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Taming the enemy : Great possibilities for
the use of carbon dioxide as a renewable
and environmentally friendly source of
carbon in organic synthesis have been
demonstrated through the hydrocarbox-
ylation of simple alkenes and alkynes with
CO2 (see scheme). Several versatile
methods for carboxylic acid synthesis
have been developed on this basis.

M–M bonds meet two-coordination : Sys-
tems with metal–metal bonds are of great
interest in inorganic chemistry. A recent
report describes the first example of a
metal–metal bond to a two-coordinate
transition-metal center (see structure,
Fe orange, O red, C gray). The metal–
metal bond in this “xenophilic complex” is
best described as a dative bond.

Divide et Impera : A newly emerging
aspect of catalysis that involves the use of
two chiral catalysts simultaneously is
described (see picture). This Minireview

highlights the features of the two-catalyst
reactions and the synthetic applications of
the methods.
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Anticancer Agents

M. Avadisian, S. Fletcher, B. Liu, W. Zhao,
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MCRs � la carte : Multicomponent reac-
tions have become essential tools for the
rapid generation of molecular complexity
and diversity in chemical biology and drug
discovery. These reactions are often dis-

covered by serendipity, but rational design
strategies are now playing an increasing
role. Several such strategies are discussed
in this Review.

Keeping harm at bay : In an in vitro
strategy to prevent the cellular motility of
oncogenic STAT3 protein, protein–mem-
brane anchorage was induced by the use
of a rationally designed cholesterol-based

protein–membrane anchor in breast-
tumor cells. (The fluorescence image
shows the localization of the protein to
the liposome boundary of a multilamellar
vesicle.)

Fast and powerful : A polyelectrolyte mul-
tilayer film was used to fabricate a
humidity-responsive actuator that can
drive a walking device carrying a load 120
times heavier than the actuator to walk
steadily on a ratchet substrate under
periodic alternation of the relative
humidity (RH) between 11 and 40% (see
picture). NOA 63: Norland Optical Adhe-
sive 63, PAA: poly(acrylic acid), PAH:
poly(allylamine hydrochloride).

http://dx.doi.org/10.1002/anie.201006515
http://dx.doi.org/10.1002/anie.201102486
http://dx.doi.org/10.1002/anie.201101054
http://www.angewandte.org


Fluorescent Probes

H. S. Choi, K. Nasr, S. Alyabyev, D. Feith,
J. H. Lee, S. H. Kim, Y. Ashitate, H. Hyun,
G. Patonay, L. Strekowski, M. Henary,*
J. V. Frangioni* 6258 – 6263
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B. Cao, H. Xu, C. Mao* 6264 – 6268

Controlled Self-Assembly of Rodlike
Bacterial Pili Particles into Ordered
Lattices

Magnetic Materials

M. Okubo,* D. Asakura, Y. Mizuno,
T. Kudo, H. S. Zhou,* A. Okazawa,
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I. Honma* 6269 – 6273
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Organic Electronics
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To address two fundamental and unsolved
problems in optical imaging (nonspecific
uptake of near-infrared fluorophores by
normal tissues and organs and incom-
plete elimination of unbound targeted
fluorophores from the body), novel zwit-
terionic near-infrared fluorophores (e.g.,
ZW800-1) were synthesized and their
performance compared in vivo to con-
ventional molecules (e.g., ICG) as a
function of charge, charge distribution,
and hydrophobicity (see picture).

Pili pickup sticks : Rodlike type 1 bacterial
pili particles (see picture, red) self-
assemble into highly ordered nanostruc-
tures through molecular recognition in
the presence of suitable inducers. 1D
bundles, 2D double-layer lattices, and 3D

multilayer lattices were produced by vary-
ing the nature and concentration of the
inducers. The self-assembled pili serve as
templates for nucleating and organizing
inorganic nanomaterials such as silica.

Li ions for degaussing : A Prussian blue
analogue with FeIII and CuII ions bridged
by CN ligands underwent a ferromagnetic
transition induced by ferromagnetic
interactions between the Fe and Cu ions
(see picture). Li ions penetrating into this
ferromagnetic framework eliminated the
ferromagnetic interaction and effected the
formation of a paramagnetic framework.
The ferromagnetism was recovered by
extracting the Li ions.

Making light work : Polymer-based com-
positions with a perfluorinated ionomer
(PFI) as hole injection/extraction layers
are introduced for organic LEDs and
organic photovoltaic cells. The work
functions of the layers formed by single

spin-coating could be tuned to improve
device efficiency and device lifetime. The
effects of the PFI surface layers on charge
injection/extraction and device lifetime
were investigated.
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G. Liang, J. Ronald, Y. Chen, D. Ye,
P. Pandit, M. L. Ma, B. Rutt,
J. Rao* 6283 – 6286

Controlled Self-Assembling of Gadolinium
Nanoparticles as Smart Molecular
Magnetic Resonance Imaging Contrast
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Molecular Devices

K. Terada, K. Kanaizuka, V. M. Iyer,
M. Sannodo, S. Saito, K. Kobayashi,
M. Haga* 6287 – 6291

Memory Effects in Molecular Films of
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From the spinning room : LiFePO4 is a
promising cathode material for lithium
batteries, but it suffers from slow mass
and charge transport. Electrospinning is
able to produce single-crystalline LiFePO4

nanowires coated with amorphous carbon
(see TEM images and small-angle elec-
tron diffraction pattern). Networks of
these wires show very short diffusion
lengths, thus leading to high rate perfor-
mance and cycling capability.

Gd smart : MRI contrast agents are pre-
sented that are based on a biocompatible
condensation reaction. Upon reduction, a
gadolinium-containing cell-permeable
small-molecule probe condenses into

cyclic oligomers that subsequently self-
assemble into nanoparticles (NPs) with
enhanced relaxivity (by 110% at 1.5 T and
35 8C, and 104 % in live cells at 0.5 T).

Forget me not : When an oxidizing voltage
pulse was applied, ruthenium complexes
immobilized on an ITO electrode showed

a memory effect, and the original anodic
photoresponse (see picture, above)
changed to a cathodic one (below).

The power of independence : When exhib-
ited on the surface of self-assembling
peptide-amphiphile nanofibers, the
hydrophobic laminin-derived IKVAV epi-
tope induced nanofiber bundling through
interdigitation with neighboring fibers and

thus decreased the bioactivity of the
resulting materials. The inclusion of
charged amino acids in the peptide
amphiphiles disrupted the tendency to
bundle and led to significantly enhanced
neurite outgrowth (see picture).
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Distillable Salts
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Distillable Acid–Base Conjugate Ionic
Liquids for Cellulose Dissolution and
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Biosensors

D. T. Tu, L. Q. Liu, Q. Ju, Y. S. Liu,
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Gels for Nonvolatile Display Pixels
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Thinking outside the box : A newly devel-
oped C1-symmetric Rh/Phebox complex
efficiently catalyzed the asymmetric alky-
nylation of a-ketoester 1 with various aryl

and alkyl substituted terminal alkynes to
provide the corresponding chiral tertiary
propargylic alcohols with up to 99% ee
(see scheme; TMS = trimethylsilyl).

Heating up : Improved recyclability is
necessary for ionic liquids destined for
wood-based bioprocessing platforms.
New “distillable” molten acid–base con-
jugates efficiently dissolve cellulose at
temperatures of 100 8C. Increased tem-
perature induces a shift of the acid–base
equilibrium toward the neutral species
(see picture, TMG = 1,1,3,3-tetramethyl-
guanidine), thus affording a vapor pres-
sure and allowing for distillation of the
mixture.

Background elimination and improved
sensitivity were achieved by time-resolved
(TR) detection with a FRET biosensor for
traces of biomolecules such as avidin at
concentrations down to 4.8 nm. As shown
in the picture, UV excitation of biotinylat-
ed NaYF4:Ce/Tb nanocrystals triggers
energy transfer to fluorescein isothiocya-
nate (FITC), whose long-lived emission
due to FRETcan be distinguished from the
short-lived background from direct exci-
tation.

Plastic pixels : Electrically tunable pho-
tonic pixels exhibiting nonvolatile pho-
tonic colors are demonstrated by coupling
the hysteretic optical properties of PS-b-
P2VP block copolymer photonic gels with
an electrochemically induced pH gradient.
The optical volatility of photonic pixels
was tuned by controlling the hysteresis
strength and the conversion pH value,
which were both highly dependent on the
species of anions pairing with pyridinium
groups.
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Shape control : Uniform Pd nanocrystals
in the shape of icosa-, deca-, octa-,
tetrahedron, and triangular plate were
prepared in a hydrophobic system in
which oleylamine (OAm) plays a crucial

role in shape evolution by mediating the
counterbalance between crystal strain and
surface energy (see picture). The as-
obtained Pd nanocrystals are catalytically
active in the oxidation of formic acid.

Butterflies in the stomach : Organic field-
effect transistors containing a free-stand-
ing film self-assembled from an amphi-
philic butterfly-shaped benzodithiophene
derivative as the active layer (see picture)

were fabricated by a solution transfer
process. The direct self-assembly of the
film from solution means that a substrate
is not required for the film formation.

Spray-on : Peptide amphiphiles (PAs) and
oppositely charged polymers can self-
assemble into highly organized mem-
branes (see picture) at the interface
between two aqueous solutions. Nebuli-
zation was employed to spray the biopo-
lymer into a solution of the peptide
amphiphile and to template the formation
of microcapsules that are loaded with a
biopolymer solution and have surfaces
that are decorated with nanoscale fila-
ments.

A star in the making : Gold nano-hexapods
with controlled arm lengths were synthe-
sized by selective growth on the vertices of
octahedral Au seeds. Depending on the
arm length, their surface plasmon reso-
nance peaks shifted from the visible to the
near-infrared region (see picture), which
could be readily controlled by varying the
amount of HAuCl4, the reaction temper-
ature, or both.
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The heat is on : Vesicles formed from
poly(amidoamine) dendron-based lipids
with terminal isobutyramide (IBAM)
groups undergo a temperature-dependent
structural transition through a change in
hydration of the vesicle surface. The
vesicles are stable at low temperature, but
form aggregates above a specific temper-
ature and transform to inverted rodlike
micelles or fused vesicles (see picture;
G2/G3 = second/third generation).

A new role for vinyl boronates : Vinyl
boronate esters are well known as syn-
thons for ketones and for their ability to
participate in cross-coupling reactions. A
tandem oxidation is introduced to convert

2-B(pin)-substituted allylic alcohols into
2-keto-anti-1,3-diols with high diastereo-
selectivity. Under these reaction condi-
tions, the vinyl boronate ester is now a
synthon for a-hydroxy ketones.

Strain versus flexibility : The palladium-
catalyzed reaction of haloalkynes with
norbornene derivatives leads to 7-alkynyl
norbornane products (see scheme). Key
to the success of this reaction is the
formation of a “bridging” palladium spe-

cies, which can rearrange to result in a C-7
functionalization. The ring-structure-de-
pendent [2þ2] cycloaddition of haloal-
kynes with cyclooctene has been achieved
in moderate to good yields under similar
conditions.

A simple and effective method for the
synthesis of nanoparticles is reported
based on extreme cathodic polarization of
a metal, formation of cation-stabilized
metal anions, and their agglomeration
(see picture). The improved catalytic
activity of these nanoparticles in the
oxidation of carbon monoxide as well as
methanol is shown using platinum.
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Taking the shortcut : Spectroscopic data
(see picture) provide direct evidence that
in non-aqueous Li+ electrolyte, O2 is
reduced to O2

�, which then forms LiO2 on
the electrode surface which dispropor-
tionates to Li2O2. On charging, Li2O2

decomposes directly, in a one-step reac-
tion to evolve O2 and does not pass
through LiO2 as an intermediate.

Insoluble fullerenes solubilized : Addition
of dichlorophenyl radicals to insoluble
La@C74 affords two series of regioisomers
in which dichlorophenyl groups with dif-
ferent substitution patterns are singly
bonded to one of two adjacent cage
carbon atoms. X-ray diffraction studies
reveal that the internal metal atom is
responsible for such addition patterns,
while addition to different sites modifies
the motion of the metal atom (see
picture).

Among the first of their kind : Scandium
boryl complex 1 and its Gd analogue were
prepared by reaction of a boryl lithium
compound with [Ln(CH2SiMe3)2(THF)x]-
[BPh4] (Ln = Sc, Gd). Reaction of 1 with
N,N’-diisopropylcarbodiimide gave bis-

(amidinate) complex 2, which affords 3 by
double CO insertion into the Sc�B bond,
nucleophilic addition of an amidinate, and
migration of the SiMe3 to the resulting
ketene moiety (see scheme).

Behind the scenes : NMR spectroscopy
was used to distinguish hydrogen bond-
ing and ion pairing in the activation of
imines by a phosphate catalyst (see
structures). Hydrogen-bond strength and
the amount of the hydrogen-bonded spe-
cies present are decisive for the catalytic
reaction and can be manipulated by
introducing substituents with different
electronic properties. This insight should
guide the development of more efficient
catalytic systems.
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Just add salt : Vinyl aziridines have been
treated with methyl vinyl ketone or ethyl
thioacrylate in the presence of Pd0 to give
pyrrolidines with moderate to good dia-
stereoselectivity. The presence of nBu4NCl

was critical to successful annulation. The
synthetic utility of the methodology has
been demonstrated in a short (formal)
synthesis of (�)-a-kainic acid.

Two flavors of selectivity : An enantio-
selective Meerwein–Ponndorf–Verley-type
reduction of alkynoylsilanes by a chiral
lithium amide followed by a Brook rear-
rangement and SE2’ electrophilic substi-
tution provides the title compounds in a

one-pot process. In the case of enynoyl-
silanes, the generated vinylallenes
undergo in situ [4þ2] cycloaddition to
afford highly functionalized polycyclic
compounds with unusual facial selectivity.

Bond activation in action : Unprecedented
ruthenium-catalyzed oxidative annula-
tions of alkynes through cleavage of C�H
bonds set the stage for an efficient 1(2H)-
isoquinolone synthesis with ample scope

(see scheme; tAm = tert-amyl). Mecha-
nistic studies provided strong evidence
for a rate-limiting C�H bond metalation
through carboxylate assistance.

A ligand makes a difference : The reactivity
of a dimolybdenum phosphinidene com-
plex with alkenes and alkynes is substan-
tially modified by the presence of two-
electron donors such as CO or CNXyl
(Xyl = xylyl). Under these multicomponent
reaction conditions, rapid formation of
phosphametallacyclopentene rings takes
place at room temperature. These reac-
tions proceed in all cases with very high
chemo- and regioselectivity.
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How to get rich fast : The zwitterionic
copolymerization of d-valerolactone (VL)
and e-caprolactone (CL) provides an
expedient route to cyclic gradient copoly-
mers. The faster ring-opening of VL
relative to CL with N-heterocyclic car-

benes, coupled with sufficiently long life-
times of the growing zwitterions leads to a
polymer structure comprised of VL-rich
sequences that transition to CL-rich
sequences in a cyclic macromolecule (see
scheme).

In addition : The Mukaiyama–Michael
addition in the presence of a chiral
copper(II) Lewis acid is a highly enantio-
selective and efficient method for the
construction of a broad range of chiral g-

functionalized diazoacetoacetates. These
products can be conveniently transformed
into useful enantiomer-enriched 1,5-di-
esters (see scheme, Np = 1-naphthyl,
TBS = tert-butyldimethylsilyl).

Facilitating chemistry : Key to the success
of Pd-catalyzed a-arylation of oxindoles in
continuous flow involved a biphasic
system, a precatalyst, and a packed-bed
microreactor. Furthermore, this reaction
was integrated into a two-step continu-
ous-flow sequence for rapid, modular, and
efficient syntheses of 3,3-disubstituted
oxindoles.

Kinetic studies on the intramolecular
titanium-catalyzed hydroaminoalkylation
of alkenes (see scheme) are consistent
with theoretical results and lead to the
conclusion that the rate-determining step

of the catalytic cycle is the C�H activation
at the a position to the nitrogen atom.
The reaction has a high activation energy
and involves a moderately ordered tran-
sition state.
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Hot couplings without racemization :
Protected peptides featuring C-terminal
pseudoprolines were synthesized on a
solid support, and these versatile building
blocks were used in convergent peptide-
segment couplings, which proceeded

without racemization even under micro-
wave conditions. The solubility-enhancing
effect of pseudoproline residues facili-
tated the synthesis of complex RNase 39-
mer glycopeptide thioesters.

Let the circle be unbroken! One ruthe-
nium catalyst generated in situ facilitates
the selective hydrogenation of bicarbon-
ates and carbonates, as well as CO2 and
base, to give formates and also the

selective dehydrogenation of formates
back to bicarbonates. The two reactions
can be coupled, leading to a reversible
hydrogen-storage system. dppm =

1,2-bis(diphenylphosphino)methane.

Round and round it goes : In the molecular
four-stroke motor the forward and back-
ward moving of the pushing blade of the
motor is combined with the closing and
opening of the blade in such a way that
there is a net rotation about a virtual axis
(see scheme). Thus, during one cycle,
surrounding molecules should automati-
cally be transported in a definite direction.
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