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Trap it : A combination of aminocatalysis
with H-bonding activation is used in two
new approaches to carry out formal
enantioselective organocatalyzed [2þ2]
cycloaddition reactions. This cooperative
catalysis solves the inconveniences asso-
ciated with this transformation. These two
new reactions will open opportunities to
find reactivities involving other organo-
catalytic cycloadditions.
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Using molecules as individual compo-
nents in electronic devices promises the
ultimate in miniaturization coupled with
the flexibility of organic synthesis to tune
the individual component. Examination of
metal/molecule/metal junctions (see
figure) show that organic functionality has
little effect on the conductivity and rec-
tification behavior of molecular electronic
junctions, thus questioning the possible
tunability of molecular electronic devices.

One is enough : Mononuclear water oxi-
dation catalysts are noteworthy as they
can achieve turnover frequencies similar
to those of the oxygen-evolving center of
Photosystem II. Several of these mono-
nuclear catalysts are highlighted, as well
as studies on their incorporation into
a device that splits water upon irradiation
with visible light (see scheme)—an
important first step towards efficient solar
energy to fuel conversion.

Primary choice : In only five years, cin-
chona-based primary amine catalysis has
almost equaled the high level of efficiency
and reliability of aminocatalysis by pro-
line-derived catalysts, offering the unique
possibility of effecting reactions between
sterically demanding carbonyl com-
pounds (see picture).

http://dx.doi.org/10.1002/anie.201204516
http://dx.doi.org/10.1002/anie.201202948
http://dx.doi.org/10.1002/anie.201109036
http://www.angewandte.org
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Too hot to handle : Unprecedented affinity
and specificity for 99TcO4

� in aqueous
solution was shown with the p-xylyl aza-
cryptand in the hexaprotonated form (see
scheme). A crystal structure of the com-
plex reveals how the anion fits within the
cavity of the cage, and the formation of
multiple H-bond interactions with pro-
tonated amino groups stabilize the
adduct.

Heterometallic clusters with strong lumi-
nescence have been synthesized (see
picture: Au(C�CPh)2 yellow-red, Ag2 blue,
O red) from the metalloligand unit [Au(C�
CPh)PPh3] (yellow/red bars) by using both
standard solvent-based and solvent-free
reactions. The aggregates are stabilized
only by acetylide–metal or metal–metal
interactions, and their nuclearity is con-
trolled through the addition of different
donor ligands.

Beyond hydrogen storage : The first
example of reversible magnesium depo-
sition/stripping onto/from an inorganic
salt was seen for a magnesium borohy-
dride electrolyte. High coulombic effi-
ciency of up to 94 % was achieved in
dimethoxyethane solvent. This Mg(BH4)2

electrolyte was utilized in a rechargeable
magnesium battery.

Space-qualified lubricants : Graphene and
graphene oxide (r-GO) can strongly
improve the low-temperature perfor-
mance of hypergolic ionic liquids by
reduction of viscosity. Key to success is to
match the graphene type to the specific
ionic-liquid functionality.

http://dx.doi.org/10.1002/anie.201205313
http://dx.doi.org/10.1002/anie.201204859
http://dx.doi.org/10.1002/anie.201204913
http://dx.doi.org/10.1002/anie.201205126
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Piecing it together : Aspergillus niger pro-
duces kotanin (see structure) by dimeri-
zation of the monomeric, polyketide-syn-
thase-derived (PKS) 7-demethylsiderin. A
combined approach, comprising bioin-
formatics and gene-deletion experiments,

identified the biosynthetic cluster
responsible for kotanin production.
Homology modeling and substrate dock-
ing provide a rationale for the regio- and
stereoselective phenol coupling reaction.

Ruthenium will fix it : CO2 undergoes
reduction to HCO2

� when placed over
a solution of a ruthenium complex bearing
an NADH model ligand 1 (black in right
structural formula). The organic hydride
transfer is triggered by the addition of
benzoate anion, which rapidly forms
a complex with 1, a complex that is
a stronger reductant than 1. A photo-
catalytic variant of the reaction using
triethanolamine as a sacrificial reagent
has also been developed.

Conjugates of organometallic osmium
carbonyl clusters and gold nanoparticles
(see picture) show a strong carbonyl
signal in surface-enhanced Raman spec-
troscopy. The ease of bio-functionalization
and the high stability and good dispersi-

bility in aqueous solution make these
conjugates excellent candidates for bio-
medical applications, as demonstrated by
live-cell imaging with the carbonyl signals
of OM-NP(PEG)-L conjugates.

Out of the loop : Do the proteins bound to
an enhancer site on pre-mRNA interact
directly with the splice site by diffusion
(looping), as is generally accepted, or
does the intervening RNA play a role (see
scheme)? By inserting a PEG linker
between an enhancer sequence and alter-
native splice sites, the interaction of these
two elements can be studied. Intervening
RNA was essential for the enhancer
activity, which rules out the looping
model.

http://dx.doi.org/10.1002/anie.201203603
http://dx.doi.org/10.1002/anie.201204348
http://dx.doi.org/10.1002/anie.201204349
http://dx.doi.org/10.1002/anie.201202932
http://www.angewandte.org
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Single-molecule trap : Easy activation of
the water-stable metal–organic framework
PCN-200 provides a new route to low-
energy selective CO2 capture through
stimuli-responsive adsorption behavior.

This elastic CO2 trapping effect was con-
firmed by single-component and binary
gas-adsorption isotherms and crystallo-
graphic determination.

Two-faced character in a film : Soft “Janus”
two-dimensional colloidal crystal films
were made using polystyrene (PS) par-
ticles, on an air–water interface as a mold
for a flexible polypyrrole layer. By removing
the PS particles, an array of femtoliter-
sized cups was produced. These two-
dimensional colloidal crystal films can
also be transferred onto substrates with
curvature.

Hexagonal-disk-shaped magnesium
nanocrystals (Mg NCs) are fabricated
within a porous metal–organic framework
(MOF, see picture). The Mg NCs@MOF
stores hydrogen by both physi- and
chemisorptions, exhibiting synergistic

effects to decrease the isosteric heat of H2

physisorption compared with that of
pristine MOF, and decrease the H2

chemisorption/desorption temperatures
by 200 K compared with those of bare Mg
powder.

Hits the dot : Ag2S quantum dots (QDs)
with bright near-infrared-II fluorescence
emission (around 1200 nm) and six-arm
branched PEG surface coating (see
scheme) were synthesized for in vivo
small-animal imaging. The 6PEG-Ag2S
QDs afforded a tumor uptake of approx-
imately 10 % injected dose/gram, owing
to a long circulation half-life of approx-
imately 4 h. Clearance of the injected
6PEG-Ag2S QDs occurs mainly through
the biliary pathway in mice.

http://dx.doi.org/10.1002/anie.201202992
http://dx.doi.org/10.1002/anie.201204358
http://dx.doi.org/10.1002/anie.201206055
http://dx.doi.org/10.1002/anie.201206059
http://www.angewandte.org
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A bench-stable, hydroxy-bridged a-di-
imine-Pd dimer can self-activate to an
olefin oligomerization and isomerization
catalyst in the presence of substrate (see
scheme). A cationic Pd-hydride is gener-

ated principally through a Wacker oxida-
tion of olefin to ketone, and with C4+

olefins, lesser amounts of allylic C-H
activation, b-H transfer, and release of
diene products are observed.

As easy as ABCD : (�)-Jiadifenin was
synthesized in eighteen reaction steps
from 1-[(E)-(4’-bromo-2’-butenyl)oxy]-4-
methoxybenzene. Key features of this
synthesis include: 1) Ireland–Claisen
rearrangement to produce the two con-

tiguous quaternary centers at C5 and C6
simultaneously, 2) intramolecular
Pauson–Khand reaction (IMPKR) to con-
currently construct the A and B rings, and
3) [2þ2] photo-cycloaddition to generate
the all-carbon quaternary center at C9.

A versatile cascade of reactions, triggered
by RhII-catalyzed diazo decomposition
followed by a vinylogous N�H insertion/
Lewis acid catalyzed Mannich addition,

that produces highly substituted 1,2,3,6-
tetrahydropyridazines in up to 97 % ee
with high yield and diastereocontrol has
been developed.

Sleight of hydride : B(C6F5)3 catalyzes the
hydrostannylation of propargylic alcohols
in a regio- and stereoselective manner
(see scheme). This Lewis acid first
abstracts a hydride from the stannane,
thus forming a borohydride/stannyl

cation pair, the stability of which depends
on solvent and ligands. Deuterium-label-
ing experiments showed that the source
that delivers a hydride to the alkenyl
cation is not the borohydride but rather
a second molecule of stannane.

http://dx.doi.org/10.1002/anie.201206215
http://dx.doi.org/10.1002/anie.201203176
http://dx.doi.org/10.1002/anie.201203962
http://dx.doi.org/10.1002/anie.201204060
http://www.angewandte.org
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Building bridges : The first m-metallapyr-
idine and the first metallapyridyne were
synthesized under mild reaction condi-
tions (see scheme). The two complexes
are metal-bridged polycyclic metallaben-
zenoid aromatics, in which the transition-

metal center is shared by both six-mem-
bered rings. The synthetic method per-
mits the use of metallabenzene as a start-
ing material to access higher p-electron
metallaaromatics.

Kinetic resolution of N-acylaziridines by
nucleophilic ring opening was achieved
with (R)-BINOL as the chiral modifier
under boron-catalyzed conditions (see
scheme; Ar = 3,5-dinitrophenyl). The

consumed enantiomer of aziridine can be
further converted to an enantioenriched
1,2-chloroamide with recovery of
(R)-BINOL.

Twisted molecules : A modular approach
for the synthesis of tetrasubstituted heli-
cal alkenes by a palladium-catalyzed nor-
bornene-mediated domino reaction is
presented. This intermolecular domino

process allows the formation of three
C�C bonds in one operation through a
C�H activation/carbopalladation/C�H
activation sequence.

Cutting loose : 1,1-Biarylmethanol sub-
strates undergo reductive cleavage of the
C�C bond in the presence of a cationic
RhIII catalyst and H2 (see scheme; DG =

directing group). Various functional
groups are tolerated in the reaction

system. Preliminary studies indicate that
a five-membered rhodacycle intermediate,
which then converts into a RhIII hydride
species for the reduction, is involved in
the catalytic cycle.

http://dx.doi.org/10.1002/anie.201204073
http://dx.doi.org/10.1002/anie.201204224
http://dx.doi.org/10.1002/anie.201204226
http://dx.doi.org/10.1002/anie.201204338
http://www.angewandte.org
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Gold standard : A bis(AuIII) complex con-
taining the title compound was prepared
and characterized (see scheme; DDQ =

2,3-dichloro-5,6-dicyano-1,4-benzoqui-
none, Tf = trifluoromethanesulfonyl).
Owing to the effective conjugative net-
work over the flat and elongated rectan-
gular molecular frame, this complex dis-
plays a remarkably red-shifted and sharp
Q-band-like band at 1467 nm, multiple
reversible redox potentials, and a large
TPA cross-section value.

A quantum gate : A system of two coupled
electron spins that is useful for simple
quantum computing operations has been
prepared by synthesis of a biradical 1 and
co-crystallization with an isomorphous

host molecule. The two weakly exchange-
coupled quantum bits (target qubit blue
and control qubit red) span four electron
spin states. The electron spin transition is
denoted by two black arrows.

Tripping the light fantastic : Despite small
band gap energies (1.7–1.8 eV), BaZrO3-
BaTaO2N solid solutions (Zr/Ta�0.1) are
capable of photocatalyzing both water
oxidation and reduction even under irra-
diation above 660 nm. Solar water split-
ting to form H2 and O2 was also demon-
strated using a photoelectrochemical cell
consisting of a BaZrO3–BaTaO2N solid
solution as an anode and a Pt wire
cathode.

Something gained, nothing lost : A Pd0-
catalyzed domino intermolecular/intra-
molecular process terminated by carbo-
halogenation is reported. In this reaction,
two new C�C bonds, one new C�I bond
and one five-membered ring are formed in
a single step, and all of the atoms in the
starting materials are incorporated into
the product (see scheme).

http://dx.doi.org/10.1002/anie.201204446
http://dx.doi.org/10.1002/anie.201204489
http://dx.doi.org/10.1002/anie.201204635
http://dx.doi.org/10.1002/anie.201204716
http://www.angewandte.org
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The electron acceptor 2-(1,1-dicyano-
methylene) rhodanine is a promising
alternative to cyanoacrylic acid as an
anchoring group for organic dyes. For
example, the RD-II-based dye-sensitized
solar cell has an overall conversion effi-
ciency of 7.11% and long-term stability.

Not one, not two, but three : Total syn-
theses of amphidinolides B, G, and H,
which exhibit strong, nanogram-scale
cytotoxicity against various tumor cell
lines, have been executed. The synthetic
strategy relied on implementation of
a diene construction protocol and a dia-
stereoselective aldol process. The 26- and
27-membered macrocyclic lactone rings
were efficiently constructed by using ring-
closing metathesis (RCM).

High-performance explosives : Tris-
(triazolo)benzene was synthesized and
converted to its trinitro and trichloro
derivatives (see scheme; R = NO2, Cl).
The heats of formation of this “high-
nitrogen” compounds were calculated

and combined with experimentally deter-
mined densities to determine detonation
pressures and velocities. They exhibit high
density, good thermal stability, high heats
of formation, and moderate to good
detonation properties.

Positive water effect : A catalyst composed
of [Pd2(dba)3] (dba = dibenzylideneace-
tone) and (S)-Siphos-PE is effective for the
enantioselective coupling of N-allyl ureas
with aryl bromides to afford 4-substituted
imidazolidin-2-ones. Added water leads to

significantly improved enantioselectivities
with electron-poor aryl halide substrates.
It is suggested that the C�C bond-forming
reductive elimination is the enantiodeter-
mining step in these reactions.

http://dx.doi.org/10.1002/anie.201204948
http://dx.doi.org/10.1002/anie.201204992
http://dx.doi.org/10.1002/anie.201205134
http://dx.doi.org/10.1002/anie.201205233
http://www.angewandte.org
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50Years Ago ...
Angewandte Chemie International Edition was first published in 1962, the mother journal first in 1888.
In this monthly flashback, we feature some of the articles that appeared 50 years ago. This look back
can open our eyes, stimulate discussion, or even raise a smile.

Women in chemistry was a central
topic of the International Year of
Chemistry in 2011, and Issue 4/2011 was
even dedicated entirely to this topic. 50
years ago, reports from female chemists
were more rare, but still appeared in
Angewandte Chemie : Margot Becke-
Goehring and H. P. Latscha described
the synthesis of the alkylated disul-
fur(IV) nitride [(CH3)2S�N=S(CH3)2]Cl.
This compound was produced in 60%
yield from the reaction of trithiazyl
chloride with dimethyl sulfoxide. Becke-
Goehring, who was the mentor of the
late Rolf Appel (see recent Obituary),
was Rector of the University of Heidel-
berg and later Director of the Gmelin
Institute for Inorganic Chemistry, which

was responsible for publishing the
Gmelin Handbook of Inorganic
Chemistry.

The synthesis of anionic heterosiloxanes
was reported by Hubert Schmidbaur and
Max Schmidt. They described how
equimolar mixtures of [{(CH3)3SiO}3X]2

(X = Al or Ga) and MOSi(CH3)3

(M = Li, Na, or K) reacted in CCl4 to
produce M[X{OSi(CH3)3}4]. Schmidbaur
was later Chairman of the Editorial
Board of Angewandte Chemie and an
Essay by him on coordination chemistry
at carbon is in press.

The increasing popularity of organome-
tallic chemistry was reflected in two

Communications. Hans Bock discussed
the synthesis of nickel(0) dialkylcyan-
amide carbonyls, which were formed by
the reaction of dialkylcyanamides with
an excess of Ni(CO)4. These compounds,
which exist as orange crystals, comprise
two nickel centers that are bridged by
two carbonyl groups. Ernst Bayer et al.
reported the synthesis of a ferrole dicarb-
oxylic acid dimethyl ester tricarbonyl
compound. Ferrole is a five-membered
heterocycle that contains iron as the
heteroatom and is formed by the elimi-
nation reaction of 1,4-dichlorobutadiene
derivatives.

Read more in Issue 10/1962

Indoles from scratch : A gold(I)/N-hetero-
cyclic carbene complex (IPr = 1,3-di-
(isopropylphenyl)imidazol-2-ylidene) was
found to be particularly effective as a cat-
alyst, enabling the one-pot synthesis of
tricyclic azepinoindoles by an unprece-

dented cascade reaction. Readily available
substrates, high chemoselectivity, good
yields, and water as the only stoichio-
metric by-product are some of the main
advantages of this method.

A hybrid electrolyte involving tetramethy-
lammonium (TMA) hydroquinone/ben-
zoquinone redox couple is formulated.
This electrolyte is more transparent than
the traditional I�/I3

� electrolyte and has
negligible absorption in the visible region.
Dye-sensitized solar cells using the hybrid
electrolyte show higher light-to-electricity
conversion efficiency. FTO = fluorine-
doped tin oxide.

http://dx.doi.org/10.1002/anie.201205463
http://dx.doi.org/10.1002/anie.201205529
http://www.angewandte.org
http://onlinelibrary.wiley.com/doi/10.1002/anie.v1:10/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/anie.v1:10/issuetoc
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Conspicuous absence : 29Si NMR studies
show that highly condensed, four-coordi-
nate Si-containing anions are common in
concentrated alkali-metal silicate solu-
tions, but reveal no evidence for the

existence of specialized zeolite building
units. The results add to the mounting
evidence that silicate polymerization
simply proceeds through stepwise con-
densation of monosilicate tetrahedra.

No muss, no fuss : A rhodium-catalyzed
direct intermolecular C�H amination of
benzamides and ketoximes using aryl
azides as the amine source has been
developed. The reaction exhibits a broad

substrate scope with excellent functional-
group tolerance, requires no external
oxidants, releases N2 as the only by-
product, and produces diarylamines in
high yields.

Open a new door : The first example of
alkene synthesis from alkyl electrophiles
with Grignard reagents using the Kumada
cross-coupling reaction strategy is
reported. This method opens a new door

for the Kumada cross-coupling reaction,
allowing alkenes to be prepared from the
reaction of tosylalkanes with Grignard
reagents.

Teaching old dogs new tricks : Alcohol
dehydrogenases (ADHs) may be estab-
lished redox biocatalysts but they still are
good for a few surprises. ADHs can be
used to oxidize aldehydes, and this was

demonstrated by the oxidative dynamic
kinetic resolution of profens. In the pres-
ence of a suitable cofactor regeneration
system, this reaction can occur with high
selectivity.
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Supersized mercury : Adducts with poly-
meric (left) or discrete supersandwich
structures (right) form from mixtures of
the trinuclear mercury complex [(o-
C6F4Hg)3] (A) with the triple-decker com-
plex [(CpMo)2(m-h6:h6-P6)] (B) in the solid
state. This arrangement arises from
P···Hg interactions between opposing
atoms of the P6 units and the Hg3 units
(see picture; P purple, Hg orange,
F green, Mo red, C gray).

Using 57Fe Mçssbauer spectroscopy, three
examples of coordination compounds
with different topologies containing FeIII

and LnIII ions (DyIII and TbIII ; see diagram;
insets: clusters cores) were analyzed. In

the same crystal field environment, Dy
and Tb ions show different degrees of
anisotropy, which can be qualitatively
detected using an indirect method.

In-sertion of metal : Catalytic amounts of
InCl3 allow the insertion of aluminum and
zinc into aromatic 1,2-dibromides or 1,2-
bromotriflates (see scheme). These 1,2-

dimetallic species can undergo Cu or Pd-
catalyzed acylations, allylations, or cross-
couplings.

(B)olefin complexes : Reductive coupling
of designed monoborane precursors (see
scheme; Dur = 2,3,5,6-tetramethylphenyl)
gives convenient access to N-heterocyclic
carbene stabilized diborenes. The pres-
ence of B�B multiple bonds in the dark
red diborenes is shown experimentally
and theoretically. Reaction with AgCl
afforded a AgI species with an unprece-
dented, olefin-like h2 coordination mode.
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Using models derived from the X-ray
structure of photosystem II, it is shown
that the oxygen evolving complex in the S2

state exists in two energetically similar
and interconvertible forms. A longstand-
ing question regarding the spectroscopy
of the catalyst is thus answered: one form
corresponds to the multiline g = 2.0 EPR
signal (see picture, right; O red, Mn pur-
ple, Ca yellow), and the other to the g�4.1
signals (left).
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