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Nonaphenylene and its hexaalkyl derivatives have been syn-
thesized using electron-transfer oxidation of Lipshutz cuprates
with duroquinone. Oxidation of the Lipshutz cuprate derived
from dibromo-o-terphenyl in THF produced nonaphenylene in
moderate yield, whereas the similar oxidation of the Lipshutz
cuprate derived from diiododiethyl-o-terphenyl in ether afforded
the corresponding nonaphenylene and dodecaphenylene. Fur-
thermore, oxidation of Lipshutz cuprate derived from diiododi-
butyl-o-terphenyl only gave the nonaphenylene.

Cyclophanes and cyclic oligophenylenes have attracted con-
siderable attention among experimental and theoretical chem-
ists,1,2 because these molecules exhibit unique structures, �–�
interaction, absorption and emission properties, and host ability
in host–guest chemistry.1a,3 Although nonaphenylene was first
synthesized in 1969 using CuCl2-mediated coupling of a di-
Grignard derivative,2b its detailed properties have never been
clarified presumably owing to its low yield. In the course of
our research on aryl–aryl couplings,4 we found a simple and con-
venient homo-coupling of aryl lithium via the electron-transfer
oxidation of Lipshutz cuprates with duroquinone that produces
biaryls in high yields.5 Since this new coupling can be expected
to have a wide applicability for the synthesis of large-membered
oligophenylenes, we employed this procedure for the cyclo-
oligomerization of 1 (Scheme 1).

As shown in Scheme 1, the Lipshutz cuprates 2a–2c were
generated by the reaction of 1a–1c6 with 2 equiv. of t-BuLi, fol-
lowed by treatment with 1 equiv. of CuCN in THF (for 1a) or
ether (for 1b and 1c) at �78 �C. For the coupling of the cuprate
2a, oxidation of 2a with 3 equiv. of duroquinone in THF at rt
proceeded smoothly to afford nonaphenylene 3a in 46% yield.7

In the case of 2b, all reactions can be carried out in ether owing
to the higher solubility of 1b, 2b, and their related compounds.
Thus, the coupling of 2b with 3 equiv. of duroquinone in ether
at �78 �C–rt produced 3b (25%), together with 4b (5%). In ad-
dition, the coupling of 2c with duroquinone under the same con-
ditions afforded only 3c in 15% yield. Thus, the reactivity of 2b
and 2c for the electron-transfer oxidation is different, although
the selectivity for the cyclooligomerization is difficult to explain
at this stage. Since only a limited number of reactions can be ap-
plied for the synthesis of cyclic oligophenylenes, electron-trans-
fer oxidation of Lipshutz cuprates can be expected to be a power-
ful tool for the construction of macrocyclic oligophenylenes.

To determine the molecular structure of 3, X-ray analysis of
3b was carried out.8 As shown in Figure 1, 3b has a high crys-
tallographic D3 symmetry with a C2 axis passing through the
midpoint between C(1)–C(1)� and C3–C(3)� bonds. The molec-
ular structure of 3b is exactly triangular, and the corner three
benzene rings and all C–C bonds between benzene rings are co-
planar. The torsion angles of the o-terphenylene and biphenylene
units are ca. 60� and ca. 50�, respectively, indicating a fairly
twisted conformation of the biphenylene units.

The cyclic oligophenylenes 3a–3c and 4b exhibit strong flu-
orescence with high quantum yields. As shown in Figure 2, the
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Scheme 1. Synthesis of 3 and 4 using electron-transfer oxida-
tion of 2a–2c.
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Figure 1. Crystal structure of 3b. The selected bond lengths ( �A)
are as follows: C(1)–C(1)� 1.403(4), C(1)–C(2) 1.379(2), C(2)–
C(3) 1.395(2), C(3)–C(3)� 1.398(3), C(3)–C(4) 1.495(2), C(4)–
C(5) 1.378(2), C(5)–C(6) 1.387(2), C(7)–C(7)0 1.485(3).
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electronic spectra of 3b and 4b show the longest absorption max-
ima at 288 (log" ¼ 5:01) and 297 (log" ¼ 5:09) nm, whereas
the fluorescence spectra of 3b and 4b exhibit emission at 400
(�F ¼ 0:92) and 393 (�F ¼ 0:91) nm, respectively. Since 4b
has a larger �-system than 3b, the absorption maximum of 4b
shifts to a longer wavelength than that of 3b. In contrast, the
emission of 3b shifts to a longer wavelength than that of 4b,
presumably due to a slightly smaller HOMO–LUMO gap.9

The redox properties of 3b and 4b were investigated using
cyclic voltammetric analysis. Interestingly, 3b in 1,2-dichloro-
benzene showed a reversible reduction (Ered

1=2 ¼ �1:47V vs
Fc/Fcþ) and an irreversible oxidation (Eox ¼ 1:10V vs Fc/
Fcþ). In a similar manner, 4b showed a reversible reduction
(Ered

1=2 ¼ �1:45V vs Fc/Fcþ) but no oxidation was observed
in the range of 0.5 to 1.5V vs Fc/Fcþ. Thus, 3b and 4b seem
to have similar HOMO and LUMO levels due to the similar ar-
rangement of phenylene units. The results of the MO calcula-
tions for the HOMO and LUMO levels of 3b and 4b are consis-
tent with the redox potentials of these compounds.9

The cyclic oligophenylenes 3a–3c and 4b form silver com-
plexes with AgOTf, AgClO4, and AgOCOCF3 in CD2Cl2 and
CDCl3. Thus, the

1HNMR chemical shifts of the aromatic pro-
tons in 3a–3c and 4b are shifted downfield by 0.04–0.26 ppm,
when 3a–3c and 4b are mixed with silver salts in CD2Cl2 and
CDCl3. According to the small association constants of the silver
complex formation, the UV spectrum of 3c.AgClO4 in CH2Cl2
exhibits a small blue shift as compared to that of 3c [3c: �max

291 nm ! 3c.AgClO4: �max 287 nm]. Interestingly, the quan-
tum yield of the emission (396 nm) of 3c.AgClO4 in CH2Cl2
decreased to �F ¼ 0:61 as compared to the emission of 3c at
397 nm (�F ¼ 1:00).
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Figure 2. Normalized electronic and fluorescence spectra of
solutions of 3b and 4b in THF.
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