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Abstract A green reaction condition has been developed
for the synthesis of 2,3-unsaturated glycopyranosides by the
Ferrier rearrangement of glycals using alcohols and thiols in
1-butyl-3-methylimidazolium  trifluoromethanesulfonate
([BMIM]-OTY) in excellent yield. [BMIM]-OTf has been
applied as a task specific ionic liquid organo-catalyst.
Operational simplicity, environmentally benign reaction
condition, use of task specific ionic liquid, short reaction

time, high yields are the notable features of this
methodology.
Keywords Ferrier rearrangement - Ionic liquid -

Environmentally benign - 2,3-unsaturated glycosides -
Glycal

1 Introduction

2,3-Unsaturated glycosides or pseudoglycals are useful
intermediates for the synthesis of pharmacologically active
molecules [1, 2]. They have been successfully used as
chiral building blocks in the multi-step synthesis of several
antibiotics [3, 4]. Conventionally, 2,3-unsaturated glyco-
sides are prepared by the allylic rearrangement of acyloxy
glycals (popularly known as Ferrier Rearrangement) cata-
lyzed by a Lewis acid [5, 6]. Because of their synthetic
utility several reports have appeared in the literature for the
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improvement of the Ferrier reaction using a variety of
metallic and non-metallic catalysts [7—17]. Besides these, a
number of heterogeneous catalysts have also been applied
for this transformation [18-22]. Ferrier rearrangement of
acetoxy glycals has also been carried out under microwave
irradiation [23-26]. Despite of their strong influence in the
preparation of 2,3-dideoxy glycopyranosides, many of the
above-mentioned catalysts suffer from several shortcom-
ings, such as lack of environmentally friendliness, use of
strong acidic catalyst, use of expensive catalysts, require-
ment for the preparation of catalysts, oxidizing conditions,
longer reaction times, use of organic solvents, unsatisfac-
tory yields, use of an excess of reagent or catalysts etc. As a
consequence, there is a constant need to develop an envi-
ronmentally benign mild reaction condition for the prepa-
ration of 2,3-unsaturated glycopyranosides using less
hazardous catalyst and reaction medium.

As a part of the current thrust in the development of
environmentally friendly catalytic processes, we set out to
explore the potential of 1-butyl-3-methylimidazolium tri-
fluoromethanesulfonate ([BMIM]-OTf) as a task-specific
ionic liquid in the Ferrier rearrangement of acetoxy glycals
as catalyst and reaction medium. Room temperature ionic
liquids have attracted significant attention of synthetic
chemists for their capability to act as green reaction med-
ium as well as organo-catalyst [27-35]. In the recent past,
several organic transformations have been carried out in
the ionic liquids under green reaction conditions [36—43].
Earlier, Salunkhe et. al. [44] reported a comparative
investigation on the metal nitrate catalyzed Ferrier rear-
rangement of glycal derivatives in organic solvents and
ionic liquids and showed that the use of ionic liquid
improves yield of the products and stereoselectivity. We
report herein, Ferrier rearrangement of acetoxy glycals
with alcohols and thiols for the preparation of 2,3-
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OAc RXH (1.5 equiv.), TMSOTY (cat.) OAc
AcO O_ [BMIM]-OTf, room temperature ACO/@"
ACO——=73690 min. —"XR
R = alkyl, aryl, glycosyl
X=0;S

Scheme 1 Ferrier rearrangement of acetoxy glycals in ionic liquid
[BMIM]-OTf at room temperature

unsaturated O- and S-glycosides using [BMIM]-OTf as
organo-catalyst as well as solvent under an environmen-
tally benign reaction condition avoiding organic solvents
and hazardous chemicals (Scheme 1).

2 Results and Discussion

In a set of initial experiments, triacetoxy-p-glucal (1) was
allowed to react with 2-propanol (1.5 equiv. to 5.0 equiv.)
in 1-butyl-3-methylimidazolium trifluoromethanesulfonate
([BMIM]-OTTf; 0.5-1.0 mL/mmol of substrate) by addition
of a catalytic amount (~1.0 pL) of trimethylsilyl trif-
luormethanesulfonate (TMSOTf) at room temperature.
After some experimentation, it was observed that use of
2-propanol (1.5 equiv.) in [BMIM]-OTf (0.5 mL/1 mmol
of substrate) in the presence of catalytic TMSOTf fur-
nished 82% yield of compound 3 (o/f: 4/1) at room tem-
perature in 40 min. Under similar reaction condition
various aliphatic alcohols and hydroxy sugar derivatives
reacted with triacetoxy-p-glucal (1) to furnish alkyl 2,3-
unsaturated glucopyranosides and disaccharides in excel-
lent yield (Table 1). A variety of functional groups such as
allyl, propargyl, isopropylidene, benzyl, isopropyl groups
remained unaffected under the reaction conditions and
formation of by-products was not observed. The reaction
condition has been successfully applied for the reaction of
aryl thiols with compound 1 to furnish 2,3-unsaturated
thioglucosides in good to excellent yield. It is worth
mentioning that formation of further rearranged product
was not observed using thiols, which were evidenced ear-
lier in this reaction. Competitive reaction for the formation
of 2-deoxy glycoside derivatives was not observed in all
cases. Similar to triacetoxy-p-glucal (1), a set of aliphatic
alcohols and monosaccharide acceptor were reacted with
triacetoxy-p-galactal (2) under similar reaction condition to
furnish 2,3-unsaturated galactopyranosides in satisfactory
yield. In the case of triacetyl-p-galactal (2) the reactions
took longer time and the yields were slightly lower in
comparison to its b-glucal counterpart. Reaction of triace-
tyl-p-galactal (2) with thiols resulted in the formation
of some 2-deoxy products together with the expected
2,3-unsaturated products, which can be explained from
the structure of the starting substrate (Table 1, entry 20).
In most of the cases, a mixture two anomers of
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2,3-unsaturated glycosides (o and f§ were obtained, the ratio
of which were determined by comparing the integration
values of the peaks in '"H NMR, '*C NMR (Table 1). The
o-configuration of the major product was confirmed from
the positions of the anomeric protons in the 'H NMR and
'3C NMR spectra. In the "H NMR spectrum, the H-1 of the
a-glycoside appears in an up field position compared to its
p-isomer. The a-stereochemistry of the anomeric center of
the major products was further confirmed from the NOE
study. A strong NOE between H-1 and H-4 was observed in
the p-glucal derived and such interaction was absent in the
D-galactal derived product. [BMIM]-OTf acts as a task
specific ionic liquid which plays dual role as an organo-
catalyst as well as reaction medium. Addition of a catalytic
amount of TMSOTT as activator to the reaction medium
drives the reaction towards the formation of products and
[BMIM]-OTf acts as a source of triflate ion to maintain the
catalyst concentration in the reaction. In a control reaction,
treatment of compound 1 with 2-propanol in [BMIM]-OTf
in the absence of catalytic TMSOTTf did not produce any
product and the substrate remained unaffected even after
24 h at room temperature justifying the requirement of a
catalytic TMSOTT for the initiation of the reaction. Other
available room temperature ionic liquids ([BMIM]-CI,
[BMIM]-BF, and [BMIM]-PF¢) were also tested for their
efficacy in the Ferrier reaction and [BMIM]-OTf was found
best in terms of solubility of the substrates, yield of product
and reaction time (Table 2). Acting as an organo-catalyst,
[BMIM]-OTT has strong influence on the reaction providing
the OTf- counter anion to facilitate the formation of the
products. The experimental condition is simple and isola-
tion of the products and recovery of the ionic liquid can be
achieved using EtOAc and H,O which are recommended
solvents [45] to carry out green reactions.

3 Conclusion

In conclusion, a green reaction condition has been devel-
oped for the Ferrier rearrangement of acetoxy glycal
derivatives using alcohols and thiols in a task-specific room
temperature ionic liquid ((BMIM]-OTf) avoiding the use of
hazardous chemicals. The reaction is reasonably fast, clean,
environmentally benign, high yielding with high anomeric
selectivity. Therefore, this reaction condition provides a
better and practical alternative to the existing procedures
for this reaction.

4 Experimental

Typical experimental procedure for the Ferrier rear-
rangement of 3,4,6-tri-O-acetylated-p-glucal (1): To a
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Table 1 Ferrier rearrangement g Glycal Alcohol/thiol Product Time Yield* a/B®  Ref.
of glycals in [BMIM]-OTf No (min) (%)
catalyzed by TMSOT( at room : ?
temperature 1 e <OAC 2-Propanol Ao %Oi 40 82 4:1  [5]
c 0 c
Ac& =""OCH(CH,),
1 3
2 1 Allyl alcohol 4O %Og 45 80 6:1  [46]
C
—"OCH,CH=CH,
4
3 1 1-Butanol OAc 40 82 4:1 [47]
Acoﬂ
—"0C,H,
5
4 1 1-Octanol OAc 45 77 4:1  [47]
Aco‘@
— OCgHy,
6
5 1 Benzyl alcohol OAc 30 78 6:1 [48]
AcO O
="OCH,Ph
7
6 1 Propargyl OAc 30 74 10:1  [48]
alcohol Acoﬂ
— o=
8
7 1 >§)O OHO Acoéf(i 40 72 6:1  [5]
m o}
0 0
(0]
X %&g
Qo
9
8 1 OH OAc 40 74 9:1  [22]
AcO 0,
BN ~
BnO OMe O
Ay
BnO OMe
10
9 1 OH OAc 40 70 81 -
0 AcO 0,
BnO OMe C! m
OBnOBn o)
N o
e
OBnOBn
11
10 1 HO OBn OAc 40 72 10:1 -
BnO .0 Acoﬂ
BnO oMo 0 oBn
BnO -0
BnO
OMe
12
11 1 OA I: 4
HS AcO OC 30 76 0 [49]
— g
13
12 1 HS OAc 30 74 14:1 [50]
O Ac
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Table 1 continued

SL. No. Glycal Alcohol/thiol Product Time (min) Yield® (%) oc/ﬁb Ref.
13 1 HS OAc 30 75 12:1  [22]
O\ ACO‘@
— g
15
14 1 HS OAc 30 72 1.0 -
AcO o)
Ty, o
©\OCH3
16
15 AcO oAc 2-Propanol AcO oac 100 72 1:0 [22]
Q =2
AcO_ = — "OCH(CHj),
2 17
16 2 1-Octanol AcO oAc 100 74 2:1  [22]
2
— Ljocwa
18
17 2 Benzyl alcohol  AcO A 100 76 1:0 [22]
2
—_— %,
OCH,Ph
19
18 2 Allyl alcohol AcO OAc 90 74 16:1  [25]
NN
="OCH,CH=CH,
20
19 2 0 OH AcO OAc 100 72 1:0  [22]
AN S
(0] S ~%
X o
o)
Qo
# Isolated yield 21
b a/ﬂ—rati.o was d'etermined 20 2 HS AcO O 90 52¢ 9:1 -
from the integration values of —ng
the peaks in '"H NMR spectrum
¢ Together with 2-deoxy 22

thioglycoside (~25%)

Table 2 Comparison of the yields of the Ferrier rearrangement of tri-O-acetyl-p-glucal (1) in the presence of 2-propanol using different ionic

liquids (IL)

SI. No. Substrate Product Tonic liquid Time (min) Yield (%)
1 e <OAC OAc [BMIM]-[BF,] 150 65
2 Y e e W (BMIM] {PF] 150 52
3 1 3 ¥2 [BMIM]-[OTf] 40 82
4 [BMIM]-[C]] 180 46

mixture of compound 1 (1.0 mmol) and aliphatic alcohol
(1.5 mmol) or sugar alcohol (1.2 mmol) or thiol
(1.2 mmol) in [BMIM]-OTf (0.5 mL) was added TMSOTf
(1.0 pL) and the reaction mixture was allowed to stir at
room temperature for appropriate time mentioned in
Table 1. The reaction mixture was poured into water and
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extracted with ethyl acetate. The EtOAc layer was suc-
cessively washed with satd. NaHCO; and water, dried
(NaS0,) and concentrated under reduced pressure to give
the crude product, which was passed through a short pad of
SiO, using EtOAc-hexane (3:1) as eluant to furnish ano-
meric mixture of the product. The aqueous layer was
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evaporated to dryness and the crude mass was passed
through a short pad of SiO, using EtOAc as eluant to
furnish [BMIM]-OT{, which was dried at 70—-80 °C under
reduced pressure before its reuse. Spectral data of the
major isomers those are not reported earlier are as follows:

Methyl  6-0-(4,6-di-O-acetyl-2,3-dideoxy-o-D-erythro-
hex-2-enopyranosyl)-2,3,4-tri-O-benzyl-3-D-allopyranoside
(11): Yellow oil; Rz 0.5 (hexane:EtOAc; 3:1); IR (neat):
2944, 2347, 1754, 1390, 1251, 1053, 766 cm™'; 'H NMR
(CDCly): 6 7.37-7.26 (m, 15 H, Ar-H), 5.82 (brs, 2 H, H-2/,
H-3), 5.31-5.28 (m, 1 H, H-4"), 5.11 (br s, 1 H, H-1'),
4.92-4.86 (m, 2 H), 4.82-4.76 (m, 2 H), 4.68-4.24 (m, 4 H),
4.23-3.92 (m, 5 H), 3.82-3.78 (m, 1 H), 3.52 (s, 3 H, OCH3),
3.42-3.39 (m, 1 H), 3.18-3.16 (m, 1 H), 2.05,2.03 (2 s, 6 H,
2 COCHs); *C NMR (CDCly): d 170.8, 170.2, 138.9-127.3
(Ar-C, C-2/, C-3"), 101.9, 94.7, 78.9, 75.8, 74.4 (2 C), 72.8,
71.9,71.4, 67.6, 66.7, 65.1, 62.6, 56.9, 20.9, 20.7; ESI-MS:
m/z 699.2 [M+Na]*.

Methyl 6-0-(4,6-di-O-acetyl-2,3-dideoxy-o-D-erythro-
hex-2-enopyranosyl)-2,3,4-tri-O-benzyl-a-D-mannopyrano-
side (12): Yellow oil; Rg: 0.4 (hexane:EtOAc; 4:1); IR
(neat): 2937, 2355, 1767, 1386, 1246, 1063, 769 cm™'; 'H
NMR (CDCly): 6 7.37-7.26 (m, 15 H, Ar-H), 5.88-5.78
(m, 2 H, H-2/, H-3"), 5.32-5.28 (m, 1 H, H-4"), 5.23 (brs, 1
H, H-1"), 498 (d, J = 11.2 Hz, 1 H, PhCH,), 4.77-4.59
(m, 6 H, H-1, PhCH,), 4.21-4.17 (m, 1 H), 4.11-3.97 (m, 4
H), 3.91-3.67 (m, 4 H), 3.30 (s, 3 H, OCHs;), 2.09, 2.04
(2's, 6 H, 2 COCHs;); '°C NMR (CDCly): § 170.8, 170.2,
138.6-125.0 (Ar-C, C-2/, C-3), 98.8, 94.7, 80.0, 74.9, 74.6
(2 ©), 72.6, 71.9, 71.6, 67.2, 66.8, 65.2, 62.7, 54.7, 20.9,
20.7; ESI-MS: m/z 699.2 [M + Na]*.

p-Methoxyphenyl 4,6-di-O-acetyl-2,3-dideoxy-erythro-
hex-2-eno-1-thio-o-D-pyranoside (16): Yellow oil; Ry 0.6
(hexane:EtOAc; 4:1); IR: (neat): 2932, 2367, 1765, 1366,
1043, 769 cm™'; 'H NMR (CDCls): 6 7.49 (d, J = 9.0 Hz,
2 H, Ar-H), 6.86 (d, / = 9.0 Hz, 2 H, Ar-H), 6.06-6.03
(m, 1 H, H-2), 5.85-5.82 (m, 1 H, H-3), 5.60 (br s, 1 H,
H-1), 5.37-5.35 (m, 1 H, H-4), 450447 (m, 1 H),
4.26-4.22 (m, 2 H, H-6), 3.79 (s, 3 H, OCH;), 2.11, 2.10
(2's, 6 H, 2 COCH,); '>C NMR (CDCls): § 170.8, 170.4,
160.0, 135.0 (2 C), 128.8, 127.5, 125.1, 114 (2 C), 84.7,
67.2, 65.4, 63.3, 554, 21.1, 20.9; ESI-MS: m/z 375.1
[M + Na]*.

2-Napthyl 4,6-di-O-acetyl-2,3-dideoxy-threo-hex-2-eno-
1-thio-a-D-pyranoside (22): Yellow oil; Rg: 0.6 (hexane:
EtOAc; 4:1); IR: (neat): 2936, 1738, 1388, 1246, 1068,
796, 699 cm™'; "H NMR (CDCls): 6 8.05-7.44 (m, 7 H,
Ar-H), 6.26-6.24 (m, 1 H, H-2), 6.14-6.11 (m, 1 H, H-3),
5.97 (br s, 1 H, H-1), 5.16-5.14 (m, 1 H, H-4), 4.75-4.72
(m, 1 H, H-5), 4.33-4.27 (m, 2 H, H-6), 2.08, 1.96 (2 s, 6
H, 2 COCHs); *C NMR (CDCly): § 170.6, 170.3,
133.7-124.7 (Ar-C, C-2, C-3), 83.5, 67.5, 63.4, 62.7, 20.9,
20.8; ESI-MS: m/z 395.1 [M + Na]*.

Acknowledgment G.G. thanks CSIR, New Delhi for providing a
Senior Research Fellowship. This project was funded by Bose Insti-
tute, Kolkata.

References

. Fraser-Reid B (1985) Acc Chem Res 18:347
. Schmidt RR, Angerbauer RA (1981) Carbohydr Res 89:159
. Holder N (1982) Chem Rev 82:287
. Liu ZJ, Zhou M, Min JM, Zhang LH (1999) Tetrahedron 10:2119
. Ferrier RJ (2001) Topics Curr Chem 215:153
. De Freitas Filho JR, Srivastava RM, Soro Y, Cottier L, Descotes
G (2001) J Carbohydr Chem 20:561
. Babu BS, Balasubramanian KK (1999) Tetrahedron Lett 40:5777
8. Yadav JS, Reddy BVS, Murthy CVSR, Kumar GM (2000)
Synlett 1450
9. Takhi M, Abdel-Rahman A. A.-H, Schmidt RR (2001) Synlett 427
10. Yadav JS, Reddy BVS (2002) Synthesis 511
11. Swamy NR, Venkateswarlu A (2002) Synthesis 598
12. Bettadaiah BK, Srinivas P (2003) Tetrahedron Lett 44:7257
13. Tilve RD, Alexander MV, Khandekar AC, Samant SD, Kanetkar
VR (2004) J Mol Catal A 223:237
14. Smitha G, Reddy CS (2004) Synthesis 834
15. Swamy NR, Srinivasulu M, Reddy TS, Goud TV, Venkateswarlu
Y (2004) J Carbohydr Chem 23:435
16. Procopio A, Dalpozzo R, De Nino A, Nardi M, Russo B, Ta-
garelli A (2006) Synthesis 332
17. Gorityala BK, Cai S, Lorpitthaya R, Ma J, Pasunooti KK, Liu
X-W (2009) Tetrahedron Lett 50:676
18. Levecque P, Gammon DW, Jacobs P, De Vos D, Sels B (2010)
Green Chem 12:828
19. Zhou J, Zhang B, Yang G, Chen X, Wang Q, Wang Z, Zhang J,
Tang J (2010) Synlett 893
20. Rodriguez OM, Colinas PA, Bravo RD (2009) Synlett 1154
21. Tiwari P, Agnihotri G, Misra AK (2005) Carbohydr Res 340:749
22. Misra AK, Tiwari P, Agnihotri G (2005) Synthesis 260
23. de Oliveira RN, de Freitas Filho JR, Srivastava RM (2002) Tet-
rahedron Lett 43:2141
24. Shanmugasundaram B, Bose AK, Balasubramanian KK (2002)
Tetrahedron Lett 43:6795
25. Das SK, Reddy KA, Roy J (2003) Synlett 1607
26. Du W, Hu Y (2006) Synth Commun 36:2035
27. Prasad V, Kale RR, Kumar V, Tiwari VK (2010) Curr Org Synth
7:506
28. Galan MC, Jouvin K, Alvarez-Dorta D (2010) Carbohydr Res
345:45
29. Hubbard CD, Illner P, van Eldik R (2011) Chem Soc Rev 40:272
30. Chiappe C, Marra A, Mele A (2010) Topics Curr Chem 295:177
31. Odinets IL, Matveeva EV (2010) Curr Org Chem 14:1171
32. Li H, Qiao Y, Hua L, Hou Z, Feng B, Pan Z, Hu Y, Wang X,
Zhao X, Yu Y (2010) ChemCatChem 2:1165
33. Ranu BC, Banerjee S (2005) Org Lett 7:3049
34. Gu Y, Ogawa C, Kobayashi J, Mori Y, Kobayashi S (2006)
Angew Chem Int Ed Eng 45:7217
35. Chakraborti AK, Raha Roy S (2009) J Am Chem Soc 131:6902
36. Jain N, Kumar A, Chauhan S, Chauhan SMS (2005) Tetrahedron
61:1015
37. Forsyth SA, MacGarlane DR, Thomson RJ, von Itzstein M (2002)
Chem Commun 714
38. Park T-J, Weiwer M, Yuan X, Baytas SN, Munoz EV, Murugesan
S, Linhardt RJ (2007) Carbohydr Res 342:614
39. Anas S, Sajisha VS, Rajan R, Kumaran RT, Radhakrishnan KV
(2007) Bull Chem Soc Jpn 80:553

AN AW =

~

@ Springer



930

G. Guchhait, A. K. Misra

40.

41.
42.

43.
44,

45.

Rencurosi A, Lay L, Russo G, Caneva E, Poletti L (2005) J Org
Chem 70:7765

Pakulski Z (2003) Synthesis 2074

Louaisil N, Pham PD, Boeda F, Faye D, Castanet A-S, Legoupy S
(2011) Eur J Org Chem 143

Hu Y-L, Li F, Gu G-L, Lu M (2011) Catal Lett 141:467

Naik PU, Nara SJ, Harjani JR, Salunkhe MM (2005) J Mol Catal
A 234:35

Alfonsi K, Colberg J, Dunn PJ, Fevig T, Jennings S, Johnson TA,
Kleine HP, Knight C, Nagy MA, Perry DA, Stefaniak M (2008)
Green Chem 10:31

@ Springer

46.

47.

48.

49.
50.

Jadav JS, Reddy BVS, Reddy KB, Satyanarayana M (2002)
Tetrahedron Lett 43:7009

Konstantinovic S, Predojevic J, Gojkovic S, Ratkovic Z,
Mojsilovic B, Pavlovic V (2001) Ind J Chem Sec B 40:1242
Moufid N, Chapleur Y, Mayon P (1992) J Chem Soc Perkin Trans
1:999

Reddy BVS, Divyavani C, Yadav JS (2010) Synthesis 1617
Brown DS, Ley SV, Vile S, Thompson M (1991) Tetrahedron
47:1329



	Environmentally Benign Synthesis of 2,3-Unsaturated Glycopyranosides in Task-Specific Ionic Liquid
	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Experimental
	Acknowledgment
	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


