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Small-sized cyclophanes consisting of oligothiophene units
as a component have been prepared. Correlation between the cy-
clophane structure and fluorescence spectral properties has been
examined. It has been found that emission from intramolecular
excimer-formation is confirmed for the cyclophanes having
two or three thiophene units, but not for those having four or five
thiophene units with the B-hexyl chain.

Over the past decades well-defined 77-conjugated oligothio-
phenes have gained great importance as advanced molecular
electronic materials, including for example, organic field
effect transistors (OFETs)' and organic light-emitting diodes
(OLEDs)? because of the feasibility in manipulation of their
chemical structures. Indeed, in order to improve electronic and
optical properties of oligothiophenes, introduction of end-cap-
ping groups,’ insertion of various functional groups,* and chang-
ing oligomer lengths® have been carried out. These strategies
mainly involve creation of novel 7T systems.

Meanwhile, we have reported that 7T systems based on the
cyclophane skeleton give rise to specific electronic properties
owing to strong transannular 77-electronic interactions.® Some
cyclophane-derived oligothiophenes consisting of a [2.2]meta-
cyclophane skeleton have been reported.’®’ Cyclophane-type
compounds in which two oligothiophene units are bridged with
alkylene chains have been also reported.® Among a number of
cyclophanes, the [3.3]dithiametacyclophane skeleton seems to
provide an appropriate platform to arrange two oligomer chains
side by side in stacked form since it is known® that this kind of
cyclophane assumes a syn structure.

Thus, we describe the preparation of metacyclophanes to
which two oligothiophene units are introduced, their structure
and spectral properties.

Bromination of compound 1a gave bromomethyl compound
1b in 65% yield. The sulfanylmethyl compound 1c was obtained
by the reaction of 1b and thiourea in 95% yield.

Cyclization of 1b and 1c using Cs,COj as a base under high-
ly dilute conditions afforded the corresponding dithiacyclophane
2a in 57% yield. Treatment of 2a with n-butyllithium followed
by quenching with hydrochloric acid afforded the desired cyclo-
phane 3a in 83% yield. The cyclophane having two thiophene
units 3b was obtained from 2a and 2-tributylstannylthiophene
(1d) in 43% yield. Although the cyclophane having three thio-
phene units was prepared by similar reaction, the product
showed poor solubility in conventional organic solvents.

Thus, the coupling of 2a and tributylstannyl-2,2’-bithio-
phene carrying hexyl group le gave cyclophane having three
thiophene units 3¢ in 35% yield. As expected 3¢ showed good
solubility. This result implies more than two alkyl groups should
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Scheme 1.

be necessary to obtain good solubility for cyclophanes carrying
four or five thiophene units. Thus, cyclophane 2b was prepared
from 2a and 1f in 80% yield.

Bromination of 2b gave cyclophane 2¢ (89%), which react-
ed with 1e to afford cyclophane having four thiophene units 3d
in 37% yield. After 3b was brominated to give cyclophane
2d (96%), followed by coupling with 1f, cyclophane 2e was
obtained in 73% yield. The treatment of 2e with NBS afforded
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Figure 1. Perspective view of 3b.

Table 1. Maximum wavelength (A ,.x/nm)* of absorption and
fluorescence spectra and quantum yields (®y) of total fluores-
cence for 3a-3e and 4a—4e

Compound Absorption Fluorescence” (of
3a 284 342 (435)° 0.016
3b 341 418 (483) 0.094
3c 383 445 (508) 0.044
3d 409 506 0.068
3e 415 528 0.083
4a 284 337 0.083
4b 340 414 0.080
4c 384 445 0.120
4d 408 491 0.349
4e 423 513 0.431

aIn cyclohexane, T = 295 K. PExcitation of the samples was
performed at the wavelength of the corresponding absorption
maximum. “Values in parentheses are for excimer fluores-
cence.

cyclophane 2f (61%), which reacted with 1e to give cyclophane
having the five thiophene units 3e in 44% yield. The
corresponding referential oligothiophenes 4a-4e were also
prepared by similar methods (Scheme 1). All cyclophanes
3a-3e'? were identified by their 'HNMR spectra, mass spectro-
metric measurements, and/or elemental analyses.

The protons of the bridges in cyclophanes 3a-3e showed
one singlet at room temperature in the 'HNMR spectra. No
significant signal changes were observed when the temperature
was lowered to —80°C, suggesting that they are basically a
flexible structure.

The X-ray analysis of 3b!! shows the syn conformation
(Figure 1). Tt has been reported®!? that these kinds of dithiacy-
clophanes tend to assume a syn conformation.

Obviously this syn structure could be essential for creating
vertically stacked 7r-conjugated systems based on the cyclo-
phane structure.

The electronic absorption and fluorescence spectral data of
cyclophanes 3a—3e, together with the corresponding oligothio-
phenes 4a—4e, are summarized in Table 1. In the electronic
absorption spectra the 7—m* transitions are shifted to longer
wavelengths with increasing chain length. There were observed
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no essential differences in shape of the absorption spectra be-
tween the cyclophanes and the corresponding thiophenes. Cyclo-
phane 3a exhibits a weak excimer fluorescence band accompa-
nied with a locally excited (LE) fluorescence band. For 3b and
3c, intense excimer fluorescence bands are observed together
with the corresponding weak LE fluorescence bands. No such
excimer fluorescence bands were obtained when increasing
the concentrations of 4a—4c. These results strongly suggest that
thiophene moieties of 3a—3c have a sandwich-like structure in
the ground state, which corresponds to the syn conformation
as seen for 3b.

Conversely, cyclophanes 3d and 3e show fluorescence
spectra with vibronic structures. These observations indicate that
the fluorescence of 3d and 3e is not excimeric, but from the
corresponding monomer moieties. In 3¢ the a-hexyl chain seems
to be no hindrance to excimer formation. From these results,
it is inferred that elongation of thiophene units accompanied
with introduction of a f-hexyl chain could hamper the
conformation suitable for excimer formation.
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