
Photochromism
In their Communication on page 430 ff., H.-C.
Zhou et al. report two photochromic metal–organic
frameworks, one of which can be used for the
reversible control of singlet oxygen generation.

Gas Transport
W. Jin et al. show in their Communication on
page 578 ff. that a membrane formed from layers
of graphene oxide has excellent CO2 transport and
separation properties.

Transparent Conducting Oxides
The preparation of transparent-conducting-oxide
nanocrystal inks with high crystallinity, uniform
morphology, monodispersity, and high stability is
described by H. B. Zeng et al. in their Communica-
tion on page 462 ff.
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… are distributed in the air, fragments of transition-metal tin-cluster complexes are
dispersed in solution. In their Communication on page 522 ff., T. F. F�ssler and co-
workers report on the versatile reactivity of [Cp2TiCl2] in liquid ammonia toward
nonastannide Zintl anions and their relevance for the formation of large titanium–
tin clusters. Depending on the reaction conditions, clusters of eight and nine Sn
atoms are captured and stabilized by Ti atoms. The largest isolated cluster contains
one Ti atom that exclusively binds to ten Sn atoms. Cover art designed by
D. Marchand F�ssler.
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The akuammiline alkaloids are a family of
terrestrial natural products which have
a rich history and display promising
therapeutic potential. Until recently, syn-
theses of these natural products have
remained elusive. This Minireview
describes several recently completed syn-
thetic efforts, and illustrates how the
akuammilines have provided inspiration
for the discovery of novel cascade
processes.

Open, sesame! The creation of new bonds
has dominated the field of organic syn-
thesis; however, selective C�C cleavage
(see scheme) is an important alternative
for the construction of interesting molec-
ular frameworks. This Review examines

approaches to the synthesis of challeng-
ing acyclic molecular skeletons by the
regio-, diastereo-, or enantioselective
cleavage of carbon–carbon bonds, with
a focus on the ring opening of small rings.

From first principles : In recent studies the
lattice energy of crystalline benzene was
predicted with sub-kilojoule per mole
accuracy. Fundamental to this success

was the combination of a fragment
approach with state-of-the-art electronic
structure methods.
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Back and forth : Through a classical pillar-
layer structure constructed with mixed
linkers, two photochromic metal–organic
frameworks, PC-PCN and SO-PCN, have
been developed. SO-PCN integrates
a photochromic switch and photosensi-
tizer, and has demonstrated reversible
control of 1O2 generation (see figure).

A polymer-based system : Rechargeable
lithium–oxygen cells based on a solid
polymer electrolyte (SPE) were operated
at a temperature higher than the melting
point of the polymer electrolyte. The
proposed SPE-based Li-O2 cells showed
a stable cycling, possessing a higher cell
discharge voltage and a drastically lower
charge voltage.

Branching out : A noncanonical function
of the sortase A enzyme was used to
conjugate small molecules exclusively to
the side chains of one or more lysine
residues within a specific sequence ele-
ment engineered into a protein substrate.

This isopeptide ligation reaction offers
a mechanism to site-specifically function-
alize proteins with multiple moieties in
a manner orthogonal to available
methods.

Safe as houses : Concatenated logic cir-
cuits operating as a biocomputing
keypad-lock security system with an
automatic reset function were success-
fully constructed on the basis of toehold-
mediated strand displacement and three-
way-DNA-junction architecture. By the use
of a split-G-quadruplex DNAzyme as the
signal reporter, the output of the keypad
lock was clearly recognized by the naked
eye (see picture; MB = magnetic bead).
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Composed of RNA and protein, ribo-
somes are the sites of protein synthesis in
the cell. The RNA component is chemi-
cally modified at many residues close to
the active site. A new sequencing method
maps the most prominent modification,
ribose methylation, across the entire
ribosomal RNA in a single experiment.
This method should aid in the study of
fundamental aspects of ribosome
function.

The ins and outs : A hexacationic macro-
bicyclic receptor comprised of pyridinium
units fused together by electron-poor
triazine rings has been shown to be
a good receptor for polycyclic aromatic
hydrocarbons. The lower than expected
association constant for the PF6

� salt with
pyrene is attributed to the PF6

� counter-
ions fleetingly occupying the cavity. X-ray
crystallography confirmed the presence of
a PF6

� ion in its cavity.

Nanocrystal inks : A series of transparent
conducting oxide nanocrystals were pre-
pared by a simple, generic, and easily
scalable one-pot method. The formed

NCs are of high crystallinity, uniform
morphology, monodispersity, and high
stability and could be employed for the
assembly of high-quality electrodes.

Molecular dynamics calculations and
mass spectrometry are combined to
obtain an atomistic description of DNA
under vacuum after electrospray vapor-
ization under mild ionization conditions.

After vaporization, gas-phase ions with
different mass/charge (m/z) ratios are
produced and for the most abundant
charge state, the structure preserves
a memory of the native conformation.
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Oxidative addition of secondary phos-
phanes to a rhodium ethylene complex
has led to mononuclear phosphanido
rhodium complexes, which have been fully
characterized (see picture). The terminal

phosphanides are active catalysts for the
“green synthesis” of phosphanes and
diphosphanes under mild conditions
through phosphane dehydrocoupling and
olefin hydrophosphination reactions.

Iron it out : DNA-modified infinite-coordi-
nation-polymer (ICP) nanoparticles were
constructed by a facile method to afford
biocompatible gene-regulation agents.
The iron(III)-based ICP nanoparticles were
synthesized in water and conjugated
directly to oligonucleotides by a copper-
free click reaction. The resulting conju-
gates were capable of entering cells and
effecting antisense gene regulation with-
out transfection agents (see picture).

Solubility solution : Vesicles derived from
cell membranes were used to isolate
individual receptors for single-molecule
imaging. This approach maintains recep-
tors in their physiological membrane.
Fluorescently labeled receptors embed-

ded in vesicles were used for ligand
binding studies in solution and immobi-
lized on a glass substrate for single-
molecule determination of nicotinic
receptor stoichiometry.
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A key regulator of the sphingolipid
metabolism is acid ceramidase (AC),
which offers a molecular target in disor-
ders such as cancer and inflammation, in
which sphingolipid signaling might be
dysfunctional. The shown compound is
metabolically stable, inhibits AC activity
both in vitro and in vivo, and can thus be
used as a potent chemical probe to
investigate the roles of ceramides in
physiology and pathology.

Double-teaming : Dimeric peptide ligands
were developed that target gephyrin, the
central scaffolding protein for inhibitory
neurotransmitter receptors in the brain,
with unprecedented high affinity. Dimeri-
zation also substantially improved the
serum stability, thus providing com-
pounds with great promise for further
studies of gephyrin–receptor interactions.
The X-ray structure shows one of these
peptides in complex with two monomers
of the gephyrin E domain.

An unanticipated discovery : The isomer of
LaSc2N@C80 with a heptagonal ring and
two pairs of adjacent pentagons has been
isolated and characterized by single-crys-
tal X-ray diffraction. Sc magenta, La or-
ange, N blue.

Get organized, be effective! Dipeptide-
adjusted porphyrin self-assembly resulted
in the formation of fiber bundles with
hierarchical long-range order by a thermo-
dynamically driven pathway based on the
competitive interplay of multiple weak
interactions (see picture). The long-range
alignment of the fibers led to anisotropic
birefringence, a large Stokes shift, ampli-
fied chirality, excellent photostability, and
sustainable photocatalytic activity.
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Special delivery : Nanoparticle-stabilized
capsules (NPSCs) rapidly deliver small
interfering RNA (siRNA) into the cytosol
of a cell in a cholesterol-dependent
manner, and the siRNA enters cells by
membrane fusion. Such a platform effec-

tively silenced model gene expression up
to 90 %, thus highlighting NPSC-facili-
tated direct cytosolic siRNA delivery as
a powerful tool for gene regulation and
disease treatment.

Designer proteins : Protein design is
a useful method for creating novel artifi-
cial proteins. An artificial heterodimeric
protein with two different heme active
sites [a bis(histidine)-coordinated heme
and a H2O/histidine-coordinated heme]
was developed using domain swapping
for horse myoglobin (see figure). The
developed method is useful for designing
artificial multiheme proteins.

Under pressure : The first LiNbO3-type
oxynitride, MnTaO2N, has been synthe-
sized using a high-pressure technique
(see picture). Contrary to conventional
ammonolysis reaction, this approach
allows to obtain an oxynitride with
a middle-to-late transition metal.
MnTaO2N is non-centrosymmetric unlike
most oxynitrides and exhibits a nontrivial
helical spin ordering below 25 K.

MSn8—Like the seeds of a blowball : In the
presence of Zintl anions, titanocene(IV)
dichloride is reduced in liquid ammonia,
and a titanocene(III) diammin complex is
formed. Stepwise ligand exchange reac-
tions lead to a variety of intermediate
TinSnm clusters that give insight into the
formation of larger intermetalloid clus-
ters.
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Structure determines binding : Spherical
nucleic acid nanoparticles (SNAs) adsorb
proteins in a sequence-dependent fash-
ion. G-rich SNAs adsorb more types and
more total protein than poly-T SNAs,
leading to increased macrophage uptake.
This demonstrates that tertiary DNA
structures can dictate nanoparticle pro-
tein corona formation, providing guide-
lines for the design of more efficacious
therapeutic nucleic acid-based
nanomaterials.

An N2 fix : The title complex facilitates the
conversion of N2 (1 atm) into NH3, but
only at temperatures below �78 8C. The
best yield (170% relative to [L2Fe]) was
measured at �95 8C. N2 binding becomes
thermodynamically more favored at low

temperature such that a sufficiently high
concentration of [L2Fe(N2)] forms below
�80 8C. This N2 binding event enables
trapping and isolation (as a K+ adduct) of
the reactive anionic three-coordinate
complex [L2Fe�I(N2)]� .

A nanotheranostic agent : A ZnO-func-
tionalized upconverting nanotheranostic
platform for multi-modality bioimaging
(UCL/CT/MRI) and pH-triggered on-
demand drug release has been success-

fully fabricated (see picture). Nontoxic
ZnO can play the role of a “gatekeeper” to
block the drug in the mesopores of the as-
prepared agents until ZnO is dissolved in
the acidic environment around tumors.
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Here’s where all the action is : The title
studies indicate that tricoordinated
framework (FR) (SiO)3Al atoms serve as
electron-pair-acceptor AlFR Lewis sites in
zeolites with the CHA and FER topology.
These sites can be formed by the dehy-

droxylation of AlOH atoms tricoordinated
to the framework (see picture). Both
AlOH and AlFR Lewis species have broad
27Al NMR resonances, but they can be
differentiated on the basis of their di, CQ,
and h values.

Common thread : Inserting a polymer into
a crystalline inorganic matrix to under-
stand its structure, position, and the
structure–property relationships of the
resulting composites is important for
designing new inorganic–organic materi-

als and tuning their properties. Single
crystals of polymer-chalcogenide compo-
sites were isolated by trapping polyethy-
leneglycol within a selenidostannate
matrix under surfactant-thermal condi-
tions.

Where do their affinities lie? In studies
using molecular balances, noncovalent
interactions with an arene dominated over
those with an alkene, and a p-facial
hydrogen bond from a hydroxy group to
an arene was favored by about
1.2 kJ mol�1. Data for Y = CH2CH3,
CHCH2, CCH, and CN groups indicated
a long-range electrostatic C···p interaction
between the Y substituent and the p sy-
stem. The strongest interaction observed
was with the cyano group.

Water logged : Activation of G-protein-
coupled receptors depends on the pres-
ence of water molecules inside the recep-
tor. Microsecond molecular dynamics
simulations revealed that agonist binding
leads to structural fluctuations of the
residue W6.48 inducing water influx and
creation of a continuous water pathway
(yellow dots, see structure) across the
receptor.
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Close interactions : Described is an NMR
approach which gives access to two
parameters of a ligand–receptor interac-
tion. The off rate and the population of the
small molecular–receptor complex can be
determined. Ligand-detected NMR relax-
ation dispersion experiments represent
a diagnostic tool for the characterization
of binding mechanisms.

Superoxoman : The title reaction was
investigated and the calculations reveal
that Mn–O2C

� and Fe–O2C
� are stronger

oxidants compared to either Cr–O2C
� or

Cu–O2C
�, and the oxidative abilities are

found to be correlated to the magnetic
exchange parameter J. These findings
have direct relevance to the functions of
several metalloenzymes.

A pillared layer framework (PLF) was used
to rationally design and fabricate a long-
range ordered magnet with a phase tran-
sition temperature (Tc) of 82 K by inte-
grating two low-dimensional magnetic
materials, namely a layer magnetic system
and a one-dimensional columnar mag-
netic system. Furthermore, Tc increased
linearly with the applied pressure.

A 3D microporous rod-packing hydrogen-
bonded organic framework was con-
structed from a trigonal building subunit
with diaminotriazine functional groups.
This framework exhibits highly selective
separation of C2H2/CO2 at ambient tem-
perature and pressure.
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S. Samanta, S. Demesko, S. Dechert,
F. Meyer* 583 – 587
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J. Tang, J. Liu,* C. Li, Y. Li, M. O. Tade,
S. Dai,* Y. Yamauchi* 588 – 593
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Between the sheets : Assembled graphene
oxide laminates featuring molecular-siev-
ing interlayer spaces and straight diffu-
sion pathways afford fast and selective
channels for gas transport through the
membrane. The membrane shows excel-
lent preferential CO2 permeation from gas
mixtures.

A pyrazolate-bridged ligand with two
{PNN} pincer-type compartments has
been developed. Its diiron(II) complex
LFe2(OTf)3(NCMe) shows a sequential,
reversible, and complete spin state
switching between the all-high-spin and

all-low-spin states in solution, which cor-
relates with a rapid multistep triflate/
MeCN ligand exchange equilibrium. The
spin transition temperature can be con-
tinuously tuned by varying the triflate
concentration.

Mesoporous materials : Nitrogen-doped
mesoporous carbon spheres (NMCS)
with extra-large pores were synthesized
through assembly of diblock copolymer
micelles. Polymerized dopamine (DA)/
polystyrene-block-poly(ethylene oxide)
(PS-b-PEO) composite spheres formed by
self-polymerization of DA and spontane-
ous co-assembly with PS-b-PEO micelles.
After carbonization and removal of the
template, NMCS with large mesopores
(up to 16 nm) were obtained.

HyperBIRD : An approach to acquire
1H NMR spectra with enhanced sensitivity
and resolution is presented. It is based on
polarizing ex situ the 13C nuclei, letting
this polarization spontaneously enhance

the C-bonded 1H nuclei, and detecting
solely the latter using a single-scan BIRD
sequence that delivers homo- and heter-
decoupled 1H spectra.
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Rub a DUB style : Reactive oxygen species
generated by small molecules such as
ortho quinones rapidly deactivate deubi-
quitinases (DUBs) by selective and irre-
versible oxidiation of the catalytic cysteine
residue. DTT = dithiothreitol.

A soft touch : An efficient and concise
method for the construction of various
O-glycosidic bonds by a palladium-cata-
lyzed reaction with 1 has been developed.
The stereochemistry of the anomeric
center derives from either an inner-sphere
or outer-sphere pathway. Harder nucleo-

philes such as aliphatic alcohols and
sodium phenoxides gave b products, and
a products were resulted from softer
nucleophiles such as phenol. dppb = 1,4-
bis(diphenylphosphino)butane, PMP =

para-methoxyphenyl.

Benzofurans are obtained by the
tBuONO-initiated radical 5-exo-dig cycli-
zation of enynes under mild and metal-
free conditions. The two oxygen atoms

that constitute the newly formed carbonyl
groups of the benzofuran system origi-
nate from O2 and 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO), respectively.

Have a nice ring : A copper-catalyzed
aminoboration of bicyclic alkenes with
diboron reagents and hydroxylamines has
been developed. Subsequent oxidative
transformations of the boryl group pro-

vide access to oxygen- and nitrogen-rich
cyclic molecules. With a chiral bisphos-
phine ligand, (R,R)-Ph-BPE, the amino-
boration could be conducted in an enan-
tioselective fashion.
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Stretching out : Wire-shaped supercapaci-
tors with more than 350% elasticity have
been developed by twisting two carbon-
nanotube-wrapped elastic wires together
with a polymer electrolyte between them.
These newly developed wire devices
exhibited high performance with a stability
lasting for multiple stretching cycles.

At the core : A highly cis-selective and
enantioselective metal-free hydrogenation
of the title compounds was achieved
using in situ generated chiral borane
catalysts. The catalyst shown was gener-

ated from the chiral diene 1. The resulting
tetrahydroquinoxalines products can be
found as core structures for biologically
active compounds.

Three tries : The first, asymmetric total
synthesis of the proposed structure of
(þ)-uprolide G acetate (UGA) has been
achieved, but its spectral properties
clearly differed from those reported for
natural UGA. Two possible structures for

the natural UGA were proposed and their
total syntheses were achieved, thus lead-
ing to identification and confirmation of
the correct structure and absolute con-
figuration of the natural UGA.

Nickeled and dimed : Nickel(0)-catalyzed
C�H functionalization of 2-pyridones and
subsequent ligand-controlled regioselec-
tive cyclization affords 1,6-annulated 2-
pyridones. Cyclooctadiene (L1) selectively
leads to exo cyclization, whereas the

addition of a bulky N-heterocyclic carbene
ligand (L2) switches to the endo mode.
The method was applied in the synthesis
of the lupin alkaloid (�)-cytisine. LA =

Lewis acid.
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S.-G. Wang, Q. Yin, C.-X. Zhuo,
S.-L. You* 647 – 650

Asymmetric Dearomatization of
b-Naphthols through an Amination
Reaction Catalyzed by a Chiral Phosphoric
Acid
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The in situ formation of a trifluoromethyl
moiety and an intermolecular alkenyl
C�H functionalization were combined in
a single reaction system. This AgF-medi-
ated fluorination with a subsequent cross-

coupling reaction between gem-difluoroo-
lefins and non-fluorinated alkenes pro-
vides facile access to both a-CF3 alkenes
and b-CF3 ketones.

Intriguing interplay : When the benzoic
acid units in 4-[6-(4’-cyanobiphenyl-4-yl)-
hexyloxy]benzoic acid dimerize by hydro-
gen bonding (see picture), promesogenic
liquid crystal trimers form. These supra-
molecular complexes show an enantio-
tropic nematic phase, which on cooling
transforms into the twist-bend nematic
phase in which the bent, achiral com-
plexes spontaneously form helical
structures.

Useful skeletons : An electrophilic
amination reaction catalyzed by chiral
phosphoric acid is the basis for a highly
efficient asymmetric dearomatization of
naphthols. This protocol provides func-
tionalized b-naphthalenone compounds

with a chiral quaternary carbon center in
excellent yields and enantioselectivity.
These motifs are found in various biolog-
ically active natural products and thera-
peutic reagents.

So selective : A highly enantioselective
intramolecular 1,3-dipolar cycloaddition
alone or in tandem with a highly diaste-
reoselective intermolecular 1,3-dipolar
cycloaddition provides efficient access to

complex natural-product-inspired poly-
cyclic scaffolds. Piperidino-pyrrolizidines
with up to seven contiguous stereocenters
were thus obtained.
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A dual role : The title reaction proceeds in
the presence of NFSI, which serves as an
oxidant and as a “F” source. The C�F
bond formation occurs directly at the
a position of simple aliphatic aldehydes,

thus overcoming nontrivial challenges,
such as competitive difluorination and
nonfluorination, and proceeds with high
to excellent enantioselectivities.

Two roles for NFSI : The N-heterocyclic
carbene (NHC) catalyzed asymmetric flu-
orination of readily available simple ali-
phatic aldehydes, a-chloro aldehydes, and
even alcohols proceeds via azolium eno-
lates and yields a wide range of
a-fluoro esters, amides, and thioesters
with excellent enantioselectivity. N-Fluo-
robenzenesulfonimide (NFSI) acts as
both a fluorinating reagent and an oxidant
in this transformation.

Amorphous molybdenum sulfide and
nickel–molybdenum alloy efficiently cata-
lyze the photoelectrochemical hydrogen
evolution on a cuprous oxide photoca-
thode in alkaline solutions.

When you are two you cannot be too
radical : The first biradicaloid with differ-
ent radical centers, heteroatomic biradi-
caloid [P(m-NR)2As], was obtained by
reducing the corresponding dichloroarsa-
phosphadiazane with magnesium. Struc-

ture elucidation revealed a kite-shaped
planar four-membered N2PAs ring with
two equal P�N and As�N distances (see
scheme, note in German the word for kite
is Drachen, and dragon is Drache).
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Right said FRET: Guanine (G) quadruplex
structures are formed on DNA origami
triangles in the presence of K+ ions,
whereas G-quadruplex formation is com-
pletely suppressed when Na+ ions are
present. This effect was studied with FRET
measurements and ascribed to steric
hindrance induced by the DNA origami
platform. The systems may have potential
for selective K+ sensing.

Single system, multiple medicines : A new
paradigm in chemical synthesis is intro-
duced, in which a systems-level approach
to chemical synthesis allows access to
a broad chemical space with a single
process. The combination of five inter-
changeable reaction modules affords the
continuous synthesis of b-amino acids,
g-lactams, and g-amino acids, including
the blockbuster drugs Gabapentin and
Lyrica.

Addition of the 2-phosphoethynolate
anion across the Si�Si double bond of
a cyclic trisilene is presented. Photolysis
of the resulting product affords a novel

four-membered heterocycle exhibiting
considerable allylic character. This latter
species can be thought of as a congener of
the cyclobutene anion.

Size doesn’t matter : The equilibration of
the ionic ammonium group in protic ionic
liquids after an ultrafast temperature
jump depends on the anion but not on the
size of the hydrophobic side chain. This
equilibration of the ionic domains is
approximately two times slower than
restructuring within the hydrophobic alkyl
domains, which demonstrates the
dynamic heterogeneity in ionic liquids.
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Correctly addressed : Catalyst 1 allows for
a selective oxygenation of spirocyclic
oxindoles at one of two enantiotopic
positions (*). Evidence was collected that

hydrogen bonding (&) is responsible for
a perfect spatial overlap of the reactive
centers in the transition state of the C�H
activation reaction.
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