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Abstract: A series of piperazinephenethylamines were synthesized to study the contribution of a basic amine to binding 
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INTRODUCTION 

 The melanocortin-4 receptor (MC4R) is a member of the 
G-protein-coupled receptor (GPCR) superfamily and has 
been shown to play an important role in regulating feeding 
behavior and other biological functions [1]. Several MC4R 
antagonists have been reported to reverse lean body mass 
loss and to increase food intake in animal models of 
cachexia, suggesting their potential use in the treatment of 
cancer cachexia [2,3]. 

 Assisted by receptor modeling, we have been able to op-
timize a series of phenylpiperazines by incorporating a basic 
benzylamine with an alkyl side-chain. Thus, while adding a 
methylsulfonamide at the ortho-position of the phenyl ring 
of 1a (Ki = 4,800 nM [4]) results in a compound 1b (Ki = 
220 nM [5]) with 20-fold better affinity, a simple ami-
nomethyl group at this position also achieves a similar result 
(1c, Ki = 380 nM) [6]. The binding affinity of 1c is further 
improved by 34-fold when an alkyl side-chain is attached 
(1d, Ki = 11 nM [6]). These results indicate that, in addition 
to an aromatic side-chain, the basic nitrogen of the benzy-
lamine is important in receptor binding. Receptor modeling 
suggests this amine may interact with an acidic residue(s) 
such as Asp122 of the MC4R [6,7]. While we have been able 
to optimize the affinity of compounds 1a-d, they have been 
characterized as MC4R agonists with full efficacy and vari-
ous potencies [4,5,6]. Based on the initial success in improv-
ing the binding affinity of these agonists, we synthesized 
several benzylamines such as 2a and 2b (Fig. 1) by replacing 
the D-Tic-D-(4-Cl)Phe dipeptide with a -Ala-D-(2,4-Cl)Phe 
moiety in our efforts to find an antagonist as a potential 
treatment for cachexia [8]. Resultantly, these compounds  
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Fig. (1). Piperazinebenzylamines as MC4R agonists and antago-

nists.

behave as functional antagonists. For example, 2a has Ki of 
1.8 nM in binding affinity and dose-dependently inhibits -
MSH-stimulated cAMP release in cells expressing melano-
cortin-4 receptor. To further explore the role of this basic 
nitrogen, we synthesized phenethylamines to extend the 
amine from the phenylpiperazine template 2. Herein, we 
report the synthesis and structure-activity relationship (SAR) 
of these compounds in their binding to the melanocortin-4 
receptor. 

 The initial compounds for SAR studies were synthesized 
from the piperazinebenzaldehyde 3. Condensation of 3 with 
a nitroalkane under basic conditions gave the nitro-olefines 4
(for R

1
 = H, 4a: MeNO2/NH4OAc/90

o
C, 2h, 55%), which 

were reduced with sodium borohydride in isopropanol with 
silica to afford the nitro-compound 5 in good yields (5a,
81%). Deprotection of 5 with TFA/CH2Cl2 at room tempera-
ture, followed by a standard peptide coupling reaction with 
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N-(N-Boc- -Ala)-(2,4-Cl)Phe-OH (HBTU/EtN(iPr)2/DMF), 
gave the amides 6, which were subjected to catalytic reduc-
tion under hydrogen (H2, 50 psi, Pd/C 10% w/w, EtOH) to 
provide the key intermediate amines 7. Deprotection of the 
Boc-group of 7a-e with TFA afforded the phenethylamines 
8a-e in good yields. Alternatively, 7 were subject to reduc-
tive alkylation with various aldehydes to give the final pipe-
razinephenethylamine derivatives 9-13 (Scheme 1) whose 
binding affinities on the human melanocortin-4 receptor 
were measured (Table 1) using a binding assay as previously 
reported [9]. 

 The 2-(2-thienyl)methylamine 9c (Ki = 4.7 nM) was 
slightly less potent than the benzylamine 2a (Ki = 1.8 nM) 
which has a 2-(2-thienyl)ethyl side-chain. Between these two 
regioisomers, the benzylamine 2a was slightly favored. The 
primary phenethylamine 8a displayed moderate binding af-
finity (Ki = 130 nM), while the N-benzyl analog 9a was al-
most 30-fold better, suggesting the additional aromatic ring 
of the benzyl group is important. In comparison with the 2-
fluorophenyl compound 9b, the 2-thiazolyl 9d and the 2-
pyridyl 9e analogs were less potent. 

 Introducing a methyl group at the carbon attached to the 
nitrogen of 8a improved its potency. Thus, the propylamine 
8b had 3-fold better affinity than the ethylamine 8a. Simi-
larly, the benzyl 10o and the 2-thienylmethyl 10r (Ki = 1 

nM) were about 3- and 5-fold better than the corresponding 
analogs 9a and 9c, respectively. The 2-(2-thienyl)ethyl 10a
(Ki = 58 nM) was substantially less potent than 10r, suggest-
ing the distance between the two aromatic rings is important. 
The phenethyl derivatives 10b-d had Ki values of 6-11 nM, 
which were less potent than the benzylamine 10o. While the 
N-alkyl amines 10e-h exhibited moderate binding affinity 
(Ki = 23-76 nM), the corresponding N-alkoxyalkyl com-
pounds 10i-m displayed Ki values of 10-20 nM. Similarly, 
the 2-aminoethyl analog 10n had a Ki of 20 nM. Among the 
arylmethyl derivatives 10o-u, the 2-furan 10q had a Ki value 
of 1.3 nM, while the 2-pyridyl 10u (Ki = 33 nM) was much 
less potent.  

 The butylamine 8c (Ki = 27 nM) was 2-fold better in 
binding affinity than the propyl analog 8b, suggesting an 
increased lipophilic interaction from 8c. However, N-
Alkylation (11a-d) only improved potency by 3- to 5-fold. In 
comparison, 11a displayed a similar Ki value to the propy-
lamine 10j, while 11c was less potent than the ethylamine 
9b, suggesting a saturation of lipophilicity in contributing to 
binding affinity. Similar results were obtained for the hexy-
lamine 8d and its N-alkyl analogs 12a-e. Finally, the hepty-
lamine 8e showed slightly lower potency than the hexyl 8d

and the propyl 8c. Only the 2-methoxyethyl 13a showed a 4-
fold increase in binding affinity compared to its parent 8e,

Scheme 1. (a) R
1
CH2NO2/NH4OAc/90

o
C, 2h, 55% for 4a; (b) NaBH4, SiO2, i-PrOH, 25°C, 1 h, 81% for 5a; (c) i. TFA/CH2Cl2 (1:1); ii. (R)-

N-(N-Boc- -Ala)-(2,4-Cl)Phe-OH/HBTU/DIEA/DMF/r.t. 8h; (d) H2 (50 psi) , Pd/C (10%w/w), EtOH, 12 h, r.t.; (e) TFA/CH2Cl2 (1:1); (f) 

Aldehyde/MeOH/NaBH4 or Aldehyde/NaBH(OAc)3/ClCH2CH2Cl. 
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Table 1. Binding Affinity of Phenethylamines 8-13 at the hMC4R
a

Compound R
1
 R

2
 Ki (nM)

b

8a H H 130 

9a H Bn 4.9 

9b H 2-FC6H4CH2- 2.0 

9c H 2-thienylCH2- 4.7 

9d H 2-thiazolylCH2- 13 

9e H 2-PyCH2- 18 

8b Me H 52 

10a Me 2-thienylCH2CH2- 58 

10b Me 2-MeOC6H4CH2CH2- 8.4 

10c Me 2-FC6H4CH2CH2- 11 

10d Me 2,5-MeOC6H3CH2CH2- 6.3 

10e Me cPr- 26 

10f Me cPn- 23 

10g Me cHx- 75 

10h Me 3-Pn- 26 

10i Me MeOCH2CH2- 17 

10j Me EtOCH2CH2- 12 

10k Me MeOCH2CH2CH2- 23 

10l Me MeOCH2CH(Me)- 11 

10m Me MeOCH2CH(Et)- 19 

10n Me NH2CH2CH2- 20 

10o Me Bn- 1.6 

10p Me 1-NaphthylCH2- 7.4 

10q Me 2-furanylCH2- 1.3 

10r Me 2-thienylCH2- 1.0 

10s Me 2-PyCH2- 6.7 

10t Me 3-PyCH2- 5.2 
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(Table 1. Contd….) 

Compound R
1
 R

2
 Ki (nM)

b

10u Me 4-PyCH2- 33 

8c Et H 27 

11a Et EtOCH2CH2- 9.2 

11b Et 2-MeOC6H4CH2- 12 

11c Et 2-FC6H4CH2- 6.3 

11d Et 2,4-FC6H4CH2- 5.5 

8d nBu H 27 

12a nBu MeNHCH2CH2- 9.2 

12b nBu MeOCH2CH2- 8.1 

12c nBu MeOCH2CH(Et)- 23 

12d nBu 2-FC6H4CH2- 41 

12e nBu 2,4-FC6H3CH2- 46 

8e nPn H 39 

13a nPn MeOCH2CH2- 10 

13b nPn MeOCH2CH(Et)- 32 

13c nPn 2-MeOC6H4CH2- 64 

13d nPn 2-FC6H4CH2- 94 

13e nPn 2,4-FC6H4CH2- 140 

(a) Binding experiments were performed on HEK293 cells expressing human MC4 receptors using [125I]-NDP-MSH as the radiolabeled ligand. (b) Data are average of two or more 

independent measurements. 

while the other derivatives (13c-e) displayed decreased po-

tency. 

 Following the initial success of the SAR study on differ-
ent substituted ethylamine side chains, 10o and 10n were 
selected as lead compounds for detailed investigation based 
on their differences in potency and physicochemical proper-
ties. A series of substituted N-benzyl and N-aminoalkyl 

phenylpropylamines 17 and 18 were synthesized as shown in 
Scheme 2. Thus, the nitro-olefin 4b was partially reduced 
and then hydrolyzed to the corresponding ketone 14 (Raney-
Ni/Na2HPO4/EtOH/50

o
C, 2h, 61%), which was deprotected 

with TFA/CH2Cl2 at room temperature for 20 minutes to 
give the amine 15. 15 was converted to 16 by a standard pep-
tide coupling reaction with N-(N-Boc- -ala)-(2,4-Cl)Phe-OH 
(HBTU/EtN(iPr)2/DMF/r.t., 8h, 80%), followed by reductive 

Scheme 2. (a) Ra-Ni/NH4OOCH/NaH2PO4/H2O/50
o
C, 2h, 61%; (b) TFA/CH2Cl2/r.t., 20 min., quant.; (c) (R)-N-(N-Boc- -Ala)-(2,4-Cl)Phe-

OH/HBTU/DIEA/DMF/r.t., 8h, 80%; (d) RNH2/NaBH(OAc)3/ClCH2CH2Cl/r.t., 8h. 
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amination with various benzylamines or N-Boc-aminoalkyl-
amines to afford the final products 17 and 18 after the depro-
tection of the Boc group with trifluoacetic acid [10]. 

 As summarized in Table 2, the survey on the 2-substi-
tution of the phenyl ring (17a-h) revealed that the 2-fluoro  

Table 2. Binding Affinity of Substituted Benzylamines 17 at 

hMC4R
a

Compound R
3
 Ki (nM)

b

10o C6H5CH2- 1.6 

17a 2-MeC6H4CH2- 2.9 

17b 2-FC6H4CH2- 0.7 

17c 2-MeOC6H4CH2- 3.6 

17d 2-ClC6H4CH2- 1.8 

17e 2-BrC6H4CH2- 6.1 

17e 2-NO2C6H4CH2- 3.8 

17f 2-CF3C6H4CH2- 15 

17g 2-NH2C6H4CH2- 3.0 

17h 2-EtOC6H4CH2- 2.5 

17i 3-MeC6H4CH2- 2.5 

17j 3-MeOC6H4CH2- 2.4 

17k 3-ClC6H4CH2- 5.4 

17l 3-BrC6H4CH2- 4.8 

17m 3-NO2C6H4CH2- 13 

17n 4-FC6H4CH2- 13 

17o 4-MeOC6H4CH2- 12 

17p 4-ClC6H4CH2- 6.5 

17q 4-BrC6H4CH2- 6.2 

17r 4-NO2C6H4CH2- 13 

17s 3,4-CH2O2C6H4CH2- 4.9 

17t 2,6-FC6H4CH2- 0.7 

17u 2,6-MeOC6H4CH2- 4.2 

17v 2,6-ClC6H4CH2- 5.0 

(a) Binding experiments were performed on HEK293 cells expressing human MC4 

receptor using [125I]-NDP-MSH as the radiolabeled ligand. (b) Data are average of two 

or more independent measurements. 

analog was the most potent compound (17b, Ki = 0.7 nM), 
while the 2-trifluoromethyl derivative 17f was the least ac-
tive. 3-Substitution (17i-m) had little impact on potency, 
except for the 3-nitro compound 17m (Ki = 13 nM). Incorpo-
rating a functional group at the 4-position generally reduced 
binding affinity (17n-r) compared to the unsubstituted ana-
log 10o. Among the disubstitued benzyl analogs 17s-v, the 
2,6-difluoro compound 17t (Ki = 0.7 nM) also possessed 
subnanomolar binding affinity. Overall, this study only gen-
erated a couple of analogs which were slightly more potent 
than the unsubstituted benzylamine 10o.

 Interestingly the N-aminoalkyl compounds 18a-q (Table 
3) showed similar binding affinity regardless of the position 
and the size of the amino group. 

Table 3. Binding Affinity of the Aminoalkyl Derivatives 18 at 

hMC4R
a

Compound R
3
 Ki (nM)

b

10n NH2CH2CH2- 20 

18a NH2C(Me)2CH2- 52 

18b Pyrrolidin-3-yl- 13 

18c 1-Benzylpyrrolidin-3-yl- 13 

18d Piperidin-3-yl- 20 

18e cis-2-Aminocyclohexyl- 23 

18f trans-2-Aminocyclohexyl- 8.2 

18g NH2CH2CH2CH2- 13 

18h MeNHCH2CH2CH2- 14 

18i Me2NCH2CH2CH2- 17 

18j Morpholin-1-yl(CH2)3- 24 

18k 2-Methylpiperidin-1-yl(CH2)3- 19 

18l Piperidin-4-yl- 23 

18m 1-Benzylpiperidin-4-yl- 31 

18n Piperidin-2-yl(CH2)2- 16 

18o NH2(CH2)4- 10 

18p Piperidin-4-ylCH2- 14 

18q NH2(CH2)5- 11 

(a) Binding experiments were performed on HEK293 cells expressing human MC4 

receptors using [125I]-NDP-MSH as the radiolabeled ligand. (b) Data are average of two 

or more independent measurements. 
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 Based on the above results, the 2-fluorobenzyl side chain 
was selected for further optimization at the amide group on 
the 2,4-dichlorophenylalanine. Various carbamates 21 and 
ureas 22 were synthesized as shown in Scheme 3. Phen-
ylpiperazine 15 was converted to the amide 19 by a coupling 
reaction with N-Boc-(2,4-Cl)Phe-OH. Reductive alkylation 
of 19 with 2-fluorobenzylamine (NaBH(OAc)3/ClCH2CH2

Cl/HOAc, r.t.) provided the target amine which was pro-
tected with a Fmoc group, followed by Boc-deprotection to 
afford 20. Reaction of 20 with various alkyl chloroformates 
gave the carbamates 21 after deprotection of the Fmoc group 
with diethylamine in acetonitrile. Alternatively, 21 were syn-
thesized by the reaction of the amine 20 with phosgene in 
dichloromethane, followed by an alcohol under basic condi-
tions, and subsequent deprotection. The ureas 22 were ob-
tained using the same reaction scheme while the alcohol was 

replaced with an amine. 

 The carbamates 21a-f possessed single digit nanomolar 
affinity, while the larger alkyl analogs 21g-n displayed 
slightly lower potency than the small alkyl analogs 21a-c

(Table 4). Among them, the sec-butyl compound 21f showed 
a Ki of 0.7 nM, which was 10-fold better than its n-Bu ana-
log 21e. The three ureas 22a-c possessed high potency (Ki = 
0.6-2.1 nM), and the N’-isopropylurea 22a had 5-fold better 

binding affinity than the O-isopropylcarbamate 21d.

 Several potent MC4R ligands were tested for selectivity 
over other subtypes of melanocortin receptors and were 
found to be highly selective for MC4R (Table 5). For exam-

ple, compound 17t had Ki values of 820 and 360 nM at the 
MC3 and MC5 receptors, respectively, and only displayed 
40% inhibition at a 10 M concentration at the MC1 receptor 
but had a Ki of 0.7 nM at the MC4 receptor. These com-
pounds also dose-dependently inhibited -MSH-stimulated 
cAMP production in HEK293 cells stably expressing the 
human melanocortin-4 receptor. For example, 17t possessed 
an IC50 value of 170 nM in this assay. 

 The pharmacokinetic profile of 9b was assessed in rats 
(N = 3). This compound exhibited limited plasma exposure 
when given orally (<1% at 10 mg/kg dose). This was most 
likely caused by poor intestinal absorption that could be as-
sociated with the dibasic structure of this compound, al-
though it had moderate hydrophilicity (measured logD value 
of 1.5 at pH 7.4). After an intravenous administration at 5 
mg/kg, this compound displayed a plasma clearance of 26 
mL/min.kg, a high volume of distribution of 14 L/kg, and a 
long half-life of 7.5 h in this species. At the 1-hour time 
point, the brain concentration of 9b was 278 ng/g, which was 
calculated to be 120% of the plasma concentration (256 
ng/mL) at the same time point, indicating that 9b was able to 
penetrate into the brain.  

 In summary, a series of substituted phenethylamines 
were synthesized and studied for their structure-activity rela-
tionships at the human melanocortin-4 receptor. With the 
combination of a benzyl side chain, this series of compounds 
possessed high binding affinity and were very selective 
against other melanocortin receptor subtypes.  

Scheme 3. (a) (R)-N-Boc-(2,4-Cl)Phe-OH/HBTU/DIEA/DNF/r.t., 8h, 55%; (b) i. 2-FC6H4CH2NH2/NaBH(OAc)3/ClCH2CH2Cl/HOAc/r.t., 

8h; ii. FmocCl/Et3N/THF/0
o
C to r.t., 1h; iii. TFA/CH2Cl2/r.t., 20 min. 66%; (c) i. COCl2/NaHCO3/CH2Cl2/H2O/0

o
C, 0.5h; ii. R

4
OH/ 

Et3N/THF/r.t., 8h; iii. Et2NH/MeCN/r.t., 1h; (d) i. COCl2/NaHCO3/CH2Cl2/H2O/0
o
C, 0.5h; ii. R

5
R

6
NH/Et3N/THF/r.t., 8h; iii. Et2NH/ 

MeCN/r.t., 1h. 
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Table 4. Binding Affinity of Carbamates 21 and Ureas 22 at hMC4R
a

Compound R
4
O or R

5
R

6
N Ki (nM)

b

10o  1.6 

21a EtO- 3.0 

21b FCH2CH2O- 2.1 

21c nPrO- 4.6 

21d iPrO 4.2 

21e nBuO- 7.0 

21f sBuO- 0.7 

21g iBuO- 12 

21h cPrCH2O- 5.6 

21i cBuCH2O- 17 

21j cPnCH2O- 21 

21k cHxCH2O- 22 

21l cPnO- 11 

21m cHxO- 13 

21n BnO- 11 

22a iPrNH- 0.9 

22b cPnNH- 2.1 

22c Et2N- 0.6  

(a) Binding experiments were performed on HEK293 cells expressing human MC4 receptor using [125I]-NDP-MSH as the radiolabeled ligand. (b) Data are average of two or more 

independent measurements. 

Table 5. Selectivity and Functional Profiles at the Human Melanocortin Receptor Subtypes 

Compound MC1
a
 MC3 MC5 MC4 IC50(nM)

b

9a (41%) 1,100 430 4.9 430 

9b (43%) 1,000 310 2.0 690 

9d (50%) 1,400 610 13 710 

9e (44%) 2,100 760 18 660 

10i (50%) 1,700 970 19 330 

11a (56%) 1,600 1,100 9.2 380 

12b (32%) 2,200 840 8.1 840 

17b (54%) 500 260 0.7 140 

17t (40%) 820 360 0.7 170 

21a (14%) 810 236 3.0 550 

22a (20%) 250 92 0.9 270 

22c (32%) 430 130 0.6 390 

(a) Percentage of inhibition at 10 M concentration. (b) Dose-response inhibition of -MSH-stimulated cAMP production at the human MC4 receptor. 

NH

N

N

O

NH

O O
R4

Cl Cl

21

F

NH

N

N

O

NH

O N
R5

Cl Cl

22

F R6



74    Medicinal Chemistry, 2008, Vol. 4, No. 1 Tran et al. 

REFERENCES  

[1] Cone, R.D. Nat. Neurosci., 2005, 8, 571. 

[2] Scarlett, J. M.; Marks, D. L. Expert Opin. Investig. Drugs, 2005,
14, 1233. 

[3] Foster, A. C.; Chen, C.; Markison, S.; Marks, D. L. IDrugs, 2005,
8, 314. 

[4] Mutulis, F.; Yahorava, S.; Mutule, I.; Yahorau, A.; Liepinsh, E.; 
Kopantshuk, S.; Veiksina, S.; Tars, K.; Belyakov, S.; Mishnev, A.; 

Rinken, A.; Wikberg, J. E. S. J. Med. Chem., 2004, 47, 4613. 
[5] Dyck, B.; Parker, J.; Philips, T.; Carter, L.; Murphy, B.; Summers, 

R.; Hermann, J.; Baker, T.; Cismowski, M.; Saunders, J.; Goodfel-
low, V. Bioorg. Med. Chem. Lett., 2003, 13, 3793. 

[6] Chen, C.; Pontillo, J.; Fleck, B. A.; Gao, Y.; Wen, J.; Tran, J. A.; 

Tucci, F. C.; Marinkovic, D. Foster, A. C.; Saunders, J. J. Med. 
Chem., 2004, 47, 6821.  

[7] Fleck, B. A.; Chen, C.; Yang, W.; Huntley, R.; Markison, S.; Nickolls, 
S. A.; Foster, A. C.; Hoare, S. R. Biochemistry, 2005, 44, 14494. 

[8] Pontillo, J.; Tran, J. A.; Markison, S.; Joppa, M.; Fleck, B. A.; 
Marinkovic, D.; Arellano, M.; Tucci, F. C.; Lanier, M.; Nelson, J.; 

Saunders, J.; Hoare, S. R. J.; Foster, A. C.; Chen, C. Bioorg. Med. 
Chem. Lett., 2005, 15, 2541. 

[9] Nickolls, S. A.; Cismowski, M. I.; Wang, X.; Wolff, M.; Conlon, P. 
J.; Maki, R. A. J. Pharmacol. Exp. Ther., 2003, 304, 1217. 

[10] For experimental details, see: Pontillo, J.; Marinkovic, D.; Lanier, M. 
C.; Tran, J. A.; Arellano, M.; Parker, J.; Nelson, J.; Chen, C.; Chen, C. 

W.; Jiang, W.; White, N. S.; Tucci, F. C. WO 03/094918, 2003. 

Received: 15 June, 2007 Revised: 01 November, 2007 Accepted: 05 November, 2007 



<<
  /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 1.6
  /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


