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Abstract

Mono-Schiff base Co'! complexes, CoL,'-CoL,°® with aza-crown or morpholino pendants were synthesized. The O,
uptake of these complexes in MeOCH,CH,OMe solution was determined at different temperatures, and the
equilibrium constants (KO,) and thermodynamic parameters (AH’, AS°) for oxygenation were calculated. The
corresponding Mn'™ complexes, MnL,'CI-MnL,°Cl, were employed to catalyze epoxidation of styrene at ambient
temperature and pressures. Crown ether effects on the modulation of O,-binding capability and the catalytic
oxidation of styrene are discussed. The results indicate that the dioxygen affinities of the Co" complexes are much
more enhanced by aza-crown pendants than that by morpholino pendants, and the O,-binding capabilities of
CoL,'-CoL,® with aza-crown pendants can also be enhanced by adding alkali metal (Li", Na* and K *) cations;

similarly, the catalytic activities of the Mn'"
than those of the Mn"!

Introduction

Studies on dioxygen binding to transition metal com-
plexes are of intrinsic importance, and provide opportu-
nities to address the fundamental issues of biological
oxygen carriers and oxygenases. Since 1938, when Tsu-
maki [1] reported that Schiff base-Co'' complexes pos-
sess the ability to activate various molecules, especially
molecular oxygen coordinated in the axial position,
transition metal complexes of Schiff bases have been
one of the most successful classes of synthetic oxygen
carriers due to their structural similarity to those found
in biological systems [2, 3]. In the past decades, a num-
ber of reports have appeared on Schiff base complexes
as models for oxygen carrying metalloenzymes [4] and
oxygenases [5], such as hemoglobin and cytochrome P-
450 enzymes, which play important roles in the catalytic
oxidation of various organic compounds [6]. Various
Schiff base complexes as cytochrome P-450 models have
been employed for the catalytic oxidation of olefins to
epoxides and aldehydes [7-9]. However, to the best of
our knowledge, very limited studies on the oxidation
catalyzed by aza-crown substituted Schiff base com-
plexes have been reported to date. Crown rings could
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complexes with aza-crown pendants, MnL,'Cl-MnL,Cl, are higher
complexes with morpholino pendants, MnL,*Cl-MnL,°Cl.

endow functional molecules with novel performance
and character, due to the hydrophobicity of the outer
ethylene groups and orderly arrangement of inner oxy-
gen atoms [10, 11]. Moreover, crown ether-containing
Schiff bases are known to bind cations in the crown
ether cavity in addition to the coordination of a transi-
tion metal center through the N,O, donor atoms.
Co-complexation of a hard cation close to the transi-
tion-metal center is believed to play an important role in
perturbing its oxygen-binding properties [12]. Recent
studies have indicated that crown ether-containing
Schiff base complexes show much improved O,-binding
and catalytic epoxidation activity due to the special con-
figuration and function of the crown ether ring [13]. A
previous paper has reported the synthesis of MnL,"Cl
(n = 1-6) (see Figure 1) and the homogeneous direct
catalytic oxidation of p-xylene to p-toluic acid by air in
the presence of MnL,"Cl under mild conditions [14]. In
connection with further research aimed at the effects of
an aza-crown ring appended in Schiff base complexes,
and the effect of added alkali metal ions on O,-binding
activity and catalytic epoxidation performance of Schiff
base Mn'"' complexes, we now report on the synthesis
and dioxygen affinities of CoL," (n = 1-6) (see Fig-
ure 1), and the homogeneous catalytic epoxidation of
styrene by aza-crown substituted Schiff base Mn"! com-
plexes MnL,"Cl.



Experimental
General methods and materials

M.p’s. were determined on a Yanaco MP-500 micro-
melting point apparatus and are uncorrected. L.r. spec-
tra were recorded on a Nicolet-1705X spectrometer.
Mass spectra were obtained on a Finnigan LCQ PFCA
spectrometer. Metal ion contents were measured using
an IRIS-Advantage ICP emission spectrometer. Other
elemental analyses were performed on a Carlo Erba
1106 elemental analyzer. Molar conductances were
obtained on a DDS-11A conductivitymeter in DMF
solution (1.0 x 107 mol I""). Molar Magnetic Suscep-
tibilities were obtained on a T3-200 magnetic balance at
25 °C. G.c. analyses were carried on a Varian CP-3800
gas chromatograph (OV-1 column).

Materials

Mono-Schiff base ligands HL'-HL® and their Mn'"!
complexes, MnL,'Cl-MnL,°Cl, were synthesized
according to the literature [14]. Styrene, 1,2-epoxyeth-
ylbenzene were purchased from Sigma Chemical Co.
All other analytical grade reagents were purchased
from China and used without further purification.

General methods for preparation of the cobalt
complexes

A solution of the ligand (2.0 mmol) and Co(AcO),
4H,0 (1.1 mmol) in EtOH (15 cm?®) was stirred for 2 h
under a N, atmosphere at 70 °C, then the mixture was
cooled, filtered, and washed with EtOH to give the
complexes. The pure product was obtained after
recrystallization from EtOH.

CoL,": purple, 84% yield, m.p. 225-257 °C; L.r.
(KBr, cm™") v 2964, 2860, 1608, 1598, 1500, 1254,
1131, 1049 cm™'; ESI-MS m/z: 1107 (M * + 1); (Found
C 62.8, H 5.6, N 5.2, Cl1 6.3, Co 5.4. CsgHgIN40,Cl,.
Co caled.: C 629, H 5.8, N 5.1, ClI 6.4, Co 5.3%).
Am(S cm? mol™"): 9.53. specify Molar magnetic suscep-
tibility ym = 7.15x 1072 J mol™" T™%, magnetic mo-
ment f, = 3.83x 1072 7 T\

CoL>* purple, 78% yield, m.p. 231-233 °C; Lr.
(KBr, cm™) vmax: 2930, 2856, 1611, 1601,1500, 1250,
1132, 1052 ecm™'; ESI-MS m/z: 1148 (M + 1); (Found
C 587, H 52, N 48 Cl 123, Co 5.3.
C56H58N4010C14C0 caled.: C 586, H 51, N 49,
Cl 12.4, Co 5.1%). An(S cm® mol™): 8.92. Molar
magnetic susceptibility yy = 7.01 x 1072 J mol™' T~2,
magnetic moment u, = 3.79 x 1073 J T~

CoL,*: purple, 84% yield, m.p. 262-264 °C; IL.r.
(KBr, cm™") v 3442, 2934, 2858, 1610, 1600, 1502,
1250, 1133, 1050 cm™'; ESI-MS m/z: 1237 (M* +1);
(Found C 54.6, H 4.5, N 44, Cl 5.5, Br 12.8,Co 4.6.
Cs6HssN4O19ClLBr,Co caled.: C 54.4, H 4.7, N 4.5, Cl
5.7, Br12.9, Co 4.8%). An(S cm? mol™"): 9.36. Molar
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magnetic susceptibility yy = 6.86 x 1072 J mol™' T2,
magnetic moment g, = 3.75x 107 J T™".

CoL>*: purple, 79% yield, m.p. 162-164 °C; Lr.
(KBr, ecm™) v 2960, 2855, 1609,1600, 1500, 1253,
1194, 1122 em™'; ESI-MS m/z: 747 M ' +1); (Found
C 61.3, H 5.5, N 7.3, C1 9.3, Co 7.7. C33H49N404Cl,.
Co caled.: C 61.1, H 54, N 7.5, Cl 9.5, Co 7.9%).
Am(S cm? mol™"): 10.15. Molar magnetic susceptibility
ym = 6.57x 1072 I mol™ T, magnetic = moment
fm = 3.67x1072 7T

CoL,: purple, 79% yield, m.p. 157-159 °C; L.r.
(KBr, em™") v 2940, 2855, 1611, 1600, 1501, 1254,
1200, 1121 cm™'; ESI-MS m/z: 788 (M " +1); (Found
C 54.8, H 4.2, N 7.3, C1 17.9, Co 7.6. C36H34N404Cl,4.
Co caled.: C 549, H 4.3, N 7.1, Cl 18.0, Co 7.5%).
Am(S cm? mol™"): 12.15. Molar magnetic susceptibility
v = 625x 102 Tmol™' T magnetic ~moment
Un = 3.58x 1072 7T\,

CoL>®: purple, 79% yield, m.p. 167-169 °C; Lr.
(KBr, em™") v 2937, 2850, 1611, 1600, 1500, 1251,
1196, 1118 cm™'; ESI-MS m/z: 877 (M * +1); (Found
C 492, H 4.0, N 6.3, Cl 8.3, Br 184, Co 6.8.
C36H34N404ClL,Br,Co caled.: C 49.3, H 3.9, N 6.4, Cl
8.1, Br 18.3, Co 6.7%). Am(S cm? mol™"): 12.60. Molar
magnetic susceptibility yy = 6.08 x 107 J mol™ T2,
magnetic moment u, = 3.53x 107 J T

Oxygen uptake

The oxygenation constants and thermodynamic
parameters of CoL,'-CoL,® were determined using
standard equipment and method [15]: diglyme (satu-
rated with O,) as solvent, 1.0 mol dm™ of pyridine
(saturated with O,) as axial ligand (B), complex con-
centration 5x 107> mol dm™>, 9.7 x 10* Pa of O, par-
tial pressure. The equilibrium constant (KO,) was
calculated as follows:

CoL + B = CoLB
CoLB + O, = CoLBO,

_ [CoLBO,]
27 [CoLB]- PO,

Where complexes are expressed in terms of molarities
and the dioxygen concentration is expressed as partial
pressure (PO,) in Torr. AH® and AS° were calculated
from equations AG® = —RTIn KO, and TAS® =
AH® - AG°. Thermodynamic parameters AH®, AS° for
oxygenation were determined from variation of KO,
and KO, over a range of temperatures.

Catalytic epoxidation of styrene

The reaction system of styrene epoxidation catalyzed
by MnL,Cl is as follows: to a solution of MeCN
(5 cm?) containing PhCH=CH, (0.5 mmol), PhBr
(0.5 mmol, as internal standard), imidazole (0.05 mmol,
as axial ligand) and MnL,ClI catalyst (0.02 mmol), The
PhIO (1.0 mmol) was added, the suspension was sealed
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and stirred vigorously for 1 h at 20 °C. The oxidation
products were identified by g.c. analyses and confirmed
by MS.

Results and discussion
Synthesis

Compared with the i.r. spectrum of the free ligand
[14], those of the Schiff base Co'' complexes,
CoL,'-CoL,®, were almost at the same frequencies,
except for the C=N stretching vibration which was
shifted 11-16 cm™' to lower frequency and also
showed an intensity greater compared to the free li-
gand. The absence of a OH stretching vibration
(~3440 cm™") in the complexes indicated deprotona-
tion of OH in the ligand upon complex formation,
suggesting the formation of a N—O—Co coordination
bond. The C—O-C stretching vibrations in the crown
ether ring for the complexes were at almost the same
frequency as for the free ligand. These facts suggest
that the cobalt only interacts with the Ar—-OH and
CH=N groups [16]. The observed molar conductances
of the complexes in DMF solution (1.0 x 1072 mol 1)
at 25°C showed that these mono-Schiff base Co'' com-
plexes were non-electrolytes [17]. The molar magnetic
susceptibility yp and magnetic moment u, of the
Icomplexes CoL,'-CoL,°® indicated that cobalt has
three non-paired electrons. These observations indicate
that the cobalt in these complexes is divalent. The
ESI-MS Mass spectra and elemental analysis of the
complexes indicated that HL'-HL® all formed 2:1(li-
gand/metal) complexes (CoL,). We therefore suggest a
structural formula for these Schiff base cobalt com-
plexes as in Figure 1.

Dioxygen affinity of the cobalt (1) complexes

The equilibrium constants (KO,) and thermodynamic
parameters AH° and AS° for oxygenation of
CoL,'-CoL,° are listed in Table 1. The dioxygen affin-
ities of these complexes were influenced greatly by
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Fig. 1. the structures of the Schiff base complexes.

both the temperature and the structures of the Schiff
base ligand. Higher temperature results in a smaller
oxygenation constant, perhaps due to reduced solubil-
ity of O, at higher temperature. Furthermore, CoL,',
CoL,? and CoL,’ containing an aza-crown pendant
group show much more enhanced dioxygen affinity
than CoL,* CoL,’ and CoL,® which possess morpho-
lino pendant. The results can be attributed to the mac-
rocycle effect of the crown ring rather than the
electron-donating effect of the nitrogen methylene
(NCH,) on the aromatic ring of the ligand, because
the crown ring possesses a special configuration and
probably favors the oxygen molecule’s approach to the
coordinated cobalt(I) of complexes, helping the
Co—-0O; bond to form through its hydrophobicity ethyl-
ene groups and orderly arrangement of inner azaoxa
atoms [18].

It is interesting that the addition of alkali metal salt
(nitrate/CoL," (n = 1-6) = 2:1 mol/mol) to the reac-
tion system can enhance the O,-binding capability of
CoL,!, CoL,? and C0L32W but not of CoL,* CoL,’
and CoLS%. This suggests that alkali metal ions im-
prove the O,-binding capability only when they are
coordinated with the crown ring of the complexes. Ta-
ble 1 indicates that the KO, of complexes containing
an aza-crown pendant is significantly enhanced by
adding excess NaNO;. However, the enhancement by
adding an equal quantity of LiNO; or KNOj is very
limited. This may be because the Li " ion(d = 1.36 A)
is too small to match the cavity size of aza-15-crown-5
(d = 1.7-2.2 A), whereas K ion (d = 2.66 A) is too
large, and Na™® ion (4 = 1.90 A) matches well with
the cavity size of aza-15-crown-5 [19] and so facilitates
the formation and stabilization of the Co-O,.

Styrene epoxidation catalyzed by the manganese(I1l)
complexes

In order to investigate the effect of the pendant crown
ether ring on the performance of the complexes as
mimics for monooxygenases in catalytic oxidation,
the MnL,'CI-MnL,°Cl complexes were employed to
catalyze the epoxidation of styrene in the presence of

R CH:N@X o
[cayialle
e ™S ]

e}
N
[oj X@N:HC R
(b)
M=MnCI or Co
L4 R=Cl, X=Me;

L5 R=Cl, X=Cl;
L8 R=Br, X=Cl



Table 1. Equilibrium constants and thermodynamic parameters for
oxygenation of CoL,
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Table 2. Epoxidation of styrene catalyzed by Schiff base manga-
nese(IIT) complexes®

Complex B  T7T(°C) Ions In KO, AH° AS° Complex Conversion Epoxidation Selectivity TOF
added (mm™) (kJ mol™) (JK™' mol™) (Wt%)® yield (%) (%) )
CoL,! Py -5 / -327 =354 -159.2 MnL,!Cl 44.4 42.1 94.8 222
0 / -3.56 MnL,2Cl 42.5 40.2 94.6 21.3
10 / —-4.11 MnL,’Cl 41.2 38.8 94.2 20.6
25 / —4.85 MnL,*Cl 20.2 17.1 84.7 10.1
10 LINO; —4.05 MnL,>Cl 19.8 16.9 85.4 9.9
10 NaNO; -3.29 MnL,°Cl 18.5 15.6 84.3 9.3
10  KNO; —-3.95 —
CoL,? Py -5 / 346 —328 —151.1 Reactiontime = 1 h; TOF = turnover frequency (mole PhCH = CH,
0 / ~3.73 converted per mol of catalyst per hour).
10 / _4.24 ®Conversion determined by G.C. using an internal standard.
25 / —4.94
10 LINO; -—4.16 . . . .
10 NaNO; —3.45 formation and protection of the active species
10 KNO; -4.11 O = Mn(V) [20]. The influence of the structure of the
Col,’ Py -5 -320 -365 -162.9 pendant group on the catalytic activities of the manga-
(1)0 / - 431.30 nese(I1I) complexes seems similar to the effects on the
25 ; ~ 4'82 O,-binding capabilities of the cobalt(I) complexes
10 LiNO, —401 with the same ligands.
10 NaNO; -3.25
10 KNO; -3.91
CoL,* Py -5 | -515  -26.6 ~142.0 Conclusions
0 / -5.37
0 -5.78 .
3 —6.35 This study demonstrates that the presence of a pen-
10 LiNO; —5.74 dant crown ether group in the Schiff base complexes
10 NaNO; -5.71 significantly improves the O,-binding capabilities of
; 10 KNO; =573 cobalt(Il) complexes and the catalytic epoxidation per-
CoL, Py -5 / -521 =257 -139.0
0 ) _542 formance of manganese(III) complexes. The aza-crown
0 _5%) pendants exhibit a more significant enhancement of
25 / -6.37 both of these capabilities. The addition of alkali metal
10 LiNO; -5.80 (Na™t) enhances the O,-binding capability of CoL,',
10 Nal\é03 ‘5-7; CoL,? and CoL,’; on the contrary, the phenomenon
6 10 KNO; =37 was not observed for CoL,*, CoL,’ and CoL,’. This
CoL,® Py -5 502 -28.1 ~146.6 . ) . )
0 / — 525 difference is attributed to the macrocyclic effect of ben-
10 / -5.69 zoaza-crown ether ring, which enlarge the steric hin-
25 / -6.29 drance around the coordinated cobalt(Il) or
10 LiNO;  -5.65 manganese(I11) of the complexes, and so prevents the
10 NaNO; -5.61 . . . X
complexes being oxidized to the u-oxodimer and losing
10 KNO; -5.63

iodosylbenzene and excess imidazole, as the axial li-
gand, at normal pressure and 20 °C. No reaction oc-
curs in the absence of PhIO, it shows there is no
aerobic oxidation and PhIO acts as the single-oxygen
donor. Styrene is readily oxidized in the presence of
Schiff base manganese(IIl) complexes. As illustrated in
Table 2, the data indicate that crown ether rings bon-
ded to Schiff base manganese(II) complexes affected
the results of the oxidation of styrene. Both conversion
of styrene and the selectivity of the reaction are im-
proved by pendant substituents. The aza-crown substi-
tuted MnL,'Cl, MnL,?Cl and MnL,*Cl showed more
than twice the conversion of MnL,*Cl, MnL,°Cl or
MnL,°Cl. The results may be due to the benzoaza-
crown ecther ring providing greater steric hindrance
than does the morpholino group and, more impor-
tantly, providing a hydrophobic microenviron-
ment around the catalytic center so as to favor the

activity. The hydrophobicity of the outer ethane
groups and orderly arrangement of the inner azaoxa
atoms of the crown ether ring are favorable for the
formation and protection of active species of oxygena-
tion and epoxidation.

Acknowledgements

The authors gratefully acknowledge financial support
from the China National Natural Science Foundation
(No: 20072025) and Key Project of Sichuan Province
Education Office (No: 2005D007).

References

1. T. Tsumaki, Bull. Chem. Jpn., 13, 252 (1938).
2. R.D. Jones, M.D.A Summerville and F. Basolo, Chem. Rev., 79,
139 (1979).



1070

[N

I1.

12.

13.

S v ® o

. D.H. Busch and N.W. Alcock, Chem. Rev., 94, 585 (1994).
. M. Momenteau and C.A. Reed, Chem. Rev., 94, 659 (1994).
. K. Srinivasan, P. Michaud and J.K. Kochi, J. Am. Chem. Soc.,

108, 2309 (1986).
M.J. Gunter and P. Turner, Coord. Chem. Rev., 108, 115 (1991).

. W. Zhang and E.N. Jacobson, J. Org. Chem., 56, 2296 (1991).

. P. Pietikainen, Tetrahedron Lett., 35, 941 (1994).

. K. Irie, N. Hosoya and T. Katsuki, Synlett., 1, 55 (1991).

. H. Hachisako, H. Thara, T. Kamiya, C. Hirayama and K. Ya-

mada, J. Chem. Soc. Chem. Commun., 1, 19 (1997).

A. Galon, D. Andreu, A.M. Echavarren, P. Prades and J. de
Mendoza, J. Am. Chem. Soc., 114, 1511 (1992).

R.J.M.K. Gebbink, C.F. Martens, M.C. Feiter, K.D. Karlin and
R.J.M. Nolte, Chem. Commun., 4, 389 (1997).

W. Zeng, J.Z. Li and S.Y. Qin, Inorg. Chem. Commun., 9, 10
(2006).

14

15.
16.

17.
18.

20.

. Y. Yan, J.Z. Li, K.B. Li, B. Zhou, W. Zeng and S.Y. Qin, Tan-
sition Met. Chem., 31, 286 (2006).

D. Chen and A.E. Martell, Inorg. Chem., 26, 1026 (1987).

W. Zeng, J.Z. Li, Z.H. Mao, Z. Hong and S.Y. Qin, Adv. Synth.
Catal., 346, 1385 (2004).

W.J. Geary, Coord. Chem. Rev., 7, 81 (1971).

X.X. Lu, S.Y. Qin, Z.Y. Zhou and V.W. Yam, Inorg. Chim. Acta,
346, 49 (2003).

. F. Vogtle, E. Weber and U. Elben, Kontakte (Darmstadt), 2, 36
(1980).

X.X. Lu, H.B. Li, W. Zeng, H. Yang and S.Y. Qin, Chin. Chem.
Lett., 11, 1053 (2000).

TMCH 6589




<<
  /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
  ]
  /NeverEmbed [ true
  ]
  /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


