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1. Chemistry 

 

1.1. General Procedure for 2-Azido-Ketone Synthesis 
 
NaN3 (2 eq) was added to a solution of the α-bromo-ketone in acetone (0.5 mol/L) at room 

temperature. The reaction was stirred for one hour. After addition of water the product was 

extracted with EtOAc, dried over MgSO4 and concentrated in vacuo. The crude product was 

purified by FC column chromatography on silica gel (Cyclohexane-AcOEt, 9:1). 

 

2-azido-1-Phenylethanone 2a 

4

5

2

3
1

2'

N3

O

 
(oil, 322 mg, 80%); Rf (Cy/ EtOAc, 9:1) 0.31; 2a was identified by comparison of its spectral 

data to the literature,1δH (300 MHz, CDCl3): 7.90 (m, 2H, H3); 7.62 (1H, m, H5); 7.49 (2H, t, J 

9 Hz, H4); 4.56 (2H, s, H2’); δC (75 MHz, CDCl3): 193.3 (s, C1); 134.3 (s, C2); 134.2 (d, C5); 

129.0 (d, C3 or C4); 127.9 (d, C3 or C4); 54.9 (t, C2’). 

 

2-azido-1-(naphtalen-2-yl)ethanone 2b 

4

9
10

11

2

3

1
2'

N3

O
5

6

7
8  

(white powder, 300 mg, 71%); Rf (Cy/ EtOAc, 9:1) 0.30; mp 60-62°C; νmax(KBr, nujol) /cm-1 

3103s, 1677s, 1628w, 1421w, 1356s, 1296w, 1275w, 1257w, 1218w, 1190m, 1123w, 912w, 

898m, 859m; δH (300 MHz, CDCl3): 8.40 (s, 1H, H3); 7.88-7.97 (4H, m, H5, H8, H10, H11); 

7.57-7.67 (2H, m, H6, H7); 4.71 (2H, s, H2’); δC (75 MHz, CDCl3): 193.2 (s, C1); 136.0 (s, C2); 

132.4 (s, C4 or C9); 131.7 (s, C4 or C9); 129.8 (d, C3); 129.6 (d, C5); 129.1 (d, C7); 129.0 (d, 

C10); 127.9 (d, C8); 127.2 (d, C6); 123.3 (d, C11); 55.0 (t, C2’); m/z (ESI): 234 (MNa+), 

calculated for C12H9N3O 211. 

 

 

                                                 
1 K. Edegger, C. C. Gruber, T. M. Poessl, S. R. Wallner, I. Lavandera, K. Faber, F. Niehaus, J. Eck, R. Oehrlein, 
A. Hafner, W. Kroutil, Chem. Comm. 2006, 22, 2402. 
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2-azido-1-(biphenyl-4-yl)ethanone 2c 

4

5

2

3

1
2'

N3

O

6

7
8

9  
 

(white powder, 502 mg, 85%); Rf (Cy/ EtOAc, 9:1) 0.22; mp 92-93°C; νmax(KBr, nujol) /cm-1 

2139m, 2100s, 1684s, 1604s, 1581w, 1460w, 1447w, 1420w, 1276s, 1226m, 1191w, 1116w, 

1075w, 911m, 847m, 832m, 809w; δH (300 MHz, CDCl3): 7.98 (2H, d, J 6 Hz, H3); 7.72 (2H, 

d, J 9 Hz, H4); 7.63 (2H, d, J 9 Hz, H7); 7.26-7.52 (3H, m, H8, H9); 4.59 (2H, s, H2’); δC (75 

MHz, CDCl3): 192.8 (s, C1); 146.7 (s, C5); 139.4 (s, C6); 133 (s, C2); 129.1 (d, C8); 128.9 (d, 

C9); 128.5 (d, C3); 127.5 (d, C4); 127.2 (d, C7); 54.9 (t, C2’); m/z (ESI): 260 (MNa+), 

calculated for C14H11N3O 237. 

 

2-azido-1-(thiophen-2yl)ethanone 2d 

2 1 2'

N3

O
3

4

5
S

 
(brown powder, 144 mg, 72%); Rf (Cy/ EtOAc, 9:1) 0.30; mp 62-64°C; νmax(KBr, nujol) /cm-

1 2107s, 1658s, 1516w, 1413m, 1305w, 1234w, 1059w, 892m, 851m; δH (300 MHz, CDCl3): 

7.74 (1H, dd, J 3 Hz, J 1 Hz, H5); 7.72 (1H, dd, J 2 Hz, J 1 Hz, H3); 7.17 (1H, dd, J 4.9 Hz, J 

4 Hz, H4); 4.46 (2H, s, H2’); δC (75 MHz, CDCl3): 186.3 (s, C1); 140.0 (s, C2); 135.0 (d, C5); 

132.5 (d, C4); 128.5 (d, C3); 54.9 (t, C2’); m/z (ESI): 190 (MNa+), calculated for C6H5N3OS 

167. 

 

2-azido-1-(5-methyl-1-phenyl-1H-pyrazol-4-yl)ethanone 2e 

2 1 2'

N3

O
4

N
N 3

5

6

78

9

 
(white powder, 167 mg, 77%); Rf (Cy/ EtOAc, 9:1) 0.30; mp 88-89°C; νmax(KBr, nujol) /cm-1 

2128m, 2105s, 1677s, 1600w, 1551m, 1504m, 1407w, 1331w, 1264m, 1221m, 1193w, 

1173w, 995w, 938w, 908m, 871w; δH (300 MHz, CDCl3): 7.96 (1H, s, H3); 7.46-7.55 (3H, 

m); 7.38-7.44 (2H, m); 7.35 (2H, m, H2’); 2.60 (3H, s, H5); δC (75 MHz, CDCl3): 188.7 (s, 
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C1); 144.2 (s, C2); 140.4 (d, C3); 138.2 (s, C6); 129.4 (d); 129 (d); 125.5 (d); 117.9 (s, C4); 

55.7 (t, C2’); 12.5 (q, C5); m/z (ESI): 264 (MNa+), calculated for C12H11N5O 241. 

 

2-azido-1-(5-(pyridin-2-yl)thiophen-2-yl)ethanone 2f 

 

2
1

2'

N3

O

34

5 S6

7
8

9
10

N

 
 

(white powder, 191 mg, 88%); mp 151-155°C; δH (300 MHz, CDCl3): 8.63 (1H, d, J 4.2 Hz, 

H10); 7.61-7.79 (4H, m, H3, H4, H7, H8); 7.35 (1H, m, H9); 4.46 (2H, m, H2’); 2.60 (3H, s, H5); 

δc (75 MHz, CDCl3): δC (75 MHz, CDCl3): 188.7 (s, C1); 144.2 (s, C2); 140.4 (d, C3); 138.2 

(d, C6); 129.4 (d); 129.0 (d); 125.5 (d); 117.9 (s, C4); 55.7 (t, C2’); 12.5 (q, C5); m/z (ESI): 267 

(MNa+), calculated for C11H8N4OS 244. 

 

2-azido-1-(benzothiophen-yl)ethanone 2g 

4

7
8

9

2

3
1

2'

N3

O
5

6

S
 

(white powder, 189 mg, 89%); Rf (Cy/ EtOAc, 8:2) 0.64; mp 113-115°C; νmax(KBr, nujol) 

/cm-1 2097s, 1685s, 1587w, 1417w, 1341w, 1317w, 1278w, 1221m, 1170w, 1154m, 1094w, 

1057m, 931w, 920m, 908m, 882w, 820m, 800w; δH (300 MHz, CDCl3): 8.34 (1H, s, H3); 

7.97 (1H, d, J 8.9 Hz, H8); 7.87 (1H, d, J 8.9 Hz, H9); 7.56 (1H, d, J 5.9 Hz, H6); 7.45 (1H, d, 

J 4.9 Hz, H5); 4.65 (3H, s, H2’); δC (75 MHz, CDCl3): 193.1 (s, C1); 145.2 (s, C7); 139.5 (s, 

C4); 130.9 (s, C2); 128.5 (d, C9); 124.6, 124.0, 123.1, 122.9 (d, C3, C5, C6, C8); 55.0 (t, C2’); 

m/z (ESI): 240 (MNa+), calculated for C10H7N3OS 217. 

 

1.2. General Procedure for RuAAC 
 
Cp*RuCl(COD) (5 mg, 4 mol%) was introduced into a two-necked flask and the flask was 

evacuated under vacuum and filled with nitrogen three times. After addition of dried THF (1 

mL), a solution of DACP (100 mg, 0.29 mmol) in THF (2 mL) and a solution of the azido-

ketone (0.29 mmol) in THF (2 mL) were added successively. The reaction was stirred for one 
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hour. The solution was concentrated in vacuo and the crude product was purified by FC 

column chromatography on silica gel (Cyclohexane-AcOEt, 4:6). 

 

tert-butyl-4-((1-(2-oxo-2-phenylethyl)-1H-1,2,3-triazol-5-yl)methoxy)cyclopentane-1,3-

dicarbamate 4a  

13

14
11

12

10
9

O
N
7

8
NN

6 O 21

5
4

3

HN

HN

O

O

O

O

 
(powder, 116 mg, 80%); Rf (Cy/ EtOAc, 4:6) 0.33; mp 68-72°C; νmax(KBr, nujol) /cm-1 

3334br, 1694s, 1598w, 1515s, 1298w, 1250w, 1165m, 1071w, 1001w, 861w; δH (300 MHz, 

CDCl3): 8.03 (2H, dd, J 1.3 Hz, 7 Hz, H12); 7.68 (1H, s, H8); 7.66 (1H, tt, J 2 Hz, 7 Hz, H14); 

7.54 (2H, t, J 7 Hz, H13); 6.04 (1H, d (AB), J 18 Hz, H9); 5.92 (1H, d (AB), J 18 Hz, H9); 5 

(1H, br s, NH); 4.73 (1H, br s, NH); 4.67 (1H, d (AB), J 11 Hz, H6); 4.59 (1H, d (AB), J 11 

Hz, H6); 3.86 (1H, m, H4); 3.78-3.80 (1H, m, H2); 3.69 (1H, dt, J 3 Hz, J 6 Hz, H1); 2.39 (1H, 

dt, J 8 Hz, J 15 Hz, H3); 1.84 (1H, ddd, J 3 Hz, J 7 Hz, J 13 Hz, H5); 1.69-1.76 (1H, m, H5); 

1.43 (18H, s); 1.29 (1H, dt, J 7 Hz, J 15 Hz, H3); δC (75 MHz, CDCl3): 190.8 (s, C10); 155.3 

(s, COBoc); 134.7 (s, C7); 134.4 (d, C14); 134.2 (d, C11); 134.0 (d, C8); 129.2 (d, C12 or C13); 

128.3 (d, C12 or C13); 83.7 (d, C1); 79.6 (s, Civ Boc); 59.3 (t, C6); 55.6 (d, C2); 54.7 (t, C9); 49.4 

(d, C4); 37.3 (t, C3 and C5); 26.9 (q, CtBu); m/z (ESI): 538 (MNa+), calculated for C26H37N5O6 

515. 

 

tert-butyl-4-((1-(2-oxo-2-naphtylethyl)-1H-1,2,3-triazol-5-yl)methoxy)cyclopentane-1,3-

dicarbamate 4b 

13

18
19

20
11

12

10
9

O
14

15

16
17

N
7

8
NN

6 O 21

5
4
3

HN

HN

O

O

O

O
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(powder, 104 mg, 66%); Rf (Cy/ EtOAc, 4:6) 0.45; mp 90-92°C; νmax(KBr, nujol) /cm-1 

3333br, 1694s, 1515s, 1366m, 1297w, 1276w, 1254w, 1167m, 1125w, 1072w, 1008w, 861w, 

823w; δH (300 MHz, CDCl3): 8.60 (1H, s, H12); 8.02-8.06 (2H, m, H14, H20); 7.89-7.97 (2H, 

m, H17, H19); 7.71 (1H, s, H8); 7.66 (1H, td, J 3 Hz, J 9 Hz, H16); 7.60 (1H, td, J 3 Hz, J 6 Hz, 

H15); 6.20 (1H, d (AB), J 18 Hz, H9); 6.06 (1H, d (AB), J 18 Hz, H9); 4.96 (1H, br s, NH); 

4.75 (2H, d (AB) + br s, J 13 Hz, H6, NH); 4.66 (1H, d (AB), J 13 Hz, H6); 3.87 (1H, m, H4); 

3.73-3.78 (1H, m, H2); 3.71 (1H, dt, J 3 Hz, 6 Hz, H1); 2.38 (1H, dt, J 8 Hz, 14 Hz, H3); 1.86 

(1H, ddd, J 3 Hz, 8 Hz, 14 Hz, H5); 1.60-1.69 (1H, m, H5); 1.42 (18H, s); 1.29 (1H, dt, J 7 Hz, 

14 Hz, H3); δC (75 MHz, CDCl3): 190.8 (s, C10); 155.3 (s, COBoc); 136.1 (s, C11); 134.8 (s, 

C7); 133.9 (d, C8); 132.4 (s, C13 or C18); 131.4 (s, C13 or C18); 130.4 (d, C12); 129.8 (d, C14); 

129.2 (d, C16 or C19); 129.1 (d, C16 or C19); 127.9 (d, C17); 127.2 (d, C15); 123.3 (d, C20); 83.8 

(d, C1); 79.5 (s, Civ Boc); 59.3 (t, C6); 55.5 (d, C2); 54.7 (t, C9); 49.3 (d, C4); 37.2 (2 x t, C3 and 

C5); 28.4 (q, CtBu); m/z (ESI): 588 (MNa+), calculated for C30H39N5O6 565. 

 

 

tert-butyl-4-((1-(2-oxo-2-(1,1’-biphenyl-4-yl)ethyl)-1H-1,2,3-triazol-5-yl)methoxy) cyclo 

pentane -1,3-dicarbamate 4c  

13

14

11

12
10

9

O
N
7

8
NN

6 O 21

5
4
3

HN

HN

O

O

O

O

15
18

17
16

 
 

(powder, 105 mg, 63%); Rf (Cy/ EtOAc, 4:6) 0.33; mp 96-98°C; νmax(KBr, nujol) /cm-1 

3334br, 1694s, 1604w, 1515m, 1505m, 1297w, 1234w, 1164w, 1073w, 998w, 843w; δH (300 

MHz, CDCl3): 8.12 (2H, d, J 6 Hz, H12); 7.77 (2H, d, J 9 Hz, H13); 7.71 (1H, s, H8); 7.62-7.67 

(2H, m, H16); 7.42-7.53 (3H, m, H17, H18); 6.09 (1H, d (AB), J 18 Hz, H9); 5.97 (1H, d (AB), 

J 18 Hz, H9); 4.97-4.99 (1H, br s, NH); 4.75 (1H, d (AB), J 15 Hz, H6); 4.66 (2H, d (AB) + br 

s, J 15 Hz, H6, NH); 3.89 (1H, m, H4); 3.79-3.81 (1H, m, H2); 3.72 (1H, dt, J 3 Hz, 6 Hz, H1); 

2.42 (1H, dt, J 7.5 Hz, 15 Hz, H3); 1.84-1.91 (1H, m, H5); 1.60-1.79 (1H, m, H5); 1.43 (18H, 

s); 1.33 (1H, dt, J 6 Hz, 15 Hz, H3); δC (75 MHz, CDCl3): 190.4 (s, C10); 155.2 (s, COBoc); 

147.1 (s, C14); 139.5 (s, C15); 134.6 (s, C7); 134.0 (d, C8); 132.8 (s, C11); 129.1 (d, C12 or C17); 

128.8 (d, C12 or C17); 128.6 (d, C18); 127.7 (d, C13 or C16); 127.3 (d, C13 or C16); 83.7 (d, C1); 
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79.7 (s, Civ Boc); 59.3 (t, C6); 55.6 (d, C2); 54.7 (t, C9); 49.3 (d, C4); 37.3 (t, C3 and C5); 28.4 

(q, CtBu); m/z (ESI): 614 (MNa+), calculated for C32H41N5O6 591. 

 

tert-butyl-4-((1-(2-oxo-2-thienylethyl)-1H-1,2,3-triazol-5-yl)methoxy)cyclopentane-1,3-

dicarbamate 4d  

11
10

9

O
N
7

8
NN

6 O 21

5
4
3

HN

HN

O

O

O

O

S
14

13 12

 
(powder, 74 mg, 51%); Rf (Cy/ EtOAc, 4:6) 0.31; mp 88-90°C; δH (300 MHz, CDCl3): 7.87 

(1H, d, J 4 Hz, H14); 7.74 (1H, d, J 4.8 Hz, H12); 7.63 (1H, s, H8); 7.19 (1H, dd, J 4.8 Hz, J 4 

Hz, H13); 5.93 (1H, d (AB), J 17.5 Hz, H9); 5.83 (1H, d (AB), J 17.5 Hz, H9); 5.21 (1H, br s, 

NH); 4.98 (1H, br s, NH); 4.69 (1H, d (AB), J 13 Hz, H6); 4.62 (1H, d (AB), J 13 Hz, H6); 

3.78-3.88 (2H, m, H4, H2); 3.67-3.69 (1H, m, H1); 2.37 (1H, dt, J 8 Hz, 13.8 Hz, H3); 1.79-

1.82 (1H, m, H5); 1.70-1.75 (1H, m, H5’); 1.26-1.42 (19H, m, CH3 (tBu), H3’); δC (75 MHz, 

CDCl3): 183.8 (s, C10); 155.2 (s, COBoc); 140.4 (s, C11); 135.4 (d, C14); 134.7 (s, C7); 133.9 (d, 

C8); 133.2 (d, C13); 128.7 (d, C12); 83.8 (d, C1); 79.5 (s, Civ Boc); 59.3 (t, C6); 55.5 (d, C2); 54.5 

(t, C9); 49.3 (d, C4); 37.2 (t, C3 and C5); 28.4 (q, CtBu); m/z (ESI): 544 (MNa+), calculated for 

C24H35N5O6S 521. 

 

tert-butyl-4-((1-(2-oxo-2-(5-methyl-1-phenylpyrazol-4-yl)ethyl)-1H-1,2,3-triazol-5-yl) 

methoxy)cyclopentane-1,3-dicarbamate 4e 

11
10

9

O
N
7

8
NN

6 O 21

5
4

3

HN

HN

O

O

O

O

12N
N

13

14

15
18

17 16

 
(Powder, 100 mg, 60%); Rf (Cy/ EtOAc, 4:6) 0.26; mp 86-90°C; δH (300 MHz, CDCl3): 8.15 

(1H, s, H12); 7.67 (1H, s, H8); 7.42-7.55 (5H, m, H16, H17, H18); 5.84 (1H, d (AB), J 17 Hz, 

H9); 5.73 (1H, d (AB), J 17 Hz, H9); 5.08 (1H, br s, NH); 4.81 (1H, br s, NH); 4.73 (1H, d 
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(AB), J 13.6 Hz, H6); 4.65 (1H, d (AB), J 13.6 Hz, H6); 3.81-3.95 (2H, m, H4, H2); 3.71-3.73 

(1H, m, H1); 2.60 (3H, s, H14); 2.44 (1H, dt, J 8 Hz, J 13.6 Hz, H3); 1.87-1.94 (1H, m, H5); 

1.70-1.79 (1H, m, H5’); 1.24-1.42 (19H, m, CH3 (tBu), H3’); δC (75 MHz, CDCl3): 186.0 (s, 

C10); 155.2 (s, COBoc); 144.5 (s, C11); 140.7 (s, C13); 138.2 (s, C15); 134.7 (s, C7); 134.0 (d, 

C8); 129.4 (d, C16 or C17); 129.2 (d, C18); 125.6 (d, C16 or C17); 117.8 (d, C12); 83.7 (d, C1); 

79.6 (s, Civ Boc); 59.3 (t, C6); 55.6 (d, C2); 55.4 (t, C9); 49.5 (d, C4); 37.2 (t, C3 and C5); 28.4 

(q, CtBu); 12.5 (q, C14); m/z (ESI): 618 (MNa+), calculated for C30H41N7O6 595. 

 

tert-butyl-4-((1-(2-oxo-2-(5-(pyridin-2-yl)thiophen-2-yl)ethyl)-1H-1,2,3-triazol-5-yl) 

methoxy) cyclopentane-1,3-dicarbamate 4f 

11
10

9

O
N
7

8
NN

6 O 21

5
4

3

HN

HN

O

O

O

O

S14

13 12
15

N16

17

18 19

 
 

(powder, 73 mg, 44%); Rf (Cy/ EtOAc, 4:6) 0.25; mp 113-115°C; νmax(KBr, nujol) /cm-1 

3327br, 1686s, 1583w, 1510m, 1430m, 1365m, 1295w, 1243m, 1164m, 1076w, 995w; δH 

(300 MHz, CDCl3): 8.61 (1H, dt, J 7.5 Hz, 1.5 Hz, H16); 7.86 (1H, d, J 7.5 Hz, H12); 7.71-7.79 

(2H, m, H17, H18); 7.66 (1H, s, H8); 7.63 (1H,  d, J 7.5 Hz, H13); 7.27 (1H, ddd, J 7.5 Hz, 7.5 

Hz, 1.5 Hz, H17); 5.92 (1H, d (AB), J 15 Hz, H9); 5.84 (1H, d (AB), J 15 Hz, H9); 5.1 (1H, br 

s, NH); 4.82-4.84 (1H, br s, NH); 4.73 (1H, d (AB), J 15 Hz, H6); 4.65 (1H, d (AB), J 15 Hz, 

H6); 3.79-3.91 (2H, m, H4, H2); 3.69-3.73 (1H, m, H1); 2.40 (1H, dt, J 9 Hz, 12 Hz, H3); 1.71-

1.89 (2H, m, H5); 1.29-1.43 (19H, m, CH3 (tBu), H3’); δC (75 MHz, CDCl3): 183.8 (s, C10); 

155.3 (s, COBoc); 154 (s, C14); 151 (s, C15); 150 (d, C16); 140.6 (d, C11); 137.1 (d, C18); 134.7 

(s, C7); 134 (d, C8 and C12); 125.4 (d, C13); 123.7 (d, C17); 119.8 (d, C19); 83.9 (d, C1); 79.5 (s, 

Civ Boc); 59.4 (t, C6); 55.6 (d, C2); 55.5 (t, C9); 49.4 (d, C4); 37.3 (t, C3 and C5); 28.4 (q, CtBu); 

m/z (ESI): 621 (MNa+), calculated for C29H38N6O6S 598. 
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tert-butyl-4-((1-(2-(benzothiophen-5-yl)-2-oxoethyl)-1H-1,2,3-triazol-5-yl)methoxy) 

cyclopentane-1,3-dicarbamate 4g 

13

16
17

18
11

12

10
9

O
N
7

8
NN

6 O 21

5
4

3

HN

HN

O

O

O

O
14

15

S

 
(powder, 123 mg, 74%); Rf (Cy/ EtOAc, 4:6) 0.36; mp 132-136°C; δH (300 MHz, CDCl3): 

8.53 (1H, s, H12); 7.95-8.02 (2H, m, H17, H18); 7.7 (1H,s, H8); 7.58 (1H, d, J 5.3 Hz, H15); 7.49 

(1H, d, J 5.3 Hz, H14);  6.15 (1H, d (AB), J 18 Hz, H9); 6.01 (1H, d (AB), J 18 Hz, H9); 5.1 

(1H, br s, NH); 4.62-4.71 (3H, m, NH and H6); 3.69-3.90 (2H, m, H4, H2, H1); 2.38 (1H, dt, J 

8 Hz, J 14 Hz, H3); 1.71-1.88 (2H, m, H5); 1.27-1.43 (19H, m, CH3 (tBu), H3); δC (75 MHz, 

CDCl3): 190.7 (s, C10); 155.3 (s, COBoc); 145.3 (s, C16); 139.6 (s, C13); 134.7 (s, C7); 134 (d, 

C8); 130.7 (s, C11); 128.5 (d, C15); 124.8 (d, C14); 124.4 (d, C12); 123.3 (d, C17 or C18); 123 (d, 

C17 or C18); 83.7 (d, C1); 79.7 (s, Civ Boc); 59.4 (t, C6); 55.6 (d, C2); 54.8 (t, C9); 49.5 (d, C4); 

37.4 (t, C3 and C5); 28.4 (q, CtBu); m/z (ESI): 594 (MNa+), calculated for C28H37N5O6S 571. 

 

1.3.  General Procedure for Boc-Deprotection 
 
A solution of the Boc-protected triazole derivative was cooled in an ice-bath and HCl (g) was 

bubbled inside until the formation of a white precipitate (few minutes). The solution was 

concentrated in vacuo. 

 

4-((1-(2-oxo-2-phenylethyl)-1H-1,2,3-triazol-5-yl)methoxy)cyclopentane-1,3-diamine 

chloride 5a 

13

14
11

12

10
9

O
N
7

8
NN

6 O 21

5
4
3

NH3Cl

NH3Cl

 
(Powder, 60 mg); Rf (BuOH/ AcOH/ H2O, 4:1:5) 0.12; mp 162-164°C; UV absorptions: 

λmax(H2O)/nm 250 and 290; δH (300 MHz, CD3OD): 8.15-8.17 (2H, m, H12); 8.05 (1H, s, H8); 

7.73-7.77 (1H, m, H14); 7.62 (2H, m, H13); 6.26 (2H, s, H9); 4.79 (2H, s, H6); 4.26 (1H, m, 

H1); 3.58-3.62 (1H, m, H4); 3.46 (1H, m, H2); 2.56 (1H, m, H3); 2.14 (2H, m, H5); 1.80 (1H, 
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m, H3); δC (75 MHz, CD3OD): 193.1 (s, C10); 136.0 (d, C14); 135.5 (s, C11); 130.5 (d, C12 or 

C13); 129.8 (d, C12 or C13); 81.9 (d, C1); 61.4 (t, C6); 56.5 (d and t, C2 and C9); 48.6 (d, C4); 

35.5 (t, C5); 34.2 (t, C3); m/z (HRMS ESI): 316.1768 (MH+),  calculated for C16H22N5O2 

316.1768. 

 

4-((1-(2-oxo-2-naphtylethyl)-1H-1,2,3-triazol-5-yl)methoxy)cyclopentane-1,3-damine 

chloride 5b  

13

18
19

20
11

12
10

9

O
14

15

16
17

N
7

8
NN

6 O 21

5
4
3

NH3Cl

NH3Cl

 
(Powder, 58 mg); Rf (BuOH/ AcOH/ H2O, 4:1:5) 0.2; mp 176-179°C; UV absorptions: 

λmax(H2O)/nm 290 and 350; δH (300 MHz, CD3OD): 8.86 (1H, s, H12); 7.99-8.17 (5H, m, H8, 

H14, H17, H19, H20); 7.64-7.74 (2H, m, H15, H16); 6.39 (2H, s, H9); 4.81 (2H, s, H6); 4.25 (1H, 

dt, J 5.8 Hz, J 11.5 Hz, H1); 3.62-3.67 (1H, m, H4); 3.42-3.50 (1H, m, H2); 2.55 (1H, dt, J 7.1 

Hz, J 13.2 Hz, H3); 2.11-2.16 (2H, m, H5); 1.78 (1H, dt, J 10 Hz, J 13.1 Hz, H3’); δC (75 

MHz, CD3OD): 193 (s, C10); 137.8 (s); 134.1 (d (C8) and s); 132.7 (s); 132.4 (d); 131.1 (d); 

130.8 (d); 130.3 (d); 129.2 (d); 128.6 (d); 124.4 (d); 81.9 (d, C1); 61.3 (t, C6); 56.6 (d, C9); 

56.4 (t, C2); 48.4 (d, C4); 35.4 (t, C5); 34.1 (t, C3); m/z (HRMS ESI): [MH+] 366.1925 

(Calculated for C20H24N5O2 366.1925). 

 

4-((1-(2-oxo-2-(1,1’-biphenyl-4-yl)ethyl)-1H-1,2,3-triazol-5-yl)methoxy)cyclopentane-1,3-

diamine chloride 5c 

13

14

11

12

10
9

O
N
7

8
NN

6 O 21

5
4
3

NH3Cl

NH3Cl

15
18

17
16

 
(Powder, 37 mg); Rf (BuOH/ AcOH/ H2O, 4:1:5) 0.28; mp 169-171°C; UV absorptions: 

λmax(H2O)/nm 290; δH (300 MHz, CD3OD): 8.24 (2H, d, J 8 Hz, H12); 8.23 (1H, s, H8); 7.89 

(2H, d, J 7 Hz, H13); 7.73 (2H, d, J 7 Hz, H16); 7.41-7.53 (3H, m, H17, H18); 6.36 (2H, s, H9); 

4.85 (2H, s, H6); 4.30 (1H, m, H1); 3.68 (1H, m, H4); 3.51 (1H, m, H2); 2.59 (1H, m, H3); 2.18 

(2H, m, H5); 1.80-1.84 (1H, m, H3); δC (75 MHz, CD3OD): 192.5 (s, C10); 148.7 (s, C14); 

140.7 (s, C15); 134.0 (s, C11); 130.5 (d, C12 or C17); 130.3 (d, C12 or C17); 129.9 (d, C18); 128.8 
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(d, C13 or C16); 128.4 (d, C13 or C16); 81.9 (d, C1); 61.3 (t, C6); 56.9 (t, C9); 56.4 (d, C2); 48.5 

(d, C4); 35.4 (t, C5); 34.2 (t, C3); m/z (HRMS ESI): [MH]+ 392.2081 (Calculated for 

C22H26N5O2 392.2081). 

 
4-((1-(2-oxo-2-(thiophenyl-2-yl)ethyl)-1H-1,2,3-triazol-5-yl)methoxy)cyclopentane-1,3-

diamine chloride 5d 

11
10

9

O
N
7

8
NN

6 O 21

5
4
3

NH3Cl

NH3Cl

S
14

13 12  
(Powder, 36 mg); Rf (BuOH/ AcOH/ H2O, 4:1:5) 0.05; mp 176°C; UV absorptions: 

λmax(H2O)/nm 265 and 295; δH (300 MHz, CD3OD): 8.21 (1H, d, J 3.7 Hz, H14); 8.06 (1H, s, 

H8); 8.04 (1H, d, J 5.4 Hz, H12); 7.34 (1H, dd, J 3.8 Hz, J 5 Hz, H13); 6.2 (2H, s, H9); 4.81 

(2H, s, H6); 4.26 (1H, m, H1); 3.58-3.66 (1H, m, H4); 3.43-3.50 (1H, m, H2); 2.57 (1H, dt, J 

6.8 Hz, J 13.8 Hz, H3); 2.13-2.17 (2H, m, H5); 1.81 (1H, dt, J 9.4 Hz, J 13.4 Hz, H3’); δC (75 

MHz, CD3OD): 186.1 (s, C10); 141.6 (s, C11); 137.6 (d, C14); 137.4 (s, C7); 136.0 (d, C13); 

134.0 (d, C8); 130.4 (d, C12); 82.9 (d, C1); 61.1 (t, C6); 56.4 (d, C2); 56.1 (t, C9); 48.7 (d, C4); 

35.3 (d, C5); 34.2 (t2, C3); m/z (HRMS ESI): [MH]+ 322.1327 (Calculated for C14H20N5O2S: 

322.1321). 

 

4-((1-(2-(5-methyl-1-phenyl-1H-pyrazol-4-yl)-2-oxoethyl)-1H-1,2,3-triazol-5-yl)methoxy) 

cyclopentane-1,3-diamine chloride 5e 

11
10

9

O
N
7

8
NN

6 O 21

5
4

3

NH3Cl

NH3Cl

12N
N

13

14

15
18

17 16

 
(Powder, 34 mg); Rf (BuOH/ AcOH/ H2O, 4:1:5) 0.16; mp 182°C; UV absorptions: 

λmax(H2O)/nm 255; δH (300 MHz, CD3OD): 8.47 (1H, s, H12); 8.30 (1H, s, H8); 7.52-7.61 

(5H, m, H16, H17, H18); 6.16 (2H, s, H9); 4.87 (2H, s, H9); 3.34 (1H, m, H1); 3.76 (1H, m, H4); 

3.60 (1H, m, H2); 2.66 (1H, m, H3); 2.58 (3H, s, H14); 2.22 (2H, m, H5); 1.87 (1H, m, H3’); δC 

(75 MHz, CD3OD): 187.8 (s, C10); 146.3 (s, C11); 142.8 (s, C13); 139.5 (s, C15); 130.8 (d, C16 

or C17); 130.7 (d, C18); 127.1 (d, C16 or C17); 119.0 (d, C12); 81.8 (d, C1); 61.2 (t, C6); 57.4 (t, 

C9); 56.5 (d, C2); 48.9 (d, C4); 35.4 (t, C5); 34.2 (t, C3); 12.8 (q, C14); m/z (HRMS ESI): 

[MH]+ 396.2142 (Calculated for C20H26N7O2 396.2142). 
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4-((1-(2-oxo-2-(5-(pyridin-2-yl)thiophen-2-yl)ethyl)-1H-1,2,3-triazol-5-yl) methoxy) 

cyclopentane-1,3-diamine chloride 5f 

 

11
10

9

O
N
7

8
NN

6 O 21

5
4

3

NH3Cl

NH3Cl

S14

13 12
15

N16

17

18 19  
(Powder, 31 mg); Rf (BuOH/ AcOH/ H2O, 4:1:5) 0.13; mp 194-195°C; UV absorptions: 

λmax(H2O)/nm 336; δH (300 MHz, CD3OD): 8.83 (1H, d, J 5 Hz, H16); 8.57 (1H, t, J 8 Hz, 

H18); 8.42 (1H, d, J 8 Hz, H19); 8.37 (1H, d, J 4 Hz, H12); 8.18 (1H, d, J 4 Hz, H13); 8.12 (1H, 

s, H8); 7.97 (1H,  t, J 6 Hz, H17); 6.34 (2H, s, H9); 4.86 (2H, s, H6); 4.30-4.32 (1H, m, H1); 

3.68-3.71 (1H, m, H4); 3.53-3.58 (1H, m, H2); 2.61-2.66 (1H, m, H3); 2.17-2.21 (2H, m, H5); 

1.80-1.85 (1H, m, H3); δC (75 MHz, CD3OD): 186.2 (s, C10); 147.6 (s, C14); 147.1 (d, C16); 

145.5 (s, C15); 145.1 (d, C18); 144.6 (s, C11); 137.9 (s, C7); 136.7 (d, C12); 133.8 (d, C8); 132.5 

(d, C13); 127.5 (d, C17); 126.4 (d, C19); 82.1 (d, C1); 62.1 (t, C6); 56.4 (d, C2); 56.4 (t, C9); 49 

(d, C4); 35.5 (t, C5); 34.2 (t, C3); m/z (HRMS ESI): [MH]+ 399.1598 (Calculated for 

C19H23N6O2S 399.1598). 

 

 
4-((1-(2-(benzothiophen-5-yl)-2-oxoethyl)-1H-1,2,3-triazol-5-yl)methoxy) cyclopentane-

1,3-diamine chloride 5g 

13

16
17

18
11

12

10
9

O
N
7

8
NN

6 O 21

5
4

3

NH3Cl

NH3Cl

14

15

S
 

(Powder, 89 mg); Rf (BuOH/ AcOH/ H2O, 4:1:5) 0.19; mp 142-146°C; UV absorptions: 

λmax(H2O)/nm 255 and 295; δH (400 MHz, CD3OD): 8.74 (1H, s, H12); 8.30 (1H, s, H8); 8.12 

(1H,  d, J 8.8 Hz, H17 or H18); 8.05 (1H, d, J 8.4 Hz, H17 or H18); 7.78 (1H, d, J 5.3 Hz, H15); 

7.62 (1H, d, J 5.3 Hz, H14); 6.45 (2H, s, H9); 4.87 (2H, s, H6); 4.30-4.32 (1H, m, H1); 3.64-

3.68 (1H, m, H4); 3.50-3.52 (1H, m, H2); 2.56-2.62 (1H, m, H3); 2.17-2.20 (2H, m, H5); 1.78-

1.86 (1H, m, H3’); δC (100 MHz, CD3OD): 192.5 (s, C10); 147.3 (s, C16); 141.2 (s, C13); 133 

(d, C8); 131.7 (s, C11); 130.3 (d, C15); 126.2 (d, C12 or C14); 126.1 (d, C12 or C14); 124.5 (d, C17 

or C18); 124.2 (d, C17 or C18); 82.0 (d, C1); 61.1 (t, C6); 57.4 (t, C9); 56.3 (d, C2); 48.5 (d, C4); 
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35.4 (t, C5); 34.1 (t, C3); m/z (HRMS ESI): [MH]+ 372.1489 (Calculated for C18H22N5O2S 

372.1489). 

 

1.4. Synthesis of 2-[4-chloro-6(2,4-diaminocyclopentyloxy)1,3,5-triazin-2-

yloxy)-1-naphthalen-2-yl) ethanone 10 

 
Tert-Butyl-4-[4,6-dichloro-1,3,5-triazin-2-yloxy) cyclopentane-1,3-diyldicarbamate 7 

Cl O 21

5 4

3

HN

NH

7

N
8

N
6

N

Cl

O

O

O

O

 
To a solution of cyanuric chloride (369 mg, 2 mmol) in freshly distilled dichloroethane (5 

mL) are successively added DACP (316 mg, 1 mmol) and K2CO3 (276 mg, 2 mmol). The 

reaction mixture is refluxed for 24 h. After addition of brine solution, the mixture is extracted 

with DCM. The combined organic layers are washed with brine, dried (MgSO4) and 

concentrated in vacuo. The crude mixture is submitted to FC on silica gel (Cyclohexane-

AcOEt, 8:2) giving compound 7 as a white powder (36% yield); Rf (Cy/ EtOAc, 6:4) 0.63; 

mp 104-106°C; δH  (300 MHz, CDCl3): 5.51-5.52 (1H, m, H1); 5.29 (1H, br s, NH); 4.99 (1H, 

br s, NH); 3.97-4.1 (2H, m, H2, H4); 2.60 (1H, dt, J 8.3 Hz, J 13.8 Hz, H3); 2.14-2.22 (2H, m, 

H5); 1.62-1.65 (1H, m, H3); 1.42 (18H, s, CH3 (tBu)); δC (75 MHz, CDCl3): 172.5 (s, C7 and 

C8); 170.5 (s, C6); 155.3 (s, COBoc); 84.4 (d, C1); 79.8 (s, Civ Boc); 55.9 (d, C2); 48.6 (d, C4); 

36.8 (t, C3 and C5); 28.4 (q, CtBu); m/z (ESI): 464 (MH+), 486 (MNa+), calculated for 

C18H27Cl2N5O5 463. 

 

2-Hydroxy-1-(naphtalen-2-yl)ethanone 8 

4

9
10

11

2

3
1

2'

OH
O

5
6

7
8  

To a mixture of TFA (930 µL, 12 mmol), H2O (6 mL) and acetonitrile (30 mL) was added 

acetophenone (1 g, 5.9 mmol) and PhI(CF3O2)2 (5.2 g, 12 mmol). The mixture was refluxed 
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for 3h. After addition of water and extraction with DCM, the combined organic layers are 

washed with an aqueous saturated solution of NaHCO3, and then water. The solution is dried 

(MgSO4) and concentrated in vacuo. The pure product is obtained as a white powder by 

precipitation in hexane from the crude mixture (55%); 8 was identified by comparison of its 

spectral data to the literature 2, Rf (Cy/ EtOAc, 8:2) 0.24; mp 108-110°C; δH (300 MHz, 

CDCl3): 8.43 (1H, s, H3); 7.88-8.07 (4H, m); 7.56-7.69 (2H, m); 5.02 (2H, s, H2’); δC  (75 

MHz, CDCl3): 198.3 (s, C1); 136.1 (s, C2); 132.4 (s, C4 or C9); 130.7 (s, C4 or C9); 129.64 (d, 

C3 or C5); 129.57 (d, C3 or C5); 129.2 (d, C7 or C10); 129 (d, C7 or C10); 127.9 (d, C8); 127.2 

(d, C6); 123.1 (d, C11); 65.6 (d, C2’). 

 
tert-butyl-4-[4-chloro-6(2-naphthalen-2-yl)-2-oxoethoxy)-1,3,5-triazin-2-yloxy) 

cyclopentane-1,3-diyldicarbamate 9 

O O 21

5 4

3

HN

NH

7

N
8

N
6

N

Cl

O

O

O

O

9
1011

O
12

13

18
19

20

14
15

16
17

 
To a suspension of NaH (18 mg, 0.4 mmol) in THF (2 mL) was added a solution of alcohol 8 

(80 mg, 0.4 mmol) in anhydrous THF (5 mL). The solution was stirred for 5 min at room 

temperature. Then, a solution of compound 7 (166 mg, 0.36 mmol) in THF (5 mL) was added. 

After stirring for 2h, the reaction is quenched with a saturated aqueous solution of NH4Cl and 

extracted with DCM. The combined organic layers are dried (MgSO4) and concentrated in 

vacuo. The crude mixture is submitted to FC on silica gel (Cyclohexane, AcOEt, 8:2) giving 

compound 9 as a white powder (26%); Rf (Cy/ EtOAc, 6:4) 0.43; mp 113-116°C; δH (300 

MHz, CDCl3): 8.47 (1H, s, H12); 7.89-8.01 (4H, m, H14, H17, H19, H20); 7.57-7.68 (2H, m, H15, 

H16); 5.93 (1H, d (AB), J 16.2 Hz, H9); 5.83 (1H, d (AB), J 16.2 Hz, H9); 5.37 (2H, m, H1, 

NH); 4.77 (1H, br s, NH); 3.93-4.06 (2H, m, H2, H4); 2.57 (1H, dt, J 8.2 Hz, J 13.8 Hz, H3); 

2.14-2.17 (2H, m, H5); 1.42 (19H, m, CH3 (tBu), H3); δC (75 MHz, CDCl3): 191.2 (s, C10); 

172.9 (s, C8); 172.1 (s, C6 or C7); 171.6 (s, C6 or C7); 155.2 (s, COBoc); 136.1 (s, C11); 132.5 

(s, C13 or C18); 131.3 (s, C13 or C18); 129.8 (d); 129.7 (d); 129.2 (d); 129.1 (d); 128 (d); 127.3 

                                                 
2 B. M. Trost, J. Xu, T. Schmidt  J. Am. Chem. Soc. 2008, 130, 11852. 
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(d); 123.3 (d); 83.2 (d, C1); 79.8 (s, Civ Boc); 69.8 (t, C9); 55.9 (d, C2);  48.7 (d, C4); 36.8 (t, C3 

and C5); 28.4 (q, CtBu). 

 
 
 
 
2-[4-chloro-6(2,4-diaminocyclopentyloxy)1,3,5-triazin-2-yloxy)-1-naphthalen-2-yl) 

ethanone 10 

O O 21

5 4

3

NH2

NH2

7

N
8

N
6

N

Cl

9
1011

O
12

13

18
19

20

14
15

16
17

 
A solution of 9 (16 mg, 0.026 mmol) was cooled in an ice-bath and HCl (g) was bubbled 

inside until the formation of a white precipitate (few minutes). The solution was concentrated 

in vacuo (13 mg); UV absorptions: λmax(H2O)/nm 290 and 350; δH (300 MHz, CD3OD): 8.68 

(1H, s, H12); 8.11 (1H, d, J 8 Hz); 8.01 (2H, m); 7.97 (1H, d, J 8 Hz); 7.60-7.71 (2H, m); 6.12 

(1H, d (AB), J 16.5 Hz, H9); 6.02 (1H, d (AB), J 16.5 Hz, H9); 5.64-5.71 (1H, m, H1); 3.86-

3.95 (2H, m, H2, H4); 2.72-2.76 (1H, m, H3); 2.48-2.55 (1H, m, H5); 2.35-2.42 (1H, m, H5); 

1.99-2.03 (1H, m, H3); δC (75 MHz, CD3OD): 193.6 (s, C10); 174 (s, C6 or C7); 173.8 (s, C6 or 

C7); 172.9 (s, C8); 137.7 (s, C11); 134.1 (s, C13 or C18); 132.5 (s, C13 or C18); 131.5 (d); 131 

(d); 130.4 (d); 130.1 (d); 129.1 (d); 128.4 (d); 124.2 (d); 80.4 (d, C1); 71.8 (t, C9); 55.9 (d, C2); 

36 (t, C5); 34.6 (t, C3); m/z (HRMS ESI): [MH]+ 414.1327 (Calculated for C20H21ClN5O3 

414.1327). 
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2. 1H and 13C NMR spectra of compounds 2, 4, 5, 7, 9 and 10 

4

5

2

3
1

2'

N3

O

2a 
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3

1
2'
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O
5

6

7
8 2b 
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4

5

2

3

1
2'

N3

O

6

7
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9 2c 
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2 1 2'
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O
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5
S

2d 
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2 1 2'
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O
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9
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3.    Superimposition of TROSY Spectra of tRNALys
3 (black, 0.2 mM) and 

tRNALys
3 (0.2 mM) mixed with compounds 5a-5g and 10 (red) 
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Additional data: selectivity study of 5b. 
 
tRNAm

Met has a D-arm sequence identical to tRNALys
3, but differs in its T-arm, in which the 

G65-C51 base pair is replaced by U65-A51. 1D NMR chemical shift perturbation (CSP) on 

tRNAm
Met (Figure 1 below) was conducted with compound 5b. For this tRNA, in 1D spectra, 

three NMR signals located in the T-arm could be followed during the titration (Figure 1). 

Contrary to the results obtained with tRNALys
3 (see Figure 2 bellow), almost no perturbations 

are observed on the T-arm signals of tRNAm
Met when increasing the concentration of 5b. 

Thus, 5b clearly interacts with the T-arm of tRNALys
3, and this interaction seems to be 

specific. Furthermore, no secondary binding site appears at similar (and even greater) 

concentrations for compounds 1 or 10.  
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Fig. 1 a) Fluorescence titrations of compounds 5b with tRNAm

Met. The value of Kd are 
indicated with the 95% confidence interval in parenthesis. b) 1D 1H NMR spectra showing 
the imino proton resonances of tRNAm

Met (0.4 mM) when increasing concentration of 
compound 5b is added. The tRNA:5b ratio are indicated on the left of the spectra. 
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Fig 2 1D 1H NMR spectra showing the imino proton resonances of tRNALys

3 (100 μM) when 
increasing concentration of compound 5b is added. The tRNA:5b ratio are indicated on the 
left of the spectra.  
 
 

Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


