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An efficient approach for the synthesis of
6,7-dimethoxy-2-tetralone and 5,6-dimethoxy-1-tetralone
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Abstract
Transformation of 6-methoxy tetralin into 6,7-Dimethoxy-2-tetralone and 5,6-Dimethoxy-1-
tetralone 1s described.
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Introduction

6,7-Dimethoxy-2-tetralone 1 is a starting material for many dopaminergic compounds'. Its utility
has been recorded in the synthesis of natural alkaloids®, cyclic amino acids® and as novel
antagonists® of human TRPVI. 5,6-Dimethoxy-1-tetralone 2 is a key intermediate in the synthesis
of novel antidepresants’ which are the a-2-antagonists and norepinephrine uptake inhibitors eg.
ABT-200. It can also be a synthon for certain 2-substituted octobenzo(f) quinoline which are

. . .6
dopamine agonists’.
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An efficient, short step and high yielding approach of these tetralones will be of great utility
for large scale synthesis of several bioactive compounds for their complete preclinical and
clinical evaluations. Several approaches have been developed for the synthesis of tetralone”® 1
and tetralone”'® 2. In some of these methods we have observed (i) long reaction sequences
affording low to moderate yield, (ii) difficult experimental procedures which require skilled
experimentalists to reproduce the results, (iii).the use of expensive reagents (rhodium,
triphenylphosphonium chloride, ionic liquids etc) and (iv) the wuse of reagents
(diazoketone,ethylene gas, Bketosulfoxide etc) which are injurious for health. Analysing some of
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these draw backs and considering our interest on the synthesis of o and p-substituted tetralones'’
we believe that still a more efficient and facile synthesis can be developed for tetralones 1 and 2
which have proved to be potential intermediate for the synthesis of several bioactive compounds.
We have sought a facile synthesis of the tetralones 1 and 2 by a single route instead of
independent approach for each of these tetralones. To the best of our knowledge this is the first
example of the synthesis of the tetralones 1 and 2 by a single route and the present paper
documents our results.

Results and Discussion

The commercially available 6-methoxy-1,2,3,4-tetrahydronaphthalene 3 on aromatic
bromination'? with N-bromo succinimide provided a mixture of the bromo compounds 4 and 5 in
a ratio 1.3:1 as evidenced by "H NMR spectroscopy. As their separation could not be effected by
column chromatography their transformation to the tetralins 6 and 7 were effected by treatment
of the mixture with Cul and dimethylformamide in a solution of sodium methoxide."”” The
resuting material on chromatographic purification afforded tetralines 6 and 7 in an overall yield
31.1% and 30.7% respectively for the two steps. Their structures were confirmed by
spectroscopic evidences (Scheme 1).
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Reagents: (i) CH2CI2 , Toluene, NBS, -78°C. (ii) Na, MeOH, Cul, DMF, reflux 24h. (iii) KMnO4, CH3CN, 25°C.
(iv) CrO3, AcOH, 15-20°C, 3h.

Scheme 1
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As the oxidation is the only reaction which can provide the desired tetralones , suitable
oxidizing reagents were sought to obtain the tetralones in satisfactory yield. A series of oxidizing
reagents were tried to achieve the oxidation but among these KMnO, in acetonitrile'* proved to
be satisfactory. Oxidation of the tetralins 6 and 7 with this reagent afforded tetralones 8 and 2 in
44% and 39% respectively. The m.p. and the spectroscopic data perfectly matched with the data
reported (see experimental). In one occasion the oxidation of the tetralin 6 was tried with
chromium trioxide and acetic acid and the product obtained in major amount was identified as
quinone 9 by spectroscopic analysis.

Heating the tetralone 8 with 2,4-pentanediol and p-toluenesulphonic acid in toluene '°
furnished the dihydronaphthalene 10 (Scheme 2) which on epoxidation with m-chloroperbenzoic
acid in dichloromethane followed by hydrolysis of the resulting epoxide with dilute sulphuric
acid furnished the tetralone 1 in 41% yield.

o
MeO MeO MeO o
v Vi, vii :@i:/r
MeO MeQO’ MeQO
8 10 1

Reagents: (v) 2,4-PD, toluene, reflux Dean-Stark, 24h. (vi) m-CPBA, CH,Cl,. (vii) H,SO,4 EtOH, reflux 3h.

Scheme 2

Conclusions

In conclusion a three step synthesis of tetralone 2 and a five step synthesis of tetralone 1 have
been accomplished by a single route. The present approach for the synthesis of tetralone 1 and
tetralone 2 is very practical, has the merit of relative brevity and offers advantages in ease of
manipulation.. The starting material is inexpensive and commercially available. Most of the
intermediates were found to stable to permit its isolation even by repeated chromatographic
purification..The present method can be utilized for the synthesis of tetralones 1 and 2 in
quantities sufficient to accomplish their transformations to bioactive compounds in acceptable
yield to investigate their broad biological and medicinal properties.

Experimental Section
General Procedures. Unless otherwise stated, IR spectra were taken on Nicolet FT and NMR

spectra recorded on a Bruker AM-300 spectrometer were taken in CDCIl;. Mass spectra were
carried on Dupont 21-492B. Column chromatograhy was carried out on silica gel 60 (Merck),
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TLC plates were coated with silica gel and the spots were located by exposing to UV light.
Microanalyses were carried out in the Chemistry Deparment, [IVIC, Caracas.

5-Bromo-6-methoxytetralin (5) and 7-bromo-6-methoxytetralin (4). To a suspension of N-
bromosuccinimide (11,21 g, 62.9 mmol) and benzoylperoxide (1.51 g, 6.2 mmol) in dry toluene
(370 ml) cooled at -78°C was added dropwise under inert atmosphere a solution of 6-methoxy-
1,2,3,4-tetrahydronaphthalene (10g, 61.7 mmol) in dichloromethane (100 ml) and stirred at -78°
C for 7 hr and then at room temperature for 10 hr. The reaction mixture was filtered,
concentrated at reduced pressure, added hexane to precipitate succinimide and finally the filtrate
was washed successively with hydrochloric acid (5%), saturated sodium chloride solution and
concentrated to obtain a mixture of 4 and 5 as a yellow liquid (13.67 g) in proportion 1.3 :1 as
evidenced by 'H NMR spectroscopy and they could not be separated by column
chromatography: MS (m/z) 242 [ M+2 ] (91%), 240 [ M ] (100%), 212 [ M-C,H4 ] (28%), 161 [
M-Br ] (91%)."H 8(ppm) 7.22 (s, 1H, 8-H), 6.98 (d, 1H, 8-H, J=8Hz), 6.69 (d,1H, 7-H, J=8 Hz),
6.59 (s, 1H, 5-H ), 3.85 (s, 3H, OMe), 3.82 (s, 3H, OMe),2.78-2.54 (m, 8H, 4 x CH, ), 1.85-1.65
(m, 8H, 4 x CH,); °C 8(ppm) 153.8, 153.4 (C-6, C-6), 137.8, 137.4 (C-10, C-10 ), 133.3, 131.4
(C-9, C-9), 130.7,128.3 (C-8, C-8'), 114.6, 112.4 , 109.2, 108.3 (C-5, C-5', C-7,C-7), 56.3, 56.2
(MeO), 30.6, 29.4, 28.3 (C4, C4’, C-1, C-1), 23.3, 23.1, 22.9, 22.8 (C2, C2’, C-3, C-3).
6,7-Dimethoxy-1,2,3,4-tetrahydronaphthalene 6 and 5,6-dimethoxyl,2,3,4 tetrahydro-
naphthalene (7). A solution of sodium (13.8 g, 0.6 mol) in methanol (176 mL), was diluted with
dry dimethylformamide (250 mL) and then added copper(I) iodide (24.8g, 0.13mol) and
bromotetrahydronaphthalenes 4 and 5 (7.54 g, 0.03 mol). The reaction mixture was stirred under
reflux for 24 hr, cooled, filtered, concentrated, and acidified with hydrochloric acid (5%). The
reaction product was isolated with chloroform and the chloroform extract was washed with
water, brine, dried and concentrated to obtain a liquid which on chromatographic purification
(eluant hexane) yielded in an overall yield 31% of the compound 6 (2.03 g) for the two steps,
m.p. 49-51° C (1it."® m.p. 52-54.5°C ); MS(m/z) 193 [ M + 1] (24%), 161 (M-MeO) (8%), 151
[M + 1]-C3Hg (100%),'H dppm) 6.54 (s, 2H, 8-H, 5-H), 3.81 (s, 6H, 2 x OMe), 2.60-2.70 (m, 4H,
2 x CHy), 1.70-1.76 (m, 4H, 2 x CH,); °C 8(ppm) 146.9 (C-6, C-7), 128.8 (C-9, C-10), 111.9 (C-5,
C-8), 55.9 (MeO), 28.9 (C-1, C-4), , 23.3 (C-2, C-3). ( Found: C, 75.19; H, 8.55. Ci2 His O,
requires C, 74.97; H, 8.39).

Further elution with hexane yielded in an overall yield 30.7% of the oily compound 7(1.98 g) for
the two steps; MS (m/z) 193 [ M+1 ] (54%), 161 [ M — MeO] (61%), 151 [ M + 1] — CsHg
(100%); 'H dppm) 6.79-6.71 ( qas, 2H, 7-H, 8-H, J=8 Hz), 3.83 (s, 3H, MeO), 3.79 (s, 3H, MeO),
2.76-2.69 (m, 4H, 2 x CH,), 1.77-1.74 (m, 4H, 2 x CHy); "C §pm 150.3 (C-5), 146 .7 (C-6),
131.4 (C-9), 130.5 (C-10), 124.2 (C-8), 110 (C-7), 59.8 ( C-5 OMe), 55.9 (C-6 OMe), 28.9 (C-
1), 234, 23.1 (C-2, C-3), 22.8 (C-4). ( Found: C, 75.23; H, 8.57. Ci2 Hjs O, requires C, 74.97; H,
8.39).

5,6-Dimethoxy-a-tetralone (2). To a solution of the compound 7 (510 mg, 2.6 mmol) in
acetonitrile (67 ml) was added potassium permanganate (2.59 g, 16.4 mmol) in portion and
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stirred for 24 hr at room temperature. The reaction mixture was filtered and the residue washed
with chloroform. To the combined filtrate was added hydrazine hydrochloride, water and
extracted with chloroform. The extract was washed, dried and concentrated to obtain a solid
which on crystallization afforded the tetralone 2 (211 mg, 39%) m.p. 97-98°C (lit’. 101-102°C);
IR Upax (cm™): 1666 (CO); MS (m/z): 207 [ M + 1] (100%), 189 [ M+ 1] - H,O (68%), 179 [ M
+1]- CO (26%), 174 [ M+ 1] -H,0 - Me (32%); 'H 8(ppm) 7.84 (d, 1H, J=8.7 Hz), 6.85 (d, 1H,
J=8.7 Hz) (7-H, 8-H), 3.90 (s, 3H, MeO), 3.80 (s, 3H, MeO), 2.94 (t, 2H, J= 6 Hz), 2.57 (t, 2H,
J=6 Hz), 2.07 (q, 2H, J=6 Hz).

PC S(ppmy 197.5 (C-1), 156.8 (C-6), 145.2 (C-5), 138.6 (C-10), 126.6 (C-9), 124.4 (C-8), 109.9
(C-7), 60.2 (MeO), 55.7 (MeO), 38.7 (C-2), 23.2, 22.8 (C-3, C-4). ( Found: C, 70.09; H, 6.98.
Ci2H 1405 requires C, 69.88; H, 6.84).

6,7-Dimethoxy-a-tetralone (8). To a solution of the dimethoxytetrahydronaphthalene 6 (4g,
20.8 mmol) in acetonitrile ( 520 ml) was added potassium permanganate ( 20 .7 g, 131 mmol)
portionwise during a period of 15 min and stirred vigorously at room temperature for 24 hr. The
reaction mixture was filtered and the residue was washed with chloroform. To the combined
extract was added hydrazine hydrochloride, diluted with water and extracted with chloroform.
The organic extract was washed, dried and evaporated to obtain a solid which on crystallization
with ether-hexane afforded the tetralone 8 ( 1.89 g, 44% ), m.p. 92-95°C ( lit."® 93.5-95.5° C ); IR
Umax (cm™): 1670 (CO); Ms (m/z): 207 [ M+ 1] (100%), 189 [ M+1 ] - H,0 (54%), 179 [ M+ 1
1 - CO (81%), 174 [ 189 — Me ] (18%); 'H Sppm) 7.40 (s,1H, 8-H ), 6.57 (s, 1H, 5-H), 3.83 (s,
3H, MeO), 3.81 (s, 3H,MeO ), 2.79 (t, 2H, J=6 Hz ), 2.49 (t,2H, J=6 Hz ), 2.01 (g, 2H, J=6
Hz ) PC 8(ppm) 196.6 (C-1), 153.2 (C-6), 147.6 (C-7), 139 .1 (C-10), 126.2 (C-9), 109.9 , 108.1
(C-5, C-8), 55.7 , 55.6 (OMe), 38.2 (C-2), 29.1 (C-4), 23.4 (C3). ( Found: C, 70.04; H, 6.96.
Ci2H14 O3 requires C, 69.88; H, 6.84 ).

6,7-Dimethoxy-3,4-dihydronaphthalene (10). To a solution of the tetralone 8 (670 mg, 3.3
mmol) in toluene (66 ml) was added p-toluenesulphonic acid (240 mg, 0.12 mmol) and 2.4-
pentanediol (1.45 ml, 13.4 mmol) and then heated under reflux for 24 hr using a Dean-Stark
apparatus. The reaction mixture was cooled, diluted with sodium bicarbonate solution (5%) and
extracted wih ether. The extract was washed, dried, evaporated and chromatographed over silica
(eluent hexane-ether 8:2) to obtain the dihydronaphthalene 10 (580 mg, 92%); MS: (m/z) 191 [
M + 1] (100%), 176 [ M+ 1 ] — Me (24%), 160 [ M+ 1 ] - Me (24%), 160 [ M+ 1 ] - OMe
(82%); 'H 8(ppm) 6.64 (s, 1H), 6.57 (s, 1H) (5-H, 8-H), 6.35 (dt, 1H, J=1.70 Hz, J=9.57 Hz), 5.91
(dt, 1H, J=4.38 Hz, J=9.54 Hz) (1-H, 2-H), 3.84 (s, 3H, MeO), 3.83 (s, 3H, MeO), 2.70 (t, 2H,
J=8.3 Hz), 2.29-2.18(m, 2H), (3-H, 4-H); "°C 8,pm) 147.6, 147.3 (C-7, C-6), 127.8 (C-10), 127.2
(C-2),126.8 (C-9), 126.4 (C-1), 111.4 (C-8),109.8 (C-5), 55.9 (MeO), 27.1(C-4), 23.2 (C-3).
(Found: C, 76.02; H, 7.58. C1,H 40, reqires C, 75.76; H, 7.42 ).

6,7- Dimethoxy-2-tetralone (1). To a suspension of m-chloroperbenzoic acid 77% (920 mg, 4.1
mmol) in dry dichloromethane (10 mL), cooled in ice, was added dihydronaphthalene 10
(350mg, 1.8 mmol) dissolved in dichloromethane ( 2 mL). The reaction mixture was stirred
overnight, filtered, diluted with dichloromethane, washed with a solution of sodium bicarbonate

ISSN 1551-7012 Page 232 ARKAT USA, Inc.



General Papers ARKIVOC 2009 (xi) 228-234

(5%), brine, dried and evaporated to obtain an oil (268 mg) which was dissolved in ethanol (2
mL) and sulphuric acid (2 mL, 10%) and heated under reflux for 3 hr. The reaction mixture was
cooled, diluted with water and extracted with chlororm. The organic extract was washed, dried
and evaporated to obtain an oil which on purification (eluent hexane-ether 7:3) afforded tetralone
1 (110 mg, 41%), m.p. 83-86°C ( lit.” 84-86°C ); IR Upay (cm™) 1705 (CO); MS (m/z): 207 [ M +
1](14%), 189 [ M + 1 ] - H,0 (100%), 179 [ M+ 1 ] — CO (22%). 'H Sppm) 6.71 (s, 1H, 8-H),
6.59 (s, 1H, 5-H), 3.85 (s, 3H, Me0), 3.83 (s, 3H, MeO), 3.48 (s, 2H), 2.97 (t, 2H, J= 6 Hz), 2.52
(t, 2H, J= 6 Hz); " C §(pm 210.8 (C-2), 147.9, 147.7 (C-6, C-7), 128.4 (C-10), 124.9 (C-9),
111.3, 111,1 (C-8, C-5), 55.9 (MeO), 44.1 (C-1), 38.5 (C-3), 28.1 (C-4). ( Found: C, 70.11; H,
6.99; C12H 405 requires C, 69.88; H, 6.84 ).

6,7-Dimethoxy-1,4-naphthoquinone (9). To a solution of the tetrahydronaphthalene 6 (601 mg,
3.13 mmol) in glacial acetic acid (80 mL), cooled in ice, was added dropwise an aqueous
solution of chromic acid (15 mL, 10%) (prepared by dissolving 5.25 g of CrO; in 47.5 mL of
acetic acid and 2.5 mL of water).The reaction mixture was stirred for 3 hr at a temperature
between 15-20°C with an ice bath. The progress of the reaction was monitored by tlc. It was then
diluted with water and extracted with ether. The ether extract was washed with water, sodium
bicarbonate solution, brine, dried (MgSO,) and concentrated to obtain the naphthaquinone 9 (590
mg, 92%), m.p. 194-196°C (decompose); MS (m/z) 221 [ M+1 ] (48%), 193 [ M+1 ] — CO
(100%), 175 [ 193 - H,O ] (24%), 165 [ 193 — CO ] (48%); 6 (ppm) 7-44 (s, 2H), 3.98 (s, 6H,
MeO), 3.02 (s, 4H); °C §ppm) 195.3 (C-1, C-4), 153.8 (C-6, C-7), 130.1 (C-9, C-10), 107.5 (C-5,
C-8), 56.4 (OMe), 37.3 (C-2, C-3). (Found: C, 65.71; H, 5.68. Ci2 Hj, O4 requires C, 65.44; H,
5.49).

Acknowledgements

The authors thank LOCTI for partial financial support.

References

1. Knoerzer, T. A.; Lewis, M. H.; Mailman, R. B. J. Med. Chem. 1995, 33, 1756.

2. Dreau, M. A. L.; Desmaele, D.; Dumas, F.; d’Angelo, J. J. Org. Chem. 1993, 58, 2933.

3. Obrecht, D.; Spiegler, C.; Schoenholzer, P.; Muller, K.; Heimgartner, H.; Stierli, F. Helv.
Chim. Acta. 1992, 75, 1666.

4. Setter, M. C.; Youngman, M. A.; McNally, J. J.; McDonnell, M. E.; Zhang, S-P.; Dubin, A.
E.; Nasser, N.; Codd, E.; Flores,C. M.; Dax, S. L. Bioorg. Med.Chem. Lett. 2006, 17, 6160.

5. Zelle, R. E.; Hancock, A. A.; Buckner, S. A.; Basha, F. Z.; Tietje, K.; Debenardis, J. F.;
Meyer, M. D. Bioorg. Med. Chem. Lett. 1994, 4, 1319.

6. Craig, J. C.; Torkelson, S. M.; Findell, P. R.; Weiner, R. 1. J. Med. Chem.1989, 32, 961.

ISSN 1551-7012 Page 233 ARKAT USA, Inc.



General Papers ARKIVOC 2009 (xi) 228-234

7. Quandi, A. M.; Miller, D. W.; Nichols, D. E. Synthesis 1999, 2033 and other references cited
therein.

8. Li, D., Zhao, B., Sim, S-P.; Li, T-K.; Liu, A.; Liu, L. F.; LaVoie, E. J. Bioorg. Med.Chem.
2003, /1, 521.

9. Lahiri, S.; Ramarao, C.; Rao, B. V.; Rao, A. V. R.; Chorghade, M. S. Org. Pro. Res. Dev.
1999, 3, 71.

10. Kemperman, G. J.; Roeters, T. A.; Hilbernik, P. W. Euro. J. Org. Chem. 2003, 1681.

11. Poon, Po. S.; Banerjee, A. K.; Vera, W. J.; Mora, H. D.; Laya, M. S.; Bedoya, L.; Cabrera, E.
V.; Melean, C. E. J. Chem. Res. 2008, 181.

12. Jung, K-Y.; Koreeda, M. J. Org. Chem. 1989, 54, 5667.

13. McKillop, A.; Howarth, B.; Kobylecki, R. Synth. Commun. 1974, 35.

14. Shaabani, A.; Tavasoli-Rad, F.; Lee, D. G. Synth. Commun. 2005, 571.

15. Vuligonda, V.; Lin, Y.; Chandraratna, A. S. R. Tetrahedron Lett. 1996, 37, 1941.

16. Rigly, J. H.; Katnis, A.; Kramer, J. J. Org. Chem. 1990, 55, 5078.

ISSN 1551-7012 Page 234 ARKAT USA, Inc.




<<
  /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


