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General

Chemicals purchased from commercial sources were used without
further purification. Stock solutions of analytes for analyses were freshly prepared
prior use. TLC analyses were performed on silica gel plates and flash column
chromatography was conducted over silica gel 60 (230-400 mesh ASTM) with
ethyl acetate/n-hexane or methanol/dichloromethane as eluent. 'H and >C NMR
spectra were recorded on a Bruker DPX-300 or DPX-400 spectrometer. Chemical
shifts (ppm) are referenced to TMS. Mass spectra were measured by Finnigan

MAT 95 or LCQ mass spectrometer.

General Spectral Measurements

Electronic absorption spectra were recorded with a HP Agilent 8453
UV/Vis spectrophotometer. The emission spectra were measured on a SPEX

Fluorolog-3-21 spectrofluorometer.
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Preparation and Characterization of 4,7, 8,9, 10,11, 12 and 1
o]

OH
AN

@) 4

4: 3 (200 mg, 1.1 mmol), chromium(VI) oxide (227 mg, 2.2 mmol) and acetic
acid (0.6 mL, 11 mmol) in 10 mL of acetone was stirred at 0 °C for 3 h. After
evaporation of solvent, the residue was purified by flash column chromatography
(70% EtOAc in n-hexane) to give product 4 (154 mg, 78% isolated yield).

4: '"H NMR (400 MHz, CDCls) & 8.22 (d, J = 6.4 Hz, 2H), 8.14 (d, J = 6.8 Hz,
2H), 4.05 (s, 1H); °C NMR & 177.8, 166.8, 140.2, 136.2, 130.6, 120.6, 120.0,
84.2, 80.5 (125 MHz, CDCls); EIMS: m/z = 174 (M"); HRMS (EI) for C1oHeO3,

calcd 174.0317, found 174.0313.

o STrt
/\N/\)J\NJ/

3

75 (29 mg, 0.09 mmol), 6 (30 mg, 0.08 mmol), 1-(3-dimethyl
aminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (17.6 mg, 0.09 mmol),
4-di(methylamino)pyridine (DMAP) (1 mg, catalytic amount) and triethylamine
(9.3 mg, 0.09 mmol) in 2 mL of anhydrous dimethylformamide (DMF) was stirred
at room temperature for 24 h. After evaporation of solvent, the residue was
purified by flash column chromatography (2% MeOH in CH,Cl,) to give product
7 (38 mg, 71% isolated yield).

7: 'H NMR (400 MHz, CDCls) § 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
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1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.78-7.70 (m, 3H),
7.40-7.38 (m, 6H), 7.29-7.20 (m, 9H), 6.76 (d, J = 8.4 Hz, 2H), 5.46 (s, 1H), 3.76
(t, J = 6.8 Hz, 2H), 3.49 (q, J = 7.1 Hz, 2H), 3.10 (q, J = 6.2 Hz, 2H), 2.45-2.42
(m, 4H), 1.21 (t, J = 7.1 Hz, 1H); >C NMR (125 MHz, CDCl3) § 170.4, 152.1,
150.8, 145.9, 144.7, 144.6, 131.5, 129.5, 128.0, 127.9, 127.2, 126.9, 126.4, 125.0,
124.6,123.2, 111.5, 109.8, 67.0, 46.7, 45.8, 38.3, 34.6, 31.9, 31.8, 29.7, 29.7, 29.4,
22.7, 14.1, 12.4; ESIMS m/z 694 (M + H]"); HRMS (ESI) for C4H4N505S,

caled 694.2852, found 694.2850.

O,N

8: 7(43.6 mg, 0.063 mmol), triisopropylsilane (0.12 mL), trifluoroacetic acid (1.3
mL) and H,O (0.05 mL) was stirred in 0.5 mL of CH,Cl, at room temperature for
1 h. After evaporation of solvent, the residue was purified by flash column
chromatography (2% MeOH in CH,Cl,) to give product 8 (23.8 mg, 84% isolated
yield).

8: 'H NMR (400 MHz, CDCls) & 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.78-7.70 (m, 3H), 6.76
(d, J = 8.4 Hz, 2H), 5.91 (s, 1H), 3.83 (t, J = 6.8 Hz, 2H), 3.56 (q, J = 7.1 Hz,
2H), 3.46 (q, J = 6.2 Hz, 2H), 2.67 (d, J = 8.4 Hz, 2H), 2.57 (t, J = 6.8 Hz, 2H),
121 (t, J = 7.1 Hz, 3H); >C NMR (125 MHz, CDCl3) § 170.7, 152.0, 150.8,
145.9, 144.7, 131.5, 129.5, 127.2, 126.6, 126.4, 125.0, 124.6, 123.2, 111.5, 109.8,

46.7,45.8,42.4,34.7,31.9, 29.7,29.4, 24.6, 22.7, 14.1, 12.4; ESIMS m/z 452 ((M

10
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+ H]+); HRMS (ESI) for C,3H,6N503S, caled 452.1756, found 452.1751.
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9: 8 (20.2 mg, 0.05 mmol), 4 (9.4 mg, 0.05 mmol) and H,O (1.5 mL) was stirred
in 0.5 mL of DMF at room temperature for 24 h. After evaporation of solvent, the
residue was purified by flash column chromatography (5% MeOH in CH,Cl,) to
give product 9 (9.6 mg, 34% isolated yield, Z/E = 4/6).

9: '"H NMR (400 MHz, CDCly) & 8.93-8.97 (m, 1H), 8.66-8.62 (m, 1H),
8.31-8.25 (m, 1H), 8.12-8.10 (m, 1H), 8.04-8.01 (m, 2H), 7.97-7.95 (m, 1H),
7.92-7.86 (m, 2H), 7.75 (t, J = 7.5 Hz, 1H), 7.70-7.61 (m, 2H), 7.36 (d, J = 9.6
Hz, 0.4H), 7.14 (d, J = 14.8 Hz, 0.6H), 6.78 (t, /= 9.8 Hz, 2H) 6.95 (d, /=9.7 Hz,
0.4H), 6.35 (t, J = 5.8 Hz, 0.6H), 6.29 (t, J = 5.7 Hz, 0.4H), 3.83 (t, J = 6.2 Hz,
2H), 3.73 (q, J = 7.0 Hz, 1H), 3.52-3.50 (m, 2H), 3.55-3.50 (m, 2H), 3.11 (t,J =
6.7 Hz, 1H), 3.00-2.97 (m, 1H), 2.63-2.58 (m, 2H), 1.21 (t, J = 7.1 Hz, 3H); "°C
NMR (125 MHz, CDCls) 6 186.0, 184.3, 171.4, 168.0, 151.9, 150.8, 148.6, 141.7,
132.4, 131.5, 130.9, 130.4, 130.3, 129.6, 128.8, 128.4, 128.1, 127.9, 127.2, 126.6,
126.4, 125.0, 123.1, 118.7, 111.5, 109.8, 85.2, 85.1, 83.3, 83.0, 79.3, 79.0, 77.6,
68.2, 46.8, 46.7, 45.8, 38.8, 38.7, 34.6, 31.9, 31.8, 30.9, 30.4, 29.7, 29.3, 28.9,
23.8, 23.3, 23.2, 23.0, 22.7, 16.5, 14.1, 12.4, 11.0; ESIMS m/z 626 (M + H]");

HRMS (ESI) for C33H32N506S, calcd 6262073, found 626.2071.

11
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10: A solution of 6-tert-butoxycarbonylamino-hexanoic acid (1060 mg, 4.6 mmol)
and N,N’-Dicyclohexylcarbodiimide (DCC) (473 mg, 2.3 mmol) in acetonitrile
(30 mL) was stirred at room temperature for 1 h and filtered to remove the
dicyclohexylurea (DCU) precipitate. The resulting anhydride was used without
further purification and added to a solution of 5-amino-1,10-phenanthroline (70.8
mg, 0.36 mmol) and triethylamine (255 mg, 2.5 mmol) in acetonitrile (30 mL).
The solution was stirred at room temperature for 6 days under argon. After
evaporation of solvent, the residue was purified by flash column chromatography
on Al,O3; (2% MeOH in CH,Cl,) to give product 10 (107.8 mg, 74% isolated
yield).
10: 'H NMR (400 MHz, CDCl;) § 9.14 (d, J = 3.0 Hz, 1H), 9.08 (d, J = 2.5 Hz,
1H), 8.51 (s, 1H), 8.46 (d, /= 8.2 Hz, 1H), 8.21 (s, 1H), 8.16 (d, /= 8.2 Hz, 1H),
7.59 (m, 2H), 4.64 (s, 1H), 3.08-3.07 (m, 2H), 2.49-2.46 (m, 2H), 1.74-1.65 (m,
2H), 1.42 (m, 11H), 1.33-1.26 (m, 2H); °C NMR (125 MHz, CDCl3) § 174.2,
172.6, 156.2, 156.1, 150.1, 149.8, 146.5, 144.5, 135.9, 130.9, 130.3, 128.4, 124.4,
123.4, 122.8, 122.3, 120.0, 105.6, 79.3, 79.2, 78.2, 78.0, 77.9, 53.4, 40.3, 40.2,
37.2, 37.1, 36.4, 29.8, 29.7, 29.7, 28.6, 28.6, 28.5, 28.5, 28.5, 28.4, 28.3, 26.3,
26.2,25.3, 25.1; ESIMS m/z 409 (IM + H]"); HRMS (ESI) for C3H29N403, caled

409.2240, found 409.2241.

12
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11: 10 (100 mg, 0.25 mmol) and trifluoroacetic acid (1 mL) was stirred in 0.5 mL
of CH,Cl, at room temperature for 30 min. After evaporation of solvent, the crude

mixture 11 was used for synthesis without further purification (75 mg, 96% yield).

H |
g e Th

O,N
12: 9 (40 mg, 0.064 mmol), 11 (70.3 mg, 0.23 mmol), 1-(3-dimethyl
aminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (49 mg, 0.26 mmol),
4-di(methylamino)pyridine (DMAP) (1 mg, catalytic amount) and triethylamine
(33 mg, 0.32 mmol) in 2 mL of anhydrous dimethylformamide (DMF) was stirred
at room temperature for 24 h. After evaporation of solvent, the residue was
purified by flash column chromatography (2% MeOH in CH,Cl,) to give product
12 (56 mg, 96% isolated yield).

12: "H NMR (400 MHz, CDCl3) & 9.13-9.06 (m, 2H), 9.05-9.00 (m, 3H), 8.62 (d,
J = 8.6 Hz, 1H), 8.53-8.49 (m, 2H), 8.33-8.29 (m, 2H), 8.24-8.21 (m, 1H),
8.11-8.10 (m, 1H), 8.08-8.05 (m, 1H), 8.01-7.98 (m, 1H), 7.97-7.95 (m, 1H),

7.94-7.93 (m, 1H), 7.90-7.83 (m, 3H), 7.80-7.74 (m, 1H), 7.72-7.68 (m, 4H),

13
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7.67-7.63 (m, 1H), 7.09 (d, J = 14.8 Hz, 0.5H), 7.05 (d, J = 9.7 Hz, 0.5H),
6.88-6.83 (m, 2H), 6.55 (d, J = 6.4 Hz, 0.5H), 3.81-3.80 (m, 2H), 3.58-3.50 (m,
4H), 3.46-3.45 (m, 2H), 3.10-3.08 (m, 1H), 3.04 (s, 1H), 2.95 (t, J = 6.8 Hz, 1H),
2.63-2.58 (m, 5H), 1.90-1.87 (m, 2H), 1.75-1.72 (m, 2H), 1.62-1.57 (m, 2H),
121 (t, J = 7.1 Hz, 3H); ESIMS m/z 916 (M + H]"); HRMS (ESI) for

Cs1HsoNoOgS, caled 916.3605, found 916.3604.

O
+
N
H
= O
S O y NH

IS

Iz

O,N

1: A mixture of [Ir2(ppy)4Clz] (7.5 mg, 0.007 mmol) and 12 (12.7 mg, 0.014 mmol)
in 30 mL MeOH/CH,Cl, = 1:1 (v/v) was refluxed under an inert atmosphere of N,
in the dark for 4 h. The solution was then evaporated to dryness and the solid was
dissolved in CH,Cl, and purified by column chromatography on AlL,Os; (8%
MeOH in CH,Cl,) to give product 1 (9.7 mg, 98% isolated yield).

1: '"H NMR (400 MHz, CDCl3) § 11.38-11.23 (m, 1H), 9.66-9.53 (m, 1H), 9.01 (d,
J = 8.4 Hz, 1H), 8.65 (d, J = 8.7 Hz, 1H), 8.54 (m, 1H), 8.32-8.28 (m, 2H),
8.21-8.18 (m, 1H), 8.14-8.11 (m, 1H), 8.10-8.06 (m, 1H), 8.01-7.90 (m, 6H),
7.86-7.79 (m, 3H), 7.77-7.68 (m, 8H), 7.63-7.60 (m, 1H), 7.29-7.26 (m, 2H),
7.11-7.07 (m, 2H), 7.02-6.96 (m, 3H), 6.87-6.82 (m, 2H), 6.80-6.76 (m, 2H),
6.42-6.36 (m, 2H), 3.80 (q, J = 6.4 Hz, 2H), 3.54-3.47 (m, 6H), 3.26-3.24 (m,

0.5H), 3.19-3.16 (m, 0.5H), 3.05 (t, J = 6.8 Hz, 1H), 3.01-2.93 (m, 3H), 2.56 (t, J

14
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= 6.6 Hz, 2H), 2.36 (s, 1H), 1.98-1.93 (m, 2H), 1.84-1.79 (m, 2H), 1.21 (t, J =

7.1 Hz, 3H); ESIMS m/z 1416 (IM + H]").

15
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Preparation and Characterization of 13a—d, 14a—d, 15a—d, 16a—d,
17a—d, 19a—d, 21, 22a-d, 2a—d

General Procedure for 13a—d

ST 43aR=¥N"  13cR=-4N )
H
BocHN R

o 13 13bR=3{NJ\ 13dR:3§:NJ<
H H

Boc-Cys(Trt)-OH (100 mg, 0.22 mmol), amine, 1-(3-dimethyl
aminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (50 mg, 0.26 mmol),
4-di(methylamino)pyridine (DMAP) (1 mg, catalytic amount) and triethylamine
(26 mg, 0.26 mmol) in 2 mL of anhydrous dimethylformamide (DMF) was stirred
at room temperature for 24 h. After evaporation of solvent, the residue was
purified by flash column chromatography (50-80% EtOAc in n-hexane) to give
product 13.

13a: According to the general procedure for 13a-d using methylamine
hydrochloride (17.5 mg, 0.26 mmol), 13a was obtained (100.5 mg, 96% isolated
yield).

13a: '"H NMR (300 MHz, CDCl3) & 7.56-7.40 (m, 7H), 7.28-7.25 (m, 4H),
7.25-7.20 (m, 4H), 6.13 (s, 1H), 4.96 (d, J= 7.8 Hz, 1H), 3.88 (s, 1H), 2.72-2.65
(m, 4H), 2.53 (dd, J = 12.8, 5.2 Hz, 1H), 1.41 (s, 1H); >C NMR (125 MHz,
CDCl) ¢ 170.9, 144.4, 129.5, 128.0, 126.8, 100.3, 80.2, 67.1, 53.5, 34.0, 28.3,
26.2; EIMS m/z 476 (M+); HRMS (EI) for CysH3,N,0s3S, caled 476.2134, found

476.2132.

13b: According to the general procedure for 13a—d using isopropylamine (15 mg,

0.26 mmol), 13b was obtained (88 mg, 80% yield).

16
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13b: '"H NMR (400 MHz, CDCls) & 7.56-7.40 (m, 7H), 7.28-7.25 (m, 4H),
7.25-7.20 (m, 4H), 5.75 (d, J= 7.2 Hz, 1H), 4.82 (s, 1H), 4.02-3.93 (m, 1H), 3.78
(s, 1H), 2.68 (dd, J = 12.4, 6.6 Hz, 1H), 2.50 (dd, J = 12.8, 5.0 Hz, 1H), 1.41 (s,
9H), 1.10-1.08 (m, 6H); >*C NMR (100 MHz, CDCl;) & 169.5, 155.4, 129.9,
129.6, 129.3, 128.8, 128.3, 128.0, 127.8, 127.0, 126.8, 80.1, 67.1, 53.7, 41.5, 34.0,
30.2, 28.3, 22.6; EIMS m/z 504 (M"); HRMS (EI) for CsH3¢N,0sS, caled

504.2447, found 504.2445.

13c: According to the general procedure for 13a—d using piperidine (22 mg, 0.26
mmol), 13¢ was obtained (103 mg, 88% yield).

13c: 'H NMR (300 MHz, CDCl3) § 7.42-7.39 (m, 7H), 7.28-7.25 (m, 4H),
7.25-7.18 (m, 4H), 5.39 (d, J = 8.6 Hz, 1H), 4.56 (s, 1H), 3.88 (s, 1H), 3.48-3.46
(m, 2H), 3.14-3.13 (m, 1H), 3.07-3.05 (m, 1H), 2.48-2.46 (m, 1H), 2.35 (dd, J =
16.2, 9.9 Hz, 1H), 1.56-1.54 (m, 2H), 1.47 (m, 2H), 1.43 (m, 11H); °C NMR
(125 MHz, CDCls) 6 144.6, 129.6, 127.9, 126.7, 49.3, 46.4, 43.3, 35.2, 28.3, 26.3,
25.4, 24.4; EIMS m/z 476 (M"); HRMS (EI) for C3,H3sN,03S, caled 530.2603,

found 530.2601.

13d: According to the general procedure for 13a—d using 7-butylamine (19 mg,
0.26 mmol), 13d was obtained (101 mg, 89% yield).

13d: 'H NMR (400 MHz, CDCl;) & 7.44-7.41 (m, 7H), 7.31-7.24 (m, 4H),
7.23-7.21 (m, 4H), 5.84 (s, 1H), 4.79 (s, 1H), 3.72 (s, 1H), 2.65-2.64 (m, 1H),
2.46 (dd, J = 7.5, 5.3 Hz, 1H), 1.47 (s, 9H), 1.26 (s, 9H); *C NMR (125 MHz,
CDCl) & 169.5, 144.4, 129.6, 128.0, 127.9, 126.8, 67.1, 53.9, 51.3, 33.8, 31.7,
28.6, 28.2, 22.6, 14.1; EIMS m/z 518 (M"); HRMS (EI) for C3;H3sN,0;S, caled

518.2603, found 518.2601.

17
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General Procedure for 14a—d

rSH 14aR=:‘£H/ 14cR=-N )
R
HoN s e
Ag/m 14bR-fH 14dR= 2
H

13, triisopropylsilane (0.12 mL), trifluoroacetic acid (1.3 mL) and H,O (0.05 mL)
was stirred in 0.5 mL of CH,Cl, at room temperature for 0.5 h. After evaporation
of solvent, CH,Cl, (30 mL) was added to the resulting residues. The organic layer
was extracted with HO (10 mL). The aqueous layer was then evaporated to give
the transparent oil product. The crude mixture 14 was used for synthesis without
further purification.

14a: According to the general procedure for 14a—d using 13a (50 mg, 0.11 mmol),

14a was obtained (14 mg, 96% yield).

14b: According to the general procedure for 14a—d using 13b (50 mg, 0.10 mmol),

14b was obtained (16 mg, 98% yield).

14c¢: According to the general procedure for 14a—d using 13¢ (50 mg, 0.094

mmol), 14¢ was obtained (16.8 mg, 95% yield).

14d: According to the general procedure for 14a—d using 13d (50 mg, 0.097

mmol), 14d was obtained (17.0 mg, 97% yield).
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General Procedure for 15a—d

rST” 15aR=FN"  15cR=4N )
H

O 15 15bR=‘fNJ\ 15dR=39?’J<
H N

14, triphenylmethanol in 2 mL of trifluoroacetic acid was stirred at room
temperature for 3 h. After evaporation of solvent, the crude mixture was washed
by hexane for several times to give product 15.

15a: According to the general procedure for 15a—d using 14a (15 mg, 0.112 mmol)
and triphenylmethanol (29 mg, 0.112 mmol), 15a was obtained (42.1 mg, 100%

yield).

15b: According to the general procedure for 15a—d using 14b (15 mg, 0.093
mmol) and triphenylmethanol (24 mg, 0.093 mmol) was used, 15b was obtained

(37.8 mg, 100% yield).

15¢: According to the general procedure for 15a—d using 14¢ (15 mg, 0.079 mmol)
and triphenylmethanol (21 mg, 0.079 mmol) was used, 15¢ was obtained (34.0 mg,

100% yield).

15d: According to the general procedure for 15a—d using 14d (15 mg, 0.085
mmol) and triphenylmethanol (22 mg, 0.085 mmol), 15d was obtained (35.5 mg,

100% yield).
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General Procedure for 16a—d
STrt

0
/\N/\)J\NLH/R 16aR = SN 1scR=-§—N\/:>
H 9 H

@ 1sbR=‘s{”J\ 16d R = }siNJ<

N=N 16 H

O,N
16ad: 15, 6 (30 mg, 008  mmol),  1-(3-dimethyl

aminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (61.4 mg, 0.32 mmol),
4-di(methylamino)pyridine (DMAP) (1 mg, catalytic amount) and triethylamine
(40.4 mg, 0.40 mmol) in 2 mL of anhydrous dimethylformamide (DMF) was
stirred at room temperature for 24 h. After evaporation of solvent, the residue was
purified by flash column chromatography (2-6% MeOH in CH,Cl,) to give
product 16.

16a: According to the general procedure for 16a—d using 15a (90 mg, 0.24 mmol),
16a was obtained (45 mg, 75% isolated yield).

16a: '"H NMR (400 MHz, CDCl3)  9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.78-7.70 (m, 3H),
7.40-7.38 (m, 6H), 7.29-7.20 (m, 9H), 6.74 (d, J = 8.4 Hz, 2H), 6.04 (d, J = 7.6
Hz, 1H), 5.89-5.87 (m, 1H), 4.13-4.08 (m, 1H), 3.73 (t, J = 6.8 Hz, 2H), 3.46 (q,
J=17.1Hz, 2H), 2.75-2.71 (m, 0.6 H), 2.70 (m, 3H), 2.69 — 2.65 (m, 1H), 2.68 (dd,
J=13.3,7.6 Hz, 1H), 2.60 (dd, J = 13.3, 5.6 Hz, 1H), 2.46-2.45 (m, 2H), 1.19 (t,
J=7.1Hz, 3H); C NMR (100 MHz, CDCl;) & 170.7, 170.3, 150.7, 144.6, 144.3,
131.5, 129.6, 129.5, 128.1, 127.9, 127.9, 127.2, 126.9, 126.8, 126.6, 126.4, 125.0,

124.6, 123.1, 111.5, 109.8, 52.3, 46.5, 45.6, 34.4, 33.5, 26.3, 14.2, 12.3; ESIMS
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m/z 751 (M + H]"); HRMS (ESI) for C4H43NeO4S, caled 751.3066, found

751.3065.

16b: According to the general procedure for 16a—d using 15b (97 mg, 0.24 mmol),
16b was obtained (46.1 mg, 74% isolated yield).

16b: 'H NMR (400 MHz, CDCl3) § 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.78-7.70 (m, 3H),
7.40-7.38 (m, 6H), 7.29-7.20 (m, 9H), 6.72 (d, J = 8.4 Hz, 2H), 6.29 (d, /= 7.8
Hz, 1H), 5.70 (d, J = 7.8 Hz, 1H), 4.03-3.98 (m, 1H), 3.96-3.88 (m, 1H),
3.77-3.68 (m, 2H), 3.46-3.41 (m, 2H), 2.68-2.63 (m, 1H), 2.55-2.50 (m, 1H),
2.49-2.44 (m, 2H); *C NMR (100 MHz, CDCls) & 170.6, 168.9, 150.8, 144.6,
144.4, 131.5, 129.6, 129.6, 129.5, 128.1, 128.0, 127.2, 126.9, 126.6, 126.4, 125.1,
124.6, 123.1, 111.4, 109.7, 67.2, 60.4, 54.1, 52.5, 46.5, 45.6, 41.8, 41.0, 37.5, 34 .4,
34.0, 31.5, 30.9, 30.1, 29.7, 22.7, 22.6, 21.1, 14.2, 12.3; ESIMS m/z 779 (M +

H]+); HRMS (ESI) for C46H47N¢O4S, calcd 779.3379, found 779.3380.

16c: According to the general procedure for 16a—d using 15¢ (103.2 mg, 0.24
mmol), 16¢ was obtained (51.4 mg, 80% isolated yield).

16¢c: 'H NMR (400 MHz, CDCl3) § 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.75-7.73 (m, 3H),
7.39-7.37 (m, 6H), 7.29-7.21 (m, 9H), 6.76 (d, J = 8.9 Hz, 2H), 6.50 (d, J = 8.1
Hz, 1H), 4.93-4.92 (m, 1H), 3.80-3.77 (m, 2H), 3.51-3.47 (m, 3H), 3.42-3.41 (m,
1H), 3.12-3.08 (m, 1H), 3.02-2.99 (m, 1H), 2.59-2.52 (m, 3H), 2.46-2.43 (m,
1H), 1.67 (m, 2H), 1.56 (m, 2H), 1.20 (t, J = 7.0 Hz, 3H); >’C NMR (100 MHz,
CDCl) 6 170.1, 168.0, 152.1, 150.9, 145.7, 144.6, 144.4, 131.4, 130.0, 129.6,

129.5, 129.3, 128.0, 127.7, 127.2, 127.0, 126.8, 126.6, 126.4, 125.1, 124.6, 123.1,
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111.5, 111.2, 109.8, 66.9, 60.4, 47.9, 46.6, 46.4, 45.6, 43.4, 34.8, 34.5, 31.5, 30.8,
30.1, 29.7, 26.3, 25.6, 25.4, 25.4, 24.3, 14.2, 12.4; ESIMS m/z 805 ([M + H]");

HRMS (ESI) for C4gH19NsO4S, calcd 805.3536, found 805.3533.

16d: According to the general procedure for 16a—d using 15d (100.3 mg, 0.24
mmol), 16d was obtained (48.2 mg, 76% isolated yield).

16d: 'H NMR (400 MHz, CDCl3) § 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.75-7.73 (m, 3H),
7.42-7.40 (m, 6H), 7.31-7.22 (m, 9H), 6.74 (d, J = 9.2 Hz, 2H), 597 (d, J = 7.7
Hz, 1H), 5.61 (s, 1H), 3.94-3.92 (m, 1H), 3.74-3.71 (m, 2H), 3.46-3.43 (m, 2H),
2.62 (dd, J=7.2,5.8 Hz, 1H), 2.51-2.46 (m, 1H), 2.45-2.43 (m, 1H), 1.25 (s, 9H),
1.20 (t, J = 7.0 Hz, 3H); °C NMR (100 MHz, CDCl3) & 170.4, 168.8, 150.7,
144.6, 144.4, 132.6, 129.6, 128.1, 128.0, 127.2, 126.9, 126.6, 126.4, 125.0, 124.6,
123.1, 111.5, 109.8, 52.8, 51.7, 46.5, 45.6, 34.5, 33.9, 28.6, 12.3, 5.6; ESIMS m/z

793 (M + H]"); HRMS (ESI) for C47H4N604S, calcd 793.3536, found 793.3533.

General Procedure for 17a—d

/\N
H 0o
Q 17aR= FN° 17cR=-4N )
H
N=N 17 J\
C 17b R = N 17dR = ¢ J<
§ ) " N

H
O,N

17a—d: 16, triisopropylsilane (0.12 mL), trifluoroacetic acid (1.3 mL) and H,O
(0.05 mL) was stirred in 0.5 mL of CH,Cl, at room temperature for 1 h. After

evaporation of solvent, the residue was purified by flash column chromatography
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(2-6% MeOH in CH,Cl,) to give product 17.

17a: According to the general procedure for 17a—d using 16a (50 mg, 0.067
mmol), 17a was obtained (28.1 mg, 83% isolated yield).

17a: '"H NMR (400 MHz, CDCl3)  9.03 (d, J = 8.4 Hz, 1H), 8.67 (d, J = 8.6 Hz,
1H), 8.33 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 8.9 Hz, 2H), 7.80-7.70 (m, 3H),
7.05-7.02 (m, 1H), 6.82 (d, J = 9.0 Hz, 2H), 4.53—4.48 (m, 1H), 3.80 (t, J = 6.9
Hz, 2H), 3.54 (t, J = 7.1 Hz, 2H), 2.90-2.80 (m, 1H), 2.74-2.64 (m, 1H),
2.78-2.76 (m, 3H), 2.62-2.58 (m, 2H), 1.26 (t, J = 7.0 Hz, 3H); °C NMR (100
MHz, CDCl3) 6 171.2, 170.3, 152.0, 150.8, 145.8, 144.6, 131.4, 129.5, 127.2,
126.6, 126.3, 125.0, 124.5, 123.1, 111.5, 109.8, 54.6, 54.5, 50.1, 49.9, 49.7, 49.5,
49.3, 46.6, 45.5, 34.5, 34.4, 30.8, 29.7, 26.4, 26.3, 26.2, 12.3; ESIMS m/z 509 ((M

+ H]+); HRMS (ESI) for C;5sH29NO4S, caled 509.1971, found 509.1970.

17b: According to the general procedure for 17a—d using 16b (50 mg, 0.064
mmol), 17b was obtained (26.9 mg, 78% isolated yield).

18b: 'H NMR (400 MHz, CDCl3) 8 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.75-7.73 (m, 3H), 6.83
(d, J = 9.3 Hz, 2H), 4.41 (dd, J = 6.7, 5.8Hz, 1H), 4.06-3.96 (m, 1H), 3.82-3.78
(m, 2H), 3.57-3.52 (m, 2H), 2.79-2.76 (m, 2H), 2.64-2.60 (m, 2H), 1.26 (t, J =
7.1 Hz, 3H), 1.19-1.15 (m, 6H); °C NMR (100 MHz, CDCls) & 171.2, 168.7,
152.0, 150.9, 145.8, 144.6, 131.4, 129.5, 127.2, 126.6, 126.3, 125.0, 124.5, 123.1,
111.5, 109.8, 54.7, 50.0, 49.8, 49.6, 49.4, 49.2, 49.0, 48.8, 46.6, 45.4, 41.7, 34.4,
26.4,22.4,22.2,12.3; ESIMS m/z 537 (IM + H]"); HRMS (ESI) for C»7H33N604S,

calcd 537.2284, found 537.2283.

17¢: According to the general procedure for 17a—d using 16¢ (50 mg, 0.062
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mmol), 17¢ was obtained (29.0 mg, 83% isolated yield).

17¢: "H NMR (400 MHz, CDCl;) & 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.4 Hz,
1H), 8.33 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.75-7.72 (m, 3H), 6.81
(d, J = 9.2 Hz, 2H), 6.77 (m, 1H), 5.13-5.11 (m, 1H), 3.81 (t, J = 7.0 Hz, 2H),
3.57-3.52 (m, 3H), 3.51-3.48 (m, 3H), 2.94-2.87 (m, 1H), 2.76-2.70 (m, 1H),
2.62-2.59 (m, 2H), 1.65-1.45 (m, 6H), 1.24 (t, J = 7.0 Hz, 3H); °C NMR (100
MHz, CDCls) & 170.2, 167.5, 152.0, 150.9, 145.8, 144.6, 131.5, 129.5, 127.2,
126.6, 126.4, 125.0, 124.6, 123.1, 111.5, 111.3, 109.8, 50.1, 46.9, 46.6, 45.6, 45.4,
43.6,42.7,34.6,30.7,29.7, 26.5, 25.5, 24.4, 24.3, 14.1, 12.4; ESIMS m/z 563 (M

+HJ"); HRMS (ESI) for C29H35N604S, caled 563.2440, found 563.2442.

17d: According to the general procedure for 17a—d using 16d (50 mg, 0.063
mmol), 17d was obtained (27.4 mg, 79% isolated yield).

17d: 'H NMR (400 MHz, CDCl3) § 9.04 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 8.5 Hz,
1H), 8.33 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 9.1 Hz, 2H), 7.75-7.71 (m, 3H), 6.80
(d, J = 9.1 Hz, 2H), 6.64 (d, J = 7.2 Hz, 1H), 6.02 (s, 1H), 4.41-4.39 (m, 1H),
3.83-3.78 (m, 2H), 3.53 (q, J = 7.0 Hz, 2H), 2.93-2.91 (m, 1H), 2.70-2.66 (m,
1H), 2.61 (t, J = 6.8 Hz, 2H) , 1.27 (s, 9H), 1.23 (t, J = 7.1 Hz, 3H); °C NMR
(100 MHz, CDCl3) 6 170.6, 168.4, 152.0, 150.8, 145.9, 144.7, 131.5, 129.5, 127.2,
126.6, 126.3, 125.0, 124.6, 123.1, 111.5, 109.8, 55.0, 52.0, 46.6, 45.6, 34.6, 30.9,
29.7, 28.7, 26.8, 12.4; ESIMS m/z 793 ([M + H]"); HRMS (ESI) for C2gH35N04S,

calcd 551.2440, found 551.2443.
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General Procedure for 19a—d

N
H\
=

S O

5L
/\/\)J\ R
N N
Y
19
N=N 19aR=ﬁm/ 19cR= 5N )
O =§‘1J\ = J<
19b R =N 19dR = ¢

O,N H H

19a-d: 17, 18 and H,O (1.5 mL) was stirred in 0.5 mL of DMF at room
temperature for 24 h. After evaporation of solvent, the residue was purified by
flash column chromatography (5-10% MeOH in CH,Cl,) to give product 19.

19a: According to the general procedure for 19a—d using 17a (20 mg, 0.039
mmol), 18 (8.2 mg, 0.039 mmol), 19a was obtained (10.1 mg, 36% isolated yield,
ZIE=1/1).

19a: '"H NMR (400 MHz, CDCl3) § 9.03-9.00 (m, 1H), 8.67-8.62 (m, 1H),
8.34-8.28 (m, 1H), 8.03-7.97 (m, 2H), 7.95-7.93 (m, 1H), 7.90-7.88 (m, 1H),
7.87-7.85 (m, 1H), 7.80-7.78 (m, 1H), 7.75-7.69 (m, 2H), 7.48 (d, J = 9.7 Hz,
0.5H), 7.12 (d, J = 15.0 Hz, 0.5H), 7.07 (d, J = 9.7 Hz, 0.5H), 6.86—6.80 (m, 2H),
4.22-4.17 (m, 2H), 3.79 (q, J = 7.2 Hz, 2H), 3.54 (q, J = 7.2 Hz, 2H), 3.22 (dd, J
=17.4, 6.8 Hz, 1H), 3.08 (dd, J=14.5, 6.8 Hz, 1H), 2.84-2.77 (m, 3H), 2.77-2.64
(m, 2H), 2.31 (t, J = 2.5 Hz, 1H), 1.26-1.23 (m, 3H); *C NMR (100 MHz, CDCl;)
o 188.6, 186.6, 171.5, 170.0, 153.5, 152.0, 150.8, 149.3, 145.7, 139.9, 131.3,
129.5, 128.5, 128.0, 127.6, 127.5, 127.5, 127.2, 126.5, 126.2, 124.9, 124.5, 123.0,

118.7, 116.8, 111.6, 109.7, 71.5, 53.2, 52.1, 49.7, 49.5, 49.3, 49.1, 48.8, 48.6, 48 .4,
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46.5,45.3,34.2,29.6, 29.5, 26.1, 12.1; ESIMS m/z 720 (M + H]"); HRMS (ESI)

for C33H33N-0O¢S, calcd 720.2604, found 720.2601.

19b: According to the general procedure for 19a—d using 17b (20 mg, 0.037
mmol) and 18 (7.8 mg, 0.037 mmol), 19b was obtained (10.5 mg, 38% isolated
yield, Z/E = 1/1).

19b: 'H NMR (400 MHz, CDCl3) & 9.03-9.00 (m, 1H), 8.66 (d, J = 8.6 Hz, 1H),
8.33 (d, J = 8.4 Hz, 1H), 8.03-7.99 (m, 3H), 7.96-7.88 (m, 3.5H), 7.82-7.79 (m,
1H), 7.74-7.71 (m, 2H), 7.52 (d, J = 9.7 Hz, 0.5 H), 7.13 (d, J = 14.9 Hz, 0.5H),
7.08 (d, J = 9.7 Hz, 0.5H), 6.85 (d, J = 8.5 Hz, 2H), 4.65 (t, J = 6.5 Hz, 0.5H),
4.58 (t, J = 6.7 Hz, 0.5H), 4.00-3.95 (m, 1H), 3.81-3.80 (m, 4H), 3.56-3.54 (m,
2H), 3.30-3.25 (m, 0.5H), 3.21-3.11 (m, 1H), 3.06-3.04 (m, 0.5H), 2.64-2.63 (m,
2H), 2.35 (t, J = 2.5 Hz, 1H), 1.26-1.23 (m, 3H), 1.16-1.13 (m, 6H); °C NMR
(100 MHz, CDCl3) 6 192.6, 190.7, 175.7, 172.4, 171.0, 157.9, 156.0, 155.0, 153.6,
149.6, 148.4, 143.9, 141.3, 141.1, 135.3, 133.5, 132.4, 131.9, 131.5, 131.2. 130.4,
130.2, 128.9, 128.4, 126.9, 122.6, 120.6, 115.4, 113.6, 83.1, 75.1, 57.2, 56.1, 50.5,
49.2, 45.7, 45.6, 42.6, 38.5, 38.1, 33.5, 33.3, 25.9, 16.0; ESIMS m/z 748 ([M +

H]"); HRMS (ESI) for C4H4N7OS, caled 748.2917, found 748.2919.

19¢: According to the general procedure for 19a—d using 17¢ (20 mg, 0.036 mmol)
and 18 (7.6 mg, 0.036 mmol), 19¢ was obtained (11.7 mg, 42% isolated yield, Z/E
=3/2).

19¢: 'H NMR (400 MHz, CDCl3) § 9.02-8.99 (m, 1H), 8.66 (d, J = 8.7 Hz, 1H),
8.31 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 8.3 Hz, 1H), 8.01-7.96 (m, 2H), 7.90-7.84
(m, 2H), 7.79-7.76 (m, 2H), 7.74-7.68 (m, 2H), 7.33 (d, J = 9.7 Hz, 0.6H), 7.25

(d, J = 13.9 Hz, 0.4H), 6.99-6.94 (m, 2H), 6.83-6.80 (m, 2H), 6.45-6.44 (m,
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0.4H), 6.42-6.40 (m, 0.6H), 5.25-5.23 (m, 0.4H), 5.23-5.21 (m, 0.6H), 4.26-4.22
(m, 2H), 3.85-3.78 (m, 2H), 3.55-3.51 (m, 3H), 3.49-3.47 (m, 3H), 3.24-3.21 (m,
1H), 3.12-3.03 (m, 2H), 2.63-2.59 (m, 2H), 2.30-2.29 (m, 1H), 1.71 (m, 4H)
1.62-1.56 (m, 6H), 1.26-1.27 (m, 3H); >’C NMR (100 MHz, CDCl;) & 187.9,
185.6, 170.4, 170.2, 167.6, 167.4, 166.2, 166.1, 153.3, 151.9, 150.9, 150.9, 148.4,
145.8, 144.6, 140.1, 140.1, 137.2, 137.0, 131.4, 129.6, 128.8, 128.1, 127.4, 127.3,
127.2, 126.6, 126.3, 125.0, 124.5, 123.1, 118.5, 116.8, 111.6, 111.5, 109.8, 79.1,
76.7, 72.1, 48.6, 47.4, 47.2, 46.5, 45.4, 43.7, 43.6, 39.6, 34.9, 34.6,. 34.5, 29.9,
29.7,26.4,26.3,25.3,24.2, 12.4, 12.3; ESIMS m/z 774 (IM + H]"); HRMS (ESI)

for C4H44N-O¢S, calcd 774.3074, found 774.3071.

19d: According to the general procedure for 19a—d using 17d (20 mg, 0.036
mmol) and 18 (7.6 mg, 0.036 mmol), was used, 19d was obtained (8.6 mg, 31%
isolated yield, Z/E = 3/2).

19d: 'H NMR (400 MHz, CDCl3) & 8.99-8.96 (m, 1H), 8.63 (d, J = 8.6 Hz, 1H),
8.29-8.27 (dd, J = 8.4, 1.9 Hz, 1H), 7.48 (d, J = 9.7 Hz, 0.6H), 7.12 (d, J = 13.8
Hz, 0.4H), 7.00-6.97 (m, 2H), 6.79 (d, J = 9.1 Hz, 2H), 6.31 (d, J = 7.4 Hz, 1H),
4.25-4.23 (m, 2H), 3.82-3.77 (m, 2H), 3.54-3.51 (m, 2H), 3.32-2.95 (m, 2H),
2.63-2.62 (m, 2H), 2.31-2.29 (m, 1H), 2.04 (m, 1H), 1.33 (s, 9H), 1.23 (t, J=7.1
Hz, 3H); >C NMR (100 MHz, CDCl3) & 188.2, 188.0, 185.7, 170.9, 168.3, 168.0,
166.4, 166.3, 166.1, 162.6, 153.1, 151.9, 150.9, 147.7, 145.8, 144.6, 140.0, 138.5,
137.7, 137.3, 137.1, 131.9, 131.5, 129.6, 128.8, 128.5, 128.1, 127.6, 127.5, 127 .4,
127.3, 126.6, 126.3, 125.0, 124.6, 123.1, 118.8, 117.1, 116.5, 111.6, 109.9, 109.8,
79.3, 79.2, 72.2, 72.1, 60.4, 54.1, 52.6, 52.5, 52.2, 52.0, 46.6, 45.5, 39.0, 36.5,
34.6, 34.3, 34.1, 31.5, 30.1, 30.0, 29.9, 29.7, 28.7, 28.6, 21.1, 14.2, 12.4; ESIMS

m/z 793 (IM + H]"); HRMS (ESI) for C4iHiN-06S, caled 762.3074, found
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762.3074.

21: 20 (100 mg, 0.28 mmol) and sodium azide (268.9 mg, 0.84 mmol) was stirred
in 2 mL of DMF at room temperature for 24 h. After evaporation of solvent, the
residue was purified by flash column chromatography on Al,O3 (1% MeOH in
CH,Cl,) to give product 21 (67.2 mg, 75% isolated yield).

21: '"H NMR (400 MHz, CDCl3) § 9.22 (s, 1H), 8.92 (d, J = 7.7 Hz, 2H), 8.31 (d,
J=28.2Hz),7.94 (d,J=17.8 Hz, 1H), 7.83 (s, 1H), 7.48-7.45 (m, 1H), 7.35-7.32
(m, 1H), 3.26 (t, J = 6.6 Hz, 2H), 2.50 (t, J = 6.9 Hz, 2H), 1.82-1.75 (m, 2H),
1.64-1.59 (m, 2H); *C NMR (125 MHz, CDCl3) & 172.5, 149.6, 149.4, 148.7,
146.0, 144.1, 135.8, 130.9, 130.7, 128.1, 124.6, 123.3, 122.5, 120.5, 106.6, 51.1,
36.1, 28.3, 22.7; EIMS m/z 476 (M"); HRMS (EI) for C;7H;¢N¢O, calcd 320.1386,

found 320.1386.
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General Procedure for 22a—d

H 0o
22
N
N 0 4
N=N 22aR = SN 22cR = 4N

i H
22b R =;§1NJ\ 22d R = ;{NJ<
H H

O,N
22: 19, 21, sodium ascorbate, CuSO4-5H,0, was stirred in a solvent mixture of 1
mL of H,O and 2 mL of DMF at room temperature for 24 h. After evaporation of
solvent, the residue was purified by flash column chromatography on AlL,O;
(5-10% MeOH in CH,Cl,) to give product 22.

22a: According to the general procedure for 22a—d using 19a (40 mg, 0.056
mmol), 21 (17.9 mg, 0.056 mmol), sodium ascorbate (1.1 mg, 0.0056 mmol),
CuS04-5H;0 (0.14 mg, 0.00056 mmol), 22a was obtained (32.6 mg, 56% isolated
yield).

22a: 'H NMR (400 MHz, CDCl3) § 9.15 (m, 2H), 9.07 (m, 2H), 9.01 (d, J = 8.4
Hz, 1H), 8.65 (d, J = 8.4 Hz, 1H), 8.59-8.57 (m, 1H), 8.49-8.43 (m, 2H), 8.32 (d,
J=8.3 Hz, 1H), 8.29-8.25 (m, 2H), 8.17-8.12 (m, 2H), 8.00 (d, J = 9.2 Hz, 2H),
7.95-7.90 (m, 2H), 7.86 (s, 3H), 7.82 (s, 2H), 7.79-7.74 (m, 1H), 7.72-7.67 (m,
6H), 7.47 (d, J = 9.6 Hz, 1H), 7.00 (d, J = 9.7 Hz, 1H), 6.84 (d, J = 9.2 Hz, 2H),
4.63 (t, J = 5.7 Hz, 3H), 4.48-4.45 (m, 2H), 4.04—4.03 (m, 2H), 3.81-3.78 (m,
3H), 3.55-3.53 (m, 2H), 3.43-3.41 (m, 3H), 3.22-3.19 (m, 2H), 3.17-3.11 (m,

1H), 3.07-3.01 (m, 1H), 2.99 (m, 1H), 2.77-2.76 (m, 2H), 2.66-2.60 (m, 6H),

29



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

2.12-2.08 (m, 3H), 1.95-1.91 (m, 3H), 1.83-1.77 (m, 5H), 1.45-1.35 (m, 4H),
1.24 (m, 3H); ESIMS m/z 1040 (M + H]"); HRMS (ESI) for CssHssN30-S, caled

1040.3990, found 1040.3991.

22b: According to the general procedure for 22a—d using 19b (40 mg, 0.054
mmol), 21 (17.3 mg, 0.054 mmol), sodium ascorbate (1.07 mg, 0.0054 mmol),
CuS0O45H;0 (0.14 mg, 0.00054 mmol) was used, 22b was obtained (33.4 mg,
58% isolated yield).

22b: 'H NMR (400 MHz, CDCl3) & 9.14-9.12 (m, 2H), 9.06-9.00 (m, 3H),
8.65-8.63 (d, J = 8.8 Hz, 1H), 8.50-8.46 (m, 2H), 8.33-8.31 (m, 1H), 8.28-8.27
(m, 2H), 8.13-8.12 (m, 2H), 8.02-8.00 (m, 2H), 7.90-7.77 (m, 7H), 7.74-7.66 (m,
6H), 7.49 (d, J = 9.8 Hz, 0.5H), 7.06 (d, J = 14.9 Hz, 0.5 H), 7.02 (d, J = 9.8 Hz,
0.5H), 6.85 (d, J=9.2 Hz, 2H), 5.69 (d, J = 12.2 Hz, 1H), 4.63 (d, /= 7.1 Hz, 3H),
4.60-4.56 (m, 1H), 4.47 (t, J = 6.8 Hz, 3H), 4.03-3.98 (m, 1H), 3.97-3.86 (m,
1H), 3.86-3.80 (m, 4H), 3.65 (q, J = 7.0, 3H), 3.57-3.52 (m, 2H), 2.63-2.61 (m,
6H), 2.09 (t, /= 7.3Hz, 4H), 1.91-1.79 (m, 4H), 1.26-1.23 (m, 3H), 1.16-1.13 (m,
6H); ESIMS m/z 1068 (M + H]"); HRMS (ESI) for Cs;HsgN;305S, caled

1068.4303, found 1068.4300.

22¢: According to the general procedure for 22a—d using 19¢ (40 mg, 0.052
mmol), 21 (16.6 mg, 0.052 mmol), sodium ascorbate (1.03 mg, 0.0052 mmol),
CuSO45H,0 (0.13 mg, 0.00052 mmol) was used, 22¢ was obtained (30.1 mg,
53% isolated yield).

22¢: 'H NMR (400 MHz, CDCls) & 9.20-9.17 (m, 0.3H), 9.10-9.07 (m, 2H),
9.04-9.00 (m, 1H), 8.92-8.86 (m, 0.5H), 8.68-8.61 (m, 1H), 8.63-8.61 (m, 1H),

8.44-8.27 (m, 2H), 8.19-8.11 (m, 3H), 8.03-7.97 (m, 2H), 7.83-7.78 (m, 4H),
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7.75 (m, 2H), 7.73-7.62 (m, 5H), 7.61 (m, 3H), 7.18-7.16 (m, 0.4H), 6.86 (d, J =
9.6 Hz, 0.6H), 6.80 (d, J= 9.2 Hz, 2H), 5.61 (m, 1H), 4.72-4.65 (m, 3H), 4.38 (m,
3H), 4.06-4.00 (m, 0.5H), 3.88-3.81 (m, 2H), 3.71 (q, J = 7.0 Hz, 2H), 3.64 (m,
1H), 3.57-3.46 (m, 2H), 3.04-2.88 (m, 7H), 2.88-2.85 (m, 2H), 2.61-2.58 (m,
2H), 2.57-2.53 (m, 3H), 2.09-1.97 (m, 3H), 1.91-1.79 (m, 3H), 1.71 (m, 15H),
1.66 (m, 6H), 1.55 (m, 6H); ESIMS m/z 1094 ([M + HJ); HRMS (ESI) for

CsoHeoN1307S, calcd 1094.4459, found 1094.4461.

22d: According to the general procedure for 22a—d using 19d (40 mg, 0.053
mmol), 21 (17.0 mg, 0.053 mmol), sodium ascorbate (1.05 mg, 0.0053 mmol),
CuS0O45H;0 (0.13 mg, 0.00053 mmol) was used, 22d was obtained (33.8 mg,
59% isolated yield).

22d: 'H NMR (400 MHz, CDCl3) § 9.15-9.03 (m, 2H), 9.02-8.98 (m, 1H), 8.64
(d, J = 8.6 Hz, 1H), 8.41-8.38 (m, 1H), 8.34-8.30 (m, 1H), 8.23-8.16 (m, 1H),
8.13-8.11 (m, 1H), 8.00-7.95 (m, 2H), 7.90-7.84 (m, 3H), 7.81-7.72 (m, 4H),
7.71-7.68 (m, 2H), 7.62-7.58 (m, 2H), 7.49-7.44 (m, 1H), 7.00-6.93 (m, 2H),
6.83-6.79 (m, 2H), 4.62 (m, 2H), 4.554.50 (m, 1H), 4.46-4.42 (m, 2H),
4.35-4.31 (m, 1H), 3.80-3.75 (m, 2H), 3.66-3.65 (m, 0.6H), 3.55-3.51 (m, 2H),
3.43-3.40 (m, 2H), 3.20-3.19 (m, 1H), 3.06-3.03 (m, 1H), 2.63-2.54 (m, 3H),
2.09-2.06 (m, 2H), 1.84-1.80 (m, 2H), 1.68-1.65 (m, 3H), 1.32 (s, 9H), 1.23 (t, J
= 7.1 Hz, 3H); ESIMS m/z 1082 (M + H]"); HRMS (ESI) for CsgHeoN3078S,

calcd 1082.4459, found 1082.4455.
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General Procedure for 2a—d
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2a—d: A mixture of [Ir(ppy)4Cl2] (7.5 mg, 0.007 mmol) and 22 in 30 mL
MeOH/CH,Cl, = 1:1 (v/v) was refluxed under an inert atmosphere of N, in the
dark for 4 h. The solution was then evaporated to dryness and the solid was
dissolved in CH,Cl, and purified by column chromatography on Al,O; (8%
MeOH in CH,Cl,) to give product 2.

2a: According to the general procedure for 2a—d using 22a (14.5 mg, 0.014 mmol),
2a was obtained (9.6 mg, 89% isolated yield).

2a: '"H NMR (400 MHz, CDCls) & 9.66 (d, J = 8.7 Hz, 0.3H), 9.05-9.00 (m, 0.5H),
8.70-8.64 (m, 1H), 8.58-8.53 (m, 0.3H), 8.45-8.28 (m, 1H), 8.22 — 8.19 (m, 1H),
8.12-8.11 (m, 1H), 7.98-7.96 (m, 1H), 7.93-7.89 (m, 3H), 7.85-7.82 (m, 2H)
7.73-7.70 (m, 6H), 7.66—7.64 (m, 2H), 7.33-7.30 (m, 1H), 7.09-7.07 (m, 2H),
7.00-6.95 (m, 2H), 6.86-6.79 (m, 4H), 6.40-6.37 (m, 2H), 4.73-4.62 (m, 1H),
4.73-4.62 (m, 1H), 4.11-4.01 (m, 0.2H), 3.85-3.75 (m, 1H), 3.73-3.71 (m, 0.6H),

3.66-3.64 (m, 1H), 3.54-3.49 (m, 2H), 3.35 (t, J = 6.8 Hz, 1H), 3.27-2.99 (m,
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1H), 2.94-2.90 (m, 1H), 2.76-2.72 (m, 2H), 2.62 (s, 1H), 2.24-2.17 (m, 0.4H),
2.08-2.04 (m, 1H), 1.93-1.86 (m, 1H), 1.81-1.76 (m, 2H), 1.24 (m, 3H); ESIMS

m/z 1539 (M + H]").

2b: According to the general procedure for 2a—d using 22b (14.9 mg, 0.014
mmol), 2b was obtained (10.7 mg, 98% isolated yield).

2b: 'H NMR (400 MHz, CDCl3) § 9.60-9.51 (m, 1H), 9.00 (d, J = 8.3 Hz, 1H),
8.63 (d, J = 8.7 Hz, 1H), 8.55-8.52 (m, 1H), 8.40-8.35 (m, 1H), 8.28-8.26 (m,
1H), 8.19-8.18 (m, 1H), 8.12-8.11 (m, 1H), 7.96-7.89 (m, 6H), 7.87-7.83 (m,
2H), 7.75-7.69 (m, 7H), 7.67-7.63 (m, 2H), 7.32-7.30 (m, 1H), 7.09-7.05 (m,
2H), 6.97-6.94 (m, 2H), 6.86—6.77 (m, 4H), 6.40-6.37 (m, 2H), 5.68-5.65 (m,
0.3H), 4.74-4.69 (m, 2H), 4.48-4.44 (m, 2H), 4.06-4.01 (m, 2H), 4.00-3.94 (m,
0.4H), 3.77-3.76 (m, 1H), 3.50-3.48 (m, 1H), 3.21-3.14 (m, 1H), 3.09-3.01 (m,
1H), 2.95-2.88 (m, 3H), 2.66-2.63 (m, 1H), 2.12-2.05 (m, 2H), 1.88-1.84 (m,
2H), 1.68-1.64 (m, 2H), 1.44-1.39 (m, 2H), 1.26-1.22 (m, 3H), 1.20-1.13 (m,

3H), 1.12-1.09 (m, 3H); ESIMS m/z 1567 (IM + H]").

2¢: According to the general procedure for 2a—d using 22¢ (15.3 mg, 0.014 mmol)
was used, 2¢ was obtained (10.0 mg, 93% isolated yield).

2¢: '"H NMR (400 MHz, CDCl3) & 9.56-9.54 (m, 1H), 9.02 (d, J = 8.2 Hz, 1H),
8.67-8.57 (m, 2H), 8.41-8.30 (m, 2H), 8.19-8.12 (m, 2H), 8.02-7.97 (m, 5H),
7.92-7.85 (m, 6H), 7.85-7.75 (m, 3H), 7.77-7.69 (m, 6H), 7.65-7.63 (m, 1H),
7.54-7.52 (m, 1H), 7.32-7.26 (m, 2H), 7.09-7.07 (m, 2H), 7.00-6.96 (m, 3H),
6.86—6.77 (m, 6H), 6.41-6.36 (m, 2H), 5.22-5.17 (m, 1H), 4.76-4.75 (m, 2H),
4.49-4.46 (m, 2H), 4.25-4.22 (m, 1H), 4.11 (m, 1H), 4.06-4.03 (m, 2H),

3.91-3.88 (m, 0.6H), 3.86-3.79 (m, 3H), 3.75-3.70 (m, 2H), 3.65 (m, S5H),
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3.59-3.48 (m, 8H), 3.08-3.05 (m, 2H), 2.88-2.83 (m, 2H), 2.62-2.59 (m, 3H),
2.24-2.20 (m, 2H), 2.17-2.09 (m, 2H), 1.89-1.85 (m, 3H), 1.42-1.32 (m, 6H);

ESIMS m/z 1539 (M + H]").

2d: According to the general procedure for 2a—d using 22d (15.1 mg, 0.014 mmol)
was used, 2d was obtained (10.6 mg, 96% isolated yield).

2d: 'H NMR (400 MHz, CDCly) & 9.56-9.54 (m, 1H), 9.02-9.00 (m, 1H),
8.65-8.63 (m, 1H), 8.56-8.53 (m, 1H), 8.45-8.37 (m, 1H), 8.33-8.28 (m, 1H),
8.24-8.19 (m, 2H), 8.13-8.12 (m, 1H), 7.98-7.91 (m, 7H), 7.87-7.82 (m, 2H),
7.78=7.75 (m, 2H), 7.73-7.69 (m, 6H), 7.68-7.65 (m, 1H), 7.64-7.61 (m, 1H),
7.45-7.39 (m, 1H), 7.31-7.30 (m, 2H), 7.26 (m, 1H), 7.09-7.06 (m, 2H),
6.98-6.96 (m, 2H), 6.93—6.90 (m, 1H), 6.85-6.75 (m, 4H), 6.46—6.36 (m, 2H),
4.80-4.75 (m, 1H), 4.71-4.65 (m, 1H), 4.59-4.53 (m, 1H), 4.92-4.46 (m, 2H),
3.80-3.78 (m, 2H), 3.54-3.49 (m, 2H), 3.24-3.09 (m, 1H), 3.06-2.97 (m, 1H),
2.93-2.90 (m, 2H), 2.65-2.61 (m, 2H), 2.65-2.61 (m, 2H), 2.12-2.09 (m, 2H),
1.93-1.86 (m, 2H), 1.31 (s, 9H), 1.23 (t, J = 7.1 Hz, 3H); ESIMS m/z 1581 ([M +

HI.
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Time Course of the Reaction between 1 and Hcy/Cys

Stock solutions of Hey and Cys were freshly prepared in double distilled
water (100 mM). Probe 1 was dissolved in CH3CN at room temperature to afford
the probe stock solution (1 mM). 10 uL of the probe stock and 5 puL of Hcy or Cys
stock were added in a solvent mixture of 5 pL H,O, 80 pL of pH 8.1 PBS buffer
and 300 pL of CH3;CN. The resulting solution was shaken well before the
emission spectra were recorded. The excitation wavelength was at 590 nm and the
excitation and emission slit widths were 3.5 nm. The emission intensity of the

reaction mixture was monitored for 30 min. (Fig. S1)
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Fig. S1 Time course of the reaction between 1 and Hey and Cys in a molar ratio of
1:50
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Titration Curve for the Detection of Hcy by 1

Two stock solutions of Hcy were freshly prepared in double distilled
water (1.4 mg in 1 mL H,O, 10 mM) and (14 mg in 1 mL H,0O, 100 mM). Probe 1
was dissolved in CH3CN at room temperature to afford the probe stock solution (1
mg in 1 mL CH3;CN, 1 mM). 10 pL of the probe stock, 80 pL of pH 8.1 PBS
buffer, appropriate aliquots of Hcy stock were mixed with different volumes of
H,O, (for details, see Table S1). The resulting solution was diluted with 300 puL of
CH;CN and was shaken well. After 15 min, the emission spectra were recorded.
The excitation wavelength was 590 nm and the excitation and emission slit widths
were 3.5 nm. Different concentrations of Hcy (0-2.5 mM) were prepared in order
to obtain an overlaid emission spectrum. A titration curve of the emission intensity
against different concentrations of Hcy was obtained, with correlation coefficient
R =0.99 (Fig. S2).

Table S1 Various conditions for setting a titration curve of Hcy and 1

[Hey] Hcy stock (10 mM) H,O

0 mM 0 pL 10 uL
0.025 mM 1 uL 9 uL
0.075 mM 3uL 7 uL
0.125 mM 5uL 5uL
0.175 mM 7 uL 3uL
0.25 mM 10 uL 0 pL
[Hey] Hcy stock (100 mM) H,O
0.75 mM 3uL 7 uL
1.25 mM S5uL S5uL
1.75 mM 7 uL 3uL
2.25mM 9 uL 1 uL
2.5 mM 10 uL 0 pL

The above procedures were followed to obtain a titration curve of Hey and 2d

36



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

(Fig. S3).
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Fig. S2 Emission spectral traces of 1 (25 puM) in CH3;CN/PBS buffer with

[Hey]/[ 1] ratios from O to 100 at room temperature. Each spectrum was acquired

15 mins after Hcy addition. (Detection limit: 0.13 mM)
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Fig. S3 Emission spectral traces of 2d (25 puM) in CH3CN/PBS buffer with
[Hey]/[2d] ratios from O to 100 at room temperature. Each spectrum was acquired
15 mins after Hcy addition. (Detection limit: 0.12 mM)
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Titration Curve for the Detection of Cys by 1

Two stock solutions of Cys were freshly prepared in double distilled
water (1.2 mg in 1 mL H,O, 10 mM) and (12 mg in 1 mL H,0O, 100 mM). Probe 1
was dissolved in CH3CN at room temperature to afford the probe stock solution (1
mg in 1 mL CH3;CN, 1 mM). 10 pL of the probe stock, 80 pL of pH 8.1 PBS
buffer, appropriate aliquots of Cys stock were mixed with different volumes of
H,O, (for details, see Table S2). The resulting solution was diluted with 300 puL of
CH;CN and was shaken well. After 15 min, the emission spectra were recorded.
The excitation wavelength was 590 nm and the excitation and emission slit widths
were 3.5 nm. Different concentrations of Cys (0-2.5 mM) were prepared in order
to obtain an overlaid emission spectrum. A titration curve of the emission intensity
against different concentrations of Cys was obtained, with correlation coefficient
R =0.99 (Fig. S4).

Table S2 Various conditions for setting a titration curve of Cys and 1

[Cys] Cys stock (10 mM) H,O

0 mM 0 pL 10 uL
0.025 mM 1 uL 9 uL
0.075 mM 3uL 7 uL
0.125 mM 5uL 5uL
0.175 mM 7 uL 3uL
0.25 mM 10 uL 0 pL
[Cys] Cys stock (100 mM) H,O
0.75 mM 3uL 7 uL
1.25 mM S5uL S5uL
1.75 mM 7 uL 3uL
2.25mM 9 uL 1 uL
2.5 mM 10 uL 0 pL

The above procedures were followed to obtain a titration curve of Cys and 2d (Fig.

S5).
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Fig. S4 Emission spectral traces of 1 (25 uM) in CH3CN/PBS buffer with [Cys]/[1]
ratios from 0 to 100 at room temperature. Each spectrum was acquired 15 mins
after Cys addition. (Detection limit: 0.15 mM)
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Figure S5 Emission spectral traces of 2d (25 uM) in CH3CN/PBS buffer with
[Cys]/[2d] ratios from O to 100 at room temperature. Each spectrum was acquired

15 mins after Cys addition. (Detection limit: 0.15 mM)
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Mass Spectrometry Analysis of the Mixtures of Probes 1,

2a—d and Hcy/Cys

A stock solution of Hey was freshly prepared in double distilled water
(14 mg in 1 mL H,O, 10 mM). Probe 1 was dissolved in CH3CN at room
temperature to afford the probe stock solution (1 mg in 1 mL CH3CN, 1 mM). 10
pL of the probe stock and 10 pL of Hey stock were added to a solvent mixture 80
pL of pH 8.1 PBS buffer and 300 pL of CH3;CN. After 15 min, the reaction

mixture was analyzed by ESI-MS (Fig. S6)

14163 1 MW = 1415.3, [M + H]' = 1416.3

1417.3

14145

#}HB

1 Mucy MW = 1098.1, [M + H]* = 1100.1
1100.1

2
15513 1644 1 17115 | 1739

1500
Fig S6 ESI-MS of the reaction mixture upon addition of Hcy to 1 in CH3;CN/PBS
buffer
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Mass spectrometry analyses of the reaction mixture of 2a—d and Hcy

followed the same procedures (Fig. S7-S10).
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Fig. S7 ESI-MS of a reaction mixture containing Hcy and 2a in CH;CN/PBS
buffer
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Fig. S8 ESI-MS of a reaction mixture containing Hcy and 2b in CH3;CN/PBS
buffer
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Fig. S9 ESI-MS of a reaction mixture containing Hcy and 2¢ in CH3CN/PBS
buffer
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Fig. S10 ESI-MS of a reaction mixture containing Hcy and 2d in CH3;CN/PBS
buffer
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A stock solution of Cys was freshly prepared in double distilled water (1.2
mg in 1 mL H,O, 10 mM). Probe 1 was respectively dissolved in CH3CN at room
temperature to afford the probe stock solution (1 mg in 1 mL CH3CN, 1 mM). 10
pL of the probe stock and 10 pL of Cys stock were added to a solvent mixture 80
pL of pH 8.1 PBS buffer and 300 pL of CH3;CN. After 15 min, the reaction

mixture was analyzed by ESI-MS (Fig. S11).
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Fig. S11 ESI-MS of the reaction mixture upon addition of Cys to 1 in
CH;CN/PBS buffer
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Mass spectrometry analyses of the reaction mixture of 2a—d and Cys

followed the same procedures (Fig. S12-S15).
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Fig. S12 ESI-MS of a reaction mixture containing Cys and 2a in CH;CN/PBS
buffer
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Fig. S13 ESI-MS of a reaction mixture containing Cys and 2b in CH3;CN/PBS
buffer
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Fig. S14 ESI-MS of a reaction mixture containing Cys and 2¢ in CH3;CN/PBS
buffer
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Fig. S15 ESI-MS of a reaction mixture containing Cys and 2d in CH;CN/PBS
buffer
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Mass Spectrometry Analysis of the Mixtures of Probe 2d

and BSA

A stock solution of Bovine Serum Albumin (BSA) was freshly prepared in
double distilled water (66 mg in 1 mL H,O, 1 mM). Probe 2d was dissolved in
CH;CN at room temperature to afford the probe stock solution (1 mg in 1 mL
CH;CN, 1 mM). 10 pL of the probe stock and 10 pL of BSA stock were added to
a solvent mixture 80 pL of pH 8.1 PBS buffer and 300 uL of CH3CN. As a control,
probe 2d was dissolved in CH3CN at room temperature to afford the probe stock
solution (1 mg in 1 mL CH3CN, 1 mM). 10 pL of the probe stock was added to a
solvent mixture of 10 puL of H,O, 80 uL of pH 8.1 PBS buffer and 300 uL of
CH;CN. After 15 min, the reaction mixtures were analyzed by LC-MS (Fig. S16).
BSA is a protein (MW = 66 kDa) which contains a single and surface-exposed
cysteine residue. This experiment demonstrated that the probe is not able to react

with steric bulk cysteine-containing biomacromolecules.

BASA 0000
BSA control 665540000

BSA does not
cleave probe 2d

Fig. S16 LC-MS of a reaction mixture containing (a) BSA only (b) BSA and
probe 2d
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Emission Intensity Enhancement in the Detection of

Different Analytes by Probe 1

The amino acids (Cys, Hcy, Ala, Arg, Asn, Asp, Glu, Gln, Gly, His, Ile,
Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, Val) and GSH stock solutions were
freshly prepared in double distilled water (100 mM). Probe 1 was dissolved in
CH;CN at room temperature to afford the probe stock solution (1 mM). 10 pL of
the probe stock and 5 pL of analyte stock were added to a solvent mixture of 5 pL.
H,O, 80 pL of pH 8.1 PBS buffer and 300 pL of CH3CN. The resulting solution
was shaken well. After 15 min, the emission spectra were recorded. For all the
measurement, the excitation wavelength was 590 nm and the excitation and
emission slit widths were 3.5 nm. The emission intensity obtained after reacting 1
with each analyte in the aforementioned conditions was measured and compared

(Fig. S17).
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Fig. S17 Enhancement of emission intensity in the detection of different analytes

by probe 1

Quantum Yield Determination

Williams et al.' stated the comparative method for recording @p. The
relative quantum yield of sample was related to that of a solution of a standard by

the equation

2
Astandar Fsample sample
@F(s‘ample) = ( fond dJ[ ol j( Msamp! j @F(stwdw’d) (1)

Asample Fstandard Nstandard

@r is the fluorescence quantum yield, A is the absorbance, F is the area under the
corrected emission curve and n is the refractive index. The concentration of
standard was adjusted so that the absorbance of the sample at the wavelength of

excitation was equal to that of the standard, which made the absorbance ratio to be
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equal to 1. Acetonitrile was used for both the standard and the sample solution;
the refractive index ratio was therefore also equal to 1.

So equation (1) is reduced to

Fsample

@F(sample) = ( j @F(Standard) (2)

standard

Here, [Ru(bipy);]Cl, was used as the standard; the quantum yield of
[Ru(bipy)s]CL in acetonitrile® is 0.062. The quantum yield of 1 was calculated to

be 0.0028.

Literature reference for quantum yield determination:
1. A. T. R. Williams, S. A. Winfield, J. N. Miller, Analyst 1983, 108, 1067-1071.
2. S. D. Bergman, D. Gut, M. Kol, C. Sabatini, A. Barbieri, F. Barigelletti, Inorg.

Chem. 2005, 44, 7943-7950.

Emission Intensity Enhancement in the Detection of

Hcy/Cys by Probes 1, 2a—d

A stock solution of Hey was freshly prepared in double distilled water
(14 mg in 10 mL H,O, 100 mM). Cys stock was freshly prepared in the same way
(12 mg in 10 mL H,O, 100mM). Probe 1, 2a—d was respectively dissolved in
CH;CN at room temperature to afford the probe stock solution (1 mg in 1 mL
CH;CN, 1 mM). 10 pL of the probe stock and 7 puL of Hey or Cys stock were
added to a solvent mixture of 3 uL of H,O, 80 pL of pH 8.1 PBS buffer and 300

pL of CH3CN. After 15 min, the emission spectra were recorded. The excitation
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wavelength was 590 nm and the excitation and emission slit widths were 3.5 nm.
The emission intensity obtained after reacting 1, 2a—d with either Hcy or Cys in

the aforementioned conditions was measured and compared (Fig. S18).
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Fig. S18 Emission intensity enhancement in the detection of Hcy/Cys by probes 1,
2a—d
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Detection of Hcy and Cys in Human Blood Plasma by

Probe 2d

Probe 2d was dissolved in CH3CN at room temperature to afford the
probe stock solution (1 mM). Commercial lyophilized human blood plasma is
reconstituted with distilled water (5.0 mL). The thiols assay of human blood
plasma requires prior reduction of disulfides to free thiols. This can be
accomplished by using tris[2-carboxyethyl]phosphine hydroxide (TCEP) (1.5
mM). This is followed by deproteinization upon addition of MeOH which
contains triphenylphosphine (PPh;) (1.5 mM) at room temperature for 30 min.

After centrifugation (5.0 min, 3000g) the supernatant is used for the analysis.

Literature reference for preparation of human blood plasma sample:
1. W. Wang, J. O. Escobedo, C. M. Lawrence, R. M. Strongin J. Am. Chem. Soc.

2004, /26, 3400-3401

The amount of thiols in the reduced human blood plasma was estimated
by using the standard addition method with Hcy (10 mM stock) as the standard.
Different volumes of the freshly prepared Hcy stock (0, 1, 3, 5, 7 or 10 puL) was
added directly to 10 pL of probe 2d (25 uM) and 50 pL of reduced human blood
plasma in a solvent mixture of 30 uL of pH 8.1 PBS buffer and appropriate
volume of H,O (for details, see Table S3). The resulting solution was shaken well
and diluted with 300 pL of CH3CN. After 15 min, the emission at 590 nm was
recorded. A titration curve of the emission intensity against different volumes of

Hcy was obtained, with correlation coefficient R = 0.99 (Fig. S19). The
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concentration of thiols in the reduced human blood plasma sample detected by 2d

was found to be 0.31 mM, using the equation:

_w Cr
Ce=3Xpg

where Cx is the concentration of the sample; Cs is the concentration of the
standard, i.e. 10 mM; Vxis the volume of the sample aliquot, i.e. 50 pL; X is the

absolute value of x-intercept, i.e. 1.5 pL.

Table S3 Various conditions for setting a titration curve of Hcy and 2d

Hcy stock (10 mM) H,O
0 uL 10 pL
1 uL 9 uL
3ulL 7 uL
SuL SuL
7 uL 3uL
10 uL 0 uL
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Fig. S19 Titration curve obtained when 2d (25 uM) reacts with 50 pL of the
reduced human blood plasma including different volumes (0, 1, 3, 5, 7, 10 uL) of
standard Hcy stock (10 mM)

Lifetime Determination

FRET is the energy transfer from a donor luminophore to an acceptor which may

not have to re-emit in the case of dark quenching. The FRET efficiency relates to

the lifetimes of the donor molecule in the presence and absence of an acceptor:
T'p

E=1-—
¢ . . . .
To , where T o and tp are the donor fluorescence lifetimes in the

presence and absence of an acceptor. In order to validate our Ir(IIl) probe is built

on a FRET-based system, the metal part was synthesized and the corresponding
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lifetime was measured as To whereas the lifetime of probe 1 was measured as
T'p . The lifetime of the metal part To was measured as 0.6 ps; T'0 was too
short to be measured by our instrument. The reduction in lifetime of the quenched
probe 1 can be considered as the result of energy transfer from the Ir(IIl) complex

to the diarylazo quencher.
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Fig. S20 Luminescence emission spectrum (left) and lifetime (right) spectrum of

the metal part (inset)
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Fig. S21 Luminescence emission spectrum (left) and lifetime (right) spectrum of

probe 1 (inset)
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Zurrent Data Parameters
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Current Data Parameters

7.47C
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Corrent Dsta Parameters
NAHE
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Zurrent Data Parameters
3 o
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Current Data Parameters
HABE 7.50-2
EXPRA 3
PROCHD 1
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Pirrant Data: Paranatera
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Current Dsita Parameters
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Turrent Data Pacamsters
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Current Dats Parameters
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Current Oata Parameters
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Thiprent. Dats Paracetars
HANE 30

EXPHO 2
PROCHD 1 -
D+ O OO MM W momm-—-wommmmmmmcmvr-rsmmmmnnmm"r\cummmm«mmm--
Fg - Acquisition Parameters = e~ T T T DM T s T ol e N S W Ty s R R o BT T o B o B st = [ o s = = N T < - B (= B =+ B =
Bate.. 20100713 El\l\ﬂgm-ﬁmcmgmmm wn‘a-—-wwmmovmﬂm-—-mmmmmm%omcvm«mmvf\lu‘lmmmmmc
T i ESREAEIRRESMaIE JuiESTodsnnImdanrcnun Qo duanDDn®S S
TNETAUM 2wdl0 Qg @O~ RAOE TITTTITOMMOMOMAOMOUNYNUUAUMAUNS = e 0000000
PROBHD 5 wm OWP° 1HAD
PULFROE 2030 .
™ 32763
SOLVENT He00 5 :
L 545 -
o8 ]
L] 8012.820 Hz
FIORES 0.244532 Hz
Ay 2.0447731 e .
G 724.1 7
] 62400 usec
0E 6.00 usec
TE 29,8 & S ()

oL 1.00000000 aec
MCREST 0.00008000 sec

= Y

escesen HREL 11 reeeeme o
e i N H/\@: ~

i

70

Py 13,20 usec

PL3 ~4.00 88

SFOs 409. 1324008 W4z

F2 - Procaaaing patemclert i 22a
&1 32768

5F 400, 1288048 W2

g M

588 Q

La 0.3 H p—
&8 i — N _N
PC 1.00

10 MR plict parsmeters -

[ 29,00 o

cy ¥77.48 em

FIF 50.080 pom \

fl 400130 Hz

-3 -8.500 ppm

f2 «209.07 HZ

PPHCK 0. pomicn DZN

HICN 468 i0 Hz/cw

e -

~ m(wialo) wal = @ m|=] (o= ofofofnfofufom])s oo o} [u{m
o = |3 = 0] | Iyl o|la| io|oj¥|a|s|eio|o|o|alw —|oaja|r=| (o=
[ ol Bt i 20 mlw r~ mico| M= ||| din | W oo |y T 0] ||
& ~|eul~]m wa|® L m|m| [b|a|c|o|D|ojo|a|o o ||l [&]|@
& w|euim|e- o= o ofeu] |eu|mfeulou| =] || | elafin asfen|infai] |

Pt R R 0 e o e e e It RS P T o e e T 2 e e ettt el ol R S TR B At A R A o AERE S B B e o i e e I G
! T I 1

pem 9 8 7 6 5

.l BT e e e o I e i I e e

1 0




Current Dota Parameters
HAHE 785 1.
EXPNO

PROCHD 1

F2 - Acoulsition Parameters
Dete_ 0400724
Time 10.34
INSTRUR avatl
PROBHD 5 o GHP u-wa
PiAPROG

T °2768
SOLVENT ecla

3 100

[ o

SWH B8012.820 H2
FIDRES 0.244832 Hz
AQ 2.0447731 sac
L g12

L 62,400 usec
€ 6.00 usac
TE 206.9 K
ol 1.00000000 sec
MCREST 0.00030000 see
MCHRK 0.01800000 sec
memsmun CHAWREL [1 mmureeem
RuCt H

AL 13.20 usec
AL ~4.00 d8
sFO1 400. 1324008 Wz
2 - PROCERELNG pArABCLErS
s8I 32788

&F 400, 1313647 MY
NOH EX

L] L]

LB 0.30 Hz
] 9

RC 1.46

10 WA plat parameters
cx o84

ot 121.02 ¢
P 10.000 pom

&l 001,92 Wz
20 £.500 poe
r2 -200.07 Hz
Puin 0.42000 som/cn

60.00588 Ha/em

[ T B B

o 0
aE
E-\-lf!
I:B

7 9965
7.8685
7.8269
? 7241
7.7077
7 7036
7.6894
7.435¢
6.8653
5.8424

Supplementary Material (ESI) for Chemical Communications

5.7180
4,6437
4.b260
- 4,4832
4. 4661

This journal is (¢

M~ O QMMM
M T @~ QgD
T T M M~ 0T 0y
qmmmmmu}
vvmmmmm

) The Royal Society of Chemistry 2011

UMM - UOSOMMTUMODS NMIT~NO T @ T WO0O— S~ Sm
M@ PO OISO SAUR OO OGSO ST~
DA MAUCCOTOST U CDOINNTMNMAUUKIODWOoD
MAUNOOO SO AUUN NS ao e DB SS

mmmmmﬁﬂﬁﬁﬂﬁﬁﬂﬂﬁﬂﬂﬁocoo:{f

e (S i

8385
7399
1.9633

2
?

<}

0.6333
2.0000

O R T B e S e e

7 g

o [=im|w| (o
@iMmeiof o
WO e | |0
mmlr=t<r| r~jocn
o|mlicim] [
BRI R N
5 4

22b

L

L

] —jmjo||m] (T =| [@ wio|w

| fim|om| jo; wl [~ |

slohiolo@i-t 1§ al (o N

mjn|c|@|mhn [~ | [& @ ||~

~rien|oufeufcujeu] hio mi |m wimjo

LS A N RN I SRR St B o S C R BN RS EE AR RERERE I ok R R
3 2 1 4]

71



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

Current Data Paramiters - ? oo
HANE 702
EXPHE 1
FROCHD 1
nNno--MmoOWwood oo W~ NDO N OUMNOD N OMNMTOMEPUOMMNODYT OO0 OMMSPMN:EDTOAUDT W o
F2 - Acquisition Paramaters WU TOUMD MU No LToS M~ Oo0Me w0« O o OMMMSENMOMO - OW A= T100nwo doo
Date. 20100727 Emn.c-—-mm-—-mh-mmmtwm Q- O =N e T e 0O OF = O9 0 = 0SS T MO - me e ~O
b e AR A= I S V- I T T BT ) WMo~ ool 00RO EHODO~ 0DV OO
INSTAUN avdOd o R R T b T S N T ] N T OOOMMOTN AU AUNUUAUUNNN— " m e OO0 0O
PROBHD 5 a DNP 1M1 !
PULPROG Q30
™ 32768
SOLVENT el
" 51 i
] a
kL BO52. B2 MY
FIDRES 0. 268582 He ) =
W 2.0447731 sec N |
% 512
™ £2.400 ustc RN
% 5.00 usec =
€ 297.2 K ,
01 1.00000008 sec
MeREST 000000000 aer S (@)
WK €.01500000 sec (@) H
e —N\ L N
NOCL U]
PL 13.20 uger: N/\’ N
FLY -4.00 UB
PG 560,1324009 W H
F2 - Pracessing paramstera O
st 32763
s 4001300071 Wy ) 22¢
L1sL.] EN
E 1]
L8 £.30 Hz
38 ¢
o 1.00 N=N
10 W4 plot parameters
b 25.00 cn
o 33.03 0
P 10.600 ppd
H 2001.30 Hz
- -4.500 pom '
£ -200.07 Hz ]
TPty 0.42000 pom/en
n2tH 16B.054B1 Fz/cm

-

- [ﬁgmmr—.ﬂmm ﬁ?\g\ [:a] T o r-ir-1m
o == lo(d|~ Pl =i b <t (=] Pl | u
& |rfloml.r)mm|.nm ] =) ™~ < [<icu|onm
© Tty o —geujo]ng oc‘w - (3"} mmll.nltnl.o
5 | e
P T T I T O B T B T T T T T B T B T O T Tt el Tk N T R B B A S B e A e
com g 7 b = 4 3 2 1 Q

72



Eurcent Date Pacimeters
NAME 4 724

1

PROCNO- i

F2 - Atquisition Paraneters
Date_ 20100804
Tine 20,2
THETRU il
PROBHT G am ONP fHAAD
PULPROG 9%

i) 32768
SOLVENT COEr3

L] Ba

1] 0

- A012.820 Hz
-FIDRES 0.244532 Hx
*a 2,044773L Bec
RE. 382

oW &2.400 usec
13 B.00 umec
TE 206.4 K
oL 1.00000G00 sec
MNOREST 0.00000000 sec
NEWRK .01500000 sec
wemmmmt CHAMNEL. {1 wmmmmene
N L]

L3 13,20 usec
L ~4.00 U8
5F01 400.1324009 M2

F2 - Processing paraatara
SI 2768

ppm
8.3185

7.9980

7.972%
7.8114
7.7893
7.7718
7.7234
7.7129
7.7027

7
7
6
6
B

6107
3133
B267

B126
B044

6.7913

fr=—r—"

& 400. 1295675 MHE
L] EM

S58 [

1] 0.30 H2

) a

FC 1.00

1D MMR plat parameters

o 25.00 em

gy 27.58 o
FiR 100040 pom
F1 4001.30 Hz
Fap -0.500 pps
F2 ~200.07 Hz
APHCK 042000 pm/en
HICH 166.05460 Hz/ca

\-

Integral
1.6163
1.1336

s

ahet -

1854
0013
1.9418

2
3

P.4024

0.6274
2.1072

4.6190
4.4402
4.4240
3.7843
3.7672
3.5308
3.5130
3.4321
3.3950
3.0381
3.0414
2.8368
2.8767
2.6271
2.6110
2.5935
2.5808

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

2.0750
2.0578
1.8352
1.8181
1.8001

|
|

%
—r

2.2390
0.9487

i—r“r-r:--||||||||||||>|||1r||||||‘||1y|=wws!|||||||a||-rr“."l

6

pon 9

8

7

9

__— 1.3447
1.3312

1.3174

1.2980

\\ 1.2579
1.2312

1.2438

1.2041

1.1872

0.0773

0.002?

0.0003

9.0024
3.3183

L o o e e e U S R B i L AL L IR B R Tl

=10y (| == o] =TT [wD|m|oym| ol v

|| [n]T|o|aujwiv(n|g|e|T| = |T{=o|M9Y -

= A =1 T Bl o ] e Dl B st s = =1 =] e

=] |¥|Giw|m|e|o|m]a|-|T|ad|—]TEd

~|o| jJv|o|ala|-| el nu|a|oloa] | i)l od
3 2

1 0

73



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

0.8950
0.8804
0.8628
0.8550

PROCHD 1
[ I I T e B e B S s o B g e Ty I e R Y S O M st 0= DWW AW MM ST DO = M 0P~

F2 - Acquisitlon Parameters My WmMm T S O < M~ o0y oy NocMI0IE =T OMWIMD»=0T OOmMMALUW «=TMmIWDST 0O
e ot R LR R L R I R b A R R I P R
THGTRUM avdao Cmt e~~~ 0WwWi0wwwd TOMED 00NN~ o om ot oetod o1 w1 e e DO
FROBHD 5 mm OMP LH/13
PULAROG 2030 ’/,/,J L\S§

ovee
SOLVENT (=i 9 k]
NS < 200
1] 0
S a0i2.620 Hz
FIDAES 0.244533 Hz
Ll 2.0447731 mec
A& 2.3
oW 62,400 usac
E 6.06 usac =
hi3 2074 K
o 1.00006000 38 s
EREST &.60000008 sec B O
HEHAK 0.01540000 sec O
........ CHANNEL 1 rerereee= H
Lo M
vy 13.20 usec /\N N N ]/N\
PLL =4.00 d8
L300 400. 1324008 MHz H
F2 - Processing parameLers
81 32768
oF 400. 1300063 Nz
WEH EX
550 [] 2a
[3:] 0.30 H2
[:]:] a
e 1.00 N:N
19 MR plok parassters
[+ 26.06 en
34 106.19 o
Fif 10.000 ppa
£ 40a1.30 H2
ap =0.500 gom
fa -200.07 #2
PRMCH 0. 42000 ppalen
HZCH 168. 05481 tiz/em

\ l I! -
- {=i ol (afofulm m:zi
» i=| (2] ¥l oS
5 | |@) a|o|e ale|a
Z ja |=| 19 |2|a|n|q|a
g el ol [olelalaj-|a
\Ilf'l’"l'l"li']i"\i11'|II'| ['Pf\i"iili
nom 9 8

L A

L

|
mﬁmmNm
S~ |ojo|oluja
hmlmv aim|=
walmnialoio|s
=3 i | o

1.29240
1.2534
.5089

1

21277,
7.0073 =

[=)]
m
n
I~
[=] =]

-1

2.1445 =

AL T S B

3 2 1

A

/

[ T S T A Bk B B

DR

it

74



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

SL

0000’
GEI6”
0BEG”
goce”
SI60°
arQl-
a6l
0Rgi
chB1
6I02°
oot
BEOK”
Beclk’
Srrg’
or99°
1igg’
ELBL°
£868°
£9/8°
1868°
geie’
GB00"
[t lAtE
IEFQ”
267"
s’
GGLE”
2E8E”’
989
GI6L°
2iég’
096"
8ri6’
POLO”
84407
£992°
rg99’
c6H9’
8004
rozL’
SGpL”
EEER’
arGE’
TB86"
SKPIE”
66
YrER”
BYSE”
arBE’
E16G°

1
(=N

Acnuisition Parameters
20100802

]
Jnte

1140
av40D

S mnm GNP 1H/13

Time
INSTRUR

Lo R R N A A e A T o O N = T QT I T - TR B T= B T T T QU o e e e e D OO

SHODHE
AL PG

m

X

N=

— == J00E 0

T R R N S

5.00 usee

287.2 K

1.00000D00 aec
1H
§3.26 ysec

32
62.400 user
~4.00 dB
400, 1324008 MH:
32768
400, 12C00GE MHz
25.00 en
25.12 e
12 .00C pom
LLLHR.
-0 G060 ppm
+200.07 W2

2930
32768
coci3

s2
Q
8012.820 Hz
0.244532 Hz
20447731 mae
0.00000000 aec
5.01500000 sec
0.50000 pon/En
200.08500 Hz/em

wanimnan CHANNE]L, {f ==mmmmes
F2 - Processlng garameters

10 N¥A ploc parametsrs

501, vERT
< [DRES

NOW
558
B

NS

L5}
SaH
]

a6

i

L3

TE

113
MCREST
NOWRK
ER

SF

58

aC




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

9L

£000°
r8cg’
25k’
1€98”
2088"
GCEg”
£216°
20z6°
EGEG”
/556"
ECET”
ggee’
proe”
GRIE”
pace”
yrOy”
2cey”
§leg”
2rsg’
9geg”
£498°
586G°
049
BIES”
EBLE
£92¢°
apps’
L6SG"
569"
£559°
2vil’
2r08’
1920°
52r0°
2L’
179L°

-0v08°
GGeB’
1946°
2ege’
1962’
SL0L°
SBILT
esel’
86EL"
898"
ceces’
89666°
LEOO”
aeen”

=

OO0 CQCO OO0 C

Lo T T e T o e e ¥ = S T i '

e T ey

2
8

wdd

20100803

F2 - Acquisition Parameters

Date_

0.01
avddo

Tire
INSTAM

I OMMOONMO OO0 UAUA Y e e e e oo v e e e O

K

PROBHD 5 mn ONP 1H/13
PULPROG

o

N

=
//\\\EJ:;;}

+

[
8012.820 Hz
0.244532 He

930
2.0447731 sec

32768

coe13
10000

SOLVENT
DRES

6.00 ugac

. WAk
1.00000000 sec

8i2.7
62,400 ysec

0.01500000 s4c

0.00000000 nac

nenverww CHANNEL 1 wwemwsus

MCREST

wgEtgpany

ot

iH
13.20 usec
-4.00 o8

400. 1324008 Mz

wc
L
PL1

EH
0
.30 H2
0
1.60
0,42000 ppm/cn

10.000 ppe
480, 05481 H2/fem

32788

29,00 ca

69.54 ca
4001.30 H2
~0.500 pps
-200.07 Hz

400. 1300083 Mz

F2 - Procesaing pacametsry

5]
10 B4R plat peremeters

8
LY
§88
B
£x
oY

o

1eubaju]

N L R A TR A A
]

e

—ry

ER R R B R
3




PROCHO i

F2 - Acquisition Paraneters

Date_ 20100607

Time 21.00

INSTRUM avdto

FROBHD B mm QWP 1HA13

PLLAROG 2930
32788

SOLVENT €13

NS 103

Ds 0

SHH 8012.820 H2

FIGRES 0.244532 Hz

M 2.0447731 seC

RG 26561

[ G2.400 usac

13 6.00 usac

TE 287.8 K

o 1.00000000 sec

MCREST 0.00000000 sec

MCHAK 001500000 sec

sawmmses CHANNEL | sesmusnms

HE1 iH

P 13.20 usec

PL1 . -4.00 4B

SFO1 400. 1324008 NH2

F2 - Processing porsmaters
ST 32768

5 400, 1300073 MHz
WON EW

55 g

LB 0.30 M2
-] a

c Lt

10 HMA plot parantars

Cx 25.00 o
cr 17.65 cm
P 103500 ppm
Fi 4201.37 W
F2F -0.500 ppr
F2 -200.07 Kr
PPREM 0.44000 pps/es
HZCH 176.05721 Hr/cm

C‘\

§.5823
0.5226
1.3631

Integral

7.9788
7.9482
7.9135
7.9047
7.8849
7.7293
7.7188
7.7054
7.6999
7.6846
7 .665B
7.2647 -
B.5757
6.9656
£.9585

ppm

e

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

@ MW W WO YW O 00U vt 8 vt T P ot P B T 00T S
o S W0 oo et~ D~ T OOUOUOMNMEY OO0 TAWTOMNOOOMRET ONNSD
S mO~O LN~ 0o MO M-a-AYUORTON-—CM~0TU—000C
W W wwuw L s A L B o B VR o TR Vo TR o VI S VINE I I I I T T T T B e B B T . |

= Pd//\\\ngﬁ\\Pq

| H /

= NN N:N

2d

N=N

9.0000
2.1575
3.2473

LA B L T L L I R I A A L L B M ]

3 4 3 2 1 0

77




<<
  /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


