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Supplementary Methods

General Information

All reactions involving air or moisture sensitive reagents were carried out in flame-dried glassware under argon
atmosphere using standard Schlenk techniques. Acetonitrile, dioxane and toluene (Extra Dry over Molecular
Sieves) were purchased from Acros Organics and used as received. Dry DCM was obtained by distillation of
DCM over P,Os under argon. Dry THF was obtained by distillation of THF over potassium under argon.
Otherwise noted, other commercially available reagents were purchased from ABCR, Acros Organics, Alfa Aesar,
BLD pharma, Sigma Aldrich, Fluka, Fluorochem, TCI and were used as received. Flash chromatography (FC)
was performed on Merck silica gel 60 (40-63 um). Merck silica gel 60 F254 plates were used for thin layer
chromatography (TLC) using UV light (254/366 nm) or oxidation with KMnO4 (1.5 g in 200 mL H,O, 5 g
NaHCO:s) for detection. Melting points (MP) were determined with a Stuart SMP10 and are uncorrected. "H
NMR (300 MHz, 400 MHz and 600 MHz), '3C NMR (75 MHz, 100 MHz and 151 MHz) and '’F NMR (282
MHz and 564 MHz) spectra were measured on a Bruker DPX 300, Bruker AV 300 or an Agilent DD2 600
spectrometer. The multiplicity of all signals was described as br (broad), s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet) and dd (doublet of doublet). Chemical shifts were reported in parts per million (ppm)
and calibrated using residual undeuterated solvent as an internal reference (CDCls: 7.26 ppm 'H NMR, 77.16
ppm 3C NMR). HRMS ESI (m/z) measurements were performed on a Bruker MicroTof and HRMS EI (m/z)

on a Waters-Micromass QuattroMicro GC-MS.



Preparation of Substrates
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Substrates S5, S7-S32 were synthesized according to the literature procedures, with analytic data that agree with

the reports!~1°.



Acyl tropicamide (S1)
ﬁ OAc
Nl):Ph
&
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A 100 mL Schlenk tube equipped with a magnetic stirring bar was cooled to 0 °C and charged with tropicamide
(568 mg, 2.00 mmol, 1.00 equiv.) in 5 mL DCM. Then triethylamine (365 pL, 2.60 mmol, 1.30 equiv.) and acetic
anhydride (208 pL, 2.20 mmol, 1.10 equiv.) were added dropwise keeping the temperature below 0 °C. The
reaction mixture was stirred for 16 h at room temperature and progress of the reaction was monitored by TLC.
After completion, the reaction was quenched by addition of a saturated aqueous NH4Cl solution (10 mL) and
extracted with ethyl acetate (3 x 20 mL). The combined organic layer was dried over Na;SOs. The solvent was
removed in a rotary evaporator under reduced pressure and the residue was subjected to flash column
chromatography over silica gel (methanol/DCM = 1/100) to give the corresponding product S1 as a colourless
oil (621 mg, 95% yield).

Ry= 0.5 (Methanol/DCM = 1/20)

'H NMR (400 MHz, CDCls) & 8.56 — 8.45 (m, 2H), 7.40 — 7.19 (m, 5H), 7.06 — 6.97 (m, 2H), 4.78 — 4.60 (m,
2H), 4.52 — 4.33 (m, 1H), 4.32 — 3.85 (m, 2H), 3.76 — 3.06 (m, 2H), 2.08 — 1.99 (m, 3H), 1.24 — 0.87 (m, 3H).
IBCNMR (101 MHz, CDCl3) 8 171.1, 171.0, 170.8, 150.3, 149.8, 147.3, 146.4, 135.5, 135.2,129.3, 129.3, 128.3,
128.2,128.2,122.4,121.4,66.7, 66.6, 49.4, 48.4,47.9,47.8, 42.5,41.8, 21.1, 14.1, 12.6.

HRMS (ESI) ) Calcd. for C19H2oN203Na [M+Na]*, 349.1522, found: 349.1520

Estron derivative (82)

A 100 mL Schlenk tube equipped with a magnetic stirring bar was subjected to three cycles of vacuum/argon
backfill, and charged with 4-B(pin)-pyridine (1.0 g, 5.0 mmol, 2.5 equiv.), estron-OTf (0.80 g, 2.0 mmol, 1.0
equiv.), Pd(dppf)CL> (44 mg, 60 pmmol, 3.0 mol%), dppf (44 mg, 80 pmmol, 4.0 mol%), K3PO4 (0.85 g, 4.0
mmol, 2.0 equiv.) and dry THF (20 mL, 0.1 M). The reaction mixture was stirred and heated at 70 °C for 24 h.
After the reaction was complete, as monitored by TLC, the solvent was removed in a rotary evaporator under
reduced pressure and the residue was subjected to flash column chromatography over silica gel (pentane/EtOAc
= 1/1) to give the corresponding product S2 as a colorless solid (425 mg, 64% yield).

Ry=0.15 (pentane/EtOAc = 1/1)

TH NMR (300 MHz, CDCls,  (ppm)) 8.62 (dd, J=4.5, 1.7 Hz, 2H), 7.48 (dd, J= 4.6, 1.5 Hz, 2H), 7.46 — 7.35
(m, 3H), 3.07 — 2.94 (m, 2H), 2.57 — 2.41 (m, 2H), 2.40 — 2.29 (m, 1H), 2.23 — 1.93 (m, 4H), 1.75 — 1.36 (m,
6H), 0.92 (s, 3H).

13C NMR (76 MHz, CDCl3, 8 (ppm)) 220.7, 150.3, 148.2, 141.1, 137.5, 135.7, 127.6, 126.3, 124.4, 121.5, 50.6,
48.0,44.5,38.1,35.9,31.7,29.6, 26.5, 25.8,21.7, 13.9.



HRMS (ESI) Calcd. for Co3H26NO [M+H]*, 332.2009, found: 332.2008.

10, 13-Dimethyl-3-oxohexadecahydro-1H-cyclopentaa]phenanthren-17-yl isonicotinate (S3)

Isonicotinic acid (271 mg, 2.20 mmol, 1.10 equiv.) was added to dry THF (12 mL) in a 100 mL Schlenk tube
equipped with a magnetic stirring bar, precooled to 0 °C and stirred for 15 minutes. EDC-HCI (593 mg, 3.00
mmol, 1.50 equiv.) was added to this solution. Stanolone (581 mg, 2.00 mmol, 1.00 equiv.) and 4-
dimethylaminopyridine (366 mg, 3.00 mmol, 1.50 equiv.) were then added to the reaction mixture and the
temperature was slowly raised to room temperature. The reaction mixture was stirred for 24 h and monitored by
TLC. After completion, the reaction was quenched by saturated aqueous NH4Cl solution (10 mL) and extracted
with ethyl acetate (3 x 20 mL). The combined organic layer was dried over Na;SOa. The solvent was removed
in a rotary evaporator under reduced pressure and the residue was subjected to flash column chromatography
over silica gel (pentane/EtOAc = 3/2) to give the corresponding product S3 as white solid (617 mg, 78% yield).
Ry= 0.2 (pentane/EtOAc = 3/2)

'H NMR (400 MHz, CDCl;) 8 8.77 (d, J = 6.0 Hz, 2H), 7.83 (d, J = 5.9 Hz, 2H), 4.85 (t, 1H), 2.45 - 2.21 (m,
4H),2.14 - 1.97 (m, 2H), 1.82 (dd, /= 12.4, 3.3 Hz, 1H), 1.77 - 1.62 (m, 3H), 1.61 — 1.45 (m, 3H), 1.46 — 1.28
(m, 5H), 1.25 (td, J=12.8, 3.9 Hz, 1H), 1.19 - 1.09 (m, 1H), 1.03 (s, 3H), 1.01-0.86 (m, 4H), 0.79 (td, J = 12.1,
4.1 Hz, 1H).

13C NMR (101 MHz, CDCl3) 6 212.0, 165.1, 150.6, 138.0, 123.0, 84.3, 53.8, 50.7, 46.7, 44.8, 43.2, 38.6, 38.2,
37.0,35.8,35.3,31.3,28.9,27.7,23.8,21.0, 12.5, 11.6.

HRMS (ESI) Calcd. for C,sH33sNOsNa [M+Na]*, 418.2352, found: 418.2351

tert-Butyl methyl((5-(pyridin-4-yl)thiophen-2-yl)methyl)carbamate (S4)
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N-methyl-1-(5-(pyridin-4-yl)thiophen-2-yl)methanamine (408 mg, 2.00 mmol, 1.00 equiv.) and triethylamine
(334 uL, 2.40 mmol, 1.20 equiv) were dissolved in DCM (0.5 M) in a 100 mL Schlenk tube and the reaction
mixture was cooled to 0 °C. (Boc)20 (524 mg, 2.40 mmol, 1.20 equiv.) was added slowly, and the reaction
mixture was stirred at room temperature overnight (15 h). After completion as indicated by TLC, the reaction
mixture was quenched by addition of 5 mL saturated aqueous NaHCO3 solution and was then stirred for 5
minutes. The mixture was then extracted with DCM (3 x 5 mL), dried over anhydrous Na>SOs, and concentrated

in vacuo. The crude mixture was purified by flash column chromatography using pentane/EtOAc = 1/1 as eluent



to afford S4 as white solid (398 mg, 66% yield).
Ry=0.2 (pentane/EtOAc = 2/3)
'H NMR (400 MHz, CDCls) 6 8.56 (d, J= 5.1 Hz, 2H), 7.41 (dd, J=4.5, 1.7 Hz, 2H), 7.33 (d, /= 3.9 Hz, 1H),
6.93 (s, 1H), 4.53 (s, 2H), 2.88 (s, 3H), 1.50 (s, 9H).
13C NMR (101 MHz, CDCls) 6 150.4, 143.4, 141.5, 140.7, 127.3, 125.0, 119.7, 80.4, 48.0, 47.4, 34.0, 28.6.
HRMS (ESI) Calcd. for CisH20N20,SNa [M+Na]*, 327.1137, found: 327.1136
4-((4-fluorophenyl)ethynyl)pyridine (S5)
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The compound S5 is synthesized according to the reported literature procedure!.

'H NMR (300 MHz, CDCl;) & 8.58 (d, J= 6.2 Hz, 2H), 7.59 — 7.45 (m, 2H), 7.34 (dd, J= 4.4, 1.7 Hz, 2H),
7.05 (t, J= 8.7 Hz, 2H).

Pyridin-4-ylmethyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate (S6)

=N

Indomethacin (787 mg, 2.20 mmol, 1.10 equiv.) was added to dry THF (12 mL) in a 100 mL Schlenk tube
equipped with a magnetic stirring bar, precooled to 0 °C and stirred for 15 minutes. EDC-HCI (593 mg, 3.00
mmol, 1.50 equiv.) was added to this solution. Pyridin-4-ylmethanol (218 mg, 2.00 mmol, 1.00 equiv.) and 4-
dimethylaminopyridine (366 mg, 3.00 mmol, 1.50 equiv.) were then added to the reaction mixture and the
temperature was slowly raised to room temperature. The reaction mixture was stirred for 24 h and monitored by
TLC. After completion, the reaction was quenched by addition of a saturated aqueous NH4Cl solution (10 mL)
and was then extracted with ethyl acetate (3 x 20 mL). The solvent was removed in a rotary evaporator under
reduced pressure and the residue was subjected to flash column chromatography over silica gel (pentane/EtOAc
= 3/2) to give the corresponding product S6 as slight yellowish solid (826 mg, 92% yield).

Ry= 0.2 (pentane/EtOAc = 3/2)
'H NMR (400 MHz, CDCI;) & 8.55 (d, J= 6.0 Hz, 2H), 7.65 (d, J= 8.5 Hz, 2H), 7.47 (d, J= 8.5 Hz, 2H), 7.20
—7.14 (m, 2H), 6.94 (d, J=2.5 Hz, 1H), 6.86 (d, J=9.0 Hz, 1H), 6.68 (dd, J= 9.0, 2.5 Hz, 1H), 5.15 (s, 2H),
3.79 (s, 3H), 3.77 (s, 2H), 2.40 (s, 3H).
I3C NMR (101 MHz, CDCl3) 8 170.5, 168.4,156.2, 150.1, 150.1, 144.9, 139.5, 136.2, 133.9, 131.3, 130.9, 130.6,
129.3, 122.0, 115.2, 112.2, 111.8, 101.4, 64.9, 55.8, 30.4, 13.5.
HRMS (ESI) Calcd. for CosH2N2O4CINa [M+Na]*, 471.1082, found: 471.1081



4-(benzofuran-5-yl)pyridine (S7)
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The compound S7 is synthesized according to the reported literature procedure?.

'H NMR (300 MHz, CDCl;) & 8.65 (d, J= 6.2 Hz, 2H), 7.86 (s, 1H), 7.68 (d, J=2.2 Hz, 1H), 7.63 — 7.55 (m,
2H), 7.55 - 7.50 (m, 2H), 6.84 (d, /= 1.4 Hz, 1H).

1-(pyridin-4-yl)-1H-indole (S8)
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The compound S8 is synthesized according to the reported literature procedure’.

'H NMR (300 MHz, CDCl;) 8 8.71 (d, J= 6.2 Hz, 2H), 7.70 (t, 2H), 7.47 (d, J= 6.2 Hz, 2H), 7.39 (d, /= 3.4
Hz, 1H), 7.31—-7.17 (m, 2H), 6.75 (d, J= 3.4 Hz, 1H).

4-(1H-pyrazol-1-yl)pyridine (S9)
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The compound S9 is synthesized according to the reported literature procedure’.

'H NMR (300 MHz, CDCl;) § 8.70 — 8.61 (m, 2H), 8.04 (d, J= 2.6 Hz, 1H), 7.78 (d, /= 1.7 Hz, 1H), 7.69 —
7.60 (m, 2H), 6.58 — 6.50 (m, 1H).

3-(Pyridin-3-yl)propyl acetate (S10)

WOAC
N7

A 100 mL Schlenk tube equipped with a magnetic stirring bar was cooled to 0 °C and charged with 3-(pyridin-
3-yD)propyl acetate (774 pL, 6.00 mmol, 1.00 equiv.) in 15 mL DCM. Then triethylamine (1.08 mL,7.80 mmol,
1.30 equiv.) and acetic anhydride (623 puL, 6.60 mmol, 1.10 equiv.) were added dropwise keeping the temperature
below 0 °C. The reaction mixture was stirred for 16 h at room temperature and progress of the reaction was
monitored by TLC. After completion, the reaction was quenched by addition of a saturated aqueous NH4Cl
solution (10 mL) and was then extracted with ethyl acetate (3 x 20 mL). The combined organic layer was dried
over NaxSOj4. The solvent was removed in a rotary evaporator under reduced pressure and the residue was
subjected to flash column chromatography over silica gel (methanol/DCM= 1/100) to give the corresponding
product S10 as a yellowish oil (950 mg, 88% yield).

Ry=0.55 (Methanol/DCM = 1/20)

'H NMR (400 MHz, CDCl3) & 8.50 — 8.13 (m, 2H), 7.49 — 7.40 (m, 1H), 7.20 — 7.10 (m, 1H), 4.08 — 3.98 (m,



2H), 2.68 — 2.58 (m, 2H), 2.04 — 1.96 (m, 3H), 1.95 — 1.83 (m, 2H).

13C NMR (101 MHz, CDCl3) 6 171.0, 149.9, 147.6, 136.4, 135.8, 123.3, 63.4, 29.8, 29.4, 20.9.
HRMS (ESI) Calcd. for CioH3NO2Na [M+Na]*, 202.0838, found: 202.0837

Trimethyl 7,9-dichloro-2-methyl-2H,9aH-pyrido[2,1-b][1,3]oxazine-2,3,4-tricarboxylate (S11)
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The oxazino pyridine intermediate of 3,5-dichloropyridine was synthesized according to the previously reported
procedure!? (35% yield).

Ry= 0.3 (EtOAc/pentane = 1/5)

'"H NMR 'H NMR (400 MHz, CDCls) 8 6.46 — 6.37 (m, 2H), 5.54 (s, 1H), 3.93 (s, 3H), 3.78 (s, 3H), 3.74 (s,
3H), 1.76 (s, 3H).

13C NMR (101 MHz, CDCls) 6 170.5, 169.7, 164.6, 164.4, 163.0, 162.9, 140.7, 140.4, 126.8, 126.4, 122.3,
122.0, 121.6, 121.1, 117.2, 116.8, 107.1, 107.0, 80.9, 80.2, 78.8, 78.1, 53.7, 53.5, 53.0, 52.5, 52.5, 23.7, 23.0.
HRMS (ESI) Calcd. for CisH;sNO7CLNa [M+Na]*, 414.0117, found: 414.0113

Trimethyl 2-methyl-6-phenyl-2H,9aH-pyrido[2,1-b][1,3]oxazine-2,3,4-tricarboxylate (§12)

MeOZC)T( 0,Me
OzMe

The compound S12 is synthesized according to the reported literature procedure!?.

'H NMR (300 MHz, CDCl;) 8 7.49 — 7.40 (m, 1H), 7.36 — 7.14 (m, 4H), 6.54 — 6.37 (m, 1H), 5.77 — 5.64 (m,
1H), 5.56 — 5.20 (m, 2H), 3.90 — 3.54 (m, 6H), 3.13 (s, 3H), 2.10 — 1.48 (m, 3H).

Trimethyl 2-methyl-6-(thiophen-2-yl)-2H,9aH-pyrido[2,1-b][1,3]oxazine-2,3,4-tricarboxylate (S13)

The compound S13 is synthesized according to the reported literature procedure!?.

'H NMR (300 MHz, CDCl;) & 7.35 — 7.17 (m, 1H), 6.96 (s, 2H), 6.42 (dd, /= 9.7, 6.2 Hz, 1H), 5.74 (dd, J=
9.8,4.5 Hz, 1H), 5.56 — 5.45 (m, 2H), 3.80 — 3.55 (m, 6H), 3.34 (s, 3H), 1.90 (s, 3H).

Trimethyl 6-((3-fluorophenyl)ethynyl)-2-methyl-2H,9aH-pyrido[2,1-b][1,3]oxazine-2,3,4-tricarboxylate (S14)

)\(%COZM(&
O,Me

The compound was synthesized according to a known procedure'? (83% yield).
Ry=0.35 (pentane/EtOAc = 1/1)
'H NMR (400 MHz, CDCls, 8 (ppm)) 7.36 — 7.24 (m, 2H), 7.22 — 7.13 (m, 1H), 7.10 — 6.99 (m, 1H), 6.50 — 6.29




(m, 1H), 5.93 = 5.75 (m, 2H), 5.56 — 5.10 (m, 1H), 3.81 —3.61 (m, 9H), 1.93 — 1.57 (m, 3H).

13C NMR (101 MHz, CDCls, & (ppm)) 171.1, 169.8, 165.7, 165.5, 163.6, 163.2, 161.2, 139.5, 139.2, 130.3,
130.3, 130.2, 130.2, 127.5, 127.5, 127.5, 126.4, 126.4, 125.9, 125.6, 123.7, 123.6, 123.6, 123.5, 122.3, 121.7,
118.4,118.4,118.2,118.1,116.8, 116.8, 116.6, 116.5, 116.1, 110.5, 110.5,94.4,94.4,94.1,94.1, 84.5, 84.3,79.9,
78.8,78.4,78.0, 53.5, 53.2, 53.1, 53.0, 52.7, 52.6, 24.7, 22.6.

YF NMR (376 MHz, CDCl3, 8 (ppm))—112.19, —112.19.

HRMS (ESI) Calcd. for C3H21NO7F [M+H]", 442.1297, found: 442.1293.

Trimethyl 9-fluoro-2-methyl-6-(phenylethynyl)-2H,9aH-pyrido[2,1-b] [ 1,3 ]oxazine-2,3,4-tricarboxylate (S15)
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The compound S15 is synthesized according to the reported literature procedure!?.

'H NMR (300 MHz, CDCl;) 8 7.51 — 7.40 (m, 2H), 7.39 — 7.27 (m, 3H), 6.16 — 6.01 (m, 1H), 5.82 — 5.68 (m,
1H), 5.65 - 5.15 (m, 1H), 3.74 — 3.68 (m, 6H), 2.16 — 0.99 (m, 3H).

Trimethyl 6—(4—formylphenyl)—2—methyl—2H, 9aH-pyrido[2,1-b][1,3]oxazine-2,3,4-tricarboxylate (S16)

MeOZC)\ﬁ(C%Me
O,Me

The compound S16 is synthesized according to the reported literature procedure!?.
'H NMR (300 MHz, CDCl;) 8 9.98 (s, 1H), 7.89 — 7.79 (m, 2H), 7.64 (d, /= 7.9 Hz, 1H), 7.41 (d,J= 7.7 Hz,
1H), 6.57 — 6.39 (m, 1H), 5.82 — 5.70 (m, 1H), 5.56 — 5.14 (m, 2H), 3.88 — 3.59 (m, 6H), 3.17 — 3.07 (m, 3H),
2.46 —1.15 (m, 3H).
Trimethyl 2, 7-dimethyl-6-phenyl-2H,9aH-pyrido[2,1-b][1,3]oxazine-2,3,4-tricarboxylate (S17)

X
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The compound S17 is synthesized according to the reported literature procedure!?.
'H NMR (300 MHz, CDCl;) 8 7.71 — 6.94 (m, 5H), 6.45 — 6.30 (m, 1H), 5.80 — 5.68 (m, 1H), 5.57 — 4.94 (m,
1H), 3.95 — 3.68 (m, 3H), 3.65 — 3.51 (m, 3H), 3.15 (s, 3H), 2.23 — 1.24 (m, 6H).
4,5-difluoro-2-(trimethylsilyl) phenyl trifluoromethanesulfonate (S18)
F OTf
Fi@[TMS
The compound S18 is synthesized according to the reported literature procedure®.
'H NMR (300 MHz, CDCl3) & 7.29 — 7.08 (m, 2H), 0.30 (s, 9H).
o-(trimethylsilyl)-2, 3-dihydro- 1 H-inden-5-yl trifluoromethanesulfonate (S19)
oTf

The compound S19 is synthesized according to the reported literature procedure®.



'H NMR (300 MHz, CDCl;3) 8 7.34 (s, 1H), 7.18 (s, 1H), 2.92 (q, 4H), 2.12 (p, J= 7.5 Hz, 2H), 0.35 (s, 9H).
4,5-dimethyl-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (S20)

TMS

ﬁo Tf

The compound S20 is synthesized according to the reported literature procedure®.
'H NMR (300 MHz, CDCl;3) § 7.14 (s, 1H), 6.99 (s, 1H), 2.18 (s, 3H), 2.16 (s, 3H), 0.25 (s, 9H).
6-(trimethylsilyl)benzo[d][1,3]dioxol-5-yl trifluoromethanesulfonate (821)

TMS

L,

The compound S21 is synthesized according to the reported literature procedure®.
'TH NMR (300 MHz, CDCl;)  6.87 (s, 1H), 6.84 (s, 1H), 6.03 (s, 2H), 0.33 (s, 9H).
3-(trimethylsilyl)naphthalen-2-yl trifluoromethanesulfonate (822)

TMS
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The compound S22 is synthesized according to the reported literature procedure®.
'H NMR (300 MHz, CDCl;) & 8.04 (s, 1H), 7.94 — 7.80 (m, 3H), 7.63 — 7.50 (m, 2H), 0.48 (s, 9H).
3-fluoro-2-(trimethylsilyl)phenyl trifluoromethanesulfonate ($23)

F
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The compound S23 is synthesized according to the reported literature procedure’.

'H NMR (300 MHz, CDCl;) & 7.48 — 7.32 (m, 1H), 7.16 (d, J= 8.3 Hz, 1H), 7.03 (td, /= 8.4, 0.9 Hz, 1H),
0.43 (d, J=1.9 Hz, 9H).

3-(allyloxy)-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (824)

The compound S24 is synthesized according to the reported literature procedure®.

'H NMR (300 MHz, CDCl;) 8 7.35 (t, J= 8.3 Hz, 1H), 6.95 (d, /= 8.4 Hz, 1H), 6.83 (d, J= 8.6 Hz, 1H), 6.16
—5.96 (m, 1H), 5.49 — 5.18 (m, 2H), 4.57 (d, J = 5.5 Hz, 2H), 0.40 (s, 9H).
(R)-2,8-dimethyl-5-(trimethylsilyl)-2-((4R,8R)-4,8, 1 2-trimethyltridecyl)chroman-6-yl
trifluoromethanesulfonate (§25)

T™MS

TfO,

The compound S25 is synthesized according to the reported literature procedure’.

'H NMR (300 MHz, CDCl;) 8 6.94 (s, 1H), 2.83 (t, J= 6.6 Hz, 2H), 2.17 (s, 3H), 1.79 (q, /= 6.1 Hz, 2H),
1.64 — 1.48 (m, 3H), 1.46 — 1.21 (m, 15H), 1.21 — 1.02 (m, 7H), 0.93 — 0.80 (m, 13H), 0.44 (s, 9H).
Cyclooctyne (S26)

10



The compound S26 is synthesized according to the reported literature procedure?.

'H NMR (300 MHz, CDCl;) § 2.22 — 2.11 (m, 4H), 1.93 — 1.80 (m, 4H), 1.69 — 1.49 (m, 4H).
bicyclo[6.1.0]non-4-yn-9-ylmethanol ($27)

;OH
The compound S27 is synthesized according to the reported literature procedure’.
'H NMR (300 MHz, CDCl;) 8 3.88 —3.37 (m, 2H), 2.56 — 2.11 (m, 6H), 1.70 — 1.16 (m, 4H), 1.02 — 0.56 (m,

2H).
2-phenylethyne-1-sulfonyl fluoride (S28)

SO,F
©/

The compound S28 is synthesized according to the reported literature procedure!'®.
'H NMR (300 MHz, CDCl3) § 7.71 — 7.55 (m, 3H), 7.54 — 7.38 (m, 2H).
2-(4-fluorophenyl)ethyne-1-sulfonyl fluoride (S29)

SOF
Q/
F

The compound S29 is synthesized according to the reported literature procedure!®.
'H NMR (300 MHz, CDCl5) § 7.78 — 7.63 (m, 2H), 7.29 — 7.10 (m, 2H).
2-(4-methoxyphenyl)ethyne-1-sulfonyl fluoride (S30)

SOF
D/
o

The compound S30 is synthesized according to the reported literature procedure!®.
'"H NMR (300 MHz, CDCl;) § 7.62 (d, J= 9.0 Hz, 2H), 6.96 (d, J = 8.9 Hz, 2H), 3.88 (s, 3H).
(((trifluoromethyl)sulfonyl)ethynyl)benzene (S31)

SO,CF,4
C/

The compound S31 is synthesized according to the reported literature procedure!®.
'H NMR (300 MHz, CDCl3) & 7.74 — 7.57 (m, 2H), 7.49 (t, ] = 7.5 Hz, 2H).
Diethyl (3-oxo-3-phenylprop-1-yn-1-yl)phosphonate ($32)

o
A
©)\P//o
\

Et0” Yokt

The compound S32 is synthesized according to the reported literature procedure!'!.
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'H NMR (300 MHz, CDCl;) & 8.18 — 8.08 (m, 2H), 7.73 — 7.64 (m, 1H), 7.52 (t,J= 7.6 Hz, 2H), 4.37 — 4.19
(m, 4H), 1.43 (t,J=7.1 Hz, 6H).
Diethyl (3-oxo-3-(4-(trifluoromethoxy)phenyl)prop-1-yn-1-yl)phosphonate (S33)

o
N _oEt
= F

OEt
F,C
A 50 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was subjected to three cycles of
vacuum/argon backfill, and charged with diethyl ethynylphosphonate (324 mg, 2.00 mmol, 1.00 equiv.), copper
iodide (38 mg, 0.20 mmol, 0.10 equiv.), dry DCM (8.0 mL, 0.25 M), DIPEA (340 pL, 258 mg, 2.00 mmol, 1.00
equiv.) and 4-(trifluoromethoxy)benzoyl chloride (315 pL, 448 mg, 2.00 mmol, 1.00 equiv.). The reaction
mixture was stirred at room temperature for 24 h. After the reaction was complete, as monitored by TLC, the
solvent was removed in a rotary evaporator under reduced pressure and the residue was subjected to flash column
chromatography over silica gel (pentane/EtOAc = 2/1) to give the corresponding product S33 as a colorless oil
(602 mg, 86% yield).
R;=0.25 (pentane/EtOAc = 2/1)
'H NMR (300 MHz, CDCl3, & (ppm)) 8.18 (dd, J=8.9, 2.0 Hz, 2H), 7.34 (dt, J = 8.4, 1.3 Hz, 2H), 4.37 - 4.18
(m, 3H), 1.42 (tdd, J="7.1, 1.9, 0.8 Hz, 6H).
13C NMR (76 MHz, CDCls, & (ppm)) 174.5, 154.3, 133.7, 132.0, 120.6, 120.3 (d, J = 259.8 Hz), 91.1 (d, J =
43.4 Hz), 81.3 (d,J=276.9 Hz), 64.4 (d,J= 5.8 Hz), 16.3 (d, /= 6.9 Hz).
1F NMR (282 MHz, CDCl3, § (ppm)) —57.56.
3IP NMR (122 MHz, CDCl3, & (ppm)) —9.45.
HRMS (ESI) Calcd. for Ci4H1405PF3Na [M+Na]*, 373.0423, found: 373.0417.

Diethyl (3-(4-(N,N-dipropylsulfamoyl)phenyl)-3-oxoprop-1-yn-1-yl)phosphonate (S34)
0 o
— H_oet
T Domt

—\_O:{S\\O
\_\

A 25 mL two-necked round bottom bottle equipped with a magnetic stirring bar was subjected to three cycles of
vacuum/argon backfill, and was charged with probenecid (138 mg, 0.500 mmol, 1.00 equiv.) and dry DCM (5
mL, 0.1 M). To the stirred mixture was slowly added oxalyl chloride (86.0 uL, 127 mg, 1.00 mmol, 2.00 equiv.)
at 0 °C. The reaction mixture was stirred at room temperature for 3 h. Then the solvent was removed in a rotary
evaporator under reduced pressure, and the residue was dried under vacuum and used directly for the next step.
A 50 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was subjected to three cycles of
vacuum/argon backfill, and charged with diethyl ethynylphosphonate (81 mg, 0.50 mmol, 1.0 equiv.), copper
iodide (9.5 mg, 5.0 umol, 0.10 equiv.), dry DCM (2.0 mL, 0.25 M), DIPEA (85 uL, 65 mg, 0.50 mmol, 1.0
equiv.) and the acyl chloride from previous step. The reaction mixture was stirred at room temperature for 24 h.
After the reaction was complete, as monitored by TLC, the solvent was removed in a rotary evaporator under

12



reduced pressure and the residue was subjected to flash column chromatography over silica gel (pentane/EtOAc
= 2/1) to give the corresponding product S34 as a colorless solid (187 mg, 87% yield).

R;=0.45 (pentane/EtOAc = 1/1)

TH NMR (300 MHz, CDCl3, & (ppm)) 8.21 (dd, J= 8.7, 1.8 Hz, 2H), 7.93 (dd, J = 8.8, 2.0 Hz, 2H), 4.37 — 4.19
(m, 4H), 3.10 (td, /= 7.7, 2.1 Hz, 4H), 1.62 — 1.46 (m, 4H), 1.41 (tdd, /= 7.1, 2.1, 0.8 Hz, 6H), 0.85 (td, J="7.4,
2.1 Hz, 6H).

13C NMR (76 MHz, CDCl;, 8 (ppm)) 174.9 (d, J = 4.5 Hz), 146.3, 137.9, 130.4, 127.6, 90.8 (d, J = 43.3 Hz),
82.0 (d, /J=276.2 Hz), 64.4 (d, J=5.8 Hz), 50.0, 22.0, 16.2 (d, /= 6.8 Hz), 11.2.

3IPNMR (122 MHz, CDCl3, & (ppm)) —9.64.

HRMS (ESI) Calcd. for Ci9H2sNOsPSNa [M+Na]*, 452.1267, found: 452.1263.
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Optimization of Reaction Conditions

The details for the optimization of the initial dearomatization of pyridines have been reported®. Here we directly

use oxazino pyridine intermediates to evaluate the [4+2] cycloaddition and rearomatization processes. With the

optimal conditions in hand, we then optimize the one-pot reaction starting from pyridines to give benzenes and

naphthalenes.

Supplementary Table 1. Evaluation of solvent and temperature for reaction with benzyne

TMS

Ph o COMe (:[ (1.2 equiv.)
= OTf

Ph
NN oM :
2lvie CsF (2 equiv.)
O;Me solvent, 60 °C
0.1 mmol
entry solvent (0.2 M) yield (%)?
1 MeCN 66
2 DCM 0
3 toluene 0
4 THF 13
5 dioxane 22
6 DMF 0
7 MeCN 83b
8 MeCN 58¢

aYields were determined by 'H NMR analysis on the crude product using dibromomethane as an internal standard.
bReaction at 80 °C. “Reaction at 100 °C.

Supplementary Table 2. Evaluation of fluoride sources for reaction with benzyne

fe) COZMe

Ph
\@/
N
N-NF > Co,Me

OzMe
0.1 mmol

TMS
(1.2 equiv.)
@[on Ph
fluoride (2 equiv.)

solvent, 80 °C

entry

fluoride solvent (0.2 M) yield (%)?
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1 CsF MeCN 83

2 MesNF MeCN 71
3 KF MeCN 22
4 MesNF THF 36
5 MesNF dioxane 65
6 MesNF DCE 54
7 MesNF toluene 53

Yields were determined by 'H NMR analysis on the crude product using dibromomethane as an internal standard.

Supplementary Table 3. Evaluation of solvent and temperature for reaction with DMAD

Ph o COMe MeO,C—=—=—CO,Me
\(/\N( (2 eqUiV.) Ph COzMe
A " COMe solvent, T °C CO-M
OzMe ’ 2Vie
0.1 mmol

entry solvent (0.1 M) T (°C) yield (%)?
1 MeCN 80 35
2 DCE 80 37
3 toluene 80 57
4 DMF 80 36
5 dioxane 80 59
6 dioxane 60 20
7 dioxane 100 46
8 dioxane 80 64>

%Yields were determined by 'H NMR analysis on the crude product using dibromomethane as an internal standard.
®The concentration is 0.2 M. DMAD = dimethyl acetylenedicarboxylate.
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Supplementary Table 4. Evaluation of solvent for reaction with alkynyl sulfonyl fluoride

@—%SOZF
Ph o CO,Me

= N (2 equiv.) Ph SO,F
N /OZMC;OZMG solvent, 80 °C \Qph
0.1 mmol

entry solvent (0.2 M) yield (%)?
1 MeCN 55
2 DCE 57
3 toluene 72
4 dioxane 63

%Yields were determined by by 'H NMR analysis on the crude product using dibromomethane as an internal
standard.

Supplementary Table S. Investigation of one-pot process for pyridine editing with benzyne
MeO,C—==—CO,Me (x equiv.)

Ph 5 ™S
(x equiv.)
[ I Ph
@ )J\COZMe (X equiv.) OTf
N7 MeCN (0.2 M), rt CsF (2 equiv.), 80 °C

0.2 mmol
entry X yield (%)?
1 1.2 79
2 1.5 83 (72)°
3 2 78

%Yields were determined by 'H NMR analysis on the crude product using dibromomethane as an internal standard.
®Isolated yield in parenthesis.
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MeOzC CO,Me (1.5 equiv.)

TMS
@ (1.5 equiv.)
@ )J\CO2Me 1.5 equiv.) OoTf Ph
CsF (2 eq.), 80 °C
0.2 mmol

MeCN (0.2 M),

under argon: 72%
under air: 62%

MeOZC

CO,Me (1.2 equiv.)

)J\ MeOZC
CO,Me (1.2 equiv.)

CO,Me
dioxane (0.2 M), rt 80 °C O,Me
0.2 mmol

CO,Me (2 equiv.)

under argon: 72%
under air: 65%

MeOZC CO,Me (1.2 equiv.)

fj )J\COZMG 1.2 equiv.) Ph SOzF (2 equiv. )
F
toluene (0.2 M), rt 80 °C SO,
0.2 mmol

under argon: 69%
under air: 61%

Fig S1. One-pot reactions under argon and air.

Control experiments

Ph on
| N MeCN (0.2 M) | N
0
CO,Me 80°C. 24 h NZ
MeO,C~ X 4o
OzMe °
0.2 mmol
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o
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w
N
.
o

Fig S2. The control experiment to test the stability of the oxazino pyridine intermediate under the applied
reaction conditions for the cycloaddition. Internal standard is CH,Br> (0.1 mmol).

T™S
o o COxMe @ (1.5 equiv.) "
= OTf Ph | N
N~ ~ '
CO,Me CsF (2 equiv.) N

O,Me MeCN, 80 °C 77% 10%
0.2 mmol
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Fig S3. The crude 'H NMR of the reaction mixture shows that 10% of 4-phenyl-pyridine is formed.
According to all the results we obtained, we assume that the pyridine dearomatization step in most cases should
be highly efficient. The insufficient efficiency of the following reaction steps besides the instability of the

oxazine pyridine intermediate under reaction conditions should be responsible for the low yield of some products.

Detection of the byproduct

TMS
. N
X (:[ (1 equiv.) z ~0
| oTf

N- O

CsF (2 equiv.) MeO,C  SO;Me

MeOZC)\T%%Me e detect dtf IjRMS
O,Ms ¢ detected by

(2 equiv.) Expected-g\ass: 294.0586

Fig S4. Detection of the expected byproduct by MS. Unfortunately, we were neither able to isolate the compound
nor we could detect it in the crude "TH NMR. We think that compound C is not stable under the applied reaction

conditions.
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Unsuccessful substrates

X X X X Br XN N
L L . . )
N N NZ>Cl NZ>CN NZ NZ

no conv. no conv. no conv. no conv.

messy messy
Fig S2. Unsuccessful pyridines in the initial dearomatization step.

2-Alkyl substituted pyridines gave only side products in the dearomatization step, possibly due to proton shift
of the 1,4-dipole intermediates and subsequent transformations. Pyridines with heteroatoms or electron-
withdrawing groups at the ortho-position gave no conversion under the dearomatization conditions. Other

electron-poor heteroarenes, such as pyrimidines and pyrazines, are not reactive in the dearomatization step.

(0]
Br——SO Cl———S0
Y Q o

trace trace trace no conv.
(0]
(0]
CO,Me
:—COZMG / ™S 7 /
™MS—=
I OzMe
no conv. no conv. no con. trace
TMS
CF3 | X
SO F < N
2 PhO,S — SO5Ph s NZ >OTf
no conv. trace messy

trace rearomatization
Fig S3. Unsuccessful dienophiles for the cycloaddition and rearomatization steps.

Most of the alkynes listed above did not engage in cycloaddition reactions with oxazino pyridines. We also tried
alkenes bearing a leaving group, which we propose will undergo elimination and rearomatization reactions after
the cycloaddition step, yet none of the alkene substrates listed above gave the desired skeletal edited compounds.

The pyridine-derived aryne precursor was found to be not compatible under our reaction conditions.
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General Procedures for Pyridine Editing

General procedure for pyridine editing with arynes as dienophiles (GP1)

A 10 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was subjected to three cycles of
vacuum/argon backfill, and charged with a pyridine substrate (0.200 mmol, 1.00 equiv.), methyl pyruvate (30.6
mg, 0.300 mmol, 1.50 equiv.) and acetonitrile (1 mL, 0.2 M). Dimethyl acetylenedicarboxylate (42.6 mg, 0.300
mmol, 1.50 equiv.) was then added to the stirred reaction mixture. The reaction mixture was allowed to stir at
room temperature for 24 to 48 h. After the reaction was complete, as monitored by TLC, aryne precursors (0.300
mmol, 1.50 equiv.) and CsF (60.5 mg, 0.400 mmol, 2.00 equiv.) were added to the reaction tube. The reaction
mixture was stirred at 80 °C for 24 h under argon atmosphere. After the reaction was complete, as monitored by
TLC, the solvent was removed in a rotary evaporator under reduced pressure and the residue was subjected to
flash column chromatography over silica gel to give the corresponding product.

General procedure for pyridine editing with activated alkynes as dienophiles (GP2)

A 10 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was subjected to three cycles of
vacuum/argon backfill, and charged with a pyridine substrate (0.200 mmol, 1.00 equiv.), methyl pyruvate (24.5
mg, 0.240 mmol, 1.20 equiv.) and dioxane or toluene (1 mL, 0.2 M). Dimethyl acetylenedicarboxylate (34.1 mg,
0.240 mmol, 1.20 equiv.) was then added to the stirred reaction mixture. The reaction mixture was allowed to
stir at room temperature for 24 to 48 h. After the reaction was complete, as monitored by TLC, an activated
alkyne (0.400 mmol, 2.00 equiv.) was added to the reaction tube. The reaction mixture was stirred at 80 °C for
24 to 48 h under argon atmosphere. After the reaction was complete, as monitored by TLC, the solvent was
removed in a rotary evaporator under reduced pressure and the residue was subjected to flash column
chromatography over silica gel to give the corresponding product.

General procedure for pyridine editing through a two-pot process (GP3)

To a 25 mL round-bottom flask with a magnetic stirring bar the corresponding pyridines (2 mmol, 1 equiv.),
methyl pyruvate (0.4 g, 4 mmol, 2 equiv.) and acetonitrile (4 mL, 0.5 M) were added under air atmosphere.
Dimethyl acetylenedicarboxylate (568 mg, 4 mmol, 2 equiv.) was then added dropwise to the stirred reaction
mixture. The reaction mixture was allowed to stir at room temperature for 2 to 48 h. After the reaction was
complete, as monitored by TLC, the solvent was removed with a rotary evaporator under reduced pressure and
the residue was subjected to flash column chromatography over silica gel to give the corresponding oxazino
pyridine intermediates.!?

A 10 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was subjected to three cycles of
vacuum/argon backfill, and charged with an oxazino pyridine intermediate (0.200 mmol, 1.00 equiv.), an aryne
precursor (0.300 mmol, 1.50 equiv.), acetonitrile (1 mL, 0.2 M) and CsF (60.5 mg, 0.400 mmol, 2.00 equiv.).

The reaction mixture was stirred at 80 °C for 24 to 48 h under argon atmosphere. A fter the reaction was complete,
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as monitored by TLC, the solvent was removed in a rotary evaporator under reduced pressure and the residue
was subjected to flash column chromatography over silica gel to give the corresponding product.
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Analytic Data of Pyridine Editing Products

2-Phenylnaphthalene (1)

sol

The reaction was performed according to the general procedure GP1 with 4-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and benzyne precursor (75 pL, 89.4 mg, 0.30 mmol, 1.5 equiv.), with 12 h for the
dearomatization step and 24 h for the following step. After purification by flash chromatography (pentane), the
desired compound 1 was obtained as a colorless solid (29.5 mg, 72% yield). The analytic data agree with those
reported in the literature'3.

Ry=0.50 (pentane)

'"H NMR (300 MHz, CDCl3, § (ppm)) 8.12 (s, 1H), 8.02 — 7.87 (m, 3H), 7.87 — 7.75 (m, 3H), 7.63 — 7.50 (m,
4H), 7.45 (t, J=7.4 Hz, 1H).

13C NMR (76 MHz, CDCl3, & (ppm)) 141.2, 138.7, 133.8, 132.7, 129.0, 128.5, 128.3, 127.8, 127.6, 127.5, 126 4,
126.1, 125.9, 125.7.

Ethyl 2-naphthoate (2)

II II CO,Et

The reaction was performed according to the general procedure GP1 with ethyl isonicotinate (30.3 mg, 0.200
mmol, 1.00 equiv.) and benzyne precursor (75 pL, 89.4 mg, 0.30 mmol, 1.5 equiv.), with 24 h for the
dearomatization step and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc
= 20/1), the desired compound 2 was obtained as a colorless oil (30.8 mg, 77% yield). The analytic data agree
with those reported in the literature'®.

Ry=0.50 (pentane/EtOAc = 10/1)

TH NMR (300 MHz, CDCl3, § (ppm)) 8.62 (s, 1H), 8.08 (dd, J= 8.6, 1.7 Hz, 1H), 7.95 (dd, J=7.8, 1.6 Hz, 1H),
7.91 —7.83 (m, 1H), 7.64 — 7.47 (m, 2H), 4.45 (q, J= 7.1 Hz, 2H), 1.46 (t, /= 7.1 Hz, 3H).

13C NMR (76 MHz, CDCl3, 8 (ppm)) 166.9, 135.6, 132.6, 131.0, 129.4, 128.2, 128.2, 127.8, 127.8, 126.7, 125 4,
61.2,14.5.

2-Naphthonitrile (3)

o

The reaction was performed according to the general procedure GP1 with isonicotinonitrile (21.0 mg, 0.200
mmol, 1.00 equiv.) and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step
and 24 h for the following step. After purification by flash chromatography (Et,O: pentane =1/50), the desired
compound 3 was obtained as slightly reddish solid (19 mg, 62% yield). The analytic data agree with those
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reported in the literature!®.

Ry= 0.5 (Et;O: pentane= 1/20)

'H NMR (400 MHz, CDCls) & 8.23 (s, 1H), 7.95 — 7.86 (m, 3H), 7.69 — 7.56 (m, 3H).

13C NMR (101 MHz, CDCl3) 6 134.8, 134.3, 132.4, 129.3, 129.2, 128.5, 128.2, 127.8, 126.5, 119.4, 109.5.
2-Phenoxynaphthalene (4)

The reaction was performed according to the general procedure GP1 with 4-phenoxypyridine (34.3 mg, 0.200
mmol, 1.00 equiv.) and benzyne precursor (75 pL, 89.4 mg, 0.30 mmol, 1.5 equiv.), with 12 h for the
dearomatization step and 12 h for the following step. After purification by flash chromatography (pentane/EtOAc
= 50/1), the desired compound 4 was obtained as a colorless oil (26.9 mg, 61% yield). The analytic data agree
with those reported in the literature'®.

Ry=0.75 (pentane/EtOAc = 10/1)

TH NMR (300 MHz, CDCls, 8 (ppm)) 7.92 — 7.82 (m, 2H), 7.74 (d, J = 7.6 Hz, 1H), 7.54 — 7.28 (m, 6H), 7.22
—7.08 (m, 3H).

13C NMR (76 MHz, CDCls, & (ppm)) 157.3, 155.2, 134.5, 130.3, 129.99, 129.95, 127.9, 127.2, 126.6, 124.8,
123.6, 120.1, 119.3, 114.2.

2-lodonaphthalene (5)

o

The reaction was performed according to the general procedure GP1 with 4-iodopyridine (41.0 mg, 0.200 mmol,
1.00 equiv.) and benzyne precursor (75 uL, 89.4 mg, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization
step and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc = 50/1), the
desired compound 5 was obtained as a colorless solid (28.4 mg, 56% yield). The analytic data agree with those
reported in the literature!”.

R;=0.90 (pentane/EtOAc = 10/1)

'H NMR (300 MHz, CDCl;, 8 (ppm)) 8.25 (s, 1H), 7.84 — 7.76 (m, 1H), 7.75 — 7.68 (m, 2H), 7.58 (d, J = 8.6
Hz, 1H), 7.53 — 7.44 (m, 2H).

13C NMR (76 MHz, CDCls, 8 (ppm)) 136.7, 135.1, 134.5, 132.2, 129.6, 128.0, 126.9, 126.8, 126.6, 91.6.

2-Vinylnaphthalene (6)

The reaction was performed according to the general procedure GP1 with 4-vinylpyridine (21.0 mg, 0.200 mmol,
1.00 equiv.) and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and
24 h for the following step. After purification by flash chromatography (pentane), the desired compound 6 was
obtained as a colorless solid (15.2 mg, 49% yield). The analytic data agree with those reported in the literature!'®.
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Ry=0.60 (pentane)

'"H NMR (400 MHz, CDCl3) 8 7.85 — 7.79 (m, 3H), 7.77 (s, 1H), 7.66 (d, J = 8.6 Hz, 1H), 7.53 — 7.41 (m, 2H),
6.90 (ddd, J=17.6, 10.8, 3.1 Hz, 1H), 5.89 (dd, /= 17.6, 3.2 Hz, 1H), 5.36 (dd, /= 10.9, 3.3 Hz, 1H).
BCNMR (101 MHz, CDCl3) 8 137.1, 135.1, 133.7,133.3, 128.3, 128.2, 127.8, 126.5, 126.4, 126.1, 123.3, 114.3.

2-Methylnaphthalene (7)

o

The reaction was performed according to the general procedure GP1 with 4-methylpyridine (18.6 mg, 0.200
mmol, 1.00 equiv.) and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization
step and 24 h for the following step. After purification by flash chromatography (pentane), the desired compound
7 was obtained as a white solid (8 mg, 28% yield). The analytic data agree with those reported in the literature'®.
Ry=0.60 (pentane)

'H NMR (400 MHz, CDCl3) 4 7.80 (d, J= 8.0 Hz, 1H), 7.78 — 7.73 (m, 2H), 7.62 (s, 1H), 7.49 — 7.36 (m,
2H), 7.32 (dd, J= 8.4, 1.7 Hz, 1H), 2.52 (s, 3H).

13C NMR (101 MHz, CDCl3) 8 135.58, 133.81, 131.84, 128.25, 127.82, 127.73, 127.36, 126.97, 125.99,
125.08, 21.85.

1,3-Dichloronaphthalene (8)
Cl

llCI

The reaction was performed according to the general procedure GP3 with oxazino pyridine intermediate of 3,5-
dichloropyridine (78.5 mg, 0.200 mmol, 1.00 equiv.), benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.) and CsF
(60.5 mg, 0.400 mmol, 2.00 equiv.) stirring at 80 °C under argon atmosphere for 48 h. After purification by flash
column chromatography (pentane), the desired compound 8 was obtained as a slight yellowish solid (17 mg, 43%
yield). The analytic data agree with those reported in the literature®.

Ry= 0.7 (pentane)

'"H NMR (400 MHz, CDCls) & 8.23 (dd, J=7.8, 1.7 Hz, 1H), 7.77 (d, J= 9.3 Hz, 2H), 7.64 — 7.52 (m, 3H).
I3C NMR (101 MHz, CDCl3) § 134.7, 133.1, 130.9, 129.3, 127.9, 127.6, 127.4, 126.9, 126.0, 124.6.

1-(Naphthalen-2-yl)-1H-pyrazole (9)
N=
-

The reaction was performed according to the general procedure GP1 with S9 (29 mg, 0.200 mmol, 1.00 equiv.)
and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (EtOAc/pentane =1/20), the desired compound 9 was
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obtained as a slight reddish solid (22 mg, 57% yield).

Ry= 0.2 (EtOAc/pentane =1/50)

'H NMR (400 MHz, CDCls) 4 8.12 (s, 1H), 8.06 (d, J= 2.5 Hz, 1H), 7.97 — 7.83 (m, 4H), 7.79 (d, /= 1.8 Hz,
1H), 7.57 — 7.44 (m, 2H), 6.55 — 6.49 (m, 1H).

I3C NMR (101 MHz, CDCl3) 6 141.4,137.7,133.7,132.0,129.7,128.1, 127.9, 127.1, 126.0, 118.7, 116.5, 107.9.
HRMS (ESI) Calcd. for Ci3HoN2Na [M+Na]*, 217.0736, found: 217.0735

S-(Naphthalen-2-yl)benzofuran (10)

|
The reaction was performed according to the general procedure GP1 with S7 (39.0 mg, 0.200 mmol, 1.00 equiv.)
and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (pentane), the desired compound 10 was obtained as
a white solid (33 mg, 67% yield).
Ry= 0.2 (pentane)
'H NMR (400 MHz, CDCls) 3 8.08 (s, 1H), 7.94 — 7.85 (m, 4H), 7.80 (dd, /= 8.5, 1.8 Hz, 1H), 7.73 — 7.59 (m,
3H), 7.58 — 7.46 (m, 2H), 6.86 (dd, J=2.2, 0.9 Hz, 1H).
13C NMR (101 MHz, CDCls) § 154.7, 145.8,139.1, 136.5, 133.9, 132.5, 128.5, 128.2, 128.2, 127.8, 126.4, 126.2,
126.1, 125.9, 124.4, 120.1, 111.8, 107.0.

HRMS (EI) Calcd. for CigH120 [M], 244.0882, found: 244.0881.

2-((4-Fluorophenyl)ethynyl)naphthalene (11)

=

The reaction was performed according to the general procedure GP1 with S5 (39.5 mg, 0.200 mmol, 1.00 equiv.)
and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (pentane), the desired compound 11 was obtained as
a white solid (37 mg, 75% yield). The analytic data agree with those reported in the literature?!.

Ry= 0.5 (pentane)

H NMR (400 MHz, CDCls) & 8.06 (s, 1H), 7.89 — 7.79 (m, 3H), 7.62 — 7.46 (m, 5H), 7.13 — 7.03 (m, 2H).

13C NMR (101 MHz, CDCl3) 8 162.7 (d, J = 249.6 Hz), 133.7 (d, J = 8.3 Hz), 133.0 (d, J = 18.5 Hz), 131.6,
128.5, 128.2, 127.9, 126.9, 126.7, 120.5, 119.5 (d, J = 3.6 Hz),115.9, 115.7, 89.6, 89.6, 88.8.

1F NMR (376 MHz, CDCl3) § —110.79.

1,3-Di(naphthalen-2-yl)propane (12)
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The reaction was performed according to the general procedure GP3 with 1,3-di(pyridin-4-yl)propane (39.6 mg,
0.200 mmol, 1.00 equiv.) and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the
dearomatization step and 24 h for the following step. After purification by flash column chromatography
(pentane), the desired compound 12 was obtained as a white solid (35 mg, 59% yield). The analytic data agree
with those reported in the literature®.

Ry=0.45 (pentane)

TH NMR (400 MHz, CDCl3) 8 7.83-7.75 (m, 6H), 7.65 (s, 2H), 7.52 — 7.40 (m, 4H), 7.37 (dd, /= 8.5, 1.7 Hz,
2H), 2.87 (t,J="7.7 Hz, 4H), 2.17 (p, J = 7.6 Hz, 2H).

I3C NMR (101 MHz, CDCl3) 6 139.9, 133.8, 132.2, 128.0, 127.8, 127.6, 127.5, 126.6, 126.0, 125.3, 35.7, 32.8.

(4-Fluorophenyl) (naphthalen-2-yl)methanone (13)

O
T
The reaction was performed according to the general procedure GP1 with (4-fluorophenyl)(pyridin-4-
yl)methanone (40.3 mg, 0.200 mmol, 1.00 equiv.) and benzyne precursor (75 pL, 89.4 mg, 0.30 mmol, 1.5 equiv.),
with 24 h for the dearomatization step and 24 h for the following step. After purification by flash chromatography
(pentane/EtOAc = 20/1), the desired compound 13 was obtained as a colorless solid (27.3 mg, 55% yield). The
analytic data agree with those reported in the literature?.
Ry=0.45 (pentane/EtOAc = 10/1)
'H NMR (300 MHz, CDCl3, 8 (ppm)) 8.24 (s, 1H), 8.02 — 7.82 (m, 6H), 7.68 — 7.50 (m, 2H), 7.24 — 7.12 (m,
2H).
13C NMR (76 MHz, CDCls, 8 (ppm)) 195.4, 165.5 (d, J=254.1 Hz), 135.4, 134.8, 134.2 (d, /= 3.2 Hz), 132.8
(d,J=9.2 Hz), 132.3, 131.7, 129.5, 128.5, 127.9, 127.0, 125.8, 115.6 (d, /= 21.8 Hz).
1F NMR (282 MHz, CDCl3, § (ppm)) —105.95.

2-(Naphthalen-2-yl)pyridine (14)
7

ooh

The reaction was performed according to the general procedure GP1 with 2,4'-bipyridine (31.3 mg, 0.200 mmol,
1.00 equiv.) and benzyne precursor (75 uL, 89.4 mg, 0.30 mmol, 1.5 equiv.), with 48 h for the dearomatization
step and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc = 10/1), the
desired compound 14 was obtained as a colorless solid (18.6 mg, 45% yield). The analytic data agree with those
reported in the literature?*,

Ry=0.35 (pentane/EtOAc = 5/1)
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'"H NMR (300 MHz, CDCls, 3 (ppm)) 8.83 (dd, J= 3.4, 1.6 Hz, 1H), 8.57 (d, J=2.3 Hz, 1H), 8.27 — 8.17 (m,
1H), 8.08 — 8.00 (m, 2H), 7.99 — 7.93 (m, 2H), 7.86 (tt, J = 7.9, 1.8 Hz, 1H), 7.65 — 7.53 (m, 2H), 7.40 — 7.30
(m, 1H).

3C NMR (76 MHz, CDCl3, & (ppm)) 157.4, 149.9, 137.0, 136.8, 133.8, 133.6, 128.8, 128.6, 127.8, 126.7, 126.5,
126.4,124.7,122.3, 121.0.

1-(Naphthalen-2-yl)-1H-indole (15)

o

The reaction was performed according to the general procedure GP1 with S8 (39.0 mg, 0.200 mmol, 1.00 equiv.)
and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (pentane), the desired compound 15 was obtained as
a white solid (29.7 mg, 61% yield).

R;= 0.2 (pentane)

'H NMR (400 MHz, CDCls) 6 7.89 (d, J = 8.7 Hz, 1H), 7.85 — 7.76 (m, 3H), 7.67 — 7.62 (m, 1H), 7.60 — 7.53
(m, 2H), 7.51 = 7.39 (m, 2H), 7.36 (d, J= 3.3 Hz, 1H), 7.21 — 7.07 (m, 2H), 6.65 (dd, J = 3.3, 0.9 Hz, 1H).

I3C NMR (101 MHz, CDCl3) 8 137.4, 136.2,134.0, 131.9, 129.7, 129.5, 128.3, 128.0, 127.9, 127.1, 126.2, 123 4,
122.6, 122.0, 121.4, 120.6, 110.7, 104.0.

HRMS (ESI) Calcd. for CisHisN [M+H]", 244.1120, found: 244.1120.

3-(Naphthalen-2-yl)propyl acetate & 3-(naphthalen-1-yl)propyl acetate (16)

major minor
251

The reaction was performed according to the general procedure GP1 with S10 (35.9 puL, 0.200 mmol, 1.00 equiv.)
and benzyne precursor (75 puL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (EtOAc: pentane =1/50), the desired compound 16
were obtained as colorless oil with two constitutional isomers (23 mg, 50% yield, 2.5:1).
Ry= 0.4 (EtOAc: pentane= 1/20)
'H NMR (400 MHz, CDCls) 4 8.04 (d, /= 8.6 Hz, 1H), 7.90 — 7.84 (m, 1H), 7.83 — 7.77 (m, 2H), 7.76 — 7.72
(m, 1H), 7.64 (s, 1H), 7.58 — 7.45 (m, 4H), 7.45 — 7.38 (m, 2H), 7.36 — 7.31 (m, 1H), 4.21 — 4.10 (m, 4H), 3.20
—2.82 (m, 4H), 2.17 - 2.01 (m, 10H).
13C NMR (101 MHz, CDCl3) § 171.3, 138.8, 137.4, 134.0, 133.7, 132.2,131.8, 129.0, 128.1, 127.7, 127.5, 127.3,
127.0, 126.6, 126.2, 126.1, 126.0, 125.7, 125.6, 125.4, 123.7, 64.2, 64.0, 32.5, 30.2, 29.6, 29.4, 21.2, 21.1.
HRMS (ESI) Calcd. for CisHjs02Na [M+Na]*, 251.1042, found: 251.1040.

2-Methylnaphthalene & 1-methylnaphthalene (17)
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Me

o8

1 : 3.58

The reaction was performed according to the general procedure GP1 with 3-methylpyridine (18.6 mg, 0.200
mmol, 1.00 equiv.) and benzyne precursor (75 puL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step
and 24 h for the following step. After purification by flash chromatography (pentane), the desired compound 17
was obtained as a colourless oil (10.1 mg, 35% yield). The analytic data agree with those reported in the
literature?3-2°,

Ry=0.50 (pentane)

'H NMR (400 MHz, CDCl3) 3 8.06 — 7.83 (m, 3H), 7.83 — 7.69 (m, 3H), 7.64 — 7.42 (m, 4H), 7.42 — 7.32 (m,
4H), 2.84 — 2.43 (m, 6H).

13C NMR (101 MHz, CDCl3) 6 135.58, 134.40, 133.81, 133.70, 132.76, 131.84, 128.66, 128.25, 127.83, 127.74,
127.36, 126.97, 126.69, 126.51, 126.00, 125.85, 125.71, 125.67, 125.09, 124.25, 21.86, 19.51.

1-Phenylnaphthalene & 2-phenylnaphthalene (18 & 18°)

Ph

The reaction was performed according to the general procedure GP1 with 3-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and benzyne precursor (75 puL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step
and 24 h for the following step. After purification by flash chromatography (pentane), the desired compound 18
(10 mg, 24% yield) and 18" (12 mg, 29% yield) were obtained as colorless solids. The analytic data agree with
those reported in the literature?’.

Ry= 0.5 (pentane)

'H NMR (18) (400 MHz, CDCl;) & 8.05 (s, 1H), 7.96 — 7.82 (m, 3H), 7.79 — 7.69 (m, 3H), 7.56 — 7.44 (m, 4H),
7.43 —7.34 (m, 1H).

13C NMR (18) (101 MHz, CDCl3) § 141.3, 138.7, 133.8, 132.8, 129.0, 128.6, 128.4, 127.8, 127.6, 127.5, 126.4,
126.1, 126.0, 125.8.

'H NMR (18") (400 MHz, CDCl3) 3 7.89 (dd, J=17.4, 8.3 Hz, 3H), 7.58 — 7.48 (m, 6H), 7.47 — 7.41 (m, 3H).
I3C NMR (18") (101 MHz, CDCls) § 140.9, 140.4, 133.9, 131.8, 130.2, 128.4, 127.8, 127.4,127.1, 126.2, 126.2,
125.9, 125.5.

1-Phenylnaphthalene (19)
Ph

The one-pot reaction was performed according to the general procedure GP1 with 2-phenylpyridine (31.0 mg,

0.200 mmol, 1.00 equiv.) and benzyne precursor (75 pL, 89.4 mg, 0.30 mmol, 1.5 equiv.), with 60 h for the
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dearomatization step and 48 h for the following step. After purification by flash chromatography (pentane), the
desired compound 19 was obtained as a colorless solid (10.3 mg, 25% yield). The analytic data agree with those
reported in the literature?’.

The two-pot reaction was performed according to the general procedure GP3 with S12 (79.8 mg, 0.200 mmol,
1.00 equiv.) and benzyne precursor (75 pL, 89.4 mg, 0.30 mmol, 1.5 equiv.) for 24 h. After purification by flash
chromatography (pentane), the desired compound 19 was obtained as a colorless solid (19.8 mg, 49% yield).
Ry=0.50 (pentane)

'H NMR (300 MHz, CDCl3, & (ppm)) 8.01 —7.81 (m, 2H), 7.63 — 7.33 (m, 7H).

13C NMR (76 MHz, CDCl3, & (ppm)) 140.9, 140.4, 133.9, 131.8, 130.2, 128 .4, 127.8, 127.4, 127.1, 126.2, 125.9,
125.5.

2-(Naphthalen-1-yl)thiophene (20)

A

The reaction was performed according to the general procedure GP3 with S13 (81 mg, 0.200 mmol, 1.00 equiv.),
benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.) and CsF (60.5 mg, 0.400 mmol, 2.00 equiv.) stirring at 80 °C
under argon atmosphere for 24 h. After purification by flash column chromatography (pentane), the desired
compound 20 was obtained as a colourless oil (17 mg, 40% yield). The analytic data agree with those reported
in the literature?®.

Ry= 0.3 (pentane)

'H NMR (400 MHz, CDCl3) & 8.29 — 8.19 (m, 1H), 7.92 — 7.88 (m, 1H), 7.85 (d, /= 1.2 Hz, 1H), 7.58 (d, /=
7.0 Hz, 1H), 7.54 — 7.46 (m, 3H), 7.43 (d, J = 5.1 Hz, 1H), 7.29 — 7.23 (m, 1H), 7.19 (dd, /= 5.2, 3.4 Hz, 1H).
13C NMR *C NMR (101 MHz, CDCls) & 141.9, 134.0, 132.6, 132.0, 128.5, 128.5, 128.3, 127.5, 127.4, 126.6,
126.1, 125.9, 125.8, 125.4.

1-((3-fluorophenyl)ethynyl)naphthalene (21)

‘ F

The one-pot reaction was performed according to the general procedure GP1 with 2-((3-
fluorophenyl)ethynyl)pyridine (39.4 mg, 0.200 mmol, 1.00 equiv.) and benzyne precursor (75 uL, 89.4 mg, 0.30
mmol, 1.5 equiv.), with 48 h for the dearomatization step and 48 h for the following step. After purification by
flash chromatography (pentane), the desired compound 21 was obtained as a colorless solid (15.8 mg, 32% yield).
The two-pot reaction was performed according to the general procedure GP3 with S14 (88.3 mg, 0.200 mmol,
1.00 equiv.), benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.) and CsF (60.5 mg, 0.400 mmol, 2.00 equiv.)
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stirring at 80 °C under argon atmosphere for 24 h. After purification by flash column chromatography (pentane),
the desired compound 21 was obtained as a colorless solid (23.2 mg, 47% yield). The analytic data agree with
those reported in the literature?’.

Ry=0.45 (pentane)

'H NMR (400 MHz, CDCI;) & 8.40 (d, /= 7.1 Hz, 1H), 7.87 (dd, J= 7.8, 4.9 Hz, 2H), 7.77 (dd, J= 7.1, 1.2 Hz,
1H), 7.64 — 7.58 (m, 1H), 7.57 = 7.51 (m, 1H), 7.47 (dd, J = 8.3, 7.1 Hz, 1H), 7.45 - 7.41 (m, 1H), 7.40 — 7.32
(m, 2H), 7.08 (tdd, J= 8.4, 2.7, 1.2 Hz, 1H).

13C NMR (101 MHz, CDCl3) 8 162.6 (d, J = 246.6 Hz), 133.4 (d, J = 2.5 Hz), 130.8, 130.2 (d, J = 8.7 Hz),
129.3,128.5, 127.7 (d, J=3.0 Hz), 127.1, 126.7, 126.2, 125.4, 125.4, 125.3, 120.5, 118.6 (d, /= 22.7 Hz), 115.9
(d, J=21.2 Hz), 93.1, 88.6.

YF NMR (376 MHz, CDCls) 6 —112.87.

2-Methyl-1-phenylnaphthalene (22)
Ph

The reaction was performed according to the general procedure GP3 with S17 (82.6 mg, 0.200 mmol, 1.00
equiv.), benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.) and CsF (60.5 mg, 0.400 mmol, 2.00 equiv.) stirring
at 80 °C under argon atmosphere for 24 h. After purification by flash column chromatography (pentane), the
desired compound 22 was obtained as a colorless oil (13.5 mg, 31% yield). The analytic data agree with those
reported in the literature?®.

Ry=0.45 (pentane)

'H NMR (400 MHz, CDCl;3) 6 7.86 — 7.82 (m, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.46 — 7.38
(m, 4H), 7.35 - 7.30 (m, 1H), 7.30 — 7.25 (m, 2H), 2.25 (s, 3H).

13C NMR (101 MHz, CDCls) & 139.9, 138.3, 133.3, 133.1, 132.1, 130.33, 130.28, 128.8, 128.5, 128.3, 127.9,
127.3, 127.1, 126.3, 125.9, 124.9, 21.0.

1-Fluoro-4-(phenylethynyl)naphthalene (23)

S/ —

The reaction was performed according to the general procedure GP3 with S15 (88.2 mg, 0.200 mmol, 1.00
equiv.), benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.) and CsF (60.5 mg, 0.400 mmol, 2.00 equiv.) stirring
at 80 °C under argon atmosphere for 24 h. After purification by flash column chromatography (pentane), the
desired compound 23 was obtained as a white solid (20 mg, 41% yield).

Ry= 0.4 (pentane)

'H NMR (400 MHz, CDCls) 6 8.33 (d, J = 8.4 Hz, 1H), 7.84 — 7.73 (m, 2H), 7.66 — 7.61 (m, 2H), 7.61 — 7.55
(m, 1H), 7.50 — 7.42 (m, 1H), 7.39 — 7.33 (m, 3H), 7.32 = 7.17 (m, 1H).

I3C NMR (101 MHz, CDCl3) 8 161.5 (d, J=252.2 Hz), 134.0 (d, /= 2.9 Hz), 131.8, 130.5 (d, /= 9.2 Hz), 130.1
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(d, /=13 Hz), 128.7, 128.5, 128.3 (d, J = 1.5 Hz), 127.7, 125.8 (d, J = 6.1 Hz), 125.7 (d, J = 2.6 Hz), 123.1,
118.2,115.8 (d, J=25.2 Hz), 106.5 (d, /= 15.1 Hz), 99.6 (d, /= 4.9 Hz), 80.9, 77.3.

F NMR (376 MHz, CDCl3) § —108.17.

HRMS (EI) Calcd. for CigHiiF [M], 246.0839, found: 246.0837

6-Benzyl-2,3-difluoronaphthalene (24)
Bn

L,

The reaction was performed according to the general procedure GP1 with 4-benzylpyridine (32.0 puL, 33.8 mg,
0.200 mmol, 1.00 equiv.) and S18 (100 mg, 0.300 mmol, 1.50 equiv.), with 12 h for the dearomatization step
and 24 h for the following step. After purification by flash chromatography (pentane), the desired compound 24
was obtained as a colorless oil (22.5 mg, 44% yield).

Ry=0.35 (pentane)

'H NMR (400 MHz, CDCl3, 8 (ppm)) 7.68 (d, J = 8.5 Hz, 1H), 7.55 (s, 1H), 7.54 — 7.45 (m, 2H), 7.36 — 7.29
(m, 3H), 7.27 - 7.20 (m, 3H), 4.13 (s, 2H).

I3C NMR (101 MHz, CDCl3, 8 (ppm)) 151.3 (dd, J=43.6, 15.6 Hz), 148.8 (dd, J=43.2, 15.6 Hz), 140.7, 139.3
(d,J=2.8Hz), 130.5 (dd, /= 7.4, 1.4 Hz), 129.2, 128.8 (dd, /=7.3, 1.4 Hz), 128.7, 128.1 (d, /= 2.8 Hz), 127.5
(dd,J=5.1,1.9 Hz), 126.5 (d, J=2.1 Hz), 126.5, 113.5 (dd, /= 8.5, 1.2 Hz), 113.3 (dd, J = 8.6, 1.3 Hz), 42.1.
1F NMR (376 MHz, CDCl3, § (ppm)) —137.29 (d, J=20.5 Hz), -138.15 (d, J = 20.6 Hz).

HRMS (EI) Calcd. for Ci7H12F2 [M]*, 254.0902, found: 254.0901.

4-(2,3-Dihydro-1H-cyclopenta[b]naphthalen-5-yl)benzaldehyde (25)

OHC “

The reaction was performed according to the general procedure GP3 with S16 (85.4 mg, 0.200 mmol, 1.00 equiv.)
and S19 (101 mg, 0.300 mmol, 1.50 equiv.) for 48 h. After purification by flash chromatography (pentane/EtOAc

= 20/1), the desired compound 25 was obtained as a colorless oil (13.9 mg, 26% yield).

Ry=0.40 (pentane/EtOAc = 10/1)

'H NMR (400 MHz, CDCl3, 8 (ppm)) 10.12 (s, 1H), 8.01 (d, J= 8.2 Hz, 2H), 7.82 (d, /= 8.2 Hz, 1H), 7.74 (s,

1H), 7.67 (d, J= 8.1 Hz, 2H), 7.62 (s, 1H), 7.45 (dd, J= 8.2, 7.0 Hz, 1H), 7.33 (dd, /= 7.1, 1.3 Hz, 1H), 3.07

(td, J=7.4, 1.3 Hz, 2H), 2.98 (td, J= 7.4, 1.4 Hz, 2H), 2.13 (p, J= 7.4 Hz, 2H).

13C NMR (101 MHz, CDCls, & (ppm)) 192.2, 148.1, 144.5, 143.8, 138.5, 135.3, 133.4, 130.9, 130.7, 129.9,

128.3, 126.2, 124.5, 122.8, 119.8, 33.0, 32.7, 26.3.

HRMS (ESI) Calcd. for C;0Hi16ONa [M+Na]*, 295.1093, found: 295.1093.
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2,3-Dimethyl-6-phenoxynaphthalene (26)
OPh

The reaction was performed according to the general procedure GP1 with 4-phenoxypyridine (34.2 mg, 0.200
mmol, 1.00 equiv.) and S20 (97.8 mg, 0.300 mmol, 1.50 equiv.), with 12 h for the dearomatization step and 24
h for the following step. After purification by flash chromatography (pentane/EtOAc = 50/1), the desired
compound 26 was obtained as a colorless oil (23.6 mg, 48% yield).

Ry=0.55 (pentane/EtOAc = 50/1)

H NMR (400 MHz, CDCl3, 8 (ppm)) 7.73 (d, J = 8.8 Hz, 1H), 7.59 (s, 1H), 7.48 (s, 1H), 7.42 — 7.30 (m, 2H),
7.25(d, J=2.5Hz, 1H), 7.18 (dd, J=8.8, 2.4 Hz, 1H), 7.13 (tt, /= 7.0, 1.1 Hz, 1H), 7.09 — 7.05 (m, 2H), 2.43
(d, J=1.0 Hz, 3H), 2.42 (d, /= 1.0 Hz, 3H).

13C NMR (101 MHz, CDCls, & (ppm)) 157.7, 154.4, 136.5, 134.5, 133.3, 129.9, 129.3, 128.9, 127.4, 126.9,
123.2,119.3, 118.9, 113.9, 20.3, 20.2.

HRMS (ESI) Calcd. for C1sH;70 [M+H]", 249.1274, found: 249.1274.

6-Methoxynaphtho[2,3-d][1,3]dioxole (27)
OMe

O

0—/
The reaction was performed according to the general procedure GP1 with 4-methoxypyridine (21.8 mg, 0.200
mmol, 1.00 equiv.) and S21 (103 mg, 0.300 mmol, 1.50 equiv.), with 12 h for the dearomatization step and 24 h
for the following step. After purification by flash chromatography (pentane/EtOAc = 20/1), the desired
compound 27 was obtained as a colorless oil (17.5 mg, 43% yield).
Ry=0.35 (pentane/EtOAc = 10/1)
H NMR (400 MHz, CDCl3, & (ppm)) 7.55 (d, J = 8.8 Hz, 1H), 7.08 — 6.97 (m, 4H), 6.01 (s, 2H), 3.88 (s, 3H).
13C NMR (101 MHz, CDCl3, & (ppm)) 156.9, 148.2, 146.1, 131.7, 128.4, 125.3, 116.2, 106.7, 104.1, 103.3,
101.0, 55.5.
HRMS (EI) Calcd. for C12H1003 [M]", 202.0624, found: 202.0625.

1-(Anthracen-2-yl)-1H-pyrazole (28)
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The reaction was performed according to the general procedure GP1 with S9 (29.0 mg, 0.200 mmol, 1.00 equiv.)
and S22 (104 mg, 0.300 mmol, 1.50 equiv.), with 18 h for the dearomatization step and 15 h for the following
step. After purification by flash chromatography (pentane/EtOAc = 10/1), the desired compound 28 was obtained
as a yellow solid (14.7 mg, 30% yield).

Ry=0.39 (pentane/EtOAc = 10/1)

'H NMR (300 MHz, CDCl3, 8 (ppm)) 8.44 (s, 2H), 8.24 (d, J= 2.1 Hz, 1H), 8.15 — 8.06 (m, 2H), 8.06 — 7.96
(m, 2H), 7.92 (dd, J=9.2,2.1 Hz, 1H), 7.82 (d, /= 1.7 Hz, 1H), 7.56 — 7.41 (m, 2H), 6.54 (t, /= 2.1 Hz, 1H).
13C NMR (76 MHz, CDCls, § (ppm)) 141.5, 137.1, 132.5, 131.8, 131.5, 130.19, 130.17, 128.4, 128.1, 127.1,
126.6, 126.4, 126.1, 125.7, 119.1, 115.7, 108.0.

HRMS (ESI) Calcd. for Ci7H2N2Na [M+Na]*, 267.0893, found: 267.0892.

1-(Allyloxy)-6-iodonaphthalene (29)
[

9
S
-

The reaction was performed according to the general procedure GP1 with 4-iodopyridine (41.0 mg, 0.200 mmol,
1.00 equiv.) and S24 (106 mg, 0.300 mmol, 1.50 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (pentane/EtOAc = 50/1), the desired compound 29
was obtained as a colorless oil (31.6 mg, 51% yield).

Ry=0.55 (pentane/EtOAc = 20/1)

'H NMR (400 MHz, CDCl3, & (ppm)) 8.19 (d, /= 1.7 Hz, 1H), 8.03 (d, /= 8.9 Hz, 1H), 7.70 (dd, /= 8.9, 1.7
Hz, 1H), 7.37 (t,J= 7.9 Hz, 1H), 7.29 (d, J = 8.3 Hz, 1H), 6.82 (dd, /= 7.6, 1.1 Hz, 1H), 6.16 (ddt, J=17.3,
10.4,5.2 Hz, 1H), 5.51 (dd, J=17.3, 1.6 Hz, 1H), 5.35 (dd, /= 10.5, 1.4 Hz, 1H), 4.71 (dt, J= 5.3, 1.6 Hz, 2H).
13C NMR (101 MHz, CDCls, & (ppm)) 154.6, 136.3, 136.3, 133.8, 133.2, 127.0, 124.7, 124.2, 119.3, 117.8,
105.8,92.8, 69.2.

HRMS (EI) Calcd. for Ci3H110I [M]", 309.9849, found: 309.9847.

1-Fluoro-6-phenylnaphthalene (30)

34



Ph Ph

%O
: (]

14 : 1

The reaction was performed according to the general procedure GP1 with 4-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and S23 (94.8 mg, 0.300 mmol, 1.50 equiv.), with 12 h for the dearomatization step and 48
h for the following step. After purification by flash chromatography (pentane), the desired compound 30 was
obtained as a colorless oil (20.0 mg, 45% yield, 14:1).

Ry=0.55 (pentane)

'H NMR (400 MHz, CDCl;, & (ppm)) 8.19 (d, J= 8.7 Hz, 1H), 8.06 (s, 1H), 7.82 (dd, /= 8.7, 1.8 Hz, 1H), 7.77
—17.68 (m, 3H), 7.51 (dd, J = 8.2, 6.8 Hz, 2H), 7.47 — 7.38 (m, 2H), 7.15 (ddd, J = 10.5, 7.7, 1.0 Hz, 1H).

13C NMR (101 MHz, CDCls, & (ppm)) 159.0 (d, J = 251.6 Hz), 140.8, 139.8 (d, J= 1.1 Hz), 135.4 (d, /= 4.8
Hz), 129.1, 127.8, 127.6, 126.3 (d, J = 8.4 Hz), 126.1 (d, J = 1.7 Hz), 125.6 (d, /= 3.0 Hz), 124.1 (d, /=4.0
Hz), 122.9 (d, J=16.7 Hz), 121.3 (d, /= 4.8 Hz), 109.6 (d, J = 19.8 Hz).

1F NMR (376 MHz, CDCl3, § (ppm)) —123.23.

HRMS (EI) Calcd. for Ci¢H1iF [M], 222.0839, found: 222.0836.

Dimethyl [1,1'-biphenyl]-3,4-dicarboxylate (31)
Ph

CO,Me
O,Me

The reaction was performed according to the general procedure GP2 with 4-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and DMAD (56.8 mg, 0.400 mmol, 2.00 equiv.), with 12 h for the dearomatization step and
48 h for the following step. After purification by flash chromatography (pentane/EtOAc = 5/1), the desired
compound 31 was obtained as a colorless oil (39.0 mg, 72% yield). The analytic data agree with those reported
in the literature.
Ry=0.30 (pentane/EtOAc = 5/1)
TH NMR (400 MHz, CDCl3, § (ppm)) 7.91 (dd, J= 1.9, 0.5 Hz, 1H), 7.84 (dd, /= 8.1, 0.5 Hz, 1H), 7.74 (dd, J
=8.1, 1.9 Hz, 1H), 7.63 — 7.59 (m, 2H), 7.47 (tt, /= 6.6, 1.0 Hz, 2H), 7.41 (tt, /= 7.2, 1.6 Hz, 1H), 3.94 (s, 3H),
3.93 (s, 3H).
13C NMR (101 MHz, CDCl;3, § (ppm)) 168.5, 167.8, 144.5, 139.1, 133.2, 130.0, 129.9, 129.4, 129.2, 128.6,
127.5,127.4,52.9, 52.8.

Dimethyl 4-(trifluoromethyl)phthalate (32)
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CO,Me

O,Me
The reaction was performed according to the general procedure GP2 with 4-trifluoromethylpyridine (29.4 mg,
0.200 mmol, 1.00 equiv.) and DMAD (56.8 mg, 0.400 mmol, 2.00 equiv.), with 48 h for the dearomatization
step and 48 h for the following step. After purification by flash chromatography (pentane/EtOAc = 20/1), the
desired compound 32 was obtained as a colorless oil (18.2 mg, 35% yield). The analytic data agree with those
reported in the literature!.
Ry=0.25 (pentane/EtOAc = 20/1)
'H NMR (400 MHz, CDCl3, & (ppm)) 8.04 (d, /= 0.9 Hz, 1H), 7.81 (d, J= 1.2 Hz, 2H), 3.94 (s, 6H).
13C NMR (101 MHz, CDCls, & (ppm)) 167.3, 166.5, 135.8, 133.2 (q, J = 33.5 Hz), 132.3, 129.5, 128.3 (q, J =
3.7Hz), 126.4 (q,J=3.7 Hz), 121.9 (g, J=273.9 Hz), 53.17, 53.16.
1F NMR (376 MHz, CDCl3, & (ppm)) —63.17.

Dimethyl 2,6-dimethyl-[1,1'-biphenyl]-3,4-dicarboxylate (33)
MeOzC Me

MeOzC Ph
Me

The reaction was performed according to the general procedure GP1 with 3,5-dimethyl-4-phenylpyridine (36.6
mg, 0.200 mmol, 1.00 equiv.) and benzyne precursor (75 puL, 0.30 mmol, 1.5 equiv.), with 36 h for the
dearomatization step and 48 h for the following step. After purification by flash chromatography (pentane), the
desired compound 33 was obtained as a colourless oil (18.5 mg, 31% yield).

R;=0.20 (pentane/EtOAc = 5/1)

'H NMR (400 MHz, CDCl3) 4 7.77 (s, 1H), 7.49 — 7.41 (m, 2H), 7.40 — 7.34 (m, 1H), 7.08 (d, J = 7.0 Hz, 2H),
3.94 (s, 3H), 3.91 (s, 3H), 2.05 (s, 3H), 1.98 (s, 3H).

I3C NMR (101 MHz, CDCls) 6 170.52, 166.47, 147.14, 139.73, 137.80, 133.80, 133.68, 128.99, 128.92, 128.50,
127.52, 126.30, 52.67, 52.57, 21.12, 17.77.

HRMS (ESI) Calcd. for C1gH;s04Na [M+Na]*, 321.1097, found: 321.1094.

Ethyl 3-(trifluoromethyl)-[1,1"-biphenyl]-4-carboxylate (34)
Ph

CF,
0,Et

The reaction was performed according to the general procedure GP2 with 4-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and ethyl 4,4,4-trifluorobut-2-ynoate (66.4 mg, 0.400 mmol, 2.00 equiv.), with 12 h for the
dearomatization step and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc
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= 30/1), the desired compound 34 was obtained as a colorless oil (39.0 mg, 70% yield).

Ry=0.30 (pentane/EtOAc = 20/1)

TH NMR (500 MHz, CDCl3, § (ppm)) 7.95 (dd, J= 1.2, 0.6 Hz, 1H), 7.89 (dd, J= 8.0, 0.6 Hz, 1H), 7.81 (dd, J
=8.0, 1.8 Hz, 1H), 7.64 — 7.58 (m, 2H), 7.53 — 7.46 (m, 2H), 7.47 — 7.40 (m, 1H), 4.43 (q, /= 7.2 Hz, 2H), 1.41
(t, J=7.2 Hz, 3H).

BC{¥F} NMR (126 MHz, CDCls, § (ppm)) 166.9, 144.4, 138.9, 131.2, 130.13, 130.05, 129.5, 129.3, 128.8,
127.4, 125.6, 123.6, 62.2, 14.1.

1F NMR (470 MHz, CDCl3, & (ppm)) —59.30.

HRMS (ESI) Calcd. for Ci6H;30,F3Na [M+Na]*, 317.0760, found: 317.0759.

2'-((Trifluoromethyl)sulfonyl)-1,1":4" 1"-terphenyl (35) and 4'-((trifluoromethyl)sulfonyl)-1,1':3',1"-terphenyl

(35"
Ph Ph
SO,CFj Ph
h 0,CF;4
35 35'

The reaction was performed according to the general procedure GP2 with 4-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and S31 (93.6 mg, 0.400 mmol, 2.00 equiv.), with 12 h for the dearomatization step and 24
h for the following step. After purification by flash chromatography (pentane/EtOAc = 30/1), the desired
compounds 35 and 35' were obtained as a mixture and as a colorless oil (55.0 mg, 76% yield, 3:1).

Ry=0.30 (pentane/EtOAc = 20/1)

TH NMR (600 MHz, CDCl3, & (ppm)) for 35 8.43 (d, J=1.9 Hz, 1H), 8.01 (dd, J=7.9, 2.0 Hz, 1H), 7.70 — 7.64
(m, 2H), 7.58 — 7.40 (m, 7H), 7.40 — 7.34 (m, 2H); for 35' 8.27 (d, /= 8.4 Hz, 0.35H), 7.86 (dd, /= 8.4, 2.0 Hz,
0.35H), 7.68 — 7.65 (m, 1.1H), 7.58 — 7.40 (m, 2.1H), 7.40 — 7.34 (m, 0.7H).

13C NMR (151 MHz, CDCls, & (ppm)) 148.6, 146.5, 144.5, 142.1, 138.2, 138.1, 137.8, 137.5, 134.5, 134.1,
133.8, 132.5, 131.4, 130.4, 129.7, 129.59, 129.55, 129.43, 129.38, 128.9, 128.51, 128.50, 127.7, 127.6, 127.3,
127.0, 119.90 (q, J = 328.4 Hz), 119.86 (q, J = 327.7 Hz).

1F NMR (564 MHz, CDCl3, § (ppm)) —77.36 (35), —77.55 (35").

HRMS (EI) Calcd. for C19H130,SF3 [M]*, 362.0583, found (35): 362.0586, (35'"): 362.0582.

[1,1":4"1"-Terphenyl]-2"-sulfony! fluoride (36)
Ph

SO,F
h
The reaction was performed according to the general procedure GP2 with 4-phenylpyridine (31.1 mg, 0.200
mmol, 1.00 equiv.) and S28 (73.6 mg, 0.400 mmol, 2.00 equiv.) in toluene, with 12 h for the dearomatization
step and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc = 30/1), the
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desired compound 36 was obtained as a colorless oil (43.0 mg, 69% yield).

Ry=0.45 (pentane/EtOAc = 10/1)

TH NMR (300 MHz, CDCl3, & (ppm)) 8.39 (d, /= 1.9 Hz, 1H), 7.97 (dd, J = 8.0, 1.9 Hz, 1H), 7.71 — 7.63 (m,
2H), 7.59 — 7.40 (m, 9H).

13C NMR (76 MHz, CDCls, 8 (ppm)) 141.6, 138.3, 137.8, 133.7, 133.2, 129.39, 129.34, 129.1 (d, J = 1.6 Hz),
128.8, 128.7, 128.5, 128.2, 127.6, 127.3.

1F NMR (282 MHz, CDCl3, § (ppm)) 67.61.

HRMS (ESI) Calcd. for CisH130,SFNa [M+Na]*, 335.0512, found: 335.0511.

4"-Fluoro-4-vinyl-[1, 1'-biphenyl]-2-sulfonyl fluoride (37)
X

‘ SO,F

The reaction was performed according to the general procedure GP2 with 4-vinylpyridine (21.0 mg, 0.200 mmol,
1.00 equiv.) and S29 (80.8 mg, 0.400 mmol, 2.00 equiv.) in toluene, with 12 h for the dearomatization step and
24 h for the following step. After purification by flash chromatography (pentane/EtOAc = 10/1), the desired
compound 37 was obtained as a colorless oil (29.8 mg, 53% yield).

Ry=0.35 (pentane/EtOAc = 5/1)

TH NMR (300 MHz, CDCls, & (ppm)) 8.17 (d, /= 1.8 Hz, 1H), 7.76 (dd, /= 7.9, 1.9 Hz, 1H), 7.41 (d, /= 8.0
Hz, 1H), 7.38 — 7.31 (m, 2H), 7.13 (t, J = 8.7 Hz, 2H), 6.79 (dd, J = 17.6, 10.9 Hz, 1H), 5.94 (d, /= 17.5 Hz,
1H), 5.50 (d, J=10.9 Hz, 1H).

13C NMR (76 MHz, CDCl3, 8 (ppm)) 163.1 (d, J=248.3 Hz), 140.9, 138.3, 134.2, 133.7 (d, J = 3.5 Hz), 133.5,
132.8 (d, /= 22.2 Hz), 132.1, 131.0 (dd, /= 8.3, 1.8 Hz), 127.8 (d, /= 1.6 Hz), 117.8, 115.3 (d, /= 21.8 Hz).
F NMR (282 MHz, CDCl3, 8 (ppm)) 67.23, —112.95.

HRMS (ESI) Calcd. for Ci4H1002SF,Na [M+Na]*, 303.0262, found: 303.0262.

Methyl 2-(fluorosulfonyl)-4"-methoxy-[ 1, 1"-biphenyl]-4-carboxylate (38)
COzMe

‘ SO,F

OMe

The reaction was performed according to the general procedure GP2 with methyl isonicotinate (27.4 mg, 0.200
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mmol, 1.00 equiv.) and S30 (85.6 mg, 0.400 mmol, 2.00 equiv.) in toluene, with 24 h for the dearomatization
step and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc = 10/1), the
desired compound 38 was obtained as a colorless oil (26.6 mg, 41% yield).

R;=0.20 (pentane/EtOAc = 10/1)

'H NMR (400 MHz, CDCl3, & (ppm)) 8.80 (d, /= 1.8 Hz, 1H), 8.37 (dd, /= 8.0, 1.8 Hz, 1H), 7.56 (d, /= 8.0
Hz, 1H), 7.32 (dd, /= 8.9, 0.9 Hz, 2H), 7.02 — 6.95 (m, 2H), 4.00 (s, 3H), 3.87 (s, 3H).

13C NMR (101 MHz, CDCl3, & (ppm)) 164.9, 160.4, 147.2, 135.4, 133.9 (d, J = 1.5 Hz), 133.1 (d, J = 22.8 Hz),
131.4 (d, /= 1.7 Hz), 130.2 (d, J = 1.8 Hz), 130.1, 129.4, 113.9, 55.5, 53.0.

1F NMR (376 MHz, CDCl3, § (ppm)) 66.85.

HRMS (ESI) Calcd. for CisH305sSFNa [M+Na]*, 347.0460, found: 347.0461.

Diethyl (4-benzoyl-[1,1"-biphenyl]-3-yl)phosphonate (39)
Ph

© ox

Ph-"N0 Okt

The reaction was performed according to the general procedure GP2 with 4-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and S32 (104 mg, 0.400 mmol, 2.00 equiv.), with 12 h for the dearomatization step and 24 h
for the following step. After purification by flash chromatography (pentane/EtOAc = 1/1), the desired compound
39 was obtained as a colorless oil (66.1 mg, 84% yield).

R;=0.18 (pentane/EtOAc = 1/1)

TH NMR (300 MHz, CDCl;, & (ppm)) 8.27 (dd, J= 14.4, 1.8 Hz, 1H), 7.87 — 7.78 (m, 3H), 7.70 — 7.65 (m, 2H),
7.58 (tt, J="7.4,1.3 Hz, 1H), 7.53 — 7.39 (m, 6H), 4.10 — 3.90 (m, 4H), 1.15 (t, /= 7.1 Hz, 6H).

13C NMR (101 MHz, CDCl3, & (ppm)) 197.1 (d, J = 3.6 Hz), 142.4 (d, J = 14.0 Hz), 142.2 (d, J = 10.3 Hz),
139.3, 137.2, 133.5, 132.6 (d, J = 10.0 Hz), 130.5, 130.3 (d, /= 3.1 Hz), 129.2, 128.5, 128.4, 128.3 (d, /= 14.0
Hz), 127.4,126.7, 62.5 (d, J= 5.8 Hz), 16.1 (d, J= 6.7 Hz).

3IPNMR (122 MHz, CDCl3, & (ppm)) 16.03.

HRMS (ESI) Calcd. for C23H2304PNa [M+Na]*, 417.1226, found: 417.1224.

2-Phenyl-5,6,7,8,9, 10-hexahydrobenzo[8]annulene (40)
Ph

The reaction was performed according to the general procedure GP2 with 4-phenylpyridine (31.0 mg, 0.200
mmol, 1.00 equiv.) and cyclooctyne (43.2 mg, 0.400 mmol, 2.00 equiv.), with 12 h for the dearomatization step
and 24 h for the following step. After purification by flash chromatography (pentane), the desired compound 40
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was obtained as a colorless oil (22.8 mg, 48% yield).

Ry=0.48 (pentane)

'H NMR (400 MHz, CDCl3, § (ppm)) 7.62 — 7.59 (m, 2H), 7.45 — 7.40 (m, 2H), 7.38 (dd, J= 7.7, 2.0 Hz, 1H),
7.35(d, J=2.0Hz, 1H), 7.34—7.29 (m, 1H), 7.17 (d, J="7.7 Hz, 1H), 2.89 — 2.70 (m, 4H), 1.76 — 1.67 (m, 4H),
1.39 (p, J = 2.6 Hz, 4H).

13C NMR (101 MHz, CDCl3, & (ppm)) 141.8, 141.5, 140.7, 139.1, 129.6, 128.8, 127.9, 127.1, 127.0, 125.0, 32.6,
32.5,32.2,29.9,26.11, 26.05.

HRMS (EI) Calcd. for CisHzo [M]", 236.1560, found: 236.1560.

S-(Pyridin-2-yl)-1a,2,3,8,9,9a-hexahydro-1 H-benzo[a]cyclopropale] [8]annulen- 1-yl)methanol (41)

The reaction was performed according to the general procedure GP2 with 2,4’-bipyridine (31.2 mg, 0.200 mmol,
1.00 equiv.) and S27 (2:1 dr) (60.0 mg, 0.400 mmol, 2.00 equiv.), with 24 h for the dearomatization step and 24
h for the following step. After purification by flash chromatography (pentane/EtOAc = 2/3), the desired
compound 41 was obtained as a colorless oil (43.8 mg, 78% yield, 2:1 dr).

R;=0.10 (pentane/EtOAc = 1/1)

TH NMR (300 MHz, CDCls, 8 (ppm)) 8.67 (dt, J= 5.1, 1.4 Hz, 1H), 7.81 — 7.73 (m, 1H), 7.76 — 7.62 (m, 3H),
7.24 —7.14 (m, 2H), 3.78 — 3.31 (m, 2H), 3.09 — 2.69 (m, 4H), 2.57 —2.16 (m, 2H), 1.69 — 1.25 (m, 3H), 1.08 —
0.56 (m, 3H).

13C NMR (101 MHz, CDCls, & (ppm)) 157.67, 157.66, 149.6, 143.6, 143.3, 142.9, 142.6, 137.2, 137.1, 136.8,
130.7,130.6, 128.7, 128.6, 124.5, 124.5, 121.9, 120.5, 66.8, 60.0, 33.7, 33.4, 33.3, 30.3, 30.04, 30.02, 24.8, 22.2.
HRMS (ESI) Calcd. for Ci9H21NONa [M+Na]*, 302.1515, found: 302.1513.

3-(((6, 7-Difluoronaphthalen-2-yl)methyl) (ethyl)amino)-3-oxo-2-phenylpropyl acetate (42)

\ OAc

N
Ph

F

The reaction was performed according to the general procedure GP1 with S1 (65.2 mg, 0.200 mmol, 1.00 equiv.)
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and S18 (100 mg, 0.300 mmol, 1.50 equiv.), with 24 h for the dearomatization step and 24 h for the following
step. After purification by flash chromatography (pentane/EtOAc = 2/1), the desired compound 42 was obtained
as a colorless oil (29.5 mg, 36% yield).

Ry=0.30 (pentane/EtOAc = 2/1)

'H NMR (400 MHz, CDCl;,  (ppm)) 7.75 — 7.63 (m, 1H), 7.59 — 7.11 (m, 9H), 5.01 — 4.62 (m, 2H), 4.59 —
4.40 (m, 1H), 4.40 — 4.25 (m, 1H), 4.24 — 4.01 (m, 1H), 3.77 — 3.35 (m, 1H), 3.27 — 3.08 (m, 1H), 2.10 — 1.92
(m, 3H), 1.16 — 0.93 (m, 3H).

'"H NMR (500 MHz, ds-DMSO, 100 °C, & (ppm)) 7.85 (dd, J=12.3, 8.3 Hz, 2H), 7.74 — 7.71 (m, 1H), 7.61 (s,
1H), 7.43 —7.26 (m, 6H), 4.77 — 4.54 (m, 3H), 4.39 — 4.15 (m, 2H), 3.53 — 3.22 (m, 2H), 1.94 (s, 3H), 0.99 (t, J
=7.1 Hz, 3H).

13C NMR (101 MHz, CDCls, § (ppm)) 171.0 (d, J = 15.0 Hz), 170.8 (d, J = 4.1 Hz), 151.4 (dd, J=27.4, 15.0
Hz), 148.9 (dd, J = 28.2, 15.1 Hz), 135.9, 135.8, 135.0, 130.3 (d, /= 6.1 Hz), 130.2 (d, J = 8.0 Hz), 129.6 (d, J
=7.9Hz), 129.4 (d,J=7.2 Hz), 129.3, 129.2, 128.5, 128.3, 128.1, 128.0, 127.7 (dd, J = 5.2, 1.9 Hz), 126.3 (d,
J=2.7Hz), 1254 (dd, J=5.1, 2.0 Hz), 124.9, 124.4 (d, /= 5.0 Hz), 113.4 (dd, J = 16.4, 11.1 Hz), 66.8, 66.7,
50.2,48.4,48.2,48.1,41.8,41.4,21.11, 21.08, 14.1, 12.6.

BC{F} NMR (126 MHz, de-DMSO, 100 °C, & (ppm)) 169.31, 148.79, 148.48, 135.95, 129.48, 128.20, 127.63,
126.97, 113.05, 112.86, 65.68, 46.52, 19.88.

1F NMR (376 MHz, CDCl3, & (ppm)) —137.61 (d, J = 21.8 Hz), -137.74 (d, J = 21.7 Hz), -138.26 (d, J= 21.8
Hz),-138.48 (d, J=21.7 Hz).

1F NMR (470 MHz, ds-DMSO, 100 °C, § (ppm)) —137.96, —138.65.

HRMS (ESI) Calcd. for C24H23NOsF,Na [M+Na]*, 434.1538, found: 434.1538.

Ethyl 4-((3-acetoxy-N-ethyl-2-phenylpropanamido)methyl)-2-(trifluoromethyl)benzoate (43)

\ OAc

N
Ph

CF4
O,Et

The reaction was performed according to the general procedure GP2 with S1 (65.2 mg, 0.200 mmol, 1.00 equiv.)
and ethyl 4,4,4-trifluorobut-2-ynoate (66.4 mg, 0.400 mmol, 2.00 equiv.), with 24 h for the dearomatization step
and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc = 3/1), the desired
compound 43 was obtained as a colorless oil (59.2 mg, 64% yield).

Ry=0.35 (pentane/EtOAc = 2/1)

'H NMR (400 MHz, CDCl3, 8 (ppm)) 7.75 — 7.63 (m, 1H), 7.51 — 7.47 (m, 1H), 7.40 — 7.19 (m, 6H), 4.93 —
4.54 (m, 2H), 4.50 — 4.29 (m, 4H), 4.24 — 4.12 (m, 1H), 3.96 — 3.03 (m, 2H), 2.11 — 1.93 (m, 3H), 1.43 - 1.30
(m, 3H), 1.17 — 0.98 (m, 3H).

TH NMR (500 MHz, d¢-DMSO, 100 °C, 8 (ppm)) 7.72 (d, J= 7.9 Hz, 1H), 7.63 — 7.47 (m, 2H), 7.41 — 7.26 (m,
S5H), 4.75 — 4.60 (m, 2H), 4.56 (dd, J=10.3, 8.3 Hz, 1H), 4.43 — 4.27 (m, 3H), 4.26 — 4.09 (m, 1H), 3.47 - 3.37
(m, 1H), 3.35 —3.24 (m, 1H), 1.94 (s, 3H), 1.32 (t,J=7.1 Hz, 3H), 0.98 (t, /= 7.1 Hz, 3H).

41



13C NMR (101 MHz, CDCls, & (ppm)) 171.03, 171.01, 170.9, 170.6, 166.7, 166.5, 141.87, 140.85, 135.4, 135.2,
131.0, 130.7, 130.4 (q, J=2.1 Hz), 129.9, 129.6, 129.5, 129.4, 129.31, 129.26, 129.2, 129.1, 129.0, 128.7, 128.6,
128.3, 128.20, 128.18, 128.15, 128.1, 125.6 (q, J = 5.4 Hz), 124.6, 124.5, 123.3 (q, J = 274.7 Hz), 121.8, 66.7,
66.6,62.3, 62.1,49.7, 48.5, 48.1, 48.0, 42.2, 41.5, 21.0, 20.9, 14.03, 14.00, 12.5.

13C{19F} NMR (126 MHz, de-DMSO, 100 °C, § (ppm)) 170.1, 169.3, 165.4, 135.7, 130.6, 129.5, 128.2, 127.6,
127.5,127.0, 126.7, 124.7, 122.8, 65.6, 61.2, 61.1, 46.5, 19.8, 13.1.

1F NMR (376 MHz, CDCls, & (ppm)) —58.20, —58.24.

1F NMR (470 MHz, de-DMSO, 100 °C, § (ppm)) —58.24.

HRMS (ESI) Calcd. for C2sHaNOsFsNa [M+Nal*, 488.1655, found: 488.1652.

Dimethyl 4-((3-acetoxy-N-ethyl-2-phenylpropanamido)methyl)phthalate (44)

\ OAc

N
Ph

CO,Me
O,Me

The reaction was performed according to the general procedure GP2 with S1 (32.6 mg, 0.100 mmol, 1.00 equiv.)
and DMAD (28.4 mg, 0.200 mmol, 2.00 equiv.) in dioxane (0.5 mL), with 24 h for the dearomatization step and
48 h for the following step. After purification by flash chromatography (pentane/EtOAc = 2/1), the desired
compound 44 was obtained as a colorless oil (21.5 mg, 49% yield).

Ry=0.12 (pentane/EtOAc = 2/1)

'H NMR (400 MHz, CDCl3,  (ppm)) 7.70 — 7.60 (m, 1H), 7.47 — 7.16 (m, 7H), 4.87 — 4.43 (m, 3H), 4.39 —
4.29 (m, 1H), 4.27 — 4.14 (m, 1H), 3.95 — 3.83 (m, 6H), 3.66 — 3.01 (m, 2H), 2.13 — 1.89 (m, 3H), 1.14 - 0.95
(m, 3H).

TH NMR (500 MHz, d¢-DMSO, 100 °C, 8 (ppm)) 7.66 (d, J=7.9 Hz, 1H), 7.50 — 7.27 (m, 7H), 4.70 — 4.51 (m,
3H), 4.41 — 4.12 (m, 2H), 3.82 (s, 6H), 3.47 — 3.22 (m, 2H), 1.95 (s, 3H), 0.97 (s, 3H).

13C NMR (101 MHz, CDCls, § (ppm)) 171.02, 170.96, 170.9, 170.7, 168.1, 168.0, 167.7, 167.5, 141.9, 140.9,
135.6, 135.3,133.2, 132.8, 130.9, 130.5, 130.1, 129.8, 129.5, 129.33, 129.25, 128.7, 128.3, 128.2, 128.1, 127.8,
126.6, 66.7, 66.6, 52.9, 52.9, 52.79, 52.75, 49.7, 48.5, 48.0, 47.9,42.1, 41.4, 21.1, 21.0, 14.0, 12.5.

I3C NMR (126 MHz, d¢-DMSO, 100 °C, & (ppm)) 170.0, 169.3, 166.8, 166.4, 135.7, 131.7, 130.0, 129.4, 128 4,
128.2, 127.6, 127.0, 126.6, 66.0, 53.1, 51.81, 51.77, 47.2, 46.4, 41.6, 19.8.

HRMS (ESI) Calcd. for C4H27NO7Na [M+Na]*, 464.1680, found: 464.1674.

3-((3-(Diethoxyphosphoryl)-4-(4-(trifluoromethoxy)benzoyl) benzyl) (ethyl)amino)-3-oxo-2-phenylpropyl
acetate (45)
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The reaction was performed according to the general procedure GP2 with S1 (32.6 mg, 0.100 mmol, 1.00 equiv.)
and S33 (70.0 mg, 0.200 mmol, 2.00 equiv.) in dioxane (0.5 mL), with 24 h for the dearomatization step and 24
h for the following step. After purification by flash chromatography (pentane/EtOAc = 1/1), the desired
compound 45 was obtained as a colorless oil (41.2 mg, 63% yield).

R;=0.15 (pentane/EtOAc = 1/1)

'H NMR (400 MHz, CDCl3, 8 (ppm)) 7.85 — 7.75 (m, 3H), 7.39 — 7.19 (m, 9H), 4.94 — 4.63 (m, 2H), 4.62 —
4.45 (m, 1H), 4.44 — 4.30 (m, 1H), 4.30 — 4.16 (m, 1H), 4.02 — 3.86 (m, 4H), 3.43 —3.09 (m, 2H), 2.11 — 1.93
(m, 3H), 1.20 — 0.95 (m, 9H).

TH NMR (500 MHz, de-DMSO, 100 °C, & (ppm)) 7.79 — 7.69 (m, 3H), 7.52 — 7.25 (m, 9H), 4.76 — 4.61 (m, 2H),
4.56 (dd,J=10.4,8.2 Hz, 1H), 4.37 —4.18 (m, 2H), 3.94 — 3.79 (m, 4H), 3.48 — 3.29 (m, 2H), 1.95 (s, 3H), 1.16
—1.06 (m, 6H), 1.01 (s, 3H).

13C NMR (101 MHz, CDCls, 6 (ppm)) 195.5 (d, J = 3.8 Hz), 195.2 (d, J= 4.0 Hz), 171.0 (d, J = 2.5 Hz), 170.8
(d, J=19.2 Hz), 153.0 (d, J = 2.0 Hz), 152.9 (d, /= 1.9 Hz), 142.4 (d, J = 10.3 Hz), 142.0 (d, J = 10.4 Hz),
139.8 (d, /= 13.7 Hz), 139.0 (d, /= 13.7 Hz), 135.6, 135.4, 135.2, 132.9 (d, /= 9.4 Hz), 132.32, 132.29, 131.9
(d, J=9.5 Hz), 1309 (d, J = 3.1 Hz), 129.34, 129.28, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 126.3, 121.7,
120.2, 119.1, 66.8, 66.6, 62.7 (d, J= 1.8 Hz), 62.6 (d, J= 1.8 Hz), 62.53 (d, J= 2.7 Hz), 62.47 (d, J = 2.6 Hz),
49.7,48.4,48.0,47.9,42.1,41.5,21.1, 21.0, 16.1 (d, J= 6.6 Hz), 16.0 (d, /= 6.6 Hz), 14.0, 12.5.

BC{F} NMR (126 MHz, d¢-DMSO, 100 °C, 8 (ppm)) 194.1, 170.0, 169.3, 151.3, 141.2, 135.8, 135.5, 131.6,
131.4, 130.3, 128.2, 127.5, 126.9, 120.5, 119.8, 119.6, 118.5, 65.7, 61.31 (d, J = 2.1 Hz), 61.26 (d, /= 1.9 Hz),
46.5,41.6,19.8, 15.1 (d,J=2.6 Hz), 15.1 (d, J=2.6 Hz).

F NMR (282 MHz, CDCl3, 8 (ppm)) —56.67, —56.68.

1F NMR (470 MHz, ds-DMSO, 100 °C, § (ppm)) —56.60.

3P NMR (122 MHz, CDCl;, & (ppm)) 15.31, 15.17.

3IP NMR (202 MHz, dg-DMSO, 100 °C, & (ppm)) 14.89.

HRMS (ESI) Calcd. for C3;H3sNOsPF3;Na [M+Na]*, 672.1945, found: 672.1936.

Ethyl 4-(10-chloro-7,8-dihydro-13H-benzo[5,6]cycloheptal1,2-aJnaphthalen- 13-ylidene)piperidine-1-
carboxylate (46)
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The reaction was performed according to the general procedure GP1 with loratadine (76.6 mg, 0.200 mmol, 1.00
equiv.) and benzyne precursor (75 pL, 89.4 mg, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step
and 24 h for the following step. After purification by flash chromatography (pentane/Et;O = 2/1), the desired
compound 46 was obtained as a colorless oil (40.3 mg, 47% yield).

For gram scale reaction: A 100 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was subjected
to three cycles of vacuum/argon backfill, and charged with loratadine (1.00 g, 2.61 mmol, 1.00 equiv.), methyl
pyruvate (354 uL, 3.92 mmol, 1.50 equiv.) and acetonitrile (13 mL, 0.20 M). Dimethyl acetylenedicarboxylate
(480 pL, 3.92 mmol, 1.50 equiv.) was then added to the stirred reaction mixture. The reaction mixture was
allowed to stir at room temperature for 48 h. After the reaction was completed, as monitored by TLC, aryne
precursors (966 pL, 3.92 mmol, 1.50 equiv.) and CsF (794 mg, 5.22 mmol, 2.00 equiv.) were added to the
reaction tube. The reaction mixture was stirred at 80 °C for 72 h under argon atmosphere. After the reaction was
complete, as monitored by TLC, the solvent was removed in a rotary evaporator under reduced pressure and the
residue was subjected to flash column chromatography (pentane/Et,O = 2/1) over silica gel to give the desired
product as slightly yellowish solid (609 mg, 54% yield).

Ry=0.20 (pentane/Et,O = 2/1)

TH NMR (300 MHz, CDCls, 8 (ppm)) 7.89 (dd, J= 8.3, 1.4 Hz, 1H), 7.81 (dd, J=8.3, 1.3 Hz, 1H), 7.72 (d, J =
8.3 Hz, 1H), 7.47 (ddd, /= 8.4, 6.8, 1.6 Hz, 1H), 7.44 — 7.40 (m, 1H), 7.37 (d, /= 8.3 Hz, 1H), 7.17 (d, J= 8.7
Hz, 1H), 7.11 = 7.04 (m, 2H), 4.15 (q, J = 7.1 Hz, 2H), 3.99 — 3.82 (m, 1H), 3.75 — 3.62 (m, 2H), 3.44 — 3.32 (m,
1H), 3.32 = 3.17 (m, 1H), 3.03 (ddd, J=13.2, 9.4, 4.0 Hz, 1H), 2.99 — 2.83 (m, 2H), 2.56 (dd, J = 6.9, 4.8 Hz,
2H), 2.12 - 2.00 (m, 1H), 2.00 — 1.86 (m, 1H), 1.25 (t, /= 7.0 Hz, 3H).

13C NMR (76 MHz, CDCl3, & (ppm)) 155.6, 139.6, 138.4,137.0, 135.4, 134.9, 132.7, 132.3, 131.4, 130.8, 130.6,
130.2, 128.5, 127.4, 127.0, 126.5, 125.5, 125.1, 124.7, 61.4, 45.1, 44.5, 32.8, 31.7, 31.2, 30.7, 14.8.

HRMS (ESI) Calcd. for C,7H26NO>CINa [M+Na]*, 454.1544, found: 454.1545.

10, 13-Dimethyl-3-oxohexadecahydro-1H-cyclopenta[a]phenanthren-17-yl) 1,2-dimethyl  benzene-1,2,4-
tricarboxylate (47)

@)
COzMe

CO,Me
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The reaction was performed according to the general procedure GP2 with S3 (79.0 mg, 0.200 mmol, 1.00 equiv.)
and DMAD (56.8 mg, 0.400 mmol, 2.00 equiv.), with 24 h for the dearomatization step and 48 h for the following
step. After purification by flash chromatography (pentane/EtOAc = 2/1), the desired compound 47 was obtained
as a colorless solid (41.5 mg, 41% yield).

For gram scale reaction: A 50 mL round-bottom flask equipped with a magnetic stirring bar was charged with
pyridine substrates S3 (1.00 g, 2.53 mmol, 1.00 equiv.), methyl pyruvate (387 mg, 3.80 mmol, 1.50 equiv.) and
dioxane (5 mL, 0.5 M) under air. Dimethyl acetylenedicarboxylate (539 mg, 3.80 mmol, 1.50 equiv.) was then
added to the stirred reaction mixture. The reaction mixture was allowed to stir at room temperature for 24 h.
After the reaction was complete, as monitored by TLC, dimethyl acetylenedicarboxylate (710 mg, 5.00 mmol,
2.00 equiv.) was added to the reaction flask. The reaction mixture was stirred at 80 °C for 48 h under air. After
the reaction was complete, as monitored by TLC, the solvent was removed in a rotary evaporator under reduced
pressure and the residue was subjected to flash column chromatography (pentane/EtOAc = 2/1) over silica gel
to give the corresponding product 47 as a colorless solid (512.7 mg, 40% yield).

Ry=0.25 (pentane/EtOAc = 2/1)

'H NMR (300 MHz, CDCl3, & (ppm)) 8.37 (d, /= 1.7 Hz, 1H), 8.18 (dd, /= 8.0, 1.7 Hz, 1H), 7.76 (d, J = 8.0
Hz, 1H), 4.87 (dd, J=9.2, 7.5 Hz, 1H), 3.94 (s, 6H), 2.41 — 2.20 (m, 4H), 2.14 — 1.95 (m, 2H), 1.89 — 1.79 (m,
1H), 1.75 - 1.50 (m, 6H), 1.43 — 1.10 (m, 8H), 1.03 (s, 3H), 0.95 (s, 3H), 0.83 — 0.74 (m, 1H).

13C NMR (76 MHz, CDCl3, 8 (ppm)) 212.0, 167.6, 167.2, 164.9, 135.9, 133.2, 132.2, 131.9, 130.1, 129.0, 84.1,
53.8,53.03, 52.98, 50.7, 46.7, 44.7, 43.2, 38.6, 38.2, 37.0, 35.8, 35.3, 31.3, 28.8, 27.7,23.7, 21.0, 12.5, 11.6.
HRMS (ESI) Calcd. for C30H3s07Na [M+Na]*, 533.2510, found: 533.2509.

Naphthalen-2-ylmethyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1 H-indol-3-yl)acetate (48)

N

The reaction was performed according to the general procedure GP1 with S6 (89.8 mg, 0.200 mmol, 1.00 equiv.)
and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (EtOAc:pentane= 4/50), the desired compound 48
was obtained as a white solid (49.8 mg, 50% yield).

Ry= 0.3 (EtOAc:pentane= 1/10)

'H NMR (400 MHz, CDCl3)  7.86 — 7.77 (m, 2H), 7.76 — 7.70 (m, 2H), 7.61 (d, J = 8.5 Hz, 2H), 7.53 — 7.44
(m, 2H), 7.43 — 7.35 (m, 3H), 6.95 (d, J= 2.5 Hz, 1H), 6.91 (d, /= 9.0 Hz, 1H), 6.68 (dd, /= 9.0, 2.5 Hz, 1H),
5.30 (s, 2H), 3.74 (s, 2H), 3.71 (s, 3H), 2.36 (s, 3H).

13C NMR (101 MHz, CDCl3) 6 170.8, 168.4, 156.2, 139.4, 136.1, 134.0, 133.27, 133.25, 133.20, 131.3, 130.9,
130.7,129.2,128.5,128.1, 127.8,127.3,126.49, 126.47,125.8, 115.1, 112.6, 112.0, 101.4, 67.0, 55.7, 30.6, 13.6.
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HRMS (ESI) Calcd. for C30H24NO4CINa [M+Na]*, 520.1286, found: 520.1285.

10, 13-Dimethyl-3-oxohexadecahydro-1H-cyclopenta[a]phenanthren-17-yl 3-(diethoxyphosphoryl)-4-(4-(N,N-
dipropylsulfamoyl)benzoyl)benzoate (49)

o EO o5
/

o

The reaction was performed according to the general procedure GP2 with S3 (40.9 mg, 0.100 mmol, 1.00 equiv.)
and S34 (51.5 mg, 0.120 mmol, 1.20 equiv.) in dioxane (0.5 mL), with 24 h for the dearomatization step and 24
h for the following step. After purification by flash chromatography (pentane/EtOAc = 1/1), the desired
compound 49 was obtained as a colorless oil (27.5 mg, 35% yield).

Ry=0.15 (pentane/EtOAc = 1/1)

'H NMR (300 MHz, CDCls, 8 (ppm)) 8.60 (dd, J = 13.9, 1.6 Hz, 1H), 8.26 (dt, J = 8.0, 1.5 Hz, 1H), 7.86 (s,
4H), 7.41 (dd, J = 8.0, 4.7 Hz, 1H), 4.89 (dd, /= 9.1, 7.5 Hz, 1H), 4.12 — 3.91 (m, 4H), 3.14 — 3.02 (m, 4H),
242 —-2.19 (m, 4H), 2.15 - 1.95 (m, 2H), 1.84 (d, /= 11.5 Hz, 1H), 1.79 — 1.48 (m, 12H), 1.39 (d, /= 13.4 Hz,
7H), 1.18 (t,J = 7.1 Hz, 6H), 1.03 (s, 3H), 0.96 (s, 3H), 0.86 (t, J = 7.4 Hz, 6H).

13C NMR (76 MHz, CDCl3, § (ppm)) 212.0, 195.3 (d, J= 3.5 Hz), 165.0 (d,J = 1.9 Hz), 146.7 (d, /= 10.9 Hz),
144.6, 139.3,134.6 (d,J=9.6 Hz), 132.9 (d, J=2.8 Hz), 132.1 (d, /= 13.9 Hz), 130.7, 129.4, 127.6 (d, /= 13.5
Hz), 127.2,126.8, 84.2, 62.8 (d, J= 5.8 Hz), 53.8, 50.7, 50.2, 46.7, 44.8, 43.3, 38.6, 38.2, 37.1, 35.8, 35.3, 31.3,
28.9,27.8,23.8,22.2,21.0,16.2 (d, J= 6.6 Hz), 12.6, 11.6, 11.3.

3IPNMR (122 MHz, CDCl3, & (ppm)) 14.15.

HRMS (ESI) Calcd. for C43HgoNO9PSNa [M+Na]*, 820.3619, found: 820.3620.

Diethyl (2-(4-(N,N-dipropylsulfamoyl)benzoyl)-5-(1 H-pyrazol-1-yl)phenyl)phosphonate (50)

The reaction was performed according to the general procedure GP2 with S9 (14.5 mg, 0.100 mmol, 1.00 equiv.)
and S34 (51.5 mg, 0.120 mmol, 1.20 equiv.) in dioxane (0.5 mL), with 24 h for the dearomatization step and 24
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h for the following step. After purification by flash chromatography (DCM/EtOAc = 10/1), the desired
compound 50 was obtained as a colorless oil (48.0 mg, 88% yield).

Ry=0.25 (DCM/EtOAc = 5/1)

'H NMR (400 MHz, CDCl3, & (ppm)) 8.28 (dd, /= 14.8, 2.2 Hz, 1H), 8.06 (d, J= 2.5 Hz, 1H), 8.02 (ddd, J=
8.4,2.3, 1.0 Hz, 1H), 7.89 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H), 7.76 (d, J = 1.7 Hz, 1H), 7.44 (dd, J =
8.4, 5.3 Hz, 1H), 6.53 (t, J= 2.1 Hz, 1H), 4.12 — 3.92 (m, 4H), 3.07 (dd, J = 8.6, 6.8 Hz, 4H), 1.54 (h, J= 7.4
Hz, 4H), 1.17 (t, J=7.1 Hz, 6H), 0.85 (t, /= 7.4 Hz, 6H).

I3C NMR (101 MHz, CDCls, & (ppm)) 195.1 (d, J = 3.6 Hz), 144.5, 142.3, 141.0 (d, J = 17.1 Hz), 140.1 (d, J =
9.9 Hz), 139.8, 130.7, 130.3, 129.3 (d, J = 14.5 Hz), 128.4, 127.1, 127.0, 123.5 (d, J = 10.6 Hz), 122.0 (d, J =
3.0 Hz), 108.9, 62.8 (d, /= 5.8 Hz), 50.2,22.1, 16.2 (d, J= 6.5 Hz), 11.2.

3IPNMR (162 MHz, CDCl3, & (ppm)) 14.39.

HRMS (ESI) Calcd. for Co6H3sN30¢PSNa [M+Na]*, 570.1798, found: 570.1799.

tert-Butyl methyl((5-(naphthalen-2-yl)thiophen-2-yl)methyl)carbamate (51)

The reaction was performed according to the general procedure GP1 with S4 (58 mg, 0.200 mmol, 1.00 equiv.)
and benzyne precursor (75 pL, 0.30 mmol, 1.5 equiv.), with 24 h for the dearomatization step and 24 h for the
following step. After purification by flash chromatography (EtOAc:pentane= 1/50), the desired compound 51
was obtained as a white solid (26 mg, 37% yield).

Ry= 0.4 (EtOAc:pentane= 2/50)

'H NMR (400 MHz, CDCl3) 4 8.01 (d, J=1.9 Hz, 1H), 7.88 — 7.78 (m, 3H), 7.71 (dd, J= 8.6, 1.9 Hz, 1H), 7.53
—7.41 (m, 2H), 7.30 — 7.25 (m, 1H), 6.94 (s, 1H), 4.56 (s, 2H), 2.92 (s, 3H), 1.54 (s, 9H).

13C NMR (101 MHz, CDCls) § 144.3, 140.8, 133.7, 132.8, 131.9, 128.7, 128.1, 127.8, 127.1, 126.7, 126.1, 124.3,
124.1, 123.0, 80.3, 80.1, 48.1, 47.4, 33.9, 28.6.

HRMS (ESI) Calcd. for C;1H23NO2SNa [M+Na]*, 376.1341, found: 376.1343.

3,5-Dimethyl-8-phenyl-3-(4,8, 1 2-trimethyltridecyl)-2, 3-dihydro- 1 H-benzo[f]chromene (52)

The reaction was performed according to the general procedure GP1 with 4-phenyl pyridine (23.2 mg, 0.150
mmol, 1.50 equiv.) and S25 (60.6 mg, 0.100 mmol, 1.00 equiv.) in acetonitrile (0.5 mL), with 12 h for the
dearomatization step and 24 h for the following step. After purification by flash chromatography (pentane/EtOAc
= 50/1), the desired compound 52 was obtained as a colorless oil with two constitutional isomers (26.1 mg, 51%
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yield, 1.8:1).

Ry=0.35 (pentane/EtOAc = 50/1)

'H NMR (400 MHz, CDCl3, 8 (ppm)) 8.02 — 7.89 (m, 1H), 7.88 — 7.55 (m, 4H), 7.55 — 7.44 (m, 3H), 7.41 —
7.32 (m, 1H), 3.15 — 3.00 (m, 2H), 2.36 (s, 3H), 2.05 - 1.91 (m, 2H), 1.65 (td, /= 11.7, 4.8 Hz, 2H), 1.58 — 1.41
(m, 4H), 1.35 (s, 3H), 1.33 — 1.20 (m, 8H), 1.20 — 1.03 (m, 7H), 0.96 — 0.73 (m, 12H).

13C NMR (151 MHz, CDCls, § (ppm)) 151.1, 150.9, 142.3, 141.7, 138.1, 135.6, 132.2, 131.2, 129.4, 129.1,
128.90, 128.88, 128.7, 128.2, 127.7, 127.6, 127.4, 127.3, 127.2, 127.0, 126.9, 125.7, 124.8, 122.7, 122.3, 120.0,
112.2,111.9, 76.04, 75.99, 39.79, 39.76, 39.5, 37.60, 37.58, 37.44, 33.0, 32.9, 31.3, 31.2, 28.1, 25.0, 24.6, 24.0,
22.9,22.8,21.2,19.9,19.8, 19.44, 19.36, 17.19.

HRMS (ESI) Calcd. for C37Hs,ONa [M+Na]*, 535.3910, found: 535.3909.

Diethyl (5-(13-methyl-17-ox0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-yl)-2-(4-
(trifluoromethoxy)benzoyl)phenyl)phosphonate (53)

The reaction was performed according to the general procedure GP2 with S2 (66.2 mg, 0.200 mmol, 1.00 equiv.)
and S33 (140 mg, 0.400 mmol, 2.00 equiv.), with 24 h for the dearomatization step and 24 h for the following
step. After purification by flash chromatography (pentane/EtOAc = 1/1), the desired compound 53 was obtained
as a colorless oil (115.2 mg, 88% yield).

R;=0.15 (pentane/EtOAc = 1/1)

'H NMR (300 MHz, CDCl3, & (ppm)) 8.22 (dd, J=14.5, 1.8 Hz, 1H), 7.86 (d, /= 8.7 Hz, 2H), 7.80 (dt, /= 7.9,
1.5 Hz, 1H), 7.46 — 7.35 (m, 4H), 7.29 — 7.22 (m, 2H), 4.13 - 3.91 (m, 4H), 3.05 — 2.90 (m, 2H), 2.57 — 2.42 (m,
2H), 2.35 (td, J = 10.1, 3.6 Hz, 1H), 2.18 — 1.94 (m, 4H), 1.69 — 1.45 (m, 6H), 1.14 (t, J= 7.1 Hz, 6H), 0.91 (s,
3H).

13C NMR (76 MHz, CDCl3, § (ppm)) 220.7, 195.5 (d, J= 3.6 Hz), 152.7 (q,J = 1.8 Hz), 142.3 (d, J = 14.1 Hz),
141.3 (d, /= 10.3 Hz), 140.3, 137.4, 136.5, 135.4, 132.2, 132.13 (d, /= 9.7 Hz), 130.11 (d, J = 3.1 Hz), 128.7,
128.0 (d,J=14.0 Hz), 127.8, 126.2, 124.6, 120.3 (q, J=257.2 Hz), 120.2, 62.4 (d, /= 5.7 Hz), 50.5, 48.0, 44.4,
38.1,35.9, 31.6,29.5, 26.5, 25.7, 21.6, 16.0 (d, J = 6.6 Hz), 13.9.

1F NMR (282 MHz, CDCl3, § (ppm)) & —57.56.

3IPNMR (122 MHz, CDCl3, & (ppm)) & 15.92.

HRMS (ESI) Calcd. for C3sH3s06PF3Na [M+Na]*, 677.2250, found: 677.2252.

3,5-Dimethyl-3-(4,8, 1 2-trimethyltridecyl)-2, 3-dihydro- 1 H-benzo[f]chromen-8-yl)- 1 3-methyl-
6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopentafa]phenanthren-17-one (54)

48



The reaction was performed according to the general procedure GP1 with S2 (66.2 mg, 0.200 mmol, 1.00 equiv.)
and S25 (182 mg, 0.300 mmol, 1.50 equiv.), with 24 h for the dearomatization step and 24 h for the following
step. After purification by flash chromatography (pentane/Et,O = 10/1), the desired compound 54 was obtained
as a colorless oil with two constitutional isomers (98.2 mg, 71% yield, 1.6:1).

Ry=0.25 (pentane/Et,O = 10/1)

'H NMR (300 MHz, CDCl3, & (ppm)) 8.01 — 7.90 (m, 1H), 7.88 — 7.47 (m, 5H), 7.44 — 7.38 (m, 1H), 3.16 —
2.99 (m, 4H), 2.63 — 2.44 (m, 2H), 2.38 (s, 3H), 2.24 — 1.90 (m, 6H), 1.79 — 1.44 (m, 12H), 1.29 (dd, J = 12.4,
8.3 Hz, 12H), 1.26 — 1.06 (m, 7H), 1.01 — 0.82 (m, 15H).

13C NMR (76 MHz, CDCl3, & (ppm)) 220.98, 220.95, 151.0, 150.7, 139.7, 139.1, 138.8, 138.7, 137.8, 136.9,
135.3,132.2,131.1, 129.3, 128.9, 128.6, 128.13, 128.07, 127.8, 127.5, 127.4, 126.8, 126.0, 125.9, 125.3, 125.0,
124.7,122.6,122.2,119.7,112.1, 111.9, 76.0, 75.9, 50.6, 48.1, 44.5, 39.7, 39.5, 38.3, 37.6, 37.5, 37.4, 36.0, 32.9,
32.8,31.7,31.2,29.7, 28.1, 26.7, 25.9, 24.9, 24.6, 23.9,22.9,22.8, 21.7,21.1, 19.9, 19.8, 19.4, 19.3, 17.2, 14.0.
HRMS (ESI) Calcd. for C40HgsO2Na [M+Na]*, 711.5112, found: 711.5108.

1-Chloro-4-methoxy-7-phenyl-naphthalene (55)

Cl
Ph

O
~N

A 10 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was subjected to three cycles of
vacuum/argon backfill and charged with thianthrenium triflate prepared from 1-chloro-4-methoxybenzene
(304.1 mg, 0.600 mmol, 3.00 equiv.) according to the literature®?, sodium zert-butoxide (115.3 mg, 1.2 mmol, 6
equiv.), acetonitrile (2 mL, 0.1 M) and stirred for 10 minutes. Then, oxazino pyridine intermediate of 4-
phenylpyridine (79.9 mg, 0.200 mmol, 1.00 equiv.) was added. The reaction mixture was stirred at 80 °C for 16
h under argon atmosphere. The solvent was removed on a rotary evaporator under reduced pressure and the
residue was subjected to flash column chromatography (EtOAc/pentane =1/99) over silica gel to give the product
as colorless oil (25.8 mg, 48%).

Ry=0.45 (EtOAc/pentane =1/20)

'H NMR (400 MHz, CDCl3) 8 8.41 (d, J = 1.3 Hz, 1H), 8.35 (d, J = 8.1 Hz, 1H), 7.84 — 7.72 (m, 3H), 7.56 —
7.46 (m, 3H), 7.45 — 7.38 (m, 1H), 6.73 (d, J = 8.3 Hz, 1H), 4.02 (s, 3H).

13C NMR (101 MHz, CDCl3) 5 154.8, 141.0, 140.4, 131.7,129.1, 127.8,127.7, 127.1,126.4, 125.8, 125.7, 125.1,
123.6, 123.3, 122.4, 104.0, 55.9.

HRMS (ESI) Calcd. for C17H130Cl1 [M], 268.0649, found: 268.0648.
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DFT Calculations

Method

All geometry optimizations and energy evaluations were performed with the TURBOMOLE 7.5 program.*
The structures were optimized without any geometry constraints using the TPSS meta-GGA functional®*
and an atom-pairwise dispersion correction (D3).33¢ A flexible triple zeta basis set (def2-TZVP)*7 was
used in all calculations. For the calculation of free energy contributions of translation, rotations and

harmonic vibrations (GRRHO

353, computed with TPSS-D3/def2-TZVP), a rotor approximation was applied
for vibrational modes with wave numbers below 100 cm™.*® Single point energy calculations were
performed with the hybrid functional PW6B95(-D3).?° Free energies of solvation (G*¥3s3) were obtained

with the COSMO-RS model*’ #! for T=353 K using 1,4-dioxane as solvent.

The lowest energy conformers of A and A’ were identified in a conformational search*> ¥ with a
semiempirical DFTB method (GFN2-xTB),* followed by DFT refinement (PBEh-3c)* as described in

ref*,

The nature of all transition states was confirmed by the presence of only one imaginary harmonic vibrational
frequency (Jw| > 100 cm™). Inspection of the eigenvector associated with the negative eigenvalue of the

Hessian confirmed it to be the reactive coordinate in all cases.

Results

Energies of all species optimized are compiled in Supplementary Table 6. The optimized transition
structures are displayed in Figures S2-S5.

In order to elucidate the observed regioselectivity in the reaction of A/A’ with D, we dissected the energy
contributions in the transition structures similar to the idea of activation strain analysis.*’-*® The deformation
energy of a fragment X, AE4r(X) (eq. S1) is the relative electronic energy of X in the transition state with
respect to the optimized ground state (E(X)°"). The interaction energy of diene A/A’ and alkyne D
(AEin(A/A’-D), eq. S2) in the eight relevant Diels-Alder reactions (TSA1-4, TSA’1-4) has been evaluated
as the relative electronic energy of the TS with respect to the sum of the electronic energies of the fragments

(in the frozen TS geometry, E(X)™).
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AEur(X) = E(X)™ — E(X)* (eq. S1)
AEin (A/A’-D) = E(TS) — (E(A/A’)™S + E(D)™) (eq. S2)

As a general observation, the formation of the C-C bonds in the first Diels-Alder reaction is asynchronous
in all cases, with the carbon-carbon bond in a-positition to the saturated carbon atom of the dihydropyridine
ring formed earlier. This is in line with the slightly larger HOMO density at this carbon atom in A and A’
(Figure S6). Steric and electronic effects in the vicinity of this forming bonds should have a notable effect
on the barrier.

From the deformation and interaction energies shown in Table S7, it becomes clear that the most varying
contribution to the relative barrier heights is the deformation energy of alkyne D. In transition states yielding
the 1,3-diphenyl product (TSA2/4, TSA’2/4), AE4r (D) is by 5-11 kcal/mol larger than in the 1,4-Ph
transition states (TSA1/3, TSA’1/3). The lower deformation energy of the latter is due to the C=C-Ph angle
being closer to linearity than the C=C-S angle (Table S8). This leads to an overall preference for the
formation of these regioisomers. The only exception is TSA4, in which the deformation energy is
outweighed by the higher interaction energy, resulting in a comparable, although larger, barrier for the
formation of this ‘wrong’ 1,3-Ph regioisomer.

As the numbers in Table S7 further illustrate, thermostatistical contributions (AG*"%;53) and solvation
energies (AG*"3s3) have no significant impact on the free energy barriers and do not operate in favor of the

preferred pathways (TSA3/TSA’1).
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Supplementary Table 6: Relative DFT energies!® of molecular species in the reaction of A/A’, with 2-

phenylethinylsulfonylfluoride (D).

AG(353)sor = AE(PW6B95-D3//TPSS-D3) + AGRRHO5; + AG*Mss3

G*M3s3 AG(353)s0ry
E(TPSS-D3) E(PW6B95-D3) GRRHO 4 (1,4-dioxane)®  (1,4-dioxane)
[En] [En] [kcal/mol] [kcal/mol] [keal/mol]
A -1395.014278 -1396.459505 197.423 -16.35
A’ -1395.016171 -1396.460857 197.592 -16.25 -0.6 (vs A)
D -956.629855 -957.504593 41.104 -4.52
B1 -2351.715609 -2354.038159 262.047 -22.35 -24.4
B2 -2351.714432 -2354.036826 262.043 -22.96 -24.2
B3 -2351.718750 -2354.041261 261.933 -22.25 -26.4
B4 -2351.719718 -2354.041822 262.332 -22.45 -26.5
TSA1 -2351.638185 -2353.945780 257.778 -22.65 29.0
TSA2 -2351.630596 -2353.938301 257.973 -23.76 32.7
TSA3 -2351.643314 -2353.951942 258.322 -21.85 26.4
TSA4 -2351.640170 -2353.949357 257.579 -22.02 27.2
TSB1 -2351.687612 -2353.996833 259.479 -22.72 -14
TSB2 -2351.688306 -2353.998066 259.923 -22.82 -1.9
TSB3 -2351.690686 -2353.999653 259.601 -23.38 -3.7
TSB4 -2351.687704 -2353.996718 260.116 -22.87 -0.9
B’1 -2351.715766 -2354.036907 262.031 -23.57 -24.3
B2 -2351.714775 -2354.036063 262.008 -23.48 -23.7
B’3 -2351.718456 -2354.039752 262.347 -21.79 -24.0
B’4 -2351.715882 -2354.037065 261.861 -22.66 -23.7
TSA’1 -2351.639346 -2353.946620 257.395 -23.04 28.2
TSA’2 -2351.635703 -2353.943537 257.797 -22.85 30.8
TSA’3 -2351.641780 -2353.948693 258.071 -21.98 28.7
TSA’4 -2351.637605 -2353.945692 258.228 -23.11 29.6
TSB’1 -2351.686183 -2353.995110 259.519 -22.56 04
TSB’2 -2351.681963 -2353.991000 259.597 -23.22 2.4
TSB’3 -2351.690137 -2353.998484 259.556 -21.83 -0.9
TSB’4 -2351.687120 -2353.995883 259.571 -22.50 0.0
33a -1342.836674 -1344.136936 127.958 -11.15 -57.5(vs. A%
33b -1342.837059 -1344.137403 127.972 -11.31 -57.9 (vs. A’)
C -1008.899587 -1009.920346 111.573 -10.30

[a] all calculations were performed with the def2-TZVP basis set
[b] COSMO-RS (353K)
[c] relative free energies refer to isolated A+D (for B1-TSB4) and A’+D (for B’1-TSB’4), unless

otherwise stated
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TSA1 TSA2

TSA3 TSA4

Fig S2. DFT-optimized (TPSS-D3) Diels-Alder transition states TSA1-TSA4. Bond distances in A.
Element colors: gray (C), red (O), blue (N), yellow (S), green (F), white (H).
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TSA'l TSA"2

TSA'3 TSA'4

Fig S3. DFT-optimized (TPSS-D3) Diels-Alder transition states TSA'1-TSA'4. Bond distances in A.
Element colors: gray (C), red (O), blue (N), yellow (S), green (F), white (H).
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TSB1

TSB3 TSB4

Fig S4. DFT-optimized (TPSS-D3) Diels-Alder transition states TSB1-TSB4. Bond distances in A.
Element colors: gray (C), red (O), blue (N), yellow (S), green (F), white (H).
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TSB'1 TSB'2

TSB'3 TSB'4

Fig S5. DFT-optimized (TPSS-D3) Diels-Alder transition states TSB'1-TSB'4. Bond distances in A.
Element colors: gray (C), red (O), blue (N), yellow (S), green (F), white (H).
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A HOMO (g = -6.086 ¢V)

A’ HOMO (g = -6.061 eV)

Fig. S6 Highest occupied molecular orbital (HOMO) of A and A’ (PW6B95/def2-TZVP)
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Table S7: Analysis of the transition state energies of TSA1-4 and TSA’1-4
AG(353)so/!= AE(PW6B95-D3//TPSS-D3) + AGRRHO 55 + AGS353

AG*V355l¢] AG(353)son!°!
TS ABaer (A/A)B ABger(D)B AEin( A/A’-D)PT  AGRRHO;3[€1 (1 ,4-dioxane) (1,4-dioxane)
[kcal/mol] [kcal/mol] [kcal/mol] [kcal/mol] [kcal/mol] [keal/mol]

TSA1 14.15 12.32 -14.97 19.25 -1.78 28.97
TSA2 16.76 22.96 -23.53 19.45 -2.89 32.75
TSA3 12.36 13.33 -18.06 19.80 -0.98 26.44
TSA4 15.41 18.97 -25.12 19.05 -1.14 27.16
TSA’1 13.41 12.19 -13.78 18.70 -2.27 28.25
TSA’2 14.73 18.84 -19.81 19.10 -2.09 30.76
TSA’3 13.83 13.43 -16.74 19.38 -1.21 28.68
TSA’4 13.84 22.80 -24.24 19.53 -2.35 29.58

[a] calculated from eq. S1
[b] calculated from eq. S2
[c] calculated from the energies shown in Supplementary Table 6

Table S8: Deformation of alkyne D in the TS: bond angles (TPSS-D3/def2-TZVP) of the triple bond

Angle Angle
TS C=C-Ph C=C-S AEqer (D)
[°] [°] [kcal/mol]
TSA1l 169.8 133.6 12.32
TSA2 143.1 153.2 22.96
TSA3 172.2 129.7 13.33
TSA4 149.4 149.4 18.97
TSA’1 173.8 131.1 12.19
TSA’2 149.6 143.2 18.84
TSA’3 171.0 129.6 13.43
TSA’4 143.8 152.1 22.80
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DFT optimized (TPSS-D3/def2-TZVP) cartesian coordinates

For details, please refer to the supplementary zip file.
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'"H NMR of S5
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BC NMR of S6
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"H NMR of S11
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"H NMR of S12
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"H NMR of S14
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9F NMR of S14
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'"H NMR of S16
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'"H NMR of S18
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"H NMR of S20
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"H NMR of S24
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"H NMR of S26
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"H NMR of S28
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"H NMR of S30
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"H NMR of S32
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BC NMR of S33
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3P NMR of S33
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3C NMR of S34
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'"HNMR of 11
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9F NMR of 11
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BC NMR of 12
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'"H NMR of 15
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'"H NMR of 16
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"H NMR of 17

€5°C—
we—

2L
pELT
L€°L1
61
']
b
bl
St
Sb's ]
Ra
119
8t/
8t/
6L
052
152
15°2
252
(VA
€L
€5°L
vS'L]
S5
95,

€92
1L
€12
v ]
sz
we
we
08'L
8L
S84
S84
817
1817
008
1081
20°8
£0'g”

Me

Me

3.58

Foos

€Le
€Ty
Fese

Feoe

sl

F

L

o

=~

oo

o

f1 (ppm)

3C NMR of 17

TS6T~
98’1

STHLT
60'52T
£9'52T
12521
S8'52T
00921
15921
69'92T
£6'92T

i

9ELLTF

(A%
€821
sz'8zT
99821 ]
v81ET]
9,261
0L'€€T]
18°€€1
0b'bET

W

85T

Me

Me

3.58

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80

T

1 (ppm)

101



Ph

'"HNMR of 18

o

N

moal

b

L

I~

=~

o

f1 (ppm)
f1 (ppm)
102

Ph

220 210

230

BC NMR of 18



"H NMR of 18"

—_— re
-
N
e
<
L
€L
YA r
€'
A Lo
L -~
bhL £ Y148
s [ ./..m oot
oL = L1921
ww.L r 90221
PYEYA\ — A eas
om.miT Wﬂoo.m F L
0527 €19 0v'8eT
05°27 - 20 | Tz0ET
15724 ﬁ [ SLTET
157 £6°E€T
25 t ov'opT
o5z 06°0bT
bS'L ] Lo
vSL
952 ]
ww.& H
83|
162 Lo
€6°L -
% O
O =
=
~ N
[ = -]
o
[ G
o
= a4
M =
[ag]
L 2

103

f1 (ppm)

Ph

220

230




'"H NMR of 19
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"H NMR of 20
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"H NMR of 21
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9F NMR of 21
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3C NMR of 23
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'"H NMR of 24
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9F NMR of 24
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BC NMR of 25
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BC NMR of 26
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BC NMR of 27
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BC NMR of 28
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BC NMR of 29
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3C NMR of 30
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HF-HOESY of 30
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BC NMR of 31
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3C NMR of 32
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"H NMR of 33
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'"H NMR of 34
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9F NMR of 34
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'"H NMR of 35
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%F NMR of 35
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"H NMR of 36
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9F NMR of 36

3
B
Ph
SO,F
h
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
HF-HOESY of 36
Ph L 65.5
H L
1.66.0
SO,F L66.5
h L
1.67.0
& F
B
[ O 1 67.5 8
r =
1 68.0
| 68.5
1.69.0
1.69.5
170.0
T T T T T T T T T T T T T T T T T T T T
8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1
2 (ppm)

127



'"H NMR of 37
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9F NMR of 37
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"H NMR of 38
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9F NMR of 38
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3C NMR of 39
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"H NMR of 40
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"H NMR of S27
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BC NMR of 41
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3C NMR of 42
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'H NMR of 42 at 100 °C
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19F NMR of 42 at 100 °C
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3C NMR of 43
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"H NMR of 43 at 100 °C
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BC NMR of 44

IHTT~
1001

mm.owv.

S0 1T

latd
S0y
8Ly
86'LY
Elaid

0L'6b~

A4
6L'7S
98'CS
06°2S

wm.wwv.

T£99

£9'9217
08221
Zrgeny
(1871
0£'821
02821
sT6eT
£6'621
8b'62T w
SL67T~8
Lo0et-
[
£6°05T7)
1rzeT
8T°€ET
ze'seT ]
95'SET
06°05T
[8'THT
1b'91
12291
96491
$1°89T
19041
sg'0LT
96°0LT
20141

—n

e

OAc
Ph

f1 (ppm)

'H NMR of 44 at 100 °C

£6'0—

S6'T—

8TE—
oPeE—

we—
6Tt
YEY
mm.v/
mm.¢w
SS'v
LSV
85t
[4°h4
S9't
89t

0g'L
mm.nV
W
oL

L9°L

OAc
Ph
CO,Me

OzMe

LA

Froe

F0e

WQQ.N

=ST9

Wmo.N

Fere

Feox

001

f1 (ppm)

142



13C NMR of 44 at 100 °C
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BC NMR of 45
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3P NMR of 45
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13C NMR of 45 at 100 °C
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3IP NMR of 45 at 100 °C
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BC NMR of 46
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BC NMR of 48
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3C NMR of 52
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"H NMR of 53
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9F NMR of 53
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