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1. General Information

All of reactions were performed under an ambient temperature, magnetically stirred, and monitored by
thin-layer chromatography (TLC) using Qingdao Puke Separation Materials Co., Ltd TLC plates
pre-coated with 250 um thickness silica gel 60 F254 plates and visualized by fluorescence quenching
under UV light. All of the manipulations were carried out using oven-dried glassware, including
standard Schlenk techniques. All of the reagents were purchased from Alfa, Energy-Chemical or
Sigma-Aldrich and used without further purification. Solvents were purified according to the method of
Grubbs.! 'H NMR, 3C NMR were recorded on a Bruker AV-400 (\H NMR at 400 MHz, 3C NMR at
100 MHz, '°F NMR at 376 MHz) spectrometers using tetramethylsilane (TMS) as internal standard. 'H
and "F multiplicities are indicated as follows: singlet (s), doublet (d), triplet (t), doublet of doublets
(dd), quartet (q), multiplet (m), and broad resonance (br). Chemical shifts were calibrated using
residual undeuterated solvent as an internal reference (CDCls: 7.26 ppm 'H NMR, 77.16 ppm 3C
NMR). High resolution massspectra (HRMS) were collected on Bruker Esquire LC mass spectrometer
using electrospray ionization. Flash column chromatography was carried out on silica gel (particle size
300-400 mesh) and eluted with petroleum/ethyl acetate.
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2. Optimization Studies

Table S1. Photocatalyst Screening.*”

O Ph
dNQ . Ph——=—CO.Me Photocatalysis o /N
| DIPEA, CH5CN —
Blue LEDs, r. t. MeO,C
1a 2a 3a
Entry Photocatalyst Reductant Solvent Conversion(%) Y(%)°

1 Ru(bpy);Cl2 DIPEA CH;CN 75 28
2 Eosin Y DIPEA CH3CN trace
3 4-CzIPN DIPEA CH;CN trace
4 fac-Ir(dFppy)s DIPEA CH3;CN 14 trace
5 Ir(dFCF3ppy).dCF3bpyPFs DIPEA CH;CN 58 24
6 Ir(dFppy)2bpyPFs DIPEA CH3;CN 8 trace
7 Ir(dFCF3ppy).dtbpyPFs DIPEA CH;CN 82 22
8 Ir(dFCFsppy):bpyPFs DIPEA CH;CN 62 48
9 DPA DIPEA CH3;CN 0
11 Thioxanthen-9-one DIPEA CH3CN trace
12 Benzophenone DIPEA CH3;CN 0

[a] Reaction conditions: photocatalyst (1 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.2 mmol, 2 equiv.),
Reductant (4 equiv.), CH3CN (1 mL), room temperature, N> atmosphere, 2*12 W blue LEDs. [b]
isolated yields.

Table S2. Reductant and Base Screening.*?

O Ph
dNQ . Ph—=—CO,Me Ir(dFCF3ppy),bpyPFs /N
| Reductant and Base =
CH3CN MeO,C
Blue LEDs, r. t.
1a 2a 3a
Entry Photocatalyst Reductant Solvent Conversio Y(%)°
n(%)
1 Ir(dFCF3ppy):bpyPFs DIPEA CH3CN 62 48
2 Ir(dFCF3ppy):bpyPFs Et:N CH3CN 95 0
3 Ir(dFCF3ppy):bpyPFs TMEDA CH3CN 8 trace
4 Ir(dFCF3ppy)2bpyPFs quinuclidine CH3;CN 0 0
5 Ir(dFCF3ppy)2bpyPFs Hantzsch Esters CH3;CN 0 0
6 Ir(dFCF3ppy):bpyPFs DIPEA, K2CO:s CH3CN 75 23
7 Ir(dFCF3ppy):bpyPFs DIPEA,Na;HPO4 CH3CN 84 33
8 Ir(dFCFsppy):bpyPFs DIPEA, Na;COs CH;CN 65 18
9 Ir(dFCF3ppy):bpyPFs DIPEA, NaOAc CH3CN 85 36
10 Ir(dFCF3ppy):bpyPFs DIPEA, NaF CH;CN 72 31

[a] Reaction conditions: photocatalyst (1 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.2 mmol, 2 equiv.),

reductant (4 equiv.), base (2 equiv.), CH;CN (1 mL), room temperature, N> atmosphere, 2*¥12 W blue
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LED:s. [b] isolated yields.

Table S3. Solvent Screening.?

0 Ph
@NQ +  Ph—==—CO,Me INAPCTsPRY)2DPYPFe ph— )
| DIPEA, Solvent —
Blue LEDs, r. t. MeO,C
1a 2a 3a
Entry Photocatalyst Reductant Solvent Conversion(%) Y(%)°
1 Ir(dFCF3ppy):bpyPFs DIPEA DCM 80 14
2 Ir(dFCF3ppy):bpyPFs DIPEA DCE 64 21
3 Ir(dFCF3ppy)2bpyPFs DIPEA DMF 63 28
4 Ir(dFCFsppy)2bpyPFs DIPEA DMSO 55 19
5 Ir(dFCFsppy)2bpyPFs DIPEA DMA 42 24
6 Ir(dFCF3ppy)2bpyPFs DIPEA NMP 66 23
7 Ir(dFCF3ppy):bpyPFe DIPEA THF 12 trace
8 Ir(dFCF3ppy):bpyPFs DIPEA EtOAc 55 20
9 Ir(dFCF3ppy):bpyPFe DIPEA CH;0OH 6 trace
10 Ir(dFCF3ppy)2bpyPFs DIPEA 1,4-dioxane 8 trace
11 Ir(dFCF3ppy)2bpyPFs DIPEA Benzotrifluoride 13 trace
12 Ir(dFCF3ppy):bpyPFe DIPEA TFE 7 trace
13 Ir(dFCF3ppy)2bpyPFs DIPEA HFIP none none

[a] Reaction conditions: photocatalyst (1 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.2 mmol, 2 equiv.),
reductant (4 equiv.), CH3CN (1 mL), room temperature, N, atmosphere, 2*12 W blue LEDs. [b]
isolated yields.

Table S4. Additive Screening.?

0} Ph
@N@ + Ph—=—CO,Me Pholocatalysi Ph—@}
| DIPEA, CH3CN —
Blue LEDs, r. t. MeO,C
1a 2a 3a
Entry Photocatalyst Reductant Additive Solvent  Conversion(%)  Y(%)°
1 Ir(dFCFsppy):bpyPFs  DIPEA - CH3CN 62 48
2 Ir(dFCF3ppy)2bpyPFs DIPEA BusNCl CH;CN 89 43
3 Ir(dFCFsppy).bpyPFs DIPEA BuwNBr CH;CN 69 27
4 Ir(dFCFsppy).bpyPFs DIPEA BusNI CH;CN 78 37
5 Ir(dFCFsppy).bpyPFs DIPEA LiCl CH;CN 89 41
6 Ir(dFCFsppy).bpyPFs DIPEA LiBr CH;CN 66 25

[a] Reaction conditions: photocatalyst (1 mol%), 1a (0.1 mmol, 1.0 equiv), 2a (0.2 mmol, 2 equiv),
Reductant (4 equiv.), CH3CN (1 mL), room temperature, N> atmosphere, 2*12 W blue LEDs. [b]
isolated yields.
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Table SS5. Light and amount of reductant screening.

O Ph
@fj\NQ . Ph— come Photocatalysis on N
| DIPEA, CH3CN —
Blue LEDs, r. t. Me0,C
1a 2a 3a
Entry* Photocatalyst Reductant  Light source  Solvent  Conversion(%)  Y(%)°

1 Ir(dFCF3ppy):bpyPFe DIPEA 450 nm CH;CN 100 56
2 Ir(dFCF3ppy)2bpyPFs DIPEA 390-395nm  CH3;CN 100 trace
3 Ir(dFCF3ppy)2bpyPFs DIPEA 400-405nm  CH3CN 100 trace
4 Ir(dFCFsppy).bpyPFs DIPEA 425-430 nm  CH3CN 100 60
5¢ Ir(dFCF3ppy)2bpyPFs DIPEA 430 nm CH3CN 100 40
6¢ Ir(dFCF3ppy):bpyPFe DIPEA 430 nm CH;CN 100 46

[a] Reaction conditions: photocatalyst (1 mol%), 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2 equiv.),
Reductant (4 equiv.), CH3CN (1 mL), room temperature, N> atmosphere. [b] isolated yields. [c] the
reaction was conducted with 3 equiv DIPEA. [d] the reaction was conducted with 5 equiv DIPEA.
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3. General Procedure for the synthesis of polysubstituted pyrroles.
0 Ph

— Ir(dFCF 3ppy)obpyPFe (1.0 mol% N
N+ Ar—=—EWG (dFCT5PpY)abpyPFs | Loa—d N
[ DIPEA (4 equiv.), CH;CN (1 ml)

425-430 nm Blue LEDs, r. t. GWE

1 2 3,4,5

In a dried sealed tube, 1 (0.1 mmol), 2 (0.2 mmol), Ir(dFCF3ppy)bpyPFs (1.0 mol %), DIPEA (0.4
mmol), were dissolved in CH3CN (1.0 mL). The flask was caped and degassed oxygen with N> for
three times at -78 °C. Subsequently, the reaction mixture was exposed to 2 *12 W blue LEDs at room
temperature until the starting materials was completely consumed (monitored by TLC). After the
reaction finished, the reaction solvent was distill under vacuum, the residue was purified by flash
column chromatography on silica gel with ethyl acetate (EA) and petroleum ether (PE) to afford the

corresponding products.
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4. General procedure for the synthesis of corresponding substrates.
General procedure for the synthesis of amides!=.

0]

EtsN I o

3 1
H < + c N’ R
R2 "R! | DCM )

Amine (1.0 equiv.), EN (2 equiv.) were dissolved in DCM (0.2 M). And  2-iodo-benzoylchlorid
(1.0 equiv.) was added in dropwise at 0 °C. After addition, the reaction mixture was stirred at room
temperature for 12 hours. After the material was completed consumed, 10 mL 1M HCI was added
in the reaction mixture, and extracted with EA (20 mL*3), the combine solvents was washed with
brine (30 mL), dried over NaSO4. The solvent was concentrated and purification by
chromatography on silica gel to afford the desired substrates.

General procedure for the synthesis of esters?.

= o
AN n-BuLi, isopropyl chloroformate
| N dry THF, -80°C,3 h X
R

N
R

i
4 O'Pr

Ethynylbenzene (2 mmol, 1.0 equiv) was dissolved in dry THF (20 mL). And n-BuLi (1 mL, 2.5
M in hexanes, 0.3 mmol, 1.25 equiv) was added at -80 °C , the reaction mixture was stirred for 30
min at -80 °C. Isopropyl chloroformate(1.2 equiv., 2.4mmol) was added with dropwise, and the
reaction mixture was stirred for additional 2.5 h. When the substrate was completely consumed,
the reaction was quenched with ice water (20 mL) and extracted with EA (20 mL*3). The organic
layers were then combined and washed with brine (30 mL), dried over MgSOa. The solvent was

concentrated and purification by chromatography on silica gel to afford the desired substrates.
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5. Product Characterization

Ph
ph— )

—

MeO,C

3a
The phtotoredox reaction was performed according to the general procedure using 1a with CH3CN as
the solvent. The reaction was run for 36 h, the corresponding product 3a was purified by flash column
chromatography with PE/EA (30:1) to provide 3a (19.0 mg, 60% yield) as a colorless oil..
'H NMR (400 MHz, CDCl3): 4 7.19-7.07 (m, 8H), 7.06-6.98 (m, 2H), 3.95 (t, J = 7.1 Hz, 1H), 3.60
(s, 3H), 3.14 (t,J= 7.4 Hz, 2H), 2.45 (p, J = 7.3 Hz, 2H).
13C NMR (101 MHz, CDCL3): é¢ 165.5, 144.8, 135.4, 132.0, 131.1, 129.3, 128.3, 127.5, 127.2, 127.1,
126.9, 126.3, 105.95, 50.7, 47.2, 26.8, 26.5.
HRMS (ESI): caled for C21H20NO2", (M+H)": 318.1489, found: 318.1492.

Ph  Me
N
ph—

_—

MeO,C

3b
The phtotoredox reaction was performed according to the general procedure using 1b with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 3b was purified by flash column
chromatography with PE/EA (30:1) to provide 3b (12.6 mg, 38% yield) as a colorless oil, ( 14.3 mg,
43% brsm).
'"H NMR (400 MHz, CDCl3): 5y 7.26-7.16 (m, 8H), 7.16-7.12 (m, 2H), 4.67 (dqd, J = 12.9, 6.4, 3.5
Hz, 1H), 3.68 (s, 3H), 3.29-3.10 (m, 2H), 2.77 (dq, J = 12.9, 8.2 Hz, 1H), 2.16 (qdd, J = 7.8, 6.2, 4.0
Hz, 1H), 1.00 (d, J = 6.4 Hz, 3H).
13C NMR (101 MHz, CDCl3): é¢ 165.6, 144.1, 135.3,132.1, 131.1, 129.7, 128.3, 127.7, 127.3, 127.1,
126.8,126.1, 105.5, 55.1, 50.6, 34.5, 25.4, 21.0.
HRMS (ESI): caled for C22H22NO2", (M+H)": 332.1645, found: 332.1649.

MeO
Ph

N
ph—

_—

MeOZC
3c

The phtotoredox reaction was performed according to the general procedure using 1e¢ with CH3CN as
the solvent.. The reaction was run for 48 h, the corresponding product 3¢ was purified by flash column
chromatography with PE/EA (30:1) to provide 3¢ (13.0 mg, 36% yield) as a colorless oil, ( 15.9 mg,
44% brsm).

'H NMR (400 MHz, CDCl3): Jy 7.25-7.16 (m, 8H), 7.13 (dd, J = 7.8, 1.7 Hz, 2H), 4.66 (ddt, J = 8.8,
6.0, 2.9 Hz, 1H), 3.67 (s, 3H), 3.17 (ddd, J = 14.1, 9.4, 4.7 Hz, 3H), 3.07 (s, 3H), 3.03 (dd, /=9.9, 6.3
Hz, 1H), 2.69 (dq, J=13.1, 8.8 Hz, 1H), 2.50 (dtd, J = 8.6, 6.0, 2.6 Hz, 1H).
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13C NMR (101 MHz, CDCl3): ¢ 165.6,145.3,135.2,132.1, 131.2, 129.7, 128.4,127.9, 127.4 127.2,
126.9, 126.2, 105.8, 73.2, 59.2, 58.5, 50.7, 29.96, 25 8.
HRMS (ESI): caled for C23H23NOs™, (M+H)™: 362.1751, found: 362.1754.

Ph  Me

ph— )

—

MeO,C

3d
The phtotoredox reaction was performed according to the general procedure using 1d with CH3CN as
the solvent.. The reaction was run for 48 h, the corresponding product 3d was purified by flash column
chromatography with PE/EA (30:1) to afford 3d (13.8 mg, 40% yield) as a colorless oil, (17.6 mg, 51%
brsm).
'H NMR (400 MHz, CDCl3): 6y 7.27-7.23 (m, 3H), 7.19-7.05 (m, 7H), 4.44 (dt, J = 12.0, 3.3 Hz, 1H),
3.60 (s, 3H), 3.45 (ddd, J=12.9, 8.7, 4.4 Hz, 1H), 2.94 (ddd, J = 18.0, 10.7, 7.3 Hz, 1H), 2.18-2.03 (m,
1H), 1.99-1.85 (m, 2H), 1.79 (dd, J=12.9, 2.8 Hz, 1H), 1.00 (d, J = 6.6 Hz, 3H).
13C NMR (101 MHz, CDCls): §¢ 166.3, 136.4, 135.8, 132.3, 131.5, 130.98, 130.7, 128.3, 127.6, 127.0,
125.7,124.8, 109.3, 50.4, 48.2,29.6, 24.1,21.4, 15.8.
HRMS (ESI): caled for C23H24NO2", (M+H)": 346.1802, found: 346.1800.

Ph

o N )
— O
MeO,C
3e

The phtotoredox reaction was performed according to the general procedure using le with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 3e was purified by flash column
chromatography with PE/EA (10:1) to afford 3e (16.0 mg, 48% yield) as a colorless oil, (22.3 mg, 67%
brsm).
'H NMR (400 MHz, CDCl3): 6y 7.29-7.26 (m, 1H), 7.25 (dd, J = 5.0, 1.6 Hz, 1H), 7.21-7.11 (m, 2H),
5.18 (s, 2H), 4.06 - 3.97 (t, 2H), 3.87-3.81 (t, 2H), 3.65 (s, 3H).
13C NMR (101 MHz, CDCls): 5¢ 165.4, 134.8, 133.6, 131.5, 131.0, 130.99, 130.7, 128.4, 127.8, 127.4,
126.3, 124.2, 108.3, 65.8, 64.0, 50.8, 43.8.
HRMS (ESI): caled for C21H20NO3", (M+H)": 334.1438, found: 334.1429.

Ph
N
ph—<

_—

CO,Et

M
eOZC 3f

The phtotoredox reaction was performed according to the general procedure using 1f with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 3f was purified by flash column
chromatography with PE/EA (30:1) to afford 3f (11.7 mg, 29% yield) as a colorless oil, (13.7 mg, 34%

brsm)..
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'H NMR (400 MHz, CDCl:): 61 7.26 (dd, J = 8.6, 3.5 Hz, 2H), 7.21-7.07 (m, 7H), 4.21-4.11 (m, 2H),
4.01-3.87 (m, 2H), 3.61 (s, 3H), 3.48-3.36 (m, 1H), 3.21-3.08 (m, 1H), 2.94-2.82 (m, 1H), 2.32 (dd, J =
8.5,4.8 Hz, 1H),2.11-1.97 (m, 1H), 1.26 (t, /= 7.1 Hz, 3H).

13C NMR (101 MHz, CDCL): dc 1727, 166.0, 135.6, 135.5, 131.3, 131.2, 130.9, 128.3, 127.7, 127.2,
125.98, 124.5, 109.6, 53.6, 50.55, 45.6, 39.9, 23.7, 23.4, 14.3.

HRMS (ESI): calcd for CasHasNO4*, (M+H)":404.1856, found: 404.1862.

Ph
N
ph—<
OAc
MEOZC
39

The phtotoredox reaction was performed according to the general procedure using 1g with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 3g was purified by flash column
chromatography with PE/EA (20:1) to afford 3g (13.2 mg, 34% yield) as a colorless oil.

'H NMR (400 MHz, CDCl3): 65 7.20-7.14 (m, 3H), 7.12-7.01 (m, 7H), 5.34-5.22 (m, 1H), 3.84 (ddd,
J=13.2,8.1,5.2 Hz, 1H), 3.79-3.70 (m, 1H), 3.55 (s, 3H), 3.43 (dd, /= 18.5, 5.3 Hz, 1H), 3.28 (dd, J
=18.5, 5.1 Hz, 1H), 2.07 (dd, J=11.1, 5.5 Hz, 2H), 2.03 (s, 3H).

13C NMR (101 MHz, CDCls): 6¢ 170.6, 165.7,135.3,133.5, 131.3, 131.2, 131.1, 130.9, 128.3, 127.7,
127.3,126.0, 124.6, 110.2, 66.2, 50.6, 40.8, 30.4, 27.6, 21.4.

HRMS (ESI): caled for C24H24NO4", (M+H)": 390.1700, found: 390.1701.

Ph
ph— )

—

OBn

MeO,C

3h
The phtotoredox reaction was performed according to the general procedure using 1h with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 3h was purified by flash column
chromatography with PE/EA (20:1) to afford 3h (24.9 mg, 57% yield) as a colorless oil.
'H NMR (400 MHz, CDCL3): 65 7.41-7.34 (m, 4H), 7.33-7.28 (m, 1H), 7.23 (dd, J = 5.6, 4.3 Hz, 3H),
7.13 (dt, J=5.3, 3.7 Hz, 7TH), 4.67 (q, J = 12.0 Hz, 2H), 4.08-3.93 (m, 2H), 3.82-3.70 (m, 1H), 3.62 (s,
3H), 3.43 (qd, /= 18.1, 5.2 Hz, 2H), 2.23-2.02 (m, 2H).
13C NMR (101 MHz, CDCls): §¢ 166.0, 138.4, 135.6, 134.7, 131.6, 131.3, 130.96, 130.9, 128.6, 128.2,
127.9, 127.8,127.6, 127.2, 125.9, 124.4, 110.0, 70.5, 70.2, 50.5, 41.3, 30.5, 28.2.
HRMS (ESI): caled for C2oH2sNOs™, (M+H)": 438.2064, found: 438.2072.

Ph
N
ph—

_—

OMe
MEOZC
3i
The phtotoredox reaction was performed according to the general procedure using 1i with CH3CN as

the solvent. The reaction was run for 48 h, the corresponding product 3i was purified by flash column

chromatography with PE/EA (20:1) to provide 3i (15.3 mg, 40% yield) as a colorless oil.
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TH NMR (400 MHz, CDCL): 6 7.24 (t, J = 5.1 Hz, 3H), 7.20-7.05 (m, 7H), 3.93 (ddd, J = 13.1, 8.1,
5.1 Hz, 1H), 3.84 (q, J = 7.7 Hz, 1H), 3.78-3.70 (m, 1H), 3.62 (s, 3H), 3.45 (s, 3H), 3.42-3.30 (m, 2H),
2.20-2.01 (m, 2H).

13C NMR (101 MHz, CDCl3): Jc 166.0, 135.6, 134.5, 131.6, 131.3, 130.9, 128.2, 127.6, 127.2, 125.9,
124.4,110.1, 72.3, 56.4, 50.5, 41.0, 30.0, 27.7.

HRMS (ESI): calcd for C23H23NNaOs*, (M+Na)™:384.1570, found: 384.1561.

Ph
ph— )

_—

OMs

MeO,C

3j
The phtotoredox reaction was performed according to the general procedure using 1j with CH3CN as
the solvent. The reaction was run for 72 h, the desired product 3j was purified by flash column
chromatography with PE/EA (10:1) to afford 3j (27.2 mg, 64% yield) as a colorless oil.
'H NMR (400 MHz, CDCl3): dx 7.18 (dd, J = 4.5, 2.5 Hz, 3H), 7.14- 6.97 (m, 7H), 5.30-5.17 (m, 1H),
3.94 (ddd, J = 13.8, 9.6, 4.6 Hz, 1H), 3.84-3.72 (m, 1H), 3.55 (s, 3H), 3.53-3.41 (m, 2H), 3.03 (s, 3H),
2.35(dq, J=14.8, 5.0 Hz, 1H), 2.24-2.09 (m, 1H).
13C NMR (101 MHz, CDCl3): 6¢ 165.7,135.2,131.9, 131.4,131.2, 131.0, 130.9, 128.4, 127.9, 127.3,
126.1, 124.6, 110.6, 73.8, 50.7, 40.1, 39.1, 31.1, 28.9.
HRMS (ESI): caled for C23H24NSOs*, (M+H)": 426.1370, found: 426.1373.

Ph
ph— )

—

MeO,C

The reaction was conducted according to the general procedure using 1k with CH3CN as the solvent.
The reaction was run for 72 h, the desired product 3k was purified by flash column chromatography
with PE/EA (10:1) to afford 3k as a colorless oil, 58% isolated yield (75% brsm).

'H NMR (400 MHz, CDCl3): d 7.58-7.50 (m, 1H), 7.44 (dd, J=10.7, 4.1 Hz, 1H), 7.39-7.34 (m, 2H),
7.34-7.27 (m, 5H), 7.23-7.16 (m, 3H), 6.91 (d, J= 7.7 Hz, 1H), 6.85 (s, 1H), 3.50 (s, 3H), 2.98-2.82 (m,
2H), 2.75 (ddd, J=13.1, 9.1, 7.0 Hz, 1H), 2.40-2.29 (m, 1H).

13C NMR (101 MHz, CDCls): 5¢ 168.9, 136.1, 135.5, 134.1, 134.1, 132.97, 130.3, 128.6, 128.4, 128.3,
128.3,128.2, 128.2, 127.96, 126.6, 126.6, 126.3, 125.2, 57.2, 51.9, 25.99.

HRMS (ESI): caled for C2sH22NO2", (M+H)™: 380.1645, found: 380.1644.

Ph
ph—
0
0\
Ph
4a
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The phtotoredox reaction was performed according to the general procedure using 2b with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4a was purified by flash column
chromatography with PE/EA (30:1) to afford 4a (19.2 mg, 49% yield) as a colorless oil (55% brsm).

'H NMR (400 MHz, CDCl3): 6y 7.31-7.16 (m, 13H), 7.13-7.07 (m, 2H), 5.16 (s, 2H), 4.02 (t, J = 7.1
Hz, 2H), 3.21 (dd, J=9.4, 5.5 Hz, 2H), 2.59-2.44 (m, 2H).

13C NMR (101 MHz, CDCls): 5¢ 164.8, 145.1, 137.0, 135.5, 131.99, 131.2, 129.3, 128.4, 128.3, 127.9,
127.7,127.6, 127.3, 127.2, 126.9, 126.3, 105.96, 65.1, 47.2, 26.9, 26.5.

HRMS (ESI): caled for C27H24NO2", (M+H)": 394.1802, found: 394.1809.

The phtotoredox reaction was performed according to the general procedure using 2¢ with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4b was purified by flash column
chromatography with PE/EA (60:1) to give 4b (28.9 mg, 62% yield) as a colorless oil.

'"H NMR (400 MHz, CDCl3): 61 7.93 (dd, J = 5.4, 4.3 Hz, 1H), 7.86 (dd, J = 6.2, 3.3 Hz, 1H), 7.80 (dd,
J=06.3,3.1 Hz, 1H), 7.51-7.46 (m, 2H), 7.37 (dd, J = 6.7, 3.5 Hz, 2H), 7.25-7.13 (m, 8H), 7.10 (dd, J =
8.0, 1.5 Hz, 2H), 5.62 (s, 2H), 3.99 (t, J= 7.1 Hz, 2H), 3.09 (t, /= 7.5 Hz, 2H), 2.49-2.34 (m, 2H).

13C NMR (101 MHz, CDCls): 5¢ 164.8, 145.2,135.4,133.7, 132.5, 131.98, 131.8, 131.1, 129.3, 128.8,
128.6, 128.3, 127.5, 127.3, 127.2, 127.1, 126.9, 126.4, 126.3, 125.8, 125.4, 124.0, 105.9, 63.5, 47.2,
26.8,26.5.

HRMS (ESI): calcd for C31H2sNNaO>*, (M+Na)™: 466.1778, found: 466.1774.

4c

The phtotoredox reaction was performed according to the general procedure using 2d with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4¢ was purified by flash column
chromatography with PE/EA (30:1) to give 4¢ (22.4 mg, 61% yield) as a colorless oil.

'H NMR (400 MHz, CDCl3): x 7.25-7.15 (m, 8H), 7.14-7.08 (m, 2H), 5.06 (dt, J= 12.5, 6.2 Hz, 1H),
4.03 (t,J=17.1 Hz, 2H), 3.23 (t, /= 7.4 Hz, 2H), 2.54 (p, J= 7.3 Hz, 2H), 1.16 (d, /= 6.2 Hz, 6H).

13C NMR (101 MHz, CDCls): 5¢ 164.6, 144.6, 135.6, 132.1, 131.2, 129.3, 128.3, 127.4, 127.1, 126.96,
126.8,126.2, 106.8, 66.3, 47.1, 26.8, 26.5, 22.2.

HRMS (ESI): calcd for C23H23NNaO>", (M+Na)™:368.1621, found: 368.1620.
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The phtotoredox reaction was performed according to the general procedure using 2e with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4d was purified by flash column
chromatography with PE/EA (40:1) to afford 4d (23.0 mg, 64% yield) as a colorless oil, (27.3 mg, 76%
brsm).

'H NMR (400 MHz, CDCl3): 5y 7.25-7.14 (m, 8H), 7.14-7.07 (m, 2H), 4.09 (t, J = 6.4 Hz, 2H), 4.03
(t,J=17.1 Hz, 2H), 3.22 (t, J= 7.5 Hz, 2H), 2.60-2.45 (m, 2H), 1.51 (dt, J= 14.5, 6.5 Hz, 2H), 1.25 (dd,
J=15.1,7.4 Hz, 2H), 0.86 (t, /= 7.4 Hz, 3H).

13C NMR (101 MHz, CDCl3): é¢ 165.3, 144.8, 135.6, 132.1, 131.2, 129.3, 128.3, 127.5, 127.2, 127.0,
126.8,126.2, 106.4, 63.2, 47.2, 30.95, 26.8, 26.5, 19.4, 13.9.

HRMS (ESI): caled for C24H26NO2", (M+H)": 360.1958, found: 360.1964.

Ph
p—
° J
0
4e

The phtotoredox reaction was performed according to the general procedure using 2f with CH3CN as
the solvent. The reaction was run for 72 h, the corresponding product 4e was purified by flash column
chromatography with PE/EA (60:1) to afford 4e (15.1 mg, 41% yield) as a colorless oil, (16.6 mg, 45%
brsm)..

'H NMR (400 MHz, CDCl3): 65 7.25-7.15 (m, 8H), 7.14-7.08 (m, 2H), 4.17 (t, J = 6.0 Hz, 2H), 4.04 (t,
J=7.1 Hz, 2H), 3.23 (t, J= 7.4 Hz, 2H), 2.55 (p, /= 7.3 Hz, 2H), 2.03 (td, /= 7.2, 2.6 Hz, 2H), 1.92 (t,
J=2.6 Hz, 1H), 1.79-1.64 (m, 2H).

13C NMR (101 MHz, CDCl3): é¢ 165.1, 144.9, 135.7, 132.0, 131.1, 129.3, 128.3, 127.5, 127.1, 127.1,
126.9, 126.4, 106.2, 83.7, 68.8, 61.8, 47.2,27.9, 26.7, 26.6, 15.4.

HRMS (ESI): caled for C2sH24NO2", (M+H)™: 370.1802, found: 370.1800.

Ph
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The phtotoredox reaction was performed according to the general procedure using 2g with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4f was purified by flash column
chromatography with PE/EA (10:1) to provide 4f (12.2 mg, 33% yield) as a colorless oil, (16.3 mg,
44% brsm).
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'H NMR (400 MHz, CDCL3): 61 7.25-7.15 (m, 8H), 7.14-7.08 (m, 2H), 5.29 (ddd, J = 7.0, 5.7, 1.3 Hz,
1H), 4.60 (d, J= 7.0 Hz, 2H), 4.03 (t, J = 7.1 Hz, 2H), 3.22 (t, J = 7.4 Hz, 2H), 2.53 (p, J= 7.3 Hz, 2H),
1.70 (d, J = 12.4 Hz, 3H), 1.63 (d, J= 11.7 Hz, 3H).
13C NMR (101 MHz, CDCL): 3¢ 165.1, 144.8, 137.7, 135.5, 132.2, 131.2, 129.4, 128.3, 127.5, 127.3,
127.1, 126.9, 126.2, 119.7, 106.3, 60.3, 47.2, 26.8, 26.5, 25.8, 18.2.
HRMS (ESI): calcd for CasHasNO,*, (M+H)": 372.1958, found: 372.1966.

Ph

ph— )

—

NHPh
49

The phtotoredox reaction was performed according to the general procedure using 2h with CH3CN as

the solvent. The reaction was run for 72 h, the corresponding product 4g was purified by flash column

chromatography with PE/EA (10:1) to provide 4g (15.9 mg, 42% yield) as a colorless oil, (20.4 mg,

54% brsm).

'H NMR (400 MHz, CDCl3): Jx 7.40 (t, J = 3.5 Hz, 5H), 7.25 - 7.19 (m, 3H), 7.18-7.08 (m, 7H), 6.96

(t,J=7.2 Hz, 1H), 4.06 (t,J=7.1 Hz, 2H), 3.36 (t, J = 7.4 Hz, 2H), 2.62-2.50 (m, 2H).

13C NMR (101 MHz, CDCl3): 6¢ 163.4, 144.7, 138.8, 135.4, 131.9, 131.7, 129.2, 129.0, 128.9, 128.4,

127.9,126.9, 126.5, 123.5,123.2, 119.1, 110.2, 46.96, 26.8, 26.5.

HRMS (ESI): caled for C2sH23N20", (M+H)*™: 379.1805, found: 379.1810.

4h

The phtotoredox reaction was performed according to the general procedure using 2i with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4h was purified by flash column
chromatography with PE/EA (20:1) to afford 4h (15.1 mg, 43% yield) as a colorless oil, (18.9 mg, 54%
brsm).

'H NMR (400 MHz, CDCl3): Jx 7.36 -7.10 (m, 6H), 6.99-6.85 (m, 2H), 5.09 (dt, J = 12.5, 6.2 Hz, 1H),
4.00 (t,J=17.1 Hz, 2H), 3.21 (t,J=7.5 Hz, 2H), 2.62 - 2.41 (m, 2H), 1.20 (d, /= 6.2 Hz, 6H).

13C NMR (101 MHz, CDCl3): 8 164.3, 144.6, 136.7, 131.8, 129.3, 128.6, 128.4, 128.2, 127.3, 126.3,
125.0, 118.6, 107.7, 66.4, 47.2, 26.7, 26.5, 22.2.

HRMS (ESI): caled for C21H22NSO2*, (M+H)": 352.1366, found: 352.1368.

Ph

MeO /N

Me

o
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The phtotoredox reaction was performed according to the general procedure using 2j with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4i was purified by flash column
chromatography with PE/EA (10:1) to give 4i (12.7 mg, 34% yield) as a colorless oil, (16.1 mg, 43%
brsm).

'H NMR (400 MHz, CDCl3): dx 7.25-7.09 (m, 7H), 6.80-6.72 (m, 2H), 5.07 (dt, J= 12.5, 6.2 Hz, 1H),
4.03 (t,J=17.1 Hz, 2H), 3.78 (s, 3H), 3.21 (t, J= 7.5 Hz, 2H), 2.52 (p, J= 7.3 Hz, 2H), 1.18 (d, 6H).
13C NMR (101 MHz, CDCl3): 6¢ 164.6, 158.2, 144.5,132.3, 132.2, 129.3, 128.3, 127.9, 126.9, 126.8,
126.8, 113.0, 106.7, 66.2, 55.3,47.2, 29.8, 26.9, 26.5, 22.3.

HRMS (ESI): caled for C24H26NO3", (M+H)": 376.1907, found: 376.1913.

4
The phtotoredox reaction was performed according to the general procedure using 2k with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4j was purified by flash column
chromatography with PE/EA (15:1) to give 4j (26.1 mg, 72% yield) as a colorless oil.
'H NMR (400 MHz, CDCl3): 6y 7.25-7.15 (m, 5H), 7.13-7.05 (m, 2H), 6.97-6.86 (m, 2H), 5.07 (dt, J
=12.5, 6.2 Hz, 1H), 4.03 (t,J= 7.1 Hz, 2H), 3.22 (t, /= 7.5 Hz, 2H), 2.54 (p, /= "7.3 Hz, 2H), 1.18 (d,
J=6.2 Hz, 6H).
13C NMR (101 MHz, CDCl3): d¢ 164.5,161.73 (d, J = 244.3 Hz), 144.7, 132.69 (d, J = 8.0 Hz), 131.9,
131.53 (d, /= 3.4 Hz), 131.5, 129.3, 128.4, 127.1, 126.98, 126.0, 114.34 (d, J = 21.2 Hz), 106.7, 66.4,
47.1,29.8,26.8,26.5,22.2.
YF NMR (376 MHz, CDCl3): 6 -117.1.
HRMS (ESI): caled for C2sH23FNO2Y, (M+H)": 364.1707, found: 364.1710.

Ph
cl /N

o Me
O/<Me
4k
The phtotoredox reaction was performed according to the general procedure using 21 with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4k was purified by flash column
chromatography with PE/EA (10:1) to afford 4k (14.4 mg, 38% yield) as a colorless oil.
'H NMR (400 MHz, CDCl3): 6y 7.25-7.14 (m, 7H), 7.12-7.07 (m, 2H), 5.06 (dt, J= 12.4, 6.2 Hz, 1H),
4.02 (t,J=17.1 Hz, 2H), 3.22 (t,J=7.4 Hz, 2H), 2.53 (p, J= 7.3 Hz, 2H), 1.18 (d, /= 6.2 Hz, 6H).
13C NMR (101 MHz, CDCls): 5c 164.5, 144.8,134.1, 132.5, 132.1, 131.8, 129.3, 128.5, 127.7, 127.2,
127.1,125.8, 106.6, 66.5, 47.1, 29.8, 26.8, 26.5, 22.2.
HRMS (ESI): caled for C23Ha3sCINO,Y, (M+H)": 380.1412, found: 380.1407.
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The phtotoredox reaction was performed according to the general procedure using 2m with CH3CN as
the solvent. The reaction was run for 72 h, the corresponding product 41 was purified by flash column
chromatography with PE/EA (10:1) to afford 41 (12.3 mg, 29% yield) as a colorless oil, (16.5 mg, 39%
brsm).

'H NMR (400 MHz, CDCl3): 6y 7.24-7.17 (m, 7H), 7.12 (d, J = 6.9 Hz, 2H), 5.06 (dt,J = 12.4, 6.2 Hz,
1H), 4.03 (t, J = 7.1 Hz, 2H), 3.23 (t, J = 7.4 Hz, 2H), 2.54 (p, J = 7.3 Hz, 2H), 1.15 (d, J = 6.2 Hz,
6H).

13C NMR (101 MHz, CDCls): 5¢ 164.6, 144.6, 135.6, 132.2, 131.2,129.3, 128.3, 127.4, 127.2, 126.97,
126.8,126.2, 106.8, 66.3, 47.1, 26.8, 26.5, 22.2.

HRMS (ESI): calcd for C23H;BrNO2*, (M+H)™: 424.0907, found: 424.0915.

Ph
tBU 4 N

Me
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The phtotoredox reaction was performed according to the general procedure using 2n with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4m was purified by flash column
chromatography with PE/EA (10:1) to provide 4m (19.2 mg, 48% yield) as a colorless oil, (23.2 mg,
58% brsm).

'H NMR (400 MHz, CDCl3): 6y 7.19-7.11 (m, 5H), 7.11-7.02 (m, 5H), 4.98 (dt, J= 12.4, 6.2 Hz, 1H),
3.94 (t,J=17.1 Hz, 2H), 3.14 (t, /= 7.4 Hz, 2H), 2.43 (dd, J = 14.6, 7.2 Hz, 2H), 1.22 (s, 9H), 1.07 (d,
J=6.2 Hz, 6H).

13C NMR (101 MHz, CDCl3): 6¢c 164.6, 148.8, 144.5,132.4, 132.3, 130.7, 129.4, 128.2, 127.2, 126.9,
126.7,124.3,106.9, 66.1,47.1, 34.5, 31.6, 26.8, 26.5, 22.2.

HRMS (ESI): caled for C27H3NO2", (M+H)"™: 402.2428, found: 402.2431.
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The phtotoredox reaction was performed according to the general procedure using 20 with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4n was purified by flash column
chromatography with PE/EA (10:1) to give 4n (23.1 mg, 56% yield) as a colorless oil.

'H NMR (400 MHz, CDCl): 65 7.39 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 7.20-7.13 (m, 3H),
7.01 (dd, J=17.8, 1.6 Hz, 2H), 4.98 (dt, J = 12.5, 6.2 Hz, 1H), 3.95 (t, /= 7.1 Hz, 2H), 3.15 (t, J=7.5
Hz, 2H), 2.47 (p, J = 7.3 Hz, 2H), 1.10 (d, /= 6.2 Hz, 6H).
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13C NMR (101 MHz, CDCL): 5c 164.4, 144.96, 139.5, 131.6, 131.5, 129.4, 128.5, 127.3, 126.0,
128.4-125.9 (m), 125.6, 124.4 (q, J = 3.8 Hz), 123.3, 106.6, 66.5, 47.1, 26.8, 26.5, 22.2.

1F NMR (376 MHz, CDCls): 55 -62.25 (s).

HRMS (ESI): calcd for CosHasFaNO,", (M+H)": 414.1675, found: 414.1667.

Cl Ph

40

The phtotoredox reaction was performed according to the general procedure using 2p with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 40 was purified by flash column
chromatography with PE/EA (10:1) to give 40 (16.7 mg, 44% yield) as a colorless oil, (20.8 mg, 55%
brsm).

'H NMR (400 MHz, CDCls): § 7.19-7.12 (m, 4H), 7.11-7.01 (m, 4H), 7.01-6.96 (m, 1H), 4.98 (dt, J =
12.5, 6.2 Hz, 1H), 3.95 (t, J=7.1 Hz, 2H), 3.15 (t, /= 7.4 Hz, 2H), 2.46 (p, J= 7.3 Hz, 2H), 1.08 (d, J
= 6.2 Hz, 6H).

13C NMR (101 MHz, CDCl3): é¢ 164.5, 144.9, 137.7, 133.0, 131.7, 131.5, 129.4, 129.3, 128.6, 128.5,
127.2,127.2,126.3, 125.4, 106.8, 66.5, 47.1, 26.7, 26.6, 22.2.

HRMS (ESI): caled for C23Ha3CINO:*, (M+H)":380.1412, found: 380.14009.
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The phtotoredox reaction was performed according to the general procedure using 2q with CH3CN as
the solvent. The reaction was run for 72 h, the corresponding product 4p was purified by flash column
chromatography with PE/EA (10:1) to give 4p (20.1 mg, 53% yield) as a colorless oil, (26.1 mg, 69%
brsm).
'"H NMR (400 MHz, CDCL3): Jx 7.37 (dd, J = 7.9, 0.6 Hz, 1H), 7.22 (dd, J = 7.9, 6.3 Hz, 2H),
7.19-7.06 (m, 6H), 5.00 (dt, J = 12.4, 6.2 Hz, 1H), 4.14 (dt, J = 10.7, 7.3 Hz, 1H), 4.01 (dt, J = 10.7,
6.9 Hz, 1H), 3.32-3.12 (m, 2H), 2.56 (p, J = 7.3 Hz, 2H), 1.10 (d, J = 6.2 Hz, 3H), 1.04 (d, J = 6.2 Hz,
3H).
13C NMR (101 MHz, CDCl3): 6¢c 164.4, 144.5, 135.8, 135.6, 132.7, 131.9, 128.8, 128.6, 128.4, 128.0,
127.1, 126.9, 126.1, 123.9, 107.6, 66.2, 47.2, 26.7, 26.4, 22.1, 21.9.
HRMS (ESI): caled for C23Ha3CINO:*, (M+H)*:380.1412, found: 380.1417.
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The phtotoredox reaction was performed according to the general procedure using 2q with CH3CN as
the solvent. The reaction was run for 48 h, the corresponding product 4q was purified by flash column
chromatography with PE/EA (10:1) to give 4q (11.5 mg, 33% yield) as a colorless oil, (15.0 mg, 43%
brsm).

'H NMR (400 MHz, CDCl3): 3y 7.33 (t, J = 6.5 Hz, 4H), 7.23 (dd, J = 8.7, 4.4 Hz, 1H), 5.44 (s, 1H),
5.17 (dt, J = 12.5, 6.2 Hz, 1H), 3.97 (t, /= 7.1 Hz, 2H), 3.15 (t, J = 7.4 Hz, 2H), 2.47 (p, J = 7.3 Hz,
2H), 2.26 (d, J = 1.8 Hz, 2H), 2.05-1.95 (m, 2H), 1.74-1.66 (m, 2H), 1.60 (dd, J = 7.4, 3.8 Hz, 2H),
1.29 (d,J= 6.2 Hz, 6H).

13C NMR (101 MHz, CDCls): 5c 164.7, 144.4,132.8, 132.6, 130.0, 128.7, 128.2, 127.2, 126.6, 125.97,
106.6, 66.1, 47.1, 30.7, 29.8, 26.7, 26.5, 25.8, 23.4, 22.5, 22.3.

HRMS (ESI): caled for C23HasNO2", (M+H)™: 350.2115, found: 350.2124.
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6. Synthetic applications

a) Gram Scale-up Reaction

(0] Ph
Standard conditions
D - =oon )
|
MeOzC
1a 2a 3a

In a sealed tube, 1 (2.0 mmol), 2 (4.0 mmol), Ir(dFCF3ppy)2bpyPFs (1.0 mol %), DIPEA (4.0 mmol)
were dissolved in CH3CN (10.0 mL). The reaction mixture was degassed oxygen with Ny for three
times at -78 °C. Subsequently, the reaction was exposed to 430 nm blue LEDs at room temperature
until 1a was completely consumed. When the reaction finished, the solvent was removed under
vacuum, the residue was purified by flash column chromatography on silica gel with a eluent of ethyl

acetate (EA) and petroleum ether (PE) to provide the corresponding product 3a in 53% yield.
b) Late-stage modification of complex molecules

Synthesis of 5a:

Synthesis of substrate L-Menthol derivative: L-Menthol (312 mg, 2.0 mmol), DMAP (244 mg, 2
mmol) were added in DCM (20 mL) at room temperature and then stirring overnight at the same
temperature. 20 ml saturated NH4Cl was added to the reaction system when the starting material was
completely consumed, extracted with EA (20 m1*3), the combined phase was washed with brine, dried

over MgSQOs, concentrated and purified by chromatography on silica gel to provide the L-Menthol

derivative.
Me\:/Me o Me\:/Me Ph
~_OH DCC, DMAP o F
+ & OH B ————————
Ph DCM o
Me Me
L-Menthol L-Menthol derivative
Me
Ir(dFCF3ppy),bpyPFg (1.0 mol%) Ph 0]
DIPEA (4.0 equiv.)
Ph—( | (O
1a, CH3CN N Al
rt, 12W*2 blue LEDs Me Me

5a

Characterization data of L-Menthol derivative:

H NMR (400 MHz, CDCL): 65 7.64-7.55 (m, 2H), 7.50-7.41 (m, 1H), 7.36 (dd, J= 11.5, 4.4 Hz, 2H),
4.85 (td, J=10.9, 4.4 Hz, 1H), 2.14-2.03 (m, 1H), 1.97 (dtd, /= 13.9, 7.0, 2.6 Hz, 1H), 1.75-1.65 (m,
2H), 1.56-1.42 (m, 2H), 1.16-1.01 (m, 2H), 0.89 (ddd, J = 15.7, 9.3, 2.0 Hz, 7H), 0.80 (d, J = 7.0 Hz,
3H).

13C NMR (101 MHz, CDCl): 6¢ 153.9, 133.1, 130.6, 128.7, 119.9, 85.98, 81.1, 76.5, 47.0, 40.8, 34.3,

31.6,26.3,23.5,22.1,20.9, 16.4.

Photoredox reaction: In a dried sealed tube, 1a (0.2 mmol), L-Menthol derivative (0.1 mmol),
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Ir(dFCF3ppy)2bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were dissolved in CH3CN (1.0 mL). The flask
was caped and degassed oxygen with nitrogen for three times at -78 °C. Subsequently, the reaction
mixture was exposed to blue LEDs (425-430 nm, 10 W) at room temperature. The reaction finished
when the starting materials was completely consumed (monitored by TLC). The residue was purified
by flash column chromatography on silica gel with a eluent of petroleum ether (PE) and ethyl acetate

(EA) to give the corresponding product Sa.

Characterization data of Sa:

H NMR (400 MHz, CDCL): 6y 7.25 - 7.14 (m, 8H), 7.14-7.05 (m, 2H), 4.69 (td, J = 10.7, 4.3 Hz,
1H), 4.03 (tdd, J = 14.4, 9.0, 5.4 Hz, 2H), 3.33-3.14 (m, 2H), 2.54 (p, J= 7.3 Hz, 2H), 2.08 (d, J=11.6
Hz, 1H), 1.97-1.86 (m, 1H), 1.80-1.73 (m, 1H), 1.67 (d, J = 11.4 Hz, 1H), 1.59 (d, J = 3.1 Hz, 1H),
1.43 (dd, J=17.7, 4.4 Hz, 1H), 1.25 (d, J = 5.4 Hz, 1H), 1.12 (dd, J= 8.2, 5.2 Hz, 1H), 1.03-0.95 (m,
1H), 0.87 (d, J= 6.5 Hz, 3H), 0.79 (d, J = 7.0 Hz, 3H), 0.68 (d, /= 6.9 Hz, 3H).

13C NMR (101 MHz, CDCl3): dc 164.6, 144.7, 135.7, 132.1, 131.3, 129.3, 128.3, 127.4, 127.2, 127.0,
126.8, 126.2, 106.8, 72.8,47.3,47.1,41.5,34.5,31.5, 26.8, 26.5, 25.99, 23.3,22.2, 21.1, 16.3.

HRMS (ESI): calcd for C30H3sNO2", (M+H)": 442.2741, found: 442.2750.

Synthesis of 5b:

Synthesis of substrate Citronellol derivative: Citronellol (312 mg, 2.0 mmol), DMAP (244 mg, 2
mmol) were added in DCM (20 mL) at room temperature and then stirring overnight at the same
temperature. 20 ml saturated NH4Cl was added to the reaction system when the starting material was
completely consumed, extracted with EA (20 m1*3), the combined phase was washed with brine, dried
over MgSOys, concentrated and purified by chromatography on silica gel with a eluent of ethyl acetate

(EA) and petroleum ether (PE) to provide the corresponding substrate.

Me Me DCC, DMAP Q Me Me
+ —_— W
Ho/\)\/\/\Me /OH DCM /O Me
Ph Ph
Citronellol Citronellol derivative
Ir(dFCF3ppy),bpyPFg (1.0 mol%) Ph o Me Me
DIPEA (4.0 equiv. /\)\/\/\
( quiv.) phel [ o Me
1a, CH;CN N

rt, 2W*12 blue LEDs

5b
Characterization data of Citronellol derivative:
TH NMR (400 MHz, CDCl): 65 7.58 (dd, J = 5.2, 3.2 Hz, 2H), 7.45 (ddd, J = 6.6, 3.8, 1.3 Hz, 1H),
7.40 - 7.32 (m, 2H), 5.10 (ddd, J = 7.1, 5.8, 1.3 Hz, 1H), 4.38-4.16 (m, 2H), 2.14 - 1.88 (m, 2H),
1.81-1.72 (m, 1H), 1.69 (s, 3H), 1.65-1.58 (m, 4H), 1.56-1.45 (m, 1H), 1.43-1.31 (m, 1H), 1.27-1.17 (m,
1H), 0.94 (d, J= 6.5 Hz, 3H).
13C NMR (101 MHz, CDCl): 6¢ 154.4, 133.1, 131.6, 130.7, 128.7, 124.6, 119.9, 86.2, 80.9, 64.8, 37.1,
35.4,29.5,25.9,25.5,19.5, 17.8.

Photoredox reaction: In a dried sealed tube, 1a (0.2 mmol), L-Menthol derivative (0.1 mmol),
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Ir(dFCF3ppy)2bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were dissolved in CH3CN (1.0 mL). The flask
was caped and degassed oxygen with nitrogen for three times at -78 °C. Subsequently, the reaction
mixture was exposed to blue LEDs (425-430 nm, 10 W) at room temperature. The reaction finished
when the starting materials was completely consumed (monitored by TLC). The residue was purified
by flash column chromatography on silica gel with a eluent of petroleum ether (PE) and ethyl acetate
(EA) to give the corresponding products.

Characterization data of Sb:

'"H NMR (400 MHz, CDCl3): 6y 7.17-7.07 (m, 8H), 7.06-6.99 (m, 2H), 5.00 (t, J= 7.1 Hz, 1H), 4.14 —
4.00 (m, 2H), 3.97 (t, J= 7.1 Hz, 2H), 3.15 (t, /= 7.4 Hz, 2H), 2.47 (p, J = 7.3 Hz, 2H), 1.95-1.74 (m,
2H), 1.60 (s, 3H), 1.52 (s, 3H), 1.53-1.45 (m, 1H), 1.35 (dd, J = 12.6, 6.1 Hz, 1H), 1.25 (d, J = 6.7 Hz,
1H), 1.21-1.17 (m, 1H), 1.09-0.98 (m, 1H), 0.76 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCls): §¢ 165.2, 144.7,135.6, 132.1, 131.3, 131.2, 129.3, 128.3, 127.5, 127.2,
127.1,126.9, 126.3, 124.93, 106.4, 61.7,47.2,37.2, 35.8, 29.4, 26.8, 26.6, 25.9, 25.5, 19.3, 17.8.
HRMS (ESI): caled for C30H3¢NO2", (M+H)": 442..2741, found: 442.2739.

Synthesis of 5c:

Synthesis of substrate Geraniol derivative: Geraniol (308 mg, 2.0 mmol), DMAP (244 mg, 2 mmol)
were added in DCM (20 mL) at room temperature and then stirring overnight at the same temperature.
20 ml saturated NH4CI was added to the reaction system when the starting material was completely
consumed, extracted with EA (20 ml*3), the combined phase was washed with brine, dried over

MgSOs, concentrated and purified by chromatography on silica gel to provide the Geraniol derivative.

(@] Me Me
/\)Mi/\/'vICE OH —>DCC’ DMAP W
+
HO ZMe =Z beM = O Me
Ph Ph
Geraniol Geraniol derivative
Ir(dFCF3ppy)2bpyPFs (1.0 mol%) D /\)Mi/\)'v'\e

DIPEA (4.0 equiv.) S o = %z Me

1a, CH;CN —
rt, 12W*2 blue LEDs Ph

Ph 5c

Characterization data of Geraniol derivative:

'TH NMR (400 MHz, CDCL): 65 7.62-7.50 (m, 2H), 7.41 (ddd, J = 6.5, 3.8, 1.3 Hz, 1H), 7.37-7.29 (m,
2H), 5.41 (td, J= 7.2, 1.1 Hz, 1H), 5.14-5.02 (m, 1H), 4.74 (d, J= 7.3 Hz, 2H), 2.22-1.99 (m, 4H), 1.73
(s, 3H), 1.67 (s, 3H), 1.59 (s, 3H).

13C NMR (101 MHz, CDCl): dc 154.0, 143.5, 132.9, 131.9, 130.6, 128.6, 123.7, 119.7, 117.5, 86.1,
80.8, 62.8,39.5,26.3,25.7,17.7, 16.5.

Photoredox reaction: In a dried sealed tube, 1a (0.2 mmol), Geraniol derivative (0.1 mmol),
Ir(dFCF3ppy)2bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were dissolved in CH3CN (1.0 mL). The flask
was caped and degassed oxygen with nitrogen for three times at -78 °C. Subsequently, the reaction
mixture was exposed to blue LEDs (425-430 nm, 10 W) at room temperature. The reaction finished

when the starting materials was completely consumed (monitored by TLC). The residue was purified
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by flash column chromatography on silica gel with a eluent of petroleum ether (PE) and ethyl acetate
(EA) to give the corresponding product Sc.

'H NMR (400 MHz, CDCl3): &4 7.17-7.07 (m, 8H), 7.06-7.00 (m, 2H), 5.31-5.15 (m, 1H), 5.02 (dd, J
=9.5,4.0 Hz, 1H), 4.54 (d, /= 6.8 Hz, 2H), 3.96 (t, J= 7.1 Hz, 2H), 3.15 (t, J= 7.4 Hz, 2H), 2.46 (p, J
= 7.3 Hz, 2H), 2.01 (dd, J = 15.1, 6.7 Hz, 2H), 1.92 (dd, J = 12.7, 7.5 Hz, 2H), 1.61 (s, 3H), 1.57 (s,
3H), 1.54 (s, 3H).

13C NMR (101 MHz, CDCls): 5¢ 165.1, 144.8, 140.98, 135.5, 132.2, 131.8, 131.2, 129.4, 128.3, 127.5,
127.3,127.1, 126.9, 126.2, 124.1, 119.4, 106.4, 60.3, 47.2, 39.6, 26.8, 26.6, 26.5, 25.8, 17.8, 16.6.
HRMS (ESI): calcd for C30H33sNNaO:>", (M+Na)": 462.2404, found: 462.2411.

Synthesis of 5d:

Synthesis of substrate Nerol derivative: Nerol (308 mg, 2.0 mmol), DMAP (244 mg, 2 mmol) were
added in DCM (20 mL) at room temperature and then stirring overnight at the same temperature. 20 ml
saturated NH4ClI was added to the reaction system when the starting material was completely consumed,
extracted with EA (20 ml*3), the combined phase was washed with brine, dried over MgSOs,

concentrated and purified by chromatography on silica gel to provide the Nerol derivative.

(0]
Me /Me ) /J\OH DCC, DMAP Me Me
= S —— =
HO /O
Ph
Nerol Nerol derivative
Me Me
Ir(dFCF3ppy),bpyPFg (1.0 mol%) _—
DIPEA (4.0 equiv.) o = Me
1a, CH;CN N (0}
rt, 12W*2 blue LEDs —
Ph
Ph 5d

Characterization data of Nerol derivative:

H NMR (400 MHz, CDCL): 64 7.61-7.51 (m, 2H), 7.44 (t,J = 7.4 Hz, 1H), 7.36 (t, J = 7.5 Hz, 2H),
543 (t,J=17.3 Hz, 1H), 5.11 (t, J= 6.3 Hz, 1H), 4.72 (d, J = 7.4 Hz, 2H), 2.21-2.04 (m, 4H), 1.79 (s,
3H), 1.69 (s, 3H), 1.61 (s, 3H).

13C NMR (101 MHz, CDCl): dc 154.2, 144.0, 133.1, 132.5, 130.7, 128.7, 123.6, 119.9, 118.4, 86.2,
80.8, 62.7,32.3,26.7, 25.8, 23.7, 17.8.

Photoredox reaction: In a dried sealed tube, 1a (0.2 mmol), Nerol derivative (0.1 mmol),
Ir(dFCF3ppy)2bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were dissolved in CH3CN (1.0 mL). The flask
was caped and degassed oxygen with nitrogen for three times at -78 °C. Subsequently, the reaction
mixture was exposed to blue LEDs (425-430 nm, 10 W) at room temperature. The reaction finished
when the starting materials was completely consumed (monitored by TLC). The residue was purified
by flash column chromatography on silica gel with a eluent of petroleum ether (PE) and ethyl acetate
(EA) to give the corresponding product 5d.

Characterization data of 5d:
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'H NMR (400 MHz, CDCL3): 6x 7.25-7.15 (m, 8H), 7.14-7.08 (m, 2H), 5.30 (dd, J = 7.0, 5.9 Hz, 1H),
5.14-5.01 (m, 1H), 4.60 (d, J = 7.0 Hz, 2H), 4.03 (t, J = 7.1 Hz, 2H), 3.22 (t, J = 7.4 Hz, 2H), 2.58-
2.47 (m, 2H), 2.10-2.01 (m, 4H), 1.73 (d, J = 1.0 Hz, 3H), 1.66 (s, 3H), 1.58 (s, 3H).

13C NMR (101 MHz, CDCl3): dc 165.0, 144.8, 141.0, 135.5, 132.1, 132.1, 131.2, 129.3, 128.3, 127.5,
127.3, 127.0, 126.8, 126.2, 123.9, 120.3, 106.3, 60.1, 47.2, 32.31, 26.8, 26.8, 26.5, 25.8, 23.6, 17.8.
HRMS (ESI): calcd for C30H33NNaO>", (M+Na)™: 462.2404, found: 462.2401.

Synthesis of Se:

Synthesis of substrate Perillyl alcohol derivative: Perillyl alcohol (312 mg, 2.0 mmol), DMAP (244
mg, 2 mmol) were added in DCM (20 mL) at room temperature and then stirring overnight at the same
temperature. 20 ml saturated NH4Cl was added to the reaction system when the starting material was
completely consumed, extracted with EA (20 m1*3), the combined phase was washed with brine, dried

over MgSOs, concentrated and purified by chromatography on silica gel to provide the corresponding

< >/
/{ . /Ok DCC, DMAP Yo </Ie
HO/_@”” Ve z o DCM /)

substrate.

Ph
Ph
Perillyl alcohol Perillyl alcohol derivative
Ir(dFCF3ppy),bpyPFg (1.0 mol%) Q /\G...//
DIPEA (4.0 equiv.) o] Me
1a, CH;CN -
t, 12W*2 blue LEDs N 7 ~Ph
Ph 5e

Characterization data of Perillyl alcohol derivative:

'H NMR (400 MHz, CDCl3): 6y 7.48 (dd, J = 5.2, 3.3 Hz, 2H), 7.39-7.31 (m, 1H), 7.30-7.22 (m, 2H),
5.75 (s, 1H), 4.70-4.60 (m, 2H), 4.53 (s, 2H), 2.16- 2.01 (m, 4H), 1.96-1.84 (m, 1H), 1.82- 1.72 (m,
1H), 1.65 (s, 3H), 1.42 (tt, J = 12.6, 8.6 Hz, 1H).

13C NMR (101 MHz, CDCls): dc 154.0, 149.4, 133.0, 131.9, 130.7, 128.6, 127.2, 119.7, 108.9, 86.3,
80.7,70.0, 40.7, 30.5, 27.3, 26.5, 20.8.

Photoredox reaction: In a dried sealed tube, 1a (0.2 mmol), Perillyl alcohol derivative (0.1 mmol),
Ir(dFCF3ppy)2bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were dissolved in CH3CN (1.0 mL). The flask
was caped and degassed oxygen with nitrogen for three times at -78 °C. Subsequently, the reaction
mixture was exposed to blue LEDs (425-430 nm, 10 W) at room temperature. The reaction finished
when the starting materials was completely consumed (monitored by TLC). The residue was purified
by flash column chromatography on silica gel with a eluent of petroleum ether (PE) and ethyl acetate

(EA) to give the corresponding product Se.

Characterization data of Se:

H NMR (400 MHz, CDCL): 6x 7.25-7.14 (m, 8H), 7.13-7.07 (m, 2H), 5.59 (d, J = 3.1 Hz, 1H), 4.73
-4.63 (m, 2H), 4.55-4.43 (m, 2H), 4.04 (t, /= 7.1 Hz, 2H), 3.24 (t, J = 7.5 Hz, 2H), 2.61-2.45 (m, 2H),
2.09 (dt, J=12.5,7.3 Hz, 2H), 1.97-1.85 (m, 3H), 1.80-1.71 (m, 4H), 1.40 (ddd, J=20.2, 12.4, 8.4 Hz,
1H).
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13C NMR (101 MHz, CDCl3): é¢ 165.0, 150.0, 144.9, 135.7, 133.3, 132.1, 131.2, 129.3, 128.3, 127.5,
127.3,127.1, 126.9, 126.3, 124.6, 108.7, 106.3, 67.5,47.2, 41.1, 30.6, 27.6, 26.8, 26.6, 26.5, 20.9.
HRMS (ESI): caled for C30H32NO2", (M+H)": 438.2428, found: 438.2427.
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7. Mechanistic Studies
a) Control experiment

To illustrate the mechanism, control experiment was performed: In a dried sealed tube, 6 (0.1 mmol),
ethyl acrylate (0.2 mmol), Ir(dFCFsppy)2bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were dissolved in
CH3CN (1.0 mL). The reaction was caped and degassed oxygen with N> for three times at -78 °C.
Subsequently, the reaction flask was exposed to 425-430 nm blue leds. After 24 hours, the mixture was
extracted with DCM (5 mL*3). The combined solvent were dried over Na>SOs, filtered,and detected
with GC, there was no desired product 3a detected, which demonstrate the activation of C-I bond are

crucial to the successful transformation of the procedure.

Ph
)(J)\ CoM standard /N
+ oVie conditions Ph
Ph” N / — =
Ph additive
M602C
6 2a 3a

b) Radical inhibition experiments

In a dried sealed tube, 1a (0.1 mmol), 2a (0.2 mmol), Ir(dFCF3ppy):bpyPFs (1.0 mol %), DIPEA (0.4
mmol), TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) (0.2 mmol) were dissolved in CH3CN (1.0 mL).
The reaction was degassed with N> for three times at -78 °C. Subsequently, the reaction flask was
exposed to 425-430 nm blue LEDs at room temperature. 36 hours later, the reaction was stopped, 3a
was isolated in 8% yield and there was no other radical product isolated from the reaction mixture. The
yield was obviously decreased to 8%, which indicate this transformation was radical involved through

a single-electron transfer process.

(0]
standard @e
N iti _N
Q +  Ph—==—CO,Me —COnditions _ N" o + 3a
| additive O%\ Mée Me
Ph
1a 2a 3a’

¢) Radical addition procedure

To illustrate the mechanism, the radical addition experiment was conducted: In a dried sealed tube, 1k
(0.1 mmol), 2a (0.2 mmol), I[r(dFCF3ppy)2bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were dissolved in
CH3CN (1.0 mL). The flask was caped and degassed oxygen with N> for three times at -78 °C.
Subsequently, the reaction flask was exposed to 425-430 nm blue leds until the starting material
completely consumed and quenched with 4 mL saturated NH4Cl. The mixture was extracted with DCM
(5 mL*3). The combined solvent were dried over NaxSOj4 and filtered. The filtrate was concentrated
and purification by chromatography on silica gel with a eluent of petroleum ether (PE) and ethyl
acetate (EA) to afford the alkylation product 3k in 58% yield, and the radical addition product 7 was
also isolated in 17% yield. 'TH NMR (400 MHz, CDCls) of 7: 617.56 (d,J= 7.3 Hz, 2H), 7.44 (d, J =
7.2 Hz, 1H), 7.36 (t,J= 7.5 Hz, 2H), 7.33-7.27 (m, SH), 7.23-7.17 (m, 3H), 6.89 (dd, J=15.0, 7.9 Hz,
2H), 5.04 (dd, J = 15.1, 8.4 Hz, 1H), 3.50 (s, 3H), 3.01-2.82 (m, 2H), 2.74 (ddd, J=13.5, 9.1, 6.6 Hz,
1H), 2.46-2.30 (m, 1H).
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O Ph
N standard N ~_.Ph
conditions /N
% : + 2a —— >  Ph +
O —
| MeOzC

1k 3k 7

mmmmmmmm

COQME
N X Ph

T T YD

A
1.074

3.01
%2074
112

d) Deuterium labeling experiment to rule out 1,5-HAT of intermolecular

To illustrate the mechanism, the radical addition experiment was conducted: In a dried sealed tube,
d2-1k (0.1 mmol), 2a (0.2 mmol), Ir(dFCF3ppy)bpyPFs (1.0 mol %), DIPEA (0.4 mmol) were
dissolved in CH3CN (1.0 mL). The flask was caped and degassed oxygen with N> for three times at -78
°C. Subsequently, the reaction flask was exposed to 425-430 nm blue leds until the starting material
completely consumed and quenched with 4 mL saturated NH4Cl. The mixture was extracted with DCM
(5 mL*3). The combined solvent were dried over Na>SOj4 and filtered. The filtrate was concentrated
and purification by chromatography on silica gel with a eluent of petroleum ether (PE) and ethyl
acetate (EA) to afford the alkylation product di-3k in 49% yield.'"H NMR (400 MHz, CDCls) § 7.34
(dd, J=11.8,4.7 Hz, 1H), 7.29 — 7.26 (m, 1H), 7.24 (dd, J= 6.1, 2.3 Hz, 1H), 7.17 (d, J= 7.7 Hz, 1H),
7.06 — 7.00 (m, 1H), 6.92 (t, J = 7.6 Hz, 1H), 6.81 — 6.70 (m, 1H), 3.56 (s, 1H), 2.80 (dd, /= 10.1, 4.7
Hz, 1H), 2.64 — 2.49 (m, 1H), 2.06 — 1.94 (m, 1H)

COzMe
D standard —
D conditions N/ Th
N + 2a _— O D
2 &
dy-1k dy-3k
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9. The crystallographic data

COgMe

N/ Ph

3a Ph

Identification code

CCDC 2330634

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

z

Mu (mm-1)
FO00

FO00'
h,k,Imax
Nref
Tmin,Tmax

Tmin'

C-C=0.0045 A

a=14.0601(3)
alpha=90
301K
Calculated
1664.76(7)
Cc

C-2yc

C21 HI9 N 02
C21 HI9N 02
317.37

1.266

4

0.644

672.0

673.94
17,19,9

3505[ 1757]

Correction method= Not given

Data completeness= 1.40/0.70
R(reflections)=0.0341( 2319)

$=1.095

Npar=219

b=15.6594(4)
beta=101.332(2)

Theta(max)= 76.343
wR2(reflections)= 0.0988( 2454)

Wavelength=1.54184
c=7.7115(2)

gamma=90

Reported
1664.76(7)
Cc
C-2yc
C21 HI9 N O2
C21 HI9N 02
317.37
1.266
4
0.644
672.0
673.94
17,19,9
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10. Spectra for Substrates and Products Product Characterization

L-Menthol derivative, 'TH+'3C NMR
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Citronellol derivative, '"H+3C NMR
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Geraniol derivative, 'H+3C NMR
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Nerol derivative, IH+3C NMR

FATRAN
0EL'E
£60°S,
LoL's
PZ1'S

£1r's
LEF'S
[y

ThEL
098'L
6LE'L
SItL
LEP LT
S5t
LSS'L
0956,
8S'L

Me

Me

P

—

=3

Me

Nerol derivative

ELE

10g
1oL
£0'C

85 80

9.0

66LLL—
$S9ET
2857~
91£97"
ObE ZE~

069°29—

EEROS—
"ZZ98—

Z6ERIL
1$8°611 S
65 €71~
999°8Z1

089'0¢ _M
£5rTEl—
as0seld

GZ0'PEL—

LETPSL—

Me

Me

Me

Nerol derivative

30

40

180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

190

S32



Perillyl alcohol derivative, "TH+3C NMR
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3b, 'H+'3C NMR
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3¢, 'H+3C NMR
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3d,'H+"3C NMR
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3e,'H+3C NMR
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3f, 'TH+'3C NMR

60 50 40 30 20 10

CHxCl,

70

Loen
L e
€62 bl —
| - ELE'ETA,
0EL'ET
] =}
w_ £99'6E
o ££9°She
B 1S5'05~,
| . 195°€5,
L pO'l
A 0ol
A T
: ol
S0'€
- =107 |
86'L
b. Lo
Q
[\
) )
[ =
o ]
=
- Lrooe | et
_ 4ol $€9°601
L0S P21
L co 186'5Z1
PL Ll
289'L2L
L3 ZZE 8Tl —
b6 0EL
881'LEL
= = L67 1EL
W ctmmm_%
O 665581
O =
L e
- o
z “ 66591 —
/ L o~
=N ®) = 659'2LL—
o [
(@]
< 4] L=
o =
| w
e

90 80

100
S39

110
f1 (ppm)

120

i

CO,Et

3f

Ph
170 160

Ph
MeOZC

190 180

200




3g,'H+3C NMR
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3h, 'H+*C NMR
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3i, 'H+*C NMR
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3j, 'H+'*C NMR
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3k, 'H+*C NMR
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4a, 'H+3C NMR
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4b, 'H+*C NMR
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4¢,"H+*C NMR
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4d,'H+"3C NMR
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4e, '"H+1*C NMR
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4f, "H+1*C NMR
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4g, '"H+*C NMR
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4h, "H+*C NMR
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4i, '"H+3C NMR
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4j,'H+3C NMR
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4j,F NMR
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4k, "H+*C NMR
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41,'"H+3C NMR
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4m, '"H+'3C NMR
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4n, 'H+BC+F* NMR
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40, 'H+3C NMR
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4p, 'H+3C NMR
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4q, 'H+3C NMR
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5a, "H+3C NMR
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5b, 'H+'3C NMR
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5¢,'H+3C NMR

Me

Me

Me

7\

LrB6 '
& S86L

5¢c

Ph

Ph

10.5

-1

05 -10

0.0

20

25

40 35 30

50 45
£1 (ppm)

60 355

65

7.0

15

90 85 80

95

88591
.Gmx,:w
6L8'ST
90597
P07
6897
865'6E—

6LL'LP—

6LE 09—

il
PEARZAR
L¥Z'9Z1
T98'9Z14|
§9T'LEl
P LTl
eE'Rzl
6bE'6Tl
LA
9LLIEL
8LLZEL
086'0p1
96L bl

GL0'S9L—

Me
Me

Me
5c

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

200

S66



5d 'H+3C NMR
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5e,'H+3C NMR
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