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Halogen—Bond—Promoted Radical Isocyanide Insertion of o—-Diisocyanoarenes
with Perfluoroalkyl Bromides under Visible Light Irradiation

Sun, Xiaoyang® Wang, Wenmin” Ma, Jing*” Yu, Shouyun**
(“ State Key Laboratory of Analytical Chemistry for Life Science, School of Chemistry and Chemical Engineering, Nanjing
University, Nanjing 210023)
(® Institute of Theoretical and Computational Chemistry, School of Chemistry and Chemical Engineering, Nanjing University,
Nanjing 210023)

Abstract A halogen-bond-promoted double radical isocyanide insertion of o-diisocyanoarenes with perfluoroalkyl bro-
mides is reported, in which perfluoroalkyl bromides as halogen bond donors and organic bases as halogen bond acceptors.
Fluoroalkyl radicals can be generated by a visible-light-induced single electron transfer (SET) process. Fluoroalkyl radicals
are trapped by o-diisocyanoarenes to give 2-fluoroalkylated quinoxaline derivatives. These reactions could be carried out
under mild conditions with good chemical yields and broad substrate scope. A broad range of fluoroalkyl bromides with dif-
ferent functionalities could undergo this reaction to give the corresponding quinoxaline derivatives in good yields. A variety
of o-diisocyanides could be fluoroalkylated to give quinoxalines under our established conditions. The radical nature of this
reaction was confirmed by electron paramagnetic resonance (EPR) experiments using tert-butyl-a-phenylnitrone (PBN)as a
spin trap. When PBN was introduced into the reaction mixture, a spectrum signal attributed to the spin adduct CgF;;-PBN
appeared as a triplet of doublets. Without light and amine, almost no signal was observed. These phenomena strongly sug-
gested that the perfluoroalkyl radical was the key intermediate and the generation of the intermediate heavily relied on the
presence of light and amine. A series of deuteration experiments were performed and these results suggested that both the
amine and solvent could serve as the hydrogen source and solvent was the major source.

Keywords halogen bond; visible light; isocyanide; fluoroalkylation; quinoxaline; radical
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Table 1 Reaction condition optimization

H  CF,CO,Et
3

Me CN ) N
Ij + BICF,CO,Et 093N base
Me CN solvent
1a 2a blue LEDs
rt,N, Me Me
3a
Entry Organic base Solvent Yield®/%
1 n-Bu;N CH;CN 20
2 n-BuzN CH;0H 20
3 n-BuzN DMSO 25
4 n-BuzN DMF 32
5 n-BuzN DCM 38
6 n-BuzN THF 68
7 n-Bu;N Et,0 70
8 DEA Et,0O trace
9 TEA Et,O 45
10 DIPEA Et,O0 74
11 none Et,0O 0
12¢ DIPEA Et,O 0

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: a solution of 1a (0.10 mmol), 2a (0.20 mmol) and base
(0.30 mmol) in solvent (2.0 mL) was irradiated by blue LED strips for 24 h.

®Tsolated yields.  No irradiation.
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Table 2 Scope of 2-fluoroalkylated quinoxalines
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3a: R; = CF,CO,Et, 74%
3b°: R; = CF,SO,Ph, 56%

3c: Ry = CF,CO,Me, 64% CO,Et
Ph
3d% R; = CHFCO,Et, 58% /\f

3e: Ry = CF(CF3),CFs, 73% HNWN | Me
3. Ry = CF5(CF,)sCFa, 83% o &

3g: Rf = CF2(CF2)60F3, 66%
3h: Ry = CF,CF,Br, 74%
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“Reaction conditions: a solution of 1 (0.20 mmol), 2 (0.40 mmol), and DIPEA
(0.60 mmol) in dry Et,O (4.0 mL) was irradiated by blue LED strips for 24 h.

b Isolated yields. ©0.10 mmol scale. 4 THF was used instead of Et,0.
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Figure 3 EPR experiments

(I) PBN in DMF; (II) a solution of 1a, 2a, and PBN in DMF after irradiation
with blue LEDs for 1 h; (III) a solution of 1a, 2a, DIPEA, and PBN in DMF
without irradiation; (IV) a solution of 1a, 2a, DIPEA, and PBN in DMF after
irradiation with blue LEDs for 1 h; (V) a solution of 2a, DIPEA, and PBN in
DMF after irradiation with blue LEDs for 1 h
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Condition B: dy;-n-BusN, THF  yield: 61%, D/H =0.16/0.84
Condition C: n-BugN, dg-THF  yield: 43%, D/H = 0.49/0.51
Condition D: dy;-n-BuN, dg-THF yield: 37%, D/H = 0.96/0.04
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Figure 4 Deuteration experiments

2.5 REHIBRIHEN

FE LA b f 3 IR S50 A O SCRR G SRl 10, Al
HEW T iZ ST RERINLER. WA 5 PR, 2 kiR IR
VIR BRI B B2 50 AR SRS (S5 (E T 1A
U, Supporting information), 1% &1L W] WG T 8%
WO, HWRAERETHEBAERE B H R Re, =

Acta Chim. Sinica 2017, 75, 115—118 © 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 117



R F F R MR
iPro P _i-P o PRt i-Pr
R—Br + \’Tl /Pr\'Tl {__r r—Rf} hv Rl + 7\,}1
2a Et Et Br Et
B
R¢ = CF,CO,Et XB complex (A)

hydrogen

3a obstraction j@ 1

Bls e

Figure 5 Proposed mechanism

RN IERS T H AR B 1. H A Reff =072
Sl 1a FIRA R E BT A C, BEEIMAE R H
FerpEA D, rhlafA D NS e A LR IR
A R IR IR =) 3a.

3 g

KT — v BB ) B Fh A RO A N s b
Py 2-2 e SR R AT AE VI T i, 2 e IR AL
WtE Dy sa g i, A HUBRAE D s i 52 1, i mr o 5l
R B R I R AR 2 SR A, R AR T A
FENGHERAE B — R 2-2 b AR AT A ). %%
REZEAFIRA, IR IR A TREAT, PR, RE
P

References

[1] For some reviews on halogen bonds: (a) Metrangolo, P.; Resnati, G
Chem. Eur. J. 2001, 7, 2511. (b) Metrangolo, P.; Neukirch, H.; Pilati,
T.; Resnati, G. Acc. Chem. Res. 2005, 38, 386. (c) Metrangolo, P.;
Meyer, F.; Pilati, T.; Resnati, G.; Terraneo, G. Angew. Chem., Int. Ed.
2008, 47, 6114. (d) Cavallo, G.; Metrangolo, P.; Pilati, T.; Resnati,
G.; Sansotera, M.; Terraneo, G. Chem. Soc. Rev. 2010, 39, 3772. (e)
Fourmigué, M. Curr. Opin. Solid State Mater. Sci. 2009, 13, 36. (f)
Legon, A. C. Phys. Chem. Chem. Phys. 2010, 12, 7736. (g) Lu, Y.;
Wang, Y.; Zhu, W. Phys. Chem. Chem. Phys. 2010, 12, 4543. (h)
Erdelyi, M. Chem. Soc. Rev. 2012, 41, 3547. (i) Cavallo, G;
Metrangolo, P.; Milani, R.; Pilati, T.; Priimagi, A.; Resnati, G;
Terraneo, G. Chem. Rev. 2016, 116, 2478. For some examples on
halogen bonds: (j) Zhang, X.; Zeng, Y.; Li, X.; Meng, L.; Zheng, S.
Acta Chim. Sinica 2009, 67, 593. (kT 3%, MINH, 2k, 4
JHS, AT, IR, 2009, 67, 593.) (k) Zeng, Y.; Ji, L.; Zheng,
S.; Meng, L. Acta Chim. Sinica 2011, 69, 1874. (% ¥aRH, 75NN,
HAE, AW, 4R, 2011, 69, 1874.) (1) Fu, Y.; Xiang, Z.;
Zhou, J.; Wu, X.; Li, Y.; Jiao, Y. Acta Chim. Sinica 2012, 70, 1847.
(R 8, M7k, AZE, R, 20, EKE, LFEFR, 2012,
70, 1847.).

(a) Pimentel, G. C.; McClella, A. L. Annu. Rev. Phys. Chem. 1971,
22, 347. (b) Emsley, J. Chem. Soc. Rev. 1980, 9, 91. (c) Aakeroy, C
B.; Seddon, K. R. Chem. Soc. Rev. 1993, 22, 397. (d) Perrin, C. L.;
Nielson, J. B. Annu. Rev. Phys. Chem. 1997, 48, 511. (e) Alkorta, 1.;
Elguero, J. Chem. Soc. Rev. 1998, 27, 163. (f) Prins, L. J;
Reinhoudt, D. N.; Timmerman, P. Angew. Chem., Int. Ed. 2001, 40,
2382. (g) Steiner, T. Angew. Chem., Int. Ed. 2002, 41, 48. (h) Taylor,
M. S.; Jacobsen, E. N. Angew. Chem., Int. Ed. 2006, 45, 1520. (i)
Yu, X.; Wang, W. Chem. Asian J. 2008, 3, 516. (j) Nishio, M.;
Umezawa, Y.; Honda, K., Tsuboyama, S.; Suezawa, H.
CrystEngComm 2009, 11, 1757. (k) Hunt, P. A.; Ashworth, C. R.;
Matthews, R. P. Chem. Soc. Rev. 2015, 44, 1257.

(a) Beale, T. M.; Chudzinski, M. G.; Sarwar, M. G.; Taylor, M. S.
Chem. Soc. Rev. 2013, 42, 1667. (b) Desiraju, G. R.; Ho, P. S.; Kloo,

—
%)
—

—
W
—

118  http://sioc-journal.cn

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

113
Me NC
— L
/
Me N" R
c

L.; Legon, A. C.; Marquardt, R.; Metrangolo, P.; Politzer, P.;
Resnati, G.; Rissanen, K. Pure Appl. Chem. 2013, 85, 1711.

[4] (a) Mukherjee, A.; Tothadi, S.; Desiraju, G. R. Acc. Chem. Res.
2014, 47, 2514. (b) Berger, G,; Soubhye, J.; Meyer, F. Polym. Chem.
2015, 6, 3559.

[5] (a) Priimagi, A.; Cavallo, G.; Metrangolo, P.; Resnati, G. Acc. Chem.
Res. 2013, 46, 2686. (b) Gilday, L. C.; Robinson, S. W.; Barendt, T.
A.; Langton, M. J.; Mullaney, B. R.; Beer, P. D. Chem. Rev. 2015,
115,7118.

[6] (a) Caronna, T.; Liantonio, R.; Logothetis, T. A.; Metrangolo, P.;
Pilati, T.; Resnati, G. J. Am. Chem. Soc. 2004, 126, 4500. (b)
Nguyen, H. L.; Horton, P. N.; Hursthouse, M. B.; Legon, A. C,;
Bruce, D. W. J. Am. Chem. Soc. 2004, 126, 16. (c) Cariati, E.; Forni,
A.; Biella, S.; Metrangolo, P.; Meyer, F.; Resnati, G.; Righetto, S.;
Tordin, E.; Ugo, R. Chem. Commun. 2007, 2590. (d) Lu, Y.; Shi, T.;
Wang, Y.; Yang, H.; Yan, X.; Luo, X.; Jiang, H.; Zhu, W. J. Med.
Chem. 2009, 52, 2854. (e) Lu, Y.; Liu, Y.; Xu, Z.; Li, H.; Liu, H.;
Zhu, W. Expert Opin. Drug Dis. 2012, 7, 375. (f) Xu, Z.; Yang, Z.;
Liu, Y.; Lu, Y.; Chen, K.; Zhu, W. J. Chem. Inf. Model. 2014, 54, 69.

[7] (a) Bruckmann, A.; Pena, M. A.; Bolm, C. Synlett 2008, 2008, 900.
(b) Bew, S. P,; Fairhurst, S. A.; Hughes, D. L.; Legentil, L.; Liddle,
J.; Pesce, P.; Nigudkar, S.; Wilson, M. A. Org. Lett. 2009, 11, 4552.
(c) Dordonne, S.; Crousse, B.; Bonnet-Delpon, D.; Legros, J. Chem.
Commun. 2011, 47, 5855. (d) Walter, S. M.; Kniep, F.; Herdtweck,
E.; Huber, S. M. Angew. Chem., Int. Ed. 2011, 50, 7187. (e) Kniep,
F.; Jungbauer, S. H.; Zhang, Q.; Walter, S. M.; Schindler, S.;
Schnapperelle, 1.; Herdtweck, E.; Huber, S. M. Angew. Chem., Int.
Ed. 2013, 52, 7028. (f) Castelli, R.; Schindler, S.; Walter, S. M.;
Kniep, F.; Overkleeft, H. S.; Van der Marel, G. A.; Huber, S. M.;
Codée, J. D. C. Chem. Asian J. 2014, 9, 2095. (g) He, W.; Ge, Y.-C.;
Tan, C.-H. Org. Lett. 2014, 16, 3244. (h) Jungbauer, S. H.; Walter, S.
M.; Schindler, S.; Rout, L.; Kniep, F.; Huber, S. M. Chem. Commun.
2014, 50, 6281. (i) Jungbauer, S. H.; Huber, S. M. J. Am. Chem. Soc.
2015, /37, 12110. (j) Saito, M.; Tsuji, N.; Kobayashi, Y.; Takemoto,
Y. Org. Lett. 2015, 17, 3000. (k) Sladojevich, F.; McNeill, E.;
Borgel, J.; Zheng, S.-L.; Ritter, T. Angew. Chem., Int. Ed. 2015, 54,
3712. (1) Takeda, Y.; Hisakuni, D.; Lin, C.-H.; Minakata, S. Org.
Lett. 2015, 17, 318. For a comprehensive review, see: (m) Bulfield,
D.; Huber, S. M. Chem. Eur. J. 2016, 41, 14434.

[8] (a) Cheng, Y.; Yuan, X.; Ma, J.; Yu, S. Chem. Eur. J. 2015, 21, 8355.
(b) Cheng, Y.; Yu, S. Org. Lett. 2016, 18, 2962. (c) Sun, X.; Wang,
W.; Li, Y.; Ma, J.; Yu, S. Org. Lett. 2016, 18, 4638.

[9] Leifert, D.; Studer, A. Angew. Chem., Int. Ed. 2016, 55, 11660.

[10] The X-ray crystallographic coordinates for structures reported in this
Article have been deposited at the Cambridge Crystallographic Data
Centre (CCDC), under deposition numbers 1476520 (3m') and
1476521 (3n). These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via http: /www. ccdc.cam.
ac.uk/data_request/cif.

[11] (a) Janzen, E. G.; Blackburn, B. J. J. Am. Chem. Soc. 1968, 90, 5909.
(b) Haire, L. D.; Krygsman, P. H.; Janzen, E. G.; Oehler, U. M. J.
Org. Chem. 1988, 53, 4535. (c) Rehorek, D. Chem. Soc. Rev. 1991,
20, 341. (d) Zhang, C.-P.; Wang, H.; Klein, A.; Biewer, C.; Stirnat,
K.; Yamaguchi, Y.; Xu, L.; Gomez-Benitez, V.; Vicic, D. A. J. Am.
Chem. Soc. 2013, 135, 8141.

[12] Julia, L.; Bosch, M. P.; Rodriguez, S.; Guerrero, A. J. Org. Chem.
2000, 65, 5098.

(Zhao, X.)

Acta Chim. Sinica 2017, 75, 115—118




<<
  /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


