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Summary: The synthesis of [2.2](4,4')benzophenono(2,6)naphthalenophane (L),
the parent member of a series of stacked sensitizer-acceptor cyclophanes, is
reported along with its x-ray structure and the absorption and emission spectra.
Our interest in energy transfer between nonconjugated chromophores1
coupled with the development of synthetic applications of photoextrusion reac-
tions2 has culminated in the synthesis of {2.2](4,4')benzophenono(2,6)naph-
thalenophane (1).3 The synthetic route to 1 was accomplished in the five steps
illustrated in the Scheme from 2,6-dimethylnaphthalene (2) and 4,4'-dimethyl-
benzophenone (3) in an overall yield of 35%. The key steps of cyclization to
the dithiacyclophane and photoextrusion of sulfur dioxide were accomplished
in excellent yield further illustrating the value of this general route to

aryl cyclophanes."

Scheme: Synthesis of Cyclophane 1
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The ketone 1 was obtained as a crystalline solid, mp 169-170°C.% The
infrared carbonyl absorption of 1 occurs at 1670 cm~!, indicating strain in
the cyclophane framework. The !H nmr spectrum displays an AA'BB' multiplet
at 3.10 ppm for the two sets of four methylene protons and a multiplet at
6.80 ppm for the fourteen aromatic protons. The 13C nmr reveals only four-
teen resonances as expected with a structure that possesses a C, axis of
symmetry. The carbonyl carbon (C9) appears at 200 ppm and the four methylene
carbons (Cl, C2, Cl6é and Cl7) appear as two absorptions at 35.1 and 34.5 ppm
while the 22 remaining aromatic carbons appear as eleven absorptions between
142 and 125 ppm.

The ultraviolet absorption spectrum and the fluorescence and phosphor-
escence emission spectra of cyclophane 1 are given in figure 1 along with
the spectra of 2 and 3. The absorption spectrum of 1 displays fine structure
similar to those of the two reference chromophores except that the three
sharp bands between 290 and 320 nm of the dialkylnaphthalene have been batho-
chromically shifted by about 14 nm. Fluorescence emission was observed at
350 nm, in the same region as that of 2,6-dimethylnaphthalene but was 17
times weaker. Singlet lifetime measurements for 1 and 2 using the Berlman

method® gave values of 41 and 39 ns, respectively.
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Figure 1. UV, fluorescence, and phosphorescence spectra of 1, 2, and 3.

Most interesting was the phosphorescence emission at 77 K which appeared
as a five-band pattern very similar to that of 2 but shifted by ca 25 nm.
Triplet lifetime measurements® for 1 gave a value of 2.69 s, very close to
the value of 1.81 s measured for 2. The lifetime of 3 is 5.7 ms. Thus,
although the position of the triplet emission spectrum appears to be inter-
mecdiate between that expected from the two contributing chromophores, the
lifetime measurements clearly indicate that the naphthyl chromophore is the
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greater contributor to the lowest triplet state of 1.

As indicated by the spectra, especially the phosphorescence emission,
the cyclophane structure does sufficiently distort the chromophores so that
the triplet excited state is higher in energy by 3 Kcal/mol. The extent of
this distortion, however, is most vividly revealed in the x-ray structure of
1.8,9 1In the ORTEP drawing shown in Figure 2, the two phenyl rings of the
benzophenone unit are extended along the long axis above the plane of the
naphthalene ring. The whole upper region of the cyclophane is canted toward
one side of the naphthalene ring as shown in the end view (Fig. 2b). The
carbonyl of the benzophenone moiety is tilted even farther to the side and
shows considerable thermal motion, presumably in order to maintain at least
a portion of the resonance interaction with the two phenyl rings. This is
consistent with the ultraviolet absorption spectrum of 1 in which the n,I*

band tails to 400 nm with no apparent decrease in intensity.

Figure 2a. [2.2](4,4')Benzophenono(2,6)naphthaleno-
phane
Figure 2b. End view of 1.
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treatment of 1 with NaBH,. Work is in progress which will extend the chemical
and photochemical information concerning 1 and to extend the series.
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