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I. GENERAL REMARKS AND ANALYSIS CONDITIONS
Reagents and solvents

All reagents and anhydrous solvents were purchased from Alfa Aesar or Sigma Aldrich and were used
without further purification. Compound 6 was synthesized according to reported protocols." Column
chromatography were performed on silica gel 60 (230-400 mesh). When heating was required, oil

bathes were used. Optical properties were recorded in spectroscopic grade solvents.

Analytical methods and apparatus

Melting points (M.P.) were measured in open capillary tubes with a STUART SMP30 melting points
apparatus and are reported uncorrected in °C. "H NMR spectra were recorded at room temperature on
a JEOL ECS400 spectrometer operating at 400 MHz or with a Bruker Avance NEO 600 MHz
spectrometer. NMR chemical shifts are given in ppm (8) relative to Me,Si with residual solvent
resonances used as internal standards (CDCl3: 7.26; DMSO-dg: 2.50 ppm; THF-dg: 3.58 ppm). The 2D
COSY 'H NMR spectra and NOESY effect were carried out at similar frequency at room temperature.
IR spectra were recorded on an Agilent Cary 630 FTIR equipped with an attenuated total reflectance
(ATR) sampling. High resolution mass spectrometry (HRMS-ESI) analyses were performed on a QStar
Elite (Applied Biosystems SCIEX) spectrometer or on a SYNAPT G2 HDMS (Waters) spectrometer by
the Spectropole of Aix-Marseille University. These two instruments are equipped with an electrospray

ionization (ESI) or a MALDI source and a TOF analyzer.

Electrochemistry

Cyclic voltammetry (CV) data were recorded using a BAS 100 (Bioanalytical Systems) potentiostat and
the BAS100W software (v2.3). All the experiments were conducted under an argon atmosphere in a
standard one-compartment using a three electrodes setup: a Pt working electrode (J = 1.6 mm), a Pt
counter electrode and an Ag/AgCl reference electrode (filled with a 3 M NaCl solution). Tetra-n-
butylammonium hexafluorophosphate ([TBA][PF¢]) was used as supporting electrolyte (101 M), with a
concentration of the electro-active compound ca. 104 M for 4 and 10° M for 5. The Ag/AgCl reference
electrode was calibrated using ferrocene, with E°(Fc/Fc*) = 0.46 V/SCE (in DCM)? or 0.435 V/SCE (in
DMSO).2 The solution was degassed using argon before recording each scan, and the working

electrode (Pt) was polished before each scan recording.

Electronic absorption

Electronic absorption spectra were measured on a Varian Cary 50 UV-vis or on an Agilent Cary 5000
UV-vis-NIR or on a Perkin-Elmer Lambda EZ 210 UV-vis spectrophotometer, using 1 cm path quartz

cuvettes.
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Fluorescence

Emission spectra were measured using a Horiba-Jobin Yvon Fluorolog-3 spectrofluorimeter equipped
with a three-slit double-grating excitation and a spectrograph emission mono-chromator with
dispersions of 2.1 nm mm-' (1200 grooves per mm). A 450 W xenon continuous wave lamp provided
excitation. The luminescence of diluted solutions was detected at right angle using 10 mm quartz
cuvettes. Alternatively, the emission spectra were measured on a FLS1000 (Edinburgh Instruments)
spectrofluorometer in the range 200-900 nm with a resolution of 0.5 nm equipped with double-grating
double grating Czerny-Turner monochromators was used to obtain the emission spectra. The
concentration of the samples in solutions was kept ~ 2.7x10¢ mol L-'. Solution fluorescence quantum
yield (®) of compound 4 was measured in diluted solutions (5 different concentrations) with an optical

density lower than 0.1 using the following equation:

@, (A M)\ [n\(D,
f@xw)(n‘z)(z) eah

where A is the absorbance at the excitation wavelength (A), n the refractive index and D the integrated

“ 9 [1R]

intensity. “r” and “x” stand for reference and sample. The fluorescence quantum yields were measured
relative to Antracene in EtOH (® = 28%).# Excitation of reference and sample compounds was
performed at the same wavelength (363 nm). The absolute fluorescence quantum yields (®j5) of 5 were
determined by using calibrated QYPro integrating sphere (Edinburgh Instruments) in dichloromethane
or in solid-state. The fluorescence lifetimes were measured out on integrated TCC2 electronics module
(Edinburgh Instruments) by using picosecond pulsed diode laser at 405 nm as excitation sources with
wavelength near to the absorption maximum. The instrument response function (IRF) was obtained by

using 2% water Ludox solution.
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1. SYNTHETICS PROTOCOLS AND CHARACTERIZATION

Compound 8: 3,6-Diimino-2,5-bis((triisopropylsilyl)ethynyl)cyclohexa-1,4-diene-1,4-diamine

Si'Prs SiPry
| | i) Zn, AcOH/HCI, EtOH |
30 min at 60 °C

ON K;EN then 5 h at 90 °C HZNI:/[NH
s

0,N” XY "N i) p-chloranil, CHCIy HNZ > NH,

3hat25°C

I 65% I

SiPr3 SiiPrg
8

The synthesis of 8 was adapted from literature procedures,>7 with the addition of a supplementary
oxidation step before final purification. Into a pressure tube containing the dinitrobenzothiadiazole
precursor (906 mg, 1.543 mmol, 1 equiv.) and zinc powder (1.917 g, 23.330 mmol, 19 equiv.) were
added ethanol (96%, 72 mL), glacial acetic acid (18 mL) and hydrochloric acid (1 M aqueous solution,
9 mL). The tube was closed with a Teflon® seal. The suspension was stirred for 30 min at 60 °C and
then 5 h at 90 °C. The reaction mixture was cooled down to room temperature and poured into 180 mL
of H,O. The pH was adjusted to 6—7 using NaOH (10% aqueous solution), then the solution was
extracted several times by Et,O (total volume ca. 250 mL). The combined organic layers were dried
over anhydrous Na,SQ,, filtered and evaporated under reduced pressure. The obtained dark-brown
residue was then dissolved in 70 mL of anhydrous chloroform, degassed with argon bubbling for 10
minutes and oxidized with p-chloranil (414 mg, 1.683 mmol, 1.1 equiv.) for 3 h at 25 °C. After solvent
evaporation, the solid was purified by silica gel column chromatography using
dichloromethane/petroleum ether (8:2) as eluent to afford the product 8 as a brown-reddish powder
(500 mg, 1.010 mmol, 65% yield). The 'H NMR characterization was comparable to the previously
reported results; however, the retardation factor and melting point were different although they were

checked multiple times.

R; = 0.65 (SiO,, CH,Cly/petroleum ether, 80:20). M.P.: 166-168 °C. '"H NMR (CDCl;, 298 K, 400 MHz):
8§ =9.59 (brs, 2H, NH), 5.63 (br s, 4H, NH,), 1.14 (s, 42 H, CH(CHs),). '3C NMR: as already reported,
all the signals could not be observed at room temperature due to very fast tautomerism within the
molecule. MS (ES+): calculated for [M]*: 497.3 (CsH49N4Si>*), found: 497.3. MS (ES-): calculated for
[M]: 495.3 (CogH47N4Siy™), found: 495.3.
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Compound 4: 8,8'-(1,5-dihydrobenzo[1,2-d:4,5-d"|diimidazole-2,6-diyl)bis(quinolin-7-ol)

7\ Tetraaminobenzene tetrahydrochloride 7 (24 mg, 0.085 mmol, 1
N

F P N a H equiv.) and 7-hydroxyquinoline-8-carbaldehyde 6 (30 mg, 0.173
e 7 j@[ / mmol, 2.05 equiv.) were dissolved in 3 mL of anhydrous
d ” N dimethylsulfoxide. Piperidine (54 pL, 0.423 mmol, 5 equiv.) was
\ /N HO

added and the solution was stirred at 100 °C for 20 h. The reaction
mixture was cooled down to room temperature and the orange
precipitate was filtered on a sintered glass funnel (porosity 4). The orange powder was further purified
with a Soxhlet using ethyl acetate (reflux, 20 h) and then with heptane (100 °C, 16 h). The final
precipitate was collected and dried to afford 18 mg of the product as an orange powder (0.033 mmol,
39% vyield).

M.P.: >400 °C (decomposition). '"H NMR (DMSO-dg, 363 K, 400 MHz): 5 = 9.11 (m, 2H, H? or HY), 8.43
(m, 2H, H? or H®), 8.17 (m, 2H, Ha), 8.02 (m, 2H, He or H), 7.55 (m, 2H, H°), 7.43 (m, 2H, H  or Heé). The
compound was too insoluble to record a "3C NMR spectrum. IR (neat, cm1): v = 3158, 1644, 1613,
1583, 1537, 1502, 1478, 1459, 1419, 1394, 1328, 1308, 1280, 1222, 1157, 1138, 1106, 1052, 993, 923,
869, 827, 803, 761, 732, 696, 668. HRMS (MALDI-TOF) calculated for [M]*: 444.1329 (CxsH1sNsO2*"),
found: 444.1321.

Compound 5: 8,8'-(4,8-bis((triisopropylsilyl)ethynyl)-1,5-dihydrobenzo[1,2-d:4,5-d"]diimidazole-
2,6-diyl)bis(quinolin-7-ol)

Si( Pr) Quinone precursor 8 (25 mg, 0.05 mmol, 1 equiv.) and 7-
< 3

hydroxyquinoline-8-carbaldehyde (18 mg, 0.1 mmol, 2.05 equiv.)

were dissolved in 2 mL of anhydrous N,N-dimethylformamide.
jij: The solution was stirred at 100 °C for 22 h. The reaction mixture
was cooled to room temperature, then the orange precipitate was

filtered on a sintered glass funnel (porosity 4) and washed with

water. The obtained solid was dried under vacuum to afford the
Si(Pr) product 5 as a yellow powder (16 mg, 0.019 mmol, 40% vyield).

M.P.: >400 °C (decomposition). 'TH NMR (CDCl;, 298 K, 400 MHz): 5 = 8.91 (m, 2H, H@ or H¢), 8.19 (d,
3J =8 Hz, 2H, H? or H¢), 7.80 (d, 3J = 8.8 Hz, 2H, H9 or H¢), 7.49 (d, %J = 8.8 Hz, 2H, H? or H¢), 7.47 (m
2H, H), 1.38-1.32 (m, 42H, Si(Pr);). '"H NMR (THF-d;, 298 K, 400 MHz): 56 = 14.02 (br d, 2H, NH),
8.97 (br s, 2H, H?), 8.38 (d, °J = 8.3 Hz, 2H, H¢), 7.98 (d, 3J = 8.8 Hz, 2H, H? or He), 7.47 (m, 4H, HY or
He and HP®), 1.38-1.32 (m, 42H, Si(Pr);). The compound was too insoluble to record a C NMR
spectrum. IR (neat, cm™'): v = 3203, 2936, 2922, 2859, 2418, 1612, 1583, 1518, 1460, 1418, 1317,
1281, 992, 875, 827, 803, 741, 671. HRMS (ESI+) calculated for [M+H]*: 805.4076 (C4sHs7,NsO,Si,*),
found: 805.4084.
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Il. NMR SPECTRA
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Figure S 1. "TH NMR (298 K, 400 MHz, CDCI3) of compound 8.
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Figure S 2. '"H NMR (400 MHz, 363 K, DMSO-ds) of compound 4.
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Figure S 3. COSY NMR (400 MHz, 363 K, DMSO-ds) of compound 4.
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V. MASS SPECTROMETRY
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Figure S 7. HRMS spectrum of compound 4.

TM472_MEX2B 5 (0.102) TOF MS ES+
9.32e5
oo 17253719
Si(Pr)s '
I A~
OH H N
N A 825.4243
\ /N H HO
5 Si(Pr)s
Chemical Formula: C4gHs7NgO,Siy*
Exact Mass: 805,4076 805.4084
Molecular Weight: 806,1935
0 |.lll.lljl|'|l|l_|||||||""Il‘ll'll||" |"'I"llI|"'I"lll'kil_'|lil||||||||-|.-|-||LL||||L|II‘||J||.I‘|J|||||||I‘|L||‘.||J||J|'L|I|I|LL|J||‘|L|'I|L|h||||||m,llrz

| -
730 740 750 760 ¥YY0 F80 790 800 810 820 830

Figure S 8. HRMS spectrum of compound 5. Target ion is detected at m/z 805.4084 and calibration peaks are
observed at m/z 725.3719 and m/z 825.4243.
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Figure S 10. Infrared spectrum of compound 5.
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VI. ELECTROCHEMICAL DATA
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Figure S 11. Differential pulse voltammetry curves in oxidation for 4 (black) in DMSO and 5 (red) in DCM.
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VII. PHOTOPHYSICAL DATA
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Figure S 12. Comparison between absorption and excitation spectra recorded for compounds 4 (left, in DMSO)
and 5 (right, in DCM).
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Figure S 13. Emission decay profiles of 4 (left) and 5 (right) upon excitation at 390 nm with a picosecond laser
source, instrument response function (IRF) and fitting residuals.
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Figure S 16. Left: solid-state emission spectra of 5 measured as a crystalline powder on quartz substrate upon
excitation at different wavelengths. Right: Emission decay profiles of 5 as a crystalline powder monitored at 590
and 639 nm.
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Figure S 17. Normalized electronic absorption (black plain line) and emission (dotted lines) spectra of 5 recorded
in 2-methyltetrahydrofuran at 298 K (red) or 77 K (blue).
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VIII. THEORETICAL CALCULATIONS
Methods

To model the dyes and the ESIPT, we have relied on both Time-Dependent Density Functional Theory
(TD-DFT) and a wavefunction coupled-cluster-based approach, namely CC2. We have used exact dye
structures but for the replacement of the TIPS by TMS moieties of 5 for obvious computational reasons.
We have optimized and computed the vibrational frequencies of both 4 and 5 in their ground electronic
state, and a large series of possible tautomers in their first excited state with TD-DFT. Symmetry was
used, and it was (of course) lowered when necessary (presence at least one imaginary frequency) so
as to obtain true minimum in all cases. The comparison between the free energies of the different
tautomers allowed determining if a driving force exists for ESIPT to take place. The optimization and
vibrational calculations were performed with the M06-2X functional® and the 6-31G(d) atomic basis set,
including solvent effects (DMSO for 4 and DCM for 5 as in the experimental measurements displayed
in Figure 3 of the main text) using the Polarizable Continuum Model (PCM), using the standard linear-
response (LR) version of PCM for the TD-DFT part.® Next the vertical absorption and emission
wavelengths have been respectively computed on both the optimal ground and excited state
geometries. These calculations were done both in gas phase and in solution at the TD-M06-2X/6-
311+G(2d,p) level, using the cLR2 model'®1" for the solution calculation, so as to simultaneously
account for linear-response and state-specific solvent effects. For 4, we have searched for the ESIPT
transition state, by performing true TS search (not simple scans) on the basis of guess geometries and
full Hessian calculations at each step. These calculations use the same level of theory as the standard
optimizations and it has been checked that the final imaginary frequency corresponds to the actual
ESIPT phenomenon. The All DFT and TD-DFT calculations were performed with Gaussian 16, using
default algorithms but improved convergence thresholds for both ground state energies and residual

forces.?

Secondly, we computed the vertical transition energies in gas-phase at the second-order coupled-
cluster level, CC2,"3 with the aug-cc-pVTZ atomic basis set. These latter calculations were performed
with the Turbomole package,'* applying the Rl approximation and freezing the core electrons. It was
then possible to obtain theoretical best estimates of the vertical fluorescence energies using a
combinatory approach

Gas 2 Gas

cLR™ - PCM

Therefore, the reported vertical transition wavelengths in the main text are CC2 values computed on

TD-DFT geometries and corrected for solvation thanks to cLR2-TD-M06-2X calculations. Such

combination allows obtaining accurate estimates at a reasonable computational cost.
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Additional results
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Figure S 18. Computed differences of free energies (AG) between tautomers of 4 at the first excited state and computed vertical emission wavelengths (“fluo). The coloured
circles identify the transferred proton(s) in each tautomer. K, E and Z stand for keto, enol and zwitterionic tautomers for the two sides of each molecule. The relative free
energies are determined using LR-PCM(DMSO)-TD-M06-2X/6-31G(d), whereas the fluorescence wavelengths use a combinatory approach (see computational details).
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Cartesian coordinates

Below we provide the Cartesian coordinates in A for all identified excited-state minima.

4-EE
C -0.8635890 1.0906040 0.0000000
C 0.5849560 1.2420610 0.0000000
c 1.4709900 0.1867720 0.0000000
c 0.8635890 -1.0906040 0.0000000
C -0.5849560 -1.2420610 0.0000000
C -1.4709900 -0.1867720 0.0000000
C -0.4376190 3.2216770 0.0000000
H 2.5467700 0.3083670 0.0000000
H -2.5467700 -0.3083670 0.0000000
H 1.6489660 3.1300810 0.0000000
N 0.7833140 2.5947910 0.0000000
N -1.4417170 2.3006390 0.0000000
N 1.4417170 -2.3006390 0.0000000
N -0.7833140 -2.5947910 0.0000000
H -1.6489660 -3.1300810 0.0000000
c 0.4376190 -3.2216770 0.0000000
C -0.6568410 4.6216400 0.0000000
C -1.9969860 5.1191060 0.0000000
C 0.4288800 5.5848800 0.0000000
c -2.2506000 6.5017340 0.0000000
C 0.1322920 6.9787470 0.0000000
C -1.2188270 7.4122510 0.0000000
H -3.2876290 6.8193840 0.0000000
C 1.2188270 7.8812960 0.0000000
C 2.6989140 6.0087260 0.0000000
H -1.4274810 8.4779790 0.0000000
C 2.5083040 7.4001640 0.0000000
H 1.0182970 8.9492640 0.0000000
H 3.7028840 5.5924820 0.0000000
H 3.3632510 8.0664560 0.0000000
C 0.6568410 -4.6216400 0.0000000
C 1.9969860 -5.1191060 0.0000000
c -0.4288800 -5.5848800 0.0000000
C 2.2506000 -6.5017340 0.0000000
C -0.1322920 -6.9787470 0.0000000
C 1.2188270 -7.4122510 0.0000000
H 3.2876290 -6.8193840 0.0000000
C -1.2188270 -7.8812960 0.0000000
C -2.6989140 -6.0087260 0.0000000
H 1.4274810 -8.4779790 0.0000000
c -2.5083040 -7.4001640 0.0000000
H -1.0182970 -8.9492640 0.0000000
H -3.7028840 -5.5924820 0.0000000
H -3.3632510 -8.0664560 0.0000000
N -1.7030990 -5.1333320 0.0000000
N 1.7030990 5.1333320 0.0000000
0 3.0602100 -4.3135300 0.0000000
H 2.7441720 -3.3639970 0.0000000
¢ -3.0602100 4.3135300 0.0000000
H -2.7441720 3.3639970 0.0000000
4-KE™©

C 1.1959880 0.6717660 0.0000000
c -0.0575520 1.3857460 0.0000000
C -1.3061180 0.7707870 0.0000000
C -1.2438870 -0.6239750 -0.0000000
c 0.0000000 -1.3533780 -0.0000000
C 1.2407290 -0.7319300 -0.0000000
C 1.6642670 2.7894600 0.0000000
H -2.2410110 1.3158550 0.0000000
H 2.1731430 -1.2816370 -0.0000000
H -0.2872910 3.5386540 0.0000000
N 0.2943050 2.7029580 0.0000000
N 2.2187050 1.5650490 0.0000000
N -2.2296720 -1.5573390 -0.0000000
N -0.3439780 -2.6751110 -0.0000000
H 0.2524770 -3.5022360 -0.0000000
C -1.7080010 -2.8284660 -0.0000000
c 2.4230480 4.0072560 0.0000000
c 3.8355330 3.9298910 0.0000000
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Below we provide the Cartesian coordinates in A for all identified excited-state transition states.
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