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Supplementary Figure 1. "H NMR (600 MHz, CDCl) of 1a
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Supplementary Figure 2. BC NMR (150 MHz, CDCL;) of 1a
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Supplementary Figure 3. "H NMR (600 MHz, CDCl;) of 2f
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Supplementary Figure 4. BC NMR (150 MHz, CDCI;) of 2f
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Supplementary Figure 5. "H NMR (600 MHz, CDCl;) of 3aa
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Supplementary Figure 6. 3C NMR (150 MHz, CDCL;) of 3aa
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Supplementary Figure 7. "H NMR (600 MHz, CDCl;) of 3ab
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Supplementary Figure 9. F NMR (565 MHz, CDCL;) of 3ab
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Supplementary Figure 10. "H NMR (600 MHz, CDCl;) of 3ac
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Supplementary Figure 12. F NMR (565 MHz, CDCI;) of 3ac
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Supplementary Figure 13. "H NMR (600 MHz, CDCl;) of 3ad
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Supplementary Figure 15. "H NMR (600 MHz, CDCl;) of 3ae
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Supplementary Figure 16. BC NMR (150 MHz, CDCL;) of 3ae
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Supplementary Figure 17. "H NMR (600 MHz, CDCl;) of 3af
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Supplementary Figure 18. 3C NMR (150 MHz, CDCL;) of 3af
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Supplementary Figure 19. "H NMR (600 MHz, CDCl;) of 3ag
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Supplementary Figure 20. C NMR (150 MHz, CDCl;) of 3ag
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Supplementary Figure 21. "H NMR (600 MHz, CDCl;) of 3ah
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Supplementary Figure 24. BC NMR (150 MHz, CDCL;) of 3ai
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Supplementary Figure 25. "H NMR (600 MHz, CDCl;) of 3aj
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Supplementary Figure 26. 3C NMR (150 MHz, CDCl;) of 3aj
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Supplementary Figure 32. BC NMR (150 MHz, CDCI;) of 7
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Supplementary Figure 40. BC NMR (150 MHz, CDCI;) of 12
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Supplementary Figure 41. UV-vis absorption (solid line) and fluorescence spectra (broken
line) of 6, 11, and 12 in cyclohexane. Absorption and fluorescence spectra were normalized.
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Supplementary Figure 42. Energy surface of n-complexation and insertion
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Supplementary Table 1. Uncorrected and zero-point/thermal-corrected (353.15K) energies of

stationary points (Hartree) and their Cartesian coordinates.”

compound SCS-MP2 ZPE-corrected H G

9,10Pd -3112.28758017  -3111.952546  -3111.911379  -3112.037355
TS _9Pd-10Ph  -3112.26739205  -3111.932653  -3111.892403 -3112.015648
9Pd-10Ph -3112.30257031  -3111.965748  -3111.925322  -3112.049677
1,2Pd -3112.27922752  -3111.944296  -3111.903161  -3112.029096
TS_2Pd-3Ph -3112.25061561  -3111.916266  -3111.876115  -3111.998444
2Pd-3Ph -3112.26477025  -3111.928666  -3111.888330  -3112.011000
2,3Pd_1 -3112.27230942  -3111.937552  -3111.896336  -3112.022723
TS_2Pd-1Ph -3112.25914851  -3111.924700  -3111.884439  -3112.007596
2Pd-1Ph -3112.28180495  -3111.945207  -3111.904938  -3112.027455
2,3Pd 2 -3112.27249533  -3111.937763  -3111.896527  -3112.023023
TS_3Pd-4Ph -3112.26270610  -3111.928156  -3111.887933  -3112.010646
3Pd-4Ph -3112.28587841  -3111.949187  -3111.908972  -3112.031041
3-4Pd -3112.28066663  -3111.945701  -3111.904573  -3112.030501
TS_3Pd-2Ph -3112.25108298  -3111.916719  -3111.876578  -3111.998839
3Pd-2Ph -3112.26532032  -3111.929213  -3111.888909  -3112.011259

(a) E: electronic energy; ZPE: zero-point energy; H (=E+ZPE+E,j+EtEqanstRT): sum of electronic and

themal enthalpies; G (=H-TS): sum of electronic and thermal free energies
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-0.11661000
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1.05728700
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-0.98775100
-0.73080800
-1.97642400
-3.28335400
-1.76640600
-4.23893800
-2.77066500
-3.97761400
-3.53066100
-5.76398400
-5.22004900
-2.43677700
0.80303200
2.49227500
3.39401200
2.46767700
4.37619700
3.28384500
1.85195800
4.32192100
5.15503500
3.20424100
5.29633200
4.19649400
2.17748700
5.23962200
6.07617600
4.14502200
2.14569400
1.38729200
5.97904000
4.90811900
3.13782800
1.34848200
3.11181300
2.18734200
3.92422800
2.36724900
1.44628800
2.43941700
0.64459100
1.44958900
1.63292800
3.14188600
0.73941700
-0.03253600
1.70471200
0.12889100
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-5.99018400

-1.39428000
0.43751500
-0.68868700
-0.87936100
0.45587500
0.09338500
1.48402200
1.29009000
-2.27212000
-0.06515500
2.44688200
2.84904800
-1.07794500
-0.67716800
-1.71563900
0.64091300
-1.14475500
1.05091400
1.36977800
0.13578600
-1.81028600
2.37536700
0.60948100
2.78515800
3.28712100
1.87072300
-0.07578000
4.08221500
4.55898400
2.99099100
2.21923200
4.38934500
4.96314800
5.24354600
5.96290100
-0.82752600
-2.31406300
-2.66098700
-3.38869800
-2.97013800
-4.39308900
-3.25771800
-3.95882100
-2.43815400
-4.67785200
-4.95588700
-4.18651300
-5.46420600

1.27400000

0.54612000
-1.36624200
0.27828200
0.85748700
-0.67362800
0.68430400
-0.75312800
-0.12293000
1.81897900
1.43233900
-0.28661200
-1.73308100
-0.73287400
-1.86522700
-1.22650700
-1.34314000
-0.27306500
-0.27661200
-1.85872900
0.19802600
0.09428300
0.29872200
1.15766500
1.23981300
-0.03818400
1.64037100
1.47782200
1.77677500
0.50517800
-0.71977700
2.35611000
2.48668700
1.41296900
0.23223500
1.83624400
-2.90038900
-1.97859600
-0.50278400
-1.30992200
0.88013200
-0.74367500
-2.38972500
1.42132000
1.51524000
0.61143100
-1.38015100
2.48134700
1.04628400



Supplementary Table 2. Effect of catalyst *

X mol% [Pd]

O O 10 mol% [Ag] O O
Me. 2.0 equiv o-chloranil
SRR - 00O
Me” 0.1 M DCE
C 5y %% O X

1b 2a 3ba
0.2 mmol 1.5 equiv
entry [Pd] X [Ag] yield b
1 Pd(OAc), 5 mol% none nd
2 Pd(OAc)» 5 mol% AgOTf 12%
3 Pd(OCOCF3), 5 mol% AgOTf 23%
4 PdCl, 5 mol% AgOTf 36%
5 PdCl, 5 mol% AgBF, 37%
6 PdCl, 5 mol% AgPFg 2%
7 PdCl, 5 mol% AgSbFg 41%
8 Pd(CH3CN)4(BF4)» 5 mol% none 48%
9 Pd(CH3CN)4(SbFg), 5 mol% none 43% (43%)
10 Pd(CH3CN)4(SbFg), 10 mol% none (33%)
11 Pd(CH3CN)4(SbFg), 20 mol% none (25%)
12 Pd(CH3CN)4(SbFg), 30 mol% none (19%)

(a) Reaction conditions: phenanthrene 1b (0.2 mmol), dimethyldibenzosilole 2a (1.5 equiv), Pd catalyst (x
mol%), silver salt (10 mol%), o-chloranil (2.0 equiv), 1,2-dichloroethane (2 mL), 80 °C, 2 h. (b) Isolated yield.

The numbers in the parentheses are GC yield calculated using n-dodecane as an internal standard.
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Supplementary Table 3. Amount of dibenzosilole and o-chloranil *

O Q 5 mol% Pd(CH4CN) 4(SbFg)s O O
Me. Y equiv o-chloranil

() - - 00
Me” 0.1 M DCE

O O 80°C, 2h O O

1b 2a 3ba
0.2 mmol X equiv

entry X equiv Y equiv GC yield P

1 1.0 2.0 18%
2 1.25 2.0 25%
3 1.5 2.0 48% ¢
4 2.0 2.0 38%
5 2.5 2.0 44%
6 1.5 1.0 21%
7 1.5 1.5 27%
8 1.5 3.0 39%

(a) Reaction conditions: phenanthrene 1b (0.2 mmol), dimethyldibenzosilole 2a (X equiv), PA(CH;CN)4(SbF¢),
(5 mol%), o-chloranil (Y equiv), 1,2-dichloroethane (2 mL), 80 °C, 2 h. (b) GC yield was calculated using

n-dodecane as an internal standard. (c) Isolated yield.
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Supplementary Table 4. Effect of solvent, concentration and reaction temperature *

Q Q 5 mol% Pd(CHZCN) 4(SbFg)s O O
Me. 2.0 equiv o-chloranil

5 ee
Me” X M solvent

&y wd T e T O

1b 2a 3ba
0.2 mmol 1.5 equiv
entry solvent X (M) Y GC yield®
1 DCE 0.1 80 °C 48%°
2 0-Cl,CgH, 0.1 80 °C 23%
3 PhClI 0.1 80 °C 28%
4 PhCF3 0.1 80 °C 41%
5 PhF 0.1 80 °C 31%
6 CeFs 0.1 80 °C 3%
7 toluene 0.1 80 °C 23%
8 DCE 0.2 80 °C 38%
9 DCE 0.05 80 °C 40%
10 DCE 0.025 80 °C 40%
11 DCE 0.02 80 °C 35%
12 DCE 0.1 140 °C 40%
13 DCE 0.1 120 °C 38%
14 DCE 0.1 100 °C 47%
15 DCE 0.1 60 °C 37%
16 DCE 0.1 40 °C 12%
17 DCE 0.1 rt 5%

(a) Reaction conditions: phenanthrene 1b (0.2 mmol), dimethyldibenzosilole 2a (1.5 equiv), PA(CH3;CN)4(SbF),
(5 mol%), o-chloranil (2.0 equiv), solvent (X M), Y °C, 2 h. (b) GC yield was calculated using n-dodecane as an
internal standard. (c) Isolated yield.
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Supplementary Methods
1. General

Unless otherwise noted, all materials including dry solvents were obtained from commercial
suppliers and used without further purification. PdCl, was purchased from Wako. AgSbFs was
purchased from Aldrich. o-Chloranil was purchased from TCI and recrystallized from benzene before
use. Unless otherwise noted, all reactions were performed with dry solvents under an atmosphere of
nitrogen or argon in oven-dried glassware with standard vacuum-line techniques. 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 Fjs4
precoated plates (0.25 mm). Preparative thin-layer chromatography (PTLC) was performed using
Wako-gel® B5-F silica coated plates (0.75 mm) prepared in our laboratory. Preparative gel permeation
chromatography (GPC) was performed with a JAI LC-9204 instrument equipped with
JAIGEL-1H/JAIGEL-2H columns using chloroform as an eluent. Gas chromatography (GC) analysis
was conducted on a Shimadzu GC-2010 instrument equipped with a HP-5 column (30 m x 0.25 mm,
Hewlett-Packard). The developed chromatogram was analyzed by UV lamp (254 nm and 365 nm).
High-resolution mass spectra (HRMS) were obtained from a JMS-T100TD instrument (DART),
Bruker Daltonics Ultraflex III TOF/TOF (MALDI-TOF-MS) and Thermo Fisher Scientific Exactive
(ESI, APCI). Nuclear magnetic resonance (NMR) spectra were recorded on a JEOL ECS-600 (‘H 600
MHz, °C 150 MHz, "°F 565 MHz) spectrometer and a JEOL ECA 600II with Ultra COOL™ probe
("H 600 MHz, "°C 150 MHz). Chemical shifts for 'H NMR are expressed in parts per million (ppm)
relative to tetramethylsilane (d 0.00 ppm). Chemical shifts for °C NMR are expressed in ppm relative
to CDCl; (d 77.0 ppm). Chemical shifts for "’F NMR are expressed in parts per million (ppm) relative
to hexafluorobenzene (d —162.00 ppm) as an external standard. Data are reported as follows: chemical
shift, multiplicity (s = singlet, d = doublet, dd = doublet of doublets, t = triplet, q = quartet, m =

multiplet, br = broad signal), coupling constant (Hz), and integration.
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2. Preparation of Substrates

2-1. Preparation of Pd(CH;CN),(SbF),

PdCl, + 2 AgSbF, 3 Pd(CH,CN)4(SbFo);
3 )

overnight

To a suspension of PdCl, (177 mg, 1.0 mmol) in CH3CN (10 mL) was added AgSbF, (687 mg, 2.0
mmol), and the resultant mixture was stirred at room temperature overnight. The reaction mixture was
filtrated, then Et,0O was added into the filtrate to recrystallize Pd(CH3;CN)4(SbF¢),. The complex was
collected by filtration (710 mg, 96%).

2-2. Preparation of 2,7-di-fert-butylphenanthrene (1a)

1) =—TMS
By PdCI (PPhj)
Q THF/Et3N
HIO4 2H20 t, overnlght PtCI2
CC|4, CHscOZH K2003 tOluene
O H,0, H,SO, CHJCl, 80 °C
80 °C MeOH overnight
Bu overnight rt, 1h

Synthesis of 4,4’-di-tert-butyl-2-ethynyl-1,1°-biphenyl'

To a solution of 4,4’-di-tert-butylbiphenyl (13.3 g 50 mmol) in CCl,/CH;CO,H/H,O/H,SO, (20
mL/25 mL/5 mL/1 mL) were added iodine (12.7 g, 50 mmol) and HIO,-2H,0 (5.7 g, 25 mmol), and
the resulting reaction mixture was stirred at 80 °C overnight. After cooled to room temperature, sat.
NaHCOj; aq. was added to the reaction mixture and it was extracted with CH,Cl,. Combined organic
layer was dried over Na,SO,, filtrated and concentrated under reduced pressure to give
4,4’-di-tert-butyl-2-iodo-1,1’-biphenyl. This crude product was used for the next step without
purification.

A solution of 4,4’-di-tert-butyl-2-iodo-1,1’-biphenyl, trimethylsilylacetylene (7.4 g, 75 mmol),
PdCl,(PPhs), (1.75 g, 2.5 mmol), and Cul (476 mg, 2.5 mmol) in THF/triethylamine (100 mL/100
mL) was stirred at room temperature overnight. IN HCI aq. was added to the reaction mixture and it
was extracted with CH,Cl,. Combined organic layer was dried over Na,SOy, filtrated and concentrated
under reduced pressure. The crude mixture was dissolved in MeOH/CH,Cl, (50 mL/50 mL), and
K,CO; (6.9 g, 50 mmol) was added. Resulting suspension was stirred at room temperature for 1 h.
Water was added and the organic layer was extracted with CH,Cl,. The combined organic phases were
dried over MgSO,, filtrated and concentrated under reduced pressure. Obtained crude

4,4’-di-tert-butyl-2-ethynyl-1,1’-biphenyl was used for the next step without purification.
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PtCl,-catalyzed synthesis of 2,7-di-fert-butylphenanthrene (1a)’

A solution of 4,4’-di-tert-butyl-2-ethynyl-1,1’-biphenyl and PtCl, (664 mg 2.5 mmol) in toluene
(100 mL) was stirred at 80 °C overnight. The solvent was removed under reduced pressure. The
residue was purified by silica gel column chromatography (eluent: hexane), and further purified by
recrystallization from CH,Cl,/MeOH to obtain 2,7-di-fert-butylphenanthrene (1a) (5.0 g, 17 mmol,
total 34% yield in 4 steps). '"H NMR (600 MHz, CDCl;) d 8.57 (d, J= 9.0 Hz, 2H), 7,82 (d, J = 2.4 Hz,
2H), 7.71 (dd, J = 9.0, 2.4 Hz, 2H), 7.70 (s, 2H), 1.45 (s, 18H); C NMR (150 MHz, CDCl;) d 148.9,
131.7, 128.1, 127.0, 124.8, 124.1, 122.3, 34.7, 31.4. HRMS (DRAT, ESI") m/z calcd for CyHy,
[M+H]": 291.2113, found: 291.2112.

2-3. Preparation of silicon-bridged aromatics
Silicon-bridged aromatics 2a°, 2b*, 2¢*, 2d*, 2¢*, 2f*, 2¢°, 2n*, 2i’, 2§*, 2k*, 2I°, 2m*, 4%, and 10°

were prepared from the corresponding biphenyls according to reported method.

Synthesis of 5,5-dimethyl-3,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-SH-dibenzo
[b,d]siloles (2f)°

Cl pinB
2.5 mol% Pd,dbasCHClI4
O 5.0 mol% X-phos Q
Me. . 2.2 equiv Bpin, Me. .
Me/SI 3.0 equiv KOAc Me’SI
>
O dioxane O
100 °C, 12 h
Cl pinB
2e 2f
1.0 mmol 87%

A solution of 2e (279mg, 1.0 mmol), bis(pinacolate)diboron (559 mg, 2.2 mmol), Pd,(dba);-CHCl;
(tris(dibenzylideneacetone)dipalladium-CHCls, 26 mg, 0.025 mmol), XPhos
(2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl, 24 mg, 0.05 mmol), potassium acetate (294
mg, 3 mmol) in dry 1,4-dioxane (10 mL) was heated with stirring at 80 °C for 16 h. After the reaction
mixture was cooled down to room temperature, the reaction was quenched with water. Then the
mixture was extracted with EtOAc. The combined organic phases was dried over Na,SOy, filtered and
concentrated under reduced pressure. The crude product was passed through a short pad of silica gel
(eluent: EtOAc). After the organic solvent was removed under reduced pressure, the residue was
purified by recrystallization from EtOH to yield 2f (400 mg, 87%) as a white solid.

'H NMR (600 MHz, CDCl;) d 8.10 (s, 2H), 7.90 (dd, J = 7.9, 1.2 Hz, 2H), 7.86 (d, J = 7.2 Hz, 2H),
1.37 (s, 24H), 0.42 (s, 6H); °C NMR (150 MHz, CDCls) d 150.3, 139.2, 138.6, 136.9, 127.9 (br),
120.5, 83.7, 24.8, -3.2. HRMS (ESI") m/z caled for C,sH3;04B,Si [M+H]": 463.2642, found:
463.2626.
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3. APEX Reaction of PAHs with Siloles

3-1. General procedure

Ve @ 5 Mol% PA(CHACN) ,(SbF), O @

2.0 equiv o-chloranil

R
,— H Si e
SeIRE ~ {0
H @ DCE, 80°C, 2h @
R
1

Gl —.'J' ' :1
<~ R G 'J
2 3
1.5 equiv

A solution of phenanthrene derivative 1 (0.20 mmol, 1.0 equiv), silicon-bridged aromatics 2 (0.30
mmol, 1.5 equiv), Pd(CH3CN)4(SbFs), (7.4 mg, 10 mmol, 5 mol%), and o-chloranil (98 mg, 0.40
mmol, 2.0 equiv) in DCE (2 mL) was stirred at 80 °C in the screw cap glass tube. After 2 hours, the
reaction mixture was cooled to room temperature, and then passed through a short pad of silica gel
(eluent: CH,Cl,). After the organic solvent was removed under reduced pressure, the residue was

purified by PTLC or silica gel column chromatography to yield n-extended PAH.

3,14-Di-tert-butyldibenzo[g,p]chrysene (3aa)
PTLC: hexane only, Yield: 77.0 mg, 88%.
'H NMR (600 MHz, CDCl3) d 8.693 (dd, J = 10.4, 1.2 Hz, 4H), 8.687 (s, 2H), 8.58 (d,
B J=9.0 Hz, 2H), 7.70 (dd, J = 8.4, 1.8 Hz, 2H), 7.65 (t, /= 6.9 Hz, 2H), 7.62 (t, J =
O 7.5 Hz, 2H), 1.44 (s, 18H); °C NMR (150 MHz, CDCl;) d 148.8, 130.8, 129.5, 128.7,
“ 128.6, 127.9, 126.40, 126.37, 125.2, 124.4, 123.6, 123.1, 35.0, 31.4. One aromatic
O O carbon signal can be overlapped. HRMS (DART, ESI") m/z caled for C3,Hs; [M+H]":
Bu 441.2582, found: 441.2579.

Dibenzo[g.p]chrysene (3ba)’ CAS:191-68-4

PTLC: hexane only, Yield: 31.3 mg, 48%

vge

6,11-Di-tert-butyl-3-(trifluoromethyl)dibenzo[g.p]chrysene (3ab)

By PTLC: hexane only, Yield: 90.5 mg, 89%.

O O '"H NMR (600 MHz, CDCly) d 9.03 (s, 1H), 8.78 (d, J = 8.4 Hz, 1H), 8.75-8.69 (m,
“ 2H), 8.68 (d, J = 1.8 Hz, 1H), 8.62-8.57 (m, 3H), 7.86 (dd, J = 8.7, 1.5 Hz, 1H), 7.74

O O (dd, J = 8.4, 1.8 Hz, 1H), 7.73 (dd, J = 8.7, 2.1 Hz, 1H), 7.71-7.67 (m, 2H), 1.442 (s,
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9H), 1.440 (s, 9H); "C NMR (150 MHz, CDCl;) d149.5, 149.1, 132.8, 130.2, 129.9,
129.0, 128.9, 128.8 (2C), 128.7, 128.4, 128.20 (Jer = 32.1 Hz), 128.17, 127.4,127.3, 126.7, 126.3
CJer=4.3Hz),125.2, 125.02, 124.96, 124.8, 124.6 (‘Jer =271 Hz), 124.3, 124.0, 123.25, 123.22,
122.2 CJcp = 4.4 Hz), 35.04, 35.02, 31.4,31.3; ”F NMR (565 MHz, CDCl;) d —62.25 (s). HRMS
(DART, ESI") m/z calcd for C3sH3,F3 [M+H]": 509.2456, found: 509.2456.

6,11-Di-tert-butyl-3-fluorodibenzo|g,p]chrysene (3ac)
PTLC: hexane only, Yield: 84.9 mg, 93%.

By 'H NMR (600 MHz, CDCl;) d 8.70-8.65 (m, 3H), 8.65 (d, J= 2.4 Hz, 1H), 8.63 (dd,
O O J=8.4,1.2 Hz, 1H), 8.60 (dd, J=9.0, 1.2 Hz, 2H), 8.38 (dd, J = 11.7, 2.7 Hz, 1H),

‘|‘ 7.74 (dt, J = 8.4, 2.3 Hz, 2H), 7.67 (td, J= 7.8, 1.2 Hz, 1H), 7.62 (td, J= 7.5, 1.2 Hz,

O O 1H), 7.40 (ddd, J = 9.0, 7.8, 3.0 Hz, 1H), 1.46 (s, 9H), 1.45 (s 9H); C NMR
(150 MHz, CDCl3) d 161.5 ("Jer = 242.9 Hz), 149.2, 149.0, 131.0 (*Jcr = 8.6 Hz),
130.5, 129.1, 129.0, 128.9, 128.7, 128.6, 128.5 (2C), 127.3, 127.2 (*Jcr = 2.8 Hz),
126.7, 126.2, 125.8 CJcr = 8.6 Hz), 125.4, 124.8, 124.7, 124.5, 123.5, 123.2, 123.1, 114.7 (Jcr =
23.1 Hz), 113.7 (Jer = 23.0 Hz), 35.0, 31.4; ’F NMR (565 MHz, CDCls) d —114.87 (t, J = 13.0 Hz).
HRMS (DART, ESI") m/z calcd for Ca4Hs,F [M+H]": 459.2488, found: 459.2484.

6,11-Di-tert-butyl-3-chlorodibenzo[g,p]chrysene (3ad)

PTLC: hexane only, Yield: 84.0 mg, 88%.

BU 'H NMR (600 MHz, CDCL3) d 8.76 (s, 1H), 8.74-8.70 (m, 2H), 8.68-8.65 (m, 2H),
8.64 (d, J = 8.4 Hz, 1H), 8.61 (d, J = 8.4 Hz, 2H), 7.75 (dt, J = 9.0, 2.1 Hz, 2H),

O“O 7.71-7.65 (m, 2H), 7.63 (dd, J = 8.7, 2.1 Hz, 1H), 1.50 (s, 9H), 1.48 (s, 9H); "*C

O 0 NMR (150 MHz, CDCl;) d 149.2,149.0, 132.4, 130.6, 130.2, 129.5,129.0, 128.9
(2C), 128.7, 128.6, 128.5, 128.3,128.1, 126.8, 126.7, 126.6, 126.5, 125.3, 125.2,
124.9, 124.8, 124.6, 123.5, 123.2 (2C), 35.04, 35.02,31.42,31.39. HRMS (DART,

ESI") m/z caled for C34H3,C1 [M+H]": 475.2193, found: 475.2179.

3,14-Di-tert-butyl-6,11-dichlorodibenzo|g,p]chrysene (3ae)
Silica gel column chromatography: hexane/EtOAc = 10:1 to 5:1, Yield: 71.4 mg, 70%.
By cl 'H NMR (600 MHz, CDCl3) d 8.72 (d, J = 1.8 Hz, 2H), 8.64 (d, J = 1.8 Hz, 2H), 8.62

(d, J=9.0 Hz, 2H), 8.58 (d, /=9.0 Hz, 2H), 7.77 (dd, J = 9.0, 1.8 Hz, 2H), 7.63 (dd,

O“O J =9.0, 2.4 Hz, 2H), 1.48 (s, 18H); °C NMR (150 MHz, CDCl;) d 149.3, 132.7,

O O 130.5, 128.7, 128.5, 128.3, 128.1, 127.7, 126.8, 125.0 (2C), 124.9, 123.2, 35.0,
31.4. HRMS (DART, ESI') m/z caled for CsHs3 Cl, [M+H]: 509.1803, found:
509.1805.
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2,2'-(6,11-Di-tert-butyldibenzo|g,p]chrysene-3,14-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan
e) (3af)

Silica gel column chromatography: hexane/EtOAc = 10:1 to 6:1, Yield: 34.1 mg, 25%.

'H NMR (600 MHz, CDCl3) d 9.31 (s, 2H), 8.78 (d, J= 1.8 Hz, 2H), 8.74 (d, /= 8.0
Hz, 2H), 8.61 (d, J = 9.0 Hz, 2H), 8.05 (dd, J = 7.8, 0.6 Hz, 2H), 7.73 (dd, J = 8.4,
1.8 Hz, 2H), 1.49 (s, 18H), 1.37 (s, 24H); >C NMR (150 MHz, CDCl;) d 148.7,
136.9, 132.6, 131.4, 129.1, 128.7, 128.6, 127.9, 126.6 (br), 126.1, 124.2, 122.9,
122.8, 83.9, 35.1, 31.5, 25.0. HRMS (ESI") m/z caled for C4Hss04B, [M+H]":
693.4281, found: 693.4282.

Bu Bpin

o
ava

vs)
c

Bpin

3,6,11,14-Tetra-tert-butyldibenzo|g,p]chrysene (3ag)
PTLC: hexane only, Yield: 69.0 mg, 63%.
By By 'H NMR (600 MHz, CDCl3) d 8.65 (d, J = 1.8 Hz, 4H), 8.59 (d, J = 8.4 Hz, 4H), 7.71
(dd, J = 8.7, 1.5 Hz, 4H), 1.44 (s, 36H); °C NMR (150 MHz, CDCl;) d 148.8, 129.1,
‘ 128.5, 128.4, 124.9, 124.3, 123.2, 35.1, 31.6. HRMS (DART, ESI") m/z calcd for
C4oHyo [M+H]': 553.3834, found: 553.3854.

gy

Bu Bu

6,11-Di-tert-butyl-3-methoxydibenzo|g,plchrysene (3ah)
PTLC: hexane/CH,Cl, = 4:1, Yield: 69.6 mg, 74%.

By 'H NMR (600 MHz, CDCls) d 8.77 (d, J = 1.2 Hz, 1H), 8.69 (d, J = 1.2 Hz, 1H),

O 8.66 (d, J= 8.4 Hz, 1H), 8.63—-8.58 (m, 4H), 8.17 (d, /= 3.0 Hz, 1H), 7.75-7.71 (m,

‘ 2H), 7.65 (t, J= 7.5 Hz, 1H), 7.57 (t,J=7.5 Hz, 1H), 7.30 (dd, /= 9.0, 2.4 Hz, 1H),
3.94 (s, 3H) 1.46 (s, 9H), 1.45 (s, 9H); *C NMR (150 MHz, CDCl;) d 158.3, 148.9,
148.8, 130.9, 130.7, 128.9, 128.8 (3C), 128.7, 128.6, 128.5, 127.7, 126.5, 125.5,
125.4, 125.2, 124.9, 124.50, 124.48, 124.39, 123.3, 123.11, 123.06, 116.4, 109.9,
55.4, 35.1, 35.0, 31.6, 31.4. HRMS (DART, ESI") m/z caled for C3sH3s0 [M+H]'": 471.2688, found:
471.2681.

Q0
&

Bu OMe

6,11-Di-tert-butyl-1-methoxydibenzo[g,p]chrysene (3ai)
PTLC: hexane only, Yield: 53.4 mg, 57%.
Bu 'H NMR (600 MHz, CDCl;) d 9.43-9.39 (m, 1H), 8.67-8.64 (m, 2H),
O 8.63-8.60 (m, 1H), 8.55 (dd, J = 9.0, 1.2 Hz, 2H), 8.29 (d, J = 8.4 Hz, 1H),
‘ 7.69 (t, J = 7.8 Hz, 2H), 7.60-7.56 (m, 2H), 7.53 (t, J = 8.1 Hz, 1H), 7.15 (d, J
O OMe _ 7.8 Hz, 1H), 4.10 (s, 3H), 1.43 (s, 18H); °C NMR (150 MHz, CDCl;) d
157.8, 148.8, 148.6, 132.0, 130.3, 129.2, 128.8, 128.75, 128.69 (2C), 128.6,

2 OQO
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128.4, 127.9 (20), 126.7, 126.2, 125.5, 125.2 (2C), 124.4, 124.2, 123.04, 123.02, 121.2, 120.7, 108.5,
55.9, 34.9 (20C), 31.4 (2C). HRMS (DART, ESI") m/z calcd for C3sH3sO [M+H]": 471.2688, found:
471.2679.

3,16-Di-fert-butyltribenzo|a,c.fltetraphene (3aj)

PTLC: hexane only, Yield: 46.4 mg, 47%.

'H NMR (600 MHz, CDCl3) d 9.15 (s, 1H), 9.12 (s, 1H), 8.89 (s, 1H), 8.80 (d, J =
7.8 Hz, 1H), 8.69 (s, 1H), 8.63-8.57 (m, 3H), 8.12 (d, /= 7.8 Hz, 1H), 7.97 (d, J =
8.4 Hz, 1H), 7.72 (dd, J = 8.4, 1.8 Hz, 1H), 7.70 (dd, J= 8.7, 1.5 Hz, 1H), 7.67 (t,J
=17.5 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.58-7.50 (m, 2H), 1.45 (s, 9H), 1.44 (s,
9H); C NMR (150 MHz, CDCl;) d 148.9, 148.8, 132.0, 131.6, 131.3, 130.2,
129.9, 128.9, 128.8, 128.7, 128.6, 128.42, 128.39, 128.2, 128.1, 128.0, 127.9 (2C),
126.8, 126.7, 126.0, 125.9, 125.1, 124.9, 124.5, 124.4, 124.3, 123.1, 122.2, 35.0 (2C), 31.44, 31.42.
One aromatic carbon signal can be overlapped. HRMS (DART, ESI+) m/z calcd for CigHss [M+H]+:
491.2739, found: 491.2722.

4H-Benzo|plindeno|7,1,2-ghi]chrysene (3ca)

A solution of 4H-Cyclopenta[def]phenanthrene 1¢ (19 mg, 0.10 mmol, 1.0 equiv), 2a (32 mg, 0.15
mmol, 1.5 equiv), PA(CH3CN)4(SbF), (3.7 mg, 5 mmol, 5 mol%), and o-chloranil (49 mg, 0.20 mmol,
2.0 equiv) in DCE (1 mL) was stirred at 80 °C in the screw cap glass tube. After 2 hours, the reaction
mixture was cooled to room temperature, and then passed through a short pad of silica gel (eluent:
CH,Cl,). After the organic solvent was removed under reduced pressure, the residue was purified by
silica gel column chromatography (eluent: hexane/CH,Cl, = 7:1) to give 3ca (17.3 mg, 51%).

'H NMR (600 MHz, CDCl3) d 9.10 (dd, J = 7.8, 1.2 Hz, 2H), 8.79 (dd, J= 7.8, 1.2

O Hz, 2H), 8.72 (d, J = 7.8 Hz, 2H), 7.81-7.76 (m, 4H), 7.75-7.68 (m, 4H), 4.45 (s,

“‘ 2H); *C NMR (150 MHz, CDCl;) d 141.6, 138.4, 130.8, 130.4, 128.5, 128.2, 127.1,

O O 126.68, 126.66, 125.7, 124.7, 123.5, 121.6, 37.4. HRMS (DART, ESI") m/z caled
for Cp7H,7 [M+H]": 341.1330, found: 341.1331.
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3-2.2:1 APEX reaction of 1a with 4.

&

Bu

1a
5.0 equiv

) e

Me\
Me -s;j

)

4
1.0 equiv

5 mol% Pd(CH3CN)4(SbFg),
O Si. “Me 4.0 equiv o-chloranil

DCE, 80°C, 2h

A solution of 2,7-di-tert-butylphenanthrene (1a) (145 mg, 0.5 mmol, 5.0 equiv), 4 (34.3 mg, 0.1
mmol, 1.0 equiv), PA(CH3CN)4(SbFs), (7.4 mg, 10 mmol, 5 mol%), and o-chloranil (98 mg, 0.4 mmol,
4.0 equiv) in DCE (2 mL) was stirred at 80 °C for 2 h in the screw cap glass tube. After the reaction
mixture was cooled to room temperature, the mixture was passed through a short pad of silica gel
(eluent: CH,Cl,). After the organic solvent was removed under reduced pressure, the residue was
purified by silica gel column chromatography (eluent: hexane/CH,Cl, = 19:1) to give 5 (55.3 mg, 69%
yield).

'H NMR (600 MHz, CDCI5/CS,) d 9.90 (s, 2H), 9.07 (s, 2H), 8.85 (d, J = 7.8 Hz, 2H), 8.72-8.68
(m, 4H), 8.66 (d, /= 8.4 Hz 2H), 8.62 (d, /= 9.0 Hz, 2H), 7.81 (d, /= 9.0 Hz, 2H), 7.71 (d, /= 9.0 Hz,
2H), 7.66-7.61 (m, 4H), 1.56 (s, 18H), 1.44 (s, 18H); "C NMR (150 MHz, CDCI5/CS,)
d 149.1, 148.7, 131.1, 130.0, 129.4, 129.1, 129.0, 128.8, 128.7, 128.6, 128.3, 128.2, 128.0, 126.53,
126.49, 125.1 (2C), 124.6, 124.4, 123.8, 123.7, 123.3, 123.1, 35.0, 34.9, 31.6, 31.4. HRMS (APCI)
m/z calcd for Cg,Hsg [M+H]+: 803.4611, found: 803.4576.

3-3. 1:2 APEX reaction of 6 with 2a

(gram-scale synthesis of

10,21-di-fert-butylhexabenzo|a,c.fg.j,l,op|tetracene (7))

Bu

O Q 5 mol% Pd(CH5CN) 4(SbF)» O O O
Me. 4.0 equiv o-chloranil

(1) -+ et = LI

Me” O DCE, 80°C,2h X

C > O 9

Bu

6 2a 7
3.0 equiv

A solution of 2,7-di-tert-butylpyrene (6, 1.57 g, 5.0 mmol, 1.0 equiv), 2a (3.15 g, 15 mmol, 3.0
equiv), Pd(CH;3;CN)4(SbF¢), (185.5 mg, 0.25 mmol, 5 mol%), and o-chloranil (4.92 g, 20 mmol, 4.0
equiv) in DCE (50 mL) was stirred at 80 °C in the screw cap glass tube. After 8 h, the reaction mixture

was cooled to room temperature, and then the organic solvent was removed under reduced pressure.
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The residue was purified by silica gel column chromatography (eluent: hexane/CH,Cl,= 9:1) to give
10,21-di-tert-butylhexabenzo[a,c.fg,j,l,op]tetracene (7) (2.6 g, 83% yield). 'H NMR (CDCl;, 600
MHz) d 9.05 (s, 4H), 8.90 (d, J = 8.2 Hz, 4H), 8.82 (d, J = 8.2 Hz, 4H), 7.76 (t, J = 8.2 Hz, 4H), 7.70
(t, J = 8.2 Hz, 4H), 1.61 (s, 18H); °C NMR (CDCls, 100 MHz) d 147.7, 131.0, 129.9, 128.5, 128.3,
127.9, 126.7, 126.6, 123.8, 123.4, 122.8, 35.7, 31.8. HRMS (DART, ESI"') m/z calcd for CugHso
[M+H]": 615.3052, found: 615.3067.

3-4. Preparation of 7,7'-di-tert-butyl-2,2'-bipyrene (8).

O 1.1eqvuiv Ni(cod),
1.1 equiv bipy

3@ -
dioxane, 90 °C, 24 h

<o

Bu
8

A solution of 7-(fert-butyl)pyren-2-yl trifluoromethanesulfonate (81 mg, 0.20 mmol, 1.0 equiv),
bis(1,5-cyclooctadiene)nickel (60 mg, 0.22 mmol, 1.1 equiv), and 2,2’-bipyridyl (34 mg, 0.22 mmol)
in dry 1,4-dioxane (2 mL) was stirred at 90 °C in 20-mL glass vessel tubes equipped with J. Young®
O-ring tap containing a magnetic stirring bar. After 14 h, the reaction mixture was cooled to room
temperature, passed through a short pad of silica gel (eluent: CH,Cl,). After cooled down to room
temperature, the mixture was concentrated under reduced pressure. The mixture was extracted with
CHClI;. The combined organic phase was dried over Na,SO,4 and concentrated under reduced pressure.
The crude product was purified by silica gel column chromatography (eluent: hexane/CH,Cl, = 6:1) to
give 8 (102.6 mg, 99% yield).

'H NMR (600 MHz, CDCl;) d 8.64 (s, 4H), 8.26 (s, 4H), 8.18 (d, J = 9.0 Hz, 4H), 8.12 (d, J=9.0
Hz, 4H), 1.61 (s, 18H); °C NMR (150 MHz, CDCl;) d 149.2, 139.0, 131.6, 131.1, 128.1, 127.5, 124.4,
123.9, 122.9, 122.5, 35.3, 32.0. HRMS (APCI) m/z caled for CyqHss [M+H]": 5152733, found:
515.2727.
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3-5.1:4 APEX reaction of 8 with 2a.

Bu
" O 15 mol% Pd(CH3CN) ,(SbFg),
Me . 10 equiv o-chloranil
4 >
O Me O DCE, 80°C,1 h

8 2a 9
10 equiv

A solution of 7,7'-di-fert-butyl-2,2'-bipyrene (8) (51 mg, 0.10 mmol, 1.0 equiv), 2a (210 mg, 1.0
mmol, 10 equiv), Pd(CH3CN)4(SbF), (11 mg, 0.015 mmol, 15 mol%), and o-chloranil (245 mg, 1.0
mmol, 10 equiv) in DCE (4 mL) was stirred at 80 °C in the screw cap glass tube. After 1 h, the
reaction mixture was cooled to room temperature, and the residue was subjected to silica gel column
chromatography (eluent: hexane/CH,Cl, = 4:1), and then purified by PTLC (eluent: CHCIl;) to give
21,21'-di-tert-butyl-10,10'-bihexabenzo[a,c,fg.j,l,op]tetracene (9) (34.3 mg, 31% yield).

'H NMR (600 MHz, CDCl;) d 9.65 (s, 4H), 9.11 (s, 4H), 9.08 (d, J = 8.4 Hz, 4H), 8.94 (d, J= 7.2
Hz, 4H), 8.85 (d, /= 7.2 Hz, 8H), 7.80-7.76 (m, 8H), 7.73 (t, J= 7.5 Hz, 4H), 7.49 (t, J = 7.8 Hz, 4H),
1.64 (s, 18H); °*C NMR (150 MHz, CDCl5) d 148.3, 137.9, 131.2, 131.0, 129.83, 129.76, 129.0, 128.7,
128.6, 128.4, 128.2, 127.3, 126.9, 126.74, 126.68, 125.2, 123.9, 123.7, 122.7, 35.8, 31.8. HRMS
(APCI) m/z caled for CggHso [M+H]": 1115.4611, found: 1115.4556.

3-6.2:1 APEX reaction of 6 with 10.

Bu

Bu Bu
O O 5 mol% Pd(CH5CN) 4(SbF), O O O
Me .Me 4.0 equiv o-chloranil
‘ + s si
Bu Bu

‘ sCL O“‘O‘
Me O Me DCE, 80°C, 6 h

Bu
6 10 1
3.0 equiv 1.0 equiv

A solution of 2,7-di-fert-butylpyrene (6) (47 mg, 0.15 mmol, 3.0 equiv),
4,4,8,8-tetramethyl-4,8-dihydro-4,8-disilacyclopenta[def]fluorene (10) (13 mg, 0.05 mmol, 1.0 equiv),
Pd(CH;CN)4(SbFs), (2 mg, 2.5 mmol, 5 mol%), and o-chloranil (49 mg, 0.2 mmol, 4.0 equiv) in DCE
(2 mL) was stirred at 80 °C in the screw cap glass tube. After 6 h, the reaction mixture was cooled to

room temperature, and the residue was subjected to silica gel column chromatography (eluent:
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hexane/CH,Cl, = 4:1), and then purified by preparative recycling gel permeation chromatography
(CHCIl3) to give 2,7,13,18-tetra-tert-butylhexabenzo[de, hi,Im,qr,uv,yzlhexacene (11) (20.6 mg, 53%
yield).

'H NMR (600 MHz, CDCls) d 9.31 (d, J = 1.8 Hz, 4H), 9.26 (d, J = 8.4 Hz, 4H), 8.28 (d, /= 1.8
Hz, 4H), 8.18-8.14 (m, 6H), 1.64 (s, 36H); °C NMR (150 MHz, CDCl;) d 148.2, 131.0, 129.3, 128.8,
128.4, 127.5, 125.4 (2C), 124.7, 123.9, 123.2, 122.1, 35.5, 31.9. HRMS (APCI) m/z calcd for CeoHss
[M+H]": 775.4298, found: 775.4269.

3-7.1:2 APEX reaction of 11 with 2a.

Bu Bu

O O O O 15 mol% Pd(CHaCN) 4(SbFe),
Me ‘s 5.0 equiv o-chloranil
+ i >
%“O“O‘ i) oo e

Bu Bu

1 2a
1.0 equiv 4.0 equiv

A solution of 11 (18 mg, 22.8 mmol, 1.0 equiv), 2a (19 mg, 91.3 mmol, 4.0 equiv),
Pd(CH;CN)4(SbFs), (2.0 mg, 3.4 mmol, 15 mol%), and o-chloranil (28 mg, 114 mmol, 5.0 equiv) in
DCE (0.5 mL) was stirred at 80 °C in the screw cap glass tube. After 4 h, the reaction mixture was
cooled to room temperature, and the residue was subjected to silica gel column chromatography
(eluent: hexane/CH,Cl, = 6:1), and then purified by preparative recycling gel permeation
chromatography (eluent: CHCl) to give
10,16,27,33-tetra-tert-butyldecabenzo[a,a;b;,c.e f1.fg.jk.no,rt,wx]octacene (12) (4.1 mg, 17% yield).

'H NMR (600 MHz, CDCls) d 9.33 (d, J = 1.2 Hz, 4H), 9.28 (d, J = 7.8 Hz, 4H), 9.15 (d, J= 1.2
Hz, 4H), 8.98 (d, J = 7.8 Hz, 4H), 8.85 (d, J = 7.2 Hz, 4H), 8.22 (t, J = 8.1 Hz, 2H), 7.79 (td, J = 7.2,
1.8 Hz, 4H), 7.74 (td, J= 7.8, 1.2 Hz, 4H), 1.67 (s, 36H); C NMR (150 MHz, CDCl;) d 147.9, 131.1,
129.9, 129.2, 128.8, 128.6, 128.4 (2C), 128.0, 126.8, 126.7, 125.6, 125.5, 125.0, 123.8, 123.7, 123.25,
123.15, 35.8, 31.9. HRMS (APCI) m/z caled for Cg4Hgy [M+H]'": 1075.5237, found: 1075.5209.
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4. Photophysical Measurement

UV/vis absorption spectra of 6, 11 and 12 in chloroform were recorded on a JASCO UV-570
spectrometer with a resolution of 0.5 nm. Emission spectrum of 6, 11 and 12 in chloroform were
measured with a JASCO FP-6600 spectrometer with a resolution of 0.4 nm upon excitation at 280 nm
for 6, 325 nm for 11 and 345 nm for 12. Dilute solution in spectral grade chloroform in a 1 cm square

quartz cell was used for measurements. For details, see Supplementary Figure 41.
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5. Computational Study
Computational methodology

All the calculations were carried out using the Gaussian 09 program packageg. Geometry
optimizations were performed at the density functional theory (DFT) level using the Becke’s
three-parameter hybrid functional’, PW91 non-local correlation functional'® (B3PW91) in conjunction
with following basis sets; LanL2DZ'"'"> with effective core potential (ECP) for Pd, 6-31+G*'*'*'> for
O, C on phenanthrene and phenyl group due to the necessity of diffuse function to describe the extra
electron placed far from the nuclei in the atoms, 6-31G* for CI and other C atoms, 6-31G** for H on
phenanthrene and 6-31G for other H atoms (called BS1). All structures were optimized without any
symmetry assumptions and verified to be minima (no imaginary frequencies) or transition states (one
imaginary frequency) on the free energy surface with analytical frequency calculations with
B3PW91/BS1 level of theory. The transition states were confirmed by full intrinsic reaction
coordinate'®'” (IRC) calculations at the B3PW91/BS1 level. Full IRC calculations allowed displaying
the direct connection between transition states and their corresponding reactants and products. For
single-point energy calculations we employed the spin-component-scaled Meller-Plesset second-order
perturbation theory'® (SCS-MP2) to obtain more reliable energy because it usually gives results close
to the experimental value. With SCS-MP2 theory we used larger basis sets; Stuttgard-Dresden basis
set'” (SDD) with ECP for Pd, 6-311+G* for O, C on phenanthrene and phenyl group, 6-311G* for Cl
and other C atoms, 6-311G** for H (called BS2). Zero-point energy, enthalpy, and Gibbs free energy
at 353.15 K and 1 atm were estimated from the gas-phase studies. For calculation details, see

Supplementary Figure 42 and Supplementary Table 1.
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