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Abstract—A procedure has been developed for the synthesis of thiaaza podands from (4'-formylbenzo)thia-
crown ethers via nucleophilic regioselective opening of the macroring by the action of methylamine and 
methylamine hydrochloride on heating. 

Scheme 1. 
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Crown ethers are capable of selectively binding 
metal ions, organic cations, and neutral molecules. 
This property underlies applications of crown com-
pounds as selective ligands for metal cations [1–2] (in-
cluding fluorescent and photochromic ligands [3–8]), 
for extraction and separation of metal cations [9, 10], 
in ion transport through membranes, in ion-selective 
electrodes [11], etc. Extensive search for new types of 
crown compounds capable of forming complexes in 
various media with high efficiency and selectivity is 
now in progress. Interest in crown compounds con-
taining various combinations of heteroatoms (O, N, 
and S) in the macroring [12] also continuously in-
creases, for such derivatives possess a strong complex-
ing power with respect to transition and heavy metal 
ions. The main synthetic approach to macrohetero-
cyclic compounds is based on 1 + 1 condensation of 
two acyclic fragments. Other methods for building up 
macroheterocycles have been explored to a consider-
ably lesser extent.  

We previously showed that formyl and nitro 
derivatives of benzocrown ethers undergo nucleophilic 
cleavage of the macroring by the action of amines to 

give open-chain analogs of crown ethers (podands) 
[13–16]. The latter were used to obtain benzoazacrown 
ethers containing a nitrogen atom attached to the 
benzene ring [17–21] (Scheme 1). This new synthetic 
approach to functionalized azacrown ether derivatives 
from nitrogen-containing podands formed by nucleo-
philic cleavage of the macroring in accessible crown 
ethers by the action of amines seems to be a promising 
alternative to the existing methods of preparation of  
1-aza-2,3-benzocrown ethers [22].  

In the present work we synthesized a series of 
thiaaza podands from (4-formylbenzo)thiacrown ethers 
with various combinations of oxygen and sulfur atoms 
in the macroring. Preliminary data on the macroring 
opening in some benzothiacrown ethers by the action 
of methylamine were reported previously [14]. Initial 
formyl-substituted benzothia- and benzodithiacrown 
ethers Ia–Ie were prepared by the procedures de-
scribed in [14, 23, 24].  

By heating formylbenzothiacrown ethers Ia–Ie in 
an ethanolic solution of MeNH2 and MeNH3

+
 Cl– and 

subsequent hydrolysis of the reaction mixture with 
dilute hydrobromic acid we obtained podands IIa–IIe 
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Scheme 2. 
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I, II, X = S, Y = O, n = 0 (a); X = S, Y = O, n = 1 (b); X = S, Y = O, n = 2 (c); X = S, Y = O, n = 3 (d); X = O, Y = S, n = 1 (e). 

in 39–90% yield (Scheme 2). Presumably, the reaction 
of crown ether I with methylamine and methylamine 
hydrochloride initially gives iminium derivative III 
which is activated to nucleophilic substitution at the 
para position to a greater extent than the initial com-
pound. In the next step, addition of methylamine to 
intermediate III leads to structure IV which undergoes 
cleavage of the macroring to afford podand V. Hydrol-
ysis of the iminium fragment in the latter on treatment 
with dilute hydrobromic acid results in formation of 
target products IIa–IIe.  

The yield of thiaaza podands II depends on the size 
of the macroring in initial benzothiacrown ether I. The 
maximal yields were observed for podands IIb and  
IIe obtained from benzothia-15-crown-5 derivatives Ib 
and Ie; here, no appreciable difference in the reactivity 
of compounds Ib and Ie was revealed. The yields of 
podands IIa, IIc, and IId from benzothiacrown ethers 
Ia, Ic, and Id with larger or smaller macroring were 
lower. The structure of the products was determined  
on the basis of their 1H and 13C NMR, IR, and mass 
spectra (including high-resolution mass spectra) and 
elemental analyses. 

Thus we have developed a procedure for the syn-
thesis of thiaaza podands via nucleophilic regioselec-
tive cleavage of the macroring in accessible benzothia- 

and benzodithiacrown derivatives by the action of 
methylamine. The resulting podands may be promising 
for the synthesis of formyl-substituted benzothiaza-
crown ethers in which the nitrogen atom is linked to 
the benzene ring.  

EXPERIMENTAL 

The 1H and 13C NMR spectra were measured at  
30°C on a Bruker DRX-500 spectrometer from solu-
tions in acetone-d6 or CDCl3 using the solvent as 
internal reference. The proton and carbon signals were 
assigned using 1H–1H homonuclear and 1H–13C hetero-
nuclear correlation techniques (COSY). The chemical 
shifts and coupling constants were measured with an 
accuracy of 0.01 ppm and 0.1 Hz, respectively. The IR 
spectra were recorded on a Bruker spectrometer. The 
mass spectra were obtained on Varian MAT-311A and 
Finnigan MAT-8430 instruments, and the high-resolu-
tion mass spectra were run on a Finnigan MAT-8430 
spectrometer using perfluorokerosene and reference 
(energy of ionizing electrons 70 eV; direct sample 
admission into the ion source). Kieselgel 60 (0.063–
0.100 mm, Merck) was used for column chromatog-
raphy. The progress of reactions was monitored by 
TLC on DC-Alufolien Kieselgel 60254 plates (Merck).  



MACRORING  OPENING  IN  CROWN  ETHERS. 

RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  41   No.  3   2005 

463 

Thiaaza podands IIa–IIe). A mixture of 1 mmol  
of benzothiacrown Ia–Ie, 10 mmol of methylamine 
hydrochloride, and 10 ml of a 35% solution of methyl-
amine in anhydrous ethanol was heated for 120 h at 
160°C on an oil bath (in a sealed ampule). The ampule 
was cooled and opened, the mixture was evaporated 
under reduced pressure to dryness, 35 ml of 1.5% hy-
drobromic acid was added to the residue, and the 
mixture was left to stand for 1 h, made alkaline  
(pH 12) by adding 5% aqueous potassium hydroxide, 
and extracted with ethyl acetate. The extract was evap-
orated under reduced pressure, and the product was 
isolated by column chromatography on silica gel using 
benzene–ethyl acetate (5 : 1) (IIa), benzene–ethanol 
(20 : 1) (IIb, IIe), or ethyl acetate (IIc, IId) as eluent.  

3-(8-Hydroxy-3,6-dithiaoctyloxy)-4-methyl-
aminobenzaldehyde (IIa). Yield 39%. mp 91–93°C, 
Rf 0.46 (benzene–ethyl acetate, 1 : 1). IR spectrum 
(KBr), ν, cm–1: 3494, 3335 (NH, OH); 1655 (CH=O). 
1H NMR spectrum (CDCl3), δ, ppm: 2.66 br.s (1H, 
OH), 2.74 t (2H, CH2S, J = 6.1 Hz), 2.79 m (4H, 
CH2S), 2.93 br.s (3H, MeN), 2.95 t (2H, CH2S, J =  
6.7 Hz), 3.74 t (2H, CH2O, J = 6.1 Hz), 4.22 t (2H, 
CH2OAr, J = 6.7 Hz), 5.10 br.s (1H, NH), 6.56 d  
(1H, 5-H, J = 7.9 Hz), 7.24 d (1H, 2-H, J = 1.2 Hz), 
7.38 d.d (1H, 6-H, J = 7.9, 1.2 Hz), 9.65 s (1H, 
CH=O). 13C NMR spectrum (CDCl3), δC, ppm: 29.53 
(MeN), 31.20 (CH2S), 32.04 (CH2S), 32.63 (CH2S), 
35.19 (CH2S), 60.95 (CH2OH), 67.76 (CH2OAr), 
107.22 (C5), 107.81 (C2), 125.33 (C1), 129.48 (C6), 
145.11 and 145.34 (C3, C4), 190.26 (CH=O). Mass 
spectrum, m/z (Irel, %): 315 (1) [M]+, 165 (13), 137 
(38), 109 (10), 105 (100), 103 (10), 94 (12), 87 (13), 
61 (45), 59 (13), 58 (78). Found, %: C 53.22; H 6.70; 
N 4.21. C14H21NO3S2. Calculated, %: C 53.30; H 6.71; 
N 4.44.  

3-(11-Hydroxy-6-oxa-3,9-dithiaundecyloxy)-4-
methylaminobenzaldehyde (IIb). Yield 90%. Yellow 
oily substance, Rf 0.55 (benzene–ethyl acetate, 5 : 1). 
1H NMR spectrum (acetone-d6), δ, ppm: 2.68 t (2H, 
CH2S, J = 7.1 Hz), 2.71 t (2H, CH2S, J = 6.8 Hz),  
2.80 t (2H, CH2S, J = 6.5 Hz), 2.87 br.s (1H, OH),  
2.94 d (3H, MeN, J = 5.1 Hz), 3.02 t (2H, CH2S, J = 
6.5 Hz), 3.62 t (2H, CH2O, J = 6.7 Hz), 3.66 br.t (4H, 
CH2O, J = 6.5 Hz), 4.27 t (2H, CH2OAr, J = 6.6 Hz), 
5.70 br.s (1H, NH), 6.64 d (1H, 5-H, J = 8.1 Hz),  
7.27 d (1H, 2-H, J = 1.4 Hz), 7.43 d.d (1H, 6-H, J = 
8.1, 1.4 Hz), 9.68 s (1H, CH=O) [14]. 13C NMR spec-
trum (acetone-d6), δC, ppm: 29.55 (MeN), 31.79 
(CH2S), 31.99 (CH2S), 32.24 (CH2S), 35.53 (CH2S), 

62.25 (CH2OH), 69.02 (CH2OAr), 71.36 (CH2O), 71.51 
(CH2O), 107.79 (C5), 108.98 (C2), 126.20 (C1), 128.90 
(C6), 146.13 and 146.23 (C3, C4), 189.89 (CH=O).  

3-(14-Hydroxy-6,9-dioxa-3,12-dithiatetradecyl-
oxy)-4-methylaminobenzaldehyde (IIc). Yield 61%. 
Rf 0.55 (benzene–ethyl acetate, 5 : 1). 1H NMR spec-
trum (acetone-d6), δ, ppm: 2.68 t (2H, CH2S, J =  
6.6 Hz), 2.69 t (2H, CH2S, J = 6.6 Hz), 2.79 t (2H, 
CH2S, J = 6.5 Hz), 2.93 d (3H, MeN, J = 5.1 Hz),  
3.01 t (2H, CH2CH2OAr, J = 6.5 Hz), 3.57 m (4H, 
CH2O), 3.60 t (2H, CH2O, J = 6.7 Hz), 3.66 t (2H, 
CH2O, J = 6.4 Hz), 3.67 t (2H, CH2O, J = 6.5 Hz), 
3.83 br.s (1H, OH), 4.26 t (2H, CH2OAr, J = 6.5 Hz), 
5.70 br.q (1H, NH), 6.62 d (1H, 5-H, J = 8.2 Hz),  
7.27 d (1H, 2-H, J = 1.4 Hz), 7.43 d.d (1H, 6-H, J = 
8.2, 1.4 Hz), 9.68 s (1H, CH=O) [14]. 13C NMR spec-
trum (acetone-d6), δ, ppm: 29.76 (MeN), 31.92 (CH2S), 
32.13 (CH2S), 32.38 (CH2S), 35.70 (CH2S), 62.37 
(CH2OH), 69.18 (CH2OAr), 70.81 (CH2O), 70.87 
(CH2O), 71.80 (CH2O), 72.01 (CH2O), 107.94 (C5), 
109.11 (C2), 126.27 (C1), 129.12 (C6), 146.25 and 
146.35 (C3, C4), 190.13 (CH=O).  

3-(17-Hydroxy-6,9,12-trioxa-3,15-dithiahepta-
decyloxy)-4-methylaminobenzaldehyde (IId). Yield 
49%. Yellow oily substance, Rf 0.30 (ethyl acetate).  
IR spectrum (KBr), ν, cm–1: 3391 (NH, OH); 1668 
(CH=O). 1H NMR spectrum (acetone-d6), δ, ppm:  
2.69 m (4H, CH2S), 2.80 t (2H, CH2S, J = 6.5 Hz), 
2.93 d (3H, MeN, J = 5.1 Hz), 3.02 t (2H, CH2S, J = 
6.5 Hz), 3.56 m (4H, CH2O), 3.58 s (4H, CH2O), 3.60 t 
(2H, CH2O, J = 6.8 Hz), 3.67 t (4H, CH2O, J =  
6.5 Hz), 4.27 t (2H, CH2OAr, J = 6.5 Hz), 5.71 br.q 
(1H, NH), 6.63 d (1H, 5-H, J = 8.1 Hz), 7.27 br.s  
(1H, 2-H), 7.43 br.d (1H, 6-H, J = 8.1Hz), 9.68 s  
(1H, CH=O). 13C NMR spectrum (acetone-d6), δC, 
ppm: 29.94 (MeN), 32.12 (CH2S), 32.34 (CH2S), 32.59 
(CH2S), 35.89 (CH2S), 62.60 (CH2OH), 69.45 
(CH2OAr), 71.05 (CH2O), 71.12 (CH2O), 71.34 
(2CH2O), 72.06 (CH2O), 72.26 (CH2O), 108.15 (C5), 
109.37 (C2), 126.53 (C1), 129.26 (C6), 146.50 and 
146.59 (C3, C4), 190.29 (CH=O). Mass spectrum, m/z 
(Irel, %): 447 (13) [M]+, 297 (100), 269 (36), 193 (25), 
150 (31), 105 (87), 94 (14), 89 (16), 87 (21), 61 (38), 
60 (18). Found: [M]+ 447.1753. C20H33NO6S2. Calcu-
lated: M 447.1749.  

3-(11-Hydroxy-3,9-dioxa-6-thiaundecyloxy)-4-
methylaminobenzaldehyde (IIe). Yield 76%. Yellow 
oily substance, Rf 0.41 (benzene–ethyl acetate, 5 : 1). 
IR spectrum (KBr), ν, cm–1: 3373 (NH, OH); 1670 
(CH=O). 1H NMR spectrum (acetone-d6), δ, ppm:  



2.74 t (2H, CH2S, J = 6.7 Hz), 2.77 t (2H, CH2S, J = 
6.6 Hz), 2.85 br.s (1H, OH), 2.93 d (3H, MeN, J =  
5.1 Hz), 3.51 m (2H, CH2O), 3.63 m (4H, CH2O), 3.71 t 
(2H, CH2O, J = 6.6Hz), 3.85 m (2H, CH2CH2OAr), 
4.22 m (2H, CH2OAr), 5.74 br.s (1H, NH), 6.64 d  
(1H, 5-H, J = 8.1 Hz), 7.28 d.d (1H, 2-H, J = 1.4 Hz), 
7.43 d.d (1H, 6-H, J = 8.1, 1.4 Hz), 9.68 s (1H, CH=O). 
13C NMR spectrum (acetone-d6), δC, ppm: 29.77 
(MeN), 32.52 (CH2S), 62.02 (CH2OH), 69.15 
(CH2OAr), 69.85 (CH2CH2OAr), 71.90 (2CH2CH2S), 
73.23 (CH2CH2OH), 108.02 (C5), 109.60 (C2), 126.46 
(C1), 129.16 (C6), 146.64 (C3), 146.68 (C4), 190.09 
(CH=O). Mass spectrum, m/z (Irel, %): 343 (100) [M]+, 
195 (64), 194 (44), 193 (73), 151 (63), 150 (71), 149 
(59), 148 (41), 87 (49), 61 (45). Found: [M]+ 343.1455. 
C16H25NO5S. Calculated: M 343.1453.  

This study was performed under financial support 
by the Russian Foundation for Basic Research (project 
no. 03-03-32177), Presidium of the Russian Academy 
of Sciences, and INTAS (grant no. 2001-0267).  

REFERENCES 

1. Cation Binding by Macrocycles, Inoue, Y. and  
 Gokel, G.W., Eds., New Yoerk: Marcel Dekker, 1990.  
2. Izatt, R.M., Pawlak, K., Bradshaw, J.S., and Bruen- 
 ing, R.L., Chem. Rev., 1991, vol. 91, p. 1721.  
3. de Silva, A.P., Gunaratne, H.Q.N., Gunnlaugsson, T., 
 Huxley, A.J.M., McCoy, C.P., Rademacher, J.T., and 
 Rice, T.E., Chem. Rev., 1997, vol. 97, p. 1515.  
4. Alfimov, M.V. and Gromov, S.P., Applied Fluorescence 
 in Chemistry, Biology, and Medicine, Rettig, W., 
 Strehmel, B., Schrader, S., and Seifert, H., Eds., Berlin: 
 Springer, 1999, p. 161.  
5. Valeur, B. and Leray, I., Coord. Chem. Rev., 2000,  
 vol. 205, p. 3.  
6. Shinkai, S., Comprehensive Supramolecular Chemistry, 
 Gokel, G.W., Ed., Oxford: Pergamon, 1996, vol. 1, p. 671.  
7. Gromov, S.P. and Alfimov, M.V., Izv. Ross. Akad. Nauk, 
 Ser. Khim., 1997, p. 641.  

  8. Mishra, A., Behera, R.K., Behera, P.K., Mishra, B.K., 
 and Behera, G.B., Chem. Rev., 2000, vol. 100, p. 1973. 
  9. Yordanov, A.T. and Roundhill, D.M., Coord. Chem. 
 Rev., 1998, vol. 170, p. 93.  
10. Gloe, K., Graubaum, H., Wust, M., Rambusch, T., and 
 Seichter, W., Coord. Chem. Rev., 2001, vol. 222, p. 103.  
11. Buhlmann, P., Pretsch, E., and Bakker, E., Chem. Rev., 
 1998, vol. 98, p. 1593.  
12. Bradshaw, J.S., Krakowiak, K.E., and Izatt, R.M., Aza-
 Crown Macrocycles, New York: Wiley, 1993.  
13. Gromov, S.P., Vedernikov, A.I., and Fedorova, O.A., Izv. 
 Ross. Akad. Nauk, Ser. Khim., 1995, p. 950.  
14. Gromov, S.P., Vedernikov, A.I., and Fedorova, O.A., Izv. 
 Ross. Akad. Nauk, Ser. Khim., 1996, p. 687.  
15. Gromov, S.P., Dmitrieva, S.N., and Krasnovskii, V.E., 
 Izv. Ross. Akad. Nauk, Ser. Khim., 1997, p. 540.  
16. Gromov, S.P. and Dmitrieva, S.N., Izv. Ross. Akad. 
 Nauk, Ser. Khim., 1999, p. 542.  
17. Gromov, S.P., Vedernikov, A.I., and Dmitrieva, S.N., 
 Russian Patent no. 2 161 153, 2000; Byull. Izobret., 
 2000, no. 36.  
18. Gromov, S.P., Dmitrieva, S.N., and Churakova, M.V., 
 Synthesis, 2003, p. 593.  
19. Gromov, S.P., Dmitrieva, S.N., Vedernikov, A.I., 
 Kuz’mina, L.G., Churakov, A.V., Strelenko, Y.A., and 
 Howard, J.A.K., Eur. J. Org. Chem., 2003, p. 3189.  
20. Gromov, S.P., Dmitrieva, S.N., and Churakova, M.V., 
 Russian Patent no. 2 215 738, 2003; Byull. Izobret., 
 2003, no. 31.  
21. Gromov, S.P., Dmitrieva, S.N., Churakova, M.V., 
 Vedernikov, A.I., Kurchavov, N.A., Kuz’mina, L.G., 
 Kataeva, N.A., and Howard, J.A.K., Russ. J. Org. 
 Chem., 2004, vol. 40, p. 1200.  
22. Gromov, S.P., Dmitrieva, S.N., Vedernikov, A.I., and 
 Churakova, M.V., Izv. Ross. Akad. Nauk, Ser. Khim., 
 2004, vol. 40, p. 1362.  
23. Fedorova, O.A., Vedernikov, A.I., Eshcheulova, O.V., 
 Tsapenko, P.V., Pershina, Yu.V., and Gromov, S.P., Izv. 
 Ross. Akad. Nauk, Ser. Khim., 2000, p. 1881.  
24. Eshcheulova, O.V., Cand. Sci. (Chem.) Dissertation, 
 Moscow: 2001.  

RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  41   No.  3   2005 

DMITRIEVA et al. 464 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


