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Abstract Novel optically active polyesters (PE)s by step-growth polymerization
of a chiral diacid containing naphthalimidyl and flexible chiral groups with different
diols via direct polyesterification reaction with tosyl chloride/pyridine/dimethyl-
formamide system as condensing agent were prepared. The resulting PEs were
characterized using FT-IR, '"H NMR, UV-vis spectroscopy, fluorimetry, and ele-
mental analysis. Fluorescence properties of the PE3h as a representative one were
examined in several polar aprotic solvents which reveal that this polymer has
photoactive properties. Furthermore, thermal properties of these polymers were
investigated using thermogravimetric and differential thermogravimetric analyses.
The glass-transition temperatures of PE3b and PE3f were recorded between 264
and 220 °C by differential scanning calorimetry, and the 10% weight loss
temperatures were ranging from 350 °C under nitrogen. The obtained macromole-
cules are readily soluble in many organic solvents.

Keywords Optically active polymers - Polycondensation - Polyesters -
Photoactive polymers

Introduction

The development of biodegradable macromolecules has been performed to be an
excellent alternative to decrease the volume of the plastic waste disposed into the
environment every year [1, 2]. Polyesters (PE)s could be biodegradable polymers
that have always been an attraction from the early days of Carothers [3, 4]. Different
varieties of PEs have been synthesized over the past decades from various types of
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diacids and diols [5-7]. Aromatic PEs such as polymers from biphenol A have
found a wide range of applications due to their notable properties such as good heat
and chemical resistance [8—11]. However, their high melting temperature and
insolubility in most organic solvents arises limitations in processing technology. For
improving solubility of aromatic PEs, some approaches have been taken:
introduction of kinks of flexible units in the main chain or replacement of the
conventional monomers with ones containing bulky pendant groups [12]. Large side
groups decrease the molecular mobility, so that the general observable effect is an
increase of the glass transition temperature and enhance of solubility simulta-
neously. It is well known that a vast number of polymers containing heterocyclic
ring in the side chain are resistant to high temperature conditions [13, 14].

The most general methods for synthesis of PEs comprise bulk polycondensation
under elevated temperature and solution step-growth polymerization in high-boiling
aprotic organic solvents [15]. Solution polyesterification using tosyl chloride (TsCl)/
dimethylformamide (DMF)/pyridine (Py) as a condensing agent produces rather
high-molecular-weight PEs from aromatic dicarboxylic acids and bisphenols
[5-7, 16, 17].

Chiral polymers including those bearing main as well as side chain amino acid
units are used extensively in the pharmaceutical industry for enantio-selective
separations of drugs [18]. Frequently, a chiral host is prepared by using a natural
chiral compound as precursor or modifier. Amino acids and peptides have often
been employed as chiral sources in the synthesis of chiral receptors because of their
accessibility and biological application [19]. Among the synthetic PEs, only those
containing the naturally occurring (L)-o-amino acids, being structurally close to the
natural polypeptides, possess potentially degradable linkages that make them
appropriate as biomaterials [20-22].

Synthesis of functional optical materials with photoactive properties has become
one of the most talented topics in materials science [23-27]. Fluorescent polymers
have been broadly used as ionizing radiation recording materials, luminescent solar
concentrators, materials for lasers, paints and varnish industries, luminescent
photolayers, and luminescent probes in fibre-optic sensors [28].

Because of mentioned particular characteristics, we wish to report in this
present article a facile and simple method for the synthesis of novel chiral and
thermally stable PEs containing 1,8-naphthalimidyl pendant group with fluorescent
properties.

Experimental

Materials

Reagents were purchased from Fluka Chemical (Buchs, Switzerland), Aldrich
Chemical (Milwaukee, WI) and Riedel-deHaen AG (Seelze, Germany). N,N-
Dimethylacetamide (DMAc) was dried over BaO and then was distilled under

reduced pressure. 1,8-Naphthalenedicarboxylic anhydride was recrystallized from
hot acetic anhydride. Diols obtained were used without further purification.

@ Springer



Polym. Bull. (2010) 65:551-563 553

Equipments

Proton nuclear magnetic resonance (lH NMR, 500 MHz) spectra were recorded in
DMSO-dg solution using a Bruker (Germany) Avance 500 instrument. Proton
resonances are designated as singlet (s), multiplet (m), and broad (br). FTIR spectra
were recorded on Jasco-680 spectrophotometer (Japan). The spectra of solids were
obtained using KBr pellets. The vibrational transition frequencies are reported in
wavenumbers (cm~'). Band intensities are assigned as weak (w), medium (m),
strong (s), and broad (br). Inherent viscosities were measured by using a Cannon—
Fenske Routine Viscometer (Germany) at concentration of 0.5 g/dL at 25 °C.
Specific rotations were measured by a Jasco Polarimeter (Japan). Quantitative
solubility was determined using 0.05 g of the polymer in 0.5 mL of solvent.
Elemental analyses were performed by Tarbit Moalem University, Tehran, Iran.
Fluorescence and UV-vis spectra were recorded on a spectrofluorometer with 5 nm,
JASCO, FP-750 and UV/Vis/NIR spectrophotometer, JASCO, V-570, respectively.
Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC)
data were recorded on a Setaram instrument (Caluire, France) at a heating rate of
10 °C/min under nitrogen atmosphere.

Monomer synthesis

5-[3-Methyl-2-(1,8-naphthalimidyl)butanoylamino]isophthalic acid (1) as a diacid
monomer was prepared according to our published article [29].

Polymer synthesis

The PEs were prepared by the following procedure: For synthesis of PE3a, a Py
(0.20 mL) solution of TsCl (0.20 g; 1.08 x 1073 mol), after 30 min stirring at room
temperature, was treated with DMF (0.09 mL; 1.22 x 1073 mol) for 30 min and the
resulting solution was added drop wise to a solution of diacid 1 (0.10 g;
2.17 x 107* mol) in Py (0.40 mL). The mixture was maintained at room
temperature for 30 min and then to this mixture, a solution of bisphenol A (2a)
(0.05 g; 2.17 x 10~ mol) in Py (0.20 mL) was added dropwise and the whole
solution was stirred at room temperature for 15 min and at 120 °C for 2 h. As the
reaction proceeded, the solution became viscous. Then the viscous liquid was
precipitated in 30 mL of methanol to give 0.13 g of PE3a (83% yield). The other
PE3b-PE3g were prepared by a similar procedure.

PE3a: FT-IR (KBr): 3325 (br), 2964 (m), 1744 (s), 1704 (s), 1666 (s), 1588 (s),
1540 (s), 1436 (m), 1377 (m), 1339 (s), 1238 (s), 1183 (s), 1099 (m), 1024 (s), 780
(m), 746 (s), 616 (w) cm™ .

PE3b: FT-IR (KBr): 3353 (br), 2964 (m), 1774 (s), 1704 (s), 1666 (s), 1588 (s),
1542 (s), 1436 (m), 1378 (m), 1339 (s), 1287 (s), 1195 (s), 1016 (m), 909 (m), 781
(m), 746 (s), 539 (w) cm™ .

PE3c: FT-IR (KBr): 3352 (br), 2965 (m), 1737 (s), 1703 (s), 1664 (s), 1587 (s),
1542 (m), 1435 (w), 1378 (m), 1340 (s), 1238 (s), 1193 (s), 1012 (w), 908 (W), 780
(m), 749 (s), 536 (w) cm ™.
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PE3d: FT-IR (KBr): 3353 (br), 2965 (m), 1748 (s), 1703 (s), 1665 (s), 1588 (s),
1541 (m), 1436 (m), 1378 (m), 1339 (s), 1239 (s), 1190 (s), 1072 (w), 909 (w), 781
(m), 742 (s), 567 (w) cm™ .

PE3e: FT-IR (KBr): 3235 (br), 2964 (m), 1754 (s), 1704 (s), 1666 (s), 1588 (s),
1540 (m), 1436 (m), 1377 (m), 1339 (s), 1238 (s), 1185 (s), 1099 (w), 1024 (s), 909
(m), 780 (m), 746 (s), 618 (w) cm ™.

PE3f: FT-IR (KBr): 3357 (br), 2964 (m), 1754 (s), 1704 (s), 1666 (s), 1588 (s),
1540 (m), 1436 (w), 1377 (m), 1339 (s), 1250 (s), 1185 (s), 1099 (w), 909 (w), 780
(m), 746 (s), 618 (w) cm™ .

PE3g: FT-IR (KBr): 3417 (br), 2964 (m), 1754 (s), 1703 (s), 1665 (s), 1588 (s),
1542 (m), 1436 (m), 1377 (m), 1339 (s), 1239 (s), 1194 (s), 1100 (w), 1031 (w), 909
(w), 781 (m), 746 (w), 640 (w) cm ™.

PE3h: FT-IR (KBr): 3352 (br), 2964 (m), 1744 (s), 1705 (s), 1665 (s), 1588 (s),
1545 (m), 1436 (m), 1378 (m), 1339 (s), 1238 (s), 1169 (s), 1096 (w), 1028 (w), 907
(W), 779 (m), 743 (w), 661 (w) cm™ .

Results and discussion
PEs synthesis

Direct polycondensation of a dicarboxylic acid with a diols using TsCI/DMF/Py as
condensing agent to form ester bonds is an efficient way to obtain PEs of
moderate to high degree of polymerization on a laboratory scale. In this study, the
Vilsmeier adduct was used for the polyesterification of aromatic diacid and
aromatic diols in the following way (Scheme 1): TsCl was dissolved in Py to
yield sulfonium salt and after a certain period of time (aging time) the solution
was treated with DMF for 30 min to form Vilsmeier adduct as proposed by
Higashi et al. [30-32]. The reaction mixture was added to a solution of diacid in
Py to form activated diacid. After 30 min a solution of diol in Py was added and
the whole solution was maintained at room temperature and then at an elevated
temperature for a period of time. This method was successfully applied for the
preparation of PE3a—PE3g from dicarboxylic acid (1) with various aromatic diols
(2a-2g) (Scheme 1).

The PEs were obtained in good yields (yields were above 83%) and had
inherent viscosity values ranging between 0.27 and 0.61 dL g~' (Table 1). The
structures of PEs were confirmed by elemental analysis, FT-IR, 'H NMR, and
UV-vis spectroscopies. The incorporation of chiral unit into polymer chains was
confirmed by measuring their specific rotation (Table 1). PEs based on different
diols showed different optical rotation and these observations are the result of
different polymer’s structure. All of the PEs show optical rotation and therefore
are optically active.

Elemental analysis data of PEs are listed in the Table 2. The chemical structures
of these newly synthesized PEs were confirmed by the good agreement of the
elemental analysis values with those of the calculated values.
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Scheme 1 Polyesterification of monomer 1 with aromatic diols

Table 1 Synthesis and some

physical properties of Diol Polymer
PEs (3a-3g) Polymer Yield (%) fin  [tysso” [#lf" Color
(dL/g)"
2a  PE3a 86 0.45 +4.48  +8.38 White
2b PE3b 83 0.50 —5.10  —8.48 Lavender
2¢c  PE3c 96 0.41 +7.80 +8.18 Pale-brown
2d PE3d 85 0.27 +4.92  +6.84 White
2e PE3e 86 0.42 +5.20 +6.40 Off white
2f  PE3f 91 0.61 +8.10  +8.40 White
2g PE3g 88 0.37 +6.60  +6.80 White
" Measured at a concentration >y pE3p 87 027  +320 +4.12 Off white
of 0.5 g/dL in DMF at 25 °C
g? :)yl;izallilg;lemal analysis Polymer  Formula Elemental analysis (%)
C H N
PE3a CiwHyN,0;  Caled  73.61 4.94 429
652.69 g/mol Found  72.76 4.88 4.30
PE3f C37Hz6N,00S  Caled 65.87 3.88 4.15

674.14 g/mol Found  64.94 3.73 4.25
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Polymer characterization
FT-IR study

The structures of these polymers were confirmed as PEs by means of FT-IR
spectroscopy. The FT-IR spectra of all polymers showed absorptions around
3300 cm ™' (VN-H), 1744 cm™' (vC=0 asymmetric, imide), 1704 cm™~' (vC=0
symmetric, imide), and 1666 cm ™' (vC=0, amide). A strong band corresponding to
C-O stretching for ester group can also be observed around 1190 cm™". All of these
PEs exhibited absorption at 1375-1378 cm™! (vC-N, imide) and 780 cm ™' that
show the presence of the imide heterocycle in these polymers. The PE3f showed
characteristic absorptions at 1250 and 1185 cm™' due to the sulfone moiety (SO,
stretching).

"H NMR study

"H NMR (500 MHz) data of PE3a as typical PE is summarized in Table 3 and the
spectrum of PE3f is illustrated in Fig. 1. The 'H NMR spectrum of this PEs showed
a pattern similar to that of monomer [29] but the acidic protons of diacid are omitted
and also showed all peaks for aliphatic and aromatic protons of diols which are
consistent with the expected structure of corresponding PEs. In the "H NMR spectra
of these two polymers (Table 3; Fig. 1), appearance of N-H proton of amide group
around 10.00 ppm indicates the presence of amide groups in the polymer side chain.
The resonance of aromatic protons appeared at a range of 7.10-8.70 ppm. The
proton of the chiral center appeared at 5.32 ppm. The peak of C—H isopropyl group
of S-valine appeared at 2.80 ppm as a broad peak. The resonance of the two
diastereotopic CH; protons groups of S-valine appeared around 0.70 and 1.20 ppm,
respectively.

Polymer properties

Solubility of the PEs

One of the main objectives of this study was producing modified PEs with improved
solubility. Because of flexible bulky pendant groups, these polymers are expected to

have good solubility. The solubility of PEs was tested at a concentration of
5 mg/mL and at ambient temperature in various solvents. All of the PEs are soluble

Table 3 'H NMR data of PE3a

Polymer o (ppm)
code

PE3a 0.69 (s, br, 3H), 1.19 (s, br, 3H), 1.64 (s, br, 6H), 2.80 (s, br, 1H), 5.32 (s, br, 1H), 7.16 (s,
br, 4H, Ar-H), 7.26 (s, br, 4H, Ar-H), 7.87 (s, br, 2H, Ar-H), 8.38 (s, br, IH, Ar-H), 8.48
(m, br, 4H, Ar-H), 8.67 (s, br, 2H, Ar-H), 10.12 (s, NH).

' H NMR (500 MHz) were recorded in DMSO-dg at RT
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Fig. 1 '"H NMR (500 MHz) spectrum of PE3f in DMSO-d6 at R.T

at this concentration in organic polar aprotic solvents such as DMF, DMAc,
dimethyl sulfoxide (DMSO), and polar protic solvent such as H,SO, at room
temperature, and are insoluble in solvents such as chloroform, methylene chloride,
methanol, ethanol, and water.

Thermal properties

The thermal stability of some PEs was investigated by TGA/DTG and DSC
techniques under a nitrogen atmosphere. Figure 2 showed the TGA/DTG curves of
PE3b and PE3f. Thermal stability of the polymers was studied based on 5 and 10%
weight loss (Ts, T1o) of the polymers and residue at 800 °C (char yield) and the
results are summarized in Table 4. The 10% weight loss temperatures of the
aromatic PEs in nitrogen were recorded in 390 and 350 °C for PE3b and PE3f,
respectively. Char yield can be used as criteria for evaluating limiting oxygen index
(LOI) of the polymers in accordance with Van Krevelen and Hoftyzer equation [33].
LOI = 17.5 + 0.4 CR where CR = char yield. For PE3b and PE3f LOI values
calculated based on their char yield at 800 °C was higher than 28. On the basis of
LOI values, such macromolecules can be classified as self-extinguishing polymers.
According to Table 4, it is clear that polymer based on phenolphthalein has better
thermal stability and higher LOI as compared to other PEs. It could be pertained to
aromatic and rigid structure of phenolphthalein compared to flexible structure of
sulfone diol. The T,s of the PEs were determined by DSC and the results are given
in Table 4. The DSC analyses for PE3b and PE3f show 7, at around 264 and
220 °C, respectively.
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Fig. 2 TGA/DTG thermograms of PE3b - - - and PE3f — under N, atmosphere and a heating rate of
10 °C/min

Table 4 Thermal properties of PE3b and PE3f

Polymer Decomposition temperature (°C) Char yieldb (%) T, (°C) DTG ax LOI
°0)
T5 Tio
PE3b 379 390 36.7 264 389 32
PE3f 340 350 27.1 220 360 28

* Temperature at which 5 and 10% weight loss was recorded by TGA at a heating rate of 10 °C/min in a
nitrogen atmosphere

b Percentage weight of material left undecomposed after TGA analysis at maximum temperature 800 °C
in a nitrogen atmosphere

¢ Glass-transition temperature recorded at a heating rate of 10 °C/min in a nitrogen atmosphere
Fluorimetric studies

Diacid exhibited maximum UV-vis absorption at 264 and 335 nm in DMF solution
because of the 7 — w* transitions of the aromatic chromophore (naphthalimide).
PE3h as an example was selected for fluorimetric studies. UV—vis spectrum of
PE3h was recorded in DMF, DMAc, and DMSO as a solvent, respectively. In the
visible region of the spectrum generated well-resolved absorption spectra, showing
absorbing bands separated by AA = 59 nm, which correspond to the 7 — 7* and
n — ©* bonds. The absorption wavelengths and molar extinction coefficient
(¢x—=+) data of PE3h in the above three solvents are listed in Table 5. &,_, .+ of
n — 7* bonds from the polymer system are different in diverse solvents, but there
is no change in the shape or the position of the band maxima.
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Table 5 UV-vis data of PE3h in different solvents

Solvent ”a /1“2(1!471*) /.Ll(n%n* and m—7*) L.

DMAc 3.70 268 336 42,805
DMF 3.82 267 336 44,068
DMSO 3.96 269 336 45,137

? Dipole moment values at 25 °C [34]

Table 5 demonstrates the dipole moment amounts of the solvents that increase
from DMAc to DMF and DMSO, respectively [34]. By increasing the polarity of
solvents a bathochromic shift to lower wavelengths with an increase in & was
anticipating. The consequence of this phenomenon is conjugation of carbonyl group
with the naphthalimide ring so by increasing the polarity of solvent the length of
conjugation will be decreased and finally oxygen of the carbonyl group was
solvated. In light of above, 1 — #* transition must be difficult by according to the
decreasing in length of conjugation, so the mentioned shift must be observed. But
negligible difference between dipole moments of solvents only changed the
displacement of ¢,_, .~ and did not influence on 4,_ .« [35]. A typical absorption
spectra at constant polymer concentration in DMAc is shown in Fig. 3.

Investigation of the fluorescence behavior of naphthalimide pendant group was
followed by exciting the PE3h at 4,,,, of naphthalimide moiety. Emission spectra of
PE3h were recorded in DMF, DMAc, and DMSO, respectively, by fixing the

0.5

Abs

200 300 400 500
Wavelength [nm]

Fig. 3 Absorption spectrum of polymer PE3h in DMAc at 1.00 x 10> M concentration with 1.0 cm
optical path
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Fig. 4 Self-quenching of PE3h in DMF at (a) 1.00 x 107> M, (b) 1.00 x 10°°M, and (c)
1.00 x 1077 M (au arbitrary unit)

excitation wavelength at absorption wavelength, i.e., at 267 nm. When it was
excited at this wavelength, emission fluorescence wavelengths were observed with
maximum around 284, 334, and 359 nm, respectively, (monomer was excited at
264 nm too and emission fluorescence wavelengths were observed with maximum
around 288 and 324 nm, respectively). Figure 4 shows the correlation between
fluorescence intensity of PE3h and emission wavelengths at different polymer
concentrations in DMF as a polar aprotic solvent. Dependency of fluorescence
intensity on polymer concentration illustrates the self-quenching phenomenon [35].
Decreasing the polymer concentration to an ideal concentration (a concentration,
which maximum fluorescence intensity has been observed), the fluorescence
intensity enhances and then it will decrease upon falling polymer concentration. The
spectra obtained from the polymer systems in different solvents, vary in the
intensity and shape of the maxima bands.

The solvent character has an effect on the relative fluorescence intensity of the
maxima emission fluorescence wavelength. Table 6 shows the maximum emission
of PE3h in different solvents. In PE3h, the maximum fluorescence intensity was
studied in DMF and all intensities in DMAc were less than DMF and also in DMSO
were less than DMAc. Separation between macromolecules is increased by raising
the dielectric constant of the solvent, and thus self-quenching of a polymer with
another one will be decreased. Consequently, the relative fluorescence intensity

Table 6 Maximum
fluorescence wavelengths and
fluorescence intensity of PE3h
in diverse solvents

Solvent Amax_emission Fluorescence
intensity (au)

DMF 284 693.78
DMAc 284 310.48
DMSO 284 166.08

au arbitrary unit
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must increase. In accordance with this theory, it is predictable that the comparative
fluorescence intensities will pursue the trend based on dielectric constant, i.e.,
DMSO > DMAc > DMF [34], whereas, the observed inclination is on the contrary
with above one. Accordingly, another parameter, which is the consequence of
viscosity on intermolecular separation, must be measured. Viscosity values of
DMAc, DMF, and DMSO as solvent at 50 °C are 0.927, 0.794 and 1.987,
respectively. With increasing the viscosity of solvents, the quenching of polymer
with molecule of solvents will raise but, the self-quenching is decreased. Hence, the
results of these two reverse phenomena promote the relative fluorescence intensity
[35].

Conclusions

Novel photoactive and optically active PE3a—PE3h have been synthesized by the
reaction of diacid 1 with aromatic diols (2a—2h). The resulting polymers show
excellent solubility due to bulky pendant groups, good thermal stability with glass-
transition temperature around 200 °C, and fluorescence emission phenomena. Since
the obtained polymers are optically active they may have potential to be used in the
column chromatography technique for the separation of enantiomeric mixtures. The
choice of 1,8-naphthalenedicarboxylic anhydride was due to the many derivatives of
1,8-naphthalic anhydride exhibit strong fluorescence emission and serve for this
reason as fluorescent dyes and fluorescent whitening agents. For the investigation of
the fluorescence behavior of the PEs, one polymer was selected as representative
and its emission fluorescence pattern was recorded in some aprotic polar solvents by
fixing the excitation wavelength at maximum absorption wavelengths. The resulting
polymers could have many applications such as photoactive materials which may be
used in solar energy collectors as electro-optically sensitive materials and for laser
activity.

Acknowledgments We wish to express our gratitude to the Research Affairs Division, Isfahan
University of Technology (IUT), for partial financial support. Further financial support from National
Elite Foundation (NEF) and Center of Excellency in Sensors and Green Research (IUT) is gratefully
acknowledged. We also thanks in advanced Prof. B. Rezaie (Analytical Chemistry Division of IUT), Prof.
M. Amirnasr (Inorganic Chemistry Division of IUT), Mr. M. Dinari, Mr. M. Taghavi, and Dr. Z. Rafiee
for helpful discussions.

References

1. Pan P, Inoue Y (2009) Polymorphism and isomorphism in biodegradable polyesters. Prog Polym Sci
34:605-640

2. Huang X, Li C, Zheng L, Zhang D, Guana G, Xiaoa Y (2009) Synthesis, characterization and
properties of biodegradable poly(butylenes succinate)-block-poly(propylene glycol) segmented
copolyesters. Polym Int 58:893-899

3. Pang K, Kotek R, Tonelli A (2006) Review of conventional and novel polymerization processes for
polyesters. Prog Polym Sci 31:1009-1037

4. Vasanthi B, Ravikumar L (2007) Synthesis and characterization of new poly(azomethine esters)
having phenylthiourea units. Eur Polym J 43:4325-4331

@ Springer



562 Polym. Bull. (2010) 65:551-563

5. Mallakpour S, Seyedjamali H (2008) Synthesis and characterization of novel organosoluble and
optically active aromatic polyesters containing L-methionine and phthalimide pendent groups. Amino
Acids 34:531-538

6. Mallakpour S, Kolahdoozan M (2007) Synthesis and properties of thermally stable and optically
active novel wholly aromatic polyesters containing a chiral pendent group. Eur Polym J 43:
3344-3354

7. Mallakpour S, Rafiee Z (2008) Step-growth Polymerization of 5-(3-acetoxynaphthoylamino)iso-
phthalic acid with different aromatic diols. Iran Polym J 17:217-226

8. Ping Z, Linbo W, Bo-Geng L (2009) Thermal stability of aromatic polyesters prepared from di-
phenolic acid and its esters. Polym Degrad Stab 94:1261-1266

9. Chen Y, Yanga Y, Sua J, Tanb L, Wang Y (2007) Preparation and characterization of aliphatic/
aromatic copolyesters based on bisphenol-A terephthalate, hexylene terephthalate and lactide mio-
ties. React Funct Polym 67:396-407

10. Bertini F, Zuev VV (2006) Investigation of the thermal degradation of fully aromatic regular
polyesters: poly(oxy-1, 4-phenyleneoxyfumaroyl-bis-4-oxybenzoate). Polym Degrad Stab 91:
3214-3220

11. Liaw DJ, Liaw BY (2001) Synthesis and characterization of new soluble cardo polyesters derived
from 1,1-bis-[4-(4-chlorocarboxyphenoxy)phenyl]-4-tert-butylcyclohexane with various bisphenols
by solution polycondensation. J Polym Sci A 39:2951-2956

12. Ghaemy M, Mighani H, Ziaei P (2009) Synthesis and characterization of novel organosoluble
polyesters based on a DIOL with azaquinoxaline ring. J Appl Polym Sci 114:3458-3463

13. Tamami B, Yeganeh H, Kohmareh GA (2004) Synthesis and characterization of novel polyesters
derived from 4-aryl-2,6-bis(4-chlorocarbonyl phenyl) pyridines and various aromatic diols. Eur
Polym J 40:1651-1657

14. Bagheri M, Zahedi Rad R (2006) Synthesis and characterization of main chain liquid crystalline
polyesters containing 2,5-bis(4-hexyloxybenzoyloxy)hydroquinone and terephthalate units. Iran
Polym J 15:477-483

15. Fu C, Liu Z (2008) Syntheses of high molecular weight aliphatic polyesters in 1-alkyl-3-methyli-
midazolium ionic liquids. Polymer 49:461-466

16. Higashi F, Tobe AA (2001) A new polycondensation involving dicarboxylic acids with differently
activated carboxyl groups by TsCl/DMF/Py. Macromol Chem Phys 202:745-749

17. Mallakpour S, Kolahdoozan M (2006) Preparation and characterization of novel optically active
poly(Amide-Ester-Imide)s based on bis(p-aminobezoic acid)-N-trimellitylimido-S-valine via direct
polyesterification. Iran Polym J 15:307-315

18. Feng L, Hu J (2007) Preparation and properties of optically active poly(N-methacryloyl L-leucine
methyl ester). Polymer 48:3616-3623

19. Qing G, Sun T, Chen Z, Yang X, Wu X, He Y (2008) ‘Naked-Eye’ enantioselective chemosensors for
N-protected amino acid anions bearing thiourea units. Chirality 21:363-374

20. Fan Y, Kobayashi M, Kise H (2002) Synthesis and biodegradation of poly(ester amide)s containing
amino acid residues: the effect of the stereoisomeric composition of L- and D-phenylalanines on the
enzymatic degradation of the polymers. J Polym Sci A 40:385-392

21. Subramanian G (2001) Chiral separation techniques. Wiley-VCH, New York

22. Mallakpour S, Seyedjamali H (2008) Ionic liquid catalyzed synthesis of organosoluble wholly aro-
matic optically active polyamides. Polym Bull 62:605-614

23. Elizalde LE, Santos G (2008) Preparation of 6-benzyloxo-spirobenzopyran-indoline compounds and
the evaluation of their optical activities. Dyes Pigments 78:111-116

24. Mallakpour S, Rafiemanzelat F, Faghihi K (2007) Synthesis and characterization of new self-colored
thermally stable poly(amide-ether-urethane)s based on an azo dye and different diisocyanates. Dyes
Pigments 74:713-722

25. Mallakpour S, Rafiee Z (2007) Microwave-assisted clean synthesis of aromatic photoactive polya-
mides derived from 5-(3-acetoxynaphthoylamino)-isophthalic acid and aromatic diamines in ionic
liquid. Eur Polym J 43:5017-5025

26. Mallakpour S, Rafiee Z (2007) Efficient combination of ionic liquids and microwave irradiation as a
green protocol for polycondensation of 4-(3-hydroxynaphthalene)-1,2,4-triazolidine-3,5-dione with
diisocyanates. Polymer 48:5530-5540

27. Refat MS, El-Didamony AM, Grabchev Y (2007) UV-vis, IR spectra and thermal studies of charge
transfer complex formed between poly(amidoamine) dendrimers and iodine. Spectrochim Acta A
67:58-65

@ Springer



Polym. Bull. (2010) 65:551-563 563

28.
29.

30.

31.

32.

33.

34.

Barashkove NN, Gander OA (1994) Fluorescent Polymers Ellis Harwood, Chichester, UK
Mallakpour S, Taghavi M (2008) Microwave heating coupled with ionic liquids: synthesis and
properties of novel optically active polyamides, thermal degradation and electrochemical stability on
multi-walled carbon nanotubes electrode. Polymer 49:3239-3249

Higashi F, Takashi I, Akiyama N, Chang TC (1984) Further study of the direct polycondensation
reaction of hydroxybenzoic acids with tosyl chloride and N,N-dimethylformamide. J Polym Sci
22:3607-3617

Higashi F, Ong CH, Okada Y (1999) High-molecular-weight copolyesters of dihydroxybenzophe-
nones by induced copolyesterification using TsSCI/DMF/Py as a condensing agent. J Polym Sci A
37:3625-3632

Mallakpour S, Kowsari E (2005) Synthesis of organosoluble and optically active poly(ester-imide)s
by direct polycondensation with tosyl chloride in pyridine and dimethylformamide. Polym Bull
55:51-59

Van Krevelen DW, Hoftyzer PJ (1976) Properties of polymer. Elsevier Scientific Publishing Com-
pany, New York

Lide DR (2004) Handbook of chemistry and physics, 86th edn. CRC press, Taylor and Francis, Boca
Raton, Florida, USA

. Turro NJ (1991) Modern molecular photochemistry. University Science Books, Columbia University,

Columbia, USA

@ Springer



	Synthesis and characterization of novel optically active and photoactive aromatic polyesters containing 1,8-naphthalimidyl pendant group by step-growth polymerization
	Abstract
	Introduction
	Experimental
	Materials
	Equipments
	Monomer synthesis
	Polymer synthesis

	Results and discussion
	PEs synthesis
	Polymer characterization
	FT-IR study
	1H NMR study

	Polymer properties
	Solubility of the PEs
	Thermal properties
	Fluorimetric studies


	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


