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ABSTRACT

The direct arylation on the thienyl groups of a diarylethene with various aryl iodides efficiently provided arylated dithienylethenes under palladium
catalysis. Unsymmetrically substituted dithienylethenes were also synthesized by this protocol. This procedure allows a rapid access to a variety
of aryl-substituted dithienylethenes from a single substrate of a simple dithienylethene.

In recent years, organic photochromic compounds
have attracted much attention due to the potential
applications for photoswitching materials.1 Among var-
ious photochromic systems, diarylethene is one of the
most prospective organic molecules owing to their ad-
vantageous property over other photochromic com-
pounds in terms of their thermal stability and fatigue
resistance as well as their intriguing photochromic
behavior.2 Diarylethenes often consist of arylated thie-
nyl groups, of which aryl substituents can control the
absorption property of the diarylethenes, thus tuning the

color change of the photochromic reaction. However,
the synthesis of such aryl-substituted dithienylethenes has

been carried out through multistep synthesis, which com-

menced with the preparation of arylated thiophenes.3

In the past decade, transition-metal-catalyzed direct
C�H arylation of aromatic and heteroaromatic com-
pounds has been an active area of research in organic
synthesis and organometallic chemistry.4,5 In particular, a
ligand-controlled regiodivergent direct arylation of thio-
phenes has been recently reported.6 The employment of
2,20-bipyridyl as a ligand proceeded with R-selectivity to
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afford R-arylated thiophenes,6a,c while the reaction with a
P[OCH(CF3)2]3 ligand exhibited high β-selectivity in Pd-
catalyzed C�H arylation of thiophenes.6a,b This feature is
quite useful to construct a diverse list of arylated thio-
phenes. Here we have applied this synthetic protocol for
regioselective functionalization of dithienylethenes. We
anticipated that direct arylation on thienyl groups of one
single dithienylethene substrate would offer a useful and
convenient protocol to access diarylethenes with various
aryl-substituted thienyl groups (Scheme 1).

We optimized the reaction conditions for direct aryla-
tion of 1,2-di(2-methylthien-3-yl)perfluorocyclopentene
(1a), since a perfluorocyclopentene unit exhibits the
highest reversible durability and photoresponsibility
among various platforms for diarylethenes.3 The dithie-
nylethene 1a was prepared via Suzuki�Miyaura cross-
coupling of 1,2-dichlorohexafluorocyclopentene with
2-methyl-3-thienylboronic acid.7 The reaction of 1awith
4-iodoanisole (3.0 equiv), PdCl2, 2,20-bipyridyl, and
Ag2CO3 in m-xylene at 120 �C accomplished R,R0-
disubstitution on the thiophene moieties to afford 3a

in 72% yield (Table 1, entry 1). The similar procedure
can be applied to various aryl iodides. The reaction with
2- and 3-iodoanisoles provided the corresponding pro-
ducts 3b and 3c in 67 and 64% yields, respectively
(entries 2 and 3). Utilization of aryl iodides bearing
electron-withdrawing groups such as carbonyl and tri-
fluoromethyl substituents was shown to be effective
(entries 5 and 6), indicating no noticeable substituent
effect. 4-Bromoiodobenzene (2g) also participated in
this reaction without debromination to furnish the cor-
responding diarylethene 3g in 67% yield (entry 7). This
feature would be useful for further elaboration of 3g

on the basis of the bromide functionality. A 1-naphthyl
group could also be introduced efficiently by the

reaction with 1-iodonaphthalene (2h) to afford 3h in
good yield (entry 8). The reaction also proceeded with
1,2-dithienylcyclopentene 1b to produce diarylated pro-
duct 3i in 44% yield (entry 9).
Importantly, the employment of 1.0 equiv of aryl

iodides resulted in R-arylation on one of the two thienyl
groups under otherwise identical reaction conditions.
The reaction of 4-iodoanisole, ethyl 4-iodobenzoate,
and iodobenzene afforded the corresponding monoary-
lated dithienylethenes 4a�4c predominantly in moderate
yields (Table 2). In each case, diarylated product 3was also
formed in ca. 10% yield to reduce the yield of the desired

Scheme 1

Table 1. Direct R-Arylation on the Thiophene Moieties of 1,
2-Di-(2-methylthien-3-yl)cyclopentenes 1 with Various Aryl
Iodidesa

aReaction conditions: dithienylethene 1 (1.0 equiv), aryl iodide
(3.0 equiv), PdCl2 (30 mol %), 2,20-bipyridyl (30 mol %), Ag2CO3

(3.0 equiv), 120 �C. bPdCl2 (10 mol %) and 2,20-bipyridyl (10 mol %)
were used under otherwise the same reaction conditions. cThe reaction
time was 17 h.
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compound 4. The monoarylated products 4 are useful for
the construction of unsymmetrically substituted dithieny-

lethenes (Table 3). For example, the direct arylation of 4a

with ethyl 4-iodobenzoate provided unsymmetrically sub-

stituted dithienylethene 5a with 4-methoxyphenyl and

4-ethoxycarbonylphenyl groups in 40% yield.

We also attempted direct arylation of the thienyl group
at the β-position.8 The reaction of 1 with 3.0 equiv of
4-iodoanisole, PdCl2, P[OCH(CF3)2]3, and Ag2CO3 in
m-xylene at 100 �C afforded none of the desired products.
After several trials, we eventually found that the use of
1,4-dioxane as the reaction solvent effected β-arylation on
onlyoneof the two thienyl groups toprovidedithienylethene
6 in 41% yield with high regioselectivity (Scheme 2). Inter-
estingly, β,β0-diarylation was not observed even with the
use of an increased amount of 4-iodoanisole. Unfortu-
nately, the use of other iodoarenes such as iodobenzene
resulted in quite low yields under the optimized reaction
conditions. However, this type of reaction is promising
because a diarylethene bearing β-arylated thienyl groups is
difficult to synthesize through conventional protocols.9

Table 2. SelectiveR-Monoarylation on theThiopheneMoiety of
1,2-Dithienylcyclopentene 1aa

entry R product yield (%)

1 OMe 2a 4a 32

2 CO2Et 2e 4b 36b

3 H 2d 4c 36

aReaction conditions: dithienylethene 1a (1.0 equiv), aryl iodide
(1.0 equiv), PdCl2 (30 mol %), 2,20-bipyridyl (30 mol %), Ag2CO3

(1.0 equiv), m-xylene, 120 �C, 13 h. b PdCl2 (10 mol %) and 2,20-
bipyridyl (10 mol %) were used under otherwise the same reaction
conditions.

Table 3. Synthesis of Unsymmetrically Substituted Dithieny-
lethene 5

entry R1 R2 product

yield

(%)

1 OMe 4a CO2Et 2e 5a 40a

2 H 4c OMe 2a 5b 40b

3 H 4c CO2Me 2i 5c 37b

aReaction conditions: diarylethene 4 (1.0 equiv), aryl iodide 2e

(3.9 equiv), PdCl2 (39 mol %), 2,20-bipyridyl (39 mol %), Ag2CO3

(3.9 equiv),m-xylene (0.30 mL), 120 �C, 13 h. bAryl iodide 2 (3.0 equiv),
PdCl2 (30 mol %), and 2,20-bipyridyl (30 mol %) were used under
otherwise the same reaction conditions.

Scheme 2. Direct β-Arylation on the Thiophene Moiety of
1,2-Dithienylcyclopentene 1a

Scheme 3
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The β-arylated product 6 can be subjected to further
arylation of the remaining C�H bonds on the thiophene
moieties. Treatment of 6with 3.0 equiv of 4-iodoanisole
under the standard R-arylation conditions induced
R,R0-disubstitution to afford diarylethene 7 in 43% yield
(Scheme 3). The product was assigned by its 1H NMR
spectrum and high-resolution mass spectrum observed at
m/z=686.1371 (calcd for (C36H28F6O3S2)

þ=686.1379).
This is the first example of a diarylethene with an
R,β-diarylated thienyl group.
In conclusion, we have demonstrated versatile functio-

nalization of a simple dithienylethene at the R- and
β-positions of the thiophenemoieties throughaPd-catalyzed
direct C�H arylation strategy. The regioselectivity of
arylation can be controlled by the proper choice of ligands.
The present protocol would be useful for the construction

of diverse diarylethenes including unsymmetrically substi-
tuted dithienylethenes.
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