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[6.6](1,8)Naphthalenophane containing 2,2�-bithienyl-5,5�-ylene
bridges†
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Abstract—Two isomeric 1,8-[1,8-naphthylenebis(2,2�-bithienyl-5,5�-ylene)]naphthalenes (major and minor isomers) were synthe-
sized using the coupling reaction of 1,8-di(5-lithio-2-thienyl)naphthalene with CuCl2. The major isomer easily isomerized
photochemically to yield the minor isomer. The redox and fluorescence behavior of the two isomers reflect both face-to-face
interaction of the 2,2�-bithienyl-5,5�-ylene units and deformation of the naphthalene moieties. © 2001 Elsevier Science Ltd. All
rights reserved.

Cyclophanes and cyclic oligophenylenes are the focus
of attention of experimental and theoretical chemists,1,2

because of their unique structures, �–� interaction,
molecular strain, host–guest chemistry, aromaticity in
some cases, and the synthetic challenges they present.
Recently, we reported the synthesis and structure of the

cyclic oligophenylene 1, and disclosed an unusual strain
and �–� interaction in this molecule.3 The compound 1
is extremely stable in spite of its internal ring strain.3

Our continuing interest in cyclic oligophenylenes led us
to synthesize the thiophene analogue 2, because of its
face-to-face interaction and four possible isomeric

Scheme 1. Synthesis of 2 and related compounds (9 and 10). Reagents and conditions : (a) (i) BunLi (1.1 equiv.), −78°C, THF, (ii)
ZnCl2 (1.25 equiv.), −78 to 0°C; (b) 1,8-diiodonaphthalene 5 (0.25 equiv.), Pd(PPh3)4 (cat.), 0°C–rt, THF; (c) BunLi (3–3.4 equiv.);
(d) Bun

3SnCl (3.6 equiv.); (e) CuCl2 (3.4 equiv.); (f) Cu(NO3)2·3H2O (2.7 equiv.).

Keywords : coupling reactions; cyclizations; cyclophanes; macrocycles; naphthalenes; thiophenes.
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structures 2a–d. In addition, the redox behavior of 2 is
of interest, because bithiophene and its derivatives pos-
sess larger donor properties as compared to biphenyls.4

The synthesis of the title compound 2 was carried out
using the sequence outlined in Scheme 1. Thus, the
palladium-catalyzed reaction of 1,8-diiodonaphthalene
(5) with 2-thienylzinc chloride (4) afforded 6 in 59%
yield.5 The reaction of 6 with BunLi (3.4 equiv.) at 0°C
in ether, followed by treatment with Bun

3SnCl (3.6
equiv.) from −50°C to room temperature formed 8 in
78% yield.6 The copper-catalyzed coupling of 8 was first
attempted in a similar manner for the synthesis of 1.3

However, the reaction of 8 with Cu(NO3)2·3H2O (2.7
equiv.) in THF at room temperature for 1 h resulted in
the formation of a complex mixture, from which 2 was
isolated in 1% yield, together with 6 (52%), 95c (34%),
and 10 (9%). This result shows that the Csp2�Sn bond in
8 is easily hydrolyzed to form the Csp2�H bond.7 There-
fore, we next employed the CuCl2-mediated coupling of
7 for the synthesis of 2.8 The reaction of 6 with BunLi
(3 equiv.) at 0°C in ether, followed by treatment with
CuCl2 (3.4 equiv.) at 0°C to room temperature pro-
duced 2 (21%), 9 (7.2%), and 10 (2.5%), together with
the starting 6 (22%). On the basis of the 1H NMR
spectrum, 2 was found to be a mixture of 2a and 2b
(5:1). Pure 2a was obtained by recrystallization of the
reaction product from CS2.
Interestingly, 2a gradually isomerized to 2b in refluxing
toluene or chlorobenzene. Although the thermal iso-
merization of 2a proceeds very slowly to afford 2b, the
photochemical transformation of 2a into 2b is an effec-
tive method. A solution of 2a in chlorobenzene was
irradiated using a metal halide lamp (National Sky-
beam MT-70) in a Pyrex tube at room temperature for
30 min to produce only the syn-anti isomer 2b in 77%
yield. This reaction requires diluted conditions (0.75
mmol/L) and short irradiation (30 min). A higher con-
centration and a longer reaction time decrease the yield
of 2b.

The assignment of 2a and 2b is based on the 1H NMR
data and MO calculations. The thiophene protons in
the all-anti form 2a appear at � 6.42 (d, J=3.4 Hz) and
6.72 (d, J=3.4 Hz), whereas the corresponding thio-
phene protons in the syn-anti form 2b show signals at �
6.36 (d, J=3.7 Hz) and 6.66 (d, J=3.7 Hz). The
syn-stacked thiophenophane is known to indicate an
upper-field shift of thiophene protons as compared to
the anti-stacked one, and the reported chemical shifts
of the syn- and anti-isomers are similar to those of 2a
and 2b.9 The mechanistic consideration for the coupling
of 7 can also suggest the preferential formation of 2a.
As shown in Scheme 2, the first coupling of 7 with
CuCl2 may form the all-anti 11, the most stable con-
former.5c The conformational change to 12, followed by
the coupling reaction, forms the all-anti isomer 2a.

The HF/3-21G calculations of 2a and 2b revealed that
the optimized structure of 2a has two slipped thiophene
rings as shown in Fig. 1.10 In contrast, 2b adopts a
closely stacked structure of the two thiophene rings
(Fig. 1). The face-to-face distances (3.00–3.87 A� ) in 2b
are slightly longer than those (2.95–3.77 A� ) in 2a. In the
four isomers of 2, 2a and 2b are close in energy and are
5–9 kcal/mol more stable than 2c and 2d at the HF/3-
21G level.

It has been reported that 1,8-di(2-thienyl)naphthalene 6
and its dimer 9 are oxidized to give stabilized radical-
cations.5 Therefore, 2a, 2b and 10 can be expected to
produce more stabilized radical-cations 2a�+, 2b�+, and
10�+ and to show lower oxidation potentials. As shown
in Table 1, the oxidation potentials of 2a, 2b, 6, 9, and
10 measured by cyclic voltammetry revealed irre-
versible, fairly low values. Interestingly, 2b and 10 show
the second oxidations corresponding to the formation
of the dications 2b2+ and 102+. The dications 2b2+ and
102+ may be stabilized by �-dimer formation or by
separation of the two charges.

Scheme 2. Possible pathway for the formation of 2a.
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Figure 1. The HF/3-21G optimized structures of 2a and 2b.

Table 1. Oxidation potentials of 2a, 2b, 6, 9, and 10a

Eox
1 [V ]Compound Eox

2 [V ]

0.422a
0.580.472b

1.106
0.709

0.740.5210

a V versus ferrocene/ferrocenium couple, 0.1 M Bun
4ClO4, o-dichloro-

benzene, glassy carbon-working and Pt-counter electrodes.

Figure 2. Fluorescence spectra of 2a, 2b, 6, 9, and 10 in
benzene.

The title compounds 2a and 2b and related molecules
(6, 9, and 10) show fluorescence in solution and in the
solid state. UV and fluorescence spectra of 2a, 2b, 6, 9,
and 10 in benzene are summarized in Table 2. The
absorption maxima of 2a, 2b, 9, and 10 are similar
except for the shoulder absorption (428 nm) of 2a,
reflecting the 5,5�-di(1-naphthyl)-2,2�-bithiophene chro-
mophor, whereas 6 shows an absorption at short wave-
length (313 nm). In a similar manner, the emission of
2a, 2b, 9, and 10 is also observed in the narrow region
of 478–487 nm except for 6 (420 nm) (Fig. 2). The
compounds 2a, 2b, and 10 show large Stokes shifts
(139–141 nm), presumably due to the stacking structure
of the two bithiophene moieties. Interestingly, 6 shows
much lower fluorescence quantum yield as compared to

2a, 2b, 9, and 10, presumably due to mobility of the
two thiophene rings. Although the conformational
mobility of 2a and 2b seems to be smaller than that of
9, their fluorescence quantum yields are lower than that
of 9. Since a ring strain decreases the fluorescence
quantum yield,11 the fairly large ring strain of 2a and 2b
may cause a larger non-radiative process (S1�So) or a
larger contribution of the intersystem crossing (S1�T1)
to decrease their fluorescence quantum yields.
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Table 2. Fluorescence quantum yields and absorption
coefficients of 2a, 2b, 6, 9 and 10 in benzene

Compound UV Fluorescence

�max/nm �f
a/10−2��max/nm

2a 1.049737,500356
2,790428sh

486 5.43472b 21,700
313 12,8006 420 0.5

47823,6003279 15
374 19,500

10 41,000346 486 6.6

a The quantum yield was calculated in benzene by using a 0.5 M
solution of quinine sulfate as a standard (�f=0.546).
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University, for the measurement of fluorescence quan-
tum yields.
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Vögtle, F. Cyclophane Chemistry, Wiley: New York,
1993; (c) Diederich, F. Cyclophanes ; Monographs in
Supramolecular Chemistry ; the Royal Society of Chem-
istry: London, 1991.

2. For oligophenylenes, see: (a) Staab, H. A.; Binnig, F.
Chem. Ber. 1967, 100, 293; (b) Irngartinger, H.; Leiserow-
itz, L.; Schmidt, G. M. J. Chem. Ber. 1970, 103, 1132; (c)
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