Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2017

Electronic Supplementary Information
for
Synthesis of Carbazole-Based BODIPY Dimer Showing
Red Fluorescence in the Solid State

Chihiro Maeda,* Takumi Todaka, Tomomi Ueda and Tadashi Ema*

Division of Applied Chemistry, Graduate School of Natural Science and Technology, Okayama University,
Tsushima, Okayama 700-8530, Japan. E-mail: cmaeda@okayama-u.ac.jp: ema@cc.okayama-u.ac.jp

Table of Contents

[A] Instrumentation and Materials..............oooiiiii i S2
[B] Experimental Procedures and Compound Data.................ccooiiiiiiiiiiiiiiiinnn.n. S2
O I 2SS 3 1S5 4 Lo N S11
[DINMR SPECIIA. .. ettt ittt et e e e e e e e e ee e S12
[E] Fluorescence Lifetime. .........c.ooiuiiiniiiii i i e, S32
[F] X-ray Crystal StruCtUIeS. ......uiitiiii et e e e e S34

S1



[A] Instrumentation and Materials

'H and 3C NMR spectra were taken on a JEOL ECS-400 spectrometer, and chemical shifts are
reported as the delta scale in ppm using a solvent residual peak as an internal reference (0 = 7.260
for 'TH NMR, 77.00 for 3C NMR, in CDCls). UV/vis absorption spectra were recorded on a
Shimadzu UV-2600 spectrophotometer. Fluorescence spectra were recorded on a JASCO FP-750 or
on a Hamamatsu Photonics C9920-02 spectrometer by the photon-counting method using an
integration sphere. HR mass spectra were taken on a Bruker micrOTOF. Unless otherwise noted,

materials obtained from commercial suppliers were used without further purification.

[B] Experimental Procedures and Compound Data
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Scheme S1  Synthesis of 2a—c and 7

Synthesis of 5a and 6a. A flask containing 3,6-di-tert-butyl-1-bromocarbazole (3a)!5!1 (359 mg,
1.00 mmol), benzobisthiazole (4)154 (48.1 mg, 251 umol), Pd(OAc), (22.5 mg, 100 pumol), CuBr,
(22.3 mg, 100 pmol), HP(#-Bu);BF, (58.0 mg, 200 pmol), and Cs,CO; (163 mg, 500 pumol) was
purged with N,, charged with mesitylene (4 mL), and degassed. The mixture was heated at 160 °C
for 16 h under N,. After cooling to rt, the mixture was diluted with CHCl;, washed with water, and
evaporated. Excess mesitylene was removed by distillation. The residue was purified by silica gel
chromatography with CHCI; and recrystallized from CHCI3/MeOH to give Sa as a yellow solid
(34.5 mg, 46.2 umol, 18%) and 6a as a yellow solid (34.2 mg, 72.8 umol, 29%).

Compound data for 5a: 'H NMR (CDCls, 400 MHz) 6 = 10.72 (s, P e

2H, NH), 8.69 (s, 2H, H), 8.28 (d, /= 1.6 Hz, 2H, HY), 8.15 (s, 2H, | & e “}QN o0
H°), 8.01 (d, J= 1.2 Hz, 2H, H®), 7.59 (dd, J = 1.8, 8.6 Hz, 1H, HY), o :
7.56 (d, J = 8.8 Hz, 1H, H?), 1.57 (s, 18H, #-Bu), and 1.50 ppm (s,
18H, #-Bu); 13C NMR (CDCl;, 100 MHz) ¢ = 169.21, 152.24, 142.91, 142.27, 138.52, 136.31,
133.17, 125.03, 124.40, 122.97, 122.72, 120.17, 116.45, 115.09, 114.77, 110.82, 34.85, 34.81, and
32.07 ppm; HR-MS (APCI): m/z = 745.3426. calcd for C4gH49N4S,: 745.3404 [M—H] .
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Compound data for 6a: '"H NMR (CDCl;, 400 MHz) ¢ = 10.73 (s, 1H, v P e
NH), 9.08 (s, 1H, H#), 8.72 (s, 1H, Hf or H"), 8.67 (s, 1H, Hf or H"), 8.28 (d, | & a ~Q
J=2.0 Hz, 1H, HY), 8.14 (s, 1H, H°), 7.97 (d, J = 2.0 Hz, 1H, H®), 7.58 (dd, T W s
J=1.6, 8.4 Hz, 1H, HY), 7.55 (d, J = 8.8 Hz, 1H, H?), 1.54 (s, 9H, #-Bu), and 1.49 ppm (s, 9H, ¢-
Bu); *C NMR (CDCl;, 100 MHz) ¢ = 154.70, 152.70, 142.98, 142.32, 138.51, 136.33, 133.27,
125.09, 124.44, 123.11, 122.70, 120.39, 116.47, 115.94, 115.15, 114.93, 110.81, 34.84, 34.82, and
32.07 ppm; HR-MS (APCI): m/z =470.1708. calcd for CogH»gN3S;,: 470.1719 [M+H]".

Synthesis of 2a. Sa (25.8 mg, 34.5 umol) was dissolved in dry e O s HELF
toluene (4.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and ' e F;Bi C%‘N o
then BF5-OEt, (0.24 mL, 1.9 mmol) were added, and the mixture Bu

was heated at 80 °C for 2 h under N,. After the solvents were removed, the residue was purified by
silica gel chromatography with CHClj/hexane to give 2a as an orange solid (27.7 mg, 32.9 umol,
95%).

'H NMR (CDCls, 400 MHz) 6 = 9.06 (s, 2H, Hf), 8.43 (d, /= 1.2 Hz, 2H, HY), 8.14 (d, /= 1.6 Hz,
2H, H¢), 7.90 (d, J = 8.4 Hz, 2H, H?), 7.78 (d, J= 1.6 Hz, 2H, H°), 7.68 (dd, J= 1.8, 8.2 Hz, 2H, HY),
1.51 (s, 18H, #-Bu), and 1.50 ppm (s, 18H, #-Bu); '3C NMR (CDCl;, 100 MHz) 6 = 170.02, 144.37,
143.05, 142.38, 141.81, 139.64, 130.46, 126.33, 126.19, 125.52, 124.07, 119.62, 117.06, 113.87,
113.69, 107.72, 35.08, 34.91, 32.01, and 31.91 ppm; HR-MS (APCI): m/z = 842.3450. calcd for
CagHygN4S,BoFa: 842.3464 [M]7; UV/Vis (CH,Cly) Amax (6) = 300 (17800), 342 (24000), 360
(23100), and 517 nm (54500 mol 'dm3cm™).

Bu

Synthesis of 7. 6a (14.8 mg, 31.5 umol) was dissolved in dry CH,Cl, . ” ‘Si EH’
(6.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and then BF;-OEt, WO e F:B;Hn s o

(0.24 mL, 1.9 mmol) were added, and the mixture was stirred for 24 h under N,. After the solvents
were removed, the residue was passed through silica gel chromatography with CHCI; to give 7 as
an orange solid (12.4 mg, 24.0 pumol, 76%).

'H NMR (CDCl;, 400 MHz) 6 = 9.19 (s, 2H, He, H"), 8.64 (s, 1H, Hf), 8.44 (d, /= 1.6 Hz, 1H,
HY), 8.14 (d, J=1.6 Hz, 1H, H®), 7.89 (d, J= 8.4 Hz, 1H, H?), 7.83 (d, J= 1.6 Hz, 1H, H®), 7.66 (dd,
J=22,8.6 Hz, 1H, H®), 1.53 (s, 9H, #Bu), and 1.49 ppm (s, 9H, #-Bu); 3C NMR (CDCls, 100
MHz) 0 = 169.52, 157.03, 151.89, 144.09, 142.69, 142.07, 141.81, 139.46, 135.38, 128.15, 125.96,
125.74, 125.39, 124.02, 119.44, 116.94, 116.58, 113.96, 113.63, 107.95, 35.06, 34.86, 31.99, and
31.97 ppm; HR-MS (APCI): m/z = 517.1628. calcd for C,sH,N3S,BF,: 517.1629 [M]"; UV/Vis
(CH,Clp) Amax (&) =293 (7400), 306 (7900), 336 (15500), and 417 nm (14100 mol 'dm?*cm™).
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Synthesis of 3b. To a solution of 3,6-bis(2,4,6-trimethylphenyl)carbazolel3] | yes  H M\ e
(807 mg, 2.00 mmol) in CHCI; (20 mL) was added N-bromosuccinimide (356 H"He
Ha H Br

mixture was passed through a pad of silica gel with CHCIl; and evaporated. The residue was

mg, 2.00 mmol) at 0 °C, and the mixture was stirred for 3 h in the dark. The

purified by silica gel chromatography with CHCls/hexane to give 3b as a white solid (950 mg, 1.97
mmol, 98%).

'"H NMR (CDCl;, 400 MHz) 6 = 8.31 (s, 1H, NH), 7.76 (d, J= 0.8 Hz, 1H, H¢), 7.72 (s, 1H, HY),
7.57 (d, J = 8.0 Hz, 1H, H?), 7.37 (d, J= 1.2 Hz, 1H, H®), 7.24 (dd, J = 1.2, 8.4 Hz, 1H, H®), 6.984
(s, 2H, m-Mes), 6.975 (s, 2H, m-Mes), 2.359 (s, 3H, p-Mes), 2.355 (s, 3H, p-Mes), 2.06 (s, 6H, o-
Mes), and 2.05 ppm (s, 6H, o-Mes); 13C NMR (CDCl;, 100 MHz) § = 139.29, 138.38, 138.34,
137.33, 136.58, 136.38, 136.29, 133.95, 133.23, 129.23, 128.19, 128.13, 128.08, 124.90, 124.05,
121.31, 120.05, 111.02, 104.02, 20.96, and 20.87 ppm; HR-MS (APCI): m/z = 482.1316. calcd for
C30H,;NBr: 482.1314 [M-HT".

Synthesis of Sb and 6b. A flask containing 3b (483 mg, 1.00 mmol), 4 (48.8 mg, 254 umol),
Pd(OAc); (23.4 mg, 104 umol), CuBr;, (23.2 mg, 10.4 umol), HP(-Bu);BF4 (57.6 mg, 199 umol),
and Cs,CO;3 (164 mg, 503 umol) was purged with N,, charged with mesitylene (4 mL), and
degassed. The mixture was heated at 160 °C for 16 h under N,. After cooling to rt, the mixture was
diluted with CHCI;, washed with water, and evaporated. Excess mesitylene was removed by
distillation. The residue was purified by silica gel chromatography with CHCl; and GPC with
CHCI; to give 5b as a brown solid (58.0 mg, 58.3 umol, 23%) and 6b as a brown solid (50.0 mg,
84.2 umol, 33%). —

Compound data for 5b: 'H NMR (CDCl;, 400 MHz) 6 = 11.07 o g HES H
(s, 2H, NH), 8.76 (s, 2H, Hf), 7.97 (s, 2H, HY), 7.86 (s, 2H, H¢), " “Qw M= )wos
7.79 (d,J= 0.8 Hz, 2H, H®), 7.71 (d, J = 8.4 Hz, 2H, H?), 7.30 (dd,
J=1.6, 8.4 Hz, 2H, H"), 7.06 (s, 4H, m-Mes), 7.00 (s, 4H, m-Mes), 2.41 (s, 6H, p-Mes), 2.37 (s, 6H,
p-Mes), 2.14 (s, 12H, o-Mes), and 2.09 ppm (s, 12H, 0-Mes); *C NMR (CDCl;) 6 = 168.85, 152.23,
139.53, 139.04, 138.71, 136.93, 136.74, 136.62, 136.43, 133.30, 133.01, 132.17, 128.29, 128.10,
126.88, 125.17, 124.34, 122.95, 121.11, 115.76, 114.97, 111.35, 21.10, 21.03, and 20.99 ppm; HR-
MS (APCI): m/z =993.3994. calcd for C4sHs7N4S;,: 993.4030 [M-H]". g

Compound data for 6b: '"H NMR (CDCls) 6 = 11.05 (s, 1H, NH), 9.09 (S, | wes e AQK
1H, Hg), 8.79 (s, 1H, Hf or H"), 8.67 (s, 1H, Hf or H"), 7.96 (s, 1H, HY), Wow W sTw
7.85 (s, 1H, H®), 7.74 (s, 1H, H®), 7.71 (d, J = 8.0 Hz, 1H, H?), 7.29 (dd, J = 1.0, 8.6 Hz, 1H, Hb),
7.05 (s, 2H, m-Mes), 7.00 (s, 2H, m-Mes), 2.40 (s, 3H, p-Mes), 2.37 (s, 3H, p-Mes), 2.13 (s, 6H, o-
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Mes), and 2.08 ppm (s, 6H, 0o-Mes); 3C NMR (CDCl3) 6 = 168.76, 152.11, 139.46, 138.92, 138.64,
136.95, 136.78, 136.64, 136.45, 133.18, 132.84, 132.01, 128.24, 128.19, 128.05, 126.78, 125.03,
124.25, 122.81, 121.01, 115.67, 114.94, 111.36, 21.13, 21.09, and 21.04 ppm; HR-MS (APCl): m/z
=592.1911. calcd for C33H39N3S,: 592.1887 [M—H] .

Mes

e

Synthesis of 2b. Sb (33.6 mg, 33.8 umol) was dissolved in dry o O " o HELF
toluene (4.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and MesHba NjBiN{%{“/ W) es
then BF5-OEt, (0.24 mL, 1.9 mmol) were added, and the mixture

Mes

was heated at 80 °C for 2.5 h under N,. After the solvents were removed, the residue was purified
by silica gel chromatography with CHCI; and recrystallized from CHCI;/MeOH to give 2b as an
orange solid (34.2 mg, 31.3 umol, 93%).

'H NMR (CDCls, 400 MHz) 6 =9.17 (s, 2H, Hf), 8.12 (d, /= 0.8 Hz, 2H, HY), 8.04 (d, /= 8.4 Hz,
2H, H?), 7.86 (s, 2H, H°), 7.73 (d, J = 0.8 Hz, 2H, H®), 7.39 (dd, J = 1.8, 7.8 Hz, 2H, H"), 7.05 (s,
4H, m-Mes), 7.00 (s, 4H, m-Mes), 2.40 (s, 6H, p-Mes), 2.37 (s, 6H, p-Mes), 2.11 (s, 12H, Me), and
2.09 ppm (s, 12H, Me); 3C NMR (CDCls, 100 MHz) ¢ = 170.12, 142.55, 142.40, 139.88, 139.32,
137.75, 137.45, 136.54, 134.44, 132.88, 130.75, 129.98, 129.36, 128.46, 128.12, 126.39, 124.39,
124.06, 121.63, 114.23, 114.13, 108.64, 21.06, and 20.98 ppm; HR-MS (APCI): m/z = 1090.4091.
caled for CegHs¢N4S,BoF4: 1090.4094 [M]7; UV/Vis (CH,Cly) Apax (€) = 302 (25800), 343 (28000),
362 (27100), and 516 nm (52300 mol 'dm3cm™1).

Synthesis of 5¢ and 6¢c. A flask containing 3,6-bis(3,5-di-fert-butylphenyl)-1-bromocarbaozle
(3¢)1%4 (624 mg, 1.00 mmol), 4 (48.9 mg, 255 umol), Pd(OAc), (22.2 mg, 98.7 umol), CuBr, (22.3
mg, 100 umol), HP(z-Bu);BF, (58.4 mg, 201 umol), and Cs,CO3 (163 mg, 500 umol) was purged
with N,, charged with mesitylene (4 mL), and degassed. The mixture was heated at 160 °C for 16 h
under N,. After cooling to rt, the mixture was diluted with CHCl;, washed with water, and
evaporated. Excess mesitylene was removed by distillation. The residue was purified by silica gel
chromatography with CHCI; and GPC with CHCI; to give 5¢ as a yellow solid (160 mg, 125 pmol,
49%) and 6c¢ as a yellow solid (76.3 mg, 104 umol, 41%). -

Compound data for 5¢: '"H NMR (CDCl3) ¢ = 10.99 (s, 2H, NH), ) " O H~ s M
8.74 (s, 2H, HY), 8.45 (d, J = 1.2 Hz, 2H, HY), 8.35 (s, 2H, H), 8.19 N @ O g
(d, J= 1.6 Hz, 2H, H¢), 7.78 (dd, J = 1.6, 8.4 Hz, 2H, H"), 7.73 (d, J A= S drerrbaiphen
= 8.8 Hz, 2H, H?), 7.61 (d, J = 2.0 Hz, 4H, 0-Ar), 7.56 (d, /= 1.2 Hz, 4H, 0-Ar), 7.54 (t, /= 1.6 Hz,
2H, p-Ar), 7.46 (t, J = 1.8 Hz, 2H, p-Ar), 1.49 (s, 36H, #-Bu), and 1.44 ppm (s, 36H, #-Bu); °C
NMR (CDCl;) 6 = 168.73, 152.15, 151.48, 151.14, 141.53, 141.16, 139.63, 137.27, 135.14, 134.67,
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133.27, 126.66, 125.49, 123.34, 122.63, 122.16, 121.97, 121.31, 120.82, 119.25, 115.71, 114.85,
111.47, 35.14, 35.04, 31.71, and 31.65 ppm; HR-MS (APCl): m/z = 1273.7152. calcd for
CggHo7N4S,. 1273.7160 [M—H] . o 1 e
Compound data for 6¢: 'H NMR (CDCls) 6 = 11.02 (s, 1H, NH), 9.10 (s, | o H N~S H’N
1H, Hg), 8.79 (s, 1H, Hf or H"), 8.69 (s, 1H, Hf or H"), 8.47 (s, 1H, HY), 8.37 HbAr=:;_di_te”_bugl”phenyfJ\“g
(s, 1H, H°), 8.17 (s, 1H, H®), 7.78 (d, J = 8.8 Hz, 1H, HY), 7.73 (d, J= 8.4 Hz, 1H, H?), 7.59 (d, J =
1.6 Hz, 2H, 0-Ar), 7.56 (s, 2H, 0-Ar), 7.52 (t, J= 1.2 Hz, 1H, p-Ar), 7.46 (t, J= 1.6 Hz, 1H, p-Ar),
1.46 (s, 18H, ¢-Bu), and 1.44 ppm (s, 18H, #-Bu); 3C NMR (CDCl3) ¢ = 168.90, 154.27, 152.10,
151.38, 151.11, 141.55, 140.92, 139.49, 137.08, 135.03, 134.38, 132.82, 126.56, 125.26, 123.27,
122.31, 121.95, 121.93, 121.17, 120.77, 119.19, 115.54, 115.38, 114.77, 111.32, 35.06, 35.02, and

31.68 ppm; HR-MS (APCI): m/z = 734.3594. calcd for C4gH5,N3S,: 734.3597 [M+H]".

Synthesis of 2¢. 5c¢ (51.0 mg, 40.0 umol) was dissolved in dry o O Hes WE
toluene (4.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and e "\ Q?‘/ W

e T
Ar

then BF;-OEt, (0.24 mL, 1.9 mmol) were added, and the mixture Ar = 3.5-diert-butylphenyl

was heated at 80 °C for 1 h under N,. After the solvents were removed, the residue was purified by
silica gel chromatography with CHCl; to give 2¢ as a red solid (49.0 mg, 35.7 umol, 89%).

'"H NMR (CDCls, 400 MHz) 6 =9.17 (s, 2H, Hf), 8.61 (d, /= 0.8 Hz, 2H, HY), 8.38 (d, /= 1.2 Hz,
2H, He¢), 8.07-8.05 (m, 4H, H?, H®), 7.87 (dd, J = 1.6, 8.4 Hz, 2H, H®), 7.58 (d, J = 1.2 Hz, 4H, o-
Ar), 7.55 (s, 6H, o-Ar, p-Ar), 7.48 (t, J = 1.6 Hz, 2H, p-Ar), 1.48 (s, 36H, #-Bu), and 1.44 ppm (s,
36H, #-Bu); *C NMR (CDCl;) 6 = 170.06, 151.73, 151.20, 143.00, 142.45, 141.36, 140.28, 136.46,
135.30, 130.69, 128.36, 127.74, 126.41, 124.70, 122.64, 122.04, 121.77, 121.02, 119.94, 114.36,
114.02, 108.56, 35.14, 35.06, and 31.65 ppm; HR-MS (APCI): m/z = 1370.7176. calcd for
CgsHoeN4S,BoF4: 1370.7229 [M]7; UV/Vis (CH,Cly) Amax (€) = 257 (88400), 351 (30000), 369
(32900), and 530 nm (48400 mol'dm3cm™).

R‘
Pd(OAc),
HN R2 CuBr,

s tBusPHBF 4

\ 052(503

R Q NH N mesnylene NH HN R2
160 °C, 48 h
j 5d (27%)

3b (R2 = Mes)
5¢ 33/
6a or 6b S 3c R2 3,5-di-tert- butylphenyl 5: 34%)

Ri 3d (R2 = 3,5-bis(trifluoromethyl)phenyl)

BF-OEt, O
ProNEt S F\ /F
toluene R? N N VRN
50-80 °C N/ N N R2
1.5-3h B |
7N\

. . s 2d (R = Bu, R2 = Mes, 84%)
2e (R! = tBu, R2 = 3,5-di-tert-butylphenyl, 89%)

2f (R' = Mes, R2 = 3,5-di-tert-butylphenyl, 76%)
2g (R! = Mes, R2 = 3,5-bis(trifluoromethyl)phenyl, 23% for 2 step)

Scheme S2  Synthesis of 2d—g
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Synthesis of 5d. A flask containing 6a (117 mg, 249 umol), 3b P e

(256 mg, 531 pmol), Pd(OAc), (11.0 mg, 48.9 pmol), CuBr, (12.2 | &~ Hn QQN = s
mg, 54.7 pmol), HP(~-Bu);BF, (30.0 mg, 103 pmol), and Cs,CO; | ™ 1L *»

(81.2 mg, 249 umol) was purged with N,, charged with mesitylene

(2 mL), and degassed. The mixture was heated at 160 °C for 48 h under N,. After cooling to rt, the
mixture was diluted with CHCIl;, washed with water, and evaporated. Excess mesitylene was
removed by distillation. The residue was purified by silica gel chromatography with CHCl; and
recrystallized from CHCI;/MeOH. The crude product was purified by GPC with CHCIj; to give 5d
as a yellow solid (58.5 mg, 67.2 umol, 27%).

'"H NMR (CDCl3) § = 11.07 (s, 1H, NH), 10.76 (s, 1H, NH), 8.74 (s, 1H, H or He), 8.68 (s, 1H,
Hf or He), 8.29 (d, J = 1.2 Hz, 1H, HY), 8.15 (s, 1H, H®), 8.00 (d, J = 2.0 Hz, 1H, H®), 7.97 (s, 1H,
HY), 7.87 (s, 1H, Hi), 7.79 (d, J= 1.2 Hz, 1H, H"), 7.73 (d, /= 8.4 Hz, 1H, H'), 7.58 (dd, /= 1.6, 8.4
Hz, 1H, HY), 7.56 (d, J = 8.4 Hz, 1H, H?), 7.31 (dd, J = 1.4, 8.2 Hz, 1H, H¥), 7.06 (s, 2H, m-Mes),
7.01 (s, 2H, m-Mes), 2.41 (s, 3H, p-Mes), 2.38 (s, 3H, p-Mes), 2.15 (s, 6H, 0-Mes), 2.10 (s, 6H, o-
Mes), 1.56 (s, 9H, #-Bu), and 1.49 ppm (s, 9H, #-Bu); 13C NMR (CDCl;) d = 169.19, 168.56, 152.15,
151.96, 142.72, 142.07, 139.48, 138.93, 138.67, 138.31, 136.94, 136.78, 136.66, 136.46, 136.12,
133.09, 133.04, 132.81, 131.99, 128.24, 128.17, 128.05, 126.77, 125.00, 124.80, 124.37, 124.19,
122.86, 122.47,121.02, 120.21, 116.39 115.71, 114.83, 114.78, 111.36, 110.77, 34.79, 32.04, 21.15,
and 21.06 ppm; HR-MS (APCI): m/z = 871.3834. calcd for CsgHssN,S,: 871.3863 [M+H] ™.

Synthesis of 2d. 5d (25.6 mg, 29.4 umol) was dissolved in dry ” O s AR FHL
toluene (4.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and LB Q‘N 15w
then BF5-OEt, (0.24 mL, 1.9 mmol) were added, and the mixture Vos

was heated at 80 °C for 3 h under N,. After the solvents were removed, the residue was purified by
silica gel chromatography with CHCIj; to give 2d as a red solid (23.8 mg, 24.6 umol, 84%).

"H NMR (CDCl3) 6 =9.14 (s, 1H, Hf or H?), 9.12 (s, 1H, Hf or H®), 8.48 (d, J = 1.6 Hz, 1H, HY),
8.15(d,J=1.6 Hz, 1H, H°), 8.11 (d, J= 0.8 Hz, 1H, HY), 8.05 (d, /= 7.6 Hz, 1H, H"), 7.89-7.86 (m,
3H, H?, He, Hi), 7.72 (d, J = 1.2 Hz, 1H, H"), 7.67 (dd, J = 1.6, 8.8 Hz, 1H, HY), 7.40 (dd, J = 1.4,
8.2 Hz, 1H, H¥), 7.05 (s, 2H, m-Mes), 7.01 (s, 2H, m-Mes), 2.40 (s, 3H, p-Mes), 2.37 (s, 3H, p-Mes),
2.11 (s, 6H, 0-Mes), 2.09 (s, 6H, 0-Mes), 1.55 (s, 9H, #-Bu), and 1.49 ppm (s, 9H, #-Bu); 3C NMR
(CDCl3) 6 = 170.12, 169.88, 144.29, 143.00, 142.48, 142.24, 142.19, 141.56, 139.70, 139.59,
139.28, 137.71, 137.45, 136.58, 134.25, 132.71, 130.57, 130.47, 129.79, 129.25, 128.38, 128.07,
126.60, 126.21, 126.04, 125.53, 124.32, 123.98, 123.91, 121.56, 119.66, 117.08, 114.16, 113.95,
113.53, 108.60, 107.61, 35.09, 34.86, 31.94, 31.90, 21.11, and 21.04 ppm; HR-MS (APCI): m/z =
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966.3815. calcd for CsgHsaNySyBoFy: 966.3779 [M]; UV/Vis (CHyCly) Amas (€) = 306 (17100), 342
(24200), 361 (24600), and 517 nm (52600 mol 'dm3cm™).

Synthesis of Se. A flask containing 6a (117 mg, 249 pmol), 3¢ o ) ”es .
(311 mg, 499 pmol), Pd(OAc), (11.2 mg, 49.8 umol), CuBr, (11.1 | * O Q e
mg, 49.8 umol), HP(z-Bu);BF, (28.4 mg, 97.9 umol), and Cs,CO; Ar = 3,5-dertbutylphenyl

(82.3 mg, 252 umol) was purged with N,, charged with mesitylene (2 mL), and degassed. The
mixture was heated at 160 °C for 48 h under N,. After cooling to rt, the mixture was diluted with
CHCI;, washed with water, and evaporated. Excess mesitylene was removed by distillation. The
residue was purified by silica gel chromatography with CHCI; and recrystallized from
CHCIl3;/MeOH. The crude product was purified by GPC with CHCI; to give 5e as a yellow solid
(82.4 mg, 81.5 pumol, 33%).

'"H NMR (CDCls) 6 = 10.94 (s, 1H, NH), 10.58 (s, 1H, NH), 8.65 (s, 1H, H or H#), 8.60 (s, 1H,
Hf or He), 8.40 (d, J= 1.2 Hz, 1H, HY), 8.24 (d, J= 1.6 Hz, 1H, HY), 8.20 (s, I1H, Hi), 8.19 (d, J= 1.6
Hz, 1H, H"), 8.05 (d, J= 1.6 Hz, 1H, H¢), 8.00 (d, J= 2.0 Hz, 1H, H°¢), 7.72 (dd, /= 1.8, 8.2 Hz, 1H,
HY), 7.63—7.61 (m, 3H, H!, 0-Ar), 7.59-7.56 (m, 3H, HP, 0-Ar), 7.54 (t, J = 1.8 Hz, 1H, p-Ar), 7.51
(d, J=8.8 Hz, 1H, H?), 7.47 (t, J= 1.6 Hz, 1H, p-Ar), 1.49 (s, 18H, ¢-Bu), and 1.45 ppm (s, 36H, -
Bu); *C NMR (CDCls) 6 = 168.85, 168.24, 151.94, 151.40, 151.02, 142.29, 141.71, 141.52, 141.01,
139.25, 137.95, 137.06, 135.91, 134.65, 133.92, 132.71, 132.63, 129.02, 128.21, 126.58, 125.28,
125.20, 125.02, 124.57, 123.93, 122.80, 122.58, 122.26, 122.02, 121.25, 120.79, 120.09, 119.07,
116.16, 115.42, 114.56, 114.39, 114.07, 110.79, 110.73, 35.13, 35.02, 34.78, 34.60, 32.13, 31.91,
31.68, and 31.66 ppm; HR-MS (APCI): m/z = 1011.5420. calcd for CsgH7sN4S,: 1011.5428 [M+H]*.

Synthesis of 2e. Se (51.7 mg, 51.1 pmol) was dissolved in dry - K s IR
toluene (4.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and w7 e e N s O "
then BF5-OEt, (0.24 mL, 1.9 mmol) were added, and the mixture [ >y o

was heated at 80 °C for 1.5 h under N,. After the solvents were removed, the residue was purified
by silica gel chromatography with CHCI; to give 2e as a red solid (50.4 mg, 45.5 pmol, 89%).

'"H NMR (CDCl3) 6 = 9.13 (s, 1H, Hf or H#), 9.10 (s, 1H, H or H®), 8.58 (s, 1H, H'), 8.47 (d, J =
1.2 Hz, 1H, HY), 8.35 (d, /= 1.6 Hz, 1H, Hi), 8.13 (d, J= 1.6 Hz, 1H, H®), 8.06 (d, /= 1.6 Hz, 1H,
H"), 8.04 (d, /= 8.4 Hz, 1H, H'), 7.88—7.84 (m, 3H, H?, H¢, HX), 7.66 (dd, J = 2.0, 8.8 Hz, 1H, H),
7.57 (d, J= 1.6 Hz, 2H, 0-Ar), 7.54 (m, 3H, o-Ar, p-Ar), 7.48 (t, /= 1.8 Hz, 1H, p-Ar), 1.56 (s, 9H,
-Bu), 1.49 (s, 9H, #-Bu), 1.47 (s, 18H, Ar), and 1.44 ppm (s, 18H, Ar); 3C NMR (CDCly) 6 =
170.32, 170.08, 151.77, 151.27, 144.30, 143.02, 142.59, 142.30, 141.78, 141.53, 140.40, 140.35,
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139.73, 137.72, 136.47, 135.32, 130.66, 130.52, 128.23, 127.65, 126.97, 126.41, 126.35, 126.25,
125.42, 124.75, 124.05, 122.58, 122.05, 121.74, 121.03, 119.90, 119.64, 116.99, 114.23, 113.80,
113.75, 113.69, 35.17, 35.10, 34.87, 32.00, 31.97, and 31.70 ppm; HR-MS (APCl): m/z =
1106.5320. caled for CegHyoNySoBoFu: 1106.5347 [M]; UV/Vis (CHaCla) Amax (£) = 345 (29400),
364 (29700), and 523 nm (54000 mol 'dm3cm™).

Synthesis of 5f. A flask containing 6b (148 mg, 249 umol), 3¢ e O s W
(311 mg, 499 umol), Pd(OAc), (11.3 mg, 50.2 umol), CuBr;, (10.7 Hba ﬁ{“ ] "
mg, 48.0 umol), HP(+-Bu);BF, (29.2 mg, 101 pmol), and Cs,CO; Nessaibiistent "l

(82.2 mg, 252 umol) was purged with N,, charged with mesitylene (2 mL), and degassed. The
mixture was heated at 160 °C for 48 h under N,. After cooling to rt, the mixture was diluted with
CHCIl;, washed with water, and evaporated. Excess mesitylene was removed by distillation. The
residue was purified by silica gel chromatography with CHCIl; and recrystallized from
CHCIl3;/MeOH. The crude product was purified by GPC with CHCl; to give 5f as a yellow solid
(95.2 mg, 83.8 umol, 34%).

'H NMR (CDCl;) 6 = 11.07 (s, 2H, NH), 8.77 (s, 1H, H' or H#), 8.76 (s, 1H, Hf or H#), 8.47 (d, J
= 1.2 Hz, 1H, H'), 8.38 (s, 1H, Hi), 8.19 (d, /= 1.2 Hz, 1H, H"), 7.97 (d, /= 1.2 Hz, 1H, HY), 7.86 (s,
1H, H°), 7.80 (d, /= 1.2 Hz, 1H, H°), 7.79 (dd, J= 1.6, 7.2 Hz, 1H, H¥), 7.74 (d, J = 8.8 Hz, 2H, H?,
HY), 7.60 (d, J = 2.0 Hz, 2H, o0-Ar), 7.57 (d, J = 1.6 Hz, 2H, 0-Ar), 7.53 (t, J = 1.6 Hz, 1H, p-Ar),
7.46 (t, J= 1.6 Hz, 1H, p-Ar), 7.31 (dd, J = 1.8, 8.2 Hz, 1H, HY), 7.06 (s, 2H, m-Mes), 7.01 (s, 2H,
m-Mes), 2.41 (s, 3H, p-Mes), 2.37 (s, 3H, p-Mes), 2.15 (s, 6H, p-Mes), 2.09 (s, 6H, p-Mes), 1.48 (s,
18H, #-Bu), and 1.44 ppm (s, 18H, #-Bu); 13C NMR (CDCl;) ¢ = 168.93, 168.85, 152.31, 152.24,
151.48, 151.21, 141.56, 141.09, 139.74, 139.57, 139.11, 138.75, 137.36, 136.91, 136.80, 136.74,
136.61, 136.42, 135.28, 134.79, 133.37, 133.10, 132.27, 128.33, 128.13, 126.96, 126.84, 125.53,
125.27, 124.41, 123.45, 123.03, 122.70, 122.14, 122.02, 121.32, 121.16, 120.89, 119.42, 115.85,
115.82, 115.00, 114.98, 111.54, 111.38, 35.13, 35.07, 31.68, 31.66, 21.09, 21.03, and 20.97 ppm;
HR-MS (APCI): m/z = 1135.5737. calcd for C;4H79N4S,: 1135.5741 [M+H]".

Synthesis of 2f. 5f (26.0 mg, 22.9 umol) was dissolved in dry He O ss HEC FHL
toluene (2.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and Hba :)E(NQP s

Hh Hi

then BF5-OEt, (0.24 mL, 1.9 mmol) were added, and the mixture Ar=3&dertbuyiphenyl T [

was heated at 50 °C for 3 h under N,. After the solvents were removed, the residue was passed
through a pad of silica gel with CHCls/hexane and evaporated to dryness. The crude product was
recrystallized from CHCl;/MeOH to give 2f as a red solid (21.6 mg, 17.5 umol, 76%).
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'"H NMR (CDCl3) 6 =9.182 (s, 1H, Hf or H#), 9.175 (s, 1H, Hf or H?), 8.62 (d, /= 1.2 Hz, 1H, HY),
8.37 (d, J= 1.6 Hz, 1H, Hi), 8.12 (d, J = 0.8 Hz, 1H, HY), 8.08 (d, /= 1.6 Hz, 1H, H), 8.06 (d, J =
8.0 Hz, 2H, H2, HY), 7.87 (dd, J = 1.6, 8.8 Hz, 1H, H¥), 7.86 (d, J= 1.2 Hz, 1H, H°), 7.73 (d, J= 1.2
Hz, 1H, H®), 7.57 (d, J = 1.6 Hz, 2H, 0-Ar), 7.54 (s, 3H, o-Ar, p-Ar), 7.47 (t, J = 1.8 Hz, 1H, p-Ar),
7.40 (dd, J = 1.4, 8.2 Hz, 1H, H®), 7.06 (s, 2H, m-Mes), 7.00 (s, 2H, m-Mes), 2.40 (s, 3H, p-Mes),
2.37 (s, 3H, p-Mes), 2.12 (s, 6H, p-Mes), 2.09 (s, 6H, p-Mes), 1.47 (s, 18H, ¢-Bu), and 1.44 ppm (s,
18H, #-Bu); 3C NMR (CDCl;) 6 = 169.99, 151.66, 151.12, 142.85, 142.36, 142.26, 141.27, 140.16,
139.75, 139.28, 137.71, 137.43, 136.57, 136.40, 135.16, 134.25, 132.72, 130.65, 130.60, 129.86,
129.26, 128.38, 128.06, 127.77, 126.25, 124.63, 124.29, 123.95, 122.68, 122.05, 121.74, 121.53,
121.01, 120.01, 114.30, 114.21, 114.06, 114.03, 108.58, 108.48, 35.11, 35.02, 31.62, 21.10, and
21.03 ppm; HR-MS (APCl): m/z = 1230.5693. calcd for C;gH76N4S;B,F4: 1230.5662 [M]~; UV/Vis
(CHLCly) Amax (&) = 347 (27900), 366 (28300), and 523 nm (47600 mol 'dm? cm™).

Synthesis of 3,6-bis[3,5-bis(trifluoromethyl)phenyl]carbazole.
3,6-Dibromocarbazole (1.29 g, 3.97 mmol), Pd(PPh;), (123 mg, 106
pmmol), and Cs,CO; (5.02 g, 15.4 mmol) in toluene/EtOH/H,0O
(17/8/8 mL) was degassed and then heated at 100 °C for 14 h under N,. After cooling to rt, the

organic layer was extracted with CH,Cl, and evaporated. The residue was purified by silica gel
chromatography with CH,Cl,/hexane. Recrystallization from CH,Cl,/hexane gave the product as a
white solid (1.81 g, 3.06 mmol, 77%).

"H NMR (CDCl3) ¢ = 8.40 (d, J = 0.8 Hz, 2H, H®), 8.37 (s, 1H, NH), 8.15 (s, 4H, 0-Ar), 7.86 (s,
2H, p-Ar), 7.73 (dd, J = 1.8, 8.2 Hz, 2H, HY), and 7.61 ppm (d, J = 8.4 Hz, 2H, H?); 13C NMR
(CDCl) 0 = 144.13, 140.47, 132.39 (q, J = 35 Hz), 130.73, 127.30, 125.96, 124.24, 123.63 (q, J =
271 Hz), 120.31 (sep, J = 3.8 Hz), 119.44, and 111.75 ppm; HR-MS (APCl): m/z = 590.0817 calcd
for CosH ,NF5: 590.0784 [M—H]".

Synthesis of 3,6-bis[3,5-bis(trifluoromethyl)phenyl]-1-bromocarbazole (3d).

To a solution of 3,6-bis[3,5-bis(trifluoromethyl)phenyl]carbazole
(577 mg, 97.6 umol) in CHCl; (10 mL) was added N-

bromosuccinimide (18.0 mg, 101 pmol) at 0 °C, and the mixture was

stirred for 6 h in the dark. The mixture was passed through a pad of silica gel with CHCl;, and

evaporated to dryness. The residue was purified by silica gel chromatography with CHCls/hexane to
give 3d as a white solid (55.9 mg, 83.4 umol, 85%).

'"H NMR (CDCls) 6 =8.51 (s, 1H, NH), 8.37 (d, /= 2.0 Hz, 1H, H°), 8.33 (d, /= 1.2 Hz, 1H, HY),

8.14 (s, 2H, o0-Ar), 8.12 (s, 2H, 0-Ar), 7.884—7.875 (m, 3H, H¢, p-Ar), 7.78 (dd, J = 1.8, 8.2 Hz, 1H,
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HY), and 7.68 ppm (d, J = 8.4 Hz, 1H, H); 3C NMR (CDCl;) § = 143.81, 142.92, 140.02, 139.07,
132.58 (q, J = 35 Hz), 132.47 (q, J = 35 Hz), 132.15, 131.42, 127.91, 127.36, 126.68, 125.15,
124.62, 123.58 (q, J = 271 Hz), 123.51 (q, J = 271 Hz), 120.84 (sep, J = 3.8 Hz), 120.53 (sep, J =
3.8 Hz), 119.95, 118.53, 112.22, and 105.27 ppm; HR-MS (APCI): m/z = 669.9869 calcd for
C,sH; NF;,Br: 669.9870 [M—H]".

Synthesis of 2g. A flask containing 6b (148 mg, 249 pmol), 3d | w1 . .
(336 mg, 501 umol), PA(OAC), (117 mg, 52.0 umol), Cubrs (115 | 20~ Ly

HP \
Ha £7 MpHo s O Wi
Hh Hi

mg, 51.6 Ml’nOl), HP(Z-BU)3BF4 (286 mg, 98.6 umol), and CSQCOj, Ar = 3,5-bis(trifluoromethyl)phenyl  Ar

(81.0 mg, 248 umol) was purged with N,, charged with mesitylene (4 mL), and degassed. The
mixture was heated at 160 °C for 48 h under N,. After cooling to rt, the mixture was diluted with
CHCIl;, washed with water, and evaporated. Excess mesitylene was removed by distillation. The
residue was purified by silica gel chromatography with CHCl;, recrystallized from CHCl;/MeOH,
and then purified by GPC with CHCI; to give 5g as a crude product. The crude product was
dissolved in dry toluene (4.0 mL). Diisopropylethylamine (0.66 mL, 3.8 mmol) and then BF5-OEt,
(0.24 mL, 1.9 mmol) were added, and the mixture was heated at 80 °C for 1.5 h under N,. After the
solvents were removed, the residue was purified by silica gel chromatography with CHCl;/hexane
to give 2g as a red solid (73.6 mg, 57.5 umol, 23%).

"H NMR (CDCls) 6 = 9.18 (s, 1H, Hf or H), 9.17 (s, 1H, Hf or H?), 8.64 (d, J = 1.2 Hz, 1H, HY),
8.46 (d, J = 1.6 Hz, 1H, Hi), 8.21 (s, 2H, o-Ar), 8.18 (s, 2H, 0-Ar), 8.15 (d, J = 1.2 Hz, 1H, H? or
HY), 8.14 (s, 1H, HY or H"), 8.13 (d, /= 7.6 Hz, 1H, H°), 8.03 (d, J= 8.4 Hz, 1H, H?), 7.97 (s, 1H, p-
Ar), 7.91 (dd, J= 1.6, 8.4 Hz, 1H, H¥), 7.90 (s, 1H, p-Ar), 7.86 (s, 1H, H°), 7.72 (d, J= 0.8 Hz, 1H,
He), 7.40 (dd, J = 1.4, 8.6 Hz, 1H, HP), 7.06 (s, 2H, m-Mes), 7.01 (s, 2H, m-Mes), 2.41 (s, 3H, p-
Mes), 2.38 (s, 3H, p-Mes), 2.12 (s, 6H, 0-Mes), and 2.10 ppm (s, 6H, 0-Mes); *C NMR couldn’t
detect peaks due to serious low solubility; HR-MS (APCI): m/z = 1278.2675. calcd for
CesHaoNaS:B,Fi6: 1278.2650 [M]~; UV/Vis (CHyCL) Amax (€) = 309 (42500), 343 (29600), 364
(30700), and 515 nm (56700 mol'dm3cm™).

[C] References
[S1] C.Maeda, T. Todaka, T. Ueda and T. Ema, Chem.—Eur. J., 2016, 22, 7508.
[S2] J. F. Mike, J. J. Inteman, A. Ellern and M. Jeffries-EL, J. Org. Chem., 2010, 75, 495.
[S3] C.Maeda, T. Todaka and T. Ema, Org. Lett., 2015, 17, 3090.
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100 MHz 3C NMR spectrum of 2f in CDClj;
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400 MHz 'H NMR spectrum of 3,6-bis[3,5-bis(trifluoromethyl)phenyl]carbazole in CDCl;
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[E] Fluorescence Lifetime
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Fig. S1 Fluorescence decay analyses of (a) 7, (b) 2a, (c) 2b, (d) 2c¢, (e) 2d, (f) 2e, (g) 2f and (f)

CH,Cl, (left) and in the solid state (right).
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[F] X-ray Crystal Structures

Single crystals of 2a and 7 were obtained by the vapor diffusion method (chlorobenzene/EtOH
for 2a and CH,Cl,/MeOH for 7). X-ray data at 93 K were taken on a Rigaku-Raxis-RAPID imaging
plate system with Cu-Ka radiation (A = 1.54187 A), and structures were processed and refined by
CrystalStructure and Yadokari. All non-hydrogen atoms were refined anisotropically and the

hydrogen atoms were calculated in ideal positions.

MPV = 0.048 A

Fig. S2  Crystal structures of (a) 2a and (b) 7. Hydrogen atoms and solvent molecules are
omitted for clarity. The thermal ellipsoids are drawn at the 50% probability level. Selected bond
distances (A) are shown. Mean plane deviations (MPV) are calculated for the atoms excluding the

peripheral substituents.

Crystallographic data for 2a: formula: C;sHysN4S;B,F4-3(C¢HsCl), M,, = 1078.28, Tricrinic,
space group P—1 (2), a = 8.2634(10), b = 12.174(2), c = 15.232(3) A, a=88.77(3), B= 79.422(18),
y=76.323(18), V =1463.2(4) A3, Z =1, paca = 1.337, T = —180 °C, 18884 measured reflection,
5066 unique reflections (R;,; = 0.0426), R, = 0.0487, wR, = 0.1387 (all data), GOF = 1.004
Crystallographic data for 7: formula: 2(C,3H,sN3S,BF;)-0.615(CCl,), M,, = 1085.71, Tricrinic,
space group P-1 (2), a = 9.6199(15), b = 11.2244(19), ¢ = 24.169(4) A, a = 88.899(15), B =
85.634(13), y= 83.446(12), V =2585.0(7) A%, Z= 2, peatea = 1.395, T =180 °C, 32248 measured
reflection, 8710 unique reflections (R;,; = 0.0258), R; = 0.0520, wR, = 0.1517 (all data), GOF =
1.024.
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