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INTRODUCTION

Aliphatic polyesters plays an important role in solving
white pollution as it can easily be biodegraded and constitute
nowadays an important group of polymers that finds wide
application in biomedical field [1-6]. As the aliphatic polyester
are non-toxic and can enter the metabolic cycles of bio organism,
the poly(lactic acid) and poly(β-hydroxyalkanoates) have been
commercially synthesized and used in field of medicine from
long period [7]. A careful selection of monomers is required
to synthesize copolyester with desired properties such as
biodegradability, biocompatibility and biomedical application.
As a result of intensive research, 1,4-dithiane-2,5-diol have
been selected as special monomer to synthesize random copoly-
ester. Several reports indicate that sulphur containing polymers
exhibit both high refractive indices and high Abbe’s number
as sulphur atom have large atomic refraction and hence used
in making optical polymers and for use in photoresist formu-
lation for 193 nm immersion lithograph [8]. An optical polymer
using 1,4-dithiane derivatives have been reported by Okubo
et al. [9]. A resin obtained by curing polymerizable compo-
sition comprising sulpur containing cyclic compound like
dithiane derivatives have high refractive index, transparancy,
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low brittleness and high impact resistance, hence used in
making optical material. 1,4-Dithiane-2,5-diol also used as
resin modifier for controlling optical physical properties [10].
Polyester resin obtained by polymerization of carboxy conta-
ining compound and hydroxyl compounds and polymerizable
composition containing 1,4-dithiane-2,5-diol as monomer have
been used in the preparation of antireflective coating compo-
sition [11,12]. An ester obtained from dihydric alcohol such
as 1,4-dithiane-2,5-diol and poly basic aliphatic carboxylic
acid is used as plasticizer in cyanoacrylate adhesive [13]. It is
reported that 1,4-dithiane-2,5-diol is the main source to synthesize
sulphur containing heterocyclic compounds like thiophene and
1,3-thiazole families that have broad application in medicinal
chemistry [14,15]. The 2-aminothiophene derivatives have
interesting properties like antiviral and antitumour activites
[16-18], GluR6 Antagonism [19], inhibition of p53-Mdm2
interaction [20]. The thiophene derivatives obtained from 1,4-
dithiane-2,5-diol have excellent antiproliferative activity and
also inhibits the tubulin polymersation for the treatment of
cancer [21]. Available report confirms that 1,4-dithiane-4,5-
diol derivative have been used as drug to eject zinc ions from Human
Papillomavirus Type 16 E6 Oncoprotein that is responsible
for cervical cancer [22] and also attacks retroviral zinc fingers



and inhibits the HIV Type 1 replication [23]. The 1,4-dithiane
derivatives were highly active against Junin Virus and also
exhibited Virucidal activity [24]. Sebacic acid used as monomer
in current study has been reacted with multifunctional alcohols
giving rise to materials with good properties for cell growth
and control over physico-chemical and degradation properties
through the use of different polyols [25]. Hence new copoly-
ester poly(1,4-dithiane-2,5-diol sebacate–co–1,4-cyclohexane
diol sebacate) (PDCSe) with sulphur in main chain possessing
desired biomedical property is synthesized by direct melt
polycondensation method.

EXPERIMENTAL

1,4-Dithiane-2,5-diol, sebacic acid, 1,4-cyclohexane diol
were purchased from Sigma Aldrich. The catalyst titanium
tetra isopropoxide were purchased from Lancaster. The solvents
and chemicals AR grade were used as such. Using Ubbelohde
viscometer the inherant viscosity of copolyester was deter-
mined. FT-IR spectra of synthesized copolyester was recorded
using Perkin Elmer 883 Spectrophotometer. 1H NMR and 13C
NMR spectra of the copolyester using CDCl3 as a solvent was
recorded on a Bruker 400 MHz and Bruker 100 MHz spectro-
meter respectively. DSC thermogram was recorded to deter-
mine the thermal behaviour using DSC Q200 V23.10 Build
79 differential scanning calorimeter. Crystalline nature of the
synthesized copolyester were determined by wide angle XRD
using Bruker B8 wide angle XRD with Cu/30kv/15mA. By
MTT assay method the in vitro cytotoxicity against normal
(vero cell line) and cancer (A549 lung cancer cell line) were
determined. The antioxidant activity by DPPH scavenging
assay and antimicrobial activity by well diffusion method have
been determined.

Synthesis of copolyester: In a three necked round bottom
flask about 0.01 mol of 1,4-dithiane-2,5-diol, 0.01 mol of 1,4-
cyclohexane diol and 0.02 mol of sebacic acid is taken and
kept in an oil bath. The left inlet was connected to the nitrogen
cylinder and the middle inlet to the guard tube filled with
calcium chloride and the right inlet was closed with a stopper.
The mixture was heated along with magnetic stirring till the
constituents get melted and then about 0.8 mL of titanium
tetra isopropoxide was added and the temperature is maintained

at 132 °C upto 1 h. Then the temperature was increased to 142
°C and maintained for 2 h. The crude formed in the reaction
flask is dissolved in chloroform and then poured in ice cold
methanol and stirred. The reprecipitated copolyester PDCSe
is filtered and dried. The polymerization reaction occurs as
shown in Scheme-I.

RESULTS AND DISCUSSION

Solubility and viscosity studies: The synthesized copoly-
ester was dissolved in various solvents like DMF, DMSO, THF,
Chloroform and acetone to find their solubility. The copoly-
ester was soluble in chloroform, DMF and THF while partially
soluble in other solvents. The inherent viscosity of the polymer
PDCSe was determined by noting the flow time of the polymer
at the concentration of 1 mg/mL and the pure solvent using
Ubbelohde viscometer. The inherent viscosity of polymer was
found to be 0.82 dL/g.

FT-IR spectral studies: The IR spectra of the synthesized
copolyester showed a strong absorption band at around
1710.12 cm-1, which corresponds carbonyl stretching vibration
of ester group. The absorption bands at 2976.07 cm-1 and 1152
cm-1 was assigned to aliphatic C-H stretching of the diacids/
diols and C-O-stretching of ester group. The absorption bands
at 710 and 1450 cm-1 was attributed to C-S stretching and ali-
phatic C-C stretching, respectively. The formation of the ester
bond during polycondensation was confirmed from the report.

1H NMR and 13C NMR spectral studies: The 1H NMR
spectrum exhibited characteristic peak at 1.26 ppm and 1.616
ppm corresponding to the methylene protons of sebacic acid
and –CH2-CO protons in copolyester. The peak at 2.2-2.5 ppm
and 2.6-2.8 ppm is due to the –CH2-S and –CH-S protons of
1,4-dithiane-2,5-diol, while the peak 5.1-5.2 ppm is attributed
to –CH-O protons. The peak around 0.9 ppm is due to the methy-
lene protons of 1,4-cyclohexane diol. The 13C NMR spectrum
of the copolyester exhibited a characteristic peaks at 76.7 ppm
and 31.9 ppm corresponding to methylene carbon attached to
oxygen of –O-CH2 and methylene carbon attached to ester of
–O-CH2 respectively. The peak at 14.12 ppm and 29.58 ppm
is attributed to the methylene carbon in sebacic acid and 1,4-
cyclohexane diol respectively. The peaks at 22.6 and 77.3 ppm
is attributed to the –CH2-S and –CH-S carbon present in 1,4-
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dithiane-2,5-diol. Based on the spectral data it is confirmed that
the monomeric units are distributed in the random copolyester.

DSC studies: The thermal properties of the copolyester
is determined by the differential scanning calorimetry. The
DSC thermogram shows glass transistion temperature Tg as
94.08 °C and its melting point as 258.11 °C (Fig. 1).
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Fig. 1. DSC thermogram of PDCSe

Wide angle X-ray diffraction studies: The degree of crysta-
llinity of copolyester is determined by wide angle X-ray diffrac-
tion analysis. It is observed from the X ray diffractogram (Fig.
2) that PDCSe is amorphous in nature.
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Fig. 2. X-ray diffractogram of PDCSe

Antioxidant activity: The antioxidant activity of the synthe-
sized copolyester PDCSe is determined by DPPH scavenging
assay on TLC by dot blot method and by spectrophotometer.
The synthesized copolyester PDCSe showed radical scaven-
ging activity on TLC by turning purple colour of DPPH radical
into yellow which confirms that PDCSe having antioxidant
activity. The DPPH scavenging assay by spectrophotometer
for synthesized copolyester PDCSe showed various ranges of
percentage of inhibitions. The copolyester at the concentrations
(15.62-1000 µg/mL) were tested and maximum percentage of
inhibition activity was determined. The maximum percentages
of inhibition activity of copolyester was 78.49 % (Table-1) at
the concentration of 1000 µg/mL, whereas standard showed
maximum percentage of inhibition activity 75.85 % (quercetin)
at the concentration of 10 µg/mL. The IC50 (µg/mL) values was
425.53.

TABLE-1 
in vitro DPPH ACTIVITIES OF PDCSe 

Concentration (µg/mL) Inhibition of PDCSe (%) 
1000 78.49 ± 5.49 
500 58.75 ± 4.11 
250 42.28 ± 2.96 
125 26.11 ± 1.83 
62.5 22.11 ± 1.55 
31.25 20.77± 1.45 
15.62 9.20 ± 0.64 

IC50 (µg/mL) 425.53 

 
Antimicrobial activity: The in vitro antimicrobial activity

of the synthesized copolyester PDCSe is determined by well
diffusion method using Mueller Hinton agar (MHA) medium.
Synthesized copolyester have exhibited antimicrobial activities
with inhibition zones ranging from 12 to 18 mm, as shown in
Table-2. Three concentrations (250, 500 and 1000 µg) of
copolyester were tested against the pathogenic microbes and
they showed various range of zone of clearance.

Anticancer activity: The in vitro anticancer activity of
the synthesized copolyester PDCSe is determined by MTT
assay method. The % cell viability of copolyester at different
concentrations on the vero cell line and A549 cell line were
determined. The effect of polymer at various concentration
on the vero cell line and A549 cell line is expressed as % cell
viability. It is explicit from Table-3 that the copolyester showed
more anticancer activity on A549 (lung cancer) cell line at
low concentration (125 µg/mL).

TABLE-2 
ANTIMICROBIAL ACTIVITY OF PDCSe BY WELL DIFFUSION METHOD 

Zone of inhibition (percentage of inhibition) 
Human pathogen Concentration 

PDCSe Kannamycin (30 µg) 
1000 18 ± 1.26 (20 ± 1.40) 
500 11 ± 0.7 (12.22 ± 0.85) Klebsiella pneumoniae 
250 – 

30.67 ± 1.52 (34.07 ± 1.38) 

1000 14 ± 0.84 (15.55 ± 1.08) 
500 12 ± 0.84 (13.33 ± 0.93) Bacillus subtilis 
250 – 

27.00 ± 1.00 (30.00 ± 0.90) 

1000 13 ± 0.91 (14.44 ± 1.01)  
500 – Staphylococcus aureus 
250 – 

26.00 ± 1.00 (29.25 ± 0.52)  
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Conclusion

The copolyester PDCSe was synthesized by direct melt
polycondensation method and its chemical structure was con-
firmed by FT-IR and NMR spectroscopy. The inherent viscosity
of the PDCSe shows that it has high degree of polymerization.
The X-ray diffraction studies indicated that copolyester PDCSe
is amorphorus in nature. As the dithiane derivatives have wide
properties related to biomedical field, the synthesized copoly-
ester PDCSe using 1,4-dithiane-2,5-diol also have exhibited
antioxidant, antimicrobial and anticancer activity, hence it can
further investigated to make it suitable for biomedical appli-
cation.
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