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Abstract 

Concise synthetic protocols for a range of new 2,8-disubstituted-1,7-dicyano-3,9-diazaperylenes, starting from 

commercially available 1,5-diaminoanthraquinone, have been developed, which enable the introduction of 

various tertiary-amino, substituted-ethynyl, and aryl groups at the C2 and C8 positions, as well as 

incorporation of aryl-amino groups at the C4 and C10 positions, of the rare 3,9-diazaperylene system. This 

methodology should enable tuning of physical and optoelectronic properties and may find use in the discovery 

of new materials for organic photovoltaic devices or other organic electronic applications. 
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Introduction 

 

It is widely accepted that fossil fuels give rise to serious environmental problems and there is a pressing need 

to develop renewable energy sources. The development of photovoltaic devices (PVs), which transform 

practically inexhaustible solar energy into electricity, is one of the most promising long-term solutions for 

clean, renewable energy. Organic photovoltaic devices (OPVs) using soluble small molecules have emerged as 

promising candidates for OPV applications. Small molecules have advantages including well-defined molecular 

structures, consistency in synthesis, ease of purification, and a tendency to exhibit high charge mobility due to 

their long-range order.1-4 

A majority of OPV research has been focused on the development of electron donor, or so called “p-type”, 

semiconductors; much less attention has been devoted to electron acceptor, or “n-type”, materials.3,5 

Fullerenes, among the commonly used acceptor materials, suffer from high cost and other shortcomings, 

which has encouraged efforts towards the discovery and development of new, high-performance n-type small 

molecules for OPVs. New materials would assist the development of structure-property relationships and add 

versatility to the selection of donor/acceptor pairs to maximize, for example, absorption across the solar 

spectrum, or allow the use of materials with energy levels not suited to fullerenes.6 

A feature generally regarded as desirable for stable, electron-accepting (n-type) small molecules is 

electron deficiency, to preferentially lower the energy of the LUMO. This can be achieved by strategies such as 

the substitution of the -system with -acceptors such as cyano and carbonyl groups, which also increases the 

conjugation length, or the substitution of atoms in an extended -system with more electronegative atoms, 

e.g. replacing carbocyclic rings with certain nitrogen heterocycles.5 

To enable fabrication of OPV devices via solution processing, the incorporation of long alkyl side chains for 

increased solubility in organic solvents has been a frequently applied strategy. However, the nature of the side 

chains also affects the intermolecular interaction of the molecules and charge transport properties. In 

particular, the side chains affect the morphology of films and therefore the performance of OPV devices. An 

increased content of insulating alkyl side chains relative to the conjugated core of the molecule may result in 

deterioration in charge transport, so a balanced choice of suitable solubilizing groups at appropriate sites is 

crucial for fine-tuning the structure–properties relationship.1 

Classes of non-fullerene n-type small molecules which exemplify the successful application of the above 

strategies include the rylene diimides, dicyanoimidazoles, diketopyrrolopyrroles bearing electron withdrawing 

groups, and fluoro- and cyanopentacenes. Ample discussion of these classes of molecules can be found in 

several reviews.1,5,6 

The use of industrial dyes and pigments as starting points for discovery of organic semiconductors is 

attractive in several ways. These types of molecules possess attributes such as strong light absorption and 

photochemical stability, and are usually sourced from robust, large-scale synthetic protocols.4 Indeed, some of 

the classes of n-type small molecules listed above were first used industrially as dyes and pigments; most 

notably the rylene diimides and diketopyrrolopyrroles. 

In light of all of the above, we noted two isolated reports by Tatke and Seshadri from the mid-1980s 

describing the preparation of 2,8-di(morpholin-4-yl)-1,7-dicyano-3,9-diazaperylene 3a (from the dye precursor 

1,5-diaminoanthraquinone 1)7 and its substitution with 4-chloroaniline8 and more recent reports from Yi Liu 

and co-workers which described synthesis of 2,8-dialkyl-, 2,8-dialkoxy-, and 2,8-dialkylthio-1,7-diaryl-

3,9-diazaperylenes and their conversion to corresponding diazacoronenes for incorporation into conjugated 

polymers for organic photovoltaic device studies9 and as potential colorimetric and fluorescence proton 

sensors.10 Schneider and Perepichka11 described synthesis of simpler 3,9-diazaperylenes, accompanied by 
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isomeric 1,8-diazabenzo[e]pyrene side products, and Bock and co-workers12 prepared extended heteroarenes 

containing the 3,9-diazaperylene system with additional ring fusions; both of these studies were scouting for 

potential n-type -functional materials. Further, derivatives of the related 1,7-diazaperylenes have been 

claimed as organic semiconductor materials for thin film transistors.13 

In our view, the rare 3,9-diazaperylene ring system, particularly with electron withdrawing 1,7-dicyano 

substitution, appeared to satisfy many of the requirements for a n-type organic semiconductor material. In 

addition, scope existed for variation of the substituents at the 2- and 8-positions which could be used for 

tuning both solubility and electronic properties.  

This paper describes synthetic methods established during an exploratory chemistry effort towards 

discovery of new n-type materials that led to several new 2,8-disubstituted-1,7-dicyano-3,9-diazaperylenes. 

 

 

Results and Discussion 
 

The synthetic route to the 2,8-bis(dialkylamino) compounds 3 was essentially that of Tatke and Seshadri7 

(Scheme 1). The cyanoacetamides 2b-d were conveniently prepared from ethyl cyanoacetate and the 

appropriate secondary amine by modification of literature procedures.14-17 Interestingly, in our hands, the use 

of microwave heating afforded quicker and cleaner reactions than conventional heating. 

 

 
 

Scheme 1 

 

Reactions of 1,5-diaminoanthraquinone 1 with the Vilsmeier reagents prepared from cyanoacetamides 

2b-d and phosphoryl chloride in dioxane at 80 °C afforded modest yields of the desired 1,7-dicyano-

3,9-diazaperylenes 3b-d as intensely orange-red solids. In each case, the pyridine side-product 4, formed from 

the known14 self-condensation of cyanoacetamides under the influence of phosphorus oxychloride, was also 

isolated during chromatographic purification. 

The crystal structure of bis-diethylamino derivative 3c is shown in Figures 1-3. 
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Figure 1. Crystal structure of the bis-diethylamino derivative 3c with 30% ellipsoids and hydrogen atoms as 

spheres of arbitrary size. 

 

 
 

Figure 2. Packing of successive molecules of bis-diethylamino derivative 3c due to - stacking of arenes. 

 

 
 

Figure 3. Space filling representations of molecular packing of molecules of bis-diethylamino derivative 3c. 
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The crystal structure of compound 3c shows - stacking of the aromatic ring systems of the individual 

molecules (Figures 2 & 3), with the closest stacking distance (interplanar spacing) of 3.45 Å, which is 

approaching the proximity required for strong electronic coupling between molecules, a necessary criterion 

for ensuring the high charge mobility that is essential for good semiconductor performance.18-21 

Considering potential future device fabrication, it was observed that the solubility profile of compound 3c 

was appropriate for production of good quality films on UV-ozone-cleaned glass by spin coating, particularly 

from chloroform or 1,2-dichloroethane solutions (see Supplementary Material). 

Thermal Gravimetric Analysis (TGA) of compounds 3b and 3c suggested thermal stability to above 200 °C 

(see Supplementary Material, also for Differential Scanning Calorimetry (DSC) curves). 

The electron-deficient nature of the 1,7-dicyano-2,8-bis(dialkylamino)-3,9-diazaperylenes 3 was evidenced 

by the reaction of compound 3c with excess of 4-chloro-N-methylaniline and KOH in DMSO,8 which afforded a 

mixture of the dark, greenish blue bis-anilino compound 5 and the purplish, navy blue mono-substituted 

product 6 (Scheme 2). 

 

 
 

Scheme 2 

 

The structure of bis-adduct 5 was supported by X-ray crystallography (Figure 4), which confirmed new 

substitution at the C4 and C10 positions. The C4-substituted structure of mono-adduct 6 was assumed by 

analogy. 
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Figure 4. Crystal structure of bis-anilino adduct 5 with 50% thermal ellipsoids and hydrogen atoms as spheres 

of arbitrary size. The molecule lies on a crystallographic inversion center relating the two halves of the 

molecule. Only the unique atoms have been labelled. Solvent CHCl3 molecule is not shown. 

 

The crystal structure of bis-anilino adduct 5 showed a different form of - stacking, compared to that of 

compound 3c. In crystals of adduct 5, the central polycyclic core is stacked between peripheral chlorophenyl 

rings of two adjacent molecules (see Figures 5 & 6), rather than the pentacyclic cores of adjacent molecules, as 

in compound 3c (see Figure 2). 

 

 
 

Figure 5. Ball and stick representation showing --stacking of the central polycyclic core of compound 5 

between two Cl-Ph rings from adjacent molecules. 
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Figure 6. Cell contents of compound 5 as viewed down the b axis, showing the layered, supramolecular, 2-D 

sheet structure. Solvent CHCl3 molecules are shown. 

 

The plane separation between the chlorophenyl moiety and the core of an adjacent molecule is about 3.7 

Å; perhaps slightly long (possibly due to steric repulsion from the Cl) for efficient electron transfer. The two 

peripheral chlorophenyl substituents on the diazaperylene core each interact with a further two core 

molecules forming a chain, thus giving a 2D network (Figure 6). Although there is a connection between the 

molecules in two dimensions, such an arrangement is not a continuous - stack in the usual sense. The type 

of solid-state packing of compound 5 (Figures 5 & 6) does not augur well for likely high charge mobility in a 

thin film of this compound, which would be required for use as an OPV material. 

The bis-dialkylamino substituents of compounds 3, as well as the anilino moieties of compounds 5 and 6, 

can be considered somewhat electron-donating and therefore not a desirable feature in electron-accepting 

(n-type) small molecules for potential organic electronics applications. The dialkylamino groups also represent 

a “redox liability”; cyclic voltammetry experiments showed that compounds 3c (Figure 7) and 3d 

(Supplementary Material) underwent two reversible reductions, but an irreversible oxidation. 
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Figure 7. Cyclic voltammogram of compound 3c showing two reversible reductions and an irreversible 

oxidation. 

 

Consequently, we sought to establish chemistry which would enable access to 3,9-diazaperylene 

compounds with a broader range of substituents at C2 and C8. 

Specifically, structures in which the nitrogen-centered substituents at C2 and C8 were replaced with 

(conjugated) carbon-linked moieties were targeted. Initial attempts at Friedländer-style synthesis of 2,8-

diphenyl-1,7-dicyano-3,9-diazaperylene via reaction of 1,5-diaminoanthraquinone 1 with benzoylacetonitrile 

in the presence of either ceric ammonium nitrate/MeOH,22 chlorotrimethylsilane/DMF,23 or catalytic sulfuric 

acid/acetic acid,24 were unsuccessful. 

An effective synthetic protocol was eventually established and is outlined in Scheme 3. Reaction of 

1,5-diaminoanthraquinone 1 with cyanoacetic acid in the presence of diphenyl phosphite and pyridine gave 

the bis-cyanoacetamide intermediate 7 which was cyclized by heating with DBU in acetonitrile to afford 1,7-

dicyano-3,9-diazaperylene-2,8-diol bis DBU salt 8. Treatment of the salt 8 with triflic anhydride in the presence 

of pyridine gave the very poorly soluble bis-triflate 9 (Scheme 3), which we envisaged could be a suitable 

substrate for palladium-catalyzed coupling reactions (e.g., Suzuki, Stille, and Sonogashira variants) to introduce 

conjugated groups at C2 and C8 of the diazaperylene core. Prior to synthesis of the bis-triflate 9, the 

preparation of the bis-chloro analogue was investigated. Heating the bis DBU salt 8 with either phosphoryl 

chloride/triethylamine hydrochloride,25 phosphoryl chloride/DMF,26 or thionyl chloride/DMF,27 afforded, after 

aqueous workup, extremely insoluble solids, which were exceedingly difficult to characterize. 

In preparation for Sonogashira coupling reactions,28-30 where the triflate groups of compound 9 would be 

replaced with various conjugated alkyne moieties, a small but diverse set of alkyne building blocks 10a-d was 

assembled. These compounds included moieties successfully demonstrated in organic electronics applications: 

trialkylsilyl1,4,5,31 (10a), alkoxyphenyl1-6 (10b), as well as two uncommon moieties, 1-hexylpyrazol-4-yl (10c) and 

1-(hexyloxy)cyclohexane (10d). Triisopropylsilylacetylene 10a is commercially available; the other compounds 

10b-d were synthesized by modification of literature procedures.32,33 
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Sonogashira-coupling reactions28-30 between bis-triflate 9 and each of alkynes 10a-d, utilizing conditions 

involving bis(triphenylphosphine)palladium(II) dichloride, cuprous iodide and triethylamine in THF, provided 

the corresponding 2,8-bisalkynyl-substituted 1,7-dicyano-3,9-diazaperylenes 11a-d, respectively, in modest 

40-55% yields (Scheme 3). 

 

 
 

Scheme 3 

 

Stille coupling of bis-triflate 9 with 2-(tributylstannyl)-5-hexylthiophene34,35 afforded the directly “core-

arylated” product, 2,8-bis(5-hexylthien-2-yl)-1,7-dicyano-3,9-diazaperylene (12), in 46% yield (Scheme 4). 

Attempts to prepare bis-thienyl compound 12 via a Suzuki reaction between bis-triflate 9 and 5-hexyl-2-

thiopheneboronic acid pinacol ester were unsuccessful. 

Bis-ethynyl compounds 11a-d were isolated as stable yellow solids, while the bis-thienyl compound 12 was 

a stable orange solid. All five compounds 11a-d are new derivatives of rare 3,9-diazaperylenes. 
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Scheme 4 

 

The UV-vis spectra of compounds 3b, 3c, 3d, 5, 6, 11a-d, and 12 were recorded (Figure 8). 

Only the blue-colored anilino compounds 5 and 6 showed any significant absorption in the 600-700 nm 

region, an energy rich part of the visible spectrum over which the commonly studied n-type fullerene 

acceptors have low absorption, and a targeted region for absorption by candidate electron accepting n-type 

compounds. The red-colored compounds 3 absorbed up to wavelengths of ~600 nm, but compounds 11 and 

12 (yellow to orange in color) only absorbed at lower wavelengths, typically <500 nm, which was indicative of 

an inadequate absorption profile for potential organic photovoltaic application. 
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Figure 8. UV-vis spectra of compounds: (a) 3b, 3c, 3d; (b) 5, 6; (c) 11a, 11d; (d) 11b, 11c; (e) 12. 

 

 

Conclusions 
 

Concise synthetic methodology for a range of new 2,8-disubstituted-1,7-dicyano-3,9-diazaperylenes has been 

developed. These synthetic protocols start from the cheap, readily available 1,5-diaminoanthraquinone, and 

enable the introduction of various tertiary-amino, substituted-ethynyl, and aryl groups at the C2 and C8 

positions, as well as incorporation of aryl-amino groups at the C4 and C10 positions, of the rare 3,9-

diazaperylene core structure. 

a 
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This work provides synthetic pathways to a variety of highly substituted diazaperylenes, enabling the 

tuning of physical and optoelectronic properties. Such methodology, perhaps in combination with the related, 

complementary methodology developed by Yi Liu and co-workers,10 may find use in the discovery of new 

materials for organic photovoltaic devices or other organic electronic applications. 

 

Experimental Section 
 

Methods and Materials. Melting points were determined using a Reichert hot stage microscope or a 

Gallenkamp MPD350.BM2.5 apparatus and are uncorrected. Analytical thin layer chromatography (TLC) was 

carried out on Merck Kieselgel 60 F254 silica aluminium backed sheets. Developed plates were visualized with 

either UV light (254 nm) or a solution of 10% (w/v) phosphomolybdic acid in EtOH followed by heating. Radial 

chromatography was performed on a Harrison Research Chromatotron (Model 7924T) using 1, 2, or 4 mm 

thick silica plates (Merck silica gel 60 PF254 containing gypsum). Light petroleum refers to a fraction boiling 

between 40 and 60 °C. 1H NMR spectra were recorded on a Bruker AC-200 or a Bruker Av400 spectrometer at 

200 and 400 MHz, respectively. 13C NMR spectra were recorded at room temperature on a Bruker AC-200 at 

50 MHz, a Varian Gemini 300 at 75 MHz, a Bruker Av400 at 100.6 MHz or a Bruker DRX500 at 125.75 MHz. 

Electron impact (EI) mass spectra were recorded on a ThermoQuest MAT95XL mass spectrometer using 

ionization energy of 70 eV. Only the major fragments are given with their relative abundances shown in 

parentheses. Accurate mass measurements were obtained with a resolution of 5000-10000 using 

perfluorokerosene as the internal reference. Electrospray ionization (ESI) mass spectrometric analyses were 

performed on a Thermo Scientific Q Exactive mass spectrometer fitted with a high-resolution HESI-II ion 

source. Positive and negative ions were recorded in an appropriate mass range at 140,000 mass resolution. 

The probe was used with 0.3 mL/min flow of solvent (usually MeOH), and a solution of Reserpine was also 

introduced into the probe during the experiments to serve as a lock mass in both positive and negative ion 

modes. The nitrogen nebulizing/desolvation gas used for vaporization was heated to 350 °C in these 

experiments. The sheath gas flow rate was set to 35 and the auxiliary gas flow rate to 25 (both arbitrary units). 

The spray voltage was 3.0 kV and the capillary temperature was 300 °C. Some high-resolution mass 

spectrometric analyses were performed on a Thermo Scientific Q Exactive mass spectrometer (Thermo 

Scientific, Waltham, MA, USA) fitted with an ASAP ion source (M&M Mass Spec consulting).36 The design and 

method of ionization have been described previously.37,38 Samples were dissolved in acetonitrile. Positive and 

negative ions were recorded in an appropriate mass range at 140,000 mass resolution. The APCI probe was 

used without flow of solvent. The nitrogen nebulizing/desolvation gas used for vaporization was heated to 450 

°C. The sheath gas flow rate was set to 25, the auxiliary gas flow rate to 5 and the sweep gas flow rate to 2 (all 

arbitrary units). The discharge current was 2 mA and the capillary temperature was 320 °C. UV-vis spectra 

were recorded in chloroform solution on a Perkin Elmer Lambda 1050 UV-vis Spectrophotometer. Thermal 

Gravimetric Analysis (TGA) was carried out on a Mettler Toledo TGA/SDTA851 and Differential Scanning 

Calorimetry (DSC) was performed on a Mettler Toledo DSC821. The electrochemistry (cyclic voltammetry) 

measurements were carried out using a Powerlab ML160 potentiostat interfaced via a Powerlab 4/20 

controller to a PC running Echem for windows Ver. 1.5.2. The measurements were run in nitrogen-purged 

DCM with tetrabutylammonium hexafluorophosphate (0.2 M) as the supporting electrolyte. The 

voltammograms were recorded using a standard 3 electrode configuration with a glassy carbon (2 mm 

diameter) working electrode, a platinum wire counter electrode and a silver wire pseudo reference electrode. 

The silver wire was cleaned in concentrated nitric acid and then in concentrated hydrochloric acid to generate 

the Ag/Ag+ reference. Voltammograms were recorded with a sweep rate of 50–200 mVs-1. The sample 



Arkivoc 2022, iv, 24-45   Ayer, M. et al. 

 

 Page 36  ©AUTHOR(S) 

concentration was 1 mM. All potentials were referenced to the E1/2 of the ferrocene/ferrocenium couple. 

Microanalyses were performed at The Campbell Microanalytical Laboratory, University of Otago, Dunedin, 

New Zealand. 

 

3-Oxo-3-(piperidin-1-yl)propanenitrile (2b). Prepared by a literature method14-16 as an off-white/cream-

colored solid. 1H NMR (CDCl3, 200 MHz) δ 3.53 (2H, t, J 5.0 Hz, CH2N), 3.43 (2H, s, CH2CN), 3.36 (2H, t, J 5.0 Hz, 

CH2N), 1.73-1.47 (6H, m, CH2CH2CH2). 13C NMR (CDCl3, 50 MHz) δ 159.81, 114.25, 47.50, 43.54, 26.04, 25.20, 

24.95, 24.05. 

2-Cyano-N,N-diethylacetamide (2c). Prepared by adapting the procedure of Cossey et al.14 Thus, a mixture of 

ethyl cyanoacetate (8.65 mL, 9.17 g, 80 mmol) and diethylamine (11.35 mL, 7.98 g, 110 mmol) was placed in a 

20 mL microwave reactor vial. Five such mixtures were prepared. Each vial was sealed and heated at 180 °C for 

30 mins in a Biotage Initiator 60 microwave reactor. The cooled reaction mixtures were combined and the 

whole was vacuum distilled to afford the title compound 2c (43.90 g, 78%) as a colorless oil, bp 99-100 

°C/0.1 mmHg. 1H NMR (CDCl3, 400 MHz)  3.50 (2H, s, CH2CN), 3.38 (2H, q, J 7.2 Hz, CH2N), 3.29 (2H, q, 

J 7.2 Hz, CH2N), 1.22 (3H, t, J 7.2 Hz, CH3), 1.13 (3H, t, J 7.2 Hz, CH3). 13C NMR (CDCl3, 125 MHz)  160.90, 

114.56, 42.63, 40.77, 24.89, 13.89, 12.59. 

2-Cyano-N,N-dipropylacetamide (2d). Dipropylamine was employed in the above procedure to prepare the 

title compound 2d (62%) as a colorless oil, bp 115-117 °C/0.1 mmHg. 1H NMR (CDCl3, 400 MHz)  3.46 (2H, s, 

CH2CN), 3.21-3.13 (2H, m, CH2N), 3.11-3.03 (2H, m, CH2N), 1.57-1.37 (4H, m, CH2), 0.87-0.73 (6H, m, CH3). 13C 

NMR (CDCl3, 100 MHz)  161.47, 114.61, 50.08, 48.02, 24.99, 21.86, 20.52, 11.14, 10.97. 

2,8-Di(piperidin-1-yl)benzo[1,2,3-de:4,5,6-d'e']diquinoline-1,7-dicarbonitrile (3b). Prepared by adapting the 

procedure of Tatke and Seshadri.7 Thus, a solution of the cyanoacetamide 2b (1.22 g, 8 mmol) in 1,4-dioxane 

(5 mL) was added slowly with stirring to phosphorus oxychloride (0.73 mL, 1.23 g, 8 mmol) under N2 and the 

mixture was stirred at 70 °C for 90 mins. With a slight positive pressure of nitrogen applied, the reaction vessel 

was briefly opened and 1,5-diaminoanthraquinone (0.48 g, 2 mmol) was added. The vessel was closed and the 

resulting mixture was heated at 80 °C with stirring under N2 for 5.5 h. The reaction mixture was cooled and 

then added portionwise with vigorous stirring to a mixture of saturated, aqueous sodium hydrogen carbonate 

solution (50 mL) in a beaker (250 mL size or larger) (CAUTION – frothing and liberation of CO2 gas!). During this 

process some chloroform (~10 mL) was added to enable continued stirring. The resulting two-phase mixture 

was filtered to remove brown-black, chloroform-insoluble, unidentified by-product(s). The aqueous phase of 

the filtrate was extracted with chloroform (2 × 40 mL). The combined organic phase was washed with 

water (70 mL), brine (30 mL), then dried (MgSO4) and evaporated under reduced pressure. The residual dark 

red-brown waxy solid (1.36 g) was purified by chromatography over silica gel. The crude mixture was pre-

absorbed (using chloroform) onto silica gel (~4 g). Elution with 50% DCM in light petroleum (bp 40-60 °C) 

afforded the side product 6-chloro-2,4-di(piperidin-1-yl)nicotinonitrile (4b)14 (422 mg, 35%) as a pale honey-

colored oil (the color of which darkened on standing). (Found: M+• 304.1454. C16H21
35ClN4 requires: M+• 

304.1449). 1H NMR (CDCl3, 400 MHz)  6.13 (1H, s, ArH), 3.63-3.57 (4H, m, 2xCH2N), 3.42-3.36 (4H, m, 

2×CH2N), 1.76-1.62 (12H, m, 2×CH2CH2CH2). MS m/z (EI) 304/306 (100/33%, M+•). Further elution with the 

same solvent and then DCM afforded the title compound 3b (341 mg, 36%) as a tomato red colored powder. 

Further purification was achieved by recrystallization from DCM/light petroleum (bp 40-60 °C), which gave 

intense orange colored crystals, mp 282-283 °C. (Found: C 76.81%, H 5.59%, N 17.74%. C30H26N6 requires: C 

76.57%, H 5.57%, N 17.86%. Found: M+• 469.2138. C30H25N6 requires: M+• 469.2135). 1H NMR (CDCl3, 400 

MHz)  9.25 (2H, dd, J 7.7, 1.0 Hz, ArH), 7.95 (2H, dd, J 8.4, 1.0 Hz, ArH), 7.85 (2H, dd, J 8.4, 7.7 Hz, ArH), 

3.67 (8H, t, J 5.3 Hz, 4×CH2N), 1.92-1.84 (8H, m, 2×CH2CH2), 1.80-1.72 (4H, m, 2×CH2). 13C NMR (CDCl3, 50 MHz) 
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 162.48, 148.71, 144.54, 132.06, 131.81, 126.85, 125.42, 119.87, 119.48, 93.91, 51.51, 25.81, 24.54. MS 

m/z (EI) 469 (100%, M+•). UV-vis [CHCl3, λmax, nm (rel. int.)]: 270 (1.00), 423 (0.48), 485 (0.15). 

2,8-Bis(diethylamino)benzo[1,2,3-de:4,5,6-d'e']diquinoline-1,7-dicarbonitrile (3c). A solution of the 

cyanoacetamide 2c (3.36 g, 24 mmol) in 1,4-dioxane (10 mL) was added slowly with stirring to phosphorus 

oxychloride (2.2 mL, 3.68 g, 24 mmol) under N2 (bubbler) and the mixture was stirred for approx. 30 mins at 

room temperature. With a slight positive pressure of nitrogen applied, the reaction vessel was briefly opened 

and 1,5-diaminoanthraquinone (1.43 g, 6 mmol) was added. The vessel was closed, and the resulting mixture 

was heated at 80 °C with stirring under N2 for 4 h. The reaction mixture was cooled and then added 

portionwise with vigorous stirring to a mixture of saturated, aqueous sodium hydrogen carbonate solution 

(100 mL) in a beaker (250 mL size or larger) (CAUTION – frothing and liberation of CO2 gas!). During this 

process some chloroform (~30-40 mL) was added to enable continued stirring. The resulting two-phase 

mixture was filtered to remove brown-black, chloroform-insoluble, unidentified by-product(s). The aqueous 

phase of the filtrate was extracted with chloroform (2 × 50 mL). The combined organic phase was washed with 

water (70 mL), then dried (MgSO4) and evaporated under reduced pressure. The residual red-brown waxy gum 

(4.32 g) was purified by chromatography over silica gel. The crude mixture was pre-absorbed onto silica 

gel (~5:3 wt : wt silica gel : sample). Elution with 50% DCM in light petroleum afforded the side product 6-

chloro-2,4-bis(diethylamino)nicotinonitrile (4c)14 (850 mg, 25%) as a pale honey-colored oil (the color of which 

darkened on standing). 1H NMR (CDCl3, 400 MHz)  6.07 (1H, s, ArH), 3.61 (4H, q, J 7.0, 2×CH2N), 3.50 (4H, q, 

J 7.0, 2×CH2N), 1.27 (6H, t, J 7.0, 2×CH3), 1.26 (6H, t, J 7.0, 2×CH3). Further elution with the same solvent and 

then DCM afforded the title compound 3c (600 mg, 22%) as a deep tomato red powder. Recrystallization from 

DCM/light petroleum gave clusters of very deep red prisms of suitable quality for X-ray crystallography, 

mp 188-189 °C. (Found: C 75.16%, H 5.79%, N 18.77%. C28H26N6 requires: C 75.31%, H 5.87%, N 18.82%). 1H 

NMR (CDCl3, 400 MHz)  9.14 (2H, dd, J 7.6, 1.1 Hz, ArH), 7.86 (2H, dd, J 8.4, 1.1 Hz, ArH), 7.78 (2H, dd, J 8.3, 

7.7 Hz, ArH), 3.74 (8H, t, J 7.0 Hz, 4×CH2N), 1.36 (12H, t, J 7.0 Hz, 4×CH3). 13C NMR (CDCl3, 100 MHz)  160.41, 

148.62, 144.86, 131.87, 131.44, 126.77, 124.96, 120.17, 118.92, 91.73, 45.26, 13.08. MS m/z (EI) 445 (100%, 

M+•). UV-vis [CHCl3, λmax, nm (rel. int.)]: 273 (1.00), 425 (0.44), 517 (0.14). 

2,8-Bis(dipropylamino)benzo[1,2,3-de:4,5,6-d'e']diquinoline-1,7-dicarbonitrile (3d). The cyanoacetamide 2d 

was employed in the above procedure (on 2 mmol scale) to prepare the title compound 3d (62 mg, 12%) as a 

deep claret colored powder, mp 160-162 °C. (Found: C 76.26%, H 6.71%, N 16.74%. C32H34N6 requires: C 

76.46%, H 6.82%, N 16.72%. Found: (M+H)+ 503.2926. C32H35N6 requires: (M+H)+ 503.2923). 1H NMR (CDCl3, 

400 MHz)  9.18 (2H, dd, J 7.5, 1.1 Hz, ArH), 7.88 (2H, dd, J 8.4, 1.1 Hz, ArH), 7.82 (2H, dd, J 8.4, 7.5 Hz, ArH), 

3.70-3.65 (8H, m, 4×CH2N), 1.86-1.76 (8H, m, 4×CH2N), 1.36 (12H, t, J 7.0 Hz, 4×CH3). 13C NMR (CDCl3, 100 

MHz)  160.59, 148.67, 144.93, 131.88, 131.42, 126.84, 124.95, 120.00, 118.96, 91.86, 53.11, 21.06, 11.50. MS 

m/z (ES+) 503 [100%, (M+H)+]. UV-vis [CHCl3, λmax, nm (rel. int.)]: 273 (1.00), 429 (0.45), 520 (0.15). 

The side product 6-chloro-2,4-bis(dipropylamino)nicotinonitrile (4d) was also isolated in 41% yield. 1H NMR 

(CDCl3, 400 MHz)  6.04 (1H, s, ArH), 3.54-3.49 (4H, m, 2xCH2N), 3.41-3.36 (4H, m, 2xCH2N), 1.68 (8H, sextet, 

J 7.5, 4xCH2), 0.95 (6H, t, J 7.4, 2xCH3), 0.93 (6H, t, J 7.3, 2xCH3). 

4,10-Bis[(4-chlorophenyl)(methyl)amino]-2,8-bis(diethylamino)benzo[1,2,3-de:4,5,6-d'e']diquinoline-1,7-

dicarbonitrile (5) and 4-[(4-chlorophenyl)(methyl)amino]-2,8-bis(diethylamino)benzo[1,2,3-de:4,5,6-

d'e']diquinoline-1,7-dicarbonitrile (6). Prepared by adapting the procedure of Tatke and Seshadri.8 Thus, a 

mixture of freshly pulverized potassium hydroxide (3.0 g, 53 mmol), 4-chloro-N-methylaniline (3.2 g, 23 mmol) 

and DMSO (25 mL) was stirred for 10 minutes. Compound 3c (2.0 g, 4.5 mmol) was added and the resulting 

mixture was stirred overnight (16 h) at room temperature in a loosely stoppered flask. The dark blue reaction 

mixture was poured into ice/water (250 mL) with vigorous stirring and acidified by slow addition of conc. HCl 
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(~10 mL). The dark greenish blue precipitate was collected by filtration and washed with water, then 

saturated, aqueous sodium carbonate solution and again with water. The residual dark blue solid (~2.5 g) was 

dissolved in chloroform (~20 mL) and adsorbed onto Celite (~8 g). The dry sample/Celite powder was loaded 

onto a 45 mm diameter × 5.5 cm high silica gel column. Elution with 50% DCM in light petroleum (bp 40-60 °C) 

afforded the bis-anilino product 5 (521 mg, 16%) as a dark, greenish blue powder, followed by the mono-

anilino product 6 (563 mg, 21%) as a purplish, navy blue powder. 

5: Recrystallized from chloroform, which gave large navy-blue blocks of suitable quality for X-ray 

crystallography, mp 186-187 °C. (Found: C 69.25%, H 5.32%, N 15.25%; M+• 724.2572. C42H38
35Cl2N8 requires: C 

69.51%, H 5.28%, N 15.44%; M+• 724.2591). 1H NMR (CDCl3, 400 MHz)  9.08 (2H, d, J 8.5 Hz, ArH), 7.59 (2H, d, 

J 8.5 Hz, ArH), 7.20-7.16 (4H, m, ArH), 6.82-6.78 (4H, m, ArH), 3.55 (6H, s, 2×NMe), 3.40 (8H, q, J 7.0 Hz, 

4×CH2N), 1.14 (12H, t, J 7.0 Hz, 4×CH3). 13C NMR (CDCl3, 100 MHz)  158.70, 148.98, 146.69, 145.67, 142.97, 

128.72, 125.43, 125.22, 122.20, 120.57, 120.28, 119.59, 89.39, 44.62, 41.90, 12.84. MS m/z (EI) 724/726/728 

(100/72/13%, M+•). UV-vis [CHCl3, λmax, nm (rel. int.)]: 270 (0.96), 290 (1.00), 627 (0.46). 

6: mp 151.5-153 °C. (Found: C 71.47%, H 5.56%, N 16.72%. C35H32
35ClN7 requires: C 71.72%, H 5.50%, 

N 16.73%. Found: M+• 584.2303. C35H31
35ClN7 requires: M+• 584.2324). 

1H NMR (CDCl3, 400 MHz)  9.14 (1H, d, J 8.5 Hz, ArH), 9.11 (1H, dd, J 7.6, 1.0 Hz, ArH), 7.87 (1H, dd, J 8.4, 

1.0 Hz, ArH), 7.79 (1H, dd, J 8.4, 7.6 Hz, ArH), 7.61 (1H, d, J 8.5 Hz, ArH), 7.20-7.16 (2H, m, ArH), 6.83-6.78 (2H, 

m, ArH), 3.77 (4H, q, J 7.0 Hz, 2×CH2N), 3.52 (3H, s, NMe), 3.39 (4H, q, J 7.0 Hz, 2×CH2N), 1.38 (6H, t, J 7.0 Hz, 

2×CH3), 1.14 (6H, t, J 7.0 Hz, 2×CH3). 13C NMR (CDCl3, 100 MHz)  160.61, 158.58, 148.97, 148.60, 146.82, 

145.65, 145.00, 143.07, 131.75, 131.33, 128.74, 127.01, 125.74, 125.48, 125.33, 124.74, 121.99, 120.64, 

120.36, 120.13, 119.69, 118.96, 90.79, 90.45, 45.27, 44.66, 41.96, 13.14, 12.79. MS 

m/z (EI) 584/585/586/587/588 (90/100/64/41/13%, M+•). UV-vis [CHCl3, λmax, nm (rel. int.)]: 277 (1.00), 428 

(0.27), 590 (0.28). 

3,4,5,6,7,8,9,10-Octahydro-2H-pyrimido[1,2-a]azepin-5-ium 1,7-dicyanobenzo[1,2,3-de:4,5,6-

d'e']diquinoline-2,8-bis(olate) (8). 

 

 
 

A stirred mixture of 1,5-diaminoanthraquinone (1) (15.0 g, 0.04 mol), diphenyl phosphite (184 mL, 0.96 mol), 

cyanoacetic acid (25.0 g, 0.29 mol), pyridine (26 mL, 0.32 mol), and DMF (160 mL) was heated at 120 °C under 

a nitrogen atmosphere for 7 h during which a yellow-brown precipitate was formed. The reaction mixture was 

cooled, diluted with MeOH (150 mL) and stirred for 2 h. The precipitate was collected, washed with MeOH, 

and dried under vacuum to give the bis-cyanoacetamide intermediate 7 (~18 g) as a pale orange solid. A 

mixture of this crude intermediate, dry acetonitrile (540 mL) and DBU (28 mL, 0.18 mol) was heated at 60 °C 

for 3 h. The red product 2 started to precipitate within moments after addition of DBU. The mixture was 

cooled, filtered and the collected solid was washed with acetonitrile affording the title compound 8 (29.2 g, 

72%) as glistening brick-red stout needles, mp 240-241 °C. (Found: [M-H]- 335.0514. C20H7N4O2 requires: 

[M-H]- 335.0569). 1H NMR (DMSO-d6, 400 MHz)  8.60 (2H, dd, J 7.6, 0.7 Hz); 7.52 (2H, t, J 8 Hz); 7.28 (2H, dd, J 

8.3, 0.7 Hz); 3.46-3.41 (4H, m); 3.37 (4H, t, J 6.0 Hz); 3.21 (4H, t, J 6.0 Hz); 2.60-2.56 (4H, m); 1.83 (4H, quintet, 

J 6.0 Hz); 1.65-1.50 (12H, m). 1H NMR (CD3OD, 400 MHz)  8.85 (2H, d, J 7.5 Hz); 7.62 (2H, dd, J 8.4, 7.5 Hz); 
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7.55 (2H, dd, J 8.4, 1.0 Hz); 3.50-3.46 (4H, m); 3.43 (4H, t, J 5.9 Hz); 3.27 (4H, m, obscured by solvent 

resonance); 2.60-2.56 (4H, m); 1.94 (4H, quintet, J 5.9 Hz); 1.72-1.57 (12H, m). 13C NMR (CD3OD, 100 MHz) 

 170.18, 167.17, 151.28, 144.80, 131.94, 128.48, 128.17, 122.02, 121.28, 117.59, 98.27, 55.13, 49.42, 39.48, 

33.67, 29.89, 27.46, 24.95, 20.45. MS (ES-) m/z 335 (100%, [M-H]-). 

1,7-Dicyanobenzo[1,2,3-de:4,5,6-d’e’]diquinoline-2,8-diyl bis(trifluoromethanesulfonate) (9). A stirred 

mixture of the bis-DBU salt 8 (8.00 g, 12.5 mmol), pyridine (4 mL, 3.91 g, 49.5 mmol), and dry acetonitrile (260 

mL) was cooled to 5 °C in an ice-water bath under nitrogen atmosphere. Triflic anhydride (6 mL, 10.06 g, 

35.7 mmol) was added dropwise at such rate that the temperature of the reaction mixture did not exceed 

7 °C. The reaction mixture was warmed to room temperature and stirred under nitrogen atmosphere for 8 h. 

The mixture was transferred to a one-necked flask and concentrated under reduced pressure using a rotary 

evaporator. Toluene (60 mL) and water (120 mL) were added and a precipitate was observed at the interface. 

The precipitate was filtered off and washed repeatedly with water then washed with a saturated, aqueous 

solution of K2CO3, then AcOH then water and toluene until washings consisted only of product (yellow, 

fluorescent color) which was monitored by TLC using DCM/light petroleum (bp 60-80 °C) (67:33) system as an 

eluent. The washed solid was dried under vacuum, afforded the title compound 9 (6.6 g, 88%) as a brownish 

yellow powder, mp decomposes above 290 °C. (Found: M+• 599.9604. C22H6N4O6S2 requires: M+• 599.9627). 
1H NMR (CDCl3, 400 MHz) δ 9.66 (2H, dd, J 7.8, 0.9 Hz), 8.33 (2H, dd, J 8.4, 0.9 Hz), 8.19 (2H, dd, J 8.4, 7.8 Hz). 

Insufficient solubility for 13C NMR spectroscopic analysis. MS (EI) m/z 599.9 (100, M+·), 439 (23), 375 (35), 278 

(35). 

1-Ethynyl-3-hexyloxybenzene (10b).32 

(a) 3-Hexyloxyphenylethynyltrimethylsilane: Potassium carbonate (11.3 g, 81.8 mmol) was added with stirring 

to a solution of 3-iodophenol (6.00 g, 27.3 mmol) in acetone (50 mL). 1-Bromohexane (5.75 mL, 41.0 mmol) 

was added and the stirred solution was heated at reflux for 7 h. The mixture was cooled and dilute 

hydrochloric acid (1M) was added. The whole was extracted with petroleum ether (2 × 50 mL). The combined 

organic phase was washed sequentially with H2O (2 × 100 mL) and saturated brine (100 mL), then dried 

(MgSO4). The solvent was evaporated under vacuum. The residue was dissolved in a small amount of light 

petroleum and filtered through a silica gel plug to afford 3-hexyloxy-1-iodobenzene (8.30 g, 99%) as a clear oil. 

A solution of 3-hexyloxy-1-iodobenzene (7.00 g, 23.0 mmol) and trimethylsilylacetylene (16.3 mL, 115 mmol) 

in diethylamine (100 mL) was degassed by bubbling nitrogen through it for 30 minutes. Cuprous iodide (220 

mg, 1.16 mmol) and tetrakistriphenylphospinepalladium(0) (265 mg, 0.229 mmol) were added and the mixture 

was stirred under nitrogen at room temperature for 4 h. Water (100 mL) was added and the whole was 

extracted with DCM (2 × 100 mL). The combined organic phase was washed with dilute hydrochloric acid (1M, 

100 mL), saturated NaHCO3 solution (100 mL), H2O (100 mL) and saturated brine (100 mL), then dried 

(MgSO4). The solvent was removed under vacuum and the residue was passed through a silica gel plug 

(DCM/light petroleum, 10:90) to give the title compound (6.30 g, 99%) as a pale, yellow oil. 1H NMR (400 MHz, 

CDCl3) δ 7.18 (1H, t, J 8.0 Hz), 7.03 (1H, d, J 7.6 Hz), 6.99-6.97 (1H, m), 6.86 (1H, dd, J 8.0, 2.8 Hz), 3.94 (2H, t, 

J 6.4 Hz), 1.80-1.72 (2H, m), 1.49-1.41 (2H, m), 1.37-1.31 (4H, m), 0.93-0.88 (3H, m), 0.25 (9H, s). 

(b) 1-Ethynyl-3-hexyloxybenzene:32 K2CO3 (11.9 g, 86.1 mmol) was added to a solution of 3-hexyloxyphenyl-

ethynyltrimethylsilane (5.89 g, 21.5 mmol) in MeOH (100 mL) and H2O (10 mL) and the solution was stirred 

under nitrogen at 35 °C for 6 h. Dilute HCl (1M, 50 mL) was added and the whole was extracted with light 

petroleum (2 × 100 mL). The combined organic phase was washed with H2O (100 mL), saturated brine (100 

mL), and dried (MgSO4). The solvent was removed under vacuum and the residue was chromatographed over 

silica gel. Elution with 0-10% DCM in light petroleum gave the title compound 10b (3.44 g, 79%) as a pale, 

yellow oil. (Found: M+• 202.1352. C14H18O6 requires: M+• 202.1352). 1H NMR (400 MHz, CDCl3) δ 7.22 (1H, dd, 
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J 8.3, 7.6 Hz), 7.08 (1H, dt, J 7.6, 1.2 Hz), 7.03 (1H, dd, J 2.6, 1.4 Hz), 6.90 (1H, ddd, J 8.3, 2.6, 1.0 Hz), 3.94 (2H, 

t, J 6.6 Hz), 3.06 (1H, s), 1.81-1.75 (2H, m), 1.50-1.42 (2H, m), 1.40-1.32 (4H, m), 0.92 (3H, t, J 7.0 Hz). These 1H 

NMR data are consistent with the literature.32 13C NMR (CDCl3, 100 MHz)  158.88, 129.37, 124.45, 123.03, 

117.62, 115.96, 83.68, 76.86, 68.08, 31.59, 29.18, 25.72, 22.63, 14.06. MS (EI) m/z 202 (24%, M+·), 118 (100). 

MS (APCI) m/z 203 (100, [M+H]+), 119 (31). 

4-Ethynyl-1-hexyl-1H-pyrazole (10c). 

(a) 1-Hexyl-4-iodo-1H-pyrazole: Potassium hydroxide (4.7 g, 85.04 mmol) was added to a stirred solution of 4-

iodo-1H-pyrazole (15.00 g, 77.3 mmol) in EtOH (60 mL). 1-Bromohexane (12.4 mL, 85.04 mmol) was added and 

the resulting mixture was stirred and heated to an internal temperature of 70 °C for 3 h. The reaction mixture 

was cooled to room temperature and filtered through a bed of Celite. The filtrate was evaporated. The residue 

was diluted in DCM (50 mL). A white solid was filtered off and the filtrate was washed with H2O (4 × 20 mL), 

dried (MgSO4), and evaporated to give the title compound (14.27 g, 66%) as a clear yellow oil. 1H NMR (400 

MHz, CDCl3) δ 7.49 (1H, s), 7.41 (1H, s), 4.10 (2H, t, J 7.2 Hz), 1.83 (2H, quin, J 7.2 Hz), 1.34-1.23 (6H, m), 0.87 

(3H, t, J 6.7 Hz). 

(b) 1-Hexyl-4-[(trimethylsilyl)ethynyl]-1H-pyrazole: A solution of 1-hexyl-4-iodo-1H-pyrazole (13.07 g, 46.99 

mmol) and trimethylsilylacetylene (33.2 mL, 234.95 mmol) in diethylamine (200 mL) was degassed by bubbling 

nitrogen through it for 30 minutes. Cuprous iodide (0.45 g, 2.36 mmol) and tetrakis-triphenylphospine-

palladium(0) (0.54 g, 0.46 mmol) were then added and the solution was stirred under nitrogen at room 

temperature for 5 h. Water (200 mL) was added and the whole was extracted with diethyl ether (2 × 200 mL). 

The combined organic phase was washed sequentially with 1M HCl solution (2 × 200 mL), saturated NaHCO3 

solution (200 mL), H2O (2 × 200 mL), and saturated brine (200 mL), then dried (MgSO4). The solvent was 

removed under vacuum and the residue was passed through a silica gel plug using 3 × 200 mL of DCM/light 

petroleum (30:70) and 1 × 200 mL of DCM/light petroleum (50:50), to give the title compound (8.39 g, 72%) as 

a light brown oil. 1H NMR (400 MHz, CDCl3) δ 7.59 (1H, s), 7.51 (1H, s), 4.06 (2H, t, J 7.1 Hz), 1.82 (2H, quin, 

J 7.2 Hz), 1.32-1.24 (6H, m), 0.87 (3H, t, J 6.9 Hz), 0.22 (9H, s). 

(c) 4-Ethynyl-1-hexyl-1H-pyrazole: K2CO3 (18.4 g, 133.15 mmol) was added to a stirred solution of 1-hexyl-4-

[(trimethylsilyl)ethynyl]-1H-pyrazole (8.25 g, 33.25 mmol) in MeOH (155 mL) and H2O (15.5 mL). The resulting 

mixture was stirred under nitrogen at 35 °C for 6 h. Dilute HCl (1M, 77 mL) was added and the whole was 

extracted with light petroleum (2 × 160 mL). The combined organic phase was washed with H2O (160 mL) and 

saturated brine (160 mL), then dried (MgSO4). Removal of solvent under vacuum gave the title compound 

10c (4.77 g, 81%) as a pale, orange oil. (Found: M+• 176.1309. C11H16N2 requires: M+• 176.1308). 1H NMR (400 

MHz, CDCl3) δ 7.60 (1H, s), 7.53 (1H, s), 4.08 (2H, t, J 7.2 Hz), 3.00 (1H, s), 1.84 (2H, quin, J 7.2 Hz), 1.33-1.24 

(6H, m), 0.88 (3H, t, J 6.9 Hz). 13C NMR (CDCl3, 100 MHz)  142.16, 132.38, 101.64, 78.00, 75.34, 52.44, 31.22, 

30.11, 26.13, 22.43, 13.94. MS (EI) m/z 176 (52%, M+·), 147 (25), 105 (100). MS (APCI) m/z 177 (100, [M+H]+). 

1-Ethynyl-1-(hexyloxy)cyclohexane (10d). Prepared by adapting the procedure of Padwa et al.33 Thus, a 

suspension of freshly pulverized potassium hydroxide (38.32 g, 0.96 mol) in DMSO (300 mL) was stirred at 20 

°C for 20 minutes. 1-Ethynylcyclohexanol (17.88 g, 144 mmol) was added, followed by the addition of 

1-bromohexane (22.25 mL, 158 mmol). After the initial mild exotherm subsided, the mixture was stirred at 

20 °C for 18 h. Water (400 mL) was added and the whole was extracted with DCM (1 × 800 mL, 1 × 400 mL). 

The combined organic phase was washed with water (3 × 600 mL) and dried (MgSO4). Removal of the solvent 

under reduced pressure afforded a clear, pale yellow oil which was distilled under reduced pressure, affording 

the title compound 10d (19.78 g, 66%) as a clear, colorless liquid, bp 60-63 °C/0.05 mmHg. (Found: M+• 

208.1830. C14H24O requires: M+• 208.1822). 1H NMR (CDCl3, 400 MHz)  3.53 (2H, t, J 6.7 Hz), 2.41 (1H, s, 

CCH), 1.92-1.83 (2H, m), 1.68-1.44 (8H, m), 1.39-1.23 (8H, m), 0.88 (3H, t, J 6.7 Hz). 13C NMR (CDCl3, 100 MHz) 
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 85.73, 73.13, 73.02, 63.08, 37.11, 31.74, 30.21, 25.94, 25.46, 22.63 (×2), 14.06. MS (EI) m/z 208 (11%, M+·), 

193 (24), 165 (31), 125 (40), 81 (100). MS (APCI) m/z 209 (67, [M+H]+), 125 (38), 107 (100). 

2,8-Bis[(triisopropylsilyl)ethynyl]benzo[1,2,3-de:4,5,6-d’e’]diquinoline-1,7-dicarbonitrile (11a). Cuprous 

iodide (30 mg, 0.157 mmol) and bis(triphenylphosphine)palladium(II) dichloride (30 mg, 0.0427 mmol) were 

added to a stirred solution of the bis-triflate 9 (0.20 g, 0.333 mmol) in dry THF (3 mL) under a nitrogen 

atmosphere. Triethylamine (0.50 mL, 363 mg, 3.59 mmol) was added and a solution of TIPS-

acetylene 10a (0.4 mL, 1.61 mmol) in dry THF (2 mL) was added dropwise over 20 minutes. The reaction 

mixture was stirred under gentle nitrogen flow at room temperature overnight. The volatiles were removed 

under reduced pressure. CHCl3 (30 mL) was added to the residue and the organic phase was washed with 

water (3 × 15 mL). The combined water phase was extracted with CHCl3 and the combined organic phase was 

dried (MgSO4) and evaporated under reduced pressure. The residue was chromatographed over silica gel 

(DCM/light petroleum, 67:33) to give the title compound 11a (124 mg, 56%) as a yellow powder, mp 293.5-

294.5 °C. (Found: C 75.90%, H 7.31%, N 8.45%; M+• 664.3380. C42H48N4Si2 requires: C 75.85%, H 7.28%, 

N 8.42%; M+• 664.3412). 1H NMR (CDCl3, 400 MHz)  9.53 (2H, dd, J 7.8, 0.8 Hz), 8.28 (2H, dd, J 8.4, 0.8 Hz), 

8.01 (2H, dd, J 8.4, 7.8 Hz), 1.42-1.05 (42H, m). 13C NMR (CDCl3, 100 MHz)  148.70, 146.32, 140.73, 134.09, 

132.67, 128.99, 126.16, 121.66, 118.31, 104.34, 102.48, 101.27, 18.80, 11.42. MS (EI) m/z 664 (100, M+·). UV-

vis [CHCl3, λmax, nm (rel. int.)]: 284 (1.00), 392 (0.19), 406 (0.19), 431 (0.27), 457 (0.40). 

2,8-Bis{[3-(hexyloxyl)phenyl]ethynyl}benzo[1,2,3-de:4,5,6-d’e’]diquinoline-1,7-dicarbonitrile (11b). Prepared 

by employing 1-ethynyl-3-(hexyloxy)benzene 10b32 in the procedure described for compound 11a. Elution 

with DCM gave the title compound 11b (118 mg, 50%) as a yellow powder, mp 246-247 °C. (Found: M+• 

704.3177. C48H40N4O2 requires: M+• 704.3146). 1H NMR (CDCl3, 400 MHz)  9.59 (2H, dd, J 7.8, 0.8 Hz), 8.34 

(2H, dd, J 8.4, 0.8 Hz), 8.10 (2H, dd, J 8.4, 7.8 Hz), 7.40-7.38 (2H, m), 7.35-7.31 (4H, m), 7.04-7.01 (2H, m), 4.01 

(4H, t, J 6.5 Hz), 1.85-1.78 (4H, m), 1.53-1.45 (4H, m), 1.39-1.34 (8H, m), 0.93 (6H, t, J 7.0 Hz). 
13C NMR (CDCl3, 100 MHz)  159.23, 148.98, 146.79, 141.05, 134.16, 133.07, 129.92, 129.05, 126.49, 125.40, 

121.98, 121.78, 118.50, 118.06, 117.93, 104.35, 96.94, 86.35, 68.45, 31.80, 29.37, 25.93, 22.84, 14.28. MS (EI) 

m/z 704 (47%, M+·), 620 (15), 536 (100), 507 (22). UV-vis [CHCl3, λmax, nm (rel. int.)]: 295 (1.00), 319 0.95), 412 

(0.42), 434 (0.35), 463 (0.36). 

2,8-Bis[(1-hexyl-1H-pyrazol-4-yl)ethynyl]benzo[1,2,3-de:4,5,6-d’e’]diquinoline-1,7-dicarbonitrile (11c). 

Prepared by employing 4-ethynyl-1-hexyl-1H-pyrazole 10c in the procedure described for 11a. Elution with 

0-20% ethyl acetate in DCM afforded the title compound 11c (82 mg, 38%) as a yellow powder, mp ~300 °C 

decomp to black (gradual degradation >170 °C). (Found: M+• 652.3073. C42H36N8 requires: M+• 652.3057). 
1H NMR (CDCl3, 400 MHz)  9.54 (2H, dd, J 7.8, 0.8 Hz), 8.29 (2H, dd, J 8.4, 0.8 Hz), 8.07 (2H, dd, J 8.4, 7.8 Hz), 

7.88 (2H, s), 7.83 (2H, s), 4.17 (4H, t, J 7.2 Hz), 1.94-1.88 (4H, m), 1.34-1.31 (12H, m), 0.90 (6H, t, J 6.8 Hz). 
13CNMR (CDCl3, 125 MHz)  148.97, 147.11, 143.18, 141.03, 133.98, 133.89, 133.00, 128.73, 126.48, 121.56, 

118.53, 103.70, 101.07, 89.87, 88.20, 53.00, 31.47, 30.32, 26.40, 22.69, 14.20. MS (EI) m/z 652 (95, M+·), 623 

(23), 581 (100), 497 (34), 484 (28). UV-vis [CHCl3, λmax, nm (rel. int.)]: 292 (0.81), 318 (1.00), 346 (0.71), 414 

(0.50), 468 (0.27). 

2,8-Bis{[(1-hexyloxy)cyclohexyl]ethynyl}benzo[1,2,3-de:4,5,6-d’e’]diquinoline-1,7-dicarbonitrile (11d). 

Prepared by employing 1-ethynyl-1-(hexyloxy)cyclohexane 10d in the procedure described for 11a. Elution 

with 33-100% DCM in light petroleum, followed by recrystallization from ethyl acetate/light petroleum 

(bp 60-80 °C), gave the title compound 11d as small, yellow needles (104 mg, 44%), mp 162-164 °C. (Found: 

M+• 716.4053. C48H52N4O2 requires: M+• 716.4085). 1H NMR (CDCl3, 400 MHz)  9.54 (2H, dd, J 7.7, 0.8 Hz), 

8.30 (2H, dd, J 8.4, 0.8 Hz), 8.05 (2H, dd, J 8.4, 7.7 Hz), 3.77 (4H, t, J 6.6 Hz), 2.20-2.10 (4H, m), 1.90-1.80 (4H, 

m), 1.80-1.70 (8H, m), 1.70-1.57 (6H, m), 1.48-1.38 (6H, m), 1.37-1.27 (8H, m), 0.91-0.85 (6H, m). 
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13C NMR (CDCl3, 100 MHz)  148.63, 146.35, 140.74, 133.91, 132.64, 128.79, 126.12, 121.55, 118.27, 104.08, 

99.33, 82.51, 73.69, 63.90, 36.76, 31.76, 30.26, 25.94, 25.42, 22.63, 22.56, 14.07. MS (EI) m/z 716 (100, M+·), 

631 (77), 616 (80), 589 (53). UV-vis [CHCl3, λmax, nm (rel. int.)]: 277 (1.00), 290 (0.76), 390 (0.20), 403 (0.20), 

431 (0.30), 457 (0.44). 

2,8-Bis(5-hexylthien-2-yl)benzo[1,2,3-de:4,5,6-d’e’]diquinoline-1,7-dicarbonitrile (12). Lithium chloride (85 

mg, 2.00 mmol) and tetrakis(triphenylphosphine)palladium(0) (30 mg, 0.026 mmol) were added to a stirred 

suspension of the bis-triflate 9 (0.20 g, 0.333 mmol) in dioxane (5 mL) under nitrogen atmosphere. 

2-(Tributylstannyl)-5-hexylthiophene34,35 (0.35 mL, 609 mg, 1.33 mmol) and a few crystals of 2,6-di-tert-butyl-

4-methylphenol were added. The reaction was stirred and heated at reflux under nitrogen for 4 h. The mixture 

was cooled and a solution of KF (530 mg) in water (10 mL) was added. The resulting mixture was stirred for 40 

minutes. Chloroform (10 mL) was added and the whole mixture was filtered through a pad of Celite upon glass 

fiber filter paper. The organic phase of the filtrate was washed thrice with water, dried (MgSO4), and 

evaporated under reduced pressure. The residue was recrystallized from a petroleum spirit/diethyl 

ether/chloroform mixture and chromatographed over silica gel. Elution with chloroform gave the title 

compound 12 (98 mg, 46%) as an orange powder, mp 259.7-261.2 °C. (Found: M+• 636.2374. C40H36N4S2 

requires: M+• 636.2376). 1H NMR (CDCl3, 400 MHz)  9.42 (2H, dd, J 7.7, 0.9 Hz), 8.24-8.22 (4H, m), 8.00 (2H, 

dd, J 8.3, 7.8 Hz), 6.94-6.91 (2H, m), 2.91 (4H, t, J 7.5 Hz), 1.82-1.74 (4H, m), 1.48-1.41 (4H, m), 1.38-1.33 (8H, 

m), 0.94-0.88 (6H, m). 13C NMR (CDCl3, 100 MHz)  154.19, 152.94, 148.54, 143.08, 139.11, 133.60, 132.65, 

130.80, 128.54, 126.63, 126.13, 121.51, 120.38, 97.46, 31.80, 31.71, 30.66, 29.08, 22.81, 14.32. MS (EI) 

m/z 636 (100, M+·), 565 (94). UV-vis [CHCl3, λmax, nm (rel. int.)]: 327 (1.00), 424 (0.70). 

X-Ray crystallography 

Representative crystals were covered in a viscous oil and mounted on a cryoloop and cooled to 173 K (3c) or 

123 K (5). Datasets were collected using a Nonius KAPPA (3c) or Bruker APEXII (5) CCD diffractometer with 

MoKa radiation ( 0.71073 Å). Data collection and processing, including multiscan absorption corrections 

utilized proprietary software COLLECT/DENZO39 or Apex2.40 The structures were solved and refined by 

conventional methods using the SHELX-2018 software suite.41 Non-hydrogen atoms were refined with 

anisotropic thermal parameters and hydrogen atoms attached to carbon were placed in calculated positions. 

Crystallographic data 

CCDC 2101284 (3c) and CCDC 2101285 (5) contain the supplementary crystallographic data for this paper. 

These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via 

www.CCDC.cam.ac.uk/data_request/cif. 
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spectrum for intermediate 9; HPLC chromatograms for compounds 3b, 3c, 3d, 5, 6, 8, 9, 11a, 11b, 11c, 11d, 12; 

DSC curves for compounds 3b, 3c, 5; TGA traces for compounds 3b, 3c; spin-coated film studies and associated 
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