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The hydroxyl end groups of Tetronic T1107 were modified with chloroacetyl chloride. The
chloroacetylated Tetronic T1107 was then modified to introduce amino group in the side chain by
reacting it with ethylenediamine. New Schiff bases were synthesized by the reaction of aminated
Tetronic 1107 with different aromatic aldehydes such as p-hydroxybenzaldehyde, vanillin, p-
chlorobenzaldehyde, and p-dimethylamino benzaldehyde. The chemical structure of the obtained
Schiff bases was confirmed by FT-IR and 1H-NMR spectroscopy. The antibacterial activity of
Schiff base compounds was investigated by well diffusion method against gram-negative bacteria
(Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris) and grampositive bacteria
(Staphylococcus aureus). The results showed that the polymeric Schiff base compounds have a
significant inhibiting effect on all the tested microorganisms. It was also found that the
antibacterial activity of the Schiff base was higher than that of unmodified tetronic 1107.

CHEMISTRY

1. Introduction

Due to the growing global concern of emerging
infectious diseases, research activities on
polymeric biocides have been greatly increased
[1-6]. Low molecular weight biocides are used
for sterilization of water and medical
applications. However, they have the problems
of residual toxicity of the agents [7]. To resolve
these problems, antimicrobial polymers are
proposed because they have advantages such as
chemical stability, non-volatility and presenting
long-term activity [8-10].

Schiff bases are proved to have a variety of
biological activities such as antibacterial,

antifungal, anticancer and herbicidal activities
[11-18].

Tetronics are polyethers with four PPO-PEO
arms bonded to a central ethylene diamine
linker. They are widely wused in many
applications such as antifoaming agents,
wetting agents, dispersants, thickeners, and
emulsifiers for different industrial purposes [19,
20]. In the recent years, they were applied in
biomedical and pharmaceutical fields such as
drug delivery, genetic immunization, and
membrane biochemistry [21-24].
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The present work describes the synthesis of
some Schiff bases based on tetronic T1107 and
testing their antibacterial activities against
selected Gram-positive bacteria and Gram-
negative bacteria using well diffusion method.

2. Materials and Methods

2.1. Material and Instruments

Tetronic T1107 (Average molecular weight:
15000) was obtained from BASF Corporation
(New Jersey, USA). Chloroacetyl chloride and
Glacial acetic acid were purchased from El-
Gomhouria  Chemicals Company (Cairo,
Egypt). Pyridine was purchased from El-Nasr
Pharmaceutical Chemicals (Cairo, Egypt).
Ethylene diamine (EDA) was purchased from
Acros (Belgium). Vanillin, p-
Chlorobenzaldehyde, p-Hydroxybenzaldehyde
and p-Dimethyl aminobenzaldehyde was
purchased from Aldrich (USA). Diethyl ether
was received from EI-Nasr Pharmaceutical
Chemicals Company (Cairo, Egypt) and dried
using molecular sieve (4A) before use.
Absolute ethanol was purchased from Merck-
Schuchardt, Hohenbrunn (Germany).

CH;

HO-(CH,-CH,-0)~(CH-CH,-0)
60

HO-(CH,-CH,-0)-(CH-CH,-0)
60 | 20

Kenawy et al (2019)

FT-IR spectra were recorded on a Perkin—
Elmer 1430 ratio (KBr pellets.) Elemental
microanalyses were determined on Heraeus,
elemental analyzer mode 1106 Carlo Erba
Strumentazione. "H-NMR spectroscopy (400
MHz) was recorded on Varian Mercury-300BB
NMR Spectrometer. Vacuum oven was
supplied from BINDER, Germany.

2.2.  Chloroacetylation of Tetronic T1107 (1l)

The chloroacetylation of tetronicT1107 was
carried out as following: Pyridine (19 mL, 240
mmol) was added to a solution of tetronic
T1107 (10 g, 20 mmol) in dry ethanol and the
mixture was cooled to 0 °C. Chloroacetyl
chloride (19 mL, 240 mmol) was added to the
cold mixture dropwise with vigorous stirring.
The reaction mixture was stirred at 0 °C for 3
hours and at room temperature for further 48
hours. The excess ethanol was removed by
rotary evaporator. The precipitate was washed
with diethyl ether, and the product was dried
under vacuum oven for 10 hours to give 91%
yield (Scheme 1).

CH;

(O-CH,-CH)-(O-CH,CH,)-OH
20 60

20 N-CHy-CHy-N

(O-CH,-CH)-(O-CH,CH,)-OH
20 60

CH3
CH; Tetronic 1107 (I)
CICH,COCI
Pyridine
b4 CH,
o CH,

CICH,C-O~(CHa-CHa-0)-(CH-CH4-0)
60 20

(O-CH,-CH)(O-CH,CH,)-OCOCH,C
2 60

N-CH,-CH,-N

CICH,C-O~(CH,-CH,-0)-(CH-CH,-0)
I 60 | 20
CH,

(O-CH,-CH)-(0O-CH,CH,)-OCOCH,C]
| 20 60

CH3

Chloroacetylated Tetronic 1107 (II)

"~~~ NH—CH,C— O-R
[ e
(o]

NH,

S e P ancnzﬁ—o-R
o

NH,

N-CH,-CH5>-N

NH,CH,CH,NH,

NH
R-OCOCH,NH~ ~" 7

NH
Ty R-OCOCHNIF >~ ~

CH,

Aminated Tetronic 1107

R=(0-CHy-CH)-(O-CH,CH,)-
20 60

Scheme 1. Amination of chloroacetylated tetronic 1107
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2.3. Amination of chloroacetylated Tetronic
T1107 (1)

Chloroacetylated tetronic 1107 (4 g, 4.76
mmol) was added portionwise to ethylene
diamine (6.5 mL, 95.2 mmol) and was refluxed
at 80 °C for 72 hours with continues stirring.
The product was washed with dry diethyl ether
to remove the unreacted ethylene diamine
followed by drying under vacuum oven at room
temperature for 8 hours (scheme 1).

2.4. Modification of the aminated tetronic
T1107 (III) with aromatic aldehydes

To a solution of different aldehydes (8 mmol)
in 20 mL absolute ethanol, aminated tetronic
T1107 (IIT) (1 mmol) and 1 mL glacial acetic
acid were added. The reaction was stirred at
room temperature for 48 hours, and then was
refluxed at 80 °C for 10 h. The product was
washed with dry methanol to remove the excess
aldehyde and acetic acid was dried under
vacuum oven for 10 hours (Scheme 2).
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Scheme 2. Schiff base formation of tetronic T1107

2.5. Antibacterial activities of the modified
tetronic T1107

2.5.1. Tested Microorganisms

The test microorganisms included were Gram
negative bacteria; Escherichia coli, Proteus
vulgaris, Klebsiella pneumoniae and the Gram-
positive bacteria; Staphylococcus aureus. The
microorganisms were obtained from Tanta

University Educational Hospital, Tanta, Egypt.
The bacterial strains were maintained on
nutrient agar which contained 3 g peptone, 5 g
NaCl, 5 g beef extract, and 20 g agar per liter.

2.5.2. Screening of antibacterial activity for
tested compounds

The antibacterial activities of the tested samples
were determined using well diffusion method.
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Powder test samples (20 mg/lmL) were
dissolved in dimethyl sulphoxide (DMSO).
Wells were then created and 50 pl of the
samples were pipetted into each well to detect
the most sensitive microorganisms against
investigated polymers. DMSO was used as
negative control. The plates were incubated at
37 °C for bacteria were examined for inhibition
zones development. Three replicates were
carried out at least. The inoculum's
concentrations were approximately 10’ CFU for
bacteria. Plates were incubated at 37 °C for 24 h
then the average diameters of inhibition zones
were recorded in millimeter.

3. Results and discussion

3.1.  Chloroacetylation of Tetronic T1107

Chloroacetylated  tetronic ~ T1107(I) was
synthesized by treatment of tetronic T1107 (I)
with excess chloroacetyl chloride in the
presence of pyridine as a base in ethanol
(Scheme 1). The amount of chloroacetyl
chloride was large excess compared with the
amount of tetronic T1107 to ensure the
complete chloroacetylation of all the terminal
hydroxyl groups. Similar chloracetylation
method was described by Kenawy et al. for
polyvinyl alcohol [25]. The FT-IR spectrum of
the product (II) showed peaks at 757 cm™ for (-
CHxCI), 1750 for (-C=0) and 2906 cm™ for
(aliphatic CH) as shown in (Fig.1).
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Figure 1. FT-IR spectra of tetronic T1107 (I),
chloroacetylated tetronic T1107 (II), Aminated
tetronic T1107 (III).
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The '"H-NMR spectrum of the chloroacetylated
tetronic T1107 showed a characteristic band of
protons of chloroacetate group at 4.06 ppm.
There are also bands at 3.55 ppm, which belong
to protons of —CH»- in the main chain, and a
signal of protons of CH3 group at 1.12 ppm.

3.2.  Amination of chloroacetylated tetronic
71107

The chloroacetylated tetronic T1107 was
reacted with ethylene diamine in absolute
ethanol as a solvent to give aminated tetronic
T1107 (III) (Scheme 1). It was found when the
molar ratio was 1:20; the reaction gave the
highest degree of amination as previously
reported be Kenawy et al., [26].

The FT-IR spectrum of compound (IIT) showed
peaks at 3445 cm™ for (NHz), 1740 cm™ for
(C=0), 2887 cm’ for (CH aliphatic) and peak
at1538 cm™! for -NH secondary amine as shown
in Fig. 1.

"H-NMR spectrum of aminated tetronic T1107
(II) is characterized by the appearance of
signal at 3.3 ppm (CH2N), 3.85 ppm for (CH>).
There are also bands at 3.27 ppm for (CH2) and
at 1.12 ppm for (CH3).

3.3. Modification of the aminated tetronic
T1107 (1II) with aromatic aldehydes

The reaction of aminated tetronic T1107 with
different aldehydes (vanilline, p-
hydroxybenzaldehyde, p-chlorobenzaldehyde
and p-dimethyl aminobenzaldehyde) in absolute
ethanol in the presence of glacial acetic acid as
catalyst in an oil bath at 80-90 °C yielded
Schiff base compounds (Scheme 2). The Schiff
bases were formed at room temperature, but
heating was used to ensure the condensation
and to increase the reaction yield [27].

The FT-IR spectra of the polymers (IVai—q)
showed strong band at 1591-1598 cm™ due to
(C=N) which confirm formation of Schiff base.
Polymer (IVy) showed an absorption bands at
2615 cm™! due to the methoxy group (OCH3) of
vanilline. Polymer (IV.) showed strong band at
703 cm?! due to the C-Cl group of p-
chlorobenzaldehyde as in (Table 1) and (Fig. 2).
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Table 1. FT-IR Analysis of Schiff base compounds

Polymer
code C-H (aliph) C=N C-H (arom)
IVa 2922 1591 810
IVb 2962 1598 819
IVe 2918 1591 827
Ivd 2920 1596 840
WNM
Ve

% IVb

N

T T T T T T 1
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-1
wavenumber cm

Figure 2. FT-IR spectra of Schiff bases compounds
(IVa-d).

The 'H-NMR spectra of Schiff base compounds
(IVa—d) were characterized by the appearance
of peak at 8.2-8.6 ppm (s, CH=N) which
confirms the formation of the Schiff base of
tetronic T1107 as shown in (table 2).
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3.4.  Antibacterial activities of the polymers

The antibacterial activity of tetronic T1107 and
their Schiff bases (I-IVd) were initially
evaluated by well diffusion method [28]. The
screening of the antibacterial activity of tested
polymers was carried out against different
microorganisms (Escherichia coli, Klebsiella
pneumoniae, Proteus vulgaris and
Staphylococcus aureus) as shown in (Table 3)
and (Fig. 3). The results showed a very good
inhibitory effect against all the tested bacteria.
It was found that the diameter of the inhibition
zone was varied according to the substitution
and also, the microorganisms tested. The
inhibition zones ranged from 13 to 40 mm. It
was observed that tetronic T1107 had no effect
on P. vulgaris (0 mm). The highest activity was
recorded for chloroacetylated tetronic T1107
(II) against S. aureus (40 mm). Polymer (IVc)
showed a potent inhibition against K.
pneumoniae (27.5 mm), while polymer (IVd)
showed a good inhibition against P. vulgaris
(24.5 mm).
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Conclusion

New Schiff base compounds based on tetronic
T1107 were successfully synthesized. The
results indicated that Schiff base had a
significant inhibiting effect on all the tested
microorganisms. The antibacterial activity of
the Schiff base was higher than that of
unmodified tetronic T1107.
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