogenation, the 
desired monosubstituted product can be continuously separated from the co- and by-products in a 
purity of over 99 % by coupling a flow reactor sequence to a multiple dual-mode (MDM) centrifugal 
partition chromatography (CPC) device. This purification technique has many advantages over HPLC, 
such as higher resolution and no need for column replacement or silica recycling, and it does not 
suffer from irreversible adsorption. 
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A Unified Continuous Flow Assembly-Line Synthesis of Highly Substituted Pyrazoles and 
Pyrazolines (pages 8823–8827) 

Dr. Joshua Britton and Prof. Dr. Timothy F. Jamison 

Angew. Chem. Int. Ed. 2017, 56(30),8823 

 
 
 
 
 
 
 
 
 
 
Abstract 
 
A rapid and modular continuous flow synthesis of highly functionalized fluorinated pyrazoles and 
pyrazolines has been developed. Flowing fluorinated amines through sequential reactor coils mediates 
diazoalkane formation and [3+2] cycloaddition to generate more than 30 azoles in a telescoped 
fashion. Pyrazole cores are then sequentially modified through additional reactor modules 
performing N-alkylation and arylation, deprotection, and amidation to install broad molecular diversity 
in short order. Continuous flow synthesis enables the safe handling of diazoalkanes at elevated 
temperatures, and the use of aryl alkyne dipolarphiles under catalyst-free conditions. This assembly-
line synthesis provides a flexible approach for the synthesis of agrochemicals and pharmaceuticals, as 
demonstrated by a four-step, telescoped synthesis of measles therapeutic, AS-136A, in a total 
residence time of 31.7 min (1.76 g h

−1
). 

 

 

A Rapid Total Synthesis of Ciprofloxacin Hydrochloride in Continuous Flow (pages 8870–8873) 

Dr. Hongkun Lin, Dr. Chunhui Dai, Prof. Timothy F. Jamison and Prof. Klavs F. Jensen 

Angew. Chem. Int. Ed. 2017, 56(30), 8870 

 
 
 
 
 
 
 
 
 
Abstract 
 
Within a total residence time of 9 min, the sodium salt of ciprofloxacin was prepared from simple 
building blocks via a linear sequence of six chemical reactions in five flow reactors. Sequential offline 
acidifications and filtrations afforded ciprofloxacin and ciprofloxacin hydrochloride. The overall yield of 
the eight-step sequence was 60 %. No separation of intermediates was required throughout the 
synthesis when a single acylation reaction was applied to remove the main byproduct, dimethylamine. 
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Iridium-Catalyzed Enantioselective Allylic Substitution of Aliphatic Esters with Silyl Ketene 
Acetals as the Ester Enolates 

Xingyu Jiang and Prof. John F. Hartwig 

Angew. Chem. Int. Ed. 2017, 56(28), 8887 

 

 
 
 
 
 
 
 
Abstract 
 
Enantioselective allylic substitution with enolates derived from aliphatic esters under mild conditions 
remains challenging. Herein we report iridium-catalyzed enantioselective allylation reactions of silyl 
ketene acetals, the silicon enolates of esters, to form products containing a quaternary carbon atom at 
the nucleophile moiety and a tertiary carbon atom at the electrophile moiety. Under relatively neutral 
conditions, the allylated aliphatic esters were obtained with excellent regioselectivity and 
enantioselectivity. These products were readily converted into primary alcohols, carboxylic acids, 
amides, isocyanates, and carbamates, as well as tetrahydrofuran and γ-butyrolactone derivatives, 
without erosion of enantiomeric purity. 
 

 

 

 

Enantioselective Chemo- and Biocatalysis: Partners in Retrosynthesis 

Moritz Hönig, Philipp Sondermann, Prof. Nicholas J. Turner and Prof. Erick M. Carreira 

Angew. Chem. Int. Ed. 2017, 56(31),8942 

 
 
 
 
 
 
 
Abstract 
 
Recent developments of stereoselective biocatalytic and chemocatalytic methods are discussed. The 
review provides a guide to the use of biocatalytic methods in the area of chemical synthesis with 
focused attention on retrosynthetic considerations and analysis. The transformations presented are 
organized according to bond disconnections and attendant synthetic methods. The review is expected 
to lead to better understanding of the characteristics and distinctions of the two complementary 
approaches. It depicts for researchers in bio- and chemocatalysis a road map of challenges and 
opportunities for the evolution (and at times revolution) in chemical synthesis. 
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High-Pressure Accelerated Enantioselective Addition of Indoles to Trifluoromethyl Ketones 
with a Low Loading of Chiral BINOL-Derived Phosphoric Acid  

Michał Biedrzycki, Adrian Kasztelan and Dr. Piotr Kwiatkowski 

ChemCatChem 2017, 9(13), 2453-2456 

 

Abstract 
 
The effect of pressure (up to 10 kbar) on the Brønsted acid catalyzed enantioselective 
hydroxyalkylation of indoles with trifluoromethyl ketones was explored. The reaction was effectively 
accelerated at 9 kbar with a very low loading of a 1,1′-bi-2-naphthol (BINOL) -derived phosphoric acid 
(0.05–0.2 mol % of TRIP) and provided the products with high enantioselectivity (84–98 % ee). 
 
 

Asymmetric Autoamplification in the Oxidative Kinetic Resolution of Secondary Benzylic 
Alcohols Catalyzed by Manganese Complexes (pages 2599–2607) 

Prof. Dr. Evgenii P. Talsi, Dr. Denis G. Samsonenko and Prof. Dr. Konstantin P. Bryliakov 

ChemCatChem 2017, 9(13), 2599 

 

 

 
 
 
 
Abstract 

Herein, chiral Mn–aminopyridine complexes have been shown to catalyze the oxidation of alkylarenes 

to enantiomerically enriched 1-arylalkanols with hydrogen peroxide. The observed enantiomeric 

excess values result from the direct enantioselective benzylic C−H hydroxylation, accompanied by 

stereoconvergent oxidative kinetic resolution of the resulting alcohol. Testing several (S,S)-

bipyrrolidine derived Mn complexes has revealed a novel catalyst (6) that exhibits the best kinetic 

resolution in the series (krel up to 8.8), along with sufficient reactivity and efficiency (>1000 catalytic 

turnovers). The mechanistic study of the Mn-mediated alcohol oxidation witnesses electrophilic active 

species (ρ=−1.2), with rate-limiting H abstraction (kH/kD=2.2), followed by oxygen rebound and 

dehydration of the resulting gem-diol to form the ketone. Intriguingly, while for the resolution of the 

relatively bulky 1,2-diphenylethanol, krel is virtually constant throughout the reaction, for less bulky 

alcohols, krel increases with increasing conversion, in line with the rising optical purity of the 1-

arylalkanol. The latter participates in the oxidation as an auxiliary ligand, assisting the chiral 

recognition. This effect is related to the previously described asymmetric autocatalysis and asymmetric 

autoinduction, but is not identical with either of those, with the differences being discussed. To 

unambiguously identify this effect, the term asymmetric autoamplification (chiral autoamplification) is 

proposed. 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700281/abstract
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Palladium Nanoparticles Encaged in a Nitrogen-Rich Porous Organic Polymer: Constructing a 

Promising Robust Nanoarchitecture for Catalytic Biofuel Upgrading (pages 2550–2564) 

Ramana Singuru, Karnekanti Dhanalaxmi, Subhash Chandra Shit, Prof. Dr. Benjaram Mahipal Reddy and Prof. Dr. John Mondal 

ChemCatChem 2017, 9(13),  2550  

 
 
 
 
 
 
 
 
 
 
Abstract 
 
Robust nanoarchitectures based on surfactant-free ultrafine Pd nanoparticles (NPs) (2.7–8.2±0.5 nm) 
have been developed by using the incipient wetness impregnation method with subsequent reduction 
of Pd

II
 species encaged in the 1,3,5-triazine-functionalized nitrogen-rich porous organic polymer (POP) 

by employing NaBH4, HCHO, and H2 reduction routes. The Pd-POP materials prepared by the three 
different synthetic methods consist of virtually identical chemical compositions but have different 
physical and texture properties. Strong metal–support interactions, the nanoconfinement effect of 
POP, and the homogeneous distribution of Pd NPs have been investigated by performing 

13
C cross-

polarization (CP) solid-state magic angle spinning (MAS) NMR, FTIR, and X-ray photoelectron 
spectroscopy (XPS), along with wide-angle powder XRD, N2 physisorption, high-resolution (HR)-TEM, 
high angle annular dark field scanning transmission electron microscopy (HAADF-STEM), and energy-
dispersive X-ray (EDX) mapping spectroscopic studies. The resulting Pd-POP based materials exhibit 
highly efficient catalytic performance with superior stability in promoting biomass refining 
(hydrodeoxygenation of vanillin, a typical compound of lignin-derived bio-oil). Outstanding catalytic 
performance (≈98 % conversion of vanillin with exclusive selectivity for hydrogenolysis product 2-
methoxy-4-methylphenol) has been achieved over the newly designed Pd-POP catalyst under the 
optimized reaction conditions (140 °C, 10 bar H2 pressure), affording a turnover frequency (TOF) value 
of 8.51 h

−1
 and no significant drop in catalytic activity with desired product selectivity has been noticed 

for ten successive catalytic cycles, demonstrating the excellent stability and reproducibility of this 
catalyst system. A size- and location-dependent catalytic performance for the Pd NPs with small size 
(1.31±0.36 and 2.71±0.25 nm) has been investigated in vanillin hydrodeoxygenation reaction with our 
newly designed Pd-POP catalysts. The presence of well-dispersed electron-rich metallic Pd sites and 
highly rigid cross-linked amine-functionalized POP framework with high surface area is thought to be 
responsible for the high catalytic activity and improvement in catalyst stability. 
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A Combined Approach using Sonochemistry and Photocatalysis: How to Apply 
Sonophotocatalysis for Biomass Conversion?  

Dr. Gregory Chatel, Dr. Sabine Valange, Ronan Behling and Dr. Juan Carlos Colmenares 

ChemCatChem 2017, 9(14), 2615 

 

Abstract 
 
The innovative combination of sonochemistry (power ultrasound) and photocatalysis (UV light) has 
been extensively investigated in the literature, especially as an advanced oxidation process. Based on 
these results but with a completely different strategy, the sonophotocatalysis starts to be applied to 
organic reactions and could represent an innovative way to valorize biomass into fuels or platform 
molecules. This article discusses this opportunity and proposes some trends and outlooks for further 
researches in the area. 

 

Hydrogen-Economic Synthesis of Gasoline-like Hydrocarbons by Catalytic 
Hydrodecarboxylation of the Biomass-derived Angelica Lactone Dimer (pages 2622–2626) 

Fei Chang, Prof. Saikat Dutta and Prof. Mark Mascal 

ChemCatChem 2017, 9(14), 2622 

 

Abstract 

The biomass-derived platform molecule levulinic acid is converted into the angelica lactone dimer 

(ALD) in high overall yield using simple inorganic catalysts. Hydrodecarboxylation of ALD using a 

Pd/γ-Al2O3 catalyst under moderate hydrogen gas pressure at high temperatures generates branched 

C8–C9 hydrocarbons in nearly quantitative yield consuming as little as a single equivalent of external 

hydrogen. These molecules are high-octane “drop-in” equivalents of isoalkanes used in commercial 

gasoline. Catalytic hydrodecarboxylation is presented as a highly effective means to reduce hydrogen 

demand in biomass-to-biofuel conversion technologies. 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700297/abstract
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On the Reactivity of Dihydro-p-coumaryl Alcohol towards Reductive Processes Catalyzed by 
Raney Nickel (pages 2627–2632) 

Dr. Gaetano Calvaruso, Jorge Augusto Burak, Dr. Matthew T. Clough, Dr. Marco Kennema, Dr. Fabian Meemken and Dr. 

Roberto Rinaldi 

ChemCatChem 2017, 9(14), 2627  

 

Abstract 
 
There are several established approaches for the reductive fractionation of lignocellulose (e.g., 
“catalytic upstream biorefining” and “lignin-first” approaches) that lead to a lignin oil product that is 
composed primarily of dihydro-p-monolignols [e.g., 4-(3-hydroxypropyl)-2-methoxyphenol and 4-(3-
hydroxypropyl)-2,6-dimethoxyphenol]. Although effective catalytic methods have been developed to 
perform reductive or deoxygenative processes on the lignin oil, the influence of the 3-hydroxypropyl 
substituent on catalyst activity has previously been overlooked. Herein, to better understand the 
reactivity of the depolymerized lignin oil obtained from catalytic upstream biorefining processes, 
dihydro-p-coumaryl alcohol was selected as a model compound. Hydrogenation of this species in the 
presence of Raney Ni with molecular hydrogen led to ring saturation (100 % selectivity) in the absence 
of hydrodeoxygenation, whereas under hydrogen-transfer conditions with 2-propanol, hydrogenation 
occurred (≈55 % selectivity) simultaneously with hydrodeoxygenation (≈40 % selectivity). In a broader 
context, this study sheds light not only on the reactivity of dihydro-p-monolignols but also on the 
intricacies of the catalytic upstream biorefining reaction network in which these species are revealed to 
be key intermediates in the formation of less-functionalized p-alkylphenols. 
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Oxygen-Assisted Hydrogenation of Jatropha-Oil-Derived Biodiesel Fuel over an Alumina-
Supported Palladium Catalyst To Produce Hydrotreated Fatty Acid Methyl Esters for High-
Blend Fuels 

Dr. Takehisa Mochizuki, Yohko Abe, Dr. Shih-Yuan Chen, Dr. Makoto Toba and Dr. Yuji Yoshimura 

ChemCatChem 2017, 9(14), 2633   

 

Abstract 
 
The partial hydrogenation of jatropha–oil–derived biodiesel fuel (BDF) with a high degree of 
unsaturated fatty acid tails was successfully performed on an alumina-supported palladium catalyst, 
denoted Pd/γ-Al2O3, under mild conditions (100 °C and 0.5 MPa) to produce hydrotreated fatty acid 
methyl esters (H-FAMEs) enriched in monounsaturated components. Trace amounts of peroxides 
contained in the oil feedstock or the co-feeding of proper amounts of molecular oxygen (400–1500 
ppm) resulted in enhanced activity and durability of Pd/γ-Al2O3. The produced H-FAMEs exhibited 
significantly improved oxidation stability and uncompromised cold-flow properties, and they can serve 
as an excellent source of high-quality BDFs, particularly for high-blend fuels. 

 

Catalytic Hydrolysis of Polysaccharides Derived from Fast-Growing Green Macroalgae (pages 
2638–2641) 

Dr. Ayumu Onda, Sayuri Onda, Miyuki Koike, Dr. Kazumichi Yanagisawa, Dr. Shuntaro Tsubaki and Dr. Masanori Hiraoka 

ChemCatChem 2017, 9(14), 2638   

 

Abstract 
 
Green macroalgae, such as Ulva spp., has a higher growth rate than terrestrial lingocellulosic 
biomass, which often leads to serious environmental issues such as green tide. So, it is a promising 
feedstock for biorefineries. Hiraoka produced Ulva with reproducible compositions and sizes by our 
original cultivation method. The macroalgae contained approximately 35 wt % of a soluble 
polysaccharide called ulvan, which is a sulfated glucuronorhamnan polysaccharide. The catalytic 
conversion of extracted ulvan was performed under hydrothermal conditions at 130 °C by using solid 
acid catalysts. The Amberlyst 70 catalyst has a stable structure and gave monosaccharides in 
quantitative yield, predominantly in the form of rhamnose. The Amberlyst 70 catalyst showed higher 
activity than sulfonated activated-carbon (AC-SO3H) in the hydrothermal conversion of ulvan, although 
Amberlyst 70 showed lower catalytic activity than AC-SO3H in the hydrolysis of starch. 
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Oxidative Transformations of Biosourced Alcohols Catalyzed by Earth-Abundant Transition 
Metals (pages 2652–2660) 

Dr. Duc Hanh Nguyen, Dr. Yohann Morin, Dr. Lei Zhang, Dr. Xavier Trivelli, Dr. Frédéric Capet, Prof. Sébastien Paul, Dr. Simon 

Desset, Prof. Franck Dumeignil and Dr. Régis M. Gauvin 

ChemCatChem 2017, 9(14), 2652   

 

Abstract 
 
The catalytic acceptorless dehydrogenative oxidation of biosourced alcohols into carboxylic acid salts 
was achieved using earth-abundant Fe and Mn complexes that feature aliphatic PNP pincer ligands in 
good to excellent yields. The Fe derivatives were characterized by using 

57
Fe NMR spectroscopy. Mn 

pincer catalysts are catalytically more efficient than their Fe counterparts thanks to their robustness 
under basic conditions. Attempts to generate aldehydes from alcohols were not successful using the 
Fe and Mn species, but a commercially available Ru analogue achieves this transformation selectively 
under very mild conditions in the presence of a large excess of acetone as a hydrogen acceptor. 

 

Selectively Converting Biomass to Jet Fuel in Large-scale Apparatus (pages 2668–2674) 

Jie Li, Dr. Jian Sun, Ronggang Fan, Yoshiharu Yoneyama, Prof. Guohui Yang and Prof. Noritatsu Tsubaki 

ChemCatChem 2017, 9(14), 2668   

 

Abstract 
 
Jet fuel is not easy to synthesize by the biomass-to-liquid (BTL) process owing to the limitation of the 
Anderson–Schulz–Flory (ASF) hydrocarbon distribution law in Fischer–Tropsch synthesis (FTS) with 
biomass-derived syngas (CO+H2). Here, we realized an anti-ASF distribution to selectively produce jet 
fuel from biomass on a large scale by addition of small amounts of 1-olefin, a FTS product, into 
syngas, enhancing jet fuel selectivity in hydrocarbons up to 64 % and that in oil product to as high as 
91 %. The Co/SiO2 catalyst (300 g) was loaded into a flow-type three-phase reactor and 120 h 
continuous operation was conducted by using the real-time on-line biomass-derived syngas from an 
entrained bed gasifier of biomass (240 kg day

−1
) of Mitsubishi Heavy Industries, Ltd. The production 

rate of liquid oil reached 720 g kgcat
−1

 h
−1

. The structure of the fresh and used catalyst was 
characterized in detail, accompanied with lab-scale data on reaction performance and catalyst 
properties. The stable technology process from biomass gasification to FTS, stable catalyst structure, 
and novel design of 1-olefin addition are the key to success in selectively converting biomass to jet 
fuel on a large scale. 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700310/abstract
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Oxidized Lignin Depolymerization using Formate Ionic Liquid as Catalyst and Solvent (pages 
2684–2690) 

Jinhuo Dai, Prof. Antonio F. Patti, Lionel Longé, Prof. Gil Garnier and Dr. Kei Saito 

ChemCatChem 2017, 9(14), 2684   

 
Abstract 
 
Lignin has been widely studied as a sustainable source of renewable materials, particularly aromatic 
feedstock chemicals, which are in great and increasing need in the world. Lignin oxidation and 
depolymerization presents a promising approach to functionalized phenolic products. In this work, a 
novel oxidative degradation of lignin using a formate ionic liquid was investigated resulting in ethyl 
acetate soluble and also water-soluble depolymerized lignin products. The β-O-4 bonds in lignin were 
oxidized and then depolymerized by a recyclable ionic liquid, 2-hydroxy ethylammonium formate. 2-
Hydroxy ethylammonium formate, which could dissolve lignin acting as a solvent, was found to also 
catalyze the depolymerization of the oxidized lignin. The lignin depolymerization products were 
characterized. 

 

On the Meaning and Origins of Lignin Recalcitrance: A Critical Analysis of the Catalytic 
Upgrading of Lignins Obtained from Mechanocatalytic Biorefining and Organosolv Pulping 

Dr. Gaetano Calvaruso, Dr. Matthew T. Clough, Dr. Marcelo D. Kaufman Rechulski and Dr. Roberto Rinaldi 

ChemCatChem 2017, 9(14), 2691   

 
Abstract 
 
In the broad context of catalysis for lignin valorization, the term “recalcitrance” is often used to 
describe the resistance of lignin to undergo chemical transformations (generally, reductive processes) 
rendering small molecules soluble in the reaction medium. Unfortunately, the current usage of the term 
“recalcitrance” often remains vague in meaning, hindering the search for better catalysts for lignin 
valorization. In the quest to address the research question—What is lignin recalcitrance?—we present 
our search for the factors responsible for the resistance of lignin to reductive catalytic processes, from 
various perspectives. In this study, lignins isolated as a precipitate obtained from the saccharification 
of water-soluble lignocelluloses (produced by solvent-free mechanocatalytic depolymerization of 
beechwood, pinewood, or sugarcane bagasse) and their counterparts isolated by solvent extraction 
(organosolv pulping) are investigated. The critical analysis of structure and bonding, in addition to the 
in-depth understanding of results from the catalytic upgrading of lignin streams, in the presence of 
Raney Ni and H2 pressure under mild and extreme conditions, reveals that the simple evaluation of the 
total yield of liquid products provides no quantitative measure of the lignin recalcitrance. Our results 
shed light on the real meaning, origins and implications of “lignin recalcitrance” for catalysis research. 
The results demonstrate that lignin recalcitrance is associated not only with its intrinsic properties (i.e. 
molecular weight, the occurrence of native linkages, and their bond dissociation enthalpies) but also 
with its extrinsic properties (e.g. residual polysaccharides and solubility). Overall, this study presents a 
detailed evaluation of recalcitrance of lignin through the critical analysis of the product mixture 
properties (e.g. H/C and O/C ratios, molecular weight distribution, yield of key individual products, and 
several others). 
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Renewable Aromatics from Kraft Lignin with Molybdenum-Based Catalysts (pages 2717–2726) 

Lisa Cattelan, Dr. Alexander K. L. Yuen, Dr. Matthew Y. Lui, Prof. Anthony F. Masters, Prof. Maurizio Selva, Prof. Alvise Perosa 

and Prof. Thomas Maschmeyer 

ChemCatChem 2017, 9(14), 2717   

 

 

Abstract 
 
The catalytic depolymerization of Kraft lignin in supercritical ethanol was explored in the presence of 
Mo2C- and MoS2-based catalysts. At 280 °C, Mo2C and Mo2C/Al2O3 afforded aromatic yields of 425 
and 419 mg g

−1
 lignin, respectively: amongst the highest yields reported to date. Ionic–liquid–assisted 

delamination of MoS2 resulted in highly active catalysts, capable of quantitative conversion of lignin at 
the expense of aromatic yield (approximately 186 mg g

−1
 lignin). Across all the catalysts studied, 

between 0.04 wt % and 0.38 wt % of molybdenum leached into the solution under supercritical 
conditions, according to inductively coupled plasma (ICP) analyses (corresponding to 27–570 μg of 
molybdenum in the reaction supernatant). A small contribution to the molybdenum in solution comes 
from the reactor itself (Hastelloy C contains 16 wt % Mo). Analysis of a depolymerization performed 
with fresh Kraft lignin and the soluble portion of the reaction mixture from a previous reactor run 
indicated that the leached species were neither active enough to afford the high conversions 
observed, nor selective enough to give high yields of aromatic products. In conjunction with the ICP 
data and differential chemoselectivities of the Mo2C- and MoS2-based catalysts, these results suggest 
that the bulk of the catalysis is heterogeneous. 

 

Reaction Pathways for the Deoxygenation of Biomass-Pyrolysis-Derived Bio-oil on Ru: A DFT 

Study using Furfural as a Model Compound 

Dr. Arghya Banerjee and Prof. Samir H. Mushrif 
ChemCatChem 2017, 9(14), 2828 

 

Abstract 
 
Fast pyrolysis is emerging as a promising route for the production of liquid fuels from biomass. 
However, pyrolysis-derived bio-oil needs to be upgraded prior to its utilization as a fuel and 
hydrodeoxygenation (HDO) is an important catalytic step for its upgrade. Design of suitable catalysts 
with high activity and selectivity for the HDO process requires detailed understanding of the underlying 
catalytic reaction mechanism. As ruthenium (Ru)-based catalysts have been proposed to be the most 
effective HDO catalysts, the complete reaction network for HDO of furfural, a representative of furanic 
compounds present in bio-oil, is elucidated in this study on the Ru(0 0 1) surface by using first-
principles density functional theory calculations. The reaction pathways for the formation of furfuryl 
alcohol (FA), tetrahydrofurfuryl alcohol (THFA), methyltetrahydrofuran (MTHF), methylfuran (MF), 
cyclopentanol, 1,2- and 1,5-pentane diols, furan, and pentanes are established. Furan ring-opening is 
facile on Ru surfaces and our calculations predict pentane formation to be thermodynamically and 
kinetically favored in the vapor-phase hydrodeoxygenation of furfural on Ru surfaces. 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700374/abstract
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Fractionation of Degraded Lignin by Using a Water/1-Butanol Mixture with a Solid-Acid 
Catalyst: A Potential Source of Phenolic Compounds 

Dr. Yuta Nakasaka, Dr. Takuya Yoshikawa, Yuki Kawamata, Prof. Teruoki Tago, Dr. Shinya Sato, Toshimasa Takanohashi, 
Yoshihito Koyama and Prof. Takao Masuda 

ChemCatChem 2017, 9(14), 2875 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 

Fractionation of a lignin-derived liquid using a water/1-butanol mixture was investigated with the aim of 

developing a source of phenols. The effect of various phases on lignin depolymerization by using a 

water/1-butanol mixture with a solid acid catalyst was investigated. The water/1-butanol solvent was 

confirmed to be heterogeneous under the reaction conditions, and the liquid phase was essential for 

effective depolymerization of lignin. To make optimum use of the depolymerized lignin and to 

understand its chemical structure, solvent fractionation was performed by using a 

water/tetrahydrofuran solution, ethyl acetate, and n-hexane as solvents. Catalytic cracking of the n-

hexane soluble fraction was performed over an iron oxide catalyst by using a high-pressure fixed-bed 

flow reactor at 673 K. The production of phenol was confirmed, and the demethoxylation reaction was 

examined by using model compounds. In addition, as the heavy components were extracted during 

the solvent fractionation, as confirmed by analysis of the molecular structures of the fractionated 

components, the formation of solid products could be suppressed to a level below 2.5 molC % based 

on lignin. 

  

 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700104/abstract
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Manganese-Catalyzed Aminomethylation of Aromatic Compounds with Methanol as a 
Sustainable C1 Building Block 

Matthias Mastalir, Ernst Pittenauer, Günter Allmaier, and Karl Kirchner 

J. Am. Chem. Soc., 2017, 139 (26), pp 8812–8815 

 

This study represents the first example of a manganese-catalyzed environmentally benign, practical 
three-component aminomethylation of activated aromatic compounds including naphtols, phenols, 
pyridines, indoles, carbazoles, and thiophenes in combination with amines and MeOH as a C1 source. 
These reactions proceed with high atom efficiency via a sequence of dehydrogenation and 
condensation steps which give rise to selective C–C and C–N bond formations, thereby releasing 
hydrogen and water. A well-defined hydride Mn(I) PNP pincer complex, recently developed in our 
laboratory, catalyzes this process in a very efficient way, and a total of 28 different aminomethylated 
products were synthesized and isolated yields of up to 91%. In a preliminary study, a related Fe(II) 
PNP pincer complex was shown to catalyze the methylation of 2-naphtol rather than its 
aminomethylation displaying again the divergent behavior of isoelectronic Mn(I) and Fe(II) PNP pincer 
systems. 

Catalytic Dehydrogenative C–C Coupling by a Pincer-Ligated Iridium Complex 

Miles Wilklow-Marne, Bo Li, Tian Zhou, Karsten Krogh-Jespersen, William W. Brennessel , Thomas J. Emge, Alan S. Goldman , 

and William D. Jones 

J. Am. Chem. Soc., 2017, 139 (26), pp 8977–8989 

 

The pincer-iridium fragment (iPrPCP)Ir (RPCP = κ3-2,6-C6H3(CH2PR2)2) has been found to catalyze 
the dehydrogenative coupling of vinyl arenes to afford predominantly (E,E)-1,4-diaryl-1,3-butadienes. 
The eliminated hydrogen can undergo addition to another molecule of vinyl arene, resulting in an 
overall disproportionation reaction with 1 equiv of ethyl arene formed for each equivalent of 
diarylbutadiene produced. Alternatively, sacrificial hydrogen acceptors (e.g., tert-butylethylene) can be 
added to the solution for this purpose. Diarylbutadienes are isolated in moderate to good yields, up to 
ca. 90% based on the disproportionation reaction. The results of DFT calculations and experiments 
with substituted styrenes indicate that the coupling proceeds via double C–H addition of a styrene 
molecule, at β-vinyl and ortho-aryl positions, to give an iridium(III) metalloindene intermediate; this 
intermediate then adds a β-vinyl C–H bond of a second styrene molecule before reductively 
eliminating product. Several metalloindene complexes have been isolated and crystallographically 
characterized. In accord with the proposed mechanism, substitution at the ortho-aryl positions of the 
styrene precludes dehydrogenative homocoupling. In the case of 2,4,6-trimethylstyrene, 
dehydrogenative coupling of β-vinyl and ortho-methyl C–H bonds affords dimethylindene, 
demonstrating that the dehydrogenative coupling is not limited to C(sp2)–H bonds. 

http://pubs.acs.org/doi/10.1021/jacs.7b05253
http://pubs.acs.org/doi/10.1021/jacs.7b03433


Joseph Samec Research Group Digest          

 

 

Molecular Adsorbates Switch on Heterogeneous Catalysis: Induction of Reactivity by N-
Heterocyclic Carbenes 

Johannes B. Ernst, Christian Schwermann, Gen-ichi Yokota, Mizuki Tada, Satoshi Muratsugu, Nikos L. Doltsinis, and Frank 

Glorius 

J. Am. Chem. Soc., 2017, 139 (27), pp 9144–9147 

 

We report the N-heterocyclic carbene (NHC)-induced activation of an otherwise unreactive Pd/Al2O3 
catalyst. Surface analysis techniques demonstrate the NHC being coordinated to the palladium 
particles and affecting their electronic properties. Ab initio calculations provide further insight into the 
electronic effect of the coordination with the NHC injecting electron density into the metal nanocluster 
thus lowering the barrier for bromobenzene activation. By this NHC modification, the catalyst could be 
successfully applied in the Buchwald–Hartwig amination of aryl chlorides, bromides, and iodides. 
Various heterogeneity tests could additionally show that the reaction proceeds via a heterogeneous 
active species. 

Nickel-Catalyzed C–H Silylation of Arenes with Vinylsilanes: Rapid and Reversible β-Si 
Elimination 

Matthew R. Elsby and Samuel A. Johnson 

J. Am. Chem. Soc., 2017, 139 (27), pp 9401–9407 

 

The reaction of C6F5H and H2C═CHSiMe3 with catalytic [iPr2Im]Ni(η2-H2C═CHSiMe3)2 (1b) 
exclusively forms the C–H silylation product C6F5SiMe3 with ethylene as a byproduct ([iPr2Im] = 1,3-
di(isopropyl)imidazole-2-ylidene). Catalytic C–H bond silylation is facile with partially fluorinated 
aromatic substrates containing two ortho fluorine substituents adjacent to the C–H bond and 1,2,3,4-
tetrafluorobenzene. Less fluorinated substrates react slower. Under the same reaction conditions, 
catalytic [IPr]Ni(η2-H2C═CHSiMe3)2 (1a) ([IPr] = 1,3-bis[2,6-diisopropylphenyl]-1,3-dihydro-2H-
imidazol-2-ylidene) provided only the alkene hydroarylation product C6F5CH2CH2SiMe3. Mechanistic 
studies reveal that the C–H activation and β-Si elimination steps are reversible under catalytic 
conditions with both catalysts 1a and 1b. With catalytic 1a, reversible ethylene loss after β-Si 
elimination was also observed despite its inability to catalyze C–H silylation; the reductive elimination 
step to form the silylation product is much slower than reductive elimination to form the alkene 
hydroarylation product. Reversible ethylene loss was not observed with 1b, which suggests that the 
rate-limiting step in the reaction is neither C–H activation nor β-Si elimination but either ethylene loss 
or reductive elimination of cis-disposed aryl and SiMe3 moieties. 

http://pubs.acs.org/doi/10.1021/jacs.7b05112
http://pubs.acs.org/doi/10.1021/jacs.7b05574
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Selective Catalytic Hydrogenation of Arenols by a Well-Defined Complex of Ruthenium and 
Phosphorus–Nitrogen PN3–Pincer Ligand Containing a Phenanthroline Backbone 

Huaifeng Li, Yuan Wang, Zhiping Lai , and Kuo-Wei Huang 

ACS Catal., 2017, 7 (7), pp 4446–4450 

 

Selective catalytic hydrogenation of aromatic compounds is extremely challenging using transition-
metal catalysts. Hydrogenation of arenols to substituted tetrahydronaphthols or cyclohexanols has 
been reported only with heterogeneous catalysts. Herein, we demonstrate the selective hydrogenation 
of arenols to the corresponding tetrahydronaphthols or cyclohexanols catalyzed by a phenanthroline-
based PN3-ruthenium pincer catalyst. 

Borate-Stabilized Transformation of C6 Aldose to C4 Aldose 

Yueer Yan, Lei Feng, Gang Li, Shaoying Lin, Zhen Sun, Yahong Zhang, and Yi Tang 

ACS Catal., 2017, 7 (7), pp 4473–4478 

 

Highly efficient transformations of biomass-derived sugars into various valuable chemicals are of 
topical interest. Tetrose with a four-carbon bone is the root of most of biomass-derived C4 products, 
but its extreme instability obstructs the blossoming of C4 products presently. Herein, we describe a 
borate-stabilized catalytic strategy to accumulate erythrose from C6 aldose in a highly selective 
manner via retro-aldol and aldol processes in alcohol solvent. In our proposed mechanism, borate can 
stabilize erythrose and avoid its further retro-aldol splitting or isomerization, and induce the production 
of erythrose again via the aldol condensation of the above-generated glycolaldehyde. 

Visible-Light-Driven Self-Hydrogen Transfer Hydrogenolysis of Lignin Models and Extracts into 
Phenolic Products 

Nengchao Luo, Min Wang, Hongji Li, Jian Zhang, Tingting Hou , Haijun Chen, Xiaochen Zhang, Jianmin Lu, and Feng Wang 

ACS Catal., 2017, 7 (7), pp 4571–4580 

 

http://pubs.acs.org/doi/10.1021/acscatal.7b01316
http://pubs.acs.org/doi/10.1021/acscatal.7b01159
http://pubs.acs.org/doi/10.1021/acscatal.7b01043
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Obtaining high selectivity of aromatic monomers from renewable lignin has been extensively pursued 
but is still unsuccessful, hampered by the need to efficiently cleave C–O/C–C bonds and inhibit lignin 
proliferation reactions. Herein, we report a transfer hydrogenolysis protocol using a heterogeneous 
ZnIn2S4 catalyst driven by visible light. In this process, alcoholic groups (CαH–OH) of lignin act as 
hydrogen donors. Proliferation of phenolic products to dark substances is suppressed under visible 
light illumination at low temperature (below 50 °C); formation of a light and transparent reaction 
solution allows visible light to be absorbed by the catalyst. With this strategy, 71–91% yields of 
phenols in the conversion of lignin β-O-4 models and a 10% yield of p-hydroxyl acetophenone 
derivatives from organosolv lignin are achieved. Mechanistic studies reveal that CαH–OH groups of 
lignin β-O-4 linkage are initially dehydrogenated on ZnIn2S4 to form a “hydrogen pool”, and the 
adjacent Cβ–O bond is subsequently hydrogenolytically cleaved to two monomers by the “hydrogen 
pool”. Thus, the dehydrogenation and hydrogenolysis reaction are integrated in one-pot with lignin 
itself as a hydrogen donor. This study shows a promising way of supplying phenolic compounds by 
taking advantages of both renewable biomass feedstocks and photoenergy. 

Kinetics and DFT Studies of Photoredox Carbon–Carbon Bond Cleavage Reactions by 
Molecular Vanadium Catalysts under Ambient Conditions 

Sarifuddin Gazi, Miloš Đokić, Adhitya Mangala Putra Moeljadi, Rakesh Ganguly, Hajime Hirao , and Han Sen Soo 

ACS Catal., 2017, 7 (7), pp 4682–4691 

 

Visible light assisted photocatalytic organic reactions have recently received intense attention as a 
versatile approach to achieve selective chemical transformations, including C–C and several C–X (X = 
N, O, S) bond formations under mild reaction conditions. The light harvesters in previous reports 
predominantly comprise ruthenium or iridium photosensitizers. In contrast, selective, photocatalytic 
aliphatic C–C bond cleavage reactions are scarce. The present study focuses on rationally designing 
VV oxo complexes as molecular, photoredox catalysts toward the selective activation and cleavage of 
a C–C bond adjacent to the alcohol group in aliphatic alcoholic substrates. We have employed kinetics 
measurements and DFT calculations to develop a candidate for the catalytic C–C bond activation 
reaction that is up to 7 times faster than our original vanadium complex. We have also identified a 
substrate where the C–C bond cleaves at rates 2.5–17 times faster, depending on the catalyst used. 
In order to better understand the effects of ligand modification on the thermodynamics and catalysis, 
DFT calculations were employed to reveal the orbital energies, the electronic transitions during the C–
C bond cleavage, and the activation barriers. Our combined kinetics and computational studies 
indicate that the incorporation of electron-withdrawing groups at select sites of the ligand is essential 
for the development of active and stable vanadium photocatalysts for our C–C bond cleavage 
reactions. 
 
 
 

http://pubs.acs.org/doi/10.1021/acscatal.7b01036
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Enantioselective, intermolecular benzylic C–H amination catalysed by an engineered 

iron-haem enzyme 

Christopher K. Prier, Ruijie K. Zhang, Andrew R. Buller, Sabine Brinkmann-Chen and Frances H. Arnold 

NATURE CHEMISTRY, 2017, 9, 629 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
C–H bonds are ubiquitous structural units of organic molecules. Although these bonds are generally 

considered to be chemically inert, the recent emergence of methods for C–H functionalization 

promises to transform the way synthetic chemistry is performed. The intermolecular amination of C–H 

bonds represents a particularly desirable and challenging transformation for which no efficient, highly 

selective, and renewable catalysts exist. Here we report the directed evolution of an iron-containing 

enzymatic catalyst—based on a cytochrome P450 monooxygenase—for the highly enantioselective 

intermolecular amination of benzylic C–H bonds. The biocatalyst is capable of up to 1,300 turnovers, 

exhibits excellent enantioselectivities, and provides access to valuable benzylic amines. Iron 

complexes are generally poor catalysts for C–H amination: in this catalyst, the enzyme’s protein 

framework confers activity on an otherwise unreactive iron-haem cofactor. 

 
 

 

 

http://www.nature.com/nchem/journal/v9/n7/abs/nchem.2783.html
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Rapid heteroatom transfer to arylmetals utilizing multifunctional reagent scaffolds 

 
Hongyin Gao, Zhe Zhou, Doo-Hyun Kwon, James Coombs, Steven Jones, Nicole Erin Behnke 
 

NATURE CHEMISTRY, 2017, 9, 681 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 

Arylmetals are highly valuable carbon nucleophiles that are readily and inexpensively prepared from 

aryl halides or arenes and widely used on both laboratory and industrial scales to react directly with a 

wide range of electrophiles. Although C−C bond formation has been a staple of organic synthesis, the 

direct transfer of primary amino (−NH2) and hydroxyl (−OH) groups to arylmetals in a scalable and  

nvironmentally friendly fashion remains a formidable synthetic challenge because of the absence of 

suitable heteroatom-transfer reagents. Here, we demonstrate the use of bench-stable N−H and 

N−alkyl oxaziridines derived from readily available terpenoid scaffolds as efficient multifunctional 

reagents for the direct primary amination and hydroxylation of structurally diverse aryl- and 

heteroarylmetals. This practical and scalable method provides one-step synthetic access to primary 

anilines and phenols at low temperature and avoids the use of transitionmetal catalysts, ligands and 

additives, nitrogen-protecting groups, excess reagents and harsh workup conditions. 

http://www.nature.com/nchem/journal/v9/n7/abs/nchem.2672.html
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π-electron S =½ quantum spin-liquid state in an ionic polyaromatic hydrocarbon 
 

Yasuhiro Takabayashi, Melita Menelaou, Hiroyuki Tamura, Nayuta Takemori, Takashi Koretsune, Aleš Štefančič, 

Gyöngyi Klupp, A. Johan C. Buurma, Yusuke Nomura, Ryotaro Arita, Denis Arčon, Matthew J. Rosseinsky* and Kosmas 

Prassides* 

NATURE CHEMISTRY, 2017, 9, 635 

 

 

Abstract 
 
 
Molecular solids with cooperative electronic properties based purely on π electrons from carbon atoms 

offer a fertile ground in the search for exotic states of matter, including unconventional 

superconductivity and quantum magnetism. The field was ignited by reports of high-temperature 

superconductivity in materials obtained by the reaction of alkali metals with polyaromatic 

hydrocarbons, such as phenanthrene and picene, but the composition and structure of any compound 

in this family remained unknown. Here we isolate the binary caesium salts of phenanthrene, 

Cs(C14H10) and Cs2(C14H10), to show that they are multiorbital strongly correlated Mott insulators. 

Whereas Cs2(C14H10) is diamagnetic because of orbital polarization, Cs(C14H10) is a Heisenberg 

antiferromagnet with a gapped spin-liquid state that emerges from the coupled highly frustrated Δ-

chain magnetic topology of the alternating-exchange spiral tubes of S=½ (C14H10)•− radical anions. 

The absence of long-range magnetic order down to 1.8 K (T/J ≈ 0.02; J is the dominant exchange 

constant) renders the compound an excellent candidate for a spin-½ quantum-spin liquid (QSL) that 

arises purely from carbon π electrons.  
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Joseph Samec Research Group Digest          

 
 

Characterization of a selenocysteine-ligated P450 compound I reveals direct link between 
electron donation and reactivity 

Yasuhiro Takabayashi, Melita Menelaou, Hiroyuki Tamura, Nayuta Takemori, Takashi Koretsune, Aleš Štefančič, 

Gyöngyi Klupp, A. Johan C. Buurma, Yusuke Nomura, Ryotaro Arita, Denis Arčon, Matthew J. Rosseinsky* and Kosmas 

Prassides* 

NATURE CHEMISTRY, 2017, 9, 623 

 

 
 
 
 
 
 
 
 
Abstract 
 
 
Strong electron-donation from the axial thiolate ligand of cytochrome P450 has been proposed to 

increase the reactivity of compound I with respect to C–H bond activation. However, it has proven 

difficult to test this hypothesis, and a direct link between reactivity and electron donation has yet to be 

established. To make this connection, we have prepared a selenolate-ligated cytochrome P450 

compound I intermediate. This isoelectronic perturbation allows for direct comparisons with the wild-

type enzyme. Selenium incorporation was achieved using a cysteine auxotrophic Escherichia coli 

strain. The intermediate was prepared with meta-chloroperbenzoic acid and characterized by UV–

visible, Mössbauer and electron paramagnetic resonance spectroscopies. Measurements revealed 

increased asymmetry around the ferryl moiety, consistent with increased electron donation from the 

axial selenolate ligand. In line with this observation, we find that the selenolate-ligated compound I 

cleaves C–H bonds more rapidly than the wild-type intermediate. 

 
 
 
 
 
 
 
 
 
 

 

http://www.nature.com/nchem/journal/v9/n7/abs/nchem.2781.html
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A synthetic ion transporter that disrupts autophagy and induces apoptosis by perturbing 
cellular chloride concentrations 
 
Nathalie Busschaert, Seong-Hyun Park, Kyung-Hwa Baek, Yoon Pyo Choi, Jinhong Park, Ethan N. W. Howe, Jennifer R. 

Hiscock, Louise E. Karagiannidis, Igor Marques, Vítor Félix,mWan Namkung, Jonathan L. Sessler*, Philip A. Gale* and Injae 

Shin* 

 
NATURE CHEMISTRY, 2017, 9, 667 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
 
Perturbations in cellular chloride concentrations can affect cellular pH and autophagy and lead to the 

onset of apoptosis. With this in mind, synthetic ion transporters have been used to disturb cellular ion 

homeostasis and thereby induce cell death; however, it is not clear whether synthetic ion transporters 

can also be used to disrupt autophagy. Here, we show that squaramide-based ion transporters 

enhance the transport of chloride anions in liposomal models and promote sodium chloride influx into 

the cytosol. Liposomal and cellular transport activity of the squaramides is shown to correlate with cell 

death activity, which is attributed to caspase-dependent apoptosis. One ion transporter was also 

shown to cause additional changes in lysosomal pH, which leads to impairment of lysosomal enzyme 

activity and disruption of autophagic processes. This disruption is independent of the initiation of 

apoptosis by the ion transporter. This study provides the first experimental evidence that synthetic ion 

transporters can disrupt both autophagy and induce apoptosis. 

 

http://www.nature.com/nchem/journal/v9/n7/abs/nchem.2706.html
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Expanding the biomass derived chemical space 

N. Brun, P. Hesemann, D. Esposito    

Chemical Science 2017, 8, 4724. 

 

Abstract 
 
Biorefinery aims at the conversion of biomass and renewable feedstocks into fuels and platform 
chemicals, in analogy to conventional oil refinery. In the past years, the scientific community has defined 
a number of primary building blocks that can be obtained by direct biomass decomposition. However, 
the large potential of this “renewable chemical space” to contribute to the generation of value added bio-
active compounds and materials still remains unexplored. In general, biomass derived building blocks 
feature a diverse range of chemical functionalities. In order to be integrated into value-added 
compounds, they require additional functionalization and/or covalent modification thereby generating 
secondary building blocks. The latter can be thus regarded as functional components of bio-active 
molecules or materials and represent an expansion of the renewable chemical space. This perspective 
highlights the most recent developments and opportunities for the synthesis of secondary biomass 
derived building blocks and their application to the preparation of value added products. 
 

Enantioslective palladium-catalyzed diboration of 1,1-disubstituted allenes 

J. Liu, M. Nie, Q. Zhou, S. Gao, W. Jiang, L. W. Chung, W. Tang, K. Ding 

Chemical Science 2017, 8, 5161. 

  

Abstract 
 
A practical and enantioselective palladium-catalyzed diboration of 1,1-disubstituted allenes is developed 
by employing a P-chiral monophosphorus ligand, BI-DIME. A series of diboronic esters containing a 
chiral tertiary boronic ester moiety are formed in excellent yields and ee’s with the palladium loading as 
low as 0.2 mol%. DFT calculations revealed a concerted mechanism of oxidative addition of 
bis(pinacolato)diboron and allene insertion, as well as a critical dispersion effect on the origins of the 
enantioselectivity. The method is successfully applied to the concise and enantioselective synthesis of 
brassinazole. 

http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC00936D#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01254C#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01254C#!divAbstract
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Dual cobalt–copper light-driven catalytic reduction of aldehydes and aromatic ketones in 
aqueous media 

A. Call, C. Casadevall, F. Acuña-Parés, A. Casitas, J. Lloret-Fillol 

Chemical Science 2017, 8, 4739. 

 

Abstract 
 
We present an efficient, general, fast, and robust light-driven methodology based on earth-abundant 
elements to reduce aryl ketones, and both aryl and aliphatic aldehydes (up to 1400 TON). The catalytic 
system consists of a robust and well-defined aminopyridyl cobalt complex active for photocatalytic water 
reduction and the [Cu(bathocuproine)(Xantphos)](PF6) photoredox catalyst. The dual cobalt–copper 
system uses visible light as the driving-force and H2O and an electron donor (Et3N or iPr2EtN) as the 
hydride source. The catalytic system operates in aqueous mixtures (80–60% water) with high selectivity 
towards the reduction of organic substrates (>2000) vs. water reduction, and tolerates O2. High 
selectivity towards the hydrogenation of aryl ketones is observed in the presence of terminal olefins, 
aliphatic ketones, and alkynes. Remarkably, the catalytic system also shows unique selectivity for the 
reduction of acetophenone in the presence of aliphatic aldehydes. The catalytic system provides a 
simple and convenient method to obtain α,β-deuterated alcohols. Both the observed reactivity and the 
DFT modelling support a common cobalt hydride intermediate. The DFT modelled energy profile for the 
[Co–H] nucleophilic attack to acetophenone and water rationalises the competence of [CoII–H] to reduce 
acetophenone in the presence of water. Mechanistic studies suggest alternative mechanisms depending 
on the redox potential of the substrate. These results show the potential of the water reduction catalyst 
[Co(OTf)(Py2Tstacn)](OTf) (1), (Py2Tstacn = 1,4-di(picolyl)-7-(p-toluenesulfonyl)-1,4,7-triazacyclononane, 
OTf = trifluoromethanesulfonate anion) to develop light-driven selective organic transformations and fine 
solar chemicals. 
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Determination of the absolute configuration of compounds bearing chiral quaternary carbon 
centers using the crystalline sponge method  

S. Sairenji, T. Kikuchi, M. A. Abozeid, S. Takizawa, H. Sasai, Y. Ando, K. Ohmatsu, T. Ooi, M. Fujita 

Chemical Science 2017, 8, 5132. 

 

Abstract 
 
Determination of the absolute configuration of chiral tetra-substituted carbon centers is one of the most 
taxing steps in the enantioselective construction of this structural motif in asymmetric synthesis. Here, 
we demonstrate that the crystalline sponge method provides an effective way to crystallographically 
determine the absolute configuration of organic compounds bearing chiral quaternary carbons (including 
tetra-substituted ones) that are synthesized by recently developed enantioselective catalytic reactions. 
 

 

Chiral phosphine-mediated intramolecular [3 + 2] annulation: enhanced enantioselectivity by 
achiral Brønsted acid  

W. Yao, Z. Yu, S. Wen, H. Ni, N. Ullah, Y. Lan, Y. Lu  

Chemical Science 2017, 8, 5196 

   

Abstract 
 
Enantioselective intramolecular [3 + 2] annulation of chalcones bearing an allene moiety has been 
successfully developed. The reaction was effectively promoted by amino acid-derived phosphines, in 
combination with achiral Brønsted acids. Dihydrocoumarin architectures were constructed in high 
yields and with excellent enantiomeric excesses. Theoretical studies via DFT calculations revealed 
that the hydrogen bonding network induced by achiral Brønsted acids/chiral phosphines could more 
efficiently distinguish between two enantioselective pathways, thus leading to enhanced 
enantioselectivity. 

http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01524K#!divAbstracthttp://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01556A
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01524K#!divAbstracthttp://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01556A
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC00952F#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC00952F#!divAbstract
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Catechol adsorption on graphene nanoplatelets: isotherm, flat to vertical phase transition and 
desorption kinetics 

L. Chen, X. Li, E. E. L. Tanner, R. G. Compton 

Chemical Science 2017, 8, 4771. 

 

Abstract 
 
The adsorption of catechol (1,2-dihydroxybenzene) on graphene nanoplatelets (GNPs) is investigated 
electrochemically and spectroscopically. The reversible adsorption of catechol on GNPs is Langmuirian 
with an adsorption constant of (0.2 ± 0.002) mM−1 at low adsorbate concentrations (≤100 mM). At higher 
concentrations (>100 mM) the adsorption of catechol on GNPs is shown to undergo a flat to vertical 
concentration driven phase transition. The kinetics of desorption are measured with a single particle 
electrochemical technique. The study of individual impacts allows the determination of the rate of 
catechol desorption from GNPs to be k = 0.08 ± 0.01 s−1 with first order kinetics. The method provides 
a powerful and efficient generic approach to study adsorption and, importantly, desorption of molecules 
on nanomaterials, as well as giving insight into the modification process. 
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Production of Alcohols from Olefins via One-Pot Tandem Hydroformylation–Acetalization–
Hydrogenolysis over Bifunctional Catalyst Merging RuIII–P Complex and RuIII Lewis Acid 

P. Wang, D.-L. Wang, H. Liu, X.-Li. Zhao, Y. Lu, Y. Liu 

Organometallics 2017, 36, 2404. 

   

Abstract 
 
A novel three-step tandem hydroformylation–acetalization–hydrogenolysis was first proposed to 
produce alcohols (derivatives) from olefins, and the developed unique Ru(III)-complex [Ru(III)-L2] 
ligated by the ionic diphosphine (L2) proved efficient toward this tandem reaction. In Ru(III)-L2, the 
strong π-acceptor nature of L2 guaranteed Ru-center remaining in +3 valence state without redox 
reaction. Hence, Ru(III)-L2 was able to behave as a bifunctional catalyst merging RuIII–P complex and 
RuIII Lewis acid, which acted not only as a transition metal catalyst responsible for hydroformylation of 
olefins and hydrogenolysis of (hemi)acetals but also as a Ru3+ Lewis acid in charge of acetalization of 
aldehydes [to form (hemi)acetals]. The easily performed acetalization served as a bridge step to get 
through the pathway from aldehydes to alcohols instead of the direct hydrogenation. 
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Improved Activity for Cellulose Conversion to Levulinic Acid through Hierarchization of ETS-10 
Zeolite 

Mei Xiang, Jingna Liu, Wenqian Fu, Tiandi Tang, and Dongfang Wu 

ACS Sustainable Chemistry & Engineering 2017 5 (7), 5800-5809 

 
Abstract 
A hierarchically porous ETS-10-supported highly dispersed Ni catalyst was designed to selectively 
catalyze the conversion of cellulose to levulinic acid under mild reaction conditions. Full conversion of 
cellulose and remarkably high yield (91.0%) of levulinic acid are achieved due to the synergistic effect 
of the unique porous structures and Lewis acid sites in the presence of a hydrogen atmosphere. 
Moderate Lewis acidic centers of the heterogeneous catalyst are revealed to play a positive role in 
activating the reaction substrates and intermediates, resulting in prominently catalytic activity. 
Meanwhile, hierarchical pores centered at 16 nm in ETS-10 benefit the mass transfer and therefore 
further enhance its catalytic performance. Also, during the process of levulinic acid formation, 
introduction of hydrogen is responsible for converting cellulose thoroughly and keeping the metal Ni 
from oxidization by the oxy-compounds, which is distinctive from the widely reported pathway dominated 
only by cellulose hydrolysis. 
 

http://pubs.acs.org/doi/10.1021/acssuschemeng.7b00529
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A Simple One-Step Ultrasonic Route To Synthesize Antioxidant Molecules and Fluorescent 
Nanoparticles from Phenol and Phenol-Like Molecules 

Sukhvir Kaur Bhangu, Muthupandian Ashokkumar, and Francesca Cavalieri 

ACS Sustainable Chemistry & Engineering 2017 5 (7), 6081-6089 

 
Abstract 
Fluorescent oligomeric structures were synthesized from the phenolic moieties by a simple one-step 
sonochemical approach without the use of enzymes, metal catalyst, or other toxic reagents. The 
formation of phenol dimers, trimers, and oligomers was confirmed by absorption spectroscopy, 
fluorescence spectroscopy, HPLC, and mass spectroscopy. We have demonstrated that the cavitation 
bubble surface acted as a catalytic binding site to generate such oligomers, and the ultrasonic 
frequency, concentration, and other physicochemical properties (surface activity) of phenolic building 
blocks can affect the formation of these oligomers. The sonochemically produced phenolic oligomers 
showed antioxidant activity which was determined by DPPH assay. The study suggests that acoustic 
cavitation could promote polymerization of simple phenolic molecules to generate bioactive oligomers 
and nanostructures with varying functional properties. 
 

http://pubs.acs.org/doi/10.1021/acssuschemeng.7b00966
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Comparative Study of the Structure of Hydroproducts Derived from Loblolly Pine and Straw 
Grass 

Qiong Wu, Lang Huang, Shitao Yu, Shiwei Liu, Congxia Xie, and Arthur J. Ragauskas 

ACS Sustainable Chemistry & Engineering 2017 5 (7), 6131-6138 

Abstract 
The structural characteristics of products derived from the hydrothermal carbonization (HTC) of loblolly 
pine (LP) and straw grass (SG) were investigated via solid-state cross-polarization/magic angle spinning 
nuclear magnetic resonance (CP/MAS 13C NMR), heteronuclear single-quantum correlation nuclear 
magnetic resonance (HSQC-NMR), and solution 13C NMR and 31P NMR techniques. Results revealed 
that after HTC, hydrochars from both LP and SG mainly consisted of a combination of lignin, furfural, 
and condensed polyaromatic structures with a high level of fixed carbon content and higher heating 
value (HHV). Hydrochar from LP exhibited a higher aryl to furan ratio, and those from SG contained 
more aliphatic functional groups. Solution 13C NMR and HSQC revealed that both liquid chemicals were 
condensed polyphenolic structures with aliphatic groups that exist mainly in the form of side chains. 
Although the LP products exhibited a higher proportion of aromatic structures, the types of polyphenol 
and aliphatic C–H were more diverse in the SG products. Results also indicated that reactions such as 
chain scission and condensation occurred during hydrothermal carbonization processes. Overall, HTC 
was found to be an effective refinery treatment for converting different waste biomass into valuable 
energy materials and chemicals. 
  

http://pubs.acs.org/doi/10.1021/acssuschemeng.7b01005
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Lignin Depolymerization to Dicarboxylic Acids with Sodium Percarbonate 

Dylan J. Cronin, Xiao Zhang, John Bartley, and William O. S. Doherty 

ACS Sustainable Chemistry & Engineering 2017 5 (7), 6253-6260 

 

Abstract 

Lignin depolymerization to dicarboxylic acids (DCAs) by the one-step Fenton oxidation process results 
in poor yield and significant amounts of residual solids. A process based on the use of sodium 
percarbonate on bagasse lignin depolymerization was conducted at 60–300 °C, for 1–6 h. This 
approach resulted in significantly higher DCA yields (predominantly oxalic, malonic, and succinic 
acids), without the formation of char, when compared to the acidic H2O2/chalcopyrite process. This 
was in part due to the effectiveness of the alkaline reaction medium in suppressing the thermal 
degradation of DCAs during processing. It was determined that increasing the alkaline content of the 
reaction mixture further significantly improved DCA yield. When applying this process at 200 °C for 3 
h, using 1 M NaOH (in addition to 0.6 M sodium percarbonate) increased DCA yield by 85%. The 
process developed was applied to the lignin model compounds; guaiacol, vanillic acid, and p-
hydroxybenzoic acid. It was demonstrated that the degradation pathways and product ratios of these 
compounds differed, implying an influence of lignin monomer ratio on the DCA product range. DCAs 
produced from this process have the potential to be used in the industrial production of green 
insecticides, fungicides, and disinfectants. 
 
 

http://pubs.acs.org/doi/10.1021/acssuschemeng.7b01208
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Upgrading of Bio-Oil Aqueous Fraction by Dual-Stage Hydrotreating–Cocracking with Methanol 

Qinjie Cai, Jia Xu, and Suping Zhang 

ACS Sustainable Chemistry & Engineering 2017 5 (7), 6329-6342 

 

Abstract 

Upgrading of the bio-oil aqueous fraction (BAF) for liquid hydrocarbon production was studied in this 
work. Hydrotreating pretreatment and methanol cocracking were combined as a dual-stage 
hydrotreating–cocracking process to overcome the severe coking problem caused by the hydrogen-
lacking property of BAF. The influences of hydrotreating temperature, reaction pressure, and 
BAF/methanol ratio in feedstock were investigated. It was found that the hydrogenation efficiencies of 
phenols in BAF were elevated with increases in hydrotreating temperature and reaction pressure, 
which were important for maintaining cracking catalyst activity. However, a too high hydrotreating 
temperature significantly enhanced the gasification reaction and led to reduction in the final liquid 
hydrocarbon yield. Meanwhile, an excessively high BAF/methanol ratio obviously accelerated the 
deactivation of the cracking catalyst. The comparison of different cracking processes showed that 
dual-stage hydrotreating–cocracking was the most superior in stable liquid hydrocarbon generation. 
Finally, the reaction mechanism was proposed based on experimental results. 
 
 

http://pubs.acs.org/doi/10.1021/acssuschemeng.7b01505
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Epoxy Matrices Modified by Green Additives for Recyclable Materials 

M. L. Henriksen, J. B. Ravnsbæk, M. Bjerring, T. Vosegaard, K. Daasbjerg, M. Hinge 

ChemSusChem 2017, 10, 2936. 

 

Abstract 

Epoxy-based thermosets are one of the most popular matrix materials in many industries, and significant 
environmental benefits can be obtained by developing a recyclable variant of this widely utilized material. 
Incorporation of a bio-based disulfide additive within a commercial epoxy system leads to a cross-linked 
material that can be fractionated under mild and environmentally benign conditions. The material has 
been analyzed by FTIR and solid-state NMR. Furthermore, modified epoxy matrices with low additive 
concentrations are demonstrated to have similar mechanical and thermal properties compared to 
commercially available benchmarks. Thus, additive formulation and fractionation based on green 
chemistry principles have been demonstrated, and a recyclable epoxy matrix has been developed. 
 
 
 
Green Processing of Lignocellulosic Biomass and Its Derivatives in Deep Eutectic Solvents 

X. Tang, M. Zuo, Z. Li, H. Liu, C. Xiong, X. Zeng, Y. Sun, L. Hu, S. Liu, T. Lei, L. Lin 

ChemSusChem 2017, 10, 2696. 

 

Abstract 

The scientific community has been seeking cost-competitive and green solvents with good dissolving 
capacity for the valorization of lignocellulosic biomass. At this point, deep eutectic solvents (DESs) are 
currently emerging as a new class of promising solvents that are generally liquid eutectic mixtures 
formed by self-association (or hydrogen-bonding interaction) of two or three components. DESs are 
attractive solvents for the fractionation (or pretreatment) of lignocellulose and the valorization of lignin, 
owing to the high solubility of lignin in DESs. DESs are also employed as effective media for the 
modification of cellulose to afford functionalized cellulosic materials, such as cellulose nanocrystals. 
More interestingly, biomassderived carbohydrates, such as fructose, can be used as one of the 
constituents of DESs and then dehydrated to 5-hydroxymethylfurfural in high yield. In this review, a 
comprehensive summary of recent contribution of DESs to the processing of lignocellulosic biomass 
and its derivatives is provided. Moreover, further discussion about the challenges of the application of 
DESs in biomass processing is presented. 

http://onlinelibrary.wiley.com/doi/10.1002/cssc.201700712/full
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Organocatalytic Chemoselective Primary Alcohol Oxidation and Subsequent Cleavage of 
Lignin Model Compounds and Lignin 

S. Dabral, J. G. Hernández, P. C. J. Kamer, C. Bolm 

ChemSusChem 2017, 10, 2707. 

 

Abstract 
A one-pot two-step degradation of lignin β-O-4 model compounds initiated by preferred oxidation of 
the primary over the secondary hydroxyl groups with a TEMPO/DAIB system has been developed 
[TEMPO=2,2,6,6-tetramethylpiperidine-N-oxyl, DAIB=(diacetoxy)iodobenzene]. The oxidised products 
are then cleaved by proline-catalysed retro-aldol reactions. This degradation methodology produces 
simple aromatics in good yields from lignin model compounds at room temperature with an extension 
to organosolv beech-wood lignin (L1) resulting in known cleavage products. 
 
 
 
 
Enhancing the Acylation Activity of Acetic Acid by Formation of an Intermediate Aromatic 
Ester 

N. N. Duong, B. Wang, T. Sooknoi, S. P. Crossley, D. E. Resasco 

ChemSusChem 2017, 10, 2823. 

 

Abstract 
Acylation is an effective C−C bond-forming reaction to condense acetic acid and lignin-derived 
aromatic compounds into acetophenones, valuable precursors to fuels and chemicals. However, 
acetic acid is intrinsically an ineffective acylating agent. Here, we report that its acylation activity can 
be greatly enhanced by forming intermediate aromatic esters directly derived from acetic acid and 
phenolic compounds. Additionally, the acylation reaction was studied in the liquid phase over acid 
zeolites and was found to happen in two steps: 1) formation of an acylium ion and 2) C−C bond 
formation between the acylium ion and the aromatic substrate. Each of these steps may be rate-
limiting, depending on the type of acylating agent and the aromatic substrate. Oxygen-containing 
substituents, such as −OH and −OCH3, can activate aromatic substrates for step 2, with −OH> 
−OCH3, whereas alkyl substituent −R cannot. At the same time, aromatic esters can rearrange to 
acetophenones by both an intramolecular pathway and, preferentially, an intermolecular one. 
 
 

http://onlinelibrary.wiley.com/wol1/doi/10.1002/cssc.201700703/full
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Yingying  Yang,  Honglei  Fan,  Qinglei  Meng,  Zhaofu  Zhang,  Guanying  Yang  and  Buxing  Han.  Ionic  liquid 
[OMIm][OAc] directly inducing oxidation cleavage of the β‐O‐4 bond of lignin model compounds.  
Chem. Commun., 2017, 53, 8850–8853 
DOI: 10.1039/C7CC04209D 
 
We explored the oxidation reactions of lignin model compounds directly induced by ionic liquids under metal‐
free conditions. In this work, it was found that ionic liquid 1‐octyl‐3‐methylimidazolium acetate as a solvent could 
promote the aerobic oxidation of lignin model compound 2‐phenoxyacetophenone and the yields of phenol and 
benzoic acid from 1 could be as high as 96% and 86%, respectively. A possible reaction pathway was proposed 
based on a series of control experiments. An acetate anion from the ionic liquid attacked the hydrogen from the 
β‐carbon thereby inducing the cleavage of the C–O bond of the aromatic ether. Furthermore, it was found that 
2‐(2‐methoxyphenoxy)‐1‐phenylethanone  with  a methoxyl  group  could  also  be  transformed  into  aromatic 
products in this simple reaction system and the yields of phenol and benzoic acid from 4 could be as high as 98% 
and 85%, respectively. This work provides a simple way for efficient transformation of lignin model compounds. 

 

 
 
 
 
Haitao Xu, Yansong Li, Xikuo Luo, Zhenliang Xu and Jianping Ge. Monodispersed gold nanoparticles supported 
on a zirconium‐based porous metal–organic framework and their high catalytic ability for the reverse water–
gas shift reaction.  
Chem. Commun., 2017, 53, 7953–7956 
DOI: 10.1039/C7CC02130E 
 
A  highly  active  and  selective  Au@UIO‐67  catalyst  has  been  assembled.  Gold  nanoparticles  (AuNPs)  are 
monodispersed  on  the UIO‐67  surface  of  a  porous metal–organic  framework,  the micropores  in UIO‐67  as 
templates for adsorbing Au ions and enhancing interaction between AuNPs and UIO‐67, favoring the formation 
of isolated and well‐dispersed AuNPs. The catalyst exhibits high catalytic activity and CO selectivity for the reverse 
water–gas shift reaction in a fixed‐bed flow reactor. 
 

 
 
 
 



Long Shao and Xiang‐Ping Hu. Copper‐catalyzed  intermolecular asymmetric propargylic dearomatization of 
phenol derivatives.  
Chem. Commun., 2017, 53, 8192–8195 
DOI: 10.1039/C7CC03034G 
 
A  copper‐catalyzed  intermolecular  asymmetric  propargylic  dearomatization  of  phenol  derivatives  has  been 

realized. Under  the  catalysis of Cu(OTf)∙½C6H6 decorated with  a  chiral  tridentate  ketimine P,N,N‐ligand,  the 

dearomatization reaction proceeded smoothly with excellent control of chemo‐, regio‐, and enantioselectivities, 

thus providing a variety of optically active cyclohexadienone derivatives with up to >99% ee. 

 
 
 
 

Xiao‐Feng Mao, Xiao‐Ping Zhu, Deng‐Yuan Li, Liang‐Liang Jiang and Pei‐Nian Liu. Cascade reaction of alkynols 
with 1‐(2‐aminophenyl)prop‐2‐ynols to form a fused 5,5,6‐tricyclic system: formation of four bonds in a single 
reaction.  
Chem. Commun., 2017, 53, 8608–8611 
DOI: 10.1039/C7CC04126H 
 
A novel cascade reaction of internal alkynols with 1‐(2‐aminophenyl)prop‐2‐ynols has been developed to form a 

new N,O‐containing fused 5,5,6‐tricyclic skeleton. Mechanistic studies  indicate that this reaction proceeds via 

alkynol cycloisomerization, intermolecular substitution with 1‐(2‐aminophenyl)prop‐2‐ynols, and intermolecular 

addition with alkynols and consequent cyclizations. In this way, two C–C bonds, one C–O bond and one C–N bond 

form to give a tricyclic skeleton in a single reaction. 
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JieWang, GuodongYao, Fangming Jin. One‐pot catalytic conversion of carbohydrates into alkyl lactates with Lewis 
acids in alcohols.  
Molecular Catalysis, 2017, 435, 82–90 
DOI: 10.1016/j.mcat.2017.03.021 
 
• One‐pot Zn(II)‐catalyzed conversion of carbohydrates into alkyl lactate. 
• The highest yield of ethyl lactate (51.7%) from carbohydrates was achieved so far. 
• The confirmation of the coordination of Zn(II) with reactants by ATR FTIR. 
• The activity energy of the conversion was investigated. 
 
With  the wide application of  lactic acid/alkyl  lactates  in  food, cosmetic, chemical, and biodegradable plastic, 
much attention has been paid to efficiently convert carbohydrates to lactic acid/alkyl lactates. In this study, an 
efficient and one‐pot Lewis acid‐catalyzed conversion of carbohydrates to alkyl lactate in alcohols was proposed. 
Zn(II) gave  the highest  yield of ethyl  lactates, 47.7%  for glucose, 51.7%  for  fructose and 47.5%  for  sucrose, 
respectively, which are the best yields so far. The presence of a small amount of water (about 3%) improved the 
yield of alkyl  lactate and the counter anion had a great effect on the yields of alkyl  lactates. According to the 
intermediates detected and the coordination of Zn(II) with various substrates proved by infrared spectroscopy, 
the reaction mechanism was proposed and the activation energies were calculated step by step. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Dinesh Gupta, Kamal K.Panta, Basudeb Saha. Titania nanoparticles embedded in functionalized carbon for the 
aqueous phase oxidation of 5‐hydroxymethylfurfural.  
Molecular Catalysis, 2017, 435, 182–188 
DOI: 10.1016/j.mcat.2017.03.028 
 
• Catalytic oxidation of 5‐hydroxymethylfurfural to 2,5‐diformyl furan by using CSTi as catalyst. 
• A Brønsted and Lewis acidic sulfonated carbonaceous catalyst is prepared by a one‐pot synthesis method. 
• Use water as green solvent for oxidation of alcohol and aldehydes functional groups. 
  
Titania nanoparticles have huge potential due to their low cost, easy preparation, separation and high catalytic 
application. As‐synthesized titania nanoparticles embedded at the functionalized acidic carbon act as effective 
heterogeneous catalyst for the selective oxidation of 5‐hydroxylmethylfurfural (HMF) to 2,5‐diformylfuran (DFF) 
and 2,5‐furandicarboxylic acid (FDCA)  in water. It was found that the doping of Ti (IV) with sulfonated carbon 
improve the catalytic effectiveness of resulting materials. The oxidation reaction and selectivity of the oxidation 
products, DFF,  FDCA  and  FFCA were monitored by use of oxygen  through manometric  apparatus  and  a GC 
chromatogram. Titania nanoparticles embedded at the functionalized carbon gave higher selectivity for DFF (88% 
yield) under 1 atmospheric pressure of O2 at 70  °C. The catalyst was characterized by  the XPS, XRD, FESEM, 
HRTEM, FTIR and Raman spectroscopic techniques. The characterization data reveal the presence of the acid 
sites and titania in +4 oxidation state. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Jeevanandham  Kayalvizhi,  Arumugam  Pandurangan.  Hydrodeoxygenation  of  vanillin  using  palladium  on 
mesoporous KIT‐6 in vapour phase reactor.  
Molecular Catalysis, 2017, 436, 67–77 
DOI: 10.1016/j.mcat.2017.04.002 
 
• Pd/KIT‐6 showed excellent textural properties and morphological character. 
• Vanillin conversion by was tested by using 1, 3, 5, 7 wt.% of Pd loaded on KIT‐6. 
• Vanillin attained a maximum conversion of 98% using 5 wt.% of Pd  loading, with high selectivity of p‐cresol 
(94%). 
• Demethoxylation of p‐creosol to p‐cresol is achieved only by fixed bed condition. 
 
Mesoporous KIT‐6 was synthesised by using hydrothermal method. Different weight percentage of 1, 3, 5 and 7 
wt.% of palladium (Pd) was impregnated on KIT‐6 by wet impregnation method. All the palladium catalyst was 
characterized by XRD, ICP‐OES, BET, TPR, XPS, FT‐IR, DRS‐UV and TGA techniques. The morphology of the catalyst 
was identified by FESEM with EDS and HRTEM analysis. A typical lignin derived model compound (vanillin) was 
tested for hydrodeoxygenation (HDO) reaction using Pd/KIT‐6 catalyst in fixed bed reactor. The activity of the 
catalyst was evaluated for HDO of vanillin by optimizing temperature (100–300 °C) and weight percentage of Pd 
loading onto KIT‐6 (1, 3, 5 and 7 wt.%). The conversion of vanillin, selectivity of vanillyl alcohol and p‐cresol were 
confirmed  by  gas  chromatography.  The  investigation  of  the  study  showed  that  5 wt.%  of  Pd/KIT‐6  catalyst 
showed 98% conversion of vanillin and 94% selectivity of p‐cresol at 300 °C for 6 h. The time studies were also 
conducted  for all  the  catalyst  in  the  temperature  range of 100  to 300  °C  revealed  that Pd/KIT‐6 had higher 
conversion and maximum selectivity at 6 h. The activity of Pd loaded catalyst was comparatively better up to 3 
cycles. Selectivity of  the vanillyl alcohol was preferably observed by Pd  loading  (1 wt.%) at  short  time  (1 h) 
whereas p‐cresol selectivity was observed at long time (6 h). 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



Yuan Wang, Yanan Miao, Shuai Li, Lijing Gao, Guomin Xiao. Metal‐organic frameworks derived bimetallic Cu‐Co 
catalyst for efficient and selective hydrogenation of biomass‐derived furfural to furfuryl alcohol. 
Molecular Catalysis, 2017, 436, 128–137 
DOI: 10.1016/j.mcat.2017.04.018 
 
• CuCo bimetallic catalyst was derived from Co‐doped Cu‐BTC metal organic frameworks. 
• Synthesized CuCo/C catalyst is very active and stable in conversion of furfural to furfuryl alcohol. 
• The doping of cobalt helps the dispersion of copper and the thermolysis temperature has an impact on chemical 
states of copper and cobalt. 
 
In this study we report an efficient CuCo bimetallic catalyst with highly dispersed CuCo‐based mixed metal/metal 
oxide on porous carbon matrix for the hydrogenation of furfural to furfuryl alcohol. The catalyst is derived from 
Co‐doped Cu‐BTC metal‐organic  frameworks  (MOFs) by  thermolysis  in nitrogen atmosphere at  temperatures 
ranging from 773 K to 1073 K. The best catalytic performance is achieved when cobalt to copper molar ratio is 
0.4 and the precursor is calcined at 873 K. The characterization of prepared catalytic materials is done by multi‐
techniques including XRD, XPD, SEM, TEM, TG and BET analysis. The sum of their results reveal that the doping 
of cobalt helps the dispersion of nanoparticles of copper and cobalt and thermolysis temperature has an impact 
on both  the particle size and the chemical states. The resulting catalyst CuCo0.4/C‐873 shows 98.7%  furfural 
conversion and 97.7% furfuryl alcohol selectivity in ethanol solvent with good stability which is better than most 
reported catalysts. 
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Valorisation of woody biomass by combining enzymatic saccharification and pyrolysis  

Dayanand C. Kalyani, Tomaz Fakin,  Svein Jarle Horn and Roman Tschentscherc  

Green Chem., 2017, 19, 3302  

 

 

Abstract 
 
 
The emerging industrialization of cellulosic bioethanol will create large amounts of lignin-rich residues, 
so called hydrolysis-lignin, which may be used as a raw material for further fuel production. In this 
study, fermentable sugars were removed from hardwood and softwood substrates by combining steam 
explosion and enzymatic saccharification with a cellulose hydrolysis yield of 90.1% and 41.5%, 
respectively. The remaining lignin-residues were further processed using intermediate pyrolysis to 
produce bio-oils, gas and char. The pyrolysis of hydrolysis-residues was compared with the pyrolysis 
of the original hardwood and softwood substrates. Overall, the lignin-enriched residues yielded up to 
30 wt% of bio-oils. By applying low cost ZSM-5 vapour cracking catalysts, produced by template-free 
methods, the content of 
monophenolics in this fraction could be increased to more than 80 wt%. Thus, this study shows that by 
using enzyme technology, lignin and carbohydrates can be separated and a liquid sugar stream 
generated. This wood-based sugar stream can then be converted by fermentation or chemical 
methods to fuels and chemicals. The remaining lignin-rich residue is a valuable source for bio-based 
aromatics. This process of separate conversion of sugars and lignin further results in an improved 
overall product yield compared to the direct pyrolysis of the original wood biomass. Additionally, the 
pyrolysis of lignin-residues produces a simpler oil of higher quality than the pyrolysis of wood. The 
process of thermochemically converting lignin-rich hydrolysis residues is a simple and viable option for 
existing bioethanol plants to improve their process economics and diversify the product portfolio. 
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An economically viable ionic liquid for the fractionation of lignocellulosic biomass 
 
Agnieszka Brandt-Talbot, Florence J. V. Gschwend, Paul S. Fennell, Tijs M. Lammens, Bennett Tan, James Wealea and 
Jason P. Hallett  
 
Green Chem., 2017, 19,3078 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Cost-effective fractionation (pretreatment) of lignocellulosic biomass is necessary to enable its 
largescale use as a source of liquid fuels, bio-based materials and bio-derived chemicals. While a 
number of ionic liquids (ILs) have proven capable of highly effective pretreatment, their high cost 
presents a barrier to commercial viability. In this study, we investigate in detail the application of the 
low-cost (ca. $1 kg−1) ionic liquid triethylammonium hydrogen sulfate for the fractionation of the grass 
Miscanthus x giganteus into a cellulose rich pulp, a lignin and a distillate. We found that up to 85% of 
the lignin and up to 100% of the hemicellulose were solubilized into the IL solution. The hemicellulose 
dissolved mainly in monomeric form, and pentoses were partially converted into furfural. Up to 77% of 
the glucose contained in the biomass could be released by enzymatic saccharification of the pulp. The 
IL was successfully recovered and reused four times. A 99% IL recovery was achieved each time. 
Effective lignin removal and high saccharification yields were maintained during recycling, 
representing the first demonstration that repeated IL use is feasible due to the self-cleaning properties 
of the non-distillable solvent. We further demonstrate that furfural and acetic acid can be separated 
quantitatively from the non-volatile IL by simple distillation, providing an easily recoverable, valuable 
co-product stream, while IL degradation products were notdetected. We further include detailed mass 
balances for glucose, hemicellulose and lignin, and a preliminarytechno-economic estimate for the 
fractionation process. This is the first demonstration of anefficient and repeated lignocellulose 
fractionation with a truly low-cost IL, and opens a path to an economically viable IL-based 
pretreatment process. 
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Bioprivileged molecules: creating value from biomass 
 
Brent H. Shanks and Peter L. Keelinga 

Green Chem., 2017, 19, 3177 

 

 

 

Abstract 
 
 
The petrochemical industry is built on C2–C4 alkenes and aromatics as intermediate molecules, which 
are converted to a range of products. This industry is highly developed with little opportunity for new 
chemical products. In comparison biological-derived intermediates from biomass have the potential to 
introduce a new set of intermediate molecules, which can be converted to molecules that directly 
replace petrochemicals. Even more promising is the potential to convert biological-derived 
intermediates to novel chemical species that impart enhanced performance properties in their end use. 
Here the concept of bioprivileged molecules is introduced as a useful new paradigm for developing 
biobased chemicals. Included are muconic acid, 5-hydroxymethylfurfural and triacetic acid lactone as 
example bioprivileged molecules. Also, discussed is the research needed to move this concept 
forward. 
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Reactive catalytic fast pyrolysis of biomass to produce high-quality bio-crude 
Kaige Wang, * David C. Dayton, Jonathan E. Peters and Ofei D. Mante 

 
Green Chem., 2017, 19, 3243 
 
 
 

 
 
 
Abstract 
 
 
 
Reactive catalytic fast pyrolysis (RCFP) of biomass with atmospheric pressure hydrogen was 
investigated in a lab-scale fluidized bed reactor with varying reaction conditions (temperature and 
hydrogen concentration) and catalysts. Presence of atmospheric hydrogen with candidate RCFP 
catalysts was found to improve the yield and quality of bio-crude and minimize the char and coke 
formation. A molybdenumbased catalyst was the most effective at hydrodeoxygenating biomass 
pyrolysis vapors to produce a hydrocarbon-rich bio-crude intermediate with low oxygen content (<10 
wt%). Higher hydrogen concentration and moderate reaction temperature (450 °C) favored higher bio-
crude yields and quality. A yield of 43.2 C% in the C4+ organic fraction with as low as 6.2 wt% oxygen 
in the liquid was obtained under optimized reaction conditions. The resulting bio-crude contained 
primarily aliphatic and aromatic hydrocarbons, with small amounts of simple ketones, furans, and 
phenols. Up to 41.5% carbon in the biomass feed was converted into gas and condensable 
hydrocarbons with 29.7% in the condensable C4+ fraction. The improved bio-crude quality is expected 
to be more compatible with existing petroleum refining infrastructure. 
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From lignin subunits to aggregates: insights into lignin solubilization 
 
Wenwen Zhao, Ling-Ping Xiao, Guoyong Song, Run-Cang Sun, Lilin He,d Seema Singh, Blake A. Simmons and Gang 

Cheng 

 
Green Chem., 2017, 19, 3272 
 

 
 

 

Abstract 
 
 
A fundamental understanding of lignin solubilization offers structural information that would benefit a variety 
of value added applications. Small angle neutron scattering (SANS) and nuclear magnetic resonance 
(NMR) spectroscopy were used to study correlations between the functional groups/substructures and 
solution structures of lignin in DMSO-d6 and 0.1 N NaOD. Three types of alkaline lignins (Sigma-Aldrich 
kraft lignin, poplar wood kraft lignin, and corncob soda lignin), exhibiting different degrees of aggregation in 
0.4 wt% solutions, were investigated to identify the major intermolecular interactions that cause lignin 
aggregation. Intermolecular hydrogen bonding, non-covalent π–π interactions between phenyl rings, lignin 
chain conformation and the degree of branching were discussed. Different operating forces for lignin 
solubilization and aggregation were found in DMSO-d6 and NaOD solutions. 
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Integrating lignin valorization and bio-ethanol production: on the role of Ni-Al2O3 catalyst 
pellets 
during lignin-first fractionation 
 
S. Van den Bosch, T. Renders,a S. Kennis, S.-F. Koelewijn, G. Van den Bossche, T. Vangeel, A. Deneyer, D. Depuydt, 

C. M. Courtin, J. M. Thevelein, W. Schutyser  and B. F. Sels 

 
Green Chem., 2017, 19, 3313  
 

 

 
 

Abstract 
 
Reductive catalytic fractionation (RCF) of lignocellulosic biomass is a promising lignin-first biorefinery 
strategy that yields nearly theoretical amounts of phenolic monomers by performing solvolytic 
delignification and lignin depolymerization in presence of a reducing catalyst, here Ni-Al2O3. This 
contribution attempts to elucidate the precise role of the catalyst, with respect to lignin solubilization, 
depolymerization and stabilization. The presented experiments unambiguously show that the solvent, 
under the applied conditions (methanol at 523 K), is largely responsible for both the initial release of 
lignin fragments from the lignocellulose matrix and their further depolymerization to shorter phenolics. 
The catalyst is merely responsible for the hydrogenation of reactive unsaturated side-chains in the 
solubilized lignin intermediates, leading to the formation of stable phenolic monomers and short 
oligomers. This catalytic reduction essentially prevents undesirable repolymerization reactions towards 
a condensed (high MW) lignin product. Since a solid–solid interaction between catalyst and wood is 
not required for the stabilization of soluble lignin products, the use of catalyst pellets (confined in a 
reactor basket) as a means to facilitate catalyst recuperation and clean pulp production, is justified. 
After optimizing the process withregard to mass transfer limitations, above 90% delignification of birch 
wood is achieved, producing a lignin oil that contains over 40% phenolic monomers, of which 70% 
consists of 4-n-propanolguaiacol and -syringol. In addition, multiple catalyst recycling experiments are 
successfully performed. Catalyst fouling is appointed as a primary cause of deactivation, though 
catalytic activity can be fully restored by thermal H2-treatment. Simple filtration of the reaction mixture 
finally affords a catalyst-free and delignified pulp, containing most of the initial cellulose and 
hemicellulose (93% glucose and 83% xylose retention). This pulp is converted into bio-ethanol, 
through simultaneous saccharification (accelerase trio enzyme mix) and fermentation (GSE16-T18-
HAA1* yeast). A first and unprecedented trial led to a 73% bio-ethanol yield. 
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Producing wood-based nanomaterials by rapid fractionation of wood at 80 °C using a 
recyclable 
acid hydrotrope 
 
Huiyang Bian,a,b Liheng Chen,*b,c R. Gleisner,b Hongqi Daia and J. Y. Zhu 

 
Green Chem., 2017, 19, 3370  
 

 

 

Abstract 
 
Here we report the unparalleled performance of a novel acid hydrotrope, p-toluenesulfonic acid 
(p-TsOH), for the rapid and nearly-complete dissolution of wood lignin below the boiling temperature of 
water. Up to 85% of birch wood lignin can be solubilized at 80 °C for 20 min. Similar degrees of 
delignificationcan only be achieved at 150 °C or higher for over 10 hours using known hydrotropes 
such as aromatic salts, or for 2 hours using alkaline wood pulping. We fractionated mechanically 
produced birch wood fibers into a carbohydrate-rich water insoluble solid (WIS) fraction and a spent 
acid liquor containing mainly dissolved lignin. Dialysis of the fractionated WIS resulted in a small 
amount of lignin-containing crystalline cellulose nanofibrils (LCCNFs) and a majority of the partially 
hydrolyzed lignocellulosic solid residue (LCSR) that was subsequently fibrillated into dispersible 
uniform lignocellulosic nanofibrils (LCNFs). The dissolved lignin can be easily separated through 
precipitation as dispersible lignin nanoparticles (LNPs) by simply diluting the spent acid liquor to below 
the minimal hydrotrope concentration (MHC) of p-TsOH of approximately 10%. The physical and 
chemical properties of the LCNF and LNP can be tailored by adjusting the p-TsOH fractionation 
severity as well as the intensity of mechanical fibrillation.The lowest severity experiment, in which 
approximately 62% birch wood lignin was dissolved, resulted in a thicker (51 nm average height) and 
more hydrophobic LCNF (water contact angle of 82°) as well as LNP with a larger molecular weight of 
approximately 7200. The low solubility of p-TsOH at ambient temperature can facilitate efficient 
recovery using commercially proven crystallization technology simply by cooling the re-concentrated 
spent acid liquor after lignin precipitation. This study presented a promising and green pathway in 
achieving low-cost and sustainable production of wood based nanomaterials such as LCNF and LNP 
for developing a biobased economy. 
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Highly effective C–C bond cleavage of lignin model compounds 
 
Yinling Wang, Qianyi Wang, Jianghua He and Yuetao Zhang 

 
Green Chem., 2017, 19, 3135  
 

 

 
Abstract 
 
A highly effective method is developed for the C–C bond cleavage of lignin model compounds. The 
inert 
Cα–Cβ or Cα–Cphenyl bond of oxidized lignin model compounds was successfully converted to an 
active ester bond through the classic organic name reaction, Baeyer–Villiger (BV) oxidation, and thus 
acetal esters and aryl esters were produced in high yields (up to 99%) at room temperature. Next, 
K2CO3 catalyzed the alco holysis of the resulting ester products at 45 °C, affording various useful 
chemical platforms in excellent yields (up to 99%), such as phenols and multifunctional esters. This 
method uses commercially available reagents, is transition-metal free and simple, but highly effective, 
and involves mild reaction conditions. 
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Enantioselective Nickel-Catalyzed Mizoroki–Heck Cyclizations To Generate Quaternary 
Stereocenters 
Jean-Nicolas Desrosiers, Jialin Wen, Sergei Tcyrulnikov, Soumik Biswas, Bo Qu, Liana Hie, Dmitry Kurouski, Ling Wu, Nelu 
Grinberg, Nizar Haddad, Carl A. Busacca, Nathan K. Yee, Jinhua J. Song, Neil K. Garg, Xumu Zhang, Marisa C. Kozlowski, and 
Chris H. Senanayake 
Org. Lett., 2017, 19 (13), 3338 

 
The development of enantioselective carbon–carbon bond couplings catalyzed by nonprecious metals 
is highly desirable in terms of cost efficiency and sustainability. The first nickel-catalyzed 
enantioselective Mizoroki–Heck coupling is reported. This transformation is accomplished via mild 
reaction conditions, leveraging on QuinoxP* as a chiral ligand to afford oxindoles containing 
quaternary stereocenters. Good reactivity and selectivity are observed in the presence of various 
functional groups. Computational studies suggest that the oxidative addition assembles an 
atropisomeric intermediate responsible for the facial selectivity of the insertion step. 
 
Fiaud’s Acid: A Brønsted Acid Catalyst for Enantioselective Friedel–Crafts Alkylation of 
Indoles with 2-Alkene-1,4-diones  
Sourav Chatterjee, Lukas Hintermann, Madhumita Mandal, Anushree Achari, Sreya Gupta, and Parasuraman Jaisankar 
Org. Lett., 2017, 19 (13), 3426 

 
Fiaud’s acid (trans-1-hydroxy-2,5-diphenylphospholane 1-oxide), a phospholane-based phosphinic 
acid, is introduced as an efficient chiral Brønsted acid catalyst that mediates the asymmetric Friedel–
Crafts alkylation of indoles with 2-butene-1,4-diones. With a catalyst loading of 10 mol %, the reaction 
proceeded smoothly to afford 2-(indol-3-yl)butane-1,4-diones in high yield (up to 82%) and high 
enantioselectivity (up to 91% ee, one such product showed enhanced ee of 98% after 
recrystallization). The reaction conditions are sufficiently mild to tolerate sensitive functionality at room 
temperature and are therefore suitable for the synthesis of complex targets. 
 
Phosphine-Catalyzed Domino β/γ-Additions of Benzofuranones with Allenoates: A Method for 
Unsymmetrical 3,3-Disubstituted Benzofuranones  
Zhusheng Huang, Xiuqin Yang, Fulai Yang, Tao Lu, and Qingfa Zhou 
Org. Lett., 2017, 19 (13), 3524 

 
A phosphine-catalyzed domino process of benzofuranones with allenoates has been developed which 
furnishes highly functionalized unsymmetrical 3,3-disubstituted benzofuranones in synthetically useful 
yields. The mechanism for the transformation is a tandem β-umpolung/γ-umpolung process. 
 
Trialkylphosphine-Mediated Synthesis of 2-Acyl Furans from Ynenones  
Chao Xu, Stéphane Wittmann, Manuel Gemander, Venla Ruohonen, and J. Stephen Clark 
Org. Lett., 2017, 19 (13), 3556 

 
A novel reaction for the synthesis of 2-acyl furans is reported. The reaction is believed to proceed by 
sequential addition of a trialkylphosphine to an ynenone, 5-exo-dig cyclization to form the furan, and 

http://pubs.acs.org/doi/10.1021/acs.orglett.7b01054
http://pubs.acs.org/doi/10.1021/acs.orglett.7b01383
http://pubs.acs.org/doi/10.1021/acs.orglett.7b01482
http://pubs.acs.org/doi/10.1021/acs.orglett.7b01533


Joseph Samec Research Group Digest          

 
 

oxidation of the resulting phosphonium ylide with molecular oxygen. Many common functional groups 
are tolerated during the reaction, and the products are obtained in good to excellent yield under the 
mild conditions. This methodology offers efficient access to biologically important compounds, 
including fused polycyclic compounds and furaldehydes, from simple starting materials. 
 
Application of a Heterogeneous Chiral Titanium Catalyst Derived from Silica-Supported 3-Aryl 
H8-BINOL to Enantioselective Alkylation and Arylation of Aldehydes  
Junichiro Akai, Satoshi Watanabe, Kumiko Michikawa, and Toshiro Harada 
Org. Lett., 2017, 19 (13), 3632 

 
A 3-aryl H8-BINOL was grafted on the surface of silica gel using a hydrosilane derivative as a 
precursor, and the resulting silica-supported ligand (6 mol %) was employed in the enantioselective 
alkylation and arylation of aldehydes in the presence of Ti(OiPr)4. The reactions using Et2Zn, Et3B, 
and aryl Grignard reagents all afforded the corresponding adducts in high enantioselectivities and 
yields. The silica-immobilized titanium catalyst could be reused up to 14 times without appreciable 
deterioration of the activity. 
 
Chiral Cyclic Ligand-Enabled Iridium-Catalyzed Asymmetric Arylation of Unactivated Racemic 
Allylic Alcohols with Anilines  
Hua Tian, Pengxiang Zhang, Fei Peng, Haijun Yang, and Hua Fu 
Org. Lett., 2017, 19 (14), 3775 

 
A highly enantioselective arylation of unactivated racemic secondary allylic alcohols with aniline 
derivatives has been developed. The transformation was enabled by an iridium–chiral cyclic 
phosphoramidite complex in the presence of boron trifluoride diethyl etherate as the promoter, and the 
reactivity and enantioselectivity of the substrates were tuned by the variation of our newly developed 
chiral cyclic phosphoramidite ligands together with temperature and solvents. The method shows 
advantages including use of the readily available starting materials, an operationally convenient 
protocol, full regioselectivity and excellent enantioselectivity, and tolerance of many functional groups 
with water as the only byproduct. 
 
Ag/Brønsted Acid Co-Catalyzed Spiroketalization of β-Alkynyl Ketones toward 
Spiro[chromane-2,1′-isochromene] Derivatives  
Shuai Liu, Xin-Chan Lan, Ke Chen, Wen-Juan Hao, Guigen Li, Shu-Jiang Tu, and Bo Jiang 
Org. Lett., 2017, 19 (14), 3831 

 
methides (p-QMs) has been established, enabling multiple C–C and C–O bond-forming events to 
access densely functionalized spiro[chromane-2,1′-isochromene] derivatives with generally excellent 
diastereoselectivity and good yields. A reasonable mechanism for forming these 6,6-dibenzannulated 
spiroketals involving 6-endo-dig oxo-cyclization and 1,6-addition-cyclization cascades is proposed. 
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Deoxycyanamidation of Alcohols with N-Cyano-N-phenyl-p-methylbenzenesulfonamide (NCTS)  
James N. Ayres, Matthew W. Ashford, Yannick Stöckl, Vassili Prudhomme, Kenneth B. Ling, James A. Platts, and Louis C. 
Morrill 
Org. Lett., 2017, 19 (14), 3835 

 
The first one-pot deoxycyanamidation of alcohols has been developed using N-cyano-N-phenyl-p-
methylbenzenesulfonamide (NCTS) as both a sulfonyl transfer reagent and a cyanamide source, 
accessing a diverse range of tertiary cyanamides in excellent isolated yields. This approach exploits 
the underdeveloped desulfonylative (N–S bond cleavage) reactivity pathway of NCTS, which is more 
commonly employed for electrophilic C- and N-cyanation processes. 
 
Mitsunobu Reaction Using Basic Amines as Pronucleophiles  
Hai Huang and Jun Yong Kang 
J. Org. Chem., 2017, 82 (13), 6604–6614 

 
A novel protocol for extending the scope of the Mitsunobu reaction to include amine nucleophiles to 
form C–N bonds through the utilization of N-heterocyclic phosphine-butane (NHP-butane) has been 
developed. Both aliphatic alcohols and benzyl alcohols are suitable substrates for C–N bond 
construction. Various acidic nucleophiles such as benzoic acids, phenols, thiophenol, and secondary 
sulfonamide also provide the desired products of esters, ethers, thioether, and tertiary sulfonamide 
with 43–93% yields. Importantly, C–N bond-containing pharmaceuticals, Piribedil and Cinnarizine, 
have been synthesized in one step from the commercial amines under this Mitsunobu reaction system. 
 
Palladium-Catalyzed SN2′-Cyclization of Ambivalent (Bromoalkadienyl)malonates: Preparation 
of Medium- to Large-Membered Endocyclic Allenes  
Hiroaki Ichio, Hidetoshi Murakami, Yen-Chou Chen, Tamotsu Takahashi, and Masamichi Ogasawara 
J. Org. Chem., 2017, 82 (14), 7503 

 
A palladium-catalyzed reaction for preparing various endocyclic allenes was developed. The 
substrates for the reaction were readily available ω-(pronucleophile-tethered)-3-bromo-1,3-alkadienes, 
and a palladium-catalyst facilitated their unimolecular SN2′-cyclization in the presence of potassium 
tert-butoxide to give the corresponding 9- to 16-membered endocyclic allenes in fair yields of up to 
67% together with the dimeric 16- to 32-membered endocyclic bis-allenes and other 
oligomeric/polymeric intermolecular reaction products. For higher yields of the monomeric endocyclic 
allenes, the reaction needed to be conducted under high-dilution conditions. Using a chiral palladium 
catalyst, axially chiral endocyclic allenes were obtained in up to 70% ee. 
 
Radical 1,2-Alkylarylation/Acylarylation of Allylic Alcohols with Aldehydes via Neophyl 
Rearrangement  
Changduo Pan, Qingting Ni, Yu Fu, and Jin-Tao Yu 
J. Org. Chem., 2017, 82 (14), 7683 

 
A metal-free 1,2-alkylarylation of allylic alcohols with aliphatic aldehydes through concomitant radical 
neophyl rearrangement was developed, providing 1,2-diphenyl-3-alkyl propanones in moderate to 
good yields. Moreover, when cyclopropanecarbaldehyde and aryl carbaldehydes were concerned, 
acylarylation was involved leading to 1,4-dicarbonyl compounds. 

http://pubs.acs.org/doi/10.1021/acs.orglett.7b01710
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Asymmetric Organocatalytic Synthesis of Benzopyran- and Benzofuran-Fused Polycyclic 
Acetals  
Jiyang Yang, Gang Qiu, Jing Jiang, Yanwei Hu, Shaohua Chen, Shilei Zhang and Yinan Zhang 
Adv. Synth. Catal. 2017, 359, 2184 

 
An efficient organocatalytic method for the asymmetric preparation of benzopyran- and benzofuran-
fused polycyclic acetals is described for the first time. This useful approach includes an interesting 
tunable Michael–acetalization of nitrostyrenes or α-aromatization–acetalization of quinones. Under 
mild conditions, simple cyclic hemiacetals could be stereoselectively converted into four different types 
of polyheterocycles that serve as scaffolds for a number of bioactive natural products. 
 
Dehydrogenation of Nitrogen Heterocycles Using Graphene Oxide as a Versatile Metal-Free 
Catalyst under Air  
Jingyu Zhang, Shiya Chen, Fangfang Chen, Wensheng Xu, Guo-Jun Deng and Hang Gong 
Adv. Synth. Catal. 2017, 359, 2358 

 
 
Graphene oxide (GO) has been developed as an inexpensive, environmental friendly, metal-free 
carbocatalyst for the dehydrogenation of nitrogen heterocycles. Valuable compounds, such as 
quinoline, 3,4-dihydroisoquinoline, quinazoline, and indole derivatives, have been successfully used 
as substrates. The investigation of various oxygen-containing molecules with different conjugated 
systems indicated that both the oxygen-containing groups and large π-conjugated system in GO 
sheets are essential for this reaction. 
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Organocatalyzed coupling of carbon dioxide with epoxides for the synthesis of cyclic 
carbonates: catalyst design and mechanistic studies 

M. Alves,  B. Grignard,  R. Mereau,  C. Jerome,  T. Tassaing and  C. Detrembleur 

Catalysis Science & Technology 2017, 7, 2651-2684 

 
The coupling of carbon dioxide (CO2) with epoxides with the formation of cyclic carbonates is a highly 
attractive 100% atom economic reaction. It represents a greener and safer alternative to the 
conventional synthesis of cyclic carbonates from diols and toxic phosgene. Today, cyclic carbonates 
find many applications as intermediates for fine chemical synthesis, as electrolytes in Li-ion batteries, 
and as polar aprotic solvents, and also serve for the synthesis of important polymers such as 
polycarbonates and polyurethanes. In view of their broad scope and strong economic potential, there is 
a strong need to improve their synthesis and decrease their production costs. However, CO2 is a 
thermodynamically stable molecule, and the use of catalysts is therefore mandatory for activating and 
facilitating the CO2/epoxide coupling reaction in a selective manner and under mild conditions. Recently 
organocatalysts have attracted more and more interest in this field and are viewed as alternatives to 
metal-based ones. Enormous progress has been made these past few years to boost their 
performances, and some organocatalysts are now very competitive, cheap, and readily available and 
exhibit good chemical stability towards moisture, water and air. This review focuses on the recent 
advances in the development of metal-free organocatalysts for the synthesis of cyclic carbonates by 
CO2/epoxide coupling. The majority of the state-of-the art organocatalysts used for this reaction are 
discussed, with special emphasis on the various routes employed to boost their performances. Their 
mode of action is also reported based on mechanistic considerations, supported by density functional 
theory (DFT) calculations that are becoming essential tools for modern catalyst design. Such detailed 
understanding of the mechanisms involving CO2 transformation should pave the way towards the 
definition of new modes of activation for converting CO2 with a large scope of substrates into various 
chemicals, monomers and polymers. 
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Highly selective transfer hydrogenation of α,β-unsaturated carbonyl compounds using Cu-
based nanocatalysts 

Nazia Siddqui,  Bipul Sarkar, Chandrashekar Pendem, Rubina khatun, L. N. Sivakumar Konthala, Takehiko Sasaki,  
Ankur Bordoloi and  Rajaram Bal 

Catalysis Science & Technology, 2017, 7, 2828-2837  

 
Simultaneous dehydrogenation of cyclohexanol to cyclohexanone and hydrogenation of α,β-
unsaturated carbonyl compounds to corresponding α,β-unsaturated alcohols was carried out in a single 
pot reaction without addition of any external hydrogen donor. Cu nanoclusters supported on 
nanocrystalline MgO were found to be the active catalyst for the chemoselective transfer hydrogenation 
of unsaturated carbonyl compounds to produce the corresponding alcohols with very high yields. 
Transfer hydrogenation of cyclohexanol and cinnamaldehyde produced cyclohexanone and cinnamyl 
alcohol with 100% selectivity. This Cu/MgO catalyst can be easily recovered and recycled up to more 
than five times without any significant loss of activity, which confirmed the true heterogeneous nature of 
this catalyst. Several α,β-unsaturated compounds were also tested for this reaction and it was found 
that for all the cases the yield is >95%. The ease of handling without requiring high pressure H2 or a 
hazardous hydrogen source makes this transfer hydrogenation more practical and useful. 
 
 

Hydrogenative ring-rearrangement of biomass derived 5-(hydroxymethyl)furfural to 3-
(hydroxymethyl)cyclopentanol using combination catalyst systems of Pt/SiO2 and lanthanoid 
oxides 

J. Ohyama,  Y. Ohira and  A. Satsuma 

Catalysis Science & Technology, 2017, 7, 2947-2953 

 
Combination catalyst systems composed of Pt/SiO2 and lanthanoid oxides (Pt/SiO2 + LOx) efficiently 
catalyze the hydrogenative ring-rearrangement of 5-(hydroxymethyl)furfural (HMF) in water to produce 
3-(hydroxymethyl)cyclopentanol (HCPO), which can be a unique building block for new materials 
derived from biomass. We investigated the reason for the efficient hydrogenative ring-rearrangement 
on Pt/SiO2 + LOx in terms of the acid–base properties of reaction systems, since H+ and Lewis acids 
can affect the rearrangement of the furan ring. It is indicated that the ring-rearrangement efficiently 
proceeds under slightly acidic conditions (pH = 5–7) with moderate or a little weak Lewis acidity of 
lanthanoid oxides. 
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An investigation into support cooperativity for the deoxygenation of guaiacol over nanoparticle 
Ni and Rh2P  

Michael B. Griffin, Frederick G. Baddour, Susan E. Habas, Connor P. Nash, Daniel A. Ruddy and  Joshua A. Schaidle 

Catalysis Science & Technology, 2017, 7, 2385-2415 

 
The production of hydrocarbon fuels from biomass pyrolysis requires the development of effective 
deoxygenation catalysts, and insight into how the properties of the support influence performance is 
critical for catalyst design. In this report, nanoparticles of Ni and Rh2P were synthesized using solution-
phase techniques and dispersed on high surface area supports. The supports included a relatively inert 
material (C), an acidic reducible metal-oxide (TiO2), an acidic irreducible metal-oxide (Al2O3), and a basic 
irreducible metal-oxide (MgO). The eight active phase/support combinations were investigated for the 
deoxygenation of guaiacol, a pyrolysis vapor model compound, under ex situ catalytic fast pyrolysis 
conditions (350 °C, 0.44 MPa H2). Compared to the baseline performance of the C-supported catalysts, 
Ni/TiO2 and Rh2P/TiO2 exhibited higher guaiacol conversion and lower O : C ratios for C5+ products, 
highlighting the enhanced activity and greater selectivity to deoxygenated products derived from the use 
of an acidic reducible metal-oxide support. The Al2O3-supported catalysts also exhibited higher 
conversion than the C-supported catalysts and promoted alkylation reactions, which improve carbon 
efficiency and increase the carbon number of the C5+ products. However, Ni/Al2O3 and Rh2P/Al2O3 were 
less selective towards deoxygenated products than the C-supported catalysts. The MgO-supported 
catalyst exhibited lower conversion and decreased yield of deoxygenated products compared to the C-
supported catalysts. The results reported here suggest that basic metal-oxide supports may inhibit 
deoxygenation of phenolics under CFP conditions. Contrastingly, support acidity and reducibility were 
demonstrated to promote conversion and selectivity to deoxygenated products, respectively. 

Noble metal-free catalytic decarboxylation of oleic acid to n-heptadecane on nickel-based 
metal–organic frameworks (MOFs)  

L. Yang, B. W. McNichols, M. Davidson, B. Schweitzer, D. A. Gómez-Gualdrón, B. G. Trewyn, A. Sellinger and  M. A. Carreon 

Catalysis Science & Technology, 2017, 7, 3027-3035 

 

Nickel based metal organic frameworks (Ni-MOFs) were successfully synthesized using new 
conjugated carboxylic acid linkers. These conjugated carboxylic acid linkers were synthesized using 
mild Heck coupling that led to the incorporation of functional groups not possible by traditional 
synthetic methods. Control of linker size allows for porosity tuning of the crystalline network and high 
surface area, that, in theory, results in the increased accessibility to Ni metal centers for catalysis. The 
resultant crystalline Ni-MOFs displayed BET areas as high as ∼314 m2 g−1. To investigate their 
catalytic activity for conversion of oleic acid to liquid hydrocarbons, Ni-MOFs were grown on zeolite 5A 
beads that served as catalytic supports. The resultant catalysts displayed heptadecane selectivity as 
high as ∼77% at mild reaction conditions, one of the highest yields for non-noble metal containing 
catalysts. The catalytic activity correlated to the concentration of acid sites. A slight decrease in 
catalytic activity was observed after catalysts recycling. 

http://dx.doi.org/10.1039/C7CY00574A
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Bifunctional property of Pt nanoparticles deposited on TiO2 for the photocatalytic sp3C–sp3C 
cross-coupling reactions between THF and alkanes 

Akanksha Tyagi, Akira Yamamoto, Tatsuhisa Kato and Hisao Yoshida 

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

 
The photocatalytic sp3C–sp3C cross-coupling between tetrahydrofuran (THF) and various alkanes was 
accomplished with Pt loaded titanium oxide (Pt/TiO2) photocatalysts. The cross-coupling between THF 
and cyclohexane was systematically studied, which revealed that the reaction followed two routes: the 
main course was the photooxidation of both substrates on a Pt/TiO2 photocatalyst to generate radical 
species followed by their successive coupling; meanwhile, the minor one was a hybrid of photocatalysis 
by Pt/TiO2 and thermocatalysis by Pt metal nanoparticles. The activity of the Pt catalysis was suggested 
to consist in the activation of an sp3C–H bond in THF or alkane molecules adsorbed on its surface and 
promote the reaction between the activated molecules and photogenerated radical species. Thus, the 
Pt nanoparticles on TiO2 were believed to play a bifunctional role of an electron receiver as well as a 
metal catalyst. 
 
  

http://dx.doi.org/10.1039/C7CY00535K
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Thermodynamic stability of ligand-protected metal nanoclusters 

Michael G. Taylor & Giannis Mpourmpakis 

Nature Communications 8, 2017, 15988 

Despite the great advances in synthesis and structural determination of atomically precise, thiolate-
protected metal nanoclusters, our understanding of the driving forces for their colloidal stabilization is 
very limited. Currently there is a lack of models able to describe the thermodynamic stability of these 
‘magic-number’ colloidal nanoclusters as a function of their atomic-level structural characteristics. 
Herein, we introduce the thermodynamic stability theory, derived from first principles, which is able to 
address stability of thiolate-protected metal nanoclusters as a function of the number of metal core 
atoms and thiolates on the nanocluster shell. Surprisingly, we reveal a fine energy balance between the 
core cohesive energy and the shell-to-core binding energy that appears to drive nanocluster 
stabilization. Our theory applies to both charged and neutral systems and captures a large number of 
experimental observations. Importantly, it opens new avenues for accelerating the discovery of stable, 
atomically precise, colloidal metal nanoclusters. 

 

Thermally stable single atom Pt/m-Al2O3 for selective hydrogenation and CO oxidation 
Zailei Zhang, Yihan Zhu, Hiroyuki Asakura, Bin Zhang, Jiaguang Zhang, Maoxiang Zhou, Yu Han, Tsunehiro Tanaka, Aiqin 
Wang, Tao Zhang & Ning Yan 

Nature Communications 8, 2017, 16100 

Single-atom metal catalysts offer a promising way to utilize precious noble metal elements more 
effectively, provided that they are catalytically active and sufficiently stable. Herein, we report a synthetic 
strategy for Pt single-atom catalysts with outstanding stability in several reactions under demanding 
conditions. The Pt atoms are firmly anchored in the internal surface of mesoporous Al2O3, likely 
stabilized by coordinatively unsaturated pentahedral Al3+ centres. The catalyst keeps its structural 
integrity and excellent performance for the selective hydrogenation of 1,3-butadiene after exposure to a 
reductive atmosphere at 200 °C for 24 h. Compared to commercial Pt nanoparticle catalyst on Al2O3 and 
control samples, this system exhibits significantly enhanced stability and performance for n-hexane 
hydro-reforming at 550 °C for 48 h, although agglomeration of Pt single-atoms into clusters is observed 
after reaction. In CO oxidation, the Pt single-atom identity was fully maintained after 60 cycles between 
100 and 400 °C over a one-month period. 
 

https://www.nature.com/articles/ncomms15988
https://www.nature.com/articles/ncomms16100
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Selective production of arenes via direct lignin upgrading over a niobium-based catalyst 

Yi Shao, Qineng Xia, Lin Dong, Xiaohui Liu, Xue Han, Stewart F. Parker, Yongqiang Cheng, Luke L. Daemen, Anibal J. 

Ramirez-Cuesta, Sihai Yang & Yanqin Wang 

Nature comm 2017, 8, 16104. 

(TOC) 

 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Lignin is the only large-volume renewable source of aromatic chemicals. Efficient depolymerization 
and deoxygenation of lignin while retaining the aromatic functionality are attractive but extremely 
challenging. Here we report the selective production of arenes via direct hydrodeoxygenation of 
organosolv lignin over a porous Ru/Nb2O5 catalyst that enabled the complete removal of the oxygen 
content from lignin. The conversion of birch lignin to monomer C7–C9 hydrocarbons is nearly 
quantitative based on its monomer content, with a total mass yield of 35.5 wt% and an exceptional 
arene selectivity of 71 wt%. Inelastic neutron scattering and DFT calculations confirm that the Nb2O5 
support is catalytically unique compared with other traditional oxide supports, and the disassociation 
energy of Caromatic–OH bonds in phenolics is significantly reduced upon adsorption on Nb2O5, 
resulting in its distinct selectivity to arenes. This one-pot process provides a promising approach for 
improved lignin valorization with general applicability. 

 

https://www.nature.com/articles/ncomms16104
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Photoinduced decarboxylative borylation of carboxylic acids 

Alexander Fawcett, Johan Pradeilles, Yahui Wang, Tatsuya Mutsuga, Eddie L. Myers, Varinder K. Aggarwal*  

Science  2017, (357) 6348, 283. 

(TOC) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
The conversion of widely available carboxylic acids into versatile boronic esters would be highly 
enabling for synthesis. We found that this transformation can be effected by illuminating the N-
hydroxyphthalimide ester derivative of the carboxylic acid under visible light at room temperature in the 
presence of the diboron reagent bis(catecholato)diboron. A simple workup allows isolation of the 
pinacol boronic ester. Experimental evidence suggests that boryl radical intermediates are involved in 
the process. The methodology is illustrated by the transformation of primary, secondary, and tertiary 
alkyl carboxylic acids as well as a diverse range of natural-product carboxylic acids, thereby 
demonstrating its broad utility and functional group tolerance. 

 

http://science.sciencemag.org/content/357/6348/283
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New Theoretical Insights into the Contributions of Poly(methylbenzene) and Alkene Cycles to 

the Methanol to Propene Process in H-FAU Zeolite 

Yingxin Sun*, Dan Zheng, Supeng Pei, and Dongli Fan* 

J. Phys. Chem. C 2017, 121 (30), 16216. 

(TOC) 

 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
The contributions of the poly(methylbenzene) (polyMB) and alkene cycles to the methanol to propene 
(MTP) process in H-FAU zeolite have been investigated by a two-layer ONIOM (our own n-layered 
integrated molecular orbital and molecular mechanics) method, which is important to understand the 
nature of formation of propene in zeolite with large pore sizes. The calculated results demonstrate that 
the different pathways in the polyMB cycle occur in the following order of reactivity: methyl-transfer 
pathway > spiro pathway > direct internal H-shift > paring pathway. The polyMB cycle is more 
competitive than the alkene cycle for the MTP process in H-FAU, which is different from the previous 
results on H-ZSM-5. Introduction of Li+ and Ag+ cations into FAU zeolite does not reduce the free 
energy barriers of the methylation steps involved in polyMB and alkene cycles, indicating that the 
experimental efforts to improve propene selectivity probably should focus on the physical effect of Li+ 
and Ag+ cations. For the step of formation of propene in both cycles, the difference in charge densities 
suggests a clear electron transfer between the propene fragment and the aromatic ring or propoxy 
group. Decomposing ONIOM energy barriers into quantum mechanics and molecular mechanics 
contributions suggests that the stabilizing effect of the zeolite environment on transition states mainly 
originates from the van der Waals interactions for the spiro and methyl-transfer pathways in the 
polyMB cycle, but from the electrostatic interactions for the alkene cycle. Generally speaking, the 
formation step of propene is entropy-increased. The direct internal H-shift and paring pathways are 
entropy-decreased. The entropy effect in the alkene cycle is larger than that in the polyMB cycle due 
to the larger entropic barriers. 
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Joseph Samec Research Group Digest          

 

 

 

Effect of Drying Rate on Aerosol Particle Morphology 

Muhammad Bilal Altaf and Miriam Arak Freedman*  

 J. Phys. Chem. Lett. 2017, 8 (15), 3613. 

(TOC) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 

The morphology of aerosol particles impacts their role in the climate system. In the submicron size 

regime, the morphology of particles that undergo liquid–liquid phase separation is dependent on their 

size, where for some systems small particles are homogeneous and large particles are phase-

separated. We use cryogenic transmission electron microscopy to probe the morphology of model 

organic aerosol systems. We observe that the transition region (where both homogeneous and phase-

separated morphologies are seen) spans 121 nm at the fastest drying rates with a midpoint diameter > 

170 nm. By slowing the drying rate over several orders of magnitude, the transition region shifts to 

smaller diameters (midpoint < 40 nm) and the width narrows to 4 nm. Our results suggest that the 

size-dependent morphology originates from an underlying finite size effect, rather than solely kinetics, 

due to the presence of a size dependence even at the slowest drying rates.

 

http://pubs.acs.org/doi/10.1021/acs.jpclett.7b01327
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An Exprimental and Computational Study on the Cl Atom Initiated Photo-Oxidization Reactions 

of Butenes in the Gas Phase 

S. Vijayakumar and B. Rajakumar* 

 J. Phys. Chem. A. 2017, 121 (29), 5487. 

(TOC) 

 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Temperature-dependent rate coefficients for the reactions of Cl atoms with trans-2-butene and 
isobutene were measured over the temperature range of 263–363 K using relative rate technique with 
reference to 1,3-butadiene, isoprene, and 1-pentene. The measured rate coefficients for the reactions 
of Cl atoms with isobutene and trans-2-butene are kR1298K= (3.43 ± 0.11) × 10–10 and kR2298K = 
(3.20 ± 0.04) × 10–10 cm3 molecule–1 s–1, respectively, at 298 K and 760 torr. Measured rate 
coefficients were used to fit the Arrhenius equations, which are obtained to be kR1–Exp269–363K = 
(4.99 ± 0.42) × 10–11 exp[(584 ± 26)/T] and kR2–Exp269–363K = (1.11 ± 0.3) × 10–10 exp[(291 ± 
88)/T] cm3 molecule–1 s–1 for isobutene and trans-2-butene, respectively. To understand the reaction 
mechanism, estimate the contribution of each reaction site, and to complement our experimental 
results, computational studies were also performed. Canonical variational transition state theory with 
small curvature tunneling in combination with MP2/6-31G(d), MP2/6-31G(d,p), MP2/6-31+G(d,p), 
CCSD(T)/cc-pvdz, and QCISD(T)/cc-pvdz level of theories were used to calculate the temperature-
dependent rate coefficients over the temperature range of 200–400 K. The effective lifetimes, 
thermodynamic parameters, and atmospheric implications of the test molecules were also estimated. 
 

 

 

http://pubs.acs.org/doi/10.1021/acs.jpca.7b04783
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