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 Oxidation Reactions 
 

Chemoselectivity          the reaction of one functional group in the presence of another 

Regioselectivity            reaction at one point in an ambident functional group 

Stereoselectivity          control of stereogenic centres in an absolute and/or (or both) relative 

fashion; control of double bond geometries. 

 

I. Oxidation of Alcohols 

 
 

Issues of Reactivity and Selectivity 
 

1. Primary alcohols are generally more reactive than secondary alcohols and can sometimes 

be oxidised selectively. 

2. Chemoselectivity - oxidation of primary alcohols requires control as there are two potential 

products: the carboxylic acid or the aldehyde.  Aldehydes are extremely important in organic 

synthesis; thus controlled oxidation from an alcohol to an aldehyde, avoiding over-oxidation to 

the carboxylic acid, is very important. 

3.  Aldehydes, and to a lesser extent, ketones, are reactive electrophiles.  The presence of 

nucleophiles in the reaction mixture (e.g. the alcohol starting material!) can lead to side-

reactions. 
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4. Other functional groups in a molecule can also be oxidised: 

 
 

4. α-C−H protons next to a ketone, and even more so those next to an aldehyde, are acidic.  

α-Stereogenic centres are therefore prone to epimerisation under oxidation reaction 

conditions, especially when there is a base present: 

 

 

 

There is no general oxidant.   
 

Common Oxidants 
 
1. Middle to Late Transition Metals in a High Oxidation State 
 

1.1   Chromium Oxidants 
a) PCC (pyridinium chlorochromate) 

 
 

Used to oxidise primary alcohols to aldehydes - over-oxidation is rarely a problem. Secondary 

alcohols are readily oxidised to ketones. Relatively acidic reagent (more acidic than PDC and 

Collins) - can cause problems with acid labile groups.  Buffering the reaction mixture with 

NaOAc can help. 
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b) Collins' Reagent (CrO3·2 pyridine) 

 

Used to oxidise primary and secondary alcohols to aldehdyes and ketones respectively. Non-

acidic reagent (mildly basic) - acid-labile groups are tolerated. Requires a large excess of 

reagent for complete reaction. 

 

c) PDC (pyridinium dichromate) 

 
 

Less acidic than PCC and less basic than Collins' reagent. Secondary alcohols are oxidised 

to ketones. Primary alcohols can be oxidised to either aldehydes or carboxylic acids 

depending on the substrate and solvent: 

 

 
 

d) Jones Oxidation (aq. H2SO4, acetone, CrO3) 
 
Oxidizes secondary alcohols to ketones. Primary alcohols are oxidised to carboxylic acids. 

Acidic reaction conditions are a problem with acid-labile groups. 

 

Advantages of Chromium Oxidants 

Relatively mild conditions. Easy work-up procedures. 

 

Disadvantages of Chromium Oxidants 

Work-up can be messy on large scale. Often require a large excess of the Chromium reagent. 

Chromium reagents are toxic and mutagenic 
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Summary 
 

Transformation Chromium reagent 

 

 

PCC, Collins', PDC (in CH2Cl2) 

 

 

PCC, Collins', PDC, Jones 

 

 

Jones, PDC (in DMF) 

 

References 

 
1)         S. V. Ley and A. Madin in Comprehensive Organic Synthesis, Eds. B. M. Trost and I. 

Fleming, Pergamon, Oxford, 1990, vol. 7, pp 251-289. 

2)         F. A. Luzzio, Org. React., 1998, 53, 1-221. 

 

 
1.2  Ruthenium Oxidants 
 

TPAP (tetrapropylammonium perruthenate) [Pr4N+RuO4
-]. 

 

Chromium oxidants are usually used in stoichiometric quantities (and often in excess).  A 

method which employs the transition metal oxidant in sub-stoichiometric amounts is highly 

desirable for many reasons including atom economy. TPAP is the most widely used of these 

reagents. 

 

N-Methylmorpholine-N-oxide functions as the stoichiometric oxidant for recycling the catalyst. 

Primary alcohols are oxidised to aldehydes. Over-oxidation to the carboxylic acid is rare 

although can be induced by omitting the molecular sieves that are used to remove H2O from 

the reaction. 
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Secondary alcohols are oxidised to the corresponding ketones. 

 

 
 

Primary alcohols react more rapidly than secondary alcohols - this can be exploited in a 

useful synthesis of lactones: 

 

 
 

 

References 

1)         S. V. Ley, J. Norman, W. P. Griffith, S. P. Marsden, Synthesis 1994, 639-666. 

 

1.3  Manganese Oxidants 

 

Manganese dioxide (MnO2) 

 

mild oxidant; oxidises allylic, propargylic and benzylic alcohols (i.e. activated alcohols) to 

aldehydes or ketones: 
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Potassium Permanganate (KMnO4) 

 

A general and very powerful oxidant especially when used in aqueous solutions. Not very 

chemoselective, which limits its use. Can be used to oxidise the benzylic position of aromatic 

systems to carboxylic acids 

 
 

The oxidising power of KMnO4 can be tempered by using the reagent in organic solvents. 

Biphasic conditions have also been used.  A phase transfer catalyst such as BnNBu3
+Cl- is 

used to transfer the anionic oxidant into the organic phase. 

 
2.  Activated Dimethyl Sulfoxide Oxidations 

 
There are a wide variety of oxidation methods based on activation of DMSO.  The most 

widely used is the so-called Swern oxidation: 

 
very mild method of oxidation 

over-oxidation to the carboxylic acid is not a problem 

 
 

Example from Nicolaou's synthesis of rapamycin: 
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References 

1.         T. V. Lee in Comprehensive Organic Synthesis, Ed. B. M. Trost, I. Fleming, 

Pergamon, Oxford, 1990, vol 7, pp 291-303. 

2.         T. T. Tidwell, Org. React., 1990, 39, 297-303. 

 

3.  Hypervalent Iodine Oxidising Agents 
 
There are a wide number of hypervalent iodine reagents (iodine in +3 and +5 oxidation 

state).  The most important for oxidation purposes is Dess-Martin Periodinane (DMP) so-

named after its discoverers. The reagent is readily prepared from 2-iodobenzoic acid: 

 

 
 
Preparation: 

i)          R. E. Ireland, L. Liu, J. Org. Chem., 1993, 58, 2899. 

ii)          S. D. Meyer, S. L. Schreiber, J. Org. Chem., 1994, 59, 7549-7552. 

 
DMP is a very mild oxidant and is especially useful for oxidising molecules containing very 

sensitive functionality.  In the following example taken from Evans' synthesis of cytovaricin, 

Dess-Martin periodinane oxidised the only available secondary alcohol to the corresponding 

ketone in excellent yield.  No problems associated with epimerisation of the α-stereogenic 

centre or migration of the proximal olefin into conjugation were encountered. 

 

 
 

Reaction conditions are either neutral or slightly acidic. Very chemoselective reagent oxidising 

alcohols to aldehydes and ketones. Over-oxidation to the carboxylic acid is not a problem. 

Selectively oxidises alcohols in the presence of sulfides. 
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II. Oxidation of Aldehydes to Carboxylic Acids 
 

1. Sodium Chlorite (NaClO2) 

 

It is often more efficient to prepare a carboxylic acid from the alcohol in two steps proceeding 

through the aldehyde. Sodium chlorite (household bleach) is one of the mildest methods for 

achieving this: 

 

 
 

A by-product from this reaction is HOCl which is a good source of electrophilic chlorine. This 

may be a problem when the substrate also contains olefin functionality.  To circumvent such 

problems, add a more electron-rich reaction partner such as resorcinol (1,3-

dihydroxybenzene).  This then acts as a sacrificial electrophile scavenger. 

 

Summary of Alcohol and Aldehyde Oxidation Methods 
 

Alcohol to Aldehyde Comment 

PDC (in CH2Cl2), stoichiometric in Cr, neutral reaction 

conditions 

PCC stoichiometric in Cr, mildly acidic 

Collins stoichiometric in Cr, mildly basic 

TPAP catalytic in Ru 

Swern mild 

DMP mild 

MnO2 only oxidises activated alcohols 

Primary Alcohol to Carboxylic Acid  

PDC (in DMF) mild 

Jones acidic reaction conditions 

KMnO4 usually suffers from lack of chemoselectivity 

Aldehyde to Carboxylic Acid  

NaClO2 mild 
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III. Epoxidation of Olefins 
 
For a general review: A. S. Rao in Comprehensive Organic Synthesis, Eds. B. M. Trost, I. 

Fleming, Pergamon, Oxford, 1990, Vol. 7, Chapter 3.1, pp 357-387. 

 

 
 

 
1. meta-Chloroperbenzoic acid (mCPBA) 

 

 
General oxidant - electrophilic therefore reacts preferentially with electron rich C=C. 

Epoxidation of olefins is a syn-stereospecific process.  

 
 

Rate of epoxidation is related to the nucleophilicity of the olefin -  the more substituted or 

electron-rich the more reactive:  tetra/trisubstituted > disubstituted > monosubstituted olefins. 
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Regioselective Epoxidation 

 

 
 

Diastereoselective Epoxidation 

Steric hindrance is an important means for controlling the facial selectivity of reactions: 

Example 1 

 
 

Example 2 

 
 

Directed Epoxidation 

 

In non-coordinating solvents, the hydrogen bonding capability of the peracid can be used to 

direct the epoxidation if there are hydrogen bond acceptor groups in close proximity to the 

olefin.  This method, the so-called Henbest epoxidation, can sometimes overcome the 

inherent steric bias of the substrate. 

Example: 
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Heteroatom Oxidation 

 
Amines 

Tertiary amines are readily oxidised to amine oxides 

 

 
 

Oxidation of chalcogens 

Sulfides are readily oxidised to sulfoxides (over-oxidation to the sulfone can be a problem): 

 

 
 

Selenides are even more readily oxidised to the corresponding selenoxides at low 

temperatures.  Further oxidation is not a problem as the selenoxide readily undergoes 

stereospecific elimination on warming.  This is a very useful method for preparing olefins. 
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An issue of chemoselectivity: competing reactions -  Baeyer-Villiger Oxidation 

 

Ketones react with mCPBA to form esters, (the Baeyer-Villiger reaction).  In this case mCPBA 

is behaving as a nucleophile. 

 
 

This is a useful reaction for preparing medium ring lactones by ring-expansion. 

 

 
 

The reaction is stereospecific proceeding with retention of configuration at the migrating 

centre. 

The migratory preference is (approximately) of the order:  

3° alkyl > 2° alkyl > alkenyl, phenyl > 1° alkyl > methyl 

 

 

2. Dimethyldioxirane (DMDO) 
 

Powerful, and yet frequently selective, electrophilic oxidant.  Capable of oxidising very 

unreactive olefins.  Reactions are carried out under mild conditions and the acetone by-

product is readily removed. 
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Preparation 

 
 

Normally used as a dilute solution in acetone (impossible to isolate). 

 
 

Although DMDO is a highly reactive epoxidising agent, reaction proceeds under very mild 

conditions which allows the isolation of some relatively unstable epoxides such as those 

produced from glycals (see example below). 

 

 
 
 

3. Directed Epoxidation Reactions 
 

For a review of methods of asymmetric epoxidation:  R. A. Johnson, K. B. Sharpless in 

Comprehensive Organic Synthesis, Eds. B. M. Trost, I. Fleming, Pergamon, Oxford, 1990, 

Vol. 7, Chapter 3.2, pp 389-436. 

 

Directed epoxidation reactions, as their name implies are reactions in which the reagent 

containing the oxygen that is to be transferred to the substrate is tethered to the reacting 

substrate through a non-covalent interaction (e.g. H-bond or metal-ligand interaction).  Typical 

substrates are allylic and homoallylic alcohols.  The alcohol is critical for the reaction to 

proceed efficiently and is therefore important in the reaction mechanism. 

 

For a review of substrate-directable chemical reactions:  A. H. Hoveyda, D. A. Evans, G. C. 

Fu, Chem. Rev., 1993, 93, 1307-1370. 
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Vanadyl(acetylacetate) / tert-butylhydroperoxide (VO(acac)2/TBHP) 

 

 
 

This combination of reagents will selectively epoxidise allylic alcohols in the presence of other 

(even more electron-rich) olefins. 

 

Example 1 

 
 

Example 2 

 
 

Consider the following highly diastereoselective reaction: 

 

 
 

Notes:  i) TBHP oxidises VO(acac)2 to a Vanadium(V) species which coordinates the alcohol 

of the substrate and the hydroperoxide. 

ii) the vanadium centre can therefore be thought of as a template in which the 

reacting substrates are brought together allowing an intramolecular reaction to 

proceed. 



Prof. Dr. Burkhard König, Institut für Organische Chemie, Uni Regensburg         15         

 

 
 

iii) computational calculations have shown that the ideal O-C-C=C dihedral angle is 

50° thus there are two possible reactive conformers: 

 

 
 

In the case of homoallylic alcohols the selectivity can be rationalised by invoking a chair-like 

T.S. which maximises the number of equatorial substituents: 

 

 
 

Sharpless Asymmetric Epoxidation 
 

Titanium tetra-isopropoxide [Ti(OiPr)4] can also be used in place of VO(acac)2 to effect a 

directed epoxidation of allylic alcohols.  In the presence of a chiral ligand (such as diethyl 
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tartrate) and under carefully optimised conditions, a catalytic enantioselective version was 

developed by Sharpless and is known as the Sharpless Asymmetric Epoxidation (AE).  
Enantioselectivities are often in excess of 95% ee.   

 

 
 

This is a very powerful reaction that works for most allylic alcohols. A useful cartoon has been 

developed to predict which ligand to use to access a particular enantiomer. 

 

 
 

Again the proposed transition state has both the oxygen source (TBHP) and the substrate 

coordinated to a Titanium centre; the tartrate ligand creates the chiral environment. 
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4. Nucleophilic Epoxidation  
 

So far all the methods of epoxidation require nucleophilic olefins and the more electron-rich 

the better they react.  α,β-Unsaturated carbonyl groups contain electron-deficient olefins 

which are therefore poor substrates for these electrophilic reagents.  However, by using the 

potential nucleophilic character of peroxides it is also possible to epoxidise this type of double 

bond. 

 

Alkaline Hydrogen Peroxide or tert-Butylhydroperoxide 

This combination of reagents generates a source of ROO- which is a good nucleophile. 

 

A chemoselective epoxidation reaction: 

 

 
 
 

Summary 
 

Epoxidation Method Target Olefin 

electrophilic reagents:  

mCPBA electron-rich olefins, allylic or homoallylic 

alcohols 

DMDO electron-rich olefins epoxidised preferentially 

but will epoxidise most olefins 

reagents requiring a directing group:  

VO(acac)2 / TBHP good for allylic and homoallylic alcohols 

Ti(OiPr)4 / TBHP / DET Sharpless ASYMMETRIC epoxidation of 

allylic and homoallylic alcohols 

nucleophilic reagents  

TBHP / NaOH α,β-unsaturated carbonyl systems 
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IV. Oxidation of Olefins 
 

 
 

1. Dihydroxylation of Olefins 
 
Osmium Tetroxide (OsO4) 

 
Osmium tetroxide reacts under very mild conditions and extremely selectively with most 

olefins to provide the corresponding diol.  OsO4 is an electrophilic reagent and therefore 

reacts most readily with electron-rich olefins. 

 

The reaction is stereospecific providing the syn diol. 

OsO4 is very expensive and highly toxic.  However it can be used in sub-stoichiometric 

amounts by employing a cheaper co-oxidant in stoichiometric quantities; the one that is most 

commonly used is N-methylmorpholine-N-oxide (NMO).  These are the so-called Upjohn 

oxidation conditions: 

 

 
 

Observation:  the rate of dihydroxylation is increased by the presence of tertiary amines - an 

example of Ligand Accelerated catalysis.  Therefore by using CHIRAL tertiary amines there 

is the potential for developing an enantioselective version of the OsO4 dihydroxylation. 
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Sharpless Asymmetric Dihydroxylation 
This is one of the most important and successful catalytic asymmetric processes developed to 

date.  It is widely used, simple to carry out and is applicable to almost any alkene substrate.  It 

is also relatively predictable in its outcome.  The reaction is normally under REAGENT 

CONTROL i.e. the chiral ligand dictates the stereochemical outcome of the reaction 

irrespective of the stereochemistry already present in the substrate. 

 

The ligand, K2CO3, K3Fe(CN)6 co-oxidant and source of osmium (K2OsO4·2H2O) are 

commercially available as AD-mix α (contains DHQ ligand) or AD-mix β (contains DHQD 

ligand) - just need to add solvent and substrate! 
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Example 1 

 

 
Example 2 

 
Example 3 

 

The Asymmetric Dihydroxylation of the diene below proved to be a key step in Nicolaou's 

synthesis of zaragozic acid A.  The regioselectivity seems at first surprising. The olefin that 

appears to be the less electron-rich is actually the more electron-rich and therefore reacts. 

 

 
 

For a review of this area see:  H. C. Kolb, M. S. VanNieuwenhze, K. B. Sharpless, Chem. 

Rev., 1994, 94, 2483-2547. 

 
 

2. Diol Cleavage 
 

Lead(IV)Acetate (Pb(OAc)4) and Sodium Periodate (NaIO4) 
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Both of these reagents are capable of cleaving 1,2-diols to the corresponding carbonyl 

groups. Thus a dihydroxylation / diol cleavage protocol provides a two-step alternative to 

ozonolysis (see below). 

 

 
 

A one-pot OsO4 dihydroxylation - NaIO4 diol cleavage has been developed.  The periodate 

has the added advantage of oxidising the Os(VI) back to Os(VIII) which allows the use of sub-

stoichiometric quantities of OsO4: 

 

 
 

Sodium periodate is a good reagent for oxidising sulfides to sulfoxides - the use of 1 eq. of 

periodate allows the isolation of the sulfoxide without competing over-oxidation to the sulfone. 

 

 
 

 

3. Direct Oxidative cleavage of Olefins - Ozonolysis 
 

The reaction of ozone (O3) with olefins is the best method for the oxidative cleavage of double 

bonds. Mild and selective. O3 is an electrophilic reagent and therefore reacts preferentially 

with electron-rich double bonds.  
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A variety of work-up procedures (cleavage of the ozonide intermediate) further increases the 

versatility of this reaction: 

 

 
 
Example 

 
 

Aromatic compounds can also be ozonolysed although they often require more forcing 

conditions (destroying the aromaticity). A furan may be viewed as a latent carboxylic acid. 

Ozonolysis generates the carboxylic acid. 

 

 
 

In Woodward's synthesis of strychnine, selective ozonolysis of the 1,2-dimethoxy aryl group 

released a (Z, E)-diene, an important synthetic intermediate. 
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V. Allylic Oxidation 
 

Use selenium dioxide (SeO2): 

 

 
 

Allylic oxidations are not widely used in natural product synthesis.  They are frequently not 

particularly high yielding and often require quite forcing conditions.   

A recent example from the synthesis of (+)−paniculatine: 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /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 /Average
  /GrayImageResolution 300
  /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 /Average
  /MonoImageResolution 1200
  /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 [612.000 792.000]
>> setpagedevice


