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1. General statement

H NMR and *C NMR spectra were recorded on a Bruker Avance 500 or a JEOL ECS-
400 spectrometer. Chemical shift values are given in ppm relative to internal MeaSi (for
!H NMR: § = 0.00 ppm) and CDCIs (for ¥*C NMR: § = 77.0 ppm). IR spectra were
recorded on a Horiba FT-300S spectrometer by the attenuated total reflectance (ATR)
method. Mass spectra were measured on a JEOL JMS-T100GCV or a JEOL JMS-
T100CS spectrometer. Elemental analyses were carried out at the Elemental Analysis
Laboratory, Division of Chemistry, Faculty of Pure and Applied Sciences, University of
Tsukuba.

Column chromatography and preparative thin-layer chromatography (PTLC) were
conducted on silica gel (Silica Gel 60 N, Kanto Chemical Co., Inc. for column
chromatography and Wakogel B-5F, Wako Pure Chemical Inductries for PTLC). N,N-
dimethylformamide (DMF) was purified by a solvent-purification system
(GlassContour) equipped with columns of activated alumina and supported-copper
catalyst (Q-5) before use. 1,1,1,3,3,3-Hexafluoropropan-2-ol (HFIP) was distilled from
molecular sieves 4 A and stored over activated molecular sieves 4 A. 1,4-Dioxane was
distiled from sodium and stored over activated molecular sieves 4 A. 1,8-
Diiodonaphthalene (2b) [1], 2-{2-[(1,3-dioxolan-2-yl)methyl]phenyl}-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (3) [2], 2,5-dibromoterephthalaldehyde [3], 4,6-
dibromoisophthalaldehyde [4], 3-bromobenzofuran (10a) [5], 3-
bromobenzo[b]thiophene (10b) [6], 3-bromo-1-(4-methylbenzenesulfonyl)-1H-indole
(10c) [7], 3,4-dibromofuran (13a) [8], 3,4-dibromothiophene (13b) [9], 3,4-dibromo-1-
(4-methylbenzenesulfonyl)-1H-pyrrole (13c) [10], and 3-bromobenzo[b]thiophene-2-
carbaldehyde [5] were prepared according to the literature procedures, and their

spectral data showed good agreement with the literature data. Unless otherwise noted,
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materials were obtained from commercial sources and used directly without further

purifications.

2. Preparation of cylization precursors
2,2'{[2,5-Di(naphthalen-1-yl)-1,4-phenylene]bis(methylene)}bis(1,3-dioxolane)

(8a)

o
d
A dioxane (0.66 mL) and H20 (0.34 mL) solution of dibromobisacetal 6a (92 mg, 0.22
mmol), (naphthalen-1-yl)boronic acid (7, 137 mg, 0.80 mmol), Pdz(dba)s-CHClIs (6.7
mg, 6.5 umol), SPhos (11 mg, 27 umol), and Na2COs (129 mg, 1.2 mmol) was
degassed by using the freeze-pump-thaw method three times. After stirring at 120 °C
for 5 h, ethyl acetate and water were added to the mixture, and organic materials were
extracted with ethyl acetate three times. The combined extracts were washed with
brine and dried over Na2SOa4. After removal of the solvent under reduced pressure, the
residue was purified by silica gel column chromatography (toluene/EtOAc = 30:1) to
give 8a (78 mg, 70%) as a white solid.

4 NMR (500 MHz, CDCl3): & 2.64-2.82 (m, 4H), 3.60—3.75 (m, 8H), 4.86—4.90 (m,
2H), 7.39-7.60 (m, 10H), 7.63-7.69 (m, 2H), 7.86—-7.96 (m, 4H). *C NMR (126 MHz,
CDCls): 6 37.49, 37.53, 64.53, 64.55, 104.2, 104.3, 125.3, 125.69, 125.74, 125.9,
126.0, 126.3, 126.4, 127.4, 127.59, 127.61, 128.1, 128.2, 132.38, 132.42, 132.47,

132.51, 133.0, 133.1, 133.6, 139.00, 139.03, 139.7, 139.8. IR (neat): v 3057, 2964,
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2883, 1508, 1396, 1128, 1045, 804, 777, 669 cm™. HRMS (APCI+): m/z Calcd. for

C34H3104 [M + H]": 503.2217; Found: 503.2204.

2,2'-{[4,6-Di(naphthalen-1-yl)-1,3-phenylene]bis(methylene)}bis(1,3-dioxolane)

(8b)

Compound 8b was also prepared by the method described for compound 8a using
dibromobisacetal 6b (490 mg, 1.20 mmol), (naphthalen-1-yl)boronic acid (7, 1.03 g,
6.00 mmol), Pdz(dba)s-CHCIs (30 mg, 29 umol), PPhs (30 mg, 0.11 mmol), Na2COs3
(704 mg, 6.64 mmol), dioxane (4.0 mL), and H20 (2.0 mL) at 120 °C for 8 h. Purification
by silica gel column chromatography (hexane/EtOAc = 3:1) gave 8b (517 mg, 86%) as
a white solid.

'H NMR (500 MHz, CDCls): & 2.74-2.78 (m, 2H), 2.86—2.89 (m, 2H), 3.71-3.84 (m,
8H), 4.96-4.98 (m, 2H), 7.16—7.17 (m, 1H), 7.38-7.50 (m, 8H), 7.61-7.66 (m, 3H), 7.82
(d, J = 8.1 Hz, 2H), 7.85(d, J = 8.2 Hz, 2H). *C NMR (126 MHz, CDCls): § 37.8, 37.9,
64.6, 64.7, 104.36, 104.39, 125.1, 125.62, 125.64, 125.89, 125.93, 126.2, 126.3,
127.3, 127.4, 127.6, 128.1, 131.9, 132.1, 132.3, 132.4, 132.9, 133.1, 133.5, 134.2,
134.3, 138.62, 138.63, 138.7, 138.8. IR (neat): v 3057, 2968, 2883, 1508, 1394, 1130,
1039, 945, 779, 669 cm™t. HRMS (APCI+): m/z Calcd. for CasH3104 [M + H]*: 503.2217;

Found: 503.2234.
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3-{2-[(1,3-Dioxolan-2-yl)methyllphenyl}benzofuran (11a)

A dioxane (3.3 mL) and H20 (1.7 mL) solution of 3-bromobenzofuran (10a, 197 mg,
1.0 mmol), boronate ester 3 (319 mg, 1.10 mmol), Pd2(dba)s-CHCIs (13 mg, 13 umol),
PPhs (13 mg, 50 umol), and KsPO4 (1.27 g, 5.98 mmol) was degassed by using the
freeze-pump-thaw method three times. After stirring at 120 °C for 13 h, ethyl acetate
and water were added to the mixture, and organic materials were extracted with ethyl
acetate three times. The combined extracts were washed with brine and dried over
NaxSOa. After removal of the solvent under reduced pressure, the residue was purified
by silica gel column chromatography (hexane/EtOAc = 10/1 and hexane/EtOAc = 20:1)
to give 11a (258 mg, 92%) as a yellow solid.

'H NMR (500 MHz, CDCls): & 3.03 (d, J = 4.9 Hz, 2H), 3.69-3.94 (m, 4H), 5.00 (t, J =
4.9 Hz, 1H), 7.20-7.25 (m, 1H), 7.29-7.38 (m, 3H), 7.40 (d, J = 7.3 Hz, 1H), 7.43 (d, J
= 7.8 Hz, 1H), 7.50 (d, J = 7.1 Hz, 1H), 7.53 (d, J = 8.3 Hz, 1H), 7.74 (s, 1H). 3C NMR
(126 MHz, CDCls): 6 37.7, 64.8,104.5, 111.5, 120.3, 120.7, 122.8, 124.4, 126.7, 127.8,
128.1,130.76, 130.82, 131.4,135.1, 142.6, 155.0. IR (neat): v 3064, 2956, 2883, 1606,

1489, 1473, 1452, 1398, 1333, 1219, 1132, 1109, 1086, 1036, 991, 964, 943, 858, 746

cm™. HRMS (El) m/z Calcd. for C1sH1603 [M]*: 280.1094; Found: 280.1108.

2-[2-(Benzo[b]thiophen-3-yl)benzyl]-1,3-dioxolane (11b)
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Compound 11b was prepared by the method described for compound 1l1a using 3-

bromobenzo[b]thiophene (10b, 82 mg, 0.39 mmol), boronate ester 3 (125 mg, 0.43
mmol), Pd2(dba)s-CHCIs (11 mg, 11 umol), PPhs (12 mg, 46 umol), KsPO4 (486 mg,
2.29 mmol), dioxane (1.3 mL), and H20 (0.6 mL) at 120 °C for 13 h. Purification by
silica gel column chromatography (hexane/EtOAc = 10:1 and hexane/CH2Cl2 = 1:2)
gave 11b (91 mg, 80%) as a yellow solid.

'H NMR (500 MHz, CDCls): & 2.87 (d, J = 5.0 Hz, 2H), 3.62—3.85 (m, 4H), 4.92 (t, J =
5.0 Hz, 1H), 7.26=7.43 (m, 7H), 7.50 (d, J = 7.6 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H). 1°C
NMR (126 MHz, CDCls): 6 37.7, 64.6, 104.3, 122.6, 123.0, 124.1, 124.2, 124.3, 126.5,
127.8, 130.6, 130.7, 135.3, 135.8, 136.7, 139.3, 139.8. IR (neat): v 3060, 3022, 2962,
2881, 1483, 1425, 1396, 1340, 1257, 1214, 1190, 1128, 1103, 1036, 987, 943, 840,
813, 762, 734, 638, 534, 509 cm™. HRMS (El) m/z Calcd. for CisH1602S [M]":

296.0866; Found: 296.0878.

3-{2-[(1,3-Dioxolan-2-yl)methyl]phenyl}-1-(4-methylbenzenesulfonyl)-1H-indole

(11c)

Compound 11c was prepared by the method described for compound 11a using 3-

bromo-1-(4-methylbenzenesulfonyl)-1H-indole (10c, 526 mg, 1.50 mmol), boronate
ester 3 (958 mg, 3.30 mmol), Pdz(dba)s-CHCIz (20 mg, 19 umol), PPhs (20 mg, 76
umol), KsPO4 (1.92 g, 9.04 mmol), dioxane (5.0 mL), and H20 (2.5 mL) at 120 °C for
10 h. Purification by silica gel column chromatography (hexane/EtOAc = 5:1 and

hexane/CH2Cl2 = 1:2) gave 11c (608 mg, 93%) as a yellow oil.
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'H NMR (500 MHz, CDCls): § 2.28 (s, 3H), 2.91 (d, J = 5.0 Hz, 2H), 3.70-3.92 (m, 4H),
4.98 (t, J = 5.0 Hz, 1H), 7.15-7.21 (m, 3H), 7.25-7.35 (m, 5H), 7.47 (d, J = 7.8 Hz, 1H),
7.74 (s, 1H), 7.79 (d, J = 8.4 Hz, 2H), 8.05 (dd, J = 8.1, 1.1 Hz, 1H). 3C NMR (126
MHz, CDCls): & 21.4, 37.6, 64.7, 104.5, 113.6, 120.3, 122.6, 123.4, 124.7, 124.9,
126.5, 126.7, 127.8, 129.8, 130.71, 130.73, 131.0, 132.4, 134.8, 134.98, 135.05,
144.8. IR (neat): v 3156, 3064, 3020, 2960, 1597, 1491, 1444, 1398, 1369, 1306, 1188,
1174, 1126, 1111, 1088, 1036, 1020, 1011, 931, 811, 742, 717, 665, 636, 600, 569,
536 cm™. HRMS (ESI+) m/z Calcd. for C2sH23NNaO4S [M + Na]*": 456.1240; Found:

456.1261.

3,4-Bis{2-[(1,3-dioxolan-2-yl)methyl]phenyl}furan (14a)

5 S~
0] O
v O

A dioxane (1.7 mL) and H20 (0.8 mL) solution of 3,4-dibromofuran (13a, 113 mg, 0.50
mmol), boronate ester 3 (319 mg, 1.10 mmol), Pdz(dba)s-CHCIs (13 mg, 13 pumol),
SPhos (10 mg, 25 umol), and KsPO4 (642 mg, 3.02 mmol) was degassed by using the
freeze-pump-thaw method three times. After stirring at 120 °C for 15 h, ethyl acetate
and water were added to the mixture, and organic materials were extracted with ethyl
acetate three times. The combined extracts were washed with brine and dried over
NaxSOa. After removal of the solvent under reduced pressure, the residue was purified
by silica gel column chromatography (hexane/EtOAc = 5:1) to give 14a (104 mg, 53%)
as a yellow oil.

'H NMR (500 MHz, CDCls): & 2.86 (d, J = 4.9 Hz, 4H), 3.72-3.94 (m, 8H), 4.78 (t, J =

4.9 Hz, 2H), 7.03-7.10 (m, 4H), 7.18 (ddd, J = 7.6, 7.5, 1.6 Hz, 2H), 7.31 (d, J = 7.6
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Hz, 2H), 7.58 (s, 2H). 3C NMR (126 MHz, CDCls): & 37.4, 64.6, 104.4, 125.4, 126.2,
127.3, 130.4, 131.1, 131.8, 134.8, 141.2. IR (neat): v 3060, 2956, 2883, 1761, 1734,

1558, 1543, 1506, 1489, 1473, 1456, 1446, 1398, 1362, 1338, 1223, 1134, 1036, 991,
954, 945, 877, 822, 764, 706, 611, 598, 573 cm™. HRMS (ESI+) m/z Calcd. for

C24H24NaOs [M + Na]*: 415.1516; Found: 415.1502.

3,4-Bis{2-[(1,3-dioxolan-2-yl)methyl]phenyl}thiophene (14b)

O 1 0

O O

& O

Compound 14b was prepared by the method described for compound 14a using 3,4-
dibromothiophene (13b, 411 mg, 1.70 mmol), boronate ester 3 (1.08 g, 3.74 mmol),
Pdz(dba)s-CHCIs (22 mg, 21 umol), SPhos (38 mg, 93 umol), KsPO4 (2.17 g, 10.2
mmol), dioxane (5.6 mL), and H20 (2.8 mL) at 100 °C for 2 h. Purification by silica gel
column chromatography (hexane) gave 14b (530 mg, 76%) as a brown solid.

'H NMR (500 MHz, CDCls): & 2.81 (d, J = 5.0 Hz, 4H), 3.76-3.91 (m, 8H), 4.81 (t, J =
5.0 Hz, 2H), 7.02-7.06 (m, 4H), 7.15 (dd, J = 7.7, 7.7 Hz, 2H), 7.29 (d, J = 7.7 Hz, 2H),
7.34 (s, 2H). 3C NMR (126 MHz, CDCls): & 37.3, 64.7, 104.5, 124.4, 125.9, 127.2,
130.0, 131.0, 134.6, 136.5, 141.4. IR (neat): v 3060, 2883, 1481, 1396, 1132, 1035,
822, 760, 580 cm™. Elem. Anal. Cald. for C24H2404S: C 70.56%, H 5.92%; Found: C

70.20%, H 5.76%.
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3,4-Bis{2-[(1,3-dioxolan-2-yl)methyl]phenyl}-1-(4-methylbenzenesulfonyl)-1H-

pyrrole (14c)

Compound 14c was prepared by the method described for compound 14a using 3,4-
dibromo-1-(4-methylbenzenesulfonyl)-1H-pyrrole (13c, 113 mg, 0.30 mmol), boronate
ester 3 (192 mg, 0.66 mmol), Pdz(dba)s-CHClIs (7.9 mg, 7.6 umol), SPhos (12 mg, 29
umol), KsPOas (384 mg, 1.81 mmol), dioxane (1.0 mL), and H20 (0.5 mL) at 120 °C for
5 h. Purification by silica gel column chromatography (hexane/EtOAc = 3:1 and 2:1)
gave 14c (128 mg, 78%) as a yellow solid.

'H NMR (500 MHz, CDCls): § 2.42 (s, 3H), 2.75 (d, J = 5.0 Hz, 4H), 3.68-3.91 (m, 8H),
4.72 (t, J = 5.0 Hz, 2H), 6.93 (d, J = 7.6 Hz, 2H), 7.01 (dd, J = 7.3, 7.3 Hz, 2H), 7.14
(ddd, J = 7.6, 7.3, 1.0 Hz, 2H), 7.26 (d, J = 7.3 Hz, 2H), 7.31 (d, J = 8.3 Hz, 2H), 7.33
(s, 2H), 7.81 (d, J = 8.3 Hz, 2H). 3C NMR (126 MHz, CDCls): § 21.6, 37.3, 64.6, 104.4,
120.1, 126.1, 126.8, 127.2, 128.6, 129.9, 130.2, 131.1, 133.3, 134.6, 136.0 144.9. IR
(neat): v 3136, 3060, 3020, 2960, 2885, 1597, 1529, 1475, 1442, 1400, 1371, 1324,
1188, 1173, 1132, 1092, 1076, 1053, 989, 951, 948, 874, 814, 754, 704, 671, 594,
540, 521 cm™. HRMS (ESI+) m/z Calcd. for C3a1H3:NNaOsS [M + Na]*: 568.1764;

Found: 568.1737.

2-[(3-Bromobenzo[b]thiophen-2-yl)methyl]-1,3-dioxolane (16)
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ToaTHF (6.0 mL) solution of PhsP*CH20CHsCI~ (1.55 g, 4.52 mmol) was added NaOt-
Bu (566 mg, 5.89 mmol) at 0 °C. After stirring at the same temperature for 30 min, a
THF (2.0 mL) and dichloromethane (3.0 mL) solution of 3-bromobenzo[b]thiophene-2-
carbaldehyde (718 mg, 2.98 mmol) was added. After stirring at the same temperature
for another 2 h, the reaction was quenched with H20, and organic materials were
extracted with ethyl acetate three times. The combined extracts were washed with
brine and dried over Na2SOa. After removal of the solvent under reduced pressure,
ethylene glycol (367 mg, 5.92 mmol) and TsOH-H20 (565 mg, 2.97 mmol) were added
to a toluene (50 mL) solution of the obtained crude mixture. After stirring at 150 °C for
3 hin areaction vessel equipped with a Dean—Stark apparatus, aqueous NaHCO3 was
added to the reaction mixture. The organic layer was separated and the aqueous layer
was extracted with ethyl acetate three times. The combined extracts were washed with
brine and dried over Na2SOa. After removal of the solvent under reduced pressure, the
residue was purified by silica gel column chromatography (hexane/EtOAc = 10:1) to
give 16 (709 mg, 80%) as a yellow oil.

4 NMR (500 MHz, CDCls): & 3.36 (d, J = 4.4 Hz, 2H), 3.83—4.07 (m, 4H), 5.23 (t, J =
4.4 Hz, 1H), 7.34 (ddd, J = 7.8, 7.6, 1.2 Hz, 1H), 7.41 (ddd, J = 7.8, 7.5, 1.0 Hz, 1H),
7.75(d, J = 7.6 Hz, 1H), 7.76 (d, J = 7.5 Hz, 1H). 3C NMR (126 MHz, CDCls): & 34.9,
65.2, 102.6, 108.0, 122.1, 122.9, 124.8, 125.0, 133.4, 137.8, 138.0. IR (neat): v 3060,
2960, 2883, 1433, 1394, 1304, 1252, 1209, 1124, 1018, 1007, 984, 943, 920, 847,
748, 725, 714, 673, 604, 517 cm™. HRMS (EIl) m/z Calcd. for C12H11"°BrO2S [M]*:

297.9658; Found: 297.9656.
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2-[(2'-Bromo-[1,1'-biphenyl]-2-yl)methyl]-1,3-dioxolane

1
O
DR

A dioxane (31.7 mL) and H20 (15.8 mL) solution of 1-bromo-2-iodobenzene (2.69 g,
9.50 mmol), boronate ester 3 (2.90 g, 9.99 mmol), Pdz(dba)s-CHCIs (160 mg, 0.15
mmol), PPhs (162 mg, 0.62 mmol), and K3sPO4 (8.04 g, 37.9 mmol) was degassed by
using the freeze-pump-thaw method three times. After stirring at 120 °C for 2 h, ethyl
acetate was added to the mixture, and organic materials were extracted with ethyl
acetate three times. The combined extracts were washed with brine and dried over
Na2S0a4. After removal of the solvent under reduced pressure, the residue was purified
by silica gel column chromatography (hexane/EtOAc = 10:1) to give 2-[(2'-bromo-[1,1-
biphenyl]-2-yl)methyl]-1,3-dioxolane (2.68 g, 88%) as a yellow oil.

'H NMR (500 MHz, CDCls): § 2.74 (dd, J = 14.3, 5.2 Hz, 1H), 2.85 (dd, J = 14.3, 5.0
Hz, 1H), 3.70-3.92 (m, 4H), 4.93 (dd, J = 5.2, 5.0 Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H),
7.17-7.40 (m, 5H), 7.46 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H). 3C NMR (126
MHz, CDCl3s): 6 37.7, 64.66, 64.73, 104.0, 123.8, 126.4, 127.0, 127.9, 128.8, 129.7,
130.2, 131.4, 132.5, 134.1, 141.4, 142.0. IR (neat): v 3060, 2962, 2885, 1466, 1444,

1423, 1398, 1134, 1047, 1027, 1005, 985, 943, 754, 732, 660, 523 cm™. HRMS (EI)

m/z Calcd. for C16H15"°BrO2 [M]": 318.0250; Found: 318.0247.
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2-{2'-[(1,3-Dioxolan-2-yl)methyl]-[1,1'-biphenyl]-2-yl}-4,4,5,5-tetramethyl-1,3,2-

(]
SRy,

A 1l,4-dioxane (42.0 mL) solution of 2-[(2-bromo-[1,1'-biphenyl]-2-yl)methyl]-1,3-

dioxaborolane (17)

pinB

dioxolane (4.33 g, 13.6 mmol), Bzpinz (3.90 g, 15.4 mmol), PdClz(dppf)-CH2Cl2 (115
mg, 0.140 mmol) and KOAc (5.50 g, 56.0 mmol) was degassed by using the freeze-
pump-thaw method three times. After stirring at 120 °C for 14 h, ethyl acetate and
water were added to the mixture, and organic materials were extracted with ethyl
acetate three times. The combined extracts were washed with brine and dried over
Na2SOa. After removal of the solvent under reduced pressure, the residue was purified
by silica gel column chromatography (toluene/EtOAc = 50:1) to give 17 (2.55 g, 51%)
as a yellow oil.

'H NMR (500 MHz, CDCls): § 1.04 (s, 6H), 1.07 (s, 6H), 2.82 (d, J = 5.2 Hz, 2H), 3.68—
3.89 (m, 4H), 4.90 (t, J = 5.2 Hz, 1H), 7.11 (d, J = 7.5 Hz, 1H), 7.18 (dd, J = 7.4, 7.4
Hz, 1H), 7.22 (d, J = 7.6 Hz, 1H), 7.27 (dd, J = 7.6, 7.4 Hz, 1H), 7.31 (dd, J = 7.5, 7.4
Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.39-7.42 (m, 1H), 7.72 (d, J = 7.4 Hz, 1H). *C NMR
(126 MHz, CDCl3): & 24.3, 24.4, 37.8, 64.5, 64.57, 64.62, 83.2, 104.3, 125.4, 126.1,
126.8, 129.3, 129.5, 129.7, 129.9, 134.0, 134.1, 143.6, 147.0. IR (neat): v 3060, 2981,
2931, 2883, 1595, 1479, 1437, 1381, 1352, 1315, 1269, 1144, 1119, 1078, 1039, 860,

754, 667 cm™. HRMS (El) m/z Calcd. for C22H27BO4 [M]*: 366.1997; Found: 366.2015.
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2-[(3-{2'-[(1,3-Dioxolan-2-yl)methyl]-[1,1'-biphenyl]-2-yl}benzo[b]thiophen-2-

yl)methyl]-1,3-dioxolane (18)
O
[ O 0
O —
)%

A dioxane (1.6 mL) and H20 (0.8 mL) solution of 2-[(3-bromobenzo[b]thiophen-2-

J

yl)methyl]-1,3-dioxolane (16, 140 mg, 0.47 mmol), boronate ester 17 (190 mg, 0.52
mmol), Pd2(dba)s-CHCIs (12 mg, 12 umol), SPhos (20 mg, 48 umol), and KsPO4 (601
mg, 2.83 mmol) was degassed by using the freeze-pump-thaw method three times.
After stirring at 120 °C for 9 h, ethyl acetate and water were added to the mixture, and
organic materials were extracted with ethyl acetate three times. The combined extracts
were washed with brine and dried over Na2SOa. After removal of the solvent under
reduced pressure, the residue was purified by silica gel column chromatography
(hexane/EtOAc = 3:1) to give 18 (199 mg, 92%) as a yellow oil.

!H NMR (500 MHz, CDCla3): § 2.43 (dd, J = 14.4, 5.0 Hz, 0.5H), 2.63 (dd, J = 15.0, 3.9
Hz, 0.5H), 2.83-2.91 (m, 2H), 3.00 (dd, J = 14.4, 5.1 Hz, 0.5H), 3.05 (dd, J = 15.0, 4.7
Hz, 0.5H), 3.68-3.99 (m, 8H), 4.61 (dd, J = 3.9, 3.9 Hz, 0.5H), 4.80 (dd, J = 5.0, 5.0
Hz, 0.5H), 4.82 (dd, J = 4.6, 4.5 Hz, 0.5H), 5.10 (dd, J = 4.9, 4.9 Hz, 0.5H), 6.74-6.81
(m, 1H), 7.00-7.08 (m, 1.5H), 7.09-7.12 (m, 0.5H), 7.13-7.18 (m, 1.5H), 7.20-7.27 (m,
1.5H), 7.33-7.37 (m, 1H), 7.39-7.49 (m, 3.5H), 7.52-7.55 (m, 0.5H), 7.62—7.65 (m,
0.5H), 7.67—7.71 (m, 0.5H). 3C NMR (126 MHz, CDCls): § 34.0, 34.5, 37.1, 37.3, 64.5,
64.6, 64.66, 64.75, 64.8, 65.01, 65.05, 103.3, 103.4,104.5, 104.8, 121.6, 121.7, 122.7,
123.0, 123.5, 123.6, 123.7, 125.56, 125.61, 126.91, 126.95, 127.2, 127.3, 127.4,
127.7, 129.4, 129.7, 130.3, 131.5, 131.6, 131.7, 132.0, 133.5, 133.9, 134.2, 134.3,

134.57, 134.58, 134.7, 135.0, 138.8, 139.5, 140.57, 140.63, 141.0, 141.4, 141.6. IR

S13



(neat): v 3055, 2952, 2884, 1473, 1456, 1435, 1396, 1039, 1007, 984, 943, 752, 735

cm™. HRMS (APCI+) m/z Calcd. for C2sH2704S [M + H]*: 459.1625; Found: 459.1648.

3. Synthesis of helicenes

Benzo[a]naphtho[1,2-k]tetraphene (5a)

Compound 5a was synthesized by the method described for compound la using
bisacetal 8a (70 mg, 0.14 mmol), trifluoromethanesulfonic acid (3.2 mg, 21 umol), and
HFIP (0.5 mL) at 0 °C for 40 min. Purification by PTLC (hexane/CH2Clz2 = 1:1) gave 5a
(48 mg, 90%) as a yellow solid.

'H NMR (500 MHz, CDClg): & 7.66 (dd, J = 7.4, 7.2 Hz, 2H), 7.76 (dd, J = 8.4, 7.2 Hz,
2H), 7.79 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H), 7.96 (d, J = 8.4 Hz, 2H), 8.02
(d, J = 8.6 Hz, 2H), 8.06 (d, J = 7.4 Hz, 2H), 9.31 (d, J = 8.4 Hz, 2H), 9.58 (s, 2H). 3C
NMR (126 MHz, CDCls): ¢ 125.8, 126.6, 126.8, 127.1, 127.2, 127.5, 127.7, 127.9,
128.2,128.6,128.7,130.4, 131.0, 131.7, 133.5.

Spectral data for this compound showed good agreement with literature data [11].

Benzo[a]naphtho[2,1-m]tetraphene (5b)
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Compound 5b was synthesized by the method described for compound l1la using
bisacetal 8b (101 mg, 0.20 mmol), trifluoromethanesulfonic acid (4.7 mg, 31 umol),
and HFIP (0.7 mL) at O °C for 40 min. Purification by silica gel column chromatography
(hexane/CH2Cl2 = 3:1) gave 5b (65 mg, 86%) as a yellow solid.

'H NMR (500 MHz, CDCls): § 7.56—7.67 (m, 4H), 7.80 (d, J = 8.6 Hz, 2H), 7.83 (d, J =
8.4 Hz, 2H), 7.93 (d, J = 8.3 Hz, 2H), 7.98-8.06 (m, 4H), 8.55 (s, 1H), 9.21 (d, J = 8.2
Hz, 2H), 10.96 (s, 1H). ¥3C NMR (126 MHz, CDCIls): & 125.9, 126.5, 126.7, 127.0,
127.3,127.4,127.5, 127.76, 127.79, 127.82,128.7, 128.9, 130.4, 131.3, 131.6, 133.8.
IR (neat): v 3047, 1153, 924, 881, 825, 739 cm™. HRMS (APCI+): m/z Calcd. for CaoH19
[M + H]": 379.1481; Found: 379.1497.

Spectral data for this compound showed good agreement with literature data [12].

Naphtho[2,1-b]benzofuran (9a)
O

s

)
Compound 9a was synthesized by the method described for compound 1a using acetal
1la (46 mg, 0.16 mmol), trifluoromethanesulfonic acid (2.4 mg, 16 umol), and HFIP
(0.5 mL) at 0 °C for 40 min. Purification by silica gel column chromatography
(hexane/CH2Clz2 = 3:1) gave 9a (34 mg, 96%) as a pale yellow solid.
IH NMR (500 MHz, CDCls): § 7.43-7.54 (m, 3H), 7.67—7.71 (m, 2H), 7.74 (d, J = 8.9
Hz, 1H), 7.89 (d, J = 8.9 Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H), 8.36 (d, J = 7.2 Hz, 1H),
8.59 (d, J = 8.3 Hz, 1H). 3C NMR (126 MHz, CDCls): § 111.9, 112.7, 117.3, 121.9,

123.1,123.4,124.4,124.9, 125.9, 127.1, 128.5, 129.1, 129.2, 130.4, 154.3, 155.9.

Spectral data for this compound showed good agreement with literature data [13].
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Benzo[b]naphtho[1,2-d]thiophene (9b)
S

s

)
Compound 9b was synthesized by the method described for compound l1a using acetal
11b (88 mg, 0.30 mmol), trifluoromethanesulfonic acid (4.9 mg, 33 umol), and HFIP
(1.0 mL) at 0 °C for 40 min. Purification by silica gel column chromatography
(hexane/CH2Cl2 = 3:1) gave 9b (61 mg, 88%) as a pale yellow solid.
'H NMR (500 MHz, CDCls): & 7.45 (dd, J = 8.1, 7.0 Hz, 1H), 7.51-7.56 (m, 2H), 7.74
(ddd, J = 8.4, 7.0, 1.2 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.85 (d, J = 8.6 Hz, 1H), 7.94—
7.97 (m, 2H), 8.80 (d, J = 8.3 Hz, 1H), 8.95 (d, J = 8.5 Hz, 1H). 3C NMR (126 MHz,
CDCls): 6 121.0, 123.12, 123.14, 124.66, 124.74, 124.8, 125.1, 127.1, 127.8, 129.0,

129.4, 130.6, 131.9, 136.7, 138.6, 139.7.

Spectral data for this compound showed good agreement with literature data [14].

7-(4-Methylbenzenesulfonyl)-7H-benzo[c]carbazole (9¢)

Ts
.y
Compound 9c was synthesized by the method described for compound 1a using acetal

11c (87 mg, 0.20 mmol), trifluoromethanesulfonic acid (3.0 mg, 20 umol), and HFIP
(0.7 mL) at 0 °C for 40 min. Purification by silica gel column chromatography
(hexane/EtOAc = 10:1) gave 9c (69 mg, 93%) as a pale yellow solid.

'H NMR (500 MHz, CDCls): § 2.18 (s, 3H), 7.02 (d, J = 8.5 Hz, 2H), 7.48-7.53 (m, 3H),

7.64-7.68 (m, 3H), 7.93 (d, J = 9.2 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H), 8.44 (d, J = 7.7

S16



Hz, 1H), 8.51 (d, J = 8.4 Hz, 1H), 8.59 (d, J = 9.2 Hz, 1H), 8.68 (d, J = 8.4 Hz, 1H). 13C
NMR (126 MHz, CDCls): § 21.3, 114.8, 115.3, 119.8, 122.1, 123.4, 124.2, 124.8, 126.1,
126.3, 127.0, 127.2, 128.5, 128.7, 129.0, 129.6, 130.9, 134.9, 136.5, 138.1, 144.9.

Spectral data for this compound showed good agreement with literature data. [15]

Dinaphtho[2,1-b:1',2'-d]furan (12a)

5%

Compound 12a was synthesized by the method described for compound la using
bisacetal 14a (55 mg, 0.14 mmol), trifluoromethanesulfonic acid (3.7 mg, 25 umol), and
HFIP (0.5 mL) at room temperature for 40 min. Purification by silica gel column
chromatography (hexane/CH2Clz2 = 2:1) gave 12a (34 mg, 90%) as a brown solid.

'H NMR (500 MHz, CDCls): & 7.56 (ddd, J = 8.0, 6.9, 1.0 Hz, 1H), 7.72 (ddd, J = 8.5,
6.9, 1.4 Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 8.8 Hz, 1H), 8.04 (d, J = 8.0 Hz,
1H), 9.13 (d, J = 8.5 Hz, 1H). 13C NMR (126 MHz, CDCl3): § 112.7, 119.4, 124.4, 125.6,
126.1, 128.3, 128.6, 129.5, 131.2, 154.3.

Spectral data for this compound showed good agreement with literature data [16].

Dinaphtho[2,1-b:1',2'-d]thiophene (12b)

578

Compound 12b was synthesized by the method described for compound 1a using

bisacetal 14b (116 mg, 0.28 mmol), trifluoromethanesulfonic acid (4.5 mg, 30 umol),
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and HFIP (1.0 mL) at O °C for 40 min. Purification by silica gel column chromatography
(hexane/EtOAc = 5:1) gave 12b (73 mg, 90%) as a brown solid.

'H NMR (500 MHz, CDCls): § 7.56—7.58 (m, 4H), 7.92 (d, J = 8.6 Hz, 2H), 7.95 (d, J =
8.6 Hz, 2H), 8.02-8.04 (m, 2H), 8.86-8.88 (m, 2H). 3C NMR (126 MHz, CDCls): §
120.8, 124.9, 125.2,126.1, 127.4, 128.7, 129.9, 131.4, 132.1, 138.5.

Spectral data for this compound showed good agreement with literature data [17].

7-(4-Methylbenzenesulfonyl)-7H-dibenzo[c,g]carbazole (12c)

Compound 12c was synthesized by the method described for compound la using
bisacetal 14c (95 mg, 0.17 mmol), trifluoromethanesulfonic acid (3.8 mg, 25 umol), and
HFIP (0.6 mL) at room temperature for 40 min. Purification by silica gel column
chromatography (hexane/CH2Clz2 = 2:1) gave 12c (64 mg, 88%) as a yellow solid.

mp: 174.2-176.1 °C. 'H NMR (500 MHz, CDCls): & 2.13 (s, 3H), 7.00 (d, J = 8.4 Hz,
2H), 7.52 (dd, J = 8.1, 7.0 Hz, 2H), 7.56 (dd, J = 8.4, 7.0 Hz, 2H), 7.68 (d, J = 8.5 Hz,
2H), 7.94 (d, J = 9.1 Hz, 2H), 7.98 (d, J = 8.1 Hz, 2H), 8.65 (d, J = 9.1 Hz, 2H), 8.90
(d, J = 8.5 Hz, 2H). 3C NMR (126 MHz, CDCls): & 21.4, 114.6, 121.7, 124.9, 125.5,
125.8,126.3, 127.9,128.1, 128.7,129.7, 131.4, 135.1, 136.3, 145.0. IR (neat): v 3050,
2927, 2854, 1595, 1516, 1444, 1381, 1348, 1246, 1196, 1188, 1173, 1163, 1099, 820,
806, 768, 744, 678, 663, 615, 565, 540 cm™. HRMS (APCI+) m/z Calcd. for

C27H20NO2S [M + H]*: 422.1209; Found: 422.1206.
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Benzo[b]benzo[5,6]phenanthro[4,3-d]thiophene (15)

a9
e\,
g

Compound 15 was synthesized by the method described for compound l1la using
bisacetal 18 (94 mg, 0.21 mmol), trifluoromethanesulfonic acid (6.2 mg, 41 umol) and
HFIP (0.9 mL) at room temperature for 40 min. Purification by silica gel column
chromatography (hexane/CH2Cl2 = 3:1) to give 15 (43 mg, 63%) as a yellow solid.
mp: 175.4-177.0 °C. *H NMR (500 MHz, CDCls): § 6.77 (dd, J = 8.2, 7.2 Hz, 1H), 6.91
(d, J = 8.3 Hz, 1H), 7.02 (dd, J = 8.2, 7.5 Hz, 1H), 7.23 (dd, J = 7.9, 7.2 Hz, 1H), 7.42
(dd, J = 7.7, 7.5 Hz, 1H), 7.85-7.87 (m, 2H), 7.90-8.00 (m, 6H), 8.05 (d, J = 8.4 Hz,
1H). 3C NMR (126 MHz, CDCl3): & 121.5, 122.1, 122.4, 124.7, 125.3, 125.5, 125.6,
125.8, 125.9, 126.1, 126.3, 126.9, 127.4, 127.7, 128.1, 128.6, 130.2, 131.4, 131.51,
131.54, 132.1, 136.1, 138.4, 139.4. IR (neat): v 3047, 1577, 1485, 1442, 1401, 1363,

1336, 1307, 1246, 1217, 1193, 1136, 1120, 1066, 837, 744, 609, 519 cm™. HRMS

(APCI+) m/z Calcd. for C24H1sS [M + H]*: 335.0889; Found: 335.0897.

4. References

1. Weimar, M.; Durner, G.; Bats, J. W.; Gobel, M. W. J. Org. Chem., 2010, 75, 2718-
2721.

2. Takahashi, I.; Hayashi, M.; Fujita, T.; Ichikawa, J. Chem. Lett., 2017, 46, 392—
394.

3. Xie, Z,; Yang, B.; Liu, L.; Li, M,; Lin, D.; Ma, Y.; Cheng, G.; Liu, S. J. Phys. Org.

Chem., 2005, 18, 962-973.

S19



10.

11.

12.

13.

14.

15.

16.

17.

Nakakuki, Y.; Hirose, T.; Matsuda, K. J. Am. Chem. Soc., 2018, 140, 15461
15469.

Fredrich, S.; Bonasera, A.; Valderrey, V.; Hecht, S. J. Am. Chem. Soc., 2018,
140, 6432-6440.

Dhiman, S.; Mishra, U. K.; Ramasastry, S. S. V. Angew. Chem. Int. Ed., 2016,
55, 7737-7741.

Yao, C.-H.; Song, J.-S.; Chen, C.-T.; Yeh, T.-K.; Hsieh, T.-C.; Wu, S.-H.; Huang,
C.-Y.; Huang, Y.-L.; Wang, M.-H.; Liu, Y.-W.; Tsai, C.-H.; Kumar, C. R.; Lee, J.-
C. Eur. J. Med. Chem., 2012, 55, 32-38.

Rennison, D.; Bova, S.; Cavalli, M.; Ricchelli, F.; Zulian, A.; Hopkins, B.; Brimble,
M. A. Bioorg. Med. Chem., 2007, 15, 2963—-2974.

Nielsen, C. B.; Bjgrnholm, T. Org. Lett., 2004, 6, 3381-3384.

Zonta, C.; Fabris, F.; De Lucchi, O. Org. Lett., 2005, 7, 1003-1006.

Talele, H. R.; Chaudhary, A. R.; Patel, P. R.; Bedekar, A. V. Arkivoc, 2011, 9, 15—
37.

Mallory, F. B.; Mallory, C. W.; Sen Loeb, S. E. Tetrahedron Lett., 1985, 26, 3773—
3776.

Nervig, C. S.; Waller, P. J.; Kalyani, D. Org. Lett., 2012, 14, 4838-4841.

Rafig, S. M.; Sivasakthikumaran, R.; Mohanakrishnan, A. K. Org. Lett., 2014, 16,
2720-2723.

Fan, X.; Yu, L.-Z.; Wei, Y.; Shi, M. Org. Lett., 2017, 19, 4476-4479.

Ducos, P.; Liautard, V.; Robert, F.; Landais, Y. Chem. Eur. J., 2015, 21, 11573
11578.

Sadorn, K.; Sinananwanich, W.; Areephong, J.; Nerungsi, C.; Wongma, C.;

Pakawatchai, C.; Thongpanchang, T. Tetrahedron Lett., 2008, 49, 4519-4521.

S20



§

0181206
1

16.20
€.00 us
295.1 K

1.00000000 sec

40.3
€6.600 usec

3276

125, 73740:

4.3640143 sec

H
g2

ns-181206-472-colunn
500.1300

CHAMNEL £1

125 ppm
ppm

20

g
. )l E a
Mmmm.mw 85z L TJLE~ -3 F
LBZT L = 000°1
STEZ L - . 9027 92T~
665870 sz L TIL'6Z—  zgz'9TT1—
0pLE 0= mwmmm 9E6° 92T~
L8521 — : LT LTI —
Sere.r_  LESEIL _ ~_ 9Th LZT—
LL9Y " L— - I\NE SBL LET—
:mv.h\.
pESY L
- €L6°82T—
96GL°L
T9LL"L kpL-SL
mmmh.h/ WMM.NMV
; .
2918 LY T .
TOP8™ L~ — 9EL 0EL—
LS8 L— e BEO'T
L2L8 L f = P16 0
6168°L
$906°L 90€° b1 £12°28T—
6L06°L 9077921 166261 —
2677921
. 9€6°92T
mwww 9LT LT
et 9Tp"LZT
e mm;.,_(ﬁ\
oo £16°821
L8ZZ L 9€L " 0ET
(MMMMM €127 26T
© ) TES ZET
€SHT L
w 125 L S185° 8~ - .
LESHL S86b° 8 - a
%. LIV L =000 1
by LT8 L 7660
VEBY L J0L6 T
xx L96SL L - = =6c0'1
s — E1oLL L \FLE O
o] See6L L o)
< — gzots‘L —000 1T @
@) ~ T TOP8 L
] Q SLss8°L
[ TTLILeL
o O 06168 L
c o NG906°L
© T =6LOB L
T T Ts18p°8 =
fa =, ©GgeY 8
To Rt

126

128 127
60 40

129

131 130
80

100

S21

132

120

200 180 160 140

220




[6]Helicene (1b)

1H
ns-180305-6helicene

8@\0v\o$;gm$v(\mg\0
© © N NON> IO« -180305-6hel
CTMNANODOMN OO~ ~ 10 :);N.Eo nslﬁalSﬁhRIACtne
DO D®OM NN OO FROCNO 1
. .. . . . SN RS . . DRI Date_ 20180305
s S S S TS NONO D Tine 22.20
INSTRUM av500
N\/ V%//‘/ ROAND % mm PHOND Swi
PILPROG 2q
™ 65536
O WY O @® O @ =~ @~ O i"v‘"—‘ Cm:
N 0ON W o N O N~ SoOST = 2
OCITMNONO® © ~ oo~ ~oS s 7507.507 Hz
OO O © ®© ~ 0w N © OO FIoREs 0.114555 Hz
« e 0 e e e e o . - 4.3648143 sec
S~~~ ~r~ ~oe~ o~ wwow -
N2 \/ \I/ NI/ oz
TE 295.0 K
1 1.00000000 sec
™0 1
ssssssss CHANNEL f] ssssssss
nc1 1
! 31 9.80 usec
125) ~2.00 dB
sror $00.1332508 Mz
P 500.1300432 MHz
n WO EM
ss8 o
) 0.10 ¥z
B 0
1" " | ‘ < 10.00
7 A JVL L JJL
T T T T T T T
7.8 7.6 7.4 7.2 7.0 6.8 ppm
— o ~ o <«
™ o © 1=} ~
o < <« n -
o o o o o
ddHi
di
i
T T T T T T T T T T T L 2
10 9 8 7 6 5 4 3 2 1 ppm d‘{
of=|a)~] jo N
o|m|ov|mo||o ~
OOV ||| [0 -
—lolololle o
ns-180305-6helicene-C
FEOANNOY T O MY
WHOWWasOnrOg g
O-NOOXYTHOATOO
MNMeHEAA S~~~ OOn ST
NN N NN NN NN NN
Hre A A A A A A A
~ ~ o — aNOwWT W o ™ v <«
o — [=] wy s nr-o - o — -
=} ~ ~ © OO © — - ) =}
™ ~ — o ~rersr-c 0 w0 w0 -« -
™ m m o~ NNNNN N ~ o~ o~ ~ ] e
— — — — A A o — — — 1257718339 ks
2 an
500.1220008 hkx
i 1257577593 e
v £
H4 o
ia 100 Hr
] ]
Mm JL A | m
T T T T T T T T T T T T
133 132 131 130 12 128 127 126 125 124 ppm [OO
LII.JJ
-k i
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S22



Benzo[a]naphtho[1,2-k]tetraphene (5a)

1H
ns-180304-shelicene

MNMITANMNTNHNOVOMNMITLONOVIFNO~AT—HM ™
MOVOMATOANVOMNTNOT A MON o
NOWVWNMHVVMOWS~WLWT <ML TN o
MMOoOoOoOOoOOOmOONNNNN~WVOVON o
[l R =R R o o o o o o o e e ol ol ol (=}
‘\NW/ NAME £ns-180304-shellcene
EXPNO 3
PROCNO 1
Date 20180305
ime 19.39
INSTROM av300
NNTOOWOMIVMOITMNOr-O FOID S em PHONP vl
OMEHTOANODOMITN®IT =M ™ 65536
VOMNMAODLMO®WNS ST TSV SOLVENT cocil
COOCONAN®OOI~~N~MNWOWY s [
s 7507.507 Kz
[N T o o ol o ol o o o o ol o xS e
\\\/ \/ A 4.3648143 sec
I 114
|

ow 66.600 usec
6.00 usec

/
\
N\

295.0 K
ol 1.00000000 sec
1

- CHANNEL f1

9.80 usec

-2.00 dB
$00.1332508 MHz

32768
500.1300319 MHz
T T T T T T T -
0.10
8.2 8.1 8.0 ) 7.8 Tl ppm - e
pc 10.00
/ |
f
o~ |= o — o <
of [~ |™ [aa) < —
o| |lo| |o [=] — —
| ~— ~— - ~— N i
W . L A L
T T T T T T T T T T T
10 9 8 i 6 5 4 3 2 1 ppm
olfor [ (o] o]
oo |~ |m < |
olloy olo|o|o|—|—
Ll (=] | [N
13C
TEONTOTOAMAND AN B na-100304-shebicens
FOONUNOWVOEWYMWOUMO =FN ™M S
TONTH~NAOWEN A0 o v o=
e« & s 4 4 s e & 8 8 s s e @ o O~
MHOO@®MI~M~~re-W0wn e
MMM NN NN NN N NN N ~ 0w
et A A A A A A A A A A e~
- ® AN TOTAMOAND NN
P~ n v N OCWOFRWVYMWMO =N
- o o = W~ OoWOWn A~ 0@
™ - O O oo~~~ WO,
™ MMM NN NN NN NN NN
- o A A A e e

WU

T T T
132 130 128

T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 PPmM

S23



Benzo[a]naphtho[2,1-m]tetraphene (5b)

1H
ns-180311-Uhelicene-CDC13
@
n CHNNOWONEEN A~ HWYWWY
[l NN T oS na-180311-Uhel icane-COCLY
o HOTNOMHMHODIMHO O @ |
. NHNOOT N ®E®M™ P OWWWnN g
=1 OV OV 000~~~ "\ ot B
L ‘\"\NN/%J/ oG h
I
. [ (3
oeNC
000
900
3
I
1 .Jl
T T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 ppm
o ~ o[~ [o]w|wn]w
= 0 oo ||| |0
=3 = o[~ || |on [ [
- - olm|mlel-mlo
13C
ns-180311-Uhelicene-CDC13-C
VOHFNOYONMD T OO ® !
TORMHAO A VOO ND G~ ~ 0N ®
CONT AL =MMA O w® now
NO~
MO @M~~~ W WWoWw .
MMM NN NN NN NN NN NN ~~ W0
o -~

%

T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S24



Naphtho[2,1-b]benzofuran (9a)
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Benzo[b]naphtho[1,2-d]thiophene (9b)
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7-(4-Methylbenzenesulfonyl)-7H-benzo[c]carbazole (9¢)
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Dinaphtho[2,1-b:1",2'-d]furan (12a)
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Dinaphtho[2,1-b:1',2'-d]thiophene (12b)
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7-(4-Methylbenzenesulfonyl)-7H-dibenzo[c,g]carbazole (12c)
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Benzo[b]benzo[5,6]phenanthro[4,3-d]thiophene (15)
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