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Traversing Biosynthetic Carbocation Landscapes in the Total Synthesis of Andrastin and 
Terretonin Meroterpenes 

Dr. Gong Xu, Masha Elkin, Prof. Dr. Dean J. Tantillo, Prof. Dr. Timothy R. Newhouse and Prof. Dr. Thomas J. Maimone 

Angew. Chem. Int. Ed. 2017, 56(41), 12498 

 

Abstract 
Meroterpenes derived from dimethylorsellinic acid (DMOA) and farnesyl pyrophosphate have attracted 
much biosynthetic attention, yet only recently have synthetic solutions to any family members 
appeared. A key point of divergence in DMOA-derived meroterpene biosynthesis is the protoaustinoid 
A carbocation, which can be diverted to either the berkeleyone, andrastin, or terretonin structural 
classes by cyclase-controlled rearrangement pathways. Shown herein is that the protoaustinoid 
bicyclo[3.3.1]nonane nucleus can be reverted to either andrastin or terretonin ring systems under 
abiotic reaction conditions. The first total syntheses of members of these natural product families are 
reported as their racemates. 

 

 
Synthesis of Polyfunctional Diorganomagnesium and Diorganozinc Reagents through In Situ 
Trapping Halogen–Lithium Exchange of Highly Functionalized (Hetero)aryl Halides in 
Continuous Flow  

Marthe Ketels, Maximilian A. Ganiek, Niels Weidmann and Prof. Dr. Paul Knochel 

Angew. Chem. Int. Ed. 2017, 56(41), 12770 

 

Abstract 

We report a halogen–lithium exchange performed in the presence of various metal salts (ZnCl2, 

MgCl2⋅LiCl) on a broad range of sensitive bromo- or iodo(hetero)arenes using BuLi or PhLi as the 

exchange reagent and a commercially available continuous-flow setup. The resulting diarylmagnesium 

or diarylzinc species were trapped with various electrophiles, resulting in the formation of 

polyfunctional (hetero)arenes in high yields. This method enables the functionalization of 

(hetero)arenes containing highly sensitive groups such as an isothiocyanate, nitro, azide, or ester. A 

straightforward scale-up was possible without further optimization. 

 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201705654/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201706609/abstract
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Synthesis and Characterization of Iridium(V) Coordination Complexes With an N,O-Donor 
Organic Ligand 

Liam S. Sharninghausen, Shashi Bhushan Sinha, Dimitar Y. Shopov, Dr. Brandon Q. Mercado, Dr. David Balcells, Prof. Gary 
W. Brudvig and Prof. Robert H. Crabtree 

Angew. Chem. Int. Ed. 2017, 56(42),13047 

 

Abstract 
We have prepared and fully characterized two isomers of [Ir

IV
(dpyp)2] (dpyp=meso-2,4-di(2-pyridinyl)-

2,4-pentanediolate). These complexes can cleanly oxidize to [Ir
V
(dpyp)2]

+
, which to our knowledge 

represent the first mononuclear coordination complexes of Ir
V
 in an N,O-donor environment. One 

isomer has been fully characterized in the Ir
V
 state, including by X-ray crystallography, XPS, and DFT 

calculations, all of which confirm metal-centered oxidation. The unprecedented stability of these 
Ir

V
 complexes is ascribed to the exceptional donor strength of the ligands, their resistance to oxidative 

degradation, and the presence of four highly donor alkoxide groups in a plane, which breaks the 
degeneracy of the d-orbitals and favors oxidation. 

 

 
Rational Optimization of Supramolecular Catalysts for the Rhodium-Catalyzed Asymmetric 
Hydrogenation Reaction  

Dr. Julien Daubignard, Dr. Remko J. Detz, Anne C. H. Jans, Prof. Dr. Bas de Bruin and Prof. Dr. Joost N. H. Reek 

Angew. Chem. Int. Ed. 2017, 56(42), 13056 

 

Abstract 

Rational design of catalysts for asymmetric transformations is a longstanding challenge in the field of 

catalysis. In the current contribution we report a catalyst in which a hydrogen bond between the 

substrate and the catalyst plays a crucial role in determining the selectivity and the rate of the catalytic 

hydrogenation reaction, as is evident from a combination of experiments and DFT calculations. 

Detailed insight allowed in silico mutation of the catalyst such that only this hydrogen bond interaction 

is stronger, predicting that the new catalyst is faster. Indeed, we experimentally confirmed that 

optimization of the catalyst can be realized by increasing the hydrogen bond strength of this 

interaction by going from a urea to phosphine oxide H-bond acceptor on the ligand. 

 

http://onlinelibrary.wiley.com/doi/10.1002/anie.201707593/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201707670/abstract
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Anionic Palladium(0) and Palladium(II) Ate Complexes  

Marlene Kolter, Katharina Böck, Prof. Konstantin Karaghiosoff and Prof. Konrad Koszinowski 

Angew. Chem. Int. Ed. 2017, 56(43), 13244 

 

Abstract 
Palladium ate complexes are frequently invoked as important intermediates in Heck and cross-
coupling reactions, but so far have largely eluded characterization at the molecular level. Here, we use 
electrospray-ionization mass spectrometry, electrical conductivity measurements, and NMR 
spectroscopy to show that the electron-poor catalyst [L3Pd] (L=tris[3,5-bis(trifluoromethyl) 
phenyl]phosphine) readily reacts with Br

−
 ions to afford the anionic, zero-valent ate complex [L3PdBr]

−
. 

In contrast, more-electron-rich Pd catalysts display lower tendencies toward the formation of ate 
complexes. Combining [L3Pd] with LiI and an aryl iodide substrate (ArI) results in the observation of 
the Pd

II
 ate complex [L2Pd(Ar)I2]

−
. 

 
 

 
One-Step Multigram-Scale Biomimetic Synthesis of Psiguadial B 

Dr. Christopher G. Newton, Dr. Duc N. Tran, Dr. Matthew D. Wodrich and Prof. Dr. Nicolai Cramer 

Angew. Chem. Int. Ed. 2017, 56(44), 13776 

 

Abstract 

A gram-scale synthesis of psiguadial B, a purported inhibitor of human hepatoma cell growth, has 

been achieved in one step by a biomimetic three-component coupling of caryophyllene, 

benzaldehyde, and diformylphloroglucinol. This cascade reaction is catalyzed by N,N′-

dimethylethylenediamine, and proceeds at ambient temperature to generate four stereocenters, two 

rings, one C−O bond, and three C−C bonds. Combined computational and experimental investigations 

suggest the biosynthesis of the natural product is non-enzyme mediated, and is the result of a Michael 

addition between caryophyllene and a reactive ortho-quinone methide, followed by two sequential 

intramolecular cationic cyclization events. 

 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201707362/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201708333/abstract
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Integration of Bromine and Cyanogen Bromide Generators for the Continuous-Flow Synthesis 
of Cyclic Guanidines 

Gabriel Glotz, René Lebl, Dr. Doris Dallinger and Prof. Dr. C. Oliver Kappe 

Angew. Chem. Int. Ed. 2017, 56(44), 13786  

 

Abstract 
A continuous-flow process for the in situ on-demand generation of cyanogen bromide (BrCN) from 
bromine and potassium cyanide that makes use of membrane-separation technology is described. In 
order to circumvent the handling, storage, and transportation of elemental bromine, a continuous 
bromine generator using bromate–bromide synproportionation can optionally be attached upstream. 
Monitoring and quantification of BrCN generation was enabled through the implementation of in-line 
FTIR technology. With the Br2 and BrCN generators connected in series, 0.2 mmol BrCN per minute 
was produced, which corresponds to a 0.8 m solution of BrCN in dichloromethane. The modular 
Br2/BrCN generator was employed for the synthesis of a diverse set of biologically relevant five- and 
six-membered cyclic amidines and guanidines. The set-up can either be operated in a fully integrated 
continuous format or, where reactive crystallization is beneficial, in semi-batch mode. 

 

Highly Efficient Oxidation of Amines to Aldehydes with Flow-based Biocatalysis  

Dr. Martina L. Contente, Federica Dall'Oglio, Dr. Lucia Tamborini, Prof. Francesco Molinari and Prof. Francesca Paradisi 

ChemCatChem  2017, 9(20), 3843 

 

Abstract 
A new mild and efficient process for the aqueous preparation of aldehydes, which are employed as 
flavour and fragrance components in food, beverage, cosmetics, as well as in pharmaceuticals, was 
developed using a continuous-flow approach based on an immobilised pure transaminase-packed bed 
reactor. HEWT, an ω-transaminase from the haloadapted bacterium Halomonas elongata, has been 
selected for its excellent stability and substrate scope. Sixteen different amines were rapidly (3–15 
min) oxidised to the corresponding aldehydes (90 to 99 %) with only 1 to 5 equivalents of sodium 
pyruvate. The process was fully automated, allowing for the in-line recovery of the pure aldehydes 
(chemical purity >99 % and isolated yields above 80 %), without any further work-up procedure. 
 

  

http://onlinelibrary.wiley.com/doi/10.1002/anie.201708533/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201701147/abstract
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Two-Enzyme Hydrogen-Borrowing Amination of Alcohols Enabled by a Cofactor-Switched 
Alcohol Dehydrogenase 

 
Matthew P. Thompson and Prof. Nicholas J. Turner 
 
ChemCatChem  2017, 9(20), 3833 

 

Abstract 
 
The NADPH-dependent secondary alcohol dehydrogenase from Thermoanaerobacter ethanolicus 
(TeSADH), displaying broad substrate specificity and low enantioselectivity, was engineered to accept 
NADH as a cofactor. The engineered TeSADH showed a >10 000-fold switch from NADPH towards 
NADH compared to the wildtype enzyme. This TeSADH variant was applied to a biocatalytic 
hydrogen-borrowing system that employed catalytic amounts of NAD+, ammonia, and an amine 
dehydrogenase, which thereby enabled the conversion a range of alcohols into chiral amines. 

 
Designing an Effective Metal-Free Lewis Acid Catalyst for Ammonia-Borane Dehydrogenation: 

A DFT Investigation on Triarylboranes 
 

Sourav Bhunya and Dr. Ankan Paul 
 
ChemCatChem  2017, 9(20), 3870 

 
Abstract 

The catalytic dehydrogenation of ammonia-borane (NH3BH3) is dominated largely by transition-metal 

catalysts. Metal-free catalysis for NH3BH3 dehydrogenation is a rarity. It is well known that mono-

boron-based Lewis acids are largely ineffective to facilitate the catalytic dehydrogenation of NH3BH3. 

Herein, through theoretical investigations, we have identified the routes with catalytic potential for 

B(C6F5)3 and its congeners and also the factors that are likely to prevent effective catalysis for these 

systems. Our findings reveal for triarylboranes that potential catalytic dehydrogenation routes 

comprise of two main events: ion pair formation from NH3BH3 in the presence of a catalyst assisted by 

a nucleophile and subsequent H2 release from the ion pair. Donor solvents and the B−H hydride of 

NH3BH3 act as a nucleophile to facilitate ion-pair formation from NH3BH3 and the Lewis acid catalyst in 

donor and nondonor solvents, respectively. A good nucleophilic solvent decreases the activation 

barrier of ion-pair formation but it increases the activation barrier associated with the subsequent H2 

release process. The reverse is true for nondonor solvents, in which case NH3BH3 acts as a 

nucleophile. Our studies reveal that by the careful tuning of the hydride affinity of the Lewis acid 

catalyst in combination with nondonor solvents, rate-limiting barriers for dehydrogenation can be 

reduced to approximately 19–20 kcal mol
−1

, which would enable catalytic turnovers at room 

temperature. 

  

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201701092/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700416/abstract
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Water-Soluble Iridium N-Heterocyclic Carbene Complexes for the Alkylation of Amines with 
Alcohols 

 
Ana Fernandes and Dr. Beatriz Royo 
 
ChemCatChem  2017, 9(20), 3912 

 
Abstract 

A new series of water-soluble Ir complexes with N-heterocyclic carbene ligands that bear ester and 

amide groups has been obtained and fully characterized. The new complexes are highly reactive and 

selective for the alkylation of amines with alcohols with a 1:1 ratio of reactants in water and in the 

absence of base or other additives. The catalytic system has a broad substrate scope, which allows 

the synthesis of a variety of primary and secondary amines in excellent yields. A tolerance to a large 

range of functional groups was obtained. 

 

 
Autotransporter-Based Surface Display of Hemicellulases on Pseudomonas putida: Whole-Cell 

Biocatalysts for the Degradation of Biomass 

Marten F. Schulte, Dr. Iasson E. P. Tozakidis and Prof. Joachim Jose 
 
ChemCatChem  2017, 9(20), 3955 

 

Abstract 

The enzymatic depolymerization of xylans into their monomeric sugars by hemicellulases is of great 

interest from both the ecological and the economical point of view; however, the high costs of these 

enzymes impede their employment on industrial scales. The utilization of whole cells displaying the 

enzymes on their surface could reduce costs by allowing a direct employment of the cells after 

cultivation and their reuse in multiple reaction cycles. Here, we present the surface display of an endo-

1,4-β-xylanase (XynA), a 1,4-β-xylosidase (XynB), and two α-l-arabinofuranosidases (Abf2 and 

AbfCelf) in the gram-negative soil bacterium Pseudomonas putida KT2440 by fusing the enzymes to 

the EhaA autotransporter unit from Escherichia coli. The surface display of the enzymes was verified 

by flow cytometry. All four enzymes retained their functionality with hydrolytic activities of 48.5 

mU mL
−1

 for XynA towards beechwood xylan, 6 mU mL
−1

 for XynB towards 4-nitrophenyl-β-d-

xylopyranoside, and 8.6 mU mL
−1

 and 6.2 mU mL
−1

 for the two α-l-arabinofuranosidases Abf2 and 

AbfCelf towards 4-nitrophenyl-α-l-arabinofuranoside, respectively. Measurements were done with cell 

suspensions of an OD578=1. A mixture of strains displaying the three types of hemicellulases could 

degrade 2.5 % (w/v) raw arabinoxylan from rye bran to d-xylose with a yield of 133.5 mg L
−1

 cell 

suspension after 24 h. 

http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700678/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700577/abstract
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Intermolecular Radical Addition to Carbonyls Enabled by Visible Light Photoredox Initiated 
Hole Catalysis 

Lena Pitzer, Frederik Sandfort, Felix Strieth-Kalthoff, and Frank Glorius 

J. Am. Chem. Soc., 2017, 139 (39), pp 13652–13655 

 

Herein, we present a novel strategy for the utilization of simple carbonyl compounds, aldehydes and 
ketones, as intermolecular radical acceptors. The reaction is enabled by visible light photoredox 
initiated hole catalysis and the in situ Brønsted acid activation of the carbonyl compound. This 
regioselective alkyl radical addition reaction does not require metals, ligands or additives and 
proceeds with a high degree of atom economy under mild conditions. The proposed mechanism is 
supported by both experimental and theoretical studies. 

Direct β-Selective Hydrocarboxylation of Styrenes with CO2 Enabled by Continuous Flow 
Photoredox Catalysis 

Hyowon Seo, Aofei Liu, and Timothy F. Jamison 

J. Am. Chem. Soc., 2017, 139 (40), pp 13969–13972 

 

The direct β-selective hydrocarboxylation of styrenes under atmospheric pressure of CO2 has been 
developed using photoredox catalysis in continuous flow. The scope of this methodology was 
demonstrated with a range of functionalized terminal styrenes, as well as α-substituted and β-
substituted styrenes. 

Transition Metal Free C–N Bond Forming Dearomatizations and Aryl C–H Aminations by in Situ 
Release of a Hydroxylamine-Based Aminating Agent 

Joshua J. Farndon, Xiaofeng Ma, and John F. Bower 

J. Am. Chem. Soc., 2017, 139 (40), pp 14005–14008 

 

We outline a simple protocol that accesses directly unprotected secondary amines by intramolecular 
C–N bond forming dearomatization or aryl C–H amination. The method is dependent on the 
generation of a potent electrophilic aminating agent released by in situ deprotection of O-Ts activated 
N-Boc hydroxylamines. 
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Mechanisms of Furfural Reduction on Metal Electrodes: Distinguishing Pathways for Selective 
Hydrogenation of Bioderived Oxygenates 

Xiaotong H. Chadderdon, David J. Chadderdon, John E. Matthiesen, Yang Qiu, Jack M. Carraher, Jean-Philippe Tessonnier, 

and Wenzhen Li 

J. Am. Chem. Soc., 2017, 139 (40), pp 14120–14128 

 

Electrochemical reduction of biomass-derived platform molecules is an emerging route for the 
sustainable production of fuels and chemicals. However, understanding gaps between reaction 
conditions, underlying mechanisms, and product selectivity have limited the rational design of active, 
stable, and selective catalyst systems. In this work, the mechanisms of electrochemical reduction of 
furfural, an important biobased platform molecule and model for aldehyde reduction, are explored 
through a combination of voltammetry, preparative electrolysis, thiol-electrode modifications, and 
kinetic isotope studies. It is demonstrated that two distinct mechanisms are operable on metallic Cu 
electrodes in acidic electrolytes: (i) electrocatalytic hydrogenation (ECH) and (ii) direct 
electroreduction. The contributions of each mechanism to the observed product distribution are 
clarified by evaluating the requirement for direct chemical interactions with the electrode surface and 
the role of adsorbed hydrogen. Further analysis reveals that hydrogenation and hydrogenolysis 
products are generated by parallel ECH pathways. Understanding the underlying mechanisms enables 
the manipulation of furfural reduction by rationally tuning the electrode potential, electrolyte pH, and 
furfural concentration to promote selective formation of important biobased polymer precursors and 
fuels. 

Spectro-Electrochemical Examination of the Formation of Dimethyl Carbonate from CO and 
Methanol at Different Electrode Materials 

Marta C. Figueiredo, Vinh Trieu, Stefanie Eiden, and Marc T. M. Koper 

J. Am. Chem. Soc., 2017, 139 (41), pp 14693–14698 

 

In this work, we report a fundamental mechanistic study of the electrochemical oxidative carbonylation 
of methanol with CO for the synthesis of dimethyl carbonate on metallic electrodes at low 
overpotentials. For the first time, the reaction was shown to take place on the metallic catalysts without 
need of oxidized metals or additives. Moreover, in-situ spectroelectrochemical techniques were 
applied to this electrosynthesis reaction in order to reveal the reaction intermediates and to shed light 
into the reaction mechanism. Fourier transformed infrared spectroscopy was used with different 
electrode materials (Au, Pd, Pt, and Ag) to assess the effect of the electrode material on the reaction 
and the dependence of products and intermediates on the applied potentials. It was observed that the 
dimethyl carbonate is only formed when the electrode is able to decompose/oxidize MeOH to form 
(adsorbed) methoxy groups that can further react with CO to dimethyl carbonate. Furthermore, the 
electrode needs to adsorb CO not too strongly; otherwise, further reaction will be inhibited because of 
surface poisoning by CO. 
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Surface-Plasmon-Mediated Hydrogenation of Carbonyls Catalyzed by Silver Nanocubes under 

Visible Light 

M. J. Landry, A. Gellé, B. Y. Meng, C. J. Barrett, and A. Moores 

ACS Catal., 2017, 7 (9), pp 6128–6133 

 

Plasmonic nanoparticles are exciting and promising candidates for light-activated catalysis. We report 
herein the use of plasmonic nanocubes for the activation of molecular hydrogen and the 
hydrogenation of ketones and aldehydes via visible light irradiation at 405 nm, corresponding to the 
position of the plasmon band of the nanocubes, at 80 °C. Only 1 atm of molecular hydrogen is 
required to access, using catalytic amounts of silver, primary, and secondary alcohols, with complete 
chemoselectivty for C═O over C═C reduction. The resulting catalytic system was studied over a scope 
of 12 compounds. Exposure to other wavelengths, or absence of light failed to provide activity, thus 
proving a direct positive impact of the plasmonic excitation to the catalytic activity. By varying the 
irradiation intensity, we studied the relationship between plasmon band excitation and catalytic activity 
and propose a potential reaction mechanism involving plasmon-activated hot electrons. This study 
expands the scope of reactions catalyzed by free-standing plasmonic particles and sheds light on H2 
activation by silver surfaces. 
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Total synthesis of (–)-tubingensin B enabled by the strategic use of an aryne 
cyclization 

Michael A. Corsello†, Junyong Kim† and Neil K. Garg* 

NATURE CHEMISTRY, 2017, 19, 944 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Tubingensin B is an indole diterpenoid that bears a daunting chemical structure featuring a 

disubstituted carbazole unit, five stereogenic centres—three of which are quaternary—and a 

decorated [3.2.2]-bridged bicycle. We describe our synthetic design toward a concise and 

enantiospecific total synthesis of tubingensin B, which hinges on the strategic use of a 

transient aryne intermediate. Although initial studies led to unexpected reaction outcomes, 

we ultimately implemented a sequence of carbazolyne cyclization followed by Rh-catalysed 

fragmentation to install the seven-membered ring and vicinal quaternary stereocentres of the 

natural product. Coupled with a late-stage radical cyclization to construct the [3.2.2]-bridged 

bicycle, these efforts have enabled the total synthesis of tubingensin B. The design and 

evolution of our succinct total synthesis underscores the utility of long-avoided aryne 

intermediates for the introduction of structural motifs that have conventionally been viewed 

as challenging. 

 

 

 

 

 

 

 

 

 

 

http://www.nature.com/nchem/journal/v9/n10/abs/nchem.2801.html
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A reductive aminase from Aspergillus oryzae 
 
Godwin A. Aleku, Scott P. France, Henry Man, Juan Mangas-Sanchez, Sarah L.Montgomery, 

Mahima Sharma, Friedemann Leipold, Shahed Hussain, Gideon Grogan* and Nicholas J. Turner1* 

NATURE CHEMISTRY, 2017, 9, 961 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 

Reductive amination is one of the most important methods for the synthesis of chiral amines. 

Here we report the discovery of an NADP(H)-dependent reductive aminase from Aspergillus 

oryzae (AspRedAm, Uniprot code Q2TW47) that can catalyse the reductive coupling of a 

broad set of carbonyl compounds with a variety of primary and secondary amines with up to 

>98% conversion and with up to >98% enantiomeric excess. In cases where both carbonyl 

and amine show high reactivity, it is possible to employ a 1:1 ratio of the substrates, forming 

amine products with up to 94% conversion. Steady-state kinetic studies establish that the 

enzyme is capable of catalysing imine formation as well as reduction. Crystal structures 

of AspRedAm in complex with NADP(H) and also with both NADP(H) and the pharmaceutical 

ingredient (R)-rasagiline are reported. We also demonstrate preparative scale reductive 

aminations with wild-type and Q240A variant biocatalysts displaying total turnover numbers 

of up to 32,000 and space time yields up to 3.73 g l−1 d−1. 

 
 
 
 
 
 
 
 
 
 
 
 

http://www.nature.com/nchem/journal/v9/n10/abs/nchem.2782.html
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Catalytic asymmetric trifluoromethylthiolation via enantioselective [2,3]-sigmatropic 
rearrangement of sulfonium ylides 
 
Zhikun Zhang, Zhe Sheng, Weizhi Yu, Guojiao Wu, Rui Zhang, Wen-Dao Chu, Yan Zhang and Jianbo 
Wang* 
 

NATURE CHEMISTRY, 2017, 9, 970 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
The trifluoromethylthio (SCF3) functional group has been of increasing importance in drug 

design and development as a consequence of its unique electronic properties and high 

stability coupled with its high lipophilicity. As a result, methods to introduce this highly 

electronegative functional group have attracted considerable attention in recent years. 

Although significant progress has been made in the introduction of SCF3 functionality into a 

variety of molecules, there remain significant challenges regarding the enantioselective 

synthesis of SCF3-containing compounds. Here, an asymmetric trifluoromethylthiolation that 

proceeds through the enantioselective [2,3]-sigmatropic rearrangement of a sulfonium ylide 

generated from a metal carbene and sulfide (Doyle–Kirmse reaction) has been developed 

using chiral Rh(II) and Cu(I) catalysts. This transformation features mild reaction conditions 

and excellent enantioselectivities (up to 98% yield and 98% e.e.), thus providing a unique, 

highly efficient and enantioselective method for the construction of C(sp3)–SCF3 bonds 

bearing chiral centres. 

 
 

 

 

 

http://www.nature.com/nchem/journal/v9/n10/full/nchem.2789.html
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Transition-metal-free chemo- and regioselective vinylation of azaallyls 

Minyan Li , Osvaldo Gutierrez, Simon Berritt , Ana Pascual-Escudero , Ahmet Yeşilçimen , Xiaodong 
Yang , Javier Adrio , Georgia Huang , Eiko Nakamaru-Ogiso, Marisa C. Kozlowski * and Patrick J. 
Walsh* 
 
NATURE CHEMISTRY, 2017, 9, 997 

 

 
 
 
 
 

 
 

 
 
 
 

Figure | Iterative assembly line strategy for polyketide synthesis. 
 
 
 
 
Abstract 
 
Direct C(sp3)–C(sp2) bond formation under transition-metal-free conditions offers an atom-

economical, inexpensive and environmentally benign alternative to traditional transition-

metal-catalysed cross-coupling reactions. A new chemo- and regioselective coupling protocol 

between 3-aryl-substituted-1,1-diphenyl-2-azaallyl derivatives and vinyl bromides has been 

developed. This is the first transition-metal-free cross-coupling of azaallyls with vinyl bromide 

electrophiles and delivers allylic amines in excellent yields (up to 99%). This relatively simple 

and mild protocol offers a direct and practical strategy for the synthesis of high-value allylic 

amine building blocks that does not require the use of transition metals, special initiators or 

photoredox catalysts. Radical clock experiments, electron paramagnetic resonance studies 

and density functional theory calculations point to an unprecedented substrate-dependent 

coupling mechanism. Furthermore, an electron paramagnetic resonance signal was 

observed when the N-benzyl benzophenone ketimine was subjected to silylamide base, 

supporting the formation of radical species upon deprotonation. The unique mechanisms 

outlined herein could pave the way for new approaches to transition-metal-free C–C bond 

formations. 

 

 

http://www.nature.com/nchem/journal/v9/n10/abs/nchem.2760.html
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Direct conversion of CO2 into liquid fuels with high selectivity over a bifunctional 
catalyst 
 
Peng Gao, Shenggang Li, Xianni Bu, Shanshan Dang, Ziyu Liu, HuiWang, Liangshu Zhong*, 
Minghuang Qiu, Chengguang Yang, Jun Cai, Wei Wei and Yuhan Sun* 
 
NATURE CHEMISTRY, 2017, 9, 1019 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
 
Although considerable progress has been made in carbon dioxide (CO2) hydrogenation to 

various C1 chemicals, it is still a great challenge to synthesize value-added products with two 

or more carbons, such as gasoline, directly from CO2 because of the extreme inertness of 

CO2 and a high C–C coupling barrier. Here we present a bifunctional catalyst composed of 

reducible indium oxides (In2O3) and zeolites that yields a high selectivity to gasoline-range 

hydrocarbons (78.6%) with a very low methane selectivity (1%). The oxygen vacancies on 

the In2O3 surfaces activate CO2 and hydrogen to form methanol, and C−C coupling 

subsequently occurs inside zeolite pores to produce gasoline-range hydrocarbons with a 

high octane number. The proximity of these two components plays a crucial role in 

suppressing the undesired reverse water gas shift reaction and giving a high selectivity for 

gasoline-range hydrocarbons. Moreover, the pellet catalyst exhibits a much better 

performance during an industry-relevant test, which suggests promising prospects for 

industrial applications. 

 

 

 
 

http://www.nature.com/nchem/journal/v9/n10/abs/nchem.2794.html
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Organic electrolyte solutions as versatile media for the dissolution and regeneration of 
cellulose 

Matthew T. Clough 

Green Chem., 2017,19, 4754-4768 

 

 

Abstract 
 
 
Organic electrolyte solutions – mixtures of a (room-temperature) ionic liquid with a neutral, organic, polar 
co-solvent – are attracting increasing attention as solvents for the regeneration and derivatisation of 
cellulose. Despite advantages (in comparison to simple ionic liquid analogues) associated with rapid or 
instantaneous dissolution, reduced viscosity, enhanced thermal stability and fine-tunable 
physicochemical properties, a firm understanding of the precise solvent–solute interactions and the 
relative kinetic versus thermodynamic contributions to dissolution remains elusive. The incorporation of 
a co-solvent introduces an additional layer of complexity, therefore an informed choice of both ionic 
liquid and co-solvent is necessary in order to achieve the desired properties. This article first provides 
an overview of the structure and bonding properties of native and non-native cellulose allomorphs, and 
a brief history of strategies for cellulose dissolution. Subsequently, organic electrolyte solutions are 
introduced as versatile solvents for cellulose, and the underpinning thermodynamic, kinetic and 
mechanistic phenomena behind cellulose solubility are critically discussed. The final sections 
summarize recent advances in the development of organic electrolyte technologies for derivatisation 
and regeneration of cellulose and critically discuss whether organic electrolytes can, or could be, rightly 
regarded as ‘green solvents’. 
 
 
 
 
 
 
 
 
 
 
 
 

http://pubs.rsc.org/en/content/articlelanding/2017/gc/c7gc01776f#!divAbstract


Joseph Samec Research Group 
Digest          

 

 

 
Hydrolysis of cellulose to glucose over carbon catalysts sulfonated via a plasma process in 
dilute acids 
 
Oi Lun Li, Ryuhei Ikura and Takahiro Ishizaki 
 
Green Chem., 2017,19, 4774-4777 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 

Herein, we reported a novel plasma-sulfonation process for carbon materials in dilute sulfuric acid within 
a few tens of minutes. The total acidic and –SO3H densities of the sulfonated carbon were 4.4 mmol 
g−1 and 2.2 mmol g−1, respectively. The glucose selectivity during cellulose hydrolysis using a 

sulfonated carbon catalyst was 83.9% and retained 98% of its performance after recycling. 
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Emulsion electro-oxidation of kraft lignin 

Davide Di Marino, Vadim Aniko, Antonio Stocco, Stefanie Kriescher and Matthias Wessling 

Green Chem., 2017,19, 4778-4784 

 

Abstract 
 
 
Lignin is one of the most abundant bio-polymers present in nature and its valorization is still a challenge 
to an economically feasible biorefinery concept. The heterogeneity and scarce reactivity of lignin are 
significant hurdles to the development of new valorization processes. We propose an in situ extraction 
electrochemical depolymerization system. Kraft lignin dissolved in a deep eutectic solvent together with 
an extractant phase is able to form a stable emulsion. Electro-oxidation of the emulsion using a nickel 
or graphite electrode results in successful depolymerization and simultaneous fractionation of the 
products. Over-oxidation of the depolymerization products is anticipated to be suppressed upon swift 
extraction from the lignin phase into the extraction phase. 
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A two-phase system for the clean and high yield synthesis of furylmethane derivatives over –

SO3H functionalized ionic liquids 
 
 S. H. Shinde and C. V. Rode 

 

Green Chem., 2017,19, 4804-4810 

 
Abstract 
 

A new and effective unique two-phase reaction system is investigated for the high yield production of 
tri(furyl)methane from furfural and furan. This strategy includes the use of an acidic aqueous phase 
(water + –SO3H functionalized IL) and furan phase, which significantly suppresses polymer formation, 
thereby increasing the yield of tri(furyl)methane. Furan serves as a reactant as well as an extraction 
solvent for the recovery of the condensation products. For comparison, different –SO3H functionalized 
ionic liquids are prepared and their performances evaluated for the condensation of furan and furfural. 
The ionic liquids with alkyl chain linkers are found to be more effective and acidic than those with 
imidazolium linked N-sulfonic acids. In addition, an increase in carbon chain length between 
imidazole/tri-ethylamine/pyridine and –SO3H, increases the catalytic activity of the respective ionic 
liquids. Among the several prepared ionic liquids, the strongly acidic imidazolium based butylsulfonic 
acid 6 shows the best activity with a maximum condensation product yield of 84%. This strategy offers 
a significantly high yield of the condensation products of furan and furfural compared to the traditional 
mineral acid route. The activity and stability of the –SO3H functionalized 6 is confirmed from seven 
successful recycles, in which there is no reduction in its activity. Finally, this new strategy is successfully 
extended for the condensation of furan derivatives (e.g. furan and 2-methylfuran) with several different 
aldehydes, ketones and alcohols. 
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A strategy for generating high-quality cellulose and lignin simultaneously from woody biomass 
 
Xiaoqin Si, Fang Lu, Jiazhi Chen, Rui Lu, Qianqian Huang, Huifang Jiang, Esben Taarning and Jie Xu 

 
Green Chem., 2017,19, 4849-4857 
 

 
 

 

Abstract 
 
 
Efficient fractionation of woody biomass provides an opportunity to separate and then upgrade each of 

the cellulose, hemicellulose and lignin fractions. The current processes for the fractionation of biomass 

target high-quality cellulose or lignin solely. Here, we developed a simple and efficient strategy for 

achieving high-quality cellulose and lignin simultaneously from woody biomass. Solvent thermal 

treatment was used to release the lignin and hemicellulose fragments from beech sawdust. 92.8% 

cellulose was retained in cellulose pulp with the purity of cellulose as high as 93.5% and a highly 

crystalline structure, using tetrahydrofurfuryl alcohol (THFA) and water as the solvent. In addition, 77.4% 

pure lignin powder was recovered. A linear correlation between the lignin monomer yield and the 

percentage of total β-O-4 or condensed linkages was observed during the lignin depolymerization 

process. Our strategy offers a possibility for the high-value utilization of whole biomass. 
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Synergistic maximization of the carbohydrate output and lignin processability by combinatorial 
pretreatment 
Zhi-Hua Liu, Michelle L. Olson, Somnath Shinde, Xin Wang, Naijia Hao, Chang Geun Yoo, Samarthya Bhagia, John R. 

Dunlap, Yunqiao Pu, Katy C. Kao, Arthur J. Ragauskas, Mingjie Jin and Joshua S. Yuan 

 
Green Chem., 2017,19, 4939-4955 

 
 

Abstract 
 
Lignocellulosic biorefineries have gained much attention worldwide as a potential solution to the 
challenges of energy demand and global climate change. However, the industrial implementation of 
biorefineries has been hindered by low fermentable sugar yields and low lignin processability. 
Combinatorial pretreatments with a low holding temperature were investigated in an effort to 
synergistically improve the carbohydrate output and lignin processability from corn stover. Upon 
combinatorial pretreatment with 1% H2SO4 for 30 min followed by 1% NaOH for 60 min at 120 °C, 
glucan and xylan conversion increased by 11.2% and 8.3% respectively relative to single pretreatment. 
This combinational pretreatment removed the amorphous portion, disrupted the rigid structure, and 
increased the water holding capacity of corn stover, thus increasing the hydrolysis performance. With 
whole fractionation by combinatorial pretreatment, glucose and xylose yields were 88.4% and 72.6%, 
respectively, representing increases of 10.0% and 8.1%. The lignin yield was 19.7% in the solid residue 
and 77.6% in the liquid stream, which increased by 33.4%. When grown in fed-batch fermentation mode, 
a record level of polyhydroxyalkanoate (PHA) concentration (1.0 g l−1) was obtained using lignin as a 
carbon source by Pseudomonas putida KT2440. Lignin characterization results showed that 
combinatorial pretreatment increased the G- and H-lignin content, reduced the β–β and β-O-4 groups, 
and fractionated more aromatic monomers, thus facilitating lignin processability into PHA. These results 
highlighted the use of combinational pretreatment at a low holding temperature as a means to 
synergistically maximize the carbohydrate output and lignin processability, which provides a unique set 
of features to improve the biorefining performance. 
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Self-hydrogen transfer hydrogenolysis of β-O-4 linkages in lignin catalyzed by MIL-100(Fe) 
supported Pd–Ni BMNPs 
 
Jia-wei Zhang, Guo-ping Lu and Chun Cai 

 
Green Chem., 2017,19, 4538-4543 

 

 

Abstract 

 
A MIL-100(Fe) supported Pd–Ni BMNP catalyst has been fabricated, and the catalyst exhibits superior 

catalytic performance toward the intramolecular transfer hydrogenolysis of lignin model compounds and 

organosolv lignin. Alcoholic groups (CαH-OH) of lignin were exploited as the hydrogen source, and 

selective cleavage of β-O-4 linkages in lignin was realized without an extra hydrogen donor. This 

protocol was suitable for organosolv lignin as well as model compounds; several phenols and 

functionalized acetophenones were detected when extracted lignin was treated in our system. The 

catalyst exhibits outstanding catalytic stability during the reaction process, which can be ascribed to the 

porous structure and the strong water stability of MIL-100(Fe). The excellent catalytic performance of 

Pd1Ni4/MIL-100(Fe) highlights the “synergistic effect” between the BMNPs and the functional synergy 

between MNPs and MOFs, and our work shows the bright future of BMNPs and MOFs in the 

development of catalysts for sustainable chemistry. 
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Molybdenum modified nickel phyllosilicates as a high performance bifunctional catalyst for 
deoxygenation of methyl palmitate to alkanes under mild conditions 
 
Long Yan, Xinxin Liu, Jin Deng and Yao Fu 

 

Green Chem., 2017,19, 4600-4609 
 

 

Abstract 

 
Deoxygenation is the central challenge in converting bio-derived fatty esters into diesel-range 

hydrocarbons. A new molybdenum oxide doping nickel phyllosilicate (Mo–Ni@PSi) bifunctional catalyst 

was synthesized and used for the deoxygenation of methyl palmitate. Compared to impregnated Ni 

catalysts, Mo–Ni@PSi catalysts showed obviously enhanced catalytic activity for the deoxygenation 

process. Several structural variations induced by the introduction of Mo species were confirmed by H2-

TPR, XRD, FT-IR, TEM, XPS, and NH3-TPD characterization. With these variations, more dispersive 

Ni nanoparticles (Ni NPs) and acidic sites were explored over the surface of modified Mo–Ni@PSi, 

which provided high catalytic activity for the deoxygenation of fatty esters. Furthermore, the content of 

the Mo element and the influences of activation temperature on the catalyst were also investigated. 

Remarkably, the highest catalytic activity was observed over the 3% Mo–Ni@PSi(B) catalyst with 98.3% 

yield of hydrocarbons at 220 °C and 1.0 MPa H2, and the catalytic activity decreased with further 

increase in the Mo content. Then, hydrodeoxygenation and decarbonylation processes were both 

confirmed in the reaction mechanism study. Additionally, the catalyst also presented good catalytic 

activity after four recycle reactions. The oxidization of reduced Ni and Mo species was probably the main 

reason for the deactivation of the catalyst. 
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Chemical Communications didgest 
October 2017 

 
Yuanhao Wang, Yuanhe Li, Yijun Fan, Zhiguo Wang and Yefeng Tang. Palladium-catalyzed 
denitrogenative functionalizations of benzotriazoles with alkenes and 1,3-dienes.  
Chem. Commun., 2017, 53, 11873–11876 
DOI: 10.1039/C7CC07543J  
 
Pd-Catalyzed denitrogenative functionalizations of benzotriazoles with alkenes and 1,3-dienes have 
been developed, which enable the rapid access of diverse ortho-amino styrenes and 2-vinylindolines, 
respectively. This study shows the great potential of benzotriazoles as a [1C]-synthon in cross-coupling 
reactions and an aza-[3C]-synthon in cycloaddition reactions. 
 

 
 
 
 
Junhao Yang, Xiulian Pan, Feng Jiao, Jian Li and Xinhe Bao. Direct conversion of syngas to aromatics.  
Chem. Commun., 2017, 53, 11146–11149 
DOI: 10.1039/C7CC04768A 
 
A composite catalyst combining the partially reducible ZnCrOx with zeolite ZSM-5 enables direct 
conversion of syngas to aromatics, with a selectivity to aromatics reaching 73.9% at a single pass CO 
conversion of 16.0%. 
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Jen-Chieh Hsieh, Yi-Hua Chu, Krishnamoorthy Muralirajan and Chien-Hong Cheng. A simple route to 
1,4-addition reactions by Co-catalyzed reductive coupling of organic tosylates and triflates with 
activated alkenes.  
Chem. Commun., 2017, 53, 11584–11587 
DOI: 10.1039/C7CC06881F 
 
An efficient Co-catalyzed 1,4-addition reaction of alkyl/aryl triflates and tosylates with activated 
alkenes is described. In this reaction, an air-stable cobalt(II) complex, a mild reducing agent Zn and a 
simple proton source (H2O) are used. A radical mechanism for the addition of alkyl tosylates to 
activated alkenes is likely involved. 
 

 
 
 
 
 
 
Nicolas Merle, Frédéric Le Quéméner, Samir Barman,  Manoja K. Samantaray,  Kai C. Szeto,  Aimery De 
Mallmann, Mostafa Taoufik and Jean-Marie Basset. Well-defined silica supported bipodal 
molybdenum oxo alkyl complexes: a model of the active sites of industrial olefin metathesis 
catalysts. 
Chem. Commun., 2017, 53, 11338–11341 
DOI: 10.1039/C7CC06041F 
 
A well-defined, silica-supported molybdenum oxo alkyl species, (≡SiO–)2Mo(=O)(CH2

tBu)2, was 
prepared by the selective grafting of Mo(=O)(CH2

tBu)3Cl onto a silica partially dehydroxylated at 200 °C 
using a rigorous surface organometallic chemistry approach. The immobilized bipodal surface species, 
partly resembling the active species of industrial MoO3/SiO2 olefin metathesis catalysts, exhibited 
excellent functional group tolerance in conjunction with its high activity in homocoupling, self and ring 
closing olefin metathesis. 
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Molecular Catalysis didgest 
October 2017 

 
 
J.He, X.-H.Lu, Y.Shen, R.Jing, R.-F.Nie, D.Zhou, Q.-H.Xia. Highly selective hydrogenation of phenol to 
cyclohexanol over nano silica supported Ni catalysts in aqueous medium.  
Molecular Catalysis, 2017, 440, 87–95 
DOI: 10.1016/j.mcat.2017.07.016 
 
• The nano silica supported Ni catalysts are prepared by microwave-activated method. 
• Selective hydrogenation of phenol has been successfully performed. 
• 10%Ni/SiO2-1 (Aerosil-200) catalyst exhibits the best activity. 
• The best result is 100% conversion of phenol with 100% selectivity of cyclohexanol. 
 
 

 
 
 

 
 
Lorenzo Piola, José A. Fernández-Salas, Fady Nahra, Albert Poater, Luigi Cavallo, Steven P. Nolan. 
Ruthenium-catalysed decomposition of formic acid: Fuel cell and catalytic applications. 
Molecular Catalysis, 2017, 440, 184–189 
DOI: 10.1016/j.mcat.2017.06.021 
 
• Formic acid decomposition by means of a Ru-based catalyst. 
• Production of electricity in a fuel cell using the generated H2. 
• Selective generation of CO2 from formic acid without CO contamination. 
• System is used for the catalytic hydrogenation of olefins. 
 

 

http://www.sciencedirect.com/science/article/pii/S2468823117304066
http://www.sciencedirect.com/science/article/pii/S2468823117303280


Nikita Singhal, Umesh Kumar. Noble metal modified TiO2: selective photoreduction of CO2 to 
hydrocarbons.  
Molecular Catalysis, 2017, 439, 91–99 
DOI: 10.1016/j.mcat.2017.06.031 
 
• Noble metals were loaded on TiO2 by photodeposition method. 
• Bi-metal/TiO2 were prepared by simultaneous loading of two different metals. 
• CO2 photoreduction was carried out in gas phase under UV-A illumination. 
• Noble metals alter the selectively towards methane and Pd2%/TiO2 yielded maximum methane. 
• Bi-metal/TiO2 catalysts are ca. 1.5 times better than single metal loaded TiO2 to produce 
hydrocarbons. 
 

 
 

 
 
Tianqi Gao, Tianyu Gao, Wenhao Fang, Qiue Cao. Base-free aerobic oxidation of 5-
hydroxymethylfurfural to 2,5-furandicarboxylic acid in water by hydrotalcite-activated carbon 
composite supported gold catalyst.  
Molecular Catalysis, 2017, 439, 17–179 
DOI: 10.1016/j.mcat.2017.06.034 
 
• HT-AC composite bearing basic sites and functionalized carbon surface were prepared by physical 
milling. 
• HT/AC mass ratio played a key role in determining FDCA yield. 
• Immobilized small Au nanoparticles resisted aggregation and deactivation to oxidation conditions. 
• >99% yield to FDCA and remarkable recycling were obtained without base in the presence of water 
and O2. 
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Cooking with Active Oxygen and Solid Alkali: A Promising Alternative Approach for 
Lignocellulosic Biorefineries 

Y. Jiang, X. Zeng, R. Luque, X. Tang, Y. Sun, T. Lei, S. Liu, L. Lin 

ChemSusChem 2017, 10, 3982. 

Lignocellulosic biomass, a matrix of biopolymers including cellulose, hemicellulose, and lignin, has 
gathered increasing attention in recent years for the production of chemicals, fuels, and materials 
through biorefinery processes owing to its renewability and availability. The fractionation of 
lignocellulose is considered to be the fundamental step to establish an economical and sustainable 
lignocellulosic biorefinery. In this Minireview, we summarize a newly developed oxygen delignification 
for lignocellulose fractionation called cooking with active oxygen and solid alkali (CAOSA), which can 
fractionate lignocellulose into its constituents and maintain its processable form. In the CAOSA 
approach, environmentally friendly chemicals are applied instead of undesirable chemicals such as 
strong alkalis and sulfides. Notably, the alkali recovery for this process promises to be relatively simple 
and does not require causticizing or sintering. These features make the CAOSA process an alternative 
for both lignocellulose fractionation and biomass pretreatment. The advantages and challenges of 
CAOSA are also discussed to provide a comprehensive perspective with respect to existing strategies. 
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Synthesis of Renewable Lubricant Alkanes from Biomass-Derived Platform Chemicals 

M. Gu, Q. Xia, X. Liu, Y. Guo, Y. Wang 

ChemSusChem 2017, 10, 4102. 

 

The catalytic synthesis of liquid alkanes from renewable biomass has received tremendous attention in 
recent years. However, bio-based platform chemicals have not to date been exploited for the synthesis 
of highly branched lubricant alkanes, which are currently produced by hydrocracking and 
hydroisomerization of long-chain n-paraffins. A selective catalytic synthetic route has been developed 
for the production of highly branched C23 alkanes as lubricant base oil components from biomass-
derived furfural and acetone through a sequential four-step process, including aldol condensation of 
furfural with acetone to produce a C13 double adduct, selective hydrogenation of the adduct to a C13 
ketone, followed by a second condensation of the C13 ketone with furfural to generate a C23 aldol 
adduct, and finally hydrodeoxygenation to give highly branched C23 alkanes in 50.6 % overall yield from 
furfural. This work opens a general strategy for the synthesis of high-quality lubricant alkanes from 
renewable biomass. 
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Isocyanate-Free Synthesis and Characterization of Renewable Poly(hydroxy)urethanes from 
Syringaresinol 

Marine Janvier, Paul-Henri Ducrot, and Florent Allais 

ACS Sustainable Chemistry & Engineering 2017 5 (10), 8648-8656 

 

In the context of replacement of petro-sourced and toxic bisphenol A (BPA), syringaresinol, a naturally 
occurring bisphenol deriving from sinapic acid, has been proposed as a greener and safer alternative. 
This work focuses on its applications for nonisocyanate polyurethane (NIPU) synthesis. A five-
membered cyclic carbonate SYR-CC has been prepared by carbon dioxide addition to bis-epoxy 
monomer SYR-EPO derived from syringaresinol. Upon polyaddition of SYR-CC with different 
biosourced and petrosourced diamines, the resulting polyhydroxyurethanes were fully characterized by 
structural (Fourier transform infrared, 1H nuclear magnetic resonance, high performance liquid 
chromatography size exclusion chromatography) and thermal analyses (thermogravimetric analysis, 
differential scanning calorimetry). These thermoplastics displayed high molar mass ( = 5.4 kg mol–1), 
excellent thermal stabilities (Td5% = 267–281 °C) and glass transition temperatures (Tg) ranging from 
63 to 98 °C. The coupling of SYR-CC with a triamine gave a thermoset material with interesting Tg 
(62 °C) and high thermal stability (Td5% = 225 °C). 
 
 

Determining Bio-Oil Composition via Chemometric Tools Based on Infrared Spectroscopy 

Tomás García, Alberto Veses, José Manuel López, Begoña Puértolas, Javier Pérez-Ramírez, and María Soledad Callén 

ACS Sustainable Chemistry & Engineering 2017 5 (10), 8710-8719 

 
The development of rapid and accurate techniques to predict the composition of crude bio-oils obtained 
via the pyrolysis of lignocellulosic biomass is a prerequisite for their industrial implementation. Here, we 
demonstrate the potential of Fourier transform infrared spectroscopy to replace gas chromatography–
mass spectrometry (GC-MS) in determining the compositional groups of bio-oils. Using the mid-infrared 
spectroscopic technique as a predictor, chemometric tools based on partial least-squares regression 
models were contrasted with GC-MS results to foresee the various families of organic compounds. A 
broad data set consisting of more than 100 samples obtained from the thermal and catalytic pyrolysis of 
woody biomass and from the upgrading of bio-oil vapors by catalytic cracking over zeolites and metal 
oxides was used. The applicability of the developed model was assessed by external validation using 
the Kennard–Stone algorithm, showing that more than 90 wt % of the bio-oil composition was accurately 
determined. These results pave the path for the online monitoring of the forthcoming manufacture 
system of second-generation biofuels through rapid and cost-effective characterization of the pyrolysis 
bio-oils, thus enabling industrial producers to make timely decisions. 
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Decoupling the Role of External Mass Transfer and Intracrystalline Pore Diffusion on the 
Selectivity of HZSM-5 for the Catalytic Fast Pyrolysis of Biomass 

Thomas C. Hoff, Michael J. Holmes, Juan Proano-Aviles, Laleh Emdadi, Dongxia Liu, Robert C. Brown, and Jean-Philippe 
Tessonnier 

ACS Sustainable Chemistry & Engineering 2017 5 (10), 8766-8776 

 

Catalytic fast pyrolysis (CFP) using HZSM-5 zeolite catalysts serves as a promising route for the 
production of renewable chemicals from lignocellulosic biomass. However, this reaction is limited by the 
formation of coke, which can exceed 40% of carbon atoms present in the raw biomass feedstock. The 
role of structural parameters on coking remains unclear with both internal micropore diffusion and 
external mass transfer limitations hypothesized to actively contribute to carbon deposition. Here, we 
decouple the role of these parameters by comparing conventional in situ pyrolysis tests using model 
compounds to experiments performed with the reactant preadsorbed onto the zeolite catalyst. 
Experimental results supported by calculation of the mass transfer Biot number point to micropore 
diffusion as the dominant cause of coke formation. Specifically, the presence of defects such as internal 
crystal grain boundaries and extraframework species in the zeolite’s micropores actively contribute to 
this undesired side reaction. Conversely, external surface barriers were found to play a minimal role in 
the deposition of carbon. 
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Two-Dimensional 1H-Nuclear Magnetic Resonance Relaxometry for Understanding Biomass 
Recalcitrance 

Tina Jeoh, Nardrapee Karuna, Noah D. Weiss, and Lisbeth G. Thygesen 

ACS Sustainable Chemistry & Engineering 2017 5 (10), 8785-8795 

 

Low-field nuclear magnetic resonance (LFNMR) relaxometry examines the influence of the local 
environments within porous materials on the responses of the water-associated 1H to magnetic fields, 
yielding information on the chemical and physical surroundings of the water. 1D NMR relaxometry has 
been used to examine the relationship between water constraint within lignocellulosic biomass 
microstructure and its enzymatic digestibility; however, the effect of physical confinement and 
magnetic dephasing by the local chemistry could not be decoupled. This limitation is overcome by two-
dimensional T1T2 1H NMR relaxometry, where simultaneously probing the spin–lattice and spin–spin 
relaxation times of water 1H resolves physical and chemical contributions to relaxation times of unique 
water environments within the sample. 2D T1T2 relaxation revealed four water environments in 
Norway spruce assigned to lumen and cell wall water based on water mobility in the pools. Sulfur 
dioxide (SO2) pretreatment of the spruce eliminated the cell wall water environments, while increasing 
the mobility of water in the lumens. Subsequent dewatering of pretreated spruce to high dry matter 
content in the samples significantly decreased water mobility in the lumens without changing the local 
chemical composition. For the first time, the use of 2D T1T2 relaxation revealed that osmotic pressure 
exerted by solute (glucose or bovine serum albumin (BSA)) uptake into the microstructure of 
lignocellulosic biomass expands the volume of the confined spaces such as the cell lumens. The 
uptake of BSA was associated with increased water retention and enzymatic digestibility of SO2 
pretreated spruce. Overall, 2D T1T2 relaxation results suggest a relationship where increasing water 
mobility in the biomass microstructure reduces its recalcitrance. 
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Water-Assisted Selective Hydrodeoxygenation of Guaiacol to Cyclohexanol over Supported Ni 
and Co Bimetallic Catalysts 

Minghao Zhou, Jun Ye, Peng Liu, Junming Xu, and Jianchun Jiang 

ACS Sustainable Chemistry & Engineering 2017 5 (10), 8824-8835 

 

Hydrodeoxygenation (HDO) of guaiacol, a typical lignin-derived phenolic compound, at relatively mild 
conditions was studied over γ-Al2O3 and ZSM-5 supported catalysts with Ni and/or Co as active 
metal. Among various catalysts, NiCo/γ-Al2O3 catalysts exhibited better guaiacol conversion up to 
96.1% with cyclohexanol as the main product in aqueous, due to the proper acidity and interaction 
between metal particles and support. The effects of process parameters on guaiacol conversion and 
product distribution were investigated in detail associated with solvent effect. The cleavage of C–O 
bonds in guaiacol was investigated over NiCo/γ-Al2O3 catalysts in aqueous phase. Phenol was found 
as the main intermediate with 1-methyl-1,2-cyclohexanediol as another intermediate instead of 2-
methoxy-cyclohexanol. The demethoxylation first happened to form phenol, and then, the aromatic 
ring was hydrogenated to give cyclohexanol after further hydrogenation of cyclohexanone. 
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Selective Hydrodeoxygenation of Lignin-Derived Phenols to Cyclohexanols over Co-Based 
Catalysts 

Xiaohao Liu, Wenda Jia, Guangyue Xu, Ying Zhang, and Yao Fu 

 ACS Sustainable Chemistry & Engineering 2017 5 (10), 8594-8601 

 

Cyclohexanols are important feedstock for polymers, spices, and medicines production in industry. In 
this work, a series of cobalt-based catalysts with different supports were prepared and used to 
catalyze lignin-derived phenols to cyclohexanols. Among the catalysts, Co/TiO2 showed the best 
hydrodeoxygenation (HDO) activity. An equivalent of propylcyclohexanol (>99.9%) was achieved 
under 1 MPa H2, 200 °C for 2 h. According to the characterization results of transmission electron 
microscopy (TEM), Brunauer–Emmett–Teller (BET) surface area analysis, powder X-ray diffraction 
(XRD), X-ray photoelectron spectroscopy (XPS), hydrogen temperature-programmed reduction (H2-
TPR), hydrogen temperature-programmed desorption (H2-TPD) and NH3-TPD, the particle size and 
dispersion of Co could have important influence on catalytic activity. For Co/TiO2, the SMSI effect may 
significantly affect the catalytic activity. The influences of different temperature, H2 pressure and 
reaction time on the eugenol conversion by Co/TiO2 were explored. 99% yield of propylcyclohexanol 
could even be obtained under 0.4 MPa H2, 180 °C for 8 h. This should be the mildest condition that 
has been reported for HDO of eugenol to propylcyclohexanol catalyzed by non-noble metal catalyst. 
On the basis the mechanism and substrates extension studies, all the Co-based catalysts selected in 
this study showed high activity to cleave the Caryl–OCH3 bond before the hydrogenation of the 
aromatic ring when the −OCH3 group substituted at ortho-position. 
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Solid-state molecular organometallic chemistry. Single-crystal to single-crystal reactivity and 
catalysis with light hydrocarbon substrates  

F. M. Chadwick, A. I. McKay, A. J. Martínez-Martínez, N. H. Rees, T. Krämer, S. A. MacGregor, A. S. Weller 

Chemical Science 2017, 8, 6014. 

   

Abstract 

Single-crystal to single-crystal solid/gas reactivity and catalysis starting from the precursor sigma-alkane 
complex [Rh(Cy2PCH2CH2PCy2)(η2η2-NBA)][BArF4] (NBA = norbornane; ArF = 3,5-(CF3)2C6H3) is 
reported. By adding ethene, propene and 1-butene to this precursor in solid/gas reactions the resulting 
alkene complexes [Rh(Cy2PCH2CH2PCy2)(alkene)x][BArF4] are formed. The ethene (x = 2) complex, 
[Rh(Cy2PCH2CH2PCy2)(ethene)2][BArF4]-Oct, has been characterized in the solid-state (single-crystal 
X-ray diffraction) and by solution and solid-state NMR spectroscopy. Rapid, low temperature 
recrystallization using solution methods results in a different crystalline modification, 
[Rh(Cy2PCH2CH2PCy2)(ethene)2][BArF4]-Hex, that has a hexagonal microporous structure (P6322). 
The propene complex (x = 1) [Rh(Cy2PCH2CH2PCy2)(propene)][BArF4] is characterized as having a 
π-bound alkene with a supporting γ-agostic Rh⋯H3C interaction at low temperature by single-crystal X-
ray diffraction, variable temperature solution and solid-state NMR spectroscopy, as well as periodic 
density functional theory (DFT) calculations. A fluxional process occurs in both the solid-state and 
solution that is proposed to proceed via a tautomeric allyl-hydride. Gas/solid catalytic isomerization of 
d3-propene, H2C CHCD3, using [Rh(Cy2PCH2CH2PCy2)(η2η2-NBA)][BArF4] scrambles the D-label into 
all possible positions of the propene, as shown by isotopic perturbation of equilibrium measurements for 
the agostic interaction. Periodic DFT calculations show a low barrier to H/D exchange (10.9 kcal mol−1, 
PBE-D3 level), and GIPAW chemical shift calculations guide the assignment of the experimental data. 
When synthesized using solution routes a bis-propene complex, 
[Rh(Cy2PCH2CH2PCy2)(propene)2][BArF4], is formed. [Rh(Cy2PCH2CH2PCy2)(butene)][BArF4] (x = 1) 
is characterized as having 2-butene bound as the cis-isomer and a single Rh⋯H3C agostic interaction. 
In the solid-state two low-energy fluxional processes are proposed. The first is a simple libration of the 
2-butene that exchanges the agostic interaction, and the second is a butene isomerization process that 
proceeds via an allyl-hydride intermediate with a low computed barrier of 14.5 kcal mol−1. 
[Rh(Cy2PCH2CH2PCy2)(η2η2-NBA)][BArF4] and the polymorphs of 
[Rh(Cy2PCH2CH2PCy2)(ethene)2][BArF4] are shown to be effective in solid-state molecular 
organometallic catalysis (SMOM-Cat) for the isomerization of 1-butene to a mixture of cis- and trans-2-
butene at 298 K and 1 atm, and studies suggest that catalysis is likely dominated by surface-active 
species. [Rh(Cy2PCH2CH2PCy2)(η2η2-NBA)][BArF4] is also shown to catalyze the transfer 
dehydrogenation of butane to 2-butene at 298 K using ethene as the sacrificial acceptor. 
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The unexpected roles of σ and π orbitals in electron donor and acceptor group effects on the 
13C NMR chemical shifts in substituted benzenes  

Z. Qui, J.-S. Li, C.-J. Li 

Chemical Science 2017, 8, 6570. 

  

Abstract 

Effects of electron-donating (R = NH2) and electron-withdrawing (R = NO2) groups on 13C NMR 
chemical shifts in R-substituted benzene are investigated by molecular orbital analyses. The 13C shift 
substituent effect in ortho, meta, and para position is determined by the σ bonding orbitals in the aryl 
ring. The π orbitals do not explain the substituent effects in the NMR spectrum as conventionally 
suggested in textbooks. The familiar electron donating and withdrawing effects on the π system by 
NH2 and NO2 substituents induce changes in the σ orbital framework, and the 13C chemical shifts 
follow the trends induced in the σ orbitals. There is an implicit dependence of the σ orbital NMR shift 
contributions on the π framework, via unoccupied π* orbitals, due to the fact that the nuclear shielding 
is a response property. 

Visible Light Photocatalysis Using a Commercially Available Iron Compound 

J. K. Pagano, C. A. Bange, S. E. Farmiloe, R. Waterman 

Organometallics 2017, 36, 3891. 

    

Abstract 
 
[CpFe(CO)2]2 (1) (Cp = η5-C5H5) is an effective precatalyst for the hydrophosphination of alkenes with 
Ph2PH under visible light irradiation, which appears to be a unique way to promote metal-catalyzed 
hydrophosphination. Additionally, 1 is a photocatalyst for the dehydrogenation of amine boranes and 
formation of siloxanes from tertiary silanes. These reactions have similar, if not improved, reactivity over 
the same transformations using 1 or related CpFeMe(CO)2 under UV irradiation, consistent with the 
notion that hydrophosphination with 1 proceeds via formation of CpFe(CO)2•. These results demonstrate 
that catalyst selection can avail the use of commercially available LED bulbs as photon sources, 
potentially replacing mercury arc lamps or other energy intensive processes in known or new catalytic 
reactions. 
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Computational Study of Methane C–H Activation by Earth-Abundant Metal Amide/Aminyl 
Complexes 

B. M. Prince, T. R. Cundari 

Organometallics 2017, 36, 3987. 

   

Abstract 
 
Density functional theory, augmented by multiconfiguration SCF (MCSCF) simulations, was used to 
understand the factors that control methane C–H activation by Earth-abundant, 3d metal (Cr - Ni) [(κ3-
CNC)M(NH2)] complexes via hydrogen atom abstraction (HAA) and [2 + 2] pathways. Calculations 
suggest a significant amide/aminyl, i.e., [(κ3-CNC)2–M3+(NH2)−] ⇔ [(κ3-CNC)2–M2+(NH2)•], admixture in 
the electronic ground states of these complexes and thus significant unpaired electron density (radical 
character) on the NH2 ligand. The spin coupling between the aminyl radical and spin density on the 
central metal ion is interesting, particularly for the cobalt aminyl complex, in which both ferromagnetic 
and antiferromagnetic triplet states are found to be close in energy via both DFT and MCSCF methods. 
Modeled complexes are computed to have reasonable barriers to methane activation, with ΔG⧧ values 
being in approximately the upper 20s to mid 30s kcal/mol, generally decreasing toward the right in the 
3d series, which loosely tracks with spin density (radical character) on the aminyl nitrogen, a switch from 
[2 + 2] to HAA activation pathways, and more favorable thermodynamics for C–H scission. 
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Enantioselective Pd-Catalyzed Decarboxylative Allylic Alkylation of Thiopyranones. Access to 
Acyclic, Stereogenic α-Quaternary Ketones  
Eric J. Alexy, Scott C. Virgil, Michael D. Bartberger, and Brian M. Stoltz  
Org. Lett., 2017, 19 (19), 5007 

      
 
A catalytic, enantioselective decarboxylative allylic alkylation of 4-thiopyranones is reported. The α-
quaternary 4-thiopyranones produced are challenging to access by standard enolate alkylation owing 
to facile ring-opening β-sulfur elimination. In addition, reduction of the carbon–sulfur bonds provides 
access to elusive acyclic α-quaternary ketones. The alkylated products are obtained in up to 92% yield 
and 94% enantiomeric excess.  
 
A Direct Cycloaminative Approach to Imidazole Derivatives via Dual C–H Functionalization 
Sagar  
Arepally, Venkata Nagarjuna Babu, Manickam Bakthadoss, and Duddu S. Sharada 
Org. Lett., 2017, 19 (19), 5014 

 
 
Organoiodine(III)-promoted C(sp3)–H azidation was a key step for the cycloaminative process. An 
unprecedented method for metal-free dehydrogenative N-incorporation into C(sp3)–H and C(sp2)–H 
bonds for the synthesis of diverse imidazoles has been disclosed. The overall transformation involves 
the construction of four C–N bonds through hydroamination-azidation-cyclization sequence. The 
reaction can be easily handled and proceeds under mild conditions. Further, the potential of the 
present strategy is revealed by the practical synthesis of N-heterocyclic carbene (NHC) precursors. 
 
Diastereodivergent and Enantioselective Access to Spiroepoxides via Organocatalytic 
Epoxidation of Unsaturated Pyrazolones  
Sara Meninno, Angelo Roselli, Amedeo Capobianco, Jacob Overgaard, and Alessandra Lattanzi 
Org. Lett., 2017, 19 (19), 5030 

 
 

Readily available chiral amine–thioureas are effective catalysts for the first diastereo- and 
enantioselective epoxidation of unsaturated pyrazolones. The trans- or cis-spiroepoxides are 
preferentially obtained in good yield and high to excellent enantioselectivity using an appropriate 
organocatalyst and tert-butyl hydroperoxide as the oxidant. The epoxidation appears applicable to 
highly challenging β,β′-substituted unsaturated pyrazolones, giving access to spiroepoxides bearing 
two vicinal quaternary stereocenters. The reaction represents a unique example of Weitz–Scheffer 
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epoxidation, where the catalyst-controlled ring-closure step is usefully exploited to prepare both 
enantioenriched diastereomeric epoxides. 
 
Intramolecular Pd-Catalyzed Anomeric C(sp3)–H Activation of Glycosyl Carboxamides  
Nicolas Probst, Gwendal Grelier, NourEddine Ghermani, Vincent Gandon, Mouâd Alami, and Samir Messaoudi 
Org. Lett., 2017, 19 (19), 5038 

 
 

An expedient method for the synthesis of fused glycosylquinolin-2-ones and glycosylspirooxindoles 
through an unprecedented intramolecular Pd-catalyzed anomeric C–H activation of the sugar moiety 
of 2-bromophenyl glycosylcarboxamides is reported. The scope of the reaction is broad and tolerates 
a wide range of functional groups. 
 
Gold-Catalyzed Synthesis of 1-(Indol-3-yl)carbazoles: Selective 1,2-Alkyl vs 1,2-Vinyl Migration  
Anisley Suárez, Samuel Suárez-Pantiga, Olalla Nieto-Faza, and Roberto Sanz 
Org. Lett., 2017, 19 (19), 5074 

 
 

Gold(III)-catalyzed cycloisomerization of α-bis(indol-3-yl)methyl alkynols selectively affords 1-(indol-3-
yl)carbazoles, in a transformation that takes place through a selective 1,2-alkyl vs 1,2-vinyl migration 
step in the vinyl-gold intermediate generated from the initial 5-endo-spirocyclization. The reaction 
proceeds well with either tertiary or secondary starting alkynols as well as with a wide variety of alkyne 
substituents. The key role of the other indol-3-yl substituent for the unexpected selectivity in the 1,2 
rearrangement has also been supported by DFT calculations that reveal a low barrier, two-step 
mechanism in the alkyl migration path where the second indole significantly stabilizes a carbocationic 
intermediate. 
 
Direct Palladium-Catalyzed Carbonylative Transformation of Allylic Alcohols and Related 
Derivatives  
Fu-Peng Wu, Jin-Bao Peng, Lu-Yang Fu, Xinxin Qi, and Xiao-Feng Wu  
Org. Lett., 2017, 19 (19), 5474 

 
 
A direct, palladium-catalyzed, carbonylative transformation of allylic alcohols for the synthesis of β,γ-
unsaturated carboxylic acids has been developed. With formic acid as the CO source, various allylic 
alcohols were conveniently transformed into the corresponding β,γ-unsaturated carboxylic acids with 
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excellent linear and (E)-selectivity. The reaction was performed under mild conditions; toxic CO gas 
manipulation and high-pressure equipment were avoided in this procedure.  
 
Palladium-Catalyzed Synthesis of Conjugated Allenynes via Decarboxylative Coupling  
Mary K. Smith and Jon A. Tunge  
Org. Lett., 2017, 19 (20), 5497 

 
 
A new strategy to access conjugated allenynes via a decarboxylative coupling of propargyl esters of 
propiolates has been developed. In this process, allenyl-palladium intermediates are coupled with 
acetylides that are generated in situ to form the conjugated allenynes. Finally, the coupling is 
demonstrated to be highly stereospecific, providing a route to enantioenriched allenes.  
 
Ir/Zn Dual Catalysis: Enantioselective and Diastereodivergent α-Allylation of Unprotected α-
Hydroxy Indanones  
Rui He, Penglin Liu, Xiaohong Huo, and Wanbin Zhang 
Org. Lett., 2017, 19 (20), 5513 

 
 

A one-step enantioselective and diastereodivergent α-allylation of unprotected α-hydroxy indanones 
has been developed using an Ir/Zn dual catalyst system; no additional base is required. The cyclic 
tertiary α-hydroxyketones containing vicinal stereocenters can be synthesized with excellent 
enantioselectivity (up to >99% ee) and good diastereoselectivity (up to 12:1 dr). By a simple choice of 
the appropriate chiral metal catalyst combination, all four product stereoisomers could be obtained 
from the same starting materials and under identical conditions. 
 
Catalytic Efficient Nazarov Reaction of Unactivated Aryl Vinyl Ketones via a Bidentate Diiron 
Lewis Acid Activation Strategy  
Xin Zhou, Yukun Zhao, Yang Cao and Lirong He 
Adv. Synth. Catal. 2017, 359, 3325. 

 
 

A catalytic highly efficient Nazarov reaction of unactivated aryl vinyl ketones has been accomplished 
by employing aryl boric acid/Fe(OTf)3. Significant progress was obtained in utilizing an extremely 
broad substrate scope, giving indanones in high yields with high regioselectivities and 
diastereoselectivities. The mechanistic investigation supports a bidentate diiron Lewis acid catalysis, 
and the strong double electrophilic activation of aryl vinyl ketones via simultaneous coordination plays 
a key role in achieving a high reaction efficiency. 
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Catalytic Asymmetric Epoxidation of Electron-Deficient Enynes Promoted by Chiral N,N′-
Dioxide-Scandium(III) Complex 
Hang Zhang, Qian Yao, Lili Lin, Chaoran Xu, Xiaohua Liu and Xiaoming Feng 
Adv. Synth. Catal. 2017, 359, 3454. 

 
 

An asymmetric epoxidation of electron-deficient enynes with environmentally benign aqueous 
hydrogen peroxide as oxidant has been accomplished by developing a chiral N,N′-dioxide-
Scandium(III) complex catalytic system. In the presence of 0.5–2 mol% catalyst, a variety of 
trisubstituted alkynyl oxiranes were obtained in high yields (up to 97%) with excellent ee values (up to 
99%). Furthermore, control experiments provide a fundamental insight into the reaction mechanism. 
 
Palladium-Catalyzed Isocyanide Insertion with Allylic Esters: Synthesis of N-(But-2-enoyl)-N-
(tert-butyl)benzamide Derivatives via Intramolecular Acyl Transfer Termination  
Si Chen, Wan-Xu Wei, Jia Wang, Yu Xia, Yi Shen, Xin-Xing Wu, Huanwang Jing and Yong-Min Liang 
Adv. Synth. Catal. 2017, 359, 3538. 

 
 

A novel and unprecedented intramolecular acyl transfer reaction via the palladium-catalyzed insertion 
of isocyanide has been established. Isocyanides were inserted into C−O bond under mild conditions, 

using the readily available allyl ester as the starting materials. In addition, the intramolecular acyl 
transfer from the ester group oxygen atom to the isocyanide nitrogen atom afforded imide derivatives 
in moderate to excellent yields. Additionally, this transformation was validated as having operationally 
simple conditions and excellent functional group compatibility. 
 
Enantioselective Construction of Cyclopenta[b]indole Scaffolds via the Catalytic Asymmetric [3 
+ 2] Cycloaddition of 2-Indolylmethanols with p-Hydroxystyrenes  
Meng-Meng Xu, Hai-Qing Wang, Ying Wan, Shu-Liang Wang, and Feng Shi 
J. Org. Chem., 2017, 82 (19), 10226 

 
 

The catalytic asymmetric [3 + 2] cycloaddition of 2-indolylmethanols to p-hydroxystyrenes was 
established in the presence of a chiral phosphoramide, and this reaction provided chiral 
cyclopenta[b]indole scaffolds in generally high yields and with good enantioselectivities (up to 98% 
yield, 99:1 er). The control experiments demonstrated that the dual hydrogen-bonding activation mode 
of the chiral catalyst toward the two substrates played an important role in the reaction. In addition, the 
large-scale reaction indicated that this catalytic asymmetric [3 + 2] cycloaddition could be scaled up for 
the synthesis of chiral cyclopenta[b]indole derivatives. 
 

http://onlinelibrary.wiley.com/doi/10.1002/adsc.201700555/full
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201700765/full
http://pubs.acs.org/doi/10.1021/acs.joc.7b01731


Joseph Samec Research Group Digest          

 

 

Brønsted Acid Catalyzed Synthesis of Functionalized 1,4- and 1,6-Dicarbonyl Monosilyl Enol 
Ethers under Operationally Practical Conditions  
Joshua A. Malone, Joshua P. Van Houten, Moshood O. Ganiu, Binod Nepal, and Rendy Kartika 
J. Org. Chem., 2017, 82 (19), 10659 

 
 
Herein, we report an improved protocol for the concise synthesis of functionalized 1,4- and 1,6-
dicarbonyl-derived monosilyl enol ethers via ionization of α′-hydroxy silyl enol ethers to generate 
unsymmetrical silyloxyallyl cations that were subsequently captured by TBS silyl enolates. These 
transformations were efficiently performed in acetonitrile at room temperature by employing pyridinium 
triflate as a catalyst. Our new reaction conditions are operationally more practical and broaden the 
accessibility of various 1,4- and 1,6-dicarbonyl groups, which include diketone, ketoester, and 
ketothioester functionalities. 
 
Ruthenium Phosphine–Pyridone Catalyzed Cross-Coupling of Alcohols To form α-Alkylated 
Ketones  
Apurba R. Sahoo, Gummidi Lalitha, V. Murugesh, Christian Bruneau, Gangavaram V. M. Sharma, Surisetti Suresh, and Mathieu 
Achard 
J. Org. Chem., 2017, 82 (19), 10727 

 
 

An efficient and green route to access diverse functionalized ketones via dehydrogenative–

dehydrative cross-coupling of primary and secondary alcohols is demonstrated. Selective and tunable 
formation of ketones or alcohols is catalyzed by a recently developed proton responsive ruthenium 
phosphine–pyridone complex. Light alcohols such as ethanol could be used as alkylating agents in 
this methodology. Moreover, selective tandem double alkylation of isopropanol is achieved by 
sequential addition of different alcohols. 
 
Palladium-Catalyzed Aerobic Oxygenation of Allylarenes  
Chunsheng Li, Meng Li, Jianxiao Li, Jianhua Liao, Wanqing Wu, and Huanfeng Jiang 
J. Org. Chem., 2017, 82 (20), 10912 

 
 

An efficient and practical protocol for the synthesis of (E)-allylethers from readily available olefins with 
alcohols or phenols was developed. This aerobic oxidative allylic C–H oxygenation protocol features 
mild conditions, broad substrate scope, and high atom and step economy, making it a valuable and 
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convenient synthetic method. Notably, molecular oxygen is the sole oxidant in this novel 
transformation. 
 
Difluorocarbene for Dehydroxytrifluoromethylthiolation of Alcohols  
Jia-Jia Luo, Min Zhang, Jin-Hong Lin, and Ji-Chang Xiao 
J. Org. Chem., 2017, 82 (20), 11206 

 
 

Dehydroxytrifluoromethylthiolation of alcohols with a Ph3P+CF2CO2–/S8/F– system is described. 
Difluorocarbene generated from Ph3P+CF2CO2– would readily combine with elemental sulfur to furnish 
S═CF2. S═CF2 can be considered as a bifunctional intermediate, activating alcohol and providing 
scaffold for CF3S– formation, thus allowing for the convenient dehydroxytrifluoromethylthiolation of 
alcohols. 
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Fabrication, characterization, and stability of supported single-atom catalysts 

Yaxin Chen, Zhiwei Huang, Zhen Ma, Jianmin Chen and  Xingfu Tang 

Catalysis Science & Technology 2017, 7, 4250-4258 

 
 
Supported single-atom catalysts (SACs) and their catalysis have become a hot topic recently, because 
the dispersion of isolated metal atoms on support surfaces can maximize the atomic 
efficiency/economy of noble metals and the resulting SACs often possess unprecedented catalytic 
activity. More importantly, with the development of SACs, it is relatively easy for us to identify the 
nature of catalytically active sites on these catalysts and establish intrinsic reaction mechanisms. 
However, it is still a great challenge to develop thermally and chemically stable SACs by a relatively 
easy method, which is also the case for the characterization of these catalysts because that would 
need higher resolution and precision. In this minireview, we generalize the advantages of SACs, 
outline the recent progress of the fabrication, characterization, and stability of SACs, and propose that 
electronic metal–support interactions are key to the development of stable SACs with pronounced 
catalytic activity. Some directions for future research are briefly discussed. 
 
A new superacid hafnium-based metal–organic framework as a highly active heterogeneous 
catalyst for the synthesis of benzoxazoles under solvent-free conditions 

Linh H. T. Nguyen, The T. Nguyen, Ha L. Nguyen, Tan L. H. Doan and  Phuong Hoang Tran 

Catalysis Science & Technology, 2017, 7, 4346-4350  

 
 
A new crystalline porous superacid material was prepared by sulfation of a Hf-MOF constructed from a 
6-connected Hf node and 1,3,5-benzenetricarboxylate. The new superacid MOF with the presence of 
sulfate groups coordinated to a Hf-oxo cluster as superacid sites was found to be an effective 
heterogeneous catalyst for solvent-free heterocyclization for benzoxazole synthesis. 
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Formation of C–C, C–S and C–N bonds catalysed by supported copper nanoparticles  

Alexander Yu. Mitrofanov,a  Arina V. Murashkina,a  Iris Martín-García,b  Francisco Alonso*b  and  Irina P. Beletskaya 

Catalysis Science & Technology, 2017, 7, 4401-4412 

Transition-metal catalysed cross-coupling reactions are still dominated by palladium chemistry. Within 
the recent past, copper has gained ground against palladium by virtue of its cheaper price and 
equivalent function in certain reactions. Four catalysts consisting of copper nanoparticles on zeolite, 
titania, montmorillonite and activated carbon have been tested in three palladium- and ligand-free 
cross-coupling reactions to form carbon–carbon, carbon–sulfur and carbon–nitrogen bonds. 
CuNPs/zeolite has been found to be the best one in the Sonogashira reaction of aryl iodides and 
arylacetylenes, as well as in the coupling of aryl halides with aryl and alkyl thiols, being reusable in 
both cases. However, the arylation of nitrogen-containing heterocycles (imidazole, pyrazole, 
benzimidazole and indole) has been better accomplished with CuNPs/titania, albeit CuNPs/activated 
carbon showed better recycling properties. The catalytic activity of the nanostructured catalysts has 
been compared with that of twelve commercial copper catalysts, with the former outperforming the 
latter in the three types of reactions studied. 

 

Transfer hydrogenation of cinnamaldehyde with 2-propanol on Al2O3 and SiO2–Al2O3 catalysts: 
role of Lewis and Brønsted acidic sites 

Zhan-Kun Gao, Yong-Chun Hong, Zhun Hu and  Bo-Qing Xu 

Catalysis Science & Technology, 2017, 7, 4511-4519 

 

Transfer hydrogenation of α,β-unsaturated aldehyde is an important reaction (MPV reaction) for the 
synthesis of allyl alcohol because of its high selectivity for the hydrogenation of the carbonyl group. 
This reaction can proceed over many oxide catalysts but the role of acidic and basic sites on the oxide 
catalyst surface has remained an issue of debate. We report herein the catalytic data of serial Al2O3 
and SiO2–Al2O3 catalysts for the MPV reaction of cinnamaldehyde at 150 °C using 2-propanol as the 
H-donor. The surface acidity of the catalysts is adjusted by changing the calcination temperature 
between 400 and 1000 °C and quantified to correlate with the catalyst performance. Surface Lewis 
acidic sites that are poisoned by pyridine but not by hindered pyridine (lutidine) under catalyst working 
conditions are identified as the catalytic sites for the MPV reaction. Lutidine-sensitive surface Brønsted 
acidic sites, which are among the spectator sites during the MPV reaction, are shown to serve as the 
catalytic sites for cascade cross-etherification reaction between cinnamyl alcohol and 2-propanol. The 
MPV reaction is also conducted under high-pressure CO2, the results of which exclude possible 
involvement of surface basic sites during the reaction. 
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Recent advances in catalytic asymmetric synthesis of allenes  

Wen-Dao Chu, Yan Zhang  and  Jianbo Wang 

Catalysis Science & Technology, 2017, 7, 4570-4579 

 

Allene moieties with axial chirality are featured in many natural products with biological activities. They 
also serve as unique building blocks in organic synthesis and as chiral ligands/catalysts. In recent 
years, chemists have made great efforts in the synthesis of chiral allenes, in particular with asymmetric 
catalytic methods. Significant progress has been achieved, although it still remains a challenging task. 
In this minireview article, we summarize the recent advances in the catalytic asymmetric synthesis of 
allenes. 

 

An enhanced nonpolarity effect of silica-supported perfluoroalkyl sulfonylimide on catalytic 
fructose dehydration   

Hai-Juan Zhang,  Yuan Cheng, Hong Yuan, Yun Wang  and  Zhong-Hua Ma 
 
Catalysis Science & Technology, 2017, 7, 4691-4699 

 
 
–SO2NHSO2C4F9/CF3-functionalized silica was prepared. The preparation experiments introduced 
different amounts of –CH3 moieties to regulate the surface properties. Introduction of more –CH3 in the 
–SO2NHSO2C4F9 series brought about the materials' macroscopic hydrophobicity as expected, shown 
by the increased contact angle; but it was not so in the –SO2NHSO2CF3 series, which kept their 
hydrophilicity. In the application of fructose dehydration, the yields of HMF catalysed by the –C4F9-
series catalysts were 10% higher than those by the –CF3-series catalysts at the same level of –CH3 
introduced in 20% aqueous ethanol. This was due to their macroscopic hydrophobicity. However, the 
maximum amount of –CH3 introduced in both the –C4F9– and –CF3-series catalysts caused ca. 6% 
higher HMF yields, suggesting that the –CH3 moiety always promoted the dehydration. It was 
proposed that –CH3 changed the surface properties, even in the hydrophilic catalysts. This was 
confirmed by fluorescence spectrometry with pyrene as a probe molecule. An obvious enhancement of 
the surface nonpolarity in the introduction of a high amount of –CH3 was shown by the band III/I ratio 
of the spectra (0.60–0.83). The improved nonpolarity helped to repel water, both for the –C4F9– and –
CF3-series catalysts. In particular, for the –C4F9 series, their water-repellent ability was strengthened, 
and the –C4F9 group preferably repelled the produced water away from the adjacent NH site. This 
could weaken HMF rehydration at the acid site. The regulation effect of –CH3 along with the 
enhancement caused by –C4F9 thus raised the total yield of HMF to ca. 15%. The enhanced 
nonpolarity effect by perfluoroalkyl around the acid site should be interesting to design new solid acids 
with hydrophilicity–hydrophobicity balance. 

http://dx.doi.org/10.1039/C7CY01319A
http://dx.doi.org/10.1039/C7CY01340J
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Lanthanum oxycarbonate modified Cu/Al2O3 catalysts for selective hydrogenolysis of glucose 
to propylene glycol: base site requirements 

P. Yazdani, B. Wang, Y. Du, S. Kawi and  A. Borgna 

Catalysis Science & Technology, 2017, 7, 4680-4690 

 

This work reports on the base properties of La2O2CO3–Cu/Al2O3 catalysts and their effect on the 
catalyst's performance in the aqueous hydrogenolysis of glucose to propylene glycol. The catalysts 
show promising performance in glucose isomerisation, C–C bond cleavage of fructose and 
hydrogenation of the resulting fragments. The base properties of the catalyst influence the selectivity. 
More specifically, the basicity of the catalyst facilitates the isomerisation of glucose to fructose and the 
C–C bond cleavage of fructose to produce lighter products. This is evidenced by the correlation 
between the acid–base properties of the catalysts and their catalytic performance. In contrast, acid 
sites promote side reactions such as condensation reactions. Based on this study, a surface reaction 
mechanism is proposed for the first step of the tandem reactions, the isomerisation of glucose to 
fructose. The effect of the reaction time and temperature on the product distribution was investigated 
to get more insight into the reaction pathways. In this regard, the conversion of intermediates was also 
investigated. Then, a reaction mechanism was proposed based on the findings of this study and 
previous works. 
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A broadly tunable synthesis of linear α-olefins 

Andreas Gollwitzer, Thomas Dietel, Winfried P. Kretschmer & Rhett Kempe 

Nature Communications 8, 2017, 1226 

The catalytic synthesis of linear α-olefins from ethylene is a technologically highly important reaction. 
A synthesis concept allowing the formation of selective products and various linear α-olefin product 
distributions with one catalyst system is highly desirable. Here, we describe a trimetallic catalyst 
system (Y–Al–Ni) consisting of a rare earth metal polymerization catalyst which can mediate 
coordinative chain transfer to triethylaluminum combined with a simultaneously operating nickel β-
hydride elimination/transfer catalyst. This nickel catalyst displaces the grown alkyl chains forming 
linear α-olefins and recycles the aluminum-based chain transfer agent. With one catalyst system, we 
can synthesize product spectra ranging from selective 1-butene formation to α-olefin distributions 
centered at 850 gmol−1 with a low polydispersity. The key to this highly flexible linear α-olefin synthesis 
is the easy tuning of the rates of the Y and Ni catalysis independently of each other. The reaction is 
substoichiometric or formally catalytic regarding the chain transfer agent. 

 

Aromatic C-H addition of ketones to imines enabled by manganese catalysis 

Bingwei Zhou, Yuanyuan Hu, Ting Liu & Congyang Wang 

Nature Communications 8, 2017, 1169 

Selectivity control of varied C–H bonds in a complex molecule is a long-standing goal and still a great 
challenge in C–H activation field. Most often, such selectivity is achieved by the innate reactivity of 
different C–H bonds. In this context, the classic Mannich reaction of acetophenone derivatives and 
imines is ascribed to the more reactive C(sp3)–H bonds α to the carbonyl, with the much less reactive 
aromatic C(sp2)–H bonds remaining intact. Herein we report an aromatic C(sp2)–H addition of ketones 
to imines enabled by manganese catalysis, which totally reverses the innate reactivity of C–H bonds α 
to the carbonyl and those on the aromatic ring. Diverse products of ortho-C–H aminoalkylated ketones, 
cyclized exo-olefinic isoindolines, and three-component methylated isoindolines can be successfully 
accessed under mild reaction conditions, which significantly expands the synthetic utilities of ketones 
as simple bulk chemicals. 
 
 

External oxidant-free electrooxidative [3 + 2] annulation between phenol and indole derivatives 

Kun Liu, Shan Tang, Pengfei Huang & Aiwen Lei 

Nature Communications 8, 2017, 775 

Intermolecular [3 + 2] annulation is one of the most straightforward approaches to construct five 
membered heterocycles. However, it generally requires the use of functionalized substrates. An ideal 
reaction approach is to achieve dehydrogenative [3 + 2] annulation under oxidant-free conditions. Here 
we show an electrooxidative [3 + 2] annulation between phenols and N-acetylindoles under undivided 
electrolytic conditions. Neither external chemical oxidants nor metal catalysts are required to facilitate 
the dehydrogenation processes. This reaction protocol provides an environmentally friendly way for the 
selective synthesis of benzofuroindolines. Various N-acetylindoles bearing different C-3 and C-2 
substituents are suitable in this electrochemical transformation, furnishing corresponding 
benzofuroindolines in up to 99% yield. 

http://dx.doi.org/10.1038/s41467-017-01507-2
http://dx.doi.org/10.1038/s41467-017-01262-4
http://dx.doi.org/10.1038/s41467-017-00873-1
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Organic long persistent luminescence 

Ryota Kabe and Chihaya Adachi 

Nature 2017, 550, 384. 
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Abstract 

Long persistent luminescence (LPL) materials—widely commercialized as ‘glow-in-the-dark’ paints—
store excitation energy in excited states that slowly release this energy as light1. At present, most LPL 
materials are based on an inorganic system of strontium aluminium oxide (SrAl2O4) doped with 
europium and dysprosium, and exhibit emission for more than ten hours. However, this system 
requires rare elements and temperatures higher than 1,000 degrees Celsius during fabrication, and 
light scattering by SrAl2O4 powders limits the transparency of LPL paints. Here we show that an 
organic LPL (OLPL) system of two simple organic molecules that is free from rare elements and easy 
to fabricate can generate emission that lasts for more than one hour at room temperature. Previous 
organic systems, which were based on two-photon ionization, required high excitation intensities and 
low temperatures. By contrast, our OLPL system—which is based on emission from excited 
complexes (exciplexes) upon the recombination of long-lived charge-separated states—can be excited 
by a standard white LED light source and generate long emission even at temperatures above 100 
degrees Celsius. This OLPL system is transparent, soluble, and potentially flexible and colour-tunable, 
opening new applications for LPL in large-area and flexible paints, biomarkers, fabrics, and windows. 
Moreover, the study of long-lived charge separation in this system should advance understanding of a 
wide variety of organic semiconductor devices.

 

http://www.nature.com/nature/journal/v550/n7676/full/nature24010.html
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The art of empty space 

Nicholas A. Kotov 

Science  2017, (358) 6362, 448. 
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Abstract 
 
Porous metals, semiconductors, and ceramics are widely used in optoelectronics, biological sensing, 
catalysis, and energy conversion and storage. Materials with pore diameters ranging from less than a 
nanometer to a few nanometers include zeolites (1), metalorganic frameworks (2), supramolecular 
coordination frameworks (3), and DNA lattices (4). Alternatively, colloidal crystals can be used to create 
micrometer-scale pores. However, voids that are several nanometers to several tens of nanometers in 
size make atomic lattices unstable and often collapse; such materials are therefore difficult to synthesize. 
On page 514 of this issue, Udayabhaskararao et al. (5) report a method for engineering primarily two-
dimensional and, in some instances, three-dimensional materials that have regular nanometer-scale 
spaces between 5 and 25 nm and do not collapse. 
 

 

http://science.sciencemag.org/content/358/6362/448
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Solvation and Dynamics of Sodium and Potassium in Ethylene Carbonate from ab Initio 
Molecular Dynamics Simulations 

Tuan Anh Pham, Kyoung E. Kweon, Amit Samanta, Vincenzo Lordi, and John E. Pask 

J. Phys. Chem. C 2017, 121 (40), 21913. 
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Abstract 
 
The development of sodium and potassium batteries offers a promising way to meet the scaling and 
cost challenges of energy storage. However, compared to Li+, several intrinsic properties of Na+ and 
K+, including their solvation and dynamics in typical organic electrolytes utilized in battery applications, 
are less well-understood. Here, we report a systematic investigation of Na+ and K+ in ethylene 
carbonate (EC) using first-principles molecular dynamics simulations. Our simulations reveal significant 
differences in the solvation structure and dynamical properties of Na+ and K+ compared to Li+. We find 
that, in contrast to Li+ which exhibits a well-defined first solvation shell, the larger Na+ and K+ ions show 
more disordered and flexible solvation structures. These differences in solvation were found to 
significantly influence the ion dynamics, leading to larger diffusion coefficients of Na+ and K+ compared 
to Li+. Our simulations also reveal a clear and interesting analog in the behavior of the ions in EC and 
aqueous environments, particularly in the specific ion effects on the solvent dynamics. This work 
provides fundamental understanding of the intrinsic properties of Na+ and K+ in organic electrolytes, 
which may ultimately influence the intercalation mechanism at the electrode–electrolyte interface and 
therefore battery performance, lifetime, and safety. 
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Atomistic Simulation Protocol for Improved Design of Si–O–C Hybrid Nanostructures as Li-Ion 
Battery Anodes: ReaxFF Reactive Force Field 

Byung Chul Yeo, Hyun Jung, Hong Woo Lee, Kang-Seop Yun, Hyungjun Kim, Kwang-Ryeol Lee, and Sang Soo Han 

 J. Phys. Chem. C 2017, 121 (42), 23268. 
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Abstract 
 
Recently, silicon–oxygen–carbon hybrid nanostructures have received great attention as a promising 
anode material for Li-ion batteries, for which their diverse structures can be synthesized. Here, using 
molecular dynamics (MD) simulations with a reactive force field (ReaxFF), we studied the atomistic 
lithiation behaviors of sp2 carbon-coated Si and SiOx nanostructures, such as nanowires (NWs) and 
nanoparticles (NPs), in which various kinds and sizes of carbonaceous coating layers were explored. 
The introduction of an sp2 carbonaceous coating layer to Si-based anodes makes Li diffusion more facile, 
which leads to improved battery performances such as faster charge/discharge rates. Moreover, the 
carbonaceous coating layer can also provide a buffer effect to volume changes during lithiation along 
with the well-known functions of preventing the loss of electrical continuity and increasing electrical 
conductivity of Si-based anodes. However, a thick carbonaceous coating layer can strongly suppress 
the volume expansion behavior of Si-based nanostructures and thus prevent Li penetration into the 
nanostructures, leading to a very low Li capacity. According to our ReaxFF-MD simulations, the critical 
size of the carbonaceous coating layer that can act as a buffer layer is approximately C/Si = 2.4, which 
is the circumference ratio of the carbonaceous coating layer over the Si NWs. For a coating layer that 
has a higher ratio, Li cannot penetrate into the Si NWs; instead, they exist only on and in the sp2 coating 
layers including in the spaces between two graphene layers. Moreover, the shape of the Si 
nanostructures (e.g., NW and NP) does little to affect the anode properties, such as Li capacity and 
volume change, although Si NP confined in a carbon nanotube shows anisotropic volume expansion 
behavior during lithiation. We expect that the ReaxFF will provide a useful protocol for designing Si–O–
C hybrid anodes to obtain better performing Li-ion batteries. 

 

http://pubs.acs.org/doi/10.1021/acs.jpcc.7b07095
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Characterizing Chemical Similarity with Vibrational Spectroscopy: New Insights into the 
Substituent Effects in Monosubstituted Benzenes 

Yunwen Tao, Wenli Zou , Dieter Cremer , and Elfi Kraka 

 J. Phys. Chem. A. 2017, 121 (42), 8086. 
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Abstract 
 
A novel approach is presented to assess chemical similarity based the local vibrational mode analysis 
developed by Konkoli and Cremer. The local mode frequency shifts are introduced as similarity 
descriptors that are sensitive to any electronic structure change. In this work, 59 different 
monosubstituted benzenes are compared. For a subset of 43 compounds, for which experimental data 
was available, the ortho-/para- and meta-directing effect in electrophilic aromatic substitution reactions 
could be correctly reproduced, proving the robustness of the new similarity index. For the remaining 16 
compounds, the directing effect was predicted. The new approach is broadly applicable to all 
compounds for which either experimental or calculated vibrational frequency information is available. 
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Atomistic Simulation Protocol for Improved Design of Si–O–C Hybrid Nanostructures as Li-Ion 
Battery Anodes: ReaxFF Reactive Force Field 

J. A. Greathouse, R. T. Cygan, J. T. Fredrich, and G. R. Jerauld 

 J. Phys. Chem. C 2017, 121 (41), 22773. 
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Abstract 
 
Molecular simulations of the adsorption of representative organic molecules onto the basal surfaces of 
various clay minerals were used to assess the mechanisms of enhanced oil recovery associated with 
salinity changes and water flooding. Simulations at the density functional theory (DFT) and classical 
levels provide insights into the molecular structure, binding energy, and interfacial behavior of saturate, 
aromatic, and resin molecules near clay mineral surfaces. Periodic DFT calculations reveal binding 
geometries and ion pairing mechanisms at mineral surfaces while also providing a basis for validating 
the classical force field approach. Through classical molecular dynamics simulations, the influence of 
aqueous cations at the interface and the role of water solvation are examined to better evaluate the 
dynamical nature of cation–organic complexes and their coadsorption onto the clay surfaces. The extent 
of adsorption is controlled by the hydrophilic nature and layer charge of the clay mineral. All organic 
species studied showed preferential adsorption on hydrophobic mineral surfaces. However, the anionic 
form of the resin (decahydro-2-naphthoic acid), expected to be prevalent at near-neutral pH conditions 
in petroleum reservoirs, readily adsorbs to the hydrophilic kaolinite surface through a combination of 
cation pairing and hydrogen bonding with surface hydroxyl groups. Analysis of cation–organic pairing in 
both the adsorbed and desorbed states reveals a strong preference for organic anions to coordinate 
with divalent calcium ions rather than monovalent sodium ions, lending support to current theories 
regarding low-salinity water flooding. 
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