Supplementary materials

New Triphenylphosphonium Salts of Spiropyrans: Synthesis and Photochromic Properties

A.A. Khuzin,**D.I. Galimov,* L.L. Khuzina,* A.A. Tukhbatullin!

YInstitute of Petrochemistry and Catalysis Ufa Federal Research Center of the Russian Academy
of Sciences, 141, Oktyabrya Prospect, 450075 Ufa, Russia

* E-mail address: artur.khuzin@gmail.com.



Phenylhydrazine, 1,3-dibromopropane, 1,4-dibromobutane, 1,5-dibromopentane, 1,6-
dibromohexane, 1,8-dibromooctane, 2-hydroxy-5-nitrobenzaldehyde, triethylamine,

triphenylphosphine were purchased from Aldrich and used as received.

Synthesis of compound 1: A mixture of 60 g (1 eq) of phenylhydrazine and 60 ml (1 eq) of 3-
methyl-2-butanone was refluxed in glacial acetic acid for 2.5 h. After cooling, the mixture was
neutralized, the organic phase was separated and distilled. Yield: 93% of theoretical.

'H NMR (400 MHz, CDCls): § = 1.31 (s, 6H, 2CH3), 2.30 (s, 3H, 1CHs), 7.21 (t, J = 7.3 Hz,1H),
7.30 (m, 2H), 7.56 (d, J = 7.7 Hz, 1H) ppm. 3C NMR (100 MHz, CDCls): & = 15.22, 23.04, 53.57,
119.78, 121.31, 125.21, 127.62, 145.49, 153.21, 188.27 ppm.
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Figure S1. *H NMR spectra of compound 1 (400 MHz, CDCls).
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Figure S2. 3C NMR spectra of compound 1 (100 MHz, CDCls).

General procedure for the synthesis of compounds 2-6: 2,3,3-Trimethyl-3H-indol 1 (1.0

eq) and dibromoalkane (3.0 eq) was refluxed in 95% acetonitrile for 8 h. Sequential purification
via flash chromatography (acetone; dichloromethane:ethanole 10:1) afforded compounds 2-6 (30-
35%) as a light yellow solid.
Compound 2: *H NMR (400 MHz, CDCls): § = 1.32 (s, 6H), 1.88 (br. s, 2H), 2.01 (d, J = 3.0 Hz,
2H), 2.99 (br. s, 2H), 4.19 (br. s, 2H), 7.24 (m, 4H), 7.40 (d, J = 6.5 Hz, 1H) ppm. $3C NMR (100
MHz, CDCls): 6 = 16.40, 19.85, 23.25, 24.47, 46.02, 53.58, 114.57, 122.70, 128.94, 129.71,
141.19, 141.26, 195.23 ppm.
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Figure S3. *H NMR spectra of compound 2 (400 MHz, CDCls).
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Figure S4. 3C NMR spectra of compound 2 (100 MHz, CDCls).



Compound 3: 'H NMR (400 MHz, CDCls): & = 1.42 (s, 6H), 1.93 (br. s, 4H), 2.93 (s, 3H), 3.32
(t, J=5.3 Hz, 2H), 4.59 (t, J = 6.6 Hz, 2H), 7.39 (m, 3H), 7.70 (m, 3H) ppm. **C NMR (100 MHz,
CDCls): 6 = 16.12, 22.92, 26.37, 29.12, 33.18, 48.19, 54.52, 115.52, 123.25, 129.43, 129.98,

140.71, 141.39, 196.18 ppm.
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Figure S5. *H NMR spectra of compound 3 (400 MHz, CDCls).
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Figure S6. 3C NMR spectra of compound 3 (100 MHz, CDCls).

Compound 4: H NMR (400 MHz, CDCls): & = 1.64 (s, 6H), 1.93 (dt, J = 15.6, 7.8 Hz, 2H), 2.02
(dt, J = 15.7, 7.9 Hz, 2H), 3.18 (s, 3H), 3.42 (t, J = 6.4 Hz, 2H) 4.81 (t, J = 7.6 Hz, 2H), 7.58 (s,
3H), 7.77 (d, J = 4.7 Hz, 1H) ppm. 3C NMR (100 MHz, CDCls): § = 16.52, 23.15, 25.14, 27.13,
31.64, 33.49, 49.39, 54.65, 115.50, 123.29, 129.57, 130.09, 140.97, 141.64, 196.31 ppm.
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Figure S7. *H NMR spectra of compound 4 (400 MHz, CDCls).
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Figure S8. 3C NMR spectra of compound 4 (100 MHz, CDCls).

Compound 5: *H NMR (400 MHz, CDCls): § = 1.37 (m, 4H), 1.48 (s, 6 H), 1.70 (m, 2H), 1.82
(m, 2H), 2.96 (s, 3H), 3.24 (t, J = 6.6 Hz, 2H) 4.56 (t, J = 7.7 Hz, 2H), 7.42 (m, 2H), 7.46 (m, 1H),
7.62 (m, 1H) ppm. 3C NMR (100 MHz, CDCls): & = 16.13, 22.97, 25.74, 27.49, 27.84, 32.11,
33.83, 49.14, 54.55, 115.34, 123.34, 129.43, 130.02, 140.74, 141.51, 195.94 ppm.
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Figure S9. *H NMR spectra of compound 5 (400 MHz, CDCls).
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Figure S10. 3C NMR spectra of compound 5 (100 MHz, CDCls).

Compound 6: *H NMR (400 MHz, CDCls): § = 1.34 (m, 9H), 1.58 (s, 6 H), 1.76 (m, 2H), 1.89
(m, 2H), 2.96 (s, 3H), 3.08 (s, 3H), 3.34 (m, 3H), 4.67 (t, J = 7.4 Hz, 2H), 7.52 (m, 3H), 7.65 (m,
1H) ppm. 3C NMR (100 MHz, CDCls): § = 16.27, 23.05, 26.57, 27.79, 27.98, 28.30, 28.86, 32.49,
34.05, 49.47, 54.61, 115.30, 123.35, 129.46, 130.05, 140.89, 141.65, 195.95 ppm.



Current Data Parameters
NAME Compound &
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220408

Time 10.17
INSTRUM spect
IE.?\EBO BB-

PROBHD 5mm

PULPROG zg30

TD 16384
SOLVENT CDCI3

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.489064 Hz
AQ 1.0223616 sec
RG 80.6

DwW 62.400 usec
DE 6.50 usec

TE 2975K

D1 1.00000000 sec
TDO 1

=====—== CHANNEL f1 =====—==
SFO1 400.1332010 MHz
NUG1 1H

P1 14.80 usec
PLW1 8.89999962 W

F2 - Processing parameters
Sl 16384

SF 400.1300000 MHz
WDW EM

SSB
| B 200k
” | l |, I PC 1.00
J h I'M
i i JUl WUV L

T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
|

|
ofr~ ( ~|(o émmo
o|lm — r~|[= n|S|0|—
Qe < Q| o=|~|e
—l o aillen oo | o

Figure S11. *H NMR spectra of compound 6 (400 MHz, CDCls).
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Figure S12. *H NMR spectra of compound 6 (100 MHz, CDCls).
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General procedure for the synthesis of compounds 7-11: A solution of compounds 2-6
(1.0 eq), 2-hydroxy-5-nitrobenzaldehyde (1.0 eq) and EtsN (1.1 eq) in EtOH were refluxed for 8
h. The white precipitate was removed. The crude product was purified by flash chromatography
on silica gel with petroleum ether/EtOAc (10:1) as eluent to afford compouds 7-11 as light yellow
solid (40-45%).
Compound 7: *H NMR (400 MHz, CDCls): 8 = 1.22 (s, 3H), 1.32 (s, 3 H), 2.13 (m, 1H), 2.29 (m,
1H), 3.32 (m, 1H), 3.45 (m, 3H), 5.91 (d, J = 10.4 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.78 (d, J =
9.5 Hz, 1H), 6.93 (t, J = 7.4 Hz, 1H), 6.97 (d, J = 10.4 Hz, 1H), 7.13 (d, J = 7.1 Hz, 1H), 7.23 (t,
J = 7.6 Hz, 1H), 8.04 (s, 1H), 8.06 (d, J = 2.5 Hz, 1H) ppm. 2*C NMR (100 MHz, CDCls): & =
19.90, 25.97, 31.03, 31.77, 42.01, 52.65, 106.68, 106.86, 115.56, 118.52, 119.84, 121.74, 121.87,
122.80, 125.96, 127.84, 128.49, 136.03, 141.07, 146.83, 159.43 ppm.
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Figure S13. *H NMR spectra of compound 7 (400 MHz, CDCls).
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Figure S14. 13C NMR spectra of compound 7 (100 MHz, CDCls).

Compound 8: *H NMR (400 MHz, CDCla): § = 1.22 (s, 3H), 1.32 (s, 3 H), 1.88 (m, 4H), 3.22 (m,
2H), 3.41 (m, 2H), 5.90 (d, J = 10.4 Hz, 1H), 6.61 (d, J = 7.8 Hz, 1H), 6.77 (d, J = 9.3 Hz, 1H),
6.91 (t, J = 7.4 Hz, 1H), 6.95 (d, J = 10.4 Hz, 1H), 7.12 (d, J = 7.1 Hz, 1H), 7.22 (t, J = 7.6 Hz,
1H), 8.03 (s, 1H), 8.05 (d, J = 2.5 Hz, 1H) ppm. 3C NMR (100 MHz, CDCls): § = 19.90, 26.02,
27.68,30.47, 33.33, 42.99, 52.65, 106.70, 115.57, 118.45, 119.61, 121.79, 121.86, 122.77, 125.95,

127.82, 128.29, 135.97, 140.99, 146.97, 159.57 ppm.
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NAME Compound 8
EXPNO 1
PROCNO 1

L1.225

F2 - Acquisition Parameters

Date_ 20211014

Time 11. 31
INSTRUM

PROBHD 5 mm ABEO BB-
PULPROG zg30

D 16384
SOLVENT CDCI3

NS 8

DS 0

SWH 8012.820 Hz
FIDRES 0.489064 Hz
AQ 1.0223616 sec
RG 90.5

DW 62.400 usec
DE 6.50 usec

TE 208 2K

D1 1.00000000 sec
TDO 1

—=——=——= CHANNEL f1 —==——=—-
SFO1 400.1332010 MHz
NUCA1 1H

P1 14.80 usec
PLW1 8.89999962 W
F2 - Processing parameters
Sl 16384

SF 400.1300000 MHz
WDW EM

D
SSB 0
' LB 0.50 Hz
| || GB 0
\ UL PC 1.00
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Figure S15. *H NMR spectra of compound 8 (400 MHz, CDCls).
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I o spe
NN N N NN INSTRUM _ spect.
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TD 32768
SOLVENT CDCI3
NS 200
DS 2
SWH 25252 525 Hz
FIDRES 0.770646 Hz
AQ 0.6488064 sec
RG 2050
DW 19.800 usec
DE 6.50 usec
TE 298.4 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 8
—= CHANNEL f1 ===
100.6248425 MHz
NUG1 13C
P1 10.00 usec
PLW1 34.00000000 W
—== CHANNEL 2 ====—eo=
SFO2 400.1316005 MHz
NUGC2 1H
GPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 8.89999962 W
PLW12 0.24067000 W
PLW13 0.19495000 W
E2 - Processing parameters
Sl 65536
SF 100.6127690 MHz
\éVSB EM
0
A i AR e s o W W ool (5 200 Hz
GB 0
T T T T T T T T T T T T T T T T T PC 1.40

T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S16. 3C NMR spectra of compound 8 (100 MHz, CDCls).
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Compound 9: *H NMR (400 MHz, CDCla): § = 1.22 (s, 3H), 1.31 (s, 3 H), 1.51 (m, 2H), 1.59 (m,
1H), 1.72 (m, 1H), 1.88 (m, 2H), 3.20 (m, 2H), 3.41 (t, J = 6.5 Hz, 2H), 5.91 (d, J = 10.3 Hz, 1H),
6.60 (d, J = 7.7 Hz, 1H), 6.77 (d, J = 9.2 Hz, 1H), 6.90 (t, J = 7.4 Hz, 1H), 6.95 (d, J = 10.4 Hz,
1H), 7.12 (d, J = 7.1 Hz, 1H), 7.22 (t, J = 7.5 Hz, 1H), 8.04 (d, J = 7.3 Hz, 2H) ppm. 13C NMR
(100 MHz, CDCls): 5 = 19.88, 25.87, 26.03, 28.12, 32.41, 33.70, 43.55, 52.65, 106.66, 106.75,
115.54, 118.48, 119.45, 121.76, 121.99, 122.76, 125.92, 127.77, 128.21, 135.97, 140.92, 147.04,

159.64 ppm.
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1
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Figure S17. *H NMR spectra of compound 9 (400 MHz, CDCls).
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Current Data Parameters

NAME Compound 9
EXPNO 13

@) ~Lwowam D~ — OMO o

<t #NNFEF@%&QGQO‘#U‘JCD D= M I~ MO Ut OO PROGNO 1

© ceauUNO~NONTTONO Q@IS N W OT NGO

D NOWONWON—+— 00w o © T anN © WNY-OoaQQ F2 - Acquisition Parameters

N IT¥TOANNANNNN-~—™— OO0 ~r~ @ o O oadgOwno Date 20220406

- T T — M~~~ w T OO NN o — S

. 3 L Time 10.31
| NN/

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPR

zgpg30
TD 32768
SOLVENT CDCI3
NS 60
DS 2
SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488064 sec
RG 2050
DW 19.800 usec
DE 6.50 usec
TE 2964 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 8
======== CHANNEL f{ ====——--
SFO1 100.6248425 MHz
NUCH1 13C
P1 10.00 usec
PLW1 34.00000000 W
======== CHANNEL f2 ====—---
SFO2  400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 8.89999962 W
PLW12 0.24067000 W
PLW13 0.19495000 W
F2 - Processing parameters
Sl 65536
SF 100.6127690 MHz
WDW EM
SSB 0

LB 2.00 Hz
GB 0
PC 1.40

T T T T 1 T T T T 1 T 1 T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S18. 3C NMR spectra of compound 9 (100 MHz, CDCls).

Compound 10: *H NMR (400 MHz, CDCla): & = 1.23 (s, 3H), 1.30 (s, 3 H), 1.37 (m, 2H), 1.45
(m, 3H), 1.58 (m, 2H), 1.71 (m, 2H), 1.85 (m, 2H), 3.19 (m, 2H), 3.40 (t, J = 6.7 Hz, 2H), 5.89
(d, J = 10.4 Hz, 1H), 6.59 (d, J = 7.7 Hz, 1H), 6.76 (d, J = 8.6 Hz, 1H), 6.89 (t, J = 7.4 Hz, 1H),
6.94 (d, J = 10.4 Hz, 1H), 7.11 (d, J = 7.2 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H), 8.03 (s, 1H), 8.05 (d,
J =25 Hz, 1H) ppm. *C NMR (100 MHz, CDCls): § = 19.86, 26.05, 26.47, 27.93, 28.80, 32.67,
33.81, 43.60, 52.64, 106.65, 106.74, 115.55, 118.49, 119.37, 121.72, 121.99, 122.74, 125.90,
127.76, 128.16, 135.95, 140.90, 147.09, 159.67 ppm.
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FIDRES 0.489064 Hz
AQ 1.0223616 sec
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DW 62.400 usec

DE 6.50 usec

TE 2971 K

D1 1.00000000 sec

TDO 1

======== CHANNEL f{ ===——=--
SFO1 400.1332010 MHz
NUC1 1H

P1 14.80 usec
PLW1 8.89999962 W

F2 - Processing parameters
Sl 16384

SF 400.1300000 MHz
WDwW EMm

SSB
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Figure S19. 'H NMR spectra of compound 10 (400 MHz, CDCls).
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Current Data Parameters
NAME  Compound 10
13

EXPNO

P OB3INSR8IIARI2LEE N © LeoNT TR PROGNO 1

© oo~ ONMNOIMMTFHNSO @ M~ 4 O—~DOoOMOK~WO

O NOWBMNWA~~—O 010 0 O @Qarn © QO To®X F2 - Acquisition Parameters
N FTFTONNNNNN- —— OO ~ I~ © o Mo~ ©OO® Date 20220209

- EerTr T — M~~~ N TOMNNNN— Tone 1106

s o \ | ;

NS 7w N NN P PROBUD. 5 mm PABBO BE-

PULPROG zgpg30
TD 32768
SOLVENT CDCI3
NS 150

DS 2

SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488064 sec
RG 2050

DwW 19.800 usec
DE 6.50 usec

TE 297.0K

D1 1.00000000 sec
D11 0.03000000 sec
TDo 8

======== CHANNEL f1 ====—=-=
SFO1 100.6248425 MHz
NUCA 13C

P1 10.00 usec
PLW1 34.00000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waliz16
PCPD2 90.00 usec
PLW2 8.89999962 W
PLW12 0.24067000 W
PLW13 0.19495000 W
F2 - Processing parameters
SI 65536

SF 100.6127690 MHz
WDwW EM

SSB 0

LB 2.00 Hz

GB

0
T T T T T T T PC 1.40

T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S20. 3C NMR spectra of compound 10 (100 MHz, CDCls).
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Compound 11: *H NMR (400 MHz, CDCls): § = 1.20 (s, 3H), 1.30 (s, 9H), 1.42 (br. s, 2H), 1.56
(br. s, 1H), 1.67 (br. s, 2H), 1.85 (m, 2H), 1.16 (m, 2H), 3.41 (t, J = 6.6 Hz, 2H), 5.88 (d, J = 10.3
Hz, 1H), 6.59 (d, J = 7.7 Hz, 1H), 6.76 (d, J = 8.5 Hz, 1H), 6.90 (dd, J = 19.1, 9.0 Hz, 2H), 7.10
(d, J =7.0 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H), 8.02 (s, 1H), 8.04 (s, 1H) ppm. 3C NMR (100 MHz,
CDCls): 6 = 19.85, 26.04, 27.19, 28.04, 28.65, 28.91, 29.19, 32.70, 33.97, 43.73, 52.64, 106.65,
106.76, 115.54, 118.50, 119.28, 121.68, 122.07, 122.70, 125.86, 127.74, 128.07, 135.93, 140.87,
147.13, 159.71 ppm.
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Date 20220408
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0
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FI(%)HES 0.489064 Hz

A 1.0223616 sec
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DW 62.400 usec

DE 6.50 usec

TE 2976 K

D1 1.00000000 sec

TDO 1

======== CHANNEL f1 ========
SFO1 400.1332010 MHz
NUC1 1H

P1 14.80 usec
PLW1 8.89999962 W
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S| 16384
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Figure S21. *H NMR spectra of compound 11 (400 MHz, CDCls).
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Current Data Parameters
NAME Compound 11
EXPNO 13

M~ MOWTOM~ROODNO — 1N @ PROCNO 1
- OO~ OORMN®OoOS O T O® TOWLWNUWON®DO M
N mRoorROI~NOoOQANnnN© o= N TN IDF O N
O MNMOWOMNWUANN~® WO O Mo~ OM~NON— OO —O0O® F2 - Acquisition Parameters
D FIFTOANNNNNT—T+~—OO0 I~~~ © NOONDODVDN~OD Date 20220408
- rrTrTTEAETTCTITIEI—T T M~~~ NDFOOoONANN NN Time™ 1141
[ A M { [ k\\y/}lg/' -
e e ey _—— O A
| AN \R\V/, ~ \|/ \, \ ~\/2 INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG Zgpg30

TD 32768
SOLVENT CDCI3
NS 182

DS

SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488064 sec
RG 2050

DwW 19.800 usec
DE 6.50 usec
TE 2977 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 8

======== CHANNEL f1 =====—=-=
SFO1 100.6248425 MHz
NUCH1 13C

P1 10.00 usec

PLW1 34.00000000 W

=====—== CHANNEL {2 —=———--
SFO2 400,131'_‘6005 MHz

N 1
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 8.89999962 W
PLW12 0.24067000 W
PLW13 0.19495000 W

F2 - Processing parameters
Sl 65536
SF 100.6127690 MHz
WDW EM
SSB 0
LB 2.00Hz

0

PC 1.40

T T T T T T T \ T \ T \ T T T \ T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S22. 3C NMR spectra of compound 11 (100 MHz, CDCls).

General procedure for the synthesis of compounds 12-16: A solution of compounds 7-
11 (1.0 eq) and triphenylphosphine (5.0 eq) in acetonitrile were refluxed for 16 h. After cooling,
precipitated triphenylphosphine was removed by filtration. The remaining reaction mass after
evaporation under reduced pressure was subjected to sequential purification by flash
chromatography (petroleum ether/EtOAc (10:1); dichloromethane:ethanol (20:1)) to obtain the
corresponding compounds 12-16 (68-76%) in the form of a dark cherry-colored solid.

The NMR spectra presented in this paper contain the proper number of signals
corresponding to the structure of 12. Thus, in the NMR spectrum on 1H nuclei of compound 12 in
CDCls, two singlet signals at 1.09 and 1.22 ppm. belong to the protons of the methyl groups at the
carbon atom of the indole ring. Multiplet signals in the region of 1.73-2.06, 3.61-3.88 and 3.79-
4.19 ppm. belong to the signals of the protons of the carbon atoms of the alkyl chain of the spacer.
A characteristic signal for the presence of a spirocyclic structure is a doublet in the olefinic region
with a chemical shift of 5.83 ppm. with a spin—spin interaction constant of 10.4 Hz, belonging to
the CH—group at the spiro atom in the pyran part of the molecule. In the low-field region in the
intervals 7.60—7.64 and 7.74—7.79 ppm. signals from the hydrogen atoms of the aromatic rings of
the triphenylphosphonium fragment of the molecule are observed (see Supplementary info).
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In the 3C NMR spectrum of compound 12 in CDCIs, a characteristic signal of the
spirocyclic carbon atom is observed at 107.35 ppm, which correlates in the HMBC 'H-*C
spectrum with the signal of the gem—methyl group protons, as well as the C3' and C4' protons. The
downfield signal at 159.09 belongs to the C9' carbon atom, covalently bonded to the oxygen atom
of the pyran fragment of the molecule. In addition, due to the presence of a phosphorus atom, a
doubling of the signals of the alkyl fragment of the molecule is observed in the **C NMR spectrum.
Compound 12: *H NMR (500 MHz, CDCls): § = 1.09 (s, 3H), 1.22 (s, 3H), 1.73 (m, 2H), 1.87
(m, 2H), 2.06 (m, 1H), 3.61 (m, 1H), 3.79 (m, 1H), 3.88 (m, 1H), 4.19 (m, 1H), 5.83 (d, J=10.4
Hz, 1H), 6.49 (d, J = 8.9 Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H), 6.84 (d, J = 7.4 Hz, 1H), 6.94 (d, J =
10.4 Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 7.63 (m, 6H), 7.77 (m, 9H), 7.87
(dd, J1 = 8.9, J2 = 2.7 Hz, 1H), 7.92 (d, J = 2.7 Hz, 1H) ppm. *C NMR (125 MHz, CDCls): § =
19.69, 20.15, 20.57, 21.44, 26.03, 29.68, 43.12, 43.28, 52.89, 106.68, 107.35, 115.02, 117.84,
118.52, 118.61, 119.63, 121.71, 121.85, 122.92, 125.55, 128.09, 128.78, 130.37, 130.47, 133.55,
133.63, 134.97, 134.99, 135.72, 140.82, 146.03, 159.09 ppm.

Current Data Parameters
NAME Compound 12

AR OUONNONTTMNOAU - OO0 OND D BLOAUTAORYTAROLORNNCR DO NDAD
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D1 1.00000000 sec
TDO
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NUC1 1H
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Figure S23. 'H NMR spectra of compound 12 (500 MHz, CDCls).
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Current Data Parameters
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Figure S24. 3C NMR spectra of compound 12 (125 MHz, CDCls).
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Figure S25. HSQC spectra of compound 12 (500.17 MHz for *H, 125.78 MHz for 3C, CDCls).



Current Data Parameters
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Figure S26. HMBC spectra of compound 12 (500.17 MHz for *H, 125.78 MHz for *C, CDCls).
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SOLVENT CDCI3
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FIDRES 5.201860 Hz
AQ 0.0961195 sec
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DW 5.867 usec

DE 6.50 usec
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D11 0.03000000 sec
TDO 1

—======= CHANNEL f1 ========
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NUC1 31P

P1 14.00 usec
PLW1 39.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec

PLW2 14.00000000 W
PLW12 0.32826000 W
PLW13 0.21009000 W

T T T T T T T T T T T T T T T T T T T 1
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

Figure S27. 3P NMR spectra of compound 12 (202 MHz, CDCla).

Compound 13: *H NMR (500 MHz, CDCla): & = 1.01 (s, 3H), 1.21 (s, 3H), 1.68 (m, 2H), 2.04
(m, 2H), 3.12 (m, 1H), 3.22 (m, 1H), 3.80 (m, 1H), 4.03 (m, 1H), 5.82 (d, J = 10.3 Hz, 1H), 6.45
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(d, J = 7.8 Hz, 1H), 6.60 (d, J = 9.4 Hz, 1H), 6.84 (t, J = 7.4 Hz, 1H), 6.89 (d, J = 10.4 Hz, 1H),
7.04(d, J = 7.2 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.65 (m, 6H), 7.77 (m, 11H), 7.94 (m, 3H) ppm.
13C NMR (125 MHz, CDCls): & = 19.81, 20.59, 22.37, 22.77, 25.95, 29.75, 29.87, 42.94, 52.25,
106.65, 106.67, 115.29, 117.90, 118.52, 118.61, 119.44, 121.68, 122.11, 122.74, 125.68, 127.73,
128.26, 130.41, 130.51, 133.64, 133.72, 134.99, 135.89, 140.86, 146.97, 159.54 ppm.
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Current Data Parameters
NAME Compound 13
EXPNO 1

PROCNO 1
F2 - Acquisition Parameters
Date_ 20230303
Time 13.33
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 16384
SOLVENT CDCI3
NS
DS 0
SWH 10026.738 Hz
FIDRES 0.611984 Hz
AQ 0.8170155 sec
RG 93.28
DW 49.867 usec
DE 6.50 usec
TE 298.0K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 500.1740014 MHz
NUC1 1H
P1 12,25 usec
PLW1 15.00000000 W
F2 - Processing parameters
Sl 16384
SF 500.1700000 MHz
WDW E
SSB 0
LB 0.50 Hz
GB

U PC 1.00

85 8.0

75 70 65 60 55

1.5 1.0

I

50 45 40 35 3.0 25 20

&

Figure S28. 'H NMR spectra of compound 13 (500 MHz, CDCls).
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Current Data Parameters
NAME Compound 13

IReIINL2CIIBEI-ZYNSLR 0~ © 1y N NOoONN©G EXPNO 13

noQ@OH~OnTNNON OO A= o 3 P AN PROCNO 1

SOoWTNBSSONWBANN— G wNW© RS L o QNG OnY

DI TANONOOONNANNNN -~~~ O ~ N © ol ad oowidoSo

L B B [N 4 ) + NANNAN - F2 - Acquisition Parameters
Date_ 20230303
Time 13.34
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDCI3
NS 512
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 0.5242880 sec
RG 184.73
DW 16.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 8
======== CHANNEL f{ =====
SFO1 125.7829387 MHz
NUC1 13C
P1 10.00 usec
PLWA1 80.00000000 W
======== CHANNEL f2 =====
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 14.00000000 W
PLW12 0.32826000 W
PLW13 0.21009000 W

T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 860 50 40 30 20 ppm

Figure S29. 13C NMR spectra of compound 13 (125 MHz, CDCls).

Current Data Parameters
NAM Compound 13
EXPNO 31

PROCNO 1

24.591

F2 - Acquisition Parameters
Date 20231124

Time 10.05
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG Zgpg30

D 16384
SOLVENT CDCI3
1

NS

DS 4

SWH 85227.273 Hz
FIDRES 5.201860 Hz
AQ 0.0961195 sec
RG 184.73

DW 5.867 usec

DE 6.50 usec

TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 202.4796135 MHz
NUCA 31P

P1 14.00 usec

PLWA 39.00000000 W

= CHANNEL f2 =
500.1720007 M

NU 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 14.00000000 W

PLW1{2 0.32826000 W
i R A i |IM ' T, " m'i"""“" F' il ‘I'IIF PLW13 0.21009000 W

T T T T T T T T T T T T T T T T T T T \
95 90 85 80 75 70 65 B0 55 50 45 40 35 30 25 20 15 10 ppm

Figure S30. 3P NMR spectra of compound 13 (202 MHz, CDCla).
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Figure S31. ESI-HRMS spectra of compound 13.
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Figure S32. Absorption spectra of 13 in ethanol in spiropyran (1) and merocyanine forms (2-14)
measured before (1) and upon UV-irradiation (2) through a UFS-1 light filter and during bleaching

in the dark (3-14). C=10*M, 1=0.1 cm.

Compound 14: *H NMR (500 MHz, CDCla): & = 1.12 (s, 3H), 1.21 (s, 3H), 1.52 (m, 3H), 1.71
(m, 3H), 3.11 (m, 2H), 3.67 (m, 1H), 3.88 (m, 1H), 5.96 (d, J = 10.4 Hz, 1H), 6.45 (d, J = 7.7 Hz,
1H), 6.64 (d, J = 9.1 Hz, 1H), 6.81 (t, J = 7.4 Hz, 1H), 6.92 (d, J = 9.1 Hz, 1H), 7.03 (d, J = 7.1
Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.67 (m, 7H), 7.78 (m, 10H), 7.90 (m, 2H) ppm. 13C NMR (125
MHz, CDCls): & = 19.79, 20.55, 22.70, 22.73, 22.95, 26.14, 28.11, 28.24, 28.65, 43.32, 52.55,
106.62, 106.87, 115.32, 117.88, 118.56, 118.68, 119.31, 121.64, 122.29, 122.73, 125.57, 127.65,
128.32, 130.45, 130.55, 133.57, 133.65, 135.03, 135.05, 136.05, 140.71, 146.99, 159.65 ppm.
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Current Data Parameters
NAME Compound 14
1

NI NOENOP oI NN O OARIIOD DA ANNOOTVB DL ONND DY EXPNO

— = ODOAUND "N —DTAUNDINOTOHONORDIN—NOMOTON—O —A

GeooREEREEECooOOoof e S ooaaooh oSS Eae e e 6 0 0o Do = PROCNO 1

NN NNNNMNNNNNNNNNNNNNNNNOOOO 000000l uMONNN0rr - — —

= - F2 - Acquisition Parameters

Date 20230320
Time 11.46
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 16384
SOLVENT CDCI3
NS 8
DS 0
SWH 10026.738 Hz
FIDRES 0.611984 Hz
AQ 0.8170155 sec
RG 47.22
DW 49,867 usec
DE 8.50 usec
TE 298.0K
D1 1.00000000 sec
TDO 1
======== CHANNEL {1 ========
SFO1 500.1740014 MHz
NUC1 1H
P1 12.25 usec
PLWA1 15.00000000 W

F2 - Processing parameters
Sl 16384

SF 500.1700000 MHz
WDW EM

SSB 0
LB 0.50 Hz
GB 0

I PC 1.00
B

T T T T T T T T T 1
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
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Figure S33. 'H NMR spectra of compound 14 (500 MHz, CDCls).
Current Data Parameters
NAM Compound 14
o B8oBbRhERNIREEILEIBEYTE wox ) W HDOTONM 0N EXPNO 13
EERoooCUITINOEBRACNOVBRNBE DO 8 A ¥I-—FTOBoVD PROCNO 1
DOCOUWNOOODNWANN— BG®ON LW CC R L] 0 QA== g I0N
DI TONMOOOOANNANNNN -+ QO ~~ O o m oowoaaaa®
Rt ol ol i i i P~ s~ n <+ ANAANANANNANN -~ F2-AcquisilionParameters
Date 20230320
it i ! Time 11.53
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDCI3
NS 256
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 0.5242880 sec
RG 184.73
DW 16.000 usec
DE 6.50 usec
TE 298.0K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 125.7829387 MHz
NUC1 13C
P1 10.00 usec
PLW1 80.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 14.00000000 W
PLW12 0.32826000 W
PLW13 0.21009000 W
T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure S34. 13C NMR spectra of compound 14 (125 MHz, CDCls).
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Current Data Parameters

© AME Compound 14
© EXPNO 131
5 PROCNO 1

F2 - Acquisition Parameters

Date_ 20231124
Time 1017
INSTRUM Spect

PROBHD 5 mm PABBO BB/
PULPROG zgpg30
84

TD 163
SOLVENT CDCI3
NS 32

DS 4

SWH 85227.273 Hz

FIDRES 5.201860 Hz

AQ 0.0961195 sec

RG 184.73

DW 5.867 usec

DE 6.50 usec

TE 298.0 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL f{ ========

SFO1 202.4796135 MHz

NUC1 31P

P1 14.00 usec

PLWA 39.00000000 W

======== CHANNEL {2 ========

SFO2 500.1720007 MHz
C2 1H

CPDPRG[2 waltz16

PCPD2 80.00 usec

PLW2 14.00000000 W
PLW12 0.32826000 W

PLW13 0.21009000 W

T T T T T T T T T T T T T T T T T T T 1
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

Figure S35. 3P NMR spectra of compound 14 (202 MHz, CDCla).
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Figure S36. ESI-HRMS spectra of compound 14.
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Figure S37. Absorption spectra of 14 in ethanol in spiropyran (1) and merocyanine forms (2-17)
measured before (1) and upon UV-irradiation (2) through a UFS-1 light filter and during bleaching
in the dark (3-17). C=10*M, 1 =0.1 cm.

Compound 15: *H NMR (500 MHz, CDCls): & = 1.14 (s, 3H), 1.25 (s, 3H), 1.48 (m, 2H), 1.63
(m, 7H), 1.98 (m, 2H), 3.10 (m, 2H), 3.74 (m, 1H), 3.86 (m, 1H), 5.86 (d, J = 10.4 Hz, 1H), 6.51
(d, J = 7.7 Hz, 1H), 6.68 (d, J = 9.0 Hz, 1H), 6.83 (t, J = 7.4 Hz, 1H), 6.94 (d, J = 10.4 Hz, 1H),
7.06 (d, J = 7.2 Hz, 1H), 7.13 (t, = 7.6 Hz, 1H), 7.69 (m, 8H), 7.81 (m, 11H), 7.94 (dd, J1 = 8.9,
Jo = 2.7 Hz, 1H), 7.98 (d, J = 2.7 Hz, 1H) ppm. 13C NMR (125 MHz, CDCls): & = 19.79, 22.54,
22.65, 22.93, 26.06, 26.93, 28.72, 30.21, 30.34, 43.49, 52.59, 106.64, 106.77, 115.41, 118.01,
118.62, 118.69, 119.21, 121.61, 122.07, 122.75, 125.69, 127.71, 130.42, 130.52, 133.63, 133.71,
135.00, 135.92, 136.05, 140.77, 147.04, 159.71 ppm.
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Current Data Parameters
N,

AME Gompound 15
EXPNO 1
FROCNC 1
F2 - Acquisition Parameters
Date 230321
Time 13
INSTRUM Spect
PROBHD 5 mm PABBO BB/
FULFROG zg30
TD 16384
SOLVENT CDCI3
NS 8
DS 0
SWH 10026.738 Hz
FIDRES 0.611984 Hz
AQ 0.8170155 sec
RG 68.72
DwW 49,867 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL {1 =
SFO1 500.1740014 MHz
NUC1 1H
P1 12.25 usec
PLW1 15.00000000 W

F2 - Processing parameters

S| 16384

SF 500.1700000 MHz
WD EM

SSB 0

LB 0.50 Hz

GB

FC 1.00

Current Data Parameters
N

AME Compound 15
EXPNO 13
PROCNO 1
F2 - Acquisition Parameters
Date_ 2023032
Time 9

INSTRUM Spect
PROBHD 5 mm PABBO BB/

PULPROG zgpg30
68

SOLVENT CDCI3

NS 300

DS 2

SWH 31250.000 Hz

FIDRES 0.953674 Hz

AQ 0.5242880 sec

RG 184.73

DwW 16.000 usec

DE 6.50 usec

TE 298.2 K

D1 1.00000000 sec

D11 0.03000000 sec

TDO 8

======== CHANNEL f1 ========
SFO1 125.7829387 MHz
NUC1 13C

P1 10.00 usec

PLW1 80.00000000 W
======== CHANNEL {2 ========
SFO2 500.1720007 MHz
NUC2 1H

CPDPRG[2 waltz16

PCPD2 80.00 usec

PLW2 14.00000000 W

PLW12 0.32826000 W

PLW13 0.21009000 W

8.5 3.0 25 20 15 1.0 ppm
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Figure S38. *H NMR spectra of compound 15 (500 MHz, CDCls).
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Figure S39. 3C NMR spectra of compound 15 (125 MHz, CDCls).
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Current Data Parameters
AM Compound 15

EXPNO 131

PROCNO 1

24.399

F2 - Acquisition Parameters
Date_ 0231124

Time 10.22
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 16384
SOLVENT CDCI3
1

NS

DS 4

SWH 85227.273 Hz
FIDRES 5.201860 Hz
AQ 0.0961195 sec
RG 184.73

DW 5.867 usec

DE 6.50 usec

TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 202.4796135 MHz
NUC1 31P

P1 14.00 usec
PLW1 39.00000000 W
—======= CHANNEL 2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec

PLW2 14.00000000 W
PLW12 0.32826000 W
PLW13 0.21009000 W

T T T T T T T T T T T T T T T T 1
95 90 85 80 75 70 65 60 55 50 45 40 35 30 256 20 15 10 ppm

Figure S40. 3P NMR spectra of compound 15 (202 MHz, CDCls).
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Figure S41. ESI-HRMS spectra of compound 15.
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Figure S42. Absorption spectra of 15 in ethanol in spiropyran (1) and merocyanine forms (2-14)
measured before (1) and upon UV-irradiation (2) through a UFS-1 light filter and during bleaching
in the dark (3-14). C=10*M, 1 = 0.1 cm.

Current Data Parameters
NAME Compound 16
1

BRS8N R e8I R R EREI IR IR RIIGE N33R E-3838 EXPNO
CORORRXROVIANNENNENNREOOOEN T ORI ANONNQOANNNNE 000 ON TN PROCNO 1
NENENNNENENEENEENENNENNENENENNNN N G000 00 000utmnemmutnnmo=mrr—m—r
%Wrmwr—'ﬁﬁﬁ// F2 - Acquisition Parameters
Date_ 20230320
Time 11.19
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 16384
SOLVENT CDCI3
NS 8
DS 0
SWH 10026.738 Hz
FIDRES 0.611984 Hz
AQ 0.8170155 sec
RG 68.72
DW 49.867 usec
DE 6.50 usec
TE 298.0K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 500.1740014 MHz
NUC1 1H
P1 12.25 usec
PLW1 15.00000000 W
F2 - Processing parameters
Sl
SF 500.1700000 MHz
WDW EM
SSB
LB 0.50 Hz
GB 0
PC 1.00

T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

]

Figure S43. 'H NMR spectra of compound 16 (500 MHz, CDCls).
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Current Data Parameters
NAME Compound 16
EXPNO 13
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230320

Time 11.22
INSTRUM Spect
PROBHD 5 mm PABBO BB/

PULPROG 6zsgpgSO
SOLVENT CDCI3

NS 256

DS 2

SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 0.5242880 sec
RG 184.73

DwW 16.000 usec

DE 6.50 usec

TE 298.0 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL {1 ========
SFO1 125.7829387 MHz
NUC1 13C

P1 10.00 usec
PLW1 80.00000000 W
======== CHANNEL 2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2  14.00000000 W
PLW12  0.32826000 W
PLW13 0.21009000 W

Current Data Parameters

NAME Compound 16
EXPNO 131
PROCNO 1

F2 - Acquisition Parameters
Date 20231124

Time 10.11
INSTRUM Spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
TD 384
SOLVENT CDCI3

NS 1

DS 4

SWH 85227.273 Hz
FIDRES 5.201860 Hz
AQ 0.0961195 sec
RG 184.73

DW 5.867 usec
DE 6.50 usec

TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ========

SFO1 202.4796135 MHz
31P

P1 14.00 usec
PLW1 39.00000000 W

=== CHANNEL 2 =
500.1720007 MHz

NUC 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec

PLW2 14.00000000 W
PLW12 0.32826000 W
PLW13 0.21009000 W

DT NT~NOCOO0OCOMNMANDOOI~NOOTHO
RENIBERBCGBENREEETEBERE 95y 2 SINYBRYRIRE
ONOWUFTTNISOONIVBANT G B0 GG 0 Q@ u QN Q@— Q0N OINQ
DT TOONOOOONNANNNANT T~ 0O M~r~© o OO~ ONNNND
e i e e ™~~~ 0 @ FTANNNNNNNN—
I I T I T T I I T T T T T I T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
Figure S44. 13C NMR spectra of compound 16 (125 MHz, CDCls).
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Figure S45. 3P NMR spectra of compound 16 (202 MHz, CDCls).
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Figure S46. ESI-HRMS spectra of compound 16.
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Figure S47. Absorption spectra of 16 in ethanol in spiropyran (1) and merocyanine forms (2-17)

measured before (1) and upon UV-irradiation (2) through a UFS-1 light filter and during bleaching
in the dark (3-17). C=10*M, 1 =0.1 cm.

32



