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Abstract Nano-structured CuO granules catalyze the

C–N cross-coupling of amines with iodobenzene in

excellent yields. The reaction is simple, efficient, and

operates in air under ligand-free conditions.
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Introduction

The synthesis of N-arylamines and N-arylheterocycles is an

active area in organic synthesis because of the occurrence

of these moieties in biologically important natural prod-

ucts, pharmaceuticals, and their applications in materials

research. Among the various strategies developed to date,

the copper-catalyzed Ullmann reaction has proven to be the

most convenient synthetic route for installing an N-aryl

functionality [1].

However, the synthetic scope of this reaction is strongly

limited by the insolubility of copper(I) salts in organic sol-

vents, the high reaction temperatures required (*200 �C),

and the sensitivity of the substituted aryl halide to the harsh

reaction conditions applied. Another major drawback of this

protocol is the use of stoichiometric amounts of copper or

copper salts, which results in the production of large quan-

tities of waste, making this method environmentally

unfriendly [2]. To overcome these limitations, much atten-

tion has recently focused on developing catalytic systems to

reduce the environmental impact of the processes [3–6].

Copper complexes containing electron-rich ligands have

been studied considerably for the cross-coupling of nitrogen

nucleophiles with aryl halides [7–10]. Most of the systems

involve a homogeneous process, and the ligand chelated with

the metal plays a crucial role in the catalysis.

Very recently, the employment of nanocrystalline metal

oxides as catalysts in organic synthesis has attracted much

attention [11]. CuO nanoparticles have been studied for

C–N, C–O, and C–S bond formations via cross-coupling

reactions of nitrogen, oxygen, and sulfur nucleophiles with

aryl halides [12, 13].

Despite their great chemical reactivity, nano-catalysts in

general and nano metal oxides in particular suffer from

having an inappropriate physical form that makes their

practical applications often unfeasible or at least formida-

ble. Industrial processes, especially fixed bed operations,

often require casting of nano powder catalysts into a gran-

ulated structure. In order to shape green bodies from

powders, many methods can be used, such as pressing, slip

casting, tape casting, injection molding, and gel casting. Gel

casting has been widely studied for the last decade [14–16].

Alginate is a type of gelling polysaccharide, which can

be dissolved in water at room temperature (RT) and then

gelled after casting by cross-linking with divalent metal

ions [17]. Several reports have demonstrated the gel casting

of micron and submicron powders by using sodium algi-

nate [18–20].

We herein describe a method for the preparation of

spherical granules of CuO nano-catalyst that preserve a
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great portion of their initial specific surface area by using

sodium alginate. The separation of nano-structure catalysts

is often very difficult; in particular, when the particles are

too fine, they should pass through any filter available.

However, after algination, nanoparticles were fixed into a

granulated structure so we could separate them very easily

by filtration. The prepared catalysts were then used in the

Ullmann cross-coupling of amines with iodobenzene under

ligand-free conditions (Scheme 1).

Result and discussion

Catalyst preparation

Granulated copper oxide nano-catalyst was prepared via a

three-step procedure. First, copper oxide nanoparticles

were synthesized by hydrothermal decomposition of cop-

per nitrate under supercritical water conditions. Second, the

nanoparticles were immobilized in the polymeric matrix of

sodium alginate. Third, high temperature calcination under

an airstream entirely removed the carbonaceous materials

and resulted in a pebble-type catalyst of high porosity.

The X-ray diffraction (XRD) patterns of nano-sized and

bulk CuO are shown in Fig. 1. All the XRD peaks are

indexed to the monoclinic crystal system of CuO. The

average size of the obtained CuO particles shown in Fig. 2

is 5 nm. The crystallite size was also calculated by X-ray

line-broadening analysis using the Scherrer equation; we

found that the average CuO crystallite size was 8 nm. The

mean surface area of the CuO catalyst was 32.5 m2/g from

Brunauer–Emmett–Teller (BET) analysis.

The first step in the synthesis of the nano-structured

CuO granules was the preparation of the aqueous CuO

nanoparticle suspension. Fabrication of the granules (MSs)

was then effected by mixing of the CuO suspension with

sodium alginate solution, and dropwise injection of the

obtained sol into BaCl2 solution through a 0.50-mm med-

ical needle to gelify and form granules (Fig. 3). The size of

the droplets and thus granules was adjusted by mean of a

pneumatic cutting system which blew an airstream around

the injecting needle. Particles obtained by the dripping

method were calcined at different temperature [600 �C

(MS1), 700 �C (MS2), 800 �C (MS3)]. With respect to

particle morphology, the calcination temperature played an

important role in determining the surface characteristics of

the granules.

Table 1 summarizes the results of BET analysis of the

final granulated products. The maximum surface area was

presented by MS1, which was calcined at the lowest tem-

perature. The XRD patterns of the nano-structured CuO

granules are shown in Fig. 4. All the XRD peaks are

indexed to the monoclinic crystal system of CuO. The

XRD pattern of the copper oxide granules formed at

800 �C shows relatively sharp peaks with the highest

intensity as shown in Fig. 4. This is mainly due to the

growth of crystallite size. Figure 5 shows the shape, size,

and morphology of different microspheres that have
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Nano-structured
 CuO granules

Scheme 1

Fig. 1 XRD patterns of CuO particles prepared under supercritical

conditions and bulk CuO

Fig. 2 Transmission electron micrographs of the CuO nanoparticles
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undergone different thermal treatments. The size of all

microspheres is in the range of 300–500 lm.

Catalytic reactions

The cross-coupling reaction of aniline with iodobenzene

was chosen as a model reaction to study the catalytic

activity of the nano-structured CuO granules. We attemp-

ted various reaction conditions including different copper

sources, bases, and solvents to optimize the Ullmann

coupling.

Several readily available copper(II) salts such as

CuSO4�5H2O and Cu(OAc)2�H2O were screened for the

Fig. 3 Schematic diagram of the apparatus used for preparation of

the nano-structured CuO granules

Table 1 Surface area of granules at different condition

Entry Temperature (�C) Time (h) BET (m2 g-1)

MS1 600 6 18.74

MS2 700 6 9.16

MS3 800 6 5.65

Fig. 4 XRD patterns of nano-structured CuO granules a MS1, b MS2,

c MS3

Fig. 5 SEM images of a MS1, b MS2, c MS3 (scale size 1 lm),

d shape of the nano-structured CuO granules (scale size 200 lm)
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Ullmann coupling reaction of iodobenzene with aniline at

110 �C using 1.26 mol% of copper salt as the catalyst and

1 equiv of KOH in dimethyl sulfoxide (DMSO) under air.

The experiments showed that commercially available

copper sources catalyze this reaction to afford the corre-

sponding product 3a in low yields of 33–48% (Table 2,

entries 1, 2). The size of CuO plays an important role in

terms of yields and reaction times. When the reaction was

conducted with bulk CuO, a poor yield of the product was

obtained (Table 2, entry 3).

We compared the catalytic activity of CuO nanoparti-

cles with that of the nano-structured CuO granules (MS1,

MS2, MS3). The highest yield was obtained with CuO

nanoparticles and surprisingly CuO granules (MS1) gave

comparable yields to CuO nanoparticles (Table 2). The

high surface area of the copper oxides is supposed to be

important for the catalytic performance. Although the

granulation of nanoparticles by the immobilization–calci-

nation method reduces their specific surface area from 32.5

to 18.74 m2/g, the surface area is still much larger than that

of bulk CuO (0.49 m2/g).

Although it is possible to slightly increase the yield of

the reaction by using CuO nanoparticles, the nano-struc-

tured CuO granule-catalyzed reaction has the advantages of

easy product purification, efficient recycling of the catalyst,

and minimization of metal oxide traces in the product.

Thus, we chose CuO granules (MS1) as the catalyst for this

reaction.

To study the effect of the solvent on the yield of this

reaction, the model reaction was carried out in various

solvents and under solvent-free conditions by using

1.26 mol% of CuO granules (MS1) as the catalyst. As

shown in Table 3 the best results in terms of yield and time

were achieved under solvent-free conditions.

The same reaction was carried out at temperatures

ranging from 90 to 120 �C, with an increment of 10 �C

each time. The yield of product 3a was increased, and the

reaction time was shortened when the temperature was

increased from 90 to 110 �C. Temperatures above 110 �C

had no obvious influence on this reaction. Therefore, a

temperature of 110 �C was chosen for all further reactions.

Virtually no product was detected when a mixture of

iodobenzene and aniline was stirred at room temperature. A

temperature of at least 90 �C is required for appreciable

conversion to product.

We also investigated the coupling of iodobenzene with

aniline using different bases (Table 4). Among the bases

we selected, KOH gave the best result, and K2CO3 was less

efficient. The application of NEt3 and pyridine as base

failed to yield the desired product.

The scope of the copper-catalyzed aryl amination reac-

tion was explored by using CuO granules (MS1) as the

copper source and 1 equiv of KOH as the base under

solvent-free conditions. The coupling reaction of iodo-

benzene with various amines was carried out using this

catalyst system, and the desired amination products were

obtained in good to high yields. As shown in Table 5,

anilines having electron-donating groups showed greater

reactivity than those with electron-withdrawing groups.

These reaction conditions were also suitable for the cross-

coupling of alkyl amines and N-heterocyclic compounds

with iodobenzene. As nano-structured CuO granules are a

heterogeneous catalyst, the recyclability of the catalyst in

this coupling reaction was examined. The coupling of

aniline with iodobenzene was chosen as a model reaction.

After each cycle, the catalyst was recovered by simple

Table 2 C–N cross-coupling of aniline with iodobenzene in the

presence of copper(II) compounds

Entry Catalyst Time (h) Yield (%)

1 CuSO4�5H2O 10 48

2 Cu(OAc)2�H2O 10 33

3 CuO bulk 10 55

4 Nano-CuO 2 96

5 MS1 2 93

6 MS2 5 78

Catalyst (1.26 mol%), aniline (1.2 mmol), iodobenzene (1 mmol),

KOH (1 mmol), and DMSO (1 cm3) were stirred at 110 �C

Table 3 C–N cross-coupling of aniline with iodobenzene in different

solvents and temperatures

Entry Solvent Temperature (�C) Time (h) Yield (%)

1 DMSO 110 2 93

2 Toluene 110 8 56

3 DMF 110 10 35

4 Solvent free 110 2 95

5 Solvent free 120 2 95

6 Solvent free 90 8 21

7 Solvent free RT 10 –

CuO granules (1.26 mol%), aniline (1.2 mmol), iodobenzene

(1 mmol), KOH (1 mmol), and solvent (1 cm3)

Table 4 C–N cross-coupling of aniline with iodobenzene in the

presence of different bases

Entry Base Time (h) Yield (%)

1 KOH 2 95

2 K2CO3 5 45

3 NEt3 10 –

4 Pyridine 10 –

CuO granules (1.26 mol%), aniline (1.2 mmol), iodobenzene

(1 mmol), and base (1 mmol) were stirred at 110 �C under solvent-

free conditions
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filtration, washing with deionized water and ethanol, and

then drying in vacuo. The recovered CuO granules were

used directly in the next cycle. The recycling results are

listed in Table 6 and show that the catalyst was still highly

efficient after the fifth cycle.

In conclusion, we have developed a new method of

granulation of CuO nanoparticles that preserves a great

portion of their initial specific surface area. The resulting

granules were used as a catalyst for the efficient C–N cross-

coupling reaction of amines with iodobenzene. The scope

of the reaction using our catalyst is quite broad; various

aryl, alkyl, and N-heterocyclic amines react with iodo-

benzene. Furthermore, nano-structured CuO granules can

be recovered and recycled by simple filtration of the

reaction solution and reused for at least five consecutive

trials without a decrease in their activity.

Experimental

Batchwise supercritical hydrothermal synthesis of CuO

nanoparticles

Copper(II) nitrate trihydrate (Merck AG, for synthesis) was

used as the precursor for synthesis of nano copper oxide.

Preparation of CuO took place in a stainless steel

(316 dm3) autoclave that was able to endure a working

temperature and pressure of 550 �C and 610 bar, respec-

tively. The concentration of Cu(NO3)2 was 0.05 mol dm-3,

and the heating period was about 2 h. The synthesis was

carried out at 500 �C to accelerate the hydrolysis reactions

and thus shorten the fabrication period. To maintain a

suitable safety margin, the 200-cm3 stainless steel auto-

clave was loaded with only 60–80 cm3 of the solution. The

autoclave was removed from the furnace, quenched with

cold water, and the CuO nanoparticles were recovered from

the discharged solution by high speed centrifugation at

14,000 rpm for about 60 min. The produced nanoparticles

were then washed three times in the same centrifuge with

ultrapure water, and then dried at ambient temperature.

Preparation of nano-structured CuO granules

CuO nanoparticles (2 g) were dispersed in 5 cm3 deionized

water and the mixture was stirred to form an aqueous CuO

suspension, and the reaction mixture was exposed to

ultrasonic irradiation for 30 min. Afterwards 14 cm3 of

gelatin aqueous solution (sodium alginate, 3.6 wt%) was

added, and the mixture was stirred mechanically for 2 h.

The resulting alginate–CuO nanoparticle solution was

sprayed through a thin inner nozzle (Ø = 0.5 mm) into a

0.1 mol dm-3 barium chloride solution with pressurized

air blown from an outer space of the nozzle (Fig. 3). The

Table 5 C–N cross-coupling of amines with iodobenzene

Entry Amine Time (h) Yield (%)

a
NH2

2 95

b
NH2

O2N

10 76

c
NH2

2 92

d

NHO

6 91

e

NH

7 89

f
NH2

4 90

g
NH2  

10 91

h

N
H

3 93

i

N

H
N

20 87

CuO granules (MS1, 1.26 mol%), amine (1.2 mmol), iodobenzene

(1 mmol), and KOH (1 mmol) were stirred at 110 �C under solvent-

free conditions

Table 6 Recycling of CuO granules

Run 1 2 3 4 5

Time (h) 2 2 3 3 3

Yield (%) 95 93 89 86 84
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resultant beads were allowed to stand in the solution for 3 h

at room temperature on a magnetic stirrer, and then they

were washed three times with pure water and eventually

dried at 400 �C for 10 h. The dried granules were trans-

ferred into a muffle furnace and calcined at 600 �C (MS1),

700 �C (MS2), and 800 �C (MS3) for 6 h to decompose and

burn all of the organic materials.

Characterization

The crystal structures of the prepared CuO nanoparticles

and final granules were analyzed by using Cu Ka radiation

(Philips PW 1800). The particle size and morphology of the

nanocrystalline particles were examined using a transmis-

sion electron microscope (TEM, LEO 912AB). In the case

of granules, a scanning electron microscope (SEM,

LEO1455VP) was used for the same purpose. The surface

areas of the CuO nanoparticles and the nano-structured

CuO granules were determined by the nitrogen adsorption

BET method (Quantachrome Instruments, Nova 2000e).

Catalytic reactions

CuO granules (MS1, 1.26 mol%) were added to a stirred

solution of amine (1.2 mmol), iodobenzene (1 mmol), and

KOH (1 mmol). The reaction mixture was heated at 110 �C

for the appropriate time (Table 5) and then allowed to cool to

room temperature. Diethyl ether (2 cm3) and 2 cm3 water

were then added to the reaction mixture and the catalyst was

removed by high speed centrifugation (for CuO nano-cata-

lyst) or simple filtration (for CuO granules). The reaction

mixture was further extracted with diethyl ether

(3 9 5 cm3). The combined organic phases were washed

with brine and dried over sodium sulfate. The solvent was

removed by rotary evaporation to give a residue which was

purified on silica gel column chromatography using ethyl

acetate and hexane as eluent.

All products were known and characterized by com-

parison of their physical and spectra data with those

already reported [13, 21–24].

Acknowledgments The authors are thankful to the Nuclear Science

and Technology Research Institute for the partial financial support.

References

1. Nandurkar NS, Bhanushali MJ, Bhor MD, Bhanage BM (2007)

Tetrahedron Lett 48:6573

2. Sperotto E, Vries JG, van Klink GP, van Koten G (2007) Tet-

rahedron Lett 48:7366

3. Punniyamurthy T, Rout L (2008) Coord Chem Rev 252:134

4. Ley SV, Thomas AW (2003) Angew Chem Int Ed 42:5400

5. Beletskaya LP, Cheprakov AV (2004) Coord Chem Rev

248:2337

6. Frisch AC, Beller M (2005) Angew Chem Int Ed 44:674

7. Deng W, Wang Y-F, Zou Y, Liu L, Guo Q-X (2004) Tetrahedron

Lett 45:2311

8. Moriwaki K, Satoh K, Takada M, Ishino Y, Ohno T (2005)

Tetrahedron Lett 46:7559

9. Mao J, Guo J, Song H, Ji S-J (2008) Tetrahedron 64:1383

10. Verma AK, Singh J, Sankar VK, Chaudhary R, Chandra R (2007)

Tetrahedron Lett 48:4207

11. Zhang J, Zhang Z, Wang Y, Zheng X, Wang Z (2008) Eur J Org

Chem 2008(30):5112

12. Jammi S, Sakthivel S, Rout L, Mukherjee T, Mandal S, Mitra R,

Saha P, Punniyamurthy T (2009) J Org Chem 74:1971

13. Rout H, Jammi S, Punniyamurthy T (2007) Org Lett 9:3397

14. Jia Y, Kanno Y, Xie Z (2002) J Eur Ceram Soc 22:1911

15. Xie Z, Wang X, Jia Y, Huang Y (2003) Mater Lett 57:1635

16. Janney MA, Omatete OO, Walls CA, Nunn SD, Ogle RJ,

Westmoreland G (1998) J Am Ceram Soc 81:581

17. Xie Z-P, Huang Y, Chen Y-L, Jia Y (2001) J Mater Sci Lett

20:1255

18. Jia Y, Kanno Y, Xie Z (2003) Mater Lett 57:2530

19. Ma J, Xie Z, Miao H, Zhang B, Lin X, Cheng Y (2005) Mater

Des 26:291

20. Yu Z, Huang Y, Wang C, Ouyang S (2004) Ceram Int 30:503

21. Rao H, Fu H, Jiang Y, Zhao Y (2005) J Org Chem 70:8107

22. Zhang H, Cai Q, Ma D (2005) J Org Chem 70:5164

23. Taillefer M, Xia N, Ouali A (2007) Angew Chem Int Ed 46:934

24. Anderson KW, Mendez-Perez M, Priego J, Buchwald SL (2003) J

Org Chem 68:9563

806 S. J. Ahmadi et al.

123


	Granulated copper oxide nano-catalyst: a novel and efficient catalyst for C--N cross-coupling of amines with iodobenzene
	Abstract
	Introduction
	Result and discussion
	Catalyst preparation
	Catalytic reactions

	Experimental
	Batchwise supercritical hydrothermal synthesis of CuO nanoparticles
	Preparation of nano-structured CuO granules
	Characterization
	Catalytic reactions

	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


