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Synthetic studies in quest of Platonic hydrocarbon dodecahedrane
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Abstract. In pursuit of Platonic hydrocarbon dodecahedrane 1, a retrosynthetic theme
indicated in scheme 1, was formulated. The precursor tetraquinanedione synthon 5 was
first designed through a photo-thermal olefin metathesis approach. The tetraquinanedione
3 was further elaborated to exo, exo-tetraquinane diester 15 through carbonyl homologa-
tion, oxidation, esterification sequence, scheme 5. Bis-cyclopentannulation of exo,
exo-diester 15 by Greene methodology delivered a functionalised Cy,-hexaquinane 44,
having exo-annulated cyclopentane rings. Cyclopentane inversion was achieved by a set of
reactions involving enone generation, double bond isomerisation and hydrogenation to
give spheroidal (C,,)~Cay-hexaquinanedione-diester 47, the penultimate precursor of
dodecahedrane 1. Several interesting transformations and rearrangements of poly-
quinanes are also described.
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nulation; cyclopentanone inversion.

Dodecahedrane (1)*, a CyyHa, hydrocarbon of I, symmetry is one of the most
structurally complex and aesthetically appealing polyquinanes known. The
challenge of synthesising this platonic hydrocarbon of spheroidal shape, that arises
through its twelve constituent cis, syn fused five-membered rings, has elicited a lot
of interest from synthetic chemists around the world (Mehta 1978; Eaton 1979;
Paquette 1979, 1984). Two outstanding efforts from the research groups led by
Paquette and Prinzbach have resulted in the synthesis of dodecahedrane in 1982
and 1987, respectively (Ternansky er al 1982: Paquette et al 1983, 1987; Fessner et al
1987). Apart from these, it is known that synthetic efforts towards dodecahedrane
were pursued or are currently being pursued in various other laboratories (Schleyer
1957, Woodward et al 1964; Jacobson 1967 Repic 1976; Eaton et al 1977, 1984;
Deslongchamps and Soucy 1981; Roberts and Shoham 1981; McKervey et al 1981;
Monego 1982; Baldwin and Beckwith 1983; Mehta and Nair 1983, 1985; Baldwin et
al 1984; Carcellar et al 1986; D G Farnum and T A Monego - unpublished results:
G Mehta and K R Reddy-unpublished results). Concurrently, the fascinating
structural features of 1 have also been investigated by several theoretical chemists
(Schulman et al 1975; Schulman and Disch 1978; Ermer 1977; Dixon et al 1981;
Baum et al 1982). Synthetic efforts towards 1 were initiated in our laboratory in
early 1981, when no successful approach to this challenging hydrocarbon was
known. A perusal of the synthetic approaches that were in practice convinced us

*IUPAC nomenclature: Undecacyclo[9-9-0-072-0% 7-0*20-0°-18.06.16.08:15.,010.14,12,19.013.17 Jejcosane.
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that a good chance of success lay in a strategy leaning heavily on symmetrization
that could inherently overcome some of the problems caused by steric strain and
non-bonded interactions. With this in view, a retrosynthetic analysis of 1 was
carried out ag depicted in scheme 1, which identified the symmetrical, highly
functionalized Cyo-hexaquinane 2 as the pivotal pretarget and the Clz-tetraquin-ane ;
dione 5 as the key starting synthon. Hexaquinane 2, which retains a spheroidal
contour has all the 20 carbon atoms as well as two strategically placed —~CX, type
functionalities for molecular stitching through a four-fold intramolecular displacs:—
ment reaction on 2 (scheme 2) to furnish a secododecahedranedione 6. This

[

ultimate precursor could then be enticed into a pinacolic coupling to deliver the 5
dodecahedrane framework 7 as shown in scheme 2. ‘

Scheme 2
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Emanating from this retrosynthetic analysis, our synthetic approach to 1 was
divided into three stages of increasing complexity viz., (i) development of a new
methodology towards the synthesis of the starting tetraquinane synthon, e.g., 5;
(ii) adoption of a suitable cyclopentanone annulation and inversion strategy (viz.,
conversion of 4 — 2) and (iii) deployment of the molecular stitching plan using the
two —~CX,, functionalities in 2 to close-in the sphere (scheme 2). Progress towards
the implementation of this theme is described in this account.

Stage 1

Synthesis of the tetraquinanedione 5 and its further elaboration

At the time of inception of this effort towards dodecahedrane, there were only two
reported syntheses of functionalized tetraquinanes available in literature (Fukuna-
ga and Clement 1977; Paquette et al 1978), both of which suffered from severe
limitations during scale-up processes and one of them (Fukunaga and Clement
1977) did not deliver the requisite functionality. Therefore, we first turned our
attention to a generalised approach to functionalized tetraquinanes. Borrowing
pointers from our successful approach to triquinane synthesis (Mehta et al 1979,
1981), we devised a photo-thermal olefin metathetic approach as shown in scheme
3.

Scheme 3
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For the synthesis of tetraquinanedione 5 as shown in scheme 4, the starting
materials were identified as 7--butoxynorbornadiene § and tetrachlorodimethoxy-
cyclopentadiene 9. Diels-Alder reaction between 8 and 9 followed by acetone
sensitized m%s + 75 closure of the endo-adducts resulted in the hexacyclic product
10in 57% yield (see also Astin and MacKenzi 1975, Byrne et al 1974). A three-step
sequence consisting of (i) dechlorination using Li-+BuOH-THF, (ii) hydrolysis







