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General and methods:

Air-sensitive syntheses have been performed under argon using Schlenk techniques.
Anhydrous solvents were dried using standard methods, when necessary. Chemicals and
solvents have been used as received unless otherwise stated. Thin layer chromatography (TLC)
has been performed on silica gel 60 F2s4 while column chromatography has been carried out
on silica gel 60 (0.063-0.2 mm).

UV/vis spectroscopy: UV/vis spectra have been recorded on a Varian Cary 5000 spectrometer.
Cyclization and cycloreversion of the investigated photochromes have been induced by light
irradiation with a lamp (Oriel Hg(Xe) 200 W) equipped with narrow-band interference filters of
appropriate wavelengths (Semrock: 320 + 20 nm, 340 + 13 nm; Andover Corporation 600 + 40
nm).

Photochromism quantum yield determination: The photochromic reactions have been
induced by continuous irradiation through a Hg/Xe lamp (Hamamatsu, LC6 Lightingcure, 200
W) equipped with narrow-band interference filters of appropriate wavelengths (Semrock) and
attenuation filters (Melles Griot, DO 1 or 2). The irradiation power has been measured by a
photodiode from Ophir (PD300-UV). The photochromic quantum yields have been determined
by probing the sample with a Xenon lamp during the photochromic reaction. Absorption
changes have been monitored by a CCD camera mounted with a spectrometer (Princeton
Instruments). Kinetic profiles have been analysed by an Igor-implemented in-house procedure.

Computational details: The molecular calculations of the studied photochromes have been
carried out with Gaussian 09 program package' in the frame of density functional theory (DFT).
Since weak interactions like van der Waals and dispersive ones may be important especially for
the parallel conformations on the open forms, wB97XD functional,> which includes dispersive
corrections, in conjunction with 6-311G(d,p) basis set has been used to fully optimize the
ground state geometries. Tight SCF convergence criteria (10 a.u.) and integration grid of 108
have been used for all calculations. Frequency calculations have been performed on the
optimized geometries to verify the nature of the computed geometries and the lack of
imaginary values in the wavenumber calculations confirmed the successful optimization as a
minimum geometry.

For the excited state calculations, we have employed time-dependent density functional theory
(TD-DFT). We have selected the CAM-B3LYP functional,® which includes long-range corrections
to improve some deficiencies of B3LYP and showed good performance for the lowest
maximum absorption of the photoswitches for both colorless and colored forms of the set of
investigated compounds. TD-DFT calculations have been performed along with the 6-
311G(d,p) basis set. The conductor-like polarizable continuum model (C-PCM) has been
employed for the simulation of UV-vis spectra. Solvent effect (acetonitrile) has been
undertaken using the Polarizable Continuum Model (PCM) based on the integral equation
formalism variant (IEFPCM). Ground-state optimized structures have been used to compute
absorption wavelength maxima (Amax), excitation energy (Eg) and oscillator strength (f) for 10
states.



The potential energy surface (PES) for ring-closure has been determined by changing the bond
length distance between the reactive carbon atoms starting from the distance in the open
forms (in antiparallel conformation) to 2.1 A using a step of 0.1 A. A smaller distance between
the reactive carbons leads to a region close to a conical intersection where standard TD-DFT
cannot be used due to the multideterminental character of the wavefunction. For each step,
the distance between the reactive carbon atoms, i.e. a large part of the reaction coordinate,
has been kept frozen while all other geometry parameters have been relaxed. The structure
corresponding to the maximum on this curve served as starting point for further optimization
of the transition state for ring-closure which has been confirmed as transition state with one
imaginary frequency corresponding to the carbon-carbon bond formation. Due to the high
computational cost of the excited state optimization, the first excited state potential energy
surface (PES) has been obtained by vertical excitation energies using a TD-DFT approach and
each of the ground state optimized structures. This very simple approach allows to obtain an
approximate picture of the excited state energy landscape, even if geometry optimization at
this excited state is required to get a more accurate description.



Synthetic procedures:

The eight switches 1 — 8 have been prepared according to the synthetic routes shown in
Scheme S1. All new compounds have been fully characterized by standard techniques: 'H-
NMR, *C-NMR and HRMS.
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Scheme S1: Synthetic routes for the preparation of terthiazoles 1 - 8.



5-methyl-2-(4-nitrophenyl)-2'-phenyl-4,4'-bithiazole, 17
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2-(4-nitrophenyl)-4-bromo-5-methylthiazole, 16* (299 mg, 1 mmol), 2-phenyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)thiazole, 15° (373 mg, 1.3 mmol), CsF (380 mg, 2.50 mmol)
and Pd(PPhs)s (46 mg, 0.04 mmol) were partially solubilized in dry 1,4-dioxane (20 mL) and the
obtained yellow mixture was stirred at reflux under argon for 24 h. The reaction was then
quenched with water (20 mL) and extracted with chloroform. The combined extracts were
washed with water (20 mL), dried over anhydrous Na,SO4 and filtered. Evaporation of the
solvents under reduced pressure left a dark yellow solid, which afforded the pure title
compound, 17 (327 mg, 0.87 mmol, 87%) as a dark yellow crystalline solid after a simple
recrystallization (dichloromethane and methanol).

"H-NMR (CDCls;, 300 MHz): & (ppm) 8.31 (d, J = 8.9 Hz, 2H), 8.14 (d, J = 8.9 Hz, 2H), 8.04 (m,
2H), 7.95 (s, 1H), 7.48 (m, 3H), 3.03 (s, 3H).

3C-NMR (CDCl;, 91 MHz): & (ppm) 167.90, 160.76, 152.15, 148.29, 146.98, 139.29, 133.79,
133.75, 130.28, 129.12, 126.93, 126.61, 124.43, 117.14, 13.49.

HRMS (ESI): calcd. for Ci9H14N30.S," [M+H]™ 380.0522, found [M+H]* 380.0510; calcd. for
C19H13N3NaO,S,* [M+Na]™ 402.0341, found [M+Na]* 402.0327.



2,2'-bis(4-methoxyphenyl)-5-methyl-4,4'-bithiazole, 24

4-methoxybenzothioamide, 20° (2.90 g, 17 mmol) was partially dissolved in CH3OH (60 mL)
and crude 1,4-dibromopentane-2,3-dione’ (2.20 g, 8.5 mmol) was added. The mixture was
stirred at room temperature for 20 min and then refluxed 24 h. After cooling down to room
temperature, the title compound, 24 (1.73 g, 4.4 mmol, 52%) precipitated as beige crystalline
solid that was used without further purification.

'"H-NMR (CDCls, 300 MHz): & (ppm) 7.96 (m, 5H), 6.97 (m, 4H), 3.88 (s, 3H), 3.87 (s, 3H), 2.95 (s,
3H).

3C-NMR (CDCl5,101 MHz): & (ppm) 167.41, 163.89, 161.20, 161.07, 152.42, 145.49, 130.17,
128.09, 127.95, 127.01, 126.78, 115.70, 114.37, 114.31, 55.55, 13.20.

HRMS (ESI): calcd. for Co1H19N20,S,* [M+H]* 395.0882, found [M+H]* 395.0877; calcd. for
(:21H-|;3N2Na0252+ [M+Na]+ 4170702, found [M+Na]*4170692

4-(5-bromothiazol-2-yl)-N,N-dimethylaniline, 26
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N-bromosuccinimide (410 mg, 2.3 mmol) was added to a solution of N,N-dimethyl-4-(thiazol-
2-yhaniline, 232 (430 mg, 2.1 mmol) in DMF (10 mL) and the obtained solution was stirred at
room temperature for 24 hours. Sodium thiosulfate pentahydrate (124 mg, 0.5 mmol) in
distilled water (25 mL) was added to the solution to induce a solid precipitation that was filtered
and washed with water (20 mL). The crude product was dissolved in diethyl ether to remove
insoluble impurities by filtration. After removal of the solvent, the residue was purified by silica
gel column chromatography (eluent: dichloromethane / petroleum ether 1:1) and 4-(5-
bromothiazol-2-yl)-N,N-dimethylaniline, 26 (208 mg, 0.74 mmol, 35%) was isolated as light
yellow crystalline solid.



"H-NMR (CDCls, 300 MHz): & (ppm) 7.72 (d, J = 8.8 Hz, 2H), 7.61 (s, TH), 6.70 (d, J = 8.9 Hz, 2H),
3.03 (s, 6H).

3C-NMR (CDCls, 63 MHz): & (ppm) 170.58, 151.77, 144.28, 127.48, 121.31, 111.82, 105.69, 40.18.
HRMS (ESI): calcd. for C11H12BrN.S*™ [M+H]* 282.9899, found [M+H]* 282.9896.

4-(4-bromo-5-methylthiazol-2-yl)-N,N-dimethylaniline, 28
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4-(5-bromothiazol-2-yl)-N,N-dimethylaniline, 26 (205 mg, 0.72 mmol) was dissolved in distilled
dry THF (10 mL) under argon and the obtained solution was cooled at -78°C with a dry
ice/acetone bath. Lithium diisopropylamine (2M solution, 550 pL, 1.1 mmol) was added
dropwise and the system was stirred at -78°C for 30 min. lodomethane (160 mg, 70 pL, 1.1
mmol) was finally added and the resulting solution was stirred for 24 h letting the temperature
rise to room temperature under argon. The system was quenched with NH4Cl 1M solution (15
mL) and the organic layer has been extracted with diethyl ether. The combined extracts have
been washed with water (30 mL), dried over anhydrous Na,SO, and filtered. The solvent was
evaporated under vacuum and the crude product was purified by silica gel column
chromatography (eluent: dichloromethane / petroleum ether 1:1) to afford the pure title
compound, 28 (159 mg, 0.53 mmol, 74%) as a pale yellow crystalline solid.

"H-NMR (CDCls, 360 MHz): & (ppm) 7.74 (d, J = 9.0 Hz, 2H), 6.70 (d, J = 8.6 Hz, 2H), 3.02 (s, 6H),
2.39 (s, 3H).

3C-NMR (CDCl; + drops of CDs0OD, 63 MHz): & (ppm) 166.79, 151.75, 127.23, 125.98, 124.15,
120.90, 111.76, 40.14, 12.88.

HRMS (ESI): calcd. for C12H14BrN.S*™ [M+H]* 297.0055, found [M+H]* 297.0054.



Terthiazole 1°

Title compound 1° was prepared by following a different procedure:

5-methyl-2,2'-diphenyl-4,4'-bithiazole, 11" (334 mg, 1 mmol), 2-phenyl-4-bromo-5-
methylthiazole, 14'° (240 mg, 1 mmol), P(tBu),MeHBF4 (32.3 mg, 0.13 mmol), Cs,CO3 (424 mg,
1.30 mmol), pivalic acid (31 mg, 0.30 mmol) and Pd(OAc). (23 mg, 0.10 mmol) were partially
solubilized in dry xylenes (5 mL) and the obtained mixture was stirred at reflux for 24 h. The
reaction was diluted with chloroform and filtered through a Celite pad. The obtained solution
was washed with water (20 mL), dried over anhydrous Na,SO. and filtered. The filtrate was
concentrated under vacuum and silica gel column chromatography (eluent: dichloromethane)
of the residue afforded pure terthiazole 1 (344 mg, 0.68 mmol, 68%) as a whitish-light blue
crystalline solid. Characterization data consistent with the literature.’

'"H-NMR (CDCl;, 300 MHz): & (ppm) 8.07 (m, 2H), 7.94 (m, 2H), 7.80 (m, 2H), 7.45 (m, 6H), 7.35

(m, 3H), 2.53 (s, 3H), 2.12 (s, 3H).
HRMS (ESI): calcd. for CagH22N3Ss* [M+H]* 508.0970, found [M+H]* 508.0974.

Terthiazole 2’
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Title compound 27 was prepared by following a different procedure:

5-methyl-2,2'-diphenyl-4,4'-bithiazole, 11’ (167 mg, 0.50 mmol), 2-(4-methoxyphenyl)-4-
bromo-5-methylthiazole, 277 (142 mg, 0.50 mmol), P(tBu).MeHBF4 (16 mg, 0.06 mmol), Cs.CO;
(212 mg, 0.65 mmol), pivalic acid (15 mg, 0.15 mmol) and Pd(OAc). (11 mg, 0.05 mmol) were
partially solubilized in dry xylenes (5 mL) and the obtained mixture has been stirred at reflux
for 24 h. The reaction has been diluted with chloroform (20 mL) and filtered through a Celite



pad. The obtained solution has been washed with water (15 mL), dried over anhydrous Na,SO4
and filtered. The filtrate was concentrated under vacuum and silica gel column chromatography
(eluent: initially dichloromethane, then dichloromethane / ethyl acetate 95:5) of the residue
afforded pure terthiazole 2 (108 mg, 0.20 mmol, 40%) as an off-white solid. Characterization
data consistent with the literature.’

"H-NMR (CDCls, 300 MHz): & (ppm) 8.04 (m, 2H), 7.88 (d, J = 8.9 Hz, 2H), 7.81 (m, 2H), 7.46 (m,
3H), 7.35 (m, 3H), 6.95 (d, J/ = 8.9 Hz, 2H), 3.86 (s, 3H), 2.51 (s, 3H), 2.08 (s, 3H).

3C-NMR (CDCls, 100 MHz): & (ppm) 167.19, 164.27, 164.02, 161.19, 147.72, 146.59, 143.44,
133.86, 133.77, 133.09, 131.45, 130.28, 129.79, 129.72, 129.04, 128.86, 128.00, 126.77, 126.64,
126.47, 114.36, 55.58, 12.81, 12.41.

HRMS (ESI): calcd. for C30H24N30S5* [M+H]* 538.1076, found [M+H]* 538.1087.

Terthiazole 3
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The same procedure used for 1 and 2 was followed by replacing 14 and 27, respectively, with
4-(4-bromo-5-methylthiazol-2-yl)-N,N-dimethylaniline, 28 (149 mg, 0.50 mmol) to afford pure
terthiazole 3 (205 mg, 0.37 mmol, 74%) as a greenish solid after purification by silica gel column
chromatography (eluent: dichloromethane / acetonitrile 99:1) and precipitation in cyclohexane.

"H-NMR (CDCls, 300 MHz): & (ppm) 8.07 (m, 2H), 7.84 (m, 2H), 7.81 (d, J = 9.0 Hz, 2H), 7.46 (m,
3H), 7.36 (m, 3H), 6.71 (d, J/ = 9.0 Hz, 2H), 3.03 (s, 6H), 2.45 (s, 3H), 2.04 (s, 3H).

3C-NMR (CDCl;, 75 MHz): & (ppm) 167.06, 165.28, 164.01, 151.62, 147.50, 146.72, 142.95,
133.90, 133.83, 132.97, 130.28, 130.16, 130.09, 129.65, 128.98, 128.82, 127.69, 126.75, 126.49,
121.94, 111.95, 40.37, 12.70, 12.31.

HRMS (ESI): calcd. for C31H27N4Ss* [M+H]* 551.1392, found [M+H]* 551.1373; calcd. for
C31H26N4NaSs* [M+Na]® 573.1212, found [M+Na]* 573.1185.



Terthiazole 4
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The same procedure was followed on 2-(4-formylphenyl)-4-bromo-5-methylthiazole, 31" (141
mg, 0.50 mmol) to afford pure terthiazole 4 (203 mg, 0.38 mmol, 76%) as a light green
crystalline solid after purification by silica gel column chromatography (eluent:
dichloromethane / acetonitrile 99:1).

'"H-NMR (CDCls;, 300 MHz): & (ppm) 10.05 (s, TH), 8.11 (d, J = 8.3 Hz, 2H), 8.07 (m, 2H), 7.94 (d,
J = 8.4 Hz, 2H), 7.75 (m, 2H), 7.48 (m, 3H), 7.33 (m, 3H), 2.60 (s, 3H), 2.17 (s, 3H).

3C-NMR (CDCl3,75 MHz): & (ppm) 191.55, 167.23, 163.75, 162.19, 148.17, 146.21, 144.92,
138.67, 136.93, 134.38, 133.70, 133.59, 133.30, 130.37, 129.71, 129.05, 128.81, 128.61, 126.80,
126.67, 126.27, 12.93, 12.56.

HRMS (ESI): calcd. for C30H22N30S5* [M+H]* 536.0919, found [M+H]* 536.0892.

Terthiazole 5
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The same procedure was followed on 2-(4-nitrophenyl)-4-bromo-5-methylthiazole, 16* (299
mg, 1 mmol) to afford pure terthiazole 5 (200 mg, 0.40 mmol, 40%) as a yellow-brownish solid
after purification by silica gel column chromatography (eluent: initially dichloromethane, then
dichloromethane / acetonitrile 99:1) and precipitation in diethyl ether.

'H-NMR (CDCl5, 300 MHz): & (ppm) 8.29 (d, J = 8.9 Hz, 2H), 8.09 (d, J = 8.9 Hz, 2H), 8.06 (m,

2H), 7.73 (m, 2H), 7.49 (dd, J = 5.1, 1.9 Hz, 3H), 7.33 (dd, J = 5.3, 2.0 Hz, 3H), 2.65 (s, 3H), 2.20
(s, 3H).
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3C-NMR (CDCl;, 75 MHz): & (ppm) 167.19, 163.65, 160.83, 148.18, 146.01, 145.23, 138.96,
135.11, 133.53, 133.44, 133.36, 130.39, 129.73, 129.02, 128.78, 128.19, 126.81, 126.59, 126.16,
124.29, 12.95, 12.56.

HRMS (ESI): calcd. for CaoH21N4O,S5* [M+H]* 553.0821, found [M+H]" 553.0798.

Terthiazole 6

5-methyl-2-(4-nitrophenyl)-2'-phenyl-4,4'-bithiazole, 17 (304 mg, 0.80 mmol), 2-(4-
methoxyphenyl)-4-bromo-5-methylthiazole, 27’ (227 mg, 0.80 mmol), P(tBu),MeHBF4 (25 mg,
0.10 mmol), Cs,CO3 (326 mg, T mmol), pivalic acid (25 mg, 0.24 mmol) and Pd(OAc). (18 mg,
0.08 mmol) were partially solubilized in dry xylenes (5 mL) and the obtained mixture was stirred
at reflux for 24 h. The reaction was diluted with chloroform (25 mL) and filtered through a Celite
pad. The obtained solution was washed with water (20 mL), dried over anhydrous Na,SO4 and
filtered. The solvent was evaporated under vacuum and silica gel column chromatography
(eluent: initially dichloromethane / acetonitrile 99:1, then 97:3) of the residue afforded pure
terthiazole 6 (216 mg, 0.37 mmol, 46%) as a light orange crystalline solid.

"H-NMR (CDCls, 300 MHz): & (ppm) 8.18 (d, J = 9.0 Hz, 2H), 8.06 (m, 2H) 7.91 (d, J = 9.0 Hz, 2H),
7.86 (d, J = 8.8 Hz, 2H) 7.48 (m, 3H), 6.95 (d, J/ = 8.9 Hz, 2H), 3.86 (s, 3H), 2.63 (s, 3H), 2.12 (s,
3H).

3C-NMR (CDCls, 101 MHz): § (ppm) 167.31, 164.40, 161.39, 160.49, 148.17, 147.62, 147.51,
143.19, 139.29, 135.80, 133.60, 131.49, 130.43, 129.11, 128.01, 126.81, 126.70, 126.28, 124.28,
114.45, 55.56, 13.17, 12.41.

HRMS (ESI): calcd. for C30H23N403S;" [M+H]* 583.0926, found [M+H]* 583.0902; calcd. for
C30H22N4NaOsSs* [M+Na]*™ 605.0746, found [M+Na]* 605.0721.
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Terthiazole 7

2,2'-bis(4-methoxyphenyl)-5-methyl-4,4'-bithiazole, 24 (395 mg, 1 mmol), 2-(4-nitrophenyl)-
4-bromo-5-methylthiazole, 16* (299 mg, 1 mmol), P(tBu)>MeHBF4 (31 mg, 0.12 mmol), Cs2COs
(652 mg, 2 mmol), pivalic acid (40 mg, 0.40 mmol) and Pd(OAc). (23 mg, 0.10 mmol) were
partially solubilized in dry xylenes (5 mL) and the obtained mixture was stirred at reflux for 24
hours. The reaction was diluted with chloroform (40 mL) and water (30 mL). The organic layer
was extracted with chloroform. The obtained solution was washed with water, dried over
anhydrous Na;SO4 and filtered. The filtrate was concentrated under vacuum and silica gel
column chromatography (eluent dichloromethane) of the residue followed by recrystallization
from methanol afforded pure terthiazole 7 (460 mg, 0.75 mmol, 75%) as a yellow crystalline
solid.

'H-NMR (CDCls, 360 MHz): & (ppm) 8.27 (d, J = 8.9 Hz, 2H), 8.06 (d, J = 8.9 Hz, 2H), 8.01 (d, J =
8.9 Hz, 2H), 7.74 (d, / = 8.9 Hz, 2H), 6.99 (d, / = 8.9 Hz, 2H), 6.86 (d, / = 8.9 Hz, 2H), 3.89 (s, 3H),
3.82 (s, 3H), 2.55 (s, 3H), 2.22 (s, 3H).

3C-NMR (CDCl;, 91 MHz): & (ppm) 167.18, 163.73, 161.44, 160.92, 160.77, 148.17, 147.92,
145.82, 145.40, 139.00, 134.86, 132.20, 128.15, 127.69, 127.28, 126.82, 126.54, 126.39, 124.31,
114.34, 114.12, 55.47, 55.40, 12.80, 12.56.

HRMS (ESI): calcd. for C31H2sN404S5™ [M+H]* 613.1032, found [M+H]* 613.1007; calcd. for
C31H24N4NaO4Ss* [M+Na]* 635.0852, found [M+Na]* 635.0822.
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Terthiazole 8
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5-methyl-2-(4-nitrophenyl)-2'-phenyl-4,4'-bithiazole, 17 (190 mg, 0.50 mmol), 4-(4-bromo-5-
methylthiazol-2-yl)-N,N-dimethylaniline, 28 (149 mg, 0.50 mmol), P(tBu).MeHBF4 (16 mg, 0.07
mmol), Cs>CO3 (212 mg, 0.65 mmol), pivalic acid (15 mg, 0.15 mmol) and Pd(OAc). (11 mg, 0.05
mmol) were partially solubilized in dry xylenes (5 mL) and the obtained mixture has been stirred
at reflux for 24 h. The reaction has been diluted with chloroform (20 mL) and filtered through
a Celite pad. The obtained solution has been washed with water (20 mL), dried over anhydrous
Na:SO, and filtered. The filtrate was concentrated under vacuum and silica gel column
chromatography (eluent: initially dichloromethane / acetonitrile 99:1, then 98:2 and finally 96:4)
of the residue afforded pure terthiazole 8 (100 mg, 0.17 mmol, 34%) as a light orange crystalline
solid.

"H-NMR (CDCl3, 300 MHz): & (ppm) 8.17 (d, J = 8.9 Hz, 2H), 8.06 (m, 2H), 7.92 (d, J = 8.9 Hz,
2H), 7.80 (d, J = 8.9 Hz, 2H), 7.47 (m, 3H), 6.72 (d, J = 8.9 Hz, 2H), 3.03 (s, 6H), 2.63 (s, 3H), 2.10
(s, 3H).

BBC-NMR (CDCls, 75 MHz): & (ppm) 167.08, 165.26, 160.45, 151.55, 148.03, 147.68, 147.20,
142.78, 139.25, 135.60, 133.59, 130.30, 130.09, 129.03, 127.61, 126.79, 126.63, 124.21, 121.71,
111.95, 40.34, 13.05, 12.32.

HRMS (ESI): calcd. for C31H26NsO2S3™ [M+H]* 596.1243, found [M+H]* 596.1227.
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H- and *C-NMR spectra:
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Additional spectroscopic data:
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Figure S1: Absorption spectra in CHsCN at room temperature of (a) 2 (1.85 x 10 M), (b) 3
(1.76 x 10° M), (c) 6 (1.60 x 10> M), (d) 7 (1.70 x 10> M) and (e) 8 (2.15 x 10 M), showing the
evolution under UV light irradiation (at 320 nm for 2, 3, 6 and 7, at 340 nm for 8) from the
black lines for (open forms) to the blue lines (respective photo-stationary states). Optical path
of the cuvette: 1 cm.
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Figure S2: Photochromic behavior of 8 (2.04 x 10° M) in toluene at room temperature. The
spectrum of the OF is shown with a black solid line while the PSS is indicated in blue. The
solution has been irradiated at 340 nm. Optical path of the cuvette: 1 cm.
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Figure S3: Absorption spectra of 5 (2.00 x 10 M) in acetonitrile at room temperature. 50 in
aerated solution in black solid line; 50 in degassed solution in grey dashed line; PPS in aerated
solution by irradiating at 320 nm in blue solid line; PSS in degassed solution by irradiating at
320 nm in dashed blue line. Optical path of the cuvette: 1 cm.
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Figure S4: Absorption spectra of 7 (2.24 x 10 M) in acetonitrile at room temperature. 70 in
aerated solution in black solid line; 70 in degassed solution in grey dashed line; PPS in aerated
solution by irradiating at 320 nm in blue solid line; PSS in degassed solution by irradiating at
320 nm in dashed blue line. Optical path of the cuvette: 1 cm.
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Additional calculation data:
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Figure S6: Optimized geometries (wWB97XD/6-311G(d,p); calculations in acetonitrile) of the
open (ap, p-S and p-N) and closed forms of 1-8.
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Figure S7: Zoom of the 'H-NMR spectra of 1 — 7 in CDsCN showing only two singlets
associated to the methyl groups on the reactive carbons. In the case of 7, one singlet is covered
by the peak of residual H,O in CD3CN.
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Table S1: Geometric parameters of the open and closed forms calculated at the wB97XD/6-
311G(d,p) level in acetonitrile of 1-8.

a b c d e f g d1 d2  dcc(B)
1
ap 1301 1378 1465 1372 1475 1377 1301 1329 1306 3477
p-S 1295 1375 1466 1370 1474 1374 1297 -40.8 1249
p-N 1298 1374 1465 1371 1473 1375 1294 1270 -36.0
CF 1290 1377 1356 1463 1346 1379 1290 176.1 176.5
2
ap 1298 1377 1464 1369 1474 1375 1297 1321 1292  3.469
p-S 1295 1376 1466 1370 1474 1373 1298 -398 1234
p-N 1298 1376 1464 1371 1471 1374 1295 1309 -365
CF 1288 1377 1343 1461 1353 1375 1286 1763 1764
3
ap 1299 1377 1464 1369 1473 1375 1297 1312 1295 3467
p-S 1298 1373 1474 1370 1466 1377 1296 1226 -393
p-N 1300 1379 1467 1374 1475 1376 1301 -385 124.
CF 1291 1374 1344 1460 1353 1376 1285 1762 1764
4
ap 1298 1374 1464 1369 1473 1375 1297 1318 1288 3.466
p-S 1294 1372 1467 1370 1475 1374 1298 -400 1118
p-N 1299 1372 1465 1371 1472 1374 1295 1280 -34.9
CF 1285 1377 1343 1461 1354 1374 1287 176.1 176.1
5
ap 1298 1373 1464 1369 1473 1375 1297 1315 1290 3473
p-S 1295 1372 1466 1370 1474 1373 1298 -387 1224
p-N 1299 1371 1465 1371 1472 1374 1294 1236 -349
CF 1285 1377 1344 1461 1354 1374 1287 176.0 1763
6
ap 1298 1377 1464 1369 1473 1371 1298 1317 1302 3.468
p-S 1295 1376 1466 1370 1473 1370 1298 -396 126.5
p-N 1298 1376 1465 1371 1471 1371 1296 1293 -343
CF 1289 1375 1344 1460 1354 1375 1285 176.7 1757
7
ap 1298 1373 1464 1368 1473 1376 1297 1315 1287 3.468
p-S 1293 1370 1469 1368 1480 1376 1297 -46.7 1029
p-N 1299 1371 1465 1370 1472 1376 1295 1276 -34.6
CF 1289 1373 1354 1461 1344 1377 1284 176.1 176.1
8
ap 1299 1377 1464 1369 1473 1371 1298 1328 1302 3471
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p-S 1295 1375 1468 1369 1478 1370 1298 -434 1052
p-N 1299 1376 1471 1369 1474 1369 1293 1039 -393
CF 1293 1372 1345 1459 1354 1375 1284 1770 1754

Charge density analysis on the HT moiety. An important parameter that could control the
photochromism relies to the charge density on the hexatriene (HT) part of the molecule, the
unit responsible of the electrocyclization reaction. A general accepted idea is that a large
electron density on the HT unit should favour the ring-closing reaction. To compare the effect
of the substituents on the charge density on the HT moiety, we determined the Mulliken
charges in ground and first excited states.

Table S2. Mulliken charges on the HT moieties of compounds 1 — 8 in the open forms. Data in
bracket correspond to the average values on the reactive carbon atoms.

HT's Mulliken charge

So S1 A(S1-So)
1 -0.465965 (-0.292571) -0.485274 (-0.2890935) -0.019309
2 -0.488963 (-0.290701) -0.52393 (-0.2887825) -0.034967
3 -0.513030 (-0.2918355) -0.708059 (-0.3004295) -0.195029
4 -0.442851 (-0.2893125) -0.311262 (-0.2705065) 0.131589
5 -0.427694 (-0.2885065) -0.211872 (-0.2705065) 0.215822
6 -0.436385 (-0.2907715) -0.218063 (-0.272632) 0.218322
7 -0.441427 (-0.2905895) -0.224398 (-0.2722915) 0.217029
8 -0.457879 (-0.292759) -0.306258 (-0.2792105) 0.151621

The Mulliken densities are found ranging between -0.427694 (terarylene 5) and -0.51303
(terarylene 3) in the ground state. As expected, the Mulliken charge becomes more negative
for the derivatives holding a single donor substituent (i.e. 2 and 3) when compared to non-
substituted terarylene 1. Interestingly, the negative charge significantly increases in the S state
for the first three compounds, from -0.019e for 1 to -0.195e for 3. For all the other derivatives,
the charge density on the HT is less negative than in the reference 1 in the ground state and
the excited state process induces a depletion of the electron density in the core unit. The
calculated A(S1-So) is found positive for 4 — 8.

The variation of the electronic density on the HT core unit can be linked to some extent to the
impact of the electron-donating and withdrawing characters of the substituents. However, the
resulting value of the charge density is only poorly correlated to the photocyclization quantum
yield, thus suggesting that the Mulliken charge on the HT unit cannot be used to rationalize
the variation of the efficiency of the ring-closing reaction.
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Figure S8: Correlation between ®or.cr and the Mulliken charge on the HT moiety in a) the
ground state (So) and b) the first excited state (S1).
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Table S3: Excitation energies of the OFs (antiparallel form) calculated at the CAM-B3LYP/6-
311G(d,p)//wB97XD/6-311G(d,p) level in acetonitrile. A: calculated wavelength, in nm; f:
oscillator strength; H = HOMO and L = LUMO; Exp: experimental wavelength; AD: absolute
deviation, in eV.

A (nm) f Assignment Exp AD
1 311 0.643 H->L (75%) 314 0.04
299 1.353 H->L+1 (55%) 274 0.38
295 0.003 H->L+2 (65%)
2 313 0.515 H->L (75%) 317 0.05
305 1.323 H->L+2 (63%) 279 0.38
294 0.378 H-1->L+1 (38%)
3 330 1.063 H->L+2 (77%) 348 0.19
314 0.803 H-1->L (43%)
295 0.508 H-1->L+1 (58%)
4 324 1.000 H->L (50%) 317 0.08
307 0.0036 H-1->L (69%)
291 0.7379 H->L+1 (79%)
5 335 0.814 H->L (54%) 317 0.21
307 0.779 H->L+1 (79%) 274 0.49
291 0.556 H->L+2 (64%)
6 336 0.854 H->L (37%) 322 0.16
309 0.402 H->L+1 (73%) 276 0.48
303 1.092 H-1->L+1 (14%)
7 340 0.7814 H->L (49%) 320 0.23
315 0.9720 H-1->L+1 (20%) 286 0.40
298 0.7050 H-1->L+2 (32%)
8 340 1.1393 H-1->L (32%) 348 0.08
331 0.4505 H->L+1 (11%)
315 0.8129 H-1->L+1 (48%)
0.24*

*MAD = Mean Absolute Deviation
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Figure S10: CAM-B3LYP/6-311G(d,p)//wB97XD/6-311G(d,p) HOMOs and LUMOs of
terthiazoles 2, 4 — 7 in the antiparallel form (ap).
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Figure S11: S; PES for the ring-closing reaction of terthiazoles 2, 3 and 6 — 8 in the antiparallel

form (ap).
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311G(d,p)//wB97XD/6-311G(d,p) calculations.
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Molecular orbital composition. The analysis of the molecular orbital composition provides
an interesting way to investigate and understand the photo-reactivity in So and S; states as
function of the substituents. As the ring-closure proceeds through an electrocyclic reaction
involving the bridge and the two (hetero)aryl rings directly connected to it, we focus our
attention on the composition of HOMO and LUMO on this electrocyclic core unit.

It is worth noting that while the HOMO is mainly localized on the electrocyclic unit for most of
the studied derivatives (1, 2 and 4 - 7), this is not always the case for the LUMO, as a significant
percentage (higher than 50%) is observed only for 1, 2 and 3.

For most of the compounds, the contribution on the electrocyclic unit is larger for HOMO than
for the LUMO. However, the difference between the percentages decreases as the reaction
progresses along the reaction coordinate.

Table S4. Percentage of the molecular orbitals (HOMO and LUMO) localized on the HT moiety
for compounds 1 — 8 in the antiparallel open form. CAM-B3LYP/6-311G(d,p)//wB97XD/6-
311G(d,p) calculations. The values in bracket correspond to the percentage on the reactive
carbon atoms. The red dots indicate the reactive carbon atoms involved in the ring-closing

reaction.
Percentage of molecular orbitals
HOMO LUMO
1 73,7 (18.5) 66,2 (11.1) “j;“
2 62,2 (17.4) 65,9 (8.8) N°s
3 25,8 (8.5) 65,0 (7.2) —_
4 73,7 (17.9) 28,8 (6.4) N N
5 74,1 (17.6) 15,6 (3.5) / »?‘5
6 59,0 (16.4) 15,1 (3.5) ?{ks S
7 58,1 (16.6) 15,4 (3.4)
8 24,8 (8.2) 15,6 (3.6)
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Figure S$13: Evolution of the percentage of a) HOMO and b) LUMO, localized on the HT moiety

in the antiparallel form for compounds 1 - 8.
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Figure S14: Evolution of the LUMO percentage on the reactive carbon atoms of 1 — 8 along
the reaction coordinate.
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Figure S15: Correlation between the ®or.cr quantum yield and the percentage of LUMO
localized on the HT moiety.
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Figure S16: Evolution of the amount charge (Q*) transferred in the first excited state along the
ring-closing reaction coordinate, starting from the antiparallel (ap) open forms of terthiazoles
2,3and 6-8.

Natural transition orbitals. The first electronic transition of the antiparallel form can also be
analysed by using the natural transition orbitals (NTOs). From the NTOs, the ®s index has been
calculated for the first singlet excited state by using the Nancy_EX program packages. The ®s
index is defined as the spatial overlap between attachment and detachment densities. Typically,
a value of @s close to 1 underlines a local excitation character, whereas values approaching 0
imply that the CT character is dominant.' The calculated ®s indexes for the antiparallel forms
of terarylenes 1 — 8 are found between 0.5 (compound 8) and 0.68 (compound 1). The report
of ®s indexes versus the photocyclization quantum yields shows a nice, linear correlation,
suggesting that the CT character is an important parameter that controls the efficiency of the
excited state ring-closing reaction.
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Figure S17: Correlation between ®s index and ®or.cr of terthiazoles 1 — 8 in the antiparallel
form (ap).

Additional calculation data on the CFs. The charge transfer analysis was also performed for
the closed state. The amount of transferred charge (Q*) in the S; state can be correlated to the
quantum yield for ring-opening reaction (®cr-o).
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Figure S18: Correlation between the amount of transferred charge between Sp and S1(Q*) and
the ring-closing quantum yield (Pcr-of).
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Figure S20: Evolution of the amount charge (Q*) transferred in the first excited state along the
ring-opening reaction coordinate, starting from the closed forms of 1 - 8.

-39 -



Extension of the model to other photochromes:

The proposed correlation has been applied to four terarylenes investigated by Jaung and co-
workers' (Figure S21), to four dissymmetric diarylethenes studied by Pu’s group™ (Figure S23)
and to three diarylethenes developed by Irie et al." (Figure S25). The model appeared to remain
valid.

tBu tBu

tBu
tBu
tBu tBu
tBu
tBu
0.70
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Figure S21: top) Structures of the four photochromes investigated by Jaung and co-workers;
bottom) Application of the correlation between the amount of transferred charge between So
and S1 (Q*) and the ring-closure quantum yield (®Por-cF).
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Figure S22: CAM-B3LYP/6-311G(d,p)//wB97XD/6-311G(d,p) HOMOs and LUMOs of
derivatives H1 — H4 investigated by Jaung and co-workers.
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Figure S23: top) Structures of the four photochromes investigated by Pu and co-workers;
bottom) Application of the correlation between the amount of transferred charge between So
and S1 (Q*) and the ring-closure quantum yield (®Por-cF).
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Figure S24: CAM-B3LYP/6-311G(d,p)//wB97XD/6-311G(d,p) HOMOs and LUMOs of
derivatives 1 — 4 investigated by Pu and co-workers.
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Figure S25: top) Structures of the four photochromes investigated by Irie and co-workers;
bottom) Application of the correlation between the amount of transferred charge between So

and S; (Q*) and the ring-closure quantum yield (®or-cr).
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Figure S26: CAM-B3LYP/6-311G(d,p)//wB97XD/6-311G(d,p) HOMOs and LUMOs of
derivatives 1a — 3a investigated by Irie and co-workers.
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Cartesian coordinates of the optimized geometries for ap, p-N, p-S
and CF forms of the investigated terarylenes in the ground state:

1-ap

1 6 0.835213 6.730222 -0.453804
2 6 0.353218 5.427592 -0.526398
3 6 1.093370 4.369642 0.012160
4 6 2.325693 4.637298 0.621385
5 6 2.804784 5.939356 0.689760
6 6 2.061574 6.989824 0.153420
7 1 0.252574 7.542466 -0.876693
8 1 -0.600540 5.242128 -1.013487
9 1 2.896351 3.815114 1.039317
10 1 3.760686 6.134988 1.165587
11 1 2.437641 8.006717 0.208903
12 6 0.616990 2.977168 -0.047492
13 16 -0.998693 2.557679 -0.557019
14 6 0.657057 0.770344 0.166951
15 6 -0.626033 0.882886 -0.306358
16 7 1.346504 1.952901 0.293100
17 6 1.329847 -0.483041 0.556210
18 6 0.816309 -1.439171 1.390536
19 7 2.586846 -0.731648 0.051164
20 16 1.965950 -2.727880 1.531941
21 6 3.055750 -1.871544 0.466792
22 6 4.376004 -2.399439 0.081956
23 6 4.848662 -3.628530 0.553929
24 6 5.181241 -1.643995 -0.779856
25 6 6.102729 -4.093046 0.171371
26 1 4.241895 -4.233522 1.222578
27 6 6.4330901 -2.111053 -1.159765
28 1 4.811544 -0.692160 -1.145606
29 6 6.898827 -3.336415 -0.685145
30 1 6.458508 -5.047554 0.546421
31 1 7.048460 -1.515470 -1.826995
32 1 7.877542 -3.700611 -0.982020
33 6 -1.615738 -0.155642 -0.603901
34 6 -1.381535 -1.300356 -1.320089
35 7 -2.900422 0.012984 -0.133892
36 16 -2.841310 -2.230175 -1.368321
37 6 -3.664091 -0.991363 -0.452106
38 6 -5.080665 -1.093721 -0.064010
39 6 -5.919556 -2.086343 -0.581374
40 6 -5.599822 -0.168204 0.850026
41 6 -7.252388 -2.153851 -0.189307
42 1 -5.541437 -2.808583 -1.300243
43 6 -6.932170 -0.237228 1.236988
44 1 -4.946331 0.598755 1.251569
45 6 =7.762707 -1.230503 0.720176
46 1 -7.893746 -2.927992 -0.598587
47 1 -7.322456 0.484746 1.947637
48 1 -8.803366 -1.284998 1.024422
49 6 -0.128925 -1.772192 -1.985978
50 1 0.557569 -0.933936 -2.128277
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.552650
.551823
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.425586
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.769670
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.819766
.483845
.853581
.936383
.029676
.524390
.210709
. 748955
.971375
.863681
.714709
.018141
.631751
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1 6 -1.888062 3.038147 0.006760
2 6 -1.623298 0.841044 -0.012202
3 6 -0.215290 1.226495 0.048598
4 16 -0.095223 2.969072 -0.037122
5 6 0.762931 0.316622 0.193524
6 6 0.377767 -1.141182 0.464861
7 16 1.927379 -2.032356 0.001783
8 6 2.816268 -0.494100 0.100763
9 6 -1.954513 -0.465333 -0.140843
10 6 -0.845951 -1.493872 -0.400228
11 16 -1.674415 -3.074265 0.057035
12 6 -3.251222 -2.255519 -0.054587
13 7 -2.502277 1.913648 0.023519
14 7 -3.232114 -0.971548 -0.138810
15 7 2.114725 0.578796 0.183768
16 6 -4.496328 -3.033663 -0.021009
17 6 -4.490377 -4.425896 -0.138334
18 6 -5.714938 -2.362263 0.131837
19 6 -5.683090 -5.135222 -0.104625
20 1 -3.556296 -4.960368 -0.269775
21 6 -6.902483 -3.074746 0.166344
22 1 -5.711926 -1.283670 0.226397
23 1 -5.668861 -6.214161 -0.201924
24 1 -7.842317 -2.549384 0.288152
25 6 4.287187 -0.470245 0.054187
26 6 5.036682 -1.647315 0.109394
27 6 4.940615 0.762498 -0.053566
28 6 6.420313 -1.601266 0.056794
29 1 4.548334 -2.609464 0.203808
30 6 6.320517 0.820721 -0.105928
31 1 4.354553 1.670680 -0.097301
32 1 7.011686 -2.504619 0.100147
33 1 6.839400 1.764984 -0.190929
34 6 0.143658 -1.309038 1.976519
35 1 -0.744959 -0.753065 2.285465
36 1 0.008119 -2.357316 2.242024
37 1 1.004492 -0.918407 2.521049
38 6 -0.556613 -1.507613 -1.913508
39 1 -0.099811 -0.563666 -2.220103
40 1 0.114729 -2.323237 -2.181346
41 1 -1.493750 -1.633763 -2.457540
42 6 -2.574881 4.337889 -0.001657
43 6 -1.874673 5.536495 0.148830
44 6 -3.964339 4.369371 -0.162760
45 6 -2.551966 6.748268 0.136376
46 1 -0.798708 5.532901 0.284907
47 6 -4.636129 5.581010 -0.175154
48 1 -4.499712 3.435680 -0.280528
49 6 -3.932165 6.773114 -0.026224
50 1 -2.001174 7.673454 0.256091
51 1 -5.711875 5.598057 -0.304508
52 1 -4.459236 7.720048 -0.037383
53 6 -6.889662 -4.462434 0.047721
54 6 7.037811 -0.366274 -0.050112
55 1 -7.820528 -5.016956 0.074250
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