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Experimental Section

Reagents and solutions

Deionized and distilled water purified by a Milli-Q system (Japan Millipore, Tokyo, Japan)
was used. 2,3-Dibromomaleimide, potassium tert-butoxide (THF), methyl magnesium
chloride (3M in THF), Iron (II) bromide were purchased from Aldrich (Milwaukee, USA).
Indole, 2-phenylindole, 2-acetonaphthone, 2-iodoaniline, ammonium nitrate, palladium black,
palladium acetate, tetrakis(triphenylphosphine)palladium, acetone, benzene, chloroform,
dichloromethane, dimethylformamide, ethyl acetate, hexane, methanol, sodium hydroxide,
toluene and hydrogen peroxide (30 %) were purchased from Wako Chemicals (Osaka, Japan).
2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (98%, DDQ), p-toluenesulfonic acid
monohydrate (p-TsOH), acetonitrile, ethanol and tetrahydrofuran were purchased from
Nacalai Tesque (Kyoto, Japan). All other chemicals and solvents were of analytical reagent

grade.

Apparatus and its operations

The 'H-NMR spectra were obtained using a Varian UNITY plus (USA) spectrometer at 500
MHz. The FAB MS spectra of 1—15 were obtained using a JEOL JMS 600 (Tokyo, Japan).

The absorbance and fluorescence spectra of 1—15 were obtained using a Jasco V-530

absorptiometer and an FP-6500 fluorometer (Tokyo, Japan).
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Spectra data of compounds 1, 2, 4, 7 and 13

3-Bromo-4-(1H-3-indolyl)-2,5-dihydro-1H-pyrroledione (1). m.p.: 182-184°C. 'H-NMR
(DMSO-dg): 7.11-7.19 (m, 1H, ArH), 7.2-7.22 (m, 1H, ArH), 7.48-7.50 (t, J = 8 Hz, 1H,
ArH), 7.87-7.89 (d, J = 8 Hz, 1H, ArH), 8.01-8.02 (d, J = 3 Hz, 1H, ArH), 11.3 (s, 1H,
maleimide NH), 12 (s, 1H, indole NH), FAB MS: m/z = 292.05 [M+H]", C,,H;BrN,0, calc.
(%): H; 2.42 , C; 49.51, N; 9.62. Found (%): H; 2.58, C; 49.86, N; 9.34.

3-Bromo-4-(2-phenyl-1H-3-indolyl)-2,5-dihydro-1H-pyrroledione (2). m.p.: 245-
247°C. 'H-NMR(DMSO-dy): 7.08-7.11 (m, 1H, ArH), 7.19-7.22 (m, 1H, ArH), 7.35-7.38 (t,
J =17.5Hz, 1H, ArH), 7.44-7.48 (m, 4H, ArH), 7.54 (d, J = 7.5 Hz, 2H, ArH), 11.3 (s, 1H,
maleimide NH), 12 (s, 1H, indole NH), FAB MS: m/z = 368.1 [M+H]", C,3sH;;BrN,0,, calc.
(%): H; 3.02, C; 58.88, N; 7.63. Found (%): H; 3.26, C; 59.29, N; 7.36.

3-(1H-3-indolyl)-2,5-pyrrolidinedione (4). m.p.: 108—111°C. '"H-NMR(DMSO-dq): 2.72—
2.77 (dd, J= 5.5 Hz, 1H, H), 3.14-3.20 (dd, J = 9.5 Hz, 1H), 4.3-4.33 (m, 1H), 6.96—6.98 (m,
1H, ArH), 7.07-7.10 (m, 1H, ArH), 7.29-7.30 (d, J = 2.5 Hz, 1H, ArH), 7.35-7.36 (d, J = 8
Hz, 1H, ArH), 7.40-7.41 (d, J = 7.5 Hz, 1H, ArH), 10.9 (s, 1H, maleimide NH), 11.2 (s, 1H,
indole NH). FAB MS: m/z = 214.16 [M]", C;,H;(N,O, * 3 / 4 H,0, calc. (%): H; 5.09, C;
63.29, N; 12.30. Found (%): H; 4.96, C; 63.17, N; 11.54.

3-(1H-3-indolyl)-2,5-dihydro-1H-2,5-pyrroledione (7). m.p.: 200-203°C. 'H-NMR
(DMSO-dq): 6.76 (s, 1H, Olefin H), 7.17-7.26 (m, 2H, ArH), 7.50-7.51 (d, J = 7.5 Hz, 1H,
ArH), 7.93-7.95 (d, J = 8 Hz, 1H, ArH), 8.33-8.34 (d, J = 3 Hz, 1H, ArH), 10.70 (s, 1H,
maleimide NH), 11.97 (s, 1H, indole NH), FAB MS: m/z = 213.15 [M+H]", C;,HgN,O,, calc.
(%): H; 3.80, C; 67.92, N; 13.20. Found (%): H; 3.92, C; 67.69, N; 13.05.

Methyl-3-(indole-3-yl)pyruvic acid (13). m.p.: 165-168°C. 'H-NMR(DMSO-d,): 3.78 (s,
1H, -OCH,), 6.81 (s, 1H, ArH), 7.04-7.07 (t, J = 7.5 Hz, 1H,ArH), 7.11-7.14 (t, /= 7.5 Hz,
1H, ArH), 7.39-7.40 (d, /= 8 Hz, 1H,ArH), 7.69-7.71 (d, J = 8 Hz, 1H, ArH), 7.879-7.884 (d,
J =2.5 Hz, 1H, -CH;-), 8.916-8.919 (d, J = 1.5 Hz, 1H, -CH;-), 11.39 (s, 1H, indole NH),
FAB MS: m/z = 217.14 [M+H]", C;,HNO;, calc. (%): C; 66.35, H; 5.10, N; 6.45. Found (%):
C; 66.27, H; 5.15, N; 6.44.
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IMBr_2,hl

Pulse Sequence: s2pul
DATE Apr 30 2008
SOLVENT dmso
OBSERVE E1
FREQUENCY 499.781 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.5 usec
TEMPERATURE 30.0 deg. C.
NO. REPETITIONS 32
DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz

FT SIZE 65536

TOTAL ACQUISITION TIME 3 minutes

4%

T ﬂlwf T 17 71

12 11

o
|
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P2MBr,hl

Pulse Sequence: s2pul

DATE May 9 2008

SOLVENT dmso

OBSERVE H1

FREQUENCY 499.780 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.4 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 32

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITICN TIME 3 minutes
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N2BIM, hl

Pulse Sequence: s2pul
DATE Dec 5 2007
SOLVENT dmso
OBSERVE H1

FREQUENCY 499.781 MHz

SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.4 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 128
DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536
TOTAL ACQUISITION TIME 11 minutes

13 12 11 10
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IMBrR,hl

Pulse Sequence: s2pul
DATE Jun 2 2008

SOLVENT dmso (@)

OBSERVE H1 I T
FREQUENCY 499.780 MHz

SPECTRAL WIDTH 7500.5 Hz

ACQUISITION TIME 2.186 sec Irz

RELAXATION DELAY 2.814 sec

PULSE WIDTH 4.3 usec \
TEMPERATURE 30.0 deg. C. o I ZT

NO. REPETITIONS 16

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 1 minutes

11 10 9 8

\\
A m_
/ _
Vo ,
_ — A :ﬁ\\ A
| f
| |
A i Wi Wi o
T B L T T —T
4 3 2

1 ppm
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P2MErR_2,hl

Pulse Sequence: s2pul

DATE Sep 17 2008

SOLVENT dmso

OBSERVE H1

FREQUENCY 499.781 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.1 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 32

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 3 minutes

13 12 11

ppm
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NMR2,h1

Pulse Sequence: s2pul
DATE Mar 19 2009
SOLVENT dmso
OBSERVE H1

FREQUENCY 499.781 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2,186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTE 4.3 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 256

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENEANCEMENT -0.0 Hz
FT SIZE 65536
TOTAL ACQUISITION TIME 21 minutes

L

A

13 12 11

10

9

17T

[

7

5
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IMBrO,hl

Pulse Sequence: s2pul
DATE Jun 4 2008
SOLVENT dmso
OBSERVE H1
FREQUENCY 499.780 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.3 usec
TEMPERATURE 30.0 deg. C.
NO. REPETITIONS 20
DOUBLE PRECISION ACQUISITION
DATA PROCESSING
RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 2 minutes
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P2MBrO_1,h1

Pulse Sequence: s2pul

DATE Oct 21 2008

SOLVENT dmso

OBSERVE H1

FREQUENCY 499.781 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.4 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 32

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 3 minutes

B

f

—_ - -y —_—
r A :’ Al W . .Rr_ | ﬁ J 7 'l
.|I.J.. 7 T T —1 T T A—|_ T F 1_‘ T T T ..ml L TJ T T T T T T L ﬁ| _||<|<|<||_ T j.|— al
13 12 11 10 9 8 7 6 3
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IMSP, hl

Pulse Sequence: s2pul
DATE Nov 11 2008
SOLVENT dmso
OBSERVE H1

FREQUENCY 499.781 MEz

SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.4 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 32

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 3 minutes

L

T

u
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IMSN,hl

Pulse Sequence: s2pul

DATE Nov 11 2008

SOLVENT dmso

OBSERVE H1
FREQUENCY 499.781 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.4 usec
TEMPERATURE 30.0 deg. C.
NO. REPETITIONS 32

. DOUBLE PRECISION ACQUISITION
DATA PROCESSING
RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 3 minutes

-
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IMSPR,h1l

Pulse Sequence: s2pul
DATE Jan 14 2009
SOLVENT dmso
OBSERVE H1
FREQUENCY 499.780 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.5 usec
TEMPERATURE 30.0 deg. C.
NO. REPETITIONS 32
DOUBLE PRECISION ACQUISITION
DATA PROCESSING
RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536
TOTAL ACQUISITION TIME 3 minutes

|

ppm
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IMSNR,h1

Pulse Segquence: s2pul
DATE Jan 14 2009
SOLVENT dmso

OBSERVE H1
FREQUENCY 499.780 MHz (@) T O
=z

SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec

RELAXATION DELAY 2.814 sec T
PULSE WIDTE 4.5 usec

TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 32

DOUBLE PRECISION ACQUISITION

DATA PROCESSING
RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 3 minutes

oT ¥ zT

12

ppm
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MIP,hl

OCHs

Pulse Sequence: s2pul

DATE Feb 5 2009

SOLVENT dmso

OBSERVE B1 O

FREQUENCY 459.781 MHz

SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.5 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 32

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Ez
FT SIZE 65536

TOTAL ACQUISITION TIME 3 minutes

13
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MIPMI,hl

Pulse Sequence: s2pul
DATE Feb 27 2009
SOLVENT dmso
OBSERVE H1
FREQUENCY 499.781 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.4 usec
TEMPERATURE 30.0 deg. C.
NO. REPETITIONS 32
DOUBLE PRECISION ACQUISITION
DATA PROCESSING
RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536
TOTAL ACQUISITION TIME 3 minutes

OCHs
OCHs

7 “zT

14

p 5§ 10
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IMMS,hl

Pulse Sequence: s2pul

DATE Jul 9 2009

SOLVENT dmso

OBSERVE H1

FREQUENCY 499.771 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.190 sec
RELAXATION DELAY 2.810 sec
PULSE WIDTH 4.4 usec
TEMPERATURE 30.0 deg. C.

NO. REPETITIONS 64

DOUBLE PRECISION ACQUISITION
DATA PROCESSING

RESOLUTION ENHANCEMENT -0.0 Hz
FT SIZE 65536

TOTAL ACQUISITION TIME 5 minutes

A A ? . N (N | S
T 1 % 1 1 * 1 ,\J|<|<‘ A D A W T I L ,1‘1«‘\, T ‘Aﬁ\ 1 I T I T 7 [ 1
12 11 10 8 7 5 4 2 1 ppm
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N2I,hl

Pulse Sequence: s2pul

DATE Nov 13 2007
SOLVENT dmso

OBSERVE H1

FREQUENCY 499.781 MHz
SPECTRAL WIDTH 7500.5 Hz
ACQUISITION TIME 2.186 sec
RELAXATION DELAY 2.814 sec
PULSE WIDTH 4.5 usec \
TEMPERATURE 30.0 deg. C. ZT
NO. REPETITIONS 32

DOUBLE PRECISION ACQUISITION
DATA PROCESSING
RESOLUTION ENHANCEMENT -0.0 Hz

FT SIZE 65536
TOTAL ACQUISITION TIME 3 minutes

2-Naphthylindole

12 11 10 9

ppm
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Fig. S1. Absorption spectra of compounds 1-12 and 15 in CH;CN

The concentration of compounds 1-5 and 7 is 0.02 mM. The concentration of
compounds 6, 8,9, 10, 12 and 15 is 0.01 mM. The concentration of compound 11 is
0.1 mM.
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Fig. S2. FL spectra of compounds 1-12 and 15
The concentration of compounds is 0.1 uM except for compounds 1, 4, 7, 11 and 15
(10 uM).

S24



= (=1 (=1 =1 =
= (=] = (=]
(=) w (=] w
[ — —_—
S /3unod uojoyd
S
o 7]
=z -~
7 Nzx

10

(]

Time / min

400

(=] (=] (=]
[=] (=] =
- A —

1S / 3unod uojoyq

10

[}

9

]

Time / min

400

300
200
100

1S /3unod uojoyq

10

6

]

Time / min

S25



2000

=1 =1 =1
(=1 = (=1
e =] W
— —

1S /3unod uojoyd

10

[§

~

Time / min

200

= =
o =
— —

1S / unod uojoyq

=
w

10

[}

]

‘1ime / min

Time / min

S26



Photon count / s™!

Photon count / s’}

Photon count /s

12000

8000

4000

500

400

300

200

100

2 4 g

=]

10

Time / min

6000

5000 -

4000

3000 |

2000 |

1000

2 4 6

=]

10

Time / min

2 4 6

=]

10

Time / min

S27



H
N

2T

Photon count / s™!

Photon count / s™!

Photon count / s™!

10000

8000

6000

4000

2000

4 6

=]

Time / min

10

4 o

sl

Time / min

10

S28

4 6

=]

Time / min

10



Photon count / s
é

Fig. S3. Time course of CL of compounds 1-12 and 15

100

4

6

Time / min

Int.

300
Wavelength [nm]

Fig. S4. FL spectrum of compound 16 in H,O
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TCLS, Bl

=}
Pulss Sequence: sdpul H2
DATE oot 19 200% P~
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FREQTERCY 490 TED MEz o

S30

O T
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TEMPERATURE 30.0 dag. C. o © ¢H
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DATA PROCESSING
RESOLUTION ENHANCEMENT -0.0 Nz
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FAB MS of compound 16

[ Mass Spectrum 1]
Data : fp2@23070 Date : 17-Cct-200S 14:00
Sample: 7CL-5
Note : mNBA
Inlet : Direct Ion Mode : FRB+
Spectrum Type : Normal Ion [M~-Linearl
RT : 8.86 min Scan# : (1,4)
BP : m/z 126.000@ Int. : 56.69
Output m/z range : 58.0008 to S0B.00ED Cut Levei : 80.20 %
583487 176
100 {

99 +

80 - mma

78+

62 135

©
Tz oo ©
goY (=
P4
[M+3H,O0]"
329

180 208 220 242 260 288 300 328 340 360

380 408 420 440
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Cyclic voltammograms of maleimide, compounds 4, 7 and 15
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Fig. S6. Absorption spectra of compound 7 (0.05 mM) in 0, 0.5, 1 or 2 %
triethylamine-CH3CN solution
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Fig. S7. The FL excitation spectra of compound 7 (10 uM) in 0, 1, 5 or 10 %
triethylamine-CH3CN solution
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Fig. S8. The FL emission spectra of compound 7 (10 uM) in 0, 1, 5 or 10 %
triethylamine-CH3CN solution (ex. 396 nm)
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