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ABSTRACT

2-mercaptobenzothiazol [1] was reacted with anhydrous carbonate sodium and CICH,COOH in distilled water to produce a
compound [2]. Compound [3] was synthesized by reaction compound [2] with SOCI, in benzene. O,N-chitosan derivative [4]
had synthesized by reacted chitosan with compound [3] in trichloromethane and pyridine. O-chitosan derivative synthesized
according to the method of Fischer and Speier from the reaction of chitosan with compound [2] in distilled water in
acidic media to produce compound [5]. O-(carboxyl) chitosan Schiff base derivatives [6-9] had synthesized by reaction
O-(carboxyl) chitosan [5] with aromatic aldehydes (syringaldehyde, 3-methoxy,4-hydroxybenzeldehyde, 4-nitrobenzeldehyde,
4-bromobenzeldehyde).

The structure of produced compounds has been characterized through their spectral and analytical data, as in fourier transform
infrared (FTIR) spectra,'H-NMR, UV-vis spectroscopy, elemental analysis (CHNS), scanning electron microscope (SEM),
differential scanning calorimetry (DSC), and thermo gravimetry analysis (TGA). Finally, study the antibacterial activity of

some prepared polymers.
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INTRODUCTION

Benzothiazole derivatives take of great interest in chemistry
and pharmacology due to its assorted biological activity."> The
benzothiazole has to get the attention of medicinal chemists
because of their broad range of biological activities, which
comprise anti-inflammatory,’ antitumor,* vasodilators,’
antitubercular, antifungal,® antimicrobial,” anticancer,®
antidiabetic,’ and antibacterial activities.'

Chitosan has excellent properties: low toxicity,
biodegradability, biocompatibility, and bioactivity for its
excellent properties chitosan have received interest in many
fields, including antimicrobials, biomedical materials,
cosmetics, food additives, and agricultural material.'""'?
Chitosan can be modified into many derivatives through
physical and chemical processes. In the characterized and also,
it acts as a very good chelating agent. Even though it has the
advantages mentioned, it also has serious demerits, which limit
its use to basic conditions. They are insoluble in an aqueous
medium, and it decomposes in acidic."

MATERIALS AND METHODS

Materials
The chemicals were supplied from BDH, CDH, and SCR.

Instrumentation

Spectra of FTIR were registered on a Shimadzu FTIR-8400s,
in range 400 to 4,000 cm™, utilizing potassium bromide disk.
"H-NMR spectra have been performed by the company: Ultra
Shield 300 MHz, Bruker, University of Tehran, Iran. TMS was
used as an internal standard with DMSO as a solvent.

Preparation of Compounds

Synthesis of 2-(benzo[d]thiazol-2-ylthio)acetic acid [2]"?

An aliquot (0.001 mol) of hot compound [1] mixed
with 0.002 mol Na,CO;in 15 mL of solvent (distilled water),
then added 0.001 mol of CICH,COOH and refluxed the solution
for 6 hours. After cooling, used concentrated HCl to acidify the
solution (pH = 2). The product was filtered, washed with H,O,
and recrystallized by absolute EtOH. MP =80 to 82, yield 90%.
Elemental analysis of compound [2], calculated: C% = 48;
H% = 3.11; N% = 6.22; S% = 28.44. Found: C% = 39.87;
H% =3.23; N% = 6.34; S% = 28.28.

Synthesis of 2-(benzo[d]thiazol-2-ylthio)acetyl chloride [3]°
0.01 mol of compound [2] dissolved in dry benzene 15 mL with
SOCI, (0.01 mol), then, the solution was refluxed for 8 hours.

The surplus of thionyl chloride and benzene were taken off
under vacuum after cooling.

*Author for Correspondence: hsnalbyaty009@gmail.com



Synthesis and Characterization of O-(carboxyl) Chitosan Schiff Base Derivatives and Study Antibacterial Activity

Synthesis of Polymer [4]'0

0.01 mol of chitosan was marinated in 50 mL pyridine and
trichloromethane (1:1) for 20 hours. To the system was
added 0.01 mol of compound [3] under a water-ice bath.
The mixture stirred at 100°C for 14 hours, then cooled to
room temperature and spilled into a beaker containing
50 mL methanol. After that, cooled at 4°C, then filtered. The
precipitate was washed with CH;OH and dried at 50°C.
Synthesis of Polymer [5]'7

Compound [5] synthesized 0.01 mol of chitosan was hung in
25 mL of H,SO, (2M), added 0.01 mol of compound [2] to
this solution, then was refluxed for 8 hours and cooled to room
temperature (r.t.). The pH was settled to 7 by neutralizing with
sodium bicarbonate, then precipitated in acetone, filtered,
cleaning with acetone, and dried at 60°C in oven.

Synthesis of Polymers [6-9]'%

Compound [5] was dissolved in a mixed solution of ethanol
with glacial acetic acid and stirred for 30 minutes atr.t. Then, a
variety of aromatic aldehydes added to the mixture (4-hydroxy-
3,5-dimethoxybenzaldehyde, vaniline, 4-nitrobenzaldehyde,

Figure 1: FTIR for compound [2]
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Figure 2: FTIR for compound [3]

4-bromobenzaldehyde). The mixture was magnetically stirred
and heated at 60°C for 24 hours, then cooled. The crude
product was washed with ethanol. The product was dried at
r.t. for 24 hours.

RESULTS AND DISCUSSION

Compound [2] was synthesized through the reaction of
2-mercapto benzothiazole [1] with anhydrous carbonate sodium
and CICH,COOH in distilled water. FTIR of compound [2],
Figure 1 displayed the appearance bands at 3,400 to 2,400,
and 1,695 cm’!, which referred to O-H and carbonyl of
carboxylic acid, respectively, and disappearance of the SH
group at 2,335 cm’. Compound [3] Figure 2 has been synthesized
by the reaction of the compound [2] with SOCI, in dry benzene.
FTIR of compound [3] showed the vanishing of band at 3,400
to 2,400 cm™!, due to the OH group of carboxylic acid, and
appearance of band at 1,779 cm™ connected to acyl chloride.
O,N-chitosan derivative [4] was prepared through the
reaction of the compound [3] with chitosan in trichloromethane,
and pyridine as a solvent. FTIR of compound [4] Figure 3
demonstrated a big peak at 3,438 cm™, attributed to the stretch
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Figure 3: FTIR for compound [4]
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Figure 4: "H-NMR for compound [4]

Table 1: FTIR of polymers [6,7,9]

Comp. No. v (O-H) and (N-H) v (C-H) aliph. v (C=0) ester. v (C=N) v (C=C) v (-CH,-0-CO) v (C-0-C)
[6] 3,464 2,941-2,850 1,722 1,639 1,577 1,284 1,020
[7] 3,400 2,931-2,872 1,714 1,645 1,590 1,288 1,066
[9] 3,398 2,924-2,854 1,712 1,647 1,585 1,286 1,068
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of O-H and N-H from the intra- and inter-molecular hydrogen
bonding of chitosan molecules, and showed off new bands
at 1,738, 1,678 cm™, which refer to the carbonyl group of ester
and amide, respectively."* While, the 'TH-NMR of compound [4]
Figure 4 shows the signal at 1.24 ppm existed because of the
presence of CH; of N-alkylated of glucosamine residue, a
signal at 2.09 ppm assigned to H-2, signal at 2.89 ppm due
to CH,O, signals at 3.75 to 4.25 ppm corresponded to the
non-anomeric proton (H-3, H-4, H-5, and H-6) of chitosan,
singlet signal at & 4.29 ppm for proton of SCH, (4H,s), signal
at 4.81 ppm refer to H-1 of chitosan, multiple signals at 3 7.36
to 8.03 for aromatic protons, and singlet signals at & 8.24
for NHC=0 group.'"1*?

O-chitosan derivative [5] was synthesized through the
reaction compound [2] with chitosan in distilled water in
acidic media. FTIR of compound [5], Figure 5 showed a big
peak at 3,411 cm™, which refers to the stretch of N-H and
O-H from the intra-and extra-molecular hydrogen bonding of
chitosan molecules, and showed off a new band at 1,707 cm’',
which refers to C=0 group of ester.”> Compounds [6-9] had
synthesized by the reaction of O-(carboxyl) chitosan [5] with
aromatic aldehydes. FTIR of compound [8] Figure 6 shows
a presence of a big peak at 3,448 cm’!, which refers to the
stretch of O-H and N-H from the intra-and extra-molecular
hydrogen bonding of chitosan molecules, and showed a
new band at 1,710 cm™, due to C=0O group of ester, and
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Figure 5: FTIR of compound [5]

appeared 1,641, corresponding to the C=N characteristic
vibration of imines.?’ All the spectral data for these polymers
in Table 1. While, the "TH-NMR of compound [8] Figure 7
shows the signal at 1.13 ppm existed because of the presence
of CH; of N-alkylated of glucosamine residue, a signal
at 2.21 ppm assigned to H-2, signals at 3.34 to 4.25 ppm,
corresponded to the non-anomeric proton (H-1, H-3, H-4,
H-5, and H-6) of chitosan, singlet signal at 6 4.26 ppm for
proton of SCH, (2H,s), multiple signals at & 8.01 to 8.43 for
aromatic protons, and singlet signals at 6 10.13 for H-C=N
group. 1920
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Figure 6: FTIR of compound [8]
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Figure 7: "H-NMR for compound [8]

Table 2: DSC and TGA for chitosan and some of prepared polymers

Compound DSC TGA

Tg/’C Te/°C Tm/°C Td/’C Step Ti/°C 117°Cc Wt. Loss%
Chitosan 97.8 100 216 298.3 1 55 218 -4.5046

- - - - 2 218 357 -43.0208

- - - - 3 357 598 -31.7362
[4] 100 150 275.9 407.1 1 68 333.37 -22.66

- - - - 2 333.37 444.11 -7.092

- - - - 3 444.11 595.13 -8.083
[7] 120 160 378.4 453.5 1 196 529.01 -64.126

- - - - 2 529.01 592.83 -3.66
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Figure 8: Thermal analysis of pure CS

LnsEIS
University Of Baghdad / College Of Education For Pure Sciences b Al-Haitham
Central Service Laboratory
5 2
Mass change 333.369 °C, -22.655 %
s .
5 .
K
-
-
Name: 5 -
10 Weight:18 mg
” Heating rate 110 ¢/min 8
Atmosphere:Ar
12 10
13 12
2
B 4
p
E 15 16 B
E 5 8
g 10 w £
2 5 @
= Mass change 444.113 °C, -7.09181 % 0 g
ERY g
10 183.0 °C,-18 mW. 2 =
20 -4 ot
,2] 2759 °C-16 MW 26
Mass change 595.132 °C, -8.08204 %
2 5
23 30
24 Onsetpoint: 1130 °C (10 min) 32
Offset point: 160.3 °C (13 min)
25 Point of reaction: 15,0551 at 125.3 °C (11 min)
Peak maximum: 15,530 mi at 136.6 °C (11min) 3
26 Enthalpy: 5847 407.1 °C22 W .
0 100 200 300 400 s00 600

Temperature (°C) Platinum Evaluation V1.0.89

Figure 9: Thermal analysis of polymer [4]
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Figure 10: Thermal analysis of polymer [7]

The UV-vis spectrum of compounds [4] and [6] showed
the absorption at 320 to 402, 335 to 422, and 332 due
to (n-1") and (n-), respectively.
Thermogravimetric Analysis?!

Figures 8-10 show the curves (DSC/TG) of pure chitosan and
prepared polymers were acquired at the rate of heat 10°C.min™!
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Figure 11: SEM of polymer [4]
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Figure 12: SEM of polymer [8§]
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under argon and measured in temperature 0 to 600°C. Table
2 shows DSC and TGA for chitosan and some of prepared
polymers.

SEM Studies

The SEM micrographs were used to study the changes in the
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Table 3: Anti-bacterial activity of some prepared polymers

Comp. E .coli Bacillus cereus
Penicillin 17 23
[4] 15 16
[5] 15 16
[8] 24 20
[9] 27 22

Figure 13: Antibacterial activities of polymers

surface morphology for the prepared polymer. Figures 11, 12
illustrate the surface morphology of the modified chitosan. In
the SEM photos, we can notice an increase in the pore average
size compared to the pore size in chitosan. The changes in
surface morphology are due to the new bonds in the prepared
polymer.
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Scheme 1: The synthetic route for target derivatives [1-9]

> CS=Chitosan

Anti-bacteria Activity?2

The antibacterial activity of some synthesized compounds
has been examined (in vitro) against Bacillus subtilisa (G+)
and E. coli (G-), based on the approach of agar diffusion.”? A
standard drug used to compare with the synthesized polymers
is penicillin (50 pg/mL) all compounds and their antibacterial
activities listed in Table 3 (Figure 13 and Scheme 1).

CONCLUSION

The present study aimed to achieving synthesis , characterization
and study biological activity of some new synthesized
polymers. The results showed that all polymers had higher
growth inhibition zone diameter, compound [9] showed very
good inhibition against Bacillus subtilisa and E. coli.
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