
Self-Assembly on Surfaces
Borazine-based supramolecular architectures are
prepared on a metal surface. A. de Vita, G.
Costantini, D. Bonifazi, and co-workers show in
their Communication on page 7410 ff. that the
structures result from the interplay of van der Waals
attractions and Coulomb repulsions.

Continuous-Flow Microreactors
In their Communication on page 7564 ff., D.-P. Kim
et al. report the development of an automated
continuous microfluidic system that produces
products through the serial synthesis, purification,
and in situ consumption of isocyanides.

Catalytic Olefin Hydrogenation
The metal-free hydrogenation of olefins with
HB(C6F5)2 as the catalyst is described by Z. H.
Li, H. Wang, and co-workers in their Communi-
cation on page 7496 ff. The key step in the reaction
is a borane-mediated s-bond metathesis through a
four-membered ring transition state.
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… gives a correct explanation of the residual motion of the perihelion of planet
mercury. As F. Calvo, P. Schwerdtfeger, et al. show in their Communication on
page 7583 ff., the special theory of relativity has furnished an even more remarkable
result. It gives the correct explanation as to why mercury is the only liquid metal at
room temperature, as demonstrated by parallel-tempering Monte Carlo simulations
(Picture: Cameron Smorenburg).

Angewandte Chemie International Edition is
a journal of the Gesellschaft Deutscher
Chemiker (GDCh), the largest chemistry-
related scientific society in continental
Europe. Information on the various activ-
ities and services of the GDCh, for example,
cheaper subscription to Angewandte Che-
mie International Edition, as well as applica-
tions for membership can be found at
www.gdch.de or can be requested from
GDCh, Postfach 900440, D-60444 Frank-
furt am Main, Germany.
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Inner workings : The X-ray crystal structure
of the entire bacterial complex I at 3.3 �
resolution offers fascinating insights into
a giant 536 kDa molecular machine. The
respiratory chain complex seems to
employ unique mechanisms of energetic
coupling that are entirely different from
those found in all other enzymes using
redox energy to drive vectorial proton
transport across a bioenergetic mem-
brane.

Indecision : The Suzuki–Miyaura coupling
is ubiquitous, yet there remains a dichot-
omy of opinion as to which of two path-
ways is followed for the delivery of the
organoboron component to palladium in

the steps leading up to the transmetala-
tion. The importance of deciding between
the two pathways should not be under-
estimated, as it influences the design of
optimal conditions for coupling.
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CO2 Photoreduction

S. N. Habisreutinger, L. Schmidt-Mende,*
J. K. Stolarczyk* 7372 – 7408

Photocatalytic Reduction of CO2 on TiO2

and Other Semiconductors

Communications

Self-Assembly on Surfaces

S. Kervyn, N. Kalashnyk, M. Riello,
B. Moreton, J. Tasseroul, J. Wouters,
T. S. Jones, A. De Vita,* G. Costantini,*
D. Bonifazi* 7410 – 7414

“Magic” Surface Clustering of Borazines
Driven by Repulsive Intermolecular Forces

Organoboron Surface Chemistry

A. Agarwala, T. Subramani, A. Goldbourt,
D. Danovich,
R. Yerushalmi* 7415 – 7418

Facile Monolayer Formation on SiO2

Surfaces via Organoboron Functionalities
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It cuts both ways : The photocatalytic
conversion of CO2 into valuable solar fuels
such as methane or methanol has the
potential to address the future energy
supply demand and mitigate CO2 emis-
sions. This Review presents the current
state of the art of the heterogeneous
photocatalytic reduction of CO2 on TiO2

and other metal oxides, oxynitrides, sul-
fides, and phosphides. The mechanisms
and the measures of the efficiency of the
process are discussed in detail.

It’s a kind of magic : Hydroxy pentaaryl
borazine molecules self-assemble into
small clusters (see structure) on Cu(111)
surfaces, whereas with symmetric hex-
aaryl borazine molecules large islands are
obtained. Simulations indicate that the
observed “magic” cluster sizes result
from long-range repulsive Coulomb forces
arising from the deprotonation of the B�
OH groups of the hydroxy pentaaryl
borazine.

More than they appear on the surface :
The treatment of SiO2 nanoparticles under
mild conditions with two organoboron
derivatives led to boron-containing mon-
olayers with different types of surface
species (see picture) through the direct
formation of Si�O�B bonds. The organo-
boron-modified SiO2 NPs showed selec-
tive reactivity towards diols.
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A. Schumacher, M. Bernasconi,
A. Pfaltz* 7422 – 7425
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Ligands for the Iridium-Catalyzed
Asymmetric Hydrogenation of Olefins

Carbohydrates

A. Koizumi, I. Matsuo, M. Takatani,
A. Seko, M. Hachisu, Y. Takeda,*
Y. Ito* 7426 – 7431

Top-Down Chemoenzymatic Approach to
a High-Mannose-Type Glycan Library:
Synthesis of a Common Precursor and Its
Enzymatic Trimming

DNA Repair
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Photolyase Requires Two Photons
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A platinum subnanocluster catalyst com-
posed of 12 atoms was synthesized using
a phenylazomethine dendrimer, which can
assemble twelve PtCl4 units by stepwise
complexation, followed by reduction to

Pt0. Unreactive olefins that were not
activated by conventional 2 nm Pt nano-
particles were successfully hydrogenated
by the subnanocluster. EWG = electron-
withdrawing group.

Swapping N,P for C,N : Iridium complexes
of bidentate pyridine-based C,N ligands
with an N-heterocylic carbene (NHC) unit
proved to be efficient and highly enantio-
selective hydrogenation catalysts. As
a result of the lower acidity of iridium
hydride intermediates produced from
NHC-based complexes, these catalysts
are much better suited than analogous
N,P-ligand complexes for the hydrogena-
tion of acid-sensitive substrates.

From the stacks : A novel method for
construction of a high-mannose-type
glycan library by systematic enzymatic
trimming of a single synthetic Man9-based
precursor was developed. Efficient chem-

ical synthesis of the tetradecasaccharide
common precursor and orthogonal enzy-
matic trimming to obtain all M8-9 and
G1M8-9 derivatives was demonstrated. G =

glucose, M = mannose.

It takes two (photons) to tango : Single-
turnover flash experiments showed that
the flavoenzyme (6–4) photolyase uses
a successive two-photon mechanism to
repair the UV-induced T(6–4)T lesion in
DNA (see picture). The intermediate (X)
formed by the first photoreaction is likely
to be the oxetane-bridged dimer T(ox)T.
The enzyme could stabilize the normally
short-lived T(ox)T, allowing repair to be
completed by the second photoreaction.
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Catalytic Activity by Localized Surface
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Partner preferences in pseudorotaxane
formation were exploited to establish an
integrative self-sorting system able to
discriminate simultaneously at the
sequence and stereochemical level (see
picture). It was found that calix[6]arenes
were threaded selectively with a preferred
orientation onto bisammonium axles,
even when the structural differences
between the possible building blocks were
small and located remote from the bind-
ing sites.

Don’t be dim! By combining the technique
with DFT calculations, STM manipulation
was extended to the probing of intermo-
lecular hydrogen-bonding configurations
in self-assembled nanostructures. It was

also possible to convert one configuration
into another in a controlled fashion
through the careful manipulation of a par-
ticular structural unit (see picture).

Silver nanoparticles (Ag NPs) of various
colors were synthesized within the meso-
pore structure of SBA-15 by using micro-
wave-assisted alcohol reduction. The
charge density is partially localized on the
surface of these Ag NPs owing to localized
surface plasmon resonance. This charge
localization results in them having
enhanced catalytic activity under visible
light irradiation compared to Ag NPs
obtained by thermal processes.

Better than expected : With a regular bor-
onic acid as the functional monomer,
a general and facile approach for glyco-
protein imprinting exhibited several highly
favorable features that are beyond normal

expectation, which make the prepared
MIPs feasible for the recognition of trace
glycoproteins in complicated real sam-
ples.
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Turn you inside out : A novel method for
performing in situ separation and recy-
cling of submicrometer-sized solid cata-
lysts is developed based on the pH-
triggered inversion of Pickering emulsions
(see scheme; o = oil, w = water). Solid
catalysts can be recycled 36 times without
significant loss of activity. The method
differs from conventional methods in
terms of speed, energy consumption,
catalyst separation, and recycling effec-
tiveness.

Sulfur-rich lithium polysulfidophosphates
(LPSPs) act as an enabler for long-lasting
and efficient lithium–sulfur batteries.
LPSPs have ionic conductivities of 3.0 �
10�5 Scm�1 at 25 8C, which is 8 orders of
magnitude higher than that of Li2S. The

high lithium ion conductivity imparts
excellent cycling performance, and the
batteries are configured in an all-solid
state, which promises safe cycling with
metallic lithium anodes.

A class of uranyl peroxide clusters was
discovered before as nanometer-sized
ions that form spontaneously in aqueous
solutions. The uranyl(VI) cluster investi-
gated here is approximately 2 nm in
diameter, contains 24 uranyl moieties,
and 12 pyrophosphate units. NMR spec-
troscopy shows that the ion has two
distinct forms that interconvert in milli-
seconds to seconds depending on the
temperature and the size of the counter-
ions. P blue, O red, U yellow.

An autonomous functional surface has
been designed by using self-oscillating
polymers that convert the chemical energy
of the Belousov–Zhabotinsky reaction into
conformational changes of the polymer
chains (see picture: red: hydrophobic/
collapsed, green: hydrophilic/extended).
Self-oscillating polymer brushes were
grafted onto the inner surface of a glass
capillary, and autonomous propagation of
a chemical wave was observed.
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N. C. Reichardt* 7477 – 7481
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MS
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F. W�rthner* 7482 – 7486
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Drug Delivery

Z. Zhao, H. Meng, N. Wang,
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X. Zhang,* W. Tan* 7487 – 7491
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Targeting and Translocation for Drug
Delivery
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Ultrathin and ultralong : Highly uniform,
ultrathin (diameter 5–7 nm), and ultra-
long (aspect ratio >104) PtPdTe nano-
wires (NWs) were synthesized by using
a facile method employing Te NWs as
both sacrificial templates and reducing
agents. Fine-tuning of the molar ratios of
Pt and Pd precursors afforded PtPdTe
NWs with different compositions and
enhanced electroactivity in the methanol
oxidation reaction in comparison with
a commercial Pt/C catalyst.

Ligand libraries can be printed onto
a sandwich composed of activated lipids
embedded in a hydrophobic layer conju-
gated to an indium–tin oxide (ITO) sur-
face. Arrays produced this way can be

analyzed by fluorescence spectroscopy
and mass spectrometry. Applications
include the assignment of enzyme spe-
cificity, the profiling of glycoforms and the
identification of lectins.

Self-assembly : A tweezer-type perylene
bisimide (PBI) dyad self-assembles into
a defined bimolecular complex composed
of a quadruple PBI p stack with remark-
able kinetic stability, which is unprece-

dented for p-stacked dye aggregates (see
picture). These persistent supramolecular
species are of considerable interest for the
elucidation of functional properties of dye
aggregates.

This pHLIP is no flop : Functionalizing
mesoporous silica nanoparticles (MSNs)
with pHLIPss peptide provides a con-
trolled-release nanoparticle drug delivery
system targeting the acidic tumor micro-

environment. At low pH values, pHLIPss
inserts into the cell membrane and
translocates carriers into cells, where the
cargo is released by the cleavage of the
pHLIPss disulfide bonds (see scheme).
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It works ether way : Labile adducts of
dialkyl ethers with the electrophilic borane
B(C6F5)3 are shown to scramble HD to H2

and D2 and catalyze the hydrogenation of
1,1-diphenylethylene.

Out with the metal : Metal-free hydroge-
nation of unfunctionalized olefins can be
achieved by employing HB(C6F5)2 as the
catalyst. The key step in the catalytic
reaction is believed to involve a novel
borane-mediated s-bond metathesis,
which has been investigated both exper-
imentally and theoretically.

Efficient isomerization : The title reaction
was catalyzed by the [RuCl2{(S)-tol-
binap}{(R)-dbapen}]/KOH system in eth-
anol at 25 8C (see scheme). A series of E-
and Z-configured aromatic and aliphatic
allylic alcohols, including a simple primary

alkyl-substituted compound (E)-3-methyl-
2-hepten-1-ol, were transformed into the
chiral aldehydes with at least 99% ee.
dbapen = 2-dibutylamino-1-phenylethyla-
mine, tol-binap = 2,2’-bis(di-4-tolylphos-
phanyl)-1,1’-binaphthyl.

At sixes and sevens : The reaction of
corannulene with 35 equivalents of 1,4-
C4F8I2 is an efficient and a relatively
selective process that yields two main
products in which six H atoms are
substituted with three C4F8 moieties that
form six- and seven-membered rings.
Low-temperature photoelectron spectros-
copy showed the electron affinity of the
major isomer (shown) exceeds that of C60

(2.74�0.02 and 2.689�0.008 eV, respec-
tively).
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Back to basics : A transition-metal-free
method developed for the synthesis of
indazoles involves an inexpensive cata-
lytic system composed of a diamine and
K2CO3. Various (Z)-2-bromoacetophenone
tosylhydrazones were converted into

indazoles at room temperature in excel-
lent yields (see example; Ts = p-toluene-
sulfonyl). The yield was improved by
photoisomerization with UV light when E/
Z isomeric mixtures of the starting mate-
rial were used.

Peas in a pod : A highly aligned Aunp@TiO2

photocatalyst was formed by self-organ-
izing anodization of a Ti substrate fol-
lowed by dewetting of a gold thin film.

This leads to exactly one Au nanoparticle
(np) per TiO2 nanocavity. Such arrays are
highly efficient photocatalysts for hydro-
gen generation from ethanol.

Hail boration! 2-Dimethylaminopyridine-
ligated dihaloborocations [X2B(2-
DMAP)]+ with a strained four-membered
boracycle were used for the haloboration
of terminal and dialkyl internal alkynes
(see scheme). Esterification then provided

vinyl boronate esters as useful precursors
to tetrasubstituted alkenes. Following
mechanistic studies, the scope of the
haloboration was expanded simply by
variation of the amine. Pin = 2,3-dimethyl-
2,3-butanedioxy.

Nick of time : The nickel cyanomethyl
complex 1 catalyzes the room temper-
ature coupling of aldehydes with acetoni-
trile under base-free conditions. The cat-
alytic system is long-lived and remarkably
efficient with high turnover numbers

(TONs) and turnover frequencies (TOFs)
achieved. The mild reaction conditions
allow a wide variety of aldehydes, includ-
ing base-sensitive ones, to catalytically
react with acetonitrile.
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Getting the family together : A general
synthetic strategy based on nucleophilic
substitution provided B-substituted 1,3-
dihydro-1,3-azaborines (see scheme), BN
isosteres of arenes with potential for
application in biomedicine and materials

science. Experimental structural analysis
and calculations suggest that the aroma-
ticity of the 1,3-dihydro-1,3-azaborine het-
erocycle is intermediate between that of
benzene and that of 1,2-dihydro-1,2-aza-
borine.

No leaving group needed : With an Ir-
(P,olefin) complex as catalyst, the direct
enantioselective allylic alkynylation of
secondary allylic alcohols with potassium
alkynyltrifluoroborates as alkynylating
reagents has been achieved. High levels of

enantioselectivity and high yields were
achieved with this operationally easy and
robust protocol, the use of which was
demonstrated in the synthesis of GPR40
receptor agonist AMG 837. cod = 1,5-
cyclooctadiene.

Three-step cascade : Oxazepine deriva-
tives were efficiently prepared from O-
propargylic oximes and dipolarophiles
through copper-catalyzed cascade reac-
tions which proceed through a 2,3-rear-

rangement, [3þ2] cycloaddition, and sub-
sequent 1,3-oxygen rearrangement. The
process involves the cleavage of C�O and
N�O bonds.

Sly as Nicox : A palladium-catalyzed addi-
tion of arylboronic acids to ketimines has
been developed to efficiently provide
products in up to 99 % yield and 96% ee.
The reactions could be run under aerobic
conditions and with unpurified trifluoroe-

thanol (TFE). A pyrrolidine compound
bearing a chiral a-tertiary amine was
synthesized in several steps without loss
of enantioselectivity. TFA = trifluoroace-
tate.
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Wired for light : Novel wire-shaped pho-
tovoltaic devices have been developed
from graphene/Pt composite fibers. The
high flexibility, mechanical strength, and
electrical conductivity of graphene com-
posite fibers resulted in a maximum
energy conversion efficiency of 8.45 %,
which is much higher than that of other
wire-shaped photovoltaic devices.

Group activity : A novel copper-catalyzed
fluorination of internal allylic bromides
and chlorides has been developed by
using Et3N·3HF as the fluorine source. A
functional group (FG) within the substrate

is required to achieve the allylic fluorina-
tion, and a variety of secondary allylic
fluoride compounds can be accessed in
good yield with excellent regioselectivity.

Only the half of it : A modified intercala-
tion–deintercalation strategy that takes
advantage of the characteristic thermally
induced phase transition of monoclinic
VO2 has been developed for the prepara-
tion of ultrathin VO2 nanosheets. The
resultant nanosheets exhibit half-metallic
character and a temperature-dependent
phase transition. The half-metallicity
could lead to applications in spintronic
nanodevices.

A world of possibilities : Gold-catalyzed
reactions of 2-ethynylbenzyl ethers with
organic oxides and a-diazoesters gave 1,3-
dihydroisobenzofuran and naphthalene
derivatives, respectively (see scheme;

EWG = electron-withdrawing group).
Mechanisms for the formation of the
formal cycloadducts were elucidated by
isotope labeling.
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Can’t smell this : An integrated continu-
ous-flow microfluidic setup enables
in situ generation, extraction, separation,
and reaction of foul-smelling isocyanides
with little exposure to the surroundings.
Isocyanides were generated by dehydra-

tion of the corresponding N-substituted
formamides, and several representative
isocyanide-based organic reactions were
successfully performed. DIPEA = N,N-di-
isopropylethylamine.

Making scab(ronine)s : The total synthesis
of (�)-scabronine G features a highly
stereoselective oxidative dearomatiza-
tion/intramolecular inverse-electron-
demand Diels–Alder reaction cascade,
and the first total synthesis of

(�)-scabronine A comprises a highly ste-
reoselective oxa-Michael/protonation/
acetalization cascade. The first total syn-
thesis of (�)-episcabronine A includes
another highly stereoselective cascade.

Paired off : The title reaction leads to
a series of o-pyridinium phenols (1) and
anilines (2). The experimental and com-
putational studies indicate that the key

step involves homolytic cleavage to give
a radical pair, which undergoes solvent-
cage recombination to give the product.

Migrating through Si valley : The highly
stereoselective formation of a-silyl-b-
haloenones by way of silicon group
migration is described. Electrophilic acti-
vation of the alkyne by N-halosuccini-
mides induced an anti-selective migration

to give highly substituted enones (see
scheme). These enone products can be
readily converted to the all-carbon tetra-
substituted alkenes while maintaining
their geometry.
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An old problem solved : Monte Carlo
simulations using the diatomic-in-mole-
cule method derived from accurate
ground- and excited-state relativistic cal-
culations for Hg2 show that the melting
temperature for bulk mercury is lowered
by 105 K, which is due to relativistic
effects.

New perspectives, in particular for the
synthesis of isochromane derivatives (see
scheme), are provided by the title reac-
tion. Excellent diastereoselectivites are

achieved in this reaction which proceeds
through a gold-catalyzed 1,3-acyloxy
migration. In some cases exclusively the Z
isomer is detected.

An acidic hydride! Thanks to the presence
of a p-acceptor cyclic alkyl amino carbene
and of two electron-withdrawing nitrile
groups, a borohydride reacts with a base
to give a carbene-stabilized boryl anion,

which reacts with carbon and metal
electrophiles at the boron center. Dipp =

2,6-diisopropylphenyl, KHMDS = potas-
sium bis(trimethylsilyl)amide.

Don’t let go! The Co3+-mediated interac-
tion between nitrilotriacetic acid (NTA)
and the His6-tag is so stable and inert
towards ligand exchange that it has a half-
life of 7 days in the presence of imidazole
and survives even under strongly chelat-

ing as well as reducing conditions, unlike
the commonly used Ni2+ or Co2+ com-
plexes. Possible applications include the
separation of labeled proteins and the
stable immobilization of proteins on
surfaces.
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A novel concept to release peptidic drugs
systemically by serum proteases from
a PEGylated precursor makes it possible
to tune release kinetics to fit the medical
needs. Drug release depends on the size
of the PEG polymer and the sequence and
length of the peptide linker. The anti-
microbial activities of the prodrugs were
even better than those of the free pep-
tides, whereas direct PEGylation abol-
ished the peptide activity.

One time only : The reaction of [Cp*Ru-
(dppe)Cl] with the potent As4 transfer
reagent [Ag(h2-As4)2]+[pftb]� leads to
[Cp*Ru(dppe)(h1-As4)]+[pftb]� with an
unprecedented end-on-coordinated As4

tetrahedron. Reaction with a second cat-
ionic ruthenium complex fragment does
not lead to a second end-on coordination
but to the cleavage of one basal As�As
bond. This behavior, which differs from its
phosphorus analogues, is rationalized by
DFT calculations.
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Shape Control of Thermodynamically
Stable Cobalt Nanorods through
Organometallic Chemistry

F. Dumestre, B. Chaudret,* C. Amiens,
M.-C. Fromen, M.-J. Casanove,
P. Renaud, P. Zurcher 4286–4289

Angew. Chem. Int. Ed. 2002, 41
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The magnetization plot shown in Figure 3a of this Communication was measured at
2 K, and not at 300 K, as erroneously stated in the caption.
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Highly Enantioselective Catalytic [6þ3]
Cycloadditions of Azomethine Ylides

M. Potowski, J. O. Bauer,
C. Strohmann, A. P. Antonchick,*
H. Waldmann* 9512–9516

Angew. Chem. Int. Ed. 2012, 51

DOI: 10.1002/anie.201204394

In this Communication, the headline for column 5 of Table 2 is incorrect. The correct
headline is “endo/exo”. This corresponds to an endo-selective Diels–Alder reaction. The
authors sincerely apologize for this mistake.
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