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I. Synthesis of all compounds

General methods

Chemicals were used as received unless otherwise indicated. All oxygen or moisture sensitive reactions
were performed under argon atmosphere using the standard Schlenk method. Boronic acid and boronate
were obtained by the reaction of aryl lithium and triisopropyl borate. All other reagents were of analytical
purity and used without further treatment. Solvents used were analytical grade, except those for
recrystallization and optical tests, which were purified by distillation. Thin-layer chromatography (TLC)
was carried out on aluminum sheets coated with silica gel 60 F254 (MERCK). '"H NMR and 3C NMR
spectra were recorded using Bruker AM-400 spectrometers with tetramethylsilane (TMS) as an internal
reference. CDCl; was used as solvent. Mass spectra (EI/ESI) were in general recorded on an AMD 402/3
or a HP 5989A mass selective detector. MALDI-TOF mass spectra were recorded on an ABI 4800 Plus
MALDI TOF/TOF Analyzer using CHCA as matrix.
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Compound PTE 2. A Schlenk tube charged with compound PTE 1 (1.00 g, 1.24 mmol) 8!, Cul (0.15 g,
0.81 mmol), and PdCl,(PPh;), (0.09 g, 0.13 mmol) was evacuated and backfilled with argon for three
times. After a degassed mixture of THF (10mL)/TEA (10 mL) and trimethylsilyl-acetylene (0.96 mL,
6.86 mmol) was added, the tube was sealed under argon atmosphere and heated at 60°C for 12 h. Being
cooled to room temperature, the reaction mixture was diluted with dichloromethane and washed with HCI
(6 M) and NaHCO; (aq.) sequentially, before dried over anhydrous Na,SO,4. The solvents were then
removed in vacuo. Purification of the crude product with column chromatography over silica gel eluted
with petroleum ether/dichloromethane (2/1, v/v) afforded compound PTE 2 as a red solid (0.95 g, 91%)).

Compound PTE 1. "H NMR (400 MHz, CDCls, ppm): & 8.91 (s, 1H), 8.89 (s, 1H), 8.28 (s, 2H), 8.08 (s,
1H), 8.06 (s, 1H), 4.34 (t, ] = 6.9 Hz, 8H), 1.83 — 1.75 (m, 8H), 1.54 — 1.44 (m, 8H), 1.00 (t, J = 7.4 Hz,
12H). BC NMR (101 MHz, CDCls, ppm): 6 168.10, 167.14, 136.72, 131.74, 131.64, 131.02, 130.45,
130.27,128.99, 127.56, 126.44, 118.67, 65.83, 65.61, 30.63, 19.28, 13.92. MALDI TOF MS (HR): Calc’d
for C40H42Br208, 8081246, Found Mass (M+), 808.0040 (m/Z)

Compound PTE 2. 'H NMR (400 MHz, CDCls, ppm): 6 9.58 (s, 1H), 9.56 (s, 1H), 8.21 (s, 2H), 8.07 (s,
1H), 8.05 (s, 1H), 4.34 (t, ] = 6.8 Hz, 8H), 1.78 (dd, J = 14.9, 7.5 Hz, 8H), 1.48 (ddd, ] = 14.8, 7.5, 4.1
Hz, 8H), 0.99 (td, J = 7.4, 4.7 Hz, 12H), 0.34 (s, 18H). 13C NMR (101 MHz, CDC]l;, ppm): & 168.05,
167.68, 136.01, 133.72, 131.95, 130.44, 129.93, 129.47, 127.06, 126.87, 117.69, 105.79, 102.27, 65.40,
65.23,30.50, 19.12, 13.67, -0.56. MALDI TOF MS (HR): Calc’d for CsoHgOgSi,, 844.3827; Found Mass
(M*), 844.2615 (m/z).



PTE 2 CTE3

Compound CTE 3. To a solution of PTE 2 (0.95 g, 1.12 mmol) in DCM (200 mL) was added IBr (1.49
g, 6.40 mmol) in DCM (6 mL) at -78 °C for 1h. Then the solution was allowed to be gradually warmed
up to room temperature over 1 h and exposed to sun light for additional 24 h. The reaction mixture was
washed sequentially with Na,SOs; (aq.) and K,COs (aq.), and then dried over anhydrous Na,SO4. Upon
removal of solvent in vacuo, the residual was purified with column chromatography over silica gel eluted
with petroleum ether/dichloromethane (1/1, v/v) to afford CTE 3 as a yellow solid (0.93 g, 83%).

Compound CTE 3. 'H NMR (400 MHz, CDCls, ppm): 4 10.03 (d, J = 5.1 Hz, 2H), 9.91 (s, 2H), 4.61 —
4.53 (m, 8H), 1.98 — 1.89 (m, 8H), 1.66 — 1.59 (m, 8H), 1.06 (td, J = 7.4, 5.9 Hz, 12H), 0.98 (s, 18H). 13C
NMR (101 MHz, CDCl;, ppm): 6 168.76, 168.61, 168.47, 168.29, 167.83, 167.77,141.67, 141.16, 136.77,
135.87,134.42, 134.14, 134.06, 133.93, 133.80, 133.13, 132.69, 131.58, 130.96, 130.91, 130.83, 130.31,
130.14, 130.03, 129.26, 129.09, 128.74, 128.27, 128.06, 127.81, 127.66, 127.58, 126.68, 125.98, 125.94,
125.82, 124.76, 123.91, 122.81, 122.54, 65.78, 65.70, 65.61, 65.43, 29.62, 19.35, 19.26, 13.86, 13.79,
4.42, 4.15, -0.42. MALDI TOF MS (HR): Calc’d for CsoHsgBr,OgSi,, 1000.2037; Found Mass (M¥),
1000.1007 (m/z).

| | | |
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CTE 3 CTE4

Compound CTE 4. To a solution of Compound CTE 3 (0.74 g, 0.74 mmol) in DCM (100 mL) was added
IC1 (0.84 g, 5.19 mmol) in DCM (5 mL) under argon atmosphere. The reaction mixture was stirred at
room temperature for 6 h before it was washed with Na,SOjs (aq.), and then dried over anhydrous Na,SO,.
After removal of solvents in vacuo, the residual was purified with column chromatography over silica gel
eluted with petroleum ether/dichloromethane (1/1, v/v) to afford CTE 4 as a yellow solid (0.74g, 90%).

Compound CTE 4. 'H NMR (400 MHz, CDCls, ppm): 8 9.98 (s, 2H), 9.93 (s, 2H), 4.56 (td, ] = 6.8, 4.1
Hz, 8H), 1.95 — 1.88 (m, 8H), 1.64 — 1.56 (m, 8H), 1.04 (td, J = 7.4, 4.4 Hz, 12H). 3C NMR (101 MHz,
CDCl;, ppm): 6 167.92, 167.81, 137.58, 133.65, 132.51, 131.19, 130.85, 130.74, 128.12, 123.18, 122.95,
122.12,111.09, 66.11, 30.74, 19.43, 13.96. MALDI TOF MS (HR): Calc’d for C44H4¢Br,1,0g, 1107.9179;
Found Mass (M*), 1107.0532 (m/z).



PBI 1 PBI 2

Compound PBI 2. A Schlenk tube charged with compound PBI 1 (1.00 g, 1.29 mmol) 8!, Cul (0.08 g,
0.42 mmol), and PdCl,(PPh;), (0.05 g, 0.07 mmol) was evacuated and backfilled with argon for three
times. After a degassed mixture of THF (10mL)/TEA (10 mL) and trimethylsilyl-acetylene (0.50 mL,
3.57 mmol) was added, the tube was sealed under argon atmosphere and heated at 60°C for 36 h. Being
cooled to room temperature, the reaction mixture was diluted with dichloromethane and washed with HCI
(6 M) and NaHCOs; (aq.) sequentially, before dried over anhydrous Na,SO,4. The solvents were then
removed in vacuo. Purification of the crude product with column chromatography over silica gel eluted
with petroleum ether/dichloromethane (3/1, v/v) afforded compound PBI 2 as a red solid (0.81 g, 79%).

Compound PBI 1. '"H NMR (400 MHz, CDCl, ppm): 8 9.80 (d, J = 11.5 Hz, 1H), 8.94 (t, ] = 10.0 Hz,
1H), 8.80 — 8.60 (m, SH), 5.25 — 5.13 (m, 2H), 2.34 — 2.17 (m, 4H), 1.93 — 1.79 (m, 4H), 1.29 (t, ] = 9.0
Hz, 24H), 0.84 (t, J = 6.9 Hz, 12H). *C NMR (101 MHz, CDCls, ppm): & 163.39 (C=0), 163.34 (C=0),
133.89, 133.56, 128.92, 128.74, 128.10, 127.10, 123.74, 122.97, 120.94, 54.91, 54.79, 32.32, 32.25,
31.59, 26.59, 22.56, 14.04. ESI TOF MS (HR): Calc’d for CagHs:N,O4Br, 777.3267; Found Mass (M*),
777.3261 (m/z).

Compound PBI 2. 'H NMR (400 MHz, CDCls, ppm): & 9.94 (s, 1H), 8.46 (s, 1H), 8.29 (s, 3H), 8.06 (s,
2H), 5.13 (dd, J = 12.5, 7.2 Hz, 2H), 2.29 — 2.16 (m, 4H), 1.96 — 1.82 (m, 4H), 1.31 (d, J = 17.1 Hz, 24H),
0.84 (t, ] = 7.0 Hz, 12H), 0.48 (s, 9H). '3C NMR (101 MHz, CDCls, ppm): 8 164.21 (C=0), 163.20 (C=0),
133.84, 133.62, 133.15, 131.01, 128.85, 128.52, 126.71, 126.58, 126.00, 122.96, 122.58, 119.61, 108.76
(C=C), 106.23 (C=C), 55.15, 55.07, 32.68, 32.62, 32.21, 27.17, 27.14, 23.02, 14.49, -0.00 (TMS). ESI
TOF MS (HR): Calc’d for Cs;Hg3N,04Si, 795.4557; Found Mass (M*), 795.4554 (m/z).
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Compound PBI 3. To a solution of PBI 2 (0.81 g, 1.02 mmol) in DCM (200 mL) was added IBr (0.74 g,
3.17 mmol) in DCM (4 mL) at -78 °C for 1h. Then the solution was allowed to be gradually warmed up
to room temperature over 3 h under dark conditions. The reaction mixture was washed sequentially with
Na,SO;3 (ag.) and K,COj (aq.), and then dried over anhydrous Na,SO,. Upon removal of solvent in vacuo,
the residual was purified with column chromatography over silica gel eluted with petroleum
ether/dichloromethane (2/1, v/v) to afford PBI 3 as a red solid (0.87 g, 85%).



Compound PBI 3. 'H NMR (400 MHz, CDCl;, ppm): 6 8.90 (d, J = 8.5 Hz, 1H), 8.68 (dd, J=19.5,12.3
Hz, 5H), 8.44 (s, 1H), 5.10 (s, 2H), 2.18 (d, J = 9.0 Hz, 4H), 1.76 (d, J = 3.3 Hz, 4H), 1.16 (s, 24H), 0.70
(s, 12H),-0.24 (s, 9H). BC NMR (101 MHz, CDCls, ppm): 8 164.52 (C=0), 163.43 (C=0), 139.78 (C=C),
138.85 (C=C), 135.33, 134.91, 134.23, 134.02, 133.36, 132.33, 131.63, 131.14, 130.05, 129.46, 129.34,
127.75, 127.70, 127.14, 124.14, 123.60, 118.20, 55.05, 54.94, 32.52, 32.18, 32.00, 29.97, 26.87, 22.96,
22.86, 22.84, 14.32, 1.56, 1.04, -0.00 (TMS). EI TOF MS (HR): [PBI 3- (Br and I)] *: Calc’d for
Cs1HgaN,04S1, 794.4479; Found Mass, 794.4484 (m/z).

Compound BBI 3. To a solution of PBI 3 (0.87 g, 0.87 mmol) in DCM (200 mL) exposed to sun light for
additional 20 h. Upon removal of solvent in vacuo, the residual was purified with column chromatography

over silica gel eluted with petroleum ether/dichloromethane (2/1, v/v) to afford BBI 3 as a yellow solid
(0.57 g, 64%).

Compound BBI 3. 'H NMR (400 MHz, CDCls, ppm): 6 9.84 (s, 2H), 9.12 (dd, J = 8.4, 2.6 Hz, 2H), 8.98
(s, 2H), 5.36 —5.25 (m, 2H), 2.43 — 2.28 (m, 4H), 2.05 — 1.92 (m, 4H), 1.52 — 1.23 (m, 24H), 0.94 (s, 9H),
0.86 (t, J = 7.1 Hz, 12H). 3C NMR (101 MHz, CDCl;, ppm): 8 164.83 (C=0), 163.86 (C=0), 143.41,
135.61, 134.86, 134.36, 133.78, 133.12, 132.59, 129.16, 127.16, 126.42, 126.24, 124.10, 123.69, 123.07,
122.94, 55.09, 32.44, 31.82, 31.79, 26.79, 22.62, 22.61, 14.08, 4.75. ESI TOF MS (HR): Calc’d for
Cs1Hg,BrN,04S1, 873.3662; Found Mass (M™), 873.3663 (m/z).

General procedure for Suzuki coupling reactions between aryl halides and phenylboronic acids
C4Hg C4Ho C4Hg C4Ho
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CTE 4 CTE 5a

Compound CTE 5a. A Schlenk tube containing CTE 4 (0.11 g, 0.10 mmol), (2,5-dimethyl-3-thiophenyl)
boronic acid (0.09 g, 0.60 mmol), and Pd(PPhs;), (0.02g, 0.02 mmol) was evacuated and backfilled with
argon for three times. After the addition of degassed K,COs (aq. 2 mL), ethanol (1 ml) and toluene (5
mL), the tube was sealed under argon atmosphere and heated at reflux for 20 h. After being cooled to
room temperature, the reaction mixture was diluted with dichloromethane, washed with water, and dried
over anhydrous Na,SO,. Upon removal of solvents in vacuo, the residual was purified with column
chromatography over silica gel eluted with petroleum ether/dichloromethane (1/1, v/v) to afford CTE Sa
as yellow solids (0.08g, 72%).

Compound CTE 5a. 'H NMR (400 MHz, CDCls, ppm): 4 9.20 (d, J = 2.7 Hz), 9.14 (d, ] = 2.2 Hz), 6.72
—6.62 (m, 4H), 4.47 (t, ] = 6.2 Hz, 8H), 2.51 (d, ] = 7.8 Hz, 12H), 2.16 — 2.06 (m, 12H), 1.87 — 1.79 (m,
8H), 1.52 (dd, J = 13.0, 6.2 Hz, 8H), 1.02 (t, J = 7.4 Hz, 12H). 3C NMR (101 MHz, CDCl;, ppm): 8
168.36, 134.63, 134.45, 134.30, 134.15, 134.03, 133.72, 128.20, 127.93, 127.59, 127.45, 127.02, 126.96,
123.22,122.17,121.11, 64.37,30.86, 29.81, 29.65, 28.63, 28.29, 21.63, 18.30, 14.22, 13.37, 13.31, 13.27,
13.21, 13.06, 12.85, 2.97. MALDI TOF MS (HR): Calc’d for CggHegOgS4, 1140.3797; Found Mass (M™),
1140.6627 (m/z).

General procedure for unsymmetrical modifing perylene tetrabutylester
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C4Hg C4Hg C4Hg C4Hg

CTE4 CTES CTE 5x

Compound CTE 5. A Schlenk tube containing CTE-B 4 (0.11 g, 0.10 mmol), (2,5-dimethyl-3-thiophenyl)
boronic acid (0.033 g, 0.21 mmol), and Pd(PPhs), (0.023 g, 0.02 mmol) was evacuated and backfilled
with argon for three times. After the addition of degassed K,COj3 (aq. 2 mL), ethanol (1 ml) and toluene
(5 mL), the tube was sealed under argon atmosphere and heated at reflux for 12 h. After being cooled to
room temperature, the reaction mixture was diluted with dichloromethane, washed with water, and dried
over anhydrous Na,SO,. Upon removal of solvents in vacuo, the residual was purified with column
chromatography over silica gel eluted with petroleum ether/dichloromethane (1/1, v/v) to afford CTE 5
as a yellow solid (0.10 g, 90%).

Compound CTE 5. '"H NMR (400 MHz, CDCl3, ppm): 8 9.99 (s, 2H), 9.08 (s, 2H), 6.88 (d, ] = 2.4 Hz,
2H), 4.57 (t,J = 6.7 Hz, 4H), 4.49 (t, ] = 6.4 Hz, 4H), 2.65 (s, 6H), 2.22 (s, 6H), 1.95 - 1.91 (m, 4H), 1.86
—1.81 (m, 4H), 1.64 — 1.60 (m, 4H), 1.55 — 1.49 (m, 4H), 1.03 (t,J = 7.1 Hz, 12H). 3C NMR (101 MHz,
CDCl;, ppm): 6 167.88 (C=0), 167.79 (C=0), 136.33, 135.74, 134.76, 134.66, 134.64, 129.45, 129.42,
128.97, 128.53, 128.44, 126.90, 126.56, 125.48, 123.02, 122.89, 121.85, 121.69, 64.95, 64.61, 30.88,
29.71, 29.61, 28.66, 28.32, 21.65, 18.32, 18.28, 14.41, 13.08, 12.92, 12.85. MALDI TOF MS (HR):
Calc’d for CsgHs4Br,0gS,, 1076.1627; Found Mass (M™), 1076.2879 (m/z).

Compound CTE 5b-d. A Schlenk tube containing CTE-B 5§ (0.11 g, 0.10 mmol), phenylboronic acid
(0.30 mmol), and Pd(PPhs), (0.01 mmol) was evacuated and backfilled with argon for three times. After
the addition of degassed K,COj; (aq. 2 mL), ethanol (1 ml) and toluene (5 mL), the tube was sealed under
argon atmosphere and heated at reflux for 20 h. After being cooled to room temperature, the reaction
mixture was diluted with dichloromethane, washed with water, and dried over anhydrous Na,SO,. Upon
removal of solvents in vacuo, the residual was purified with column chromatography over silica gel eluted
with petroleum ether/dichloromethane (1/1, v/v) to afford CTE Sb-d as yellow solids.

Compound CTE 5b. Yield: 81%. 'H NMR (400 MHz, CDCl;, ppm): 6 9.17 (t, J = 2.2 Hz, 4H), 7.56 —
7.44 (m, 10H), 6.70 (d, J = 5.2 Hz, 2H), 4.46 (t, ] = 6.4 Hz, 4H), 4.41 (dd, ] = 12.6, 6.2 Hz, 4H), 2.47 (s,
6H), 2.04 (d, J = 2.3 Hz, 6H), 1.85 — 1.80 (m, 4H), 1.76 (dd, J = 12.9, 5.8 Hz, 4H), 1.55 — 1.49 (m, 4H),
1.43 — 1.36 (m, 4H), 1.03 — 0.99 (m, 6H), 0.95 (t, J = 7.4 Hz, 6H). 3C NMR (101 MHz, CDCl;, ppm): &
169.43 (C=0), 169.33 (C=0), 140.52, 138.79, 136.45, 135.68, 135.65, 134.91, 134.89, 134.76, 134.74,
134.70, 134.65, 131.39, 130.79, 130.76, 129.32, 129.26, 129.20, 129.12, 129.00, 128.74, 128.43, 127.94,
127.89, 127.50, 124.20, 123.41, 123.22, 122.26, 122.14, 65.46, 30.81, 30.69, 30.62, 29.73, 26.93, 19.34,
19.28, 15.27, 14.24, 13.92, 13.86. MALDI TOF MS (HR): Calc’d for CggHgsO5S,, 1072.4043; Found
Mass (M"), 1072.1110 (m/z).

Compound CTE 5e. Yield: 77%. 'H NMR (400 MHz, CDCls, ppm): § 9.15 — 9.11 (m, 2H), 9.07 (d, J =
2.3 Hz, 2H), 7.43 — 7.37 (m, 2H), 7.37 — 7.31 (m, 2H), 6.96 (tt, J = 7.0, 2.4 Hz, 4H), 6.62 (d, J = 10.8 Hz,
2H), 4.39 (t, ] = 6.4 Hz, 4H), 4.34 (ddd, J = 6.5, 4.6, 2.0 Hz, 4H), 3.86 (s, 6H), 2.41 (s, 6H), 1.95 (d, ] =
4.4 ¥z, 6H), 1.77 — 1.71 (m, 4H), 1.71 — 1.66 (m, 4H), 1.43 (dd, J = 15.1, 7.5 Hz, 4H), 1.34 (dd, J = 8.2,
6.8 Hz, 4H), 0.93 (dd, J = 8.8, 6.0 Hz, 6H), 0.87 (t, ] = 7.4 Hz, 6H). '*C NMR (101 MHz, CDCl;, ppm):



3 169.45 (C=0), 169.39 (C=0), 158.92, 140.22, 135.69, 135.65, 135.06, 135.04, 134.86, 134.63, 134.50,
132.56, 132.01, 131.01, 129.29, 129.21, 129.19, 129.16, 129.12, 128.94, 128.74, 124.21, 123.44, 123.12,
122.05,113.50, 113.31, 65.42, 55.30, 30.69, 30.64, 29.72, 19.33, 19.32, 15.33, 14.22, 14.21, 13.93, 13.79.
MALDI TOF MS (HR): Calc’d for C;oHggO10S,, 1132.4254; Found Mass (M*), 1132.1115 (m/z).

Compound CTE 5d. Yield: 75%. 'H NMR (400 MHz, CDCl;, ppm): 6 9.18 —9.14 (m, 2H), 9.10 — 9.06
(m, 2H), 7.20 (d, J = 1.0 Hz, 4H), 6.71 (d, ] = 5.2 Hz, 2H), 4.49 (d, J = 5.8 Hz, 8H), 2.54 (s, 6H), 2.11 (s,
6H), 1.84 (d, J = 5.7 Hz, 8H), 1.51 (dd, J = 15.2, 7.5 Hz, 8H), 1.03 (dd, J = 7.8, 5.0 Hz, 12H). 13C NMR
(101 MHz, CDCls, ppm): 6 169.08 (C=0), 168.93 (C=0), 152.08, 149.73, 139.28, 137.19, 136.95, 136.93,
135.32, 135.11, 135.05, 133.94, 129.83, 129.69, 129.32, 128.64, 128.36, 127.70, 124.06, 123.44, 123.36,
122.61, 115.84, 115.67, 115.06, 114.87, 114.08, 65.77, 65.66, 53.53, 33.84, 31.95, 30.66, 30.64, 29.72,
22.71,19.39, 19.33, 15.29, 14.25, 14.13, 13.89, 13.67. MALDI TOF MS (HR): Calc’d for C¢gHsgFsOsS,,
1180.3477; Found Mass (M*), 1180.2690 (m/z).

General procedure for converting perylene tetrabutylester to perylene bisimides

F

F

CTE 5x CBA 5x CBI 5x x= a,b,cd

Compound CBI 5a-d. A mixture of compound CTE S5x (0.10 mmol) and p-toluenesulfonic acid
monohydrate (p-TsOH-H,0) (0.09 g, 0.45 mmol), in toluene (3 mL), was stirred for 30 h at 100 °C. After
being cooled to room temperature, the reaction mixture was filtered, and the residue was washed with
methanol and water several times. Thereafter, the dried precipitate was taken in chloroform (6 mL) and
refluxed for a few hours. It was cooled to room temperature and filtered to remove the soluble
monoanhydride. The residue was then washed with chloroform and dried to obtain a red solid without
further purification, due to its low solubility. Then, a mixture of above red solid and 1-hexylheptylamine
(0.07 g, 0.23 mmol), in imidazole (0.22 g, 3.23 mmol), was stirred 3h at 130° C. The reaction mixture
was cooled to room temperature, taken up in 4 mL ethanol, treated with 12 mL 2M HCI, and stirred
overnight. The dark red precipitate was filtered and rinsed thoroughly with distilled water, and dried in
vacuo at 60 °C. The residual was purified with column chromatography over silica gel eluted with
petroleum ether/dichloromethane (3/1, v/v) to afford CBI Sa-d as a red solid.

Compound CBI 5a. Yield: 90%. 'H NMR (400 MHz, CDCl;, ppm): 8 9.84 (t, J = 16.3 Hz, 4H), 6.72 (d,
J=5.0 Hz, 1H), 6.65 (s, 3H), 5.44 — 5.38 (m, 2H), 2.55 (d, J = 11.3 Hz, 12H), 2.37 (dd, J = 9.4, 4.3 Hz,
4H), 2.20 — 2.14 (m, 9H), 2.11 (d, J = 3.4 Hz, 3H), 2.07 — 2.01 (m, 4H), 1.33 — 1.26 (m, 24H), 0.84 (t, J =
6.9 Hz, 12H). B*C NMR (101 MHz, CDCl;, ppm): 8 166.15 (C=0), 165.01 (C=0), 158.81, 141.14, 137.43,
137.25, 136.07, 135.93, 134.75, 134.62, 134.23, 132.68, 130.92, 130.54, 130.32, 130.07, 127.58, 123.57,
123.02, 121.29, 113.80, 55.28, 32.64, 31.82, 29.72,26.91, 22.59, 15.34, 14.05. EI TOF MS (HR): Calc’d
for C74H7sN,04S,, 1186.4844; Found Mass (M™), 1186.4847 (m/z).

Compound CBI 5b. Yield: 87%. 'H NMR (400 MHz, CDCls, ppm): 8 9.76 (s, 2H), 9.72 (s, 2H), 7.46 (d,
J=5.1 Hz, 10H), 6.63 (s, 2H), 5.28 (d, ] = 5.0 Hz, 2H), 2.41 (s, 6H), 2.25 (d, J = 6.5 Hz, 4H), 1.99 (d, J
=6.2 Hz, 6H), 1.95 - 1.90 (m, 5H), 1.18 (s, 28H), 0.74 (t, ] = 7.1 Hz, 12H). 3C NMR (101 MHz, CDCl;,



ppm): & 165.85 (C=0), 164.77 (C=0), 158.58, 141.08, 137.19, 137.17, 135.19, 133.92, 133.89, 133.37,
130.21, 128.89, 127.90, 127.15, 126.88, 122.85, 122.65, 122.21, 120.32, 113.82, 113.64, 54.21, 31.61,
30.91, 30.79, 30.57, 28.68, 28.31, 25.87, 24.50, 24.26, 21.64,21.55, 13.11, 13.02. MALDI TOF MS (HR):
Calc’d for C74H74N,04S,, 1118.5090; Found Mass (M*), 1118.4201 (m/z).

Compound CBI 5¢. Yield: 91%. '"H NMR (400 MHz, CDCls, ppm): & 9.80 (s, 1H), 9.76 (s, 1H), 9.74 (s,
1H), 9.70 (s, 1H), 7.41 (s, 1H), 7.39 (s, 1H), 7.37 (s, 1H), 7.34 (d, ] = 2.7 Hz, 1H), 6.99 (dd, J = 10.4,4.3
Hz, 4H), 6.64 (s, 2H), 5.32 — 5.27 (m, 2H), 3.89 (s, 6H), 2.43 (s, 6H), 2.26 (d, J = 7.6 Hz, 4H), 1.97 (d, J
= 6.3 Hz, 6H), 1.91 (d, J = 4.4 Hz, 4H), 0.73 (t, J = 7.1 Hz, 12H). *C NMR (101 MHz, CDCl;, ppm): &
166.16 (C=0), 165.00 (C=0), 159.13, 141.87, 136.56, 136.24, 134.81, 134.56, 132.42, 131.69, 130.38,
130.17, 128.93, 123.74, 123.49, 123.17, 121.37, 113.85, 113.65, 55.34, 55.22, 32.68, 32.64, 31.94, 31.84,
29.72, 29.38, 26.91, 22.71, 22.60, 15.44, 14.28, 14.15, 14.06. MALDI TOF MS (HR): Calc’d for
C76H78N»>06S,, 1178.5301; Found Mass (M*), 1178.3100 (m/z).

Compound CBI 5d. Yield: 87%. 'H NMR (400 MHz, CDCls, ppm): 6 9.79 (s, 1H), 9.76 (s, 1H), 9.70 (s,
1H), 9.65 (s, 1H), 7.17 (d, J = 5.3 Hz, 4H), 6.69 (s, 2H), 5.37 (s, 2H), 2.53 (s, 6H), 2.32 (s, 4H), 2.09 (d,
J=4.3 Hz, 6H), 2.00 (s, 4H), 1.26 (d, ] = 12.8 Hz, 24H), 0.81 (t, ] = 7.0 Hz, 12H). >*C NMR (101 MHz,
CDCls, ppm): 6 164.71 (C=0), 163.52 (C=0), 151.22, 148.73, 138.26, 137.67, 136.45, 136.03, 134.25,
132.42, 129.00, 128.07, 127.17, 122.75, 122.58, 120.20, 114.68, 114.53, 113.78, 113.57, 113.04, 54.43,
32.80, 31.58, 30.99, 30.75, 28.68, 28.64, 28.34, 25.83, 21.67, 21.54, 14.36, 13.26, 13.09, 12.99. MALDI
TOF MS (HR): Calc’d for C74HggFsN2OgS,, 1226.4525; Found Mass (M™), 1226.2966 (m/z).

C4Hg C4Ho

ICI/CH,CI Suzuki Coupling
= ——®  Only trace product.
-78°C -r.t.

hv

| |
C4Hg CqHo

PTE 2 CTE 3'

Scheme S1. Synthesis of dichlorinated CTE 3’ and subsequent Suzuki coupling.



I1. Features of regioisomerically pure structure and mechanism
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Figure S1. '"H NMR spectrum: (a) 4:1 regioisomeric mixture of 1,7- and 1,6- PTE 1 obtained after the
reaction and (b) PTE 1 after purification by recrystallization. The signals corresponding to the 1,7-
regioisomer are marked with asterisks.
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Figure S2. '"H NMR spectrum: (a) 4:1 regioisomeric mixture of CTE 4 obtained after the reaction and
(b) regioisomeric pure CTE 4 obtained after the reaction. The signals corresponding to the 1,7-
regioisomer are marked with asterisks.
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Figure S3. Low-field section of 'TH NMR spectrum of: (a) CBI 5b, (b) CBI 5¢, (c) CBI 5d.
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FTIR spectrum: (a) PBI 2, (b) PBI 3, (c) BBI 3.
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II1. Absorption, emission, and electrochemical characterizations and DFT calculations

Toluene was distilled over molecular sieve prior to use. Absorption and fluorescence spectra were
recorded using Varian Cary 500 and Varian Cary Eclipse, respectively. The solid-state absorption and
fluorescence spectra were recorded using EvoLution 220 (Thermo Fisher) and Fluorescence Spectrometer
LS 55 (Perkin Elmer), respectively. Fluorescence quantum yields were measured by using a commercial
spectrometer equipped with an integrating sphere of 3.3 in. in radius (Hamamatsu, C9920-02). The cyclic
voltammetry experiments were performed by a Versastat II electrochemical workstation (Princeton
applied research) using a conventional three electrode configuration with a glassy carbon working
electrode, a Pt wire counter electrode, and a regular calomel reference electrode in saturated KCl solution,
0.1 M BuyNPF; in dichloromethane solution as the supporting electrolyte with a scan rate of 100 mV-s..

Table S1. Photophysical and electrochemical data of CTEs/CBIs in Toluene and CH,Cl,, respectively.
Compound Japs/ N Jem/ nm?  @g/ %P Viea/ V© LUMO / eV4 HOMO / eV®

CTE4 437,465 472 0.3 -1.36 -3.44 -6.05
CTESa 435,463 476 39.2 -1.42 -3.38 -5.97
CTESb 434,461 473 60.9 -1.40 -3.40 -6.09
CTESc 437,465 479 41.7 -1.36 -3.44 -6.11
CTESd 432,459 470 64.1 -1.37 -3.43 -6.13
CBI 5a 431, 517 533 333 -1.35 -3.45 -5.76
CBI 5Sb 430, 513 527 55.4 -1.35 -3.45 -5.87
CBI 5¢ 432,521 540 37.6 -1.32 -3.48 -5.86
CBI5d 427, 507 518 58.5 -1.35 -3.45 -5.83

a The excitation wavelengths were 435 nm for these compounds. ® Fluorescence quantum yields of CBI
5a-5d determined at a concentration of ¢ = 1.0x107°. ¢ The first reduction potentials in cyclic
voltammogram traces referenced to Fc/Fc*. 4 Estimated vs vacuum level from

LUMO = -4.80 €V - E. ¢ Estimated from HOMO = LUMO - E,, where E, = optical gap, calculated from
the optical absorption data.

a 025- ——CBI 5a b 800- —— CBI 5a
] ——CBI 5b —— CBI 5b
0.20 —CBI5¢| 5 - ——CBI 5¢
i —CB 5l 2 ) —— CBI 5d
@ 0.15 >
< =
< 2 400 -
0.10 - o
_ £
0.05 - 200 4
0.00 . : 0

T T T v T v T ' T ' 1
400 500 500 550 600 650 700 750 800

A (nm) Wavelength (nm)
Figure S6. The solid-state absorption spectra (a) and the solid-state fluorescence emission spectra (b) of
CBIs, 25 °C.



CBI 5a CBI 5b CBI 5c¢ BI 5d

Figure S7. Photograph of visual and fluorescent color of CBIs in solid-state (a) contrast to color in toluene
(b), 25 °C. Excitation was effected at 365 nm.
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Figure S8. Cyclic voltammograms of ferrocene and CTE 4 and 5a-5d in CH,Cl,.
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Figure S9. Cyclic voltammograms of CBI 5a-5d in CH,Cl,.

Computational details

We employed density functional theory (DFT) calculations to optimize the ground state geometries of
the molecules, using the hybrid B3LYP functional 53] and the 6-31G(d) basis set (54, For bromine and
iodine atoms, the Los Alamos effective core potential basis set (LANL2DZ) was used [5°1. Dispersions
were included by the DFT-D3 correction 3¢, To save computational costs, the long alkyl chains were
replaced by methyl groups without affecting the validity of the results. All calculations were carried out

using the Gaussian09 program package [571,

Results

Table S2. Energy levels (in eV) of frontier molecular orbitals.

Compound EHOMO) E(LUMO) Gap

CTE 4 -6.24 -2.65 3.59
CTE Sa -5.47 -2.11 3.36
CTE 5b -5.51 -2.10 3.41
CTE 5S¢ -5.34 -2.04 3.30
CTE 5d -5.83 -2.36 3.49
CBI 5a -5.67 -2.90 2.77
CBI 5b -5.79 -2.89 2.90
CBI 5c¢ -5.57 -2.82 2.75
CBI 5d -6.10 -3.15 2.95

Table S3. Contour plots of frontier molecular orbitals of compounds.



LUMO

CTE 4

CTE 5Sa

CTE 5b




CTE 5S¢

CTE 5d

CBI 5a

CBI 5b




CBI 5c¢

CBI 5d




IV. NMR spectra

oy
oe._g
zo't
avL
LV
1

aFl F _—

6V 1
151
1571+

zg'1d
mm,t_
G241
AL
A}
11
wm.L

—

8
Vncww

...._ﬂ..v.\

]

=5

n._rm.._o.N_

€08
.uﬂ 208

= Z0%

4670
um (60

m._r FACHE

ool
wﬁ w60

4.5 4.0 3.5 3.0 25 2.0 1.5 1o 0.5 0.0

5.0
f1 (ppm)

'H NMR spectrum of PTE 1

9.5

10.0

E661—

WEB1—

|08 —

_w_,m...*v
869

L9811
Frazi
98°LZ1

66871
L7081
srosi-t
Z0161
vaigdf
FLI1E1 \
zLag1

13C NMR spectrum of PTE 1

130

140

150

160




Fad—
96°0

60
60

660

i
o1 ﬁ
LV
v
avi
YRR
o
G |

a8
vn..vV

9 m,.v\

A

I

— A

I

=gI'dl

JFON‘N_

oo's

u__\ 96°L

oo'tL

26°0
S07

001
660

0.0

=it

0.5

AR e

1.0

ZI'61—

15

0505 —

3.0 5. 2.0

3.5

4.0

69
O.v,m...._v.

4.5

5.0
f1 {ppm)

'H NMR spectrum of PTE 2

5.5

6.0

LZTZ01—
GLE01—

6.5

70

BELIT—
28921

mcu.w_M
LVeElE
SE6Z1 ¥
vrosid  °
serdp
7LES1 ¥
1095t

75

8.0

8.5

9.0

9.5

10.0

FYLI
0991 W

1.5

10

a0

110 00
f1 (ppm)
13C NMR spectrum of PTE 2

120

130

140

150

160




8670
no;‘
mo,_.é
St =5
L3 — = =
a0/ —
BE 1 o _
1971
gl A
g9l
ag 1
61
S6°1
¥e1
a6'1
261
[70%
mm.*%
s oo ——
mm.ﬁn
85F
w A
fa [E1r3
C,ﬂ_..m.l,:
/_ s\ :zcﬁ
a—y 7
O o \ /H.I_,_
ol # N F
o L ]
CMM" 2—O8-f e\\ //zl,‘.\
A sl e W e ]
/ ¥ Yl :
w2 L, F=R
P s A T
166~ — [ cop e
Z001-" TEE T i
e

ezl

= B6L

- 809

= 009

0.5 0.0 =

9.0 8.5 8.0 75 70 6.5 6.0 5.5 - (5.0 ) 4.5 4.0 3.5 3.0 5. 2.0 15 1.0
ppm
'H NMR spectrum of CTE 3

9.5

10.0

1.5

ZV0—

g _,v/
E..n_./
9gg14.
9Z°614
SE61
Z968
gV
19694
0L G9
FLGO
VSZT1
197221
165711
9LV
QYL
1541
20971
L7351 !
VLTl
GOGZ1
£0051
(AR
15061
PEGTE
1601
960514
88151
BYZSI
ERGTIR
08551 1

6951
a0rel-§

PLIFEL
N.v,.vn_m

LBEE1~

E
-
- —
]
5 T
ferod (T4
g S L —i
/1: i zzrw_ﬁ wa =
=" o) - =
o ws Bw o my =
I 7 N /7~ | /E s
— o x e e
] _—

T
=

10

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
7

f1 (ppm)

3C NMR spectrum of CTE 3



Lol
0l
01
Ol
S0l

a0l
4671

w6l
o'l
aal
681
el
161
Z6'l

el
e

-

[ )
vonnnnn
b . T

o

66
66

1

0.5

=Z6° 11

e e e L

= 964

= A1'%

2.0

I

35

4.0

llllh = 00g

.

T T
6.0 5.5

6.5

7.0

T T
8.0 7.5

8.5

9.0

/507
s

0.0

1.0

1.5

4.5

5.0
f1 {ppm)

'"H NMR spectrum of CTE 4

8:5

10.0

1.5

—
9661 —
V61—
vL05— =
99—
6O111— =
z12z1
mm,NN_W
21931 —=
ZI8Z1 - - . zocf
vLOSI A o =
%on_ pE S ==
R 8 i /__.“w_ o8 55— \ ==
6FEI 7 N 7 / £
= F—ON—n—¢ — —G—On- s}
15251 . 3\ / |4\ //2 4\\ k|4\
mm.mm_ : F—OF-5 ,\\ //| ”\ ) — JIOs{e\
S g | N/ N_Z7 |
g = \_.l.. o
ZELI SEES ]

it

0 140 130 120 110 100 a0 BO 70 B0
£l (ppm)
13C NMR spectrum of CTE 4

15

160

0



v -n_

§0'1
§0°14
L1
_m‘_._
£5'14
0’1 ;
291
nm.:ﬁ
780
v
G814
e
nm.:_ﬁ
561
%27
soz

gV
avr
15
s
L6
6g

L

289
289 7

GEG—

o W...,_.._._\Sm._c\wﬁ
s b
M [
\ / o
Fi— [}
m_u.,. ; \ 3 —2 R - a_\
flOra_zl \\ //il\ 3 I.m._.I.O:J._._\ G
v d N _d
_|Oa,.|,,|c\\ //|\ /,. .,.|O‘|~.\
_OZ I/l”z\ //u c\\ _Fa
! % .
=g
/ N
0 o
A
Pm_._ﬁ\|a”u.(s..;\n_\4/rn|w.mm.ﬁ
i g pu

’

s SOF
g0

- 00Z

= 60'F%

0.0 8.5 8.0 5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 5. 2.0 15 1.0 0.5 0.0
f1 {ppm)
'H NMR spectrum of CTE 5

9.5

10.0

A
bR A
2061
¥ b1~
8T8l
Nn.m_w
sy _m.\
2582
YU EE
19 6Z
1467
8808

19b9-
s6ve

BY1Z1,
SE1Z14
BRZEIL
Nc.nNJ
B¥EZ14
AR
069Z14L
PraziaL
SG'8Z1F
....m,mwtﬂ
ZVBEI ﬁ
AR

rorsl
mmén_\_
E.,*.%‘_M
PLES L

seodh

6LL91 .v
LD

160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)
3C NMR spectrum of CTE 5

170



ool
Zol
Ol
05’1
Z5°1
ea'l
S5°1
L&~
nm._w
kel
S0z
orz
ZI'g
¥z
05z
A

-
LV
GFP

.l

S99
...,_m,m/
899
899
0Ly

=B07Z1

U

! vi's

208

~I0EL
L6711
-

»

k = 00w

= 10F

16—
S8zl
2051
1Z'61
e
1ggnd

0.0

0.5

1.0

15

N

1 N

«

-

T

2.0

2.5

S9°67 1
9e0g-

3.0

FAE &

3.5

4.5 4.0

5.0
f1 {ppm)

"H NMR spectrum of CTE 5a

5.5

1U1Z1,
JARAAE
ZZEEN 1
96971
BOLE1Y
[ IRAR
BGLZ1

6.0

6.5

7.0

SELTI
0%8E1 M
ZLEE1
cover
S1PSl

75

—

8.0

8.5

el
S¥IaLy

o.0

/

S
i

9.5

Pe89l—

100

L3

08 ¥FE 1 £—k

FUreTi__ .

o

170 160 150 140 130 120 110 100 - (QU ) B0 70 60 50 40 30 20 io
ppm
13C NMR spectrum of CTE 5a

&0



f\“ — w_/zmﬁ_, o
NN

= % /| _\;

o5 s—id %

1"/ \_/

B O H=a—E

o

_ou
o
b
[T
o @ _,.\
R—R
I 7 2
—E—OR=E o
/

109
Wy
PAC 4
10°F

209
e

A g

0¥
W 20F

= 10%

a0l

= 00'F

20'9|

Z0Y

a.0 8.5 8.0 75 7.0 6.5 6.0 5.5 " E.U ) 4.5 4.0 35 3.0 5. 2.0 1.5 1.0 0.5 0.0
ppm
"H NMR spectrum of CTE 5b

9.5

10.0

9wgl
7661
Vbl
2ZG1L
L 61
a6l v-
CEZ~
SL6Z T
908
6y 0%
1508

9y Go—
vizzl,

A ATAR
QZ'FZ1

|

|

08'LZ1
BELT1
VELT1A
P TAR
TRTAR
006z 1
Z16Z14
0ZBE
ATRE
A IA R
aL081-4
E..cn:_”
BEIE1-E
PLFELA
aLveL
agbel
16¥a14
SUEE LA
mhmr%.u
zgovL

Qi
T

a6l .v‘
ere6ul

g
r

160 150 140 130 iz0 110 100 - (90 ) 80 70 60 50 40 30 20 10
ppm
13C NMR spectrum of CTE 5b

170



W m
S %
s 2
—

g
OEF=-05
Mg B aw
.|W\. /..,C..fu_\\ ﬂ.ﬁ\c.., =
—A /7 A/ 3
O|1\I|....l|_._\ /_.”.H_,r._ oF | |“c\
_\o“\__‘..”.\\\\ //_‘_,,._\ /‘_,,._\Ol._\ 5o
J e S e i -/
E—OF-H \\ //z { /e_‘ — O '
o LN Ne o L
: g . .
= ¥ S —
k\\ //J “.:.“\ //E
of Nud Sos,_/
4 TR p
OB-G8

~.__..@.D 9

“goa |

00

“ory |

Mmm‘m
Mﬁmo.v I

0’9

Lrog [

=¥0'9
___mo,¢
=o'V

~00'8 |

S0V

MNO.N F

=Z0E

007
oz

D. L=F - ”
PR
= 8561
zg6l _
n nm‘m_% —
&
5
1 thm/ =
e I_,omN —
- 6w 0%
il
™~
n
(3]
0585 — -
ot
=
2 8 ZVga— e
=
[=)
An
@)
(.
n O
_E
T
L=
=3
w0y
] 75
a2
3 =
Z LA _v. wa.a-o@
5 1H 08511 Ml oz um £
Vg7l SN Oy e e
971 5 ] = h -
2 s N A4 /a i —
G1IBE1+ o5 B—_
”N.mw_ Yo/ -
=1 [l
& iy - - /N e / ¢
BZBT1 0 \r./ =y 0 F—, :
=) _o._n_.___ _\..“‘O_.“\z‘..“.\ }—g \_.,._‘?_‘O:.L.. m___..
2 P
sszs1d__ o o N a\_a_\ |
W 95raY) o S /A e 2 s
® zzovl, S I LY S \\\\ I
2 C.m” /E”_a_\
EECh = 4IJ\ /r.|".._ =
0 TN N
s of Sof Soi, ./
= S¥e9l ] = N of
— OB-08
n
8

170 160 150 140 130 120 110 100 - (90 ) 80 70 60 50 40 30 20 10
ppm
3C NMR spectrum of CTE 5¢

80



1ot
S0l
a0l
kOl
|
081

FA

¥S1

ae’l
el
L'z
¥SZ

6FF
[

049
L9
[ A
Q4

|
—

|| % 209

Ha

VA

208
- W08
zZ0'9

o

i

= 861

= Be'Y

507
L oooZ

a.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 5. 2.0 1.5 1.0 0.5 0.0
f1 {ppm)
"H NMR spectrum of CTE 5d

9.5

10.0

E;.:
[
Sl
87kl
6ZG1-—
nn.m_u.
B8S61 \
1428
TL6T
Y os
9908
SE1e

8665 —

20'se v.
4469

VIS,
L9771
IECEL

P¥EEI1
Q0¥Z1
OLLEL

AERE1
VOET1
ZE6EI
BYGEZI
ERLAR
veesi4
ma,mn;
11661
Zeee1
F6UE1
GE9GI-
arigts

e

Lun

¥,
GABHE.
b b

oA H

2
0
o

po

eeal v.
20691

10

20

30

40

50

60

70

B0

a0
f1 (ppm)

3C NMR spectrum of CTE 5d

100

110

120

130

140

150

160

170

&0



6L0
180
80
sZ°1
4Z°1

%Zl
00z

0%
L07] —
207 =
6074
11z

sz
g1z
21z
vz
0szA
¢gz-

gk
|
|
|
\
|

beihed
|
|
|
|

9e's

hm,m)

wm,mw =g
Q¥s

Q¥s

-
a5

43

el
q

2

as

oy g Ml o

ke

34

E e T T

L

=86711
FR6'67
0¥
g
109

IR

J/r 009
s0'9

= 00%

007
oeel

= 00'F

55 5.0 45 40 35 30 25 20 15 1.0 0.5 0.0
f1 {(ppm)

6.0

9.5 9.0 8.5 8.0 73 7.0

10.0

0.5

S50¥F1

sl M
mm.NN/
—m.mﬂ/
N»_.,mN/
28 16—
T.w.Nﬂ.\f

ectrum of CBI 5a

Sp
P
0
Lzl
N
i

086114
671214
20671

A

R BGLE1

M LO01

Z, &E0g14

T bgosl
76081
897
nm,vM%ﬂM
ZIVEL

et

a5

mh..vm_qu/)
aB8e _Q
4091
SZLEI:

e
S¥LEL

N\

FUIFLS

_m.mmh\}.

W

_O.m..:.f._

S _.«d\au\

4
2 43

as

oy g Ml o

170 160 150 140 130 120 110 100 4 [90 ) 80 70 a0 50 40 30 20 10
ppm
13C NMR spectrum of CBI 5a

ao



L8
BZS v.

80

o £ g—s
L £
| i J
" ,_/I\,_ < K
PRI il U
N o R N SN
VA S T A S
—=& g g ZR-R
/_q._rl a\\ //_. r— \\ // — _._“\ /ﬁ
O\\".““ /“ 2\ /",.\ //O @ _v\
N \,
2l 7
AR S /ca._.
fe

% o b &
//] 4 oFf Dwk o
TR T

= 10Z

= 107

=1rol

M\ 007
- BO'E

10.0 9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 {ppm)
"H NMR spectrum of CBI 5b

1.5

AN |
m_mmv
o _NMM«
LEGZ
16'82 -]
.mm_..m.N\\
509
BL08
19lg

1Z P8 —

PO,
ZRSI1
ZS0Z1
122714
S9ZZI
SEZZ1A
mv..an
SI4ZI ﬁ.
064714
PR TAR Y
_m.o&aa”
m.n,nm_/mw
6EEEY—+
ZEEEIM
61GEY
AT

BULSY

SOV

SE8G 1

.,...hwu,f/.

G869l \v
og
b

—=0

N\ _J\_/

04] \\|// |,.\\

£
N\

G

73

Vi .

o2 O
N
N Y o N

B, i

N
il

e £ —

A / | //O 8

— i

.

44
B

P S s R

an

#
=
bl
C
=
/
5
AN
/
c
HaC

170 160 150 140 130 120 110 100 - (90 ) 80 70 60 50 40 30 20 10
ppm
3C NMR spectrum of CBI 5b

30



120

nh.ow —

szol

s -

6gl

o8l s

a1 ==

L61 -

fa'l =

SZZ

827

PEAA

SVE

65— —

roo

469

269 %ﬁo’

002 A ey

1044, 4\; c/.%“,_,/a\sa/:\c,f ma

oz, N\ N [ Va

veLy/ :/.“hlm\l , /

P /r oy 4  — oF \

4RLYT N o N N N

mnhﬂ. N\,._,. ‘/_,\4\ N, /\\

Wil RN N,
% A N FN S R P
kS on - v s & o8 &
_\ /z V4 /._.
L™ e & e

0L6 /° \ f 7\, :/c.

E.mWﬁ cw_. Sl /fw/.uexe s

E,m\ = -

096 Rk

M

=G68'71

=G0¥VE

o

hs

60'F
z09
S0F
409

009

102

r 00°%

L0'F
'l
ool
101
460

201
S0°1
201
S0'1

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 - ES.U ) 4.5 4.0 3.5 3.0 5. 2.0 1.5 1.0 0.5 0.0
ppm
'H NMR spectrum of CBI 5¢

10.0

SIVI
ST 1
FrS1
09ZZ =
_hwmﬁ
1697 -
%
ZL6ZA .
e lg L
v ig M
Vo ze E
897 |
Z% GG w
vn,mmv. 3
%
M:
SUSIL, m
SRR
LEIZ1S ﬁ
L1671
BFEZI T 1
OF-0op
E..nw_:. N o o —
: A g=5 M_._,__ g S8 o
e mmw.ﬂ _u\ /.,: g 8’ S i
Llogiyt ﬂ,|\\ /Val\\ / =
SEOEIA o L, o B
mw._mq_/..m \;"/ _ P =
; oy o [ o o =
wase N N\ 4 N/ N -
MRS L n o N d i
LR TN 4\, SN R
weil LN g R T
..“.m.....ﬂ—\ N Y] - / \” ¢ oR ;../ 3
FASRE =5 )
srasts e h—e i .
Q05 ..C\f \_\‘ //;_ ﬁ.\\ //.,_._ /C 3} J =
91991 — Cam Sofl /msu_/n_aln\ - =
o ] / H3
o=-G

160 150 140 130 120 110 100 5 EU ) a0 70 a0 50 40 30 20 10
ppm
13C NMR spectrum of CBI 5¢

170



—

N\

L mir \
Y
5

W

W

i

24

e L S R

]

HaC

=ZI'Z1

=e0VE

o1'¥
g
'y
e0'9

2.

= 207

= A07

= L0'F

S0°1
101
SO'1
ool

— A

3.0 5. 2.0 1.5 1.0 0.5 0.0

3.5

4.0

aa..:
60'g1
9z 61
ELad R
Ve 1z
Ly _NM.

SRGE_

10

20

L A
B RE
G408
85718

s¥ie—

4.5

8.5 8.0 7.5 70 6.5 6.0 5.5 - ES.U )
ppm
"H NMR spectrum of CBI 5d

9.0

9.5

10.0

PO,
LSS
RLEL1
EENANE
UYL
0Z'0Z 1+
SEEEI
847214
L1271 T
LORE 1

06T
A g A 4‘
SZVS1/

CH3

81

75

24

B g el oo, ool

.

HsC

o

a0 80 70 60 50 40 30

f1 (ppm)

3C NMR spectrum of CBI 5d

100

160 150 140 130 120 110

170




Nwdg

ka0
980

L7
ww._k s

g1/

¥l
sel #
a8 1
et
881
Z5%
vzz
g7z
9771
hu,w_

s}

N o~ o o
L s
Lo omomom
e

7\

CHa,
e

~

45

o
o

\ o
4 N\ 7 N\
N @ R
A

1

A B

— s of

Ty o

4

o]
&

3

Ll

1
2

L R e

ag

P
0/ "\-.N/

&2
ag

40

s
4z

HaC

Jy

ooz

0.

0.0

f1 (ppm)

'H NMR spectrum of PBI 1

9.5, 8.0

10.0

L3

FOrl—
...E,NN/-
65797

65 —m../.
mN.Nm_.W

FA AN

6115
_m..vmwv.

W S 0

PE0Z1
LBZE;

E.,nuﬂ
[ IPRA /
018z ~L
VLRE _/%
zaany.

a8y _

&
[E1=3
,C\_
Mon ./:_
M L3
/ 4
oy n—— 2—g O 5
N/ N N7,
VEEEY, N\x /‘4\ /_.._‘m\ /N,‘_Tr_\
/ﬂle\\ //3',.:\\ //ala\ /x
O\\..m_ /|4\ /ql_‘,.\ //05 n__\
L
/
%
LA
=

160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR spectrum of PBI 1

70



SF0

G

vm.ok
9g0-/
621~
ge1d
g5
081
&l
7%
§27
vZz

AT

ars
Zrs
s

816

A
H— =5

N

-

i
LSS
EE
]
2
0
" 1
-
" VCH,
&

s

3

VAN W
{3
w7\,

S T G Fea

—— _——

4
4

AT

3

S

-‘\1

Q
2
3
- a
43

A
A
HaC

42

_

; 8%

hpozi
S0¥E
4

F oo'v

I e6'¢

I 00Z

povel
|- v6z
E zot

B AGD

n.o

)

)

3.0

£1 (ppm)

NMR spectrum of PBI 2

FERE ]

288
/

™S L

h_......N)/

1zgs

Nm.Nw*
BAEE

FAVRHY
§ _.mmv.

1L9z14
i
z8'9%1

G99E _/

srgss.
zogs1Y,
veaey
/:.
0z% E.\.x(
1z pars

ol
W

b
/

— =R
\

5

4

O

&

\

by —

N

/-

=

J N

o

A
/N

o @

7 N,
<

JN,

4

=

/

AN
it

Qi

Y

T
100

T
110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

I3C NMR spectrum of PBI 2



PO —

Q40— =

m_._/.
At TT———

S4°1
M_L__.._w

El N

an

3
od
<., ~EHs

gag.
598
698"
128
658
68

28

3

5, /““‘R—%

Mg

|

L sug

e AL

e
CH
g

45

b /4‘\‘/

-

4

4
HBC/ g

42

—vrve

- F o0

L g0

L - g0z

]

(]
ﬁk\
okl

o I
o & O
ﬁ- —

[=]

4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

5.0
f1 {ppm)

9.0 8.5 8.0 7.5 70 6.5 6.0 5.5
"H NMR spectrum of PBI 3

9.5

10.0

1.5

420
OO,G-FV

220

*O,_H\w
a8l

Zevl— =

La- N A
o8 NNW‘

Elerrty

)

L8792 \v

662

Q0ze

eI’z

25'¢%

L bR
b

5065

0Z'ELL,
WENAR
UYL
VIULZIA
0LLE1
FAAR
[ SHAR
EIQTAR
GO0E1 1
=
piist
25 o
SUIETY =
(&)

nnNmﬁ
95EEN
ZOFE 1A
ST¥ER
_mcwn_\_T
re ] &
£€'S /
mm.mn_\__ o
grast]
uhmn_\_,_“
SVEIf_

g
AN

CH:
|
e
CH
i

=

o
25
&
\
2]
. T

=

e 5
7

=
-

=

i

=
a7
~

PN
-~

-~

41
e

42

T
=l

10

a0

T
100

T
110

T
120

T
130

T
140

T
150

T
160

f1l (ppm)

13C NMR spectrum of PBI 3



48
47

K o “‘\.CHB

1 44
4 ot W S
40 K- EL 45

W s - e

HBE

Wwo.N~
S6'8

f ELiRHA

F sov

E oy

F 00'Z

P 00z
hogal

F z&1

=)

=]
=]
=

0.5

S84F%—

OV —
I9ZE
NE.NNMV
6L 92—
(LA RN
Al L
s

60’55 —

anwmm

£1 (gpm)

'H NMR spectrum of BBI 3

VEZZ1,
LOEE1
69EZ 1
01vEl

vw,..”_ﬂ%
wfmn?.w
a1 M.N,,ﬂ/
a1 mw?\
BSZS1

z _.nmf_w
8LEE1S
98 tﬁ% p
PR g g
19651

I vniw_,_
aRgaty
garal’

T

e

22

3

e

2

%_/

0
2

it

10

20

40

Lo
(151

3] 140 130 120 110 100 a0 i ErU .
3C NMR spectrum of BBI 3

15

160



References
(S1) Sengupta, S.; Dubey, R. K.; Hoek, R. W. M.; van Eeden, S. P. P.; Gunbas, D. D.; Grozema, F. C.;

Sudhdlter, E. J. R.; Jager, W. F. J. Org. Chem. 2014, 79, 6655.

(S2) (a) Huang, Y.; Hu, J.; Kuang, W.; Wei, Z.; Faul, C. F. J. Chem. Commun. 2011, 47, 5554. (b)
Rajasingh, P.; Cohen, R.; Shirman, E.; Shimon, L. J. W.; Rybtchinski, B. J. Org. Chem. 2007, 72, 5973.
(S3) Becke, A. D. J. Chem. Phys. 1993, 98, 5648.

(S4) Hehre, W. J.; Ditchfield, R.; Pople, J. A. J. Chem. Phys. 1972, 56, 2257.

(S5) Wadt, W. R.; Hay, P. J. J. Chem. Phys. 1985, 82, 284.

(S6) Grimme, S.; Antony, J.; Ehrlich, S.; Krieg, H. J. Chem. Phys. 2010, 132, 154104.

(S7) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.;
Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian,
H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda,
R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, J.
A., Jr.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.;
Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.;
Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo,
J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W_;
Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Dapprich,
S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J. Gaussian 09,
revision D.01; Gaussian, Inc.: Wallingford CT, 2009.



