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1. General experimental information

Unless otherwise noted, all commercially available reagents were used without further
purification. All of the solvents were treated according to known methods. Column
chromatography was performed on silica gel (200-400 mesh). 'H-NMR (400 MHz) chemical shifts
were reported in ppm () relative to tetramethylsilane (TMS) with the solvent resonance employed
as the internal standard. 3C NMR (100 MHz) chemical shifts were reported in ppm (&) from
tetramethylsilane (TMS) with the solvent resonance as the internal standard. Data were reported
as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, dd = doublet of doublets,
td = triplet of doublets, ddd = doublet of doublet of doublets, dt = doublet of triplets, dq = doublet
of quartets, m = multiplet), coupling constants (Hz) and integration. HRMS measurements were
obtained on a TOF analyzer. Melting points were uncorrected.

3-lodochromones (1) were prepared according to the reported procedures.! Bridged olefins
2a-c were purchased from commercial suppliers. Bridged olefins 2d and 2e were prepared
according to the reported procedures.?? lodomethane (3) and all ligands used in the optimization
of reaction conditions were purchased from Bidepharm (China), Tansoole (China) or Innochem

(China).
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2. Optimization of the reaction conditions for the construction of 4a“”

[Pd] (10 mol%)

D | Ligand (20 mol%)
+ +  Me—l Base (2.0 equiv.)
d]/ ib Solvent (2.0 mL), Ar
0 100 'C, 12 h
1a 2a 3a
Entry Catalyst Ligand Base Solvent Yield®
1 Pd(OAc), P(2,4,6-(CH3)3CsHs)s Cs,CO; Toluene 22
2 Pd(OAc); Johnphos Cs,CO3 Toluene 25
3 Pd(OAc); Sphos Cs,CO3 Toluene 33
4 Pd(OAc); P(2-OMe-CgHa)3 Cs,C0O3 Toluene 35
5 Pd(OAc); P(4-Me-CgHa)3 Cs,COs3 Toluene 42
6 Pd(OAc), P(3,5-(CFs3)2CsHa)3 Cs,C0O3 Toluene 45
7 Pd(OAc); P(4-CF3-CgHa)3 Cs,CO3 Toluene 77
8 Pd(OAc); P(3-FCsHa4) Cs,CO3 Toluene 80
9 Pd(OAc); TFP Cs,CO3 Toluene 81
10 Pd(OAc); PPhs Cs,CO3 Toluene 92
11 Pd(PPhs)s PPh; Cs,CO0s3 Toluene 54
12 Pd(dba); PPhs Cs,CO3 Toluene 66
13 PdBr; PPhs Cs,COs Toluene 70
14 Pd(TFA), PPhs Cs,CO3 Toluene 87
15 Pd(OAc), PPh; Cs,CO3 Mesitylene 89
16 Pd(OAc), PPhs Cs,CO3 DMSO N.R.
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17 Pd(OAc); PPhs Cs,C03 DMF trace

18 Pd(OAc); PPhs Cs,COs3 1,4-dioxane 90
19 Pd(OAc), PPhs Na,COs3 Toluene N.R.
20 Pd(OAc); PPhs KsPOq4 Toluene 22
21 Pd(OAc), PPh; K,CO3 Toluene 25
22 Pd(OAc), PPh; NaO!Bu Toluene 17

9 Unless otherwise noted, all reactions were performed with 1a (0.2 mmol, 1.0 equiv.), 2a (0.4 mmol, 2.0 equiv.), 3a (0.3 mmol, 1.5 equiv.), Pd-catalyst (10 mol%),

ligand (20 mol%), base (0.4 mmol, 2.0 equiv.) in 2.0 mL of solvent under Ar atmosphere at 100 °C for 12 h. ® Isolated yields based on 1a were given. N.R.: no reaction.
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3. Synthetic methods of substrates

3.1 Synthesis of 3-iodochromones 1

0} 0} (0}
DMF-DMA (3.5 equiv.) I, (3.0 equiv.) |
6 0T Ggansom R )
g DMF, 75 °C, 30 min U H,Cly, rt, 30 min e
Zon Zon “o

1
A solution of substituted 2-hydroxyacetophenones (10 mmol, 1.0 equiv.) and DMF-DMA (35
mmol, 3.5 equiv.) in N,N -dimethylformamide (DMF, 30 mL) was stirred at 75 °C (oil bath) for 30
min. After the mixture was cooled to room temperature, saturated brine (100 mL) was added and
an orange precipitate appeared. The solid was separated to afford the substituted 3-
(dimethylamino)-1-(2-hydroxyphenyl)propanones. 3-(Dimethylamino)-1-(2-
hydroxyphenyl)propanones were dissolved in 30 mL of CH,Cl, (DCM), added iodine (30.0 mmol,
3.0 equiv.), and the mixture was stirred at room temperature for 0.5 h. After completion of the
reaction, the solution of 5% NaHSO3; was added into the mixture. 5% NaHCOs (3 x 25 mL) was used
to wash the organic phase and the solution was extracted three times with DCM (3 x 20 mL). The
combined organic phase was concentrated and purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 10:1) to give 3-iodochromones (1).}
3.2 Synthesis of bridged olefins 2

Me
Br Pd(OAc), (5 mol%), PPhs (10 mol%)  /
* 7 Cs,CO3 (1.0 equiv.), 1,4-dioxane
Me

Ar, 120 °C, 12 h Me

2d

PPhs (54 mg, 0.2 mmol, 10 mol%), Pd(OAc)2 (22.6 mg, 0.1 mmol, 5 mol%), Cs,CO3 (752 mg, 2.0
mmol, 1.0 equiv.), 1,4-dioxane (3 mL), 2-bromo-p-xylene (290 mg, 2.0 mmol, 1.0 equiv.), and
norbornadiene (NBDE, 553 mg, 6.0 mmol, 3.0 equiv.) were added into a 10 mL glass vial, which
was evacuated and filled with argon three times. Then the reaction mixture was stirred at room
temperature for 5 min, and then heated to 120 °C for 12 h. After completion of the reaction, the
mixture was cooled to room temperature and passed through a thin layer of Celite bed and washed
with ethyl acetate to remove inorganic salts. The filtrate was evaporated under reduced pressure
and purified by silica gel chromatography (eluted with hexanes) to afford compound 2d as a

colorless oil (161 mg, 41% yield).?
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OOO . Ar, 175°C, 27 h O
: ; h
2e

Anthracene (891 mg, 5 mmol, 1.0 equiv.) and norbornadiene (NBDE, 2.3 g, 25 mmol, 5.0
equiv.) were added into a sealed glass tube under argon atmosphere. The mixture was stirred for
27 h at 175 °C in a heating module. After the completion of this reaction and cooling to room
temperature, the mixture was purified by flash column chromatography on silica gel (petroleum
ether) to afford the desired product 2e as a white solid (1.08 g, 79% yield).3

4. Synthesis of substrate 5

3) DMF-DMA (3.5 equiv.)

1) Acz0, Py, 1t DMF, 1.5 h, 75 °C
2) AICl3, TCE, 120 °C .
4) 1 (3.5 equiv.)
CHyCly, 1t, 2 h

Estrone, a

To a solution of estrone (a, 811 mg, 3.0 mmol, 1.0 equiv.) in pyridine (Py, 4 mL) was added
acetic anhydride (Ac;0, 1.99 g, 19.5 mmol, 6.5 equiv.) at ice-bath condition. After that, the reaction
was stirred for 16 h at room temperature. To the tetrachloroethane (TCE, 30 mL, 0.1 M) was added
AICI3 (1.00 g, 7.5 mmol, 2.5 equiv.) and the mixture was stirred at 90 °C in oil bath for 10 min,
followed by the addition of a solution of estrone acetate (937 mg, 3 mmol, 1.0 equiv.) in DCM (3
mL, 1 M). The reaction was stirred at 120 °C (oil bath) for 8 h before poured into cold 2 M HCI (25
mL) and extracted with DCM (3 x 30 mL). The organic phase was washed with saturated NaHCO3
solution (20 mL), brine (20 mL) and dried over Na,SOa. After the evaporation of solvent, the crude
product was purified by column chromatography (petroleum ether/ethyl acetate = 5:1) to give the
product b as a yellow solid (487 mg, 52% yield).**

A solution of b (487 mg, 1.56 mmol, 1.0 equiv.) and DMF-DMA (650 mg, 5.46 mmol, 3.5 equiv.)
in DMF (30 mL) was stirred at 75 °C in oil bath for 1.5 h. After completion of the reaction, saturated
brine (80 mL) was added to the mixture, and the resulting solid was filtrated. To a solution of the
solid in DCM (30 mL) was added iodine (1381 mg, 5.46 mmol, 3.5 equiv.), and the mixture was
stirred at room temperature for 2 h. After completion, the solution was quenched with 5% NaHSO3
(60 mL), and was extracted with 50 mL DCM three times. The combined organic fractions were
condensed and purified by flash column chromatography (petroleum ether/ethyl acetate = 5:1 ~
3:1) to give the product 5 as a white solid (496 mg, 71% yield).* Characterization data of 1, 2 and

5 can be found in previously reported.*
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5. Representative procedure for the synthesis of compound 4a
0 Pd(OAc), (10 mol%)

| . |E . Me—i PPh3 (20 mol%), Cs,CO3 (2.0 equiv.)
| / PhMe (2.0 mL), Ar, 100 °C, 12 h
(0]

"standard conditions™”

1a 2a 3a
1a (54.4 mg, 0.2 mmol, 1.0 equiv.), 2a (37.7 mg, 0.4 mmol, 2.0 equiv.), Pd(OAc)2 (4.5 mg, 0.02
mmol, 10 mol%), PPh3 (10.5 mg, 0.04 mmol, 20 mol%), Cs,CO3 (130.2 mg, 0.4 mmol, 2.0 equiv.)
and toluene (2.0 mL) were added into a 4 mL flame-dried vial with a magnetic stir bar. The reaction
vial was evacuated and backfilled with argon three times, then, 3a (42.4mg, 0.3mmol, 1.5 equiv.)
was added into flask, and the mixture was stirred at 100 °C (heating module) for 12 h. After
completion of the reaction, it was concentrated to remove solvent and purified by flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to afford the product 4a (46.2
mg, 92% vyield).

6. Characterization data of compounds 4a-6b

Scheme 2, 4a

Compound 4a: yellow solid, 46.2 mg, 92% yield, m.p. 131.2 — 133.0 °C (lit.**m.p. 134.4 — 135.6 °C);
'H-NMR (CDCls, 400 MHz) 6 8.16 (dd, J = 8.0, 1.7 Hz, 1H), 7.53 (ddd, J = 8.6, 7.1, 1.7 Hz, 1H), 7.37 —
7.27 (m, 2H), 3.16 — 3.01 (m, 2H), 2.55 - 2.43 (m, 2H), 2.29 — 2.20 (m, 1H), 2.00 (d, J = 4.1 Hz, 1H),
1.60—1.41 (m, 2H), 1.39 - 1.30 (m, 1H), 1.24 - 1.12 (m, 2H), 1.04 (dt, J = 10.3, 1.6 Hz, 1H); 3C-NMR
(CDCls3, 100 MHz) 6 176.2, 169.7, 156.8, 132.7, 125.7, 124.7, 124.3, 122.2, 117.9, 49.8, 42.8, 40.4,

39.2, 38.4, 32.3, 28.8, 28.5; 'H and '3C NMR data are consistent with previously reported.*

Scheme 2, 4b

OMe O

Compound 4b: yellow solid, 43.6 mg, 77% yield, m.p. 179.8 — 180.8 °C; *H-NMR (CDCls, 400 MHz)

57.45 (t,J = 8.3 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 3.94 (s, 3H), 3.15 — 3.02 (m,
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2H), 2.58 (d, J = 4.0 Hz, 1H), 2.53 = 2.41 (m, 1H), 2.30 = 2.21 (m, 1H), 2.03 (d, J = 4.1 Hz, 1H), 1.63 —
1.44 (m, 2H), 1.41 — 1.32 (m, 1H), 1.29 — 1.14 (m, 2H), 1.10 — 1.02 (m, 1H); 3C-NMR (CDCls, 100
MHz) & 176.6, 167.2, 160.2, 159.3, 132.8, 123.6, 115.0, 110.3, 106.3, 56.5, 50.1, 42.9, 40.7, 39.1,

38.1, 32.4, 28.8, 28.7; *H and '3C NMR data are consistent with previously reported.*¢

Scheme 2, 4c

Compound 4c: yellow solid, 44.9 mg, 83% yield, m.p. 146.2 — 148.3 °C (lit.**m.p. 149.6 — 150.6 °C);
'H-NMR (CDCls, 400 MHz) & 7.49 (td, J = 8.3, 5.4 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 6.98 (dd, J = 10.8,
8.2 Hz, 1H), 3.19 — 3.03 (m, 2H), 2.59 — 2.45 (m, 2H), 2.34 — 2.23 (m, 1H), 2.05 (d, J = 4.1 Hz, 1H),
1.63—1.45 (m, 2H), 1.41 - 1.33 (m, 1H), 1.27 = 1.17 (m, 2H), 1.09 (dt, J = 10.4, 1.7 Hz, 1H); 3C-NMR
(CDCls, 100 MHz) 6 174.9, 168.6, 161.2 (d, J = 263.8 Hz), 158.2 (d, J = 3.9 Hz), 132.7 (d, /= 10.9 Hz),
123.3,114.9 (d, /= 10.0 Hz), 114.0(d, J = 4.5 Hz), 111.9 (d, J = 21.2 Hz), 49.9, 42.9, 40.5, 39.1, 38.2,

32.4, 28.8, 28.6; 'H and 3C NMR data are consistent with previously reported.*

Scheme 2, 4d

Compound 4d: yellow solid, 48.1 mg, 84% yield, m.p. 174.0 — 175.1°C (lit.**m.p. 172.3 — 174.0 °C);
1H-NMR (CDCls, 400 MHz) 6 7.42 (t, J = 8.1 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H), 3.19 — 2.99 (m, 2H), 2.61
—2.44 (m, 2H), 2.29 (td, J = 9.9, 9.4, 3.8 Hz, 1H), 2.05 (d, J = 4.1 Hz, 1H), 1.62 — 1.47 (m, 2H), 1.39 —
1.32 (m, 1H), 1.27 — 1.17 (m, 2H), 1.09 (dt, J = 10.4, 1.6 Hz, 1H); 3C-NMR (CDCls, 100 MHz) & 175.3,
168.1,158.7,133.7,131.9, 128.0, 123.5, 121.3, 117.4, 50.1, 42.9, 40.7, 39.1, 38.2, 32.4, 28.8, 28.6;

'H and 13C NMR data are consistent with previously reported.*¢
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Scheme 2, 4e

Compound 4e: yellow solid, 46.2 mg, 87% yield, m.p. 136.6 — 137.4 °C (lit.**m.p. 144.3 — 144.6 °C);
1H-NMR (CDCls, 400 MHz) 6 7.97 (d, J = 2.3 Hz, 1H), 7.37 (dd, J = 8.5, 2.2 Hz, 1H), 7.27 (d, J = 8.8 Hz,
1H), 3.17 — 3.05 (m, 2H), 2.56 — 2.46 (m, 2H), 2.40 (s, 3H), 2.28 (td, J = 10.2, 9.8, 3.7 Hz, 1H), 2.03
(d, J = 4.1 Hz, 1H), 1.63 — 1.45 (m, 2H), 1.42 — 1.34 (m, 1H), 1.27 — 1.16 (m, 2H), 1.07 (d, J = 9.8 Hz,
1H); 3C-NMR (CDCl3, 100 MHz) § 176.5, 169.7, 155.2, 134.6, 134.0, 125.3, 124.1, 122.2, 117.7, 49.9,
43.0, 40.6, 39.3, 38.5, 32.4, 28.9, 28.7, 21.0; 'H and '3C NMR data are consistent with previously

reported.*¢

Scheme 2, 4f

MeO

Compound 4f: yellow solid, 46.7 mg, 83% yield, m.p. 124.5 —126.3 °C (lit.**m.p. 127.1 — 128.8 °C);
1H-NMR (400 MHz, CDCl3) 6 7.57 (d, J = 3.1 Hz, 1H), 7.31 (d, J = 9.1 Hz, 1H), 7.16 (dd, J = 9.1, 2.9 Hz,
1H), 3.86 (s, 3H), 3.21 — 3.05 (m, 2H), 2.60 — 2.46 (m, 2H), 2.29 (td, J = 10.7, 9.8, 3.6 Hz, 1H), 2.04
(d,J=4.1Hz, 1H), 1.64 — 1.45 (m, 2H), 1.43 — 1.35 (m, 1H), 1.27 — 1.17 (m, 2H), 1.07 (d, J = 10.2 Hz,
1H); 3C-NMR (CDCl5, 100 MHz) 6 176.1, 169.7, 156.7, 151.8, 125.0,122.6,121.7,119.3, 105.2, 55.9,
49.9, 43.0, 40.6, 39.3, 38.4, 32.4, 28.9, 28.7; 'H and '3C NMR data are consistent with previously

reported.*¢

Scheme 2, 4g

iPr

Compound 4g: yellow solid, 50.1 mg, 85% yield, m.p. 151.6 — 153.2 °C; *H-NMR (400 MHz, CDCls)
6 8.05 (d, J = 2.3 Hz, 1H), 7.45 (dd, J = 8.6, 2.3 Hz, 1H), 7.31 (d, J = 8.6 Hz, 1H), 3.29 — 3.06 (m, 2H),

3.01 (h, J = 6.9 Hz, 1H), 2.64 — 2.44 (m, 2H), 2.38 — 2.22 (m, 1H), 2.03 (d, J = 4.1 Hz, 1H), 1.69 — 1.44
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(m, 2H), 1.39 (td, J = 10.0, 8.3, 2.5 Hz, 1H), 1.32 — 1.14 (m, 8H), 1.12 — 1.00 (m, 1H); 3C-NMR (CDCl,
100 MHz) & 176.6, 169.7, 155.4, 145.6, 131.6, 124.1, 122.6, 122.2, 117.8, 49.9, 43.0, 40.5, 39.3,
38.5, 33.8, 32.4, 28.9, 28.7, 24.1, 24.0; HRMS (ESI-TOF): calcd. for [CaoH2302]* [M + H]* 295.1693;

found 295.1692.

Scheme 2, 4h

Compound 4h: yellow solid, 44.6 mg, 83% vyield, m.p. 157.6 — 159.8 °C (lit.**m.p. 158.8 — 159.8 °C);
'H-NMR (400 MHz, CDCl3) 6 7.83 (dd, J = 8.5, 3.1 Hz, 1H), 7.39 (dd, J=9.1, 4.2 Hz, 1H), 7.33 - 7.27
(m, 1H), 3.21 — 3.05 (m, 2H), 2.58 — 2.48 (m, 2H), 2.37 — 2.26 (m, 1H), 2.06 (d, J = 4.1 Hz, 1H), 1.63
—1.47 (m, 2H), 1.42 — 1.34 (m, 1H), 1.27 — 1.18 (m, 2H), 1.09 (d, J = 10.4 Hz, 1H); 3C-NMR (CDCls,
100 MHz) & 175.5 (d, J = 2.1 Hz), 170.4, 159.7 (d, J = 245.7 Hz), 153.1 (d, J = 1.8 Hz), 125.7 (d, J =
7.1 Hz), 121.9, 120.9 (d, J = 25.5 Hz), 119.9 (d, J = 8.0 Hz), 110.8 (dd, J = 23.6, 2.1 Hz), 49.8, 43.0,
40.6,39.3 (d, J= 1.6 Hz), 38.5, 32.4, 28.8, 28.6; 'H and 3C NMR data are consistent with previously

reported.*¢

Scheme 2, 4i

Compound 4i: yellow solid, 44.5 mg, 78% yield, m.p. 181.5 — 183.0 °C (lit.** m.p. 178.8 — 179.9 °C);
!H-NMR (400 MHz, CDCls) & 8.16 (d, J = 2.4 Hz, 1H), 7.52 (dt, J = 8.9, 1.9 Hz, 1H), 7.35 (d, J = 8.9 Hz,
1H), 3.23 = 3.06 (m, 2H), 2.60 — 2.48 (m, 2H), 2.36 — 2.25 (m, 1H), 2.07 (d, J = 4.1 Hz, 1H), 1.64 —
1.47 (m, 2H), 1.39 (td, J = 10.1, 8.7, 2.5 Hz, 1H), 1.28 — 1.18 (m, 2H), 1.13 — 1.06 (m, 1H); 13*C-NMR
(CDCl3, 100 MHz) 6 175.1, 170.2, 155.3, 133.0, 130.8, 125.5, 125.4, 122.5, 119.7, 49.9, 43.0, 40.6,

39.3, 38.5, 32.5, 28.9, 28.6; 'H and '3C NMR data are consistent with previously reported.*
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Scheme 2, 4j

Compound 4j: yellow solid, 49.2 mg, 74% yield, m.p. 202.0 — 203.9 °C (lit.** m.p. 206.1 — 207.4 °C);
1H-NMR (400 MHz, CDCls) & 8.32 (d, J = 2.5 Hz, 1H), 7.66 (d, J = 6.3 Hz, 1H), 7.29 (d, J = 8.8 Hz, 1H),
3.24-3.04 (m, 2H), 2.62 — 2.47 (m, 2H), 2.37 = 2.27 (m, 1H), 2.08 (s, 1H), 1.66 — 1.47 (m, 2H), 1.39
(t,J=9.8 Hz, 1H), 1.29 - 1.21 (m, 2H), 1.11 (d, J = 10.4 Hz, 1H); 3C-NMR (CDCl3, 100 MHz) § 175.0,
170.2, 155.8, 135.8, 128.6, 125.9, 122.6, 120.0, 118.3, 49.9, 43.0, 40.6, 39.3, 38.5, 32.5, 28.9, 28.6;

'H and '3C NMR data are consistent with previously reported.*°

Scheme 2, 4k

Compound 4k: yellow solid, 22.6 mg, 41% yield, m.p. 180.6 — 182.2 °C (lit.**m.p. 187.5 — 187.8 °C);
1H-NMR (400 MHz, CDCls) & 8.54 (s, 1H), 7.82 (dd, J = 8.7, 2.1 Hz, 1H), 7.52 (d, J = 8.7 Hz, 1H), 3.31
—3.04 (m, 2H), 2.68 — 2.47 (m, 2H), 2.43 - 2.30 (m, 1H), 2.10 (d, / = 4.1 Hz, 1H), 1.66 — 1.49 (m, 2H),
1.40 (td, J = 11.4, 3.0 Hz, 1H), 1.28 — 1.20 (m, 2H), 1.13 (d, J = 10.4 Hz, 1H); 3C-NMR (CDCls, 100
MHz) 6 174.4, 170.5, 158.7, 135.3, 131.7, 125.0, 123.5, 119.7, 117.9, 109.0, 49.8, 42.9, 40.5, 39.3,

38.5, 32.5, 28.8, 28.6; 'H and *3C NMR data are consistent with previously reported.*

Scheme 2, 41

MeO,C

Compound 4l: yellow solid, 54.0 mg, 87% yield, m.p. 195.8 — 197.1 °C; *H-NMR (400 MHz, CDCls) 6
8.93 —8.85 (m, 1H), 8.24 (dd, J = 8.8, 2.2 Hz, 1H), 7.44 (d, J = 8.7 Hz, 1H), 3.94 (s, 3H), 3.26 —3.08
(m, 2H), 2.62 — 2.52 (m, 2H), 2.39 - 2.29 (m, 1H), 2.08 (d, J = 4.1 Hz, 1H), 1.65 — 1.49 (m, 2H), 1.44

—1.37 (m, 1H), 1.26 — 1.21 (m, 2H), 1.15 — 1.09 (m, 1H); *C-NMR (CDCls, 100 MHz) 6 175.7, 170.1,
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166.1, 159.5, 133.6, 128.5, 126.9, 124.2, 123.0, 118.5, 52.5, 49.9, 43.0, 40.6, 39.3, 38.5, 32.5, 28.9,

28.6; HRMS (ESI-TOF): calcd. for [C19H1904]* [M + H]* 311.1278; found 311.1277.

Scheme 2, 4m

Compound 4m: yellow solid, 46.5 mg, 87% yield, m.p. 144.6 — 146.4 °C (lit.**m.p. 146.6 — 148.1 °C);
'H-NMR (400 MHz, CDCl3) & 8.08 (d, J = 8.0 Hz, 1H), 7.15 (d, J = 9.0 Hz, 2H), 3.20 — 3.00 (m, 2H),
2.60—2.47 (m, 2H), 2.43 (s, 3H), 2.33 - 2.22 (m, 1H), 2.04 (d, J = 4.1 Hz, 1H), 1.63 — 1.46 (m, 2H),
1.43 — 1.34 (m, 1H), 1.28 — 1.17 (m, 2H), 1.08 (d, J = 10.3 Hz, 1H); 3C-NMR (CDCls, 100 MHz) &
176.4,169.5,157.1,144.0,126.3,125.6,122.2,122.1,117.8, 49.9, 43.0, 40.5, 39.3, 38.5, 32.4, 28.9,

28.7,21.8; 'H and 3C NMR data are consistent with previously reported.

Scheme 2, 4n

MeO

Compound 4n: yellow solid, 47.4 mg, 84% yield, m.p. 128.8 —130.5 °C (lit.** m.p. 130.2 — 132.3 °C);
'H-NMR (400 MHz, CDCls) 6 8.08 (d, J = 8.8 Hz, 1H), 6.89 (d, J = 8.6 Hz, 1H), 6.77 (s, 1H), 3.84 (s,
3H), 3.16 — 3.00 (m, 2H), 2.58 — 2.41 (m, 2H), 2.32 — 2.22 (m, 1H), 2.03 (d, J = 4.1 Hz, 1H), 1.61 -
1.44 (m, 2H), 1.37 (t,J = 10.4 Hz, 1H), 1.28 — 1.15 (m, 2H), 1.06 (d, J = 10.3 Hz, 1H); 3C-NMR (CDCls,
100 MHz) 6 176.0, 169.2, 163.4, 158.7, 127.1, 122.1, 118.3, 113.7, 100.5, 55.8, 49.8, 43.0, 40.6,

39.3, 38.4, 32.4, 28.9, 28.7; *H and '3C NMR data are consistent with previously reported.*

Scheme 2, 40

Compound 4o: yellow solid, 45.2 mg, 84% vyield, m.p. 125.5 - 126.7 °C (lit.**m.p. 124.6 — 126.1 °C);

1H-NMR (400 MHz, CDCl3) 6 8.21 (dd, J = 9.2, 6.4 Hz, 1H), 7.13 — 6.99 (m, 2H), 3.21 — 3.05 (m, 2H),
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2.60-2.47 (m, 2H), 2.37 - 2.26 (m, 1H), 2.06 (d, J = 4.1 Hz, 1H), 1.65 - 1.45 (m, 2H), 1.44-1.33 (m,
1H), 1.29 -1.16 (m, 2H), 1.10 (d, J = 10.4 Hz, 1H); 13C-NMR (CDCl3, 100 MHz) 6§ 175.5, 170.0, 165.1
(d, J=253.4 Hz), 157.9 (d, J = 13.0 Hz), 128.2 (d, J = 10.6 Hz), 122.5, 121.3 (d, J = 2.4 Hz), 113.4 (d,
J=22.6 Hz), 104.7 (d, J = 25.4 Hz), 49.8, 42.9, 40.6, 39.3, 38.4, 32.4, 28.9, 28.6; 'H and 3C NMR

data are consistent with previously reported.*¢

Scheme 2, 4p

Compound 4p: yellow solid, 51.6 mg, 78% yield, m.p. 180.7 — 182.0 °C (lit.** m.p. 182.4 — 183.8 °C);
1H-NMR (400 MHz, CDCl3) 6 8.04 (d, J = 8.4 Hz, 1H), 7.55 (s, 1H), 7.44 (d, J = 8.4 Hz, 1H), 3.21 - 2.96
(m, 2H), 2.59 — 2.45 (m, 2H), 2.36 — 2.24 (m, 1H), 2.05 (d, J = 4.1 Hz, 1H), 1.64 — 1.44 (m, 2H), 1.37
(t,J=10.7 Hz, 1H), 1.27 = 1.15 (m, 2H), 1.09 (d, J = 10.4 Hz, 1H); 13C-NMR (CDCls, 100 MHz) 6 175.6,
169.9, 157.0, 128.4,127.3, 126.9, 123.4, 122.7, 121.1, 49.8, 42.9, 40.5, 39.3, 38.4, 32.4, 28.8, 28.6;

'H and '3C NMR data are consistent with previously reported.*°

Scheme 2, 4q

Compound 4q: yellow solid, 48.9 mg, 92% vyield, m.p. 126.3 — 128.0 °C (lit.**m.p. 125.1 - 127.2 °C);
1H-NMR (400 MHz, CDCls) & 8.04 (d, J = 7.9 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.21 (t, J = 7.7 Hz, 1H),
3.21-3.06 (m, 2H), 2.59 — 2.50 (m, 2H), 2.42 (s, 3H), 2.33 — 2.23 (m, 1H), 2.05 (d, J = 4.0 Hz, 1H),
1.61 — 1.46 (m, 2H), 1.42 — 1.34 (m, 1H), 1.29 — 1.18 (m, 2H), 1.07 (d, J = 10.4 Hz, 1H); 3C-NMR
(CDCls, 100 MHz) 6 176.7, 169.7, 155.5, 133.8, 127.3, 124.3, 124.2, 123.4, 122.1, 49.9, 43.0, 40.5,

39.3, 38.5, 32.4, 28.8, 28.6, 15.7; *H and '3C NMR data are consistent with previously reported.*¢
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Scheme 2, 4r

Compound 4r: yellow solid, 49.0 mg, 86% yield, m.p. 142.9 — 144.1 °C (lit.**m.p. 142.4 — 144.5 °C);
'H-NMR (400 MHz, CDCl3) & 8.11 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 7.7 Hz, 1H), 7.28 (t, J = 7.8 Hz, 1H),
3.22 (dd, J = 18.9, 10.3 Hz, 1H), 3.11 (d, J = 7.7 Hz, 1H), 2.67 — 2.51 (m, 2H), 2.39 — 2.28 (m, 1H),
2.08 (d, J = 4.1 Hz, 1H), 1.65 — 1.47 (m, 2H), 1.44 — 1.35 (m, 1H), 1.30 — 1.19 (m, 2H), 1.11 (d, J =
10.4 Hz, 1H); 3C-NMR (CDCls, 100 MHz) § 175.5, 169.9, 152.6, 133.2, 125.9, 124.9, 124.6, 122.9,
122.7, 49.8, 43.0, 40.6, 39.2, 38.5, 32.4, 28.8, 28.6.; 'H and 3C NMR data are consistent with

previously reported.*¢

Scheme 2, 4s

NO, H

Compound 4s: yellow solid, 29.8 mg, 50% yield, m.p. 158.9 — 160.3 °C (lit.** m.p. 160.4 — 161.4 °C);
1H-NMR (400 MHz, CDCls) & 8.50 (dd, J = 7.9, 1.8 Hz, 1H), 8.22 (dd, J = 7.9, 1.7 Hz, 1H), 7.48 (t, J =
7.9 Hz, 1H), 3.24 (dd, J = 19.1, 10.2 Hz, 1H), 3.13 (d, J = 7.7 Hz, 1H), 2.70 — 2.53 (m, 2H), 2.40 — 2.33
(m, 1H), 1.67 — 1.50 (m, 2H), 1.45 — 1.37 (m, 1H), 1.29 — 1.22 (m, 2H), 1.14 (dt, J = 10.4, 1.5 Hz, 1H);
13C-NMR (CDCls, 100 MHz) § 174.2, 170.2, 149.1, 139.2, 131.8, 128.9, 126.4, 124.1, 123.5, 49.8,
43.0, 40.6, 39.3, 38.5, 32.5, 28.9, 28.6; 'H and 3C NMR data are consistent with previously

reported.*¢

Scheme 2, 4t

Compound 4t: yellow solid, 47.5 mg, 85% yield, m.p. 168.0 — 169.2 °C (lit.**m.p. 167.0 — 169.0 °C);
'H-NMR (400 MHz, CDCl3) § 7.91 (s, 1H), 7.12 (s, 1H), 3.16 — 3.03 (m, 2H), 2.56 — 2.45 (m, 2H), 2.31

(d,J=7.7 Hz, 7H), 2.03 (d, J = 4.1 Hz, 1H), 1.62 — 1.45 (m, 2H), 1.42 — 1.34 (m, 1H), 1.27 = 1.17 (m,
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2H), 1.06 (d, J = 10.3 Hz, 1H); 1*C-NMR (CDCl;, 100 MHz) 6 176.4, 169.3, 155.5, 143.0, 133.9, 125.5,
122.2,122.0,118.1, 49.9, 43.0, 40.5, 39.3, 38.4, 32.4, 28.9, 28.7, 20.4, 19.3; 'H and *3C NMR data

are consistent with previously reported.*¢

Scheme 2, 4u

Compound 4u: yellow solid, 44.6 mg, 80% yield, m.p. 214.8 —215.5 °C (lit.** m.p. 212.1 - 213.6 °C);
'H-NMR (400 MHz, CDCl5) 6 7.82 (s, 1H), 7.21 (s, 1H), 3.20 — 3.04 (m, 2H), 2.57 — 2.48 (m, 2H), 2.37
(d, J = 7.5 Hz, 6H), 2.31—2.24 (m, 1H), 2.04 (d, J = 3.9 Hz, 1H), 1.62 — 1.45 (m, 2H), 1.42 — 1.34 (m,
1H), 1.27 - 1.17 (m, 2H), 1.06 (d, J = 10.3 Hz, 1H); *3C-NMR (CDCls, 100 MHz) § 176.7, 169.4, 153.8,
135.1, 134.0, 126.9, 123.9, 122.8, 121.9, 49.9, 43.0, 40.6, 39.3, 38.5, 32.4, 28.9, 28.6, 20.9, 15.6;

'H and '3C NMR data are consistent with previously reported.*°

Scheme 2, 4v

Compound 4v: yellow solid, 45.8 mg, 76% vyield, m.p. 184.3 — 185.8 °C (lit.**m.p. 184.5 — 186.3 °C);
'H-NMR (400 MHz, CDCls) § 8.12 (s, 1H), 7.25 (s, 1H), 3.23 —3.01 (m, 2H), 2.61 — 2.39 (m, 5H), 2.30
(d,J=9.2 Hz, 1H), 2.05 (s, 1H), 1.63 — 1.46 (m, 2H), 1.37 (t, J = 10.5 Hz, 1H), 1.23 (d, J = 10.5 Hz, 2H),
1.08 (d, J = 10.5 Hz, 1H); *C-NMR (CDCl3, 100 MHz) 6 175.2, 169.9, 155.2, 141.8, 131.4, 125.6,
123.6, 122.3, 119.8, 49.9, 43.0, 40.6, 39.3, 38.5, 32.4, 28.9, 28.6, 20.8; 'H and 3C NMR data are

consistent with previously reported.*°

Scheme 2, 4w
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Compound 4w: yellow solid, 53.9 mg, 74% yield, m.p. 143.4—145.1 °C (lit.**m.p. 144.0 — 146.3 °C);
1H-NMR (400 MHz, CDCl3) & 8.11 (d, J = 2.5 Hz, 1H), 7.78 (d, J = 2.4 Hz, 1H), 3.22 (dd, J = 19.0, 10.1
Hz, 1H), 3.10 (d, J = 7.7 Hz, 1H), 2.67 — 2.50 (m, 2H), 2.39 — 2.30 (m, 1H), 2.09 (d, J = 4.1 Hz, 1H),
1.65—1.48 (m, 2H), 1.39 (t, J = 9.9 Hz, 1H), 1.29 — 1.19 (m, 2H), 1.12 (d, J = 10.5 Hz, 1H); 3C-NMR
(CDCls, 100 MHz) 6 174.3, 170.4, 152.2, 136.0, 130.9, 126.3, 124.9, 122.7, 112.5, 49.8, 43.0, 40.6,

39.3, 38.5, 32.5, 28.8, 28.6; 'H and '3C NMR data are consistent with previously reported.*

Scheme 2, 4x

Compound 4x: yellow solid, 35.5 mg, 55% yield, m.p. 205.2 — 206.2 °C (lit.**m.p. 202.1 — 203.3 °C);
1H-NMR (400 MHz, CDCl3) 6 10.14 (d, J = 8.7 Hz, 1H), 7.97 (d, J = 9.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H),
7.71 (t, J = 8.0 Hz 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.42 (d, J = 9.0 Hz, 1H), 3.21 — 3.10 (m, 2H), 2.68 —
2.50 (m, 2H), 2.37 = 2.27 (m, 1H), 2.07 (d, J = 4.1 Hz, 1H), 1.68 — 1.47 (m, 2H), 1.48 — 1.38 (m, 1H),
1.29 — 1.18 (m, 2H), 1.14 — 1.07 (m, 1H); 3C-NMR (CDCls, 100 MHz) & 178.7, 166.9, 158.1, 134.5,
131.1,130.7,128.9,128.1,127.2,126.3,125.1,117.8,117.4,50.2, 43.0, 41.0, 39.3, 38.0, 32.5, 28.9,

28.7; 'H and 3C NMR data are consistent with previously reported.*°

Scheme 2, 4y

Compound 4y: yellow solid, 50.5 mg, 84% vyield, m.p. 181.9 — 183.7 °C (lit.**m.p. 188.4 — 190.1 °C);
1H-NMR (400 MHz, CDCl3) & 8.43 (d, J = 8.9 Hz, 1H), 8.17 (d, J = 8.7 Hz, 1H), 7.88 (dd, J = 7.5, 1.8 Hz,
1H), 7.71 (d, J = 8.7 Hz, 1H), 7.62 (pd, J = 7.1, 1.5 Hz, 2H), 3.26 (dd, J = 18.4, 10.1 Hz, 1H), 3.17 (d, J
= 7.7 Hz, 1H), 2.73 = 2.57 (m, 2H), 2.41 — 2.30 (m, 1H), 2.10 (d, J = 4.2 Hz, 1H), 1.68 — 1.50 (m, 2H),
1.47 — 1.39 (m, 1H), 1.31 = 1.21 (m, 2H), 1.12 (d, J = 10.4 Hz, 1H); 3C-NMR (CDCls, 100 MHz) &
176.4,168.9,154.2,135.6, 128.9,128.1, 126.9, 124.9,124.2,123.7,122.2,121.2, 120.6, 50.0, 43.0,

40.8, 39.3, 38.4, 32.5, 28.9, 28.7; H and 13C NMR data are consistent with previously reported.*°
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Compound 4z: yellow solid, 30.1 mg, 60% yield, m.p. 140.0 — 142.0 °C; *H-NMR (400 MHz, CDCls)
68.22 (dd, J=8.0, 1.8 Hz, 1H), 7.59 (ddd, J = 8.7, 7.1, 1.8 Hz, 1H), 7.43 = 7.33 (m, 2H), 6.24 (dd, J =
5.8, 3.0 Hz, 1H), 6.08 (dd, J = 5.8, 3.0 Hz, 1H), 3.22 — 3.00 (m, 3H), 2.66 (s, 1H), 2.54 (ddd, J = 18.8,
3.8, 2.3 Hz, 1H), 2.37 - 2.27 (m, 1H), 1.39 (dt, J = 9.2, 1.7 Hz, 1H), 1.31 (d, J = 8.9 Hz, 1H); 1*C-NMR
(CDCl3, 100 MHz) 6 176.2,170.2, 157.0,138.2, 136.4, 132.9, 125.9, 124.9, 124.5,122.4,118.0, 47.7,
47.1, 44.4, 41.8, 37.6, 36.4; HRMS (ESI-TOF): calcd. for [C17H1502]* [M + H]* 251.1067; found

251.1064.

Fig. 1, 4aa

Compound 4aa: yellow solid, 57.0 mg, 90% yield, m.p. 183.0 - 184.0 °C (lit.**m.p. 180.2 — 182.1 °C);
'H-NMR (400 MHz, CDCl3) 6 8.20 (dd, J = 8.0, 1.7 Hz, 1H), 7.61 — 7.54 (m, 1H), 7.36 (dd, J = 16.8, 8.2
Hz, 2H), 3.49 (d, J = 7.3 Hz, 1H), 3.14 (dd, J/ = 18.5, 10.1 Hz, 1H), 2.70 — 2.59 (m, 2H), 2.44 (dt, J =
18.6, 3.0 Hz, 1H), 2.38 (d, J = 3.0 Hz, 1H), 2.17 (d, J = 3.1 Hz, 1H), 2.09 (d, / = 4.8 Hz, 1H), 1.79 (dd, J
=10.0, 4.7 Hz, 1H), 1.72 — 1.64 (m, 2H), 1.52 — 1.42 (m, 2H), 1.28 (d, / = 10.2 Hz, 1H), 1.10 (d, J =
10.3 Hz, 1H), 0.99 (t, J = 8.6 Hz, 3H); 3C-NMR (CDCls, 100 MHz) § 176.1, 169.5, 156.9, 132.8, 125.8,
124.8,124.4,122.4, 117.9, 50.1, 50.1, 48.2, 44.8, 44.0, 38.9, 36.4, 35.6, 35.4, 35.2, 31.4, 31.4; 'H

and 3C NMR data are consistent with previously reported.

Fig. 1, 4ab

Compound 4ab: yellow solid, 64.4 mg, 91% yield, m.p. 233.6 —234.4 °C (lit.** m.p. 235.0 - 236.1 °C);

'H-NMR (400 MHz, CDCl3) 6 8.25 (dd, J = 8.0, 1.7 Hz, 1H), 7.61 (ddd, J = 8.7, 7.0, 1.7 Hz, 1H), 7.47 -
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7.32 (m, 2H), 6.90 (s, 2H), 3.40 (d, J = 3.8 Hz, 1H), 3.31 — 3.14 (m, 3H), 2.75 — 2.58 (m, 2H), 2.41 —
2.33 (m, 1H), 2.25—-2.10 (m, 7H), 1.03 (d, J = 11.7 Hz, 1H), 0.80 (d, J = 11.2 Hz, 1H); 3C-NMR (CDCls,
100 MHz) 6 176.4, 169.6, 157.0, 144.0, 143.3, 133.0, 129.7, 129.1, 128.7, 128.5, 125.9, 125.0, 124.4,
122.1, 118.0, 48.6, 48.6, 47.8, 42.4, 39.2, 38.9, 38.2, 26.7, 16.4, 16.3; *H and 13C NMR data are

consistent with previously reported.4°

Fig. 1, 4ac

Compound 4ac: white solid, 66.1 mg, 77% yield, m.p. 294.6 — 295.2 °C; 'H-NMR (400 MHz, CDCls)
6 8.21 (d, J =7.5 Hz, 1H), 7.60 — 7.54 (m, 1H), 7.35 (t, J = 8.0 Hz, 2H), 7.29 = 7.25 (m, 2H), 7.20 —
7.13 (m, 2H), 7.13 - 7.04 (m, 4H), 4.37 (d, J = 2.8 Hz, 1H), 4.27 (d, J = 2.8 Hz, 1H), 3.13 - 2.96 (m,
2H), 2.47 - 2.32 (m, 2H), 2.22 = 2.11 (m, 2H), 1.99 - 1.93 (m, 1H), 1.88 (s, 1H), 0.45 (d, J = 11.6 Hz,
1H),-0.48 (d, J = 11.6 Hz, 1H); 13C-NMR (CDCl5, 100 MHz) § 176.3, 170.0, 156.9, 144.7, 144.5, 142.3,
142.0, 132.9, 126.2, 126.0, 125.8, 125.8, 125.6, 124.9, 124.5, 124.3, 124.2, 123.5, 123.2, 121.4,
117.9,51.2,49.1,48.5,48.4,48.2,46.2,42.5, 41.6,37.7, 27.1; *H and 13C NMR data are consistent

with previously reported.

Scheme 3, 4ad

Compound 4ad: yellow solid, 32.9 mg, 62% yield, m.p. 142.6 — 144.3 °C; 'H-NMR (400 MHz, CDCls)
68.22(dd, J=8.0, 1.8 Hz, 1H), 7.59 (ddd, J = 8.6, 7.1, 1.8 Hz, 1H), 7.43 (dd, J = 8.5, 1.2 Hz, 1H), 7.36
(ddd, J=8.2,7.1, 1.2 Hz, 1H), 3.42 (dq, J = 10.1, 7.5 Hz, 1H), 3.18 (d, J = 7.7 Hz, 1H), 2.62 — 2.57 (m,
1H), 2.33 — 2.19 (m, 2H), 1.66 — 1.49 (m, 2H), 1.42 — 1.35 (m, 1H), 1.31 (d, J = 7.5 Hz, 3H), 1.19 —
1.12 (m, 2H), 1.07 (dt, J = 10.0, 1.7 Hz, 1H); 3C-NMR (CDCls, 100 MHz) 6 176.6, 172.5, 157.0, 132.8,
125.9, 124.8, 124.6, 120.8, 118.1, 49.7, 44.4, 40.9, 37.6, 37.1, 34.0, 29.4, 28.6, 12.0; HRMS (ESI-

TOF): calcd. for [C18H1502]* [M + H]* 267.1380; found 267.1377.
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Scheme 3, 4ae

Compound 4ae: yellow solid, 35.0 mg, 62% yield, m.p. 99.8 — 101.6 °C; *H-NMR (400 MHz, CDCls)
68.22 (dd,J=7.9, 1.7 Hz, 1H), 7.59 (ddd, J = 8.7, 7.1, 1.8 Hz, 1H), 7.44 — 7.40 (m, 1H), 7.40 - 7.32
(m, 1H), 3.25 -3.10 (m, 2H), 2.60 (d, J = 3.8 Hz, 1H), 2.36 — 2.26 (m, 2H), 1.99 — 1.89 (m, 1H), 1.70
—1.53 (m, 3H), 1.43 — 1.35 (m, 1H), 1.18 (t, J = 7.4 Hz, 5H), 1.09 — 1.03 (m, 1H); 3C-NMR (CDCls,
100 MHz) 6 176.6, 172.0, 157.0, 132.8, 125.9, 124.9, 124.6, 121.0, 118.1, 49.4, 48.5, 43.7, 37.8,
36.9, 34.0, 29.6, 28.5, 20.3, 13.9; HRMS (ESI-TOF): calcd. for [C19H2102]* [M + H]* 281.1536; found

281.1537.

Scheme 3, 4af

N
"Pr

Compound 4af: yellow solid, 18.0 mg, 31% yield, m.p. 115.3 — 116.8 °C; *H-NMR (400 MHz, CDCls)
58.22 (dd, J=7.9, 1.8 Hz, 1H), 7.59 (ddd, J = 8.7, 7.0, 1.8 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.36 (t, J
= 7.5 Hz, 1H), 3.26 (td, J = 9.4, 4.4 Hz, 1H), 3.18 (d, J = 7.6 Hz, 1H), 2.61 (d, J = 3.9 Hz, 1H), 2.33 —
2.22 (m, 2H), 1.70 — 1.47 (m, 5H), 1.44 — 1.35 (m, 1H), 1.21 - 1.13 (m, 2H), 1.10 — 1.00 (m, 4H); *3C-
NMR (CDCls, 100 MHz) 6 176.5, 172.0, 157.0, 132.8, 125.9, 124.8, 124.6, 121.0, 118.1, 49.5, 46.5,
43.8,37.7, 37.0, 34.0, 29.6, 29.3, 28.5, 22.4, 14.5; HRMS (ESI-TOF): calcd. for [C0H2302]* [M + H]*

295.1693; found 295.1692.

Scheme 3, 4ag

Compound 4ag: yellow solid, 45.8 mg, 90% vyield, 92% D, m.p. 139.7 — 141.0 °C; 'H-NMR (400 MHz,

CDCl3) 6 8.22 (dd, J = 8.0, 1.8 Hz, 1H), 7.59 (ddd, J = 8.6, 7.1, 1.8 Hz, 1H), 7.43 - 7.30 (m, 2H), 3.11
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(d, J = 7.8 Hz, 1H), 2.56 (d, J = 4.1 Hz, 1H), 2.29 (d, J = 7.7 Hz, 1H), 2.06 (d, J = 4.2 Hz, 1H), 1.64 —
1.47 (m, 2H), 1.44 - 1.36 (m, 1H), 1.28 —1.19 (m, 2H), 1.09 (dt, J = 10.3, 1.6 Hz, 1H); 3C-NMR (CDCls,
100 MHz) 6 176.4, 169.8, 157.0, 132.8, 125.9, 124.8, 124.4, 122.5, 118.0, 49.9, 42.9, 40.4, 39.3,
38.6—-36.9(m), 32.4, 28.9, 28.7; HRMS (ESI-TOF): calcd. for [C17H15D202]* [M + H]* 255.1349; found

255.1345.

Scheme 3, 4ah

Compound 4ah: yellow solid, 40.4 mg, 70% yield, 76% D, m.p. 173.0 — 174.2 °C; 'H-NMR (400 MHz,
CDCl3) 6 7.43 (t,J=8.1 Hz, 1H), 7.31 (td, /= 7.8, 1.3 Hz, 2H), 3.06 (d, J = 7.7 Hz, 1H), 2.62 — 2.47 (m,
1H), 2.28 (d, J = 7.7 Hz, 1H), 2.05 (d, J = 4.0 Hz, 1H), 1.65 — 1.45 (m, 2H), 1.41 -1.32 (m, 1H), 1.27 -
1.17 (m, 2H), 1.09 (dt, J = 10.3, 1.5 Hz, 1H); 3C-NMR (CDCl3, 100 MHz) § 175.4, 168.1, 158.8, 133.8,
131.9, 128.1, 123.6, 121.4, 117.4, 50.1, 42.8, 40.5, 39.2, 38.4 — 37.3 (m), 32.5, 28.8, 28.6; HRMS

(ESI-TOF): calcd. for [C17H14D2ClO2]* [M + H]* 289.0959; found 289.0957.

Scheme 3, 4ai

Compound 4ai: yellow solid, 42.0 mg, 78% vyield, 86% D, m.p. 142.1 — 144.0 °C; *H-NMR (400 MHz,
CDCl3) 6 7.99 (d, J= 1.6 Hz, 1H), 7.39 (dd, /= 8.5, 2.3 Hz, 1H), 7.28 (d, /= 8.5 Hz, 1H), 3.10 (d, J= 7.6
Hz, 1H), 2.56 (d, J = 4.1 Hz, 1H), 2.42 (s, 3H), 2.28 (d, J = 7.7 Hz, 1H), 2.05 (d, J = 4.1 Hz, 1H), 1.64 -
1.47 (m, 2H), 1.43-1.36 (m, 1H), 1.26 — 1.15 (m, 2H), 1.08 (dt, J = 10.3, 1.5 Hz, 1H); 3C-NMR (CDCl3,
100 MHz) 6 176.5, 169.7, 155.3, 134.7, 134.0, 125.3, 124.1, 122.3, 117.7, 49.9, 42.9, 40.4, 39.3,
38.7-37.2(m), 32.4, 28.9, 28.7, 21.0; HRMS (ESI-TOF): calcd. for [C1gH17D,0]* [M + H]* 269.1505;

found 269.1503.
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Scheme 3, 4aj

Compound 4aj: yellow solid, 44.9 mg, 84% yield, 89% D, m.p. 147.3 — 148.4 °C; *H-NMR (400 MHz,
CDCl3) 6 8.08 (d, /= 8.0 Hz, 1H), 7.16 (d, J = 8.7 Hz, 2H), 3.09 (d, J = 7.6 Hz, 1H), 2.57 — 2.48 (m, 1H),
2.44 (s, 3H), 2.27 (d,J = 7.7 Hz, 1H), 2.05 (d, J = 4.1 Hz, 1H), 1.63 — 1.47 (m, 2H), 1.43 - 1.35 (m, 1H),
1.26 —1.17 (m, 2H), 1.08 (dt, J = 10.3, 1.6 Hz, 1H); 13*C-NMR (CDCls, 100 MHz) 6 176.4, 169.5, 157.2,
144.0, 126.3, 125.7, 122.3, 122.2, 117.8, 49.9, 42.9, 40.6, 39.3, 38.7 — 36.8 (m), 32.4, 28.9, 28.7,

21.8; HRMS (ESI-TOF): calcd. for [C18H17D202]* [M + H]* 269.1505; found 269.1505.

Scheme 3, 4ak

Compound 4ak: yellow solid, 43.5 mg, 81% yield, 90% D, m.p. 121.9 — 123.8 °C; 'H-NMR (400 MHz,
CDCl3) 6 8.10 (dd, J = 8.0, 1.8 Hz, 1H), 7.55 - 7.38 (m, 1H), 7.31 - 7.27 (m, 1H), 3.15 (d, J = 7.7 Hz,
1H), 2.61 (d, J = 4.1 Hz, 1H), 2.48 (s, 3H), 2.34 (d, /= 7.7 Hz, 1H), 2.11 (d, J = 4.1 Hz, 1H), 1.69 — 1.52
(m, 2H), 1.48 — 1.40 (m, 1H), 1.32 — 1.23 (m, 2H), 1.14 (dd, J = 10.3, 1.5 Hz, 1H); 3C-NMR (CDCl3,
100 MHz) 6 176.7, 169.5, 155.5, 133.9, 127.3, 124.3, 124.3, 123.5, 122.2, 49.9, 42.9, 40.4, 39.3,
38.8-37.0 (m), 32.4, 28.9, 28.7, 15.8; HRMS (ESI-TOF): calcd. for [C1sH17D,0]* [M + H]* 269.1505;

found 269.1503.

Scheme 4, 6a

Compound 6a: white solid, 80.0 mg, 93% vield, m.p. 274.6 — 275.7 °C; *H-NMR (400 MHz, CDCl3) &
8.08 (d, J = 4.2 Hz, 1H), 7.10 (d, J = 2.4 Hz, 1H), 3.19 — 3.07 (m, 2H), 3.05 — 2.91 (m, 2H), 2.64 — 2.44
(m, 4H), 2.36 — 2.24 (m, 2H), 2.20 — 1.96 (m, 5H), 1.68 — 1.44 (m, 8H), 1.39 (td, J = 9.9, 8.3, 2.6 Hz,

1H), 1.28 = 1.17 (m, 2H), 1.07 (d, J = 9.7 Hz, 1H), 0.89 (d, J = 3.2 Hz, 3H); 13C-NMR (CDCls, 100 MHz)
$20



5220.7,176.4, 169.5 (d, J = 3.4 Hz), 155.3, 143.0 (d, J = 1.5 Hz), 137.4 (d, J = 4.6 Hz), 122.2, 122.1
(d,J=1.8 Hz), 121.9, 117.2 (d, J = 2.4 Hz), 50.6 (d, J = 1.5 Hz), 49.9, 48.0 (d, J = 1.2 Hz), 44.2 (d, J =
1.5 Hz), 43.0, 40.5 (d, J = 2.3 Hz), 39.3 (d, J = 3.1 Hz), 38.5, 38.0 (d, J = 3.0 Hz), 35.9, 32.4 (d, = 1.5
Hz), 31.5,29.7 (d, J = 1.6 Hz), 28.9 (d, J = 2.4 Hz), 28.7, 26.2 (d, J = 3.4 Hz), 25.9 (d, J = 4.4 Hz), 21.7,

13.9 (d, J = 1.8 Hz); 'H and *3C NMR data are consistent with previously reported.*

Scheme 4, 6b
(0] Me

Compound 6b: white solid, 73.6 mg, 85% yield, 80% D, m.p. 275.9 — 277.5 °C; *H-NMR (400 MHz,
CDCl3) 6 8.08 (d, /= 4.3 Hz, 1H), 7.11 (d, J = 2.4 Hz, 1H), 3.09 (d, J = 7.5 Hz, 1H), 3.05 - 2.91 (m, 2H),
2.63-2.45(m, 3H), 2.36 —2.24 (m, 2H), 2.17 = 1.95 (m, 5H), 1.70 — 1.45 (m, 8H), 1.40 (t, J = 5.7 Hz,
1H), 1.28 — 1.24 (m, 1H), 1.22 — 1.17 (m, 1H), 1.07 (d, J = 10.4 Hz, 1H), 0.89 (d, J = 3.2 Hz, 3H); 13C-
NMR (CDCls, 100 MHz) 6 220.6 (d, J = 1.5 Hz), 176.4, 169.3 (d, J = 3.4 Hz), 155.2, 142.9 (d, /= 1.4
Hz), 137.3 (d, J=4.7 Hz), 122.1, 122.0 (d, J = 1.6 Hz), 121.9, 117.1 (d, / = 2.4 Hz), 50.5 (d, J = 1.5 Hz),
49.8,47.9(d,/=1.4Hz),44.1 (d, J=1.5Hz), 42.8,40.3 (d, J = 2.3 Hz), 40.2 (d, / = 2.2 Hz), 39.2 (d, J
=3.2 Hz),37.9(d,J=3.0Hz), 35.8, 32.3, 31.4, 29.6 (d, J = 1.6 Hz), 28.8 (d, J = 2.5 Hz), 28.6, 26.1 (d,
J=3.4Hz),25.8 (d, J = 4.4 Hz), 21.6, 13.8 (d, J = 1.8 Hz); HRMS (ESI-TOF): calcd. for [C9H31D203]*

[M + H]*431.2550; found 431.2548.
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7. Preparative-scale experiments

7.1 Synthesis of 4ab on a gram-scale

(0]
I Me PPh; (20 mol%)
| N/ + Me—I Pd(OAc), (10 mol%)
0 Cs,CO3 (2.0 equiv.)
Me PhMe (2.0 mL), Ar
100 °C, 12 h H
1a 2d 3a 4ab

2.22 g, 90%

To a 250 mL flame-dried round bottom flask with a stir bar, 1a (1.90 g, 7.0 mmol, 1.0 equiv.),

2d (1.32 g, 14 mmol, 2.0 equiv.), Pd(OAc); (157.2 mg, 0.7 mmol, 10 mol%), PPhs3 (367.2 mg, 1.4

mmol, 20 mol%), Cs,CO3 (4.56 g, 14.0 mmol, 2.0 equiv.), and toluene (70.0 mL) were added. The

reaction flask was evacuated and backfilled with argon three times, then, 3a (1.55 g, 10.5 mmol,

1.5 equiv.) was added into flask. The mixture was stirred at 100 °C in a heating module for 12 h.

After completion of the reaction, it was concentrated to remove solvent and purified by flash

column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1 ~ 5:1) to afford the

product 4ab (2.22 g, 90% yield).
7.2 Synthesis of 4ag on a gram-scale
2 PPh; (20 mol%)
[ Pd(OAc), (10 mol%)
©\)oj/ * ib + CDdl Cs,CO; (2.0 equiv.)

PhMe (2.0 mL), Ar
100 °C, 24 h

D
4ag
1.36 g, 68% (92% D)

1a 2a 3a’

To a 250 mL flame-dried round bottom flask with a stir bar, 1a (2.18 g, 8.0 mmol, 1.0 equiv.),
2a(1.51g, 16 mmol, 2.0 equiv.), Pd(OAc); (180 mg, 0.8 mmol, 10 mol%), PPh3 (420.0 mg, 1.6 mmol,
20 mol%), Cs2C0O3 (5.208 g, 16.0 mmol, 2.0 equiv.), and toluene (80.0 mL) were added. The reaction
flask was evacuated and backfilled with argon three times, then, 3a’(1.74 g, 12 mmol, 1.5 equiv.)
was added into flask, the mixture was stirred at 100 °C in a heating module for 12 h. After
completion of the reaction, it was concentrated to remove solvent and purified by flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 20:1 ~ 5:1) to afford the product 4ag

(1.36 g, 68% yield).
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9. 'H and 3C NMR spectra of 4a-ak and 6a-b
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'H-NMR (400 MHz)

Solvent: CDCl3
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4g
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'H-NMR (400 MHz)

Solvent: CDCl;

Scheme 2, 4h
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'H-NMR (400 MHz)

CDCl;3
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4i
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4j
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4j
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4k
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4k

MMMMWWMWWWWWWWWM

T T T T T T T
140 130 120 110

—
150

T T T
190 180

—
200

f1 (ppm)

S46



ZJK-7-2-h

660"
8860°
sZ0L°
10z}
s
z8z)°
8861°
8v0Z°
602"
L0€Z"
95ez"
682"
vz
1992
ssiT
1082
199¢"
8z.e"
98.€"
zz6e"
966"
L0y
gyLy’
g0zt
sz’
zoet’
PG
0szs’
LSES"
6EVS”
9esg’
£€9G"
SeLS"
1£8G"
L06G"
5L09"
€219’
9020Z |
8080°Z |
ELLET ]
9/28Z 1
szvez |
825¢°Z |
5025°Z 1
£925°Z 1
10£5°Z |
29852 |
29552 1
995°Z 1
ve15Z |
94452
6285°Z |
150L°e |
9zzle |
6621€ |
syeLe {r
6651°¢ 1
sisredf
690Z°€ |
89€6°¢
6652°L
€Lz L
zZ6vYL
25278
s0ez'8
LivT8
525278
zesz8
ovi8'8
z6.8'8
vbees
50688

P e e

-
.

[ —

TH-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 41
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 41
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4m
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13C-NMR (100 MHz)

Solvent: CDCls

Scheme 2, 4m
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"H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4n
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13C-NMR (100 MHz)

Solvent: CDCl3
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 40
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13C-NMR (100 MHz)
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4p
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4p
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4q

.

001
Feie
801

Feoz

5560
phbL
F00°Z

Fe6'1

Fse0
Feou

Fee0

3.5 3.0 25 2.0 1.5 1.0 0.5

4.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

).0

S57



ZJK-29-2-C

€L'GL —

v9'82
¥8'82 7
6e2e
¥S'8E N\
Gz'6E —
€50y “
962y

686V —

¥8'9/
QF.NNW
8v'LL

10'22)
riezl M
vZ vzl
8Z¥Zl N
8z'/21
08'€El —

S¥'951L —

99691 —

G991 —

13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4q
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'H-NMR (400 MHz)

Solvent: CDCl3
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4r
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4s
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Solvent: CDCl;
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Solvent: CDCl3
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Solvent: CDCl3
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'H-NMR (400 MHz)

Solvent: CDCl;

Scheme 2, 4u
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Solvent: CDCl3

Scheme 2, 4u

1

f1 (ppm)

S66



ZJK-32-1-h

88€C YV —

L6ve' L —

vicL'8 —

'H-NMR (400 MHz)

Solvent: CDCl;

Scheme 2, 4v

Friy

Fooet

611

iz

L0}

Fug

Wo_\.m

oLt

Fes0|

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

9.0

f1 (ppm)

S67



ZJK-32-1-C

18'0C —

£9'82
onez
vrze —
8v'8e
0g'6E —
95°0 M
1627

98'6Y —

¥8'9/
.w_.RNW
8v'LL

18611~
SZ'TTL ~
95°€zL —
se'szL

EVLEL —

18yl —

€2'651L —

¢6'691 —

L2'sLL —

13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4v
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'H-NMR (400 MHz)

Solvent: CDCl;

Scheme 2, 4w

=01

Fezz
AN

Feiz

Fos0

g

2670

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

9.0

f1 (ppm)

S69



ZJK-32-2-¢c

16'82 ~
ve'sz
8v'ze —
688 ~\_
sz6E —
65°0 M
96'2F

8L'6Y —

¥8'9.
mr.hNW
8V’ LL

sv'cll —

VoL,
L6 V2L

0g'9zL 7
z60eL
00°9€EL ~_

L1'eslL —

8€°0L1L —
cEeEVLL —

13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4w
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'H-NMR (400 MHz)

Solvent: CDCl;

Scheme 2, 4x
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 2, 4x
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 2, 4y
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13C-NMR (100 MHz)

Solvent: CDCl;

Scheme 2, 4y
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'H-NMR (400 MHz)

Solvent: CDCl;

Fig. 1, 4z
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H-NMR (400 MHz)

Solvent: CDCl3

4aa

Fig. 1,

> Q
-

&R
coo
- -

e
- v

9341 ¥33

60

£/6°0

TR

Floe
oL

Foo't

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0

8.5

9.0

f1 (ppm)

S77



ZJK-36-1-c

6€°LE
Ly _m/
G1°GE
ﬁ.mmW
19'G¢
¥¥°9¢
G8'8¢ .\.
66 -7
08’ ¥ 7

L1'8Y
90'0S
80°09

¥8'9.
wr.hNW
8¥'LL

L6 LLE~
9zl
LrpeL
ALY
og'szl 7

Gl'celL —

88°9G1 —

05691 —

90921 —

13C-NMR (100 MHz)

Solvent: CDCl;

4aa

Fig. 1,
0]

ML@WJLWMWWWWWW

T T T T T T T
140 130 120 110

—
150

—
190

—
200

f1 (ppm)

S78



ZJK-35-1-h

(I 2-72RV)
0180
Lot
8EV0'L
0vSLZ
L1912
v161°C 1
LoveT |
Lv9€e°Z |
899€°Z |
161€C 1
S€8€°T |
vY6S°T |
1009°Z
1709°Z
6609°Z
€Lr9°Z
0Lv9°C
zis9°C
6959'C
60122~

96G1°¢
98/1°¢€ V
8¢61°€
€coc’e
Lieee
| WA ZA
¥89¢°¢
0v62'€
Loov'€
S601°¢€

9968°9
c09¢’ .
9y9¢e’.L
€9¢7L
068¢€°L
€VOr'L
60l L
9lLEV' L
cLOV' L
1€69°L
G169,
201972
Y19L
8819/
0ce9’ L
€9€9°/
€eve’8
19v2’'8

€292'8 \

G99¢'8

'H-NMR (400 MHz)

Solvent: CDCl;

Fig. 1, 4ab
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Solvent: CDCl3

Fig. 1, 4ab
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'H-NMR (400 MHz)

Solvent: CDCl3

Fig. 1, 4ac
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13C-NMR (100 MHz)

Solvent: CDCl3

Fig. 1, 4ac
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 3, 4ad
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Solvent: CDCl;
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f1 (ppm)

S84



ZJK-39-1-h

o
re}
re}
Qe eeeQ
e

L

'H-NMR (400 MHz)

: CDCl;

Solvent

Scheme 3, 4ae

W«oe

20'S
Fery
vLve
Fziy
Fi6°L
/60
Fee1

A

3.0 2.5 2.0 1.5 1.0 0.5

3.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.0

1 (ppm)

585



ZJK-39-1-c

88'¢cl —
9¢'0¢c —

182~
€962~
00 %€ ~
G8°9€ ~.
121~
S9ey —
6787\
Zrer —

¥8°9.
@ﬁﬁhw
8V LL

60°8LE
66021
LovZL
S8zl
o6'szL

08'¢cel —

00°2SL —

16°LLL —
09921 —

13C-NMR (100 MHz)

Solvent: CDCl;
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'H-NMR (400 MHz)

Solvent: CDCl3

Scheme 3, 4af

I

553

-~ -

Fe60

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

9.0

f1 (ppm)

S87



ZJK-40-2-c

ovr'vi —

ov'ce —
6¥'8¢C

mw.mNW
29'6¢

16°€€
v0'LE —F
VA /
y8'ey —
8V 9y —
ov'6v —

¥8'9.
wr.nmw
8V LL

80°8LL .
96021
Z9'vzL
z8vzL
6a'5zL

9/l¢cel —

66°9G1 —

G6'LLL—
¢S'9LL —

13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 3, 4af
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'H-NMR (400 MHz)

: CDCls

Solvent

Scheme 3, 4ag
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Solvent: CDCls
Scheme 3, 4ag

o
|
13C-NMR (100 MHz)
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'H-NMR (400 MHz)

: CDCls

Solvent

Scheme 3, 4ah
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13C-NMR (100 MHz)

Solvent: CDCl;
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I3C-NMR (100 MHz)
Solvent: CDCl;
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'H-NMR (400 MHz)

Solvent: CDCl;

Scheme 3, 4aj
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13C-NMR (100 MHz)

Solvent: CDCl3

Scheme 3, 4aj
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'H-NMR (400 MHz)

Solvent: CDCl;

Scheme 3, 4ak
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13C-NMR (100 MHz)

Solvent: CDCl3
Scheme 3, 4ak
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'"H-NMR (400 MHz)

Solvent: CDCl;
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13C-NMR (100 MHz)

Solvent: CDCl;
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'H-NMR (400 MHz)

Solvent: CDCl;
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13C-NMR (100 MHz)

Solvent: CDCl3
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