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Abstract: The paper presents the synthesis of 1,2,3,7-tetraaryl-1,2,3,4-tetrahydropyrimido[4,5-d]pyrimidines.
The structures of the obtained compounds were confirmed by crystallographic and spectroscopic analyses, and
their antibacterial activity was tested on 9 selected strains, comparing chemical structure changes with increased
microbiological activity. It was confirmed that aromatic residues in the hydrogenated pyrimidine ring consti-
tute a significant element influencing antibacterial activity. Electronegative radicals increase microbiological
activity, but decrease solubility of the compounds. Therefore, substituents should be selected in a manner ensur-
ing a balanced effect. The presented crystal structure of 6f includes two stereoisomers, which we decided to iso-
late and compare the microbiological properties in further studies.
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Our earlier studies on the synthesis and biolog-
ical properties of pyrimidine derivatives demonstrat-
ed that these systems reveal extremely potent bio-
logical activity. Pyrimidine derivatives have been
found to exhibit cytostatic (1-3), immunomodulat-
ing (4, 5) and antibacterial properties (6—12). In par-
ticular, studies concerning the synthesis of pyrimi-
do[4,5-d]1,3-oxazines (13) showing considerable
similarity to quinoline chemotherapeutic agents
with an antibacterial effect already in the use, e.g.,
piromidic and pipemidic acids, encouraged us to
further work leading to replacement of the pyrimi-
do[4,5-d]1,3-oxazine system with the pyrimido[4,5-
d]pyrimidine system (Fig. 1). In the continuation of
our search for more potent antibacterial agents, we
have documented that 4-arylamine-6-methyl-2-
phenyl-5-aminomethylpyrimidine and 1,2,3,4-
tetrahydropyrimido[4,5-d]pyrimidine derivatives,
especially possessing three strongly electronegative
substituents attached to phenyl rings, exhibited good
antibacterial activity (14). With this background in
mind, in the present study, we report the synthesis
and antibacterial properties of the new derivatives
(6a-61) and the crystal structure of 1-(4-

chlorophenyl)-3-(4-ethoxyphenyl)-5-methyl-2-(4-
nitrophenyl)-7-phenyl-1,2,3,4-tetrahydropyrimi-
do[4,5-d]pyrimidine (6f).

RESULTS and DISCUSSION

The starting substrates in our investigations
were 4-arylamino-6-methyl-2-phenyl-5-pyrim-
idinecarboxylic acids 1, which were reduced with
LiAIH, [4] The obtained 4-arylamino-6-methyl-2-
phenyl-5-hydroxymethylpyrimidines 2 were react-
ed with SOCI, to give 2-arylamino-6-methyl-2-
phenyl-5-chloromethylpyrimidines 3. The reaction
of 3 with various aromatic amines yielded 4-ary-
lamino-6-methyl-2-phenyl-5-aminomethylpyrim-
idines 4 and 4-arylamino-5-arylaminomethyl-6-
methyl-2-phenylpyrimidines 5. The obtained 5-
aminomethylpyrimidines 4 and 5§ were cyclized in
a Mannich reaction to give 1,2,3,4-tetrahydropy-
rimido[4,5-d]pyrimidines 6 and 7. It is notable that
Mannich reaction 8 could not be completed while
acting with aromatic aldehydes on primary
amines, and Schiff bases 9 could not be obtained
(Scheme 1).
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Figure 1. Chemical structures of piromidic acid, pipemidic acid, pyrimido[4,5-d]1,3-oxazine system (I and II) and pyrimido[4,5-d]pyrim-

idine system (IIT)

The newly obtained derivatives of 7 were evaluated
for their antibacterial and antifungal activity. The
physical properties of these compounds are shown
in Table 1. The X-ray crystal structure of compound
6f confirms the cyclization reaction. The molecular
structure of 6f with atom-labelling scheme is shown
in Figure 2. The compound 6f crystallizes from ace-
tone-methanol with two independent molecules
(denoted as A and B) in the asymmetric unit. The
conformation of these molecules is rather similar.

X-ray crystallography for 6f

The recrystallization from acetone-methanol
(1:1, v/v) resulted in the formation of needle-shaped
crystals of 6f that were submitted for X-ray analysis.
X-ray data were collected from a single crystal, 0.4
% 0.07 x 0.04 mm, at 100 K using graphite-mono-
chromated Mo-K, (A = 0.71073 A) radiation on a
Kuma KM4CCD k-geometry diffractometer (w-
scan). The instrument was equipped with Oxford
Cryosystems low-temperature devices. The struc-

ture was solved by direct methods using the
SHELXS-97 program and refined by full-matrix
least-squares calculations on F* with SHELXL.-97
(15). Non-hydrogen atoms were refined with
anisotropically thermal parameters. The H atoms
bound to C atoms were included in geometrically
calculated positions, with C-H distances in the range
0.95-1.0 A, and refined using a riding model, with
Ui, (H) = 1.5 U(C) for methyl and 1.2 U, (C) for
the remainder. The asymmetric unit of the crystal
contains two independent molecules: C4;H,3CIN;O;,
M, = 578.05, triclinic, space group P 1, a =
13.033(4), b = 13.783(4), ¢ = 16.707(5) A, o =
73.79(3)°, B =87.64(3)°, y=85.07(3)°, V =2871(2)
A, d . = 1.337, F(000) = 1208, m = 0.177 mm™, Z
=4, 42792 measured reflections (-16 = h = 15, -17
=k=15,-21=1=21), 11901 independent and 5996
observed reflections with / > 20(/) (R, = 0.1111),
759 parameters, R = 0.2156, wR, = 0.1086 for all
reflections, w = 1/[6°(F?) + (0.0155P)*] where P =
(F+ 2F2)/3.
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CCDC 736046 contains the supplementary crystal-
lographic data for this paper. These data can be
obtained free of charge via www.ccdc.cam.ac.uk/
conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223 336033;
e-mail: deposit@ccdc.cam.uk).

Fourteen newly obtained pyrimidine deriva-
tives 6a-61 were investigated microbiologically on
one mycotic and eight bacterial strains: Candida
albicans, Bacillus subtilis, Escherichia coli,
Klebsiella pneumoniae, Proteus vulgaris, Seratia
marcesceus, Pseudomonas aeruginosa, Entero-
coccus faecalis, Staphylococcus epidermidis and
Staphylococcus aureus. The microbiological investi-
gations were based on M-7 and A-5 standards (MIC

>0

7

\EIH OH
A

iol
NH %
St
‘ =
N~ TCH,
5

59

Testing). The MIC (minimum inhibitory concentra-
tion) values were determined and compared to ery-
tromycin as the reference drug. The most significant
results are presented in Table 2.

The cyclization of 5-aminomethylpyrimidines
4, 5 to 1,2,3,4-tetrahydropyramido[4,5-d]pyrim-
idines 6,7 caused a considerable increase in antibac-
terial activity. These pyrimidine derivatives emerge
as potent active antibacterial agents when one
phenyl ring contains a strong electronegative sub-
stituent, such as a chlorine atom. Placement of an
electron-withdrawing group at N-1, C-2 and N-3
aryl rings leads to a decrease in activity, but an
increase in solubility. Compounds possessing three
strongly electronegative substituents attached to
phenyl rings, such as chlorine atoms (compounds 6),

1
R=4-OC,Hj ; 4-OCH,; 4-Cl; 4-F; 3,4-Cl,

R?= H; 4-OC,H 4-OCHj,;4-Cl, 3,4-Cl,

25>

R3=H; 4-N02; 3-NO, ; 4-OH; 2-Cl; 4-Cl
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Scheme 1. Synthesis of 1,2,3-aryl-1,2,3,4-tetrahydropyrimido[4,5-d]pyrimidine derivatives
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Table 1. Physical data of compounds 6a-1.

CH,
. Analysis
Comp R R R} Formula M.p. | Yield cale. found
' 0Oy
(m.w.) O (%) C H N al
6a | 4-OC,H; | CHs-4-OC,Hs | C¢Hs-4-NO, CyHyN;O, | 183-185| 73.5 | 71.53 | 5.66 | 11.92
(587.68) 71.24 | 5.54 | 10.63
6b | 4-OC,H; | CiHs-4-OC,H; | CHs-4-OH CysHyuN,O; | 186-188| 71.4 | 75.24 | 6.13 | 10.03
(558.68) 7543 | 6.46 | 10.24
6¢ 4-OCH; | C¢Hs-4-OCH; | C¢Hs-3-NO, CyHyN,0, |151-153| 82.0 | 70.83 | 5.22 | 12.51
(559.63) 70.59 | 5.32 | 12.59
6d | 4-OCH; | CHs-4-OCH; | CgHs-2-Cl | CyHeN,CIO, |217-219| 75.7 | 72.19 | 5.32 | 10.20| 6.46
(549.07) 72.53 | 5.66 | 10.44| 6.52
6e 4-Cl | CHe4-OCH, | CH,2-Cl | Cy,H,N,CLO |212-214| 81.7 | 69.44 | 473 | 10.12|12.81
(553.49) 69.59 | 4.32 | 10.29|12.52
6f 4-Cl | CiHs-4-OC,H; | CiHs-4-NO, | Cy3HyuN,ClO, | 188-190( 80.0 | 68.57 | 4.86 | 12.11| 6.13
(578.07) 68.94 | 4.53 | 12.33] 6.01
6g 4-F CH,4-Cl | CH-4-NO, | C;Hy,N,CIFO, |213-215 72.1 | 67.45 | 420 | 12.69| 6.42
(552.00) 67.71 | 4.11 | 12.31] 6.08
6h | 34-Cl, | CHs4-OCH, | CH,-3-NO, | Cy,H,;N,CLO; | 165-167| 72.0 | 64.22 | 4.21 | 11.70| 11.85
(566.49) 64.51 425 | 11.41) 12.11
6i | 34-Cl, | CH-4-OCH, | CHs4-OH | C,H,N,CLO, |175-177| 76.5 | 67.49 | 4.60 | 9.83 | 12.30
(569.49) 67.31 | 444 | 9.53 | 12.22
6j | 34-Cl 3.4-Cl, CH-4-0H | C,H,N,CLO |178-180| 75.5 | 61.20 | 3.64 | 9.22 |23.31
(608.36) 61.31 | 3.14 | 9.23 | 23.22
6k | 34-Cl, 3.4-Cl, CHs4-Cl | CyH,N,Cl, [220-222| 785 | 59.38 | 3.40 | 8.94 [28.27
(626.97) 59.31 | 3.14 | 8.23 |28.22
61 | 4-OC,H, | C;H;-4-OC,H, H C,H,N,O, |182-184| 73.1 | 74.65 | 6.48 | 12.00
(466.58) 744 | 36.66| 12.24

exhibited significant anctibacterial activity (Table 2)
but low solubility.

Microbiology

The obtained chemical compounds were inves-
tigated microbiologically on selected strains, in
order to evaluate their bioactivity. The investigation
was based on M-7, A-5 standards (MIC Testing)
(16). The fungal strains also were cultivated on this
standard recommended broth — Mueller Hinton
Broth II.

Sample bacterial cultures were suspended in 3
mL of a sterile solution of PBS according to 0.5 Mc
Farland’s standard (corresponding to 1 to 2 x 10°

CFU/mL), and then were diluted with a sterile 1:10
PBS solution (giving 1 x 10" CFU/mL).

Ten microliters of obtained inoculum was
added to 0.2 mL of sterile final dilutions of the
investigated substances according to Table 2,
obtaining 5 x 10* concentration of bacteria in the
investigated samples. Six trials were carried out for
every dilution of the investigated substance — one
control without the inoculum.

Based on the determined experimental data, the
effect on mean MIC values of three parameters was
evaluated:

— type of substituent of the examined chemical
compound;
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Molecule A

Molecule B

Figure 2. The molecular structure of stereoisomers of 6f, showing the atom labeling scheme. Displacement ellipsoids are drawn at 50%
probability level
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Figure 3. Effect of substituent type on mean MIC values.
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Figure 4. Effect of bacteria type on mean MIC values. [J = mean

— strain of bacterium/fungus;

— type of bacterium depending on the color of
stain using the Gram method.

The obtained mean MIC values were compared
with each other using parametric ANOVA analysis
of variations, as well as nonparametric ANOVA by

140

100 T J_ 1

80 1

40 m] 1
20 e
0
G(+) G(-) Fungus

Staining type

Figure 5. Effect of bacteria type depending on the color of stain
using the Gram method on mean MIC values. [] = mean

Kruskal-Wallis. The normality of the distributions
of the analyzed random variables was checked using
Shapiro-Wilk and Kolmogorow-Smirnow tests with
Lillefors correction at the assumed confidence level
p = 0.05. The uniformity of the variations was deter-
mined using Levene and Brown-Forsythe tests using
the confidence level of p = 0.05.

Effect of substituent type on mean MIC values

The mean MIC values determined for 13 sub-
stituents (from 6a to 6l) were compared using the
parametric ANOVA analysis of variations (Fig. 3)
together with post-hoc NIR and Scheffe’s tests and
the nonparametric Kruskal-Wallis test.

Effect of bacteria type

In the completed microbiological tests, 9
strains of bacteria and one type of fungus — Candida
albicans — were used. Using the same statistical
methods as above, comparison of mean MIC values
was determined for each of the tested strains (Fig.
4).

Effect of bacteria type depending on the color of
stain using the Gram method on mean MIC val-
ues

Microbiological tests were conducted on 4
species of bacteria G(+), 5 species of bacteria G(-)
and one species of fungus. Using the parametric and
nonparametric ANOVA analysis of variations (as
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above), the statistical importance of the differences
between mean MIC values obtained in these three
groups was evaluated and results are presented in
Figure 5.

ANALYSIS OF THE RESULTS

The conducted ANOVA analysis of variations
showed that with the assumed confidence level p =
0.05, type of substituent, strain of bacteria as well as
bacteria depending on the color of stain using the
Gram method all had a statistically significant influ-
ence on experimentally determined mean MIC val-
ues.

1. The highest mean MIC values were for com-
pounds with substituents in 6k and 6l, and this dif-
ference was statistically significant.

2. The lowest statistically significant mean
MIC values were obtained for compounds with sub-
stituent 6f.

3. There is not any statistically significant dif-
ference between mean MIC values determined for
the compound with substituent 6f and the reference
antibiotic erythromycin.

4. The lowest statistically significant mean
MIC values were obtained for Candida albicans
fungus and for Staphylococcus epidermidis bacteria
strain.

5. The differences between mean MIC values
determined within G(+), G(-) groups and funguses
also turned out to be statistically significant. The
highest MIC values were obtained within G(-) bac-
teria, medium for G(+), and the lowest for Candida
albicans fungus.

EXPERIMENTAL

Chemistry

Melting points were determined in Kofler
apparatus. 'H-NMR spectra were recorded on BS-
487-C-300 MHz Tesla spectrometer. Infrared (IR)
spectra were recorded in nujol with a Specord spec-
trophotometer, at the Analytical Laboratory of
Medical University in Wroctaw. Elemental analyses
indicated by the symbols were within +0.4 of the
theoretical values.

1,3-Di(4-ethoxyphenyl)-5-methyl-2-(4-nitro-
phenyl)-7-phenyl-1,2,3,4-tetrahydropyrimido[4,5-
d]pyrimidine (6a)
4-(4-Ethoxyphenyl)amino-5-[(4-methoxy-
phenyl)amino]methyl-6-methyl-2-phenylpyrimi-
dine 4, (4 g, 0.00879 mol) was dissolved in THF
(50 mL) and 36% HCI (1 mL) and 4-nitrobenzalde-
hyde (1 g) were added. The mixture was refluxed

for 18 h with vigorous stirring, then it was cooled
and poured into H,O (300 mL). The solution was
neutralized using 25% aqueous NH; and extracted
three times with CHCl; (50 mL). The combined
CHCl, extracts were dried over MgSO,, filtered,
and concentrated under vacuum. The oily residue
was purified by column chromatography on silica
gel (200-300 mesh) using CHCl; as the eluent and
by crystallization from methanol to give 6a.Yield:
73.5% (3.8 g), m.p. 183—-185sC; IR (nujol, cm™):
1570 (NO,), 1340 (NO,), 1325 (C-N). 'H NMR
(300 MHz, CDCly, &, ppm): 0.80 (t, 3H,
OCH,CH,), 0.85 (t, 3H, OCH,CH;), 1.40 (s, 3H,
CH;), 2.80 (q, 2H, OCH,CH;), 2.90 (q, 2H,
OCH,CHs), 3.20 (s, 2H CH,), 3.80 (s, 1H, CH),
7.50-8.40 (m, 17H, arom.).

Compounds 6b, 6d, 6e, 6f, 6g, 6h, 6i, 6j and 6k
were obtained by adopting the same procedure.

6b: IR (nujol, cm™): 1550 (OH), 1325 (C-N),
1170 (OH). 'H NMR (300 MHz, CDCl,, 8, ppm):
0.80 (t, 3H, OCH,CHj;); 0.85 (t, 3H OCH,CHs,);
1.40 (s, 3H, CH;) 2.80 (q, 2H, OCH,CHj;) 2.90 (q,
2H, OCH,CH,); 3.20 (s, 2H CH,); 3.80 (s, 1H CH);
5.20 (s, 1H, OH); 7.50-8.40 (m 17 H arom.).

6¢: IR (nujol, cm™): 2966 OCHj;, 1575 (NO,),
1330 (NO,), 1320 (C-N). 'H NMR (300 MHz,
CDCl,, 6, ppm): 1.20 (t, 3H, OCHj,), 1.25 (t, 3H,
OCHy), 1.40 (s, 3H, CH,), 3.30 (s, 2H, CH,), 3.85 (s,
1H, CH), 7.50-8.40 (m, 17 H arom.).

6d: IR (nujol, cm™): 2960 (OCHj;), 1325 (C-N),
725 (C-Cl). 'H NMR (300 MHz, CDCl;, 3, ppm):
1.25 (t, 3H, OCHj;), 1.30 (t, 3H OCH,;), 1.40 (s, 3H,
CH;), 3.30 (s, 2H CH,), 3.85 (s, 1H CH), 7.50-8.50
(m, 17H, arom.).

6e: IR (nujol, cm™): 2960 (OCH 3), 1325 (C-N),
725 (C-Cl). 'H NMR (300 MHz, CDCl;, 3, ppm):
1.30 (t, 3H OCH,), 1.40 (s, 3H, CHj;), 3.30 (s, 2H
CH,), 3.85 (s, 1H CH), 7.20-8.40 (m, 17 H arom.).

6f: IR (nujol, cm™): 1340 (NO,), 1325 (C-N),
750 (C-Cl). 'H NMR (300 MHz, CDCl,, 3, ppm):
0.80 (t, 3H, OCH,CH,;), 1.40 (s, 3H, CH;), 2.90 (q,
2H, OCH,CH,), 3.20 (s, 2H, CH,), 3.85 (s, 1H CH),
7.50-8.40 (m, 17H arom.).

6g: IR (nujol, cm™): 1570 (NO,), 1340 (NO,),
1325 (C-N), 1075 (C-F), 750 (C-Cl). 'H NMR (300
MHz, CDCl,, 3, ppm): 1.40 (s, 3H, CH,), 3.20 (s,
2H, CH,), 3.80 (s, 1H, CH); 7.50-8.40 (m, 17H,
arom.).

6h: IR (nujol, cm™): 1570 (NO,), 1340 (NO,),
1320 (C-N), 750 (C-Cl), 725 (C-Cl). '"H NMR (300
MHz, CDCl,, 8, ppm): 1.30 (t, 3H, OCH,), 1.40 (s,
3H, CH;), 3.30 (s, 2H, CH,), 3.85 (s, 1H, CH),
7.20-8.40 (m, 16 H arom.).
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6i: IR (nujol, cm™): 2966 (OCHj;), 1235 (OH),
1170 (OH), 750 (C-CI), 725 (C-Cl). 'H NMR (300
MHz, CDCl,, 8, ppm): 1.30 (t, 3H, OCH,), 1.40 (s,
3H, CH,), 3.30 (s, 2H, CH,), 3.85 (s, 1H, CH),
7.20-8.40 (m, 16H, arom.).

6j: IR (nujol, cm™): 1320 (C-N), 1235 (OH),
1170 (OH), 750 (C-Cl), 725 (C-Cl), 'H NMR (300
MHz, CDCls, 8, ppm): 1.40 (s, 3H, CHj;), 3.30 (s,
2H, CH,), 3.85 (s, 1H, CH), 7.25-8.40 (m, 15H,
arom.).

6k: IR (nujol, cm™): 750 (C-Cl); 725 (C-Cl);
1325 (C-N). 'H NMR (300 MHz, CDCl;, 8, ppm):
1.40 (s, 3H, CH;) 3.30 (s, 2H CH,); 3.85 (s, 1H CH);
7.25-8.40 (m 15 H aromat).

1,3-Di(4-ethoxyphenyl)-5-methyl-7-phenyl-1,2,3,4-
tetrahydropyrimido[4,5-d]pyrimidine (61)
4-(4-Ethoxyphenyl)amino-5-[(4-methoxy-
phenyl)amino]methyl-6-methyl-2-phenylpyrimidine
4 (4 g, 0.00879 mol) was dissolved in THF (50 mL)
and 36% HCI (1 mL) and 25% formaldehyde (25
mL) were added. The reaction mixture was refluxed
for 20 h with vigorous stirring, then was cooled
down and poured into water (300 mL). The solution
was neutralized using 25% ammonia solution and
extracted three times with chloroform (50 mL). The
combined chloroform extracts were dried over
MgSO,, filtered and concentrated under vacuum.
The oily residue was purified by column chro-
matography on silica gel 200-300 mesh using chlo-
roform as an eluent, then by crystallization from
methanol to give 6l. Yield: 73.1% (3.0 g), m.p.
182-184°C; IR (nujol, cm™): 1470 (OCH;), 1345
(C-N), 1270 (C-N). 'H NMR (300 MHz, CDCl,, 3,
ppm): 0.80 (t, 3H, OCH,CH;), 0.85 (t, 3H,
OCH,CH;), 1.40 (s, 3H, CH;), 2.80 (q, 2H,
OCH,CH,), 2.90 (g, 2H, OCH,CH;), 3.20 (s, 2H,
CH,), 3.30 (s, 2H, CH,), 7.50-8.40 (m, 13H, arom.).

REFERENCES

1. Machon Z., Cieplik J.: Synthesis 2, 142 (1986).

2. Machonn Z., Cieplik J.: Pol. J. Pharmacol.
Pharm., 40, 201 (1988).

3. Mohamed N.R., El-Saidi M.M., Ali, Y.M.,
Elnagdi M.H.: Sci. Pharm., 75, 9 (2007).

4. Cieplik J., Machon Z., Zimecki M., Wieczorek
Z.: Arch. Immunol. Ther. Exp. 41, 11 (1993).

5. Cieplik J., Machon Z., Zimecki M., Wieczorek
Z.: Farmaco 50, 131 (1993).

6. Pluta J., Flendrich M., Cieplik J.: Boll. Chim.
Farm. 135, 459 (1996).

7. Mostafa Y.A., Husein M.A., Radwan A.A.,
Kfafy A.H,: Arch. Pharm. Res. Soc. Korea 31,
279 (2008).

8. Kim G.T., Ryu R.J., Lee Ch.S., Youn H., Cho
Y.R., Joo H.Y.: J. Antibiot. Jap. Res. 468
(2004).

9. Cieplik J., Pluta J., Meler A.: Arch. Pharm.
Pharm. Med. Chem. 330, 237 (1997).

10. Habib N.S., Soliman R., El-Tombary A.A., El-
Hawash S.A., Shaaban O.G.: Arch. Pharm. Res.
Soc. Korea 30, 1511 (2007).

11. Cieplik J., Pluta J., Gubrynowicz O.: Sci.
Pharm. 68, 333, (2000).

12. Cieplik J., Raginia M., Pluta J., Gubrynowicz
O., Bryndal 1., Lis T.: Acta Pol. Pharm. Drug
Res. 65, 427 (2008).

13. Machof Z., Cieplik J.: Eur. J. Med. Chem.
Chim. Ther. 19, 359, (1984).

14. Sheldrick G.M.: SHELXS-97. Program for the
solution of crystal structures. University of
Gottingen, Germany.

15. Sheldrick G.M.: SHELXL-97. Program for the
refinement of crystal structures. University of
Gottingen, Germany.

16. NCCLS: Vol. 20, No. 2, January 2002.

Received: 25. 06. 2010




<<
  /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 <>







    /HEB (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.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


