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The highly enantioselective cross-dehydrogenative coupling of aldehydes with benzylic compounds has been
developed as an efficient and rapid protocol for synthesis of enantioriched a-alkylated aldehydes.
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Introduction

In recent years, transition-metal catalyzed direct
cross-dehydrogenative coupling (CDC) of two C—H
bonds has attracted considerable attention owing to its
green, low-cost, and environmentally friendly nature in
efficient construction of C—C bonds.'" In this context,
much effort has been directed toward the enantioselec-
tive version of CDC reactions. However, such asym-
metric reactions remain a great challenge given the ab-
sence of binding sites in hydrocarbon substrates and the
incompatibility of chiral catalysts with oxidants.”” Thus
the enantioselective oxidative C—C bond formation is
still in its infancy and needs extensive exploration.

The direct, catalytic, and asymmetric functionaliza-
tion of aldehydes in high stereoselectivity represents a
remarkble challenge in asymmetric catalysis.”! For in-
stance, alkylation of aldehydes at the a position using
the organometallic methods often required preformed
metal enolates and stoichiometric amounts of chiral
auxiliaries, where many undesirable side reactions may
occur.! Moreover, the catalytic enantioselective inter-
molecular a-alkylation of aldehydes has been regarded
as “the Holy Grail” reaction in asymmetric aminocata-
lysis.”®) We recently reported the highly enantioselec-
tive intermolecular a-alkylation of aldehydes with al-
cohols by a diarylprolinol silyl ether under Brensted
acid, Lewis acid or acid-free conditions.”? Encouraged
by this result and the recent reports on the highly enan-
tioselective f-functionalization of simple aldehydes,™
we envisage that coorporation of diarylprolinol silyl
ether catalyst with an suitable oxidant may offer an effi-
cient catalytic system to effect a highly enantioselective
cross-dehydrogenative coupling of aldehydes with ben-
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zylic compounds when the C—O bond is changed to a
C—H bond (Scheme 1). The obvious advantage is that
the desired enantioriched a-alkylated aldehydes can be
directly produced from aldehydes with benzylic com-
pounds through an oxidative C—H functionalization
process. Although this transformation has been recently
studied by Cozzi and coworkers,””! their system has the
drawback of high catalyst loading (20 mol% MacMillan
catalyst), low temperature (—25 °C), moderate enantio-
selectivity (10%—86% ee) as well as tedious operation.
Thus the required harsh conditions and unsatisfactory ee
value limited the overall sustainability and applicability.
Recently, anodic oxidation was applied to the enantio-
selective coupling of aldehydes and xanthene by use of
20—50 mol% of the MacMillan catalyst and the prod-
ucts were also afforded in low enantioselectivity
(10%—68% ee).[m] Despite the obviously green and
atom-economic advantage, this reaction still remains a
formidable challenge and the highly enantioselective
version is rare.''! As a continuation of our interest in
develo7p1ng highly enantioselective organocatalytic reac-
tions,'? herein we report the highly enantioselective

Scheme 1 Enantioselective cross-dehydrogenative coupling of
aldehydes with benzylic compounds
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cross-dehydrogenative coupling of aldehydes with ben-
zylic compounds by cooperative catalysis of diaryl-
prolinol silyl ether with an oxidant, leading to a variety
of enantioriched a-alkylated aldehydes in high optical
purity at room temperature under very mild conditions.

Experimental

Unless otherwise noted, commercial reagents were
used as received and all reactions were carried out di-
rectly in air atmosphere. Flash chromatography was
performed using Merck silica gel 60 with freshly dis-
tilled solvents. Columns were typically packed as slurry
and equilibrated with the appropriate solvent system
prior to use. Infrared spectra were recorded on a
Bio-Rad FTS 165 FTIR spectrometer. The oil samples
were examined under neat conditons. High Resolution
Mass (HRMS) spectra were obtained using Finnigan
MATI95XP GC/HRMS (Thermo Electron Cor;poration).
Proton nuclear magnetic resonance spectra (( H NMR)
were recorded on a Bruker Avance DPX 300 and
Bruker AMX 400 spectrophotometer (CDCl; as solvent).
Enantioselectivities were determined by HPLC analysis
employing a Daicel Chiracel column at 25 °C. Optical
rotation was measured using a JASCO P-1030 Po-
larimeter equipped with a sodium vapor lamp at 589 nm.
Concentration is denoted as ¢ and was calculated as
grams per deciliters (g/100 mL) using chloroform as
solvent. Absolute configuration of the products was de-
termined by comparison with known compounds.

A typical reaction procedure is as follows: To a 5
mL vial equipped with a magnetic stirring bar, were
added CHCI; (2 mL) and benzylic compound 2a (0.2
mmol). Then catalyst I (0.02 mmol) and DDQ (0.24
mmol) were added before addition of aldehyde 1 (0.8
mmol). The resulting solution was stirred at room tem-
perature for 12 h. Then the mixture was filtered through
celite to remove any precipitate. The filtration was
evacuated and the resulting mixture was dissolved in
EtOH (5 mL). NaBH, was then cautiously added to the
solution. The mixture was stirred at room temperature
for 0.5 h and was quenched with 1 mol/L HCI. The or-
ganic phase was separated and the aqueous solution was
extracted with ethyl acetate (10 mL X 3). The combined
organic phases were washed with brine and dried over
anhydrous MgSO,. The solvent was removed under re-
duced pressure and the resulting oil was purified by
preparative chromatography or column chromatography
(hexane/ethyl acetate=4 . 1) to afford the desired prod-
uct 3. The enantiomeric excess was determined by
HPLC using chiral AD-H or AS-H columns. The abso-
lute configuration of the products was determined by
optical rotation in comparison with the literature re-
ported values.*'” (R)-2-(9H-xanthen-9-yl)propan-1-
ol (3a): yellow oil; '"H NMR (CDCl;, 500 MHz) &:
7.26—7.22 (m, 4H), 7.10—7.07 (m, 4H), 4.22 (d, J=
4.5 Hz, 1H), 3.53—3.46 (m, 1H), 3.45—3.43 (m, 1H),
2.01—1.98 (m, 1H), 1.25 (br s, 1H), 0.64 (d, J=7.0 Hz,
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3H); "C NMR (CDCl;, 100 MHz) &: 153.4, 153.1,
129.7, 128.75, 127.7, 127.5, 125.1, 123.3, 122.9, 122.5,
116.3, 116.2, 64.9, 45.1, 40.2, 12.0; HRMS (ESI) calcd
for C16H170, 241.1229 [M+H]", found 241.1230 [M+
H]".

Results and Discussion

The reaction of butyraldehyde 1a and xanthene 2a
was selected as the model reaction to define the suitable
oxidant in the presence of 10 mol% diarylprolinol silyl
ether L") Our preliminary results showed that the com-
monly used metal oxidants such as Fe(Ill) and Cu(Il)
salts as well as IBX cannot afford satisfactory results
(Table 1, Entries 1—4). When O, was employed as oxi-
dant, only trace of product was found in the presence of
catalyst I, however, catalyst II can afford 58% yield,
abeit no enantioselectivity was observed (Table 1, En-
tries 5—6). Inspired by the recent success on DDQ
(2,3-dichloro-5,6-dicyano-1,4-benzoquinone) as an
oxidant in implementing oxidative cross coupling reac-
tions,!'” we tried DDQ as oxidant to perform this reac-
tion. To our delight, this reaction proceeded smoothly to
give the desired product 3a in moderate yield and mod-
erate ee in CH,Cl, (Table 1, Entry 7). This encouraged
us to investigate the other solvents. Gratifyingly, 42%
yield and 94% ee was given when nitromethane was
used as solvent (Table 1, Entry 8). The best result was
obtained in CHClj, affording 62% yield and 92% ee
(Table 1, Entry 9). However, other solvents such as tol-
uene and THF were not effective and low chemical
yields were obtained (Table 1, Entries 10—11). The
yield becomes lower when the amount of DDQ was in-
creased to 1.5 equiv. (Table 1, Entry 12). Performing
this reaction at 0 ‘C also resulted in lower yield (Table
1, Entry 13). Addition of an acid to the mixture was not
beneficial for this reaction (Table 1, Entry 14). In sharp
contrast, catalyst Il without any trifluoromethyl group
only gave 27% yield and 57% ee, indicative of the
importance of the trifluoromethyl group in catalyst I in
terms of reactivity and enantioselectivity (Table 1, Entry
15). In addition, when the MacMillan catalyst III was
used, 55% yield and 70% ee was obtained (Table 1, En-
try 16).

With the optimized conditions in hand, we next ex-
amined the substrate scope using various aldehydes and
xanthene 2a (Table 2, Entries 1—=8). Satisfyingly, in all
cases the desired products were obtained in moderate
yields with good to excellent enantioselectivities (Table
2, Entries 1—=8), making this methodology highly valu-
able considering the biochemical and pharmaceutical
importance of xanthene derivatives.!'” Propionaldehyde
reacted to give 52% yield and 88% ee (Table 2, Entry 1).
Bulky aldehydes such as isovaleraldehyde is reactive
enough to provide product 3h, albeit with lower yield
and lower enantioselectivity (Table 2, Entry 8). For sub-
strate 9H-thioxanthene 2b, lower enantioselectivities
were observed, propionaldehyde and butylaldehyde
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Table 1 Optimizations for enantioselective cross-dehydrogen-
ative coupling of aldehyde 1a with 2a

CF3

OTMS OTMS
CF3

Iz Z\

(0]
H)ku 10 mol% catalyst ~ NaBH,
0O 1.2 equiv. oxidant  EtOH
1a 2a solvent
OH
(LI
3a
Entry®  Oxidant  Solvent Catalyst  Yield/% ee”%

1 CAN CH,Cl, | Trace —
2 FeCl; CH,Cl, | Trace —
3 Cu(OAc), CH,Cl, | Trace —
4 IBX CH,Cl, | Trace —
54 0, CH,Cl, | Trace —
6 0, CH,CL, 1 58 0
7 DDQ CH,Cl, I 50 72

DDQ MeNO, I 42 94
9 DDQ CHCl, I 62 92
10 DDQ Toluene I 18 —
11 DDQ THF I 17 —
12°  DDQ CHCl, I 51 —
13 DDQ CHCl, I 29 —
145 DDQ CHCl, I 23 —
15 DDQ CHCl, I 27 57
16 DDQ CHCl, I 55 70

A plausible catalytic cycle is given in Scheme 2.
Condensation of aldehyde 1 with catalyst I gives
(E)-enamine 4. Concurrently, the benzylic compound 2
was oxidized in situ by DDQ to form carbocation 5.
Subsequent nucleophilic attack on the carbocation 5 by
enamine 4 from the Si face affords the intermediate 6
since the Re face was efficiently shielded by the bulky
silyl ether group. Hydrolysis of 6 afforded product 3
with the regeneration of catalyst 1.

Scheme 2  Plausible catalytic cycle for enantioselective
cross-dehydrogenative coupling of aldehydes with benzylic
compounds
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Table 2 Enantioselective cross-dehydrogenative coupling of

aldehydes with benzylic compounds

0]

“Reactions were performed with 1a (0.8 mmol), 2a (0.2 mmol)
and I (0.02 mmol) in 2 mL solvent at room temperature. ®Isolated
yield by column chromatography. “ee was determined by chiral
HPLC on a chiral stationary phase. ¢ 20 mol% catalyst and 20
mol% TfOH was used. °1.5 equiv. DDQ was used.” 0 °C for 12
h. £10 ml1% 4-NO,C¢HsCO,H was added.

reacted to afford products in 77% ee and 74% ee, re-
spectively (Table 2, Entries 9—10). This cooperative
system could be extended to substrate 1,3,5-cyclohep-
tatriene 2¢, where good yields and high enantioselectiv-
ities still could be obtained (58% yield and 91% ee for
butylaldehyde, 47% yield and 90% ee for valeraldehyde)
(Table 2, Entries 11—12). The absolute configuration of
the products 3 was determined by ogtlcal rotation in
comparison with the reported values.|
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“Reactions were performed with 1 (0.8 mmol), 2 (0.2 mmol) and
I (0.02 mmol) in 2 mL solvent at room temperature. ° Isolated
yield by column chromatography. “ee was determined by chiral
HPLC on a chiral stationary phase.
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Conclusions

In summary, we have developed the highly enantio-
selective cross-dehydrogenative coupling of aldehydes
with benzylic compounds catalyzed by diarylprolinol
silyl ether. DDQ proved to be an efficient and compati-
ble oxidant. This method provides an efficient and rapid
protocol for synthesis of enantioriched a-alkylated al-
dehydes in high optical purity, and many of the desired
o-alkylated aldehydes were obtained in good to high
enantioselectivities. Additionally, the simple room tem-
perature operations and use of non-metal oxidant should
make this methodology attractive for synthesis of opti-
cally pure a-alkylated aldehydes.

Acknowledgement

We are grateful to the National Natural Science
Foundation of China (No. 21102142) and Qingdao Ag-
ricultural University for financial support. We thank
Prof. Xingwei Li for the generous help.

References

[1] For reviews on CDC reactions, see: (a) Li, C.-J.; Li, Z. Pure Appl.
Chem. 2006, 78, 935; (b) Li, C. J. Acc. Chem. Res. 2009, 42, 335; (c)
Scheuermann, C. Chem. Asian J. 2010, 5, 436; (d) Yeung, C. S.;
Dong, V. M. Chem. Rev. 2011, 111, 1215.

[2] (a) Giri, R.; Shi, B.-F.; Engle, K. M.; Maugel, N.; Yu, J.-Q. Chem.
Soc. Rev. 2009, 38, 3242; (b) Davies, H. M. L.; Beckwith, R. E. J.
Chem. Rev. 2003, 103, 2861; (c) Hansen, J.; Davies, H. M. L. Coord.
Chem. Rev. 2008, 252, 545.

[3] (@) Modern Carbonyl Chemistry, Ed.: Otera, J., Wiley-WCH,
Weinheim, 2000; (b) Evans, D. A. In Asymmetric Synthesis, Vol. 3,
Ed.: Morrison, J. D., Academic Press, New York, 1983, Chapter 1; (c)
Job, A.; Janeck, C. F.; Bettray, W.; Peters, R.; Enders, D.
Tetrahedron 2002, 58, 2253; (d) Smith, A. M. R.; Hii, K. K. Chem.
Rev. 2011, 111, 1637; (e) Vilaivan, T.; Bhanthumnavin, W. Molecules
2010, 75, 917; (f) Janey, J. M. Angew. Chem., Int. Ed. 2005, 44,
4292; (g) Marigo, M.; Jergensen, K. A. Chem. Commun. 2006, 19,
2001.

[4] (a) Evans, D. A.; Ennis, M. D.; Mathre, D. J. J. Am. Chem. Soc.

1982, 104, 1737, (b) Schmierer, R.; Grotemeier, G.; Helmchen, G,;

Selim, A. Angew. Chem., Int. Ed. 1981, 20, 207; (c) Meyers, A. L;

Williams, D. R.; Erickson, G. W.; White, S.; Druelinger, M. J. Am.

Chem. Soc. 1981, 103, 3081; (d) Helmchen, G.; Wierzchowski, R.

Angew. Chem., Int. Ed. 1984, 23, 60; (¢) Myers, A. G.; Yang, B. H.;

Chen, H.; McKinstry, L.; Kopecky, D. J.; Gleason, J. L. J. Am. Chem.

Soc. 1997, 119, 6496.

For selected reviews on organo- and especially aminocatalysis, see:

(a) List, B. Chem. Commun. 2006, 819; (b) Dondoni, A.; Massi, A.

Angew. Chem., Int. Ed. 2008, 47, 4638; (c) MacMillan, D. W. C.

Nature 2008, 455, 304; (d) Bertelsen, S.; Jorgensen, K. A. Chem.

Soc. Rev. 2009, 38, 2178; (e) Grondal, C.; Jeanty, M.; Enders, D. Nat.

Chem. 2010, 2, 167; (f) Nielsen, M.; Worgull, D.; Zweifel, T.;

Gschwend, B.; Bertelsen, S.; Jorgensen, K. A. Chem. Commun. 2011,

47, 632.

[6] For reviews on enantioselective intermolecular a-alkylation of alde-
hydes, see: (a) Melchiorre, P. Angew. Chem., Int. Ed. 2009, 48, 1360;
(b) Alba, A.-N.; Viciano, M.; Rios, R. ChemCatChem 2009, 1, 437,
(c) Tak-Tak, L.; Dhimane, H.; Dalko, P. 1. Angew. Chem., Int. Ed.
2012, 50, 12146; (d) Vesely, J.; Rios, R. ChemCatChem 2012, 4, 942;
For recent representive examples, see: (e) Shaikh, R. R.; Mazzanti,

[5

—_

Chin. J. Chem. 2012, 30, 2721—2725



Organocatalytic Enantioselective Dehydrogenative a-Alkylation of Aldehydes

CHINESE JOURNAL OF
CHEMISTRY

[10

[11

Chin. J. Chem. 2012, 30, 2721—2725

]

—

A.; Petrini, M.; Bartoli, G.; Melchiorre, P. Angew. Chem., Int. Ed.
2008, 47, 8707; (f) Cozzi, P. G; Benfatti, F.; Zoli, L. Angew. Chem.,
Int. Ed. 2009, 48, 1313; (g) Benfatti, F.; Benedetto, E.; Cozzi, P. G
Chem. Asian J. 2010, 5, 2047; (h) Benfatti, F.; Benedetto, E.; Cozzi,
P. G. Chem. Eur. J. 2010, 5, 9; (i) Gualandi, A.; Emer, E.; Capdevila,
M. G; Cozzi, P. G. Angew. Chem., Int. Ed. 2011, 50, 7842; (j)
Beeson, T. D.; Mastracchio, A.; Hong, J.-B.; Ashton, K.; MacMillan,
D. W. C. Science 2007, 316, 582; (k) Jang, H.-Y.; Hong, J.-B.;
MacMillan, D. W. C. J. Am. Chem. Soc. 2007, 129, 7004; (1) Kim,
H.; MacMillan, D. W. C. J. Am. Chem. Soc. 2008, 130, 398; (m)
Nicewicz, D. A.; MacMillan, D. W. C. Science 2008, 322, 77; (n)
Brown, A. R.; Kuo, W. H.; Jacobsen, E. N. J. Am. Chem. Soc. 2010,
132, 9286; (0) Gomez-Bengoa, E.; Landa, A.; Lizarraga, A.; Mielgo,
A.; Oiarbide, M.; Palomo, C. Chem. Sci. 2011, 2, 353; (p) Xiang, S.;
Zhang, B.; Zhang, L.; Cui, Y.; Jiao, N. Chem. Commun. 2011, 47,
5007.

(a) Xiao, J. Org. Lett. 2012, 14, 1716; (b) Xiao, J.; Zhao, K.; Loh, T.
P. Chem. Commun. 2012, 48, 3548; (¢) Xiao, J.; Zhao, K.; Loh, T. P.
Chem. Asian J. 2011, 6, 2890.

(a) Xiao, J. ChemCatChem 2012, 4, 612; (b) Zhang, S. L.; Xie, H. X.;
Zhu, J.; Li, H.; Zhang, X. S.; Li, J.; Wang, W. Nature Commun. 2011,
2, 211; (c) Hayashi, Y.; Itoh, T.; Ishikawa, H. Angew. Chem., Int. Ed.
2011, 50, 3920.

Benfatti, F.; Capdevila, M. G.; Benedetto, E.; Zoli, L.; Cozzi, P. G
Chem. Commun. 2009, 5919.

Ho, X. H.; Mho, S.; Kang, H.; Jang, H. Y. Eur. J. Org. Chem. 2010,
4436.

(a) Zhang, B.; Xiang, S.-K.; Zhang, L. H.; Cui, Y.; Jiao, N. Org. Lett.
2011, /3, 5212; (b) Zhang, J.; Tiwari, B.; Xing, C.; Chen, X.; Chi, Y.
R. Angew. Chem., Int. Ed. 2012, 51, 3649; For a related aerobic

[12]

[13]

[14]

[15]

(1e]

© 2012 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

CDC reaction of xanthene and ketones, see: (c) Pintér, A.; Sud, A
Sureshkumar, D.; Klussmann, M. Angew. Chem., Int. Ed. 2010, 49,
5004.

(a) Liang, T.; Xiao, J.; Xiong, Z.; Li, X. J. Org. Chem. 2012, 77,
3583; (b) Xiao, J.; Lu, Y. P; Liu, Y. L.; Wong, P. S.; Loh, T. P. Org.
Lett. 2011, 13, 876; (c) Xiao, J.; Xu, F. X;; Lu, Y. P; Liu, Y. L.; Loh,
T. P. Synthesis 2011, 1292; (d) Xiao, J.; Xu, F. X.; Lu, Y. P.; Loh, T. P.
Org. Lett. 2010, 12, 1220; (e) Xiao, J.; Liu, Y. L.; Loh, T. P. Synlett
2010, 2029.

(a) Palomo, C.; Mielgo, A. Angew. Chem., Int. Ed. 2006, 45, 7876;
(b) Mielgo, A.; Palomo, C. Chem. Asian J. 2008, 3, 922; (c) Jensen,
K. L.; Dickmeiss, G.; Jiang, H.; Albrecht, L.; Jargensen, K. A. Acc.
Chem. Res. 2012, 45, 248.

For representative examples, see: (a) Sasamoto, N.; Dubs, C.; Ham-
ashima, Y.; Sodeoka, M. J. Am. Chem. Soc. 2006, 128, 14010; (b) Tu,
W.; Floreancig, P. E. Angew. Chem., Int. Ed. 2009, 48, 4567; (c) Liu,
L.; Floreancig, P. E. Angew. Chem., Int. Ed. 2010, 49, 3069; (d) Guo,
C.; Song, J.; Luo, S. W.; Gong, L. Z. Angew. Chem., Int. Ed. 2010,
49, 5558; (e) Liu, L.; Floreancig, P. E. Angew. Chem., Int. Ed. 2010,
49, 5894.

(a) Poupelin, J. P.; Saint-Rut, G.; Foussard-Blanpin, O.; Narcisse, G.;
Uchida-Ernouf, G.; Lacroix, R. Eur. J. Med. Chem. 1978, 13, 67, (b)
Naya, Y.; Sagara, K.; Ohwaki, T.; Saeki, D.; Ichikawa, Y.; Iwasawa,
K.; Noguchi, A.; Ohtake, N. J. Med. Chem. 2001, 44, 1429; (c)
Ornstein, P. L.; Arnold, M. B.; Bleisch, T. J.; Wright, R. A.; Wheeler,
W. J.; Schoepp, D. D. Bioorg. Med. Chem. Lett. 1998, 8, 1919; (d)
Goodell, J. R.; Puig-Basagoiti, F.; Forshey, B. M.; Shi, P.-Y,;
Ferguson, D. M. J. Med. Chem. 2006, 49,2127

Benfatti, F.; Benedetto, E.; Cozzi, P. G. Chem. Asian J. 2010, 5,
2047.

(Pan, B.; Qin, X.)

2725

www.cjc.wiley-vch.de




<<
  /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


