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1. Synthetic Procedures

Scheme S1. Synthetic Procedures of naphthopyran derivatives.
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All reactions were monitored by thin—layer chromatography carried out on 0.2 mm E. Merck

silica gel plates (60F-254). Column chromatography was performed on silica gel (Silica Gel 60N
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(spherical, neutral), 40—50 pm, Kanto Chemical Co., Inc.). 'H-NMR spectra were recorded at 400
MHz on a Bruker AVANCE III 400 NanoBay. DMSO-ds and CDCl; were used as deuterated
solvents. MASS spectra (ESI-TOF-MS) were measured by using a Bruker micrOTOF II-AGAT1. All
reagents were purchased from TCI, Wako Co. Ltd., Aldrich Chemical Company, Inc, and ACROS
Organics. These reagents were used without further purification. 2—lodoxybenzoic acid (IBX) were
prepared according to a literature procedure.5! Phase separator paper (Whatman 1PS) was purchased

from GE. All glassware was washed with distilled water and dried before use.

8-bromonaphthalen—2—-ol (1)
8—Aminonaphthalen-2-ol (6.04 g, 3.79 x 1072 mol) was dissolved in 48%  Br

aqueous HBr (48 mL). After cooling to —10 °C, sodium nitrite (6.37 g, 3.79 x 1072 o

mol) was added very slowly to the stirred solution with the temperature being kept
1

containing CuBr (4.17 g, 2.91 x 1072 mol) and 10 mL of 48% aqueous HBr. The solution was heated

within —10 and 0 °C. This diazonium salt solution was then poured into a flask

to reflux for 3 h and then extracted three times with dichloromethane. The organic layers were
washed with water, and passed through the phase separator. After the solvent was removed, the crude
mixture was purified by silica gel column chromatography (ethyl acetate:hexane = 1:1), to give 1 as
a brown solid (432 mg, yield : 7%).

"H NMR (400 MHz, CDCl3): § 7.82-7.70 (m, 3 H), 7.55 (s, 1H), 7.21-7.13 (m, 2H), 5.10 (s, 1H).
HRMS (ESI-TOF) calculated for CioH;0 [M—H]: 220.9597, found: 220.9611.

(2—isopropylphenyl)(4-methoxyphenyl)methanol (2)

n—Butyllithium (1.6 M in hexane, 1.5 mL) was added dropwise to a stirred OH
solution of 2-bromocumene (0.35 mL) at =78 °C in dry THF under N>. On
completion of the addition the reaction mixture was stirred for 30 min at —78 °C. O O
The p—anisaldehyde (0.2 mL) was added at —78 °C to the reaction mixture. The
mixture was allowed to warm to room temperature for 21 h with magnetic stirring. After the addition
of NH4Cl aq., the mixture was extracted with ethyl acetate. The solution was washed with water, and
passed through phase separator paper, After the solvent was removed, the crude mixture was purified
by silica gel column chromatography (ethyl acetate:hexane = 1:7), to give 2 as a white powder (353
mg, yield: 84%).
"H NMR (400 MHz, CDCls): § 7.50 (d, J =7.5 Hz, 2H), 7.32-7.26 (m, 2H), 7.25-7.18 (m, 3H), 6.84
(d, J= 8.7 Hz 1H), 6.11 (d, J = 3.9 Hz, 1H), 3.78 (s, 3H), 3.23-3.01 (m, 1H), 2.08 (d, J = 3.9 Hz,
1H), 1.20 (d, J = 6.8 3H), 1.00 (d, J =6.8 Hz, 3H). HRMS (ESI-TOF) calculated for Ci7H200>
[M+Na] ": 279.1356, found: 279.1355.
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(2—isopropylphenyl)(4—methoxyphenyl)methanone (3)
(2-Isopropylphenyl)(4—methoxyphenyl)methanol (1.029 g, 4.01 mmol) o

and IBX (3.279 g, 11.7 mmol) were refluxed in acetonitrile (36 mL) for 1.5 h.

The reaction mixture was filtrated and evaporated. After the solvents were O O o~

removed, the sample was purified by column chromatography (silica gel, 3

hexane:ethyl acetate = 15:1), to give 3 as a yellow solid (895 mg, 88%).

"H NMR (400 MHz, CDCl;): 6 7.80 (d, J=8.9 Hz, 2 H), 7.47-7.40 (m, 2H), 7.26— 7.17(m, 2H), 6.92

(d, J = 8.9 Hz, 2H), 3.00 (s, 1H), 3.09 (m, 1H), 1.19 (d, J = 6.8 Hz, 6H). HRMS (ESI-TOF)

calculated for C17H;30, [M+Na] *: 277.1199, found: 277.1195.

1-(2—isopropylphenyl)-1-(4-methoxyphenyl) prop—2—yn—1—ol (4)

n—Butyllithium (1.6 M in hexanes) was added over 5 min with a syringe to \\
a cold (0 °C), stirred solution of trimethylsilylacetylene (1.1 mL) in anhydrous
THF (30 mL) under N,. On completion of the addition (ca. 5 min), the cold O O o
solution was stirred for 30 min. A solution of 4
(2—isopropylphenyl)(4—methoxyphenyl)methanone (895 mg, 3.52 mmol) in THF (30 mL) was then
added to the reaction mixture. The cooling bath was removed and the mixture stirred for 2 days at
room temperature. After the addition of NH4Cl aq., the mixture was extracted with ethyl acetate. The
solution was washed with water, and passed through the phase separator. After the solvent was
removed, the crude mixture was purified by silica gel column chromatography (ethyl acetate:hexane
= 1:8), to give 4 as a white powder (318 mg, yield : 32%).
"H NMR (400 MHz, CD>Cl,): § 7.68 (d, J = 8.0 Hz, 1 H), 7.20-7.07 (m, 4H), 7.04-6.98 (m, 1H),
3.56 (s, 3H), 3.11-2.97 (m, 1H), 2.72 (s, 1H), 2.56 (s, 1H), 0.80 (d, J = 6.8 Hz, 3H), 0.48 (d, J = 6.8
Hz, 3H). HRMS (ESI-TOF) calculated for C19H200, [M+Na] *: 303.1356, found: 303.1357.

3—(2-isopropylphenyl)-3—(4—methoxyphenyl)-3H-benzo[f]chromene (NP)

A solution of the 2-naphthol (79 mg, 547 x 107! mmol) and
1—(2—isopropylphenyl)—1—(4—methoxyphenyl)pr— op—2—yn—1-ol (102 mg, 3.65 x
10" mmol) and PTSA (3 mg, 1.86 x 102 mmol) in dichloromethane (5 mL) were
stirred for 5 h at room temperature. The mixture was extracted with ethyl acetate.

The solution was washed with water, and passed through the phase separator.

After the solvent was removed, the crude mixture was purified by silica gel
column chromatography (ethyl acetate:hexane = 30:1) and recrystallized from
dichloromethane/hexane to give NP as a yellow crystal (65 mg, yield : 44%).

"H NMR (400 MHz, CD>Cl»): § 7.91 (d, J = 8.4 Hz, 1 H), 7.64 (m, 2H), 7.60 (dd, J = 8.12 Hz, J =
1.0 Hz, 1H), 7.57 (d, J = 8.9 Hz, 1H), 7.27-7.16 (m, 4H), 7.13 (d, J = 8.8 Hz, 1H), 7.10-7.01 (m,
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2H), 5.79 (d, J=9.8 Hz, 1H), 3.67 (s, 3H), 3.38-3.22 (m, 1H) , 0.84 (d, /= 6.8 Hz, 3H), 0.83 (d, J =
6.8 Hz, 3H). HRMS (ESI-TOF) calculated for C20H2602> [M+H] *: 407.2006, found: 407.2008.

10-bromo—3—(2—isopropylphenyl)-3—(4—methoxyphenyl)-3H-benzo[f]chromene (10-Br-NP)

A solution of the 8-bromonaphthalene—2—ol (72 mg, 3.21 x 10~! mmol)
and 1-(2—isopropylphenyl)-1—(4-methoxyphenyl)prop—2—-yn—1-ol (151 mg,
5.38 x 107! mmol) and PTSA (2 mg, 1.16 x 102 mmol) in dichloromethane (6
mL) were stirred for 8 h at room temperature. The mixture was extracted with

ethyl acetate. The solution was washed with water, and passed through the

phase separator, After the solvent was removed, the crude mixture was purified 10-Br-NP
by silica gel column chromatography (ethyl acetate:hexane = 30:1) and

recrystallized from dichloromethane/hexane to give 10—Br—INP as a colorless crystal (88 mg, yield :
33%).

"H NMR (400 MHz, CD,Cl,): § 8.02 (d, J=9.8 Hz, 1 H), 7.64 (d,J=8.1 Hz, 1 H), 7.58 (d, J = 8.8
Hz, 1H), 7.50 (dd, J=7.9 Hz, J= 1.3 Hz, 1H), 7.44-7.36 (m, 1H), 7.29-7.14 (m, 6H), 7.08-6.97 (m,
2H), 6.78-6.73 (m, 1H), 3.68 (s, 3H), 3.39-3.25 (m, 1H) , 0.96 (d, J = 6.8 Hz, 3H), 0.82 (d, /= 6.8
Hz, 3H). HRMS (ESI-TOF) calculated for C20H2sBrO, [M+Na] *: 507.0930, found: 507.0918.

2-bromo—3—(2—isopropylphenyl)-3—(4—methoxyphenyl)-3H-benzo[f]chromene (2—Br-NP)
3—(2-Isopropylphenyl)-3—(4—methoxyphenyl)-3H-benzo[f]chromene
(32 mg, 7.77 x 102 mmol) was dissolved in 15 mL of DMSO and
magnetically stirred at room temperature. Water (100 pL) was added to the
solution in a single portion followed by the dropwise addition of NBS (184

mg, 1.03 mmol) over a period of 25 min. The reaction mixture was stirred for

further 5 min until only traces of the starting material remained detectable by 2-Br-NP
TLC monitoring. Then the reaction mixture was added to water. The aqueous

phase was extracted with ethyl acetate. The solution was washed with water, and passed through the
phase separator. After the solvent was removed, the crude mixture was purified by silica gel column
chromatography (ethyl acetate:hexane = 1:6) and recrystallized from dichloromethane/hexane to
give 2-Br-NP as a colorless crystal (10 mg, yield : 27%).

"H NMR (400 MHz, CD,Cl,): § 7.86 (d, J = 8.4 Hz, 1 H), 7.82-7.67 (broad, 2H), 7.65 (d, J = 8.1 Hz,
1H), 7.60 (d, J = 8.9 Hz, 1H), 7.46—7.39 (m, 1H), 7.36-7.31 (m, 1H), 7.30-7.19 (m, 2H) , 7.12-6.98
(m, 3H, broad), 6.97-6.91 (m, 1H), 6.89-6.56 (broad, 2H), 3.70 (s, 3H), 3.65-3.53 (m, 1H), 1.17 (d,
J = 6.8 Hz, 3H), 0.93 (d, J = 6.7 Hz, 3H). HRMS (ESI-TOF) calculated for C29H»sBrO, [M+Na] *:
507.0930, found: 507.0925.
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2,10—-dibromo—3—(2—isopropylphenyl)-3—(4—methoxyphenyl)-3H-benzo[f]chromene
(2,10-Br-NP)
10—Bromo—3—(2—isopropylphenyl)-3—(4—methoxyphenyl)-3H-benzo|[ f]
chromene (32 mg, 6.65 x 102 mmol) was dissolved in 15 mL of DMSO and
magnetically stirred at room temperature. Water (100 pL) was added to the

solution in a single portion followed by the dropwise addition of NBS (58

mg, 3.26 x 10~! mmol) over a period of 25 min. The reaction mixture was
stirred for further 5 min until only traces of the starting material remained 2,1 0-Br-NP
detectable by TLC monitoring. Then the reaction mixture was added to water

and extracted with ethyl acetate. The solution was washed with water, and passed through the phase
separator. After the solvent was removed, the crude mixture was purified by silica gel column
chromatography (ethyl acetate:hexane = 30:1) and recrystallized from
dichloromethane/hexane/methanol to give 2,10-Br—NP as a colorless crystal (8 mg, yield : 21%).

"H NMR (400 MHz, CD,Cl): & 8.63 (s, 1H), 7.82 (dd, J = 7.5 Hz, J = 1.1 Hz, 1H), 7.56-7.69 (m,
2H), 7.12-7.09 (m, 7H, broad), 7.08—6.60 (m, 3H, broad), 3.84 (s, 3H), 3.67-3.52 (m, 1H), 1.20 (d, J
= 6.8 Hz, 3H), 0.95 (d, J = 6.7 Hz, 3H). HRMS (ESI-TOF) calculated for C29H24Br,0, [M+Na] *:
585.0035, found: 585.0021.

10-bromo-3,3—diphenyl-3H-benzo[f]chromene (5)

A solution of the 10-bromonaphthalene—2-ol (246 mg, 1.10 mmol),
1,1-diphenylprop—2—yn—1-ol (591 mg, 2.84 mmol) and PTSA (10 mg, 5.81 x
102 mmol) in dichloromethane (40 mL) were stirred for 11 h at room

temperature. The mixture was extracted with ethyl acetate. The solution was

washed with water, and passed through the phase separator. After the solvent 5

was removed, the crude mixture was purified by silica gel column

chromatography (ethyl acetate:hexane = 30:1), to give 5 as a red powder (393 mg, yield : 33%).

"H NMR (400 MHz, DMSO-ds): 6 8.16 (d, J = 9.9 Hz, 1H), 7.89-7.88 (m, 3H), 7.64-7.56 (m, 4H),
7.51 (d, J = 8.8 Hz, 1H), 7.44-7.38 (m, 4H), 7.36-7.28 (m, 2H), 6.45 (d, J = 9.9 Hz, 1H). HRMS
(ESI-TOF) calculated for C,sH;7BrO [M+Na] *: 435.0355, found: 435.0355.

3,3,10—-triphenyl-3H-benzo|[f|chromene (6)
10-Bromo—3,3—diphenyl-3H-benzo[f]chromene (170 mg, 4.13 x 107!
mmol) and 1-phenylboronic acid (90 mg, 7.41 x 10~ mmol) were added to a
suspension of Na,CO3 (293 mg, 27.7 mmol) in DME (6.5 mL) and H>O (1.7
mL). The mixture was purged with N, gas. Tetrakis(triphenylphosphine) (16

mg, 1.40 x 1072 mmol) was added to the resulting solution and the solution
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was refluxed for 13 h. The mixture was extracted with ethyl acetate. The solution was washed with
water, and passed through the phase separator. After the solvent was removed, the crude mixture was
purified by silica gel column chromatography (ethyl acetate:hexane = 30:1) to give 6 as a white
powder (72 mg, yield: 42%).

"H NMR (400 MHz, DMSO-d): & 7.89 (d, J= 8.8 Hz, 1 H), 7.83 (dd, J = 8.05 Hz, J = 1.0 Hz, 1H),
7.58-7.44 (m, 7H), 7.44-7.32 (m, 7H), 7.29-7.21 (m, 2H), 7.17-7.11 (m, 2H), 6.00 (d, J = 9.7 Hz,
1H), 5.82 (d, J = 9.7 Hz, 1H). HRMS (ESI-TOF) calculated for C3;H20 [M+Na] *: 433.1563, found:
433.1573.

2-bromo-3,3,10—triphenyl-3H-benzo[f|chromene (7)
3,3,10-Triphenyl-3H-benzo[f]chromene (32 mg, 7.67 x 102 mmol) was
dissolved in 5 mL of DMSO and magnetically stirred at room temperature.
Water (0.6 mL) was added to the solution in a single portion followed by the
dropwise addition of NBS (233 mg, 1.31 mmol) over a period of 15 min. The

reaction mixture was stirred for further 5 min until only traces of starting

material remained detectable by TLC monitoring. Then the reaction mixture

was poured into water. The aqueous phase was extracted with ethyl acetate. The solution was washed
with water, and passed through phase separator paper. After the solvent was removed, the crude
mixture was purified by silica gel column chromatography (ethyl acetate:hexane = 1:10), to give 7 as
a yellow powder (21 mg, yield : 56%).

"H NMR (400 MHz, CDCl5): § 7.75-7.69 (m, 2H), 7.55-7.41 (m, 7H), 7.39-7.29 (m, 8H), 7.24-7.26
(m, 3H), 6.41 (s, 1H). HRMS (ESI-TOF) calculated for C31H2;BrO [M+Na] *: 511.0668, found:
511.0657.

2,3,3,10—tetraphenyl-3H-benzo[f|chromene (2,10-Ph—NP)
2-Bromo-3,3,10—triphenyl-3H-benzo[f]chromene (95 mg, 1.95 x 107!
mmol) and 1-phenylboronic acid (42 mg, 7.41 x 10~ mmol) were dissolved
in 1.8 mL of THF and 0.33 mL of aqueous 2.9 M NaOH and the mixture was
purged with N gas. Tetrakis(triphenylphosphine) (13 mg, 1.15 x 102 mmol)

was added to the resulting solution and the solution was refluxed for 13 h. The

2,10-Ph-NP

and passed through the phase separator. After the solvent was removed, the crude mixture was

mixture was extracted with ethyl acetate. The solution was washed with water,

purified by silica gel column chromatography (ethyl acetate:hexane = 1:10) and recrystallized from
dichloromethane/hexane/methanol to give 2,10—-Ph—NP as a colorless crystal (69 mg, yield: 72%).

"H NMR (400 MHz, DMSO-dq): & 7.89 (d, J = 8.9 Hz, 1 H), 7.85 (d, J = 8.2 Hz, 1H), 7.52 (d, J =
7.6 Hz, 2H), 7.45-7.23 (m, 14H), 7.15 (d, 7.9 Hz, 2H), 7.03—6.90 (m, 3H), 6.54-6.47 (m, 2H), 6.25
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(s, 1H). HRMS (ESI-TOF) calculated for C37H260 [M+Na] *: 509.1876, found: 509.1874.

2-bromo-3,3—diphenyl-3H-benzo[f]chromene (8)
3,3-Diphenyl-3H-benzo[f]chromene (338 mg, 1.01 x 10~! mmol) was
dissolved in 20 mL DMSO and magnetically stirred at room temperature.
Water (0.13 mL) was added to the solution in a single portion followed by the
dropwise addition of NBS (459 mg, 2.58 mmol) over a period of 15 min. The

reaction mixture was stirred for further 5 min until only traces of starting
material remained detectable by TLC monitoring. Then the reaction mixture
was poured into water and extracted with ethyl acetate. The solution was washed with water, and
passed through the phase separator. After the solvent was removed, the crude mixture was dissolved
in 10 mL of toluene. 4-Toluenesulfonic acid monohydrate (25 mg, 1.45 x 10~! mmol) was added in a
single portion and the resulting suspension was heated to reflux for 2.5 h until only traces of the
starting material remained detectable by TLC monitoring. The mixture was extracted with ethyl
acetate. The solution was washed with water, and passed through phase separator paper. After the
solvent was removed, the crude mixture was purified by silica gel column chromatography (ethyl
acetate:hexane = 1:20), to give 8 as a white powder (354 mg, yield: 85%).

"H NMR (400 MHz, CDCl5): § 7.92 (d, J = 8.5 Hz, 1H), 7.81 (s, 1H), 7.71 (d, J = 8.0 Hz 1H), 7.66
(d, J = 8.85 Hz, 1H), 7.55-7.45 (m, 5H), 7.37-7.29 (m, 7H), 7.15 (d, J = 8.8 Hz, 1H). HRMS
(ESI-TOF) calculated for C,sH;7BrO [M+Na] *: 435.0355, found: 435.0347.

3,3—diphenyl-2—(pyren—1-yl)-3H-benzo|[f|chromene (2-Py—-NP)
2-Bromo-3,3—diphenyl-3H-benzo[f]chromene (73 mg, 1.76 x 107!

mmol) and 1-pyreneboronic Acid (71 mg, 2.89 x 107! mmol) were aO O

dissolved in 2.6 mL of THF and 0.33 mL of aqueous 3.0 M NaOH and the O’ =

mixture was purged with Ny gas. Tetrakis(triphenylphosphine) (8.6 mg, 7.44 OO

x 1073 mmol) was added to the resulting solution and refluxed for 15 h. The 2-Py-NP

TS

mixture was extracted with ethyl acetate. The solution was washed with

water, and passed through phase separator paper. After the solvent was removed, the crude mixture
was purified by silica gel column chromatography (ethyl acetate:hexane = 1:5) and recrystallized
from methanol/ ethyl acetate to give 2—Py—NP as a yellow crystal (83 mg, yield: 88%).

'"H NMR (400 MHz, CDCl3): § 8.46 (d, J = 9.3 Hz, 1H), 8.18-8.07 (m, 2H), 8.05-7.80 (m, 9H,
broad), 7.76 (d, J = 8.0 Hz 1H), 7.69 (d, J = 8.9 Hz, 1H), 7.64 (s, 1H), 7.48-7.28 (m, 7H, broad),
7.22 (d, J = 8.8 Hz, 1H), 6.95-6.97 (m, 3H, broad). HRMS (ESI-TOF) calculated for C4;H260
[M+Na] ": 557.1876, found: 557.1868.
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Fig. S8 'H NMR spectrum (400 MHz) of 2,10-Br—-NP in CD,Cl, (* solvent peaks).
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3. HR-ESI-TOF-MS

oM

1

Intens.

105 220.9611149 -MS, 0.1-2.0min #(2-60)
X .
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10 Error 1.6 ppm
08
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00

CT0H7BrO, M-nH ,220.96|
2000

220.9596538 2229576339
1500

1000

500
221.9630087 223.9609621

2205 2210 2215 2220 2225 2230 2235 2240 m/z

Fig. S15 HR-ESI-TOF-MS of 1.

105 279.1354908 WS, 0.1-2.0min #(2-60)
x

Error 0.2 ppm
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0.0

2000 279.1355510

1500

10001

500 280.1389114

o 281.1422521
279.0 279.5 280.0 2805 2810 2815 miz

Fig. S16 HR-ESI-TOF-MS of 2.
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Fig. S17 HR-ESI-TOF-MS of 3.
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Fig. S18 HR-ESI-TOF-MS of 4.
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10-Br-NP
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3
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Fig. S19 HR-ESI-TOF-MS of 10-Br-NP.
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2,10-Br-NP
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x104 587.0018543
3
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Fig. S20 HR-ESI-TOF-MS of 2,10-Br-NP.
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Intens +MS, 0.2-1.9min #(5-57)
x105 407.2007827
20
Error 0.6 ppm
15
10
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05
4092068671
0.0 C29H2602, M+nH ,407 20
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1500
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Fig. S21 HR-ESI-TOF-MS of NP.
2-Br-NP
Intens. WIS, 0.2-2 Omin #(7-59)
X0+ 507.0925313 509,0011249
3
Error 1.0 ppm
2
508.0966751 510.0934112
1
510.3285016 511.09749082
0 090911268 C29H25Br02, M+nia ,507.09|
2000 507.0030137
1500
1000
508.0963717 510.0943428
500
511.0976731
0
507.0 5075 508.0 5085 509.0 509.5 510.0 5105 511.0 5115 mz

Fig. S22 HR-ESI-TOF-MS of 2-Br—NP.
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Intens. +MS, 0.1-2.0min #(2-42)|
104 4350354644 4370336936
10
Error 0.1 ppm
08
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04
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02
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bo CZ5H17Br0, MnNa 43504
435.0354989 437.0335741
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1500
1000
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500
0 .
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Fig. S23 HR-ESI-TOF-MS of 5.

Intens, +MS, 0.2-2.0min #(7-59)
x104 433.1572599
s Error 2.2 ppm
3
2 4341604982
1
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2000 433.1562864
1500
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435.1629924
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Fig. S24 HR-ESI-TOF-MS of 6.
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Intens, +MS, 0.2-2.0min #(7-59)|
x4 511.0657342 513.0651013

s Error 2.1 ppm

512.0899202 514.0676817

515.0704753

C31H21Bro, M+nNa 511.07|
2000 511.0867990 513.0849258

1500

1000
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500
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5105 511.0 5115 5120 5125 513.0 5135 514.0 5145 515.0 miz

Fig. S25 HR-ESI-TOF-MS of 7.
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Imewnuss 509.1873705 +MS, 0.1-1.8min #(2-54)
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Fig. S26 HR-ESI-TOF-MS of 2,10-Ph-NP.
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Intens.

+MS, 0.1-0.6min #(2-18)|
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Fig. S27 HR-ESI-TOF-MS of 8.
Intens. M, 0.1-1 Bmin #(2-54)
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Fig. S28 HR-ESI-TOF-MS of 2—Py—NP.
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4. HPLC Chromatograms
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Fig. S29. HPLC chromatogram of 2-Br—NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto
Chemical Industries, equipped with a UV detector; the mobile phase was MeOH:H,O = 95:5 with a

flow rate of 1.0 mL/min, detection wavelength; 254 nm.
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Fig. S30. HPLC chromatogram of 2—-Br—NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto
Chemical Industries, equipped with a UV detector; the mobile phase was MeOH:H,O = 95:5 with a

flow rate of 1.0 mL/min, detection wavelength; 355 nm.
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Fig. S31. HPLC chromatogram of 2,10-Br-NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto
Chemical Industries, equipped with a UV detector; the mobile phase was MeOH:H,O = 95:5 with a

flow rate of 1.0 mL/min, detection wavelength; 254 nm.
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Fig. S32. HPLC chromatogram of 2,10—Br—-NP; 99% purity. HPLC analysis was performedusing a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto
Chemical Industries, equipped with a UV detector; the mobile phase was MeOH:H,O = 95:5 with a

flow rate of 1.0 mL/min, detection wavelength; 355 nm.
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Fig. S33. HPLC chromatogram of 2—-Py—NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto

Chemical Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of

1.0 mL/min, detection wavelength; 254 nm.
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Fig. S34. HPLC chromatogram of 2—-Py—NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto

Chemical Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of

1.0 mL/min, detection wavelength; 355 nm.

S25



80t
> 60}
i
5
£ 40
20t
2,10-Ph-NP
0 L
0O 5 10 15 20 25 30

Time / min

Fig. S35. HPLC chromatogram of 2,10—-Ph—NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto
Chemical Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of

1.0 mL/min, detection wavelength; 254 nm.
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Fig. S36. HPLC chromatogram of 2,10—-Ph—NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto

Chemical Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of

1.0 mL/min, detection wavelength; 355 nm.
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Fig. S37. HPLC chromatogram of NP; 99% purity. HPLC analysis was performed using a reverse
phase analytical column (Mightysil RP18, 25 cm x 4.6 mm, 5 um particle) from Kanto Chemical
Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of 1.0

mL/min, detection wavelength; 254 nm.
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Fig. S38. HPLC chromatogram of NP; 99% purity. HPLC analysis was performed using a reverse
phase analytical column (Mightysil RP18, 25 cmx4.6 mm, 5 pm particle) from Kanto Chemical
Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of 1.0

mL/min, detection wavelength; 355 nm.
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Fig. S39. HPLC chromatogram of 10-Br-NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto
Chemical Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of

1.0 mL/min, detection wavelength; 254 nm.
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Fig. S40. HPLC chromatogram of 10-Br-NP; 99% purity. HPLC analysis was performed using a
reverse phase analytical column (Mightysil RP18, 25 ¢cm x 4.6 mm, 5 um particle) from Kanto
Chemical Industries, equipped with a UV detector; the mobile phase was MeOH with a flow rate of

1.0 mL/min, detection wavelength; 355 nm.
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5. X-ray Crystallographic Analysis

The diffraction data of the single crystals were collected on the Bruker APEX II CCD area
detector (Mo Ko, A = 0.71073 nm). The data refinement was carried out by the Bruker APEXII

software package with SHELXT program.5*53 All non-hydrogen atoms were anisotropically refined.

Table S1. X-ray crystallographic data of NP (CCDC 1031286).

Identification code NP
Empirical formula C29H2602
Formula weight 406.50
Temperature 90 K
Wavelength 0.71073 A
Crystal system monoclinic
Space group P121/m1

Unit cell dimensions

a=28.4797(6) A
b=16.5725(12) A
c=15.9445(11) A

Volume 2179.2(3) A3
4 4
Density(calculated) 1.239 Mg/m?
Absorption coefficient 0.076 mm!
F(000) 864

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method

Data / restrains / parameters
Goodness—of-fit on F?

Final R indices [I>sigma (I)]
R indices (all data)

Largest diff. peak and hole

1.80 to 26.30°

a=90°
B = 103.4540(9) °
y=90°

—10<=h<=6, -20<=k<=20, —19<=1<=19

11304

4419 [R(int) = 0.0155]

Empirical

Full-matrix least-squares on F?

4419/0/283
1.024

R1=10.0366, wR2 = 0.0887
R1=0.0430, wR2 = 0.0937
0.275and -0211e A3
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Table S2. X-ray crystallographic data of 10—Br-NP (CCDC 1031285).

Identification code 10-Br-NP

Empirical formula C29H25BrO;

Formula weight 485.40

Temperature 90K

Wavelength 0.71073 A

Crystal system monoclinic

Space group P121/c1

Unit cell dimensions a=8.4457(4) A a=90°

b=152032(7)A  P=92.8463(6)°
c=1743278) A  y=90°

Volume 2235.63 A3

4 4

Density(calculated) 1.442 Mg/m?

Absorption coefficient 0.0863 mm!

F(000) 1000

Theta range for data collection 1.78 to 26.38°

Index ranges —10<=h<=8, —18<=k<=19, -20<=1<=21
Reflections collected 11698

Independent reflections 4568 [R(int) = 0.0139]
Absorption correction Empirical

Refinement method Full-matrix least-squares on F?
Data / restrains / parameters 4568 /0/292

Goodness—of-fit on F? 1.063

Final R indices [I>sigma (I)] R1=0.0234, wR2 = 0.0608

R indices (all data) R1=0.0256, wR2 =0.0619
Largest diff. peak and hole 0.390 and -0.519 ¢ A3
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Table S3. X—ray crystallographic data of 2-Br—NP (CCDC 1031283).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density(calculated)
Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method

Data / restrains / parameters
Goodness—of-fit on F2

Final R indices [[>sigma (I)]
R indices (all data)

Largest diff. peak and hole

2-Br-NP

C29H25Br20;

485.40

90 K

0.71073 A

Monoclinic

P121/mn1

a=8.4379(3) A a=90°
b=16.1157(6) A B =101.440(5)°
c=16.8070(6) A vy =90°
2240.06(14) A®

4

1.439 Mg/m?

1.860 mm"

1000

1.77 to 26.04°

—10<=h<=9, —19<=k<=19, -20<=I<=17
11385

4403 [R(int) = 0.0134]

Empirical

Full-matrix least-squares on F?
4403/0/292

1.047

R1=0.0227, wR2 =0.0589
R1=10.0258, wR2 =0.0601

0.366 and —0.316 eA™
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Table S4. X-ray crystallographic data of 2,10—Br-NP (CCDC 1031281).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density(calculated)
Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method

Data / restrains / parameters
Goodness—of-fit on F?

Final R indices [I>sigma (I)]
R indices (all data)

Largest diff. peak and hole

2,10-Br-NP
C29H24Br,0;
564.30

90K

0.71073 A
triclinic

P-1
a=89872(17) A
b=9.0894(17) A
c=15.463(3) A
1195.8(4) A3

2

1.567 Mg/m?
3.414 mm™!

568

1.36 to 26.34°
—11<=h<=9, —11<=k<=11, -19<=I<=15
6211

4637 [R(int) = 0.0159]

a=79.651(2)°
B=77.966(2)°
y=77.931(2)°

Empirical

Full-matrix least-squares on F?
4637/0/301

1.088

R1=0.0440, wR2 =0.1332
R1=0.0477, wR2 =0.1351
1.876 and —0.515 e A3
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Table S5. X-ray crystallographic data of 2,10—Ph—-NP (CCDC 1031282).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density(calculated)
Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method

Data / restrains / parameters
Goodness—of-fit on F?

Final R indices [I>sigma (I)]
R indices (all data)

Largest diff. peak and hole

2,10-Ph-NP
C37H260

486.58

90K

0.71073 A
triclinic

P-1
a=9.9865(6) A
b =10.5600(7) A
c=13.7281(8) A
1295.86(14) A3
2

1.247 Mg/m?
0.073 mm!

512

1.49 to 25.32°
—12<=h<=8, —12<=k<=12, —16<=I<=15
6396

4641 [R(int) = 0.0094]

= 86.2498(7)°
B =84.3378(7)°
v =64.1270(5)°

Empirical

Full-matrix least-squares on F?
4641/0/ 343

1.001

R1=0.0343, wR2 =0.0807
R1=0.0399, wR2 = 0.0845
0.232 and —0.205 e A3
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Table S6. X-ray crystallographic data of 2—-Py—-NP (CCDC 1031284).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density(calculated)
Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method

Data / restrains / parameters
Goodness—of-fit on F?

Final R indices [I>sigma (I)]
R indices (all data)

Largest diff. peak and hole

2-Py-NP
C41H260

534.62

90K

0.71073 A
monoclinic
Cl2/cl
a=41.059(2) A
b=10.4431(6) A
c=13.0847(8) A
5548.0(6) A3

8

1.280 Mg/m®
0.075 mm™!
2240

2.01 to 24.71°
—42<=h<=48, —12<=k<=9, —15<=I<=14
12608

4734 [R(int) = 0.0153]

a=90°
B =98.5570(10)°
y=90°

Empirical

Full-matrix least-squares on F?
4734/0/379

0.954

R1=0.0323, wR2 =0.1084
R1=0.0387, wR2=0.1173
0.194 and —0.183 ¢ A3
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6. UV-Vis Absorption Spectroscopy

The steady state UV—vis absorption spectra were recorded with a Shimadzu UV3150 spectrometer.
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Fig. S41. UV—vis absorption spectrum of 2—-Br—NP in benzene at 298 K.
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Fig. S42. UV—vis absorption spectrum of 2,10—Br—NP in benzene at 298 K.
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Fig. S43. UV—vis absorption spectrum of 2—Py—NP in benzene at 298 K.
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Fig. S44. UV—vis absorption spectrum of 2,10—Ph—NP in benzene at 298 K.
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7. Kinetics for the Thermal Back Reaction

1.2F

1.0f

0.8f

0.6}

Absorbance

0.4¢

0.2¢

0.0" L I " L
0 100 200 300 400
Time / min

Fig. S45. Decay profiles of the transient absorbance of the solution of NP (4.9 x 107> M) observed at
460 nm in benzene at room temperature after irradiation of CW UV light (excitation wavelength,

365 nm; power, 2.6 W/cm?). The solid line indicates the fitted curve by a double exponential decay

function.

1.0

0.8¢

0.6¢

0.4r

Absorbance

0.2}

0.0" 1 L L '
0 5 10 15 20
Time / min

Fig. S46. Decay profiles of the transient absorbance of the solution of 10-Br-NP (5.7 x 107> M)
observed at 450 nm in benzene at room temperature after irradiation of CW UV light (excitation

wavelength, 365 nm; power, 2.6 W/cm?). The solid line indicates the fitted curve by a double

exponential decay function.
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Fig. S47. Transient absorption dynamics of 2-Br—-NP in benzene (1.0 x 107" M) excited at 355 nm
after repetitive exposures of ns laser