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Abstract: Triple-layered [3.3][3.3]orthocyclophane of the anti-type was prepared for the first time, and 

its structure, in which two naphthalene rings sandwitch one benzene ring, was established by X-ray 

crystallographic analysis. 

In the last decade, extensive work has been done on multilayered para- and meta-cyclophanes. 1-2) This interest 

is attributed mainly to the fact that, in many cases, the properties of [m.n]cyclophanes were found to be amplified 

in multilayered structures. Thus, very often a dramatic change in electronic spectra of multilayered 

paracyclophanes is observed when the ntunber of layers is increased, for example, from [2.2]- to [2.2][2.2]- and 

from [3.3]- to [3.3][3.3]-paracyclophanes. 3) Layered [3.3]orthocyclophanes 4-8) 1-5 with additional bridge(s) 

show a rc-~ through-space interaction between the two undistorted benzene rings held rigidly face to face. 

Recently, it was found that [3.3][3.3]orthocyclophane 6, 6) in which the three benzene rings are stacked in a syn- 

orientation, showed ~.max at a similar wavelength (272 nm) with ca. 1.5-folds of intensity to that (273 nm) of 3. 
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Scheme 1 

In connection with our work 7-1 I) on tile layered [3.3]orthocyclophane system, this communication reports the 

synthesis, X-ray structure analysis, and spectral properties of orthonaphto[3.3]orthobenzeno[3.3]ortho- 

naphthophane 7, an anti-type of the triple-layered [3.3][3.3]orthocyclophane. 

Our strategy for the synthesis of 7 follows the route of our earlier preparation of [3.3]orthocyclophane 4- 

5. 7,8) In the reaction of tetrakis(bromomethyl)benzene with naphthocycloheptenonedicarboxylate, two isomeric 

tetrakiscarboxylates, anti-ester and syn-one, were produced as a l:l-mixture. Each ester was isolated (26% and 
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32% yields), hydrolyzed (97% and 98% yields), and decarboxylated at 310 °C, giving the corresponding 

ketones, anti-8 (89% yield) and syn-9 (68% yield). Bisacetalization of 8 and 9 with ethylene glycol was carried 

out in benzene or a mixed solvent of benzene and nitrobenzene under reflux and the expected bisacetals, 7 (60% 

yield) and 10 (58% yield), 12) precipitated when the reaction mixture was cooled. 
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Scheme 2 

The triple-layered [3.3][3.3]orthocyclophane 

structure of anti-bisacetal 7 was determined by 

X-ray crystallographic analysis (Fig. l).l 3,14) 

The two naphthalene rings and the benzene ring 

of 7 are not distorted. The nearest interplanar 

distance between the benzene and naphthalene 

rings is 300 pm. The dihedral angle between the 

planes of the benzene and naphthalene rings is 

18.1 °. The structure of 7 resembles that of 2 

rather than orthobenzo[3.3]orthobenzenophane 

4-57,8,15); however, a direct comparison of the 

triple-layered [3.3][3.3]orthocyciophane 7 with 

the corresponding double-layered ortho[3.3]- 

phanes awaits an X-ray structure analysis of 11. 
Fig. 1 0 R T E P  view of 7 

The IH NMR spectrum (pyridine-d5) reflects the symmetric triple-layered structure of 7. The aromatic protons 

are strongly affected by anisotropic effects of the benzene and naphthalene rings. Signals of the protons of the 

11 

two outer naphthalene rings of 7 appeared at 5 = 7.15 (s), 7.34-7.37 

(m), and 7.67-7.71 (m) ppm, and that of the protons of the inner 

benzene ring at 8 = 6.10 ppm. The bridge methylenes were shown as 

two sets of double doublets and the bridgehead methine protons as a 

muhiplet peak. 
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The spectrum of syn-bisacetal 10 (pyridine-d5) showed broad peaks due to the conformational change at room 

temperature. When the temperature was lowered to -40 *C, three singlet peaks, which are assignable to the inner 

phenyl ring, were observed at 8 = 6.38 (s), 6.70 (br s), and 7.06 (s) ppm, with an intensity ratio of 2:1:2. These 

w-t6) facts suggest that 10 exists as an equilibrium mixture of three or more conformers and that t t, of them have a 

layered [3.3]orthocyclophane sub-structure. Signals of the other aromatic protons and of the aliphatic bridges are 

complicated in the spectrum at -40 *C. 

The electronic spectra of 7 and 10 are very similar in shape (Fig. 2), although a larger hyperehromic shift was 

observed. Anti-bisacetal 7 shows a long wavelength shift, as compared to the spectrum of the diketone 8; how- 

ever, the value of the shift (16 rim) is almost the 

same as that in the case of syn-bisacetal 10, and 4 

similar to those (13 and 10 nm, respectively) 

reported for [3.3]orthophane 4 (X=O) and 5 log 

(X=S).7, 8) No absorption of the C-T complex 

formation with TCNE was observed. 17) 3 

These facts indicate that in triple-layered 

[3.3][3.3]orthocyclophane 7, a through-space 

electronic interaction between the upper and the 
2 

lower ring via the middle one is small, in sharp 
260 280 300 320 340 360 

contrast with the large hyperehromic and long 
nm 

wavelength shifts of electronic spectra in a 

series of muhilayered paracyciophanes.18) Fig. 2 UV spectra of 7-10 
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