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Abstract—New chiral pincer ligands having CH=N moieties were synthesized by condensation of 1H-pyrrole-
2,5-dicarbaldehyde with L-methionine and L-histidine methyl esters. Their reduction under mild conditions 
(NaBH4, –30°C) gave the corresponding amine ligands in high yields. An improved procedure for the prepara-
tion of 1H-pyrrole-2,5-dicarbaldehyde was proposed. 

Multidentate ligands having azomethine moieties 
play an important role in the chemistry of coordination 
compounds [1]. Metal complexes derived from such 
ligands are structural analogs of natural metalloen-
zymes. Ligand environment of metal ions in active 
centers of many nonheme metalloenzymes is formed 
from functional groups of amino acids (such as histi-
dine, lysine, cysteine, serine, etc.), and it acts as elec-
tron reservoir [2]. In the recent years, modeling of 
metalloenzyme active sites using di- and polynuclear 
transition metal complexes has become a rapidly 
developing field of study at the interface between 
coordination chemistry and enzymology [3, 4]. Most 
frequently, expanded porphyrins, macrocyclic Schiff 
bases, and peptides [4, 5] were used as ligands for such 
complexes,. Complexes with acyclic pincer Schiff 
bases have been studied to a considerably lesser extent. 
Synthetic approaches to such ligands have been devel-
oped [6]; however, there are almost no published data 
on the coordination potential of natural amino acids. 

Chiral pincer ligands derived from amino acids and 
their metal complexes attract undoubted interest as 
chiral anionic and cationic receptors and sensors cap-
able of recognizing and binding chiral substrates. The 
present study was aimed at synthesizing previously 
unknown pincer-like multidentate ligands I on the 
basis of natural amino acids, methionine and histidine.  

The main building block for the synthesis of com-
pounds like I is 1H-pyrrole-2,5-dicarbaldehyde (II). 
The chemistry of pyrrole compounds has been ex-
tensively studied [7], and several multistep syntheses 
of compound II from 2-formylpyrrole have been 
reported. Insofar as direct formylation of 1H-pyrrole-
2-carbaldehyde at the 5-position cannot be effected 
with a high yield, the formyl group therein is prelimi-
narily protected via transformation into cyclic acetal  
(Scheme 1) [8] or condensation with ethyl cyano-
acetate (Scheme 2) [9], followed by formylation at C5 
according to Vilsmeier and deprotection [8, 9]. Both 
these procedures are characterized by poor yields of 
the target product (11 and 38%, respectively, calculat-
ed on the initial 1H-pyrrole-2-carbaldehyde); therefore, 
the use of compound II in the chemistry of Schiff 
bases is strongly limited [10]. We tried to improve  
the second procedure for the synthesis of diformyl 
derivative II from pyrrole (Scheme 3) by excluding the 
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1H-pyrrole-2-carbaldehyde isolation step and simplify-
ing the isolation and purification of compounds III and 
II. As a result, we succeeded in enhancing the prepara-
tive value of the procedure and raising the yield of the 
target product (each run could give about 50 g of the 
product in an overall yield of 45%). According to the 
NMR data, the isolated product is sufficiently pure, 
and it can be brought into further syntheses without 
additional purification. As followed from the IR and 
NMR spectra, no Z isomer of ethyl 2-cyano-3-(1H-
pyrrol-2-yl)acrylate was formed (in contrast to the data 
of [9]), and the E isomer of III was the only product. 

Dialdehyde II smoothly reacted with methionine 
and histidine methyl esters at a ratio of 1 : 2 in metha-
nol at room temperature in the presence of magnesium 
sulfate and 3-Å molecular sieves to give the target 
pincer-like Schiff bases IV and V in 70–75% yield 
(Scheme 4). When the solvent was replaced by etha-
nol, the condensation was accompanied by transesteri-
fication; as a result, Schiff base VI was obtained as the 
only product in the reaction of histidine methyl ester 
with compound II (Scheme 5). The transesterification 
process is favored by prolonged reaction time (no less 
than 7 h).  

IV, R = MeSCH2CH2; V, R = 1H-imidazol-4-ylmethyl. 
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IV, VII, R = MeSCH2CH2, R′ = Me; V, VIII, R = 1H-imidazol-4-ylmethyl, R′ = Me; VI, IX, R = 1H-imidazol-4-ylmethyl, R′ = Et. 

Scheme 5. 
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Schiff base IV is an oily substance, and histidine 
derivatives V and VI are low-melting solids; com-
pounds IV–VI are intensely colored. Their structure 
was confirmed by the NMR and IR spectra and 
elemental analyses. The IR spectra of IV–VI contained 
absorption bands at 1733, 1736, and 1737 cm–1 due to 
stretching vibrations of the ester carbonyl groups, and 
azomethine C=N bonds therein gave rise to absorption 
at 1628, 1629, and 1631 cm–1, respectively. 

Compounds V and VI did not undergo intramolec-
ular amination via addition of the imidazole NH group 
at the C=N bond (Scheme 6), as was observed previ-
ously in the synthesis of Schiff bases from histidine 
and acetaldehyde or ferrocenecarbaldehyde [11]. Schiff 
bases IV–VI are readily hydrolyzed even in the pres-
ence of traces of moisture. The C=N bond in IV–VI 
can be reduced under mild conditions by treatment 
with sodium tetrahydridoborate at a molar ratio of 1 : 3 
in the corresponding alcohol at –30°C. In such a way 
we obtained amines VII–IX in high yields (Scheme 7). 
Ester VII was isolated as an oily substance, while 
compounds VIII and IX were low-melting solids. 
Their structure was confirmed by the NMR and IR 

spectra and elemental analyses. The IR spectra of VII–
IX lacked absorption near 1630 cm–1, which is typical 
of C=N bond vibrations in initial Schiff bases IV–VI, 
while the position of the ester carbonyl absorption 
bands did not change to an appreciable extent. 

EXPERIMENTAL 

The IR spectra were recorded on a Protege-460 spec-
trophotometer with Fourier transform. The 1H NMR 
spectra were measured at 20°C on a Bruker Avance-
400 spectrometer. The initial amino acid methyl esters 
were synthesized according to the procedures describ-
ed in [12]. Dichloroethane, dimethylformamide, and 
methanol were distilled over calcium hydride under 
argon prior to use. The other reagents and solvents 
were used without additional purification. 

Ethyl 2-cyano-3-(1H-pyrrol-2-yl)acrylate (III). 
Dimethylformamide, 56 ml (0.788 mol), was cooled 
below 5°C, 74 ml (0.788 mol) of POCl3 was added 
under vigorous stirring, the cooling bath was removed, 
the flask was filled with argon, 350 ml of dichloro-
ethane was added, and the mixture was cooled to 0°C. 
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A solution of 50 ml (0.716 mol) of pyrrole in 350 ml of 
dichloroethane was added dropwise, the mixture was 
heated under reflux until vigorous evolution of hydro-
gen chloride ceased (about 30 min) and cooled to room 
temperature, a solution of 465 g of NaOAc · 3 H2O in 
600 ml of water was added, and the mixture was 
heated for 15–30 min under reflux. It was then cooled, 
the organic phase was separated, the aqueous phase 
was extracted with methylene chloride (400 ml), the 
extract was combined with the organic phase and 
washed with water (400 ml), and the solvent was 
distilled off on a rotary evaporator. The residue was 
dissolved in 700 ml of toluene, 90 ml (0.843 mol) of 
ethyl cyanoacetate and 6 ml of diethylamine were 
added, the mixture was heated under reflux in a flask 
equipped with a Dean–Stark trap until water no longer 
separated (1–2 h) and cooled to –20°C, and the precip-
itate was filtered off. Yield 95.3 g (70%), light brown 
crystals, mp 138–140°C (from toluene); published data 
[9]: mp 135–138°C. IR spectrum (mineral oil), ν, cm–1: 
3310 (NH), 2220 (C≡N), 1700 (C=O). 1H NMR spec-
trum (CDCl3), δ, ppm: 1.38 t (3H, CH3), 4.35 q (2H, 
CH2), 6.41 m (1H, CH), 6.92 m (1H, CH), 7.22 m (1H, 
CH), 7.98 s (1H, HC=C), 9.92 s (1H, NH).  

1H-Pyrrole-2,5-dicarbaldehyde (II). Dimethyl-
formamide, 44 ml (0.551 mol), was cooled below 5°C, 
52 ml (0.510 mol) of POCl3 was added under vigorous 
stirring, the cooling bath was removed, the flask was 
filled with argon, 300 ml of dichloroethane was added, 
and the mixture was cooled to 0°C. A suspension of 
95.3 g (0.510 mol) of compound III in 300 ml of di-
chloroethane was added, the mixture was heated under 
reflux until vigorous evolution of hydrogen chloride 
ceased (0.5–1 h) and cooled to room temperature, a so-
lution of 250 g of NaOAc · 3 H2O in 400 ml of water 
was added, and the mixture was heated for 15–30 min 
under reflux. After cooling, the precipitate was filtered 
off and added to a solution  of 200 g of NaOH in 1.6 l 
of water, and the mixture was heated for 3 h under 
reflux, cooled, neutralized with 35% sulfuric acid, and 
filtered. The filtrate was treated with ethyl acetate 
(8 × 1 l), and the extracts were combined, dried over 
Na2SO4, and evaporated to dryness. Yield 39.5 g (45%, 
calculated on the initial pyrrole), brownish powder.  
An analytically pure sample of compound II was ob-
tained by recrystallization of the crude product from 
water or hexane or by Soxhlet extraction with hexane 
under argon. mp 120–122°C; published data [9]:  
mp 120–121°C. IR spectrum (mineral oil), ν, cm–1: 
3190 (NH), 1695 (C=O), 1670 (CH). 1H NMR spec-

trum (CDCl3), δ, ppm: 6.99 s (2H, CH), 9.76 s (2H, 
CHO), 10.3 br.s (1H, NH). 

(S,S)-2,5-Bis(1-methoxycarbonyl-3-methylsul-
fanylpropyliminomethyl)pyrrole (IV). Dialdehyde 
II, 1.23 g (10 mmol), was dissolved in 100 ml of anhy-
drous methanol, 3.26 g (20 mmol) of freshly distilled 
methionine methyl ester, 2 g of magnesium sulfate, 
and 2 g of 3-Å molecular sieves were added, the mix-
ture was stirred for 7 h and filtered, and the solvent 
was removed from the filtrate under reduced pressure. 
The residue was extracted with anhydrous diethyl 
ether, the extract was filtered and evaporated, 100 ml 
of hexane was added to the residue, and the oily prod-
uct was separated, washed with hexane, and dried at 
40°C under reduced pressure. Yield 3.01 g (75%), 
brown oily substance. IR spectrum (KBr), ν, cm–1: 
1631 (C=N), 1737 (C=O). 1H NMR spectrum (CDCl3), 
δ, ppm: 2.04 s (6H, SCH3), 2.1–2.7 m (8H, CH2),  
3.70 s (6H, OCH3), 4.11 t (2H, CH, J = 6.4 Hz), 6.50 s 
(2H, CH), 8.06 s (2H, HC=N). Found, %: C 52.41;  
H 6.75; N 10.03. C18H27N3O4S2. Calculated, %:  
C 52.28; H 6.58; N 10.16. 

(S,S)-2,5-Bis[2-(1H-imidazol-4-yl)-1-methoxycar-
bonylethyliminomethyl]pyrrole (V). Metallic so-
dium, 0.92 g (40 mmol), was dissolved in 100 ml of 
anhydrous methanol, 4.84 g (20 mmol) of histidine 
methyl ester dihydrochloride was added, the mixture 
was stirred for 1 h, 1.23 g (10 mmol) of dialdehyde II, 
2 g of magnesium sulfate, and 2 g of 3-Å molecular 
sieves were added, the mixture was stirred for 7 h and 
filtered, and the filtrate was evaporated under reduced 
pressure. The residue was extracted with anhydrous 
acetone, the extract was filtered and concentrated 
under reduced pressure, 100 ml of diethyl ether was 
added, and the precipitate was filtered off, washed with 
diethyl ether, and dried under reduced pressure. Yield 
2.98 g (70%), brown powder, mp 71–73°C. IR spec-
trum (KBr), ν, cm–1: 1629 (C=N), 1736 (C=O).  
1H NMR spectrum (CD3OD), δ, ppm: 3.05–3.23 m 
(4H, CH2), 3.72 s (6H, OCH3), 4.18–4.37 m (2H, CH), 
6.52 s (2H, CH), 6.77 s (2H, CH), 7.56 s (2H, CH), 
7.86 s (2H, HC=N). Found, %: C 56.68; H 5.73;  
N 22.77. C20H23N7O4. Calculated, %: C 56.46; H 5.45; 
N 23.05. 

(S,S)-2,5-Bis[1-ethoxycarbonyl-2-(1H-imidazol-
4-yl)ethyliminomethyl]pyrrole (VI) was synthesized 
as described above for compound V using 0.92 g  
(40 mmol) of sodium, 4.84 g (20 mmol) of histidine 
methyl ester dihydrochloride, 1.23 g (10 mmol) of 
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dialdehyde II, 2 g of magnesium sulfate, 2 g of 3-Å 
molecular sieves, and 100 ml of anhydrous ethanol. 
Yield 3.08 g (68%), brown powder, mp 58–60°C. IR 
spectrum (KBr), ν, cm–1: 1628 (C=N), 1733 (C=O).  
1H NMR spectrum (CD3OD), δ, ppm: 1.23 t (6H, 
CH3, J = 7.1 Hz), 3.00–3.20 m (4H, CH2), 4.15–4.35 m 
(2H, CH), 4.17 q (4H, OCH2, J = 7.0 Hz), 6.52 s (2H, 
CH), 6.79 s (2H, CH), 7.58 s (2H, CH), 7.87 s (2H, 
HC=N). Found, %: C 58.35; H 6.12; N 21.43. 
C22H27N7O4. Calculated, %: C 58.27; H 6.00; N 21.62. 

(S,S)-2,5-Bis(1-methoxycarbonyl-3-methylsul-
fanylpropylaminomethyl)pyrrole (VII). A solution of 
2.07 g (5 mmol) of Schiff base IV in 75 ml of metha-
nol was cooled to –30°C, 0.57 g (15 mmol) of sodium 
tetrahydridoborate was added, and the mixture was 
stirred for 1 h at –30°C and for 1 h at room tempera-
ture. A solution of 0.9 g (15 mmol) of acetic acid in  
10 ml of methanol was then added, and the mixture 
was stirred for 1 h and evaporated under reduced pres-
sure. The residue was extracted with diethyl ether, the 
extract was filtered and concentrated under reduced 
pressure, 100 ml of hexane was added, and the oily 
material was separated, washed with hexane, and dried 
at 45°C under reduced pressure. Yield 1.52 g (73%), 
light brown oily substance. IR spectrum (KBr), ν,  
cm–1: 1733 (C=O). 1H NMR spectrum (CDCl3), δ, 
ppm: 1.60–1.95 m (4H, CH2), 1.99 s (6H, SCH3), 2.5 s 
(4H, CH2, J = 7.2 Hz), 3.34 t (2H, CH, J = 6.8 Hz), 
3.59 d (4H, CH2N, J = 7.4 Hz), 3.65 s (6H, OCH3), 
5.77 s (2H, CH). Found, %: C 52.02; H 7.63; N 10.27. 
C18H31N3O4S2. Calculated, %: C 51.77; H 7.48; N 10.11. 

(S,S)-2,5-Bis[2-(1H-imidazol-4-yl)-1-methoxy-
carbonylethylaminomethyl]pyrrole (VIII). A solu-
tion of 2.13 g (5 mmol) of Schiff base V in 75 ml of 
methanol was cooled to –30°C, 0.57 g (15 mmol) of 
sodium tetrahydridoborate was added, and the mixture 
was stirred for 1 h at –30°C and for 1 h at room tem-
perature. A solution of 0.9 g (15 mmol) of acetic acid 
in 10 ml of methanol was then added, and the mixture 
was stirred for 1 h and evaporated under reduced 
pressure. The residue was extracted with acetone, the 
extract was filtered and concentrated under reduced 
pressure, 100 ml of diethyl ether was added, and the 
precipitate was filtered off, washed with diethyl ether, 
and dried at 45°C under reduced pressure. Yield 1.50 g 
(70%), light brown powder, mp 41–43°C. IR spectrum 
(KBr), ν, cm–1: 1735 (C=O). 1H NMR spectrum 
(CD3OD), δ, ppm: 2.96 d (4H, CH2, J = 6.5 Hz),  
3.64 s (6H, OCH3), 3.45–3.90 m (6H, CH2NHCH), 
5.85 s (2H, CH), 6.85 s (2H, CH), 7.69 s (2H, CH). 

Found, %: C 56.16; H 6.55; N 22.65. C20H27N7O4. Cal-
culated, %: C 55.93; H 6.34; N 22.83. 

(S,S)-2,5-Bis[1-ethoxycarbonyl-2-(1H-imidazol-
4-yl)ethylaminomethyl]pyrrole (IX) was synthesized 
as described above for amine VIII from 2.27 g  
(5 mmol) of Schiff base VI and 0.57 g (15 mmol) 
NaBH4 in 75 ml of ethanol. Yield 1.49 g (65%), light 
brown powder, mp 30–40°C. IR spectrum (KBr), ν, 
cm–1: 1730 (C=O). 1H NMR spectrum (CD3OD), δ, 
ppm: 2.08 t (6H, CH3, J = 7.1 Hz), 2.94 d (4H, CH2,  
J = 6.6 Hz), 3.45–3.90 m (6H, CH2NHCH), 4.13 q 
(4H, OCH2, J = 7.1 Hz), 5.80 s (2H, CH), 6.67 s (2H, 
CH), 7.41 s (2H, CH). Found, %: C 57.94; H 6.11;  
N 21.22. C22H31N7O4. Calculated, %: C 57.75; H 6.83; 
N 21.43. 

ACKNOWLEDGMENTS 

This study was performed under financial support 
by the Belarussian Foundation for Basic Research 
(project no. Kh06R-025) and by the Russian Founda-
tion for Basic Research (project nos. 06-03-81 026, 05-
03-32 684). 

The authors are thankful to Prof. Yu.A. Ustynyuk 
for setting the problem and helpful discussions.  

REFERENCES 

1. Guerriero, P., Tamburini, S., and Vigato, P.A., Coord. 
 Chem. Rev., 1995, vol. 139, p. 17; Vigato, P.A. and 
 Tamburini, S., Coord. Chem. Rev., 2004, vol. 248,  
 p. 1717; Gerbeleu, N.V., Arion, V.B., and Burgess, J., 
 Template Synthesis of Macrocyclic Compounds, Wein-
 heim: Wiley, 1999, chaps. 2, 3. 
2. Solomon, E.I., Sundaram, U.M., and Machonkin, T.E., 
 Chem. Rev., 1996, vol. 96, p. 2563; Que, L. and  
 Ho, R.Y.N., Chem. Rev., 1996, vol. 96, p. 2607; Wal- 
 lar, B.J. and Lipscomb, J.D., Chem. Rev., 1996, vol. 96,  
 p. 2659. 
3. Vahrenkamp, H., Acc. Chem. Res., 1999, vol. 32, p. 589; 
 Pierre, J.-L., Chem. Soc. Rev., 2000, p. 251.  
4. Thomas, Ch.M. and Ward, T.R., Chem. Soc. Rev., 2005, 
 p. 337. 
5. Jasat, A. and Dolphin, D., Chem. Rev., 1997, vol. 97,  
 p. 2267; Fenton, D.E., Chem. Soc. Rev., 1999, p. 159. 
6. Borisova, N.E., Ustynyuk, Yu.A., Reshetova, M.D., Alek-
 sandrov, G.G., Eremenko, I.L., and Moiseev, I.I., Mende-
 leev Commun., 2003, p. 202; Kataev, E.A., Resheto- 
 va, M.D., and Ustynyuk, Yu.A., Izv. Ross. Akad. Nauk, 
 Ser. Khim., 2004, p. 322; Borisova, N.E., Usty- 
 nyuk, Yu.A., Reshetova, M.D., Aleksandrov, G.G., Ere-
 menko, I.L., and Moiseev, I.I., Izv. Ross. Akad. Nauk, Ser. 
 Khim., 2004, p. 326.  



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  43   No.  6   2007 

KNIZHNIKOV  et al. 860 

  7. Fischer, H. and Orth, H., Die Chemie des Pyrrols, 
 Leipzig: Akademische Verlagsgesellschaft, 1934–1940. 
  8. Loader C.E., Anderson H.J. Synthesis. 1978, 295. 
  9. Olson, K. and Pernemalm, P.-A., Acta Chem. Scand., 
 Ser. B, 1979, vol. 33, p. 125; Miller, R. and Olson, K., 
 Acta Chem. Scand., Ser. B, 1981, vol. 35, p. 303. 
10. Adams, H., Bailey, N.A., Fenton, D.E., Moss, S., and 
 Jones, G., Inorg. Chim. Acta, 1984, vol. 83, p. L79; 
 Adams, H., Bailey, N.A., Fenton, D.E., Moss, S., Rodri-
 guez de Barbarin, C.O., and Jones, G., J. Chem. Soc., 
 Dalton Trans., 1986, p. 693; Chernyad’ev, A.Yu., Usty-
 nyuk, Yu.A., Yazev, O.V., Kataev, E.A., Resheto- 
 va, M.D., Sidorov, A.A., Aleksandrov, G.G., Novotor- 

 tsev, V.M., Ikorskii, V.N., Nefedov, S.E., Eremen- 
 ko, I.L., and Moiseev, I.I., Izv. Ross. Akad. Nauk, Ser. 
 Khim., 2001, p. 2334. 
11. Ostrovskii, S.Yu. and Kondakov, V.I., Khim.-Farm. Zh., 
 1987, vol. 21, p. 1034; Khrushcheva, N.S., Loim, N.M., 
 and Sokolov, V.I., Izv. Ross. Akad. Nauk, Ser. Khim., 
 1999, p. 583. 
12. Brenner, M. and Huber, W., Helv. Chim. Acta, 1953,  
 vol. 36, p. 1109; Davis, N.C., J. Biol. Chem., 1956,  
 vol. 223, p. 935; Gershkovich, A.A. and Kibirev, V.K., 
 Sintez peptidov. Reagenty i metody (Synthesis of 
 Peptides. Reagents and Methods), Kiev: Naukova 
 Dumka, 1987, p. 264. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


