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Polymerization of a Photochromic Diarylethene by time synthesis of main-chain diarylethene homopolymer (poly-

Friedel—Crafts Alkylation BTF6) using new convenient polymerization method based on
FriederCrafts alkylation and its photochromic properties.

Yong-Chul Jeong! Dae Gyu Park; Eunkyoung Kim,* +8 Results _and Discussion.

Sung Ik Yang,*T2 and Kwang-Hyun Ahn*.T Synthesis and Characterization.BTF6 was prepared ac-

cording to the procedure described in the literaf8®® BTF6
(1.2 mmol) in CHCI, was readily reacted with chloromethyl
methyl ether (1.3 mmol} and TiCl, (0.9 mmol) at O°C. After
1 h of stirring of the solution at room temperature under N
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extracted, washed, and then dried to afford poly-BTF6. The

Receied January 28, 2006 polymer was soluble in common organic solvents such as
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The glass transition temperaturéy (= 110 °C) and melting

Introduction. Photochromic materials have been received temperatureTy, = 227°C) of the polymer were determined by
great attention recently because of their potentials in various differential scanning calorimetry (DSC) and thermogravimetric
applications such as optical memory, switching, and display analysis (TGA) indicates that the polymer is stable at high
devices\2 Diarylethenes which undergo reversible photocy- temperature (up to 336C). The weight-average molecular
clization and ring opening reaction between their open- and weights M,,) and dispersity oM,, of the resultant polymer were
closed-ring isomers with a good fatigue resistance and thermal40 000 and 2.6, respectively. However, g and dispersity
stability are regarded as the best candidates for such purpdses. of the polymer were varied depending on the reaction condition

For practical applications of these materials, the photochromic and the content of the reagent. This, of the polymer was
compounds have to be fabricated in the form of films, sheets, reduced to 7970 with the same dispersity (2.6) when the content
or beads, which requires the incorporation of the photochro- of TiCl, and CME were reduced to 0.9 equiv.
mophores into a polymer media. Several methods including the The polymerization is expected to proceed through initial
dispersion of the photochromophores into the polymer matrix chloromethylatiof?2Pand following Friedet-Crafts alkylatiod2c
as an additive or covalently grafting them onto the polymer main as shown in Scheme 1. To confirm the structure of the poly-
chain as a pendant group have been developed redently. BTF6, a model study using benzothiophene derivatives was
However, the content of diarylethene unit in these polymeric performed. When 2,3-dimethylbenzothiopheRepfepared from
media are generally low. As the photochromism and the resultant3-bromo-2-methylbenzothiophene was reacted with chloro-
switching are highly dependent on the content of photochro- methyl methyl ether in the presence of TiCA mixture of two
mophores in polymer media, diarylethene polymers contain- inseparable compounds whose structures could be assigned as
ing a high effective concentration of the photochromic com- 3 and4, based oiH NMR analysis, was obtained (Scheme 2).
ponent is desirable, especially in applications such as optical ~ Since the alkylation can readily occur at 5- and 6-positions
information processing.® To increase the content of the of benzothiophene, we prepared 2,3,5-trimethylbenzothiophene
photochromic diarylethene in the polymer, homopolymers where (11) from 4-methylbenzene thioBJ in two step? to block the
the diarylthene resides in the main polymer backbone were 5-position from the dimerization. In the reaction bf under
prepared by Zerl##2 Branda® and Iri€ groups. Although, the  the same reaction condition, dinfewas obtained in 70% yield.
main-chain homopolymers showed good photochromic proper- From these model studies, the bridged methylene unit of poly-
ties in film state as well as in solution, each has drawbacks in BTF6 is expected to connect between either the 5- or 6-position
molecular weight, fatigue resistance and polymerization yield, of the benzothiophene moiety.

respectively. ) ) Although cationic polymerization methods from vinyl units
In our previous studies, we reported the syntheses and theor olefinic group are known, there is no report on the polym-
phothochromic properties of diarylethene copolynféfs’cOn erization of aromatic compounds, such as benzothiophene,

a continuing study, cationic polymerization of diarylethene have directly by Lewis acid catalystd. Thus, the polymerization
been mv:_esngated for Its fast polymerlzatpn rate and efﬂméﬁcy. method reported here using Frieg€lrafts alkylation could be
Conventionally, the FriedeiCrafts alkylation could be carried  applied conveniently in the polymerization of many functional
out by using acid catalysts such as TGl various Bimsted aromatic compounds.
acids. Surprisingly, we found that BTF6 could be easily  ppgiochromic Properties. The progress of the photoisomer-
polymerized to produce poly-BTF6 in a reaction with Ti@hd ization of poly-BTF6 My = 40 000) in a CDJ solution (5.0
chloromethyl methyl ether. The density of photochromic unit | -3 M) was followed by'H NMR spectroscopy. Figure 1
incorporated intq the polymer is expected to be very high (.98 shows thé'H NMR spectra of open ring isomer (B) and at the
wt %) as shown in the structure. Thus, we report here the first photostationary state of poly-BTF6 (C) along with open ring
isomer of monomeric BTF6 (A). Thid NMR spectrum of the

: golrlreSpolpging author-t 4 Aoplied Chemisiry and Institute of Natural polymer shows broad peaks similar to those of BTF6. Additional
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Scheme 1. Synthesis and Photochromic Reactions of Poly-BTF6
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Spectral change of poly-BTF8A, = 40 000) in ethyl acetate
upon irradiation with 313 nm light at room temperature is shown
in Figure 2. New absorption band (534 nm), characteristic of
the closed-ring isomer of the polymer, was observed, resulting
from the photoinduced cyclization reaction. The maximum
absorption of poly-BTF6 was red-shifted about 10 nm when
compared to BTF6 (524 nm). The absorbance growth of the
visible band for the polymer was dependent on g of the
polymer. Thus, the absorption increase for the solution of poly-
BTF6 My = 7970) by UV light over exposure time (B) was
comparable to that of BTF6 (A), indicating that the photochro-
mic conversion in the polymer is also efficient. On the
otherhands, the growth for the solution of the polymer having
high M, (M, = 40 000) was smaller than that of Idw, poly-
BTF6 as compared in Figure 2 under the similar condition. The
photochromic ring cyclization efficiency was determined as
60%, 60%, and 43% in A, B, and C, respectively. Such a result
may arise from the reduced rotational freedom by the linker
between photochromic diarylethene subunit in the polymer.
When the ring-closed sample was irradiated with visible light,
the original spectrum was obtained immediately, confirming the
reversibility of the electrocyclic reaction even in the polymer.

methyl peaks. The new peak corresponding to a closed isomer

was disappeared upon exposure to a visible light and the initial
IH NMR was recovered.

A

M s 1
B
Cc

8 6 . . 2 I 0

4
Chemical shift (ppm)

Figure 1. H NMR spectra of open ring isomer of BTF6 (A), open
ring isomer (B) and the photostationary state (C) of poly-BTF6 in GDCI
(5 x 1073 M).

0.15 |- A B} CL D
0.10 | L -
Q
Qo
c
©
£
o
7]
2
0.05 -
0.00 1 et LX)
400 500 600 400 500 600 400 500 600 400 500 600

Wavelength (nm)

Figure 2. Absorption spectra change of (A) BTF6 in ethyl acetate (1
x 1075 M), (B) poly-BTF6 M, = 7970), (C) poly-BTF6 I,
40 000) in ethyl acetate (& 1075 M based on the photochromic unit),
and (D) poly-BTF6 film M,, = 40 000) upon irradiation with a UV
light (313 nm). Irradiation time 0, 10, 20, 50, 100, 200, and 500 s for
solution and 0, 10, 30, 60, 300, 600, and 1200 s for film (bottom to

top). cDV
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Figure 3. Absorbance changes of BTF6 (open circle) and poly-BTF6
(closed circleM,, 40 000) at absorption maximum of closed-ring isomer
as a function of UV illumination time.

Poly-BTF®6 retains its photochromic behavior in the solid film

(140 nm thickness) prepared from spin-coating of the polymer

solution in CHC} (20 mg/mL) onto quartz substrate (Figure
2D). Irradiation of the film with UV light results in immediate
color change, indicating that the photochromic property of the

polymer is conserved in the processed state. The film was
bleached back upon irradiation of visible light. The absorbance

growth of the visible band for the polymer film over exposure
time (D) was smaller than that in solution (C) under the same

exposure condition, due to the reduced rotational freedom in

the solid film media.

The fatigue resistance of poly-BTF6 was investigated to
examine the synergetic effect of the polymerization. In particu-
lar, fatigue resistance to UV light is important for the practical
application of organic functional materials in outdoor products.

Figure 3 shows the absorbance changes of BTF6 (open circle)

and poly-BTF6 (closed circle) in ethyl acetate (kQL0~> M)

at room temperature, monitored at.x of the closed-ring
isomers as a function of UV illumination time for 500 min.
After initial increase of the absorbance which is related to the
photocyclization from open- to closed-ring isomer of both BTF6

and the polymer, the absorbance of BTF6 was started to
decrease. However, the absorbance of poly-BTF6 was slowly

increased for 500 min. When visible light was irradiated to both
samples after 500 min, closed-ring isomer of poly-BTF6 was
returned to the open-ring isomer giving the original absorption

spectrum, whereas the absorption spectrum of BTF6 did not

match with its open-ring isomer spectrum due to the formation
of byproduct under UV light as reported by Ifi¢ Brandal®
and our group$® This result indicates that the polymerization
of BTF6 leads to a significant improvement in the fatigue
resistance to UV light as compared with monomeric BTF6.

Conclusions.In summary, we have synthesized and charac-
terized a high-density diarylethene main-chain homopolymer,
poly-BTF6, from the reaction of BTF6 with Tigland chlo-
romethyl methyl ether. The new polymerization method is very
efficient to produce the polymers of various molecular weights
in high yield. The polymer exhibits the characteristic photo-
chromic property as the corresponding monomeric unit in
solution and also in solid film. The fatigue resistance of the
polymer to UV light was significantly improved compared with
its monomer unit. This novel polymerization of a photochromic
diarylethene using FriedelCrafts alkylation could be widely
applied in the polymerization of many functional aromatic
compound as evidently shown by the dimerization of a
benzothiopene derivative (Scheme 2).
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