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We've got talent: New enzymes with novel
reactivity are constantly added to the
enzyme toolbox as exemplified by the
berberine bridge enzyme (BBE). Ana-
logues of 2, which are bioactive, have been

successfully made from analogues of 1
using BBE. Such new enzymes hold the
promise of convenient synthesis of

potentially useful nonnatural products.

HetAr!-H
——

electrophilic
palladation

Different metalation J
mechanisms

HetAr®-H HetAr'-Pd-HetAr?
concerted
metalation-
deprotonation

HetAr'-HetAr?

A nice couple: Two heteroaryls bearing no
prefunctionalization can be cross-coupled
efficiently through Pd" catalysis to afford

the biheteroaryl. The selectivity of this

Polymer Pen Lithography

Hard-Tip, Soft-Spring

transformation probably finds its origin in

the two mechanistically different metal-
ation steps of C—H bonds.

Beam Pen Lithography

Lithography

25 and 30 years after the invention of AFM
and STM, respectively, cantilever-free
scanning probe lithography tools such as
polymer pen lithography (see picture)
mark an important development in the
evolution of molecular printing. These
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simple, robust, and inexpensive
approaches allow researchers to create
nanoscale and microscale features of
various organic and inorganic materials
on surfaces in arbitrary patterns.
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Minireviews
Cross-Coupling Never too old to rock ’'n’ roll: The inves-
tigation of tosylhydrazones—widely used
intermediates in organic synthesis—as
coupling partners in palladium-catalyzed
and metal-free cross-coupling reactions
has led to the discovery of powerful C—C
and C—O bond-forming transformations.
These reactions offer novel possibilities
for the unconventional modification of
carbonyl compounds (see examples of
product types; Ts = p-toluenesulfonyl).

J. Barluenga,* C. Valdés* _ 7486 —7500

Tosylhydrazones: New Uses for Classic
Reagents in Palladium-Catalyzed Cross-
Coupling and Metal-Free Reactions

Reviews

Flow Chemistry Flow or batch? The fine chemicals and

pharmaceutical industries are transform-
ing how their products are manufactured,
where economically favorable, from tradi-
tional batchwise processes to continuous
flow. This evolution is impacting synthetic
chemistry on all scales—from the labora-

R. L. Hartman, J. P. McMullen,
K. F. Jensen* 7502-7519

@ Deciding Whether To Go with the Flow:
Evaluating the Merits of Flow Reactors for

Synthesis tory to full production. This Review dis-
cusses the relative merits of batch and
microflow reactors for performing syn-
thetic chemistry in the laboratory.

Communications

X-ray/Neutron Crystallography

A.Y. Kovalevsky,* B. L. Hanson,

S. A. Mason, T. Yoshida, S. Z. Fisher,
M. Mustyakimov, V. T. Forsyth,

M. P. Blakeley, D. A. Keen,
P. Langan*

7520-7523

Identification of the Elusive Hydronium

lon Exchanging Roles with a Proton in an
Enzyme at Lower pH Values

Visible to neutrons: Although thought to
be involved in biological processes,
hydronium ions had never been identified
in biomacromolecular crystallographic
structures. A hydronium ion has now been
found by neutron and X-ray crystallogra-

phy to interchange with metal cofactors in
the active site of an enzyme. Under more
acidic conditions, the hydronium ion is
dehydrated to a proton, and the binding
site collapses (see picture).
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Synthetic polymerases composed of a
cyclodextrin (CD) dimer yield high-
molecular-weight polymers of cyclic esters
without using solvents and co-catalysts.
One CD moiety is attached to the active
site of a supramolecular catalyst and
propagates the polymerization by serving
as artificial molecular clamp (see picture).
The other CD moiety initiates the ring-
opening polymerization.

The dinickel chloride affair: In dinuclear
nickel(I) complexes supported by a tris-
(phosphinoaryl)benzene and stabilized by
metal-arene interactions, chloride addi-
tion causes reversible Ni—Ni bond cleav-
age that induces 180° rotation around an

Turning over silanes: The first nanotube-
based catalytic system for silane oxidation
is reported (see scheme). The reusable
gold—nanotube hybrid cleanly oxidizes
both alkyl and aryl silanes in high yields,
under mild reaction conditions, and
compares most favorably to any other
catalytic system in terms of overall efficacy
and turnover values.

A smooth transition from (R)-carvone to a
B-lactone and then to (+)-omphadiol
characterizes the first total synthesis of
this sesquiterpene, which was achieved in
ten steps and 18 % overall yield. All six
contiguous stereogenic centers were
introduced in a highly diastereoselective
manner. Key steps include a nucleophile-
promoted aldol lactonization, a single-
pot, sequential intra-/intermolecular di-
alkylation, a tandem olefin isomerization/
RCM, and a cyclopropanation with
unusual facial selectivity.

Angew. Chem. Int. Ed. 201, 50, 7456 — 7469

aryl-aryl bond (see scheme). A dinickel—
chloride moiety was found to rotate
around the bridging arene by a mecha-
nism involving breaking and forming Ni—
P bonds.

R2 R'-8i-R?
| |
R’-Sli—R3

0-20
Me:.,,
iﬂ wH
0 R
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e, (

Me 10 steps

(R)-carvone

(+)-omphadiol
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On the face of it: An atomic force
microscopy tip, functionalized with Ame-
logenin protein (Amel), is used to directly
determine the single-molecule, face-spe-
cific free energy of Amel binding to
crystalline hydroxyapatite (see picture).
The experimental values compare well
with those from molecular dynamics
simulations and enable the key interac-
tions controlling face-specific binding to
be identified.

Balancing the forces: Conductivity gradi-
ent focusing in a nanochannel achieves
simultaneous separation and concentra-
tion of proteins without a temperature
gradient, membrane, matrix, ampholytes,

It pays to be direct: In a rapid and specific
approach to the detection of vicinal-
dithiol-containing proteins (VDPs), the
use of a fluorescent probe (see picture)
enabled the direct readout of fluores-
cence. This approach based on fluores-

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Nanochannel
— >

or external pump. The electrophoretic
force (see picture; red arrow) that domi-
nates at the low-salt side (—) balances the
electro-osmotic force (blue) at the high-
salt side (+).

fluorophore

cence polarization, electrophoresis, and

the direct imaging of VDPs permits the

noninvasive study of VDPs both in vitro
and in living cells and offers insight into
their potential roles in cell function.

NO blood lost: Three-dimensional analy-
sis of nitric oxide (NO) diffusion in a
blood vessel in response to drug stim-
ulation was achieved by using 3D artery
models including NO sensor particles
(see picture). The quantity and diffusion
distance of NO in the five-layered models
were almost the same as those for the
in vivo blood vessel response. This
method enables an in vitro bioassay of
tissue responses instead of animal
experiments.
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[ TMA:BPBP Coverage Ratio

Pores for thought: The pore size and pore
shape (including “rectangular”, triangular,
tetragonal, diamond, pentagonal, and
hexagonal) in binary molecular porous
networks formed by trimesic acid (TMA)

(©)

F—x NO B/ @
Mes, P B(CgFs)e —= Mes,P._B(CgFs)
N

|
o}

NO your pairs: The intramolecular frus-
trated Lewis pair (FLP) Mes,PCH,CH,B-
(C4Fs), captures NO to give the novel N-
oxyl radical P/B-FLP-NO* (see scheme).
Coordination of NO to the FLP incites H-

Screwed in place: An anti-parallel double-
helical aromatic oligoamide foldamer was
shown to bind to a series of rodlike guests
of various lengths upon the winding of the
duplex around the guests (see scheme).
Solid-state crystal structures of the host—
guest complexes show that the two
strands of the duplex undergo a relative
screw motion to adjust the distance
between hydrogen-bond donors located at
the end of one of their extremities so that
they bind to hydrogen-bond acceptors of
the guest.

o RRRSR SRRSR
RRRSS SRRSS - o
RRSSR SRSSR SVD Fitting -?I?SSR SVD Fitting
AR Soncy NN srsss )
RRESS SSRSR SSRSR
RSRSS SSRSS Adding

: RSSSR SSSSR S'&‘;_'“é%agge SSRES.  pccurate
RSSSS SSSSS s Long-Range

° Configurational CHRDCs
Space

Accurate measurement of long-range CH
residual dipolar couplings (RDCs; 2Dcy
and 3Dcy) by a new selective J-scaled
HSQC experiment significantly improves
the structural discrimination power of
RDCs in small molecules with multiple

Angew. Chem. Int. Ed. 201, 50, 7456 — 7469

and 4,4'-bis (4-pyridyl)biphenyl (BPBP)
molecules on Au(111) is tuned simply

through changing the TMA:BPBP ratio

(see picture).

AAYVA

/ \/
CYARAVAWA

X-band EPR spectrum

atom abstraction reactivity with cyclohex-
ene and ethylbenzene to give P/B-FLP-
NOH and the O-functionalized P/B-FLP-
NOR species.

stereogenic centers. The current approach
was demonstrated with 10-epi-8-deoxycu-
mambrin B, a tricyclic natural compound
with five stereogenic centers (see figure;
SVD =singular value decomposition).

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Drug and heat delivery to tumors by active
targeting with Herceptin-conjugated dox-
orubicin-loaded poly(ethylene glycol)—
poly(lactic-co-glycolic acid)—Au half-shell
nanoparticles (HER-DOX-PLGA-Au H-S
NPs) is more effective than passive

EuCl, + Se—octadecene,
oleic acid,
oleyl amine 2

Amine for improvement: A non-injection
approach using an amine as a reducing
agent is developed to produce spherical
EuSe nanocrystals (NCs) exhibiting blue
emission (peaking at 403 nm with 2.8%

Even flow: Photoinduced symmetry-
breaking charge separation takes place in
a few picoseconds in a 1,3-bis-
(perylene)propane dyad in polar solvents.
Polarized transient absorption measure-
ments show that the direction of the
charge flow is random and entirely gov-
erned by the fluctuations of the solvent
orientation around the dyad.

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

54°C

l |24 °C

targeting with their HER-free counterparts
(DOX-PLGA-Au H-S NPs). Thus, on NIR
irradiation, higher intratumoral temper-
atures were reached in tumor-bearing
mice that were treated with the HER-
conjugated particles (see picture).

Herceptin

Protein6_
TP}

HER-DO)(-PLGA AU
H-S NPS

— N -
90°C 5 -
P

quantum yield) and room-temperature
magnetic coercivity of 80.2 Oe (see
scheme). The NC morphologies can be
controlled easily to be hollow, spherical, or
rodlike.

Slip-sliding away: Gold(l) cations bind to
only one double bond of a 1,3-diene unit
but can glide over the C, backbone on a
low-activation-energy pathway. However,
the binding mode is influenced by sub-
stituents on the diene backbone, which
also induces a significantly higher barrier
to migration.

Angew. Chem. Int. Ed. 2011, 50, 7456 —7469


http://dx.doi.org/10.1002/anie.201101783
http://dx.doi.org/10.1002/anie.201102780
http://dx.doi.org/10.1002/anie.201102750
http://dx.doi.org/10.1002/anie.201102601
http://www.angewandte.org

[Ru(CO)CIH(PPh3)3]
or + NH —M
Xantphos
R tert-amyl alcohol, 20 h

RS

Diamination of diols: The first homoge-
neously catalyzed diaminations of primary
and secondary diols with ammonia give
the corresponding diamines. Other pri-
mary as well as secondary alcohols
including hydroxy-substituted esters can

oxidative cyclization

H \ __NHZ
£ () {

HO

HO
HO.

(ol
H
[-}Fneodysiherbaine A

in seven linear steps and 24% overall yield

To the point: The synthesis of the title
compound was achieved with 24 % overall
yield through a sequence that has just
seven linear steps (see scheme). Key
points are the facial selectivity displayed

allylsilane
addition

R1
HaN™ " ~NH, R' = alkyl

R? = alkyl, H

or +
R® = alkyl, phenyl

RZ_ _NH,
e
RS

also be efficiently converted to primary
amines. This atom-efficient and selective
amination method proceeds in an
ammonia atmosphere without additional
hydrogen sources.

NH, AcO

0" "OAc

p-o-ribopyranose
tetraacetate

H :

e HOfl\yoH /\\COOH A°O\[’j/°“°

) = S ] .
COOH o)'?; A Negishi

coupling )
D-serine

by an oxocarbenium ion derived from a
ribopyranose system and an osmium-
catalyzed oxidative cyclization that is
compatible with several acid-sensitive
groups.

CPh,
g Rh(CO),ClI
Ti o) Ti R es™ i
P )l\ 7 Ph,C=C=0 Py N/ 1 [{Rh(CO),Cll,] N )\ _Mes*
Ge P Ge Ge p—Mes
By L/ Mest = _ 3
o— By 0 tBu” o
CPh, CPh, CPh,

A highly reactive phosphagermacarbene
(PGeHC) was synthesized by [3+2] cyclo-
addition between phosphagermaallene
Tip(tBu)Ge=C=PMes* (Tip=
2,4,6-triisopropylphenyl; Mes*=2,4,6-

Two Mn—Mn-bonded dimanganese com-
plexes, as well as the tetracadmium
complex shown in the picture, were
obtained by reduction of [M,{u-«2-Me,Si-
(NDipp).};] (M=Mn, Cd; Dipp=2,6-

Angew. Chem. Int. Ed. 201, 50, 7456 — 7469

tris-tert-butylphenyl) and diphenylketene.
It forms complexes with [{Rh(CO),Cl},]
and Me;P, and undergoes a Wittig-type
reaction with diphenylketene (see
scheme).

iPr,C¢H;). Their structures are consistent
with those of calculated intermediates in
the reduction of [Zn,{u-kx?-Me,Si-

(NDipp),},]-

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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A dual catalyst system: The cooperative
function of a hard and soft Lewis acid (La
and Ag', respectively) in a catalyst system
that includes an amide-based ligand 1 is

OH O R OH
H
i jpi N
R2 R 5 R2 H o
4

up to >99% yield
up to 96% ee

crucial for simultaneous activation of
intramolecular 1,3-dicarbonyl and alkyne
moieties to afford enantioenriched cyclo-
pentane derivatives (see scheme).
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I// HRZ NE, (250 mol %) »n ’3:0 o PPh,
R! ﬂ 3 toluene, 100 °C, 24 h

Less metal wastes: The first catalytic,
enantioselective intramolecular aryl-
transfer reaction of aryl triflates to ketones
has been developed (see scheme;
R'=R2?=aromatic and aliphatic). This

+ H,‘,A\\\/CHO

.+ NC : NH

(added after 2h)

In control: The first dynamic one-pot
three-component asymmetric transfor-
mation between aldehydes, protected o-
cyanoglycine esters, and enals catalyzed
by a combination of a simple hydrogen-
bond-donating catalyst and a chiral amine

SN RO PPh;
R XD
£- 99 e F o

Aok (R)-DifluorPhos
method features overall practicality,
including substrate stability and accessi-
bility (protecting-group free) plus no need
for the use of stoichiometric amounts of
metals.
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CN 56-88% yield
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93-99% ee

catalyst is disclosed. Polysubstituted pro-
line derivatives, which have a quaternary
o stereocenter, were synthesized with
high endo-, diastereo-, and enantioselec-
tivities (93-99% ee).

(2R)-DTX-2: IC5=1.35 nM (PP2A), 82.6 nm (PP1)
2-6pi-DTX-2: ICsu=137 nm (PP2A), 3114 nm (PP1)

The first total syntheses of the title com-
pounds highlight novel assemblies of the
C1-C14 and C28-C38 domains, including
an unexpected diastereoselectivity in the
Sharpless asymmetric dihydroxylation of
an alkene at C1=C2. PPase inhibition
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assays revealed that 2-epi-DTX-2 is at least
1 to 2 orders of magnitude less potent
than DTX-2, thus indicating that the
configuration at C2 in DTX-2 is crucial for
potent inhibition (see picture).

Angew. Chem. Int. Ed. 2011, 50, 7456 —7469


http://dx.doi.org/10.1002/anie.201102114
http://dx.doi.org/10.1002/anie.201102158
http://dx.doi.org/10.1002/anie.201101966
http://dx.doi.org/10.1002/anie.201101741
http://www.angewandte.org

high field strength
k- MW, 65°C
L
N~ “MgCl
OFF

It's field density, not temperature! Mod-
ifying the electric field strength in a
microwave experiment can completely
change the outcome of a reaction.
Whereas a low field strength in Grignard
reagent formation from Mg metal and aryl

A common approach: Overall brevity in
the synthesis of the title compounds (see
scheme) is achieved by a sequential
electrophilic aromatic substitution of
indole and a regio- and diastereoselective
intermolecular Diels—Alder cycloaddition
to establish the key precursor—a neo-
pentyl chloride. A stereoselective Ritter
reaction and dehydration are used for the
installation of the isonitrile unit.

low field strength

MW, 65°C @
o

N “MgCI
ON

halide leads to acceleration of the initia-
tion step, using a high field strength at the
same temperature suppresses Mg inser-
tion, favoring solvent decomposition and
passivation of the Mg metal (see
scheme).

H
hapalindole G

H
hapalindole A

hapalindole K

chemoselective

reaction HS

synthetic or recombinant peptides

1. pH 3.0-4.0, NaNO,
2.pH7.0

aq. buffer

pH determines selectivity: The ligation of
peptide hydrazides is a new method for
protein chemical synthesis that is com-
plementary to native chemical ligation.

Simple and powerful: The reaction kinet-
ics at surfaces of heterogeneous catalysts
is reformulated in terms of the involved
chemical potentials. Based on this for-
mulism, an approach of searching for
good catalysts is proposed without
recourse to extensive calculations of
reaction barriers and detailed kinetic
analyses. (see picture; R=reactant,

| = surface intermediate, P=product, and
u° =standard chemical potential).
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unprotected
peptide

unprotected
peptide

—Cys—
Peptide hydrazides may be the long-
sought reagent equivalent to a “thioester
synthon”, one that is stable to the con-
ditions of native chemical ligation.

R\ /P
A

Catalyst surface

For all catalysts Hr > > Up

For catalysts Ha >[,uFJ> s
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in over 90% yield (see scheme) and air-
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encountered well-defined Cu(l) trifluoro-
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Stoppp, X
PPh,

X 4

methylating agent and a convenient
starting material for the synthesis of other
CuCF; complexes, such as [(phen)Cu-
(PPh;) (CF3)].

92%, air-stable

DNA hybridization of thrombin-binding
aptamers (TBAs) to form a self-assembled
arranged monolayer on gold nanoparti-
cles (AuNPs) was used to control the
coagulation activity of thrombin. The
hTBA,5/hTBA,;/cDNA-Au NPs provided
flexibility and a suitable orientation and
distance between the hTBA,s and hTBA,,
units for bivalent binding, allowing strong
interactions with thrombin and extremely
high anticoagulant potency.

Two-headed carbenes: N-heterocyclic car-
bene complexes of rhodium and iridium
were obtained by the double C—H activa-
tion of CH, groups in N heterocycles (see
structure: C gray, N blue, Cl green, Ir
pink). The reaction constitutes a valuable
approach to new carbene ligands with
unprecedented architectures.

Diversity: A range of substituted 2-alkyl-
quinolines can be prepared in a general
and efficient synthetic approach that
employs mild reaction conditions (see
scheme). The synthesis is based on a
sequential palladium-catalyzed C—N and
C—C bond formation, followed by palla-
dium-catalyzed aromatization, and results
in the formation of the desired com-
pounds in one step.
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Effect and cause: Secondary deuterium
isotope effects on the acidity of the
deuterated compounds 1-4 were mea-
sured by using an NMR titration method
applicable to a mixture and capable of very
high accuracy. Variable-temperature
experiments show that these isotope
effects are due only to changes in vibra-
tional frequencies. These findings refute
an inductive origin for these isotope
effects.

N, N o
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/N/ \N\ ,N e \ “N
LS
A complex complex: The reactions of a
scandium terminal imido complex with a
series of unsaturated substrates, includ-
ing CO,, PhCN, methyl methacrylate
(MMA), cyclopentadiene, PANCO, and

0]

"
MeOH/ H,0 (4:1) ArB(OH),

KF (50 mol%)
40°C, 3h

Have it both ways: A novel class of chiral
sulfoxide-olefin ligands was synthesized
from a single chiral source. These ligands
were evaluated in rhodium-catalyzed 1,4-
additions of arylboronic acids to electron-
deficient olefins, and remarkable olefin-

1) TMPZnCl - LiCl (1.5 equiv)
THF,25°C, 1h

SN 2) 10% Sc(OTf);

7

N Me
Br ‘@’CN (0.8 equiv)

2% Pd(OAc)y, 2-4% SPhos
50°C, 1h

Either ZnCl,, Sc(OTf);, or BF;-OEt, can
promote the palladium-catalyzed arylation
of methylpyridines and related heterocy-
cles (see example). The complexation of
the Lewis acid to the nitrogen atom in the
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propylene oxide, are presented (see
scheme). A variety of intriguing products
are formed from this complex. Ar=2,6-
(iPr),CeHs.

] Y
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Y R?

H1
(R)-products = o
up to >99% ee - C:Ha " ,_IH

L1: R
L2 R
directed reversal of stereoselectivity (up to
>99% ee, Risomer; 98% ee, S isomer)
was observed when the reversal ligand
pair L1 (branched olefin) and L2 (linear
olefin) were utilized (see scheme).

7

Sc(0TH, N

87%
without Sc(OTf),: 0%

heterocycle facilitates the reductive elim-
ination, leading to various arylated pyr-
idines in high yields. BF;-OEt, was also
found to promote highly regioselective
metalations in the case of 2,4-lutidine.
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desulfatation
HO. (0]
oxidation

HO

Plugged up: A rapid and efficient cascade
of desulfatation, oxidation, and cross-
linking mediates wound sealing in the
giant-celled alga Dasycladus vermicularis

Cp glue: A chiral four-coordinate organo-
lanthanoid complex, which has an
unsupported metal-metal bond, reacts to
give a lanthanoid—transition-metal cluster
with two-electron multicenter metal—
metal bonds (see structure). The reaction
proceeds through C—H bond activation by
the polar metal-metal bonds and affords
a 1,2-dimetallation of one Cp ligand of the
metallocene moiety.

—_— =

—_— -
Z080,H nucleophiles
—

wound plug

(see picture). UV and fluorescence studies
and mass spectrometry show the wound
plug is a coumarin-based polymer.
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Muscle Contraction
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A twitch in time: Light-directed inhibition
of the interaction between a-1-syntrophin
and neuronal NO synthase (nNOS) in
living skeletal muscle with a cell-perme-

able photoswitchable nNOS-derived pep-
tide ligand results in photocontrol of
muscle performance and nitric oxide
signaling.
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