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Abstract: The synthesis of the four five-membered rings of a suitably functionalized parent
system 15 of dicyclopenta[a,d]pentalene 2 has been accomplished via a tandem Pauson-Khand
reaction in a one pot process. Copyright © 1996 Elsevier Science Ltd

Recently interest in our laboratory has involved the synthesis of polyquinane natural products as well as
some polyquinenes of computational interest. 1,2 Among the latter nonnatural products, the
dicyclopentapentalenes 1 and 2 remain as attractive synthetic targets since these polyquinenes contain a system
of 4n+2 T electrons with alternating single and double bonds. Controversy exists as to whether these 14x
annulenes are delocalized, exhibit aromatic Hiickel “type” stability or exist as alternant hydrocarbons that behave
as highly reactive olefins.
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Nakajima and Toyota3 reported theoretical calculations on these two annulenes stating if 1 and 2 exhibited
aromatic character as postulated,3 then the resonance energy for 1 would be 6.8 kcal/mol as compared to 1.2
kcal/mol for 147 annulene 2. These results are in contrast to Hess and Schaad? who much earlier reported that
both annulenes might be aromatic with heptaene 2 exhibiting more delocalization of n electrons than heptaene 1.
Ab initio calculations recently indicated that annulene 2 should be slightly more stable than 1 by 0.33 kcal/mol.5
Since Hafner® has isolated and characterized the tetra-t-butyl analog of 1, support for the existence of molecules
such as annulene 2 has increased. For this reason the construction of systems related to 2 has been revisited in
our laboratory. Described in the present paper is the most recent approach towards the rapid construction of the
parent angular system related to 2 which employed a tandem Pauson-Khand reaction. Several years ago the
preparation of the perhydroanalogs of 1and 2 via the Weiss reaction were reported;” however, the appearance
of four different olefinic isomers on dehydration prevented a practical route to either 1 or 2. Consequently, a
regiospecific approach to a functionalized dicyclopenta{a,d]pentalene related to 2 was developed. A
retrosynthetic analysis of this approach is illustrated in Scheme 1. A key feature of this route would be the facile
construction of an appropriately funtionalized acyclic system such as 3 which could be subjected to a tandem
Pauson-Khand reaction to generate the tetracyclic framework in a one pot process. The functionalized unit 3
would carry the appropriate functionality for a later approach to annulene 2. In the design of this sequence the
inherent symmetry present in 2 was readily recognized, moreover the Pauson-Khand reaction was chosen for it
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has proven an effective means to generate fused five-membered rings.8-11 The diol 3 was chosen as the

precursor for the Pauson-Khand reaction and two complementary routes to this molecule 3 were developed.
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As illustrated in Scheme 2, the addition of the sodium salt of diethyl malonate 4, generated in situ by treating
diethyl malonate with sodium ethoxide in ethanol, to allyl bromide at 70°C resulted in the preparation of 2,2-
diallyl diethyl malonate 5 in 95% yield. The diester § was then converted into the monoester 6 in good yield
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under the standard conditions of Krapcho.12 When diester 5 was stirred in refluxing dimethy] sulfoxide in the
presence of lithium chloride, monoester 6 was obtained. Ester 6 was treated with lithium diisopropyl amide, the
anion of which was quenched with the Davis reagent, (+)(2R,8aS)-camphor sulfony] oxaziridine,13 to provide
the alpha hydroxy ester 7. This ester 7 was then stirred with four equivalents of lithium trimethylsilylacetylide
to provide the desired diol 3 in 76% yield. The second route to diol 3 involved the use of methyl
dimethoxyacetate, as shown in Scheme 3. Treatment of acetal 9 with lithium diisopropyl amide was followed
by addition of allyl bromide to furnish the alkylated ketal 10.14 The ester 10 was then stirred with excess
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lithium trimethylsilylacetylide to provide the bisacetylinic ketal 11. Ketal 11 was smoothly converted into the
ketone 12 on stirring with aqueous trifluoracetic acid in chloroform. Allyl magnesium chloride [4eq., 2M] was
then added to ketone 12 to provide diol 3 in good overall yield.
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With the key diol 3 in hand, this material 3 was treated with 2,2-dimethoxypropane in refluxing chloroform
in the presence of pTSA!3 to constrain the diene-diyne in the eclipsed conformation to facilitate the formation of
the tetracyclic skeleton. The silyl groups were then removed from acetonide 13 on exposure to
tetrabutylammonium fluoride to give diene-diyne 14.
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Recently Keesel6 has reported a tandem Pauson-Khand reaction to furnish a [5.5.5.5] fenestrane system under
the modified conditions of Schreiber.17 Under these conditions acetonide 14 was stirred with 3 equivalents of
C0,(CO); in CH,Cl/THF followed by addition of excess N-methyl morpholine N-oxide monohydrate to
provide the tetracyclic system 15 in a one pot process. Both isomers 15a and 15b of the tetracyclic system
should serve as functionalized precursors to an annulene such as 2.

In summary, the diol 3 was converted (via acetonide 14) into the tetracyclic polyquinane 1518 in a one pot
process. The related system 13 did not undergo the Pauson-Khand reaction under similar conditions; however,
attempts at this conversion have been minimal with 13 to date. The preparation of 15 provides, for the first
time, a suitably functionalized dicyclopentapentalene for further assault on the target 2 and is readily available
via the tandem Pauson-Khand process described here.
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