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Identification of Dienes

lH,]H-COSY spectrum of a Cyy fraction enriched in trace products, obtained from an
automated distillation of reaction product from a 1-pentene dimerisation with
WCle/PhNH,/Et;N/EtAICI, (1:2:4:12). The chemical shift of the two doublets at ~2.7
ppm is characteristic of a methylene unit between two alkene moieties (diene) and the
two doublets at ~2.7 ppm show both *Juy or “Jyuy cross-peaks with both types of
olefinic hydrogens (b,c,d) clearly indicative of diene functionality.
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Figure S1. "H,'H-COSY spectrum of a C fraction enriched in trace products.
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Expanded region of 'H,'H-COSY spectrum showing cross-peaks of methylene
hydrogens (a) with olefinic hydrogens (c,d). The 3w cross-peak (highlighted by
dashed line) of more abundant isomer shows a bigger passive coupling than the cross
peak of the less abundant isomer enabling identification of dienes as trans- and cis-
isomers, respectively. The 1.93:1 relative integration ratio measured for the two
doublets in the '"H NMR, now identified as trans (relative integration 2) and cis
(relative integration 1), respectively, allowed subsequent assignment in the GC trace
of which peak corresponded to which isomer, the two peaks having a 1.78:1 relative
integration in the GC trace of the fraction after distillation.
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Figure S2. Expansion of Figure S1.
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Theoretical metallacyclic mechanism — discounted by experiment

The products expected from a metallacyclic mechanism, and the routes to their
formation, are shown in Figure S3 below. Diene formation would result from double
B-hydride elimination; alkane formation would occur via the resulting tungsten
dihydride species. This mechanism is discounted based on the experimental evidence.
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Figure S3. Theoretical metallacyclic mechanism.
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Alternative explanation for diene formation via intermolecular C-H activation —
discounted by experiment

The intermolecular C-H activation mechanism proposed by Small ez al.,' is
not considered viable for this catalyst as it should primarily produce the conjugated
diene 2-propyl-1,3-heptadiene, which is not observed. A pathway can be envisaged
that would lead to the observed 2-propyl-1,4-heptadiene, however this invokes a 1,3-
hydride shift rearrangement of the W-alkenyl. This would be expected to be
disfavoured based on computational studies which suggest transition metal bond
strengths to decrease in the series M-C(sp) > M-C(sp°) > M-C(sp’), thus such a
rearrangement would be thermodynamically unfavourable.

WJ\& J " 4
SNy
NN 1.2 NN (1.2
=
+ w. W-—H W
=
K\ Not observed )N\N\ Observed

Figure S4. Intermolecular C-H activation route to diene formation.
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Experimental
Synthesis of GC-standards

4,5-Dimethyloctane. Prepared according to the literature,® and identified as the desired alkane by GC-MS,
and >95% pure by GC. '*C NMR (CDCl;, 75.46 MHz) 8¢: 37.7 (s, CH), 37.6 (s, CH,), 36.8 (s, CH), 35.6
(s, CHp), 21.3 (s, CH,), 21.2 (s, CH,), 16.6 (s, CH3), 14.7 (s, CH3;), 14.6 (s, CH3), 14.5 (s, CH;).
4-Methylnonane. A solution of 2-propyl-1-heptene (2 mL) in 50:50 MeOH/EtOH (10 mL) and Pd/C (1.0 g,
5 wt % Degussa type E1002 U/W) was placed in a s/s autoclave and mechanically stirred. The vessel was
maintained at 50°C and 20 bar H, for 24 hours, before cooling and venting. The solution was filtered, the
solid washed with EtOH (2 x 10 mL) and the solvent removed in vacuo, to leave a colourless oil positively
identified as the alkane by GC-MS, and >99.9% pure by GC. 'H NMR (CDCl;, 300.06 MHz) &y: 1.55-1.30
(m, 10H), 1.28-1.12 (m, 2H), 0.95-1.05 (m, 8H). "*C NMR (CDCls, 75.46 MHz) §¢: 40.3 (s, CH,), 37.9 (s,
CH,), 33.4 (s, CH), 33.1 (s, CH,), 27.7 (s, CH,), 23.6 (s, CH,), 21.0 (s, CH,), 20.3 (s, CH;), 15.1 (s, CH;),
14.8 (s, CHj).

CoH, isomers: 2-Methyl-1-bromopentane was prepared from the reaction of 2-methylpentanol and PBr; in
Et,0 at 0°C.* Cul.PBu; was prepared according to the literature.® The methods below are modifications of
literature procedures for Wittig synthesis® or cuprate-based couplings.’

4-Methyl-1-nonene. Allylmagnesium chloride (20 mL, 40 mmol, 2.0M in THF) was added to a THF (20
mL) suspension of Cul.PBu; (1.57 g, 4 mmol) at 0°C under N,. After stirring for 5 minutes, a THF (20 mL)
solution of 2-bromoheptane (6.2 mL, 7.12 g, 40 mmol) was added dropwise and the mixture left to stir and
warm to RT overnight. The mixture was carefully quenched with distilled water (250 mL), filtered and
extracted with hexanes (5 x 100 mL). The combined organic fractions were dried with MgSO,, filtered and
the solvent removed in vacuo. The crude oil obtained was subjected to a short path distillation to leave a
pale yellow liquid. This was then subjected to a fractional distillation to yield the product as a colourless
liquid (2.86 g, 51%). '*C NMR (CDCls, 75.46 MHz) 8¢: 137.6 (s, C(R)H=CH,), 115.4 (s, C(R)H=CH,),
41.7 (s, CHy), 36.8 (s, CH,), 33.0 (s, CH), 32.4 (s, CH,), 26.8 (s, CH,), 22.9 (s, CH,), 19.5 (s, CH3), 14.2 (s,
CH,).

4-Methyl-2-nonene. A suspension of Mg turnings (6.08 g, 0.25 mol) and one crystal of I, in THF (100 mL)
was stirred at RT under N,. 2-Bromoheptane (15.6 mL, 17.80 g, 100 mmol) was added dropwise at a rate
that lead to and sustained reflux, after which the mixture was refluxed for 30 minutes, then cooled to 0°C and
Cul.PBu; (1.96 g, 5.0 mmol) added. 1-Bromo-1-propene (4.3 mL, 6.05 g, 50 mmol) as a solution in THF (50
mL) was then added dropwise and the vessel stirred at 0°C for 30 minutes, before being allowed to warm to
RT overnight. The mixture was carefully quenched with distilled water (200 mL), filtered and extracted
with hexanes (5 x 100 mL). The combined organic fractions were dried with MgSO,, filtered and the
solvent removed in vacuo. The crude oil obtained was subjected to a short path distillation to leave a pale
yellow liquid. This was then subjected to a fractional distillation to yield the product as a colourless liquid
(2.65 g, 38%). 'C NMR (CDCl;, 75.46 MHz) 8c: 138.0 (s, trans-C(R)H=C(Me)H), 137.7 (s, cis-
C(R)H=C(Me)H), 122.9 (s, trans-C(R)H=C(Me)H), 122.3 (s, cis-C(R)H=C(Me)H), 37.9 (s, CH), 37.0 (s,
CH), 35.3 (s, CHy), 33.2 (s, CH,), 32.7 (s, CH), 27.9 (s, CH,), 27.8 (s, CH,), 23.1 (s, CH,), 21.4 (s, CHj3),
21.1 (s, CH3), 16.7 (s, CH3), 14.6 (s, CH3), 14.4 (s, CH3), 13.1 (s, CHj3).

4-Methyl-3-nonene. In a 3 L, 3-neck round bottom flask (RBF) equipped with magnetic stirrer and reflux
condenser under N,, "BuLi (100 mL, 1.0 mol, 10.0M in hexanes) was added dropwise via a pressure
equalising dropping funnel (PEDF) to a THF (1000 mL) solution of Ph;P("Pr)Br (385 g, 1.0 mol) at 0°C.
After addition was complete, the solution was allowed to warm to RT briefly then re-cooled to 0°C. A
solution of 2-heptanone (154 mL, 125 g, 1.1 mol) in THF (200 mL) was added dropwise via PEDF. The
mixture was allowed to stir and warm to RT overnight. The reaction was quenched carefully via dropwise
addition of distilled water (500 mL) from a PEDF. The aqueous layer was then extracted with hexanes (3 %
300 mL), and the combined organic fractions dried over MgSQO,, filtered and the volatiles removed in vacuo.
The crude oil obtained was subjected to a short path distillation to leave a pale yellow liquid. This was then
subjected to a fractional distillation to yield the product as a colourless liquid (88.2 g, 63%). Purity = 98.1%
(GC). 'H NMR (CDCls, 300.06 MHz) 8y;: 5.29 (m, 1H), 2.15-1.98 (m, 4H), 1.79 (s, 80% of 3H, CHj), 1.76
(s, 20% of 3H, CHj), 1.60-1.14 (m, 6H), 1.06-0.85 (m, 6H). '*C NMR (CDCl;, 75.46 MHz) §¢: 135.1 (s,
trans-C(R)H=C(R)H), 135.0 (s, cis-C(R)H=C(R)H), 126.9 (s, trans-C(R)H=C(R)H), 126.0 (s, cis-
C(R)H=C(R)H), 43.7 (s, CH,), 40.4 (s, CH,), 32.4 (s, CH,), 32.3 (s, CH,), 32.0 (s, CH,), 29.6 (s, CHs-trans
isomer), 24.0, (s, CH,), 23.9 (s, CHj-cis isomer), 23.1 (s, CH,), 15.2 (s, CH3), 15.0 (s, CH3), 14.6 (s, CH;),
14.3 (s, CH3).

4-Methyl-4-nonene. In a 3 L, 3-neck round bottom flask (RBF) equipped with magnetic stirrer and reflux
condenser under N,, "BuLi (100 mL, 1.0 mol, 10.0M in hexanes) was added dropwise via a pressure
equalising dropping funnel (PEDF) to a THF (1100 mL) solution of Ph;P("CsH,;)Br (413 g, 1.0 mol) at 0°C.
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After addition was complete, the solution was allowed to warm to RT briefly then re-cooled to 0°C. A
solution of 2-pentanone (118 mL, 95 g, 1.1 mol) in THF (200 mL) was added dropwise via PEDF. The
mixture was allowed to stir and warm to RT overnight. The reaction was quenched carefully via dropwise
addition of distilled water (500 mL) from a PEDF. The aqueous layer was then extracted with hexanes (3 x
300 mL), and the combined organic fractions dried over MgSQy,, filtered and the volatiles removed in vacuo.
The crude oil obtained was subjected to a short path distillation to leave a pale yellow liquid. This was then
subjected to a fractional distillation to yield the product as a colourless liquid (86.5 g, 62%). Purity = 98.9%
(GC). 'H NMR (CDCls, 300.06 MHz) 8y: 5.30 (m, 1H), 2.18-2.03 (m, 4H), 1.78 (s, 57% of 3H, CH3), 1.67
(s, 43% of 3H, CH;), 1.56-1.33 (m, 6H), 1.05-0.91 (m, 6H). '*C NMR (CDCls, 75.46 MHz) 8¢: 135.3 (s,
trans-C(R)H=C(R)H), 135.1 (s, cis-C(R)H=C(R)H), 126.4 (s, trans-C(R)H=C(R)H), 125.6 (s, cis-
C(R)H=C(R)H), 42.6 (s, CH,), 34.4 (s, CH,), 33.1 (s, CH,), 32.9 (s, CH,), 28.4 (s, CH;), 23.9 (s, CH3), 23.1
(s, CHy), 21.8 (s, CHy), 21.7 (s, CHp), 16.2 (s, CH;), 14.6 (s, CH;), 14.5 (s, CH;), 14.2 (s, CH3), 14.1 (s,
CHs).

6-Methyl-4-nonene. In a 2 L, 3-neck round bottom flask (RBF) equipped with magnetic stirrer and reflux
condenser under N, "BuLi (156 mL, 0.25 mol, 1.6M in hexanes) was added dropwise via a pressure
equalising dropping funnel (PEDF) to a THF (600 mL) solution of Ph;P("Bu)Br (100 g, 0.25 mol) at 0°C.
After addition was complete, the solution was allowed to warm to RT briefly then re-cooled to 0°C. A
solution of methylvaleraldehye (31 mL, 25 g, 0.25 mol) in THF (100 mL) was added dropwise via PEDF.
The mixture was allowed to stir and warm to RT overnight. The reaction was quenched carefully via
dropwise addition of distilled water (200 mL) from a PEDF. The aqueous layer was then extracted with
hexanes (3 x 300 mL), and the combined organic fractions dried over MgSQ,, filtered and the volatiles
removed in vacuo. The crude oil obtained was subjected to a short path distillation to leave a pale yellow
liquid. This was then subjected to a fractional distillation to yield the product as a colourless liquid (91.7 g,
65%). Purity >99.9% (GC). 'H NMR (CDCls, 300.06 MHz) §,;: 5.52-5.21 (m, 2H, CH=CH), 2.50 (m, 1H,
CH), 2.23-2.01 (m, 2H), 1.54-1.20 (m, 6H), 1.12-0.95 (m, 9H). "*C NMR (CDCl;, 75.46 MHz) 8¢: 137.3 (s,
cis-C(R)H=C(R)H), 137.1 (s, trans-C(R)H=C(R)H), 128.9 (s, cis-C(R)H=C(R)H), 128.7 (s, trans-
C(R)H=C(R)H), 40.6 (s, CH,), 40.2 (s, CH,), 37.4 (s, CH-cis isomer), 32.1 (s, CH-trans isomer), 23.8 (s,
CH,), 23.5 (s, CH,), 22.0 (s, CHs-trans isomer), 21.6 (s, CHs-cis isomer), 21.4 (s, CH,), 21.2 (s, CH,), 14.8
(s, CHj-trans isomer), 14.7 (s, CHj-cis isomer), 14.3 (s, CHs-trans isomer), 14.1 (s, CHs-cis isomer).
6-Methyl-3-nonene. A suspension of Mg turnings (6.18 g, 0.25 mol) and one crystal of I, in THF (100 mL)
was stirred at RT under N,. 2-Bromopentane (12.6 mL, 15.38 g, 102 mmol) was added dropwise at a rate
that lead to and sustained reflux, after which the mixture was refluxed for 30 minutes, then cooled to 0°C and
Cul.PBu; (2.00 g, 5.1 mmol) added. 1-Bromo-2-pentene (6.0 mL, 7.59 g, 51 mmol) as a solution in THF (50
mL) was then added dropwise and the vessel stirred at 0°C for 30 minutes, before being allowed to warm to
RT overnight. The mixture was carefully quenched with distilled water (200 mL), filtered and extracted
with hexanes (5 x 100 mL). The combined organic fractions were dried with MgSO,, filtered and the
solvent removed in vacuo. The crude oil obtained was subjected to a short path distillation to leave a pale
yellow liquid. This was then subjected to a fractional distillation to yield the product as a colourless liquid
(422 g, 59%). "“C NMR (CDCl;, 75.46 MHz) 8c: 141.7 (s, trans-C(R)H=C(R)H), 140.4 (s, cis-
C(R)H=C(R)H), 132.4 (s, trans-C(R)H=C(R)H), 128.1 (s, cis-C(R)H=C(R)H), 37.5 (s, CH,), 35.8 (s, CH,),
36.7 (s, CH), 36.3 (s, CH), 26.7 (s, CH,), 25.4 (s, CH»), 20.8 (s, CH,), 20.5 (s, CH,), 22.8 (s, CH3), 17.2 (s,
CHs;), 15.5 (s, CH3), 14.6 (s, CH3), 14.0 (s, CH3).

6-Methyl-2-nonene. A suspension of Mg turnings (2.90 g, 0.12 mol) and one crystal of I, in THF (50 mL)
was stirred at RT under N,. Crotyl chloride (9.4 mL, 8.64 g, 95 mmol) was added dropwise at a rate that
lead to and sustained reflux, after which the mixture was refluxed for 30 minutes, then cooled to 0°C and
Cul.PBu; (1.87 g, 4.7 mmol) added. 2-Methyl-1-bromopentane (7.88 g, 47 mmol) as a solution in THF (40
mL) was then added dropwise and the vessel stirred at 0°C for 30 minutes, before being allowed to warm to
RT overnight. The mixture was carefully quenched with distilled water (200 mL), filtered and extracted
with hexanes (5 x 100 mL). The combined organic fractions were dried with MgSO,, filtered and the
solvent removed in vacuo. The crude oil obtained was subjected to a short path distillation to leave a pale
yellow liquid. This was then subjected to a fractional distillation to yield the product as a colourless liquid
(2.84 g, 43%). 'C NMR (CDCl;, 75.46 MHz) 8c: 132.1 (s, trans- (R)H=C(Me)H), 131.3 (s, cis-
C(R)H=C(Me)H), 124.5 (s, trans-C(R)H=C(Me)H), 123.6 (s, cis-C(R)H=C(Me)H), 39.5 (s, CH,), 37.2 (s,
CH,), 37.1 (s, CHy), 32.4 (s, CH), 32.2 (s, CH), 30.4 (s, CH,), 24.6 (s, CH,), 22.8 (s, CHj3), 20.2 (s, CH,),
20.1 (s, CHy), 19.7 (s, CH3), 18.1 (s, CH3), 14.6 (s, CHj;), 14.0 (s, CH3), 12.8 (s, CH;).

6-Methyl-1-nonene. A suspension of Mg turnings (7.09 g, 0.29 mol) and one crystal of I, in THF (150 mL)
was stirred at RT under N,. 2-methyl-1-bromopentane (19.3 g, 0.12 mol) was added dropwise at a rate that
lead to, and sustained, reflux, after which the mixture was refluxed for 30 minutes, then cooled to 0°C and
Cul.PBu; (2.3 g, 6 mmol) added. 4-bromo-1-butene (6.2 mL, 8.2 g, 0.06 mol) as a solution in THF (50 mL)
was then added dropwise and the vessel stirred at 0°C for 30 minutes, before being allowed to warm to RT
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overnight. The mixture was carefully quenched with distilled water (250 mL), filtered and extracted with
hexanes (5 x 100 mL). The combined organic fractions were dried with MgSO,, filtered and the solvent
removed in vacuo. The crude oil obtained was subjected to a short path distillation to leave a pale yellow
liquid. This was then subjected to a fractional distillation to yield the product as a colourless liquid (3.98 g,
47%). "*C NMR (CDCls, 75.46 MHz) 8¢: 139.4 (s, C(R)H=CH,), 114.3 (s, C(R)H=CHy,), 39.6 (s, CH,),
36.8 (s, CHy), 34.4 (s, CH,), 32.6 (s, CH), 26.6 (s, CH,), 20.3 (s, CH,), 19.8 (s, CH3), 14.6 (s, CH3).
2-Propyl-1-heptene. In a 3 L, 3-neck round bottom flask (RBF) equipped with magnetic stirrer and reflux
condenser under Ny, "BuLi (100 mL, 1.0 mol, 10.0M in hexanes) was added dropwise via a pressure equalising
dropping funnel (PEDF) to a THF (1000 mL) solution of Ph;P(Me)Br (357 g, 1.0 mol) at 0°C. After addition was
complete, the solution was allowed to warm to RT briefly, then re-cooled to 0°C. A solution of 4-nonanone (173
mL, 142 g, 1.0 mol) in THF (200 mL) was added dropwise via PEDF. The mixture was allowed to stir and warm
to RT overnight. The reaction was quenched carefully via dropwise addition of distilled water (500 mL) from a
PEDF. The aqueous layer was then extracted with hexanes (3 x 300 mL), and the combined organic fractions
dried over MgSQ,, filtered and the volatiles removed in vacuo. The crude oil obtained was subjected to a short
path distillation to leave a pale yellow liquid. This was then subjected to a fractional distillation to yield the
product as a colourless liquid (80.9 g, 58%). Purity = 98.9% (GC). 'H NMR (CDCl;, 300.06 MHz) &;;: 4.86 (br s,
2H), 2.10-2.00 (m, 4H), 1.59-1.27 (m, 8H), 1.03-0.94 (m, 6H). *C NMR (CDCLs, 75.46 MHz) 8¢: 150.1 (s,
C=CH,), 109.6 (s, C=CH,), 38.9 (s, CH,), 36.7 (s, CH,), 32.4 (s, CH,), 28.3 (s, CH,), 23.4 (s, CH,), 21.6 (s, CH,),
14.7 (s, CHs;), 14.4 (s, CHs).
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4 W. Yuan, R. J. Brman, M. H. Gelb, J. Am. Chem. Soc., 1987, 109, 8071-8081; J. Linder, A. J. Blake, C. J. Moody, Org.
Biomol. Chem., 2008, 6, 3908-3916.

5 G.B. Kauffman, L. A. Teter, Inorg. Synth., 1963, 7, 9-12.

6  G. Wittig, U. Schoellkopf, Chem. Ber., 1954, 87, 1318-1330; B. L. Haymore, A. van Asselt, G. R. Beck, Annals of the New
York Academy of Sciences, 1983, 415, 159-175 and references therein.

7  B. H. Lipshutz, R. S. Wilhelm, J. A. Kozlowski, D. Parker, J. Org. Chem., 1984, 49, 3928-3938; G. Buchi, J. A. Carlson, J.

Am. Chem. Soc., 1969, 91, 6470-6473.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


