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Abstract: New N-p-chloro-, N-p-bromo-, and N-p-nitrophenylazobenzylchitosan derivatives, 

as well as the corresponding azophenyl and azophenyl-p-sulfonic acids, were synthesized 

by coupling N-benzylvchitosan with aryl diazonium salts. The synthesized molecules were 

analyzed by UV-Vis, FT-IR, 1H-NMR and 15N-NMR spectroscopy. The capacity of copper 

chelation by these materials was studied by AAS. Chitosan and the derivatives were 

subjected to hydrolysis and the products were analyzed by ESI(+)-MS and GC-MS, 

confirming the formation of N-benzyl chitosan. Furthermore, the MS results indicate that a 

nucleophilic aromatic substitution (SnAr) reaction occurs under hydrolysis conditions, 

OPEN ACCESS



Molecules 2014, 19 17605 

 

 

yielding chloroaniline from N-p-bromo-, and N-p-nitrophenylazo-benzylchitosan as well as 

bromoaniline from N-p-chloro-, and N-p-nitrophenylazobenzyl-chitosan. 

Keywords: chitosan; N-azobenzylchitosan; ESI-MS; GC-MS; SnAr reaction 

 

1. Introduction 

Most azobenzenes can be isomerized from the trans to the cis configuration by UV-irradiation. 

After subsequent thermal relaxation, the molecule returns to its trans state. This characteristic is 

important in the study of azo-polymers as promising materials for technological applications such as 

optical information storage devices [1–3]. 

Several azo compounds have also shown biological and pharmaceutical activities such as  

antibacterial [4], antiviral [5], antifungal [6], antitumor [7–9], and anti-inflammatory properties [10]. 

Moreover, azo-polymers are employed with the aim of selective drug release. The use of aromatic  

azo-polymers as the trigger for colon-specific drug delivery based on enzymatic reduction and 

subsequent splitting of the azo bond in the large intestine to release the drug has therefore been 

reported [11]. 

Scientists have shown great interest in chitosan in pharmaceutical and biomedical applications  

due to its biological properties such as biocompatibility, biodegradability, nontoxicity and  

low-immunogenicity. The presence of reactive groups in the polymer offers great opportunity for 

chemical modification, which leads to a wide range of derivatives, such as azo-polymeric compounds, 

potentially suited for drug delivery applications. The linkage between the polymer and the drug can be 

cleaved by hydrolysis or enzymatic degradation at the target site where the drug could be released. 

Furthermore, chitosan and some of its derivatives have been used in wastewater treatment due to 

their ability to coordinate with transition metal ions. Azobenzene chitosan compounds were previously 

reported as metal chelating materials for gold, platinum and palladium [12,13]. Moreover, the copper 

complexes of chitosan and its derivatives were reported as materials in different fields such as  

catalysis [14–16] and in medicines with antibacterial [17,18] and antitumor properties [19]. 

In the present work, we report the synthesis and characterization of the new chitosan derivatives: 

poly-N-(4-(4-R-chlorophenyldiazenyl)benzyl)-chitosan (1), poly-N-(4-(4-R-bromophenyldiazenyl)-

benzyl)-chitosan (2), poly-N-(4-(4-R-nitrophenyldiazenyl)benzyl)-chitosan (3), poly-N-(4-(4-R-benzyl-

chitosanphenyl)diazenyl)benzenesulfonic acid (4) and poly-N-(4-(4-R-phenyldiazenyl)benzyl)-chitosan 

(5), which could be of interest in further studies as simulation systems for biological applications. 

Preliminary studies of the chelating capacity of these materials with Cu(II) were performed by 

atomic absorption spectrophotometry. The depolymerization of chitosan and derivatives facilitates the 

characterization and the study of the polymer properties. Therefore, to confirm formation, these 

products were hydrolyzed by means of 10 M aqueous hydrochloric acid and the resulting products 

were analyzed by ESI(+)-MS and GC-MS. This work also aims to investigate if the experimental 

procedure used is suitable to prepare such azo-compounds. N-benzyl chitosans can be used as efficient 

diazonium salts trapping due the moderate conditions required for azo-coupling reaction and easy  

work up. 
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2. Results and Discussion 

The N-azobenzylchitosan compounds were synthesized via azo-coupling of N-benzylchitosan and 

the corresponding p-substituted benzenediazonium tetrafluoroborate salts (Scheme 1). 

Scheme 1. Synthesis of N-phenylazobenzyl chitosans. 

 

In comparison with chitosan, the FT-IR spectrum of N-benzyl chitosan shows additional bands at 

1552 cm−1 ν(N-H) and ν(C=C), which are absorptions characteristic of this compound [20]. For the  

N-azobenzyl chitosan derivatives, a band in the 1436–1496 cm−1 region for ν(N=N) and the bands of 

the individual functional groups are observed, which confirm their formation. The FT-IR spectra are 

shown in Figure 1. 

Figure 1. FT-IR spectra of chitosan, N-benzyl chitosan and compounds 1–5. 
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The 1H-NMR analysis of the N-azobenzyl derivatives shows additional signals in the range between 

7.30 and 8.30, which suggest the presence of another aromatic ring [21]. The signals between 1.85  

and 5.06 ppm correspond to the GlcNAc sugar units as well as azobenzyl substituted and unsubstituted 

GlcN. The 1H-NMR spectra of all the compounds can be found in the Supporting Information. 

The 15N-NMR spectrum of chitosan shows two signals at 24.20 and 123.46 ppm related to the 

amino group at C-2 and to the N-acetylated group, respectively [22]. For N-benzyl chitosan, the 

spectrum displays an additional signal at 42.17 ppm which corresponds to its benzylated-NH groups. 

The 15N-NMR spectrum of 5 shows a reduction in the signal area intensity at 41.24 ppm, attributed to 

the benzylated-NH which did not yield a coupling product with diazonium salts. On the other hand, an 

additional signal is observed at 33.41 ppm, which corresponds to benzylated-NH groups that were 

transformed to an azo-compound by a coupling reaction with p-substituted-benzenediazonium salts. 

Furthermore, two other signals appear in the spectrum at 180.90 and 171.37 ppm, which are attributed 

to -N=N- groups present in the azo-compound. The 15N-NMR spectra of the compounds are displayed 

in Figure 2.  

Figure 2. 15N-NMR spectra of chitosan, N-benzyl chitosan and compound 5. 
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The degree of substitution (DS) was determined by 15N-NMR technique [23]. The values obtained 

were 56% for N-benzyl chitosan and 42% for 5. For comparison, the DS values were also calculated by 
1H-NMR [24]. N-benzyl chitosan was obtained in 50%, 1 in 66%, 2 in 31%, 3 in 51%, 4 in 52% and 5 

in 46% yield. The DS values for N-benzyl chitosan and 5 were quite similar for both techniques.  

Chitosan and the derivatives were depolymerized by means of 10 M HCl in order to characterize the 

products by ESI(+)-MS. The chitosan hydrolysates contain GlcN oligomers up to DP5 (Table 1). 
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Table 1. Calculated m/z of GlcN oligomers and m/z values observed by ESI(+)-MS of 

chitosan hydrolysates. 

Oligomers 
Calcd. m/z  
[M + H]+ 

Found m/z  
[M + H]+ 

Found m/z  
[M-H2O + H]+ 

GlcN 180.06 180.16 162.14 
GlcN2 341.06 341.29 323.29 
GlcN3 502.06 502.82 484.82 
GlcN4 663.06 663.57 645.28 
GlcN5 824.06 824.70 - 

ESI(+)-MS results of N-benzyl chitosan hydrolysates showed that the N-alkylation reaction is 

confirmed by increments of 90 m/z units in relation to the respective values of m/z of chitosan 

oligosaccharides. The oligomers of N-benzyl chitosan formed during acid hydrolysis and their m/z 

values are shown in Figure 3 and listed in Table 2. 

Figure 3. ESI(+)-MS from the hydrolysis reaction mixture of N-benzyl chitosan (10 M HCl). 
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Table 2. Values for m/z and their structural assignments for products formed during  

N-benzyl chitosan acid hydrolysis.  

Ion m/z Calcd. m/z Found 

[GlcN-H2O + H]+ 162.06 162.08 
[GlcNBn-H2O + H]+ 252.06 252.13 

[(GlcNBn)2 + H]+ 521.06 521.27 
[(GlcNBn)3 + H]+ 772.06 772.39 
[(GlcNBn)4 + H]+ 1023.06 1023.54 

For the N-azobenzyl chitosan compounds, the acid hydrolysis reaction decomposed these derivatives 

due to the high acidity of the reaction medium and the temperature. As a consequence of this 

decomposition, the expected ions were not observed in the MS spectra. Figure 4 shows the ESI(+)-MS 

spectrum of the products formed during the acid hydrolysis reaction of 1. 
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Figure 4. ESI(+)-MS from the hydrolysis reaction mixture of 1 (10 M HCl). 
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Besides the m/z values of N-benzyl chitosan oligomers, the MS spectrum also shows  

[M-H2O + H]+ ions which corresponds to the p-substituted aniline product from the azo compound 

decomposition in acid hydrolysis. This decomposition is likely promoted by the high concentration of 

H+ ions which facilitates the protonation of the azo group nitrogen atoms [25,26]. In 2 (Figure 5a), the 

ion product of m/z 127 with the isotopic pattern characteristic of the presence of chlorine atom (1:3 m/z 

129/127) was observed, which corresponds to p-chloroaniline. It is therefore suggested that a 

nucleophilic aromatic substitution reaction (SnAr) has occurred via which the bromine atom of 2 has 

been substituted by the chlorine atom. The substitution reaction likely happens because of the high 

concentration of chloride ions in the solution. However, the ion of m/z 171 attributed to p-bromoaniline 

is still observed due to incomplete substitution of bromine atoms. The SnAr reaction was also observed 

for 3 (Figure 5b). 

It can be assumed therefore that the ions of m/z 127 and 129 are not associated with p-chloroaniline 

impurities because such molecule was not used as a precursor in the synthesis of the diazonium salt, 

which was used instead of p-bromoaniline and p-nitroaniline to form 2 and 3, respectively. 

As a proposal for the detection of the ions of m/z 127 and 129 observed in Figure 5, Scheme 2 

shows a possible SnAr mechanism by protonation of the azo group of 2 and 3 and subsequent 

substitution of the bromine atom and nitro group [27,28] by a chlorine atom, leading during acid 

hydrolysis to a hypothetical intermediate I. A more extensive study of the hydrolysis process is being 

carried out and the results will be communicated in due course. 

In order to confirm the SnAr reaction, a hydrolysis was performed for 1 and 3 using 9 M HBr. 

ESI(+)-MS analysis of the respective hydrolysates showed in both cases the formation of p-bromoaniline 

products via the ions of m/z 171/173, which are the most abundant in the spectra (Figures 6 and 7), 

apart from the ions of m/z corresponding to chitosan and N-benzyl chitosan oligomers. The apparent 

increase of SnAr products, which were originated during hydrolysis with 9 M HBr, can be explained  

by the higher nucleophilicity of bromide ion. It can also be observed another hydrolysis product 

formed during the reaction, which corresponds to poly-bromoaniline confirmed by the ions of m/z 
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509/5011/513/515/521 with the isotopic pattern characteristic of the presence of bromine atoms, in 

both spectra [29–31]. 

Figure 5. ESI(+)-MS from the hydrolysis reaction mixture of (a) compound 2 and  

(b) compound 3 (10 M HCl). 
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Scheme 2. Proposal of a possible SnAr mechanism for introduction of chlorine during acid 

hydrolysis of the modified polymer. 

 

Figure 6. ESI(+)-MS for the hydrolysis reaction mixture of 1 (9 M HBr). 
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Figure 7. ESI(+)-MS for the hydrolysis reaction mixture of 3 (9 M HBr). 
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To investigate whether the SnAr reaction had taken place in residual diazonium salt or its aniline 

precursor, hydrolysis of p-bromobenzenediazonium salt and p-bromoaniline were carried out using  

10 M HCl. GC-MS (70 eV and direct introduction) and analysis did not show any SnAr products. 

In addition, an acid hydrolysis with 10 M HCl and 9 M HBr was carried out under the same 

experimental conditions used for N-azobenzyl chitosan derivatives hydrolysis, previously discussed, 

for two different azo dye compounds synthesized and characterized in our laboratory (Figure 8). 

Figures 9 and 10 present the GC-MS results which confirm that the SnAr reaction also happens for 

these compounds. These experiments corroborate the proposed SnAr reactions during hydrolysis of  

N-azobenzylchitosan compounds and confirm their synthesis. 

Figure 8. Structure of (A) 2,2'-(4-((4-chlorophenyl)diazenyl)phenylazanediyl)diethanol 

and (B) 2,2'-(4-((4-bromophenyl)diazenyl)phenylazanediyl)diethanol. 

MW = 319 g/mol MW = 364 g/mol  
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Figure 9. EI-MS of compound A detected via GC/MS analysis of the hydrolysis reaction 

mixture (9 M HBr). 
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Figure 10. EI-MS of compound B detected via GC/MS analysis of the hydrolysis reaction 

mixture (10 M HCl). 
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To investigate the chelating capacity of chitosan and derivatives, the synthesis of Cu(II) complexes 

was carried out at room temperature for 24 h and pH 6.5. The percentage of Cu2+ chelated and the 

corresponding milligram by gram of each compound are presented in Table 3. Chitosan has shown 

higher capacity with 75% of Cu2+ ions chelated. 

Table 3. AAS results of copper content chelated by chitosan and derivatives. 

Compounds % of Cu2+ Chelated mg/g of Cu2+ Chelated 

Chitosan 75 120 
N-benzyl chitosan 14 23 

1 14 23 
2 11 18 
3 9 15 
4 10 16 
5 9 15 
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3. Experimental Section 

3.1. General Information 

Chitosan (Mr 75–160 KDa) was purchased from Sigma-Aldrich (São Paulo, Brazil). The degree of 

deacetylation was 78%, as determined by 15N-NMR [23] and 1H-NMR [24]. All reagents were of 

analytical grade and used without further purification. The FT-IR spectra were performed on a Model 

Vector 22 spectrophotometer (Bruker, Presidente Prudente, Brazil) using KBr pellets. Spectra were 

recorded at 23 °C in the 4000–400 cm–1 range at a resolution of 16 cm−1 and 120 scans. 1H-NMR 

analyses were recorded on an AVANCE III NMR spectrometer (Bruker, Campinas, Brazil, 400 MHz) 

at 25 °C. Solvents: D2O/0.1 M DCl for chitosan and N-benzylchitosan, and DMSO-d6 for the azobenzene 

derivatives. 15N-NMR experiments were recorded on AVANCE III NMR spectrometer (Bruker, Campinas, 

Brazil, 300 MHz) equipped with dual probe. CP/MAS experiments used a rotation of 10 KHz in MAS 

and the contact time was 5 ms. The time between experiments was 1 s. The UV-Vis spectra were 

recorded on a Model Cary 50 spectrophotometer (Varian, Presidente Prudente, Brazil) with quartz 

cuvettes. Range: 190–800 nm. Samples of 5 mg were dissolved in 10 mL of DMSO. ESI(+)-MS 

analyses were recorded on a Synapt HDMS time-of-flight high resolution mass spectrometer (Waters, 

Manchester, UK). Solutions in H2O–MeOH (1:1), containing ca. 0.1% of formic acid were infused 

directly into the ESI source by means of a syringe pump at a flow rate of 15 μL·min−1. The operation 

conditions were: capillary and cone voltages 2800 V and 30 V, respectively; desolvation temperature 

200 °C. Analysis was carried out on GC-MS Shimadzu QP-2010 plus (Presidente Prudente, Brazil). 

Ionization energy: 70 eV. Interface temperature: 240 °C; ion source temperature: 300 °C; start time: 2.0 min; 

end time: 35.0 min; DI temperature program: initial temperature: 100 °C, heating rate: 20 °C/min until 

350 °C, hold time: 10 min. AAS analyses was performed in an A Analyst 200—Atomic Absorption 

Spectrometer (PerkinElmer, Presidente Prudente, Brazil). 

3.2. Reductive N-Alkylation of Chitosan 

Chitosan (0.5 g) was dissolved in 1% acetic acid (15 mL). The solution was diluted with ethanol  

(30 mL) and stirred for 30 min to form a gel. The pH of the solution was adjusted to 4–5. After that, 

benzaldehyde (2 mmol) dissolved in ethanol (99%, 10 mL) was added to the solution and stirred for 8 h 

at 60 °C. Sodium cyanoborohydride (0.12 g, 2 mmol) dissolved in ethanol (99%, 10 mL) was added 

and the mixture was stirred at room temperature. After 24 h, the pH was adjusted to 7 with aqueous 

NaHCO3 (5%, 15 mL). The white precipitate was filtered off and washed with water and ethanol to remove 

the excess of reagents. Afterwards, the material was dried for 1 h at 60 °C, yielding 0.7 g of product. 

3.3. General Procedure for Azo-Coupling 

p-Substituted benzenediazonium tetrafluorborates (p-Cl 0.22 g, p-Br 0.26 g, p-NO2 0.23 g, p-SO3H 

0.27 g and p-H 0.19 g, 1 mmol) were dissolved in a minimal volume of acetonitrile or ~5 mL of water. 

N-benzylchitosan (0.5 g) was slowly added to the solutions and the mixture was stirred for 20 min at  

0–5 °C. The colored products were filtered off, washed with ethanol and dried for 3 h at 35 °C. The 

products showed solubility in dimethyl sulfoxide (DMSO). 
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3.4. General Procedure for Acid Hydrolysis of Chitosan and Derivatives 

Acid hydrolysis of chitosan and the derivatives was carried out according to the literature [32]. 

Hydrochloric acid (50 mL of 10 M HCl) or hydrobromic acid (50 mL of 9 M HCl) was added to of 

chitosan or a derivative (1 g) in a round bottom flask and the mixture was stirred for 4 h at 70 °C. 

Afterwards, the solvent was removed in a rotary evaporator to yield a brown solid. 

3.5. General Procedure for Copper Complexes Formation 

The complexes were prepared by adding chitosan or derivatives (0.1 g) to a CuSO4·5H2O aqueous 

solution (0.01 mol/L, 10 mL) with stirring at room temperature and pH 6.5 for 24 h. After that, the 

mixture was filtered and the precipitate was dried in an oven at 60 °C for 4 h. 

4. Conclusions 

The chemical modification of chitosan polymer for the synthesis of new N-azobenzyl chitosan 

derivatives was confirmed by 1H-NMR, 15N-NMR and FT-IR techniques. The UV-Vis analysis of such 

compounds exhibits intense absorption bands and the nitro derivative showed a red shifted maximum 

intensity. Mass spectrometry data of N-azobenzyl chitosan hydrolysates allowed us to propose a 

nucleophilic aromatic substitution reaction (SnAr) via which the bromine atom and the nitro group 

were replaced by a chlorine atom, a reaction that was facilitated by high concentration of chloride ions 

in the reaction media. The SnAr reaction was confirmed by the substitution of chlorine atoms and nitro 

group of 1 and 3, respectively, by bromine atoms during acid hydrolysis of both of these compounds 

with 9 M HBr. In addition, the formation of 1 and 3 could be confirmed by the ESI-MS of the 

hydrolysates from 9 M HBr hydrolysis, which showed that the cleavage of the azo linkage did not 

occur in some oligomers. Moreover, no substitution was observed for the precursors p-substituted 

anilines or the corresponding aryl diazonium salts in the acid hydrolysis. The presence of the azo group 

therefore seems to be important to promote the SnAr reaction. We note that such SnAr reaction under 

the described hydrolysis conditions has not been previously reported. Although presenting lower 

chelating capacity, the materials can form complexes with copper ions and this ability can be further 

explored in catalytic systems and for biological applications. 

Supplementary Materials  

Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/19/11/17604/s1. 

Acknowledgments 

The authors gratefully thank the Fundação de Apoio a Pesquisa do Estado de São Paulo (FAPESP), 

the Programa de Pós-graduação em Ciência e Tecnologia de Materiais (POSMAT) and the Coordenação 

de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) for financial support and post-graduation 

fellowship. The authors thank Professor Luiz Carlos da Silva Filho (UNESP—Bauru, SP) for  

useful discussion and suggestions, Rebeca M. Capitão for the synthesis and characterization of the two 



Molecules 2014, 19 17616 

 

 

diazo compounds. FAPESP (2006/51987-6) and Fundunesp (00355/11-DFP) research funding are  

also acknowledged. 

Author Contributions 

The listed authors contributed to this work as described as follows: Fernanda Pereira has carried out 

the experiments and written the manuscript. Heliara Nascimento and Giovana Anceski Bataglion have 

performed the ESI(+)-MS analyses. Alviclér Magalhães was the responsible for the NMRs studies and 

discussion of the results. Martin Peter contributed for the discussion of results and revision of the 

manuscript. Marcos Eberlin contributed to the MS studies and discussion of the results. Eduardo González 

proposed the realization of this work and has a relevant contribution to discussion of the results. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Fernández, R.; Ramos, J.A.; Espósito, L.; Tercjak, A.; Mondragon, I. Reversible Optical Storage 

Properties of Nanostructured Epoxy-Based Thermosets Modified with Azobenzene Units. 

Macromolecules 2011, 44, 9738–9746. 

2. Manickasundaram, S.; Kannan, P.; Hassan, Q.M.A.; Palanisamy, P.K. Azo dye based 

poly(alkyloxymethacrylate)s and their spacer effect on optical data storage. J. Mater.  

Sci.-Mater. Electron. 2008, 19, 1045–1053. 

3. Natansohn, A.; Rochon, P.; Gosselin, J.; Xie, S. Azo Polymers for Reversible Optical Storage. 1. 

Poly[4'-[[2-(Acryloyloxy)Ethyl]Ethylamino]-4-Nitroazobenzene]. Macromolecules 1992, 25, 

2268–2273. 

4. Shihab, N.L.; Intedhar, K.M. Synthesis of some novel heterocyclic azo dyes for a cridine 

derivatives and evaluation of their antibacterial activities. J. Chem. Pharm. Res. 2013, 5, 345–354. 

5. Pandey, V.K.; Negi, H.S. Synthesis and Biological activity of some new benzophenothiazines. 

Indian Chem. Soc. 2003, 42, 206–210.  

6. Dhingra, V.; Bhatwadekar, R.; Pendse, S. Synthesis and Biological Activity of Some  

1-Isonicotinoyl- 3,5-Diphenyl-4-4Substituted Phenyl azo Pyrazoles. Asian J. Chem. 1993, 5, 515–522. 

7. Suvarna, K.; Swain, S.P.; Gandhi, A.M. Synthesis and evaluation of novel benzothiazole 

derivatives against human cervical cancer cell lines. Indian J. Pharm. Sci. 2007, 69, 46–50.  

8. Racane, L.; Stojkovic, R.; Kulenovic, V.T.; Zamola, G.K. Synhesis and antitumor evaluation  

of novel derivatives of 6-amino-2-phenylbenzothiazoles. Molecules 2006, 11, 325–333.  

9. Bradshaw, T.D.; Stevens, M.F.G.; Westwall, A.D. The discovery of the potent and selective 

antitumour agent 2-(4-amino-3-thylphenyl)benzothiazole (DF 203) and related compounds.  

Curr. Med. Chem. 2001, 8, 203–210. 

10. Venkatesh, P.; Pandeya, S.N. Synthesis, characterisation and anti-inflammatory activity of some  

2-amino benzothiazole derivatives. Int. J. ChemTech. Res. 2009, 1, 1354–1358. 



Molecules 2014, 19 17617 

 

 

11. Chavan, M.S.; Sant, V.P.; Nagarsenker, M.S. Azo-containing urethane analogues for colonic drug 

delivery: Synthesis, characterization and in-vitro evaluation. J. Pharm. Pharmacol. 2001, 53, 

895–900. 

12. Wang, H.; Bao, C.; Li, F.; Kong, X.; Xu, J. Preparation and application of 4-amino-4'-nitro 

azobenzene modified chitosan as a selective adsorbent for the determination of Au(III) and Pd(II). 

Microchim. Acta 2010, 168, 99–105. 

13. Wang, H.; Li, C.; Bao, C.; Liu, L.; Liu, X. Adsorption and Determination of Pd(II) and Pt(IV) 

onto 3'-Nitro-4-amino Azobenzene Modified Chitosan. J. Chem. Eng. Data 2011, 56, 4203–4207. 

14. Guibal, E. Heterogeneous catalysis on chitosan-based materials: A review. Prog. Polym. Sci. 

2005, 30, 71–109. 

15. Antony, R.; David, T.S.; Saravanan, K.; Karuppasamy, K.; Balakumar, S. Synthesis, 

spectrochemical characterisation and catalytic activity of transition metal complexes derived from 

schiff base modified chitosan. Spectrochim. Acta A 2013, 103, 423–430. 

16. Chang, Y.; Wang, Y.; Zha, F.; Wang, R. Preparation and catalytic properties of chitosan bound 

schiff base copper complexes. Polym. Adv. Technol. 2004, 15, 284–286.  

17. Wang, X.; Du, Y.; Fan, L.; Liu, H.; Hu, Y. Chitosan-metal complexes as antimicrobial agent: 

Synthesis, characterization and structure-activity study. Polym. Bull. 2005, 55, 105–113. 

18. Mekahlia, S.; Bouzid, B. Chitosan-copper (II) complex as antibacterial agent: Synthesis, 

characterization and coordinating bond-activity correlation study. Phys. Procedia 2009, 2,  

1045–1053. 

19. Zheng, Y.; Yi, Y.; Qi, Y.; Wang, Y.; Zang, W.; Du, M. Preparation of chitosan-copper complexes 

and their antitumor activity. Bioorg. Med. Chem. Lett. 2006, 16, 4127–4129. 

20. Brugnerotto, J.; Lizardi, J.; Goycoolea, F.M.; Arguelles-Monal, W.; Desbrière, J.; Rinaudo, M. 

An infrared investigation in relation with chitin and chitosan characterization. Polymer 2001, 42,  

3569–3580. 

21. Kim, S. Chitin, Chitosan, Oligosaccharides and Their Derivatives, Biological Activities and 

Applications; CRC Press: Boca Raton, FL, USA, 2011. 

22. Heux, L.; Brugnerotto, J.; Desbrieres, J.; Versali, M.-F.; Rinaudo, M. Solid state NMR for 

determination of degree of acetylation of chitin and chitosan. Biomacromolecules 2000, 1, 746–751. 

23. Kumirska, J.; Czerwicka, M.; Kaczyński, Z.; Bychowska, A.; Brzozowski, K.; Thöming, J.; 

Stepnowski, P. Application of Spectroscopic Methods for Structural Analysis of Chitin and 

Chitosan. Mar. Drugs 2010, 8, 1567–1636. 

24. Sajomsang, W.; Tantayanon, S.; Tangpasuthadol, V.; Thatte, M.; Daly, W.H. Synthesis and 

characterization of N-benzyl chitosan derivatives. Polym. Prepr. 2006, 47, 294–295. 

25. Oakes, J.; Gratton, P. Kinetic investigations of the oxidation of Methyl Orange and substituted 

arylazonaphthol dyes by peracids in aqueous solution. J. Chem. Soc. Perkin Trans. 2 1998, 2,  

2563–2568. 

26. Mielczarski, J.A.; Atenas, G.M.; Mielczarski, E. Role of iron surface oxidation layers in 

decomposition of azo-dye water pollutants in weak acidic solutions. Appl. Catal. B Environ. 2005, 

56, 289–303. 

27. Tjosaas, F.; Fiksdahl, A. A simple synthetic route to methyl 3-fluoropyridine-4-carboxylate by 

nucleophilic aromatic substitution. Molecules 2006, 11, 130–133. 



Molecules 2014, 19 17618 

 

 

28. Vlasov, V.M. Nucleophilic substitution of the nitro group, fluorine and chlorine in aromatic 

compounds. Russ. Chem. Rev. 2003, 72, 681–703. 

29. Kanwal, F.; Gul, A.; Jamil, T. Synthesis of Acid Doped Conducting Polyaniline. J. Chem. Soc. Pak. 

2007, 29, 553–557. 

30. Stejskal, J.; Gilbert, R.G. Polyaniline. Preparation of a conducting polymer (IUPAC technical 

report) IUPAC. Pure Appl. Chem. 2002, 74, 857–867. 

31. Vivekanandan, J.; Ponnusamy, V.; Mahudeswaran, A.; Vijayanand, P.S. A Synthesis, characterization 

and conductivity study of polyaniline prepared by chemical oxidative and electrochemical 

methods. Arch. Appl. Sci. Res. 2011, 3, 147–153. 

32. Cabrera, J.C.; Cutsem, P.V. Preparation of chitooligosaccharides with degree of polymerization 

higher than 6 by acid or enzymatic degradation of chitosan. Biochem. Eng. J. 2005, 25, 165–172. 

Sample Availability: Samples of the N-Benzyl chitosan and compounds 1–5 are available from  

the authors.  

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


