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hard domains

Achieving the unachievable: Hard supra-
molecular materials displaying autono-
mous self-healing have been considered
unachievable because of the mobility
required to reconstitute supramolecular
interactions after rupture. Now, relatively

supramolecular
assembly

hard thermoplastic elastomers have been
reported that meet these requirements.
The picture shows a triblock copolymer
containing soft supramolecular “self-
healing” domains and hard, structure-
giving domains.
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visible and near-IR region of organic solar

v
. 2 o8
Nonmetallic H™ "NH,
N

"CN" group
sources | Ho N

Ar—X(H)——> Ar—CN

Me CN

postage paid at Jamaica, NY 11431. US POST-
MASTER: send address changes to Angewandte
Chemie, Journal Customer Services, John

Wiley & Sons Inc., 350 Main St., Malden,

MA 02148-5020. Annual subscription price for
institutions: US$ 11.738/10.206 (valid for print
and electronic / print or electronic delivery); for

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

cells, and the synthesis of the first phos-
pharadialene serve as the focus for a short
overview of oxocarbons and related
heteroorganic compounds.

Introducing CN: Recently, a range of
nonmetallic organic cyano-group precur-
sors (see scheme) have been developed
as attractive alternatives to metal cyanides
that have been frequently employed in the
catalytic cyanation of aryl halides. This
Minireview summarizes the development
of organic cyano-group precursors and
their application in the cyanation of aryl
halides, boronates, boronic acids, arene
carboxylic acids, and (hetero)arene C—H
bonds.
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Coming in to form: A summary is given of
what is known about polyamorphism in
calcium carbonate as well as the role of
amorphous calcium carbonate in biomin-
eralization. The amorphous forms of
calcium carbonate within the physical
notion of polyamorphism lead to new
insights when it comes to the mecha-
nisms by which polymorphic structures
can evolve. This also has implications
beyond biomineralization.
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X-Ray

[8]circulenoid

Doubly positive: A circulene-like species
has been transformed into its helical
counterpart exclusively by the application
of heat (see scheme). The synthesis of the

Ti wire

Photoelectric conversion

CNT fiber

[7]saddlequat [71helquat

chiral dicationic [8]circulenoid is based on
a key [6+6] photocycloaddition and
requires only five steps and no chroma-
tographic purification.

Ti wire

Energy storage

o

Light my wire: Aligned carbon nanotube
(CNT) fibers are wrapped around a TiO,
nanowire that is several centimeters long.
Treating the ends of the nanotube wire
with a light-sensitive dye and an electro-

A good sort: A racemate is observed to
segregate in situ upon diastereoselective
adsorption on an achiral surface by sur-
face-mediated complex formation in

a liquid (see picture; yellow: enantiopure
resolving agents, ovals: the enantiomers
of the racemate to be resolved).
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lyte, creates photoelectric-conversion and
energy-storage regions in the same device
(see scheme). The “wire” shows a high
overall photoelectric conversion and stor-
age efficiency of 1.5%.
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A Chiral Dicationic [8]Circulenoid:
Photochemical Origin and Facile Thermal
Conversion into a Helicene Congener
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Capillary condenser

Pin hole,

A closer look at catalysis: In situ hard X-
ray nanotomography has been developed
(see picture) as a method to investigate
an individual iron-based Fischer-Tropsch-
to-Olefins (FTO) catalyst particle at ele-
vated temperatures and pressures. 3D

The Belousov-Zhabotinsky (BZ) reaction
using hydrated protic ionic liquid (PIL) as
reaction medium is reported. For the first
time it is found that the BZ oscillation
reaction occurred in certain hydrated PILs
without adding strong acid such as HNO;
(see red oscillation profile). Furthermore,
a stable and long-lasting self-oscillation
can be realized when the component
concentrations of the BZ medium are
optimized.

= |
200 400 600 800nm

Image plane

Sample
cell

Objective
zone plate

and 2D maps of 30 nm resolution could
be obtained and show heterogeneities in
the pore structure and chemical compo-
sition of the catalyst particle of about
20 pm.

~

inPIL in HNO,

Time/s Time/s

Absorbance at 455 nm

Wired for action: An alumina-based tem-
plate method produces nanowires of an
alkylated mononuclear spin-crossover Fe
complex. The wires can be isolated by
dissolving the template in acid without
decomposition of the product, and have
a narrow distribution of diameter widths
in the range of 80-100 nm. Electronic
characterization of a single wire is possi-
ble by using Raman spectroscopy coupled
to AFM (see picture).

10 mol%

C o o Food T
+
)J\ CO Me
Ar” "COMe L1y MES buffer :

RNA or DNA

Nuc 'em: A variety of nucleic acids can be
catalytically alkylated with rhodium-car-
benoids generated from diazo com-
pounds in aqueous buffer through an
N—H insertion process (see scheme;
MES =2-(N-morpholino)ethanesulfonic
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acid). The method specifically targets
unpaired bases such as those present in
single strands, turn regions, and over-
hangs while leaving double-stranded
sequences untouched.
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Show me inside: 3D time-of-flight secon-
dary-ion mass spectrometry (TOF-SIMS)
with a dual-beam mode allows the detec-
tion of the characteristic biopolymers
from surface to subsurface in plant cell
walls. Lateral and vertical distribution of
major components can thereby be
mapped to understand the structural
architecture of plant cell walls at under
sub-micrometer scales (see picture:
green =cellulose, red =lignin).

Energy

Dihedral Angle

Flip the switch on metals: Coinage metal
adsorbed azobenzene is investigated as
a prototypical molecular switch. Switching
capabilities are not just lost owing to
excited-state quenching, but also because
of changes in the ground-state energetics

Deactivation and structural deformation
of enzymes immobilized on magnetic
nanoparticles (MNPs) are observed after
exposure to magnetic fields. These
changes are due to realignment of MNPs
in response to the AC magnetic field,
which leads to stresses in MNP-linked
polymer chains. Such stresses translated
to an enzyme molecule immobilized on
a MNP aggregate induce deformations
and irreversible (or long lasting) confor-
mational changes.

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

(see graph; black=gas phase, gray=Ag-
(111), yellow=Au(111)). Electron-
demanding coadsorbates are suggested
as a strategy to regain the switching
function.

More than the sum of the parts: The
property of a supramolecular material can
differ significantly from those of the con-
stituent materials. Two organic compo-
nents, which are nonconductive, nonpho-
tochromic, and nonluminescent, were
shown to self-assemble by cation—m, n—m,
and carboxylate—pyridinium interactions.
An organic semiconductor is thus pro-
duced with significant charge mobility and
photochromic and photoluminescence
properties.

Active enzyme Inactive enzyme
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Under confinement: Photosubstitution of
a CO ligand with an alkyne on a dinuclear
ruthenium carbonyl complex within a self-
assembled cage occurs without the
cleavage of the photolabile Ru—Ru bond.
The resulting Ru—alkyne st complex is

Porosity control: Mixed metal oxides
(CuM/CeO,, M =Co, Fe) with tailored
porosity were prepared by improved hard
templating. These materials were highly
active and selective catalysts for low-
temperature oxidation of CO in the pres-
ence of excess H, (see picture), a process
which is central for the practical use of H,
in proton-exchange membrane fuel cells.

Angew. Chem. Int. Ed. 2012, 51, 11911-11924
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A sticky situation: Domain-dependent
recognition of the glycosphingolipid gal-
actosylceramide by norovirus-like parti-
cles (see picture; red/yellow) is shown
using supported lipid bilayers (purple) as
model membranes. Optimal ligand pre-
sentation is found to promote strong
binding to GalCer. This presentation can
be found at the edges of the glycosphin-
golipid-enriched domains (green) and
binding is repressed in the absence of
these domains.

Balancing act: DFT calculations show that
the structures of the water-oxidizing
complex in the two most recent single
crystal XRD studies of photosystem Il at
2.9 A and 1.9 A resolution are tautomers
related by a single proton transfer. The
anomalous oxygen species, O(5), weakly
bound to four metal centers in the 1.9 A
structure (see picture) is identified as

a substrate water molecule balanced
between the Jahn-Teller axes of Mn(1),
Mn(3), and Mn(4).

R extraction

ﬁr =y

a reaction intermediate stabilized inside
the cage. Outside the cage, the T complex
can be further transformed to a diruthe-
nacyclopentenone framework by intramo-
lecular CO insertion (see scheme).

\8/ \&

0
Selectivity
>98%

Cu(Fe Co)/CéO

Conversion
>98%
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Rationalizing the 1.9 A Crystal Structure of
Photosystem [I—A Remarkable Jahn—

Teller Balancing Act Induced by a Single
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H. Ye, Z. Lu, D. You, Z. Chen, Z. H. Li,*
H. Wang* 12047 -12050
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Redox catalysis: Aryl amides, imides,
lactams, and dipeptides are obtained
through a direct Staudinger ligation
mediated by phosphine-based redox cat-
alysis (see scheme). Mechanistic studies
indicate the involvement of a phosphoni-
um carboxylate intermediate that leads to
a 1,3-acyl migration and thus results in
C—N bond formation.

o — . DABCO  icipasco ™
= [PPhsAUCI] "
HBAIF, PhsP

1

Golden frustration: The facile activation of
terminal alkynes with a frustrated Lewis
pair (1 and 1,4-diazabicyclo[2.2.2]octane
(DABCO)) enables the development of an
efficient boroauration reaction. This pro-

poly(phenylene ethynylene)

Put a ring on it: Sterically congested
polyarylenes can be synthesized by benz-
annulation reactions at each C=C bond of
a poly(phenylene ethynylene) (see pic-
ture), one of the most easily synthesized
and versatile classes of conjugated poly-

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

PhSiH, PhSiH,0H

+ P!/PV.Redox Catalysls

PPh; (cat.) Ph Ph

R1JOLOH %’

R2N-N, N,

O PPh3 (cat.)

B,

21 examples
up to 98% yield

Subtle but distinctive: The stereostructure
of the biologically highly promising anti-
mitotic agent leiodermatolide was uncer-
tain. A short, efficient, and flexible total
synthesis based on ring-closing alkyne
metathesis as the key step has now solved
the puzzle. Subtle differences in the 'H
NMR spectra of the structure shown and
the conceivable isomer proved invaluable
for the assignment.

H  1)[Pd],Phc(O)CI
—_—

BArF, 2) p-MeCgH,l, NaOH

"one-pot"

cess can be achieved directly from
alkynes, a hydroborane, [PPh;AuCl], and
an organic base. Arf=2,4,6-tris(trifluoro-
methyl) phenyl.

at each

ortho-linked polyarylene

mers. The benzannulation reaction is
highly specific and efficient, as deter-
mined by an isotopic labeling study and
several complementary spectroscopic
methods.
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a) Pd(OAC),/L*

/
Ts =" Z0CsH
NH

)

In control: A new synthetic strategy
towards cyclic amines was developed and
exploits a stereodefined cyclic N,O-acetal
as the key stereocontrol and diversity-
generating element. The cyclic N,O-acetal
was prepared from the sequential asym-

Ts

(5 equiv)
—_—
b) Grubbs catalyst

@;ocsHﬁ

>99% yield, >99% ee

Ts

0s0, N
—

OCsHy4
g > 95% yield

HO  oH single diastereomer

metric hydroamination of an alkoxyallene
with the chiral ligand L*, and ring-closing
metathesis. The stereochemical integrity

of the labile N,O-acetal was conserved in
all catalytic transformations.

1) NH,NHR2 -
CF i CF, NHTs
/< NaH or nBulLi 2 [I\]Rz NaH _N
R 2) TsCl, pyridine =} R NR2
2-trifluoromethyl- 1,1-difluoro- ring-fluorinated
1-alkenes 1-alkenes pyrazoles

Replacing the fluorine: 3-Fluorinated pyr-
azoles were regioselectively synthesized
by sequential substitution reactions of 2-
trifluoromethyl-1-alkenes (see scheme).
S\2'-type reactions of 2-trifluoromethyl-1-

@ FeF,

L

_/?VW__,/\M
M
A
FeR #E —>FeE,

730

770 750

v/ cm!

790

1) LDA, base (1:1)

LiCl, THF, =78 °C
2) MeO,CCN (3 equiv)

Experiments involving competition
between chiral and achiral lithium amides
provide a qualitative impression of the
kinetics of different amide motifs in
enolization reactions. The level of enan-

Angew. Chem. Int. Ed. 2012, 51, 11911-11924

alkenes with deprotonated tert-butoxyl-
carbonyl- or arylhydrazines afforded 1,1-
difluoro-T-alkenes, which were tosylated
and then treated with NaH to give the
desired 3-fluoropyrazoles.

Beyond iron trifluoride: Matrix-isolation
IR spectroscopy and state-of-the-art
quantum-chemical calculations have led
to the characterization of iron tetrafluo-
ride, a previously unknown species. FeF,
has been prepared by co-deposition of
laser-ablated iron atoms with fluorine
under excess of noble gases (neon and
argon) at cryogenic temperatures.

Ph Ph
—N N
| | _\
Ph Li H h
base

89%, 99% ee

tioselectivity was not diminished by the
inclusion of lithium diisopropylamide
(LDA; see scheme) into asymmetric eno-
lizations mediated by a chiral lithium
amide base, derived from a 1,2-diamine.

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Reciprocal Cross Talk between Fatty Acid

and Antibiotic Biosynthesis in
a Nematode Symbiont
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Ringing it up: The methyl ester of penta-
lenolactone A has been obtained through
the stereoselective synthesis of a cyclo-
pentenone by a combination of the Co-
mediated Pauson—Khand reaction (PKR)
of enyne 1, and the construction of

The name of the game: X-ray crystallo-
graphic analysis of Gilman- and Lipshutz-
type amidocuprates indicates that the
presence of LiX (X=CN, 1) and THF shifts
the equilibrium between the two toward
the Lipshutz-type cuprate and that this is
important in generating the active species
for directed ortho cupration. DFT calcula-
tions show that monomeric Gilman-type
cuprates have an unprecedentedly high
reactivity (see scheme, DG =directing

group).
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s
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("secondary")
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)® EIEPSEm
PP

S SH
€O, [}
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pentalenolactone A
methyl ester

a quaternary-carbon-based strained o-
methylidene-0-pentyrolactone core
through a trimethylsilyl (TMS) mediated,
telescoped intramolecular Michael olefi-
nation (TIMO) reaction of keto-phospho-
nate 2.

Isolobal and isolatable: A triangular
[L;Aus]* ion, bearing N-heterocyclic car-
bene ligands (L), is crystallographically
characterized (see structure; Au yellow,
C gray, N blue). Density functional theory
suggests full valence delocalization
among the gold atoms, with the HOMO
composed largely of gold 6s orbitals and
the LUMO comprising a degenerate pair.
This orbital picture is analogous to that of
[H3]*.

monomeric )

Gilman-type )‘-
cuprates -
-

Directed ortho Cupration

DG

@m

Don’t play the second fiddle! The iden-
tification of different arrangements of
branched-chain keto acid dehydrogenases
usually involved in the biosynthesis of
cellular building blocks is demonstrated
(see scheme). Direct cross talk between
secondary metabolism ketosynthases
(KS) and fatty acid biosynthesis is shown
and the biosynthesis of odd-numbered
iso-fatty acids is found to be connected to
the production of pristinamycin Il,.
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Owing to their unique properties, mole-
cules containing the difluoromethyl group
(CF,H) are of great interest. Tri-
butyl(difluoromethyl)stannane has now
been used for the selective and efficient
direct ipso difluoromethylation of aryl

v
C A
W3 2AP v
A A
¥ — A
1910 - G — C—1920

c—&
Ge U
G—C

paromomycin

Secondary structures are critical regula-
tors of protein structure and function.
Switchable peptides that can adopt mul-
tiple defined conformations in response
to stimuli are attractive model systems for
the study of protein folding and misfold-
ing. A peptide is presented that can be
reversibly reconfigured between an a-
helical monomer and a [3-sheet aggregate
upon one-electron oxidation and reduc-
tion in the presence of Cu'/Cu'".

iodides, heterocyclic iodides, and p-styryl
halides (see scheme). The straightforward
preparation of the difluoromethylating
reagent makes this approach particularly
valuable.

Loop conformation: The loop of the RNA
domain helix 69 (H69) was modified with
the fluorescent analogue 2-aminopurine
(2AP), thus showing different conforma-
tional states under various conditions.
The application of this model RNA reveals
the unique impact of aminoglycoside
neomycin, which differs from the effects of
structurally related compounds paromo-
mycin and gentamicin, on the H69 loop
conformation in solution (see picture).
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Organofluorine Compounds

G. K. S. Prakash,* S. K. Ganesh,
J.-P. Jones, A. Kulkarni, K. Masood,
J. K. Swabeck, G. A. Olah  12090-12094

Copper-Mediated Difluoromethylation of @
(Hetero)aryl lodides and

B-Styryl Halides with

Tributyl (difluoromethyl)stannane

Ribosomes

Y. Sakakibara, S. C. Abeysirigunawardena,
A.-C. E. Duc, D. N. Dremann,

C. S. Chow* 12095 -12098
Ligand- and pH-Induced Conformational @
Changes of RNA Domain Helix 69

Revealed by 2-Aminopurine Fluorescence

Peptide Switches

X. Wang, |. Bergenfeld, P. S. Arora,*

J. W. Canary* 12099-12101
Reversible Redox Reconfiguration of @
Secondary Structures in a Designed

Peptide

RN R o] nR Cobalt Catalysts @
R)J\R. RJJ\H H —IBArF4
o
Hzlcat. Hzlcat. H, | cat. Cyzp_C:O_PCyz G. Zhang, B. L. Scott,
o HN’RI CH,SiMe; S. K. Hanson* 12102-12106
/\/Rl s /k
R R”°R R”™ "H eat Mild and Homogeneous Cobalt-Catalyzed @

Hydrogenation of C=C, C=0, and C=N
A cationic cobalt(l1)-alkyl complex is an Bonds
effective precatalyst for hydrogenation of
alkenes, aldehydes, ketones, and imines
under mild conditions (1-4 atm H,; see

scheme). The catalyst shows a high func-

tional-group tolerance across a broad
range of substrates. Experiments suggest
that the active catalytic species is a

cobalt(l1)-hydride complex. Front Cover

P 7'
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DNA Binding N/\Nj 2

3

Cool to switch on: Although a Ru(dppz)-
based complex binds to the grooves of

M. G. Walker, V. Gonzalez, N\;[:j/’ ‘ duplex DNA at room temperature and
E. Chekmeneva, \ “N—Ru—N. above, it intercalates into duplex DNA at
J. A. Thomas* 12107 -12110 / ‘ N 10°C, thus displaying a light-switch effect
N (see picture, dppz = dipyridylphenazine).
@ Temperature-Switched Binding of - | Furthermore, once intercalated at low
a Ru"(dppz)/DNA Light-Switch Complex AN temperatures, emission does not disap-
NH, pear, even after the bound complex is
warmed up to 35°C for several hours.
10°C 25°C
"M papwegy M M
2 P'e — PZZPd==PR,
T. Iwamoto,* F. Hirakawa,
Me;Si SiMe; Me3Si SiMe; MesSi SiMeg

S. Ishida* 12111-12114

A Two-Coordinate Palladium Complex
with Two Dialkylphosphinyl Ligands

Navy blue crystals of a two-coordinate
homoleptic palladium complex with two
phosphinyl radical ligands was synthe-
sized by a simple ligand-exchange reac-
tion. Significant  interactions between
orbitals of Pd and the SOMO of phos-

m

phinyl radicals are responsible for the
diamagnetic character, the intense blue
color, and short P—Pd distances. Hydro-
genation of the complex gave the corre-
sponding bis(dialkylhydrophosphine)pal-
ladium complex.

navy blue crystals

O, M

C—H Functionalization NG ©

o Ru (cat.) O Ne

N
S. Reddy Chidipudi, I. Khan, N> __CuOA% » Vo
H. W. Lam™* 12115-12119 g \Me 1,4-dioxane, 90 °C Me o) Me
22 examples Ph
-t up to 84% yield 76%

Functionalization of C;,»—H and C,—H Ph

Bonds: Synthesis of Spiroindenes by
Enolate-Directed Ruthenium-Catalyzed
Oxidative Annulation of Alkynes with 2-
Aryl-1,3-dicarbonyl Compounds

Ru(de) awakening: The synthesis of car-
bocycles by the ruthenium-catalyzed oxi-
dative annulation of alkynes with 2-aryl
cyclic 1,3-dicarbonyl substrates is de-
scribed. Proceeding by the functionaliza-

i furan
Synthetic Methods TESOTf (10 mol%)
CH,Cl,, 91 °C

B. Lo, S. Lam, W.-T. Wong, 75% yield

OTES

tion of C,,,—H and C,,-—H bonds, and the
formation of an all-carbon quaternary
center, the reaction provides a diverse
range of spiroindenes in good yields with
high levels of regioselectivity.

OH
OH
(e} . O~
// O 4/ O

92% ee 92% ee

P. Chiu* 12120-12123 cyclopentadiene OH
0 TESOTF (10 mol%) OH
@ Asymmetric (4+3) Cycloadditions of 99% ee CHaCly, 917G N ¢ p
i _ ? 69% yield o o
Enantiomerically Enriched Epoxy 98% ee 99% ee

Enolsilanes
A floxy) allyl: The intermolecular (4+3)
cycloaddition of enantiomerically
enriched epoxy enolsilanes produces
cycloadducts with up to 99% ee, thus
implying the reaction does not proceed by
the putative achiral oxyallyl cation inter-

11922 www.angewandte.org © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

mediate, but through a transiently chiral
electrophile which retains the stereo-
chemical information of the epoxide (see
scheme; TES =triethylsilyl, Tf=trifluoro-
methanesulfonyl).

Angew. Chem. Int. Ed. 2012, 51, 11911-11924


http://dx.doi.org/10.1002/anie.201206260
http://dx.doi.org/10.1002/anie.201206997
http://dx.doi.org/10.1002/anie.201207170
http://dx.doi.org/10.1002/anie.201207427
http://www.angewandte.org

Angewandte

imemationatedition. CEIMIE

ES Energy Conversion

Efficient without metal: Nitrogen-doped

graphene foams with a nitrogen content -
°

up to 7.6% have been prepared and used °N Y. Xue, J. Liu, H. Chen, R. Wang, D. Li,

as counter electrodes in dye-sensitized rok J.Qu,* L. Dai* — 12124-12127

solar cells (DSSCs; see picture). The

doping with nitrogen leads to a power Nitrogen-Doped Graphene Foams as
conversion efficiency of 7.07 %. This is one Metal-Free Counter Electrodes in High-

of the highest values reported for DSSCs Performance Dye-Sensitized Solar Cells

with carbon-based metal-free counter ‘
electrodes. Back Cover \‘\%\

:
/_g—R = RS W Nuc—H Nuc>(<_§\
(_// Q)

C _\@\O J. S. Clark,* A. Boyer, A. Aimon,

O)R, CO,R, SO,R, P(O)( OR)2 CN NucH = RCO,H, ROH, NsNH, P. Engel Garcfa, D. M. Lindsay,
A. D. F. Symington,
Top cat! Tetrahydrothiophene is an effi- under neutral reaction conditions. This Y.Danoy — 12128-12131
cient organocatalyst for the synthesis of ~ process is applicable to a wide range of
highly substituted furfuryl products from  nucleophiles and enynes and can be used  Organocatalytic Synthesis of Highly )
readily accessible electron-poor enynes in a domino organocatalysis sequence. Substituted Furfuryl Alcohols and Amines
@ Supporting information is available c(‘y A video clip is available as Supporting d" This article is available
on www.angewandte.org Information on www.angewandte.org online free of charge
(see article for access details). (see article for access details). (Open Access).
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In Scheme 1 of this Communication, formation of the MeO-migrated compound 10a
was reported for the photochemical denitrogenation of azoalkane AZ in benzene.

2D NMR spectroscopic analyses (HMBC, HMQC) of this reaction have now revealed
that the product is not compound 10a but compound 10a’.

OMe
Ph\%YOMe
N-N Ph
OJ\N\A\O
Ph
/Q/( 10a
MeO OMe MeO OMe OMe
0o
Ph Ph Ph Ph\zyPh
PAN N hv e )
AN TN, NN o
Ph > 04\ /go :< O
CeDs N PhN
AZ Ph OMe
Amax: 416 nm 10a’

The HMBC spectrum (see the Supporting Information) shows a clear correlation
between the protons of one MeO group (6 =3.31 ppm) and one carbonyl carbon atom
(0=154.74 ppm) as well as the protons of another MeO group (0 =3.14 ppm) and the
enolic C4 carbon atom (0 =144.37 ppm). These correlations are not consistent with
structure 10a but with structure 10a’.
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