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Glycerol as a sustainable solvent for green chemistry
Yanlong Gu* and Frangois Jérome*

This review summarizes the background, aspects and beneficial effects
of using glycerol as a green solvent for organic syntheses, catalysis,
biocatalysis and materials chemistry.

green solvents

1139

Deep desulfurization of diesel fuel using ionic liquids:
current status and future challenges

Prashant S. Kulkarni* and Carlos A. M. Afonso

Alternate strategies for deep desulfurization of diesel fuel are necessary
to meet new legislation standards. The present review focuses on the
state-of-the-art desulfurization technologies using ionic liquids with
comments on future challenges and outlook.

Ultra-low-sulfur-diesel
(10 ppm Sulfur Maximum)
by
lonic Liquid Technology ?

This journal is © The Royal Society of Chemistry 2010

Green Chem., 2010,12,1115-1126 | 1115


http://dx.doi.org/10.1039/C0GC90013C

Downloaded on 24 November 2010
Published on 01 July 2010 on http://pubs.rsc.org | doi:10.1039/COGC90013C

EDITORIAL STAFF

Editor

Sarah Ruthven

Deputy editor

Kathleen Too

Senior publishing editor

Elinor Richards

Publishing editors

Mary Badcock, David Barden, Emma Eley, David Parker,
Cara Sutton, Michael Townsend

Publishing assistants
Anna Anderson, Jackie Cockrill

Publisher
Emma Wilson

For queries about submitted articles please contact
Elinor Richards, Senior publishing editor, in the first
instance. E-mail green@rsc.org

For pre-submission queries please contact
Sarah Ruthven, Editor. E-mail green-rsc@rsc.org

Green Chemistry (print: ISSN 1463-9262; electronic:ISSN
1463-9270) is published 12 times a year by the Royal Society
of Chemistry, Thomas Graham House, Science Park,

Milton Road, Cambridge, UK CB4 OWF.

All orders, with cheques made payable to the

Royal Society of Chemistry, should be sent to RSC
Distribution Services, c/o Portland Customer Services,
Commerce Way, Colchester, Essex, UK CO2 8HP.

Tel +44 (0)1206 226050; E-mail sales@rscdistribution.org

2010 Annual (print + electronic) subscription price: £1078;
US$2013.2010 Annual (electronic) subscription price:
£970; US$1811. Customers in Canada will be subject to a
surcharge to cover GST. Customers in the EU subscribing to
the electronic version only will be charged VAT.

If you take an institutional subscription to any RSC journal
you are entitled to free, site-wide web access to that journal.
You can arrange access via Internet Protocol (IP) address

at www.rscorg/ip. Customers should make payments by
cheque in sterling payable on a UK clearing bank or in US
dollars payable on a US clearing bank. Periodicals postage
paid at Rahway, NJ, USA and at additional mailing offices.
Airfreight and mailing in the USA by Mercury Airfreight
International Ltd., 365 Blair Road, Avenel, NJ 07001, USA.

US Postmaster: send address changes to Green Chemistry,
c/o Mercury Airfreight International Ltd,, 365 Blair Road,
Avenel, NJ 07001. All despatches outside the UK by
Consolidated Airfreight.

Advertisement sales: Tel +44 (0) 1223 432246;
Fax +44 (0) 1223 426017; E-mail advertising@rsc.org

For marketing opportunities relating to this journal,
contact marketing@rsc.org

Green Chemistry

Cutting-edge research for a greener sustainable future

www.rsc.org/greenchem

Green Chemistry focuses on cutting-edge research that attempts to reduce the environmental impact
of the chemical enterprise by developing a technology base that is inherently non-toxic to living things

and the environment.

EDITORIAL BOARD

Chair
Professor Martyn Poliakoff,
Nottingham, UK

Scientific Editor

Professor Walter Leitner,
RWTH-Aachen, Germany

Associate Editor
Professor C. J. Li,
McGill University, Canada

ADVISORY BOARD

Tad Adschiri, Tohoku University, Japan

Yonas Chebude, Addis Ababa
University, Ethiopia

Cinzia Chiappe, University of Pisa,
Italy

James Clark, York University, UK

Avelino Corma, Universidad
Politecnica de Valencia, Spain

Robert H Crabtree, Yale University,
USA

Pierre Dixneuf, University of Rennes,
France

Alexey M. Egorov, Moscow State
University, Russia

Roald Hoffmann, Cornell University,

Members
Professor Paul Anastas,
Yale University, USA
Professor Joan Brennecke,
University of Notre Dame, USA
Dr Peter Dunn, Pfizer, UK
Professor Mike Green,
Newcastle University, UK

Istvan Horvath, City University of
Hong Kong, Hong Kong

Graham Hutchings, Cardiff University,
UK

Philip Jessop, Queen’s University,
Canada

Kyoko Nozaki, University of Tokyo,
Japan

Sang-Eon Park, Inha University,
Korea

Alvise Perosa, Universita Ca Foscari,
Italy

Colin Raston, University of Western
Australia, Australia

Robin Rogers, University of Alabama,

View Online

Professor Buxing Han,
Chinese Academy of Sciences,
China

Professor Shu Kobayashi,
University of Tokyo, Japan

Professor Steven Ley,
Cambridge, UK

Professor Tom Welton,
Imperial College, UK

Gadi Rothenberg, University of
Amsterdam, The Netherlands

Janet Scott, JLS Chem Consult Ltd, UK

Ken Seddon, Queen’s University,
Belfast, UK

Roger Sheldon, Delft, The Netherlands

Christian Stevens, Ghent Univesity,
Belgium

Barry M. Trost, Stanford University,
USA

Peter Wasserscheid,
Friedrich-Alexander Universitdt
Erlangen-Nurnberg, Germany

Richard Wool, University of Delaware,
USA

USA USA

INFORMATION FOR AUTHORS

Full details on how to submit material for publication in
Green Chemistry are given in the Instructions for Authors
(available from http://www.rsc.org/authors). Submissions
should be made via the journal's homepage: http://www.
rsc.org/greenchem.

Authors may reproduce/republish portions of their
published contribution without seeking permission
from the RSC, provided that any such republication is
accompanied by an acknowledgement in the form:
(Original Citation)-Reproduced by permission of
The Royal Society of Chemistry.

This journal is © The Royal Society of Chemistry 2010.
Apart from fair dealing for the purposes of research or
private study for non-commercial purposes, or criticism or
review, as permitted under the Copyright, Designs and

Patents Act 1988 and the Copyright and Related Rights
Regulation 2003, this publication may only be reproduced,
stored or transmitted, in any form or by any means, with the
prior permission in writing of the Publishers or in the case
of reprographic reproduction in accordance with the terms
of licences issued by the Copyright Licensing Agency in the
UK. US copyright law is applicable to users in the USA.

The Royal Society of Chemistry takes reasonable care in the
preparation of this publication but does not accept liability
for the consequences of any errors or omissions.

@ The paper used in this publication meets the
requirements of ANSI/NISO 739.48-1992

(Permanence of Paper).

Royal Society of Chemistry: Registered Charity No. 207890.


http://dx.doi.org/10.1039/C0GC90013C

Downloaded on 24 November 2010
Published on 01 July 2010 on http://pubs.rsc.org | doi:10.1039/COGC90013C

COMMUNICATIONS

View Online

1150

Catalytic production of hydrogen from glucose and other
carbohydrates under exceptionally mild reaction conditions

N. Taccardi, D. Assenbaum, M. E. M. Berger, A. Bosmann,
F. Enzenberger, R. Wolfel, S. Neuendorf, Volker Goeke,

N. Schodel, H. -J. Maass, H. Kistenmacher and

P. Wasserscheid*

Glucose

[(p-Cymene)RuCl, ],
TMEDA

[BusP][CH;PO,(OH)]
180°C

mo H OH
Tonic liquids dissolve biogenic feedstock like cellulose, which can be used TN o Ho up to 31% yield
to produce hydrogen. The biomass thermally decomposes to formic acid I < T > TN via HCOOH
that is catalytically transformed to hydrogen and CO,. " Cellulose ! B
1157
Highly recyclable, imidazolium derived ionic liquids of low /7N come
NN - low toxicity

antimicrobial and antifungal toxicity: A new strategy for
acid catalysis

Lauren Myles, Rohitkumar Gore, Marcel Spulék,
Nicholas Gathergood* and Stephen J. Connon*

Imidazolium derived catalysts have been developed which are aprotic
and of low antimicrobial and antifungal toxicity, yet which can act as
efficient Bronsted acidic catalysts in the presence of protic additives.
These can be utilised at low loadings and can be recycled repeatedly.

g

- - acidity controllable
BF, S/> in an "on-off" fashion
- active in acetalisation-,
ﬂ. S thiolane- and dithiolane-
HSCH:CH:SH protection reactions
(1.1 equiv.),
THF, rt, 24 h

-yields ca. 90%
- recyclable 15 times
without loss of activity

1163

Direct synthesis of hydrogen peroxide on palladium catalyst
supported on sulfonic acid-functionalized silica

Gema Blanco-Brieva, M. Pilar de Frutos Escrig,
Jose M. Campos-Martin and Jose L. G. Fierro*

Direct synthesis of H,O, has been successfully achieved at
high-concentration and high selectivity at realistic reaction temperatures
(313 K) on Pd-loaded sulfonic acid-functionalized silica using
non-acidic solutions.

1167

TiO,-supported Rh nanoparticles: From green catalyst
preparation to application in arene hydrogenation in neat
water

Claudie Hubert, Audrey Denicourt-Nowicki,*
Patricia Beaunier and Alain Roucoux*

TiO,-supported Rh(0) nanoparticles were synthesized by an easy
method under mild conditions in neat water. The characterized materials
with sizes between 3—4 nm proved to be highly active catalysts for arene
hydrogenation in water with TOFs up to 33333 h'.

e o
@
% .
®
i 4 TiO,
# CATALYSIS
4 INNEAT H,0
L4 IMPREGNATION
o

TiO,-supported Rh{0)
nanoparticles

Aqueous suspension of
Rh(0) nanoparticles
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A green procedure for the regio- and chemoselective
hydrophosphonylation of unsaturated systems using CaO
under solventless conditions

Elisa Martinez-Castro, Oscar Lopez, Inés Maya,
José G. Fernandez-Bolanos* and Marino Petrini*

Regioselectivity in the CaO-promoted nucleophilic addition of diethyl
phosphite to o,B-unsaturated systems follows a definite trend depending
on the nature of the substituent on carbonyl.

1175

Q

Nanosized luminescent superparamagnetic hybrids

Cameron W. Evans, Colin L. Raston and
K. Swaminathan Iyer*

We demonstrate an aqueous self-assembly route to fabricate
nanohybrids combining cadmium telluride quantum dots and magnetite
nanoparticles. The resulting nanocomposite displays both
photoluminescence and superparamagnetic behaviour.

1180
¢ IL.PdX Development of safe and scalable continuous-flow methods
RCH,OH + 1/2 0, -2 [P _ peHO + H,0 . e er . .
2 2 for palladium-catalyzed aerobic oxidation reactions
N . . .
RCH,OH 2 Xuan Ye, Martin D. Johnson,* Tianning Diao,
cat Matthew H. Yates* and Shannon S. Stahl*
[LoPdXe] RCHO A continuous flow reactor has been developed for the application of
H,0 Pd-catalyzed aerobic oxidation reactions in process-scale
Tube reactor cat. [LnPdX] pharmaceutical synthesis.
SAFE AND SCALABLE PROCESS
O2/N, FOR AEROBIC OXIDATION
1187

Hydrogels formed through regulated self-organization of
gradually charging chitosan in solution of xanthan

Yury Shchipunov,* Sergei Sarin, I1 Kim and Chang-Sik Ha

Monolithic hydrogels or capsules are formed through the electrostatic
interactions of anionic polysaccharide with chitosan that are gradually
charged in the course of a progressive pH decrease by chemical
acidulant.
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This journal is © The Royal Society of Chemistry 2010


http://dx.doi.org/10.1039/C0GC90013C

Downloaded on 24 November 2010
Published on 01 July 2010 on http://pubs.rsc.org | doi:10.1039/COGC90013C

PAPERS

View Online

1196

Polyether-substituted thiazolium ionic liquid catalysts — a
thermoregulated phase-separable catalysis system for the
Stetter reaction

Fengli Yu, Ruili Zhang, Congxia Xie* and Shitao Yu

A novel thermoregulated phase-separable catalysis (TPSC) system of a
polyether-substituted thiazolium ionic liquid catalyst has been
developed for resolving the problems associated with separation and
reuse of Stetter catalysts.

Cts g CoHs

\ .o
S) Br

CH3(OCH,CHy),,

1201

Production of biobased HMF derivatives by reductive
amination

Ana Cukalovic and Christian V. Stevens*

A simple procedure for the conversion of HMF to (5-alkyl- and
S-arylaminomethyl-furan-2-yl)methanol has been developed. Reactions
were conducted without the use of a catalyst and under very mild
conditions.

UG ST P

1207

Green synthesis of chitosan-based nanofibers and their
applications

Lei Qian and Haifei Zhang*

Chitosan-based nanofibers are produced by a freeze-drying method and
then used for the preparation of hybrid nanofibers, the adsorption of

Cu?* from aqueous solutions, and the controlled release of Rhodamine ? " 9“’"’/0
B and bovine serum albumin at 50 wt % loading (@) and 100 wt % ; =5 —
loading (O). Ft

HRY

i Mo

Time (min)

1215
Effect of CO, on conversion of inulin to HO~ o HO 0y OH
5-hydroxymethylfurfural and propylene oxide to Hﬂc% Q.
1,2-propanediol in water Moo, [ . o 9
Suxiang Wu, Honglei Fan, Ye Xie, Yan Cheng, Qian Wang, o 8”2 n "o CH2 m  water \_/
Zhaofu Zhang and Buxing Han* c ) i )i 5-HMF
CO, can enhance the conversion of inulin to 5-hydroxymethylfurfural OH inulin
(5-HMF) and of propylene oxide (PO) to 1,2-propanediol (1,2-PDO) in o GO, HO  OH

water.
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Green Chem., 2010,12,1115-1126 | 1119


http://dx.doi.org/10.1039/C0GC90013C

Downloaded on 24 November 2010
Published on 01 July 2010 on http://pubs.rsc.org | doi:10.1039/COGC90013C

The aim of the conference is to highlight innovative concepts for
the substitution of volatile organic solvents in solution phase
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Extraction and oxidative desulfurization of diesel fuel
catalyzed by a Brensted acidic ionic liquid at room
temperature

Hongshuai Gao, Chen Guo,* Jianmin Xing, Junmei Zhao
and Huizhou Liu*

The Bronsted acidic IL [BMIM][HSO,] can be used as extractant and
catalyst for desulfurization of diesel at room temperature. This process is
simple, mild, and may be a complementary technology for the HDS
process.

[ Oil phase ]

l

[ lonic liquid phase ]

_ HO,
[BMIMIHSO,]

1225

Transition metal catalyzed oxidation of Alcell lignin, soda
lignin, and lignin model compounds in ionic liquids

Joseph Zakzeski, Anna L. Jongerius and
Bert M. Weckhuysen*

Lignin was dissolved in 1-ethyl-3-methylimidazolium diethylphosphate
and oxidized using cobalt catalysts and molecular oxygen under mild
conditions. Catalytic activity was elucidated using ATR-IR spectroscopy
and by examining the reactivity of lignin model compounds.

0,
- .

CoCl,

EMIM DEP

1237

Synthesis of 1,2-disubstituted benzimidazoles, 2-substituted
benzimidazoles and 2-substituted benzothiazoles in SDS
micelles

Kiumars Bahrami,* Mohammad M. Khodaei* and
Akbar Nejati

A practical and convenient synthetic method has been developed for the
facile synthesis of 1,2-disubstituted benzimidazoles, 2-substituted
benzimidazoles and 2-substituted benzothiazoles.

H,0
H,0 ?? 2
H,0

H,0 _(OH)S0

1,0
H,0
H,0

no
2 H,0

@» = Aryl aldehyde
@ = | 2-Phenylenediamine derivative
@ =2-Aminothiophenol

= AANAAAC0SOsNa

H,0

H,0

H,0 10

@ = |.2-Disubstituted benzimidazole
@» = 2-Substituted benzimidazole
@ = 2-Substituted benzothiazole

1242

Tandem production of levan and ethanol by microbial
fermentation

Ing-Lung Shih,* Li-Dar Chen, Tsaur-Chin Wang,
Jane-Yii Wu and Kuo-Shen Liaw

This process is green and eco-friendly in that sucrose substrate was fully
utilized, two invaluable biomaterials (levan and ethanol) were produced
and the amount of organic solvent for levan recovery was dramatically
reduced.

R
i

it
Iy
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Green synthesis of tunable Cu(In;_, Ga,)Se, nanoparticles
using non-organic solvents
Layla Al Juhaiman, Ludmila Scoles, David Kingston,

Bussaraporn Patarachao, Dashan Wang and
Farid Bensebaa*

Microwave synthesis setup used for aqueous-based synthesis of
Cu(In,Ga,_,)Se, nanoparticles.

1253

A two-step approach for the catalytic conversion of glucose
to 2,5-dimethylfuran in ionic liquids

Dehydration

O OH
12-MPA, EMIMCI-CH3CN
- R AV S RLLLL 3§
o OH Conversion 99% (o)

OH

Hydrogenation

Conversion 47% ©

Mandan Chidambaram and Alexis T. Bell* Glucose S ety oo T
12-Molybdophosphoric acid (12-MPA) enabled quantitative conversion
of glucose into 5-hydroxymethylfurfural (HMF) in an ionic
liquid-acetonitrile mixture and 2,5-dimethylfuran, a promising fuel
additive, could be produced by hydrogenation of HMF in the same
solvent system using carbon-supported Pd.
1263
Multi-scale simulation of the 1,3-butadiene extraction "u’,""f‘;“le S;’“’i“‘ Prj{”“}

o Ok R ap vy 7V x P
Separatlon process Wlth an ionic llqlnd addltlve ab initio QC QC CSM GC Modef' process simulation
Xiz}o Tian, Xiangpil'l'g Zhang,* Lu Wei, Shaojuan Zeng, = : —
Lei Huang and Suojiang Zhang* » - g —

L E (N

A multi-scale simulation method is proposed to enable screening of ionic O » L
liquids as entrainers in extractive distillation, and its feasibility was Gaussian03/Turbomole COSMORS UNIFAC ASPEN plus

validated by the 1,3-butadiene production process with acetonitrile.

1274

Extraction of polysaccharides from bran with phosphonate
or phosphinate-derived ionic liquids under short mixing
time and low temperature

Mitsuru Abe, Yukinobu Fukaya and Hiroyuki Ohno

The extraction of polysaccharides, mainly cellulose, from bran was
carried out under mild conditions and a short treatment time with
phosphonate or phosphinate-derived ionic liquids.

This journal is © The Royal Society of Chemistry 2010
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Highly active and selective supported iron oxide
nanoparticles in microwave-assisted V-alkylations of
N Non 0 / Cat-H . i i
D RO/\ Oﬂ —<\__\? - @AR—Q amines with alcohols

Base (promoter)

hydrogenation

H,0

Camino Gonzalez-Arellano, Kenta Yoshida, Rafael Luque*
and Pratibha L. Gai

Ironing your chemistry: the efficient microwave-assisted N-alkylation of
amines with benzyl alcohols can be performed using supported iron
oxide nanoparticles on mesoporous materials via a hydrogen
autotransfer process.

1288

Q

y-terpinene
Up to 99% yield (selectivity > 99%) within 5 min!

Variation of chemical (oxideﬂ-ﬂt, oxidant-to-substrate ratio)
and technical parameters (rotation frequency, number of

milling balls, diameter of milling balls)

»

iy,

— "1 >

- p-cymene

Solvent-free dehydrogenation of y-terpinene in a ball mill:
investigation of reaction parameters

Tony Szuppa, Achim Stolle,* Bernd Ondruschka and
Wieland Hopfe

A solvent-free dehydrogenation reaction in a ball mill is used to assess
chemical and technical variables for this reaction model. Experiments
revealed that KMnO, can be replaced by less hazardous oxidants
(NalO,, Oxone®), retaining excellent selectivity.

1295
) . A — Dehydrogenation of glycerol to dihydroxyacetone catalyzed
OH [} 0] OH ] (o] T . .
D [H o i J - Ho_J_ o HO%OHW o, by iridium con?plexes wvlth P-N llgfmds |
L , S Corrado Crotti, Jan KaSpar and Erica Farnetti*
RPR
Glycerol transfer dehydrogenation to dihydroxyacetone is catalyzed by
/ _ N [Ir(o,n*-CsH,3)(PNP)] (PNP = Pr'-N(CH,CH,PPh,),) without a basic
n-PFr—— . .
> cocatalyst; the occurrence of acceptor-less glycerol dehydrogenation is
= i also demonstrated.
@
o J
1301
o mso MO An E-factor minimized protocol for the preparation of

SolFC,60°C,3 h

T ol
, : P
2. Dowex-H (20 mol%) A’)><Lk°

SolFC,30°C,5h

A7 H Y NP o7

fac  2(12equv) P Overall yield:
50 mmol : 3a 90% (12.6 g)
1a =24- (OMe)205H3 3b 85% (9.4 g)

1b = CeH ?
1c = 3-OMe- CoHy 3¢ 94% (10.19)

* flow selector
# purge valve
* air/solvent valve

methyl B-hydroxy esters

Francesco Fringuelli, Daniela Lanari, Ferdinando Pizzo and
Luigi Vaccaro*

An automated protocol for the Mukaiyama aldol reaction on a cyclic
continuous-flow reactor allowed minimization of the waste production.

1124 | Green Chem.,2010,12,1115-1126
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Synthesis of dithiocarbamate by Markovnikov addition o Jig J\O/\

reaction in aqueous medium

CNH + Cs, *+ AN —— N S

Azim Ziyaei Halimehjani, Katayoun Marjani and

Akram Ashouri

Highly efficient, one-pot and three component reactions of amines and
carbon disulfide with alkyl vinyl ethers via Markovnikov addition
reaction were carried out in water under a mild and green procedure
with excellent yields and complete regiospecificity.
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Ruthenium-catalyzed estragole isomerization: high MeoO Ru  MeO o

trans-selective formation of anethole _ I Ry
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Beatriz Lastra-Barreira and Pascale Crochet* up to 99% selectiviyy cu/ PR;

in trans-isomer

Rapid and fully-selective access to trans-anethole is described.
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This is the first single-author book on ionic liquids and the first introductory book on the topic.
An Introduction to lonic Liquids is written in a clear, concise and consistent way and provides a
useful introduction to ionic liquids for those readers who are not familiar with the topic. It is also
wide ranging, embracing every aspect of the chemistry and applications of ionic liquids. The
book draws extensively on the primary scientific literature to provide numerous examples of
research on ionic liquids. These examples will enable the reader to become familiar with the key
developments in ionic liquids chemistry over recent years.

Science students, researchers, teachers in academic institutions and chemists and other scientists
in industry and government laboratories will find the book an invaluable introduction to one of
the most rapidly advancing and exciting fields of science and technology today.
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