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Synthesis and Catalytic Study of Ruthenium Carbene Catalyst
Containing a Zn-Porphyrin Ligand
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A ruthenium carbene complex containing a Zn-porphyrin ligand has been developed. The complex was charac-
terized by "H NMR, IR, HRMS and elemental analysis. The catalytic activity of the ruthenium carbene complex for
olefin metathesis reactions was also investigated. The complex exhibited excellent performance for both

ring-closing and cross metathesis reactions at 35 C.
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Introduction

Olefin metathesis is one of the most flexible, efficient
and widely used methods for the construction of car-
bon-carbon double bonds.! In 1992, Grubbs and co-
workers reported the first well-defined ruthenium-based
olefin metathesis catalyst (1, Figure 1).”) Since then, a
series of modified catalysts have been synthesized in-
cluding 2 in which one of the tricyclohexylphosphine
ligands in 1 was replaced with a bulky N-heterocyclic
carbene (NHC) ligand, H,IMes (Figure 1).”! In addition,
more stable Hoveyda-type complexes 3 and 4 (Figure 1)
have also been developed.” Complex 4, which has an
O-chelated NHC ruthenium isopropoxybenzylidene, is
very important because it has excellent stability and
remarkable catalytic activity in olefin metathesis."
Many other complexes based on 4 have also been de-
signed by changing the strength of the Ru—O bond
which has a pronounced effect on the catalytic activ-
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Figure 1 Catalysts for olefin metathesis.

It is well known that a change in the isopropoxysty-
rene ligand can result in a change in the activity of the
catalyst. For example, increasing the steric bulk of the
ligand can improve the leaving-group ability of the sty-
rene ligand. Porphyrins are tetrapyrrole macrocycles
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that possess 22 = electrons and based on Hiickel’s rule,
they are highly aromatic. These aromatic properties are
responsible for many of the useful porphyrin applica-
tions, particularly in the field of medicine.”® Bulky
porphyrins also have excellent stability and can effec-
tively stabilize Ru catalysts.[9] So, in this work the effect
of using a porphyrin in the isopropoxystyrene ligand
was investigated. A ruthenium carbene complex con-
taining a Zn porphyrin ligand was synthesized, charac-
terized and investigated as a catalyst for ring-closing
and cross metathesis reactions.

Experimental

Elemental analyses were determined using an Ele-
mentar Vario EL cube analyzer. 'H NMR spectra were
obtained on a 400 or 500 MHz spectrometer and "*C
NMR spectra were obtained on a 500 MHz spectrometer
with CDCl; as the solvent and TMS as the internal ref-
erence. High-resolution (HR) mass analysis was deter-
mined by Fourier transform ion cyclotron resonance
mass spectrometry (MS).

The (E)-4-bromo-1-isopropoxy-2-(prop-1-enyl) ben-
zene was prepared according to a literature method.

Synthesis of compound 5 A flask was charged
with 1.50 g (5.91 mmol) of (E)-4-bromo-1-isopropoxy-
2-(prop-1-enyl)benzene (precursor for 5) and 5 mL of
anhydrous diethyl ether. The solution was cooled to —78
‘C, and then 4.27 mL of n-BuLi (1.66 mol/L in hexane,
7.08 mmol, 1.2 equiv.) was slowly added via a syringe.
The reaction mixture was then allowed to slowly warm
to room temperature. After stirring for 1 h at room tem-
perature, the reaction mixture was cooled to —78 “C. To
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this mixture, 0.43 g of DMF (5.91 mmol, 1 equiv.) was
slowly added via a syringe and the resulting solution
was stirred for 1 h at this temperature. The mixture was
then concentrated under vacuum to obtain a thick oil
residue. Next, 20 mL of dichloromethane was added to
the residue. After being washed four times with water,
the organic layer was dried over magnesium sulfate.
Removal of the solvent by filtration gave an oil residue.
The residue was purified by silica gel chromatography
using pentane/CH,Cl, (1 : 1) as the eluent. The desired
compound 5 was obtained as a yellow oil (0.67 g, 3.28
mmol, 56%). "H NMR (500 MHz, CDCl;) : 9.88 (s, 1H,
COH), 7.949 (s, 1H, CH), 7.70 (d, *Ju, my=11.0 Hz, 1H,
CH), 6.95 (d, *Ju, w=84 Hz, 1H, CH), 6.71 (d,
*Ju. =20 Hz, 1H, CH), 6.38—6.33 (m, 1H, CH),
4.71—4.67 (m, 1H, CH), 1.93 (d, *J, 1y=8.0 Hz, 3H,
CHs), 1.41 (d, *Ju, m=7.5 Hz, 6H, CHs); *C NMR
(125 MHz, CDCl3) o: 18.9, 21.9, 70.7, 112.5, 124.8,
127.6, 128.0 128.3, 129.2, 130.2, 159.5, 190.9. Anal.
caled for C3H;0,: C 76.44, H 7.90; found C 76.77, H
7.85.

Synthesis of compound 6 A flask was charged
with compound 5 (1 g, 4.9 mmol), benzaldehyde (1.56 g,
14.7 mmol) and propionic acid (60 mL). The mixture
was brought to a boil and then pyrrole (1.32 g, 19.6
mmol) was added via a syringe. The mixture was then
stirred for 8 h under reflux and the propionic acid was
removed under vacuum. Next, dichloromethane (50 mL)
was added to the residue, and the organic layer was
separated and washed four times with water. The or-
ganic layers were combined and washed with saturated
salt water, dried over magnesium sulfate, filtered and
concentrated. The desired product 6 was obtained as a
purple solid after purification by silica gel chromatog-
raphy using pentane/CH,Cl, (1 © 1) as the eluent. Yield:
9.1% (0.27 g, 0.33 mmol). '"H NMR (500 MHz, CDCls)
d: 8.95 (d, *J, my=5.5 Hz, 2H, CH), 8.86 (s, 6H, CH),
8.23 (d, *Jiu. my=8.0 Hz, 8H, CH), 7.77 (d, *Jy1,1=9.0
Hz, 10H, CH), 7.05—7.01 (m, 1H, CH), 6.40 (dd,
*J(u.m=8.5 Hz, 19.5 Hz, 1H, CH), 4.93—4.84 (m, 1H,
CH), 1.94 (d, *Ju w=8.0 Hz, 3H, CH;), 1.61 (d,
*Jw.m=7.5 Hz, 6H, CH3), —2.72 (s, 2H, NH); °C NMR
(125 MHz, CDCl3) o: 19.0, 22.5, 71.0, 112.1, 119.9,
120.1, 120.2, 120.5, 125.9, 126.2, 126.7, 126.8, 127.7,
128.0, 133.0, 133.9, 134.0, 134.4, 134.6, 142.3, 154.5,
167.2; IR (KBr) v: 3402, 2961, 2923, 2852, 1653, 1259,
1107, 800, 701 cm™'. Anal. caled for CsoH4oN4O: C
84.24, H 7.66, N 6.86; found C 84.31, H 7.55, N 6.92.

Synthesis of compound 7 A mixture of compound
6 (165 mg, 0.23 mmol) and Zn(OAc),*2H,0 (389 mg,
2.3 mmol) was dissolved in DMF (5 mL) and CH,Cl,
(10 mL). Then the mixture was placed in a 250 mL flask
and refluxed for 20 min under N,. After cooling to room
temperature, the solvent was evaporated under vacuum.
The residue was dissolved in dichloromethane and
washed with water. Then the organic layer was dried
with magnesium sulfate and concentrated. The desired
product 7 was obtained as a purple solid after purifica-
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tion by silica gel chromatography using pentane/CH,Cl,
(1 © 1) as the eluent. Yield 78.4% (140 mg, 0.18 mmol).
'H NMR (500 MHz, CDCls) 6: 8.99 (s, 8H, CH), 8.25
(d, *Ju. m=7.5 Hz, 8H, CH), 7.81—7.77 (m, 10H, CH),
7.02 (d, "Ju,uy=20.0 Hz, 1H, CH), 6.43—6.37 (m, 1H,
CH), 4.90—4.87 (m, 1H, CH), 1.94 (d, *Jiu m=7.5 Hz,
3H, CH3), 1.62 (d, *Ju. my=7.5 Hz, 6H, CH3); °C NMR
(125 MHz, CDCl;) o: 18.9, 22.5, 71.1, 112.1, 121.0,
121.1, 121.2, 121.4, 125.9, 126.1, 126.5, 126.7, 127.5,
131.9, 132.0, 132.1, 132.2, 132.8, 133.7, 134.4, 135.0,
142.8, 142.9, 143.0, 150.2, 150.3, 150.7, 154.3; IR (KBr)
v: 2922, 2850, 1596, 1484, 1439, 1339, 1242, 1122,
1068, 1003, 994, 797, 700 cm'. Anal. caled for
CsoH3sN4OZn: C 77.36, H 4.83, N 7.22; found C 77.41,
H4.95,N 7.32.

Synthesis of complex 8 Grubbs catalyst 2 (17 mg,
0.020 mmol) and CuCl (2.0 mg, 0.020 mmol) were
added to a Schlenk flask under N,. A solution of 7 (14
mg, 0.018 mmol) in 5 mL dry dichloromethane was
poured into the reaction mixture at room temperature.
The resulting mixture was then stirred for 3 h at 40 C.
After being cooled to room temperature, the reaction
mixture was filtered and the clear filtrate was collected.
The solvent from the filtrate was evaporated under vac-
uum to obtain a residue. The desired product 8 was ob-
tained as a green-purple crystalline solid after purifica-
tion by silica gel chromatography using pentane/CH,Cl,
(1 © 1) as the eluent. Yield 36.2% (8 mg, 0.0065 mmol).
'H NMR (400 MHz, CDCl;) 6: 16.70 (s, 1H, Ru-H),
9.03 (s, 2H, CH), 8.96—8.94 (m, 6H, CH), 8.33—8.17
(m, 7H, CH), 7.83—7.77 (m, 10H, CH), 7.18 —=7.16 (m,
1H, CH), 6.99—6.94 (m, 3H, CH), 5.20—5.17 (m, 1H,
CH), 4.19 (s, 4H, CHy), 2.52 (s, 12H, CHj), 1.49 (d,
*Ju. m=6.4 Hz, 6H, CH;); IR (KBr) v: 2966, 2925,
2849, 1617, 1482, 1261, 1101, 1002, 796, 700 cm ;
HRMS caled for CgHsoCIL,NgOZnRu [M-H]"
1153.3085, found 1153.3088. Anal. caled for
CeoHgoCloNgOZnRu: C 67.56, H 4.93, N 6.85; found C
67.77,H 4.84, N 6.95.

Kinetics study of 8 and 4 A Schlenk flask was
charged with catalyst (0.02 mmol, 1.0 mol%) and dry
CH,Cl,. The sample was equilibrated at 30 ‘C and then
diethyl diallylmalonate 9 was added via a syringe. Ali-
quots were taken from the reaction mixture at the ap-
propriate time using a syringe and were quenched im-
mediately with 0.1 mol/L PEI in CH,Cl,. The resulting
solution was then subjected to short column chroma-
tography to remove any Ru metal residue using CH,Cl,
as the eluent. The solvent from the collected solution
was evaporated under vacuum. The conversion yield
was determined by comparing the ratio of the integrals
of the '"H NMR methylene proton peaks in the starting
material with those in the product.

Catalytic study of the ruthenium carbene com-
plex 8 The general procedure for the metathesis reac-
tions with the ruthenium carbene complex 8 is as fol-
lows: 0.0005 mmol of catalyst 8 suspended in 1.0 mL of
dry CH,Cl, was placed in a Schlenk flask, and heated to
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35 °C in an oil bath under nitrogen. Then, the desired
amount of substrates was added with stirring. The reac-
tion mixture was stirred for 1 —12 h. At the end of the
reaction, the catalysts were separated by silica gel
chromatography using CH,Cl, as the eluent to remove
any trace amounts of the Ru residue. The yield is re-
ported as isolated yield.

Results and Discussion

The reaction of compound 5 with benzaldehyde and
pyrrole gave compound 6 which contains a porphyrin
(Scheme 1). Next, 6 was treated with Zn(OAc),*4H,0
in N,N-dimethylformamide to give 1i%and 7 in good
yield. As described by Kingsbury et al, 1 the treatment
of 7 with 2 in the presence of CuCl in CH,Cl; at 40 ‘C
resulted in the exchange of the styrene group to give 8, a
ruthenium complex, as a green-purple crystalline solid.

The catalytic activity of 8 and the unmodified
Hoveyda second generation catalyst 4 were tested for
the ring-closing metathesis (RCM) reaction using di-
ethyl diallylmalonate 9 as the substrate. The relative
conversion rates are shown in Figure 2. Although 8 has
a lower initiation rate than 4, both catalysts had high
RCM conversions (>>95%) after 30 min.

The catalytic efficiency of complex 8 for different
RCM substrates was then investigated (Table 1). The
ring closure of the N-protected substrates 11, 13, 15 and
21 and the oxygen containing dienes 15, 19 and 23 led
to either five-, six-, or seven-membered rings with di-,
or tri-substituted double bonds, respectively (Table 1,
Entries 1—28). High yields were obtained with a low

Catalyst
(1 mol%) @COzEt
—_—
CH.Cl, CO,Et
30°C,0.5h

10

Conv./%
(o))
?

O — T T T T T T T T T T T 1
0 5 10 15 20 25 30
Time/min

Figure 2 Catalytic activities of 8 and 4 in the RCM of diallyl
diethylmalonate.

catalyst loading (0.1 —0.5 mol% [Ru]).

The usefulness of catalyst 8 for the cross metathesis
(CM) reaction of 25 and 26 was also examined (Table 2).
Catalyst 8 exhibited a high activity in this reaction with
a loading of 1.5 mol%. The dimerization of olefin 27 to
E-stilbene was achieved which is similar to the results
for 4.""Y The reaction proceeded smoothly for methyl
acrylate 26 and olefins (25a—25d) which had different
substituted groups on the benzene rings including

Scheme 1 Synthesis of ruthenium carbene complex 8 (Mes=2,4,6-trimethylphenyl)

‘3 +4 !/ '\ CH,CH,COOH Zn(OAC),+2H,0
N
H reflux, 8 h DMF, reflux, 1h
CHO CHO
5
6
Grubbs Il
_
cucl
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Table 1  Application of catalyst 8 to different RCM substrates®
Entry Substrate Product Cat./mol% t/h Yield®/%
EtO,C_ CO,Et
1 /\)</\ >@ 0.1 2.0 98
7 N EtO,C
9
Ts
b /\/N\/\
1
\/\N/\/
3 COPh
13
Ts
4 S N _~F
15
"=
5 O
17 —
O
O/\/
6 O\/\
O
19
\/\N/Y
7 Ts
21
O\/g
8 @[/\
23

e

@/ 0.5 1.0 97

22

0
w 0.5 15 93
24

10

a 0.1 1.5 97
12

PhCON |

0.1 1.5 97

14

TsN \>
0.1 1.5 98
16

(0]
/
18
(@]
o ]
0.
20

0.1 1.5 90

j 1.0 12 96

“Reactions were conducted in CH,Cl, at 35 °C. *Isolated yield.

Table 2 Application of catalyst 8 to different CM substrates

oy i
Catalyst
// 25 (1.5 mol%) @/o\/\)]\o/
—_—

O CH,Cl,, 35 °C //
12h R 27
(0] All E isomer
26 2 equiv.
Entry Substrate Product  Yield/%
1 25a (R=H) 27a 93
2 25b (R=4-OCH;) 27b 98
3 25¢ (R=4-Br) 27¢ 96
4 25d (R=4-CH,) 27d 95
5 25e¢ (R=4-NO,) 27e 60
6 25f (R=2-Br) 27f 40
“Isolated yield.

methyl, methoxyl, bromo, and nitro groups. The prod-
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ucts (27a—27e) were obtained in good to high yields
(60%—98%). Even with an o-substituted substrate 25f,
a moderate yield (271, 40%) was obtained.
Conclusions

In summary, a new Hoveyda-Grubbs type metathesis
catalyst containing a Zn-porphyrin ligand has been pre-
pared. This complex exhibits high activity and selectiv-
ity for a series of RCM and CM reactions with different
substrates.

Acknowledgement

This work was supported by the National Natural
Science Foundation of China (grant No. 21102102).
References

[1] (a) Nicolaou, K. C.; Bulger, P. G.;; Sarlah, D. Angew. Chem. 2005,

Chin. J. Chem. 2015, 33, 1393—1397



Synthesis and Catalytic Study of Ruthenium Carbene Catalyst Containing a Zn-Porphyrin Ligand

CHINESE JOURNAL OF
CHEMISTRY

117, 4564; Angew. Chem., Int. Ed. 2005, 44, 4490; (b) van Otterlo,
W. A. L.; de Koning, C. B. Chem. Rev. 2009, 109, 3743; (c) Gradil-
las, A.; Perez-Castells, J. Angew. Chem. 2006, 118, 6232; Angew.
Chem., Int. Ed. 2006, 45, 6086; (d) Buchmeiser, M. R. Chem. Rev.
2000, /00, 1565.

[2] Nguyen, S. T.; Johnson, L. K.; Grubbs, R. H.; Ziller, J. W. J. Am.
Chem. Soc. 1992, 114, 3974.

[3] Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. H. Org. Lett. 1999, 1,
953.

[4] (a) Harrity, J. P. A.; La, D. S.; Cefalo, D. R.; Visser, M. S.; Hoveyda,
A. H.J. Am. Chem. Soc. 1998, 120, 2343; (b) Kingsbury, J. S.; Har-
rity, J. P. A.; Bonitatebus, P. J.; Hoveyda, A. H. J. Am. Chem. Soc.
1999, 721, 791; (c) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.;
Hoveyda, A. H. J. Am. Chem. Soc. 2000, 122, 8168; (d) Gessler, S.;
Randl, S.; Blechert, S. Tetrahedron Lett. 2000, 41, 9973; (e) Waka-
matsu, H.; Blechert, S. Angew. Chem. 2002, 114, 2509; Angew.
Chem., Int. Ed. 2002, 41, 2403.

[5] Hoveyda, A. H.; Zhugralin, A. R. Nature 2007, 450, 243.

Chin. J. Chem. 2015, 33, 1393—1397

©2015 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

[6] (a) Wakamatsu, H.; Blechert, S. Angew. Chem. 2002, 114, 832,
Angew. Chem., Int. Ed. 2002, 41, 794; (b) Grela, K.; Harutyunyan,
S.; Michrowska, A. Angew. Chem. 2002, 114, 4210; Angew. Chem.,
Int. Ed. 2002, 41, 4038; (c) Michrowska, A.; Bujok, R.; Harutyun-
yan, S.; Sashuk, V.; Dolgonos, G.; Grela, K. J. Am. Chem. Soc. 2004,
126, 9318; (d) Liu, G. Y.; Wu, B.; Wang, J. H. Chin. J. Chem. 2015,
33, 441.

[7] Glatter, O.; Kratky, O. Small Angle X-ray Scattering, Academic
Press, London, 1982.

[8] (a) Cunderlikov4, B.; Moan, J.; Sjaastad, 1. Cancer Lett. 2005, 222,
39; (b) Husain, D.; Kim, I.; Gauthier, D. Arch. Ophthalmol. 2005,
123,509.

[9] (a) Shelnutt, J. A.; Song, X. Z.; Ma, J. G; Jia, S. L.; Jentzen, W.;
Medforth, C. J. Chem. Soc. Rev. 1998, 27, 31; (b) Ishizuka, T.;
Osuka, A.; Furuta, H. Angew. Chem., Int. Ed. 2004, 43, 5077.

[10] Bujok, R.; Bieniek, M.; Masnyk, M.; Michrowska, A.; Sarosiek, A.;
Stepowska, H.; Arlt, D.; Grela, K. J. Org. Chem. 2004, 20, 6894.

[11] Chatterjee, A. K.; Choi, T. L.; Sanders, D. P.; Grubbs, R. H. J. Am.
Chem. Soc. 2003, 125, 11360.

(Pan, B.; Qin, X.)

www.cjc.wiley-vch.de 1397




<<
  /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
  /CreateJDFFile false
  /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

  /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


