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1. Supplementary Methods
1.1 General

Unless otherwise noted, all reactants or reagents including dry solvents were obtained from commercial
suppliers and used as received. Fe(acac); was purchased from STREM Chemicals, INC. ZnCl, (1.9 M,
2-methyltetrahydrofuran solution), dppbz, 1,2-dichloroisobutane, 1a, 1b, 1c, 1e, 1g, 1h, 1k, 1o, 1r, 17, 22,
2,2'-dibromobiphenyl, 2-bromobiphenyl, triflic acid and pivalic acid were purchased from Tokyo Chemical
Industry Co., Ltd. p-Chloranil, 1d, cesium fluoride, methyl acetate and 1,1,2,2-tetrachloroethane,
N-bromosuccinimide were purchased from Wako Pure Chemical Industries, Ltd. 1f, tetrahydrofuran and
acetonitrile were purchased from Kanto Chemical Co., Inc. Pd(MeCN)4(BF4),, silver tetrafluoroborate and
1,2-dichloroethane were purchased from Sigma-Aldrich. Benzoyl peroxide was purchased from Nacalai
tesque. MTAD'?, 'BuTAD ', 1£, 1i*, 1j°, 11°, 1m’, 1n®, 1p°, aryl bromides'®"? for Grignard reagents (3b"’,
3c¢’, 3d’, 3e’, 3f” and 3g’), 20", 21" and silver pivalate'” were synthesized according to the reported
procedure. Unless otherwise noted, all reactions were performed with dry solvents under an atmosphere of
N> gas in dried glassware using standard vacuum-line techniques. Eleven white light LED corn bulbs (4W)
were used for the photochemical experiments. All work-up and purification procedures were carried out with
reagent-grade solvents in air. Analytical thin-layer chromatography (TLC) was performed using E. Merck
silica gel 60 F254 precoated plates (0.25 mm). The developed chromatogram was analyzed by UV lamp (254
nm or 365 nm). Flash column chromatography was performed with E. Merck silica gel 60 (230-400 mesh).
Silica-gel column chromatography was performed on an Isolera Spektra instrument equipped with a Biotage
SNAP Ultra 50 g. Preparative recycling gel permeation chromatography (GPC) was performed with a JAI
LC-9260 II NEXT instrument equipped with JAIGEL-2HR columns using chloroform as an eluent. Nuclear
magnetic resonance (NMR) spectra were recorded on a JEOL INM-ECA-600 ("H 600 MHz, *C 150 MHz)
spectrometer. Chemical shifts for 'H NMR are expressed in parts per million (ppm) relative to
tetramethylsilane (& 0.0 ppm), CD,Cl (& 5.32 ppm), CL,CDCDCI, (6 5.94 ppm) or acetone-ds (6 2.04 ppm).
Chemical shifts for ?C NMR are expressed in ppm relative to CDCl; (8 77.0 ppm), CD,Cl, (8§ 53.8 ppm),
CL,.CDCDCI, (6 73.78 ppm) or acetone-ds (& 29.8 ppm). Data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, dd = doublet of doublets, t = triplet, dt = doublet of triplets, td = triplet

of doublets, q = quartet, m = multiplet, bs = broad singlet), coupling constant (Hz), and integration.
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1.2 Synthesis of substrates and reagents

Synthesis of 2a

Ph

Ph
H Me H
‘ ‘ MTAD (3.0 mmol) “ ! N :
CIO Cﬂﬁu 1 ur= O o
acetone (600 mL) ﬁ/ Y
2a :

o,

1a white LED
(2.0 equiv)

......................

MTAD (339 mg, 3.0 mmol, 1.0 equiv) and 1-phenylnaphthalene (1.22 g, 6.0 mmol, 2.0 equiv) were placed
in a 1-L round-bottomed flask. Acetone (600 mL) was added to the flask at ambient temperature, and the
mixture was stirred until MTAD was completely dissolved. Then the resulting pink solution was stirred
under irradiation with LED lights at 0 °C until the solution became colourless. The reaction mixture was
concentrated under reduced pressure with ice bath, when most of the solvents were removed, the crude
product was dissolved into small amount of ethyl acetate and diethyl ether (about 1:1 ratio). Then, excess
amount of pentane was added and the precipitate was collected by filtration and washed with pentane for 3
times. The product was dried under high vacuum. The cycloadduct 2a was obtained as a white solid (686.5

mg, 72%).

'H NMR (600 MHz, acetone-ds) § 7.50~7.55 (m, 3H), 7.44-7.48 (m, 3H), 7.35 (t, J = 7.5 Hz, 1H), 7.29 (d, J
= 7.5 Hz, 1H), 6.92-6.98 (m, 2H), 6.01 (dd, J = 5.1, 1.5 Hz, 1H), 5.98 (dd, J = 4.8, 2.4 Hz, 1H), 2.86 (s, 3H)

BC NMR (150 MHz, acetone-ds) & 159.10, 158.96, 139.47, 139.26, 138.53, 135.98, 134.69, 134.27, 129.97,
129.66, 129.23, 128.62, 128.20, 123.96, 57.85, 55.32, 25.57

HRMS (ESI, positive): Calcd for C19H1sN3O2Na ([M+Na]"): 340.1056. Found: 340.1055.

Synthesis of 2g
MTAD (3.0 mmol)
acetone (30 mL)
0°C
19 white LED 2g
(2.0 equiv)

MTAD (339 mg, 3.0 mmol, 1.0 equiv) and naphthalene (768 mg, 6.0 mmol, 2.0 equiv) were placed in a
100-mL round-bottomed flask. Acetone (30 mL) was added to the flask at ambient temperature, and the
mixture was stirred until MTAD was completely dissolved. Then the resulting pink solution was stirred
under irradiation with LED lights at 0 °C until the solution became colourless. The reaction mixture was
concentrated under reduced pressure with ice bath. When most of the solvents were removed, excess amount
of pentane was added and the precipitate was collected by filtration and washed with pentane for 3 times.
The product was dried under high vacuum. The cycloadduct 2g was obtained as a white solid (551.5 mg,

76%).

'H NMR (600 MHz, acetone-ds) & 7.46 (dd, J = 5.1, 3.3 Hz, 2H), 7.26 (dd, J = 5.4, 3.6 Hz, 2H), 6.89 (t, J =
3.3 Hz, 2H), 5.89 (t, J = 3.3 Hz, 2H), 2.84 (s, 3H)
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BC NMR (600 MHz, acetone-ds) & 159.16, 138.63, 134.38, 128.21, 124.52, 57.82, 25.49

HRMS (ESI, positive): Calcd for C13H12N;02 ([M+H]"): 242.9024. Found: 242.9025.

d(MeCN)4(BF,), (5 mol%)
AgOPlv (2.0 equiv)
TfOH (2.0 equiv) “
CICH,CH,CI
50°C,15h

1q

Synthesis of 1q

(. 10 mmol (1.0 equw

To a Schlenk tube containing a magnetic stirring bar were added phenanthrene (1h) (17.8 mg, 0.10 mmol,
1.0 equiv), diiodobiaryl 11 (45.6 mg, 0.10 mmol, 1.0 equiv) and AgOPiv (41.8 mg, 0.20 mmol, 2.0 equiv).
The tube was taken into a glove box. Then, PA(MeCN)4(BF4), (2.2 mg, 0.005 mmol, 5 mol%) was added,
and the tube was sealed with a septum. The tube was taken out from the glove box, and then
1,2-dichloroethane (1.0 mL) and TfOH (17.8 pL, 0.20 mmol, 2.0 equiv) were added by a syringe. After
stirring at 50 °C for 15 h, the reaction mixture was cooled to ambient temperature, and then passed through a
short pad of silica gel (eluent: CHCI3). After the organic solvent was removed under reduced pressure, the
residue was purified by flash column chromatography on silica gel (eluent: hexane/CHCI; = 10:1 to 5:1) to
yield desired product 1q (24.5 mg, 65%) as a white solid.

'H NMR (600 MHz, CDCL3) § 9.14 (d, J = 7.8 Hz, 1H), 8.96 (dd, J= 7.2, 1.8 Hz, 1H), 8.68-8.79 (m, 6H),
8.02 (d, J = 9.0 Hz, 2H), 7.59-7.74 (m, 8H)

BC NMR (150 MHz, CDCl5) § 132.97, 131.16, 131.01, 130.35, 130.00, 129.69, 129.24, 129.12, 129.01,
128.83, 128.78, 128.43, 128.05, 127.92, 127.90, 127.85, 127.64, 127.42, 127.37, 126.80, 126.74, 126.62,
126.45, 126.39, 126.32, 126.06, 125.66, 125.63, 123.73, 123.55

HRMS (APCI, positive): Calcd for C3oHi9 ((M+H]"): 379.1481. Found: 379.1476.
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1.3 Preparation of the Grignard reagents

ST
Mg

BiMg
Br O refl-[l')-(',F2 h e O
3a
A 50-mL Schlenk tube containing Mg powder (365 mg, 15 mmol, 3.0 equiv) and magnetic stirring bar
was heated by heat gun for 5 min, and stirred for about 20 min. A small piece of I, was dissolved into THF
(4.0 mL) and this solution was added to the Schlenk tube. The mixture was stirred at 65 °C until the mixture
became colourless suspension. Then, to the resulting suspension, 2,2'-dibromobiphenyl (1.56 g, 5.0 mmol,
1.0 equiv) dissolved in THF (8.0 mL) was slowly added at this temperature. After addition, the reaction
mixture was stirred at this temperature for 2 h to give the Grignard reagent as a white suspension (about 0.30

M, which was determined by titration with THF solution of I,).

SHEY O
Br Mg BrMg
—_—
THF
reflux, 2 h

"

A 5-mL Schlenk tube containing Mg powder (36.5 mg, 1.5 mmol, 1.5 equiv) and magnetic stirring bar
was heated by heat gun for 10 min, and stirred for about 20 min. A small piece of I, was dissolved into THF
(0.80 mL) and this solution was added to the Schlenk tube. The mixture was stirred at 65 °C until the mixture
became colourless suspension. Then, to the resulting suspension, aryl bromide (1.0 mmol, 1.0 equiv)
dissolved (or suspended) in THF (1.6 mL) was slowly added at this temperature. After addition, the reaction
mixture was stirred at this temperature for 2 h to give the Grignard reagent (about 0.30 M, which was

determined by titration with THF solution of I,).

Br O iPrMgCI-LiCl LiCl+ Mg O
—_—
THF/1,4-dioxane
Sl g
2

3

To a 5 mL Schlenk tube containing a magnetic stirring bar was added aryl bromide (1.25 mmol, 1.0
equiv) under a stream of nitrogen. The tube was sealed with septum and THF (1 mL), ‘PrMgCI-LiCl (1 M
THF solution, 1.25 mL), 1,4-dioxane (130 pL) was added in this order at ambient temperature. The resulting
solution were stirred at ambient temperature for 2 h to give the Grignard reagent. The generation of Grignard

reagent was monitored by GC-MS, and the Grignard reagents was used as 0.5 M solution.
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1.4 Annulative diarylation of 2a

ZnCl, (6.0 eqiuv)

Ph FeClz (10 mol%)
O dppbz (10 mol%)
BrMg Me,(CIl)CCH,CI (1.5 equiv)
T Bmg THF
O m,2h

2a 3a
(0.10 mmol) (3.0 equiv)

To a test tube containing a magnetic stirring bar was added 1,2-bis(diphenylphosphino)benzene (4.5 mg,
dppbz, 0.01 mmol, 10 mol%). The tube was sealed with a septum and filled with N, gas. Then THF (1.0 mL),
1.9 M ZnCl, solution in 2-methyltetrahydrofuran (158 pL, 0.30 mmol, 3.0 equiv) and THF solution of 3a
(0.30 mmol, 3.0 equiv) were added in this order at ambient temperature. Another portion of 1.9 M ZnCl,
solution in 2-methyltetrahydrofuran (158 pL, 0.30 mmol, 3.0 equiv) was added and then white precipitation
formed. This mixture was stirred at ambient temperature for 30 min, and then cooled to 0 °C. At this
temperature, 0.20 M Fe(acac)s solution in THF (50 pL, 0.01 mmol, 10 mol%) was added and resulting
mixture was stirred for 5 min. Then, 1,2-dichloroisobutane (17.5 uL, 0.15 mmol, 1.5 equiv) and 2a (31.7 mg,
0.10 mmol, 1.0 equiv, dissolved in 2.5 mL THF) was added to this tube, and the mixture was stirred at
ambient temperature for 2 h. The mixture was quenched with 1 M HCI aq. (approx. 10 mL) and extracted
with dichloromethane (3x30 mL). The combined organic layers were dried with Na,SOs, filtered and
concentrated under reduced pressure. The crude product was purified by PTLC (eluent: CHCI;) to yield 4aa
as a white solid (41.3 mg, 88%).

'H NMR (600 MHz, CD,Cl,) § 7.98 (dd, J = 11.1, 7.5 Hz, 2H), 7.46-7.63 (m, 9H), 7.41 (td, J = 7.5, 1.2 Hz,
1H), 7.37 (td, J = 7.2, 1.2 Hz, 1H), 7.26-7.34 (m, 2H), 7.20 (d, J = 7.2 Hz, 1H), 5.64 (s, 1H), 5.49 (s, 1H),
3.73 (s, 2H), 2.64 (s, 3H)

BC NMR (150 MHz, CD>Cl,) & 157.63, 157.20, 138.71, 138.50, 135.78, 133.12, 133.06, 132.92, 132.35,
132.26, 130.50, 129.68, 129.49, 129.30, 129.21, 129.07, 128.90, 128.34, 128.19, 128.13, 123.20, 123.15,
62.34, 59.18, 38.04, 37.88, 25.30 (two sp” carbon signals were overlapping with others)

HRMS (ESI, positive): Calcd for C3;H23N302Na ([M+Na]"): 492.1682. Found: 492.1687.
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1.5 Dearomatization of polyaromatics followed by annulative diarylation

Procedure A

3a (3.0 equiv)
ZnCl, (6.0 eqiuv)
FeCly (10 mol%)
dppbz (10 mol%)

O MTAD (0.10 mmol) w Me,(CI)CCH,CI (1.5 equiv)
-
AcOMe (20 mL) THF
5 0°C 5

rt,2h
white LED

1 2
(2.0-10 eq.)

To a test tube containing a magnetic stirring bar were added MTAD (0.10 mmol, 1.0 equiv) and
polyaromatics 1 (0.20-1.0 mmol, 2.0-10 equiv). The tube was sealed with a septum, filled with N, gas, and
then methyl acetate (20 mL) was added at ambient temperature. The contents were sonicated to dissolve
solids as much as possible, and then cooled to 0 °C. The resulting pink solution was stirred under irradiation
with LED lights at 0 °C until the solution became colourless or brown (approx. for 2 h). After turning off the
lights, the mixture was transferred to a 50-mL two-necked round-bottomed flask, and the volatile was
removed in vacuo at 0 °C. Then, the flask was filled with N, gas, and THF (2.5 mL) were added to dissolve
the residue (solution A).

To another test tube containing a magnetic stirring bar was added 1,2-bis(diphenylphosphino)benzene
(dppbz, 0.01 mmol, 10 mol%). The tube was sealed with a septum and filled with N, gas. Then THF (1.0
mL), 1.9 M ZnCl; solution in 2-methyltetrahydrofuran (0.30 mmol, 3.0 equiv) and THF solution of 3a (0.30
mmol, 3.0 equiv) were added in this order at ambient temperature. Another portion of 1.9 M ZnCl, solution
in 2-methyltetrahydrofuran (0.30 mmol, 3.0 equiv) was added and then white precipitation was formed. This
mixture was stirred at ambient temperature for 30 min, and then cooled to 0 °C. At this temperature, 0.20 M
Fe(acac); solution in THF (0.01 mmol, 10 mol%) was added and resulting mixture was stirred for 5 min.
Then, 1,2-dichloroisobutane (0.15 mmol, 1.5 equiv) and solution A was added to this tube, and the mixture
was stirred at ambient temperature for 2 h. The mixture was quenched with 1 M HCI aq. (approx. 10 mL)
and extracted with dichloromethane (3%x30 mL). The combined organic layers were dried with Na,SOa,
filtered and concentrated under reduced pressure. The crude product was purified by PTLC to yield

diarylated product 4.
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Procedure B

3a (3.0 equiv)
ZnCl, (6.0 eqiuv)
FeCl3 (10 mol%)
dppbz (10 mol%)

[ Ij MTAD (0.10 mmol) [ :‘ Me,(C)CCH,CI (1.5 equiv) { Bag O
AcOEt 2mL THF/AcOEt ; BrMg O
wh|te LED

1gor 1o 2gor20 4ga or 40a ' 3a
(2.0eq.)

To a test tube containing a magnetic stirring bar were added MTAD (0.10 mmol, 1.0 equiv) and
polyaromatics 1 (0.20 mmol, 2.0 equiv). The tube was sealed with a septum, filled with N, gas, and then
ethyl acetate (2 mL) was added at ambient temperature. The contents were sonicated to dissolve solids, and
then cooled to 0 °C. The resulting pink solution was stirred under irradiation with LED lights at 0 °C until
the solution became colourless or brown (approx. for 2 h). (solution A).

To another test tube containing a magnetic stirring bar was added dppbz (0.01 mmol, 10 mol%). The tube
was sealed with a septum and filled with N, gas. Then, THF (1.0 mL), 1.9 M ZnCl, solution in
2-methyltetrahydrofuran (0.30 mmol, 3.0 equiv) and THF solution of 3a (0.30 mmol, 3.0 equiv) were added
in this order at ambient temperature. Another portion of 1.9 M ZnCl, solution in 2-methyltetrahydrofuran
(0.30 mmol, 3.0 equiv) was added and then white precipitation was immediately formed. This mixture was
stirred at ambient temperature for 30 min, and then cooled to 0 °C. At this temperature, 0.20 M Fe(acac); in
THF (0.01 mmol, 10 mol%) was added and resulting mixture was stirred for 5 min. Then,
1,2-dichloroisobutane (0.15 mmol, 1.5 equiv) was added to this tube, and the mixture was added to solution
A by a syringe. The mixture was stirred at ambient temperature for 2 h. After completion of the reaction, the
mixture was quenched with 1 M HCI aq. (approx. 10 mL) and extracted with dichloromethane (3x30 mL).
The combined organic layers were dried with Na,SOs, filtered and concentrated under reduced pressure. The

crude product was purified by PTLC to yield diarylated product 4.

18-Methyl-10-phenyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]Jepitriazolobenzo[f]tetraphene-17,19-dione (4aa)

Method: Procedure A, 2.0 eq. of 1-phenylnaphthalene (1a) was used. Relative configuration was confirmed

by X-ray crystallographic analysis (Supplementary Fig. 1)
Purification: PTLC (CHCIs)
Yield: 28.0 mg, 60%, white solid

The NMR spectra of product were identical to those described above.

18-Methyl-10-(naphthalen-1-y1)-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo|[f]tetraphene-17,19-dione

(4ba)
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Method: Procedure A, 5.0 eq. of 1,1'-binaphthyl (1b) was used.

Purification: PTLC (CHCI;), The product was obtained as a mixture of rotational isomers (major/minor =
78/22).

Yield: 36.9 mg, 71%, white solid

'H NMR (600 MHz, C,CDCDCL) & 7.98-8.04 (m, 0.78x2H, 0.22x1H), 7.95 (d, J = 7.8 Hz, 0.22x1H), 7.89
(d, J = 7.8 Hz, 0.22x1H), 7.83-7.87 (m, 1H), 7.79 (d, J = 7.2 Hz, 0.78x1H), 7.61-7.67 (m, 1H), 7.41-7.58
(m, 0.78x8H, 0.22x6H), 7.27-7.38 (m, 0.78x2H, 0.22x4H), 7.23 (t, J = 7.8 Hz, 0.22x1H), 7.11-7.18 (m,
1H), 7.05 (d, J = 7.8 Hz, 0.22x1H), 6.92 (t, J = 7.2 Hz, 0.78x1H), 6.17 (d, J = 7.2 Hz, 0.78x1H), 5.50 (d, J
= 1.8 Hz, 1H), 5.19 (d, J = 1.2 Hz, 0.22x1H), 4.85 (d, J = 2.4 Hz, 0.78x1H), 3.74-3.80 (m, 0.78x1H,
0.22x2H), 3.56 (dd, J = 12.0, 1.8 Hz, 0.78x1H), 2.62 (s, 0.78x3H), 2.56 (s, 0.22x3H)

BC NMR (150 MHz, CL,CDCDCL) § 156.76, 156.53, 156.19, 155.57, 136.09, 136.05, 135.56, 135.31,
135.17, 134.77, 134.11, 134.02, 133.77, 133.28, 132.22, 132.12, 132.01, 131.99, 131.77, 131.49, 131.44,
131.16, 130.71, 129.28, 129.13, 129.06, 128.85, 128.74, 128.60, 128.53, 128.48, 128.34, 128.21, 128.18,
127.99, 127.83, 127.76, 127.72, 127.49, 126.55, 126.51, 126.31, 126.28, 125.97, 125.93, 125.61, 125.08,
124.70, 122.99, 122.82, 122.72, 122.57, 122.46, 61.43, 61.36, 59.02, 58.79, 38.02, 37.64, 37.53, 37.20, 25.12,

24.92 (seven sp” carbon signals were overlapping with others)

HRMS (ESI, positive): Calcd for C3sHsN3O2Na ([M+Na]"): 542.1839. Found: 542.1846.

10-Bromo-18-methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 Jepitriazolobenzo[f]tetraphene-17,19-dione (4ca)

Method: Procedure A, 2.0 eq. of 1-bromonaphthalene (1¢) was used.
Purification: PTLC (CHCIs)
Yield: 22.8 mg, 48%, white solid

'H NMR (600 MHz, CD:CL,) & 8.00 (dd, J = 7.2, 2.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 1H), 7.55 (d, J = 7.8 Hz,
1H), 7.52 (dd, J = 7.8, 1.2 Hz, 1H), 7.32-7.47 (m, 6H), 5.84 (s, 1H), 5.44 (s, 1H), 3.67 (t, J = 13.5 Hz, 2H),
2.64 (s, 3H)

BC NMR (150 MHz, CDCl) & 157.57, 157.50, 137.26, 135.28, 132.91, 132.62, 132.510, 132.36, 132.30,

130.84, 129.78, 129.53, 129.04, 128.93, 128.33, 128.29, 123.38, 123.29, 123.23, 119.20, 61.91, 61.33, 37.54,
S9



37.40, 25.35

HRMS (ESI, positive): Calcd for CosH1sN3;0.BrNa ([M+Na]"): 474.1424. Found: 474.1426.

10-Iodo-18-methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]Jepitriazolobenzo|[f]tetraphene-17,19-dione (4da)

Method: Procedure A, 2.0 eq. of 1-iodonaphthalene (1d) was used.
Purification: PTLC (CHCIs)
Yield: 30.1 mg, 58%, white solid

'H NMR (600 MHz, CDCL3) 8 7.94-7.99 (m, 2H), 7.87 (d, J = 8.4 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.31—
7.49 (m, 6H), 7.17 (t, J = 7.5 Hz, 1H), 5.78 (s, 1H), 5.43 (s, 1H), 3.63 (s, 2H), 2.69 (s, 3H)

BC NMR (150 MHz, CDCl3) § 157.10, 156.94, 139.04, 138.82, 136.47, 132.03, 131.86, 131.77, 131.65,
130.74, 129.46, 129.17, 128.82, 128.63, 128.03, 128.01, 123.75, 122.98, 122.88, 93.67, 65.33, 61.77, 37.29,
37.24,25.22

HRMS (ESI, positive): Calcd for CosH1sN3;02INa ([M+Na]"): 534.0336. Found: 534.0336.

18-Methyl-17,19-diox0-8b,9,14,14a-tetrahydro-9,14-[ 1,2 |epitriazolobenzo|f]tetraphen-10-yl acetate (4ea)

Method: Procedure A, 2.0 eq. of naphthalen-1-yl acetate (1e) was used.
Purification: PTLC (CHCl3/Ethyl acetate = 4:1)
Yield: 26.8 mg, 59%, white solid

'H NMR (600 MHz, CDCls) & 7.93-7.97 (m, 2H), 7.49 (dd, J = 7.2, 1.2 Hz, 1H), 7.45 (t, J = 8.1 Hz, 1H),
7.30-7.39 (m, 6H), 7.17 (d, J = 7.8 Hz, 1H), 5.54 (d, J = 1.8 Hz, 1H), 5.37 (d, J = 2.4 Hz, 1H), 3.75 (dd, J =
12.0, 1.8 Hz, 1H), 3.72 (dd, J = 12.0, 2.4 Hz, 1H), 2.67 (s, 3H), 2.51 (s, 3H)

BC NMR (150 MHz, CDCl3) § 169.63, 157.06, 156.87, 144.55, 136.43, 132.18, 132.15, 132.02, 131.88,
129.88, 129.44, 129.09, 128.66, 128.56, 127.88, 127.64, 122.88 (2C), 122.78, 122.29, 121.51, 60.93, 57.29,
37.27,36.83,25.12, 21.05

HRMS (ESI, positive): Calcd for C27H21N3OsNa ([M+Na]"): 474.1424. Found: 474.1426.
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18-Methyl-17,19-diox0-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo|f]tetraphen-11-yl pivalate (4fa)

Method: Procedure A, 2.0 eq. of naphthalen-2-yl pivalate (1f) was used.
Purification: PTLC (CHCIl3/Ethyl acetate = 4:1)
Yield: 16.0 mg, 32%, white solid

"H NMR (600 MHz, CDCl) & 7.96 (d, J = 6.6 Hz, 2H), 7.48 (d, J = 7.8 Hz, 2H), 7.45 (dd, J = 6.6, 1.8 Hz,
1H), 7.31-7.38 (m, 4H), 7.24 (d, J = 2.4 Hz, 1H), 7.14 (dd, J = 8.1, 2.1 Hz, 1H), 5.49 (d, J = 3.0 Hz, 1H),
5.45 (d, J = 2.4 Hz, 1H), 3.69 (dd, J = 12.0, 1.8 Hz, 1H), 3.65 (dd, J = 11.4, 1.8 Hz, 1H), 2.68 (s, 3H), 1.38
(s, 9H)

BC NMR (150 MHz, CDCl3) & 176.97, 157.13, 157.09, 151.44, 136.01, 132.18, 132.11, 132.04, 131.95,
131.90, 129.19, 128.63, 128.61, 127.91, 124.89, 122.89, 122.18, 117.46, 61.53, 61.21, 39.16, 37.74, 37.50,
27.09, 25.12 (three sp” carbon signals were overlapping with others)

HRMS (ESI, positive): Calcd for C30H27N30sNa ([M+Na]"): 516.1894. Found: 516.1901.

18-Methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo|f]tetraphene-17,19-dione (4ga)

Method: Procedure B, 2.0 eq. of naphthalene (1g) was used.
Purification: PTLC (CHCIs)
Yield: 18.9 mg, 48%, white solid

'H NMR (600 MHz, CDCl3) § 7.96 (dd, J = 7.2, 2.4 Hz, 2H), 7.42-7.51 (m, 6H), 7.31-7.38 (m, 4H), 5.49 (s,
2H), 3.66 (s, 2H), 2.66 (s, 3H)

BC NMR (150 MHz, CDCl3) § 157.09, 135.00, 132.29, 131.94, 129.28, 129.20, 128.59, 127.89, 123.72,
122.87, 61.69, 37.78, 25.08

HRMS (ESI, positive): Calcd for CosH19N3O2Na ([M+Na]"): 416.1369. Found: 416.1368.

20-Methyl-8b,9,16,16a-tetrahydro-9,16-[ 1,2 ]epitriazolodibenzo[f,k]tetraphene-19,21-dione (4ha)
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Method: Procedure A, 10 eq. of phenanthrene (1h) was used.
Purification: PTLC (CHCIs)
Yield: 22.6 mg, 51%, white solid

'H NMR (600 MHz, CDCl3) § 8.33 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 7.8 Hz, 2H), 7.95 (d, J = 7.8 Hz, 2H),
7.71 (t, J = 7.8 Hz, 1H), 7.53-7.63 (m, 4H), 7.33-7.44 (m, 4H), 6.21 (d, J = 1.8 Hz, 1H), 5.67 (d, J = 3.0 Hz,
1H), 3.71 (d,J = 12.0 Hz, 1H), 3.63 (d, J = 12.6 Hz, 1H), 2.60 (s, 3H)

BC NMR (150 MHz, CDCls) & 157.61, 157.55, 133.57, 132.55, 132.49, 132.45, 132.08, 132.02, 131.30,
129.50, 129.25, 129.21, 128.94, 128.66, 128.63, 127.96, 127.88, 127.79, 127.76, 126.59, 122.95, 122.08,
121.58, 61.99, 57.80, 37.69 (2C), 25.11 (one sp* carbon signal was overlapping with others)

HRMS (ESI, positive): Calcd for CooH21N3O2Na ([M+Na]"): 466.1526. Found: 433.1527.

20-Methyl-13-phenyl-8b,9,16,16a-tetrahydro-9,16-[ 1,2 ]Jepitriazolodibenzo[f,k]tetraphene-19,21-dione (4ia)

Method: Procedure A, 2.0 eq. of 1-phenylphenanthrene (1i) was used.
Purification: PTLC (CHCIs)
Yield: 18.7 mg, 36%, white solid

"H NMR (600 MHz, CDCl;) § 8.36 (d, J = 9.0 Hz, 1H), 7.98-8.03 (m, 3H), 7.75 (dd, J = 9.0, 7.2 Hz, 1H),
7.61 (d, J = 7.8 Hz, 1H), 7.45-7.58 (m, 8H), 7.43 (td, J = 7.8, 1.2 Hz, 1H), 7.33-7.40 (m, 3H), 6.27 (d, J =
2.4 Hz, 1H), 5.66 (d, J = 2.4 Hz, 1H), 3.71 (dd, J = 12.0, 2.4 Hz, 1H), 3.66 (dd, J = 12.0, 2.4 Hz, 1H), 2.62
(s, 3H)

BC NMR (150 MHz, CDCl;) § 157.60 (2C), 141.41, 140.22, 132.50, 132.45, 132.43, 132.10, 132.03, 131.91,
131.48, 130.01, 129.53, 129.22, 128.68, 128.63, 128.42, 128.09, 127.99, 127.89, 127.61, 127.51, 127.22,
122.97, 122.94, 121.53, 121.50, 61.89, 58.01, 37.77, 37.68, 25.15 (one sp* carbon signal was overlapping
with others)

HRMS (ESI, positive): Calcd for C3sHsN3O2Na ([M+Na]"): 542.1839. Found: 542.1852.

22-Methyl-9,9a,17b,18-tetrahydro-9,18-[ 1,2]epitriazolotribenzo| a,k,m tetraphene-21,23-dione (4ja)
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Method: Procedure A, 2.0 eq. of [4]helicene (1j) was used.
Purification: PTLC (CHCIs)
Yield: 22.6 mg, 46%, white solid

'H NMR (600 MHz, CDCL3) § 9.02 (d, J = 8.4 Hz, 1H), 7.96-8.03 (m, 3H), 7.94 (d, J = 7.2 Hz, 1H), 7.85
(td, J = 7.8, 1.4 Hz, 1H), 7.78 (d, J = 7.8 Hz, 1H), 7.70-7.74 (m, 2H), 7.67 (d, J = 7.8 Hz, 1H), 7.61 (d, J =
7.2 Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.34-7.45 (m, 4H), 7.05 (d, J = 2.4 Hz, 1H), 5.65 (d, J = 3.0 Hz, 1H),
3.89 (dd, J = 12.0, 2.4 Hz, 1H), 3.73 (dd, J = 12.0, 2.4 Hz, 1H), 2.62 (s, 3H)

BC NMR (150 MHz, CDCl3) § 157.31, 156.96, 134.72, 133.66, 133.60, 132.57, 132.30, 132.28, 132.15,
132.03, 129.49, 129.43, 129.36, 129.05, 128.95, 128.84, 128.67, 127.97, 127.93, 127.31, 127.11, 126.99,
126.60, 126.46, 123.05, 122.94, 122.38, 62.36, 60.23, 37.76, 37.37, 25.10 (one sp® carbon signal was

overlapping with others)

HRMS (ESI, positive): Calcd for C33H23N30:Na ([M+Na]"): 516.1682. Found: 516.1683.

22-Methyl-7,7a,15b,16-tetrahydro-7,16-[ 1,2 ]epitriazolotribenzo| c,k,m|tetraphene-21,23-dione (4ka)

Method: Procedure A, 5.0 eq. of chrysene (1k) was used.
Purification: flash column chromatography (CHCIs), then PTLC (CHCls)
Yield: 17.0 mg, 34%, white solid

'H NMR (600 MHz, CDCls) & 8.82 (d, J = 8.4 Hz, 1H), 8.72 (d, J = 8.4 Hz, 1H), 8.24 (d, J = 8.4 Hz, 1H),
8.01 (d, J = 7.8 Hz, 2H), 7.94-7.98 (m, 2H), 7.77 (d, J = 8.4 Hz, 1H), 7.72 (t, J = 7.2 Hz, 1H), 7.67 (t, J =
7.2 Hz, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.58 (d, J = 7.2 Hz, 1H), 7.34-7.46 (m, 4H), 6.28 (d, J = 3.0 Hz, 1H),
5.71 (d,J = 3.0 Hz, 1H), 3.76 (dd, J = 12.3, 2.7 Hz, 1H), 3.69 (dd, J = 12.3, 2.7 Hz, 1H), 2.59 (s, 3H)

BC NMR (150 MHz, CDCl3) § 157.61, 157.59, 133.08, 132.48, 132.41, 132.10, 132.02, 131.80, 130.78,
130.24, 129.54, 129.21, 129.19, 128.86, 128.68, 128.66, 128.00, 127.90, 127.38, 127.27, 126.36, 123.55,
122.97, 122.95, 122.75, 121.87, 120.20, 61.91, 58.11, 37.82, 37.58, 25.10 (one sp® carbon signal was

overlapping with others)

HRMS (ESI, positive): Calcd for C33H23N30.Na ([M+Na]"): 516.1682. Found: 516.1688.
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11-Iodo-10-(2-iodophenyl)-18-methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo|[f]tetraphene-17,19-
dione (4la)

Method: Procedure A, 2.0 eq. of 2-iodo-1-(2-iodophenyl)naphthalene (11) was used.

Purification: PTLC (CHCI;), The product was obtained as a mixture of rotational isomers (major/minor =

62:38).
Yield: 55.1 mg, 76%, white solid

'H NMR (600 MHz, CD,Cl,) § 8.11 (d, J = 8.4 Hz, 0.62x1H), 8.04-8.08 (m, 0.62x 1H, 0.38x2H), 7.95 (d, J
= 7.8 Hz, 1H), 7.92 (d, J = 7.2 Hz, 1H), 7.66 (td, J = 7.5, 1.4 Hz, 0.38x1H), 7.52-7.60 (m, 0.62x2H,
0.38x1H), 7.19-7.40 (m, 0.62x6H, 0.38x7H), 7.15 (dd, J = 7.5, 1.5 Hz, 0.62x1H), 7.03 (d, J = 7.2 Hz,
0.62x1H), 6.98 (d, J = 7.2 Hz, 0.38x1H), 5.55 (d, J = 2.4 Hz, 0.38x1H), 5.49 (d, J = 3.0 Hz, 0.62x1H),
4.83-4.85 (m, 1H), 3.96 (dd, J = 12.3, 2.1 Hz, 0.62x1H), 3.71-3.78 (m, 1H), 3.53 (dd, J = 12.3, 1.5 Hz,
0.38x1H), 2.66 (s, 0.62x3H), 2.65 (s, 0.38x3H)

BC NMR (150 MHz, CD,Cly) & 157.70, 157.39, 157.18, 156.53, 145.41, 145.07, 144.69, 144.20, 140.28,
139.59, 139.35, 139.29, 135.66, 135.26, 134.84, 134.81, 132.78, 132.72, 132.60, 132.51, 132.37, 132.28,
131.48, 130.95, 130.89, 129.60, 129.45, 129.136, 129.32, 129.20, 129.13, 128.91, 128.89, 128.30, 128.25,
128.22, 128.14, 125.53, 125.36, 123.31, 123.28, 123.15, 123.12, 101.36, 101.32, 99.43 (2C), 61.37 (2C),
60.85, 60.41, 38.84, 37.36 (2C), 37.26, 25.44, 25.41 (five sp” carbon signals were overlapping with others)

HRMS (ESI, positive): Calcd for C3;H21N;O21bNa ([M+Na]"): 743.9615. Found: 743.9616.

10-Iodo-11-(2-iodophenyl)-18-methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo[f]tetraphene-17,19-

dione (4ma)

Method: Procedure A, 2.0 eq. of 1-iodo-2-(2-iodophenyl)naphthalene (1m) was used.

Purification: PTLC (CHCI;), The product was obtained as a mixture of rotational isomers (major/minor =

63:37).

Yield: 45.7 mg, 63%, white solid
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'H NMR (600 MHz, CL,CDCDCly) & 7.91-7.96 (m, 3H), 7.40-7.53 (m, 4H), 7.31-7.39 (m, 4H), 7.22-7.29
(m, 0.63x1H, 0.37x2H), 7.20 (dd, J = 7.2, 1.8 Hz, 0.63x1H), 7.08-7.13 (m, 1H), 5.86 (d, J = 1.8 Hz,
0.63x1H), 5.85 (d, J = 1.8 Hz, 0.37x1H), 5.45 (d, J = 3.0 Hz, 0.63x1H), 5.43 (d, J = 2.4 Hz, 0.37x1H),
3.63-3.73 (m, 2H), 2.68 (s, 0.63x3H), 2.62 (s, 0.37x3H)

BC NMR (150 MHz, CL,CDCDCL) & 157.44, 157.14, 156.51, 156.42, 149.93, 149.86, 148.10, 148.05,
139.49, 139.11, 138.91, 138.88, 134.98, 134.74, 131.83, 131.81, 131.74, 131.65, 131.54, 130.44, 130.21,
129.82, 129.74, 129.65, 129.44, 129.40, 129.06, 128.77, 128.61, 128.21, 127.95, 127.91, 123.54, 122.87,
122.76, 99.87, 99.76, 99.49, 99.28, 66.38, 66.07, 61.67, 61.29, 37.33, 37.14, 36.87, 36.74, 25.27, 25.06

(thirteen sp” carbon signals were overlapping with others).

HRMS (ESI, positive): Calcd for C3;H21N;O21Na ([M+Na]"): 743.9615. Found: 743.9616.

16,16,21-Trimethyl-8b,16,17,17a-tetrahydro-9H-9,17-[ 1,2 ]epitriazolobenzo[b]benzo[ 5,6 Jtetrapheno[9,8-d]sil
ole-20,22-dione (4na)

Method: Procedure A, 2.0 eq. of 11,11-dimethyl-11H-benzo[b]naphtho[2,1-d]silole (1n) was used.
Purification: PTLC (CHCIs)
Yield: 24.3 mg, 46%, white solid

'H NMR (600 MHz, CDCls) & 7.98 (d, J = 7.2 Hz, 2H), 7.88 (d, J = 7.2 Hz, 1H), 7.84 (d, J = 7.2 Hz, 1H),
7.68 (d,J = 6.6 Hz, 1H), 7.52 (d, J = 7.2 Hz, 2H), 7.46 (td, J = 7.8, 1.2 Hz, 1H), 7.31-7.43 (m, 6H), 5.52 (d,
J=3.0 Hz, 1H), 5.41 (d, J = 1.8 Hz, 1H), 3.72 (dd, J = 11.7, 2.7 Hz, 1H), 3.65 (dd, J = 11.7, 2.1 Hz, 1H),
2.67 (s, 3H), 0.71 (s, 3H), 0.65 (s, 3H)

BC NMR (150 MHz, CDCl3) § 157.10, 157.04, 149.14, 146.90, 140.18, 138.57, 134.44, 133.50, 132.89,
132.47, 132.41, 132.11, 131.89, 130.48, 129.08 (2C), 128.73, 128.61, 128.06, 127.94, 127.80, 125.78,
123.02, 122.90, 121.11, 121.09, 63.16, 61.26, 38.42, 37.72, 25.12,-2.55, -2.97

HRMS (ESI, positive): Calcd for C33H27N30,SiNa ([M+Na]"): 548.1765. Found: 548.1766.

18-Methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolophenanthro[9,10-g]quinoxaline-17,19-dione (40a)

Method: Procedure B, 2.0 eq. of quinoxaline (10) was used.
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Purification: PTLC (CHCIls/Ethyl acetate = 2:1)
Yield: 7.3 mg, 18%, white solid

'H NMR (600 MHz, CDCl;) 8 8.63 (s, 2H), 7.98 (dd, J = 6.3, 2.1 Hz, 2H), 7.53 (dd, J = 6.6, 1.8 Hz, 2H),
7.34-7.42 (m, 4H), 5.74 (s, 2H), 3.78 (s, 2H), 2.70 (s, 3H)

BC NMR (150 MHz, CDCls) § 155.86, 149.95, 145.19, 131.95, 130.76, 129.37, 128.89, 128.32, 123.00,
62.63,37.21, 25.29

HRMS (ESI, positive): Calcd for Co3H17NsO2Na ([M+Na]"): 418.1275. Found: 418.1274.
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1.6 Annulative diarylation of cycloadduct 2g with mono-Grignard reagents 3' or 3"

Fe(acac)s; (10 mol%)
dppbz (10 mol%)
, M Me,(Cl)CCH,Cl (2.0 equiv)
THF
rt,2h

2g 3"or3”
(1.0 equiv) (3.3 equiv)

To a test tube containing a magnetic stirring bar was added cycloadduct 2g (0.10 mmol, 1.0 equiv). The
tube was sealed with a septum and filled with N> gas. THF (200 uL), 1,2-dichloroisobutane (0.20 mmol, 2.0
equiv) and THF solution (200 uL) of Fe(acac)s; (0.01 mmol, 10 mol%) and dppbz (0.01 mmol, 10 mol%)
were added in this order, and resulting mixture was stirred. Then, Grignard reagent in THF (0.33 mmol, 3.3
equiv) was added dropwise over 5 min, and resulting mixture was stirred at ambient temperature for 2 h. The
mixture was quenched with 1 M HCI aq. (approx. 10 mL) and then extracted with dichloromethane (3x30
mL). The combined organic layers were dried with Na;SQs, filtered and concentrated under reduced pressure.

The crude product was purified by PTLC to yield diarylated product 4.

18-Methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo|f]tetraphene-17,19-dione (4ga)

Purification: PTLC (CHCIs)
Yield: 25.6 mg, 65%, white solid (with 3a’); 20.0 mg, 51%, white solid (with 3a")

The NMR spectra of product were identical to those described above.

2-(tert-Butyl)-18-methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]Jepitriazolobenzo[f]tetraphene-17,19-dione (4gb)

Purification: PTLC (CHCIs)
Yield: 22.0 mg, 49%, white solid

'H NMR (600 MHz, CDCL3) § 7.91-7.96 (m, 1H), 7.89 (d, J = 9.0 Hz, 1H), 7.50-7.55 (m, 1H), 7.41-7.49
(m, 5H), 7.37 (dd, J = 8.1, 2.1 Hz, 1H), 7.29-7.35 (m, 2H), 5.48 (d, J = 6.0 Hz, 2H), 3.65 (t, J = 12.9 Hz,
2H), 2.66 (s, 3H), 1.40 (s, 9H)

BC NMR (150 MHz, CDCl3) § 157.12, 157.07, 151.58, 135.14, 135.04, 132.08, 132.05, 131.82, 129.39,
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129.14 (2C), 129.11, 128.17, 127.79, 125.82, 125.14, 123.73, 123.71, 122.73, 122.64, 61.68, 61.60, 38.07,
37.88, 34.65, 31.26, 25.07

HRMS (ESI, positive): Calcd for C2oH27N302Na ([M+Na]"): 472.1995. Found: 472.1996.

18-Methyl-2-(trifluoromethyl)-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo[f]tetraphene-17,19-dione
(4gc)

Purification: PTLC (CHCIs)
Yield: 19.3 mg, 42%, white solid

'H NMR (600 MHz, CDCL3) 8 8.07 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 7.2 Hz, 1H), 7.72 (s, 1H), 7.58 (d, J =
7.8 Hz, 1H), 7.54 (d, J = 7.2 Hz, 1H), 7.49-7.52 (m, 1H), 7.46-7.49 (m , 3H), 7.43 (t, J = 7.2 Hz, 1H), 7.38
(t,J = 7.5 Hz, 1H), 5.50 (d, J = 1.8 Hz, 1H), 5.46 (d, J = 2.4 Hz, 1H), 3.71 (dd, J = 12.3, 2.1 Hz, 1H), 3.68
(dd, J = 12.3, 2.1 Hz, 1H), 2.67 (s, 3H)

BCNMR (150 MHz, CDCl3) 8 157.23, 157.21, 135.57, 134.69, 134.62, 133.18, 133.01, 130.64, 130.26 (Je.r
= 32.6 Hz), 129.73, 129.41 (2C), 129.36, 128.14, 126.14 (“Jer = 3.9 Hz), 124.73 (Jer = 3.9 Hz), 123.96
(GJer =270 Hz), 123.81 (2C), 123.51, 123.45, 61.69, 61.51, 37.94, 37.62, 25.13

HRMS (ESI, positive): Calcd for CosH1sN3O2F3Na ([M+Na]"): 484.1243. Found: 484.1246.

2-Methoxy-18-methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolobenzo[f]tetraphene-17,19-dione (4gd)

Purification: PTLC (CHCIs)
Yield: 27.2 mg, 64%, white solid

'H NMR (600 MHz, CDCL3) 3 7.83-7.91 (m, 2H), 7.42-7.50 (m, SH), 7.28-7.33 (m, 2H), 6.98 (d, J = 2.4
Hz, 1H), 6.89 (dd, J = 8.7, 2.1 Hz, 1H), 5.49 (d, J = 2.4 Hz, 1H), 5.48 (d, J = 2.4 Hz, 1H), 3.90 (s, 3H), 3.64
(dd, J = 12.3,2.1 Hz, 1H), 3.61 (dd, J = 12.3, 2.1 Hz, 1H), 2.67 (s, 3H)

BC NMR (150 MHz, CDCl3) § 159.74, 157.18, 157.15, 134.98, 134.94, 133.93, 132.06, 131.33, 129.21,
129.18, 129.15, 127.85, 127.62, 125.04, 124.42, 123.73, 123.71, 122.23, 114.45, 113.48, 61.68 (2C), 55.40,
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38.05, 37.77, 25.09

HRMS (ESI, positive): Calcd for CosH21N3O3Na ([M+Na]"): 446.1475. Found: 446.1476.

20-Methyl-8b,9,14,14a-tetrahydro-9,14-[ 1,2 ]epitriazolodibenzo[ ¢,f]tetraphene-19,21-dione (4ge)

Purification: PTLC (CHCIs)
Yield: 27.2 mg, 61%, white solid

"H NMR (600 MHz, CDCl5) 6 8.62 (d, J = 9.0 Hz, 1H), 8.10 (dd, J = 7.8, 1.2 Hz, 1H), 7.85 (dd, J = 8.4, 1.2
Hz, 1H), 7.79 (d, J = 9.0 Hz, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.43-7.53 (m, 7H), 7.31-7.39 (m, 2H), 5.53 (d, J
=2.4Hz, 1H), 5.52 (d, J = 3.6 Hz, 1H), 3.90 (dd, J = 11.7, 2.7 Hz, 1H), 3.59 (dd, J = 11.7, 1.5 Hz, 1H), 2.57
(s, 3H)

BC NMR (150 MHz, CDCl3) § 157.10, 156.16, 136.01, 134.66, 134.21, 133.47, 133.08, 132.17, 130.73,
130.18, 129.96, 129.31, 129.17 (2C), 128.47, 128.45, 127.99, 127.07, 126.75, 125.86, 125.58, 125.53,
124.01, 123.39, 61.49, 60.06, 40.41, 38.26, 25.00

HRMS (ESI, positive): Calcd for C2oH21N3O2Na ([M+Na]"): 466.1526. Found: 466.1525.

21-Methyl-9b,10,15,15a-tetrahydro-10,15-[ 1,2 ]epitriazolobenzo[ 5,6 Jtetrapheno[4,3-bbenzofuran-20,22-dion
e (4gf)

Purification: PTLC (CHCIs)
Yield: 24.7 mg, 51%, white solid

"H NMR (600 MHz, CDCls) § 9.20 (d, J = 7.8 Hz, 1H), 7.96 (d, J = 7.2 Hz, 1H), 7.94 (d, J = 7.8 Hz, 1H),
7.69 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.41-7.52 (m, 8H), 7.38 (t,J = 7.5 Hz, 1H), 5.54 (d, J =
2.4 Hz, 1H), 5.51 (d, J = 1.8 Hz, 1H), 3.85 (dd, J = 12.6, 1.8 Hz, 1H), 3.75 (dd, J = 12.3, 2.1 Hz, 1H), 2.63
(s, 3H)

BC NMR (150 MHz, CDCl;) & 157.00, 156.02, 153.46, 135.05, 134.99, 132.63, 132.42, 130.63, 129.26,
129.22, 128.99, 128.69, 128.24, 127.98, 127.15, 124.61, 124.09, 123.77, 123.73, 123.51, 123.03, 120.41
(2C), 119.08, 111.75, 62.30, 61.90, 38.56, 38.30, 25.06 (one sp” carbon signal was overlapping with others)
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HRMS (ESI, positive): Calcd for C3;H21N3;O3Na ([M+Na]"): 506.1477. Found: 506.1483.

19-Methyl-9b,10,15,15a-tetrahydro-10,15-[ 1,2 ]epitriazolobenzo[ b]tetrapheno[6,5-d[thiophene-18,20-dione
(4gg)

Purification: PTLC (CHCIs)
Yield: 15.6 mg, 35%, white solid

'H NMR (600 MHz, CDCl;) 8 7.87 (d, J = 8.4 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.43-7.56 (m, 7H), 7.33—
7.41 (m, 2H), 7.31 (t, J = 7.5 Hz, 1H), 5.72 (bs, 1H), 5.63 (d, J = 2.4 Hz, 1H), 3.83-3.91 (m, 2H), 2.68 (s,
3H)

BC NMR (150 MHz, CDCl3) & 157.15, 156.73, 139.32, 138.63, 137.82, 135.36, 134.43, 132.39, 130.17,
129.36, 129.30, 129.05, 128.26, 128.00, 125.40, 124.98, 124.96, 124.52, 124.10, 123.60, 123.24, 120.74,
60.57,57.28, 38.23, 36.42, 25.11

HRMS (ESI, positive): Calcd for C27H19N3;02SNa ([M+Na]):472.1090. Found: 472.1091.
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1.7 Rearomatization of diarylated compounds

Procedure C

p-chloranil (3.0 equiv)

Cl,CHCHCI, (0.1 M)
150 °C, 36 h

To a screw-capped tube containing a magnetic stirring bar were added diarylated compound 4 (1.0 equiv)
and p-chloranil (3.0 equiv). Then, 1,1,2,2-tetrachloroethane was added to this tube to prepare 0.1 M solution
of 4 under air. The tube was sealed with a cap, and resulting mixture was stirred at 150 °C for 36 h. Then, the
reaction mixture was cooled to ambient temperature and diluted with chloroform (approx. 3 mL). To this
mixture, hydrazine monohydrate (5.0 equiv) was added and the resulting mixture was stirred at ambient
temperature for 15 min to quench remaining p-chloranil. The mixture was washed with 1 M NaOH aq.
(approx. 10 mL) and extracted with chloroform (3x30 mL). The combined organic layers were dried with
Na,S0Os, filtered and concentrated under reduced pressure. The crude product was purified by flash column

chromatography on silica gel to yield m-extended product 5.

Procedure D

L Q0
p-chloranil (3.0 equiv) Rl O
CI,.CHCHCI, (0.1 M) ‘ ‘
150 °C, 36 h O

4ea or 4fa 5ea or 5fa

To a screw-capped tube containing a magnetic stirring bar were added diarylated compound 4ea or 4fa
(1.0 equiv) and p-chloranil (3.0 equiv). Then, 1,1,2,2-tetrachloroethane was added to this tube to prepare 0.1
M solution of 4 under air. The tube was sealed with a cap, and resulting mixture was stirred at 150 °C for 36
h. The reaction mixture was cooled to ambient temperature, and then passed through a short pad of silica gel
(eluent: CHCI3). After the organic solvent was removed under reduced pressure, the crude product was

purified by flash column chromatography to yield n-extended product Sea or 5fa.

10-Phenylbenzo[f]tetraphene (5aa)

Ph O
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Method: Procedure C (0.060 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 20.4 mg, 96%, white solid

"H NMR (600 MHz, CDCl3) § 9.20 (s, 1H), 9.13 (s, 1H), 8.79 (dd, J = 7.8, 1.2 Hz, 1H), 8.52-8.59 (m, 2H),
8.39 (d, J = 7.8 Hz, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.57-7.70 (m, 8H), 7.54 (t,J = 7.2 Hz, 2H), 7.51 (d, J =
6.0 Hz, 1H)

BC NMR (150 MHz, CDCls) & 140.72, 140.33, 132.65, 130.48, 130.28, 130.24, 130.14, 130.04, 129.97,
128.50, 128.44, 128.27, 127.82, 127.69, 127.54, 127.49, 127.46, 127.03, 125.68, 123.70, 123.42, 123.37,
122.39, 120.42 (two sp” carbon signals were overlapping with others)

HRMS (APCI, positive): Calcd for CosHi9 ((M+H]"): 355.1481. Found: 355.1475.

10-(Naphthalen-1-yl)benzo[f]tetraphene (5ba)

Method: Procedure C (0.071 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 18.6 mg, 65%, white solid

'H NMR (600 MHz, CDCl5) § 9.18 (s, 1H), 8.81 (d, J = 7.8 Hz, 1H), 8.70 (s, 1H), 8.53 (d, J = 7.8 Hz, 1H),
8.49 (d, J = 8.4 Hz, 1H), 8.19 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.97 (d,
J = 8.4 Hz, 1H), 7.60-7.73 (m, SH), 7.58 (d, J = 7.2 Hz, 1H), 7.54 (d, J = 9.0 Hz, 1H), 7.47-7.52 (m, 2H),
7.35(t,J = 7.5 Hz, 1H), 7.28 (t, J = 7.8 Hz, 1H)

BC NMR (150 MHz, CDCls) & 138.58, 138.25, 133.69, 132.97, 132.45, 131.72, 130.12, 130.10, 129.97,
129.95, 128.42, 128.35, 128.23, 128.17, 128.14, 128.11 (2C), 127.68, 127.47 (2C), 127.32, 126.56, 126.13,
125.93, 125.64, 125.46, 123.70, 123.61, 123.41, 123.23, 122.33, 120.92

HRMS (APCI, positive): Calcd for C3;Ha ([M+H]"): 405.1638. Found: 405.1638

10-Bromobenzo|f]tetraphene (5ca)

I O
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Method: Procedure C (0.048 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 13.6 mg, 79%, white solid

"H NMR (600 MHz, CDCls) § 9.46 (s, 1H), 9.03 (s, 1H), 8.84 (d, J = 7.2 Hz, 1H), 8.74 (dd, J = 5.7, 3.3 Hz,
1H), 8.53-8.61 (m, 2H), 8.03 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 6.6 Hz, 1H), 7.63-7.72 (m, 4H), 7.38 (t, J =
8.1 Hz, 1H)

BC NMR (150 MHz, CDCl3) & 133.11, 130.60, 130.29, 130.20, 129.89, 129.61, 129.51, 129.14, 128.15,
128.02 (2C), 127.68, 127.56, 126.18, 124.04, 123.81, 123.49, 123.43, 123.07, 122.60, 121.71 (one sp’

carbon signal was overlapping with others)

HRMS (APCI, positive): Calcd for C22H4Br ([M+H]"): 357.0273. Found: 357.0273.

10-Iodobenzo[f]tetraphene (5da)

Method: Procedure C (0.058 mmol scale)
Purification: flash column chromatography (Hexane/CHCIl; = 5:1)
Yield: 17.7 mg, 76%, white solid

'H NMR (600 MHz, CD,CL,) & 9.37 (s, 1H), 9.07 (s, 1H), 8.89 (dd, J = 7.5, 1.5 Hz, 1H), 8.78-8.82 (m, 1H),
8.61-8.66 (m, 2H), 8.20 (d, J = 7.2 Hz, 1H), 8.13 (d, J = 7.8 Hz, 1H), 7.68-7.77 (m, 4H), 7.29 (t, J = 8.1 Hz,
1H)

BC NMR (150 MHz, CD-ClL) & 138.09, 133.17, 132.94, 130.59 (2C), 130.26, 130.05, 129.81, 129.64,
129.50, 128.53, 128.48, 128.13, 128.07, 127.35, 127.13, 124.37, 124.26, 123.86 (2C), 123.30, 100.05

HRMS (DART, positive): Calcd for CooHial ([M+H]"): 405.0140. Found: 405.0140.

Benzo[f]tetraphen-10-yl acetate (5ea)

OAc O

Method: Procedure D (0.059 mmol scale)

Purification: flash column chromatography (Hexane/CHCI; = 1:1)
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Yield: 11.7 mg, 59%, white solid

'H NMR (600 MHz, CDCl;) 8 9.07 (s, 1H), 9.06 (s, 1H), 8.70-8.75 (m, 1H), 8.65-8.70 (m, 1H), 8.52-8.58
(m, 2H), 7.95 (d, J = 8.4 Hz, 1H), 7.60-7.69 (m, 4H), 7.52 (t, J = 8.1 Hz, 1H), 7.33 (d,J = 7.8 Hz, 1H), 2.61
(s, 3H)

BC NMR (150 MHz, CDCl3) § 169.52, 146.65, 133.29, 130.19, 130.13, 129.89, 129.76, 128.95, 128.78,
127.87 (2C), 127.54, 127.48, 126.16, 125.70, 125.42, 123.71, 123.62, 123.48, 123.43, 122.30, 117.88, 115.29,
21.28

HRMS (APCI, positive): Calcd for Co4H170, ((M+H]"): 337.1223. Found: 337.1222.

Benzo[f]tetraphen-11-yl pivalate (5fa)

Method: Procedure D (0.032 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 1:1)
Yield: 8.8 mg, 73%, white solid

'H NMR (600 MHz, CDCl3) § 9.04 (s, 1H), 8.98 (s, 1H), 8.66-8.74 (m, 2H), 8.53-8.58 (m, 2H), 8.06 (d, J =
9.0 Hz, 1H), 7.76 (s, 1H), 7.59-7.68 (m, 4H), 7.27 (dd, J = 8.7, 2.1 Hz, 1H), 1.45 (s, 9H)

BC NMR (150 MHz, CDCl5) § 177.30, 148.98, 132.39, 130.16 (2C), 129.99, 129.96, 129.84, 129.60, 128.96,
128.24, 127.78, 127.62, 127.51 (2C), 123.65, 123.55, 123.43 (2C), 122.00, 121.81, 121.67, 118.13, 39.22,
27.22

HRMS (APCI, positive): Calcd for C27H2;30, ([M+H]"): 379.1693. Found: 379.1697.

Benzo[f]tetraphene (5ga)

Method: Procedure C (0.065 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 15.2 mg, 84%, white solid

'H NMR (600 MHz, CDCl5) 8 9.07 (s, 2H), 8.77 (dd, J = 7.2, 2.4 Hz, 2H), 8.57 (dd, J = 6.6, 2.4 Hz, 2H),
8.05-8.10 (m, 2H), 7.61-7.68 (m, 4H), 7.54-7.58 (m, J = 6.3, 3.2 Hz, 2H)
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BC NMR (150 MHz, CDCl3) § 132.23, 130.15, 130.05, 128.46, 128.09, 127.61, 127.49, 126.09, 123.68,
123.43, 122.06

HRMS (APCI, positive): Calcd for CoHis ((M+H]"): 279.1168. Found: 279.1167.

Dibenzo[f,ktetraphene (Sha)

Method: Procedure C (0.056 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 13.2 mg, 72%, white solid

'H NMR (600 MHz, CDCls) § 9.94 (s, 1H), 9.07 (s, 1H), 8.98 (d, J = 8.4 Hz, 1H), 8.95 (d, J = 7.8 Hz, 1H),
8.81(d, J = 7.8 Hz, 1H), 8.61-8.67 (m, 2H), 7.93 (d, J = 8.4 Hz, 2H), 7.64-7.81 (m, 7H)

13C NMR (150 MHz, CDCls) § 132.25, 131.11, 130.42, 130.22, 130.11, 130.02, 129.81, 129.17, 128.79,
128.72, 128.45, 127.57, 127.53, 127.49, 127.46 (2C), 127.11, 126.97, 126.87, 123.59, 123.56, 123.52,
123.43, 122.73 (2C), 117.03

HRMS (APCI, positive): Calcd for CosHi7 ((M+H]"): 326.1325. Found: 329.1325.

13-Phenyldibenzo[f,k]tetraphene (5ia)

Method: Procedure C (0.036 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 9.7 mg, 67%, white solid

'H NMR (600 MHz, CDCl3) § 9.99 (s, 1H), 9.04 (s, 1H), 9.01 (d, J = 8.4 Hz, 1H), 8.96 (d, J = 7.8 Hz, 1H),
8.77-8.81 (m, 1H), 8.61-8.67 (m, 2H), 7.85 (s, 2H), 7.78 (t, J = 7.5 Hz, 1H), 7.74 (t, J = 7.2 Hz, 1H),
7.65-7.71 (m, 3H), 7.61 (d, J = 6.6 Hz, 1H), 7.52-7.57 (m, 4H), 7.45-7.50 (m, 1H)

BC NMR (150 MHz, CDCl3) § 141.23, 141.04, 130.75 (2C), 130.24, 130.11, 130.02 (2C), 129.78, 129.25,
128.83, 128.51, 128.31, 127.59, 127.53, 127.46, 127.43, 127.29, 127.01, 126.22, 125.11, 123.62, 123.56,
123.53, 123.41, 122.58, 122.18, 117.34 (two sp” carbon signals were overlapping with others)

HRMS (APCI, positive): Calcd for C3Hy ([M+H]"): 405.1638. Found: 405.1638.
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Tribenzo[a,k,m]tetraphene (5ja)

Method: Procedure C (0.046 mmol scale)
Purification: flash column chromatography (Hexane/CHCIl; = 5:1)
Yield: 9.9 mg, 57%, white solid

'H NMR (600 MHz, CDCL3) & 10.37 (s, 1H), 9.31 (d, J = 8.4 Hz, 1H), 9.16 (s, 1H), 8.83 (d, J = 7.8 Hz, 1H),
8.80 (d, J = 7.8 Hz, 1H), 8.63-8.67 (m, 2H), 8.07-8.12 (m, 2H), 7.98 (d, J = 8.4 Hz, 1H), 7.88 (t, J = 8.7 Hz,
2H), 7.80-7.85 (m, 1H), 7.66-7.74 (m, SH)

BC NMR (150 MHz, CDCls) & 133.73, 132.36, 131.14, 130.47, 130.41, 130.28, 130.14, 129.94, 129.17,
128.82, 128.19, 128.12, 127.76, 127.67 (2C), 127.56, 127.50, 127.47, 127.40, 126.89, 126.66, 125.90,
123.85, 123.63, 123.57, 123.45, 122.65, 122.45 (two sp” carbon signals were overlapping with others)

HRMS (APCI, positive): Calcd for C3oHi9 ((M+H]"): 379.1481. Found: 379.1480.

Tribenzo[c,k,m|tetraphene (5ka)

Method: Procedure C (0.034 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 7.6 mg, 59%, white solid

'H NMR (600 MHz, CDCl3) & 10.06 (s, 1H), 9.19 (s, 1H), 9.03 (d, J = 9.0 Hz, 1H), 9.00 (d, J = 7.2 Hz, 1H),
8.85(d,J = 7.8 Hz, 1H), 8.82 (d, J = 8.4 Hz, 1H), 8.78 (d, J = 9.6 Hz, 1H), 8.65 (t, J = 6.9 Hz, 2H), 8.22 (d,
J=9.6 Hz, 1H), 8.13 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 7.65-7.79 (m, 6H)

BC NMR (150 MHz, CDCl3) § 132.41, 131.13, 130.70, 130.33, 130.22, 130.12, 129.87, 129.43, 128.66 (3C),
128.36, 128.30, 127.70, 127.65, 127.61, 127.55 (2C), 127.53, 126.81, 126.44, 123.69, 123.65, 123.58,
123.48, 123.23, 122.71, 121.75, 121.22, 117.57

HRMS (APCI, positive): Calcd for C3oHi9 ((M+H]"): 379.1481. Found: 379.1479.
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11-Iodo-10-(2-iodophenyl)benzo[f]tetraphene (Sla)

Method: Procedure C (0.076 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 37.4 mg, 81%, white solid

'H NMR (600 MHz, CDCL;) § 9.11 (s, 1H), 8.75-8.80 (m, 1H), 8.52-8.59 (m, 2H), 8.46 (s, 1H), 8.16 (t, J =
8.4 Hz, 2H), 8.03 (d, J = 9.0 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.65-7.70 (m, 2H), 7.63 (t, J = 7.5 Hz, 1H),
7.60 (t, J= 7.5 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.37 (dd, J = 7.8, 1.2 Hz, 1H), 7.31 (td, J = 7.7, 1.6 Hz,
1H)

BC NMR (150 MHz, CDCls) & 147.55, 146.26, 139.49, 135.47, 131.46, 131.43, 131.03, 130.23, 130.21,
129.81, 129.63, 129.52, 129.26, 128.84, 128.69, 127.97, 127.87, 127.60, 127.52, 123.73, 123.66, 123.47,
123.41, 122.36, 120.90, 100.44, 98.99 (one sp” carbon signal was overlapping with others)

HRMS (DART, positive): Calcd for CosHi7lr ([M+H]): 606.9420. Found: 606.9430.

10-Iodo-11-(2-iodophenyl)benzo[f]tetraphene (Sma)

Method: Procedure C (0.063 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 26.0 mg, 68%, white solid

'H NMR (600 MHz, CDCl3) § 9.56-9.59 (m, 1H), 9.05-9.08 (m, 1H), 8.84-8.90 (m, 1H), 8.76-8.81 (m, 1H),
8.57-8.64 (m, 2H), 8.11 (d, J = 7.8 Hz, 1H), 8.03 (dd, J = 8.1, 1.5 Hz, 1H), 7.64-7.74 (m, 4H), 7.50 (td, J =
7.5, 1.4 Hz, 1H), 7.35 (d, J = 9.0 Hz, 2H), 7.16 (td, J = 7.7, 1.6 Hz, 1H)

BC NMR (150 MHz, CDCl3) § 150.45, 148.36, 138.97 (2C), 133.18, 131.56, 130.37 (2C), 130.27, 130.14,
129.86, 129.48, 129.41, 129.32, 128.80, 128.16, 128.07 (2C), 127.76, 127.64, 127.34, 124.12, 123.94,
123.54, 123.49, 122.64, 105.40, 99.29

HRMS (DART, positive): Calcd for CosHioly ((M+H]): 606.9420. Found: 606.9443.
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16,16-Dimethyl-16H-benzo[b]benzo|5,6]tetrapheno[9,8-d]silole (Sna)

Method: Procedure C (0.046 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 10.8 mg, 57%, white solid

'H NMR (600 MHz, CDCL) 8 9.10 (s, 1H), 9.07 (s, 1H), 8.77 (d, J = 7.8 Hz, 1H), 8.72 (d, J = 7.8 Hz, 1H),
8.60 (t,J = 8.4 Hz, 2H), 8.19 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 9.0 Hz, 1H), 7.94 (d, J = 7.8 Hz, 1H), 7.74 (d,
J =172 Hz, 1H), 7.62-7.73 (m, 4H), 7.51 (td, J = 7.5, 1.2 Hz, 1H), 7.35 (t,J = 6.9 Hz, 1H), 0.75 (s, 6H)

BC NMR (150 MHz, CDCl3) & 148.12, 147.17, 139.12, 137.10, 135.33, 132.73, 131.93, 131.16, 130.33,
130.26, 130.18, 130.05, 129.93, 128.99, 128.16, 127.73, 127.59, 127.56 (2C), 127.51, 123.59, 123.57,
123.46, 123.34, 123.06, 122.31, 121.12, 120.28, -2.38

HRMS (APCI, positive): Caled for CsoHasSi ((M+H]"): 411.1564. Found: 411.1567.

Phenanthro[9,10-g]quinoxaline (50a)

C. O‘O
0

Method: Procedure C (0.018 mmol scale)
Purification: flash column chromatography (CHCIs)

Yield: 3.7 mg, 73%, white solid

'H NMR (600 MHz, CDCl3) & 9.34 (s, 2H), 8.95 (s, 2H), 8.77-8.83 (m, 2H), 8.58-8.64 (m, 2H), 7.68-7.75
(m, 4H)

BC NMR (150 MHz, CDCls) & 145.61, 141.10, 132.24, 130.52, 129.18, 128.79, 127.94, 124.44, 123.58,
123.51

HRMS (ESI, positive): Calcd for CooH13N, ([M+H]"): 281.1073. Found: 281.1074.

2-(tert-Butyl)benzo[f]tetraphene (5gb)
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B
Method: Procedure C (0.047 mmol scale)

Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 10.0 mg, 64%, white solid

'H NMR (600 MHz, CDCls) § 9.08 (s, 2H), 8.73-8.79 (m, 2H), 8.53-8.57 (m, 1H), 8.51 (d, J = 8.4 Hz, 1H),
8.12 (d, J = 7.2 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.71 (dd, J = 9.0, 1.8 Hz, 1H), 7.60-7.66 (m, 2H), 7.53—
7.59 (m, 2H), 1.55 (s, 9H)

BC NMR (150 MHz, CDCl3) § 150.26, 132.19, 132.13, 130.09, 129.86, 129.64, 128.82, 128.68, 128.09,
128.07, 127.70, 127.56, 127.09, 126.01, 125.98, 125.53, 123.61, 123.26 (2C), 122.12, 121.75, 119.75, 35.10,
31.50

HRMS (APCI, positive): Calcd for CosHos ((M+H]"): 355.1794. Found: 355.1793.

2-(Trifluoromethyl)benzo[f]tetraphene (5gc)

CFs
Method: Procedure C (0.042 mmol scale)

Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 8.4 mg, 58%, white solid

'H NMR (600 MHz, CDCL:) 8 9.06 (s, 1H), 9.04 (s, 1H), 8.97 (s, 1H), 8.76 (d, J = 7.8 Hz, 1H), 8.64 (d, J =
8.4 Hz, 1H), 8.56 (d, J = 7.8 Hz, 1H), 8.05-8.15 (m, 2H), 7.83 (d, J = 8.4 Hz, 1H), 7.72 (t, J = 7.2 Hz, 1H),
7.67 (t,J = 7.8 Hz, 1H), 7.57-7.63 (m, 2H)

BC NMR (150 MHz, CDCl3) & 132.67, 132.56, 132.24, 130.82, 130.22, 129.17 (Jcr = 33 Hz), 128.86,
128.57, 128.27, 128.20, 128.10, 127.85, 127.40, 126.63, 126.49, 124.58 (3Jcr = 254 Hz), 124.14, 123.89,
123.79, 123.61 (*Jc.r = 4.4 Hz), 122.38, 122.33, 120.87 (*Jc.r = 4.4 Hz)

HRMS (APCI, positive): Calcd for Co3sHi4F5 ((M+H]"): 347.1042. Found: 347.1044.

2-(Methoxy)benzo[f]tetraphene (5gd)
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OO‘O

OMe
Method: Procedure C (0.064 mmol scale)

Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 14.9 mg, 75%, white solid

'H NMR (600 MHz, CDCl3)  9.05 (s, 1H), 8.97 (s, 1H), 8.70-8.75 (m, 1H), 8.44-8.49 (m, 2H), 8.16 (d, J =
1.8 Hz, 1H), 8.05-8.09 (m, 2H), 7.53-7.63 (m, 4H), 7.24 (dd, J = 9.0, 3.0 Hz, 1H), 4.06 (s, 3H)

BC NMR (150 MHz, CDCl3) & 159.10, 132.29, 132.09, 131.59, 130.16, 129.11, 128.76, 128.22, 128.08,
128.05, 127.62, 126.51, 126.12, 126.03, 125.04, 123.88, 123.61, 122.87, 122.09, 122.05, 115.60, 106.72,
55.54

HRMS (APCI, positive): Calcd for C2;H170 ([M+H]"): 309.1274. Found: 309.1272.

Dibenzo[c,f]tetraphene (5ge)

Method: Procedure C (0.061 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 18.1 mg, 90%, white solid

'H NMR (600 MHz, CDCl5) § 9.15 (s, 1H), 9.10 (s, 1H), 8.91 (d, J = 8.4 Hz, 1H), 8.84 (d, J = 8.4 Hz, 1H),
8.81 (d, J = 8.4 Hz, 1H), 8.76 (d, J = 9.0 Hz, 1H), 8.10-8.16 (m, 2H), 8.04 (d, J = 9.0 Hz, 1H), 8.02 (d, J =
7.2 Hz, 1H), 7.71 (t, J = 7.2 Hz, 1H), 7.56-7.67 (m, 5H)

BC NMR (150 MHz, CDCls) & 133.87, 132.42, 132.18, 131.38, 130.33, 129.87, 129.66, 128.75, 128.70,
128.49, 128.24 (20), 128.19, 128.10, 127.87, 127.68, 126.93, 126.40, 126.10, 126.03 (2C), 125.85, 124.13,
122.58, 121.79, 120.92

HRMS (APCI, positive): Calcd for CosHi7 ((M+H]"): 329.1325. Found: 329.1320.

Benzo[5,6]tetrapheno[4,3-b]benzofuran (5gf)
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Method: Procedure C (0.051 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 12.4 mg, 66%, white solid

'H NMR (600 MHz, CDCls) § 9.82 (d, J = 7.2 Hz, 1H), 9.14 (s, 1H), 9.12 (s, 1H), 8.85 (d, J = 8.4 Hz, 1H),
8.80 (d, J = 8.4 Hz, 1H), 8.19 (d, J = 9.0 Hz, 1H), 8.04-8.14 (m, 3H), 7.77-7.86 (m, 2H), 7.74 (t, J = 7.5 Hz,
1H), 7.53-7.60 (m, 3H), 7.44 (t, J = 7.5 Hz, 1H)

BC NMR (150 MHz, CDCl3) § 156.17, 154.07, 132.33, 132.24, 130.44, 130.29, 128.74, 128.66, 128.54 (2C),
128.14, 128.08, 127.82, 127.55, 127.04, 126.18, 126.16, 123.83, 123.65, 123.28, 123.13, 122.83, 122.15,
120.47, 119.36, 118.92, 117.57, 111.87

HRMS (APCI, positive): Calcd for CosH170 ([M+H]"): 369.1274. Found: 369.1275.

Benzo[b]tetrapheno[ 6,5-d|thiophene (5gg)

Method: Procedure C (0.035 mmol scale)
Purification: flash column chromatography (Hexane/CHCI; = 5:1)
Yield: 6.7 mg, 57%, white solid

'H NMR (600 MHz, CDCls) § 9.45 (s, 1H), 9.26 (s, 1H), 8.99 (d, J = 8.4 Hz, 1H), 8.86 (d, J = 7.8 Hz, 1H),
8.20 (d, J = 8.4 Hz, 1H), 8.15 (t, J = 7.8 Hz, 2H), 8.05 (d, J = 7.8 Hz, 1H), 7.72 (td, J = 7.5, 1.4 Hz, 1H),
7.58-7.69 (m, 4H), 7.53 (t, J = 7.5 Hz, 1H)

BC NMR (150 MHz, CDCls) & 139.27, 138.74, 137.87, 132.24, 130.88, 129.85, 128.54, 128.38, 128.27,
128.23, 128.10, 127.73, 127.69, 127.64, 126.35, 12591, 125.29, 125.17, 125.08, 124.58, 123.58, 123.29,
122.83, 122.37

HRMS (APCI, positive): Calcd for C24HisS ([M+H]"): 355.0889. Found: 335.0888.
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1.8 Synthesis of 10,10'-bibenzo|f]tetraphene (7ba)

Synthesis of 6ba

3a (6.0 equiv)
ZnCl, (12 eqiuv)

Fe(acac)s (20 mol%)
OO @O dppbz (20 mol%)
BUTAD (2.2 equiv) Me,(CI)CCH,CI (3.0 equiv)
_—
MeOAc (20 mL) THF
0°C n,2h
white LED
1b

(0.10 mmol)

To a test tube containing a magnetic stirring bar were added ‘BuTAD (34.1 mg, 0.22 mmol, 2.2 equiv)
and 1,1'-binaphtyl (1b, 25.4 mg, 0.10 mmol, 1.0 equiv). The tube was sealed with a septum and filled with
N> gas. Then, methyl acetate (20 mL) was added at ambient temperature. The contents were sonicated to
dissolve solids and then cooled to 0 °C. The resulting pink solution was stirred under irradiation with LED
lights at 0 °C until the solution became colourless (approx. 2 h). After turning off the lights, the reaction
mixture was transferred to a 50-mL two-necked round-bottomed flask, and the volatile was removed in
vacuo at 0 °C. Then, the flask was filled with N, gas, and THF (3.0 mL) was added to dissolve the residue
(solution A).

To another test tube containing a magnetic stirring bar were added dppbz (8.92 mg, 0.02 mmol, 20
mol%). The tube was sealed with a septum and filled with N, gas. Then, THF (2.0 mL), 1.9 M ZnCl,
solution in 2-methyltetrahydrofuran (316 uL, 0.60 mmol, 6.0 equiv) and THF solution of 3a (0.60 mmol, 6.0
equiv) were added in this order at ambient temperature. Another portion of 1.9 M ZnCl, solution in
2-methyltetrahydrofuran (316 pL, 0.60 mmol, 6.0 equiv) was added and then white precipitation formed.
This mixture was stirred at ambient temperature for 30 min, and then cooled to 0 °C. At this temperature,
0.20 M Fe(acac); solution in THF (100 pL, 0.02 mmol, 20 mol%) was added and resulting mixture was
stirred for 5 min. Then, 1,2-dichloroisobutane (35 pL, 0.30 mmol, 3.0 equiv) and solution A was added to
the tube and the mixture was stirred at ambient temperature for 2 h. The mixture was quenched with 1 M
HCI aq. (ca. 10 mL) and extracted with dichloromethane (3%30 mL). The combined organic layers were
dried with Na,SO, , filtered and concentrated under reduced pressure. The crude product was purified by
PTLC to yield tetraarylated products 6ba-1 and 6ba-2 (total 38.2 mg, 44%, 6ba-1/6ba-2 = 3:2). Each
diastereomer was obtained as a mixture of rotational isomers (6ba-1: major/minor = 92:8, 6ba-2:
major/minor = 50:50). The relative configuration of 6ba-1 was determined by X-ray crystallographic

analysis (Supplementary Fig. 2)
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'H NMR (600 MHz, CDCls) & 7.91-7.95 (m, 0.08x4H), 7.92 (d, J = 7.8 Hz, 0.92x2H) 7.89 (d, J = 7.2 Hz,
0.92x2H), 7.62-7.73 (m, 0.08x6H), 7.72 (d, J = 6.6 Hz, 0.92x2H), 7.68 (t, J = 7.2 Hz, 0.92x2H), 7.64 (d, J =
6.6 Hz, 0.92x2H), 7.52-7.57 (m, 0.08x2H), 7.56 (d, J = 7.8 Hz, 0.92x2H), 7.31-7.40 (m, 0.08x6H), 7.38 (t,
J=6.9 Hz, 0.920x2H), 7.33 (t, J = 7.5 Hz, 0.92x2H), 7.27-7.31 (m, 0.08x4H), 7.21 (t, J = 7.5 Hz, 0.92x2H),
7.10 (t, J = 7.5 Hz, 0.92x2H), 6.63 (d, J = 7.2 Hz, 0.92x2H), 5.60 (dd, J = 4.5, 2.1 Hz, 0.08x4H), 5.57 (d, J
= 1.8 Hz, 0.92x2H), 5.30 (d, J = 2.4 Hz, 0.92x2H), 3.96 (d, J = 10.8 Hz, 0.08x2H), 3.80 (d, J = 12.0 Hz,
0.08x2H), 3.72 (dd, J = 11.7, 2.1 Hz, 0.92x2H), 3.37 (dd, J = 12.3, 2.1 Hz, 0.92x2H), 1.33 (s, 0.92x18H),
1.16 (s, 0.08x18H)

BC NMR (150 MHz, CDCls) & 158.64, 158.26, 135.25, 133.56, 133.08, 132.06, 131.91, 131.73, 131.12,
129.25, 128.71 (2C), 128.62, 128.31, 127.88, 127.79, 123.94, 122.99, 122.89, 61.71, 58.68, 57.53, 38.28,
37.65, 27.81 (one sp” carbon signal was overlapping with others, and only signals of major rotational isomer

were shown)

HRMS (ESI, positive): Calcd for CssHasNeOsNa ([M+Na]"): 891.3629. Found: 891.3608.

'H NMR (600 MHz, CLCDCDCL,) & 7.89-7.95 (m, 4H), 7.87 (d, J = 8.4 Hz, 0.50x2H), 7.66 (d, J = 7.2 Hz,
0.50x2H), 7.64 (d, J = 7.2 Hz, 0.50x2H), 7.56-7.61 (m, 2H), 7.50 (d, J = 7.8 Hz, 0.50x2H), 7.47 (d, J = 6.6
Hz, 0.50x2H), 7.25-7.40 (m, 6H + 0.50x2H), 7.19-7.24 (m, 0.50x4H), 7.06 (t, J = 7.5 Hz, 0.50x2H), 6.79
(d, J = 7.8 Hz, 0.50x2H), 5.52 (d, J = 2.4 Hz, 0.50x2H), 5.43 (d, J = 1.8 Hz, 0.50x2H), 5.42 (d, J = 1.8 Hz,
0.50x2H), 5.30 (d, J = 3.0 Hz, 0.50x2H), 3.90 (dd, J = 12.0, 2.4 Hz, 0.50x2H), 3.67-3.75 (m, 3H), 1.26 (s,
0.50x18H), 1.09 (s, 0.50x18H)

BC NMR (150 MHz, CDCl3) & 158.71, 158.28, 158.19, 157.77, 136.80, 135.71, 134.14, 133.91, 133.77,
133.60, 132.57, 132.55, 132.35, 132.29, 132.00, 131.91, 131.83, 131.77, 130.54, 130.21, 129.59, 129.57,
128.97, 128.77, 128.69, 128.67, 128.60, 128.51, 128.14, 128.01, 127.88, 127.77, 127.67, 127.34, 123.95,
123.78, 122.93, 122.85, 122.69, 122.66, 62.57, 62.47, 58.09, 58.06, 57.46, 57.29, 38.02, 37.48, 37.20, 35.54,
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27.82,27.72

HRMS (ESI, positive): Calcd for CssHasNeOsNa ([M+Na]"): 891.3629. Found: 891.3614.

Synthesis of 10,10"-bibenzo[f]tetraphene (7ba)

p-chloranil (6.0 equiv)

Cl,CHCHCI, (1.0 mL)
150 °C, 36 h

(0.042 mmol)

To a screw-capped tube containing a magnetic stirring bar were added 6ba (36.5 mg, 0.042 mmol, 1.0
equiv), p-chloranil (62 mg, 0.25 mmol, 6.0 equiv) and 1,1,2,2-tetrachloroethane (1.0 mL) under air. The tube
was sealed with a cap, and the resulting mixture was stirred at 150 °C for 36 h. Then, the reaction mixture
was cooled to ambient temperature and diluted with chloroform (approx. 3 mL). To this mixture, hydrazine
monohydrate (10 equiv) was added and the resulting mixture was stirred at ambient temperature for 15 min
to quench remaining p-chloranil. The mixture was washed with 1 M NaOH aq. (approx. 10 mL) and
extracted with chloroform (3x30 mL). The combined organic layers were dried with Na,SOy, filtered and
concentrated under reduced pressure. The crude product was purified by flash column chromatography on

silica gel (eluent: hexane/CHCI; = 5:1) to yield m-extended product 7ba (8.7 mg, 38%) as a white solid.

'H NMR (600 MHz, CDCls) & 9.27 (s, 2H), 8.84-8.88 (m, 4H), 8.53 (d, J = 7.2 Hz, 2H), 8.46 (d, J = 8.4 Hz,
2H), 8.31 (d, J = 8.4 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 7.79 (t, J = 7.5 Hz, 2H), 7.72 (d, J = 6.0 Hz, 2H),
7.69 (t,J = 7.5 Hz, 2H), 7.64 (t, J = 7.5 Hz, 2H), 7.45 (t, J = 7.8 Hz, 2H), 7.28 (t, J = 7.8 Hz, 2H)

BC NMR (150 MHz, CDCl3) & 138.40, 132.65, 131.97, 130.22, 130.07, 129.99, 129.93, 128.64, 128.51,
128.47, 128.36, 127.72, 127.48 (2C), 127.36, 125.71, 123.72, 123.64, 123.45, 123.19, 122.47, 120.88

HRMS (DART, positive): Calcd for CasHp7 ((M+H]"): 555.2113. Found: 555.2121.
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1.9 Synthesis of tetrabenzo|a,c,m,o]pentaphene (12)

Synthesis of 6ha

3a (3.0 equiv)
ZnCl, (6.0 eqiuv)
FeClz (10 mol%)
dppbz (10 mol%)
MTAD (0.10 mmol) Me,(CI)CCH,CI (1.5 equiv)

B ——— e ———

AcOMe (20 mL)
0°C

THF
rt,2h
white LED

4ha
(2.0 equiv)

To a test tube containing a magnetic stirring bar were added MTAD (11.3 mg, 0.10 mmol, 1.0 equiv) and
4ha (88.6 mg, 0.20 mmol, 2.0 equiv). The tube was sealed with a septum and filled with N, gas. Then,
methyl acetate (20 mL) was added at ambient temperature. The contents were sonicated to dissolve solids as
much as possible, and then cooled to 0 °C. The resulting pink mixture was stirred under irradiation with LED
lights at 0 °C until the mixture became white (approx. 2 h). After turning off the lights, the mixture was
transferred to a 50-mL two-necked round-bottomed flask, and the volatile was removed in vacuo at 0 °C.

Then, the flask was filled with N» gas, and THF (2.5 mL) were added to dissolve the residue (solution A).

To another test tube containing a magnetic stirring bar was added dppbz (4.5 mg, 0.01 mmol, 10 mol%).
The tube was sealed with a septum and filled with N, gas. Then, THF (1.0 mL), 1.9 M ZnCl, solution in
2-methyltetrahydrofuran (158 uL, 0.30 mmol, 3.0 equiv) and THF solution of 3a (0.30 mmol, 3.0 equiv)
were added in this order at ambient temperature. Another portion of 1.9 M ZnCl, solution in
2-methyltetrahydrofuran (158 pL, 0.30 mmol, 3.0 equiv) was added and then white precipitation formed.
This mixture was stirred at ambient temperature for 30 min, and then cooled to 0 °C. At this temperature,
0.20 M Fe(acac); solution in THF (50 pL, 0.01 mmol, 10 mol%) was added and the resulting mixture was
stirred for 5 min. Then, 1,2-dichloroisobutane (17.5 pL, 0.15 mmol, 1.5 equiv) and solution A was added to
the tube and the mixture was stirred at ambient temperature for 2 h. The mixture was quenched with 1 M
HCI aq. (ca. 10 mL) and extracted with dichloromethane (3%30 mL). The combined organic layers were
dried with Na,SQs, filtered and concentrated under reduced pressure. The crude product was purified by
PTLC (eluent: CHCI;3) to yield tetraarylated product 6ha (29.8 mg, 42%) as a white solid. The relative
configuration of 6ha was determined by X-ray crystallographic analysis (Supplementary Fig. 3)

'H NMR (600 MHz, CDCl3) § 7.99-8.02 (m, 2H), 7.97 (d, J = 7.2 Hz, 2H), 7.70 (d, J = 7.8 Hz, 2H), 7.58 (s,
2H), 7.49-7.53 (m, 2H), 7.46 (t, J = 7.2 Hz, 2H), 7.33-7.41 (m, 6H), 5.79 (d, J = 2.4 Hz, 2H), 5.61 (d, J =
3.0 Hz, 2H), 3.71 (dd, J = 12.0, 2.4 Hz, 2H), 3.46 (dd, J = 12.0, 1.8 Hz, 2H), 2.69 (s, 6H)

BC NMR (150 MHz, CDCl3) & 158.59, 157.51, 135.47, 132.11, 131.92, 131.76, 131.70, 130.19, 129.77,
129.15, 128.80, 128.61, 128.14, 127.97, 124.30, 123.04, 122.77, 61.47, 58.24, 38.25, 36.66, 25.28

HRMS (ESI, positive): Calcd for C4sH3304N6 ([M+H]"): 709.2558. Found: 709.2553.
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Synthesis of tetrabenzo[a,c,m,o]pentaphene (12)

p-chloranil (6.0 equiv)

Cl,CHCHCI, (2.5 mL)
150 °C, 72 h

6ha
(0.25 mmol)

To a screw-capped tube containing a magnetic stirring bar were added compound 6ha (177 mg, 0.25
mmol, 1.0 equiv), p-chloranil (369 mg, 1.5 mmol, 6.0 equiv) and 1,1,2,2-tetrachloroethane (2.5 mL) under
air. The tube was sealed with a cap, and the resulting mixture was stirred at 150 °C for 72 h. Then, the
reaction mixture was cooled to ambient temperature and poured into a 50-mL round-bottomed flask. After
removing solvent under reduced pressure, ethyl acetate (15 mL) and hydrazine monohydrate (150 mg, 3.0
mmol, 12.0 equiv) was added. Then, the resulting mixture was stirred at ambient temperature for 15 min to
quench remaining p-chloranil. 1 M NaOH aq. (approx. 15 mL) was added to the mixture and the precipitates
were filtrated and washed with 1 M NaOH aq., water, acetone and ethyl acetate. The crude product was
extracted from the solid with boiling 1,1,2,2-tetrachloroethane. The crude product was further purified by
flash column chromatography on silica gel (eluent: CHCI3) and then washed with small amount of methanol

to yield product 12 as a pale brown solid (46.7 mg, 39%).

'H NMR (600 MHz, CLCDCDCL) § 10.12 (s, 2H), 9.02-9.08 (m, 4H), 8.80 (d, J = 7.2 Hz, 2H), 8.66 (d, J
= 7.8 Hz, 2H), 8.64 (d, J = 7.2 Hz, 2H), 7.96 (s, 2H), 7.83 (t, J = 7.2 Hz, 2H), 7.66-7.76 (m, 6H)

BC NMR (150 MHz, CL,CDCDCL) § 131.31, 130.19, 130.09, 130.04, 129.70, 129.26, 129.02, 128.64,
127.53 (2C), 127.51, 127.45, 127.38, 123.49 (2C), 123.46, 123.34, 122.84, 116.95 (two sp” carbon signals

were overlapping with others)

HRMS (APCI, positive): Calcd for CssHps ((M+H]"): 479.1794. Found: 479.1797.
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1.10 Synthesis of 2,7-di-tert-butyldibenzo[j,s|phenanthro[9,10-b]picene (11)

Synthesis of S1
3a (3.0 equiv)
Bu ZnCl, (6.0 eqiuv)
FeCl3 (10 mol%)
O O dppbz (10 mol%)
MTAD (0.10 mmol)  Me(C)CCH,Cl (1.5 equiv)

AcOMe (20 mL) THF
0°C n,2h
white LED

(2.0 equiv)

To a test tube containing a magnetic stirring bar were added MTAD (11.3 mg, 0.10 mmol, 1.0 equiv) and
9 (98 mg, 0.20 mmol, 2.0 equiv). The tube was sealed with a septum and filled with N, gas. Then, methyl
acetate (20 mL) was added at ambient temperature. The contents were sonicated to dissolve solids, and then
cooled to 0 °C. The resulting pink solution was stirred under irradiation with LED lights at 0 °C until the
solution became colourless (approx. 2 h). After turning off the lights, the mixture was transferred to a 50-mL
two necked round-bottomed flask, and the volatile was removed in vacuo at 0 °C. Then, the flask was filled

with N» gas, and THF (2.5 mL) were added to dissolve the residue (solution A).

To another test tube containing a magnetic stirring bar were added dppbz (4.5 mg, 0.01 mmol, 10 mol%).
The tube was sealed with a septum and filled with N, gas. Then, THF (1.0 mL), 1.9 M ZnCl, solution in
2-methyltetrahydrofuran (158 uL, 0.30 mmol, 3.0 equiv) and THF solution of 3a (0.30 mmol, 3.0 equiv)
were added in this order at ambient temperature. Another portion of 1.9 M 2-methyltetrahydrofuran solution
of ZnCl, (158 uL, 0.30 mmol, 3.0 equiv) was added and then white precipitation formed. This mixture was
stirred at ambient temperature for 30 min, and then cooled to 0 °C. At this temperature, 0.20 M Fe(acac);
solution in THF (50 pL, 0.01 mmol, 10 mol%) was added and the resulting mixture was stirred for 5 min.
Then, 1,2-dichloroisobutane (17.5 pL, 0.15 mmol, 1.5 equiv) and solution A was added to the tube and the
mixture was stirred at ambient temperature for 2 h. The mixture was quenched with 1 M HCl aq. (approx. 10
mL) and extracted with dichloromethane (3%X30 mL). The combined organic layers were dried with Na,SOs,
filtered and concentrated under reduced pressure. The crude product was purified by PTLC (eluent: CHCls)
followed by GPC to yield diarylated product S1 (23.5 mg, 31%) as a white solid.

'H NMR (600 MHz, CDCl;) 5 8.87 (bs, 1H), 8.71-8.75 (m, 2H), 8.69 (d, J = 8.4 Hz, 1H), 8.58-8.62 (m,
3H), 8.01 (d, J = 7.8 Hz, 1H), 8.01 (d, 7.2 Hz, 1H), 7.81 (t, J = 7.5 Hz, 1H), 7.70-7.78 (m, 4H), 7.60 (bs,
1H), 7.57 (d, J = 7.8 Hz, 1H), 7.35-7.46 (m, 4H), 6.99 (d, J = 1.8 Hz, 1H), 5.67 (d, J = 2.4 Hz, 1H), 3.92 (bs,
1H), 3.76 (bs, 1H), 2.68 (s, 3H), 1.48 (s, 9H), 1.47 (s, 9H)

BC NMR (150 MHz, CDCl3) § 157.06, 156.61, 149.36, 149.10, 134.31, 132.64, 132.31, 132.16, 132.11,
132.06, 131.33, 131.23, 129.38, 129.04, 128.83, 128.78, 128.69, 128.52, 128.06, 127.98, 127.94, 127.86,
127.81, 127.75, 127.05, 126.38, 125.05, 125.02, 124.94, 124.65, 123.31, 123.18, 123.01, 122.95, 122.60,
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61.91, 60.08, 38.10, 37.78, 35.10, 35.05, 31.44 (2C), 25.20 (five sp” carbon signals were overlapping with
others)

HRMS (ESI, positive): Calcd for Cs3HasN3O2 ([M+H]"): 756.3585. Found: 756.3584.

Synthesis of 2,7-di-tert-butyldibenzolj,s[phenanthro[9,10-b]picene (11)

p-chloranil (3.0 equiv)

Cl,CHCHCI, (0.31 mL)
150 °C, 48 h

(0.031 mmol)

To a screw-capped tube containing a magnetic stirring bar were added diarylated compound S1 (23.5 mg,
0.031 mmol, 1.0 equiv) and p-chloranil (22.9 mg, 0.093 mmol, 3.0 equiv). Then, 1,1,2,2-tetrachloroethane
(0.31 mL) was added under air. The tube was sealed with a cap, and the resulting mixture was stirred at
150 °C for 48 h. Then, the reaction mixture was cooled to ambient temperature and diluted with chloroform
(ca 3 mL). To this mixture, hydrazine monohydrate (7.8 mg, 0.155 mmol, 5.0 equiv) was added and the
resulting mixture was stirred at ambient temperature for 15 min to quench remaining p-chloranil. The
mixture was washed with 1 M NaOH aq. (approx. 10 mL) and extracted with chloroform (3%x30 mL). The
combined organic layers were dried with Na,SOs, filtered and concentrated under reduced pressure. The
crude product was purified by flash column chromatography on silica gel (eluent: hexane/CHCl; = 5:1) to

yield 11 (15.7 mg, 79% yield) as a yellow solid.

'H NMR (600 MHz, CDCl5) § 10.45 (s, 1H), 9.20 (s, 1H), 9.18 (d, /= 7.8 Hz, 1H), 8.82-8.88 (m, 4H),
8.81 (s, 1H), 8.76 (s, 1H), 8.61-8.68 (m, 4H), 8.26 (d, J = 9.0 Hz, 1H), 7.82 (t, J = 7.5 Hz, 1H), 7.66-7.78
(m, 7H), 1.52 (s, 9H), 1.50 (s, 9H)

BC NMR (150 MHz, CDCl3) §149.26, 148.77, 131.78, 130.85, 130.55, 130.29, 130.23, 130.05, 129.93,
129.16, 129.00, 128.98, 128.81, 128.70, 128.54, 128.46, 128.39, 128.15, 128.10, 127.87, 127.82, 127.73,
127.67, 127.56, 127.52, 127.13, 126.66, 126.16, 126.01, 125.69, 125.22, 124.76, 124.45, 123.87, 123.81,
123.58, 123.49, 123.30, 123.15, 122.71, 122.37, 35.10 (2C), 31.50, 31.48 (one sp> carbon signal was

overlapping with others)

HRMS (DART, positive): Calcd for CsoHla ([M+H]"): 641.3208. Found: 641.3208.
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1.11 Regioselectivity and limitation

When a PAH template has two or more distinguishable M-regions, the DAPEX protocol potentially gives
M-APEX products as a mixture of regioisomers. To obtain insights into the regioselectivity and limitation of
the protocol, dearomatization and subsequent annulative diarylation of several PAHs containing multiple
M-regions were conducted following the procedure A described above, using 2.0 equivalents of PAH
templates. The results are summarized in Supplementary Fig. 1. As also described in the main text, when
benzo[g]chrysene (1p) was employed as a starting material under the standard conditions (7 = 0 °C), the
desired product was obtained as a mixture of regioisomers (4pa, 4pa’ and 4pa”) in 48% combined yield
(Supplementary Fig. 1a). The ratio of regioisomers was determined by 'H NMR analysis, and calculated to
be 67:20:13. When the dearomatization of 1p was conducted at 25 °C (T = 25 °C), the regioselectivity was
improved to 88% whereas the combined yield did not significantly change (43%). The reaction of
dibenzo|[f,s]picene (1q) also afforded the mixture of diarylated products 4qa, 4qa’, 4qa” and 4qa” in 43%
yield with 83% selectivity of 4qa. The regioselectivity could also be improved up to 92% when the
dearomatization was conducted at 25 °C, whereas the combined yield was almost the same (41%).
Furthermore, as showcased by the reaction of 9, introduction of tert-butyl groups on C2 and C7 position of
1q completely suppressed the Diels—Alder reaction not only at C1-C4 and C5-C8 positions but also C15—
C18 position, and compound S1 was obtained as an exclusive product.

On the other hand, when tetraphene (1r) was used as a starting template, the dearomative activation of 1r
was not very successful owing to the Diels—Alder reaction at the internal benzene ring (C7—C12 position),
and the cycloadduct 2r” was obtained as a major product (Supplementary Fig. 1b). The desired diarylated
products was obtained as a mixture of regioisomers 4ra and 4ra’ albeit with low yield (9%). Notably, the
Diels—Alder reaction at the sterically less hindered C8—C11 position was much more favored than the C1-C4

position (4ra/4ra’ = 96:4).
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(a) Regioselectivety in dearomatization and annulative diarylations
Fe(acac)s (10 mol%)
O dppbz (10 mol%)
ZnCl2 (6.0 equiv)
Me(Cl)CCH:CI (1.5 euiv)

BrMg
~‘ O 3a (3.0 equiv)

MeOAc THF
T°C n,2h

1 white LED
(2.0 equiv) 2 4

BrMg

MTAD
(0.10 mmol)

substrate products yield2 and ratio®

[T=0°C]
48% yield
4pa/dpa’/dpa” =

B 67:13:20

! [T=25°C]
43% yield
4pa/dpa’/dpa” =
88:6:6

H [T=0°C]

: 43% yield

4qalothers =
83:17

[T=25°C]
41% yield
4qal/others =
. p 92 :8

4qa

[T=0°C]
31% yield
$1/81'=>99:1

(b) Limitation

Fe(acac)s (10 mol%)
dppbz (10 mol%)
ZnCl: (6.0 equiv)
; MTAD Mez(CI)CCH:CI (1.5 euiv)
O ° o (010 mmol) 3a (3.0 equiv)

7 8 MeOAc THF
0°C m2h
white LED
1r 4ra 4ra’ 2r”
(2.0 equiv) 9% (4ra + 4ra’) 49%

4ra/dra’ =96 : 4

Supplementary Fig. 1. Dearomatization and following annulative diarylation of PAHs containing multiple
distinguishable M-regions.
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Results and characterization data

4pa 4pa’ 4pa”
Purification: PTLC (CHCIs)

Combined yield and ratio: 7= 0 °C: 26.2 mg (48%, white solid), 4pa/4pa’/4pa” = 67:13:20
T'=25°C: 23.6 mg (43%, white solid), 4pa/4pa’/4pa” = 88:6:6

"H NMR (600 MHz, CDCl3) § 8.69 (t, J = 7.5 Hz, 2H), 8.62-8.65 (m, 1H), 8.57-8.62 (m, 2H), 8.01(t, J =
7.5 Hz, 2H), 7.83 (td, J = 7.5, 1.2 Hz, 1H), 7.78 (td, J = 7.5, 1.2 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.66—
7.70 (m, 3H), 7.57 (d, J = 7.2 Hz, 1H), 7.35-7.45 (m, 4H), 6.83 (d, J = 3.0 Hz, 1H), 5.61 (d, J = 2.4 Hz, 1H),
4.14 (dd,J =11.7,2.7 Hz, 1H), 3.84 (dd, J = 12.6, 2.4 Hz, 1H), 2.58 (s, 3H) (only signals of 4pa are shown)

BC NMR (150 MHz, CDCl3) § 157.28, 156.37, 134.94, 132.62, 132.25, 132.23, 132.05, 132.03, 131.48,
131.43, 130.19, 129.58, 129.49, 128.84, 128.68 (2C), 128.35, 128.07, 127.99 (2C), 127.91, 127.74, 127.08,
126.88, 124.06, 123.39, 123.32, 123.19, 123.06, 122.93, 122.64, 62.28, 59.97, 38.17, 36.90, 25.07 (one sp’

carbon signal was overlapping with others, and only signals of 4pa are shown)

HRMS (ESI, positive): Calcd for C37H2sN302Na ([M+Na]"): 566.1839. Found: 566.1842.

4qa 4qa’ 4qa” 4ga™

Purification: PTLC (CHCIs)

Combined yield and ratio: 7= 0 °C: 27.5 mg (43%, white solid), 4qa/4qa’/(4qa’’+4qa™) = 83:7:10
T=25°C: 26.7 mg (41%, white solid), 4qa/4qa’/(4qa”+4qa"") = 92:4:4

"H NMR (600 MHz, CDCls) § 8.87 (bs, 1H), 8.67-8.75 (m, 5H), 8.59 (dd, J = 8.4, 0.6 Hz, 1H), 7.97-8.02
(m, 2H), 7.82 (t,J = 7.5, 1H), 7.63-7.75 (m, 6H), 7.54-7.62 (m, 2H), 7.34-7.45 (m, 4H), 6.97 (d, J = 2.4 Hz,
1H), 5.66 (d, J = 2.4 Hz, 1H), 3.89 (bs, 1H), 3.73 (d, J = 11.4 Hz, 1H), 2.65 (s, 3H) (only signals of 4qa are

shown)

BC NMR (150 MHz, CDCl3) & 157.06, 156.64, 134.46, 132.55, 132.24, 132.11, 132.08, 132.02, 131.13,

131.11, 131.01, 130.92, 129.40, 129.02 (2C), 128.92, 128.83, 128.80, 128.65, 128.57 (2C), 128.55, 128.43,

128.38, 127.98, 127.94, 127.90, 127.79, 127.29, 127.05 (2C), 126.91, 126.73 (2C), 126.56, 123.78, 123.61,
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123.01, 122.93, 122.69, 61.91, 60.00, 38.01, 37.70, 25.17 (only signals of 4qa are shown)

HRMS (ESI, positive): Calcd for C4sH20N302Na ([M+Na]"): 666.2152. Found: 666.2150.

4ra 4ra’

Purification: PTLC (CHCIs)
Combined yield and ratio: 7= 0 °C: 4.6 mg (9%, white solid), 4ra/4ra’ = 96:4

"H NMR (600 MHz, CDCl;) & 8.78 (s, 1H), 8.73 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 7.8 Hz, 2H), 7.99 (s, 1H),
7.94 (d,J = 6.6 Hz, 1H), 7.85 (d, J = 9.0 Hz, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.73 (ddd, J = 8.1, 6.8, 1.4 Hz,
1H), 7.67 (t,J = 7.2 Hz, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.34-7.44 (m, 4H), 5.74 (d,
J =18 Hz, 1H), 5.68 (d, J = 1.8 Hz, 1H), 3.81 (t, J = 14.1 Hz, 2H), 2.63 (s, 3H) (only signals of 4ra were

shown)

BC NMR (150 MHz, CDCl5) § 157.13 (2C), 133.15, 133.11, 132.27, 132.25, 132.20, 131.98, 130.62, 130.07,
129.31, 129.26, 128.79, 128.66 (2C), 128.10, 127.95 (2C), 127.24, 127.07, 126.62, 123.48, 122.95 (2C),
122.80, 117.99, 62.31, 61.67, 38.33, 38.18, 25.09 (two sp” carbon signals were overlapping with others, and

only signals of 4ra isomer are shown)

HRMS (ESI, positive): Calcd for C33H23N30:Na ([M+Na]"): 516.1682. Found: 516.1684.

J
apn
Purification: PTLC (CHCIs)

Yield: 7=0 °C: 16.8 mg (49%, white solid)

'H NMR (600 MHz, acetone-ds) & 8.51 (d, J = 7.8 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.4 Hz,
1H), 7.71-7.76 (m, 2H), 7.67 (ddd, J = 8.6, 7.1, 1.4 Hz, 1H), 7.61-7.64 (m, 1H), 7.55 (ddd, J = 8.3, 7.1, 1.1
Hz, 1H), 7.27-7.33 (m, 2H), 7.25 (s, 1H), 6.57 (s, 1H), 2.66 (s, 3H)

BC NMR (150 MHz, acetone-ds) § 158.70, 158.58, 139.10, 138.57, 136.17, 134.78, 133.88, 129.56, 129.04,
128.96, 128.77, 128.68, 128.10, 127.24, 124.95, 124.87, 123.45, 122.93, 61.30, 56.78, 25.44

HRMS (ESI, positive): Calcd for C2;HisN3O2Na ([M+Na]"): 364.1056. Found: 364.1056.
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1.12 Synthesis of nanographenes by K- and bay-APEX reactions

2,7-Di-tert-butyldibenzo[f,s]|picene (9)

Bu By

u
Pd(MeCN)4(BF ), (5 mol%)
O AgOPiv (2.0 equiv) O O
| TfOH (2.0 equiv) “
! CICH,CH,CI (10 mL)
® QO i QO

Bu Bu
8 1l 9
(1.0 mmol) (1.0 equiv)

To a Schlenk tube containing a magnetic stirring bar were added 2,7-di-tert-butylphenanthrene (8) (290
mg, 1.0 mmol, 1.0 equiv), diiodobiaryl 11 (456 mg, 1.0 mmol, 1.0 equiv) and AgOPiv (418 mg, 2.0 mmol,
2.0 equiv). The tube was taken into a glove box. Then, PA(MeCN)4(BF), (22.2 mg, 0.05 mmol, 5 mol%)
was added, and the tube was sealed with a septum. The tube was taken out from the glove box, and then
1,2-dichloroethane (10 mL) and TfOH (178 pL, 2.0 mmol, 2.0 equiv) were added by a syringe. After stirring
at 50 °C for 19 h, the reaction mixture was cooled to ambient temperature, and then passed through a short
pad of silica gel (eluent: CHCl3). After the organic solvent was removed under reduced pressure, the residue
was purified by flash column chromatography on silica gel (eluent: hexane/CHCl; = 10:1) to yield desired
product 9 (346.2 mg, 71%) as a white solid.

'H NMR (600 MHz, CDCl;) § 9.16 (d, J = 7.8 Hz, 1H), 8.95-8.99 (m, 1H), 8.73-8.78 (m, 3H), 8.72 (d, J =
1.8 Hz, 1H), 8.61 (d, J = 8.4 Hz, 2H), 8.05 (d, J = 9.0 Hz, 1H), 8.03 (d, /= 7.2 Hz, 1H), 7.74 (dt, J = 8.6,
2.6 Hz, 2H), 7.59-7.71 (m, 4H), 1.483 (s, 9H), 1.475 (s, 9H)

BC NMR (150 MHz, CDCls) & 149.16, 148.70, 132.91, 130.67, 130.07, 129.61, 129.30, 128.89, 128.72,
128.50, 128.41 (20), 128.31, 127.93, 127.88 (2C), 127.85, 127.70, 127.19, 126.56, 126.27, 125.97, 125.63,
125.57,125.48, 125.12, 124.63, 124.32, 123.24, 123.08, 35.05 (2C), 31.46 (2C)

HRMS (DART, positive): Calcd for C3sHss ((M+H]"): 491.2739. Found: 491.2738.

2,7-Di-tert-butyldibenzo[j,s |phenanthro[9,10-b]picene (11)

Bu

Pd(MeCN)4(BFy), (10 mol%)
O O AgOPiv (2.4 equiv)
‘ | O TfOH (2.4 equiv)
+
! CICH,CH,CI (0.50 mL)
o OeL TS
Bu O

8 5la
(0.05 mmol) (1.2 equiv)

To a screw-capped tube containing a magnetic stirring bar were added 2,7-di-tert-butylphenanthrene (8)
(14.5 mg, 0.05 mmol, 1.0 equiv), diiodobiaryl 5la (36.4 mg, 0.06 mmol, 1.2 equiv), AgOPiv (25.0 mg, 0.12
mol, 2.4 equiv). The tube was taken into a glove box. Then, PA(MeCN)4(BF4), (2.2 mg, 5 umol, 10 mol%)
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was added, and the tube was sealed with a cap. The tube was taken out from the glove box, and then
1,2-dichloroethane (0.5 mL) and TfOH (11 pL, 0.12 mmol, 2.4 equiv) were added by a syringe. After stirring
at 50 °C for 1.5 h, the reaction mixture was cooled to ambient temperature, and then passed through a short
pad of silica gel (eluent: CHCl3). After the organic solvent was removed under reduced pressure, the residue
was purified by GPC to yield 11 (7.7 mg, 24%) as a yellow solid. The NMR spectra of product were identical

to those described above.

Pentabenzo[a,c.f,k,m]tetraphene (10)

Pd(MeCN)4(BF,), (10 mol%)
AgBF, (2.0 equiv)
| PivOH (2.0 equiv)

: CICH,CH,CI (0.5 mL)
50°C, 17 h
5ha 20 10
(0.05 mmol) (2.0 equiv)

To a screw-capped tube containing a magnetic stirring bar were added 5ha (16.4 mg, 0.05 mmol, 1.0
equiv), diiodobiphenyl 20 (40.6 mg, 0.10 mmol, 2.0 equiv) and pivalic acid (10.2 mg, 0.10 mmol, 2.0 equiv).
The tube was taken into a glove box. Then, AgBF4 (19.5 mg, 0.10 mmol, 2.0 equiv) and Pd(MeCN)4(BF),
(2.2 mg, 0.005 mmol, 10 mol%) were added. The tube was sealed with a cap and taken out from the glove
box. Then, 1,2-dichloroethane (0.50 mL) was added by a syringe. After stirring at 50 °C for 17 h, the
reaction mixture was cooled to ambient temperature, and then passed through a short pad of silica gel
(eluent: CHCIs). After the organic solvent was removed under reduced pressure, the residue was purified by
flash column chromatography on silica gel (eluent: hexane/CHCIl3 = 5:1) and then PTLC (eluent:
hexane/Et,O = 10:1) to yield desired product 10 (12.0 mg, 50%) as a white solid.

'H NMR (600 MHz, CDCl5) 8 9.94 (s, 1H), 9.93 (s, 1H), 8.98-9.02 (m, 2H), 8.90-8.95 (m, 1H), 8.71-8.82
(m, 4H), 8.63-8.70 (m, 3H), 7.75-7.81 (m, 4H), 7.65-7.74 (m, 6H)

BC NMR (150 MHz, CDCl3) & 131.17, 131.09, 130.96, 130.23, 130.14, 130.04, 130.02, 129.97, 129.80,
129.40, 129.22 (2C), 128.82, 128.68, 128.47, 128.43, 128.26, 127.97, 127.75, 127.62, 127.59, 127.52,
127.49, 126.97, 126.91, 126.87, 126.72, 126.66 (2C), 123.87, 123.85, 123.68, 123.65, 123.59, 123.55 (20),
123.49, 117.89

HRMS (DART, positive): Calcd for C3sHos ((M+H]"): 479.1800. Found: 479.1793.

7,12-Di-tert-butyltetrabenzo[a,c,m,o phenanthro[9,10-/]pentaphene (13)
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O PA(MeCN)4(BF ), (10 mol%)
| AgBF, (5.5 equiv)

! 10 mL ZrO, jar
O 210 mm 21O, ball
30 Hz, 60 min

21 ;
(0.05 mmol) (2.0 equiv) 3

To a ball-milling vessel (ZrO,, 10 mL) loaded with two grinding balls (ZrO,, diameter 10 mm) were
added 12 (23.9 mg, 0.05 mmol, 1.0 equiv) and 21 (77.7 mg, 0.10 mmol, 2.0 equiv). The vessel was taken
into a glove box. Then, AgBF, (53.5 mg, 0.275 mmol, 5.5 equiv) and Pd(MeCN)4(BF4), (2.2 mg, 0.005
mmol, 10 mol%) were added and the vessel was closed. Then, the vessel was taken out from the glove box,
and placed in the ball mill (Retch MM400). The vessel was shaken at the rate of 30 Hz for 60 min at ambient
temperature. Then, the contents were dissolved with CHCl; and transferred to another flask. The sticking
residue inside the ball mill vessel was collected by shaking with silica gel at the rate of 30 Hz for 10 min.
Then CHCI; solution and collected silica gel were combined, passed through a short pad of silica gel (eluent:
CHCIs). After removing the solvent, the crude mixture was purified by GPC to give 13 (10.5 mg, 28%) as a

yellow solid.

'H NMR (600 MHz, CDCl3) & 10.09 (s, 2H), 9.98 (s, 2H), 9.11 (d, J = 7.8 Hz, 2H), 9.01 (d, J = 1.8 Hz, 2H),
8.75 (d, J = 8.4 Hz, 4H), 8.62-8.68 (m, 4H), 7.82-7.87 (m, 4H), 7.72 (t, J = 7.5 Hz, 2H), 7.59-7.66 (m, 4H),
1.52 (s, 18H)

BC NMR (150 MHz, CDCl3) § 149.38, 130.23, 130.14 (2C), 130.05, 129.96, 129.21, 129.02, 128.96, 128.69,
128.60, 128.29, 127.62, 127.54, 127.46, 127.38, 125.00, 124.74, 123.85, 123.70, 123.53 (2C), 123.44,
123.40, 118.06, 35.14, 31.62

HRMS (DART, positive): Calcd for CssHas ((M+H]"): 741.3521. Found: 741.3516.

3,10,15,28-Tetra-tert-butyltetrabenzo[ a,c.f,j |triphenyleno[2,3-spicene (15)

O Pd(MeCN)4(BF,), (20 mol%)
| AgOPiv (5.0 equiv)
| TfOH (5.0 equiv)
+
O CICH,CH,CI (2.0 mL)
50°C,5h
Bu

21

5ka (5.0 equiv)

To a screw-capped tube containing a magnetic stirring bar were added 5ka (37.8 mg, 0.10 mmol, 1.0

equiv), diiodobiphenyl 21 (259 mg, 0.50 mmol, 5.0 equiv) and AgOPiv (104.5 mg, 0.50 mol, 5.0 equiv). The
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tube was taken into a glove box. Then, Pd(MeCN)4(BF4), (8.8 mg, 20 umol, 20 mol%) was added, and the
tube was sealed with a cap. The tube was taken out form the glove box, and then 1,2-dichloroethane (2.0 mL)
and TfOH (44.5 uL, 0.50 mmol, 5.0 equiv) were added by a syringe. After stirring at 50 °C for 5 h, the
reaction mixture was cooled to ambient temperature, and then passed through a short pad of silica gel
(eluent: CHCIs). After the organic solvent was removed under reduced pressure, the residue was purified by

GPC to yield 15 (37.8 mg, 42%, yellow solid) as a racemic mixture.

'H NMR (600 MHz, CDCL3) & 10.03 (s, 1H), 9.53 (s, 1H), 9.24 (d, J = 1.8 Hz, 1H), 8.97 (d, J = 1.8 Hz, 1H),
8.84 (d, J = 8.4 Hz, 1H), 8.77 (d, J = 8.4 Hz, 2H), 8.72-8.76 (m, 1H), 8.67 (d, J = 8.4 Hz, 1H), 8.58 (d, J =
8.4 Hz, 2H), 8.51 (d, J = 7.8 Hz, 1H), 8.24 (d, J = 1.2 Hz, 1H), 8.14 (d, J = 7.8 Hz, 1H), 8.07 (d, J = 2.4 Hz,
1H), 7.95 (dd, J = 8.4, 2.4 Hz, 1H), 7.91 (dd, J = 8.4, 1.8 Hz, 1H), 7.59-7.66 (m, 4H), 7.48-7.55 (m, 3H),
7.34 (t,J = 7.8 Hz, 1H), 7.19 (t, J = 7.2 Hz, 1H), 1.69 (s, 9H), 1.61(s, 9H), 1.18 (s, 9H), 0.80 (s, 9H)

BC NMR (150 MHz, CDCls) § 149.35, 149.07, 147.75, 147.60, 132.15, 131.95, 131.41 (2C), 130.79, 130.65,
130.38, 130.32, 130.26, 130.22, 130.07, 129.94, 129.81, 129.57, 129.27, 128.88, 128.72, 128.69, 128.23,
127.70, 127.32, 127.27, 127.20 (2C), 127.11, 126.81, 126.69, 126.49, 126.46 (2C), 126.26, 126.07, 125.99,
125.63, 125.54, 124.75 (2C), 124.56, 124.44, 124.40, 123.70, 123.46, 123.40, 123.28, 123.07, 123.00,
122.97, 122.35, 35.25, 35.15, 34.64, 34.44, 31.80, 31.59, 30.96, 30.73 (two sp® carbon signals were

overlapping with others)

HRMS (APCI, positive): Calcd for C7oHes ((M+H]"): 903.4924. Found: 903.4920.

10,15-Di-tert-butylbenzo[fg]dinaphtho[1,2,3-i7:1',2',3",4'-rsf|pentaphene (16)

Bu

Pd(MeCN)4(BF,), (10 mol%)
O O AgOPiv (2.0 equiv)
OO‘ | TfOH (2.0 equiv)
+
! CICH,CH,CI (0.50 mL)
a0 Qs

Bu

5ge 21
(0.05 mmol) (2.0 equiv) 16

To a screw-capped tube containing a magnetic stirring bar were added 5ge (16.4 mg, 0.05 mmol, 1.0
equiv), diiodobiphenyl 21 (51.8 mg, 0.10 mmol, 2.0 equiv) and AgOPiv (20.8 mg, 0.10 mol, 2.0 equiv). The
tube was taken into a glove box. Then, PA(MeCN)4(BFs), (2.2 mg, 5 umol, 10 mol%) was added, and the
tube was sealed with a cap. The tube was taken out from the glove box, and then 1,2-dichloroethane (0.5 mL)
and TfOH (9 uL, 0.10 mmol, 2.0 equiv) were added by a syringe. After stirring at 50 °C for 3 h, the reaction
mixture was cooled to ambient temperature, and then passed through a short pad of silica gel (eluent: CHCI3).
After the organic solvent was removed under reduced pressure, the residue was purified by GPC to yield 16

(4.0 mg, 14%) as a yellow solid.

'H NMR (600 MHz, CDCl3) § 9.16-9.23 (m, 2H), 9.13 (s, 1H), 9.08 (d, J = 1.8 Hz, 1H), 8.95-9.00 (m, 2H),
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8.88 (d, J = 9.0 Hz, 1H), 8.87 (d, /= 9.0 Hz, 1H), 8.46 (d, J = 9.0 Hz, 1H), 8.28 (d, J = 9.0 Hz, 1H), 8.20 (d,
J=7.8Hz, 1H), 7.88 (dd, J = 8.7, 1.5 Hz, 1H), 7.81 (t, J = 7.2 Hz, 1H), 7.77 (t, J = 7.2 Hz, 1H), 7.67-7.74
(m, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.51 (td, J = 7.5, 1.2 Hz, 1H), 1.56 (s, 9H), 0.97 (s, 9H)

BC NMR (600 MHz, CDCl3) & 149.47, 148.54, 132.86, 131.54, 130.94, 129.89, 129.73, 129.68, 129.17,
128.92, 128.68 (2C), 128.43, 128.02, 127.94 (2C), 127.65, 127.31, 127.07, 126.56, 126.51, 126.05 (20),
125.76, 125.72, 125.57 (2C), 125.24, 124.89 (2C), 124.28, 124.22, 123.66, 123.36, 123.20, 122.77, 120.58,
120.55, 39.42, 35.15, 32.46, 31.51

HRMS (APCI, positive): Calcd for C4sHz7 ((M+H]"): 589.2890. Found: 589.2892.

Naphtho[1,2,3,4-ghi]perylene (18)

O‘O MEaSiD CsF (9.0 equiv) O‘O‘O
+
THF/MeCN (1:1)
TfO
‘O 60 OC‘ 16 h OO

17 22
(3.2 mmol) (4.0 equiv)

18

To a 300-mL two-necked round-bottomed flask containing a magnetic stirring bar was added perylene
(17) (800 mg, 3.2 mmol, 1.0 equiv). The flask was taken into a glove box, and then CsF (4.32 g, 28.8 mmol,
9.0 equiv) was added. The flask was equipped with a reflux condenser, sealed with septa, and taken out from
the glove box. Then, acetonitrile (80 mL), 2-(trimethylsilyl)pheny] trifluoromethanesulfonate (22) (2.3 mL,
9.6 mmol, 3.0 equiv) and THF (80 mL) were added to the flask. After stirring at 60 °C for 16 h, the reaction
mixture was cooled to ambient temperature, and then diluted with CHCl; (100 mL). The mixture was filtered,
and the filtrate was concentrated under reduced pressure. The residue was roughly purified by flash column
chromatography on silica gel (eluent: hexane/CHCIl; = 5:1). Then, the product was washed with methanol

and further purified by GPC to yield desired product 18 (152 mg, 15%) as a yellow solid.

'H NMR (600 MHz, CDCl;) § 9.10 (dd, J = 6.6, 3.0 Hz, 2H), 8.98 (d, J = 9.0 Hz, 2H), 8.88 (d, J = 7.2 Hz,
2H), 8.21 (d, J = 9.0 Hz, 2H), 8.15 (d, J = 7.8 Hz, 2H), 7.90-7.96 (m, 4H)

BC NMR (150 MHz, CDCls) & 132.59, 130.88, 128.55, 127.82, 127.01, 126.65, 126.61, 126.44, 126.35,
123.60, 122.13, 120.71 (one sp” signal was overlapping with others)
HRMS (APCI, positive): Calcd for CosHis ((M+H]"): 327.1168. Found: 327.1168.

3,12,17,24-Tetra-tert-butylhexabenzo| a,c,fg,ij,m,0 |naphtho[ 1,2,3,4-rst]pentaphene (19)
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Pd(MeCN),(BF,), (20 mol%)
OO O AgOPiv (4.0 equiv)
“O | TfOH (4.0 equiv)
+
! CICH,CH,CI (6.4 mL)
O Qe

Bu

18 21
(0.32 mmol) (4.0 equiv)

To a screw-capped tube containing a magnetic stirring bar were added 18 (105 mg, 0.32 mmol, 1.0 equiv),
diiodobiphenyl 21 (668 mg, 1.28 mmol, 4 equiv) and AgOPiv (269 mg, 1,28 mmol, 5.0 equiv). The tube was
taken into a glove box. Then, Pd(MeCN)4(BF4) (27 mg, 60 umol, 20 mol%) was added and the tube was
sealed with a cap. The tube was taken out from the glove box, and then 1,2-dichloroethane (6.4 mL) and
TfOH (115 pL, 1.28 mmol, 4.0 equiv) were added by a syringe. After stirring at 50 °C for 2 h, the reaction
mixture was cooled to ambient temperature, and then passed through a short pad of silica gel (eluent: CHCI3).
After the organic solvent was removed under reduced pressure, the residue was purified by GPC to yield

nanographene 19 (64.5 mg, 24%) as a yellow solid.

'H NMR (600 MHz, CDCL3) 8 9.07 (d, J = 7.8 Hz, 2H), 8.94-8.97 (m, 4H), 8.69 (d, J = 8.4 Hz, 2H), 8.57—
8.60 (m, 4H), 8.48 (dd, J = 6.0, 3.6 Hz, 2H), 7.99 (t, J = 7.5 Hz, 2H), 7.83 (dd, J = 8.4, 1.8 Hz, 2H), 7.68
(dd, J = 8.1, 2.1 Hz, 2H), 7.13 (dd, J = 7.2, 3.6 Hz, 2H), 1.53 (s, 18H), 1.25 (s, 18H)

BC NMR (150 MHz, CDCl3) & 148.91, 148.26, 131.10, 130.94, 130.67, 130.32, 130.01, 129.52, 129.11,
128.99, 127.74, 127.35, 127.20, 126.66, 126.30, 125.66, 125.60, 124.76, 124.43, 124.36, 124.25, 123.54,
123.21, 122.90, 120.87, 35.13, 34.75, 31.60, 31.54

HRMS (APCI, positive): Calcd for CesHso ((M+H]"): 851.4611. Found: 851.4602.
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1.13 X-ray crystallographic analysis

Details of the crystal data and a summary of the intensity data collection parameters for 4aa, 4pa, 6ba-1,
6ha, 11, 13, 15 and 16 are listed in Table S1-S3. A suitable crystal was mounted with mineral oil on a
MiTeGen MicroMounts and transferred to the goniometer of the kappa goniometer of a RIGAKU XtaLAB
Synergy-S system with 1.2 kW MicroMax-007HF microfocus rotating anode (Graphite-monochromated Mo
K radiation (1 = 0.71073 A)) and PILATUS200K hybrid photon-counting detector. Cell parameters were
determined and refined, and raw frame data were integrated using CrysAlis™ (Agilent Technologies, 2010).
The structures were solved by direct methods with SHELXT'® and refined by full-matrix least-squares
techniques against /2 (SHELXL-2018/3)"” by using Olex2 software package'®. The intensities were corrected
for Lorentz and polarization effects. The non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were placed using AFIX instructions. CCDC 2012769-2012775 and 2071523 contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Supplementary Table 1.

Crystallographic data and refinement details for 4aa, 4pa and 6ba-1.

4aa 4pa 6ba-1
CCDC 2012772 2071523 2012774
formula C315H23.5Cl1 5sN30» C37H25N30, Cs7H49C13N6O4
fw 529.21 543.60 988.37
T (K) 123(2) 123(2) 123(2)
A(A) 0.71073 0.71073 0.71073
cryst syst Triclinic Monoclinic Triclinic
space group P-1 C2/c P-1
a(A) 9.3418(4) 18.9129(14) 12.8984(7)
b(A) 11.4529(6) 13.0709(6) 13.6946(6)
c(A) 13.1938(7) 24.166(2) 15.6121(9)
o (deg) 97.906(4) 90 75.854(4)
F (deg) 100.525(4) 118.893(11) 81.151(5)
y(deg) 113.299(5) 90 71.487(5)
V(A% 1239.81(12) 5230.5(8) 2527.0(2)
Z 2 8 2
Dealc (g / cm’®) 1.418 1.381 1.299
2 (mm™) 0.245 0.086 0.235
F(000) 550.0 2272.0 1032.0

cryst size (mm)
20range, (deg)
reflns collected
indep reflns/Rin
params
GOF on F*
Ri, WRy [I>20(])]
Ri, WR; (all data)

0.150 x 0.150 x 0.150

3.98 to 55.466
14563
5017/0.0789
362
1.064
0.0638, 0.1592
0.1045, 0.1810

0.150 x 0.050 x 0.050

3.85t0 55.966
18194
5262/ 0.1026
380
1.021
0.0709, 0.1557
0.1364, 0.1819

0.100 x 0.100 x 0.050
3.736 to 56.18
30393
10219/0.1034
637
1.023
0.0897, 0.2068
0.2295, 0.2620
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Ri, WR, [I>205(])]
Ri, WR, (all data)

0.1101, 0.2921
0.2135, 0.3304

0.0460, 0.1321
0.0526, 0.1368

Supplementary Table 2. Crystallographic data and refinement details for 11, 6ha, and 13.
11 6ha 13
CCDC 2012771 2012775 2012769
formula CsoHao C4sH34C1aNgO4 CsgHus
fw 640.82 793.68 740.93
T (K) 123(2) 123(2) 123(2)
A(A) 0.71073 0.71073 0.71073
cryst syst Monoclinic Triclinic Monoclinic
space group P2i/c P-1 P2i/n
a(A) 22.7513(18) 11.40820(10) 13.5366(6)
b (A) 8.4732(6) 12.15800(10) 19.4330(7)
c(A) 18.4080(15) 14.27090(10) 16.1458(7)
o (deg) 90 86.0930(10) 90
F (deg) 107.189(8) 88.0900(10) 110.398(5)
y(deg) 90 67.2740(10) 90
V(A% 3390.1(5) 1821.42(3) 3980.93)
4 4 2 4
Dealc (g / cm’) 1.256 1.447 1.236
2 (mm™) 0.071 0.235 0.070
F(000) 1360.0 824.0 1568.0
cryst size (mm) 0.150 x 0.150 x 0.150 0.150 x 0.150 x 0.150  0.150 x 0.100 x 0.050
20range, (deg) 5.024 to 59.422 4.832 t0 59.622 3.99-55.528
reflns collected 36254 35372 23719
indep reflns/Rin 8796/0.1036 9371/0.0235 7857/0.0371
params 457 516 529
GOF on F* 1.100 1.037 1.039

0.0483, 0.1097
0.0871, 0.1237
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Supplementary Table 3. Crystallographic data and refinement details for 15 and 16.

15 16
CCDC 2012773 2012770
formula Ci43.25H12725Clo 75 CooH7a
fw 2194.33 1177.49
T (K) 123(2) 123(2)
A(A) 0.71073 0.71073
cryst syst Triclinic Triclinic
space group P-1 P-1
a (A) 16.9476(4) 12.1293(3)
b (A) 18.9439(5) 15.3894(4)
c(A) 21.4965(4) 17.4280(4)
o (deg) 70.274(2) 83.921(2)
£ (deg) 86.020(2) 81.852(2)
y(deg) 66.288(2) 71.337(2)
V(A% 5930.4(3) 3044.62(14)
Z 2 2
Dealc (g / cm?) 1.229 1.284
2 (mm™) 0.281 0.072
F(000) 2305.0 1248.0

cryst size (mm)

20range, (deg)

reflns collected

indep reflns/Rin

params

GOF on F?

Ri, WR, [I>206(])]
Ri, WR, (all data)

0.150 x 0.150 x 0.150
3.438 to 55.746
78558
23900/0.0692
1524
1.034
0.0851, 0.2123
0.1543,0.2435

0.150 x 0.100 x 0.050
3.546 to 55.448
38586
12162/0.0599
841
0.903
0.0510, 0.1316
0.0957, 0.1535
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Supplementary Fig. 2. ORTEP drawing of 4aa with 50% probability. The solvent molecule (CHCI) is
omitted for clarity.

Supplementary Fig. 4. ORTEP drawing of 6ba-1 with 50% probability. The solvent molecule (CHCI;) is
omitted for clarity.
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Supplementary Fig. 6. ORTEP drawing of 6ha with 50% probability. The solvent molecule (CH,Cl,) is
omitted for clarity.
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Supplementary Fig. 8. ORTEP drawing of 15 with 50% probability. One of two independent molecules and
solvent molecules (CHCl3) are omitted for clarity.

Supplementary Fig. 9. ORTEP drawing of 16 with 50% probability. One of two independent molecules is
omitted for clarity.
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1.14 Computational study

The Gaussian 16 program' running on the NEC LX system was used for optimization, calculations of
molecular orbitals and their energies. Structures were optimized without any symmetry assumptions with
M06-2X* functional and the 6-31+G(d) basis set’ . Zero-point energy, enthalpy, and Gibbs free energy at
298.15 K and 1 atm were estimated from the gas-phase studies. The nature of the stationary points was
determined in each case according to the appropriate number of negative eigenvalues of the Hessian matrix.
Intrinsic reaction coordinate (IRC)** calculations were also carried out for each transition state to ensure the
connection of appropriate reactants and products. Single-point energies for all optimized structures were

determined at M06-2X/6-311++G(d,p) level. Computed structures are visualized using CYL-view.*

Structure sampling

In evaluating the stability of cycloadducts, structure sampling for each cycloadduct was conducted as
shown in Supplementary Fig. 10. The cycloadduct 2p potentially has four conformational isomers, namely
(exo,P)-2p, (exo,M)-2p, (endo,P)-2p and (endo,M)-2p, depending on conformations at the bicyclic moiety
(i.e. exolendo) and [4]helicene-like moiety (i.e. P/M). To determine the most stable conformations,
optimizations and calculations of energies for these conformers were individually conducted. As a result,
(exo/M)-2p was found to be the most stable, and relative free energies of the other conformers are shown in
the left column of Supplementary Fig. 10. Similarly, transition states (TSs) for retro-Diels—Alder (rDA)
reaction were investigated starting from each conformer, and corresponding geometries and energies were
obtained ((exo,P)-TS1, (exo,M)-TS1, (endo,P)-TS1 and (endo,M)-TS:). As a result, the energy of (exo,M)-
TS; was found to be the lowest, and the activation barrier was calculated to be 28.9 kcal/mol. The
conformational isomers of 2p’ and 2p” as well as corresponding TSs for rDA reaction were also evaluated in
a same manner, and activation energies were estimated to be 26.2 kcal/mol for 2p’ and 26.3 kcal/mol for 2p”.
Notably, isomerization between conformational isomers seems to be very fast, as exemplified by
isomerizations between (exo/M)-2p, (exo/P)-2p and (endo/P)-2p through TSm.p and TSexo-endo (Shown in the
bottom of Supplementary Fig. 10).
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exolendo

‘ PIM @ PIM exolendo O PIM
SO¢A 9064 B
.o .o

exolendo 2p’ 2p”

local minima TS for rDA local minima TS for rDA local minima TS for rDA
Q E
% e
~
. : N o\ SN
(exo, P)-2p (exo, P)-TS1 (exo, lr:’)-Zp' (exo, é)-TSa (exo, P)-2p” (exo, P)-TS3
1.71 kcal/mol 29.4 keal/mol 0.00 keal/mol 26.6 keal/mol 0.99 keal/mol 27.9 keal/mol

Y

el

(exo, M)-2p (exo, M)-TS1 (exo, M)-2p” (exo, I\/ﬂ-TSz~ (exo, M)-2p” (exo, M)-TS3
0.00 keal/mol 28.9 kecal/mol 0.87 keal/mol 26.9 kecal/mol 0.80 kcal/mol 27.6 kcal/mol

b

:

aQ
~ N\
(endo, P)-2p (endo, P)-TS (endo, F)l-2p' (endo, P)-TSz (endo, P)-2p"” (endo, P)-TS3
1.06 kcal/mol 30.1 kcal/mol 0.77 keal/mol 30.0 keal/mol 0.76 kcal/mol 26.6 kcal/mol

\

F

x5 \
Q

400 ~ )
}r(,:?‘)\. >
(endo, M)-2p (endo, M)-TS4 (endo, M)-2p’ (endo, M)-TS2 (endo, M)-2p” (endo, M)-TS3
2.05 keal/mol 32.6 kcal/mol 0.08 kcal/mol 26.2 keal/mol 0.00 kcal/mol 26.3 kcal/mol

TSmp
7.72 kcal/mol

TSexo-endo
8.67 kcal/mol

(exo, P)-2p
(exo, M)-2p 1.71 kcal/mol
0.00 kecal/mol

(endo, P)-2p
1.06 kcal/mol

Supplementary Fig. 10. Structure sampling of conformers of 2p, 2p' and 2p" and transition states for

retro-Diels—Alder reactions from each cycloadduct (M06-2X/6-311++G(d,p)//M06-2X/6-31+G(d)).
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Supplementary Table 4. Uncorrected and thermal-corrected (298 K) energies of stationary points (Hartree)
at M06-2X/6-31+G(d).*

M06-2X/6-31+G(d)

structure

EE ZPE AH 4G H G IF
MTAD -430.635122 0.073457 0.081388 0.041540 -430.553734 -430.593582 -
1p -846.482720 0.291477 0.307133 0.249931 -846.175587 -846.232789 -
(exo,P)-2p -1277.147161 0.370450 0.392873 0.319860 -1276.754288  -1276.827302 -
(exo,P)-TS1 -1277.096682 0.366329 0.389333 0.313750 -1276.707349  -1276.782932 -456.2183
(exo,M)-2p -1277.148462 0.370368 0.392887 0.318553 -1276.755575  -1276.829909 -
(exo,M)-TS1 -1277.097146 0.366309 0.389339 0.313631 -1276.707808  -1276.783515 -457.3250
(endo,P)-2p -1277.147577 0.370576 0.392977 0.319706 -1276.754600  -1276.827871 -
(endo,P)-TS1 -1277.098113 0.366894 0.389402 0.317187 -1276.708712  -1276.780926 -485.5244
(endo,M)-2p -1277.146781 0.370776 0.393136 0.320241 -1276.753645  -1276.826541 -
(endo,M)-TS1 -1277.091223 0.366281 0.389350 0.313860 -1276.701873  -1276.777363 -443.7049
(exo,P)-2p’ -1277.143746 0.370455 0.392889 0.320176 -1276.750857  -1276.823570 -
(exo,P)-TS: -1277.094002 0.366396 0.389452 0.313070 -1276.704550  -1276.780932 -475.3041
(exo,M)-2p’ -1277.142617 0.370490 0.392890 0.320342 -1276.749727  -1276.822274 -
(exo,M)-TS -1277.095133 0.366523 0.389449 0.314662 -1276.705684  -1276.780472 -465.1542
(endo,P)-2p’ -1277.143083 0.370818 0.393115 0.320962 -1276.749968  -1276.822121 -
(endo,P)-TS: -1277.090456 0.366536 0.389458 0.315526 -1276.700998  -1276.774930 -413.7189
(endo,M)-2p’ -1277.143245 0.370512 0.392894 0.320187 -1276.750352  -1276.823058 -
(endo,M)-TS: -1277.098236 0.366968 0.389445 0.317535 -1276.708791 -1276.780702 -487.4500
(exo,P)-2p” -1277.141301 0.370527 0.392895 0.320200 -1276.748406  -1276.821101 -
(exo,P)-TS;3 -1277.093108 0.366605 0.389451 0.315045 -1276.703657  -1276.778063 -473.6024
(exo,M)-2p" -1277.141586 0.370485 0.392855 0.320226 -1276.748731 -1276.821360 -
(exo,M)-TS3 -1277.093348 0.366620 0.389510 0.314878 -1276.703838  -1276.778470 -474.1644
(endo,P)-2p" -1277.141580 0.370712 0.392997 0.320516 -1276.748583  -1276.821063 -
(endo,P)-TS3 -1277.095853 0.366740 0.389301 0.316839 -1276.706552  -1276.779014 -497.7352
(endo,M)-2p"' -1277.142719 0.370641 0.392926 0.320544 -1276.749794  -1276.822175 -
(endo,M)-TS;3 -1277.095684 0.366659 0.389336 0.316173 -1276.706348  -1276.779510 -491.6736
TSwm-r -1277.138595 0.370357 0.392176 0.320549 -1276.746419  -1276.818046 -105.3178
TSexo-endo -1277.136127 0.369843 0.391821 0.319986 -1276.744306  -1276.816141 -89.5739

(a) EE: electronic energy; ZPE: zero-point energy correction; 4H: thermal correction to enthalpy; 4G: thermal correction to free energy; H (= EE +
AH = EE + ZPE + Eyiy + Erot +Eyans + RT): sum of electronic energy and thermal correction to enthalpy; G (= EE + AG = H — TS): sum of electronic
energy and thermal correction to free energy.
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Supplementary Table 5. Uncorrected and thermal-corrected (298 K) energies of stationary points (Hartree)
at M06-2X/6-311++G(d,p)//M06-2X/6-31+G(d).*

6-31+G(d) 6-311++G(d,p) H G
structure
ZPE AH 4G EE

MTAD 0.073457 0.081388 0.041540 -430.7478657 -430.666478 -430.706326
1p 0.291477 0.307133 0.249931 -846.6633168 -846.356184 -846.413386
(exo,P)-2p 0.370450 0.392873 0.319860 -1277.440602 -1277.047729  -1277.120742
(exo,P)-TS1 0.366329 0.389333 0.313750 -1277.390446 -1277.001113  -1277.076696
(exo,M)-2p 0.370368 0.392887 0.318553 -1277.442024 -1277.049137  -1277.123471
(exo,M)-TS1 0.366309 0.389339 0.313631 -1277.391068 -1277.001729  -1277.077437
(endo,P)-2p 0.370576 0.392977 0.319706 -1277.441481 -1277.048504  -1277.121775
(endo,P)-TS1 0.366894 0.389402 0.317187 -1277.392750 -1277.003348  -1277.075563
(endo,M)-2p 0.370776 0.393136 0.320241 -1277.440444 -1277.047308  -1277.120203
(endo,M)-TS1 0.366281 0.389350 0.313860 -1277.385348 -1276.995998  -1277.071488
(exo,P)-2p’ 0.370455 0.392889 0.320176 -1277.437421 -1277.044532  -1277.117245
(exo,P)-TS: 0.366396 0.389452 0.313070 -1277.387946 -1276.998494  -1277.074876
(exo,M)-2p’ 0.370490 0.392890 0.320342 -1277.436195 -1277.043305  -1277.115853
(exo,M)-TS: 0.366523 0.389449 0.314662 -1277.389016 -1276.999567  -1277.074354
(endo,P)-2p’ 0.370818 0.393115 0.320962 -1277.436983 -1277.043868  -1277.116021
(endo,P)-TS: 0.366536 0.389458 0.315526 -1277.384752 -1276.995294  -1277.069226
(endo,M)-2p’ 0.370512 0.392894 0.320187 -1277.437391 -1277.044497  -1277.117204
(endo,M)-TS: 0.366968 0.389445 0.317535 -1277.393079 -1277.003634  -1277.075544
(exo,P)-2p" 0.370527 0.392895 0.320200 -1277.435016 -1277.042121 -1277.114816
(exo0,P)-TSs 0.366605 0.389451 0.315045 -1277.387030 -1276.997579  -1277.071985
(exo,M)-2p"" 0.370485 0.392855 0.320226 -1277.435344 -1277.042489  -1277.115118
(exo,M)-TS3 0.366620 0.389510 0.314878 -1277.387240 -1276.997730  -1277.072362
(endo,P)-2p" 0.370712 0.392997 0.320516 -1277.435706 -1277.042709  -1277.115190
(endo,P)-TS3 0.366740 0.389301 0.316839 -1277.390867 -1277.001566  -1277.074028
(endo,M)-2p" 0.370641 0.392926 0.320544 -1277.436941 -1277.044015  -1277.116397
(endo,M)-TS3 0.366659 0.389336 0.316173 -1277.390603 -1277.001267  -1277.074430
TSwm-r 0.370357 0.392176 0.320549 -1277.431722 -1277.039546  -1277.111173
TSexo-endo 0.369843 0.391821 0.319986 -1277.429633 -1277.037812  -1277.109647

(a) EE: electronic energy; ZPE: zero-point energy; AH: thermal correction to enthalpy; 4G: thermal correction to free energy; H (= EE + AH = EE +
ZPE + Eviv + Eyor *Evrans + RT): sum of electronic energy and thermal correction to enthalpy; G (= EE + 4G = H — TS): sum of electronic energy and
thermal correction to free energy.
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1.15 Photophysical properties

UV/Vis absorption spectra of 10, 11, 12 and 13 in CH,Cl, were recorded on a Shimadzu UV-3600
spectrometer with a resolution of 0.5 nm. Emission spectra in CH,Cl, was measured with a Shimadzu
RF-6000 Hitachi spectrometer with a resolution of 0.2 nm upon excitation at 370 nm for 10 and 11, 350 nm
for 12 and 400 nm for 13. Dilute solutions in degassed spectral grade CH,Cl, in a 1 ¢cm square quartz cell

were used for measurements.

normalized intensity

normalized intensity

500 550 600 650 250 300 350 400 450 500 550 600 650
wavelength / nm

normalized intensity
normalized intensity

250 300 350 400 450 500 550 600 650 250 300 350 400 450 500 550 600 650
wavelength / nm wavelength / nm

Supplementary Fig. 11. Photophysical properties of nanographenes 10, 11, 12 and 13.
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1.16 Assignment of "H NMR signals

The assignment of 'H NMR signals of PAHs and nanographenes have been conducted as follows
(Supplementary Fig. 12). As protons located next to a junction of two benzene rings (colored by blue) are
deshielded by ring currents on both rings, their signals appear around 8 ppm, whereas '"H NMR signals of
typical aromatic compounds appear at 7-7.5 ppm (e.g. benzene: 7.3 ppm, p-xylene: 7.0 ppm). Similarly,
signals corresponding to protons at bay-, cove- and fjord-regions (colored by green) are always observed at
8-9 ppm because these protons experience deshielding by three or more benzene rings. Moreover, protons
located between two junctions of benzene rings (colored by red) are further deshielded, and they are
observed as singlet signals at 9-11 ppm. Based on these knowledges, total number of protons and multiplicity

of each signal, '"H NMR signals of PAHs and nanographenes are assigned as exemplified by Ska.
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Supplementary Fig. 12. Assignment of '"H NMR signals of PAHs and nanographenes.
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IH NMR spectrum (inset) of 1q (solvent: CDCI3)
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I3C NMR spectrum of 1q (solvent: CDCls)
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I3C NMR spectrum (inset) of 1q (solvent: CDCls)
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acetone-dy)
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IH NMR spectrum of 2a (solvent
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I3C NMR spectrum of 2a (solvent: acetone-dp)
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13C NMR spectrum (inset) of 2a (solvent: acetone-dps)
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IH NMR spectrum of 2g (solvent: acetone-dy)
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I3C NMR spectrum of 2g (solvent: acetone-dp)
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IH NMR spectrum of 4aa (solvent
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'H NMR spectrum (inset) of 4aa (solvent: CD2Cl»)
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13C NMR spectrum of 4aa (solvent: CD2Cl»)
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I3C NMR spectrum (inset) of 4aa (solvent: CD2Cl)
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IH NMR spectrum of 4ba (solvent
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IH NMR spectrum (inset) of 4ba (solvent: Cl,CDCDCl,)
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CLCDCDCl,)

13C NMR spectrum of 4ba (solvent
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I3C NMR spectrum (inset) of 4ba (solvent: C1,CDCDCL)
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'H NMR spectrum of 4c¢a (solvent: CD2Cl»)
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'H NMR spectrum (inset) of 4c¢a (solvent: CD>Cl>)
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13C NMR spectrum of 4¢a (solvent: CD2Cl)
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I3C NMR spectrum (inset) of 4ca (solvent: CD,Cl»)
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IH NMR spectrum of 4da (solvent: CDCI3)
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IH NMR spectrum (inset) of 4da (solvent: CDCI5)
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13C NMR spectrum of 4da (solvent: CDCls)
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I3C NMR spectrum (inset) of 4da (solvent: CDCls)
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CDClIs)

IH NMR spectrum of 4ea (solvent
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IH NMR spectrum (inset) of 4ea (solvent: CDClz)
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I13C NMR spectrum of 4ea (solvent: CDCI5)
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I3C NMR spectrum (inset) of 4ea (solvent: CDCI5)
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IH NMR spectrum of 4fa (solvent: CDCls)
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IH NMR spectrum (inset) of 4fa (solvent: CDCls)

1.0 20 30 40 50 60 7.0 80 90 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0

0

abundance

4.09

S g
S\ ~
S " S
— o) —
=)
TT 11T ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘ LI
8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.0 6.9 6.8 6.7 6.6
00 0~ O =N A O — 00 W) N 00 EN W N N O 00 I~ N N oo
S & 5550333 85355808858885
o~ O N N e S S S S N N S S S S S S N N T S o

X : parts per Million :

Proton




13C NMR spectrum of 4fa (solvent: CDClz)
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I13C NMR spectrum (inset) of 4fa (solvent: CDCls)
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IH NMR spectrum of 4ga (solvent: CDCls)
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IH NMR spectrum (inset) of 4ga (solvent: CDCl3)
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I3C NMR spectrum of 4ga (solvent: CDClz)
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I3C NMR spectrum (inset) of 4ga (solvent: CDCls)
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IH NMR spectrum of 4ha (solvent: CDCI3)
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IH NMR spectrum (inset) of 4ha (solvent: CDCI5)
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13C NMR spectrum of 4ha (solvent: CDCls)
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CDCls)

13C NMR spectrum (inset) of 4ha (solvent
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CDClIs)

IH NMR spectrum of 4ia (solvent
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IH NMR spectrum (inset) of 4ia (solvent: CDCls)
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I3C NMR spectrum of 4ia (solvent: CDCI3)
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I3C NMR spectrum (inset) of 4ia (solvent: CDCI5)
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CDClIs)

IH NMR spectrum of 4ja (solvent
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IH NMR spectrum (inset) of 4ja (solvent: CDCls)
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I13C NMR spectrum of 4ja (solvent: CDClz)

R
o)
R
]
.
5 |
<
2 ] | | ) |
=3 .
—g - [ [ :
H\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\H
160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
on O\ NN O ANtTIN— O —~<FT0ONOWN OO TONNnINOWN — O N O n on o v N
R CEARRNLERRETRRERII=RRETIS asSk =9 25 2 s
NS T ANNNNNONONONON0 0B~~~ O O Gen AN ~~ o IS R=) ~ o~ e =)
kR R SIS S S S ©s e N '

X : parts per Million : Carbonl13

S110




I13C NMR spectrum (inset) of 4ja (solvent: CDCls)
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IH NMR spectrum of 4ka (solvent: CDCI3)
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IH NMR spectrum (inset) of 4ka (solvent: CDCI5)
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13C NMR spectrum of 4ka (solvent: CDCls)
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I3C NMR spectrum (inset) of 4ka (solvent: CDCls)
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CDCl)

IH NMR spectrum of 4la (solvent
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'H NMR spectrum (inset) of 4la (solvent: CD2Cl,)
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CDyCl)

13C NMR spectrum of 4la (solvent
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I3C NMR spectrum (inset) of 4la (solvent: CD>Cl,)
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CLCDCDCl,)

IH NMR spectrum of 4ma (solvent
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IH NMR spectrum (inset) of 4ma (solvent: C1,CDCDCL)
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CLCDCDCI,)

13C NMR spectrum of 4ma (solvent
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I3C NMR spectrum (inset) of 4ma (solvent: CLCDCDCI,)
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CDCls)

IH NMR spectrum of 4na (solvent
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IH NMR spectrum (inset) of 4na (solvent: CDCI3)
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13C NMR spectrum of 4na (solvent: CDCls)

(e
<
(e
o
<
5 |
c
£ | ol
(=)
RS | J . |
cs ‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\M
160.0 1500 1400 1300 1200 1100  100.0 900 800 700  60.0 500 400 300 200 100 0
[\ I} O O IO —o~-a AN N0 ——A —_— O < on <t < N\ O~ 0
28 8% Z8gapbgcoREezgzassscs SEE 38 R & 2%%
S5 $% SEZfSSONzcaanAnnNmNas S #d 354

X : parts per Million : Carbonl13

S126




I3C NMR spectrum (inset) of 4na (solvent: CDCls)
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IH NMR spectrum of 40a (solvent: CDCls)
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IH NMR spectrum (inset) of 40a (solvent: CDCls)
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I3C NMR spectrum of 40a (solvent: CDClz)
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I3C NMR spectrum (inset) of 40a (solvent: CDCls)
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CDCls)

IH NMR spectrum of 4pa, 4pa’ and 4pa’’ (solvent
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IH NMR spectrum (inset) of 4pa, 4pa’ and 4pa’”’ (solvent: CDCls)
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13C NMR spectrum of 4pa (solvent: CDCls)
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I3C NMR spectrum (inset) of 4pa (solvent: CDCls)
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CDCl)

IH NMR spectrum of 4qa, 4qa’, 4qa’” and 4qa” (solvent
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IH NMR spectrum (inset) of 4qa, 4qa’, 4qa’” and 4qa” (solvent: CDCI5)
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CDCls)

13C NMR spectrum of 4qa (solvent
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CDCls)

13C NMR spectrum (inset) of 4qa (solvent
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acetone-dy)

IH NMR spectrum of 2r” (solvent
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IH NMR spectrum (inset) of 2r"”’ (solvent: acetone-dy)
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I3C NMR spectrum of 2r"" (solvent: acetone-ds)
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I3C NMR spectrum (inset) of 2r"" (solvent: acetone-dp)
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CDCls)
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IH NMR spectrum (inset) of 4ra and 4ra’ (solvent: CDCI5)
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13C NMR spectrum of 4ra (solvent: CDCI3)
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I3C NMR spectrum (inset) of 4ra (solvent: CDCI5)
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CDCls)

IH NMR spectrum of 4gb (solvent
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IH NMR spectrum (inset) of 4gb (solvent: CDCI5)
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13C NMR spectrum of 4gb (solvent: CDCls)
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I3C NMR spectrum (inset) of 4gb (solvent: CDCls)
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IH NMR spectrum of 4gc (solvent: CDCls)
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IH NMR spectrum (inset) of 4gc (solvent: CDClz)

9‘.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0

abundance

2.90

8.5 8.4 8.3 8.2

X : parts per Million : Proton

6.9

S153




I3C NMR spectrum of 4gc (solvent: CDCI3)
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I3C NMR spectrum (inset) of 4gc (solvent: CDCI5)
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CDCls)

IH NMR spectrum of 4gd (solvent
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IH NMR spectrum (inset) of 4gd (solvent: CDCI5)
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13C NMR spectrum of 4gd (solvent: CDCls)
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I3C NMR spectrum (inset) of 4gd (solvent: CDCls)
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CDClIs)

IH NMR spectrum of 4ge (solvent
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IH NMR spectrum (inset) of 4ge (solvent: CDClz)
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I3C NMR spectrum of 4ge (solvent: CDCI5)
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I3C NMR spectrum (inset) of 4ge (solvent: CDCI5)
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CDClIs)

IH NMR spectrum of 4gf (solvent
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IH NMR spectrum (inset) of 4gf (solvent: CDCls)
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I3C NMR spectrum of 4gf (solvent: CDClz)
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CDCls)

IH NMR spectrum of 4gg (solvent
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IH NMR spectrum (inset) of 4gg (solvent: CDCl3)
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I3C NMR spectrum of 4gg (solvent: CDClz)
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I3C NMR spectrum (inset) of 4gg (solvent: CDCls)
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IH NMR spectrum of 5aa (solvent: CDCls)
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IH NMR spectrum (inset) of Saa (solvent: CDCls)
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I3C NMR spectrum of Saa (solvent: CDClz)
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I3C NMR spectrum (inset) of Saa (solvent: CDCls)
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CDCls)

IH NMR spectrum of Sba (solvent
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IH NMR spectrum (inset) of Sbha (solvent: CDCI5)

S
lna
S
q-a
S |
ma
] 0
) N
1 v
S|
Na
A | | _
] [ 3
<]
— — < o~ rl'l
q — r— —  — — 0 ™
i S S [ 8 @ < ) o = < = ==
4 — — — gl - — 7 T — a
) - — - — — — — — — — —
(D) 4
Q
o 4
< 4
o)
CI
Y‘TYTT‘TTTT‘TTYT‘YTYT[YTTT{TTTY{TYTT‘TTTT{TTTT‘TTYT[YTTT[YTTY{YYTY{TYTT{TTTT‘TYYT‘YTYT[TTTT{YTTYNTYTT{TYTT{TYTT‘TTYT[TTTT[YTYYNYYTY{TTTT{TYTT‘TYYT‘TTYT[
97 96 95 94 963 92 91 90 89 88 87 86 85 84 83 82 &1 80 79 7.6 75 74 73 7.0 69 6.8
0 [o) W) [se) S~ 0 S O Nmmovom~o\ooooml\lnﬂ-cxlc\m-lnoxovmmo-oxxoot\ml\v-—'o
[ — O (=] <t AN O\ > S o0 OCT AN =000 O N =0T N === OO N0X0O < N0~
— Q0 = N N = QQQQO\O\E‘Q‘Q‘Q‘Q‘Q‘Q‘Q‘Q‘Q@."?V)V)"’."’."’."’."’."2"’.“‘."’."’."’."’.“!“!‘\!“!
o)) 00 00 o0 00 00 00 00 00 00 ST RSNl S N ol S S SN e S S o S S e S o o o S S Ll o N ol S N N N S o

X : parts per Million : Proton

S177




13C NMR spectrum of Sba (solvent: CDCls)
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I3C NMR spectrum (inset) of Sba (solvent: CDCls)
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IH NMR spectrum of 5ca (solvent: CDCls)
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IH NMR spectrum (inset) of Sca (solvent: CDClz)
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I3C NMR spectrum of Sca (solvent: CDCI3)
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I3C NMR spectrum (inset) of Sca (solvent: CDCI5)
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'H NMR spectrum of 5da (solvent: CD>Cl>)
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'H NMR spectrum (inset) of 5da (solvent: CD2Cly)
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13C NMR spectrum of 5da (solvent: CD2Cly)
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I3C NMR spectrum (inset) of Sda (solvent: CD2Cl)
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IH NMR spectrum of 5ea (solvent: CDClz)
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IH NMR spectrum (inset) of Sea (solvent: CDCl3)
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I3C NMR spectrum of Sea (solvent: CDCI5)
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CDCls)

I13C NMR spectrum (inset) of Sea (solvent
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IH NMR spectrum of 5fa (solvent: CDCls)
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IH NMR spectrum (inset) of 5fa (solvent: CDCls)
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I3C NMR spectrum of 5fa (solvent: CDClz)
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CDCls)

I3C NMR spectrum (inset) of 5fa (solvent
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CDCls)

IH NMR spectrum of 5ga (solvent
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IH NMR spectrum (inset) of 5ga (solvent: CDCls)
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I3C NMR spectrum of 5ga (solvent: CDClz)
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I3C NMR spectrum (inset) of 5ga (solvent: CDCls)
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IH NMR spectrum of Sha (solvent: CDCI3)
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13C NMR spectrum of Sha (solvent: CDCls3)
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I3C NMR spectrum (inset) of Sha (solvent: CDCls)
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CDClIs)

IH NMR spectrum of Sia (solvent
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IH NMR spectrum (inset) of 5ia (solvent: CDCls)
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I3C NMR spectrum of Sia (solvent: CDCI3)

abundance

3.0

2.0

1.0

Ph ‘

A ' 4 Y Ly . ! o v L W Lt A Laahiiad

140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

) — AN

77.211
77.000
76.789

-0.010

— e T e — —

X : parts per Million : Carbon13

S206




I3C NMR spectrum (inset) of Sia (solvent: CDCI5)
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IH NMR spectrum of 5ja (solvent: CDCls)
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IH NMR spectrum (inset) of 5ja (solvent: CDCls)
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I3C NMR spectrum of 5ja (solvent: CDClz)
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I13C NMR spectrum (inset) of 5ja (solvent: CDCls)
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CDCls)

IH NMR spectrum of 5ka (solvent
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IH NMR spectrum (inset) of Ska (solvent: CDCI5)
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13C NMR spectrum of Ska (solvent: CDCls)
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I3C NMR spectrum (inset) of Ska (solvent: CDCls)
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CDClIs)

IH NMR spectrum of Sla (solvent
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IH NMR spectrum (inset) of Sla (solvent: CDCls)

9‘.0

8.0

7.0

5.0

4.0

3.0

2.0

1.0

abundance
9
—

® ® -+ others

1.03

4.07

o

1.1

<

N
{c/c
=S —

U

L

96 95 94 93 92

X : parts per Million : Proton

80 79

1 ///»\(\\\\\\\

N

MMMMMMMMMMMM

hhhhhhhhhhhhhhhhhhhhhhhhhhhhh

hhhhh

S217




13C NMR spectrum of Sla (solvent: CDCl5)
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CDCls)

I3C NMR spectrum (inset) of Sla (solvent
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CDClIs)

IH NMR spectrum of Sma (solvent
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IH NMR spectrum (inset) of Sma (solvent: CDCls)
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I3C NMR spectrum of Sma (solvent: CDClz)
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CDCls)

I3C NMR spectrum (inset) of Sma (solvent
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CDCls)

IH NMR spectrum of Sna (solvent
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IH NMR spectrum (inset) of Sna (solvent: CDCI5)
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13C NMR spectrum of Sna (solvent: CDCls)
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I3C NMR spectrum (inset) of Sna (solvent: CDCls)
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IH NMR spectrum of 50a (solvent: CDCls)
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IH NMR spectrum (inset) of Soa (solvent: CDCl3)
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I3C NMR spectrum of Soa (solvent: CDClz)
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I3C NMR spectrum (inset) of Soa (solvent: CDCls)
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CDCls)
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IH NMR spectrum of 5gb (solvent
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IH NMR spectrum (inset) of 5gb (solvent: CDCI3)

1%.0
2.01

11‘.0

lq.O

9‘.0

8.0

7‘.0

6.0
.97
0.98

1.00

5.0

4‘0
o
o
[ )
®

3.0

2.0

1.0

abundance
0
o] L

95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 8O0 79 78 77 T6 15 T4
N AR <Al — 00 \O O\ OV ANONON — OO <k
g S =89 NERREEEEEYRRAEAT
@) OO0 0000 00O 0000 WP 0 N

X : parts per Million : Proton

S233




13C NMR spectrum of 5gb (solvent: CDCls)
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I3C NMR spectrum (inset) of Sgb (solvent: CDCls)
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CDClIs)

IH NMR spectrum of 5gc (solvent
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IH NMR spectrum (inset) of 5gc (solvent: CDClz)
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I3C NMR spectrum of 5gc (solvent: CDCI3)
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I3C NMR spectrum (inset) of Sgc (solvent: CDCI;)
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CDCls)

IH NMR spectrum of 5gd (solvent
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IH NMR spectrum (inset) of 5gd (solvent: CDCI5)
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13C NMR spectrum of 5gd (solvent: CDCls)
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I3C NMR spectrum (inset) of 5gd (solvent: CDCls)
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IH NMR spectrum of 5ge (solvent: CDCls)
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IH NMR spectrum (inset) of 5ge (solvent: CDClz)
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I3C NMR spectrum of 5ge (solvent: CDCI3)
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I3C NMR spectrum (inset) of Sge (solvent: CDCI5)
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IH NMR spectrum of 5gf (solvent: CDCls)
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IH NMR spectrum (inset) of 5gf (solvent: CDCls)
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I3C NMR spectrum of 5gf (solvent: CDClz)
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CDCls)

I3C NMR spectrum (inset) of Sgf (solvent
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IH NMR spectrum of 5gg (solvent: CDCls)
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IH NMR spectrum (inset) of 5gg (solvent: CDCls)
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I3C NMR spectrum of 5gg (solvent: CDClz)
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I3C NMR spectrum (inset) of 5gg (solvent: CDCls)
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CDClIs)

IH NMR spectrum of 6ba-1 (solvent
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CDClIs)

IH NMR spectrum (inset) of 6ba-1 (solvent

81 W .
_
: I
vw.ﬁ w
L — L
<
S1°0 MM I
181 \w I
| = L
mw.ﬁ 1€°0 u I
jj L
81 1@
L
-
98'1 M
[
L1 )
v U
ITv SN
vz mww
86°S
[
=
12281 U

IR R R R R R R R R R RN RN AR RN

9¢ 14 (x4 07¢C 81 91 1A [ 01 80 90 v0 40 0

oouepunqe

5.0

X : parts per Million : Proton

S257



I3C NMR spectrum of 6ba-1 (solvent: CDCls)
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13C NMR spectrum (inset) of 6ba-1 (solvent: CDCls)
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CLCDCDCl,)

IH NMR spectrum of 6ba-2 (solvent
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IH NMR spectrum (inset) of 6ba-2 (solvent: Cl,CDCDCl,)
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I3C NMR spectrum of 6ba-2 (solvent: CDCls)
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13C NMR spectrum (inset) of 6ba-2 (solvent: CDCls)
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IH NMR spectrum (inset) of 7ba (solvent: CDCI5)
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13C NMR spectrum of 7ba (solvent: CDCls)
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I3C NMR spectrum (inset) of 7ba (solvent: CDCls)
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CDCls)

IH NMR spectrum of 9 (solvent
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IH NMR spectrum (inset) of 9 (solvent: CDCI3)
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I3C NMR spectrum of 9 (solvent: CDClz)
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I3C NMR spectrum (inset) of 9 (solvent: CDCls)
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CDCls)

IH NMR spectrum of 10 (solvent

k.

.

S09

(=]
hug
t | V|

D

66'¢

“olo

J

900°0-
LT N 5000

3.0

,,,,77,,,7,,,,77,,,77,,,77,,,77,,,7,,,,77,,,77,,,77,,,77,,,77,,,77,,,77,,,7,,,,77,,,7,,,,77,,,77,,,77,,, T
0°0C 061 081 O°LI 091 0°ST O%I O°E€I OCI O'IT 00T 06 08 0L 09 0S¢ Ov 0¢€ 0C O O
oouepunqe

X : parts per Million : Proton

S272



IH NMR spectrum (inset) of 10 (solvent: CDCl3)
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13C NMR spectrum (inset) of 10 (solvent: CDCls)
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CDCls)

IH NMR spectrum of S1 (solvent
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IH NMR spectrum (inset) of S1 (solvent: CDCI5)
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I3C NMR spectrum of S1 (solvent: CDCls)
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I3C NMR spectrum (inset) of S1 (solvent: CDCls)
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IH NMR spectrum of 11 (solvent: CDCls)
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IH NMR spectrum (inset) of 11 (solvent: CDClz)
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CDCls)

13C NMR spectrum of 11 (solvent
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I3C NMR spectrum (inset) of 11 (solvent: CDCI3)
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CDCls)

IH NMR spectrum of 6ha (solvent
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IH NMR spectrum (inset) of 6ha (solvent: CDCI5)
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13C NMR spectrum of 6ha (solvent: CDCls3)
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I3C NMR spectrum (inset) of 6ha (solvent: CDCls)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

abundance
0

163.0 161.0 159.0 157.0 155.0 153.0 151.0 149.0 147.0 145.0 143.0 141.0 139.0 137.0 1350 133.0 131.0 129.0 127.0 125.0 123.0 121.0 119.0 117.0

o~ 7a) on N— 00—t NN O N ) >
0 S o~ — NN OOV D N O N o \O
Vel e <t AN N N0 — O N S
0 o~ "0) N —— O O\ Q) 00 00 00 I~ <t on A
Vo) Vel N NenenenonAAANANANA @\l [@\Ne\|

— T e e e — —] — —

X : parts per Million : Carbonl13

S287




'H NMR spectrum of 12 (solvent: Cl,CDCDCI)
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'H NMR spectrum (inset) of 12 (solvent: Cl,CDCDCl,)
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13C NMR spectrum of 12 (solvent: Cl,CDCDCI»)
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I3C NMR spectrum (inset) of 12 (solvent: CLCDCDCI,)
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IH NMR spectrum of 13 (solvent: CDCls)
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I3C NMR spectrum of 13 (solvent: CDClz)
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I3C NMR spectrum (inset) of 13 (solvent: CDCls)
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IH NMR spectrum of 15 (solvent
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IH NMR spectrum (inset) of 15 (solvent: CDCI3)
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I3C NMR spectrum of 15 (solvent
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I3C NMR spectrum (inset) of 15 (solvent: CDCls)
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CDCls)

IH NMR spectrum of 16 (solvent
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IH NMR spectrum (inset) of 16 (solvent: CDCI3)
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I3C NMR spectrum of 16 (solvent: CDClz)
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I3C NMR spectrum (inset) of 16 (solvent: CDCls)
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IH NMR spectrum of 18 (solvent: CDCls)
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IH NMR spectrum (inset) of 18 (solvent: CDCI3)
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I3C NMR spectrum of 18 (solvent: CDClz)
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I3C NMR spectrum (inset) of 18 (solvent: CDCls)
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IH NMR spectrum of 19 (solvent: CDCls)
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IH NMR spectrum (inset) of 19 (solvent: CDCI3)
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I3C NMR spectrum of 19 (solvent: CDClz)

Bu

S |
on

: ' By
S |
(@\]

1 Bu
S |

i Ly . \J e " . o i ¥ " J I A

abundance
1

150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 0.0 20.0 10.0 0

N\, AN

(8]

35.130 ~__

31.596
30330 —

o~
S
=
<
o

-0.010

X : parts per Million : Carbonl13

S310




I3C NMR spectrum (inset) of 19 (solvent: CDCls)
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