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Abstract 2-Methylthiophene (1) was treated at 0°C with
liquid bromine to form 3,5-dibromo-2-methylthiophene
(2) which reacted with tributyl borate to give 2-methyl-
3-bromo-5-boronate thiophene (3) at —78°C. Treatment
of 3 with 3,4-difluorobrombenzene gave 2-methyl-3-
bromo-5-(3,4-difluorophenyl)thiophene (4). Finally, a
novel photochromic dithienylethene compound, 1,2-bis
[2-methyl-5(3,4-difluorophenyl)-3-thienyl]perfluorocyclo-
pentene (DT-1), was synthesized by the reaction of 4 with
perfluorocyclopentene at —78°C. The compound (DT-1)
was characterized by IR, NMR, MS, clemental analysis
and its photochromic behavior was also discussed.
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As a novel photochromic material, the dithienylethene
compounds has attracted widespread attentions in recent
years [1-8]. Research shows that because of its of great
thermal stability, fatigue durability and fast-responsibility,
these new functional materials have tremendous potential
applications in storage of optical information, optoelectro-
nic switches, information display, camouflage materials
and anti-counterfeit printing [9-12]. So far, synthesis of
new photochromic dithienylethene compound is still one
of the research focuses [13]. In this paper, a novel photo-
chromic dithienylethene compound, 1,2-bis[2-methyl-5(3,4-
difluorophenyl)-3-thienyl]perfluorocyclopentene  (DT-1),
was synthesized as outlined in Scheme 1. The photochro-
mic reaction of DT-1 is depicted in Eq. (1).

1 Experimental
1.1 Apparatus

'H, ¥C, and ""F NMR spectra were recorded on a Bruker
AM-400 nuclear magnetic resonance spectrometer with
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internal TMS as the standard and CDCls as the solvent.
Elemental analyses were performed on a Perkin Elmer-
2400 element analytical instrument with KBr pellets. IR
spectra were recorded on a Bruker FT-VERTEX 70
Fourier transform infrared spectrometer. LC/MS data
were determined on an US Thermo Electron LTQ-liquid
chromatograph mass spectrometer (LC/MS). A BMH-
250 visible light lamp, a CX-21 UV-fluorescence spectro-
photometer, and a Perkin Elmer Lamba-900 UV-vis
spectrophotometer (USA) were used in the present
research for the study on the photochromic reaction of
the product.

1.2 Synthesis of photochromic compound

1.2.1 Synthesis of 3,5-dibromo-2-methylthiophene (2)
2-Methylthiophene (1) (204.08 mmol) was dissolved in
120 mL acetic acid at 0°C. Then liquid bromine
(204.1 mmol) was added dropwise, and the mixture was
stirred for 19 h. The mixture was washed with water and
the two phases were separated. The aqueous phase was
neutralized by Na,COj; solution and then extracted with
diethyl ether. The organic extracts were combined, dried
with anhydrous CaCl, and filtered. After the solvent of
the filtrate was removed by rotary evaporation under
reduced pressure, a yellow liquid product 2 (41.22 g,
161.02 mmol) was obtained. The yield was 79%. The 'H
NMR spectra (400 MHz, CDCl;) showed the following &
values: 2.94 (s, 3H), 7.61(s, 1H).

1.2.2  Synthesis of 2-methyl-3-bromo-5-boronate
thiophene (3) [14]

Compound 2 (80.52 mmol) was dissolved in diethyl ether
at —78°C in nitrogen atmosphere and then n-BuLi
(80.0 mmol, 1.6 mol/L) was added slowly with stirring.
After 30 min, tributyl borate (84.50 mmol) was added
and reacted for 1.5 h during which time the temperature
naturally rose to room temperature. The reaction was
terminated by the addition of a few drops of dilute
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hydrochloric acid. The aqueous phase was discarded after
washing. The organic phase was extracted with 10%
NaOH solution and separated. The aqueous phase was
neutralized by dilute hydrochloric acid and filtered. The
filtrate was concentrated under reduced pressure to give
product 3 (41.22 g, 161.02 mmol) as a yellow liquid. The
yield was 89% and the 'H NMR (400 MHz, CDCl;) §
values are 2.51 (s, 3H) and 4.59 (s, 2H), 7.33 (s, 1H).

1.2.3  Synthesis of 2-methyl-3-bromo-5-(3,4-
difluorophenyl)thiophene (4)

3,4-Difluorobrombenzene (8.69 g, 45 mmol) and Pd
(PPh3), (1.0 g) were dissolved in 120 mL THF and agi-
tated for 20 min. Compound 3 (9.95 g, 45 mmol) and
60 mL Na,CO; (2.0 mol/L) solution were added and the
resulting mixture was refluxed for 16 h. After cooling to
room temperature, the mixture was separated into two
phases. The aqueous phase was extracted with diethyl
ether and the extracts were combined, dried with anhyd-
rous MgSO, and filtered. After the solvent was removed
by rotary evaporation, the residue was purified by silica
gel column chromatography to give product 4 as a yellow
solid (9.53 g,32.94 mmol). The yield was 73% and the 'H
NMR (400 MHz, CDCl;) ¢ values are 2.412 (s, 3H, CHj),

7.037 (s, 1H, thiophene-H), 7.139-7.160 (d, 1H,
J=8.4 Hz, phenyl-H), 7.184 (s, 1H, phenyl-H) and
7.289-7.338 (m, 1H, J = 9.8 Hz, phenyl-H).

1.2.4 Synthesis of 1,2-bis[2-methyl-5(3,4-
difluorophenyl)-3-thienyl] perfluorocyclopentene (DT-1)

Compound 4 (8.69 g, 45 mmol) was dissolved in 120 mL
THF and agitated under nitrogen at —78°C. Then, n-BuLi
(36 mmol, 2.5 mol/L) was added. After 30 min, perfluoro-
cyclopentene was injected into the flask and the mixture
was stirred for 2 h at —78°C. The reaction was stopped by
the addition of 40 mL water. After the mixture was sepa-
rated into two phases, the aqueous phase was extracted
with diethyl ether and the extracts were combined, dried
with anhydrous MgSOy and filtered. After the solvent was
removed by rotary evaporation, the residue was purified
by silica gel column chromatography to give the target
compound as a blue solid (9.53 g, 32.94 mmol). The yield
was 25% and the melting point was found to be 133.1-
134.9°C. The '"H NMR (400 MHz , CDCls) 6 values and
their assignments are: 1.983 (s, 6H, -CH3), 7.190-7.213
(m, 2H, J=9.2 Hz, phenyl-H), 7.232 (s, 2H, thiophene-
H), 7.263 (s, 2H, phenyl-H), 7.331-7.382 (m, 2H,
J=10.4 Hz, phenyl-H). The "“C NMR (400 MHz,
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CDCl;) 6 are: 14.500, 76.682, 76.999, 77.317, 114.605,
114.790, 117.838, 118.014, 121.708, 121.743, 121.767,
121.803, 123.084, 125.934, 130.372, 130.413, 130.474,
140.088, 141.905, 148.784, 148.910, 149.281, 149411,
151.272, 151.398, 151.757, 151.887. The “F NMR
(400 MHz, CDCl3) 6 values are: 138.19 (2F), 136.55
(2F), 131.78 (2F), 110.00 (4F). The IR (KBr) spectra
showed peaks at the following v: 2920, 1603, 1561, 1522,
1475, 1425, 1340, 1274, 1225, 1194, 1105, 1055, 980, 900,
862, 805, 772, 743,701 cm~'. MS (ESI) m/z: 591 (M — 1)*.
Anal. caled for Cy;H 14F S, C 54.73, H 2.38, S 10.82;
found C 54.86, H 2.37, S 10.83.
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(b) can return to colorless state. At 400-700 nm, the
absorbance of the closed-ring state disappears totally
and the maximum absorption wavelength of ultraviolet
radiation region returns to 272 nm which indicates that
DT-1(b) is transformed into DT-1(a). After more than ten
cycles of transformation from the colorless to the colored
state, the equal absorbance point of the open-ring and
closed-ring states can be seen at 295 nm. This indicates
that this compound has very good fatigue resistance in
hexane. Research on the photochromic dynamic character
and the anti-counterfeit application of the compound will
be conducted in the future.

2 Results and discussion

The UV-Vis absorption spectra of compound DT-1 in
hexane is shown in Fig. 1 (5.0 x 107> mol/L). The dashed
line represents the absorption spectrum of open-ring state
of DT-1, the solid line represents the absorption spectrum
of the photostationary state of DT-1 and the dash-dot line
represents the absorption spectrum of the closed-ring
state of DT-1. In hexane, the maximum absorption wave-
length of DT-1(a) is 272 nm. When irradiated with UV
(254 nm), the color of the solution can change from color-
less to blue. As the time of irradiation increases, absor-
bance at the maximum absorption wavelength of DT-1(a)
gradually decreases and a strong and wide absorbance
peak appears at 400-700 nm. When the absorbance peak
coincides with maximum absorption wavelength 575 nm,
the open-ring state DT-1(a) is changed to the closed-ring
state DT-1(b). Under irradiation with visible light of the
proper wavelength (4> 500 nm), the colored state DT-1

3.0

open-ring state

[ \ - —_—
——— photostationary
state

300 400 500 600 700 800
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Fig. 1 UV-Vis absorption spectra of compound DT-1 in
hexan (5.0 x 107> mol/L)
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