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I. General Information

Unless otherwise noted, reagents were used as received from Leyan, TCI,
Energy Chemical, J&K. All reactions were performed under an atmosphere of
dry nitrogen gas in glove box. Anhydrous MeCN, DCM, EA, DCE and THF
were purchased from J&K and stored under nitrogen gas. Other solvents were
purified with activated aluminum oxide using a solvent-purification system.

NMR spectra were recorded on a Bruker spectrometer with a Prodigy
broadband cryoprobe (600 MHz for '"H and 151 MHz for *C); chemical shifts (d)
are reported in ppm downfield from tertramethylsilane, using the solvent
resonance as the internal standard. High resolution mass spectrometric
analysis was performed on ultra-performance liquid chromatography-time-
offlight mass spectrometer (Synapt-G2-Si, Waters, USA) with electron spray
ionization (ESI) resource.



II. Substrate preparation

The following substrates were prepared according to the known literatures (I-
6).
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2.1. General procedure A

Z A
= Cul (5 mol%) =
Q, v gy Pd(PPhs),Cl, (3 mol%) o
s
ve Sy EtsN (0.5 M), No, rt Me/s\\o
1.0 M in THF
10 mmol 15 mmol, 15 mL s1

S1 as an example: Add Cul (95.2 mg, 0.50 mmol, 5 mol%) and Pd(PPhs)-Cl>
(210.6 mg, 0.30 mmol, 3 mol%) to a 100 mL single mouthed bottle. Then, Et:N
(6 mL, 0.5 M) was added under nitrogen protection. Under a nitrogen
atmosphere, vinyl bromide (1.0 M solution in THF, 15 mmol, 15 mL) and 1-
ethynyl-4-methanesulfonyl-benzene (1.80 g, 10 mmol, 1.0 equiv) was
sequentially added to the reaction mixture. If the alkyne is a liquid, add it with
a syringe drop. If the alkyne is solid, weigh the alkyne into a 4 mL vial, dissolve
it with 2-3 mL of THF, and add it to the reaction system with a syringe. Then,
the reaction was stirred at room temperature for 12 hours.

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.



Data analysis of substrate S1
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Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S1.
'H NMR (600 MHz, CDCls, sample at 25 °C) 6 7.89 (d, | = 8.6 Hz, 2H), 7.61
(d, ]=8.6 Hz, 2H), 6.03 (dd, ] =17.6, 11.2 Hz, 1H), 5.82 (dd, ] =17.5, 1.9 Hz, 1H),
5.65 (dd, ] =11.3, 1.9 Hz, 1H), 3.06 (s, 3H).
3C NMR (151 MHz, CDCls, sample at 25 °C) d 139.8, 132.4, 129.2, 128.9,
127.5,116.7, 92.1, 88.2, 44.6.
HRMS (ESI) m/z [M + H]* calcd for Ci1H11O2S: 207.0475, found: 207.0470.

Data analysis of substrate 52
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Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S2.

"H NMR (600 MHz, CDCls, sample at 25 °C) & 5.82 (dd, ] =17.6, 11.1 Hz,
1H), 5.61 (dd, ] =17.5, 2.1 Hz, 1H), 5.46 (dd, | =11.2, 2.2 Hz, 1H), 5.06 — 5.02 (m,
1H), 3.99 - 3.92 (m, 1H), 3.50 (ddd, ] =11.1, 6.6, 4.2 Hz, 1H), 1.85 (tt, [ =9.1, 5.2
Hz, 1H), 1.71 (dp, ] = 11.3, 3.4 Hz, 1H), 1.54 (dd, ] =23.7, 13.2 Hz, 10H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 126.8, 116.9, 96.2, 92.3, 82.6,
71.4, 63.3, 32.0, 30.6, 29.8, 25.4, 20.5.

HRMS (ESI) m/z [M + HJ* caled for Ci2H1902: 195.1380, found: 195.1382.

Data analysis of substrate S3
Z
o)

Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S3.

'H NMR (600 MHz, CDCls, sample at 25 °C) & 5.80 (ddd, ] =17.5, 11.1, 1.7
Hz, 1H), 5.57 (dd, ] =17.5, 1.8 Hz, 1H), 5.41 (dd, ] =11.1, 1.9 Hz, 1H), 3.99 - 3.80
(m, 2H), 3.59 — 3.40 (m, 2H), 2.73 (s, 1H), 1.94 - 1.78 (m, 2H), 1.76 — 1.59 (m, 2H).

BCNMR (151 MHz, CDCls, sample at 25 °C) 0 125.8, 117.3, 92.9, 80.1, 66.3,
32.1,26.7.

HRMS (ESI) m/z [M + HJ* calcd for CoHi:0: 137.0961, found: 137.0963.



Data analysis of substrate S4
MeOOC Z A

Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure 54.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 5.76 (ddt, ] =17.6, 11.1, 2.1
Hz, 1H), 5.55 (dd, | =17.6, 2.2 Hz, 1H), 5.38 (dd, /] =11.1, 2.3 Hz, 1H), 3.67 (s, 3H),
2.45 (t, ] = 7.5 Hz, 2H), 2.37 (td, ] = 6.9, 2.2 Hz, 2H), 1.85 (p, ] = 7.2 Hz, 2H).

BCNMR (151 MHz, CDCls, sample at 25 °C) 0 173.5, 125.8, 117.4, 89.5, 80.2,
51.5,32.8, 23.8, 18.8.

HRMS (ESI) m/z [M + H]* caled for CoH1302: 153.0910, found: 153.0914.

Data analysis of substrate S5
cl Z

Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S5.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 5.77 (ddt, ] =17.7,11.1, 2.3
Hz, 1H), 5.57 (dd, ] =17.5, 2.2 Hz, 1H), 5.40 (dd, | =11.1, 2.2 Hz, 1H), 3.66 (t, | =
6.4 Hz, 2H), 2.50 (td, ] = 6.8, 2.1 Hz, 2H), 1.99 (p, ] = 6.6 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 8126.0, 117.3, 88.8, 80.2, 43.6,
31.4,16.8.

HRMS (ESI) m/z [M + H]* caled for CzHi0Cl: 129.0466, found: 129.0464.

Data analysis of substrate 56
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Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure Sé6.

1H NMR (600 MHz, CDCI3, sample at 25 °C) 0 8.66 (s, 1H), 7.81 (s, 1H),
7.71(d, ] =79 Hz, 1H), 7.46 (s, 1H), 7.33 (t, ] =7.9 Hz, 1H), 7.25 - 7.18 (m, 3H),
6.02 (dd, J =17.5,11.2 Hz, 1H), 5.74 (dd, ] = 17.5, 1.7 Hz, 1H), 5.56 (dd, J = 11.2,
1.7 Hz, 1H), 4.32 —4.19 (m, 4H), 3.82 (dd, ] =8.8, 4.1 Hz, 4H), 3.45 (d, ] =6.4 Hz,
6H).

13C NMR (151 MHz, CDCI3, sample at 25 °C) 0 156.3, 154.7, 153.7, 148.9,
147.6,138.9, 129.0, 127.3,127.1, 124.4, 123.9, 121.7, 117.1, 109.2, 109.0, 102.7, 89.7,
88.4,71.0,70.5, 69.4, 68.3, 59.3, 59.2.



HRMS (ESI) m/z [M + H]* calcd for C2sHz6NsOs: 420.1918 found: 420.1923.

Data analysis of substrate §7

Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S7.

'H NMR (600 MHz, CDCls, sample at 25 °C) 8 5.86 — 5.81 (m, 2H), 5.62 (d,
J=17.5Hz, 1H), 5.47 (d, ] =11.2 Hz, 1H), 2.52 - 2.38 (m, 2H), 2.34 — 2.21 (m, 4H),
2.14 (s, 1H), 2.13 - 2.07 (m, 1H), 2.01 (dd, J = 13.0, 3.2 Hz, 1H), 1.92 (dd, ] =13.5,
3.0 Hz, 1H), 1.88 — 1.80 (m, 1H), 1.77 — 1.46 (m, 5H), 1.42 — 1.32 (m, 2H), 1.32 -
1.25 (m, 1H), 1.10 (qd, ] = 13.1, 3.7 Hz, 1H), 0.92 (s, 3H), 0.90 — 0.85 (m, 1H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 199.9, 166.6, 126.8, 124.6,
116.8, 93.2, 84.7, 80.1, 49.4, 49.1, 47.2, 42.6, 41.1, 38.9, 36.5, 35.5, 32.7, 30.7, 26.6,
26.3,23.0, 12.8.

HRMS (ESI) m/z [M + HJ* caled for C22H2002: 325.2162, found: 325.2167.

Data analysis of substrate S8

Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S8.

'H NMR (600 MHz, CDCls, sample at 25 °C) 8.22 (d, J=2.4 Hz, 1H), 7.93
- 7.89 (m, 1H), 7.59 - 7.55 (m, 1H), 7.52 (dd, ] = 8.5, 2.4 Hz, 1H), 7.50 — 7.46 (m,
1H), 7.37 (d, ] =7.4 Hz, 1H), 7.32 - 7.28 (m, 2H), 7.19 - 7.15 (m, 1H), 7.08 (d, ] =
8.4 Hz, 1H), 7.05 (s, 1H), 5.99 (dd, ] =17.6, 11.1 Hz, 1H), 5.73 (dd, ] =17.5, 2.0 Hz,
1H), 5.55 (ddd, ] =11.2, 2.1, 0.9 Hz, 1H), 5.21 (s, 2H), 3.88 (s, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 190.7, 169.5, 160.7, 150.4,
140.4,136.2, 135.5,132.8,132.6, 129.5,129.3, 129.1, 127.8, 127.4,127.1, 125.3, 124.5,
121.6, 121.3, 116.9, 88.9, 88.8, 73.7, 40.3.

HRMS (ESI) m/z [M + HJ* caled for C26Hi9Oa: 395.1278, found: 395.1280.

Data analysis of substrate 59



Cl_ ClI

Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S9.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 7.33 —7.27 (m, 2H), 7.18 (d, |
= 8.6 Hz, 2H), 7.05 (s, 1H), 6.97 — 6.86 (m, 3H), 6.00 (dd, ] = 17.5, 11.2 Hz, 1H),
5.75(dd, J=17.5, 1.5 Hz, 1H), 5.57 (dd, ] =11.2, 1.5 Hz, 1H), 2.91 - 2.79 (m, 1H),
1.96 (dd, ] =10.6, 7.5 Hz, 1H), 1.81 (t, ] = 7.8 Hz, 1H), 1.76 (s, 6H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 172.6, 155.0, 150.3, 129.8,
129.34, 129.32, 128.5, 127.5, 124.6, 124.3, 121.4, 118.6, 116.9, 89.0, 88.7, 79.3, 60.8,
34.8, 25.8, 25.49, 25.46.

HRMS (ESI) m/z [M + HJ* calcd for C2sH21CL2Os: 415.0862, found: 415.0863.

Data analysis of substrate 510
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Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S10.

"H NMR (600 MHz, CDCls, sample at 25 °C) 0 7.68 (d, ] =7.4 Hz, 2H), 7.60
(d, ] =7.4 Hz, 2H), 7.44 - 7.30 (m, 8H), 7.24 (s, 1H), 7.08 (d, ] = 4.4 Hz, 1H), 6.00
(dd, J=17.4,11.3 Hz, 1H), 5.74 (d, ] =17.5 Hz, 1H), 5.57 (d, ] = 11.2 Hz, 1H), 3.31
(t, J=6.9 Hz, 2H), 3.17 (t, ] = 6.9 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 170.4, 161.4, 150.5, 145.6,
135.2, 132.4, 129.3, 129.1, 129.0, 128.7, 128.6, 128.54, 128.1, 127.9, 127.4, 126.6,
124.63, 124.56, 121.7, 117.0, 88.9, 31.3, 23.5.

HRMS (ESI) m/z [M + HJ* calcd for CasH22NOs: 420.1594, found: 420.1596.

Data analysis of substrate 511
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Purified by a column chromatography on silica-gel using hexane-ethyl
acetate mixture to afford pure S11.
'H NMR (600 MHz, CDCls, sample at 25 °C) 6 7.34 - 7.28 (m, 2H), 7.17 -



7.13 (m, 1H), 7.01 (t, ] = 6.9 Hz, 2H), 6.68 (d, | =7.5 Hz, 1H), 6.64 (s, 1H), 6.01 (dd,
J=17.5,11.2 Hz, 1H), 5.75 (dd, | = 17.5, 1.9 Hz, 1H), 5.57 (dd, ] =11.2, 1.9 Hz,
1H), 4.00 (d, | = 5.3 Hz, 2H), 2.32 (s, 3H), 2.19 (s, 3H), 1.89 (d, ] = 3.0 Hz, 4H),
1.38 (s, 6H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 176.0, 156.9, 150.8, 136.5,
130.3, 129.2, 128.8, 127.3, 124.6, 124.5, 123.6, 121.7, 120.8, 117.0, 112.0, 88.9, 88.8,
67.8,42.4,37.1,25.3,25.1, 21.4, 15.7.

HRMS (ESI) m/z [M + H]* calcd for C2sH290s: 377.2111, found: 377.2108.



III. Effect of Reaction Parameters (Figure S1)

0 o
P Cu(CH3CN)4PFg (10 mol%) Ph)ko BN
Z Ph” O
L (10 mol%) Me
TBPB (3.0 equiv), MeCN (1.0 mL) Z * = CN
0.1 mmol 70 C,12h
4a 5a
Me Me ‘ N / N
N  N= P N
7\ | X N S
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4a, 30% yield 4a, 31% yield 4a, 38% yield 4a, 33% yield 4a, 42% yield
5a, 20% yield 5a, 21% yield 5a, 20% yield 5a, 17% yield 5a, 22% yield
o)
o]
P Cu(CH3CN)4PFg (10 mol%) Ph)ko L
=z Ph” O
L (10 mol%) Me
TBPB (2.0 equiv), MeCN (2.0 mL) FZ * = CN
0.1 mmol 70°C,12h
4a 5a

4a, 47% yield 4a, 50% yield 4a, 48% yield 4a, 32% yield
5a, 38% yield 5a, 41% yield 5a, 38% yield 5a, 44% yield

Figure S1 The effect of reaction parameters to the reaction when MeCN was

used as the radical precursor. Yield was determined by '"H NMR analysis using
1,3,5-trimethoxybenzene as the internal standard.



IV. Experimental Section and Data Analysis

3.1 General procedure B

o)
Cu(CH3CN)4PFg (10 mol%), L1 (10 mol%) PS
7 TBPB (2.0 equiv) Ph™ O
Toluene (0.1 M), MeCN (0.01 M) = Ph
70°C, 24 h
0.2 mmol Me Me
N N= 2a
7\
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2a as an example: In a nitrogen-filled glovebox, and oven-dried 4 mL vial
with a magnetic stir bar, were charged the Cu(CHsCN)4PFs (7.5 mg, 0.02 mmol,
10 mol%), 6,6'-dimethyl-2,2'-dipyridyl L1 (3.7 mg, 0.02 mmol, 10 mol%). Then
2.0 mL toluene and 0.2 mL MeCN was added. To the solution were added the
tert-butyl peroxybenzoate (76 pL, 0.4 mmol, 2.0 equiv) and 1,3-enyne (30 pL,
0.2 mmol, 1.0 equiv) sequentially. Then the vial was closed with a PTFE septum
cap, and taken out of the glovebox. Then, the reaction was stirred at 70 °C for
24 hours.

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.

Data analysis of product 2a
O
Ph)J\O

é Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 62.3 mg, 92% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) ©8.07 (dd, ] =8.1, 1.4 Hz, 2H),
7.58 —7.54 (m, 1H), 7.48 — 7.41 (m, 4H), 7.34 —7.26 (m, 5H), 7.26 — 7.22 (m, 2H),
7.19 (t, ] =7.3 Hz, 1H), 5.86 (s, 1H), 2.93 (s, 2H), 2.41 — 2.27 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.5, 140.8, 133.1, 131.9,
129.9, 129.8, 128.6, 128.5, 128.4, 128.3, 128.2, 126.1, 122.3, 86.3, 85.9, 64.6, 36.5,
31.5.

HRMS (ESI) m/z [M + HJ* caled for CaaH2102: 341.1536, found: 341.1537.

Data analysis of product 2b
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Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 55.6 mg, 71% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.10 - 8.04 (m, 2H), 7.57 (t, |
=7.4Hz 1H),7.49 (dd, J=7.7,1.7 Hz, 1H), 7.45 (t, ] = 7.7 Hz, 2H), 7.39 (d, ] = 8.0
Hz, 1H), 7.30 (t, ] = 7.5 Hz, 2H), 7.28 - 7.23 (m, 3H), 7.22 - 7.18 (m, 2H), 5.90 (t, |
=6.4 Hz, 1H), 2.99 (t, ] =7.9 Hz, 2H), 2.36 (qt, ] = 10.6, 5.1 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.4, 140.8, 136.2, 133.6,
133.1,129.9, 129.8,129.7,129.2, 128.52, 128.48, 128.4, 126.4, 126.1, 122.3, 91.5, 82.7,
64.6, 36.5, 31.4.

HRMS (ESI) m/z [M + HJ* calcd for C2aH20ClOz2: 375.1147, found: 375.1145.

Data analysis of product 2¢
O
Ph)J\O
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Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 60.8 mg, 78% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 8.13 (d, ] =7.7 Hz, 2H), 7.64
(t, J=7.5Hz 1H), 7.55 - 7.49 (m, 3H), 7.38 (dd, ] =22.1, 7.5 Hz, 4H), 7.33 - 7.26
(m, 4H), 5.90 (t, ] = 6.4 Hz, 1H), 2.99 (t, | =7.9 Hz, 2H), 2.41 (th, ] =14.2, 7.4 Hz,
2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.4, 140.7, 134.1, 133.2,
131.8, 130.0, 129.85, 129.81, 129.5, 128.9, 128.6, 128.44, 128.39, 126.2, 124.0, 87.6,
84.4, 64.4, 36.4, 31.4.

HRMS (ESI) m/z [M + H]* calcd for C2sH20ClO2: 375.1147, found: 375.1145.

Data analysis of product 2d
0O
Ph)J\O
é Ph

Cl



Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 69.4 mg, 81% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.07 (d, ] =7.7 Hz, 2H), 7.58
(t ] = 7.4 Hz, 1H), 7.45 (t, ] = 7.6 Hz, 2H), 7.39 — 7.36 (m, 2H), 7.28 (t, ] = 7.8 Hz,
4H), 7.24 (d, ] = 8.0 Hz, 2H), 7.20 (t, ] = 7.3 Hz, 1H), 5.83 (t, ] = 6.5 Hz, 1H), 2.92
(t, ] = 7.8 Hz, 2H), 2.34 (ddp, ] = 21.3, 14.2, 7.4 Hz, 2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d =165.5, 140.7, 134.7, 133.2,
133.1, 129.9, 129.8, 128.6, 128.5, 128.43, 128.39, 126.2, 120.8, 87.3, 84.7, 64.5, 36.4,
31.5.

HRMS (ESI) m/z [M + H]* caled for C2aH20ClO2: 375.1147, found: 375.1146.

Data analysis of product 2e
0]
Ph)J\O
é Ph

F

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 58.9 mg, 73% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.09 — 8.04 (m, 2H), 7.56 (td,
J=7.5,14Hz 1H), 7.47 - 7.41 (m, 4H), 7.29 (t, ]=7.5Hz, 2H), 7.24 (d, ] = 7.5 Hz,
2H), 7.20 (t, ] = 7.3 Hz, 1H), 7.02 - 6.96 (m, 2H), 5.83 (t, ] = 6.5 Hz, 1H), 2.93 (t, |
=7.9 Hz, 2H), 2.40 — 2.27 (m, 2H).

BCNMR (151 MHz, CDCls, sample at 25 °C) 0165.5,162.7 (d, ] =249.8 Hz),
140.7, 133.9 (d, ] = 8.6 Hz), 133.1, 129.9, 129.8, 128.5, 128.42, 128.36, 126.2, 118.4
(d, J=3.2Hz), 1155 (d, ] =22.4 Hz), 86.1, 84.8, 64.5, 36.5, 31.5.

F NMR (565 MHz, CDCls, sample at 25 °C) 0-110.25 (p, ] =7.2 Hz).

HRMS (ESI) m/z [M + H]* caled for CasH20FOz: 359.1442, found: 359.1441.

Data analysis of product 2f
)
Ph)J\O
= Ph

Et
Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 61.2 mg, 80% yield.
'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.07 (d, ] =7.7 Hz, 2H), 7.59
—7.54 (m, 1H), 7.45 (t, ] =7.5 Hz, 2H), 7.38 (d, | = 7.8 Hz, 2H), 7.29 (t, ] = 7.5 Hz,



OH), 7.24 (d, ] = 7.5 Hz, 2H), 7.20 (t, ] = 7.3 Hz, 1H), 7.14 (d, ] = 7.9 Hz, 2H), 5.86
(t, J=6.4 Hz, 1H), 2.93 (t, ] =7.9 Hz, 2H), 2.63 (q, ] = 7.6 Hz, 2H), 2.33 (ddp, ] =
21.3,14.2, 74 Hz, 2H), 1.21 (t, ] =7.6 Hz, 3H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 145.1, 140.9, 133.1,
131.9, 130.1, 129.8, 128.51, 128.46, 128.4, 127.8, 126.1, 119.5, 86.1, 85.6, 64.7, 36.6,
31.5,28.8, 15.3.

HRMS (ESI) m/z [M + H]* calcd for CasH2502: 369.1849, found: 369.1845.

Data analysis of product 2g
O
Ph/ﬂ\O
é Ph

t-Bu

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 80.5 mg, 91% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.09 — 8.06 (m, 2H), 7.59 —
7.56 (m, 1H), 7.46 (t, ] = 7.5 Hz, 3H), 7.42 (d, ] = 8.1 Hz, 2H), 7.34 (d, ] = 8.2 Hz,
2H), 7.31 (t, ] =7.5Hz, 2H), 7.25 (s, 1H), 7.21 (t, | = 7.3 Hz, 1H), 5.87 (t, ] = 6.5 Hz,
1H), 2.95 (t, | =7.9 Hz, 2H), 2.41 — 2.28 (m, 2H), 1.31 (s, 9H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 152.0, 140.9, 133.1,
131.7, 129.8, 128.51, 128.46, 128.3, 126.1, 125.3, 119.3, 86.1, 85.6, 64.7, 36.6, 34.8,
31.5, 31.1.

HRMS (ESI) m/z [M + HJ* caled for CasH02: 397.2162, found: 397.2159.

Data analysis of product 2h
0
Ph)J\O
é Ph

Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 72.9 mg, 88% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.11 — 8.06 (m, 2H), 7.57
(ddd, J=7.6,3.8, 2.3 Hz, 3H), 7.54 (d, ] = 2.1 Hz, 4H), 7.48 — 7.41 (m, 4H), 7.37 -
7.33 (m, 1H), 7.30 (t, ] = 7.6 Hz, 2H), 7.27 - 7.24 (m, 2H), 7.21 (t, ] = 7.3 Hz, 1H),
5.88 (t, ] =6.4 Hz, 1H), 2.95 (t, ] =7.9 Hz, 2H), 2.43 —2.29 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 141.4, 140.8, 140.3,
133.1, 132.4, 130.0, 129.8, 128.8, 128.54, 128.47, 128.4, 127.7, 127.0, 126.9, 126.1,



121.2, 86.9, 85.8, 64.6, 36.6, 31.5.
HRMS (ESI) m/z [M + H]* calcd for CsoH2502: 417.1849, found: 417.1852.

Data analysis of product 2i
0]
Ph)J\O

é Ph
FaC

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 73.7 mg, 79% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.07 (d, ] =8.1 Hz, 2H), 7.56
(d, J=9.2Hz 5H), 7.46 (t, ] =7.7 Hz, 2H), 7.30 (t, ] = 7.5 Hz, 2H), 7.22 (dd, | =
15.2, 7.7 Hz, 3H), 5.85 (t, ] = 6.5 Hz, 1H), 2.93 (t, ] = 7.8 Hz, 2H), 2.36 (ddp, | =
21.3,14.0, 7.5 Hz, 2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 140.6, 133.3, 132.2,
130.4 (q, ] = 32.6 Hz), 129.82, 129.79, 128.6, 128.4, 128.3 (q, ] = 21.6 Hz), 126.2,
126.1,125.2 (q, ] =3.4 Hz), 123.8 (q, | =272.2 Hz), 88.8, 84.5, 64.3, 36.4, 31.5.

YF NMR (565 MHz, CDCls, sample at 25 °C) d -62.88.

HRMS (ESI) m/z [M + H]* caled for CasHz0F30z2: 409.1410, found: 409.1409.

Data analysis of product 2j
O
Ph)]\O
é Ph

MeO

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. White solid, 57.7 mg, 63% yield.

'HNMR (600 MHz, CDCls, sample at 25 °C) 08.07 (dd, ] =7.8, 1.6 Hz, 2H),
798 (d, ]=8.5Hz, 2H), 7.58 (t, ] =7.4 Hz, 1H), 7.55 - 7.49 (m, 2H), 7.46 (t, ] =7.8
Hz, 2H), 7.30 (t, ] = 7.6 Hz, 2H), 7.26 — 7.23 (m, 2H), 7.21 (t, ] = 7.3 Hz, 1H), 5.85
(t, J=6.5Hz 1H), 3.91 (d, J=2.8 Hz, 3H), 2.94 (t, ] =7.9 Hz, 2H), 2.43 - 2.29 (m,
2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 166.4, 165.4, 140.6, 133.2,
131.8, 130.0, 129.8, 129.4, 128.6, 128.43, 128.40, 126.9, 126.2, 89.3, 85.1, 64.4, 52.2,
36.4, 31.5.

HRMS (ESI) m/z [M + HJ* caled for CasH230s: 371.1642, found: 371.1641.



Data analysis of product 2k
0O
Ph)J\O
= Ph

OHC

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 23.3 mg, 26% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 10.00 (s, 1H), 8.10 — 8.06 (m,
2H), 7.83 (d, ] =8.2 Hz, 2H), 7.63 - 7.57 (m, 3H), 7.47 (t, ] = 7.7 Hz, 2H), 7.31 (¢, ]
=7.6 Hz, 2H), 7.25 (d, ] =8.9 Hz, 2H), 7.21 (t, ] = 7.4 Hz, 1H), 5.86 (t, ] = 6.5 Hz,
1H), 2.94 (t, | =7.8 Hz, 2H), 2.44 - 2.30 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 191.3, 165.5, 140.6, 135.8,
133.3, 132.5, 129.83, 129.79, 129.4, 128.6, 128.5, 128.4, 126.3, 90.4, 84.9, 64.3, 36.3,
31.5.

HRMS (ESI) m/z [M + HJ* caled for CasH210s: 369.1485, found: 369.1485.

Data analysis of product 21
O
Ph)J\O
é Ph

Me

@)

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 57.2 mg, 75% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) o 8.10 — 8.05 (m, 2H), 7.92 -
7.87 (m, 2H), 7.58 (td, | =7.3, 1.4 Hz, 1H), 7.53 (dd, ] =8.3, 1.7 Hz, 2H), 7.46 (t, |
=7.8 Hz, 2H), 7.30 (t, ] =7.6 Hz, 2H), 7.26 — 7.23 (m, 2H), 7.23 - 7.17 (m, 1H), 5.85
(t, J=6.5Hz, 1H), 2.94 (t, ] = 7.8 Hz, 2H), 2.59 (d, ] =1.5 Hz, 3H), 2.43 - 2.29 (m,
2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 197.2, 165.4, 140.6, 136.6,
133.2,132.0, 129.8, 128.6, 128.4, 128.1, 127.1, 126.2, 89.6, 85.0, 64.4, 36.4, 31.5, 26.6.

HRMS (ESI) m/z [M + HJ* caled for C26H230s: 383.1642, found: 383.1643.

Data analysis of product 2m



0O
PWJKO
,;; Ph

NC

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 47.8 mg, 63% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) ©8.07 (dd, /] =8.1, 1.5 Hz, 2H),
7.59 (dt, ] =7.8, 3.0 Hz, 3H), 7.53 (d, ] = 8.2 Hz, 2H), 7.46 (t, | =7.8 Hz, 2H), 7.30
(t, J=7.5Hz, 2H), 7.23 (dt, ] =17.9, 7.0 Hz, 3H), 5.83 (t, ] = 6.5 Hz, 1H), 2.93 (t, ]
=7.8 Hz, 2H), 2.43 — 2.29 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.4, 140.4, 133.3, 132.4,
131.9, 129.8, 129.7, 128.6, 128.44, 128.40, 127.1, 126.3, 118.3, 112.1, 90.8, 84.1, 64.2,
36.2,31.4.

HRMS (ESI) m/z [M + HJ* calcd for C2sH20NO2: 366.1489, found: 366.1494.

Data analysis of product 2n
O
PWJKO
. Ph

MeOOC

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 53.7 mg, 66% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) d 8.09 — 8.05 (m, 2H), 7.59 —
7.54 (m, 1H), 7.44 (t, ] = 7.6 Hz, 2H), 7.41 - 7.37 (m, 2H), 7.29 (t, ] = 7.5 Hz, 2H),
7.26 —7.23 (m, 2H), 7.20 (t, ] =7.3 Hz, 1H), 6.85 - 6.79 (m, 2H), 5.85 (t, | = 6.4 Hz,
1H), 3.80 (s, 3H), 2.93 (t, ] =7.9 Hz, 2H), 2.40 —2.26 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 159.9, 140.9, 133.4,
133.1, 130.0, 129.8, 128.5, 128.4, 128.3, 126.1, 114.3, 113.9, 85.8, 84.9, 64.7, 55.3,
36.6, 31.5.

HRMS (ESI) m/z [M + HJ* caled for C26H2304: 399.1591, found: 399.1591.

Data analysis of product 20



0]
Ph)J\O
é Ph
2
Me/s\b

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 71.0 mg, 85% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.07 (d, ] =7.7 Hz, 2H), 7.89
(d, J=8.0Hz, 2H), 7.62 (d, ] =8.1 Hz, 2H), 7.59 (t, | = 7.8 Hz, 1H), 7.47 (t, | = 7.7
Hz, 2H), 7.30 (t, ] = 7.5 Hz, 2H), 7.26 - 7.19 (m, 3H), 5.84 (t, ] = 6.5 Hz, 1H), 3.04
(s, 3H), 2.93 (t, ] = 7.9 Hz, 2H), 2.44 — 2.30 (m, 2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.4, 140.4, 140.1, 133.3,
132.6, 129.8, 129.6, 128.5, 128.41, 128.38, 128.0, 127.3, 126.2, 90.4, 84.0, 64.1, 44.4,
36.2,31.4.

HRMS (ESI) m/z [M + HJ* calcd for C2sH2304S: 419.1312, found: 419.1311.

Data analysis of product 2p
0]
Ph)J\O

// Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 56.2 mg, 72% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.11 (d, ] =7.7 Hz, 2H), 8.01
(s, 1H), 7.84 - 7.76 (m, 3H), 7.59 (t, ] =7.4 Hz, 1H), 7.53 = 7.43 (m, 5H), 7.32 (t, ]
=7.4Hz, 2H),7.28 (d, ] =7.5Hz 2H), 7.23 (t, ] =7.3 Hz, 1H), 5.92 (t, ] = 6.5 Hz,
1H), 2.99 (t, | =7.8 Hz, 2H), 2.47 — 2.33 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 140.8, 133.1, 133.0,
132.9, 132.0, 130.0, 129.8, 128.54, 128.48, 128.46, 128.4, 127.9, 127.8, 127.7, 126.8,
126.5, 126.2, 119.6, 86.6, 86.2, 64.7, 36.6, 31.5.

HRMS (ESI) m/z [M + HJ* caled for CasH2302: 391.1693, found: 391.1697.

Data analysis of product 2q



0]
Ph)J\O
é Ph
4
S

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 59.1 mg, 80% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) d 8.09 — 8.04 (m, 2H), 7.59 -
7.53 (m, 1H), 7.47 (dd, ] =3.0, 1.1 Hz, 1H), 7.44 (t, | =7.7 Hz, 2H), 7.29 (t, ] = 7.5
Hz, 2H), 7.26 - 7.22 (m, 3H), 7.20 (t, ] =7.3 Hz, 1H), 7.12 (dd, ] = 5.1, 1.2 Hz, 1H),
5.83 (t, ] = 6.5 Hz, 1H), 2.92 (t, ] = 7.9 Hz, 2H), 2.40 — 2.26 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.5, 140.8, 133.1, 130.0,
129.9, 129.8, 129.6, 128.5, 128.4, 128.3, 126.1, 125.3, 121.3, 85.9, 81.0, 64.6, 36.5,
31.4.

HRMS (ESI) m/z [M + HJ* calcd for C22H190:S: 347.1101, found: 347.1103.

Data analysis of product 2r
0]
Ph)J\O
Me.__Me = Ph

S

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 23.4 mg, 25% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.07 (d, ] =7.7 Hz, 2H), 7.57
(t,J]=7.4Hz, 1H), 7.48 - 7.42 (m, 3H), 7.29 (t, ] = 7.5 Hz, 2H), 7.26 — 7.22 (m, 2H),
7.20 (t, J=7.3Hz, 1H), 7.11 (dd, ] = 8.2, 1.8 Hz, 1H), 7.01 (d, ] = 8.2 Hz, 1H), 5.85
(t, J=6.5Hz, 1H), 3.04 - 2.99 (m, 2H), 2.93 (t, ] = 7.9 Hz, 2H), 2.33 (tp, ] = 20.8,
7.1 Hz, 2H), 1.95 - 1.90 (m, 2H), 1.31 (s, 6H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 142.0, 140.9, 133.5,
133.1, 130.03, 129.97, 129.8, 129.3, 128.51, 128.46, 128.4, 126.4, 126.1, 117.5, 86.2,
85.5, 64.7, 37.2, 36.7, 32.9, 31.5, 29.9, 23.2.

HRMS (ESI) m/z [M + HJ* calcd for C2oH200:S: 441.1883, found: 441.1887.

Data analysis of product 2s



)

Ph)J\O

HO7/\/\ Ph

Me Me

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 23.2 mg, 36% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.06 —8.01 (m, 2H), 7.58 (t, |
= 7.5 Hz, 1H), 7.45 (t, ] = 7.7 Hz, 2H), 7.30 (t, ] = 7.6 Hz, 2H), 7.24 — 7.18 (m, 3H),
5.64 (t, ] = 6.5 Hz, 1H), 2.86 (t, ] =7.9 Hz, 2H), 2.23 (dddd, ] =22.5, 20.5, 13.5, 7.0
Hz, 2H), 1.53 (s, 6H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.4, 140.8, 133.1, 129.9,
129.8, 128.5, 128.43, 128.37, 126.1, 90.7, 79.3, 65.1, 64.0, 36.4, 31.4, 31.3.

HRMS (ESI) m/z [M + H]* calcd for C21H230s: 323.1642, found: 323.1647.

Data analysis of product 2t
O
Ph)J\O

// Ph

@)

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 21.8 mg, 31% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.07 —8.01 (m, 2H), 7.57 (t, |
=7.3Hz, 1H),7.45(t, ] =7.6 Hz, 2H), 7.29 (t, ] =7.5 Hz, 2H), 7.21 (dd, ] =12.2, 7.3
Hz, 3H), 5.64 (td, ] = 6.5, 1.8 Hz, 1H), 3.92 - 3.85 (m, 2H), 3.51 (ddd, | =11.7, 8.3,
2.9 Hz, 2H), 2.86 (t, ] = 7.9 Hz, 2H), 2.69 (dq, ] = 8.5, 4.3 Hz, 1H), 2.30 - 2.13 (m,
2H), 1.84 (ddt, ] =13.3, 6.8, 3.8 Hz, 2H), 1.67 (dtd, ] =12.7, 8.6, 3.5 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.5, 140.9, 133.1, 130.1,
129.7,128.5, 128.41, 128.36, 126.1, 88.8, 78.6, 66.2, 64.4, 36.8, 32.0, 31.5, 26.2.

HRMS (ESI) m/z [M + HJ* caled for C2sH2s0s: 349.1798, found: 349.1796.

Data analysis of product 2u
o)

Ph)J\O

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 36.5 mg, 49% yield.
'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.04 (dd, ] =8.0, 1.6 Hz, 2H),



7.60 — 7.54 (m, 1H), 7.45 (t, ] = 7.7 Hz, 2H), 7.29 (t, ] = 7.6 Hz, 2H), 7.21 (dd, ] =
15.9, 7.6 Hz, 3H), 5.61 (td, | =5.3, 3.0 Hz, 1H), 3.66 (s, 3H), 2.86 (t, ] =8.0 Hz, 2H),
245 (t, J=7.4Hz, 2H), 2.32 (td, ] =7.0, 1.9 Hz, 2H), 2.29 — 2.15 (m, 2H), 1.86 (p, |
= 7.2 Hz, 2H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 173.4, 165.5, 140.9, 133.0,
130.1, 129.7, 128.5, 128.4, 128.3, 126.1, 85.4, 78.4, 64.5, 51.5, 36.7, 32.8, 31.4, 23.7,
18.2.

HRMS (ESI) m/z [M + H]* calcd for C2sH2504: 365.1748, found: 365.1751.

Data analysis of product 2v
O

Ph)J\O

C|\/\/\/\Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 34.1 mg, 41% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.05 (d, ] =7.7 Hz, 2H), 7.58
(t, J]=7.4Hz 1H),7.45(t, ]=7.7Hz, 2H), 7.30 (t, ] = 7.5 Hz, 2H), 7.21 (dd, ] = 14.1,
7.3Hz, 3H), 5.61 (t, ] =6.4 Hz, 1H), 3.65 (t, ] =6.4 Hz, 2H), 2.87 (t, ] = 7.9 Hz, 2H),
2.45 (td, ] =6.8, 1.9 Hz, 2H), 2.31 — 2.16 (m, 2H), 1.98 (p, ] = 6.6 Hz, 2H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 140.8, 133.1, 130.0,
129.7,128.5, 128.4, 128.3, 126.1, 84.7, 78.5, 64.4, 43.5, 36.7, 31.4, 31.2, 16.2.

HRMS (ESI) m/z [M + H]* caled for C2iH22ClO2: 341.1303, found: 341.1305.

Data analysis of product 2w
o)

Ph)J\O

%o/\A Fh

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 45.8 mg, 55% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.02 (d, ] =7.7 Hz, 2H), 7.56
(t, J=7.4Hz 1H), 7.43 (t, ] =7.8 Hz, 2H), 7.31 - 7.23 (m, 4H), 7.18 (t, ] = 7.3 Hz,
1H),7.13 (d, ] =7.5 Hz, 2H), 6.98 (d, ] =7.9 Hz, 3H), 5.66 — 5.61 (m, 1H), 4.74 (d,
J=17Hz, 2H), 2.79 (t, ] =7.9 Hz, 2H), 2.28 — 2.14 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.4, 157.6, 140.6, 133.2,
129.8,129.4,128.5,128.4, 128.4,126.1, 121.5, 115.1, 84.6, 81.1, 64.0, 56.0, 36.2, 31.2.

HRMS (ESI) m/z [M + HJ* caled for CasH230s: 371.1642, found: 371.1646.



Data analysis of product 2x

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 34.4 mg, 38% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.04 (d, ] =7.7 Hz, 2H), 7.57
(t, J=7.5Hz 1H), 745 (t, ] =7.8 Hz, 2H), 7.29 (t, | = 7.7 Hz, 2H), 7.24 - 7.17 (m,
3H), 5.68 (t, ] = 6.5 Hz, 1H), 2.90 (t, ] = 8.0 Hz, 2H), 2.29 — 2.18 (m, 2H), 1.09 (d, ]
=1.8 Hz, 21H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.4, 141.0, 133.0, 130.1,
129.7,128.5, 128.4, 128.3, 126.1, 104.4, 87.5, 64.7, 36.8, 31.4, 18.6, 11.1.

HRMS (ESI) m/z [M + HJ* calcd for C2zHs7O:5i: 421.2558, found: 421.2560.

Data analysis of product 2y

0" O

= Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 28.6 mg, 38% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 67.97 (d, ] =8.3 Hz, 2H), 7.50
—7.44 (m, 2H), 7.41 (d, ] = 8.3 Hz, 2H), 7.36 — 7.27 (m, 5H), 7.25 - 7.17 (m, 3H),
5.84 (t, ] =6.4 Hz, 1H), 2.93 (t, ] = 7.8 Hz, 2H), 2.34 (dp, ] = 20.9, 6.6 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 164.6, 140.7, 139.6, 131.9,
131.2,128.7,128.54, 128.53, 128.43, 128.37, 128.3, 126.2, 122.2, 86.1, 86.0, 64.9, 36.5,
31.5.

HRMS (ESI) m/z [M + HJ* calcd for C2aH20ClOz: 375.1147, found: 375.1148.

Data analysis of product 2z



OMe

o~ O

é Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 59.8 mg, 81% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.02 (d, ] = 8.4 Hz, 2H), 7.48
-7.43 (m, 2H), 7.29 (s, 5H), 7.24 - 7.16 (m, 3H), 6.91 (d, ] =8.5Hz, 2H), 5.84 (t, | =
6.5 Hz, 1H), 3.83 (s, 3H), 2.93 (t, ] = 7.9 Hz, 2H), 2.32 (ddp, ] =21.3, 14.1, 7.4 Hz,
2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) 0 165.2, 163.5, 140.8, 131.9,
131.8, 128.53, 128.46, 128.4, 128.2, 126.1, 122.30, 122.28, 113.6, 86.5, 85.7, 64.2, 55.4,
36.6, 31.4.

HRMS (ESI) m/z [M + HJ* caled for CasH230s: 371.1642, found: 371.1641.

Data analysis of product 3a

Meo™ >

N O
N P o
MeO._~ _N
HN\E;/\/\ph

Purified by flash column chromatography on silica gel: 100% EtOAc.
Colorless liquid, 39.1 mg, 31% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) © 10.63 (s, 1H), 8.20 (s, 1H),
8.08 (d, ] =7.7 Hz, 2H), 7.96 (d, ] =7.7 Hz, 1H), 7.90 (s, 1H), 7.79 (d, ] = 8.1 Hz,
1H), 7.68 (s, 1H), 7.58 (t, | = 7.0 Hz, 1H), 7.46 (t, | =7.6 Hz, 3H), 7.34 (t, ] = 7.8 Hz,
1H),7.29 (d, ] =7.4 Hz, 3H), 7.25 (d, ] = 7.6 Hz, 2H), 7.20 (t, ] = 7.3 Hz, 1H), 6.88
(s, 1H), 5.83 (t, ] = 6.4 Hz, 1H), 4.25 (d, ] = 4.1 Hz, 2H), 4.01 (t, | = 4.5 Hz, 2H),
3.79 (d, J=4.2 Hz, 2H), 3.71 (t, ] = 4.3 Hz, 2H), 3.46 (s, 3H), 3.42 (s, 3H), 2.94 (t, ]
=7.8 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.7, 157.3, 156.4, 150.2,
147.1, 140.7, 136.9, 134.9, 133.4, 133.3, 129.82, 129.79, 129.14, 129.08, 128.63,
128.56, 128.4, 126.2, 126.0, 123.2, 106.8, 103.4, 100.1, 87.2, 85.0, 70.4, 70.1, 69.04,
68.97, 64.5, 59.14, 59.09, 36.4, 26.2.

HRMS (ESI) m/z [M + HJ* calcd for CasHasNsOe: 632.2755, found: 632.2759.



Data analysis of product 3b

Purified by flash column chromatography on silica gel: 100% EtOAc.
Colorless liquid, 52.4 mg, 48% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.00 (d, ] =7.7 Hz, 2H), 7.56
(t, J=7.4Hz, 1H), 7.42 (t, ] = 7.6 Hz, 2H), 7.30 - 7.24 (m, 2H), 7.19 (d, ] = 7.3 Hz,
3H), 5.88 (d, ] = 4.4 Hz, 1H), 5.62 (dt, | = 23.0, 6.5 Hz, 1H), 4.85 (s, 2H), 2.86 (td,
] =7.8, 43 Hz, 2H), 2.51 - 2.36 (m, 2H), 2.24 (ddtd, | = 20.9, 15.6, 11.2, 5.7 Hz,
6H), 2.07 — 1.94 (m, 2H), 1.85 - 1.78 (m, 2H), 1.74 — 1.56 (m, 3H), 1.53 — 1.43 (m,
1H), 1.33 (pd, ] = 10.7, 4.1 Hz, 2H), 1.21 (ddd, | = 15.8, 12.9, 4.0 Hz, 1H), 1.01
(dqd, ] =38.3, 12.9, 3.8 Hz, 1H), 0.89 (d, ] = 3.4 Hz, 3H), 0.73 (dtt, ] = 30.2, 11.0,
5.7 Hz, 1H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) d
201.55, 201.51, 168.72, 168.69, 165.54, 165.51, 140.6, 133.3, 129.8, 129.7, 128.54,
128.46, 128.44, 128.38, 126.2, 124.1, 89.5, 89.4, 83.6, 83.4, 79.7, 79.6, 64.4, 64.3, 49.3,
49.2, 49.1, 47.3, 47.2, 42.5, 42.4, 40.9, 38.64, 38.60, 36.3, 36.09, 36.06, 35.5, 32.5,
31.43, 31.42, 30.68, 30.63, 26.20, 26.16, 26.14, 26.11, 22.8, 12.7.

HRMS (ESI) m/z [M + HJ* caled for CssHu1Os: 537.3000, found: 537.3004.

Data analysis of product 3¢

f

O Ph

Purified by flash column chromatography on silica gel: 10 to 20% EtOAc
in hexanes. Colorless liquid, 86.7 mg, 72% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.21 (d, ] =2.4 Hz, 1H), 8.05
(d,J=7.7Hz, 2H), 7.89 (d, ] =7.7 Hz, 1H), 7.55 (q, ] = 8.2 Hz, 2H), 7.49 (dd, | =
8.6, 2.3 Hz, 1H), 7.47 - 7.41 (m, 3H), 7.34 (d, ] =7.6 Hz, 1H), 7.29 (dt, | =15.5, 7.6
Hz, 4H), 7.23 (d, ] =7.8 Hz, 2H), 7.19 (d, ] = 6.5 Hz, 2H), 7.06 (d, ] = 8.2 Hz, 2H),
5.83 (t, ] =6.5 Hz, 1H), 5.17 (s, 2H), 3.86 (s, 2H), 2.91 (t, ] = 7.9 Hz, 2H), 2.32 (qq,
J=14.3,7.4 Hz, k2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 190.6, 169.5, 165.4, 160.6,
150.3, 140.6, 140.3, 136.1, 135.5, 133.1, 132.7, 132.6, 129.8, 129.7, 129.5, 129.24,
129.21, 128.5, 128.4, 128.3, 127.8, 127.0, 126.1, 125.2, 124.9, 123.5, 122.0, 121.9,
121.2, 87.2, 84.8, 73.6, 64.4, 40.2, 36.4, 31.4.



HRMS (ESI) m/z [M + H]* calcd for CsoHs10s6: 607.2114, found: 607.2118.

Data analysis of product 3d

O
Cl, CI
Ph)J\O

Me_ Me o Z Ph
O
@)
Purified by flash column chromatography on silica gel: 10 to 20% EtOAc
in hexanes. Colorless liquid, 94.0 mg, 75% yield.
'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.07 (d, ] =7.8 Hz, 2H), 7.56
(t, J=7.5Hz 1H), 7.44 (t, ] =7.6 Hz, 2H), 7.34 - 7.21 (m, 6H), 7.19 (t, ] = 7.3 Hz,
1H), 7.14 (d, ] = 8.2 Hz, 2H), 7.09 (s, 1H), 6.92 (d, ] = 8.2 Hz, 3H), 5.83 (t, ] = 6.5
Hz, 1H), 2.92 (t, ] =7.9 Hz, 2H), 2.82 (t, ] =9.5 Hz, 1H), 2.33 (th, ] = 14.3, 7.4 Hz,
2H), 1.94 - 1.86 (m, 1H), 1.77 - 1.70 (m, 7H).
3C NMR (151 MHz, CDCls, sample at 25 °C) 6 172.5, 165.4, 154.9, 150.3,
140.6, 133.1, 129.85, 129.78, 129.8, 129.7, 129.3, 128.6, 128.5, 128.4, 128.3, 126.1,
124.6, 123.7, 121.8, 118.7, 87.4, 84.7, 79.3, 64.4, 60.8, 36.4, 34.8, 31.4, 25.8, 25.5,
25.42,25.41.
HRMS (ESI) m/z [M + H]* calcd for Cs7HssClOs: 627.1700, found: 627.1702.

Data analysis of product 3e
0]

J

Ph (0] Ph

Ph/z/\MO Z Ph
o)
)

Purified by flash column chromatography on silica gel: 10 to 20% EtOAc
in hexanes. Colorless liquid, 47.0 mg, 41% yield.

H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.06 (d, ] =7.7 Hz, 2H), 7.56
(td, ] =15.0, 7.1 Hz, 5H), 7.45 (t, ] = 7.6 Hz, 2H), 7.40 (d, ] = 6.1 Hz, 3H), 7.37 -
7.32 (m, 4H), 7.30 (q, ] =7.3 Hz, 3H), 7.25-7.17 (m, 4H), 7.08 (d, ] = 8.0 Hz, 1H),
5.82 (t, | =6.4 Hz, 1H), 3.44 (t, | =7.3 Hz, 2H), 3.18 (t, ] = 7.1 Hz, 2H), 291 (t, ] =
7.9 Hz, 2H), 2.33 (ddp, ] =21.4, 14.2, 7.3 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 169.9, 165.7, 162.8, 150.2,
146.4, 140.7, 133.33, 133.25, 129.82, 129.77, 129.70, 129.67, 129.4, 129.3, 129.1,
128.9, 128.8, 128.5, 128.43, 128.40, 128.2, 127.4, 126.4, 126.2, 124.8, 123.7, 122.0,
87.2, 84.8, 64.6, 36.4, 31.4, 30.9, 23.1.

HRMS (ESI) m/z [M + HJ* calcd for Ci2H3aNOs: 632.2432, found: 632.2436.



Data analysis of product 3f

@)
Ph)J\O
Me Me_ Me Ph
OM(O é
O
Me

Purified by flash column chromatography on silica gel: 10 to 20% EtOAc
in hexanes. Colorless liquid, 94.9 mg, 73% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.06 (d, ] =7.7 Hz, 2H), 7.56
(t, ]=7.5Hz 1H), 7.44 (t, ] = 7.6 Hz, 2H), 7.30 (dt, ] = 15.1, 7.5 Hz, 4H), 7.25 -
7.15 (m, 4H), 6.99 (dd, ] =14.9, 7.7 Hz, 2H), 6.65 (d, ] = 7.6 Hz, 1H), 6.61 (s, 1H),
5.84 (t, ] =6.5Hz, 1H), 3.96 (d, ] =4.8 Hz, 2H), 2.92 (t, ] =7.9 Hz, 2H), 2.38 - 2.25
(m, 6H), 2.17 (s, 3H), 1.87 — 1.85 (m, 3H), 1.35 (s, 6H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 176.0, 165.4, 156.8, 150.7,
140.7,136.4, 133.1, 130.3, 129.9, 129.8, 129.3, 129.2, 128.5, 128.4, 128.3, 126.1, 124.9,
123.6, 123.5, 122.2, 120.8, 112.0, 87.1, 84.9, 67.7, 64.4, 42.4, 37.1, 36.4, 31.4, 25.2,
25.1,21.3,15.7.

HRMS (ESI) m/z [M + HJ* calcd for CasHa1Os: 589.2949, found: 589.2948.

3.2 General procedure C

o) o)
=N Cu(CH3CN)PF (10 mol%), L6 (10 mol%) Ph)J\O Ph)l\o
TBPB (2.0 equiv) Me +
. Pz = CN
MeCN (0.05 M), 70 °C, 18 h = =
0.2 mmol Me
N L6 4a 5a
l N Me
N
7

4a and 5a as an example: In a nitrogen-filled glovebox, and oven-dried 8
mL vial with a magnetic stir bar, were charged the Cu(CHsCN)4PFs (7.5 mg,
0.02 mmol, 10 mol%), 2,9-dimethyl-10-phenanthroline L6 (4.2 mg, 0.02 mmol,
10 mol%). Then 4.0 mL MeCN was added. To the solution were added the tert-
butyl peroxybenzoate (76 pL, 0.4 mmol, 2.0 equiv) and 1,3-enyne (30 uL, 0.2
mmol, 1.0 equiv) sequentially. Then the vial was closed with a PTFE septum
cap, and taken out of the glovebox. Then, the reaction was stirred at 70 °C for
18 hours.

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.



Data analysis of product 4a
0]

=Z

Ph O

Me

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 24.8 mg, 47% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) d 8.14 — 8.08 (m, 2H), 7.61 -
7.55 (m, 1H), 7.49 — 7.43 (m, 4H), 7.34 - 7.28 (m, 3H), 5.83 (s, 1H), 2.04 (p, ] =7.2
Hz, 2H), 1.17 (t, ] = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.6, 133.0, 131.9, 130.1,
129.8, 128.5, 128.3, 128.2, 122.4, 86.4, 85.5, 66.2, 28.4, 9.5.

HRMS (ESI) m/z [M + HJ* caled for CisHi7O2: 265.1223, found: 265.1224.

Data analysis of product 5a
O
Ph)J\O

é CN

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 24.2 mg, 42% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.13 —8.09 (m, 2H), 7.60 (t, |
=7.5Hz, 1H), 7.49 - 7.45 (m, 4H), 7.34 (pd, | =7.1, 3.9 Hz, 3H), 5.99 (s, 1H), 2.71
(s, 2H), 2.44 — 2.35 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.2, 133.5, 132.0, 129.9,
129.4,129.1, 128.5, 128.4, 121.6, 118.7, 87.2, 84.1, 63.2, 30.8, 13.2.

HRMS (ESI) m/z [M + HJ* calcd for CisHieNO2: 290.1176, found: 290.1178.

Data analysis of product 4b
)
Ph)J\O
Cl Me
=

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 17.9 mg, 30% yield.



'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.11 (d, ] =7.7 Hz, 2H), 7.58
(t ]=7.5Hz, 1H), 7.50 — 7.44 (m, 3H), 7.39 (d, ] = 8.1 Hz, 1H), 7.27 - 7.22 (m, 1H),
7.19 (t, ] =7.6 Hz, 1H), 5.86 (t, ] = 6.3 Hz, 1H), 2.06 (p, | =7.1 Hz, 2H), 1.20 (t, | =
7.4 Hz, 3H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 136.2, 133.6, 133.1,
130.1, 129.8, 129.5, 129.2, 128.4, 126.3, 122.4, 91.7, 82.2, 66.2, 28.3, 9.4.

HRMS (ESI) m/z [M + H]* calcd for CisH1sClO2: 299.0837, found: 299.0840.

Data analysis of product 5b
0O
Ph)J\O

=Z

Cl
CN

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 24.6 mg, 38% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.11 (d, ] =7.8 Hz, 2H), 7.60
(t, ]=7.8Hz, 1H), 7.48 (q, ] = 8.2 Hz, 3H), 7.40 (d, ] =8.2 Hz, 1H), 7.30 — 7.25 (m,
1H), 7.21 (t, | =7.6 Hz, 1H), 6.02 (t, ] = 5.5 Hz, 1H), 2.78 (t, | = 7.5 Hz, 2H), 2.46 -
2.36 (m, 2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.2, 136.3, 133.6, 133.5,
130.1, 129.9, 129.3, 128.5, 126.5, 121.5, 118.8, 89.2, 83.9, 63.2, 30.7, 13.1.

HRMS (ESI) m/z [M + H]* caled for CioHisCINOz: 324.0786, found: 324.0788.

Data analysis of product 4c
)
Ph)J\O

=

Me
Cl

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 25.6 mg, 43% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.11 (d, ] =7.8 Hz, 2H), 7.58
(t, ] =7.4Hz, 1H), 7.49 — 7.43 (m, 3H), 7.33 (d, ] =7.6 Hz, 1H), 7.29 (dd, ] = 8.0,
2.1 Hz, 1H), 7.23 (t, ] = 7.9 Hz, 1H), 5.80 (t, ] = 6.4 Hz, 1H), 2.03 (p, ] =7.2 Hz,
2H), 1.16 (t, ] = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 6 165.5, 134.1, 133.1, 131.8,
130.0, 129.8, 129.4, 128.8, 128.4, 124.1, 87.7, 84.0, 66.0, 28.2, 9.5.

HRMS (ESI) m/z [M + HJ* calcd for CisHisClOz2: 299.0834, found: 299.0835.



Data analysis of product 5¢
O
Ph)J\O

cl é CN

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 27.8 mg, 43% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.13 (d, ] =7.8 Hz, 2H), 7.65
—7.61 (m, 1H), 7.49 (dd, ] =14.0, 6.2 Hz, 3H), 7.38 — 7.33 (m, 2H), 7.28 (d, ] = 7.5
Hz, 1H), 5.99 (t, ] =5.7 Hz, 1H), 2.72 (t, | = 7.4 Hz, 2H), 2.40 (tq, ] = 12.7, 6.2 Hz,
2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.1, 134.2, 133.5, 131.8,
130.0, 129.9, 129.6, 129.4, 129.2, 128.5, 123.2, 118.6, 85.6, 85.3, 63.0, 30.6, 13.2.

HRMS (ESI) m/z [M + H]* calcd for CioHisCINO2: 324.0786, found: 324.0788.

Data analysis of product 4d
0O
Ph)J\O

=

Me

Et

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 19.9 mg, 34% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.11 (d, ] =7.8 Hz, 2H), 7.57
(t,J=7.4Hz 1H),7.46 (t, ] =7.7 Hz, 2H), 7.38 (d, | =7.8 Hz, 2H), 7.13 (d, ] =7.8
Hz, 2H), 5.82 (t, ] = 6.3 Hz, 1H), 2.64 (q, ] =7.6 Hz, 2H), 2.03 (p, ] =7.2 Hz, 2H),
1.22 (t, J=7.6 Hz, 3H), 1.16 (t, ] = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 145.0, 133.0, 131.9,
130.2, 129.8, 128.3, 127.8, 119.6, 85.7, 85.6, 66.3, 28.8, 28.4, 15.3, 9.5.

HRMS (ESI) m/z [M + HJ* caled for C20H2102: 293.1536, found: 293.1532.

Data analysis of product 5d



0O
Ph/ﬂ\O
C;’ CN

Et

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 30.4 mg, 48% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.10 (d, ] =7.8 Hz, 2H), 7.60
(t, J=7.5Hz, 1H), 7.47 (t, ] =7.6 Hz, 2H), 7.38 (d, ] =7.8 Hz, 2H), 7.15 (d, ] =7.8
Hz, 2H), 5.98 (t, ] = 5.6 Hz, 1H), 2.71 (t, ] = 7.5 Hz, 2H), 2.64 (q, ] = 7.6 Hz, 2H),
2.44-2.33 (m, ] =6.8 Hz, 2H), 1.22 (t, ] = 7.6 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.2, 145.6, 133.5, 132.0,
129.9, 129.4, 128.5, 127.9, 118.8, 118.6, 87.4, 83.4, 63.3, 30.9, 28.8, 15.2, 13.2.

HRMS (ESI) m/z [M + HJ* calcd for C2iH20NO2: 318.1489, found: 318.1493.

Data analysis of product 4e
0O
Ph/ﬂ\O

=

Me

t-Bu

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 30.1 mg, 47% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.11 (d, ] =7.8 Hz, 2H), 7.57
(t,J]=7.4Hz, 1H),7.46 (t, ] =7.7 Hz, 2H), 7.41 - 7.38 (m, 2H), 7.34 — 7.30 (m, 2H),
5.82 (t, J=6.3Hz, 1H), 2.02 (p, ] =7.2 Hz, 2H), 1.30 (d, /] =1.6 Hz, 9H), 1.16 (t, ] =
7.5 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.6, 151.8, 133.0, 131.6,
130.2, 129.8, 128.3, 125.2, 119.4, 85.8, 85.6, 66.3, 34.7, 31.1, 28.4, 9.5.

HRMS (ESI) m/z [M + HJ* caled for C22H2s02: 321.1849, found: 321.1844.

Data analysis of product 5e
0O
Ph/ﬂ\O
é CN

t-Bu
Purified by flash column chromatography on silica gel: 20 to 30% EtOAc



in hexanes. Colorless liquid, 28.3 mg, 41% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =7.8 Hz, 2H), 7.62
—7.57 (m, 1H), 7.50 — 7.44 (m, 2H), 7.41 — 7.39 (m, 2H), 7.36 — 7.32 (m, 2H), 5.99
(td, J=5.6,1.6 Hz, 1H), 2.74 - 2.68 (m, 2H), 2.38 (dhept, ] =13.8, 6.7 Hz, 2H), 1.30
(d, ] = 1.7 Hz, 10H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.2, 152.5, 133.5, 131.7,
129.9, 129.4, 128.5, 125.4, 118.8, 118.5, 87.4, 83.4, 63.3, 34.8, 31.1, 30.9, 13.2.

HRMS (ESI) m/z [M + HJ* calcd for C2sH2sNO2: 346.1799, found: 346.1797.

Data analysis of product 4f
O

Z

Ph™ O

Me

Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 26.5 mg, 39% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.12 (d, ] =7.8 Hz, 2H), 7.58
(dd, ] =7.6, 4.3 Hz, 3H), 7.54 (d, ] = 2.3 Hz, 4H), 7.45 (dt, | = 15.5, 7.6 Hz, 4H),
7.36 (t, ] =7.4Hz, 1H), 5.85 (t, ] = 6.4 Hz, 1H), 2.05 (p, | =7.3 Hz, 2H), 1.18 (t, | =
7.4 Hz, 3H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 141.3, 140.3, 133.1,
132.3,130.1, 129.8, 128.8, 128.4, 127.7,127.0, 126.9, 121.3, 87.1, 85.3, 66.3, 28.4, 9.5.

HRMS (ESI) m/z [M + HJ* caled for CasH2102: 341.1536, found: 341.1535.

Data analysis of product 5f
)
Ph)J\O

Z CN
Ph

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 34.3 mg, 47% yield.

H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.12 (d, ] =7.7 Hz, 2H), 7.66
- 7.52 (m, 7H), 7.47 (dt, ] =22.1, 7.6 Hz, 4H), 7.37 (t, ] = 7.3 Hz, 1H), 6.01 (t, | =
5.6 Hz, 1H), 2.73 (t, ] = 7.4 Hz, 2H), 2.42 (dhept, ] = 13.8, 7.6 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.2, 141.9, 140.1, 133.5,
132.4, 129.9, 129.3, 128.9, 128.5, 127.8, 127.0, 120.3, 118.8, 87.0, 84.7, 63.2, 30.8,
13.3.



HRMS (ESI) m/z [M + H]* caled for C2sH20NO2: 366.1489, found: 366.1493.

Data analysis of product 4g
0

=

Ph™ O

Me

F

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 14.7 mg, 26% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 68.10 (d, ] =7.7 Hz, 2H), 7.58
(t, J=7.5Hz, 1H), 7.49 — 7.40 (m, 4H), 6.99 (t, ] = 8.5 Hz, 2H), 5.79 (t, ] = 6.3 Hz,
1H), 2.02 (p, ] =7.1 Hz, 2H), 1.16 (t, ] = 7.4 Hz, 3H).

BCNMR (151 MHz, CDCls, sample at 25 °C) 0165.6,162.7 (d, ] =249.7 Hz),
133.8 (d, ] =8.5 Hz), 133.1, 130.1, 129.8, 128.4, 118.5 (d, ] =3.8 Hz), 1155 (d, | =
22.0 Hz), 86.2, 84.4, 66.1, 28.3, 9.5.

YF NMR (565 MHz, CDCls, sample at 25 °C) 0 -110.53, -110.55, -110.57.

HRMS (ESI) m/z [M + HJ* calcd for CisHieFOz: 283.1129, found: 283.1134.

Data analysis of product 5g
0]
Ph)J\O

é CN

F

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 27.0 mg, 44% yield.

H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =8.0 Hz, 2H), 7.64
—7.57 (m, 1H), 7.50 - 7.42 (m, 5H), 7.01 (t, ] =7.9 Hz, 2H), 5.96 (t, ] = 5.4 Hz, 1H),
2.70 (t, ] = 7.3 Hz, 2H), 2.38 (hept, ] =7.4 Hz, 3H).

BCNMR (151 MHz, CDCls, sample at 25 °C) 0165.2,162.9 (d, ] =250.8 Hz),
133.9 (d, ] = 8.3 Hz), 133.5, 129.9, 129.3, 128.5, 118.7, 117.6 (d, | = 3.6 Hz), 115.7
(d, J]=22.0Hz), 86.1, 83.9, 63.1, 30.7, 13.2.

F NMR (565 MHz, CDCls, sample at 25 °C) o -109.42, -109.43, -109.44, -
109.45.

HRMS (ESI) m/z [M + HJ* caled for CiyHisFNOz: 308.1082, found: 308.1081.

Data analysis of product 4h



0
Ph)J\O

=

Me

Cl

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 25.0 mg, 42% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.10 (d, ] =7.8 Hz, 2H), 7.57
(t, ] =7.5Hz, 1H), 7.48 — 7.43 (m, 2H), 7.40 — 7.35 (m, 2H), 7.29 - 7.23 (m, 2H),
5.79 (t, ] = 6.3 Hz, 1H), 2.02 (p, ] = 7.2 Hz, 2H), 1.15 (t, ] = 7.4 Hz, 3H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 134.6, 133.1, 130.0,
129.8, 128.6, 128.4, 120.9, 87.5, 84.3, 66.0, 28.3, 9.5.

HRMS (ESI) m/z [M + H]* calcd for CisHi6ClO2: 298.0761, found: 298.0762.

Data analysis of product 5h
)
Ph)J\O
é CN

Cl

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 27.8 mg, 43% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.12 - 8.06 (m, 2H), 7.60 (tt,
J=7.3,1.3 Hz, 1H), 7.50 — 7.45 (m, 2H), 7.43 - 7.37 (m, 2H), 7.32 - 7.28 (m, 2H),
5.96 (t, ] =5.7 Hz, 1H), 2.70 (t, ] = 7.4 Hz, 2H), 2.44 — 2.34 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.1, 135.2, 133.6, 133.2,
129.9,129.2, 128.7, 128.5, 120.0, 118.7, 86.0, 85.1, 63.1, 30.7, 13.2.

HRMS (ESI) m/z [M + HJ* calcd for CisHisCINO2: 324.0786, found: 324.0788.

Data analysis of product 4i
O

=

Ph O

Me

FsC
Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 19.9 mg, 30% yield.
'H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.11 (d, ] =7.8 Hz, 2H), 7.61



—7.51 (m, 5H), 7.50 — 7.44 (m, 2H), 5.81 (td, ] = 6.4, 1.5 Hz, 1H), 2.09 - 2.01 (m,
2H), 1.17 (td, ] = 7.4, 1.6 Hz, 3H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 133.2, 132.1, 130.32
(q, ] =32.6 Hz), 129.9, 129.8, 128.4, 126.2, 125.1 (q, ] =3.1 Hz), 123.8 (q, ] =272.0
Hz), 89.0, 84.0, 65.9, 28.2, 9.5.

YF NMR (565 MHz, CDCls, sample at 25 °C) 0 -62.89.

HRMS (ESI) m/z [M + H]* calcd for CioH16F302: 333.1097, found: 333.1095.

Data analysis of product 5i
@)
Ph)J\O

é CN
FsC

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 23.6 mg, 33% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.11 (d, ] =7.7 Hz, 2H), 7.60
(d, ]=20.1Hz, 5H), 7.48 (t, ] =7.7 Hz, 2H), 5.98 (t, | =5.7 Hz, 1H), 2.71 (t, ] =7 .4
Hz, 2H), 2.40 (hept, ] =7.2 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.2, 133.7, 132.3, 130.9 (q,
J=33.1Hz), 129.9, 129.1, 128.6, 125.3 (d, ] =3.3 Hz), 123.7 (q, ] = 272.3 Hz), 118.6,
86.5, 85.6, 63.0, 30.6, 13.3.

YF NMR (565 MHz, CDCls, sample at 25 °C) d -62.97.

HRMS (ESI) m/z [M + HJ* caled for C20HisFsNOz2: 358.1050, found: 358.1051.

Data analysis of product 4j
)

Z

Ph™ O

Me

MeO

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 17.6 mg, 30% yield.

'HNMR (600 MHz, CDCls, sample at 25 °C) 0 8.12 - 8.08 (m, 2H), 7.97 (dd,
J =83, 2.0 Hz, 2H), 7.61 - 7.55 (m, 1H), 7.51 (dd, | =8.5, 2.0 Hz, 2H), 7.46 (t, ] =
79 Hz, 2H), 5.81(dd, J=7.3,5.3 Hz, 1H), 391 (d, J=2.2Hz 3H), 2.04 (p, ] =7.2
Hz, 2H), 1.17 (t, ] =7.3 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 166.4, 165.5, 133.2, 131.8,
129.9, 129.8, 129.4, 128.4, 127.1, 89.4, 84.6, 66.0, 52.2, 28.2, 9.5.



HRMS (ESI) m/z [M + H]* calcd for CioH190s: 295.1329, found: 295.1328.

Data analysis of product 5j
0]
Ph)J\O
& CN

MeO
Purified by flash column chromatography on silica gel: 20 to 30% EtOAc

in hexanes. Colorless liquid, 21.1 mg, 33% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) d 8.14 — 8.08 (m, 2H), 8.01 -
7.97 (m, 2H), 7.63 — 7.58 (m, 1H), 7.52 (d, ] = 8.0 Hz, 2H), 7.48 (t, | =7.7 Hz, 2H),
598 (t, | = 5.6 Hz, 1H), 3.91 (d, | = 1.2 Hz, 3H), 2.40 (ddd, | = 13.2, 7.4, 5.6 Hz,
2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 166.3, 165.1, 133.6, 131.9,
130.4, 129.9, 129.5, 128.5, 126.1, 118.6, 86.9, 86.2, 63.0, 52.3, 30.6, 13.3.

HRMS (ESI) m/z [M + HJ* calcd for C20Hi1sNOs: 320.1281, found: 320.1279.

Data analysis of product 4k
)

Z

Ph™ O

Me

NC

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 17.3 mg, 30% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =7.8 Hz, 2H), 7.61
—7.56 (m, 3H), 7.53 (dd, ] =8.2, 1.7 Hz, 2H), 7.49 — 7.44 (m, 2H), 5.79 (td, ] = 6.4,
1.6 Hz, 1H), 2.08 —2.00 (m, 2H), 1.16 (td, ] =7.4, 1.6 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 133.3, 132.4, 131.9,
129.8, 128.4, 127.3, 118.3, 112.0, 91.0, 83.7, 65.8, 28.1, 9.5.

HRMS (ESI) m/z [M + HJ* calcd for CisHieNO2: 290.1176, found: 290.1181.

Data analysis of product 5k



0]
PWJKO
5; CN

NC

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 17.0 mg, 27% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =7.7 Hz, 2H), 7.64
—7.58 (m, 3H), 7.55 (d, ] = 8.0 Hz, 2H), 7.48 (t, ] = 7.7 Hz, 2H), 5.97 (t, ] = 5.6 Hz,
1H), 2.70 (t, ] =7.2 Hz, 2H), 2.40 (qd, ] =7.0, 3.6 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.1, 133.7, 132.5, 132.0,
129.9, 129.0, 128.6, 126.3, 118.5, 118.1, 112.6, 88.4, 85.2, 62.8, 30.5, 13.3.

HRMS (ESI) m/z [M + HJ* calcd for C20HisN20z: 315.1128, found: 315.1133.

Data analysis of product 41
0]

Z

Ph™ O

Me

MeOOC

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 25.8 mg, 40% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =7.8 Hz, 2H), 7.60
—7.54 (m, 1H), 7.45 (t, ] = 7.7 Hz, 2H), 7.39 (d, ] = 8.4 Hz, 2H), 6.82 (d, ] =8.4 Hz,
2H), 5.81 (t, ] = 6.4 Hz, 1H), 3.80 (s, 3H), 2.02 (p, ] =7.1 Hz, 2H), 1.15 (t, ] =7.4
Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.6, 159.7, 133.4, 133.0,
130.1, 129.7, 128.3, 114.5, 113.8, 85.4, 85.1, 66.4, 55.3, 28.5, 9.6.

HRMS (ESI) m/z [M + HJ* caled for C20Hi9Oa: 323.1278, found: 323.1278.

Data analysis of product 51
0
PWJKO
f;/ CN
MeOOC

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 24.3 mg, 35% yield.



'H NMR (600 MHz, CDCls, sample at 25 °C) 8.10 (d, ] = 7.8 Hz, 2H), 7.59
(t, ] = 7.4 Hz, 1H), 7.47 (t, ] = 7.7 Hz, 2H), 7.40 (d, ] = 8.2 Hz, 2H), 6.84 (d, ] = 8.2
Hz, 2H), 5.97 (t, ] = 5.6 Hz, 1H), 3.81 (s, 3H), 2.71 (t, ] = 7.4 Hz, 2H), 2.42 - 2.32
(m, ] = 6.9 Hz, 2H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.2, 160.2, 133.5, 133.4,
129.9,129.4, 128.5, 118.9, 114.0, 113.5, 87.2, 82.8, 63.3, 55.3, 30.8, 13.2.

HRMS (ESI) m/z [M + HJ* calcd for CarHisNOu: 348.1231, found: 348.1233.

Data analysis of product 4m
O

AcHN Z

Ph O

Me

Purified by flash column chromatography on silica gel: 45 to 55% EtOAc
in hexanes. Colorless liquid, 32.1 mg, 50% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =7.7 Hz, 2H), 7.58
(t, ] =7.5Hz, 1H), 7.53 (s, 1H), 7.50 (d, ] = 8.3 Hz, 1H), 7.46 (t, | = 7.7 Hz, 3H),
7.27 -7.19 (m, 2H), 5.77 (t, ] = 6.4 Hz, 1H), 2.20 (s, 3H), 2.02 (p, ] = 7.2 Hz, 2H),
1.15 (t, ] =7.4 Hz, 3H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 169.5, 165.8, 137.3, 133.2,
130.0, 129.8, 129.0, 128.4, 128.3, 123.4, 123.2, 120.6, 86.9, 84.9, 66.2, 28.3, 24.3, 9.5.

HRMS (ESI) m/z [M + HJ* calcd for C20H20NOs: 322.1438, found: 322.1441.

Data analysis of product 5m
0
Ph)J\O

N
AcHN Z C

Purified by flash column chromatography on silica gel: 60 to 70% EtOAc
in hexanes. Colorless liquid, 30.5 mg, 44% yield.

H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.09 (d, ] =7.7 Hz, 2H), 7.66
—7.57 (m, 3H), 7.48 (dt, | =15.3, 7.9 Hz, 3H), 7.25 (dd, ] = 15.6, 7.8 Hz, 1H), 7.18
(d, ]=7.7Hz, 1H), 5.95 (t, ] = 5.6 Hz, 1H), 2.69 (t, | =7.4 Hz, 2H), 2.42 - 2.31 (m,
J=7.0 Hz, 2H), 2.15 (s, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 168.5, 165.2, 138.0, 133.6,
129.9, 129.2, 129.0, 128.5, 127.8, 123.0, 122.2, 120.6, 118.8, 86.7, 84.3, 63.1, 30.7,
24.5,13.2.

HRMS (ESI) m/z [M + HJ* calcd for C2:H19N20s: 347.1390, found: 347.1395.



Data analysis of product 4n

Ph
Me

AN

Me

)

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 17.8 mg, 29% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 68.10 (d, ] =7.7 Hz, 2H), 7.89
(d, J=8.2Hz, 2H), 7.58 (t, ] =7.5 Hz, 1H), 7.53 (dd, ] = 8.2, 2.1 Hz, 2H), 7.46 (t, ]
=7.6 Hz, 2H), 5.81 (t, ] = 6.4 Hz, 1H), 2.58 (d, ] =2.1 Hz, 3H), 2.04 (p, | =7.3 Hz,
2H), 1.17 (t, ] = 7.4 Hz, 3H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 197.2, 165.5, 136.5, 133.2,
132.0, 129.9, 129.8, 128.4, 128.1, 127.2, 89.8, 84.6, 66.0, 28.2, 26.5, 9.5.

HRMS (ESI) m/z [M + HJ* caled for C20H190s: 307.1329, found: 307.1333.

Data analysis of product 5n
0]
Ph)J\O

é CN

Me

0]

Purified by flash column chromatography on silica gel: 35 to 45% EtOAc
in hexanes. Colorless liquid, 15.9 mg, 24% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) ©8.10 (dd, ] =8.0, 1.5 Hz, 2H),
7.92 -7.88 (m, 2H), 7.60 (t, ] =7.4 Hz, 1H), 7.57 - 7.52 (m, 2H), 7.48 (t, | = 7.8 Hz,
2H), 5.99 (t, ] =5.7 Hz, 1H), 2.71 (t, ] = 7.3 Hz, 2H), 2.59 (s, 3H), 2.40 (qd, | =7.4,
5.2 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 197.1, 165.1, 137.0, 133.6,
132.1,129.9, 129.1, 128.5, 128.2, 126.2, 118.6, 87.2, 86.1, 63.0, 30.6, 26.6, 13.2.

HRMS (ESI) m/z [M + HJ* calcd for C2iHisNOs: 332.1281, found: 332.1282.

Data analysis of product 40



0]
Ph)J\O

ool

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 20.7 mg, 33% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.13 (d, ] =7.8 Hz, 2H), 7.99
(s, 1H), 7.83 - 7.76 (m, 3H), 7.58 (t, | =7.4 Hz, 1H), 7.52 — 7.44 (m, 5H), 5.87 (t, ]
=6.4 Hz, 1H), 2.08 (p, ] =7.1 Hz, 2H), 1.20 (t, ] = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.6, 133.1, 132.91, 132.85,
131.9,130.1, 129.8, 128.5, 128.4, 127.9, 127.74, 127.72,126.7, 126.5, 119.7, 86.7, 85.8,
66.3, 28.4, 9.6.

HRMS (ESI) m/z [M + H]* calcd for C22H19Oz2: 315.1380, found: 315.1380.

Me

Data analysis of product 50
0]
Ph)J\O

// CN

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 31.2 mg, 46% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.13 (d, ] =7.9 Hz, 2H), 8.01
(s, 1H), 7.84 - 7.76 (m, 3H), 7.61 (t, ] = 7.4 Hz, 1H), 7.49 (q, ] = 7.6 Hz, 5H), 6.04
(t, J=5.5Hz, 1H), 2.76 (t, ] = 7.4 Hz, 2H), 2.48 - 2.39 (m, ] = 7.0 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.2, 133.5, 133.1, 132.8,

132.3, 129.9, 129.3, 128.5, 128.2, 128.1, 127.82, 127.77, 127.1, 126.7, 118.8, 118.7,
63.3, 30.8, 13.3.

HRMS (ESI) m/z [M + H]* caled for C2sHisNO2: 340.1332, found: 340.1337.

Data analysis of product 4p
@)
Ph)J\O

Me
é

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in



hexanes. Colorless liquid, 19.7 mg, 27% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.71 — 8.63 (m, 2H), 8.45 —
8.40 (m, 1H), 8.16 (d, ] =7.8 Hz, 2H), 8.03 (s, 1H), 7.84 (d, ] =7.9 Hz, 1H), 7.67 (tt,
J=8.1,44Hz 3H),7.59 (t, ] =7.4 Hz, 2H), 7.48 (t, ] = 7.6 Hz, 2H), 5.99 (t, ] = 6.4
Hz, 1H), 2.17 (p, | = 7.2 Hz, 2H), 1.27 (d, ] = 7.5 Hz, 3H).

13C NMR (151 MHz, CDCls, sample at 25 °C) o 165.7, 133.1, 132.5, 131.11,
131.05, 130.4, 130.1, 130.0, 129.8, 128.6, 128.4, 127.6, 127.13, 127.05, 126.9, 126.8,
122.7,122.6, 118.8, 91.0, 83.8, 66.5, 28.5, 9.7.

HRMS (ESI) m/z [M + H]* calcd for C2sH2102: 365.1536, found: 365.1540.

Data analysis of product 5p
O
Ph)J\O

: Z o

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 21.8 mg, 28% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.72 — 8.63 (m, 2H), 8.38 —
8.33 (m, 1H), 8.16 (d, ] = 7.8 Hz, 2H), 8.05 (s, 1H), 7.85 (d, ] = 7.9 Hz, 1H), 7.73 -
7.66 (m, 3H), 7.61 (q, ] = 6.9 Hz, 2H), 7.50 (t, ] = 7.7 Hz, 2H), 6.16 (t, ] = 5.6 Hz,
1H), 2.82 (t, ] =7.4 Hz, 2H), 2.52 (qd, ] =7.5, 2.7 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.3, 133.6, 133.0, 130.9,
130.8, 130.6, 130.03, 129.95, 129.3, 128.7, 128.6, 127.9, 127.3, 127.2, 127.1, 126.5,
122.8,122.6, 118.8, 117.9, 88.5, 85.5, 63.5, 30.9, 13.4.

HRMS (ESI) m/z [M + HJ* calcd for C2zH20NO2: 390.1489, found: 390.1494.

Data analysis of product 4q
0]
Ph)J\O

Z

Me
Me Me

S
Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 15.3 mg, 21% yield.
'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =7.8 Hz, 2H), 7.57
(t, J=7.4Hz, 1H), 7.45(dd, ] =14.7, 7.2 Hz, 3H), 7.10 (d, ] = 8.2 Hz, 1H), 7.00 (d,
J =8.1Hz 1H), 5.80 (t, ] = 6.3 Hz, 1H), 3.05 - 2.99 (m, 2H), 2.02 (p, ] =7.2 Hz,



2H), 1.95 — 1.90 (m, 2H), 1.30 (s, 7H), 1.15 (t, ] = 7.4 Hz, 3H).

13C NMR (151 MHz, CDCl;, sample at 25 °C) d 165.6, 141.9, 133.3, 133.0,
130.2, 130.0, 129.8, 129.3, 128.3, 126.4, 117.7, 85.8, 85.6, 66.3, 37.2, 32.9, 29.9, 28.5,
23.2,9.6.

HRMS (ESI) m/z [M + HJ* caled for C2sHz502S: 365.1570, found: 365.1573.

Data analysis of product 5q
0]
Ph)J\O
Me.__Me = CN

S

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 18.7 mg, 24% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.10 (d, ] =7.8 Hz, 2H), 7.60
(t, J]=7.5Hz, 1H), 7.51 - 7.45 (m, 2H), 7.44 (d, ] = 1.8 Hz, 1H), 7.10 (dt, ] =8.2, 1.6
Hz, 1H), 7.02 (dd, ] =8.2, 1.4 Hz, 1H), 5.98 (t, ] = 5.6 Hz, 1H), 3.05 - 2.99 (m, 2H),
2.71(t,J=7.5Hz, 2H), 2.44 - 2.32 (m, ] =7.0 Hz, 2H), 1.96 — 1.90 (m, 2H), 1.31 (s,
7H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.2, 142.1, 134.2, 133.5,
130.0, 129.9, 129.35, 129.26, 128.5, 126.5, 118.9, 116.7, 87.5, 83.2, 63.3, 37.1, 32.9,
30.9,29.9,23.2,13.3.

HRMS (ESI) m/z [M + H]* calcd for C24sH24sNO2S: 390.1523, found: 390.1527.

Data analysis of product 4r
O

=

Ph O

Me
C
S

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 18.9 mg, 35% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.10 (d, ] =7.8 Hz, 2H), 7.59
—7.54 (m, 1H), 7.48 - 7.42 (m, 3H), 7.24 (t, | =5.6, 2.0 Hz, 1H), 7.11 (d, ] =5.0 Hz,
1H), 5.79 (t, ] = 6.4 Hz, 1H), 2.05 - 1.98 (m, 2H), 1.15 (td, ] = 7.4, 1.3 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 133.1, 130.1, 130.0,
129.8, 129.4, 128.3, 125.2, 121.4, 86.1, 80.6, 66.2, 28.3, 9.5.

HRMS (ESI) m/z [M + HJ* calcd for CisHis0:S: 271.0788, found: 271.0786.



Data analysis of product 5r
0O
Ph)J\O
é CN
4
S

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 24.8 mg, 42% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.10 (d, ] =7.8 Hz, 2H), 7.64
—7.57 (m, 1H), 7.49 - 7.42 (m, 3H), 7.27 (ddd, ]=4.7, 3.1, 1.2 Hz, 1H), 7.13 (d, | =
4.8 Hz, 1H), 5.96 (t, ] =5.6 Hz, 1H), 2.72 - 2.67 (m, 2H), 2.41 — 2.33 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.2, 133.5, 130.2, 129.9,
129.8, 129.3, 128.5, 125.5, 120.6, 118.7, 83.8, 82.3, 63.2, 30.7, 13.2.

HRMS (ESI) m/z [M + H]* calcd for CizHusINO-S: 296.0740, found: 296.0741.

Data analysis of product 4s
@)
Ph)J\O

Me Meé

|

Purified by flash column chromatography on silica gel: 10 to 20% EtOAc
in hexanes. Colorless liquid, 19.8 mg, 30% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.07 (d, ] =7.8 Hz, 2H), 7.57
(t, J=7.5Hz 1H), 7.45 (t, ] =7.6 Hz, 2H), 5.61 (td, ] = 6.5, 2.4 Hz, 1H), 5.01 (dt, ]
=8.9, 4.3 Hz, 1H), 3.92 (tt, ] = 10.5, 4.3 Hz, 1H), 3.47 (ddt, | =16.6, 11.2, 5.4 Hz,
1H), 1.91 (p, ] =7.2 Hz, 2H), 1.81 (dt, ] =11.7, 6.2 Hz, 1H), 1.68 (dt, ] = 16.7, 10.6
Hz, 1H), 1.54 —1.47 (m, 10H), 1.09 (t, | = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) d
165.5, 159.2, 133.0, 130.1, 129.7, 128.3, 96.4, 96.3, 88.1, 81.2, 81.1, 71.0, 65.7, 63.6,
32.0, 30.5, 29.75, 29.71, 28.3, 28.2, 25.3, 20.64, 20.61, 9.4.

HRMS (ESI) m/z [M + HJ* caled for C20H27Oa: 331.1904, found: 331.1904.

Me

O

Data analysis of product 5s



CN

Purified by flash column chromatography on silica gel: 25 to 35% EtOAc
in hexanes. Colorless liquid, 31.3 mg, 44% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.06 (d, ] =7.8 Hz, 2H), 7.59
(t, J=7.5Hz, 1H), 7.46 (t, ] =7.6 Hz, 2H), 5.80 — 5.75 (m, 1H), 4.97 (q, ] = 4.5 Hz,
1H), 3.93 (tt, ] =11.2, 4.3 Hz, 1H), 3.47 (ddt, ] =16.3, 10.9, 5.2 Hz, 1H), 2.65 (t, | =
7.4 Hz, 2H), 2.33 - 2.20 (m, 2H), 1.86 — 1.76 (m, 1H), 1.72 - 1.63 (m, 1H), 1.54 -
1.46 (m, 10H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) d
165.1, 133.5, 129.8, 129.3, 128.5, 118.8, 96.1, 90.12, 90.11, 78.92, 78.86, 70.6, 63.42,
63.39, 62.73, 62.71, 31.9, 30.69, 30.67, 29.97, 29.95, 29.8, 29.7, 25.3, 20.4, 13.0.

HRMS (ESI) m/z [M + HJ* calcd for CaiH26NOs: 356.1857, found: 356.1856.

Data analysis of product 4t
O

=

Ph (@)

Me

0]

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 13.6 mg, 25% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) ©8.07 (dd, ] =8.2, 1.4 Hz, 2H),
7.59 —7.53 (m, 1H), 7.45 (t, ] = 7.7 Hz, 2H), 5.58 (td, ] = 6.3, 1.8 Hz, 1H), 3.91 -
3.84 (m, 2H), 3.50 (ddd, ] =11.6, 8.3, 3.1 Hz, 2H), 2.71 - 2.64 (m, 1H), 1.91 (pd, |
=7.4,1.6 Hz, 2H), 1.82 (ddt, ] =13.4, 6.7, 3.7 Hz, 2H), 1.69 - 1.62 (m, 2H), 1.08 (t,
J=7.4Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 133.0, 130.2, 129.7,
128.3, 88.3, 78.7, 66.2, 66.0, 32.1, 28.5, 26.1, 9.5.

HRMS (ESI) m/z [M + HJ* caled for Ci7H210s: 273.1485, found: 273.1487.

Data analysis of product 5t



0
Ph)J\O
4 CN

0]

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 27.9 mg, 47% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) ©8.07 (dd, /] =8.1, 1.5 Hz, 2H),
7.59 (t, J=7.4Hz, 1H), 7.47 (t, ] = 7.6 Hz, 2H), 5.75 (td, ] = 5.6, 1.8 Hz, 1H), 3.90 -
3.83 (m, 2H), 3.48 (ddd, ] =12.0, 8.8, 2.9 Hz, 2H), 2.70 - 2.65 (m, 1H), 2.63 (t, ] =
7.4 Hz, 2H), 2.33 - 2.20 (m, 2H), 1.82 (dq, ] = 13.0, 4.1 Hz, 2H), 1.66 (dtd, | =12.8,
8.8, 3.6 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.2, 133.5, 129.8, 129.4,
128.5, 118.8, 90.3, 76.5, 66.3, 63.0, 31.87, 31.85, 30.9, 26.2, 13.1.

HRMS (ESI) m/z [M + HJ* calcd for CisH20NOs: 298.1438, found: 298.1442.

Data analysis of product 4u
o)

Ph)J\O

Me
Cl Z

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 9.0 mg, 17% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.07 (d, ] =7.7 Hz, 2H), 7.56
(t, J=7.5Hz 1H), 7.45 (t, ] = 7.6 Hz, 2H), 5.54 (t, ] = 6.6 Hz, 1H), 3.64 (t, ] = 6.4
Hz, 2H), 2.42 (t, ] = 7.0 Hz, 2H), 1.97 (p, | = 6.7 Hz, 2H), 1.90 (p, ] =7.3 Hz, 2H),
1.28 —1.24 (m, 1H), 1.08 (t, ] = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.6, 133.0, 130.2, 129.7,
128.3, 84.2, 78.6, 66.0, 43.6, 31.2, 28.4, 16.2, 9.5.

HRMS (ESI) m/z [M + H]* calcd for CisHisClO2: 265.0990, found: 265.0990.

Data analysis of product 5u
O

Ph)J\O

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 21.4 mg, 37% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.06 (d, ] =7.8 Hz, 2H), 7.59
(t, J=7.4Hz 1H), 7.46 (t, ] =7.6 Hz, 2H), 5.74 - 5.69 (m, 1H), 3.62 (t, ] = 6.2 Hz,



2H), 2.63 (t, ] = 7.4 Hz, 2H), 2.44 (td, ] = 7.0, 2.0 Hz, 2H), 2.32 — 2.18 (m, 2H), 1.97
(p, ] = 6.6 Hz, 2H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.2, 133.4, 129.8, 129.3,
128.5, 118.8, 86.3, 76.5, 63.0, 43.4, 30.9, 30.8, 16.1, 13.1.

HRMS (ESI) m/z [M + HJ' caled for CisHizCINO2: 290.0943, found: 290.0947.

Data analysis of product 4v
O

Ph)J\O

Me
pho. _F

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 16.5 mg, 28% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.06 (d, ] =7.8 Hz, 2H), 7.58
(t, J=7.4Hz 1H), 7.45 (t, ] = 7.6 Hz, 2H), 7.28 (t, ] = 7.8 Hz, 2H), 6.97 (d, ] =7.9
Hz, 3H), 5.61 (t, | = 6.5 Hz, 1H), 4.74 (s, 2H), 1.92 (p, ] =7.2 Hz, 2H), 1.05 (t, ] =
7.4 Hz, 3H).

3C NMR (151 MHz, CDCls, sample at 25 °C) o 165.5, 157.6, 133.1, 129.9,
129.7,129.4, 128.3, 121.5, 115.0, 84.7, 80.6, 65.6, 56.1, 28.0, 9.3.

HRMS (ESI) m/z [M + HJ* caled for CioH190s: 295.1329, found: 295.1328.

Data analysis of product 5v
0]

Ph)J\O

Pho/\/\ o

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 21.1 mg, 33% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.06 (d, ] =7.8 Hz, 2H), 7.60
(t,J=7.5Hz 1H), 7.47 (t, ] = 7.6 Hz, 2H), 7.30 (t, ] = 7.8 Hz, 2H), 7.00 (t, ] = 7.4
Hz, 1H), 6.96 (d, ] =8.2 Hz, 2H), 5.76 (q, ] =4.0 Hz, 1H), 4.75 (d, ] = 1.6 Hz, 2H),
2.58 —2.44 (m, 2H), 2.31 - 2.18 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.1, 157.3, 133.6, 129.9,
129.5,129.1, 128.5, 121.8, 118.6, 115.1, 82.6, 82.5, 62.5, 55.8, 30.4, 12.9.

HRMS (ESI) m/z [M + HJ* calcd for C20HisNOs: 320.1281, found: 320.1282.

Data analysis of product 4w



0]
Ph)J\O

/\/Me
P

Pis
i-Pr

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 13.1 mg, 19% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.06 (d, ] =7.7 Hz, 2H), 7.57
(t, J=7.5Hz, 1H), 7.45 (t, ] = 7.6 Hz, 2H), 5.62 (t, ] =6.3 Hz, 1H), 1.92 (p, ] =7.3
Hz, 2H), 1.11 (t, ] = 7.4 Hz, 3H), 1.06 (s, 21H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.5, 132.9, 130.3, 129.7,
128.3, 104.6, 86.9, 66.2, 28.4, 18.5, 11.1, 9.3.

HRMS (ESI) m/z [M + H]* calcd for C21Hs30:Si: 345.2245, found: 345.2250.

Data analysis of product 5w
0
Ph)J\O

o ./\ACN

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 19.9 mg, 27% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.06 (d, ] =7.8 Hz, 2H), 7.59
(t, J=7.5Hz 1H), 7.47 (t, ] = 7.6 Hz, 2H), 5.78 (t, ] = 5.6 Hz, 1H), 2.66 (t, ] =7.3
Hz, 2H), 2.36 — 2.24 (m, 2H), 1.06 (d, ] =2.0 Hz, 24H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 165.1, 133.4, 129.8, 129.4,
128.5,118.8, 102.1, 89.4, 63.1, 30.8, 18.5, 13.1, 11.0.

HRMS (ESI) m/z [M + HJ* calcd for C22H3NO-Si: 370.2197, found: 370.2201.

Data analysis of product 4x
o)
Ph)J\O

/\/Me
g, F

Et’Sl‘I
Et
Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 15.7 mg, 26% yield.
'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.07 (d, ] =7.8 Hz, 2H), 7.56

(t, ] =7.4 Hz, 1H), 7.45 (t, ] = 7.5 Hz, 2H), 5.61 (t, ] = 6.3 Hz, 1H), 1.92 (p, ] = 7.2



Hz, 2H), 1.09 (t, ] = 7.4 Hz, 3H), 0.9 (td, ] = 7.8, 1.6 Hz, 10H), 0.60 (q, ] = 7.9 Hz,
6H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 133.0, 130.2, 129.8,
128.3, 103.8, 88.0, 66.1, 28.4, 9.3, 7.4, 4.3.

HRMS (ESI) m/z [M + HJ* caled for CisHzO:Si: 303.1775, found: 303.1779.

Data analysis of product 5x
@)
Ph/U\O

o ./\/\CN

S
Et I‘Et

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 24.9 mg, 38% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.07 (d, ] =7.8 Hz, 2H), 7.59
(t, J=7.5Hz, 1H), 7.46 (t, ] = 7.6 Hz, 2H), 5.77 (t, ] = 5.6 Hz, 1H), 2.64 (t, ] = 7.5
Hz, 2H), 2.28 (dh, ] =20.9, 7.1 Hz, 2H), 0.98 (t, ] =7.9 Hz, 9H), 0.62 (q, ] = 7.9 Hz,
6H).

3C NMR (151 MHz, CDCls, sample at 25 °C) o 165.0, 133.4, 129.8, 129.3,
128.5,118.7, 101.2, 90.4, 63.0, 30.8, 13.0, 7.3, 4.1.

HRMS (ESI) m/z [M + H]* calcd for C1oH2sNO:Si: 328.1728, found: 328.1733.

Data analysis of product 4y
0

Ph)J\O
Me Me Me Me
OMrO é
(0]
Me

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 31.1 mg, 28% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.12 (d, ] =7.8 Hz, 2H), 7.58
(t, J=7.4Hz 1H), 7.47 (t, ] =7.7 Hz, 2H), 7.35 - 7.27 (m, 2H), 7.17 (t, ] = 1.9 Hz,
1H),7.01 (dd, J=7.7, 4.1 Hz, 2H), 6.68 (d, ] =7.5 Hz, 1H), 6.64 (s, 1H), 5.81 (t, | =
6.4 Hz, 1H), 4.00 (d, ] = 5.3 Hz, 2H), 2.32 (s, 3H), 2.19 (s, 3H), 2.04 (p, ] = 7.2 Hz,
2H), 1.89 (d, ] =2.8 Hz, 4H), 1.38 (s, 6H), 1.17 (t, ] = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 176.0, 165.5, 156.8, 150.7,
136.4, 133.1, 130.3, 130.0, 129.8, 129.24, 129.18,, 128.3, 124.9, 123.7, 123.6, 122.0,
120.8, 112.0, 87.2, 84.5, 67.8, 66.0, 42.4, 37.1, 28.3, 25.2, 25.1, 21.3, 15.7, 9.5.

HRMS (ESI) m/z [M + HJ* caled for CssHa7Os: 513.2636, found: 513.2637.



Data analysis of product 5y

(0]
Ph)J\O
Me Me Me
P CN
(0]
Me

Purified by flash column chromatography on silica gel: 35 to 45% EtOAc
in hexanes. Colorless liquid, 33.1 mg, 29% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) ©8.10 (d, ] =7.7 Hz, 2H), 7.60
(t, ] =7.4 Hz, 1H), 7.50 — 7.45 (m, 2H), 7.34 — 7.28 (m, 2H), 7.20 — 7.15 (m, 1H),
7.03 (dt, J=7.8,2.3 Hz, 1H), 6.99 (d, ] =7.4 Hz, 1H), 6.66 (d, ] = 7.5 Hz, 1H), 6.62
(s, 1H), 5.96 (t, ] = 5.7 Hz, 1H), 3.98 (d, ] = 5.6 Hz, 2H), 2.69 (t, | = 7.3 Hz, 2H),
2.42 -2.32 (m, | =7.0 Hz, 2H), 2.30 (s, 3H), 2.17 (s, 3H), 1.91 - 1.82 (m, 4H), 1.38
—1.35 (m, 6H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 176.1, 165.2, 156.9, 150.8,
136.5, 133.6, 130.4, 129.9, 129.4, 129.3, 129.2, 128.5, 125.1, 123.6, 122.8, 122.7, 120.8,
118.7,112.0, 86.1, 84.8, 67.8, 63.1, 42.5, 37.1, 30.7, 25.3, 25.1, 21.4, 15.7, 13.2.

HRMS (ESI) m/z [M + HJ* calcd for CasH3eNOs: 538.2588, found: 538.2591.

Data analysis of product 4z

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 26.1 mg, 25% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.21 (d, ] =2.3 Hz, 1H), 8.09
(d, J=7.7Hz, 2H),7.90 (d, ] =7.7 Hz, 1H), 7.57 (t, | = 7.4 Hz, 2H), 7.53 — 7.42 (m,
4H), 7.37 (d, ] =7.5 Hz, 1H), 7.33 — 7.26 (m, 2H), 7.19 (s, 1H), 7.06 (t, ] = 9.0 Hz,
2H), 5.78 (t, ] = 6.4 Hz, 1H), 5.20 (s, 2H), 3.87 (s, 2H), 2.01 (p, ] =7.2 Hz, 2H), 1.14
(t, J=7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 190.9, 169.6, 165.6, 160.7,
150.4, 140.4, 136.2, 135.5, 133.1, 132.8, 132.6, 130.0, 129.8, 129.5, 129.5,129.51,



129.49, 129.3, 129.2, 128.4, 127.8, 127.0, 125.3, 124.9, 123.7, 121.9, 121.3, 87.3, 84.4,
73.6, 66.1, 40.2, 28.2, 9.5.
HRMS (ESI) m/z [M + H]* calcd for CsaH27Os: 531.1802, found: 531.1803.

Data analysis of product 5z

Purified by flash column chromatography on silica gel: 35 to 45% EtOAc
in hexanes. Colorless liquid, 26.4 mg, 24% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.21 (s, 1H), 8.09 (d, J=7.8
Hz, 2H), 7.90 (d, ] = 7.7 Hz, 1H), 7.58 (dt, ] = 15.5, 7.5 Hz, 2H), 7.48 (dt, ] = 15.3,
8.2Hz, 4H),7.37 (d, ]=7.4 Hz, 1H), 7.31 (d, ] =5.2 Hz, 2H), 7.21 (s, 1H), 7.08 (dd,
J=12.3,7.0 Hz, 2H), 5.95 (t, ] = 5.7 Hz, 1H), 5.20 (s, 2H), 3.87 (s, 2H), 2.69 (t, ] =
7.5 Hz, 2H), 2.43 - 2.32 (m, | = 7.0 Hz, 2H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 190.7, 169.5, 165.1, 160.7,
150.4, 140.4, 136.2, 135.5, 133.5, 132.8, 132.6, 129.9, 129.5, 129.4, 129.3, 129.2, 128.5,
127.8,126.9,125.3,125.0, 122.8, 122.5,121.3, 118.7, 86.0, 84.9, 73.6, 63.0, 40.2, 30.7,
13.2.

HRMS (ESI) m/z [M + H]* calcd for CssH2sNOs: 556.1755, found: 556.1756.

Data analysis of product 6a
O

Cl_Cl )]\

Ph (@)
Me Me Me
o Z
(@)
(@]

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 36.4 mg, 33% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.10 (d, ] =7.7 Hz, 2H), 7.57
(t,J=74Hz 1H), 745 (t, ] =7.6 Hz, 2H), 7.31 (d, | =7.7 Hz, 1H), 7.29 - 7.24 (m,
1H), 7.16 (d, ] =8.2 Hz, 2H), 7.09 (s, 1H), 6.94 - 6.89 (m, 3H), 5.79 (t, ] = 6.3 Hz,
1H), 2.85 (t, ] =9.5 Hz, 1H), 2.02 (p, ] = 7.1 Hz, 2H), 1.96 — 1.90 (m, 1H), 1.78 (td,
J=7.6,3.1Hz 1H), 1.74 (s, 6H), 1.15 (t, ] = 7.4 Hz, 3H).



3C NMR (151 MHz, CDCls, sample at 25 °C) d 172.5, 165.5, 155.0, 150.3,
133.1, 130.0, 129.82, 129.79, 129.7, 129.3, 128.6, 128.4, 124.7, 123.8, 121.7, 118.7,
87.5,84.3,79.3, 66.0, 60.8, 34.8, 28.3, 25.8, 25.5, 25.5, 9.5.

HRMS (ESI) m/z [M + H]* calcd for CsiH29ClOs: 551.1387, found: 551.1392.

Data analysis of product 7a

0]
Cl_Cl
Ph)J\O

Me_Me o Z CN
O
)
Purified by flash column chromatography on silica gel: 35 to 45% EtOAc
in hexanes. Colorless liquid, 39.3 mg, 34% yield.
"H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.11 (d, ] =7.8 Hz, 2H), 7.60
(t, J=7.5Hz 1H), 7.48 (t, ] = 7.6 Hz, 2H), 7.36 - 7.27 (m, 2H), 7.17 (d, ] = 8.1 Hz,
2H), 7.10 (s, 1H), 6.98 — 6.90 (m, 3H), 5.96 (t, ] = 5.7 Hz, 1H), 2.86 (t, ] = 9.5 Hz,
1H), 2.69 (t, ] = 7.4 Hz, 2H), 2.38 (tp, ] = 13.8, 6.6 Hz, 2H), 1.97 — 1.91 (m, 1H),
1.80 (dd, ] =10.0, 3.6 Hz, 1H), 1.76 — 1.74 (m, 6H).
3C NMR (151 MHz, CDCls, sample at 25 °C) d 172.5, 165.1, 154.9, 150.3,
133.5,129.9, 129.8,129.7,129.5, 129.2, 128.6, 128.5, 124.7, 122.9, 122.3, 118.6, 85.8,
85.1,79.3, 63.0, 60.8, 34.8, 30.7, 25.8, 25.5, 13.2.
HRMS (ESI) m/z [M + H]* calcd for Cs2H2sCl2NOs: 576.1339, found: 576.1343.

3.3 General procedure D

o o
= Ph)ko Ph)Lo cl
o ~c _ CU(CH;CN){PFs (10 mol%), L (10 moi%) Vo
+ TBPB (2.0 equiv) F + = cl
4.0mL 70°C, 18 h
0.2 mmol
Me
4a 8
Sy L6
‘ N Me

4a and 8 as an example: In a nitrogen-filled glovebox, and oven-dried 8
mL vial with a magnetic stir bar, were charged the Cu(CHsCN)4PFs (7.5 mg,
0.02 mmol, 10 mol%), 2,9-dimethyl-10-phenanthroline L6 (4.2 mg, 0.02 mmol,
10 mol%). Then 4.0 mL DCM was added. To the solution were added the tert-
butyl peroxybenzoate (76 pL, 0.4 mmol, 2.0 equiv) and 1,3-enyne (30 uL, 0.2
mmol, 1.0 equiv) sequentially. Then the vial was closed with a PTFE septum
cap, and taken out of the glovebox. Then, the reaction was stirred at 70 °C for
18 hours.

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.



Data analysis of product 8
(0]
Ph)J\O

// Cl

Cl

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 51.8 mg, 78% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) ©8.09 (d, ] =7.9 Hz, 2H), 7.60
(t, J=7.4Hz, 1H), 7.50 — 7.44 (m, 4H), 7.33 (dt, ] = 13.9, 6.7 Hz, 3H), 6.04 (dd, | =
7.8,5.9 Hz, 1H), 5.97 (t, ] = 6.7 Hz, 1H), 3.02 (dt, ] = 14.2, 7.1 Hz, 1H), 2.89 (dt, |
=13.7, 6.5 Hz, 1H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.1, 133.5, 132.0, 129.9,
129.4,129.1, 128.5, 128.3, 121.6, 86.9, 84.2, 68.9, 62.1, 48.1.

HRMS (ESI) m/z [M + HJ* calcd for CisHi5Cl2Oz2: 333.0444, found: 333.0444.

Data analysis of product 9
O
Ph)J\O

=

Cl
Cl

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 51.2 mg, 74% yield, dr =1.4:1.

'H NMR (600 MHz, CDCls, sample at 25 °C, mixture of cis and trans) d 8.11
(d, ]=7.8Hz,2H), 7.60 (t, ] =6.8 Hz, 1H), 7.52 - 7.42 (m, 4H), 7.38 - 7.27 (m, 3H),
6.14 - 6.06 (m, 1H), 4.48 — 4.39 (m, 0.43H, minor), 4.36 — 4.25 (m, 0.62H, major),
3.90 (td, ] =12.0, 4.5 Hz, 1H, minor), 3.81 — 3.72 (m, 1.2H, major), 2.92 - 2.82 (m,
0.62H, major), 2.78 — 2.66 (m, 0.44H, minor), 2.49 —2.42 (m, 0.45H, minor), 2.42
—2.34 (m, 0.64H, major).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) &
165.24,165.17,133.4, 132.0,131.9, 129.9, 129.5, 129.0, 128.9, 128.48, 128.45, 128.31,
128.27,121.8,121.7,87.1, 86.2, 85.3, 84.6, 63.0, 61.9, 56.8, 56.3, 48.1, 48.0, 40.8, 40.2.

HRMS (ESI) m/z [M + H]* caled for CioHi7ClO2: 347.0600, found: 347.0601.

Data analysis of product 10



O
Ph)J\O

= NS

Cl

N

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 48.5 mg, 75% yield, dr =1.2:1.

'HNMR (600 MHz, CDCls, sample at 25 °C, mixture of cis and trans) 6 8.16
- 8.07 (m, 2H), 7.61 (q, ] = 7.3 Hz, 1H), 7.48 (td, ] = 7.0, 2.4 Hz, 4H), 7.41 - 7.28
(m, 3H), 6.13 — 6.05 (m, 1H), 4.90 — 4.72 (m, 1H), 2.97 - 2.70 (m, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans)
165.1, 165.0, 133.7, 133.6, 131.99, 131.98, 130.0, 129.9, 129.3, 129.2, 129.0, 128.6,
128.5,128.4,128.3,121.3, 121.1, 116.5, 116.4, 87.9, 87.6, 83.5, 83.1, 61.5, 60.9, 41.15,
41.08, 38.8, 38.5.

HRMS (ESI) m/z [M + H]* calcd for CioHisCINO2: 324.0786, found: 324.0785.

Data analysis of product 11

X
Ph (@] CNCl
// Cl

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 27.1 mg, 38% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.17 — 8.12 (m, 2H), 7.63 —
7.58 (m, 1H), 7.51 - 7.44 (m, 4H), 7.38 — 7.29 (m, 3H), 6.25 (dd, ] = 8.6, 4.2 Hz,
1H), 3.42 (dd, ] =15.0, 8.6 Hz, 1H), 3.19 (dd, ] =15.1, 4.2 Hz, 1H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.0, 133.7, 132.0, 130.2,
129.2,128.9, 128.5, 128.3, 121.3, 115.1, 87.7, 83.3, 65.1, 61.1, 51.5.

HRMS (ESI) m/z [M +HJ* caled for C1oH14CLlNOa: 358.0396, found: 358.0397.

Data analysis of product 12
(0]
Ph)J\O
= e

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 17.5 mg, 25% yield.



'H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.10 (dt, ] = 8.3, 1.5 Hz, 2H),
7.58 (t, ] = 7.3 Hz, 1H), 7.46 (t, ] = 7.7 Hz, 4H), 7.35 — 7.28 (m, 3H), 5.87 (t, ] = 6.4
Hz, 1H), 5.01 (h, ] = 6.2 Hz, 1H), 2.12 — 1.97 (m, 5H), 1.93 — 1.80 (m, 2H), 1.33 -
1.22 (m, 3H).

13C NMR (151 MHz, CDCl;, sample at 25 °C) d 170.7, 165.5, 133.2, 131.9,
129.9, 129.8, 128.7, 128.4, 128.3, 122.2, 86.1, 85.8, 70.4, 64.7, 31.4, 31.1, 21.3, 20.0.

HRMS (ESI) m/z [M + HJ* caled for C22HzsOx: 351.1591, found: 351.1592.

Data analysis of product 13
0]
Ph)J\O

Z

Me

o)

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 12.2 mg, 20% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.08 (d, ] =7.8 Hz, 2H), 7.58
(t, J=7.4Hz, 1H), 7.49 - 7.38 (m, 4H), 7.31 (q, ] =7.3 Hz, 3H), 5.90 (t, ] = 6.2 Hz,
1H),2.76 (t, | =7.4 Hz, 2H), 2.30 (q, ] = 7.2 Hz, 2H), 2.20 (s, 3H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 207.1, 165.4, 133.2, 131.9,
129.8, 128.7, 128.4, 128.3, 122.1, 86.0, 85.8, 64.2, 39.0, 30.1, 29.0.

HRMS (ESI) m/z [M + HJ* caled for C20H190s: 307.1329, found: 307.1328.

Data analysis of product 14

Me
Z
(@]

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Colorless liquid, 7.6 mg, 19% yield.

H NMR (600 MHz, CDCls, sample at 25 °C) 7.57 (d, ] =7.7 Hz, 2H), 7.46
(t, J=7.6 Hz, 1H), 7.38 (t, ] = 7.6 Hz, 2H), 2.99 (t, ] = 6.4 Hz, 2H), 2.83 (t, ] = 6.4
Hz, 2H), 2.22 (s, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 206.2, 185.8, 133.0, 130.7,
128.6,119.9, 91.1, 87.5, 39.1, 36.8, 29.9.

HRMS (ESI) m/z [M + HJ* caled for CisHi3O2: 201.0910, found: 201.0915.

3.4 Procedure for the reaction with THF as the radical precursor



=

N EO% Cu(CH5CN)4PFg (10 mol%), L7 (10 mol%)
H

TBPB (2.0 equiv), EA (0.1 M) =
200 ul 70°C, 12 h

q j\ o)
|
PPh, NJ
L7

i-Pr

0.2 mmol
15

In a nitrogen-filled glovebox, and oven-dried 4 mL vial with a magnetic
stir bar, were charged the Cu(CHsCN)sPFs (7.5 mg, 0.02 mmol, 10 mol%), L7
(7.5 mg, 0.02 mmol, 10 mol%). Then 200 uL THF and 2.0 mL EA were added.
To the solution were added the tert-butyl peroxybenzoate (76 pL, 0.4 mmol, 2.0
equiv) and 1,3-enyne (30 puL, 0.2 mmol, 1.0 equiv) sequentially. Then the vial
was closed with a PTFE septum cap, and taken out of the glovebox. Then, the
reaction was stirred at 70 °C for 12 hours. The reaction mixture was
concentrated. And the residue was purified by chromatography to provide the
desired product 15.

0O
Ph)J\O

=Z

O

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 31.5 mg, 49% yield, dr =1:1.

'H NMR (600 MHz, CDCls, sample at 25 °C, mixture of cis and trans) 0 8.10
(t, J=6.4Hz, 2H), 7.57 (t, ] =7.5 Hz, 1H), 7.45 (t, ] = 8.2 Hz, 4H), 7.32 - 7.27 (m,
3H), 6.05 - 5.93 (m, 1H), 4.14 (dp, ] =54.7, 7.0 Hz, 1H), 3.82 (ddq, ] = 83.5, 14.9,
7.4 Hz, 2H), 2.35 - 2.07 (m, 3H), 1.98 — 1.85 (m, 2H), 1.62 (dp, ] =15.2, 7.6 Hz,
1H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) 0
165.5, 165.4, 133.1, 132.0, 131.9, 130.08, 130.06, 129.85, 129.83, 128.60, 128.58,
128.4,128.2,122.3, 86.6, 86.2, 85.9, 85.4, 75.7, 75.2, 67.8, 67.6, 63.5, 62.7, 41.3, 40.9,
31.7,31.6, 25.8, 25.7.

HRMS (ESI) m/z [M + HJ* caled for C21H210s: 321.1485, found: 321.1488.

3.5 General procedure E

X

©/\ . /@/\H CU(CH3CN),PFg (10 mol%), L1 (10 mol%) Ph™ O

TBPB (2.0 equiv), MeCN (200 ul_

e (2.0 equiv), MeCN (200 ul) =
70°C, 24 h

0.2 mmol 2.0mL Me Me M

72BN 16

e



16 as an example: In a nitrogen-filled glovebox, and oven-dried 4 mL vial
with a magnetic stir bar, were charged the Cu(CHsCN)+PFs (7.5 mg, 0.02 mmol,
10 mol%), 6,6'-dimethyl-2,2'-dipyridyl L1 (3.7 mg, 0.02 mmol, 10 mol%). Then
200 puL MeCN and 2.0 mL p-xylene was added. To the solution were added the
tert-butyl peroxybenzoate (76 pL, 0.4 mmol, 2.0 equiv) and 1,3-enyne (30 pL,
0.2 mmol, 1.0 equiv) sequentially. Then the vial was closed with a PTFE septum
cap, and taken out of the glovebox. Then, the reaction was stirred at 70 °C for
24 hours.

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.

Data analysis of product 16

O
Ph)J\O

0
C -

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 53.2 mg, 75% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.10 (d, ] =7.7 Hz, 2H), 7.59
(t, J=7.4Hz 1H),7.47 (q, ] = 6.4 Hz, 4H), 7.33 (d, ] = 6.6 Hz, 3H), 7.18 - 7.10 (m,
4H), 5.88 (t, ] = 6.5 Hz, 1H), 2.92 (t, ] = 7.8 Hz, 2H), 2.40 — 2.28 (m, 5H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 137.7, 135.6, 133.1,
131.9, 130.0, 129.8, 129.2, 128.6, 128.33, 128.32, 128.2, 122.3, 86.4, 85.8, 64.6, 36.7,
31.0, 21.0.

HRMS (ESI) m/z [M + H]* calcd for CasH2302: 355.1693, found: 355.1692.

Data analysis of product 17

O
Ph)J\O

e
® :

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 63.6 mg, 89% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.09 (d, ] =7.8 Hz, 2H), 7.59
(t,J=7.6Hz 1H),7.48 (q, ] =7.6 Hz, 4H), 7.33 (d, ] = 6.7 Hz, 3H), 7.25 - 7.19 (m,
2H), 7.00 (t, ] = 8.5 Hz, 2H), 5.90 (t, ] = 6.5 Hz, 1H), 2.94 (t, ] = 7.8 Hz, 2H), 2.35
(dh, J=20.6, 7.0 Hz, 2H).

BCNMR (151 MHz, CDCls, sample at 25 °C) 6165.4,161.4 (d, ] =243.8 Hz),



136.4 (d, ]=2.9 Hz), 133.1, 131.9, 129.9, 129.82, 129.75, 128.6, 128.3, 128.2, 122.2,
115.23 (d, ] =21.0 Hz), 86.2, 86.0, 64.4, 36.6, 30.7.
HRMS (ESI) m/z [M + H]* calcd for CasH20FOo: 359.1442, found: 359.1442.

Data analysis of product 18

O
Ph)J\O

A
O CF;

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 45.3 mg, 55% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.05 (d, ] =7.8 Hz, 2H), 7.58
(dd, J=17.7,8.0 Hz, 3H), 7.47 (q, ] =7.1 Hz, 4H), 7.38 (d, ] = 7.9 Hz, 2H), 7.33 (d,
J=7.4Hz, 3H), 591 (t, ] = 6.3 Hz, 1H), 3.03 (t, ] =7.9 Hz, 2H), 2.44 - 2.33 (m, | =
7.0 Hz, 2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.4, 145.0, 133.2, 131.9,
129.8, 129.7, 128.8, 128.7, 128.6 (q, ] = 35.1 Hz), 128.4, 128.3, 125.4 (d, ] = 3.6 Hz),
124.29 (q, ] =271.8 Hz), 122.1, 86.2, 85.9, 64.4, 36.1, 31.4.

HRMS (ESI) m/z [M + H]* calcd for CasHz0F30z2: 409.1410, found: 409.1412.

Data analysis of product 19

O
Ph)J\O

0
C c.

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 29.5 mg, 39% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) d 8.06 — 8.02 (m, 2H), 7.60 —
7.53 (m, 1H), 7.49 — 7.41 (m, 4H), 7.36 — 7.28 (m, 3H), 7.27 - 7.23 (m, 2H), 7.17 (d,
] =8.4 Hz, 2H), 5.85 (t, ] = 6.4 Hz, 1H), 2.91 (t, ] =7.8 Hz, 2H), 2.31 (dp, | = 17.0,
6.5 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.4, 139.3, 133.2, 131.9,
129.82,129.77, 128.7, 128.6, 128.4, 128.3, 122.1, 86.1, 86.0, 64.4, 36.3, 30.8

HRMS (ESI) m/z [M + HJ* calcd for C2aH20ClOz: 375.1147, found: 375.1148.

Data analysis of product 20



O
Ph)J\O

Z 7T
O COOMe

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 17.2 mg, 22% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) d 8.07 — 8.02 (m, 2H), 7.99 -
7.91 (m, 2H), 7.60 — 7.54 (m, 1H), 7.48 — 7.42 (m, 4H), 7.35 - 7.28 (m, 5H), 5.87 (t,
J=6.4Hz, 1H), 3.90 (s, 3H), 3.00 (t, ] =7.9 Hz, 2H), 2.43 — 2.29 (m, 2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 167.0, 165.4, 146.3, 133.2,
131.9, 129.9, 129.82, 129.78, 128.7, 128.5, 128.4, 128.3, 128.2, 122.1, 86.1, 86.0, 64.4,
52.0, 36.1, 31.5.

HRMS (ESI) m/z [M + H]* calcd for C26H2304: 399.1591, found: 399.1593.

3.6 General procedure F

o

=
= Et ' Cu(CH3CN),PFg (10 mol%), L8 (10 mol%) PR O Etg

+ Et7 Et TBPB (2.0 equiv), EA (0.1 M) = “Et
400 ul 70°C,12h

\/\ 21
asn
L8

21 as an example: In a nitrogen-filled glovebox, and oven-dried 4 mL vial
with a magnetic stir bar, were charged the Cu(CHsCN)4PFs (7.5 mg, 0.02 mmol,
10 mol%), 2,2'-biquinoline L8 (5.1 mg, 0.02 mmol, 10 mol%). Then 2.0 mL EA
was added. To the solution were added the tert-butyl peroxybenzoate (76 uL,
0.4 mmol, 2.0 equiv), triethylsilane (400 uL) and 1,3-enyne (30 puL, 0.2 mmol, 1.0
equiv) sequentially. Then the vial was closed with a PTFE septum cap, and
taken out of the glovebox. Then, the reaction was stirred at 70 °C for 12 hours.

0.2 mmol

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.

Data analysis of product 21

=

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in



hexanes. Colorless liquid, 54.3 mg, 75% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.11 (d, ] =7.7 Hz, 2H), 7.57
(t, ] =74 Hz 1H), 7.46 (t, ] = 7.5 Hz, 4H), 7.31 (d, | = 6.2 Hz, 3H), 6.00 (dd, | =
10.1, 5.5 Hz, 1H), 1.53 (dd, ] = 14.0, 10.2 Hz, 1H), 1.45 (dd, | = 14.0, 5.6 Hz, 1H),
1.02 (t, ] =8.0 Hz, 9H), 0.70 (qd, ] = 7.8, 2.5 Hz, 6H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 132.9, 131.7, 130.3,
129.7,128.5, 128.3, 128.2, 122.5, 88.3, 84.9, 63.8, 19.5, 7.3, 3.6.

HRMS (ESI) m/z [M + H]* calcd for C2sH290:Si: 365.1932, found: 365.1933.

Data analysis of product 22

)()J\
Ph O j-P
{,/I[-Pr
Si_,
4 i-Pr

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 77.5 mg, 95% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 0 8.14 — 8.08 (m, 2H), 7.57 (t, |
=7.4 Hz, 1H), 7.48 — 7.40 (m, 4H), 7.34 - 7.28 (m, 3H), 6.07 (dd, ] =10.6, 5.3 Hz,
1H), 1.62 (dd, J=14.1, 10.6 Hz, 1H), 1.48 (dd, ] =14.0, 5.3 Hz, 1H), 1.25 - 1.18 (m,
3H), 1.13 (t, ] = 7.6 Hz, 18H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 133.0, 131.7, 130.3,
129.8, 128.5, 128.3, 128.2, 122.5, 88.3, 85.0, 64.0, 18.83, 18.80, 17.8, 11.2.

HRMS (ESI) m/z [M + HJ* caled for CasHss02Si: 407.2401, found: 407.2400.

Data analysis of product 23
0O

=

Ph O

SiMe,Ph

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 55.9 mg, 73% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 68.04 (d, ] =7.7 Hz, 2H), 7.62
—-7.53 (m, 3H), 7.37 (ddq, ] =46.0, 29.9, 7.1 Hz, 10H), 5.98 (t, ] = 7.7 Hz, 1H), 1.78
—-1.72 (m, 2H), 0.49 (d, ] =7.5 Hz, 6H).

BC NMR (151 MHz, CDCls, sample at 25 °C) d 165.5, 138.0, 133.6, 132.9,
131.8, 130.2, 129.7, 129.1, 128.5, 128.3, 128.2, 127.9, 122.4, 88.1, 85.4, 63.6, 23.8, -
22,-24.

HRMS (ESI) m/z [M + HJ* calcd for C2sH2s0:Si: 385.1619, found: 385.1618.



Data analysis of product 24
0]

=Z

Ph 0

SiMeEt,

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 45.8 mg, 65% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.11 (d, ] =7.7 Hz, 2H), 7.57
(t, /]=7.4Hz, 1H), 7.46 (t, ] =7.6 Hz, 4H), 7.31 (d, ] = 6.0 Hz, 3H), 5.99 (dd, ] =9.9,
5.6 Hz, 1H), 1.52 (dd, ] =13.9, 10.0 Hz, 1H), 1.44 (dd, | = 14.0, 5.7 Hz, 1H), 1.01
(td, J=7.9, 3.8 Hz, 6H), 0.68 (dd, ] =9.7, 6.0 Hz, 4H), 0.14 (s, 3H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 133.0, 131.7, 130.3,
129.8, 128.5, 128.3, 128.2, 122.5, 88.3, 85.0, 63.8, 21.1, 7.3, 5.5, 5.4, -5.5.

HRMS (ESI) m/z [M + HJ* calcd for C22H27O:Si: 351.1775, found: 351.1776.

Data analysis of product 25
O

=Z

Ph O

Si(TMS)3

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 96.6 mg, 97% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.13 (d, ] =7.8 Hz, 2H), 7.57
(t, J=75Hz 1H), 7.46 (q, ] =7.1 Hz, 4H), 7.32 (d, ] = 6.5 Hz, 3H), 5.98 (dd, | =
11.1, 4.3 Hz, 1H), 1.81 - 1.74 (m, 1H), 1.65 (dd, ] =13.5, 4.4 Hz, 1H), 0.27 (s, 27H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 165.5, 132.9, 132.1, 130.4,
129.8, 128.6, 128.3, 128.2, 122.5, 88.8, 85.6, 66.2, 16.4, 1.2.

HRMS (ESI) m/z [M + HJ* calcd for C26Hu10:Sis: 497.2178, found: 497.2177.

Data analysis of product 26
0O

=

Ph O

SiMe,t-Bu



Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 58.3 mg, 80% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.12 (d, ] =7.7 Hz, 2H), 7.57
(t ] = 7.4 Hz, 1H), 7.46 (d, ] = 7.0 Hz, 4H), 7.31 (d, ] = 6.1 Hz, 3H), 5.99 (t, ] = 7.7
Hz, 1H), 1.51 — 1.45 (m, 2H), 0.94 (s, 9H), 0.17 (d, ] = 9.6 Hz, 6H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 133.0, 131.7, 130.3,
129.8, 128.5, 128.3, 128.2, 122.5, 88.4, 85.2, 64.0, 26.3, 20.5, 16.5, -5.2, -5.7.

HRMS (ESI) m/z [M + HJ* caled for C2sH2900:Si: 365.1932, found: 365.1934.

Data analysis of product 27
O

=

Ph o
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Purified by flash column chromatography on silica gel: 5 to 10% EtOAc in
hexanes. Colorless liquid, 14.5 mg, 15% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.11 (d, ] =7.7 Hz, 2H), 7.56
(t, J=7.4Hz 1H), 7.44 (d, ] =7.1 Hz, 4H), 7.30 (d, ] = 6.2 Hz, 3H), 5.99 (dd, ] =
9.9, 59 Hz, 1H), 1.61 (dd, | = 12.8, 10.0 Hz, 1H), 1.55 (dd, | = 12.9, 5.9 Hz, 1H),
1.43 -1.36 (m, 6H), 1.30 (tt, ] =12.9, 6.4 Hz, 6H), 0.88 (q, ] = 7.9 Hz, 15H).

13C NMR (151 MHz, CDCls, sample at 25 °C) d 165.6, 132.9, 131.8, 130.4,
129.8, 128.5, 128.3, 128.2, 122.5, 88.4, 84.9, 64.7, 27 .4, 26.5, 20.3, 13.7, 13.1.

HRMS (ESI) m/z [M + H]* caled for C2oHa1GeOs: 495.2313, found: 495.2314.

3.7 General procedure G

0
N M
FZ j\ Cu(CH5CN),PFg (10 mol%), L9 (10 mol%) Ph™ "0 O
+ Ph” H TBPB (2.0 equiv), MeCN (0.1 M) = Ph

70°C,12h
0.2 mmol 400 ul

Cor i) ?
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O \N N/ o
~ e
Ph Ph

28 as an example: In a nitrogen-filled glovebox, and oven-dried 4 mL vial
with a magnetic stir bar, were charged the Cu(CHsCN)«PFs (7.5 mg, 0.02 mmol,
10 mol%), (45,4'S)-2,2'-(4,6-dibenzofurandiyl)bis[4,5-dihydro-4-phenyloxazole]
L9 (9.2 mg, 0.02 mmol, 10 mol%). Then 2.0 mL MeCN was added. To the

solution were added the tert-butyl peroxybenzoate (76 uL, 0.4 mmol, 2.0 equiv),




1,3-enyne (30 pL, 0.2 mmol, 1.0 equiv) and 400 pL benzaldehyde sequentially.
Then the vial was closed with a PTFE septum cap, and taken out of the glovebox.
Then, the reaction was stirred at 70 °C for 12 hours.

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.

Data analysis of product 28
0
Ph)l\o

=

0]

Ph

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. Orange solid, 27.6 mg, 39% yield.

'"H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.03 (t, ] = 6.9 Hz, 4H), 7.60
(t, J=7.3Hz, 1H), 7.55 (t, ] = 7.5 Hz, 1H), 7.50 (t, ] = 7.6 Hz, 2H), 7.42 (t, ] = 8.0
Hz, 4H), 7.29 (td, ] = 9.6, 4.3 Hz, 3H), 6.47 — 6.42 (m, 1H), 3.86 (dd, ] =16.7, 7.8
Hz, 1H), 3.61 (dd, ] =16.7, 5.4 Hz, 1H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 195.0, 165.2, 136.5, 133.5,
133.1, 131.9, 129.84, 129.77, 128.75, 128.71, 128.32, 128.26, 128.2, 122.0, 86.0, 85.8,
61.2,43.8.

HRMS (ESI) m/z [M + H]* caled for C2sH19Os: 355.1329, found: 355.1328.

Data analysis of product 30
0
Ph)J\O

é n-Pr

0O

Purified by flash column chromatography on silica gel: 15 to 25% EtOAc
in hexanes. Colorless liquid, 26.3 mg, 41% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) o 8.10 — 8.03 (m, 2H), 7.61 -
7.54 (m, 1H), 7.49 - 7.41 (m, 4H), 7.34 — 7.27 (m, 3H), 6.24 (dd, ] =7.8, 5.6 Hz,
1H), 3.23 (dd, ] =16.6, 7.8 Hz, 1H), 3.07 (dd, ] =16.5, 5.6 Hz, 1H), 2.53 — 2.46 (m,
2H), 1.66 (p, ] =7.4 Hz, 2H), 0.93 (t, | = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 0 205.7, 165.2, 133.2, 131.9,
129.8,129.7, 128.7, 128.4, 128.2, 122.0, 85.8, 85.6, 60.9, 47.5, 45.3, 17.0, 13.6.

HRMS (ESI) m/z [M + HJ* calcd for Ca1H210s: 321.1485, found: 321.1487.



3.7 General procedure H

o}
N Cu(CH3CN)4PFg (10 mol%) o Ph)J\O o
= o} L9 (10 mol%) X Npr
+ PR 74 +
nPr” “H TBPB (2.0 equiv) Z n-Pr
0.2 mmol 400 uL EAG(O'1 M)
70°C,12h
29 30

Sy

0
0 0
\ N N 2
\\( L9 \
Ph Ph

In a nitrogen-filled glovebox, and oven-dried 4 mL vial with a magnetic
stir bar, were charged the Cu(CHsCN)4PF¢ (7.5 mg, 0.02 mmol, 10 mol%),
(45,4'S)-2,2'-(4,6-dibenzofurandiyl)bis[4,5-dihydro-4-phenyloxazole] L9 (9.2
mg, 0.02 mmol, 10 mol%). Then 2.0 mL EA was added. To the solution were
added the tert-butyl peroxybenzoate (76 uL, 0.4 mmol, 2.0 equiv), 1,3-enyne (30
uL, 0.2 mmol, 1.0 equiv) and 400 pL butyraldehyde sequentially. Then the vial
was closed with a PTFE septum cap, and taken out of the glovebox. Then, the
reaction was stirred at 70 °C for 12 hours. The reaction mixture was
concentrated. And the residue was purified by chromatography to provide the
desired product.

Data analysis of product 29

Purified by flash column chromatography on silica gel: 5 to 15% EtOAc in
hexanes. Colorless liquid, 7.9 mg, 20% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) & 7.50 — 7.46 (m, 2H), 7.36 (g,
J=7.2Hz, 3H), 6.87 (d, ] =16.0 Hz, 1H), 6.60 (d, ] =15.9 Hz, 1H), 2.55 (t, ] =7.3
Hz, 2H), 1.68 (h, ] =7.5 Hz, 2H), 0.96 (t, ] = 7.4 Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C) o 199.1, 137.0, 132.0, 129.3,
128.5,122.8, 122.3, 98.9, 87.0, 43.1, 17.6, 13.7.

HRMS (ESI) m/z [M + HJ* calcd for CiaHis0: 199.1118, found: 199.1123.



V. Synthetic application

4.1 Large-scale synthesis of 2a (5.0 mmol scale)

(0]
é = Cu(CH3CN)4PFg (10 mol%) Ph)J\O
L1 (10 mol%)
TBPB (2.0 equiv) = Ph
Toluene (0.1 M), MeCN (0.01 M)
5.0 mmol 70 QC, 24 h
750 uL
Me L1 Me 2a
N N=—
7\
_ N\ /

In a nitrogen-filled glovebox, and an oven-dried 250 mL round bottom
with a magnetic stir bar, were charged the Cu(CHsCN)4PFs (187.5 mg, 0.5 mmol,
10 mol%), 6,6'-dimethyl-2,2'-dipyridyl L1 (92.1 mg, 0.5 mmol, 10 mol%). Then
50.0 mL toluene and 5.0 mL MeCN was added. To the solution were added the
tert-butyl peroxybenzoate (1.9 mL, 10.0 mmol, 2.0 equiv) and 1,3-enyne (750 pL,
5.0 mmol, 1.0 equiv) sequentially. Then, the reaction was stirred at 70 °C for 24
hours. The reaction mixture was concentrated. And the residue was purified by
chromatography to provide the desired product 2a (1.3 g, 73% yield).

4.2 Large-scale synthesis of 2x (5.0 mmol scale)

= Cu(CH3CN)4PFg (10 mol%)

oS L1 (10 mol%)
-Pr TBPB (2.0 equi '—WPh
(2.0 equiv) P F

Toluene (0.1 M), MeCN (0.01 M)

5 mmol . |
1.04 g 70 C,24 h iPr
Me Me 2x
N N=
7\ w
—/ L1

In a nitrogen-filled glovebox, and an oven-dried 250 mL round bottom
with a magnetic stir bar, were charged the Cu(CHsCN)4PFs (187.5 mg, 0.5 mmol,
10 mol%), 6,6'-dimethyl-2,2'-dipyridyl L1 (92.1 mg, 0.5 mmol, 10 mol%). Then
50.0 mL toluene and 5.0 mL MeCN was added. To the solution were added the
tert-butyl peroxybenzoate (1.9 mL, 10.0 mmol, 2.0 equiv) and 1,3-enyne (1.0 g,
5.0 mmol, 1.0 equiv) sequentially. Then, the reaction was stirred at 70 °C for 24
hours. The reaction mixture was concentrated. And the residue was purified by
chromatography to provide the desired product 2x (1.0 g, 48% yield).

4.3 Large-scale synthesis of 4a and 5a (5.0 mmol scale)



o) o)
CU(CH3CN)4PF6 (10 mol%) Ph)J\O ph)J\o
L6 (10 mol%)
Me +
TBPB (2.0 equiv) = =
MeCN (0.05 M)

5.0 mmol o
70 C,18h
750 uL 4a 5a

Me

CN

|\N L6

N Me
\

=

In a nitrogen-filled glovebox, and an oven-dried 250 mL round bottom
with a magnetic stir bar, were charged the Cu(CH3sCN)4PFs (187.5 mg, 0.5 mmol,
10 mol%), 2,9-dimethyl-10-phenanthroline L6 (104.1 mg, 0.5 mmol, 10 mol%).
Then 100.0 mL MeCN was added. To the solution were added the tert-butyl
peroxybenzoate (1.9 mL, 10.0 mmol, 2.0 equiv) and 1,3-enyne (750 pL, 5.0 mmol,
1.0 equiv) sequentially. Then the vial was closed with a PTFE septum cap, and
taken out of the glovebox. Then, the reaction was stirred at 70 °C for 18 hours.
The reaction mixture was concentrated. And the residue was purified by
chromatography to provide the desired product 4a (0.45 g, 34% yield) and 5a
(0.34 g, 23% yield).

4.4 Procedure for the preparation of propargyl alcohol
O

X o
Ph™ ~O o

4.0 M LiOH Z

= Ph -
THF, 60 'C

31
2a
0.2 mmol

An oven-dried 4 mL vial with a magnetic stir bar was charged with the 2a
(68 mg, 0.2 mmol, 1.0 equiv). Then 1.0 mL THF and 1.0 mL LiOH solution (4.0
M in H20) was added sequentially. Then, the reaction was stirred at 60 °C for
12 hours. The reaction mixture was concentrated. And the residue was purified
by flash chromatography to provide the desired product 31 (42.0 mg, 89%
yield).

'H NMR (600 MHz, CDCls, sample at 25 °C) 67.46 —7.39 (m, 2H), 7.29 (dt,
J=12.4,4.6 Hz, 5H), 7.23 (d, ]=7.6 Hz, 2H), 7.19 (t, ] =7.4 Hz, 1H), 4.59 (t, ] = 6.6
Hz, 1H), 2.85 (t, ] =7.8 Hz, 2H), 2.17 — 2.05 (m, 2H).

BCNMR (151 MHz, CDCls, sample at 25 °C) 6 141.3, 131.7, 128.52, 128.46,
128.3, 126.0, 122.6, 89.8, 85.3, 62.3, 39.3, 31.5.

HRMS (ESI) m/z [M + HJ* caled for Ci7Hi7O: 237.1274, found: 237.1275.



4.5 Procedure for the preparation of ester
Cl

OH cl c
Ph Me Me Cl
y P Me, DCC, DMAP X O%o
HO DCM, rt
%o ’ Ph (¢}

31 o 32

0.2 mmol Ciprofibrate
0.4 mmol

An oven-dried 4 mL vial with a magnetic stir bar was charged with the
ciprofibrate (691.3 mg, 0.4 mmol, 2.0 equiv). Then DCC (61.9 mg, 0.3 mmol, 1.5
equiv) and DMAP (3.7 mg, 0.03 mmol, 15 mol%) were added sequentially. Next,
2.0 mL DCM was added. To the solution were added the 31 (47.2 mg, 0.2 mmol,
1.0 equiv) sequentially. Then, the reaction was stirred at room temperature for
12 hours. The reaction mixture was concentrated. And the residue was purified
by flash chromatography to provide the desired product 32 (98.2 mg, 97%
yield).

'H NMR (600 MHz, CDCls, sample at 25 °C, mixture of cis and trans) & 7.41
(d, ]=7.0 Hz, 2H), 7.36 — 7.29 (m, 3H), 7.27 (t, ] = 7.5 Hz, 2H), 7.19 (t, ] = 7.4 Hz,
1H), 7.14 (d, ] = 7.5 Hz, 2H), 7.02 (d, ] =8.2 Hz, 2H), 6.87 (d, ] = 8.2 Hz, 2H), 5.63
(t, J=6.5Hz, 1H), 2.73 (qq, ] = 15.2, 8.1 Hz, 3H), 2.17 (pd, | = 12.1, 5.4 Hz, 2H),
1.85(dd, ] =10.7, 7.3 Hz, 1H), 1.64 (d, ] =20.6 Hz, 7H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) d
173.13, 173.11, 154.9, 140.5, 131.9, 129.60, 129.58, 128.7, 128.5, 128.34, 128.28,
128.1,128.0, 126.1, 122.1, 118.7, 118.6, 86.2, 85.6, 79.11, 79.09, 65.0, 60.8, 36.1, 34.7,
31.2,25.70, 25.69, 25.4, 25.34, 25.32, 25.30.

HRMS (ESI) m/z [M + H]* calcd for CsoH20Cl2Os: 507.1489, found: 507.1491.

4.6 Procedure for the preparation of ketone

OH
0]
4 Ph
DMP, NaHCO, 4 Ph
DCM, rt
31
0.1 mmol 34
23.6 mg

To a stirred solution of 31 (23.6 mg, 0.1 mmol, 1.0 equiv) in DCM (1.0 mL)
was added DMP (63.6 mg, 0.15 mmol, 1.5 equiv) and NaHCOs (25.2 mg, 0.3
mmol, 3.0 equiv). Then, the reaction was stirred at room temperature for 2
hours. The reaction mixture was concentrated. And the residue was purified by
flash chromatography to provide the desired product 34 (18.7 mg, 80% yield).

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 7.58 —7.53 (m, 2H), 7.45 (t, |
=7.5Hz, 1H),7.38 (t, ] =7.7 Hz, 2H), 7.30 (t, | = 7.6 Hz, 2H), 7.21 (dd, | = 16.6, 7.7
Hz, 3H), 3.06 (dd, | =8.5, 5.8 Hz, 2H), 3.01 (ddd, ] = 8.9, 6.6, 1.8 Hz, 2H).

BC NMR (151 MHz, CDCls, sample at 25 °C) 6 186.8, 140.2, 133.0, 130.7,
128.6, 128.5, 128.3, 126.3, 119.9, 91.1, 87.7, 46.9, 30.0.



HRMS (ESI) m/z [M + HJ" caled for Ci7Hi50: 235.1118, found: 235.1123.

4.7 Procedure for the deprotection of TIPS-protected alkyne to terminal alkyne

Ph” O j\
, Ph” O
-Pr {fWPh TBAF, THF, rt
Si - = Ph
i-Pr 2 H
x 35
2.4 mmol
109

An oven-dried 100 mL vial with a magnetic stir bar was charged with the
2x (1.0 g, 2.4 mmol, 1.0 equiv). Then 3.0 mL THF and TBAF (4.8 mL, 4.8 mmol,
1.0 M in THF, 2.0 equiv) was added sequentially. Then, the reaction was stirred
at room temperature for 10 minutes. The reaction mixture was concentrated.
And the residue was purified by flash chromatography to provide the desired
product 35 (329.6 mg, 52% yield).

H NMR (600 MHz, CDCls, sample at 25 °C) 8 8.06 (d, ] = 7.7 Hz, 2H), 7.59
(t, J=7.4Hz 1H),7.46 (t, ]=7.7 Hz, 2H), 7.31 (t, ]=7.5 Hz, 2H), 7.22 (dd, ] =13.9,
7.3 Hz, 3H), 5.61 (td, ] = 6.5, 2.1 Hz, 1H), 2.90 (t, ] = 7.9 Hz, 2H), 2.55 (d, ] = 2.1
Hz, 1H), 2.28 (ddh, | =21.2, 14.0, 7.0 Hz, 2H).

3C NMR (151 MHz, CDCls, sample at 25 °C) 6 165.4, 140.6, 133.2, 130.0,
129.8, 128.5, 128.42, 128.39, 126.2, 81.0, 74.1, 63.8, 36.2, 31.2.

HRMS (ESI) m/z [M + HJ* caled for CisHi7O2: 265.1223, found: 265.1226.

4.8 General procedure H

O Ph
)J\ OAc O:\/
Ph™ 0 Na OAc N=N O
o 1
/\/\Ph s AN “INHAG CuTc (10 mol%) N_/
H OAG Toluene (1.0 mL) . ., H
35 11 ) AcO' ‘NHAc bh
0.1 mmol 4'0 gqnl:'V OAc
26.4 mg -~ mg

36 as an example: In a nitrogen-filled glovebox, and oven-dried 4 mL vial
with a magnetic stir bar, were charged the CuTc (1.9 mg, 0.01 mmol, 10 mol%),
azide (40.9 mg, 0.11 mmol, 1.1 equiv). Then 1.0 mL toluene was added. To the
solution were added ester 35 (26.4 mg, 0.1 mmol, 1.0 equiv). Then the vial was
closed with a PTFE septum cap, and taken out of the glovebox. Then, the
reaction was stirred at room temperature for 12 hours.

Work-up: The reaction mixture was concentrated. And the residue was
purified by chromatography to provide the desired product.



Data analysis of product 36

NHAc
(0] ’ O
Mejro : O)LMe
o} O _Me
hi
(0]

Purified by flash column chromatography on silica gel: 20 to 30% EtOAc
in hexanes. White solid, 51.5 mg, 81% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C, mixture of cis and trans) d 8.08
-8.01 (m, 2H), 7.96 (d, ] =4.2 Hz, 1H), 7.56 (q, ] = 6.7 Hz, 1H), 7.44 (q, ] = 7.1 Hz,
2H),7.26 (td, ] =7.5, 5.0 Hz, 2H), 7.18 (dd, ] =17.9, 6.9 Hz, 3H), 6.83 (dd, ] =37.8,
9.2 Hz, 1H), 6.32 - 6.09 (m, 2H), 5.59 (dt, ] =29.7, 9.9 Hz, 1H), 5.22 (td, ] =9.7, 2.7
Hz, 1H), 4.58 (dq, ] =13.5, 9.9 Hz, 1H), 4.31 — 4.25 (m, 1H), 4.16 — 4.06 (m, 2H),
2.76 (ddt, ] =17.9, 14.6, 6.0 Hz, 2H), 2.63 — 2.38 (m, 2H), 2.07 — 1.98 (m, 9H), 1.66
(d, J]=2.5Hz, 3H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) o
170.7, 170.6, 170.55, 170.53, 170.51, 169.28, 169.26, 165.8, 165.7, 147.3, 147.0,
140.83, 140.78, 133.2, 133.1, 129.84, 129.79, 129.6, 128.41, 128.39, 128.3, 126.01,
126.00, 121.9, 85.7, 85.5, 74.8, 72.2, 72.0, 68.6, 68.3, 68.22, 68.16, 61.74, 61.68, 53.5,
53.3, 35.5, 35.4, 31.5, 31.3, 22.5, 20.60, 20.60, 20.53, 20.49.

HRMS (ESI) m/z [M + H]* caled for Cs2Hs7N4Ono: 637.2504, found: 637.2503.

Data analysis of product 37

Me
N $N\ //O >:O
N-S NH
=~ \
Ph \/\(‘\/ 0

Ph YO
0]

Purified by flash column chromatography on silica gel: 45 to 55% EtOAc
in hexanes. Colorless liquid, 44.9 mg, 89% yield.

"H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.40 (s, 1H), 8.15 (s, 1H), 8.03
—-7.99 (m, 2H), 7.93 (d, ] =8.6 Hz, 2H), 7.69 (d, | =8.6 Hz, 2H), 7.57 (t, ] = 7.5 Hz,
1H), 7.43 (t, | =7.7 Hz, 2H), 7.27 - 7.22 (m, 2H), 7.16 (t, ] = 7.6 Hz, 1H), 7.13 (d, ]
=7.5Hz, 2H), 6.15 (dd, | =8.4, 5.2 Hz, 1H), 2.77 (tdd, ] = 20.9, 11.6, 6.7 Hz, 2H),
2.59 (dtd, | =14.4, 8.6, 5.9 Hz, 1H), 2.49 - 2.40 (m, 1H), 2.17 (s, 3H).



BC NMR (151 MHz, CDClIs, sample at 25 °C) d 169.2, 165.8, 146.6, 145.2,
140.3, 133.5, 130.3, 129.7, 129.4, 128.9, 128.53, 128.50, 128.3, 126.2, 122.3, 119.5,
67.7,35.1, 31.5, 24.6.

HRMS (ESI) m/z [M + HJ* calcd for CasH2sN4OsS: 505.1540, found: 505.1541.

Data analysis of product 38

Ph\“/

Purified by flash column chromatography on silica gel: 45 to 55% EtOAc
in hexanes. White solid, 32.6 mg, 82% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C) 6 8.02 (d, | =7.7 Hz, 2H), 7.54
(t, ]=7.5Hz 1H), 7.47 (s, 1H), 7.41 (t, ] = 7.7 Hz, 2H), 7.34 (d, | = 7.0 Hz, 3H),
7.24 (dd, ] = 8.1, 4.9 Hz, 4H), 7.18 - 7.13 (m, 3H), 6.13 (dd, ] = 8.1, 5.6 Hz, 1H),
5.51 (d, ] =14.9 Hz, 1H), 5.44 (d, ] = 14.9 Hz, 1H), 2.77 (ttd, ] =20.5, 11.7, 6.6 Hz,
2H), 2.68 — 2.59 (m, 1H), 2.55 —2.46 (m, 1H).

3C NMR (151 MHz, CDClIs, sample at 25 °C) 6 165.9, 146.9, 140.9, 134.4,
133.0, 129.9, 129.6, 129.0, 128.7, 128.4, 128.3, 128.0, 125.9, 122.5, 68.3, 54.0, 34.9,
31.6.

HRMS (ESI) m/z [M + HJ* calcd for C2sH24N30x2: 398.1863, found: 398.1864.

NN

Data analysis of product 39
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Purified by flash column chromatography on silica gel: 45 to 55% EtOAc
in hexanes. Colorless liquid, 57.2 mg, 82% yield.

'H NMR (600 MHz, CDCls, sample at 25 °C, mixture of cis and trans) d 8.02
(dd, J=7.8,4.9 Hz, 2H), 7.81 (d, ] =7.9 Hz, 1H), 7.55 (q, ] = 7.1 Hz, 1H), 7.42 (q,
J=7.4 Hz, 2H), 7.28 — 7.22 (m, 3H), 7.15 (t, ] = 7.3 Hz, 3H), 6.96 — 6.90 (m, 1H),
6.77 (dt, ] =14.7,9.0 Hz, 1H), 6.15 (dq, ] = 17.6, 6.1 Hz, 1H), 5.00 (dp, ] =9.9, 5.0
Hz, 1H), 4.73 — 4.62 (m, 2H), 4.09 (t, ] =9.1 Hz, 1H), 3.88 (td, ] = 8.8, 5.8 Hz, 1H),
3.82 (dd, ] =5.9, 3.2 Hz, 4H), 2.98 — 2.93 (m, 4H), 2.77 - 2.62 (m, 2H), 2.60 — 2.52
(m, 1H), 2.44 (dddd, ] =23.9, 20.2, 9.3, 6.2 Hz, 1H).

BC NMR (151 MHz, CDCls, sample at 25 °C, mixture of cis and trans) &



165.8, 165.7, 156.0, 154.4, 153.30, 153.26, 140.8, 136.72, 136.70, 136.65, 136.64,
133.12, 132.16, 132.10, 129.8, 129.6, 128.4, 128.3,125.9, 124.2,123.9, 118.74, 118.71,
114.20, 107.71, 107.68, 107.53, 107.51, 70.19, 70.16, 68.3, 68.1, 66.8, 52.3, 52.2, 50.8,
47.4,35.2,35.0, 31.5, 31.4.

YF NMR (565 MHz, CDCls) © -119.99, -120.01, -120.03.

HRMS (ESI) m/z [M + H]* calcd for Cs2HasFIN4Os: 699.1474, found: 699.1476.

4.9 Preliminary Biological Activity Test

A series of prepared triazoles were tested for antibacterial activity against
the Pseudomonas aeruginosa PAQO1, Escherichia coli AB1157, Acinetobacter
baumannii ATCC19606, and Klebsiella pneumoniae by Dianyan Chen in Professor
Lefu Lan’s group. Some results are shown in Table S1. The results were
presented as minimum inhibitory concentrations (MICs) and Polymyxin B was
used as positive control. Compounds 37 synthesized by our method exhibited
promising antibacterial activity against AB1157 and Klebsiella pneumoniae.

Table S1. Some results of preliminary biological activity test.

MIC (ug/mL)
Compounds
PAO1 Klebsiella pneumoniae | AB1157 | ATCC19606
36 >128 >128 >128 >128
37 >128 >128 8 >128
39 >128 >128 >128 >128
Polymyxin B 2 1 1 1




VI. Mechanistic experiments

5.1 Radical trapping experiment by TEMPO

Cu(CH3CN)4PFg (10 mol%)
Z A L6 (10 mol%) 4a Me Me Me Me
5 + Me [\Il Me + Me l}l Me
TBPB (2.0 i ) a
( equolv), MeCN (2.0 mL) o_CN o
0.1 mmol 70 C,18h 40 41 Me
. 2.0 equiv TEMPO added not  detected by HRMS detected by HRMS

detected Found: 197.1647  Found: 172.1694

In a nitrogen-filled glovebox, and oven-dried 4 mL vial with a magnetic
stir bar, were charged the Cu(CHsCN)4PFs (3.7 mg, 0.01 mmol, 10 mol%), 2,9-
dimethyl-10-phenanthroline L6 (2.1 mg, 0.01 mmol, 10 mol%) and TEMPO (0.2
mmol, 31.2 mg, 2.0 equiv) sequentially. Then 2.0 mL MeCN was added. To the
solution were added the tert-butyl peroxybenzoate (38 uL, 0.2 mmol, 2.0 equiv)
and 1,3-enyne (15 pL, 0.1 mmol, 1.0 equiv) sequentially. Then the vial was
closed with a PTFE septum cap, and taken out of the glovebox. Then, the
reaction was stirred at 70 °C for 18 hours. The product 40 was detected by GC-
MS. HRMS (ESI) m/z [M + H]* calcd for C1iH22N20: 197.1649, found: 197.1647.
The product 41 was detected by GC-MS. HRMS (ESI) m/z [M + HJ* calcd for
C1H2NO: 172.1696, found: 172.1694.

5.2 Radical trapping experiment by TEMPO

o)
Cu(CH5CN),PF¢ (10 mol%) P
Z L1 (10 mol%) Ph™ 0 Me Me

TBPB (2.0 equiv) Z Ph + M© g Me
Toluene (1.0 mL), MeCN (100 uL)
0.1 mmol 70°C, 24 h 42 Ph
2.0 equiv TEMPO added 2a, not detected detected by HRMS

Found: 248.2012

In a nitrogen-filled glovebox, and oven-dried 4 mL vial with a magnetic
stir bar, were charged the Cu(CHsCN)4PFs (3.7 mg, 0.01 mmol, 10 mol%), 6,6'-
dimethyl-2,2'-dipyridyl L1 (1.8 mg, 0.01 mmol, 10 mol%) and TEMPO (0.2
mmol, 31.2 mg, 2.0 equiv) sequentially. Then 1.0 mL toluene and 0.1 mL MeCN
was added. To the solution were added the tert-butyl peroxybenzoate (38 uL,
0.2 mmol, 2.0 equiv) and 1,3-enyne (15 uL, 0.1 mmol, 1.0 equiv) sequentially.
Then the vial was closed with a PTFE septum cap, and taken out of the glovebox.
Then, the reaction was stirred at 70 °C for 24 hours. The product 42 was
detected by GC-MS. HRMS (ESI) m/z [M + HJ* caled for CisH2sNO: 248.2009,
found: 248.2012.

5.3 Radical-clock experiment



Ph._0O 7)
Cu(CH3CN),PFg (10 mol%) Y )
L6 (10 mol%) N Me U me
= | b =
TBPB (2.0 equiv), MeCN (4.0 mL) _ Me O Ph
70°C, 18 h = _ ) . .

43 Ph via radical-clock, Ritter reaction

0.2 mmol 44 _substitution reaction cascade ]

In a nitrogen-filled glovebox, and oven-dried 8 mL vial with a magnetic
stir bar, were charged the Cu(CHsCN)«PFs (7.5 mg, 0.02 mmol, 10 mol%), 2,9-
dimethyl-10-phenanthroline L6 (4.2 mg, 0.02 mmol, 10 mol%) sequentially.
Then 4.0 mL MeCN was added. To the solution were added the tert-butyl
peroxybenzoate (76 uL, 0.4 mmol, 2.0 equiv) and 43 (25.6 mg, 0.2 mmol, 1.0
equiv) sequentially. Then the vial was closed with a PTFE septum cap, and
taken out of the glovebox. Then, the reaction was stirred at 70 °C for 18 hours.
The reaction mixture was concentrated. And the residue was purified by
chromatography to provide the desired product 44 (25.5 mg, 27% yield).

'H NMR (600 MHz, CDCls, sample at 25 °C) 0 7.61 - 7.57 (m, 2H), 7.49 (td,
J=7.4,13Hz, 1H), 7.44 - 7.37 (m, 4H), 7.33 - 7.28 (m, 3H), 5.66 — 5.61 (m, 1H),
3.94 (t, ] =6.7 Hz, 2H), 2.69 (q, ] = 7.0 Hz, 2H), 2.17 (q, ] = 7.4 Hz, 2H), 2.11 (s,
3H), 1.08 (t, ] = 7.4 Hz, 3H).

3C NMR (151 MHz, CDCls, sample at 25 °C) d 174.2, 173.4, 136.0, 132.2,
132.1,131.5, 128.7, 128.5, 128.2, 128.0, 127.7, 123.5, 94.1, 87.5, 45.5, 30.5, 30.2, 26 4,
13.0.

HRMS (ESI) m/z [M + HJ* caled for C2sHsNOz2: 346.1802, found: 346.1800.

5.4 KIE experiment
X X
Cu(CH3CN),PFg (10 mol%)
= Pl Ph” 0 Ph” 0
7 L6 (10 mol%) HH . D D
TBPB (2.0 equiv), 70 ‘C, 4 h = CN = CN
MeCN (1.0 mL), CD5CN (1.0 mL) 5a 58
0.1 mmol

5a/d-5a = 6:1, KIE = 6.0

In a nitrogen-filled glovebox, and oven-dried 4 mL vial with a magnetic
stir bar, were charged the Cu(CHsCN)«PFs (3.7 mg, 0.01 mmol, 10 mol%), 2,9-
dimethyl-10-phenanthroline L6 (2.1 mg, 0.01 mmol, 10 mol%) sequentially.
Then 1.0 mL MeCN and 1.0 mL CDsCN was added. To the solution were added
the tert-butyl peroxybenzoate (38 uL, 0.2 mmol, 2.0 equiv) and 1,3-enyne (15
uL, 0.1 mmol, 1.0 equiv) sequentially. Then the vial was closed with a PTFE
septum cap, and taken out of the glovebox. Then, the reaction was stirred at 70°
C for 4 hours. The reaction mixture was concentrated. The ratio (5a/d-5a) of
products was determined as 6:1 by 'H NMR analysis.



5.5 KIE experiment

0 o)
Cu(CH3CN)4PFg (10 mol%) M PR
Z " L1(10 mol%), TBPB (2.0 equiv) Ph™ O H H Ph™ "0 p D
+
MeCN (100 uL), 70 °C, 4 h = Ph = Ph
Toluene (0.5 mL)
0.1 mmol 8d-Toluene (0.5 mL)
2a d-2a

2ajd-2a=4.7:1,KIE=4.7

In a nitrogen-filled glovebox, and oven-dried 4 mL vial with a magnetic
stir bar, were charged the Cu(CHsCN)4PFs (3.7 mg, 0.01 mmol, 10 mol%), 6,6'-
dimethyl-2,2'-dipyridyl L1 (1.8 mg, 0.01 mmol, 10 mol%) sequentially. Then 0.5
mL toluene and 0.5 mL 8d-toluene was added. To the solution were added the
tert-butyl peroxybenzoate (38 pL, 0.2 mmol, 2.0 equiv) and 1,3-enyne (15 pL,
0.1 mmol, 1.0 equiv) sequentially. Then the vial was closed with a PTFE septum
cap, and taken out of the glovebox. Then, the reaction was stirred at 70 °C for
4 hours. The ratio (2a/d-2a) of products was determined as 4.7:1 by 'H NMR
analysis.
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VIII. NMR Spectra

'H and 3C Spectrum for Compound S1 at 25 °C
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'H and 3C Spectrum for Compound S2 at 25 °C
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'H and 3C Spectrum for Compound S3 at 25 °C
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'H and 3C Spectrum for Compound S4 at 25 °C
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'H and 3C Spectrum for Compound S5 at 25 °C
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'H and 3C Spectrum for Compound S6 at 25 °C
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'H and 3C Spectrum for Compound S7 at 25 °C
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'H and 3C Spectrum for Compound S8 at 25 °C
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'H and 3C Spectrum for Compound S9 at 25 °C

9L'1

=1
8!
~

HW-ZWC—2-21-1-HNMR;

Cl

Cl

S9
"H NMR (600 MHz, CDCl3)

1T

R

€9
[

"00'1

=660

=0l
0T
H96°0

10°€
200
20T

Yoot

1.0 0.5 0.0

1.5

4.0 35 3.0 2.5 2.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55

10.0

Y4
m.mmw
86T

8y

809 —

9CLT —

HW-ZWC-2-27-1-C-0825. 10. 1. 1r

Cl

Cl

M(;g;/
o}
S9

0
3C NMR (151 MHz, CDCl3)

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210



'H and B3C Spectrum for Compound S10 at 25 °C
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'H and B3C Spectrum for Compound S11 at 25 °C
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'H and 3C Spectrum for Compound 2a at 25 °C
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'H and B3C Spectrum for Compound 2b at 25 °C
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'H and B3C Spectrum for Compound 2c at 25 °C
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'H and 3C Spectrum for Compound 2d at 25 T
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'H and 3C Spectrum for Compound 2e at 25 C
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'H and B3C Spectrum for Compound 2f at 25 C
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'H and 3C Spectrum for Compound 2g at 25 C
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'H and 3C Spectrum for Compound 2h at 25 T
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'H and B3C Spectrum for Compound 2i at 25 C
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'H and B3C Spectrum for Compound 2j at 25 C
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'H and 3C Spectrum for Compound 2k at 25 C
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'H and B3C Spectrum for Compound 21 at 25 C
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'H and B3C Spectrum for Compound 2m at 25 C
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'H and 3C Spectrum for Compound 2n at 25 C
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'H and 3C Spectrum for Compound 20 at 25 C
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'H and 3C Spectrum for Compound 2p at 25 C
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'H and 3C Spectrum for Compound 2q at 25 C
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'H and 3C Spectrum for Compound 2r at 25 T
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'H and 3C Spectrum for Compound 2s at 25 C
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'H and 3C Spectrum for Compound 2t at 25 T
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'H and 3C Spectrum for Compound 2u at 25 C
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'H and 3C Spectrum for Compound 2v at 25 C
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'H and B3C Spectrum for Compound 2w at 25 C
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'H and 3C Spectrum for Compound 2x at 25 C
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'H and 3C Spectrum for Compound 2y at 25 C
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'H and 3C Spectrum for Compound 2z at25 T
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'H and 3C Spectrum for Compound 3a at 25 C
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'H and 3C Spectrum for Compound 3b at 25 C
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'H and 3C Spectrum for Compound 3c at 25 C
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'H and 3C Spectrum for Compound 3d at 25 T
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'H and 3C Spectrum for Compound 3e at 25 C
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'H and 3C Spectrum for Compound 3f at 25 C
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'H and 3C Spectrum for Compound 4a at 25 C
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'H and 3C Spectrum for Compound 5a at 25 C
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'H and 3C Spectrum for Compound 4b at 25 C
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'H and 3C Spectrum for Compound 5b at 25 C
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'H and 3C Spectrum for Compound 4c at 25 C
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'H and 3C Spectrum for Compound 5c at 25 C
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'H and 3C Spectrum for Compound 4d at 25 T
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'H and 3C Spectrum for Compound 5d at 25 C
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'H and 3C Spectrum for Compound 4e at 25 C
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'H and 3C Spectrum for Compound 5e at 25 C
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'H and B3C Spectrum for Compound 4f at 25 C
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'H and B3C Spectrum for Compound 5f at 25
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'H and 3C Spectrum for Compound 4g at 25 T
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'H and 3C Spectrum for Compound 5g at 25 C
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'H and 3C Spectrum for Compound 4h at 25 T
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'H and 3C Spectrum for Compound 5h at 25 T
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'H and B3C Spectrum for Compound 4i at 25
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'H and B3C Spectrum for Compound 5i at 25 C
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'H and B3C Spectrum for Compound 4j at 25 C
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'H and B3C Spectrum for Compound 5j at 25 C
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'H and 3C Spectrum for Compound 4k at 25 C
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'H and 3C Spectrum for Compound 5k at 25 C
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'H and 3C Spectrum for Compound 4l at 25 C
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'H and 3C Spectrum for Compound 51 at 25 C
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'H and B3C Spectrum for Compound 4m at 25 C
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'H and B3C Spectrum for Compound 5m at 25 C
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'H and 3C Spectrum for Compound 4n at 25
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'H and 3C Spectrum for Compound 5n at 25 C
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'H and 3C Spectrum for Compound 40 at 25 C
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'H and 3C Spectrum for Compound 50 at 25 C
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'H and 3C Spectrum for Compound 4p at 25 C
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'H and 3C Spectrum for Compound 4q at 25 C
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'H and 3C Spectrum for Compound 5q at 25 C
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'H and 3C Spectrum for Compound 4r at 25 T
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'H and 3C Spectrum for Compound 5r at 25 C
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'H and 3C Spectrum for Compound 4s at 25 C
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'H and 3C Spectrum for Compound 5s at 25 C

s wwwww e m 5 g 3 3 8 3z z z z sz 3 8 5 8§ %
: z z z z - £ £ B &£ =8 =5 & 5 & 5 & &8 2 &
T t 7 7 b G 7 7 5 g i i i il h h T T o ¢ n T il < !
“ o 0¢l
v.ow/
EE Y4 _
L'6T
L 3 w.mm% - 3
— 0'0¢ -
+ —  =gpolbe 0°0€ ——
- F 8l L'0€ N
*n!# =il Log
ER
ﬁ me—= T 5% pie
_. |[Iﬂ|y~ = g0z "
- L'T9
7L =
. e 3
ﬁ FAEIE g _
9°0L
s0z 0lle . —
o] B B - 2
g.& 6'8L
99 e 106
o 3
106/ )
LHE —— = ge0lzd 1967
ap'e _. W
gp'e
6K &
16°€ )
2e's — =00l
£6'E Fa 8811 — -
pa'E |
S6'E m.wﬁ/
S6F Ca mQSW - —
96 8'6C1 o
mm.w Leo SlEel
oLs
LLs =
LLs ﬁ 3 o >
8Ls a z o
sLs o O o}
8L'S _“ m C
6LS - o
st O o = L 1'691 N
ore] O”A \ w9 o] P
6 R e L, oX \ 25
n = s x T g = / ~
_mm.h_ = i o 2 e
wc_: ) = Lo | ® = =
ot b T = 0 z
w_.x_ = = = mmu 3

130 120 110 100 90 80 70 60
f1 (ppm)

140

190 180 170 160

200



'H and 3C Spectrum for Compound 4t at 25 T
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'H and 3C Spectrum for Compound 5t at 25 T
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'H and 3C Spectrum for Compound 4u at 25 C
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'H and 3C Spectrum for Compound 5u at 25 C
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'H and 3C Spectrum for Compound 4v at 25 C
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'H and 3C Spectrum for Compound 5v at 25 C
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'H and B3C Spectrum for Compound 4w at 25 C
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'H and B3C Spectrum for Compound 5w at 25 C
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'H and 3C Spectrum for Compound 4x at 25 C
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'H and 3C Spectrum for Compound 5x at 25 C
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'H and 3C Spectrum for Compound 4y at 25 C
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'H and 3C Spectrum for Compound 5y at 25 C
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'H and 3C Spectrum for Compound 4z at25 C
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'H and 3C Spectrum for Compound 5z at 25 C
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'H and 3C Spectrum for Compound 6a at 25 T
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'H and 3C Spectrum for Compound 7a at 25 C
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'H and B3C Spectrum for Compound 8 at 25 T
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'H and B3C Spectrum for Compound 9 at 25 T
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'H and 3C Spectrum for Compound 10 at 25 T
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'H and 3C Spectrum for Compound 11 at 25 T
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'H and 3C Spectrum for Compound 12 at 25 T
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'H and 3C Spectrum for Compound 13 at25 T
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'H and 3C Spectrum for Compound 14 at 25 T
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'H and 3C Spectrum for Compound 16 at 25 T
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'H and 3C Spectrum for Compound 17 at 25 T
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'H and 3C Spectrum for Compound 18 at 25 T
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'H and 3C Spectrum for Compound 19 at25 T
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'H and 3C Spectrum for Compound 20 at25 T
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'H and 3C Spectrum for Compound 21 at 25 T
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'H and 3C Spectrum for Compound 22 at 25 C

Hi-IE-2-2-1-0702

812
812
811
811

i

PN

Ph™ O

-P
L/ﬁPr

NG
Ni-Pr

FZ

22
"H NMR (600 MHz, CDCls)

L5 03 10%

Fs.0x10°

e sxic®

Fox1c

3.5%10°

k3 0x10%

Lz.5x210%

2 0x10%

HL5x10°

FLosxad

+3.0107

0.0

-3, 4% 197

ls. 02108

Fe 52108

Fe 0108

Fa. s %10t

Fa.0x1®

SRl

Fz.0%10°

F.5%10°

F1.0%16®

5. 0% 107

LI R
£ 828
5 73 3
| [N |
X
P SO -Pr
I I-Pr
= i-Pr
22
3C NMR (151 MHz, CDClg)
| I |
200 1%0 180 170 180 1 ‘0 14‘»0 140 120 11‘0 160 %0 ulo .b Eb b db "b zb 1‘0 6

5. 0% 107



'H and 3C Spectrum for Compound 23 at 25 C
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'H and 3C Spectrum for Compound 24 at 25 C
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'H and 3C Spectrum for Compound 25 at 25 C
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'H and 3C Spectrum for Compound 26 at 25 C
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'H and 3C Spectrum for Compound 27 at 25 C
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'H and 3C Spectrum for Compound 28 at 25 T
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'H and 3C Spectrum for Compound 29 at 25 T
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'H and 3C Spectrum for Compound 30 at 25 C
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'H and 3C Spectrum for Compound 31 at25 C
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'H and 3C Spectrum for Compound 32 at 25 C
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'H and 3C Spectrum for Compound 34 at25 C
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'H and 3C Spectrum for Compound 35 at 25 C

H-IE-1-145-18-0827

0
Ph)J\O
= Ph
H
35

"H NMR (600 MHz, CDCl3

{g 06
805
7.60
,{7 59
757
747
746
745
732
730
7.29
7.24
7.23
721
7.20
5.63
5.62
561
5.61
5.60
5.60
(291
F2.90
F2.88
12,56
2,55
}2.34
234
2,33
J232
-2.30
229
228
-2.27
12,26
L 225
k224
L2.22
L221

Nty

2,08

0.87—=
2141

|7.0x10°8

x10¢

&

He.0x10°

x10°

Ls.0x10°

Fe.5x10

4.0 10°

FL3x10°

HLox10®

15.0x107

F-5. 0107

o A L (U
AT o L T
4 Sdew &
2 28518 2
[ — = —_
10.0 9.5 9.0 80 3 7.0 6. 60 ]
HF-1-T146~1-C-062T - YN CWwn T TN
vi S eSO 00w < =
= Iongooaa =z | T
[y = N

o}
Ph)J\O
= Ph
H
35
13C NMR (151 MHz, CDCl3)

—63.8
—36.2
—31.2

0.0

F1ex1c®

HLTR16

FLex10®

FLsx10®

1 4%10°

1 3x10®

HLzw16°

b1 1x10®

HLox10®

b 0% 107

[e. 010"

F7.0%107

Fe. 05107

SR

400107

2. 0%107

L2 o107

F1. o107

10107

T T T T T T T T T T T
20 180 150 170 180 150 140 130 120 110

1 (zpa)



'H and 3C Spectrum for Compound 36 at 25 C
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'H and 3C Spectrum for Compound 37 at 25 C
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'H and 3C Spectrum for Compound 38 at 25 C
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'H and 3C Spectrum for Compound 39 at 25 C
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'H and 3C Spectrum for Compound 44 at 25 C
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