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Abstract: Herein we introduce the π-conjugated organic building block, 8-bromo-indolo[2,3-

b]quinoxaline (indoloquinoxaline, IQ), that combines both electron withdrawing and donating 

nitrogen atoms. It is accessible from low-cost starting materials through a straightforward and 

high yielding condensation reaction. In terms of materials design, indoloquinoxaline is suitable 

for use as a terminal unit; it can act as a planar extension of the π-conjugated system and is easily 

functionalized with aliphatic side-chains, which can alter material solubility and self-assembly 

processes. The indoloquinoxaline framework is highly versatile and can be readily derivatized 

considering the hundreds of commercially available indole and phenylenediamine starting 

materials. In this case, the indoloquinoxaline building block is neither strongly electron rich or 

deficient which allows for material optoelectronic properties to be largely dictated by the 

character of the molecular core, as shown through the incorporation of three different core units, 

a weak thiophene donor, a strong benzodithiophene donor and an isoindigo acceptor. 

 

Keywords: Organic Electronics, Conjugated Small Molecules, Indoloquinoxaline, Isoindigo, 

Benzodithiophene, Thiophene,  

 

Highlights: 

Introduction of a new indoloquinoxaline organic π-conjugated building block 

Simple synthesis of functionalized indoloquinoxaline building blocks 

Synthesis of three new chromophores with progressively red-shifted band gaps 

 

 

 

1. Introduction 
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Organic π-conjugated small molecules have found wide spread applications in a range of 

electronic devices. One of the most well-known is their use as donor and acceptor components in 

organic solar cells (OSC).[1–9] π-conjugated small molecules have also been employed as light 

harvesters in metal-free dye sensitized solar cells (DSSC),[10–13] semiconducting materials in 

organic field effect transistors (OFETS),[14–17] and as hole transporting materials in both DSSC 

and perovskite solar cells (PSC).[18–23] 

The solution-processability of these materials is key to their practical application, 

enabling them to be printed or coated onto lightweight, flexible substrates, which in turn allows 

for easy storage, transportation and installation measures.[24–30] While great improvements in 

device performance have been realized over the past few years,[31,32] there is a need for new 

and improved optoelectronic materials.[33,34] Key to the growth of organic electronics towards 

commercialization is the development of cost-effective organic π-conjugated materials that can 

be readily accessible from raw materials, through a sustainable synthesis with scalable 

purification.[24,35,36] 

The utility of low-cost building blocks for organic electronics is dictated by their 

functional versatility. Specific π-conjugated organic building blocks are integrated within the 

molecular framework to tune the optoelectronic properties and the self-assembly tendencies of 

the material. One of the key design principles for π-conjugated materials is based on band-gap 

engineering.  From a molecular design perspective, this can commonly be done in three ways: 

(1) increasing the conjugation length,[37,38] (2) incorporation of electron-donating/withdrawing 

moieties and (3) the intramolecular donor-acceptor (D-A) approach.[39–41] From this perspective 
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we have synthesized a novel highly tunable π-conjugated building block for use in organic 

electronics.   

 The 8-bromo-indolo[2,3-b]quinoxaline (IQ) building block is a π-conjugated planar 

framework accessible from inexpensive, readily available precursors. The base 

indoloquinoxaline structure offers several avenues for structural versatility relevant to organic 

electronic applications. The electronic and self-assembly tendencies of this building block can be 

tuned by the incorporation of various functionalized o-phenylenediamines with over 500 mono-

substituted and more than 300 di-substituted commercially available derivatives. Furthermore, 

the amido nitrogen can be functionalized with aliphatic side chains, facilitating adequate solution 

processability and potentially dictating self-assembly propensities.  Indoloquinoxaline 

derivatives are well known and actively studied in medicinal chemistry for their antiviral and 

anticancer properties.[42–44] Only recently have they been explored as building blocks for use 

in organic electronics including their incorporation into OLEDS and DSSCs. These 

indoloquinoxaline derivatives, similar to our reported material but with functionalization 

occurring through the 9-position, have been successfully incorporated into small molecule 

architectures and have exhibited potential for application in organic electronics. [45–48] 

In this study we utilized o-phenylenediamine with 6-bromoisatin to access a unique 

building block, IQ, which is employed as an end-capping unit to effectively extend the π-

conjugation and promote a planar framework. In the context of strongly electron donating and 

electron accepting building blocks, IQ can be described as electron neutral, as it contains both 

electron donating and electron withdrawing nitrogen atoms. This neutral character is a result of 

the pyrazene nitrogen lone pairs being orthogonal to the π-system, and therefore their 
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contribution is solely an inductive one, withdrawing electron density from the π-system, which 

leads to a slight electron-accepting character. The latter is countered by the weak electron 

donation from the indole π-conjugated ring. These competing effects are thought to render the 

building block neither strongly electron donating or accepting.  To study the effect of this new 

building block on the optoelectronic properties of a π-conjugated system, three core building 

blocks were selected with differing electronic character, a weakly donating thiophene unit (Th), 

a strongly donating benzodithiophene unit (BDT) and an electron accepting isoindigo core 

(II(Th)2).  

2. Results and Discussion 

2.1 Synthesis 

The acid catalyzed condensation of indoloquinoxaline from isatin and o-

phenylenediamine has been previously outlined in the literature (A);[42,49,50] however, upon 

the introduction of electron withdrawing groups on the isatin analog, an alternative product is 

observed.  The reaction intermediate is shifted towards the cleavage of the isatin ring, forming 

the ring opened species as depicted in B.[50] Upon heating a 1:1 mixture of 6-bromoisatin and o-

phenylenediamine at reflux in acetic acid, a yellow precipitate was formed after 30 minutes.  

Presumed to be the mono-condensation product, dimethylformamide (DMF) was added to the 

mixture allowing for a higher reflux temperature.  This in turn, led to the re-dissolution of the 

precipitate and the reaction was driven to the final ring closure resulting in the desired product.  

The dark red/brown reaction mixture was cooled to room temperature and a yellow/brown 

precipitate was observed.  The material was collected via vacuum filtration and washed with 

copious amounts of water followed by a 1:1 H2O:EtOH solution.  Using this modified literature 

procedure (C), the product 8-bromo-indolo[2,3-b]quinoxaline (IQ) was successfully synthesized 
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and isolated as an off-white powder in high yields (< 80 %) with relatively high purity. IQ was 

subsequently used without any further purification in a N-alkylation reaction with octylbromide 

in the presence of base (K2CO3) in DMF to generate 8-bromo-N-octyl-indolo[2,3-b]quinoxaline 

(IQ-Oct) (D).  Upon reaction of all starting material, as monitored by thin layer chromatography 

(TLC), the mixture was cooled to room temperature and stirred in a 1:1 solution of H2O/MeOH 

and which resulted in the precipitation of IQ-Oct as a bright orange solid.  The material was 

recovered via suction filtration and washed with copious amounts of water followed by a 1:1 

H2O/MeOH solution.  The final yield of the alkylated product was 84 % with no further 

purification required. Both new compounds IQ and IQ-Oct were characterized by 1H and 13C 

NMR spectroscopy and identified by atmospheric pressure chemical ionization (APCI) mass 

spectrometry.  

 

The mono-brominated IQ building block is ideally suited for incorporation as a terminal 

end-capping unit. Carbon-carbon bond forming reactions were accomplished similar to our 

previously published methods with the use of the heterogeneous catalyst SiliaCat® DPP-Pd.[51–

53] Final compounds 1 and 2 were prepared by a Stille coupling between the bis-stannylated 

cores and two equivalents of IQ-Oct under microwave irradiation, while compound 3 was 

synthesized through the direct heteroarylation of 6,6’-di(thiophen-2-yl)-1,1’-di(octyl)isoindigo 

with two equivalents of IQ-Oct under conventional heat (Figure 3).  Conventional heating was 

used for the direct heteroarylation reaction due to the result of multiple substitutions occurring on 

the thiophene obtained upon microwave irradiation as seen in our previous work.[53]  
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The work up for compounds 1 and 2 involved stirring the completed reaction mixtures in 

methanol and collecting the resultant orange solid via suction filtration.  The materials were then 

dissolved in dichloromethane and solution filtered to remove the SiliaCat® DPP-Pd 

heterogeneous catalyst. The solvent was removed under reduced pressure, the materials slurried 

in methanol, and the resultant products were collected via suction filtration washing with ethanol 

and isopropanol.  For compound 3, the reaction mixture stirred in a 1:1 H2O:MeOH solution and 

the resultant fine black powder was isolated by suction filtration and washed with water, 

methanol, and ethanol.  The product was further purified by flash column chromatography with 

chloroform as the eluent. Compound 3 was isolated with 55 % yield.  Compound 1 was 

characterized by 1H and 13C NMR spectroscopy and identified by CHN elemental analysis.  

Compounds 2 and 3 were characterized by 1H NMR spectroscopy but had insufficient solubility 

to obtain reasonable 13C NMR spectra, but were also identified by CHN elemental analysis.  

 

2.2 Optical Properties 

 The UV-Vis absorption spectra of the final compounds were obtained from 1% wt/v 

solutions in chloroform, both solution and thin-film absorption profiles are shown in Figure 4 

and the data is summarized in Table 1. The IQ terminal units are neither strongly electron 

donating or accepting, thus the optical properties are predominately determined by the extended 

π-conjugation and the nature of core building block.  Compound 1 primarily absorbs light in the 

blue region of the visible spectrum with λonset at ~492 nm in solution. A small electron 

delocalization pathway and lack of D-A character limit light absorption to high energy photons.  

Compared to compound 1 with a thiophene core, compound 2 with the BDT core has an 

extended π-conjugated framework and leads to a red-shift in absorbance with a λonset at ~525 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

7 

 

solution.  Compound 3 highlights the benefit of using a strongly absorbing dye as well as the D-

A approach to bandgap engineering as the D-A character of the thiophene-flanked isoindigo core 

further narrows the bandgap, resulting in an absorption spectra extending beyond 700 nm. Upon 

transitioning from solution to thin-film, a bathochromic shift in the absorption profile is observed 

for each of the three molecules indicating intermolecular interactions in the solid-state.  The 

more pronounced low energy band visible in both solution and thin film of compound 2 is likely 

a result of stronger intermolecular π−π interactions compared to compound 1. The 

photoluminescence was also measured for compounds 1–3.  Compound 1 has a small Stokes 

shift of 43 nm, where as 2 and 3 have relatively larger Stokes shift of 141 nm 125 nm 

respectively, a result of their increased conformational flexibility.    

 

 The electronic character of IQ is further highlighted upon comparing compounds 1-3 

with reference compounds in the literature (Figure 5).  Compound 1 has a very comparable 

absorption profile to that of a similar compound Phth-Th-Phth, which is comprised of a 

thiophene core end capped with alkylated phthalimides.[54–56] The onset of Phth-Th-Phth in 

solution is 440 nm with an absorption max centered at 390 nm compared to 492 nm and 430 nm 

for compound 1.  Although 1 has a significantly extended π-conjugated pathway (9 units vs. 3 

units) the absorption profile is only red-shifted by less than 50 nm. Only a slight red-shift is 

observed for 1 with its extended conjugation as it lacks the D/A character of Phth-Th-Phth 

which would lead to more dramatic shift. Phthalimide is an electron acceptor and when paired 

with the donor thiophene core results in a D/A type system. Alternatively, for compound 1 the 

bandgap is primarily dictated by the length of the π-conjugated backbone with no significant 

D/A intramolecular interaction which would lead to a further red shift in absorption. Compound 
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2 can be compared to the previously reported DO1[57], which is comprised of a BDT core with 

electron accepting indandione endcaps bridged with alkyl thiophenes.  Despite a similar 

conjugation length to 2, the D/A character of DO1 leads to a significant red shifted (~125 nm) 

absorption spectra as a result of the interaction between the strongly electron donating BDT core 

and the strong terminal acceptor indandione. We can compare compound 3 with two different 

isoindigo dithiophene compounds in the literature, Oct-II(ThPhth-1EP)2[53]  which has 

terminal electron accepting phthalimide units and II(Th2)2[58] which is end-capped with electron 

donating hexyl-bithiophenes. The absorption profile of compound 3 with the IQ terminal units 

lies appropriately in between the two, but slightly closer to that of II(Th2)2.  The onset of 

absorption for 3 is slightly red shifted from the II(ThPhth-1EP)2  with electron withdrawing 

endcaps and is slightly blue shifted from II(Th2)2 with electron donating end caps. Thus, based 

on these comparisons, the IQ unit can be thought of neither strongly electron donating or 

withdrawing and can be used to effectively extend the size of the molecular structure without 

dramatically altering the electron structure through D-A type electronic coupling.  

 

2.3 Electrochemical Properties 

The electrochemical properties of compounds 1–3 were investigated using cyclic 

voltammetry (CV) and were found to be largely dominated by the nature of the core unit. The 

highest occupied molecular orbital (HOMO) and lowest occupied molecular orbital (LUMO) 

energy levels were measured from the onset of oxidation and reduction respectively relative to 

the internal reference ferrocene. As shown in Figure 6, each compound has reversible oxidations 

while only 3 has a reversible reduction, attributed to the electron accepting nature of the 

isoindigo core.  The lack of reversible reductions for 1 and 2 is reasonable, as a result of their 

electron rich character.  Considering the ionization potential (IP) of the two electron-donating 
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cores, the substitution of Th for a BDT core is accompanied by a decrease in the IP of the 

compound highlighting the more electron-rich nature of compound 2. On the other hand, 

monitoring the change in electron affinity (EA) is more suitable for the II(Th)2 core substitution, 

which demonstrates a greater EA than compounds 1 and 2, a result of the electron-withdrawing 

character of the isoindigo core. Another noticeable trend for compound 1–3 is the narrowing of 

the band gap, which is consistent with the increase in effective conjugation length.  

 

 

 

 

 

 

 

 

 

2.4 Theoretical Modeling 

 

Theoretical calculations were used to investigate optimized geometry (gas phase), 

electronic structure, and electronic transitions of the three new chromophores with IQ terminal 

units (Figure 7), see ESI for full computational methods.  The molecular core dictates the 

planarity of the structure, with II(Th)2 being the least distorted backbone, followed by BDT and 

lastly Th.  Although the π-conjugated backbone of compound 1 is slightly distorted, the 

predicted HOMO and LUMOs are fully delocalized along the entire structure indicating good 
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electronic communication between the Th and IQ units. Upon transitioning from the relatively 

weakly donating Th core to the relatively strongly donating BDT core, the LUMO remains fully 

delocalized; however, the HOMO is appropriately localized on the strong electron-donating core, 

with limited contribution from the terminal IQ units. With the incorporation of the electron 

accepting isoindigo core, the IQ terminal unit does not contribute to either the HOMO or LUMO 

delocalized π-systems. The LUMO is largely localized at electron deficient isoindigo core, while 

the HOMO π-system does not extend past the indole ring of the IQ end cap. These depictions of 

the ground state geometry and π-system lend further evidence that the IQ unit is nether electron 

rich or poor and can be consider electron neutral, and highlight the overwhelming influence of 

the core on all facets of material properties.  The predicted HOMO/LUMO energy levels and 

absorption profile for the three small molecules follow the same trend observed experimentally 

with progressively red-shifted band gaps; however, in the case of the 3 it was the higher energy 

band that was more prominent, not the low energy band as predicted by TD-DFT. 

 

3 Conclusions 

In this study we reported the synthesis of 8-bromo-6H-indolo[2,3-b]quinoxaline (IQ), a 

novel building block for application in organic electronics. IQ is easily accessible from 

inexpensive starting materials and a sustainable high yielding synthesis. The IQ building block 

was found to be useful as an end-capping unit for the construction of organic π-conjugated small 

molecules. The IQ building block was found to be neither strongly electron rich nor poor and 

can be considered an electron neutral unit. IQ is effective for the extension and planarization and 

of π-conjugated systems and for allowing the material properties to be dictated by the nature of 

the core building block. The versatility of the framework and the wealth of available substituted 
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phenylenediamines and indoles can be exploited to tailor the electronic properties of this 

terminal unit to the desired effect. 
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4 Experimental 

Full experimental details including materials and methods, instrumentation, and NMR 

spectra can be found in the supporting information. 

 

4.1 Synthesis of 8-bromo-6H-indolo[2,3-b]quinoxaline (IQ).   

A solution of 6-bromoisatin (1.123 g, 4.5 mmol) and o-phenylenediamine (0.722 g 6.7 

mmol) in glacial acetic acid (30 mL) was refluxed for 30 minutes when a significant amount of 

yellow precipitate was observed. DMF (30 mL) was added to the mixture, the temperature was 

increased to 150oC and the reaction was allowed to stir at reflux for 24 hours.  The dark 

red/brown solution was cooled to room temperature and a yellow/brown precipitate was 

observed.  The material was collected via vacuum filtration and washed with copious amounts of 

water followed by ~100 mL of 1:1 H2O:Et2OH solution. The solid was dried in vacuo to yield 

1.205 g (81 % yield) of the product as a light yellow powder. 1H NMR (300MHz, DMSO-d6, 

ppm): δ 7.51 (dd, 1J= 9.9 Hz, 2J= 1.5 Hz, 1H), 7.71-7.85 (m, ov, 3H), 8.06 (dd, 1J= 9.3 Hz, 2J= 

1.2 Hz 1H), 8.23 (dd,1J= 9.6 Hz, 2J= 1.2 Hz, 1H), 8.27 (d, J=8.1 Hz, 1H). 13C{1H} NMR 

(300MHz, DMSO-d6, ppm): δ 114.9, 118.2, 124.0, 124.1, 124.5, 126.7, 127.7, 138.8, 139.1, 

140.3, 144.9, 146.0. Mass Spec: Theoretical: 298.1, Experimental: 298.0  

4.2 Synthesis of 8-bromo-N-octyl-indolo[2,3-b]quinoxaline (IQ-Oct).   

A solution of 8-bromo-indolo[2,3-b]quinoxaline (0.40 g, 1.34 mmol), K2CO3 (0.28 g, 

2.02 mmol), 1-octylbromide (0.3 mL, 1.34 mmol) in anhydrous DMF (5 mL) was heated to 

100oC for 16 hours in a 20 mL pressure tube capped under N2.  The reaction was cooled to room 

temperature and poured into a 1:1 solution of H2O/MeOH (~100 mL) and stirred for two hours.  
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A bright orange solid was recovered via suction filtration.  The solid was washed with copious 

amounts of water followed by ~100 mL 1:1 H2O/MeOH solution.  The solid was dried in vacuo 

to give 0.46 g (84% yield) of the alkylated product. 1H NMR (300MHz, CDCl3, ppm): δ 0.88 (t, 

3H), 1.25-1.31 (m, br, 6H), 1.39-1.40 (m, br, 4H), 1.91-2.00 (m, 2H), 4.47 (t, 2H), 7.55 (dd, 1J= 

9.8 Hz, 2J= 1.6 Hz, 1H), 7.65 (d, J= 1.5 Hz, 1H), 7.68-7.79 (m, ov, 2H), 8.15 (dd, 1J= 9.6 Hz, 2J= 

1.3 Hz, 1H), 8.30 (dd, 1J= 9.7 Hz, 2J= 1.3 Hz, 1H), 8.34 (d, J= 8.3 Hz, 1H). 13C{1H} NMR 

(300MHz, CDCl3, ppm): δ 14.0, 22.6, 27.0, 28.4, 29.1, 29.2, 31.8, 41.6, 112.8, 118.4, 123.8, 

124.0, 125.1, 126.3, 128.0, 129.0, 129.4, 139.5, 140.7, 145.7. Mass Spec: Theoretical: 410.4, 

Experimental: 410.0 

4.3 Synthesis of 2,5-bis(6-octyl-6H-indolo[2,3-b]quinoxalin-8-yl)thiophene (1).  

8-bromo-N-octyl-indolo[2,3-b]quinoxaline (0.15 g, 0.37 mmol), bis-trimethylstannyl 

thiophene (0.73 g, 0.18 mmol), SiliaCat® DPP-Pd (0.05 g), and bench top toluene (4 mL) was 

added  to a 5 mL microwave vial and sealed with a  Teflon® cap.  The vial was heated in a 

microwave reactor for at 150ºC for 30 minutes. The reaction mixture was cooled to room 

temperature and poured into methanol (~300 mL). The orange solid was collected via suction 

filtration, dissolved in dichloromethane and solution filtered to remove the heterogeneous 

catalyst (SiliaCat® DPP-Pd). The solvent was removed under reduced pressure, the material 

slurried in methanol, and the resultant product was collected via suction filtration washing with 

ethanol and isopropanol. The collected solid was dried in vacuo yielding 0.21 g (77% yield) of 

compound 1. 1H NMR (300 MHz, CDCl3, ppm): δ 0.86 (t, 6H), 1.21-1.36, (m, br, 12H), 1.36 – 

1.55 (m, br, 8H), 1.96-2.03 (m, br, 4H), 4.52 (t, 4H), 7.53 (s, 2H), 7.62-7.75 (ov, 8H), 8.11 (dd, 

1J= 9.5 Hz, 2J= 1.3 Hz, 2H), 8.27 (dd, 1J= 9.5 Hz, 2J= 1.2 Hz 2H), 8.46 (d, J= 8.0 Hz, 2H). 

13C{1H} NMR (300 MHz, CDCl3, ppm): δ 14.1, 22.6, 27.1, 28.5, 29.2, 31.8, 41.5, 106.0, 118.7, 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 

 

118.9, 123.2, 125.5, 126.0, 127.9, 128.7, 129.2, 136.6, 139.5, 140.6, 144.7, 144.9, 146.2. 

Elemental Analysis: Calculated for C48H50N6S: C, 77.6; H, 6.8; N, 11.3, Found: C, 76.4; H, 6.5; 

N, 11.1. 

4.4 Synthesis of 8,8'-(4,8-bis(octan-3-yloxy)benzo[1,2-b:4,5-b']dithiophene-2,6-diyl)bis(6-

octyl-6H-indolo[2,3-b]quinoxaline) (2).   

8-bromo-indolo[2,3-b]quinoxaline (0.22 g, 0.53 mmol), 2,6-bis(trimethyltin)-4,8-bis(2-

ethylhexyloxy)benzo[1,2-b:4,5-b’] dithiophene (0.19 g, 0.25 mmol), SiliaCat DPP-Pd (0.05 g), 

and bench top toluene (4 mL) was added  to a 5 mL microwave vial and sealed with a  Teflon® 

cap. The vial was heated in a microwave reactor at 150ºC for 30 minutes. The reaction mixture 

was cooled to room temperature and poured into methanol (~300 mL). The dark orange solid 

was collected via filtration, dissolved in chloroform and solution filtered to remove the 

heterogeneous catalyst (SiliaCat® DPP-Pd). The solvent was removed under reduced pressure, 

the material slurried in methanol, and the resultant product was collected via suction filtration 

washing with ethanol and isopropanol. The collected solid was dried in vacuo yielding 0.17g (60 

% yield) of compound 2. 1H NMR (300 MHz, 325 K, CDCl3, ppm) δ 0.85 (t, 6H), 1.01 (t, 6H), 

1.14 (t, 6H), 1.20 – 1.36 (m, br 12 H), 1.36-1.55 (m, br, 14 H), 1.55-2.10 (m, br, 16 H), 4.32 (d, 

J=5.4 Hz, 4H), 4.55 (t, 4H), 7.58 – 7.74 (m, 8H), 7.81 (s, 2H), 8.09 (d, J= 8.1 Hz, 2H), 8.25 (d, 

J= 8.0 Hz 2H), 8.47 (d, J= 8.1 Hz, 2H). 13C{1H} NMR: Not able to obtain due to low solubility. 

Elemental Analysis: Calculated for C70H84N6O2S2: C, 76.1; H, 7.7; N, 7.6. Found: C, 75.1; H, 

7.4; N, 7.5. 

4.5 Synthesis of 6,6’-di(thiophen-2-yl)-1,1’-di(octyl)isoindigo (Oct-II(Th)2):  

Synthesized according to literature procedure.[53] 
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4.6 Synthesis of 1,1'-dioctyl-6,6'-bis(5-(6-octyl-6H-indolo[2,3-b]quinoxalin-8-yl)thiophen-2-

yl)-isoindigo (3):  

A 5 mL pressure tube was loaded with Oct-II(Th)2 (0.184 g, 0.283 mmol), IQ-Oct (0.253 

g, 0.617 mmol), Pd(OAc)2 (0.005 g, 8 mol%), pivalic acid (0.014g, 48 mol%), K2CO3 (0.100g, 

0.724 mmol)  and anhydrous DMF (4 mL). The reaction mixture was sealed under N2 and heated 

at 100ºC for 3 hours. Upon cooling to room temperature, the reaction mixture was poured into 

~200 mL of a 1:1 H2O:MeOH solution and left to stir for two hours. The fine black solid was 

isolated by suction filtration and washed with water, methanol, and ethanol.  The product was 

further purified by flash column chromatography with chloroform as the eluent (55% yield). 1H 

NMR (300 MHz, 325 K, CDCl3, ppm) δ 0.87-0.97 (m, 14 H), 1.23-1.44 (m, 38H), 1.78 (t, 4 H), 

1.97 (t, 4H), 3.84 (t, 4H), 4.46 (t, 4H), 6.79 (d, J= 1.4 Hz, 2H), 7.20 (dd, 1J= 9.96 Hz, 2J= 1.5 Hz 

2H), 7.34 (dd, 1J= 14.2 Hz, 2J= 3.9 Hz 4H), 7.45 (s, 2H), 7.49 – 7.58 (m, 6H), 7.98 (dd, 1J= 9.7 

Hz, 2J= 2.1 Hz 2H), 8.18 (dd, 1J= 9.8 Hz, 2J= 1.5 Hz 2H), 8.33 (d, J= 8.1 Hz, 2H), 9.13 (d, J= 

8.4 Hz, 2H). 13C{1H} NMR: Not able to obtain due to low solubility. Elemental Analysis: 

Calculated for C84H92N8O2S2: C, 77.0; H, 7.1; N, 8.6. Found: C, 76.5; H, 7.0; N, 8.1. 
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Compound Solution 
λonset   (nm) 

Film 
λonset 
(nm) 

Film 
λmax (nm) 

Eopt 

(eV) 
HOMO1 

(eV) 
LUMO1 

(eV) 
Eg 

(eV) 

1 492 545 440 2.28 -5.45 -3.51 1.94 
2 525 565 405,440, 500 2.19 -5.28 -3.53 1.75 
3 715 750 435,590 1.65 -5.31 -3.74 1.57 
1 Determined using cyclic voltammetry 
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Figure 1. Organic π-conjugated indoloquinoxaline building block for use in organic electronics. 
 

 
 
Figure 2. A) Literature preparation for indoloquinoxaline[42,49,50], B) incorporation of 
brominated indole under the same reaction conditions does not result in desired product IQ, C) 
modified literature procedure leads to desired product in high yields, and D) can be 
functionalized with desired alkyl side chain in quantitative yields. 
 

Figure 3. Synthesis of three new small molecule chromophores 1-3. R1 = 2-ethylhexyl, R2 = n-
octyl. 
 

Table 1.  Optical and Electrochemical Properties 

 

Figure 4. Optical properties of small molecules 1–3 in CHCl3.  Absorption profiles in solution 
(dark solid lines) and as-cast spin coated films (dashed lines).  Fluorescence profiles in solution 
(light solid lines).     

 
 
 
 
Figure 5. Comparison of compounds 1, 2, and 3 to related materials previously described in the 
literature. R = 2-ethylpropyl, R1 = 2-ethylhexyl, R2 = n-Octyl. Tabulated data can be found in the 
supporting information.  

 

Figure 6. Cyclic voltammograms of compounds 1–3 and their bandgaps estimated from 
comparison to ferrocene.   
 
 

Figure 7. A) Optimized structure with truncated alkyl groups, B) electronic energy levels and 
molecular orbital descriptions, and C) predicted optical absorption spectra.  Calculations carried 
out in gas-phase using DFT and TD-DFT methods at the B3LYP/6-31G(d,p) level of theory.  
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1. Materials and Methods 
 
General Synthetic Details: Preparations were carried out on a bench top or under an 
atmosphere of dry, O2-free N2 via Schlenk line techniques and/or an Innovative 
Technology Inc. N2 atmosphere glove box. Purification by flash column chromatography 
was performed using a Biotage® Isolera flash system. 
 
Materials: 1-bromooctane and pivalic acid (PivOH) were purchased from TCI America. 
Isoindigo starting materials 6-bromoisatin and 6-bromo-2-oxindole were acquired from 
Ontario Chemicals Inc. O-phenylenediamine was purchased from Alfa Aesar and 2,6-
Bis(trimethyltin)-4,8-bis(2-ethylhexyloxy)benzo[1,2-b:4,5-b’] dithiophene from 
LumeTech.  Bis-trimethylstannyl thiophene, 2-tributylstannyl thiophene, magnesium 
sulphate, toluene (Tol), chloroform (CHCl3), and o-xylene were purchased from Sigma-
Aldrich. Tetrakis(triphenylphosphine) palladium(0) catalyst (Pd(PPh3)4) and SiliaCat® 
heterogeneous catalyst DPP-Pd were bought from Strem Chemicals and  SiliCycle 
respectively. Anhydrous potassium carbonate was purchased from ACP chemicals, 
glacial acetic acid (AcOH) from Fisherbrand and anhydrous N,N’-dimethylformamide 
(DMF) from EMD Millipore.  All other solvents were obtained from the Dalhousie 
solvent exchange program.  All solvents and materials purchased were used without 
further purification. 
 
Nuclear Magnetic Resonance (NMR): 1H and 13C{1H} (NMR) spectroscopy spectra 
were recorded on a Bruker Avance-300 MHz spectrometer at 300K unless otherwise 
specified. Chemical shifts are reported in parts per million (ppm) and are referenced to 
the external standard SiMe4.  Multiplicities are reported as: singlet (s), doublet (d), triplet 
(t), (dd) doublet of doublets, and multiplet (m). 
 
Mass Spectrometry (MS): Mass spectrometry measurements were performed courtesy 
of Xiao Feng at the Dalhousie University Analytical Laboratory with a Bruker-Daltronics 
Micro TOF Mass Spectrometer.  Atmospheric pressure chemical ionization (APCI) was 
used to ionize samples with a corona discharge voltage of 4000 V and a vaporizer 
temperature of 375 ºC. 
 
Elemental Analysis (EA): Elemental analysis measurements were performed courtesy of 
Patricia Granados at the Center for Environmental Analysis and Remediation at Saint 
Mary’s University, Halifax, NS, B3H 3C3. Samples were run using a Perkin Elmer 2400 
Series II CHN Analyzer.  
 
Cyclic Voltammetry (CV): All electrochemical measurements were performed using a 
BASi epsilon™ EC in a standard three-electrode, one compartment configuration 
equipped with Ag wire, Pt wire and glassy carbon electrode, as the pseudo reference, 
counter electrode and working electrode respectively. Glassy carbon electrodes were 
polished with alumina. The cyclic voltammetry experiments were performed in 
anhydrous dichloromethane solution with ~0.1 M tetrabutylammonium 
hexafluorophosphate (TBAPF6) as the supporting electrolyte at scan rate 50 mV/s. All 
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electrochemical solutions were purged with dry N2 for 5 minutes to deoxygenate the 
system. Solution CV measurements were carried out with a small molecule concentration 
of ~0.5 mg/mL in CH2Cl2. The HOMO and LUMO levels were obtained by correlating 
the onsets (EoxFc/Fc+, EredFc/Fc+) to the normal hydrogen electrode (NHE), assuming 
HOMO of Fc/Fc+ to be 4.88 eV. 
 
UV-Visible Spectroscopy (UV-Vis): All absorption measurements were recorded using 
Agilent Technologies Cary 60 UV-Vis spectrometer at room temperature. All solution 
UV-Vis experiments were run in CHCl3 using 10 mm quartz cuvettes. Neat films were 
prepared by spin-coating solutions from CHCl3 onto glass substrates cut from Corning 
Micro slides (single frosted). Films were annealed by direct mounting on a VWR hotplate. 
 
Photoluminescence (PL): All emission measurements were recorded using Agilent 
Technologies Cary Eclipse Fluorescence spectrophotometer at room temperature. All 
solution PL experiments were run in CHCl3 using 10 mm quartz cuvettes. 
 
Microwave-Assisted Synthesis: All microwave reactions were carried out using a 
Biotage® Initiator+ microwave reactor. The operational power range of the instrument is 
0–400 W, using a 2.45 GHz magnetron. Pressurized air is used to cool each reaction after 
microwave heating. 
 
Computational Details: To delve further into the nature of the geometric and electronic 
properties of 1-3, gas-phase B3LYP/6-31G(d,p) ground-state equilibrium geometry 
optimizations were considered within Gaussian 09.1 In order to reduce the computational 
cost while still accounting for the electron-donating ability of the substituent, the 
solubilizing chains along the conjugated backbone of 1-3 were truncated in all our 
calculations and represented as methyl groups.  The dihedral angles that control the 
relative orientation of the π-systems were systematically altered for these three structures 
to help ensure that lower energy minima were not missed, where each resulting structure 
was characterized through frequency calculations at the same level of theory.  
 
The low-lying singlet excited states of were also calculated using time-dependent density 
functional theory (TD-DFT) with B3LYP/6-31G(d,p) on the ground-state global 
minimum geometries. The absorption spectra were simulated through convolution of the 
vertical transition energies and oscillator strengths with Gaussian functions characterized 
by a full-width at half-maximum of 3000 cm–1.  
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3. NMR Spectra   
 
 

 
 

Figure S1. 1H NMR spectra of IQ in DMSO-d6. 
 

 
 

Figure S2. 1H NMR spectra of IQ-Oct in CDCl3. 
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Figure S3. 1H NMR spectra of 1 in CDCl3. 
 

 
 

Figure S4. 1H NMR spectra of 2 in CDCl3. 
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Figure S5. 1H NMR spectra of 3 in CDCl3. 
 
 
 

Cyclic Voltammetry 
 

 
 
Figure S6. Cyclic voltammetry plot of 1 obtained in CH2Cl2 solution, with oxidation 
onset = 0.57 V and reduction onset = –1.38 V. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

S8 
 

 
 
 
Figure S7. Cyclic voltammetry plot of 2 obtained in CH2Cl2 solution, with oxidation 
onset = 0.40 V and reduction onset = –1.35 V. 

 
 
Figure S8. Cyclic voltammetry plot of 3 obtained in CH2Cl2 solution, with oxidation 
onset = 0.43 V and reduction onset = –1.14 V. 

 
 

UV-Visible Absorption Spectra 
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Figure S9. UV-visible absorption spectra of 1 as a thin film cast from CHCl3 on a glass 
substrate with subsequent thermal annealing for 5 minutes at each temperature. 
 

 
 
Figure S10. UV-visible absorption spectra of 2 as a thin film cast from CHCl3 on a glass 
substrate with subsequent thermal annealing for 5 minutes at each temperature. 
 

 
 
Figure S11. UV-visible absorption spectra of 3 as a thin film cast from CHCl3 on a glass 
substrate with subsequent thermal annealing for 5 minutes at each temperature. 
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Reference Compound Comparison 
 
 
 

 
 
R1 = 2-ethylhexyl, R2 = n-Octyl 
 

Compound 
Solution 

λonset  (nm) 

Film 
λonset 
(nm) 

HOMO 
(eV) 

LUMO 
(eV) 

Eg (eV) 

1 492 545 -5.5 -3.5 2.0 
Phth-Th-Phth2–4 440 530 -6.5 -4.2*  2.3* 
2 525 565 -5.3 -3.5 1.8 
DO15 650 780 -5.2 -3.6 1.6 
3 715 750 -5.3 -3.7 1.6 
II(Th2)2

6 720 743 -5.6 -3.9 1.7 
Oct-II(ThPhth-1EP)2

7
 675 720 -5.5 -3.6 1.9 

 
* Energy levels obtained from UPS (all others estimated from CV) 
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