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ABSTRACT

A B
(intensive fluorescence) (no fluorescence)

Novel photochromic 5-(3 '-coumarinyl)-4-(3 "-thienyl)thiazoles have been synthesized. These compounds display intensive fluorescence emission

in the open form A, which is modulated by light. Fluorescence intensity decreases significantly upon irradiation of A with UV-light ( A < 400
nm) due to formation of the cyclic form B. Irradiation of B with visible light ( 4> 470 nm) promotes its opening and the recovering of fluorescence.
Novel dihetarylethenes undergo photochromic modulation of fluorescence both in solution and in polymeric matrices.

Efficient photochromes with modulated fluorescence are photochrome. Mixtures of photochromic and fluorescent
compounds of potential interest for molecular electronics and compounds have also been proposed to provide fluorescence
optical memory device industriés?* Complex systems  modulation®*! Intermolecular mechanism of energy transfer
integrating both photochromic and fluorescent functions into is responsible for fluorescence modulation in such two-
a single molecule have been reportedl.Fluorescence  molecule fluorescent photochromes. Coumarin derivatives
guenching operates in these systems via the mechanism ohave also been used in the systems of that Rind.

energy transfer from emitting moiety to the cyclic form of
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We have earlier designed and prepared novel photo-
chromes with modulated fluoresceregoumarin spiropyr-
anes derivative¥ Their fluorescence was modulated by
photochromic transformation of spiropyran moiety. The rates

of the photoinduced spectral changes were depended both

on spiropyran structure and on media.
Herein we report design and synthesis of novel di-

hetarylethenes that include conjugated double bonds respon-

sible for both photochromism and fluorescence in a single
molecule. Numerous studies have been devoted to the
photochromic dihetarylethene derivative$hienylethenes
are among the most promising photochromic compounds
owing to efficient photoisomerization reaction, the thermal
stability of both isomers, and excellent fatigue resistance.

The best structures include an ethene double bond into a

cycle, prohibiting cis-trans photoisomerization of the open
form, and providing better yields of photoinduced cyclization.
Earlier we have synthesized compounds that contain thiazole
ringasacyclicethene fragmentof photochromic dithienyletHériés.
Dithienylthiazoles similar tdl have been synthesized, and
their photochromism has studied (Scheme 1). Some other

Scheme 2. Synthetic Route to Coumarinyl(thienyl)thiazoles
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photochromic dithienylthiazolésand 4,5-bis(thiazol-4-yl)-
thiazoled® were also reported.

Although many derivatized dithienylethenes exhibit good
reversibility of fluorescence intensity, most of the reported
examples have relatively small quantum vyields of fluores-
cence. Fluorescence data have not been reported for co
poundsl as well.

In search for novel structures with photomodulated
fluorescence, we have synthesized coumarinyl(thienyl)-
thiazoles2 (Scheme 2). Many coumarin derivatives are well-
known for their excellent fluorescent propertiéd®

A synthetic pathway ta2 started from FriedetCrafts
acylation of 2,5-dimethylthiophene with a 3-coumarinylacetyl
chloride3, affording ethanond in 71% yield. Treatment of

dichloromethane solution of with bromine at room tem-
perature gave correspondiagbromoketoné in high yield
(92%). Thiazoles2a—e were synthesized by refluxing a
methanol solution ofi-bromoketone and thioamides XC-
(S)NH,. Thioamides of acetica)), benzoic b), 4-methoxy-
benzoic acidsd), thiourea ¢l), and phenylthioureag] were
used. Yields of thiazoleBa—e were 62-89%. Coumarinyl-
(thienyl)thiazoles2a—e were characterized bjH and 3C
NMR-spectra, mass-spectra, and elemental analysis.

One can suggest a new method for fluorescence photo-
modulation of dihetarylethene systenn3—4 double bond
of the coumarin moiety is responsible both for photochromic
and fluorescent properties of the molecule (Scheme 3).

Scheme 3. Photoisomerisation of Coumarinyl(thienyl)thiazoles
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Besides, coumarin derivatives can undergo thermally ir-
reversible photochemical2+ 27 dimerization upon pho-
toirradiation, thus providing another method to modulate
fluorescencé?2°

Spectral and photochemical properties of coumarinyl-
(thienyl)thiazoles2 have been studied using acetonitrile as
a solvent (Table 1). These compounds have two intersected
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s We have found the decrease of fluorescence intensity to

Table 1. Spectral Data for OpeA and CyclicB Forms of not follow the first-order kinetics model. One can suggest
3-(4-Thienylthiazole-5-yl)coumaring that at least two processes are responsible for the decrease
of fluorescence: (1) concentration of fluorescent open form

A fl A B . i X
entry  Amax, nm < Almax, PP0)  APmax, nm A decreases due to photocyclization reaction, and (2)
2a 350 7300 504 (125) 500 fluorescence photoquenching operates in this system via
2b 374 14100 501 (295) 517 intermolecular mechanism of energy transfer in photosta-
;ci 22: 1(7;288 51(5)4(5?(7); i;g tionary state from fluorescent open forfnto cyclic form
% 410 13400 551 (50) 500 B, since emission band & and absorption band & are

located in the same spectral region.
Upon visible light irradiation £ 470 nm) of cyclic forms

bands at 308410 nm in electron absorption spectra and of 2, reverse spectral transformations, shown in Figure 2,
emission bands at 5650 nm in fluorescence spectra. A

bathochromic shift of absorption and emission maxima in _
spectra of compound&a—e is observed due to increase of
electron donation of substituent X. However, amino-functions
at position 2 of thiazole ring2d, 2€) provide significant
decrease of fluorescence intensity if compared with com-
pounds, bearing aryl- and alkyl groups at that position 06
(2a—c).

Photochemical transformations of coumarinyl(thienyl)-
thiazoles2 have been induced by irradiation of their solutions o 04§
in acetonitrile with filtered light of Hg-Xe lamp. Thus, each
of the compoundg has been irradiated by light at its longest
wavelength absorption maximum. 02

Absorption and emission spectra of compourtdsre
changed upon UV irradiation. Figure 1 shows UV/visible

08

fluorescence, au

0,0
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Figure 2. Absorption spectra db (4 x 107> M, CH3CN, 25°C)
after UV-irradiation (365 nm) (line 1) and after irradiation with
visible light (=470 nm) for 1, 2, 4, 8, 12, 16, 24 s (lines-8).
(Inset) Fluorescence spectra of the same solution.

are displayed: both absorption and emission are gradually
reverted to the initial spectra, specific to open form2of
In contrast to dark irreversibility of cyclic forms of
dihetarylethenes where heteroaryl fragments are bound to
cyclopentene or perfluorocyclopentene ringyclic forms
300 200 500 500 200 of dihetarylthiazoles ur_1dergo ring-opening reactions in the
A, nm dark1® 16 The rate of this transformation is much dependent
_ _ on the substituents at positions 2 and 5 of the thiazole ring.
Figure 1. Absorption spectra a2b (4 x 10°> M, CHsCN, 25°C) Compoundsl show the lowest dark stability and undergo
before (line 1) and after irradiation with UV light (365 nm) for 1, 50% transformation for several hodfsCyclic forms of
2, 4,8, 12 s (lines 26). (Inset) Fluorescence spectra of the same . . .
coumarinyl(thienyl)thiazole2 are much more stable: half-

solution. ’ s X .
life of cyclic form of 2b in the dark is about 3 days and the

absorption spectra o?b, irradiated by 365 nm light for ~ best thermal stability showze—its cyclic form concentration
different times. A new absorption band, corresponding to decreases only for 27% after being stored for 8 days in the
cyclic form of 2b, appears at 466500 nm region. Its dark. Apparently, electron donating substituents (for example,
intensity increases gradually upon irradiation while absorp- Phenylamino-group) at position 2 of thiazole ring provide
tion intensity at 356-400 nm decreases (Figure 1, lines6). the highest stabilization effect for cyclic fornis

Similar changes are observed in the emission spectra, We have recently showf*that stability of photoinduced
shown as an inset in Figure 1. Fluorescence intensitg of forms is definitely increased in the polymeric matrices. For
decreases significantly with no change of the emission 1) Barachovely, V. A- K = E Venedikiova 0.V val
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s reaction, accompanied with photomodulated fluorescence.

The photoinduced changes of its spectra are shown in
Figure 3.

It follows from the comparison of the obtained spectral
data that the position of the absorption band maximum of
the photoinduced cyclic form has not been changed when
compared with that of coumarinyl(thienyl)thiaz@k in CHs-

CN solution. Besides, the photoinduced cyclic form in
PMMA becomes rather more stable (half-life is 14 days).

In conclusion, the effects of the introduction of coumarin
moiety in dihetarylthiazoles include: coumarinyl(thienyl)-
thiazoles possess prominent fluorescence in the open form
and much better thermal stability of their cyclic forms.
360 ' 460 ' 560 ' 660 700 Insertion of methyl group in the position 4 of coumarin

A, nm moiety might provide further increase of thermal stability
of these novel photomodulated fluorophores. The structural
Figure 3. Absorption spectra a2b (PMMA-film, 25 °C) before  mqgification of coumarinyl(thienyl)thiazoles and study of

(line 1) and after irradiation with UV light (365 nm) for 20, 40, : L : : :
60, 90, 150, 250 s (lines—27). (Inset) Fluorescence spectra of the their behavior In polymeric matrices are in progress now.

same sample.
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