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Two new polymerizable fluorescent dyes based on naphthalimide derivatives were
prepared. For this purpose, acenaphthene as a primary material was brominated
and further reacted by various unit processes such as oxidation, imidation and

amination in order to obtain polymerizable fluorescent dyes. The UV-vis spectro-
photometry of the synthesized dyes in chloroform represents dyes that have 
wavelength of maximum absorption between 441-443 nm with extinction coefficients
from 56.83 to 60.46 l.g-1.cm-1. The synthesized dyes have been characterized using
differential scanning calorimetry (DSC), FTIR, 1H NMR, UV-vis spectroscopy and 
fluorometry. These dyes were copolymerized with methyl methacrylate and two 
intrinsically coloured copolymers were obtained. It is assumed that 97-99% of the dyes
are chemically bonded to polymer chains. The fluorescent characteristics of copoly-
mers in the solid state were determined by fluorometer and it was found that they have 
relatively high quantum yields (70-89%). Two synthesized copolymers containing
propyl and butyl have also stock's shifts (λF -λA) about 75 nm and 61 nm, respec-
tively. Thermal properties of the copolymers were evaluated by dynamic mechanical 
thermal analysis. The results showed that the glass transition temperatures of the 
synthesized copolymers containing propyl and butyl groups are similar to each other. It
means that the nature of alkyl group (propyl or butyl) does not play significant role in
the context of Tg change.

INTRODUCTION

Pioneering work on naphthal-
imides and their derivatives has
been studied to assess their role as 
intermediates for dye preparation.
The various 4-aminonaphthalimide
derivatives were all prepared by
standard reactions from acenaph-
thene as the starting material. To
this end, acenaphthene was nitrated
and then various unit processes
such as oxidatioin, amination,
reduction, diazotization and 
coupling were carried out to obtain

different dyes. 4-Aminonaphthal-
imide compounds have an amino
group in their 4-position which
tends to impart fluorescent proper-
ty and acts as a donor group, and
two carbonyl groups which act as
the acceptor groups. The acceptor
and donor characters of these 
substituents should bring about a
considerable bathochromic effect.
4-Amino-N-substituted-naphthal-
imide is a useful diazo component
for the synthesis of azo dyes [1].
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Because of the variety of applications of naphtha-
limide derivatives and the excellent fastness of some
of these dyes, now they have obtained great 
industrial importance [2,3]. After substitution with
electron donating groups, naphthalimides are 
noteworthy for colour chemists, preferably in the 
4-position. The substitution of an amino group into
the 4-position yields brilliant greenish yellow 
compounds [2]. 4-Amino-N-(substituted)-1,8-naph-
thalimides were used for synthesis of azo and 
non-azonaphthalimide dyes [4-6]. The range of 
applications for these dyes are very wide; alongside
classical fields such as dyeing natural and synthetic
textile fibres, plastics, paints and coatings, 
increasingly novel applications are coming to light, in
which esthetic considerations are no longer of 
primary importance. These include applications in
solar energy collectors, light emitting diodes, liquid
crystal displays, and laser active media, potential
photosensitive biologically active units, as 
fluorescent markers in biology and in medicine as
antiviral compounds or as analgesics [7-9].

Some N-aryl-1,8-naphthalimides were synthe-
sized for the determination and discovery of dual 
fluorescence due to their unique photophysical 
properties, these dual fluorescent systems represent
an exception to the widely studied TICT (twisted
internal charge transfer) fluorescent dyes or 
tautomeric benzofluorescein class of two colour dyes
[10].

Naphthalimides containing unsaturated bonds
could be used for the preparation of self-coloured
polymers [11,12]. Generally, they are used in 
copolymerization processes with vinyl monomers
such as styrene and methyl methacrylate. In these
copolymers, the chromogenic of dyes are included
along the polymer chain and so they will have 
excellent fastness properties against heat, washing,
rubbing and light.

Copolymerization of such polymerizable dyes
with the suitable monomers includes an extensive
range of self-coloured polymers which can be 
prepared with the desired properties such as sensors,
biological indicators and materials resistant to heat
and light.

A polymerizable acryl group was incorporated
into modified 4-N,N-diphenyl-9-(4-tert-butylphenyl)-

1,8-naphthalimide, and resulting compound was
copolymerized with methyl metacrylate to earn the
related copolymer, and they have been utilized in
luminescence conversion light emitting diodes [13].

Novel fluorescent compounds of 1,8-naphthal-
imides were prepared using optical brightener agents
containing a tetramethylpiperidine stabilizer moiety.
These products have been copolymerized with
methyl methacrylate and produced intense colour and
fluorescence which is stable against solvents [14].

New groups of yellow-green emitting fluorophors
based on polymerizable 1,8-naphthalimides, contain-
ing an UV absorber and a hindered amine light 
stabilizer component were prepared by reaction of 
triazine/piperidine derivatives and allylamine. These
compounds were copolymerized with acrylonitrile to
yield copolymers which possess chemical coloration
potential and stabilization of polymers [15].

The copolymerization of some aminonaphthal-
imide dyes containing an allylic copolymerizable
group with methyl methacrylate has been considered
and these copolymers have been utilized in LCD 
systems [16]. The photostability of polymerizable
naphthalimide dyes comprising stabilizers has been
studied [17].

Novel poly(phenylacetylene) containing naphthal-
imides moieties in the side chain has been prepared.
The measurements of sensing behaviour to various
halide anions, such as, F-, Cl-, Br-, and I-, indicated
that the polymer is a ratiometric fluorescent
chemosensors for fluoride ion [18].

Syntheses of some polymerizable monomers
based on naphthalimide such as 4-methylamino or
ethylamino-N-allyl-1,8-naphthalimide were reported
by other workers [19,20]. Fluorescence characteri-
stics can be affected by the presence of various 
alkylamino groups on 4-substituted. According to our
latest studies, synthesis, characterization and 
application of 4-butylamino-N-allyl-1,8-naphthal-
imide have not been reported before. In this respect,
we report the synthesis and application of a 
polymerizable monomer which is called 4-butyl-
amino-N-allyl-1,8-naphthalimide and its chemical
and physical properties are compared with another
monomer like 4-propylamino-N-allyl-1,8-naphtha-
limide. These two new intrinsically coloured 
copolymers were synthesized from prepared 
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polymerizable dyes with methyl methacrylate (MMA)
by bulk process and the synthesis of the copolymers
are presented in Figure 1. The selection of 1,8-
naphthalimide fluorescent dyes was made upon the
basis of their good photophysical and colour 
properties because of their high photostability [19].

EXPERIMENTAL

Materials
Specifications of all used compounds are illustrated in
Table 1.

Synthesis of Intermediates, Monomers and
Copolymers
Synthesis of 5-Bromoacenaphthene (2)
A solution of N-bromosuccinimide (18 g, 0.1 mol) in
dimethylformamide (50 mL) was added to a 
suspension of acenaphthene (1) (15.4 g, 0.1 mol) in
dimethylformamide (50 mL) at room temperature.
The solution was mixed for 2 h. The solution was
poured into 1500 mL of cold water and filtered to give
23 g (98%) of crude product. Recrystallization of
crude product from ethanol gave 18.5 g of 5-
bromoacenaphthene (2) [21].

Synthesis of 4-Bromo-1,8-naphthalic Anhydride (3)
Two grams of 5-bromoacenaphthene (2) was oxidized
with potassium dichromate (7.6 g) in glacial acetic
acid (200 mL) by reflux for 2.5 h. The solvent was
removed in vacuo, and then the chromium salt was
removed from the residue with boiling water and the
white crude product was recrystallized from glacial
acetic acid to give white needle precipitates (1.62 g)
[22].

Synthesis of 4-Bromo-N-allyl-1,8-naphthalimide (4)
4-Bromo-1,8-naphthalic anhydride (3) (2.8 g, 
0.01 mol) was dispersed in ethanol (50 mL) and 
allylamine (0.012 mol, 20% excess) was added at
55°C. The solution was refluxed for 3-4 h; the liquor
was then cooled and the product was filtered, washed
with water and dried in vacuo at 30°C [20]. 4-
Bromo-N-allyl-1,8-naphthalimide was characterized
using FTIR (Bomen instrument), DSC thermal 
analysis (DSC1 Mettler Toledo) and 1H NMR 
(400 MHz Bruker instrument).

Synthesis of 4-Propylamino-N-allyl-1,8-naphthal-
imide (5) 
4-Bromo-N-allyl-1,8-naphthalimide (4) (2 g, 6.3 mmol)
and propylamine (63 mmol) were dissolved in
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Figure 1. Synthesis of intermediates, monomers and copolymers [20-24].



dimethylsulphoxide (17 mL) and stirred at 80°C
overnight. The resulting solution was then poured
into ice (ca. 50 g). The product was precipitated as a 
yellow solid (1.8 g) [23]. The synthesized dye was
characterized using FTIR (Bomen instrument), DSC
thermal analysis (DSC1 Mettler Toledo), 1H NMR
(400 MHz Bruker instrument) and UV-vis spectro-
photometry (Cecil 9200).

Synthesis of 4-Butylamino-N-allyl-1,8-naphthalimide
(6) 
4-Butylamino-N-allyl-1,8-naphthalimide (6) was 
synthesized using the same procedure, as mentioned
above. The synthesized dye was characterized using
FTIR (Bomen instrument), DSC thermal analysis
(DSC1 Mettler Toledo), 1H NMR (400 MHz Bruker
instrument) and UV-vis spectrophotometry (Cecil
9200). 

Purification of Methyl Methacrylate
Methyl methacrylate was used after purification.
Methyl methacrylate was washed with an aqueous
solution of NaOH, dried over CaH2 and then distilled
under reduced pressure in a pure nitrogen atmosphere
(99.99%).

Copolymerization of Monomeric Dyes with Methyl
Methacrylate (7) and (8)
The free radical copolymerization of the 1,8-naphthal-

imide dyes (5 and 6) with methyl methacrylate was
carried out by bulk technique as follows: 6 g of 
purified methyl methacrylate was flushed with dry
and pure nitrogen, then mixed with 0.01 g of each dye
and 0.06 g dibenzoylperoxide in test tubes. The test
tubes were sealed and heated at 70°C in a water bath
for at least 12 h. The solid, transparent copolymers
which have an intense yellow-green fluorescence
were dissolved in chloroform and precipitated with
ethanol, in order to determine the percentage of 
unreacted dyes [24]. The synthesized copolymers
were characterized using DMTA (Tritec 2000 DMA),
UV-vis spectrophotometry (Cecil 9200), fluorimeter
(Perkin-Elmer LS5).

RESULTS AND DISCUSSION

Synthesis of Polymerizable Dyes
5-Bromoacenaphthene is the main product when 
acenaphthene reacts with N-bromosuccinimide in
DMF at room temperature, because the -CH2 groups
on naphthalene ring direct electrophilic substitutions
into the ortho or para positions depending on the
selected conditions. The yield of 5-bromoacenaph-
thene was 79% with melting point of 51-52°C. 
5-Bromoacenaphthene was oxidized with potassium
dichromate in glacial acetic acid by reflux condition.
The precipitation was recrystallized from glacial
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Purity Boiling point (°C) Company Material

99%>

99%>

99.5%>

99.5%>

99.8%>

99%>

99%>

99%>

100%

99.5%>

99.4%

99.97%

50%

279

-

153

500 Decomposed 

116-118

55

48-50

76-78

78.3

189

61

100.5

-

Merck

Merck

Merck

Merck

Merck

Merck

Merck

Merck

Merck

Merck

Merck

BASF

AKZONOBEL

Acenaphthene

N-Bromosuccinimide

Dimethylformamide (DMF)

Potassium dichromate

Glacial acetic acid

Allylamine

Propylamine

Butylamine

Absolute ethanol

Dimethylsulphoxide  (DMSO)

Chloroform

Methyl methacrylate

Dibenzoylperoxide

Table 1. Materials for synthesis of dyes and copolymers.



acetic acid and gave pure 4-bromo-1,8-naphthalic
anhydride. The yield of 4-bromo-1,8-naphthalic 
anhydride was 68% with melting point of 224°C.

The imidation of aromatic cyclic anhydride is a
nucleophilic displacement reaction in which the 
allylamine is the attacking group, and this reaction is
carried out in alcoholic media under reflux condition.
In this reaction, bromo group remains on naphthalene
ring and it is not replaced with allylamine. In this
reaction, 4-bromo-N-allyl-1,8-naphthalimide was 
prepared with high purity. The yield was 92% with
melting point of 129-130°C. The FTIR and 1H NMR
spectra of 4-bromo-N-allyl-1,8-naphthalimide are as
follows:  

FTIR (KBr) ν = 621 cm-1 C-Br str.; 1588 cm-1

C=C str.; 1662, 1699 cm-1 C=O str. Carbonyl; 
3072 cm-1 =C-H str. 1H NMR (DMSO-d6, 400 MHz)
δ = 2.38-2.41 (2H, NCH2CH=CH2); 5.03-5.08 (2H,
NCH2CH=CH2); 5.89-5.93 (1H, NCH2CH=CH2); 7.9
(1H, 6-H); 8.13 (1H, 5-H); 8.2 (1H, 7-H); 8.42 (1H, 2-
H); 8.48 (1H, 3-H).

For preparing 4-propyl (butyl) amino-1,8-
naphthalimide, the bromo derivative of naphthal-
imide was reacted with propyl and butylamine,
respectively, in DMSO media. In this reaction, the
polarity of the solvent is important for replacement of
bromine with alkyl amine. Dipolar aprotic solvents
are known to increase the rate of nucleophilic 
displacement reactions by enhancing the 
nucleophilicity strength of nucleophiles as a result of
their solvation of cations. The reactions are faster in
dipolar aprotic solvents because the reactant anion is
much more solvated by protic solvents than by 
dipolar aprotic solvents [25]. The increased stability
of the transition state thus results from the increased
activity of the nucleophile. The yield of 4-propyl-
amino-1,8-naphthalimide was 97% with melting point
of 174°C and the yield of 4-butylamino-1,8-naphthal-
imide was 97% with melting point of 140°C, respec-
tively.

The FTIR and 1H NMR spectra of 4-propylamino-
N-allyl-1,8-naphthalimide are as follows: FTIR (KBr)
ν = 1581 cm-1 C=C str.; 1643, 1685 cm-1 C=O str.
Carbonyl; 3065 cm-1 =C-H str.; 3384 cm-1 NH str.
Secondary amine. 1H NMR (DMSO-d6, 400 MHz) 
δ = 0.94-0.98 (3H, NHCH2CH2CH3); 1.66-1.71 (2H,
NHCH2CH2CH3); 2.41-2.43 (2H, NCH2CH=CH2);

4.58-4.59 (2H, NHCH2CH2CH3); 5.02-5.06 (2H,
NCH2CH=CH2); 5.85-5.92 (1H, NCH2CH=CH2);
6.73-6.76 (1H, 6-H); 7.62-7.66 (1H, 5-H); 7.76-7.79
(1H, NH); 8.21-8.23 (1H, 7-H); 8.38-8.40 (1H, 2-H);
8.67-8.69 (1H, 3-H).

The FTIR and 1H NMR spectral data of 4-
butylamino-N-allyl-1,8-naphthalimide are as follows:
FTIR (KBr) ν = 1581 cm-1 C=C str.; 1642, 
1685 cm-1 C=O str. Carbonyl; 3052 cm-1 =C-H str.;
3386 cm-1 NH str. Secondary amine; 1H NMR
(DMSO-d6, 400 MHz) δ = 0.89-0.93 (3H, NHCH2
CH2CH2CH3); 1.37-1.42 (2H, NHCH2CH2CH2
CH3); 1.61-1.69 (2H, NHCH2CH2CH2CH3); 2.46-
2.47 (2H, NCH2CH=CH2); 4.57 (2H, NHCH2CH2
CH2CH3); 5.02-5.06 (2H, NCH2CH=CH2); 5.85-5.89
(1H, NCH2CH=CH2); 6.71-6.73 (1H, 6-H); 7.61-7.63
(1H, 5-H); 7.73 (1H, NH); 8.2-8.22 (1H,
7-H); 8.37-8.39 (1H, 2-H); 8.66-8.68 (1H, 3-H).

The FTIR, 1H NMR, DSC and UV-visible 
spectrophotometric analyses were used for character-
ization of polymerizable dyes 5 and 6. The FTIR data
showed stretching vibration absorption bands at 
3384 cm-1, 1685 cm-1 and 1643 cm-1 for N-H 
secondary amine and carbonyl groups for both 
compounds (Figures 2 and 3).

The presence of secondary aromatic amine and
allyl protons of the synthesized polymerizable dyes 
5 and 6 is evident in 1H NMR spectral data. For 
example, dyes have H peak of the amine and allyl
group characteristically appearing at 7.7 ppm and 
5.9 ppm, respectively.

The DSC spectra indicate that the polymerizable
dyes are pure, due to having only one peak. The 
melting points of dyes 5 and 6 were 174°C and 141°C,
respectively.

Copolymerization of the Synthesized Dyes with
Methyl Methacrylate
Poly(methyl methacrylate) is a polymer which is
widely used in polymer industry. In some 
applications, they need bright colours with intense 
fluorescence. The copolymerization of methyl
methacrylate with naphthalimide dyes was carried out
in bulk at 70°C in the presence of dibenzoylperoxide.
After 12 h a transparent coloured polymer with
intense fluorescence was obtained. The solubility test
of the synthesized copolymers in chloroform and their
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precipitation in ethanol proved that the molecules of
dyes must have chemically reacted with MMA during
copolymerization process. The spectrophotometric
data of the solutions after precipitation of copolymer
demonstrated that copolymers 7 and 8 were incorpo-
rated into the macromolecules by about 99% and
97%, respectively. The DMTA diagrams showed that
the glass transition temperatures (Tg) of the 
synthesized copolymers containing propyl and butyl
groups were 67°C and 67.2°C, respectively (Figures 4
and 5). This finding showed that the nature of alkyl
group (propyl or butyl) is not very significant in the
context of Tg change.

Absorption and Fluorescent Characteristics of
Copolymers
The UV-visible spectra of the dyes and copolymers
were examined in ethanol and chloroform solutions.
The synthesized dyes (5 and 6) have maximum

absorptions at 441 and 443 nm in chloroform, 
respectively, and UV-visible spectrophotometry was
carried out on a Cecil double beam transmission 
spectrophotometer. It was found that alkyl chain
length in 4-position of naphthalimide ring did not 

Figure 4. The DMTA diagram of the synthesized copolymer
containing propyl group.
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Figure 2. FTIR Spectrum of 4-propylamino-N-allyl-1,8-naphthalimide.

Figure 3. FTIR Spectrum of 4-butylamino-N-allyl-1,8-naphthalimide.

 



Figure 5. The DMTA diagram of the synthesized copolymer
containing butyl group.

significantly affect the maximum wavelength in two
dyes (Δλ = 2 nm). Measurements of spectrophoto-
metric data of copolymers revealed that maximum
wavelengths are 437 and 440 nm in chloroform,
respectively. Therefore, there is not a considerable
difference of maximum absorption between dyes and
their copolymers. It can be concluded that increases
in molecular weight of the copolymer does not
change the maximum absorption of the dyes. This is
due to the separate behaviour of chromogene groups
of the dye on the copolymer; meaning that the 
conjugated system of dyes is interrupted by sequence
single bond of the copolymer. This finding is in
accordance to other workers' reports [26,27].

Measurements of intensities of the dyes and
copolymers showed that the extinction coefficients of
the copolymers are reduced severely in comparison to
polymerizable dyes (Table 2). This can be attributed
to the increased molecular weight of dyes due to the
existence of dye molecules in copolymers.

Emission of radiation from the lowest vibrational
level of the excited state (S1) to any of the vibrational
levels of the ground state is called fluorescence. The
fluorescence spectrum, in ideal cases, is therefore a
mirror image of the absorption spectrum, but it shifts
to longer wavelengths (Stoke's rule) [28]. The 
fluorescent spectra, fluorescent maxima (λF), stocks
shift (λF-λA) and the quantum yield (ΦF) of the two
synthesized copolymers in the solid form were 
measured. The results showed that the emission of
copolymers occurred in the wavelengths of 512 and
511 nm. These results showed that both synthesized
copolymers have stocks shifts at about 75 nm and 

Table 2. Characterization data for the dyes and 
copolymers.

71 nm for propyl and butyl derivatives, respectively. 
Quantum yields of two copolymers were 70% and

89%, respectively, which are in the range of quantum
yields of 4-alkylaminonaphthalimide derivatives
(Figures 6 and 7) [29] and fluorometry measurements
were carried out on a Perkin-Elmer LS5. However,
the synthesized copolymers have high quantum yields
relative to the 4-N,N-dialkylaminonaphthalimides.
Decrease in quantum yields of 4-N,N-dialkylamino-
naphthalimide relative to 4-aminonaphthalimide has
been reported [29]. However, when 4-aminonaphthal-
imide is propyl or butylamine the quantum yields are 
high, because there is no steric interaction between 
4-propyl or butylamino substituent and the hydrogen
at 5-position (the peri effect). For 4-alkylamino 
substituents with hydrogen attached to the nitrogen
this effect is minimized by the alignment of the 
substituents so that the peri hydrogen and that of the
alkylamino group are close together and the alkyl
group is turned away. It is also of interest that the
propyl or butylamino group is sufficiently removed
from the peri H-atom to show no reduction of 
fluorescence and little steric interaction seems to 
happen [29]. Excited states of these molecules
depend on the charge transfer from nitrogen atom in
4-position to the carbonyl groups of the naphthal-

Figure 6. The fluorescent spectrum of copolymer of dye 5.
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Figure 7. The fluorescent spectrum of copolymer of dye 6.

imide rings. For this reason any steric effect can influ-
ence the planarity of the molecule, and therefore it
prevents charge transfer process and destabilizes the
excited state [29].

Determination of the Percentage of Reacted
Monomeric Dyes 
The percentage of the reacted dyes with the monomer
of methyl methacrylate was evaluated. For this 
purpose, the coloured copolymers were dissolved in
chloroform and absorbance of the solutions (A1) 
was measured by UV-visible spectrophotometer.
Copolymer solutions were precipitated with ethanol.
Since the synthesized dyes are soluble in both 
solvents, ethanol and chloroform, the unreacted dyes
remain into the solution at the top layer of the 
precipitation. After evaporation of the solvents the
residual was dissolved in chloroform and their
absorbance was measured at maximum wavelength
(A2). The percentages of reacted dyes were 
determined according to eqn (1). The results indicated
that 99% of dye 5 and 97% of dye 6 were incorporat-
ed into the macromolecule.

(1)

CONCLUSION

Polymerizable fluorescent dyes were synthesized
from acenaphthene by using sequence reactions of
halogenation, oxidation, imidation and amination.
The fluorescent dyes were characterized and then
copolymerized with methyl methacrylate to obtain

intrinsically coloured polymers. The ability of the
dyes for copolymerization was investigated by 
colorimetric method. The dyes participated in the
polymerization and were covalently bonded along 
the polymer chain (97-99%), giving fluorescent 
copolymeric side-groups. It was found that the 
photophysical properties of the coloured polymer
depend on the chemical structure of the dyes.
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