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Summary. The carbonyloxideflcetone intermediates resulting from ozonolysis of unsaturated 

(bishomo)dodecahedrs, sterically inhibited to form secondary ozonides, are (in participating solvents) 

exploited for the expansion of the molecular peripheries by 0x8 (dioxa) linkages, thus opening access to a 

variety of intriguing expanded dodecahedral cage structures. Dehydration of the a,a’-dihydroxyethers provide 

the corresponding caged di(tetra)ketones with unusually proximate, nearly syn-periplanar C=O tbnctions. 

Pentagonal dodecahedranes with up to six (A)l and eight carbons being pairwise functionalii (BP are 

accessible through the S1q2 and aldol versions of our pagodane + dodecahedrane route.3 The directly installed 

timctional groups serve as handles for further structural modifications, e.g. annulations and ring expansions 

(monohomo - tetrahomo dodecahedranes C-F)4_ In this letter we report on our attempts to effect skeletal ring 

expansions of unsaturated bishomododecahedranes 1-d through ozonolysis, particularly of type D (bishomo) + E 

(trishomo) and D (hishomo) + F (tetrahomo).s ” Y 

A B C 0 E F 

The expectation, supported by calculations, was that under the geometrical situation given in the cage 

skeletons l-4 intramolecular carbonyl oxide&tone capture to yield secondary ozcmides would be prohibited and 

that in participating solvents installation of dioxa and oxa bridges into skeletons C-F (X,Y = O-O, 0) through 

intramolecular hemi@er)acetalizatio& wouid become highly efficient. The di- and tetraketones as potential 

products under reductive work-up conditions are valuable as synthetic intermediates per se;7 in addition they 

feature unusuagy proximate and nearly syn-periplanar orientations of the ketone functions* which are forced into 

conformationally unusual q&octane-1,Edione subunits.9 

1 2 3 4 
Bishomododecahedrenes 1-3 are prepared from diene 4, which itself is available as an intermediate in the g$- 

version. * With their olefinic carbons being only slightly pyramidalized, I0 the four 01eIins 1-4 were calculated to be 

hyperstable and l-3 indeed turned out to be resistant to catalytic hydrogenation; all four were found to be highiy 

unreactive toward dienes and 19-dipols (e.g. CH2N2). 1.2 Much alike the geometrica& similar bissecododeea- 
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heclradienes,9 4 with its very short transannular r,z-distance (2.81 4 

homoconjugate addition reactions. 1~23 12 

Ene-bislactone 1, dissolved in acetone/water (10: l), rapidly reacts 

X-ray1 1) is extremely prone to undergo 

with ozone (oxygen as carrier) at -78°C. 

From an experiment taken to complete conversion at room temperature, the solid residue isolated after 

concentration in vacua exclusively consisted of the a&-dihydroxyperoxide Sa (dec. 19oOC, crystallization from 

acetone). From reactions carried out in methanol, ethanol or acetic acid/trifluoroacetic anhydride, the 

semiperoxyacetals Sb-d were obtained in practically quantitative yields; I3 the portion of the isomeric a-hydroxy 

(alkoxy) hydroperoxides was found to depend on the substituent R and the solvents used for analysis. In contact 

with reducing agents, 51-d rapidly lose oxygen to give quantitatively the less strained acetals 6a-d, for which no 

ketonic equilibrium participants are revealed by NMR- and IR-analysis (CDC13, CD3CN, CD30D, [Db]DMSO). 

6a-d are also formed exclusively after axonation followed by reductive workup (e.g. trimethylphosphite, dimethyl 

sulfoxide. 6a: from methanol/ether colorless crystals, m.p. > 330°C). Dehydration of 6a to provide the diketone 7 

is complete after heating a DMSO solution in the presence of P4010 (NMR); addition of water/‘NaHCO3 totally 

reforms 6a, a behaviour typical for the given cyclooctane- Wdione entity in 7 (transarmular C&-C lg distance: 2.73 

& O-O distance: 2.84 A h4MZ). So far, however, 7 could not be secured without partial rehydration. 

o~o-o~o-~~o~o~o 

1 ab c d 
7 + 

R H CH, C,H, COCH, 

From the analogous ozonation of ene-epoxy-bislactone 2, the peroxidic products Sa,b are formed in practically 

quantitative yield, partly accompanied by their ketonic equilibrium compounds (CDCl-$CD30D). After mild 

reduction of 8a, acetaI9a (m.p. > 33OT) was obtained as the single product. Treatment of a DMSO solution of 9a 

with P4010 effects total dehydration to give diketone 10, which is rehydrated in the presence of water. 

o~o-o~j-o~o~o~o 
2 8 I4 ad 

9 10 2s 
R H COCH, 

Contrasting to 7 and 10, diketone 13, obtained analogously from ene-bisether 3 via 11 and 12, proved less 

prone to hydration and could be isolated in pure crystalline form without special precautions (v+o = 1672 cm-l, 

dec 19WC, transannular Cg-C lg distance: 2.71 A, O-O distance: 2.82 A. MM2). 

3 

Diene bislactone 4 reacts with ozone in the temperature range of -7g’C to +2S°C without any sign for 

tramannular bond formation, what makes the intervention of any type of ionic intermediate highly improbable.7 

The solid resulting from the reaction in acetone/water (room temp.; 98%), soluble in pyridine, is identified as the 

tetrahomododecahedranoid bisperoxide 14a. In the case of 14b-d, formed analogously and quantitatively by 

ozonolysis in methanol, ethanol or acetic acid/trifluoro acetic anhydride (of the two isomers formed in roughly 

equal amounts only one is shown), the tetrahomo bisperoxides are accompanied by varying amounts of deca- and 
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nonacyclic ketonic equilibrium components. Reduction of 14a-d or ozonolysis of 4 in the solvents used with 1, 

followed by reductive workup delivered quantitatively the bisacetals 1%d. The water soluble bis(a,a’- 

dihydroxyether) ISa (m.p. > 330°C) is dehydrated to tetraketone 16 by heating in DMSO/P4010. Like 7 and 10, 

tetraketone 16 could so far not be isolated without partial hydration. 

The structures ofthe trishomo (5,6,8, 9, 11, 12) and tetrahomo dodecahedranes (14,lS) are corroborated by 

their spectral data even though in the MS spectra of the peroxides the molecular ion peak was not generally 

revealed. Except for the peroxidic products, the lH(13C)-NMR signals could be assigned individually, partly by 

H$-COSY experiments. 

Figure 1: NMR data (400/100.6 MHz) of lta, 13 (CDCI3), 15a and 16 (f&]DMSO} 

In contrast to l-4, the unsaturated pentagonal dodecahedranes like 17 and 20 are highly pyramidalized, not 

hyperstable, rather reactive in [4+2] cycloadditions and extremely sensitive toward oxygen*. For this latter reason, 

complications had to be suspected for their ring expansions through ozonization. After defined exposure of 17 to 

ozone (a saturated solution of ozone in CHpZl2lacetic acid 10: 1 was added at -78°C to a solution of 17), 

oxahomododecahedrane 18 (m.p. > 33OT) could be secured in only moderate yields (up to 200/a), the (known) 

epoxide of 17 being no component of the crude, partly polymeric residue. In DMSO, 18 was dehydrated ECI the 

secododecahedrane- 15,19-dione 19 (transannular C 15-C 19-distance: 2.63 & O-O-distance 2.76 4 MM2),14 

which again could not be isolated without partial rehydration. 

After analogous exposure of diene-diester 20 to ozone, the bishomo dioxa-cage 21 could not be identified by 

IH-/ 13C-NMR and MS data, which indicate a complex mixture of products including higher oxygenated ones. 
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