Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Supersized Contorted-Aromatics
Supporting Information

Shengxiong Xiao,'? Seok Ju Kang,2 Ying Wu,” Seokhoon Ahn,” Jong Bok Kim,? Yueh-Lin Loo,’
Michael L. Steigerwald,” Hexing Li*' and Colin Nuckolls*'~

! Department of Chemistry, Shanghai Normal University, Optoelectronic Nano Materials and Devices Institute,
Shanghai, (CHINA)

* Department of Chemistry, Columbia University, New York, NY 10027 (USA)

3 Department of Chemical and Biological Engineering, Princeton University, Princeton, New Jersey 08544 (USA)

Figure S1. Two higher energy confirmations found for the c-OBCB 1a using DFT calculations.
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Figure S2. Stern-Volmer analysis of the association constant between c-OBCB 1b and PC7;0BM.
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Figure S3. Cyclic voltammetry of c-OBCB 1b in CH,Cl,.
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Figure S4. Current density-voltage (J-V) curves of PEDOT:PSS/c-OBCB 1b:PC7)BM/TiO4/Al
architecture BHJ solar cells with different weight ratios of the electron donor and acceptor in the
active layer
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I. Synthesis

General. Reagents employed were either commercially available or prepared according to a
known procedure as noted below. Anhydrous and oxygen-free CH,Cl,, diethyl ether and THF
were obtained from a Schlenk manifold with purification columns packed with activated alumina
and supported copper catalyst (Glass Contour, Irvine, CA). Unless otherwise noted, all reactions
were run in oven-dried glassware, and monitored by TLC using silica gel 60 F,s4 precoated plates
(EM Science) when necessary. Column chromatography was performed on a CombiFlash®
Sgl00c system using RediSepTM normal phase silica columns (ISCO, Inc., Lincoln, NE). 'H
NMR (400 MHz), and ?C NMR (100 MHz) spectra were recorded on Bruker DRX-300 and
Bruker DRX-400 spectrometers at room temperature unless otherwise noted. HRMS were
recorded on JEOL JMS-HX110A/110A Tandem mass spectrometer. The photochemistry was
carried out according to a reported procedure.! Thioketone 4a-¢ were synthesized according to

literature.
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Scheme S1. Synthesis of triolefin 3a-¢ and c-OBCB 1a-c. Key: a) Lawesson’s reagent, 80 "C; b)
NH,NH,*H,0; ¢) HgO or MnO; or NiO»; d) dichloromethane/absence of light followed by PPhs,
xylenes, reflux; e) 4v, I, propylene oxide.

O : O Synthesis of hydrazone 10a
OO‘OO To 1.5 g of thioketone 4a in 30 mL of pentanol was added 15 mL of
" hydrazine monohydrate, the mixture was heated at 120 °C for 12 h. After
cooled down to room temperature, the solvent was reduced down to 10 mL. The analytically pure
hydrazone 10a precipitated was collected by filtration.

'H NMR of hydrazone 10a (400 MHz, chloroform-d) & (ppm): 8.56 (s, 1H), 8.26 (s, 1H), 7.85 -

7.72 (m, 4H), 7.55 — 7.16 (m, 16H), 6.31 (s, 2H).

Synthesis of thioepoxide
1.2 g of hydrazone 10a was dissolved in 200 mL of anhydrous
methylenechloride. To this solution, 20 g of MgSO, was added, followed by

5 g of MnO,. The mixture was kept in the dark and 0.5 mL of saturated NaOH

in methanol was added. The reaction mixture was stirred at room temperature
for another 30 min and then filtered into 1.0 g of thioketone 4a in 100 mL of methylenechloride.
After stirring at room temperature for an additional 12 h, the solvent was reduced and thioepoxide
was purified by column chromatography to yield pure thioepoxide (1.7 g, 79%).
'H NMR (400 MHz, chloroform-d) & (ppm): 8.25 (s, 2H), 8.09 (s, 2H), 7.86 - 7.84 (d, 4H), 7.72 —

7.63 (m, 10H), 7.46 — 7.35 (m, 10H), 7.35—7.20 (m, 10H), 7.12 — 7.08 (t, 2H), 6.69 — 6.66 (d, 4H).

Synthesis of triolefin 3a
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1.7 g (1.854 mmol, 1.0 eq.) of thioepoxide and 0.6 g (2.23 mmol, 1.2 eq.) of PPh; in 60 mL of
xylenes was heated to reflux for 12 h. After cooled down to room temperature, the solvent was
reduced under vacuum. And triolefin precipitates 3a were collected by filtration, washed with
methanol and hexanes, and recrystalized in toluene to yield pure 3a. (1.5 g, 89% yield).

"H NMR of triolefin 3a (400 MHz, chloroform-d) & (ppm): 7.78 (s, 4H), 7.75 (d, 4H), 7.70 (d, 8H),

7.51 - 7.42 (m, 12H), 7.33 — 7.30 (d, 4H), 7.26 — 7.15 (m, 8H), 7.09 (s, 4H).

Synthesis of c-OBCB 1a
The photolysis setup has been previously described.' A mixture of compound
3a (150 mg, 0.17 mmol), iodine (260 mg, 1.02 mmol), and propylene oxide

(20 mL) in 350 mL of anhydrous benzene was irradiated with UV light

(Hanovia 450 W high-pressure quartz Hg-vapor lamp) in an immersion well.
Argon was bubbled through the reaction vessel during the photolysis. To maintain a constant
temperature, the whole apparatus is submerged in a large bath of circulating water. After 12
hours of irradiation, the solvent is reduced to 15 mL under reduced pressure and a yellow powder
precipitates. Compound 1a is isolated by vacuum filtration and washed with 100 mL of 20%
CH,Cl; in hexanes to yield 100 mg of 1a (83% yield).
'HNMR ¢-OBCB 1a (400 MHz, toluene-dg) & (ppm): 9.55 (d, 4H), 9.42 (d, 4H), 9.31 (d, 4H), 9.09

(d, 4H), 8.00 — 7.92 (m, 8H), 7.78 (t, 4H), 7.57 (t, 4H).

Synthesis of hydrazone 10b

To 2.0 g of thioketone 4b in 30 mL of pentanol was added 15 mL of

hydrazine monohydrate, the mixture was heated at 120 °C for 12 h.



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

After cooled down to room temperature, the solvent was evaporated under vacuum. The
analytically pure hydrazone 10b was used without further purification.

'H NMR (400 MHz, chloroform-d) & (ppm): 8.70 (s, 2H), 7.94 (t, 2H), 7.69 (s, 2H), 7.42 (d, 2H),
7.41 (d, 2H), 7.40 (t,2H), 7.16 (d, 4H), 6.76 (d, 4H), 6.30 (s, 2H), 3.86 (m, 4H), 1.71 (m, 4H), 1.58
—1.35 (m, 36H), 0.97 — 0.94 (m, 6H).

HRMS (FAB+) cald. for CsoH7,N,0,: 840.5594; found: 840.43.

C12tas0 O O OCeHs  Synthesis of thioepoxide
1.5 g of hydrazone 10b was dissolved in 200 mL of anhydrous
methylenechloride. To this solution, 20 g of MgSO4 was added,

followed by 5 g of MnO,. The mixture was kept in the dark and 0.5 mL

C12H250 OCiHes  of saturated NaOH in methanol was added. The reaction mixture was
stirred at room temperature for another 30 min. This solution of diazo compound Sb generated in
situ was then filtered into 1.4 g of thioketone 4b in 100 mL of methylene chloride. After stirring at
room temperature for an additional 12 h, the solvent was evaporated and thioepoxide was purified
by column chromatography with 1:4 (v:v) methylene chloride and hexanes (R¢= 0.2) to yield pure
thioepoxide (2.1 g, 73% yield).

'"H NMR (400 MHz, chloroform-d) & (ppm): 8.23 (s, 1H), 8.13 (s, 1H), 7.80 (s, 2H), 7.80 (s, 2H),
7.74 (s, 2H), 7.72 (d, 2H), 7.68 (d, 4H), 7.64 (d, 4H), 7.58 (d, 2H), 7.52 (d, 2H), 7.46 (d, 2H), 7.39
(d, 1H), 7.32 (d, 2H), 7.30 (d, 2H), 7.24 (d, 2H), 7.08 (m, 1H), 7.02 (d, 4H), 6.96 (d, 2H), 6.82 (d,
2H), 6.71 (d, 1H), 6.64 (s, 1H), 4.06 (m, 4H), 4.05 - 4.03 (m, 2H), 3.98 (s, 2H), 1.88 — 1.79 (m, 8H),

1.58 — 1.35 (m, 72H), 0.97 — 0.94 (m, 12H).
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3C NMR (100 MHz, chloroform-d) & (ppm): 158.3, 137.7, 136.1, 135.4, 132.3, 131.6, 131.4,
131.1, 130.4, 128.2, 128.1, 128.0, 127.2, 126.1, 126.0, 115.2, 114.8, 68.5, 32.4, 29.9, 26.6, 23.2,
14.6.

HRMS (FAB+) cald. for Ci13H14004S: 1654.4368, found: 1654.22.

C12Hzs0 O O OCuHes  Synthesis of triolefin 3b
2.1 g(1.29 mmol, 1.0 eq.) of thioepoxide synthesized above and 0.42 g
(1.55 mmol, 1.2 eq.) of PPh; in 40 mL of xylenes was heated to reflux

for 12 h. After cooled down to room temperature, the solvent was

C12Has© OCrHs  reduced under vacuum. And triolefin 3b was purified by column
chromatography using 3:7 (v:v) methylene chloride and hexanes (R¢= 0.2) as the eluent to give 1.7
g of product in 81% yield.

'H NMR (400 MHz, chloroform-d) & (ppm): 7.83 (s, 4H), 7.78 (s, 4H), 7.70 (d, 8H), 7.61 (d, 4H),
7.35-7.32 (dd, 8H), 7.29 — 7.24 (dd, 4H), 7.04 (d, 8H), 4.08 (t, 8H), 1.93 — 1.86 (m, 8H), 1.61 —
1.53 (m, 8H), 1.38 (s, 64H), 1.08 — 0.99 (m, 12H).

BC-NMR (100 MHz, chloroform-d) & (ppm): 158.5, 137.5, 136.0, 135.8, 135.1, 134.0, 132.3,
131.6, 128.2, 127.9, 127.6, 127.2, 126.1, 125.8, 123.5, 117.8, 117.4, 68.5, 32.4, 29.9, 26.6, 23.2,
14.6.

HRMS (FAB+) Cald. for C;;3H;4004: 1622.3718, found: 1622.20.

Synthesis of c-OBCB 1b
The photolysis setup has been previously described'. A mixture of

compound 3b (551 mg, 0.34 mmol), iodine (520 mg, 2.04 mmol), and
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propylene oxide (20 mL) in 350 mL of anhydrous benzene was irradiated with UV light (Hanovia
450 W high-pressure quartz Hg-vapor lamp) in an immersion well. Argon was bubbled through
the reaction vessel during the photolysis. To maintain a constant temperature, the whole apparatus
is submerged in a large bath of circulating water. After 12 hours of irradiation, the solvent is
evaporated under vacuum. Compound 1b is purified by column chromatography using 1:4 (v:v)
methylene chloride and hexanes as the eluent to give 440 mg of product in 80% yield.

'H NMR (400 MHz, chloroform-d) & (ppm): 9.28 (d, 4H), 9.11 (d, 4H), 9.04 (d, 4H), 8.82 (d, 4H),
7.69 (t,4H), 7.52 (t,4H), 7.35 (dd, 4H), 4.28 - 4.24 (t,4H), 4.19 - 4.15 (t,4H), 1.92 — 1.85 (m, 8H),
1.57-1.52 (m, 8H), 1.28 (s, 64H), 0.90 — 0.87 (t, 12H).

BC-NMR (100 MHz, chloroform-d) & (ppm): 158.3, 131.8, 131.7, 131.4, 130.8, 129.0, 128.6,
127.5,126.6,125.5,125.3, 125.0, 124.2, 124.1, 122.3,121.5, 119.8, 117.0, 111.2, 68.8, 32.4, 30.1,
26.6, 23.1, 14.6.

HRMS (FAB+) cald. for Ci;sH2304: 1610.2765, found: 1610.15.

QCi2Hzs  QCrzHas Synthesis of hydrazone 10¢
To 2.5 g of thioketone 4¢ in 30 mL of pentanol was added 15 mL of

hydrazine monohydrate, the mixture was heated at 120 °C for 12 h.

NNH»

After cooled down to room temperature, the solvent was evaporated under vacuum. The

analytically pure hydrazone 10c was used without further purification.
'H NMR (400 MHz, chloroform-d) & (ppm): 8.55 (s, 1H), 8.27 (s, 1H), 7.84 — 7.82 (m, 3H), 7.64 (s,
1H), 7.52 - 7.29 (m, 6H), 6.92 — 6.84 (m, 4H), 6.78 — 6.76 (t, 2H), 6.30 (s, 2H), 3.92 (m, 4H), 3.82

—3.73 (m, 4H), 1.80 (m, 4H), 1.62 (m, 4H), 1.35 (m, 72H), 0.90 — 0.87 (t, 12H).
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QC12Has OC2Has Synthesis of thioepoxide

2.0 g of hydrazone 10c¢ was dissolved in 200 mL of anhydrous
methylenechloride. To this solution, 20 g of MgSO, was added,
followed by 5 g of MnO,. The mixture was kept in the dark and 0.5 mL

of saturated NaOH in methanol was added. The reaction mixture was

OCQHZS OCIZHZS

stirred at room temperature for another 30 min then filtered into 1.8 g
of thioketone 4¢ in 100 mL of methylenechloride. After stirring at room temperature for an
additional 12 h, the solvent was reduced and thioepoxide was purified by column chromatography
to yield pure thioepoxide (3.0 g, 79% yield).

'H NMR (400 MHz, chloroform-d) & (ppm): 8.21 (s, 2H), 8.17 (s, 2H), 7.73 — 7.65 (t, 2H), 7.61 —
7.58 (d, 4H), 7.46 — 7.15 (m, 14H), 7.04 — 6.87 (m, 6H), 6.57 (d, 6H), 4.06 — 3.73 (m, 16H), 1.80
(m, 16H), 1.30 (m, 144H), 0.90 (m, 24H).

QCraHas OCutas Synthesis of triolefin 3¢
3.0 g (1.85 mmol, 1.0 eq.) of thioepoxide and 0.60 g (2.22 mmol, 1.2
eq.) of PPh; in 40 mL of xylenes was heated to reflux for 12 h. After
cooled down to room temperature, the solvent was reduced under

vacuum. And triolefin 3¢ was purified by column chromatography (2.4

OCQHZS OCIZHZS

g, 80% yield).
'"H NMR (400 MHz, chloroform-d) & (ppm): 7.77 (s, 4H), 7.69 (s, 4H), 7.48 (d, 4H), 7.28 —7.19 (m,
16H), 7.14 — 7.10 (t, 4H), 6.93 (d, 4H), 4.03 — 3.98 (m, 8H), 3.96 — 3.92 (m, 4H), 3.92 — 3.86 (m,
4H), 1.86 — 1.79 (m, 8H), 1.73 — 1.69 (m, 8H), 1.53 — 1.45 (m, 8H), 1.32 — 1.20 (s, 136H), 0.90 —

0.85 (m, 24H).

10
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BCNMR (100 MHz, chloroform-d) & (ppm): 149.3, 149.0, 140.5, 137.5, 136.0, 135.8, 135.7,
134.0,132.3, 131.6, 128.2, 127.9, 127.3, 127.2, 126.1, 125.8, 123.5, 117.5, 117.4, 70.1, 32.4, 30.0,

26.6,22.8, 14.6.

QC12Has OC2Has Synthesis of c-OBCB 1¢

The photolysis setup has been previously described.! A mixture of
compound 3¢ (800 mg, 0.4934 mmol), iodine (754 mg, 2.96 mmol),
and propylene oxide (20 mL) in 350 mL of anhydrous benzene was

irradiated with UV light (Hanovia 450 W high-pressure quartz

OCizHas OCi5Hss

Hg-vapor lamp) in an immersion well. Argon was bubbled through
the reaction vessel during the photolysis. To maintain a constant temperature, the whole
apparatus is submerged in a large bath of circulating water. After 12 hours of irradiation, the
solvent is evaporated under vacuum. Compound 1¢ is purified by column chromatography (650
mg, 82% yield).

'H NMR (400 MHz, chloroform-d) & (ppm): 9.39 (d, 4H), 9.21 (d, 4H), 9.02 (s, 4H), 8.98 (s, 4H),
7.81-7.76 (t,4H), 7.61 —7.57 (t, 4H), 4.60 —4.37 (m, 16H), 2.15-2.12 (m, 16H), 1.75 - 1.22 (m,
144H), 0.92 (s, 24H).

PC-NMR (100 MHz, chloroform-d) & (ppm): 149.2, 131.9, 131.0, 129.0, 128.6, 126.4, 125.9,
125.7, 125.6, 125.4, 124.0, 123.6, 121.4, 121.2, 121.0, 112.3, 111.2, 69.9, 32.4, 30.1, 26.7, 23.1,

14.5.

11
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DME-H,0, 100°C, 68%
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OC12Has C12H250 OCi2Hzs 7
3b

Scheme S2. Speedy synthesis of ¢-OBCB 1b.

Synthesis of (4-(dodecyloxy)phenyl)boronic acid

OC12H25

C12Ha5Br, K,COg i. Mg, THF _OH 0-B
Ho—{( )t~ gor = Cut0~( B o™ 00 ) o C12H25°@Eio_é°
OCi2Hzs

(4-(dodecyloxy)phenyl)boronic acid was prepared according to literature procedure by
Cammidge, et al.’ Boroxine derived from boronic acid exists in the product after purification,
which is also reported by Pérez, et al*,. The mixture of boronic acid and boroxine was used in the

Suzuki coupling.

Synthesis of starting materials (9) and (6)

The synthesis of 13,13a-dihydropentacen-6(5aH)-one (9) was adapted from German literature
protocol by Clar et al. > Compound 6 was synthesized according to a literature protocol reported by
Chen et al. ® The authors claimed the product contained a small amount of pentacenequinone.

However, they mislabeled the 8.97 ppm peak, which belongs to pentacenequione, as a peak in

12
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compound 6 in the reported "H NMR. "H NMR (400MHz, CDCl3), 8 (ppm): 8.76 (s, 4H), 7.99 (d,
J=8.4 Hz, 4H), 7.56 (s, 4H), 7.46 (m, 4H), 7.30 (m, 4H), 7.11 (d, J=7.9 Hz, 4H).

Synthesis of 13,13'-bis(dibromomethylene)-13,13a-dihydro-5aH,13'H-6,6'-bipentacenylidene

)

An oven-dried 250 mL two-necked round bottom flask with a condenser were charged with
tetrabromomethane (1.66 g, 4 mmol) and triphenylphosphine (2.63 g, 10 mmol), and 50 mL of
anhydrous toluene. The mixture was stirred at room temperature for 5 minutes before adding
compound 6. The reaction mixture was stirred under nitrogen at 80 °C overnight. After cooling
down, the reaction mixture was filtered under vacuum. The green solid was collected, dissolved in
DCM, and MeOH was added to form yellow precipitate, which was then collected by Millipore to
give the titled compound with 85% yield. '"H NMR (400 MHz, Methylene Chloride-d2) & (ppm):
8.43 (s, 4H), 7.90 (d, J = 8.2 Hz, 4H), 7.63 (s, 4H), 7.48 -7.26 (m, 12H). Compound 7 was not
soluble enough to obtain a C-NMR spectrum. Molecular Mass (Ion mode:FAB): cald for
Ca6H26Br4 893.9, found [M+2H] 896.3.

Synsthesis of triolefin 3b

13
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To a 100 mL heavy-walled round bottom flask with a screw thread cap were charged with
compound 7 (180 mg, 0.2 mmol), (4-(dodecyloxy)phenyl)boronic acid (612 mg, 2 mmol), sodium
carbonate (636 mg, 6 mmol), 15 mL of dimethoxyethane and 5 mL of water, the solution was
bubbled for 20 minutes before adding catalyst Pd(PPhs)s (46 mg, 0.04 mmol). The reaction
mixture was stirred at 100 °C for 24 hours with the cap closed. The solution was allowed to cool
down, extracted with ether and the combined organic layers were dried over MgSO4 and
concentrated under vacuum. The crude product was purified by chromatography (1:4

DCM:Hexanes). "H NMR and *C NMR are identical as reported in the above synthesis.

Synthesis of c-OBCB 1b

The photolysis setup has been previously described '(Liu, L.; Yang, B.; Katz, T. I.; Poindexter, M.
K. Journal of Organic Chemistry 1991, 56, 3769). '"H NMR and '*C NMR are identical as reported
in the methods above. '"H-NMR depends on the concentration.

'HNMR 0f 0.001 M ¢-OBCB 1b (400 MHz, chloroform-d) & (ppm): 9.43 —9.36 (m, 4H), 9.28 (d,

J=9.1 Hz, 4H), 9.16 — 9.09 (m, 4H), 8.96 (d, J=2.6 Hz, 4H), 7.75 (ddd, /= 8.2, 6.8, 1.3 Hz, 4H),

14
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7.59 —7.50 (m, 8H), 4.46 (dt,J=9.0, 6.5 Hz, 4H), 4.36 (dt, /= 8.9, 6.4 Hz, 4H), 2.04 (p, J = 6.5
Hz, 8H), 1.67 (p, J= 7.2 Hz, 8H), 1.33 — 1.23 (m, 64H), 0.93 — 0.85 (m, 12H).

'H NMR of 0.02 M ¢-OBCB 1b (400 MHz, chloroform-d) & (ppm): 9.32 (d, J = 8.3 Hz, 4H), 9.12
(d,J=8.7Hz, 8H), 8.86 (d,J=2.7 Hz, 4H), 7.71 (t,J = 7.6 Hz, 4H), 7.53 (t, J= 7.6 Hz, 4H), 7.42
(dd,J=9.0,2.5Hz,4H),4.39—-4.17 (m, 8H), 1.93 (dt,J=13.0, 6.4 Hz, 8H), 1.48 — 1.27 (m, 72H),

0.90 (t, J = 6.6 Hz, 12H).

II. Theoretical methods of DFT calculations:

The DFT calculations were done with Jaguar (versions 5.0, 6.0 and 6.5) [Schrodinger, L.L.C.,
Portland, OR, 1991-2005.] Except where specified, complete geometric relaxation was performed.
Thermochemistry calculations were performed with hybrid functional of Becke, B3LYP.
Selected calculations for c-OBCB 1a was done using the generalized gradient approximation
(GGA) as formulated by Perdew, Burke and Ernzerhof. * These lead to the same conclusions
concerning structure and orbital distributions described in the text. The surface DFT calculations
were performed with the PBE functional using ABINIT. The ABINIT code is a common project of

the Université Catholique de Louvain, C. L., and other contributors. URL: http://www.abinit.org.’

I11. X-ray diffraction.
The X-ray diffraction measurements were performed on an Inel CPS 120 diffractometer
using Ni filtered Cu K[ X-rays using a solid sample holder. The instrument was calibrated using

a Y,0s3/Silver Behenate mixture.

VI. UV-vis spectroscopy.

15
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General Procedure and Instrumentation: Absorption spectra were taken on a Shimadzu
UV-1800 spectrophotometer. Stock solutions of ¢-OBCB 1b were prepared with anhydrous
chloroform as solvent. A 1-cm quartz cuvette was charged with appropriate volume of blank
chloroform and a background spectrum was recorded. The cuvette was charged with appropriate
amount of stock solution of ¢c-OBCB 1b in chloroform and an absorption spectrum was recorded.
The experiment was repeated to record spectra of seven different concentrations of ¢-OBCB 1b
(as listed in the graph below). Linear regression of the absorption at peak 433 nm vs. concentration
was used to calculate the extinction coefficient according Beer-Lambert law A=¢lc, where ¢ is the
extinction coefficient, 1 is the cuvette width that equals 1cm and c is the molar concentration of the

sample. The extinction coefficient of the whole spectrum was proportionate to the value at 433 nm.

Equation y=a+bx
4e-6M - Adj. R-Square  0.99953
8e-6M Value Standard Error

B Intercept 0 -
B Slope 44351.78571 364.10695

~
I
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1
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) o
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o
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V. Fluorescence spectroscopy.

Solution photoluminescence spectra were taken with a Jobin Yvon Fluorolog-3
Spectrofluorometer (Model FL-TAU3) from solution of c-OBCB 1b. The samples were excited at
the wavelength of maximum absorption (433 nm), and the integration time was 2 s. The samples
were made from a stock solution of ¢-OBCB 1b and a stock solution of PC;BM. The final

concentration of ¢-OBCB 1b was kept constant to be 1 x107 M, and 0,0.1,0.3,0.5. 1, 2, 3, 4 molar
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equivalents of PC70)BM were added to make eight samples. According to Stern-Volmer analysis,
the emission intensity at 549 nm was plotted with respect to the concentration of PC70BM and the

linear regression gives an association constant of ~5 x10* M.

VI. Cyclic Voltammetry

General Procedure and Data Analysis: Cyclic voltammetry (CV) was performed using a CHI600c
potentiostat interfaced to a PC using the Chi600c electrochemical analyzer software package. The
cell was a standard three-electrode setup using a glassy carbon working electrode, a Ag/AgCl
reference electrode, and a platinum counter electrode. All electrodes were purchased from
Bioanalytical Systems, Inc. Measurements were carried out under argon in anhydrous
dichloromethane solution with a tetrabutylammonium hexafluorophosphate as supporting
electrolyte (0.1 M). All potentials were measured as the midpoint peak oxidation potential with
respect to the Fct+/Fc redox couple. The scan rate in was 0.01 V/s. Calculated from the curve
Figure S3, the HOMO, LUMO and band gap of ¢-OBCB 1b are -5.4 ev, -3.0 ev and 2.4 ev,

respectively, by using ferrocene as the standard reference.
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Spectra for OBCs Synthesized through Barton-Kellogg olefination
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Spectra for OBCs Synthesized through Ramirez olefination/Suzuki coupling sequence

30



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Compound 9 Proton NMR

4.70

1.141

- 71.00=

=]
-
e
n
=
o
o
©
n
©

31



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

T R e

1.00-1
-1.051
~ {1.06%
1.114
0.984
1.03~x

9.0 8.5

o
o
~
n
N
o
o
o
o

0 4.5
1 (ppm)

32



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Compound 7Proton NMR o0 = oy en 10 st 4 00 © N © 0
T o FTTMmonmon N

NN A N
|
I "

i J

BN AT A
(=1 o NN AN N
(=] — O COo
— e

T T T T T T T T T T T T T T

7. 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5 7.0 6.5

5.0
L (ppm)

33



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

Compound 3b Proton NMR. m~oonowawosna o~ —~ o oo oo~
INREQBmMANNSS =33 253D § S&a
LR YA T RV [
2y vl S / / /
|
[l I |
| !
|
| |
| | ),N
|
AP s - 'T'T T
OMm®Y ¥ O m 0 © @ 0
3288 583 S a2 83 @
e R = g ai M N ~
T T T T T T T T T T T T T T T T T T T
10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

34



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Compound 3b Carbon NMR © OMMONNTTNONTOMNOO
~ MONMOANWNOT T NMON N =
o SO GMP BB BNNNMN AL G ™~ ~
in STMMANNNNNNNA A~ O o <
A /RIS R il e A A S © |

M M!'l i

T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

35



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

OBCB 1b 0.001M Proton NMR QNN N N Mmoo
MmN N oo NN N A
Ao O O NN NN
22 SO

_——4.46
~4.33
203
N2.01
166
\1.49
131
—0.89
o0

b.17 1
1

-2.06
15.71

T T T T T T
12.0 115 11.0 10.5 100 9.5 9.0 8.5 8.0

pPp12

=



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

68°0
060
260

"

oET
0€'T

T
SS'T
48T
68T
6T
¥6'T
96'T

'y
j¥A 4
vy
STy
1204
[424
SEY
9E'Y

O]

OBCB 1b 0.02M Proton NMR

)

s

SIS

L

U

F vo

Wmm.z
20"

H\. 4174

07
01

86°
501
R poy

E g6
T 867
007

0.5 0.0 -0.5

1.0

L5

6.5 6.0

f1 (ppm)

7.0

12,5 12,0 115 1L0 10.5 100 9.5 9.0

13.0

37



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

m NSO NMS T AO
(OBCE 1b Carbon NMR S RRARA8RARTASNIIN S CLTEINTLRS
@ A A S 00O T T NN e K MOCHRN©OT T
(%) MMM MANNNANNNNN NN N 0 00 NOOP DG WMS <
— oA A A o NS [tejyte) Mmoo m NN N
e pisieistay ¥ RS PRAARY

|
| | |
f

‘ll J

l L ‘XL'““‘ n I

T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 20
f1 (ppm)

38




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


