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Abstract Ten 2-aryl/hetarylbenzoxazoles (5a, 5b, and 6a–h) were synthesized via

oxidative cyclization of Schiff bases (3a, 3b, and 4a–h) with 1.1 equivalent of

iodobenzene diacetate (IBD) in methanol. All of these 2-aryl/hetarylbenzoxazoles

(5a, 5b, and 6a–h) were tested in vitro for their antibacterial and antifungal

activities against Bacillus subtilis, Bacillus stearothermophilus, Escherichia coli,
and Pseudomonas putida. These compounds also were screened for their antifungal

activity against Aspergillus flavus and Aspergillus niger. Biological activity of these

compounds was compared with those of commercially available antibiotics,

chloramphenicol and antifungal agent cycloheximide. Most of these compounds, 5a,

5b, 6a, 6b, 6d, 6e, 6g, 6h, were equipotent or more potent than these commercial

drugs at concentration 100 lg/ml.

Keywords Iodobenzene diacetate � Schiff bases � 2-hetarylbenzoxazoles �
Antibacterial activity � Antifungal activity

Introduction

Organohypervalent iodine (III) reagents find wide utility in organic synthesis

(Varvoglis, 1981; Merkushev, 1987; Moriarty et al., 1990; Moriarty and Prakash,

1998, 2001; Prakash, 1995; Stang and Zhdankin, 1996; Koser, 2002; Zhdankin and

Stang, 2002; Prakash et al., 1994a, b) Many of these reactions lead to heterocyclic

compounds, such as benzoxazoles, thiazoles, and pyrazoles, which are associated
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with significant biological properties (Grimmet et al., 1979; Deluca and Kerwin,

1997). Organoiodine (III)-mediated oxidative approach is preferred to other existing

oxidative methods because of the low toxicity, simple experimentation, and easy

handling of these reagents compared with other oxidants, such as DDQ (Chang

et al., 2002), PCC (Praveen et al., 2008). In view of the various biological

properties, such as cholesteryl ester transfer protein inhibitors (Harikrishnan et al.,
2008), transthyretin amyloloidogenesis inhibitors (Johnson et al., 2008) are

associated with 2-substituted benzoxazoles and encouraged by promising results

on the iodine (III)-mediated oxidative cyclization of Schiff’s bases (Prakash et al.,
1997, 2003, 2006). We synthesized some 2-aryl/hetarylbenzoxazoles (5a–5b and

6a–h) from Schiff bases (3a–3b and 4a–h) to evaluate their antifungal and

antibacterial activities.

Results and discussion

Chemistry

2-Aryl/hetaryl benzoxazoles were prepared from oxidation of Schiff’s bases with

IBD according to our recently disclosed procedure (Prakash et al., 1997, 2003,

2006). It has been found that the reaction between Schiff’s bases and 1.1 equivalent

of IBD in methanol occurs smoothly to afford the corresponding 2-substituted

benzoxazoles (5a, 5b, and 6a–h) (Scheme 1 and Table 1). The structures of Schiff

bases (3a, 3b and 4a–h) and 2-aryl/hetarylbenzoxazoles (5a–5b and 6a–h) were

elaborated by their spectral data and elemental analysis.
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Experimental

Chemical synthesis

Melting points were determined in open capillaries in electrical melting point

apparatus and are uncorrected. The IR (KBr) and 1HNMR spectra were recorded on

Buck Scientific IR M-500 and Bruker (300 MHz) spectrophotometers, respectively.

Table 1 In vitro antifungal

activity
Compound Concentration

(lg/ml)

% Age inhibition

A flavus A niger

5a 10 lg 21.05 41.71

50 lg 63.15 64.70

100 lg 88.47 82.35

5b 10 lg 24.31 04.89

50 lg 51.61 05.23

100 lg 87.99 16.64

6a 10 lg 21.05 04.89

50 lg 47.36 5.88

100 lg 84.24 11.76

6b 10 lg 21.05 17.47

50 lg 36.84 47.05

100 lg 84.21 76.49

6c 10 lg 13.74 12.44

50 lg 24.92 63.87

100 lg 37.47 71.88

6d 10 lg 15.78 17.64

50 lg 26.31 41.71

100 lg 78.94 76.47

6e 10 lg 29.04 08.93

50 lg 51.42 05.88

100 lg 86.23 21.86

6f 10 lg 20.11 04.19

50 lg 43.23 07.47

100 lg 66.91 21.38

6g 10 lg 19.94 43.19

50 lg 49.61 66.93

100 lg 78.54 73.62

6h 10 lg 29.04 08.93

50 lg 51.42 05.88

100 lg 86.23 21.86

Cycloheximide 10 lg 15.78 11.76

50 lg 63.15 23.52

100 lg 78.94 35.29
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The compounds 5b, 6a–d gave satisfactory analytical results (within ± 0.4 of the

theoretical values).

Schiff Bases 3a, 3b, and 4a–h

General procedure Schiff bases were prepared by refluxing 10 mmol of o-amino/
p-chloro-o-aminophenol and 15 mmol of appropriate aldehyde in methanol. The

Schiff bases precipitated on cooling the reaction mixture and were recrystallized

from methanol.

Characterization data of Schiff bases 3a, 3b, and 4a–d is given 3b: m.p. 60–61�C;

yield 50%; IR (KBr) cm-1 1589, 2930, 3343 (O–H) str. 1H NMR (CDCl3); d 2.50 (s,

3H, –CH3), 6.79–6.81 (m, 1H), 6.84–6.90 (m, 1H), 6.969–7.00 (dd, 1H,

J1 = 1.5 Hz, J2 = 8.1 Hz), 7.12–7.15 (m, 1H), 7.15–7.18 (m, 1H), 7.30–7.31 (m,

1H), 8.72 (s, 1H, = C–H).

4a: m.p. 90–91�C; yield 84%; IR (KBr) cm-1 1589, 2924, 3360 (O–H) str. 1H

NMR (CDCl3); d 6.93–6.96 (m, 1H), 7.13–7.27 (m, 4H), 7.55–7.58 (m, 2H), 8.82 (s,

1H, = C–H).

4b: m.p. 130–131�C; yield 89%; IR (KRr) cm-1 1589, 2930, 3327 (O–H) str. 1H

NMR (CDCl3); d 2.51 (s, 3H, –CH3), 6.92–6.97 (m, 1H), 7.12–7.16 (dd, 1H), 7.26–

7.28 (m, 2H), 7.45–7.49 (m, 1H), 8.71 (s, 1H, = C–H).

4c: m.p. 96–98�C; yield 65%; IR (KBr) cm-1 1590, 2925, 3357 (O–H) str. 1H

NMR (CDCl3); d 2.53 (s, 3H, –CH3), 6.83–6.94 (m, 2H), 7.10–7.13 (dd, 1H), 7.24–

7.36 (m, 2H), 8.63 (s, 1H, = C–H).

4d: m.p. 135–137�C; yield 87%; IR (KBr) cm-1 1571, 2900, 3333 (O–H) str. 1H

NMR (CDCl3); d 6.97–7.00 (d, 1H, J = 8.7 Hz), 7.19–7.22 (dd, 1H, J1 = 2.1 Hz,

J2 = 8.7 Hz), 7.45–7.49 (m, 1H), 8.28–8.29 (m, 1H), 8.72 (s, 1H, = C–H), 8.75–

8.76 (m, 1H), 9.07–9.09 (m, 1H).

4e: m.p. 81–82�C; lit m.p. 81–82�C (Prakash et al., 1997, 2006); yield 70%.

4f: m.p. 93–94�C; lit m.p. 92�C (Prakash et al., 1997, 2006); yield 76%.

4g: m.p. 184–185�C; lit m.p. 186�C (Prakash et al., 1997, 2006); yield 60%.

4h: m.p. 130–131�C; lit m.p. 133�C (Prakash et al., 1997, 2006); yield 63%.

2-aryl/hetarylbenzoxazoles (5a, 5b, and 6a–h)

General procedure To a solution of Schiff’ base (1 mmol) in 10 ml, methanol

was added IBD (1.1 mmol) and the mixture was stirred for 15–20 minutes. Solvent

was evaporated in vacuo to bring the volume to one-third. Crystalline solids,

separated out on keeping the reaction mixture at room temperature. Solids, thus

obtained, were filtered and washed with methanol followed by petroleum ether to

get 2-aryl/hetarylbenzoxazoles (5a, 5b, and 6a–h).

Characterization data of 2-aryl/hetarylbenzoxazoles (5a, 5b, and 6a–h) are
given: 5b: 1H NMR (CDCl3); d 2.51 (s, 3H, –CH3), 7.19–7.23 (m, 2H), 7.34–

7.37 (m, 2H), 7.55–7.59 (m,1H), 7.74–7.77 (m, 1H), 7.93–7.95 (m, 1H); 13C NMR
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(CDCl3); d 15.63, 110.28, 119.60, 124.58, 126.74, 130.28, 142.23, 145.78, 152.24;

C12H9NOS; Found (C, 66.83; H, 4.14; N, 6.48%); Requires (C, 66.97; H, 4.18; N,

6.51%). m/z M? 215.

6a: 1H NMR (CDCl3); d 7.21–7.24 (dd, 1H, J1 = 6.9 Hz, J2 = 1.2 Hz), 7.31–

7.34 (dd, 1H, J1 = 6.9 Hz, J2 = 1.2 Hz), 7.43–7.50 (m, 1H), 7.60–7.62 (m, 1H),

7.93–7.95 (m, 1H); 13C NMR (CDCl3); d 111.10, 119.74, 125.30, 128.36, 129.10,

130.49, 143.20, 149.04, 160.32; C11H6NOSCl Found (C, 56.02; H, 2.44; N, 5.88%);

requires (C, 56.05; H, 2.54; N, 5.94%). m/z M? 235, 237.

6b: 1H NMR (CDCl3); d 2.51(s, 3H, –CH3), 7.02–7.03 (d, 1H, J = 5.1 Hz), 7.28–

7.38 (m, 1H), 7.46–7.49 (m, 3H), 7.73–7.74 (m, 1H); 13C NMR (CDCl3); d 15.68,

110.42, 119.82, 124.72, 125.07, 129.68, 130.23, 142.02, 150.45; C12H8NOSCl

Found (C, 57.62; H, 3.16; N, 5.58%); Requires (C, 57.71; H, .20; N, 5.61%). m/z

M? 249, 251.

6c: 1H NMR (CDCl3); d 2.52(s, 3H, –CH3), 6.85–6.86 (m, 1H), 7.26–7.29 (m,

2H), 7.42–7.45 (m, 1H), 7.71–7.73 (m, 1H); 13C NMR (CDCl3); d 15.70, 110.96,

119.52, 124.96, 126.90, 130.88, 143.23, 146.28, 150.24; C12H8NOSCl Found (C,

57.62; H, 3.16; N, 5.58%); Requires (C, 57.71; H, 3.20; N, 5.61; O, 6.41%). m/z M?

249, 251.

6d: 1H NMR (CDCl3); d 7.22–7.34 (m, 2H), 7.46–7.49 (m, 2H), 7.60–7.94 (m,

2H), 8.89–8.99 (m, 1H); 13C NMR (CDCl3); d 111.10, 119.74, 125.30, 128.37,

130.86, 149.04; C12H7N2OCl Found (C, 62.58; H, 2.99; N, 12.14%); Requires (C,

62.60; H, 3.04; N, 12.17%). m/z M? 230, 232.

Biological investigation

In vitro antifungal assay

Potato dextrose media (PDA media) was prepared in the flask and sterilized. Stock

solutions of 500 lg/ml of each compound were prepared in dimethylsulfoxide

(DMSO) and were appropriately diluted to get final concentration of 10, 50, and

100 lg/ml. A volume of 100 ll of each sample was poured in the well in PDA

media containing sterilized Petri plates. Mycelial discs taken from the standard

cultures (Aspergillus flavus and Aspergillus niger) of fungi were grown on PDA

medium for 5–7 days. These cultures were used for the purpose of inoculation in the

center sterilized Petri dish, aseptically. Standard cultures inoculated at 28 ± 1�C

were used as the control. The efficacy of each sample was determined by measuring

radial mycelial growth. The radial growth of the colony was measured in two

directions at right angle to each other, and the average of two replicates was

recorded in each case. Data were expressed as percent inhibition over control from

the size of colonies. The percentage inhibition given in the table was calculated

using the formula:

% inhibition ¼ C� Tð Þ � 100=C

where C = diameter of fungus colony in the control plate after 96-hour incubation,

T = diameter of fungus colony in the tested plate after 96-hour incubation.
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In vitro antibacterial assay

Primary screening

The antibacterial activities of the newly synthesized compounds were evaluated by

Agar Well Diffusion Assay technique (NCCLS, 2000; McFarland, 1907; Green-

wood et al., 1997) against two gram-positive bacteria, i.e., Bacillus subtilis (MTCC

121) and Bacillus stearothermophilus (MTCC 8508), and two gram-negative

bacteria, i.e., E. coli (MTCC 51) and Pseudomonas putida. The bacterial cultures

were maintained on the nutrient agar media by subculturing them on the fresh slants

after every 4–6 weeks and incubating them at the appropriate temperature for 24

hours. All stock cultures were stored at 48C. For the evaluation of antimicrobial

activity of the synthetic compounds, suspension of each test microorganism was

prepared. Turbidity of each suspension was adjusted to 0.5 McFarland units by

suspending the cultures in sterile, distilled water. The size of final a volume of

20 ml of agar media was poured into each Petri plate and plates were swabbed with

broth cultures of the respective microorganisms and kept for 15 minutes for

adsorption to take place. Using a punch, &8-mm diameter well was bored in the

seeded agar plates and a 100-ll volume of each test compound reconstituted in

DMSO was added into the wells. DMSO was used as control for all the test

compounds. After holding the plates at room temperature for 2 hours to allow

diffusion of the compounds in to the agar, the palates were incubated at 378C for 24

hours. Antibacterial activity was determined by measuring the inhibition zone

diameter. The entire tests were made in triplicates and mean of the diameter of

inhibition was calculated. The antimicrobial activities of the compounds were

compared against the standard drugs. Inoculum was adjusted to 5x107 CFU/ml.

A volume of 20 ml of agar media was poured into each Petri plate and plates

were swabbed with broth cultures of the respective microorganisms and kept for 15

minutes for adsorption to take place. Using a punch, &8-mm diameter well was

bored in the seeded agar plates and a 100-ll volume of each test compound

reconstituted in DMSO was added into the wells. DMSO was used as control for all

the test compounds. After holding the plates at room temperature for 2 hours to

allow diffusion of the compounds in to the agar, the palates were incubated at 378C
for 24 hours. Antibacterial activity was determined by measuring the inhibition zone

diameter. The entire tests were made in triplicates and mean of the diameter of

inhibition was calculated. The antimicrobial activities of the compounds were

compared against the standard drugs.

Conclusions

All ten chemically synthesized compounds, 5a, b, 6a–h, were tested in vitro for

their antifungal activities against two fungi, A. flavus and A. niger, and antibacterial

activity against two gram-positive bacteria (B. subtilis, B. stearothermophilus) and

two gram-negative bacteria (E. coli, P. putida).
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Most of these compounds possessed excellent in vitro antifungal activity against

A. flavus. Of these synthesized compounds, 5a, 6b, 6c, 6d, and 6g were active

against both fungi: A. flavus and A. niger. The activities of the compounds 5a–b,

6a–h also were compared with commercially available antibiotic, cycloheximide,

(Table 2; Fig. 1). It was found that 5a, 5b, 6a, 6b, 6e, and 6h were more potent than

cycloheximide against A. flavus, whereas 5a, 6b, 6c, 6d, and 6g were more active

than cycloheximide against A. niger. It also was found that compounds having

Table 2 Physical data of 2-aryl/hetarylbenzoxazoles (5a, 5b, 6a–h)

Compounds M.pt (�C) Lit. M.pt (�C) Yield (%)

5a 105–106 105–106 (Chang, et al., 2002) 70

5b 107–108 – 65

6a 120–121 – 75

6b 134–135 – 76

6c 99–100 – 60

6d 194–195 – 63

6e 101–102 101–102 (Prakash et al., 1997, 2006) 62

6f 135–136 138 (Prakash et al., 1997, 2006) 60

6g 234–238 240 (Prakash et al., 1997, 2006) 65

6h 185–186 186 (Prakash et al., 1997, 2006) 55
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thienyl or substituted thienyl (5a, 6a–6c) or nitro group 6g were found to possess

more antifungal activity than other benzoxazoles synthesized.

These benzoxazoles possessed good antibacterial activity against both gram-

positive (B. subtilis, B. stearothermophilus) and gram-negative bacteria (E. coli,
P. putida). Their activities were compared with commercial antibiotics (chloram-

phenicol). The compounds 6e, 6f were found to be more potent than chloramphenicol

Table 3 In vitro antibacterial

activity of newly synthesized

compounds by using well

diffusion method

B.S = Bacillus subtilis;
B.St = Bacillus
stearothermophilus;
E.C = Escherichia coli;
P.put = Pseudomonas putida
a Mean of three replicates—no

activity

Compound Concentration

(lg/ml)

Diameter of zone of growth

inhibitiona (%)

B�S B.St E.C P.put

5a 10 12.66 10.33 11.66 09.66

50 21.26 20.43 26.28 24.34

100 31.72 31.33 36.66 33.33

5b 10 – – 12.45 13.47

50 11.33 12.66 21.74 22.33

100 17.33 19.66 34.29 35.45

6a 10 19.66 21.33 17.74 19.66

50 30.53 32.66 31.77 33.66

100 41.66 39.66 43.33 44.77

6b 10 10.34 12.66 10.33 12.12

50 21.67 23.44 24.56 25.67

100 29.33 31.84 33.17 35.06

6c 10 – – – –

50 10.33 12.66 17.44 18.33

100 16.66 18.47 31.74 32.66

6d 10 13.33 11.33 12.66 09.66

50 22.16 21.43 27.33 25.33

100 33.33 32.33 36.74 35.33

6e 10 10.21 10.66 19.92 15.21

50 26.47 27.21 33.87 57.66

100 36.74 36.44 45.33 76.33

6f 10 17.22 17.92 18.62 14.22

50 31.37 30.87 32.77 54.56

100 42.13 43.33 43.33 73.47

6g 10 – – – –

50 10.13 12.26 17.14 18.13

100 17.22 19.37 30.24 31.16

6h 10 09.33 10.66 09.33 12.66

50 20.43 21.33 21.43 26.33

100 31.33 31.74 31.33 37.33

Chloramphenicol 10 26.33 25.33 20.33 19.33

50 47.20 53.20 50.40 43.40

100 64.20 77.20 65.40 71.24
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against P. putida (Table 3; Fig. 2). The five chlorobenzoxazoles showed activity

comparable with five unsubstituted derivatives.

Acknowledgments The authors thank DST (SR/FTP/CF-125/2006) for financial assistance and

Kurukshetra University, Kurukshetra, for the award of University Research Scholarship to Reshmi

R. Nair.

References

Chang J, Zhao K, Pan S (2002) Synthesis of 2-arylbenzoxazoles via DDQ promoted oxidative cyclization

of phenolic Schiff bases—a solution-phase strategy for library synthesis. Tetrahedron Lett 43:951–

954. doi:10.1016/S0040-4039(01)02302-4

Deluca MR, Kerwin SM (1997) The total synthesis of UK-1. Tetrahedron Lett 38:199–202. doi:

10.1016/S0040-4039(96)02288-5

Greenwood D, Slack R, Peutherer J (1997) Medical microbiology: a guide to microbial infections:

pathogenesis, immunity, laboratory diagnosis and control, 15th edn. Churchill Livingstone, Oxford

Grimmet MR, Sammes PG, Ollis WD, Barton D (1979) Comprehensive organic chemistry: the synthesis

and reactions of organic compounds, 4th edn. Pergamon Press, Oxford

Harikrishnan LS, Kamau MG, Herpin TF, Morton GC, Liu Y, Cooper CB, Salvati ME, Qiao JX, Wang

TC, Adam LP, Taylor DS, Alice Chen Ye A, Yin X, Seethala R, Peterson TL, Nirschl DS, Miller

AV, Weigelt CA, Appiah KK, O’Connell JC (2008) 2-Arylbenzoxazoles as novel cholesteryl ester

transfer protein inhibitors: Optimization via array synthesis. Bioorganic Med Chem Lett 18:2640–

2644

Johnson SM, Connelly S, Wilson IA, Kelly JW (2008) Biochemical and structural evaluation of highly

selective 2-Arylbenzoxazole-based transthyretin amyloidogenesis inhibitors. J Med Chem 51:260–

270

Koser GF (2002) [Hydroxy (tosyloxy) iodo]benzene and closely related Iodanes: the second stage of

development. Aldrichimica Acta 34:89–102

McFarland J (1907) Nephelometer: an instrument for estimating the number of bacteria in suspension

used for calculating the opsonic index and for vaccines. J Am Med Assoc 49:1176–1178

0

10

20

30

40

50

60

70

80

90

5a 5b 6a 6b 6c 6d 6e 6f 6g 6h

ch
lor

am
phen

ico
l

compounds

co
nc

en
tr

at
io

n(
µg

/m
l)

B.s B.st E.coli P.put

Fig. 2 In vitro antibacterial assay of test compounds

Med Chem Res (2010) 19:541–550 549

http://dx.doi.org/10.1016/S0040-4039(01)02302-4
http://dx.doi.org/10.1016/S0040-4039(96)02288-5


Merkushev EB (1987) Organic compounds of polyvalent iodine-derivatives of iodosobenzene. Russ

Chem Rev 56:826–845

Moriarty RM, Prakash O (1998) Synthesis of heterocyclic compounds using organohypervalent iodine

reagents. Adv In Het Chem 69:1–87

Moriarty RM, Prakash O (2001) Oxidation of phenolic compounds with organohypervalent iodine

reagents. Org React 57:327–416

Moriarty RM, Vaid RK, Koser GF (1990) [Hydroxy(organosulfonyloxy)iodo]arenes in organic synthesis.

Synlett 7:365–383

NCCLS (2000) Method for dilution antimicrobial susceptibility test for bacteria that grow aerobically

approved standard, 5th edn. National Committee for Clinical Laboratory Standards, Villanova, PA

Prakash O (1995) Organo iodine (III) and thallium(III) reagents in organic synthesis: useful

methodologies based on oxidative rearrangements. Aldrichimica Acta 28:63–71

Prakash O, Saini N, Sharma PK (1994a) [Hydroxy(tosyloxy)iodo]benzene: a useful hypervalent iodine

reagent for the synthesis of heterocyclic compounds. Heterocycles 38:409–431

Prakash O, Saini N, Sharma PK (1994b) Hypervalent iodine reagents in the synthesis of heterocyclic

compounds. Synlett 4:221–227

Prakash O, Verma RS, Saini RK (1997) Hypervalent iodine oxidation of phenolic Schiff’s bases:

synthesis of 2-arylbenzoxazoles. Tetrahedron Lett 38:2621–2622

Prakash O, Batra A, Sharma V, Saini RK, Verma RS (2003) Hypervalent iodine(III) mediated synthesis

of 2-substituted benzoxazoles. J Indian Chem Soc 80:1031–1033

Prakash O, Pannu K, Kumar A (2006) Synthesis of some new 2-(3-Aryl-1-phenyl-4-pyrazolyl)-

benzoxazoles using hypervalent iodine mediated cyclization of Schiff’s bases. Molecules 11:43–48

Praveen C, Kumar KH, Murlidharan D, Perumal PT (2008) Oxidative cyclization of thiophenolic and

phenolic Schiff’s bases promoted by PCC: a new oxidant for 2-substituted benzothiazoles and

benzoxazoles. Tetrahedron 64:2369–2374

Stang PJ, Zhdankin VV (1996) Organic polyvalent iodine compounds. Chem Rev 96:1123–1178

Varvoglis A (1981) Aryliodine (III) dicarboxylates. Chem Soc Rev 10:377–407

Zhdankin VV, Stang PJ (2002) Recent developments in the chemistry of polyvalent iodine compounds.

Chem Rev 102:2523–2584

550 Med Chem Res (2010) 19:541–550


	Iodine (III)-mediated synthesis of some 2-aryl/hetarylbenzoxazoles as antibacterial/antifungal agents
	Abstract
	Introduction
	Results and discussion
	Chemistry
	Experimental
	Chemical synthesis
	Schiff Bases 3a, 3b, and 4a--h
	General procedure
	Characterization data of Schiff bases 3a, 3b, and 4a--d is given

	2-aryl/hetarylbenzoxazoles (5a, 5b, and 6a--h)
	General procedure
	Characterization data of 2-aryl/hetarylbenzoxazoles (5a, 5b, and 6a--h) are given:


	Biological investigation
	In vitro antifungal assay

	In vitro antibacterial assay
	Primary screening


	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


