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Nucleophilic substitution on P=0 (and P=S) center is not only
important in biochemistry and is also extensive in synthesis and
organometallic chemistry. The authors reported various types
of phosphoryl transfer reactions to clarify the mechanism.'
Herein, the reactions of diethyl phosphinic chloride (20) with
substituted pyridines are investigated kinetically in acetonitrile
at45.0 £ 0.1 °C to gain further information of mechanism. The
pyridinolyses of eleven R;R,P(=0 or S)Cl-type substrates in
MeCN (eq 1) are reviewed to obtain systematic information on
phosphoryl transfer reaction mechanism. The kinetic results
are discussed on the bases of thio effect on reactivity, steric
effect of R; and R, on reactivity of substrate, electrophilicity of
substrate, comparison between anilinolysis and pyridinolysis,
and pyridinolysis mechanism. Eleven RiR,P(=0 or S)Cl-type
substrates are as follows: dimethyl phosphinic chloride (10);lh
dimethyl thiophosphinic chloride (1S);"™ diethyl phosphinic
chloride (20); dimethyl chlorophosphate (30);'¢ dimethyl
chlorothiophosphate (3S);'¢ diethyl chlorophosphate (40);'®
diethyl chlorothiophosphate (4S); e diphenyl phosphinic chlo-
ride (50); 14 diphenyl thiophosphinic chloride (5S); 14 Y-O-aryl
phenyl phosphonochloridothioates (6S); i Y-aryl phenyl chloro-
phosphates (70).la The numbering of the substrates (1-7) fol-
lows the sequence of the size of the two ligands (R; +Ry), and
O and S represent the P=O and P=S systems, respectively.

R1R2P(=O or S)Cl + XC5H4N M—wli

" _ (D
R1R2P(:O or S)NC5H4X + Cl

(CH3):P(=0)CI1 (10); (CH3),P(=S)CI (1S); (C2Hs).P(=O)Cl1
(20); (CH;0),P(=0)CI(30); (CH;0),P(=S)CI (38); (C,H;O),
P(=0)Cl (40); (C2H50),P(=S)CI (4S); (CsHs):P(=0)Cl1 (50);
(CeHs)2P(=S)CI (5S); (YCsH:0)(CsHs)P(=S)CI (6S); (Y CsHO)
(CeH;0)P(=0)ClI (70)

The observed pseudo-first-order rate constants (kobsa) Were
found to follow eq 2 for all of the reactions under pseudo-first-
order conditions with a large excess of pyridine nucleophile.
The ko values were negligible (ko= 0) in MeCN. The second-
order rate constants (kz) were determined for at least five con-

centrations of anilines. The linear plots of eq 2 suggest that
there is no base-catalysis or noticeable side reactions and that
the overall reaction is described by eq 1.

kobsd = k0+ k2 [XC5H4N] (2)

The k, values are summarized in Table 1. The substituent
effects of the nucleophiles upon the pyridinolysis rates correlate
with those for a typical nucleophilic substitution reaction with
negative px and positive fx value. The Bronsted fx value was
obtained by correlating log k»(MeCN) with pKa(H-0),” which
was justified theoretically and experimen‘cally.3 Both the Ham-
mett (logk> vs ox) and Bronsted [log k> vs pKa(X)] plots are
linear with px =-2.52 + 0.08 (r = 0.996) and fx = 0.45 + 0.02
(r=10.994).

Table 2 shows the summations of inductive effects of the
two ligands [Y.o1=a1(R) + 61(R2)]," natural bond order (NBO)
charges on the P atom reaction center in the gas phase [B3LYP/
6-311+G(d,p) level of theory],lrl summations of steric parameters
of the two ligands [} Es = Es(R1) + Es(Rz)],5 second-order rate
constants (k;) at 35.0 °C, and Bronsted coefficients (8x) and
cross-interaction constants (CICs; pxy)’ for the pyridinolyses
of eleven R;R,P(=L)Cl-type in MeCN. The arrangement of the
substrates in the column for P=0 (10-70) and P=S (1S-6S)
systems follows the sequence of the degree of steric hindrance
(i.e., bulkiness) of the two ligands.

The P=0 systems are more reactive than their P=S counter-
parts for several reasons, the so-called ‘thio effect’ which is
mainly the electronegativity difference between O and S that
favors O over S.” The NBO charges on the P atom of P=0 sys-
tems are greater (ca. 0.5 - 0.6) than those of their P=S counter-
parts, implying the electronegativity difference between O and
S. Herein, the pyridinolysis rate ratios of P=0 and their P=S
counterparts of RiR,P(=0 or S)CI type in MeCN at 35.0 °C
are great as follows: k>(10)/k2(1S) = 137,000; k2(30)/k2(3S) =
42; k2(40)/kx(4S) = 44; kr(50)/k»(5S) = 30. The correlation Y o1
with the NBO charge on the P atom reaction center is roughly
linear. The plots of the NBO charge on P against Y oy yield the
slopes 0f 0.622 (r=0.946) and 0.846 (r = 0.918) for P=0 and
P=S systems, respectively. The sequence of the second-order

Table 1. Second-Order Rate Constants (k> x 10°M™ sfl) of the Reactions of Et;P(=0)C1 (20) with XCsH4N in MeCN at 45.0 °C

X 4-MeO 4-Me 3-Me H 3-Ph

3-MeO

3-Cl 3-Ac 4-Ac 3-CN 4-CN

kyx 10% 96.1£2.3 49.9+1.4 27.1+0.3 18.8+0.4 11.0+0.3 8.29+0.05 2.00 £ 0.04 1.94+0.05 1.27+0.02 0.500+0.012 0.498 = 0.019
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Table 2. Summary of Summations of Inductive Effects of the Two Ligands (Y o1), NBO Charges on Reaction Center P, Summations of Steric
Parameters of the Two Ligands (3Es), Second-Order Rate Constants (k2) at 35.0 °C, and Selectivity Parameters (fx and pxy) for the

Pyridinolyses of Eleven RiR,P(=O or S)Cl-type in MeCN

sub. R, R> Yo charge on P -SEs ky % 10™ Bx pXY ref.
10 Me Me -0.02 1.793 0.00 102,000°  0.175/-0.03" - 1h
20 Et Et -0.02 1.817 0.14 127¢ 0.45 - this work
30 MeO MeO 0.60 2226 - 64.7 0.63 - lg
40 EtO EtO 0.56 2236 - 52.8 0.73 - lg
50 Ph Ph 0.24 1.844 4.96 54.6 0.68 - 1d
70 YCH,0 PhO 0.80 2.230 - 266 0.16-0.18 -0.15 la
1S Me Me -0.02 1.180 0.00 0.744 0.97/0.27 - 1h
3S MeO MeO 0.60 1.687 y 1.54° 1.09%/0.20" - lg
4S EtO EtO 0.56 1.701 - 1.19 1.024/0.29" - lg
5S Ph Ph 0.24 1.236 4.96 1.83 1.53%/0.38" - 1d
6S YCH,0 Ph 0.52 1.462 . 11.4 0.87 - 0.95 -0.46 If

“For the reactions of X = H in nucleophlles and Y H in substrates (for 70 and 6S) at 35.0 °C. Extrapolated value in the Arrhenius plot with kinetic

data: k> = 34,300, 40,400, and 53,900 x 10" M 's ' —25 O

-15.0,and 5.0 °C, respectlvely “Experimental value. Extrapolated value in the Arrhenius

plot with kinetic data: kz— 37.1,94. 0 and 135 x 10 M s at 5.0, 15.0, and 25.0 C respectively. ‘Extrapolated value in the Arrhenius plot with kinetic
data: k»=2.23,3.27, and4 53 x10°M ' s at45.0, 55.0, and 65.0 °C, respectively. Extrapolated value in the Arrhemus plot with kinetic data: k,=1.70,
2.36,and 3.11 x 10 M s at 45.0, 55.0, and 65.0 °C, respectively. “For X = 4-MeO, 4-Me, 3-Me, H, and 3-Ph. "For X = 3-Me0, 3-Cl, 3-Ac, 4-Ac,
3-CN, and 4-CN. ‘For X = 4-MeO, 4-Me, 3-Me, and H. For X = H, 3-Ph, 3-MeO, 3-Cl, 3-Ac, 4-Ac, 3-CN, and 4-CN.

rate constants of the pyridinolyses for both the P=O and P=S
systems does not show systematic consistency with Y o1, NBO
charge on P, or even ) Es. These results indicate that the pyri-
dinolysis rates of RiR,P(=L)Cl in MeCN are not dependent
upon one dominant factor but on many factors.

The pyridinolyses of 10, 18, 3S, 4S, and 58 yield biphasic
concave upward free energy correlation (Hammett and Bronsted
plots) for substituent X variations with greater and smaller mag-
nitudes of slopes for weakly and strongly basic nucleophiles,
respectively.8 The authors proposed a concerted mechanism
with a dominant backside nucleophilic attack towards the Cl
leaving group (TSb) for weakly basic pyridines, and a concerted
mechanism with a dominant frontside nucleophilic attack (TSf)
for strongly basic pyridines, in which the pyridine and Cl occupy
adjacent spaces in the TS, on the basis of the concave upward
Bronsted plots with smaller fx values for weakly basic pyri-
dines and greater values for strongly basic pyridines.

cl * = *
X
o= P\QB I XN@
\\\\P\
Et ‘ Cl

o Et

TSf

The greater fx value for the more basic pyridines suggests
a dominant frontside attack with greater bond formation com-
pared to a dominant backside attack for the less basic pyri-
dines. It is well known that a weakly basic group has a greater
apicophilicity so that an apical approach is favored for such
nucleophiles. % Since apical bonds are longer than equatorial
bonds, ™ apical nucleophilic attack should lead to a looser P-N
bond in the TBP-5C TS structure and hence a smaller magnitude
of fx is obtained, while the equatorial attack should lead to
tighter P-N bond in the TBP-5C TS, resulting in a larger magni-

tude of fx. o Biphasic concave upward Hammett and Bronsted
plots for substituent X variations in the nucleophiles of the re-
actions of Y-aryl phenyl isothiocyanophosphate with X-pyri-
dines in MeCN was also interpreted as a change in the nucleo-
philic attacking direction from dominant backside for less basic
pyridines (fx = 0.12 - 0.15) to dominant frontside for more
basic pyridines (fx =1.13 - 1 28) ‘It is the suggestion of the
authors that the concave upward Hammett and Bronsted plots
can also be diagnostic of a change in the attacking direction of
the nucleophile depending on the substituents from backside
to frontside.

The Sx2 reaction mechanisms were proposed for the pyri-
dinolyses of both 70 and 6S on the basis of the negative sign
of the CIC, pxy.6 A relatively small degree of bond formation in
the early TS could be proposed for 70 on the basis of the small
magnitudes of pxy and fx,'* while a relatively large degree of
bond formation in the TS could be proposed for 6S on the basis
of the large magnitudes of pxy and ﬂx.lf

In the pyridinolysis of 30 (#x = 0.63), 40 (fx =0.73), and 50
(Bx = 0.68), the authors proposed a concerted mechanism with
both frontside and backside attacks, and the fraction of a front-
side attack is more or less larger than that of a backside attack,
on the basis of the magnitudes of fx values. Taking into account
Px=0.17 of 10 for weakly basic pyridines where the reaction
proceeds through frontside nucleophilic attack, the authors pro-
pose a concerted mechanism with greater fraction of a frontside
attack than that of a backside attack for the pyridinolysis of 20
with fx = 0.445. Both front and backside nucleophilic attack
were observed in the anilinolyses of some R;R,P(=L)Cl-type
in MeCN.'*"

As seen in Table 3, predominant factor to determine the
anilinolysis rates of RiR,P(=L)CI in MeCN is the degree of
steric hindrance, since the anilinolysis rates are inversely pro-
portional to the size of the two ligands (3_Es). The steric effects
ofthe two ligands (R; and R») on the anilinolysis rates of P=0O
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Table 3. Second-Order Rate Constants (kpy and kan  10°/M 's ') of the
Pyridinolysis (CsHsN) at 35.0 °C and Anilinolysis (C¢HsNH,) at 55.0
°C, and Rate Ratios [kpy (35.0 °C)/kan(55.0 °C)] of Ten RjR,P(=O or S)
Cl-type in MeCN

kpyx 107 kanx 107 kpy(35.0 °C)/

sub. Ri Ra (35000) (55.0°C) ka(55.0°C)  'oF
10 Me Me 102,000 7,820 13 1h7 1r
20 Bt Et 127 189 0.67  this work,lu
30 McO McO 647 428 15 lg, Ip
40 EO EO 528  2.82 19 lg, Ip
50 Ph Ph 546 173 3 1d, Im
70 PhO PhO 266  0.891 299 la, 1]
1S Me Me 0744  9.79 0.076 Ih, Is
38 McO McO 154  1.09 1.4 lg, 1p
4 EO EO 119 0512 23 lg, 1p
55 Ph Ph 183  0.601 3.0 1d, In

“Pyridinolysis. bAnilinolysis.

are much greater than those of P=S systems: kan (10 with two
small Me)/kan (50 with two large Ph) = 4,520 for P=0, while
kan (1S with two small Me)/kan (5S with two large Ph) = 16 for
P=S system in MeCN at 55.0 °C. The approach of the aniline
nucleophile to the reaction center P should cause extensive steric
hindrance when the attacking and leaving groups occupy apical
positions in a TBP-5C TS of a backside attack, because of not
only arelatively large size of the aniline nucleophile, but also
the orientation restriction of the attacking aniline. The lone pair
of the amino nitrogen is sp3—type, thus the angle of C (a-carbon
of phenyl ring)-N (amino nitrogen)-P (reaction center of sub-
strate) would be > 109.5° in the TS. The degree of steric hind-
rance would thus be greater as the ligands of R; and R, become
bulkier in the TS. In contrast, the pyridine ring, located more
or less parallel to the attacking axis in the TBP-5C TS, would
experience much less steric congestion compared to the phenyl
ring of the aniline.

The pyridinolysis rate is usually rather faster than the ani-
linolysis rate for both P=O and P=S systems (except for 18),"
even taking into account the greater basicity of pyridine than
aniline [pK, (aniline) = 10.56 and pK, (pyridine) = 12.33 in
MeCN;'"! pK. (aniline) = 4.60'"” and pKa (pyridine) = 5.17 in
water at 25.0 °C]. The rate ratio of kpy (35.0 °C)/kan (55.0 °C)
increases as the size of the two ligands increases for both P=0O
and P=S system. However, the rate ratios for P=O are much
greater than those for P=S systems.

In summary, the pyridinolysis of diethyl phosphinic chloride
(20) is investigated kinetically in acetonitrile at 45.0 °C. The
authors propose a concerted mechanism with greater fraction
of a frontside attack than that of a backside attack for the pyri-
dinolysis of 20. The pyridinolyses of eleven R;R,P(=O or S)CI-
type substrates in MeCN (eq 1) are reviewed to obtain sys-
tematic information on phosphoryl transfer reaction mechanism.
The pyridinolysis rates of RiR,P(=O or S)Cl-type substrates are
not dependent upon one dominant factor but on many factors,
while the anilinolysis rates of RiR,P(=O or S)Cl-type substrates
are predominantly dependent upon the steric effects of two
ligands, Ry and Ro.

Bull. Korean Chem. Soc. 2011, Vol. 32, No.2 711

Experimental Section

Materals. GR grade diethyl phosphinic chloride (20) (min
97%) was used without further purification. GR grade pyridines
were used without further purification. HPLC grade acetonitrile
(less than 0.005% water content) was used without further
purification.

Kinetic Procedure. Conductometric rate measurements were
carried out using self-made computer-aided automatic A/D
converter conductivity bridges. The pseudo-first-order rate con-
stants (kobsa) Wwere determined as previously described'*’ using
large excesses of nucleophiles, [20] =0.001 M and [ XCsH4N] =
0.01 - 0.08 M. Each pseudo-first-order rate constants value (kobsd)
was averaged obtained from more than three runs, which were
reproducible within + 3%.

Product Analysis. Diethyl phosphinic chloride was reacted
with excess pyridine for more than 15 half-lives at 45.0 °C in
acetonitrile. The insoluble products were washed several times
with diethyl ether and isolated. The solvent was removed under
reduced pressure. Analytical data of the products gave the fol-
lowing results:

(C2Hs),P(=0) N'CsHsCI". White gummy liquid; 'H NMR
(400 MHz, CDCl3) 8 1.10, 1.12,1.14, 1.15, 1.17, 1.19 (6H, m,
CH3), 1.72,1.74,1.75, 1.77 (4H, m, CH,), 7.26, 7.98, 8.00, 8.01,
8.02, 8.47, 8.91, 8.92, 8.93 (5H, m, pyridine); "C NMR (100
MHz, CDCls) 6 5.64, 5.69 (CH3), 20.41,21.34 (CH,), 127.11,
141.18, 145.57, 149.45 (C=C, pyridine); >'P NMR (162 MHz,
CDCl:) 8 67.75 (1P, s, P=0); m/z, 217 (M"); Anal. Calcd for
CoH;sCINOP: C,49.21; H, 6.88; N, 6.38. Found: C, 49.15; H,
7.05; N, 6.52.

Acknowledgments. This work was supported by Inha Uni-
versity Research Grant.

References and Notes

1. Pyridinolyses: (a) Guha, A.K.; Lee, H. W.; Lee, 1. J. Org. Chem.
2000, 65, 12. (b) Lee, H. W.; Guha, A. K.; Kim, C. K.; Lee, I. J.
Org. Chem. 2002, 67,2215. (c) Adhikary, K. K.; Lee, H. W.; Lee,
L. Bull. Korean Chem. Soc. 2003, 24, 1135. (d) Hoque, M. E. U.;
Dey, N.K.; Guha, A. K.; Kim, C. K.; Lee, B. S.; Lee, H. W. Bull.
Korean Chem. Soc. 2007, 28,1797. (e) Adhikary, K. K.; Lumbiny,
B.J.;Kim, C.K.; Lee, H. W. Bull. Korean Chem. Soc. 2008, 29,
851. (f) Lumbiny, B. J.; Adhikary, K. K.; Lee, B. S.; Lee, H. W.
Bull. Korean Chem. Soc. 2008, 29, 1769. (g) Dey, N. K.; Hoque, M.
E.U.;Kim, C.K.; Lee, H. W. J. Phys. Org. Chem. 2010, 23, 1022.
(h) Dey, N. K.; Adhikary, K. K.; Kim, C. K.; Lee, H. W. Bull.
Korean Chem. Soc. 2010, 31, 3856. (i) Guha, A. K.; Kim, C. K.;
Lee, H. W. J. Phys. Org. Chem. DOI1.10.1002/poc.1788. Anili-
nolyses: (j) Guha, A. K.; Lee, H. W.; Lee, 1. J. Chem. Soc., Perkin
Trans. 21999, 765. (k) Lee, H. W.; Guha, A. K; Lee, L. Int. J.
Chem. Kinet. 2002, 34, 632. (1) Hoque, M. E. U.; Dey, S.; Guha,
A.K.;Kim, C.K.; Lee, B. S.; Lee, H. W. J. Org. Chem. 2007, 72,
5493. (m) Hoque, M. E. U.; Lee, H. W. Bull. Korean Chem. Soc.
2007, 28, 936. (n) Dey, N. K.; Han, I. S.; Lee, H. W. Bull. Korean
Chem. Soc. 2007, 28,2003. (o) Hoque, M. E. U.; Dey, N. K.; Kim,
C.K.; Lee, B.S.; Lee, H. W. Org. Biomol. Chem. 2007, 5,3944.
(p) Dey, N. K.; Hoque, M. E. U.; Kim, C. K.; Lee, B. S.; Lee, H.
W. J. Phys. Org. Chem. 2008, 21, 544. (q) Lumbiny, B. J.; Lee,
H. W. Bull. Korean Chem. Soc. 2008, 29, 2065. (r) Dey, N. K.;
Hoque, M. E. U.; Kim, C. K.; Lee, B. S.; Lee, H. W. J. Phys. Org.
Chem. 2009, 22,425. (s) Dey, N. K.; Kim, C. K.; Lee, H. W. Bull.
Korean Chem. Soc. 2009, 30, 975. (t) Hoque, M. E. U.; Guha, A.



712

Bull. Korean Chem. Soc. 2011, Vol. 32, No. 2

K.;Kim, C.K.; Lee, B. S.; Lee, H. W. Org. Biomol. Chem. 2009, 7,
2919. (u) Dey, N. K.; Lee, H. W. Bull. Korean Chem. Soc. 2010,
31, 1403. (v) Dey, N. K.; Kim, C. K.; Lee, H. W. Org. Biomol.
Chem. 2011, 9, 717. Theoretical: (w) Lee, I.; Kim, C. K.; Li, H.
G.; Sohn, C.K.; Kim, C.K.; Lee, H. W.; Lee, B. S. J. Am. Chem.
Soc. 2000, 122, 11162.

. (a) Fischer, A.; Galloway, W. J.; Vaughan, J. J. Chem. Soc. 1964,
3591. (b) Dean, J. A. Handbook of Organic Chemistry; McGraw-
Hill: New York, 1987; Chapter 8.

. (a) Lee, I.; Kim, C. K.; Han, I. S.; Lee, H. W.; Kim, W. K.; Kim,
Y. B.J. Phys. Chem. B1999, 103, 7302. (b) Coetzee, J. F. Prog.
Phys. Org. Chem. 1967, 4, 45.

. Charton, M. Prog. Phys. Org. Chem. 1987, 16, 287.

. Taft, R. W. Steric Effect in Organic Chemistry, Newman, M. S.,
Ed.; Wiley: New York, 1956; Chapter 3.

. (a) Lee, I. Chem. Soc. Rev. 1990, 19, 317. (b) Lee, 1. Adv. Phys.
Org. Chem. 1992, 27,57. (c) Lee, 1.; Lee, H. W. Collect. Czech.
Chem. Commun. 1999, 64, 1529.

. (@) Hondal, R. J.; Bruzik, K. S.; Zhao, Z.; Tsai, M. D. J. Am. Chem.
Soc. 1997, 119, 5477. (b) Holtz, K. M.; Catrina, I. E.; Hengge, A.

10.

12.

Notes

C.; Kantrowitz, E. R. Biochemistry 2000, 39, 9451. (c) Omakor,
J. E.; Onyido, I.; vanLoon, G. W.; Buncel, E. J. Chem. Soc., Perkin
Trans. 22001, 324. (d) Gregersen, B. A.; Lopez, X.; York, D. M.
J. Am. Chem. Soc. 2003, 125,7178. (e) Onyido, I.; Swierczek, K.;
Purcell, J.; Hengge, A. C. J. Am. Chem. Soc. 2005, 127,7703. 324.
(f) Liu, Y.; Gregersen, B. A.; Hengge, A. C.; York, D. M. Bio-
chemistry 2006, 45, 10043.

. The P=S systems show more significant substituent effects of

the nucleophiles compared to the P=0O systems.

. (a) Rowell, R.; Gorenstein, D. G. J. Am. Chem. Soc. 1981, 103,

5894. (b) Perozzi, E. F.; Martin, J. C.; Paul, I. C. J. Am. Chem. Soc.
1975, 96, 6735. (c) Ramirez, F. Acc. Chem. Res. 1968, 1, 168.

Note that the reaction temperatures of pyridinolysis (CsHsN) and
anilinolysis (CsHsNH,) are 35.0 and 55.0 °C, respectively, and
that the substituent effects of the nucleophiles are not considered.

. Coetzee, J. F.; Padmanabhan, G. R. J. Am. Chem. Soc. 1965, 87,

5005.

Streitwieser, A., Jr.; Heathcock, C. H.; Kosower, E. M. Introduc-
tion to Organic Chemistry, 4th ed.; Macmillan Publishing Co.:
New York, 1992; p. 735.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


