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Synthesis of a solvent-sensitive highly fluorescent derivative
of perfluorocyclopentene
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Abstract—A solvent-sensitive highly fluorescent compound, N-[2-(1 0,3 0,4 0,4 0,5 0,5 0-hexafluorocyclopentenyl)]-4-(5-methoxy-thiazol-
yl)pyridine (1D) was synthesized as an unexpected product of the reaction of 4-bromo-5-methoxy-2-(4-pyridyl)thiazole (1B) with
perfluorocyclopentene in the presence of n-BuLi. Primary mechanism of this reaction was proposed, and the photophysical prop-
erties of 1D in different solvents were studied.
� 2007 Elsevier Ltd. All rights reserved.
Scheme 1. General procedure for reaction of perfluorocyclopentene
and bromine-substituted aromatic compounds. Reaction conditions:
(a) n-BuLi, THF, �78 �C! rt.
Photo-switching systems are attracting more and more
interest owing to their bistable states, which can be
achieved under irradiation at particular wavelengths
selectively and regularly. As thermally stable and high
fatigue-resistant compounds, diarylethene derivatives
with heterocyclic aryl groups have been explored exten-
sively due to the remarkably different properties of
open/closed isomers such as absorption spectra,1

fluorescence spectra,1b,2 refractive indices,3 IR spectra,4

oxidation/reduction potentials,5 and so on. Particularly,
the rational design and successful syntheses of asym-
metric diarylethenes based on perfluorocyclopentene
are important in modulating the properties of their
bistable thermal states, which are crucial for realizing
their practical applications in information storage,
photo-switching devices, etc.2c,d,5c,6 As a necessary step
during the syntheses of these photoactive molecules,
reactions between perfluorocyclopentene and bromine-
substituted aromatic compounds play an important role,
the general synthetic procedure of which is depicted in
Scheme 1.1b,7 In the present work, the reaction of
4-bromo-5-methoxy-2-(4-pyridyl)thiazole (1B) with
perfluorocyclopentene in the condition as described
afforded not only the desired compound 1-{4-[5-meth-
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oxy-2-(4-pyridyl)thiazolyl]}perfluorocyclopentene (1C),
but also an unexpected product N-[2-(1 0,3 0,4 0,4 0,5 0,5 0-
hexafluorocyclopentenyl)]-4-(5-methoxy-thiazolyl)pyr-
idine(1D). With discussing the reactions of its analogs
under the same conditions, a reasonable explanation is
proposed for the formation of 1D. Furthermore, 1D is
a strong fluorophore in solution and its fluorescent
properties are dependent significantly on solvents.

5-Methoxy-2-(4-pyridyl)thiazole (1A) and 1B were syn-
thesized according to the modified method reported in
the literature.8 The total synthetic process of 1C9 and
1D10 is shown in Scheme 2 and the synthetic approaches
were completed according to the reported recipe.7 The
possible mechanism is presented in Scheme 3. The for-
mation of 1D might be ascribed to the enhanced nucleo-
philicity of the nitrogen atom in the pyridyl group after
treatment of 1B with n-BuLi.

To study the formation mechanism of 1D, 4-bromo-5-
methoxy-2-(2-pyridyl)thiazole (2B)8 and 4-bromo-5-
methoxy-2-(3-pyridyl)thiazole (3B)8 were treated with
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Scheme 3. Possible formation mechanism of 1D.

Figure 1. Crystal structure of 1D.

Scheme 2. Synthetic procedure of compounds 1C, 2C, 3C, and 1D.
Reaction conditions: (b) N-Bromosuccimide, CHCl3, rt; (c) n-BuLi,
perfluorocyclopentene, THF, �78 �C! rt. 1A–1D: R = 4-pyridyl;
2A–2C: R = 2-pyridyl; 3A–3C: R = 3-pyridyl.
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n-BuLi and perfluorocyclopentene, respectively,
(Scheme 2), with the product desired as 1-{4-(5-meth-
oxy-2-(2-pyridyl)thiazolyl)}perfluorocyclopentene (2C11)
and 1-{4-(5-methoxy-2-(3-pyridyl)thiazolyl)}perfluoro-
cyclopentene (3C12), respectively. No analogs of 1D
were detected in the controlled experiments. The differ-
ent results of three reactions can be explained as follows.
Firstly, from the point of charge-delocalization, the
influences of carbon anions of the thiazole rings on 4-
pyridyl and 2-pyridyl groups are almost identical, both
quite great, which increase the negative charges localized
on the nitrogen atoms in the pyridine rings, hence
improving their nucleophilicity. For 3B, however, there
is nearly no influence from the carbon anion of the thi-
azole ring on the nitrogen atom in 3-pyridyl group. As a
consequence, it is more favorable for the nitrogen atom
in 4-pyridyl and 2-pyridyl moiety to react with perflu-
orocyclopentene than that in 3-pyridyl moiety. Consid-
ering the steric effect, it is more favorable for the
nitrogen atom in 4-pyridyl moiety than that in 2-pyridyl
moiety to attack the double bond in perfluorocyclopen-
tene. Thus it is more possible for the reaction of 4B and
perfluorocyclopentene to produce 1D.

The crystal structure of 1D is illustrated in Figure 1 and
the crystallographic data are collected in supplemental
materials (Table S1). Bond lengths and angles are sum-
marized in Table S2. The bond lengths of C10–C11 and
C10–C14 are 1.391(4) and 1.375(5) Å, respectively,
which are shorter than those of C11–C12 (1.507(5) Å),
C12–C13 (1.510(5) Å), and C13–C14 (1.514(5) Å), indi-
cating the formation of a p4

3 bond within C11–C10–
C14. The dihedral angle of the thiazolyl and pyridyl
fragments is 5.1�, implying that the two fragments are
nearly parallel. The small dihedral angle of the pyridyl
and perfluorocyclopentene planes (16.7�) also suggests
that these two planes are parallel to some extent. There-
fore, an overall planarity within this compound exclud-
ing the methoxy group is suggested, which means that
the molecule is a wonderful p-conjugative system, bear-
ing both positive and negative charges within the mole-
cule and exhibiting a fine planarity.

Figure 2a shows the UV–vis absorption and fluores-
cence spectra of 1D in dichloromethane. The detailed
photophysical data in various solvents are collected in
Table 1. In the same solvent, the shapes of absorption
and emission spectra look quite like the mirror image
of each other (Fig. 2a), implying no change in the con-
figuration between the ground and excited states. With
the increase of the polarity and the protonation ability
of solvents, a hypsochromic shift of kmax from 433 nm
in dichloromethane to 407 nm in methanol is observed
in the absorption spectra with the molar absorption
coefficients of about 104 M�1 cm�1, which is consistent
with the reported results of pyridinium.13 The fluores-
cence quantum yield is very high in aprotic solvents with
weaker dipole–dipole interaction (Table 1). The simul-
taneous existence of positive and negative charges
within the molecule benefits the charge transfer greatly.
Besides, the fine planarity of the molecule suppresses
nonradiative deactivation processes efficiently, mainly
the internal conversion. However, the fluorescence
quantum yield decreases severely from 0.76 to 0.02 with
the increase of the protonation ability and dipole–dipole
interaction of solvents, due to the intermolecular inter-
actions between 1D and the solvent molecules. The fluo-
rescence decay curves are fitted as mono-exponential
decays for 1D in all the selected solvents (Fig. S1) and
the fluorescence lifetime recorded for 1D is shortened
from 2.81 ns in dichloromethane to 0.22 ns in DMSO
with the protonation capacity and dipole–dipole interac-
tion of solvent increasing, which is consistent with the
changing order of the fluorescence quantum yield. Com-
pared with the photophysical properties of 1A in differ-
ent solvents,8a it is noted that a remarkable red-shift of
kabs

max and kem
max of 1D occurs in the selected solvents with

higher fluorescence quantum yields, which are more



Figure 2. (a) Absorption (left) and fluorescence (right) spectra of 1D in dichloromethane at rt; (b) Photograph of dichloromethane (left) and
methanol (right) solution (ca. 4.4 · 10�5 M) of 1D under the irradiation at 365 nm.

Table 1. Photophysical data of 1D in different solvents

Medium (T/K) kabs
max/nm

(e/104 M�1 cm�1)
kem

max/nm U s/ns

CH2Cl2 (298) 415 (1.91) 466 0.76 2.81
430 (1.82) 482

CHCl3 (298) 416 (2.00) 462 0.73 2.85
433 (1.18) 481

CH3CN (298) 407 (1.87) 474 0.64 2.30
Acetone (298) 408 (1.85) 474 0.44 2.30
C2H5OH (298) 409 (1.87) 474 0.21 1.04
CH3OH (298) 407 (1.89) 472 0.08 0.54
DMF (298) 410 (1.92) 485 0.04 0.41
DMSO (298) 410 (1.97) 490 0.02 0.22

Figure 3. HOMO and LUMO of 1D at the B3LYP/6-31G (d, p) level
of theory calculated by GAUSSIANGAUSSIAN 03 (top) and the resonance
structures of 1D (bottom).

Figure 4. Electronic spectra of 1D measured in dichloromethane at rt
(left) and the calculated transition energies (from TD-DFT) are shown
as bars (right).
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influenced by solvents and the difference can be ascribed
to the structural characteristics of the molecule 1D. Irra-
diating (k = 365 nm) 1D in dichloromethane (Fig. 2b,
left) at room temperature with a portable UV lamp
(8 W) led to a strong blue fluorescence, while very weak
fluorescence was detected in the methanol solution of 1D
(Fig. 2b, right). Due to its solvent-sensitive fluorescence,
1D may have a potential application as a probe of the
solvent polarity.14

Figure 3 describes the HOMO and LUMO of 1D at the
B3LYP/6-31G(d, p) level of theory calculated by
GAUSSIANGAUSSIAN 03 (see Ref. S1 in Supplementary data) and
the resonance structures of 1D. The HOMO and LUMO
are mainly located in the perfluorocyclopentene moiety
and the pyridyl ring, respectively, which stabilizes the
resonance structure ‘a’ more remarkably than the other
resonance structures.

Time-dependent density functional (TD-DFT) calcula-
tions are performed on 1D to clarify the observed elec-
tronic transition behaviors, which proves that
intramolecular charge transfer processes exist in the
excited states. The transition energies calculated are
highlighted in Figure 4. The calculated absorption-peak
positions are in good agreement with the experimental
results. The calculations provide not only a list of the
electronic transitions that contribute to each of the
excited states, but also the expansion coefficients that



Table 2. Excitations in 1D that contribute to the transitions in the
300–500 nm range along with their relative contributions given by the
expansion coefficients

kex (nm) Eex (eV) * f Excited state Expansion
coefficient

332.97 3.7236 0.0049 HOMO! 0.67993
LUMO + 4

360.56 3.4386 0.1688 HOMO! 0.57905
LUMO + 3

436.30 2.8417 0.3761 HOMO! 0.63703
LUMO + 2

* f: Oscillator strength, which indicates the strength of absorption at
that wavelength.
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relate to the percent effects of the different excitations on
the particular excited states (Table 2). The results
demonstrate that the excitations in the range from 330
to 500 nm come from the HOMO to LUMO+4,
LUMO+3 and LUMO+2 of 1D.

In conclusion, we have obtained an unexpected com-
pound 1D from the reaction of perfluorocyclopentene
and 1B after treatment with n-BuLi. With comparative
studies of the reactions between perfluorocyclopentene
and 2B or 3B, a plausible explanation of the formation
of 1D is proposed. Investigation of its photophysical
properties in various solvents illuminates that it is a sol-
vent-sensitive highly fluorescent molecule, which implies
its potential application as a probe. Further research of
1D is in progress.
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