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1. General Information

NMR spectra were recorded in CDCls solution on a Varian VNMRJ 400 MHz spectrometer
at room temperature. Chemical shifts (&) are given in parts per million from the peak of
tetramethylsilane (& = 0.00 ppm) as an internal standard in *H NMR or from the solvent peak
of CDCls (3 = 77.00 ppm) in 3C NMR. ESI-QTOF-MS measurements were performed in the
positive ion mode (m/z 50-2000 range). IR spectra were obtained on an FTIR-ATR instrument.
Spectroscopic grade solvents were used in the photophysical study. The UV-Vis absorption
spectra in solution were acquired on a Shimadzu UV-2450 spectrophotometer, and the steady-
state fluorescence spectra were measured on a Shimadzu spectrofluorometer model RF-
5301PC. Flash chromatography was performed using silica gel (230-400 mesh). Thin layer
chromatography (TLC) was performed using supported silica gel GF254, 0.25 mm thickness.
For visualization, TLC plates were either placed under UV light 254 nm or stained with iodine
vapor. CuO, Cul, pyrazoles, indole, and phenothiazine were purchased from commercial
suppliers and used as received. Pd(PPhs),! and 4,7-dibromobenzo|[c]-1,2,5-thiadiazole? were
prepared according to procedures described in the literature.

2. General Procedure for the synthesis of compounds 1-3

CuO (20 mol%
S / KZCO3 DMF =\ N
150°C, 48h
\

(2.5 equiv.)

1R=H, 86%
2R =CF; 46%
3R =Ph, 50%

A Schlenk tube was charged with 4,7-dibromobenzo[c]-1,2,5-thiadiazole (0.2 mmoal),
indole (0.5 mmol), CuO (0.04 mmol), K.CO3 (0.8 mmol), and DMF (2 mL), evacuated and
backfilled with argon. The reaction mixture was stirred at 150 °C for 48h. The cooled reaction
mixture was extracted with dichloromethane and water. The organic layer was dried over
MgSO., and concentrated in vacuo. The residue was purified by column chromatography on

silica gel using hexane and ethyl acetate, to provide the desired product.

1. Barbiéri, R. S. Quim. Nova 1991, 14, 212.
2 Pilgram, K.; Zupan, M.; Skiles, R. J. Heterocycl. Chem. 1970, 7, 629.



Compound 1: 4,7-di(1H-pyrazol-1-yl)benzolc][1,2,5]thiadiazole

E\N N/j Yellow solid. Yield: 46 mg, 86%. *H NMR (400 MHz, CDCls) & 9.08 (d,

=N Q ‘N J =25 Hz, 2H), 8.34 (s, 2H), 7.84 (d, J = 1.5 Hz, 2H), 6.60 (dd, J =
Nig-N 2.5, 1.5 Hz, 2H). 3C NMR (100 MHz, CDCls) & 147.7, 141.6, 131.3,

129.3, 119.4, 107.9. IR (vmax, cm™): 2958, 2853, 1726, 1496, 749. HRMS (ESI+): The exact
mass calculated for [M+H]* (C12HsNeS) requires m/z 269.0609, found: m/z 269.0604.

Compound 2: 4,7-bis(3-(trifluoromethyl)-1H-pyrazol-1-yl)benzo|c][1,2,5]thiadiazole
f\ /j\ Green solid. Yield: 37 mg, 46%. *H NMR (400 MHz, CDCls)
N—<} ;}—N
FsC =N — NT CF, 09.11(dd, J = 2.5, 0.9 Hz, 2H), 7.19 (s, 2H), 6.78 (d, J = 2.5
NN Hz, 2H). 3C NMR (100 MHz, CDCl3) & 147.4, 144.6 (q, J =
38.7 Hz), 133.0, 129.2, 121.1 (g, J = 267.0 Hz), 120.3, 106.3 (q, J = 2.0 Hz). IR (vmax, cm™):

2926, 2850, 1544, 1397, 1270, 1121, 760. HRMS (ESI+): The exact mass calculated for [M+H]"
(C14H7F6N6S) requires m/z 405.0357, found: m/z 405.0352.

Compound 3: 4,7-bis(3-phenyl-1H-pyrazol-1-yl)benzo[c][1,2,5]thiadiazole
= = Orange solid. Yield: 42 mg, 50%. *H NMR (400 MHz, CDCls)
Ph):r\}NgQiNilj\Ph 6 9.20 (d, J = 2.6 Hz, 2H), 8.51 (s, 2H), 8.02-7.98 (m, 4H),
Nig-N 7.51-7.45 (m, 4H), 7.41-7.36 (m, 2H), 6.91 (d, J = 2.6 Hz, 2H).
13C NMR (100 MHz, CDCl3) d 153.2, 147.6, 132.8, 132.7, 129.0, 128.8, 128.5, 126.1, 119.2,
105.6. IR (vmax, cm™): 2926, 2853, 1731, 1455, 738. HRMS (ESI+): The exact mass

calculated for [M+H]* (C24H17N2S) requires m/z 421.1235, found: m/z 421.1230.

3. Procedure for the synthesis of compound 4

Cul (20 mol%)
Br Br + // N N
phen, K,CO3 DMF ~ —
N\S,N

I\ N 150 °C, 72h
N_ _N H :

S (2.5 equiv.)
4 85%

A Schlenk tube was charged with 4,7-dibromobenzo[c]-1,2,5-thiadiazole (0.2 mmol),
indole (0.5 mmol), Cul (0.04 mmol), 1,10-phenanthroline (0.04 mmol), K,COs3 (0.8 mmol), and
DMF (2 mL), evacuated and backfilled with argon. The reaction mixture was stirred at 150 °C
for 72h. The cooled reaction mixture was extracted with dichloromethane and water. The
organic layer was dried over MgSQOs, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel using hexane and ethyl acetate, to provide the desired
product.

Compound 4: 4,7-di(1H-indol-1-yl)benzo[c][1,2,5]thiadiazole



Orange solid. Yield: 62 mg, 85%. *H NMR (400 MHz, CDCls) &

7.82 (s, 2H), 7.73 (d, J = 3.3 Hz, 2H), 7.68 (dd, J = 7.1, 1.2 Hz,

~ N{}N ) 2H), 751 (d, J = 8.1 Hz, 2H), 7.23-7.15 (M, 4H), 6.78 (d, J = 3.3
N/\S/N Hz, 2H). 1*C NMR (100 MHz, CDCls) 6 151.6, 136.3, 129.8, 129.5,

129.1, 123.2, 122.7, 121.4, 121.2, 110.7, 104.8. IR (vmax, cm™):

2905, 2857, 1503, 1435, 748. HRMS (ESI+): The exact mass calculated for [M+H]*
(C22H15N4S) requires m/z 367.1017, found: m/z 367.1012.

4. Procedure for the synthesis of compound 5

Pd(PPh3)s (10 mol%) Q Q
Br Br NaOifBu, toluene
110 °C 24h
I\
7

NN

5 86%
(2.5 equw)

A Schlenk tube was charged with 4,7-dibromobenzo[c]-1,2,5-thiadiazole (0.2 mmol),
phenothiazine (0.5 mmol), Pd(PPhs)s (0.02 mmol), NaOtBu (0.44 mmol), and toluene (1.5 mL),
evacuated and backfilled with argon. The reaction mixture was stirred at 110 °C for 24h. The
cooled reaction mixture was extracted with dichloromethane and water. The organic layer was
dried over MgSO4, and concentrated in vacuo. The residue was purified by column

chromatography on silica gel using hexane and ethyl acetate, to provide the desired product.

Compound 5: 4,7-di(10H-phenothiazin-10-yl)benzo[c][1,2,5]thiadiazole

Q Q Brown solid. Yield: 91 mg, 86%. *H NMR (400 MHz, CDCIs) & 8.00

(s, 2H), 7.18-7.13 (m, 4H), 6.95-6.87 (m, 8H), 6.27-6.21 (m, 4H).
AQf 13C NMR (100 MHz, CDCls) d 154.5, 143.4, 134.2, 132.7, 127.2,
@ C} 127.0, 123.4, 121.8, 116.3. IR (vmax, cm™?): 2910, 2851, 1726,
1461, 1041, 723. HRMS (ESI+): The exact mass calculated for

[M+H]* (C30H19N4S3) requires m/z 531.0772, found: m/z 531.0766.
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Absorption, emission and excitation spectra
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Figure S1. UV-Vis absorption spectra in solution of compounds a) 1, b) 2, ¢) 3, d) 4, and €) 5 in

different organic solvents (ca 10° M).
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Figure S2. Steady-state fluorescence emission spectra of compound 1 in different organic solvents
(ca 10° M, excitation/emission slits: 3.0/3.0 nm) at different excitation wavelengths (nm).
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Figure S3. Steady-state fluorescence emission spectra of compound 2 in different organic solvents

(ca 10° M, excitation/emission slits: 3.0/3.0 nm) at different excitation wavelengths (nm).
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Figure S4. Steady-state fluorescence emission spectra of compound 3 in different organic solvents

(ca 10° M, excitation/emission slits: 3.0/3.0 nm) at different excitation wavelengths (nm).
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Figure S5. Steady-state fluorescence emission spectra of compound 4 in different organic solvents

(ca 10° M, excitation/emission slits: 3.0/3.0 nm) at different excitation wavelengths (nm).
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Figure S6. Steady-state fluorescence emission spectra of compound 5 in different organic solvents

(ca 10° M, excitation/emission slits: 3.0/3.0 nm) at different excitation wavelengths (nm).
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Figure S7. Excitation spectra of compound 1 in different organic solvents (ca 10° M,
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Figure S10. Excitation spectra of compound 4 in different organic solvents (ca 10° M,

excitation/emission slits: 3.0/3.0 nm) at different observation wavelengths (nm).
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Figure S12. Steady-state fluorescence emission spectra in acetone solution of compounds a) 1, b)

2,¢) 3,d) 4, and e) 5 (ca 10° M) upon successive addition of water (% Vv/v).
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Figure S13. Fluorescence emission ratio F/Fo of compounds a) 1, b) 2, ¢) 3, d) 4, and e) 5 at Aem 382

nm and f) 5 at Aem 402 Nm in acetone (ca 10° M) upon successive addition of water (% V/v).
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Figure S14. Steady-state fluorescence emission spectra in dry toluene solution of compounds a) 1,

b) 2, ¢) 3, and d) 4 (ca 10° M) upon successive addition of water (% Vv/v).
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Figure S15. Steady-state fluorescence emission spectra in dry dichloromethane solution of

compounds a) 1, b) 2, ¢) 3, and d) 4 (ca 10° M) upon successive addition of water (% v/v).

25



FIF,

a) e profile
1.4 1 — —linear fit
P »
./
td
-
4
1.3 e
, ’
s 0
.7 ¢
1.2 L2
e,
’
-
’.’ Equation y=a+bx
Plot [
1.1+ ) 's Weight No Weighting
Intercept 1.01941 +0.00787
,“ Slope 0.37011 + 0.01331
Residual Sum of Squares 0.00175
¢ Pearson’s r 0.99423
1.04 R-Square (COD) 0.9885
Adj. R-Square 0.98722
T T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

Water fraction (% v/v)

FIF,

b) e profile
Equation =a+b* H -+
: Y — —linear fit
1.15 -|Plot c
! Weight No Weighting
Intercept 1.00137 £ 0.0021 ,
Slope 0.18129 + 0.00694 -
Residual Sum of Squares 3.36976E-5 -0
Pearson's r 0.99708 - [ 4
R-Square (COD) 0.99418 2
_{|Adi. R-Square 0.99272 -
1.10 > &
4
7’
7’
e
,’ Equation y=a+bx
1.05 Plot
V2 Weight No Weighting
? Intercept 1.05135 + 0.00245
’ Slope 0.08292 + 0.00318
) 4 Residual Sum of Squares 7.08276E-6
’ Pearson's r 0.99707
b4 R-Square (COD) 0.99415
1.004 & Adj. R-Square 0.99268
T T T T T T T T T T T T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

Water fraction (% v/v)

Figure S16. Fluorescence emission ratio F/Fo of compounds a) 1 and b) 3 in dry toluene (ca 10° M)

upon successive addition of water (% v/v).
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Figure S17. Fluorescence emission ratio F/Fo of compounds a) 1 and b) 3 in dry dichloromethane (ca

10° M) upon successive addition of water (% V/v).
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Figure S18. Steady-state fluorescence emission spectra in dry THF solution of compounds a) 1 in
the range of 0 — 1%, b) 1 in the range of 0 — 50%, c) 3 in the range of 0 — 1%, and d) 3 in the range

of 0 — 50% (ca 10° M) upon successive addition of water (% v/v).
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Figure S19. Fluorescence emission ratio F/Fo of compounds a) 1 and b) 3 in dry THF (ca 10° M)

upon successive addition of water (% v/v).
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Theoretical Calculations

30



Table S1. The photophysics data from theoretical predictions where the conditions at vacuum level
or solvent simulated by CPCM, A is the first electronic transition (nm), f is oscillator strength,
Assignment of orbitals concerning the first transition, D is the dipole moment expressed in Debye, Lexp
is the experimental maximum absorption (nm), AE is the difference of energy between theoretical and
experimental absorption (eV), L and R is a side of two substitutions on the benzothiadiazole moiety,
and the respective angle between the benzothiadiazole plane (degrees), and the level HOMO and
LUMO (eV). For compound 5, the S; and T4 are the energy of the first level singlet and triplet, and AE
is the difference of energy between the two states.

e A . Dipole A AE L R HOMO LUMO

Dye Condition (r:;::) f  Assignment (%) (nerxrsj @) O © @) (V)
Vacuum 439 0.25 H—L 96% 23 - - 04 1.1 -6.20 -2.81
PhCHs 429 0.33 H—L 97% 3.2 424  -0.03 195 20.1 -6.28 -2.74

1 CH:Cl2 414 0.32 H—L 97% 3.9 413 -0.01 245 273 -6.34 -2.71
EtOH 409 0.32 H—L 96% 4.1 405 -0.03 26.4 285 -6.36 -2.70
Me2CO 410 0.32 H—L 96% 4.0 411 0.01 26.2 285 -6.35 -2.70
MeCN 409 0.32 H—L 96% 4.1 403 -0.04 26.7 29.0 -6.36 -2.70
Vacuum 412 0.29 H—L 97% 6.1 - - -9.8 12.1 -6.85 -328
PhCH3 397 0.37 H—L 97% 6.7 402 0.04 -25.0 245 -6.79 -3.04

> CH2Cl2 383 0.37 H—L 96% 7.3 393 0.08 -29.2 28.7 -6.75 -2.90
EtOH 379 0.36 H—L 96% 7.4 386 0.06 -305 30.1 -6.75 -2.86
Me2CO 380 0.36 H—L 96% 7.4 383 0.03 -299 298 -6.75 -2.87
MeCN 378 0.36 H—L 96% 7.4 379 0.01 -30.8 30.5 -6.75 -2.85
Vacuum 452 0.42 H—L 97% 1.5 - - 45.1 -1.0 -6.06 -2.75
PhCHs 450 0.52 H—L 98% 2.0 451 0.00 46.0 -2.0 -6.10 -2.72

3 CH2Cl2 441 0.52 H—L 98% 2.4 442 0.01 46.7 -2.8 -6.13 -2.71
EtOH 443 0.52 H—L 98% 2.3 436 -0.05 46.8 -2.8 -6.14 -2.71
Me2CO 441 0.52 H—L 98% 2.4 435 -0.04 46.8 -2.8 -6.13 -2.71
MeCN 441 0.52 H—L 98% 2.4 428 -0.08 46.8 -2.8 -6.14 -2.71
Vacuum 503 0.18 H—L 98% 0.1 - - -44 451 586 -2.75
PhCHs 492 0.21 H—L 99% 0.1 449 -0.24 -455 476 -5.89 -2.68

4 CH2Cl2 478 0.20 H—L 99% 0.3 440 -0.22 -46.9 493 -5.92 -2.63
EtOH 474 0.20 H—L 99% 0.4 438 -0.22 -47.3 498 -5.92 -2.62
Me2CO 476 0.20 H—L 99% 0.3 431 -0.27 -46.7 49.0 -591 -2.62
MeCN 473 0.19 H—L 99% 0.4 424 -0.30 -47.4 499 -5.93 -2.62
" Acalc. Aexp. AE; L R HOMO LUMO

Dye Condition rs St "m e @O O @) (V)
Vacuum 410 0.001 1.824 1.814 - 0.01 813 80.7 -5.51 -2.92
PhCH3 394 0.002 1.950 1.940 450 0.01 813 80.8 -5.55 -2.83

5 CH2Cl2 383 0.002 2.055 2.045 450 0.01 81.2 80.7 -5.58 -2.77
EtOH 381 0.002 2.035 2.025 450 001 812 80.7 -558 -2.76
Me2CO 381 0.002 2.054 2.044 448 0.01 812 807 ~-558 -2.76
MeCN 380 0.002 2.059 2.049 443 0.01 811 807 -559 -2.76

2 relation to the state 3 transition.
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