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Photochromic properties of the tilted compound could be easily tuned by simple oxidation of the periph-
eral pyridine groups by mCBPA. The mono- and bis-oxidized dithiazolylethenes were found to display
both solution and single crystalline state photochromisms.
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Photochromic di(heteroaryl)ethenes, notably dithienylethene-
based derivatives with perfluorocyclopentene as central ethene
moiety, are promising molecular switches for the development of
novel photo-responsive optical and opto-electronic systems as
they are known to undergo fast and fatigue-resistant photochemi-
cal reactions between two thermally stable states.1 Moreover, their
main photochromic characteristics (absorption maximum, quan-
tum yield, thermal stability, etc.) can be tuned by playing with
the nature, substitution patterns of heteroaryl groups, and with
the way the two heteroaryl groups are connected to the central
ethene moiety. However, the tuning of photochromic properties
is often synonymous with either a multi-step post-functionaliza-
tion or a total new synthesis. In this work, we report on a simple
and very efficient way of tuning the photochromic features of a
dithiazolylethene.

Use of photochromic di(heteroaryl)ethene-based ligands in
coordination chemistry allows to access new photo-responsive
coordination systems.2 Dithiazolylethenes possess comparable
photochromic properties to those of dithienylethenes but remain
much less investigated.3 Moreover, the nitrogen atom of thiazolyl
group offers an extra ligating site for potential metal coordination.
As part of our ongoing effort to design new photo-responsive metal
complexes,4 we decided to functionalize the ortho position of the
pyridyl ring of 1,2-bis[50-methyl-20-(200-pyridyl)thiazolyl]perflu-
orocyclopentene (1a)4a in order to further enhance its ligating
ll rights reserved.
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capability toward metal ions. For this purpose, 1a was allowed to
react with mCPBA (meta-chloroperbenzoic acid) to activate the
pyridyl ring, and two oxidation compounds were obtained:
dithiazolylethene with one pyridine-oxide group (2a) and dithiaz-
olylethene with two pyridine-oxide groups (3a)5 (Scheme 1). To
our surprise, their photochromic properties turned out to be quite
different from those of the starting 1a.

The spectral changes of 2a and 3a in CHCl3 upon UV irradiation
(365 nm) are shown in Figure 1.

Under UV irradiation, the initial colorless solution of 2a quickly
turned purple-blue with appearance of a low energy band with
kmax at 585 nm, while that of 3a turned deep blue with kmax of
its low energy band at 622 nm. The purple-blue and blue colors
were stable in the dark at room temperature, but can be bleached
by visible light (k > 450 nm). The coloration and discoloration pro-
cess, which corresponds to the light induced inter-conversion be-
tween the colorless open form (2a, 3a) and deeply colored closed
form (2b, 3b) as shown in Scheme 2, could be repeated several
2a 3a

Scheme 1.
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Figure 1. Electronic absorption spectra of 2a and 3a and their photo-stationary states (PSS) upon UV irradiation at 365 nm in CHCl3.
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Scheme 2. Photochromic reactions of 2a and 3a.
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times without loss of their photochromic properties. Finally, for
both 2a and 3a, the conversion ratio in the photo-stationary state
was more than 95%, as estimated by 1H NMR.

The main photochromic properties of 2a and 3a as well as those
reported for 1a are gathered in Table 1.

kmax of the open form of oxidized dithiazolylethene is slightly
red shifted with increasing number of pyridine-oxide group, while
the coefficient of molar absorption as well as the quantum yield of
electrocyclization remains within the same order of magnitude.
For the closed form, however, besides the 10-fold decrease of
quantum yield for the discoloration (cycloreversion) observed for
both 2b and 3b in comparison with 1b, the most striking and
naked-eye visible difference is the important and almost linear in-
crease in the kmax of the low energy band with increasing number
of pyridine-oxide: ca. 40 nm red shift with each additional pyri-
dine-oxide group.

It was reported that the oxidation of the sulfur atom of the thi-
enyl moiety in some dithienylethene derivatives led to an impor-
tant blue shift in the absorption maximum of the closed form.6

However, unlike the present case, the oxidation takes place on
Table 1
UV–visible data and photochemical quantum yields in CHCl3 of 1, 2, and 3

kmax/(e/M�1 cm�1) /a?b(kirr/nm)

2a 326 (25,694) 0.31 ± 0.01 (365)
3a 331 (33,333) 0.26 ± 0.01 (365)
1a 310 (40,000) 0.17 ± 0.01 (313)
the thienyl ring, which is directly involved in the electrocycliza-
tion. In the present case, oxidation occurs at the nitrogen atom of
a peripheral pyridyl ring, which is not directly involved in the light
induced electrocyclization. In order to gain a better understanding
of how the formation of a single N–O bond may have such an im-
pact on the kmax of its low energy band, theoretical calculations
have been performed on both the open and the closed form of
these molecules.

Our goal is to investigate how the oxidation of pyridine units
influences the conjugated structure and the optical properties of
the closed form isomer by performing density functional theory
(DFT) and time-dependent density functional theory (TD-DFT) cal-
culations. DFT and TD-DFT calculations using hybrid functionals
have been shown to predict geometries and excitation energies
in very good agreement with experimental values.7

The results of full-geometry optimizations, performed at the
B3LYP/6-31G level of theory with GAUSSIAN 03 program package,8

show that the oxygen atoms attached to the pyridine unit mainly
affect the geometry of the ring to which they are connected. For in-
stance, in the closed forms, the two C–N bonds of the pyridine
bearing the oxygen atom are markedly elongated with respect to
the corresponding value in the non-oxidized one: the C–N bonds
evolve from 1.331 Å to 1.388 Å and from 1.327 Å to 1.378 Å upon
oxidation. The geometry of dithiazolylethene moiety is also slightly
changed by substitution in such way that double bond lengths are
elongated while single bond length are shortened, leading to a less
pronounced single–double bond lengths alternation. Similar geo-
metric deformations are obtained also for the opened forms.

For each open and closed forms, the wavelength, the corre-
sponding transition and the oscillator strength of the maximum
absorption band provided by TD-DFT calculations are listed in Ta-
ble 2. From the predicted absorption maxima of the closed forms, it
is found that the calculated maxima of absorption wavelengths are
in good agreement with experimental observations, thus confirm-
ing the accuracy of the B3LYP/6-31G level of theory to study the
optical properties of these compounds. Furthermore, the calcula-
kmax/(e/M�1 cm�1) /b?a(kirr/nm)

2b 585 (8333) 0.0039 ± 0.0005 (547)
3b 622 (12,611) 0.0023 ± 0.0005 (547)
1b 545 (12,700) 0.035 ± 0.005 (547)



Table 2
Optical properties of open and closed forms: kmax (S0 ? S1 transition), oscillator strength, HOMO and LUMO levels, and HLG0s (HOMO and LUMO gaps)

Compound kmax (nm) Description Oscillator Strength HOMO (eV) LUMO (eV) HLG (eV)

Open form
1a 309 HOMO ? LUMO 0.015 �6.56 �1.98 4.58
2a 346 HOMO ? LUMO 0.010 �6.19 �2.14 4.04
3a 348 HOMO ? LUMO + 1 0.011 �6.17 �2.15 4.01

HOMO � 4 ? LUMO + 1

Closed form
1b 570 HOMO ? LUMO 0.021 �5.90 �3.35 2.55
2b 610 HOMO ? LUMO 0.020 �5.77 �3.40 2.36
3b 648 HOMO ? LUMO 0.019 �5.64 �3.44 2.21

Figure 2. HOMO (left) and LUMO (right) of closed forms of 1b (a), 2b (b), and 3b (c).
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Scheme 3. Three-level model describing the nature of the frontier orbital levels of
the oxidized dithiazolylethenes from the interaction of the HOMO and LUMO of the
pyridine group in the non-oxidized dithiazolylethene and the occupied atomic
orbital of oxygen atom. The large arrow illustrates the nature of the lowest energy
optical transition in the oxidized dithiazolylethenes.
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tions clearly demonstrate that the presence of oxygen atoms in the
pyridine unit of the dithiazolylethene causes a strong red shift in
the kmax of the closed form. For each molecule and each form,
the absorption maximum originates from the promotion of one
electron from the HOMO to the LUMO, which are both delocalized
over the whole molecule.

The HOMO and LUMO for 1b, 2b, and 3b are plotted in Figure 2.
It is clear that both HOMO and LUMO of 2b and 3b have an anti-
bonding nature between the p orbital of oxygen atom and frontier
orbitals of molecular part of dithiazolylethene. More precisely, oxi-
dation of each pyridine unit destabilizes the HOMO level by
Figure 3. Photographs of 2a (left) and 3a (right) before and after UV irradiation at
365 nm.



Figure 4. Molecular structures of 2a and 3a. Compound 2a: Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of
arbitrary radii. Compound 3a: Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii.
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0.13 eV and stabilizes the LUMO level by 0.05 eV. Thus, the trans-
formation of the pyridine into the corresponding pyridine oxide
substantially increases the energy of HOMO but only slightly low-
ers the energy of LUMO.

The trends in our results can be rationalized by a simple three-
level model involving the frontier molecular orbitals of the non-
oxidized dithiazolylethene in its closed form and the occupied
atomic orbital of the oxygen. This is illustrated in Scheme 3. The
interaction between the conjugated skeleton of the dithiazolyleth-
ene and the electron-donating oxygen atom leads to an overall
destabilization of the HOMO and a very weak stabilization of the
LUMO. This interaction is more pronounced for the HOMO level
as a consequence of its stronger interaction with the donor level,
leading thus to a decrease in the HOMO–LUMO gap (HLG).

Finally, like 1a, both 2a and 3a were found to display single
crystalline state photochromism. Upon UV irradiation (365 nm),
the colorless single crystal of 2a turned blue, while that of 3a chan-
ged from colorless to blue-green, as shown in Figure 3. And this
process is reversible as the blue and blue-green colors could be
bleached by visible light.

The crystal structures of 2a and 3a were determined.9 The OR-
TEP views of their molecular structures are depicted in Figure 4.

Both molecular structures are characterized by a common fea-
ture: the two methyl groups attached to the photo-reactive carbon
atoms in both molecules are in trans conformation and the dis-
tance between the two reactive carbon atoms is, respectively,
3.68 Å for 2a and 3.65 Å for 3a. In other words, the molecular struc-
tures of both compounds fulfill the two well-established and nec-
essary conditions to observe crystalline state photochromism.10

In conclusion, we have shown that a simple oxidation of the
nitrogen atom of the peripheral pyridyl ring in 1,2-bis[50-methyl-
20-(200-pyridyl)thiazolyl]perfluorocyclopentene strongly impacts
on its photochromic properties, leading notably to a large red shift
of the low energy band in its closed form. And this red shift is lin-
early proportional to the number of pyridine-oxide group present
in the molecule. Such a tuning of photochromic properties may
be extended to other di(heteroaryl)ethene derivatives. Further
transformations of 2a and 3a into more coordinating photochromic
ligands toward metal ions are under way.
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