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Synthesis of perylene-bridged bis(dibenzo-24-crown-8) and its
assembly behavior with a fullerene-based secondary
dibenzylammonium salt
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This paper reports the synthesis of a perylene-bridged bis(crown ether) through the condensation reaction between primary
amine-armed dibenzo-24-crown-8 and 3,4,9,10-perylenetetracarboxylic dianhydride. Pseudorotaxane with a perylene moiety at
the wheel and a fullerene unit in the middle of the axle was prepared, which was evidenced by 'H NMR and fluorescence ex-
periments. Subsequent investigations show that the formation and disassociation of the pseudorotaxane can be controlled by
the alternating addition of KPF and 18-crown-6, following the change of the florescence intensity of perylene.
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1 Introduction

Since 1950, perylene bisimide derivatives have found high
grade industrial applications [1] as pigments due to their
favorable combination of insolubility and migrational sta-
bility, light- and weather-fastness, thermal stability and
chemical inertness. Recently, perylene derivatives as n-type
semiconductors are also found to be promising compounds
for applications in optical [2] and electronic devices [3],
such as electrophotography [4], organic field effect transis-
tors [5], photovoltaic devices [6], and organic solar cells [7].
The intrinsic insolubility of perylene bisimides is the main
barrier for synthesis, purification and application. To pre-
pare soluble perylene bisimide dyes, Langhals [8] and Sey-
bold et al. [9] provided two successful strategies. The first
way is to introduce solubilizing substituents at the imide
nitrogen, and the other way is to introduce substituents at
the carbocyclic scaffold in the so-called bay-area.

Fullerene Cgy possesses unique and attractive electronic
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and optical properties owing to the ability of remarkable
acceleration of photoinduced charge separation and decel-
eration of charge recombination in donor-fullerene systems
[10]. In order to construct fullerene-containing supramolecular
assemblies and advanced materials, fullerene has been in-
corporated into various systems such as porphyrins [11],
ferrocene [12], and hydroquinone [13]. The self-assembly
of fullerene-based molecules has aroused much interest in
the construction of more complex two- and three-dimen-
sional systems [14].

Dibenzo-24-crown-8 (DB24C8) can form 1:1 complexes
with the dialkylammonium cations. This unique binding
model has been utilized to construct various supramolecular
assemblies containing DB24C8 and dialkylammonium salts
[15]. Recently, we reported a reversible luminescent lantha-
nide switch based on this binding model [16] and a bistable
[3] rotaxane with intramolecular charge-transfer behavior
[17]. Herein, we synthesized a new perylene-bridged bis-
(DB24C8) host molecule (1), and constructed a pseudoro-
taxane system including 1 and a fullerene-based secondary
dibenzylammonium cation (2) (Figure 1). The reversible
fluorescence process of the pseudorotaxane can be modulated

chem.scichina.com  www.springerlink.com



YAO HaiQing, et al.

Figure 1 Structure of host 1 and guest 2.

by controlling the binding and release of the guest molecule 2.

2 Experimental

2.1 Materials and apparatus

3,4,9,10-Perylene dianhydride (Sigma-Aldrich company),
4-carboxylic-aciddibenzo-24-crown-8 (3) [18], compounds
6 [19], 7 [19] and the fullerene-based secondary diben-
zylammonium salt (2) [20] were prepared according to the
previously reported procedure. Chloroform and dichloro-
methane were redistilled and kept with 4 A molecular sieve.
Acetonitrile is refluxed for 10 h in the presence of K,CO;
and KMNO,, stirred with a proper amount of P,Os over-
night, and then distilled at 81-82 °C. All the other chemi-
cals were commercially available.

'H NMR spectra were recorded on a Varian Mercury
VX400 spectrometer. Fluorescence spectra were measured
with JASCO FP-750 spectrometer. ESI-MS was performed
on Thermofinnigan LCQ Advantage LC-MS. MALDI-TOF
was performed on Bruker Autoflex III.

2.2 Synthesis of host 1

tert-Butyl 2-(6,7,9,10,12,13,20,21,23,24,26,27-dodecahydro-
dibenzo[b,n] [1,4,7,10,13,16,19,22] octaoxacyclotetracosine-
2-carboxamido )ethylcarbamate (4)

4-Carboxylic-aciddibenzo-24-crown-8 (3) (2.0 g, 4.1 mmol),
tert-butyl-2-aminoethyl carbamate (0.7 g, 4.6 mmol), N,N'-
dicyclohexylcarbodiimide (1.4 g, 6.8 mmol) and a little of
N,N-dimethylamino pyridine were dissolved in dry CHCl;
and the mixture was stirred in an ice bath for 12 h. The re-
action mixture was filtered. The filtrate was washed with
water twice, and dried over anhydrous sodium sulfate. Then
the solvent was removed at reduced pressure to give a white
residue. The residue was purified by silica-gel column
chromatography using CHCI3/CH;0H (20/1) (v/v) as the
eluent to give product 4 (1.4 g, 50%); '"H NMR (400 MHz,
CDCl;, 298 K) o6 1.42 (s, 9H), 3.40 (t, 2H), 3.52 (t, 2H),
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3.83 (m, 8H), 3.92 (m, 8H), 4.18 (m, 8H), 6.88 (d, 1H), 6.88
(m, 4H), 7.33 (dd, 1H), 7.42 (d, 1H), m/z 657 [M+Na]".

N-(2-Aminoethyl)-6,7,9,10,12,13,20,21,23,24,26,27-dodecahy-
drodibenzo[b,n][1,4,7,10,13,16,19,22 Joctaoxacyclo-tetraco-
sine-2-carboxamide (5)

Compound 4 was dissolved in 10 mL CHCl;, and the mix-
ture was stirred at room temperature. 4 mL of CF;COOH
was added dropwise. The stirring was continued overnight
and followed by evaporation of the solvent. The residue was
washed with hexane for three times. The crude product was
dissolved in CH;0H and the pH of the solution was ad-
justed to 8 by NaOH solution. The crude product was puri-
fied by silica-gel column chromatography using CHCls/
CH;0H (5/1) (v/v) as the eluent to give product § (0.5 g,
90%); '"H NMR (400 MHz, CDCl, 298 K) &2.95 (t, 2H),
3.48 (t, 2H), 3.82 (m, 8H), 3.92 (m, 8H), 4.17 (m, 8H), 6.83
(d, 1H), 6.88 (m, 4H), 7.30 (dd, 1H), 7.41 (d, 1H), m/z 557
[M+Na]*.

Compound 1

Compounds 7 (300 mg, 0.3 mmol) and 5§ (500 mg, 0.9 mmol)
were dissolved in 6 mL isopropanol, and then 0.1 mL
triethylamine was added. The mixture was refluxed under
N, atmosphere for two days. The mixture was cooled to
room temperature and followed by evaporation of the sol-
vent. The crude product was purified by silica-gel column
chromatography using CHCI3/CH;OH (20/1) (v/v) as the
eluent to give red powder 1 (300 mg, 50%); '"H NMR (400
MHz, CDCl;, 298 K) 6 1.28 (s, 36H), 3.67 (m, 12H), 3.72
(m, 12H), 3.82 (m, 12H), 4.02 (m, 12H), 4.28 (m, 4H), 6.78
(d, 8H) 6.85 (m, 8H), 7.18 (m, 4H), 7.25 (d, 8H), 7.50 (s,
4H), 7.99 (s, 4H) *C NMR (400 MHz, CDCl;, 298 K) &
167.11, 164.16, 155.92, 152.89, 151.35, 148.85, 148.55,
147.34, 132.85, 127.17, 126.68, 122.09, 121.41, 120.90,
120.30, 119.62, 119.53, 119.39, 119.17, 114.01, 112.59,
71.35, 71.22, 71.16, 69.90, 69.68, 69.32, 69.23, 69.12, 34.38,
31.46. MS (MALDI-TOF) m/z: Anal. calecd C;;gH 23026Ny:
[M+Na]*: 2040.8743, found [M+Na]*: 2040.8766.
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3 Results and discussion

3.1 Synthesis

The synthetic pathway of 1 is shown in Figure 2. Compound
5 was obtained by DCC condensation of 4-carboxylic-
ciddibenzo-24-crown-8 (3) with tert-butyl-2-aminoethyl
carbamate, followed by CF;COOH reduction of the Boc-
protected group. 3,4,9,10-Perylene tetracarboxylic dianhy-
dride is insoluble in organic solvent. To improve its solubil-
ity, its bay-area was substituted by four chlorine atoms by
reacting with HSO;Cl, the propyl substituents were intro-
duced through reaction with propylamine. Compound 6 was
obtained by introducing four tert-butyl phenols at the bay-
area. Subsequent hydrolyzation of 6 with a base produced
compound 7. Finally, the target compound 1 was obtained
by the reaction of 5 with 7 in isopropanol using triethyl-
amine as the base. Owing to those soluble substitutions,
compound 1 possesses very good solubility in organic solvent.

3.2 'H NMR spectra of the complex of 1 with 2

To obtain in-depth mechanistic insight into the complexa-
tion between host 1 and guest 2, we performed '"H NMR
experiments. Figure 3 shows the signals of some pro-
tons moved apparently upon complexation. The Ha proton
in 2 shifted downfield from 3.90 to 4.62 ppm. This may be
attributed to the hydrogen bond interaction between Ha and
oxygen atoms of the crown ether. The resonances of the Hc
proton in 2 split into two equal parts. A half of them shifted
upfield, while the other remained unchanged. This means
that a half of 2 was located in the ring of the crown ether,
while the other did not bind with 1. In addition, the signals
of protons in crown ethers (3.4—4.5 ppm) and perylene (8.06
ppm) split apparently, indicating that the distance between
Ceo and the perylene unit became close after complexation.
These spectral changes validate the formation of the pseu-
dorotaxane [1+2].
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3.3 Fluorescence spectra of the interaction of 1 with 2

Benefiting from the fascinating fluorescence property of
perylene, the host 1 displays satisfactory luminescent emis-
sion in a CHCIl;:CH3CN = 2:1 (v/v) solution (Figure 4).
When excited at 510 nm, 1 showed two emission peaks at
620 nm (0—0) and a shoulder peak at 675 nm (0—1) [21].
When 22 equiv of the guest 2 was added to the solution, the
fluorescence emission at 620 nm of 1 was significantly
quenched to 75% of its original intensity. Instead of 2 with a
compound bearing the Cq, moiety but without secondary
dibenzyl-ammonium unit, the luminescence of 1 slightly
decreased, which is attributed to the absorption of Cg ex-
isting at 450-750 nm. In addition, dibenzylammonium
hexafluorophosphate does not influence the luminescence of
1. These combined observations suggest that both the Cg
unit and the dibenzylammonium cation are two prerequi-
sites to quench the fluorescence emission of 1. That indi-
cates the interaction of 1 with 2 leads to the formation of the
pseudorotaxane [1+2], so a PET process from perylene of 1
to the Cg moiety of 2 occurs due to the adjacence of Cg
with perylene.

3.4 Reversible fluorescence switch

The binding behavior of 24C8 and the dialkylammonium
cation can be switched reversibly by various external stim-
uli, such as pH changes and competition binding. The asso-
ciation constants of DB24C8 with K* and dialkylammonium
cations are 7.6 x 10° and 1.2x 10° M7}, respectively, while
that of 18-crown-6 (18C6) with K* is 1.3 x 10° M™" [21].
From those data, we might deduce reasonably that the dial-
kylammonium cation in DB24C8 could be replaced by K*
upon the addition of KPF; to the solution of the pseudoro-
taxane [1+2], and then the supramolecular assembly could
be reproduced upon the addition of 18-crown-6. To evi-
dence this assumption, we performed the fluorescent ex-
periments of the pseudorotaxane [1+2] in the absence and
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Figure 2 Synthetic routes to host 1. (a) DCC, DMAP, BocNHCH,CH,NH,,CHCl3, 12 h, 50%. (b) TFA, 12 h, 90%. (c) (1) HSO;Cl, I,, 20 h, 40% ; (2)
CH;CH,CH,NH,, H,O/CH;CH,CH,OH, 8 h, 99%. (3) ArOH, KCO3, NMP, 8 h, 90%. (d) KOH/H,O, CH;CHOHCHj, 12 h, 78%. (e) N(Et);, CH;CHOHCHj,

2d,50%.
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Figure 3 Partial '"H NMR spectra of (400 MHz, CD;CN/CDCl;=1/2, 298
K, [1]o=3 mM) (a) 1, (b) 1 and 2.0 equiv of 2, and (c) 2 (Hcu: peak of the
uncomplex; Hec: peak of the complex; *: peak of CDCls).
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Figure 4 The fluorescence spectra of compound 1 with increasing con-
centration of 2 (CHCl;:CH;CN=2:1, 295 K); [1]=1x10" M and [2]=1x
107 t0 2.2 x 107 M. Ax=510 nm.
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Figure 5 Emission spectral changes observed for 1, [1+2], [1+2] + K7,
and [1+2]+ K"+ 18-crown-6. The emission changes of 1 at 620 nm (inset)
in the presence (1) of 2 and added KPF; (4, 6, 8, 10) and 18-crown-6 (3, 5, 7,
9) in CH3;CN/CHCl; solution (1:2).

presence of KPF¢ and 18-crown-6.
As shown in Figure 5, when KPFg was added to the solu-
tion of the pseudorotaxane [1+2], the quenched perylene
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emission was restored (91%). This observation suggests that
the dialkylammonium cation in DB24C8 was replaced by
K" and the PET process from the perylene moiety to Cg
was suppressed. To check the reversibility of this process,
18-crown-6 was added to the solution. The luminescence
quenching was reproduced again as a proof of regeneration
of the pseudorotaxane supramolecular assembly. The process
can be repeated several times. These experiments demon-
strate that the fluorescence of the pseudorotaxane [1+2] can
be switched in a reversible manner by external chemical
stimuli.

4 Conclusions

In conclusion, a perylene-bridged bis(dibenzo-24-crown-8)
1 and a guest molecule 2 containing Cg unit have been
synthesized. The binding behavior and the photophysical
behavior of the resultant pseudorotaxane between 1 and 2
have been investigated through 'H NMR and fluorescence
spectra. The results obtained indicate that the fluorescence
of 1 was quenched significantly in the presence of 2, which
is attributed to a PET from perylene of 1 to the Cq, moiety
of 2 in this pseudorotaxane system. The reversible fluores-
cence process can be modulated by controlling the binding
and release of the guest molecules by adding K* or 18C6,
respectively. It is an effective strategy to control the fluo-
rescent behavior of perylene through external chemical
stimuli.
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Foundation of China (20932004 and 20772063).

1 Wiirthner F. Perylene bisimide dyes as versatile building blocks for
functional supramolecular architectures. Chem Commun, 2004, 14:
1564-1579

2  Yan LW, Yang L, Lan JB, You JS. A new perylene diimide-based
colorimetric and fluorescent sensor for selective detection of Cu*
cation. Sci China Ser B-Chem, 2009, 52(4): 518-522

3 Struijk CW, Sieval AB, Dakhorst JE, Dijk MV, Kimkes P, Koehorst
RB, Donker H, Schaafsma TJ, Picken SJ, Craats AM, Warman JM,
Zuilhof H, Sudholter EJ. Liquid crystalline perylene diimides: Archi-
tecture and charge carrier mobilities. J Am Chem Soc, 2000, 122:
11057-11066

4 Law KY. Organic photoconductive materials: Recent trends and de-
velopments. Chem Rev, 1993, 93: 449-486

5 (a) Jones BA, Ahrens MJ, Yoon MH, Facchetti A, Marks TJ,
Wasielewski MR. High-mobility air-stable n-type semiconductors with
processing versatility: Dicyanoperylene-3,4:9,10-bis(dicarboximides).
Angew Chem Int Ed, 2004, 43: 6363-6366; (b) Briseno AL, Manns-
feld SC, Reese C, Hancock JM, Xiong YJ, Jenekhe SA, Bao ZN, Xia
YN. Perylenediimide nanowires and their use in fabricating field-
effect transistor and complementary inverters. Nano Lett, 2007, 7:
2847-2853

6 (a) Hua JL, Meng FS, Ding F, Li FY, Tian H. Novel soluble and
thermally-stable fullerene dyad containing perylene. J Mater Chem,
2004, 14: 1849-1853; (b) Liu Y, Wang N, Li YJ, Liu HB, Li YL,
Xiao JC, Xu XH, Huang CS, Cui S, Zhu DB. A new class of conju-



1986

10

11

YAO HaiQing, et al.

gated polyacetylenes having perylene bisimide units and pendant
fullerene or porphyrin groups. Macromolecules, 2005, 38: 4880—4887
(a) Schmidt-Mende L, Fechtenkotter A, Mullen K, Moons E, Friend
RH, MacKenzie JD. Self-organized discotic liquid crystals for high-
efficiency organic photovoltaics. Science, 2001, 293: 1119-1122; (b)
Li JL, Kastler M, Pisula W, Robertson JW, Wasserfallen D, Grims-
dale AC, Wu JS, Miillen K. Organic bulk-heterojunction photo-
voltaics based on alkyl substituted discotics. Adv Funct Mater, 2007,
17: 2528-2533; (c) Pandey AK, Nunzi JM. Upconversion injection in
rubrene/perylene-diimide-heterostructure electroluminescent diodes.
Appl Phys Lett, 2007, 90: 263508, 1-3

Langhals H. Cyclic carboxylic imide structures as structure elements
of high stability. Novel developments in perylene dye chemistry.
Heterocycles, 1995, 40: 477-500

(a) Seybold G, Wagenblast G. New perylene and violanthrone dye-
stuffs for fluorescent collectors. Dyes Pigm, 1989, 11: 303-317; (b)
Seybold G, Stange A (BASF AG), Patent, DE 3545004, 1987-12-19.
(Chem Abstr, 1988, 108: 77134c)

(a) Reed CA, Bolskar RD. Discrete fulleride anions and fullerenium
cations. Chem Rev, 2000, 100: 1075-1120; (b) Gust D, Moore TA,
Moore AL. Mimicking photosynthetic solar energy transduction. Acc
Chem Res, 2001, 34: 40-48

(a) Shirakawa M, Fujita N, Shinkai S. [60]Fullerene-motivated organogel
formation in a porphyrin derivative bearing programmed hydrogen-
bonding sites. J Am Chem Soc, 2003, 125: 9902-9903; (b) Yamaguchi
T, Ishii N, Tashiro K, Aida T. Supramolecular peapods composed of

a metalloporphyrin nanotube and fullerenes. J Am Chem Soc, 2003, 125:

13934-13935

Crane JD, Hitchcock PB, Kroto HW, Taylor R, Walton DR. Prepara-
tion and characterisation of Cg(ferrocene),. J Chem Soc, Chem Commun,
1992, 24: 1764-1765

Diederich F, Gémez-Lépez M. Supramolecular fullerene chemistry.
Chem Soc Rev. 1999, 28:263-277, and references therein

(a) Kimura M, Saito Y, Ohta K, Hanabusa K, Shirai H, Kobayashi N.
Self-organization of supramolecular complex composed of rigid den-
dritic porphyrin and fullerene. J Am Chem Soc, 2002, 124: 5274-5275;
(b) Hasobe T, Kashiwagi Y, Absalom MA, Sly J, Hosomizu K,
Crossley MJ, Imahori H, Kamat PV, Fukuzumi S. Supramolecular
photovoltaic cells using porphyrin dendrimers and fullerenes. Adv

Sci China Chem

September (2010) Vol.53 No.9

15

16

17

18

19

20

21

22

Mater, 2004, 16: 975-979; (c) Sun D, Tham FS, Reed CA, Chaker L,
Boyd PD. Supramolecular fullerene-porphyrin chemistry. Fullerene
complexation by metalated “Jaws Porphyrin” hosts. J Am Chem Soc,
2002, 124: 6604-6612

(a) Zhu XZ, Chen CF. A highly efficient approach to [4]pseudo-
catenanes by threefold metathesis reactions of a triptycene-based
tris[2]pseudorotaxane. J Am Chem Soc. 2005, 127: 13158-13159; (b)
Wang F, Han CY, He CL, Zhou QZ, Zhang JQ, Wang C, Li N,
Huang FH. Self-sorting organization of two heteroditopic monomers
to supramolecular alternating copolymers. J Am Chem Soc. 2008, 130:
11254-11255; (c) Badjica JD, Nelson A, Cantrill SJ, Turnbull B,
Stoddart JF. Multivalency and cooperativity in supramolecular
chemistry. Acc Chem Res. 2005, 38: 723-732; (d) Zhai CX, Huang
FH. Recent research progresses of pseudorotaxanes and rotaxanes (in
Chinese). Sci China Ser B-Chem, 2009, 39(4): 315-328

Han M, Zhang HY, Yang LX, Jiang Q, Liu Y. A reversible lumines-
cent lanthanide switch based on a dibenzo[24]-crown-8-dipicolinic
acid conjugate. Org Lett, 2008, 10: 5557-5560

Jiang Q, Zhang HY, Han M, Ding ZJ, Liu Y. pH-Controlled in-
tramolecular charge-transfer behavior in bistable [3]rotaxane. Org
Lett, 2010, 12: 1728-1731

Feng DJ, Li XQ, Wang XZ, Jiang XK, Li ZT. Highly stable
pseudo[2]rotaxanes co-driven by crown ether-ammonium and donor-
acceptor interactions. Tetrahedron, 2004, 60: 6137-6144

(a) Wiirthner F, Thalacker C, Sautter A. Substituted diazadibenzop-
erylenes: new functional building blocks for supramolecular chemis-
try. Angew Chem Int Ed, 2000, 39: 1243-1245; (b) Gvishi R, Reisfeld
R, Burshtein Z. Spectroscopy and laser action of the “red perylimide
dye” in various solvents. Chem Phys Lett, 1993, 213: 338-344
Diederich F, Echegoyen L, Gémez-Lépez M, Kessinger R, Stoddart
JF. The self-assembly of fullerene-containing [2]pseudorotaxanes:
Formation of a supramolecular Cqy dimer. J Chem Soc, Perkin Trans.
2,1999, 8: 1577-1586

Jérome Baffreau, Lucie Ordronneau, Stéphanie Leroy-Lhez, and
Piétrick Hudhomme. Synthesis of perylene-3,4-mono(dicarboximide)-
fullerene Cqp dyads as new light-harvesting systems. J Org Chem,
2008, 73: 6142-6147

Frensdorff HK. Stability constants of cyclic polyether complexes
with univalent cations. J Am Chem Soc, 1971, 93: 600-606




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


