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New reaction pathway of dialkyl phosphorochloridites
with salts of a-benzylideneaminocarboxylic acids.
Direct synthesis of o.-aminophosphonates
from isostructural o.-benzylideneaminocarboxylic acids

E. V. Bayandina, E. Yu. Davydova, M. A. Abaskalova, R. Z. Musin, and V. A. Al fonsov*
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The reaction of sodium N-benzylidenevalinate with dialkyl phosphorochloridites is accom-
panied by decarboxylation and yields diastereomeric N-(1-dialkoxyphosphoryl-2-methyl-
propyl)- N-(1-dialkoxyphosphorylbenzyl)amines.

Key words: o-benzylideneaminocarboxylic acids, phosphorylation, dialkyl phosphoro-

chloridites, a-aminophosphonates.

Natural oi-amino acids are important representatives
of the so-called chiral pool of compounds, which occur in
nature in the L form and are widely used in synthetic
organic chemistry.!:2 These compounds can serve as cheap
commercially available enantiomerically pure starting re-
agents for various synthetic purposes. These compounds
are rather widely used in the chemistry of heteroorganic
compounds, and, in particular, of organophosphorus com-
pounds.? In recent years, the synthesis of enantiopure
organophosphorus compounds has attracted considerable
attention because the latter can be used as biologically
active compounds and ligands for preparing homogeneous
and heterogeneous catalysts.3—5

In this connection, we have recently studied® the re-
action of sodium N-benzylideneglycinate with dialkyl
phosphorochloridites and demonstrated that this reaction
proceeds under very mild conditions and gives diphospho-
rylated dipeptides, viz., 1,4-bis[a-(dialkoxyphospho-
ryl)benzyl]piperazine-2,5-diones, as a mixture of d,/ and
meso forms. With the aim of examining the possibility of
using imino derivatives of chiral a-amino acids in this
reaction, we studied the reaction of sodium (*)- and
L-(—)-N-benzylidenevalinate (1)7 with dialkyl phosphoro-
chloridites 2 and 3.

This reaction was found to follow an essentially differ-
ent pathway. The reactions of the above reagents afford
N-(1-dialkoxyphosphoryl-2-methylpropyl)-N-(1-di-
alkoxyphosphorylbenzyl)amines 4 and 5 (Scheme 1).

Study by 3!P and '"H NMR spectroscopy provided
evidence that amines 4 and 5 are produced as two diaste-
reomers (4°, 4” and 57, 5” due to the presence of two
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chiral centers in these compounds) in nonequivalent
amounts.

The 3P NMR spectra of products 4 and 5 are suffi-
ciently characteristic. For example, the spectrum of
amines 5" and 5” has two sets of resonances. The major
diastereomer (arbitrarily, 57) gives two doublets with equal
intensity in fields characteristic of the resonance of
phosphonate phosphorus nuclei (8p 21.72 and 25.34 with
the long-range coupling constant 4Jp(l)’P(2) = 7.4 Hz).
The coupling constant 4JP(1)’p(2) for the minor diastere-
omer is, apparently, substantially smaller and is not mani-
fested as the corresponding splitting in the spectrum, due
to which the resonances for the phosphorus nuclei of
diastereomer 5” appear as two slightly broadened singlets
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(8p 21.85 and 26.21). The integral intensity ratio of the
signals for diastereomers 5" and 5”is 5 : 1.

The same integral intensity ratio of the signals for the
diastereomers is observed in the 'H NMR spectrum, where
the signals for the methine protons at the a-carbon atoms
are most characteristic. The o.-proton of the benzyl frag-
ment in major diastereomer 5” appears as a doublet at
Oy 4.30 with the geminal coupling constant 2JH,p =
18.3 Hz, and the o-proton of the substituted isobutyl
fragment appears as a doublet of doublets at & 2.86 with
the geminal coupling constant ZJH,P = 18.3 Hz and the
vicinal coupling constant 3JH,H = 3.1 Hz. For minor dia-
stereomer 5”7, the a-proton of the isobutyl fragment ap-
pears as a doublet of doublets at 3 2.46 (ZJqu =10.4 Hz,
3-]1-1,1-1 = 2.1 Hz), and the a-proton of the benzyl fragment
overlaps with the multiplet of the methine protons of the
isopropyloxy group at the phosphorus atom.

In the 'H NMR spectrum of major diastereomer 4,
the region of methine protons is virtually identical to that
in the spectrum of 5°. The a-proton of the benzyl frag-
ment of diastereomer 4" appears as a doublet at 8 4.26
with 2Jy; p = 18.0 Hz, and the a-proton of the isobutyl
fragment appears as a doublet of doublets at 3y 2.87 with
2Jyp = 18.3 Hz and *Jy iy = 3.1 Hz. The a-proton of the
isobutyl fragment of minor diastereomer 4” is observed as
a doublet of doublets at 5y 2.54 with 2JH,p =10.2 Hz and
3-]1-1,1-1 = 3.1 Hz. It is noteworthy that the signal for the
o-proton of the benzyl fragment of diastereomer 4”, which
is not observed in the spectrum of 57, appears as a doublet
of doublets at 8 4.62 with 2J,_Lp =19.2 Hz and also has,
apparently, the long-range coupling constant with the
second phosphorus atom 4JH,P = 3.9 Hz. As mentioned
above, the long-range coupling constant through four
bonds, “Jp) p(p), in the 3P NMR spectrum is clearly
seen only for the major isomer and is not observed for the
minor isomer. To the contrary, the long-range coupling
constant through four bonds, 4/} p, in the '"H NMR spec-
trum is observed only for the minor isomer and is not seen
for the major isomer. Apparently, this is attributed to the
fact that the relative change in the configuration of the
chiral centers for different isomers leads to interchange of
the spatial positions of the proton and phosphorus atom.
The possible conformations of diastereomers 4 and 5 are
given below (for one enantiomeric pair, viz., R,Sand §,5).

*p “pp
th\\)/ \( 2 th\\)/ \( 2
F1’ Pr H Pr
RS S5

The diastereoselectivity of the reaction with diethyl
phosphorochloridite appeared to be slightly lower than

that with diisopropyl phosphorochloridite (dr 3 : 1 and
5:1, respectively).

It should be noted that the yields of the products can
be increased by performing the reactions with the use of
phosphorochloridite and imino acid in a ratio of 2 : 1.
However, under these conditions, the reaction mixture
contained up to 15% of unconsumed dialkyl phosphoro-
chloridite 2 or 3. Major diastereomer 5" prepared by the
reaction of phosphite 3 was isolated in pure form.

At the same time, benzylideneaminophosphonate 6
was isolated from the reaction mixture, which was pre-
pared by the reaction with the use of a small excess of
salt 1. Compound 6 is, appar-
ently, the primary reaction

. [ _
p'roducF. In addition, the reac- Ph N P(OPr),
tion mixture always contained Y
up to 10% of dialkyl phosphites Ph
(RO),P(O)H easily identifiable 6

by 3P NMR spectroscopy
(3p 4.50 and 8.50, Jy p = 680 Hz).

The mechanism of this reaction requires additional
study. Apparently, this process involves oxidative decar-
boxylation of o-benzylideneaminocarboxylic acids.$?
Thus, CO, was eliminated from the reaction mixture,
which was detected both visually and by the qualitative
reaction with lime water.

Unfortunately, the reaction with sodium L-(—)-/N-ben-
zylidenevalinate is accompanied by racemization of the
optically active center of the a-amino acid. The specific
rotation of the crude material (after removal of the pre-
cipitate and the solvent) obtained by the reaction of 1
with 2 (in a ratio of 1 : 1) was [a]p? —2.70 (¢ 3.59,
CHC,), and the specific rotation of the product prepared
by the reaction of 1 with 3 (in a ratio of 1 : 2) was
[a]p2® —4.71 (c 3.58, CHCI;). For comparison, the spe-
cific rotation of the starting compound 1 is [ot] n2° —63.60
(¢ 2.12, methanol). After chromatographic purification,
the reaction products have no optical activity. Appar-
ently, racemization of the chiral carbon atom of the amino
acid occurs in early steps of the reaction, and the forma-
tion of the first P—C bond occurs non-enantioselectively.
The observed diastereoselectivity is conditioned by the
addition of the second equivalent of phosphite to the
imine fragment giving rise to the second chiral center.
The diastereomer ratio is approximately equal to that ob-
tained in the reaction with racemic compound 1.

It should be noted that we prepared analogous prod-
ucts (4 and 5) by the reaction of N-benzylidenevaline
trimethylsilyl ester with diisopropyl phosphorochloridite.
Apparently, this reaction afforded also products with a
structure of piperazine-2,5-dione (analogous compounds
were prepared as the major products by the reactions of
dialkyl phosphorochloridites with sodium N-benzylidene-
glycinate). The NMR spectra of the reaction mixtures
and intermediate fractions isolated by column chroma-
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tography show signals, which could belong to these prod-
ucts (singlets at 8p 17—18 in the 3'P NMR spectrum and
doublets at 8y ~5—6 with 2/ p = 20 Hz in the 'H NMR
spectrum).® However, attempts to isolate these product in
pure form failed because of low yields and difficulties of
chromatographic separation.

To conclude, the above-described reaction provides
the straightforward replacement of the carboxy group in
o-aminocarboxylic acids with the phosphonic group and
makes it possible to synthesize isostructural o-amino-
phosphonates directly from the corresponding o-benzyl-
ideneaminocarboxylic derivatives. The close precedents
of the direct transformation of amino acids into the corre-
sponding phosphonates are scarce in the literature10—12
and have limitations.

Experimental

The 3'P{!H} NMR spectra were recorded on a CXP 100
spectrometer in CDCl; with 85% H;PO, as the external stan-
dard. The '"H NMR spectra were measured on an AVANCE-600
instrument in CDCI;. The '3C NMR spectra were recorded on a
Bruker MSL-400 instrument in CDCl;. The IR spectra were
measured on a Vector 22 Fourier-transform IR spectrometer
(Bruker) in a thin layer. The EI mass spectra (70 eV) were
obtained on a Finnigan MAT TRACE MS instrument (ion source
temperature was 200 °C, direct inlet of the sample, the evapora-
tor tube was heated from 35 to 150 °C with a step of 35 °C min™!).
The mass-spectrometric data were processed using the Xcalibur
program. The CI mass spectra were obtained on a Finnigan
MAT-212 instrument (pentane as the reagent gas, direct inlet of
the sample, the ion source temperature was 120 °C, the tem-
perature of the evaporator tube was 100—200 °C). The mass-
spectrometric data were processed using the MASPEC 32
system program. The optical rotation was measured on a
Perkin—Elmer 341 polarimeter.

Sodium salt 1 was prepared by the reaction of (*)- and
L-(+)-valine with benzaldehyde in an aqueous-ethanolic solu-
tion.” For the L-(+)-valine derivative, m.p. 280 °C, [a] 2’ —63.60
(¢ 2.12, methanol).

N-(1-Dialkoxyphosphoryl-2-methylpropyl)- V-(1-dialkoxy-
phosphorylbenzyl)amines 4°, 4” and 57, 5” (general procedure).
An equimolar amount of dialkyl phosphorochloridite 2 or 3 in
CHCl; (5 mL) was added with stirring to a suspension of sodium
N-benzylidenevalinate (1) (1.00 g, 4.4 mmol) in anhydrous
CHCIlj; (20 mL) at ~20 °C. The reaction mixture was stirred for
4 h and then allowed to stand for ~24 h. The precipitate that
formed was filtered off and the filtrate was concentrated. The
residue was chromatographed on SiO, (Chemapol, L 100/160
mesh) in the 1 : 4 acetonitrile—toluene system, the eluate was
monitored by TLC on Silufol UV-254 plates. After chromatog-
raphy, the total yield of products 4°, 4” and 57, 5” was 33 and
35%, respectively. In the reaction of compound 1 with 3 in a
ratio of 1 : 2, the total yield of products 57, 5” increased to 54%,
and the major isomer 5 was isolated in the individual state by
chromatography (12% yield).

N-(1-Diethoxyphosphoryl-2-methylpropyl)- V- (1-diethoxy-
phosphorylbenzyl)amine (4) (mixture of diastereomers 4 and 4”).
Colorless viscous oil, np2% 1.5110. Found (%): C, 52.40; H, 8.03;

N, 3.32; P, 14.26. C;gH35NO4P,. Calculated (%): C, 52.41;
H, 8.10; N, 3.22; P, 14.23. 'H NMR, &: 0.89—1.35 (m, 18 H,
OCH,CH;, CH(CH3), (47, 47)); 2.02—2.20 (m, | H, CH(CH3;),
(47, 47)); 2.54 (dd, 0.25 H, PriCHN, 2JH’P = 10.2 Hz, 3JH’H =
3.1 Hz (4”)); 2.87 (dd, 0.75 H, PriCHN, 2JH,p = 18.3 Hz,
3-’1—1,1—1 = 3.1 Hz (47)); 3.77—4.15 (m, 8 H, OCH,CH; (4", 4”));
4.26 (d, 0.75 H, PhCHN, 2JH,P = 18.0 Hz (47)); 4.62 (dd,
0.25 H, PhCHN, 2JH’p = 19.2 Hz, 4JH’p = 3.9 Hz (47));
7.10—7.44 (m, 5 H, Ph (4", 47)). 3P NMR, &: 23.01 and 26.76
(both d, 4Jp(1),P(2) = 7.4 Hz (47)); 23.11 and 27.68 (both s (4”)).
The integral intensity ratio of the signals of 4" and 4” was 3 : 1.
IR, v/em~!: 1026, 1051 (P—O—C), 1245 (P=0), 3469 (NH).
MS (EI, 70 eV), m/z (I (%)): 435 [M]" (1.0), 298
[M — (EtO),PO]* (73.5), 242 [M — (EtO),PO — Et — Et']*
(51.5), 161 [M — (EtO),PO — (EtO),PO’]" (100). MS (CI,
200 eV), m/z (I (%)): 436 [M + H]™ (100).

N-(1-Diisopropoxyphosphoryl-2-methylpropyl)- V- (1-diiso-
propoxyphosphorylbenzyl)amine (5) (mixture of diastereomers 5~
and 5”). Colorless viscous oil, np2? 1.5011. Found (%): C, 56.23;
H, 8.70; N, 2.83; P, 12.60. C,3H43NO¢P,. Calculated (%):
C, 56.20; H, 8.82; N, 2.85; P, 12.60. 'H NMR, &: 0.91—1.35
(20d, 30 H, OCH(CH;),, CCH(CH,),, */yy y = 6.5 Hz (57, 5"));
2.05—2.21 (m, 1 H, CCH(CH;), (57, 5”)); 2.46 (dd, 0.15 H,
PriCHN, 2JH,P = 10.4 Hz, 3JH’H = 2.1 Hz (5”)); 2.86 (dd,
0.85 H, PriCHN, 2JH,P =18.3 Hz, 3JH’H =3.1Hz(5"));4.30(d,
0.85 H, PhCHN, 2JH,P =18.3Hz (5")); 4.45—4.79 (m, 4.15 H,
OCH(CH;), (57, 5”) and PhCHN (5”)); 4.62 (dd, 0.15 H,
PhCHN, 2JH,P =19.2 Hz, 3JH’P = 3.9 Hz (5”)); 7.15—7.48 (m,
5 H, Ph (57, 57)). 3'P NMR, &: 21.72 and 25.34 (both d,
4JP(1)’P(2) = 7.4 Hz (57)); 21.85 and 26.21 (both s (5”)). The
integral intensity ratio of the signals of 5" and 5” was 5 : 1. IR,
v/em~L: 1024 (P—0O—C), 1245 (P=0), 3464 (NH). MS (EI,
70 eV), m/z (I (%)): 492 [M]* (3.4), 326 [M — (Pr'0),PO]*
(80.5), 270 [M — (Pri0),PO — Et — Et’]* (46.0), 160
[M — (Pri0),PO — (Pri0),POH]" (100). MS (CI, 200 eV),
m/z (I (%)): 492 [M + H]* (100).

Diastereomer 5°. White crystals, m.p. 188—190 °C.
TH NMR, &: 1.03—1.30 (10 d, 30 H, OCH(CHj;),, CCH(CH;),,
3JH’H = 6.5 Hz); 2.11—2.21 (m, 1 H, CCH(CHj;),); 2.86 (dd,
1 H, PriCHN, 2JH,P =18.3 Hz, 3JH’H =3.1Hz);4.30(d, 0.85H,
PhCHN, 2JH,P = 18.3 Hz); 4.49—4.71 (m, 4 H, OCH(CH,;),);
7.15—7.48 (m, 5 H, Ph). 3'P NMR, &: 21.7 and 25.3 (both d,
4JP(1)’P(2) = 7.4 Hz). 3C NMR, §&: 18.74 (s, CCH(CHs),);
20.24 (d, CCH(CHy),, 3JC’p = 10.6 Hz); 22.64—24.49 (m,
OCH(CHs),); 28.66 (s, CCH(CHj;),); 58.40 (dd, PriCHP,
‘JC,p = 55.2 Hz, 3Jc,1>' = 10.2 Hz); 59.90 (dd, PCHPh, 1JC,P =
49.9 Hz, 3JC,P' = 13.2 Hz); 127.96—136.00 (m, C arom.).

0,0-Diisopropyl (benzylideneamino)(phenyl)methanephos-
phonate (6) was prepared according to an analogous reaction,
1:3=1.1:1,in 9.4% yield, colorless viscous oil, np20 1.5211.
Found (%): C, 66.82; H, 7.25; N, 3.88; P, 8.64. C5yH,,NO;P.
Calculated (%): C, 66.84; H, 7.29; N, 3.90; P, 8.62. 'H NMR,
&: 1.18, 1.21, 1.25, and 1.27 (all d, 12 H, OCH(CH3;),, 3JH’H =
6.3 Hz); 4.61—4.68 (m, 2 H, OCH(CH5;),); 4.87 (d, 1 H, PCH,
2JH,P = 18.8 Hz); 7.25—7.84 (m, 10 H, Ph); 8.41 (d, 1 H,
PhCHN, 4JH,P = 4.7 Hz). 3'P NMR, &: 18.60. 13C NMR,
&: 23.71, 23.90, 24.13, and 24.30 (all d, 2 OCH(CH;3), +
2 OCH(C'Hj),, 3Jc,1> = 6.6 Hz and 3Jc,1> = 4.0 Hz, respec-
tively); 71.66 and 71.73 (both d, OCH(CHj3;), + OC H(CHj),,
2JC,p =9.3Hz);73.95(d, CP, Jc p = 255.2 Hz); 127.60—136.88
(m, C arom.); 164.0 (d, C=N, JC,P = 15.9 Hz). IR, v/cm™ L
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989—1072 (P—O—C), 1249 (P=0), 1639 (C=N).
MS (EI, 70 eV), m/z (I (%)): 359 [M]* (0.2), 194
[M — (Pri0),PO]* (100).

This study was financially supported by the Russian
Foundation for Basic Research (Project No. 03-03-
33082), the Foundation for Scientific Research and Ex-
perimental Development of the Republic of Tatarstan and
the Academy of Sciences of the Republic of Tatarstan
(Joint Grant No. 07-7.2-129/2002), and the Presidium of
the Russian Academy of Sciences (Program of Scientific
Research "Directed Synthesis of Compounds with De-
sired Properties and Design of Functional Materials on
Their Basis," 2003—2005).

References

1. Chemistry and Biochemistry of the Amino Acids, Ed. G. C.
Barrett, Chapman and Hall, London—New York, 1985,
684 pp.

2. G. M. Coppola and H. F. Schuster, Asymmetric Synthesis:
Construction of Chiral Molecules Using Amino Acids, J. Wiley,
New York, 1987, 416 pp.

3.

wn

11.

12.

V. P. Kukhar and H. R. Hudson, Aminophosphonic and
Aminophosphinic Acids: Chemistry and Biological Activity,
J. Wiley and Sons, New York, 2000, 634 pp.

. P. Kafarski and B. Lejczak, Phosphorus Sulfur, 1991, 63, 193.
. O. I. Kolodiazhnyi, Tetrahedron Asimmetry, 1998, 9, 1279.
. M. N. Dimukhametov, M. A. Abaskalova, E. Yu. Davydova,

E. V. Bayandina, A. B. Dobrynin, I. A. Litvinov, and V. A.
Alfonsov, Mendeleev Commun., 2004, 196.

V. A. Knizhnikov, O. P. Azizbekyan, and V. M.
Prishchepenko, Zh. Obshch. Khim., 2003, 73, 1529 [Russ.
J. Gen. Chem., 2003, 73 (Engl. Transl.)].

.C. L. Hawkins and M. J. Davies, J. Chem. Soc., Perkin

Trans., 1998, 2, 1937.

.A. F. Al-Sayyab and A. Lawson, J. Chem. Soc. C, 1968, 406.
. R. C. Corcoran and J. M. Green, Tetrahedron Lett., 1990,

31, 6827.

V. S. Brovarets, K. V. Zyuz’, L. V. Budnik, V. A. Solodenko,
and B. S. Drach, Zh. Obshch. Khim., 1993, 63, 1259 [Russ.
J. Gen. Chem., 1993, 63 (Engl. Transl.)].

U. Schmidt, G. Oehme, and H. Krause, Synth. Commun.,
1996, 26, 777.

Received July 22, 2004,
in revised form February 3, 2005





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


