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Xanthan sulfuric acid is an efficient solid acid catalyst for the preparation of 2-aryl benzimidazoles in excellent

yields. This method is applicable for the reaction of benzo[c][1,2,5]thiadiazole-4,5-diamine with aldehydes by sim-

ple physical grinding at room temperature. The salient features of the present methodology is cheaper process, easy

synthesis of stable catalyst and the catalyst can be easily recycled without significant loss of activity.
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Introduction

One of the most challenging tasks in modern organic
chemistry is the synthesis of natural products containing
heterocyclic ring. Despite the considerable exploration
to date within this field, there is still a need for further
development of alternative methods for the synthesis of
heterocyclic compounds. The benzimidazole ring is a
crucial pharmacophore in drug discovery. Benzimida-
zole derivatives are unique, potent and broad-spectrum
class of antirhino/enteroviral agents. They exhibit sig-
nificant activities such as antihistaminics, antiparasitics,
antiulcers, antihypertensives, antivirals, antibacterial,
antifungals, anticancers and antitubercular."*! Ben-
zimidazole and its derivatives have been used to act
EGFR, VEGFR-2 and PDGFR kinase inhibitors,”! se-
lective neuropeptide Y Y 1 receptor antagonists,*!
H+/K+-ATP enzyme inhibitors,"”! nitroreductase and
aminopeptidase activity in clinically important bacte-
ria.l! In addition, benzimidazoles are very important
intermediates in organic reactions.!”! Therefore, the
preparation of benzimidazoles has gained considerable
attention in recent years. Despite their importance from
pharmacological, industrial, and synthetic point of
views, comparatively few methods for the preparation
of benzimidazoles have been reported. These include
the condensation of o-aryldiamines and aldehyde in re-
fluxing nitrobenzene,™® the condensation of o-aryldi-
amines with carboxylic acids or their derivatives in the
presence of strong acids such as polyphosphoric acid
or mineral acids,"'” and thermal or acid promoted cycli-

zation of N-(N-arylbenzimidoyl)-1,4-benzoquinone-
imines.""! Benzimidazoles have also been prepared on a
solid phase to provide a combinatorial approach.!'?!
Various oxidative and catalytic reagents such as sul-
famic acid,m] Iz,[M] DDQ,“S] air,[lé] oxone,[”] FeClse
6H,0,"  In(0TH:,"!  Yb(OTH,*”  Sc(OTH),,2"
KHSO04,**! SASPSPE,*! copper™ and ionic liquid
were used for the synthesis of benzimidazoles.*™ Some
of these methods have suffered from the drawbacks
such as harsh reaction conditions (i.e., the condensation
of o-aryldiamines and carboxylic acids carried out by
conventional thermal heating, heating under pressure in
solvents, using a stoichiometric or excess amount of
acid, and very high reaction temperatures), use of haz-
ardous reagents, drastic reaction conditions, prolonged
reaction  time, tedious  work-up  procedures,
co-occurrence of side reactions, low yields, and expen-
sive reagents/catalysts. Some of the catalysts are de-
stroyed in the work-up procedure and cannot be recov-
ered or reused. Furthermore, the disposal of these acids
leads to environmental pollution. In view of the phar-
maceutical application values of 2-aryl benzimidazoles,
it is worthwhile to search continuously for a better cata-
lyst for the synthesis of 2-aryl benzimidazoles in terms
of operational simplicity, reusability of catalyst, low
cost and greater selectivity.

Xanthan and its derivatives, ! have some unique
properties, which make them attractive alternatives for
conventional organic or inorganic supports for catalytic
applications. Xanthan is the most abundant bacterial
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exopolysaccharide in the world, which is produced
through fermentation and it has been widely studied
during the past decades, as it is a biodegradable material
and a renewable resource. Unlike other gums, it is very
stable under a wide range of temperatures and pH val-
ues. Recently, xanthan sulfuric acid has emerged as a
promising biopolymeric solid support acid catalyst for
acid-catalyzed reactions, such as the synthesis of
a-aminonitriles and 2-amino selenazole-5-carboxy-
lates.*”! Xanthan sulfuric acid can be easily prepared by
the reaction of inexpensive xanthan with chlorosulfonic
acid.

Experimental

The progress of the reaction was monitored by TLC.
'H NMR spectra were measured on a Varian Gemini
200-MHz spectrometer using TMS as internal standard.
The C, H, and N analysis of the compound was done on
a Carlo Erba model EA1108. Mass spectra were re-
corded on a Jeol JMS D-300 spectrometer.

Preparation of xanthan sulfuric acid

To a magnetically stirred mixture of xanthan (5.00 g)
in CHCI; (15 mL), chlorosulfonic acid (1.00 g) was
added dropwise at 0 C during 2 h. After completion of
the addition, the mixture was stirred for 3 h. Then, the
mixture was filtered and washed with methanol (25 mL)
and dried at room temperature to obtain XSA as white
powder (5.30 g). Sulfur content of the samples by con-
ventional elemental analysis, was 0.62 mmol/g for XSA.
The number of H' site of xanthan-SO;H determined by
acid-base titration was 0.6 meq/g. This value corre-
sponds to about 92% of the sulfur content, indi-
cating that most of the sulfur species on the sample are
in the form of the sulfonic acid groups.

Procedure for the synthesis of thiadiazolo benzimi-
dazoles

Mixture of xanthan sulfuric acid (0.1 g), aldehyde
(3.6 mmol) and benzo[c][1,2,5]thiadiazole-4,5-diamine
(3.0 mmol) was taken in a mortar, grinding with a pestle
at room temperature in the presence of air for the ap-
propriate time, as shown in Table 3. After completion of
reaction (progress of the reaction was observed by TLC),
CHCIl; (15 mL) was added. The catalyst (XSA) was
filtered off, solid was washed with CHCl; (5§ mL), com-
bined CHCI; solution was concentrated in vacuum to
afford the crude product and the crude solid product was
further purified by column chromatography [/(hexane)/
V(ethyl acetate)=8 : 2].

Product characterization data

(Table 3, Entry 3a): m.p. 185 °C; 'H NMR (CDCls)
o0: 6.11 (s, 1H), 7.07—7.84 (m, 7H); IR (KBr) v: 1617,
3419 cm '; EIMS (70 eV) m/z: 252 (M"). Anal. caled
for C13HgN4S: C 61.89, H 3. 20, N 22.21; found C 61.83,
H3.21, N 22.24.
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(Table 3, Entry 3I): m.p. 270 °C; '"H NMR (CDCls)
5: 5.39 (s, 1H), 7.61—8.08 (m, 6H), 9.17 (s, 1H); IR
(KBr) v: 1622, 3433 cm '; EIMS (70 eV) m/z: 320
(M+). Anal. calcd for C;sHgN4O,S: C 59.99, H 2.52, N
17.49; found C 59.83, H 2.64, N 17.37.

(Table 3, Entry 3m): m.p. 156 ‘C; "H NMR (CDCls)
5: 5.42 (s, 1H), 7.57—=8.14 (m, 5H), 9.20 (s, 1H); IR
(KBr) v: 1625, 3434 cm '; EIMS (70 eV) m/z: 365
(M+). Anal. calcd for C;sH7N504S: C 52.60, H 1.93, N
19.17; found C 51.72, H 1.51, N 20.21.

(Table 3, Entry 3n): m.p. 160 ‘C; '"H NMR (CDCls)
5: 5.40 (s, 1H), 7.58—S8.12 (m, 7H); IR (KBr) v: 1612,
3406 cm '; EIMS (70 eV) m/z: 337 (M"). Anal. caled
for C6HgCINsS: C 56.89, H 2.39, N 20.73; found C
56.09, H2.22, N 20.13.

(Table 3, Entry 30): m.p. 140 ‘C; 'H NMR (CDCls)
5: 2.12 (s, 3H), 5.62 (s, 1H), 7.38—7.92 (m, 6H); IR
(KBr) v: 1653, 3492 ¢cm '; EIMS (70 eV) m/z: 351
(M+). Anal. caled for C7H;(CINsS: C 58.04, H 2.86, N
19.91; found C 56.78, H 2.23, N 20.45.

Results and Discussion

In continuation of our research work on new re-
agents,”” we report here the cheaper and recyclable
xanthan sulfuric acid as an efficient mild Lewis acid
catalyst for the preparation of 2-aryl benzimidazoles in
excellent yields (Scheme 1). The plausible mechanism
for the formation of benzimidazole by using xanthan
sulfuric acid is shown as Scheme 2. The reaction was
carried out at room temperature for 2—10 min by sim-
ple physical grinding of benzo[c][1,2,5]thiadiazole-4,5-
diamine with aldehydes in the presence of xanthan sul-
furic acid to give the desired benzimidazoles in excel-
lent yields.

Scheme 1 Synthesis of 2-aryl benzimidazoles with XSA
S—N CHO
()

+
NH,
R
1 2

S—N
[\
N N
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N
H

3a— 30

Xanthan sulfuric acid
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To illustrate the need of the xanthan sulfuric acid, an
experiment was conducted in the absence of xanthan
sulfuric acid, and yields obtained were very low, side
products were formed and reactants were not involved
completely in this reaction. Obviously, the xanthan sul-
furic acid is an important component of the reaction.

The efficiency of the xanthan sulfuric acid compared
to various sulfur analog acidic catalysts was also exam-
ined (Table 1). In this study it was found that xanthan
sulfuric acid is a more efficient and superior catalyst
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Scheme 2 Proposed mechanism
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Table 1 Effect of catalysts on yield

SN S %H)
No N\ __NH, i LN NH, il
+ R H > R H
S—N
No N NH,
%H
-
R

Entry  Catalyst Yield“/%
1 Xanthan sulfuric acid 96
2 Silica sulfuric acid 92
3 p-Toluene sulfonic acid 85
4 Sulfuric acid in acetic acid 55
5 No catalyst 10

“Yields refer to the pure isolated product.

over other acidic catalysts with respect to reaction time
and yield. It was also observed that the yield was only
10% in the absence of the xanthan sulfuric acid catalyst.

We examined the amount of catalyst in this reaction.
The best results were obtained using 0.1 g of catalyst
(96%). Using lower amounts of catalyst resulted in
lower yields, and in the absence of catalyst the yield of
the product was found to be very low (Table 2).

Table 2 Influence of the catalytic amounts of xanthan sulfuric

acid *

Entry Catalyst/g Time/min Yield®/%
1 None 20 Trace

2 0.02 20 25

3 0.04 10 52

4 0.08 10 79

5 0.1 20 96

6 0.1 10 96

Yields refer to the pure isolated product.
The recovered catalyst can be reused at least three

additional times in subsequent reactions without sig-
nificant loss in product yield (Table 4).

Chin. J. Chem. 2012, 30, 947—950

Table 3 Synthesis of benzimidazoles by XSA

Time/ Yield"/
Entry Aldehyde 1mer yie

min %
3a  Benzaldehyde 2 96
3b  4-Hydroxybenzaldehyde 3 91
3¢ 4-Chlorobenzaldehyde 2 95
3d  2-Chlorobenzaldehyde 3 90
3e  4-Methylbenzaldehyde 3 92
3f  4-Methoxybenzaldehyde 3 95
3g  2-Nitrobenzaldehyde 2 83
3h  4-Nitrobenzaldehyde 2 88
3i  Naphthaldehyde 3 89
3j 4-Ethoxybenzaldehyde 3 87
3k  Furanaldehyde 2 80
31 4-o0x0-4H-Chromene-3-carbaldehyde 3 82
6-Nitro-4-oxo0-4H-chromene-3-
3m carbaldehyde > 78
3n  2-Chloroquinoline-3-carbaldehyde 3 78
2-Chloro-6-methylquinoline-3-
3o carbaldehyde ™ 3 >

“Yields refer to isolated pure products.

Table 4 Results of recyclability of the catalyst*

Run Cycle Yield®/%
1 0 96
2 1 94
3 2 88
4 3 71

©2012 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

¢ Reaction conditions: Mixture of xanthan sulfuric acid (0.1 g),
aldehyde (3.6 mmol) and benzo[c][1,2,5]thiadiazole-4,5-diamine
(3.0 mmol) was ground at room temperature. * Yields refer to the
pure isolated product.

Conclusions

In conclusion, xanthan sulfuric acid has proved to be
an effective catalyst for the synthesis of benzimidazoles
under solid state conditions. The protocol offers several
advantages such as catalyst reusability, high yields of
product, short reaction time, simple work up procedures
and easy isolation, thus making it a viable alternative to
the existing methods. Further work is in progress to ex-
trapolate the catalytic activity of xanthan sulfuric acid to
other organic transformations

Acknowledgment

One of the authors B.S.K is grateful to Council of
Scientific and Industrial Research (CSIR), New Delhi,
Republic of India for providing financial support in the
form of CSIR-SRF.

References

[1] (a) Zarriumayeh, H.; Zimmerman, D. M.; Cantrell, B. E.; Schober, D.

www.cjc.wiley-veh.de 949

95U9217 SUOWILLOD SAITE81D 3|l dde ay) A peuenob ae Sejoile YO ‘88N J0Sa|nJ Jo ArIq1T Ul UO AS]IA UO (SUONIPUOI-PUE-SLLIBIL0D A8 |IMAle.d 1 jou1UO//:SANY) SUONIPUOD pUe SWiS 1 8U1 38S *[6Z02/T0/ST] Uo Al auljuo A8|im 'JO S1misu| feuoiieN Aq ZETO0TTOZ 200/200T 0T/I0p/0d A8 | Im Aleid Ul |uoy/:sdny wou) papeoumod ‘v ‘ZT0Z ‘G90LFTIT



FULL PAPER

Kuarm et al.

A.; Bruns, R. B.; Gackenheimer, S. L.; Ormnstein, P. L.; Hipskind, P.
A.; Brittan, T. C.; Gcehlert, D. R. Bioorg. Med. Chem. Lett. 1999, 9,
647; (b) Terzioglu, N.; Rijin, R. M. V.; Bakker, R. A.; Desch, 1. J.;
Lecurs, R. Bioorg. Med. Chem. Lett. 2004, 14, 5251.

(a) Erhardt, P. W. J. Med. Chem. 1987, 30, 231; (b) Ries, U. J.;
Mihm, G.; Narr, B.; Hasselbach, K. M.; Wittenben, H.; Entzeroth,
M.; Meel, J. C. A. V.; Wienen, W.; Hauel, N. H. J. Med. Chem. 1993,
36, 4040; (c) Mann, J.; Baron, A.; Opoku-Boahen, Y.; Johansson, E.;
Parkinson, G;; Kelland, L. R.; Neidle, S. J. Med. Chem. 2001, 44,
138; (d) Song, X.; Vig, B. S.; Lorenzi, P. L.; Darach, J. C.; Town-
send, L. B.; Amiadon, G. L. J. Med. Chem. 2005, 48, 1274; (e) Ren,
X.; Chen, J.; Le, X. Chin. J. Chem. 2011, 29, 1380; (f) Camacho, J.;
Barazarte, A.; Gamboa, N.; Rodrigues, J.; Rojas, R.; Vaisberg, A.;
Gilman, R.; Charris, O. Bioorg. Med. Chem. 2011, 19, 2023.

[3] Li, Y.; Tan, C.; Gao, C.; Zhang, C.; Luan, X.; Chen, X.; Liu, H.; Ji-
ang, Y. E. Bioorg. Med. Chem. 2011, 19, 4529.

[4] Zarrinmayeh, H.; Zimmerman, D. M.; Cantrell, B. E.; Schober, D.
A.; Bruns, R. F. Bioorg. Med. Chem. Lett. 1999, 9, 647.

[5] Yan, Y.; Liu, Z.; Zhang, J.; Xu, R.; Hu, X.; Liu, G. Bioorg. Med.
Chem. Lett. 2011, 21, 4189.

[6] Cellier, M.; Fabrega, O. J.; Fazackerley, E.; James, A. L.; Orenga, S.;
Perry, J. D.; Salwatura, V. L.; Stanforth, S. P. Bioorg. Med. Chem.
2011, 79,2903

[7] Hasegawa, E.; Yoneoka, A.; Suzuki, K.; Kato, T.; Kitazume, T
Yangi, K. Tetrahedron 1999, 55, 12957.

[8] Sun, Q.; Yan, B. Bioorg. Med. Chem. Lett. 1998, 8, 361.

[9] Preston, P. N. In Chemistry of Heterocyclic Compounds, Part 1, Vol.
40, Eds.: Weissberger, A.; Taylor, E. C., Wiley, New York, 1981, p.
6.

[10] Grimmet, M. R. In Comprehensive Hetero cyclic Chemistry, Vol. 5,
Eds.: Kartitzky, A. R.; Ress, C. W., Pergamon, Oxford, 1984, p. 457.

[11] Benincori, T.; Sannicolo, F. J. Heterocycl. Chem. 1998, 25, 1029.

[12] (a) Wu, Z.; Rea, P.; Wickam, G. Tetrahedron Lett. 2000, 41, 9871; (b)
Mazurov, A. Bioorg. Med. Chem. Lett. 2000, 10, 67.

[13] Chakrabarty, M.; Karmakar, S.; Mukherji, A.; Arima, S.; Harigaya, Y.

—
N
—

950 www.cjc.wiley-veh.de

©2012 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Heterocycles 2006, 68, 967.

[14] Gogoi, P.; Konwar, D. Tetrahedron Lett. 2006, 47, 79.

[15] Lee, K. J.; Janda, K. D. Can. J. Chem. 2001, 79, 1556.

[16] Lin, S.; Yang, L. Tetrahedron Lett. 2005, 46, 4315.

[17] Beaulieu, P. L.; Hache, B.; Von Moos, E. Synthesis 2003, 1683.

[18] Singh, M. P.; Sasmal, S.; Lu, W.; Chatterjee, M. N. Synthesis 2000,
1380.

[19] Trivedi, R.; De, S. K.; Gibbs, R. A. J. Mol. Catal. A: Chem. 2005,
245, 8.

[20] Massimo, C.; Francesco, E.; Francesca, M. Synlett 2004, 1832.

[21] Itoh, T.; Nagata, K.; Ishikawa, H.; Ohsawa, A. Heterocycles 2004,
63,2769.

[22] Ma, H. Q.; Wang, Y. L.; Wang, J. Y. Heterocycles 2006, 68, 1669.

[23] Nasir, I.; Mohammadzade, N. S.; Niknam, K. Chin. Chem. Lett.
2011, 22, 1151.

[24] Peng, J.; Ye, M.; Zong, C.; Hu, F.; Feng, L.; Wang, X.; Wang, Y.;
Chen, C. J. Org. Chem. 2011, 76, 716.

[25] Ma, H. Q.; Wang, Y. L.; L i, J. P.; Wang, J. Y. Heterocycles 2007, 71,
135.

[26] Sargent, E. V.; Adolph, J.; Clemmons, M. K.; Kirk, G. D.; Pena, B.
M.; Fedoruk, M. J. J. Occup. Med. 1990, 32, 625.

[27] Handbook of Water-Soluble Gums and Resins, Ed.: Davidson, R. L.,
McGraw-Hill, New York, 1980.

[28] Industrial Gums: Polysaccharides and Their Derivatives, Eds.:
Whistler, R. L.; BeMiller, J. N., Academic Press, New York, 1973.

[29] (a) Shaabani, A.; Maleki, A.; Soudi, M. R.; Mofakham, H. Catal.
Commun. 2009, 10, 945; (b) Suresh Kuarm, B.; Venu Madhav, J.;
Rajitha, B. Lett. Org. Chem.2011, 8, 549

[30] (a) Madhav, J. V,; Reddy, Y. T.; Reddy, P. N.; Nikhil, R. M.; Kuarm,
S.; Crooks, P. A.; Rajitha, B. J. Mol. Catal. 4 2009, 304, 85; (b)
Kuarm, B. S; Reddy, Y. T.; Madhav, J. V.; Crooks, P. A.; Rajitha, B.

Bioorg. Med. Chem. Lett. 2011, 21, 524; (c) Madhav, J. V.; Kuarm, B.

S; Rajitha, B. Arkivoc 2008, (xiii), 145; (d) Kuarm, B. S.; Madhav, J.
V.; Rajitha, B.; Reddy, Y. T.; Reddy, P. N.; Crooks, P. A. Synth.
Commun. 2011, 41, 662.

(Cheng, F.)

Chin. J. Chem. 2012, 30, 947—950

95U9217 SUOWILLOD SAITE81D 3|l dde ay) A peuenob ae Sejoile YO ‘88N J0Sa|nJ Jo ArIq1T Ul UO AS]IA UO (SUONIPUOI-PUE-SLLIBIL0D A8 |IMAle.d 1 jou1UO//:SANY) SUONIPUOD pUe SWiS 1 8U1 38S *[6Z02/T0/ST] Uo Al auljuo A8|im 'JO S1misu| feuoiieN Aq ZETO0TTOZ 200/200T 0T/I0p/0d A8 | Im Aleid Ul |uoy/:sdny wou) papeoumod ‘v ‘ZT0Z ‘G90LFTIT




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


