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Table S1. Crystal and structure determination data of compound 1.

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Space group

Unit cell dimensions

Volume

zZ

Density(calculated)
Absorption coefficient
F(000)

Crystal size

@ range for data collection
Limiting indices

Reflections collected / unique
Completeness to &= 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>20(1)]

R indices (all data)

Largest diff. peak and hole

2(C30H30N205)*2H>0+CHCl3
1248.52

293(2) K

0.71073 A

Triclinic

P1

a=11.0281(8) A a=382.245(3)°
b=16.7330(14) A B=75.706(3)°
c=18.4016(15) A  y=75.369(3)°
3174.3(4) A3

2

1.306 mg m3

0.217 mm™*

1308

0.130 x 0.120 x 0.100 mm

2.663 to 27.449°

—14<h<14,-21<k<21,-23<[<23

69198 / 14457 [R(int) = 0.0496]
99.8 %

Semi-empirical from equivalents
0.979 and 0.972

Full-matrix least-squares on /2
14457/0/ 775

1.014

R;=0.0798, wR> =0.2279
R;=0.1444, wR, = 0.2822

0.951 and —0.517 eA®
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Table S2. The first ten singlet excited states (S,) of 5 and 6 computed by TDDFT/CPCM using

benzene as the solvent.

Compound Sh Excitation? Vertical excitation ft
(Coefficient)? wavelength / nm
5 S H-10—L (0.67) 305 0.000
Closed Sz H-3—L (0.67) 287 0.240
S3 H-3—L+1 (0.49) 276 0.022
H-5—L(-0.31)
Sq H-14—L (0.67) 269 0.000
Ss H-1-L (0.42) 267 0.175
H-3—-L+1 (-0.37)
H-1—-L+1 (0.30)
Se H-1—-L+1 (0.46) 252 0.069
S7 H-2—L+2 (0.56) 251 0.025
Ss H-5—L (0.48) 247 0.436
So H-1—L+3 (0.45) 244 0.053
Sio H—-L+2 (0.61) 243 0.752
6 S H-11—-L (0.67) 305 0.000
Closed S> H-3—-L (0.67) 287 0.237
S3 H-3—L+1 (0.48) 276 0.021
H-6—L (-0.31)
Sq H-20—L (0.66) 269 0.000
Ss H-1-L (0.44) 268 0.172
H-3—L+1 (-0.37)
H-1-L+1 (0.32)
Se H-1—-L+1 (0.50) 252 0.065
H-1-L (-0.30)
S7 H-—2—L+2 (0.55) 251 0.041
H—-L+7(0.31)
Ss H-6—L (0.48) 247 0.432
So H-1-L+3 (0.41) 244 0.200
H—-L+2 (0.41)
Sio H—-L+2 (0.49) 244 0.644
6 Si H-1-L (0.51) 467 0.950
Open H—L (-0.47)
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S, H-4—L (0.65) 371 0.000

S5 H—L(0.51) 335 0.008
H-1-L (0.47)

Sy H-3—L (0.66) 319 0.177

Ss H-11—L+1 (0.57) 308 0.000
H-11—L (0.30)

S6 H-2-L (0.70) 297 0.004

S; H-1—L+1 (0.48) 297 0.515
HoL+1 (~0.43)

Sg H-17—L+1 (0.60) 268 0.000
H-17—L(0.33)

So H-7—L(0.57) 255 0.033

Sio H-2—L+4 (0.45) 251 0.071

@ Orbitals involved in the major excitation (H=HOMO and L = LUMO).
b The coefficients in the configuration interaction (CI) expansion that are less than 0.3 are not listed.
¢ Oscillator strengths.
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Table S3. Cartesian coordinates of the optimized ground-state geometry of the closed form of 5.
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Table S4. Cartesian coordinates of the optimized ground-state geometry of the closed form of 6.
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Table S5. Cartesian coordinates of the optimized ground-state geometry of the open form of 6.
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Table S6. Rate constants of compounds 1-8 in benzene solution at different temperatures.

k x 10?/ s in benzene

Compound T/K

288 293 298 303 308 313
1 1.6 2.6 4.4 7.3 11.8 19.0
2 1.9 3.2 5.3 8.5 13.9 232
3 2.7 4.1 6.6 10.7 16.2 26.2
4 2.7 4.1 7.7 10.8 17.4 28.3
5 3.7 6.1 10.6 17.8 25.6 38.9
6 6.4 11.6 17.9 29.0 49.4 71.5
7 4.8 8.7 15.0 244 40.3 66.7
8 4.2 7.7 11.3 20.2 40.7 76.9
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Table S7. Cartesian coordinates of the ground-state geometry of the dimer of the open form of 6

optimized at the PBE0-D3(BJ) level.
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O(1)=C(1)=N(1) 106.39 O(1)=C(1)-N(1) 106.38
C(4)-C(5)-C(6)}-C(7) 4.037 C(4)-C(5)-C(6)-C(7) 3.048

Figure S1. The ground-state geometries of the closed forms of compounds 5 and 6 optimized at the
CAM-B3LYP/6-31G(d,p) level, with selected structural parameters. The bond lengths and bond

angles are in angstroms and degrees, respectively. All hydrogen atoms are omitted for clarity.
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Figure S2. Spatial plots (isovalue = 0.03) of selected molecular orbitals of the closed form of 5 at

the ground-state geometry optimized at the CAM-B3LYP level.
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Figure S3. Spatial plots (isovalue = 0.03) of selected molecular orbitals of the closed form of 6 at

the ground-state geometry optimized at the CAM-B3LYP level.
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Figure S4. Simulated UV-vis spectrum of the closed form of 5 computed by TDDFT/CPCM using

benzene as the solvent.
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Figure S5. Simulated UV-vis spectrum of the closed form of 6 computed by TDDFT/CPCM using

benzene as the solvent.
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Figure S6. Simulated UV-vis spectrum of the open form of 6 computed by TDDFT/CPCM using

benzene as the solvent.
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Figure S7. Spatial plots (isovalue = 0.03) of selected molecular orbitals of the open form of 6 at the

ground-state geometry optimized at the CAM-B3LYP level.
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Figure S8. (a) Time-dependent UV-vis absorption spectral changes of the open form and (b) the
decay trace at the absorption maximum at 603 nm with time of compound 2. (c¢) Time-dependent
UV-vis absorption spectral changes of the open form and (d) the decay trace at the absorption
maximum at 603 nm with time of compound 3. (¢) Time-dependent UV-vis absorption spectral
changes of the open form and (f) the decay trace at the absorption maximum at 603 nm with time
of compound 4 in benzene solution at 288 K after excitation at 365 nm (at time intervals of 10 s).

The arrows indicate the spectral changes with time (c = 8x10~° M).
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Figure S9. (a) Time-dependent UV-vis absorption spectral changes of the open form and (b) the

decay trace at the absorption maximum at 603 nm with time of compound 5. (¢) Time-dependent

UV-vis absorption spectral changes of the open form and (d) the decay trace at the absorption
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maximum at 603 nm with time of compound 6. (¢) Time-dependent UV-vis absorption spectral
changes of the open form and (f) the decay trace at the absorption maximum at 603 nm with time
of compound 7. (g) Time-dependent UV-vis absorption spectral changes of the open form and (h)
the decay trace at the absorption maximum at 603 nm with time of compound 8 in benzene solution
at 288 K after excitation at 365 nm (at time intervals of 10 s). The arrows indicate the spectral

changes with time (c = 8x107° M).

S20



@ 10 (b)

-7.0-
-1.51
-7.5-
-2.0
-8.0-
-2.51 ~
X
c £ 851
-3.01 =
£ 90
-3.51
-9.54
-4.01
—————————— -10.0 ————
315 320 3.25 3.30 3.35 3.40 3.45 3.50 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
(LUT)x10° /K™ (LT) x10°/ K™
(©) 10 (d)
-7.0-
-1.5
7.5
-2.04
. £ 801
s “ < 851
c
-3.0- =
9.0
-3.5-
-9.5-
'40 T T T T T T T T T T T T
3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
(LT) x10° /K™ (LUT) x10° / K™
(e) 110 f
®
-1.51
-7.5
-2.01
—~-8.01
< 251 E
< < 851
3.0 £
-9.0-
-3.51
-9.5
-4.0 ———————————— e
815 320 325 3.30 3.35 340 3.45 3.50 3.15 320 3.25 3.30 3.35 3.40 3.45 3.50
(LIT) x10°/ K (UT)x10° /K™

Figure S10. (a) Arrhenius and (b) Eyring plots for the thermal bleaching reaction of compund 2. (¢)
Arrhenius and (d) Eyring plots for the thermal bleaching reaction of compund 3. (e) Arrhenius and
(f) Eyring plots for the thermal bleaching reaction of compund 4 in benzene solution (c = 8x10~°

M).

S21



(@) (b) 65

-1.04
-7.04
-1.5
-7.54
~ -2.01 c
= & -8.0-
-2.5 c
-85
-3.01
-9.01
3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
(UT) x10° /K™ (@T) x10° /K™
(c) 0.0 (d)
-6.0
0.5
6.5
-1.0
_-7.01
X .15 [
£ < .75
-2.0 <
-8.04
-2.5-
-8.5
3.0 . . . . . . . . . , , .
3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
(UT) x10° /K™ (UT) x10° /K™
(e) o0 f
0 6.0
-0.51
10] 6.5
151 A-7.o<
x £
c -2.0 8-7.5~
-2.5+ £ -8.0
-3.0+ -8.5-
-3.5 . : . . , . 9.0 . . . . ; .
315 320 3.25 3.30 3.35 3.40 345 3.50 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
(WT) x10° /K™ (UT) x10° /K *
(9) o,] (h) -55
6.0
-0.51
-6.51
0] 7.0
X -15- £
= X -7.51
-2.0- c
= -8.01
-2.51
-8.5
-3.0
-9.04
3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
(UT)x10° /K™ (LIT) x10° /K™

Figure S11. (a) Arrhenius and (b) Eyring plots for the thermal bleaching reaction of compund 5. (c)
Arrhenius and (d) Eyring plots for the thermal bleaching reaction of compund 6. (¢) Arrhenius and
(f) Eyring plots for the thermal bleaching reaction of compund 7. (g) Arrhenius and (h) Eyring plots

for the thermal bleaching reaction of compund 8 in benzene solution (¢ = 8x10~° M).

S22



2.0
(a) 8006 THF-MeOH
So.04 —10-0
2 —091
159 | ales —
I 450 500 550 600 650 /3
c Wavelength / nm —6-4
I ] —55
£ 10 —46
o —37
2 —28
<< 0.5 —19
00 L T T T T T
300 400 500 600 700
Wavelength / nm
(C) 2.0 0.020
800 THF-MeOH
é 0010 : ;oio
o 15 \AT —&
8 450 550 600 650 — 73
< Wavelength / nm — 64
£ 1.0 —55
o
%)
<
0.54
0'0 L T T T ¢ T T
300 400 500 600 700
Wavelength / nm
(e) 2.0
THF-MeOH
— 100
—091
g 151 e
c Saveitngn /om0 —73
£ o %
g~ —46
Q —37
< —238
0.5 —19
A
0‘0 1 T T T T T
300 400 500 600 700

Wavelength / nm

—
O
~
N
o

1.5+

Absorbance

Absorbance

(f)

Absorbance

=
o
!

o
o
:

0.0+

o 0.08
fa}

THF-MeOH
—10-0
—9-1
—382

L

450 500 550 600 650

—7-3
—6-4
—55
—4-6
—3-7
—2-8
—19

Wavelength / nm

400

500 600 700

Wavelength / nm

0.03:
0.02
0.01-

Absorbance

o
S
3

THF-MeOH
—10-0
—9-1
—38-2

650 — 73
—6-4
—55
—46
—37
—28
—19

500 550 600
Wavelength / nm

300

400

500 600 700

Wavelength / nm

2.0

=
3
1

g
=}
N

o
2
1

0.0+

c
-‘Eu 0.008
E 0.004-
< 0.000

3 0012]

THF-MeOH
—10-0
—9-1

—8-2
— 73
—6-4
—55

450 500 550 600

Wavelength / nm

300

400

500 600 700

Wavelength / nm
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Figure S20. '"H NMR of compound 6 in CDCl; at room temperature.
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Experimental section

Materials and reagents: 3,4,5-Trimethoxybenzoic acid, 4-dimethylaminopyridine (DMAP),
N,N'-dicyclohexylcarbodiimide (DCC) and sodium ascorbate were purchased from Energy
Chemical Co, Ltd. Sodium azide (NaN3), copper(Il) sulfate pentahydrate (CuSO4°5H,0), N,N-
dimethylformamide (DMF), dichloromethane (DCM) and sodium sulphate (Na>SO4) were the
products of Beijing Chemical Reagent Company. All commercially available reagents were of
analytical grade and were used as received. All solvents were purified and distilled using
standard procedures before use. 2-(3'.3'-Dimethyl-6-nitrospiro[chromene-2,2'-indolin]-1'-
yl)ethan-1-ol (SP-OH)," 2-(3',3'-dimethyl-6-nitrospiro[chromene-2,2"-indolin]-1'-yl)ethyl 4-
methylbenzenesulfonate (SP-OTs),” 3,4,5-tris(octyloxy)benzoic acid (Cs-COOH),® 3,4,5-
tris(dodecyloxy)benzoic acid (Ci»-COOH),* 3,4,5-tris(hexadecyloxy)benzoic acid (Cie-
COOH),*  5-ethynyl-1,2,3-trimethoxybenzene,’ 5-ethynyl-1,2,3-tris(octyloxy)benzene (Cs-
alkyne),’  5-ethynyl-1,2,3-tris(dodecyloxy)benzene ~(Ci.-alkyne)® and 5-ethynyl-1,2,3-
tris(hexadecyloxy)benzene (Cis-alkyne)’ were synthesized recording to the literature with

slight modifications.
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Synthesis and characterization

1'-(2-Azidoethyl)-3',3'-dimethyl-6-nitrospiro[ chromene-2,2'-indoline] (SP-N3). NaN; (410
mg, 6.3 mmol) was added to a N,N-dimethylformamide (50 mL) solution containing SP-OTs
(640 mg, 1.26 mmol). The mixture was stirred for 2 days at room temperature under nitrogen
atmosphere. The reaction mixture was then poured into deionized water (100 mL). A yellow
solid was precipitated, filtered and washed with deionized water for three times. Yield: 400 mg,
84 %. '"H NMR (500 MHz, CDCls, 298 K, relative to MesSi) : /ppm = 8.06—7.96 (m, 2H; H,
Hy), 7.21 (t, J="7.1 Hz, 1H; H,), 7.11 (d, J= 7.1 Hz, 1H; H.), 6.98-6.88 (m, 2H; Hs, Hs), 6.76
(d, J=8.7 Hz, 1H; H;), 6.62 (d, J=7.1 Hz, 1H; Hy), 5.95 (d, J=10.3 Hz, 1H; H.), 3.60-3.40
(m, 2H; —CH,0O-), 3.39-3.29 (m, 2H; —-NCH,-), 1.29 (s, 3H, CHs), 1.20 (s, 3H, CHx).
Elemental analysis calcd (%) for C20H19NsOs: C 63.65, H 5.07, N 18.56; found: C 63.75, H

5.02, N 18.12.

L 1 R= §—CH,

o J 2 R= $—CgHyy
OR 3 R= E_Cmst
RO OR 4 R= $—Cyehy

Compound 1. To a degassed mixture of SP-OH (960 mg, 2.75 mmol), 3,4,5-

trimethoxybenzoic acid (700 mg, 3.30 mmol) and a catalytic amount of DMAP (37.5 mg, 0.31
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mmol) in dry dichloromethane (60 mL) was added DCC (684 mg, 3.32 mmol). The resulting
solution was allowed to stir at room temperature for 36 h under nitrogen atmosphere. After
filtering out the resulting 1,3-dicyclohexylurea (DCU), the solvent was removed under reduced
pressure to obtain the residue, which was purified by column chromatography on silica gel
(100-200 mesh) using petroleum ether-ethyl acetate (10:1, v/v) as the eluent. Subsequent
recrystallization from dichloromethane-methanol gave the pure product as a solid with a pale
green tint. Yield: 830 mg, 55 %. 'H NMR (500 MHz, CDCls, 298 K, relative to MesSi): d/ppm
=8.02-7.96 (m, 2H; Hy, Hy), 7.25-7.17 (m, 3H; H,, H;), 7.10 (d, /= 7.2 Hz, 1H; H.), 6.94—6.86
(m, 2H; Hy, Hy), 6.79 (d, J= 7.2 Hz, 1H; Hq), 6.74 (d, J= 8.5 Hz, 1H; H;), 5.88 (d, /= 10.3 Hz,
1H; H.), 4.46 (t, J = 6.2 Hz, 2H; —CH>0O-), 3.90 (s, 3H; —OCHs), 3.85 (s, 6H; —OCHs),
3.69-3.61 (m, 1H; —-NCH>-), 3.58-3.50 (m, 1H; -NCH,-), 1.29 (s, 3H; -CCHa), 1.17 (s, 3H;
—CCHj3). "C{'H} NMR (125 MHz, CDCls, 298 K): ¢/ppm = 166.08, 159.37, 152.97, 146.79,
142.38, 141.12,135.77,128.42, 127.89, 126.00, 124.83, 122.79, 121.89, 121.68, 119.97, 118.39,
115.59, 106.84, 106.74, 106.50, 63.14, 60.94, 56.24, 52.84, 42.44, 25.91, 19.83. MALDI-TOF
MS: m/z: 546.9 [M+H]". Elemental analysis calcd (%) for C30H3N20s: C 65.92, H5.53,N 5.13;
found: C 66.13, H 5.42, N 5.05.

Compound 2. This was prepared from a similar procedure as that of compound 1, except Cs-
COOH (470 mg, 0.93 mmol) was used instead of 3,4,5-trimethoxybenzoic acid. Yield: 203 mg,
31 %. '"H NMR (500 MHz, CDCls, 298 K, relative to MesSi): d/ppm = 8.04—7.94 (m, 2H; Hy,
Hy), 7.23-7.17 (m, 3H; H., Hj), 7.10 (d, J = 7.1 Hz, 1H; H.), 6.94-6.84 (m, 2H; H,, Hy),
6.79-6.72 (m, 2H; H;, Ha), 5.87 (d, J = 10.3 Hz, 1H; H.), 4.43 (t, J = 6.2 Hz, 2H; -CH,0-),
4.01 (t, J = 6.6 Hz, 2H; CH>), 3.94 (t, J = 6.6 Hz, 4H; CH,), 3.67-3.45 (m, 2H; -NCH,-),
1.84-1.70 (m, 6H; CH>), 1.51-1.41 (m, 6H; CH,), 1.40-1.22 (m, 27H; CH,, —-CCH3), 1.16 (s,
3H; —~CCHj3), 0.88 (t, J= 6.3 Hz, 9H; —~CH3). *C{'H} NMR (125 MHz, CDCls, 298 K): 6/ppm
= 166.30, 159.38, 152.86, 146.80, 142.59, 141.12, 135.74, 128.35, 127.89, 125.99, 124.33,
122.77, 121.84, 121.75, 119.94, 118.39, 115.58, 108.01, 106.75, 106.52, 73.53, 69.19, 62.94,
52.81,42.51,31.90, 31.84, 30.34, 29.51, 29.36, 29.31, 29.29, 26.10, 26.05, 25.91, 22.68, 19.84,
14.10. MALDI-TOF MS: m/z: 841.4 [M+H]". Elemental analysis calcd (%) for Cs;H72N,Os: C
72.82, H 8.63, N 3.33; found: C 72.91, H 8.52, N 3.24.

Compound 3. This was prepared from a similar procedure as that of compound 1, except Ci»-
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COOH (580 mg, 0.85 mmol) was used instead of 3,4,5-trimethoxybenzoic acid. Yield: 380 mg,
51 %. '"H NMR (500 MHz, CDCls, 298 K, relative to MesSi): 6/ppm = 8.04-7.96 (m, 2H; Hy,
Hy), 7.23-7.16 (m, 3H; H., Hj), 7.09 (d, J=7.2 Hz, 1H; H.), 6.93-6.84 (m, 2H; Hy, Hy), 6.79 —
6.72 (m, 2H; H;, Hq), 5.87 (d, J=10.3 Hz, 1H; H.), 4.43 (t, J = 6.1 Hz, 2H; —-CH,0O-), 4.01 (t,
J = 6.5 Hz, 2H; CH,), 3.98-3.90 (m, 4H; CH), 3.67-3.45 (m, 2H; -NCH,-), 1.83-1.69 (m,
6H; CH>), 1.52-1.40 (m, 6H; CH>), 1.40-1.22 (m, 51H; CH,, -CCHj3), 1.16 (s, 3H; —CCHj3),
0.88 (t, J = 6.8 Hz, 9H; —CH;). *C{'H} NMR (125 MHz, CDCl;, 298 K): ¢/ppm = 166.30,
159.38, 152.87, 146.80, 142.59, 141.12, 135.74, 128.35, 127.90, 125.99, 124.33, 122.78,
121.84, 121.74, 119.94, 118.39, 115.58, 108.01, 106.75, 106.52, 73.53, 69.18, 62.95, 52.81,
42.52,31.94,30.35,29.74,29.72, 29.68, 29.66, 29.58, 29.42,29.41, 29.38, 29.33, 26.11, 26.07,
25.91,22.71, 19.84, 14.13. MALDI-TOF MS: m/z: 1010.1 [M+H]". Elemental analysis calcd
(%) for Cs3HosN20s: C 74.96, H 9.59, N 2.78; found: C 74.85, H 9.49, N 2.63.

Compound 4. This was prepared from a similar procedure as that of compound 1, except Ci¢-
COOH (490 mg, 0.58 mmol) was used instead of 3,4,5-trimethoxybenzoic acid. Yield: 250 mg,
36 %. '"H NMR (500 MHz, CDCls, 298 K, relative to MesSi): 6/ppm = 8.04—7.96 (m, 2H; Hy,
Hy), 7.23-7.15 (m, 3H; H., Hj), 7.09 (d, J= 7.0 Hz, 1H; H,), 6.92-6.84 (m, 2H; Hs, Hy), 6.80 —
6.70 (m, 2H; H;, Ha), 5.87 (d, /= 10.4 Hz, 1H; Hc), 4.43 (t, J = 6.1 Hz, 2H; -CH.0O-), 4.01 (t,
J = 6.5 Hz, 2H; CH,), 3.98-3.90 (m, 4H; CH,), 3.67-3.45 (m, 2H; —-NCH,-), 1.87-1.67 (m,
6H; CH>), 1.51-1.40 (m, 6H; CH>), 1.39-1.19 (m, 75H; CH,, -CCH3), 1.16 (s, 3H; —CCHj),
0.88 (t, J = 6.8 Hz, 9H; —CH;). *C{'H} NMR (125 MHz, CDCl;, 298 K): d¢/ppm = 166.30,
159.38, 152.87, 146.80, 142.59, 141.12, 135.74, 128.35, 127.90, 125.99, 124.33, 122.77,
121.84, 121.74, 119.94, 118.39, 115.58, 108.01, 106.76, 106.51, 73.53, 69.19, 62.96, 52.81,
42.52,31.95,30.36, 29.73, 29.69, 29.67, 29.59, 29.43, 29.39, 29.33, 26.12, 26.08, 25.92,22.71,
19.84, 14.13. MALDI-TOF MS: m/z: 1178.3 [M+H]". Elemental analysis calcd (%) for

C75sH120N20g: C 76.48, H 10.27, N 2.38; found: C 76.21, H 9.98, N 2.26.
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Compound 5. This was prepared according to a modification of the procedures for azide-
alkyne click reaction in the literature.® To a solution of SP-N; (315 mg, 0.83mmol) and 5-
ethynyl-1,2,3-trimethoxybenzene (200 mg, 1.04 mmol) in dichloromethane (30 mL) were
added sodium ascorbate (100 mg, 0.50 mmol) and CuSO45H,O (253 mg, 1.01 mmol) in
deionized water (20 mL). The mixture was stirred at room temperature under nitrogen
atmosphere overnight. The organic phase was separated and washed with deionized water, and
was dried over anhydrous Na>SOs. After the solvent was removed under reduced pressure, the
crude product was purified by column chromatography on silica gel with petroleum ether-ethyl
acetate (5:1, v/v) as the eluent to give the product as a solid with a pale blue tint. Yield: 300 mg,
62 %. '"H NMR (500 MHz, CDCls, 298 K, relative to MesSi): 6/ppm = 8.03-7.93 (m, 2H; Hj,
Hy), 7.60 (s, 1H; H;), 7.23 (t, J= 7.1 Hz, 1H; He), 7.13 (d, J= 7.1 Hz, 1H; H,), 7.00-6.93 (m,
3H; Hy, Hy), 6.78 (d, J=10.4 Hz, 1H; Hy), 6.73 (d, /= 8.9 Hz, 1H; H;), 6.61 (d, J=7.1 Hz, 1H;
Hg), 5.14 (d, J=10.4 Hz, 1H; H.), 4.62 (t, J = 4.8 Hz, 2H; -NCH-), 3.90 (s, 6H; CH3), 3.88
(s, 3H; CH3), 3.83-3.73 (m, 1H; —CH»0-), 3.69-3.60 (m, 1H; -CH,0-), 1.24 (s, 3H; —CCH}),
1.11 (s, 3H; =CH3). PC{'H} NMR (125 MHz, CDCls, 298 K): 6/ppm = 158.91, 153.72, 147.61,
145.90, 141.26, 138.24, 136.14, 128.82, 128.01, 125.98, 122.81, 122.25, 120.76, 120.66,
120.58, 118.36, 115.51, 106.45, 106.37, 102.87, 60.96, 56.25, 52.70, 48.84, 44.46, 25.75, 19.84.
MALDI-TOF MS: m/z: 570.0 [M+H]". Elemental analysis calcd (%) for C3;H3:NsOs: C 65.37,

H 5.49, N 12.30; found: C 65.48, H 5.47, N 12.12.
Compound 6. This was prepared from a similar procedure as that of compound 5§, except Cs-
alkyne (340 mg, 0.73 mmol) was used instead of 5-ethynyl-1,2,3-trimethoxybenzene. Yield:
340 mg, 39 %. 'H NMR (500 MHz, CDCls, 298 K, relative to MesSi): o/ppm = 8.03-7.92 (m,

2H; Hy, Hy), 7.57 (s, 1H; H)), 7.25-7.20 (M, 1H; H.), 7.15-7.10 (M, 1H; H,), 6.99-6.92 (m, 3H;
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Hs, Hy), 6.77 (d, J=10.3 Hz, 1H; Hy), 6.72 (d, /=9.0 Hz, 1H; H;), 6.61 (d, /= 7.1 Hz, 1H; Hy),
5.12(d, J=10.3 Hz, 1H; H.), 4.63—4.55 (m, 2H; —-CH,0-), 4.04-3.93 (m, 6H; CH>), 3.81-3.73
(m, 1H; -NCH,-), 3.66-3.58 (m, 1H; —NCH-), 1.85-1.71 (m, 6H; CH>), 1.53-1.42 (m, 6H;
CHy), 1.40-1.18 (m, 27H; CH, —-CCHs), 1.10 (s, 3H; -CCHz), 0.89 (t, J = 6.6 Hz, 9H; —CH3).
BC{'H} NMR (125 MHz, CDCls, 298 K): é/ppm = 158.91, 153.61, 147.87, 145.92, 141.29,
138.53,136.17,128.82,127.99, 125.97, 125.41, 122.82, 122.24, 120.64, 120.58, 118.37, 115.50,
106.46, 106.36, 104.37, 77.28, 77.03, 76.77, 73.55, 69.30, 52.69, 48.78, 44.50, 31.92, 31.85,
30.36, 29.57, 29.44, 29.39, 29.31, 26.13, 26.11, 25.75, 22.71, 22.69, 19.84, 14.11. MALDI-
TOF MS: m/z: 864.1 [M+H]". Elemental analysis calcd (%) for Cs;H73NsO¢: C 72.27, H 8.51,
N 8.10; found: C 72.49, H 8.25, N 8.07.

Compound 7. This was prepared from a similar procedure as that of compound 5, except Ci2-
alkyne (833 mg, 1.32 mmol) was used instead of 5-ethynyl-1,2,3-trimethoxybenzene. Yield:
510 mg, 47 %. '"H NMR (500 MHz, CDCl;, 298 K, relative to MesSi): 6/ppm = 8.04-7.92 (m,
2H; Huw, Hy), 7.57 (s, 1H; Hj), 7.23 (t,J=7.1 Hz, 1H; H,), 7.13 (d, J=7.1 Hz, 1H; H,), 7.00-6.90
(m, 3H; Hs, Hy), 6.77 (d, J=10.3 Hz, 1H; Hy), 6.72 (d, /= 9.0 Hz, 1H; H;), 6.61 (d, J="7.1 Hz,
1H; Hq), 5.10 (d, /= 10.3 Hz, 1H; H.), 4.65-4.53 (m, 2H; -CH,0-), 4.05-3.93 (m, 6H; CH>),
3.82-3.72 (m, 1H; -NCH>-), 4.00-3.92 (m, 1H; -NCH,-), 1.86—1.70 (m, 6H; CH>), 1.53-1.42
(m, 6H; CH>), 1.40-1.29 (m, 51H; CH>, -CCH3), 1.10 (s, 3H; —CCHs), 0.88 (t, /= 6.9 Hz, 9H;
—CH;). PC{'H} NMR (125 MHz, CDCl;, 298 K): 6/ppm = 158.92, 153.62, 147.86, 145.93,
141.27,138.51, 136.15, 128.80, 128.00, 125.95, 125.43, 122.80, 122.22,120.63, 118.38, 115.49,
106.46, 106.37, 104.35, 73.54, 69.29, 52.68, 48.79, 44.50, 31.96, 31.95, 30.38, 29.78, 29.76,
29.73, 29.72, 29.68, 29.64, 29.46, 29.41, 29.39, 26.16, 26.14, 25.76, 22.71, 19.84, 14.13.
MALDI-TOF MS: m/z: 1032.7 [M+H]". Elemental analysis calcd (%) for CesHo7NsOs: C 74.45,
H 9.47, N 6.78; found: C 74.62, H9.37, N 6.70.

Compound 8. This was prepared from a similar procedure as that of compound 5, except Ci¢-
alkyne (680 mg, 0.81 mmol) was used instead of 5-ethynyl-1,2,3-trimethoxybenzene. Yield:
480 mg, 50 %. 'H NMR (500 MHz, CDCls, 298 K, relative to MesSi): o/ppm = 8.03-7.93 (m,
2H; Hp, Hy), 7.56 (s, 1H; H;), 7.23 (t, J=7.2 Hz, 1H; H), 7.13 (d, J=7.2 Hz, 1H; H.), 7.00-6.90
(m, 3H; Hs, Hy), 6.77 (d, J=10.3 Hz, 1H; Hy), 6.72 (d, /= 9.0 Hz, 1H; H;), 6.60 (d, /= 7.2 Hz,

1H; Ha), 5.12 (d, J= 10.3 Hz, 1H; H.), 4.67-4.52 (m, 2H; ~CH,0-), 4.07-3.89 (m, 6H; CH.),
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3.82-3.57 (m, 2H; -NCH>-), 1.87-1.71 (m, 6H; CH,), 1.52-1.42 (m, 6H; CH>), 1.41-1.17 (m,
75H; CH,, —CCH3), 1.10 (s, 3H; —CCH3), 0.88 (t, J = 6.7 Hz, 9H; —CH3). "C{'H} NMR (125
MHz, CDCls, 298 K): 6/ppm = 158.92, 153.62, 147.86, 145.93, 141.27, 138.51, 136.15, 128.80,
128.00, 125.95, 125.43, 122.80, 122.22, 120.63, 118.38, 115.49, 106.46, 106.37, 104.35, 73.54,
69.29, 52.68, 48.79, 44.50, 31.96, 31.95, 30.38, 29.78, 29.76, 29.73, 29.72, 29.68, 29.64, 29.46,
29.41,29.39, 26.16, 26.14, 25.76, 22.71, 19.84, 14.13. MALDI-TOF MS: m/z: 1200.9 [M+H]".
Elemental analysis calcd (%) for C76Hi21NsO¢: C 76.02, H 10.16, N 5.83; found: C 76.23, H

10.07, N 5.73.

Physical measurements and instrumentation

'H NMR (500 MHz) and “C{'H} NMR (125 MHz) spectra were obtained on a Bruker DRX
500 (500 MHz) spectrometer at 298 K with chemical shifts reported relative to
tetramethylsilane (MesSi). All MALDI-TOF mass spectra were recorded on a Bruker Autoflex
speed TOF. Elemental analysis was carried out on a Flash EA1112 analyzer from ThermoQuest
Italia S.P.A. The single crystal structure was obtained on a R-AXIS RAPID X-ray single crystal
diffractometer. UV-Vis absorption spectra were recorded using a Varian Cary 50 UV-vis
spectrophotometer. Steady-state excitation and emission spectra at room temperature were
obtained on an Edinburgh Instruments FS5 spectrofluorometer. The kinetics experiments of the
thermal backward reaction of the open form of all the compounds at various temperatures were
carried out by using a Varian Cary 50 UV-vis spectrophotometer with a single cell Peltier
thermostat. Transmission electron microscopy (TEM) experiments were recorded on a Philips
Tecnai G2 20 S-TWIN or on a Philips CM100 Transmission Electron Microscope with an
accelerating voltage of 200 kV. Dynamic light scattering (DLS) measurements were performed
at 25 °C using Malvern (UK) Zetasizer 3000HSA with internal HeNe laser (4o = 632.8 nm).
Atomic force microscope (AFM) measurements were carried out on a Bruker FastScan atomic
force microscope. Powder X-ray diffraction (XRD) data were recorded on a Rigaku X-ray
diffractometer using Cu-Ka radiation at a wavelength of 1.542 A.
Thermal bleaching kinetics measurement

The thermal bleaching reaction of spiropyrans is known to follow first order kinetics at
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various temperatures. The kinetics for the bleaching reaction were determined by measurement
of the UV-vis spectral changes at various temperatures by use of a Varian Cary 50 UV-vis
spectrophotometer, with the temperature controlled by a Varian Cary single cell Peltier
thermostat. The first-order rate constants were obtained by taking the negative value of the
slope of a linear least-squares fit of In [(4 — Ax)/(4o— Ax)] against time according to Equation(1),
In [(4 — Ae)/(Ao— Ar)] = —kt (1)
where A, Ay, and A, are the absorbances at the absorption wavelength maximum of the
photomerocyanine at times ¢, 0 and infinity, respectively, and k is the rate constant of the
reaction. The kinetics parameters were obtained by a linear least-squares fitting of In (k/7)
against 1/7 according to the linear expression of the Eying equation (2), In & against 1/T
according to the Arrhenius equation (3), and the change in Gibbs free energy of activation (4G?)

at 298 K were determined according to equation (4),

In (k/T) = — (AH?/R) (1/T) + In (kg h™*) + (AS?/R) )
In (k)=-EJ/RT+1In 4 3)
AG* = AH" — TAS* “)

where AH” and AS” are the changes in activation enthalpy and entropy, respectively, 7 is the
temperature, and kg, R, h, and A are the Boltzmann’s constant, the universal gas constant, the

Planck constant and the frequency factor, respectively.

Sample preparation

The samples for TEM measurements were prepared by adding a few drops of solutions onto a
carbon-coated copper grid. They were then dried in air until the solvent was completely
evaporated off in the dark. The sample preparation for AFM measurements was the same as
that for TEM except that 10 pL of solution was dropped onto a silicon wafer. Samples for XRD
experiments were prepared by drop-casting 10 pL of self-assembly solution onto a silicon wafer
followed by drying at room temperature, and this procedure was repeated for ten times to
accumulate enough samples for obtaining XRD signals.

Computational Details

All the calculations were performed using the Gaussian 09 suite of programs.’ By density

functional theory (DFT), the ground-state (So) geometries of the closed forms of compounds 5
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and 6, as well as the open form of compound 6, were fully optimized in benzene with the long
range corrected B3LYP functional using the Coulomb-attenuating method (CAM-B3LYP),"" in
conjunction with the conductor-like polarizable continuum model (CPCM).'""'? Time-
dependent DFT (TDDFT)"*™ calculations at the same level of theory associated with CPCM
(benzene) have been performed based on the optimized So geometries for the computation of
the singlet—singlet transitions in the electronic absorption spectra of compounds 5 and 6. To
investigate the noncovalent interactions in the dimeric form, geometry optimization on the
dimer of the open merocyanine form of compound 6 has been performed with the PBEO-D3(BJ)
functional in methanol, and noncovalent interactions (NCI) analysis has been carried out on the
optimized geometry. Vibrational frequency calculations have been carried out based on the
optimized So geometries. All stationary points were verified to be minima on the potential
energy surface, as no imaginary frequencies were observed (NIMAG = 0), except the dimer of
the open form of 6 in which a small imaginary frequency of 2i cm™ was found. For all the
calculations, the 6-31G(d,p) basis set'®™® was employed to describe all the atoms. All the DFT

and TDDFT calculations were carried out with a pruned (99,590) grid for numerical integration.
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