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聚乙二醇负载的二茂铁噁唑啉配体的合成及其应用 
刘洪强 a,b    时磊 a    陈庆安 a    王磊*,b    周永贵*,a 

(a中国科学院大连化学物理研究所 大连 116023) 
(b淮北师范大学 淮北市 235000) 

摘要  报道了聚乙二醇(MeO-PEG)负载的二茂铁噁唑啉衍生的手性 N,P 和 N,S 配体的合成. 所得负载 N,P 配体可以成

功应用于银催化的[3＋2]环加成反应, 最高取得了 97%的对映选择性. 另外聚乙二醇负载二茂铁 N,S 配体可以成功应用

于钯催化的烯丙基取代反应, 取得了 90%的 ee 值. 值得注意是, 聚乙二醇负载形成的催化剂循环使用 4 次后其催化活

性和选择性仍可基本保持.  
关键词  聚乙二醇; 二茂铁噁唑啉; 不对称催化 

 

Synthesis of MeO-PEG-Supported Ferrocenyloxazoline Ligands and 
Their Application in Asymmetric Catalysis 

Liu, Hongqianga,b    Shi, Leia    Chen, Qingana    Wang, Lei*,b    Zhou, Yonggui*,a 
(a Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China) 

(b Huaibei Normal University, Huaibei 235000, China) 

Abstract  A simple synthesis of ferrocenyloxazoline derived chiral N,P ligands and N,S ligands immobilized on a MeO- 
PEG-support is described. The metal complexes of chiral ligands have been successfully applied to 1,3-dipolar cycloaddition 
reaction of azomethine ylides and asymmetric allylic substitution reaction, providing the products with up to 97% ee and 90% 
ee, respectively. The MeO-PEG-supported metal complex catalysts can be recycled easily and reused. 
Keywords  PEG; ferrocenyloxazoline ligands; asymmetric catalysis 

   

1  Introduction 
Recently, asymmetric catalysis with polymer-supported 

transition metal has attracted a great of interest.[1] A 
prominent advantage of immobilized chiral catalysts lied in 
easy catalyst separation and recycle. However, the immo-
bilized ligands or catalysts which were not dissolved in 
common solvents often display lower enantioselectivity 
and less efficiency in their catalysis in comparison with 
their parent counterparts. So soluble polymer-reagents and 
catalysts have achieved wide recognition and acclaim be-
cause that reactions are carried out homogeneously which 
can lead to the higher rates and better enantioselectivities 
than catalysts immobilized on solids, and catalyst could be 
separated from the reaction mixture by filtration, precipita-
tion or extraction.[2,3] 

As soluble polymer modified poly(ethylene glycol)s 
(PEGs) recently emerged as readily functionalized, com-
mercially available polymers that are soluble in some sol-
vents and insoluble in a few other solvents for example 
ether and n-hexane.[4-13] Recently, the monomethyl ether of 
PEG (MeO-PEG) has successfully being used for support-
ing chiral ligands to be transformed in catalysts for some 

catalytic asymmetric reactions. MeO-PEG has also been 
employed by us for the immobilization of MeO-PEG- 
supported tunable axial chiral bisphosphine ligands which 
were applied in asymmetric hydrogenation of quinolines 
with up to 92% ee.[14] The catalyst system is air-stable and 
recyclable. 

Recently, ferrocenyloxazoline-based chiral ligands have 
attracted considerable attention in the past decade due to 
their ease of preparation, modularity and favorable coordi-
nating properties towards a large variety of metals.[15-17] 
Among them, planar chiral ferrocenyloxazoline derived 
chiral N,P ligands and N,S ligands are versatile, and have a 
wide range of applications in asymmetric catalysis. Very 
recently, our group mainly focused on chiral bifunctional 
AgOAc catalyzed asymmetric reactions under the mild 
neutral condition,[18-20] for examples, asymmetric 1,3-di- 
polar cycloaddition reaction of azomethine ylides, asym-
metric Mannich-type reactions and asymmetric amina-
tions.[21-25] Among these reactions, ferrocene-derived chiral 
N,P and N,S ligands gave the excellent reactivity and enan-
tioselectivity. Furthermore, to the best of our knowledge, 
few examples on soluble polymer supported ferroceny-
loxazoline derived chiral N,P and N,S ligands is 
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reported.[26,27] To increase the synthetic utility and practi-
cability of these effective ligands in asymmetric catalysis, 
herein, we report the facile synthesis of soluble polymer 
MeO-PEG supported ferrocenyloxazoline-derived chiral 
N,P and N,S ligands (Figure 1) and their applications in 
1,3-dipolar cycloaddition reaction and asymmetric allylic 
substitution reaction.[28,29] 
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Figure 1  MeO-PEG supported N,P and N,S ligands 

2  Results and discussions 
To incorporate the ferrocenyloxazoline ligands into 

polymer, an additional functional group on the phenyl ring 
was required, we tried to attach the soluble polymer to 
4-position of the phenyl ring. So, the chiral amino alcohol 
5 bearing the source of chirality and a function for further 
linkage to a polymer is the key intermediate. According to 
a recently published similar procedure,[30,31] (L)-Tyrosine is 
chosen as the starting material, methyl esterification and 
protection of amino group gave 2. Then the phenolic hy-
droxyl group was selectively protected using the TBS, fol-
lowing by reduction by LiAlH4 and removal of the 
Boc-protecting group to afford the chiral amino alcohol 5 
(Figure 2). 

According to the known literature procedure,[32] TBS 

protected oxazoline 6 was conveniently synthesized from 
ferrocene carboxylic acid and chiral amino alcohol 5.  
ortho-Lithiation of oxazoline 6 was investigated using 
n-BuLi in Et2O at －78 ℃ , followed by addition of 
Ar2PCl to give the compounds 7 in moderate yields. Then 
protective group of TBS was removed with TBAF in THF, 
followed by reaction with poly(ethylene glycol)s 1900 
monomethyl ether mesylate in the presence of Cs2CO3 in 
DMF, giving the PEG supported chiral N,P ligands 8a—8b 
in 47%—81% yields (Figure 3). At the same time, chiral 
ferrocenyloxazoline derived N,S ligand 8c was also synthe-
sized using the similar literature procedure.[33] 

As is known, the pyrrolidine ring is widely present in 
many biologically active compounds and pharmaceuticals. 
Furthermore, pyrrolidines are important building blocks in 
organic synthesis, and have emerged as core structure of 
privileged organocatalysts in the past years. The [3＋2] 
cycloaddition reaction of azomethine ylide with olefinic 
dipolarophiles constitutes a straightforward approach to the 
synthesis of highly substituted chiral pyrrolidine deriva-
tives.[34-50] So far, many laboratories have reported the 
catalytic asymmetric [3＋2] cycloadditions with azome-
thine ylides by means of a variety of ligand-metal combi-
nations. Our group reported that the ferrocenyloxazoline 
derived chiral N,P ligand showed excellent performance in 
the Ag(I)-catalyzed enantioselective 1,3-dipolar cycloaddi-
tion of azomethine ylides. 

To find out whether the MeO-PEG-supported chiral 
ligands have any influence on the outcome of the reaction, 
we first tested ligands 8a in the AgOAc-catalyzed 
1,3-dipolar cycloaddition reaction between iminoester 9a 
and N-phenylmaleimide in toluene. To our delight, we 
found the cycloaddition reaction finished in 3 h with high 
activity and excellent enantioselectivity (Entry 1, Table 1). 
Subsequently, the effect of solvents was examined, and  

SOCl2

CH3OH
HO

OMe
NHBoc

O

TBSO

OMe
NHBoc

O
LiAlH4

TBSO

OH
NHBoc TBSO

OH
NH2

OH
NH2

O

HO
THF

TBSCl

 CH2Cl2

(Boc)2O, K2CO3

Dioxane/H2O

TFA

Tyrosine 1
2 3

4 5

Yield 56%

Yield 71%

Yield 75%

Yield 84%  

Figure 2  Synthesis of chiral amino alcohol 5 

CO2H
N

O
OTBS

N

O
OTBS

 PAr2Cl or PhSSPh

CH3(OCH2CH2)nOMs N

O
O(CH2CH2O)nCH3

(1) (ClCO)2, NEt3, 5

(2) PPh3, CCl4, Et3N

 n-BuLi, TMEDA

THF, 0

Cs2CO3, DMF, 65

 7a: X = Ph2P, 54%
 7b: X = (4-CF3C6H4)2P, 27%
 7c: X = PhS, 44%

6 Yield 62%

PEG 1900 PEG 1900

 8a: X = Ph2P, 47%
 8b: X = (4-CF3C6H4)2P, 58%
 8c: X = PhS, 81%

Fe Fe Fe X

Fe X

℃

℃

TBAF

 
Figure 3  Synthesis of MeO-PEG-supported ligands 8   
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found THF was the best solvent in view of reactivity and 
enantioselectivity (Entry 2). So, we selected THF as sol-
vent and examined effect of ligands and temperature. 
Gratifyingly, an improvement in enantioselectivity (97% 
ee, Entry 5) was observed with ligand 8b bearing a strong 
electron-withdrawing trifluoromethyl at the para position 
of the phenyl ring, which is in agreement with our previous 
result. The slightly lower ees were obtained at 0 ℃ (En-
tries 6—7). Thus, the optimal conditions for asymmetric 
cycloaddition of azomethine ylides were AgOAc, 8b, THF 
and 25 ℃. 
Table 1  Enantioselective 1,3-dipolar cycloaddition of azomethine ylides 

p-ClC6H4 N CO2Me

N OO

Ph
N OO

Ph

N
H

CO2Mep-ClC6H4

AgOAc/L*

9a 10a

+

 

Entrya Ligand Solvent Temp./℃ Time/h Yieldb/% eec/% 

1 8a Toluene 25 3 83 92 

2 8a THF 25 4 76 93 

3 8a CH2Cl2 25 4 70 89 

4 8a Et2O 25 20 64 94 

5 8b THF 25 4 95 97 

6 8a THF 0 8 89 91 

7 8b THF 0 8 92 97 
a Conditions: iminoester (1.0 equiv.), N-phenylmaleimide (1.5 equiv.), AgOAc 
(3 mol%), ligand (3.3 mol%), concentration (0.12 mol/L). b Isolated yields.   
c Determined by HPLC. 

On the basis of the optimized reaction conditions, we 
investigated a variety of iminoester substrates derived from 
aldehydes with a variety of steric and electronic properties 
(Table 2). High yields and excellent enantioselectivities 
were achieved in all of the reactions. The cycloaddition of 
9a gave the best 97% enantioselectivity and 95% isolated 
yield (Entry 1). For iminoester bearing no substituent, 
electron-withdrawing substituent, or electron-donating 
substituent on the benzene ring, the reaction proceeded 
smoothly in excellent yields and enantioselectivities (En-
tries 2—4). As for imines bearing an ortho group on the 
benzene ring, the corresponding 1,3-dipolar cycloaddition 
adducts were obtained in 94% ee and 90% ee, respectively 
(Entries 5—6). It is noteworthy that the almost identical 
enantioselectivity was obtained for the reaction of 9b with 
the ligand 8b and its non-supported mother ligand (Entry 
2, 92% vs. 93%).  

Then, the recovery and reuse of the MeO-PEG-     
supported chiral ligand 8b was studied. We chose the 
1,3-dipolar cycloaddition of iminoester 9a with N-phenyl- 
maleimide in THF at room temperature (Table 3). Because 
MeO-PEG supported ligands 8b could not dissolve in Et2O 
and the desired product could dissolve in Et2O, we     
removed the solvent by oil pump when reaction was com-
pleted. Then the system was washed by Et2O until no 
product was tested under an inert atmosphere. The recov-
ered catalyst could be recycled for four times nearly with-
out a loss in enantioselectivity. It is noteworthy that the 

Table 2  Enantioselective 1,3-dipolar cycloaddition of azomethine ylides 

R N CO2Me

N OO

Ph

N OO

Ph

N
H

CO2MeR

AgOAc/8b

THF, r.t.

9 10

+

 

Entrya R Time/h Yieldb/% eec/% 

1 4-ClC6H4 2 95 (10a) 97 

2 Ph 2 90 (10b) 92 (93)d 

3 4-MeC6H4 4 84 (10c) 95 

4 4-FC6H4 2 93 (10d) 92 

5 2-MeC6H4 4 86 (10e) 94 

6 2-ClC6H4 4 92 (10f) 90 
a Conditions: iminoester (1.0 equiv.), N-phenylmaleimide (1.5 equiv.), AgOAc 
(3 mol%), 8b (3.3 mol%), concentration (0.12 mol/L). b Isolated yields. c De-
termined by HPLC. d The number in parenthesis was obtained with the 
non-supported N,P ligand. For the detailed information, please see reference 
[21].  

Table 3  Recycling experiments 

p-ClC6H4 N COOMe

N OO

Ph

N OO

Ph

N
H

COOMep-ClC6H4

AgOAc/8b

THF, r.t.

9a 10a

+

 

Cyclea Time/h Yieldb/% eec/% 

1 4 92 97 

2 4 88 95 

3 6 92 95 

4 6 86 96 

5 8 85 95 

6 12 74 81 
a Conditions: iminoester (1.0 equiv.), N-phenylmaleimide (1.5 equiv.), AgOAc 
(3 mol%), 8b (3.3 mol%), concentration (0.12 mol/L). b Isolated yields. c De-
termined by HPLC. 

activity slightly decreased, the reaction times were prop-
erly prolonged for the satisfied yields (Entries 1—5). But 
when the catalyst was run in the sixth time, the activities 
and enantioselectivities decreased remarkably (Entry 6). 

The Pd-catalyzed asymmetric allylic substitution is one 
of the most versatile routes for preparing optically active 
compounds through carbon-carbon or carbon-heteroatom 
bond formation.[28,29] Sulfur-nitrogen ligands have recently 
been proved to be successful in asymmetric allylic substi-
tution.[51] Encouraged by the excellent results obtained in 
the 1,3-dipolar cycloadditions, we decided to test the cata-
lytic performance of the polymer-supported ferroceny-
loxazoline derived N,S ligand 8c in this reaction. The reac-
tion of (E)-1,3-diphenylallyl acetate with dimethyl malo-
nate was proceeded in CH2Cl2 using [Pd(allyl)Cl]2 (2.5 
mol%)/8c (6 mol%) as catalyst and N,O-bis(trimethyl- 
silyl)acetamide (BSA) and lithium acetate as base, respec-
tively (Table 4). To our delight, the catalyst still kept its 
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good enantioselectivity even after being recovered and 
reused five times. The activity only decreased remarkably 
in the sixth time.  

Table 4  Pd-catalyzed asymmetric allylic alkylation 

Ph Ph

OAc

Ph Ph

MeO2C CO2Me

CO2Me

CO2Me

BSA, LiOAc, CH2Cl2

+

8c (6 mol%)
[Pd(allyl)Cl]2 (2.5 mol%)11

12

 

Cyclea Time/h Yieldb/% eec/% 

1 2 95 90 

2 2 94 90 

3 4 96 88 

4 4 94 88 

5 4 85 86 

6 12 78 85 
a Conditions: 1 mmol of 11, dimethylmalonate (3 equiv.), [Pd(allyl)Cl]2 (2.5 
mol%), 8c (6 mol%), LiOAc (5 mol%), BSA (3 equiv.), r.t. b Isolated yields.  
c Determined by HPLC. 

3  Conclusions 
In summary, we have developed an efficient method for 

the facile synthesis of MeO-PEG-supported ferrocenyl- 
oxazoline derived chiral N,P and N,S ligands. These 
ligands have been successfully applied in asymmetric 
Ag-catalyzed 1,3-dipolar cycloadditions of azomethine 
ylides and the Pd-catalyzed asymmetric allylic alkylation 
with up to 97% ee and 90% ee, respectively. Furthermore, 
the MeO-PEG-supported ferrocenyloxazoline ligands can 
be recovered and reused. 

References 
[1] Leadbeater, N. E.; Marco, M. Chem. Rev. 2002, 102, 3217.  
[2] Dickerson, T. J.; Reed, N. N.; Janda, K. D. Chem. Rev. 2002, 102, 

3325.  
[3] Bergbreiter, D. E. Chem. Rev. 2002, 102, 3345.  
[4] Gravert, D. J.; Janda, K. D. Chem. Rev. 1997, 97, 489.  
[5] Han, H. S.; Janda, K. D. J. Am. Chem. Soc. 1996, 118, 7632.  
[6] Reger, T. S.; Janda, K. D. J. Am. Chem. Soc. 2000, 122, 6929.  
[7] Fan, Q. H.; Deng, G. J.; Lin, C. C.; Chan, A. S. C. Tetrahedron: 

Asymmetry 2001, 12, 1241.  
[8] Li, X. G.; Chen, W. P.; Hems, W.; King, F.; Xiao, J. L. Org. Lett. 

2003, 5, 4559.  
[9] Gissibl, A.; Finn, M. G.; Reiser, O. Org. Lett. 2005, 7, 2325.  

[10] Xu, L.; Lam, K. H.; Ji, J.; Wu, J.; Fan, Q.-H.; Lo, W.-H.; Chan, A. 
S. C. Chem. Commun. 2005, 1390.  

[11] Yang, X. W.; Liu, H. Q.; Xu, M. H.; Lin, G. Q. Chin. J. Chem. 2005, 
23, 68. 

[12] Hu, X. P.; Huang, J. D.; Zeng, Q. H.; Zheng, Z. Chem. Commun. 
2006, 293. 

[13] Bandini, M.; Benaglia, M.; Sinisi, R.; Tommasi, S.; Umani-Ronchi, 
A. Org. Lett. 2007, 9, 2151.  

[14] Wang, X. B.; Zhou, Y. G. J. Org. Chem. 2008, 73, 5640.  
[15] Dai, L. X.; Tu, T.; You, S. L.; Deng, W. P.; Hou, X. L. Acc. Chem. 

Res. 2003, 36, 659.  
[16] Arrayas, R. G.; Adrio, J.; Carretero, J. C. Angew. Chem., Int. Ed. 

2006, 45, 7674.  
[17] Hargaden, G. C.; Guiry, P. J. Chem. Rev. 2009, 109, 2505.  
[18] Naodovic, M.; Yamamoto, H. Chem. Rev. 2008, 108, 3132.  
[19] Yanagisawa, A.; Arai, T. Chem. Commun. 2008, 1165.  
[20] Chen, Q. A.; Wang, D. S.; Zhou, Y. G. Chem. Commun. 2010, 46, 

4043.  
[21] Zeng, W.; Zhou, Y. G. Org. Lett. 2005, 7, 5055.  
[22] Zeng, W.; Chen, G. Y.; Zhou, Y. G.; Li, Y. X. J. Am. Chem. Soc. 

2007, 129, 750.  
[23] Zeng, W.; Zhou, Y. G. Tetrahedron Lett. 2007, 48, 4619.  
[24] Chen, Q. A.; Zeng, W.; Wang, D. W.; Zhou, Y. G. Synlett 2009, 

2236.  
[25] Chen, Q. A.; Zeng, W.; Zhou, Y. G. Tetrahedron Lett. 2009, 50, 

6866.  
[26] Bolm, C.; Hermanns, N.; Classen, A.; Muniz, K. Bioorg. Med. 

Chem. Lett. 2002, 12, 1795.  
[27] Martin-Matute, B.; Isabel Pereira, S.; Pena-Cabrera, E.; Adrio, J.; 

Silva, A. M. S.; Carretero, J. C. Adv. Synth. Catal. 2007, 349, 1714.  
[28] Trost, B. M. Chem. Pharm. Bull. 2002, 50, 1.  
[29] Trost, B. M.; Crawley, M. L. Chem. Rev. 2003, 103, 2921.  
[30] Deng, H. B.; Jung, J. K.; Liu, T.; Kuntz, K. W.; Snapper, M. L.; 

Hoveyda, A. H. J. Am. Chem. Soc. 2003, 125, 9032.  
[31] Liao, L. A.; Zhang, F.; Dmitrenko, O.; Bach, R. D.; Fox, J. M. J. 

Am. Chem. Soc. 2004, 126, 4490.  
[32] Richards, C. J.; Mulvaney, A. W. Tetrahedron: Asymmetry 1996, 7, 

1419.  
[33] You, S. L.; Zhou, Y. G.; Hou, X. L.; Dai, L. X. Chem. Commun. 

1998, 2765.  
[34] Gothelf, K. V.; Jorgensen, K. A. Chem. Rev. 1998, 98, 863.  
[35] Pandey, G.; Banerjee, P.; Gadre, S. R. Chem. Rev. 2006, 106, 4484.  
[36] Stanley, L. M.; Sibi, M. P. Chem. Rev. 2008, 108, 2887.  
[37] Gothelf, A. S.; Gothelf, K. V.; Hazell, R. G.; Jorgensen, K. A. 

Angew. Chem., Int. Ed. 2002, 41, 4236.  
[38] Longmire, J. M.; Wang, B.; Zhang, X. M. J. Am. Chem. Soc. 2002, 

124, 13400.  
[39] Chen, C.; Li, X. D.; Schreiber, S. L. J. Am. Chem. Soc. 2003, 125, 

10174.  
[40] Cabrera, S.; Arrayas, R. G.; Carretero, J. C. J. Am. Chem. Soc. 2005, 

127, 16394.  
[41] Saito, S.; Tsubogo, T.; Kobayashi, S. J. Am. Chem. Soc. 2007, 129, 

5364.  
[42] Chen, X. H.; Zhang, W. Q.; Gong, L. Z. J. Am. Chem. Soc. 2008, 

130, 5652.  
[43] Shi, J. W.; Zhao, M. X.; Lei, Z. Y.; Shi, M. J. Org. Chem. 2008, 73, 

305.  
[44] Najera, C.; Retamosa, M. D.; Sansano, J. M. Angew. Chem., Int. Ed. 

2008, 47, 6055.  
[45] Wang, C. J.; Liang, G.; Xue, Z. Y.; Gao, F. J. Am. Chem. Soc. 2008, 

130, 17250.  
[46] Wang, C. J.; Xue, Z. Y.; Liang, G.; Lu, Z. Chem. Commun. 2009, 

2905.  
[47] Xue, Z. Y.; Liu, T. L.; Lu, Z; Huang, H.; Tao, H. Y.; Wang, C. J. 

Chem. Commun. 2010, 1727.  
[48] Kim, H. Y.; Shih, H. J.; Knabe, W. E.; Oh, K. Angew. Chem., Int. 

Ed. 2009, 48, 7420.  
[49] Arai, T.; Mishiro, A.; Yokoyama, N.; Suzuki, K.; Sato, H. J. Am. 

Chem. Soc. 2010, 132, 5338.  
[50] Yamashita, Y.; Imaizumi, T.; Kobayashi, S. Angew. Chem., Int. Ed. 

2011, 50, 4893.  
[51] You, S. L.; Hou, X. L.; Dai, L. X.; Yu, Y. H.; Xia, W. J. Org. Chem. 

2002, 67, 4684. 

(Cheng, B.; Lu, Z.) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


