
INTRODUCTION

Recently synthetic fungicides have been used to control
the plant fungus. However, in several studies it has been shown
that the compounds used in these fungicides caused strain
resistance representing a potential risk for the environment
and human health1,2. The search of natural alternatives has been
improved and option such as chitosan has been evaluated3.

Chitosan is a copolymer of glucosamine and N-acetyl-
glucosamine units linked by 1,4-glucosidic bonds, obtained
by N-deacetylation of chitin4. It has a number of interesting
properties such as a good biodegradability and a low toxicity
for mammalian cells5,6. In addition, its antimicrobial activity
has received considerable attention due to problems associated
with fungicidal and bactericidal agents7,8. At present, it has
been commonly recognized that the biological activity of chitosan
depends on its molecular weight, degree of deacetylation,
chemical modification, degree of substitution, pH, length and
position of a substituent on the glucosamine units of chitosan
and, of course, the target organism9,10. Therefore, several
research groups have started to modify a chitosan molecule to
produce derivatives with a high antimicrobial activity such as
N-(sulfonated) and N-(sulfobenzoyl)chitosans11, N,N,N-
trimethyl chitosan12, N,O-(acyl)chitosans13, O-(acyl)chitosans14,
hydroxyethylacryl chitosan15, dimethylpiperazine and
trimethylpiperazine chitosans16, carboxymethyl chitosans17,
acyl thiourea chitosans18, chitosan N-betainates19, N-succinoyl
chitosans20 and N-heterocyclic chitosans21.
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Chitosan and its derivatives have been considered as
versatile biopolymers in agriculture applications. Nevertheless
its potential uses as an antimicrobial compound need to be
studied in depth22. Previously, we have noted that chloracetyl
chitosan (CACS) was synthesized and its reactive chlorine can
be used to chemically alter under mild reaction conditions.
Two chitosan derivatives were prepared through the reaction
of chloracetyl chitosan with 4-(5-chloro-2-hydroxybenzyli-
deneamino)pyridine and 4-(5-bromo-2-hydroxybenzyli-
deneamino)pyridine. The antifungal activity of the two
derivatives was much better than that of the native chitosan23.
In the present study, we further investigated this kind of
chitosan derivatives and prepared five novel chitosan deriva-
tives (Scheme-I): 2-[4-(2-fluorobenzylideneamino)pyridyl]-
acetyl chitosan chloride (FBPACS), 2-[4-(2-chlorobenzyli-
deneamino)pyridyl]acetyl chitosan chloride (CBPACS), 2-[4-
(2-bromobenzylideneamino)pyridyl]acetyl chitosan
chloride (BBPACS), 2-[4-(2,4-dichlorobenzylideneamino)-
pyridyl]acetyl chitosan chloride (DCBPACS), 2-[4-(2,4-
difluorobenzylideneamino)pyridyl]acetyl chitosan chloride
(DFBPACS).

EXPERIMENTAL

Chitosan was purchased from Qingdao Baicheng
biochemical Corp. (China). Its degree of deacetylation was
97 % and the average-molecular weight was 7.0 × 103. The
other reagents were of analytical grade and used without
further purification.



Scheme-I: Synthesis pathway of chitosan derivatives

Synthesis of chloracetyl chitosan23: 1.61 g chitosan was
dispersed in 100 mL N-methyl-2-pyrrolidone (NMP) and
stirred for 12 h at room temperature. Then 0.02 mol chloracetyl
chloride was added. After stirring for 24 h at room temperature,
the solution was precipitated in ether and the precipitate was
washed with methanol and ether by turns and lyophilized.

General synthesis method of six chitosan derivatives:

A solution of 0.01 mol substituent benzaldehyde and equimolar
amount of 4-aminopyridine were refluxed in 30 mL ethanol
for 4 h. The solvent was evaporated under reduced pressure
and the product was dissolved by adding 20 mL of DMSO.
After the product dissolved under stirring, 0.3 g chloracetyl
chitosan was added. The solution was stirred at 60 ºC for 24 h
and then precipitated with excess acetone and the precipitate
was filtered. The unreacted aldehyde, amine and other out-
growth were extracted in a Soxhlet with ethanol for 2 days.
The product was lyophilized.

The Fourier transform infrared (FT-IR) spectrum was
measured by a JASCO FT-IR-4100 instrument using KBr disks.
The 13C nuclear magnetic resonance (13C NMR) spectrum was
measured by a Bruker AVIII-500 spectrometer.

RESULTS AND DISCUSSION

Fig. 1 presented the transmission FT-IR spectra of chitosan
and its derivatives. In the FT-IR spectra of chloracetyl chitosan,
the chitosan characteristic absorbance of -NH2 at 1600 cm-1

disappeared. New peaks at 1750, 1666 and 787 cm-1 appeared
in the spectra of chloracetyl chitosan, which were assigned to
the C=O of -OCOR group, C=O of -NHCOR group and C-Cl
group, respectively24. It indicated that chloracetyl chitosan was
obtained by the acylated reaction between chloracetyl chloride
and the groups (-NH2, -OH) of chitosan. In the spectrum of
FBPACS, new peaks appeared at 1450, 3081, 840 and 763
cm-1 which attributed to aromatic ring stretching vibrations,
C-H stretching vibrations and benzene bending25. The charac-
teristic absorbance of C-Cl at 787 cm-1 disappeared and the
peaks of carbonyl groups of acylamide and ester were

 

Fig. 1. FT-IR spectra of chitosan and its derivatives

bathochromic shifted to 1658 and 1727 cm-1, respectively due
to the graft of the 4-(2-fluoro-benzylideneamino)pyridine26.
For the similar reason, the C-Cl characteristic absorbance at
787 cm-1 disappeared in the FT-IR spectra of CBPACS,
BBPACS, DFBPACS and DCBPACS. New peaks due to
aromatic ring appeared in the spectra of CBPACS, BBPACS,
DFBPACS and DCBPACS.

Fig. 2 showed the 13C NMR spectra of chitosan deriva-
tives. The 13C NMR chemical shifts of FBPACS, CBPACS,
BBPACS, DFBPACS, DCBPACS signals were assigned as
follows:

FBPACS/13C NMR/D2O/δδδδδ (ppm): δ 192.6 ppm (C=O of
ester group), δ 168.5 ppm (C=O of acylamide), δ 143.6, 109.6
and 159.2 ppm (pyridine ring)27, δ 159.6 ppm (carbon of
N=CH-), δ 134.7, 136.1, 127.8, 131.4, 125.2, 129.7 (benzene
ring carbons)28, δ 55.8-100.6 ppm (pyranose rings). The peak
of methylene carbon in -OCOCH2- and that of methylene carbon
in -NH2COCH2- was included in the peaks at about 60 ppm29.

CBPACS/13C NMR/D2O/δδδδδ (ppm): δ 168.5 ppm (C=O
of ester group), 165.7 ppm (C=O of acylamide), δ 143.6, 109.7
and 159.2 ppm (pyridine ring)27, δ 159.2 ppm (carbon of
N=CH-), δ 136.1, 137.5, 129.8, 131.7, 127.6, 130.8 (benzene
ring carbons)28, δ 55.8-97.5 ppm (pyranose rings). The peak
of methylene carbon in -OCOCH2- and that of methylene
carbon in -NH2COCH2- was included in the peaks at about 60
ppm29.

BBPACS/13C NMR/DMSO/δδδδδ (ppm): δ 166.1 ppm (C=O
of ester group), δ 166.1 ppm (C=O of acylamide), δ 144.5,
109.8 and 159.3 ppm (pyridine ring)27, δ 159.9 ppm (carbon
of N=CH-), δ 133.8, 138.3, 128.6, 131.2, 125.9, 130.1 (ben-
zene ring carbons)28, δ 56.1-101.3 ppm (pyranose rings). The
peak of methylene carbon in -OCOCH2- and that of methylene
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Fig. 2. 13C NMR spectra of chitosan and its derivatives

carbon in -NH2COCH2- was included in the peaks at about 60
ppm29.

DFBPACS/13C NMR/D2O/δδδδδ (ppm): δ 168.5 ppm (C=O
of ester group), δ 168.5 ppm (C=O of acylamide), δ 143.7,
109.8 and 159.3 ppm (pyridine ring)27, δ 159.8 ppm (carbon
of N=CH-), δ 131.9, 141.7, 119.8, 130.0, 112.5, 125.8 (benzene
ring carbons)28, δ 56.1-100.9 ppm (pyranose rings). The peak
of methylene carbon in -OCOCH2- and that of methylene carbon
in -NH2COCH2- was included in the peaks at about 60 ppm29.

DCBPACS/13C NMR/DMSO/δδδδδ (ppm): δ 166.0 ppm
(C=O of ester group), δ 166.0 ppm (C=O of acylamide), δ
144.6, 109.4 and 159.3 ppm (pyridine ring)27, δ 160.0 ppm
(carbon of N=CH-), δ 136.6,142.4, 129.9, 135.4, 128.4, 133.7
(benzene ring carbons)28, δ 58.9-101.9 ppm (pyranose rings).
The peak of methylene carbon in -OCOCH2- and that of
methylene carbon in -NH2COCH2- was included in the peaks
at about 60 ppm29.

Conclusion

All the 5 derivatives of chitosen i.e., FBPACS, CBPACS,
BBPACS, DFBPACS and DCBPACS were synthesized success-
fully by reaction of the condensation product of 4-amino-
pyridine and halo-benzaldehyde with the reactive Cl of CACS.
Many researchers have showed that aromatic nucleus Schiff
bases have good bioactivities30,31. It is also reported that the
aromatic ring with one or more halo-atoms showed variety of
biological activities like antibacterial and antifungal activities32.
Above novel chitosan derivatives were expected to have potent
biological activities due to the halo-benzaldehyde condensa-
tion 4-aminopyridine Schiff base structure in their molecules.
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