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Abstract The reaction between benzyllithium and prochi-

ral 2-ethylpyridine in tetrahydrofuran has been studied. In the

presence of N,N,N0,N00,N00-pentamethyldiethylenetriamine

(PMDTA), it was found that 1-(2-pyridyl)ethyllithium was

formed as a PMDTA complex. This complex is mononuclear,

with lithium coordinated to the pyridyl nitrogen atom only;

there are no short lithium–carbon distances and the structure

approaches that of an enamide rather than a carbanion. The

complex undergoes spontaneous resolution and forms chiral

crystals with two molecules in the asymmetric unit; the two

molecules have different configurations at the chirogenic

pyridyl nitrogen atoms but share the same chiral conforma-

tion of the chelate ring systems. Reaction between

benzyllithium and 2-ethylpyridine in tetrahydrofuran in the

absence of PMDTA was found to give a high proportion of

lithium 4-benzyl-2-ethyl-1,4-dihydropyridinide, and crystals

of a dinuclear complex displaying tetrahydrofuran ligands

and co-crystallised n-hexane molecules were isolated.
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Introduction

Chiral organometallic reagents are useful in enantioselec-

tive organic synthesis, and this paper is a part of a study of

complexes displaying chirogenic a-carbon atoms [1–3].

Such reagents may give a variety of chiral products upon

reaction with different electrophiles without the need to

form new chirogenic centres by asymmetric induction.

Depending on the choice of metal, these compounds may

be either configurationally labile or inert. Lithium reagents

are frequently labile at ambient or slightly elevated tem-

perature [4–7], whereas for instance secondary alkylzinc

reagents are more inert [3, 8]. Stereochemical lability is a

severe problem if the reagent is prepared from an optically

active alkyl halide in solution, but may on the other hand

enable total spontaneous resolution [9]. Spontaneous res-

olution occurs when a substance crystallises in one of the

Sohncke [10] (or chirodescriptive [11]) space groups; the

two enantiomers will appear in separate crystals and each

crystal will thus be enantiomerically pure. Equal amounts

of the two enantiomorphs are obtained upon complete

crystallisation, a so-called conglomerate, and the bulk

product is racemic. Spontaneous resolution is a rare phe-

nomenon [12, 13], and there is currently no way to predict

its occurrence. Total spontaneous resolution requires one

additional criterion to be fulfilled; the solute must be

stereochemically labile. A stereochemically labile solute

will rapidly enantiomerise in solution; any enantiomeric

excess built up in solution by preferential crystallisation of

one enantiomer is eliminated. An overall enantiomeric

excess may be observed in the crystallised product if

crystallisation is initiated by a single nucleation event. This

is a possible means of performing absolute asymmetric

synthesis [14, 15], i.e. synthesis of optically active products

from achiral or racemic precursors, not using chiral
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reagents, catalysts, or auxiliaries. One of the reagents in

our study was 1-phenylethyllithium, a simple organome-

tallic molecule displaying a potentially chirogenic a-carbon

atom. The complex [Li(phet)(pmdta)] [2], where phet is

1-phenylethyl and pmdta is the tridentate ligand

N,N,N0,N00,N00-pentamethyldiethylenetriamine (PMDTA,

Scheme 1), was prepared first, but was unfortunately found

to form racemic crystals. Replacing PMDTA with

N,N,N0,N0-tetramethyl-1,3-propanediamine (TMPDA) gave

the analogous complex [Li(phet)(tmpda)] which forms

chiral crystals. The successful synthesis and spontaneous

resolution of a simple organolithium reagent inspired us to

investigate functionalised organolithium reagents, includ-

ing lithiated sulfides and silanes [2]. The next logical step

was to extend this series of chiral organolithium reagents to

include lithiated heterocyclic compounds that may be of

more interest e.g. in the pharmaceutical chemistry. The

presence of heteroatoms may lead to aggregation and a

larger degree of structural diversity in both solid state and

solution. In this paper we describe the results from our

study of the metallation of prochiral 2-ethylpyridine with

benzyllithium.

Results and discussion

The choice to metallate 2-ethylpyridine is logical, because

2-ethylpyridine is isoelectronic with ethylbenzene, and the

lithiated product is thus closely related to 1-phenylethylli-

thium. Although deprotonative metallation of benzylic

hydrocarbons, like ethylbenzene, by strong alkyllithium

bases often suffers from competing side reactions e.g.

deprotonation at the aromatic ring [16], deprotonation of

2-ethylpyridine with benzyllithium in the presence of

PMDTA in tetrahydrofuran (THF) only gave crystals of the

a-deprotonated product 1 on cooling. The molecular struc-

tures of 1 (Fig. 1; Table 1) and the isoelectronic complex

[Li(phet)(pmdta)] are very different, as expected. In 1,

lithium coordinates to the pyridyl nitrogen atoms only,

leaving the benzylic carbon atoms non-coordinating. The

benzylic carbon atoms are not chirogenic centres, but the

molecules of 1 are still chiral; upon coordination to lithium,

the pyridyl nitrogen atoms become chirogenic centres, with

trigonal pyramidal geometry. Atom N1 is displaced by

0.270(4) Å from the least-squares plane formed by Li1, C3,

and C7, while atom N5 is displaced by 0.296(4) Å from the

least-squares plane formed by atoms Li2, C19, and C23. The

bonding situation in picolyllithium derivatives has been a

matter of discussion [17], and 2-picolyllithium was recently

subjected to a charge density study [17]. It was found that the

bulk negative charge is located at the nitrogen atom rather

than at the benzylic carbon atom and 2-picolyllithium can

therefore be described as an enamide rather than a carban-

ion-based structure. This description also fits with the crystal

structure of 1, which also approaches an enamide structure

(Scheme 2, right hand). The C2–C3 and C18–C19 bonds are

1.380(5) and 1.378(6) Å, respectively, and are thus

approaching the 1.33 Å expected for a C(sp2)=C(sp2) double

Me

H

Li
NN

N

Me

Me

Me

Me

Me

Scheme 1

Fig. 1 Molecular structures of

the two molecules in the

asymmetric unit of 1, displaying

the crystallographic numbering

scheme. Displacement

ellipsoids are drawn at the 50%

probability level and all

hydrogen atoms have been

omitted for clarity. As can be

clearly seen, the two molecules

display different configurations

at N1 and N5, while the chelate

ring systems display the same

sense of chirality
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bond. In the three phenylethyllithium complexes prepared

by us, the corresponding distances ranged between 1.403(3)

and 1.410(4) Å [2]. There are no previous structures of

lithiated 2-ethylpyridines in the Cambridge Structural

Database [18] and only a few structures of other picolylli-

thium derivatives. Among these structures, there are

examples of dimers, where Li? coordinates the nitrogen

atom of one ligand and the benzylic carbon atom of another

ligand [17, 19]. In most structures lithium coordinates to

both the nitrogen atom and the benzylic carbon atom of the

same ligand [20–22]. Compared with these structures, 1

displays considerably longer lithium–carbon distances

(Table 1) with no indications of bonding interactions. The

molecular structure of 1 thus brings further support for the

enamide interpretation of 2-picolyllithium derivatives.

Compound 1 crystallises in Sohncke space group

P212121, meaning that it forms chiral crystals. The situation

is different from [Li(phet)(tmpda)], where spontaneous

resolution results in separation of molecules having (R)- and

(S)-configuration at the a-carbon atom into different crys-

tals. The crystal structure of 1 reveals two molecules in the

asymmetric unit with different configurations at the pyridyl

nitrogen atoms N1 and N5. Co-crystallisation of two enan-

tiomers in a chiral crystal structure is extremely rare [10],

two examples being iron(III) acetylacetonate [23] and

(2-hydroxyphenyl)alanine [24]. On closer examination, the

chelate rings give rise to a sense of conformational chirality

and all of the four chelate rings have k-conformation. In a

broad sense, the two molecules in the crystal structure of 1

could be described as a form of diastereomers rather than

enantiomers. The fast interconversion between the two

chiral conformations of 1 makes total spontaneous resolu-

tion possible, but proving this is difficult. Because no atoms

heavier than nitrogen are present, no significant anomalous

dispersion will be observed using standard X-ray diffraction,

and determination of the absolute structure was not possible.

Circular dichroism (CD) spectroscopy can be performed in

the solid state [25, 26], and we have previously shown that

this can be done quantitatively [27], but so far only for air-

stable compounds. Crystals of 1 are highly air-sensitive, and

when bulk samples were exposed to air, the red crystals

instantaneously turned into a red oil with evolution of heat

and smoke. The oil finally turned into a colourless gel.

Previous investigations from this laboratory [1, 2, 27–34]

have shown that total spontaneous resolution often indeed is

spontaneous, not requiring special conditions such as stir-

ring [35, 36] or grinding [37]. Thus, it may be quite likely

that the samples of 1 prepared were actually optically active

and absolute asymmetric synthesis may have been achieved.

Similar problems were encountered while working with the

spontaneously resolving [Li(phet)(tmpda)] complex. No

absolute structure could be obtained, and in addition, there

was a racemic polymorph crystallising under certain con-

ditions. Carbonation of bulk samples of [Li(phet)(tmpda)]

invariably gave racemic 2-phenylpropionic acid. This may

have been due to failure to obtain optically active bulk

samples, or due to the fact that the reaction mixture turned

more or less liquid during the course of the reaction, with the

possibility of racemisation. The validity of the concept was

eventually proved by total spontaneous resolution of a more

rigid diindenylzinc complex, [Zn(ind)2(pic)2], where ind is

1-indenyl and pic is 3-picoline [1]. 1-Chloroindene with up

to 89% enantiomeric excess (ee) was obtained upon reaction

of [Zn(ind)2(pic)2] crystals with N-chlorosuccinimide in the

presence of benzoquinone and methanol.

On close examination of the crystal structure, there is no

obvious explanation for its preference for a chiral crystal

packing over the more common formation of racemic

crystals. Viewed along the crystallographic a-axis, the

structure of 1 is composed of homochiral stacks of mole-

cules (Fig. 2), while stacks of heterochiral molecules (with

respect to the configuration at nitrogen) are formed along

the b-axis. There is only one possible set of intermolecular

interactions in 1, a set of CH/p interactions [38, 39]

between the two molecules in the asymmetric unit; the

distance between H29B and the centroid (Cg) of the N1–

C3–C4–C–5–C6 phenyl ring is 2.74 Å and the C29–H29B-

Cg angle is 147.9�.

Attempts to isolate analogous crystalline 1-(2-pyri-

dyl)ethyllithium complexes by replacement of PMDTA

with other nitrogen donor ligands failed. The reason for this

is unknown, and may have been due to a less pronounced

tendency for these complexes to crystallise under the

Table 1 Selected bond distances for 1

Selected bond distances (Å)

(Molecule 1) (Molecule 2)

Li(1)–N(1) 2.014(7) Li(2)–N(5) 2.017(7)

Li(1)–N(2) 2.143(7) Li(2)–N(6) 2.121(7)

Li(1)–N(3) 2.166(7) Li(2)–N(7) 2.160(7)

Li(1)–N(4) 2.119(7) Li(2)–N(8) 2.162(7)

Li(1)–C(2) 2.989(7) Li(2)–C(18) 2.789(7)

Li(1)–C(3) 2.807(7) Li(2)–C(19) 2.683(7)
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conditions employed, or due to the formation of by-products

which frequently inhibit crystallisation. Therefore, the de-

protonation was investigated both in the presence and

absence of PMDTA (Scheme 3).

The reaction of 2-ethylpyridine and benzyllithium in THF

solution in the presence of one equivalent of PMDTA is

rapid and gives a blood-red solution. Solutions kept at

ambient temperature under nitrogen atmosphere for

1 month show no constituents by 1H NMR other than

2-ethylpyridine, PMDTA, toluene, and THF after quenching

with water. In the absence of PMDTA, however, the reaction

proceeds with competing side reactions, in particular 1,4-

addition of benzyllithium to 2-ethylpyridine. Quenching

solutions of equivalent amounts of benzyllithium and

2-ethylpyridine in THF with water revealed significant

amounts of 4-benzyl-2-ethyl-1,4-dihydropyridine. Solutions

were stored at temperatures ranging between ambient tem-

perature and -80 �C for time periods ranging between 2 h

and 27 days. Even after 2 h at 0 �C nearly 30% of the

2-ethylpyridine had been transformed to 4-benzyl-2-ethyl-

1,4-dihydropyridine, and no further reaction appeared to

occur on longer standing. Similar reactions between ben-

zyllithium and pyridine derivatives have been observed

previously [40, 41]. Long storage of a solution of 2-ethyl-

pyridine and benzyllithium in THF/n-hexane even deposited

red crystals of a dihydropyridinide complex 2 as a hexane

solvate. Crystal quality was poor, but single-crystal X-ray

diffraction revealed a dinuclear structure (Scheme 4; Fig. 3;

Table 2) where two 4-benzyl-1,4-dihydropyridinide ligands

bridge between two Li? cations. The two lithium ions have

distorted tetrahedral coordination geometries with two tet-

rahydrofuran ligands completing each coordination sphere.

The complex crystallises in the centrosymmetric space

group P-1 with the molecule located at an inversion centre.

This is possible because 2 crystallises in a meso-form rather

than as a racemate of chiral molecules. The more polar

motifs in 2 are well shielded inside the molecules, which

display a non-polar surface (Fig. 4). CH/p or p–p interac-

tions would still be possible, but there are no indications of

any such directed interactions in the crystal structure of 2.

The structure is built up by stacks of complex molecules and

hexane molecules, respectively, along the crystallographic

a-axis (Fig. 5).

Only four crystal structures of lithiated dihydropyri-

dines are to be found in the Cambridge Structural

Database; the structures are all dinuclear and similar to

the structure of 2. Three of the structures display substi-

tuted ethylidene substituents in the para position [42],

whereas one structure displays the unsubstituted 1,4-di-

hydropyridyl ligand [43, 44] and was obtained by the

reaction of pyridine and butyllithium. It is noteworthy that

the addition of benzyllithium to 2-ethylpyridine generates

a chirogenic centre. Benzyllithium forms chiral crystals

both as its THF [45] and 1,4-diazabicyclo[2.2.2]octane

[46] complex, and it will perhaps be found possible to

react these complexes with 2-ethylpyridine in the solid

state to obtain 4-benzyl-2-ethyl-1,4-dihydropyridine in

an optically active form through absolute asymmetric

synthesis.

Experimental

All experiments were performed under nitrogen atmo-

sphere using Schlenk techniques. All glassware was dried

at 130 �C overnight. Toluene and THF were distilled from

sodium/benzophenone, hexane was distilled from sodium/

benzophenone/tetraglyme, 2-ethylpyridine and PMDTA

were distilled from calcium hydride shortly prior to use.

Fig. 2 Molecules displaying (R)- and (S)-configuration at the pyridyl

nitrogen atoms form separate stacks parallel to the crystallographic a-

axis. The crystal structure is still chiral because all molecules display

the same chiral conformation of the chelate ring systems

Li
+

N Et

N
Me

N

Et

LiLn

LiLn

THF +

N
Me

LiLn

PMDTA/
THF

Scheme 3
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n-BuLi solution in hexane (2.5 M, Acros Organics) was

used as received.

Benzyllithium solution

Benzyllithium in THF was prepared using published pro-

cedures [45] with minor modifications. n-BuLi in hexane

(2.5 M, 20 cm3, 50 mmol) was evaporated and cooled on

an ice bath. Toluene (6.4 cm3, 60 mmol) was added fol-

lowed by 40 cm3 THF. The solution was kept 24 h at 0 �C,

and for 2 h at ambient temperature.

Reaction of benzyllithium and 2-ethylpyridine

in the presence of PMDTA: typical procedure

PMDTA (0.42 cm3, 2 mmol) was added to 1.6 cm3 ben-

zyllithium in THF (2 mmol) at -80 to 22 �C.

N

Li

Li

N

O

O

O

O

Et

Et

Scheme 4

Fig. 3 Molecular structure of 2 displaying the crystallographic

numbering scheme. Displacement ellipsoids are drawn at the 50%

probability level and all hydrogen atoms have been omitted for

clarity. The molecule is an achiral meso-form situated at a crystal-

lographic inversion centre

Table 2 Selected bond distances for 2

Selected bond distances (Å) Selected bond angles (�)

Li(1)–N(1) 2.077(6) N(1)–Li(1)–N(1)b 100.8(2)

Li(1)–N(1)a 2.075(6) N(1)–Li(1)–O(1) 112.7(3)

Li(1)–O(1) 2.024(6) N(1)–Li(1)–O(2) 115.8(3)

Li(1)–O(2) 2.006(6) N(1)b–Li(1)–O(1) 117.6(3)

N(1)b–Li(1)–O(2) 115.1(3)

O(1)–Li(1)–O(2) 95.7(3)

Superscript letters indicate symmetry operations used to generate

equivalent atoms
a -x ? 1, -y ? 1, -z ? 1
b -x, -y, -z

Fig. 4 Molecules of 2 are non-polar, with potential oxygen, nitrogen,

and lithium atoms hidden inside an envelope of hydrocarbon groups

Fig. 5 Molecules of 2 form stacks parallel to the crystallographic

a-axis, with the co-crystallised hexane molecules located in channels

Reaction between benzyllithium and 2-ethylpyridine 817
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2-Ethylpyridine (0.23 cm3) was added, and the solution

was kept at -80 to 22 �C for 2 h to 27 days. The solution

was quenched by addition of 1 cm3 brine; the organic

phase was evaporated and analysed by NMR. No differ-

ences were observed between experiments performed at

different temperatures or reaction times. 1H NMR (CDCl3,

400 MHz): d = 8.48 (m, Ar), 7.56 (m, Ar), 7.04–7.26 (m,

Ar), 2.79 (q, CH2), 2.44 (m, CH2 in PMDTA), 2.37 (m,

CH2 in PMDTA), 2.19–2.24 (m, CH3 in PMDTA), 1.27 (t,

CH3) ppm. Single-crystals of 1 suitable for X-ray diffrac-

tion were grown in 70% yield by concentrating a THF

solution, prepared at 0 �C as described above, in vacuo and

keeping it at -80 �C overnight.

Reaction of benzyllithium and 2-ethylpyridine: typical

procedure

2-Ethylpyridine (0.23 cm3, 2 mmol) was added to 1.6 cm3

benzyllithium in THF (2 mmol) at -80 to 22 �C, and the

solution was kept at -80 to 22 �C for 2 h to 27 days.

The solution was quenched by addition of 1 cm3 brine; the

organic phase was evaporated and analysed by NMR. No

trends in reactivity were observed between experiments

performed at different temperatures or reaction times. 1H

NMR (CDCl3, 400 MHz): d = 8.50 (m, Ar), 7.56 (m, Ar),

7.07–7.29 (m, Ar), 6.00 (m, =CH–N), 4.47 (bs, NH), 4.33

(m, =CH–C), 4.14 (=CH–C), 3.73 (m, CH), 2.82 (q, CH2 in

ethylpyridine), 2.64 (d, CH2 in Bn), 2.34 (s, toluene), 1.95

(q, CH2), 1.30 (t, CH3 in ethylpyridine), 1.04 (t, CH3).

Single-crystals of 2 suitable for X-ray diffraction were

grown in 30% yield by concentrating a THF solution,

prepared at ambient temperature as described above, in

vacuo, diluting the solution to approximately half the

concentration with hexane and keeping the solution at

-80 �C for approximately 3 months.

X-ray crystallography

The crystals of 1 and 2 were carefully selected using a

microscope at low temperature [47]. Data were recorded

at 100 K using a Rigaku R-AXIS IIc area detector with

graphite monochromated Mo-Ka radiation (k =

0.71073 Å) from a Rigaku RU-H3R rotating anode, oper-

ating at 50 kV and 90 mA. A number of 90 oscillation photos

with a rotation angle of 2� were collected. Data were pro-

cessed using the CrystalClear software package [48], and an

empirical absorption correction was applied using the

REQAB program included in CrystalClear. The structures

were solved using the program SIR-92 [49] and refined using

full-matrix least squares calculations on F2 using the

SHELXL-97 program [50]. All non-hydrogen atoms were

refined anisotropically, and hydrogen atoms were included

in calculated positions and refined using a riding model.

Structures were drawn using ORTEP3 [51] for Windows and

Pluton [52, 53]. SIR-92, SHELXL-97, Pluton, and ORTEP3

were enclosed in the WinGX-software package [54]. Crystal

and refinement data are given in Table 3.

CCDC 802212 (1) and 802213 (2) contain the supple-

mentary crystallographic data for this paper. These data

can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.

uk/data_request/cif.
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47. Håkansson M (1998) Inorg Synth 32:222

48. Rigaku (1998–2001) CrystalClear 1.3. Rigaku, Tokyo, Japan

49. Altomare A, Cascarano G, Giacovazzo C, Gualardi A (1993) J

Appl Crystallogr 26:343

50. Sheldrick GM (2008) Acta Crystallogr A 64:112

51. Farrugia LJ (1997) J Appl Crystallogr 30:565

52. Spek AL (2002) PLATON a multipurpose crystallographic tool.

Utrecht University, Utrecht, The Netherlands

53. Spek AL (1990) Acta Crystallogr A 46:C34

54. Farrugia LJ (1999) J Appl Crystallogr 32:837

Reaction between benzyllithium and 2-ethylpyridine 819

123


	Reaction between benzyllithium and 2-ethylpyridine: chiral crystals of a 1-(2-pyridyl)ethyllithium complex versus formation of lithium 4-benzyl-2-ethyl-1,4-dihydropyridinide
	Abstract
	Introduction
	Results and discussion
	Experimental
	Benzyllithium solution
	Reaction of benzyllithium and 2-ethylpyridine in the presence of PMDTA: typical procedure
	Reaction of benzyllithium and 2-ethylpyridine: typical procedure
	X-ray crystallography

	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


