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Abstract:

We report the synthesis of a new class of cyclopenta-fused polyaromatic hydrocarbon (CP-PAH)
incorporating fused benzodithiophene subunits. These CP-PAHs were prepared utilizing a two-
step process involving a palladium catalyzed cyclopentannulation followed by a Scholl
cyclodehydrogenation. This work broadens the scope of annulation chemistry by employing 1,2-
bis(5-hexylthiophen-3-yl)ethyne and dibromoary! derivatives based on anthracene, pyrene and
perylene to give 4,4' 4" 4"-(cyclopenta[hi]aceanthrylene-1,2,6,7-tetrayl)tetrakis(2-
hexylthiophene) , 4,4',4",4™-(dicyclopenta[cd,jk]pyrene-1,2,6,7-tetrayl)tetrakis(2-hexylthiophene)
and 1,2,7,8-tetrakis(5-hexylthiophen-3-yl)-1,2,7,8-tetrahydrodicyclopenta[cd,Im]perylene. Scholl
cyclodehydrogenation of the pendant thiophene units provided access to the n-extended

polyaromatic systems 2,5,11,14-tetrahexylrubiceno[5,4-b:6,7-b"12,11-b":13,14-
b""tetrathiophene, 2,5,11,14-tetrahexyldithieno-[4,5:6,7]indeno[1,2,3-
cd]dithieno[4,5:6,7]indeno-[1,2,3-jK]pyrenes, and 2,9,12,19-

tetrahexyldithieno[4,5:6,7]indaceno[1,2,3-cd]dithieno[4,5:6,7]indaceno[1,2,3-Im]perylene  that
possess helicene-like fragments. The anthracene-based CP-PAH was contorted owing to
[5]helicene-like arrangements while the pyrene and perylene-based systems were essentially
planar. The fully conjugated small molecules give low optical gaps (1.7 - 2.1 eV) with broad light
absorption. The HOMO and LUMO energies of the CP-PAHs were found to be in the range of -
5.48 to -5.05 eV and -3.48 to -3.14 eV, respectively. Finally, the anthracene-based CP-PAH was
found to be a p-type semiconductor when tested in an organic field effect transistor.



Introduction:

The rational design of pi-extended aromatics has been utilized to tune and improve
optoelectronic properties such as broad light absorption, reduced optical gaps and greater charge
carrier mobilities. However, one drawback of enlarging the aromatic surface of PAHSs is reduced
solubilities owing to significant pi-pi stacking. Contorted aromatic systems, typically based on
helicene-like arrangements that provide congestion among closely spaced aromatic segments, have
been understood as an important class of PAHs for several decades!? and offer solubility benefits
in relation to similar sized flat aromatics. A re-emergence of their syntheses over the past decade
has occurred owing to new synthetic methodologies as well as their applications in organic
electronic devices.>*8

Metal catalyzed cyclopentannulation chemistry provides a convenient method for
accessing new PAH architectures.’®?° Recent advances in catalytic designs have broadened the
scope of substrates suitable for annulation reactions.??® The cyclopentannulation chemistry
provides a quick route for ring expansion in polyaromatic systems to generate non-alternant
cyclopentannulated polycyclic aromatic hydrocarbons (CP-PAHS). The extended aromatic core
provides modulation of absorption properties and larger surface areas for pi-stacking, which can
sometimes lead to better charge
transport.?>=! The five-member rings
often enable anti-aromatic
characteristics and low lying lowest
unoccupied  molecular  orbitals !
(LUMOs).

This Work

[4]helicene

In this work, we synthesized a
new series of small molecule CP-
PAHSs 1-3 with attached
benzodithiophene  subunits  via
palladium-catalyzed annulations and
Scholl dehydrogenation reactions
(Figure 1). This work is a further
expansion of the small-molecule
cyclopentannulation chemistry of
Garcia-Garibay®>22 and Muellen,** as
well as our previous work involving
phenanthrene subunits attached to
cyclopentannulated anthracene and
pyrene cores 4-5 (Figure 1).112 |In
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addition, we recently demonstrated
this annulation chemistry could be
utilized to form conjugated ladder

Figure 1. Newly synthesized class of contorted PAHs, with
calculated splay angles on energy minimized TDDFT-B3LYP/6-
311g(d,p) structure.



polymers with phenanthrene-like as well as benzothiophene-like subunits in the polymer
backbone.>®  While the inclusion of benzodithiophene appendages was successful in the polymer
system, we had yet to systematically explore small molecule derivatives that incorporate the
benzodithiophene substitution strategy. This work was important as the use of thiophene rich small
molecules and polymers in semiconducting materials is ubiquitous. The condensed thiophene
systems with alternating benzene and thiophene moieties have been studied for their
semiconducting and rich excited state photophysical properties,® and thiophene rich heteroacenes
are known for enhancement of intermolecular charge transfer through S-S interactions.®” This work
focuses on probing the effects of the fused benzodithiophene units to the aromatic cores of
cyclopentannulated anthracene, pyrene and perylene.

Results and Discussions

For the inclusion of thiophene appendages through the cyclopentannulation strategy, we
employed 1,2-bis(5-hexylthiophen-3-yl)ethyne 10 as a reactant with dibromo-PAH derivatives
based on anthracene 7, pyrene 8, and perylene 9. The cyclopentannulation reaction was carried out
utilizing our previously developed catalyst system comprising of Pd»(dba)s and P(o-Tol)z with
KOAC as base and LiCl as additive with modified solvent composition. The best yields were
achieved employing 1:1 solvent mixture of DMF:toluene and gave 11-13 in 40-80% yield (Scheme
1). To complete the ring closing of the flanking thiophene rings to generate the benzodithiophene
subunit, a Scholl cyclodehydrogenation with FeClz was utilized to give 1-3 in yields of 80-90%.
This chemistry provides convenient access to expanded rubicene,®° indenopyrene,**? and
indacenoperylene**#* derivatives.

CP-PAHSs 11-13 were highly soluble in halogenated and aromatic solvents, which can be
attributed to the orthogonal arrangement of the appended thiophene groups to the core leading to
the depression of n-n stacking. However, after the Scholl cyclodehydrogenation the solubilities of
products 1-3 were significantly altered. While 1 was still reasonably soluble, 2 and 3 were
significantly less soluble in common organic solvents. The Density Functional Theory (DFT,
B3LYP/6-311g(d,p) ) energy minimized structures of 1-3 and 11-13 gives clarification of the
varying solubilities (ESI). For anthracene based 1, the arrangement of fused rings generates two
[4]helicene and two [5]helicene like fragments (Figure 1).%° These two fragments give rise to two
different splay angles that drive the aromatic system to contort out of planarity.* 2° Comparison to
the previously prepared phenanthrene-based 4 shows the benzodithiophene analog 1 is less
contorted, with the splay angles of the [5]helicene and [4]helicene subunits decreasing from 36.83°
to 24.82° and 14.34° to 11.10°, respectively. The reduction in splay angle can be attributed to the
smaller size of the thiophene aromatic residue that has a smaller internal angle*® and therefore
alleviates some of the close arrangement of the hydrogen atoms. In contrast, the DFT minimized
structures of 2 and 3 show virtually flat arrangements of the benzodithiophene subunits in relation



to the indeonopyrene and indacenoperylene cores (ESI). Here, the [4]helicene arrangement that
includes both the five-membered hydrocarbon and thiophene rings do not lead to congestion in the
coves. 2> 38.46-47  Therefore, the virtually flat geometries of 3 and 4 are more prone to significant
aggregation and become considerably less soluble.

CH;NO,, FeCl,

CH,CI,
89%

S

Br \\

7 I 10

"0 \
\ S
c(iH13

O Pd,(dba); P(o-tol);
Br KOAc,LiCl

8 DMF:Tol
110 °C

Scheme 1: Synthetic pathways for contorted molecules 1-3.

The absorption spectra of the new CP-PAHSs show broad light absorption in the visible region
of the light spectrum (Figures 2 and 3). In solution, a general trend of increasing Amaxonset is found
for the initially prepared CP-PAHSs going from pyrene (12) to perylene (13) to anthracene (11).
Upon cyclodehydrogenation, there are slight modulations in spectral and electrochemical features,
which are obvious in solution via color changes. The n-extended PAH 1 shows a significant
hypsochromic shift (~100 nm) of the longest wavelength absorbed compared to open ring 11. The
hypsochromic shift is less pronounced in the perylene 3 (~40 nm) and pyrene 2 (~10 nm) based
systems. Along with these changes in the longest wavelength absorptions, there are changes to
the general peak shapes and intensities of other transitions for all PAH systems. Photooxidation
of all compounds was carried out in chloroform solutions and monitored by UV-Vis spectroscopy



(ESI).

All compounds showed significant oxidation over the course of the solution-based

experiments. Interestingly, anthracene based 1 was the most readily oxidized but its pre-cursor 11
was the most stable. For the other two PAH systems, the ring-closed forms were more readily

oxidized.
detected for extended times.
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Figure 2. Solution state (normalized) absorption
spectrum of 11-13 in CHCls. Molar absorptivity in
ESI.

In contrast, the compounds are stable in their solid forms with minimal decomposition
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Figure 3. Solution state (normalized) absorption
spectra of 1-3 in CHCIls. Molar absorptivity in ESI.

The electrochemical features of CP-PAHs 1-3 and 11-13 were investigated by cyclic
voltammetry (Figure 4). Each of the cyclopentannulated compounds 11-13 gave two reversible

reduction peaks. Pseudo-reversible oxidation
was observed in 11 and 13 whereas, compound
12 gave an irreversible oxidation. The w-extended
molecules 1-3 generally show two reversible
reduction waves with the exception of 1 giving a
pseudo-reversible reduction at the higher
potential. An irreversible or quasi reversible
oxidation is observed in 2 and 3 (ESI) while 1
gave a reversible oxidation. The overall presence
of two reversible reduction waves at lower
potentials in compounds 1-3 and their precursors
11-13 is owing to the ability to form
cyclopentadienyl-like anions by accepting
electrons to give 4n+2 aromatic systems.

The highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular
orbital (LUMO) values were calculated using a
ferrocene standard (Table 1). The LUMO levels

ranged from -3.14 to -3.48 eV while the HOMO levels ranged from -5.05 to -5.48 eV.
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In

comparison to phenanthrene based 4 (HOMO = -5.32 eV, LUMO = -3.56 V)%, compound 1



possessed higher HOMO (-5.05 eV) and LUMO (-3.33 eV) energy levels, as would be expected
with the electron rich thiophene systems. The electronic structure and the HOMO / LUMO
contours of compounds 1-3 and 11-13 were calculated using DFT with the basis set B3LYP/6-
311g(d,p) and can be found in Figure 5. There exist some variations among the HOMOs and
LUMO:s of ring open and closed CP-PAHs. The HOMOs of 1 and 11 depict a high electron density

1(-2.9708 eV) 11(-3.0237 ev) 2(-2.8136 eV) 12(-2.9404 eV) 3(-3.0171 V) 13(-3.1219 eV)

® s

1(-5.3916 eV) 11(-5.2896) 2(-5.4844 eV) 12(5.3005 eV) 3(-5.4176 eV) 13(-5.3176 eV)

Figure 5. HOMO (bottom) and LUMO (top) contours of 1-3 and 11-13 with B3LYP/6-311g(d,p) DFT calculated energy
values, respectively. The alkyl chains were replaced with hydrogens for simplistic optimization.

region throughout the CP-PAH core and the flanked thiophene rings in a diagonal fashion, which
is in agreement with previously difunctionalized cyclopenta[hi]aceanthrylenes.?% % However, the
thiophene rings orthogonal to the major diagonal delocalization path possess very little electron
density in 11. The delocalization distribution between 2 and 12 as well as 3 and 13 were more
similar owing to the more symmetric arrangement of the thiophene appendages. While the HOMO
levels were significantly distributed across the whole molecule, the LUMOs in all compounds
reside significantly more at the inner core, which is responsible for the cyclopentadienyl anion
character.



Table 1. Summary of optical and electronic properties of 1-3 and 11-13"

Compound E g /onset  E red/onset HOMO(eV) LUMO(eV) E-chem gap(eV) Optical
(V) (V) Exp. Calc. Exp. Calc. Exp. Calc. gap(eV)

1 0.25 -1.47 -5.05 -5.39 -333 -297 1.72 2.42 1.66

2 0.48 -1.66 -5.28 -548 -3.14 -281 214 2.67 2.14

3 0.68 -1.38 -5.48 -5.41 -342 -3.01 2.06 2.40 1.79

11 0.42 -1.41 -5.22 -528 -339 -3.02 1.83 2.26 1.48

12 0.46 -1.47 -5.26 -530 -3.34 -294 193 2.36 2.00

13 0.39 -1.32 -5.19 531 -3.48 -3.12 1.71 2.19 2.02

“Measurements taken at sample concentration of 0.2 mM and potentials measured relative to ferrocenium/ferrocene
redox couple used as an internal standard (Figure 4). Eoxonset iS the onset of oxidation potential, Ereq/onset iS the onset
of reduction potential. HOMO and LUMO values calculated on the basis of oxidation of ferrocene referenced in
vacuum (4.8 eV). DFT predicted values are shown in columns parallel to the experimental ones and calculated on
the basis of hydrogen side chain derivatives. Optical gap measured from film-based diffused reflectance spectra
(ESD).

Organic field effect transistors in bottom gate bottom contact mode were fabricated on silicon
wafers. All newly synthesized CP-PAHs 1-3 were tested for their semiconducting -properties and were
found to be operating in a p-type regime with compound 1 giving an average hole mobility of 3.39 X 10+
cm? V1 st +1.77 X 10* (Figure 5 and 6). Significantly smaller mobilities were found for the other
compounds and were judged to not be significant. The poor performances of 2-3 was attributed to the poor
film formation owing to their strong aggregation and very low solubilities.
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Figure 5. Typical output curves for 1 showing p- Figure 6. Typical transfer curve for p-type
type semiconducting behavior. semiconductor 1 with average hole mobility of 3.39 X

10% cm2 vist,

In conclusion, we have prepared a new class of CP-PAHs with benzodithiophene appendages. The
dibromoderivatives of anthracene, pyrene and perylene undergo a facile metal-catalyzed
cyclopentannulation reaction with 1,2-bis(5-hexylthiophen-3-yl)ethyne that can be further transformed



utilizing a Scholl cyclodehydrogenation. These newly synthesized CP-PAHs gave broad absorption and
reasonably low LUMOs and adopted contorted structures when possessing [5]helicene-like arrangements
of aromatic groups.

Experimental Section

General Procedures. Unless otherwise noted, all reagents were used as received and all reactions were
carried out under an argon atmosphere. *H NMR and 3C NMR were recorded on a 400 MHz NMR station
at room temperature, unless otherwise noted.

1,2-bis(5-hexylthiophen-3-yl)ethyne 10: In a glove box, 4-bromo-2-hexylthiophene (0.84 g, 3.40 mmol),
PdCI(PPhs), (0.14 g, 0.020 mmol), DBU (6.59 mL, 44.21 mmol) and Cul (0.06 g, 0.03 mmol) were
dissolved in toluene (15 mL) in a sealed tube. Argon purged H.O (0.10 ml, 2.30 mmol) and trimethylsilyl
acetylene (0.29 mL, 2.04 mmol) were added to the sealed tube outside the glove box in the presence of
argon. The tube was re-sealed and reaction mixture was stirred at 80 °C overnight. The reaction mixture
was cooled to room temperature, acidified with 2N HCI, and then extracted with diethyl ether (3 X 120
mL). The organic layer was washed with 1N HCI (2 x 100 ml), brine (1 X 100 mL) and dried over MgSOsa.
The crude product was purified by column chromatography (100 % hexane, Rt = 0.4 with 100% hexane) to
obtain 10 (60%) as a colorless viscous liquid. *H NMR (400 MHz, CD.Cl,) & 7.28 (d, J = 1.3 Hz, 2H), 6.85
(dd, J = 2.3, 1.0 Hz, 2H), 2.93 — 2.64 (t, 4H), 1.68 (m, J = 22.5, 7.4 Hz, 4H), 1.35 (m, J = 15.8, 6.9 Hz,
12H), 0.90 (t, J = 7.1 Hz, 6H). *C{1H} NMR (101 MHz, CD:Cl,) 5 146.1 (s), 126.4 (s), 126.1 (s), 121.5
(s),83.7(s), 31.5(s), 31.4 (s), 29.8 (s), 28.7 (3), 22.5 (S), 13.8 (5). LRMS (TOFEI*) 358.2, HRMS: (TOFEI*)
m/z for CooH30S> calc: 358.1789, found 358.1718.

4,4' 4" A™-(cyclopenta[hi]aceanthrylene-1,2,6,7-tetrayl)tetrakis(2-hexylthiophene) 11: In a glove box, 1,2-
bis(5-hexylthiophen-3-yl)ethyne (178 mg, 0.49 mmol), 9,10-dibromoanthracene (80 mg, 0.23 mmol),
Pd(dba)s (43.0 mg, 0.04 mmol), P(o-Tol)s (18.1 mg, 0.05 mmol), KOAc (116 mg, 1.19 mmol), LiCI (20.2
mg, 0.47 mmol), and DMF:Tol (1:1, 8 mL) were combined in a sealed tube and stirred overnight at 110 °C
in the absence of light. The reaction mixture was cooled to room temperature and concentrated on rotavap
and poured dropwise into ice cold methanol (50 mL) and filtered. The solid was washed with methanol and
purified with silica gel chromatography (95% Hexane: 5% CHClI;, R = 0.3 with 19:1 hexane:CHCI,) to
give 50.2 mg (39 %) of 11 as a green solid. *H NMR (400 MHz, CD-Cl,) § 7.91 (d, J = 6.6 Hz, 2H), 7.81
(d, J = 8.6 Hz, 2H), 7.48 (dd, J = 8.6, 6.7 Hz, 2H), 7.19 (dd, J = 4.1, 1.4 Hz, 4H), 6.98 (d, 2H), 6.76 (d, J =
1.1 Hz, 2H), 2.95 (t, J = 7.4 Hz, 4H), 2.78 (t, J = 7.5 Hz, 4H), 1.79 (m, J = 15.2, 7.6 Hz, 6H), 1.72 — 1.60
(m, 6H), 1.51 — 1.32 (m, 20H), 0.99 — 0.89 (m, 12H). 3C{1H} NMR (101 MHz, CD,Cl,) & 146.2, 145.3,
140.3, 138.0, 136.8, 135.4, 134.1 , 134.0, 128.4, 127.7, 127.1, 125.9, 125.7, 125.6, 124.7, 122.1, 121.3,
31.9,31.6,31.5,30.0, 20.0, 28.8, 28.7, 22.7, 22.6, 13.9. LRMS (ES*) 890.40, HRMS: (EI*) m/z for CsgHesSa
calc: 890.4047, found 890.4042.

2,5,11,14-tetrahexylrubiceno[5,4-b:6,7-b":12,11-b":13,14-b""]tetrathiophene 1: In a round bottom flask,
11 (80 mg, 0.089 mmol) was dissolved in 70 ml of CH>Cl, and purged with argon for 30 minutes. To this
mixture FeClsz (87 mg, 0.53 mmol) in 7 ml of argon purged CHsNO- was added drop wise in a glove box.
The reaction mixture was stirred at room temperature overnight inside the glove box. The solvent was
reduced to 5 mL by rotovap and ice-cold methanol (30 ml) was added, and the mixture was stirred for 20
min. The product was collected by filtration and washed with methanol. The collected solid was subjected
to silica gel chromatography (gradient 0—20% CH.Cl in hexane, Rt = 0.2 in 4:1 hexane:CHCl,) to give
70 mg (88%) of 1 as an amethyst solid. *H NMR (400 MHz, CD.Cl,) & 8.01 (d, J = 8.8 Hz, 2H), 7.43 (d, J
= 6.6 Hz, 2H), 7.33 (s, 2H), 7.04 (dd, J = 7.6 Hz, 2H), 6.94 (s, 2H), 2.47 (t, J=7.4 Hz, 4H), 2.41 (t, J = 7.6



Hz, 4H), 1.28 (tt, J = 15.0, 7.5 Hz, 8H), 1.01 — 0.87 (m, 8H), 0.81 (m, 8H), 0.66 (s, 8H), 0.35 (m, 12H).
13C{1H} NMR (101 MHz, CD,Cl,) § 146.6, 145.0, 137.7, 135.9, 133.2, 132.8, 132.3, 131.8, 130.6, 129.7,
127.5,125.3,124.1, 121.8, 118.1, 31.0, 30.6, 30.5, 29.1, 28.3, 22.0, 22.0, 13.5. LRMS (EI*) 886.3, HRMS:
(ASAP*) m/z for CsgHg2S4 calc: 886.3734, found 886.3729.

4,4',4" 4"-(dicyclopenta[cd,jk]pyrene-1,2,6,7-tetrayl)tetrakis(2-hexylthiophene) 12: In a glove box, 1,2-
bis(5-hexylthiophen-3-yl)ethyne (84 mg, 2.34 mmol), 9,10-dibromoanthracene (40.0 mg, 1.11 mmol),
Pd,(dba)s (60.0 mg, 0.04 mmol), P(o-Tol)s (18.1 mg, 0.05 mmol), KOAc (116 mg, 1.19 mmol), LiCl (20.2
mg, 0.22 mmol), and DMF:Tol (1:1) 8 mL were combined in a sealed tube and stirred overnight at 110 °C
in the absence of light. The reaction mixture was cooled to room temperature and poured in water (200 mL)
and extracted with dichloromethane (3x30 mL). The combined organic phases were dried over sodium
sulphate and concentrated on rotavap until a small volume of solvent was left inside. The contents of flask
were added dropwise into ice cold methanol 50 ml and filtered. The solid was washed with methanol and
purified with silica gel chromatography (95% Hexane: 5% CH.Cl,, Rs = 0.2 in 19:1 hexane:CHCl,). The
purified product was collected as tuscan solid in 85% yield. *H NMR (400 MHz, CD.Cl,) § 7.74 (d,J=7.8
Hz, 2H), 7.59 (d, J = 8.3 Hz, 4H), 7.30 (d, J = 1.4 Hz, 2H), 7.24 (d, J = 1.4 Hz, 2H), 6.81 — 6.76 (m, 4H),
2.82 (m,J=17.3,7.6 Hz, 8H), 1.86 — 1.58 (m, 12H), 1.40 — 1.31 (m, 20H), 0.92 (td, J = 6.9, 1.9 Hz, 12H).
13C{1H} NMR (101 MHz, CD,Cl) § 145.6, 145.5, 144.6, 141.3, 140.6, 136.3, 135.3, 135.1, 131.9, 130.1,
129.4,125.6, 125.2, 124.7,121.7, 121.6, 121.5, 121.1, 31.7, 31.7, 31.6, 30.0, 29.7, 28.8, 22.6, 13.8. LRMS
(EI") 914.6, HRMS: (EI") m/z for CeoHesSs calc: 914.4047, found 914.4081.

2,5,11,14-tetrahexyldithieno-[4,5:6,7]indeno[1,2,3-cd]dithieno[4,5:6,7]indeno-[1,2,3-jk]pyrenes 2: In a
round bottom flask 12 (50 mg, 0.054 mmol) was dissolved in 60 ml of CH,Cl,and purged with argon for
30 minutes in ice bath. To this mixture FeCls (35 mg, 0.21 mmol) in 6 mL of CH3NO, was added drop
wise in a glove box. The reaction mixture was stirred at room temperature overnight inside the glove box.
The solvent was reduced to 3 mL by rotovap and ice-cold methanol (30 ml) was added, and the mixture
was stirred for 20 min. The product was collected by filtration and washed with methanol. The collected
solid was subjected to recrystallization in 5% DCM:Hexane to give 34 mg (87%) of 2 as a melon red
solid. *H NMR (400 MHz, CD,Cl) & 7.88 (d, J = 16.5 Hz, 6H), 7.40 (d, J = 12.8 Hz, 4H), 3.00 — 2.84 (t,
8H), 1.88 — 1.72 (m, 8H), 1.52 — 1.41 (m, 10H), 1.34 (s, 12H), 1.20 (s, 2H), 0.89 (dd, J = 10.5, 6.5 Hz,
12H). Too insoluble for 3C NMR. LRMS (EI*) 910.3, HRMS: (ASAP*) m/z for CeoHe2S4 calc: 910.3734,
found 910.3729.

1,2,7,8-tetrakis(5-hexylthiophen-3-yl)dicyclopentacd,Im]perylene  13: In a glove box, 1,2-bis(5-
hexylthiophen-3-yl)ethyne (77 mg, 0.216 mmol), 3,9-dibromoperylene (42.0 mg, 0.103 mmol), Pdx(dba)s
(18. mg, 0.02 mmol), P(o-Tol)s (7 mg, 0.025 mmol), KOAc (50 mg, 0.51 mmol), LiCl (8 mg, 0.20 mmol),
and DMF:Tol (1:1) 8 mL were combined in a sealed tube and stirred overnight at 110 °C in the absence of
light. The reaction mixture was cooled to room temperature and poured in water (200 mL) and extracted
with dichloromethane (3x30 mL). The combined organic phases were dried over sodium sulphate and
concentrated on rotavap until a small volume of solvent was left inside. Poured the contents of flask
dropwise into ice cold methanol 50 ml and filtered. The solid was washed with methanol and purified with
silica gel chromatography with (95% Hexane: 5% CH.Cl;, Rf = 0.2 in 19:1 hexane:CH.Cl,). The purified
product was collected as magenta solid in 65% yield. *H NMR (400 MHz, CD,Cl) & 7.87 (d, J = 7.6 Hz,
4H), 7.49 (d, J = 7.5 Hz, 4H), 7.20 (d, J = 1.4 Hz, 4H), 6.77 (d, J = 1.1 Hz, 4H), 2.82 (t, J = 7.4 Hz, 8H),
1.75-1.64 (m, 16H), 1.45 — 1.26 (m, 20H), 0.93 (t, J = 6.9 Hz, 12H). **C{1H} NMR (101 MHz, CD,Cl,)
0 145.5, 140.9, 135.2, 132.9, 131.0, 130.1, 125.6, 124.2, 122.2, 121.4, 31.7, 31.6, 30.0, 28.8, 22.6, 13.9.
LRMS (EI) 964.3, HRMS: (ASAP*) m/z for CesHesS4 calc: 964.4204, found 964.4198.



2,9,12,19-tetrahexyldithieno[4,5:6,7]indaceno[1,2,3-cd]dithieno[4,5:6,7]indaceno[1,2,3-Im]perylene  3:
In a round bottom flask 13 (40 mg, 0.060 mmol) was dissolved in 60 mL of CH,Cl, and purged with argon
for 30 minutes. To this mixture FeCls (58 mg, 0.36 mmol) in 6ml of CH3sNO, was added drop wise in a
glove box. The reaction mixture was stirred at room temperature overnight inside the glove box. The solvent
was reduced to 5 mL by rotovap and ice-cold methanol (30 ml) was added, and the mixture was stirred for
20 min. The product was collected by filtration and washed with methanol. The collected solid was
subjected silica gel chromatography (5% CH,Cl.: 95% Hexane) to give 33 mg (84%) of 3 as an orchid
colored solid. *H NMR (400 MHz, CD-Cly) 6 7.45 (d, 4H), 7.28 (d, J = 6.5 Hz, 4H), 6.86 (s, 4H), 2.39 (t,
J=7.3Hz, 8H), 1.25 (dt, J = 14.9, 7.5 Hz, 8H), 0.94 — 0.88 (m, 8H), 0.81 — 0.78 (m, 4H), 0.66 (s, 4H), 0.34
(t, J = 6.9 Hz, 12H), 0.26 (d, J = 6.5 Hz, 4H). Too insoluble for **C NMR. LRMS (EI*) 960.3, HRMS:
(ASAP") m/z for CesHesS4 calc: 960.3891, found 960.3885.

Associated Content
The Supporting Information is available free of charge at XXX.

Figures of DFT energy minimized structures, molar absorptivity, diffusion reflectance, photo-oxidation
profile, cyclic voltammetry, NMR spectra, and DFT tables.
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