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Envirocat EPZG Mediated Synthesis of 3,4-
Dihydropyrano[clchromene Derivatives Under
Microwave Irradiation in Solvent-free Conditions

Surekha N. Deshmukh @ 3, Laxmikant D. Chavan © 2 Murlidhar S. Shingare* ® °

A Envirocat EPZG mediated method is developed for the synthesis of 3,4-dihydropyrano[clchromene derivatives
under microwave irradiation by three component cyclocondensation of 4-hydroxycoumarin, malononitrile and
aromatic aldehydes. The process has been carried out under solvent-free conditions in the presence of very
small amount of Envirocat EPZG. Use of ecofriendly readily available catalyst and green reaction media makes
this methodology simple, safe, and cost effective. Mild reaction conditions, easy workup procedure, excellent

yields and short reaction times are some remarkable features of this work.
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1. Introduction

Multicomponent reactions (MCRs) allow assembly of
several flexible, readily available integrant in a single step
reaction to give highly functionalized organic molecules [1-3].
Over the past several years, chemists have been aware of the
human health and environment, so they are trying to develop
new synthetic methods, reaction conditions in the context of
green chemistry. The reactions carried out under solvent-free
conditions have many advantages such as high efficiency
and selectivity, operational simplicity, low costs, mild
reaction conditions and reduced pollution [3-5]. These
factors are beneficial to industry as well as to the

environment.

Dihydropyrano[c]chromenes and its derivatives are a
class of important heterocycles because they possess a
wide range of biological and pharmacological activities such
as analgesic [6], anti-HIV [7], anticancer [8], antituberculosis
agents [9], anticoagulant [10], antibacterial [11], anti-
Alzheimer [12], antimalarial [6], antimicrobials [8], antifungal
[13], molluscidal [14], acetylcholinesterase inhibitor [15] and
anti-inflammatory [16]. Moreover, they have been used as
cognitive enhancers for the treatment of neurodegenerative
diseases, including Alzheimer’s disease, amyotrophic lateral
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sclerosis, Parkinson’s disease and AIDS associated dementia
[13]. In addition, derivatives of dihydropyrano[2,3-c]chromene
can also be employed as cosmetic pigment and utilized as
potential biodegradable agrochemical [17].

In literature, few methods have been reported for the
synthesis of dihydropyrano[clchromene derivatives. Some
recent methodologies include use of diammonium hydrogen
phosphate (DAHP) [18], SiO.PrSOsH [17], K,COz under
microwave irradiation [19], TBAB [20], MgO [21],
HeP2W15062-18H20 [22], hexamethylene tetramine [23], TMGT
[24], 3-hydroxypropanaminium acetate (HPAA) [25], 2-
hydroxyethylammonium formate [26], potassium
phthalimide-N-oxyl [27] and CuO nanoparticles [28] catalysts.
However, many of these methodologies are associated with
disadvantages such as harsh reaction condition, poor yields,
prolonged reaction times and use of hazardous organic
solvent. Hence, it is desirable to develop rapid, efficient and
ecofriendly protocol for the synthesis of
dihydropyrano[clchromenes.

Microwave-assisted rapid organic reactions are
extremely attractive to synthetic organic chemists due to
reducing reaction times, getting cleaner reactions, improving
yields, simplifying work-up and designing energy-saving
protocols [29-32]. These reactions also attract research
interest because these reactions exhibit some particular
unexpected reactivity’'s and significant usefulness in green
chemistry [33, 34]. Envirocat EPZG is a solid supported
heterogeneous catalyst which exhibits both Bronsted and
Lewis acid characteristics. This catalyst is nontoxic and used
normally in non-polar or solvent-free reaction systems [35].

In continuation of our interest to develop greener
methodologies for the synthesis of biologically active
compounds, herein we report an Envirocat EPZG mediated
one-pot synthesis of dihydropyrano[c]chromene derivatives
by the reaction of aromatic aldehydes, malononitrile, and 4-
hydroxycoumarin in solvent-free conditions under microwave
irradiation.

2. Material and Methods

All the chemicals used are of commercial grade and were
used without further purification. All reactions were
prosecuted by thin layer chromatography (TLC). The
uncorrected melting points of compounds were taken in an
open capillary in a paraffin bath. 'TH NMR spectra were
recorded on a Bruker Avance 400 and '3C NMR was recorded
on a Bruker DRX-300 instrument using TMS as an internal
reference. Mass spectra were recorded on Waters UPLC-TQD
Mass spectrometer using electrospray ionization technique.
For the microwave irradiation experiments described below,
a microwave oven equipped with a turntable was used (LG
Smart Chef MS255R operating at 2450 MHz having
maximum output of 900 W) for reaction.

General procedure for the Envirocat EPZG mediated
synthesis of 3,4-dihydropyrano[c]chromenes

Aromatic aldehyde 1 (1 mmol), malononitrile 2 (1.2
mmol), 4-hydroxycoumarin 3 (1 mmol) and EPZG (0.10 g)
were mixed thoroughly and kept in microwave irradiation at
150 W and 90 °C for appropriate time. The progress of
reaction was monitored by TLC (ethyl acetate: hexane 3:7).
After completion of the reaction, the mixture was cooled at
room temperature. The solid product was filtered washed
with water dried and recrystallized from ethanol to give the
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pure crystals of 3,4-dihydropyrano[c]chromene derivatives.

Spectral data of selected 3,4-dihydropyrano[c]chromene
derivatives

2-Amino-4-(furan-2-yl)-4, 5-dihydro-5-oxopyrano|3,2-
clchromene-3-carbonitrile (4h, Table 5) m.p.: 250-252 °C (lit.
[36] m.p.: 251-254°C); '"H NMR (DMSO, 300 MHz, Me,Si) &
(ppm): 4.62(s, 1H, CH), 6.37 (brs, 2H, NH,), 7.46-7.89 (m, 7H,
Ar); 3C NMR (CDCl;, 75.46 MHz, MesSi) : 30.58, 55.26,
101.61, 106.42, 110.64, 112.88, 116.66, 118.99, 122.39,
124.77, 133.17, 142.40, 152.14, 153.96, 154.17, 158.75,
159.37; MS (El): m/z 308.07 (M*).

2-amino-4, 5-dihydro-4-(1H-indol-3-yl) pyrano [3, 2-c]
chromene-3-carbonitrile (41, Table 5) m.p.: 178-180 °C; 'H
NMR (DMSO, 300 MHz, MesSi) 8(ppm): 2.49 (s, TH, NH),
4.73(s, TH, CH) 6.91-8.69 (m, 9H, Ar), 10.99 (s, 2H, NH2); 13C
NMR (CDCls, 75.46 MHz, Me4Si) : 28.73, 58.26, 69.26, 104.10,
110.95, 111.85, 113, 115.9, 116.45, 117.85, 118.99, 119.58,
120.89, 122.52, 123.91, 124.55, 126.66, 132.61, 133.22,
136.56, 151.45, 158.06, 159.44; MS (El): m/z 341.36 (M*)

3. Results and Discussion

To optimize the reaction conditions, the reaction of
benzaldehyde (1.0 mmol), malononitrile (1.2 mmol), and
4-hydroxycoumarin (1.0 mmol) was used as a as a model
reaction in presence of different catalysts in order to
establish the effectiveness of the catalyst under solvent-free
conditions (Table 1). According to the results that provided in
Table 1, Envirocat- EPZG showed better catalytic activity
among these catalysts (Table 1, entries 1-5). Most excitingly,
when Envirocat EPZG was used, the reaction proceeded very
smoothly and gave the product 4a in 95% yield (Table 1, entry
5).

Table 1. Screening of catalysts.

Amount of

Entry Catalyst Catalyst 81"'15 Yield (%)
(9)
1 EPZ10 0.15 45 58
2 EPIC 0.15 40 68
3 EPZE 0.15 35 72
4 EPAD 0.15 32 76
5 EPZG 0.15 05 95

aReaction condition: Aromatic aldehyde 1a (1 mmol),
malononitrile 2 (1.2 mmol), 4-hydroxycoumarin 3 (1Tmmol),
under solvent-free conditions in microwave irradiation at 150
W and 90 °C.bIsolated yield.

Then, we examined the effect of catalyst concentration
over the above model reaction and obtained results are
summarized in Table 2. It was found that the yield of product
4a was strongly affected by the catalyst concentration. It is
found that the yield of product is increased by increasing
catalyst concentration and best result was obtained with
0.10 gm of EPZG catalyst (Table 2, entry 5). Therefore, 0.10
gm of EPZG catalyst was sufficient and excessive amount of
catalyst did not increase the yields significantly (Table 2,
entries 5 and 6).

In addition, the effect of solvent on model reaction was
explored and obtained results are shown in Table 3. The
results of Table 3 indicate that the use of solvent retards the
rate of reaction which leads to decrease in yield of product.
However, the best results were obtained under solvent-free
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conditions (Table 3, entry 5).

Table 2. Optimization of catalyst concentration.

Entry Clz\artnatl)yusntt (();) Time (min) Yield® (%)
1 0.02 25 65
2 0.04 22 72
3 0.06 20 80
4 0.08 16 85
5 0.10 05 95
6 0.15 05 95

aReaction condition: Aromatic aldehyde 1a (1 mmol),
malononitrile 2 (1.2 mmol), 4-hydroxycoumarin 3 (1 mmol),
and EPZG under solvent-free conditions in microwave
irradiation at 150W and 90 °C. ®Isolated yields.

Table 3. Optimization of different solvents.

Time

Entry Solvent (min) Yield® (%)
1 CHsCN 12 72
2 Toluene 15 80
3 THF 16 85
4 H20 15 95
5 Solvent-free 05 95

aReaction condition: Aromatic aldehyde 1a (1 mmol),
malononitrile 2 (1.2 mmol), 4-hydroxycoumarin 3 (1 mmol),
and EPZG (0.10 g) under solvent-free conditions in microwave
irradiation at 150W and 90 °C."Isolated yields.

Moreover, the effect of reaction temperature on model
reaction was investigated in the presence of EPZG (0.10 gm)
under solvent free condition (Table 4). The obtained results
revealed that percent yield was increased by increasing
reaction temperature from 60 to 90 °C (Table 4, entries 1- 4).

Table 5. Synthesis of 3,4-dihydropyrano[c]chromene 5(a-m).
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Therefore, higher yield of product was obtained at 90 °C in
shorter reaction time. The yield of product and reaction time
show no significant change with further rise in reaction
temperature. Hence, 90 °C was selected as the optimum
temperature for all the reactions.

Table 4. Optimization of reaction temperature

Temperature Microwave Time

Entry (°C) power (min.) ks
1 60 150 18 62
2 70 150 12 62
3 80 150 10 74
4 90 150 05 95
5 100 150 05 95

aReaction condition: Aromatic aldehyde 1a (1 mmol),
malononitrile 2 (1.2 mmol), 4-hydroxycoumarin 3 (1 mmol),
and EPZG (0.10 g) under solvent-free conditions, in microwave
irradiation at 150W and 90 °C. “Isolated yields.

With the optimized conditions in hand, to explore the
scope of this procedure, we extended our study with wide
range of aryl aldehydes containing either electron-
withdrawing or electron-donating substituent’'s (Table 5).
However, the electronic nature of the aryl substituents in the
aldehydes did not show strong effects in terms of yields.
Thus, the electron withdrawing substituted aromatic
aldehydes and the aromatic aldehydes bearing electron-
donating groups on the aromatic ring underwent clean
conversion under the reaction conditions to produce the
corresponding products in good yields. The reaction is
equally good with heteroaromatic aldehyde (Table 5, entries
h, I, and 1), resulting in good vyields of
3,4-dihydropyrano|[c]chromenes.

(o) OH
N H <CN X Envirocat EPZG -
|/ _ * CN * oo Solvent-free, MWI,
R 150 W, 90 °C

1 (a-m) 2 3 4 (a-m)

. . AHBE Melting Point (°C)

Product R Time (min) Yield® % Found Reported Ref.
4a H 5 95 255-257 256-258 [18]
4b 4-Me 4 93 251-252 252-254 [36]
4c 4-MeO 4 93 241-243 240-242 [18]
4d 3,4(CHs0)2 5 93 231-232 230-232 [37]
4e 4-Cl 5 95 261-263 263-265 [18]
af 4-0H 5 94 263-264 262-266 [17]
4g 4-NO; 5 93 256-258 258-260 [18]
4h 2-furyl 5 94 250-252 251-254 [36]
4i 2-thiophene 5 91 230-231 228-230 [36]
4 4-Br 4 92 247-248 247-250 [36]
4k 4-F 5 91 259-260 260-262 [37]
4 3-indolyl 4 92 178180
4m 4-CN 5 90 280-281 280-282 [37]

aReaction condition: Aromatic aldehyde 1 (1 mmol), malononitrile 2 (1.2 mmol), 4- hydroxycoumarin 3 (1 mmol), and EPZG (0.10g) under
solvent-free, conditions, in microwave irradiation at150 W and 90 °C. ®Isolated yields.

A reasonable mechanism for the formation of
3,4-dihydropyrano[c]chromene (4) is proposed in (Scheme 1).
Firstly, the Knoevenagel reaction occurs in the presence of
catalyst between benzaldehyde 1 and malononitrile 2,

followed by dehydration to produce the 2-
benzylidenemalononitrile 3. Then, Michael addition of
intermediate with 4-hydroxycoumarin followed by cyclization
and tautomerization provides desired products.
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Scheme 1. Proposed mechanism for the synthesis of 3,4-
dihydropyrano[c]chromenes.

4. Conclusions

In summary, we have described Envirocat EPZG mediated
facile and environmentally benign methodology for the
synthesis of 3,4-dihydropyrano[c]chromene derivatives via
one-pot, three-component condensation reaction of
4-hydroxycoumarin, malononitrile and aromatic aldehydes.
The reactions were carried out in solvent-free conditions
under MW irradiation with short reaction time and produced
the corresponding products in good to excellent yields. The
simplicity of procedure, mild reaction conditions, high atom-
economy, eco-friendly standards and easy isolation of
products are the advantages of these methods.

Acknowledgments

The Emeritus Scientist Scheme awarded to Prof. M. S.
Shingare by the Council of Scientific and Industrial Research;
New Delhi is gratefully acknowledged. The authors are also
thankful to Head, Department of Chemistry, Dr. Babasaheb
Ambedkar Marathwada University and Principal, Jawaharlal
Nehru Engineering College, Aurangabad for providing
laboratory facilities.

Author Contributions

Conceptualization, S.N.D. and M.S.S; Methodology,
S.N.D,, and L.D.C; Investigation, S.N.D.; Writing — Original
Draft, S.N.D. and L.D.C.; Writing — Review & Editing, S.N.D.
and L.D.C.; Resources, S.N.D. and L.D.C.; Supervision,
M.S.S.

References and Notes

[1] Zhu, J.; Bienayme, H. Eds. Wiley-VCH: Weinheim,
2005. [Crossref]

[2] Kappe, C. O. Acc. Chem. Res. 2000, 33, 879.
[Crossref]

[3] Domling, A.; Ugi, I. Angew. Chem. Int. Ed. 2000, 39,
3168. [Crossref]

[4] Tanaka, K.; Toda, F. Chem. Rev. 2000, 7100, 1025.
[Crossref]

[5] Shirini, F.; Marjani, K.; Nahzomi, H. T. Arkivoc. 2007,
1, 51. [Crossref]

[6]
[7]

[8]

[9]
[10]

[11]

[12]

(13]

[14]

[15]

[16]

(17]
(18]
(19]
[20]

(21]

[22]

[23]
(24]
[25]
[26]
[27]
(28]

[29]

Orbital: Electron. J. Chem. 2021, 13(1), 28-32

Bonsignore, L.; Loy, G.; Secci D.; Calignano, A. Eur. J.
Med. Chem. 1993, 28, 517. [Crossref]

Patil, A. D.; Freyer, A. J.; Eggleston, D. S,
Haltiwanger, R. C.; Bean, M. F.; Taylor, P. B.; Caranfa,
M. J.; Breen, A. L.; Bartus, H. R. J. Med. Chem. 1993,
36, 4131. [Crossref]

Perrella, F. W.; Chen, S. F.,; Behrens, D. L;
Kaltenbach, R. F.; Seitz, S. P. J. Med. Chem. 1994,
37,2232. [Crossref]

Mungra, D. C.; Patel, M. P.; Rajani, D. P.; Patel, R. G.
Eur. J. Med. Chem. 2011, 46, 4192. [Crossref]

Zhang, Y. L.; Chen, B. Z;; Zheng, K. Q.; Xu, M. L,; Lie,
X. H.; Yao, X. B. Chem. Abstr. 1982, 17, 135383.

Morgan, L. R,; Jursic, B. S.; Hooper, C. L.; Neumann,
D. M.; Thangaraj, K.; LeBlanc, B. Bioorg. Med. Chem.
Lett. 2002, 12, 3407. [Crossref]

Bayer, T. A.; Schafer, S.; Breyh, H.; Breyhan, O;
Wirths, C.; Treiber, G. A. Lin Neuropathol. 2006, 25,
163.

Nakib, T. A.; Bezjak, V., Rashid, S.; Fullam, B,
Meegan, M. J. Eur. J. Med. Chem. 1991, 26, 221.
[Crossref]

Abdelrazek, F. M.; Metz, P.; Metwally, N. H.; El-
Mahrouky, S. F. Arch. Pharm. Chem. Life Sci. 2006,
339, 456. [Crossref]

Saeedi, M.; Ansari, S.; Mahdavi, M.; Sabourian, R;;
Akbarzadeh, T.; Foroumadi A.; Shafiee, A. Synth.
Commun. 2015, 45, 2311. [Crossref]

Chun, K.; Park, S. K;; Kim, H. M.; Choi, Y.; Kim, M. H;
Park, C. H.; Joe, B. Y.; Chun, T. G.; Choi, H.M.; Lee, H.
Y.; Hong, S. H.; Kim, M. S.; Nam, K. Y.; Han, G. Bioorg.
Med. Chem. 2008, 16, 530. [Crossref]

Ziarani, G. M.; Badiei, M.; Zarabadi, P. Iran. J. Chem.
Chem. Eng. 2011, 30, 59.

Abdolmohammadi, S.; Balalaie, S. Tetrahedron Lett.
2007, 48, 3299. [Crossref]

Kidwai, M.; Saxena, S. Synth. Commun. 2006, 36,
2737. [Crossref]

Khurana, J. M.; Kumar, S. Tetrahedron Lett. 2009,
50, 4125. [Crossref]

Seifi, M.; Sheibani, H. Catal. Lett. 2008, 126, 275.
[Crossref]

Heravi, M. M.; Jani, B. A.; Derikvand, F.;

Bamoharram, F. F.; Oskooie, H. A. Catal. Commun.
2008, 10, 272. [Crossref]

Wang, H. J.; Lu, J.; Zhang, Z. H. Monatsh Chem.
2010, 741, 1107. [Crossref]

Shaabani, A.; Samadi, S.; Badri, Z.; Rahmati, A. Catal.
Lett. 2005, 104, 39. [Crossref]

Shaterian, H. R.; Oveisi, A. R. J. Iran. Chem. Soc.
2011, 8, 545. [Crossref]

Shaterian, H. R.; Arman, M,; Rigi, F. J. Mol. Lig. 2011,
158, 145. [Crossref]

Dekamin, M. G.; Eslami, M.; Maleki, A. Tetrahedron.
2013, 69, 1074. [Crossref]

Hossein, M; Maryam, K. M. Chin. Chem. Lett. 2011,
22,1419. [Crossref]

Roberts, B. A.; Strauss, C. R. Acc. Chem. Res. 2005,
38, 653. [Crossref]

Published by Federal University of Mato Grosso do Sul | www.orbital.ufms.br 31


https://doi.org/10.1021/10.1002/3527605118
https://doi.org/10.1021/ar000048h
https://doi.org/10.1002/1521-3773(20000915)39:18%3C3168::AID-ANIE3168%3E3.0.CO;2-U
https://doi.org/10.1021/cr940089p
https://doi.org/10.1155/2013/185120
https://doi.org/10.1021/10.1016/0223-5234
https://doi.org/10.1021/jm00078a001
https://doi.org/10.1021/jm00040a016
https://doi.org/10.1016/j.ejmech.2011.06.022
https://doi.org/10.1016/S0960-94X(02)00725-4
https://doi.org/10.1016/0223-5234(91)90033-J
https://doi.org/10.1002/ardp.200600057
https://doi.org/10.1080/00397911.2015.1077971
https://doi.org/10.1016/j.bmc.2007.09.014
https://doi.org/10.1016/j.tetlet.2007.02.135
https://doi.org/10.1080/00397910600764774
https://doi.org/10.1016/j.tetlet.2009.04.125
https://doi.org/10.1007/s10562-008-9603-5
https://doi.org/10.1016/j.catcom.2008.08.023
https://doi.org/10.1007/s00706-010-0383-4
https://doi.org/10.1007/s10562-005-7433-2
https://doi.org/10.1007/BF03249089
https://doi.org/10.1016/j.molliq.2010.11.010
https://doi.org/10.1016/j.tet.2012.11.068
https://doi.org/10.1016/j.cclet.2011.06.003
https://doi.org/10.1021/ar040278m

[30]
[31]

[32]

[33]

[34]

Kappe, C. 0. Angew Chemi. Int. Ed. 2004, 43, 6250.
[Crossref]

Dallinger, D.; Kappe, C. 0. Chem. Rev. 2007, 107,
2563. [Crossref]

Yadav, J. S.; Reddy, B. V. S.; Shankar, K. S.; Swamy,
T.; Premalatha, K. Bull. Korean Chem. Soc. 2008. 29,
1418. [Crossref]

Polshettiwar, V.; Varma, R. S. Acc. Chem. Res. 2008,
41, 629. [Crossref]

Gawande, M. B.; Bonifacio, V. D. B.; Luque, R,
Branco, P. S.; Varma, R. S. Chem. Soc. Rev. 2013, 42,
5522. [Crossref]

[35]

[36]

[37]

Orbital: Electron. J. Chem. 2021, 13(1), 28-32

Bandgar, B. P.; Jagtap, S. R, Aghade, B. B,
Wadgaonkar, P. P. Synth. Commun. 1995, 25, 2211.
[Crossref]

Jain, S.; Rajguru, D; Balwant, S.; Keshwal, A,;
Acharya, D. ISRN Org. Chem. 2013, 185120, 1.
[Crossref]

Hazeri, N.; Maghsoodlou, M. T.; Mir, F.; Kangani, M,;
Saravani, H.; Molashahi, E. Chin. J. Catal. 2014, 35,
391. [Crossref]

How to cite this article

Deshmukh, S. N.; Chavan, L. D.; Shingare, M. S. Orbital:

Electron. J.

Chem. 2021, 13, 28.

http://dx.doi.org/10.17807/orbital.v13i1.1517

Published by Federal University of Mato Grosso do Sul | www.orbital.ufms.br 32


https://doi.org/10.1002/anie.200400655
https://doi.org/10.1021/cr0509410
https://doi.org/10.5012/bkcs.2008.29.7.1418
https://doi.org/10.1021/ar700238s
https://doi.org/10.1039/c3cs60025d
https://doi.org/10.1080/00397919508011775
https://doi.org/10.1155/2013/185120
https://doi.org/10.1016/S1872-2067(14)60003-6
http://dx.doi.org/10.17807/orbital.v13i1.1517


<<

  /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



