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1. General

Pyridine (7a), 4-phenylpyridine (7b), and 4-tert-butylpyridine (7i) were commercially available. 4-(2-
Naphthyl)pyridine (7d), * 4-(1-pyrenyl)pyridine (7f), 2 4-(diphenylamino)pyridine (7g), > N-(2,4-
dinitrophenyl)pyridinium chloride (8a),* N-(2,4-dinitrophenyl)-4-phenylpyridinium chloride (8b),> and N-(2,4-
dinitrophenyl)-4-tert-butylpyridinium chloride (8i)°> were synthesized according to the reported literature. 1-Methyl-
3-acetylindole® and 4,4'.4"-triacetyltriphenylamine’ were synthesized according to the literature. Other methyl
ketones were purchased and used. THF was purified by an MBraun solvent purification system (MB-SPS-compact).
Unless otherwise noted, all materials were obtained from commercial suppliers and used without further purification.
Flash chromatography was carried out on a silica gel (Kanto Chem. Co., Silica Gel N, spherical, neutral, 40-100 pum).
(5 + 1) Annulation was carried out in a pressure tube with a Teflon screw cap (40 mL) (Figure S1). Gram scale (5 +
1) annulation was carried out in a pressure tube with a Teflon screw cap (400 mL) (Figure S2). All NMR spectra were
measured on Unity Inova-400 instrument (Varian Inc., 400 MHz for 'H, 100 MHz for '3C) or AVANCE III HD Nano
Bay (Bruker Co., 400 MHz for 'H, 100 MHz for '3C) at 22 °C using CDCl; as a solvent unless otherwise noted.
Tetramethylsilane (TMS) (& = 0) or CHCl; (8 = 7.26) served as an internal standard for 'H NMR spectra, and CDCl3
was used as an internal standard (8 = 77.0) for '*C NMR spectra.

Figure S1. Pressure tube (40 mL), closed (left), open (right). Figure S2. Pressure tube (400 mL).
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Synthesis of streptocyanines

2-1. Synthesis of 4-substituted pyridines

4-(4-biphenylyl)pyridine (7c).

To a 100 mL flask equipped with a magnetic stirring bar and a reflux condenser, 4-
biphenylboronic acid (2.28 g, 12 mmol), 4-bromopyridine hydrochloride (1.92 g, 9.9
mmol), Cs>CO3 (6.45 g, 20 mmol), Pd(PPh3)4(0.91 g, 8 mol%), and DME/H,0 (60 mL/15
mL) were added. The mixture was refluxed for overnight, and extracted with EtOAc (50
mL X 3). Combined extracts were washed with brine (50 mL), and was dried over Na;SOs.
After removal of the solvent under reduced pressure, the crude product was purified with
flash chromatography to obtain the title compound (1.33 g, 58%) as white solid.

"H NMR (400 MHz, CDCls): 6 8.68 (d, 2H, J= 6.0 Hz), 7.73 (s, 4H), 7.65 (d, 2H, /= 8.4
Hz), 7.56 (d, 2H, J= 6.0 Hz), 7.48 (t, 2H, J = 7.6 Hz), 7.39 (t, IH, J = 7.4 Hz); *C NMR
(100 MHz, CDCl3): 6 150.3, 147.8, 142.0, 140.2, 136.9, 128.9, 127.8, 127.7, 127.4, 127.1,
121.4.
4-(2-benzothiophenyl)pyridine (7¢).°

To a 100 mL flask equipped with a magnetic stirring bar and a reflux condenser,
benzo[b]thiophene-2-boronic acid (1.96 g, 11 mmol), 4-bromopyridine hydrochloride
(1.94 g, 10 mmol), K,CO;3 (4.21 g, 30 mmol), BuuN*Br~ (3.23 g, 10 mmol), Pd(OAc),
(0.25 g, 10 mol%), and toluene/H>O (45 mL/10 mL) were added. The mixture was refluxed
for overnight. The organic layer was washed with H,O (50 mL X 3) and was dried over
NaySO4. After removal of the solvent under reduced pressure, the crude product was
purified with flash chromatography to obtain the title compound (0.96 g, 46%) as pale
yellow solid.

"H NMR (400 MHz, CDCl5): & 8.63 (d, 2H, J= 4.8 Hz), 7.82-7.87 (m, 2H), 7.73 (s, 1H),
7.58 (m, 2H), 7.38-7.40 (m, 2H); 3C NMR (100 MHz, CDCls): § 150.5, 141.4, 140.9,
140.1, 139.9, 125.5, 124.9, 124.3, 122.5, 122.1, 120.5.
4-(1-carbazolyl)pyridine (7h).1°
To a 100 mL flask equipped with a magnetic stirring bar and a reflux condenser, carbazole
(1.68 g, 10 mmol), 4-bromopyridine hydrochloride (2.93 g, 15 mmol), NaO'Bu (3.91 g, 41
mmol), ‘BusPH" * BFs~ (0.29 g, 10 mol%), Pd(dba)» (0.51 g, 10 mol%), and o-xylene/H,O
(60 mL/15 mL) were added. The mixture was stirred at 160 °C for 2 days, and extracted
with EtOAc (50 mL X 3). Combined extracts were washed with brine (50 mL), and was

dried over Na,SOj4. After removal of the solvent under reduced pressure, the crude product

8 0. Kobayashi, D. Uraguchi, T. Yamakawa, Org. Lett., 2009, 11, 2679-2682.
° D. Ghosh, H. M. Lee, Org. Lett., 2012, 14, 5534-5537.
10 W-J. Yoo, T. Tsukamoto, S. Kobayashi, Org. Lett., 2015, 17, 3640-3642.
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was purified with flash chromatography to obtain the title compound (2.08 g, 85%) as pale
yellow solid.

'"H NMR (400 MHz, CDCls): é 8.83 (d, 2H, J= 6.0 Hz), 8.13 (d, 2H, J = 7.6 Hz), 7.54-
7.58 (m, 4H), 7.43 (t, 2H, J = 7.6 Hz), 7.33 (t, 2H, J = 7.2 Hz); *C NMR (100 MHz,
CDCls): 8 151.7, 145.5, 139.5, 126.4, 124.2, 121.1, 120.6, 109.8. (one peak is missing)

2-2. General synthesis of streptocyanines

Synthetic procedure of streptocyanines 2 was described as follows (Figure S3).
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2

Figure S3. Synthetic procedure of streptocyanines 2.

Synthetic procedure of N-(2,4-dinitrophenyl)pyridinium chlorides 8.

To a 100 mL flask equipped with a magnetic stirring bar and a reflux condenser, 4-substituted pyridine (7), 2,5-
dinitrochlorobenzene, and acetone were added. The mixture was refluxed for hours under argon atmosphere. The
mixture was cooled to room temperature, and precipitate was collected by filtration and washed with hexane. The

resulting solid was dried under vacuum to give the corresponding pyridinium salt 8.

N-(2,4-dinitrophenyl)-4-(4-biphenylyl)pyridinium chloride (8¢)
Reaction of 4-(4-biphenylyl)pyridine (7¢) (1.27 g, 5.5 mmol) and 2,5-
dinitrochlorobenzene (3.40 g, 16.8 mmol) in acetone (30 mL) with refluxing
for 24 h gave the title compound (1.26 g, 53%, pale yellow solid).
o "H NMR (400 MHz, DMSO-de): 8 9.43 (d, 2H, J = 5.6 Hz), 9.11 (d, 1H, J =
ozNQﬁ 2.0 Hz), 8.97 (dd, 1H, J=2.0, 6.8 Hz), 8.90 (d, 2H, J= 5.6 Hz), 8.47 (d, 1H, J
= 8.8 Hz), 8.37 (d, 2H, J = 8.0 Hz), 8.01 (d, 2H, J = 8.4 Hz), 7.83 (d, 2H, J =
8c 7.6 Hz), 7.42-7.54 (m, 3H); *C NMR (100 MHz, DMSO-ds): § 157.1, 149.5,
146.3, 145.0, 143.7, 139.0, 138.8, 132.6, 132.2, 130.7, 129.9, 129.6, 129.2,
128.4, 127.5, 124.2, 121.9; IR (KBr): 3426, 2926, 1631, 1599, 1543, 1479,
1457, 1342, 1223, 836, 774, 702 cm’!; HRMS (ESI): caled. for [M—CI]*
Ca3H16N304, 398.11353, found: 398.1135; m.p. (decomp.) 230-231 °C.
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N-(2,4-dinitrophenyl)-4-(2-napthyl)pyridinium chloride (8d)

Reaction of 4-(2-naphthyl)pyridine (7d) (0.64 g, 3.1 mmol) and 2,5-
dinitrochlorobenzene (0.67 g, 3.1 mmol) in acetone (5 mL) with refluxing for
6 h gave the title compound (0.82 g, 71%, yellow solid).

"H NMR (400 MHz, DMSO-dp): 8 9.54 (s, 2H), 9.16 (d, 1H, J=2.4 Hz), 9.01-
9.06 (m, 4H), 8.54 (dd, 1H, J= 3.6, 8.8 Hz), 8.34 (d, 1H, J= 8.8 Hz), 8.24 (d,
1H, J = 8.8 Hz), 8.18 (d, 1H, J = 7.6 Hz), 8.10 (d, 1H, J = 8.0 Hz), 7.75 (m,
2H); '3C NMR (100 MHz, DMSO-de): 8 157.7, 149.5, 146.4, 143.7, 139.1,
135.2, 133.3, 132.7, 130.8, 130.7, 130.1, 130.0, 129.6, 128.3, 128.0, 124.7,
124.6, 121.9 (one peak was missing); IR (KBr): 2920, 1637, 1612, 1544, 1465,
1344, 1229, 835, 819, 474 c!'; HRMS (ESID): caled. for [M—CI1]* C21H14N304,
372.09788, found: 372.0982; m.p. (decomp.) 226-228 °C.
N-(2,4-Dinitrophenyl)-4-(2-benzothiophenyl)pyridinium chloride (8e)
Reaction of 4-(2-benzothiophenyl)pyridine (7e) (0.90 g, 4.3 mmol) and 2,5-
dinitrochlorobenzene (0.89 g, 4.3 mmol) in acetone (10 mL) with refluxing for
16 h gave the title compound (0.85 g, 48%, yellow solid).

'"H NMR (400 MHz, DMSO-ds): & 9.41 (d, 2H, J = 6.4 Hz), 9.14 (d, IH, J =
2.0 Hz), 9.00 (dd, 1H, J= 2.0, 8.4 Hz), 8.93 (s, 1H), 8.80 (d, 2H, J = 6.8 Hz),
8.49 (d, 1H, J = 8.8 Hz), 8.23 (d, 1H, J = 8.0 Hz), 8.10 (d, 1H, J = 7.6 Hz),
7.55-7.64 (m, 2H); '3C NMR (100 MHz, DMSO-ds): 8 151.3, 149.5, 146.5,
143.7, 142.4, 140.2, 139.0, 136.9, 132.6, 131.8, 130.7, 128.7, 126.6, 126.5,
123.8,123.4,121.9; IR (KBr): 1629, 1545, 1518, 1461, 1421, 1341, 1222, 835,
851, 723 cm’!'; HRMS (ESI): calcd. for [M—CI]* C19H12N304S1, 378.05430,
found: 378.0548; m.p. (decomp.) 207-211 °C.
N-(2,4-dinitrophenyl)-4-(1-pyrenyl)pyridinium chloride (8f)

Reaction of 4-(1-pyrenyl)pyridine (7f) (1.43 g, 5.1 mmol) and 2,5-
dinitrochlorobenzene (1.11 g, 5.1 mmol) in acetone (10 mL) with refluxing for
16 h gave the title compound (2.29 g, 99%, red solid).

"H NMR (400 MHz, DMSO-d): § 9.62 (d, 2H, J = 6.4 Hz), 9.21 (d, 1H, J =
2.4 Hz),9.09 (dd, 1H, J=2.4, 8.6 Hz), 8.82 (d, 2H, J = 6.8 Hz), 8.56-8.62 (mm,
2H), 8.31-8.50 (m, 7H), 8.22 (t, I1H, J= 7.6 Hz); *C NMR (100 MHz, DMSO-
ds): & 159.8, 149.6, 146.2, 143.7, 139.3, 133.3, 132.6, 131.3, 130.8, 130.7,
130.3, 130.1, 129.3, 128.5, 128.4, 127.7, 127.6, 127.3, 126.8, 125.9, 124.5,
124.0, 123.4, 122.0 (one peak is missing); IR (KBr): 2997, 1633, 1608, 1538,
1456, 1334, 1276, 1212, 901, 854, 844, 724 cm™!; HRMS (ESI): calcd. for [M—
CI]" C27H16N304, 446.11353, found: 446.1135; m.p. (decomp,) 210-214 °C.
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N-(2,4-dinitrophenyl)-4-(diphenylamino)pyridinium chloride (8g)
Reaction of 4-(diphenylamino)pyridine (7g) (2.41 g, 9.8 mmol) and 2,5-
dinitrochlorobenzene (2.05 g, 10 mmol) in acetone (10 mL) with refluxing for
4.5 h gave the title compound (3.75 g, 86%, pale yellow solid).

'"H NMR (400 MHz, CDCls): 8 9.05 (d, 1H, J=2.4 Hz), 8.88 (dd, 1H, /=24,
8.8 Hz), 8.64 (d, 2H, J=7.2 Hz), 8.28 (d, 1H, J= 8.8 Hz), 7.62-7.68 (m, 8H),
7.52-7.55 (m, 2H), 6.92 (d, 2H, J = 7.6 Hz); '3*C NMR (100 MHz, CDCl3): §
158.2, 148.8, 144.5, 144.2, 142.1, 139.2, 132.5, 131.4, 130.5, 129.7, 127.7,
122.0, 110.2; IR (KBr): 3400, 1644, 1607, 1512, 1485, 1386, 1348, 1214, 1078,
833, 766, 701 cm!'; HRMS (ESI): caled. for [M—CI1]" C23H17N4O4, 413.12443,
found: 413.1247; m.p. (decomp.) 227-234 °C.
N-(2,4-dinitrophenyl)-4-(/V-carbazolyl)pyridinium chloride (8h)

Reaction of 4-(N-carbazolyl)pyridine (7h) (2.03 g, 83 mmol) and 2,5-
dinitrochlorobenzene (1.70 g, 8.3 mmol) in acetone (15 mL) with refluxing for
14 h gave the title compound (2.32 g, 63%, yellow solid).

"H NMR (400 MHz, DMSO-ds): 8 9.46 (d, 2H, J = 6.8 Hz), 9.17 (d, 1H, J =
2.0 Hz), 9.03 (dd, 1H, J=2.4, 8.8 Hz), 8.81 (d, 2H, J= 7.6 Hz), 8.50 (d, 1H, J
= 8.8 Hz), 8.37 (d, 2H, J = 7.6 Hz), 8.03 (d, 2H, J = 8.4 Hz), 7.64 (t, 2H, J =
7.4 Hz), 7.54 (t, 2H, J = 7.4 Hz); 3*C NMR (100 MHz, DMSO-d):  153.3,
149.5, 147.7, 143.9, 139.1, 138.3, 132.7, 130.7, 128.0, 126.0, 124.5, 122.0,
121.8,121.7,112.1; IR (KBr): 1636, 1604, 1510, 1446, 1380, 1334, 1219, 843,
751 em™'; HRMS (ESI): calcd. for [M—CI]* Ca3H15N4Os, 411.10878, found:
411.1087; m.p. (decomp.) 222-226 °C.
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Conversion of pyridinium salt 8 to streptocyanines 2.

To a 50 mL or 100 mL flask equipped with a magnetic stirring bar and a reflux condenser, pyridinium salt 8, EtOH,

and piperidine were added. The resulting mixture was stirred at 80 °C for 2 hours under argon atmosphere. After the

heating, the mixture was cooled to room temperature. Aqueous solution of NH4PFs, KPFs, or NaSbFg (0.3 M) was

added to the mixture, and yellow or orange solid was precipitated. The precipitate was collected by filtration and

washed with H,O and Et;O. The resulting solid was dried under vacuum to give streptocyanine 2. Streptocyanines 2

were used for (5 + 1) annulation without further purification.

1-[5-(1-piperidinyl)-2,4-pentadienylidene|piperidinium hexafluorophosphate (2a)

Reaction of pyridinium 8a (5.66 g, 20 mmol) and piperidine (5.95 mL, 60 mmol) in EtOH
(35 mL) and following salt exchange with NH4PFs (3.56 g, 20 mmol) gave the title
compound (6.89 g, 91%, orange solid).

'"H NMR (400 MHz, CDCls): 8 7.50 (t, 1H, J=12.4 Hz), 7.39 (d, 2H, J = 11.6 Hz), 5.78
(t, 2H, J = 12.2 Hz), 3.55 (br, 4H), 3.48 (br, 4H), 1.72 (br, 12H); *C NMR (100 MHz,
CDCls): 6 164.2, 159.6, 102.4, 56.5, 47.5, 26.7, 25.4, 23.5; IR (KBr): 1652, 1558, 1452,
1176, 1022, 993, 839, 556 cm™'; HRMS (ESI): calcd. for [M—PFe]" CisHasN2", 233.2012,
found: 233.2021; m.p. (decomp.) 154-155 °C.
1-[3-phenyl-5-(1-piperidinyl)-2,4-pentadienylidene]piperidinium
hexafluorophosphate (2b)

Reaction of pyridinium 8b (2.83 g, 7.9 mmol) and piperidine (2.37 mL, 24 mmol) in EtOH
(20 mL) and following salt exchange with KPFs (2.91 g, 16 mmol) gave the title compound
(3.21 g, 89%, yellow solid).

"H NMR (400 MHz, DMSO-ds, 100 °C): § 7.52-7.50 (m, 3H), 7.32-7.31 (m, 2H), 7.20 (br,
2H), 6.12 (d, 2H, J = 12.0 Hz), 3.55 (br, 8H), 1.66 (br, 12H); *C NMR (100 MHz, CDCl5):
o 172.5, 156.6, 134.6, 129.6, 129.5, 128.7, 105.2, 57.0, 47.7, 26.8, 25.4, 23.7, 23.6; IR
(KBr): 1558, 1517, 1446, 1399, 1210, 1126, 1103, 1000, 837, 773, 557 cm’'; HRMS (ESI):
calcd. for [M—PFs]* C21H20N»", 309.2325, found: 309.2325; m.p. (decomp.) 216-221 °C.
1-[3-(4-biphenylyl)-5-(1-piperidinyl)-2,4-pentadienylidene]piperidinium
hexafluorophosphate (2¢)

Reaction of pyridinium 8¢ (1.01 g, 2.3 mmol) and piperidine (0.59 mL, 6.0 mmol) in EtOH
(5 mL) and following salt exchange with KPF¢ (0.76 g, 4.1 mmol) gave the title compound
(1.04 g, 85%, yellow solid).

"H NMR (400 MHz, DMSO-ds, 100 °C): 5 7.81 (d, 2H, J = 8.4 Hz), 7.76 (d, 2H, J = 7.6
Hz), 7.53 (t, 2H, J= 7.8 Hz), 7.43 (d, 3H J = 7.6 Hz), 7.33 (br, 2H), 6.16 (d, 2H, J=12.0
Hz), 3.60 (br, 8H), 1.70 (br, 12H); *C NMR (100 MHz, DMSO-ds, 100 °C): 5169.9, 155.5,
140.7,138.7,129.2, 128.3, 127.2, 126.1, 126.0, 101.4, 78.4, 25.2, 25.1,22.3; *C NMR (100
MHz, CDCls): 6 172.1, 156.5, 142.3, 139.8, 133.6, 130.1, 129.3, 129.0, 128.0, 127.3, 127.1,
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105.3, 57.0, 47.7, 26.8, 25.4, 23.6; IR (KBr): 1568, 1517, 1448, 1405, 1242, 1213, 1127,
1022, 838, 557 cml; HRMS (ESI): calcd. for [M—PFs]* Ca7H33N», 385.2638, found:
385.2643; m.p. (decomp.) 212-214 °C.
1-[3-(3-naphthyl)-5-(1-piperidinyl)-2,4-pentadienylidene|piperidinium
hexafluorophosphate (2d)

Reaction of pyridinium 8d (0.75 g, 1.8 mmol) and piperidine (0.59 mL, 6.0 mmol) in EtOH
(5 mL) and following salt exchange with KPFs (0.69 g, 3.75 mmol) gave the title compound
(0.78 g, 84%, yellow solid).

"H NMR (400 MHz, DMSO-ds, 100 °C): 8 8.04 (br, 3H), 7.91 (br, 1H), 7.64 (br, 2H), 7.46
(br, 1H), 7.29 (br, 2H), 6.25 (br, 2H), 3.59 (br, 8H), 1.70 (br, 12H); *C NMR (100 MHz,
CDsiCN): & 173.1, 157.9, 134.3, 133.7, 133.3, 129.9, 129.2, 128.9, 128.6, 128.2, 127.9,
127.7, 105.0, 57.1, 48.1, 27.2, 26.1, 24.1; IR (KBr): 1627, 1565, 1518, 1447, 1402, 1237,
1128, 1000, 840, 557 cm™'; HRMS (ESI): calcd. for [M—PFs]*" C2sH31N2, 359.2482, found:
359.2499; m.p. (decomp.) 120-124 °C.
1-[3-(2-benzothiophenyl)-5-(1-piperidinyl)-2,4-pentadienylidene]piperidinium
hexafluoroantimonate (2¢)

Reaction of pyridinium 8e (0.75 g, 1.8 mmol) and piperidine (0.53 mL, 5.4 mmol) in EtOH
(8 mL) and following salt exchange with NaSbFs (0.92 g, 3.8 mmol) gave the title
compound (0.87 g, 80%, orange solid).

"HNMR (400 MHz, DMSO-ds, 100 °C): & 7.94-8.02 (m, 2H), 7.68-7.74 (m, 3H), 7.46-7.50
(m, 2H), 6.15-6.22 (m, 2H), 3.64 (br, 8H), 1.70 (br, 12H); '*C NMR (100 MHz, CDCl3, .t.):
0 163.3, 161.6, 156.2, 155.0, 140.5, 139.2, 134.2, 127.5, 126.2, 125.7, 125.2, 124.7, 122.1,
105.2,98.7,57.2,47.9, 26.8, 25.5, 23.5; 3C NMR (100 MHz, DMSO-ds, 160 °C): 5160.9,
155.3, 139.7, 138.6, 138.1, 126.3, 124.8, 124.0, 123.7, 121.3 100.9, 50.9, 24.6, 21.9; IR
(KBr): 1626, 1562, 1516, 1445, 1405, 1234, 943, 796, 657 cm’'; HRMS (ESI): calcd. for
[M—SbFs]" C23H29N2S1, 365.2046, found: 365.2047; m.p. (decomp.) 168-172 °C.
1-[3-(1-pyrenyl)-5-(1-piperidinyl)-2,4-pentadienylidene] piperidinium
hexafluorophosphate (2f)

Reaction of pyridinium 8f (1.40 g, 2.9 mmol) and piperidine (0.89 mL, 9.0 mmol) in EtOH
(8 mL) and following salt exchange with KPF¢ (0.98 g, 5.3 mmol) gave the title compound
(1.24 g, 74%, yellow solid).

"HNMR (400 MHz, DMSO-de, 100 °C): 5 8.33-8.41 (m, 5H), 8.27-8.29 (m, 1H), 8.22-8.23
(m, 1H), 8.13 (br, 1H), 7.92-7.93 (m, 1H), 6.96 (br, 2H), 6.52 (br, 2H), 3.49 (br, 8H), 1.64
(br, 12H) ; *C NMR (100 MHz, CDsCN): § 172.2, 158.1, 132.9, 132.3, 131.9, 130.9, 130.6,
129.5, 129.2, 128.6, 128.4, 127.7, 126.9, 126.7, 125.8, 125.7, 125.6, 125.3, 106.6, 57.1,
48.5,27.4,26.4,24.2; IR (KBr): 1561, 1515, 1446, 1401, 1209, 1129, 1021, 998, 839, 557
cm!; HRMS (ESI): caled. for [M—PFs]* C3iH33N2, 433.2638, found: 433.2657; m.p.

S8



(decomp.) 149-155 °C.
1-[3-diphenylamino-5-(1-piperidinyl)-2,4-pentadienylidene]piperidinium
hexafluoroantimonate (2g)

Reaction of pyridinium 8g (1.25 g, 2.78 mmol) and piperidine (0.89 mL, 9.0 mmol) in
EtOH (8 mL) and following salt exchange with NaSbFs (1.33 g, 5.1 mmol) gave the title
compound (1.15 g, 65%, yellow solid).

'"H NMR (400 MHz, DMSO-ds, 100 °C): 4 7.40-7.43 (m, 6H), 7.25-7.31 (m, 2H), 7.19-
7.25 (m, 4H), 5.01 (d, 2H, J = 11.6 Hz), 3.33 (br, 8H), 1.54-1.61 (br, 12H); '3C NMR (100
MHz, CDCl3): 6 171.4, 155.0, 145.4, 129.6, 127.3, 126.8, 93.5, 55.6, 46.7, 26.5, 25.1, 23.7;
IR (KBr): 2943, 1626, 1584, 1489, 1454, 1402, 1243, 993, 763, 699, 654 cm™'; HRMS
(ESI): calcd. for [M—SbFs]" C27H34N3, 400.2747, found: 400.2766; m.p. (decomp.) 171-174
°C.
1-[3-(V-carbarolyl)-5-(1-piperidinyl)-2,4-pentadienylidene|piperidinium
hexafluoroantimonate (2h)

Reaction of pyridinium 8h (1.34 g, 3 mmol) and piperidine (0.89 mL, 9.0 mmol) in EtOH
(10 mL) and following salt exchange with NaSbFs (1.53 g, 5.9 mmol) gave the title
compound (1.58 g, 83%, yellow solid).

"H NMR (400 MHz, DMSO-ds): 8 8.19 (d, 2H, J = 8.0 Hz), 7.45-7.46 (m, 5H), 7.29-7.33
(m, 3H), 6.17 (br, 2H), 3.54 (br,8H), 1.65 (br, 12H); *C NMR (100 MHz, CDCl3): 8 161.7,
153.8, 141.4, 140.6, 127.1, 126.7, 124.7, 123.4, 121.7, 121.2, 120.6, 120.4, 112.2, 110.5,
57.3,57.1, 48.4, 27.0, 25.7, 25.6, 23.5, 23.4; 3C NMR (100 MHz, DMSO-ds, 100 °C): &
160.3, 154.6, 140.4, 125.8, 123.4, 120.4, 119.8, 110.7, 96.4, 25.3, 25.2, 22.3; IR (KBr):
1575, 1447, 1410, 1240, 998, 853, 760, 658 cm’'; HRMS (ESI): calcd. for [M—SbFg]*
Cy7H32N3, 398.2591, found: 398.2590; m.p. (decomp.) 197-199 °C.
1-[3-tert-butyl-5-(1-piperidinyl)-2,4-pentadienylidene] piperidinium
hexafluoroantimonate (2i)

Reaction of pyridinium 8i (1.66 g, 4.9 mmol) and piperidine (1.48 mL, 15 mmol) in EtOH
(10 mL) and following salt exchange with NaSbFs (3.13 g, 12 mmol) gave the title
compound (1.97 g, 76%, yellow solid).

"H NMR (400 MHz, CDCl3): 8 7.03 (d, 2H, J = 10.8 Hz), 5.59 (d, 2H, J= 10.4 Hz), 3.64
(br, 4H), 3.57 (br, 4H), 1.74 (br, 12H), 1.20 (s, 9H); '3C NMR (100 MHz, CDCl;): § 183.9,
156.1, 100.4, 56.1, 48.2, 38.0, 30.3, 26.4, 25.1, 23.5; IR (KBr): 2946, 1625, 1561, 1488,
1447, 1414, 1235, 963, 854, 821, 659 cm’!; HRMS (ESI): calcd. for [M—SbFs]" C19H33N>,
289.2638, found: 289.2652; m.p. (decomp.) 116-119 °C.
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2. Procedure of (5 + 1) annulation

To a 40 mL pressure tube equipped with a magnetic stirring bar and a septum, NaO'Bu was added. The tube was

dried under vacuum with heating. After the tube was cooled to room temperature, argon was purged into the tube.

THF (4 mL), streptocyanine 2, and methyl ketone 1 were added to the tube, and it was sealed by Teflon cap and

heated at 120 °C with magnetic stirring for 10 hours. The reaction mixture was cooled to room temperature and the

tube was opened to air. After removal of the solvent under vacuum, the crude product was purified with flash

chromatography to obtain the desired product 6.

6a

6b

benzophenone (6a)*

Reaction of acetophenone (2a) (57 pL, 0.49 mmol) and streptocyanine 2a (286
mg, 0.76 mmol) in the presence of NaO'Bu (81 mg, 0.84 mmol) gave the title
compound (84 mg, 94%, white solid).

"H NMR (400 MHz, CDCl5): & 7.81 (dd, 4H, J= 1.2, 8.0 Hz), 7.60 (t, 2H, J=7.4
Hz), 7.49 (t,4H, J= 8.4 Hz); *C NMR (100 MHz, CDCI3): 8 196.7, 137.6, 132 4,
130.0, 128.3.

4-methylbenzophenone (6b)*?

Reaction of 4-methylacetophenone (67 mg, 0.50 mmol) and streptocyanine 2a
(282 mg, 0.75 mmol) in the presence of NaO’Bu (79 mg, 0.75 mmol) gave the
title compound (91 mg, 93%, yellow solid).

"H NMR (400 MHz, CDCl3): & 7.79 (d, 2H, J = 8.0 Hz), 7.73 (d, 2H, J = 6.8
Hz), 7.58 (t, 1H, J= 6.8 Hz), 7.48 (t, 2H, J= 7.4 Hz), 7.26-7.30 (m, 2H), 2.45 (s,
3H); 13C NMR (100 MHz, CDCls): § 196.3, 143.1, 137.8, 134.7, 132.0, 130.1,
129.7, 128.8, 128.0, 21.5.
4-methoxybenzophenone (6¢)'?

Reaction of 4-methoxyacetophenone (73 mg, 0.50 mmol) and streptocyanine 2a
(284 mg, 0.75 mmol) in the presence of NaOBu (81 mg, 0.75 mmol) gave the
title compound (98 mg, 95%, yellow solid)

"H NMR (400 MHz, CDCls): § 7.84 (d, 2H, J = 8.8 Hz), 7.76 (d, 2H, J = 8.0
Hz), 7.57 (t, 1H, J= 7.2 Hz), 7.48 (dt, 2H, J= 2.0, 7.4 Hz), 6.97 (d, 2H, J = 8.8
Hz), 3.89 (s, 3H); '*C NMR (100 MHz, CDCls): § 195.1, 162.8, 137.9, 132.2,
131.5,129.6, 129.3, 127.8, 113.2, 55.1.
4-cyanobenzophenone (6d)

Reaction of 4-cyanoacetophenone (72 mg, 0.50 mmol) and streptocyanine 2a
(284 mg, 0.75 mmol) in the presence of NaOBu (76 mg, 0.75 mmol) gave the
title compound (89 mg, 86%, yellow solid).

1 P Lei, G. Meng, S. Shi, Y. Ling, J. An, R. Szostak, M. Szostak, Chem. Sci., 2017, 8, 6525-6530.
12 J, Karthikeyan, K. Parthasarathy, C.-H. Cheng, Chem. Commun., 2011, 47, 10461-10463.
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COOEt

6g

6h

"HNMR (400 MHz, CDCls): 5 7.88 (d, 2H, J = 8.4 Hz), 7.78-7.81 (m, 4H), 7.65
(t, 1H, J = 6.8 Hz), 7.52 (t, 2H, J = 7.8 Hz); '3C NMR (100 MHz, CDCl5): §
195.0, 141.2, 136.3, 133.3, 132.2, 130.2, 130.1, 128.6, 118.0, 115.6.
4-iodobenzophenone (6e)**

Reaction of 4-iodoacetophenone (123 mg, 0.50 mmol) and streptocyanine 2a
(284 mg, 0.75 mmol) in the presence of NaO’Bu (81 mg, 0.84 mmol) gave the
title compound (140 mg, 91%, white solid).

'"H NMR (400 MHz, CDCI3): & 7.83 (d, 2H, J = 8.0 Hz,), 7.76 (d, 2H, J = 8.0
Hz,), 7.58 (t, 1H, J= 7.4 Hz,), 7.45-7.52 (m, 4H); '3C NMR (100 MHz, CDCl5):
6 195.8,137.6, 137.1, 136.9, 132.7, 131.5, 130.0, 128.5, 100.2.
4-bromobenzophenone (6f)'?

Reaction of 4-bromoacetophenone (99 mg, 0.49 mmol) and streptocyanine 2a
(284 mg, 0.75 mmol) in the presence of NaOBu (78 mg, 0.81 mmol) gave the
title compound (111 mg, 86%, white solid).

"H NMR (400 MHz, CDCl5):  7.78 (dd, 2H, J= 1.2, 8.4 Hz), 7.68 (d, 2H, J =
8.8 Hz), 7.59-7.65 (m, 3H), 7.50 (t, 2H, J = 7.6 Hz); '*C NMR (100 MHz,
CDCl3): 6 195.6, 137.1, 136.3, 132.7, 131.60, 131.56, 129.9, 128.4, 127.5.
ethyl 4-benzoylbenzoate (6g)**

Reaction of ethyl 4-acetylbenzoate (94 mg, 0.49 mmol) and streptocyanine 2a
(283 mg, 0.75 mmol) in the presence of NaOBu (80 mg, 0.83 mmol) gave the
title compound (59 mg, 47%, yellow oil).

"HNMR (400 MHz, CDCls): § 8.15 (d, 2H, J= 8.0 Hz), 7.79-7.84 (m, 4H), 7.61
(t, 1H,J=7.2Hz),7.49 (t,2H, J= 7.4 Hz), 4.42 (q, 2H, J= 7.2 Hz), 1.42 (t, 3H,
J=7.0 Hz); 3C NMR (100 MHz, CDCl5): § 196.0, 165.8, 141.2, 137.0, 133.6,
132.9,130.1, 129.7, 129.5, 128.5, 61.4, 14.3.
4-nitrobenzophenone (6h)'?

Reaction of 4-nitroacetophenone (84 mg, 0.51 mmol) and streptocyanine 2a
(284 mg, 0.75 mmol) in the presence of NaO'Bu (81 mg, 0.85 mmol) gave the
title compound (66 mg, 57%, white solid).

"H NMR (400 MHz, CDCl3): $ 8.35 (d, 2H, J = 8.8 Hz), 7.94 (d, 2H, J = 8.8
Hz), 7.81 (d, 2H, J= 8.4 Hz), 7.63 (t, 1H, J= 7.6 Hz), 7.53 (t, 2H, J = 7.8 Hz);
13C NMR (100 MHz, CDCls): 8 194.8, 149.8, 142.8, 136.2, 133.5, 130.7, 130.1,
128.7, 123.5.

13 H. Kim, A. Nagaki, J. Yoshida, Nat. Commun., 2011, 2, 264.
1 R, Shang, Y. Fu, J.-B. Li, S.-L. Zhang, Q.-X. Guo, L. Liu, J. Am. Chem. Soc., 2009, 131, 5738-5739.
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61

1,3-diphenyl-1-propanone (6i)*°

Reaction of 4-phenyl-2-butanone (29 mg, 0.20 mmol) and streptocyanine 2b
(114 mg, 0.30 mmol) in the presence of NaO'Bu (35 mg, 0.36 mmol) gave the
title compound (22 mg, 52%, white solid).

'"H NMR (400 MHz, CDCls): 6 7.98 (d, 2H, J= 7.2 Hz), 7.58 (t, IH, J=7.6 Hz),
7.47 (t, 2H, J= 7.6 Hz), 7.35-7.20 (m, 5H), 3.33 (t, 2H, J= 7.6 Hz), 3.09 (t, 2H,
J=17.6 Hz); 3C NMR (100 MHz, CDCl3): § 199.2, 141.3, 136.8, 133.0, 128.6,
128.5, 128.4, 128.0, 126.1, 40.4, 30.1.

4-henylbenzophenone (6j)°

Reaction of acetophenone (1a) (57 puL, 0.49 mmol) and streptocyanine 2b (342

mg, 0.75 mmol) in the presence of NaO'Bu (89 mg, 0.92 mmol) gave the title
compound (119 mg, 94%, white solid).
"H NMR (400 MHz, CDCls): 8 7.90 (d, 2H, J = 8.4 Hz), 7.84 (d, 2H, J= 8.4 Hz),
7.71 (d, 2H, J = 8.4 Hz), 7.66 (d, 2H, J= 7.2 Hz), 7.61 (t, 1H, J= 7.6 Hz), 7.47-
7.53 (m, 4H), 7.41 (t, 1H, J = 8.8 Hz); *C NMR (100 MHz, CDCl3):  196.3,
145.2,139.9,137.8, 136.2,132.4, 130.8, 130.0, 129.0, 128.4, 128.2, 127.3, 127.0.
4’-phenyl-2-methylbenzophenone (6k)*’

Reaction of 2-methylacetophenone (26 pL, 0.20 mmol) and streptocyanine 2b
(133 mg, 0.29 mmol) in the presence of NaOBu (37 mg, 0.38 mmol) gave the
title compound (45.8 mg, 86%, white solid).

"HNMR (400 MHz, CDCls): 4 7.88 (d, 2H, J= 8.4 Hz), 7.68 (d, 2H, J = 8.8 Hz),
7.64 (dd, 2H, J=1.2, 8.4 Hz), 7.48 (t,2H, J= 7.4 Hz), 7.41 (dt, 2H, J=1.6, 7.2
Hz), 7.27-7.35 (m, 3H), 2.36 (s, 3H); '*C NMR (100 MHz, CDCl3): & 198.4,
146.1, 140.1, 138.9, 136.9, 136.6, 131.2, 131.0, 130.4, 129.2, 128.6, 128.5, 127.5,
127.3, 125.4, 20.2.

4-biphenylyl 2-thienyl ketone (61)*

Reaction of 2-acetylthiphene (22 pL, 0.20 mmol) and streptocyanine 2b (139
mg, 0.30 mmol) in the presence of NaO'Bu (41 mg, 0.36 mmol) gave the title
compound (35 mg, 66%, white solid).

"H NMR (400 MHz, CDCls):  7.96 (d, 2H, J = 8.4 Hz), 7.72 (d, 4H, J = 8.0
Hz), 7.65 (d, 2H, J= 7.2 Hz), 7.48 (t, 2H, J=7.4 Hz), 7.41 (t, 1H, J = 7.2 Hz),
7.18 (dd, 1H, J = 3.6, 4.8 Hz); 3C NMR (100 MHz, CDCls): & 187.8, 145.1,
143.7, 140.0, 136.8, 134.7, 134.2, 129.9, 129.0, 128.2, 128.0, 127.3, 127.1.

% D. J. Fox, D. S. Pedersen, S. Warren, Org. Biomol. Chem., 2006, 4, 3102-3107.

16 D, Paul, S. Rudra, P. Rahman, S. Khatua, M. Pradhan, P. N. Chatterjee, J. Organomet. Chem., 2018, 871, 96-102.

7S, Gobbi, A. Cavalli, M. Negri, K. E. Schewe, F. Belluti, L. Piazzi, R. W. Hartmann, M. Recanatini, A. Bisi, J. Med. Chem., 2007, 50, 3420-3422.
8 H. Wu, B. Xu, Y. Li, F. Hong, D. Zhu, J. Jian, X. Pu, Z. Zeng, J. Org. Chem., 2016, 81, 2987-2992.
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4-biphenyl 3-(1-methylindolyl) ketone (6m)

Reaction of 1-methyl-3-acetylindole (33 mg, 0.19 mmol) and streptocyanine 2b
(139 mg, 0.31 mmol) in the presence of NaO'Bu (41 mg, 0.43 mmol) gave the
title compound (44 mg, 74%, white solid).

'"H NMR (400 MHz, CDCl3): & 8.44 (d, 1H, J = 4.4 Hz), 7.85 (d, 2H, J = 8.0

(0]
O < Hz), 7.64 (d, 2H, J= 8.4 Hz), 7.61 (d, 2H, J= 7.2 Hz), 7.51 (s, 1H), 7.44 (¢, 2H
C Ly J=17.6Hz),7.37 (d, 1H, J= 7.6 Hz), 7.31-7.35 (m, 3H), 3.76 (s, IH); 13C NMR
] (100 MHz, CD:CN): 8190.5, 144.2, 140.7, 140.6, 139.8, 138.5, 130.0, 129.8,
m

128.8, 127.93, 127.89, 127.6, 124.2, 123.1, 122.8, 115.3, 111.1, 33.8; IR (KBr):
1617,1523, 1460, 1367, 1266, 1234, 1124, 1074, 880, 855, 746, 700 cm’'; HRMS
(ESI): calcd. for [M+Na]" C2H7N1Na;01, 334.1208, found: 334.1204; Anal.
Calcd for C2oH7N Oy C, 84.86; H, 5.50, N, 4.50. Found: C, 84.77; H, 5.52; N,
4.38%.; m.p. 136-138 °C.
4-(4-biphenylyl)benzophenone (6n)'°

Reaction of acetophenone (2a) (22 uL, 0.19 mmol) and streptocyanine 2¢ (159
mg, 0.30 mmol) in the presence of NaO'Bu (34 mg, 0.35 mmol) gave the title

0
O O S W, compound (60 mg, 93%, pale yellow solid).
'"H NMR (400 MHz, CDCl3): & 7.92 (d, 2H, J = 8.4 Hz), 7.85 (d, 2H, J = 8.4
6n Hz), 7.71-7.78 (m, 6H), 7.60-7.67 (m, 3H), 7.43-7.53 (m, 4H), 7.37 (t, 1H, J =

7.2 Hz); *C NMR (100 MHz, CDCl3): 6 196.4, 144.7, 141.1, 140.4, 138.8, 137.8,
136.3, 132.4, 130.8, 130.0, 128.9, 128.3, 127.72, 127.70, 127.6, 127.1, 126.8.
4-(2-naphtyl)benzophenone (60)*
Reaction of acetophenone (1a) (57 puL, 0.49 mmol) and streptocyanine 2d (376
mg, 0.74 mmol) in the presence of NaO'Bu (83 mg, 0.86 mmol) gave the title
- o
compound (103 mg, 68%, white solid).
"H NMR (400 MHz, CDCl5): § 8.08 (s, 1H), 7.72-7.93 (m, 10H), 7.58 (t, 1H, J
= 7.0 Hz), 7.46-7.52 (m, 4H); '3*C NMR (100 MHz, CDCls): & 196.4, 145.1,
137.8, 137.3, 136.3, 133.6, 133.1, 132.5, 130.9, 130.1, 128.8. 128.43, 128.39,
127.8,127.2, 126.6, 126.5, 126.4, 125.3.
4-(2-benzothiophenyl)benzophenone (6p)
o Reaction of acetophenone (1a) (23 pL, 0.20 mmol) and streptocyanine 2e (171
0 O /S O mg, 0.29 mmol) in the presence of NaO'Bu (42 mg, 0.44 mmol) gave the title
compound (32 mg, 50%, yellow solid).
"H NMR (400 MHz, CDCls): § 7.79-7.91 (m, 8H), 7.68 (s, 1H), 7.61 (t, 1H, J =
7.4 Hz), 7.51 (t, 2H, J = 7.6 Hz), 7.37 (m, 2H); '*C NMR (100 MHz, CDCls): §

1 7. Zhao, B. He, H. Nie, B. Chen, P. Lu, A. Qina, B. Z. Tang, Chem. Commun., 2014, 50, 1131-1133.
2 W. K. Chow, C. M. So, C. P.Lau, F. Y. Kwong, J. Org. Chem., 2010, 75, 5109-5112.
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195.9,142.8,140.5, 139.9, 138.2, 137.6, 136.9, 132.5, 130.9, 130.0, 128.4, 126.1,
125.0, 124.8, 124.0, 122.4, 121.1; IR (KBr): 1644, 1576, 1404, 1290, 938, 827,
793, 723, 692 cm’'; HRMS (ESI): caled. for [M+Na]® CyHisNaO:S,
337.06631, found: 337.0666; Anal. Calcd for C>1H140:S:: C, 80.23; H, 4.49, N,
0.00. Found: C, 79.95; H,4.57; N, 0.00%.; m.p. (decomp.) 202-207 °C.
4-(1-pyrenyl)benzophenone (6q)*

Reaction of acetophenone (1a) (23 pL, 0.19 mmol) and streptocyanine 2f (176
mg, 0.3 mmol) in the presence of NaO'Bu (43 mg, 0.45 mmol) gave the title
compound (64 mg, 87%, yellow solid).

'"H NMR (400 MHz, CDCl3): & 8.11-8.20 (m, 4H), 8.05 (s, 2H), 7.88-8.03 (m,
7H), 7.69 (d, 2H, J = 7.6 Hz), 7.60 (t, 1H, J= 7.4 Hz), 7.51 (t, 2H, J = 7.4 Hz);
13C NMR (100 MHz, CDCI3): § 196.5, 145.6, 137.8, 136.37, 136.36, 132.6,
131.5, 131.1, 130.9, 130.6, 130.3, 130.2, 128.44, 128.41, 128.0, 127.9, 127.4,
126.2,125.5,125.1, 125.0, 124.84, 124.81, 124.77. (one peak is missing)
4-(diphenylamino)benzophenone (6r)*

Reaction of acetophenone (1a) (58 uL, 0.50 mmol) and streptocyanine 2g (476
mg, 0.75 mmol) in the presence of NaO'Bu (585 mg, 6.1 mmol) gave the title
compound (117 mg, 67%, yellow solid).

"H NMR (400 MHz, CDCl3): § 7.76 (d, 2H, J = 7.6 Hz), 7.70 (d, 2H, J = 8.0

Hz), 7.52 (t, 1H, J="7.4 Hz), 7.44 (t, 2H, J= 7.6 Hz), 7.31 (t, 4H, J = 7.6 Hz),
7.12-7.178 (m, 6H), 7.01 (d, 2H, J = 8.4 Hz); *C NMR (100 MHz, CDCl;): §
195.1,151.8,146.4,138.4,131.9, 131.6, 129.6, 129.5, 129.4, 128.1, 125.9, 124.6,
119.4.
4-(N-carbazolyl)benzophenone (6s)?3
Reaction of acetophenone (2a) (23 pL, 0.20 mmol) and streptocyanine 2h (619
mg, 1 mmol) in the presence of NaO'Bu (282 mg, 2.9 mmol) gave the title
compound (41 mg, 61%, yellow solid).
"H NMR (400 MHz, CDCls): § 8.16 (dd, 2H, J = 0.8, 6.8 Hz), 8.08 (d, 2H, J =
8.4 Hz), 7.91 (dd, 2H, J= 1.6, 8.4 Hz), 7.74 (d, 2H, J= 8.4 Hz), 7.65 (t, 1H, J =
7.6 Hz), 7.52-7.58 (m, 4H), 7.45 (dt, 2H, J= 1.2 7.2 Hz), 7.33 (dt, 2H, J = 0.8,
7.2 Hz); 3C NMR (100 MHz, CDCls): § 195.6, 141.6, 140.2, 137.4, 136.0, 132.7,
131.9, 130.1, 128.5, 126.3, 126.2, 123.8, 120.6, 120.5, 109.8.

2 M.-A. Tehfe, F. Dumur, B. Graff, F. Morlet-Savary. D. Gigmes, J.-P. Fouassier, J. Lalevée, Polym. Chem., 2013, 4, 2313-2324.
22 A.T. Jensen, X. Liang, D. Tanner, N. Skjaerbaek, J. Org. Chem., 2004, 69, 4936-4947.
2 7. Yang, Z. Mao, X. Zhang, D. Ou, Y. My, Y. Zhang, C. Zhao, S. Liu, Z. Chi, J. Xu, Y.-C. Wu, P--Y. Lu, A. Lien, M. R. Bryce, Angew. Chem. Int.

Ed., 2016, 55, 2181-2185.
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4-tert-butylbenzophenone (6t)%
Reaction of acetophenone (1a) (58 pL, 0.50 mmol) and streptocyanine 2i (396
mg, 0.75 mmol) in the presence of NaO'Bu (199 mg, 2.1 mmol) gave the title

o)
O compound (91 mg, 77%, orange oil).
O '"H NMR (400 MHz, CDCl3): & 7.80 (d, 2H, J = 7.2 Hz), 7.77 (d, 2H, J = 8.8
6t Hz), 7.58 (t, 1H, J = 7.6 Hz), 7.46-7.51 (m, 4H), 1.37 (s, 9H); *C NMR (100
MHz, CDCI3): § 196.4, 156.1, 137.9, 134.8, 132.2, 130.1, 130.0, 128.2, 125.2,
35.1,31.2.

4, 4’-di{[4-(diphenylamino)phenyl)]carbonyl}biphenyl (6u)

Reaction of 4,4’-diacetylbiphenyl (46 mg, 0.19 mmol) and streptocyanine
2g (499 mg, 0.78 mmol) in the presence of NaO’Bu (295 mg, 3.1 mmol)
gave the title compound (70 mg, 52%, yellow solid).

@ 9 'H NMR (400 MHz, CDCls): 5 7.88 (d, 4H, J = 6.8 Hz), 7.72-7.75 (m,
T O AN W 8H), 7.33 (t, 8H, J = 6.6 Hz), 7.13-7.20 (m, 12H), 7.03 (d, 4H, J = 8.4 Hz);
I @ 13C NMR (100 MHz, CDCly): § 194.6, 152.0, 146.4, 143.3, 137.8, 131.9,

6u 130.4, 129.6, 129.4, 127.0, 126.0, 124.7, 119.5; IR (KBr): 1648, 1583,

1488, 1274, 1175, 927, 849, 754, 696 cm'; HRMS (ESI): calcd. for
[M+Na]" CsoH3sN2Na;O2, 719.26745, found: 719.2659; Anal. Caled for
CsoH3sN202: C, 86.18; H, 5.21, N, 4.02. Found: C, 85.96; H, 5.24; N,
3.96%.; m.p. (decomp.) 202-207 °C.
4, 4, 4”-tris(4-biphenylylcarbonylphenyl)amine (6v)
Reaction of 4,4’,4”-triacetyltriphenylamine (71 mg, 0.19 mmol) and
. O streptocyanine 2b (404 mg, 0.89 mmol) in the presence of NaO'Bu (98 mg, 1.0
mmol) gave the title compound (130 mg, 87%, yellow solid).
O "H NMR (400 MHz, CDCls): & 7.89 (d, 6H, J = 8.4 Hz), 7.84 (d, 6H, J = 8.4
O P N QO . Hz), 7.69 (d, 6H, J = 8.4 Hz), 7.63 (d, 6H, J= 7.2 Hz), 7.46 (t, 6H, J= 7.4 Hz),
| 7.38 (t,3H,J=7.6 Hz ), 7.26 (d, 6H, J= 8.8 Hz); 3*C NMR (100 MHz, CDCl;):
O 5 194.8, 150.0, 145.1, 139.9, 136.4, 133.2, 132.0, 130.5, 129.0, 128.2, 127.3,
0 127.0, 123.9; IR (KBr): 1652, 1587, 1504, 1312, 1268, 1176, 930, 856, 751, 696
cm'; HRMS (ESI): caled. for [M+Na]® Cs7H30NiNa;O3, 808.2828 found:
808.2822; Anal. Calcd for Cs7H39N1O3: C, 87.11; H, 5.00, N, 1.78. Found: C,
86.80; H, 5.13; N, 1.79%.; m.p. (decomp.)186-187 °C.

6v

2 A.T.Biju, F. Glorius, Angew. Chem. Int. Ed., 2010, 49, 9761-9764.
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1,3,5-tris[4-(diphenylamino)phenylcarbonyl|benzene (6w)*°

Reaction of 1,3,5-triacetylbenzene (43 mg, 0.21 mmol) and streptocyanine 2g
(776, 1.2 mmol) in the presence of NaO'Bu (359 mg, 3.7 mmol) gave the title
compound (132 mg, 70%, yellow solid).
'"H NMR (400 MHz, CDCls): & 8.28 (s, 3H), 7.71 (d, 6H, J = 8.8 Hz), 7.33 (t,
12H, J = 7.8 Hz), 7.11-7.20 (m, 18H), 7.00 (d, 6H, J = 8.8 Hz); *C NMR (100
MHz, CDCl3): 8 193.6, 152.4, 146.2, 138.8, 132.8, 132.1, 129.7, 128.4, 126.2,
125.0, 119.2.

6w

4. Procedure of gram scale (5 + 1) annulation

To a 400 mL sealed tube equipped with a magnetic stirring bar and a septum, NaO'Bu (1.19 g, 12.3 mmol) was
added. The tube was dried under vacuum with heating. After the tube was cooled to room temperature, argon was
purged into the tube. THF (50 mL), streptocyanine 2b (5.28 g, 10.2 mmol), and acetophenone (1a) (0.90 mL, 7.74
mmol) were added to the tube, and it was sealed by Teflon cap and heated at 120 °C with magnetic stirring for 10
hours. The reaction mixture was cooled to room temperature and transferred to a 200 mL round-bottom flask. After
removal of the solvent under vacuum, the crude product was purified with flash chromatography to obtain the desired

product 6j (1.73 g, 87 %).

\\Z(j

0] base (0]
o o HS
THF 0
/ temperature

:N+ PFg 10 h

1a 2b 6j 87%
7.74 mmol 10.2 mmol 6.70 mmol (1.73 g)

Figure S4. Gram scale synthesis of 6j.

% A.Qin, J. W. Y. Lam, H. Lu, W. Dong, C. K. W. Jim, Y. Dong, M. Halussler, H. Y. H. Sung, I. D. Williams, G. K. L. Wong, B. Z. Tang,
Macromolecules, 2007, 40, 4879-4886.

S16



5. NMR spectra

N

Tc

SLEL
8.8,
88€°L
€6€°L
86€°L
80V L
clvL
Sikv'.
€9v°L
€8Y°L
L0S'L
GGG°L
6SG°L
9967/
0LS°L
6€9°L
ov9'L
oL
659°L
€997
€eL’L
1198
189'8

80¥°L
clvL
SvL
€9v'L
mwv.m./

H0S'L~

665/
665,
999,
045,

6€9°L
ov9'L
oL B
6S9°L
€99/
€eLL

ppm

i\
I\

ﬁ,'lh ,
7.l4
e

|JJ1
P
™~

|

7.6
i
-
o

N

o
el | B2
o

1 Y
/3
©
o
<

8.0

8.2

T
8.4

LL9°8
189'8
8898
c69'8 -

}i—

8.8

S/
I

ppm

Figure S5. '"H NMR spectrum of 7¢ in CDCls.

S17



vviclt—

180221
KSSV
mmtﬁw

vy’ Lel :w.nmr\

/mom.wmr

180°/ct
(FASWRAS /
6€L°Lcl

:wsmrw
506'821
688°98L —

g6l 0y —F88 €L —
096'+71_

v8L Lyl .
stency /80Pl —

096 LV —

V8L Lyl —

SLE0SG—

MMLWWMWWWMW

140 135 130 125  ppm
-‘—————LJLWWNMWMW

145

150

T T T T
150 140 120 110

160

T

180

0 ppm

10

90 80

100

130

170

190

Figure S6. '3C NMR spectrum of 7¢ in CDCls.

S18



SGeL
6G€L
19€°L
LLEL
08€L
VAZ WA
LGS°L
8GG°L
2c99'L
v0L L
lel'L
cSL L
SGLL
YAV
86L°L
08,
LI8'L
L18L
628,
9€8°L
6€8°L
cs8’L
¥29'8

ppm

oﬁ
]
-

Figure S7. '"H NMR spectrum of 7e in CDCls.

S19



8Lv'02}
18022t /
L6v'22l V
vSTveL—

ovm.vmv \
88y's2
LE6'6S1
L1 Oopl
zI60pL \
Loy Ll
LLG0GL —

8102k ~_
180224~
622t —
YST Vel —
6v6'v2t—
88’2}

LE6'6E1
LLLOYL V

LGOS —

LD

T T T T T
145 140 135 130 125 ppm

T
150

Jik

0 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

Figure S8. 3C NMR spectrum of 7e in CDCls.

S20



DDV OWW-ITITT—DWOMO®OOD
AOAUD RN OTOVOLD -~ F A O
R R I TR POl BT S S R R o I I o}
WWBBONNNNNNNNNNNNN

-——8.135
==8.116

i

i ‘ |‘

|

| M M
_in . . N

T 1
89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 ppm

T
[Tl ,

9 8 7 6 5 4 3 2 1 0 ppm

=] ® (|
S -1 alo(e
o - ol oo

Figure S9. 'H NMR spectrum of 7h in CDCls.

S21



z
| ~
T
9
= z

— 181737
—145.515
—139.471

121.141

—124.225
120.603
—109.808

y

_~126.419

124.225

126.419

—121.141
—120.603

r T T T T T T T T T T 1
129 128 127 126 125 124 123 122 121 120 ppm

i

T T T T T T T T T T T T T T T T T T T

T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S10. '3C NMR spectrum of 7h in CDCls.

S22



A

2

8c

NO,

ozN@—ﬁ

i

[
i 1

|
_

!

|
/

|

|
‘qn i

I

i

ﬁ
s et g

\

|
I\ )
J:J

i

i\

ppm

Ppm

-
-
-

mrn
==
ailai

o~
¥s
o~

wj
<
o

|
Lol 1K o

g

4
o
Figure S11. '"H NMR spectrum of 8¢ in DMSO-ds.

(=]
<
o

S23



O,N

9/8’I¢cl
v6lL'vCl
vev'LCl
68€'8Ct
L6l'6C)
67962}
088'6Ct

asvevl
9G0°LSL

9/8'lcl —
Y6 LSl ~_

VY L2}
mwm.mmr/
16162} %
679621~

088'621 “
159°08

88/°8S1 ~_
8L0'6EL—

LOEVE—
Y96 v¥ L —
l8C9YI—

asv eyl —

9G0°LS} —

MMMMMMMWWWM

T 1

T

T T T T T
140 135 130 125 120

145

T

150

115 ppm

155

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80

T

T

ppm

10

70

Figure S12. *C NMR spectrum of 8¢ in DMSO-ds.

S24



Cl

A

7

N>~

NO,

8d

€69,
0LLL
0€L’L
kSLiL
89/°L
160°8
L8
(AR
0618
cee’8
ySc'8
€ee'8
GgGe'8
025’8
6298
crs'8
1GG'8
9006
clo'6
1L20'6
€06
6506
YSL'6

—\V—rrv

ppm

m| 0|0
alg|e
||

NO[N[vr
S|8/8|5
||

<

|

Figure S13. 'H NMR spectrum of 8d in DMSO-ds.

S25



Cl

A

7

O,N

NO,

8d

08L'6€
886'6€ W.
L61°0Y

616°lcl
S6S'vel
avlvel
G66°LCl
soe'8ct
€e9'6cl
066621 W.
coLoel
169°0€}
€€8°0€L
c99°¢cel
Lieeet

6lc'sel
c90'6€L
6LLEVL

6SE°9V1
6617'6V1
969°/GI

cvLvel
G66°LCL /.

6LLEVL —
6SE 9Vl —

66v' 6V —

969°LS1L —

oy
i

bk AL

WP

L WJJM,

ey

L

125 ppm

150 145 140 135 130

155

i

T

T T
160 150

170

180

0 ppm

10

190

Figure S14. 3C NMR spectrum of 8d in DMSO-db.

S26



|

/\. )

I

!

NO,
[

|

|

’l

rf

|

PL'd

|

) s N

;}I -

T T T T T T T T T T 1

94 92 90 88 86 84 82 80 78 76

FREE

ppm

-

SO

wh
Q
-

ppm

<
<
o

©
|
o

1

8

qoj
N

=
oj
- -

8

3

Figure S15. 'H NMR spectrum of 8¢ in DMSO-db.

S27



O,N

glLe’let
88€'€Ct
608'ect

ors'oct
809'9¢L /
av/.'8cl /

682° LS|

€l6’lcl —
88€'€C ~_
608'€Ct—

ovSoct
809'9¢| v
ov/.'8ct—

LEL0EL —
ce8 LEL —
18G¢EL—

LG8'9EL —

6€0'6EL —
MOV E—

cov vl —
60L€V I —

€SV ovE—

8’6Vl —
68C' IS —

ot

SibiApmatnl M

J J M«VJ
130

i i s

\

M]ML"MLWW W‘

Ppm

125

145 140 135

150

! ‘JHH lm}jx

0 ppm

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70 60

180

Figure S16. '3C NMR spectrum of 8¢ in DMSO-db.

S28



f
JM'
[M M:“J ] I

‘Jn‘.»i"‘,‘

l

97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 pm
[ H
| L
I T T T T T T T T
10 9 8 7 6 5 4 3 ppm

Bl

Figure S17. '"H NMR spectrum of 8f in DMSO-ds.

S29



O,N

NO,

6LL'6E
wmm.mmv
96107

ce6’let
8ey'ect
0covet
v’ vel
668'Gel
66.'9¢t
oielct
98G°/¢ct
ovL /2l
c8e'8ct
0cs'8ct
gveect—¢
680°0€}
6/.2°0€}
989°0€}
0c8'0€}
LLe el
yeo'cel
ceeeel
65c6E}
6EL°EVI
09L9vi
¥09'6v1
€v8'6G1

6627921
ole /2L
985221
o/ /21
28€'821
025'821 b -
Sveegl—,
680°0€ \
62°0€)
989°0€L
028°0€!
L2 L
ve9'2el

zeceel

652'6E 1 /
6eLEYL —
091L'g¥L —

y09'6v1L —

EV8'6SL —

N

L.

-

130

|

i L

"

T T
140 135

150

155

125 ppm

145

160

|JI | UM]MNH

T T T T T T
160 150 140 130 120 110

170

180

0 ppm

10

90 80

100

190

Figure S18. '3C NMR spectrum of 8f in DMSO-ds.

S30



W) &

cl
NO

oN-—L D~

F €
o
o
£
L Q.
Q. d
Lo
|
G169~ I
v€6'9—" - \f .. a
PN =
Lo
~
LS, L« F o~
qmms/ oL
065°L~X = v9C
Y29 L~ B o 5% 1
YWOL—F —— -LJ] L
199°2 \ e - o
819'L B |
3
Lo
«©
i - <
| |
892'8~_ [ O~
0628—" o §_i
L <
o
M 0
0£9'8~_ __yre :
b = [® 8T
298’8 &
898'8 i [ 3
v88'8 = eVl w
Gl6'9 0688 | Le
vE6'9-| 8v0'6 — [
L1524\ V506 | [ |
ves'L o —= PR
056'L |
v29'L
P97/ Ilul% ~ 9T
199°/ = J~ ~ 448
8/9'L e
892'8 | g
0628—> i st
0€9'8~__ S — o
898" ] %
8988 ]
88’8
068'8
8v0'6

S31

Figure S19. 'H NMR spectrum of 8g in DMSO-ds.



18L'6€
omm.mmv
66107

02 OoL—
gloect

1 7AVXAN

ocLect /
€LV0El %
evy LEL —
ovs el e
L91°6EL—

860271 —
SLL v \
98yl

AR

gloecl—

ShL L2k~
02L'621 ~_
eLY0EL —
6vyLEL—
ovseel "

L9L'6EL—

8602V | —
SLLPY L~
98y vl —

088171 —

ceg8sL —

L

T T T T T T T
145 140 135 130 125 120 115  ppm

150

155

| I‘IM |

T T T T T T
160 150 140 130 120 110

170

180

0 ppm

10

90 80

100

190

Figure S20. '3C NMR spectrum of 8g in DMSO-ds.

S32



oN-—L D~

ar

2

NO.

8h

L T

!}\;

|

!
|
= A

| M

I
;
L

I
|

i
e

-

94 92 90 88 86 84 82 80 78 76 ppm

‘or
b
o~

)

o T

3

)

bt

ppm

‘DW
by
]

58

oﬁ
Q
o

wnr‘o
2 hriis
o

®
o
-

/s
o
Figure S21. 'H NMR spectrum of 8h in DMSO-ds.

S33



8h

+/
O
NO, —

O,N

095'6€
69.°6€
L16°6E
98L'0v
S6€°0V

/80°ChL
ekl wmw/
cesg'lel
LS6°LC)

/80CHL—

cil’lcl
ces’lelh W.
LS6°LC)

96v'vel —
G86'GCL—"
Ly0'8Cl—

GeL'0EL —
y99¢cel —

L2E8E L ~_
viLegl—

8.8Vl —

9LL YL —
9LV'eYl —

81E'€5l —

0 ppm

80 70 60 50 40 30 20 10

ppm
90

100
S34

120

WMMMN‘M

110

Wl
T
125

|

T
130
130

T
135
140

. MJHJ |

T
150

140

160

T

145

T
155 150
180 170

190

KRR

Figure S22. 3C NMR spectrum of 8h in DMSO-ds.



000°0-—

L —

a8y’ e~
8eG'e—

SPL'S~_
SlL6—
908's—"

9/2L
SLEL
VO:V
SOV L~—
L6p:L=r

st/

i
a/‘
J

/W

'
A

ey

T T T T T T T T T T T

78 76 74 72 70 68 66 64 6.2 6.0 58 ppm

'S

ppm

E~

/910
—08L
\6}0
\}6'0

Figure S23. 'H NMR spectrum of 2a in CDCl;.

S35



+
Q\/\/\”N

PFe

2582~ _
Lvy'Se—
069'92—"

V8V Ly —

8.¥V' 95—

LvL9L
06292
990°/L
601LL
c8eLL
LevLL

0LV 20l mmes

VA A TA
069'9¢c—

€66°6S51 —
6ECVIlL —

v8v Ly —

8LY' 95—

Vot /|

oV W

) _—

o

v

ppm

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

Figure S24. '3C NMR spectrum of 2a in CDCls.

S36



FE
o
[-%
- Q
eee—
$99'} — S e sk
- &N
~ ™
i A
£566— 96'L
- <
I [ E
zel9— =t —
201'9 -8 - o
S © A 002
zero—"
o L@
PN 1022 -
+ N 612 L
Q NN /NQ mmeW -2 % oL
zeL —= i
€28’/ s ——— 20
momx\. Fi
SIg'.L P | | T - ©
VAN Lo A0
sseL— . m
e L—7 = ‘J X532
€2€e'L v =k
€06 L ~_ . # o
I s T
Gl o S
~

S37

Figure S25. 'H NMR spectrum of 2b in DMSO-ds.



Wi
£9G'€2
. 2806T—>
Y0C'S0L —g1p'gg—
€92'92—
87.'82)
ysreet
Lsezt
P9 vEL—"
2L9'9GL —
WLy —
eLreLL—
600'.G—

\

|
e

o Nt

25 ppm

T
30

35

T

T T
160 150

170

180

0 ppm

10

190

Figure S26. '3C NMR spectrum of 2b in CDCls.

S38



(

+

Sha®

2c

169} —

009°€—

99~
oL9—"
see'L
vee'L

gL
oev’L
BviL
805, X
825, \
1S,
052,
69LL
208,
€28,

G2e L ~_
veeL—

eV L~
oer'L—
6y L—"
809" L~_
Bag.—
sL=

0SLL~_
69LiL—
c08'L—
€28 L—

ppm

%

\

L.u«'

|

|

A

(\

J

s
1

-

K
o
<
-

7.3 ppm

™

Il
|/
Ll ‘l
\ v\ ot
5 /‘@_
74

!
K

J

i
)

i
o
vV
T
7.5

|

76

k

|

}

T

e

l'

[ \, i
/ \

\/

/ \ /
R e i i e

\\”
T
7.8

'

7.9

L6'CL

S39

Figure S27. 'H NMR spectrum of 2¢ in DMSO-ds.



0

-
PFe

+

Sha®

2c

S9S'EZ~ _

¥88'62—

66,92

169 Ly —

856'9G —
2LO' L2 ~_
LEE'SOL— s9z7 /21—
1S6'L2L —

cLoLet ¥86'82 1 —_
SNNNF/ 668621 —

bG6°LCt 1900 —

2LL6EL \ e

819G —
€50CLL—
cLL'6El —

cleerl—

i

|

Fpstig

vl

|

WWWWWWNMWMWMW

ppm

128

140 138 136 134 132

142

o

T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 80

210 200

ppm

70

100 90

Figure S28. '3C NMR spectrum of 2¢ in CDCl;.

540



0

-
PFe

+

Sha®

2c

6YET~_
LL0'S2
Lozsz”

8L —

Yoy Lo} —

£00°92}
150°92 /
081 L2t —
18282} \
802621

ovL'8EL —
ovLovL "

LG'eGE—

cs8'691 —

1G0'9C —
08l'lct—
l82'82L—
80c6¢} A

ovL8EL —
ovL oV —

LG GG —

cS8'69L —

M

135 130 ppm

140

165 160 155 150 145

170

T

210 200

30 20 10 ppm

70 60 50 40

80

110 100 90

130 120

150 140

160

180 170

190

Figure S29. *C NMR spectrum of 2¢ in DMSO-d; at 100 °C.

S41



SN

(S
¥
PFg

2d
© MmO T © o ©
Mr=MwW DN < D (223
SO~ I\ 0 ©
BN NN N © ) =

—8.038
—7.913
—7.636
—7.459
—7.294

6.246

| | i ,'ﬁl‘

N { A

[
f P ‘llwk N B
\ “; | ’ :\ / ) |

T T T T T T T T T T 1
80 78 76 74 72 70 68 66 64 ppm

9 8 7 6 5 4 3 2 1 0 ppm

12.05

Figure S30. 'H NMR spectrum of 2d in DMSO-ds.

S42



SRS

2d

950" V2~
£60°92 —
oL11e"

L60°8Y —

SL0LS—

2e0's0L —

yS9'L2t
c98' /el
ashect
v.G'8Cl
606821
clcect W
L16'6Ct
ooeeel
LEL'EEL
ceEEVEL

0/8°LGL—

YS0€LL—

59 L2l

298'/2! V
25182t —
v.G'82L—
606'82+—
zizezt

L1662

00€€EL —
LELEEL—
ceEYEL —

L

ppm

132 130 128

134

T T T T T T T T T T T T
150 140 130 120 110 100 90 80

210 200 190 180 170 160

70

Figure S31. 3C NMR spectrum of 2d in CD3CN.

543



SbFg

P

0

2e

169} —

LE9E—

csl9
8919
€LL'9
c8lL'9
8819
8619
€029
0le9
8lc9
8GY'L
Sov'L
0LY'L
LIV L
98y L
€6y’ L
L0S°L
189°L—F
80L°L
82L'L
9€L’L
ov6'L
o6’ L
9/6°L
¥86°L
866'L
€00'8
0lo'8

AN

P

ppm

Ppm

f

80'C

T
7.6

S

T
T

[4:X4

T
7.8

T

7.9

00’2

T
8.0

j

8.1

8.2

-
/

L0C1

66'L

802
2c6'C
00'C

S44

Figure S32. 'H NMR spectrum of 2e in DMSO-ds.



SbFg

P

0

2e

ZrS'eT~_
8LY'ST—

60892~

cL8' Ly —

9eL' LG —

159'86 —
991601 —

JrEeiy sl
2s9vel :

196 #&r/
Boem_/omﬁmmrv
06}'S2t \ygo'cz| 7
vmomﬁ“m_.@mr\
@Nﬁ@ﬁ\ngmr\
8vy L2l
vmzmrx
wammv\vvm_v.ﬁmw|
Zrs ol

H0'SGh~_
SLV'9SI—2g| 681 —

vwv.évvooi!\
eeEol

0SS —
SLL'9SL—

W'w\w

WVWMMWWWJ

125 ppm

T

130

150 145 140 135

155

210 200

70 60 50 40 30 20 10 ppm

80

120 110 100 90

150 140 130

170 160

190 180

Figure S33. 1*C NMR spectrum of 2e in CDCls.

S45



SbFg

P

0

2e

¥88°lc—
6€9° Ve —

yeo ey —
69806 —

88800} —

AL

6lLLegh /
mmo.qm,V
28L el W
9092}

£21'8EL~_
v/58EL—7
1G9'6E L r

v.2'SSI —
/2609 —

888001 —

AR
pISBEL
soeel "

v.2'SSL—

/26'09) —

T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 ppm

T

T

210 200 190 180 170

ppm

70 60 50 40 30 20 10

110 100 90 80

150 140 130 120

160

Figure S34. 1*C NMR spectrum of 2e in DMSO-d; at 160 °C.

S46



oL —

L6V’ e—

ppm

T T
70 68 6.6
i i

T T T
74 72

78 76

ppm

ﬁ

09¢C1

18°L

j

Figure S35. 'H NMR spectrum of 2f in DMSO-ds.

S47



OO0

HZPE~_

0L£'9¢—

zevrie”"

€LY’ 8y —

660°LS—
mrﬁmmﬁ)/r
s0se1
siraet

#2990}

61L£'62L 2699 —

FAR XAl 02c6'9¢t —

90L'Gct

8./.'GCl g

269921 90L°Lc}

0c6'9Ct

90/°221 vy'8C —

ovi'82 ! /mmw.wm P

mmﬁwmr £91'62) —

€9l'6cl 95h'62 ] —

9Gv'6ct

709°0€}

888°0€|

wmm.vmr $09°06) —

S0EZELT aewos.—

0/8°cel

/80°8S|

vaNnr\\\wmmrmrllu
90€ecE —
0.82el —

JW?WWWNWNMWW

l

|
|

‘

!

|

{

|

|
i

125 ppm

T
126

127

128

Hhad o ¥

|

IIMI“

W Wi

|
|

|

iy Wttt

T

|
W
M \"W

|

133

s i\

T T
130 129

131

132

il

| vﬂm )

T

T T T T T T
160 150 140 130 120 110

170

T

180

0 ppm

10

20

90 80 70 60 50 40

100

190

Figure S36. '3C NMR spectrum of 2f in CD3CN.

S48



SbFg

N0

WS L~
EL9 L —"

g€eee
_.mm.mv.

€667 ~_
220s—

At
RNNV

eV’ L—7
vaN\

clecLl—

LiGL—

€oviL—
Sehii—

{
1
o

ppm

ppm

C™ _vev
==

=81

—009

Figure S37. 'H NMR spectrum of 2g in DMSO-ds.

549



@\\\ZO
N +
aQ z
@ 0@
o
L

o) o © - oo
o @ o =] al <+ o Ao
9] o ™ © N @ o) o < N~ O
- <~ 0 D IS © n = ™~ L ki
= E gt ps 856 2 g ¢ 848
— ~ = e
™ i3 < =]
~ -1 \V . e
o ~ ©
Q al ol
- ~ —

| -

129 128 127 ppm

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm

Figure S38. 1°C NMR spectrum of 2g in CDCls.

S50



SbFg

o)

2h

W' —

ey e —

L91'9—

€62,
0L

VAN
€z L—7
geeL 7

oYL \
ssy'L

6418~
6618

T T T T T T T T T T 1

82 80 78 76 74 72 7.0 68 66 6.4

/

[=3
a
-

W

n
=)

ppm

90°¢CL

LT

k8

=002

Figure S39. 'H NMR spectrum of 2h in DMSO-ds.

S51



Y

N\/\f\#
$

SbFg

U

2h

16100}
14y

gslelLl
va.omr/
vmo.omr,/

N@oxﬁ
wmm.oﬁ\
€8¢ Lyl
L¥8'EGL —
215551
Y69 191 —

LLVIZh~_
2oL kgL —
[2ree—
evLveL—
ZH92L—
9892} \

290°'/¢cl

8650V | —
€8e’ vl —

L¥8'EGL —
CclS'SSI—

¥69° 191 —

v

ppm

[

|

WJWWMWWMWMJMW

155 150 145 140 135 130 125

160

Imain

T T T T T T T
80 70 60 50 40 30 20 10

T T T T T T T T T
140 130 120 110 100 90

180 170 160 150

T
190

T

210 200

ppm

Figure S40. '3C NMR spectrum of 2h in CDCls.

S52



PPN
(0

SbFg
© o o - OMm W
™ © -~ TTHO ® =) amm
® v b Gy wE s b Q NI~
o < =] KMo ® O - O NN
© 0 < ANN~ — © [ToRTe R
- - — - » o NN
. o || | N | NT
T ¥ MO e =)
i e ’~ =
n Mmoo’ = =
a N N - ©
- - - - o

| |
o e

125 120 115 110 105 100 ppm

|

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

ppm

Figure S41. 1*C NMR spectrum of 2h in DMSO-ds at 100 °C

S53



€02’ —

g€l | —

HSE~_
LY9e—"

196G~
656"

€0 L~_
190 L—"

HSE~_
Ly9e—"

19SS~
65—

PE0°L~_
190 L—"

i
s

"

ppm

Figure S42. '"H NMR spectrum of 2i in CDCls.

S54



825°€2
00} 5z
ser'9g—"
gee0e—"

896, —

9918y —

8609 —

€6€°001 —

82G'€C~
00}'Ge—
SEY'9C—

€e€0e—

896, —

LELOS —
9918y —

860'95 —
816'€8L —

i

-

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

190

Figure S43. *C NMR spectrum of 2i in CDCl;.

S55



6a

0LY' L
L6v'L
80G°L
605,
V.S,
8/G°L
18G°L
16G°L
965,
L09°L
SL9°L
86/,
c08'L
618°L
ac8’L

0LY'L
L6v'L
805,
60G°L
[ ZA WA
8.G°L
18572
16G°L
965,
109°L
SL9°L
86/,
c08'L
618/
a8l

S TN\

T T T T T T T T 1

79 78 77 76 75 74 73 7.2
©
o
-

ppm

mr
Q
o

ppm

cﬁ
Q
o

(=10
N[

Figure S44. 'H NMR spectrum of 6a in CDCl;.

S56



6a

[§\] DLW IS
(o] nms oo
© nyoo
© ~NAO
(o2} @ oMmonA

- - o)

wn

17 i

~

0

—

—132.435

—130.044
—128.287

= SR = s oosain =
f T T T 1
135 130 125 ppm
1
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm

Figure S45. '3C NMR spectrum of 6a in CDCls.

S57



6b

8vv'e—

L9c’L
v9¢’L
8.2,
VATV
09v'L
08y,
L6V,
19G°L
V9S°L
1852
86G°L
0cL’L
LELL
8LL°L
86L°L

N%

ppm

1
ppm

[

o
-

S58

<

1)

[t}
(=]

| )

(=}
-

e

o
-

79 78 7.7 16 75 74 13 72

Figure S46. 'H NMR spectrum of 6b in CDCls.



6b

Yv0'8CL —
v18'82L—
LYL'62 —
9choel—

LIV le—

000cEl —
c69vEL—

999'92

ce6ros . 29LLEL—
i

€0€°LL

6S0°EV I —

vv0'8ct
v18'8ct
\..vh.mN_v%

T T T T T T
138 136 134 132 130 128

140

T

142

ppm

144

9cl'oel—~
ooo.NmF“
c69vEL
c9L'LEL
650°EY

c92'96 —

ppm

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

200

Figure S47. 3C NMR spectrum of 6b in CDCls.

S59



MeO

6¢

68°€

70 6.8 ppm

7.2

7.4

7.6

7.8

002

.n

<
(=}
-

©
e
-

o
]
o

ppm

Figure S48. 'H NMR spectrum of 6¢ in CDCls.

S60



O

MeO
6¢
< Al - WONAN ©
D (2] ONTANMM (2] o
S @ QWO N S
n [9Y} NAN T~ O O DN o e
(¢} © OMOMOANNN e [T9)
— — —Frrrrrrr— 7o)
w0 <O~ O
oo} NS ANOMO® ()]
S -0 00N ® -
N~ AN~ DN 0]
(o] OO ANANN —
29 9,09 SOl =
i |
; |
| - |
‘ |
I
\‘ «’ ‘
| | |
) Ul ,\
— I \
» b

r T T T T T 1
135 130 125 120 115 ppm

WWJWWW”WWW

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm

Figure S49. '*C NMR spectrum of 6¢ in CDCls.

S61



CN

6d

L0S°L
02s'L
ovs'L
629°L
ce9’L
8v9'L
999
LLLL
08L'L
L8l
c6L’L
86L°L
L08°L
€08°L
608°L
cL8'L
LIl
€68°L

e

1
ppm

€08°L

N
~
3 P
10G'L Lo
02s'L )
ovs'L I
mmm.m/ I 2 I TN
2€9'L R ——— L ] X
8v9'L E o=
mmmsV = E™ ot
YV = tn —
owi/. ke
182°L —_— 0/ t o ooe
NmEV — e o s
. S i Soe—
86L'L —————— A\ to 002
108°L L
:

L

ppm

Figure S50. 'H NMR spectrum of 6d in CDCls.

S62



WO'GLE—
6008LL—

&@.mﬁ
wmo.omf W
LTT0E
LSV —F
ezeeet “
162°9€}

LT bk —

6d

CN

LE0'G6L —

Ly9'GLE—
6008LL—

2o'82h~
950'08 1~
L2200t —
LSLZEL—
gzeeel
162°9E L —

Loc' Lyl —

T

T T
130 125

135

T

140

US| | ] O

120

145

180 170 160 150 140 130 120 110 100 90 80 70 ppm

190

Figure S51. °*C NMR spectrum of 6d in CDCls.

S63



6vyL > 8
897"/ ~_
887/~
sevL—"
GG /="
896/~
286/ —
009'L—

6v.L—
69/ L~

918 ,L—
9€8'L—

7.4

T

7.5

T

7.6

T
77

7.8

T

7.9

ppm

-

ppm

~

Figure S52. 'H NMR spectrum of 6e in CDCls.

S64



6e

SSv'8et —
[86'6CL —

900G’ LEL—

e 00t —

leLcel —

ssr'sel
Bmimm_/
905 L€} V
LeLeel—

y68'9€l
rov.hm_vN
L19°/E}

¥G8'9€L —
loLLel—

82¢8'G6} —
L19°/E} —

ppm

136 135 134 133 132 131 130 129

137

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10

200

Figure S53. 3C NMR spectrum of 6e in CDCls.

S65



4‘]1 ")

| | |
M A JgU I
MWW_I/_/“’C,‘.J% 2 .
T T T T T T T T T
79 78 7.7 76 75 74 73 T2 ppm
S| (ef|e S
ol i |0 o
h
e/l S JL
r T T T T T T T T T 1
9 8 7 6 5 4 3 2 0 ppm

EE

NN
33
™|N

Figure S54. '"H NMR spectrum of 6f in CDCl;.

S66



Br

(] WLANOIMNLWO©LW—
[42] ONNNOUVANDO
] T alo b @M 0
Yo} NOAN— — O 0N~
(2] OMOMMmOANNAN
— —_rm

Lo:\l oL © mv—‘\\\\////

o~ Row N OO

o Cnun 9 m.

~ © N v= == H O I~

[ op B o5 ] oMM [V

- -—_—- - -

‘L (UL NI W

T T T T T T T
138 136 134 132 130 128 ppm

" ooy » i o . ——

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 &80 70 60 S0 40 30 20 10 O ppm

Figure S55. 3C NMR spectrum of 6f in CDCls.

S67



COOEt
6g

1

| E
o
o
z6e Y | B
o:%V. WYL~ s - <
82v'v—7 06t L — _ o 807
shr'v- gosL—" e
o e
S 5 e
se9 L \E
Foe
~
68L°L
6082~ - 2 /’
£28'L— 90'Y
28Tl eyl

7.9

@
o
0

N
T

8.0

608, “AE

8.2

A\
/
\
“H
811 J

8.3

T
8.4

ppm

f

S68

!

[~}
o

©
=
-

g

(=]
<

=]
o

Figure S56. 'H NMR spectrum of 6g in CDCl;.



COOEt

6g

Slevl—

82V’ 19—

608'9.
821'L @WWNF]
Svv'Ll
LSP'62 1~
SvL 62k —
v0L 08l —"

ce6'Ccel —

vmv.wme.mmr|
_,mv.mm _.Dﬂ
mvm.mmr W
v0L'0EL ~
cg6eel

0LG°€EL “
omm.om

061 L S@9EL —

68.'G9l —

6L v —

c00'96} —

ppm

132 130 128

134

142 140 138 136

144

ppm

110 100 90 80 70 60 S50 40 30 20 10

140 130 120

190 180 170 160 150

200

Figure S57. 3C NMR spectrum of 6g in CDCls.

S69



6h

NO,

€1g',
ces’.L
eSS,
€V9'L
299,
189°Z
96.°L
66.°L
L18°L
€E6'L
GG6°'L
ove's
c9g'8

ppm

ppm

7.4

o}
e
N

7.6

©
<
-

7.8
3
«

S70

s

8.0

8.2

o

8.4

Mwu
qﬁw
Abaile
N

-
(=}
o~

g

€

N

Figure S58. 'H NMR spectrum of 6h in CDCls.



8lgect —

199'82 1 ~_
280°08F —
£89°08l—"
SOp'Eel —

€ECOEL —

Lv8evl —

VL6V —

s

-_._.MLA e

ppm

T T T T
145 140 135 130

T
150

glg'egt
Bommr/

torAer!
eyt~
VLLBY L —

6h

NO,

LLLYEL—

T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90

T

70 60 50 40 30 20 10 O ppm

80

Figure S59. 3C NMR spectrum of 6h in CDCls.

S71



kinoshita-alkyl

vL0'e
mmo.m/
zLre

L0E'€—+

L2e¢ \
She'e

L3e’L
Sve'L
0Le’L
e8c’L
S0e’L
€ee’L
cveL—

(41 A
WYL
061°L
965, CLE6'L~_
[1-94 066'L—

cL6’L
066°L

Ppm

25 20 15 1.0 05

35 30
of |a
o™ -

4.0

45

5.0

5.5

6.0

6.5

7.0
cr
<
w

o
.Qﬁ
-

7.5
s

!

8.0
S
Figure S60. 'H NMR spectrum of 6i in CDCls.

)

8.5

9.0

9.5

S72



61

kinoshita-alkyl

080°0€ —

Siv'or—

960921
666°LC1 /
88¢€'8¢C!

06v'8Cl
v9s'8cl

120°€EL
Log'oct 7/,

0se' Lyl \

181'661L —

—

666'LC)L —

88€°8C1 ~_
06v°'821 —
vos'ezl -

ppm

128

129

T T
190 180

210 200

ppm

20 10

30

160 150 140 130 120 110 100 9 80 70 60 50

170

Figure S61. '3C NMR spectrum of 6i in CDCls.

S73



b

e

T
7.8

NN

T
7.4 ppm

~
qr
-

1

_

© -

o —
o -
g

Figure S62. 'H NMR spectrum of 6j in CDCls.

S74

ppm



186°9C1
lee'lel
lvegcl
vSe'8ch
61062t~
0€0°0€L

2LL08) \
e2r'zel \

€EC9EL \
09/L°LEL
9€6'6E1

90C'SP L

G0E'961 —

18692}
\2e /2t /
\ve'8zh M
rse8gL—
61062}

0£0°0EL
2LL 08l

geveel -

€EC9El —
097,81 —

9€6'6E L —

902GVl —

N LJQ .

ppm

A

T T T T T T T T T T T T
140 130 120 110 100 90 80

T

210 200 190 180 170 160 150

ppm

70

Figure S63. '3C NMR spectrum of 6j in CDCls.

S75



£
o
o
o
aadhe ol
J
— &N
98— _—
i
=l
' FE e
3 o
— 4 o
S R
=3 I~ v0E
= m L&
et P <
|Mx.f N~ p0T
|4N‘|Huw Lo 602
w i E~
1 © =
S e, ==
!hf..\lLu/ Tk i
— S .
Jaw....w ~ 90T —
s il corm—— i
!
i L
PR
R o 00T
1 Ee 2

S76

Figure S64. 'H NMR spectrum of 6k in CDCls.



00202 —

vey'sel

9eg’/2!l

L0522}

S/¥'82)

919'821

0L1'62)

PIr0B) —

vmm.omw\

gl il

¥S59€L

998'9¢! e

Jo6'g61 /| TEY St

190 0¥ |

190°9V |
9€€°/21 ~_
L0S°22L—
SLY'82) ~_
919’821 —
0L1'62L—

vIv'86Ll— b0e) —
¥G6'0E} —
glg el —

70 60 50 40 30 20 10 ppm

80

100 90
S77

110

120

1

ppm

T
190 180 170 160 150 140 130

128 127 126

T
129

130

Ao U S .

\
T
131

210 200

Figure S65. '3C NMR spectrum of 6k in CDCls.



891°L
LLVL
08L'L
68l°L
/8€°L
Sov'L
e€cr’L
€91°L
a8y’
00S°.L
6€9°L
1G9,
869°L
90L°L
€2LL
9cL’L
3 VAVA
Ly6°L
896/

ppm

Figure S66. 'H NMR spectrum of 61 in CDCls.

S78



gel’lel
XAWEA
£10'8Ct
vicgch

cid 145

06L°/8L —

€el' /2l
Lee' et 5
L1082} —
vizgel—"
LLo'6gk—"
28862k —

6L Vel —
9eLveEl—

918'9€L —

896'6EL —

9cLeEyl —

Srievl—

142

T

144

146

210 200

70 60 S0 40 30 20 10 ppm

80

110 100 90

150 140 130 120

190 180 170 160

Figure S67. 3C NMR spectrum of 61 in CDCls.

S79



oS &—

188 L —
488 L —

7.3 ppm

T
7.4

o
(=]
N

7.5

7.6

T

7.7

7.8

TR E )

7.9

[

o
-
©

a

N
-]
o

)

N
-
-

il

ppm

00'e

Figure S68. 'H NMR spectrum of 6m in CDCls.

S80



cr8'ee —

Vel b —

Vel Ll
creSLL

18g'/2t
888'/2}
626°L2} .
zeg'gel feLL T~
geg6el /) PrhECH—
820'0c}/ ESLVC—"
elgeel /85 Lct
oeg'6e} //888'L2t
0,50} jf 6¢6'L2t
LLL0pL ]| Ce8'8eL—"
09} tYl mmm.mmr\
820°0€}
. £1G'8E L~
65706} —pegeet ~_
0.5 0%} —
Lrovk”"
09L ¥t —

cllech /Nvm.mr b—
vriect
est'vel -

ppm

115

i

120

125

130

135

140

145

LA

T T T T

1}

210 200 190 180 170

ppm

70 60 50 40 30 20 10

80

120 110 100 90

150 140 130

160

Figure S69. '3C NMR spectrum of 6m in CDCl;.

S81



A

et A

7.2 ppm

ppm

6n

@) O - D

99/ —
519 f
€9€°L 66, \“
99g. oev'L j
-0 vey'L =
66 LSY'L <
W mt&/ s
vev'L mmvs/ ]
LSYL 0G5, )
av'L 085,
€67 265,
0152 H9'L
08s'2 omwsV
265°L mmmx“
H9'L 8v9'L
929 m@ﬁ“
629'L 90/, R
8v9°/ 0 KN\ B
5992 92L'L
90L°L veLL
o0LLL 8v. L
92LL 69L°L
veL L 8e8'/
8L L 18 L
69L°L 658°L \
888/ L06°L

8L

S82

7.3

7.4

N

o
n
n

75

=

n
n
<

@

']

n
"?
<

T

{47 4

f\‘

A

T
(v
i
©
(=358 +]
C’."!r“!
Niv|©

7.8
]

]

=]
-

T

7.9

n

Figure S70. '"H NMR spectrum of 6n in CDCls.



@) O - D

6n

Ly8'9¢l
Yol /Cl
gL9'¢cl
6692}
VAVATEA®
6vE'8ct
g€16'8¢cl %
6€0°0€t

yE8°0EL \

6LL'/€1
808'8€E}
8EY' oVl
/60 Lyl
ccL vyl

G9€'961 —

98C'9€L —

6LL L —
808'8EL —

8EY OV —
260’ Lyl —

Lyl —

L

\

\ -JM.,NJ \'»-“\-»

Sentansnt o

|

Vi

T
130
L H“’
160 150 140 130 120 110 100 90

T T
138 136

140

142

ppPm

128

132

134

144

T

210 200 190

70 60 50 40 30 20 10 ppm

80

180 170

Figure S71. 3C NMR spectrum of 6n in CDCls.

S83



o} O OO

60

oL
18y’
v6v'L
005°L
09G6°L
8.S°L
S6G°L

eeLL
mmi/
6LL L~

66/,
cl8’L
628'L
Ly8'L
098°/L
088°L
006°L
0c6’L
608

608 —

7.5

Ss

7.6

7.7

7.8

7.9

8.0

S I

T
8.1

W

7.4 ppm

0z’'L

00'L

D SN .

ppm

Figure S72. '"H NMR spectrum of 60 in CDCl;.
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