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A phosphor atom was introduced into photochromic dithienylethene and the corresponding dithieny-
lethene bis(phosphine)ligands were obtained by the lithiation of 1,2-bis-(5-chloro-2-methylthien-3-yl)
cyclopentene in the presence of n-butyllithium which were then reacted with PhyPCl or Cy,PCl,
respectively. The bis(phosphine)ligands were oxidised with H,0,, sulfurated by Sg and selenated by Se
and their structures were characterized.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Photochromic compounds have attracted much attention due to
their ability for optical memory media [1-10] and photo-optical
switches [11-20]. Among various types of photochromic
compounds, diarylethene is the most promising compounds for the
application due to their thermally irreversible and fatigue resistant
photochromic performance [21-34].

As a current research goal for photochromic dithienylethene is
to develop novel structures and unique properties, an effective
method is to modify the structure by functionalizing the group R
in Fig. 1. Several papers have described the properties and
application of diarylethene derivatives in which nitrogen ligands
were used. [21-31] Branda and co-workers [35] synthesized
a 1,2-dithienylethene compound bearing a bis(phosphine) group
and indicated that this type of compound represented a new
class of photo-responsive ligands and that steric and electronic
differences existed between two photogenerated isomers. In this
work, several dithienylethene bis(phosphine)ligands and deriva-
tives were synthesized and their photochromic properties were
investigated.
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2. Results and discussion

2.1. Synthesis of dithienylethene bis(phosphine)ligands 2, 3 and
derivatives 4-9

The dithienylethene bis(phosphine)ligands 2, 3 and derivatives
4-9 were synthesized according to Fig. 2. 1,2-Bis-(5-chloro-2-
methylthien-3-yl)cyclopentene [36] was reacted with n-butyl-
lithium at room temperature and the ensuing compound was
treated with Ph,PCl (ed note: care required) and Cy,PCl (ed note:
care required) under an argon atmosphere to give 2 and 3, in 85%
and 82% yield, respectively. Then compounds 2 and 3 were oxidated
by H,0,, sulfurated by Sg and selenated by Se to give more stable
derivatives 4-9 in 58-92% yields.
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Fig. 1. Reversible photocyclization reactions of dithienylethene.


mailto:chshliu@mail.ccnu.edu.cn
www.sciencedirect.com/science/journal/01437208
http://www.elsevier.com/locate/dyepig

J. Yin et al. / Dyes and Pigments 81 (2009) 152-155

|\
Cl S
H202, CHC|3 / \
Reflux R,P S
2:R=
3:R=
|\
R,P
[l
Se
8: R=
9: R=

153

/ \

S <l

1) n-BuLi, Et,0
2) R,PCl, 25°C

/ \
s

h 85%
y 82%

Sg, CHCl,

PR, Reflux R,P

P
C

Se, CHCl3
Reflux

/ \

e
Se

Ph 92%
Cy 91%

Fig. 2. Synthesis of dithienylethene bis(phosphine)ligands and derivatives 2-9.

These compounds were characterized by NMR and elemental
analyses. The 3'P NMR spectra of compounds 2 and 3 showed
a singlet at —20.03 and —9.10 ppm. The derivatives 4, 6 and 8 of
diphenylphosphine ligands displayed a singlet at 19.75, 31.56 and
20.97 ppm shift, respectively. While the derivatives 5, 7 and 9 of
dicyclohexylphosphine ligand showed at 44.82, 53.68 and
45.76 ppm shift, respectively. The 3'P NMR spectra of compounds 2
and 8 are similar to those of corresponding compounds reported by
Branda [35]. Furthermore, the 'H NMR spectra of compounds 2-9
showed clearly that these compounds had C; symmetry. All the
thienyl-H resonances of compounds 2-9 were doublet due to the
effect of the phosphor atom, which was good in agreement with
Branda’s report [35].
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Fig. 3. UV/vis absorption spectra of compound 3 (2.0 x 107> mol/L) in CH,Cl, upon
irradiation with UV light at 0, 2, 4, 6, 8s...

2.2. Photochromic reaction

All synthesized dithienylethene compounds 2~9 undergo
reversible photochromic reactions in dichloromethane by alter-
nating irradiation with UV light and visible light with different
wavelength cutoff filters. Fig. 3 shows the absorption spectra of
bis(phosphine) ligand 3 induced by photoirradiation in dichloro-
methane. Upon irradiation with UV light, the increase of a new
absorption bands were observed at 497 nm along with the decrease
of the absorption band at 240 nm, which corresponds to the ring-
closed form. Furthermore, the colorless dichloromethane solution
turns into red immediately. In addition, a well defined isosbestic
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Fig. 4. UV/vis absorption spectra of compound 7 (2.0 x 10~ mol/L) in CH,Cl, upon
irradiation with UV light at 0, 2, 4, 6, 8s...
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Fig. 5. Photograph of the color change of a CH,Cl; solution of compound 7.

point was observed at 284 nm, which indicated that compound 3
was clearly converted to a photocyclized product. Upon irradiation
with light of a wavelength longer than 500 nm, the red solution
reverted to colorless.

Just as for 3, sulfuret 7 underwent photochromism upon irradi-
ation with UV light in dichloromethane (Fig. 4). Before irradiation,
compound 7 showed the absorption maximum at 241 nm. Upon
irradiation with UV light, the dithienylethene transformed into ring-
closed form at 505 nm and turns into red solution as shown in Fig. 5.
Upon irradiation with light of wavelength longer than 510 nm, the
red solution reverted to colorless. The data of absorption maximum
for other compounds are summarized in Table 1.

HPLC is a suitable way to measure the ratios between the ring-
open and closed forms of photochromic compounds. The ratio
between the ring-open and closed forms of compound 2 can be
obtained as 1.0:0.42 from the ratio of the integrated area of HPLC
peaks. Similarly, the ratio between the ring-open and closed forms of
compound 3 was 1.0:0.37. But the ratio between the ring-open and
closed forms of compounds4-9 have not been obtained because their
ring-open and closed forms are difficult to be separated by HPLC.

The photocyclization and photocycloreversion quantum yields
were measured for compounds 2-9 in dichloromethane (Table 2)
according to a literature method [37]. The data in Table 2 show that
their photocycloreversion quantum yields are higher than their
photocyclization quantum yields, and the photocyclization and
photocycloreversion quantum yields of compounds 6 and 7 are
little higher than that of other compounds.

3. Conclusions

Compounds 2-9 display good photochromic behavior; further
research efforts will focus on utilizing the excellent coordinative
ability of the bis(phosphine) ligands to synthesize metallic
complexes and explore their switching behavior.

4. Experimental
4.1. General procedures and starting materials

The manipulations were carried out at room temperature under
an inert atmosphere of argon by using standard Schlenk

Table 1
The absorption maximum (Anax) of dithienylethene derivatives 2-9.

Table 2
Photochemical quantum yields (®) of dithienylethene derivatives 2-9 in
dichloromethane.

Compounds Do Do Compounds Do Dc_,o°
2 0.15 0.84 3 0.14 0.81
4 0.14 0.85 5 0.13 0.82
6 0.19 0.90 7 0.18 0.88
8 0.16 0.86 9 0.15 0.85

2 Irradiation with 254 nm light.
b Irradiation with 510 nm light.

techniques. The solvents were dried using standard procedures. 1,2-
Bis-(5-chloro-2-methylthien-3-yl) cyclopentene was prepared
according to literature [31]. All other chemicals were obtained from
commercial sources without further purification. 'H NMR
(400 MHz), 13C NMR (100.6 MHz) and 3'P NMR (121.5 MHz) spectra
were collected on a Varian MERCURY Plus 400 spectrometer
(400 MHz). 'H and 3C NMR chemical shifts are relative to TMS, and
31p NMR chemical shifts are relative to 85% H3PO..

UV/vis spectra were recorded with Shimadzu UV-2550 spec-
trometer. Photoisomerization measurements were carried out
under a PHK 125-W mercury lamp as an irradiation source. The
ring-opening reactions were carried out using the light of a 200-W
tungsten source that was passed through the appropriate cutoff
filter to eliminate higher energy light. The distance between the
sample and the lamp is 10 cm. HPLC analyses were determined by
Agilen 1100.

4.2. Bis(phosphine) ligand (2)

n-Butyllithium (2.4 mL, 6.0 mmol, 2.5 M in hexane solution) was
added dropwise to a solution of compound 1 (0.66 g, 2 mm) in
anhydrous diethyl ether (60 mL) at room temperature under
nitrogen atmosphere. The reaction mixture was stirred at room
temperature for 1h, then it was treated with PPhyCl (0.81 mL,
4.5 mm) in one portion via a syringe. Then the mixture was stirred
for another 14 h. The solution was concentrated to dry in vacuo. The
crude product was purified by column chromatography (silica gel,
eluent: petroleum ether/CHCl;, 2:1) to give a white solid in a yield
of 85%. 'TH NMR (400 MHz, CDCl3): 6 1.94 (s, 6H, CH3), 2.01-2.04 (m,
2H, CHy), 2.74 (t,] = 7.2 Hz, 4H, CH3), 7.01 (d, ] = 6.4 Hz, 2H, thienyl-
H), 7.25-7.36 (m, 20H, Ph). 3P NMR (121.5 MHz, CDCl3): 6 —20.03
(s, PPhy). Anal. calcd for C3gH34P2S,: C, 74.50; H, 5.45; S, 10.20.
Found: C, 74.77; H, 5.29; S, 10.32.

4.3. Bis(phosphine) ligand 3

The method was the same with compound 2 to give a white
solid in a yield of 82%. '"H NMR (400 MHz, CDCl3): ¢ 1.12-1.97 (m,
44H, Cy),1.91 (s, 6H, CH3), 2.01-2.04 (m, 2H, CH5), 2.80 (t,] = 7.2 Hz,
4H, CH,), 6.92 (d, J = 6.4 Hz, 2H, thienyl-H). 3C NMR (100.6 MHz,
CDCl3): 6 14.53 (s, CHs), 22.95 (s, CHy), 24.50 (s, Cy), 25.57 (d,
J=160.06 Hz, Cy), 26.24 (d, ] = 11.87 Hz, Cy), 26.88 (s, Cy), 38.44 (s,
CHy), 124.96, 134.55, 135.17, 137.10, 142.07 (s, thiophene, ethene).
31p NMR (121.5 MHz, CDCl3): & —9.10 (s, PCys). Anal. calcd for
C39Hs58P2S,: C, 71.74; H, 8.95; S, 9.82. Found: C, 72.01; H, 8.83;
S, 9.90.

Compounds Amax/nm (e/10%, CH,Cl,) (open) Amax/nm (e/10%, CH,Cl,) (PSS) Compounds Amax/nm (¢/10% CH,Cl,) (open) Amax/nm (e/10%, CH,Cl,) (PSS)
2 228 (10.0) 505 (0.8) 3 233 (7.8) 497 (0.7)
4 226 (422) 512 (0.2) 5 240 (3.0) 497 (0.4)
6 226 (3.0) 513 (0.4) 7 241 (2.4) 505 (0.6)
8 226 (3.2) 514 (0.2) 9 242 (2.7) 510 (0.6)
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Compound 4: a solution of compound 2 (94 mg, 0.15 mm) in
CHCl3 (20 mL) was treated with H,0, (1 mL). The resulting solution
was heated to reflux for 4 h, and the reaction mixture was slowly
cooled to room temperature. The reaction mixture was extracted
with CHCl3 (3 x 20 mL), and dried by Na;SO4. The crude product
was purified by column chromatography (silica gel, eluent:
acetone/CH;Cly, 1:3) to give a white solid in a yield of 72%. "H NMR
(400 MHz, CDCl3): 6 2.00 (s, 6H, CHs), 1.92-2.03 (m, 2H, CHy), 2.72
(t,J=7.2 Hz, 4H, CHy), 7.09 (d, J = 8.0 Hz, 2H, thienyl-H), 7.41-7.68
(m, 20H, Ph). >C NMR (100.6 MHz, CDCl5): 6 14.50 (s, CHs), 22.83 (s,
CHy), 38.21 (s, CHy), 128.50, 129.96, 131.58, 132.17, 133.37, 134.92,
13723, 137.98, 143.89 (s, thiophene, ethane, Ph). 3'P NMR
(121.5 MHz, CDCl3): 6 19.75 (s, PPhy). Anal. calcd for C3gH3402P5S5:
C, 70.89; H, 5.19; S, 9.71. Found: C, 70.95; H, 5.01; S, 9.89.

The method of other derivatives was similar to compound 4.

Compound 5: white solid in the yield of 58%. TH NMR (400 MHz,
CDCl3): 6 1.14-1.95 (m, 44H, Cy), 1.98 (s, 6 H, CH3), 2.00-2.06 (m, 2H,
CH3y), 2.80 (t,] = 7.2 Hz, 4H, CH,), 7.18 (d, J = 7.2 Hz, 2H, thiophene-
H). 3C NMR (100.6 MHz, CDCl3): ¢ 14.53 (s, CH3), 22.90 (s, CHy),
23.48 (s, Cy), 24.78 (d, ] = 59.35 Hz, Cy), 25.54 (d, ] = 58.65 Hz, Cy),
26.29 (s, Cy), 38.76 (s, CHy), 124.63, 127.73, 134.79, 137.13, 142.46 (s,
thiophene, ethene). 3'P NMR (121.5 MHz, CDCls): 6 44.82 (s, PCy>).
Anal. calcd for C3gHs80,P,S;: C, 68.39; H, 8.53; S, 9.36. Found: C,
68.27; H, 8.81; S, 9.45.

Compound 6: white solid in the yield of 90%. 'H NMR (400 MHz,
CDCl3): 6 2.00 (s, 6H, CH3), 1.99-2.03 (m, 2H, CH>), 2.72 (t, ] = 7.2 Hz,
4H, CHy), 7.09 (d, ] = 8.0 Hz, 2H, thienyl-H), 7.41-7.72 (m, 20H, Ph).
13C NMR (100.6 MHz, CDCl3): 6 14.59 (s, CHs), 22.87 (s, CHy), 38.05
(s, CHy), 128.47,130.05,131.59,133.50, 133.94, 135.01, 137.30, 138.26,
144.36 (s, thiophene, ethane, Ph). 3'P NMR (121.5 MHz, CDCls):
0 31.56 (s, PPhy). Anal. calcd for C3gH34P2S4: C, 67.60; H, 4.95; S,
18.51. Found: C, 67.92; H, 4.76; S, 18.45.

Compound 7: white solid in the yield of 88%. 'TH NMR (400 MHz,
CDCl3): 6 1.27-1.90 (m, 44H, Cy), 1.97 (s, 6H, CH3), 1.99-2.06 (m, 2H,
CHy), 2.81 (t, ] = 7.2 Hz, 4H, CHy), 7.22 (d, J = 7.2 Hz, 2H, thiophene-
H). 3C NMR (100.6 MHz, CDCl3): ¢ 14.57 (s, CH3), 22.95 (s, CHy),
25.00 (s, Cy), 25.78 (d, J = 8.05 Hz, Cy), 26.18 (d, J = 13.28 Hz, Cy),
26.36 (s, Cy), 38.52 (s, CHy), 125.72,126.45,134.63,137.53,142.77 (s,
thiophene, ethene). 3'P NMR (121.5 MHz, CDCl3): 6 53.68 (s, PCy>).
Anal. calcd for C3gHsgP2S4: C, 65.32; H, 8.15; S, 17.89. Found: C,
65.54; H, 8.02; S, 18.03.

Compound 8: white solid in the yield of 92%. TH NMR (400 MHz,
CDCls): 6 2.00 (s, 6H, CH3), 1.99-2.03 (m, 2H, CH,), 2.72 (t, ] = 7.2 Hz,
4H, CHy), 7.11 (d, J = 9.2 Hz, 2H, thienyl-H), 7.38-7.73 (m, 20H, Ph).
13C NMR (100.6 MHz, CDCl3): 6 14.66 (s, CHs), 22.89 (s, CH>), 38.10
(s, CHy), 128.51,129.62, 131.70, 131.96, 132.87, 135.07, 137.41, 138.89,
144.73 (s, thiophene, ethane, Ph). 3'P NMR (121.5 MHz, CDCl5):
0 20.97 (s, PPhy). Anal. calcd for C3gH34P2S,Ses: C, 59.54; H, 4.36; S,
8.15. Found: C, 59.79; H, 4.15; S, 8.33.

Compound 9: white solid in the yield of 91%. 'TH NMR (400 MHz,
CDCl5): 6 1.19-1.84 (m, 44H, Cy), 1.96 (s, 6H, CHs), 1.99-2.06 (m, 2H,
CHy), 2.81 (t, ] = 7.2 Hz, 4H, CHy), 7.28 (d, J = 7.2 Hz, 2H, thiophene-

H). 13C NMR (100.6 MHz, CDCl3): 6 14.62 (s, CH3), 22.92 (s, CHy),
25.75, 26.05, 26.19, 26.31 (s, Cy), 38.44 (s, CHy), 123.87, 124.51,
134.65, 138.63, 143.11 (s, thiophene, ethene). >'P NMR (121.5 MHz,
CDCl3): 6 45.76 (s, PCy>). Anal. calcd for C3gHsgP2S,Ses: C, 57.77; H,
7.21; S, 7.91. Found: C, 58.01; H, 7.06; S, 8.14.
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