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Taking multicalixarenes into the nanoworld: First third-
generation calixarene dendrimer

Ruth Lalor,” A. Patrick Gunning” Victor J. Morris” and Susan E. Matthews**

General Experimental Details

All chemicals were purchased from Sigma-Aldrich Ltd. (Aldrich, Sigma and
Fluka/Riedel de Haén brands), Lancaster or Acros Organics, and unless specified, were
used without further purification. Deuterated solvents for NMR use were purchased from
Cambridge Isotope Laboratories, Inc. or Apollo Scientific. Analytical thin layer
chromatography (TLC) was performed using Merck Kieselgel 60 F,s4 silica gel plates.
Column chromatography was run using silica gel 60 (70-230 mesh ASTM). Visualisation
was by UV light (254 nm). NMR spectra were recorded at 293 K, unless otherwise stated,
using a 400 MHz Varian Unity Plus Spectrometer, operating at 399.92 MHz or 399.96
MHz (proton), 100.56 MHz or 100.57 MHz (carbon) and 376.24 MHz (fluorine), or a
300 MHz Gemini 2000 spectrometer operating at 300.05 MHz (proton) and 75.45 MHz
(carbon). Shifts are referenced relative to the internal reference standard,
tetramethylsilane (TMS), with chemical shifts expressed in ppm or & downfield from the
standard and coupling constants (J) expressed in Hz. NMR data were processed using
MestReC software. MALDI-TOF mass spectra were recorded by the EPSRC National
Mass Spectrometry Service, Swansea, or using a Kratos Axima CFR MALDI Mass
Spectrometer. ESI mass spectra were recorded on a Shimadzu LC-MS 2010EV
Spectrometer, with HPLC grade CH3;OH, water or CH3CN as carrier solvents. Melting
points were measured using an Electrothermal Mel-temp® melting point apparatus and
are reported uncorrected. Infrared spectra were recorded using an Avatar 360 FT-IR

spectrometer.
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5,11,17,23-p-Tert-butyl-25,26,27-tripropoxy-28-(3-ethoxycarbonyl)propoxycalix[4]-
arene 6

Sodium hydride (95%, 1.23 g, 51.2 mmol) and DMF (225 mL) were added to a stirred
solution of 5' (10.00 g, 12.85 mmol) inDMF(175 mL) under an atmosphere of argon.
After 1 h, ethyl 4-bromobutyrate (7.35 mL, 51.4 mmol) was added and the solution was
stirred for 5 d. Water (300 mL) was added and the aqueous solution was extracted with
dichloromethane. The organic phase was washed with aq. hydrochloric acid (10%, 2 x 50
mL) and brine (2 X 50 mL) and the solvent was removed under reduced pressure to yield
6 (9.73 g, 85%) as a pale green glassy solid. Mp 138-139 °C; IR vC(O) = 1738 cm’,
vC(0)O = 1248 cm™’, 1122 cm™; "H NMR (400 MHz, CDCl;); 6.80 (4 H, s, ArH), 6.78
(4 H, s, ArH),4.40 (2 H, d, J=13.6 Hz, ArCH)Ar), 4.39 (2 H, d, /= 13.4 Hz, ArCH,Ar),
4.15 (2 H, q, J = 7.2 Hz, CH,CO,CH,CH3), 3.86 (2 H, m, OCH,CH,), 3.80 (6 H, t, J =
7.2 Hz, OCH,CH,CH3), 3.12 (4 H, d, J = 13.6 Hz, ArCH>Ar), 3.11 (4 H, d, J = 13.4 Hz,
ArCH,Ar), 2.51 (2 H, m, OCH,CH,CH,CO,Et), 2.33 (2 H, m, OCH,CH,CH,CO;Et),
1.98 (6 H, m, OCH,CH>CH3), 1.27 3 H, t, J = 6.8 Hz, OCH,CH3), 1.10 (9 H, s,
(CH;)3Ar), 1.09 (9 H, s, (CH;)sAr), 1.06 (18 H, s, (CH;)3Ar), 098 (9 H, m,
OCH,CH,CH3); C NMR (100 MHz, CDCly); 173.6, 153.8, 153.7, 153.6, 144.5, 144.3,
134.0, 133.9, 133.8, 133.6, 125.0, 124.9, 124.8, 74.1, 60.19, 33.7, 33.6, 31.3, 30.9, 25.5,
23.2,23.1, 14.1, 10.1; M/z (MALDI-TOF) m/z 911.74 [M + Na]".

5,11,17,23-p-Tert-butyl-25,26,27-tripropoxy-28-(3-carboxypropoxy)calix|4]|arene 7

Tetramethylammonium hydroxide (25% aq., 36.90 mL, 101.2 mmol) was added to a
stirred solution of 6 (9.00 g, 10.1 mmol) in tetrahydrofuran (200 mL) and the solution
heated at reflux overnight. After cooling, the mixture was acidified with conc. aq.
hydrochloric acid (37%, 40 mL) and stirred for 6 h at RT; the resultant precipitate was
filtered and washed with H,O (2 x 50 mL) to give 7 (6.60 g, 76%) as a white powder. Mp
144-145°C; IR vOH = 2960 cm™, vC(O) = 1731 cm™, vCO = 1202 cm™'; "H NMR (400
MHz, CDCl3); 6.98 (4 H, bs, AtH), 6.77 (2 H, s, AtH), 6.73 (2 H, s, AtH),4.39 (4 H, d, J
= 12.5 Hz, ArCH>Ar, coincident), 4.12-4.05 (4 H, m, OCH,CH,CH,CO,H), 3.68 (2 H, t,
J =172 Hz, OCH,CH,CH3), 3.57 (4 H, t, J = 7.2 Hz, OCH,CH,CHj3), 3.10 2 H, d, J =
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12.5 Hz, ArCHAr), 3.09 (2H, d, J = 12.5 Hz, ArCH,Ar), 199 (4 H, m,
OCH,CH,CH,CO,H, OCH,CH,CHj, coincident), 1.89 (4 H, m, OCH,CH,CHj3), 1.08-
0.89 (45 H, m, (CH;)3Ar, OCH,CH,CH;, coincident); *C NMR (100 MHz, CDCls);
179.3, 154.0, 153.7, 153.3, 144.7, 144.3, 144.2, 134.3, 134.2, 133.5, 133.3, 125.1, 125.0,
124.9, 124.8, 73.87, 33.75, 33.73, 33.63, 31.5, 31.4, 31.3, 30.9, 25.2, 23.2, 23.1, 10.19,
10.0 M/z (MALDI TOF) m/z 883.05 [M + Na]".

5,11,17,23-p-Tert-butyl-25,26,27-tripropoxy-28-(4-oxo-4-
pentafluorophenoxybutyl)calix[4]arene 8

7 (3.00 g, 3.48 mmol) was suspended in EtOAc (50 mL) and cooled to 0°C. N.M’-
Dicyclohexylcarbodiimide (0.72 g, 3.48 mmol) and pentafluorophenol (0.64 g, 3.5 mmol)
were added and the solution stirred for 18 h. The suspension was filtered, the filtrate was
concentrated under reduced pressure and the residue was purified by column
chromatography over silica gel, eluting with dichloromethane, to yield 8 (1.49 g, 42%) as
a white powder: Mp 165-167 °C; IR vC(O) = 1794 cm™, vCO = 1201 cm™, 1122 em™;
"H NMR (400 MHz, CDCl;); 6.85 (4 H, d, J= 1.8 Hz, ArH), 6.73 (2 H, s, ArH), 6.72 (2
H, s, ArH), 442 (2 H, d, J = 12.7 Hz, ArCH>Ar), 438 (2 H, d, J = 12.4 Hz, ArCH,Ar),
398 (2 H, t, J = 7.0 Hz, OCH,CH,CH,CO,PFP), 3.87-3.77 (6 H, m, OCH,CH,CH3),
3.15(2H,d,J=12.7 Hz, ArCHAr), 3.12 (2 H,d, J= 12.4 Hz, ArfCH,Ar),2.93 2 H, t,J
= 7.5 Hz, OCH,CH,CH,CO,PFP), 2.51 (2 H, m, OCH,CH,CH,CO,PFP), 1.99 (6 H, m,
OCH,CH,CH3), 1.13 (9 H, s, Ar(CHj;)3), 1.12 (9 H, s, Ar(CH3);), 1.03 (18 H, s,
Ar(CHj3)3), 0.99 (9 H, m, OCH,CH,CH;); *C NMR (100 MHz, CDCls); 169.5, 153.9,
153.6, 153.5, 145.0, 144.5, 144.4, 134.4, 134.3, 133.7, 133.4, 125.4, 125.2, 125.1, 125.0,
77.3,77.2,73.7,34.1, 34.0, 33.9, 31.7, 31.6, 31.5, 31.2, 31.1, 30.6, 30.5, 25.6, 23.6, 23.4,
10.4, 10.3; F NMR (376 MHz, CDCl3); -153.55 (2 F, d, J=21.8 Hz, F,,4,), -158.82 (1
F, t, J =228 Hz, Fyua), -163.08 (2 F, t, J = 21.8 Hz, Fuers); M/z (MALDI TOF) m/z
1063.50 [(M -2 H +K]," 1025.28 [M - H]".

Multi-calixarene 9
A solution of 4* (0.09 g, 0.11 mmol), 8 (0.45 g, 0.44 mmol), diisopropylethylamine (0.18
mL, 1.10 mmol) and a catalytic amount of DMAP in DCM (3 mL) was stirred at ambient
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temperature for 6 d. Water (5 mL) and dichloromethane (5 mL) were added. The organic
layer was separated and washed with aq. hydrochloric acid (10 %, 5 mL), aq. sodium
hydroxide (10 %, 5 mL) and brine (10 %, 5 mL), befor being dried (MgSO,). The solvent
was removed under reduced pressure. The residue was purified by column
chromatography over silica gel, eluting with dichloromethane / hexane (5:1) to yield
multi-calixarene 9 as a white foam (0.10 g, 22%). Mp 214-217 °C; IR vNH = 3377 cm’,
vPhth = 1719 em™, vC(0) = 1677 cm™, vNH = 1601 cm™; "H NMR (400 MHz, CDCls);
7.86 (2 H, dd, J = 5.5 Hz, J = 3.1 Hz, ArHn), 7.71 (2H, dd, J = 5.4 Hz, J = 3.1 Hz,
ArHy), 7.05 (4 H, s, ArH), 6.83-6.63 (36 H, br m, ArH), 4.39 (20 H, m, ArCH,Ar), 3.96-
3.81 (50 H, m, OCH,CH,CH,;N, OCH,CH,CH3, OCH,CH,CH:N, coincident), 3.11 (20
H, m, ArCH,Ar), 2.30 (16 H, m, OCH,CH>), 2.05 (16 H, m, OCH,CH>), 1.86 (8 H, m,
OCH,CH>), 1.09-0.89 (189 H, br m, C(CH3)3, OCH,CH,CH3, coincident); M/z (MALDI
TOF) m/z 4193.8 [M + Na]".

Multi-calixarene 10

A stirred solution of multi-calixarene 9 (0.12 g, 0.03 mmol) and hydrazine hydrate (0.09
mL, 3 mmol) in ethanol (3 mL) was heated at reflux for 4 d. Water (3 mL) and
dichloromethane (6 mL) were added and the organic layer was separated. The aqueous
layer was extracted with dichloromethane (3 X 6 mL), the organic layers were combined
and the solvent was evaporated under reduced pressure to yield 10 as a white glass (0.11
g, quantitative). Mp 211-212 °C; IR vNH, = 3289 cm™, 3418 cm™, vC(O) = 1641 cm,
VNH = 1547 cm™; "H NMR (400 MHz, CDCls); 7.02 (4 H, br s, ArH), 6.79-6.58 (36 H,
m, ArH), 440 (20 H, m, ArCH,Ar), 3.98-3.87 (48 H, m, OCH,CH,CH;N,
OCH,CH,CH3, OCH,CH,CH:N, coincident), 3.11 (22 H, m, ArCH>Ar, OCH,CH,CH>N,
coincident), 2.36 (16 H, m, OCH,CH,), 2.02 (16 H, m, OCH,CH>), 1.83 (8 H, m,
OCH,CH,), 1.10 (72 H, s, C(CH3)3), 1.08 (36 H, s, C(CH3)3), 1.07 (36 H, s, C(CH3)3),
0.98 (45 H, m, OCH,CH,CHj;); M/z (MALDI TOF) m/z 4063.7 [M+Na]".

Multi-calixarene MC1
A solution of multi-calixarene 10 (0.13 g, 0.03 mmol), 11* (0.01 g, 0.008 mmol),
diisopropylethylamine (0.01 mL, 0.08 mmol) and a catalytic amount of 4-
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dimethylaminopyridine in dichloromethane (1 mL) was stirred at ambient temperature for
5 days. Water (2 mL) and dichloromethane (2 mL) were added and the organic layer was
separated and washed with aq. hydrochloric acid (10 %, 2 mL), aq. sodium hydroxide (10
%, 2 mL), brine (10 %, 2 mL), before being dried (MgSO4). The solvent was removed
under reduced pressure. The residue was purified by column chromatography over silica
gel, eluting with hexane / ethyl acetate (10:1) gradient to hexane / ethyl acetate (5:1), to
yield MC1 as a white powder (68.30 mg, 50%). Mp 240-242 °C; IR vNH = 3421 cm’,
vC(0) = 1652 cm™, YNH = 1539 cm™'; "H NMR (400 MHz, CDCl5); 7.30-6.42(180 H, m,
Ar + NH) 6.83-6.64 (140 H, m, ArH), 4.39 (80 H, m, ArCH,Ar), 3.89-3.57 + 3.46-3.28
(210 H, br m, b m, OCH,CH,CHs;, OCH,CH,CH:N, OCH,C(O)NH, ArCH:Ar,
coincident), 3.09 (80 H, m, ArCH,Ar), 2.46-2.15 (40 H, m, OCH,CH>), 1.98-1.89 (120
H, m, OCH,CH,), 1.08-0.89 (756 H, m, OCH,CH,CH;, C(CHj;)s, coincident); M/z
(MALDI TOF) m/z 16747 [M +H]".

5,11,17,23- p-Tert-butyl-25,26,27-tripropoxy-28-(3-aminopropoxy)calix|4]arene (13)
A solution of 12* (8.00 g, 8.37 mmol) and hydrazine hydrate (2.60 mL, 83.7 mmol) in
ethanol (75 mL) was heated to reflux for 4 h. The reaction was followed by TLC
(dichloromethane) until only a single spot was observed on the base line, using ninhydrin
as an indicator. After cooling, water (40 mL) was added to dilute the mixture, the
precipitate was extracted with dichloromethane and the solvent was evaporated to give 13
as a white solid (6.15 g, 88%). Mp 204-206 °C; IR yNH = 3437 cm™, 3324 cm™, 1597
cm™; '"H NMR (400 MHz, CDCLy); 6.76 (8 H, m, ArH), 442 2 H, d, J = 12.4 Hz,
ArCH>Ar), 439 (2 H, d, J = 12.4 Hz, ArCH)Ar), 392 2 H, t, J = 7.2 Hz,
OCH,CH,CH;NH,), 3.83 (6 H, m, OCH,CH,CHs), 3.14 (2 H, d, J = 12.4 Hz, ArCH,Ar),
3.13 (2 H, d, J = 12.4 Hz, ArCHAr), 2.90 (2 H, m, OCH,CH,CH,NH,), 2.16 (2 H, m,
OCH,CH,CH;NH,), 2.01 (6 H, m, OCH,CH>CH3), 1.65 (2 H, br s, OCH,CH,CH,NH>),
1.06 (45 H, m, (CH;);Ar, OCH,CH,CHj3, coincident); *C NMR (100 MHz; CDCls);
153.8, 153.6, 153.5, 144.5, 144.4, 144.3, 144.2, 134.0, 133.9, 133.8, 125.1, 125.0, 124.9,
124.9, 73.0, 39.5, 34.0, 33.7, 31.4, 31.0, 23.2, 23.1, 10.16 ESI MS m/z 832.3 [M]".
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5,11,17,23-Tetra(pentafluorophenoxycarbonyl)-25,26,27,28-
tetrapropoxycalix[4]arene (14)

A solution of 25,26,27,28-tetrapropoxycalix[4]arene-5,11,17,23-tetracarboxylic acid’
(2.00 g, 2.92 mmol) in ethyl acetate (30 mL) was cooled to 0°C. N,N’-
Dicyclohexylcarbodiimide (2.41 g, 11.6 mmol) and pentafluorophenol (2.15 g, 11.6
mmol) were added and the solution was stirred for 18 h. The mixture was filtered and the
filtrate was concentrated under reduced pressure. The residue was dissolved in EtOAc
and filtered to yield 14 as a white solid (1.10 g, 39%). Mp 245-247 °C; IR vC(0O)O =
1758 cm™; "H NMR (400 MHz, CDCl3); 7.58 (8 H, s, ArH), 4.54 (4 H, d, J = 13.7 Hz,
ArCH,Ar), 399 8 H, t, J = 7.4 Hz, OCH,CH,CH3), 3.39 (4 H, d, J = 13.7 Hz,
ArCH,Ar), 1.96 (8 H, m, OCH,CH,CHj3), 1.04 (12 H, t, J = 7.4 Hz, OCH,CH,CH3); *C
NMR (100 MHz, CDCls); 162.1, 161.9, 140.4, 135.4, 131.6, 125.5, 121.5, 114.5, 94.6,
77.6,31.0, 23.5, 10.4; ’F NMR (376 MHz, CDCl3); -152.7 (8 F, d, J = 18.4 Hz, Forno), -
159.6 (4 F, t,J =22.8 Hz, Fpan), -164.0 (8 F, t, J = 24 Hz, Fiera); ESI MS m/z 1454.85
[M + Na]".

Multi-calixarene MC2

A solution of 11 (2.40 g, 1.81 mmol), 13 (6.03 g, 7.25 mmol), diisopropylethylamine
(299 mL, 18.12 mmol) and a catalytic amount of 4-dimethylaminopyridine in
dichloromethane (100 mL) was stirred for 48 h. The solution was diluted with water (60
mL), washed with aq. hydrochloric acid (10%, 2 x 50 mL), aq. sodium hydroxide (10%,
2 x 50 mL), brine (2 X 50 mL), and dried (MgSO,). The solvent was evaporated under
reduced pressure. The residue was purified by column chromatography over silica gel,
eluting with dichloromethane running to ethyl acetate, to yield MC2 (5.24 g, 74%) as a
white solid. Mp 201-203 °C; IR vC(O)NH = 3413 cm™', 1688 cm™, 1529 cm™'; '"H NMR
(400 MHz, CDCl3); 6.90 (8 H, d, J = 7.6 Hz, ArH), 6.87 (8 H, s, ArH), 6.86 (8 H, s,
ArH), 6.65 (16 H, s, ArH), 6.57 (4 H, t, J= 7.6 Hz, ArH), 6.32 (4 H, t, J= 5.6 Hz, NH),
445 (8 H,d,J=12.4 Hz, ArCH,Ar),4.39 (8 H, d, J=12.4 Hz, ArCH»Ar), 3.95 (8 H, t, J
= 7.4 Hz, OCH,CH,CH,N), 3.86 (16 H, m, OCH,CH,CH3), 3.74 (8H , t, J = 7.4 Hz,
OCH,CH,CH3), 3.61 + 3.55 (16 H, 2 x s, ArCH,Ar, OCH,C(O)N), 3.35 (8 H, m,
OCH,CH,;CH:N), 3.12 (8 H, d, J = 12.4 Hz, ArCH)Ar), 3.11 (8 H, d, J = 12.4 Hz,
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ArCH,Ar), 2.21 (8 H, m, OCH,CH,CH,N), 2.04 (24 H, m, OCH,CH,CH3), 1.14 (72 H, s,
(CHj3)3Ar), 0.99 (108 H, m, (CH;);Ar, OCH,CH,CH;3, coincident); M/z (MALDI-TOF)
m/z 3953 [M +K]", 3937.34 [M + Na]".

Multi-calixarene MC3

A solution of 14 (0.60 g, 0.42 mmol), 13 (1.39 g, 1.67 mmol), diisopropylethylamine
(0.69 mL, 4.18 mmol) and a catalytic amount of 4-dimethylaminopyridine in
dichloromethane (20 mL) was stirred for 48 h. The solution was diluted with water (20
mL), washed with aq. hydrochloric acid (10%, 2 x 10 mL), aq. sodium hydroxide (10%,
2 x 10 mL) and water (2 X 10 mL) and was dried (MgSO,). The solvent was evaporated
under reduced pressure. The solid was re-precipitated from dichloromethane / methanol
to yield multi-calixarene MC3 (1.27 g, 75%) as a white powder. Mp 185-187 °C; IR
vC(O)NH = 3343 cm™,1658 cm™, 1596 cm™; "TH NMR (400 MHz, CDCl3); 7.08 (4 H, s,
ArH), 6.77 (36 H, m, ArH), 6.23 (4 H, t, J= 5.4 Hz, NHC(O)), 448 (4 H,d, J=13.6 Hz,
ArCH,Ar), 440 (8 H, d, J = 12.8 Hz, ArCH>Ar), 437 (8 H, d, J = 12.8 Hz, ArCH,Ar),
3.90 (16 H, m, OCH,CH,CH3;, OCH,CH,CH;N, coincident), 3.78 (24 H, t, J = 7.6 Hz,
OCH,CH,CH3), 3.48 (8 H, m, OCH,CH,CH:N), 3.26 (4 H, d, J = 13.6 Hz, ArCH>Ar),
3.10 (16 H, d, J = 12.8 Hz, ArCH>Ar, coincident), 2.28 (8 H, m, OCH,CH,CH,N), 1.98
(24 H, m, OCH,CH>CH3), 1.88 (8 H, m, OCH,CH>CH3), 1.39-1.04 (144 H, m, C(CHj3)3),
0.96 (48 H, m, OCH,CH,CH3); M/z (MALDI-TOF) m/z 4047.8 [M+Na]’, 4025.77 [M]".

AFM Experiments

General Sample Preparation

A 9 pL drop of the sample solution at 4 pg.mL™" in dichloromethane was deposited onto
freshly cleaved muscovite mica (Agar Scientific, UK) The sample was inserted into the
liquid cell of the AFM (ECS, Cambridge, England). Imaging was carried out in an
‘intermittent contact mode’ under redistilled n-butanol (Sigma, UK) using 100 um long
oxide-sharpened Nanoprobe levers (NP-S, Veeco Instruments Inc., USA) with a quoted
force constant of k = 0.38 Nm™'. These tips have a quoted radius of curvature of 5-40 nm.
The scan velocity of the tip was 0.8 ums™, which approximates to a scan rate of 2 Hz.

The cantilever was oscillated just below its resonance frequency. Typical drive
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frequencies and voltages were in the region of 13 kHz and 30 mV respectively. The

resultant amplitude of oscillation of the cantilevers was approximately 8-15 nm.

7289

% Intensity
& 883
—
= ~
g
w

| 7740
J o
3ol A
l-""‘n’;.lﬂl", Wi 41061
& et i,
R
10 e e e P
5930 13828 21722 29618 aste asdto
Mass (miz)
1001 16747.0
0
a0
o
2 6
5
H
5 50
£
= “1
30]
2 jzouze 172314
10l 159845 |
| A
P L . R L Y T | S
122510 133886 14538.2 156838 168414 17988.0

Mass (miz)

Figure 1: Full MALDI TOF (+ve mode) Mass Spectrum of MC1

000pm 020 040
000 14.8nm
020
040
0.0nm
"3
10—3
E=
5_:
DE
IIIIIIIII|IIII\IIII|IIIIIIIII|IIIIIIIII|IIIIIIII\|IIIIIIIII
0o 01 0z 03 0.4 05 06

s um

Figure 2 : Measurement of height of dendrimer MC1 aggregates



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

References

1) K. Iwamoto, K. Araki and S. Shinkai, Tetrahedron, 1991, 47, 4325.

2) R. Lalor, J. DiGesso, A. Mueller and S. E. Matthews, Chem. Commun., 2007, 4907.

3) F. Sansone, S. Barboso, A. Casnati, M. Fabbi, A. Pochini, F. Ugozzoli and R. Ungaro,
R. Eur. J. Org. Chem. 1998, 897-905.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 <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 (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


