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1. Experimental Procedures

1.1 General Procedures

Solvents for UV-vis and emission spectroscopy were of analytical grade and purchased from Acros
Organics. 'H and *C NMR spectra were recorded on Bruker AC-250 (250 MHz), AC-300 (300 MHz)
and AC-400 (400 MHz) spectrometers. Chemical shifts (8) are given relative to solvents. Melting
Points were determined under ambient conditions on a Galen III microscope from Cambridge
Instruments equipped with a Lyca heating plate. UV-Vis data for the compounds were collected with a
PerkinElmer LAMBDA 45 UV-vis spectrometer and emission spectra were measured with a Jasco FP
6500 instrument. Elemental analysis was carried out with a Leco CHNS- 932 instrument. Mass spectra
were measured either with a Finnigan MAT SSQ 710 (EI) or a MAZ 95 XL (ESI) system. TLC
materials were from Merck (Polygram SIL G/ UV254, aluminum oxide 60 F254). The material for
column chromatography was also obtained from Merck (silica gel 60, 0,04 - 0,063 mm). The quantum
yield of 11 were measured against fluorescein (Or = 0.91 E mol! in 1 M NaOH) as the fluorescence
standard.! The cyclovoltammetric measurements were performed at a Metrohm Autolab PGSTAT30
potentiostat. in 0.1 M solution of TBAPF¢ in THF of spectroscopical grade (concentration of
compounds: 1x10° M) on a glassy carbon working electrode with a scanning speed of 50 mV s,
platinum was used as counter and Ag/AgCl as the reference electrode. The data were calibrated
externally versus ferrocene/ferrocenium. SEM was recorded on a FEI Quanta FEG 450 at 5 kV in high
vacuum. The lyncée tec DHM®-R1000 with single laser source and stroboscopic module was used for
holographical estimation of the layer thicknesses and the UV-vis transmission spectra were recorded
on an Ocean Optics QE65 Pro using an Ocean Optics HL-2000 Halogen lightsource. The transmission
spectra were corrected against the background noise, using the equation: Absorbance = log (Io/1).

1.2 Synthesis

Ethyl 2-bromo-2-phenylacetate (21), ethyl 2-(benzo[c][1,2,5]thiadiazol-4-yl)-2-bromoacetate (20),
7-methylbenzo[c][1,2,5]thiadiazole-4-carbothioamide (18), pyridine-2-carbothioamide (17) and
4-(5-(benzo[c][1,2,5]thiadiazol-4-yl)-4-(hexyloxy)thiazol-2-yl)-7-methylbenzo[c][ 1,2,5|thiadiazole
(12) were synthesized according to the literature.?

We wused a slightly changed synthetic route for the synthesis of 4,7-bis(4-(hexyloxy)-
5-phenylthiazol-2-yl)benzo[c][1,2,5]thiadiazole (13) (see Scheme S1). Instead of using
4,7-dibromobenzo[c][1,2,5]thiadiazole for the following Rosenmund-von-Braun reaction, to the
dicarbonitrile 22 as described in the literature, we attached two iodo-substituents to the piazthiole (23).
In consequence of the more reactive iodine-carbon bonding, the yield of the following nucelophilic
substitution by means of CuCN (22) rose to 65%, the reaction time decreased to 1 h and we were able
to perform the reaction in bigger batches (6 g instead of 1 g).
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Scheme S1: Synthetic route to the dithiazolyl-substituted benzothiadiazol 13.

4,7-Diiodobenzo[c][1,2,5]thiadiazole (23)?

Benzo[c][1,2,5]thiadiazole 24 (2.70 g, 19.9 mmol), iodine (16.10 g, 63.4 mmol) and Ag,SO, (31.00 g,
100.1 mmol) were suspended in 80 mL of conc. H,SO,4. The brown slurry was heated to 70 °C and
stirred over 24 h, while the color changed to yellow and a white precipitate was formed. The resulting
mixture was diluted with 300 mL water and the precipitate was filtrated. After rinsing with water, the
precipitate was dried under reduced pressure and suspended in 100 mL toluene. Hot filtration of the
latter, evaporation to approximately 20 mL and dilution with 20 mL of ethanol afforded the product as
pale yellow crystals. After filtration of the product the crystals were rinsed with cold ethanol and dried
to obtain 23 (5.70 g, 14.7 mmol, 75%). M.p.: 203-204 °C; 1H NMR (250 MHz, CDCl;): & = 7.81 (s,
2H) ppm; ¥C NMR (63 MHz, CDCls): & = 154.0, 140.0, 87.9 ppm; MS (EI): m/z = 388 [M*]; EA
calc. for CiH,Ib,N,S: C, 18.57; H, 0.52; N, 7.22; found: C, 18.81; H, 0.48; N, 7.13.

Benzo[c][1,2,5]thiadiazole-4, 7-dicarbonitrile (22)

Compound 23 (6.01 g, 15.5 mmol) was dissolved in 30 mL N-methyl-2-pyrrolidone and purged with
N, over 15 min. After heating of the solution to 80 °C, CuCN (4.21 g, 47.2 mmol, 3 equiv) was added
carefully, while the reaction mixture turned to black and the temperature rose to approx. 120 °C. After
stirring for 1 h at 150 °C the reaction was quenched by adding 15% NHj-solution and extracted 4
times with ethyl acetate. The combined organic layers were dried over MgSQO, and evaporated to
dryness to obtain the crude brown product. Column chromatography (SiO,; toluene; Ry~ 0.3) afforded
the desired product 22 (1.89 g, 10,2 mmol, 65%). M.p.: 182-183 °C; 1H NMR (250 MHz, CDCl;): o
= 8.13 (s, 2H) ppm; *C NMR (63 MHz, CDCl;): = 152.6, 134.6, 114.0, 110.8 ppm; MS (EI): m/z =
186 [M*]; EA calc. for CgH,N,4S: C, 51.61; H, 1.08; N, 30.09; found: C, 51.93; H, 1.19; N, 30.21.

Benzo[c][1,2,5]thiadiazole-4,7-bis(carbothioamide) (19) and 4,7-bis(4-(hexyloxy)-5-phenylthiazol-2-
yl)benzo[c][1,2,5]thiadiazole (13) were synthesized according to the literature obtaining slightly
enhanced yields [2].

4-(4-(Hexyloxy)-2-(pyridin-2-yl)thiazol-5-yl)benzo[c][1,2,5]thiadiazole (11)

First reaction step: 0.72g (5.2mmol) of pyridine-2-carbothioamide (17), ethyl 2-
(benzo[c][1,2,5]thiadiazol-4-yl)-2-bromoacetate (20; 2.41 g, 8.0 mmol) and sodium acetate (1.12 g,
13.6 mmol) were dissolved in 30 mL ethanol. The dark reaction mixture was heated to reflux with
stirring for 6 h, while a red precipitate was formed. After hot filtration of the reaction mixture and
rinsing of the precipitate with water, ethanol and n-pentane, the product was dried under reduced
pressure and used as obtained without further purification.
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The red 5-(benzo[c][1,2,5]thiadiazol-4-yl)-2-(pyridin-2-yl)thiazol-4-ol (0.93 g, 3.0 mmol) was
suspended in 40 mL acetone, Na,CO; (0.65g, 6.1 mmol) and 1-iodohexane (0.48 mL, 0.7 g,
3.3 mmol) was added and the mixture was stirred under reflux for 24 h. The reaction was allowed to
cool to room temperature and poured into 300 mL water. After extraction of the water phase with
diethyl ether, the organic layer was dried over MgSO, and evaporated to dryness. Recrystallization
from ethanol afforded the product as yellow crystals (0.99 g, 2.5 mmol, yield over two steps: 48%).
M.p.: 104-105 °C; 1TH NMR (250 MHz, CDCl;): 6 = 8.64 (dd, /=4.8, 0.6 Hz, 1H), 8.51 (dd, J=7.3,
0.7 Hz, 1H), 8.16 (d, J = 7.9 Hz, 1H), 7.84 (dd, J = 8.7, 0.7 Hz, 1H), 7.78 (td, J = 7.9, 1.8 Hz, 1H),
7.65 (dd, J=8.7, 7.4 Hz, 1H), 7.30 (ddd, /= 7.5, 4.9, 1.0 Hz, 1H), 4.64 (t, J = 6.6 Hz, 2H), 2.01 — 1.86
(m, 2H), 1.62 — 1.49 (m, 2H), 1.47 — 1.31 (m, 4H), 0.92 (t, J = 7.0 Hz, 3H) ppm; 3C NMR (63 MHz,
CDCl;): 6 = 164.1, 162.4, 155.2, 152.5, 151.8, 149.7, 137.0, 130.2, 125.8, 125.7, 124.4, 119.3, 119.0,
109.6, 70.9, 31.7, 29.7, 26.0, 22.8, 14.2 ppm; MS (ESI-pos): m/z = 419.1 [(M+Na)*]; HRMS (ESI-
pos): calc.: 419.0976, found: 419.0979; EA calc. for C,,H,,N,0S;: C, 60.58; H, 5.08; N, 14.13; found:
C, 60.33; H, 5.15; N, 14.28.

6-(4-(Hexyloxy)-2-(pyridin-2-yl)thiazol-5-yl)-5, 10-dihydropyrazino[2,3-b]quinoxaline-2, 3-
dicarbonitrile (4)

0.50 g (1.3 mmol) of compound 11 were dissolved in 20 mL of a mixture of ethanol/THF (3:1) and
purged with N, for 15 min. NaBH, (0.43 g, 11.3 mmol, 9 equiv) and a spatula of CoCl, was added
carefully before the resulting mixture was stirred under reflux and N,. The reaction was allowed to
cool to room temperature, when everything of 11 was consumed (TLC: SiO,; toluene/ethyl acetate,
5:1; educt: Ry~ 0.8, product: R;= 0.2). The mixture was evaporated and the residue was dissolved in
water and diethyl ether. After triple extraction of the water phase with diethyl ether, the organic phases
were combined, dried over MgSO, and evaporated to dryness, to afford the crude diamin 8 as pale
yellow oil, which was used as obtained for the following cyclization reaction. Therefore 8 was
dissolved in 10 mL of dry dioxane and 5,6-dichloropyrazine-2,3-dicarbonitrile (7; 0.25 g, 1.3 mmol)
was added under nitrogen. The resulting reaction mixture was stirred under reflux and N, for 5 h and
at 80 °C overnight, while an orange precipitate was formed. Filtration of the mixture and rinsing with
water, ethanol and n-pentane afforded the brown product (0.20 g, 0.4 mmol, 32%). M.p.: 252-253 °C;
'"H NMR (250 MHz, THF-d8): 6 = 9.45 (s, 1H), 8.54 (d, /= 4.5 Hz, 1H), 8.30 (s, 1H), 8.09 (d, /=79
Hz, 1H), 7.84 (td, /= 7.7, 1.5 Hz, 1H), 7.36 (dd, /= 7.0, 5.2 Hz, 1H), 6.73 — 6.58 (m, 2H), 6.36 (dd, J
=5.8,3.2 Hz, 1H), 4.48 (t, /= 6.6 Hz, 2H), 1.92 — 1.78 (m, 2H), 1.56 — 1.44 (m, 2H), 1.42 — 1.29 (m,
4H), 0.92 (t, J = 6.9 Hz, 3H) ppm; 3C NMR (63 MHz, THF-d8): 6 = 165.4, 159.9, 152.0, 150.6,
148.2, 148.0, 137.9, 132.1, 129.3, 127.7, 125.55, 125.1, 124.6, 119.4, 118.2, 115.3, 115.3, 114.9,
108.6, 71.7, 32.7, 30.4, 26.7, 23.6, 14.5 ppm; MS (EI): m/z = 494 [M*]; EA calc. for CysH,,N3zOS: C,
63.14; H, 4.48; N, 22.66; found: C, 63.49; H, 4.56; N, 22.38.

6-(5-(2,3-Dicyano-5, 10-dihydropyrazino[2,3-b]quinoxalin-6-yl)-4-(hexyloxy)thiazol-2-yl)-9-methyl-
5,10-dihydropyrazino[2,3-b]quinoxaline-2, 3-dicarbonitrile (5)

0.50 g (1.1 mmol) of compound 12 were dissolved in 40 mL of a mixture of ethanol/THF (3:1) and
purged with N, for 15 min. NaBH, (0.73 g, 19.2 mmol, 18 equiv) and a spatula of CoCl, was added
carefully before the resulting mixture was stirred under reflux and N,. The reaction was allowed to
cool to room temperature, when everything of 12 was consumed (TLC: SiO,; toluene/ethyl acetate,
2:1; educt: R;= 0.9, product: R~ 0.2). The mixture was evaporated and the residue was dissolved in
water and diethyl ether. After triple extraction of the water phase with diethyl ether, the organic phases
were combined, dried over MgSO, and evaporated to dryness, to afford the crude bis-diamine 9 as
pale yellow oil, which was used as obtained for the following cyclization reaction. Therefore 9 was
dissolved in 10 mL of dry dioxane and 5,6-dichloropyrazine-2,3-dicarbonitrile (7; 0.42 g, 2.1 mmol)
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was added under nitrogen. The resulting reaction mixture was stirred under reflux and N, for 24 h,
while an orange precipitate was formed. Filtration of the mixture and rinsing with water, ethanol and
n-pentane afforded the brown product (0.41 g, 0.6 mmol, 58%). M.p.: >360 °C; 'TH NMR (400 MHz,
DMSO-d6): 6 = 10.99 (s, 1H), 10.42 (s, 1H), 9.77 (s, 1H), 9.17 (s, 1H), 6.93 (d, J = 8.2 Hz, 1H), 6.65
(t, J=17.4 Hz, 1H), 6.61 — 6.51 (m, 2H), 6.45 (d, /J=7.7 Hz, 1H), 4.23 (t, J= 6.8 Hz, 2H), 3.57 (s, 3H),
1.77 - 1.69 (m, 2H), 1.44 — 1.37 (m, 2H), 1.34 — 1.28 (m, 4H), 0.88 (t, J = 6.4 Hz, 3H) ppm; *C NMR
could not be measured due to bad solubility; MS (EI): m/z = 663 [M*]; EA calc. for C34H,sN;50S: C,
61.53; H, 3.80; N, 27.43; found: C, 61.82; H, 3.71; N, 27.67.

6,9-Bis(4-(hexyloxy)-5-phenylthiazol-2-yl)-5, 10-dihydropyrazino[2,3-b]quinoxaline-2, 3-dicarbonitrile
(6)

0.31 g (0.5 mmol) of compound 13 were dissolved in 40 mL of a mixture of ethanol/THF (3:1) and
purged with N, for 15 min. NaBH, (0.16 g, 4.2 mmol, 9 equiv) and a spatula of CoCl, was added
carefully before the resulting mixture was stirred under reflux and N,. The reaction was allowed to
cool to room temperature, when everything of 13 was consumed (TLC: SiO»; toluene; educt: R,= 0.9,
product: Ry= 0.3). The mixture was evaporated and the residue was dissolved in water and diethyl
ether. After triple extraction of the water phase with diethyl ether, the organic phases were combined,
dried over MgSQO, and evaporated to dryness, to afford the crude diamin 10 as brown glassy solid,
which was used as obtained for the following cyclization reaction. Therefore 10 was dissolved in

20 mL of dry dioxane and 5,6-dichloropyrazine-2,3-dicarbonitrile (7; 0.09 g, 0.5 mmol) was added
under nitrogen. The resulting reaction mixture was stirred under reflux and N, for 6 h and at 80 °C
overnight, while an orange precipitate was formed. Evaporation to approx. 10 mL, filtration of the
mixture and rinsing with water, ethanol and n-pentane afforded the red product (0.12 g, 0.2 mmol,
33%). M.p.: 280 °C (dec.); "TH NMR (250 MHz, CDCl;): 6 = 11.43 (s, 2H), 7.71 (d, J = 7.7 Hz, 4H),
7.38 (t,J=7.6 Hz, 4H), 7.29 (d, J = 4.9 Hz, 2H), 6.97 (s, 2H), 4.37 (t, J = 6.7 Hz, 4H), 1.90 — 1.81 (m,
4H), 1.51 — 1.47 (m, 4H), 1.39 — 1.33 (m, 8H), 0.91 (t, /= 6.9 Hz, 6H) ppm; '3C NMR could not be
measured due to bad solubility; MS (EI): m/z = 752 [M*]; EA calc. for C4,H4oN3O,S,: C, 67.00; H,
5.35; N, 14.88; found: C, 67.35; H, 5.21; N, 14.66.

6-(4-(Hexyloxy)-2-(pyridin-2-yl)thiazol-5-yl)pyrazino[2,3-b]quinoxaline-2, 3-dicarbonitrile (1)

0.10 g (0.2 mmol) of dihydroanthracene 4 were dissolved in 10 mL of dry and purged THF and 0.05 g
(0.2 mmol, 1.1 equiv) of 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) were added, while the
mixture turned to black. After stirring under N, for 24 h, the reaction was quenched by adding 50 mL
water and a blue, crystalline precipitate was formed and filtrated. Washing of the precipitate
intensively with water and drying of the microcrystals afforded target product 1 in 91% yield (0.09 g,
0.2 mmol). M.p.: 269-270 °C; TH NMR (250 MHz, THF-d8): 6 =9.13 (dd, /= 5.2, 3.5 Hz, 1H), 8.67
(d, J=4.4 Hz, 1H), 8.30 — 8.21 (m, 2H), 8.18 (d, /= 7.8 Hz, 1H), 7.88 (t, J = 7.0 Hz, 1H), 7.41 (dd, J
=7.0, 5.0 Hz, 1H), 4.74 (t, J = 6.6 Hz, 2H), 2.05 — 1.92 (m, 2H), 1.68 — 1.55 (m, 2H), 1.49 — 1.35 (m,
4H), 0.94 (t, J = 6.9 Hz, 3H) ppm; C NMR (63 MHz, THF-d8): 6 = 170.4, 168.0, 164.2, 152.6,
150.7, 149.1, 145.4, 143.8, 142.3, 137.8, 136.8, 136.6, 136.0, 134.1, 131.8, 128.1, 125.63, 119.8,
114.5, 108.4, 71.7, 32.6, 30.5, 26.8, 23.6, 14.4 ppm; MS (EI): m/z = 492 [M"]; HRMS (EI): calc.:
492.1481, found: 492.1482; EA calc. for C,sH,,N3sOS: C, 63.40; H, 4.09; N, 22.75; found: C, 63.71;
H, 4.12; N, 22.62.

6-(5-(2,3-Dicyanopyrazino[2,3-b]quinoxalin-6-yl)-4-(hexyloxy)thiazol-2-yl)-9-methylpyrazino/2, 3-
b]quinoxaline-2,3-dicarbonitrile (2)
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0.10 g (0.2 mmol) of bis-dihydroanthracene 5 were dissolved in 10 mL of dry and purged THF and
0.08 g (0.3 mmol, 2.2 equiv) of DDQ were added, while the mixture turned to dark green. After
stirring under N, for 48 h, the reaction mixture was poured in 100 mL water and a green precipitate
was formed and filtrated. The precipitate was washed intensively with water (approx. 1 L) and dried
under reduced pressure. Column chromatography (SiO,; toluene/ethyl acetate: 10/1; R,=0.5) was
carried out to obtain the desired product 2 as green powder (0.06 g, 0.1 mmol, 57%). M.p.: >360 °C;
'H NMR (400 MHz, THF-d8): 6 =9.10 (d, J= 7.3 Hz, 1H), 8.98 (dd, J= 6.9, 1.5 Hz, 1H), 8.33 (dd, J
=8.7,1.6 Hz, 1H), 8.31 — 8.27 (m, 1H), 8.18 (d, /= 7.4 Hz, 1H), 4.78 (t, /= 6.6 Hz, 2H), 3.03 (s, 3H),
2.03 - 1.96 (m, 2H), 1.65 — 1.59 (m, 2H), 1.47 — 1.39 (m, 4H), 0.94 (t, J= 7.1 Hz, 3H) ppm; 3C NMR
(101 MHz, THF-d8): & = 163.4, 159.7, 148.9, 148.0, 145.8, 145.6, 144.0, 142.9, 141.4, 136.9, 136.8,
136.8, 136.5, 136.1, 135.0, 134.1, 133.7, 132.9, 131.8, 128.7, 114.5, 114.5, 111.2, 79.7, 79.3, 79.0,
71.5, 32.6, 30.5, 26.9, 23.6, 18.0, 14.5 ppm; MS (EI): m/z = 660 [M*]; HRMS (EI) could not be
measured, substance does not vaporize until 340 °C and no signals could be detected via ESI-MS; EA
calc. for C34H, N;08S: C, 61.90; H, 3.21; N, 27.60; found: C, 62.12; H, 3.32; N, 27.81.

6,9-Bis(4-(hexyloxy)-5-phenylthiazol-2-yl)pyrazino[ 2, 3-b]quinoxaline-2, 3-dicarbonitrile (3)

0.10 g (0.1 mmol) of bis-thiazole 6 were dissolved in 10 mL of dry and purged THF and 0.03 g
(0.1 mmol, 1.1 equiv) of DDQ were added, while the mixture turned to black. After stirring under N,
for 24 h, the reaction was quenched by adding 50 mL water and a dark yellow precipitate was formed
and filtrated. Washing of the precipitate intensively with water (approx. 500 mL) and drying under
reduced pressure afforded the crude target product. Column chromatography (SiO,; CHCls; Ry~ 0.5)
was carried out to obtain the desired product 3 as yellow-brown powder (0.09 g, 0.1 mmol, 90%).
M.p.: 204-206 °C; 'TH NMR (250 MHz, CDCls): 6 = 8.17 (s, 2H), 7.48 (d, /= 6.8 Hz, 4H), 7.39 — 7.28
(m, 6H), 3.97 (t, J= 5.1 Hz, 4H), 1.71 — 1.60 (m, 4H), 1.26 — 1.18 (m, 12H), 0.81 (t, J = 6.2 Hz, 6H)
ppm; BC NMR (63 MHz, CDCl3): 6 = 159.2, 150.1, 142.8, 140.1, 133.9, 130.7, 130.5, 130.2, 129.3,
128.0, 126.3, 118.0, 112.3, 70.7, 31.8, 29.6, 25.9, 22.8, 14.1 ppm; MS (EI): m/z =750 [M*]; HRMS
(EI): calc.: 750.2559, found: 750.2546; EA calc. for C4,H3gNzO,S,: C, 67.18; H, 5.10; N, 14.92;
found: C, 67.42; H, 5.14; N, 14.81.

2. Results and Discussion

2.1 Characterization of 11

Additionally to the characterization of the D-A- type target compounds bearing tetraazaanthracenes as
the accepting moiety, we characterized 4-(4-(Hexyloxy)-2-(pyridin-2-yl)thiazol-5-
yl)benzo[c][1,2,5]thiadiazole (11) by means of UV/Vis absorption and fluorescence emission
spectroscopy as well as cyclovoltammetric measurements. All measurements were carried out in THF.
The photochemical spectra are depicted in Figure S1 and the cyclo voltammogram is depicted in
Figure S2. Derivative 11 exhibits four major absorption bands with maxima at: 1 (¢) = 242
(2.48-10* M-'em), 323 (1.64-10* M-'em!), 363 (1.40-10* M-'cm!) and 433 nm (1.93-10* M-'em™).
The maximum of the yellow fluorescence is located at 543 nm and a fluorescence quantum yield of
0.22 was observed in THF. The optical bandgap was estimated to 2.52 eV. In the reduction cycle of
the cyclic voltammogram, 11 shows two reversible reduction waves at half step potentials of -1.9 V

(which is attributed to the benzothiadiazole unit) and -2.5 V, which we assign to the pyridyl moiety.
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An irreversible oxidation peak at approximately 1 V can be observed within the oxidation cyle of 11,
which is typical for 4-alkoxythiazols. Via the onset values, the HOMO and LUMO can be estimated to

-5.83 and -3.28 eV and the electrochemical bandgap of 2.55 eV fits perfectly with the optical bandgap.

0.2
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400 600
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Figure S1 UV-Vis absorption (solid line) and fluorescence emission (dotted line) spectra of derivative 11.

I/ pA

E/V

Figure S2 Cyclovoltammogram of derivative 11, calibrated externally against Fc/Fc*.
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2.2 Cyclo voltammograms of tetraazaanthracenes

The cyclo voltammograms of the three tetraazaanthracene derivatives (1, 2, 3) are shown in Figure S3,

Figure S4 and Figure S5.

I/ pA

ya
T

E/V

Figure S3 Cyclovoltammogram of target compound 1, externally calibrated against Fc¢/Fc*.

I/ nA

Figure S4 Cyclovoltammogram of target compound 2, externally calibrated against Fc/Fc*.

Due to the asymmetric substitution of the two anthracene moieties in 2 (one bearing a methyl-residue
and 5- or 2-thiazolyl-residue) the respectively second reduction steps occur at slightly different
potentials. It can be assumed that the first reduction (-0.52 V) occurs at the outer pyrazine ring and the
second reduction (~ -1.31 V) at the mid-position of the anthracenes, because of the more pronounced

asymmetry.
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I/ uA

E/V

Figure S5 Cyclovoltammogram of target compound 3, externally calibrated against Fc/Fc*.

2.3 Photostability

To investigate the photostability, we measured the UV-vis spectra of the anthracenes. The compounds
were dissolved in THF of spectroscopical grade. Solutions were exposed under irradiation of a 150 W
Xenon lamp at 680 nm (1, 2) and 830 nm (3), respectively, over 5 min. After these 5 min a spectrum
was measured, and the substances were again exposed for 5 min. The legends indicate the pure
exposure time. During these measurements, the absorbances decrease only slightly, which points to

high photostabilities of the target compounds.
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Figure S8 Photostability measurement of 3.

Additionally we measured long-term photostability of compound 1. The same equipment as described
above was used. The solution was irradiated over 24 h, while ever hour a spectrum was measured over
the first 4 and the last 4 hours. See Figure S9 for the photochemical decomposition of 1 in THF at
10 °C.

S11



25
20 -
P I
g 15 -
@ I
[S]
C
©
2 104
o
(/2]
o]
o |
5
0 T I I T 'I T I T I I 1
300 400 500 600 700 800 900

Alnm

Figure S9 Long-term stability test of compound 1.

The absorbance decrease at 666 nm was used for the decomposition. Via the molar extinction
coefficient the concentration was estimated and plotted against the time (see Figure S10). Via an
exponential fit we obtained the decomposition coefficient (k=2.24+0.12-107 s'!) and were able to

calculate the photochemical half-life via the equation: 7, = In(2) / k= 30899+1826 s.
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Figure S10 Exponential fit of the concentration over time plot (t1 is the reciprocal decomposition coefficient).

2.4 Film UV-vis

1 mg of each compound was dissolved in 100 ul HPLC pure THF and sonicated for 5 min. 30 pl of

each sample was drop casted on a previously cleaned microscopic slide. After the complete

evaporation of the solvent (1.5 h) the UV-vis transmission spectra were measured (see Figure S14,

Figure S15 and Figure S16), corrected and the structure of the films were investigated using SEM. For

the reason of conductivity, the samples were sputter coated with a gold film of about 5-10 nm.
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Figure S11 SEM images of film, formed from compound 1. Material 1 does not form clean films but forms
micro/nano crystals when drop casted under the described conditions.
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7/30/2017 HV mag - WD  HFW  vacMode
2:49.41 PM5.00 kV 65 x _10.3 mm 1.95 mm High vacuum

V mag | vacMode
2:51:15 PM5.00 kV 619 x 10.3 mm 205 um|High vacuum

Figure S12 SEM images of compound 2. It forms very clean films that seem to crack due to the fast evaporation
of the solvent. Bottom picture: left: clean, right: film.
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3:34:57 PM5.00 kV 6 221 x 10.5 mm 20.4 pmHigh vacuum

Figure S13 SEM images of compound 3. Compound 3 forms films but they do not have a as clean surface as 2.
They seem to have a nano structured surface. Bottom picture: middle: clean, left and right: film.

After this the layer thicknesses of the films were measured using holographic microscopy. All
films have within the error of the measurement a thickness of 40-50 nm. The dataset for 2 is

shown exemplarily below (Figure S12 and Figure S13).
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2.5 DFT calculations

In order to gain more detailed insight into the electronic characteristics of the target compounds
presented herein density functional theory (DFT) and time-dependent density functional theory (TD-
DFT) calculations have been performed. The effects of solvation (THF) have been addressed by means
of the polarizable continuum model.* After an initial systematic conformational search with MMFF,>
the best geometries were optimized at the B3LYP/6-31+G(d,p)® level of theory as implemented in
Gaussian 09.7 After the ground state optimization and its validation via frequency calculation, the
HOMO energies where calculated at B3LYP/6-31+G(d,p) while the and LUMO energies where
extracted from calculations at PBE/6-31+G(d,p) level of theory. Since the length of an alkyl-chain
typically does not significantly influences the absorption and emission behaviour they were typically

truncated for the reason of more economical calculations to methyl-groups.

HOMO LUMO

Pa

Figure S19 Graphical depiction of the frontier orbitals.

S20



Coordinates

All optimized ground state structures showed no negative frequencies.
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3. Attachment

3.1 X-ray analysis
Crystal Structure Determination

The intensity data were collected on a Nonius KappaCCD diffractometer, using graphite-
monochromated Mo-K,, radiation. Data were corrected for Lorentz and polarization effects; absorption
was taken into account on a semi-empirical basis using multiple-scans.3-1°

The structure was solved by direct methods (SHELXS)!' and refined by full-matrix least squares
techniques against Fo? (SHELXL-97).!! The hydrogen atoms were located by difference Fourier synthesis
and refined isotropically. Only the the carbon atoms C20B, C7C and C20C the hydrogen atom positions
were included at calculated positions with fixed thermal parameters. XP'? was used for structure
representations.

Crystal Data for 11: C,0H,0N40S,, Mr = 396.52 gmol’!, light yellow prism, size 0.122 x 0.108 x 0.096
mm?, monoclinic, space group P 2,/c, a = 18.3460(4), b = 13.6120(3), ¢ = 23.8450(5) A, p = 104.844(1)°,
V = 5756.0(2) A3, T=-140 °C, Z = 12, peaca. = 1.373 gem?3, p (Mo-K,) = 2.95 cm!, multi-scan,
transmin: 0.6500, transmax: 0.7456, F(000) = 2496, 67584 reflections in h(-23/23), k(-17/17), 1(-
29/30), measured in the range 1.89° < ®@ < 27.56°, completeness Omax = 99.4%, 13218 independent

reflections, R;,, = 0.0481, 10486 reflections with F, > 4c(F,), 944 parameters, 0 restraints, R1,s =
0.0738, wR?y,s = 0.1595, Rl = 0.0960, wR?,;; = 0.1725, GOOF = 1.135, largest difference peak and
hole: 0.942 /-0.486 ¢ A=.

Supporting Information Available: Crystallographic data deposited at the Cambridge
Crystallographic Data Centre under CCDC-1554777 for 11 contain the supplementary crystallographic
data excluding structure factors; this data can be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12,

Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk).
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Figure S20 ORTEP view of structure 11. The hydrogen atoms are omitted for clarity and thermal ellipsoids at a
50% probability level.
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3.2 NMR spectra
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