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molecules within the material and agrees with the previous
Méssbauer and magnetic data.® The ligands around Ir(1) show
no disorder. (4) The bond distances of the ligands bonded to
Ir(1) and Ir(2) are shown in Figure 2. The 1r-CO distances
give indications of multiple-bond character. The 1r(1)-CO
bond which is trans to the Cl bond is 0.071 (8) A shorter than
the cis Ir-CO distance. This is consistent with a strong trans
bond and a large backbonding d-m .« contribution. (5) Unlike
the Pt 1-D materials where water molecules and counterions
fit into holes or channels in the lattice, Ir(CO);Cl crystallizes
in a close-packed lattice where all intermolecular contacts
except for the Ir-Ir bond are at normal van der Waals dis-
tances. This leaves no room for interstitial C1~ sites as can be
verified by inspection of Figure 1. This is confirmed by the final
difference Fourier map which showed no electron density above
0.6 e=/A3 where 0.4 e~ /A3 was the noise level of the map.!?
A three-dimensional model based on van der Waals distances
also shows no possible C1~ sites; thus there are no holes or
channels for disordered interstitial Cl~ ions within the lat-
tice.

Therefore, based on the above structural and analytical
evidence, we conclude that the earlier chemical analyses of
Hieber? and later of Fischer? were correct and that 1r(CQO);Cl
is stoichiometric. This finding is highly significant in view of
the considerable evidence that this material has some of the
properties of a metal or semimetal, e.g., its metallic luster, high
conductivity, and linear metal chains with very short metal-
metal bonds. However the physical measurements made on
good samples of this material are rather meager as yet and
proof of metallic character is lacking. If 1r(CO)3Cl is indeed
a one-dimensional metal or semimetal, it would represent the
first member of a new class of 1-D materials where the metallic
state is stabilized by metal-metal and metal-ligand bonding
without charge transfer to the lattice. Assuming that to be true
an overlapping 5d,2-6p, band model offers a possible elec-
tronic description of the origin of the conduction band. Of
course extensive calculations would be necessary to bear this
out. Polarized reflectance measurements, x-ray diffuse scat-
tering studies, and inelastic neutron scattering studies are being
carried out to determine the metallic state of [r(CO);Cl.
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An Expeditious Route to the Germacranes.
Total Synthesis of (+)-Acoragermacrone and
(£)-Preisocalamendiol

Sir:

The germacranes are a class of commonly occurring me-
dium-ring sesquiterpenes whose members include a variety of
pheromones, antibiotics, cytotoxins, and antitumor agents.!
These compounds are also known to be synthetic as well as
biogenetic precursors of other important classes of sesquiter-
penes.2 Although a great deal of effort has been devoted to
preparation of the requisite 1,5-cyclodecadiene ring,? only a
few approaches have proven applicable to the synthesis of these
chemically and thermally labile natural products.# Since ex-
isting syntheses either start from another relatively complex
natural product (note exceptions*d¢€) or suffer somewhat in
terms of overall efficiency, we have conducted studies directed
toward efficient new synthetic solutions to the germacranes.
We wish to report (1) a concise and highly stereoselective ap-
proach to the 1,5-cyclodecadiene ring system from a simple
monocyclic precursor; and (2) application of the sequence to
total syntheses of (+)-acoragermacrone? (1) and (£)-preiso-
calamendiol4¢-® (2).

Our approach to 1,5-cyclodecadienes is based on the well-
known tendency of the germacranes (i) to undergo an extemely
facile Cope rearrangement to the isomeric elemane sesqui-
terpenes (ii).” Although the equilibrium usually lies toward
ii, it is possible to upset the normal equilibrium and thus pre-
parel,5-cyclodecadienes from appropriately substituted div-
inylcyclohexanes.

Ty

The starting point for our studies was the monoterpene
isopiperitenone (3) which is itself readily prepared by oxidation
of limonene.® Addition of vinylmagnesium bromide (THF,
—20 °C) gave the trans-divinylcyclohexenol 4 (ir (neat) 3480
cm~!), which was not purified but immediately subjected to
the Evans modification® of the oxy-Cope rearrangement (KH,
THF, 18-crown-6, 18 h, 25 °C).1% Workup and short column
chromatography gave a 75% overall yield of the (Z,E)-cy-
clodecadienone 5 (mp (pentane) 28.5-29 °C; IR (neat) 1685,
1635 cm~!; NMR (8€C4) 593 (1 H, brs), 4.88 (1 H, brt, J
=7Hz),1.76 3H,d,J = 1.2Hz),1.43 (3 H,d,/J = 1.2 Hz)).
Spectral comparisons3¢ as well as NOE experiments confirmed
the olefinic geometries shown. No trace of other isomers could
be detected in the crude product.

KH
B —

X A wger B
OH 0
3 4 ]

Although some germacranes incorporate the Z,E olefini.
stereochemistry of 5, most have the isomeric E,E geometry,
It would therefore be desirable to have some method for iso-
merizing the more stable’ Z enone 5 to the less stable E enone
6. Although the usual procedures for olefin inversion via
photoisomerization or intermediate epoxide opening proved
ineffective, we felt that the conformational properties of the

0
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cyclodecadienes and the chemical reactivity of organotin
compounds might merge to provide a simple solution to the
isomerization problem.

Our approach to the task was based on the following working
hypothesis. Conjugate addition of some very bulky nucleophile
to 5 should yield adducts existing largely in the kinetic con-
formation Sa or in what appears to be the thermodynamic
conformation 5b.!! Once thermodynamic equilibrium has been
established, preferential elimination from 5b leading to the
desired E enone 7 would be expected if the elimination tran-
sition state geometry were reactant-like or if its energy of ac-
tivation were small relative to the conformational intercon-
version barrier leading back to 5a.12

0 -0,

~ L TEENGE N

Based on the above analysis, we have developed a kinetic 1,4
addition/elimination sequence for the isomerization of Sto 7.
Conjugate addition of trimethylstannyllithium (THF, —78 °C)
and silylation of the resulting enolate gave the stannyl enol silyl
ether 6.13 Conversion to the desired (E,E)-cyclodecadienone
7 was easily accomplished by mild oxidation. Although a va-

) MexSnaLl|
a) MezSh [0])
b) MegSicl
Me3Sn OSiMeg [~}
(] 7

riety of oxidants!4 could be used, we found that the Atten-
burrow!> manganese dioxide (1.5 g of MnO;/mmol of 6,
CH,Cl,, 30 min, 25 °C) was particularly effective for smooth
preparation of 7 (70% yield from 5; ir (neat) 1680, 1610 cm™;
NMR (6CCl) 5,44 (1 H, brs),4.78 (1 H, brt, J = 7.5 Hz),
1.89 (3 H, brs), 1.20 (3 H, br s)).3 No starting Z,E dienone
could be detected by TLC or NMR.

To illustrate the potential of our approach we have applied
the above procedures to the total synthesis of (+)-acorager-
macrone (1) (four steps) and (&)-preisocalamendiol (2) (three
steps). Addition of 2-lithio-3-methyl-1-butene!® (THF, —78

| ia) MezSnLl I
n >—< b) Megsicl
3 \ 2) Mn0,

2) KH

a) LDA / THF-HMPA 2

8 b) HOAc

°C) to isopiperitenone (3) followed by oxy-Cope rearrange-
ment as before gave the known isoacoragermacrone?* (8) in
73% yield. Isomerization via the above organotin addition/
oxidation sequence yielded (&)-acoragermacrone (1, 71%
yield, mp 26 °C) and approximately 5% 8. Alternatively, 8
could be deconjugated by kinetic enolate protonation!” to yield
(%)-preisocalamendiol (2, 76% yield).!® These racemic ma-
terials had spectroscopic properties identical with those re-
ported for the naturally occurring substances.!®
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Resonance Raman Study of Oxyhemocyanin with
Unsymmetrically Labeled Oxygen
Sir:

We wish to report the results of a resonance Raman spec-
troscopic investigation of the reaction between hemocyanin,
a copper-containing respiratory protein, and a mixed isotope
molecular oxygen. Recently, we determined that the O-O
stretching vibration of the protein-bound O, occurs at 744
cm™~! in Cancer magister hemocyanin and at 749 cm™! in
Busycon canaliculatum hemocyanin and shifts to 704 and 708
cm~!, respectively, when >90 atom % 180, is employed in
place of atmospheric oxygen.! These frequencies indicate that
oxygen is bound as a peroxide ion in oxyhemocyanin and that
oxygen binding is an oxidative addition process in which O,
is reduced and the two Cu(I) centers of colorless deoxyhemo-
cyanin are converted to the blue Cu(II) state. Magnetic sus-
ceptibility measurements on oxyhemocyanin place the lower
limit of exchange coupling at 625 ¢m™! for the antifer-
romagnetically coupled cupric dimers.2
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