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The three-component condensation of aldehydes, amines,
and trimethylsilyl cyanide (TMSCN) in the Strecker reac-
tion is an important reaction in organic synthesis. The
products are a-aminonitrile derivatives, which are versatile
intermediates that can be transformed into a variety of
building blocks such as a-amino acids, 1,2-diamines, and
nitrogen-containing heterocycles [1]. A variety of acid cata-
lysts have been used in this reaction [2—8]. The tedious
work-up procedure, long reaction time, toxic catalysts, and
the use of an inert atmosphere are some of the drawbacks of
these methods. For example, AI-MCM-41 has been used
under an argon atmosphere [8].

New green legislation requires a decrease in waste crea-
tion and the use of more environmentally friendly alterna-
tive catalysts, which makes the current homogeneous or-
ganic reactions environmentally unacceptable [9].

Considerable attention has been given to M41S (Mobil
Composition of Matter) mesoporous materials but particu-
larly the MCM-41 family because of their unique properties
[10-12]. They have high specific surface areas, high pore
volumes, and tunable pore sizes with a narrow distribution.
However, Si-based MCM-41 exhibits only mild acidity,
which is much weaker than that of the microporous zeolites
[13]. The incorporation of zirconium into the MCM-41
framework increases both the Lewis and Bronsted acidity
[13].

Herein, we report a new approach toward the synthesis of
Zr-MCM-41, its characterization, and its catalytic activity in
a three-component one-pot synthesis of a-aminonitrile de-
rivatives by condensing aldehydes, amines, and trimethyl-
silyl cyanide.

1 Experimental
1.1 Preparation of Zr-MCM-41

Fumed silica (8 g) was added to a solution of sodium hy-
droxide (2 g) in distilled water (150 ml) in a baker at 80 °C.
The resulting mixture was continuously stirred until a clear
solution was obtained. Cethyltrimethyl ammonium bromide
(CTAB, 3 g) was slowly added to this solution under vigor-
ous stirring at room temperature. The resulting gel was
stirred for an additional 2 h. In the next stage zirconium
(IV) oxide chloride octahydrate (5 g) was dissolved in dis-
tilled water (100 ml) by adding concentrated H,SO,4 (2.5 ml)
until a clear solution was obtained. This solution was added
to the resulting gel in a dropwise manner over 2 h under
vigorous stirring. The obtained gel was transferred into a
Teflon-lined stainless steel autoclave for hydrothermal
treatment at 100 °C over 3 d. The resulting solid product
was recovered after filtration and washing several times
with deionized water. The obtained white solid was dried in
air at 100 °C for 5 h. Finally, the sample was calcined at 600
°C for 16 h in air. The heating rate was 1.5 °C/min and the
molar ratio of Si/Zr was 8.

1.2 Characterization of Zr-MCM-41

X-ray diffraction (XRD) patterns were obtained using a
Siefert 3003 PTS diffractometer with Cu K, radiation (4 =
0.15406 nm). Fourier transform infrared (FT-IR) spectra
were recorded using a Bruker Tensor 27 IR spectrometer
and KBr pellets in a range of 400-4000 cm™' under atmos-
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pheric conditions. Scanning electron micrographs (SEM)
were obtained on a Holand Philips XL-30 microscope with
an accelerating voltage of 25 kV. The sample was deposited
on a sample holder with an adhesive carbon foil and sput-
tered with gold. Nitrogen adsorption studies were performed
at liquid nitrogen temperature using a BELSORP-minill.

1.3 Synthesis of a-aminonitrile derivatives

All solvents and reagents were purchased from Aldrich
and Merck and were of high-grade quality, and used without
any purification.

In a general procedure, a solution of an aromatic alde-
hyde (1 mmol), a primary amine (1.2 mmol), TMSCN (1
mmol), and Zr-MCM-41 (0.03 g) in CH;CN (5 ml) was
stirred under reflux conditions for an appropriate time. After
reaction completion (monitored by TLC) the catalyst, which
is not soluble in boiling acetonitrile, was easily filtered off
and the mixture was cooled to room temperature. The solid
products were collected by filtration, washing with water
and aqueous ethanol, and purified by recrystallization from
ethanol. For the oily products the reaction mixture was
poured into distilled water (15 ml) and the product was ex-
tracted with chloroform (20 ml x 2) and dried over MgSO,.
The solvent was removed under reduced pressure and crude
product was purified by column chromatography over silica
gel (hexane—Et,0). Compounds 1, 2, and 3 are new prod-
ucts (Scheme 1) and the other products are known com-
pounds, and their physical and spectroscopic data have been
reported in the literature. Melting points were measured
using the capillary tube method with an electrothermal 9200
apparatus. 'H NMR spectra were recorded on a Bruker AQS
AVANCE-300 MHz or a 500 MHz spectrometer using TMS
as an internal standard (CDCIl; or DMSO-d, solution).

Compound 1: 2,2'-(1,4-phenylene)bis(2-(4-methylben-
zylamino)acetonitrile). '"H NMR (300 MHz, CDCl;): 6 1.86
(2H, br. s, 2NH), 2.03 (6H, s, 2Me), 3.86 (4H, s, 2CH,),
6.92 (4H, d, J = 9 Hz, 4CH,,), 7.33 (4H, d, J = 9 Hz,
4CH,,), 7.60 (4H, s, 4CH,,). Mass: 395.3, 373.4. Anal.
Calcd (%): C, 79.16; H, 6.64; N, 14.20; Found: C, 78.76; H,
6.44; N, 14.50.

Compound 2: 2-(4-chlorophenyl)-2-(4-morpholinoph-
enylamino)acetonitrile. '"H NMR (300 MHz, CDCly): 6
3.06-3.09 (4H, m, 2CH,), 3.85-3.88 (4H, m, 2CH,), 5.36
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(1H, d, J=9, CH), 6.77 (2H, d, /=9 Hz, 2CH,,), 6.92 (2H,
d, J =9 Hz, 2CH,,), 7.44 (2H, d, J = 9 Hz, 2CHy,,), 7.57
(2H, d, J=9 Hz, 2CH,,).

Compound 3: 2-(2-(1H-imidazol-4-yl)ethylamino)-2-
(4-chlorophenyl)acetonitrile. 'H NMR (300 MHz, CDCl,): 6
(2H, t, J = 6, CH,), 2.96-3.09 (2H, m, CH,), 4.81 (1H, s,
CH), 6.84 (1H, s, CHy,), 7.35-7.46 (4H, m, 4CH,,), 7.56
(1H, s, CH,,). Mass (m/z): 260, 254, 234. Anal. Calcd (%):
C, 59.89; H, 5.03; Cl, 13.60; N, 21.19; Found: C, 59.95; H,
5.13; N, 21.19.

1.4 Recycling the catalyst

The catalyst is not soluble in boiling acetonitrile and it
was removed by hot filtration after reaction completion. In
of  2-(4-chlorophenyl)-2-(4-methylben-
zylamino)acetonitrile the catalyst was recovered three times,
washed with diethyl ether, and reused in a similar reaction.

the  synthesis

2 Results and discussion

Mesoporous silicate materials contain a chemically inert
silicate framework. To induce specific catalytic activity
researchers have tried to incorporate a variety of metals into
the mesostructure by either direct synthesis/ion-exchange or
impregnation. Among the transition metals, zirconium is
considered to be important because of the possible strong
polarization of the Si—O *-Zr" linkages [14].

The surface acidity of the mesoporous solids is signifi-
cantly influenced by the incorporation of zirconium ions
into the framework. The addition of zirconium creates
Bronsted acid sites and also enhances the acid strength of
both the Lewis and Bronsted acid sites. The diameter of Zr*"
is much larger than that of Si* and when smaller Si*" ions
are replaced by larger Zr*" ions in the framework of the
solid the bond length of Zr—O-Si clearly differs from that of
Si—O-Si. This must lead to the deformation of some struc-
tures and the generation of microstrain in the lattice cell
[15]. This feature can be useful for reactions that require
both types of acid sites.

2.1 Characterization of the catalyst

The FT-IR spectrum of the prepared Zr-MCM-41 is given

Cl
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Scheme 1. Structure of compound 1, 2, and 3.
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in Fig. 1. The observed bands between 809 and 468 cm ' are
assigned to the symmetric stretching and bending vibrations
of the Si—O-Si groups, respectively [16]. The stretching and
bending vibration modes of O—H in the Si—-OH groups are
present at 3431 and 1631 cm ', respectively.

Transmittance
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Fig. 1. FT-IR spectrum of the calcined Zr-MCM-41.

MCM-41 samples are typically characterized by an in-
tense X-ray diffraction in the vicinity of 26 = 2° and several
other peaks in the 20 range from 3° to 8° [17]. The XRD
pattern of Zr-MCM-41 (Fig. 2) has a high-intensity (100)
and two low-intensity reflections ((110) and (200)). These
are characteristics of a hexagonal structure [18]. They ex-
hibit long-range order and good textural uniformity of the
mesoporous structure.
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Fig.2. XRD pattern of Zr-MCM-41.
The SEM image revealed that the synthesized

Zr-MCM-41 particles are composed of irregular large parti-
cles (Fig. 3).

The specific surface area, pore volume, and average pore
diameter of the Zr-MCM-41 was 676.2 m*/g, 1.2854 cm’/g,
and 2.06 nm, respectively.

2.2 Catalytic activity

To study the catalytic activity of Zr-MCM-41, we initially
studied the synthesis of 2-(4-chlorophenyl)-2-(4-methylben-

Fig. 3. SEM micrograph of the freshly activated Zr-MCM-41.
zylamino)acetonitrile by the condensation of 4-methylben-
zylamine, 4-chlorobenzaldehyde, and TMSCN in different
solvents under heating as a model reaction. As shown in
Table 1 the best results were obtained in refluxing acetoni-
trile. We also determined the most efficient amount of cata-
lyst required and the reaction temperature as well as the best
results were obtained when using 0.03 g per 1 mmol of
starting material (Table 1). As shown in Table 1 this reaction
is slower without the catalyst and after 20 min we obtained
45% of the product but the yield in the presence of 0.03 g of
catalyst using the same time was 95%.

Table 1 Synthesis of 2-(4-chlorophenyl)-2-(4-methylbenzylamino)
acetonitrile in a 20 min reaction
Solvent (temperature) Catalyst loading (g) Yield® (%)

EtOH (reflux) 0.03 68
H,O0 (reflux) 0.03 70
Solvent free (80 °C) 0.03 40
CH;CN (reflux) 0.03 95
CH;CN (reflux) 0.05 95
CH;CN (reflux) 0.01 75
CH;CN (reflux) 0 45
CH;CN (r.t) 0.03 78

*Yields are related to the isolated pure products.

This method was further employed to synthesize a variety
of new or known amino nitrile derivatives. To show the
general applicability of the method terephthaldehyde and a
variety of benzaldehyde derivatives such as aldehydes,
4-morpholinoaniline, histamine, and benzylamine deriva-
tives as an amine source were used in this reaction. The
obtained results are summarized in Table 2. Separation and
purification was very simple in these reactions. Zr-MCM-41
is not soluble in boiling acetonitrile but the products are
soluble in boiling acetonitrile and the catalyst was separated
by simple filtration. Most of the products are not soluble in
the reaction media at room temperature and they were sepa-
rated by filtration. For the oily products the reaction mixture
was poured into distilled water and the product was ex-
tracted using chloroform and then the solvent was removed
under reduce pressure. The crude products were purified by
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Table 2 Synthesis of o-aminonitrile in the presence of a catalytic
amount of Zr-MCM-41 under heating in acetonitrile
ZEMOMA4L N N

RCHO + R'NH, + TMSCN  ——— R'
CH;CN
R
Entry Aldehyde Amine Time (min) Yield® (%)
1 4-CIC(H4,CHO  4-CH;C¢H4,CH,NH, 20 95, 85, 78"
2° CHOC¢H4CHO 4-CH;C¢H4CH,NH, 20 95
34 4-CICH,CHO  4-morpholinoaniline 45 92
4° 4-CIC¢H,CHO histamine 45 85
5 4-BrC¢H4,CHO 4-CH;C¢H,CH,NH, 15 89
6 2,3-CLL,C¢H;CHO 4-CH;C¢HsCH,NH, 20 95
7 2,4- C1,C¢H;CHO 4-CH;C¢H,CH,NH, 20 90
8 4-CH;0C¢H4CHO 4-CH;C¢H4CH,NH, 25 89
9 3-NO,CsH4CHO 4-CH;C¢H4CH,NH, 30 95
10 PhCHO C¢HsCH,NH, 25 84

*Yields are related to isolated pure products. ®The catalyst was recycled
and reused three times in the model reaction. “The product is com-

pound 1. “The product is compound 2. °The product is compound 3.

recrystallization from absolute EtOH or in some cases (oily
products) by column chromatography over silica gel (hex-
ane—Et,0). For the new products, compounds 1, 2, and 3,
the structure was determined by 'H NMR and microanaly-
sis. For the known compounds, which are all the other
products in Table 2, their physical and spectroscopic data
were compared with those of authentic samples and found
to be identical [19]. In most cases the products were ob-
tained in quantitative yield and we did not detect any cya-
nohydrin trimethylsilyl ethers as byproducts in this reaction.
It is noteworthy that the catalyst is recyclable and could
be reused without a significant loss of activity. The catalyst
was recycled and reused three times in the model reaction
and the obtained results are summarized in Table 2, entry 1.

3 Conclusions

In summary, we report a simple and convenient proce-
dure for the synthesis and characterization of Zr-MCM-41
nanoreactors. We used the synthesized nanoreactors as a
green solid acid catalyst for the preparation of a-amino ni-

triles, which proceeded efficiently in acetonitrile under
heating. The mild conditions and the use of a green, non
toxic, inexpensive, and reusable catalyst in high yields and
in relatively short reaction times are some of the advantages
of this reaction.

References

Enders D, Shilvock J P. Chem Soc Rev, 2000, 29: 359
Paraskar A S, Sudalai A. Tetrahedron Lett, 2006, 47: 5759

De S K, Gibbs R A. Tetrahedron Let, 2004, 45: 7407

De S K. J Mol Catal A, 2005, 225: 169

Shen Z L, Ji S J, Loh T P. Tetrahedron, 2008, 64: 8159

Majhi A, Kim S S, Kadam S T. Tetrahedron, 2008, 64: 5509
Karimi B, Zareyee D. J Mater Chem, 2009, 19: 8665

Iwanami K, Seo H, Choi J C, Sakakura T, Yasuda H.
Tetrahedron, 2010, 66: 1898

9 Clark J H, Rhodes C N. In: Clark J H Ed. Clean Synthesis Us-
ing Porous Inorganic Solid Catalysts and Supported Reagents.

0 N N L BAWN

Cambridge: Royal Society of Chemistry, 2000

10 Beck J S, Vartuli J C, Roth W J, Leonowicz M E, Kresge C T,
Schmidt K D, Chu C T W, Olson D H, Sheppard E W, McCul-
len S B, Higgins J B, Schlenker J L. J Am Chem Soc, 1992,
114: 10834

11 Eliche-Quesada D, Rodriguez-Castellon E, Jiménez-Lopez A.
Microporous Mesoporous Mater, 2007, 99: 268

12 CormaA. Chem Rev, 1997, 97: 2373

13 Chen L F, Noren L E, Wang J A, Zhou X L, Navarrete J,
Hernandez I, Montoya A, Perez R P, Salas P, Castella P S.
Catal Today, 2008, 133-135: 331

14 Eswaramoorthi I, Sundaramurthy V, Lingappan N. Micropor-
ous Mesoporous Mater, 2004, 71: 109

15 Chen L F, Norena L E, Navarrete J, Wang J A. Mater Chem
Phys, 2006, 97: 236

16 Laughlin R B, Joannopoulos J D. Phys Rev B, 1977, 16:
2942

17 Liu X B, Sun H, Yang Y H. J Colloid Interface Sci, 2008, 319:
377

18 Behrens P, Stucky G D. Angew Chem, Int Ed, 1993, 32: 696

19 Oskooie H A, Heravi M M, Bakhtiari K, Zadsirjan V,
Bamoharram F F. Synlett, 2006: 1768 and references cited
therein




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


