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Supplementary Methods

General Information

All reactions were carried out under Ar atmosphere unless otherwise noted. All reagents
and solvents were obtained from commercial suppliers and used without further
purification. Reactions were monitored by TLC on silica gel plates (GF2s4), and the
analytical thin-layer chromatography (TLC) was performed on precoated, glass-backed
silica gel plates. 'H NMR, *C NMR and *'P NMR spectra were recorded on a Bruker
AVANCE [I1-400 spectrometer at room temperature. Chemical shifts (8) are reported
in ppm downfield from tetramethylsilane. Abbreviations for signal couplings are: s,
singlet; d, doublet; t, triplet; m, multiplet; broad (br). Gas chromatographic (GC)
analyses were performed on a GC equipped with a flameionization detector and an
Rtx@-65 (30 m x 0.32 mm ID x 0.25 pm df) column. GC-MS analyses were performed
on a GC-MS with an EI mode. High resolution mass spectra were obtained using an
Agilent 6210 Series TOF LC-MS equipped with electrospray ionization (ESI) probe
operating in positive ion mode. HPLC analysis was performed on Shimadzu SPD-20A
using Daicel Chiralpak AD Column. The 5 W blue LED lamps (Amax = 455 nm) and
36W CFL were directly got from the supermarket.

Supplementary Table 1. Optimization of the Reaction Conditions”

o N photocatalyst (1 mol %) *
OH XX additive (120 mol %) Ny
* = base(20 mol %), solvent | _
Me Blue Leds, rt, 48 h Me
1a 2a 3a
entry cat  additive base solvent yield?
1 I PhsP KoHPO4 CH;CN 25
2 I PhsP KoHPOq4 DMSO 20
3 | PhsP KoHPO4 DMF 18
4 I PhsP K>HPO4 DCM 40
5 I PhsP KoHPO4 MeOH-H>0 (4:1) trace

6 I Ph;P K2HPO4 DMF-H20 (4:1) trace



7 | PhsP K>2HPO4 DMSO-H;0 (4:1) trace

8 I PhsP  KoHPO, DCM/H:0 (4:1) 72
9 I  (EtOpP  KoHPO4 DCM/H:0 (4:1) 0
10 I  n-BwP K.HPO, DCM/H,0 (4:1) 0
11 I PhsP Cs:COs DCM/H:0 (4:1) 37
12 I PhsP  K,COs DCM/H:0 (4:1) 51
13 I PhsP DBU DCM/H,0 (4:1) 14
14° I PhsP  KoHPO, DCM/H,O (4:1) 70
15 Il PP KoHPO, DCM/H,0 (4:1) ND
16  II  PhP  KoHPO, DCM/H,0 (4:1) ND
17 IV  PhP  K,HPO, DCM/H,0 (4:1) ND
18 V. PhsP KoHPO DCM/H,0 (4:1) ND

[a] The reactions were carried out with 1a (0.2 mmol), 2a (0.3 mmol, 1.5 equiv.), PhsP
(0.24 mmol, 1.2 equiv.), photocatalyst (0.002 mmol, 1 mol%), base (0.04 mmol, 20
mol%), solvent (2.0 mL), at room temperature, SW Blue LEDs, 48 h. [b] isolated yields.

[c] 36 W CFL.
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General Procedure for Deoxygenative Cross-Coupling Reaction
O
, cat-l (1 mol%) O 1
X" OH R PhsP (1.2 equiv) = R R
R—— + R% o\ \\
= R3 K2HPO4 (20 mol A)) | _
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To a 10 mL Schlenk tube equipped with a magnetic stir bar was added aromatic
carboxylic acid (0.2 mmol, 1.0 equiv.), photocatalyst Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.3
mg, 1 mol%), K;HPO4 (7.0 mg, 20 mol%), and Ph3P (62.9 mg, 0.24 mmol, 1.2 equiv.)
and the tube was evacuated and backfilled with Ar (three times). The alkenes 2 (0.3
mmol, 1.5 equiv.) in DCM/H>0 (2.0 mL, 4:1 v/v) were added by syringe under Ar. The
tube was then sealed and was placed at a distance (app. 5 cm) from 5 W blue LEDs
lamp, and the mixture was stirred for 36 - 60 h at room temperature (Supplementary
Figure 1.). After completion, the mixture was quenched with water and extracted with
DCM (3 x 10 mL). The combined organic layer was dried over anhydrous Na>SOy4, then
the solvent was removed under vacuo. The residue was purified with chromatography
column on silica gel (gradient eluent of petroleum ether/EtOAc) to give the

corresponding ketone products 3.

Me

3-(pyridin-2-yl)-1-(p-tolyl)propan-1-one 3a
The reaction was carried out according to the general procedure on 0.2 mmol scale (48

h). The residue was purified by flash column chromatography petroleum ether: ethyl
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acetate, 10/1-4/1) to afford 3a, (72%, 32.4 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) é 8.51 (d, J = 4.8 Hz, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.59 (td, J = 7.7,
1.8 Hz, 1H), 7.30 - 7.20 (m, 3H), 7.15 - 6.76 (m, 1H), 3.48 (t,J = 7.3 Hz, 2H), 3.23 (t,
J =17.3 Hz, 2H), 2.40 (s, 3H). 3*C NMR (100 MHz, Chloroform-d) § 198.9, 160.8, 149.2,
143.7, 136.4, 134.4, 129.2, 128.2, 123.4, 121.2, 37.8, 32.2, 21.6. HRMS (ESI)
Calculated for C1sHi;sNO" ([M+H]"): 226.1226, found: 226.1228.

N

N

Ph =

1-([1,1'-biphenyl]-4-yl)-3-(pyridin-2-yl)propan-1-one 3b

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3b, (57%, 32.7 mg), yellowish solid, mp: 80 — 82 °C.'H
NMR (400 MHz, Chloroform-d) 6 8.52 (d, J = 5.6 Hz, 1H), 8.07 (d, J = 10.4 Hz, 2H),
7.74 - 7.52 (m, 6H), 7.46 (t,J = 7.4 Hz, 2H), 7.39 (t, J = 6.7 Hz, 1H), 7.27 (d, J = 9.5
Hz, 1H), 7.16 - 7.05 (m, 1H), 3.54 (t, J = 7.3 Hz, 2H), 3.26 (t, J = 7.3 Hz, 2H). *C
NMR (100 MHz, Chloroform-d) ¢ 198.9, 160.7, 149.2, 145.7, 139.9, 136.4, 135.6,
128.9,128.7,128.2,127.3,127.2,123.4, 121.3,37.9, 32.1. HRMS (ESI) Calculated for
C2oH1sNO™ ([M+H]"): 288.1383, found: 288.1382.

BnO

1-(4-(benzyloxy)phenyl)-3-(pyridin-2-yl)propan-1-one 3¢

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3c, (48%, 30.4 mg), yellowish solid, mp: 97 — 99 °C.'H
NMR (400 MHz, Chloroform-d) ¢ 8.51 (d, J = 4.9 Hz, 1H), 7.97 (d, J = 6.9 Hz, 2H),
7.70 - 7.52 (m, 1H), 7.48 - 7.30 (m, 5H), 7.25 (d, J = 7.8 Hz, 1H), 7.10 (dd, J = 8.5, 4.9
Hz, 1H), 6.99 (d, J = 8.9 Hz, 2H), 5.11 (s, 2H), 3.45 (t, / = 7.3 Hz, 2H), 3.22 (t, /= 7.3
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Hz, 2H). 3C NMR (100 MHz, Chloroform-d) § 197.9, 162.6, 160.9, 149.2, 136.4, 136.2,
130.4, 130.2, 128.7, 128.2, 127.5, 123.4, 121.2, 114.5, 70.1, 37.6, 32.2. HRMS (ESI)
Calculated for C21H2oNO;" ([M+H]"): 318.1489, found: 318.1488.

1-phenyl-3-(pyridin-2-yl)propan-1-one 3d

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3d, (78 %, 32.9 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 8.51 (d,J = 5.6 Hz, 1H), 7.98 (d, J = 1.4 Hz, 2H), 7.61-7.52 (m, 2H),
745 (t,J = 7.6 Hz, 2H), 7.26 (d, J = 7.6 Hz, 1H), 7.14 — 7.06 (m, 1H), 3.51 (t,J = 7.3
Hz, 2H), 3.24 (t, J = 7.3 Hz, 2H). 3C NMR (100 MHz, Chloroform-d) & 199.3, 160.7,
149.2, 136.9, 136.4, 133.0, 128.6, 128.1, 123.4, 121.3, 37.8, 32.1. HRMS (ESI)
Calculated for C14H14NO™ ([M+H]"): 212.1070, found: 212.1073.

o)
N
| N
. =

1-(4-fluorophenyl)-3-(pyridin-2-yl)propan-1-one 3e

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3e, (75%, 34.4 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.51 (d, J =4.8 Hz, 1H), 8.12 - 7.87 (m, 2H), 7.60 (t, J = 7.7 Hz, 1H),
7.26 (d,J =9.9 Hz, 1H), 7.17 - 7.05 (m, 3H), 3.49 (t,J = 7.2 Hz, 2H), 3.23 (t, J = 7.2
Hz, 2H). 3*C NMR (100 MHz, Chloroform-d) & 197.8, 165.7 (d, J = 254.5 Hz), 160.5,
149.2, 136.4, 133.3 (d, J = 3.1 Hz), 130.7 (d, J = 9.2 Hz), 123.4, 121.3, 115.6 (d, J =
21.8 Hz), 37.7, 32.0. HRMS (ESI) Calculated for C14H;3FNO"™ ([M+H]"): 230.0976,
found: 230.0976.



Cl
1-(4-chlorophenyl)-3-(pyridin-2-yl)propan-1-one 3f

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3f, (70%, 34.3 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.51 (d, J =4.8 Hz, 1H), 7.94 (d, J = 9.1 Hz, 2H), 7.68 - 7.51 (m, 1H),
7.42 (d,J =13.4 Hz, 2H), 7.31 - 7.20 (m, 1H), 7.15 - 7.06 (m, 1H), 3.48 (t,J = 7.2 Hz,
2H), 3.23 (t,J = 7.2 Hz, 2H). 3*C NMR (100 MHz, Chloroform-d) § 198.1, 160.4, 149.2,
139.4,136.4, 135.2,129.5,128.9, 123.4, 121.3,37.7, 31.9. HRMS (ESI) Calculated for
CisHi3CINO™ (IM+H]"): 246.0680, found: 246.068]1.

0]
N

N

Br Z

1-(4-bromophenyl)-3-(pyridin-2-yl)propan-1-one 3g

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3g, (62%, 36.0 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.50 (d, J = 5.6 Hz, 1H), 7.86 (d, J = 8.6 Hz, 2H), 7.66 - 7.52 (m, 3H),
7.25(d,J =7.8 Hz, 1H), 7.16 - 7.06 (m, 1H), 3.47 (t,J = 7.2 Hz, 2H), 3.23 (t, J = 7.2
Hz, 2H). *C NMR (100 MHz, Chloroform-d) § 198.3, 160.4, 149.2, 136.4, 135.6, 131.9,
129.6, 128.2, 123.4, 121.3, 37.7, 31.9. HRMS (ESI) Calculated for CisH;3BrNO"
([M+H]%): 290.0175, found: 290.0176.

O
N

N

| =

1-(4-iodophenyl)-3-(pyridin-2-yl)propan-1-one 3h

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
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h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3h, (52%, 35.1 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 8.50 (d, J = 5.5 Hz, 1H), 7.81 (d, J = 10.6 Hz, 2H), 7.70 (d, J = 8.6
Hz, 2H), 7.59 (d, J = 15.3 Hz, 1H), 7.33 - 7.21 (m, 1H), 7.16 - 7.07 (m, 1H), 3.46 (t, J
= 7.2 Hz, 2H), 3.23 (t, J = 7.2 Hz, 2H). 3C NMR (100 MHz, Chloroform-d) § 198.6,
160.4, 149.2, 137.9, 136.4, 136.2, 129.5, 123.4, 121.3, 101.0, 37.6, 31.9. HRMS (ESI)
Calculated for C1sH;3INO™ ([M+H]"): 338.0036, found: 338.0037.

Me
3-(pyridin-2-yl)-1-(m-tolyl)propan-1-one 3i

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3i, (78%. 35.1 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 8.52 (d,J =4.3 Hz, 1H), 7.79 (d, J = 7.9 Hz, 2H), 7.58 (d, J = 5.9 Hz,
1H), 7.37 - 7.31 (m, 2H), 7.26 (d, J = 8.4 Hz, 1H), 7.16 - 7.05 (m, 1H), 3.50 (t,J =7.3
Hz, 2H), 3.23 (t, J = 7.3 Hz, 2H), 2.39 (s, 3H). *C NMR (100 MHz, Chloroform-d) &
199.5,160.8, 149.2, 138.3, 136.9, 136.4, 133.8, 128.6, 128.4, 125.3, 123.4, 121.2, 37.9,
32.1, 21.4. HRMS (ESI) Calculated for CisHisNO™ ([M+H]"): 226.1226, found:
226.1228.

/

NHBoc
tert-butyl (3-(3-(pyridin-2-yl)propanoyl)phenyl)carbamate 3j

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3j, (74%, 48.4 mg), yellowish solid, mp: 145 — 147 °C. 'H
NMR (400 MHz, Chloroform-d) 6 8.50 (d, J = 4.8 Hz, 1H), 7.91 (s, 1H), 7.72 - 7.56
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(m, 3H), 7.35 (t, J = 7.9 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 7.12 - 7.08 (m, 1H), 6.97
(brs, 1H), 3.48 (t, J = 7.3 Hz, 2H), 3.22 (t, J = 7.3 Hz, 2H), 1.51 (s, 9H). '3C NMR
(100 MHz, Chloroform-d) & 199.0, 160.6, 152.8, 149.1, 139.0, 137.5, 136.5, 129.2,
123.4, 123.0, 122.6, 121.3, 117.9, 80.8, 38.0, 32.0, 28.3. HRMS (ESI) Calculated for
C1oH23N,05" ([M+H]Y): 327.1703, found: 327.1704.

0]

/

CHO

3-(3-(pyridin-2-yl)propanoyl)benzaldehyde 3k

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3k, (61%, 29.2 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) & 10.08 (s, 1H), 8.57 - 8.40 (m, 2H), 8.26 (d, J = 9.3 Hz, 1H), 8.08 (d, J
=7.6 Hz, 1H), 7.69 - 7.54 (m, 2H), 7.32 - 7.22 (m, 1H), 7.12 (dd, J = 7.2, 5.1 Hz, 1H),
3.57 (t,J = 7.2 Hz, 2H), 3.28 (t,J = 7.2 Hz, 2H). *C NMR (100 MHz, Chloroform-d)
0 198.3, 191.5, 160.2, 149.2, 137.7, 136.6, 136.4, 133.6, 133.3, 129.6, 129.5, 123.4,
121.4,37.8,31.8. HRMS (ESI) Calculated for C1sH1sNO," ([M+H]"): 240.1019, found:
240.1018.

N

N

=

COOMe )
methyl 3-(3-(pyridin-2-yl)propanoyl)benzoate 3l

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 31, (50%, 26.9 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 8.64 (s, 1H), 8.51 (d,J = 5.7 Hz, 1H), 8.23 - 8.17 (m, 2H), 7.66- 7.49
(m, 2H), 7.27 (d, J = 8.6 Hz, 1H), 7.11 (dd, J = 7.5, 4.9 Hz,1H), 3.95 (s, 3H), 3.56 (t, J
= 7.2 Hz, 2H), 3.26 (t, J = 7.2 Hz, 2H). 3C NMR (100 MHz, Chloroform-d) & 198.5,
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166.3,160.4,149.2, 137.1, 136.4, 133.8, 132.2, 130.7, 129.2, 128.8, 123.4, 121.3, 52 .4,
37.8, 31.9. HRMS (ESI) Calculated for CicHisNO3™ ([M+H]"): 270.1125, found:
270.1126.

N

AN

Me Z

3-(pyridin-2-yl)-1-(o-tolyl)propan-1-one 3m

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3m, (70%, 31.5 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) ¢ 8.50 (d, 1H, 4.1 Hz), 7.69 (d, J = 7.7 Hz, 1H), 7.59 (td, J = 7.7, 1.8
Hz, 1H), 7.34 (d, J = 8.7 Hz, 1H), 7.23 (t, J = 7.4 Hz, 3H), 7.10 (t, J = 7.6 Hz, 1H),
3.41 (t,J = 7.1 Hz, 2H), 3.22 (t, J = 7.2 Hz, 2H), 2.46 (s, 3H). *C NMR (100 MHz,
Chloroform-d) ¢ 203.4, 160.6, 149.2, 138.0 (2C), 136.4, 131.8, 131.2, 128.5, 125.6,
123.3, 121.2, 40.6, 32.2, 21.2. HRMS (ESI) Calculated for CisHicNO" ([M+H]"):
226.1226, found: 226.1227.

O
N

AN

OAc =

2-(3-(pyridin-2-yl)propanoyl)phenyl acetate 3n

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3n, (64%, 34.4 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) & 8.50 (d, J = 5.5 Hz, 1H), 7.84 (dd, J = 7.8, 1.6 Hz, 1H), 7.65 - 7.45
(m, 2H), 7.35 - 7.28 (m, 1H), 7.22 (d, J = 7.8 Hz, 1H), 7.12 - 7.08 (m, 1H), 3.41 (t, J =
7.3 Hz, 2H), 3.19 (t, J = 7.3 Hz, 2H), 2.32 (s, 3H). '*C NMR (100 MHz, Chloroform-
d) 6 199.3,169.6, 160.4, 149.2, 148.6, 136.3, 133.1, 130.9, 129.9, 126.0, 123.8, 123.3,
121.3, 40.5, 32.0, 21.2. HRMS (ESI) Calculated for Ci1sHisNO3" ([M+H]"): 270.1125,
found: 270.1127.
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2-(3-(pyridin-2-yl)propanoyl)phenyl 4-methylbenzenesulfonate 30

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3o, (52%, 39.6 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.48 (d, J =4.2 Hz, 1H), 7.68 (d, J = 8.3 Hz, 2H), 7.63 - 7.53 (m, 2H),
7.41 (td, J=17.8, 1.8 Hz, 1H), 7.30 (dd, J = 15.8, 8.2 Hz, 3H), 7.20 (d, J = 7.8 Hz, 1H),
7.15 - 7.04 (m, 2H), 3.32 (t, J = 7.3 Hz, 2H), 3.13 (t,J = 7.3 Hz, 2H), 2.43 (s, 3H). 1*C
NMR (100 MHz, Chloroform-d) 6 199.8, 160.4, 149.1, 146.6, 145.8, 136.3, 134.0,
132.4,132.0, 130.0, 129.9, 128.6, 127.2, 123.4, 123.2, 121.2, 41.6, 32.1, 21.8. HRMS
(ESI) Calculated for C21H20NO4S™ ([M+H]"): 382.1108, found: 382.1109.

HO %

1-(4-(hydroxymethyl)phenyl)-3-(pyridin-2-yl)propan-1-one 3p

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3p, (68%, 32.8 mg), yellowish solid, mp: 112—114 °C. 'H
NMR (400 MHz, Chloroform-d) 6 8.48 (d, J = 4.9 Hz, 1H), 7.90 (d, J = 8.3 Hz, 2H),
7.61 (td,J =7.7, 1.8 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.3 Hz, 1H), 7.17
-7.07 (m, 1H), 4.76 (s, 2H), 3.41 (t,J = 7.4 Hz, 2H), 3.20 (t,J = 7.3 Hz, 2H). *C NMR
(100 MHz, Chloroform-d) ¢ 198.8, 160.7, 149.0, 146.6, 136.6, 135.8, 128.3, 126.5,
123.5, 121.4, 64.3, 38.0, 32.0. HRMS (ESI) Calculated for CisHisNO>" ([M+H]"):
242.1176, found: 242.1176.

0
/\/O N\

1-(3-(allyloxy)phenyl)-3-(pyridin-2-yl)propan-1-one 3q
11



The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3q, (65%, 34.7 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 8.51 (d, J = 4.8 Hz, 1H), 7.65 - 7.56 (m, 2H), 7.54 - 7.51 (m, 1H), 7.35
(t,J=7.9Hz, 1H), 7.26 (d,J = 9.0 Hz, 1H), 7.11 (dd, J = 9.5, 3.2 Hz, 2H), 6.14 - 5.96
(m, 1H), 5.42 (dd, J = 17.3, 1.5 Hz, 1H), 5.30 (dd, J = 10.5, 1.3 Hz, 1H), 4.58 (dt, J =
5.3, 1.4 Hz, 2H), 3.49 (t,J = 7.2 Hz, 2H), 3.23 (t,J = 7.2 Hz, 2H). >*C NMR (100 MHz,
Chloroform-d) 6 199.1, 160.7, 158.8, 149.2, 138.2, 136.4, 132.9, 129.6, 123.4, 121.2,
120.9, 120.2, 117.9, 113.2, 68.9, 37.9, 32.1. HRMS (ESI) Calculated for C17H;sNO>"
([M+H]"): 268.1332, found: 268.1334.

O
o Ny
|

=

1-(3-(prop-2-yn-1-yloxy)phenyl)-3-(pyridin-2-yl)propan-1-one 3r

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3r, (71%, 37.6 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.51 (d, J = 5.7 Hz, 1H), 7.70 - 7.53 (m, 3H), 7.38 (t,J = 7.9 Hz, 1H),
7.26 (d,J =9.0Hz, 1H), 7.17 (dd, J = 9.1, 2.7 Hz, 1H), 7.11 (dd, J = 7.9, 5.4 Hz, 1H),
4.73 (d,J = 2.4 Hz, 2H), 3.50 (t,J = 7.2 Hz, 2H), 3.23 (t, J = 7.2 Hz, 2H), 2.54 (t, J =
2.4 Hz, 1H). '3C NMR (100 MHz, Chloroform-d) & 198.9, 160.6, 157.7, 149.2, 138.3,
136.4, 129.7, 123.4, 121.6, 121.3, 120.3, 113.5, 78.1, 75.9, 56.0, 37.9, 32.0. HRMS
(ESTI) Calculated for C17H16NO>" ([M+H]"): 266.1176, found: 266.1177.

O
N
|\
T ¢

1-(naphthalen-2-yl)-3-(pyridin-2-yl)propan-1-one 3s

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl

acetate, 10/1-4/1) to afford 3s, (55%, 28.7 mg), yellowish oil. 'H NMR (400 MHz,
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Chloroform-d) & 8.54 (d, J = 6.4 Hz, 2H), 8.06 (dd, J = 8.6, 1.7 Hz, 1H), 7.95 (d, J =
8.0 Hz, 1H), 7.90 - 7.82 (m, 2H), 7.66 - 7.49 (m, 3H), 7.29 (d, J = 7.8 Hz, 1H), 7.12
(dd, J = 7.8, 5.4 Hz, 1H), 3.65 (t, J = 7.3 Hz, 2H), 3.31 (t, J = 7.3 Hz, 2H). 13C NMR
(100 MHz, Chloroform-d) & 199.3, 160.8, 149.2, 136.4, 135.6, 134.2, 132.5, 129.8,
129.6, 128.4, 127.8, 126.7, 123.9, 123.5, 121.3, 37.9, 32.2. HRMS (ESI) Calculated for
C1sH16NO" ([M+H]"): 262.1226, found: 262.1228.

= 0>
O]
1-(benzo[d][1,3]dioxol-5-yl)-3-(pyridin-2-yl)propan-1-one 3t

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3t, (62%, 31.6 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.51 (d, J = 4.8 Hz, 1H), 7.74 - 7.50 (m, 2H), 7.46 (d,J = 1.7 Hz, 1H),
7.26 (t,J =7.8 Hz, 1H), 7.11 (d,J = 5.1 Hz, 1H), 6.83 (d, J = 8.2 Hz, 1H), 6.02 (s, 2H),
3.42 (t,J = 7.3 Hz, 2H), 3.21 (t, J = 7.3 Hz, 2H). 3C NMR (100 MHz, Chloroform-d)
0 197.4, 160.8, 151.7, 149.2, 148.1, 136.5, 131.8, 124.3, 123.4, 121.2, 107.9, 107.8,
101.8,37.6, 32.4. HRMS (ESI) Calculated for CisH4NO3* ((M+H]"): 256.0968, found:
256.0969.

1-(furan-2-yl)-3-(pyridin-2-yl)propan-1-one 3u

The reaction was carried out according to the general procedure on 0.2 mmol scale (36
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3u, (64%, 25.7 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) & 8.51 (d, J = 4.8 Hz, 1H), 7.59 (dd, J = 15.3, 1.8 Hz, 2H), 7.34 - 7.17
(m, 2H), 7.11 (dd, J = 6.9, 5.4 Hz, 1H), 6.51 (dd, J = 3.6, 1.7 Hz, 1H), 3.35 (t, /= 7.3
Hz, 2H), 3.22 (t, J = 7.3 Hz, 2H). '*C NMR (100 MHz, Chloroform-d) & 188.5, 160.4,

152.6, 149.2, 146.3, 136.4, 123.3, 121.3, 117.1, 112.1, 37.6, 31.8. HRMS (ESI)
13



Calculated for C12Hi2NO;" ([M+H]"): 202.0863, found: 202.0864.

3-(pyridin-2-yl)-1-(thiophen-2-yl)propan-1-one 3v

The reaction was carried out according to the general procedure on 0.2 mmol scale (36
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3v, (68%, 29.5 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.52 (d,J = 5.6 Hz, 1H), 7.75 (d, J = 4.9 Hz, 1H), 7.65 - 7.52 (m, 2H),
7.31-7.20 (m, 1H), 7.11 (dd, J = 5.0, 3.8 Hz, 2H), 3.45 (t,J = 7.3 Hz, 2H), 3.23 (t, J
=7.3 Hz, 2H). 1*C NMR (100 MHz, Chloroform-d) § 192.3, 160.4, 149.2, 144.2, 136 .4,
133.4,132.0,128.1,123.4,121.3, 38.5, 32.20. HRMS (ESI) Calculated for C1,H;2NOS"
([M+H]"): 218.0634, found: 218.0635.

O

= N\

N =

1-(isoquinolin-6-yl)-3-(pyridin-2-yl)propan-1-one 3w

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3w, (38%, 19.9 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 9.01 (dd, J = 4.2, 1.7 Hz, 1H), 8.58 - 8.48 (m, 2H), 8.36 - 8.23 (m,
2H), 8.15 (d, J = 8.9 Hz, 1H), 7.61 (td, J = 7.7, 1.8 Hz, 1H), 7.48 (dd, J = 8.3, 4.2 Hz,
1H), 7.29 (d,J = 7.8 Hz, 1H), 7.18 - 7.07 (m, 1H), 3.66 (t,J = 7.2 Hz, 2H), 3.31 (t, J =
7.2 Hz, 2H). 1*C NMR (100 MHz, Chloroform-d) & 198.7, 160.5, 152.6, 150.1, 149.2,
137.6,136.5,134.7, 130.0, 129.6, 127.7, 127.5, 123.5, 121.9, 121.4,37.9, 32.1. HRMS
(ESI) Calculated for C17H;sN2O" ([M+H]"): 263.1179, found: 263.1181.

1-(1-methyl-1H-indol-2-yl)-3-(pyridin-2-yl)propan-1-one 3x
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The reaction was carried out according to the general procedure on 0.2 mmol scale (36
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3x, (59%, 31.2 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) § 8.53 (d, J = 4.9 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.58 (td, J = 7.7,
1.8 Hz, 1H), 7.35 (d, J = 5.2 Hz, 3H), 7.24 (d, J = 7.8 Hz, 1H), 7.18 - 6.96 (m, 2H),
4.05 (s, 3H), 3.50 (t, J = 7.4 Hz, 2H), 3.24 (t, J = 7.4 Hz, 2H). 3C NMR (100 MHz,
Chloroform-d) 6 193.3, 160.7, 149.3, 140.0, 136.4, 134.7, 125.8, 123.3, 122.9, 121.3,
120.7, 111.4, 110.3, 39.0, 32.6, 32.2. HRMS (ESI) Calculated for Ci7H;7N.O"
([M+H]"): 265.1335, found: 265.1338.

0]
N

AN

Me = Me

3-(5-methylpyridin-2-yl)-1-(p-tolyl)propan-1-one 3y

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3y, (64%, 30.6 mg), yellowish solid, mp: 61 — 63 °C.'H
NMR (400 MHz, Chloroform-d) 6 8.34 (s, 1H), 7.89 (d, J = 8.1 Hz, 2H), 7.40 (d, J =
6.3 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 7.9 Hz, 1H), 3.45 (t,J = 7.3 Hz, 2H),
3.18 (t, J = 7.3 Hz, 2H), 2.40 (s, 3H), 2.28 (s, 3H). 3C NMR (100 MHz, Chloroform-
d) 6 199.1, 157.8, 149.5, 143.7, 137.0, 134.4, 130.5, 129.2, 128.2, 122.8, 38.0, 31.7,
21.6, 18.0. HRMS (ESI) Calculated for CisHisNO"™ ([M+H]"): 240.1383, found:
240.1384.

N

N

Me Z Cl

3-(5-chloropyridin-2-yl)-1-(p-tolyl)propan-1-one 3z

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3z, (75%, 38.9 mg), yellowish solid, mp: 82 - 84 °C.'H

NMR (400 MHz, Chloroform-d) 5 8.45 (s, 1H), 7.88 (d, J = 8.1 Hz, 2H), 7.56 (dd, J =
15



8.3,2.3 Hz, 1H), 7.23 (t, J = 8.4 Hz, 3H), 3.46 (t, J = 7.1 Hz, 2H), 3.20 (t, J = 7.1 Hz,
2H), 2.40 (s, 3H). '3C NMR (100 MHz, Chloroform-d) § 198.7, 159.0, 148.0, 143.9,
136.0, 134.3, 129.5, 129.3, 128.2, 124.2, 37.4, 31.4, 21.6. HRMS (ESI) Calculated for
C1sHisCINO* ([M+H]"): 260.0837, found: 260.0838.

O
N

N

Me ZCHO

6-(3-0x0-3-(p-tolyl)propyl)nicotinaldehyde 3aa

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3aa, (86%, 43.5 mg), yellowish solid, mp: 115 — 117 °C. 'H
NMR (400 MHz, Chloroform-d) & 10.06 (s, 1H), 8.95 (s, 1H), 8.08 (dd, J = 8.0, 2.2 Hz,
1H), 7.89 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.0 Hz, 1H), 7.26 (d, J = 8.7 Hz, 2H), 3.55
(t, J = 7.0 Hz, 2H), 3.33 (t, J = 7.0 Hz, 2H), 2.41 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 6 198.4, 190.5, 151.9, 144.0, 136.0, 134.2, 129.60, 129.3, 128.2, 124.0,
37.0, 32.4, 21.7. HRMS (ESI) Calculated for C16HisNO2" ([M+H]"): 254.1176, found:
254.1177.

N

N

Me = COMe

3-(5-acetylpyridin-2-yl)-1-(p-tolyl)propan-1-one 3bb

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3bb, (82%, 43.9 mg), yellowish solid, mp: 78 — 80 °C.'H
NMR (400 MHz, Chloroform-d) 6 9.06 (d, J = 1.9 Hz, 1H), 8.15 (dd, J = 8.1, 2.3 Hz,
1H), 7.89 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 8.1 Hz, 1H), 7.25 (d, J = 8.0 Hz, 2H), 3.53
(t,J = 7.0 Hz, 2H), 3.31 (t,J = 7.0 Hz, 2H), 2.60 (s, 3H), 2.40 (s, 3H). 1*C NMR (100
MHz, Chloroform-d) 6 198.5, 196.6, 165.7, 149.6, 144.0, 135.9, 134.3, 130.3, 129.3,
128.2,123.5,37.1,32.1,26.7,21.7. HRMS (ESI) Calculated for C17HisNO>" ([M+H]"):

268.1332, found: 268.1334.
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N
| N
Me = COOEt

ethyl 6-(3-o0x0-3-(p-tolyl)propyl)nicotinate 3cc

The reaction was carried out on 5 mmol scale. To a 100 mL Schlenk tube equipped with
a magnetic stir bar was added carboxylic acid (5.0 mmol, 1 equiv.), photocatalyst
Ir[dF(CF3)ppy]2(dtbbpy)PF¢ (56.1 mg, 1 mol%), K;HPO4 (174 mg, 20 mol%), and Ph3P
(1.57 g, 1.2 equiv.) and the tube was evacuated and backfilled with Ar (three times).
The ethyl 6-vinylnicotinate 2f (1.33 g, 7.5 mmol, 1.5 equiv.) in DCM/H>0 (50 mL, 4:1
v/v) were added by syringe under Ar. The tube was then sealed and was placed at a
distance (app. 5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 60 h at
room temperature. After completion, the mixture was quenched with water and
extracted with DCM (3 x 40 mL). The combined organic layer was dried over
anhydrous Na;SOs, then the solvent was removed under vacuo. The residue was
purified with chromatography column on silica gel (gradient eluent of petroleum
ether/EtOAc: 20/1 to 4/1) to give ethyl 6-(3-0x0-3-(p-tolyl)propyl)nicotinate 3cc (1.14
g, 77%) as yellowish solid, mp: 79 — 81 °C.'H NMR (400 MHz, Chloroform-d) & 9.11
(s, 1H), 8.19 (d, J = 10.3 Hz, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.1 Hz, 1H),
7.29 -7.19 (m, 2H), 4.39 (q, J = 7.1 Hz, 2H), 3.51 (t,J = 7.1 Hz, 2H), 3.29 (t, J = 7.1
Hz, 2H), 2.40 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, Chloroform-d) &
198.5, 165.4, 150.5, 143.9, 137.3, 134.3, 129.3, 128.2, 124.0, 123.1, 61.2, 37.2, 32.2,
21.6, 14.3. HRMS (ESI) Calculated for CisHisNO"™ ([M+H]"): 298.1438, found:
298.1439.

N

~N

Me F3C Z

1-(p-tolyl)-3-(3-(trifluoromethyl)pyridin-2-yl)propan-1-one 3dd

The reaction was carried out according to the general procedure on 0.2 mmol scale (48

h). The residue was purified by flash column chromatography (petroleum ether: ethyl
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acetate, 10/1-4/1) to afford 3dd, (84%, 49.2 mg), yellowish solid, mp: 90 — 92 °C. 'H
NMR (400 MHz, Chloroform-d) 6 8.63 (d, J = 4.6 Hz, 1H), 8.15 - 7.81 (m, 3H), 7.27 -
7.21 (m, 3H), 3.52 (t, J = 8.3 Hz, 2H), 3.44 (t,J = 8.3 Hz, 2H), 2.41 (s, 3H). °C NMR
(100 MHz, Chloroform-d) & 198.5, 159.1, 151.7, 143.7, 134.5, 133.9 (q, J = 5.3 Hz),
129.2, 128.2, 124.7 (q, J = 31.6 Hz), 124.0 (q, J = 272.3 Hz), 120.7, 36.5, 29.1, 21.6.
HRMS (ESI) Calculated for Ci6HisFsNO™ ([M+H]"): 294.1100, found: 294.1102.

@)
N

N

Me =

Br
3-(4-bromopyridin-2-yl)-1-(p-tolyl)propan-1-one 3ee

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3ee, (73%, 44.2 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) & 8.31 (d, J = 5.3 Hz, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.46 (s, 1H), 7.26
(dd, J = 13.6, 7.6 Hz, 3H), 3.47 (t, J = 7.2 Hz, 2H), 3.20 (t, J = 7.2 Hz, 2H), 2.40 (s,
3H). *C NMR (100 MHz, Chloroform-d) § 198.5, 162.5, 149.9, 143.9, 134.3, 133.0,
129.3,128.2, 126.7, 124.6, 37.3, 31.8, 21.7. HRMS (ESI) Calculated for CsH;sBrNO"
([M+H]"): 304.0332, found: 304.0334.

0]

Me
3-(6-methoxypyridin-2-yl)-1-(p-tolyl)propan-1-one 3ff

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3ff, (50%, 25.5 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 7.91 (d, J = 8.2 Hz, 2H), 7.46 (t,J = 7.7 Hz, 1H), 7.25 (d, J = 8.4 Hz,
2H), 6.79 (d, J = 7.2 Hz, 1H), 6.53 (d, J = 8.2 Hz, 1H), 3.82 (s, 3H), 3.44 (t, J = 7.2
Hz, 2H), 3.16 (t, J = 7.2 Hz, 2H), 2.41 (s, 3H). *C NMR (100 MHz, Chloroform-d) &
199.3, 163.7, 158.4, 143.7, 138.8, 134.6, 129.2, 128.2, 115.5, 107.6, 53.1, 37.2, 31.8,
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21.6. HRMS (ESI) Calculated for C16HisNO>" ((M+H]"): 256.1332, found: 256.1335.

Me

3-(6-bromopyridin-2-yl)-1-(p-tolyl)propan-1-one 3gg

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3gg, (42%, 25.5 mg), yellowish solid, mp: 76 — 78 °C.'H
NMR (400 MHz, Chloroform-d) ¢ 7.88 (d, J = 8.1 Hz, 2H), 7.44 (t, J = 7.7 Hz, 1H),
7.34 —7.19 (m, 4H), 3.46 (t, J = 7.1 Hz, 2H), 3.20 (t,J = 7.1 Hz, 2H), 2.40 (s, 3H)."*C
NMR (100 MHz, Chloroform-d) ¢ 198.6, 162.6, 143.9, 141.6, 138.7, 134.3, 129.3,
128.2, 125.6, 122.3, 37.6, 31.8, 21.7. HRMS (ESI) Calculated for C;sH;sBrNO*
([M+H]"): 304.0332, found: 304.0333.

O

X

N
Me &

3-(pyridin-4-yl)-1-(p-tolyl)propan-1-one 3hh

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3hh, (68%, 30.6 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) 6 8.52 (d, J = 5.9 Hz, 2H), 7.85 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.2 Hz,
2H), 7.20 (d, J = 5.9 Hz, 2H), 3.30 (t, J = 7.4 Hz, 2H), 3.08 (t, J = 7.4 Hz, 2H), 2.41
(s, 3H). *C NMR (100 MHz, Chloroform-d) § 197.9, 150.7, 149.6, 144.2, 134.1, 129.4,
128.1, 124.0, 38.7, 29.3, 21.7. HRMS (ESI) Calculated for CisHisNO™ ([M+H]"):
226.1226, found: 226.1228.

(0]
N
PhACe
Me Z

3-(quinolin-2-yl)-1-(p-tolyl)propan-1-one 3ii

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
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h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3ii, (52%, 28.6 mg), yellowish solid, mp: 110 — 112 °C.'H
NMR (400 MHz, Chloroform-d) ¢ 8.06 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.5 Hz, 1H),
7.93 (d,J =8.2 Hz,2H), 7.77 (d, J = 8.1 Hz, 1H), 7.69 — 7.62 (m, 1H), 7.47 (t,J = 7.5
Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H), 7.25 (d, J = 7.5 Hz, 2H), 3.60 (t, J = 7.2 Hz, 2H),
3.43 (t, J = 7.1 Hz, 2H), 2.40 (s, 3H). '3*C NMR (100 MHz, Chloroform-d) & 161.3,
147.9,143.7,136.2, 134.6, 129.3, 129.2, 128.8, 128.3, 127.5, 126.8, 125.8, 122.0, 37.5,
32.8, 21.7. HRMS (ESI) Calculated for CioHi;sNO* ([M+H]"): 276.1383, found:
276.1385.

3-(isoquinolin-1-yl)-1-(p-tolyl)propan-1-one 3jj

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3jj, (49%, 27.0 mg), yellowish solid, mp: 105 — 107 °C 'H
NMR (400 MHz, Chloroform-d) 6 8.40 (d, J = 5.7 Hz, 1H), 8.26 (d, J = 8.3 Hz, 1H),
7.96 (d,J = 9.6 Hz, 2H), 7.81 (d, J = 8.1 Hz, 1H), 7.64 (dt, J = 24.8, 7.3 Hz, 2H), 7.51
(d,J =4.9 Hz, 1H), 7.26 (d, J = 6.9 Hz, 2H), 3.76 (t, J = 6.8 Hz, 2H), 3.65 (t, J = 6.8
Hz, 2H), 2.41 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 199.3, 160.2, 143.7, 141.7,
136.1, 134.6, 129.9, 129.2, 128.3, 127.4, 127.2, 127.1, 125.1, 119.4, 36.6, 28.6, 21.7.
HRMS (ESI) Calculated for C1oHisNO™ ((M+H]"): 276.1383, found: 276.1384.

(@)
@JVY NSO
N
Me \g/
O\

3-(4,6-dimethoxypyrimidin-2-yl)-1-(p-tolyl)propan-1-one 3kk

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3Kk, (87%, 49.7 mg), yellowish oil. '"H NMR (400 MHz,
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Chloroform-d) & 7.93 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 7.7 Hz, 2H), 5.83 (s, 1H), 3.82
(s, 6H), 3.47 (1, J = 6.9 Hz, 2H), 3.26 (t, J = 6.9 Hz, 2H), 2.41 (s, 3H). '3C NMR (100
MHz, Chloroform-d) § 199.0, 171.3, 169.1, 143.6, 134.7, 129.2, 128.2, 86.9, 53.8, 35.3,
32.9, 21.6. 3C NMR (100 MHz, Chloroform-d) § 199.0, 171.3, 169.1, 143.6, 134.7,
129.2, 128.2, 86.9, 53.8, 35.3, 32.9, 21.6. HRMS (ESI) Calculated for CisH1oN2O5"
(IM+H]"): 287.1390, found: 287.1391.

| X

N
o =
l l OMe
Me OMe

3-(3,4-dimethoxyphenyl)-3-(pyridin-2-yl)-1-(p-tolyl)propan-1-one 3l

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 311, (43%, 31.0 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.49 (d, J = 2.5 Hz, 1H), 7.89 (d, J = 8.1 Hz, 2H), 7.54 (t, J = 7.7 Hz,
1H), 7.22 (t,J = 8.6 Hz, 3H), 7.09 - 7.00 (m, 1H), 6.90 (d, J = 12.4 Hz, 2H), 6.77 (d, J
=8.1 Hz, 1H), 4.84 (t,J = 7.0 Hz, 1H), 4.25 (dd, J = 18.4, 7.5 Hz, 1H), 3.84 - 3.80 (m,
6H), 3.54 - 3.49 (m, 1H), 2.37 (s, 3H). 3C NMR (100 MHz, Chloroform-d) § 198.4,
162.6,148.9, 148.8,147.7,143.7, 136.5, 136.3, 134.7,129.2, 128.3, 123.8, 121.4, 120.0,
111.4, 111.2, 55.9, 55.8, 47.7, 43.9, 21.6. HRMS (ESI) Calculated for C23H24NO3"
(IM+H]"): 362.1751, found: 362.1752.

(0] Me
N
| AN
Me =

3-(pyridin-2-yl)-1-(p-tolyl)butan-1-one 3mm

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3mm, (70%, 33.5 mg), yellowish oil. "H NMR (400 MHz,
Chloroform-d) 6 8.50 (d, J =4.7 Hz, 1H), 7.87 (d, J = 6.7 Hz, 2H), 7.68 - 7.53 (m, 1H),
7.29-7.16 (m, 3H), 7.13 - 7.01 (m, 1H), 3.66 - 3.60 (m, 2H), 3.26 - 3.08 (m, 1H), 2.38
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(s, 3H), 1.37 (d, J = 6.6 Hz, 2H). 1*C NMR (100 MHz, Chloroform-d) & 198.9, 165.1,
149.1, 143.7, 136.4, 134.7, 129.2, 128.3, 122.5, 121.3, 44.8, 37.3, 21.6, 21.1. HRMS
(ESI) Calculated for Ci6H;sNO™ ([M+H]"): 240.1383, found: 240.1385.

Me I I

3-phenyl-3-(pyridin-2-yl)-1-(p-tolyl)propan-1-one 3nn

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3nn, (80%, 48.2 mg), yellowish oil. '"H NMR (400 MHz,
Chloroform-d) ¢ 8.48 (d, J = 5.6 Hz, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.52 (td, J = 7.7,
1.8 Hz, 1H), 7.36 (d, J = 7.4 Hz, 2H), 7.31 - 7.14 (m, 6H), 7.04 (dd, J = 6.9, 5.4 Hz,
1H), 4.89 (dd, J = 8.7, 5.5 Hz, 1H), 4.31 (dd, J = 17.5, 8.7 Hz, 1H), 3.50 (dd, J = 17.5,
5.4 Hz, 1H), 2.37 (s, 3H). 3*C NMR (100 MHz, Chloroform-d) & 198.3, 162.4, 148.9,
143.8, 143.7, 136.4, 134.7, 129.2, 128.6, 128.3, 128.1, 126.6, 123.9, 121.4, 48.1, 43.8,
21.6. HRMS (ESI) Calculated for C21H20NO* ([M+H]"): 302.1539, found: 302.1541.

l\
N~

(0]
Aol
Me
CF5

3-(3,5-bis(trifluoromethyl)phenyl)-3-(pyridin-2-yl)-1-(p-tolyl)propan-1-one 300

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 300, (89%, 77.8 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.54 (d, J = 4.6 Hz, 1H), 7.95 - 7.82 (m, 4H), 7.71 (s, 1H), 7.59 (t, J
=7.7Hz, 1H), 7.25 (dd, J = 17.4, 7.9 Hz, 3H), 7.16 - 7.07 (m, 1H), 5.00 (dd, J = 8.0,
5.9 Hz, 1H), 4.30 (dd, J = 17.7, 8.2 Hz, 1H), 3.57 (dd, J = 17.7, 5.8 Hz, 1H), 2.39 (s,
3H). 3C NMR (100 MHz, Chloroform-d) § 197.2, 160.6, 149.5, 146.1, 144.1, 136.8,

134.2,131.7 (q, J = 33.1 Hz), 129.3, 128.5, 128.5, 128.3, 123.8, 123.3 (q, J = 273.1
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Hz), 122.1, 121.1 - 120.5 (m), 47.7, 43.9, 21.6. HRMS (ESI) Calculated for
CasHisFNO™ ([M+HT): 438.1287, found: 438.1288.

Me EOC
PPy
(@]
N

=
s

tert-butyl 5-(3-oxo-1-(pyridin-2-yl)-3-(p-tolyl)propyl)-1H-
indole-1-carboxylate, 3pp

The reaction was carried out according to the general procedure on 0.2 mmol scale (60
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3pp, (56%, 49.3 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) & 8.49 (d, J = 5.7 Hz, 1H), 8.05 (s, 1H), 7.90 (d, J = 8.2 Hz, 2H), 7.59
- 7.44 (m, 3H), 7.33 (d, J = 8.6 Hz, 1H), 7.24 - 7.12 (m, 3H), 7.07 - 6.96 (m, 1H), 6.49
(d,J=3.6 Hz, 1H), 5.00 (dd, J = 8.4, 5.7 Hz, 1H), 4.35 (dd, J = 17.5, 8.5 Hz, 1H), 3.57
(dd,J =17.5,5.7 Hz, 1H), 2.36 (s, 3H), 1.63 (s, 9H). 3*C NMR (100 MHz, Chloroform-
d) 5 198.4,162.9, 149.8, 148.8, 143.6, 138.2, 136.4, 134.8, 134.0, 130.9, 129.2, 128.3,
126.2, 124.5, 123.9, 121.3, 120.3, 115.3, 107.4, 83.6, 47.9, 44.1, 28.2, 21.6. HRMS
(ESI) Calculated for C2gH20N203" ([M+H]"): 441.2173, found: 441.2175.

Me e)
1)
O/N

U

3-(benzofuran-5-yl)-3-(pyridin-2-yl)-1-(p-tolyl)propan-1-one, 3qq

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3qq, (68%, 46.5 mg), yellowish oil. 'H NMR (400 MHz,
Chloroform-d) & 8.49 (d, J = 4.8 Hz, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.59 (s, 1H), 7.56
- 7.47 (m, 2H), 7.39 (d, J = 8.5 Hz, 1H), 7.30 (dd, J = 8.5, 1.8 Hz, 1H), 7.22 (dd, J =
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14.8, 7.9 Hz, 3H), 7.03 (dd, J = 8.4, 4.9 Hz, 1H), 6.67 (dd, J = 2.1, 0.7 Hz, 1H), 5.00
(dd, J = 8.5, 5.6 Hz, 1H), 4.34 (dd, J = 17.5, 8.5 Hz, 1H), 3.56 (dd, J = 17.5, 5.6 Hz,
1H), 2.36 (s, 3H). 13C NMR (100 MHz, Chloroform-d) § 198.3, 162.8, 153.9, 148.9,
145.3,143.7,138.4,136.4, 134.7,129.2, 128.3, 127.7, 124.6, 123.9, 121.4, 120.5, 111 4,
106.7, 47.9, 44.3, 21.6. HRMS (ESI) Calculated for C23H20NO," ((M+H]"): 342.1489,
found: 342.1490.

PO

3-(naphthalen-2-yl)-3-(pyridin-2-yl)-1-(p-tolyl)propan-1-one 3rr

The reaction was carried out according to the general procedure on 0.2 mmol scale (60

h). The residue was purified by flash column chromatography (10:1 petroleum ether:

ethyl acetate) to afford 3rr, (62%, 43.5 mg), yellowish solid, mp: 147 — 149 °C. 'H
NMR (400 MHz, Chloroform-d) ¢ 8.51 (d, J = 4.8 Hz, 1H), 7.90 (d, J = 8.2 Hz, 2H),

7.82 -7.72 (m, 4H), 7.57 - 7.36 (m, 4H), 7.28 — 7.19(m, 3H), 7.10 - 6.98 (m, 1H), 5.07
(dd, J = 8.5, 5.6 Hz, 1H), 4.40 (dd, J = 17.5, 8.5 Hz, 1H), 3.60 (dd, J = 17.5, 5.5 Hz,
1H), 2.37 (s, 3H). '*C NMR (100 MHz, Chloroform-d) & 198.2, 162.3, 148.9, 143.7,
141.2,136.4,134.7,133.6,132.3, 129.2, 128.3, 127.8, 127.6, 126.5, 126.0, 125.6, 124.0,
121.4, 48.2, 43.7, 21.7. HRMS (ESI) Calculated for C2sH22NO™ ([M+H]"): 352.1696,
found: 352.1698.

N\ Me
\ / O

(2-(pyridin-2-yl)cyclopentyl)(p-tolyl)methanone 3ss

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3ss (32.3 mg, 61%, d.r. = 3.8/1), yellowish oil. Major
product (trans diastereomer): 'H NMR (400 MHz, Chloroform-d) § 8.28 (d, J = 4.7 Hz,
1H), 7.63 (d, J = 8.1 Hz, 2H), 7.39 (t, J = 8.4 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.04
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(d,J=7.9 Hz, 1H), 6.89 (dd, J = 7.3, 5.0 Hz, 1H), 4.33 (q, J = 8.0 Hz, 1H), 3.71 (q, J
= 8.5 Hz, 1H), 2.33 (s, 3H), 2.28 - 2.17 (m, 3H), 2.14 - 2.02 (m, 2H), 1.91 - 1.75 (m,
1H). 1*C NMR (100 MHz, Chloroform-d) § 202.2, 162.0, 148.5, 142.9, 135.8, 135.3,
128.8, 128.3, 122.1, 121.0, 52.0, 50.4, 31.3, 29.3, 24.8, 21.5. HRMS (ESI) Calculated
for CisHNO™ ([M+H]"): 266.1539, found: 266.1538. Minor product (cis
diastereomer): 'H NMR (400 MHz, Chloroform-d) & 8.53 (d, J = 4.8 Hz, 1H), 7.79 (d,
J =8.2 Hz, 2H), 7.50 (td, J = 7.7, 1.9 Hz, 1H), 7.20 - 7.16 m, 3H), 7.06 (dd, J = 8.6,
4.9 Hz, 1H), 4.26 - 4.14 (m, 1H), 3.86 - 3.70 (m, 1H), 2.36 (s, 3H), 2.33 - 2.16 (m, 2H),
2.11 - 1.95 (m, 2H), 1.94 - 1.71 (m, 2H). HRMS (ESI) Calculated for CisH2NO"
(IM+H]"): 266.1539, found: 266.1540.

N=— Me
)
\_7
(2-(pyridin-2-yl)cyclohexyl)(p-tolyl)methanone 3tt

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3tt (32.5 mg, 58%, d.r. =4.3/1), yellowish oil. Major product
(trans diastereomer): 'H NMR (400 MHz, Chloroform-d) & 8.38 (d, J = 4.2 Hz, 1H),
7.68 (d, J = 8.2 Hz, 2H), 7.52 (td, J = 7.8, 1.8 Hz, 1H), 7.29 (d, J = 7.9 Hz, 1H), 7.14
(d, J = 8.1 Hz, 2H), 6.98 (dd, J = 7.2, 5.0 Hz, 1H), 4.45 - 4.26 (m, 1H), 3.16 (dt, J =
12.1,4.2 Hz, 1H), 2.77 - 2.56 (m, 1H), 2.34 (s, 3H), 2.10 - 2.03 (m, 1H), 2.02 - 1.85 (m,
3H), 1.60 - 1.40 (m, 3H). *C NMR (100 MHz, Chloroform-d) § 202.9, 163.7, 148.4,
142.9,136.1, 135.1, 129.0, 128.2, 121.6, 121.0, 46.9, 44.9, 29.1, 26.1, 25.9, 21.6, 21.5.
HRMS (ESI) Calculated for C1sHisNO" ([M+H]"): 280.1696, found: 280.1699. Minor
product (cis diastereomer): 'H NMR (400 MHz, Chloroform-d) § 8.37 (d, J = 5.5 Hz,
1H), 7.79 (d, J = 8.2 Hz, 2H), 7.47 (td, J = 7.7, 1.8 Hz, 1H), 7.19 - 7.15 (m, 3H), 6.95
(dd,J =8.0,4.4 Hz, 1H), 4.03 - 4.00 (m, 1H), 3.39 - 3.18 (m, 1H), 2.36 (s, 3H), 2.05 -
2.00 (m, 2H), 1.94 - 1.84 (m, 2H), 1.76 - 1.73 (m, 1H), 1.53 - 1.44 (m, 3H). HRMS
(ESI) Calculated for CisH1sNO" ([M+H]"): 280.1696, found: 280.1697.
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Me

(2-(pyridin-2-yl)cyclododecyl)(p-tolyl)methanone 3uu

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3uu (34.8 mg, 48%, d.r. = 7.8/1), yellowish oil. Major
isomer : 'H NMR (400 MHz, Chloroform-d) & 8.47 (d, J = 8.2 Hz, 1H), 7.63 (d, J =
7.8 Hz, 2H), 7.41 (td, J = 7.7, 1.8 Hz, 1H), 7.16 (d, J = 8.1 Hz, 2H), 7.02 (dd, J = 7.8,
5.3 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 3.93 - 3.89 (m, 1H), 3.34 - 3.30 (m, 1H), 2.37 (s,
3H),2.32-2.19 (m, 1H), 1.96 - 1.87 (m, 1H), 1.86 - 1.68 (m, 1H), 1.67 - 1.28 (m, 17H).
3C NMR (100 MHz, Chloroform-d) § 202.4, 162.2, 148.8, 143.1, 135.7, 135.4, 129.1,
128.2,122.6,121.4,48.1,47.4,46.2,43.7,25.6,24.5,24.2,23.8,23.7,23.4,22.9,22.1,
21.6. HRMS (ESI) Calculated for C2sH34sNO' ([IM+H]"): 364.2635, found: 364.2636.

0]
Fsc/‘/\)‘\‘MMe

1-(p-tolyl)-3-(4-(trifluoromethyl)phenyl)propan-1-one 3vv

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 80/1-50/1) to afford 3vv (37.4 mg, 64%) as a white solid, mp: 98 — 100 °C. 'H
NMR (400 MHz, Chloroform-d) 6 7.85 (d, J = 8.2 Hz, 2H), 7.54 (d, J = 8.0 Hz, 1H),
7.37 (d, J=8.0 Hz, 1H), 7.25 (d, J= 8.2 Hz, 2H), 3.30 (t, /= 7.6 Hz, 2H), 3.12 (t, J =
7.6 Hz, 2H), 2.41 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 198.2, 145.6, 144.1,
134.2,129.4, 128.8, 128.1, 125.4 (q, J = 3.8 Hz), 124.3 (q, J = 272.2 Hz), 39.7, 29.9,
21.7. HRMS (ESI) Calculated for C17Hi6F30" ((M+H]"): 293.1148, found: 293.1149.
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methyl 4-(3-oxo0-3-(p-tolyl)propyl)benzoate 3ww

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3ww (37.8 mg, 67%) as a white solid, mp: 110 — 112 °C.
'"H NMR (400 MHz, Chloroform-d) & 7.97 (d, J= 8.2 Hz, 2H), 7.85 (d, J= 8.2 Hz, 2H),
7.32(d,J=8.2 Hz, 2H), 7.25 (d, J= 8.2 Hz, 2H), 3.90 (s, 3H), 3.29 (t, /= 7.6 Hz, 2H),
3.12 (t, J = 7.6 Hz, 2H), 2.41 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 198.4,
167.1, 146.9, 144.0, 134.2, 129.9, 129.3, 128.5, 128.2, 126.6, 52.0, 39.7, 30.1, 21.7.
HRMS (ESI) Calculated for Ci1sHi9O3" ((M+H]"): 283.1329, found: 283.1332.

Feaash

4-(3-0x0-3-(p-tolyl)propyl)benzonitrile 3xx

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-30/1) to afford 3xx, (68%, 33.9 mg), as a white solid, mp: 162 — 164 °C.
'H NMR (400 MHz, Chloroform-d) § 7.84 (d, J= 8.2 Hz, 2H), 7.58 (d, J= 8.2 Hz, 2H),
7.36 (d, J = 8.4 Hz, 2H), 7.26 (d, J= 8.4 Hz, 2H), 3.30 (t, /= 7.4 Hz, 2H), 3.13 (t, J =
7.4 Hz, 2H), 2.41 (s, 3H). 3*C NMR (100 MHz, Chloroform-d) & 197.9, 147.1, 144.2,
134.1, 132.3, 129.4, 129.3, 128.1, 119.0, 110.0, 39.3, 30.1, 21.7. HRMS (ESI)
Calculated for C17H1eNO™ ([M+H]"): 250.1226, found: 250.1228.

COOBn

benzyl 2-(3-ox0-3-(p-tolyl)propyl)benzoate 3yy
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The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3yy, (64%, 45.8 mg), as a white solid, mp: 112 — 114 °C.
'H NMR (400 MHz, Chloroform-d) § 7.95 (d, J= 9.0 Hz, 1H), 7.81 (d, J = 8.2 Hz, 2H),
7.41 (d,J="7.5Hz, 3H), 7.35 - 7.14 (m, 7H), 5.33 (s, 2H), 3.38 — 3.33 (m, 2H), 3.28 —
3.21 (m, 2H), 2.39 (s, 3H). 3*C NMR (100 MHz, Chloroform-d) § 198.9, 167.2, 143.6,
143.5,135.9,134.4,132.3,131.5, 131.0, 129.5, 129.2, 128.6, 128.4, 128.3, 128.2, 126.3,
66.8, 40.5, 29.4, 21.7. HRMS (ESI) Calculated for C2sH2305" ([M+H]"): 359.1642,
found: 359.1644.

(0]
Me

3-(naphthalen-2-yl)-1-(p-tolyl)propan-1-one 3zz

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 100/1-50/1) to afford 3zz (22.5 mg, 41%) as a white solid, mp: 108 — 110 °C .
"H NMR (400 MHz, Chloroform-d) & 7.88 (d, J = 8.2 Hz, 2H), 7.80 (t, /= 8.0 Hz, 3H),
7.69 (s, 1H), 7.50 — 7.35 (m, 3H), 7.25 (d, /= 7.9 Hz, 2H), 3.40 — 3.32 (m, 2H), 3.28 —
3.18 (m, 2H), 2.40 (s, 3H). '>*C NMR (100 MHz, Chloroform-d) § 198.9, 143.9, 138.9,
134.4,133.6, 132.0, 129.3, 128.2, 128.1, 127.6, 127.5, 127.2, 126.5, 126.0, 125.3, 40.3,
30.4, 21.7. HRMS (ESI) Calculated for CHi9O" ([M+H]"): 275.1430, found:
275.1432.

F O
BOOAE
F F Me

F

3-(perfluorophenyl)-1-(p-tolyl)propan-1-one 3aA

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3aA (32.7 mg, 52%) as a white solid, mp: 63 — 65 °C. 'H

NMR (400 MHz, Chloroform-d) 8 7.84 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H),
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3.27 (t, J = 7.4 Hz, 2H), 3.13 (t, J = 7.4 Hz, 2H), 2.41 (s, 3H). 3C NMR (100 MHz,
Chloroform-d) § 197.3, 146.8 — 146.1 (m), 144.3, 144.2 — 143.7 (m), 139.1 — 138.4 (m),
136.3 — 135.8 (m), 133.8, 129.4, 128.1, 37.3, 21.7, 17.2. HRMS (ESI) Calculated for
CisHaFsO* (IM+H]"): 315.0803, found: 315.0805.

3-(4-acetylphenyl)-4,4 ,4-trifluoro-1-(p-tolyl)butan-1-one 3bB

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 20/1-10/1) to afford 3bB, (79%, 52.8 mg), as a white solid, mp: 191 — 193 °C.
"H NMR (400 MHz, Chloroform-d) & 7.92 (d, J= 8.4 Hz, 2H), 7.82 (d, J= 8.4 Hz, 2H),
7.50 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 4.33 — 4.29 (m, 1H), 3.72 (dd, J =
17.8,9.7 Hz, 1H), 3.60 (dd, J = 17.8, 3.8 Hz, 1H), 2.57 (s, 3H), 2.40 (s, 3H). *C NMR
(100 MHz, Chloroform-d) 6 197.5, 194.5, 144.7, 139.8, 136.9, 133.6, 129.5, 1294,
128.7, 128.2, 126.6 (q, J = 279.6 Hz), 44.9 (q, J = 27.6 Hz), 37.9, 26.6, 21.7. HRMS
(ESI) Calculated for C1oH;sF30," ([M+H]"): 335.1253, found: 335.1255.

IO
l lMe

3,3-diphenyl-1-(p-tolyl)propan-1-one 3cC

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3¢C (43.2 mg, 72%) as a white solid, mp: 127 — 129 °C.
'H NMR (400 MHz, Chloroform-d) & 7.84 (d, J = 8.2 Hz, 2H), 7.28 — 7.20 (m, 10H),
7.19 —7.14 (m, 2H), 4.82 (t,J= 7.3 Hz, 1H), 3.71 (d, J= 7.3 Hz, 2H), 2.39 (s, 3H). 1*C
NMR (100 MHz, Chloroform-d) ¢ 197.6, 144.2, 143.9, 134.6, 129.3, 128.6, 128.2,
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127.9, 126.4, 46.0, 44.6, 21.7. HRMS (ESI) Calculated for C2H»0" ([M+H]"):
301.1587, found: 301.1588.

3-([1,1'-biphenyl]-4-yl)-3-phenyl-1-(p-tolyl)propan-1-one 3dD

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3dD (52%, 39.1 mg) as a white solid, mp: 161 — 163 °C.
"H NMR (400 MHz, Chloroform-d) & 7.86 (d, J = 8.2 Hz, 2H), 7.57 — 7.51 (m, 2H),
7.49 (d, J= 8.3 Hz, 2H), 7.39 (t, J= 7.6 Hz, 2H), 7.35 — 7.15 (m, 10H), 4.87 (t,J="7.3
Hz, 1H), 3.80 - 3.68 (m, 2H), 2.39 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 197.6,
144.2,144.0,143.4,140.9,139.2, 134.6, 129.3, 128.7, 128.6, 128.3, 128.2, 127.9, 127.3,
127.1,127.0, 126.5, 45.7, 44.6, 21.7. HRMS (ESI) Calculated for C2sH»s0" ([M+H]"):
377.1900, found: 377.1901.

SMe

OI
PORA®

3-(4-(methylthio)phenyl)-3-phenyl-1-(p-tolyl)propan-1-one 3eE

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3eE, (58%, 40.1 mg) as a white solid, mp: 111 — 113 °C.
'H NMR (400 MHz, Chloroform-d) & 7.83 (d, J = 8.2 Hz, 2H), 7.33 — 7.08 (m, 11H),
4.78 (t,J=17.3 Hz, 1H), 3.70 (dd, J=17.6, 7.8 Hz, 1H), 3.65 (dd, J=17.6, 7.8 Hz, 1H),
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2.42 (s, 3H), 2.39 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 197.5, 144.2, 144.0,
141.3, 136.1, 134.5, 129.3, 128a.6, 128.4, 128.2, 127.8, 127.0, 126.4, 45.5, 44.5, 21.7,
16.0. HRMS (ESI) Calculated for C23Ho30S* ([M+H]"): 347.1464, found: 347.1465.

I I COMe

3-(4-acetylphenyl)-3-phenyl-1-(p-tolyl)propan-1-one 3fF

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 20/1-10/1) to afford 3fF, (67%, 45.8 mg) as a white solid, mp: 141 — 143 °C.
'H NMR (400 MHz, Chloroform-d) § 7.92 — 7.78 (m, 4H), 7.36 (d, J = 8.3 Hz, 2H),
7.31—-7.16 (m, 7H), 4.88 (t, /= 7.3 Hz, 1H), 3.77 (dd, J=17.2, 7.3 Hz, 1H), 3.69 (dd,
J=17.2,7.3 Hz, 1H), 2.53 (s, 3H), 2.39 (s, 3H). 1*C NMR (100 MHz, Chloroform-d)
0 197.7, 197.4, 149.8, 144.2, 143.4, 135.4, 134.4, 129.4, 128.8, 128.7, 128.2, 128.1,
127.8,126.7,45.9, 44.2, 26.6, 21.7. HRMS (ESI) Calculated for C24H230," ((M+H]"):
343.1693, found: 343.1696.

COOMe

OI
PO

methyl 4-(3-oxo-1-phenyl-3-(p-tolyl)propyl)benzoate 3gG

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 20/1-10/1) to afford 3gG, (70%, 50.1 mg) as a white solid, mp: 165 — 167 °C.
"H NMR (400 MHz, Chloroform-d) & 7.93 (d, J= 8.4 Hz, 2H), 7.83 (d, J= 8.2 Hz, 2H),
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733 (d, J = 8.3 Hz, 2H), 7.30 — 7.15 (m, 7H), 4.88 (t, J = 7.3 Hz, 1H), 3.86 (s, 3H),
3.78 — 3.66 (m, 2H), 2.39 (s, 3H). 1*C NMR (100 MHz, Chloroform-d) & 197.2, 166.9,
149.5, 144.1, 143.5, 134.4, 129.9, 129.4, 128.7, 128.3, 128.2, 127.9 (2C), 126.7, 52.0,
46.0, 44.2, 21.7. HRMS (ESI) Calculated for C24H2303" ([M+H]"): 359.1642, found:
359.1643.

g

)

3-(4-(allyloxy)phenyl)-3-(4-fluorophenyl)-1-(p-tolyl)propan-1-one 3hH

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3hH, (43%, 32.2 mg) as a white solid, mp: 131 — 133 °C..
'"H NMR (400 MHz, Chloroform-d) & 7.83 (d, J = 8.2 Hz, 2H), 7.29 — 7.16 (m, 4H),
7.13 (d, J= 8.6 Hz, 2H), 6.94 (t, J= 8.7 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 6.28 — 5.82
(m, 1H), 5.38 (d, /= 18.8 Hz, 1H), 5.26 (d, J=10.5 Hz, 1H), 4.75 (t,J= 7.3 Hz, 1H),
4.50 — 4.46 (m, 2H), 3.64 (d, J = 7.4 Hz, 2H), 2.40 (s, 3H). 3C NMR (100 MHz,
Chloroform-d) 6 197.6, 162.5, 160.1, 157.2, 144.0, 140.3 (d, J=3.2 Hz), 1355 (d, /=
188.8 Hz), 133.3, 129.3, 129.2 (2C), 128.4 (d, J = 47.6 Hz), 117.6, 115.3 (d, J=21.2
Hz), 114.8, 68.8, 44.9, 44.5, 21.7. HRMS (ESI) Calculated for C»sH24FO>" ([M+H]"):
375.1755, found: 375.1756.
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Me I I F

3-(4-fluorophenyl)-3-(4-(prop-2-yn-1-yloxy)phenyl)-1-(p-tolyl)propan-1-one 3il

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3il, (47%, 35.0 mg) as a white solid mp: 116 — 118 °C . 'H
NMR (400 MHz, Chloroform-d) 6 7.83 (d, J = 8.2 Hz, 2H), 7.30 — 7.10 (m, 6H), 7.05
—6.79 (m, 4H), 4.76 (t, J = 7.4 Hz, 1H), 4.64 (d, J = 2.4 Hz, 2H), 3.64 (d, /= 7.4 Hz,
2H), 2.50 (t,J= 2.4 Hz, 1H), 2.40 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 197.5,
161.4 (d, J=244.6 Hz), 156.1, 144.0, 140.1, 137.2, 134.5, 129.3, 129.2 (d, /= 7.9 Hz),
128.7, 128.2, 115.3 (d, J = 21.2 Hz), 115.0, 78.6, 75.5, 55.8, 44.8, 44.4, 21.7. HRMS
(ESI) Calculated for C2sH2FO2" ([M+H]"): 373.1598, found: 373.1599.

3-(benzofuran-5-yl)-3-phenyl-1-(p-tolyl)propan-1-one 3jJ

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3jJ, (40%, 27.2 mg) as a white solid, mp: 141 — 143 °C.
"H NMR (400 MHz, Chloroform-d) § 7.85 (d, J= 8.2 Hz, 2H), 7.56 (d, J= 2.2 Hz, 1H),
7.48 (d,J=1.8 Hz, 1H), 7.39 (d, J= 8.5 Hz, 1H), 7.32 — 7.14 (m, 8H), 6.68 (d, J=3.1
Hz, 1H), 4.93 (t,J=7.3 Hz, 1H), 3.76 (d, J= 7.3 Hz, 2H), 2.40 (s, 3H). '3*C NMR (100
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MHz, Chloroform-d) & 197.7, 153.7, 145.2, 144.7, 143.9, 138.9, 134.6, 129.3, 128.6,
128.2, 127.8, 127.6, 126.3, 124.5, 120.0, 111.3, 106.6, 45.8, 45.0, 21.7. HRMS (ESI)
Calculated for C24H2102" ([M+H]"): 341.1536, found: 341.1536.

Me
O
\©\[(\)J\H
0]
4-oxo0-4-(p-tolyl)butanal 3kK

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 20/1-10/1) to afford 3kK, (51%, 18.0 mg) as colorless oil. '"H NMR (400 MHz,
Chloroform-d) ¢ 9.91 (s, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 3.31
(t, J = 6.4 Hz, 2H), 2.93 (t, J = 6.4 Hz, 2H), 2.42 (s, 3H). 3C NMR (100 MHz,
Chloroform-d) 6 200.8, 197.4, 144.2, 134.0, 129.3, 128.2,37.7, 30.9, 21.7. HRMS (ESI)
Calculated for C11H302" ([M+H]"): 177.0910, found: 177.0912.

M
© o)
Me
@]
1-(p-tolyl)hexane-1,4-dione 3IL

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 20/1-10/1) to afford 31L, (82%, 33.5 mg) as a white solid, mp: 58 — 60 °C. 'H
NMR (400 MHz, Chloroform-d) 6 7.88 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H),
3.27(t,J=6.3 Hz, 2H), 2.85 (t, /= 6.3 Hz, 2H), 2.57 (q, J= 7.3 Hz, 2H), 2.41 (s, 3H),
1.10 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 210.3, 198.4, 143.9,
134.2,129.3, 128.2, 36.1, 35.8, 32.3, 21.7, 7.9. HRMS (ESI) Calculated for Ci3H;702"
([M+H]"): 205.1223, found: 205.1224.
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B

O n

@]
benzyl 4-oxo-4-(p-tolyl)butanoate 3ImM

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 20/1-10/1) to afford 3mM, (79%, 44.6 mg) as a white solid, mp: 74 — 76 °C.
'"H NMR (400 MHz, Chloroform-d) & 7.88 (d, J = 8.2 Hz, 2H), 7.43 — 7.17 (m, 7H),
5.15 (s, 2H), 3.31 (t, J = 6.7 Hz, 2H), 2.81 (t, J = 6.7 Hz, 2H), 2.41 (s, 3H). '*C NMR
(100 MHz, Chloroform-d) 6 197.6, 172.9, 144.0, 135.9, 134.1, 129.3, 128.6, 128.2,
128.2, 66.5, 33.2, 28.3, 21.7. HRMS (ESI) Calculated for CigHi9O3" ([M+H]"):
283.1329, found: 283.1330.

O F ey

3-(phenylsulfonyl)-1-(p-tolyl)propan-1-one 3nN

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3nN (44.9 mg, 78%) as a white solid, mp: 128 — 129 °C. 'H
NMR (400 MHz, Chloroform-d) & 7.99 — 7.92 (m, 2H), 7.82 (d, J = 8.2 Hz, 2H), 7.67
(d,J=6.2 Hz, 1H), 7.58 (t, /= 7.6 Hz, 2H), 7.30 — 7.23 (m, 2H), 3.58 — 3.54 (m, 2H),
3.55—3.42 (m, 2H), 2.42 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 195.0, 144.8,
139.1, 133.9, 133.4, 129.5, 129.4, 128.2, 128.0, 51.1, 31.2, 21.7. HRMS (ESI) Calcd
for C16H1703S [M+H]": 289.0893, found: 289.0895.
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diethyl (3-oxo-3-(p-tolyl)propyl)phosphonate 300

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 4/1-1/1) to afford 300 (39.2 mg, 69%) as colorless oil. 'H NMR (400 MHz,
Chloroform-d) 6 7.88 (d, J= 8.1 Hz, 2H), 7.27 (d, /= 8.1 Hz, 2H), 4.18 — 4.08 (m, 4H),
3.35 - 3.12 (m, 2H), 2.42 (s, 3H), 2.29 — 2.04 (m, 2H), 1.33 (t, J = 7.1 Hz, 6H). 13C
NMR (100 MHz, Chloroform-d) 6 197.1 (d, J = 15.7 Hz), 144.0, 133.8, 129.4, 128.2,
61.8 (d,/J=6.4 Hz), 31.6 (d, J=3.0 Hz), 21.7, 19.8 (d, /= 144.5 Hz), 16.5 (d, J= 6.1
Hz). HRMS (ESI) Calcd for C14H2,04P [M+H]": 285.1250, found: 285.1251.

0]

mo
Me

3-(4-methylbenzoyl)cyclopentan-1-one 3pP

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3pP, (75%, 30.3 mg) as colorless oil. "H NMR (400 MHz,
Chloroform-d) 6 7.90 (d, J= 8.2 Hz, 2H), 7.30 (d, /= 8.0 Hz, 2H), 4.15 - 4.07 (m, 1H),
2.71 (dd, J=18.4,7.9 Hz, 1H), 2.48 — 2.45 (m, 1H), 2.44 (s, 3H), 2.42 — 2.25 (m, 3H),
2.22 - 2.11 (m, 1H). '3C NMR (100 MHz, Chloroform-d) § 217.1, 199.8, 144.5, 133.1,
129.6, 128.6, 42.9, 41.1, 37.4, 27.1, 21.7. HRMS (ESI) Calculated for Ci3H;502"
([M+H]"): 203.1067, found: 203.1069.

AGRe!
Me

3-(4-methylbenzoyl)cyclohexan-1-one 3qQ
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The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 3qQ (29.8 mg, 69%) as colorless oil. '"H NMR (400 MHz,
Chloroform-d) 6 7.78 (d, J= 8.2 Hz, 2H), 7.20 (d, /= 8.2 Hz, 2H), 3.80 — 3.62 (m, 1H),
2.65(dd, J=14.9, 11.3 Hz, 1H), 2.46 — 2.23 (m, 6H), 2.06 — 2.02 (m, 2H), 1.87 — 1.52
(m, 2H). 3C NMR (100 MHz, Chloroform-d) § 209.4, 199.0, 143.4, 131.8, 128.5, 127.5,
44.1, 42.2, 40.0, 27.5, 23.9, 20.7. HRMS (ESI) Calculated for C14H702" ([M+H]"):
217.1223, found: 217.1224.

@AE%O
Me O

4-(4-methylbenzoyl)dihydrofuran-2(3H)-one 3rR

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3rR, (73%, 29.8 mg) as a white solid, mp: 115 — 117 °C .
'H NMR (400 MHz, Chloroform-d) § 7.83 (d, J= 8.3 Hz, 2H), 7.32 (d, J= 8.0 Hz, 2H),
4.62 (t,J=8.8 Hz, 1H), 4.47 (dd, J=9.1, 6.9 Hz, 1H), 4.41 —4.31 (m, 1H), 3.03 (dd, J
=17.8,7.6 Hz, 1H), 2.79 (dd, J=17.8, 9.4 Hz, 1H), 2.44 (s, 3H). 1*C NMR /(100 MHz,
Chloroform-d) 6 195.8, 175.4,145.4, 132.5,129.8, 128.6, 69.1, 42.1, 30.9, 21.8. HRMS
(ESI) Calculated for Ci2H1303" ([M+H]"): 205.0859, found: 205.0861.

O

Me O
Me ©

ethyl 3-methyl-4-oxo-4-(p-tolyl)butanocate 3sS

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3sS, (72%, 33.7 mg) as colorless oil. 'H NMR (400 MHz,
Chloroform-d) 6 7.90 (d, J= 8.2 Hz, 2H), 7.27 (d, /= 8.2 Hz, 2H), 4.10 (q, /= 7.1 Hz,
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2H), 3.97 — 3.88 (m, 1H), 2.99 — 2.88 (dd, J=16.2, 8.1 Hz, 1H), 2.53 — 2.33 (m, 4H),
1.25-1.19 (m, 6H). 3C NMR (100 MHz, Chloroform-d) § 202.4, 172.4, 143.9, 133 .4,
129.4, 128.6, 60.6, 37.6, 37.1, 21.7, 18.0, 14.2. HRMS (ESI) Calculated for C14H;905"
([M+H]"): 235.1329, found: 235.1330.

M
© 0
OMe

O Me
methyl 2-methyl-4-oxo-4-(p-tolyl)butanoate 3tT

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-4/1) to afford 3tT, (80%, 35.2 mg) as colorless oil. 'H NMR (400 MHz,
Chloroform-d) 8 7.87 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 3.70 (s, 3H), 3.46
(dd,J=17.5,7.8 Hz, 1H), 3.17 - 3.08 m, 1H), 3.01 (dd, J=17.5, 5.5 Hz, 1H), 2.41 (s,
3H), 1.27 (d, J = 7.1 Hz, 3H). *C NMR (100 MHz, Chloroform-d) & 197.6, 176.5,
144.0, 134.2, 129.3, 128.2, 51.9, 41.9, 34.9, 21.6, 17.3. HRMS (ESI) Calculated for
Ci3H1703" ([M+H]"): 221.1172, found: 221.1173.

Me . O.

Me
dimethyl 2-(4-methylbenzoyl)succinate 3uU

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 10/1-2/1) to afford 3uU, (86%, 45.4 mg) as colorless oil. '"H NMR (400 MHz,
Chloroform-d) 6 7.94 (d, /= 8.2 Hz, 2H), 7.29 (d, /= 8.2 Hz, 2H), 4.87 (t, J = 7.2 Hz,
1H), 3.68 (s, 3H), 3.68 (s, 3H), 3.23 — 3.01 (m, 2H), 2.42 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 6 193.6, 171.8, 169.3, 144.8, 133.2, 129.5, 129.1, 52.8, 52.1, 49.2, 33.1,
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21.7. HRMS (ESI) Calculated for Ci14H1705" ((M+H]"): 265.1071, found: 265.1074.

Os_ OEt
0]

OEt

Me O
Me

diethyl 2-(1-oxo-1-(p-tolyl)propan-2-yl)malonate 3vV

The reaction was carried out according to the general procedure on 0.2 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 40/1-10/1) to afford 3vV (51.4 mg, 84%) as colorless oil. '"H NMR (400 MHz,
Chloroform-d) 6 7.91 (d, J= 8.2 Hz, 2H), 7.28 (d, J= 8.2 Hz, 2H), 4.32 — 4.05 (m, 5H),
3.98 (d, J=10.8 Hz, 1H), 2.42 (s, 3H), 1.32 (t, /= 7.1 Hz, 3H), 1.21 — 1.11 (m, 6H).
13C NMR (100 MHz, Chloroform-d) § 201.2, 168.9, 168.4, 144.1, 133.0, 129.4, 128.7,
61.6, 54.9, 40.4, 21.7, 16.0, 14.2, 13.9. HRMS (ESI) Calcd for Ci7H230s [M+H]":
307.1540, found: 307.1542.

Investigation of Examining Functional Group Compatibility

cat-l1 (1 mol%)
PhsP (1.2 equiv)
1a + 2a + Biomolecules > 3a
DCM, pH 7.4 PBS

Blue Leds, rt, 48 h

entry conditions 3a yield entry conditions 3a yield
L(+)-Cysteine (1 eq.) naringin (1 eq.)
0] OH O

1 OH 68%
HoNi - 5 O
L-Tyrosi S1H P ° O
- 0,
yrosine (1 eq.) HO o on 57%
O NH, 0 OH
2 R \
HO OH )

70% HO oH O “1OH
L-Methionine (1 eq.) s OH
0]
S
3 Me” \/H)J\OH 64% 6 10 mg/mL DNA 69%
NH,
guanosine (1 eq.) .
NH, 7 10 mg/mL miRNA 62%
HN™ SN ~—0OH
4 A o 60% , _
O N 8 10 mg/mL bovine serum albumin  71%
N=/ OH
HO
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Supplementary Figure 2. Examining functional group compatibility. [a] Reaction
conditions: Photocatalyst I (1 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.15 mmol, 1.5
equiv), PhsP (0.12 mmol, 1.2 equiv), in 1 mL of 10 X PBS buffers and 1 mL
dichloromethane mixed solvent for 48 h under argon with 5 W blue LEDs irradiation at
25 °C.

Experiment Procedure for Examining the Functional Group Compatability: To a
solution of aromatic carboxylic acid 1a (13.6 mg, 0.1 mmol, 1.0 equiv.), photocatalyst
Ir[dF(CF3)ppy]2(dtbbpy)PFs (1.2 mg, 1 mol%), 2-vinylpyridine 2a (15.8 mg, 0.15
mmol, 1.5 equiv.) and Ph3P (31.5 mg, 0.12 mmol, 1.2 equiv.) in 2 mL pH 7.4 10 X PBS
buffer and dichloromethane mixed solvents (V/V = 1:1) was added bimolecules to reach
the indicated concentration. The tube was then sealed and was placed at a distance (app.
5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 48 h at room
temperature. After completion, the mixture was quenched with water and extracted with
DCM (3 x 10 mL). The combined organic layer was dried over anhydrous Na>SOs, then
the solvent was removed under vacuo. The residue was purified with chromatography
column on silica gel (gradient eluent of petroleum ether/EtOAc: 10/1-4/1) to give the
corresponding ketone product 3a.

In addition, all bimolecules was commercially available.
miRNA:141:5’-UAACACUGUCUGGUAAAGAUGG-3’,

DNA: GCAGTCTACCATCTTTACCAGACAGTGTTATAGACTGC-3".

In addition, amino acids biomolecules can be converted to salts by adding 1M HCI aq.
to the reaction mixture after completion. These biomolecules can been proved by 'H
NMR and Mass spectra as shown below. From MS-ESI (negative mode), the added
amino acid molecules can be found and its formation was analyzed by '"H NMR analysis.

This implies that added biomolecule remains intact in the reaction mixture.
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Supplementary Figure 3. "H NMR and mass spectra for biomolecules
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Supplementary Figure 7. mass spectra for biomolecules

General Procedure for Late-Stage Application

General procedure A: To a 10 mL Schlenk tube equipped with a magnetic stir bar was
added aromatic carboxylic acid (0.1 mmol, 1.0 equiv.), photocatalyst
Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.3 mg, 2 mol%), KoHPO4 (3.5 mg, 20 mol%), and PhsP
(31.5 mg, 0.12 mmol, 1.2 equiv.) and the tube was evacuated and backfilled with Ar
(three times). The alkenes (0.15 mmol, 1.5 equiv.) in DCM/H>0 (2.0 mL, 4:1 v/v) were
added by syringe under Ar. The tube was then sealed and was placed at a distance (app.

5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 48 h at room

44



temperature. After completion, the mixture was quenched with water and extracted with
DCM (3 x 10 mL). The combined organic layer was dried over anhydrous Na>SOs, then
the solvent was removed under vacuo. The residue was purified with chromatography
column on silica gel (gradient eluent of petroleum ether/EtOAc) to give the
corresponding ketone products.

General procedure B: To a 10 mL Schlenk tube equipped with a magnetic stir bar was
added aromatic carboxylic acid (0.15 mmol, 1.5 equiv.), photocatalyst
Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.3 mg, 2 mol%), K2HPO4 (7.0 mg, 40 mol%), and PhsP
(31.5 mg, 0.12 mmol, 1.2 equiv.) and the tube was evacuated and backfilled with Ar
(three times). The alkenes (0.10 mmol, 1.0 equiv.) in DCM/H>0 (2.0 mL, 4:1 v/v) were
added by syringe under Ar. The tube was then sealed and was placed at a distance (app.
5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 48 h at room
temperature. After completion, the mixture was quenched with water and extracted with
DCM (3 x 10 mL). The combined organic layer was dried over anhydrous Na>SOs, then
the solvent was removed under vacuo. The residue was purified with chromatography
column on silica gel (gradient eluent of petroleum ether/EtOAc) to give the

corresponding ketone products.

Me

Telmisartan, 4

The reaction was carried out according to the general procedure A on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-2/1) to afford 4, (58%, 39.4 mg) as a white solid, mp: 90 — 92 °C.
'H NMR (400 MHz, Chloroform-d) & 7.83 —7.79 (m, 1H), 7.48 — 7.39 (m, 3H), 7.34 —

7.24 (m, 5H), 7.20 (d, J = 7.6 Hz, 1H), 7.12 — 6.92 (m, 14H), 5.38 (s, 2H), 4.44 (t, J =
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7.6 Hz, 1H), 3.70 (s, 3H), 3.18 (d, J = 7.6 Hz, 2H), 2.93 — 2.86 (m, 2H), 2.78 (s, 3H),
1.96 — 1.72 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H). '3C NMR (100 MHz, Chloroform-d)
204.3,156.4,154.7, 143.4, 143.2, 142.9, 140.3 (2C), 139.4, 136.7, 135.2, 135.1, 130.7,
130.4, 129.5 (2C), 128.4, 127.9, 127.7, 127.5, 126.4, 124.0, 123.9, 122.5, 122.3, 119.6,
109.6, 108.8, 48.6, 47.0, 46.5, 31.8, 29.8, 21.9, 17.0, 14.1. HRMS (ESI) Calculated for
Ca7HisN4O" ([M+H]Y): 679.3431, found: 679.3432.

Hiestrone, 5

The reaction was carried out according to the general procedure A on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 5, (53%, 24.5 mg) as a white solid, mp: 151 — 153 °C..
'H NMR (400 MHz, Chloroform-d) & 7.72 (d, J = 8.2 Hz, 1H), 7.67 (s, 1H), 7.36 (d, J
=8.2 Hz, 1H), 7.26 (d, J = 4.2 Hz, 8H), 7.20 — 7.12 (m, 2H), 4.83 (t, /= 7.3 Hz, 1H),
3.70 (d, J=7.3 Hz, 2H), 2.99 — 2.83 (m, 2H), 2.62 — 2.39 (m, 2H), 2.38 — 2.25 (m, 1H),
2.17 — 1.98 (m, 4H), 1.65 — 1.42 (m, 6H), 0.91 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 6 220.6, 197.8, 145.5, 144.3, 137.0, 134.7, 128.8, 128.6, 127.9, 126 .4,
125.6, 125.5, 50.5, 47.9, 45.9, 44.7 (2C), 37.8, 35.8, 31.6, 29.3, 26.3, 25.6, 21.6, 13.8.
HRMS (ESI) Calculated for C33H350," ([M+H]"): 463.2632, found: 463.2634.

Adapalene, 6

The reaction was carried out according to the general procedure A on 0.1 mmol scale
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(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 6, (48%, 24.0 mg) as a white solid, mp: 246 — 248 °C.
"H NMR (400 MHz, Chloroform-d) & 8.56 (d, J = 4.3 Hz, 1H), 8.53 (s, 1H), 8.06 (d, J
=10.1 Hz, 1H), 7.99 (d, J=10.5 Hz, 2H), 7.91 (d, J = 8.6 Hz, 1H), 7.80 (d, J= 6.9 Hz,
1H), 7.68 — 7.49 (m, 3H), 7.33 (d, /= 7.8 Hz, 1H), 7.19 — 7.11 (m, 1H), 7.00 (d, J = 8.5
Hz, 1H), 3.90 (s, 3H), 3.67 (t, J = 7.3 Hz, 2H), 3.33 (t, /= 7.3 Hz, 2H), 2.18 (s, 6H),
2.10 (s, 3H), 1.80 (s, 6H). '*C NMR (100 MHz, Chloroform-d) § 199.1, 160.7, 159.0 ,
148.9,141.6, 139.0, 136.8, 136.0, 133.7,132.5, 131.3, 130.0, 129.7, 128.5, 126.5, 126.0,

125.7,124.7,124.2,123.7,121.4, 112.1, 55.2,40.6, 37.9,37.2, 37.1, 32.1,29.1. HRMS
(ESI) Calculated for C3sH36NO>" ([M+H]"): 502.2741, found: 502.2742.

RFRFRFRF
F
F

FFFFFF

HDFDMA, 7

The reaction was carried out according to the general procedure A on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 7, (70%, 45.6 mg) as a white solid, mp: 90 — 92 °C.
'H NMR (400 MHz, Chloroform-d) & 7.86 (d, J= 8.2 Hz, 2H), 7.26 (d, J= 8.2 Hz, 2H),
4.47—4.35 (m, 2H), 3.45 (dd, J=17.4, 8.0 Hz, 1H), 3.16 — 2.99 (m, 2H), 2.57 — 2.43
(m, 2H), 2.40 (s, 3H), 1.28 (d, J = 7.1 Hz, 3H). *C NMR (100 MHz, Chloroform-d) &
197.4,175.6, 144.1, 134.1, 129.3, 128.1, 122.00 — 107.44 (m, 8C), 56.4 (t, J=4.3 Hz),
41.7,34.9,30.4 (t,J=21.7 Hz), 21.5, 17.0. HRMS (ESI) Calculated for C22H;sF 703"
(IM+H]"): 653.0979, found: 653.0980.

O Me Me

e
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Acryester IBX, 8
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The reaction was carried out according to the general procedure A on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 8, (74%, 25.3 mg) yellowish oil. "H NMR (400 MHz,
Chloroform-d) 6 7.86 (d, J = 8.2 Hz, 2H), 7.32 — 6.98 (m, 2H), 4.82 — 4.29 (m, 1H),
3.46 (dd,J=7.4,4.5 Hz, 0.45H), 3.41 (dd, J=7.4,4.5 Hz, 0.55H), 3.15 - 3.05 (m, 1H),
3.02-2.90 (m, 1H), 2.40 (s, 3H), 1.89 — 1.77 (m, 1H), 1.75 - 1.64 (m, 2H), 1.59 — 1.49
(m, 1H), 1.29 — 1.25 (m, 3H), 1.19 — 1.03 (m, 3H), 0.80 - 0.78 (m, 3H), 0.69-0.65 (m,
6H). 3C NMR (100 MHz, Chloroform-d) & 197.7, 197.6, 175.3, 175.2, 143.9, 134.3
(20), 129.2, 128.1(2C), 81.2, 81.1, 48.7, 48.6, 46.9 (2C), 45.0, 41.8, 41.7, 38.8, 38.7,
35.3(20), 33.8,27.1,27.0, 21.7, 20.1, 20.0, 19.9, 17.4, 17.3, 11.5, 11.4.

Bexarotene, 9

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 9, (71%, 34.2 mg) as a white solid, mp: 191 — 193 °C.
'H NMR (400 MHz, Chloroform-d) § 7.91 (d, J= 8.4 Hz, 2H), 7.82 (d, J= 8.2 Hz, 2H),
7.28 (d, J=8.3 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.12 (s, 1H), 7.01 (s, 1H), 4.99 (t, J
=8.1 Hz, 1H), 3.86 (s, 3H), 3.73 —3.56 (m, 2H), 2.39 (s, 3H), 2.22 (s, 3H), 1.63 (s, 4H),
1.23 (s, 6H), 1.19 (s, 3H), 1.14 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 197.8,
167.0, 149.6, 144.0, 142.9, 142.4, 138.0, 134.6, 133.1, 129.7, 129.3, 128.7, 128.2 (2C),
128.0, 124.6, 52.0,44.6,42.4,35.4,34.0,33.8,32.0,31.8 (3C), 21.7, 19.5. HRMS (ESI)
Calculated for C33H3003" ([M+H]"): 483.2894, found: 483.2895.
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Pregnenolone, 10

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 10, (76%, 43.0 mg), as a white solid, mp: 214 —216 °C.
"H NMR (400 MHz, Chloroform-d) & 7.97 (d, J= 8.2 Hz, 2H), 7.85 (d, J= 8.2 Hz, 2H),
7.31(d,J=28.3 Hz, 2H), 7.25 (d, /= 8.3 Hz, 2H), 5.41 (d, /J=3.9 Hz, 1H), 4.98 —4.73
(m, 1H), 3.29 (t, J="7.5 Hz, 2H), 3.11 (t, J= 7.5 Hz, 2H), 2.54 (t,J= 8.9 Hz, 1H), 2.46
(d, J=7.7 Hz, 2H), 2.40 (s, 3H), 2.19 (d, J=9.5 Hz, 1H), 2.13 (s, 3H), 2.09 — 1.87 (m,
4H), 1.77 - 1.59 (m, 5H), 1.54 — 1.41 (m, 4H), 1.32 — 1.14 (m, 3H), 1.07 (s, 3H), 0.64
(s, 3H). *C NMR (100 MHz, Chloroform-d) § 209.6, 198.3, 165.9, 146.8, 144.0, 139.7,
134.2,129.8,129.3, 128.7, 128.4, 128.1, 122.4, 74.3, 63.7, 56.8, 49.9, 44.0, 39.8, 38.8,
38.2,37.1, 36.7, 31.8 (2C), 31.6, 30.1, 27.9, 24.5, 22.8, 21.7, 21.1, 19.4, 13.3. HRMS
(ESI) Calculated for C3sHa704" ((M+H]"): 567.3469, found: 567.3471.

20
M
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Esterone, 11

MeO

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 11, (53%, 27.6 mg), as a white solid, mp: 180 — 182 °C.
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'H NMR (400 MHz, Chloroform-d) & 8.1 (d, J= 8.3 Hz, 2H), 7.86 (d, J = 8.5 Hz, 2H),
738 (d, J=8.3 Hz, 2H), 7.32 (d, J = 8.5 Hz, 1H), 7.26 (d, J = 3.7 Hz, 2H), 6.97 (d, J =
8.4 Hz, 1H), 6.93 (s, 1H), 3.32 (t,J = 7.4 Hz, 2H), 3.15 (t, J = 7.4 Hz, 2H), 2.96 — 2.87
(m, 2H), 2.51 (dd, J = 18.8, 8.6 Hz, 1H), 2.41 (s, 3H), 2.31 (¢, J = 10.4 Hz, 1H), 2.20 —
2.12 (m, 1H), 2.11 — 1.94 (m, 4H), 1.68 — 1.58 (m, 2H), 1.56 — 1.40 (m, 4H), 0.92 (s,
3H). *C NMR (100 MHz, Chloroform-d) § 220.9, 198.3, 165.4, 148.9, 147.7, 144.1,
138.1, 137.4, 134.2, 130.4, 129.4, 128.7, 128.2, 127.6, 126.5, 121.8, 118.9, 50.5, 48.0,
44.2, 39.7, 38.0, 35.9, 31.6, 30.2, 29.5, 26.4, 25.8, 21.7, 21.6, 13.9. HRMS (ESI)
Calculated for C3sH3704" ([M+H]"): 521.2686, found: 521.2687.

Me Me

Diacetone-D-glucose, 12

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-2/1) to afford 12, (63%, 32.1 mg), as a white solid, mp: 236 — 238 °C.
"H NMR (400 MHz, Chloroform-d) § 7.95 (d, J= 8.2 Hz, 2H), 7.85 (d, J= 8.2 Hz, 2H),
7.34 (d,J=8.2 Hz, 2H), 7.25 (d, /= 8.0 Hz, 2H), 5.95 (d, /=3.7 Hz, 1H), 5.49 (d, J =
2.5 Hz, 1H), 4.62 (d,J=3.7 Hz, 1H), 4.44 —4.27 (m, 1H), 4.13 - 4.07 (m, 1H), 3.30 (t,
J=17.3 Hz, 2H), 3.13 (t, /= 7.4 Hz, 2H), 2.40 (s, 3H), 1.56 (s, 3H), 1.42 (s, 3H), 1.32
(s, 3H), 1.27 (s, 3H). 3C NMR (100 MHz, Chloroform-d) § 198.2, 165.1, 147.7, 144.1,
134.2, 130.0, 129.3, 128.7, 128.1, 127.4, 112.3, 109.4, 105.1, 83.4, 80.0, 76.5, 72.6,
67.2, 39.6, 30.1, 26.8 (2C), 26.2, 25.2, 21.7. HRMS (ESI) Calculated for C2oH3505"
([M+H]"): 511.2326, found: 511.2327.

50



Esterone, 13

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 13, (40%, 16.0 mg), as a white solid, mp: 158 — 160 °C.
"H NMR (400 MHz, Chloroform-d) & 7.86 (d, J = 8.2 Hz, 2H), 7.30 — 7.18 (m, 3H),
7.05 (d, J=8.0 Hz, 1H), 7.00 (s, 1H), 3.27 (t,J = 8.5 Hz, 2H), 3.00 (t, J = 8.5 Hz, 2H),
2.93 —2.86 (m, 2H), 2.51 (dd, J=18.8, 8.5 Hz, 1H), 2.41 (s, 3H), 2.31 — 2.28 (m, 1H),
2.21 —2.12 (m, 1H), 2.10 — 1.91 (m, 3H), 1.71 — 1.38 (m, 7H), 0.91 (s, 3H). 3C NMR
(100 MHz, Chloroform-d) 6 221.0, 199.0, 143.8, 138.9, 137.6, 136.6, 134.4, 129.3,
129.1, 128.2, 125.9, 125.5, 50.5, 48.0, 44.3, 40.4, 38.2, 35.9, 31.6, 29.7, 29.4, 26.6,
25.8, 21.7, 21.6, 13.9. HRMS (ESI) Calculated for C2sH330," ([M+H]"): 401.2475,
found: 401.2477.

Epiandrosterone, 14

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 14, (71%, 38.3 mg), as a white solid, mp: 248 —250 °C.
"H NMR (400 MHz, Chloroform-d) § 7.96 (d, J= 8.2 Hz, 2H), 7.85 (d, J= 8.2 Hz, 2H),
7.31(d,J=8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 5.00 — 4.79 (m, 1H), 3.28 (t, J="7.5
Hz,2H), 3.11 (t,J=7.5 Hz, 2H), 2.50 — 2.42 (m, 1H), 2.40 (s, 3H), 2.13 - 2.01 (m, 1H),

1.98 — 1.90 (m, 2H), 1.84 — 1.72 (m, 4H), 1.69 — 1.46 (m, 5H), 1.38 — 1.21 (m, 6H),
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1.14 — 0.99 (m, 2H), 0.90 (s, 3H), 0.87 (s, 3H), 0.79 — 0.73 (m, 1H). *C NMR (100
MHz, Chloroform-d) § 221.3, 198.3, 166.0, 146.7, 144.0, 134.2, 129.8, 129.3, 128.8,
128.4, 128.1, 74.0, 54.3, 51.4, 47.8, 44.7, 39.8, 36.8, 35.9, 35.7, 35.1, 34.1, 31.5, 30.8,
30.1, 28.3, 27.5, 21.8, 21.7, 20.5, 13.8, 12.3. HRMS (ESI) Calculated for C3sHssO4s"
(IM+H]"): 541.3312, found: 541.3313.

16-Dehydroprogesterone, 15

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 10/1-4/1) to afford 15, (30.2 mg, 70%, d.r. = 4.5:1). Major product (trans
diastereomer): 'H NMR (400 MHz, Chloroform-d) § 7.86 (d, J= 8.2 Hz, 2H), 7.26 (d,
J=28.2 Hz, 2H), 5.71 (s, 1H), 4.47 — 4.18 (m, 1H), 3.37 (d, J = 8.6 Hz, 1H), 2.41 (s,
3H), 2.40 — 2.29 (m, 2H), 2.26 — 2.21 (m, 1H), 2.17 (s, 3H), 2.13 — 2.00 (m, 2H), 1.86
(q, J=12.5 Hz, 1H), 1.77 — 1.60 (m, 6H), 1.58 — 1.42 (m, 2H), 1.37 — 1.32 (m, 1H),
1.19 (s, 3H), 1.08 — 0.94 (m, 2H), 0.80 (s, 3H). '*C NMR (100 MHz, Chloroform-d) &
208.0, 201.2, 199.3, 170.4, 143.9, 133.6, 129.3, 128.9, 124.1, 64.7, 54.6, 53.3, 44.5,
44.4, 38.5, 35.7, 35.3, 33.9, 32.6, 31.6, 31.0, 21.7, 21.0, 17.4, 14.3. HRMS (ESI)
Calculated for C2oH3705" ([M+H]"): 433.2737, found: 433.2739. Minor product (cis
diastereomer): 'H NMR (400 MHz, Chloroform-d) § 7.64 (d, J= 8.2 Hz, 2H), 7.20 (d,
J=8.2 Hz, 2H), 5.72 (s, 1H), 3.90 — 3.76 (m, 1H), 3.42 (d, /= 8.0 Hz, 1H), 2.85 - 2.58
(m, 1H), 2.49 — 2.40 (m, 1H), 2.38 (s, 3H), 2.36 — 2.23 (m, 3H), 2.03 — 1.89 (m, 2H),
1.79 (s, 3H), 1.74 — 1.62 (m, 4H), 1.56 — 1.40 (m, 4H), 1.18 (s, 3H), 1.13 (s, 3H), 0.95
— 0.85 (m, 2H). HRMS (ESI) Calculated for C20H3703" ([M+H]"): 433.2737, found:
433.2738.
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Tryptamine, 16 e

HN

The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 5/1-1/1) to afford 16, (48%, 19.7 mg), as a white solid, mp: 104 — 106 °C.
"H NMR (400 MHz, Chloroform-d) & 8.15 (br s, 1H), 7.84 (d, J= 8.2 Hz, 2H), 7.65 (d,
J=7.9 Hz, 1H), 7.59 (d, J=8.2 Hz, 2H), 7.37 (d, J=7.9 Hz, 1H), 7.28 — 7.19 (m, 5H),
7.13 (t,J="7.5 Hz, 1H), 7.06 (s, 1H), 6.20 (br s, 1H), 3.79 (q, J = 6.5 Hz, 2H), 3.26 (t,
J=17.5Hz, 2H), 3.12 — 3.05 (m, 4H), 2.40 (s, 3H). 1*C NMR (100 MHz, Chloroform-
d) 6 198.5,167.3, 145.1, 144.0, 136.5, 134.2, 132.6, 129.3, 128.6, 128.1, 127.3, 127.1,
122.3, 122.1, 119.6, 118.8, 113.1, 111.3, 40.2, 39.8, 29.9, 25.3, 21.7. HRMS (ESI)
Calculated for C27H27N20," ([M+H]"): 411.2067, found: 411.2067.
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The reaction was carried out according to the general procedure B on 0.1 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 4/1-1/1) to afford 17, (51%, 45.3 mg) as a white solid, mp: 274 — 276 °C.

'H NMR (400 MHz, Chloroform-d) § 7.83 (d, J = 8.2 Hz, 2H), 7.80 — 7.75 (m, 1H),
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7.52 (s, 1H), 7.49 — 7.46 (m, 1H), 7.42 (s, 1H), 7.40 — 7.33 (m, 3H), 7.32 — 7.27 (m,
3H), 7.23 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 8.1 Hz, 2H), 7.02 (d, J = 8.2 Hz, 2H), 5.93
(d, J=3.7 Hz, 1H), 5.55 — 5.41 (m, 3H), 4.60 (d, J = 3.7 Hz, 1H), 4.33 (t, J= 3.9 Hz,
2H), 4.08 (d, J = 4.6 Hz, 2H), 3.81 (s, 3H), 2.90 (t, J = 7.2 Hz, 2H), 2.79 — 2.75 (m,
5H), 2.63 (t, J = 7.2 Hz, 2H), 1.91 — 1.84 (m, 2H), 1.55 (s, 3H), 1.41 (s, 3H), 1.31 (s,
3H), 1.25 (s, 3H), 1.02 (t, J= 7.4 Hz, 3H). 13C NMR (100 MHz, Chloroform-d) 5 205.4,
165.0, 156.4, 154.6, 146.9, 143.2, 142.9, 140.4, 140.3, 139.3, 136.7, 135.6, 135.1, 130.8,
130.4, 129.8, 129.5, 129.4, 128.5, 127.7 (2C), 127.4, 126.5, 124.0, 123.8, 122.6, 122.4,
119.6, 112.4, 109.5, 109.4, 108.8, 105.1, 83.4, 79.9, 76.5, 72.6, 67.2, 46.9, 43.7, 31.9,
30.4,29.9, 26.9, 26.8, 26.2, 25.3, 21.8, 16.9. HRMS (ESI) Calculated for Cs4Hs7N4Os"
(IM+HT"): 889.4171, found: 889.4172.

The Synthesis of Top-Selling Drug Zolpidem

O Nyt AN
cat-A (1 mol%) © S N/ Me
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DCM/H,0, hv 0 (iii) 2-Amino-5-methylpyridine, reflux 61%
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19, 82% Zolpidem, overall 50% yield

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added carboxylic acid
(0.25 mmol, 1 equiv.), photocatalyst Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.8 mg, 1 mol%),
K>HPO4 (8.7 mg, 20 mol%), and Ph3P (78.5 mg, 1.2 equiv.) and the tube was evacuated
and backfilled with Ar (three times). The N,N-dimethylacrylamide 18 (37.1 mg, 1.5
equiv.) in DCM/H;0 (2.5 mL, 4:1 v/v) were added by syringe under Ar. The tube was
then sealed and was placed at a distance (app. 5 cm) from 5 W blue LEDs lamp, and
the mixture was stirred for 48 h at room temperature. After completion, the mixture was
quenched with water and extracted with DCM (3 x 10 mL). The combined organic layer
was dried over anhydrous Na>SOs4, then the solvent was removed under vacuo. The
residue was purified with chromatography column on silica gel (gradient eluent of
petroleum ether/EtOAc: 5/1 to 1/1) to give N,N-dimethyl-4-oxo0-4-(p-tolyl)butanamide
18 (44.9 mg , 82%)."H NMR (400 MHz, Chloroform-d) & 7.92 (d, J= 8.2 Hz, 2H), 7.26
(d, J=8.2 Hz, 2H), 3.33 (t, J = 6.7 Hz, 2H), 3.09 (s, 3H), 2.96 (s, 3H), 2.77 (t, J = 6.7
Hz, 2H), 2.40 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 199.0, 171.8, 143.8, 134.4,
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129.2, 128.2, 37.2, 35.6, 33.6, 27.3, 21.7. HRMS (ESI) Calculated for Ci3HisNO>"
([M+H]"): 220.1332, found: 220.1334.

A solution of N,N-dimethyl-4-oxo0-4-tolylbutanamide (18, 43.8 mg, 0.2 mmol) and
hydroxy(tosyloxy)iodo]benzene (HTIB) (78.4 mg, 0.2 mmol) in acetonitrile (5 mL)
was refluxed for 2 hrs. After the completion of reaction, 2-amino-5-methylpyridine
(21.6 g, 0.2 mmol) was added to the reaction mixture which was further refluxed for
2h. After completion, the mixture was quenched with water and extracted with DCM
(3 x 10 mL). The combined organic layer was dried over anhydrous Na>SOs, then the
solvent was removed under vacuo. The residue was purified with chromatography
column on silica gel (gradient eluent of petroleum ether/EtOAc: 4/1 to 1/1) to yield
zolpidem as a yellow solid (37.5 mg, 61%), mp.192-194 °C. 'H NMR (400 MHz,
Chloroform-d) & 7.98 (s, 1H), 7.53 (t, J = 8.4 Hz, 3H), 7.35 — 7.20 (m, 2H), 7.04 (d, J
= 9.2 Hz, 1H), 4.07 (s, 2H), 2.94 (s, 3H), 2.88 (s, 3H), 2.39 (s, 3H), 2.33 (s, 3H). 1*C
NMR (100 MHz, Chloroform-d) & 168.3, 144.2, 143.8, 137.4, 131.8, 129.3, 128.4,
127.5,122.2,121.7, 116.6, 113.6, 37.5, 35.9, 30.3, 21.3, 18.5. HRMS (ESI) Calculated
for C1oH2N30" ([M+H]"): 308.1757, found: 308.1760.

General Procedure for the Deoxygenative Macrocyclization

(@) Me
o cat-1 (2 mol%) o
PhsP (1.2 equiv)
= =
o@ on K,HPO, (40 mol%) @ Q
— DCM/H,0, hv X \MO
o) O Me

20 21

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added aromatic
carboxylic acid 20 (362 mg, 0.1 mmol, 1.0 equiv.), photocatalyst
Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.3 mg, 2 mol%), K;HPO4 (7.0 mg, 40 mol%), and PhsP
(31.5 mg, 0.12 mmol, 1.2 equiv.) and the tube was evacuated and backfilled with Ar
(three times). DCM/H,0 (2.0 mL, 4:1 v/v) were added by syringe under Ar. The tube
was then sealed and was placed at a distance (app. 5 cm) from 5 W blue LEDs lamp,

and the mixture was stirred for 48 h at room temperature. After completion, the mixture
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was quenched with water and extracted with DCM (3 x 10 mL). The combined organic
layer was dried over anhydrous Na;SOs, then the solvent was removed under vacuo.
The residue was purified with chromatography column on silica gel (gradient eluent of

petroleum ether/EtOAc, 50/1-20/1) to give the corresponding macrocyclic products.

0]

0] Me
0]

15-methyl-2,13-dioxa-1(1,4)-benzenacycloheptadecaphane-
14,17-dione 21a

The reaction was carried out according to the general procedure on 0.1 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 21a, (43%, 14.9 mg) as a white solid, mp: 106 - 108 °C.
"H NMR (400 MHz, Chloroform-d) & 7.95 (d, J= 8.8 Hz, 2H), 6.97 (d, J= 8.8 Hz, 2H),
4.35 - 4.25 (m, 2H), 3.86 (t, J = 6.2 Hz, 2H), 3.52 (dd, J = 15.9, 10.6 Hz, 1H), 3.24 —
3.16 (m, 1H), 2.66 (dd, J=15.9, 3.6 Hz, 1H), 1.80 — 1.61 (m, 2H), 1.45 — 1.36 (m, 2H),
1.33(d,J=7.2 Hz, 3H), 1.30 — 1.25 (m, 2H), 1.23 — 1.15 (m, 2H), 1.09 — 1.02 (m, 2H),
0.98 — 0.92 (m, 2H), 0.88 — 0.80 (m, 2H), 0.78 — 0.72 (m, 2H). 3*C NMR (100 MHz,
Chloroform-d) & 197.1, 175.0, 162.4, 130.5, 129.7, 115.4, 67.2, 64.8, 41.2, 36.5, 29.7,
28.6, 27.6, 27.5, 26.8, 26.5, 26.2, 22.9, 17.6. HRMS (ESI) Calculated for C21H3;04"
([M+H]"): 347.2217, found: 347.2218.

o]

15-methyl-2,13-dioxa-1(1,3)-benzenacycloheptadecaphane-14,17-dione 21b

The reaction was carried out according to the general procedure on 0.1 mmol scale (48
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h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 21b, (48%, 16.6 mg) as colorless oil. 'H NMR (400 MHz,
Chloroform-d) 6 7.77 — 7.49 (m, 2H), 7.37 (t,J=8.1 Hz, 1H), 7.11 (dd, J=7.7, 3.0 Hz,
1H), 4.26 —4.07 (m, 3H), 4.01 — 3.96 (m, 1H), 3.51 (dd, J=17.2, 9.0 Hz, 1H), 3.25 —
3.08 (m, 1H),2.91 (dd,J=17.2,4.7 Hz, 1H), 1.84 — 1.66 (m, 2H), 1.52 — 1.46 (m, 3H),
1.41 —1.35(m, 2H), 1.31 (d,J=7.2 Hz, 3H), 1.29 — 1.18 (m, 9H). '*C NMR (100 MHz,
Chloroform-d) 6 197.7,175.5, 158.8, 137.8, 129.7, 120.9, 120.5, 113.5, 67.7, 64.4,42.2,
35.6, 28.9, 28.7, 28.3, 27.6, 27.3, 26.7, 25.8, 23.5, 17.2. HRMS (ESI) Calculated for
C21H3104" ([M+H]"): 347.2217, found: 347.2219.

@WO
o O

14-methyl-2,3,4,5,6,7,8,9,10,11,14,15-
dodecahydrobenzo[b][1,8]dioxacyclooctadecine-13,16-dione 21¢

The reaction was carried out according to the general procedure on 0.1 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 50/1-20/1) to afford 21¢, (40%, 13.8 mg) as colorless oil. '"H NMR (400 MHz,
Chloroform-d) & 7.74 (dd, J = 7.7, 1.8 Hz, 1H), 7.53 — 7.37 (m, 1H), 7.13 — 6.81 (m,
2H), 4.35 —4.26 (m, 1H), 4.16 — 3.99 (m, 3H), 3.43 (dd, J=17.5, 4.1 Hz, 1H), 3.31 —
3.07 (m, 2H), 1.86 — 1.80 (m, 2H), 1.71 — 1.65 (m, 2H), 1.55 — 1.50 (m, 2H), 1.45 —
1.30 (m, 10H), 1.18 (d, J = 6.7 Hz, 3H). 3*C NMR (100 MHz, Chloroform-d) § 199.7,
176.3, 158.4, 133.7, 130.5, 128.0, 120.4, 112.3, 68.5, 63.8, 47.4, 35.5, 29.1, 27.9, 27.1
(20), 26.4, 25.9, 24.6, 16.6. HRMS (ESI) Calculated for C»H3104" ([M+H]"):
347.2217, found: 347.2218.

Organic Transformations to Construct Nitrogen-Containing Heterocycles

Synthesis of 1-(p-tolyl)pyrrolo[2,1-a]isoquinoline
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o) jN =
HsPO,, 185 °C
T - [
SAasY s

3jj 22

Me

Following the modified procedure of reported literature,' a solution of 3-(isoquinolin-
1-yl)-1-(p-tolyl)propan-1-one 3jj (0.2 mmol, 55.2 mg) in 2 mL of 100% phosphoric
acid was heated at 185 °C for 30 minutes. When the mixture was cooled and was
quenched with ice water and extracted with EtOAc (3 x 10 mL). The combined organic
layer was dried over anhydrous Na;SOs, then the solvent was removed under vacuo.
The residue was purified with chromatography column on silica gel (gradient eluent of
petroleum ether/EtOAc: 40/1 to 20/1) to give the corresponding 1-(p-tolyl)pyrrolo[2,1-
a]isoquinoline 22 as a white solid (90%, 46.3 mg), mp: 165 — 167 °C. '"H NMR (400
MHz, Chloroform-d) 6 8.05 (dd, J = 17.8, 7.7 Hz, 2H), 7.56 (d, J = 7.8 Hz, 1H), 7.49
(d, J =8.0 Hz, 3H), 7.34 (dd, J = 16.5, 7.9 Hz, 3H), 7.06 (d, J = 3.8 Hz, 1H), 6.79 (d,
J = 53 Hz, 1H), 6.72 (d, J = 7.5 Hz, 1H), 2.46 (s, 3H). 3C NMR (100 MHz,
Chloroform-d) 6 137.2, 130.6, 129.6, 129.5, 128.5, 128.4, 127.4, 126.7, 126.7, 126.7,
125.5, 122.2, 122.1 (2C), 110.9, 100.2, 21.3. HRMS (ESI) Calculated for CioHisN"
([M+H]"): 258.1277, found: 258.1278.

Synthesis of 2,4-diphenyl-6-(pyridin-2-yl)pyrimidine

o NH Cu(OAc), (10 mol %)

N HCI bpy (10 mol %) I N\_/\
X+ NH,

| 4-HO-TEMPO, NaOAc =N N=
Z Air, DCB, 140 °C

3d 23 24

Following the modified procedure of reported literature,” to a 10 mL Schlenk tube
equipped with a magnetic stir bar was added amidine (15.6 mg, 0.1 mmol, 1 equiv.),
Cu(OAc): (1.8 mg, 10 mol%), 2,2"-bipyridine (1.58 mg, 10 mol%), 4-HO-TEMPO
(17.2 mg, 0.1 mmol), and NaOAc(12.3 mg, 0.15 mmol). Then 1,2-dichlorobenzene (2
mL) and 1-phenyl-3-(pyridin-4-yl)propan-1-one 3d (42.2 mg, 0.2 mmol) were added to
the tube. The tube was then sealed, and the mixture was stirred at 140 °C for 24 h. Upon

cooling to room temperature, the reaction mixture was diluted with 10 mL of ethyl
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acetate, followed by filtration through a pad of silica gel. The filtrate was concentrated
under reduced pressure and then purified by flash chromatography on silica gel
(gradient eluent of hexane/ethyl acetate: 40/1 to 20/1) to provide the corresponding
product 2,4-diphenyl-6-(pyridin-2-yl)pyrimidine 24 as a white solid (65%, 20.1 mg),
mp: 211-213 °C. 'H NMR (400 MHz, Chloroform-d) § 8.87 - 8.66 (m, 5H), 8.51 - 8.33
(m, 2H), 7.92 (td, J = 7.7, 1.8 Hz, 1H), 7.65 - 7.49 (m, 6H), 7.47 -7.40 (m, 1H). 1*C
NMR (100 MHz, Chloroform-d) ¢ 165.2, 164.2, 163.6, 154.7, 149.4, 138.1, 137.4,
137.1, 130.9, 130.7, 128.9, 128.5, 128.4, 127.5, 125.3, 122.0, 110.6. HRMS (ESI)
Calculated for C19H16N™ ([M+H]"): 310.1339, found: 310.1340.

Synthesis tert-butyl (3-(1-(N-(methoxycarbonyl)sulfamoyl)indolizin-3-
y)phenyl)carbamate
Me_
urgess reagen NHB
Z | (2.5 equiv) o 025 ¢

THF, reflux
NHBO;j /26, 76% yield

Following the modified procedure of reported literature,® to a solution of substrate 3j
(0.1 mmol, 32.6 mg) in THF (2 mL) was added the Burgess reagent 25 (0.25 mmol,
59.5 mg,). The reaction solution was refluxed for 0.5 h and cooled to room temperature.
The solvent was removed in vacuo and the residual solid was purified via a flash
chromatography eluting with 1:1 hexanes/EtOAc to give the desired product 26 (33.8
mg, 76%) as a crystalline solid. mp =120 - 123 °C. '"H NMR (400 MHz, Chloroform-d)
0831 (d,J=7.1Hz, 1H), 8.18 (d, J= 9.1 Hz, 1H), 7.65 (s, 1H), 7.42 (t, J= 7.8 Hz,
1H), 7.34 (d,J= 8.1 Hz, 1H), 7.25 (s, 1H), 7.19 (d, /= 8.6 Hz, 2H), 6.82 (d, /= 6.8 Hz,
1H), 6.64 (s, 1H), 3.69 (s, 3H), 1.53 (s, 9H). '*C NMR (100 MHz, Chloroform-d) &
152.7,151.5,139.3, 135.1, 130.9, 129.8, 126.7, 123.8, 123.6, 123.3, 118.9, 118.8, 118.6,
115.2, 113.5,107.2, 81.0, 53.3, 28.3.

Synthesis of 1-(p-tolyl)-1, 2, 3, 3a, 4, S-hexahydropyrrolo[1, 2-a]quinoline
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O N O cat. acid N
_ Mo Hantzsch ester O
PhMe, 60 °C O Me
3ii 28

Following the modified procedure of reported literature,* to a 10 mL Schlenk tube
equipped with a magnetic stir bar was added quinolinylketone 3ii (0.1 mmol, 27.5 mg,
1 equiv.), Hantzsch ester (83.5 mg, 0.33 mmol, 3.3 equiv.) and S-3,3'-Bis(9-
anthracenyl)-1,1'-binaphthyl-2,2'-diyl hydrogenphosphate 27 (3.5 mg, 5 mol%). The
tube was evacuated and backfilled with Ar (three times). The dry toluene 1.00 mL were
added by syringe under Ar. The tube was then sealed and was stirred at 60 °C for 36 h
the mixture was concentrated in vacuo. The crude product was further purified by
column chromatography (petroleum ether/ethyl acetate = 60/1-30/1) on silica gel to
yield the corresponding product 1-(p-tolyl)-1, 2, 3, 3a, 4, 5-hexahydropyrrolo[1, 2-
a]quinolone 28 as a white solid (24.3 mg, 92%, d.r. = 12/1), mp: 151 — 153 °C. Major
diastereomer: 'H NMR (400 MHz, Chloroform-d) § 7.06 (d, J = 8.0 Hz, 2H), 7.00 (d,
J=17.9Hz, 2H), 6.93 (d, J =7.3 Hz, 1H), 6.74 (t,J = 7.5 Hz, 1H), 6.42 (t, J = 7.3 Hz,
1H), 5.98 (d,J = 8.1 Hz, 1H), 4.57 (d,J =9.2 Hz, 1H), 3.56 - 3.36 (m, 1H), 2.97 - 2.87
(m, 1H), 2.81 - 2.77 (m, 1H), 2.37 - 2.25 (m, 1H), 2.22 (s, 3H), 2.19 - 2.15 (m, 1H),
1.87 — 1.81 (m, 1H), 1.77 - 1.72 (m, 2H), 1.65 - 1.52 (m, 1H). '*C NMR (100 MHz,
Chloroform-d) & 142.9, 140.8, 134.9, 128.1, 127.7, 125.6, 124.9, 114.2, 111.0, 60.0,
58.3, 33.8, 28.7, 27.1, 26.9, 20.0. The enantiomeric excess was determined by chiral
HPLC analysis (ChiralPak OD-H, 1% i-PrOH in hexanes, 0.5 mL/min, 254 nm). Minor
enantiomer r= 11.232 min (30.9%), Major enantiomer r; = 15.643 min (69.1%), er =

69:31.
Mechanistic Investigations

Control Experiment with Additives

0 0
N - N
OH + A N standard conditions | N
Me = TEMPO (2 equiv) Pz
or BHT (2 equiv) €
1a 2a 3a, not detected

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added carboxylic acid
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1a (27.2 mg, 0.2 mmol, 1.0 equiv.), photocatalyst Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.3 mg,
1 mol%), KoHPO4 (7.0 mg, 20 mol%), PhsP (62.9 mg, 0.24 mmol, 1.2 equiv.) and
additives (TEMPO or BHT, 0.4 mmol, 2 equiv.) and the tube was evacuated and
backfilled with Ar (three times). The 2-vinylpyridine 2a (31.5 mg, 0.3 mmol, 1.5 equiv.)
in DCM/H>0 (2 mL, 4:1 v/v) were added by syringe under Ar. The tube was then sealed
and was placed at a distance (app. 5 cm) from 5 W blue LEDs lamp, and the mixture
was stirred for 48 h at room temperature. The corresponding pyridine product 3a was
not detected according to both TLC and GC-Mass analysis. The product 2,2,6,6-

tetramethylpiperidin-1-yl 4-methylbenzoate was detected by ESI-HRMS.

%103 [+ESI|Scan (0.307-0.324 min, 2 Scans) Frag=175.0V zmi(17.12.13)1sample6849.d Subtmac
5.54

276.1554
54 0
4.54
3.54

Chemical Formula: C17H,6NO,*

1.5 Exact Mass: 276.1958

0.54

x102  +ES| Scan (0.074 min) Frag=175.0% zml(17.12.13)1sample6543.4
2.2
2
1.5
1.6
1.4
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Supplementary Figure 8. ESI-HRMS Spectra after TEMPO added
Radical Cyclization Experiment
O 0
Ir[dF(CF3)ppyl2(bpy)PFe (1 mol %)
OH > Me
N PhsP (120 mol %), K,HPO, (20 mol %)
DCM/H,0 (1.6 mL/0.4 mL), hv., rt
29 30

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added 2-allylbenzoic
acid 29 (32.4 mg, 0.2 mmol, 1.0 equiv.), photocatalyst Ir[dF(CF3)ppy](dtbbpy)PF¢ (2.3
mg, 1 mol%), KzHPO4 (7.0 mg, 20 mol%), and Ph3P (62.9 mg, 0.24 mmol, 1.2 equiv.)
and the tube was evacuated and backfilled with Ar (three times), DCM/H>0 (2 mL, 4:1
v/v) were added by syringe under Ar. The tube was then sealed and was placed at a
distance (app. 5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 48 h at

room temperature. After completion, the mixture was quenched with water and
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extracted with DCM (3 x 10 mL). The combined organic layer was dried over
anhydrous Na;SOs, then the solvent was removed under vacuo. The residue was
purified with chromatography column on silica gel (gradient eluent of petroleum
ether/EtOAc: 40/1 to 20/1) to give the corresponding product 30 2-methyl-2,3-dihydro-
1H-inden-1-one as colorless liquid (30%, 8.8 mg). 'H NMR (400 MHz, Chloroform-d)
0776 (d,J = 7.7 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.37 (t, J
= 7.8 Hz, 1H), 3.44 — 3.37 (m, 1H), 2.80 — 2.66 (m, 2H), 1.32 (d, J = 7.3 Hz, 3H). *C
NMR (100 MHz, Chloroform-d) 8 209.5, 153.5, 136.4, 134.7, 127.4, 126.5, 124.0, 42.0,
35.0, 16.3. These results indicated that a free radical process was involved.
Deuterium-Labeling Experiments
Ir[dF(CF3)ppyla(dtbbpy)PFg (1 mol %) N
/©)J\ ¥ Q/\ PhsP (120 mol %), KoHPO, (20 mol %) | /\

CH,Cl,/D,0 (1.6 mL/0.4 mL), hv., rt Me

72% yield
3a-D, D% >99%
O
N Ir[dF(CF3)ppyla(dtbbpy)PFg (1 mol %)
~ no H/D exchange
| P KoHPO4 (20 mol %), CH,Cl,/D,O
Me (1.6 mL/0.4 mL), hv., rt
3a
O H
Ir[dF(CF3)ppy].(dtbbpy)PFg (1 mol %) N
NS
Q/\ Ph3P (120 mol %), KoHPO4 (20 mol %) |
CD,Cly/H,0 (1.6 mL/0.4 mL), hv., rt Me Z

72% yield
3a, H% >99%

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added carboxylic acid
1a (27.2 mg, 0.2 mmol, 1.0 equiv.), the photocatalyst Ir[dF(CF3)ppy](dtbbpy)PF¢ (2.3
mg, 1 mol%), K;HPO4 (7.0 mg, 20 mol%), and Ph3P (62.9 mg, 0.24 mmol, 1.2 equiv.)
and the tube was evacuated and backfilled with Ar (three times), After that CH>Clz (1.6
mL), D20 (0.4 mL) and 2-vinylpyridine 2a (31.5 mg, 0.3 mmol, 1.5 equiv.) were added
sequentially by means of syringe under argon. The tube was then sealed and was placed
at a distance (app. 5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 48
h at room temperature. It gave the deuterated product 3a-D. Furthermore, when product
3a was subjected to the same reaction conditions or the reaction was conducted in

CD2Cl2 (1.6 mL) and H20 (0.4 mL), no H/D exchange occurred.
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Supplementary Figure 9.  H NMR spectra for deuterium-labeling experiments

Me
1a 2a

cat. A(1 mol%)
Ph3P (120 mol%)

KoHPO4(20 mol%)
DCM-H,0 (4:1)
Blue Leds, rt, 48 h
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In addition, under standard conditions the reaction was carried out on 0.2 mmol scale
(48 h). The residue was purified by flash column chromatography (petroleum ether:
ethyl acetate, 4/1-1/1) to afford triphenylphosphine oxide (93%, 62.2 mg) as white solid.
'"H NMR (400 MHz, Chloroform-d) § 7.70 — 7.65 (m, 6H), 7.59 — 7.50 (m, 3H), 7.49 —
7.41 (m, 6H). *'P NMR (162 MHz, Chloroform-d) § 29.06.

A little amount of 1,2-diketones were detected by GC—MS as the side products are

produced.
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Supplementary Figure 10. Mass spectra for GC-MS traces
183Q-Labeling Experiments
O N cat. A(1 mol%)
o | X _PhsP (120 mol%) 18 .
* KoHPO,(20 mol%) + PhgPO (Ph3P™®0 < 5%)
Me

DCM-H,"'%0 (4:1)
1a 2a Blue Leds, rt, 48 h

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added carboxylic acid
1a (27.2 mg, 0.2 mmol, 1.0 equiv.), the photocatalyst Ir[dF(CF3)ppy](dtbbpy)PFs (2.3
mg, 1 mol%), KzHPO4 (7.0 mg, 20 mol%), and Ph3P (62.9 mg, 0.24 mmol, 1.2 equiv.)
and the tube was evacuated and backfilled with Ar (three times), After that CH>Cl> (1.6
mL), H'"*O (0.4 mL) and 2-vinylpyridine 2a (31.5 mg, 0.3 mmol, 1.5 equiv.) were
added sequentially by means of syringe under argon. The tube was then sealed and was

placed at a distance (app. 5 cm) from 5 W blue LEDs lamp, and the mixture was stirred
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for 48 h at room temperature.

The MS data of producing triphenylphosphine oxide

Intensity

20000+

10000+

7 274.25 28010

1877
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Supplementary Figure 11. Mass spectrum for triphenylphosphine oxide
Preparation of '30-labeled 4-methylbenzoic acid (1a'): To a solution of 4-
methylbenzoyl chloride (385 mg, 2.50 mmol) in THF (8 mL) was added H>'%0 (100.4
mg, 5.0 mmol, 98% '®0 incorporation) and the mixture was stirred at room temperature
for 6 h. After removal of the solvent, the residue was purified by silica gel
chromatography (PE/EA, 5:1) to give 1a' (289 mg, 85% yield, 93% '®0 incorporation)
as a white solid.

e} cat-l (1 mol%)

. 18
“H K,HPO, (20 mol%) Q
o'8 PhsP (1.2 equiv) NS 8o
* 2a > | +  Pph
Me DCM/H,0 (viv = 4:1) ) _ 3 (Eq 11)
1a" Blue LEDs, rt, 48 h Me 3a

71% yield, 44% 80 87% yield, 40% 80

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added carboxylic acid
1a' (27.6 mg, 0.2 mmol, 1.0 equiv.), the photocatalyst Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.3
mg, 1 mol%), K2HPO4 (7.0 mg, 20 mol%), and Ph3P (62.9 mg, 0.24 mmol, 1.2 equiv.)
and the tube was evacuated and backfilled with Ar (three times), After that CH>Cl> (1.6
mL), H2O (0.4 mL) and 2-vinylpyridine 2a (31.5 mg, 0.3 mmol, 1.5 equiv.) were added
sequentially by means of syringe under argon. The tube was then sealed and was placed

at a distance (app. 5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 48
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h at room temperature.

The HRMS data of producing triphenylphosphine oxide and 3a'

le.8148.d Sublra: —
270.0934
PhyP=0"8
l 2810074

Supplementary Figure 12. Mass spectra for triphenylphosphine oxide and 3a'

Aromatic Carboxylate Anion as Substrate

COOK cat-1 (1 mol %), Ph3P (1.2 equiv) N\
©/ CH,Cly/H,0 (1.6 mL/0.4 mL), hv., rt | P

3d, 42% yield

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added potassium
benzoate (32.0 mg, 0.2 mmol, 1.0 equiv.), the photocatalyst
Ir[dF(CF3)ppy]2(dtbbpy)PFs (2.3 mg, 1 mol%) and PhsP (62.9 mg, 0.24 mmol, 1.2
equiv.) and the tube was evacuated and backfilled with Ar (three times), After that
CHxCl, (1.6 mL), H>0O (0.4 mL) and 2-vinylpyridine 2a (31.5 mg, 0.3 mmol, 1.5 equiv.)
were added sequentially by means of syringe under argon. The tube was then sealed
and was placed at a distance (app. 5 cm) from 5 W blue LEDs lamp, and the mixture
was stirred for 48 h at room temperature. The residue was purified by flash column
chromatography (petroleum ether: ethyl acetate, 10/1-4/1) to afford 3d (42%, 17.7 mg).
We suggested reactions of triphenylphosphine radical cation with aromatic carboxylate
anion under the present reaction conditions generated the corresponding acyl radicals.
Luminescence Quenching Experiment

The luminescence quenching experiment was taken using a Cary Eclipse fluorescence
spectrophotometer (Varian, USA). The experiments were carried out in 2.5 x 10> mol/L
of [Ir{dF(CF3)ppy}2{dtbbpy}]PFs in DCM at 25 °C. The emission intensity was
collected at 475 nm. The concentrations of quenchers (1a and Ph3P) in DCM were 0, 2,
4, 6,10, 14, 24 mM.

66



4.0
- 3.5-
3
& 3.0 1
2
z = 2.5
) 2
= 2.0
c
o
2 1.5 .
LIEJ 1.0 4 == -
- 0.5 . . : . :
400 440 430 520 560 600 640 0 5 10 15 20 25
Wavelength (nm) Quencher concentration (mM)
Supplementary Figure 13. Luminescence quenching of
[Ir {dF(CF3)ppy}2{dtbbpy}PFs by acid 1a
4.5-
4.0+
/I
= 3.5 //
> 7
g 3.0 ///
2 <, 25- .
€ = P
- 2.0+ [l
15 >
2 1.5 e
£ -
w .04
0.5 T T T T T
400 440 480 520 560 600 640 0 5 10 15 20 25
Wavelength (nm) Quencher concentration (mM)

Supplementary Figure 14. Luminescence quenching of
[Ir{dF(CF3)ppy}2{dtbbpy} ]PFs by PhsP
General procedure for three-component reductive coupling reaction

Cat. | (1 mol %) 0] ,?\H
PhsP (1.2 equiv)
Ar3-COOH + Ar'-NH, + Ar2-CHO 2 T T
' Ar—NH; K,HPO,4(1.5 equiv) Ar ;
1 36 37 DCM, Blue LEDs 38 Ar

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added aromatic

carboxylic acid 1 (0.15 mmol, 1.5 equiv.), photocatalyst A Ir[dF(CF3)ppy]2(dtbbpy)PFs

(1.2 mg, 1 mol%), KoHPO4 (26.1 mg, 1.5 equiv.), and Ph3P (31.5 mg, 0.12 mmol, 1.2

equiv.) and the tube was evacuated and backfilled with Ar (three times). The amines 36

(0.1 mmol, 1.0 equiv.), aldehydes 37 (0.15 mmol, 1.5 equiv.) in DCM (2.0 mL) were

added by syringe under Ar. The tube was then sealed and was placed at a distance (app.

5 cm) from 5 W blue LEDs lamp, and the mixture was stirred for 48 h at room

temperature. After completion, the solvent was removed under vacuo. The residue was

67



purified with chromatography column on silica gel (gradient eluent of petroleum

ether/EtOAc: 100/1-50/1) to give the corresponding amino ketone products 38.

1,2-diphenyl-2-(phenylamino)ethan-1-one 38a

The reaction was carried out according to the general procedure on 0.1 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 100/1-50/1) to afford 38a (13.8 mg, 48%) as a yellow solid, mp: 123 —
125 °C."H NMR (400 MHz, Chloroform-d) § 7.99 (d, J = 8.5 Hz, 2H), 7.53 (t, J = 7.4
Hz, 1H), 7.47 — 7.38 (m, 4H), 7.32 — 7.24 (m, 2H), 7.20 (t,J = 7.3 Hz, 1H), 7.15 - 7.09
(m, 2H), 6.68 (t, J = 8.1 Hz, 3H), 6.02 (s, 1H), 5.41 (br s, 1H). '3C NMR (100 MHz,
Chloroform-d) 6 197.1, 146.1, 137.7, 135.1, 133.6, 129.3, 129.1, 128.9, 128.7, 128.1
(20), 117.9, 113.5, 62.7. HRMS (ESI) Calcd for C20HisNO [M+H]": 288.1383, found:
288.1384.

fga

1,2- dlphenyl -2-(p-tolylamino)ethan-1-one 38b

The reaction was carried out according to the general procedure on 0.1 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 100/1-50/1) to afford 38b (15.4 mg, 51%) as a yellow solid, mp: 184 — 186 °C.
'H NMR (400 MHz, Chloroform-d) § 7.99 (d, J= 8.5 Hz, 2H), 7.52 (t,J= 7.4 Hz, 1H),
7.42 (t,J=17.7 Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), 7.17 — 7.03 (m, 4H), 6.67 (t, J=17.7
Hz, 3H), 5.99 (s, 1H), 5.36 (br s, 1H), 2.24 (s, 3H). '*C NMR (100 MHz, Chloroform-
d) 8 197.1, 146.2, 137.9, 135.1, 134.6, 133.5, 129.8, 129.2, 128.9, 128.7, 128.0, 117.8,
113.5, 62.4, 21.1. HRMS (ESI) Calcd for C2H2NO [M+H]": 302.1539, found:
302.1540.
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1-(4-chlorophenyl)-2-phenyl-2-(p-tolylamino)ethan-1-one 38¢c

The reaction was carried out according to the general procedure on 0.1 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 100/1-50/1) to afford 38c (14.4 mg, 43%) as a yellow solid, mp: 145 — 147 °C.
'H NMR (400 MHz, Chloroform-d) § 7.93 (d, J = 8.6 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H),
7.30 (d, J=8.0 Hz, 2H), 7.19 - 7.01 (m, 4H), 6.73 - 6.67 (m, 3H), 5.93 (s, 1H), 2.26 (s,
3H). *C NMR (100 MHz, Chloroform-d) § 195.8, 145.7, 140.0, 138.2, 134.1, 133.3,
130.3, 129.9, 129.3, 129.0, 128.1, 118.3, 113.8, 62.8, 21.1. HRMS (ESI) Calcd for
C21H19CINO [M+H]": 336.1150, found: 336.1151.

2-((4-iodo;;henyl)amino)-1 ,2-dipheny|ethanl-1-one 38d

The reaction was carried out according to the general procedure on 0.1 mmol scale (48
h). The residue was purified by flash column chromatography (petroleum ether: ethyl
acetate, 100/1-50/1) to afford 38d (19.0 mg, 41%) as a yellow solid, mp: 202 — 204 °C.
'H NMR (400 MHz, Chloroform-d) & 7.98 (d, J= 8.6 Hz, 2H), 7.54 (t, J= 7.4 Hz, 1H),
7.47—7.34 (m, 6H), 7.30 — 7.25 (m, 2H), 7.22 (d, J= 7.3 Hz, 2H), 6.45 (d, /= 8.8 Hz,
2H), 5.97 (s, 1H), 5.50 (br s, 1H). '*C NMR (100 MHz, Chloroform-d) § 196.5, 145.6,
137.8,137.1, 134.8, 133.7, 129.2, 128.9, 128.8, 128.3, 128.1, 78.6, 62.4. HRMS (ESI)
Calcd for C20H17INO [M+H]": 414.0349, found: 414.0350.

Starting Materials

Numbers of Substrates
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1c, R=0Bn
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Synthesis of Carboxylic Acid
Synthesis of carboxylic acids: 1q, 1r.

o)
o R & o) 1.NaOH o
~ R__O _—  EtOH:H,0
— ~ » R~ 0 > RO OH
K2CO3, DMF 2.HCI, H,0
OH

Following the modified procedure of reported literature,’ a 100 mL oven-dried Schlenk-
tube was charged with potassium carbonate (2.49 g, 18.0 mmol), methyl 3-
hydroxybenzoate (6.0 mmol, 1.0 equiv.) and the flask was purged and filled with argon.
DMF (30 mL, 0.2 M) was added by syringe and the mixture was stirred. The
corresponding bromide (7.5 mmol, 1.25 equiv.) was added by syringe and the reaction
mixture was stirred under argon at room temperature for 24 h. The mixture was diluted
with EtOAc and water, shaken, and separated. The aqueous layer was extracted one
time with EtOAc. The combined organic layers were washed with water, washed once
with brine, dried over MgSOQy, filtered, and concentrated under vacuum to provide the
crude ester product.

The corresponding ester (1.0 mmol), 3.0 M aqueous NaOH (3.5 mL), and ethanol (5.9

mL) were combined in a flask with a stir bar and stirred at 60 °C for 36 h. The reaction
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mixture was cooled to room temperature. Aqueous HCI (1.0 M) was slowly added to
the stirring mixture (pH = 1.0 - 2.0). The aqueous layer was extracted with EtOAc (4 x
20 mL) and the combined organic extracts were washed with brine (100 mL), dried
over Na;SO4 and concentrated under reduced pressure and the crude products were
purified by flash column chromatography (hexanes : EtOAc 2 : 1).

Synthesis of carboxylic acid 1o.

OH O\\S/CI NaOH, H,O OTs
+
@y//o /@/ o 0
Me

OH OH

Following the modified procedure of reported literature,® 2-Hydroxy-benzoic acid (20.0
g, 0.145 mol) was dissolved in a solution of NaOH (11.6 g, 0.29 mol) in 100 mL of
water. The p-toluenesulfonyl chloride (27.6 g, 0.145 mol) was then added in small
portions. When addition was complete, stirring at room temperature was continued
overnight. The solid formed was filtered and re-dissolved in a NaOH aqueous solution
and the resulting solution carefully acidified with diluted HCI. The precipitate was
filtered and washed with boiling water. On cooling, unreacted 2-hydroxy-benzoic acid
was recovered from the filtrate. The remaining solid were purified by flash column
chromatography to give the acid product 1o.

Synthesis of estrone acid 1z

1. Tf,O, Py, DCM

2. CO, Pd(OAc),
dppf, KOAc,DMSO

Following the modified procedure of reported literature,’ Step 1. Pyridine (10.0 mmol,
2.0 equiv) was added to a stirring solution of estrone (5.0 mmol, 1.0 equiv) in DCM
(25 mL) under Ar. Then, triflic anhydride (6.0 mmol, 1.2 equiv) was added dropwise to
the mixture in an ice bath. The mixture was warmed to room temperature and stirred
for 5 h. Then, the reaction was quenched by the addition of water. The layers were

separated, and the aqueous phase was extracted with DCM (30 mL x 3). The combined
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organic phase was washed with brine, dried over sodium sulfate, filtered, and
evaporated under reduced pressure to afford the corresponding crude trifluoromethane-
sulfonate substituted compound. The crude compound was used without further
purification.

Step 2: Pd(OAc)2 (0.25 mmol, 5 mol %), 1,1'-bis(diphenylphosphino) ferrocene (1
mmol, 20 mol %), and potassium acetate (20 mmol, 4 equiv) were added to the crude
compound in DMSO (50 mL). The reaction mixture was stirred at 60 °C under a balloon
of CO overnight. The mixture was then cooled to room temperature, quenched with 1
M HCI (pH < 3), and extracted with EtOAc (50 mLx 3). The combined organic phase
was washed with brine, dried over sodium sulfate, filtered, and evaporated under
reduced pressure to afford the corresponding crude carboxylic acid. The crude
carboxylic acid was purified by column chromatography on silica gel to obtain the
corresponding acid.

Synthesis of 10-(methacryloyloxy)decylbenzoic acids: 20a, 20b, 20c¢

1 .NaH2PO4, NaCI02

CHO
/ 2-methyl-2-butene
b R_Br PO ert-BUOH, H,0
|/ . <N R\/O// ertBudh, M0 RIUOAN
KoCOs, DMF S 2.HCI, H,0 «_JCOOH

OH

R = 10-(methacryloyloxy)decyl

Following the modified procedure of reported literature,’ a 100 mL oven-dried Schlenk-
tube was charged with potassium carbonate (2.49 g, 18.0 mmol), methyl 3-
hydroxybenzaldehyde (6.0 mmol, 1.0 equiv.) and the flask was purged and filled with
argon. DMF (30 mL, 0.2 M) was added by syringe and the mixture was stirred. The
corresponding bromide (7.5 mmol, 1.25 equiv.) was added by syringe and the reaction
mixture was stirred under argon at room temperature for 24 h. The mixture was diluted
with EtOAc and water, shaken, and separated. The combined organic extracts washed
with brine (200 mL), dried (Na2SOs4), filtered and concentrated in vacuo. Purification
by flash chromatography (petroleum ether/EtOAc, 40:1), afforded the corresponding
10-(methacryloyloxy)decylbenzaldehyde products.

Following the general procedure of reported literature,® To a solution of 10-

(methacryloyloxy)decylbenzaldehyde (0.83 g, 2.40 mmol), NaH>PO4 (288 mg, 2.40
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mmol), 2-methyl-2-butene (1.12 mL, 10.6 mmol) in ter~-BuOH (15 mL) and water (4
mL) was added NaClO; (739 mg, 8.17 mmol) and the mixture was stirred for 50 min at
room temperature. The reaction mixture was adjusted to pH of 4 by addition of 1 M
HCI. The aqueous layer was extracted with CH>Cl. The organic layers were combined,
washed with brine, dried over anhydrous Na>SQOys. Purification by flash chromatography
(petroleum  ether/EtOAc, 10:1 - 5:1), afforded the corresponding 10-
(methacryloyloxy)decylbenzoic acids 20a, 20b, 20c.

Synthesis of 2-allyl benzoic acid 29

(0]

0] 0]
n-BuMgBr, CuCN 1.NaOH
o~ 3-Bromopropylene - (:ii): EtOH:H,0 (:ii)i
| THF, -40 °C X 2.HCI, H,O AN

Following the modified procedure of reported literature,’ to a suspension of magnesium

turnings (2.0 g, 67.0 mmol) and a crystal of iodine in THF (30 mL) was added dropwise
bromobutane (7.2 mL, 67.0 mmol). The mixture was stirred for 15 minutes then cooled
to 40 °C before dropwise addition of methyl-2-iodobenzoate (5.0 mL, 34.0 mmol). The
mixture was stirred at 40 °C for 1.5 h. A freshly prepared solution of LiCl (3.4 g, 80.0
mmol) and CuCN (3.4 g, 40.0 mmol) in THF (60 mL) was added and the mixture was
stirred for a further 15 min, followed by the addition of allyl bromide (12.0 mL, 140
mmol). The mixture was stirrer at 40 °C for a further 10 min, then warmed to room
temperature. The mixture was diluted with EtOAc (200 mL) and filtered over Celite®.
The filtrate was washed with 25 % aq. NH4OH (200 mL). The aqueous layer was further
extracted with EtOAc (2 x 200 mL), and the combined organic extracts washed with
brine (200 mL), dried (NaxSOs), filtered and concentrated in vacuo. Purification by
flash chromatography (petroleum ether/EtOAc, 9:1), afforded methyl-2-allyl-benzoate
as a colourless oil.

Methyl-2-allyl benzoate (2.7 g, 17.0 mmol) was dissolved in EtOH (250 mL), and 2.0
M aq. NaOH (200 mL) added. The mixture was stirred for at room temperature for 4 h,
then EtOH was removed in vacuo. The residue was extracted with Et;0 (2 x 150 mL),
acidified to pH 3 with 2.0 M aq. HCl and extracted with EtOAc (3 x 150 mL). The

combined organics were dried (Na»SO4), filtered and concentrated in vacuo and
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purified by flash chromatography (petroleum ether/EtOAc, 5:1) to afford 2-allyl
benzoic acid 29.
Synthesis of alkenes
Synthesis of Alkenylpyridines 2b, 2c, 2h, 2j
(PPh3),Cl,, CsF N

N Br e} Pd
S T S
= 0] dioxane/H,O =

Following the modified procedure of reported literature,!® to a solution of bromide-

substituted azaarene (10.0 mmol, 1.0 equiv.), CsF (4.6 g, 30.0 mmol) and pinacol
vinylboronate (2.3 g, 15.0 mmol) in dioxane/H,O (20 mL/10 mL) was added
Pd(PPh;3)2Cl2 (0.7 g, 1.0 mmol). After stirring for 16 h at 80 °C under Ar, the mixture
was concentrated in vacuo. The crude product was further purified by column
chromatography (petroleum ether/ethyl acetate = 40/1 - 10/1) on silica gel to yield the
corresponding alkenylpyridines 2b, 2¢, 2h, 2j.

Synthesis of Alkenylpyridines 2d, 2e, 2f, 2g, 2i, 21, 2m, 2n.

Cl
R——-/\I( + BF3K_~ PdCly(dppf) - CH,Cl, (2 mol %) R/;K\
N Et;N, i-PrOH, A N

Following the modified procedure of reported literature,'' a solution of chlor-
substituted azaarene (8.0 mmol, 1.0 equiv.), potassium vinyltrifluoroborate (1.29 g, 9.6
mmol), PdCLx(dppf)-CH2Cl» (131 mg, 0.16 mmol), and EtsN (1.12 mL, 8.0 mmol) in i-
PrOH (125 mL) was heated to reflux for 16 h. The mixture was cooled to room
temperature and partitioned between CH>Cl> (100 mL) and H>O (40 mL). The aqueous
layer was separated and extracted with CH>Cl (2 x 50 mL) and the combined organic
layers were washed with brine (100 mL), dried (MgSOs), filtered, and concentrated in
vacuo. Purification of the residue by column chromatography (petroleum ether/ethyl
acetate = 40/1 - 10/1) gave the vinylpyridines 2d, 2e, 2f, 2g, 2i, 21, 2m, 2n.

Synthesis of Alkenylpyridine 20, 2q, 2r, 2u.

MsCI (3 equiv)

. OH

NGB 1.nBuliTHR-78°C NEt, (4 equiv) \

|/ 2. 0 T R cHepo2om [T R
P % 0°C to 23 °C Z

R Me
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Following the modified procedure of reported literature,'> a solution of 2-
bromopyridine (2.37 g, 1.43 mL, 15.0 mmol, 1.0 equiv.) in THF (19 mL, 0.8 M) was
cooled to -78 °C. n-Butyllithium (15.8 mmol, 1.1 equiv.) was then slowly added and
the reaction mixture was stirred at -78 °C for 10 min. After that time, the corresponding
ketone (15.0 mmol, 1.0 equiv.) was added to the above solution and the reaction mixture
was stirred for 15 h while slowly warming up to 23 °C. NH4Cl (aq) (20 mL) and EtOAc
(20 mL) were added, the layers were separated and the aqueous layer was extracted
with EtOAc (3 x 20 mL). The organic extracts were combined, dried (MgSOa), filtered
and concentrated in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes/ EtOAc (9:1 to 4:2 (v/v)), to afford the title compound pyridine
alcohol.

A solution of pyridine alcohol (5.0 mmol, 1.0 equiv.) in CH2Cl> (25 mL, 0.2 M) was
cooled to 0 °C. Triethylamine (2.02 g, 2.8 mL, 20.0 mmol, 4.0 equiv.) and
methanesulfonyl chloride (1.73 g, 15.0 mmol, 3.0 equiv.) were then added and the
reaction mixture was stirred for 15 h while warming up to 23 °C. Saturated solution of
NaHCOs (aq.) (40 mL) was added, the layers were separated and the aqueous layer was
extracted with CH2Cl, (3 x 20 mL). The organic extracts were combined, dried
(MgS0y), filtered and concentrated in vacuo. The residue was purified by
chromatography on silica gel, eluting with hexanes/EtOAc (40:1 to 20:1 (v/v)), to
afford the title compounds 2o, 2q, 2r, 2u.

Synthesis of Alkenylpyridine 2s

1. NaH (1.2equiv)

Br THF (0.20 M), 0 °C Br
\ (0.20 M), \
N 2. Boc,y,0O (1.2equiv) N

H DMAP (5 mol %) Boc

Following the modified procedure of reported literature,'? a solution of 5-bromoindole
(2.0 g, 10.2 mmol, 1.0 equiv.) in THF (51 mL, 0.2 M) was cooled to 0 °C. NaH (60%
dispersion in mineral oil) (490 mg, 12.2 mmol, 1.2 equiv.) was then added and the
reaction mixture was stirred at 0 °C for 1 h. After that time, Boc anhydride (2.67 g, 12.2

mmol, 1.2 equiv.) and 4-dimethylaminopyridine (62.3 mg, 0.51 mmol, 5 mol%) were
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added and the reaction mixture was stirred for 12 h while warming up to 23 °C. NH4Cl
(agq.) (50 mL) and EtOAc (50 mL) were added, the layers were separated and the
aqueous layer was extracted with EtOAc (3 x 40 mL). The organic extracts were
combined, dried (MgSOs), filtered and concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes/EtOAc (9:1 (v/v)), to afford the

title compound as a white solid.

Br N\ 1. n-BuLi, THF.-78 °C OH
N\
N 2 0 | N

Boc N. G _ N
| ~ Me

=

Boc

A solution of tert-butyl 5-bromo-1H-indole-1-carboxylate (2.0 g, 6.7 mmol, 1.0 equiv.)
in THF (23 mL, 0.3 M) was cooled to -78 °C. n-Butyllithium (7.1 mmol, 1.1 equiv.)
was then slowly added and the reaction mixture was stirred at -78 °C for 10 min. After
that time, 2-acetylpyridine (0.82 g, 6.7 mmol, 1.0 equiv.) was added to the above
solution and the reaction mixture was stirred for 15 h while slowly warming up to 23 °C.
NH4Cl (aq.) (20 mL) and EtOAc (20 mL) were added, the layers were separated and
the aqueous layer was extracted with EtOAc (3 x 20 mL). The organic extracts were
combined, dried (MgSOa), filtered and concentrated in vacuo. The residue was purified
by chromatography on silica gel, eluting with hexanes/EtOAc (7:3 (v/v)), to afford the

title compound as a pink solid.

OH MsCI (3 equiv)
| AN A NEt; (4 equiv) Ny \
_ N, CHeCl (020 M) | P
Boc 0°Cto23°C N

Boc

A solution of tert-butyl 5-(1-hydroxy-1-(pyridin-2-yl)ethyl)-1H-indole-1-carboxylate
(0.54 g, 1.58 mmol, 1.0 equiv.) in CH2Cl; (7.9 mL, 0.2 M) was cooled to 0 °C.
Triethylamine (0.64 g, 6.3 mmol, 4.0 equiv.) and methanesulfonyl chloride (0.54 g, 4.7
mmol, 3.0 equiv.) were then added and the reaction mixture was stirred for 15 h while
warming up to 23 °C. Saturated solution of NaHCO3 (aq.) (20 mL) was added, the layers
were separated and the aqueous layer was extracted with CH2Cl (3 x 20 mL). The

organic extracts were combined, dried (MgSQs), filtered and concentrated in vacuo.
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The residue was purified by chromatography on silica gel, eluting with hexanes/EtOAc
(17:3 to 4:1 (v/v)), to afford the title compound 2s.

Synthesis of Alkenylpyridine 2t

Br 1. n-BuLi, THF.-78 °C N OH
\©\/\> 2 0 | A
o "~ N__C = o
| X7 "Me
_

Following the modified procedure of reported literature,'> a solution of 5-
bromobenzofuran (2.01 g, 10.2 mmol, 1.0 equiv.) in THF (34 mL, 0.3 M) was cooled
to -78 °C. n-Butyllithium (10.2 mmol, 1.05 equiv.) was then slowly added and the
reaction mixture was stirred at -78 °C for 10 min. After that time, 2-acetylpyridine (1.24
g, 10.2 mmol, 1.0 equiv.) was added to the above solution and the reaction mixture was
stirred for 15 h while slowly warming up to 23 °C. NH4Cl (aq.) (40 mL) and EtOAc
(30 mL) were added, the layers were separated and the aqueous layer was extracted
with EtOAc (3 x 30 mL). The organic extracts were combined, dried (MgSOs), filtered
and concentrated in vacuo. The residue was purified by chromatography on silica gel,
eluting with hexanes/EtOAc (15:3 to 7:3 (v/v)), to afford the title compound as a yellow

oil.

OH MsCI (3 equiv)
N\ \ NEt; (4 equiv) N\ \
| CH,Cl, (0.20 M) ||
Z o 0 o Z o
0 °C to 23 °C

A solution of 1-(benzofuran-5-yl)-1-(pyridin-2-yl)ethan-1-ol (0.769 g, 3.2 mmol, 1.0
equiv.) in CH>Cl, (16 mL, 0.2 M) was cooled to 0 °C. Triethylamine (1.3 g, 1.8 mL,
12.8 mmol, 4.00 equiv.) and methanesulfonyl chloride (1.1 g, 0.75 mL, 9.6 mmol, 3.0
equiv.) were then added and the reaction mixture was stirred for 15 h while warming
up to 23 °C. Saturated solution of NaHCO3 (aq.) (30 mL) was added, the layers were
separated and the aqueous layer was extracted with CH2Clz (3 x 20 mL). The organic
extracts were combined, dried (MgSOs), filtered and concentrated in vacuo. The residue
was purified by chromatography on silica gel, eluting with hexanes/EtOAc (4:1 to 7:3
(v/v)), to afford the title compound 2t.

Synthesis of Alkenes: 2p, 2gg, 2hh, 2ii, 2jj, 2kk, 21l, 2mm
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NaH (2.0 equiv)

Br
THF (0.20 M
rR2 ©7P+Me ( ) il
i 0°C - 23°C

o}
’N

R R" "R?

Following the modified procedure of reported literature,'> a suspension of
methyltriphenylphosphonium bromide (4.61 g, 12.9 mmol, 1.2 equiv.) in THF (54 mL,
0.2 M) was cooled to 0 °C. NaH (60% dispersion in mineral oil) (0.86 g, 21.6 mmol,
2.0 equiv.) was added and the reaction mixture was stirred at 0 °C for 25 min. ketone
(10.8 mmol, 1 equiv.) was then added and the reaction mixture was stirred for 15 h
while slowly warming up to 23 °C. NH4Cl (aq.) (50 mL) and EtOAc (30 mL) were
added, the layers were separated and the aqueous layer was extracted with EtOAc (3 x
30 mL). The organic extracts were combined, dried (MgSOs), filtered and concentrated
in vacuo. The residue was purified by chromatography on silica gel, eluting with
hexanes/EtOAc (19:1 to 9:1 (v/v)), to afford the alkenes 2p, 2gg, 2hh, 2ii, 2jj, 2Kk, 21l,
2mm.

Synthesis of Alkenylpyridine 2v, 2w, 2x

N Br 7 _ nBuli N con. HZSO4
n=1,2,8
Following the modified procedure of reported literature,!* to a solution of 2-
bromopyridine (10.0 mmol, 1.58 g) in anhydrous Et,O (20 mL) was added »-BuLi (11.0
mmol, 2.5 M in hexane, 4.4 mL) at -78 °C. The mixture was stirred for 1 h and the
corresponding ketone was added by a disposable syringe. The reaction was allowed to
warm to room temperature and stirred for further 12 h. After completion, the mixture
was quenched with HCI (10 mL, 1.0 M) and extracted with ethyl acetate (20 mLx3).
The organic layer was dried over anhydrous sodium sulfate and concentrated by rotary
evaporation. The residue was purified by silica gel column chromatography to afford
the alcohol derivative. Concentrated H2SO4 (5 mL) was added to the above alcohol and

stirred at room temperature for 1 h. Crashed ice was added and neutralized with NaOH
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solution to PH = 7 - 8. The reaction mixture was extracted with ethyl ether (20 mLx3)
then washed with brine and dried over anhydrous sodium sulfate. The solvent was
removed by rotary evaporation and purified by silica gel column chromatography to
afford the pure products 2v, 2w, 2x.

Synthesis of alkene 2ee

0O PdCI,(PPh3), (3 mol %) o
JJ\ AsPhs (10 mol %)
+
Br CF; KOH, THF-H,0
(HO),B

Following the modified procedure of reported literature,'* to a THF (15.0 mL) solution

CF3

were added 4-ethanoylphenylboronic acid (796 mg, 4.85 mmol), 2-bromo-3,3,3-
trifluoropropene (1.32 g, 7.55 mmol), PACI>(PPhs3), (105 mg, 0.15 mmol), AsPh3z (230
mg, 0.751 mmol), aqueous KOH (2.0 M, 10 mL, 20 mmol), under reflux conditions for
18 h. NH4Cl (aq.) (40 mL) and EtOAc (20 mL) were added, the layers were separated
and the aqueous layer was extracted with EtOAc (3 x 30 mL). The organic extracts
were combined, dried (MgSOQs), filtered and concentrated in vacuo. Purification by
silica gel column chromatography (hexane/EtOAc = 20:1~10:1).

Synthesis of alkenes: 2bb, Esterone, Diacetone-D-glucose, Epiandrosterone,

Tryptamine

O NEt; (3 equiv)

SOCI,(1.2 equiv)
| AN OH : N cl DMAP cat
|
4 Pz DMF (cat) /‘T P RXH, DCM /_

DCM, rt
X=NHorO

Following the modified procedure of reported literature,'” to a dried 50 mL two necked
round bottom flask were added vinylbenzoic acid (0.74 g, 5.0 mmol), DCM (20 mL),
and DMF (25 pL) sequentially. Then, thionyl chloride (0.44 mL, 6.0 mmol) was added
dropwise. The resulting mixture was stirred at room temperature for 2 h and
concentrated under reduced pressure. The residue was dissolved in DCM (20 mL) again.
Then, to a solution of RXH (4.0 mol) and DMAP (10 mg) in DCM (20 mL) previously

prepared in another 50 mL round bottom flask was added this acyl chloride solution via
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cannula. Then, NEt;3 (2.1 mL, 15 mmol) was added dropwise at 0 °C. The reaction
mixture was allowed to be stirred at room temperature. After 2 h, the solution was
diluted with EtOAc (10 mL) and quenched with 1N HCI aq. (10 mL). After separation,
the aqueous layer was extracted with EtOAc (2 x 10 mL). The combined organic layers
were washed with brine (10 mL), dried over MgSOs4, and evaporated under reduced
pressure. The resulting crude product was purified by silica-gel column
chromatography to afford alkenes 2bb, Esterone, Diacetone-D-glucose,

Epiandrosterone, Tryptamine.

83



ov'e—

Lze

mN.m/
sge—
or'E 5
wv.m\“

0s°e

CHy

\

/

“GlL'e

=60'C
=Ll'¢C

2160
To1e
5860
2902

=180

© c9'le—

GLee —

@ GLLe—

o
P
Lo
H
&
Loz
N‘
B 0z'1Zh ~ / \
s seezl —
02'82) ~
L@ 1zezt
© or'veEL ~

9€'9eL

vLevyL —

9 0z'6vL —

28091 —

16861 —

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

220

Supplementary Figure 15. *H and ** C NMR spectra for compound 3a

84



sze
9z'e
8z'€
25°€

vm,m\“
95'€

oL'L

L

cLL

€L’L

wN.hg
8211
1721
6€°L
ov'.y
2R
9L
8¥" L
8G9,
8597,
09°L A
19724
29N
€972

992
8917

908~
80~

258
mm.mv.

4

=lLc

U

=00¢

0.0

0.5

0

5 7.0

7.

8.

1 (ppm)

eree —
68,8 —

NN.PNF /
Nv.mmr
Lzlzl /
Lz /21

6182 T
02821
v6'821
65'GEL
mv.mm_\
rm.mm_\
mm.mi\
ot 4%
€2°091 —

16'861 —

7\

-20

-10

10

20

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

230

£1 (ppm)

Supplementary Figure 16. *H and * C NMR spectra for compound 3b

85



oze
NN.m/
vee—

ev'e
Sv'e \“
or'e

(AR
86'9
00°Z
80°L
60°L
oL'Z

(33
el
97’2
ze L
€€/
[
1€
8€°L
0¥ L
WL
eV’ LA
967/
2672
8672\

09'2
0927

96'2~
8627

05'8
Nm.mv.

7/

I

*60'¢C
4dxa

212
25670
;oo.r
6t
0L
21z

180

6.0

6.

1 (ppm)

veze —
15°2€ —

2L0L—

YSrLL

€z1eh /
;.mNr/
wv.nmr/
MN.ri/
69'8CL ~\t
8L°0EL

LE°0EL W
0Z'9¢L

zvoel \.
VAN 4

88°091 ~
167291

G8'L6L —

7\

10

21 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20
1 (ppm)

230

Supplementary Figure 17. *H and ** C NMR spectra for compound 3c

86



cce
vee
9ze—
67'€ ~

rm.m\“

€G°€

60°L
oLL
ZLL
szL
1zL
ev'L
vl
ov'L
es°L
952
952
65L&
1927
862
662
S.m\
158~
zs8”

3

7/

—

i

=8l'¢C
=6l

“m.o
0L
H/mo.N

ooz

80

1 (ppm)

902¢ —

8,8 —

SZTIZLN
68621~
60821
55821 —
L0EEL ~
0v9eL
egoct

LzerL —

02091 —

L€66L —

4

T
90

110

120

140

T T
210 200 190 180 170

T
220

1 (ppm)

Supplementary Figure 18. *H and ** C NMR spectra for compound 3d

87



cce
ora}
sze—
LY'e~F

m#.m\“

0s'€

60°L
oL'L
L
€Ll
L'l
T4V
NN.NV
8S°L
09°L
2oL
00'8
o8
c0'8
€0'8

€0'8
v0'8
058

258

4

I

=slc
=6l

ez
Agry

F00°'}L

1 (ppm)

002 —
9928 —

LSS
zrsi
62121 —
ovezL -
99°0¢1

sropt >
Leeel

vmvm?%

ra 4144

oz'erl —

15091 —
eV 9L ~
96'991 —

G761 —

7\

i

110

140

150

T T
200 190 180

210

T
220

1 (ppm)

Supplementary Figure 19. *H and ** C NMR spectra for compound 3e

88



lze
mm.m/

sge—

e
w#.mx
0s°€

7/

Cl

0 N

g8

880

8L
H/S.o
Fooz

Fego

1 (ppm)

v6'1E —
8926 —

LELZL ~
8£'€ZL —
S8'8ZL
25621~
LZ'SeL
ZvoelL —
zr'eelL —

LzerlL —

Ly 091 —

€1'86L —

]

7\

T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

1 (ppm)

Supplementary Figure 20. *H and ** C NMR spectra for compound 3f

89



lze
mm.m/

sze—

e —F
Lv'e \“
6v'¢

Br

7\

.

=Ll1C
ndxa

860
ZLL
¥86C
P

=80

1 (ppm)

26'1E —
9926 —

CELZL N
6€°€CL
G821\
Y9621 ~
S8'LEL
L9°GeL —~
ra 41 4% /

LzerlL —

6€°09L —

£€'861 —

Br

7\

1 (ppm)

Supplementary Figure 21. *H and ** C NMR spectra for compound 3g

90



lze
ora>}
vee—
e %

w#.m\“

8¥'e

60°L
L
[4%3
YL

szl
L=
TN
loL—
8&\
Ly

08'L

£8'L

058~
1587

/\

|

) S

A

=Z1'z
=202 |2

4.0

5

1 (ppm)

¥60 [ "
L
JV60 LS
FANA

0z | o

G6°00L —

LezL
seezt 7
£5'621 ~

SL9gk\
Lr9gl =
og et/

€T6VL —

0’091 —

£€9'861 —

/7

T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

T
220

£1 (ppm)

Supplementary Figure 22. *H and ** C NMR spectra for compound 3h

91



6€C—

e
ora}
sze—
8Y'€ %

om.m\“

lse

60°L
(34
42
Gc'L
yxAVA
LeL
€€°L
Ge'L
1€, —
LS L~
65"
%<3

pA
pA
8L L
08°L

53]
Nm.wv.

CH,
B

7\

=80°¢C
==<l'c

1 (ppm)

se'le—

Lee —
68,8 —

zz izl
mm.mﬁ%
LE'GZL\-
€821\
£€9'82L 7
12881 ~
8e9elL 7
z6°9€l v

6.°09L —

67661 —

CH,

7\

T
90

T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

1 (ppm)

Supplementary Figure 23. *H and ** C NMR spectra for compound 3i

92



gL

lece

NN.&/
vee—
M'E ¢
ww.m\“

67'€

16'91
80°/
oLz
[AWE
e L
9T’
82,
€€°L
Ge'LA
JAWA
1572

mm.L
(3o A\
[ASIVAN\

S9LF
ww.ﬂ\
ON.N\\‘
6L

om.mv

[32°]

T

4

=<l'6

=S50'¢C
=L0C

¥00'L
60
201
oL
X
oo

280

1 (ppm)

XA
€0ze
g6 L8\

0808 —

0661 —

4

T
90

T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

1 (ppm)

Supplementary Figure 24. *H and ** C NMR spectra for compound 3j

93



9z'e
8z'¢
62€
9G°€

hm.m\“
65°E

WL
clL
clL
viL
9z'L
L2°L
8L
6S°L
6S°L
192
€92
YL
99°L
208\
608~

mmuw\

28
8v'8
0s'8
158

80°0L —

o

4

=€0¢
J

=Slc

v6'0
“60'L
102
=060
=00'}
FegL

Fzs0

i)

2.0

2.5

3.0

o

1 (ppm)

1871e —

6L, —

9g’Lel /
8e'€CL
PAAT4% /
wm.mw_\/
LT°€eEL

09°€el
vrogL
299¢L \

L9°L€1L

€ceyl —

22091 —

6’161 —

0€'86L —

No

7\

110

1 (ppm)

Supplementary Figure 25. *H and ** C NMR spectra for compound 3k

94



vee
mm.m/
8z€—
ﬁm.mv
95°¢
wm.m\

G6'€—

oLL
(33
[4A
€LL
9T’ L
82 L
[4°A
S L
95°L
85°L
09°L
09°L
Nm.n\
118
618~

[¥4:]

mm.m\
om.w\“
Nm.w\

9'8

/

H/@o.m
*80'C
JSve

H78.0
8oL
TeLe

ooz
4580
$86°0

1 (ppm)

181 —

8,8 —

€725 —

oge’lel
Leech
z8'8ClL

?N.mw_\/
G9°0€L ~\°
8Lcel —
08'eel
or'9el
vILEL

oo

SN

€T6VL —

2y 09l —

0€'99L —

8¥'861 —

_CH,

/

10

T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

T
220

1 (ppm)

Supplementary Figure 26. *H and ** C NMR spectra for compound 3l

95



T —

oz'e

NN.m/
vee—
ov'e—F
S\m\

€r'e

80'21
012
WA
1224
€T°L
ST’ LY
L2 LA
€€°L
GE'L
9€°L
hm.h)W
2672
857/
6G°L RS
om&\
192
89°L
0L,
om.wv

[3=2°]

/

=80'¢

e 1x4

12

4260
vioe

001

o0

0.

5 0

2.0

3.0

5 0 5

0

5.5
1 (ppm)

6.0

6.5

Lze—

veze —

150V —

NN.FNF/
£E'€Th

mo.mmrM
25821 \_
SLLEL
yeLeL <

09091 —

2v'e0z —

CHy

/

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

220

Supplementary Figure 27. *H and ** C NMR spectra for compound 3m

96



e —

pAN

m_\.m/
lze—
ov'e ¢
Nv.m“\

£r'e

60°L7
0121
[AVE
122
€22
1229
82'L
LEL A
2L
6vL
252
€52

95°2

8s'2|
092~

€8°L
€8°L
G8'L
G8'L

058~
1587

=20¢
=.0¢C

708°L
ﬁm.o

0L
H/No.m
00°L

1 (ppm)

9l’le —

16°1€ —

v’ oy —

szizl
S.mﬁ%
6621 —~
20921
16'62L 7
B.omr\
LeetL \
veoel

LT
116017
or'09L —

15691 —

92’661 —

o

T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

1 (ppm)

Supplementary Figure 28. *H and ** C NMR spectra for compound 3n

97



=Gl
=L0C

1 (ppm)

SLe—
Lee—

29y —

8L 1zl
sLezl
9g'€zL
61221
65821
88621
16621
86'LEL "
Zv'zeL 7
vo.«?%
Le'9€L
62571\
L9'9pL —
eyl

GE09L —

18661 —

CH,

JI

20

10

70 60 50 40

80

110

21

T T T
190 180 170 160 150 140

T
200

210

1 (ppm)

Supplementary Figure 29. *H and ** C NMR spectra for compound 30

98



8L'e

om.m/
e —
9\@‘
S\.m“\

£r'e
9Ly —

oL'L
cLL
viL
ST L
yXAVA
ov'L
eV L

8G°L
6G°L
09°L
1972

Nm”m\.

€9°L

mw.m\

1672
81’8
mﬁ.wv.

7/

*=60'¢C
=9lC

260
60l
2o0°
60
200z

2.5

3.0

0

5.5

6.0

6.5

0

7.5

1 (ppm)

€02 —

9628 —

cev9 —

9€°LZL L
zs'eg —~
6v'9zL —
ze'8zL
£8'GEL
v9'9el

€99V ~

vo'6vlL —

89091 —

v8'861 —

7/

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

220

Supplementary Figure 30. *H and ** C NMR spectra for compound 3p

99



1z€n
€2°¢
Ssze
AAN
67°€
LS€ Y
1677
157
1511
897
85V
637
82°G")
62°G
€6
LS
ov's
ov'G
LR
SP'G A

—

—

209
809
oL'9

oLz
zLL
zLL
S22
1272
eeLd
se'L
182
252 ]
zs2
€52
852 ]
652 ]
1921
192

009
209
€09
09
909

e
|

——

158
zg'8”

~ CH,

\

/

L Ju

=80°¢C
=Slc

$20°L
860

0.0

5

0.

o

5

2.0

0

5

9.0

9.

1 (ppm)

602 —

6,8 —

1689 —

2TELL N
Y6 LIL
[RA 4
E.ONFW
ve izl
oe'ezl
95621 <
sgzel -
8€79€L 7
czeer

czerl —

118G ~
69091

90661 —

NcH,

O,

\

/

Lo

10

20 10

30

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

220

Supplementary Figure 31. *H and ** C NMR spectra for compound 3q

100



€5°C
vm.NW.
K4
e
ora
gze—
8Y'€ >

om.m\
Lge

€LY
vn.vv.

60°L
L
L
€L°L
9L
9L
8L°L
6L°L
ST'L
2L
9€°L
8€°L
ov'L—

15°L
85°L
8S°L
65°L

V9L
05'8~,
[

/CH

\

\

. L

=<lc
=€lc

6.0

5 7.0 6.5

7.

8.0

1 (ppm)

€02 —
€67L8 —

§6'SS —

16°GL~
oL'8L—

zgeLL —
1z°0ZL

9z'1ZL W
09121 7
8£'€zL

szl 7
LPOEL ~\_
9z'8EL —

ozcevl —

2L LS —
29091 —

18'861 —

CH

\

L

T
80

T
90

110

T T T T
210 200 190 180 170 160 150 140 130

T
220

1 (ppm)

Supplementary Figure 32. *H and ** C NMR spectra for compound 3r

101



343
oc'e
zee”
poE~,
mm.mW
19°€
oL'L
()
zLL
vLL
9z'L
8T'L
0€'L
252
vS'L
96
1621
85°2 1
1929
£9'2 1
582
182
68°L

6",
96°L

v0'8
mo.m/
908

B.mN
€58~
vse

7/

U

=50¢
=9lc

400’
~860
/60°€
e
e
T

Fo6'L

0

4.5

5.0

1 (ppm)

ozze —

98,8 —

[rAT4%
svech
88'¢€CL

L29zL
m:Nr/
se'8T)
95621
vammrx
vSzeL \
1ZveL

85°Gel

vy 9EL
veerl —

GL09L —

92661 —

/7

10

50 10 30 20 10

60

0 140 130 120 110 100 90 80

51

1:

160

210 200 190 180

220

1 (ppm)

Supplementary Figure 33. *H and ** C NMR spectra for compound 3s

102



6L°€
rN.m/

€€ —

e
Nﬁ.m\
e

209 —
289

89
60°L
L
[4%3
ve'L
9T L~—>
82'L
mv.h\
'L
LG°L
LG°L
6S°L
6G°L
092
L9,
29,
05’8
25’8

L1
=80'¢C

T

7001
/860
+80°L
60
80z

1 (ppm)

sgee —
19726 —

8101 —
€8°20L
68201 A

TN
187821 ~
vevzL 7

9L/ 1EL —
159¢eL —

ZL8hL ~
61671
991517

SL09L —

9€'L61L —

1 (ppm)

110

120

130

140

200 190 180 170 160 150

210

220

Supplementary Figure 34. *H and ** C NMR spectra for compound 3t

103



oz'e
NN.m/
£TeE~+

£€e'e
Ge'e
€€

1s9
1S9
259
259
60°L
oL'L
L
[4%3

0z'L
2L
€T L
veL
LeL
9S°L
LG°L
09°L
9L
23]
25’8

=9l'C

90C

0.0

0.5

1 (ppm)

€8'1E —

86,6 —

[T
IR
62121\
0£'€ZL ~

6€9€L —

0€'9YL —
€T6VL —
09251 —

9€°09L —

S¥'88lL —

W

110

140

150

210

1 (ppm)

'H and ** C NMR spectra for compound 3u
104

Supplementary Figure 35.



e
mm.m/

sge—

EV'E—F
Sv'e \“
or'e

oL'L
L
L
VL
ve'L
9T’ L
LeL

1571
yAwA
652
652
rw.h\“
29'L
SLL
9L'L
LS8~
zs8”

ndxa
=86'L

=002
gLl
v86'L
+80'L

1 (ppm)

0zzee —

Sv'8e —

LELTL ~
8e'€CL —
90821 ~
S6'LEL
vreeL —
LroeL

Lyl —

veevl —

ov'09L —

82261 —

T
90

T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

1 (ppm)

13 C NMR spectra for compound 3v

105

Supplementary Figure 36. 'H and



oe'e
rm.mV
g’
S9E~.
99°¢

mm.m\

1z
z1'2q
€12
vi'24
8z,
0g°L
9v'L Y
1v'1 9
8v'L Y
6L
652
092
1972
29'L N\
€9°L7
wm.m\
vi'8
wv.wV
9T'8F
62'8
628
Le8
Le8
g8
cs'8
€9'8
00’6
00’6
Lo0'6
Lo0'6

4

\

=60°C

x4

#60°L
=20'L
=€l
A

=60}

oLz
=902

1 (ppm)

soce —

18°,€ —

selel
Nm.rmw/
or'ech

61221
89°221

55621 7
No.omrw
bLvELTF
S.omr\
157281

£T67L
z1051L —
sszsL 7

Lv'09L —

L2861 —

4

\

AJWWMHJWW A A Wmmmmmwmmmmmmmm

T T T T T T
210 200 190 180 170 160 54 140 130 120 110

T
21

1 (ppm)

Supplementary Figure 37. *H and ** C NMR spectra for compound 3w

106



e
vee
9ze
8Y'€
om.m\“
[A=R>
SOV —

80'1
6021
o1z
1z
z1L
€12
pLLA
GL2
€22
cz'L
ve LA
982
95°2
952t
JEIA
mms\f
652
092
592
892
258~
g8

CHg

~z

=€0'¢c
=90°¢C

(104
W\mo._\
=ZLe
00'L

H/.vor

5.0

1 (ppm)

)

6.0

8LZe~
652e 7

06 —

ZE 0L~
L
s9°0zL

oz izl V
z6'22L T
mmvmmrx
z8'szl

69°VEL ~
6€9eL
20071 —

62671 —

69091 —

9z'e6l —

CH,

~z

10

T
90

T T T T T
190 180 170 160 150 140 130 120 110

T
200

210

1 (ppm)

Supplementary Figure 38. *H and ** C NMR spectra for compound 3x

107



eLL
Sl
€zL
Sz'L
2L
mms\
ov'L
88'L~
0627

ve'8—

\

CHy

/

HyC

Juq U\J_A

201
ere

=80°¢C
=Lc

1 (ppm)

Y08l —
€9'lc —

LLe —

96,8 —

0g'zzl —
A TR
Lz'6zL W
svoeL 7y
eyl
z0'LEL

[N
€567 ~

182G —

90'66L —

\

CHy

H3C

T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110

T
230

1 (ppm)

Supplementary Figure 39. *H and ** C NMR spectra for compound 3y

108



or'z—

6L°€
oz'e
e
vre—

ov'e N
8b'e

2L
mm.h/
GT L~
S L
mmNV.
mm.n\
1571
nw.n\
68°L

Sv'8 —

\

CH,

/

-

“ig
Fo
Jske

6.0

6.5

1 (ppm)

vo'Le —

9€1E —

Lyle —

cecvel \
81L'8¢lL

@N.mN_\W
€5'62L

ZevEL 7
€0°9€L /s
06'€vL —
66°LYL —

€0'65L —

99'861 —

\

CHg

/

T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

£1 (ppm)

Supplementary Figure 40. *H and ** C NMR spectra for compound 3z

109



Wwe—

Lee
mm.m/
se'e—

€9°€
mm.n“\“

16°¢

ve'L
RNV
SYL~
e’
882\
062~

108
80'8
608
oL's
S6'8 —

90°0L —

Hy,C

=GlLC
=90°¢

50z
601
VT
¥80°L

o't

o

1 (ppm)

99'Le —

L£2¢ —
16'9€ —

€071\
61821
om.mwrW
09'6Z1
zz el
vooeL 7

20yl —

L6'LGL —

62°L91 —

vS'061L —

9€'861L —

HsC

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

200

Supplementary Figure 41. *H and ** C NMR spectra for compound 3aa

110



or'e—
09Cc—
62°¢

Lee
zee—

1S'€—¢
mm.m\
vs'e

YL
wNNW
yxAVA
8€° LT
ow.m\

ww.h/

06°L—
€18
L8
GL'8
91’8

wo.mv

906

CH,

H,yC

-80°¢
=90°¢

=0'¢C
=60°C

=80°C
€0’
F90¢C
00}

1 (ppm)

s9'Le /
99'9z
eLee~
80°2E

LY'EZL N\
61821

8z'62L V
8z°0eL
9ZveEL
zeseL

S6'EVL —
856V —

0L'G9L —

157961 ~
or'86L

CHy

H3C

T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

1 (ppm)

Supplementary Figure 42. *H and ** C NMR spectra for compound 3bb

111



€71
mm._\w

WL

ov'e—

82'¢€
mm.m/

Lee—
05°€
rm.m\
€5°€

9E' ¥
8E'Y
o'y
Nﬁ.v\

ve'L

mm.h/
7L
vm.hx
9L

882~
06 L7
818~
1zg”

Le—

CH,

AR

*60'¢C
=LlC

2212
2poL
002
60

5.0

5.5

6.0

62 ¥l —

vo'Le —

8Lze —
cTle —

2zl —

1 (ppm)

soezl \
z0'vel
E.wmr\
1z°62)
om.v?%
veLel
o6'evl <
05051 ~\_

eV'S9L —

5861 —

-

\

CHy

/

HoC O

T T T T T
200 190 180 170 160 150 140 130 120 110

210

1 (ppm)

Supplementary Figure 43. *H and ** C NMR spectra for compound 3cc

112



\Wwe—

e
vw.mW
o'e
0s°€
[AR>

vs5'€

gL
€T'L
ST L
Lz,
06°L

rm.mv

€6°L

£€9'8
ﬂm.wv.

CH,

1 (ppm)

z9'le —

Lec —

05°9¢ —

26611
€922l
9zveL
8GvCL
6812l
[A-r4%
Se'seh
90821
0z'8zl
zzech
LL€€L
z8°'eel
18°'€€L
26'eEL
8Y'veEL
eyl —

VLG —

LLesL —

15861 —

CH,

T T T T T T
200 190 180 170 160 150 140 130 120 110

210

1 (ppm)

Supplementary Figure 44. *H and ** C NMR spectra for compound 3dd

113



or'z—

vzL
9z,
172
mNNW
9L
181~
0627
LE8
zee”

4

CHy

3

JU e

1 (ppm)

Br,

s9'Le —

8L1€ —
0€28 —

Y9yl

I M
61821 ~—
9z'62L W
co'eel

62 vEL \
69°crL —

06'6v1 —

9v'29L —

9’86l —

CH,

T
90

100

114

1 (ppm)

110

120

140 130

150

Supplementary Figure 45. *H and ** C NMR spectra for compound 3ee

220




Wwe—

vi'e
m:.m/
L1e~L
Zre
vreT
ove/

28'e—

259~
v59—
819~
g’
vzl

e

YoL—F
'L \“
8v'L

06 L]
Nms\

J

CH,

=l'e

M/NF,N

J00°€

80
260

e
F€0'L

1 (ppm)

v9'le —

118 —
61,8 —

€Les —

29201 —

or'GLL —

128zl -7
12621 7
6sveEL
6.86L —
99°evL ~

6€'851 —
S9'€9L —

12661 —

/

HyC

CHy

I

10

180 170 160 54 140 130 120 110 100 90 80 70 60 50 10 30 20 10
1 (ppm)

190

Supplementary Figure 46. *H and ** C NMR spectra for compound 3ff

115



ov'e—

8L'e
oz'e
lze—
SY'E~

wv.m\“

8v'e

[z
vZ'L
9z'L
62'L
Le'L
Zr'L
TEW
oL
182~
6827

Br,

7/

CH,

1 (ppm)

S9'Le —

9L1e —

29,8 —

CH,

B\

Br,

1929l —

65861 —

T T T T T T
200 190 180 170 160 150 140

210

T
220

1 (ppm)

Supplementary Figure 47. *H and ** C NMR spectra for compound 3gg

116



Wwe—

90'€
mo.m/

60°€—

82'€ ¢
om.m\“

ce'e

6L
_\N.h/
Se'L

wN.hN
L2,

veL~
9827

158~
258

HyC

=+0'¢
=+0'¢

1 (ppm)

99’1 —

lz62— —

128 — -

86'€2L —
z18eL ~
8e'62L 7
oLveL — —

o

6L vyl — —
856YL
69051 —

HyC

G826 — —

T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

1 (ppm)

Supplementary Figure 48. *H and ** C NMR spectra for compound 3hh

117



ov'e—

e
m¢.m/

Sv'e~=

85'€
09'¢
29'¢

veL
9T’ L
8€°L
ov'L
Sv'L
PAA
6V L

o0\

89'Lf
wh.h\“
8171
26°L
v6'L
16'L
66°L
S0'8
10’8

1 (ppm)

LR
eexooaQeQ
PR ]

S9'Le —

€8¢ —
25.8 —

Y43
VA TA%
8921

€G°L21L
[T A 148

ve1L9L —

00661 —

"

1 (ppm)

118

l CH,

Z

Supplementary Figure 49. *H and ** C NMR spectra for compound 3




\Wwe—

€9°¢
mm.mW
L9°¢€

GL'e
9L°¢
8¢

S2¢'L
12,
0s'2
[4=-A
6S°L
19°L
€9°L
99°2
8927
0L'L
08'2
z8'L
S6°L
16°L
sz'e
178
6€'8
Lr'e

e A

7702
Nz

LT
60
0z

*00't

e

£00'L

H/ww.o

0.0

0.5

1 (ppm)

s9'Le —
v9'8C —

29'9¢ —

[4411%

wo.mNr/
oLzzL
mNKN_.W.

9€L2L

Le'gzL f
vz'62L
z6'621 \

61091 —

12661 —

10

T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

T
220

1 (ppm)

Supplementary Figure 50. *H and ** C NMR spectra for compound 3jj

119



Wwe—

vee
9z'e
82'¢
mv.m/
Lve7
mw.m\
28€ —

€86 —

STL
7L

26 L~
v6 L7

o

CHy

O—CH,

H,C

“90z
iz
2209

Flo¢

1 (ppm)

€9'1 —

062¢ ~
1e6e —

€8'€5 —

6898 —

61821 —
oz'ezh 4
0LveL —

L9evL —

21691 ~
8CTLLL

66'86L —

CH,

o

HoC

O—CH;

T
90

T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

21

1 (ppm)

Supplementary Figure 51. *H and ** C NMR spectra for compound 3kk

120



og'e
18'€
z8e
eg'e
Zzr
vy f
R.v\
621
8V ¢
ﬂm.v“\

98’y

9.9
8.9
889
169

0L
S0
L0°L
0z'L

2T L~
mm.n\

S’ LF
vm.n\
GS'L
ww.n\
06°L

6v'8
6v'8 >

CHg
- CHy

e}
o

<}

Hoe

Feo'L

300}
Ao

o
o
7002

Izgo

0

2.

2.

3.0

5

5.5

6.0

6.5

1 (ppm)

29l —

26'eh —
69°Ly —

¥8'9G v

G8'9S

z

mm._:// \

6€°LLL —
16'6L1
mm._m_%
RN
12821
9L'6ZL A
LLYEL
Fm.o?W
9Y'9EL
99°EVL ~\_
69'L¥L
mhwiW
v6'8YL

29291 —

GE'861L —

o

CHy
_ CHy

d

o

e]
I

bl

10

30 20

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

220

1 (ppm)

Supplementary Figure 52. *H and ** C NMR spectra for compound 3l

121



8€°C —

9L'e
wr.m/
lze~x

eze’
09°€~_
Loe-T
€oe
€oe
vo'e
co'e

90°L
L0°L
60°L
60°L

gL
€CL
9T’ L
yxAVA
96,
wm.ﬂ/
wm.ﬂw
09°L
98°L
18°L

om.wv

1g'8

CH,

7/

CH,

FLL7L

Feoe

H/_\n.._\

(O8>
60
H\FO.N

1 (ppm)

[ANTAN
rtAd

9zLe —

18'vy —

8T'LZL~
svzzl
GZ'82L ~
oLzl -
ZLYEL ~
£v'9EL —
S9'evlL —

€Leyl —

1G9l —

26'861 —

CH,

/

CH,

T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

T
220

1 (ppm)

Supplementary Figure 53. *H and ** C NMR spectra for compound 3mm

122



82—
e
sv'e
Ls'e
£5°€
v
om.L
zev
vevy
88y
mm.L
06'%
167
202
v0'L
v0'L
502
9L°2
812
6121
0z'L
vz L]
52’2
1224
62L1
SE'L
1827
05
052
25
[P\

—

vg' 2
882~
0627

VA4 : N
sv'g”

\

H,C

1 (ppm)

Yo'l —

08'ey —
S0'8Y —

oLzl
88'€zl

mm.oﬁ/
z1'8zl /
og'szl /
z9'82L T
L1621 7
LLYEL T,
8€°9€} s
99°evl

SLEVL 7
6887l —

Lv'e9L —

92’861 —

\

HyC

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
1 (ppm)

210

Supplementary Figure 54. *H and ** C NMR spectra for compound 3nn

123



6€C—

oLL
[4A
viL
2L
YL
yxAVA
62L&
L1571

652~
1972

rn.n\

18°L
68°L
1672

€58~
5587

loe

oo
hgoe
4001
=/8'0
ooy

0.0

0.5

1 (ppm)

L9l —

v6'er —
69°Ly —

0E°6LL
£9°0Z1 |
52021
6,021
86121
z8'¢Zl
69'vZ|
(XA
G2'8Z1
SH'8ZL
8821
8Z°6Z1 | W
MK 8
Lgiel kb
velel
cever
v
z8°9¢el
Pyl ~
yLovL =
¥l —

85091 —

91,61 —

10

50 10 30 20 10

60

200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

210

'H and ** C NMR spectra for compound 300
124

Supplementary Figure 55.



€9'L —

9€'T—

CH,
(e}

HC

206

Feoe

Foo'L

Ho

0oL

£98°0
zoe
Dozt

6C
7€0'2
oot

3.0

3.5

1.0

7.0

7.5

8.0

1 (ppm)

v9'Le —

6182 —

0¥y —
V6 LY —

19€8 —

SE'861L —

CH,
>L. CH,
o

H;C

Ha

T
80

T
90

T T T T T T
200 190 180 170 160 150 140 130 120 110

210

T
220

1 (ppm)

Supplementary Figure 56. *H and ** C NMR spectra for compound 3pp

125



9€T—

€G°€
14°R
PAR
wm.m\
ey
€e'Y

mméﬂ

8E'Y

86'y
00's
00's
20's
19'9
19'9
19'9
89'9
102
202
€02
v0'L
61
[ XAV
€217
5227
62,
0g'2]
2 |
22 ]
o
ov'L ]
8v'L ] ﬁ
0521
152
262
€54
vS'L
vS'L
65'L
8g'L
062

6v'8
0s'8

o

H,C

=

=zL'e

F50'L

seddeNed

QX QoQ
Nr+rvrvc-®-o

g

0.0

0.

8.0

9.0 8.5

9.5

1 (ppm)

v9'le —

STYy —
€6°LY —

G9°90L —
oV LLL —
197021

€€'1Z1 %
18°€ZL
85 velL

89221 F
Le'8zh \
L1624

ﬁ«?\
ovvo?\
fa g1

wm.mi*

1€°861L —

o

—2(

-10

130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

140

210 200 190 180 170 160

220

Supplementary Figure 57. *H and ** C NMR spectra for compound 3qq

126



LeC—

15°¢€
65°€
29°¢
mm.m\.
9E'Y
6E'Y

S\vﬂ

(244

50'S
10'S
10'S
60'S
€021
S0°L1
90°L
0z,
2T L
9z'2 1
122
1829
6cL\L
L2k
i~
[
vy
om.iw
252
€52
e
922
8L,
08°L
68'2 ]
16727
058
157

CH,

Nm.o
6z
Feov
¥80Y
*eoz

Feso

0.5

0

2.0

2.

0 5.5

6.

6.

9.0

9.5

1 (ppm)

s9'le —

19€y —
sisy —

44143
20veL
09'52L
0921
59zl
65221
mm,nmrw
rAR:14% \
61621
€eTeL
1G°€€L
LLYEL

vy oeL
8L Lyl
LLevL

v6'871
€€ —

1286l —

CH,

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30

220

1 (ppm)

Supplementary Figure 58. *H and ** C NMR spectra for compound 3rr

127



AN
Jske
AR

e

¥66°0
oL
0z

6

Az0z

Fsgo

(ppm)

1

€51 —
SLve—
YE'6Z
62'1E —

S€°0S ~
66°LS

16°021 ~
erezL
62'821
08’82k~
0€°GEL
8L6eL 7
98'zrL —

8v'8vl —

86191 —

61202 —

10

20 10

30

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

220

1

128



€817
781
98°1
18°1
881
681
16'1 1
€61 1
561
1671
6671
002
202
€0°C
0'C
mr.m,w
022
XA
€ze
gz
22
6cc
Lee
9€'C

vie
ﬁ.mu/
816t
oge”
IR

ozv-f
Ty

ST

0L
S0'L
90°L
L0°L
GL'L
LVL
6L
9T’ L

8y'L
6v'L
05,
32
[4-3
€G°L
8L'L
08°L

Nm.wv.

58

- 0z
1z
- rsLe
“eoe

CH,

\

1670
Hrm.u
5660
7002

1.0 10.5 10.0

£1 (ppm)

Supplementary Figure 59. *H and ** C NMR spectra for compound 3ss

(wdd) 13

4.5

2 (ppm)

Supplementary Figure 60. NOESY spectrum of 3ss
129



969
1691
86'9
669 1
€171
Gl
9Ly
827,
0€° LA

LG LA
257 LA

N

6£°8

/160
*00'2
10’
2860
fo0z

(ppm)

1

0s'1e
€912
88'5C

Loz
mr,mm\

06'vY ~
98'9Y

96'0Z1 ~
oz
61821~
006zt~
LLGEL N
cLogL ~
S8'ChL —

Se8YL —

€L'€9L —

68202 —

10

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50

190

(ppm)

1

130



©

———\lF——

00'C
[4x4
S0z
9g°C
ora
vee
sce
I
Lze
82'¢
62°¢
00
00
20y
€0y

= e

v6'9
56'9
56'9
16'9
SL'L
9lL'L
LV,
8L'L
9C'L
Sv'L
Sv'L
VA
VAA
6v'L
6v'L
wh.N\
182
988~
ge'g

CHy

\

Rope
A
rgLz
122
TR

L

L0°L
6'C
FeoL

H\oo.N

5.5

6.0

(ppm)

1

Supplementary Figure 61. *H and ** C NMR spectra for compound 3tt

€6'€

89
98'9 |
002
10°2 |
20°2
£0°2 1
SL'L A
1172
92'L
6€'L Y
or'Ly
1L
L2
BR
£v'L \\
292

v9'L 7
8L,

08'2

o8~
8vg”

A

A

HyC

6°0
[V

[

26°0
160
8L
680
28l

KaR AN

5.5

0

6

8. 8.0

9.0

5

9

10.0

10.5

(ppm)

£1

131



sg'Le
Lee
€622
6E€T

(14
8L€T
veve
zs've

65'6Z
99'ey

om‘oqﬂ
fAVA s
over’

selzl ~
65221~
22821~
erezL
6€5EL
vLGEL T
90yl —

88yl —

v2e9l —

0’202 —

/7

A\

50 40 30

60

110

140

T T
200 190 180

210

T
220

1 (ppm)

Supplementary Figure 62. *H and ** C NMR spectra for compound 3uu

LWz —

e
Nr,m/

vie—

82°¢€ F
om.m\

zee

Hy,C

=€l'C
=zLe

=1z
266l
1671
00z

£1 (ppm)

132



L9'te—
§8'62 —

€68 —

vz och
v62CL
9€°5CL
6€'GCl
€v'ach
A T4%
v9'6Cl
86'LCL

€L'8eh
18821
se'6Ch

60 VYL~
95°GrL

€2'86L —

w

-10

40

70

90

110

140

150

160

T
170

210

£1 (ppm)

Supplementary Figure 63. *H and ** C NMR spectra for compound 3vv

Wwe—

oL'e

erm/
vie—
LZeF
mN.m\
Lee

06'€ —

veL
9L
8CL
\e'LT7
mm.h\
8L
ww&V

962
wm.»\

=90°¢

g6l

¥28'L
~80'¢

£1 (ppm)

133



L9
69'6C —
L0 ~

L6 —

88'LY —
025 —

65921
m_.,wN_.%
0582l —
mm,mN_\\
S8'62L
€T el

20 vhL ~
€6'9YL —
626V

907291 —

GE'861L —

HyC

30 20

40

70

110

120

140

150

210

T
220

£1 (ppm)

Supplementary Figure 64. *H and ** C NMR spectra for compound 3ww

Wwe—

WE
ElE
SLE—=
8ZEF
0E'E
CEE

CHy

A

=507
“ooe
“ggl
g5}

f1 (ppm)

134



89'L —
80°0€ —

£€'6E€ —

LooLL —

€0'6LL —
[4%:14%
ve'6ch /
8€'6CL
A

LezelL

80'vEL \
T hyL —
€L LYL —

06261 —

CHy

-20

10 -10

30

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

220

Supplementary Figure 65. *H and ** C NMR spectra for compound 3xx

6€C—

€2T¢
vamW
pra

eee-f
ge'e

PAR

€€'S
ON.NAA
22N

J

CHy

Z€1'Z
pie

£1 (ppm)

135



99—

886 —

05 0r—

18'99—

ZE9T
FZaCl
OEazl
Oracl
£9°8Z1
LVBTL
ESBZL
GE0EL
ESLEL
EECEL—~
P vEL-,
68 mm_.\.
05 EVL

2] m.q_.v.

ET L1 —

pEa6l—

U (=]
O

T T T T T T
140 130 120 110 80

150

160

210

100
£l (pom)

180 17

180

200

220

Supplementary Figure 66. *H and ** C NMR spectra for compound 3yy

ov'e—

Lze
NN.m/
vee~

seef
hm.m\“

8€'C

v'L
9L
65,
L
Zv'L
oL
St
D:\
o
mos\
8L
08'L
z8'L
182
68°L

=0L'¢
.02

/8T
poo'e
JT0L
196°C

“oor

1 (ppm)

136



191 —

1£°0€ —

820% —

og'seh
Lo'ozL
[ aT4%
oz'zh
ov'L2L
€921
[3%:14%
61821
Leect
L6°LEL
z9'eel
8EVEL
16°8€L
68°Ch L

98'861 —

PORA®

R

~40

-10 -30

10

140 130 110 90 70
£1 (ppm)

T
51

210

240

Supplementary Figure 67. *H and ** C NMR spectra for compound 3zz

e —
e

mr.n/
she~

szef
NN.m\“

62'¢

ST'L
ON.NW.
pravA

€8 L~
s8L7

HsC

#1072
~0¢

5.5

6.0

£1 (ppm)

137



VLY —
89'l —

L1218 —

01821
ov'6z1 |
62€€1
0z'9g1 1
8z°9¢
o0g9g 1
1£°9€L
1G'8EL |
98¢
vogel |
v28eL

vg'8el
98¢
LgerL

corert 3
0671 ]
96°crL
20'vyL |
60°v¥L
eyl
9Z'9v1 |
62971 |
679v1
zv ovl
6v°971
vgopl |

=

0€L61L —

20 10

30

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

220

£1 (ppm)

Supplementary Figure 68. *H and ** C NMR spectra for compound 3aA

¥4
924
6L
_.m.hV
s
mw.hw.]
154
£64

HC

CH,

=867
=00¢

vLe
=il

S6'L
WmQN

4.0

4.5

5.0

f1 (ppm)

138



89'L —
1992 —
68°LE

mv.vv/
wh.vv/
€0°SY 7
(3814 \

8v'zeh

wN.me/
mo.wwf/
m_‘.wa/.

S9'8¢2L —
SE'62L

ov.mwv&u
18°0€L
ow,m?\

€6°9€)
28'6€L

1Z844%

LS¥6L —
6,61 —

CH,

Hy

-10

10

20

190 180 170 160 5 140 130 120 110 100 90 80 70 60
£1 (ppm)

200

Supplementary Figure 69. *H and ** C NMR spectra for compound 3bB

6€C—

ore~
zre”

18
Nw.vw

8y

vl
SLL
912
v
8LL
617,
[z
veL
ST'L
9z'L
L2°L
€82~
s8L7

=L0'¢

2oL

181
66

=L0'C

£1 (ppm)

139



91—

65 vy~
96'SY

se'9zL
98°22L M
1z'8zL -f
mm.wmfx
62621
85 el

06'EVL ~
v ryL

09261 —

H,C

-10

T
70

80

90

110

110

170

210

£1 (ppm)

Supplementary Figure 70. *H and ** C NMR spectra for compound 3cC

6€C—

89°'¢
oLe
€LE
€L'E
GL'€
SL'€
8L€
08¢

S8V
Nm.vw

68'%

9L/
8L/ 1
61721
0Z'L
2z L
€227
vZL
92'L
822
621~
2L
veLd
182
mms%
L2
8L
052 ]
[
v52
vsL |
587
1827

90°¢

[

R
= 60

66
Le

5

0z
—) oz

0

i)

£1 (ppm)

140



69'LC —

L9 Py~
1967~

Sv'ozL
€021
Lzl
[RoWEA%
68,21
vz'8ch
9z'8clh
v9'82L
zL8zh
ze6Ch
65 VEL
vZ6eL
68°0vL
SEEVL
96Vl
[44 443

—

09261 —

H,C.

SrezL
€021

[AXARNS
ez —
68221~
vz'8zL

ozezl
v9'82L \
erezL”,
ze62L

131 130 129 128 127 126 125 124

132

£1 (ppm)

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20
£1 (ppm)

220

Supplementary Figure 71. *H and ** C NMR spectra for compound 3dD

O CHy
S/

{7

£6']

0’
£ 60°

10.0

10.5

f1 (ppm)

141



Y09l —
91—

LS Py~
42

rad-r4%
20'2L
6L°/2L
0z'8ch
Le'82L
65821
LeectL
€SvEL
mo.wmr\
9Tyl
96°€h L
1244

25°L61 —

-20

-10

10 30 20

51

60

70

HoC

zv'ozL —
zoLeL—
621~
0Z'821 ~\_
Le821 —
65821 7

Leect —

90 80

100
(ppm)

£1

110

120

£1 (ppm)
200 190 180 170 160 150 140 130

Supplementary Figure 72. *H and ** C NMR spectra for compound 3eE

210

220

6€C
€sc—

99°¢
89°€
(A
cLe

08¢

98y
mm.vw

06'v

9LL
8L,
8L
ozL
e L
erAVA

SE€L—F
cL7

CH,

vie
9L'e
8L'¢

=20'e
=10'€

W\Mo.r
0L

2oL

F26'9
250z

FoY

(ppm)
142

£1




69'LC —
6592 —

8Ly~
v6'SY

R
z8°22L
01821
0z'8zL
v28zL
9s°82L
Ry
L8vEL W
167581
Zrerl —
orvrL
oL6hL —

SLL6L .
Lol

CH,

Hy

-10

30 20

40

70

80

110

130

140

150

£1 (ppm)

Supplementary Figure 73. *H and ** C NMR spectra for compound 3fF

6€C—

Lze
zLe
zLe
v2e-T
9L¢
8L¢€

98¢

98y
mm.ww

06'v

9L'L
8L'L
0z'L
2TL
vZL
ST'L
ST'L
L2°L
62,
LT
ses/
28'L
vw.NV
NSN

v6'L

CH,

CH,
o

ree
=50

L
21z

102
%00z

£1 (ppm)

143



9'VC —

vevy —_
96'SY
€025 ~

99'921
G821
v6'L2L
61821
62821

2182l F
mm,me*

€699 —

1.6 —

CH,

-20

-10

30 20

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

220

Supplementary Figure 74. *H and ** C NMR spectra for compound 3g9G

=00¢

Fo0e
=lL0¢

0L
#E60
860
Foeo
Jhoe
=08l
£95)

Sl

=gl

-0.5 -LO0 -L¢

0.0

10.0

.0 10.5

11

f1 (ppm)

144



99'le —

TR
98 vy~

28'89 —

6L Ll
9L°GLL Wn
LE°GLL
Vo LLL /
81'8¢Ct \

99'82L —f
SL'ech
€z'62h

L6l
€eeel
25 veEL
6€°9€L
veovl
L20vL
66Vl
SL°LSL
L1091
529k

65261 —

Cl
/KH2
o

N

HsC

20 -30 -40

-10

20 10

30

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

240

£1 (ppm)

Supplementary Figure 75. *H and ** C NMR spectra for compound 3hH

ov'e
mv.w/

omvNW.
0sC

RN
soe”

CH

v

ZCl'e

"99'0

4602
201

Fgg'e
509

¥.0C

£1 (ppm)

145



99'Le —

(A
egvy

28'65 —

LY'GL—
£€9'8L —

S6°vLL
6L°GLL W
ov'SLL

8182k
cL8eh

R
¢N.®wa
FANGYAY

mv.?mv*
ON.hmr\\‘
viovL \
Z0'tbL

ZL96L —

71091 ~
15291 —

05261 —

10

60

70

90 80

CH
100

£1 (ppm)

Supplementary Figure 76. *H and ** C NMR spectra for compound 3il

220

ov'e—

Sre~
1287

16
mm.vw

S6'v

899
mw.wv.
LV L

6174\
12,
zzL
¥z L]
mmiﬁ
1z

98°L

||

(L

e

|

y80'e
7160
3960

L0
me.r

146

£1 (ppm)




s9'Le —

00°St ~
[CETad

29901 —
veLLL —
20°0ch
0s'vel

om,QNfW

96221
0822
[Ak:141
SG'8CL
mN.me\\‘
O@.qu\\‘
06'8€L

68Vl
S9vvL

ez'svL \
89St

19261 —

HyC.

60 50 10 30

70

110

160 150 140 130

170

210

T
220

T
230

£1 (ppm)

Supplementary Figure 77. *H and ** C NMR spectra for compound 3jJ

Zrz—
162
€62
vz’
oge~,
Le'e
mmvm\

9L~
8zL”

882~
0627

166 —

/O

HsC

26’1
F00'¢C

=60'C

78l

£1 (ppm)

147



89'L —

26°0€ —

1972€ —

02821 ~
ce6zL 7
s6eel —

9L vyl —

€V L6l —
1,002 —

_~©

HyC

110

T T T T T
210 200 190 180 170 160 150 140 130

T
220

£1 (ppm)

Supplementary Figure 78. *H and ** C NMR spectra for compound 3kK

ST~
1217

182~
6827

CH,

HC

=lo¢e

=90'¢

=8l

£1 (ppm)

148



18°L—

99'le —

veZE~
rgGE~
g1’

CH,

11821 ~
szezt 7
ozvEL —

HyC

z6'erL —

9€'861 —

9z oLz —

T
160 150 140

170

210

£1 (ppm)

Supplementary Figure 79. *H and ** C NMR spectra for compound 3IL

LWE
08z
182
€8z
62'¢
Fm.mW

€€e

S —

sz
9z'L
L2,
LeL
€€ L
veL
ges
9gs 7
182~
6827

HaC

BN

J

=L0'¢

=€0'¢

=c0'¢

k89

£1 (ppm)

149



ag1z”
PE B~
PTEE

6F 99—

b8zl
0z mw_.Wv
G58Ll
OE'BZL
60 .wm_.\
EB'SEL
POrEL—

GBCi—

PoLEL—

H,C

T
-10

80

80

T T
7 160

1

T
180

T
200

T
210

T
220

£l (ppm)

Supplementary Figure 80. *H and ** C NMR spectra for compound 3mM

v'e—
Sv'e
or'e
e
e
Lv'e
8v'e
vS'e
vS'e
SS'€
9G'¢
96'¢
9G°¢
PR
85°€

9z'L
9z'L
82,

96,
85°L
092
@@.h/

19°L

69°L
182
€8°L
6L
G6°L
16°L

HyC

/€02
iz

sL1'C

20'¢
Joos
=G0'¢C

R

1 (ppm)

150



[se} VDHMWODONDO
S NOO®WI TS ° I ©
['e} TOMM N DO D0 - R ~
3 IBIBARKE = <2
e Iccoggqgd 5 s X
PG
o
(o]
Va
s
Va
(o]
HsC

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

£1 (ppm)

Supplementary Figure 81. *H and ** C NMR spectra for compound 3nN

o~ © © VOOTTON—ODOTDOMNOTANTNOONLWLON
@ © NN CTELOOO OISR O000NNNNNTANNNT w000
IR ivirrhrivirirhriciepis I NI PR
VRN N

HyC

6.01=

1.921
2.18=
4.009
21431
] 3.06=
2153

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 60 55 50 45 4.0 3.5 3.0 2.5
£1 (ppm)

151



€¥9lL
6¥'9L
v0'6L —
802
mo,FN\
1G°1€ >

09°'LE

mh.rwv.

8’19

81821 ~
oc6z1L 7
LgeeL —

20yl —

G061
[XAVA1% v.

T T T T T T T
200 190 180 170 160 51 140 130 120 110

210

£1 (ppm)

Supplementary Figure 82. *H and ** C NMR spectra for compound 300

cl'e
vie
14
9Lz
8LC
Lze
€€C
vee
el
pANA
62~

vv'e
i
8v'C

19T
69C
clLe
vie

0%
mo.v/

(%4
mrvv\
14

1z
mN.»W
e

682~
1627

HaC

£80°L

£1 (ppm)

152



oL —
0.2 —

6€°LE ~
SO'LY ~
€672y

65821~
95621~
oreel

0S¥yl —

£€8'66L —

Lze—

HsC

70

80

110

130

150

210

230

£1 (ppm)

Supplementary Figure 83. 'H and ** C NMR spectra for compound 3pP

vl
SLLq
91
2214
8.1
08’}
€8'L
202
€02
S0°Z Y
90°Z
622
se'2
182
g€ ;V
LYz
ez’

vozf
vz
s9T

89¢C

69°€
oﬁm/.

€L'e
vhvm\
SLe

61°L
ONYNW
2TL
VAN
6L,

HoC

=0'¢

8L

£1 (ppm)

153



§9°0C —
98'€C —
A

00°0% ~
€Ty —
90ty

05°221 ~
25821~
8L1eL "

ov'evl —

16'86L —

6€°60C —

HyC

-20

-10

10

20

30

vv'e

mh.N/

8LC

om.w% Mg

z8z~t

66 :
55 I 420k

10 m\ o

vo'e

90°e

€EV o

vev

pAN 4

6y

1y o

Sty ~¢

1y

1y

6ty 4

65V

29

R4

90 80 70 60

100

QQeQ
< -

£1 (ppm)

150 140 130 120 110
HyC

160

pravA
Fm,ww
€eL

170

28 L~
veL 7

210 200 190 180

Supplementary Figure 84. *H and ** C NMR spectra for compound 3qQ

220

230

"

2.0

£1 (ppm)

154



9LV —

£€6°0€ —

02y —

2169 —

£9'821 ~_
v8'62L —
ovzel -

or'Srl —

ov'SLL —

8L°G6L —

60

70

110

140 130

150

T T
200 190

210

£1 (ppm)

Supplementary Figure 85. *H and ** C NMR spectra for compound 3rR

9T L~
8.7

682~
1627

L

CH,

HyC

00t

koL

Foc

Fos't

£1 (ppm)

155



9Lyl —
S6°LL—
S9'Le ~

90728~
09287

95°09 —

85821 ~
9c62L 7
oggel —

G8'evl —

ov'eLL —

€v'20C —

o
I
o
o
(e}
©
I
o
(e}
8]
]
T

-10

30

130 120 110 100 90 80 70

140

210 200 190 180 170 160

220

£1 (ppm)

Supplementary Figure 86. *H and ** C NMR spectra for compound 3sS

e —

86'C
mm.w/
20'e
vo.mv.
80°¢
oL'e
e
€Le
SLe
AR
zv'e
vv'e
e
6v'c
oLe

STL~N
2L

98 L~
88 L

CH,

CHg

HyC

Fooe

£1 (ppm)

156



zeLL—
s9'Le —

L6°7€ —

181y —

681G —

SL'8gl —
Lz62)
6LvEL —

00'vylL —

€5°9LL —

v9'L61 —

CH,

CH,

HyC

50 10

60

110

140 130

150

T T
200 190

210

£1 (ppm)

Supplementary Figure 87. *H and ** C NMR spectra for compound 3tT

e —
oo'e
co'e
So'e
90°¢
90°¢
80°¢
oL'e
e
89°€

89'¢

S8V
Nw.vw
68'Y

2L
mN.hW

0g'L

6L~
s6L”

HyC

CH,

Ho

i)
=]

£1 (ppm)

157



€L —

oL'ege —

SL6v~_
FANA TN
28257

L0621~
6v'62L 7
czeel 7

28 vyl —

€€°691L ~
LV

SG'€6L —

CH,

H,C

CHg

-20

-10

50 40 30 20 10

60

130 120 110 100 90 80
£1 (ppm)

140

Supplementary Figure 88. *H and ** C NMR spectra for compound 3uU

vz —
16'€
66'€
90t
90't
20t
80t
607
oLt
Ly
IR
Sty
Ly
817
ozt ]
Prad
vZy ]
9T'v ]
127
8Th

oev?

VRN
62,7

062~
26L7

¥60'9
eo0'e

£1 (ppm)

158



z6'€L~
1L W
1091

991z

80V —

v6'vS —

v9'19 —

89821~
ezl
Loeel

oL vyl —

9€'891 ~
18'891 7

0c'Loc —

-10

20 10

30

190 180 170 160 150 140 130 2 110 100 90 80 70 60

200

£1 (ppm)

Supplementary Figure 89. *H and ** C NMR spectra for compound 3vV

28,

Hy

CH,

N

Ui

Hye— N

E po'g -

Fe02 o

F 909
Y0 =
= G6°|f

£90'¢

F160°%

Fvog e

£1 (ppm)

159



454 %
9691
6812 —

¥8'6C ~
6.1

8v'9r
56'9%
09°8

£8'801
09'601
95'6L1
ve'zTL
z5'eTL
€6°€T1L
86'€Z1
9€'9Z1
05221 |
[N
58221 |
1v'8zL |
sv'6zl |
£5°621 |
6€°0€1L
89°0€L
90°GEL
1z'gel o
69°9¢1
pY6EL
oz ovi !

62071 ~t
062vL
om,mvfw
vrevl

99'¥SL ~
2v'9sL

8202 —

CH,

H,yC

HsC

-20

-10

30 20

10

220 210 200 190 180 170 160 150 140 130 120 1 of 90 80 70 60
£1 (ppm)

230

rtan 4

18a:

'H and ** C NMR spectra for compound Telm

Supplementary Figure 90.

sa'y

=10
Fiog
Fsov
=80}
el

Fo0e

Bz0e

k80

sg'l
6L
el

LO'L
MNQP

160



yeeL —
L1z

85°SZ

om.me
YE62 ~
ssle—
v8'5E ~
€828~
Sty

m».ﬁw
mw.mv\
5.3\

2505

[AsH:T4%
29'6el
se'9zL
18221~

55821
12824 7
zLUvEL T,
o6051 7
9T vrl ~
LSy

SLL6L —

85°02C —

30 0 10

40

110 90 70 60

£1 (ppm)

140 130

150

170

210

230

Supplementary Figure 91. *H and ** C NMR spectra for compound Hiestrone 5

08'L—
0Lz~
8Lz —

+60°9
50€
2209

00T
#¢0'C
=¥0'€

GR A S NI OND
B55593853
OCOONTT T MOO

1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5

2.0

1.0 10.5 10.0

11.5

f1 (ppm)

161



4
S.Nmﬂ
€Lie
eeie
68'L¢
00y

8165 —

pheet
NN.vNF/
K,wﬁ/
erszL
86'2l

7
¥5'92h \
ov'8Ch
8962}
9662}
16’87l —

G685 ~
89°09L —

L0661 —

|

|

|

30 20

40

130 120 100 90 80 70 60
1 (ppm)

140

210 200 190 180 170 160

220

Supplementary Figure 92. *H and ** C NMR spectra for compound Adapalene 6

1444
o'y

STLN
2L

S8 L~
1807

| ——

CH,

e
6L

Foz
FooL

-— F8'L

-= 281

f1 (ppm)

162



8691
ez

[

£F0E

S90E

18 .qm.\.

[V lae b

9895 w
or %W v

PF 96 N
K0 -

80 o

£z'80k

zeaok| o

02804

FEROTR B

P

IS

win] W

087 H -
aren] L

907

vESH

1961

1ZLh

€524
1zel
I

80 QQW
85021

01'ezl—-
sz6zL"
a0vEL—

F

F

F

F

B0yl —

HaC
0
0
0 CHy

95'Gi —

PriGL—

Lk

—20

-10

30 20 10

40

=
0

130 1200 10 100 90 &0

140

1 200 190 180 1T 160

220

£l (pom)
Supplementary Figure 93. *H and ** C NMR spectra for compound HDFDMA 7

e
Sv'e
ov'e

€9Y
Yoy
S9'v
L9V

vZL
mNsW
2L

S8~
1827

CHs

Hs

W CHg

HaC

S0
0

+66°0

ey

0.5 -1.0

0.0

8.0 7.5

8.5

9.5

10.0

f1 (ppm)

163



an
StLL
e
8e/L
1661
96'61
1102
991z
oA
1022
9€e
mw.mm/
pegs
vL8E

18'8€
:.Z\\
LU

L0'SY
16'9%
¥6'9%
vo'8y
oLy

60°18
m_‘._\wv.

z1'8zL
€1'8zh
veeeL
0EvEL
eevel

L8'€VL —

mm.mmv
2eSLL >

Nm.mmr
L9'/61 v.

CHj

Hg

H;C

1 CHy

H;C

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
1 (ppm)

190

Supplementary Figure 94. *H and 3 C NMR spectra for compound Acryester IBX 8

vl
mr.FV
€21l
mN.—N.
€9'L —

2z —
6€C—

85'€
09'c
29'c
v9'e
99°'¢
89°¢
oLe
zLre

98¢

86V
mm.vw

L0°S

102
zLL
zTL
vTL
sTL
LT
mN.N\
8L
€8 L~
062
z6'L 7

e
) 0'e
1’9
0t

Lad >
=L0'€

Foire
862

o0k
7201
02
0z
#20'Z
2061

£1 (ppm)

164



vS6l
N@.—N/
®h.—m/
8LLE
v8LE
v02e
18°€€
wm.mmw
SlLse
8€Ch ~
SSvy

661G —

CHy

HiC

voveL

0082k
61821
vz'8ch

89'8¢2L ¢
Nm.mwv“\
VN.va\
_._.,mmf\
N@,#?\
€0'8EL
8€CYL
L6ChL
L6EVL
09671

€0°L9L —

9/.'/61 —

-20

-10

10

20

10

60

200 190 180 170 160 150 140 130 120 110 100 90 80

210

£1 (ppm)

vy u
101
=) 8Ll
1zl
m zzL
o et
= 9l
O ori
= v
SRS
X 251 | l
% v9'L |
1971 .
69'L | JiTE
T i 0°€
S 6 Le
3 o0z 6'¢c
o voe z'S
Q. oz .
m 10z L0Y
€Lz L'e
w or'z\E L
mv.mW 0
— ad W\Mo.m
O  yez— R90°
Y- 7ANY
(4]
..W ¥86'L
5002
()
o
w
nd
Pz
C 60°L
=80°L
o
vZ'L
9z'L
L84 2002
w7 "e6'L
veL
om.»V me.r
96°L [4%4
mms\

¢}
)
I

Supplementary Figure 95. 'H and =

5

0

8.

£1 (ppm)

165



LTvL—

evzeh
vm.omrﬂ
vi'8cL
cv'8ch V
L2821
€e6eh
Nw.mwr\
vZrel
69°6EL

66'ChL
LL9vL

S

06'G9L —

2861 —

S§G'60C —

/ \vrm.omv -

L8zl — -
cr'8elL — -
L8z —
€e'6Cl —

c8'6Cl —

129

1

132

(ppm)

-2(

-10

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10
£1 (ppm)

220

C NMR spectra for compound Pregnenolone 10

Supplementary Figure 96. 'H and

zee
ve'e

€6'9
96'9
869
STL
9T’L
LZL
2eL
veL
L8L—F
mm.n\
mm.#/
18°L—
0L'8 >~
cL'8

x4

£zoe

280z

8°0
60
/602
0L
L'z
6L
£26°L

5

5.0

£1 (ppm)

166



L6°8LL
vileh
9r'9ZL
9G°22L
I-14%
1282 —%
9€'62L
vy 0EL
€T velL
8€LEL
90°'8€L
pAcn44%
cL YL
18°'8v1

NN

LE°G9L —

L2861 —

G8'02C —

Hy

-20

-10

30 20 10

10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

230

£1 (ppm)

C NMR spectra for compound Esterone 11

Supplementary Figure 97. 'H and =

AN
zeL—
L7
951/

ov'e
e
€L'e
SL'e

60'Y

vZL
9Z'L
w17
i
i

HyC

Ve

oe
2€0'€
Vo

26

F00'¢
Fzoe

Rsoz
oz
¥86°0

¥26°0

#88'L
00z
»G8'L
6L

1 (ppm)

167



99'1Z
ve'se ”
2292\
9,92

v8'9z 7

80°0¢ \

L5°6€ —

61297
092, ~
8V 9L~
96°6L

0v'e8 Jo
o

(] m

vL'S0L—
GE'60L ~
€eTLL —

zvszL
el'gzl %

or'8zL f
vnvmmf\

66621

61vEl \

S0'PYL — o
8911 —

HyC

01§91 —

G861 —

CHy

H,C

-10

110

130

150

160

T
170

210

T
220

£1 (ppm)

C NMR spectra for compound 12

Supplementary Figure 98. 'H and

82'¢

oo.h/
v0'L
@O.NV

2L F
VN.N“\
972

S8~
1827

/870
2680
0

£1 (ppm)

168



5621
mw.mwv/
11821
60621
ozczr .
gevel /7
09'9€ L
GG'LEL
mm.w?\
€8°EPlL

66861 —

L0'Lee —

L

110

T T T T T T
220 210 200 190 180 170 160 150 140 130

T
230

£1 (ppm)

C NMR spectra for compound Esterone 13

Supplementary Figure 99. 'H and =

or'z ¢
N«.N/
[ ANS
Nard
60'¢

e

eLe

e
8c’e
og'e
68
06’
(404

€6’y
6’y
96y
L6V

'L
9T'L
2L
0e'L-7
Nm.m\
8L
98'L ~
S6°L-T
16,

©
T

LgEEyy

T 6O NG W

L &S0
853
oM~~~

=6’
=.0'C

Fsou

$b $3

X
- -

f1 (ppm)

169



oech
v8'€lL
05°02
9912
08’2
vS'le
1e'82
L1°0€
8°0€
vSe—
LOVE-F
§S0°6e
cLse
18'S€
9.°9¢
GL'6€
(Yh44
08'Ly
L8718
407
G6'€L—

¥1'821
ov.wmr/
08'82) —
ce6eh
08’621
vevel
86'CYl —
LLovk —

€099 —

€€'861 —

9C'lee —

®
I

-20

-10

130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

140

190 180

200

220

230

Supplementary Figure 100. *H and ** C NMR spectra for compound 14

e}
o
[

—

|

CH,

oot

£1 (ppm)

170



80'VZ) ~
16821~
1z62L 7
09'€ElL —

€6'€VL —

LE°0LL —

0€'661 ~,
mN,FON\
20'80C ~

-20

-10

10

20

100 90 80 70 60 50
(ppm)

220 210 200 190 180 170 160 150 140 130 120 110
£1

230

0€°Z |

mmAN_

zLrs
612

FNNH/
9T L~

€9 L~
5.7

Ll

B

L

Supplementary Figure 101. *H and

S8
o€
Zeig
L'y
vy
Te0'e
0z
0'e
0'e

o

=101

F16°L

0.0

0.5

.0

(ppm)

£1

C NMR spectra for compound 15

13

171



ov'e

So0'e
L0'€
60'€
e
vee
mN.mW
8z'¢
L€
8L'€

ow.mx

z8'e

0z'9—
902

[

£LL

SLL

0z'2\
2T,
€2,
vz'L]
9z'L7
9z'L
182
mms%
85/ ]
09°Z ]
v9°2
9921
€872
gg's ]
s1g”

H,C

£1 (ppm)

NH

6.5

0

7.

eeeoe- oo
Ll Rl =]

AR S G o=

9.0

9.5

L9
ve'se —
26'6C

81°6€~
61077

LELLL
90°ElL
82811
15°64L
eLzel
6z°2Z)
80°2Z)
ezl
1821
09'821
€€'62L —
sszEL 7
€THeL
Spoel s
€0°bYL ~
LGy~

9291 —

05861 —

-10

10

20

60 50 10

70

90 80

NH
200 190 180 170 160 150 140 130 120 1]0rl (;;):\1)
Supplementary Figure 102. *H and 3 C NMR spectra for compound 16
172

210




CHy

N CHy

N

J00°E
e0'E
290°€
o€
o€
"0z

7702
FLO'S

(ppm)

£1

6071
v6'9L |
£8'12 |
§T'SZ |
229z |
5292 |
98'9Z 1
2z 12
££°62 |
98'62
€708 |
98'L€
69°€7
2697
02'29
852L
15'92 1
1662 1
68

L1501

28'801

2€°601

£5°601

oeziL L

SS'6LL

9e'zzL

sg'zeL
v8'ETL
vO'pTL
15'9zL

17221

89°221 |

v1 2L ]

05821 |

£v'62L |

£5°621 1

08'621 |

9€°0E L |

08°0€L |

(AN

85'GEL |

59°9¢1L |
2£°6€1

8201

2€°0p) ~

98'2rL

LLEVL

eoor /.

POPSL ~

9€'951

~—

Y0591 —

L5602 —

CH,

CH,

CH,

-20

-10

10

40

100 90 80 70 60

110

130

140

210 200 190 180 170 160

220

(ppm)

£1

Supplementary Figure 103. *H and 3 C NMR spectra for compound 17

173



ov'e—
GLC
L2
mm.w\
96°C

mo.m\

Lee
€€'€
ge'e

veL
mNNW
2L

L6l
€627

H,C.

- CH,

CHy

“60'€

/16T
20’
/502

¥.6°L

el

0

otz
0€° L2~
65°€e

mm.mm%
oLLe~

£1 (ppm)

€2'821 —
rzezt
18vEL —

6L €Vl —

187 LLL —

16'861 —

o

CH,

£1 (ppm)

Supplementary Figure 104. *H and 3 C NMR spectra for compound 19

174



£eT~\
[xad

882~
v6'z~"

07—

2oL
mo.h/
STl
NNNW
82'L
LS L—%
mm.hx
GS'L
86'L—

WA VAW A

N—
N —chH,
HC

HoC

J

0°€
0'€
0'e
o>

oL
=602
7262

.60

£1 (ppm)

6v'8L —
og'Le —

6208 —
98'GE
2528 —

29ELL
85'9LL ~
Lo

oz'zzh S
6v°221 ~\_
2r'szl 7
vm.mmf*
Z8'LEL

evseL
£8°EVL
SLvrl 7

vE'89L —

N—ch,
HyC
110
£1 (ppm)
175

120

HyC

200 190 180 170 160 150 140 130

Supplementary Figure 105. *H and ¥ C NMR spectra for compound Zolpidem

210




CH,

(4%
0'¢C
H\mmé
v€0'¢C
fole
0'C
Lo'e
0'C
0'c

0.0

5

2.0

2.

(ppm)

£1

8G°LL
6822
1192
Sv'9z
S92
Ssvle
€972
€982
6962
L¥'9¢
€Ty

B N

v8'v9 ~
V19—

8€GLL —

02621~
oroel 7

cr'zol —

66'vLL —

cL’L6L —

CHy

20 10

30

80 70 60

90

110

130

140

(ppm)

Supplementary Figure 106. *H and ** C NMR spectra for compound 21a

176



882~

68'Z 7
262
€62
oLe-]

zie]

mm.m;

0C'v

T

€G°L-

106
ﬁmum
Mooz

=880
»16'0
=88l

6.0

5

6.

7.0

8.0

8.5

9.0

(ppm)

£1

\eLL

6¥'€C /
mw.mw/
B.om/
sz~
sssz
1e'82

v282
7682
y9'se \

ey

Lry9 —
€L19—

LGELL —

8¥°0CL ~
sgozL

os6cL —

187281 —

11.°8G1 —

€5°GLL —

897261 —

CH,

6v'€C —

€8'65C —

19927
S TAVXARN
GSLT

Y- TAN
vi8
v6'82 M

(ppm)

r1

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20

190

210

220

(ppm)

£1

Supplementary Figure 107. *H and ¥ C NMR spectra for compound 21b

177



_ v S0 " 9g'9z F
L8l
adg E 800l . 9022
reiy -~ ooz - 8012
X yod ocsz
Rgod e

F e 6L°€9 —
Foesy ¥589 —
00K "

(ppm)

£1

9z el —

12w - zv0zL —

[t} L50€L —

mm.@ S6'L2L ~
< vLEEL

©
]
©

i

% F g

002 I e
mms\ =160
'L = 8.(Q ov'gsL —

62°9LL —

GL'L

° 0,661 —

-10

20

70

90 80

100
(ppm)

178

CHy
130 110

140

Supplementary Figure 108. *H and * C NMR spectra for compound 21¢

220




ov'e—

1297
€294
629
089
502
902
92,
Le L
R
9€'2
8€'L
oL
82|
052

i

5527
/S

1S,
No.w/

v0'8
ho.m\
60'8

H,C

J

=co'e

J00°L
*06°0
¥LO'L
H\_\o.m
$00°€
901

Foe

0.0

0.5

5

0

7.

5

£1 (ppm)

€ee —

917001 —

06°0LL ~
L0z
L0zeh
ﬁmﬁ/
Ls'szL
m».oNfW
v2°9ZL
zrLTL
9e8Th
1582k
Lv'62h
v9'621
15°0€L
zz L€l

HyC

-10

50 40 30 20 10

60

130 120 110 100 90 80
£1 (ppm)

140

200 190 180 170 160

210

Supplementary Figure 109. *H and ** C NMR spectra for compound 22

179



92'21
Zv LA
Zv LA
ev'2
LA
sv's
Sv'2
2
€572
v5 .
YR
16721
852
6G°L |
om.hgw
062
262
z6'L ;’n
v6L
wm.mV
8€'8\
6c'8
ow.mw.
1v'g
€28
€28
5.8
5.8
918
8.8

|

5

£1 (ppm)

65°€9L \
vZ vl —

m_‘.mor\

N

T T T T T
190 180 170 160 150 140 130 120 110

T
200

210

£1 (ppm)

Supplementary Figure 110. *H and ** C NMR spectra for compound 24

180



]

°
rT
-
re
-
Fe
P
Fe
°
£€'82 —
€5’ — Jf 906 [~
B
Foi
w
[ 0£'€s —
-
Fe
P
69'¢ — — *S0'€
w | §e .. —
N 1018 —
o
2
= o0
L H 0S°'€LL /
NN.m:/
- E.m:/
o N Lo mnm:W
A o v6'8LL
. PEETL
v9'9 0
. Lbe €9'€Z1
mnm/ of - yo0L [ 6L'€Z1
18'9 g 2 yl01L .
€89~ vzle 89'9Z1
o1t Cre v8'621
QNNV J— 60 qm.omf\
szL = Wwo.r | mo.m?\
0zs B ZL L [ ST6EL
oot Thle eren
or'L = 60| ° 89261~
L = 2r ] e
vrL o
59'2
118 °
618 ro
oe'g
ze'8
ro
o
re
re
B

)

T
90

190 180 170 160 150 140 130 120 110 100
£1 (ppm)

Supplementary Figure 111. *H and ** C NMR spectra for compound 26

200

210



LS 1002 —
€692 ~,
- vLLz
o voez
cgee”

H3C

285~
0009

5
£1 (ppm)

8 667041~
ZTYLL
- £5°0Z1
e Y6 vel
om.mmf%
[FAVXA SN
Lo o1'gzL 7~

€6'VEL

A v8OVL ~\_
< 18201 ~

8.5

9.0

-20

-10

10

20

30

40

60

90 80 70

100
£1 (ppm)
182

HC

110

Supplementary Figure 112. *H and ** C NMR spectra for compound 28

210




0Lz

€L2
v.e
GLT
9.2
LEE

6€'€
6€'E
e
e

9L
Se'L
1871
6e7L
Py LE
av'L
1572
652
192
SL2
202

CHy

-0.5 .0

0.0

0.5

£1 (ppm)

0€'9L —

86 —

Loey —

CHg

00 %21 ~_
v59Z1 ~
80217
6971 ~
187981~

6V'€SL —

15602 —

T T T T T
210 200 190 180 170 160 150

220

T
230

£1 (ppm)

Supplementary Figure 113. *H and ** C NMR spectra for compound 30

183



©

o

[}

N

“°
T R e e e R B e e R e e e B A B S e S
140 120 100 80 60 40 20 20 40 60 -80 100 120 140 160 -180 -200 -220 240
f1 (ppm)

Supplementary Figure 114. *H and 3P NMR spectra for triphenylphosphine oxide

184



Wws—

s ]

1G'L

008~

NH

£1 (ppm)

2129 —

LgeLL —
98 LLL —
[4%:14%
14149 /
LL8ctL
68'8ZL
80621
9z'62h
Sgeel
90°SEL
cLLEL \
€LovL

60261 —

NH

-10

20 10

30

150 140 130 120 110 100 90 80 70 60 50
£1 (ppm)

160

200 190 180

210

Supplementary Figure 115. *H and ** C NMR spectra for compound 38a

185



vee—

9€'6 —

CHy

F.0°¢€

Feeo

€o'e
H\oo.w
/90°¢
H00¢

szo.r

Fsoe

9.0

9.5

£1 (ppm)

601 —

€¥'29 —

0S€LL —
LLLV —
€0'82L
19'82L

Nm,waW
NN.me\
08’62k
Sv'eel
€9vEL
cLsel

Le'LEL \

0z'9rL

viL6L —

NH

CH,

-10

10

40 30

50

T
70

T
90

T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

Supplementary Figure 116. *H and ** C NMR spectra for compound 38b

186



9T —

€6°'G —

199
mm.mW
oL9
29’
80°L
oLz
L
[
GLL
9zL
6zL
LeL
8¢,
ov'L
6L
v6'L

NH

CH,

=co'e

oe
0t
ore

*00¢

£1 (ppm)

cLie—

2829 —

99°'Sv L

8L°G6L —

NH

CHy

10

20

40

60

70

110

140

150

£1 (ppm)

Supplementary Figure 117. *H and ** C NMR spectra for compound 38¢

187



056 —
16'G6—

Y9~
o9

6L°L
\zL
€T°L
927 L\

82
0g'2
ge's
8e'L
ov.iﬁ
zvL]

vy L]
or'.
€52 ]
vsL ]
952
1672
008

NH

£1 (ppm)

8€29 —

658 —

LLGLL
80821 AN
oe'8zL
S.82L
68821
91624
0L°€EL
6LVEL—
ZVLEL T
08'L€L 7
95°G¥L —

15961 —

NH

T
90

110

T
120

130

£1 (ppm)

Supplementary Figure 118. *H and ** C NMR spectra for compound 38d

188



Me

1-(p-tolyl)-1,2,3,3a,4,5-hexahydropyrrolo[1,2-a]quinoline

<Chromatograms=
D:\data\CJZhu'zmizmi-11-23-e.lcd
'
] 3 DetA Chi
- o
T L] r||.-x
ali - -
] 1 ‘I
500+ “ |
250 | |
] A | | |
] f II| || I| I|
J TR
i ! -?'—'L_H-"‘-\_ .Jt——“_ —
— — — 7T
o 5 10 15 20 25
mimn
Pagk= Fet Time ATea Height Area "o Height %&
1 11.271 20140006 607337 40742 435975
2 15 444 20348545 219444 50238 54.025
Total 20490450 1515781 1000100 100.000
<Chromatogram:=
Ddata\CJZhu'emiizmi-11-23-5x-a_lcd
mf
] g Det A Chi
750+ IIE
4 ||
500+ |
- ™
| B ‘ |
: Inl‘- |
i |
250 | |I |
J [ |I
J (|
1 / J |
™~ - J \7—”:____ f_'i_
e L e o e e e e L B B e e e o LI B e e e
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0
min
Peak# Feet. Time Area Height Area ta Height %s
1 11.232 o476207 330812 30.039 20,546
2 15.643 11152815 728825 §0.0461 70.454
Total 30620021 1119637 10:0.000 100.000

Supplementary Figure 119 .HPLC spectra for 28

189




Supplementary References

1. Boekelheide, V. & Godfrey, J. C. Syntheses of 7, 8-Benzopyrrocoline Derivatives. A Novel
Reaction of Reissert Compounds. J. Am. Chem. Soc. 75, 3679-3685 (1953).

2. Zhan, J.-L., Wu, M.-W.,, Chen, F. & Han, B. Cu-Catalyzed [3 + 3] Annulation for the Synthesis
of Pyrimidines via $-C(sp3)—H Functionalization of Saturated Ketones. J. Org. Chem. 81, 11994-
12000 (2016).

3.Li, J. J. et al. A Synthesis of N-Bridged 5,6-Bicylic Pyridines via A Mild Cyclodehydration Using
the Burgess Reagent and Discovery of a Novel Carbamylsulfonylation Reaction. Org. Lett. 10,
2897-2900 (2008).

4. Rueping, M. & Hubener, L. Enantioselective Synthesis of Quinolizidines and Indolizidines via a
Catalytic Asymmetric Hydrogenation Cascade. Synlett 1243-1246 (2011).

5. Davis, T. A., Hyster, T. K. & Rovis, T. Rhodium (I1I)-Catalyzed Intramolecular Hydroarylation,
Amidoarylation, and Heck-Type Reaction: Three Distinct Pathways Determined by an Amide
Directing Group. Angew.Chem. Int. Ed., 52, 14181-14185 (2013).

6. Luis, S. V., Ferrer, P. & Burguete, M. 1. Generation of Benzyne in the Thermal Decomposition of
2-Carboxyphenyl P-Toluenesulfonate. J. Org. Chem. 55, 3808-3812 (1990).

7. Feng, C. & Loh, T.-P. Rhodium(III)-Catalyzed Cross-Coupling of Alkenylboronic Acids and N-
Pivaloyloxylamides. Org. Lett. 16, 3444-3447 (2014).

8. Hada, K. et al. Angiogenesis Inhibitors Identified by Cell-Based High-throughput Screening:
Synthesis, Structure—Activity Relationships and Biological Evaluation of 3-[(E)-styryl]benzamides
that Specifically Inhibit Endothelial Cell Proliferation. Bioorg. Med. Chem. 20, 1442-1460 (2012).

9. Hewitt, J. F. M., Williams, L., Aggarwal, P., Smith, C. D. & France, D. J. Palladium-Catalyzed
Heteroallylation of Unactivated Alkenes — Synthesis of Citalopram. Chem. Sci. 4,3538-3543 (2013).
10. Peng, Y. et al. Iron-Catalyzed Anti-Markovnikov Hydroamination of Vinylpyridines. Asian J.
Org. Chem. 6, 694-697 (2017).

11. Saxena, A., Choi, B. & Lam, H. W. Enantioselective Copper-Catalyzed Reductive Coupling of
Alkenylazaarenes with Ketones. J. Am. Chem. Soc. 134, 8428-8431 (2012).

12. Lee, K. N., Lei, Z. & Ngai, M.-Y. S-Selective Reductive Coupling of Alkenylpyridines with
Aldehydes and Imines via Synergistic Lewis Acid/Photoredox Catalysis. J. Am. Chem. Soc. 139,

5003-5006 (2017).

190



13. Zhou, B., Hu, Y. & Wang, C. Manganese-Catalyzed Direct Nucleophilic C(sp2) H Addition to

Aldehydes and Nitriles. Angew. Chem. Int. Ed. 54, 13659-13663 (2015).

14. Walkowiak, J., del Campo, T. M., Ameduri, B. & Gouverneur, V. Syntheses of Mono-, Di-, and

Trifluorinated Styrenic Monomers. Synthesis 11, 1883-1890 (2010).

15. Kawashima, S., Aikawa, K., & Mikami, K. Rhodium-Catalyzed Hydrocarboxylation of Olefins

with Carbon Dioxide. Eur. J. Org. Chem. 19, 3166-3170 (2016)

191



