1116

Chemistry Letters Vol.32, No.12 (2003)

A Novel Bisthienylethene as Acidichromic and Photochromic Yellow Dye
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A novel bisthienylethene as yellow colour photochromic
and acidichromic dye has been prepared by a simple and low
cost route, and its PC film shows a fast response reversible col-
our change between colourless and yellow colour by exposure to
gaseous acid and ammonia.

In recent years, a great number of photochromic compounds
have been studied for use as optical switches and photon-mode
rewritable memory devices."™ In particular, 1,2-bisthienyl-
ethene derivatives (BTEs) is one of the most interesting kind
compounds owing to their excellent thermal stability, fatigue re-
sistance, and good quantum yields.s’10 However, the most of
BTE compounds coloured in magenta or cyan have been well
studied, i.e. the photo-induced closed-ring forms reversibly ab-
sorb light in the region of longer wavelengths.S’lmlz Yellow col-
our photochromic 1,2-bisthienylethene derivatives are more less
than them,>"* while yellow as one of the three primary colours is
urgently needed in order to realize a photon-mode rewritable full
colour print. Although yellow fulgides or oxazolyfulgides and
chromene derivatives have been synthesized,14 the yellow BTE
derivatives still need to be developed to realize photon-mode full
colour tuning based on the same chemical analogy with the same
stability and compatibility. In this letter we report a new diaryl-
ethene derivative (DIN-BTE) with yellow colour photochrom-
ism upon irradiation with UV light shown in Scheme 1.
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Scheme 1. The photochromic and acidichromic switch of com-
pound II.

Moreover, we also found an interesting acidichromism be-
sides the photochromism of this compound. It shows a reversible
colour change upon alternating exposure to HCI (g) and NHj.
Acidichromism is used to describe the reversible colour changes
depending on the pH in the solution or upon alternating exposure
to HCI and NHj3 in films.">'® The acidichromism has potential
applications in pH sensors, photo- and chemical-switching sys-
tems and gas controlled reversible colour-change devices. To
the best of our knowledge, the acidichromism of bisthienyl-
ethene derivatives is reported at the first time in this work.

DIN-BTE (II) as illustrated in Scheme 1 was synthesized by
the addition reaction of 1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-
thienyl)ethene (I)”’18 with ammonia. A gaseous stream of am-
monia was bubbled through a solution of compound I in MeOH

containing a catalytic amount of NaOCH; at room temperature
for 2 h, then refluxing the solution for further 5h. After cooling,
the solvent was evaporated and the compound purified by col-
umn chromatography on silica gel (first petroleum ether/ether
= 5:1, then CH,Cl,). The compound was obtained in 62% yield.
DIN-BTE (1I): 'H NMR (500 MHz, CDCl3): 8 2.25 (s, 6H), 2.09
(s, 3H), 2.08 (s, 3H), 1.79 (s, 3H), 1.77 (s, 3H); '3C NMR
(250 MHz, CDCl3): § 166.37, 135.80, 134.88, 131.82, 130.94,
127.84, 14.18, 13.17, 12.99; IR (cm™'): 3274.9, 3107.3,
2916.8, 2856.2, 2739.2, 1644.4, 1625.5, 1536.5, 1427.8,
1103.7, 833. MS (m/z): 343 (M™). Anal. Calcd for C1gHp N3S,:
C, 62.97; H, 6.12; N, 12.24%. Found: C, 62.68; H, 6.09; N,
12.19%. Compound III, '"H NMR (500 MHz, CDCl; gotten by
the subtraction at the photo-stationary state): & 2.21 (s, 6H),
2.01 (s, 6H), 1.80 (s, 6H). MS (m/z): 343 (M™). Compound
IV, '"H NMR (500 MHz, DMSO-ds): § 2.23 (s, 3H), 2.15 (s,
3H), 1.99 (s, 3H), 1.93 (s, 3H), 1.83 (s, 3H), 1.67 (s, 3H); MS
(m/z): 344 (MT-Cl); IR Ve (cm™1): 3400.6, 1628.5.

The absorption changes of DIN-BTE (II) in CH,Cl, are
shown in Figure 1, in which the absorption at 288 nm
(6 =2.1 x 10*dm3>mol~' cm™!) decreases upon irradiation
with 254-nm light and two new absorption peaks appear at
395 and 458 nm (€ = 1.2 x 10*dm? mol~! cm™!), which means
yellow colour is formed. Two new bands owe to the formation of
closed-ring form (III) shown in Scheme 1. After irradiation with
a light of wavelengths at 400 or 458 nm, the yellow colour dis-
appeared. The quantum yields for open-to-closed (irradiation
with 254-nm light) and closed-to-open (irradiation with 400-
nm light) photochromic processes were determined to be 0.31
and 0.33, respectively.

An interesting property was found for the acidichromism of
the PC film of compound II. The PC (polycarbonate) film (thick-
ness ca. 1 x 107> m) was fabricated with the CH,Cl, solution
(2 x 107> M) of DIN-BTE in PC matrix on quartz substrate by
the vertical dipping method. The film was purged with N, gas
before spectral measurements. When it was exposed to HCl
(g), the PC film turned yellow colour immediately, as shown
by curve b in Figure 2. A new absorption peak was observed
at around 400 nm (€ = 2.7 x 10*dm?® mol~! cm™!). Then, when
the yellow PC film was subjected to NH; (g), it returned to col-
ourless immediately and almost the same spectrum as that of the
initial PC film was obtained (curve c in Figure 2). After repeated
this operation of 20 cycles, i.e., the PC film was exposed to HCI
and NHj3 gases separately for 5 s as shown in Figure 2, its absorb-
ance has not altered obviously. It indicates that compound II can
be transferred to a new delocalization enlargement form through
some kinds of chemical treatment without irradiation. We con-
clude it is because of the formation of IV (Scheme 1), which
change one of the exocyclic double bonds of the pentagon-basic
cycle into cyclic olefin bond. So, it increases the conjugated 77-
electron system and makes the maximum absorption bathochro-
mic shift. I'V has two obvious new IR peaks of -NH, and C=N at
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3400.6 and 1628.5 cm™! respectively, compared with compound
II. In addition, compound IV shows good thermal stability up to
80 °C for several hours.
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Figure 1. Absorption spectra of compound DIN-BTE in
CH,Cl, (3.0 x 1073 M) and the spectral changes under different
irradiation time by light of 254 nm. Insert figure: The emission
spectral changes of II in CH,Cl, (excited at 355 nm) with differ-
ent irradiation times by 254 nm.
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Figure 2. The acidichromism of DIN-BTE in the PC film. a)
The spectra before exposed to HCI (g); b) Exposed to HCI (g);
c) subjected to NHj (g) after exposed to HCI (g) to complete
one cycle. Insert: Modulated optical density difference at
400 nm during alternating exposure to HCl and NH; gases every
5s for compound DIN-BTE in PC film.

Both UV light and proton can result the change of the fluo-
rescent intensity of II, as shown in the insert figure of Figure 1
and 3. In CH,Cl,, the open form of compound II displays signif-
icant fluorescence intensity at around 460 nm. Upon irradiation
with 254-nm light, the closed-ring form (III) was produced
and the fluorescence intensity was reduced to less than 15%
for 30 min UV irradiation, and the maximum of fluorescence al-
so shifted to longer wavelengths (red shift). When the solution of
HCl was dropwised into THF solution of II in the dark
(Scheme 1), the colourless solution became yellow slowly and
the fluorescence was quenched accordingly. With the proton
concentration of 21 x 107> M, the fluorescent intensity was
quenched to less than 10% of the initial value. The back reaction
of IV with a base regenerates II and restores the luminescence to
its original value. There exists proportional dependence between
the content of the I'V form and the luminescence intensity in the
present system. Therefore, the fluorescent intensity of compound
II can be modulated by chemical stimuli or UV—vis light alter-
native irradiation, which would provide new potential applica-
tions.

In summary, a new yellow photochromic compound DIN-
BTE, 1, 2-bis(2.4,5-trimethyl-3-thienyl)diiminopyrroline that
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Figure 3. The emission spectra of compound DIN-BTE in THF
(3.0 x 107> M; excited at 355nm) and the changes when it was
transformed to IV with different acidity.

turns yellow when it was irradiated with UV light or exposed
to acid (gas or solution), has been reported. This character makes
it the potential use in full-colour photo-electronic device, rewrit-
able materials, and pH sensor.
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