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Abstract: Photoirradiation of [33](1,3,5)cyclophane 11 with a low pressure Hg lamp in
CH;Cl3 in the presence or absence of water afforded new polycyclic cage compounds of
chlorinated tribridged hexacyclododecane 12 or its hydroxy analogue 14 and tribridged
tetracyclic olefin 13. © 1999 Elsevier Science Ltd. All rights reserved.

Prismanes constitute a fascinating family of (CH)p polyhedra,?

several members of which, namely prismane 1,3 cubane 2,4 and

] 2 3 4 pentaprismane 33 have been successfully synthesized. Recently,
attention has focused on the challenging objective of synthesizing the higher prismanes, in particular,
hexaprismane 4. Despite much effort, 4 has eluded synthesis so far.6-8 For example, pentacyclo[6.4.0.02.7.-
03.12,06.9]dodeca-4,10-diene S, an attractive and seemingly appropriate precursor, did not isomerized to 4.9
Similarly syn-tricyclo[4.2.0.02:5]octa-3,7-diene 6 did not isomerize to cubane 2. However, the device of
attaching trimethylene bridges to the basic skeleton makes the reaction allowed, aptly demonstrated by the
photochemical synthesis of propella[34]prismane 8 from diene 7.10 These findings have been rationalized in
terms of the order of the frontier molecular orbitals which are largely affected by through-bond interactions.11-14
Based on Frontier MO consideration, Osawa et al. predicted that [3]superphane 915 on irradiation might be
isomerized to hexaprismane derivative 10 (Scheme 1).!! We decided to approach the construction of the
hexaprismane skeleton in a different way by irradiating multibridged [3,]cyclophanes. We planned to optimize
reaction conditions first by using [33](1,3,5)cyclophane 11,'6 which is the lower homologue of 9 and available
in large quantity, and then apply the conditions to [3)superphane 9. We now describe formation and

characterization of three novel polycyclic hydrocarbons 12, 13, and 14 which are obtained from 11 (Scheme 2).
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Schceme 1. Forbidden photochemical reactions of 5§ to 4 and 6 to 2, Gleiter's photochemical synthesis
of 8 from 7, and expected photochemical isomerization of 9 to 10.
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Scheme 2. Photochemical reactions of 11 in dry CH,Cl, or CH,Cl, containing H,O under irradiation of
a low pressure Hg lamp.

Irradiation of 11 with a low pressure mercury lamp in cyclohexane, methanol, or benzene left 11 intact, but
caused some of the usual polymerization. However, in CH2Cl two types of products were formed. A solution of
11 in dry CH,Cl; (4.90 x 10-3 mol/L) was irradiated for 2.5 h at room temperature under Ar. Separation of the
reaction mixture by column chromatography (SiO;, hexane) afforded 11 (40 %) and new cage compound, the
bridged hexacyclic chlorododecane 12 (5.3 %).!7 The structure of 12 was identified from its molecular formula,
C21H25Cl1 and NMR spectra. The proton decoupled 3C NMR spectrum shows ten signals for the secondary
carbon, five for the tertiary carbon, and six for the quaternary carbon atoms on the basis of the distortionless
enhancement by polarization transfer (DEPT) spectrum. The TH-13C correlation spectroscopy indicated two types
of adjacent tertiary carbon (RyCH-CHRj; R = quaternary carbon atoms) and three types of tertiary carbon atoms
surrounded by three quaternary carbon atoms (R3CH; R = quaternary carbon atoms).

Similarly irradiation of 11 in a water-saturated CH)Cl; solution (1.45 x 10-2 mol/L) for 2.5 h under Ar,
followed by separation by column chromatography (SiO;, hexane:AcOEt, 10:1) gave 11 (18 %) and two
photoproducts; the polycyclic olefin 13 (17 %)!8 and the cage compound 14 (5.4%),19 a hydroxy analogue of
12. Of the twenty-one signals of the proton decoupled 13C NMR spectrum of 13, six, five, and ten signals are
assigned to quaternary, tertiary, and secondary carbon atoms based on the DEPT spectrum. The product 13
contains two different double bonds (R;C=CHR) since the signals at 136.0, 139.3, 141.3, and 144.1 ppm are
assigned to sp2 carbons. The !H-13C correlation spectroscopy indicates two types of adjacent tertiary carbon
atoms (RoCH-CHRy; R = quaternary carbon atoms) and a tertiary carbon atoms surrounded by three quaternary
carbon atoms (R3CH). The 'H and !3C NMR spectra of 14 are quite similar to those of 12, suggesting the

similar molecular geometries.
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Scheme 3. Expected mechanism for the formation of 12, 13, and 14. The values (kcal/mol)
denote the gain or release of steric energies estimated by MM3.

It is likely that 11 on irradiation in CH,Clj gives the hexaprismane 15 and its diene
precursor 16 as the primary photoproducts. However, they could not be isolated presumably
owing to their highly strained nature and reversion to 11. The formation of 11 was confirmed

23 by the 'H NMR spectrum when the olefin 13 was irradiated under similar conditions. In wet
CH;Cly, the protonation of 15 and 16 occurs. The resulting cations 19 and 17 then equilibrate to their more
stable isomers 18-22. Finally, 22 and 18 are intercepted by chloride and hydroxide ions to give products 12,
13, and 14. The driving force of the formation of 13 or 12 and 14 may be ascribed to the release of the
molecular strain of 15 or 16 (Scheme 3). The values (kcal/mol) in the parenthesis indicate the gain or release of
the steric energies estimated by MM3(92) in the reaction.20 This study demonstrated that the irradiation of 11 in
CHCl; gave the cage compounds 12 and 14 having a dihomopentaprismane skeleton 23. Further investigation
of the reaction mechanism as well as photochemical reactions of higher homologues of 11 including
[3]superphane 9 are in progress.
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