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On the question of stepwise vs concerted cleavage of RNA models
promoted by a synthetic dinuclear Zn(II) complex in methanol:
implementation of a noncleavable phosphonate probe.

David R. Edwards, Wing-Yin Tsang, Alexei A. Neverov and R. Stan Brown"*
Department of Chemistry, Queen’s University, 90 Bader Lane, Kingston, Ontario, Canada, K7L 3N6

Materials. Methanol (99.8% anhydrous), sodium methoxide (0.5M solution in methanol),
phenylphosphonic dichloride (technical grade 90%), sodium hydride (60% dispersion in oil), 4-
nitrophenol, 3-nitrophenol (99%), 4-chlorophenol (99%), phenol (99+%), 4-methoxyphenol (99%), 2.,4-
dimethylphenol (98%), triethylamine (99%), phenylphosphonic acid (98%), propylene oxide
(ReagentPlus 99%) and Zn(CF;SOs), were purchased from Aldrich and used without any further
purification. Methylphosphonic dichloride was purchased from Fluka and used without further
purification. 1,3-bis-N1-(1,5,9-triazacyclododecyl)propane was synthesized according to the published
procedure.' The dinuclear (CH;0"): Zn,([12]aneN3), complex 4 was prepared as a 2.5 mM solution in
methanol by sequential addition of aliquots of stock solutions of sodium methoxide, 1,3-bis-N1-(1,5,9-
triazacyclododecyl)propane and Zn(CF3;SO3), such that the relative amounts were 1:1:2. It has been
found that this order of addition is essential for the formation of the complex and even then complete
formati0r21 of the complex was achieved only after 40 minutes (as monitored by the change in catalytic
activity).

Synthesis of 2-hydroxypropyl phenylphosphonate 6a. Phenylphosphonate 6a was prepared by
adapting a procedure reported for its phosphate analogue.” Phenyl phosphonic acid (820 mg, 5.2 mmol)
was dissolved in 10mL H,O. Sodium hydroxide (430 mg, 10.4 mmol) was dissolved in 10 mL H,O. The
phosphonic acid solution and the sodium hydroxide solution were mixed together followed by the
addition of neat propylene oxide (8.7g, 10.5 mmol). After stirring the mixture at ambient temperature
for 15 hours a *'P NMR spectrum was obtained that indicated ~50% conversion. The reaction mixture
was concentrated by removing the unreacted propylene oxide under reduced pressure. The residue was
diluted to 500 mL with H,O and acidified by the addition of perchloric acid (1.9 mL of 1.373 M
solution, 2.6 mmol). The resulting solution was subjected to ion exchange column chromatography with
DOWEX 1x8-200 (HCOs- form), eluting over a linear gradient from 8 to 200 mM triethylammonium
bicarbonate buffer solution. Fractions showing an absorbance at 263 nm were combined and
concentrated under reduced pressure. The triethylammonium salt was first converted to the free acid and
then the sodium salt by treatment with Amberlite IR-120H and subsequently Amberlite IR-120 (Na+) in
a batch process. Removing the solvent of the resulting solution under reduced pressure gave 6a
(containing 4% of isomer 6b) in an unoptimized yield of 4%.

'H NMR (600 MHz, CD;0OD, 25°C) & 7.80 (2H, m, ArH), 8 7.40 (3H, m, ArH), 5 3.83 (1H, m, CH), &
3.60 (2H, m, CH>), & 1.09 (3H, d, CH;). *'P NMR (242.95 MHz, CD;OD, 25°C) & 14.28. *C NMR
(150.94 MHz, CD;0D, 25°C) & 134.90 (d, J = 176.1 Hz), & 131.15 (d, J = 9.06 Hz), 5 129.85 (d, J =
3.02 Hz), & 127.47 (d, J = 13.58 Hz), 5 69.40 (d, J = 6.04 Hz), § 66.69 (d, J = 7.55 Hz), & 17.94.
Amax(MeOH)/nm 264 (¢/dm’mol'cm™ 427). HRMS (ESI-TOF): caled 215.0478 amu, found 215.0479
amu.

Synthesis of phenyl phosphonate 6b. 1-hydroxy propyl phenylphosphonate 6b was prepared in a
seven-step synthesis (Scheme S1). The precursor S1 was prepared according to the reported procedure
and its identity was confirmed by "H NMR.? Synthetic intermediate S2 was prepared in the following
manner. To a slurry of sodium hydride (1.15g, 28.8 mmol, 60% dispersion in oil) in 50 ml dry THF was
added S1 (4g, 24 mmol) as a solution in 5 ml dry DMF. After stirring the mixture for 30 minutes at
ambient temperature the mixture was transferred drop-wise into a solution of phenylphosphonic
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dichloride (5.7g, 26.4 mmol) in 250 ml THF at 0 °C. The resulting solution was stirred for 15 hrs.
Analysis by TLC (diethyl ether:hexanes (7:3), PMA stain) showed that S1 (R¢ = 0.29) was almost
undetectable. To the reaction mixture was added 10 ml methanol and it was then left to stir for another 4
hours. The reaction mixture was then partitioned between diethyl ether and water. The organic layer
was washed with brine and dried over anhydrous MgSO,4. Removal of solvent yielded the crude product
S2. The desired compound S2 (Rf = 0.33, ethyl acetate) was isolated by silica gel column
chromatography eluting with ethyl acetate. Isolated S2 was deemed sufficiently pure by '"H NMR to be
used directly in the subsequent demethylation step (step 6). Demethylation of S2 was accomplished by
combining S2 (240mg, 0.75 mmol) and lithium chloride (30 mg, 0.71 mmol) in refluxing acetone for 2
days. Product S3, an insoluble white precipitate in acetone, was collected by filtration and washed with
DCM (yield of S3 from S2 25%). Debenzylation of S3 by hydrogenation was carried out by combining
S3 (30mg, 0.096 mmol) and 10% Pd/C (6 mg) in ethanol using a balloon to supply hydrogen gas at
atmospheric pressure for 20 hours. The reaction mixture was filtered through celite and the filtrate
collected. Removal of solvent under reduced pressure furnished the final product 6b in a 94% yield
from synthetic intermediate S3.

'H NMR (400 MHz, CD;0D, 25 °C) & 7.80 (2H, m, ArH), & 7.39 (3H, m, ArH), & 4.20 (1H, m, CH), &
3.40-3.53 (2H, m, CH>), 8 1.11 (3H, d, CH;3, J = 6.6 Hz). *'P NMR (242.95 MHz, CD;0D, 25°C) &
13.75. C NMR (150.94 MHz, CD;0D, 25°C) § 135.70 (d, J = 178.26 Hz), & 131.116 (d, J = 8.91 Hz),
8 129.76 (d, J = 2.87 Hz), & 127.38 (d, J = 13.74 Hz), & 71.63 (d, J = 5.43 Hz),  66.50, 5 17.36.
Amax(MeOH)/nm 264 (¢/dm’mol'cm™ 421). HRMS (ESI-TOF): caled 215.0478 amu, found 215.0558
amu.

Scheme S1: Synthesis of 1-hydroxypropyl phenylphosphonate 6b
o
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Synthesis of phenylphosphonates 8a-f. The synthesis of 8d is representative of the general procedure
used for the preparation of all the O-aryl phenylphosphonates used in this study. Phenol (940 mg, 10
mmol) and triethylamine (1.3 g, 12.9 mmol) in 15 ml dry toluene were slowly added to a stirring
solution of phenylphosphonic dichloride (2.3 g, 11.8 mmol) in 15 ml dry toluene maintained at 0 °C in
an ice bath. Following the addition the ice bath was removed and the reaction left to stir at ambient
temperature for a period of 30 minutes. Next 10 ml of 2 M NaOMe was slowly added to the stirring
reaction and the contents left to stir at ambient temperature for a further 2 hours. The organic layer was
washed with 0.3 M NaOH, dried with MgSO, and the volatiles removed under reduced pressure. The
crude oil was purified by column chromatography eluting with hexanes/ethyl acetate (50:50). The
neutral phosphonate was then taken up in 20 ml acetone containing LiCl (800 mg, 19 mmol) and
refluxed for 4 hours. Acetone was removed under reduced pressure and the residual white solid taken
up in distilled water and washed with diethyl ether. The aqueous layer was passed through an
Amberlite IR120 ion exchange column and the acidic fractions collected and combined. Water was
pumped off under reduced pressure with heating (50 °C) to reveal 306 mg of protonated phosphonate
8d. Yield 13%. Protonated 8d was treated with one equivalent of sodium methoxide in methanol and
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stored as a 100 mM stock solution of the sodium salt to be used in all subsequent kinetic experiments.
Analytical data for phenyl phosphonates 8a* and 8d° have been reported previously and that pertaining
to substrates 8b,c,e,f are presented here.

3-nitrophenyl phenylphosphonate 8b (acidic form): 'H NMR (300 MHz, CD;0D, 25 °C) § 8.01-8.03
(2H, m, ArH), 5 7.83-7.88 (2H, m, ArH), & 7.51-7.65 (5H, m, ArH). *'P NMR (121.49 MHz, CD;0D,
25 °C) & 15.61. >C NMR (150.94 MHz, CD;OD, 25°C) & 153.66, & 139.13, & 134.28 (d, J = 181.13
Hz), & 131.30 (d, J = 9.06 Hz), & 130.35, & 129.44, & 127.56 (d, J = 15.09 Hz), & 127.09, & 117.30,
8115.56. Amax(MeOH)/nm 264 (¢/dm’mol'cm™ 6724). HRMS (ESI-TOF): calcd 278.0223 amu, found
278.0223 amu.

4-chlorophenyl phenylphosphonate 8c (acidic form): 'H NMR (300 MHz, CDCls, 25 °C) & 7.71-7.86
(2H, m, ArH), & 7.50-7.64 (1H, m, ArH), & 7.37-7.50 (2H, m, ArH), & 6.95-7.21 (4H, m, ArH). *'P
NMR (121.49 MHz, CDCl3, 25 °C)  18.18. '*C NMR (150.94 MHz, CD;0D, 25°C) § 151.71, 6 131.30
(d, J=9.06 Hz), 6 130.11, 6 128.49, 5 127.70, 6 127.43 (d, J = 13.58 Hz), 6 122.11 (d, J = 4.53 Hz),
ipso-carbon of P-C¢Hs not detected. Ama(MeOH)/nm 271 (¢/dm’mol'cm™ 1082). HRMS (ESI-TOF):
caled 266.99833 amu, found 266.9983 amu.

4-methoxyphenyl phenylphosphonate 8e (acidic form): 'H NMR (300 MHz, CDCls, 25 °C) § 7.63-
7.91 (2H, m, ArH), 8 7.34-7.61 (3H, m, ArH), 5 6.93-7.05 (2H, m, ArH), & 6.63-6.78 (2H, m, ArH), &
3.71 (3H, s, CH;). *'P NMR (121.49 MHz, CDCls, 25 °C) & 18.68. *C NMR (150.94 MHz, CD;0D,
25°C) & 155.55, 8 146.50, 8 135.06 (d, J = 179.62 Hz), 5 131.40, 5 129.89, 5 127.30 (d, J = 13.58 Hz), &
121.42 (d, J = 4.53 Hz), & 113.69, & 54.60. Amax(MeOH)/nm 281 (g/dm’mol'cm™ 1812). HRMS (ESI-
TOF): calcd 263.0478 amu, found 263.0478 amu.

2,4-dimethylphenyl phenylphosphonate 8f (acidic form): 'H NMR (300 MHz, CD;OD, 25 °C) &
7.80-7.83 (2H, m, ArH), & 7.49-7.64 (3H, m, ArH), & 6.89-7.03 (3H, m, ArH), & 2.25 (3H, s, CH3), &
2.21 (3H, s, CH3). *'P NMR (121.49 MHz, CD;0D, 25 °C) & 15.02. *C NMR (150.94 MHz, CD;0D,
25°C) & 148.99, & 131.85, & 131.26 (d, J = 9.06 Hz), & 130.70, & 129.83, & 129.15 (d, J = 4.53 Hz), &
127.35 (d, J = 13.58 Hz), 6 126.23, & 120.06, 6 19.26, 6 15.45, ipso-carbon of P-C¢Hs not detected.
Amax(MeOH)/nm 271 (e/dm*mol'em™ 750). HRMS (ESI-TOF): calcd 261.0686 amu, found 261.0684
amu.

Kinetics.

Substrates 6a and 6b: A 2.43 mmol/dm’ mixture of phosphonate 6a and 6b (96:4) was subjected to
reaction in the presence of 2.44 mmol/dm’ catalyst 4 in anhydrous methanol at ambient temperature,
‘pH 9.8 £ 0.1. Three individual reactions were each quenched after 5 minutes, 1 hour and 24 hours by

the addition of 10 mmol/dm’ HCI and 10 mmol/dm’ LiCl. The volatiles were removed under reduced
pressure and the crude reaction mixture reconstituted in d*-methanol for '"H NMR analysis. In order to
further sharpen the signal intensities in the "H NMR spectrum it proved beneficial to add an additional
aliquot of LiCl to the NMR samples bringing the total concentration of chloride ion to 142 mmol/dm”.
Shown in Figure S1(a-c) are the partial 'H NMR spectrums (600 MHz) of the quenched reactions and in
Figure S2 is a >'P NMR spectrum corresponding to the reaction quenched after 24 hours which contains
a single peak at & 15.11 ppm identified to be O-methyl phenylphosphonate. An analogous set of 'H
NMR spectrums are shown in Figure S3(a-c) obtained for reaction of 2.43 mmol/dm® 6b (isomerically
pure) with 2.45 mmol/dm’ 4 in anhydrous methanol at ambient temperature, ‘pH 9.8 £0.1. As before

the reactions were quenched at 5 minutes, 1 hour and 24 hours by the addition of 10 mmol/dm’® HCI and
LiCl. An estimate of the’pKa for the 1,2-propanediol leaving group for 6b (17.7) is available from

previous work.° The:pKa for the leaving group of 6a was estimated by applying a correction factor of
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-0.52 to the ®pKa of 6b to account for the different methyl substitution pattern. This correction factor

corresponds to the difference in ’pKa (in methanol) between 1-propanol and 2-propanol.
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Figure S1: Partial 'H NMR (600 MHz) spectrums obtained following the 4 catalyzed methanolysis of a
mixture of 6a and 6b (96:4) showing the conversion of starting material into 1,2-propanediol after a) 24
hours; b) 60 minutes and c) 5 minutes. Identities of the peaks are as identified in the main text.

y

Figure S2: Partial *'P NMR (242.95 MHz, CD;OD, 25 °C) spectrum obtained following the 4
catalyzed methanolysis of a mixture of 6a and 6b (96:4) after 24 hours showing a single peak at 6 15.11
ppm identified as O-methyl phenylphosphonate.
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b)

Figure S3: Partial '"H NMR (600 MHz) spectrums obtained following the 4 catalyzed reaction of
isomeric pure 6b after a) 5 minutes b) 60 minutes and c) 24 hours. Identities of the peaks are as
identified in the main text.

Substrates 8a-f: The rates of methanolysis of aryl phenylphosphonates 8a-f (0.05 mmol/dm?)
catalyzed by the complex 4 were determined using an Applied Photophysics SX-17MV stopped-flow
reaction analyzer at ‘pH 9.8+0.1, 25.0 °C. Reactions were followed by monitoring the appearance of
the product phenols at 320 (8a), 340 (8b), 284 (8c), 280 (8d), 292 (8e), 276 (8f) nm. Plots of kyps versus
[4]fee Were fit to the universal binding equation S1 from which the unimolecular rate constant for
decomposition of the Michealis complex, ke, and the binding constant Ky could be determined.
Note that [4]g.. used here refers to the total concentration of catalyst free from triflate inhibition as
described previously.

Kobs = Kat (1+Kp *[S]+[Cat] *Kg — X)/(2Kp ) /[S] (S1)
where:

X =(1+2Kg *[S]+2*[Cat] *Kg +Kg? *[S]? — 2 *Kg? *[Cat][S] +[Cat]? *Kg?)*
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Table 1S. Observed pseudo-first order rate constants for the methanolysis of 8a (10 mol/dm’) as a
function of [4]f.. determined at ‘pH 9.8+0, 25.0 °C. Fit of the data to equation S1 gives kea =

5.29+0.1 s and Ky, = 2.80+0.17 dm>/mmol.

[Zny([12]aneN3),]* 10% X Kops”
(mmol/dm”) s
0.361 0.72
0.441 0.93
0.517 0.95
0.278 0.60
1.30 1.02

a. The catalyst concentration reported here is that determined to be free of triflate inhibition as
discussed elsewhere.'

b. Observed rate constants represent the average of at least three runs where the average standard
deviation is £3%.

Table 2S. Observed pseudo-first order rate constants for the methanolysis of 8b (107 mol/dm’) as a
function of [4]f.. determined at ‘pH 9.8+0, 25.0 °C. Fit of the data to equation S1 gives kea =

3.09+0.09 s and Ky, = 51.2+5.7 dm*/mmol.

[Zny([12]aneN3),J* 10 X Kobs
(mmol/ dm3) (s'l)

0.441 2.408
2.434
2.426
2.408
2.460

0.517 2.728
2.721
2.722
2.718
2.706

0.589 2.985
2.931
2.938
2.894
2.856
2918

0.659 2.895
2.933
2916
2.951
2914
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0.361 1.444
1.434
1.407
1.408

1.30 3.022
2.976
2.949
2.927
2.879

a. The catalyst concentration reported here is that determined to be free of triflate inhibition as
discussed eleswhere.'

Table 3S. Observed pseudo-first order rate constants for the methanolysis of 8¢ (10 mol/dm’) as a
function of [4]f.. determined at ‘pH 9.8+0, 25.0 °C. Fit of the data to equation S1 gives kea' =

0.48+0.01 s and Ky, = 10.6+1.4 dm*/mmol.

[Zn>([12]aneN3),J* 10 X Kobs
(mmol/dm’) )

0.361 0.2548
0.2477
0.2468
0.2451
0.2410

0.441 0.3371
0.3301
0.3360
0.3365
0.3314

0.517 0.3657
0.3657
0.3653
0.3713
0.3608

0.589 0.3753
0.3581
0.3701
0.3617
0.3623

0.278 0.1476
0.1548
0.1544
0.1544
0.1555
0.1530

0.788 0.4115
0.4061
0.4055
0.4003
0.4056
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a. The catalyst concentration reported here is that determined to be free of triflate inhibition as
discussed eleswhere.'

Table 4S. Observed pseudo-first order rate constants for the methanolysis of 8d (10 mol/dm’) as a
function of [4]f.. determined at ‘pH 9.8+0, 25.0 °C. Fit of the data to equation S1 gives kea " =

(9.2£0.2) x107%s™" and Ky, = 4612 dm?/mmol.

[Zny([12]aneN3),]* 10% X Kops”
(mmol/dm”) s

0. 306 0.0054
0.310 0.0057
0.361 0.072
0.402 0.078
0.566 0.086
0.789 0.087

a. The catalyst concentration reported here is that determined to be free of triflate inhibition as
discussed eleswhere.'
b. Observed rate constants represent the average of at least three runs where the average standard
deviation is £5%.

Table 5S. Observed pseudo-first order rate constants for the methanolysis of 8e (10 mol/dm’) as a
function of [4]f.. determined at ‘pH 9.8+0, 25.0 °C. Fit of the data to equation S1 gives key =

(4.540.2) x107s" and Ky = 22.9+7.7 dm’/mmol.

[Zn([12]aneN3),J* 107 x Kops
(mmol/dm”) )

0.278 0.02768
0.02763
0.02774

0.361 0.03370
0.03392
0.03328

0.441 0.03976
0.03930
0.03887

0.517 0.04041
0.03771
0.03910
0.03752

0.659 0.04116
0.04163
0.04043
0.04138
0.03990
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a. The catalyst concentration reported here is that determined to be free of triflate inhibition as
discussed eleswhere.'

Table 6S. Observed pseudo-first order rate constants for the methanolysis of 8f (10 mol/dm’) as a
function of [4]f.. determined at ‘pH 9.8+0, 25.0 °C. Fit of the data to equation S1 gives kea' =

(1.1£0.1) x10?%s™" and Kp, = 20+15 dm’/mmol.

[Zn([12]aneN3),J* 107 X Kops
(mmol/dm”) (s

0.278 0.005919
0.006064
0.006040

0.361 0.007285
0.007084
0.007159
0.007309

0.441 0.008888
0.009357
0.009336
0.009734

0.517 0.009852
0.009293
0.009527
0.009370

1.30 0.009814
0.010900
0.009897

a. The catalyst concentration reported here is that determined to be free of triflate inhibition as
discussed eleswhere.'
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Figure S4: 'H NMR spectrum (CD;0D, 25 °C, 600 MHz) of 2-hydroxypropyl phenylphosphonate 6a.
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Figure S5: '"H NMR spectrum (CD;0D, 25 °C, 600 MHz) of 1-hydroxy propyl phenylphosphonate 6b.

Figure S6: 'H NMR spectrum (CD;OD, 25 °C, 600 MHz) of 3-nitrophenyl phenylphosphonate 8b
(sodium salt).
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Figure S7: '"H NMR spectrum (CD;OD, 25 °C, 600 MHz) of 4-chlorophenyl phenylphosphonate 8¢
(sodium salt).
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Figure S8: 'H NMR spectrum (CD;0D, 25 °C, 600 MHz) of 4-methoxyphenyl phenylphosphonate 8e
(sodium salt).
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Figure S9: "H NMR spectrum (CD;0D, 25 °C, 600 MHz) of 2,4-dimethylphenyl phenylphosphonate 8f
(sodium salt).

T

1.95 2.00 0.95 1.00 3.202.98
(=) [ H HH H H
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 ¥ E

'J. Kim and H. Lim, Bull. Korean. Chem. Soc.1999, 20, 491.
2 Bunn, S. E.; Liu, C. T.; Lu, Z.-L.; Neverov, A. A.; Brown, R. S. J. Am. Chem. Soc. 2007, 129, 16238
3 Buchwald, S. L.; Pliura, D. H.; Knowles, J. R. J. Am. Chem. Soc. 1984, 106, 4916.

* Ghanem, Eman; Li, Yingchun; Xu, Chengfu; Raushel, Frank M Biochemistry, 2007, 46(31), 9032.
> Holy, Antonin Synthesis, 1998, 4, 381.

6 Tsang, W. T.; Edwards, D. R.; Melnychuk, S. A.; Liu, C. T.; Liu, C.; Neverov, A. A.; Williams, N. H.; Brown, R. S. J. 4m.
Chem. Soc. 2009, 131, 4159.

13




<<
  /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


