
Annulation Methods
S. Katukojvala et al. describe in their Communica-
tion on page 4076 ff. the direct [4þ 2] benzannula-
tion of pyrroles to indoles by using a rhodium
enalcarbenoid generated by rhodium(II)-catalyzed
decomposition of enaldiazo compounds.

Redox-Non-Innocent Ligands
E. Otten and co-workers describe formazanate
anions as unique ligands in coordination chemistry
in their Communication on page 4118. The redox
chemistry of these ligands allows the full charac-
terization of bis(formazanate) zinc complexes in

three oxidation states.

Enzyme Inhibition
In their Communication on page 4098 ff., N. P.
Farrell and co-workers present evidence that zinc
inhibits the pro-apoptotic protein caspase-3
through interacting with the active-site histidine
residue rather than with the catalytic dyad.
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… a painting by Paul Klee, K. A. Jørgensen and co-workers present the
organocatalytic asymmetric formation of steroids in their Communication on
page 4137 ff. The picture applies mosaic shapes in analogy with the artistic elements
of Paul Klee to illustrate the organocatalytic asymmetric formation of steroids. The
A and B ring in the steroid (to the left) and the D ring (to the right) are merged by
the green organocatalyst in the middle towards the blue sky.
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mie International Edition, as well as applica-
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www.gdch.de or can be requested from
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New players in town : In situ generated
transition-metal-containing carbonyl
ylides are a unique class of reagents which
have found wide applications in catalytic
asymmetric cascade reactions. Recent
advances in reaction design are likely to
lead to more novel developments with
these reactive species.

Yes they can! The groups of Zhu and Ma
recently reinvestigated the synthetic route
to aspidophilline A. These approaches are
discussed in the context of the first total
synthesis of the title alkaloid that was
reported by Garg and co-workers in 2011.

The new iron age? Iron cyclopentadienone
complexes are easily synthesized from
simple and cheap materials, are stable,
and through the presence of a non-inno-
cent ligand, have unique catalytic features.
The properties of such complexes and
their applications in original redox-neutral
transformations in both racemic and
enantioselective reactions are reviewed.

Small molecules, RNA approaches,
modified peptides, and proteins are
promising candidates for the regeneration
of heart tissue through differentiation of
stem cells, proliferation of existing cardi-
omyocytes and cardiac progenitor cells,

and cell reprogramming to cardiomyo-
cytes. Recent advances, including novel
screening strategies, and the upcoming
challenges and opportunities to develop
these hits into pharmaceuticals are sum-
marized.
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A. Kubas, D. De Sancho, R. B. Best,
J. Blumberger* 4081 – 4084
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Attachment of O2

Hole Transport

H. Li, K. Fu, A. Hagfeldt, M. Gr�tzel,
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Fat cat : A new class of enaldiazo com-
pounds resulted in the first transition-
metal-catalyzed [4þ2] benzannulation of
pyrroles to deliver indoles. The benzan-
nulation is proposed to involve an unpre-

cedented diacceptor rhodium enalcarbe-
noid. The reaction was used in the highly
efficient synthesis of the natural product
leiocarpone and a potent adipocyte fatty-
acid binding protein inhibitor.

Clearing the air : The free energy profiles
for the chemical attachment of O2 to the
active sites of [FeFe]-hydrogenases from
Clostridium pasteurianum and Desulfovibrio
desulfuricans were investigated. Based on

the results, possible target sites for future
mutation studies were suggested that
may reduce oxygen binding and thus the
oxygen sensitivity of these enzymes.

Heterocycle power! A power-conversion
efficiency of 13.8% under AM 1.5G illu-
mination was achieved in a perovskite-
based solar cell with a new hole-trans-
porting material based on 3,4-ethylene-
dioxythiophene (H101). This is the first

heterocycle-containing material with
>10% efficiency in such devices, and has
great potential to replace the more
expensive spiro-OMeTAD, given its much
simpler and less expensive synthesis.
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Y. J. Sa, C. Park, H. Y. Jeong, S.-H. Park,
Z. Lee, K. T. Kim, G.-G. Park,
S. H. Joo* 4102 – 4106

Carbon Nanotubes/Heteroatom-Doped
Carbon Core–Sheath Nanostructures as
Highly Active, Metal-Free Oxygen
Reduction Electrocatalysts for Alkaline
Fuel Cells
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A small stable singlet carbene: The geo-
metric structure of dihydroxycarbene
(HO�€C�OH) is experimentally deter-
mined using Fourier transform microwave
spectroscopy. This carbene, a structural
isomer of the simplest Criegee inter-
mediate (CH2OO) and formic acid
(HCOOH), is found to be long-lived in the
dilute gas phase because of the stabilizing
effect of the two electron-donating hy-
droxy groups.

The phase and amplitude of the frontier
molecular orbitals at the sites that are
connected to electrodes play an essential
role in determining transmission of elec-
trons through a p system. When applied
to two diarylethene switches, theory then
predicts that for some specified sites the
switching behavior will be inverted; that
is, the “open” molecular form of the
switch will be more conductive.

Zinc site insight : Zinc inhibition of cas-
pase-3 is largely uncompetitive. Substrate
binding was shown to be unaffected by
Zn2+ in the sub-micromolar range where
most inhibition occurs. This rules out zinc
binding to the catalytic dyad, the generally
assumed inhibitory site. Based on
a hypothesis that zinc inhibition occurs
through interaction with the catalytic His
residue, a new inhibitory zinc site was
proposed and was shown to better fit the
experimental observations.

A facile, scalable route for the synthesis of
new nanocomposites that are based on
carbon nanotubes/heteroatom-doped
carbon (CNT/HDC) core–sheath nano-
structures has been developed. The CNT/
HDC nanostructures exhibit excellent
electrocatalytic activity, kinetics, and
durability for the oxygen reduction reac-
tion, and they also performed well as the
cathode catalysts in alkaline fuel cells.
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Back to the fold : Using a DNA origami
frame as a nanoscaffold for the structural
control, the unprecedented solution-state
structures of a tetramolecular antiparallel
and (3 + 1)-type G-quadruplex intermedi-

ates in the G-quadruplex folding, such as
G-hairpin and G-triplex, can be visualized
directly at the single-molecule level with
nanometer resolution by AFM.

Click and splice : Short tags of only a few
amino acids fused to a recombinantly
produced split intein fragment were
modified with synthetic moieties and then
transferred to a protein of interest by
protein trans-splicing. These two-step

procedures circumvent exposure of the
protein of interest to copper ions for click
chemistry and undesired modification of
lysines, even though standard bioconju-
gation reagents are used.

N is better than C : Bis(formazanate) zinc
complexes (see picture; Zn yellow, N blue,
O red, Na green) show sequential and
reversible redox chemistry in which the
formazanate ligands are reduced to met-
allaverdazyl radicals. These ligands are

very similar to b-diketiminates, but the
nitrogen-rich NNCNN backbone of for-
mazanates opens the door to redox
chemistry that is otherwise difficult to
access.
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A strong hold : Strong hydrophobic inter-
actions result in stable noncovalent poly-
mer isomers derived from a single cova-
lent unit. These isomers have different

electronic and photonic properties and
are stable in water, even upon prolonged
heating to 100 8C.

Functionalization of crystals : Biogenic
single crystals incorporate biomacromol-
ecules and form single-crystal compo-
sites. The abnormal composite structure
led to the idea to obtain synthetic crystals
with nonintrinsic properties by modifing
their internal structure. Intrinsically col-
orless and diamagnetic calcite single
crystals are turned into colored and para-
magnetic solids through incorporation of
gold and ferroferric oxide nanoparticles.

Following a pattern : Catalyst-assisted self-
assembly is widespread in nature to
achieve spatial control over structure
formation. Reported herein is the forma-
tion of hydrogel micropatterns on catalytic
surfaces. A unique mechanism of fiber

formation for a synthetic system, using
building blocks added at the interface,
leads to orientated structures. Therefore
organization is attained at the micro- and
nanoscale.

Organocatalysis made it possible : The
reported methodology gives 14b-steroids,
displaying a broad generality, in one step,
and includes various substituents on the
A ring, variations of the B ring, hydroxy or
alkyl substituents in the 12-position of the

C ring, and different substituents in the
angular position at C13. Furthermore, the
developed reaction concept includes
reactions with quinones to form D-
homosteroids in excellent yields and ste-
reoselectivities.
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Palladium-Catalyzed Suzuki–Miyaura
Cross Coupling Reactions

Nanoporous Carbon

L. F. Velasco, J. C. Lima,
C. Ania* 4146 – 4148
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Tracking catalysis : The shape sensitivity of
cubic, cuboctahedral, and octahedral Pd
nanoparticle catalysts in Suzuki–Miyaura
coupling reactions was studied. Superior
catalytic reactivity is observed for Pd NCs
with {100} surface facets compared to
{111} facets. The origin of the enhanced
reactivity associated with a cubic mor-
phology is related to the leaching sus-
ceptibility of the nanocrystals.

Scratching the surface : The ability of
semiconductor-free nanoporous carbons
to absorb low-energy photons from visible
light and convert them into chemical
reactions (i.e. , phenol photooxidation) is
demonstrated by using monochromatic

light. Data showed the strong dependence
of the photochemical activity on the
wavelength of the irradiation source and
the chemical composition of the nano-
porous carbon.

Merging O and N : Enantioselective a-
amination of b-ketocarbonyl compounds
has been achieved by merging enamine
catalysis and CuI-catalyzed aerobic oxida-
tion of hydroxycarbamates. Excellent che-

moselectivity and enantioselectivity are
obtained with the aid of a simple primary/
tertiary diamine catalyst. This presents
a facile route for the asymmetric synthesis
of unnatural amino acids.

Dial a diastereomer : The title reaction
proceeds through the activation of
Me2PhSiBpin in water at room temper-
ature and open atmosphere to produce
high yields of vinylsilanes conjugated to
carbonyl groups. A surprising diastereo-

divergent access to olefin geometry was
discovered using this silyl conjugate
addition strategy: aldehydes were Z
selective while esters and amides exclu-
sively delivered the E-configured prod-
ucts.
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Fast, cheap, and green : Micellar catalysis
enables the selective construction of
a variety b-silyl-substituted carbonyl
derivatives under mild aqueous condi-
tions. The reaction is catalyzed by low
levels of CuI, is compatible with numerous

electron-withdrawing groups, affords high
yields, and provides opportunities for
scale-up and recycling of the reaction
medium. The environmental impact, as
measured by E Factors, is very low.

A general, concise, and efficient approach
for synthesis of clavilactones A, B, and D
has been established. Three steps from
aldehydes, 1,5-dienes, and tBuOOH build
up a,b-epoxy-g-butyrolactones (see

scheme, left) as the key building blocks for
synthesis of clavilactone family and its
derivatives. From these results, the pre-
viously proposed clavilactone D structure
requires revision.

Carbons get excited! Commercially avail-
able CBr4 is utilized as a source of
dicarbon for the preparation of the C4

cumulene that contains a cyclic alkyl-
(amino) carbene (cAAC). Lithium or
potassium is used as a reducing agent.
The corresponding air-stable radical
cation and dication of the C4 cumulene
were also synthesized and their intercon-
version was studied by cyclic voltammetry.

Playing with fire : A series of borate and
phosphate anions (flame-retardant ions;
FRIONs) have been produced in high
yields and purity using a readily accessible
diphosphinatocatechol. The phosphoryl-
rich character of the anions imparts flame-
retardant qualities and offers potential
utility as lithium salts for safer lithium-ion
batteries.
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Simply complex : The described catalytic
carbonyl-ene reaction is efficiently per-
formed under mild reaction conditions by
using only 1 mol % of bismuth(III) triflate,
thus affording functionalized molecular

scaffolds. Complex polycyclic structures
with a defined stereochemistry have been
synthesized by using the carbonyl-ene
products in a subsequent hydroxy-
directed Diels–Alder reaction.

See attached PdF : A series of benzylic
fluorides was prepared by hydrofluorina-
tion which proceeds through a PdII/IV

catalytic manifold. The method is mech-
anistically distinct from previously
reported radical hydrofluorination, and is

characterized by its clean regioselectivity
and unique cis stereospecificity. The first
example of enantioselective net HF addi-
tion onto 2-vinylnaphthalene is also dis-
closed.

1,6-Borations of electron-deficient dienes
with bis(pinacolato)diboron using copper
catalyst loadings as low as 0.0049 mol %
provided chiral allylboronates that, after
oxidation, result in allylic alcohols in high

enantioselectivities and 1,6:1,4 ratios. The
allylboronates can also be used in ste-
reoselective allylations of aldehydes. This
process was applied to a concise syn-
thesis of atorvastatin.

Highly regio- and stereoselective alkeny-
lation reactions of 8-methylquinolines
with alkynes give 8-allylquinolines in good

yields. These reactions are catalyzed by
[{Cp*RhCl2}2] (Cp* = C5Me5) and proceed
by C(sp3)�H bond activation.
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Superacid powers : The title reaction of
unactivated aziridines with two of the
same or different terminal alkyne compo-
nents has been developed, thus opening
a new access to seven-membered hetero-
cyclic ring systems. This transformation is

experimentally simple while furnishing
azepine derivatives in good yields (up to
78%) with good levels of chemo- and
regioselectivity. Ts =

4-toluenesulfonyl.

Taking a dip : A highly efficient synthetic
protocol has been developed for the
conversion of mucic acid into adipic acid
by the oxorhenium-complex-catalyzed
deoxydehydration reaction and subse-
quent Pt/C-catalyzed transfer hydrogena-

tion. Quantitative yields were achieved for
the conversion of mucic acid into
muconic acid and adipic acid esters either
through separate sequences or through
a one-pot process.

Copper brings us together : The title
reaction involves copper-catalyzed N�O
bond cleavage, activation of a vinyl sp2 C�
H bond and C�S bond formation; it uses
simple oxime acetates and sodium sulfi-

nates to synthesize sulfonylvinylamine
products without the need for additional
oxidants or additives. Upon hydrolysis,
useful b-ketosulfones are obtained.

Folding alkenes : Described is the first
example of a rhodium(I)-catalyzed func-
tionalization of an olefinic C�H bond with
a 1,6-heptadiene reagent. This carbocycli-
zation is completely diastereoselective

and creates at least three stereogenic
centers from simple prochiral substrates.
The directing group can easily be con-
verted into other functional groups.
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A new construct : The asymmetric total
synthesis of the antibiotic kendomycin
was accomplished by using a highly
stereocontrolled convergent route. The
key feature of the synthetic strategy is the

construction of an 18-membered carbo-
cycle based on an intramolecular Tsuji–
Trost etherification/transannular Claisen
rearrangement sequence. TBS = tert-
butyldimethylsilyl.

Bitter and sweet : The synthesis of the
proposed structure of the cytotoxic mac-
rolide mandelalide A reiterates the notion
that structure elucidation of architectur-
ally complex natural products is not
always reliable. From the chemical view-
point, the chosen route attests to the
power of (transition) metals as catalysts
for stereoselective synthesis. Most nota-
ble is the first application of terminal-
acetylene metathesis to natural product
chemistry.

Thiolated oligonucleotides show unprece-
dented high reaction rates in chemical
ligation experiments. The influence of
temperature on the templated reaction is
shown with a system designed for fluo-
rescence monitoring. Side reactions and
the nontemplated ligation reactions are
efficiently suppressed by the choice of
DNA modification and the activation site.

Wrapping the hairpin : NMR spectroscopy
identifies a b-hairpin conformation of
a-synuclein in complex with an engi-
neered b-wrapin. The b-wrapin inhibits a-
synuclein aggregation and toxicity at sub-
stoichiometric concentration. Sequestra-
tion of a b-hairpin is a novel approach to
interfere with the initial steps of the
aggregation reaction.
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Size advantage : Antibodies are currently
the most widely used vehicles for drug-
delivery applications. Small-molecule
ligands, however, may have improved
pharmacokinetics and better tissue pene-
tration. Targeted small-molecule drug
conjugates directed against the tumor
marker carbonic anhydrase IX were syn-
thesized, characterized in vitro, and tested
in vivo.

Hydrophobic interactions within choles-
terol-modified DNA origami structures
can induce large conformational changes,
which can be used as the basis of a novel
molecular switching mechanism. Intra-
molecularly folded DNA bilayer sheets are
shown to unfold in the presence of
surfactants and lipid membranes. Hydro-
phobic switching can be combined with
a DNA-based lock and key mechanism,
resulting in the conditional opening of the
DNA bilayer structures.

Separation anxiety : The insertion of a zer-
ovalent ruthenium or osmium complex
into the chromium–boron double bond of
a borylene complex leads to new metal-
only Lewis pairs (MOLPs: Ru!Cr and
Os!Cr). The reaction creates new bor-

ylene complexes and is crystallization-
controlled. A mechanism is proposed
based on DFT calculations, along with
a computational study of the unusual
MOLPs.

Finding the best way : A molecular design
method inspired by ant colony optimiza-
tion generated novel, highly potent, drug-
like ligands for the sigma-1 and dopamine
D4 receptors. The computational
approach is readily applicable to combi-
natorial chemistry and delivers focused
compound libraries profiled for desired
target-panel activities.
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Rare-Earth-Metal Methylidene Complexes
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In this Minireview, trinuclear methylidene complexes by Zhou et al. (3a, 3b) were
described, but the ligand system was incorrectly reported. As supporting ligand N,N’-
bis(diisopropylphenyl)benzamidinate was used. Schemes 3 and 14 also contain this
error. The correct schemes are shown below.

Scheme 3.

Scheme 14.
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