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1.Materials and General Methods

All chemicals were purchased from commercial suppliers and used without further
purification unless otherwise specified. The solvent DMF from Alfa Aesar was dry and used
directly, and THF was distilled over sodium and benzophenone.

'"H NMR and *C NMR spectra were recorded in deuterated solvents using a BRUKER
AVANCE 111 400 HD (400 MHz), or a BRUKER AVIII 500WB(500 MHz) NMR Spectrometer.
NMR chemical shifts are reported in ppm using the residual protonated solvent as an internal
standard. Mass spectra (MALDI-TOF-MS) were determined using a Bruker BIFLEX Il Mass
Spectrometer. High resolution mass spectra (HRMS) were determined on a Bruker Daltonics Inc.
BIFLEX 111 MALDI-TOF or a Waters micromass GCT Mass Spectrometer.

Absorption spectra were measured with a Hitachi (modelU-3010) UV-Vis spectrophotometer
in a 1 cm quartz cell. Cyclic voltammetry (CV) was performed using a Zahner IM6e
electrochemical workstation at a scan rate of 100 mV s, using glassy carbon discs as the working
electrodes, Pt wire as the counter electrode, Ag/AgCI electrode as the reference electrode. 0.1 M
tetrabutylammonium hexafuorophosphate (n-BusNPFg) dissolved in CH,Cl, (HPLC grade) was
employed as the supporting electrolyte. Ferrocene/ferrocenium was employed as an external
reference, the energy level of which is assumed to be -4.8 eV below the vacuum level.*? The
LUMO and HOMO levels were estimated from the onset potentials of the first reduction and
oxidation waves in CV, respectively. The half-wave potential of oxidation peak of Fc was

measured to be 0.48 V against Ag/AgCl.



2.Experimental Section
6H-Phenanthro[1,10,9,8-c,d,e,f,g]carbazole (1) and

3,6-bis(4-bromophenyl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (10) was

3.4
synthesized according to the literature.
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Synthesis of 2
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A mixture of 6H-Phenanthro[1,10,9,8-c,d,e,f,g]carbazole (530 mg, 2 mmol), NaH (72 mg,
3mmol), 2-Ethylhexyl bromide (580 mg, 3mmol) in dry 50 ml THF was stirred at 66 <C for 12 h
under argon. After cooling to room temperature, the mixture was stirred for 30 min at 0 <C before
2 ml of water was added dropwise. The reaction mixture was then poured into water and the
product was extracted with dichloromethane. The solvent was evaporated under reduced pressure,

and the crude product was purified by column chromatography on silica gel (petroleum ether) to



give695 mg of compound 2 in 92% vield as yellow solids. *H NMR (400 MHz, CDCls, 298 K) & =
8.65 (d, 2H), 8.12 (d, 2H), 7.91 (d, 2H), 7.83-7.77 (m, 4H), 4.58-4.54 (m, 2H), 2.25-2.19 (m, 1H),
1.46-1.24 (m, 8H), 0.94 (t, 3H), 0.86 (t, 3H). *C NMR (100 MHz, CDCls, 298 K) & = 132.41,
130.62, 129.01, 125.22, 125.10, 124.70, 123.79, 120.90, 117.55, 113.71, 49.89, 41.65, 31.21,
29.07, 24.56, 23.32, 14.37, 11.11. MS (EI): calcd for [M], 377; found, 377. HRMS (El, [M]",

100%): calcd for C,gH,7N, 377.2144; found, 377.2148.

Synthesis of 3
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N-Bromosuccinimide (392 mg, 2.2 mmol) was added to a solution of 2 (755 mg, 2mmol) in

Br

N,N-Dimethylformamide (80 mL) under ice-water bath. The mixture was stirred for 0.5 h and
guenched with saturated aqueous Na,COs. The mixture was extracted with CH,ClI, for three times.
The combined extractions were washed with brine and then dried with Na,SO,. After the solvents
were removed under vacuum, the crude product was purified by column chromatography on silica
gel (petroleum ether) and recrystallized with methanol/dichloromethane to afford 840mg of
compound 3 in 92% yield as yellow solids."H NMR (400 MHz, DMSO-ds, 298 K) & = 8.89 (d,
1H), 8.85(d, 1H), 8.50 (s, 1H), 8.26 (t, 2H), 8.04 (s, 2H), 7.98(t, 1H), 7.88 (t, 1H), 4.71 (d, 2H),
2.19-2.13 (m, 1H), 1.37- 1.15 (m, 8H), 0.88 (t, 3H), 0.76 (t, 3H). **C NMR (100 MHz, DMSO-d,
298 K) & = 132.19, 131.38, 129.84, 128.86, 128.20, 127.08, 125.78, 125.65, 124.96, 124.42,
124.09, 123.74, 123.54, 121.99, 121.66, 118.24, 116.43, 115.80, 115.66, 114.54, 49.08, 40.50,
29.94, 27.75, 23.47, 22.42, 13.74, 10.51. MS (EI): calcd for [M]", 455; found, 455. HRMS (El,

[M]", 100%): calcd for CogH,s "BrN, 455.1249; found, 455.1243.
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A mixture of 3 (456 mg, 1 mmol), Pd(PPhs), (116 mg, 0.1 mmol), 4-Methoxyphenylboronic

Synthesis of 4

acid (304mg, 2 mmol) and K,CO;3; (829 mg, 6 mmol) in 30 mL of THF and 3mL of H,O was



refluxed for 4 h. After cooling to room temperature, the mixture was extracted with 100 mL of
CH,Cl,. The extractions were washed with brine and then dried with Na,SO,4. After removing the
solvents by rotary evaporation, the residue was purified by column chromatography on silica
(petroleum ether/CH,CI, =5/1, v/v) and recrystallized with methanol/dichloromethane to give 416
mg of compound 4 in 86% yield as yellow solids. '"H NMR (400 MHz, CDCls, 298 K) & = 8.68
(dd, 2H), 8.13 (d, 2H), 7.92 (d, 1H), 7.84-7.75 (m, 3H), 7.73 (s, 1H), 7.66 (d, 2H), 7.13 (d, 2H),
4.63-4.51 (m, 2H), 3.95 (s, 3H), 2.27-2.24 (m, 1H), 1.46-1.23 (m, 8H), 0.94 (t, 3H), 0.85 (t, 3H).
BC NMR (100 MHz, CDCls, 298 K) 6 = 159.24, 137.38, 134.86, 132.44, 131.67, 130.84, 130.74,
129.00, 128.31, 125.25, 125.16, 124.97, 124.74, 124.66, 124.55, 123.63, 121.08, 120.85, 117.62,
116.85, 114.29, 114.20, 113.64, 55.69, 49.86, 41.55, 31.17, 28.97, 24.53, 23.32, 14.32, 11.07. MS
(E1): calcd for [M]*, 483; found, 483. HRMS (EI, [M]", 100%): calcd for CssH33NO, 483.2562;
found, 483.2557.

Synthesis of 5
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To a stirred solution of 3 (456 mg, 1 mmol) and Cul (19 mg, 0.1 mmol) in DMF (30 mL) was

MeO

added 1.5 mmol sodium methoxide (30% w/w solution in methanol). The reaction mixture was
stirred at 90 <T under argon for 5 h and then diluted with 200 mL water. The resulting mixture was
extracted with dichloromethane, washed with brine, and organic layers were dried over anhydrous
sodium sulfate. After removing solvent under reduced pressure, the residue was purified by
column chromatography on silica (petroleum ether/CH,Cl, = 10/1, v/v) and recrystallized with
methanol/dichloromethane to give 310 mg of compound 5 in 76% yield as yellow solids. "H NMR
(400 MHz, DMSO-ds, 298 K) & = 8.78 (d, 1H), 8.71 (d, 1H), 8.24 (d, 1H), 8.14 (d, 1H), 7.95 (d,
1H), 7.85-7.78 (m, 3H), 7.53 (s,1H), 4.65 (d, 2H), 4.16 (s, 3H), 2.19-2.16 (m, 1H), 1.38-1.15 (m,
8H), 0.89 (t, 3H), 0.77 (t, 3H). *C NMR (100 MHz, DMSO-dg, 298 K) & = 155.24, 132.02, 130.73,
129.39, 129.25, 128.38, 124.79, 124.48, 123.97, 123.73, 123.65, 122.15, 121.88, 121.22, 120.88,
120.41, 116.64, 114.24, 110.02, 94.01, 56.29, 48.81, 40.42, 30.01, 27.80, 23.47, 22.40, 13.71,

10.51. MS (El): calcd for [M]", 407; found, 407. HRMS (EI, [M]*, 100%): calcd for C,gHxgNO



[M]", 407.2249; found, 407.2244.

Synthesis of 6
C¢H,30 8’8

A mixture of 3 (456 mg, 1 mmol), Cul (9.5 mg, 0.05 mmol), MesPhen (24 mg, 0.10 mmol),
Cs,CO3 (490 mg, 1.5 mmol), and n-hexanol (3 mL) as solvent stirred for 24 h at 130 <C. After
cooling to room temperature, the mixture was extracted with dichloromethane. The extractions
were washed with brine and then dried with Na,SO,. After removing solvent under reduced
pressure, the residue was purified by column chromatography on silica (petroleum ether/CH,CI,
=5/1, v/v) and recrystallized with methanol/dichloromethane to give 410 mg of compound 6 in 86%
yield as yellow solids. *H NMR (400 MHz, DMSO-dg, 298 K) & = 8.77 (d, 1H), 8.71 (d, 1H), 8.23
(d,1H), 8.14 (d, 1H), 7.94 (d, 1H), 7.84-7.77 (m, 3H), 7.51 (s, 1H), 4.64 (d, 2H), 4.33 (t, 2H),
2.22-2.12 (m, 1H), 1.99-1.92 (m, 2H), 1.64-1.57 (m, 2H), 1.45-1.14 (12H), 0.93-0.83 (m, 6H),
0.77 (t, 3H). *C NMR (125 MHz, DMSO-ds, 353 K) & = 154.32, 131.90, 130.70, 129.16, 129.03,
128.15, 124.33, 124.04, 123.60, 123.51, 123.47, 122.31, 121.31, 120.90, 120.53, 119.91, 116.50,
113.73, 110.02, 95.11, 68.79, 48.79, 40.25, 30.55, 30.01, 28.38, 27.64, 24.92, 23.44, 21.85, 21.48,
13.20, 13.06, 10.13. MS (EI): calcd for [M]", 477; found, 477. HRMS (EI, [M]", 100%): calcd for

C34H39NO, 477.3032; found,477.3023.
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The synthesis method resembles that of compound 3 and the compound was purified by

Synthesis of 7

column chromatography on silica gel (petroleum ether) and recrystallized with
methanol/dichloromethane to afford compound 7 in 96% yield as yellow solids. *H NMR (400
MHz, CDCl,, 298 K) & = 8.68 (d, 2H), 8.33 (d, 1H), 8.15 (d, 1H), 8.07 (s, 1H), 7.89 (t, 1H), 7.78 (t,
1H), 7.68 (s, 1H), 7.65 (d, 2H), 7.13 (d, 2H), 4.50-4.47 (m, 2H), 3.95 (s, 3H), 2.22-2.19 (m, 1H),

1.41-1.25 (m, 8H), 0.93 (t, 3H), 0.85 (t, 3H). *C NMR (100 MHz, CDCls, 298 K) & = 159.32,



134.67, 131.63, 130.43, 130.04, 128.01, 127.75, 125.28, 124.73, 124.56, 124.49, 124.22, 121.30,
116.98, 116.62, 116.09, 114.25, 114.03, 55.74, 49.81, 41.39, 31.07, 28.87, 24.49, 23.32, 14.31,
11.05. MS (El): caled for [M]", 561; found, 561. HRMS (El, [M]*, 100%): calcd for
CasHs,"BrNO, 561.1667; found, 561.1674.

Synthesis of 8

Ya
MeO Q.Q Br

3

The synthesis method resembles that of compound 3 and the compound was purified by
column chromatography on silica gel (petroleum ether) and recrystallized with
methanol/dichloromethane to afford compound 8 in 90% yield as yellow solids. *H NMR (400
MHz, DMSO-ds, 298 K) & = 8.81(dd, 2H), 8.35 (s, 1H), 8.26 (d, 1H), 8.20 (d, 1H), 7.93 (t, 1H),
7.82 (t, 1H), 7.48 (s, 1H), 4.61 (d, 2H), 4.15 (s, 3H), 2.21-2.08 (m, 1H), 1.39-1.14 (m, 8H), 0.87 (t,
3H), 0.77 (t, 3H). *C NMR (100 MHz, DMSO-ds, 298 K) & = 155.78, 132.49, 130.20, 129.69,
128.56, 127.07, 125.56, 124.22, 123.72, 123.27, 123.22, 122.47, 122.10, 121.36, 121.30, 117.86,
116.04, 113.88, 109.53, 93.80, 56.31, 48.82, 40.27, 29.86, 27.67, 23.40, 22.43, 13.73, 10.49. MS
(EI): calcd for [M]", 487; found, 487. HRMS (EI, [M]", 100%): calcd for CogH,g>'BrNO, 487.1334:
found, 487.1343.

Synthesis of 9
CeH 30 8.9

N

3

The synthesis method resembles that of compound 3 and the compound was purified by

Br

column chromatography on silica gel petroleum ether/CH,Cl, =5/1, v/v) and recrystallized with
methanol/dichloromethane to afford compound 9 in 92% yield as yellow solids."H NMR (400
MHz, DMSO-dg, 298 K) & = 8.84 (t, 2H), 8.39 (s, 1H), 8.28 (d, 1H), 8.22 (d, 1H), 7.94 (t, 1H),
7.84 (t, 1H), 7.52 (s, 1H), 4.65 (d, 2H), 4.34 (t, 2H), 2.19-2.12 (m, 1H), 2.01-1.91 (m, 2H),
1.67-1.56 (m, 2H), 1.44-1.13 (m, 12H), 0.96-0.84 (m, 6H), 0.77 (t, 3H). **C NMR (125 MHz,

DMSO-ds, 353 K) & = 154.93, 132.48, 130.21, 129.51, 128.38, 126.93, 125.15, 123.81, 123.37,



123.17, 123.13, 122.30, 121.97, 121.06, 120.84, 117.47, 116.01, 113.60, 109.57, 94.88, 68.77,
48.83, 40.14, 30.55, 29.89, 28.33, 27.54, 24.91, 23.38, 21.87, 21.49, 13.21, 13.06, 10.11. MS (EI):
calcd for [M]*, 557; found, 557. HRMS (EI, [M]*, 100%): calcd for CsHss*'BrNO, 557.2116;
found,557.2128.

Synthesis of 11

A mixture of 10 (671 mg, 1 mmol), Pd(PPhs), (58 mg, 0.05 mmol), and K,CO3 (1106 mg, 8
mmol) in 30 mL of THF and 4 mL of H,O were heated to 45 <C under a argon atmosphere for 30
min. A solution of 5-Formyl-2-thiopheneboronic acid (187 mg, 1.2 mmol) in THF (10 mL) was
added slowly, and the mixture was refluxed for a further 12 h. After cooling to room temperature,
the mixture wasextracted with 50 mL of CH,Cl,. The extractions were washed with brine and then
dried withNa,SO,4. After removingthe solvents by rotary evaporation, the residue was purified
bycolumn chromatography on silica (petroleum ether/CH,Cl, =2/1, v/v) and recrystallized with
methanol/dichloromethane to give 295 mg of compound 11 in 42% yield as orange red solids. *H
NMR (400 MHz, CDCl,, 298 K) & = 9.88 (s, 1H), 7.76 (d, 2H), 7.70 (d, 1H), 7.65 (d, 2H), 7.55(d,
2H), 7.49 (d, 2H), 7.42 (d, 1H), 3.71 (d, 2H), 3.67 (d, 2H), 1.44-1.32 (m, 2H), 1.20-0.96 (m, 16H),
0.79-0.67 (m, 12H). *C NMR (100 MHz, CDCls, 298 K) & = 182.98, 162.73, 152.87, 148.15,
148.07, 143.57, 137.51, 135.35, 132.23, 130.50, 129.88, 129.34, 127.44, 126.56, 125.87, 125.27,
110.22, 110.00, 45.20, 45.10, 38.75, 30.64, 28.58, 24.10, 23.14, 14.22, 10.72. MS (El): calcd for
[M]", 702; found, 702. HRMS (EI, [M]*, 100%): calcd for C39H4581BrN2038, 702.2314; found,
702.2296.

Synthesis of 12
S Y

N

A 100 mL Schlenk flask was charged with 3 (456 mg, 1 mmol), PdCl,(PPhs), (70 mg, 0.1

9



mmol), pinacolborane (512 mg, 4 mmol), triethylamine (607 mg, 6 mmol) and 1,2-dichloroethane
(40 mL) under argon. The reaction mixture was stirred at 90 <C for 3 hours. After removal of the
solvent, the crude product was purified by column chromatography on silica gel (petroleum
ether/CH,Cl, = 5/1, v/v) and recrystallized with methanol/dichloromethane to give 453 mg of
compound 12 in 90% vield as yellow solids. *"H NMR (400 MHz, CDCls, 298 K) & = 9.00 (d, 1H),
8.67 (d, 2H), 8.45 (s, 1H), 8.11 (d, 1H), 7.95 (d, 1H), 7.87(t, 1H), 7.83-7.78 (m, 2H), 4.67-4.56 (m,
2H), 2.30-2.24 (m, 1H), 1.51 (s, 12H), 1.46-1.25 (m, 8H), 0.95 (t, 3H), 0.88 (t, 3H). *C NMR
(100 MHz, CDCl3, 298 K) & = 133.30, 132.82, 132.33, 130.92, 130.60, 128.85, 127.07, 125.28,
125.08, 124.97, 124.86, 124.78, 123.01, 121.01, 120.70, 120.16, 117.53, 113.72, 100.26, 83.88,
49.81, 41.57, 31.09, 28.91, 25.44, 25.41, 24.62, 23.31, 14.39, 11.17. MS (MALDI-TOF): calcd for
[M]*, 503.3; found, 503.2. HRMS (EI, [M]", 100%): calcd for Cs4H3sBNO,, 503.2996; found,
503.3004.

Synthesis of 13
Oad,
eO .
y wg:):

The synthesis method resembles that of compound 12 and the compound was purified by
column chromatography on silica gel (petroleum ether/CH,Cl, = 3/1, v/v) and recrystallized with
methanol/dichloromethane to give compound 13 in 94% yield as yellow solids. '"H NMR (400
MHz, CDCls, 298 K) § = 9.01 (d, 1H), 8.70 (d, 2H), 8.46 (s, 1H), 8.12 (d, 1H), 7.88 (t, 1H), 7.77(t,
1H), 7.73 (s, 1H), 7.66 (d, 2H), 7.13 (d, 2H), 4.64-4.61 (m, 2H), 3.95 (s, 3H), 2.30-2.26 (m, 1H),
1.51 (s, 12H), 1.47-1.24 (m, 8H), 0.94 (t, 3H), 0.87 (t, 3H). *C NMR (100 MHz, CDCls, 298 K) &
=159.31, 138.52, 134.77, 133.35, 132.81, 132.35, 131.65, 131.15, 130.72, 128.19, 127.04, 125.17,
124.77, 124.46, 122.95, 121.25, 120.70, 120.27, 116.85, 114.31, 114.22, 83.90, 55.72, 49.90,
41.51, 31.04, 28.84, 25.44, 25.42, 24.59, 23.36, 14.40, 11.17. MS (EI): calcd for [M]", 609; found,
609. HRMS (EI, [M]", 100%): calcd for C4H4BNO3, 609.3414; found, 609.3424.

Synthesis of 14

10
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The synthesis method resembles that of compound 12 and the compound was purified by
column chromatography on silica gel (petroleum ether/CH,CI, = 3/1, v/v) and recrystallized with
methanol/dichloromethane to give compound 14 in 86% yield as yellow solids. '"H NMR (500
MHz, DMSO-ds, 353 K) & = 8.86 (d, 1H), 8.77 (d, 1H), 8.71 (d, 1H), 8.41 (s, 1H), 8.26 (d, 1H),
7.84 (t, 1H), 7.81 (t, 1H), 7.48 (s, 1H), 4.67 (d, 2H), 4.19 (s, 3H), 2.23-2.15 (m, 1H), 1.47 (s, 12H),
1.43-1.20 (m, 8H), 0.92 (t, 3H), 0.82 (t, 3H). *C NMR (125 MHz, DMSO-ds, 353 K) & = 156.07,
133.13, 131.77, 130.32, 129.24, 129.16, 125.77, 124.34, 123.70, 123.57, 123.38, 122.27, 121.98,
121.62, 120.53, 119.75, 119.17, 109.92, 93.83, 82.90, 56.19, 48.57, 40.34, 29.93, 27.58, 24.38,
24.36, 23.50, 21.84, 13.12, 10.20. MS (EI): calcd for [M]", 533; found, 533. HRMS (EI, [M]",

100%): calcd for C35H40BNO3, 533.3101; found, 533.3094.

Oa,
CeHlsK?i
N

Synthesis of 15

The synthesis method resembles that of compound 12 and the compound was purified by
column chromatography on silica gel (petroleum ether/CH,Cl, = 3/1, v/v) and recrystallized with
methanol/dichloromethane to give compound 15 in 96% yield as yellow solids. '"H NMR (400
MHz, DMSO-ds, 298 K) 6 = 8.86 (d, 1H), 8.82 (d, 1H), 8.75 (d, 1H), 8.40 (s, 1H), 8.25 (d, 1H),
7.90-7.79 (m, 2H), 7.55 (s, 1H), 4.71 (d, 2H), 4.37 (t, 2H), 2.17-2.11 (m, 1H), 2.01-1.94 (m, 2H),
1.66-1.58 (m, 2H), 1.4 (s, 12H), 1.41-1.17 (m, 12H), 0.94-0.88 (m, 6H), 0.81 (t, 3H). *C NMR
(125 MHz, DMSO-dg, 353 K) 6 = 155.29, 133.21, 131.78, 130.33, 129.26, 129.17, 125.75, 124.33,
123.69, 123.58, 123.42, 122.25, 122.23, 121.58, 120.55, 119.74, 119.19, 109.88, 94.75, 82.90,
68.75, 48.56, 40.36, 30.55, 29.99, 29.94, 28.33, 27.60, 24.91, 24.38, 24.36, 23.51, 21.84, 21.49,
13.21, 13.11, 10.20. MS (EI): calcd for [M]", 603; found, 603. HRMS (EI, [M]", 100%): calcd for
CoHs0BNO3, 603.3884; found,603.3890.

Synthesis of 16
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A mixture of 11 (112 mg, 0.16 mmol), Pd(PPh3), (18 mg, 0.016 mmol), and K,CO3 (221 mg,

CHO

1.6 mmol) in 10 mL of THF and 0.8 mL of H,O were heated to 45 < under a argon atmosphere
for 30 min. A solution of 12 (106 mg, 0.21 mmol) in THF (5 mL) was added slowly, and the
mixture was refluxed for a further 12 h. After cooling to room temperature, the mixture was
extracted with 50 mL of CH,Cl,. The extractions were washed with brine and then dried with
Na,SO,4. After removingthe solvents by rotary evaporation, the residue was purified by column
chromatography on silica (petroleum ether/CH,Cl, =1/3, v/v) and recrystallized with
methanol/dichloromethane to give 115 mg of compound 16 in 72% vyield as red solids."H NMR
(500 MHz, DMSO-dg, 353 K) 6 = 9.96 (s, 1H), 8.84-8.76 (m, 2H), 8.21 (d, 1H), 8.11-8.06 (m, 3H),
8.04-7.96 (m, 8H), 7.92 (d, 2H), 7.88-7.80 (m, 3H), 4.69 (d, 2H), 3.86(d, 2H), 3.79 (d, 2H),
2.28-2.18 (m, 1H), 1.50-1.10 (m, 26H), 0.91-0.73(m, 18H). *C NMR (125 MHz, DMSO-dg, 353
K) 6 = 183.30, 161.44, 161.37, 150.68, 147.81, 146.38, 143.69, 142.62, 137.96, 135.13, 134.35,
132.08, 131.42, 129.83, 129.22, 129.08, 128.43, 127.99, 126.57, 126.52, 125.96, 125.86, 124.81,
124.46, 124.33, 123.96, 123.62, 122.83, 120.84, 120.72, 115.98, 114.68, 113.82, 109.24, 108.82,
48.89, 44.15, 44.07, 40.32, 38.05, 37.92, 30.01, 29.75, 29.66, 27.61, 27.54, 27.44, 23.46, 23.26,
23.23, 21.85, 21.66, 21.63, 13.09, 13.05, 13.02, 10.11, 9.81. MS (MALDI-TOF): calcd for [M]",
997.5; found, 997.5. HRMS (MALDI-TOF, [M]", 100%): calcd for Cg;H71N303S, 997.52107;
found, 997.52062.

Synthesis of 17

@~E) gJ
Mo I~DF
ri O%.CHO

The synthesis method resembles that of compound 16 and the compound was purified by

column chromatography on silica (petroleum ether/CH,Cl, =1/3, v/v) and recrystallized with
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methanol/dichloromethane to give compound 17 in 70% vyield as red solids. "H NMR (500 MHz,
DMSO-dg, 353 K) 8 = 9.97 (s, 1H), 8.86 (t, 2H), 8.14-8.08 (m, 5H), 8.06 (d, 2H), 8.01 (d, 3H),
7.96 (s, 1H), 7.94 (d, 2H), 7.89-7.83 (m, 3H), 7.65 (d, 2H), 7.19 (d, 2H), 4.77 (d, 2H), 3.92 (s, 3H),
3.90-3.85 (m, 2H), 3.83-3.78 (m, 2H), 2.32-2.22 (m, 1H), 1.50-1.10 (m, 26H), 0.92 (t, 3H),
0.84-0.72 (m, 15H). *C NMR (125 MHz, DMSO-ds, 353 K) & = 183.34, 161.46, 161.39, 158.51,
150.69, 147.83, 146.40, 143.71, 142.64, 138.01, 136.78, 135.05, 134.38, 133.11, 132.10, 131.50,
130.59, 129.86, 129.59, 129.10, 128.46, 127.07, 126.59, 126.53, 126.01, 125.91, 124.59, 124.41,
123.85, 123.68, 122.88, 120.98, 116.07, 115.23, 114.73, 114.14, 113.83, 109.26, 108.83, 54.97,
48.87, 44.17, 44.09, 40.30, 38.07, 37.93, 29.95, 29.75, 29.66, 27.54, 27.44, 23.43, 23.26, 23.23,
21.88, 21.66, 21.63, 13.10, 13.03, 10.13, 9.83. MS (MALDI-TOF): calcd for [M]", 1103.6; found,
1103.5. HRMS (MALDI-TOF, [M]*, 100%): calcd for CrsH-7N3O,S, 1103.56293; found,
1103.56276.

Synthesis of 18

The synthesis method resembles that of compound 16 and the compound was purified by
column chromatography on silica (petroleum ether/CH,Cl, =1/3, v/v) and recrystallized with
methanol/dichloromethane to give compound 18 in 68% vyield as red solids. *"H NMR (500 MHz,
DMSO-dg, 353 K) & = 9.97 (s, 1H), 8.82 (d, 1H), 8.78 (d, 1H), 8.30 (d, 1H), 8.11-8.04 (m, 4H),
7.99 (d, 5H), 7.92 (d, 2H), 7.86-7.78 (m, 3H), 7.52 (s, 1H), 4.69 (d, 2H), 4.21 (s, 3H), 3.90-3.84
(m, 2H), 3.83-3.76 (d, 2H), 2.30-2.21 (m, 1H), 1.46-1.10 (m, 26H), 0.93 (t, 3H), 0.83-0.71 (m,
15H). BC NMR (125 MHz, DMSO-dg, 353 K) 6 =183.29, 161.45, 161.36, 155.52, 150.68, 147.89,
146.29, 143.96, 142.61, 137.95, 134.32, 132.91, 132.41, 130.52, 129.79, 129.69, 129.07, 128.98,
128.46, 128.41, 126.58, 126.32, 125.95, 125.85, 124.40, 123.73, 123.60, 123.40, 122.57, 122.05,
121.69, 120.75, 120.38, 116.44, 114.66, 109.94, 109.24, 108.75, 94.02, 56.19, 48.77, 44.15, 44.07,
40.17, 38.04, 37.90, 29.96, 29.75, 29.65, 27.58, 27.53, 27.43, 23.42, 23.25, 23.22, 21.88, 21.64,
21.61, 13.08, 13.06, 13.01, 10.12, 9.81. MS (MALDI-TOF): calcd for [M]", 1027.5; found, 1027.6.
HRMS (MALDI-TOF, [M]*, 100%): calcd for CegH7sN3O4S, 1027.53163; found, 1027.53102.
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Synthesis of 19

oa !

CeH 303 )~ )—~2) & e
rl\é O%

The synthesis method resembles that of compound 16 and the compound was purified by

()—2y-CHO

column chromatography on silica (petroleum ether/CH,Cl, =1/3, v/v) and recrystallized with
methanol/dichloromethane to give compound 19 in 64% yield as red solids. "H NMR (500 MHz,
DMSO-dg, 353 K) 6 = 9.97 (s, 1H), 8.81 (d, 1H), 8.78 (d, 1H), 8.30 (d, 1H), 8.11-8.07 (m, 3H),
8.06 (d, 1H), 8.01 (d, 4H), 7.99 (s, 1H), 7.92 (d, 2H), 7.88-7.80 (m, 3H), 7.52 (s, 1H), 4.69 (d, 2H),
4.41 (t, 2H), 3.89-3.84 (m, 2H), 3.83-3.77 (m, 2H), 2.28-2.22 (m, 1H), 2.05-1.98 (m, 2H),
1.69-1.62 (m, 2H), 1.49-1.11 (m, 30H), 0.97-0.91 (m, 6H), 0.83-0.76 (m, 12H), 0.73 (t, 3H). **C
NMR (125 MHz, DMSO-dg, 353 K) 6 = 183.32, 161.46, 161.37, 154.75, 150.69, 147.90, 146.31,
143.98, 142.62, 137.98, 134.34, 132.90, 132.52, 130.55, 129.81, 129.72, 129.09, 129.00, 128.48,
128.42, 126.60, 126.33, 125.98, 125.88, 124.42, 123.73, 123.62, 123.44, 122.57, 122.31, 121.67,
120.78, 120.39, 116.47, 114.68, 109.91, 108.76, 95.01, 68.79, 48.78, 44.16, 44.09, 40.21, 38.05,
37.93, 30.57, 29.99, 29.75, 29.66, 28.38, 27.60, 27.53, 27.44, 24.93, 23.44, 23.26, 23.23, 21.88,
21.65, 21.62, 21.50, 13.22, 13.09, 13.06, 13.02, 10.14, 9.83, 9.81. MS (MALDI-TOF): calcd for
[M]*, 1097.6; found, 1097.6. HRMS (MALDI-TOF, [M]*, 100%): calcd for C;3HgsN30,S,
1097.60988; found, 1097.60933.

Synthesis of NDO1

To a stirred solution of compound 16 (99.8 mg, 0.1 mmol) and cyanoacetic acid (25.5 mg, 0.3
mmol) in acetonitrile (10 mL) and chloroform (5 mL) was added piperidine (59.6 mg, 0.7 mmol).
The reaction mixture was refluxed under argon for 12 h and then acidified with 2 M hydrochloric

acid aqueous solution (50 mL). The crude product was extracted into dichloromethane, washed
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with brine, and dried over anhydrous sodium sulfate. After removing solvent under reduced
pressure, the residue was purified by column chromatography on silica (CH,Cl,/ methanol = 10/1,
v/v) and recrystallized with methanol/dichloromethane to give 96 mg of compound NDO1 in 90%
yield as red solids. mp>350<C. *H NMR (500 MHz, DMSO-dg, 353 K) 5 =8.82-8.78 (m, 2H), 8.21
(d, 1H), 8.12-8.06 (m, 4H), 8.01-7.94 (m, 4H), 7.91 (d, 4H), 7.88-7.82 (m, 2H), 7.78-7.70 (m, 2H),
4.64 (d, 2H), 3.92-3.85 (m, 2H), 3.84-3.75 (m, 2H), 2.26-2.17 (m, 1H), 1.50-1.11 (m, 26H),
0.92-0.89 (m, 3H), 0.84-0.72 (m, 15H). *C NMR (125 MHz, DMSO-ds, 353 K) & = 161.40,
147.59, 146.63, 146.19, 143.54, 139.07, 137.33, 134.98,, 134.76, 134.48, 131.89, 131.24, 129.74,
129.71, 129.15, 129.05, 128.41, 127.93, 127.56, 126.55, 126.39, 125.31, 125.22, 124.76, 124.33,
124.24, 123.86, 123.51, 122.73, 120.70, 120.59, 118.44, 115.82, 114.55, 113.52, 109. 00, 108.74,
48.66, 44.11, 43.98, 40.25, 38.01, 37.84, 29.99, 29.78, 29.66, 27.61, 27.55, 27.44, 23.46, 23.28,
23.24, 21.84, 21.67, 21.63, 13.09, 13.05, 13.02, 10.08, 9.82. MS (MALDI-TOF): calcd for [M]",
1064.5; found, 1064.7. HRMS (MALDI-TOF, [M]", 100%): calcd for C-oH7,N40.S, 1064.52688;
found, 1064.52615.

Synthesis of ND02

The synthesis method resembles that of compound NDO1 and the compound was purified by
column chromatography on silica (CH,Cly/ methanol = 10/1, v/v) and recrystallized with
methanol/dichloromethane to give compound NDO2 in 92% yield as red solids.mp>350<C."H
NMR (500 MHz, DMSO-ds, 353 K) & = 8.79 (t, 2H), 8.12-8.05 (m, 5H), 7.96-7.88 (m, 6H),
7.83-7.7.79 (m, 3H), 7.74-7.7.71 (m, 2H), 7.60 (d, 2H), 7.17 (d, 2H), 4.60 (d, 2H), 3.92 (s, 3H),
3.90-3.83 (m, 2H), 3.83-3.76 (m, 2H), 2.24-2.16 (m, 1H), 1.50-1.11 (m, 26H), 0.89 (t, 3H),
0.84-0.72 (m, 15H). *C NMR (125 MHz, DMSO-dg, 353 K) & = 161.42, 158.45, 147.60, 146.63,
146.26, 143.54, 139.17, 137.31, 136.56, 134.85, 134.76, 134.51, 133.10, 131.89, 131.31, 130.58,
129.84, 129.69, 129.48, 129.06, 128.43, 127.56, 126.91, 126.52, 126.35, 125.47, 125.28, 124.79,

124.38, 124.22, 123.71, 123.60, 122.74, 120.76, 118.44, 115.90, 115.08, 114.52, 113.74, 113.52,
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109.00, 108.73, 54.96, 48.58, 44.10, 43.96, 40.19, 37.99, 37.82, 31.01, 29.95, 29.78, 29,67, 27.56,
27.45, 23.42, 23.28, 23.25, 21.87, 21.67, 21.64, 13.10, 13.03, 10.09, 9.83. MS (MALDI-TOF):

calcd for [M]", 1170.6; found, 1170.6. HRMS (MALDI-TOF, [M]’, 100%): calcd for

O, %J
Me
N d N &) "N\ COOH
14

The synthesis method resembles that of compound NDO1 and the compound was purified by

C77H7sN40OsS, 1170.56874; found, 1170.56897.

Synthesis of NDO3

column chromatography on silica (CH,Cly/ methanol = 10/1, v/v) and recrystallized with
methanol/dichloromethane to give compound NDO3 in 93% yield as red solids.mp>350<C.'H
NMR (500 MHz, DMSO-ds, 353 K) & = 8.77 (d, 1H), 8.74 (d, 1H), 8.26 (d, 1H), 8.10-8.04 (m,
2H), 8.02 (d, 2H), 7.91 (d, 2H), 7.86-7.82 (m, 4H), 7.79 (dd, 2H), 7.70 (d, 1H), 7.68 (d, 1H), 7.21
(s, 1H), 4.40-4.28 (m, 2H), 4.14 (s, 3H), 3.91-3.83 (m, 2H), 3.79 (d, 2H), 2.15-2.08 (m, 1H),
1.36-1.11 (m, 26H), 0.87 (t, 3H), 0.84-0.76 (m, 12H), 0.73 (t, 3H). *C NMR (125 MHz,
DMSO-ds, 353 K) 6 = 161.39, 155.26, 147.67, 146.52, 146.28, 143.75, 139.17, 137.26, 134.66,
134.48, 132.63, 132.07, 130.19, 129.66, 129.58, 129.03, 128.86, 128.39, 127.53, 126.38, 126.22,
125.18, 125.12, 124.20, 123.56, 123.45, 123.22, 122.41, 121.92, 121.48, 120.69, 120.15, 118.41,
116.16, 114.43, 109.63, 108.94, 108.59, 93.35, 55.89, 48.32, 44.04, 43.89, 37.94, 37.77, 29.95,
29.79, 29.66, 27.56, 27.44, 23.40, 23.28, 23.24, 21.85, 21.66, 21.61, 13.06, 13.00, 10.06, 9.81. MS
(MALDI-TOF): calcd for [M]", 1094.5; found, 1094.5. HRMS (MALDI-TOF, [M]", 100%): calcd

for C7:H74N4OsS, 1094.53744; found, 1094.53734.
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The synthesis method resembles that of compound NDOL1 and the compound was purified by
column chromatography on silica (CH,Cly/ methanol = 10/1, v/v) and recrystallized with
methanol/dichloromethane to give compound NDO04 in 90% yield as red solids. mp>350<C. 'H
NMR (500 MHz, DMSO-dg, 353 K) & = 8.78 (dd, 2H), 8.28 (d, 1H), 8.11-8.05 (m, 4H), 7.97-7.89
(m, 6H), 7.86-7.79 (m, 2H), 7.77-7.69 (m, 2H), 7.41 (s, 1H), 4.57 (d, 2H), 4.43-4.33 (m, 2H),
3.90-3.84 (m, 2H), 3.82-3.77 (m, 2H), 2.22-2.15 (m, 1H), 2.04-1.98 (m, 2H), 1.70-1.63 (m, 2H),
1.49-1.11 (m, 30H), 0.96 (t, 3H), 0.91 (t, 3H), 0.83-0.76 (m, 12H), 0.73 (t, 3H). *C NMR (125
MHz, DMSO-ds, 353 K) 6 = 161.41, 154.59, 147.67, 146.54, 146.12, 143.79, 138.92, 137.36,
134.72, 134.36, 132.66, 132.23, 130.27, 129.68, 129.62, 129.05, 128.88, 128.40, 127.53, 126.41,
126.25, 125.23, 125.14, 124.24, 123.58, 123.47, 123.28, 122.43, 122.17, 121.50, 120.73, 120.17,
118.48, 116.24, 114.46, 110.77, 109.66, 108.97, 108.64, 94.43, 68.55, 48.43, 44.09, 43.95, 40.21,
37.97, 37.81, 30.61, 29.98, 29.79, 29.66, 28.40, 27.60, 27.56, 27.44, 24.95, 23.43, 23.29, 23.25,
21.87, 21.66, 21.62, 21.52, 13.23, 13.08, 13.06, 13.01, 10.10, 9.81. MS (MALDI-TOF): calcd for
[M]*, 1164.6; found, 1164.8. HRMS (MALDI-TOF, [M]*, 100%): calcd for C.sHgsN4OsS,

1164.61569; found, 1164.61586.

3.Photophysical Properties
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Fig. S1 UV-Vis spectra of ND01-NDO04 anchored on the 4 pm TiO, film.
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Fig.S2 UV-Vis spectra of all dyes with (solid lines) and without (dashed lines) CDCA on 4 pm

TiO, film.
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Fig. S3 CVs of ferrocene, NDO1, ND02, ND03 and ND04. Scan rate: 100 mv/s
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Table S1 Optical and electrochemical properties of the dye NDO1-ND04

sol.

dye Amax > [nm] A E” LUMO  LUMO[V] HOMOI[V]

(ex10*M*em™?  [nm]®  [eV]® [eV]® (Vs.NHE)®  (vs.NHE)'

522(4.67) 510  2.04 -3.23 -1.27 0.77
400(5.73)
298(4.31)

526(3.96) 512 202 -3.11 -1.39 0.63
NDO2 403(4.39)
301(3.50)

527(3.17) 510 198 -3.14 -1.36 0.62
NDO3 397(3.80)
303(3.03)

527(3.82) 510 197 -3.20 -1.30 0.67
NDO04 396(4.69)
304(3.64)

NDO1

3 Measured in dilute CHCl; solution (1.0 <107 M);® Measured in the film on 4 jm TiO,; Calculated by the onset
of absorption in CHClI; solution according to Eq= 1240/t ¢ LUMO was estimated by the onset of reduction
peaks and calculated according to E, yyo= -(4.8 + Eonset), and measured in CH,Cl, solution vs. Fc/Fc*, performed
in n-BusNPF/CH,CI, (0.1 M), scan rate 100 mV s™%; ® To convert to the electrochemical scale, the sign has to be

inverted and 4.5 eV subtracted:®" Estimated from LUMO levels and Eg.
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Fig.S4 Calculated HOMO and LUMO profiles and energy levels of NDO1-ND04
(B3LYP/6-31G**).

4.DSSCs Fabrication and Measurements

Materials

The FTO conducting glass (FTO glass, fluorine doped tin oxide over-layer, transmission >90%
in the visible, sheet resistance 15 Q square™) was obtained from the Geao Science and Educational
Co. Ltd. of China. Titania pastes of DSL 90T were purchased from Dyesol. Lithium iodide was

from Fluka and iodine, 99.999%, was from Alfa Aesar.

Preparation of photovoltaic devices
A screen-printed layer of TiO, particles was used as the photoelectrode. A 15 pm thick film of
DSL 90T was printed on the FTO conducting glass. The electrodes coated with TiO, pastes were

gradually heated under an air flow at 325 <C for 5 min, 375 <C for 5 min, 450 <C for 15 min and
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500 T for 15 min. Before immersion in the dye solution, these films were immersed into a 40
mM aqueous TiCl, solution at 70 <C for 30 min and washed with water and ethanol. Then the
films were heated again at 450 <C for 30 min followed by cooling to 80 T and dipping into a 3 x
10" M solution of dye in acetonitrile for 18 h at room temperature. To prepare the counter
electrode, the Pt catalyst was deposited on the cleaned FTO glass by spin coating with a drop of
H,PtClg solution (0.02 M in 2-propanol solution) with heat treatment at 400 <C for 15 min. A hole
(0.8 mm diameter) was drilled on the counter electrode by a drill-press. The perforated sheet was
cleaned by ultrasound in an ethanol bath for 10 min. As for the assembly of DSSCs, the
dye-covered TiO; electrode and Pt-counter electrode were assembled into a sandwich type cell and
sealed with a hot-melt gasket of 25 pm thickness made of the ionomerSurlyn 1702 (DuPont). The
size of the TiO, electrodes used was 0.12 cm? (i.e., 3 mm x4 mm). A drop of the electrolyte was
put on the hole in the back of the counter electrode, which was introduced into the cell via vacuum
backfilling. The hole in the counter electrode was sealed by a film of Surlyn 1702 and a cover

glass (0.1 mm thickness) using a hot iron bar.

Electrolytes
The electrolyte employed was a solution of 0.5 M MPII (1-methyl-3-propyl-imidazolium
iodide), 0.05 M I, 0.1 M Lil, 0.1 M GuSCN (guanidiniumthiocyanate) and 0.5 M

4-tertbutylpyridinein acetonitrile and 3-methoxypropionitrile (viv=7: 3).

Photovoltaic performance measurements

The current—density voltage (J-V) characteristics of the DSSCs were measured by recording
J-V curves using a Keithley 2400 source meter under the illumination of AM 1.5 G simulated
solarlight (Newport-91160 equipped with a 300 W Xe lamp and an AM 1.5 G filter). The incident
light intensity was calibrated to 100 mW cm™ with a standard silicon solar cell (Newport 91150V).
Action spectra of the incident monochromatic photonto-electron conversion efficiency (IPCE) for
the solar cells were obtained with a Newport-74125 system (Newport Instruments). The intensity
of monochromatic light was measured with a Si detector (Newport-71640). The electrochemical
impedance spectroscopy (EIS) measurements of all the DSSCs were performed using a
ZahnerlM6e Impedance Analyzer (ZAHNEREIektrik GmbH &CoKG, Kronach, Germany). The
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frequency range is 0.10 Hz-100 kHz. The applied voltage bias is -0.60 V with a magnitude of the

alternative signal of 10 mV.

Table S2 Photovoltaic performance of DSSCs based on ND01-NDO04 dyes with liquid electrolyte

under irradiation of AM 1.5 G simulated solar light (100 mW cm®)

Dye Jsc Voc FF PCE Absorbed Dye
[MA cm™] [mV] [%)] [mol cm™]
NDO1 15.29 675 0.723 7.46 4.63%<107
NDO2 17.14 698 0.694 8.30 5.57%107
NDO3 14.60 639 0.717 6.69 6.71x<107
NDO04 15.59 643 0.699 7.01 5.65x10"

Table S3 Photovoltaic performance of DSSCs based on NDO1-NDO04 dyes with liquid electrolyte

under irradiation of AM 1.5 G simulated solar light (100 mW cm®)

Dye CDCA Jec Voc FF PCE
[MM] [MA cm?] [mV] [%)]
0 14,55 651 0695 658

NDO1
10 15.29 675 0723  7.46
0 15.97 649 0696  7.21

NDO02
10 17.14 698 0694 830
0 12,67 605 0677  5.19

NDO03
10 14.60 639 0717  6.69
0 12.90 632 0683 557
NDO4 10 15.59 643 0699  7.01
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3. W. Jiang, H. Qian, Y. Li and Z. Wang, J. Org. Chem., 2008, 73, 73609.
4. A. R. Rabindranath, Y. Zhu, I. Heim and B. Tieke, Macromolecules, 2006, 39, 8250.
5. D. Cahen, G. Hodes, M. Gr&zel, J. F. Guillemoles, I. Riess, J. Phys. Chem. B, 2000, 104, 2053.

22



5, NMR and MS spectra

'HNMR Spectrum of 2 in CDCl; at 400 MHz
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MS of compound 2

LXG-126
30927-4 42 (0.679) Cm (42-2
100

i

8
‘@

S
S

GCT CA127 Micronass UK
4)

277

279
264

76|
250262 280

Lo

125 139 189 207
J

TOF MS El+
377 1.89%e4

378

379

sy V8

IG\
| 20 40

HRMS of compound 2

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

- T T miz
360 380 400 420 440

TOF MS El+
1.96e4

miz

LXG-126 GCT CA127 Micronass UK
30927-4 41 (0.662) Cm (38:41)
100+ 377.2148
%
378.2199
379.2169
373.8571375.2010. T 8542
T T lV \j Il E T ‘ T T T T T
372 373 374 375 376 377 378 379 380 381 382
Elemental Composition Report
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0

Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monaeisotopic Mass, Odd and Even Electron lons
8 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Minimum:
Maximum:
Mass
377.2148

80.00

100.00 200.0 10.0
RA Calc. Mass mDa PPM
100.00 377.2144 0.4 1.2

24
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'H NMR Spectrum of 3 in DMSO-d; at 400 MHz
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MS of compound 3

LXG-127 GCT CA127 Micronass UK

30927-5 85 (1.391) Cm (79:91-2:21) TOF MS El+
100+ 455 457 25904

277
Gy
%
| 278
356358
458
| 207 s [
; 276
|
| 262264
| 279 a3 I |ars
| 208 342
| 281 459 535
[ 81 191 249250 375 453
]“ %8 125‘?9 178179 I 217 l 282, 341 379 436 503 lh 537

| o e | ' Al LLR I : ' e ; rhoees ; : miz |
| 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575

HRMS of compound 3

LXG-127 GCT CA127 Micronass UK
30927-5 82 (1 341) Cm (74:82-2:17) TOF MS El+
100 4551243 4571231 Trad

8:Q Br

%

496 1234 458.1277

459.1306

453.1103
1

T T T T T T T T T T T T T T m/z
450 452 454 456 458 460 462

Elemental Composition Report

Multiple Mass Analysis: 2 mass(es) processed
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
54 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum: 100.00 2000 100 50.0

Mass RA Calc. Mass mDa PPM  DBE Score Formula
455.1243 100.00 455.1249 -0.6 -1.2 16.0 1 C28 H26 N 79Br
457.1231 98.61 457.1228 0.3 06 16.0 1 C28 H26 N 81Br
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'H NMR Spectrum of 4 in CDCl; at 400 MHz
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MS of compound 4

LXG-139 GCT CA127 Micronass UK
31009-3 47 (0.763) Cm (47:50-2:7) TOF MS El+
100+ 1.60e4
Mooy~
N
%-
484
384
340
1
339 369 385 485
242 326
o 17(1171 202 301 325 ]l 356 386 468 "
| O T ey T T ly’ T T T T rli'v.l‘ T T T ey T T 1 miz
| 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550
HRMS of compound 4
LXG-139 GCT CA127 Micronass UK
31009-3 89 (1 458) TOF MS El+
100+ 483.2557 1.59%4
Moo
%_.
484.2594
481.2451 4382680
T T T - T T T T T — m/z
479 480 481 482 483 484 485 486 487 488

Elemental Composition Report
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Menoisotopic Mass, Odd and Even Electron lons
4 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum: 100.00 2000 100  50.0

Mass RA Calc. Mass mDa PPM DBE Score Formula
483.2557 100.00 483.2562 -0.5 1.1 20.0 C35 H33 N O
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'H NMR Spectrum of 5 in DMSO-dgat 400 MHz
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MS of compound 5

LXG-153 GCT CA127 Micronass UK
31009-6 52 (0.861) Cm (51:52-1:5) TOF MS El+
100- uin 1.42e4
|
|
[
|
MeO l
N
392
%
408
280
| 393
| 294
293
251 564, logq
\ 118 22:3 208 394 |
? 204 224225 237 l 309
} 0 | | | n miz

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

HRMS of compound 5

LXG-153 GCT CA127 Micronass UK
31( 869 (1143) Cm (69-1:2) TOF MS El+
100- 407.2244 1.27e4
Moo e
QA],
408.2304
409.2368
405.2135
0 T T S T T T T miz
400 402 404 406 408 410 412

Elemental Composition Report

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
32 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Minimum: 80.00

Maximum: 100.00 200.0
Mass RA Calc. Mass mDa
407.2244 100.00 407.2249 -05

30

-15
10.0 50.0
PPM  DBE
-1.3 16.0

Score

1

Formula
C29 H29 N O



'H NMR Spectrum of 6 in DMSO-dgat 400 MHz
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MS of compound 6

LXG-164 GCT CA127 Micronass UK
31212-9 101 (1.671) Cm (98:102-1:10) TOF MS El+
100+ 5.05e4
392
CeHiz0-Q 1)
|
|
393
| 478
280
| 294
230,34 o [
2512522 zsss 2 v 479
“ 365 476
43 7 127128 z(ln ”"l 306320 364 | 366
| 0y . ey Ao T T L f 4 S : hed . ; 4 . - miz
| 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

HRMS of compound 6

LXG-164 GCT CA127 Micronass UK
1212-9 754) Cm (105:106-1:9) TOF MS El+
100 477.3023 361e4

o304 )~ 2)
N
o/o..
478.3051
479.3127
475‘29”\]1 476.2950

T T T T T T T T T T — m/z
472 473 474 475 476 477 478 479 480 481 482

Elemental Composition Report
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
152 formula(e) evaluated with 4 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum: 100.00 200.0 10.0 50.0

Mass RA Calc. Mass mDa PPM DBE Score Formula
477.3023 100.00 477.3032 -0.9 -1.8 16.0 4 C34 H39 N O
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'H NMR Spectrum of 7 in CDCl; at 400 MHz
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MS of compound 7

LXG-140 GCT CA127 Micronass UK
31009-4 62 (1.028) Cm (61:62-1:5) TOF MS ElI+
561
100+ - 212e4
Ve~
4
564
464
338339 35y 418420 462
449
m. 281282 ;:om 4 :;:l 465 453 vas
169 2 282 299 408
0 1“-1111 1?’1}‘ l LA 1, k' I | k i 54651?8 miz

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625

HRMS of compound 7
LXG-140 GCT CA127 Micronass UK
31009-4 112 (1.855) TOF MS El+
100- 561.1674 2.73e4
563.1655
Mooy
N
%
562.1705
564.1686
559.1556 565.|1779
T T T — T T T T T T T — m/z
556 558 560 562 564 566 568

Elemental Composition Report

Multiple Mass Analysis: 2 mass(es) processed
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
66 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum: 100.00 200.0 100  50.0

Mass RA Calc. Mass mDa PPM DBE Score Formula
561.1674 100.00 561.1667 0.7 1.2 20.0 1 C35 H32 N
563.1655 91.78  563.1647 0.8 1.5 20.0 1 C35 H32 N
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'H NMR Spectrum of 8 in DMSO-dgat 400 MHz
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MS of compound 8

LXG-155 GCT CA127 Micronass UK
30927-6 91 (1.490) Cm (82:98-2:22) TOF MS El+
100 485487 2.09e4
MeO . Br
407
470472
%
392
488
207 358
408
473
393
405 489
409
455
441y
| . miz

o . - ; :
\ 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

HRMS of compound 8

LXG-155 GCT CA127 Micronass UK
J0927-6 91 (1 490) Cm (86:94-2:13) TOF MS El+
100+ 451360 4871343 1.34e4
MeO .Q Br
N
%_
486.1388 | 488.1382
489.1429
483.1230
. T m/z

480 | 482 | 484 | 486 | 488 | 480 | 492

Elemental Composition Report

Multiple Mass Analysis: 2 mass(es) processed
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
120 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)

Minimum 80.00 -1.5

Maximum: 100.00 2000 100 50.0

Mass RA Calc. Mass mDa PPM  DBE Score Formula

485.1360 98.73 485.1354 0.6 12 16.0 1 C29 H28 N O 79Br
487.1343 100.00 487.1334 0.9 1.9 16.0 1 C29 H28 N O 81Br
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'H NMR Spectrum of 9 in DMSO-d; at 400 MHz
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MS of compound 9

LXG-165 GCT CA127 Micronass UK
31212-10 71 (1.143) Cm (61:77-1:20) TOF MS El+
100+ 557 1.37e4
555
472
DeD
CeH,;0 Q: Br
365
%
[ 2 477 558
207
78
8 - 559
80 82 504 591
8 79“ % 1y 12191 (228 479“ 507 554 mms"
P M | T T M By miz
50 100 150 200 500 550 600
HRMS of compound 9
LXG-165 GCT CA127 Micronass UK
31212-10 108 (1 755) Cm (102:108-1:9) TOF MS El+
557.2128 1.64e4
1004
555.2144
CeH 50 .Q Br
0/07
556.2177
558.2166
559.2213
554.2083

T T T T T T T T T T T T T m/z
550 552 554 556 558 560 562

Elemental Composition Report

Multiple Mass Analysis: 2 mass(es) processed

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0

Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
43 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum: ~ 100.00 200.0 100 50.0

Mass RA Calc. Mass mDa PPM DBE Score Formula

555.2144 95.86 565.2137 0.7 1.3 16.0 1 C34 H38 N O 79Br
557.2128 100.00 557.2116 1.2 21 16.0 1 C34 H38 N O 81Br
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'H NMR Spectrum of 11 in CDCl; at 400 MHz
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MS of compound 11

LEG-121 GCT CATZT Mecronass LIK
IH021-T 54 {0 884} Cm [G457-1-24) TOF M Ele
100 a2 1 2384
ToH
Ne<O
B @ \ S
N CHO
Pegoat
%
a8
| 2
48
s
ATgTY
[rod
T
a5 43
1711“ :1‘1" - J \ r‘iﬂﬂr s
[~
BHerprreryredbepresey . l.L..J.lH Ul |I bl .u,.” ry (W] I ; i
s a0 200 20 49:5M55u5m55&?m7509m
HRMS of compound 11
LXG-121 GCT CA127 Micronass UK
31021-7 133 (2. 200) Cm (127:133-1:13) TOF MS El+
100+ 702.2296 1.67e4
700.2326
O/a_
701.2377 | 703.2344
704.2357
699.2323 705'|2382
T T T ey T T T T m/z
696 698 700 702 704 706
Elemental Composition Report
Multiple Mass Analysis: 2 mass(es) processed
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0

Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
717 formula(e) evaluated with 4 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum: 100.00 2000 100  50.0

Mass RA Calc. Mass mDa PPM DBE Score Formula

700.2326 92.14  700.2334 -0.8 -1.2 18.0 1 C39 H45 N2 O3 S 79Br
702.2296 100.00 702.2314 -1.8 -2.5 18.0 1 C39 H45 N2 O3 S 81Br
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'H NMR Spectrum of 12 in CDCl; at 400 MHz
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MS of compound 12
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505.3063

TOF MS El+
6.51e3

m/z

HRMS of compound 12
LXG-129 GCT CA127 Micronass UK
31021-8 131 (2 151) Cm (96:142-(2:39+167:181))
503.3004
100+
Oa®
o =<K
0/0_
504.3049
502.3029
c T T 1 1 T 1 I 1 T T T
498 499 500 501 502 503 504 505 506 507 508
Elemental Composition Report

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
28 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)

Minimum:
Maximum:
Mass
503.3004

80.00

100.00

RA Calc. Mass
100.00 503.2996

200.0 100
mDa PPM
0.8 1.7

43
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50.0
DBE
17.0

Score Formula

1

C34 H38 B N 02



'H NMR Spectrum of 13 in CDCl; at 400 MHz
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MS of compound 13

LXG-141 GCT CA127 Micronass UK
31009-5 103 (1.705) Cm (90:104-1:22) TOF MS El+
100 09 1.00e4
i
|
Meo g
5%
453 510
207 08
|84
384
410 611
340 366
Bigs 129 208 305 338 3a1| 385 w28 48 5035’:11
81 352 !
5 | % a2 170 191 | 5qp 242 ZEHJ 315 i | 436468 || 496 551 594 B2
Ol - ook - N ARAA Ay sada aoe miz
50 100 150 200 250 300 350 400 450 500 550 500 650

HRMS of compound 13

LXG-141 GCT CA127 Micronass UK
31009-5 103 (1.705) Cm (92:107-1:29) TOF MS El+
100- 609.3424 1.94e4

MeO~2)) Q’g Kg:):

N

%-

610.3473
608.3463
611.3502
612.3611
e ; B —— — miz
604 606 608 610 612 614

Elemental Composition Report
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
7 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum: 100.00 200.0 100 50.0

Mass RA Calc. Mass mDa PPM  DBE Score Formula

609.3424 100.00 609.3414 1.0 16 21.0 1 C41 H44 N O3 B
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'H NMR Spectrum of 14 in DMSO-d at 500 MHz
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MS of compound 14

LXG-156 GCT CA127 Micronass UK
31021-9 50 (0.812) Cm (38:51-2:21) TOF MS El+
100 1.25e4
MeO () Big:):
N
o
534
518
207 |
407
392 503
306
. 278 3% 319,50 ad 535
251 277. 502,
334 a7 433434
o v To vl VLT it L b
o ] L I, | | ' ’ [
O T Tt T T T T T T T T T T T T ™ miz
50 100 150 200 250 300 400 450 500 550 600

HRMS of compound 14

LXG-156 GCT CA127 Micronass UK
31021-9 95 (1.556) Cm (86:95-2:16) TOF MS El+
100+ 533.3094 3.07e4
MeO :Q B:g:):
0/0_
534.3137
532.3143
535.3187
536.3198
0 T T T T T T T —— T T m/z
526 528 530 532 534 536 538

Elemental Composition Report

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
32 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)

Minimum:
Maximum:
Mass
533.3094

80.00

100.00 200.0 10.0
RA Calc. Mass mDa PPM
100.00 533.3101 -0.7 -14
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50.0

DBE Score  Formula

17.0 1 C35 H40 B N 03



'H NMR Spectrum of 15 in DMSO-dj at 400 MHz
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MS of compound 15

LXG-166 GCT CA127 Micronass UK
31212-11 61 (1.010) Cm (58:66-1:12) TOF MS El+
100 603 568e4
CeH 13043 2) B:gj:
| N
518
|
| %
|
i 504
|
519 602
392 517
306 330 &, eos
wch | |sze ™, s 520
59 85 Lo il l 338 368 l | 421 50| s03 08
P08 Ly — | L) "vl‘lrllx e ey L miz

100 150 | 200 250 300 = 350 = 400 ' 450 500 550 600 . 650

HRMS of compound 15

LXG-166 GCT CA127 Micronass UK
121161 (1010)Cm (61:68-1:12) TOF MS El+
100+ 603.3890 4 43e4
CeH 30 QQQ ng:
0/0-
604.3934
602.3933
605.3972
606.3994
0-— T . m/z

598 600 | 602 | 604 | 606 608
Elemental Composition Report

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
9 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Minimum: 80.00 -1.5

Maximum 100.00 2000 10.0 50.0

Mass RA Calc. Mass mDa PPM  DBE Score Formula

603.3890 100.00 603.3884 0.6 1.0 17.0 1 C40 H50 B N 03
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'H NMR Spectrum of 16 in DMSO-d; at 500 MHz
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MS of compound 16

g

Intens. fa.w]

9975

1500

200 400 600 800 1000 1200 1400 1600 1600 2000 milz

8
8

Intens. [a.u]

—997.5

1000

500

992 994 996 998 1000 1002 1004 1006 1(')"0&

HRMS of compound 16

Intens.
x108

1.5

997.52062

998.52534

P
999.53037
\/Jv

\/J\/

5]
3
0.51
= 8 @D o @ g § 8
S ~ 22 § 8 3 )
o o w - «©
Q ~ Qe © § §
; i 888 |, ] | | @
0.0 gz_r e o L§'§1°’ l'l - he A . - lIJ >4
992 994 996 998 1000 1002 1004 1006 m/z
[— XG-122_0_P5_000001.d: +MS
Meas. m/z # Formula Score m/z err[ppm] Meanerr [ppm] mSigma rdb e Conf N-Rule
99752062 1 C67H71N303S 100.00 997.52107 0.45 -0.93 1259 340 odd ok
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'H NMR Spectrum of 17 in DMSO-ds at 500 MH
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MS of compound 17

Intens. [a.u.]

2000

1500

1000

500

250

Intens. [a.u.]

2000

1500

1000

500

1098 1100

HRMS of compound 17

750

1102

1103.5

1000

~—1103.5

1104

1250

"1500

1750

2250

1106

1108

1112

1110 i

Intens.
x108]

2.01

1.54

0.51

A

1103.56276

J

-

1104.57391

1105.57840

0
el
o
@©
o
8
=2
=

P> 1107.58377

A

0.0 r v
1100 1102

1104

é-

1108 1110 m/z

[— Ixg-145_0_A4_000003.d: +MS

Meas. m/z # Formula Score
110356276 1 C74H77N304S 100.00
110457391 1 C41H86N9025 87.36

m/z err [ppm] Mean err [ppm] mSigma

1103.56293
1104,57294

0.16
-0.88
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-4.48
-1.39

54.0
14.7

rdb e Conf N-Rule
38.0 odd ok
3.5 even ok



'H NMR Spectrum of 18 in DMSO-d; at 500 MHz
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MS of compound 18

; 3000

Intens. [a.u.]

1027.6

2500

2000

1500

1000

500

250 500 750 1000 1250 1500 1750 2000 il

5 3000

Intens. [a.u.)

-1027.6

2500

2000

1500 |

1000

1022 1024 1026 1028 1030 1032 1034 1036 Wik

HRMS of compound 18

Intens.
x109

1.01

1027.53102

1028.53508

0.4

?z_
g
0.0 L Jk k

1022 1024 1026 1028 1030 1032 1034 1036m/z
[— xG-157_0_P9_000002.d: +MS |

—— 1030.54088
> 1031.54301

Meas. m/z # Formula Score m/z err [ppm] Mean err [ppm] mSigma rdb e Conf N-Rule
102753102 1 C68H73N304S 100.00 1027.53163 0.59 0.15 340 340 odd ok
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'H NMR Spectrum of 19 in DMSO-d; at 500 MHz
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MS of compound 19

5
&
]
g ©
£ 1500 5
=1
1000
500
0
400 600 800 1000 1200 1400 1600 1800 2000
E
&
@
3 ©
£ 1500 >
=4
1000

1090 1092 1094 1096 1098 1100 1102 1104 1106 T

HRMS of compound 19

Intens.
x108 2
8
3.
2.
14
0 , Aps . JL' JL i l A . ‘ i W WY | 5
1092 1094 1096 1098 1100 1102 1104 1106 1108 m/z
[— LxG-167_0_P11_000001.d: +MS |
Meas.m/z # Formula Score m/z err[ppm] Meanerr [ppm] mSigma rdb e Conf N-Rule
109760933 1 C73H83N304S 100.00 1097.60988 0.50 0.50 3731 340 odd ok
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'H NMR Spectrum of NDO1 in DMSO-ds at 500 MHz

T o o o o iy
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3C NMR Spectrum of NDO1 in DMSO-dg at 125 MHz
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MS of compound NDO1

Intens. [a.u.]

1064.7

§

2000

1000

250 500 750 1000 1250 1500 1750 2000 e

Intens. [a.u]

1064.7

§

2000

1000

1058 1060 1062 1064 1066 1068 1070 1072 1074 F

HRMS of compound NDO1

Intens. |
x108

1064.52615

2.01

0.5

L L LJl LL; s JlL.

0.0+ . r 4 . r ] P r T .
10525 10550 10575  1060.0 10625 10650  1067.5 10700 10725 10750 10775 miz
[—XG-123_0_P7_000001.d: +MS J

Meas.m/z # Formula Score m/z err[ppm] Meanerr [ppm] mSigma rdb e  Conf N-Rule
1064.52615 1 C70H72N404S 100.00 1064.52688 0.68 0.68 3914 370 odd ok
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MS of compound ND02

Intens. [a.u.]

N
8
1170.6

2000

1500

1000

500

250 500 750 1000 1250 1500 1750 2000 2250 miz

Intens. [a.u.]

2500

-1170.6

2000

OOH

1500

1000

500

1164 1166 1168 1170 1172 1174 1176 1178 1180 miz

HRMS of compound ND02

Intens.
x108

)
1170.56897
1171.57312

©
2
L X Py
- =
ol— . . . ' . —A - — :
1164 1166 1168 1170 1172 1174 1176 1178 miz
[==ixg-146_0_A5_000001.d: +MS |
Meas. m/z # Formula Score m/z err[ppm] Mean err [ppm] mSigma rdb e Conf N-Rule
117056897 1 C77H78N405S 100.00 1170.56874 -0.19 -0.85 59.1 41.0 odd ok
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'H NMR Spectrum of NDO03 in DMSO-d; at 500 MHz
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MS of compound NDO03
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&
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I
wn
P
2.
g
3
1] 28
-3 3
5 , . )L N A 2 ' ,
1092 1094 1096 1098 1100 1102 m/z
[— Ixg-158_0_A9_000001.d: +MS |
Meas. m/z # Formula Score m/z err[ppm] Mean err [ppm] mSigma rdb e  Conf N-Rule
109453734 1 C71H74N405S 100.00 1094.53744 0.09 -0.54 19.9 370 odd ok
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'H NMR Spectrum of ND04 in DMSO-ds at 500 MHz
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MS of compound ND04
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N
©
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2
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~
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o L L A
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1168

1170 1172

m/z

[— Ixg-168_0_A11_000001.d: +MS

Meas.m/z # Formula Score
116461586 1 C76H84N405S 100.00 1164.61569 -0.14
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m/z err [ppm] Mean err [ppm]

-0.74

mSigma rdb e Conf
280 37.0 odd

N-Rule
ok



