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Synthesis
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5CzBN-D(0,p)

5CzBN-D(a)

Scheme 1. Synthetic scheme for the 5CzBN-D(m), 5CzBN-D(o,p) and 5CzBN-D(a).

(s)-2,4,6-tri(9H-carbazol-9-yl)-3,5-bis(9H-carbazol-9-yl-ds)benzonitrile (5CzBN-D(m))

9H-carbazole (1.34 g, 8.03 mmol), NaH (0.36 g, 9.06 mmol), and THF (40 mL) were added to a 100 mL round-
bottom flask, and 9H-carbazole was activated for 1 h under nitrogen atmosphere at room temperature. Then,
pentafluorobenzonitrile (0.50 g, 2.59 mmol) was added to the round-bottom flask, and the mixture was stirred
for 12 h under nitrogen atmosphere at room temperature. After completion of the reaction, extraction was

repeated three times using methylene chloride and distilled water. The organic layers were combined and dried



over anhydrous MgS0a. After filtration, the crude mixture was evaporated using a rotary evaporator. The mixture
was recrystallized from toluene and methanol to remove impurities, and the product (2,4,6-tri(9H-carbazol-9-
yl)-3,5-difluorobenzonitrile) (3CzFCN) was obtained. After that, deuterated carbazole (0.83 g, 4.73 mmol), NaH
(0.22 g, 5.51 mmol), THF (40 mL) were added to a 100 mL round-bottom flask, and deuterated carbazole was
activated for 1 h under nitrogen atmosphere at room temperature. Then, 3CzFCN (1.00 g, 1.58 mmol) was added
to the round-bottom flask, and the mixture was stirred for 24 h under nitrogen atmosphere at room temperature.
After completion of the reaction, extraction was repeated three times using methylene chloride and distilled
water. The organic layers were combined and dried over anhydrous MgS0Oa. After filtration, the crude mixture
was evaporated using a rotary evaporator. The mixture was recrystallized with toluene and methanol to remove

impurities, and the product (D-m-5CzBN) was obtained as a yellow powder.

Yield 0.93g (62.2%), HNMR (400 MHz, DMSO) & 7.89 — 7.80 (m, 1H), 7.74 (d, J = 8.3 Hz, 1H), 7.32 (d, J = 7.6 Hz,
1H), 7.17 = 7.03 (m, 1H), 6.74 — 6.55 (m, 1H). 3C NMR (101 MHz, CDCI3) & 143.15 — 142.71 (m), 141.59 (s),
139.79 (s), 138.63 (d, J = 17.0 Hz), 125.42 (s), 124.01 (s), 123.57 — 122.67 (m), 121.05 (s), 120.41 (s), 119.47 (s),
118.28 — 117.22 (m), 112.93 — 112.35 (m), 112.07 (s). m/z 944.43.

H NMR (400 MHz, DMSO) 6 7.89 - 7.80 (m. 1H), 7.74 (d, J=8 3 Hz 1H), 732 (d, J=7.6 Hz 1H),
7.17 - 7.03 (m 1H), 6.74 — 6.5 (m 1H). Lo
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“C NMR (101 MHz, DMSO) 5 143.36— 142.98 (m), 141.66 (=), 13075 (5), 138.65 (d, /= 25.4 Hz),
124.04 (s, 123.06 (d, 7= 24.6 Hz), 12040 (s), 119.57 (3), 11228 ().
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[ Mazs Spectram ]

Data : FAB-F5T7 Date : 04-0ct-2023 16:53

RT - 000 man Scani# : (1,5)

Elements : & 10070, 1TH 480, ZH 250, N /4

Mass Tolerance : 10ppm, Smmu & m/z < 500, 10mmu if m'z > 1000
Unsaturation (U5} : -0.5 - 60.0
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Observed miz Int% Errlppm / mmu] U.5. Composition
1 944.4324 100.00 -9.5 / -8.0 51.5 CGB 1H22 2HIB NS§
2 -7.8 -7.4 52.0 CG8 1H20 2HIG NS
a -6.2 -5.9 52.5 CG8 IHI8 2H20 NS
q -4.8 -4.3  53.0 CG8 THI6 2H21 NS
5 -2.9 -2.8 53.5 CG8 THI4 2H2Z NS
[ -1.3 -1.2  54.0 CGB8 THI2Z 2H23 NS
? +0.4 +0.3  54.5 CG8 THI0 2H24 NS
'l +2.0 +1.9 55.0 CB8 THB ZH25 NS
'l -9.3 -B.B  48.0 CB7 TH36 2HIO N&
10 -1.8 -7.2  48.5 CB7 TH34 2HI1 N8
1 -6.0 -5.7 49.0 CB7 TH32 2H1Z Ne
12 -4.4 -4.1 49,5 CB7 TH30 2H13 Ne
13 -2.7 -2.6 50.0 CB7 THZ8 2H14 N&
14 -1.1 -1.0 50.5 CB7 1HZ6 2H15 N&
15 +0.8 +0.5 51.0 CB7 THZ4 2HI6 N&
16 +2.2 ¢ +2.1  51.5 CB7 1HEZ2 2HIT N
17 +3.8 / +3.6 52.0 CB7 1HZO 2HIB N
18 +5.5 ¢ +5.2 52,5 CGB7 1HI8 2H19 N&
19 +7.1 +6.7 53.0 CB7 THIG6 2H20 N&
20 +8.8 +B.3  53.5 ©C67 IHI4 2H21 NE
21 -7.4 -7.0 45.0 CB6 1H48 2HI NT
22 -5.8 -5.5 455 CG6 1H46 2H4 NT
23 -4.2 -3.0  46.0 CBG 1H44 2HS NT
24 -2.5 -2.4 A46.5 GGG 1H42 2HE NT
25 -0.9 0.8 47.0 CB& 1H4O0 2HT NT
286 +0.8 +0.7 47.5 GGG 1H38 2HE NT
27 +2 .4 +2.3 A48.0 GGG 1H36 2HO NT
28 +4.0 +3.8  48.5 CBG 1H34 2HIO NT
29 +5.7 +5.4 480 GGG 1H32 2HI1 NT
30 +7.3 +6.0 485 CBE 1H30 2HIZ NT
31 +8.0 +8.5  50.0 GGG 1H28 2H13 NT
3z +4.2 +4.0 45.0 GBS 1H48 2HZ NE
33 +5.9 +5.6 455 GBS 1H46 2HI NE
34 +7.5 +7.1  46.0 GBS 1H44 2H4 NE
35 +9.2 +B.6  A46.5 CB5 1H42 2H5 NE

3,5-di(9H-carbazol-9-yl)-2,4,6-tris(9H-carbazol-9-yl-ds)benzonitrile (5CzBN-D(o,p))

Deuterated carbazole (1.41 g, 8.03 mmol), NaH (0.36 g, 9.06 mmol), and THF (40 mL) were placed in a 100 mL
round-bottom flask, and deuterated carbazole was activated for 1 h at room temperature under nitrogen
atmosphere. Then, pentafluorobenzonitrile (0.50 g, 2.59 mmol) was added to the round-bottom flask, and the
mixture was stirred for 12 h at room temperature under nitrogen atmosphere. After completion of the reaction,
extraction was repeated three times using methylene chloride and distilled water. The organic layers were
combined and dried over anhydrous MgSQOa. After filtration, the crude mixture was evaporated using a rotary
evaporator. The mixture was recrystallized from toluene and methanol to remove impurities, and the product
(2,4,6-tri(9H-carbazol-9-yl)-3,5-difluorobenzonitrile-d) (3CzFCN-d) was obtained. After that, 9H-carbazole (0.76
g, 4.55 mmol), NaH (0.21 g, 5.31 mmol), THF (40 mL) were added to a 100 mL round-bottom flask, and 9H-
carbazole was activated for 1 h under nitrogen atmosphere at room temperature. Then, 3CzFCN-d (1.00 g, 1.52

mmol) was added to the round-bottom flask, and the mixture was stirred for 24 h under nitrogen atmosphere at



room temperature. After completion of the reaction, extraction was repeated three times using methylene
chloride and distilled water. The organic layers were combined and dried over anhydrous MgSOa. After filtration,
the crude mixture was evaporated using a rotary evaporator. The mixture was recrystallized with toluene and

methanol to remove impurities, and the product (5CzBN-D(o,p)) was obtained as a yellow powder.

Yield 1.00 g (69.3%), tHNMR (400 MHz, DMSO) & 7.71 (d, J = 8.2 Hz, 1H), 7.38 (d, J = 7.4 Hz, 1H), 6.77 — 6.70 (m,
1H), 6.68 — 6.62 (m, 1H). 13C NMR (101 MHz, DMSO) 6 143.36 — 142.98 (m), 141.66 (s), 139.75 (s), 138.65 (d, J =
25.4 Hz), 124.04 (s), 123.06 (d, J = 24.6 Hz), 120.40 (s), 119.57 (s), 112.28 (s). m/z 952.48.

H NMR (400 MHz, DMS0) 5 7.71 (d, J= 82 Hz, 1H), 738 (4, J= 74 Hz, 1H), 6.77-6.70 (m, 1H),
6.68— 6,62 (m 1H).
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“C NMR (101 MHz, DMSO) 5 143.36— 142.98 (m), 141.66 (=), 13075 (5), 138.65 (d, /= 25.4 Hz),
124.04 (s, 123.06 (d, 7= 24.6 Hz), 12040 (s), 119.57 (3), 11228 ().
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[ Mass Spectrum ]
Drata : FAB-F575 Diate : 04-0et-2023 16:43

AT : 0,36 min Scan# 1 (11.17)
Elements : G 10070, 1H 490, 2H 40/0, N 84

Mazz Tolerance : 10ppem, Smmu if mz < 500, 10mmu if mSz > 1000
Unsaturation (U5 : —0.5 - 60.0
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Obzerved m/z Inth Err[ppm / mmu]l U.5. Cempasitien
1 952 . 4825 100.00 -89.7 /5 -9.3 55.0 CG6% 2H3I4 N4
2 -9.5 /7 -8.1 51.5 CG68 1H14 2H2E6 N5
3 -1.8 / -71.5 52.0 C68 1H12 2H27 N5
4 -6.3 /S -6.0 52.5 CG68 1HID 2H28 N5
5 -4 .6 7 -4.4 53.0 CG68 1HE 2ZH29% NS
[} -3.0 /5 -2.8 53.5 CG68 1HE 2ZH3IOD NE
7 -1.4 /7 -1_.3 54.0 GCG8 1H4 2ZH3I1 NS
1 +0.2 / +0.2 54.5 GCG68 1HZ 2ZH3I2 NE
9 +1.8 /7 +1.8 55.0 OCG68 2H3I3 N5
10 -9.3 /7 -8.98 48.0 CGT 1HZE 2H18 MN&
11 -1.7 /5 -71.3 48.5 GCG6T 1HZE 2H19 MG
12 -6.1 /7 -5_8 4.0 GCG6T 1HZ4 2H20 NG
13 -4 .4 /7 -4.2 489.5 GCG6T 1HZZ 2H21 MN&
14 -2.8 7 -2.17 50.0 GC6T 1H2ZO0D 2H22 NG
15 -1.2 7 =11 0.5 GCG6Y 1H1E 2H23 NG
16 +0.4 /7 +0._.4 51.0 GC&67 1HI6 2H24 MNE
17 +2.1 / +2.0 51.5 GC&Y 1H14 2H25 NB&
18 +3.7 / +3.5 52.0 C&6Y 1H12 2H26 MN&
18 +5.3 /5 +5.1 52.5 GC6T 1HIOD 2H2T7 MG
20 +6 .8 / +6_6 53.0 OGCG6Y 1HE 2H28 N&
Fa +8.6 / +8.2 53.5 GCG6T 1HE 2ZH29% NG
22 -4.1 7 -8_.7 445 CG66 1H42 2H10 N7
23 -71.85 7/ -7_.1 45.0 GGG 1H40D 2H11 N7
24 -5.8 / -5_8 45.5 G666 1H3IE 2H12 N7Y
25 -4.2 /J -4.0 46.0 C66 1H3IGE 2H13 N7T
26 -2.6 / -2.5 46.5 CG66 1H3I4 2H14 NT
27 -1.0 /5 -0.8 47.0 GGG 1H3I2Z 2H15 N7Y
28 +0.6 7 +0_6 47.5 GGG 1H3ID 2H16 N7T
29 +2.3 /5 +2.2 48.0 GGG 1HZE 2H17 N7Y
3o +3.8 /7 +3.7 48.5 CG66 1H26 2H18 N7T
ER +5.85 / +5.2 4.0 GC66 1HZ4 2H19 NT
3z +7.1 / +6_8 49.5 G666 1H2ZZ 2H20 N7T
33 +8.8 7 +8_.3 50.0 OC&66 1H2D 2H21 N7Y
34 -2.4 /5 -2.3 43.0 CG65 1H48 2ZHG NE
35 -0.8 7 -0.8 43.5 G655 1H46 2HT NB
36 +0.8 /7 +0.8 44.0 CG65 1H44 2ZHE NE
37 +2.85 / +2.3 44.5 CG65 1H42 2ZHH NE
is +4.1 /7 +3.8 45.0 GC65 1H4D 2H10 MNB
39 +5.7 / +5_.4 45.5 GCG65 1H3IE 2H11 MNBE
40 +7.3 /5 +71.0 46.0 G655 1H3IG 2H12 MNB
41 +8.0 / +8.5 46.5 CG65 1H3I4 2H13 MNB

2,3,4,5,6-pentakis(9H-carbazol-9-yl-ds)benzonitrile (5CzBN-D(a))

Deuterated carbazole (2.31 g, 13.21 mmol), NaH (0.62 g, 15.54 mmol), and THF (20 mL) were added to a 100
mL round-bottom flask, and deuterated carbazole was activated for 1 h at room temperature under nitrogen
atmosphere. After that, pentafluorobenzonitrile (0.50 g, 2.59 mmol) was added to the round-bottom flask, and

the mixture was stirred for 12 h at room temperature under nitrogen atmosphere. After completion of the



reaction, extraction was repeated three times using methylene chloride and distilled water. The organic layers
were combined and dried over anhydrous MgS0Oa. After filtration, the crude mixture was evaporated using a
rotary evaporator. The mixture was recrystallized with toluene and methanol to remove impurities, and the

product was obtained as a yellow powder.

Yield 1.54 g (61.5%), tHNMR (400 MHz, DMSO) &. 13C NMR (101 MHz, DMSO) & 143.07 (s), 141.64 (s), 139.75
(s), 139.08 — 137.88 (m), 123.51 — 122.62 (m), 117.64 (s). m/z 968.58.

110

100

&0

70

&0

40

Ll L1 L A . e g

T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 E.5 E.D 55 5.0 45 40 35 3.0 2.5 20
1 (ppm)



“C NMR (101 MHz, DMSO) & 143.07(s), 141.64 (s), 130.75 (s), 130,08 — 13788 (ni), 123.51 - 122,62

i), 117.64(s).
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[ Mass Spectrum ]

Drara : FAB-F578 Diate @ 04-0et—-2023 17:04

AT : 0.27 min Scan# : (9.18)

Elements : G 10070, TH 490, 2H 490, N 874

Mazs Tolerance : 10ppm, Smmu if mz < 500, 10mmu if m/z > 1000
Unsaturation (U.5) : —05 - 60.0

[%]
675978
100

J 968, 5822

2: A\ i N A w:

965.0 966.0 967.0 968.0 9600 a70.0 971.0 972.0 973.0

Observed m'2 Int% Err[ppm / rmmu] U.5. Compoasition

1 968 .5822 65 .61 -9.8% /5 -9.6 48.0 CET 1H12 2H3I4 ME
2 -8.3 7 -8 48.5 CET 1H10 2H3IS ME
3 -6.7 / -6_5 4%.0 OCBT 1HE 2ZH3IG NE
4 -5.1 4 -5.0 49.5 CBET 1HGE 2ZH3IT NE
5 -3.5 /7 -3.4 50.0 OCBT 1H4 2H3IE NE
[} -1.8% /5 -1.49 50.5 CBET 1H2 2H3IS NE
7 -0.3 /5 -0.3 51.0 GCET 2H40 N&

a -9.7 /5 -9.4 44_.5 OCBG6 1H2G6 2H2E6 W7
9 -8.1 7 -7.49 45.0 CEGE 1H24 2H2T W7
10 -6.5 /7 -6.3 45.5 C6G6 1H22 2H28 N7
11 -4.8% / -4.18 46.0 CEE 1H20 2H29 N7
12 -3.3 /5 -3.2 46.5 C66 1H1E 2H3IO0 W7
13 -1.7 4 =1.7 47.0 OCEE THIG 2ZH3I1 N7
14 -0.1 /5 -0.1 47.5 GCEG6 1H14 2H3IZ2 NT
15 +1.5 7/ +1.4 48.0 C&6 1H12 2H3I3 N7
16 +3.1 4 +3.0 48_.5 OB THIO 2H34 NT
17 +4. 7T / +4.5 49.0 C66 1HE 2H3IS NT
18 +6.3 4 +E_1 48_.5 OB THE ZH3IG N7
19 +7.8% / +7.6 50.0 G666 1H4 2HIT NT
20 +89 .5 /7 +9.2 50.5 CB6G6 1H2 2H3IE N7
21 -89.5 7/ -8.2 41.0 OGBS 1H40 2H18 MNE
22 -71.% 75 -1.1 41.5 CE5F 1H3E 2H19 MWE
23 -6.3 7 -6.1 42.0 OGBS TH3IG 2H20 MNEB
24 -4.7T / -4 42.5 GBS 1H34 2H21 ME
25 -3.1 4 -3.0 43.0 CE5 1H32 2H22 MWE
28 -1.5 /v -1_5 43.5 OCB5 1H30 2H23 ME
27 +0.1 7  +0.1 44.0 OGBS 1H2E 2H24 ME
28 +1.7 4 +1_6 44_.5 OCB5 1H26 2H25 ME
29 +3.3 F +3.2 45.0 CES 1H24 2H2E6 ME
3o +4. .85 / +4.7 45.5 C65 1H22 2H2T MWE
n +6.5 /4 +6.3 46.0 OCE5 1H20 2H238 MWE
32 +8.1 / +7.8 46.5 CEHF 1H1E 2H29 ME
33 +8.7 / +9.4 47.0 OCE5 1H1G6 2H3I0 MWB



