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The following Communications have been judged by at least two referees to be “very
important papers” and will be published online at www.angewandte.org soon:

F. Akagi, T. Matsuo, H. Kawaguchi*
Dinitrogen Cleavage by a Diniobium Tetrahydride Complex:
Formation of a Nitride and Its Conversion to Imide Species

J.-H. Jang, D. Dendukuri, T. A. Hatton, E. L. Thomas,* P. S. Doyle*
A Route to Three-Dimensional Structures in a Microfluidic
Device: Stop-Flow Interference Lithography

Y. Zhao, A. W. Mitra, A. H. Hoveyda,* M. L. Snapper*
Kinetic Resolution of 1,2-Diols through Highly Site- and
Enantioselective Catalytic Silylation

X. Wang, L. Andrews,* S. Riedel, M. Kaupp*
Mercury is a Transition Metal: The First Experimental Evidence
for HgF4

R. Srivastava, P. Mani, N. Hahn, P. Strasser*
Efficient Oxygen Reduction Fuel Cell Electrocatalysis on
Voltammetrically De-alloyed Pt-Cu-Co Nanoparticles

J.-J. Cid, J.-H. Yum, S.-R. Jang, M. K. Nazeeruddin*,
E. Mart0nez-Ferrero, E. Palomares, J. Ko, M. Gr2tzel, T. Torres*
Molecular Co-sensitization for Efficient Panchromatic
Dye-Sensitized Solar Cells

As green as gold : Polymer-supported gold
nanoparticles (see picture; Au purple
spheres) are becoming popular as cata-
lysts for the selective oxidation of alcohols
using molecular oxygen under moderate
conditions. Appropriate selection of the

polymer substrates, functional groups,
size of the gold particles, and solvents
leads to higher catalytic activities than
with gold catalysts supported on metal
oxides or on activated carbon.

Size and shape do matter sometimes :
Nanocrystals of noble metals are attrac-
tive for use as catalysts because of their
high surface-to-volume ratios and high
surface energies, which result in their
surface atoms being highly active.
Recently reported platinum nanocrystals
with a novel tetrahexahedral shape reveal
an enhanced catalytic activity over their
“amorphous” nanoparticle counterparts.
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Exercises in enumeration : What becomes
possible if one is equipped with a deeper
knowledge of how many and what kind of
open-structure (microporous) solids may
exist? The Essay gives an overview of
efforts to build libraries of crystal struc-
tures useful for catalysis, such as zeolites.
The library can be used not only to solve
structures of existing microporous solids
but also to design new catalysts.

Processing plants : Being renewable, bio-
mass is the only sustainable source of
energy and organic carbon for today’s
industrialized society. Biomass-derived
carbohydrate feeds are usually processed
catalytically in the liquid phase to produce
chemicals, fuels, and polymers. To
develop efficient catalytic processes, an
understanding of reaction mechanisms at
a fundamental level is required.

Let’s get cracking! Biofuels can be pro-
duced in existing oil refineries through
hydrotreating and catalytic cracking of
renewable and sustainable biomass-
derived feedstocks. By making use of the
existing infrastructure in the production of
biofuels, a rapid transition to a more
sustainable economy is possible without
the large capital costs involved in setting
up new refinery plants.
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A trifunctional single-site catalyst : Ethyl-
ene is selectively transformed into pro-
pylene in a continuous-flow reactor in the
presence of the supported tungsten hy-
dride W(H)3/Al2O3. Since the catalyst is
also active for olefin metathesis, the
reaction is likely to proceed at a “trifunc-
tional catalytic site” by ethylene dimer-
ization, butene isomerization, and cross-
metathesis of ethylene with 2-butenes
(see picture).

Sleeping beauty : A dormant catalyst, 1,
can be activated in situ by various acids
(HA) to form complexes 2 of high activity
in olefin metathesis. After the reaction
and when subjected to silica gel chroma-

tography, these catalysts are readily
transformed back into 1. This system
shows a high degree of tunability and
excellent applicability in model meta-
thesis reactions.

Up-tempo catalysis : The nitroxyl radical
2,2,6,6-tetramethylpiperidine-1-oxyl
(TEMPO) supported on the mesoporous
material SBA-15 provides a highly stable
and reusable catalyst (1) for the aerobic
oxidation of primary, secondary, and
highly hindered alcohols. The catalyst can
be recovered and reused in at least
another 14 reaction cycles.

Designing better cathode materials for
solid oxide fuel cells can be aided by
quantum-chemical calculations on oxygen
reduction on Sr-doped LaMnO3 surfaces
(La0.5Sr0.5MnO3=LSM0.5), which show
that the reaction (see energy profile [eV])
proceeds via superoxo- (La-super andMn-
super) and peroxo-like (Mn-per) inter-
mediates, dissociation and incorporation
into the bulk (La-diss and Mn-diss), and
diffusion to a more stable site (Product).
YSZ= yttria-stabilized zirconia.

http://www.angewandte.org
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Unsaturated but air-stable : A three-coor-
dinate Ru complex, 2, highly active for
alkene epoxidation and recyclable in air,
was prepared on SiO2 by exploiting the
exothermic reaction between O2 and
isobutyraldehyde (IBA) to eliminate a

p-cymene ligand from a coordinatively
saturated precursor 1 (Ru red, Cl dark
blue, N green, S yellow, O blue, C gray,
H white). In contrast, direct activation
with O2 alone was calculated to be
endothermic.

Have a look inside : A magnetic resonance
imaging (MRI) procedure allows the dis-
tribution of paramagnetic metal-ion com-
plexes inside catalyst bodies to be probed
in a quantitative manner, without influen-
cing the sample during measurements
(see picture; blue: high 1H NMR signal
(low Co2+ concentration) red: low
1H NMR signal (high Co2+

concentration)).

Growing together : The template-removal
process in a series of zeolite crystals has
been mapped by a combination of in situ
optical and fluorescence microscopy.
Three-dimensional spatial distribution of
light-absorbing and -emitting species
allowed visualization of the architecture of
zeolite intergrowths.

Electronic influence : Correlation between
the relative binding constants of amines
to isolated [SPhosPd(Ph)Cl] (SPhos=2-
dicyclohexylphosphino-2’,6’-dimethoxy-
1,1’-biphenyl) and the pKa of the amine
complexes shows that the selectivity in the

catalytic arylation of amines is influenced
by the electronic properties of the amine.
Selectivities observed in C�N cross-cou-
pling reactions using neutral amines can
be reversed using lithium amides.

http://www.angewandte.org
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Wide scope : A catalyst system able to
efficiently perform the title reaction is
described (see scheme). The high level of
activity achieved allows for the synthesis

of highly functionalized compounds with
a wide variety of substitution patterns
under very mild conditions.

Me, myself, and styrene : Yttrium and
neodymium allyl complexes bearing a
bridged bis(indenyl) ligand (Cat.; Ln=Y,
Nd) are active single-component catalysts
for the polymerization of styrene up to

120 8C, giving highly isotactic polystyrene
(iPS), with number-average molecular
weights (Mn) of 12000–102000 and poly-
dispersities (Mw/Mn) of 1.5–2.6.

Enzymes power up : The limiting perfor-
mance characteristics of hydrogenases in
bioelectrocatalysis was studied. A com-
parison of bioelectrocatalysis with cataly-
sis by noble metals such as Pt, as used in
low-temperature H2–O2 fuel cells, shows
that hydrogenase electrodes are similarly
active in the consumption of dissolved H2
as are Pt-based fuel electrodes.

The assembly makes the bite! Ditopic
ligands comprising an anionic N�O or
N�N moiety (shown in blue and gray)
and a phosphine moiety (orange) can
be assembled with hard metals such as
zinc(II) (green) to form bidentate phos-
phine ligands. This approach led to a
rhodium catalysts for the selective hydro-
formylation of 1-octene with linear-to-
branched ratios up to 21:1 and rates
comparable to covalently bound wide-
bite-angle diphosphine ligands.
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A tandem catalyst for Suzuki coupling of
activated or deactivated aryl chlorides and
aryl boronic acids in water and for phenol
synthesis from aryl chlorides in 1:1 water/
dioxane was obtained by supporting pal-

ladium nanoparticles on polyaniline
nanofibers (PANI; see TEM image). Thus,
2-phenylphenol was synthesized from 1,2-
dichlorobenzene (see equation).

A support group for ionic liquids : 3-Butyl-
1-vinylimidazolium chloride supported
covalently on a polymer cross-linked with
divinylbenzene gives rise to a very active,
stable, and selective heterogeneous cata-

lyst 1 for the addition of CO2 to epoxides
(see scheme). Moreover, the catalyst can
be easily separated from the products and
reused.

Amines of control : Palladium-catalyzed
reactions of hydrazine and hydroxylamine
derivatives with dienes and allylic esters
form products from C�N bond formation
at the more substituted position of the
allyl intermediate with a broad range of

ligands on palladium (see scheme;
X=NCPh2 or OR; Ac=acetyl). These
reactions provide a route to highly sub-
stituted primary amines by facile cleavage
of the N�O and N�N bonds.

All it’s CAACed up to be! Cyclic (alkyl)-
(amino)carbenes (CAACs) can be used as
ligands for olefin metathesis catalysis. A
dramatic steric effect of the N-aryl group

of the CAAC on catalyst activity was
observed and utilized to develop a new
catalyst with activity comparable to stan-
dard commercially available catalysts.
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Golden distinction : With an Au/TiO2
catalyst, the formation of condensation
products during the hydrogenation of
aromatic nitro compounds is avoided.
Macrokinetic experiments and in situ IR
measurements, which showed that nitro-
sobenzene is generated in only small
amounts and that hydroxylamine and
nitrosobenzene interact strongly with the
catalyst surface, led to the proposal of a
novel reaction sequence (see figure).

Coaxed into action : Although ester groups
are usually inert towards organopalladium
reagents, b-(2-haloanilino)esters undergo
intramolecular palladium-catalyzed acyla-
tion to give dihydroquinolin-4-ones (see
scheme). A four-membered azapallada-
cycle intermediate is postulated to facil-
itate the nucleophilic addition. R=Me,
OMe, CO2Me, Cl; R1,R2=H, Me, Ph.

Steamy alkane activation : Propane dehy-
drogenation over Ga/ZSM-5 is substan-
tially improved upon addition of steam to
the hydrocarbon feed, which is due to an
increase of the steady-state concentration
of hydroxylated reaction intermediates.
Quantum-chemical computations indi-
cate that H2 recombination, required to
initiate the catalytic cycle, is more favor-
able over binuclear oxygen-bridged Ga3+

complexes than over mononuclear GaO+

ions (see picture).

Two rings in one step : A rhodium–diene
catalyst is more active than its rhodium–
bisphosphine counterpart for the intra-
molecular [4þ2] cycloaddition of alkyne-
tethered 1,3-dienes (see scheme). A rela-

ted complex with a C2-symmetric chiral
diene ligand catalyzes an enantioselective
asymmetric variant of this process. The
intermolecular cycloaddition of 1,3-dienes
and alkynes is also highly efficient.

http://www.angewandte.org
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Starting from methane : Isobutane is
formed with very high selectivities when
chloromethane reacts with Ga0 suspen-
ded in a molten-salt medium. During the
reaction, hydrogen and GaI and GaIII

chlorogallate species are formed. The

latter can be electrochemically reduced
back to Ga0 in a subsequent step. The
chlorine liberated in this Ga0 regeneration
can be used for the synthesis of the
chloromethane feedstock from methane.

Finding Al : The distribution of catalytically
active sites over crystallographic positions
in zeolites is not random but controlled by
synthesis. For differently synthesized
ZSM-5 samples, distinct 27Al resonances

have been identified by NMR spectrosco-
py. Shift calculations by DFTshow that the
observed resonances belong to Al in
different crystallographic sites (see pic-
ture).

Environmentally benign polymerization :
Highly reactive polyisobutenes can be
synthesized with MoIII catalysts (see pic-
ture; Mo red, N blue, Cl green, C black) at
room temperature in nonchlorinated sol-
vents. This is a major improvement in
comparison to the industrial process,
which is carried out below 0 8C in solvents
like CH2Cl2. Other recently found catalysts
could not be applied in chlorine-free
solvents and were considerably less effi-
cient.

Ironing out the wrinkles: Highly enantio-
selective catalytic asymmetric epoxidation
of aromatic alkenes with hydrogen perox-
ide proceeds smoothly in the presence of
a catalyst system consisting of ferric

hexahydrate, pyridine-2,6-dicarboxylic
acid, and the novel chiral ligand 1 in 2-
methylbutane-2-ol solvent at room tem-
perature within 1 h (see scheme;
Bn=benzyl).
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Unbound reactant : Proline-modified DNA
acts as catalyst of the intramolecular aldol
reaction between a complementary alde-
hyde and free non-tethered ketones (see

scheme). The results of these studies
extend the methodological repertoire of
DNA-templated reactions.

Avoiding toxic starting materials such as
(CH3)4Sn, a cheap, environmentally
benign high-yield synthesis has been
developed for the multitalented catalyst
methyltrioxorhenium(VII) (MTO; see pic-
ture: black C, white H, blue Re, red O).
This novel approach is applicable on a
large scale and for several derivatives of
MTO, such as ethyltrioxorhenium(VII).

Wide pores for wide applications : The
catalytic properties of SSZ-53, an extra-
large-pore high-silica zeolite, were
explored by using ethylbenzene dispro-
portionation and the isomerization and
hydrocracking of n-decane as test reac-
tions. High activity together with a very
open channel system render this zeolite
an attractive candidate as catalyst for
applications in petroleum refining.

Drudgery minimized, efficiency maxi-
mized : By combining catalysis and
separation in microcapillaries greater than
2 cm in length, it is possible to efficiently
determine the reaction kinetics for entire
libraries of substrates. This was demon-
strated for hydrogenations over highly
active Pd nanoparticles and ring-closing
metatheses over the Grubbs 2nd genera-
tion catalyst. R: reagents, P: products.
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Particles on particles on particles :
RuSexOy electrocatalysts with a cluster-like
distribution of selenium on the surface of
carbon-black-supported ruthenium nano-
particles are suitable replacements for
platinum at the cathode side of methanol
fuel cells. Carbon-supported RuSexOy

nanoparticles are not completely covered
by Se after reductive annealing at 800 8C;
rather, Se clusters form on the Ru nano-
particles, while the rest of the surface is
covered by oxygen.

Bridging the materials and pressure gaps :
The adsorption of CO on ZnO surfaces
becomes much stronger in the presence
of preadsorbed CO2 (see picture; O red,
Zn gray, C green). The increased strength
of the interaction between CO and poly-
crystalline ZnO powder originates from
the formation of tridentate carbonate
species on the mixed-terminated (101̄0)
surfaces, which increase the Lewis acidity
of neighboring Zn2+ cations.

Kicking the coke habit : In nanocarbon-
catalyzed oxidative dehydrogenation of
ethylbenzene, oxygen is dissociatively
adsorbed, and breaking of C�H bonds in
ethylbenzene is kinetically relevant. In
contrast to metal-based catalysts, the
subsurface structure plays no role in the
activity of the nanocarbon catalyst. Unlike
activated carbon, the nanocarbon cata-
lysts show no loss of activity from coking
or combustion.

On the nature of copper in real methanol
synthesis catalysts : Cu/Zn/Al2O3 catalysts
with industrially relevant high copper
content have been investigated. With the
aid of combined TEM (see picture) and
XRD analysis, imperfections in the Cu
lattice arising from twinning, fault defects,
and strain are found to be related to
increased activity of the catalysts in
methanol synthesis.
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