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Novel polymerizable light emitting dyes e combination of a
hindered amine with a 9-phenylxanthene fluorophore.

Synthesis and photophysical investigations

Vladimir B. Bojinov a,*, Ionka P. Panova a, Ivo K. Grabchev b

a Department of Organic Synthesis, University of Chemical Technology and Metallurgy, 8 Kl. Ohridsky street, 1756 Sofia, Bulgaria
b Institute of Polymers, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Received 9 December 2005; received in revised form 26 January 2006; accepted 27 January 2006

Available online 29 March 2006

Abstract

The synthesis of new 9-phenylxanthene dyes, containing hindered amine stabilizer fragment is reported. Two polymerizable dyes, a combi-
nation of Fluorescein or Eosin with 2,2,6,6-tetramethylpiperidine, as well as two 9-phenylxanthene intermediates were synthesized in good
yields under variable reaction conditions. Their light absorption and fluorescence properties in solution have been determined and discussed.
Photooxidative stability of the new fluorophores has been studied and compared to other similar fluorescent dyes, not containing hindered amine
fragment in their molecules. It was shown that the presence of a HALS (hindered amine light stabilizer) fragment in the dyes’ molecules im-
proved their photostability. The ability of the dyes to co-polymerize with vinyl monomers such as methyl methacrylate was demonstrated.
� 2006 Published by Elsevier Ltd.
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1. Introduction

The 9-phenylxanthene derivatives due to their good spectral
properties have been the most common fluorescent reagents in
a number of areas including laser active media [1], potential
photosensitive biologically units and fluorescent markers in bi-
ology [2], ion probes [3], light emitting diodes, photo-induced
electron transfer fluorescent sensors and switchers [4]. Unfor-
tunately, Fluorescein-based dyes have several drawbacks,
including a relatively high rate of photobleaching and pH-sen-
sitive fluorescence that is significantly reduced below pH 7.
The photobleaching and pH sensitivity of the Fluorescein
and its derivatives make quantitative measurements with these
fluorophores problematic. Furthermore, Fluorescein’s rela-
tively high photobleaching rate limits the sensitivity that can
be obtained, a significant disadvantage for applications
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requiring ultrasensitive detection, such as DNA sequencing,
fluorescence in situ hybridization and localization of low-
abundance receptors [5]. These limitations have encouraged
the development of alternative fluorophores.

Incorporation of dyes in a polymer matrix gives the oppor-
tunity for increasing their light-fastness [6]. The introduction
of a polymerizable allyl group into the 9-phenylxanthene mol-
ecule could provide the dyes’ capability of covalent bonding to
the polymer chain. During the last years some polymerizable
9-phenylxanthene derivatives have been synthesized and in-
vestigated for their ability to co-polymerize with different
monomers [7]. The advantage of using polymerizable dyes
over conventional dyes is that the dye becomes chemically
bonded to the polymer. The dye, therefore, cannot be extracted
from the polymer. The solvent-fastness of a polymer colored
with a polymerizable dye is, as a consequence, much greater
than a polymer colored with conventional dyes [8]. On the
other hand, the use of side-chain polymers provides ecologi-
cally more tolerant application of these dyes for coloring the
foodstuffs and cosmetics.
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Photostability of the polymers is one of their most impor-
tant properties. To solve the problem of polymer stabilization,
a number of different stabilizers have been applied success-
fully [9]. Among them, hindered amines such as 2,2,6,6-tetra-
methylpiperidine derivatives are of a great interest due to their
high photostabilizing efficiency [10]. They inhibit the process
of autoxidation by transformation of the parent amines to
N-oxyl radicals, either by reaction with peroxyl radicals or oc-
casionally by reaction with singlet oxygen, which stop oxidative
degradation by the coupling of alkyl radicals [11].

A combination of 2,2,6,6-tetramethylpiperidine stabilizer
and unsaturated allyl group through a 9-phenylxanthene unit
in one molecule could result in new type of fluorescent dyes
with both increased light-fastness and decreased pH fluores-
cence sensitivity, capable of simultaneous chemically dyeing
and photostabilizing the polymer materials.

In previous papers we demonstrated the possibility for
‘‘one-step’’ coloration and stabilization of different polymers,
where a fluorescent 1,8-naphthalimide or benzanthrone dye
and a stabilizer were combined in one molecule [12]. In this
paper, the synthesis of new fluorescent 9-phenylxanthenes,
containing both an allyl group and a hindered amine fragment,
and the ability of the dyes to co-polymerize with methyl meth-
acrylate (MMA) in bulk is reported (Scheme 1). The basic
photophysical characteristics and the photostability of the mo-
nomeric fluorescent dyes have been studied. Among 9-phenyl-
xanthene derivatives, Fluorescein and Eosin are the most
recognized, and for this reason, we used them as model
compounds.

2. Results and discussion

The aim of the present study was to synthesize Fluorescein-
based fluorescent dyes, containing both a 2,2,6,6-tetramethyl-
piperidine stabilizer fragment and a polymerizable allyl group,
as combined agents for ‘‘one-step’’ chemically dyeing and sta-
bilization of polymers.

2.1. Synthesis of dyes

The synthesis of combined polymerizable hindered amine e
9-phenylxanthene dyes 7 and 8 was carried out in just two
steps as outlined in Schemes 2 and 3.
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Scheme 1.
First, the intermediate dyes 2-(3-hydroxy-6-oxo-6H-
xanthen-9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benzamide
4 and 2-(2,4,5,7-tetrabromo-3-hydroxy-6-oxo-6H-xanthen-9-
yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benzamide 5 were
prepared by condensation of the commercially available
2,2,6,6-tetramethylpiperidine-4-ylamine 3 with Fluorescein 1
or Eosin 2, respectively. Reactions were conducted in dry
chlorobenzene in the presence of aluminum(III) chloride at
100 �C (Scheme 2).

In order to obtain polymerizable fluorescent dyes 7 and 8,
functionalized with polymerizable allyl group, based on our
previous experience, the intermediate dyes 4 and 5 were re-
acted with allylbromide 6 under phase transfer catalysis
(PTC) conditions [7a]. By selection of the favorable reaction
conditions, in a solideliquid two-phase system in the presence
of 18-crown-6 as a phase transfer catalyst, the desired com-
pounds 7 and 8 were obtained in high yields (Scheme 3).

All of the synthesized compounds were characterized by
their melting points and TLC Rf values (Table 1) and identified
by elemental analysis data, FT-IR and 1H NMR spectra. Dyes 7
and 8 were additionally characterized by absorption (Table 2)
and fluorescence spectra (Table 3).

2.2. Photophysical characterization of the dyes

2.2.1. Light absorption properties
The light absorption properties of the dyes under study are

basically related to the polarization of the 9-phenylxanthene
molecule on irradiation, resulting from the electron donore
acceptor interaction between the substituents at C-3 position
and the carbonyl group at C-6 position of the chromophoric
system, and may be influenced by the environmental effect
of the media upon this interaction. Absorption spectra of the
dyes 7 and 8 were recorded in solvents of different polarity.
The data are presented in Table 2, where they are compared
with those for commercially available Fluorescein 1 and
Eosin 2.

The absorption maximum of the Eosin 2 in ethanol is bath-
ochromically shifted with respect to Fluorescein 1 in the same
solvent, which is related to the enhanced electron donore
acceptor interaction in the chromophoric system of the Eosin.
The picture is kept the same in the case of combined Eosine
HALS dye 8 and FluoresceineHALS dye 7 (Fig. 1).

A comparison of the absorption spectra reveals the strong
influence of the polarization of the molecule upon the spectral
properties. As can be seen from the data presented in Table 2,
the absorption maxima of the dyes in polar protic solvents,
such as MeOH and EtOH, are hypsochromically shifted in
comparison with the absorption maxima of the dyes in the
aprotic chloroform and N,N-dimethylformamide. Such behav-
ior can be satisfactorily explained by the intermolecular
H-bonds formation between the dyes and solvents. The pro-
ton-donating solvents form H-bonds with the carbonyl group
of the dyes thus decreasing the electron donoreacceptor inter-
action in the chromophoric system. This effect is enhanced in
the molecules of Eosin 2 and Eosin derivative 8, where the
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Scheme 2.
protic solvents additionally form intermolecular H-bonds with
the bromine atoms of the dyes.

Data presented in Table 2 and the graphics plotted in
Fig. 2 show that the incorporation of a HALS fragment in
the dye molecule has a small effect on the 9-phenylxanthene
absorption properties in comparison with the absorption prop-
erties of the dyes, not containing a hindered amine moiety. It
was observed that a small bathochromic shift, was better pro-
nounced in the spectrum of EosineHALS dye 8 in protic
solvents.

2.2.2. Fluorescence properties
Basic fluorescent characteristics of the combined dyes 7

and 8 such as fluorescence (lF) maxima, Stokes shift (nA� nF),
oscillator strength ( f ), fluorescent both quantum (FF) and en-
ergy (EF) yields were measured in ethanol solution and com-
pared with those for Fluorescein 1 and Eosin 2 (Table 3).

In ethanol solution dyes under study displayed intense fluo-
rescence with well pronounced maxima (lF) at 517e560 nm.
Figs. 2 and 3 display absorption and fluorescence spectra of
Fluorescein 1 and Eosin 2. The fluorescence curves are
approximately a mirror image of the absorption curves, which
indicate that the molecular structure of the dyes is retained in
the excited state and that the fluorescence prevails [13].

The absorption and fluorescence spectra of the combined
molecules 7 and 8 in ethanol showed similar trends (Figs. 4
and 5). The fluorescence maxima of dyes 7 and 8 are 8e
11 nm bathochromically shifted in comparison with the maxima
of the corresponding Fluorescein 1 and Eosin 2 (Table 3),
which is well correlated to the light absorption behavior of
the dyes.
Data presented in Table 3 and Figs. 2e5 show that the
HALS fragments have a small effect on both the absorption
and the fluorescence maxima of final dyes 7 and 8.

The Stokes shift (nA� nF) and oscillator strength ( f ) are
important characteristics for the fluorescent compounds. The
Stokes shift is a parameter that indicates the differences in
the properties and structure of the fluorophores between the
ground state S0 and the first excited state S1. The Stokes shifts
(cm�1) were calculated by Eq. (1).

ðnA� nFÞ ¼
�

1

lA

� 1

lF

�
� 107 ð1Þ

The Stokes shift values of the dyes under study in ethanol
were relatively small, as is common for the xanthene dyes
[14]. It is interesting to note that the Stokes shift values of
the Fluorescein-based dyes 1 and 7 in ethanol solution,
1405 cm�1 and 1529 cm�1, respectively, are almost doubled
with respect to the Eosin dyes 2 and 8 values (833 cm�1 and
800 cm�1, Table 3).

The oscillator strength ( f ) shows the effective number of
electrons whose transition from ground to excited state gives
the absorption area in the electron spectrum. Values of the os-
cillator strength were calculated using Eq. (2) where Dn1/2 is
the width of the absorption band (cm�1) at 1/2 (3max) [15].

f ¼ 4:32� 10�9Dn1=23max ð2Þ
As expected the values of the oscillator strength for the

Fluorescein-based dyes 1 and 7 were sufficiently higher
(0.618 and 0.481, respectively) than those of the Eosin-based
analogues 2 and 8 (0.284 and 0.150, respectively), which
can be related to narrowing the absorption bands of the latter.
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On the other hand, the oscillator strength values ( f ) for com-
bined dyes 7 and 8 were relatively smaller than those of Fluo-
rescein 1 and Eosin 2 in accordance with some decrease in
their extinction coefficient 3.

The ability of the molecules to emit the absorbed light en-
ergy is characterized quantitatively by the fluorescence quan-
tum yield (FF). The quantum yields of fluorescence were
calculated using Rhodamine 6G (Fref¼ 0.95) as a standard ac-
cording to Eq. (3) [16], where Aref, Sref, nref and Asample Ssample,
nsample represent the absorbance at the excited wavelength, the
integrated emission band area and the solvent refractive index
of the standard and the sample, respectively.

FF ¼ Fref

�
Ssample

Sref

��
Aref

Asample

� 
n2

sample

n2
ref

!
ð3Þ

The energy yield of fluorescence EF (Table 2) calculated by
Eq. (4) could also be used instead of FF

EF ¼ FF

lA

lF

ð4Þ

Comparing the fluorescence quantum yields of Fluores-
cein 1 (FF¼ 0.79) and Eosin 2 (FF¼ 0.67), not containing
hindered amine fragments, with those of 2-(3-allyloxy-
6-oxo-6H-xanthen-9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)
benzamide 7 (FF¼ 0.77) and 2-(3-allyloxy-2,4,5,7-tetra-
bromo-6-oxo-6H-xanthen-9-yl)-N-(2,2,6,6-tetramethylpiper-
idin-4-yl)benzamide 8 (FF¼ 0.64), a combination of 9-phe
nylxanthene with a 2,2,6,6-tetramethylpiperidine in one mole-
cule, clearly shows (the values are approximately the same)
that the combination of the two different structural units
does not result in their interaction as an intramolecular
quenching due to an electronic energy transfer.

2.3. Photooxidative stability of the dyes

The fluorescent dyes’ photostability is a very important
characteristic with regard to their practical usage. To study
the influence of 2,2,6,6-tetramethylpiperidine fragment on
the photostability of the target dyes 7 and 8, DMF solutions

Table 1

Yields, melting points and TLC Rf values for 9-phenylxanthenes 4, 5, 7 and 8

Compound Yield (%) M.p. ( �C) Rf
a

4 77 218e220 0.25

5 68 >260 0.37

7 95 117e119 0.20

8 93 136e138 0.33

a TLC solvent system n-heptane/acetone (1:1).

Table 2

Absorption maxima (nm) of 9-phenylxanthene dyes 1, 2, 7 and 8

Compound Chloroform EtOH MeOH DMF

1 486 482 484 488

2 536 525 520 538

7 490 486 486 490

8 544 535 532 544
of the dyes were subjected to irradiation with UV light in
a SUNTEST equipment. In order to receive a more complete
comparative picture of this influence, Fluorescein 1 and Eosin
2, not containing a hindered amine moiety in their molecules
were involved in the present study and investigated under the
same conditions.

The kinetics of the dyes’ photodegradation was monitored
colorimetrically. The correlation between the dye concentra-
tion and the time of irradiation was monitored using the
method of the standard calibration curve (Fig. 6).

As seen, the photostability of the target dyes 7 and 8, con-
taining hindered amine fragments, was higher than those of
Fluorescein 1 and Eosin 2, not containing stabilizer fragments
in their molecules. The photodegradation of the latter was
much faster when compared to that of dyes 7 and 8. Within
half an hour the dyes solutions 1 and 2 lost their absorption
maxima as a result of photodegradation of the dye chromo-
phoric system. The study also showed that the presence of
the bromine atoms in the dyes’ molecule slightly increased
the dyes’ photostability (Fig. 6).

2.4. Co-polymerization of the dyes with methyl
methacrylate

The applicability of the new fluorescent compounds 7 and 8
for simultaneously coloring and stabilization of polymers was
examined on the basis of their ability to co-polymerize with
MMA. The co-polymerization process was conducted in
bulk at 70 �C under conditions used other similar 9-phenyl-
xanthene derivatives [7]. Solid transparent co-polymers with
an intense fluorescence have been obtained. They were

Table 3

Photophysical characteristics of 9-phenylxanthene dyes 1, 2, 7 and 8 in ethanol

solution

Compound lA

(nm)

log 3

(l mol�1 cm�1)

lF

(nm)

nA� nF

(cm�1)

f FF EF

1 482 4.595 517 1405 0.618 0.79 0.74

2 525 4.743 549 833 0.284 0.67 0.64

7 486 4.426 525 1529 0.481 0.77 0.71

8 536 4.544 560 800 0.150 0.64 0.61

Fig. 1. Comparison of the absorption maxima of combined 9-phenylxanthenee
HALS dyes 7 and 8.
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several-fold re-precipitated to remove the unreacted mono-
mers. Polymers thus treated retained their color and fluores-
cence, which indicated that the dyes were chemically
bonded to the polymer. UV/vis spectroscopic and TLC tech-
niques proved the presence of a covalent bond between the
monomeric dye units and the polymer chain.

The UV/vis absorption spectra of the re-precipitated poly-
mers had similar absorption maxima as the monomeric dyes,
showing that the basic dyes’ chromophore did change, neither
during the polymerization nor as a result of its bonding to the
polymer chain. That is why the percentage of the chemically
bonded dyes in the polymer chain was determined spectropho-
tometrically using the method of the standard calibration
curve. It was estimated that 65e70% of the initial amount
of monomeric dyes 7 and 8 was incorporated into the macro-
molecule. These values are satisfactory for the production of
intensively colored polymers. More detailed investigations
on the polymerization process and on the co-polymers’ photo-
stability will be the object of our future investigations.

3. Experimental

3.1. Materials

The starting Fluorescein 1, Eosin 2, 2,2,6,6-tetramethylpi-
peridine-4-ylamine 3 and allylbromide 6 (Fluka products),

Fig. 2. Absorption and fluorescence spectra of Fluorescein 1.

Fig. 3. Absorption and fluorescence spectra of Eosin 2.
p.a. grade, was used without purification. Commercial methyl
methacrylate (MMA, Merck) was distilled under reduced pres-
sure in nitrogen atmosphere before use. Dibenzoylperoxide
(DBP, Fluka, 99.6%) re-crystallized from chloroform was
used as an initiator of the free radical co-polymerization. All
solvents were of p.a. or analytical grade.

3.2. Methods

FT-IR spectra were recorded on a Bruker IFS-113 spec-
trometer at 2 cm�1 resolution using KBr discs. The 1H NMR
spectra (chemical shifts are given as d in ppm) were recorded
on a Bruker DRX-250 spectrometer, operating at 250.13 MHz.
The UV/vis spectra were recorded on a Hewlett Packard
8452A spectrophotometer with 2 nm resolution at room tem-
perature. The fluorescence spectra were taken on an SFM 25
spectrophotometer (KONTRON instruments). Fluorescence
quantum yields were determined on the basis of the absorption
and fluorescence spectra. Rhodamine 6G was used as standard
(Fref¼ 0.95). TLC was performed on silica gel, Fluka F60
254, 20� 20, 0.2 mm, using an eluant solvent systems n-hep-
tane/acetone (1:1). The melting points were determined by
means of a Kofler melting point microscope.

Fig. 5. Absorption and fluorescence spectra of combined EosineHALS dye 8.

Fig. 4. Absorption and fluorescence spectra of combined FluoresceineHALS

dye 7.
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3.3. Synthesis of dyes

3.3.1. General preparation procedure for combined
hindered amine e 9-phenylxanthene intermediate
dyes 4 and 5

To a solution of Fluorescein 1 (1.0 g, 3 mmol) or Eosin 2
(1.94 g, 3 mmol) and aluminum(III) chloride (0.4 g, 3 mmol
for compound 4 and 2.0 g, 15 mmol for compound 5) in
20 ml of dry chlorobenzene, 0.47 g of 2,2,6,6-tetramethylpi-
peridine-4-ylamine 3 (d¼ 0.91, 30 mmol) was added dropwise
under stirring at ambient temperature over a period of 30 min.
The resulting mixture was stirred at 100 �C for 6 h (TLC con-
trol in a solvent systems n-heptane/acetone¼ 1:1). The heat-
ing was discontinued and the reaction mixture was allowed
to cool to room temperature. Ice-cold aqueous hydrochloric
acid solution (2%) was added with stirring to break the
aluminum complex. A yellow-orange precipitate was formed.
The reaction mixture was filtered, washed with water
and dried to give 1.09 g (77%) of 2-(3-hydroxy-6-oxo-6H-
xanthen-9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benzamide
4 or 1.60 g (68%) of 2-(2,4,5,7-tetrabromo-3-hydroxy-6-oxo-6H-
xanthen-9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benzamide 5.

3.3.1.1. 2-(3-Hydroxy-6-oxo-6H-xanthen-9-yl)-N-(2,2,6,6-
tetramethylpiperidin-4-yl)benzamide (4). FT-IR (KBr) cm�1:
3420 (nOH); 3350 (nNH); 3058 (nCH]); 2880 (nCH3); 1760
(nC]O); 1650 (nCONH).

1H NMR (DMSO-d6, 250 MHz) ppm: 9.46 (br s, 1H, OH);
7.97 (dd, 1H, J¼ 7.5, 1.4 Hz, Ph 6-H); 7.73 (m, 2H, Ph 4-H
and Ph 5-H); 7,24 (d, 1H, J¼ 7.4 Hz, Ph 3-H); 6.71 (d, 2H,
J¼ 2.4 Hz, 4-H and 5-H); 6.53 (m, 4H, 1-H, 2-H, 7-H and
8-H); 4.12 (m, 1H, piperidine CH); 3.38 (br s, 2H, NH and pi-
peridine NH); 1.79 (dd, 1H, J¼ 13.2, 3.5 Hz, piperidine CH2);
1.49 (t, 2H, J¼ 13.2 Hz, piperidine CH2); 1.40 (s, 12H, piper-
idine 4�CH3).

Fig. 6. Photodegradation of dyes 1, 2 and 7, 8 in DMF solution.
3.3.1.2. 2-(2,4,5,7-Tetrabromo-3-hydroxy-6-oxo-6H-xanthen-
9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benzamide (5). FT-
IR (KBr) cm�1: 3390 (nNH); 3070 (nCH]); 2876 (nCH3);
1752 (nC]O); 1620 (nCONH); 1594 (nC]C).

1H NMR (DMSO-d6, 250 MHz) ppm: 8.20 (dd, 1H,
J¼ 7.6 Hz, J¼ 1.1 Hz, Ph 6-H); 7.72 (m, 2H, Ph 4-H and
Ph 5-H); 7,23 (d, 1H, J¼ 7.5 Hz, Ph 3-H); 6.70 (d, 2H,
J¼ 2.2 Hz, 4-H and 5-H); 6.53 (m, 4H, J¼ 8.9 Hz, 1-H, 2-
H, 7-H and 8-H); 6.15 (m, 1H, allyl CH]); 5.40 (d, 1H,
Jtrans¼ 17.1 Hz, allyl]CHH); 5.29 (d, 1H, Jcis¼ 10.4 Hz, al-
lyl ]CHH ); 4.59 (d, 2H, J¼ 5.2 Hz, allyl OCH2); 4.16 (m,
1H, piperidine CH); 3.40 (br s, 2H, NH and piperidine NH);
1.82 (dd, 2H, J¼ 12.9, 3.6 Hz, piperidine CH2); 1.48 (t, 2H,
J¼ 12.9 Hz, piperidine CH2); 1.39 (s, 12H, piperidine
4� CH3).

3.3.2. General preparation procedure for combined
polymerizable hindered amine e 9-phenylxanthene
dyes 7 and 8

To a mixture of intermediate 4 or 5 (2 mmol) in 30 ml of
DMF, 0.032 g of 18-crown-6 (0.12 mmol, 6 mol% to the inter-
mediate) and 0.33 g (2.4 mmol) of finely ground potassium
carbonate, 0.36 g of allylbromide (d¼ 1.398, 3 mmol) was
added dropwise under vigorous stirring at ambient temperature
over a period of 10 min. The resulting mixture was stirred un-
der the same conditions for 6 h (TLC control in a solvent sys-
tems n-heptane/acetone¼ 1:1), then cooled to room
temperature. The resulting solution was poured into 100 ml
of water. The precipitate was filtered off, washed with water
and dried to give 0.98 g (95%) of 2-(3-allyloxy-6-oxo-6H-
xanthen-9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benzamide
7 or 1.54 g (93%) of 2-(3-allyloxy-2,4,5,7-tetrabromo-6-oxo-
6H-xanthen-9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benza-
mide 8.

3.3.2.1. 2-(3-Allyloxy-6-oxo-6H-xanthen-9-yl)-N-(2,2,6,6-tetra
methylpiperidin-4-yl)benzamide (7). FT-IR (KBr) cm�1:
3410 (nOH); 3345 (nNH); 3064 (nCH]); 2896 (nCH3);
1730 (nC]O); 1648 (nCONH).

1H NMR (DMSO-d6, 250 MHz) ppm: 9.52 (br s, 1H, OH);
8.11 (s, 1H, 1-H); 8.04 (dd, 1H, J¼ 7.4, 1.5 Hz, Ph 6-H); 7.56
(m, 2H, Ph 4-H and Ph 5-H); 7.09 (dd, 1H, J¼ 7.6, 1.5 Hz, Ph
3-H); 6.85 (s, 1H, 8-H); 4.12 (m, 1H, piperidine CH); 3.84
(br s, 1H, NH); 2.13 (t, 2H, J¼ 12.2 Hz, piperidine CH2);
1.72 (br s, 1H, piperidine NH); 1.42 (d, 2H, J¼ 12.2 Hz, pi-
peridine CH2); 1.18 (s, 6H, piperidine 2� CH3); 0.97 (s,
6H, piperidine 2� CH3).

Elemental analysis: Calculated for C32H34N2O4 (MW
510.62) C 75.27, H 6.71, N 5.49%; Found C 75.62, H 6.63,
N 5.58%.

3.3.2.2. 2-(3-Allyloxy-2,4,5,7-tetrabromo-6-oxo-6H-xanthen-
9-yl)-N-(2,2,6,6-tetramethylpiperidin-4-yl)benzamide (8). FT-
IR (KBr) cm�1: 3395 (nNH); 3060 (nCH]); 2890 (nCH3);
1726 (nC]O); 1614 (nCONH); 1598 (nC]C).

1H NMR (DMSO-d6, 250 MHz) ppm: 8.02 (s, 1H, 1-H);
7.98 (dd, 1H, J¼ 7.4, 1.5 Hz, Ph 6-H); 7.63 (m, 2H, Ph 4-H
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and Ph 5-H); 7,11 (dd, 1H, J¼ 7.6, 1.5 Hz, Ph 3-H); 6.84
(s, 1H, 8-H); 6.18 (m, 1H, allyl CH]); 5.47 (dd, 1H,
Jtrans¼ 17.0, 1.3 Hz, allyl]CHH); 5.33 (d, 1H, Jcis¼ 10.3 Hz
allyl]CHH ); 4.65 (br s, 1H, NH); 4.60 (d, 2H, J¼ 3.8 Hz,
allyl OCH2); 4.10 (m, 1H, piperidine CH); 2.09 (t, 2H,
J¼ 12.2 Hz, piperidine CH2); 1.99 (br s, 1H, piperidine
NH); 1.34 (d, 2H, J¼ 12.2 Hz, piperidine CH2); 1.00 (s, 6H,
piperidine 2� CH3); 0.88 (s, 6H, piperidine 2� CH3).

Elemental analysis: Calculated for C32H30Br4N2O4 (MW
826.21) C 46.52, H 3.66, N 3.39%; Found C 46.25, H 3.71, N 3.46%.

3.4. Photodegradation of dyes

The studies on the photodegradation of the fluorescent dyes
were performed in a solar simulator SUNTEST CPS equip-
ment (Heraeus, Germany), supplied with an air-cooled Xenon
lamp (Hanau, 1.1 kW, 765 W m�2). The photodestruction of
the dyes was monitored spectrophotometrically using the
method of a standard calibration curve.

3.5. Synthesis of fluorescent co-polymers

The radical co-polymerization of dyes 7 and 8 with MMA
was carried out in ampoules, previously purged with dry and
pure nitrogen. The process of co-polymerization was conducted
at 70 �C for 8 h in the presence of 0.1 wt.% of the monomeric
compounds 7 and 8 and 0.5 wt.% of DBP with respect to the
MMA monomer. The transparent side-chain co-polymers thus
obtained were several-fold re-precipitated with ethanol from
toluene until the filtrate was colorless. The precipitated co-
polymers were repeatedly washed with ethanol, recovered by
filtration and dried in vacuum to constant weight.

4. Conclusions

Novel Fluorescein-based 7 and Eosin-based 8 dyes, a com-
bination of 2,2,6,6-tetramethylpiperidine and a polymerizable
group through the molecule of 9-phenylxanthene were suc-
cessfully synthesized. The basic photophysical properties of
the new dyes in solution have been determined and discussed.
Photodegradation of the new fluorophores have been studied
and compared to those of Fluorescein and Eosin, not contain-
ing a hindered amine fragment in their molecules. The pres-
ence of a HALS fragment in the dyes’ molecules did not
affect the ordinary absorption and fluorescent properties of
the 9-phenylxanthene dyes but improved their photostability.
The new compounds were suitable for preparing fluorescent
PMMA-based co-polymers and represent the possibility of
‘‘one-step’’ coloration and stabilization of polymers.
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