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Characterization data

Dibenzo[b,f][1,4]oxazepine (3a)

N— Yellow crystals; yield: 683 mg (70%); mp 69-71 °C. ‘H NMR

(300 MHz, CDCls) & 8.55 (S, 1H, Himine), 7.48 (td, J = 7.0, 2.0 Hz,

1H, Har), 7.38 (td, J = 7.0, 2.0 Hz, 2H, Ha), 7.29 — 7.25 (m, 1H,

Har), 7.24 - 7.19 (M, 2H, Har), 7.19 — 7.12 (M, 2H, Ha,). *C NMR

(75 MHz, CDCls) § 160.7 (C=N), 160.4, 152.7, 140.4, 133.4, 130.2, 129.2, 128.9, 127.3, 125.7,
125.1,121.4, 120.8 (Cay).

8-Methyldibenzo[b,f][1,4]oxazepine (3b)

N— Orange crystals; yield: 753 mg (72%); mp 42-46 °C. *H NMR
(300 MHz, CDCls) 6 8.53 (s, 1H, Himine), 7.45 (t, J = 7.9 Hz, 1H,
Har), 7.34 (d, J = 7.7 Hz, 1H, Har), 7.24 — 7.11 (m, 3H, Ha),
7.03 (s, 2H, Har), 2.33 (s, 3H, CH3). 3C NMR (75 MHz, CDCls)
0 160.6 (C=N), 160.5, 150.5, 140.0, 135.4, 133.3, 130.1, 129.5, 129.4, 127.3, 125.0, 121.0, 120.6
(Car), 20.7 (CHb).
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8-Chlorodibenzo[b,f][1,4]oxazepine (3c)

N— Orange crystals; yield: 858 mg (75%); mp 70-74 °C. H
cl NMR (300 MHz, DMSO-ds) & 8.62 (s, 1H, Himine), 7.64 —
7.48 (m, 2H, Har), 7.41 — 7.26 (M, 3H, Ha), 7.27 — 7.17 (m,
2H, Har). *C NMR (75 MHz, DMSO-ds) 6 162.5 (C=N),
159.4,151.0, 141.4,134.2,130.8, 129.6, 128.5, 127.9, 126.7, 125.8,123.0, 120.5 (Ca).

Dibenzo[b,f][1,4]thiazepine (3d)

N— Yellow solid; yield: 739 mg (70%); mp 106-107 °C. *H NMR (300
MHz, CDCls) 6 8.92 (s, 1H, Himire), 7.48 — 7.43 (m, 3H, Ha,), 7.42
~7.36 (M, 3H, Hay), 7.36 — 7.33 (M, 2H, Har). 3C NMR (75 MHz,
CDCIs) ¢ 163.0 (C=N), 159.1, 138.2, 136.5, 134.9, 133.9, 133.6,
130.5, 130.1, 129.8, 126.8, 126.1, 125.0 (Ca).

4H-Benzolf][1,2,3]triazolo[1,5-a][1,4]diazepine (5)

N%N Brownish solid; yield: 1.12 g (61%). mp 147-149 °C. *H NMR (300 MHz,
L / DMSO-ds) & 8.53 (s, 1H, Himine), 8.12 (d, J = 8.0 Hz, 1H, Har), 7.86 (s,
1H, Har), 7.84 — 7.74 (m, 2H, Har), 7.67 (t, J = 7.5 Hz, 1H, Ha), 4.73 (s,
2H, CHy). 13C NMR (75 MHz, DMSO-ds) 6 162.9 (C=N), 136.8, 134.0,

_—nN  1325,131.6,131.5,128.6, 124.8, 121.8 (Ca/), 42.7 (CH>).

3-(Cyclohexylamino)-2-phenyldibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-carbonitrile (4a)

Yellowish orange powder; yield: 161 mg (75%); mp 87-89 °C; Rs
(n-hexane/EtOAc 2:1) 0.70. Found: C, 80.70; H, 5.81; N, 9.70.
C29H2sN30 requires C, 80.72; H, 5.84; N, 9.74. (ATR) v (cm™?)
3357 (NH), 2932 (CH), 2854 (CH), 2217 (C=N), 1497 (C=C) cm™.
IH NMR (300 MHz, CDCl3) 6 7.99 (t, J = 7.9 Hz, 2H, Ha/), 7.69 —
7.46 (m,3H, Har), 7.46 —7.32 (m, 4H, Har), 7.31-7.10 (m,3H, Har),
3.59 (s, 1H, NH), 2.61 — 2.28 (m, 1H, Hcyciohexy1), 1.74 — 1.35 (m,
5H, Heyclohexyt), 1.12 — 0.74 (m, 5H, Heyclohexyl).23C NMR (75 MHz,
CDCls) 0 157.6, 153.7, 136.3,132.8, 132.4, 130.4, 130.1, 129.0, 128.9, 128.8, 128.7, 127.3, 126.2,
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126.0, 125.4, 124.8, 122.5, 122.1, 120.7, 117.2, 115.9 (Cay), 91.548 (CN), 56.2, 33.5, 33.3, 25.5,
24.8, 24.4 (Calipratic). MS m/z (EI, 70 eV) 431(M*, 58.40), 348 (31.71), 321 (10.03), 221 (9.54),
180 (9.56), 139 (8.09), 105 (19.94), 83 (32.24), 55 (100).

3-(Cyclohexylamino)-2-(4-nitrophenyl)dibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-
carbonitrile (4b)

Orange solid; yield: 207 mg (87%); mp 242-245 °C; R; (n-
hexane/EtOAc 2:1) 0.56. Found: C, 73.04; H, 5.08; N, 11.73.
C29H24N403 requires C, 73.09; H, 5.08; N, 11.76. (ATR) v (cm?)
3387 (NH), 2919 (CH), 2852 (CH), 2216 (C=N), 1462 (C=C) cm'..
'H NMR (300 MHz, CDCls3) 6 8.38 (d, J = 8.4 Hz, 1H, Har), 7.96 (d,
J=7.7Hz, 1H, Ha/), 7.88 (d, J = 8.0 Hz, 1H, Ha(), 7.78 (d, J = 8.4
Hz, 1H, Har), 7.55 — 7.16 (m, 6H, Hay), 5.15 (s, 1H,NH) 2.51 (bs, 1H,
Heyclohexyt), 1.66 (bS, 2H, Heyclohexyt), 1.34 — 1.29 (m, 4H, Hcyclohexyl),
0.93 - 0.85 (M, 4H, Heyclohexyt). 3C NMR (75 MHz, CDCls) 6 157.8,
154.1, 146.4, 139.6, 137.0, 134.0, 130.7, 129.7, 129.2, 129.1, 128.9, 126.2, 125.8, 125.6, 124.3,
122.4,122.0, 120.8, 116.6, 113.1 (Car), 91.0 (CN), 56.4, 33.7, 33.3, 25.3, 24.7, 24.4 (C aliphatic).
MS m/z (El, 70 eV) 476 (M*, 58.02), 394 (35.65), 377 (13.60), 346 (29.69), 221 (13.95), 180
(16.05), 83 (34.85), 55 (100).

3-(Cyclohexylamino)-6-methyl-2-phenyldibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-
carbonitrile (4c)

Reddish brown oil; yield: 158 mg (71%); mp 82-83 °C; Rt (n-
hexane/EtOAc 2:1) 0.76. Found: C, 80.81; H, 6.07; N, 9.40.
CszoH27N30 requires C, 80.87; H, 6.11; N, 9.43. (ATR) v (cm"
1) 3355 (NH), 2928 (CH), 2854 (CH), 2216 (C=N), 1453
(C=C) cm™. 'H NMR (300 MHz, CDCl3) 6 7.95 (d, J = 7.3 Hz,
1H, Har), 7.82 (s, 1H, Har), 7.52 (s, 4H, Har), 7.42 — 7.19 (m,
5H, Har), 7.12 (d, J = 8.5 Hz, 1H, Ha), 3.61 (s, 1H, NH), 2.47
(bs, 1H. Hcyclonexyr), 2.36 (s, 3H, CH3), 1.62 (bs, 4H, Heyclohexyl),
1.41 (bs, 2H, Heyclohexyt), 0.95 (bs, 4H, Heyclohexy). *C NMR (75
MHz, CDCls) ¢ 157.8,151.6, 136.2, 135.2, 132.8, 132.4, 130.0, 129.9, 129.1, 129.0, 128.9, 127.2,
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126.3,125.9, 122.5,121.6,120.6, 117.2, 115.6 (Car), 91.8 (CN), 53.8, 33.5, 33.3, 25.5, 24.8, 24.4,
20.9 (Caiipraic). MS m/z (El, 70 eV) 445 (M*, 79.78), 362 (35.22), 335 (8.93), 235 (7.19), 221
(8.52), 194 (8.43), 149 (8.03), 98 (12.74), 83 (34.03), 55 (100).

2-(4-Chlorophenyl)-3-(cyclohexylamino)-6-methyldibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-
1-carbonitrile (4d)

Light lime green powder; yield: 189 mg (79%); mp 190-192 °C;
Rt (n-hexane/EtOAc 2:1) 0.70. Found: C, 75.01; H, 5.45; N, 8.72.
C3oH26CIN3O requires C, 75.07; H, 5.46; N, 8.75. (ATR) v (cm?)
3378 (NH), 2925 (CH), 2852 (CH), 2219 (C=N), 1456 (C=C) cm’
1 1H NMR (300 MHz, CDCl3) 6 7.94 (d,J = 7.7 Hz, 1H, Har), 7.77
(s, 1H, Har), 7.55 — 7.39 (m, 3H, Ha), 7.38 — 7.21 (m, 3H, Ha/),
7.14 (d,J=8.4 Hz, 1H, Ha(), 3.53 (s, 1H, NH), 2.53 - 2.43 (m, 1H,
Heyclohexyt), 2.37 (S, 3H, CH3), 1.53 — 1.36 (m, 3H, Hcyclohexyt), 1.34
—1.20 (M, 2H, Heyclohexyt), 1.10 — 0.88 (M, 5H, Heyclohexyl). 2C NMR
(75 MHz, CDCls) ¢ 157.9, 151.7, 136.8, 135.3, 133.1, 133.1, 131.0, 130.2, 130.2, 129.65, 129.3,
129.2,128.8, 126.2, 125.9, 122.4, 121.7, 120.6, 117.1, 114.3 (Car), 91.2 (CN), 56.2, 33.7, 33.4,
25.5, 24.8, 24.4, 20.9(Catipratic). MS m/z (El, 70 eV) 479 (M*, 30.54), 481 (M*+1, 12.44), 397
(14.56), 361 (8.85), 235 (5.88), 221 (7.25), 194 (8.07), 98 (12.42), 83 (34.82), 55 (100).

2-(4-Bromophenyl)-3-(tert-butylamino)dibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-

carbonitrile (4e)

Yellowish orange powder; yield: 205 mg (85%); mp 200-202 °C;
Rt (n-hexane/EtOAc 2:1) 0.69. Found: C, 66.94; H, 4.56; N, 8.65.
C27H22BrNsO requires C, 66.95; H, 4.58; N, 8.67. (ATR) v (cm™?)
3408 (NH), 2960 (CH), 2925 (CH), 2854 (CH), 2222 (C=N),
1462 (C=C) cm'L. IH NMR (300 MHz, CDCl3) § 7.94 (d, J = 7.7
Hz, 1H, Har), 7.84 (d, J =7.9 Hz, 1H, Har), 7.64 (s, 1H, Har), 7.61
(s, 1H, Ha), 7.43 (d, J = 8.3 Hz, 2H, Ha), 7.40 — 7.31 (m, 3H,
Har), 7.30—7.21 (m, 2H, Har), 3.29 (s, 1H, NH), 0.66 (s, 9H, Heert-
butyl). 2C NMR (75 MHz, CDCl3) 6 158.1, 154.6, 134.1, 134.1,
132.2, 132.1, 131.0, 130.8, 130.7, 129.0, 128.7, 128.0, 126.0,
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125.0, 122.3, 121.7, 121.6, 120.7, 116.8 (Car), 90.9 (CN), 56.9, 29.4 (Caiipratic). MS m/z (El, 70
eV) 483 (M*, 18.68), 485 (M*+1, 15,65), 359 (31.30), 231 (14.64), 97 (17.17), 84 (52.52), 69
(32.82), 55 (100).

3-(tert-Butylamino)-2-(4-methoxyphenyl)dibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-
carbonitrile (4f)

Light green solid; yield: 158 mg (73%); mp 183-185 °C; Rs (n-
hexane/EtOAc 2:1) 0.60. Found: C, 77.19; H, 5.77; N, 9.64.
Ca2sH2sN30; requires C, 77.22; H, 5.79; N, 9.65. (ATR) v (cm?)
3390 (NH), 2966 (CH), 2928 (CH), 2857 (CH), 2219 (C=N), 1462
(C=C) cm™. *H NMR (300 MHz, CDCIs) 6 8.03 -~ 7.93 (dd, J = 9,
3 Hz, 1H, Ha,), 7.93 - 7.83 (dd, J = 9, 3 Hz 1H, Ha,), 7.50 — 7.41
(m, 2H, Har), 7.41 — 7.34 (m, 2H, Ha/), 7.33 — 7.23 (m, 3H, Ha),
7.06 (s, 1H, Har), 7.03 (s, 1H, Har), 3.88 (s, 3H, CHa), 3.36 (s, 1H,
NH), 0.66 (s, 9H, Heertbuy1). *C NMR (75 MHz, CDCls) § 158.9,
158.0, 154.5, 134.0, 133.6, 131.3, 130.4, 130.3, 129.0, 128.4, 128.1,
125.9, 125.4, 124.9, 122.6, 122.5, 121.6, 120.7, 117.2, 114.4 (Car), 91.3 (CN), 56.7, 55.3, 29.4
(Caliphatic). MS m/z (EI, 70 eV) 435 (M*, 31.48), 379 (67.62), 221 (11.39), 180 (9.68), 139 (8.50),
77 (7.95), 57 (100).

3-(tert-Butylamino)-2-(2-methoxyphenyl)-6-methyldibenzo[b,f]pyrrolo[1,2-d][1,4]
oxazepine-1-carbonitrile (49)

Yellow oil; yield: 159 mg (71%); mp 193-196 °C, R (n-
hexane/EtOAc 2:1) 0.61. Found: C, 77.45; H, 6.01; N, 9.34.
C29H27N302 requires C, 77.48; H, 6.05; N, 9.35. (ATR) v
(cmt) 3346 (NH), 2966 (CH), 2919 (CH), 2857 (CH), 2222
(C=N), 1468 (C=C) cm™%. *H NMR (300 MHz, CDCl3) § 7.97
(d, J = 7.7 Hz, 1H, Ha/), 7.86 (s, 1H, Ha/), 7.54 (d, J = 7.6
Hz, 1H, Har), 7.42 — 7.30 (m, 3H, Har), 7.29 — 7.22 (m, 2H,
Har), 7.17 — 7.04 (m, 3H, Har), 4.01 (s, 3H, OCH3), 3.46 (s,
1H, NH), 2.40 (s, 3H, CH3), 0.66 (S, 9H, Heert-buryl). 3C NMR
(75 MHz, CDCls) ¢ 158.1, 152.4, 135.8, 134.5, 134.2, 133.3, 131.9, 130.8, 130.2, 130.1, 129.1,
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129.0, 128.8, 125.8, 125.0, 122.9, 122.1, 121.6, 120.9, 120.5, 117.3, 111.6 (Ca), 91.5 (CN), 56.2,
56.0, 29.5, 20.9 (Caiiptaic). MS m/z (El, 70 eV) 449 (M*, 80.24), 393 (58.06), 235 (10.69), 221
(16.44), 194 (7.40), 180 (6.52), 77 (7.10), 57 (100).

3-(tert-Butylamino)-6-methyl-2-phenyldibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-
carbonitrile (4h)

Orange oil (151 mg, 72%); mp 227-229 °C; Rt (n-
hexane/EtOAc 2:1) 0.74. Found: C, 80.10; H, 5.98; N, 10.01.
C2sH25N30 requires C, 80.16; H, 6.01; N, 10.02. (ATR) v
(cm'1) 3349 (NH), 2960 (CH), 2925 (CH), 2857 (CH), 2213
(C=N), 1462 (C=C) cm™. *H NMR (300 MHz, CDCls) § 7.97
(dd, J =9, 3 Hz, 1H, Har), 7.78 (s, 1H, Har), 7.60 — 7.48 (m,
3H, Har), 7.44 — 7.33 (m, 2H, Har), 7.33 - 7.23 (m, 2H, Har),
7.12 (dd, J=9,3 Hz,1H), 3.42 (s, 1H, NH), 2.39 (s, 3H, CH3),
0.67 (s, 9H, Heert-butyr). **C NMR (75 MHz, CDCls) 6 158.3,
152.5, 134.7, 134.2, 133.9, 133.2, 130.8, 130.4, 129.2, 129.1, 129.0 128.9, 128.4, 127.4, 125.8,
122.6,121.1, 120.6, 117.1 (Car), 91.1 (CN), 56.8, 29.4, 20.9 (Caliphatic). MS m/z (El, 70 eV) 419
(M*, 48.38), 363 (66.04), 335 (7.13), 235 (11.39), 221 (11.46), 194 (8.44), 165 (5.16), 105 (4.47),
77 (11.85), 57 (100).

3-(Isopropylamino)-2-(p-tolyl)dibenzol[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-carbonitrile (4i)

Yellowish white powder; yield: 141 mg (70%); mp 185-186 ‘C; R¢
(n-hexane/EtOAc 2:1) 0.67. Found: C, 79.95; H, 5.71; N, 10.32.
C27H23N30 requires C, 79.97; H, 5.72; N, 10.36. (ATR) v (cm™) 3361
(NH), 2922 (CH), 2216 (C=N), 1459 (C=C) cm™. 'H NMR (300
MHz, CDCl3) ¢ 8.09 — 7.93 (m, 2H, Har), 7.48 — 7.38 (m, 2H, Ha/),
7.38 —7.21 (m, 7H, Har), 3.48 — 3.33 (M, 1H, Hisopropy1), 2.82 (s, 1H,
NH), 2.44 (s, 3H, CHz3), 0.88 (dd, J = 6.4, 2.0 Hz, 3H, Hisopropy1), 0.83
(dd, J = 6.4, 2.0 Hz, 3H, Hisopropy1). 3C NMR (75 MHz, CDCl3) ¢
157.6, 153.7, 137.2, 136.3, 132.7, 130.5, 130.1, 129.8, 129.3, 128.8,
128.8, 128.6, 126.1, 126.0, 125.4, 122.5, 122.0, 120.7, 117.2, 116.1 (Car), 91.6 (CN), 49.1, 22.9,
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21.3 (Caiiphatic)- MS m/z (EI, 70 eV) 405 (M*, 100), 362 (52.52), 346 (8.91), 221 (9.24), 180 (8.82),
140 (11.18), 115 (5.56), 91 (6.29), 77 (10.97), 51 (6.27).

3-(Isopropylamino)-6-methyl-2-(o-tolyl)dibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine-1-
carbonitrile (4j)

Reddish brown oil; yield: 142 mg (68%); mp 135-138 'C; Rs
(n-hexane/EtOAc 2:1) 0.69. Found: C, 80.14; H, 5.99; N,
9.97. C28H25N30 requires C, 80.16; H, 6.01; N, 10.02. (ATR)
v (cm™?) 3346 (NH), 2928 (CH), 2216 (C=N), 1456 (C=C)
cmt. 'H NMR (300 MHz, CDCls) 6 7.95 (d, J = 7.8 Hz, 1H,
Har), 7.90 (s, 1H, NH), 7.80 (s, 1H, Har), 7.51 - 7.22 (m, 8H,
Har), 7.13 (d, J = 8.6 Hz, 1H, Ha/), 2.88 — 2.73 (m, 1H,
Hisopropy1), 2.42 (S, 3H, CH3), 2.38 (s, 3H, CH3), 0.88 (d, J =
15.0 Hz, 6H, Hisopropy1). 3C NMR (75 MHz, CDCls) 6 157.6,
151.5, 138.5, 137.6, 136.2, 135.3, 133.2, 132.5, 131.3, 130.7, 130.3, 130.0, 129.1, 128.7, 128.2,
125.9,125.9,122.7,121.7,120.6, 117.1, 114.1 (Car), 92.4 (CN), 48.7, 20.9, 20.1, 14.2 (Caliphatic)-
MS m/z (El, 70 eV) 419 (M*, 100), 376 (30.40), 360 (7.23), 235 (11.43), 220 (16.64), 195 (15.71),
125 (10.44), 111 (16.80), 85 (30.39), 71 (44.34), 57 (82.88).

Ethyl 6-chloro-3-(isopropylamino)-2-(3-nitrophenyl)dibenzo[b,f]pyrrolo[1,2-
d][1,4]oxazepine-1-carboxylate (4K)

Orange oil ; yield: 212 mg (82%); mp 92-96 °C; Rs (n-
N hexane/EtOAc 2:1) 0.10. Found: C, 64.90; H, 4.66; N,
8.07. C2sH24CIN3Os requires C, 64.93; H, 4.67; N, 8.11.

(ATR) v (cm'1) 3373 (NH), 2925 (CH), 1712 (C=0), 1447

(C=C) cm™. *H NMR (300 MHz, CDCls) ¢ 8.33 — 8.27

o/\ (m, 2H, Har), 8.22 (s, 1H, Har), 8.15 (s, 1H, Har), 7.83 (s,
N 1H, NH), 7.71 (d, J = 5.8 Hz, 3H, Har), 7.63 (d, J = 4.9
CI\@ Hz, 3H, Har), 7.28 (s, 1H, Har), 4.12 (9, J = 7.2 Hz, 2H,
o CHz), 3.80 — 3.69 (m, 1H, Hisopropy1), 1.33 (d, J = 6.0 Hz,

6H, Hisopropyl), 1.02 (t, J = 7.2 Hz, 3H, CH3). 3C NMR (75 MHz, CDClIs) 6 164.3 (CO), 158.1,
158.1, 156.4, 156.0, 153.4, 148.5, 148.5, 137.4, 135.7, 134.8, 130.5, 130.1, 125.3, 124.7, 124.3,
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123.5, 117.4, 116.8 (Ca/), 58.3, 46.4, 23.1, 13.5 (Catiphatic). MS m/z (El, 70 eV) 517 (M*, 17.88),
519 (M*+1, 5.67), 472 (11.41), 416 (22.99), 374 (9.54), 154 (13.79), 127 (12.77), 101 (12.60), 84
(100), 59 (24.70).

Ethyl 2-(4-chlorophenyl)-3-(cyclohexylamino)dibenzo[b,f]pyrrolo[1,2-d][1,4]thiazepine-1-
carboxylate (41)

Green powder; yield: 193 mg (73%); mp 158-162 °C; Rs
(n-hexane/EtOAc 2:1) 0.67. Found: C, 70.35; H, 5.50; N,
5.26; S, 6.01. C31H29CIN202S requires C, 70.37; H, 5.52;
N, 5.29; S, 6.06. (ATR) v (cm™) 3364 (NH), 2925 (CH),
2854 (CH), 1709 (C=0), 1442 (C=C) cm. *H NMR (300
MHz, CDCI3) 5 7.85 — 7.65 (m, 2H, Har), 7.65 — 7.55 (m,
1H, Har), 7.50 — 7.31 (m, 5H, Har), 7.29 — 7.13 (m, 3H,
Har), 4.11 — 3.98 (m, 2H, OCH2CH3), 3.31 (bs, 1H, NH),
2.03 (bs, 1H, Hecyciohexyt), 1.52 (s, 1H, Hecyclohexyt), 1.43 —
1.29 (m, 4H, Hcyciohexyr), 0.97 (t, J = 7.1 Hz, 3H,
OCH2CH3), 0.92 — 0.80 (m, 3H, Hecyciohexyt), 0.70 (d, J = 9.3 Hz, 1H, Hcyclonexyr), 0.58 (d, J = 10.8
Hz, 1H, Heyelohexyl). 3C NMR (75 MHz, CDCl3) ¢ 165.7(CO), 138.3, 137.7, 136.7, 135.4, 133.5,
133.3, 133.2, 132.5, 132.3, 132.2, 132.2, 131.2, 128.8, 128.4, 128.3, 127.9, 127.7, 121.2, 112.9,
112.6 (Car), 60.0, 55.9, 33.5, 33.2, 25.5, 24.8, 24.4, 13.7 (Caliphatic). MS m/z (El, 70 eV) 528 (M*,
13.96), 530 (M*+1, 6.30), 372 (4.75), 210 (7.82), 149 (7.88), 83 (35.85), 55 (100).
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11-(Cyclohexylamino)-12-phenyl-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-
a][1,4]diazepine-13-carbonitrile (6a)

White powder; yield: 166 mg (79%); mp 126-129 °C; Rs
(n-hexane/EtOAc 2:1) 0.2. Found: C, 74.22; H, 5.73; N,
19.97. Cy6H2s4Ns requires C, 74.26; H, 5.75; N, 19.99.
(ATR) v (cm™) 3337 (NH), 29348 (CH), 2857 (CH), 2213
(C=N), 1447 (C=C) cmX. 'H NMR (300 MHz, CDCl3) 6
8.22 —8.06 (M, 2H, Har), 7.76 (s, 1H, Har), 7.71 — 7.61 (m,
2H, Har), 7.50 — 7.42 (m, 3H, Har), 7.36 (S, 1H, Har), 7.29
(s, 1H, Har), 5.92 (bs, 1H, CH), 4.63 (bs, 1H, CH>), 3.49
(s, 1H, NH), 2.56 (bs, 1H, Hcyclohexyt), 1.76 — 1.58 (M, 4H, Hcyclohexy), 1.08 (bs, 4H, Heyclohexyt), 0.89
(bs, 2H, Heyclohexyl). 23C NMR (75 MHz, CDCl3) § 137.1, 134.4, 134.1, 132.6, 132.2, 131.4, 130.2,
130.2, 129.7, 128.9, 128.5, 124.4, 121.5, 120.6, 116.6, 115.3 (Car), 91.8 (CN), 60.4, 53.8, 35.3,
31.8,29.3, 21.1, 14.2 (Caliphatic)- MS m/z (El, 70 eV) 420 (M*, 35.00), 309 (47.76), 295 (12.83),
232 (10.26), 155 (6.97), 128 (6.72), 102 (8.19), 84 (100), 55 (43.28).

12-(4-Bromophenyl)-11-(cyclohexylamino)-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-
a][1,4]diazepine-13-carbonitrile (6b)

Yellowish white powder; yield: 217 mg (87%); mp
235-239 °C; Rs (n-hexane/EtOAc 2:1) 0.10. Found:
C,62.51;H,4.62; N, 16.81. C26H23BrNs requires C,
62.53; H, 4.64; N, 16.83. (ATR) v (cm™) 3346
(NH), 2923 (CH), 2851 (CH), 2217 (C=N), 1478
(C=C) cm®. 'H NMR (300 MHz, DMSO-ds,
CDCl3) 68.07 —7.94 (m, 2H, Har), 7.77 (d, J = 10.2
Hz, 2H, Har), 7.68 — 7.56 (m, 3H, Ha(), 7.50 — 7.45
(m, 2H, Har), 7.44 (s, 1H, NH), 5.95 (bs, 1H, CH>), 4.63 (bs, 1H, CH>), 2.11 (bs, 1H, Hcyciohexy1),
1.70 — 1.47 (m, 5H, Heyelohexyl), 1.01 (bs, 5H, Heyclohexyt). 2C NMR (75 MHz, DMSO-ds, CDCl3) &
135.2, 1345, 132.7, 131.7, 131.7, 130.2, 129.6, 124.3, 121.5, 121.0, 118.4, 116.8, 111.3, 109.6
(Car), 91.1 (CN), 57.7,50.9, 35.2, 33.8, 29.6, 25.6, 24.8 (Caliphatic). MS m/z (El, 70 eV) 498 (M*,
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2.33), 500 (M*+1, 2.22), 420 (60.05), 309 (100), 295 (27.54), 282 (21.32), 231 (24.80), 214 (9.30),
155 (6.59), 128 (10.75), 102 (16.04), 83 (18.52), 55 (81.26).

11-(Cyclohexylamino)-12-(naphthalen-2-yl)-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-
a][1,4]diazepine-13-carbonitrile (6¢)

Reddish brown powder; yield: 190 mg (81%); mp
133-137 °C; Rt (n-hexane/EtOAc 2:1) 0.10. Found:
C, 76.55; H, 5.56; N, 17.82. C3oH26N¢ requires C,
76.57; H, 5.57; N, 17.86. (ATR) v (cm™) 3343
(NH), 2922 (CH), 2852 (CH), 2213 (C=N), 1450
(C=C) cm. *H NMR (300 MHz, CDCl3) 6 8.22 —
8.09 (m, 2H, Har), 7.96 — 7.87 (m, 3H, Har), 7.77
(s, 1H, Har), 7.70 — 7.61 (m, 2H, Ha(), 7.61 — 7.50
(m, 3H, Har), 7.28 (s, 1H, Har), 5.95 (bs, 1H, CH>), 4.64 (bs, 1H, CH3), 3.39 (bs, 1H, NH), 2.63 —
2.49 (m, 1H, Hcyclohexyt), 1.63 (bs, 4H, Heyclohexyt), 1.26 — 1.18 (m, 2H, Hcyclohexyt), 1.05 — 0.90 (m,
4H, Heyclonexyt). *C NMR (75 MHz, CDCls) 6 134.6, 134.1, 133.5, 132.7, 132.5, 131.5, 131.5,
130.3, 129.8, 129.7, 128.7, 128.0, 127.8, 127.4, 126.5, 126.4, 126.2, 124.4, 121.5, 120.7, 116.6
(Car), 92.0 (CN), 58.7, 53.7, 33.8, 29.7, 29.3, 25.4, 24.8 (Caliphatic). MS m/z (El, 70 eV) 470 (M*,
15.92), 359 (46.50), 345 (11.26), 231 (16.52), 155 (11.64), 97 (13.14), 83 (41.32), 69 (24.64), 55
(100).

11-(tert-Butylamino)-12-(4-chlorophenyl)-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-
a][1,4]diazepine-13-carbonitrile (6d)

Reddish brown powder; yield: 195 mg (91%); mp
89-92 C; Rr (n-hexane/EtOAc 2:1) 0.09. Found:
C, 67.20; H, 4.92; N, 19.57. C24H21CINs requires
C, 67.21; H, 4.94; N, 19.59. (ATR) v (cm) 3343
(NH), 2969 (CH), 2922 (CH), 2854 (CH), 2216
(C=N), 1463 (C=C) cm?. 'H NMR (300 MHz,
CDCl3) § 8.15 (d, J = 2.1 Hz, 2H, Ha/), 7.77 (5,
1H, Har), 7.68 (s, 2H, Har), 7.50 — 7.29 (m, 4H,
Har), 6.11 (s, 1H, CH>), 4.58 (s, 1H, CH>), 3.23 (s, 1H, NH), 0.96 (s, 9H, Hert-butyr). *C NMR (75
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MHz, CDCls) 6 133.9, 133.6, 132.8, 132.6, 132.2, 131.7, 130.6, 130.5, 130.3, 129.7, 129.2, 124.2,
123.0, 121.3, 116.4 (Car), 92.2 (CN), 55.9, 35.7, 30.1 (Caiiphatic). MS m/z (EI, 70 V) 428 (M,
12.11), 430 (M*+1, 5.68), 372 (15.35), 344 (13.76), 329 (13.91), 308 (18.63), 231 (6.16), 155
(6.22), 111 (7.55), 84 (100), 57 (91.31).

11-(tert-Butylamino)-12-(4-methoxyphenyl)-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-
a][1,4]diazepine-13-carbonitrile (6e)

Reddish brown powder; yield: 163 mg (77%); mp

133-137 °C; Rt (n-hexane/EtOAc 2:1) 0.09. Found:

C, 70.71; H, 5.66; N, 19.75. C25H24N6O requires C,

70.73; H,5.70; N, 19.80. (ATR) v (cm™) 3343 (NH),
o/ 2963 (CH), 2925 (CH), 2854 (CH), 2216 (C=N),

1474 (C=C) cm™. 'H NMR (300 MHz, CDCl3) ¢

8.20 — 8.08 (m, 2H, Har), 7.76 (s, 1H, Har), 7.69 —
7.61 (m, 2H, Har), 7.33 (S, 1H, Har), 7.28 (s, 1H, Har), 6.99 (d, J = 8.4 Hz, 2H, Har), 6.10 (d, J =
14.8 Hz, 1H, CH>), 4.55 (s, 1H, CH>), 3.85 (s, 3H, CH3), 3.24 (s, 1H, NH), 0.93 (S, 9H, Heert-buty1).
13C NMR (75 MHz, CDCl3) 6 159.0, 134.1,132.8,132.4, 131.9, 130.5, 130.3, 130.1, 129.6, 125.5,
124.2,124.0,121.5, 116.7, 114.4 (Ca;), 92.4 (CN), 55.8, 55.3, 53.7, 30.1 (Caliphatic). MS m/z (El,
70 eV) 424 (M*, 30.27), 368 (31.47), 339 (30.85), 325 (38.03), 308 (11.08), 295 (16.51), 231
(29.17), 155 (15.99), 102 (14.23), 77 (13.25), 57 (100).
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11-(Butylamino)-12-phenyl-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-a][1,4]diazepine-
13-carbonitrile (6f)

Yellowish white oil; yield: 153 mg (78%); mp 163-165
°C; Rt (n-hexane/EtOAc 2:1) 0.12. Found: C, 73.05; H,
5.58; N, 21.29. C24H22Ns requires C, 73.07; H, 5.62; N,
21.30. (ATR) v (cm?) 3352 (NH), 2963 (CH), 2934
(CH), 2857 (CH), 2213 (C=N), 1483 (C=C) cm. H
NMR (300 MHz, CDCl3) ¢ 8.22 —8.04 (m, 2H, Har), 7.76
(s, 1H, Har), 7.65 (dt, J = 6.0, 3.7 Hz, 2H, Ha), 7.57 —
7.43 (m, 4H, Har), 7.40 — 7.33 (m, 1H, Har), 7.28 (s, 1H,
NH), 5.84 (s, 1H, CH>), 4.65 (s, 1H, CH»), 2.87 (t,,J =
6 Hz, 2H, Hnbuty), 1.56 — 1.40 (M, 2H, Habuty), 1.39 — 1.29 (M, 2H, Hybuy), 0.87 (t, J = 7.3 Hz,
3H, Habuyr). *C NMR (75 MHz, CDCls) 6 135.7, 134.1, 132.6, 131.9, 131.4, 130.2, 129.7, 129.0,
128.5, 127.6, 125.2, 124.4, 121.4, 119.6, 116.6 (Car), 91.7 (CN), 50.9, 35.26, 32.3, 20.1, 13.8
(Caliphatic)- MS m/z (El, 70 eV) 394 (M*, 56.99), 323 (27.31), 309 (100), 295 (15.30), 282 (27.45),
255 (12.45), 231 (47.67), 214 (15.66), 167 (16.39), 155 (25.29), 140 (14.96), 128 (26.46), 102
(42.42), 77 (64.40), 57 (85.39).

11-(Butylamino)-12-(o-tolyl)-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-a][1,4]diazepine-
13-carbonitrile (69)

White powder; yield: 146 mg (72%); mp 144-149 °C; Ry
(n-hexane/EtOAc 2:1) 0.12. Found: C, 73.46; H, 5.87; N,
N 20.55. CasH24Ng requires C, 73.51; H, 5.92; N, 20.57.
N//\)\/N (ATR) v (cm™) 3367 (NH), 2963 (CH), 2925 (CH), 2857
(CH), 2219 (C=N), 1480 (C=C) cm'. H NMR (300 MHz,

CDClz) 6 8.21 —8.07 (m, 2H, Har), 7.78 (s, 1H, Ha), 7.69
— 7.61 (M, 2H, Ha), 7.37 — 7.22 (m, 4H, Ha/), 5.84 (bs,
1H, CHy), 4.67 (bs, 1H, CHy), 2.95 (s, 1H, NH), 2.74 (bs,
2H, Hnouyl), 1.41 — 1.32 (m, 2H, Hnbuyt), 1.27 (s, 3H,

CH3), 1.24 — 1.16 (M, 2H, Ho-butyt), 0.82 (t, J = 7.4 Hz, 3H, Hnbuy)). 3C NMR (75 MHz, CDCls) 6
135.6, 134.2, 132.6, 131.4, 131.4, 131.0, 130.5, 130.1, 129.7, 128.4, 126.0, 124.4, 121.5, 119.4,
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116.5 (Car), 92.9 (CN), 53.8, 50.5, 35.3, 32.1, 19.9, 13.8 (Caiiptatic). MS m/z (EI, 70 eV) 408 (M,
80.87), 365 (15.48), 337 (24.26), 323 (100), 308 (35.84), 294 (16.29), 281 (16.40), 231 (62.65),
155 (37.11), 140 (27.27), 129 (25.10), 115 (29.27), 102 (34.37), 77 (27.30), 57 (35.42).

11-(Butylamino)-12-(2-methoxyphenyl)-9H-benzo[f]pyrrolo[1,2-d][1,2,3]triazolo[1,5-
a][1,4]diazepine-13-carbonitrile (6h)

Brown powder; yield: 159 mg (75%); mp 202-206 ‘C; R¢

(n-hexane/EtOAc 2:1) 0.09. Found: C, 70.70; H, 5.67; N,
19.76. C25H24N6O requires C, 70.73; H, 5.70; N, 19.80.
(ATR) v (cm) 3321 (NH), 2965 (CH), 2926 (CH), 2859
(CH), 2212 (C=N), 1447 (C=C) cm™. 'H NMR (300
MHz, CDCls) ¢ 8.19 — 8.07 (m, 2H, Har), 7.77 (s, 1H,
Har), 7.66 — 7.62 (m, 1H, Har), 7.44 — 7.34 (m, 2H, Har),
7.28 (s, 1H, Har), 7.14 — 7.01 (m, 2H, Ha/), 5.86 (bs, 1H,
CH>), 4.64 (bs, 1H, CH>), 3.91 (s, 3H, CH3), 3.49 (s, 1H,
NH), 2.72 (bs, 2H, Hnbutyr), 1.26 — 1.14 (m, 4H, Hnbuy1),
0.76 (t, J = 7.1 Hz, 3H, Hnouty1). *C NMR (75 MHz, CDCls) 6 155.9, 136.8, 134.2, 132.5, 131.4,
129.7,129.2,127.6,127.0,124.4,121.5,121.5,120.7,120.2,116.7,115.7,111.4 (Car), 92.2 (CN),
55.9,50.4, 35.2, 32.2, 20.0, 13.7 (Caliphatic). MS m/z (El, 70 eV) 424 (M*, 14.36), 372 (11.48), 329
(10.05), 307 (13.83), 231 (10.88), 155 (13.40), 135 (21.48), 101 (27.70), 84 (51.92), 57 (100).
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X-ray crystallographic information

Preparation method of a single crystal of compound 4h

To obtain single crystals of 4h, 50 mg of the compound were dissolved in 0.2 mL of hot ethyl acetate in a

10 mL vial. Subsequently, 0.8 mL of n-hexane were added to the vial. The vial was sealed with a lid, and

single crystal particles were first observed after three days. Five days later, the single crystal particles had

substantially grown and were ready to determine the structure using crystallography. ORTEP diagram for

4h; summary of data: The Cambridge Crystallographic Data Centre (CCDC) 2365305; unit cell

parameters: a = 12.830 (3) A alpha=90deg, b=12.634 (3) A beta=98.10(3) deg, c =
14.283 (3) A gamma = 90 deg.

Calculated Reported
Volume 2292.1 (9) 2292.1 (9)
Space group p 21/n p 21/n
Hall group -p 2yn -p 2yn
Moiety formula Cas Has N3O Cas Ha2s N3O
Sum formula Cas Hzs N3O [+ solvent] Cas Has N3O [+ solvent]
Mr 419.51 419.51
Dx,g cm™ 1.216 1.216
z 4 4
Mu (mm-1) 0.075 0.075
FO00 888.0 888.0
F000’ 888.32
h,k,Imax 15,15,16 15,15,16
Nref 4027 4024
Tmin, Tmax 0.982, 0.989
Tmin’ 0.963
Correction method = Not given, Data completeness = 0.999, Theta(max) = 25.000,
R(reflections) = 0.0723 (2024), wR2(reflections) = 0.1490 (2024), S =0.943, Npar = 297
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Figure S1. X-ray crystal structure of compound 4h.

Preparation method of a single crystal of compound 6a
To obtain single crystals of compound 6a, 60 mg of the compound were dissolved in 0.4 mL of hot chloroform
solvent in a 10 mL vial. Subsequently, 1 mL of n-hexane was added to the vial. The vial was sealed with a lid,
and single crystal particles were first observed after ten days. Fifteen days later, the single crystal particles had

substantially grown and were ready to determine the structure using crystallography.

ORTEP diagram for 6a; summary of data: The Cambridge Crystallographic Data Centre (CCDC)
2365306; unit cell parameters: a = 32.586(6) A alpha=90deg, b=11.376(2) A beta=123.10(3)

deg, ¢ =18.366(4) A gamma = 90 deg.
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Calculated Reported
Volume 5703 (3) 5703 (3)
Space group C2lc C2lc
Hall group -C 2yc -C 2yc
Moiety formula C26 H24 Ns Ca6 H24 Ns
Sum formula Ca7 Hzs CasNs [+ solvent] Ca7 Has Ci3Ns [+ solvent]
Mr 539.88 539.88
Dx,g cm™ 1.258 1.257
z 8 8
Mu (mm-1) 0.348 0.348
FO00 2240.00 2240.00
F000’ 224414
h,k,Imax 38,13,21 38,13,21
Nref 5021 5013
Tmin, Tmax 0.882, 0.933
Tmin’ 0.840

Correction method = Not given, Data completeness = 0.998, Theta(max) = 25.000,
R(reflections) = 0.0876 (2257), wR2(reflections) = 0.2617 (5013), S=0.887, Npar = 298

Figure S2. X-ray crystal structure of compound 6a.
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Photophysical study
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Figure S3. UV-vis absorption pyrrole-fused derivatives 4a—l and 6a—h; ¢ = 75 ppm in EtOH

and T=298 K
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Figure S5. The digital photograph under sunlight and UV light 265 nm for pyrrole-fused

dibenzoxazepine/thoazepine derivatives 4a—I.

Figure S6. The digital photograph under sunlight and UV light 265 nm for pyrrole-fused

triazolobenzodiazepine derivatives 6a-h.

Fluorescence quantum yield in solution

Fluorescence quantum yield was determined using the optical method for products 4a—I and 6a—h
in ethanol solution with a concentration of 75 ppm. Quinine sulfate solutions (®s = 0.546 in 1 N
H>SO4) were used as standards at an excitation wavelength of 320—-345 nm. The quantum yield is

calculated using equation 1.
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q)f = (Dr (ArFs/As Fr) (T]SZ /1]1‘2) ......... (1)

Where, As and A are the absorbances of the sample and reference solutions, respectively, at the
same excitation wavelength, Fs and F, are the corresponding relative integrated fluorescence
intensities and 1 is the refractive index of the solvents.! The quantum yields of products 4a—I and

6a—h were calculated according to equation 1 and are collected in Table S1.

Table S1. Quantum yields of products 4a—I and 6a—h

Substrate Absorption Amax (NM) Emission Amax (NmM) @ (%)
4a 320 446 48.35
4b 317 413 1410
4c 314 447 42.10
4d 315 442 34.58
4e 305 434 20.54
4f 325 445 42.14
4gq 311 434 39.39
4h 315 442 44.03
4i 331 446 29.48
4j 340 443 47.79
4k 266 403 3.32
41 322 465 8.74
6a 325 457 0.90
6b 306 408 0.83
6C 319 461 1.04
6d 317 454 0.74
6e 322 424 0.98
6f 324 449 0.64
69 320 407 0.85
6h 308 428 0.91

aFluorescence quantum yield relative to quinine sulfate as a standard
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'H NMR, 3C NMR and mass spectra of the compounds
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