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a b s t r a c t

Four novel antimicrobial phthalimido aromatic hydrazide derivatives were synthesized from N-(4-
chlorocarbonylphenyl) phthalimide with benzhydrazide, salicylhydrazide, p-aminobenzohydrazide or
p-aminosalicylhydrazide. They were characterized by FTIR, 1H NMR, mass spectra, elemental analyses
and antimicrobial activities. These derivatives were investigated as thermal stabilizers for rigid PVC using
thermogravimetric analysis technique, in nitrogen. The results revealed the greater stabilizing efficiency
of the investigated derivatives as shown by their higher initial decomposition temperature and higher
residual weight percent in relation to dibasic lead carbonate (DBLC), cadmium-barium-zinc (CdeBaeZn)
stearate and n-octyltin mercaptide (n-OTM) industrial stabilizers. The stabilizing efficiency increased
with the introduction of electron donating substituent groups in the aromatic ring of the phthalimido
aromatic hydrazide derivatives.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Poly (vinyl chloride), PVC, has been widely used in the fields of
construction materials, food package, decoration, medicine (e. g.,
for the fabrication of indwelling catheters in the hospital care), and
commodities, such as construction tubing, films, toys, wallpaper,
etc. These materials and products cannot avoid smirching with
bacteria or microbes during their daily usage so that it is important
to develop antibacterial PVC composites for such applications.
Some attempts have been performed to prepare antibacterial PVC
composites using different antibacterial nanoparticles. Zirconium
phosphate containing nano-sized silver particles [1] and TiO2/Agþ

nanoparticles [2] were used for these studies. Further, isothiocya-
nate nucleophilically substituted PVC could also be used as anti-
bacterial PVC [3].

On the other hand, PVC is known to undergo extensive degra-
dation, especially during its molding and applications at high
temperatures. Its thermal degradation occurs by autocatalytic
dehydrochlorination reaction with subsequent formation of con-
jugated double bonds [4]. This results in an unacceptable discol-
oration of the polymer and a loss of its physical and mechanical
amed).
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properties together with a decrease or an increase in molecular
weight as a result of chain-scission or cross-linking of the polymer
molecules, respectively [5]. It is assumed that various defect sites in
the polymer chains are responsible for this instability. Possible
defect structures in PVC are branching, chloroallyl groups, end
groups, oxygen containing groups, head to-head structures and the
stereo order of the monomer units (tacticity) [6]. Various kinds of
stabilizers have been used to inhibit the thermal degradation of
PVC either by reacting with the evolved hydrogen chloride gas
produced as a result of degradation process, such as basic salts, or
by displacing the labile chlorine in PVC chains by more stable ester
or mercaptide groups, such as metallic soaps, and esters or mer-
captides of dialkyltin [7]. Most of the mentioned stabilizers lead to
the formation of heavy metal chlorides as byproducts which will
act as strong catalysts for the subsequent dehydrochlorination of
PVC and may present a serious environmental problem [8]. Various
organic ligands have been proposed as co-stabilizers so as to react
with these metal chlorides and provide more protection to the
polymer [9]. Recently, metal-free and environmentally acceptable
fully organic stabilizers have been established for the thermal
stabilization of PVC [10e12]. Because the time of fabrication of PVC
is relatively short, and determination of the amount of stabilizer
consumed after various processing times indicates that most of the
stabilizer remains unreacted, the final product contains large
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amount of heat stabilizer. For this, a new trend has been established
based on the use of thermal stabilizers of antimicrobial nature to
obtain thermally stable antimicrobial PVC composites [11,12].

N-Substituted phthalimides constitute an interesting class of
organic compounds having a wide range of applications in many
fields such as medicine, pharmacology, biology, chemistry and
physics. They have a great deal of attention due to their biological
activity such as antibacterial [13e15], antifungal [14], anti-
inflammatory [16e18], and antitumor [19e22]. The hydrazide-
hydrazone derivatives represent a class of compounds possessing
a wide range of biological activities such as antimicrobial [23],
antimycobacterial [24], antitumor [25], anti-inflammatory [26],
trypanocidal [27], antimalarial [28], and anti-human immunodefi-
ciency virus activities [29].

N-Substituted phthalimides [30] and aromatic hydrazides [31]
have been proven to be effective stabilizers for PVC against ther-
mal degradation. The stabilizing efficiency of the N-substituted
phthalimides are strongly affected both by the nature and position
of the substituents in the aryl ring being greater for substituents of
the electron donating nature and lower for those having electron
withdrawing effect; while the non-substituted derivative being in
the middle [30]. Further, polymers bearing the phthalimide moi-
eties as pendant groups exhibit relatively high thermal stability
[32,33]. On the other hand, the stabilizing efficiency of the aromatic
hydrazides increased with increasing the number of the hydrazide
linkages as well as with the introduction of electron donating
substituents in the phenyl ring of the stabilizer molecule [31].

In view of the above, it would be expected that phthalimido
aromatic hydrazide derivatives combine the characteristics of both
of the phthalimides and the aromatic hydrazides which could
greatly improve the thermal stability of PVC and could inhibit
effectively the growth of bacteria and fungi. In the present study,
we hereby report the synthesis, characterization and evaluation of
antibacterial and antifungal activities of some new phthalimido
aromatic hydrazides containing substituent groups at their aro-
matic rings of the hydrazide part. It is of our great interest to
investigate these derivatives as new types of antimicrobial agents
for the stabilization of rigid PVC against thermal degradation and to
obtain thermally stable antimicrobial PVC composites. The effect of
the substituent group on the inhibition of the thermal degradation
of rigid PVC is also investigated.

2. Experimental

2.1. Materials

Commercial PVC (suspension) used in this study had a K-value
of 70 and was supplied by Hüls Co. (Frankfurt, Germany).
Cadmium-barium-zinc (CdeBaeZn) stearate complex was ob-
tained from G. Siegle and Co. (Stuttgart, Germany), di-n-octyltin bis
(isooctylmercaptoacetate) (n-octyltin mercaptide, n-OTM) was
supplied by Nitto Kasei Co., Ltd. (Osaka, Japan), dibasic lead car-
bonate (DBLC) was obtained from the National lead Co. (Darmstadt,
Germany) and p-aminobenzhydrazide was obtained from Nacalai
Tesque (Kyoto, Japan) were also used in this study. N-(4-
chlorocarbonyl phenyl) phthalimide was synthesized following
the method described by Oishi and Fujimoto [34]. Benzhydrazide,
salicylhydrazide, and p-aminosalicylhydrazide were prepared from
the corresponding acids by two-step procedure in which the acid
was esterified to its methyl ester followed by reaction of the pro-
duced ester with hydrazine hydrate [35].

2.2. Preparation of the phthalimido aromatic hydrazide derivatives

Phthalimido aromatic hydrazide derivatives 1e4 (see Scheme 1)
were synthesized by dissolving 1 mol of benzhydrazide, salicylhy-
drazide, p-aminobenzhydrazide, or p-aminosalicylhydrazide in
100 ml of N,N-dimethyl formamide (DMF), and allowed to cool
at �10 �C using an ice-salt bath for 15 min. Then, 1 mol of solid N-
(4-chlorocarbonyl phenyl) phthalimide was added slowly and then
stirred during 1 h. The cooling bath was removed and the tem-
perature of condensation reaction was allowed to rise gradually to
room temperature and maintained for an additional 2 h with stir-
ring. The reaction mixtures were precipitated in 500 ml of
methanol-water mixture (1:2), washed with a solution of sodium
carbonate to remove any residual acid, which may be formed as a
result of decomposition of the acid chloride, washed repeatedly
with distilled water, methanol and finally dried in a vacuum oven at
80 �C overnight. As the reaction rate of the hydrazide group with
the acid chloride group is seven times faster than that of the amino
group [36], the synthesis of the amino derivatives (3 and 4) was
based on the selective reactivity of the acid chloride with the hy-
drazide group of aminobenzhydrazide and aminosalicylhydrazide,
respectively. All the derivatives and particularly the derivatives 3
and 4 were extensively purified by repeated precipitation from
their DMF solutions using methanol-water mixture (1:2). The
elemental analysis and MS m/s (Mþ) data of these derivatives
agreed well with the theoretical values (Table 1).

2.3. Measurements

The Fourier transform infrared (FTIR) spectrawere recorded on a
Shimadzu FTIR 8201 PC spectrophotometer using KBr pellets.

The proton nuclear magnetic resonance (1H NMR) spectra were
recorded with a Jeol 270 MHz (Tokyo, Japan) spectrophotometer in
dimethyl sulfoxide DMSO-d6 as a solvent and the chemical shifts
were recorded in ppm relative to tetramethyl silane (TMS) as an
internal standard.

Mass spectra were recorded on a GCMS-QP 1000 ex spectra
Mass spectrometer (Shimadzu, Tokyo, Japan) operating at 70 eV.

Elemental analyses were carried out in Perkin-Elmer (Model
2410 series II) C, H, N Analyzer (USA) at the Micro-Analytical center
at Cairo University, Giza, Egypt.

Antibacterial activities of the prepared derivatives against Ba-
cillis subtilis (B. subtilis, RCMB 010069) and Streptococcus pneumo-
niae (S. pneumoniae, RCMB 010019) as Gram-positive bacteria and
against Escherichia coli (E. coli, RCMB 010055) as Gram-negative
bacteria were investigated by measuring the diameter of the inhi-
bition zone (in mm) using the agar well diffusion method [37].
Ampicillin and Gentamicin were used as antibacterial standard
drugs.

Antifungal activities were investigated by screening the pre-
pared derivatives separately in vitro against Aspergillus fumigatus
(A. fumigatus, RCMB 02569), Syncephalastrum racemosum (S. race-
mosum, RCMB 05925) and Geotricum candidum (G. candidum, RCMB
05098) fungi. The antifungal activities were investigated by
measuring the diameter of the inhibition zone (in mm) using the
agar well diffusion method [38]. Amphotericin B was used as
antifungal standard drug.

The minimum inhibition concentration (MIC) was determined
by counting the colonies using two-fold serial dilutions of each
derivative. The MIC was considered to be the lowest concentration
that completely inhibits against inoculums compared with the
control, disregarding a single colony or a faint haze caused by the
inoculums.

Thermogravimetric analysis measurements were performed
using Shimadzu TGA-50H Thermal Analyzer, under nitrogen
(30ml min�1) from room temperature to 500 �Cwith a heating rate
of 10 �Cmin�1, where approximately 20mg of samplewas required.
The investigated derivatives and blank PVC powder were analyzed



Scheme 1. Synthesis of novel phthalimido aromatic hydrazide derivatives.

Table 1
Characterization of the prepared phthalimido aromatic hydrazide stabilizers.

Derivative
code

Melting
point
(�C)

Characteristic FTIR peaks,
n (cm�1)

Characteristic 1H NMR signals,
d (ppm)

MS
m/z
(Mþ)

Elemental analysesa

%C %H %N %O

1 >300 3462, 3327 (NH), 3063, 3024 (¼CH), 1606, 1579 (Ph),
1650(C]O, amide), 1704 (C]O, imide), 848
(phthalimide- moiety)

7.50e8.10 (m, 13H, ArH), 10.5, 10.6 (2s, 2H, 2NH)
disappearing on deuteration

385 68.57
(68.53)

3.90
(3.80)

10.91
(10.90)

16.62
(16.77)

2 >300 3456 (OH), 3348e3291 (NH), 3063, 3029 (]CH),
1641 (C]O, amide), 1716 (C]O, imide), 1605, 1492
(Ph), 844 (phthalimide- moiety)

6.9e8.102 (m, 12H, ArH), 10.75, 10.81 (2s, 2H, 2NH
disappearing on deuteration), 11.94e11.99 (s, broad, 1H,
OH)

401 65.84
(65.80)

3.74
(3.83)

10.47
(10.43)

19.95
(19.94)

3 >300 3459, 3360 (NH), 3150 (¼CH), 1605, 1506 (ph), 1655
(C]O, amide), 1712 (C]O, imide), 846
(phthalimide- moiety)

6.58e8.13 (m, 12H, ArH), 10.07e10.64 (2s, 2H, 2NH
disappearing on deuteration); 5.75 (s, broad, 2H, NH2

disappearing on deuteration)

400 66.00
(66.01)

4.00
(3.99)

14.00
(13.90)

16.00
(16.10)

4 >300 3466 (OH), 3367, 3311 (NH), 3083 (¼CH), 1605,
1483(ph), 1645(C]O, amide), 1711 (C]O, imide),
847(phthalimide- moiety)

7.58e8.095 (m, 11H, ArH), 5.9, 6.01 (2s, 2H, NH2

disappearing on deuteration), 11.2, 11.5 (2s, 2H, 2NH
disappearing on deuteration), 6.1 (s,1H, OH),

416 63.46
(63.40)

3.85
(3.87)

13.46
(13.97)

19.23
(18.76)

a Data given between parentheses corresponded to experimental elemental analyses.
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individually followed by stabilized PVC samples prepared by thor-
oughly mixing in a mortar 1 g of PVC powder with 20 mg of the
derivative. From this analysis, the thermograms were obtained
illustrating the sample's weight loss or sample's residual weight.

3. Results and discussion

3.1. Synthesis and characterization of the phthalimido aromatic
hydrazide derivatives

Four phthalimido aromatic hydrazide derivatives 1e4 (Scheme
1) were synthesized via a low temperature (�10 �C) solution (in
anhydrous DMF) condensation reaction between N-(4-
chlorocarbonylphenyl) phthalimide (1 mol) and benzhydrazide,
salicylhydrazide, p-aminobenzhydrazide or p-
aminosalicylhydrazide (1 mol). The condensation reaction pro-
ceeded through the addition of the solid acid chloride into the
cooling DMF solution of the hydrazide. The resulting condensation
reaction mixtures were precipitated into methanol-water mixture,
filtered and dried in vacuum at 80 �C overnight. All the derivatives
are novel and were obtained in a near-quantitative crude yield
which ranged between 98.2 and 99.4%.

The structures of the synthesized derivatives 1e4 were ascer-
tained on the basis of their consistent elemental analyses, FTIR, 1H
NMR and mass spectral characteristics (Table 1, Figs. 1 and 2). The
functional groups (X, Y) were chosen based on their electron donor
potency, being o- and p-directing, which increased the electron
density on the conjugated structure of the phthalimido aromatic
hydrazides, and consequently increased their potency to interact
with the degradative products of PVC chains.



Fig. 1. Transmittance FTIR spectra of phthalimido aromatic hydrazide derivatives.
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3.2. Antibacterial activity of the phthalimido aromatic hydrazide
derivatives

Phthalimido aromatic hydrazide derivatives 1e4were evaluated
for their in vitro antibacterial activity against Gram-positive bac-
teria B. subtilis and S. pneumoniae and Gram-negative bacteria E. coli
by the agar well diffusion technique using Ampicillin and Genta-
micin as reference standards and the results are presented in
Table 2.

Phthalimido aromatic hydrazide derivatives 1e4 showed good
antibacterial activity. Their inhibitory effect against all the tested
bacteria followed the sequence: 2 > 4 > 3 > 1. The presence of
hydroxyl group on the aromatic ring of the hydrazide part
increased the antibacterial activity as evidenced by derivative 2.
Derivative 3 was less active than the derivative 2, which indicates
that the NH2 group is less effective in improving the antibacterial
activity than the hydroxyl group. The electron donating power of
the amino group is larger than that of the hydroxyl group. This may
increase the electron density on the amino derivative and
consequently may decrease its potency to interact with the nega-
tively charged microbial cell membrane leading to lower antibac-
terial activity compared to the hydroxy derivative. The lower
antibacterial activity of derivative 4 in comparison to derivative 2
may be attributed to the presence of an additional NH2 group in it.
The non-substituted derivative 1 is the least active one among
these derivatives against all the tested bacteria. The most active
derivative 2 exhibited an inhibition zone diameter of
23.1 ± 0.63 mm with MIC value of 0.49 mg/ml (Table 2) against
S. pneumoniae corresponded to the inhibition zone diameter of
21.6 ± 0.21 mm and MIC value of 0.98 mg/ml (Table 2) for standard
drug Ampicillin. Thus, derivative 2 displayed better activity against
S. pneumoniae than that of the reference drug Ampicillin. Moreover,
derivative 4 showed activity against S. pneumoniae nearly equiva-
lent to the reference drug Ampicillin (Table 2). The derivatives 1e4
showed greater antibacterial activity against B. subtilis than that
against S. pneumoniae.

Moreover, the derivatives 1e4 were more active against the
Gram-positive bacteria than against the Gram-negative bacteria
(Table 2). As the strongest, derivative 2 caused inhibition zone
diameter of B. subtilis and S. pneumoniae of 24.5 ± 0.67 and
23.1 ± 0.63 mm, respectively, corresponded to 21.3 ± 0.58 mm of
E. coli. This may be attributed to their different cell wall. The cell
wall of Gram-positive bacteria is fully composed of peptide poly-
glycogen. The peptidoglycan layer is composed of networks with
plenty of pores, which allow foreignmolecules to come into the cell
without difficulty and allow more rapid absorption of ions into the
cell, while the cell wall of the Gram-negative bacteria is made up of
a thin membrane of peptide polyglycogen and an outer membrane
constituted of lipopolysaccharide, lipoprotein and phospholipids.
Because of the complicated bilayer cell structure, the outer mem-
brane is a potential barrier against foreign molecules [39]. There-
fore, these derivatives had different effects on the two kinds of
bacteria. An additional evidence of the greater activity of these
derivatives against Gram-positive bacteria than Gram-negative
bacteria comes from their MIC values. Because the MIC values of
the derivative 2 against B. subtilis and against S. pneumoniae were
0.24 and 0.49 mg/ml, respectively, the MIC value against E. coli was
3.9 mg/ml (Table 2).

3.3. Antifungal activity of the phthalimido aromatic hydrazide
derivatives

Phthalimido aromatic hydrazide derivatives 1e4were evaluated
for their in vitro antifungal activity against G. candidum,
A. fumigatus, and S. racemosum by the agar well diffusion technique
using Amphotericin B as reference drug and the results are pre-
sented in Table 3.

It can be noted that, derivative 2 exhibited equivalent inhibition
zone diameter (22.9 ± 0.44 mm) and MIC value (0.98 mg/ml) to the
reference drug Amphotericin B (22.8± 0.11mm, 0.98 mg/ml) against
A. fumigatus. Further, derivative 2 emerged as the most potential
candidates against S. racemosum with inhibition zone diameter of
21.2 ± 0.58 mm and MIC value of 0.98 mg/ml which are better than
those of the standard drug Amphotericin B (20.3 ± 0.19 mm,
1.95 mg/ml). The rest of the derivatives exhibited different in vitro
antifungal activity with inhibition zone diameter from 14.2 ± 0.63
to 21.4 ± 0.58 mm with MIC values from 0.98 to 125 mg/ml against
the tested strains of fungi.

3.4. Thermal stability of the phthalimido aromatic hydrazide
derivatives

Fig. 3 shows the results of the thermal stability and degradation
behavior of the prepared phthalimido aromatic hydrazide



Fig. 2. 1H NMR spectra of phthalimido aromatic hydrazide derivatives.
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derivatives containing eOH and/or eNH2 groups in the aromatic
ring of their hydrazide part. These results illustrate the weight
losses of these derivatives obtained from thermogravimetric anal-
ysis (TG) measurements in nitrogen atmospheres. TG measure-
ments were performed on these derivatives in order to examine the
influence of their structure differences on their degradation
behavior. All the TG measurements were carried out at a heating
rate of 10 �C min�1 and under a gas flow stream of 30 ml min�1.

The results clearly revealed that all the investigated derivatives
exhibited a characteristic similar degradation behavior which
consisted of three distinct steps in which appreciable weight losses
were detected. During the first weight loss step, which occurred
between 90 and 130 �C, all the derivatives exhibited relatively small
losses of only about 1e2.5% of their original weights. These weight
losses were clearly attributable to the evaporation of absorbed
moisture from the surface of the derivatives. The second step - in
which all the investigated derivatives showed considerable losses -
occurred in various temperature regions for various derivatives
(Table 4). This step reflected the occurrence of the thermally
induced cyclodehydration reaction of these derivatives into the



Table 2
Inhibition indices and minimum inhibitory concentration (MIC) of phthalimido aromatic hydrazide derivatives against B. subtilis, S. pneumoniae and E. coli.

Derivative code Tested bacteria

B. subtilis
(R CMB010069)

S. pneumoniae
(R CMB 010019)

E. coli
(RCMB 010055)

Inhibition zone
(mm)

MIC
(mg/ml)

Inhibition zone
(mm)

MIC
(mg/ml)

Inhibition zone
(mm)

MIC
(mg/ml)

1 18.3 ± 0.58 7.81 16.8 ± 0.58 15.63 14.2 ± 0.58 125
2 24.5 ± 0.67 0.24 23.1 ± 0.63 0.49 21.3 ± 0.58 3.90
3 20.3 ± 0.58 1.95 19.3 ± 0.44 3.90 16.8 ± 0.58 15.65
4 22.4 ± 0.63 0.49 21.3 ± 0.44 0.98 19.1 ± 0.25 3.90
Ampicillin 29.8 ± 0.15 0.015 21.6 ± 0.21 0.98 e

Gentamicin e e e e 22.8 ± 0.22 0.98

Table 3
Inhibition indices and minimum inhibitory concentration (MIC) values of phthalimido aromatic hydrazide derivatives against G. candidum, A. fumigatus, and S. racemosum.

Derivative code Tested fungi

G. candidum
(RCMB 05098)

A. fumigatus
(RCMB 02569)

S. racemosum
(RCMB 05925)

Inhibition zone
(mm)

MIC
(mg/ml)

Inhibition zone
(mm)

MIC
(mg/ml)

Inhibition zone
(mm)

MIC
(mg/ml)

1 15.9 ± 0.58 31.25 15.2 ± 0.58 62.50 14.2 ± 0.63 125
2 23.9 ± 0.58 0.49 22.9 ± 0.44 0.98 21.2 ± 0.58 0.98
3 18.4 ± 0.44 7.81 17.1 ± 0.44 15.63 16.2 ± 0.63 31.25
4 21.4 ± 0.58 0.98 20.3 ± 0.55 1.95 18.9 ± 0.63 3.90
Amphotericin B 26.7 ± 0.15 0.12 22.8 ± 0.11 0.98 20.3 ± 0.19 1.95

Fig. 3. Typical TG thermograms patterns of novel phthalimido aromatic hydrazide
derivatives. All the thermograms were recorded in nitrogen, at a heating rate of
10 �C min�1 and under a gas flow rate of 30 ml min�1.
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corresponding 1,3,4-oxadiazole derivatives (10, 20, 30 and 40) by
losing water (Scheme 2). The amount of water evolved during the
cyclodehydration reaction was 4.5e5.5% (based on the weight of
the perfectly dried derivatives), which seems to be in good
agreement with the theoretical value (4.33e4.68 wt %) calculated
for the expected 1,3,4-oxadiazole derivatives (Scheme 2).

The third weight loss step was steep and indicated the decom-
position of these derivatives containing 1,3,4-oxadiazole ringwhich
were formed in the second step. It is worth mentioning that all of
these losses were estimated relative to the samples' weights at the
beginning of each step. As can be seen from Fig. 3, improved
resistance to high temperatures was associated with the presence
ofeOH and/oreNH2 groups in the investigated derivatives. Thus, at
all used temperatures, the hydroxy amino derivative 4 showed the
highest stability, relative to that of the other derivatives, as judged
by the lowest weight losses and by the highest initial decomposi-
tion temperature. On the other hand, the derivative 1 (non-
substituted one) exhibited the lowest thermal stability. The other
derivatives aligned themselves in between these two extreme
cases, so that with respect to their weight remaining at any
particular temperature, their order of stability was 4 > 3 > 2 > 1.
Thus, eOH and/or eNH2 substitution at the aromatic ring of the
hydrazide part of these derivatives improved their stability at high
temperatures. This should allow for establishment of stronger
intermolecular hydrogen bonds which would be more difficult to
break and therefore more resistance to elevated temperatures. The
resulting 1,3,4-oxadiazole derivatives (10, 20, 30 and 40) start degra-
dation in the temperature range above 285e320 �C without weight
loss at lower temperature (Table 4). They lost 60e81.6% of their
original weights at 500 �C. This high thermal stability may be
attributed to the chemical structure of these derivatives which
possesses an aromatic, an imide, a 1,3,4-oxadiazole rings, a
phenolic eOH and/or aromatic eNH2 groups. These groups are
known to be highly resistance to elevated temperatures. This in
addition to the strong intermolecular hydrogen bonding estab-
lished between the imide carbonyl and the phenolic eOH and
eNH2 groups of the neighboring molecules.



Table 4
Thermogravimetric analyses of novel phthalimido aromatic hydrazide derivatives, in nitrogen. Atmosphere at a heating rate of 10 �C min�1 and under a gas flow rate of
30 ml min�1

Derivative code Temperature range of cyclodehydration reaction/�C Onset degradation temperature/�C Weight loss/% ata

400 �C 450 �C 500 �C

1 210e250 285 44.50 68.50 81.60
2 225e265 300 41.00 64.00 73.66
3 240e280 310 36.00 56.00 64.00
4 250e295 320 30.00 48.75 60.00

a All the weight losses were determined relative to the derivatives' weights at the beginning of the degradation step.

Scheme 2. Thermal cyclodehydration and decomposition reactions of novel phthalimido aromatic hydrazide derivatives.

Fig. 4. Thermogravimetric curves of rigid PVC in the presence of 2 wt % of various
phthalimido aromatic hydrazides derivatives and reference stabilizers at a heating rate
of 10 �C/min and a nitrogen flow rate of 30 mlmin�1.
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3.5. Thermal stability of PVC in the presence of phthalimido
aromatic hydrazide derivatives

Results of TG measurements of rigid PVC stabilized by various
phthalimido aromatic hydrazide derivatives (1, 2, 3 and 4) are
represented in Fig. 4. All the TG measurements were carried out
from room temperature to 500 �C at a heating rate of 10 �C min�1

and under a nitrogen flow stream of 30 ml min�1. The results of the
non-stabilized blank PVC and those of the PVC samples stabilized
by dibasic lead carbonate (DBLC), barium-cadmium-zinc
(BaeCdeZn) stearate and n-octyltin mercaptide (n-OTM) as refer-
ence stabilizers are also given for comparison. The choice of these
reference stabilizers was based on the fact that they represent the
three major classes of the commercially used stabilizers, which are
basic salt stabilizers, soap stabilizers and organtin stabilizers,
respectively. For all the measurements, the stabilizers were used in
a concentration of 2 wt % of PVC and the results represent the
average of three comparable measurements of each stabilizer.

The results clearly revealed that the investigated derivatives
exhibited a greater stabilizing efficiency than all the commercially
used reference stabilizers. The greater stabilizing efficiency is
shown not only by the higher initial decomposing temperature, but
also by the higher rate of residual weights of PVC stabilized with
the investigated derivatives during the subsequent stages of
degradation as compared with the reference stabilizers (Fig. 4).
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Moreover, the results revealed that the nature of the substituent
groups in the aryl nucleus of the hydrazide part (eOH and eNH2
groups) of the investigated derivatives affects the initial decom-
position temperature value to different extent, as well as the rate of
the residual weight of the PVC stabilized with the phthalimido
hydrazide derivatives. This indicates the important role played by
the substituent groups at the aromatic ring in the stabilization
process. The introduction of the eOH group and/or eNH2 group
into the phenyl rings resulted in to an appreciable increase in the
initial decomposition temperature (at the early stages of degrada-
tion) and slight increasing in the residual weight (at subsequent
stages of degradation). This may be attributed to the nature of these
substituents (electron rich substituent), which could donate elec-
trons towards the conjugated structure of the phthalimido aro-
matic hydrazides, increasing their ability to intervene in the
degradation process of PVC relative to that of the non-substituted
derivative 1.

An experimental proof supporting this conclusion could be seen
in the greater efficiency of the amino derivatives 3 and 4 relative to
that of the hydroxy derivative 2. This is in accordance with the
greater electron donating power of eNH2 group relative to that of
the eOH group. The enhanced efficiency of the amino derivatives
could also be related to another two reasons: (1) at the early stages
of degradation, the presence of the amino group in the para-posi-
tion in the phenyl ring maymake its electron donation proceed to a
greater extent and be much easier; and (2) the ability of the amino
group to act as a HCl absorber at the subsequent stages of degra-
dation based on its basic character, thus protecting the polymer
from the deleterious effect of this acidic degradation promoter.
4. Conclusions

The prepared phthalimido aromatic hydrazide derivatives are
efficient antimicrobial agents against B. subtilis and S. pneumoniae
as Gram-positive bacteria and against E. coli as Gram-negative
bacteria and against A. fumigatus, S. racemosum and G. candidum
fungi. They are also efficient stabilizers for rigid PVC against ther-
mal degradation compared with industrial stabilizers such as DBLC,
CdeBaeZn stearate and n-OTM. From the above conclusions, it is
possible to recommend the use of phthalimido aromatic hydrazide
derivatives as antimicrobial thermal stabilizers for rigid PVC, to
obtain thermally stable antimicrobial PVC/phthalimido aromatic
hydrazide composites.
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pects and therapeutic potential of cyclic imides, Quim Nova 26 (2003)
230e241.

[15] D. Bhambi, V.K. Salvi, A. Bapna, G. Pemawat, G.L. Talesara, Synthesis and
antimicrobial evaluation of some alkoxyphthalimide derivatives of naph-
thyridine, Indian J. Chem. B 48 (2009) 697e704.

[16] S.G. Stewart, D. Spagnolo, M.E. Polomska, M. Sin, M. Karimi, L.J. Abraham,
Synthesis and TNF expression inhibitory properties of new thalidomide ana-
logues derived via Heck cross coupling, Bioorg. Med. Chem. Lett. 17 (2007)
5819e5824.

[17] L.M. Lima, P. Castro, A.L. Machado, C.A.M. Fraga, C. Lugnier, V.L.G. Moraes,
E.J. Barreiro, Synthesis and anti-inflammatory activity of phthalimide de-
rivatives, designed as new thalidomide analogues, Bioorg. Med. Chem. 10
(2002) 3067e3073.

[18] M. Tetsuhashi, M. Ishikawa, M. Hashimoto, Y. Hashimoto, H. Aoyama, Devel-
opment of tryptase inhibitors derived from thalidomide, Bioorg. Med. Chem.
18 (2010) 5323e5338.

[19] S.M. Sami, R.T. Dorr, D.S. Alberts, A.M. Solyom, W.A. Remers, Analogues of
amonafide and azonafide with novel ring systems, J. Med. Chem. 43 (2000)
3067e3073.

[20] J.J. Wang, T.Y. Liu, P.H. Yin, C.W. Wu, Y.T. Chern, C.W. Chi, Adamantyl mal-
eimide induced changes in adhesion molecules and ROS are involved in
apoptosis of human gastric cancer cells, Anticancer Res. 20 (2000)
3067e3074.

[21] I. Ali, W.A. Wani, K. Saleem, A. Haque, Thalidomide: a banned drug resurged
into future anticancer drug, Curr. Drug Ther. 7 (2012) 13e23.

[22] A. Mazzocca, V. Carloni, The metastatic process: methodological advances and
pharmacological challenges, Curr. Med. Chem. 16 (2009) 1704e1717.

[23] D. Kumar, V. Judge, R. Narang, S. Sangwan, E.D. Clercq, J. Balzarini,
B. Narasimhan, Benzylidene/2-chlorobenzylidene hydrazides: synthesis,
antimicrobial activity, QSAR studies and antiviral evaluation, Eur. J. Med.
Chem. 45 (2010) 2806e2816.

[24] A. Nayyar, V. Monga, A. Malde, E. Coutinho, R. Jain, Synthesis, anti-tuberculosis
activity, and 3D-QSAR study of 4-(adamantan-1-yl)-2-substituted quinolines,
Bioorg. Med. Chem. 15 (2007) 626e640.

[25] K. Sztanke, T. Tuzimski, J. Rzymowska, K. Pasternak, M. KandefereSzerszen,
Synthesis, determination of the lipophilicity, anticancer and antimicrobial
properties of some fused 1,2,4-triazole derivatives, Eur. J. Med. Chem. 43
(2008) 404e419.

[26] M.A.M. Radhwan, E.A. Ragab, N.M. Sabry, S.M. EleShenawy, Synthesis and
biological evaluation of new 3-substituted indole derivatives as potential anti-
inflammatory and analgesic agents, Bioorg. Med. Chem. 15 (2007)
3832e3841.

[27] A.C.L. Leite, R.S. Lima, D.R. Moreira, M.V. Cardoso, A.C.G. Brito, L.M.F. Santos,
M.Z. Hernandes, A.C. Kiperstok, R.S. Lima, M.B.P. Soares, Synthesis, docking,
and in vitro activity of thiosemicarbazones, aminoacyl-thiosemicarbazides
and acyl-thiazolidones against Trypanosoma cruzi, Bioorg. Med. Chem. 14
(2006) 3749e3757.

[28] S. Gemma, G. Kukreja, C. Fattorusso, M. Persico, M.P. Romano, M. Altarelli,
L. Savini, G. Campiani, E. Fattorusso, N. Basilico, D. Taramelli, V. Yardley,
S. Butini, Synthesis of N1-arylidene-N2-quinolyl- and N2-
acrydinylhydrazones as potent antimalarial agents active against CQ-
resistant P. falciparum strains, Bioorg. Med. Chem. Lett. 16 (2006) 5384e5388.

[29] L.Q. Al-Mawsawi, R. Dayam, L. Taheri, M. Witvrouw, Z. Debyser, N. Neamat,
Discovery of novel non-cytotoxic salicylhydrazide containing HIV-1 integrase
inhibitors, Bioorg. Med. Chem. Lett. 17 (2007) 6472e6475.

[30] N.M. Mohamed, M.W. Sabaa, E.H. Oraby, A.A. Yassin, Organic thermal stabi-
lizers for rigid poly(vinyl chloride) IV. N-Arylphthalimides, Polym. Degrad.
Stab. 76 (2002) 355e365.

[31] N.A. Mohamed, Aromatic hydrazides as stabilizers for rigid PVC against
thermo-oxidative degradation, Polym. Degrad. Stab. 56 (1997) 317e329.

[32] D.J. Liaw, C.C. Huang, P.L. Wu, Synthesis and characterization of novel diblock
copolymers of 5-(N-carbazoyl methyl)bicyclo[2.2.1]hept-2-ene and 5-
(phthalimide methyl)bicyclo[2.2.1]hept-2-ene via living ring-opening
metathesis polymerization, Polymer 42 (2001) 9371e9377.

[33] D.J. Liaw, C.H. Tsai, Synthesis and characterization of poly(norbornene)
substituted with phthalimide and ammonium groups via living ring-opening
metathesis polymerization, J. Mol. Cat. A Chem. 147 (1999) 23e31.

[34] T. Oishi, M. Fujimoto, Synthesis and polymerization of N-[4-N0-(a-methyl-
benzyl)aminocarbonylphenyl]maleimide, J. Polym. Sci. Polym. Chem. 30
(1992) 1821e1830.

[35] D.J. Drain, D.D. Martin, B.W. Mitchell, D.E. Seymour, F.S. Spring, 4-
Aminosalicylic acid and its derivatives, J. Chem. Soc. (1949) 1498e1503.

[36] J.C. Randall, R.W. Morrison, J. Preston, Self-regulating polycondensation. III.
NMR analysis of oligomers derived from terephthaloyl chloride and p-ami-
nobenzhydrazide, J. Macromol. Sci. Chem. 7 (1973) 119e133.

http://refhub.elsevier.com/S0141-3910(16)30037-4/sref1
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref1
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref1
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref1
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref2
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref2
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref2
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref2
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref2
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref2
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref3
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref3
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref3
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref3
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref4
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref4
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref4
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref5
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref5
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref5
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref6
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref6
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref6
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref7
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref7
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref7
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref7
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref8
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref8
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref8
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref9
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref9
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref9
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref10
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref10
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref10
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref10
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref10
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref11
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref11
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref11
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref11
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref12
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref12
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref12
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref12
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref13
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref13
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref13
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref13
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref14
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref14
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref14
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref14
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref14
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref15
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref15
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref15
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref15
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref16
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref16
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref16
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref16
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref16
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref17
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref17
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref17
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref17
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref17
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref18
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref18
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref18
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref18
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref19
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref19
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref19
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref19
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref20
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref20
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref20
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref20
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref20
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref21
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref21
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref21
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref22
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref22
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref22
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref23
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref23
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref23
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref23
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref23
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref24
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref24
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref24
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref24
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref25
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref25
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref25
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref25
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref25
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref25
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref26
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref26
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref26
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref26
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref26
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref26
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref27
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref27
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref27
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref27
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref27
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref27
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref28
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref28
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref28
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref28
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref28
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref28
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref29
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref29
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref29
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref29
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref30
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref30
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref30
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref30
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref31
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref31
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref31
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref32
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref32
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref32
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref32
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref32
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref33
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref33
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref33
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref33
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref34
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref34
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref34
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref34
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref34
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref35
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref35
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref35
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref36
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref36
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref36
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref36


N.A. Mohamed et al. / Polymer Degradation and Stability 128 (2016) 46e5454
[37] A. Rahman, M.I. Choudhary, W.J. Thompson, Preparation and antimicrobial
activity of some carboxymethyl chitosan acyl thiourea derivatives, Pestic. Res.
J. 16 (2001) 2024e2027.

[38] H.S. Rathore, S. Mittal, S. Kumar, Synthesis, characterization and antifungal
activities of 3d- transition metal complexes of 1-acetylpiper-
azinyldithiocarbamate, M(acpdtc)2, Pestic. Res. J. 12 (2000) 103e107.

[39] Z. Zhong, R. Xing, S. Liu, L. Wang, S. Cai, P. Li, Synthesis and bioactivity of
pyrazole acyl thiourea derivatives, Carbohydr. Res. 343 (2008) 566e570.

http://refhub.elsevier.com/S0141-3910(16)30037-4/sref37
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref37
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref37
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref37
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref38
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref38
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref38
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref38
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref38
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref39
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref39
http://refhub.elsevier.com/S0141-3910(16)30037-4/sref39

	Thermogravimetric analysis in the evaluation of the inhibition of degradation of rigid poly(vinyl chloride) using biologica ...
	1. Introduction
	2. Experimental
	2.1. Materials
	2.2. Preparation of the phthalimido aromatic hydrazide derivatives
	2.3. Measurements

	3. Results and discussion
	3.1. Synthesis and characterization of the phthalimido aromatic hydrazide derivatives
	3.2. Antibacterial activity of the phthalimido aromatic hydrazide derivatives
	3.3. Antifungal activity of the phthalimido aromatic hydrazide derivatives
	3.4. Thermal stability of the phthalimido aromatic hydrazide derivatives
	3.5. Thermal stability of PVC in the presence of phthalimido aromatic hydrazide derivatives

	4. Conclusions
	References


