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Abstract:  Birdcaged bicyclo[2.2.2]octene-1,4-diol 15 was prepared from Diels-Alder adduct of
5,5-dimethoxy-1,2,34-tetrachlorocyclopentadiene in five steps. This diol underwent DIB-promoted
fragmentation to give tetracyclic dienes 16 and 17. Intramolecular [2+2]photocyclization of 16 and
17 furnished hexacyclic cage compounds 18 and 19 having homosecohexaprismane skeleton.
Copyright © 1996 Elsevier Science Ltd

Hexaprismane ([6]-prismane) (1) is the heptacyclic, saturated hydrocarbon (CH){7 in which the methine
units are disposed equally at the corners of a regular hexagonal prism. The compound is a member of the
enchanting prismane family made up of even number of methine units of general formula (CH);p and
possessing Dpp symmetry.  For more than three decades, efforts to synthesize members of this prismane
family bhave resulted in the conquest of [4]-prismane (cubane) in 1964,! [3]-prismane (triprismane) in 19732
and [5]-prismane (pentaprismane, housane) in 1981.3 Since then endeavor has been shifted to focus on [n]-
prismanes of higher order,%:3 particularly the next higher homolog, hexaprismane (1). Many diverse synthetic
strategies and significant progress towards the synthesis of hexaprismane thereby surfaced with the successful
syntheses of bissecohexaprismane (2) in 1978, secohexaprismane (3)7 and 1,4-bishomohexaprismane
(garudane, 4)8 in 1987, and 1,4-bishomohexaprismanedione (5) in 1996.9 Despite this, hexaprismane remains

synthetically elusive.
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Structurally, hexaprismane can be envisioned as a face-to-face dimer of benzene, in which two identical
6-membered rings are held together by six C-C bonds between them leading to a prismatic framework
containing six 4-membered rings. Consequently, the major strategic concern in the synthesis of hexaprismane
is the findings of methodology for proper assembly of two cyclohexane rings into a sterically more crowded
and hence thermodynamically less favorable syn-arrangement, and for efficient construction of multiple
cyclobutane rings in-between.

Given previous experience!-3:6.7.8 and the thermochemical restrictions imposed upon intramolecular
photocyclization of cis-divinylcyclobutane hydrocarbons,!0 we selected bishomohexaprismanediones 6 and 7
as eminently serviceable candidates for elaboration of hexaprismane, in the expectation of the Favorskii ring
contractions!! shown in Scheme I. Towards the heptacyclic ring skeleton of 6/7, we contemplate on antithetic
dissections to the hexacyclic systems 8/9 by removing one carbonyl group and with it two carbon-carbon
bonds and one ring (Scheme I), and intend in the real synthesis to "repair” the hypothetical undoings of the

antithetic process by the documented methods of introducing properly functionalized bridge between spatially
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proximate carbonyl groups.!2

Scheme i [ Construction of hexaprismane skeleton by Favorskif ring contracrionj
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As part of a continuing program which is concerned with the synthesis and chemistry of polycyclic cage

compounds,!3 we have developed a tactic for the construction of hexacyclic carbon framework of 8/9 from a
caged bicyclof2.2.2Jocten-1,4-dioxy radical (A) by a fragmentation-photocyclization approach as depicted in
eq 1. This approach is of merits for at least three reasons: (i) the progenitor of 1,4-dioxy radical A is easily
accessible, !4 (i) both carbon frameworks of 8 and 9 could be conceivably obtained from A by this process,
and (iii) most importantly the required syn-stereochemistry of fragmentation product with proximately located
C=C double bonds for effecting intramolecular [2+2]photocyclization could be inherited from cage skeleton of
progenitor and well controlled by the mechanistic nature of this fragmentation. This idea has been successfully

implemented and is the subject of this paper.
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The preparation of the required birdcaged 1,4-diols is outlined in Scheme 11, starting from the readily
available Diels-Alder adduct 1015 of 1 4-benzoquinone and 35,5-dimethoxy-1,2,3,4-tetrachlorocyclopentadiene.
Enedione 10 was first reduced with 15% aq TiCl3 in acetone!® to provide the known dione 1117 which was
converted to the dienol diacetate 12 by the reaction of 11 with acetic anhydride in the presence of amine bases.
Diels-Alder reaction of diene 12 with an acetylene equivalent (maleic anhydride) in benzene under reflux
furnished sparingly soluble adduct 13 in 95% yield. The syn orientation of the anhydride moiety (with respect
Scheme I? o cl cl Cl o ]
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2 (i) 15% aq TiClg, acetone, 1t, 2 h, 97%; (i) Ac,O, EtzN, 4-DMAP, 1t, 6 h, 72%; (i)

maleic anhydride, benzene, Ny, reflux, 95%; (iv) acetone, light, 2 - 3 h, 99%; (V)
Cu,0, 2,2-bipyridine, quinoline, H,0, 120-130 °C, 12 h, then 190-200 °C, 24 h, 55%.
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to the C = C double bond) in the adduct 13 is assigned by expectation of an endo-type addition in
accordancewith the Alder rule. Irradiation of 13 in acetone for 2-3 h produced a quantitative yield of
hexacyclic photoadduct 14. This photoclosure confirmed that the two C = C double bonds in 13 were in close
proximity and thus the dienophile approached 12 from the less hindered "outside” face in the Diels-Alder
reaction leading to the formation of 13. When 14 was subjected to oxidative degradation with complexed
Cu20 in hot quinoline in the presence of a small amount of water,!8 the reaction effected degradation and the
concomitant removal of acetyl groups to provide the desired birdcaged enediol 15 in 55% yield.19

With the acquisition of birdcaged 15, we now shifted our efforts to effect the fragmentation reaction; the
key reaction that "unlocks" the birdcaged hexacyclic framework to tetracyclic skeleton (15—16/17, Scheme
III).  As the initial attempts to effect the fragmentation reaction using HgO/I and Pd(OAc)4/I; were
unsuccessful, recourse was taken to DIB/I; 20 as an oxidant. Thus, when a benzene solution of 15 in the
presence of DIB and iodine was irradiated under nitrogen atmosphere with a 500-W tungsten filament lamp for
3 h, a mixture of two isomeric products, 16 and 17 (1:1 ratio via "H NMR spectral analysis), was obtained in
91% yield (Scheme III). Compounds 16 and 17 could not be separated by column chromatography, but were
isolated in pure form by repeated recrystallization. The 'H NMR spectrum of 16 shows two methoxy singlets
(8 3.55/3.52), two singlets (8 6.74/6.00) for olefinic protons, and one singlet (8 4.03) for methine protons.
Taken into account with the nine-line !3C NMR spectrum, 16 had to be Cg symmetrical as its precursor 15.
However, these spectral data would also be consistent with another product 17, formed via fragmentation route
b (Scheme III). In addition to the absorption (8 3.73) for accidentally equivalent methoxy groups, the TH NMR
spectrum of 17 also displays two singlets (8 6.73/5.94) for olefinic protons, and one singlet (8 3.95) for methine
protons. A clue which might differentiate the structures of these two isomeric products came from NOE
measurements. Irradiation of methine protons of 17 at & 3.95 enhanced methoxy protons at 3 3.73 by 0.9%, but

such enhancement was not observed at all in the corresponding NOE experiment on 16.
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With the successful attainment of the key tetracyclic dienes 16/17, the next operation was to call for an
intramolecular photoclosure to acquire the homosecohexaprismane framework (e.g. 8/9).  Irradiation of 16/17
in benzene did take the expected course with olefinic protons being gradually and completely disappeared in 5
h, and the desired photoadducts 18/19 were obtained in 81%/85% yields, respectively (Scheme III).
Hygroscopic nature of diketones 18/19 made recording their 'H and 13CNMR spectra difficult, particularly the
former one whose structure was thus established as its monohydrates 18a.!1® Unequivocal evidence for the
structure 18 was obtained via X-ray crystallographic analysis for the corresponding monohydrate 18a as shown
in Figure 1.21

In short, we have disclosed a novel approach to properly functionalized homosecohexaprismane
framework from a readily available caged bicyclo[2.2.2]octen-1,4-diol 15 by "cage enlargement” via a

fragmentation-photocyclization process (eq 1 and Scheme III). The strategy delineated here offers opportunity
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for amplification to hexaprismane itself as well as its related systems and will be reported in due course.
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Figure 1. X-ray structure for 18a.

Compound 18 crystallized from acetone as
a monohydrate 18a with solvent trapped
between two molecules of the unit cell.
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