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Synthesis and Properties of Partially Overlapped [3.r](3,9)Carbazolophanes
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Cyanamide- and oxa-bridged [3.n](3,9)carbazolophanes 1n
and 2n (n =4 and 5) were synthesized. X-ray analysis of 14
and 2s revealed that carbazole rings are taken to be partially
overlapped geometry. Electronic spectra of 1n and 2n (n = 4
and 5) showed the existence of transannular 7T7-7r electronic
interaction between two carbazole rings, whereas fluorescence
of these carbazolophanes indicated monomer-like emission.

Carbazole (Cz) chromophore has attracted much attention
because of its interesting photophysical properties such as
photoluminescence, photoconductivity and its application to
photofunctional devices.! It has been accepted that Cz chromo-
phore forms two excimers in the excited state:”> one is a fully
overlapped (sandwich) excimer and the other is a partially over-
lapped excimer. It is thought that cyclophane framework, in
which aromatic rings are rigidly fixed and situated in face-
to-face orientation, is an excellent model for examining the
structural feature of Cz excimer.? We reported that fluorescence
spectra of 13 and 33 were assigned as partially and fully overlap-
ped excimer-like emission, respectively,3¢ while cyclobutane-
fused 5n (n = 4 and 5) as monomer-like emission.?" Herein, we
describe the synthesis, structure, and photophysical properties of
cyanamide- and oxa-bridged [3.n](3,9)carbazolophanes 1n and
2n (n = 4 and 5), respectively, to investigate further insight into
the properties and formation of excimer in Cz chromophore
(Chart 1).

The synthetic route of carbazolophanes is shown in
Scheme 1. Vilsmeier reaction of dicarbazolylalkanes 6n
(n=4 and 5) gave the dialdehydes,®* which were reduced
with sodium borohydride to give diols 7n° in good yields. Treat-
ment of diols 7n (n =4 and 5) with concd. hydrobromic acid
afforded unstable dibromides 8# in high yields. The cyclization
reaction between 8n (n = 4 and 5) and cyanamide, developed
by Shinmyozu,’ yielded 14 (36%) and 15 (35%).® Oxa-bridged
carbazolophanes 24 and 25 were prepared in 20 and 36% yield,
respectively,® by the intramolecular dehydration of correspond-
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ing diols 7n in the presence of acid catalyst, PPTS.” Fully
overlapped isomers, neither 3n nor 4n, was isolated in these
cyclization processes. References, 9n'® were prepared by the
reduction of 8n with NaBH,.

The suitable crystals of 14! and 25'? for X-ray analysis were
obtained by recrystallization. Figure 1 shows ORTEP drawings'3
of 14 and 2s, respectively. It was clear from X-ray analysis
that Cz rings in 14 and 25 were located in a partially overlapped
orientation. Reflecting a difference of the lengths of alkylene
chains, the least-squares planes of two Cz rings in 14 and 25
are inclined 15.0 and 23.4°, respectively, much larger than that
in 13 (6.2°).%¢

Table 1 shows chemical shifts of aromatic protons in 1n
(n=3-5),2n (n =4 and 5), and 9n (n = 3-5) along with the
chemical shift differences (A8) between cyclophanes and corre-
sponding references 9n. Chemical shifts of aromatic protons, H1
and H2, in 1n (n = 3-5) and 2r (n = 4 and 5) shifted up-field
(large negative values of A8) compared with corresponding
references 9n. It can be assigned from these shifts that 1z and
2n listed in Table 1 take partially overlapped geometry. It is
very interesting that comparing cyanamide-bridged 1n with
oxa-bridged 2n with the same n number, chemical shifts of all
corresponding aromatic protons agree well each other within
the deviation of only 0.03 ppm. This fact indicates that the
geometry of [3.n](3,9)carbazolophanes (n =4 and 5) is little
affected by the difference of cyanamide- and oxa-bridge. The
degree of up-field shifts is in the order of 13 > 14 > 15 and
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Figure 1. Molecular structure of 14 (left) and 25 (right).
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Table 1. Chemical shifts of aromatic ring protons (400 MHz,
CDCls, 6/ppm)

Hl H2 H4 H5 Hé6 H7 H8

13 544 6.41 7.81 8.15 7.33 7.53 7.56
AS —1.65 —0.79 —0.09 0.09 0.13 0.16 0.39
14 6.12 6.56 7.94 8.11 7.26 7.47 7.32
AS —1.05 —0.66 0.05 0.06 0.06 0.06 0.08
1s 6.34 6.62 7.98 8.14 7.28 7.47 7.35
AS —086 —0.64 0.08 0.07 0.08 0.05 0.06
24 6.10 6.59 791 8.09 7.24 7.44 7.31
AS —1.07 —0.63 0.02 0.04 0.04 0.03 0.07
25 6.32 6.65 7.95 8.12 7.25 7.45 7.34
AS —0.88 —0.61 0.05 0.05 0.05 0.03 0.05
93 7.09 7.20 7.90 8.06 7.20 7.37 7.17
94 7.17 7.22 7.89 8.05 7.20 7.41 7.24
95 7.20 7.26 7.90 8.07 7.20 7.42 7.29
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Figure 2. Absorption (A) and emission (F) spectra of 1n and 2n
in THF at room temperature: a) thick solid lines 14, thick
dashed—dotted lines 24, thin solid line 94, b) thick solid lines
15, thick dashed—dotted lines 25, thin solid line 9s.

24 > 25, which reflects the inclined angle of two Cz rings
revealed by X-ray analyses. Therefore, the structure of carbazo-
lophanes in solid state would be essentially maintained even in
solution.

Electronic absorption spectra of 1r and 2n (n = 4 and 5)
were measured in THF as shown in Figure 2. The absorption
shape of 1n and 2n exhibited slight broadening and hypochromic
effect compared with the corresponding references 9n, which
indicated that transannular 77— electronic interaction exists.
This feature can be interpreted by exciton splitting theory, as
we have already reported for the absorption spectra of 1334

Fluorescence spectra of 1n and 2r are also shown in
Figure 2. Although the geometry of Cz rings in 1n and 2n for
n =4 and 5 seemingly adopts in partially overlapped shapes,
the emission behavior was monomer-like emission rather than
excimer-like one: fluorescence spectra of these carbazolophanes
are not broad and rather in the mirror image of absorption
spectra. From the X-ray analysis, the intramolecular distances
between nonbonding-aromatic rings, C4--C16 and C5---C15, in
14 were 3.257(5), 3.534(5)/0& (see Figure 1), respectively. It is
noted that such a short contact and partial overlap of Cz rings
caused transannular 77— electronic interaction in absorption
spectra, whereas distinguishable excimeric interaction was not
observed. We have already reported that partially overlapped
[2.n](3,9)carbazolophane 5r (n = 4 and 5) emitted monomeric
fluorescence.®® Among all the partially overlapped carbazolo-
phanes [1r (n = 3-5) and 2n, Sn for n = 4 and 5] so far synthe-
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sized, [3.3](3,9)bis-bridged 13 alone exhibited excimeric emis-
sion. The N--N distances between partially overlapped Cz rings
in 13, 14, and 25 were 3.413(3), 4.702(3), and 5.448(5) A, respec-
tively. As described in the above, two Cz rings in carbazolo-
phanes were inclined in the order of 13 < 14 < 25, and the
geometries of cyanamide- and oxa-bridged carbazolophanes
were similar in solution. It can be said that emissive properties
of carbazolophanes are governed by the distances and angles
between Cz rings.

In conclusion, the structure of an apparent “partially over-
lapped” geometry taken for 1n and 2r for n =4 and 5 is not
enough for excimer formation, which may require an appropriate
geometry of Cz rings situated in 13 such as the close N---N con-
tact (ca. 3.4 z&) and/or parallel orientation (<7°) of Cz rings.
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