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SYNTHESIS OF HETEROCYCLIC COMPOUNDS
USING BASIC ZEOLITE CspB*

E. V. Suslovl**, D. V. Korchaginal, K. P. Volchol, and N. F. Salakhutdinov’

The application of the basic zeolite Csf as catalyst for the interaction of methyl vinyl ketone (MVK) with
S-methoxybenzimidazole-2-thiol leads to a Michael heteroreaction exclusively at the N-nucleophilic
center with the formation of a fairly unusual product of di-addition of MVK to thiol. The reaction of
1,2,4-triazole-3-thiol with MVK in the presence of zeolite Csf3 proceeds both at the S- and also at the
N-nucleophilic center and leads to the formation of products of mono- and diaddition according to
Michael, and also to the product of heterocyclization. On interacting crotonaldehyde with
salicylaldehyde in the presence of Csf3 2-methyl-2H-chromene-3-carbaldehyde is formed.

Keywords: methyl vinyl ketone, 5-methoxybenzimidazole-2-thiol, 1,2,4-triazole-3-thiol, basic zeolite,
heterogeneous catalysis, Michael addition.

We showed previously that basic zeolite Csp, containing clusters of cesium oxides in its structure, is a
fairly efficient heterogeneous catalyst for reactions of a,B-unsaturated carbonyl compounds of terpenoids with
various CH-acids [1, 2]. The use of zeolite Csf enabled reactions to be carried out without solvent and simplified
treatment of reaction mixtures, the catalyst was applied in catalytic amounts and may be regenerated by calcining
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in air without loss of catalytic activity. The application of zeolite Csf3 by us led in certain cases to unusual reaction
products, for example, on interacting ketone 1 with malononitrile in the presence of zeolite Csf3 (Scheme 1) the
Knoevenagel reaction product 2 and the fairly complex polyfunctional compound 3 were formed.

It is necessary to record that compound 3 is promising for the study of its biological activity, since
substances containing the CN group in the B-position to a nitrogen atom may display antitubercular [3] and
antitumor [4] activity.

While continuing to broaden the circle of reactions catalyzed by basic zeolite CsP, we have studied
certain Michael heteroreactions, including interaction with O-, N-, and S-nucleophiles in the present work. As in
the previous case all reactions were carried out without solvent, at room temperature, and zeolite Csp3 was used
in catalytic amounts (12-20 wt. %).

The interaction between salicylaldehyde and crotonaldehyde in the presence of zeolite Csp during
5 days leads to the formation of a 2H-chromene derivative, viz. compound 4 in 50% yield (Scheme 2).
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This compound was obtained previously in [5]. Various catalysts have been applied for the synthesis of
chromenes and their derivatives, including complexes of palladium and ruthenium [6-8], secondary amines [9],
cyclic diamines [10-12], and zeolites [13]. It is known that the interaction of salicylaldehyde derivatives with
various a,-unsaturated carbonyl compounds in the presence of basic catalysts proceeds as a tandem Michael
oxareaction and aldol condensation [10, 14] (Scheme 2). Preferably the formation of compound 4 proceeds by
an analogous mechanism. It is necessary to record that that compounds containing a 2H-chromene framework
possess fairly varied biological activity [15, 16].

At the present time even more studies are appearing devoted to the use of basic zeolites for catalyzing
addition reactions of various types to unsaturated compounds [17-19]. For the first time we have studied the
reaction of methyl vinyl ketone (MVK) with thiols containing simultaneously S- and N-nucleophilic centers in
the presence of zeolite Csf3.

For the synthesis of compounds displaying antiulcer activity 5-methoxybenzimidazole-2-thiol (5) is
used in many cases [20-22]. It is known that azolethiols may exist in two tautomeric forms (Scheme 3) [23-26]
and may interact with unsaturated compounds, depending on the conditions, or at a nitrogen atom [27], or at a
sulfur atom [24, 25]. Usually in the presence of basic catalysts addition takes place initially at the sulfur atom,
possessing a greater nucleophilicity than the nitrogen atom [24, 25].

Scheme 3

H H

N N
@:/>—SH — @: >=S

N N

R H

R 5

We carried out the reaction of compound 5 with MVK on basic zeolite Csf} (Scheme 4) during 60 h.
Compound 6 was isolated from the reaction mixture as the sole product in 50% yield on reacted thiol 5 (Scheme
4), in which the MVK molecule is added to benzimidazolethiol § exclusively at the nitrogen atom. Conversion
of compound 5 was 43%. A structural analog of compound 6, containing no methoxyl group, was obtained
previously in [28], in which the authors used sodium methylate as reaction catalyst.
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The absence from the reaction mixture of products of the addition of MVK at the sulfur atom may be
explained by the fact that compound 5 in the presence of basic zeolite Csf interacts with MVK exclusively as
the thione (Scheme 3). It is interesting that, in spite of the presence in the reaction mixture of unreacted initial
compound 5, we did not detect in the reaction mixture products corresponding to the addition of only one
molecule of MVK to benzimidazolethiol 5.
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One further S,N-nucleophile, with which we carried out reaction of methyl vinyl ketone in the presence
of basic zeolite Csf, was 1,2,4-triazole-3-thiol (7). Compound 7 was used for the synthesis of substances
possessing high pharmacological activity [29]. It is known [23, 26, 30], that thiol 7 may be found in three
tautomeric forms (Scheme 5).

Scheme 5
L \>*SH ‘:\ H\ />*SH ‘:\ H\ >:S
N i
7 Ta 7b

The interaction of thiol 7 with MVK on zeolite Csp during 60 h, unlike compound 5, leads to the
formation of products of addition of methyl vinyl ketone both at the nitrogen atom and at the sulfur atom,
compounds 8 and 9 in yields of 3 and 11% respectively, and also, as the main product, of bicyclic compound 10
in 39% yield (Scheme 6). The formation of compound 8 was fairly unexpected since it is known from the
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literature that base catalyzed nucleophilic addition of 1,2,4-triazole-3-thiol (7) and its derivatives at a carbon—
nitrogen double bond proceeds at the nitrogen atom only in the presence at the double bond of a strong electron
acceptor, such as a fluorine atom [31], in other cases addition occurs at the sulfur atom [32].

The first step of forming heterocyclic compound 10 is the Michael heteroreaction involving the sulfur of
compound 7 at the double bond of MVK with subsequent heterocyclization, somewhat unexpected for such
systems. We found no similar reactions in the literature for 1,2,4-triazole-3-thiol or its derivatives. Most likely in
the presence of zeolite Csp a fairly large proportion of thiol 7 may be found in tautomeric form 7a, which leads
to the formation of the unusual products 8 and 10.

We attempted to carry out the interaction of thiols 5 and 7 in the presence of zeolite Csf with a more
complex a,B-unsaturated compound than MVK, viz. with the common monoterpenoid (-)-carvone. However
even carrying out the reaction at enhanced temperature (60°C) did not lead to the formation of any products.

We note that, although storing MVK in the presence of zeolite Csf3 leads to the formation of the Diels-
Alder reaction product, compound 11 (Scheme 7), in low yield (17%), compound 11 was not detected by us in
the reaction mixtures formed when interacting MVK with thiols 5 and 7.
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No data on the preparation of compounds 6, 8-10 were discovered by us in the literature, their structures
were established with the aid of "H and ?C NMR and high resolution mass spectroscopy.

EXPERIMENTAL

The 'H and C NMR spectra of the synthesized compounds were recorded on a Bruker DRX-500
instrument (500 and 126 MHz respectively), solvent was DMSO-ds or a CDCl;—CCl; mixture (~1:1 by vol.),
internal standard was DMSO (8y 2.50, &¢ 39.50 ppm) or chloroform (&4 7.24, 8¢ 76.90 ppm). The structure of
compounds was established with the aid of '"H NMR spectra, including analysis of coupling constants of protons
in double resonance 'H—'H spectra, and also analysis of >’C NMR spectra recorded in the J-modulation mode,
with extra resonance proton suppression, and two-dimensional *C—'H spectra with heteronuclear correlation on
the direct constants (COSY, 'Jou = 135 Hz). Elemental composition was determined by data of mass spectra
recorded on a Thermo Scientific DFS spectrometer in full scanning mode in the range 0-500 m/z, ionization by
electron impact 70 eV with direct insertion of sample. Commercially available preparations used in experiments
were methyl vinyl ketone (Merck), 5-methoxybenzimidazole-2-thiol (5) (Alfa Aesar), 1,2,4-triazole-3-thiol (7)
(Merck), (R)-(-)-carvone (Aldrich), salicylaldehyde, and crotonaldehyde (Aldrich).

Zeolite Csf3 was used as catalyst, the preparation and properties of which are described in [1].

Solvents were dried by passing through a column of calcined aluminum oxide. Separation of reaction
products was carried out by column chromatography on silica gel (Merck 60-200 p), eluent was diethyl ether in
hexane, from 0 to 100%. Combination of fractions was carried out on the basis of TLC data (Sorbfil plates,
silica gel STKh-1VE, size 8-12 um, eluent hexane—ethyl acetate, 3:1).

Interaction of Salicylaldehyde and Crotonaldehyde in the Presence of Zeolite Csf. Salicylaldehyde
(0.259 g, 2.12 mmol) was added to zeolite Csp (0.1 g). Crotonaldehyde (0.152 g, 2.17 mmol) was then added to
the mixture. The reaction mixture was maintained at room temperature for 5 days, then extracted from the
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catalyst with diethyl ether (20 ml). The catalyst was filtered off, and the solvent distilled. After separation by
column chromatography salicylaldehyde (0.006 g, conversion 98%) and 2-methyl-2H-chromene-3-carbaldehyde
(4) (0.182 g, 50%) were isolated.

'H NMR spectrum (CDCl;—CCly), 8, ppm (J, Hz): 1.35 (3H, d, Ji,, = 6.6, 11-CH3); 5.38 (1H, q,
Jo1 =6.6, H-2); 6.83 (1H, br. d, Jo5 = 8.3, H-9); 6.90 (1H, ddd, J;65= 7.5, J73= 1.5, J;4 = 1.0, H-7); 7.13 (1H,
br. s, H-4); 7.15 (1H, dd, Js; = 7.5, Jos = 1.7, H-6); 7.26 (1H, ddd, Js9= 8.3, Js7="7.5, Jss= 1.7, H-8); 9.51 (1H,
s, H-12). °C NMR spectrum (CDCL—CCly), 8, ppm: 69.74 (d, C-2); 136.27 (s, C-3); 139.80 (d, C-4); 119.83 (s,
C-5); 129.00 (d, C-6); 121.44 (d, C-7); 133.27 (d, C-8); 117.33 (d, C-9); 154.51 (s, C-10); 19.93 (q, C-11);
189.38 (d, C-12). Found, m/z 174.0673 [M]". C;;H;(0,. Calculated: M = 174.0675.

Interaction of 5-Methoxybenzimidazole-2-thiol (5) with Methyl Vinyl Ketone in the Presence of
Zeolite Csp. 5-Methoxybenzimidazole-2-thiol (5) (0.309 g, 1.72 mmol) in methanol (10 ml) was added to basic
zeolite Csf3 (0.05 g). The solvent was distilled off. MVK (0.1 g, 1.43 mmol) was added to the mixture. The
reaction mixture was maintained at room temperature for 60 h, then extracted from the catalyst with ethyl
acetate (25 ml). The catalyst was filtered off and the solvent evaporated. The reaction mixture was dissolved in
chloroform (20 ml) and left at 0°C for 1 day. Crystalline compound 5 (0.168 g) precipitated from the solution,
and the crystals were filtered off. The solvent was distilled from the filtrate, the solid residue (0.127 g) contained
a mixture of compound 5 and 4-[5-methoxy-3-(3-oxobutyl)-2-thioxo-2,3-dihydro-1H-benzimidazol-1-yl]butan-
2-one (6) in a ratio of 1:9.4. Conversion of the initial compound 5 was 43%, yield of thione 6 on reacted thiol 5
was 50%.

'H NMR spectrum (CDCl;—CCly), 8, ppm (J, Hz): 2.14 and 2.15 (6H, s, 13-CHs, 17-CH;); 3.03 and 3.07
(4H, t, J = 6.7, -CH,COCHj;, H-11,15); 3.84 (3H, s, 18-CHj3); 4.43 and 4.44 (4H, t, J = 6.7, -CH,CH,COCHj,
H-10,14); 6.77 (1H, dd, J7 = 8.8, Jo4= 2.3, H-6); 6.88 (1H, d, Jyc = 2.3, H-4); 7.20 (1H, d, J;,= 8.8, H-7). "°C
NMR spectrum (CDCl;—CCly), o, ppm: 168.52 (s, C-2); 94.92 (d, C-4); 156.85 (s, C-5); 110.31 (d, C-6); 109.97
(d, C-7); 126.07 (s, C-8); 132.62 (s, C-9); 39.09 and 39.22 (t, C-10,14); 41.16 and 41.24 (t, C-11,15); 205.43
and 205.53 (s, C-12,16); 30.12 (q, C-13,17); 55.84 (q, C-18). Found: m/z 320.1185 [M]". C;sH»N,O;S.
Calculated: M = 320.1189.

Interaction of Methyl Vinyl Ketone with 1,2,4-Triazole-3-thiol (7) in the Presence of Zeolite Csp.
Compound 7 (0.12 g, 1.19 mmol) was added to zeolite Csp (0.05 g ), diethyl ether (20 ml) was added to the
mixture, and the suspension was stirred for 30 min. The solvent was distilled. MVK (0.08 g, 1.14 mmol) was
added to the reaction mixture. The mixture was maintained at room temperature for 60 h, and extracted from the
catalyst with ethyl acetate (20 ml). The catalyst was filtered off, and the solvent evaporated. After separation by
column chromatography a mixture (0.08 g) containing the initial thiol 7 (0.004 g, conversion 97%) and
5-methyl-6,7-dihydro-5H-[1,2,4-triazolo[3,4-b][ 1,3 ]thiazin-5-0l (10) (0.076 g, yield on reacted MVK was 39%),
and also a mixture (0.036 g) containing 4-(3-mercapto-4H-1,2,4-triazol-4-yl)butan-2-one (8) (0.005 g) (yield on
reacted MVK 3%) and 4-([3-[(3-oxobutyl)thio]-4H-1,2,4-triazol-4-yl]butan-2-one (9) (yield on reacted MVK
was 11%).

4-(3-Mercapto-4H-1,2,4-triazol-4-yl)butan-2-one (8). 'H NMR spectrum (CDCl;—CCly), 8, ppm (J,
Hz): 2.13 (3H, s, 9-CH3); 3.00 (2H, t, J75 = 6.0, -CH,COCHjs, H-7); 4.36 (2H, t, Js; = 6.0, -CH,CH,COCHj,
H-6); 8.06 (1H, s, H-3). The closeness of the chemical shifts of the H-6 proton signal in compound 8 and the
signals of the H-10 and H-14 protons of thione 6 indicate the addition of MVK to the nitrogen atom and not
sulfur in thione 8. Found: m/z 171.0462 [M]". C¢HoN;OS. Calculated: M = 171.0461.

4-[3-[(3-Oxobutyl)thio]-4H-1,2,4-triazol-4-yl|butan-2-one (9). 'H NMR spectrum (CDCL—~CCl,), 5, ppm
(J, Hz): 2.14 and 2.15 (6H, s, 9-CHs;, 13-CHs); 2.90 (2H, t, J;6 = 7.0, H-7); 2.99 (2H, t, J1110= 6.0, -CH,COCHj,
H-11); 3.23 (2H, t, Js7 = 7.0, -CH,CH,COCH;, H-6); 4.33 (2H, t, J0,1; = 7.0, -CH,CH,COCH;, H-10); 7.98 (1H, s,
H-3). °C NMR spectrum (CDCl;—CCly), 8, ppm: 144.71 (d, C-3); 160.65 (s, C-5); 25.50 (t, C-6); 43.76 and 43.88 (t,
C-7,11); 204.38 and 205.85 (s, C-8,12); 29.90 and 29.93 (q, C-9,13); 42.24 (t, C-10). Found: m/z 241.088 [M]".
CioHsN;O5S. Calculated: M =241.088.
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5-Methyl-6,7-dihydro-5H-[1,2,4]triazolo[3,4-b] [1,3]thiazin-5-ol (10). "H NMR spectrum (DMSO-dy), &,
ppm (J, Hz): 1.76 (3H, s, 10-CHs3); 2.18 (1H, ddd, Jeage = 14.5, Joa7a = 12.5, Jou7e = 3.0, H-6a); 2.41 (1H, ddd,
Joe6a = 14.5, Joe7e = 5.4, Joe7a = 2.5, H-6€); 3.09 (1H, ddd, J7¢7. = 13.0, J7e6e = 5.4, J7e6a = 3.0, H-7e); 3.38 (1H,
ddd, J7,7e = 13.0, J7a60 = 12.5, J726e = 2.5, H-7a); 6.93 (1H, br. s, -OH); 7.87 (1H, s, H-3). BC NMR spectrum
(DMSO-Dg), 6, ppm :149.90 (d, C-3); 83.14 (s, C-5); 37.35 (t, C-6); 21.05 (t, C-7); 147.16 (s, C-9); 27.65 (q,
C-10). Found: m/z 171.0460 [M]". CcHoN;OS. Calculated: M = 171.0461.

2-Acetyl-6-methyl-3,4-dihydro-2H-pyran (11). MVK (0.219 g, 3.13 mmol) was added to zeolite Csf3
(0.047 g). The reaction mixture was maintained at room temperature for 20 h, then extracted from the catalyst
with diethyl ether (15 ml). The catalyst was filtered off and the solvent distilled. 2-Acetyl-6-methyl-3,4-dihydro-
2H-pyran (11) (0.073 g, 17%) was obtained. The 'H NMR spectrum of compound 11 coincided with that
described in [33].

REFERENCES

1. K. P. Volcho, S. Yu. Kurbakova, D. V. Korchagina, E. V. Suslov, N. F. Salakhutdinov, A. V. Toktarev,
G. V. Echevskii, and V. A. Barkhash, J. Mol. Catal. A: Chem., 195, 263 (2003).
2. K. P. Volcho, E. V. Suslov, S. Yu. Kurbakova, D. V. Korchagina, N. F. Salakhutdinov, and
V. A. Barkhash, Zh. Org. Khim., 40, 691 (2004).
3. R. R. Kumar, S. Perumal, P. Senthilkumar, P. Yogeeswari, and D. Sriram, Bioorg. Med. Chem. Lett., 17,
6459 (2007).
4, I. V. Magedov, M. Manpadi, N. M. Evdokimov, E. M. Elias, E. Rozhkova, M. A. Ogasawara,
J. D. Bettale, N. M. Przheval'skii, S. Rogelj, and A. Kornienko, Bioorg. Med. Chem. Lett., 17, 3872
(2007).
L. Rene and R. Royer, Eur. J. Med. Chem., 10, 72 (1975).
S. W. Youn and J. I. Eom, Org. Lett., 7, 3355 (2005).
J. C. Hershberger, L. Zhang, G. Lu, and H. C. Malinakova, J. Org. Chem., 71, 231 (2006).
S. Chang and R. H. Grubbs, J. Org. Chem., 63, 864 (1998).
9. Q. Wang and M. G. Finn, Org. Lett., 2, 4063 (2000).
10. C. F. Nising and S. Brase, Chem. Soc. Rev., 37, 1218 (2008).
11. P. T. Kaye, M. A. Musa, X. W. Nocanda, and R. S. Robinson, Org. Biomol. Chem., 1, 1133 (2003).
12. G. L. Zhao, Y. L. Shi, and M. Shi, Org. Lett., 7, 4527 (2005).
13. F. Bigi, S. Carloni, R. Maggi, C. Muchetti, and G. Sartori, J. Org. Chem., 62, 7024 (1997).
14. H. Li, J. Wang, T. E-Nunu, L. Zu, W. Jiang, S. Wei, and W. Wang, Chem. Commun., 507 (2007).
15. A. Elomri, S. Mitaku, S. Michel, A.-L. Skaltsounis, F. Tillequin, M. Koch, A. Pierré¢, N. Guilbaud,
S. Lénce, L. Kraus-Berthier, Y. Rolland, and G. Atassi, J. Med. Chem., 39, 4762 (1996).
16. R. Mannhold, G. Cruciani, H. Weber, H. Lemoine, A. Derix, C. Weichel, and M. Clementi, J. Med.
Chem., 42, 981 (1999).
17. P. D. Shinde, V. A. Mahajan, H. B. Borate, V. H. Tillu, R. Bal, A. Chandwadkar, and R. D. Wakharkar,
J. Mol. Catal. A: Chem., 216, 115 (2004).
18. R. Sreekumar, P. Rugmini, and R. Padmakumar, Tetrahedron Lett., 38, 6557 (1997).
19. M. Kumarraja and K. Pitchumani, J. Mo!l. Catal. A: Chem., 256, 138 (2006).
20. J. M. Shin, Y. M. Cho, and G. Sachs, J. Am. Chem. Soc., 126, 7800 (2004).
21. M. Uchida, M. Chihiro, S. Morita, T. Kanbe, H. Yamashita, K. Yamasaki, Y. Yabuuchi, and
K. Nakagawa, Chem. Pharm. Bull., 37, 2109 (1989).
22. D. J. K. Crawford, J. L. Maddocks, D. N. Jones, and P. Szawlowski, J. Med. Chem., 39, 2690 (1996).
23. L. V. Volkov and K. A. Volkova, Zh. Org. Khim., 42, 447 (2000).

© N AW

565



24.

25.
26.

27.

28.
29.

30.
31.
32.
33.

566

G. G. Skvortsova, N. D. Abramova, and B. V. Trzhtsinskaya, Khim. Geterotsikl. Soedin., 1390 (1974).
[Chem. Heterocycl. Comp., 10, 1217 (1974)].

E. I. Grinblat and 1. Ya. Postovskii, Zh. Obshch. Khim., 31, 394 (1961).

D. Moran, K. Sukcharoenphon, R. Puchta, H. F. Schaefer III, P. v. R. Schleyer, and C. D. Hoff, J. Org.
Chem., 67,9061 (2002).

G. G. Skvortsova, N. D. Abramova, A. G. Mal’kina, Yu. M. Skvortsov, B. V. Trzhtsinskaya, and
A. L. Albanov, Khim. Geterotsikl. Soedin., 963 (1982). [Chem. Heterocycl. Comp., 18, 736 (1982)].

H. Arai, S. Shima, and N. Murata, Kogyo Kagaku Zasshi, 62, 82 (1959); Chem. Abs., 57, 8555 (1962).

V. Bavetsias, J. H. Marriott, C. Melin, R. Kimbell, Z. S. Matusiak, F. T. Boyle, and A. L. Jackman,
J. Med. Chem., 43, 1910 (2000).

A. A. Shklyarenko, D. G. Nasledov, and V. V. Yakovlev, Zh. Org. Khim., 41, 636 (2005).

G. G. Furin and E. L. Zhuzhgov, Zh. Org. Khim., 41, 441 (2005).

A. E. Farargy, F. Yassin, E. Abdel-Chani, N. El-Said, and R. Saleh, Heterocycles, 34, 25 (1992).

S. Ramaswamy and A. C. Oechlschlager, Can. J. Chem., 67, 794 (1989).



	Chemistry of Heterocyclic Compounds, Vol. 45, No. 5, 2009
	E. V. Suslov1**, D. V. Korchagina1, K. P. Volcho1, and N. F.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


