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Abstract—Severely deformed title quinodimethanes [1,2-bis(diarylmethylene)acenaphthenes] 1 have been designed and prepared as
novel electrochromic materials, which can be reversibly interconverted with the deeply colored dicationic dyes 12+ with acenaphth-
ylene-1,2-diyl skeleton. The X-ray analysis of 1 revealed that the inner two aryl groups are forced to overlap in proximity, which can
account for the facile electrocyclization process to the isomer. By combination of reversible electrochemical transformation with
irreversible isomerization process, the present system provides a prototype for novel molecular response systems equipped with
the �write-protect� option.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Electrochromism with the �write-protect� option.
1,1,4,4-Tetraaryl-1,3-butadienes1 (open-chain violenes2)
consist of one of the representative classes of electro-
chromic systems,3 that can be reversibly interconverted
with the corresponding 2-butene-1,4-diyl dicationic dyes
upon two-electron transfer. Annulation of p-system at
2,3-positions induces geometrical fixation of the diene
unit in the cis form, thus forcing the two inner aryl
groups to arrange in proximity. Such a severe steric hin-
drance endows the molecule with special reactivity as
exemplified by facile electrocyclization of 7,7,8,8-tetra-
phenyl-o-quinodimethane, the short-lived strained
hydrocarbon.4 By combination of the reversible electro-
chemical interconversion with the irreversible transfor-
mation process by another stimulus, the novel
molecular response system equipped with the �write-
protect� option5 would be realized (Scheme 1). We have
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2005.11.059

Keywords: Quinodimethane; Strained molecule; Steric hindrance;
Redox system; Electrochromism; Dye; Dication; Acenaphthene;
Electrocyclization.
* Corresponding author. Tel./fax: +81 11 706 2714; e-mail: tak@sci.
hokudai.ac.jp
designed the title molecules as the most promising
candidates for this purpose, which would be produced
as persistent species. Although there are no reports on
generating this class of highly congested compounds,
we have succeeded in isolating the first members of
9,9,10,10-tetraarylacenaphthenequinodimethanes. Here,
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we report the preparation and X-ray structure of the
title electron donors 1, and their redox properties and
novel reactivities will be also disclosed.

Acenaphthylene-1,2-diyl bis(diarylmethyliums) 12+ were
selected as suitable precursors for the strained quino-
dimethanes 1. Due to rotational flexibility about the
C+–C1(or 2) bonds, dications 1

2+ are free from the steric
repulsion, which the neutral donors 1 suffer from.6 To
isolate the dications as stable salts, p-Me2NC6H4 (a)
and p-MeOC6H4 (anisyl; b) groups are chosen as elec-
tron-donating aryl substituents. The dication 1a2+ [kmax

714 (log e 4.39) in MeCN] with four amino groups was
isolated as a deep violet bis(triiodide) salt8 in 85% yield
by oxidative desulfurization of the bis(diarylethenyl)sul-
fide9 derivative 2a8 with 3 equiv of iodine (Scheme 2a).
The ring contractive formation of 1,2-disubstituted ace-
naphthylene is a very useful protocol since the sulfide
donor 2a is much less hindered and was easily derived
from 2H,6H-naphtho[1,8-cd]thiin10 via 3a8 (Scheme 3).
However, the similar desulfurization11 did not proceed
for the donor containing the less electron-donating
anisyl groups. Instead, a spiro compound 4ab8,12 was
obtained in 80% yield upon oxidation of 2ab8 followed
by hydrolysis.13 Therefore, 1,8-bis(2,2-dianisylethen-
yl)naphthalene 5b8 was selected as the new precursor
for dication 1b2+, which was prepared as outlined in
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Scheme 2. Two synthetic approaches toward the hindered dications.
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Scheme 3. Preparation of precursors. Reagents and conditions: (a) (i)
n-BuLi for 3a, t-BuLi for 2a, (ii) Ar2C@O, (iii) TsOH (94% for 3a, 36%
for 2a); (b) (i) t-BuLi, (ii) An2C@O, (iii) TsOH (42%); (c) (i) n-BuLi/
TMEDA, (ii) An2C@O, (iii) ClCOOMe/DMAP (34%).
Scheme 3. This electron donor may undergo oxidative
C–C bond formation between the triarylethene units14

followed by deprotonation1,15 to furnish the dimethyl-
eneacenaphthene skeleton, which is more easily oxidized
than the starting diolefinic donor (Scheme 2b). In fact,
oxidation of 5b with 4 equiv of NOBF4 proceeded
smoothly to give the desired dication 1b2+. Due to its
high sensitivity toward moisture, the crude product
was first transformed into a stable dihydrofuran deriva-
tive 6b,8 which was isolated in 35% yield. Then, pure
dication 1b2+ [kmax 592 (log e 4.46) in CF3CO2H] was
regenerated as a purple BF4

� salt8 in 97% yield upon
treatment of 6b with HBF4.
According to the X-ray analysis of 1a2+(I3
�)2,

12 the
dication in crystal is C2-symmetric, with the separation
of 3.14 Å between two carbenium centers (Fig. 1). Elec-
trostatic repulsion seems the major reason for the out-
of-plane deviation of exocyclic carbons (C+) from the
acenaphthylene unit (torsion angle of 13.7� for C+–
C1–C2–C

+). Diarylmethylium units are twisted by
45.6� against the acenaphthylene skeleton in the same
direction. Thus, the two inner aryl groups are arranged
in parallel (dihedral angle 0�) with the closest C–C con-
tact of 3.24 Å. On the other hand, rotation about the
C+–C1 bond seems rapid in solution as shown by the
C2v-symmetric 1H NMR spectrum in CD3CN. The dica-
tion 1b2+ also gave only one set of signals for the four
anisyl groups in the 1H NMR spectrum.

Upon treatment of 1b2+(BF4
�)2 with Zn powder, purple

color disappeared gradually to give reddish-orange crys-
tals [kmax 398 (log e 4.10) in MeCN] in isolated yield of
Figure 1. Molecular structure of 1a2+ determined by X-ray analysis of
the bis(triiodide) salt at 15 �C. The dication is located on the
crystallographic twofold axis. Hydrogen atoms are omitted for clarity.



Figure 3. Cyclic voltammogram of 1a (E/V vs SCE) measured in
CH2Cl2 containing 0.1 mol dm�3 n-Bu4NBF4 (scan rate 100 mV s�1).
A pair of peaks at +1.13 V are assigned to the oxidation process of
[(4-Me2NC6H4)2C

+] moieties in 1a2+ to give 1a4+.
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83%. The C2-symmetry of the product was suggested by
its 1H NMR, showing the double bond character for the
Cexo–C1(or 2) bond. Two of the four MeO signals exhibit
a downfield shift by 0.17 ppm from the other two, sug-
gesting that these protons are close to the shielding re-
gion of another aromatic ring. By the low-temperature
X-ray analysis, its structure was finally confirmed to
be the severely deformed quinodimethane 1b (Fig. 2).
The striking feature is the large torsion angles around
the C1–C2 bond (45.8� for Cexo–C1–C2–Cexo and 16.2�
for C8a–C1–C2–C2a, respectively) despite the rigid five-
membered ring structure of the acenaphthene skeleton.
The Cexo–C1(or 2) bond length [1.363(4) Å] is similar to
that in hexaarylbutadienes.14a So that, the strain was re-
leased by twisting the double bond but not by expanding
it. The two inner aryl groups are forced to overlap in a
face-to-face manner with the interplanar separation of
3.38 Å (dihedral angle 17.7�) and the closest C–C con-
tact of 3.22 Å. Repulsion between these aryl groups
must be the major reason for large twisting angle of
23.5� of the exocyclic double bonds. Upon reduction
of 1a2+(I3

�)2 with Zn, another quinodimethane 1a8 with
four amino groups was obtained as deep red crystals
[kmax 456sh (log e 4.06) in CH2Cl2] in 94% yield. Due
to the very high electron-donating properties (vide
infra), 1a is less stable under air with gradual transfor-
mation into endoperoxide 7a8,12 probably via some
open-shell species. Due to formation of such paramag-
netic species, 1H NMR spectrum of 1a is too featureless
to give structural information, but other spectral data
(IR, HR-MS) are in accord with this structural
assignment.

Quinodimethane 1a with four amino groups is a very
strong electron donor and undergoes 2e-oxidation at
+0.01 V in CH2Cl2 (Fig. 3), which is much less positive
than that for the representative donor, N,N,N 0,N 0-tetra-
methyl-p-phenylenediamine (+0.24 V), measured under
the similar conditions.16a Redox interconversion be-
tween 1a and 1a2+ could be achieved electrochemically,
thus demonstrating electrochromic response with vivid
Figure 2. Molecular structure of 1b determined by X-ray analysis of
the CH2Cl2 solvated crystal at �120 �C. The quinodimethane is
located on the crystallographic twofold axis. Hydrogen atoms are
omitted for clarity.

Figure 4. Changes in UV–vis spectra of 1a (3.5 mL, 7.6 · 10�5 mol
dm�3 in CH2Cl2) upon constant-current electrochemical oxidation
(30 lA at 1 min interval). n-Bu4NBF4 (0.05 mol dm�3) was used as an
electrolyte.
change in color from red to deep violet (Fig. 4). The
isosbestic point in the spectroelectrogram indicates neg-
ligible steady-state concentration of the intermediary
cation radical,17 which is suitable for constructing the
reversible electrochromic system as a result of suppress-
ing the side reactions from the reactive open-shell spe-
cies.18 In the preparative-scale experiment, 1a2+(I3

�)2
was regenerated and isolated in 97% yield upon treat-
ment of 1a with 3 equiv of iodine. Dication 1b2+ with
four anisyl groups was also regenerated as moisture-sen-
sitive I3

� salt in quantitative yield upon oxidation of 1b
[Eox +0.61 V (2e) in MeCN].16b

The detailed examination on the isomerization reactions
of 1a was hampered by the susceptibility toward oxygen,
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Scheme 4. Pericyclic reactions of 1b to 8b.
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however, the anisyl derivative 1b was found to undergo
facile electrocyclization followed by hydrogen shift
(Scheme 4). The rearranged product 8b8,12 with the dihy-
dronaphtho[2,3-a]acenaphthylene skeleton was isolated
in 97% yield as a yellow solid after irradiation by a Xe
lamp (k > 300 nm) for 3.5 h in the solid state.19 Intimate
arrangement of the inner two aryl groups in 1 is favored
for the pericyclic reaction to occur as in the case of tetra-
phenyl-o-quinodimethane.4a In contrast to easy oxida-
tion of 1b to 1b2+, the isomer 8b is a much weaker
electron donor [Eox + 1.00 V (irrev.) in MeCN]16b and
was no longer transformed into 1b2+ upon oxidation.

In summary, we could demonstrate that the newly
designed quinodimethanes 1 with a severely deformed
geometry can be reversibly interconverted with the
dicationic dyes 12+, and the strained geometry for the
tetraarylbutadiene unit in 1 makes the irreversible
isomerization to occur within the easily accessible condi-
tions. Since the rearranged product can no longer give
the dication 12+ upon oxidation, the present system
can be considered as a new prototype for the electro-
chromic system with the �write-protect� option, for
which electric potential and light work as the indepen-
dent input signals.
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