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2-(2-Quinoxalyl)-B-tropolones have been prepared by the oxidizing condensation of 2-methylquinoxalines with 3,5-di(tert-butyl)-
1,2-benzoquinone in an acetic acid solution and their structure has been studied using X-ray diffraction and DFT B3LYP/6-31G**

calculations.

Tropolone natural compounds and synthetic tropolone deriva-
tives have attracted significant interest due to the unique
structure and properties of a seven-membered tropolone ring
and a wide range of potent biological activities. The vast majority
of the currently studied tropolones relates to o-tropolones,
whereas B-tropolones (3-hydroxytropones) have yet received
much less attention mostly because of the lack of expedient
methods for their synthesis.!=3 Currently, the most promising
approach to functionalized B-tropolones is based on the acid-
catalyzed reaction between methylene-active compounds and
o-quinones occurring with the expansion of the six-membered
aromatic ring.*> This reaction is highly sensitive to the struc-
tural environment of the methylene group. Whereas 2-methyl-
quinolines readily react with 3,5-di(fert-butyl)-1,2-benzoquinone
to give 2-(2-quinolyl)-B-tropolone derivatives,> the reactions
of 3,5-di(tert-butyl)-1,2-benzoquinone and 4,6-di(tert-butyl)-
3-nitro-1,2-benzoquinone with 2-methylbenzimidazole® and
1,2,3-trimethylbenzimidazolium iodide’ under the same con-
ditions yield no B-tropolones resulting in the formation of
polycyclic or spiroheterocyclic compounds.
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Here, we report on the synthesis of new 2-hetaryl derivatives
of B-tropolones obtained by coupling quinones 2 with 2-methyl-
quinoxaline and 2-methyl-6,7-difluoroquinoxaline (Scheme 1).
The maximal yields of B-tropolones were obtained when heating
acetic acid solutions with quinones 2 taken in a double excess at
60-70 °C for 5-30 h. The excessive amount of 2 serves as an
oxidant at the final stage of the reaction (Scheme 2). In spite of
mild conditions of the reaction, it is accompanied by significant
tarring and affords 2-(2-quinoxalyl)-B-tropolones 3% in yields
(20-44%) lower than those of 2-(2-quinolyl)-B-tropolones.’
Along with [B-tropolones 3b, 3d, the reaction of 2-methyl-
quinoxalines 1 with 4,6-di(zert-butyl)-3-nitro-1,2-benzoquinone
affords tropolones 3a, 3c isolated in trace amounts (2-3%).

The mechanism of the formation of 2-(2-quinoxalyl)-B-tropo-
lones 3 corroborated by detailed quantum chemical calculations
of critical parts of the potential energy surface for the model
reaction of 2-methylquinoline with an o-quinone’ is depicted
in Scheme 2. No formation of isomers 7 was detected under the
reaction conditions because at the initial stage of the reaction,
the attack of 1 at the alternative unsubstituted position of a
molecule of 2 is sterically hindered by a neighboring bulky
tert-butyl group. The molecular structure of 2-(2-quinoxalyl)-
B-tropolone 3¢ was determined by X-ray crystallography*
(Figure 1).

Compound 3¢ acquires s-cis conformation with respect to the
C(2)-C(8) bond that ensures the formation of a stable six-membered
chelate ring due to the formation of a strong O-H-N = O---H-N
hydrogen bond. The N(1)-H(1) distance (0.86 A)is typical of
covalent N-H bonds, whereas the H(1)-O(2) distance (1.81 A)
is much longer than that expected for a covalent O-H bond.
These data point to stabilization in crystal of the aminoenone
tautomeric form 3¢(NH). The O---N distance in 3¢ is very short,
being 0.45 A shorter than the corresponding van der Waals
contact and the signals of the chelated proton appear in the
low-field region (16-18 ppm) of the "H NMR spectrum. These
structural features are characteristic of the resonance assisted®
intramolecular O---H---N bonds. The H-bonded chelate ring, the
quinoxalyl fragment and the C(2) atom of the tropolone moiety
of 3¢(NH) lie in common plane A (with a deviation of less
than 0.010 A). Another plane B (with a deviation of less than
0.052 A) is formed by the C(2), C(4), C(5), C(6) and C(7) atoms
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of the tropolone ring. The O(1), C(1), C(2) and C(7) atoms lie
in common plane C (deviations are less than 0.014 A), which
is turned off plane B by 49.1°. The tropolone ring of 3¢(NH) is
folded along the C(1)-C(4) line. The X-ray structural data
(Figure 1) suggest that the aminoenone structure represents the
most stable tautomeric form of 5,6-difluoro-2-(2-quinoxalyl)-
B-tropolone 3c in a crystal.

To check whether this stabilization is an intrinsic property of
the molecule or it is provided by intermolecular interactions in the
crystal lattice, we performed DFT B3LYP/6-31G** calculations®

' General procedure for the synthesis of 2-(2-quinoxalyl)-1,3-tropolones
3a—e. A solution of 3,5-di(fert-butyl)-1,2-benzoquinone 2 (10 mmol) and
2-methylquinoxaline 1 (5 mmol) in 10 ml of acetic acid was heated at
60-70 °C for 5 h. After cooling the solution and diluting it with water,
the precipitate was filtered off and dissolved in chloroform (20 ml). The
chloroform solution was washed with water (3x50 ml), dried over Na,SO,
for 3—4 h and passed through an aluminium oxide column (eluent: hexane—
chloroform, 1:1). A bright yellow fraction was collected to give 3a in
44% yield after removing the solvent and crystallization. Yellow crystals,
mp 126-127 °C (from propan-2-ol). '"H NMR (CDCly) 6: 1.29 (s, 9H,
5-CMe;), 1.45 (s, 9H, 7-CMe»), 6.71 (d, 1H, 4-H, J 1.7 Hz), 6.92 (d, 1H,
6-H, J 1.7 Hz), 7.6-8.2 (m, 4H, arom.), 9.44 (s, 1H, 3-H), 17.17 (s, 1H,
3-OH). IR w/em™): 1633 (CO). MS, m/z (%): 363 (100) [M + HJ*, 335 (76)
[M - COJ*, 307 (74) [M — CH,=CMe,*, 289 (24) [M — CH,=CMe, — H,0]*,
279 (9) [M - CH,=CMe, — COJ*, 251 (16) [M — (CH,=CMe,),|*. Found
(%): C, 76.44; H, 7.11; N, 7.82. Calc. for C,sHyN,0, (%): C, 76.21;
H, 7.23; N, 7.73.

5,7-Di(tert-butyl)-2-(2-quinoxalyl)-4-nitro-3-hydroxytropone 3b (yield
40%). Yellow crystals, mp 187-189 °C (from propan-2-ol). 'H NMR
(CDCly) 6: 1.35 (s, 18H, 5,7-CMe5), 6.52 (s, 1H, 6-H), 7.70-8.10 (m,
4H, quinoxaline), 9.54 (s, 1H, 3-H), 18.17 (s, 1H, 3-OH). Found (%):
C, 67.62; H, 5.94; N, 10.12. Calc. for C,3H,5sN;0, (%): C, 67.80; H, 6.18;
N, 10.31.

5,7-Di(tert-butyl)-2-(6,7-difluoro-2-quinoxalyl)-3-hydroxytropone 3¢
(yield 20%). Yellow crystals, mp 127-129 °C (from ethanol). '"H NMR
(CDCl,) 6: 1.29 (s, 9H, 5-CMe,), 1.44 (s, 9H, 7-CMe;), 6.71 (d, 1H, 4-H,
J 1.75 Hz), 6.95 (d, 1H, 6-H, J 1.75 Hz), 7.66 (m, 1H, 5-H), 7.81 (m,
1H, 8-H), 9.40 (s, 1H, 3"-H), 16.28 (s, 1H, 3-OH). Found (%): C, 69.44;
H, 6.11; F,9.43; N, 7.22. Calc. for C,3H,,F,N,0, (%): C, 69.33; H, 6.07;
F, 9.54; N, 7.03.

5,7-Di(tert-butyl)-2-(6, 7-difluoro-2-quinoxalyl)-4-nitro-3-hydroxytropone
3d (yield 28%). Yellow crystals, mp 255-257 °C (from propan-2-ol).
'HNMR (CDCly) 6: 1.37 (s, 18H, 5,7-CMe;), 6.68 (s, 1H, 6-H), 7.62
(m, 1H, 5-H), 7.88 (m, 1H, 8-H), 9.52 (s, 1H, 3-H), 17.97 (s, 1H, 3-OH).
Found (%): C, 62.12; H, 5.14; F, 8.27; N, 9.42. Calc. for C,3H,;F,N;0,
(%): C, 62.30; H, 5.23; F, 8.57; N, 9.48.

2-(6,7-Difluoro-2-quinoxalyl)-4,5,6,7-tetrachloro-3-hydroxytropone 3e

(yield 20%). Yellow crystals, mp 212-214 °C (from ethanol). 'H NMR
(CDCly) 6: 7.65 (m, 1H, 5-H), 7.95 (m, 1H, 8"-H), 9.42 (s, 1H, 3"-H),
18.05 (s, 1H, 3-OH). MS, m/z (%): 396 (20) [M — COJ*, 360 (15), 296
(15), 261 (10), 183 (17), 165 (40), 150 (30), 138 (35), 131 (25), 118 (35),
112 (100), 88 (53), 75 (45), 62 (74), 50 (20), 37 (30). Found (%): C,
42.34; H, 0.81; Cl, 33.24; F, 8.73; N, 6.32. Calc. for C,sH,CLF,N,0, (%):
C, 42.49; H, 0.95; C1, 33.44; F, 8.96; N, 6.61.
* X-Ray diffraction data. Compound 3¢(NH): C,;H,,F,N,0,, M =398.44,
orthorhombic, a=9.310(2), b=12.182(3) and c=36.362(6) A, V=
=4124.0(15) A3, Z=8,d_,. = 1.283 g cm=, space group Pbca, u(MoKar) =
=0.94 cm™!. The data were measured on a Bruker P-4 autodiffracto-
meter with graphite monochromated MoKa radiation using an @/26 scan
technique, 26 < 50.02°. The structure was solved by a direct method using
the SHELXS-97° program package and refined by a full-matrix least-
squares procedure in an anisotropic approximation for all non-hydrogen
atoms. H atoms were located from difference Fourier syntheses and their
positions were refined using the riding model.® The final refinement
converged at R, = 0.074, wR, = 0.169 for 1038 observed reflections with
I>20(I); R, =0.220, wR, = 0.247 for all measured reflections, GOF =
=0.907.

CCDC 664872 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2008.

Figure 1 Molecular structure of 3¢(NH). Thermal ellipsoids are drawn
on the 30% probability level. The O(2)---N(1) distance is 2.508°. Selected
bond lengths (A): N(1)-H(1) 0.915, O(1)-C(1) 1.214(7), O(2)-C(3) 1.367(7),
N(1)-C(8) 1.324(7), C(1)-C(2) 1.466(8), C(1)-C(7) 1.505(8), C(2)-C(3)
1.360(8), C(2)-C(8) 1.471(8), C(3)-C(4) 1.457(8), C(4)-C(5) 1.345(8),
C(5)-C(6) 1.449(8), C(6)-C(7) 1.331(8), F(1)-C(12) 1.349(7), F(2)-C(13)
1.349(7). Selected bond angles (°): O(1)-C(1)-C(2) 120.7(6), C(3)-C(2)-
C(1) 121.3(6), C(3)-C(2)-C(8) 121.2(6), C(1)-C(2)-C(8) 117.2(6), C(2)-
C(8)-C(9) 123.8(6), N(1)-C(8)-C(2) 119.0(6).

of the (NH) and (OH) tautomeric forms of 2-(2-quinoxalyl)-
B-tropolones 3a and 3c in a gas phase and DMSO solution. The

computed energetic characteristics of the tautomeric forms 3a
and 3c are given in Table 1.

3'(NH)
Scheme 2

§ The calculations were performed by using the B3LYP!%-!2 hybrid
functional with 6-31G** basis set using the GAUSSIAN 03 set of
programs. Calculations in solution were performed using the CPCM
model!3 with parameters of DMSO solute (¢ = 46.7).
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Table 1 Total energies with zero point energy (ZPE) corrections [E, +
ZPE (a.u.)] and relative energies (AE/kcal mol-!) of the (NH) and (OH)
isomers of 2-(quinoxalinyl)-B-tropolones 3a and 3c calculated by the
B3LYP/6-311G** method for the gas phase and DMSO solution.

Structure  E, + ZPE (gas) AE E, + ZPE (sol) AE,
3a(OH) —-1151.647138 0 —1151.653435 0
3a(NH) —-1151.644598 1.59 —1151.651425 1.26
3c(OH) —-1350.119151 0 -1350.125055 0
3c(NH) —1350.115623 2.21 —1350.122021 1.90

The hydroxyvinylimino structure of 3(OH) corresponds to
the most stable tautomeric form of an individual molecule in the
gas phase and a DMSO-solvated molecule. The energy difference
between the (OH) and (NH) tautomers decreases with the increase
in the polarity of the environment. The electron withdrawing
substituents in the benzene ring of the quinoxaline moiety of
2-(2-quinoxalyl)-B-tropolone 3c provide for the additional
stabilization of the hydroxyvinylimino form as compared to parent
compound 3a. Therefore, the zwitterionic form of 3'(NH) in a
crystal may be regarded as the result of intermolecular interac-
tions in the crystal lattices of tropolone 3¢(NH) (Scheme 2).

This work was supported by the Russian Academy of Sciences
(programme no. 8), the Russian Foundation for Basic Research
(grant no. 05-03-32081-a), the President of the Russian Federation
(Programme for State Support of Leading Scientific Schools,
grant no. NSh 4849.2006.3) and CRDF BRHE 2007 Postdoctoral
Fellowship Y4-C04-01.

References

1 J.L. Chapman and P. A. Fitton, J. Am. Chem. Soc., 1963, 85, 41.

2 A. M. Becker and R. W. Rickards, Org. Prep. Proced., 1983, 15, 239.

3 H. Zinser, S. Henkel and B. Fohlish, Eur. J. Org. Chem., 2004, 6, 1344.

4 M. M. Rahman, Y. Matano and H.J. Suzuki, J. Chem. Soc., Perkin
Trans. 1, 1999, 1533.

5 V.I Minkin, S. M. Aldoshin, V. N. Komissarov, I. V. Dorogan, Yu. A.
Sayapin, V. V. Tkachev and A. G. Starikov, Izv. Akad. Nauk, Ser. Khim.,
2006, 1956 (Russ. Chem. Bull., Int. Ed., 2006, 55, 2032).

6 Yu. A. Sayapin, V. N. Komissarov, S. V. Kobtsev, V. 1. Minkin, Z. A.
Starikova and M. Yu. Antipin, Dokl. Akad. Nauk, 2005, 403, 53 [Dokl.
Chem. (Engl. Transl.), 2005, 403, 121].

7 V.N. Komissarov, Yu. A. Sayapin, V. I. Minkin, V. V. Tkachev, S. M.
Aldoshin and G. V. Shilov, Zh. Org. Khim., 2007, 43, 228 (Russ. J.
Org. Chem., 2007, 43, 220).

8 L. Sobczyk, S. J. Grabowski and T. M. Krygowski, Chem. Rev., 2005,
105, 3513.

9 G. M. Sheldrick, SHELXL-97, Program for Refinement of Crystal
Structures, University of Gottingen, 1997.

10 A. D. Becke, Phys. Rev. A, 1991, 91, 651.

11 A.D. Becke, J. Chem. Phys., 1993, 98, 5648.

12 C.Lee, W. Yang and R. G. Parr, Phys. Rev. B, 1988, 37, 785.

13 V. Barone and M. Cossi, J. Phys. Chem. A., 1998, 102, 1995.

Received: 7th February 2008; Com. 08/3078

- 182 -




<<
  /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


