
Solid-State NMR Spectroscopy
In their Communication on page 4312 ff., P. Schan-
da et al. describe an NMR method used to probe
conformational states of proteins. Information
about the exchange kinetics, relative populations,
and structures of the short-lived state can be
obtained.

Natural Product Synthesis
M. Wilsdorf and H.-U. Reissig describe a conver-
gent total synthesis of (�)-g-rubromycin in their
Communication on page 4332 ff. Three highly
functionalized building blocks are combined
through selective organometallic chemistry.

Functional Polymer Layers
In their Communication on page 4465 ff.,
Y. Wang et al. report functional polymer layers
on paper. Near-infrared light was used to change the
conductivity and wettability of the polymers.
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… of ent-hydromorphone from b-bromoethylbenzene is described by T. Hudlicky
and V. Varghese in their Communication on page 4355 ff. The key steps consist of
enzymatic dihydroxylation, Mitsunobu coupling, and oxidative dearomatization
followed by intramolecular [4þ 2] cycloaddition. This approach holds potential for
further optimization of morphine alkaloid syntheses. We acknowledge the
legendary efforts of the chemists pictured, who dedicated their careers to the
chemistry of morphine. Cover design: Dennis Ceci, Tomas Hudlicky, Jordan Froese
(Brock University).
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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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The amine has landed ! By employing the
rhodium catalyst [Rh2(esp)2] in the pres-
ence of a readily available amine source
(DPH), unactivated and styrene-type ole-
fins can now be stereospecifally trans-

formed, in high yields at room temper-
ature, into valuable NH aziridine prod-
ucts. esp = a,a,a’,a’-tetramethyl-1,3-
benzenedipropionic acid.

Cu-ltivating new areas : Complexes fea-
turing CuII-O-CuII units do not have
a developed chemistry. Recently, however,
findings suggest such Cu2O units are the
methane-oxidizing species of heterogene-
ous catalysts and are relevant in biological
methane monoxygenation, too. This
Minireview outlines the spectroscopy, the
structures, and reactivities of the few
examples reported to date.

A mission based on inside information :
The methylerythritol phosphate pathway is
an attractive anti-infective drug target. The
last two enzymes of this pathway, IspG
and IspH, are [Fe4S4] proteins that catalyze
2H+/2 e� dehydroxylation reactions.
Recent progress in the elucidation of their
biosynthetic mechanisms opens up new
routes to the design of inhibitors that
target these [Fe4S4] enzymes.
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A. C. Sivertsen, D. Willbold, J. Boisbouvier,
P. Schanda* 4312 – 4317

Probing Transient Conformational States
of Proteins by Solid-State R11 Relaxation-
Dispersion NMR Spectroscopy

Giant Diamagnetism

E. Roduner,* C. Jensen, J. van Slageren,
R. A. Rakoczy, O. Larlus,
M. Hunger 4318 – 4321

Anomalous Diamagnetic Susceptibility in
13-Atom Platinum Nanocluster
Superatoms

PPI Activators

M. Hintersteiner,* J. Kallen, M. Schmied,
C. Graf, T. Jung, G. Mudd, S. Shave,
H. Gstach, M. Auer* 4322 – 4326

Identification and X-ray Co-crystal
Structure of a Small-Molecule Activator of
LFA-1-ICAM-1 Binding

Interstitial Clusters

A. Puls, P. Jerabek, W. Kurashige,
M. Fçrster, M. Molon, T. Bollermann,
M. Winter, C. Gemel, Y. Negishi,
G. Frenking,* R. A. Fischer* 4327 – 4331

A Novel Concept for the Synthesis of
Multiply Doped Gold Clusters
[(M@AunM’m)Lk]q+
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Functionally relevant states of proteins are
often only short-lived, and thus difficult to
detect. Relaxation-dispersion experiments
in magic-angle-spinning solid-state NMR
spectroscopy provide access to such
transient states. Information about the
exchange kinetics, relative populations,
and structures of the short-lived state can
be obtained.

As predicted : The diamagnetic suscepti-
bility per atom of hydride-coated {Pt13}
nanoclusters supported by a zeolite,
exceeds that of Pt2+ ions by a factor of
37–50. The observation verifies an earlier
theoretical prediction and can be under-
stood on the basis of the superatom
nature of the spherical cluster. The two
main contributions come from ring cur-
rents in cluster molecular orbitals hosting
the Pt 5d and Pt 6s electrons and from the
delocalized hydride shell.

Tuned up : The LFA-1 ICAM-1 interaction is
a fundamental step in T-cell activation in
response to antigen encounter. A small-
molecule activator of LFA-1, IBE-667, was
identified by confocal on-bead screening.
The identified activator binds to LFA-1 I
domain, as revealed by the co-crystal
structure, and increases the affinity of
LFA-1 for ICAM-1 on activated T-cells.

Golden cages : When complexes [M-
(M’R)a] (M = Mo, Ni, Pd, Pt; M’= Al, Ga;
R = CH3, C5Me5; a�4) react with ClAuPR3

(R = Ph, Me), the interstitial metal atom
M (blue) is transferred from the M’a
cage (gray) to a Aun shell (yellow). Multi-
ply metal-doped gold clusters
[(M@AunM’m)Lk]q+ (n + m�9; q = 0, 1, 3)
result. The design rule of the new clusters
is based on the 18 valence electron count
for the central metal atom M and agrees
with the unified superatom concept based
on the jellium model.
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pseudoalbidus, Pathogen of European Ash
Dieback, Inhibits Host Germination
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3 building blocks þ 3 acids!natural
product : After the assembly of the crucial
precursor from three highly functionalized
building blocks, the pivotal spiro-
ketalization was achieved with trifluoro-
methanesulfonic acid, the isocoumarin
formation with fluoroboric acid, and the
O-demethylation with the Lewis acid
boron tribromide. (�)-g-Rubromycin was
thus synthesized in 18 steps with an
overall yield of 3.8% from commercially
available precursors.

Come together : A protein template was
used to mediate the ligation reaction
between two peptides which were
equipped with suitable electrophilic and
nucleophilic groups. These templated
reactions were accelerated by more than
three orders of magnitude relative to the
nontemplated reactions and proved to be
highly selective when used to label pro-
teins within crude cell lysate.

Condensed sensors : The title reaction
starts with the cycloaddition of tetracya-
noethylenene to the central C=C bond of
cumulenes, followed by a multi-reaction
cascade to yield tetracyanodihydrotetra-

cenes. Elimination of (CN)2 provides
tetracenes with a rubrene-like substitution
pattern as highly fluorescent chromo-
phores that can be used as molecular
chemosensors for Cu+ and Ag+ ions.

The largely unknown secondary metabo-
lism of the plant pathogenic fungus
Hymenoscyphus pseudoalbidus was inves-
tigated by use of the closed-loop stripping
apparatus (CLSA) method. A set of vola-
tile lactones was identified by GC/MS. The
lactones were synthesized and used in
bioassays in which one of the compounds
was found to be a strong germination
inhibitor for ash seeds.
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Selective Janus Particle Assembly at
Tipping Points of Thermally-Switched
Wetting
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Ming-Phos : A new type of simple chiral
sulfinamide monophosphine ligands, the
so-called Ming-Phos ligands, can be easily
prepared from inexpensive and commer-
cially available starting materials. The

enantioselectivity of the reaction of yne–
enones 1 with nitrones could be con-
trolled by the diastereomeric ligands
(R,RS)-M5 and (S,RS)-M5.

A short synthesis of ent-hydromorphone
has been achieved in twelve steps from b-
bromoethylbenzene. The key transforma-
tions involved the enzymatic dihydroxyl-
ation of the arene to the corresponding

cis-dihydrodiol, oxidative dearomatization,
subsequent [4þ2] cycloaddition to form
ring B of the morphinan, and intramolec-
ular amination at C9. Boc = tert-butoxy-
carbonyl, TBS = tert-butyldimethylsilyl.

A general epoxidation of aromatic and
aliphatic olefins under mild conditions
using recyclable heterogeneous CoxOy–N/
C (x = 1,3; y = 1,4) catalysts and tert-butyl
hydroperoxide as the terminal oxidant has
been developed. Various stilbenes and
aliphatic alkenes were successfully trans-
formed into the corresponding epoxides
with high selectivity and good yields.

Thermal wetting reversibly joins patchy
colloidal particles into clusters and crys-
tals. This is demonstrated with Janus
particles made of gold (A) half-coated
silica (B) spheres immersed in a mixture
of water and 2,6-lutidine such that the
relative strength of gold–gold bonding
through hydrophobic interaction and
silica–silica bonding through wetting-
induced attraction is reversibly switched
by temperature changes of only 1–2 8C.
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Dual Platinum and Pyrrolidine Catalysis in
the Direct Alkylation of Allylic Alcohols:
Selective Synthesis of Monoallylation
Products

Natural Product Synthesis

A. P. Pulis, P. Fackler,
V. K. Aggarwal* 4382 – 4385

Short Stereoselective Synthesis of the
Phytophthora Universal Mating Hormone
a1 Using Lithiation/Borylation Reactions

.Angewandte
Contents

4260 www.angewandte.org � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 4255 – 4266

Lighting up S : The thioxanthone 1, which
was synthesized in a concise fashion from
methyl thiosalicylate, exhibits a significant
absorption in the visible-light region. It
allows for an efficient enantioselective

catalysis of intramolecular [2þ2] photo-
cycloaddition reactions, presumably by
triplet-energy transfer. Ts = 4-toluenesul-
fonyl.

The water-splitting reaction still remains
far from being practically feasible because
of the unavailability of effective catalysts
for the hydrogen evolution reaction
(HER). A simple synthetic route gives to
nitrogen-rich carbon nanotubes that elec-
trocatalyze HER with activities close to
that of Pt, and function well under acidic,
neutral, or basic media allowing them to
be coupled with the best oxygen-evolving
catalysts available.

Two cats are better than one : The com-
bined use of platinum and pyrrolidine
catalysts enabled the direct alkylation of
allylic alcohols with reactive methylene
compounds. Pyrrolidine was essential for

obtaining high selectivity of the monoal-
lylation products, which were produced
without the use of excess nucleophiles.
cod = 1,5-cyclooctadiene, EWG = elec-
tron-withdrawing group.

In search of a mate : The universal mating
hormone a 1 of the virulent plant patho-
gen Phytophthora has been synthesized in
12 steps and 28 % overall yield. Key C�C
bond-forming steps involved the use of
two lithiation/borylation reactions to

couple together enantioenriched building
blocks, one of which also set up the
stereochemistry of the tertiary alcohol at
C11. The diastereomeric purity of the
target molecule is >91 %, the highest
obtained to date.
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Pass the salt! Alkyl- and arylzinc halides
both require salt (e.g., LiBr, MgCl2) in
order to undergo the Negishi cross-cou-
pling reaction—but not for the same
reason: Whereas alkylzinc halides must
form high-order zincates to undergo
transmetallation, in the aryl case the role
of the salt is to increase solvent dielectric.
Conversely, the analogous diarylzinc
much more readily undergoes coupling
without salt and in low dielectric solvents.

Nitrilium intermediate : A new method for
amide synthesis employs vinyl azides as
enamine-type nucleophiles towards
carbon electrophiles in the presence of
BF3·OEt2. After nucleophilic attack of the

vinyl azide, a substituent of the resulting
iminodiazonium ion intermediate A
migrates to form nitrilium ion B, which is
hydrolyzed to afford the corresponding
amide.

Bridging the networks : 7,8-Dehydropur-
purin dimers were synthesized by twofold
Pd-catalyzed [3þ2] annulation of meso-
bromoporphyrin with 1,4-diphenylbuta-
diyne. Treatment of this dimer with N-

bromosuccinimide (NBS) in CHCl3 and
ethanol gave the title porphyrin dimers,
which exhibited well-conjugated elec-
tronic networks and constrained confor-
mations.

Trash to Treasure : A photochemical–
chemical loop for the overall H2S splitting
was developed by integrating photoelec-
trochemical H2 production and H2S
chemical absorption redox reactions with
the link of a redox couple (Fe2+/Fe3+ or I�/
I3
�). Using functionalized silicon as pho-

toelectrode, simultaneous extraction of H2

and elemental sulfur from H2S was suc-
cessfully achieved (see picture).
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On-Chip Spyhole Mass Spectrometry for
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� la mode : A gold(I)-catalyzed synthesis
of sulfinates has been accomplished.
Preparation of proposed intermediates, X-
ray studies, and a number of mechanistic
experiments suggest that an unprece-

dented mode of reactivity for gold(I) has
been achieved. The resulting sulfinates
from this reaction can be functionalized in
situ to form sulfones and sulfonamides.

Microdroplets are coupled in a simple and
efficient manner with electrostatic-spray
ionization mass spectrometry using
a microchip with a spyhole. Such a set-up
allows direct dilution-free droplet ioniza-
tion with high detection sensitivity. It is
suitable for the performance of various
single-phase and biphasic reactions, as
demonstrated for peptide/protein tryptic
digestion and b-lactoglobulin/a-toco-
pheryl acetate interaction.

A record blocking capability of a single-ion
magnet has been predicted and obtained.
Ab initio calculations on the Er and the
isostructural Dy analogue allowed deeper
insight into the reasons for the strong
magnetic blocking, explaining the striking
differences between magnetic behaviors
of these two compounds. Dashed line:
Calculated orientation of the main mag-
netic axis in the ground and first excited
Kramers doublet.

Slippery surfaces : Multifunctional fluoro-
gel elastomers with tunable transparency,
mechanics, and shape memory properties
are reported. After infusing with fluori-
nated lubricants, the fluorogels demon-
strated broad omniphobicity and anti-
fouling against water, hydrocarbon oils,
proteins, biological cells, and blood (see
picture) while maintaining excellent cyto-
compatibility.

http://dx.doi.org/10.1002/anie.201400037
http://dx.doi.org/10.1002/anie.201310795
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Hydrothermal synthesis yields the ruthe-
nium(V)-containing oxides Ca1.5Ru2O7,
SrRu2O6 , and Ba2Ru3O9(OH). These
oxides show a range of structures and
magnetic properties. SrRu2O6 is a hexago-
nal layered oxide that exhibits antiferro-
magnetic ordering to at least 230 8C,
whilst the orthorhombic Ba2Ru3O9(OH) is
a ferromagnetic oxyhydroxide. All three
ruthenates are metastable and readily
collapse to other oxides at 300–500 8C.

A change in selectivity : An engineered
porcine kidney d-amino acid oxidase
(pkDAO) with markedly changed sub-
strate selectivity towards R amines was
obtained by directed evolution. The

mutant enzyme exhibited a high prefer-
ence towards the substrate a-methylben-
zylamine and was used to synthesize the
S-configured amine through deracemiza-
tion.

Turn the stereo up : The first transition-
state (TS) model for a new class of axially
chiral imidodiphosphoric acid catalysts in
the title reaction is proposed using DFT-
(M06-2X) calculations. The recognition of
the substrate in the chiral pocket and

a series of weak noncovalent interactions
are responsible for stereoinduction. This
stereoelectronic model differs from the
commonly employed models which rely
on steric interactions.

Memories are forever : The sub-nanome-
ter pore size that exists in a metal–organic
framework allows electrical information to

be written, read, and re-written when that
MOF is infiltrated with an ionic electro-
lyte.
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Birds of a feather flock together : Mutually
p-stacked small-molecule naphthalene
diimide (NDI) [24]crown-8 derivatives
self-assemble dynamically on a repeating
–(CH2CH2NH2

+CH2)– template to afford
the stepwise evolution of discrete-length
oligorotaxanes, which are shown to com-

municate electronically through their co-
facially interacting p-surfaces, sharing
electrons across linear arrays containing
one, two, three, and four NDI units as
determined by cyclic voltammetry and
EPR/ENDOR spectroscopies.

Supramolecular chirality : By evolution of
homochirality from helical polymer chains
(conformational chirality) to twisting
lamellae (hierarchical chirality), banded
spherulites with preferential handedness
are formed by crystallization of chiral
polymers end-capped with chromophore
through cooperative intramolecular and
intermolecular interactions, changing the
chromophore moiety from “optically
inactive” to “optically active”.

Less is better : A broadly applicable cat-
ionic gold catalyst was developed that
works at extremely low loading and rela-
tively low temperature. The new gold
catalyst containing a bis(biphenyl) phos-
phane ligand was tested in many common

types of gold-catalyzed reactions includ-
ing intra- and intermolecular X�H (X = C,
N, O) additions to alkynes (see example)
and cycloisomerizations of enyne and
allenone.

Microstructural evolution : In situ syn-
chrotron X-ray nanotomography has been
developed to track the microstructural
evolution of battery materials during the
cycling of a battery. This three-dimen-

sional quantitative analysis and visualiza-
tion on the nanometer scale should con-
tribute to our understanding of energy
materials and lead to improvements of
their synthetic processing.
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Red hot : A photo-annealing approach was
developed for building functional polymer
layers on paper. Conducting polyaniline
that can undergo photothermal conver-
sion can be readily annealed by near-
infrared light. The porous structure is
retained in the annealed polymer but it
becomes insulating and hydrophobic.
Selective photo-annealing produces
a functional layer with patterned conduc-
tive arrays, which exhibits real-time
response to ammonia gas.

All in one : A new theranostic prodrug was
developed containing a biotinylated
piperazine-rhodol conjugate linked to the
drug SN-38 through a self-immolative
disulfide spacer. When exposed to cellular
thiols in cancer cells, it is able to release
the active chemotherapeutic, SN38, along
with a diagnostic fluorophore. This thera-
nostic framework permits the targeted
delivery, release of an active agent (SN-
38), and its facile monitoring in vitro and
in vivo.

Availability of ultra-high magnetic fields in
NMR spectroscopy requires increased
bandwidth for heteronuclear decoupling.
While composite pulse decoupling is
limited in the achievable bandwidth,
adiabatic pulse decoupling is compro-
mised by sideband artifacts. A novel low-
power decoupling pulse that achieves
broadband uniform sideband suppression
(BUSS) is reported.

Shocking bacteria! The title biofilm was
constructed by the one-step in situ biore-
duction and self-assembly of graphene
oxide (GO) with Shewanella oneidensis.
The resulting 3D macroporous rGO/bac-
teria hybrid biofilm gave a 25-fold increase

in maximum oxidation current in micro-
bial fuel cells, and a 74-fold increase in
reduction current in microbial electrosyn-
thesis over that of the naturally occurring
biofilms.
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Straightforward deprotonation of the first
f-block terminal parent phosphide com-
plex and potassium abstraction results in
the isolation of an unprecedented struc-

turally authenticated metal-stabilized ter-
minal parent phosphinidene complex.
B15C5 = benzo-15-crown-5 ether.

Three in one : A novel family of polyanionic
N-heterocyclic carbene–lithium adducts
are reported, that feature two N-bonded
weakly coordinating carborane anions.
Judicious choice of base allows the selec-
tive deprotonation of an anionic imida-
zolium to form either a normal C2 or an
abnormal C5 imidazolylidene. When
treated with nBuLi the monoanionic imi-
dazolium produces a doubly deprotonat-
ed trianionic C2,C5 dilithium complex.
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