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Catalytic, enantioselective synthesis of Boc-protected 1,2-amino
alcohols through aminolysis of meso-epoxides with benzophenone
imine
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Abstract

Aromatic meso-epoxides 3 have been ring-opened with benzophenone imine (2) using catalytic
quantities of the chiral scandium bipyridine complex 1a to furnish Boc-protected 1,2-amino
alcohols 5 in good yields and enantioselectivities after acidic hydrolysis and Boc-protection.
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Introduction

The catalytic, enantioselective ring-opening of meso-epoxides is a valuable strategy for the
asymmetric synthesis of 1,2-difunctionalized fine chemicals.' In the past this strategy has been
widely employed for the synthesis of 1,2-azido alcohols,” 1,2-halohydrins,’ 1,2-cyano alcohols,*
1,2-diol monoester and monoethers,” and 1,2-mercapto alcohols® many of which have been
obtained thus far in good to excellent enantioselectivities.

The nucleophilic addition of amines to epoxides catalyzed by Lewis acids typically suffers
from compatibility problems between the Lewis basic amine and the Lewis acid catalyst which
tend to coordinate to one another irreversibly. A solution to this problem was first shown in the
work of Crotti who found that lanthanide triflates such as Yb(OTf); are effective catalysts for the
aminolysis of 1,2-epoxides, presumably because they are able to exert their exceptional Lewis
acidity even in the presence of the amine.’

Following this precedence Hou et al. discovered a Yb(OTf);-R-BINOL-catalyst for the first
catalytic, enantioselective aminolysis of cyclohexene oxide with aniline.® Inaba et al. utilized a
chiral titanium catalyst made from equimolar amounts of Ti(OiPr),; and (S)-BINOL (1 mol-%)
for the addition of benzyl amine to a seven-membered cyclic epoxide containing a ketal moiety
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epoxide which proceeded in excellent yield and enantioselectivity.” Both procedures, however,
suffered from an extremely narrow substrate scope tolerating just the mentioned epoxides. A
more broadly applicable catalyst was subsequently developed by Collin et al. who introduced a
Sm™ iodo-(S)-BINOL complex which gave rise to very high enantioselectivities of greater than
90% ee for a variety of cyclic meso-epoxides when treated with anilines.'” Very recently,
Kobayashi et al. have devised a chiral niobium complex which displayed high enantioselectivity
for a range of meso-epoxides."’

We have introduced the chiral scandium and indium bipyridine catalysts 1a and 1b for a
variety of epoxide-opening reactions (scheme 1). Thus, 1,2-diol monoethers,'”? 1,2-amino
alcohols, ' 1,2-mercapto alcohols,'* and 1,2-seleno alcohols'® have been obtained in partly
excellent enantioselectivities upon reaction of meso-epoxides with alcohols, amines, thiols, and
selenols, respectively. Whereas aromatic substrates performed admirably in these ring-opening
reactions and furnished products with well above 90% ee, aliphatic meso-epoxides typically gave
rise to enantioselectivities not exceeding 75% ee. A combined Lewis acid-Breonsted acid
catalysis model has been proposed to account for the reactivity as well as the enantioselectivity
of this reaction.

Ph N,
j)o + Nu-H % N\M/N
Ph o \9
10 mol% 1a or 1b H H
CH20|2, rt 1a: M = SC(OTf)3
1b: M = InBr;
Phj,OH Phj,OH Phj,OH Phj,OH
Ph” “OPMB Ph””“NHPh Ph” “SBn Ph” ‘SePh

82% (97% ee) 95% (93% ee) 80% (92% ee) 77% (93% ee)

Scheme 1. Scandium- and indium-bipyridine-catalyzed, enantioselective ring-opening reactions
of meso-epoxides.

One major drawback of our procedure for the aminolysis of meso-epoxides, however, stems
from the necessity to employ anilines as amine components. If one wants to obtain the primary
1,2-amino alcohols as products a tedious oxidative deprotection of the N-aryl group typically
with cerium ammonium nitrate'® has to be performed. In our search for an alternative procedure
that would obviate this additional operation we have found benzophenone imine (2) as a suitable
ammonia surrogate that adds readily to epoxides and liberates the free amino group upon simple
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acidic hydrolysis in good yields and enantioselectivities when catalyzed with our scandium
bipyridine catalyst 1a.

Results and Discussion

Based upon the well-known capacity of benzophenone imine to act as an ammonia surrogate in
Buchwald-Hartwig amination reactions'’ we investigated its use as nucleophile in our scandium-
bipyridine-catalyzed epoxide-opening process. We started our studies with the reaction of cis-
stilbene oxide (3a) and benzophenone imine (2) (2 eq.) in dichloromethane (0.2 M) catalyzed
through 10 mol% of the scandium bipyridine catalyst 1a. After 3 d at rt we stopped the reaction
by adding 1 N HCl-solution and heated the mixture to 60°C for 4 h to effect hydrolysis of the
imine. Upon basification the desired 1,2-amino alcohol 4a was obtained in 36% yield and 88%
ee as determined by HPLC-analysis along with 45% of the starting epoxide 3a which reflects the
attenuated nucelophilicity of the ketimine relative to anilines (table 1, entry 1).

Table 1. Optimization studies for the addition benzophenone imine (2) to cis-stilbene oxide (3)

Ar Ph  1.cat1a CHClyrt ™\ O
0 + HN=X
Ar Ph 2. 1N HCI, 60°C

Ar NH,
3 2 4
entry  epoxide Ar equiv. conc. [M] la yield ee
of 2 [mol%)] [%]* [%]"
1 3a Ph 2.0 0.2 10 36 88
2 3a Ph 4.0 0.2 10 59 43
3 3a Ph 2.0 0.5 15 75 80
4 3b 4-Me-Ph 2.0 0.5 15 84 66
5 3c 4-CI-Ph 2.0 0.5 15 66 82

* Isolated yield of purified material. ®Determined by HPLC-analysis on a chiral stationary phase.

In an attempt to increase conversion we doubled the amount of the nucleophile from 2 to 4
eq. of benzophenone imine (2) under otherwise identical reaction conditions. Indeed, 1,2-amino
alcohol 4a was now obtained in 59% yield, but with a diminished 43% ee indicating a
detrimental effect of the imine on the enantioselectivity of the reaction (entry 2). In a further
attempt the overall concentration of the mixture was increased from 0.2 M to 0.5 M and the
catalyst amount was increased from 10 mol% to 15 mol%. Gratifyingly, these changes led to the
isolation of 4a in 75% yield and 80% ee after 5 d at rt (entry 3). Two other aromatic meso-
epoxides 3b and 3¢ were subsequently converted into the corresponding 1,2-amino alcohols 4b
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and 4c, respectively, in good overall yields and enantioselectivities according to this protocol
(entries 4 and 5).

Table 2. Sequential epoxide-opening and Boc-protection to furnish Boc-protected 1,2-amino
alcohols 5 in a one-pot operation

1. 1a (15 mol%), CH,Cly, rt
2. 1N HCI, 60°C

Ar Ph  3.Boc,0, Na,COs, THF/H,0  Ar~ »OH
0O + HN=X j,
Ar Ph 48-56% (up to 82% ee) Ar”” “NHBoc
3 2 5
entry epoxide Ar yield [%]" ee [%]°
1 3a Ph 51 80
2 3b 4-Me-Ph 48 66
3 3¢ 4-Cl1-Ph 56 82

*Isolated yield of purified material. ° Determined by HPLC-analysis on a chiral stationary phase.

In some experiments it turned out, however, that the highly polar 1,2-amino alcohols 4 were
frequently difficult to isolate. Accordingly, we developed an alternate procedure which involved
the in situ protection of the amino group with the butyloxycarbonyl(Boc)-group. When we
followed the sequence comprising the enantioselective ring-opening of meso-epoxides 3 with
benzophenone imine (2), imine hydrolysis and Boc-protection we were able to obtain the Boc-
protected 1,2-amino alcohol 5a-c¢ in 48-56% overall yields and up to 82% ee (table 2). This
procedure had the advantage that we could more reliably obtain the products in the indicated
yields.

Conclusions

We have developed a novel protocol for the scandium-bipyridine-catalyzed, enantioselective
aminolysis of aromatic meso-epoxides with benzophenone imine as ammonia surrogate. Upon
imine hydrolysis either the free or the Boc-protected 1,2-amino alcohols were obtained in good
overall yields and enantioselectivities without the need to oxidatively cleave off a nitrogen
substituent.
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Experimental Section

General Procedures. All reactions were performed in flame-dried glassware under an
atmosphere of dry nitrogen. The following reaction solvents were distilled from the indicated
drying agents: dichloromethane (CaH,), tetrahydrofuran (LiAlH4, triphenylmethane), diethyl
ether (Na, benzophenone), toluene (Na, benzophenone), N,N-dimethylformamide (Acros ACS
grade), acetonitrile (Acros ACS grade), chloroform (Acros ACS grade). Diethyl ether, petroleum
ether and ethyl acetate for chromatography were technical grade and distilled from KOH or
CaCl, . All reactions were monitored by thin-layer chromatography (TLC) on precoated silica gel
SIL G/UV254 plates (Machery, Nagel & Co.); spots were visualized by treatment with a solution
of vanillin (0.5 g), conc. acetic acid (10 mL), and conc. H,SO4 (5 mL) in methanol (90 mL) or
molybdophosphoric acid (5 g) in ethanol (250 mL). Flash column chromatography was
performed by using Merck silica gel 60 230-400 mesh. The meso-epoxides 3b and 3¢ were
prepared according to the method of Burk et al.'"® The chiral bipyridine was best prepared
according to the protocol developed by Kobayashi.'” All other chemicals were used as received
from commercial suppliers. "H and ?C NMR spectra were recorded with VARIAN Gemini 200
(200 MHz), VARIAN Gemini 300 (300 MHz) spectrometers or an Bruker Avance DRX 400
(400 MHz) spectrometer in CDCIl; at 25°C with TMS as internal standard. IR spectra were
obtained with a FTIR spectrometer (Genesis ATI, Mattson/Unicam). UV spectra were obtained
with a Beckmann DU-650 spectrometer. Melting points are uncorrected. Optical rotations were
measured using a Polarotronic polarometer (Schmidt & Haensch). HPLC analyses were
performed on a JASCO MD-2010 plus instrument with a chiral stationary phase column
(Chiralcel AD-H column purchased from Daicel Co., Ltd.). Mass spectra were measured at 70
eV (EI) with a Finnigan MAT 95 A spectrometer. High-resolution mass spectra (HRMS;
ESI/Na) were measured with a Bruker Daltonics APEX II FT-ICR spectrometer.

General procedure for the one-pot synthesis of Boc-protected 1,2-amino alcohols

38 mg (0.075 mmol) of Sc(OTf); and 30 mg (0.08 mmol) of chiral bipyridine were stirred in
CH,Cl; (1 ml, 0.5 M final solution relative to epoxide) for 5 min at rt whereupon 0.50 mmol of
meso-epoxide 3 and 181 mg (1.00 mmol) of benzophenone imine (2) were added. The mixture
was stirred at rt for 5 d. Subsequently, 1 N HCI solution was added and the mixture heated to
60°C for 4 h. After cooling to rt the phases were separated, the aqueous layer was extracted with
dichloromethane (3 x 10 ml) and subsequently made alkaline through addition of 6 N NaOH
solution. The basic solution was extracted with EtOAc (4 x 50 ml), the combined organic
extracts were dried over MgSQ,, filtered, and evaporated in vacuo. The crude product was
dissolved in 2 ml of THF/H,O (3:1) and 106 mg (1.00 mmol) of Na,COs and 130 mg (0.55
mmol) of Boc,O were added at 0°C. After 6 h stirring at rt 2 ml of water were added and the
mixture was extracted with CH,Cl, (3 x 5 ml). The combined organic extracts were dried over
MgSO., filtered, and evaporated in vacuo. The crude products were purified through column
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chromatography over silica gel with ethyl acetate/hexane (1:4) to yield typically crystalline
products 5.

N-Boc-1,2-amino alcohol 5a.*°Yield: 51% (80% ee); mp. 114-116°C; ap™ = +5.3° (¢ = 1.26,
CHCl,); "H NMR (300 MHz, CDCl3): 6 1.33 (brs, 9 H, Boc), 2.73 (brs, 1 H, NH or OH), 4.81
(brs, 1 H, NH or OH), 4.98 (brs, 1 H, CH), 5.42 (d, /= 7.5 Hz, 1 H, CH), 7.21- 7.35 (m, 10 H,
aromatic-H); °C NMR (50 MHz, CDCl;) & 28.20, 60.73, 77.32, 79.79, 126.3, 126.9, 127.5,
127.6, 128.1, 128.5, 139.9, 140.8, 156.0; IR (KBr) v = 1170, 1520, 1667, 2929, 2977, 3411 cm’";
ESI-MS: m/z =336.1 (M + Na"), 648.9 (2M + Na"); HPLC (AD-H column, 85:15 hexane/iPrOH,
0.8 ml/min) tgminor = 26.35 min, tgmajor = 33.10 min.

N-Boc-1,2-amino alcohol 5b. Yield: 48% (66% ee); mp. 95-98°C; ap? = +14.2° (c = 0.66,
CHCLs); '"H NMR (300 MHz, CDCl3): 8 1.34 (brs, 9 H, Boc), 2.32 (s, 6 H, 2x Me), 2.61 (brs, 1
H, NH or OH), 4.84 (brs, 1 H, NH or OH), 4.89 (brs, 1 H, CH), 5.36 (d, /= 8.0 Hz, 1 H, CH),
7.09-7.19 (m, 8 H, aromatic-H); *C NMR (50 MHz, CDCls) & 21.06, 21.09 (2x Me), 28.23,
60.47, 77.21, 79.69, 126.2, 126.8, 128.8, 129.2, 137.1, 137.2, 137.8, 156.0; IR (KBr) v = 1172,
1523, 1670, 2920, 2977, 3413 cm™; ESI-HRMS: m/z = 364.18826 (M + Na"), 705.38718 (2M +
Na"); HPLC (AD-H column, 85:15 hexane/iPrOH, 0.8 ml/min) tgminor = 16.92 min, trmajor =
29.20. Anal. calcd. for C,;H,7NOs: C 73.87, H 7.97, N 4.10; found C 74.15, H 7.83, N 4.05.
N-Boc-1,2-amino alcohol 5¢. Yield: 56% (82% ee); mp. 161-164°C; ap™® = +70.6° (¢ = 0.27,
CHCl5); "H NMR (300 MHz, CDCls): 6 1.33 (brs, 9 H, Boc), 2.76 (brs, 1 H, NH or OH), 4.79
(brs, 1 H, NH or OH), 4.86 (brs, 1 H, CH), 5.34 (d, /= 7.5 Hz, 1 H, CH), 7.13- 7.29 (m, 8 H,
aromatic-H); °C NMR (50 MHz, CDCl;) & 28.20, 60.30, 77.20, 80.24, 127.7, 128.3, 128.4,
128.7, 133.5, 133.6, 138.2, 139.0, 155.0; IR (KBr) v = 1168, 1412, 1516, 1672, 2919, 2965,
3415 cm’™'; ESI-HRMS: m/z = 404.07914 (M + Na'), 787.16643 (2M + Na"); HPLC (AD-H
column, 85:15 hexane/iPrOH, 0.8 ml/min) tgminor = 14.77 min, tgmajor = 27.93. Anal. calcd.
for C19H;CILNOs: C 59.70, H 5.54, N 3.66; found C 59.85, H 5.43, N 3.60.

Acknowledgements

We thank the Deutsche Forschungsgemeinschaft (Schn 441/3-2) for the generous support of this
project.

References

1. Reviews: (a) Schneider, C. Synthesis 2006, 3919. (b) Pastor, I. M.; Yus, M. Curr. Org. Chem. 2005,
9, 1.

ISSN 1551-7012 Page 221 ARKAT USA, Inc.



General Papers ARKIVOC 2008 (xvi) 216-222

10.
11.
12.
13.
14.
15.
16.

17.

18.

19.
20.

See e. g. (a) Nugent, W. A. J. Am. Chem. Soc. 1992, 114, 2768. (b) Martinez, L. E.; Leighton, J. L.;
Carsten, D. H.; Jacobsen, E. N. J. Am. Chem. Soc. 1995, 117, 5897.

(a) Denmark, S. E.; Barsanti, P. A.; Wong, K. T.; Stavenger, R. A. J. Org. Chem. 1998, 63, 2428. (b)
Nugent, W. A. J. Am. Chem. Soc. 1998, 120, 7139. (c) Tao, B.; Lo, M. M. C.; Fu, G. C. J. 4m.
Chem. Soc. 2001, 123, 353. (d) Nakajima, M.; Saito, M.; Uemura, M.; Hashimoto, S.; Tetrahedron
Lett. 2002, 43, 8827.

(a) Cole, B. M.; Shimizu, K. D.; Krueger, C. A.; Harrity, J. P. A.; Snapper, M. L.; Hoveyda, A. H.
Angew. Chem. Int. Ed. 1996, 35, 1668. (b) Shimizu, K. D.; Cole, B. M.; Krueger, C. A.; Kuntz, K.
W.; Snapper, M. L.; Hoveyda, A. H. Angew. Chem. Int. Ed. 1997, 36, 1703. (c) Schaus, S. E.;
Jacobsen, E. N. Org. Lett. 2000, 2, 1001.

(a) Jacobsen, E. N.; Kakiuchi, F.; Konsler, R. G.; Larrow, J. F.; Tokunaga, M. Tetrahedron Lett.
1997, 38, 773. (b) Matsunaga, S.; Das, J.; Roels, J.; Vogl, E. M.; Yamamoto, N.; lida, T.;
Yamaguchi, K.; Shibasaki, M. J. Am. Chem. Soc. 2000, 122, 2252.

(a) lida, T.; Yamamoto, N.; Sasai, H.; Shibasaki, M. J. Am. Chem. Soc. 1997, 119, 4783. (b) Wu, M.
H.; Jacobsen, E. N. J. Org. Chem. 1998, 63, 5252. (¢) Wu, J.; Hou, X.-L.; Dai, L.-X.; Xia, L.-J,;
Tang, M.-H. Tetrahedron: Asymmetry 1998, 9, 3431.

Chini, M.; Crotti, P.; Favero, L.; Macchia, F.; Pineschi, M. Tetrahedron Lett. 1994, 35, 433.

Hou, X. L.; Wu, J.; Dai, L. X.; Xia, L. J.; Tang, M. H. Tetrahedron: Asymm. 1998, 9, 1747.

Sagawa, S.; Abe, H.; Hase, Y.; Inaba, T. J. Org. Chem. 1999, 64, 4962.

Carree, F.; Gil, R.; Collin J. Org. Lett. 2005, 7, 1023.

Arai, K.; Salter, M.; Yamashita, Y.; Kobayashi, S. Angew. Chem. Int. Ed. 2007, 46, 955.

(a) Schneider, C.; Sreekanth, A. R.; Mai, E. Angew. Chem. Int. Ed. 2004, 43, 5691. (b) Tschop, A.;
Marx, A.; Sreekanth, A. R.; Schneider, C. Eur. J. Org. Chem. 2007, 2318.

(a) Mai, E.; Schneider, C. Chem. Eur. J. 2007, 13, 2729. (b) Mai, E.; Schneider, C. Synlett 2007,
2136.

Nandakumar, M. V.; Tschop, A.; Krautscheid, H.; Schneider, C. Chem. Commun. 2007, 2756.
Tschop, A.; Nandakumar, M. V.; Pavlyuk, O.; Schneider, C. Tetrahedron Lett. 2008, 49, 1030.

(a) Fukuyama, T.; Frank, R. K.; Jewell, C. F. J. Am. Chem. Soc. 1980, 102, 2122. (b) Kronenthal, D.
R.; Han, C. Y.; Taylor, M. K. J. Org. Chem. 1982, 47, 2765.

(a) Wolfe, J. P.; Ahman, J.; Sadighi, J. P.; Singer, R. A.; Buchwald, S. L. Tetrahedron Lett. 1997, 38,
6367. (b) Mann, G.; Hartwig, J. F.; Driver, M. S.; Fernandez-Rivas, C. J. Am. Chem. Soc. 1998, 120,
827.

Zhao, L.; Han, B.; Huang, Z.; Miller, M.; Huang, H.; Malashock, D.; Zhu, Z.; Milan, A.; Robertson,
D. E.; Weiner, D. P.; Burk, M. J. J. Am. Chem. Soc. 2004, 126, 11156.

Ishikawa, S:; Hamada, T.; Manabe, K.; Kobayashi, S. Synthesis 2005, 2176.

Benedetti, F.; Norbedo, S. Tetrahedron Lett. 2000, 41, 10071.

ISSN 1551-7012 Page 222 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
  /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


