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Abstract: Lewis acid mediated intramolecular Nicholas reactions
of aryl (Z)-enyne propargyl acetate-Co2(CO)6 complexes 1 afford
benzocycloheptenyne-Co2(CO)6 complexes 2 and their heterocyclic
analogues.
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tion metals

The use of acyclic alkynedicobalt complexes and
Nicholas reactions1 have proven themselves to be highly
successful in the rapid preparation of cycloheptyne-
Co2(CO)6 complexes.2–4 Only a limited number of ring
fused versions of these cycloheptyne complexes are
known; of these, our interest has been drawn to the benzo-
cycloheptyne complexes. Just one report of the synthesis
of benzocycloheptynedicobalt complexes has been pub-
lished, involving an impressive carbonylative Heck reac-
tion of an enyne complex.5 Nevertheless, the success of
this process required replacement of two CO ligands by a
dppm ligand, and furthermore employed diphenylacetyl-
ene-Co2(CO)6 as the optimal carbonylation source. A
variety of naturally occurring compounds containing
benzocycloheptane units are known, particularly the
icetexanes6 or other diterpenes7 and the colchicines,8 or
their heterocyclic analogues, particularly the furanocyclo-
heptanes.9 Therefore, we considered further synthetic
effort towards the ready synthesis of benzocyclo-
heptynedicobalt systems to be of importance. Given the
known ability of propargyldicobalt cations to enter into
Nicholas reactions with electron rich arenes, it was our
belief that the ionization of 1 would provide access to
benzocycloheptynedicobalt complexes 2 by way of an
intramolecular Nicholas reaction (Equation 1).

Equation 1 Intramolecular Nicholas reaction for benzocyclohep-
tenyne-Co2(CO)6 preparation.

The substrates for these cyclization reactions were de-
rived from the appropriate arylaldehydes 3 (Scheme 1).
Carbon tetrabromide-PPh3 mediated conversion of 3 to
the corresponding dibromoalkenes 4 occurred in high
yield.10 Critical for access to Z-alkenes of high stereo-
chemical purity was the stereoselective Pd-catalyzed
reduction of the trans carbon-bromine bond of 4, with
subsequent Sonogashira coupling of the remaining cis
bromide and the appropriate propargyl alcohol without
intermediate isolation, according to the method of
Uenishi.11 The Z-enyne-propargyl alcohols 5 were ob-
tained in fair to good yields,12 and were subjected to
acetylation and complexation under conventional condi-
tions to afford 1 (Table 1).13

Scheme 1 Reagents and conditions: (a) CBr4, PPh3, CH2Cl2; 
(b) Bu3SnH, Pd(PPh3)4, CH2Cl2; then HNi-Pr2, CuI, propargyl
alcohol; (c) Ac2O, pyridine; (d) Co2(CO)8, CH2Cl2.

With the requisite substrates in hand, attention was turned
to cyclization reactions. BF3·OEt2 was chosen as the pre-
ferred Lewis acid due to its minimized tendency to induce
decomposition in related cobalt complexes.14 Although
unactivated arenes are generally insufficiently reactive to
participate in Nicholas reactions, unsubstituted arene 1a
did undergo gradual reaction at 0 °C. After 3.5 hours, a
small amount of starting material remained, but benzocy-
cloheptyne 2a could be isolated in 49% yield (58% yield
based on recovered starting material). Longer reaction
periods resulted in increased amounts of unproductive
decomposition.

With electron donating substituents on the benzene ring,
the reactions were noticeably more rapid. m-Methyl-sub-
stituted 1b and m-methoxy-substituted 1c underwent
complete starting material consumption in 90 minutes and
30 minutes, respectively. Compound 2b was obtained in
67% yield as a mixture of products of substitution p- and
o- to the methyl group (2b:2b¢ = 3.5:1, inseparable),
whereas methoxy compound 2c was obtained in 53%
yield as a 4.9:1 separable mixture of 2c and 2c¢ (Figure 1).
Substitution at the propargylic site did not interfere with
the cyclization process. Despite the potential for a
competitive elimination process, methyl-substituted 1d
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reacted readily, giving 2d in good yield (77%,
2d:2d¢ = 7:1, separable) and with no elimination side-
product. Phenyl-substituted 2e also reacted promptly,
affording 2e in excellent yield (90%, 2e:2e¢ = 12.5:1,
separable).

Heteroaryl based systems were also capable of forming
the corresponding fused cycloheptyne complexes. 3-Sub-
stituted furyl system 1f afforded 2f quickly and in good
yield (78%). The corresponding thienyl system also cy-
clized rapidly, but gave a small amount of C-4 substitution
product 2g¢ in addition to the expected 2g (83% yield,
2g:2g¢ = 5:1, inseparable).15 The C-3-substituted indole
substrate 1h gave cycloheptyne complex 2h in 38% yield,
but the major product was actually cyclooctyne complex
2h¢ (47% yield), the result of competitive reaction through
C-4.

Accomplishing cyclization at sites disfavored for electro-
philic aromatic substitution by the existing substituents or
by the ring system itself proved to be more problematic,
but possible in some cases. 2-Substituted furyl system 1i
gave only dimeric-oligomeric products under convention-
al conditions. Higher dilution conditions did result in a

product mixture apparently containing a benzocyclohep-
tenyne complex, but it was both in low yield and not readi-
ly purified. Trimethoxyarene 1j also cyclized only in low
yield (22%) to give 2j under conventional conditions, but
high dilution conditions (10–3 M) allowed formation of 2j
in 51% yield. As a result of these difficulties, our choice
of a p-disubstituted substrate for investigation was p-tri-
methylsilyl arene 1k, by virtue of the minimally o-/p-acti-
vating nature of the TMS group and the facility with
which arylsilanes are converted into other arenes.16 In the
event, reaction of 1k was somewhat slow, and it was again
prudent to stop the reaction before complete starting ma-
terial consumption, but 2k could be obtained in 58% yield
(70% based on recovered starting material).17

We wished to demonstrate the possibility of removal of
the metal complex in one of these cases. Therefore, sub-
strate 2c was chosen for reductive decomplexation under
the Bu3SnH protocol of Isobe.18 Under the literature con-
ditions (Bu3SnH, benzene, 65 °C) modest yields of a mix-
ture of benzocycloheptadiene 6 were obtained along with
its double bond migration isomer 6¢ (40% yield,
6:6¢ = 2:1). Reducing the reaction temperature to 52 °C
allowed improvement in both the yield and isomeric ratio
(58% yield, 6:6¢ = 3:1, Equation 2).

Table 1 Preparation of Propargyl Acetate 1: Yields of Intermediates

ArCHO 3 Yield 4 
(%)

Yield 5 
(%)

Yield 1 
(%)

a 94 71 80

b R¢ = Me
c R¢ = OMe
d R¢ = OMe
R = Me
e R¢ = OMe
R = Ph

92
100
–

–

58
49
90

70

86
76
70

80

f X = O
g X = S

94
90

54
51

70
81

h 77 62 72

i 93 65 70

j 100 45a 85b

k 91 68 80

a Yield of isolated acetate.
b Yield based on acetate.

Figure 1 Benzocycloheptenynedicobalt cyclization products 2.
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In summary, a series of benzocycloheptenynedicobalt
complexes may be obtained by intramolecular Nicholas
reactions of arenes or their heterocyclic analogues. Both
electron neutral and electron rich arenes will participate in
the process, although difficulties may be encountered
where the existing substitutents direct strongly away from
the intended site of intramolecular attack. The hexacarbo-
nyldicobalt unit may be removed with concomitant reduc-
tion of the alkyne function. The use of blocking groups to
address regiochemical issues, and application of this
chemistry to dibenzocycloheptynedicobalt complexes, are
under study and will be reported in due course.

Equation 2 Reductive decomplexation of a benzocycloheptenyne
complex.
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133.0, 127.7, 125.6, 125.2, 105.2, 93.8, 84.4, 51.6. MS (EI): 
m/z = 164. HRMS (EI): m/z calcd for C9H8OS: 164.0296; 
found: 164.0292.

(13) Selected compounds:
Compound 1b: IR (neat, KBr): nmax = 3014, 2927, 2092, 
2024, 1748 cm–1. 1H NMR: d = 2.03 (3 H, s), 2.39 (3 H, s), 
4.52 (2 H, s), 6.61 (1 H, d, J = 11.0 Hz), 6.80 (1 H, d, 
J = 11.0 Hz), 7.02 (2 H, d, J = 8.2 Hz), 7.14 (1 H, d, J = 7.6 
Hz), 7.29 (1 H, d, J = 7.5 Hz). 13C NMR: d = 199.1 (br), 
170.5, 138.2, 137.6, 132.5, 129.0, 128.5, 128.4, 127.5, 
125.4, 91.4, 83.5, 64.9, 21.3, 20.3. MS (EI): m/z = 472 [M – 
CO]+, 444 [M – 2 CO]+, 416 [M –3 CO]+, 388 [M – 4 CO]+, 
360 [M – 5 CO]+, 332 [M – 6CO]+. HRMS (EI): m/z calcd 
for C20H14 Co2O8: 443.9454 [M – 2 CO]+; found: 443.9457.

Table 2 Cycloheptenyne Complexes 2 from Propargyl Acetates 1

Starting 1 Reaction time (h) Product 2 Yielda,b

1a 3.5 2a 49 [58]

1b 1.5 2b/2b¢ 67 (3.5:1)

1c 0.5 2c/2c¢ 53 (4.9:1)

1d 0.5 2d/2d¢ 77 (7.0:1)

1e 0.5 2e/2e¢ 90 (12.5:1)

1f 0.5 2f 78

1g 0.5 2g/2g¢ 83 (5.0:1)

1h 2 2h/2h¢ 85 (0.81:1)

1j 0.5 2j 51c

1k 4 2k 58 [70]

a Yields in square brackets are based on recovered starting material.
b Numbers in parentheses are 2:2¢ ratios.
c Conducted under high dilution (10–3 M) conditions.
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Compound 1g: IR (neat, KBr): nmax = 3013, 2956, 2092, 
2022, 1746 cm–1. 1H NMR: d = 2.07 (3 H, s), 4.73 (2 H, s), 
6.62 (1 H, d, J = 11.0 Hz), 6.67 (1 H, d, J = 11.0 Hz), 6.98 (1 
H, d, J = 4.3 Hz), 7.13 (1 H, s), 7.38 (1 H, s). 13C NMR: d = 
199.3 (br), 170.5, 138.2, 128.3, 128.2, 126.8, 126.2, 123.4, 
91.4, 83.3, 64.5, 20.3. MS (EI): m/z = 464 [M – CO]+, 436 
[M – 2 CO]+, 408 [M – 3 CO]+, 380 [M – 4 CO]+, 352 [M – 
5 CO]+, 324 [M – 6 CO]+. HRMS (EI): m/z calcd for 
C17H10Co2O8S: 435.8862  [M – 2 CO]+; found: 435.8853.

(14) Experimental Procedure:
To a stirred ice cold solution of the propargyl acetate 
complex (0.2 mmol) in CH2Cl2 (20 mL) was added BF3·OEt2 
(85.2 mg, 0.60 mmol) in CH2Cl2 (4 mL) over 10 min. After 
stirring at 0 °C for the time indicated in Table 2, sat. 
NaHCO3 solution was added, and the mixture was subjected 
to a conventional work up. Purification by flash chroma-
tography afforded sequentially the benzocycloheptenyne 
complex and any recovered starting material.

(15) This reflects a tendency for a slightly lower preference for C-
2 reactivity in thiophenes relative to furans and perhaps the 
known tendency for electron withdrawing C-3 groups to 
deactivate C-2 to a greater degree than C-4. See: Taylor, R. 
In The Chemistry of Heterocyclic Compounds, Part 2, Vol. 
44; Gronowitz, S., Ed.; Wiley: New York, 1986, Chap. 1, 16.

(16) Brook, M. A. Silicon in Organic, Organometallic, and 
Polymer Chemistry; Wiley and Sons: New York, 2000.

(17) Compound 2a: IR (neat, KBr): nmax = 2929, 2091, 2021, 
1574 cm–1. 1H NMR: d = 4.18 (2 H, s), 6.77 (1 H, d, J = 10.1 
Hz), 6.93 (1 H, d, J = 10.1 Hz), 7.22 (4 H, m). 13C NMR: 
d = 199.3 (br), 137.5, 137.3, 133.1, 132.5, 129.4, 128.9, 
128.8, 126.9, 102.3, 86.5, 40.8. MS (EI): m/z = 426 [M]+, 
398 [M – CO]+, 370 [M – 2 CO]+, 342 [M – 3 CO]+, 314 
[M – 4 CO]+, 286 [M – 5 CO]+, 258 [M – 6 CO]+. HRMS 
(EI): m/z calcd for C17H8Co2O6: 426.9063 [M + H]+; found: 
426.9069.
Compound 2b: IR (neat, KBr): nmax = 3014, 2858, 2090, 
2053, 2021, 1557 cm–1. 1H NMR: d = 2.31 (3 H, s), 4.14 (2 
H, s), 6.72 (1 H, d, J = 10.1 Hz), 6.90 (1 H, d, J = 10.1 Hz), 
7.00 (1 H, s), 7.07 (1 H, d, J = 7.9 Hz), 7.15 (1 H, d, J = 7.6 
Hz); resonances for minor regioisomer (2b¢) could be 
observed at d = 2.51 (3 H, s), 4.10 (2 H, s), 6.82 (1 H, d, 
J = 10.0 Hz), 6.93 (1 H, d, J = 10.0 Hz), 7.03 (1 H, m), 7.10 
(1 H, m), 7.17 (1 H, m). 13C NMR: d = 199.4 (br), 137.3, 
136.4, 134.5, 133.2, 129.6, 129.4, 128.5, 102.5, 86.9, 40.4, 
20.7; resonances for the minor regioisomer could be 
observed at d = 133.8, 130.7, 130.4, 128.8, 126.3, 34.2, 21.1. 
MS (EI): m/z = 440 [M]+, 412 [M – CO]+, 384 [M – 2 CO]+, 
356 [M+ – 3 CO], 328 [M – 4 CO]+, 300 [M – 5 CO]+, 272 
[M – 6 CO]+. HRMS (EI): m/z calcd for C18H10Co2O6: 
439.9141; found: 439.9137.
Compound 2c: IR (neat, KBr): nmax = 3014, 2956, 2837, 
2090, 2050, 2020, 1604 cm–1. 1H NMR: d = 3.77 (3 H, s), 
4.10 (2 H, s), 6.68 (1 H, d, J = 10.1 Hz), 6.71 (1 H, s), 6.79 
(1 H, d, J = 8.3 Hz), 6.92 (1 H, d, J = 10.1 Hz), 7.16 (1 H, d, 
J = 8.3 Hz). 13C NMR: d = 199.3 (br), 158.3, 138.6, 132.8, 
130.5, 130.0, 129.3, 117.7, 113.9, 102.9, 86.6, 55.3, 39.9. 

MS (EI): m/z = 456 [M]+, 428 [M – CO]+, 400 [M – 2 CO]+, 
372 [M – 3 CO]+, 344 [M – 4 CO]+, 316 [M – 5 CO]+, 288 
[M – 6 CO]+. HRMS (EI): m/z calcd for C18H10Co2O7: 
455.9090; found: 455.9051.
Compound 2e: IR (neat, KBr): nmax = 3026, 2935, 2090, 
2052, 2022, 1602, 1556 cm–1. 1H NMR: d = 3.88 (3 H, s), 
5.35 (1 H, s), 6.77 (1 H, dd, J = 8.6, 2.6 Hz), 6.82 (1 H, s), 
6.83 (1 H, m), 7.01 (1 H, d, J = 10.1 Hz), 7.09 (1 H, d, J = 8.5 
Hz), 7.23 (1 H, m), 7.29 (2 H, m), 7.35 (2 H, m). 13C NMR: 
d = 199.4 (br), 158.3, 144.4, 138.3, 133.5, 133.1, 131.3, 
129.6, 128.6, 127.0, 118.4, 114.2, 107.1, 84.8, 55.4, 55.3. 
MS (EI): m/z = 504 [M – CO]+, 476 [M – 2 CO]+, 448 [M – 
3 CO]+, 420 [ M – 4 CO]+, 392 [M – 5 CO]+, 364 [M – 6 
CO]+. HRMS (EI): m/z calcd for C24H14Co2O7: 503.9454 
[M – CO]+; found: 503.9437.
Compound 2f: IR (neat, KBr): nmax = 3025, 2928, 2092, 
2051, 2020. 1H NMR: d = 4.47 (2 H, s), 6.31 (1 H, s), 6.39 
(1 H, d, J = 9.6 Hz), 6.57 (1 H, d, J = 9.6 Hz), 7.30 (1 H, s). 
13C NMR: d = 199.3 (br), 148.8, 140.8, 125.1, 124.1, 120.5, 
113.3, 92.2, 86.6, 34.0. MS (EI): m/z = 416 [M]+, 388 [M – 
CO]+, 360 [M – 2 CO]+, 332 [M – 3 CO]+, 304 [M – 4 CO]+, 
276 [M – 5 CO]+, 248 [M – 6 CO]+. HRMS (EI): m/z calcd 
for C15H6Co2O7: 415.8777 [M]+; found: 415.8752.
Compound 2g: IR (neat, KBr): nmax = 2926, 2856, 2092, 
2055, 2024, 1699, 1650, 1540 cm–1. 1H NMR: d = 4.45 (2 H, 
s), 6.68 (1 H,  AB quartet, J = 16.0 Hz), 6.74 (1 H,  AB 
quartet, J = 16.1 Hz), 6.88 (1 H, d, J = 8.7 Hz), 7.08 (1 H, d, 
J = 8.8 Hz); resonances for minor regioisomer (2g¢) could be 
observed (in CD3CN) at d = 4.34 (2 H, s), 6.66 (1 H, d, 
J = 9.9 Hz), 6.80 (1 H, d, J = 9.7 Hz), 7.20 (1 H, s), 7.38 (1 
H, s). 13C NMR: d = 199.1 (br), 136.8, 136.7, 132.0, 126.4, 
126.2, 122.0, 97.6, 86.8, 34.6; resonances for the minor 
regioisomer could be observed at d = 128.7, 126.9, 124.8, 
35.5. MS (EI) m/z = 432 [M]+, 404 [M – CO]+, 376 [M – 2 
CO]+, 348 [M – 3 CO]+, 320 [M – 4 CO]+, 292 [M – 5 CO]+, 
264 [M – 6 CO]+. HRMS (EI): m/z calcd for C15H6Co2O6S: 
403.8575 [M – CO]+; found: 403.8554.
Compound 2j: IR (neat, KBr): nmax = 3055, 2090, 2051, 
2021, 1594 cm–1. 1H NMR: d = 3.78 (3 H, s), 3.83 (3 H, s), 
3.91 (3 H, s), 4.05 (2 H, s), 6.62 (1 H, s), 6.93 (1 H, d, 
J = 10.4 Hz), 7.12 (1 H, d, J = 10.4 Hz). 13C NMR: d = 
199.4, 153.3, 152.8, 141.4, 134.3, 127.7, 125.9, 124.7, 
108.4, 102.9, 87.7, 61.1, 61.0, 56.0, 41.1. MS (EI): m/z = 516 
[M]+, 460 [M – 2 CO]+, 404 [M – 4 CO]+. HRMS: m/z calcd 
for C20H14Co2O9: 403.9505 [M – 4 CO]+; found: 403.9492.
Compound 2k: IR (neat, KBr): nmax = 3014, 2957, 2360, 
2091, 2052, 2022 cm–1. 1H NMR: d = 0.28 (9 H, s), 4.20 (2 
H, s), 6.76 (1 H, d, J = 10.1 Hz), 6.94 (1 H, d, J = 10.1 Hz), 
7.16 (1 H, d, J = 7.5 Hz) 7.36 (1 H, s), 7.37 (1 H, d, J = 6.2 
Hz). 13C NMR: d = 199.4 (br), 142.0, 137.7, 136.3, 134.2, 
133.2, 131.9, 131.7, 129.0, 102.4, 86.6, 40.9, –1.2. MS (EI) 
m/z = 498 [M]+, 470 [M – CO]+, 442 [M – 2 CO]+, 414 [M – 
3 CO]+, 386 [M – 4 CO]+, 358 [M – 5 CO]+, 330 [M – 6 
CO]+. HRMS (EI): m/z calcd for C20H16Co2O6Si: 469.9431 
[M – CO]+; found: 469.9434.

(18) Hosokawa, S.; Isobe, M. Tetrahedron Lett. 1998, 39, 2609.

D
ow

nl
oa

de
d 

by
: C

ol
le

ct
io

ns
 a

nd
 T

ec
hn

ic
al

 S
er

vi
ce

s 
D

ep
ar

tm
en

t. 
C

op
yr

ig
ht

ed
 m

at
er

ia
l.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


