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Abstract—Chlorination and bromination of 2,3-dihydro-1H-imidazo[4,5-b]pyridin-2-one and its N-methyl-
substituted derivatives in acetic acid at 90–95°C leads to formation of the corresponding 5,6-dichloro-
(dibromo)-2,3-dihydro-1H-imidazo[4,5-b]pyridin-2-ones. Iodination of the same substrates with ICl under 
analogous conditions yields 6-iodo derivatives. Chlorination of 6-iodo-1,3-dimethyl-2,3-dihydro-1H-imidazo-
[4,5-b]pyridin-2-one is accompanied by replacement of the iodine atom by chlorine with formation of 5,6-di-
chloro-1,3-dimethyl-2,3-dihydro-1H-imidazo[4,5-b]pyridin-2-one. Bromination of 6-bromo- and 6-chloro-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-2-ones gives 5,6-dibromo- and 5-bromo-6-chloro-2,3-dihydro-1H-imidazo-
[4,5-b]pyridin-2-ones, respectively. 

R = R' = H (a), R = Me, R' = H (b), R = H, R' = Me (c), R = R' = Me (d); II, Hlg = Cl; III, Hlg = Br. 

Some halogen derivatives of imidazo[4,5-b]pyri-
dine were found to exhibit a broad spectrum of bio-
logical activity, in particular herbicide, bacteriostatic, 
antiviral, and antitumor [1]. 5(6)-Haloimidazo[4,5-b]-
pyridin-2-ones were proposed as efficient analgetic, 
antiphlogistic, and antiinflammatory agents [2]. A new 
upsurge of the interest in imidazo[4,5-b]pyridines has 
been induced by the discovery of pronounced anti-
hypertensive properties in some halogenated com-
pounds of this heterocyclic series; it has stimulated 
extensive search for new more efficient and selective 
blocking agents of angiotensin II receptors, which are 
useful for the treatment of serious hypertension in 
humans [3]. 

The known methods for the synthesis of halogen 
derivatives of imidazo[4,5-b]pyridine are based on 
cyclization of o-diaminopyridines already containing 
halogen atoms in the pyridine ring [4]. Published data 
on direct halogenation of imidazo[4,5-b]pyridine 
derivatives are very poor; for example, Kazymov et al. 
[5] briefly reported on the bromination of 1,2-di-
methylimidazo[4,5-b]pyridine to the corresponding  
6-bromo derivative. 

In continuation of our studies on halogenation of 
imidazo[4,5-b]pyridines [6], in the present work we 
made an attempt to synthesize chloro-, bromo-, and 
iodo-substituted derivatives of imidazo[4,5-b]pyridine 
containing an oxo group in position 2 of the imidazole 

N

N

N

R

R'

O

Ia–Id

Hlg2

N

N

N

R

R'

O

IIa–IId, IIIa–IIId

Hlg

Hlg

ICl

N

N

N

R

R'

O

IVa–IVd

I
Cl2

N

N

N

Me

Me

O

IId

Cl

Cl

Scheme 1. 



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  41   No.  4   2005 

YUTILOV  et al. 576 

R = R' = H (a), R = R' = Me (d); V, VII, Hlg = Cl; III, VI, Hlg = Br. 

Scheme 2. 
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a Compounds IIa and IId were also obtained from VIa and VId, respectively, in 79% yield.  
b Compounds IIIa and IIId were also obtained from VIa and VId in 76 and 87% yield, respectively.  

Comp. no. Yield, % mp, °C (solvent) 
Found, % 

Formula 
Calculated,% 

C H N C H N 

IIaa 79 359–360 (DMF) 35.14 1.42 20.36 C6H3Cl2N3O 35.32 1.48 20.59 

IIb 58 319–320 (AcOH) 38.35 2.28 19.05 C7H5Cl2N3O 38.56 2.31 19.27 

IIc 43 372–375 (i-PrOH) 38.39 2.21 19.12 C7H5Cl2N3O 38.56 2.31 19.27 

IIdb 94 195–196 (MeOH) 41.14 3.15 17.93 C8H7Cl2N3O 41.40 3.04 18.11 

IIIab 78 >360 (DMF) 24.45 1.00 14.18 C6H3Br2N3O 24.60 1.03 14.35 

IIIb 72 >320 (DMF) 27.14 1.60 13.52 C7H5Br2N3O 27.39 1.64 13.69 

IIIc 67 >320 (DMF) 27.25 1.59 13.59 C7H5Br2N3O 27.39 1.64 13.69 

IIIdb 90 223–224 (benzene) 30.31 2.24 13.37 C8H7Br2N3O 29.94 2.20 13.09 

IVa 51 314–316 (DMF) 27.43 1.56 15.90 C6H4IN3O 27.61 1.54 16.10 

IVb 28 >250 (DMF–H2O) 30.41 2.15 15.12 C7H6IN3O 30.57 2.20 15.28 

IVc 26 >325 (DMF) 27.23 1.58 13.55 C7H5Br2N3O 27.39 1.64 13.69 

IVd 55 186–187 (benzene) 33.28 2.75 14.45 C8H8IN3O 33.24 2.79 14.53 

VIIa 79 >350 (DMF) 28.78 1.15 16.76 C6H3BrClN3O 29.00 1.22 16.91 

VIId 80 200–202 (benzene) 34.54 2.50 15.05 C8H7BrClN3O 34.75 2.55 15.20 

Table 1. Yields, melting points, and elemental analyses of compounds IIa–IId, IIIa–IIId, IVa–IVd, VIIa, and VIId 

fragment. For this purpose, 2,3-dihydro-1H-imidazo-
[4,5-b]pyridin-2-one (Ia) and 1-methyl-, 3-methyl-, 
and 1,3-dimethyl-2,3-dihydro-1H-imidazo[4,5-b]pyri-
din-2-ones Ib–Id were treated with gaseous chlorine  
in acetic acid at 90–95°C in the presence of sodium 
acetate. As a result, the corresponding 5,6-dichloro 
derivatives IIa–IId were obtained in 43–94% yield 
(Scheme 1, Table 1). Under analogous conditions, 
reactions of compounds Ia–Id with excess bromine 
gave 5,6-dibromo derivatives IIIa–IIId in high yields 
(Table 1). 

The structure of compounds IIa–IId and IIIa– 
IIId was confirmed by the IR and 1H NMR spectra 
(Table 2). Their IR spectra contained an absorption 
band at 1695–1700 cm–1 due to stretching vibrations  
of the carbonyl group in the imidazole fragment. In  

the 1H NMR spectra of IIa–IId and IIIa–IIId we 
observed only one signal at δ 7.24–7.80 ppm, which 
belongs to aromatic proton (7-H) in the pyridine ring 
(Table 2). 

Unlike chlorine and bromine, compounds Ia–Id 
failed to react with molecular iodine. On the other 
hand, heating of imidazopyridines Ia–Id with iodine(I) 
chloride under analogous conditions resulted in forma-
tion of only monoiodo derivatives IVa–IVd in 26–55% 
yield (Scheme 1, Table 1). The 1H NMR spectra of 
IVa–IVd contained signals from protons in the pyri-
dine ring (5-H and 7-H) as doublets with a coupling 
constant 3J of 1.6 Hz. 

The chlorination of 6-iodo-1,3-dimethyl-2,3-di-
hydro-1H-imidazo[4,5-b]pyridin-2-one (IVd) was 
accompanied by replacement of the iodine atom by 
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Table 2. 1H NMR and IR spectral data of compounds IIa–IId, IIIa–IIId, IVa–IVd, VIIa, and VIId 

Compound 
no. 

1H NMR spectrum,a δ, ppm 
IR spectrum,  
ν(CO), cm–1 

IIa 7.49 s (1H, 7-H), 11.20 br.s (1H, 1-H), 11.74 br.s (1H, 3-H) 1700 

IIb 3.33 s (3H, 1-CH3), 7.48 s (1H, 7-H), 11.93 br.s (1H, 3-H) 1700 

IIc 3.26 s (3H, 3-CH3), 7.47 s (1H, 7-H), 11.40 br.s (1H, 1-H) 1695 

IId 3.08 s (3H, 1-CH3), 3.11 s (3H, 3-CH3), 7.24 s (1H, 7-H) 1700 

IIIa 7.51 s (1H, 7-H), 11.18 br.s (1H, 1-H), 11.75 br.s (1H, 3-H) 1695 

IIIb 3.36 s (3H, 1-CH3), 7.80 s (1H, 7-H), 11.70 br.s (1H, 3-H) 1700 

IIIc 3.34 s (3H, 3-CH3), 7.58 s (1H, 7-H), 11.80 br.s (1H, 1-H) 1695 

IIId 3.39 s (3H, 1-CH3), 3.45 s (3H, 3-CH3), 7.36 s (1H, 7-H) 1700 

IVa 7.58 d (1H, 7-H, J = 1.6 Hz), 8.17 d (1H, 5-H, J = 1.6 Hz), 11.04 br.s (1H, 3-H), 11.25 br.s 
(1H, 1-H) 

1700 

IVb 3.42 s (3H, 1-CH3), 7.54 d (1H, 7-H, J = 1.6 Hz), 8.11 d (1H, 5-H, J = 1.6 Hz), 11.01 br.s 
(1H, 3-H) 

1695 

IVc 3.33 s (3H, 3-CH3), 7.82 d (1H, 7-H, J = 1.6 Hz), 8.11 d (1H, 5-H, J = 1.6 Hz), 11.20 br.s 
(1H, 1-H) 

1695 

IVd 3.39 s (3H, 1-CH3), 3.45 s (3H, 3-CH3), 7.47 d (1H, 7-H, J = 1.6 Hz), 8.22 d (1H, 5-H,  
J = 1.6 Hz) 

1700 

VIIa 7.52 s (1H, 7-H), 11.19 br.s (1H, 1-H), 11.78 br.s (1H, 3-H) 1695 

VIId 3.39 s (3H, 1-CH3), 3.45 s (3H, 3-CH3), 7.21 br.s (1H, 7-H) 1700 

a The 1H NMR spectra of compounds IIa–IIc, IIIa–IIIc, IVa–IVc, VIIa, and VIIId were recorded in DMSO-d6, and of IId, IIId,  
 and IVd, in CDCl3. 

chlorine, and the product was 5,6-dichloro-1,3-di-
methyl-2,3-dihydro-1H-imidazo[4,5-b]pyridin-2-one 
(IId). It was identical to a sample obtained from com-
pound Id in the IR and 1H NMR spectra and melting 
point (no depression of the melting point was observed 
for a mixed sample). The bromination of IVd under 
analogous conditions resulted in formation of a com-
plex mixture of products which we failed to isolate and 
identify. 

By bromination of 6-chloro(bromo)imidazo[4,5-b]-
pyridin-2-ones Va, Vd, VIa, and VId we obtained both 
mixed dihalo derivatives, 5-bromo-6-chloro-2,3-dihy-
dro-1H-imidazo[4,5-b]pyridin-2-ones VIIa and VIId, 
and 5,6-dibromo analogs IIIa and IIId (Scheme 2). 
The latter were identical to those obtained by bromina-
tion of compounds Ia and Id (Tables 1, 2). 

Thus the chlorination and bromination of imidazo-
[4,5-b]pyridin-2-one and its N-methyl derivatives 
readily occurs at positions 5 and 6 of the heterocyclic 
system, leading to the corresponding dihalo-substituted   
products, while the iodination gives only 6-iodo 
derivative. The chlorination of 6-iodo-1,3-dimethyl-

2,3-dihydro-1H-imidazo[4,5-b]pyridin-2-one (IVd) is 
accompanied by replacement of the iodine atom to 
afford 5,6-dichloro-1,3-dimethyl-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-2-one (IId). 

EXPERIMENTAL 

The 1H NMR spectra were recorded on a Varian 
Gemini-200 spectrometer (200 MHz) from solutions  
in DMSO-d6 and CDCl3 using hexamethyldisiloxane 
as internal reference. The IR spectra were obtained  
on a UR-20 spectrometer from samples dispersed in 
mineral oil and on a Specord 75IR instrument in KBr. 
The purity of the products was checked by TLC on 
Silufol UV-254 plates using alcohol or chloroform as 
eluent; spots were visualized by irradiation with UV 
light or treatment with iodine vapor. Initial compounds 
Ia–Id, Va, and VIa were synthesized as described in 
[7]. Compound Vd was prepared by the procedure 
given in [8]. 

5,6-Dichloro-2,3-dihydro-1H-imidazo[4,5-b]pyr-
idin-2-ones IIa–IId (general procedure). Dry gaseous 
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chlorine was passed over a period of 15 min through  
a solution of 1.5 mmol of imidazo[4,5-b]pyridin-2-one 
Ia–Id and 3.3 mmol of sodium acetate in 7 ml of 
glacial acetic acid. The mixture was then heated for 5 h 
on a boiling water bath, and the precipitate was filtered 
off and washed with water. When the product did not 
separate from the mixture, it was evaporated to dry-
ness, the residue was mixed with 5 ml of water, and the 
mixture was neutralized with 25% aqueous ammonia. 
The precipitate was filtered off and purified by recrys-
tallization from appropriate solvent (Table 1). 

5,6-Dibromo-2,3-dihydro-1H-imidazo[4,5-b]pyr-
idin-2-ones IIIa–IIId (general procedure). A solution 
of 3.3 mmol of bromine in 0.6 ml of glacial acetic acid 
was added dropwise to a solution of 1.5 mmol of 
imidazopyridine Ia–Id and 3 mmol of sodium acetate 
in 15 ml of glacial acetic acid. The mixture was heated 
for 5 h on a boiling water bath, and the precipitate was 
filtered off, washed with water, and recrystallized from 
appropriate solvent (Table 1).  

6-Iodo-2,3-dihydro-1H-imidazo[4,5-b]pyridin-2-
ones IVa–IVd (general procedure). A solution of  
3.3 mmol of iodine(I) chloride in 2 ml of glacial acetic 
acid was added with stirring to a solution of 1.5 mmol 
of imidazopyridine Ia–Id and 3.3 mmol of sodium 
acetate in 5–7 ml of glacial acetic acid. The mixture 
was heated for 3 h at 95–100°C and for 1 h at 120°C 
and was evaporated to dryness. The residue was 
dissolved in 5 ml of water, and the solution was 
neutralized with 25% aqueous ammonia and treated 
with an aqueous solution of sodium sulfite to reduce 
liberated iodine (until the solution turned colorless). 
The precipitate was filtered off, dried, and purified by 
recrystallization from appropriate solvent (Table 1).  

6-Bromo-1,3-dimethyl-2,3-dihydro-1H-imidazo-
[4,5-b]pyridin-2-one (VId). Dimethyl sulfate, 3 ml 
(30 mmol), was added in portions at 0°C to a solution 
of 2.3 g (10 mmol) of 6-bromo-3-methyl-2,3-dihydro-
1H-imidazo[4,5-b]pyridin-2-one [9] in 22 ml of  
7% aqueous sodium hydroxide. After 0.5 h, the mix-
ture was allowed to warm up to 20–25°C and was kept 
for 1 h at that temperature, 20 ml of 50% aqueous 
sodium hydroxide was added, and the mixture was 
cooled. The precipitate was filtered off and dried. Yield 
1.8 g (75%), mp 163–165°C (from hexane–benzene, 
3 : 1). IR spectrum, ν, cm–1: 1705 (C=O). 1H NMR 
spectrum (CDCl3), δ, ppm: 3.40 s (3H, 1-CH3), 3.46 s 
(3H, 3-CH3), 7.28 d (1H, 7-H, J = 1.8 Hz), 8.09 d (1H, 
5-H, J = 1.8 Hz). Found, %: C 39.47; H 3.25; N 17.19. 
C8H8BrN3O. Calculated, %: C 39.69; H 3.33; N 17.36. 

5,6-Dibromo-2,3-dihydro-1H-imidazo[4,5-b]pyr-
idin-2-ones IIIa and IIId and 5-bromo-6-chloro-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-2-ones VIIa and 
VIId (general procedure). A solution of 2 mmol of 
bromine in 0.6 ml of glacial acetic acid was added in 
portions to a solution of 1.5 mmol of imidazopyridine 
Va, Vd, VIa, or VId and 3 mmol of fused sodium 
acetate in 15 ml of glacial acetic acid. The mixture was 
heated for 5 h on a boiling water bath and evaporated 
to dryness under reduced pressure, and the residue  
was dissolved in 5 ml of water and neutralized with 
25% aqueous ammonia. The precipitate was filtered 
off, dried, and  recrystallized from appropriate solvent 
(Table 1). 

REFERENCES 

1. JPN Patent no. 4 300 882, 1992; Chem. Abstr., 1993,  
 vol. 118, no. 147 562 y; US Patent no. 4 082 534, 1978; 
 Ref. Zh., Khim., 1978, no. 24 O 493 P; US Patent  
 no. 4 042 593, 1977; Ref. Zh., Khim., 1978, no. 8 O 395 P; 
 US Patent no. 4 000 145, 1976; Ref. Zh., Khim., 1977,  
 no. 19 O 465 P; UK Patent no. 1 234 058, 1971; Ref. Zh., 
 Khim., 1971, no. 23 N 356 P; Cundy, D.J., Holan, G., and 
 Otaegui, M., Bioorg. Med. Chem. Lett., 1997, vol. 7,  
 p. 669; Brantsevich, L.G., Miroshnichenko, N.S., Stetsen-
 ko, A.V., Slabospitskaya, A.T., and Chekmacheva, V.V., 
 Mikrobiolog. Zh., 1975, vol. 37, p. 635. 

2. US Patent no. 3 819 640, 1974; Ref. Zh., Khim., 1976,  
 no. 3 O 159 P; El-Gendy, M.A., Farag, H.H., Ah- 
 med, A.N., Stedman, J.R., and Alkaranamy, G.S., Bull. 
 Pharm. Sci., Assiut Univ., 1992, vol. 15, p. 9;  
 Ebeid, M.Y., Abou, T., Nageh, A., Lashine, S.M., El-
 Shanawany, A.A., and Abou, K.M., Zagazig J. Pharm. 
 Sci., 1993, vol. 2, p. 129; US Patent no. 4 144 341, 1979; 
 Ref. Zh., Khim., 1980, no. 2 O 148 P; US Patent  
 no. 4 059 584, 1977; Ref. Zh., Khim., 1978, no. 17 O 174 P. 

3. Nicolai, E., Claude, S., and Teulon, J.M., J. Heterocycl. 
 Chem., 1994, vol. 31, p. 73; Mantlo, N.B., Kim, D., 
 Ondeyka, D., Chang, R.S.L., Kivlighn, S.D.,  
 Siegl, P.K.S., and Greenlee, W.J., Bioorg. Med. Chem. 
 Lett., 1994, vol. 4, p. 17; Can. Patent no. 2 063 866, 1992; 
 Chem. Abstr., 1994, vol. 120, no. 54 542 t; JPN Patent  
 no. 5 201 991, 1993; Chem. Abstr., 1994, vol. 120,  
 no. 218 542 w; Kim, D., Mantlo, N.B., Chang, R.S.L., 
 Kivlighn, S.D., and Greenlee, W.J., Bioorg. Med. Chem. 
 Lett., 1994, vol. 4, p. 41. 

4. Graboyes, H. and Day, A.R., J. Am. Chem. Soc., 1957, 
 vol. 79, p. 6421; Israel, M. and Day, A.R., J. Org. Chem., 
 1959, vol. 24, p. 1455; Middeton, R.W. and Wib- 
 berley, D.G., J. Heterocycl. Chem., 1980, vol. 17, p. 1757. 

5. Kazymov, A.V., Shchelkina, L.P., and Kabirova, N.G., 
 Khim. Geterotsikl. Soedin., 1971, p. 279. 



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  41   No.  4   2005 

579 HALOGENATION  OF  IMIDAZO[4,5-b]PYRIDIN-2-ONE  DERIVATIVES 

6. Yutilov, Yu.M., Malyutina, V.F., Lopatinskaya, Kh.Ya., 
 and Svertilova, I.A., Russ. J. Org. Chem., 1998, vol. 34, 
 p. 1363; Yutilov, Yu.M., Lopatinskaya, Kh.Ya., Smo- 
 lyar, N.N., and Korol’, I.V., Russ. J. Org. Chem., 2003, 
 vol. 39, p. 280; Yutilov, Yu.M., Lopatinskaya, Kh.Ya., 
 Smolyar, N.N., and Korol’, I.V., Ukr. Khim. Zh., 2003, 
 vol. 69, p. 62. 

7. Petrow, V. and Saper, J., J. Chem. Soc., 1948, p. 1389; 
 Yutilov, Yu.M. and Svertilova, I.A., Khim. Geterotsikl. 

 Soedin., 1976, p. 1277; Clark-Lewis, J.W. and Tomp- 
 son, M.J., J. Chem. Soc., 1957, p. 442; Yutilov, Yu.M. and 
 Bystrova, R.M., Khim. Geterotsikl. Soedin., 1968, p. 984; 
 Vaughchan, J.R., Krapcho, J.J., and Englich, J.P., J. Am. 
 Chem. Soc., 1949, vol. 71, p. 1885. 
8. Bystrova, R.M., Cand. Sci. (Chem.) Dissertation, 
 Donetsk, 1973. 
9. Grivas, S. and Lindström, S., J. Heterocycl. Chem., 1995, 
 vol. 32, p. 467. 



<<
  /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
  /SyntheticBoldness 1.00
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


