ZUSCHRIFTEN

Substitution of a methyl group for the N-hydrogen atom turns
a conformationally floppy adsorbate into a sterically con-
strained one. This alters the process of intramolecular vibra-
tional energy redistribution (IVR). For pyrrolidine, the CH,
stretch excitation can dissipate by coupling to the large-scale
conformational change. This dissipation path is quenched for
N-methylpyrrolidine. For both molecules, the CH, stretch can
transfer its energy to other lower energy vibrations, substrate
phonons, and electron —hole pairs.

Like the pyrrolidines, pyridine binds to copper predom-
inantly through the lone pair electrons on nitrogen.?”! Only
the CH (CD) stretch mode of pyridine on Cu(001) at 377
(281) mV has been observed with STM-IETS,?! and the
lineshape of this mode matches the lineshape of the N-
methylpyrrolidine CH, stretch. The aromaticity of the pyr-
idine ring constrains the molecule to a planar geometry. The
rigid electronic backbone of pyridine acts like the bulky
methyl group on N-methylpyrrolidine, keeping the molecule
in just one conformation.

It is evident that molecular structure can have a significant
impact on the dissipation of vibrational energy. Simple
substitution of a methyl group for a hydrogen atom removes
the NDR from the /-V curve. Thus, as we move to ever
smaller devices, consideration must be given to the effect of
molecular structure and conformation on the conductivity. By
changing the functional groups in a molecule, different
electronic functions can be realized at the molecular level.
At a more fundamental level, understanding how molecular
structure and dynamics alter electron transport through single
molecules has important ramifications in chemical and bio-
logical systems.
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First Desymmetrization of a Centrosymmetric
Molecule in Natural Product Synthesis:
Preparation of a Key Fragment in the Synthesis
of Hemibrevetoxin B**

Joanne M. Holland, Mark Lewis, and Adam Nelson*

Many polyether marine natural products, such as the
ciguatoxins, brevetoxins, and yessotoxins, have embedded
centrosymmetric fragments.'! For example, the AB ring
system of hemibrevetoxin B (1) is a centrosymmetric dioxe-
pane (see boxed fragment: 1, Scheme 1). There are three
reported syntheses of hemibrevetoxin B (1), but none of these
approaches take advantage of this hidden symmetry.1? 3!

CHO

Scheme 1. Retrosynthetic analysis.

Our approach to hemibrevetoxin B is outlined in Scheme 1.
Desymmetrization!* of the centrosymmetric diepoxide 3, by
selective hydrolysis®! of one of its enantiotopic epoxides and
protection, would give the knownl®! acetonide 2. The symme-
try of 3 demanded that a two-directional strategy!® be used, an
approach which was expected to improve the efficiency of the
synthesis of 2 considerably. The epoxide 2 has been prepared
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from geranyl acetate in 22 steps and 14 % overall yield, and is
a key early intermediate in a total synthesis of hemibreve-
toxin B: it has been converted in 32 steps into hemibreve-
toxin B by means of an elegant double tetrahydropyran
(THP) —oxepane ring expansion.P!

The enedione 5 was prepared as a 2:1 mixture of E- and Z-
geometric isomers by cross-metathesis of the available y,0-
unsaturated ketone 4 (Scheme 2). An alternative approach to
the enedione (E)-5 involved reaction of the enamine 10 with
(E)-1,4-dibromobut-2-ene, followed by hydrolysis and decar-
boxylation (70 % yield). The enedione (E)-5 was epoxidized
with 3-chloroperoxybenzoic acid (m-CPBA) to give the epoxy
diketone 6 in excellent yield.

The cyclization of the epoxy diketone 6, catalyzed by
pyridinium p-toluenesulfonate (PPTS), was central to the
success of our synthesis;!"! participation of one of the ketones
of 6 initially gave the diacetals 11 which equilibrated to give
the di-THP 7. The transformation 6 —7, therefore, exhibits an
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Ozonolysis of 8, with reductive work-up, gave the dialde-
hyde 9 whose sulfur ylide-mediated epoxidation gave the
diepoxide 3 as a 20:1 mixture of centrosymmetric and
unsymmetrical isomers. The observation of a long-range
coupling (“/=1.6 Hz) between the aldehyde proton (H")
and the axial proton on C-3 (H®) suggests that 9 largely
populates a conformation 12 with a characteristic W-arrange-
ment between H” and H® (Figure 2). The isolation of the
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Figure 2. Ground-state conformation of the dialdehyde 9.

diepoxide 3 is consistent with attack of the
dimethylsulfoxonium ylide on the Felkin—
Anh®! conformation 13 (Figure 3).
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H o Me H  Me H o Me Figure 3. Diastereoselective epoxidation of the dialde-
9 8, d.r. > 99:1 7 hyde 9.
lf
The centrosymmetric diepoxide 3 was de-
Oy, MeO H D H H symmetrized by enantioselective epoxide hy-
f N o § 3 drolysisP! by using Jacobsen’s chiral salen
0% M . o o " catalyst (R,R)-15 (Sc.:heme 3). Accorghngly,
H  Me 70 OEt e treatment of a solution of 3 (1.0mM in 1:1
3, d.r. >20:1 10 11 acetontrile/dichloromethane) with 1.1 equiva-

Scheme 2. Synthesis of the centrosymmetric bisepoxide 3: a) 5 mol% [(Cy;P),RuCHPh],
CH,Cl,, 92%; b) m-CPBA, 96 %; c) PPTS, MeOH, 85%; d) propargyl trimethylsilane, cat.
Me;SiOTL, 92 %; e) Os, then Me,S, 98 %; f) Me;S(O) I, NaH, DMSO, 75%. Cy = cyclohexyl.

exquisite combination of thermodynamic and kinetic control:
the stereochemistry of the ring junction derives from the
stereospecific epoxide opening and the regiochemistry of the
ring system and the stereochemistry of the anomeric centers
are thermodynamically controlled.
Nucleophilic substitution of both acetals of 7 gave the
centrosymmetric di-THP 8 in which both allenyl substituents
had been introduced from an axial®
direction; the relative stereochemis-
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NOE . . .
H /7-1 try was determined by using a series
of NOE experiments (see Figure 1
Me Q76 me for diagnostic NOE enhancements).

H In the context of two-directional
NOE \»H synthesis, the isolation of a >99:1
mixture of diastereoisomers 8 re-
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lents of water and 20 mol % (R,R)-15 gave the
diol 14 in >98 % yield, which was converted
into the corresponding acetonide 2. The epoxy
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Figure 1. Proof of the ste-
reochemistry  of  the
bisallene 8.

flects >200:1 stereoselectivity for
each substitution reaction.
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Scheme 3. Desymmetrization of the bisepoxide 3 and synthesis of the key
intermediate 2: a) 20 mol% 15, 1.1 equiv H,0, MeCN/CH,Cl,, >98%;
b) (MeO),CMe,, cat. PPTS, CH,Cl,, 98 %.
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acetal 2, [a]® = —21.7 (c=0.67 in CHCl;), was spectroscopi-
cally identical to that prepared previously?® ([a]® =—22.2
(c=1.15in CHCl,)B!). The sense of asymmetric induction was
the same as those observed in kinetic resolutions of terminal
epoxides under similar reaction conditions. The enantiomeric
excess of the desymmetrized product 14 was determined by
chiral HPLC analysis of the corresponding benzoate 16;
comparison of 16 with a sample of low enantiomeric excess
(prepared by mixing 16 with its enantiomer ent-16, also
synthesized by desymmetri-
zation of 3) showed that the
desymmetrized product 2 had
>95 % ee.
e OH The key step of our syn-
16 thesis was the desymmetriza-
tion of a centrosymmetric
molecule, an approach which had not previously been
exploited in natural product synthesis. This strategy has,
however, been applied in the desymmetrization of a 2-pyr-
idone [4+4] photodimer,l'”! the asymmetric reduction of a
diketone,'!l and in the preparation of syndiotactic poly-
mers.'2l The use of a desymmetrization, rather than a kinetic
resolution strategy, enabled the product 2 to be obtained in
high yield without compromising its enantiomeric excess. Our
two-directional approach allowed the synthesis of the estab-
lished intermediate 2 in eight steps and 34 % overall yield. The
key features of our synthesis of 2 include a) the use of no
protecting groups, b) the use of only achiral reagents to
control relative stereochemistry, and c¢) the use of a single
chiral catalyst to induce asymmetry. The desymmetrization of
centrosymmetric molecules, combined with a two-directional
synthetic approach, is a powerful strategy which will find
further application in the synthesis of natural products and
biologically active compounds.

Oy, Me H
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Discrete Mixed-Valence Metal Chains:
Iridium Pyridonate Blues**

Cristina Tejel, Miguel A. Ciriano,* B. Eva Villarroya,
Raquel Gelpi, José A. Lopez, Fernando J. Lahoz, and
Luis A. Oro*

Discrete chains of metal atoms are of current interest from
both theoretical and practical points of view. One synthetic
approach to this type of compounds is based on ligand-
assisted reactions using polydentate ligands, which is exem-
plified by several families of metal string complexes support-
ed by oligo-a-pyridylamido ligands.'l' A second approxima-
tion involves the formation of metal—metal bonds between
partially oxidized d® square-planar complexes, for which the
platinum blues are the most representative examples.?! Most
of the reported platinum blues have been prepared from
disymmetric square-planar dinuclear complexes with two
amidate N-C-O-type ligands as bridges, and it has been
claimed?*< that the head-to-head (HH) configurations are
essential to achieve the tetrametallic platinum chains. More-
over, it has been argued that the head-to-tail (HT) structures
do not dimerize for steric reasons. In fact, all the reported
structures of platinum blues are based on HH dimers. Other
metals, for which square-planar complexes are common, such
as rhodium, iridium, and gold, are suitable for forming such
metallic chains, but few examples for these metals are
known.Bl Herein we describe two new tetrametallic mixed-
valence iridium compounds, which substantiate that dinuclear
complexes with HT configurations are actually able to
participate in metallic chains, while those with HH config-
urations generate the thermodynamically stable compounds.

An appropriate precursor for the formation of iridium
pyridonate blues is the binuclear complex [{Ir(u-OPy)-
(CO),},] (Opy =2-pyridonate (1)). It was prepared, as purple
microcrystals with metallic luster, by bubbling carbon mon-
oxide through a solution of the complex [{Ir(u-OPy)(cod)},]
(cod = 1,5-cyclooctadiene) in toluene.l¥ While the HT config-
uration of the a-pyridonate ligands was found in the solid
state and in solution for the diolefinic complex, a bridging
ligand rearrangement occurs on carbonylation. Thus, complex
1 was found to be a 1:1 mixture of the HH and the HT isomers
in solution (Scheme 1). Noteworthy, these configurational
isomers were found to be in a chemical equilibrium, as shown
by the 'H two-dimensional exchange (EXSY) spectrum.

Oxidation of a solution of 1 in toluene with diiodine (in a
2:1 molar ratio) at 50°C gives immediately an EPR-silent
purple solution from which a crystalline blue solid (2) was
isolated in excellent yield (95 % ) on addition of hexane.P! This
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