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1. General Information

Commercially Reagents: Commercially reagents were purchased from Sigma
Aldrich, Energy Chemical, TCI, Bidepharm or Adamas and used without further
purification. All experiments were performed in oven-dried glassware under an
atmosphere of N». Tert-butyl methyl ether, acetonitrile were extra-dry solvents with
molecular sieve (MS) purchased from Energy Chemical and stored within a N> filled

glove box.

NMR Spectra: 'H NMR spectra were recorded on a 400 or 600 MHz spectrometer.
Chemical shifts are reported in parts per million (ppm) and the spectra are calibrated to
the resonance resulting from incomplete deuteration of the solvent (CDCl3: 7.26 ppm,
ds-DMSO: 2.50 ppm). *C NMR spectra were recorded on the same spectrometer with
complete proton decoupling. Chemical shifts are reported in ppm with the solvent
resonance as the internal standard (CDClz: 77.16 ppm, t; ds-DMSO: 39.6 ppm). Data
are reported as follows: chemical shift 8/ppm, integration ('H only), multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet or combinations thereof; 1*C

signals are singlets unless otherwise stated), coupling constants J in Hz, assignment.

High Resolution Mass Spectrometer (HRMS): All HRMS were recorded on high
resolution Fourier transform mass spectrometer with BrukerDaltonics SolariX 7.0T

from The United States of America, and the detector is FT-MS.

Gas Chromatograph-Mass Spectrometer (GC-MS): All GC-MS were recorded
on Shimadzu GCMS-QP2020 NX. Measured values are reported to 3 decimal places of

the calculated value. The calculated values are based on the most abundant isotope.

Gas Chromatograph (GC): All GC were recorded on Fuli GC9790II.

Infra-Red Spectrometer (IR): All IR were recorded on Bruker INVENIO-R.

Chromatography: Analytical thin layer chromatography was performed using

Qingdao Puke Parting Materials Co. silica gel plates (Silicagel 60 F254). Visualization
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was realized by ultraviolet fluorescence (A = 254 nm) and/or staining with
phosphomolybdic acid or potassium permanganate (KMnOs). Flash column

chromatography was performed using 200-300 mesh silica gel.

UV/Vis: Measurements were made on Shanghai JiaPeng technology co. ZF-7

Spectro Fluorophotometer.

Photoreactor: The light source used in this research were purchased from Changji

engineering lighting fixtures, IP66 (Figure S1: SOW blue LEDs).

The material of the crystallizing dish with water is borosilicate glass, and the
material of 12 mL reaction vial is borosilicate glass. The reaction mixture is irradiated
with a 50 W blue LEDs lamp (the distance was about 0.6 cm), and the crystallizing dish

with water is maintained at 40 °C.

Figure S1. Photoreactor used in this research (50 W blue LEDs)
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Figure S2. Emission spectra of the 50W blue LEDs, its emission wavelength range is
from 405 nm to 510 nm, and its maximum emission wavelength is 447 nm. (The

emission spectra were recorded on a Marine optical spectrometer USB2000+)

2. Detailed Optimization of Reaction Conditions

2.1 Detailed Optimization of Reaction Conditions

Table S1. Screening of Catalysts?

Catalyst (2 mol%)

[Ir(dFCF3ppy)2(bpPy)IPFg
Me Me
2 mol%
P> cooH + N 7 O NPhih - (2 mo 0) prh
boe O BusNBr (20 mol %), KsPO; b
Et,0, 50 W blue LEDs
1a 2a 3a-a
Entry Catalyst Yield (%)°
1 None 3
2 Ni(TPP)CI Trace
3 Co(TPP)CI Trace
4 Fe(TPP)CI 4
5 Fe(OEP)CI 26

Standard procedure: 1a (0.20 mmol), KzPO4 (0.20 mmol, 1.0 equiv. ), Et2O (3.0 mL),
30 min. After removing solvent in vacuo, then 2a (0.40 mmol, 2.0 equiv.), catalyst (2
mol %), [Ir(dFCFsppy)2(bpy)]PFs (2 mol %), "BusNBr (20 mol %), Et,O (3.0 mL), 50
W blue LED irradiation for 12 h. °Determined by GC analysis using 1,2,4,5-
tetramethylbenzene as an internal standard.
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Table S2. Screening of Photocatalysts?

Ve Fe(OEP)CI (2 mol%) Ve
o. Photocatalyst (2 mol %) %ph
Ph” " COOH + N NPhth N

"Bu,NBr (20 mol %), KsPO,

Boc O éoc
1a 2a Et,O, 50 W blue LEDs 3a.a
Entry Photocatalyst Yield (%)°
1 4CzIPN Trace
2 [Ir(dFCFsppy)2(bpy)]PFs 26
3 [Ir(dFCFsppy)2(dtbbpy)]PFs 39
4 [Ir(dFFppy)2(dtbbpy)]PFs 17
5 [Ir(dF(Me)ppy)2(dtbbpy)]PFs Trace
6 [Ir(dFF(Me)ppy)2(dtbbpy)]PFs 20
7 [Ir (dFCFs(CF3)ppy2(dtbbpy)]PFs Trace
8 [Ir(dFCF3ppy)2(5,5’-CF3bpy)]PFs Trace

Standard procedure: 1a (0.20 mmol), KsPO4 (0.20 mmol, 1.0 equiv.), Et2O (3.0 mL),
30 min. After removing solvent in vacuo, then 2a (0.40 mmol, 2.0 equiv.), Fe(OEP)CI
(2 mol %), photocatalyst (2 mol %), "BusNBr (20 mol %), Et>O (3.0 mL), 50 W blue
LED irradiation for 12 h. P"Determined by GC analysis using 1,2,4,5-
tetramethylbenzene as an internal standard.

Table S3. Screening of Solvents?

Fe(OEP)CI (2 mol%)
[Ir(dFCF 3ppy)2(dtbbpy)]PFg

Meo (2 mol%) O&\/Ph
0
Ph”""COOH + N “NPhth N

"BuyNBr (20 mol %), K3PO,

Boc © Solvent, 50 W blue LEDs Boo
1a 2a 3a-a
Entry Solvent Yield (%)°
1 DMSO Trace
2 DMF Trace
3 MeCN Trace
4 DCM 5
5 EA 53
6 PhCI 50
7 THF 9
8 Et.O 39
9 MTBE 71

Standard procedure: 1a (0.20 mmol), KsPO4 (0.20 mmol, 1.0 equiv.), Et2O (3.0 mL),
30 min. After removing solvent in vacuo, then 2a (0.40 mmol, 2.0 equiv.), Fe(OEP)CI
(2 mol %), [Ir(dFCF3ppy)2(dtbbpy)]PFs (2 mol %), "BusNBr (20 mol %), solvent (3.0
mL), 50 W blue LED irradiation for 12 h. ®Determined by GC analysis using 1,2,4,5-
tetramethylbenzene as an internal standard.

S6



Table S4. Screening of Additives®

Fe(OEP)CI (2 mol%)
[Ir(dFCF3ppy)2(dtbbpy)]PFe

Meo (2 mol%) O&\/Ph
(]
Ph™ " COOH + N “NPhth N

Additive (20 mol %), K3PO,

Boc © MTBE, 50 W blue LEDs Boc
1a 2a 3a-a
Entry Additives Yield (%)®
1 "BusNBr 71
2 "BusNCI 66
3 "BusNOAC 68
4 "BusNPFe 8
5 "BusNBF4 62
6 "BusNHSO4 79
7 MesNHSO4 55
8 "PrsNHSO4 71
9 (Me4N)2S04 39
10 CTAHSO4 85
11 CTABr 70
12 CTABF4 65
13 CTACIO4 35
14 CTAPFs 42

aStandard procedure: 1a (0.20 mmol), KsPO4 (0.20 mmol, 1.0 equiv.), Et2O (3.0 mL),
30 min. After removing solvent in vacuo, then 2a (0.40 mmol, 2.0 equiv.), Fe(OEP)CI
(2 mol %), [Ir(dFCF3ppy)2(dtbbpy)]PFs (2 mol %), additive (20 mol %), MTBE (3.0
mL), 50 W blue LED irradiation for 12 h. ®Determined by GC analysis using 1,2,4,5-
tetramethylbenzene as an internal standard.

Table S5. Amount of CTAHSO42

Fe(OEP)CI (2 mol%)
[Ir(dFCF3ppy),(dtbbpy)IPFg

Meo (2 mol%) O&\/Ph
0
Ph” >">Co0H + N “NPhth N

CTAHSO, (x mol %), K3PO, |

Ll%oc O
MTBE, 50 W blue LEDs
1a 2a 3a-a
Entry CTAHSO4 (x mol %) Yield (%)°
1 10 70
2 20 85
3 50 66

Standard procedure: 1a (0.20 mmol), KsPO4 (0.20 mmol, 1.0 equiv.), Et2O (3.0 mL),
30 min. After removing solvent in vacuo, then 2a (0.40 mmol, 2.0 equiv.), Fe(OEP)CI
(2 mol %), [Ir(dFCFsppy)2(dtbbpy)]PFs (2 mol %), CTAHSO4 (x mol %), MTBE (3.0
mL), 50 W blue LED irradiation for 12 h. ®Determined by GC analysis using 1,2,4,5-
tetramethylbenzene as an internal standard.
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Table S6. Screening of Solvents?

Fe(OEP)CI (2 mol%)
[Ir(dFCF 3ppy)2(dtbbpy)]PFg

Meo (2 mol%) O&\/Ph
(]

Ph" >""COOH + N “NPhth
|

N
CTAHSO4(20 mol %), KsPO,

Boc O Boc
MTBE, 50 W blue LEDs
1a 2a 3a-a
Entry Solvent Yield (%)®
1 THF 76
2 Et.O 83
3 MTBE 85(82°)

aStandard procedure: 1a (0.20 mmol), KzPO4 (0.20 mmol, 1.0 equiv.), solvent (3.0 mL),
30 min. After removing solvent in vacuo, then 2a (0.40 mmol, 2.0 equiv.), Fe(OEP)CI
(2 mol %), [Ir(dFCF3ppy)2(dtbbpy)]PFs (2 mol %), CTAHSO4 (20 mol %), MTBE (3.0
mL), 50 W blue LED irradiation for 12 h. Determined by GC analysis using 1,2,4,5-
tetramethylbenzene as an internal standard. ®Isolated yield.

2.2 Control Experiments

Table S7. Control Experiments?

Fe(OEP)CI (2 mol%)
[Ir(dFCF3ppy),(dtbbpy)]PFg

N
boe O CTAHSO0,4(20 mol %), KsPO, |

MTBE, 50 W blue LEDs Boc
1a 2a 3a-a
Entry Light PC Fe(OEP)CI  CTANHSO: Yield (%)°

1 X v J v ND.

2 N, X N, N, N.D.

3 J J X J 8

4 J J N X 20

5 J J J J 85

@Standard procedure: 1a (0.20 mmol), K3sPO4 (0.20 mmol, 1.0 equiv.), MTBE (3.0 mL),
30 min. After removing solvent in vacuo, then 2a (0.40 mmol, 2.0 equiv.), Fe(OEP)CI
(2 mol %), [Ir(dFCFsppy)2(dtbbpy)]PFs (2 mol %), CTAHSO4 (20 mol %), MTBE (3.0
mL), 50 W blue LED irradiation for 12 h. °Determined by GC analysis using 1,2,4,5-
tetramethylbenzene as an internal standard.
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3. Preparation and Characterization Data of Substrates

3.1 Preparation of Carboxylic Acids

o
o)
EtsN, DMAP
o + ROH ———— O OH
DCM
0
o)

Carboxylic acids 1ab, lac were prepared according to the following procedure: A
100 mL round-bottomed flask equipped with a magnetic stir bar was charged with the
corresponding alcohol (5.0 mmol), succinic anhydride (0.51 g, 5.0 mmol), EtsN (0.76
g, 1.04 mL, 7.5 mmol), and DMAP (0.67 g, 0.55 mmol) in DCM (40 mL) under an
atmosphere of N2. The mixture was left stirring for 8 hours at room temperature. The
mixture was removed in vacuo, the residue was subjected to high vacuo for 15 min,
dissolved in CHCI3 (100 mL) and stirred with 4% aqg. HCI (15 mL) for 15 min. The
organic layer was separated and the aqueous layer extracted with CHCIs (75 mL). The
combined organic extract was washed with brine, dried over anhydrous Na SOa, and
concentrated in vacuo. Purification of the residue by column chromatography gave the

desired carboxylic acid.!
3.2 Characterization Data of Carboxylic Acids

(S)-4-((3,7-Dimethyloct-6-en-1-yl)oxy)-4-oxobutanoic acid (lab): Synthesized

MGWY\/O\[]/\/COOH

Me Me o) was isolated by column chromatography eluting

according to the procedure. The title compound

1ab with petroleum ether and ethyl acetate (PE/EA =
1:1) as a colorless oil (1.09 g, 85% yield). '"H NMR (600 MHz, Chloroform-d) 5 5.07
(t,J= 6.7 Hz, 1H), 4.17 — 4.07 (m, 2H), 2.66 (t, J = 6.6 Hz, 2H), 2.60 (t, J = 6.7 Hz,
2H), 2.03 — 1.89 (m, 2H), 1.70 — 1.62 (m, 4H), 1.58 (s, 3H), 1.56 — 1.49 (m, 1H), 1.46
138 (m, 1H), 1.36 — 1.29 (m, 1H), 1.20 — 1.12 (m, 1H), 0.89 (d, J = 6.6 Hz, 3H). 13C
NMR (151 MHz, Chloroform-d) 6 178.3, 172.4, 131.4, 124.7, 63.6, 37.1, 35.5, 29.5,
29.1,29.0,25.8,25.5,19.5,17.7. IR (ATR): v= 1739, 1686 cm’'. HRMS (APCI): m/z
[M + H]" caled for Ci14H2404 " : 257.1744, found: 257.1747.
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4-(((3S,8S,95,10R, 13R,14S,17R)-10,13-Dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phen-
anthren-3-yl)oxy)-4-oxobutanoic acid (1ac): Synthesized according to the procedure.
The title compound was isolated by

0
} >’\—COOH column chromatography eluting

with petroleum ether and ethyl

acetate (PE/EA = 1:1) as a white
solid (1.85 g, 76% yield)."H NMR
(400 MHz, Chloroform-d) & 5.37 (d, J=3.9 Hz, 1H), 4.69 — 4.56 (m, 1H), 2.67 (t, J =
6.2 Hz, 2H), 2.59 (t,J= 6.3 Hz, 2H), 2.31 (d, /= 7.8 Hz, 2H), 2.05 — 1.91 (m, 2H), 1.90
— 1.77 (m, 3H), 1.64 — 1.41 (m, 7H), 1.38 — 1.23 (m, 4H), 1.22 — 0.96 (m, 13H), 0.91
(d, J = 6.4 Hz, 3H), 0.88 — 0.83 (m, 6H), 0.67 (s, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 178.3, 171.7, 139.6, 122.9, 74.7, 56.8, 56.3, 50.1, 42.4, 39.9, 39.7,
38.1, 37.1, 36.7, 36.3, 35.9, 32.0, 32.0, 29.4, 29.2, 28.4, 28.2, 27.8, 24.4, 24.0, 23.0,
22.7,21.2,19.4,18.9, 12.0. Mp 82— 83 °C. IR (ATR): v = 1725, 1607 cm™'. HRMS
(APCI): m/z [M + H]" caled for C31Hs0O4 " : 485.3636, found: 485.3632.

3.3 Preparation of Redox-Active Esters

Procedure A:
0
DMAP, DCC R__O.
- + R- H T, NPhth
@N OH Co0 = 70(
0

Redox-active esters 2a, 2g, 2h, 2i, 2j, 2I, 2m, 2n were prepared according to the
above procedure A: To a DCM (30 mL) solution of the corresponding carboxylic acid
(12 mmol) were added N-hydroxyphthalimide (1.67 g, 10 mmol), and 4-
dimethylaminopyridine (62.3 mg, 0.50 mmol) sequentially. Then a solution of N, N'-
dicyclohexylcarbodiimide (2.48 g, 12 mmol) in DCM (10 mL) was added slowly. The
reaction was stirred at rt for 3 h, as monitored by TLC for completion. Upon completion,
the reaction mixture was poured into water and the aqueous layer was extracted with

DCM (30 mL x 3), dried over anhydrous Na>SOs, and concentrated in vacuo. The
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mixture was purified by flash column chromatography on silica gel to afford the

corresponding redox-active esters.?

Procedure B:

SN LiIHMDS, THF L N
{ F}”\ 78 °C to rt { F}ZR
~7N\~ ~COOMe RZ-Br T ONT cooMe
1 1
R! -78°Ctort R?
n=0,1
R' = Boc or Cbz
s1 s2
lzm NaOH
LA NV NHPI LA NV
{ R DMAP, DCC ¢, F}ZR
~ - N - ~ -
N NPhth DCM [\Il COOH
1
R1 O R‘I
s3

Redox-active esters 2b, 2c, 2d, 2e, 2f, 2k were prepared according to the above
procedure B: To an oven-dried 100 mL round bottom flask with a magnetic stir bar
was added the corresponding methyl ester S1 (10 mmol) and dry THF (30 mL) under
nitrogen. The reaction was cooled to -78 °C, followed by the slow addition of LiHMDS
(1 M in THF) (15 mL, 15 mmol). The resulting solution was stirred at -78°C for 1.5
hours. Then, alkyl bromide (20 mmol) was added dropwise. After being allowed to
warm up to room temperature, the reaction was stirred for 18 hours. The reaction was
quenched with saturated NH4Cl solution (30 mL) and the mixture was extracted with
EtOAc (20 mL % 3), dried over anhydrous Na>SO4. Concentration of the solvent under
reduced pressure would afford the crude material S2.2

The methyl ester S2 was hydrolyzed by using 2 M NaOH aqueous solution (10 mL,
20 mmol) in EtOH (20 mL). The reaction was stirred at 50 °C for 16 hours. Upon
completion, 1 M HCI was added to the reaction until pH was adjusted to 3-4. The
solution was extracted with EtOAc (20 mL %3). The organic layers were combined and
dried over anhydrous Na>SOs. After filtration, all the volatiles were removed under
vacuum to afford the carboxylic acid S3, which was used for redox-active ester
synthesis without further purification.

To a DCM (30 mL) solution of the corresponding carboxylic acid were added N-
hydroxyphthalimide (1.67 g, 10 mmol), and 4-dimethylaminopyridine (62.3 mg, 0.50
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mmol) sequentially. Then a solution of N, N’-dicyclohexylcarbodiimide (2.48 g, 12
mmol) in DCM (10 mL) was added slowly. The reaction was stirred at rt for 3 h, as
monitored by TLC for completion. Upon completion, the reaction mixture was poured
into water and the aqueous layer was extracted with DCM (30 mL x 3), dried over
anhydrous Na>SOs, and concentrated in vacuo. The mixture was purified by flash

column chromatography on silica gel to afford the corresponding redox-active esters.
3.4 Characterization Data of Redox-Active Ester

1-(tert-Butyl) 2-(1,3-dioxoisoindolin-2-yl) 2-methylpyrrolidine-1,2-dicarboxylate

(2a): Synthesized according to the procedure A. The title compound

Me
E I NPhth  was isolated by column chromatography eluting with petroleum
oC
9a ether and ethyl acetate (PE/EA = 5:1) as a colorless oil white solid

(3.43 g, 92% yield). The major rotamer: 'H NMR (600 MHz,
Chloroform-d) 6 7.90 — 7.80 (m, 2H), 7.76 (dd, J = 5.2, 3.0 Hz, 2H), 3.71 — 3.64 (m,
1H), 3.61 — 3.54 (m, 1H), 2.71 — 2.63 (m, 1H), 2.17 — 2.01 (m, 2H), 1.99 — 1.86 (m,
1H), 1.68 (s, 3H), 1.51 (s, 9H). 13C NMR (151 MHz, Chloroform-d) & 171.4,
161.7(2C), 153.4, 134.8(2C), 129.0(2C), 123.9(2C), 81.4, 64.2, 48.0, 41.5, 28.1(3C),
23.5, 22.7. The minor rotamer: '"H NMR (600 MHz, Chloroform-d) & 7.90 — 7.80
(m, 2H), 7.73 (dd, J= 5.1, 3.1 Hz, 2H), 3.61 — 3.54 (m, 1H), 3.53 — 3.48 (m, 1H), 2.59
(dd,J=12.8, 6.2 Hz, 1H), 2.17 — 2.01 (m, 2H), 1.99 — 1.86 (m, 1H), 1.70 (s, 3H), 1.49
(s, 9H). 3C NMR (151 MHz, Chloroform-d) 6 171.0, 161.7(2C), 153.7, 134.7(2C),
129.1(2C), 123.8(2C), 80.3, 64.5, 47.9, 39.6, 28.5(3C), 23.6, 22.5. Mp 80— 81 °C. IR
(ATR): v = 1812, 1785, 1742, 1686 cm™'. HRMS (APCI): m/z [M + H]" calcd for
C19H22N206 * : 375.1551, found: 375.1546.

1-(tert-Butyl) 2-(1,3-dioxoisoindolin-2-yl) 2-butylpyrrolidine-1,2-dicarboxylate

(2b): Synthesized according to the procedure B. The title compound

"Bu
N OsNPhth  was isolated by column chromatography eluting with petroleum
Boc O
b ether and ethyl acetate (PE/EA = 5:1) as a white solid (2.21 g, 53%

yield). The major rotamer: '"H NMR (400 MHz, Chloroform-d)
0 7.92 -7.82 (m, 2H), 7.82 — 7.71 (m, 2H), 3.86 — 3.76 (m, 1H), 3.51 — 3.39 (m, 1H),
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2.58 — 2.49 (m, 1H), 2.45 — 2.34 (m, 1H), 2.33 — 2.23 (m, 1H), 2.14 — 2.05 (m, 1H),
1.99 — 1.86 (m, 2H), 1.52 (s, 9H), 1.44 — 1.27 (m, 4H), 0.94 (t, J = 7.0 Hz, 3H). 3C
NMR (101 MHz, Chloroform-d) 6 171.6, 162.1(2C), 153.6, 134.8(2C), 129.1(2C),
124.0(2C), 81.3, 67.0, 48.8, 38.4, 34.5, 28.2(3C), 25.1, 22.9, 22.6, 14.2. The minor
rotamer: "H NMR (400 MHz, Chloroform-d) 6 7.92 — 7.82 (m, 2H), 7.82 — 7.71 (m,
2H), 3.74 — 3.65 (m, 1H), 3.51 — 3.39 (m, 1H), 2.58 — 2.49 (m, 1H), 2.45 — 2.34 (m,
1H), 2.33 — 2.23 (m, 1H), 2.14 — 2.05 (m, 1H), 1.99 — 1.86 (m, 2H), 1.50 (s, 9H), 1.44
—1.27 (m, 4H), 0.90 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 5 171.2,
162.12C), 153.7, 134.72C), 129.22C), 123.92C), 80.3, 67.4, 48.6, 36.5, 33.6,
28.6(30), 25.5, 23.6,22.9, 14.2. Mp 117—- 118 °C. IR (ATR): v = 1814, 1787, 1742,
1688 cm'. HRMS (APCI): m/z [M + H]" caled for C22H2sN2Os ™ : 417.2020, found:
417.2017.

1-(tert-Butyl) 2-(1,3-dioxoisoindolin-2-yl) 2-phenethylpyrrolidine-1,2-dicarboxy-

late (2c¢): Synthesized according to the procedure B. The title compound was isolated

Ph by column chromatography eluting with petroleum ether and ethyl
O%/ acetate (PE/EA = 5:1) as a white solid (2.09 g, 45% yield). The
N “NPhth
|

Boc O major rotamer: '"H NMR (400 MHz, Chloroform-d) 5 7.95 —7.85

2 (m, 2H), 7.85 — 7.74 (m, 2H), 7.37 — 7.19 (m, 5H), 3.97 — 3.86 (m,

1H), 3.63 — 3.48 (m, 1H), 2.85 — 2.56 (m, 4H), 2.52 — 2.38 (m, 1H), 2.38 — 2.27 (m,
1H), 2.26 — 2.10 (m, 1H), 2.06 — 1.95 (m, 1H), 1.58 (s, 9H). 3C NMR (101 MHz,
Chloroform-d) 6 171.3, 162.1(2C), 153.6, 141.3, 134.9(2C), 129.1, 128.7(2C),
128.5(2C), 126.3(2C), 124.0(2C), 81.7,67.0,48.9, 38.5,37.1,29.7, 28.2(3C), 22.7. The
minor rotamer: "H NMR (400 MHz, Chloroform-d) & 7.95 — 7.85 (m, 2H), 7.85 —
7.74 (m, 2H), 7.37 — 7.19 (m, 5H), 3.82 — 3.73 (m, 1H), 3.63 — 3.48 (m, 1H), 2.85 —
2.56 (m, 4H), 2.52 — 2.38 (m, 1H), 2.38 — 2.27 (m, 1H), 2.26 — 2.10 (m, 1H), 2.06 —
1.95 (m, 1H), 1.56 (s, 9H). ¥*C NMR (101 MHz, Chloroform-d) 5 170.9, 161.9(2C),
153.6,141.3,134.7(2C), 129.2, 128.6(2C), 128.5(2C), 126.0(2C), 124.0(2C), 80.5, 67.3,
48.6, 36.6, 36.2, 30.1, 28.6(3C), 23.6. Mp 137— 139 °C. IR (ATR): v = 1814, 1785,

1739, 1685 cm’'. HRMS (APCI): m/z [M + H]" calcd for CagHasN2Og * : 465.2020,
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found: 465.2026.

1-(tert-Butyl)  2-(1,3-dioxoisoindolin-2-yl)  2-allylpyrrolidine-1,2-dicarboxylate

2 (2d): Synthesized according to the procedure B. The title
N O\phth compound was isolated by column chromatography eluting with
|
Boc O petroleum ether and ethyl acetate (PE/EA = 5:1) as a white solid
2d

(1.88 g, 47% yield). The major rotamer:'H NMR (400 MHz,
Chloroform-d) 6 7.91 — 7.82 (m, 2H), 7.81 — 7.73 (m, 2H), 5.81 — 5.66 (m, 1H), 5.25
— 5.18 (m, 2H), 3.84 — 3.73 (m, 1H), 3.48 — 3.34 (m, 1H), 3.14 (dd, J = 14.1, 6.4 Hz,
1H), 2.68 (dd, J = 14.1, 8.0 Hz, 1H), 2.59 — 2.42 (m, 1H), 2.39 — 2.19 (m, 1H), 2.14 —
2.00 (m, 1H), 1.93 — 1.84 (m, 1H), 1.53 (s, 9H). *C NMR (101 MHz, Chloroform-d)
0 171.1, 161.9(2C), 153.3, 134.9(2C), 131.8, 129.0(2C), 124.0(2C), 120.3, 81.6, 66.4,
48.7, 39.2, 38.0, 28.1(3C), 22.5. The minor rotamer: '"H NMR (400 MHz,
Chloroform-d) 6 7.91 — 7.82 (m, 2H), 7.81 — 7.73 (m, 2H), 5.81 — 5.66 (m, 1H), 5.18
—5.11 (m, 2H), 3.71 — 3.61 (m, 1H), 3.48 — 3.34 (m, 1H), 3.28 (dd, J = 14.0, 6.6 Hz,
1H), 2.68 (dd, J = 14.1, 8.0 Hz, 1H), 2.59 — 2.42 (m, 1H), 2.39 — 2.19 (m, 1H), 2.14 —
2.00 (m, 1H), 1.93 — 1.84 (m, 1H), 1.50 (s, 9H). *C NMR (101 MHz, Chloroform-d)
0 170.8, 161.8(2C), 153.7, 134.7(2C), 132.4, 129.1(2C), 123.9(2C), 119.9, 80.4, 66.9,
48.5, 38.2, 36.0, 28.5(3C), 23.4. Mp 109 - 111 °C. IR (ATR): v = 1818, 1794, 1748,
1696 cm™'. HRMS (APCI): m/z [M + H]" calcd for C21H24N2O¢ * : 401.1707, found:
401.1701.

1-(tert-Butyl) 2-(1,3-dioxoisoindolin-2-yl) 2-allyloctahydro-1H-indole-1,2-dicar-
boxylate (2e): Synthesized according to the procedure B. The title compound was

isolated by column chromatography eluting with petroleum

7
o ether and ethyl acetate (PE/EA = 5:1) as a colorless oil (1.40 g,
N “NPhth
Boc O 32% vyield). The major rotamer: 'H NMR (400 MHz,
2e DMSO-de) 6 8.02 —7.91 (m, 4H), 5.88 — 5.75 (m, 1H), 5.31 —

5.08 (m, 2H), 3.89 — 3.79 (m, 1H), 2.96 (dd, J = 13.8, 7.4 Hz, 1H), 2.80 — 2.52 (m, 2H),
2.22 ~1.97 (m, 2H), 1.68 — 1.54 (m, 3H), 1.49 — 1.36 (m, 11H), 1.34 — 0.99 (m, 3H).
13C NMR (101 MHz, DMSO-ds) § 171.3, 161.9(2C), 151.7, 135.6(2C), 132.9,
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128.3(2C), 124.1(2C), 119.6, 80.3, 66.1, 58.3, 38.5, 37.6, 33.6, 27.7(3C), 26.2, 25.1,
23.0, 20.2. The minor rotamer: "H NMR (400 MHz, DMSO-ds) 6 8.02 — 7.91 (m,
4H), 5.88 — 5.75 (m, 1H), 5.31 — 5.08 (m, 2H), 3.79 — 3.69 (m, 1H), 3.08 (dd, J = 13.6,
7.2 Hz, 1H), 2.80 — 2.52 (m, 2H), 2.22 — 1.97 (m, 2H), 1.68 — 1.54 (m, 3H), 1.49 — 1.36
(m, 11H), 1.34 — 0.99 (m, 3H). '3C NMR (101 MHz, DMSO-ds) § 170.7, 161.9(2C),
152.6,135.6(2C), 132.9, 128.3(2C), 124.0(2C), 119.4,79.4, 66.4, 58.3, 38.5, 37.6, 34.7,
28.1(3C), 27.0, 25.2, 23.2,20.2. IR (ATR): v = 1813, 1787, 1744, 1693 cm!. HRMS
(APCI): m/z [M + H]" caled for CosH30N20¢ * : 455.2177, found: 455.2168.

1-(tert-Butyl) 2-(1,3-dioxoisoindolin-2-yl) 2-allylpiperidine-1,2-dicarboxylate (2f):

Synthesized according to the procedure B. The title compound was

=
o. isolated by column chromatography eluting with petroleum ether

N NPhth
Boc O and ethyl acetate (PE/EA =5:1) as a white solid (1.61 g, 39% yield).
2 '"H NMR (400 MHz, DMSO-ds) 6 8.00 — 7.89 (m, 4H), 5.94 - 5.76

(m, 1H), 5.16 (dd, J = 23.9, 13.5 Hz, 2H), 3.73 (d, J = 12.7 Hz, 1H), 3.16 — 2.87 (m,
2H), 2.66 (dd, J=13.9, 6.9 Hz, 1H), 2.14 — 1.94 (m, 2H), 1.76 — 1.54 (m, 4H), 1.44 (s,
9H). 13C NMR (101 MHz, DMSO-ds) 5 170.6, 161.8(2C), 154.5, 135.5(2C), 132.8,
128.3(20C), 123.9(2C), 119.5, 80.9, 61.9, 31.8, 27.8(3C), 22.2,20.8, 16.7, 14.2. Mp 114
— 116 °C. IR (ATR): v = 1811, 1785, 1735, 1686 cm™'. HRMS (APCI): m/z [M + H]*
caled for C22HasN2Og ™ : 415.1864, found: 415.1858.

1,3-Dioxoisoindolin-2-yl  2-((tert-butoxycarbonyl)(methyl)amino)-2-methylpro-

panoate (2g): Synthesized according to the procedure A. The title compound was

Me_Me isolated by column chromatography eluting with petroleum ether
Me . O.
EOC 5 NPRI - and ethyl acetate (PE/EA =5:1) as a colorless oil white solid (2.93

2g g, 81% vyield). The major rotamer: ‘H NMR (400 MHz,
Chloroform-d) § 7.86 (dd, J = 5.3, 3.1 Hz, 2H), 7.76 (dd, J = 5.0, 3.1 Hz, 2H), 2.98 (s,
3H), 1.66 (s, 6H), 1.54 (s, 9H). 3C NMR (101 MHz, Chloroform-d) & 171.5,
161.9(2C), 155.2, 134.7(2C), 129.1(2C), 123.9(2C), 82.2, 60.2, 29.6(2C), 28.2(3C),
22.5. The minor rotamer: *H NMR (400 MHz, Chloroform-d) § 7.86 (dd, J = 5.3,
3.1 Hz, 2H), 7.76 (dd, J = 5.0, 3.1 Hz, 2H), 2.98 (s, 3H), 1.66 (s, 6H), 1.54 (s, 9H). 13C
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NMR (101 MHz, Chloroform-d) & 171.5, 161.9(2C), 155.2, 134.2(2C), 129.1(2C),
123.4(2C), 82.2, 60.2, 29.6(2C), 28.2(3C), 22.5. This compound is known.*

1-(tert-Butyl)  2-(1,3-dioxoisoindolin-2-yl)  piperidine-1,2-dicarboxylate (2h):
Synthesized according to the procedure A. The title compound was

(Nj\H/O\NPhth isolated by column chromatography eluting with petroleum ether
Boc O and ethyl acetate (PE/EA = 5:1) as a colorless oil white solid (3.34
3 g, 89% yield). The major rotamer: 'H NMR (600 MHz,
Chloroform-d) 6 7.92 — 7.83 (m, 2H), 7.82 — 7.74 (m, 2H), 5.12 (s, 1H), 4.06 (d, J =
12.5 Hz, 1H), 3.02 (t,J=10.7 Hz, 1H), 2.35 - 2.30 (m, 1H), 1.92 — 1.81 (m, 3H), 1.48
— 1.42 (m, 11H). BC NMR (151 MHz, Chloroform-d) 5 168.9, 161.8(2C), 155.2,
134.9(2C), 129.0(2C), 124.1(2C), 81.1, 53.7, 41.3, 28.2(3C), 27.3, 24.5, 20.4. The
minor rotamer: "H NMR (600 MHz, Chloroform-d) & 7.92 — 7.83 (m, 2H), 7.82 —
7.74 (m, 2H), 5.37 (s, 1H), 3.97 (d, J = 11.2 Hz, 1H), 3.08 (t, /= 10.7 Hz, 1H), 2.35 —
2.30 (m, 1H), 1.82 — 1.72 (m, 3H), 1.53 — 1.48 (m, 11H). '3C NMR (151 MHz,
Chloroform-d) 6 168.7, 161.8(2C), 155.5, 134.9(2C), 129.0(2C), 124.1(2C), 80.7, 52.7,

42.3,28.4(3C), 27.3, 24.9, 20.7. This compound is known.’

2-(tert-Butyl) 3-(1,3-dioxoisoindolin-2-yl) (1R,3S,4S)-2-azabicyclo[2.2.1]heptane-
2,3-dicarboxylate (2i): Synthesized according to the procedure A. The title compound
was isolated by column chromatography eluting with petroleum

@\[( “NPhth

ether and ethyl acetate (PE/EA =5:1) as a colorless oil white solid

o 02i (3.12 g, 81% yield). The major rotamer: 'H NMR (400 MHz,
Chloroform-d) & 7.94 — 7.84 (m, 2H), 7.83 — 7.74 (m, 2H), 4.40

(s, 1H), 4.11 (s, 1H), 3.05 — 2.98 (m, 1H), 2.01 (d, J = 10.0 Hz, 1H), 1.89 — 1.76 (m,
2H), 1.73 — 1.59 (m, 2H), 1.48 (s, 9H), 1.40 (d, J = 10.5 Hz, 1H). 3C NMR (101 MHz,
Chloroform-d) 5 167.7, 161.8(2C), 153.0, 134.9(2C), 129.1(2C), 124.1(2C), 81.1, 62.4,
56.5, 43.6, 35.1, 30.4, 28.3(3C), 28.0. The minor rotamer: *H NMR (400 MHz,
Chloroform-d) & 7.94 — 7.84 (m, 2H), 7.83 — 7.74 (m, 2H), 4.25 (s, 1H), 4.22 (s, 1H),
3.05 — 2.98 (m, 1H), 2.01 (d, J = 10.0 Hz, 1H), 1.89 — 1.76 (m, 2H), 1.73 — 1.59 (m,

2H), 1.47 (s, 9H), 1.40 (d, J = 10.5 Hz, 1H). *C NMR (101 MHz, Chloroform-d) &

S16



167.5, 161.7(2C), 153.0, 134.8(2C), 129.1(2C), 124.1(2C), 80.4, 62.2, 57.8, 42.7, 35.9,
30.6, 28.6(3C), 27.7. This compound is known.?

1-Benzyl 2-(1,3-dioxoisoindolin-2-yl) 2-methylpyrrolidine-1,2-dicarboxylate (2j):
Synthesized according to the procedure A. The title compound was
Me
N O~Nphth  isolated by column chromatography eluting with petroleum ether
Cbz O

and ethyl acetate (PE/EA =5:1) as a colorless oil white solid (3.21

21 g, 79% vyield). The major rotamer: '"H NMR (400 MHz,
Chloroform-d) 6 7.87 — 7.75 (m, 2H), 7.74 — 7.65 (m, 2H), 7.34 — 7.19 (m, 5H), 5.15
—5.03 (m, 2H), 3.75 — 3.49 (m, 2H), 2.69 — 2.48 (m, 1H), 2.12 - 1.97 (m, 2H), 1.95 —
1.85 (m, 1H), 1.58 (s, 3H). 13C NMR (101 MHz, Chloroform-d) § 171.1, 161.8(2C),
154.2,136.5, 134.9(2C), 129.0, 128.5(2C), 128.3(2C), 128.0(2C), 124.0(2C), 67.6, 64.5,
48.6, 41.1, 23.5, 22.9. The minor rotamer: '"H NMR (400 MHz, Chloroform-d) &
7.87 —17.75 (m, 2H), 7.74 — 7.65 (m, 2H), 7.34 — 7.19 (m, 5H), 5.41 (d, J = 12.3 Hz,
2H), 3.75 — 3.49 (m, 2H), 2.69 — 2.48 (m, 1H), 2.12 — 1.97 (m, 2H), 1.95 — 1.85 (m,
1H), 1.73 (s, 3H). 1*C NMR (101 MHz, Chloroform-d) 5 170.7, 161.8(2C), 154.3,
136.8, 134.8(2C), 129.1, 128.5(2C), 128.1(2C), 128.0(2C), 124.0(2C), 67.2, 65.2, 47.8,

39.8, 23.4, 22.4. This compound is known.?

1-Benzyl 2-(1,3-dioxoisoindolin-2-yl) 2-butylpyrrolidine-1,2-dicarboxylate (2k):
"By Synthesized according to the procedure B. The title compound was
gbz I ©~NPhtn isolated by column chromatography eluting with petroleum ether

’" and ethyl acetate (PE/EA = 5:1) as a colorless oil white solid (2.07

g, 46% vyield). The major rotamer: '"H NMR (400 MHz,

Chloroform-d) § 7.92 — 7.84 (m, 2H), 7.84 — 7.75 (m, 2H), 7.43 — 7.27 (m, 5H), 5.53
—5.20 (m, 2H), 3.95 — 3.83 (m, 1H), 3.58 — 3.46 (m, 1H), 2.35 — 2.21 (m, 3H), 2.00 —
1.86 (m, 3H), 1.39 — 1.09 (m, 4H), 0.78 (t, J = 6.9 Hz, 3H). 3*C NMR (101 MHz,
Chloroform-d) & 171.3, 161.9(2C), 154.4, 136.5, 134.9(2C), 129.1, 128.5(2C),
128.5(2C), 128.1(2C), 124.0(2C), 67.6, 67.3, 49.4, 38.1, 34.6, 25.2, 22.9, 22.7,
14.0.The minor rotamer: "H NMR (400 MHz, Chloroform-d) 5 7.92 — 7.84 (m, 2H),

7.84 —7.75 (m, 2H), 7.43 — 7.27 (m, 5H), 5.20 — 5.03 (m, 2H), 3.83 — 3.74 (m, 1H),
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3.58 — 3.46 (m, 1H), 2.59 — 2.50 (m, 3H), 2.17 — 2.04 (m, 3H), 1.39 — 1.09 (m, 4H),
0.94 — 0.86 (m, 3H). 13C NMR (101 MHz, Chloroform-d) 5 170.8, 161.9(2C), 154.3,
136.9, 134.8(2C), 129.2, 128.5(2C), 128.5(2C), 128.0(2C), 124.0(2C), 68.2, 67.2, 48.6,
36.4,33.4,25.5,23.4,22.9,14.2. Mp 95—-97 °C. IR (ATR): v= 1787, 1744, 1701 cm"
I HRMS (APCI): m/z [M + H]" calcd for C2sH26N206 * : 451.1864, found: 451.1858.

1,3-Dioxoisoindolin-2-yl 2-(4-chlorophenoxy)-2-methylpropanoate 2:
o Synthesized according to the procedure A. The title
/@/O%O’Nphth compound was isolated by column chromatography eluting
Me Me
cl

with petroleum ether and ethyl acetate (PE/EA = 5:1) as a

“ colorless oil white solid (3.05 g, 85% yield). 'H NMR (600

MHz, Chloroform-d) 5 7.89 (dd, J = 5.0, 2.9 Hz, 2H), 7.80 (dd, J = 4.9, 2.9 Hz, 2H),
7.28 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 8.6 Hz, 2H), 1.77 (s, 6H). 3C NMR (151 MHz,
Chloroform-d) § 170.7, 161.9(2C), 153.3, 135.0(2C), 129.5(2C), 129.0(2C), 128.6,

124.2(2C), 121.8(2C), 79.1, 25.7(2C). This compound is known.*

1,3-Dioxoisoindolin-2-yl  2-(4-(2,2-dichlorocyclopropyl)phenoxy)-2-methylpro-
panoate (2m): Synthesized according to the procedure A. The title compound was

Q isolated by column chromatography eluting with

o _NPhth
(@)

Me Me petroleum ether and ethyl acetate (PE/EA = 5:1) as a

colorless oil white solid (3.78 g, 87% vyield). 'TH NMR

- e 2m (400 MHz, DMSO-ds) & 8.07 — 7.92 (m, 4H), 7.29 (d,
J=8.5Hz, 2H), 7.05 (d, J = 8.5 Hz, 2H), 3.07 (dd, J = 8.9, 1.5 Hz, 1H), 2.14 (t, J = 8.2
Hz, 1H), 2.05 (dd, J = 10.9, 7.9 Hz, 1H), 1.70 (s, 6H). 3C NMR (101 MHz, DMSO-
ds) & 170.8, 161.9(2C), 153.6, 135.8(2C), 130.0(2C), 129.5, 128.3(2C), 124.2(2C),

119.8(2C), 78.5, 62.0, 34.0, 25.2, 25.2, 24.9. This compound is known.®

1,3-Dioxoisoindolin-2-yl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate (2n):
Synthesized according to the procedure A. The title

compound was isolated by column chromatography

Me
o]
O/\/>%J\O,Nphth
Ve eluting with petroleum ether and ethyl acetate (PE/EA

Me Me
2n =5:1) as a colorless oil white solid (3.57 g, 91% yield).
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IH NMR (400 MHz, DMSO-ds) 6 8.00 — 7.90 (m, 4H), 6.97 (d, J = 7.4 Hz, 1H), 6.73
(s, 1H), 6.62 (d, J = 7.3 Hz, 1H), 3.97 (t, J = 4.7 Hz, 2H), 2.25 (s, 3H), 2.09 (s, 3H),
1.86 (s, 4H), 1.36 (s, 6H). 3C NMR (101 MHz, DMSO-ds) & 173.9, 162.1(2C), 156.5,
136.2, 135.7(2C), 130.1, 128.3(2C), 124.1(2C), 122.6, 120.7, 112.2, 67.4, 41.5, 36.5,
24.7(2C), 24.6, 21.1, 15.6. This compound is known.®

4. General Procedure and Characterization Data of Products

4.1 General Procedure for Double Decarboxylation Coupling

Fe(OEP)CI (2 mol%)

Jf“\ In R3 [Ir(dFCF3ppy),(dtbbpy)]PFg [ In R3
R-COOH + ‘»—[‘}Qﬂ/o\ (2 mol’) (\"&
N NPhth  CATHS0,(20 mol %), K3PO, N R
RZ O MTBE, 50 W blue LEDs R?
n=0,1
R? = Boc or Cbz
1 2 :

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially with
carboxylic acid 1 (0.20 mmol), KzPO4 (43.4 mg, 0.20 mmol), and MTBE (3.0 mL).
Then stirred at room temperature for 30 minutes and remove the solvent in vacuo. The
system was transferred into a N»-filled glovebox, then 2 (0.40 mmol), Fe(OEP)CI (2.4
mg, 0.0040 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4 mg, 0.0040 mmol), CTAHSO4
(15.8 mg, 0.040 mmol), and MTBE (3.0 mL) were added. The vial was sealed with a
septum cap and transferred out of the glovebox. The reaction mixture was irradiated
with a 50 W blue LEDs lamp maintained at 40 °C by a water bath, and stirred for 12
hours. After completion of the reaction, the solvent was removed in vacuo and the

residue was purified by column chromatography to afford the product.
4.2 Characterization Data of Products

tert-Butyl 2,2-dimethylpyrrolidine-1-carboxylate (3b-a): Synthesized according to

ve the general procedure from carboxylic acid 1b and redox-active ester 2a.

N~ Me  The title compound was isolated by column chromatography eluting with
Boc

3b-a petroleum ether and ethyl acetate (PE/EA = 15:1) as a colorless oil (27.8
mg, 70% yield). '"H NMR (400 MHz, Chloroform-d) 5 3.40 (t, J = 6.1 Hz, 2H), 1.80
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—1.67 (m, 4H), 1.45 (s, 9H), 1.33 (s, 6H). 3C NMR (101 MHz, Chloroform-d) 5 154.3,
78.9,59.8,48.2,42.7,28.7(3C), 26.9, 21.9(2C). This compound is known.”

tert-Butyl 2-butyl-2-methylpyrrolidine-1-carboxylate (3c-a): Synthesized according
Me to the general procedure from carboxylic acid 1c and redox-active
%Me ester 2a. The title compound was isolated by column
o 3c-a chromatography eluting with petroleum ether and ethyl acetate
(PE/EA = 15:1) as a colorless oil (35.2 mg, 73% yield). The major rotamer: '"H NMR
(600 MHz, Chloroform-d) 6 3.60 —3.47 (m, 1H), 3.35—-3.19 (m, 1H), 1.95 — 1.77 (m,
2H), 1.76 — 1.50 (m, 4H), 1.44 (s, 9H), 1.34 — 1.17 (m, 6H), 1.15 — 1.05 (m, 1H), 0.88
(t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) § 154.6, 79.1, 62.3, 48.7,
39.3,39.2,28.7(3C), 26.6, 26.4, 23.3, 21.8, 14.3. The minor rotamer: "H NMR (600
MHz, Chloroform-d) 5 3.46 —3.37 (m, 1H), 3.35 —3.19 (m, 1H), 1.95 — 1.77 (m, 2H),
1.76 — 1.50 (m, 4H), 1.44 (s, 9H), 1.34 — 1.17 (m, 6H), 1.15 — 1.05 (m, 1H), 0.88 (t, J
= 6.8 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) 5 153.5, 78.3, 62.9, 48.6, 38.3,
38.1,28.7(3C), 27.1,24.9,23.2,22.2, 14.3. IR (ATR): v= 1696 cm™!. HRMS (APCI):

m/z [M + H]" calcd for C1aH27NO>" : 242.2115, found: 242.2109.

tert-Butyl  2-methyl-2-(4-oxo-4-phenylbutyl)pyrrolidine-1-carboxylate  (3d-a):
Synthesized according to the general procedure from carboxylic

th acid 1d and redox-active ester 2a. The title compound was
Boc isolated by column chromatography eluting with petroleum ether
and ethyl acetate (PE/EA = 10:1) as a colorless oil (56.3 mg, 85%

yield). The major rotamer: "H NMR (400 MHz, Chloroform-d) 5 7.94 (d, /= 7.1 Hz,
2H), 7.58 — 7.50 (m, 1H), 7.48 — 7.39 (m, 2H), 3.50 — 3.40 (m, 1H), 3.37 — 3.21 (m,
1H), 2.95 (t, J = 7.0 Hz, 2H), 2.03 — 1.57 (m, 8H), 1.41 (s, 9H), 1.33 (s, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 200.5, 153.6, 137.1, 133.1, 128.7(2C), 128.1(2C), 78.5,
62.8,48.6,39.1, 38.9, 38.2, 28.7(3C), 24.9, 22.2, 19.6. The minor rotamer: "H NMR
(400 MHz, Chloroform-d) 6 7.94 (d,J=7.1 Hz, 2H), 7.58 — 7.50 (m, 1H), 7.48 — 7.39
(m, 2H), 3.60 — 3.50 (m, 1H), 3.37 —3.21 (m, 1H), 2.95 (t, J= 7.0 Hz, 2H), 2.03 — 1.57
(m, 8H), 1.44 (s, 9H), 1.28 (s, 3H). 3C NMR (101 MHz, Chloroform-d) § 200.1,
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154.5, 137.1, 133.0, 128.6(2C), 128.1(2C), 79.2, 62.2, 48.6, 39.3, 38.8, 38.0, 28.7(3C),
26.1,21.8,19.6. IR (ATR): v = 1700, 1688 cm™. HRMS (APCI): m/z [M + H]" calcd
for C2oH29NO3 ™ : 332.2220, found: 332.2221.

tert-Butyl 2-(5-ethoxy-5-oxopentyl)-2-methylpyrrolidine-1-carboxylate (3e-a):
y Synthesized according to the general procedure from carboxylic

N y OFt acid 1e and redox-active ester 2a. The title compound was
3e-a isolated by column chromatography eluting with petroleum

ether and ethyl acetate (PE/EA = 10:1) as a colorless oil (48.9
mg, 78% yield). The major rotamer: '"H NMR (400 MHz, Chloroform-d) 5 4.10 (q,
J=15.7,4.3 Hz, 2H), 3.59 — 3.48 (m, 1H), 3.32 — 3.17 (m, 1H), 2.27 (t, J= 7.5 Hz, 2H),
1.95 — 1.55 (m, 8H), 1.44 (s, 9H), 1.31 — 1.12 (m, 8H). 3C NMR (101 MHz,
Chloroform-d) 6 173.7, 154.5, 79.2, 62.2, 60.3, 48.7, 39.3, 39.2, 34.4, 28.7(3C), 26.3,
25.5,24.1, 21.8, 14.3. The minor rotamer: 'H NMR (400 MHz, Chloroform-d) &
410 (q,J=5.7, 4.3 Hz, 2H), 3.47 — 3.37 (m, 1H), 3.32 - 3.17 (m, 1H), 2.27 (t, J=7.5
Hz, 2H), 1.95 — 1.55 (m, 8H), 1.40 (s, 9H), 1.31 — 1.12 (m, 8H). 13C NMR (101 MHz,
Chloroform-d) 6 173.9, 153.5, 78.4, 62.8, 60.2, 48.5, 38.3, 37.9, 34.5, 28.7(3C), 25 .4,
24.9,24.3,22.2,14.3. IR (ATR): v = 1737, 1695 cm™". HRMS (APCI): m/z [M + H]*

caled for C17H31NO4" : 314.2326, found: 314.2327.

tert-Butyl 2-(3-methoxy-3-oxopropyl)-2-methylpyrrolidine-1-carboxylate (3f-a):
Synthesized according to the general procedure from carboxylic

Me
OMe

N acid 1f and redox-active ester 2a. The title compound was isolated

Boc 0
3f-a by column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 10:1) as a colorless oil (37.2 mg, 68% yield). The major rotamer:
'H NMR (400 MHz, Chloroform-d) 5 3.65 (s, 3H), 3.60 — 3.50 (m, 1H), 3.34 — 3.20
(m, 1H), 2.29 — 2.16 (m, 3H), 1.96 — 1.60 (m, 5H), 1.45 (s, 9H), 1.29 (s, 3H). 3C NMR
(151 MHz, Chloroform-d) 6 174.3, 154.3, 79.7, 61.7, 51.7, 48.7, 39.1, 34.4, 29.7,
28.6(3C), 26.2,21.6. The minor rotamer: "H NMR (400 MHz, Chloroform-d) § 3.65
(s, 3H), 3.50 — 3.39 (m, 1H), 3.34 — 3.20 (m, 1H), 2.29 — 2.16 (m, 3H), 1.96 — 1.60 (m,
5H), 1.45 (s, 9H), 1.33 (s, 3H). ¥C NMR (151 MHz, Chloroform-d) & 174.3, 153.5,
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78.8,62.3,51.7,48.5,38.2,33.3, 30.0, 28.6(3C), 24.8, 22.0. IR (ATR): v= 1741, 1697
cm™!. HRMS (APCI): m/z [M + H]" calcd for C14H2sNO4 ™ : 272.1856, found: 272.1855.

tert-Butyl 2-(4-chlorobutyl)-2-methylpyrrolidine-1-carboxylate (3g-a):
Me Synthesized according to the general procedure from carboxylic
QWU acid 1g and redox-active ester 2a. The title compound was isolated
oo 3g-a by column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 15:1) as a colorless oil (39.6 mg, 72% vyield). The major rotamer:
'H NMR (600 MHz, Chloroform-d) § 3.62 — 3.40 (m, 3H), 3.35 - 3.19 (m, 1H), 1.96
— 1.80 (m, 2H), 1.78 — 1.53 (m, 6H), 1.49 — 1.35 (m, 10H), 1.34 — 1.19 (m, 4H). 3C
NMR (151 MHz, Chloroform-d) & 154.5, 79.2, 62.2, 48.7, 44.9, 39.3, 38.7, 33.1,
28.7(3C), 26.3, 21.8, 21.8. The minor rotamer: '"H NMR (600 MHz, Chloroform-d)
§3.62 — 3.40 (m, 3H), 3.35 — 3.19 (m, 1H), 1.96 — 1.80 (m, 2H), 1.78 — 1.53 (m, 6H),
1.49 — 1.35 (m, 10H), 1.34 — 1.19 (m, 4H). 3C NMR (151 MHz, Chloroform-d) 3
153.5, 78.5, 62.7, 48.6, 45.2, 38.2, 37.5, 32.9, 28.7(3C), 24.9, 22.2, 22.0. IR (ATR): v
= 1693, 740 cm™'. HRMS (APCI): m/z [M + H]" caled for C14H26CINO, * : 276.1725,
found: 276.1726.

tert-Butyl 2-(9-bromononyl)-2-methylpyrrolidine-1-carboxylate (3h-a):
%B Synthesized according to the general procedure from carboxylic acid 1h
;

N ®  and redox-active ester 2a. The title compound was isolated by column

Bosch-a chromatography eluting with petroleum ether and ethyl acetate (PE/EA =
15:1) as a colorless oil (36.3 mg, 47% yield). '"H NMR (600 MHz, Chloroform-d) &
3.58 —3.44 (m, 1H), 3.38 (t, J = 6.9 Hz, 2H), 3.34 — 3.20 (m, 1H), 1.96 — 1.54 (m, 8H),
1.49 - 1.36 (m, 11H), 1.34 — 1.19 (m, 12H), 1.17 — 1.06 (m, 1H). 13C NMR (151 MHz,
Chloroform-d) 6 154.4, 78.8, 62.6, 48.7, 39.1(2C), 34.1, 32.9, 30.1, 29.7, 29.5, 28.9,
28.7(30C), 28.3, 26.1, 24.5, 22.0. IR (ATR): v = 1695, 646 cm™'. HRMS (APCI): m/z

[M + H]" caled for C19H36BrNO:> ™ : 390.2002, found: 390.1996.

S22



tert-Butyl 2-(2-((tert-butoxycarbonyl)amino)ethyl)-2-methylpyrrolidine-1-car-

% boxylate (3i-a): Synthesized according to the general procedure
N NHBoc from carboxylic acid 1i and redox-active ester 2a. The title
Boc

3i-a compound was isolated by column chromatography eluting with

petroleum ether and ethyl acetate (PE/EA = 5:1) as a white solid (48.6 mg, 74% vyield).
The major rotamer: 'H NMR (400 MHz, Chloroform-d) 5 4.70 (s, 1H), 3.42 (s, 1H),
3.34-3.05 (m, 2H), 2.96 (s, 1H), 2.15—1.82 (m, 3H), 1.77 - 1.59 (m, 3H), 1.54 — 1.34
(m, 18H), 1.29 (s, 3H). 3C NMR (151 MHz, Chloroform-d) 5 156.1, 154.3,79.5, 78.8,
61.8, 48.4, 39.6, 38.7, 37.0, 28.7(3C), 28.5(3C), 25.0, 22.0. The minor rotamer: 'H
NMR (400 MHz, Chloroform-d) 6 4.54 (s, 1H), 3.51 (s, 1H), 3.34 - 3.05 (m, 2H), 2.96
(s, 1H), 2.15 - 1.82 (m, 3H), 1.77 — 1.59 (m, 3H), 1.54 — 1.34 (m, 18H), 1.27 (s, 3H).
13C NMR (151 MHz, Chloroform-d) § 155.9, 153.8,79.2,78.9, 61.2, 48.4,39.5, 38.1,
37.0, 28.7(3C), 28.5(3C), 26.1, 21.7. Mp 72— 74 °C. IR (ATR): v= 13369, 1712, 1676,
1515 cm™'. HRMS (APCI): m/z [M + H]" calcd for C17H3N204 * : 329.2435, found:
329.2436.

tert-Butyl 2-(2-methoxyethyl)-2-methylpyrrolidine-1-carboxylate (3j-a):
OQMi\ Synthesized according to the general procedure from carboxylic acid
EOC OMe 1j and redox-active ester 2a. The title compound was isolated by
3j-a column chromatography eluting with petroleum ether and ethyl
acetate (PE/EA = 15:1) as a colorless oil (30.7 mg, 63% yield). The major rotamer:
'H NMR (400 MHz, Chloroform-d) 5 3.53 —3.17 (m, 7H), 2.16 — 1.84 (m, 3H), 1.72
— 1.58 (m, 3H), 1.42 (s, 9H), 1.25 (s, 3H). 13C NMR (101 MHz, Chloroform-d) &
154.4,79.4,69.7,61.1,58.7,48.4,39.8, 38.7, 28.6(3C), 26.4, 21.7. The minor rotamer:
'H NMR (400 MHz, Chloroform-d) 6 3.53 —3.17 (m, 7H), 2.16 — 1.84 (m, 3H), 1.72
— 1.58 (m, 3H), 1.38 (s, 9H), 1.30 (s, 3H). 3C NMR (101 MHz, Chloroform-d) &
153.5,78.5,69.9,61.7,58.5,48.3,39.0,37.4,28.6(3C), 25.1,22.1. IR (ATR): v= 1694,
1253 cm’'. HRMS (APCI): m/z [M + H]" calcd for C13H2sNOs * : 244.1907, found:

244.1906.
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tert-Butyl  2-(2-(benzyloxy)ethyl)-2-methylpyrrolidine-1-carboxylate  (3k-a):
Synthesized according to the general procedure from carboxylic acid

Me
<:>§/\oan 1k and redox-active ester 2a. The title compound was isolated by

I
Boc

3Kk-a column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 15:1) as a colorless oil (40.9 mg, 64% vyield). The
major rotamer: '"H NMR (400 MHz, Chloroform-d) 6 7.35 — 7.13 (m, 5H), 4.41 (s,
2H), 3.52 — 3.14 (m, 4H), 2.22 — 1.87 (m, 3H), 1.71 — 1.55 (m, 3H), 1.38 (s, 9H), 1.23
(s, 3H). 3C NMR (101 MHz, Chloroform-d) 5 154.5, 138.5, 128.5(2C), 127.6(3C),
79.4,73.2,67.4,61.2,48.5,40.0, 38.9, 28.7(3C), 26.5, 21.7. The minor rotamer: '"H
NMR (400 MHz, Chloroform-d) é 7.35 — 7.13 (m, 5H), 4.41 (s, 2H), 3.52 — 3.14 (m,
4H), 2.22 — 1.87 (m, 3H), 1.71 — 1.55 (m, 3H), 1.35 (s, 9H), 1.29 (s, 3H). 3C NMR
(101 MHz, Chloroform-d) 5 153.6, 138.7, 128.4(2C), 127.6(2C), 127.5, 78.6, 73.0,
67.7, 61.9, 48.4, 39.1, 37.6, 28.7(3C), 25.2, 22.2. IR (ATR): v = 1693, 1253 cm’'.
HRMS (APCI): m/z [M + H]" caled for C19H2o0NOs3 ™ : 320.2220, found: 320.2219.

tert-Butyl 2-(3-(4-chlorophenoxy)propyl)-2-methylpyrrolidine-1-carboxylate (3I-

% a): Synthesized according to the general procedure from
EOC O\©\u carboxylic acid 1l and redox-active ester 2a. The title
3l-a compound was isolated by column chromatography eluting

with petroleum ether and ethyl acetate (PE/EA = 15:1) as a colorless oil (51.5 mg, 73%
yield). The major rotamer: "H NMR (400 MHz, Chloroform-d) & 7.24 — 7.15 (m,
2H), 6.79 (d, J= 8.0 Hz, 2H), 3.91 (t, J= 5.8 Hz, 2H), 3.63 — 3.53 (m, 1H), 3.38 —3.22
(m, 1H), 2.07 — 1.63 (m, 8H), 1.47 (s, 9H), 1.30 (s, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 157.7, 154.4, 129.4(2C), 125.5, 115.8(2C), 79.3, 68.6, 62.0, 48.7,
39.3, 36.0, 28.7(3C), 26.4, 24.5, 21.8. The minor rotamer: "H NMR (400 MHz,
Chloroform-d) & 7.24 —7.15 (m, 2H), 6.79 (d, J= 8.0 Hz, 2H), 3.91 (t, J= 5.8 Hz, 2H),
3.52 = 3.42 (m, 1H), 3.38 — 3.22 (m, 1H), 2.07 — 1.63 (m, 8H), 1.43 (s, 9H), 1.35 (s,
3H). 13C NMR (101 MHz, Chloroform-d) 5 157.7, 153.6, 129.3(2C), 125.3, 115.8(2C),
78.6, 68.6, 62.6, 48.6, 38.3, 34.5,28.7(3C), 24.9,24.7, 22.2. IR (ATR): v= 1693, 1254

cm'. HRMS (APCI): m/z [M + H]" caled for Ci19H2sCINOs" : 354.1830, found:
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354.1831.

tert-Butyl 2-methyl-2-(phenoxymethyl)pyrrolidine-1-carboxylate (3m-a):

w Synthesized according to the general procedure from carboxylic acid
OPh

\
Boc
3m-a column chromatography eluting with petroleum ether and ethyl acetate

1m and redox-active ester 2a. The title compound was isolated by

(PE/EA = 15:1) as a colorless oil (29.2 mg, 50% yield). The major rotamer: '"H NMR
(400 MHz, Chloroform-d) 6 7.27 —7.11 (m, 2H), 6.92 — 6.76 (m, 3H), 4.02 (d, /= 8.6
Hz, 1H), 3.89 (d, /= 8.6 Hz, 1H), 3.55 - 3.29 (m, 2H), 2.28 — 2.14 (m, 1H), 1.82 — 1.66
(m, 3H), 1.34 (s, 9H), 1.32 (s, 3H). 3C NMR (101 MHz, Chloroform-d) § 159.2, 154.4,
129.5(2C), 120.8, 114.7(2C), 79.7, 71.9, 61.9, 48.9, 38.4, 28.7(3C), 23.3, 21.7. The
minor rotamer: '"H NMR (400 MHz, Chloroform-d) § 7.27 — 7.11 (m, 2H), 6.92 —
6.76 (m, 3H), 4.24 (d, J = 8.8 Hz, 1H), 3.98 (d, J = 8.8 Hz, 1H), 3.55 — 3.29 (m, 2H),
2.28 — 2.14 (m, 1H), 1.82 — 1.66 (m, 3H), 1.38 (s, 3H), 1.34 (s, 9H). 1*C NMR (101
MHz, Chloroform-d) & 159.3, 153.8, 129.4(2C), 120.6, 115.0(2C), 78.9, 71.4, 62.6,
48.8,37.4,28.7(3C), 22.3,22.2. IR (ATR): v = 1694, 1246 cm!. HRMS (APCI): m/z
[M + H]" caled for C17H2sNO3 ™ : 292.1907, found: 292.1902.

tert-Butyl 2-methyl-2-(pent-4-en-1-yl)pyrrolidine-1-carboxylate (3n-a):
% Synthesized according to the general procedure from carboxylic
X
EOC acid 1n and redox-active ester 2a. The title compound was isolated
3n-a

by column chromatography eluting with petroleum ether and ethyl
acetate (PE/EA = 15:1) as a colorless oil (29.9 mg, 59% yield). The major rotamer:
'"H NMR (600 MHz, Chloroform-d) 5 5.85 —5.73 (m, 1H), 5.05 — 4.87 (m, 2H), 3.60
—3.49 (m, 1H), 3.35 — 3.20 (m, 1H), 2.03 (q, J= 7.2 Hz, 2H), 1.96 — 1.78 (m, 2H), 1.75
— 1.67 (m, 2H), 1.67 — 1.51 (m, 2H), 1.45 (s, 9H), 1.36 — 1.22 (m, 5H). 3C NMR (151
MHz, Chloroform-d) 6 154.6, 138.9, 114.7,79.2, 62.3, 48.7, 39.3, 39.0, 34.3, 28.7(3C),
26.3, 23.9, 21.8. The minor rotamer: 'H NMR (600 MHz, Chloroform-d) 6 5.85 —
5.73 (m, 1H), 5.05 — 4.87 (m, 2H), 3.48 — 3.37 (m, 1H), 3.35—3.20 (m, 1H), 2.03 (q, J
= 7.2 Hz, 2H), 1.96 — 1.78 (m, 2H), 1.75 — 1.67 (m, 2H), 1.67 — 1.51 (m, 2H), 1.42 (s,
9H), 1.36 — 1.22 (m, 5H). 3C NMR (151 MHz, Chloroform-d) § 153.5, 139.2, 114.4,
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78.4,62.9,48.6,38.4,37.9,34.2,28.7(3C), 25.0,24.3,22.2. IR (ATR): v= 3077, 1696,
1642, 992, 909 cm™'. HRMS (APCI): m/z [M + H]" calcd for C15H27NO, * : 254.2115,
found: 254.2114.

tert-Butyl (Z)-2-(heptadec-8-en-1-yl)-2-methylpyrrolidine-1-carboxylate (30-a):

Me Synthesized according to the general procedure from carboxylic
N = . . . :
Boc acid 1o and redox-active ester 2a. The title compound was isolated
> Me
30-a by column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 15:1) as a colorless oil (53.6 mg, 64% vyield). The major rotamer:
'"H NMR (400 MHz, Chloroform-d) & 5.45 — 5.25 (m, 2H), 3.53 (s, 1H), 3.27 (s, 1H),
2.04 — 1.58 (m, 9H), 1.44 (s, 9H), 1.38 — 1.00 (m, 26H), 0.86 (t, J = 6.7 Hz, 3H). 13C
NMR (151 MHz, Chloroform-d) 6 154.6, 130.1, 129.9, 79.1, 62.4, 48.7, 39.6, 39.3,
32.0, 30.3, 29.9(2C), 29.7, 29.7, 29.4(3C), 28.7(3C), 27.3(2C), 26.4, 24.4, 22.8, 21.8,
14.2. The minor rotamer: '"H NMR (400 MHz, Chloroform-d) § 5.45 —5.25 (m, 2H),
3.45 (s, 1H), 3.27 (s, 1H), 2.04 — 1.58 (m, 9H), 1.44 (s, 9H), 1.38 — 1.00 (m, 26H), 0.86
(t,J = 6.7 Hz, 3H). *C NMR (151 MHz, Chloroform-d) 5 153.5, 130.0, 130.0, 78.4,
63.0, 48.6, 38.4(2C), 32.0, 30.1, 29.9(2C), 29.7, 29.7, 29.4(3C), 28.7(3C), 27.3(2C),
25.0,24.8,22.8,22.3,14.2. IR (ATR): v = 3059, 1698, 724 cm™'. HRMS (APCI): m/z
[M + H]" caled for C27HsiNO:>" : 422.3993, found: 422.3983.

tert-Butyl 2-((8E,11E)-heptadeca-8,11-dien-1-yl)-2-methylpyrrolidine-1-carboxy-
late (3p-a): Synthesized according to the general procedure from
carboxylic acid 1p and redox-active ester 2a. The title compound was

isolated by column chromatography eluting with petroleum ether and

Me ethyl acetate (PE/EA = 15:1) as a colorless oil (49.5 mg, 59% yield).

3p-a

The major rotamer: "H NMR (600 MHz, Chloroform-d) & 5.41 —
5.27 (m, 4H), 3.58 — 3.51 (m, 1H), 3.33 — 3.21 (m, 1H), 2.76 (t, J = 6.9 Hz, 2H), 2.04
(q, /=69 Hz,4H), 1.95—-1.77 (m, 2H), 1.73 — 1.68 (m, 2H), 1.65 — 1.50 (m, 2H), 1.46
(s, 9H), 1.36 — 1.22 (m, 19H), 0.88 (t, J = 6.9 Hz, 3H). ¥C NMR (151 MHz,
Chloroform-d) 6 154.6, 130.3(2C), 128.1, 128.0, 79.1, 62.4, 48.7, 39.6, 39.3, 31.7,
30.3,29.8,29.7,29.5,29.5, 28.8(3C), 27.4,27.3,26.4,25.8,24.4,22.7,21.8, 14.2. The
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minor rotamer: '"H NMR (600 MHz, Chloroform-d) § 5.41 — 5.27 (m, 4H), 3.46 —
3.40 (m, 1H), 3.33 —3.21 (m, 1H), 2.76 (t, J = 6.9 Hz, 2H), 2.04 (q, J = 6.9 Hz, 4H),
1.95-1.77 (m, 2H), 1.73 — 1.68 (m, 2H), 1.65 — 1.50 (m, 2H), 1.42 (s, 9H), 1.36 — 1.22
(m, 19H), 0.88 (t, J = 6.9 Hz, 3H). 3C NMR (151 MHz, Chloroform-d) & 153.5,
130.2(2C), 128.1, 128.0, 78.4, 63.0, 48.6, 38.4, 38.4, 31.7, 30.1, 29.8, 29.8, 29.5, 29.4,
28.8(3C), 27.4,27.3,25.8,25.0,24.8,22.7, 22.3, 14.2. IR (ATR): v=3078, 1696, 980
cm™'. HRMS (APCI): m/z [M + H]" caled for C27H49NO> " : 420.3836, found: 420.3828.

tert-Butyl 2-methyl-2-(4-phenylbutyl)pyrrolidine-1-carboxylate (39-a):
% Synthesized according to the general procedure from carboxylic
N Ph acid 1q and redox-active ester 2a. The title compound was isolated

Boc
39-a by column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 15:1) as a colorless oil (43.1 mg, 68% yield). The major rotamer:
'"H NMR (400 MHz, Chloroform-d) § 7.30 — 7.22 (m, 2H), 7.16 (d, J = 7.3 Hz, 3H),
3.61 -3.50 (m, 1H), 3.37 - 3.19 (m, 1H), 2.61 (t,J= 7.6 Hz, 2H), 1.97 — 1.58 (m, 8H),
1.45 (s,9H), 1.35—-1.16 (m, 5H). 3C NMR (101 MHz, Chloroform-d) 5 154.5, 142.7,
128.4(2C), 128.4(2C), 125.8, 79.1, 62.3, 48.7, 39.4, 39.3, 36.1, 32.2, 28.7(3C), 26.3,
24.2, 21.8. The minor rotamer: "H NMR (400 MHz, Chloroform-d) & 7.30 — 7.22
(m, 2H), 7.16 (d, J = 7.3 Hz, 3H), 3.49 — 3.39 (m, 1H), 3.37 — 3.19 (m, 1H), 2.61 (t, J
=7.6 Hz, 2H), 1.97 — 1.58 (m, 8H), 1.43 (s, 9H), 1.35 — 1.16 (m, 5H). '*C NMR (101
MHz, Chloroform-d) ¢ 153.5, 142.9, 128.5(2C), 128.3(2C), 125.6, 78.4, 62.9, 48.6,
38.3, 38.1, 36.1, 31.9, 28.7(3C), 25.0, 24.5, 22.2. IR (ATR): v = 1695 cm’!. HRMS
(APCI): m/z [M + H]" calcd for C20H31NO>" : 318.2428, found: 318.2429.

tert-Butyl 2-(3-(4-methoxyphenyl)propyl)-2-methylpyrrolidine-1-carboxylate (3r-

a): Synthesized according to the general procedure from

OMe
Me
QW@ carboxylic acid 1r and redox-active ester 2a. The title

|
Boc compound was isolated by column chromatography eluting

3r-a
with petroleum ether and ethyl acetate (PE/EA = 15:1) as a
colorless oil (60.1 mg, 81% vyield). The major rotamer: 'H NMR (400 MHz,

Chloroform-d) & 7.07 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 8.3 Hz, 2H), 3.77 (s, 3H), 3.59
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—3.50 (m, 1H), 3.35 — 3.17 (m, 1H), 2.54 (t, J = 7.2 Hz, 2H), 2.02 — 1.49 (m, 8H), 1.42
(s, 9H), 1.25 (s, 3H). *C NMR (101 MHz, Chloroform-d) & 157.8, 154.5, 134.6,
129.4(2C), 113.8(2C), 79.1, 62.2, 55.3,48.6, 39.3, 39.1, 35.5, 28.7(3C), 26.7, 26.3, 21.8.
The minor rotamer: '"H NMR (400 MHz, Chloroform-d)  7.07 (d, J = 8.0 Hz, 2H),
6.81 (d,.J= 8.3 Hz, 2H), 3.77 (s, 3H), 3.48 — 3.40 (m, 1H), 3.35—3.17 (m, 1H), 2.54 (t,
J=17.2 Hz, 2H), 2.02 — 1.49 (m, 8H), 1.4 (s, 9H), 1.33 (s, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 157.7, 153.5, 135.1, 129.3(2C), 113.8(2C), 78.4, 62.8, 55.3, 48.6,
38.3, 38.1, 35.5, 28.7(3C), 27.3, 25.0, 22.2. IR (ATR): v = 1692, 1247 cm™'. HRMS
(APCI): m/z [M + H]" caled for C20H31NO;3" : 334.2377, found: 334.2372.

tert-Butyl 2-(3-(4-chlorophenyl)propyl)-2-methylpyrrolidine-1-carboxylate (3s-a):

Synthesized according to the general procedure from

cl
Ow carboxylic acid 1s and redox-active ester 2a. The title

N
I

Boc compound was isolated by column chromatography eluting

. with petroleum ether and ethyl acetate (PE/EA = 15:1) as a
colorless oil (50.6 mg, 75% vyield). The major rotamer: 'H NMR (400 MHz,
Chloroform-d) 5 7.22 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 3.62 — 3.37 (m,
1H), 3.34 - 3.16 (m, 1H), 2.56 (t, J = 7.4 Hz, 2H), 1.99 — 1.80 (m, 2H), 1.78 — 1.46 (m,
6H), 1.41 (s, 9H), 1.27 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 154.5, 140.9,
131.6, 129.9(2C), 128.5(2C), 79.1, 62.1, 48.7, 39.4, 39.0, 35.8, 28.7(3C), 26.3(2C),
21.8. The minor rotamer: 'H NMR (400 MHz, Chloroform-d) § 7.22 (d, /= 8.2 Hz,
2H), 7.08 (d, J = 8.2 Hz, 2H), 3.62 — 3.37 (m, 1H), 3.34 — 3.16 (m, 1H), 2.56 (t, J = 7.4
Hz, 2H), 1.99 — 1.80 (m, 2H), 1.78 — 1.46 (m, 6H), 1.41 (s, 9H), 1.27 (s, 3H). 13C NMR
(101 MHz, Chloroform-d) 5 153.5, 141.4, 131.4, 129.9(2C), 128.5(2C), 78.5, 62.8,
48.6, 38.3, 38.0, 35.8, 28.7(3C), 26.9, 25.0, 22.2. IR (ATR): v = 1678 cm™'. HRMS

(APCI): m/z [M + HJ" caled for C19HosCINO>" : 338.1881, found: 338.1878.

tert-Butyl  2-(2-(furan-2-yl)ethyl)-2-methylpyrrolidine-1-carboxylate  (3t-a):
Ve Synthesized according to the general procedure from carboxylic acid

N = ) 1t and redox-active ester 2a. The title compound was isolated by

Boc )
3t-a column chromatography eluting with petroleum ether and ethyl
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acetate (PE/EA = 10:1) as a colorless oil (29.8 mg, 53% yield). The major rotamer:
'"H NMR (400 MHz, Chloroform-d) & 7.29 (s, 1H), 6.27 (s, 1H), 5.96 (d, J = 2.4 Hz,
1H), 3.69 — 3.53 (m, 1H), 3.41 — 3.25 (m, 1H), 2.63 — 2.46 (m, 2H), 2.29 — 2.19 (m,
1H), 2.08 — 1.86 (m, 2H), 1.80 — 1.66 (m, 3H), 1.46 (s, 9H), 1.33 (s, 3H). ¥C NMR
(151 MHz, Chloroform-d) & 156.3, 140.9, 110.2(2C), 104.6, 79.5, 62.0, 48.7, 39.2,
37.6, 28.7(3C), 26.3, 23.4, 21.8. The minor rotamer: 'H NMR (400 MHz,
Chloroform-d) 6 7.29 (s, 1H), 6.27 (s, 1H), 5.96 (d, J = 2.4 Hz, 1H), 3.53 — 3.42 (m,
1H), 3.41 — 3.25 (m, 1H), 2.63 — 2.46 (m, 2H), 2.29 — 2.19 (m, 1H), 2.08 — 1.86 (m,
2H), 1.80 — 1.66 (m, 3H), 1.46 (s, 9H), 1.33 (s, 3H). 13C NMR (151 MHz, Chloroform-
d) 6 154.5, 140.7, 110.2(2C), 104.6, 78.7, 62.6, 48.6, 38.3, 36.5, 28.7(3C), 24.8, 23.7,
22.2. IR (ATR): v=1689 cm’. HRMS (APCI): m/z [M + H]" calcd for C16H25sNO; * :
280.1907, found: 280.1903.

tert-Butyl 2-methyl-2-(3-(thiophen-2-yl)propyl)pyrrolidine-1-carboxylate (3u-a):

w Synthesized according to the general procedure from carboxylic
S

N acid 1u and redox-active ester 2a. The title compound was

Boc
3u-a isolated by column chromatography eluting with petroleum ether

and ethyl acetate (PE/EA = 10:1) as a colorless oil (47.6 mg, 77% yield). The major
rotamer: "H NMR (400 MHz, Chloroform-d) & 7.09 (d, J= 5.0 Hz, 1H), 6.90 (dd, J
=4.9, 3.5 Hz, 1H), 6.77 (d, J=2.6 Hz, 1H), 3.59 — 3.40 (m, 1H), 3.37 — 3.21 (m, 1H),
2.81 (t,J=7.4 Hz, 2H), 2.00 — 1.82 (m, 2H), 1.78 — 1.53 (m, 6H), 1.44 (s, 9H), 1.29 (s,
3H). 3C NMR (151 MHz, Chloroform-d) 5 154.5, 145.3, 126.8, 124.2, 123.0, 79.2,
62.1, 48.6, 39.4, 39.0, 30.4, 28.7(3C), 26.9, 26.2, 21.8. The minor rotamer: '"H NMR
(400 MHz, Chloroform-d) 6 7.09 (d, J= 5.0 Hz, 1H), 6.90 (dd, J=4.9, 3.5 Hz, 1H),
6.77 (d, J=2.6 Hz, 1H), 3.59 — 3.40 (m, 1H), 3.37 - 3.21 (m, 1H), 2.81 (t, J= 7.4 Hz,
2H), 2.00 — 1.82 (m, 2H), 1.78 — 1.53 (m, 6H), 1.44 (s, 9H), 1.29 (s, 3H). 3C NMR
(151 MHz, Chloroform-d) § 153.5, 145.9, 126.7, 124.1, 122.8, 78.5, 62.7, 48.6, 38.3,
37.9, 30.4, 28.7(3C), 27.4, 25.0, 22.2. IR (ATR): v = 1693 cm™'. HRMS (APCI): m/z
[M + H]" caled for C17H27NO2S ™ : 310.1835, found: 310.1835.
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tert-Butyl 2-methyl-2-(4-methylbenzyl)pyrrolidine-1-carboxylate (3v-a):

Synthesized according to the general procedure from carboxylic

Me
O&@ acid 1v and redox-active ester 2a. The title compound was isolated

N
I

Boc by column chromatography eluting with petroleum ether and ethyl

v acetate (PE/EA = 15:1) as a colorless oil (47.4 mg, 82% vyield).
The major rotamer: "H NMR (600 MHz, Chloroform-d) 3 7.10 — 6.98 (m, 4H), 3.48
—3.36 (m, 1H), 3.35 - 3.28 (m, 1H), 3.25 — 3.12 (m, 1H), 2.80 — 2.67 (m, 1H), 2.31 (s,
3H), 2.04 — 1.94 (m, 1H), 1.63 — 1.48 (m, 11H), 1.46 (s, 3H), 1.25 - 1.16 (m, 1H). 3C
NMR (151 MHz, Chloroform-d) 6 153.8, 135.9, 135.8, 130.2(2C), 128.7(2C), 78.6,
63.1,48.6, 43.9, 37.8, 28.8(3C), 26.0, 21.8, 21.1. The minor rotamer: "H NMR (600
MHz, Chloroform-d) § 7.10 — 6.98 (m, 4H), 3.48 — 3.36 (m, 1H), 3.25 — 3.12 (m, 1H),
3.07—2.94 (m, 1H), 2.80 — 2.67 (m, 1H), 2.31 (s, 3H), 2.04 — 1.94 (m, 1H), 1.63 — 1.48
(m, 11H), 1.40 (s, 3H), 1.25 — 1.16 (m, 1H). 3C NMR (151 MHz, Chloroform-d) &
154.5, 135.7, 135.5, 130.4(2C), 128.9(2C), 79.5, 63.6, 48.6, 42.7, 39.0, 28.8(3C), 27.1,
214, 21.1. IR (ATR): v = 1699 cm™!. HRMS (APCI): m/z [M + H]" calcd for

CisH27NO;" : 290.2115, found: 290.2117.

tert-Butyl 2-methyl-2-(naphthalen-2-ylmethyl)pyrrolidine-1-carboxylate (3w-a):
Synthesized according to the general procedure from carboxylic
S @

N acid 1w and redox-active ester 2a. The title compound was

|
Boc

3w-a isolated by column chromatography eluting with petroleum ether

and ethyl acetate (PE/EA = 15:1) as a colorless oil (55.9 mg, 85%
yield). The major rotamer: '"H NMR (600 MHz, Chloroform-d) 5 7.82 (d,J="7.8 Hz,
1H), 7.77 (dd, J = 17.9, 7.7 Hz, 2H), 7.63 (d, J = 26.0 Hz, 1H), 7.50 — 7.41 (m, 2H),
7.35(d,J=8.1 Hz, 1H), 3.70 (d,J = 13.3 Hz, 1H), 3.37 — 3.29 (m, 1H), 3.01 —2.90 (m,
2H), 2.13 — 2.06 (m, 1H), 1.65 — 1.46 (m, 14H), 1.24 — 1.14 (m, 1H). 3C NMR (151
MHz, Chloroform-d) 6 153.9, 136.7, 133.5, 132.2, 129.0, 128.9, 127.6(2C), 127.6,
125.8, 125.3, 78.7, 63.7, 48.6, 43.3, 37.9, 28.8(3C), 26.2, 21.8. The minor rotamer:
'H NMR (600 MHz, Chloroform-d) § 7.82 (d, J= 7.8 Hz, 1H), 7.77 (dd, J=17.9, 7.7
Hz, 2H), 7.63 (d, J=26.0 Hz, 1H), 7.50 — 7.41 (m, 2H), 7.30 (d, /= 7.9 Hz, 1H), 3.50
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—3.39 (m, 2H), 3.23 — 3.14 (m, 1H), 3.01 — 2.90 (m, 1H), 2.13 —2.06 (m, 1H), 1.65 —
1.46 (m, 14H), 1.24 — 1.14 (m, 1H). 3C NMR (151 MHz, Chloroform-d) § 154.5,
136.4,133.5,132.2,129.3,128.8, 127.6(2C), 127.3,125.9, 125.4,79.6, 63.2, 48.6, 44.6,
39.1, 28.8(3C), 27.2, 21.4. This compound is known.®

tert-Butyl  2-(benzo[b]thiophen-3-ylmethyl)-2-methylpyrrolidine-1-carboxylate
(3x-a): Synthesized according to the general procedure from
ve] s carboxylic acid 1x and redox-active ester 2a. The title compound was
N isolated by column chromatography eluting with petroleum ether and

Bocsx-a ethyl acetate (PE/EA = 10:1) as a colorless oil (59.6 mg, 89% yield).
The major rotamer: "H NMR (600 MHz, Chloroform-d) 5 7.91 —7.75 (m, 2H), 7.41
—7.29 (m, 2H), 7.10 (d, J = 13.9 Hz, 1H), 3.65 (d, J = 14.2 Hz, 1H), 3.37 — 3.32 (m,
1H), 3.21 (d, J = 14.2 Hz, 1H), 3.10 — 3.02 (m, 1H), 2.01 — 1.89 (m, 1H), 1.64 — 1.47
(m, 14H), 1.25 — 1.16 (m, 1H). 3C NMR (151 MHz, Chloroform-d) 5 153.8, 140.3,
140.0, 133.8, 123.9, 123.8(2C), 122.7, 122.4, 78.8, 63.9, 48.5, 38.6, 35.2, 28.8(3C),
26.0,21.8. The minor rotamer: '"H NMR (600 MHz, Chloroform-d) 5 7.91 —7.75 (m,
2H), 7.41 — 7.29 (m, 2H), 7.10 (d, J = 13.9 Hz, 1H), 3.55 — 3.45 (m, 1H), 3.39 (d, J =
14.5 Hz, 1H), 3.27 — 3.16 (m, 2H), 2.01 — 1.89 (m, 1H), 1.64 — 1.47 (m, 14H), 1.33 —
1.25 (m, 1H). 13C NMR (151 MHz, Chloroform-d) 5 154.4, 140.2, 140.0, 133.3, 124.0,
123.9(2C), 122.9, 121.9, 79.7, 63.3, 48.7, 39.6, 36.3, 28.8(3C), 27.0, 21.4. IR (ATR):
v=1665 cm™. HRMS (APCI): m/z [M + H]" calcd for C19H2sNO,S * : 332.1679, found:

332.1679.

tert-Butyl 2-methyl-2-((1-methyl-1H-indol-3-yl)methyl)pyrrolidine-1-carboxylate
(3y-a): Synthesized according to the general procedure from
carboxylic acid 1y and redox-active ester 2a. The title compound

Me
N-Me
N = was isolated by column chromatography eluting with petroleum

B
o 3y-a ether and ethyl acetate (PE/EA = 3:1) as a colorless oil (31.8 mg,
48% yield). "TH NMR (600 MHz, Chloroform-d) 5 7.62 (d, J =

6.7 Hz, 1H), 7.30 (d, J = 8.2 Hz, 1H), 7.22 (t, J = 7.5 Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H),

6.83 (s, 1H), 3.76 (s, 3H), 3.54 — 3.08 (m, 4H), 2.08 — 2.01 (m, 1H), 1.65 — 1.60 (m,
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2H), 1.57 (s, 9H), 1.48 (s, 3H), 1.45— 1.39 (m, 1H). 3C NMR (151 MHz, Chloroform-
d)5154.3,136.6,129.3,128.1,121.3,119.2, 118.8, 111.4, 109.1, 79.2, 63.9, 48.8, 39.1,
33.5,32.8,28.9(3C), 26.3, 21.7. IR (ATR): v = 1690, 1328 cm’!. HRMS (APCI): m/z
[M + H]" caled for C20H2sN>0;, ™ : 329.2224, found: 329.2224.

tert-Butyl 2-((1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)methyl)-2-
methylpyrrolidine-1-carboxylate (3z-a): Synthesized according to the general
MeO procedure from carboxylic acid 1z and redox-active ester 2a.
Oﬁ o The title compound was isolated by column chromatography
N eI eluting with petroleum ether and ethyl acetate (PE/EA = 5:1)
Boc Me@ as a colorless oil (86.0 mg, 86% yield). The major rotamer:
sra Cl' TH NMR (400 MHz, Chloroform-d) 5 7.62 (d, J = 8.4 Hz,

2H), 7.45 (d, J = 8.4 Hz, 2H), 7.05 — 6.86 (m, 2H), 6.64 (dd, J

=9.0,2.1 Hz, 1H), 3.82 (s, 3H), 3.53 — 2.93 (m, 4H), 2.31 (s, 3H), 2.08 — 1.94 (m, 1H),
1.69 — 1.39 (m, 15H). ¥C NMR (101 MHz, Chloroform-d) 5 168.4, 156.0, 153.8,
139.1, 136.0, 134.3, 132.5, 131.2(2C), 131.0, 129.1(2C), 117.6, 114.7, 110.8, 102.7,
78.9,64.9,55.9,48.5, 39.1, 31.7, 28.7(3C), 26.2, 22.3, 14.3. The minor rotamer: 'H
NMR (400 MHz, Chloroform-d) 6 7.62 (d, J= 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H),
7.05 — 6.86 (m, 2H), 6.64 (dd, J=9.0, 2.1 Hz, 1H), 3.82 (s, 3H), 3.53 — 2.93 (m, 4H),
2.31 (s, 3H), 2.08 — 1.94 (m, 1H), 1.69 — 1.39 (m, 15H). 3C NMR (101 MHz,
Chloroform-d) 6 168.4, 156.0, 154.4, 139.2, 135.8, 134.2, 132.2, 131.2(2C), 131.0,
129.2(2C), 117.4, 114.9, 111.4, 102.1, 79.7, 64.4, 55.9, 48.5, 39.9, 32.8, 28.8(3C), 27.1,

21.7,14.3. IR (ATR): v = 1739, 1684, 1223 cm™'. HRMS (APCI): m/z [M + H]" calcd
for C28H33C1N204+ : 497.2202, found: 497.2196.

tert-Butyl  2-methyl-2-((11-0x0-6,11-dihydrodibenzo[b,e]oxepin-2-yl)methyl)py-

rrolidine-1-carboxylate (3aa-a): Synthesized according to the general procedure from

o] carboxylic acid laa and redox-active ester 2a. The title
Me
N O O compound was isolated by column chromatography eluting
|
Boc o with petroleum ether and ethyl acetate (PE/EA = 10:1) as a

3aa-a
colorless oil (66.9 mg, 82% yield). The major rotamer: 'H
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NMR (400 MHz, Chloroform-d) 6 7.92 (s, 1H), 7.81 (d, J= 7.5 Hz, 1H), 7.45 (t, J =
7.3 Hz, 1H), 7.37 (t,J = 7.4 Hz, 1H), 7.30 — 7.15 (m, 2H), 6.87 (d, J = 8.2 Hz, 1H), 5.08
(s, 2H), 3.45 —2.83 (m, 3H), 2.73 (d, J = 13.4 Hz, 1H), 1.99 — 1.86 (m, 1H), 1.57 — 1.30
(m, 14H), 1.24 — 1.12 (m, 1H). '3C NMR (101 MHz, Chloroform-d) & 191.1, 159.9,
153.7, 140.7, 137.7, 135.7, 133.2(2C), 132.6, 129.5, 129.2, 127.8, 124.8, 120.3, 78.7,
73.6, 63.4,48.5,42.2,37.7, 28.7(3C), 25.9, 21.8. The minor rotamer: "H NMR (400
MHz, Chloroform-d) § 7.92 (s, 1H), 7.81 (d,J = 7.5 Hz, 1H), 7.45 (t,J = 7.3 Hz, 1H),
737 (1, J = 7.4 Hz, 1H), 7.30 — 7.15 (m, 2H), 6.87 (d, J = 8.2 Hz, 1H), 5.08 (s, 2H),
3.45 — 2.83 (m, 3H), 2.73 (d, J = 13.4 Hz, 1H), 1.99 — 1.86 (m, 1H), 1.57 — 1.30 (m,
14H), 1.24—1.12 (m, 1H). 3C NMR (101 MHz, Chloroform-d) 5 191.0, 160.1, 154.4,
140.5, 137.1, 135.7, 132.8, 132.7, 132.5, 129.6, 129.2, 127.8, 124.9, 120.6, 79.7, 73.7,
62.9, 48.6, 43.4, 39.0, 28.8(3C), 26.9, 21.4. IR (ATR): v = 1738, 1689, 1242 cm™.
HRMS (APCI): m/z [M + H]" caled for C2sH2o0NO4 ™ : 408.2169, found: 408.2165.

tert-Butyl 2-(3-(((S)-3,7-dimethyloct-6-en-1-yl)oxy)-3-oxopropyl)-2-methylpyrro-

Me lidine-1-carboxylate  (3ab-a):  Synthesized
O\/\/\/\‘/Me

EOC 5 Ve me  according to the general procedure from

3ab-a carboxylic acid 1ab and redox-active ester 2a. The

title compound was isolated by column chromatography eluting with petroleum ether
and ethyl acetate (PE/EA = 10:1) as a colorless oil (33.7 mg, 49% yield). The major
rotamer: '"H NMR (600 MHz, Chloroform-d) § 5.07 (t, J= 6.5 Hz, 1H), 4.15 —4.02
(m, 2H), 3.60 — 3.51 (m, 1H), 3.34 —3.21 (m, 1H), 2.27 — 2.15 (m, 3H), 2.02 — 1.81 (m,
4H), 1.77 — 1.62 (m, 7H), 1.58 (s, 3H), 1.55 — 1.50 (m, 1H), 1.47 — 1.40 (m, 10H), 1.36
—1.27 (m, 4H), 1.21 — 1.12 (m, 1H), 0.89 (d, J = 6.6 Hz, 3H). 13*C NMR (151 MHz,
Chloroform-d) & 173.9, 154.3, 131.4, 124.7, 79.6, 63.1, 61.8, 48.6, 39.1, 37.1, 35.6,
34.4,30.0, 29.6, 28.7(3C), 26.2, 25.8, 25.5, 21.6, 19.5, 17.8. The minor rotamer: 'H
NMR (600 MHz, Chloroform-d) 6 5.07 (t,J= 6.5 Hz, 1H), 4.15 —4.02 (m, 2H), 3.50
—3.40 (m, 1H), 3.34 — 3.21 (m, 1H), 2.27 — 2.15 (m, 3H), 2.02 — 1.81 (m, 4H), 1.77 —
1.62 (m, 7H), 1.58 (s, 3H), 1.55 — 1.50 (m, 1H), 1.47 — 1.40 (m, 10H), 1.36 — 1.27 (m,
4H), 1.21 — 1.12 (m, 1H), 0.89 (d, J = 6.6 Hz, 3H). 13C NMR (151 MHz, Chloroform-
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d)5173.9,153.5,131.4,124.7,78.8, 63.1, 62.3,48.6, 38.2,37.1, 35.6, 33.3, 30.2, 29.6,
28.7(3C), 25.8, 25.5, 24.8, 22.1, 19.5, 17.8. IR (ATR): v = 1736, 1687 cm™'. HRMS
(APCI): m/z [M + H]" caled for C23H41NOs ™ : 396.3108, found: 396.3104.

tert-Butyl  2-(3-(((3S,85,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methy!-
heptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta-
[a]phenanthren-3-yl)oxy)-3-oxopropyl)-2-methylpyrrolidine-1-carboxylate (3ac-
a): Synthesized according to the general procedure from carboxylic acid 1ac and redox-
Me active ester 2a. The title compound
was isolated by column
chromatography eluting with

Me petroleum ether and ethyl acetate

3ac-a Me (PE/EA =10:1) as a colorless oil (65.2
mg, 52% yield). The major rotamer: "H NMR (400 MHz, Chloroform-d) & 5.36 (d,
J=3.2 Hz, 1H), 4.66 — 4.52 (m, 1H), 3.64 — 3.50 (m, 1H), 3.36 — 3.21 (m, 1H), 2.34 —
2.12 (m, 5H), 2.03 — 1.66 (m, 10H), 1.61 — 1.38 (m, 17H), 1.37 — 1.22 (m, 7H), 1.17 —
1.05 (m, 6H), 1.04 — 0.93 (m, 6H), 0.90 (d, J = 6.4 Hz, 3H), 0.87 — 0.81 (m, 6H), 0.66
(s, 3H). BC NMR (101 MHz, Chloroform-d)  173.3, 154.4, 139.7, 122.8, 79.6, 74.0,
61.8, 56.8, 56.2, 50.1, 48.6, 42.4, 39.8, 39.6, 39.0, 38.2, 37.1, 36.7, 36.3, 35.9, 34.5,
32.0,32.0,30.3,28.7(3C), 28.3,28.1,27.9,26.2,24.4,23.9,22.9,22.7,21.7,21.1,19.4,
18.8, 12.0. The minor rotamer: '"H NMR (400 MHz, Chloroform-d) 6 5.36 (d, J =
3.2 Hz, 1H), 4.66 —4.52 (m, 1H), 3.50 — 3.39 (m, 1H), 3.36 —3.21 (m, 1H), 2.34-2.12
(m, 5H), 2.03 — 1.66 (m, 10H), 1.61 — 1.38 (m, 17H), 1.37 — 1.22 (m, 7H), 1.17 — 1.05
(m, 6H), 1.04 — 0.93 (m, 6H), 0.90 (d, J = 6.4 Hz, 3H), 0.87 — 0.81 (m, 6H), 0.66 (s,
3H). 3C NMR (101 MHz, Chloroform-d) & 173.3, 153.5, 139.7, 122.8, 78.7, 74.0,
62.3, 56.8, 56.2, 50.1, 48.6, 42.4, 39.8, 39.6, 39.0, 38.2, 37.1, 36.7, 36.3, 35.9, 33.2,
32.0,32.0,30.5,28.7(3C), 28.3,28.1,27.9, 24.8, 24.4,23.9,22.9,22.7,22.0,21.1, 19.4,
18.8, 12.0. IR (ATR): v = 1732, 1679 cm™'. HRMS (APCI): m/z [M + H]" caled for
C40He7NO4 " : 626.5143, found: 626.5136.
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tert-Butyl 2-methyl-2-(3-phenylpropyl)pyrrolidine-1-carboxylate (3a-a):
% Synthesized according to the general procedure from carboxylic
Ph
N

Lo acid 1a and redox-active ester 2a. The title compound was isolated

3a-a by column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 15:1) as a colorless oil (49.7 mg, 82% yield). The major rotamer:
'H NMR (400 MHz, Chloroform-d) 6 7.32 —7.23 (m, 2H), 7.22 — 7.12 (m, 3H), 3.59
—3.49 (m, 1H), 3.34 - 3.18 (m, 1H), 2.60 (t, /= 7.1 Hz, 2H), 2.05 — 1.51 (m, 8H), 1.41
(s, 9H), 1.25 (s, 3H). 3C NMR (101 MHz, Chloroform-d) 5 154.5, 142.5, 128.5(2C),
128.4(2C), 125.9, 79.1, 62.2, 48.7, 39.4, 39.2, 36.5, 28.7(3C), 26.5, 26.3, 21.8. The
minor rotamer: "H NMR (400 MHz, Chloroform-d) 6 7.32 — 7.23 (m, 2H), 7.22 —
7.12 (m, 3H), 3.49 — 3.39 (m, 1H), 3.34 — 3.18 (m, 1H), 2.60 (t, /= 7.1 Hz, 2H), 2.05 —
1.51 (m, 8H), 1.44 (s, 9H), 1.33 (s, 3H). 1*C NMR (101 MHz, Chloroform-d) 5 153.5,
143.0, 128.5(2C), 128.4(2C), 125.7, 78.5, 62.9, 48.6, 38.3, 38.2, 36.5, 28.7(3C), 27.2,
25.1, 22.2. IR (ATR): v = 1695 cm™. HRMS (APCI): m/z [M + H]" calcd for
C19H20NO>" : 304.2271, found: 304.2268.

tert-Butyl 2-butyl-2-(3-phenylpropyl)pyrrolidine-1-carboxylate (3a-b):
"By Synthesized according to the general procedure from carboxylic

N o acid 1la and redox-active ester 2b. The title compound was isolated
o 3a-b by column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 15:1) as a colorless oil (52.4 mg, 76% yield). The major rotamer:
'"H NMR (400 MHz, Chloroform-d) § 7.30 — 7.23 (m, 2H), 7.22 — 7.10 (m, 3H), 3.42
(t,J=6.9 Hz, 2H), 2.59 (t, J= 5.3 Hz, 2H), 2.08 — 1.48 (m, 10H), 1.40 (s, 9H), 1.32 —
1.09 (m, 4H), 0.89 (t, J = 5.5 Hz, 3H). '3C NMR (101 MHz, Chloroform-d) § 154.5,
142.5, 128.5(2C), 128.4(2C), 125.8, 79.1, 65.0, 49.2, 39.1, 36.6(2C), 36.3, 28.6(3C),
26.5,26.4,23.4,22.2,14.3. The minor rotamer: '"H NMR (400 MHz, Chloroform-d)
0 7.30—-7.23 (m, 2H), 7.22 - 7.10 (m, 3H), 3.32 (t, /= 6.8 Hz, 2H), 2.59 (t, /= 5.3 Hz,
2H), 2.08 — 1.48 (m, 10H), 1.44 (s, 9H), 1.32 — 1.09 (m, 4H), 0.87 (t, /= 4.4 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) § 153.5, 143.1, 128.5(2C), 128.4(2C), 125.7,
78.4,65.7,49.1, 39.1,37.7,37.6, 34.9, 28.7(3C), 26.9, 26.8, 23.3,22.5, 14.4. IR (ATR):

S35



v=1694 cm™. HRMS (APCI): m/z [M + H]* calcd for C22H3sNO2" : 346.2741, found:
346.2735.

tert-Butyl  2-phenethyl-2-(3-phenylpropyl)pyrrolidine-1-carboxylate  (3a-c):
Ph Synthesized according to the general procedure from carboxylic acid
Og/yPh la and redox-active ester 2c. The title compound was isolated by
N column chromatography eluting with petroleum ether and ethyl
3a-c acetate (PE/EA = 15:1) as a colorless oil (58.3 mg, 74% yield). The
major rotamer: 'H NMR (400 MHz, Chloroform-d) 6 7.23 — 7.14 (m, 4H), 7.14 —
7.03 (m, 6H), 3.41 (t, J = 6.9 Hz, 2H), 2.52 (t, J = 7.0 Hz, 2H), 2.48 — 2.33 (m, 2H),
2.11 -2.01 (m, 1H), 1.99 — 1.62 (m, 7H), 1.56 — 1.44 (m, 2H), 1.34 (s, 9H). 13C NMR
(101 MHz, Chloroform-d) 6 154.4, 142.7, 142.3, 128.6(4C), 128.4(2C), 128.4(2C),
125.9, 125.8, 79.4, 64.9, 49.3, 41.7, 39.0, 36.6, 36.5, 31.0, 28.7(3C), 26.4, 22.2. The
minor rotamer: "H NMR (400 MHz, Chloroform-d) & 7.23 — 7.14 (m, 4H), 7.14 —
7.03 (m, 6H), 3.31 (t, J = 6.8 Hz, 2H), 2.52 (t, J = 7.0 Hz, 2H), 2.48 — 2.33 (m, 2H),
2.28 —=2.17 (m, 1H), 1.99 — 1.62 (m, 7H), 1.56 — 1.44 (m, 2H), 1.39 (s, 9H). 3C NMR
(101 MHz, Chloroform-d) & 153.5, 142.9, 142.9, 128.5(4C), 128.4(2C), 128.4(2C),
125.8, 125.7, 78.6, 65.7, 49.1, 40.2, 37.7, 36.6, 35.0, 31.2, 28.7(3C), 26.9, 22.6. IR
(ATR): v=1690 cm™'. HRMS (APCI): m/z [M + H]" calcd for C26H3sNO, * : 394.2741,
found: 394.2737.

tert-Butyl 2-allyl-2-(3-phenylpropyl)pyrrolidine-1-carboxylate (3a-d): Synthesized
P according to the general procedure from carboxylic acid 1a and
O&Ph redox-active ester 2d. The title compound was isolated by column

N chromatography eluting with petroleum ether and ethyl acetate
(PE/EA =15:1) as a colorless oil (40.2 mg, 61% yield). The major

rotamer: "H NMR (600 MHz, Chloroform-d) & 7.34 —7.26 (m, 2H), 7.24 — 7.16 (m,
3H), 5.74 (dd, J = 15.8, 7.8 Hz, 1H), 5.15 — 5.00 (m, 2H), 3.49 — 3.39 (m, 2H), 2.73 —
2.58 (m, 3H), 2.30 — 2.23 (m, 1H), 1.98 — 1.90 (m, 2H), 1.82 — 1.64 (m, 4H), 1.63 —

1.54 (m, 2H), 1.45 (s, 9H). 3C NMR (151 MHz, Chloroform-d) 5 154.4, 142.4, 134.8,
128.5(2C), 128.4(2C), 125.9, 117.9, 79.4, 64.7, 49.2, 43.7, 38.7, 36.5, 36.0, 28.7(3C),
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26.2, 21.9. The minor rotamer: '"H NMR (600 MHz, Chloroform-d) § 7.34 — 7.26
(m, 2H), 7.24 —7.16 (m, 3H), 5.74 (dd, /= 15.8, 7.8 Hz, 1H), 5.15 — 5.00 (m, 2H), 3.38
—3.30 (m, 2H), 2.83 (dd, J=12.4, 6.3 Hz, 1H), 2.73 — 2.58 (m, 2H), 2.38 — 2.31 (m,
1H), 2.12 (t, J = 12.3 Hz, 1H), 1.90 — 1.82 (m, 2H), 1.82 — 1.64 (m, 3H), 1.63 — 1.54
(m, 2H), 1.48 (s, 9H). 3C NMR (151 MHz, Chloroform-d) & 153.5, 143.0, 135.0,
128.5(2C), 128.4(2C), 125.8, 117.8, 78.6, 65.5, 49.1, 42.2, 37.7, 36.5, 34.6, 28.7(3C),
26.8,22.4. IR (ATR): v= 3074, 1692, 1639, 999, 914 cm™\. HRMS (APCI): m/z [M +
H]" caled for C21H31NO> * : 330.2428, found: 330.2428.

tert-Butyl 2-allyl-2-(3-phenylpropyl)octahydro-1H-indole-1-carboxylate (3a-e):

y Synthesized according to the general procedure from carboxylic
Q—)&Ph acid la and redox-active ester 2e. The title compound was
' isolated by column chromatography eluting with petroleum
ether and ethyl acetate (PE/EA = 15:1) as a colorless oil (38.4
mg, 50% yield, dr > 20:1). The major rotamer: 'H NMR (600 MHz, Chloroform-d)
0 7.33 —7.27 (m, 2H), 7.25 — 7.16 (m, 3H), 5.85 — 5.69 (m, 1H), 5.16 — 5.04 (m, 2H),
3.71 — 3.64 (m, 1H), 2.83 (dd, J = 13.0, 5.6 Hz, 1H), 2.67 — 2.54 (m, 2H), 2.48 — 2.41
(m, 1H), 2.32 - 2.26 (m, 1H), 2.14 —2.03 (m, 1H), 2.02 — 1.92 (m, 2H), 1.78 — 1.50 (m,
8H), 1.47 (s, 9H), 1.28 — 1.07 (m, 3H). 3C NMR (101 MHz, Chloroform-d) 5 153.3,
143.0, 135.7, 128.5(2C), 128.4(2C), 125.8, 117.8, 78.4, 65.6, 58.5, 42.6, 37.7, 36.7,
36.1, 33.5, 28.7(3C), 28.5, 28.0, 26.3, 24.2, 21.0. The minor rotamer: "H NMR (600
MHz, Chloroform-d) & 7.33 — 7.27 (m, 2H), 7.25 — 7.16 (m, 3H), 5.85 — 5.69 (m, 1H),
5.16 — 5.04 (m, 2H), 3.87 — 3.79 (m, 1H), 2.67 — 2.54 (m, 3H), 2.38 — 2.26 (m, 2H),
2.14 —2.03 (m, 1H), 2.02 — 1.92 (m, 2H), 1.87 — 1.80 (m, 1H), 1.78 — 1.50 (m, 7H),
1.42 (s, 9H), 1.28 — 1.07 (m, 3H). 3C NMR (101 MHz, Chloroform-d) 5 153.9, 142.4,
135.5,128.6(2C), 128.4(2C), 125.9, 117.9, 79.2, 64.9, 58.6, 44.0, 38.9, 37.4, 36.8, 33.0,

28.7(30), 27.6,27.4,26.2,23.9, 21.0. IR (ATR): v=13072, 1688, 1639, 1000, 913 cm"
I HRMS (APCI): m/z [M + H]" calcd for C2sH37NO> " : 384.2897, found: 384.2892.
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(3aS,7aS)-2-Allyl-2-(3-phenylpropyl)octahydro-1H-indole (3a-e-NH): In order to

Y distinguish the diastereoisomers from the rotamers, the Boc
Q_>£\/Ph group was removed from the product 3a-e according to the
N
H following procedure. A solution of 3a-e in DCM (0.20 mL) was

Sare-NH treated with trifluoroacetic acid (0.20 mL) at 0 °C and the
mixture was stirred for 1 h at the same temperature. After dilution with DCM (5.0 mL),
pH of the solution was adjusted to 7-8 using saturated aqueous NaHCO3 solution. The
combined organic extract was dried over anhydrous Na>SQOj4, and concentrated in vacuo.
The residue was purified by column chromatography to afford the product 3a-e-NH
(PE/EA = 3:1). 'TH NMR (400 MHz, Chloroform-d) § 7.30 — 7.25 (m, 2H), 7.18 (d, J
=7.5 Hz, 3H), 5.87 — 5.73 (m, 1H), 5.07 (d, J = 6.1 Hz, 1H), 5.04 (s, 1H), 3.09 (q, J =
5.5 Hz, 1H), 2.58 (t, J=7.2 Hz, 2H), 2.28 (d, J = 6.2 Hz, 2H), 2.05 (q, J = 6.4 Hz, 1H),
1.68 — 1.57 (m, 5H), 1.53 — 1.38 (m, 7H), 1.34 — 1.22 (m, 2H)."*C NMR (101 MHz,
Chloroform-d) & 142.8, 135.5, 128.5(2C), 128.4(2C), 125.8, 117.5, 62.8, 56.9, 46.4,

41.6,41.1, 38.6,36.7,29.2, 28.0, 26.5, 23.6, 22.2.

tert-Butyl 2-allyl-2-(3-phenylpropyl)piperidine-1-carboxylate (3a-f): Synthesized

7z according to the general procedure from carboxylic acid 1a and

(Nj%j\/Ph redox-active ester 2f. The title compound was isolated by column
|

Boc chromatography eluting with petroleum ether and ethyl acetate

= (PE/EA = 15:1) as a colorless oil (33.7 mg, 49% yield). 'H NMR
(400 MHz, Chloroform-d) 6 7.31 — 7.26 (m, 2H), 7.21 — 7.13 (m, 3H), 5.83 — 5.70 (m,
1H), 5.09 — 5.00 (m, 2H), 3.49 — 3.31 (m, 2H), 2.78 (dd, J = 13.5, 6.9 Hz, 1H), 2.67 —
2.52 (m, 2H), 2.39 (dd, J=13.5, 7.7 Hz, 1H), 2.18 — 2.05 (m, 1H), 1.66 — 1.52 (m, 9H),
1.43 (s, 9H). 3C NMR (101 MHz, Chloroform-d) 5 156.0, 142.8, 135.2, 128.5(2C),
128.4(2C), 125.8, 117.6, 79.4, 59.5, 42.2, 42.0, 37.7, 36.7, 30.9, 28.7(3C), 26.3, 23.3,
17.8. IR (ATR): v = 3005, 1687, 1638, 997, 911 cm™'. HRMS (APCI): m/z [M + H]"

caled for C22H33NO; ™ : 344.2584, found: 344.2576.
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tert-Butyl methyl(2-methyl-5-phenylpentan-2-yl)carbamate (3a-g): Synthesized

Me Me according to the general procedure from carboxylic acid 1la and
Boc. Mph . . .
l\’}/‘l redox-active ester 2g. The title compound was isolated by column
e
3a-g chromatography eluting with petroleum ether and ethyl acetate

(PE/EA = 15:1) as a colorless oil (30.2 mg, 52% vyield). "H NMR (400 MHz,
Chloroform-d) 5 7.24 — 7.17 (m, 2H), 7.15 — 7.05 (m, 3H), 2.76 (s, 3H), 2.51 (t, J =
7.7 Hz, 2H), 1.80 — 1.70 (m, 2H), 1.53 — 1.43 (m, 2H), 1.36 (s, 9H), 1.23 (s, 6H). 3C
NMR (101 MHz, Chloroform-d) 5 156.2, 142.8, 128.5(2C), 128.4(2C), 125.8, 79.3,
57.5, 40.8, 36.5, 32.2, 28.7(3C), 27.9(2C), 26.6. IR (ATR): v = 1696 cm™'. HRMS
(APCI): m/z [M + H]J" caled for C1sH2oNO, " : 292.2271, found: 292.2262.

tert-Butyl  2-(3-phenylpropyl)piperidine-1-carboxylate  (3a-h):  Synthesized

according to the general procedure from carboxylic acid 1a and

(Nj\/\/Ph redox-active ester 2h. The title compound was isolated by column

|
Boc chromatography eluting with petroleum ether and ethyl acetate

o (PE/EA = 15:1) as a colorless oil (58.3 mg, 52% yield). '"H NMR
(600 MHz, Chloroform-d) 6 7.32 — 7.27 (m, 2H), 7.20 (d, J = 5.5 Hz, 3H), 4.27 (s,
1H), 3.98 (s, 1H), 2.78 — 2.61 (m, 3H), 1.77 — 1.71 (m, 1H), 1.68 — 1.53 (m, 7H), 1.48
— 1.38 (m, 11H). ¥C NMR (151 MHz, Chloroform-d) § 155.3, 142.6, 128.5(2C),
128.4(2C), 125.8, 79.2, 50.3, 38.9, 35.8, 29.3, 28.6(4C), 28.1, 25.8, 19.2. This

compound is known.’

tert-Butyl 3-(3-phenylpropyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate (3a-i):

Synthesized according to the general procedure from carboxylic
mph acid 1a and redox-active ester 2i. The title compound was isolated
|

Boc

3aui by column chromatography eluting with petroleum ether and ethyl

acetate (PE/EA = 15:1) as a colorless oil (33.4 mg, 53% vyield, dr =
4:1). The major diastereoisomer 3a-i-1: The major rotamer: "H NMR (600 MHz,
Chloroform-d) 5 7.29 (t,J= 7.0 Hz, 2H), 7.20 (d, /= 6.9 Hz, 3H), 4.26 — 3.94 (m, 1H),
3.35-2.99 (m, 1H), 2.78 — 2.52 (m, 2H), 2.32 (s, 1H), 1.85 — 1.59 (m, 6H), 1.50 — 1.35
(m, 10H), 1.33 — 1.19 (m, 3H). 3*C NMR (101 MHz, Chloroform-d) 5 155.4, 142.8,
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128.5(4C), 125.7, 79.0, 64.8, 57.6, 40.1, 36.2, 34.9, 33.8, 30.5, 29.1, 28.7(3C), 27.8.
The minor rotamer: "H NMR (600 MHz, Chloroform-d) § 7.29 (t, J = 7.0 Hz, 2H),
7.20 (d, J=6.9 Hz, 3H), 4.26 —3.94 (m, 1H), 3.35 —2.99 (m, 1H), 2.78 — 2.52 (m, 2H),
2.32 (s, 1H), 1.85 — 1.59 (m, 6H), 1.50 — 1.35 (m, 10H), 1.33 — 1.19 (m, 3H). 3C NMR
(101 MHz, Chloroform-d) 5 154.9, 142.5, 128.4(2C), 128.4(2C), 125.9, 79.1, 64.8,
56.6, 40.8, 36.1, 34.3, 34.0, 30.0, 28.9, 28.6(3C), 28.0. The minor diastereoisomer
3a-i-2: 'H NMR (400 MHz, Chloroform-d) § 7.31 —7.26 (m, 2H), 7.18 (d, J=7.1 Hz,
3H), 4.37-4.17 (m, 1H), 3.62 — 3.37 (m, 1H), 2.76 — 2.51 (m, 2H), 2.45 (s, 1H), 2.35
—2.02 (m, 1H), 1.64 — 1.26 (m, 18H). '3C NMR (101 MHz, Chloroform-d) 5 154.9,
142.5, 128.5(2C), 128.4(2C), 125.9, 78.9, 60.8, 58.6, 57.8, 40.2, 39.7, 38.5, 36.2, 30.1,
28.7(3C), 21.3. IR (ATR): v = 1693 cm’'. HRMS (APCI): m/z [M + H]" calcd for
C20H2oNO, " : 316.2271, found: 316.2269.

(1R,4S)-3-(3-Phenylpropyl)-2-azabicyclo[2.2.1]heptane (3a-i-1-NH): In order to

@\N distinguish the diastereoisomers from the rotamers, the Boc group
N Ph was removed from the product 3a-i-1 according to the following
3a-i-1-NH procedure. A solution of compound 3a-i-1 in DCM (0.20 mL) was

treated with trifluoroacetic acid (0.20 mL) at 0 °C and the mixture was stirred for 1 h at
the same temperature. After dilution with DCM (5.0 mL), pH of the solution was
adjusted to 7 - 8 using saturated aqueous NaHCOs3 solution. The combined organic
extract was dried over anhydrous Na>SO4, and concentrated in vacuo. The residue was
purified by column chromatography to afford the product 3a-i-1-NH. '"H NMR (400
MHz, Chloroform-d) § 7.28 — 7.23 (m, 2H), 7.19 — 7.12 (m, 3H), 3.65 (s, 1H), 3.03 (t,
J=6.6 Hz, 1H), 2.57 (t, J= 6.6 Hz, 2H), 2.29 (s, 1H), 1.85 (d, /= 10.9 Hz, 1H), 1.72
—1.44 (m, 8H), 1.37 (d,J=10.9 Hz, 1H).3C NMR (101 MHz, Chloroform-d) 5 141.9,
128.5(2C), 128.5(2C), 126.0, 63.6, 57.2, 40.3, 35.6, 34.9, 33.5, 28.3(2C), 27.3.

Benzyl 2-methyl-2-(3-phenylpropyl)pyrrolidine-1-carboxylate (3a-j): Synthesized

%Ph according to the general procedure from carboxylic acid la and

N : : : :
Cbz redox-active ester 2j. The title compound was isolated by column

3ad chromatography eluting with petroleum ether and ethyl acetate
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(PE/EA = 15:1) as a colorless oil (49.2 mg, 70% yield). The major rotamer: "H NMR
(400 MHz, Chloroform-d) § 7.37 —7.22 (m, 7H), 7.20 — 7.06 (m, 3H), 5.18 — 5.02 (m,
2H), 3.59 — 3.51 (m, 1H), 3.42 — 3.30 (m, 1H), 2.59 (t, J= 7.6 Hz, 2H), 1.97 — 1.83 (m,
2H), 1.82 — 1.41 (m, 6H), 1.37 (s, 3H).3C NMR (101 MHz, Chloroform-d) § 153.7,
142.8, 137.5, 128.5(2C), 128.4(4C), 128.3, 127.7(2C), 125.8, 66.0, 63.5, 48.2, 38.1,
38.1,36.4,27.0, 24.8, 22.4. The minor rotamer: '"H NMR (400 MHz, Chloroform-
d) 57.37—-7.22 (m, 7H), 7.20 — 7.06 (m, 3H), 5.18 — 5.02 (m, 2H), 3.65 — 3.59 (m, 1H),
3.42 —3.30 (m, 1H), 2.47 (t, J= 7.4 Hz, 2H), 1.97 — 1.83 (m, 2H), 1.82 — 1.41 (m, 6H),
1.26 (s, 3H). 13C NMR (101 MHz, Chloroform-d) & 155.0, 142.4, 137.0, 128.5(2C),
128.5(4C), 128.0, 127.8(2C), 125.8, 66.8, 62.9, 49.3, 39.3, 39.1, 36.2, 26.4, 26.3, 22.0.
IR (ATR): v = 1700 cm™. HRMS (APCI): m/z [M + H]" calcd for C22H27NO,* :
338.2115, found: 338.2112.

Benzyl 2-butyl-2-(3-phenylpropyl)pyrrolidine-1-carboxylate (3a-k): Synthesized

"By according to the general procedure from carboxylic acid la and
Ph
N redox-active ester 2k. The title compound was isolated by column

)
Cbz

3a-k chromatography eluting with petroleum ether and ethyl acetate

(PE/EA =15:1) as a colorless oil (59.3 mg, 78% yield). The major rotamer: '"H NMR
(600 MHz, Chloroform-d) 5 7.29 — 7.13 (m, 7H), 7.10 — 6.99 (m, 3H), 5.07 — 4.95 (m,

2H), 3.36 (t, J= 6.9 Hz, 2H), 2.55 — 2.44 (m, 2H), 2.00 — 1.91 (m, 1H), 1.90 — 1.83 (m,

1H), 1.79 — 1.34 (m, 8H), 1.22 — 0.95 (m, 4H), 0.79 (t, J = 7.3 Hz, 3H). 13C NMR (151

MHz, Chloroform-d) & 153.6, 142.8, 137.6, 128.4(4C), 128.3(3C), 127.6(2C), 125.7,

66.3,65.9,48.7,37.6,37.5,36.5,34.7,26.8,26.7,23.2,22.7, 14.3. The minor rotamer:
'"H NMR (600 MHz, Chloroform-d) § 7.29 — 7.13 (m, 7H), 7.10 — 6.99 (m, 3H), 5.07

— 4.95 (m, 2H), 3.41 (t, J = 7.0 Hz, 2H), 2.42 — 2.35 (m, 2H), 1.79 — 1.34 (m, 10H),

1.22 - 0.95 (m, 4H), 0.73 (t, J= 7.0 Hz, 3H). 3C NMR (151 MHz, Chloroform-d) 3

155.0, 142.4, 137.0, 128.5(2C), 128.4(2C), 128.3(2C), 128.0, 127.7(2C), 125.8, 66.7,

65.7,49.8, 38.9, 38.9, 36.3, 36.1, 26.5, 26.3, 23.2, 22.3, 14.2. IR (ATR): v=1702 cm’

. HRMS (APCI): m/z [M + H]" calcd for C2sH33NO: * : 380.2584, found: 380.2588.
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2-(2-(4-Chlorophenoxy)-2-methylpropyl)dibenzo[b,e]Joxepin-11(6H)-one (3aa-1):
o Synthesized according to the general procedure

O o] from carboxylic acid 1aa and redox-active ester 2I.
e\©\c| The title compound was isolated by column
3aa-l chromatography eluting with petroleum ether and

ethyl acetate (PE/EA = 20:1) as a colorless oil (37.6 mg, 48% yield). "H NMR (400
MHz, Chloroform-d) & 8.09 (d, J= 1.8 Hz, 1H), 7.90 (d, J= 7.6 Hz, 1H), 7.55 (t, J =
7.4 Hz, 1H), 7.47 (t,J=1.5 Hz, 2H), 7.36 (d, /= 7.3 Hz, 1H), 7.20 (d, /= 8.6 Hz, 2H),
7.00 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 5.19 (s, 2H), 2.98 (s, 2H), 1.25 (s,
6H). 13C NMR (101 MHz, Chloroform-d) § 191.2, 160.2, 153.9, 140.7, 138.0, 135.7,
133.4, 132.8, 131.8, 129.6, 129.3, 129.0(2C), 128.7, 127.9, 125.4(2C), 124.8, 120.3,

81.0,73.7,47.9,26.3(2C). IR (ATR): v = 1648, 1262, 1221, 733 cm™. HRMS (APCI):
m/z [M + H]" calced for C24H2:CI103 ™ : 391.1106, found: 391.1110.

2-(2-(4-(2,2-Dichlorocyclopropyl)phenoxy)-2-methylpropyl)dibenzo[b,e]oxepin-
11(6H)-one (3aa-m): Synthesized according to the general procedure from carboxylic
o acid laa and redox-active ester 2m. The title
O M Me compound  was isolated by  column
° o chromatography eluting with petroleum ether and
3aa-m ethyl acetate (PE/EA = 20:1) as a colorless oil
(41.2 mg, 44% vyield). "H NMR (400 MHz, Chloroform-d) 4 8.10 (s, 1H), 7.91 (d, J=
7.6 Hz, 1H), 7.56 (t,J= 7.4 Hz, 1H), 7.52 — 7.44 (m, 2H), 7.37 (d, J= 7.3 Hz, 1H), 7.13
(d, J=8.2 Hz, 2H), 7.00 (d, J = 8.4 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 5.19 (s, 2H), 3.00
(s, 2H), 2.89 — 2.81 (m, 1H), 1.94 (dd, J = 10.3, 7.6 Hz, 1H), 1.79 (t, J = 7.8 Hz, 1H),
1.27 (s, 6H). 3C NMR (101 MHz, Chloroform-d) § 191.2, 160.2, 154.8, 140.7, 138.1,
135.8, 133.4, 132.8, 132.0, 129.6, 129.5(3C), 129.3, 127.9, 124.8, 123.8(2C), 120.3,
80.7, 73.7, 61.0, 48.0, 35.0, 26.4(2C), 26.0. IR (ATR): v = 1648, 1262, 1221, 733 cm
I HRMS (APCI): m/z [M + HJ" calcd for C27H24C1,03 * : 465.1031, found: 465.1030.
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2-((4,4-Dimethyl-7-phenylheptyl)oxy)-1,4-dimethylbenzene (3an): Synthesized

Me according to the general procedure from carboxylic acid
@\ la and redox-active ester 2n. The title compound was
b : :
Me Me Me isolated by column chromatography eluting with
3an

petroleum ether as a colorless oil (29.8 mg, 46% yield).
'H NMR (400 MHz, Chloroform-d) 6 7.32 —7.26 (m, 2H), 7.22 —7.15 (m, 3H), 7.01
(d, J=7.4 Hz, 1H), 6.66 (d, J=7.5 Hz, 1H), 6.62 (s, 1H), 3.90 (t, J = 6.4 Hz, 2H), 2.59
(t,J=7.7 Hz, 2H), 2.32 (s, 3H), 2.18 (s, 3H), 1.77 — 1.66 (m, 2H), 1.65 — 1.57 (m, 2H),
1.38 — 1.32 (m, 2H), 1.31 — 1.25 (m, 2H), 0.89 (s, 6H). 3C NMR (101 MHz,
Chloroform-d) 6 157.2, 143.0, 136.6, 130.4, 128.5(2C), 128.4(2C), 125.8, 123.7, 120.7,
112.1,68.8,41.7,38.1,37.0, 32.6,27.4(2C), 26.3,24.4,21.6, 16.0. IR (ATR): v= 1265
cm™. HRMS (APCI): m/z [M + H]" calcd for C23H320 * : 325.2526, found: 325.2520.

5. Gram-Scale Reaction

Meo standard conditions O&\/Ph
Ph” >""COOH + N “NPhth N

48 h )
Boc O Boc
1a 2a 3a-a
(6 mmol) 1.039,57%

An 250 mL flask equipped with a magnetic stir bar was charged sequentially with
carboxylic acid 1a (0.98 g, 6.0 mmol), KzPOs (1.3 g, 6.0 mmol), and dry MTBE (90
mL) was added. Then the reaction mixture was stirred at room temperature for 1 hours
before removing the solvent in vacuo. The system was transferred into a No-filled
glovebox, then 2a (45 g, 12 mmol), Fe(OEP)CI (72.0 mg, 0.12 mmol),
[Ir(dFCF3ppy)2(dtbbpy)]PFs (0.13 g, 0.12 mmol), CTAHSO4 (0.47 g, 1.2 mmol), and
MTBE (90 mL) were added. The reaction mixture was transferred out of the glovebox
and irradiated with a 50 W blue LEDs lamp, then stirred for 48 hours. After completion
of the reaction, the solvent was removed in vacuo and the residue was purified by

column chromatography to afford the product 3a-a (1.03 g, 57% yield).
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Figure S3. Gram-Scale Reaction.

6. Other Methods for Double Decarboxylative Coupling

6.1 Double Decarboxylative Coupling of N-Boc a-Methylproline and Redox-

Active Ester

Fe(OEP)CI (2 mol%)
[Ir(dFCF3ppy),(dtbbpy)]PFg

&Me Ph O~NPhh (2 mol%) %Ph
N COOH + Y N

o} CTAHSO, (20 mol %), KsPO, 4

Boc
MTBE, 50 W blue LEDs
1ad 20 3a-a, 59%

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially with

carboxylic acid lad (46.8 mg, 0.20 mmol), K3sPOs (43.4 mg, 0.20 mmol), and MTBE

(3.0 mL). Then stirred at room temperature for 30 minutes and remove the solvent in

vacuo. The system was transferred into a N2-filled glovebox, then 20 (0.13 g, 0.40

mmol), Fe(OEP)CI (2.4 mg, 0.0040 mmol), [Ir(dFCFsppy).(dtbbpy)]PFs (4.4 mg,

0.0040 mmol), CTAHSO34 (15.8 mg, 0.040 mmol), and MTBE (3.0 mL) were added.

The vial was sealed with a septum cap and transferred out of the glovebox. The reaction

mixture was irradiated with a 50 W blue LEDs lamp maintained at 40 °C by a water

bath, and stirred for 12 hours. After completion of the reaction, the solvent was removed

in vacuo and the residue was purified by column chromatography to afford the product

3a-a.
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6.2 Double Decarboxylative Coupling of Redox-Active Esters

Fe(OEP)CI (2 mol%)

Ir(dFCF dtbb, PF
Me Ph [Ir( 3PpY)2(dtbbpy)]PFg Me
o. o (2 mol%) Ph
N NPhth + “NPhth N

I|30c o) o EtsN (2 equiv.), K3POy éoc
MTBE, 50 W blue LEDs
2a 20 3a-a, 52%

In a N2-filled glovebox, an oven-dried 12 mL glass vial equipped with a magnetic
stir bar was charged sequentially with 2a (75.0 mg, 0.20 mmol), 20 (62.0 mg, 0.20
mmol), Fe(OEP)CI (2.4 mg, 0.0040 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4 mg,
0.0040 mmol), EtsN (41.0 mg, 56 pL, 0.40 mmol), and MTBE (3.0 mL) were added.
The vial was sealed with a septum cap and transferred out of the glovebox. The reaction
mixture was irradiated with a 50 W blue LEDs lamp maintained at 40 °C by a water
bath, and stirred for 24 hours. After completion of the reaction, the solvent was removed
in vacuo and the residue was purified by column chromatography to afford the product

3a-a.

7. Mechanism Studies

7.1 Radical Trapping Experiments

Me tandard conditi mi\/ M ?/;/\Ph
o. standard conditions Ph e e
Ph” >""COOH + N NPhth N
|

N
TEMPO (2.0 equiv.) Boc

1a 2a 3a-a, 0% 4, detected by HRMS

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
with carboxylic acid 1a (0.20 mmol, 32.8 mg), KsPOs (0.20 mmol, 43.4 mg), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
solvent in vacuo. The system was transferred into a No-filled glovebox, then 2a (0.15
g, 0.40 mmol), Fe(OEP)CI (2.4 mg, 0.0040 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4
mg, 0.0040 mmol), CTAHSO4 (15.8 mg, 0.040 mmol), TEMPO (62.5 mg, 0.40 mmol),
and MTBE (3.0 mL). The vial was sealed with a septum cap and transferred out of the
glovebox. The reaction mixture was irradiated with a 50 W blue LEDs lamp maintained
at 40 °C by a water bath, and stirred for 12 hours. The reaction mixture was detected by

GC-MS analysis. This result showed that the standard reaction was completely
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inhibited, and the TEMPO trapped phenylpropyl radical could be identified by HRMS
(APCI). Caled for Ci1sH2oNO [M + H]": 276.2322, found: 276.2317.

114 RT: 0.4 AV 1 N 2T4E8
T: FTMS + cAPC] gorona Ful ms [E0.0000-750.0000]
100. === AT

) Ph
T

% - Me, I\IJ ,Me
% Me—y" “—Me
_ r
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&

o ZT7.108; 27723459
15
0
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PLERE)F#]

0 !
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ITe2
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el Ime4 pai-3 2786 m|.T i3 e o para 2z m3 T4 nrs

7.2 Radical Clock Experiments

Me Me

O. standard conditions
ﬁ\coo"' + N NPhth N =
| |
Boc O Boc
1ad 2a 3ad-a, 43%

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
with carboxylic acid 1lad (20.2 mg, 0.20 mmol), K3PO4 (43.4 mg, 0.20 mmol), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
solvent in vacuo. The system was transferred into a No-filled glovebox, then 2a (0.15
g, 0.40 mmol), Fe(OEP)CI (2.4 mg, 0.0040 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4
mg, 0.0040 mmol), CTAHSO4 (15.8 mg, 0.040 mmol), and MTBE (3.0 mL) were added.
The vial was sealed with a septum cap and transferred out of the glovebox. The reaction
mixture was irradiated with a 50 W blue LEDs lamp maintained at 40 °C by a water
bath, and stirred for 12 hours. The solvent was removed in vacuo and the residue was

purified by column chromatography to afford the product 3ad-a.
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tert-Butyl 2-(but-3-en-1-yl)-2-methylpyrrolidine-1-carboxylate (3ad-a): The title
compound was isolated by column chromatography eluting with

Me
QW petroleum ether and ethyl acetate (PE/EA = 15:1) as a colorless oil

|
Boc

3ad-a (20.6 mg, 43% yield). The major rotamer: 'H NMR (600 MHz,

Chloroform-d) 6 5.84 — 5.74 (m, 1H), 4.98 (d, /= 17.0 Hz, 1H), 4.94
—4.85 (m, 1H), 3.60 — 3.49 (m, 1H), 3.36 — 3.16 (m, 1H), 2.01 — 1.87 (m, 4H), 1.76 —
1.58 (m, 4H), 1.44 (s, 9H), 1.27 (s, 3H). 13C NMR (101 MHz, Chloroform-d) 5 154.5,
138.8, 114.3, 79.3, 62.2, 48.7, 39.2, 38.6, 28.9, 28.7(3C), 26.4, 21.8. The minor
rotamer: "H NMR (600 MHz, Chloroform-d) 8 5.84 — 5.74 (m, 1H), 4.98 (d,J=17.0
Hz, 1H), 4.94 —4.85 (m, 1H), 3.49 — 3.37 (m, 1H), 3.36 —3.16 (m, 1H), 2.01 — 1.87 (m,
4H), 1.76 — 1.58 (m, 4H), 1.44 (s, 9H), 1.32 (s, 3H). 3C NMR (101 MHz, Chloroform-
d) & 153.5, 139.1, 114.1, 78.5, 62.7, 48.6, 38.3, 37.6, 29.4, 28.7(3C), 25.0, 22.2. IR
(ATR): v =3077, 1696, 1642, 995, 908 cm™'. HRMS (APCI): m/z [M + H]" calcd for
C14H25NO> " : 240.1958, found: 240.1956.

7.3 Light On-Off Experiments

\—l— yield of product

60

40
/ light dark

w
o
1

Yield (%)

20 1 light | dark

10
light! dark

0 ' 2 ' 4 ' 6 ' 8 ' 10 ' 12
Time (h)
Figure S4. Light on-off experiments.
A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
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with carboxylic acid 1a (32.8 mg, 0.20 mmol), KsPOs (43.4 mg, 0.20 mmol), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
solvent in vacuo. The system was transferred into a No-filled glovebox, then 2a (0.15
g, 0.40 mmol), Fe(OEP)CI (2.4 mg, 0.0040 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4
mg, 0.0040 mmol), CTAHSO4 (15.8 mg, 0.040 mmol), and internal standard 1,2,4,5-
tetramethylbenzene (27.4 mg, 0.20 mmol) in the solvent of MTBE (3.0 mL). The vial
was sealed with a septum cap and transferred out of the glovebox. The reaction mixture
was irradiated with a 50 W blue LEDs lamp maintained at 40 °C by a water bath, and
stirred for 2 hours. The vial was wrapped in tin foil and a 20 pL sample of the reaction
mixture was taken with a syringe and measured by GC. After being stirred for 2 hours
at 40 °C in dark, a 20 uL sample of the reaction mixture was taken with a syringe and
measured by GC. The reaction mixture was then irradiated with a 50 W blue LEDs
lamp, maintained at 40 °C, and stirred for 2 hours. This process was repeated for three

times.
7.4 Measurement of Quantum Yields

The photon flux of blue LED was determined by standard ferrioxalate actinometry.
0.15 M solution of ferrioxalate was prepared by dissolving potassium ferrioxalate
hydrate (0.33 g, 0.75 mmol) in 5.0 mL of 0.20 M aqueous sulfuric acid. 0.15 M buftered
solution of 1,10-phenanthroline was prepared by dissolving 1,10-phenanthroline (54.1
mg, 0.30 mmol) and sodium acetate (1.23 g, 15 mmol) in 20 mL of 0.20 M aqueous
sulfuric acid.

The actinometry measurements were done as follows:

To a 4-mL borosilicate vial equipped with a stir bar was added 0.25 mL of the
ferrioxalate solution. The vial was sealed and placed 2 cm away from a 10 W blue LEDs.
After irradiation for 10 seconds, 0.75 mL of the aqueous sulfuric acid and 1.0 mL of the
buffered solution was added to the vial. The solution was then allowed to rest for 1 hour
to allow the resultant ferrous ions to react completely with 1,10-phenanthroline. 50 pL
of the resulting solution was taken as an aliquot and diluted with 3.0 mL of 0.20 M

aqueous sulfuric acid. The absorbance of the resulting solution in a cuvette (1=1.0 cm)
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at 510 nm was measured by UV-Vis spectrometer. A non-irradiated sample was also
prepared and the absorbance at 510 nm was measured.

The amount of ferrous ion formed was calculated as follows:

VvV x AA

mol Fe?* =
| x¢e

where V is the total volume (0.12 L) of the solution that was analyzed, AA is the
difference in absorbance at 510 nm between the irradiated and non-irradiated samples,
| is the path length (1.0 cm), and € is the molar absorptivity at 510 nm (11,100
L/molecm).

The photon flux was calculated as follows:

mol Fe2*

photo flux =
Dxtxf

where @ is the quantum yield for the ferrioxalate actinometer (approximated as
0.845, which was reported for a 0.15 M solution at A =457.9 nm) , t is the irradiation
time, and f is the fraction of light absorbed at 450 nm (0.9931).

The fraction of light absorbed was determined by the following equation:
f=1.0000 - 10"

where A is the measured absorbance (2.163) of the 0.15 M solution of potassium
ferrioxalate at 450 nm.

The photo flux is 1.92 x 107 Einstein/s.

Determination of quantum yield:

Meo standard conditions %
~ Ph
P >""COOH + NPhth N

N .
Boc O Boc
1a 2a 3a-a, 6.3%

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
with carboxylic acid 1la (32.8 mg, 0.20 mmol), K3PO4 (43.4 mg, 0.20 mmol), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
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solvent in vacuo. The system was transferred into a No-filled glovebox, then 2a (0.15
g, 0.40 mmol), Fe(OEP)CI (2.4 mg, 0.0040 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4
mg, 0.0040 mmol), CTAHSO4 (15.8 mg, 0.040 mmol), and MTBE (3.0 mL) were added.
The vial was sealed with a septum cap and transferred out of the glovebox, and placed
2 cm away from 10 W blue LEDs. After irradiation for 1 hour. The moles of product
3a-a formed for the model reaction were determined by GC measurement using 1,2,4,5-
tetramethylbenzene as internal standard, and revealed 6.3 % yield of 3a-a (1.3 x 10

mol).

The quantum yield was calculated as follows:

mol product

flux x t x f

where flux is the photon flux determined by ferrioxalate actinometry (1.92 x 10”7
Einstein/s), t is the time (3600 s), and f'is the fraction of light absorbed by the irradiated
reaction system at 450 nm, and the absorbance of the irradiated reaction system at 450
nm was 5.475. The fraction of light absorbed at 450 nm was calculated: f = 1.0000 —
102 = 1.0000 — 107475 = 0.999997.

The quantum yield was calculated: ® = 0.018

7.5 Reaction under 390nm Light Irradiation without Photocatalyst

without PC

Me Me
O\ Fe(OEP)CI (2 mol%) &/\/Ph
Ph” >""COOH + % NPhth N

CTAHSO, (20 mol %)
KsPO,, MTBE
1a 2a 390 nm LEDs 3a-a, 0%

|
Boc

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
with carboxylic acid 1a (0.20 mmol, 32.8 mg), KsPOs (0.20 mmol, 43.4 mg), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
solvent in vacuo. The system was transferred into a N»-filled glovebox, then 2a (0.15
g, 0.40 mmol), Fe(OEP)CI (2.4 mg, 0.0040 mmol), CTAHSO4 (15.8 mg, 0.040 mmol),
and MTBE (3.0 mL). The vial was sealed with a septum cap and transferred out of the
glovebox. The reaction mixture was irradiated with a 50 W blue LEDs lamp maintained

at 40 °C by a water bath, and stirred for 12 hours. The reaction mixture was detected by
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GC-MS analysis.

7.6 Luminescence Quenching Experiments

——PC
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Figure S5. Fluorescence quenching of PC.

Fluorescence spectra was collected on Shimadzu Fluorescence Spectrophotometer
RF-6000 for all experiments. All PC solutions were excited at 420 nm and the emission
intensity was collected at 482 nm. In a typical experiment, the emission spectrum of a
2x10” M solution of PC in DMSO was collected. The significant decrease of PC
luminescence could be observed in the presence of potassium 4-phenylbutyrate. No
decrease of PC luminescence could be observed in the presence of redox-active ester

or quaternary ammonium salt.
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7.7 Exploration of Phenylpropyl Radical with a-Aryl Acrylate

without [Fe]
[Ir(dFCF3ppy),(dtbbpy)]PFg
CO,Et (2 mol%) CO,Et
Ph" "COOH  +
Ph CTAHSO, (20 mol %) Ph Ph
KsPO,4, MTBE

1a 5 6, 24%

50 W blue LEDs

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
with carboxylic acid la (32.8 mg, 0.20 mmol), KsPO4 (43.4 mg, 0.20 mmol), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
solvent in vacuo. The system was transferred into a No-filled glovebox, then a-aryl
acrylate 5 (71.0 mg, 0.40 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFe (4.4 mg, 0.0040 mmol),
CTAHSO; (15.8 mg, 0.040 mmol), and MTBE (3.0 mL) were added. The vial was
sealed with a septum cap and transferred out of the glovebox. The reaction mixture was
irradiated with a 50 W blue LEDs lamp, maintained at 40 °C by a water bath, and stirred
for 12 hours. The solvent was removed in vacuo and the residue was purified by column

chromatography to afford the product 6.

Ethyl 2,6-diphenylhexanoate (6): The title compound was isolated by column

co,et Chromatography eluting with petroleum ether and ethyl acetate

Ph Ph (PE/EA =20:1) as a colorless oil (14.2 mg, 24% yield). '"H NMR

(600 MHz, Chloroform-d) 6 7.37 — 7.32 (m, 4H), 7.31 — 7.27

(m, 3H), 7.23 — 7.15 (m, 3H), 4.22 — 4.07 (m, 2H), 3.55 (t, J= 7.5 Hz, 1H), 2.61 (t,J=

7.6 Hz, 2H), 2.19 — 2.10 (m, 1H), 1.87 — 1.79 (m, 1H), 1.73 — 1.63 (m, 2H), 1.40 — 1.31

(m, 2H), 1.23 (t, J= 7.0 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) 5 174.2, 142.6,

139.5,128.7(2C), 128.5(2C), 128.4(2C), 128.0(2C), 127.2, 125.8, 60.8, 51.8, 35.8, 33.6,

31.3,27.4, 143. IR (ATR): v = 1732 cm’". HRMS (APCI): m/z [M + H]" calcd for
C20H2402 " : 297.1849, found: 297.1853.
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7.8 Exploration of Phenylpropyl Radical with Vinyl Sulfone

without [Fe]
[Ir(dFCF3ppy)2(dtbbpy)]PFg
PN Ph (2 mol%) Ph
PMP COOH + /\/\)\
Phozs\%\ph CTAHSO, (20 mol %)  PMP 7 ph
K3PO,4, MTBE
1ae 7 8,31%

50 W blue LEDs

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
with carboxylic acid 1ae (39.2 mg. 0.20 mmol), KzPO4 (43.4 mg, 0.20 mmol), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
solvent in vacuo. The system was transferred into a No-filled glovebox, then vinyl
sulfone 7 (128.8 mg, 0.40 mmol), [Ir(dFCFzppy)2(dtbbpy)]PFe (4.4 mg, 0.0040 mmol),
CTAHSO; (15.8 mg, 0.040 mmol), and MTBE (3.0 mL) were added. The vial was
sealed with a septum cap and transferred out of the glovebox. The reaction mixture was
irradiated with a 50 W blue LEDs lamp, maintained at 40 °C by a water bath, and stirred
for 12 hours. The solvent was removed in vacuo and the residue was purified by column

chromatography to afford the product 8.

(5-(4-Methoxyphenyl)pent-1-ene-1,1-diyl)dibenzene (8): The title compound was
o isolated by column chromatography eluting with petroleum
PMPM/\Ph ether and ethyl acetate (PE/EA = 100:1) as a colorless oil (20.3
8 mg, 31% yield). "TH NMR (400 MHz, Chloroform-d) § 7.28 (t,
J=17.2 Hz, 2H), 7.24 — 7.12 (m, 6H), 7.08 (d, J = 6.9 Hz, 2H), 6.96 (d, J = 8.5 Hz, 2H),
6.71 (d,J = 8.5 Hz, 2H), 6.01 (t,J = 7.5 Hz, 1H), 3.70 (s, 3H), 2.46 (t, J= 7.7 Hz, 2H),
2.08 (q,J = 7.4 Hz, 2H), 1.71 — 1.60 (m, 2H). 3C NMR (101 MHz, Chloroform-d) 5
157.8, 143.0, 142.0, 140.3, 134.6, 130.1(2C), 129.9, 129.4(2C), 128.3(2C), 128.2(2C),
127.42C), 127.0, 127.0, 113.8(2C), 55.4, 34.7, 32.1, 29.5. IR (ATR): v = 1649, 1261,
1223, 733 cm™'. HRMS (APCI): m/z [M + H]" calcd for C24H240 * : 329.1900, found:
329.1904.
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7.9 Exploration of a-Amino Radical with 1,1-Diphenylethylene

without [Fe]
[Ir(dFCF3ppy)y(dtbbpy)IPFg

Ph
Me Ph (2 mol%) Me
N “NPhth  + /l\ N Ph
Ph

\ .
Boc O Et3N (2.0 equiv) |

”s . MTBE, 50 W blue LEDs o, 420%
without Et;N: 10, trace; recovered 2a, 83%

In a N»-filled glovebox, an oven-dried 12 mL glass vial equipped with a magnetic
stir bar was charged sequentially with 2a (75.0 mg, 0.20 mmol), 1,1-Diphenylethylene
9 (73.4 mg, 0.40 mmol), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4 mg, 0.0040 mmol), and EtsN
(40.5 mg, 56 uL, 0.40 mmol) or not in the solvent of MTBE (3.0 mL). The vial was
sealed with a headspace cap and transferred out of the glovebox. The reaction mixture
was irradiated with a 50 W blue LEDs lamp, maintained at 40 °C by a water bath, and

stirred for 24 hours. The solvent was removed in vacuo and the residue was purified by

column chromatography to afford the product 10 and 2a.

tert-Butyl 2-(2,2-diphenylethyl)-2-methylpyrrolidine-1-carboxylate (10): The title
w compound was isolated by column chromatography eluting with

N Ph
' petroleum ether and ethyl acetate (PE/EA = 15:1) as a colorless oil

Boc

10 (30.5 mg, 42% yield). "H NMR (400 MHz, Chloroform-d) & 7.25 —
7.14 (m, 8H), 7.11 — 7.01 (m, 2H), 3.88 (dd, J = 7.7, 5.1 Hz, 1H), 3.49 — 3.34 (m, 1H),
3.24 —3.06 (m, 1H), 2.67 (dd, J = 14.0, 8.2 Hz, 1H), 2.50 (dd, J = 14.1, 4.6 Hz, 1H),
1.71 — 1.61 (m, 1H), 1.60 — 1.44 (m, 2H), 1.43 — 1.36 (m, 1H), 1.32 (s, 9H), 1.19 (s,
3H). 3C NMR (101 MHz, Chloroform-d) 6 154.1, 146.6, 146.0, 128.6(2C), 128.5(2C),
128.1(2C), 127.7(2C), 126.2, 126.0, 79.1, 63.2, 48.6, 48.5, 44.1, 38.8, 28.7(3C), 26.4,
21.9. IR (ATR): v = 1689 cm’'. HRMS (APCI): m/z [M + H]" calcd for C24H31NO, * :

366.2428, found: 366.2436.
7.10 "Bu-Fe(OEP) Precatalyst Studies

In a N»-filled glovebox, an oven-dried 10 mL Schlenk flask equipped with a
magnetic stir bar was charged sequentially with Fe(OEP)CI (29.0 mg, 0.050 mmol),

and benzene-ds (1.0 mL). Then stirred at room temperature for 15 minutes, "BuLi (1.6
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M in hexanes, 31 pL, 0.050 mmol) was added dropwise, resulting in an immediate color
change of the solution to dark red. The resulting solution was stirred for 1 h at room
temperature. Then filter with nylon filter membrane (0.2 um x 47 mm), add to the NMR
tube, and isolate oxygen with Parafilm. "H-NMR spectra are consistent with literature

data.

m
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7.11 Direct use of "Bu—Fe(OEP) Complex as Precatalyst

Me Me Me
o. Bureoer) xmol %) L XM e LM e
P "COOH + N NPhth N + SN

standard conditions | |
Boc O Boc Boc

1a 2a 3a-a 3c-a

A 12 mL glass vial equipped with a magnetic stir bar was charged sequentially
with carboxylic acid 1a (32.8 mg, 0.20 mmol), KsPOs (43.4 mg, 0.20 mmol), and
MTBE (3.0 mL). Then stirred at room temperature for 30 minutes and remove the
solvent in vacuo. The system was transferred into the glovebox, then 2a (0.15 g, 0.40
mmol), "Bu-Fe(OEP) (x mol %), [Ir(dFCFsppy)2(dtbbpy)]PFs (4.4 mg, 0.0040 mmol),
CTAHSO4 (15.8 mg, 0.040 mmol) and MTBE (3.0 mL) were added. The vial was
sealed with a septum cap and transferred out of the glovebox. The reaction mixture was

irradiated with a 50 W blue LEDs lamp maintained at 40 °C by a water bath, and stirred
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for 12 hours. These reactions were analyzed by GC, and yields were determined using

1,2,4,5-tetramethylbenzene as an internal standard.

"Bu-Fe(OEP) Yield of 3a-a Yield of 3c-a
(x mol %)
2 79% trace
10 5% 8%
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9. NMR Spectra
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