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SYNMESIS OF A VERSATILE FlJNCT’IONALIZED TETFMIJINANE. CONVENIENT 

KZESS TO 1,3-E4ISHOIIOPENTU’RISMANEDIONE 

Leo A. Paquette,* Koichi Nakamura, 1 and John W. Fischer 

Summarv: The tetracyclfc diene dione 1 has been synthesized by a short oxidative 

decarboxylation route starting with the domino Diels-Alder adduct 2. Photocycl ization of 

the bisketal of 1 was used to arrive expediently at 1r3-bfshomopentaprfsmanedione (7). 

The position of highly condensed, suitably functionalized tetraqufnanes as building 

blocks for the elaboration of complex organic structures would be augmented by the 

avaflabil ity of an expedient method for their construction. Only a few serviceable 

candidates are known,’ and their level of substitution is inappropriate.3 This restriction 

would in large part be overcome if the doubly unsaturated Cl*-diketone 1 were readily 

accessible. This synetrfcal substance holds considerable promise as a versatile synthetic 

intermediate for gaining access to previously unavailable lr3-bfshomopentaprismane 

derivatives, pentagonal dodecahedrane precursors, semi-spheroidal bismethanoClOIannulenes, 

and additional attractive targets (Figure 1). We describe herein an abbreviated route to 1 

and demonstrate the ease with which it can be transformed into caged molecules. 

Although the direct reductive sulfenylation of 2 to give 4a could be performed in one 

operation, it proved more efficient to transform 2 to its dihydro derivative 3 (95%) as 

previously described.4 Condensation of the dianfon of 3 with methyl disulffde gave 4ar with 

entry of the CH3S- groups relegated to the exo surface for the usual steric reasons. This 

crystal 1 ine substance, mp 196-197’CI was isolated in 50-55% yield. Since the major by- 

product was the monosulfenylated dfester, which in turn could also be transformed into 4a, 

good overal 1 efficiency (go+%) can be realized at this stage. Trost and Tamaru have earl fer 

shown that a-methylthio carboxyl fc acids can be made to undergo oxidative decarboxylatfon 
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Figure 1 

with N-chlorosuccinimide in buffered methanol.’ To permit implementation of this chemistry, 

4a was hydrolyzed to 4b (100%) with potassium hydroxide in aqueous methanol. Application of 

the predescribed conditions to 4b provided 1 (55%) as a colorless solid, mp 178-180°C dec. 

The C2.2y symmetry of 1 follows convincingly from its 300 MHz ‘H NMR CKDC13) 6 5.68 (t, J_ = 

4.0 Hz, 4 H) 3.90 

latter consists of 

(m, 2 H), 3.63 (dd, J = 2.5, 4.0 Hz, 4 HI1 and 13C NMR spectra. The 

only four lines at 214.64(s), 133.52(d), 62.67(d), and 43.06(d) ppm.6 
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Although an X-ray crystal structure analysls of 1 Is not currently avaIlable, Dreldlng 

models lndlcate that Its pair of double bonds are relatively dlstant. We envisioned that 

proxlmlty would need to be enhanced If excited state [2+23 photocycloaddltlon was to be 

satlsfactorll y accompl lshed. Also, possible undesirable slde reactlons such as oxa-dl-r- 

methane rearrangements had to be rendered Inoperable. It so happens that blsketallzatlon as 

In 5 (92X, mp 135-136°CI nicely resolves both potentlal compl lcatfons. Thus, as the two 

dloxolane rings In 5 seek to avoid nonbonded sterlc Interaction, the respective tetraqulnane 

carbon atoms move as distant as possible. Linked to this conformatlonal flexing Is a 

concurrent compression of the n bonds. As a result, constructlon of the 1,3- 

blshomopentaprlsmane ring system proceeds smoothly (98.4%) when acetone solutions of 5 are 

lrradlated at 350 nm In a Rayonet reactor. 

Caged photoproduct 6, which forms colorless prlsms of mp 1 18.5-120°C from hexan& is 

characterized by a six-line 13C NMR spectrum and a definltfve proton spectrum consisting of 

four we1 l-space absorptlons: (CDC13) 6 3.89 (ddr ,I = 4.1, 4.4 Hz, 4 H), 3.82 (ddr J_ = 4.1, 

4.4 Hz, 4 HI, 2.80 (m, 6 H), 2.01 (br sI 4 H). Hydrolysis of 6 wlth 2 M hydrochloric acid 

In tetrahydrofuran at the reflux temperature proceeds slowly (reaction time 105 h) but 

efficiently (95.2%) to give 7 (colorless prisms, mp 228.5-230°C): ‘H NMR (300 MHz, CDC13) 

6 3.26 (br sr 4 HI, 3.15 (br SP 2 HIS 2.25 (br sr 4 H); 13C NHR (CDC13) ppm 210.49, 48.81, 

42.30, 41.66. 

The stralghtforward route to I described above provides Incentive for much addltlonal 

experimentation. Certalnl yI this dlketone now qualifies as a readily available 

I ntermed 1 ate. We plan to report on further interestlng synthetic appl lcatlons of 1 at a 

future date. 
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