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Abstract: Alcohols and phenols were tetrahydropyranylated in the presence of
H-/[PMogV 404g] in good to excellent yields in acetonitrile and under solvent-
free reaction conditions. A mild and convenient method for the formation and
deprotection of ethers (THP ethers) is described. The formation of THP ethers
from the corresponding alcohols was accomplished in the presence of acid-sen-
sitive functional groups.

Keywords:. tetrahydropyranyl ethers; heteropolyacid; protecting group; tetra-
hydropyranylation.

INTRODUCTION

Due to the easy preparation and good stability of tetrahydropyranyl groupsin
the presence of hydrides, akylating agents, Grignard reagents, organometallic re-
agents, etc.,1 they are frequently used for the protection of alcohols and phenols.
In addition, they serve as stable protecting groups in peptide, nucleoside, nucleo-
tide, carbohydrate and steroid chemistry. Tetrahydropyranylation of alcohols can
be accomplished using p-toluenesulfonic acid (p-TSA),2 BF3-OEt,3 and pyridi-
nium ptoluenesulfonate (PPTS).4 Recently, some developed reagents have been
used for this purpose, such as ZrCly,® 15,8 LiBr,’ acetonyltriphenylphosphonium
bromide,8 tetrabutylammonium tribromide (TBATB),® aluminium chloride hexa-
hydrate,20 indium(l11) trifluoromethanesulfonate (In(OTf)3),11 alkylimidazolium
tetrachloroaluminates,12 InCl3 immobilized in ionic liquids,13 polystyrene-bound
tin(1V) porphyrin,14 Dowex 50WX4-100,1° pyridinium chloride,16 SIO,-p-TSA,17
N,N'’-big[ 3,5-bis(trifluoromethyl)phenyl]thiourea and a polystyrene-bound ana-
logue,18 Al(OTf)3,19 and bromodimethylsulphonium bromide.20 The employ-
ment of protective groups is an important procedure in organic synthesis.2!
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288 GHARIB and JAHANGIR

Among numerous protecting groups of alcohols, the tetrahydropyranyl (THP)
group is one of the most frequently employed protecting groups due to its
stability towards most non-acidic reaction conditions, ease of preparation, and
facile removal under mild acidic conditions. Recent examples include stannous
chloride dihydrate,22 and heterogeneous catalysts such as sulphuric acid adsorbed
on silica gel,23 ionic liquids?* and polyoxometalate.2> For the deprotection of
tetrahydropyranyl ethers (THP ethers), reagents including tetrafluoroborate
anion,26 sodium bromate,2” CBr,4,28 and montmorillonite clays?®30 have been
employed. Also, reductive reaction of tetrahydropyranyl ethers were reported in
the literature.31 Mild and chemosel ective protection and deprotection of hydroxyl
functionality are essential parts in the synthetic operation of polyfunctional or-
ganic compounds,21 especially in the context of natural product and carbohydrate
chemistry. Furthermore, its precursor, 3,4-dihydro-2H-pyran (DHP) is relatively
inexpensive, rendering the process amenable to large-scale processes.32 A hetero-
polyacid is an oxide cluster that has a type of phosphorus/silicon oxo acid and
ox0 acids with molybdenum, tungsten and other elements. The application of
heteropolyacid as catalytic materials is growing continuously in the field of cata-
lysis.33 These compounds possess unique properties, such as: well-defined struc-
ture, Bransted acidity, possibility to modify their acid—base and redox properties
by changing their chemical composition (substituted HPAS), ability to accept and
release electrons, high proton mobility, etc.34 Acidity, basicity, and pseudo liquid
behaviour are the principal factors governing the acid catalysis by solid hetero-
polyacids. The acidic properties are mainly controlled by i) the structure and
composition of the heteropoly anion itself, ii) the counter cations and iii) the dis-
persion on supports. The acid strength can be controlled mainly by i), and the
number of acid sites is greatly influenced by ii) and iii). Besides, soft basicity of
the heteropoly anion itself sometimes plays an important role for high catalytic
activity in acid-catalyzed reactions. The acid strength of hydrogen forms in the
solid state reflects on the general the acidity in solution and it decreases when W
is replaced by Mo and when the central P atom is replaced by Si in Keggin hete-
ropolyacids, whereby Keggin heteropolyacids are stronger acids than Dawson
heteropolyacids.3®

EXPERIMENTAL
Materials and methods

All chemical materials were purchased from Merck and used without further purify-
cation.

Instruments

The IH-NMR spectra were recorded on a FT NMR Bruker 300 MHz spectrometer at 298
K. Chemical shifts were reported in ppm (o-scale) relative to the interna standard TMS (0.00
ppm); the solvent was used as a reference. Melting points (m.p.) were recorded on an Electro-
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TETRAHYDROPYRANYLATION OF PHENOLS AND ALCOHOLS 289

thermal type 9100 melting point apparatus and are uncorrected. The products were identified
by comparison of their m.p., IR and NMR spectrawith those of authentic samples.
Catalyst preparation

The catal yStS H4[ PM 011VO40] y HS[PM 0]_0V2040] y HG[ PM 09V3O40] ’ H7[ PM 08\/4040] and
Wells-Dawson, He[P,W;g0g,] Were prepared in accordance to literature methods.36-41

General procedure for the protection of alcohols using the heteropolyacid catalystsin the
presence of solvents

To a mixture of benzyl acohol (1.0 mmol) and DHP (1.0 mmol) in dry CH3CN (5 mL)
was added a heteropolyacid catalyst (1.2 mol), and the resulting mixture was stirred at room
temperature for the appropriate time until the complete disappearance of the starting alcohol
was confirmed by thin layer chromatography (TLC). After completion of the reaction, the
solid catalyst was removed by simple filtration. Evaporation of the solvent under reduced
pressure gave the almost pure THP ether. Column chromatography of the filtrate on silica gel
using n-hexane:EtOAc (6:1) as eluent gave benzyl tetrahydropyranyl ether in high yield.
General procedure for the solvent-free protection of alcohols using heteropolyacid catalysts

To amixture of benzyl acohol (1.0 mmol) and DHP (1.0 mmol) was added a heteropoly-
acid catalyst (1.2 mol), and the resulting mixture was stirred at room temperature for the ap-
propriate time until the complete disappearance of the starting alcohol (as monitored by TLC).
After completion of the reaction, reaction, CHCI 3 (5 ml) was added and the organic phase was
obtained by simple filtration. Evaporation of the solvent under reduced pressure gave the al-
most pure THP ether. Column chromatography of thefiltrate on silicagel using n-hexane:EtOAC
(6:1) as eluent gave benzyl tetrahydropyrany! ether in high yield.

RESULTS AND DISCUSSION

Alcohoals, phenols, 3,4-dihydro-2H-pyran (DHP), and H7[PMogV 404¢] and
other heteropolyacid catalysts were stirred in CH3CN at room temperature to
yield the corresponding THP ethers. The tetrahydropyranylation of alcohols and
phenols in the presence of H7[PMogV 404g] was investigated and herein, a mild
and efficient method for the conversion of acohols to THP compounds is re-
ported. First, the protection of benzyl acohol in the presence of H7[PMogV 4040]
and other heteropolyacid catalysts was studied. Benzy!| tetrahydropyrany! ether
was formed after appropriate times. Then, these conditions were applied for the
protection of structurally different alcohols and phenols (Scheme 1).

Heteropolyacids catal.
ROH + |
o) Solvent, RT RO 0
Scheme 1. Tetrahydropyranylation of phenols and alcohols using heteropolyacid catalysts.

Various aromatic and aliphatic alcohols were tetrahydropyranylated to THP
compounds using H7[PMogV 404g] heteropolyacid catalyst in good to high yields
under ambient conditions without any by-products. Employing the ratios shown
in Table |, the best results were obtained and THP ethers were produced in good
to excellent yields. The results of tetrahydropyranylation of alcohols to THP
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ethers are presented in Table |. As can be seenin Table I, primary, secondary and
tertiary alcohols and phenols were all protected under the employed conditions.
Thus, this method is very suitable for the protection of various types of alcohols
and phenols, providing a novel application of H7[PMogV 404g] heteropolyacid
catalyst in organic synthesis.

TABLE I. Preparation of THP ethers in the presence of H,[PMogV 40,g] catalyst in MeCN
and under solvent-free conditions (The products were characterized by their physical proper-
ties, comparison with authentic samples, and by spectroscopic methods. The reaction was
performed at room temperature. Molar ratios for ROH/DHP/H,[PMogV ,O,4], (HPAS) ca
taystswere 1:1:1.2)

CH3CN Solvent-free
meTi, min Isolatedyield, % Time, min Isolated yield, %

1 0 H 32 65.5 20 69

2 OH 33 80 23 82

3 /©/OH 23 91 21 80.5
O3N

4 /©/0H 25 95 24 934
Cl
5 /©/OH 8 96 10 94.4

Entry ROH

7 OH 10 98 8 95.5
(@]

9 H3C 7 89 6 88
HsC——OH
HsC
10 OH 15 91 16 93
11 CH3 18 98 20 99

S
12 OH 8 96.3 11 98
HaCw
O
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TABLE I. Continued

Ent ROH CH3CN Solvent-free
Y Time, min Isolatedyield, % Time, min Isolated yield, %
13 OH 5 97.5 7 95
.0
H3C

14 ©/\OH 11 98 10 97
15 /©/\OH 16 90.6 19 93

cl
16 /©/\OH 17 86 15 88

O,N

OH 23 97.5 25 98

17 O/
18 /\/\/Y 30 98.5 30 96

OH

19 M 31 97.5 29 96

OH

20 ©/\/O H 7 98 11 98
21 ©/\/\ OH 6 97 9 97

22 /\/\/\/\OH 9 915 10 94
23 \n/\/OH 9.5 93.5 9 91
CH,
24 O\/\OH 14 94.5 17 95
Br
25 OH 8 92 12 94
H3C CHj3

26 /@\/\OH 7 94 9 90.5
Cl Cl

27 OH 16 93 15 93
o]
< 15
o]

28 /YOH 11 932 12 955
29 @[OH 19.5 87 18 89.5
Ph

30 /\/\COH 85 91.2 115 93
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TABLE I. Continued

CH3CN Solvent-free
Time, min Isolatedyield, % eTim, min Isolated yield, %

31 @OH 275 94.5 29 91.6

32 H O/\/OH 21 924 20 90.5

Entry ROH

This method was found to be highly selective for primary alcohals. In a bi-
nary mixture of 3-phenyl-1-propanol and 2-octanol, the primary alcohol was
completely converted to corresponding THP ether, while only 8 % of 2-octanol
reacted. Similarly, excellent selectivity was observed for tetrahydropyranylation
of benzyl acohol in the presence of 1-phenylethanol (Table 1, entry 2). Primary
and secondary alcohols were selectively converted to THP ethers in the presence
of atertiary alcohol (Tablell, entries 5 and 6). Furthermore, this method showed
excellent selectivity in the tetrahydropyranylation of alcohols in the presence of
phenols (Tablell, entry 7).

TABLE |I. Selectivity of the reactions of different binary mixtures with DHP/H;[PM0gV 4O.0]
Entry Binary mixture Product Time, min  Yield®, %

¥

OH OTHP
2 ©/\OH ©A0THP 18 93.2
Hs CHs 6
Q;L OH (j/k OTHP
3 ©/\OH ©/\OTHP 22 83

OTHP 16

~
Q

OTHP 14 100

b
4

OH OTHP 0

g
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TETRAHYDROPYRANYLATION OF PHENOLS AND ALCOHOLS 293

TABLE II. Continued
Entry Binary mixture Product Time, min  Yidd®, %

5 ©/\ OH OTHP 23 91
H
H

Y

OTHP 9

)

OH OTHP 21 82

L

ja}
;o OTHP 18

7 ©/\OH
: _OH i _OTHP 8

e yield using internal standard; ROH:DHP:H,[PMogV 40,9] = 1:1:1.2; the reaction was performed at room
temperature

)

OTHP 18 92

-

Effect of the catalyst type

In order to compare the kinds of vanadium(V)-substituted polyoxomolyb-
dates, i.e., H4PM011VOqg], Hs[PM 0109V 2040], Hs[PM0gV 3040], and Wells-Daw-
son catalysts, with the H7[PMogV 404¢] catalyst in the tetrahydropyranylation of
alcohols and phenols, these catalysts were used for the tetrahydropyranylation of
alcohols and phenols. The results are shown in Table I11. The yield of product
decreased in the following order. H7[PMogV4040] > Hg[P2W180g2] >
Hg[PM0gV3040] > Hs[PM01gV2040] > Ha[PMo011VOq40]. The results showed
that H7[PMogV 4040] was the most efficient catalyst for THP with a higher acti-
vity than the Keggin and Dawson heteropolyacids. The larger number of protons
in its structure may lower the activation barrier for the alkylation reaction. In
addition, the large anion also provides many “sites’ on the molecule that are li-
kely to contribute to the effectiveness of the catalyst. Comparison of the results
obtained using vanadium (V)-substituted polyoxomolybdates types of hetero-
polyacids and Wells-Dawson catalysts with those reported for H7[PMogV 404q]
and Dawson type catalysts shows some advantages of the former catalysts in
these reactions (Table I11).

Spectroscopic data for the new compound 16

Compound 16 (Table I). Yellowish oil (eluted with n-hexane: EtOAc, 6:1).
IH-NMR (300 MHz, CDCl3, ¢ / ppm): 1.48-1.90 (6H, m), 3.52 (1H, m), 3.89
(1H, m), 4.42 (1H, d, J = 11.6 HZz), 4.70 (1H, m), 4.80 (1H, d, J=12.0 Hz), 7.25
(4H, m); 13C-NMR (75 MHz, CDCl3,  / ppm): 147.6, 146.6, 128.1, 123.9, 98.7,
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294 GHARIB and JAHANGIR

68.0, 62.6, 30.8, 25.7, 19.6; HRMS (EI): Calcd. for C1oH1504N [M]*, 237.1001.
Found: 237.1003.

TABLE 1ll. The role of the heteropolyacid on the tetrahydropyranylation under solvent-free
reaction conditions

Entry Substrate Catalyst Time, min Yield? %
1 ©/\OH H7[ PM 08V4O40] 10 97.3
2 A He[PW1606,] 10 945
3 A H 6[ PM OgV 3040] 10 92.2
4 A H 5[ PM Olov 2040] 10 915
5 A Ha[PMOy;V Oy 10 88.6
6 ©0H H[PMogV 40,0 10 97
7 B HelPsW15065] 10 94
8 B H6[ PM 09V3040] 10 915
9 B H 5[ PM Olov 2040] 10 90
10 B H4[ PM 011VO40] 10 88.5
11 CH 3 H 7[ PM OBV 4040] 22 99
OH
12 C He[PsW15065] 22 9.5
13 C He[PMogVsO4c] 22 943
14 c He[PM0;V504q) 22 915
15 c Ha[PM0y,VOy0] 22 90.4

4 solated yield determined by GC. The reaction was performed at room temperature. Substrate of entry 1: com-
pound A, substrate of entry 6: compound B and substrate of entry 11: compound C

CONCLUSIONS

In summary, a novel method using different vanadium(V)-substituted poly-
oxomolybdates and Wells-Dawson heteropolyacids as inexpensive, non-corro-
sive and environmentally benign catalysts for protection of phenols and alcohols
as THP ethers was developed. The advantages of the presented procedure are
simplicity of operation and work-up and good yields of products, mild condi-
tions, short reaction times and high yields (> 90 %).

U3BOA

KATAJIMTUYKA TETPAXUJIPOITMPAHUIIAIINIA ®EHOJIA U AJIKOXOJIA
BAHAMIYM(V)-CYIICTUTYUCAHUM ITOJIMOKCOMOJIMBAATUMA

ALI GHARIB*?  MANOUCHEHR JAHANGIR*

1Department of Chemistry, Islamic Azad University, Mashhad u 2AgriculturaJ Research
and Services Center, Mashhad, Iran

YcmemHo je u3BpIIeHa peakiyja ankoxoja u (eHoma ca TeTPaXUAPONHPAHOM Y TPHCYCTBY
H7[PM0gV 404q] y 106pOM 10 OUTHYHOM MPUHOCY, 6€3 IpHUCYCTHOT pacTBapada. Omucanu cy Ona-
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TETRAHYDROPYRANYLATION OF PHENOLS AND ALCOHOLS 295

I'M PEaKLHOHU YCJIOBH 3a (OPMHpPAmE M JENPOTEKiHjy Terpaxuaponupanui erapa (THP erpn).
I'paheme THP etapa ca oarosapajyhuM ankoxoimMa H3BPIICHO je Y IPUCYCTBY (PyHKIIMOHATHUX
rpyna Koje Cy OCeTJbHBE Ha KHCEe PEaKIOHE YCIIOBE.

(Mlpumsbeno 7. maja, pesuaupato 9. jymna 2011)

REFERENCES

. T. W. Greene, P. G. M. Wuts, Protective Groups in Organic Synthesis, 3 ed., Wiley,

New York, 1999

E. J. Corey, H. Niwa, J. Knolle, J. Am. Chem. Soc. 100 (1978) 1942

H. Alper, L. Dinkes, Synthesis (1972) 81

M. Miyashita, A. Y oshikoshi, P. A. Grieco, J. Org. Chem. 42 (1977) 3772

N. Rezai, F. A. Meybodi, P. Salehi, Synth. Commun. 30 (2000) 1799

N. Deka, J. C. Sarma, Synth. Commun. 30 (2000) 4435

M. A. Reddy, L. R. Reddy, N. Bhanumathi, K. R. Rao, Synth. Commun. 30 (2000) 4323

Y. S. Hon, C. F. Lee, Tetrahedron Lett. 40 (1999) 2389

S. Naik, R. Gopinath, B. K. Patel, Tetrahedron Lett. 42 (2001) 7679

V. V. Namboodiri, R. S. Varma, Tetrahedron Lett. 43 (2002) 1143

. T. Mineno, Tetrahedron Lett. 43 (2002) 7975

V. V. Namboodiri, R. S. Varma, Chem. Commun. (2002) 342

J. S. Yadav, B. V. S. Reddy, D. Gnaneshwar, New J. Chem. 27 (2003) 202

M. Moghadam, S. Tangestaningjad, V. Mirkhani, |. Mohammadpoor-Baltork, S. Gharaati,

J. Mol. Catal., A 337 (2011) 95

15. P. S. Poon, A. K. Banerjee, L. Bedoya, M. S. Laya, E. V. Cabrera, K. M. Albornoz,
Synth. Commun. 39 (2009) 3369

16. A.R. Hagjipour; M. Kargosha, A. E. Ruoho, Synth. Commun. 39 (2009) 1084

17. A. A. Dos Santos, G. A. Brito Jr., M. V. L. Archilha, T. G. A. Bele, G. P. Dos Santos, M.
B. M. De Méello, J. Braz. Chem. Soc. 20 (2009) 42

18. M. Kotke, P. R. Schreiner, Synthesis (2007) 779

19. D. B. G. Williams, S. B. Simelane, M. Lawton, H. H. Kinfe, Tetrahedron. 66 (2010) 4573

20. A.T.Khan, E. Mondal, B. M. Borah, S. Ghosh, Eur. J. Org. Chem. (2003) 4113

21. P.J. Kocienski, Protecting Groups, Thieme, Stuttgart, 1994

22. K. J. Davis, U. T. Bhaerao, B. V. Rao, Synth. Commun. 29 (1999) 1679

23. M. M. Heravi, D. Ajami, M. Ghassemzadeh, Synth. Commun. 29 (1999) 1013

24. L. C.Branco, C. A. M. Afonso, Tetrahedron 57 (2001) 4405

25. M. H. Habibi, S. Tangestaninegjad, |. Mohammadpoor-Baltork, V. Mirkhani, B. Y adollahi,
Tetrahedron Lett. 42 (2001) 2851

26. K. S. Ramasamy, D. Averett, Synlett (1999) 709

27. 1. Mohammadpoor-Baltork, A. R. Nourozi, Synthesis (1999) 487

28. A.S.-Y.Lee F.-Y. Sy, Y.-C. Liao, Tetrahedron Lett. 40 (1999) 1323

29. T. Taniguchi, K. Kadota, A. S. EIAzab, K. Ogasawara, Synlett (1999) 1247

30. T.-S.Li, Z.-H. Zhang, T.-S. Jin, Synth. Commun. 29 (1999) 181

31. A. Srikrishna, J. A. Sattigeri, R. Viswgjanani, C. V. Yelamaggad, J. Org. Chem. 60
(1995) 2260

32. B.M.Kim, S. J. Bag, S. M. So, H. T. Yoo, S. K. Chang, J. H. Lee, J. Kang, Org. Lett. 3
(2001) 2349

33. H. Firouzabadi, A. A. Jafari, J. Iran. Chem. Soc. 2 (2005) 85

[y

CLoOo~N WD

Nl
Ea S

Available online at www.shd.org.rs/JSCS

2012 Copyright (CC) SCS @



296 GHARIB and JAHANGIR

34. L. E.Briand, G. T. Baronetti, H. J. Thomas, Appl. Catal., A 256 (2003) 37

35. G. I. Kapustin, T. R. Brueva, A. L. Klyachko, M. N. Timofeeva, S. M. Kulikov, I. V.
Kozhevnikov, Kinet. Katal. 31 (1990) 1071.

36. I. V. Kozhevnikov, Chem. Rev. 98 (1998) 171

37. F. F. Bamoharram, M. M. Heravi, M. Roshani, M. Jahangir, A. Gharib,. J. Mol. Catal., A
271 (2007) 126

38. F. F. Bamoharram, M. M. Heravi, M. Roshani, A. Gharib, M. Jahangir, J. Mol. Catal., A
252 (2006) 90

39. G. A. Tsigdinos, C. Hallada, J. Inorg. Chem. 7 (1968) 437

40. Y. Mahha, A. Atlamsani, J. C. Blais, M. Tessier, J. M. Brégeault, L. Sales, J. Mol. Catal.
A 234 (2005) 63

41. Y. Ding, Q. Gao, G. Li, H. P. Zhang, J. M. Wang, L. Yan, J. S. Suo, J. Mol. Catal. A 218
(2004) 161.

Available online at www.shd.org.rs/JSCS

2012 Copyright (CC) SCS @




<<
  /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 /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 false
  /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 /Bicubic
  /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 /Bicubic
  /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 /Bicubic
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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




