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1. General information

Solvents (dichloromethane (DCM), anhydrous acetonitrile and DMSO) and commercially
available reagents were used without purification. H,O was purged with N for 2 h to remove oxygen
before use. 15 mL Teflon-screw capped vials (d = 2 cm) were used for the setup of oxidative
amination reaction. Blue LEDs (From Kessil Co., Ltd., 40 W max., wavelength centered at 460 nm,
product No. A160WE) was used as the radiation source and a cooling fan was used to keep the
reaction temperature from going up during photolysis. After the reaction workup, 'H- NMR spectra
of crude products were recorded with 1,3,5-trimethylbenzene as an internal standard to determine
the NMR vyields. Silica gel columns were used for reaction separation, with hexane- ethyl acetate
(EA) as eluent unless otherwise noted. NMR spectra were recorded with a Bruker Avance 400 MHz
instrument. Chemical shifts are reported in ppm after being referenced to residual signal of CHCl;3
for 'H (7.26 ppm) and CDCl; for '3C (77.16 ppm). Descriptions of multiplicities are abbreviated as
follows: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, b = broad. Determinations of
high resolution mass spectra (HRMS) of unknown compounds by electrospray ionization (ESI) were
performed with a Micro Mass QTOF Ultima spectrometer at the EPFL Mass Spectrometry Center.
Fluorescence quenching were examined with a Varian Cary Eclipse fluorescence spectrophotometer.
Cyclic voltammograms (CV) were recorded on a BIO-LOGIC VSP.
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2. Detailed optimizations of reaction
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Scheme S1. Screening of amidyl radical sources. Conditions: All reagents of indicated amount dissolved
in I mL CH3CN in a glass vial (d=2 cm), blue LED radiation for 24 h.
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Table S1. Screening of Cu catalysts.

? H
O/N\Troc 1% Ir(ppy)s
NC 0.1 mmol 1 15% Cu catalyst 15% Ligand B20 =
CH3CN, blue LED, 24 h /\;\T:J“H
Bz0” TN Ny, r.t.
1eq.2a
DS
NTY N)\WJ
N
L1 L2

Entry  Cu catalyst ligand Yield/ %
1 - - 7

2 Cu(2-Ethyl hexanoate), - 38
3 Cu(OTo): - 0

4 Cu(OPiv), - 42
5 Cu(OAc) - 21
6 Cu(2-Ethyl hexanoate), bipyridine 0

7 Cu(2-Ethyl hexanoate), 1,10-phenanthroline 0

8 Cu(2-Ethyl hexanoate), L1 10
9 Cu(2-Ethyl hexanoate), L2 39

Conditions: All reagents of indicated amount dissolved in 1 mL CH3CN in a glass vial (d=2 cm),
blue LED radiation for 24 h.
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Table S2. Screening of photocatalysts.

(]

H
O/N\Troc 1% photocatalyst
NC 0.1 mmol 1 1% CulOPV), BzO/\/\/\’
_NH
N N CHSCN, blue LED. 24 Troc
2, It 3a
1eq.2a
NC CN
<=\ NS
< N 2
CzIPN=
Entry  Photocatalyst Yield/ %
1 Ir(ppy)2(dbbpy) BF4 trace
2 CzIPN trace
3 Ru(bpy)3 (BF4)2 0
4 Ir(dfppy) (ppy)2 40
5 Ir(dfppy) 2(ppy) 39
6 Ir(ppy)s 42
7 Ir(dfppy) 3 41

Conditions: All reagents of indicated amount dissolved in 1 mL CH3CN in a glass vial (d=2 cm),

blue LED radiation for 24 h.
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Table S3. Screening of additives.

o/H‘Troc 1% photocatalyst
NG ot mmol 1 15% Cu(OPiv), 1 eq. Additive BZOM
CH3CN, blue LED, 24 h 3a Troc”
Bz0” TN N, r.t.
1eq.2a
Entry  photocatalyst additive Yield/ %
1 Ir(ppy)s NEt; 0
2 Ir(ppy)s pyridine 27
3 Ir(ppy)s 2,6-dimethylpyridine 35
4 Ir(ppy)s NaOPiv 24
5 Ir(ppy)s Zn(OPiv), 21
6 Ir(ppy)s Mg(OPiv), 38
7 Ir(ppy)s LiOPiv 34
8 Ir(ppy)s Al(OPiv)3 30
9 Ir(ppy)s Mg(OPiv),, HO 44
10 Ir(dfppy)2(ppy) Mg(OPiv),, H2O 49

Conditions: All reagents of indicated amount dissolved in 1 mL CH3CN in a glass vial (d=2 cm),
blue LED radiation for 24 h.
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Table S4. Optimization of the amount of alkene and addition procedure.

0™ Troc 1% Ir(dfppy)a(pPY)  15% Cu(OPiv),
1 eq. Mg(OPiv), 1eq. H,O

NC 0.1 mmol 1 BZOM
_NH
820" N CH4CN, blue LED, 24 h 3a Troc
X eq. 2a Na.rt
Entry  Amount of alkene Variations Yield/ %
1 1 equiv. - 49
2 2 equiv. - 59
3 3 equiv. - 64
42 2 equiv. Slow addition of 1 67
52 3 equiv. Slow addition of 1 76
6? 3 equiv. 10% Cu(OPiv);, 77
Slow addition of 1

Conditions: All reagents of indicated amount dissolved in 1 mL CH3CN in a glass vial (d=2 cm),
blue LED radiation for 24 h. * Slow addition procedure: 0.02 mmol 1 and all other reagents were
dissolved in 0.2 mL CH3CN; the rest of 1 (0.08 mmol) was dissolved in 0.4 mL CH3CN; the latter
was added at 1.2 uL/min to the former after reaction starts.
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3. Synthesis of catalysts, additives and substrates.

X F
»
N
Fouv I‘r F
@ _
F F
mer-Ir(ppy)(dfppy), fac-Ir(ppy)(dfppy)2

fac-Ir(ppy)(dfppy)2: 0.5 mmol IrCl3*3H,0 and 1.75 mmol 2-(2,4-difluorophenyl)pyridine
were added to a 50 mL flask containing 15 mL 2-ethoxylethanol and 5 mL H>O. The mixture
was heated to 135 °C under nitrogen for 24 h, and then the reaction was quenched by addition
of 20 mL H,O. Filtration and subsequent wash with EtOH and Et;O gave chloride-bridged
iridium dimer IrCly(dfppy)4 as a bright yellow powder in 66% yield.

0.04 mmol IrCly(dfppy)s, 0.2 mmol AgOTH, 0.16 mmol 2-phenylpyridine, 0.16 mmol NEt3
were added to 6 mL DCE.! The mixture was refluxed under nitrogen for 6 h. mer-Ir(dfppy)2(ppy)
was obtained by chromatography on silica gel with DCM-hexane as eluent, as a yellow powder
in 50% yield. "H NMR (400 MHz, CDCl;) 6 8.20 (dd, J = 15.0, 8.6 Hz, 2H), 8.09 (d, J = 5.9
Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.87 (d, ] = 5.6 Hz, 1H), 7.78 — 7.74 (m, 1H), 7.65 (td, J =
7.6, 1.8 Hz, 1H), 7.61 —7.51 (m, 2H), 7.50 (t,J = 7.9 Hz, 1H), 7.07 — 6.96 (m, 2H), 6.99 — 6.87
(m, 2H), 6.79 — 6.69 (m, 2H), 6.50 — 6.35 (m, 2H), 6.08 — 6.00 (m, 1H), 5.84 (dd, ] =9.2,2.4
Hz, 1H).

0.04 mmol mer-Ir(dfppy)2(ppy) was dissolved in 3 mL DMSO and radiated by UV (254
nm) overnight under nitrogen.” A precipitate was formed. The solution was diluted by DCM
until the precipitate was dissolved. The solution mixture was washed with water to remove
DMSO. Evaporation of the organic phase afforded a yellow solid, which was then washed twice
by DCM-hexane (1:10). fac-Ir(dfppy)(ppy) was obtained in 88% yield. 'H NMR (400 MHz,
DMSO-ds) 6 8.32 — 8.18 (m, 3H), 7.99 — 7.79 (m, 4H), 7.63 — 7.53 (m, 2H), 7.47 — 7.41 (m,
1H), 7.32 — 7.16 (m, 3H), 6.89 (td, ] = 7.5, 1.5 Hz, 1H), 6.80 (td, J = 7.3, 1.4 Hz, 1H), 6.71 —
6.60 (m, 2H), 6.55 (dd, J =7.5, 1.4 Hz, 1H), 6.15 — 6.05 (m, 2H).

Cu(OPiv),

3 mmol Cuz(OH)>CO; and 12 mmol pivalic acid were suspended in 5 mL CH3CN-H,O (4:1).
The mixture was stirred overnight at room temperature. Then, filtration, evaporation and
subsequent drying under vacuum gave Cu(OPiv); as blue particles, which are soluble in organic
solvents

Mg(OPiv),

5 mmol Mg(OH), and 10 mmol pivalic acid were added to 8 mL CH3CN-H,O (1:1). Stirring
overnight led to the disappearance of the solid. Evaporation and then drying at 60 °C under
vacuum for 12 h gave a fine white powder as product.
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H H
HCI o] N__O._<CcCl; NC N__O

HO” - . o
_NH
HO 2 \g/ NG O CCl
1

The synthesis of 1 and the analogous amidyl radical sources followed the procedure reported
in literature, with minor modifications.> NEt; (2.8 mL, 20 mmol) and hydroxylamine
hydrochloride (0.77g, 11 mmol) were added into 10 mL DCM, and the reaction mixture was
stirred at room temperature for 5 min. Then, the suspension was cooled to 0 °C, and Troc-CI
(10 mmol, in 20 mL DCM) was added over 30 min by a syringe pump. The mixture was stirred
at room temperature for 30 min and 1.4 mL NEt; (10 mmol) was added. Next, the suspension
was cooled again to 0 °C , followed by the addition of 4-cyanobenzoyl chloride (7 mmol, in 10
mL of DCM) over 30 min. The mixture was then warmed to room temperature and left for 30
min. The product was separated by chromatography on silica gel to afford 1 as a white solid in
60% yield. "H NMR (400 MHz, CDCl;)  8.70 — 8.59 (s, 1H), 8.25 —8.17 (m, 2H), 7.85 - 7.77
(m, 2H), 4.84 (s, 2H).

The series of amidyl radical sources 1a-1h were synthesized following the same procedure.

o
/\/\)J\
Ph cl o
NaOH
OH /\/\)J\ OH
H2N/(ﬂ/ Z H/EV(
o DCM-H,0 % ©

6 mmol phenylalanine and 12 mmol NaOH were dissolved in 5 mL water, then the solution
was cooled to 0 °C. 3 mmol acid chloride dissolved in 5 mL DCM was added, and the reaction
was vigorously stirred for 1 h at 0 °C and was then allowed to warm to room temperature and
was left overnight. The solution was acidified with hydrochloric acid and extracted with ethyl
acetate. The organic phase was separated by chromatography on silica gel, yielding a yellowish
solid as product, 65% yield. "H NMR (400 MHz, CDCl3) & 7.29 — 7.13 (m, 5H), 6.25 — 6.13 (m,
1H), 5.80 — 5.61 (m, 1H), 5.02 — 4.87 (m, 3H), 3.24 (dd, J = 14.0, 5.6 Hz, 1H), 3.12 (dd, J =
14.0, 6.1 Hz, 1H), 2.19 (t, J= 7.6 Hz, 2H), 2.02 (q, J = 7.2 Hz, 2H), 1.67 (p, /= 7.4 Hz, 2H).
BC NMR (101 MHz, CDCl5) 8 174.6, 173.9, 137.7, 135.9, 129.5, 128.7, 127.3, 115.6, 53.2,
37.4,35.6,33.0,24.7.

OHO/,, Me
/\/\)J\NJ/\H/OH

H
(0]
2k

Synthesied via the same procedure as 2j, sticky gel, 47 % yield."H NMR (400 MHz, CDCls)
8 7.26 (b, 1H), 6.96 — 6.78 (m, 1H), 5.77 (ddt, J=16.9, 10.1, 6.7 Hz, 1H), 5.16 — 4.87 (m, 2H),
4.54 (dd, J= 8.4, 2.5 Hz, 1H), 4.47 — 4.29 (m, 1H), 2.32 (t, J = 7.6 Hz, 2H), 2.09 (q, J = 6.5,
2H), 1.74 (p, J = 7.4 Hz, 2H), 1.21 (d, J = 6.5 Hz, 3H). ¥*C NMR (101 MHz, CDCl;) & 175.3,
173.6, 137.7, 115.7, 67.6, 57.6, 35.6, 33.2, 24.9, 19.5.
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3.5 mmol 5-hexen-1-ol and 1 mL pyridine were added to 5 mL DCM. 3 mmol hex-2-enoyl
chloride in 3 mL DCM was added slowly to the above solution under stirring at room
temperature. The reaction was maintained overnight. Separation by chromatography on silica
gel gave a colorless liquid 21 as product in 82% yield."H NMR (400 MHz, CDCls) 6 6.95 (dt, J
=15.5, 7.0 Hz, 1H), 5.86 — 5.72 (m, 2H), 5.06 — 4.91 (m, 2H), 4.12 (t, J = 6.6 Hz, 2H), 2.22 —
2.03 (m, 4H), 1.72 — 1.61 (m, 2H), 1.48 (m, 4H), 0.93 (t, /= 7.4 Hz, 3H). 3*C NMR (101 MHz,
CDCl3) 8 167.0, 149.4, 138.5, 121.5, 114.9, 64.2, 34.3, 33.4, 28.3,25.4, 21.4, 13.8.

Following the same procedure of 21. 2m was obtained in 80% yield. "H NMR (400 MHz,
CDCls) 6 5.85—5.70 (m, 2H), 5.62 — 5.49 (m, 1H), 5.07 — 4.93 (m, 2H), 4.51 (dd, J=6.4, 1.2
Hz, 2H), 2.32 (t, /= 7.5 Hz, 2H), 2.14 - 2.00 (m, 4H), 1.73 (p, J=7.5 Hz, 2H), 1.41 (q, /= 7.4
Hz, 2H), 0.90 (t, /= 7.4 Hz, 3H).

o) _~_MgCl oH

O Shy

3 mmol cyclohexanone was dissolved in 3 mL THF in a Schlenk tube. 3 mL allyl magnesium

chloride (1 M in THF) was added dropwise at 0 °C. The reaction mixture was maintained at 0
°C for 1 h, and was then naturally warmed to room temperature during 2 h. Subsequent
quenching with a ammonium chloride solution, extraction and separation afforded 2p in 62%
yield. '"H NMR (400 MHz, CDCls) § 5.82 (ddt, J=17.6, 10.2, 7.5 Hz, 1H), 5.16 —4.97 (m, 2H),
2.15(d,J=7.5Hz, 2H), 1.55 - 1.32 (m, 10H), 1.25 — 1.13 (m, 1H).

on AN 0 OH
el ~ ST

2u

9 mmol 1,4-Dihydroxylbenzene and 1 mL pyridine were added to 10 mL DCM. 3 mmol acid
chloride in 3 mL DCM was added slowly to the above solution under stirring at room
temperature. The reaction was maintained overnight. Separation by chromatography on silica
gel gave a yellowish oil 2s as product in 70% yield."H NMR (400 MHz, CDCls)  6.98 — 6.89
(m, 2H), 6.77 (m, 2H), 6.09 — 5.95 (m, 1H), 5.32 — 5.20 (m, 2H), 5.06 (b, 1H), 3.33 (dt,J= 6.9,
1.5 Hz, 2H). 3C NMR (101 MHz, CDCl;) & 170.9, 153.5, 144.2, 129.8, 122.5, 119.4, 116.2,
39.2.
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4.5 mmol 2-iodophenol and 1 mL pyridine were added to 5 mL DCM. 3 mmol acid chloride
in 3 mL DCM was added slowly to the above solution under stirring at room temperature. The
reaction was maintained overnight. Separation by chromatography on silica gel gave a colorless
oil 2v as product in 78% yield."H NMR (400 MHz, CDCls) & 7.83 (dd, J = 7.9, 1.5 Hz, 1H),
7.36 (ddd, J = 8.0, 7.4, 1.5 Hz, 1H), 7.11 (dd, J = 8.1, 1.5 Hz, 1H), 6.98 (td, J= 7.7, 1.5 Hz,
1H), 6.09 (ddt, J=17.1, 10.1, 6.9 Hz, 1H), 5.37 — 5.25 (m, 2H), 3.42 (dt, /= 6.9, 1.4 Hz, 2H).

s

: (1R,2S,5R) 2y

Following the same procedure of 21. 2y was obtained in 82% yield. '"H NMR (400 MHz,
CDCl3) 6 5.92 (ddt, J=16.5, 10.9, 6.9 Hz, 1H), 5.25 — 5.06 (m, 2H), 4.69 (td, J=10.9, 4.4 Hz,
1H), 3.07 (dt, J = 6.9, 1.5 Hz, 2H), 2.03 — 1.95 (m, 1H), 1.93 — 1.78 (m, 1H), 1.72 — 1.63 (m,
2H), 1.55-1.43 (m, 1H), 1.44 — 1.31 (m, 1H), 1.12 — 1.02 (m, 1H), 0.99 — 0.86 (m, 8H), 0.75
(d, J=17.0 Hz, 3H). *C NMR (101 MHz, CDCl5)  171.3, 130.7, 118.4, 74.6, 47.1, 41.0, 39.7,
34.4,31.5,26.4,23.6,22.2,20.9, 16.5.

O/MQCI
/MO
N OH
2af

Following the same procedure of 2p. 2af was obtained in 60% yield. '"H NMR (400 MHz,
CDCl) 6 5.69 — 5.58 (m, 1H), 5.48 (ddq, J = 15.2, 7.5, 1.5 Hz, 1H), 3.76 (t, /= 7.0 Hz, 1H),
1.94 - 1.81 (m, 1H), 1.80 — 1.60 (m, 6H), 1.45 — 1.04 (m, 5H), 1.04 — 0.81 (m, 2H).

\{/MgCI

N OH

2ag
Following the same procedure of 2p. 2ag was obtained in 21% yield. "H NMR (400 MHz,

CDCls) § 5.72 — 5.59 (m, 1H), 5.53 (ddq, J = 15.2, 7.6, 1.4 Hz, 1H), 3.68 (d, J = 7.5 Hz, 1H),
1.71 (d, J = 6.7 Hz, 3H), 0.89 (s, 9H).

N
K,CO3, DMF

2ai
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3 mmol 1-bromo-2-octene, 6 mmol p-toluenesulfonamide and 6 mmol K,CO3 were added to
6 mL acetone. The reaction mixture was heated at 60 °C overnight. Separation by
chromatography on silica gel gave a white solid 2af as product in 62% yield."H NMR (400
MHz, CDCl3) 6 7.78 — 7.71 (m, 2H), 7.34 — 7.27 (m, 2H), 5.54 (dtt, J= 14.9, 6.7, 1.4 Hz, 1H),
5.30 (dtt, J = 15.4, 6.4, 1.5 Hz, 1H), 4.37 (s, 1H), 3.52 (td, J = 6.2, 1.4 Hz, 2H), 2.43 (s, 3H),
1.97 - 1.87 (m, 2H), 1.34 — 1.13 (m, 6H), 0.86 (t, /= 7.0 Hz, 3H). *C NMR (101 MHz, CDCl5)
0 143.5,137.3,135.4,129.8, 127.3, 124.4,45.5,32.2,31.4,28.7,22.6, 21.7, 14.1.

OH .-
Zn(CHal), PCC 0
= PhsPCH3 Br
C10H21\/\/OH C10H21 CiH 3 3
107121 -_— C1oHo1

2al

A solution of ZnEt; (6 mL, 1 M in hexane) was added to 10 mL DCM at -10 °C under nitrogen.
Then, 12 mmol CHaI» (0.97 mL) was slowly added.* After stirring for 15 min, a suspension was
formed. A solution of 2-tridecen-1o0l (5 mmol) in dry DCM (5 mL) was added dropwise,
followed by addition of Ti(OiPr4) (0.3 mmol, 75 ulL). The mixture was stirred overnight while
the temperature raised to room temperature. The reaction was quenched with a saturated
aqueous NH4Cl solution (6 mL). Separation by chromatography on silica gel gave (2-
decylcyclopropyl)methanol in 72% yield. Subsequent oxidation by pyridinium chlorochromate
(PCC) and Wittig reaction were conducted following reported procedures.>® The overall yield
for the final product was 56% 'H NMR (400 MHz, CDCl5) & 5.39 (ddd, J=17.0, 10.3, 8.7 Hz,
1H), 5.01 (dd, J=17.1, 2.0 Hz, 1H), 4.80 (dd, /= 10.3, 2.0 Hz, 1H), 1.44 — 1.20 (m, 18H), 1.19
—1.04 (m, 1H), 0.88 (t, /= 6.9 Hz, 3H), 0.78 — 0.68 (m, 1H), 0.61 — 0.50 (m, 1H), 0.53 — 0.44
(m, 1H). *C NMR (101 MHz, CDCl5) & 142.5, 111.0, 34.0, 32.1, 29.8, 29.8, 29.6, 29.5, 22.8,
22.7,21.3,14.3, 14.1.
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4. Synthesis and characterizations of products.

General procedure 1 (GP1):

0.01 mmol Cu(OPiv), and 0.001 mmol Ir (dfppy)2(ppy) were added to a glass vial (d=2 cm),
which was then transferred to the glovebox. 0.1 mmol Mg(OPiv),, 0.3 mmol alkene 2(3 equiv.), 0.1
mL acetonitrile solution of water (1 M H»0) and 0.1 mL acetonitrile solution of 1 (0.2 M, 20% of
the total amount) were added to the vial. The vial was sealed with a rubber septum and placed under
blue LED radiation. The rest solution of 1 (0.4 mL, 0.2 M) was added to the vial at a rate of 1.2
pL/min by a syringe pump. The setup is illustrated in the picture below. After 24 h, the reaction was
stopped. To the reaction solution were added 4 mL ethyl acetate, ImL water and 2 drops of 15%
ammonia solution, and then the organic phase was collected after sufficient mixing. The organic
phase was concentrated. The residue was subsequently analyzed by NMR to obtain the NMR yield

and was separated on silica gel column to give the final product.

General procedure 2 (GP2):

0.01 mmol Cu(OPiv),, 0.001 mmol Ir (dfppy)2(ppy) and 0.1 mmol 1 were added to a glass vial
(d=2 c¢m), which was then transferred to the glovebox. 0.1 mmol Mg(OPiv),, 0.3 mmol alkene 2 (3
equiv.), 0.1 mL acetonitrile solution of water (1 M H>0) and 0.9 mL acetonitrile were added to the
vial. The vial was sealed with a plastic cap and placed under blue LED radiation for 24 h. The setup
is illustrated in the picture below. When the reaction completed, to the reaction solution were added
4 mL ethyl acetate, ImL water and 2 drops of 15% ammonia solution, and then the organic phase
was collected after sufficient mixing. The organic phase was concentrated. The residue subsequently
was analyzed by NMR to obtain the NMR yield and was separated on silica gel column to give the

final product.
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General procedure 3 (GP3):

0.01 mmol Cu(OPiv),, 0.001 mmol Ir (dfppy)2(ppy) and 0.1 mmol 1 were added to a glass vial
(d=2 cm), which was then transferred to the glovebox. 0.3 mmol alkene 1 (3 equiv.), 1 mL
acetonitrile were added to the vial. The vial was sealed with a plastic cap and placed under blue
LED radiation for 24 h (the setup is the same as in GP2). When the reaction completed, 0.6 mmol
Mel and 1 mmol K>COs3 were added to the reaction, and the vial was heated for 12 h at 60 °C. To
the reaction solution were added 4 mL ethyl acetate, 1 mL water and 2 drops of 15% ammonia
solution, and then the organic phase was collected after sufficient mixing. The organic phase was
concentrated. The residue was subsequently analyzed by NMR to obtain the NMR yield and was
separated on silica gel column to give the final product.

Oy_O._CCls

HN\/\/\/\O 0 20

(E)-6-((Troc-amino)hex-4-en-1-yl benzoate, synthesized via GP1, colorless oil, 27.4 mg (Yield =
70%), trans: cis = 9:1. For trans-isomer, 'H NMR (400 MHz, CDCl;)  8.03 (d, J = 7.8 Hz, 2H),
7.55(t,J=6.9 Hz, 1H), 7.43 (t, ] = 7.6 Hz, 2H), 5.77 — 5.62 (m, 1H), 5.59 — 5.44 (m, 1H), 5.13 (b,
1H), 4.72 (s, 2H), 4.32 (td, J = 6.5, 2.5 Hz, 2H), 3.79 (t, J = 6.7 Hz, 2H), 2.29 — 2.09 (m, 2H), 1.93
—1.79 (m, 2H). BC NMR (101 MHz, CDCl3) 4 166.7, 154.5 133.0, 132.4, 130.4, 129.6, 128.5, 126.5,
95.7,74.6,64.3,43.2,28.7, 28.1. HRMS (ESI/QTOF) m/z: [M + Na]"Calcd for C;cH3CI1s3NNaO4*
416.0194; Found 416.0193.
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2,2,2-Trichloroethyl (E)-(6-bromohex-2-en-1-yl)carbamate, synthesized via GP1, colorless oil,
23.0 mg (Yield = 65%), trans: cis = 9:1. For trans-isomer, 'H NMR (400 MHz, CDCI3) 3 5.68 — 5.49
(m, 2H), 5.01 (b, 1H), 4.73 (s, 2H), 3.81 (t, J = 5.7 Hz, 2H), 3.39 (t, ] = 6.6 Hz, 3H), 2.20 (q, ] = 6.9
Hz, 2H), 1.98 — 1.88 (m, 3H). 3C NMR (101 MHz, CDCl3)  154.5, 131.7, 127.1,95.7, 74.7, 43.2,
33.1, 32.0, 30.6. HRMS (ESI/QTOF) m/z: [M + Na]"Calcd for CoHi3BrCI3NNaO>" 373.9087;
Found 373.9081.

3c

2,2,2-Trichloroethyl (E)- (6-iodohex-2-en-1-yl)carbamate, synthesized via GP1, colorless oil, 24.0
mg (Yield = 60%), trans: cis = 10:1. For trans-isomer, '"H NMR (400 MHz, CDCls) § 5.67 — 5.48
(m, 2H), 5.01 (b, 1H), 4.73 (s, 2H), 3.80 (t, J = 5.5 Hz, 2H), 3.17 (t, ] = 6.8 Hz, 3H), 2.15 (q, ] = 6.6
Hz, 2H), 1.89 (p, ] = 6.9 Hz, 2H). *C NMR (101 MHz, CDCl;) 8 154.5, 131.5, 127.1, 95.7, 74.7,
43.2, 32.8, 32.6, 6.3. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for CoH;3CI3INNaO," 421.8949;
Found 421.8958.

Troc
|
HN \/\/\?>

3d

2,2,2-Trichloroethyl (E)-(4-(oxiran-2-yl)but-2-en-1-yl)carbamate, synthesized via GP1, colorless
oil, 18.5 mg (Yield = 64%). '"H NMR (400 MHz, CDCls) § 5.75 — 5.58 (m, 2H), 5.07 (b, 1H), 4.73
(s, 2H), 3.83 (t, J = 5.5 Hz, 2H), 3.02 — 2.92 (m, 1H), 2.81 —2.71 (t, J = 4.4 Hz, 1H), 2.50 (dd, J =
4.9, 2.7 Hz, 1H), 2.42 — 2.22 (m, 2H). 3C NMR (101 MHz, CDCls) & 154.5, 128.7, 127.8, 95.7,
74.7, 51.3, 46.7, 43.1, 35.1. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for CoHi2CIsNNaO3*
309.9775; Found 309.9781.

'I'roc OH
HN A

3e

2,2,2-Trichloroethyl (E)-(6-hydroxyhex-2-en-1-yl)carbamate, synthesized via GP2, colorless oil,
17.7 mg (Yield = 61%), '"H NMR (400 MHz, CDCl3) & 5.67 (dtt, J = 14.7, 6.6, 1.4 Hz, 1H), 5.50
(dtt, J=15.3, 6.1, 1.5 Hz, 1H), 5.08 (b, 1H), 4.72 (s, 2H), 3.79 (td, J= 5.9, 1.1 Hz, 2H), 3.64 (t, /=
6.5 Hz, 2H), 2.13 (q, J = 6.7 Hz, 2H), 1.68 — 1.61 (m, 3H)."3C NMR (101 MHz, CDCl;) § 154.5,
133.3, 126.1, 95.7, 74.7, 62.4, 43.3, 32.1, 28.6. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for
CoH14CI13NNaO;* 311.9931; Found 311.9935.
Troc O
HN \/\/\)J\N,Ph
H 3f

2,2,2-Trichloroethyl (E)-(6-0xo-6-(phenylamino)hex-2-en-1-yl)carbamate, synthesized via GP1,
white solid, 20.4 mg (Yield = 54%). trans: cis = 12:1. For trans-isomer, "H NMR (400 MHz, CDCl3)
8 7.51 (d,J =7.9 Hz, 2H), 7.31 (m, 3H), 7.10 (t, J = 7.4 Hz, 1H), 5.71 (dt, J = 15.8, 6.0 Hz, 1H),
5.56 (dt, ] = 15.8, 6.0 Hz, 1H), 5.08 (b, 1H), 4.69 (s, 2H), 3.79 (t, J = 6.0 Hz, 2H), 2.56 — 2.35 (m,
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4H). BC NMR (101 MHz, CDCls) 8 170.5, 154.6, 137.9, 131.7, 129.2, 127.1, 124.5, 120.0, 95.7,
74.6,43.1,37.2,28.0. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C15sH17C13N2NaOs* 401.0197;
Found 401.0202.

Troc 0
HN\/\/CGH»]Z_(
O-Me

3g-Me

(E)-Methyl 10-(Troc-amino)dec-8-enoate, synthesized via GP3, isolated as methylated product,
colorless oil, 19.4 mg (Yield = 52%), trans: cis = 7:1. For trans-isomer, 'H NMR (400 MHz, CDCl5)
05.63 (dt,J = 14.1, 6.8 Hz, 1H), 5.45 (dt, J = 14.1, 6.2 Hz, 1H), 5.04 (b, 1H), 4.72 (s, 2H), 3.78 (t,
J=6.1 Hz, 2H), 3.66 (s, 3H), 2.29 (t, ] = 7.5 Hz, 2H), 2.01 (m, 2H), 1.60 (m, 2H), 1.43 — 1.18 (m,
6H). 3C NMR (101 MHz, CDCls)  174.4, 154.5, 134.1, 125.4, 95.8, 74.6, 51.6, 43.3, 34.2, 32.2,
29.0, 28.9, 28.8, 25.0. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for Ci4H2CIsNNaO4* 396.0507;
Found 396.0501.

Troc (@]

NN
0-M
®  3h-Me

(E)-Methyl 6-(Troc-amino)hex-4-enoate, synthesized via GP3, isolated as methylated product,
colorless oil, 15.8 mg (Yield = 50%), trans: cis = 9:1. For trans-isomer, 'H NMR (400 MHz, CDCl5)
85.70 - 5.59 (m, 1H), 5.57 = 5.45 (m, 1H), 5.02 (b, 1H), 4.72 (s, 2H), 3.79 (t, ] = 5.6 Hz, 2H), 3.67
(s, 3H), 2.44 — 2.29 (m, 4H). >*C NMR (101 MHz, CDCl3) 6 173.4, 154.5, 131.6, 126.8, 95.7, 74.7,
51.8,43.1, 33.6, 27.5. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C10H14CI3NNaO4" 339.9881;
Found 339.9877.

1I'roc

HN O.
\/\/\I( Me

o 3i-Me

(E)-Methyl 5-(Troc-amino)pent-3-enoate, synthesized via GP3, isolated as methylated product,
colorless oil, 16.1 mg (Yield = 53%). 'H NMR (400 MHz, CDCls) 8 5.77 (dt, J = 15.2, 6.8 Hz, 1H),
5.62 (dt,J=15.4,5.9, 1H), 5.10 (b, 1H), 4.72 (s, 2H), 3.85 (t, J = 5.4 Hz, 2H), 3.68 (s, 3H), 3.09 (d,
J=6.9 Hz, 2H). *C NMR (101 MHz, CDCls) § 172.0, 154.5, 129.8, 124.9, 95.7, 74.7, 52.1, 42.9,
37.4. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for CoH12CI3NNaO4* 325.9724; Found 325.9731.

Troc O
HN\/\/\)J\ O.
N H Me
(@]

3j-Me

Methyl (S,E)-3-phenyl-2-(6-(Troc-amino)hex-4-enamido)propanoate, synthesized via GP3,
isolated as methylated product, sticky gel, 20.9 mg (Yield = 45%). '"H NMR (400 MHz, CDCI3) &
7.37 —17.23 (m, 3H), 7.12 — 7.04 (m, 2H), 5.95 (d, J= 7.9 Hz, 1H), 5.64 — 5.54 (m, 1H), 5.44 (dt, J
=15.2,6.1 Hz, 1H), 5.23 (b, 1H), 4.95 — 4.83 (m, 1H), 4.80 — 4.66 (m, 2H), 3.75 (m, 5H), 3.16 (dd,
J=13.9, 5.8 Hz, 1H), 3.08 (dd, J = 13.9, 5.8 Hz, 1H), 2.42 — 2.21 (m, 4H). '*C NMR (101 MHz,
CDCl3) 6 172.5,171.8, 154.5, 135.9, 131.8, 129.4, 128.7, 128.7, 127.3, 95.8, 74.7, 53.1, 52.6, 43.2,
37.9,35.7,28.0. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C19H23CI13sN2NaOs*™ 487.0565; Found
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487.0578.

HO, wm
Troc : ©
HN O.
~ H Me
@)
3k-Me

Methyl ((E)-6-(Troc-amino)hex-4-enoyl)-L-threoninate, synthesized via GP3, isolated as
methylated product, sticky gel, 13.5 mg (Yield = 32%). 'H NMR (400 MHz, CDCls) 8 6.35 (d, J=
9.0 Hz, 1H), 5.75 — 5.63 (m, 1H), 5.57 (dt, J = 15.4, 5.8 Hz, 1H), 5.46 (s, 1H), 4.71 (s, 2H), 4.59
(dd, J=8.8, 2.5 Hz, 1H), 4.35 (qd, /= 6.4, 2.5 Hz, 1H), 3.86 — 3.75 (m, 5H), 2.49 — 2.35 (m, 4H),
2.19 (m, 1H), 1.23 (d, J = 6.4 Hz, 3H). 3C NMR (101 MHz, CDCls) § 173.0, 171.8, 154.6, 131.7,
127.4,95.8,74.7,68.2,57.3,52.8,43.2,36.0, 28.2, 20.3. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd
for C14H21C13N2N306+ 441.0357; Found 441.0352.

3l

(E)-(E)-6-(Troc-amino)hex-4-en-1-yl hex-2-enoate, synthesized via GP2, colorless oil, 19.7 mg
(Yield = 51%). 'H NMR (400 MHz, CDCl3) 8 6.96 (dt, ] = 15.5, 6.9 Hz, 1H), 5.81 (dt, J = 15.6, 1.7
Hz, 1H), 5.65 (dt, ] = 14.8, 6.6 Hz, 1H), 5.50 (dt, J = 15.1, 6.1 Hz, 1H), 5.02 (b, 1H), 4.72 (s, 2H),
4.12 (t, J=6.5 Hz, 2H), 3.80 (t, J = 6.0 Hz, 2H), 2.25 — 2.07 (m, 4H), 1.74 (p, J = 6.8 Hz, 2H), 1.57
—1.46 (m, 2H), 0.93 (t, ] = 7.3 Hz, 3H). *C NMR (101 MHz, CDCls) 8 166.9, 154.5, 149.6, 132.6,
126.4, 121.4, 95.7, 74.7, 63.5, 43.2, 34.4, 28.7, 28.2, 21.4, 13.8. HRMS (ESI/QTOF) m/z: [M +
Na]*" Calcd for CisH2CIsNNaO4* 408.0507; Found 408.0507.

Troc (0]
HN
N (0]

W

3m

(E)-Hex-2-en-1-yl (E)-6-(Troc-amino)hex-4-enoate, synthesized via GP1, colorless oil, 17.4 mg
(Yield = 45%). "H NMR (400 MHz, CDCl3) 4 5.80 — 5.71 (m, 1H), 5.70 — 5.61 (m, 1H), 5.60 — 5.46
(m, 2H), 5.00 (s, 1H), 4.72 (s, 2H), 4.51 (dq, J= 6.4, 1.1 Hz, 2H), 3.79 (t, /= 6.0, 2H), 2.42 — 2.29
(m, 4H), 2.03 (qt, J= 6.7, 1.4 Hz, 2H), 1.48 — 1.34 (m, 2H), 0.90 (t, J= 7.4 Hz, 3H). *C NMR (101
MHz, CDCls) 6 172.8, 154.5, 136.7, 131.7, 126.8, 124.0, 95.7, 74.7, 65.5, 43.1, 34.4, 33.8, 27.5,
22.2, 13.8. HRMS (ESI/QTOF) m/z: [M + Na]* Caled for CisH2,C13NNaO4" 408.0507; Found
408.0505.

Troc
HN N
3n
2,2,2-Trichloroethyl (E)- (3-cyclohexylallyl)carbamate, synthesized via GP1, colorless oil, 17.0
mg (Yield = 54%). '"H NMR (400 MHz, CDCl3) 4 5.59 (dd, J = 15.5, 6.6 Hz, 1H), 5.41 (dt, J = 15.5,

5.9 Hz, 1H), 4.98 (b, 1H), 4.72 (s, 2H), 3.79 (t, J = 6.0 Hz, 2H), 1.98 — 1.88 (m, 1H), 1.80 — 1.59
(m, 5H), 1.34 — 0.97 (m, 5H). 3C NMR (101 MHz, CDCl3) § 154.5, 140.0, 122.8, 95.8, 74.7, 43.5,
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40.4, 32.9, 26.2, 26.1. HRMS (ESI/QTOF) m/z: [M + H]* Calcd for Ci2H19CIsNO>*" 314.0476;
Found 314.0475.

Troc
HN\/\)<
30

2,2,2-Trichloroethyl (E)- (4,4-dimethylpent-2-en-1-yl)carbamate, synthesized via GP1, white solid,
16.5 mg (Yield = 57%). '"H NMR (400 MHz, CDCl3) & 5.66 (dt,J = 15.7, 1.4 Hz, 1H), 5.37 (dt,J =
15.6, 6.2 Hz, 1H), 4.96 (b, 1H), 4.73 (s, 2H), 3.80 (td, J = 6.0, 1.4 Hz, 2H), 1.00 (s, 9H). *C NMR
(101 MHz, CDCl3) 6 154.5, 145.1, 120.2, 95.8, 74.7, 43.6, 33.1, 29.6. HRMS (ESI/QTOF) m/z: [M
+ H]* Calcd for C1oH17CI13NO>*" 288.0319; Found 288.0313.

Troc
HN NN

OH 3p

2,2,2-Trichloroethyl (E)-(3-(1-hydroxycyclohexyl)allyl) carbamate, synthesized via GP1, colorless
liquid, 22.4 mg (Yield = 68%). 'H NMR (400 MHz, CDCl;3) & 5.83 — 5.64 (m, 2H), 5.10 (s, 1H),
4.73 (s, 2H), 3.85 (t, J = 5.6 Hz, 2H), 1.69 — 1.44 (m, 10H), 1.33 — 1.22 (m, 1H). 3C NMR 3C
NMR (101 MHz, CDCls) & 154.5, 140.6, 123.2, 95.7, 74.7, 71.3, 43.0, 37.9, 25.5, 22.1. HRMS
(ESI/QTOF) m/z: [M + Na]" Calcd for Ci2HsNCIsNaOs* 352.0244; Found 352.0249.

3q
2,2,2-Trichloroethyl (2-cyclohexylideneethyl)carbamate, synthesized via GP2, colorless oil, 6.0
mg (Yield = 20%). '"H NMR (400 MHz, CDCls) & 5.16 (t, J = 7.2 Hz, 1H), 4.87 (b, 1H), 4.72 (s,
2H), 3.83 (t,J = 6.3 Hz, 2H), 2.17 (m,2H), 2.09 (m, 2H), 1.61 — 1.40 (m, 6H). 3C NMR (101 MHz,
CDCl3) 6 154.5,145.1,116.5,95.8,74.7,38.4,37.1,29.0, 28.5,27.9, 26.8. HRMS (ESI/QTOF) m/z:
[M + H]* Calced for C11H7CIsNO>* 300.0319; Found 300.0319.

H

_N
Troc
w

3r

2,2,2-Trichloroethyl (Z)-(3-phenylallyl)carbamate, synthesized via GP2, colorless oil, 8.9 mg
(Yield = 29%). '"H NMR (400 MHz, CDCls) 8 7.36 (t, J = 7.4 Hz, 2H), 7.32 — 7.26 (m, 1H), 7.22 (d,
J=73Hz, 2H), 6.61 (d, ] =11.6 Hz, 1H), 5.77 — 5.59 (m, 1H), 5.07 (b, 1H), 4.74 (s, 2H), 4.15 (t, ]
=6.2 Hz, 2H). 3C NMR (101 MHz, CDCl3) 6 154.6, 136.2, 132.2, 128.8, 128.5, 127.7, 127.6, 95.7,
74.7,39.7. HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C;,H;3C13NO2* 308.0006; Found 308.0005.

Troc (0] /O
HN
\/\)J\O
3s

Cyclohexyl 4- (E)-(Troc-amino)but-2-enoate, synthesized via GP1, colorless liquid, 21.9 mg (Yield
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= 61%). '"H NMR (400 MHz, CDCls) & 6.83 (dt, J = 15.8, 4.9 Hz, 1H), 5.90 (d, ] = 15.6 Hz, 1H),
5.17 (b, 1H), 4.81 — 4.71 (m, 1H), 4.70 (s, 2H), 3.96 (m, 2H), 1.85 — 1.74 (m, 2H), 1.66 (m, , 2H),
1.51 — 1.11 (m, 6H). 13C NMR (101 MHz, CDCl3) & 165.4, 154.6, 142.9, 122.7, 95.5, 74.8, 73.1,
42.0,31.7, 25.5, 23.9. HRMS (ESUQTOF) m/z: [M + Na]* Calcd for C13HisCLLNNaO,* 380.0194;
Found 380.0195.

Troc O
HN _Ph
X (0]
3t

(E)-Phenyl 4-(Troc-amino)but-2-enoate, synthesized via GP1, colorless oil, 18.0 mg (Yield = 51%).
'"H NMR (400 MHz, CDCl3) 8 7.43 — 7.36 (m, 2H), 7.27 — 7.22 (m, 1H), 7.16 — 7.07 (m, 3H), 6.19
(dt, J = 15.8, 2.1 Hz, 1H), 5.28 (s, 1H), 4.78 (s, 2H), 4.15 — 4.06 (m, 2H). '*C NMR (101 MHz,
CDCl3) 6 164.3, 154.6, 150.7, 145.7, 129.6, 126.1, 121.6, 121.3, 95.5, 74.9, 42.1. HRMS
(ESI/QTOF) m/z: [M + Na]" Calcd for Ci3H2CI13NNaO4* 373.9724; Found 373.9728.

OH
Troc o) /©/
HN
\/\)J\O
3u

(E)-4-Hydroxyphenyl 4-(Troc-amino)but-2-enoate, synthesized via GP1, sticky gel, 14.0 mg
(Yield = 38%). '"H NMR (400 MHz, CDCl3) & 7.09 (dt, J = 15.7, 4.8 Hz, 1H), 7.00 — 6.89 (m, 2H),
6.82 — 6.73 (m, 2H), 6.16 (dt, J=15.7, 1.9 Hz, 1H), 5.42 (s, 1H), 5.33 (t, /= 6.3 Hz, 1H), 4.77 (s,
2H), 4.14 — 4.06 (m, 2H). 3C NMR (101 MHz, CDCl3) § 165.0, 154.7, 153.7, 145.7, 144.0, 122.5,
121.3, 116.2, 95.4, 74.9, 42.1. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for Ci3H12CI3NNaOs*
389.9673; Found 389.9679.

Troc 0]

HN
N @)

| 3v

(E)-2-lodophenyl 4-(Troc-amino)but-2-enoate, synthesized via GP1, colorless oil, 24.4 mg (Yield
=51%). '"H NMR (400 MHz, CDCl3) & 7.84 (dd, J = 7.9, 1.5 Hz, 1H), 7.37 (ddd, /= 8.9, 6.2, 1.5
Hz, 1H), 7.20 (dt, J = 15.7, 4.8 Hz, 1H), 7.14 (dd, J = 8.1, 1.5 Hz, 1H), 6.98 (td, J = 7.6, 1.5 Hz,
1H), 6.23 (dt, J=15.8, 2.0 Hz, 1H), 5.27 (s, 1H), 4.79 (s, 2H), 4.14 (ddd, J = 6.6, 4.9, 2.0 Hz, 2H).
BC NMR (101 MHz, CDCls) 8 163.3, 154.6, 151.2, 146.5, 139.6, 129.6, 127.8, 123.1, 121.1, 95.6,
90.4,75.0,42.2. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C13H11CI3INNaO4* 499.8691; Found
499.8693.

HN _Troc

3w

2,2,2-trichloroethyl (cyclohex-1-en-1-ylmethyl)carbamate, synthesized via modified GP2 (acetone
as solvent) , white solid, 12.1 mg (Yield =43%). '"H NMR (400 MHz, CDCl;) 8 5.61 (m, 1H), 4.98
(b, 1H), 4.73 (s, 2H), 3.72 (d, J = 6.1 Hz, 2H), 2.05 — 1.92 (m, 4H), 1.71 — 1.52 (m, 4H). 3C NMR
(101 MHz, CDCl3) & 154.8, 134.2, 123.8, 95.8, 74.6, 47.6, 26.4, 25.1, 22.6, 22.4.. HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for C10H14C13NNaO>" 307.9982; Found 307.9983.
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NHTroc

: g
3y

(1R,28,5R)-2-Isopropyl-5-methylcyclohexyl (E)-4-(Troc-amino)but-2-enoate, synthesized via
scale-up procedure (section 4), sticky gel, 0.632 g (Yield =61%). '"H NMR (400 MHz, CDCls) §
6.87 (dt, J=15.7, 4.9 Hz, 1H), 5.94 (dq, J = 15.8, 1.9 Hz, 1H), 5.45 (s, 1H), 4.78 — 4.61 (m, 3H),
4.01 (td, J=6.5, 1.7 Hz, 2H), 2.00 — 1.93 (m, 1H), 1.82 (m, 1H), 1.72 — 1.62 (m, 2H), 1.47 (m, 1H),
1.41 - 1.33 (m, 1H), 1.11 — 0.95 (m, 2H), 0.89 — 0.83 (m, 7H), 0.72 (dd, J = 6.9, 1.3 Hz, 3H). *C
NMR (101 MHz, CDCI3) 6 165.6, 154.6, 143.1, 122.5,95.5, 74.8, 74.6,47.2,42.0,41.0, 34.3, 31.5,
27.2,26.4,23.5,22.1,20.8, 16.4. HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C17H26CI13NNaO4*
436.0820; Found 436.0821.

HN _Troc

3z

2,2,2-Trichloroethyl cyclohex-2-en-1-ylcarbamate, synthesized via GP1, white solid, 12.0 mg
(Yield =44%). '"H NMR (400 MHz, CDCls) & 5.94 — 5.80 (m, 1H), 5.69 — 5.57 (m, 1H), 4.97 (b,
1H), 4.72 (s, 2H), 4.29 — 4.15 (m, 1H), 2.10 — 1.88 (m, 3H), 1.81 — 1.54 (m, 3H). 3C NMR (101
MHz, CDCl3) 6 153.9, 131.5, 127.3, 95.8, 74.6, 46.8, 29.7, 24.9, 19.7. HRMS (ESI/QTOF) m/z: [M
+ H]* Calcd for CoH13CIsNO,* 272.0006; Found 272.0012.

HN _Troc

3aa

2,2,2-Trichloroethyl cyclopent-2-en-1-ylcarbamate, synthesized via GP1, white solid, 13.9 mg
(Yield =54%). '"H NMR (400 MHz, CDCl3) & 6.00 — 5.93 (m, 1H), 5.75 — 5.67 (m, 1H), 4.95 (b,
1H), 4.85 — 4.75 (m, 1H), 4.73 (s, 2H), 2.51 — 2.27 (m, 3H), 1.69 — 1.57 (m, 1H). 3C NMR (101
MHz, CDCl3) & 154.0, 135.3, 130.7, 95.8, 74.6, 57.8, 31.5, 31.2. HRMS (ESI/QTOF) m/z: [M +
H]* Caled for CgHi1CIsNO,>" 257.9850; Found 257.9849.

HN/Troc

/\)\/\/

3ab

(E)-2,2,2-Trichloroethyl oct-5-en-4-ylcarbamate, synthesized via GP2, colorless oil, 15.1 mg
(Yield =50%). '"H NMR (400 MHz, CDCl3)  5.60 (dt, J = 15.3, 6.3 Hz, 1H), 5.26 (dd, J = 15.5, 6.5
Hz, 1H), 4.78 (d, ] = 8.6 Hz, 1H), 4.65 (m, 2H), 4.06 (p, J = 7.2 Hz, 1H), 1.97 (p, J = 7.1 Hz, 2H),
1.44 (m, 2H), 1.36 — 1.24 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H), 0.86 (t, J = 7.3 Hz, 3H)."3C NMR (101
MHz, CDCl3) & 154.0, 133.6, 128.9, 95.9, 74.6, 53.2, 37.8, 25.4, 19.1, 14.0, 13.6. HRMS
(ESI/QTOF) m/z: [M + H]" Calcd for C11HisC1s3NNaO>" 324.0295; Found 324.0299.
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NHTroc

= 3ac-1
/Y\/\/ 3ac-2
NHTroc

(E)-2,2,2-Trichloroethyl oct-3-en-2-ylcarbamate+ 2,2,2-trichloroethyl oct-1-en-3-ylcarbamate
synthesized via GP2, colorless oil, 16.6 mg (Yield =55%), 3aa-1:3aa-2 = 1.4:1.For alkenyl
hydrogen of 3aa-1, 'H NMR (400 MHz, CDCls) 4 5.68 — 5.58 (m, 1H), 5.41 (dd, J = 15.5, 5.8 Hz,
1H). For alkenyl hydrogen of 3aa-2, '"H NMR (400 MHz, CDCl;) 6 5.83 —5.71 (m, 1H), 5.20 (d, J
=17.1 Hz, 1H), 5.13 (d, J = 10.4 Hz, 1H). For the details of '"H NMR, Please refer to the attached
spectrum. *C NMR (101 MHz, CDCl3) 4 154.1, 153.8, 138.3, 131.6, 130.8, 115.1, 95.8, 74.6, 53.8,
48.8, 35.1, 32.0, 31.6, 31.4, 25.4,22.7,22.3, 21.2, 14.1, 14.1. HRMS (ESI/QTOF) m/z: [M + H]*
Calcd for C11H19CIsNO;>"™ 302.0476; Found 302.0484.

Z OH

NHTroc
3ad

(E)-2,2,2-Trichloroethyl (1-hydroxyhex-3-en-2-yl)carbamate, synthesized via GP1, white solid,
14.9 mg (Yield =51%). '"H NMR (400 MHz, CDCls) 8 5.79 (dt, J = 15.6, 6.3 Hz, 1H), 5.41 (dd, J =
15.5, 6.1 Hz, 1H), 5.32 (b, 1H), 4.73 (s, 2H), 4.29 (m, 1H), 3.70 (m, 2H), 2.08 (p, ] = 7.4, 2H), 1.84
(b, 1H), 1.00 (t, ] = 7.4 Hz, 3H). *C NMR (101 MHz, CDCl;) & 154.6, 136.0, 125.0, 95.7, 74.8,
65.3, 54.9, 25.5, 13.5. HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for CoH14CI3NNaOs™ 311.9931;
Found 311.9935.

= OH
NHTroc 3ae

2,2,2-Trichloroethyl (4-hydroxyhept-1-en-3-yl)carbamate, synthesized via GP1, colorless liquid,
16.1 mg (Yield =53%), dr=2.0:1. "H NMR (400 MHz, CDCl3) § 5.87 — 5.72 (m, 1H), 5.70-5.30(d,
J=9.0 Hz, 1H), 5.30 — 5.10 (m, 2H), 4.68 (d, J = 7.8 Hz, 2H), 4.32 — 4.09 (m, 1H), 3.69 (m, 1H),
1.70 (s, 1H), 1.52 — 1.27 (m, 4H), 0.87 (td, J = 6.8, 3.7 Hz, 3H). 3C NMR (101 MHz, CDCl;) &
154.8, 154.3, 136.3, 132.8, 118.6, 116.8, 91.7, 74.7, 74.6, 73.4, 72.7, 57.9, 57.2, 36.4, 35.8, 19.1,
19.0, 14.1, 14.1. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C1oH1sC1sNNaOs* 326.0088; Found
326.0086.

= OH
NHTroc 3af

2,2,2-Trichloroethyl (1-cyclohexyl-1-hydroxybut-3-en-2-yl)carbamate, synthesized via GPI,
colorless liquid, 11.6 mg (Yield =34%), dr=2.6:1. '"H NMR (400 MHz, CDCl5) § 5.86 (m, 1H), 5.70
—5.44 (m, 1H), 5.38 — 5.23 (m, 2H), 4.83 — 4.62 (m, 2H), 4.49 — 4.35 (m, 1H), 3.38 (m, 1H), 1.99
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(m, 1H), 1.85 — 1.09 (m,9H), 0.98 (m, 2H). '3C NMR (101 MHz, CDCL) & 154.6, 154.1, 136.9,
132.5, 118.5, 116.6, 95.9, 78.1, 77.4, 74.7, 74.6, 55.1, 54.5, 40.9, 40.0, 29.4, 29.0, 28.7, 26.4, 26.3,
26.1,25.9, 25.9, 25.8. HRMS (ESU/QTOF) m/z: [M + Na]* Calcd for C13H,0CLNNaOs* 366.0401;
Found 366.0402.

= OH
NHTroc 3ag

2,2,2-Trichloroethyl (1-'butyl-1-hydroxybut-3-en-2-yl)carbamate, synthesized via GP1, colorless
liquid, 11.4 mg (Yield =36%), dr=2.2:1. '"H NMR (400 MHz, CDCls) 3 6.03 — 5.80 (m, 1H), 5.61
(m, 1H), 5.39 — 5.15 (m, 2H), 4.88 — 4.61 (m, 2H), 4.52 — 4.36 (m, 1H), 3.30-3.50 (s, 1H), 1.83 (s,
1H), 0.99 (s, 9H). '3C NMR (101 MHz, CDCls) 8 154.0, 153.8, 138.4, 134.0, 118.4, 115.5, 95.8,
81.5,79.7,74.7,74.6, 55.6, 53.3, 35.2, 34.9, 26.7, 26.5. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd
for C11H13CI3NNaO3* 340.0244; Found 340.0240.

OH
NHTroc

2,2,2-trichloroethyl (1-hydroxy-3-methylbut-3-en-2-yl)carbamate, synthesized via modified GP2
(‘acetone as solvent), white solid, 13.0 mg (Yield =47%)."H NMR (400 MHz, CDCl3) 8 5.65 — 5.43
(m, 1H), 5.06 — 5.02 (s, 1H), 5.01 —4.96 (s, 1H), 4.77 (d, /= 12.0 Hz, 1H), 4.70 (d, J = 12.1 Hz,
1H), 4.21 (m, 1H), 3.77 (m, 2H), 1.82 (s, 3H), 1.73 (b, 1H). 3C NMR (101 MHz, CDCls)  154.5,
141.9, 113.0, 95.6, 74.7, 63.1, 57.9, 20.5. HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for
CgH12C13N]\18.O3+ 297.9775; Found 297.9779.

= N/TS
NHTr(|)—|c

3ai

3ah

2,2,2-Trichloroethyl (E)-(1-((4-methylphenyl)sulfonamido)oct-3-en-2-yl)carbamate, synthesized
via GP1, yellowish oil, 22.2 mg (Yield = 47%). '"H NMR (400 MHz, CDCls) & 7.74 (d, J= 8.4 Hz,
2H), 7.31 (d, J=8.2 Hz, 2H), 5.66 (dtd, J=15.1, 6.7, 1.4 Hz, 1H), 5.34 — 5.22 (m, 2H), 4.95 — 4.83
(m, 1H), 4.80 — 4.56 (m, 2H), 4.26 — 4.18 (m, 1H), 3.15 (ddd, /= 11.7, 7.0, 4.8 Hz, 1H), 3.05 (dt, J
=12.9,6.3 Hz, 1H), 2.43 (s, 3H), 2.00 (q, J = 6.8 Hz, 2H), 1.38 — 1.20 (m, 4H), 0.91 — 0.83 (m, 3H).
3BC NMR (101 MHz, CDCl;) & 154.4, 143.8, 136.9, 135.2, 130.0, 127.2, 125.7, 95.6, 74.7, 52.6,
47.0, 32.0, 31.1, 22.3, 21.7, 14.0. HRMS (ESI/QTOF) m/z: [M + Na]* Caled for
C18H25C13N2N8.SO4+ 493.0493; Found 493.0499.

_B
= Oz

NHTroc
3aj

(E)-2-(Troc-amino)hex-3-en-1-yl benzoate, synthesized via GP2, colorless oil, 11.4 mg (Yield
=29%). '"H NMR (400 MHz, CDCl3) § 8.02 (d, ] = 7.6 Hz, 2H), 7.57 (t, ] = 7.4 Hz, 1H), 7.44 (t, ] =
7.7 Hz, 2H), 5.94 — 5.78 (m, 1H), 5.46 (dd, J = 15.5, 6.2, 1H), 5.25 (s, 1H), 4.82 — 4.59 (m, 3H),
4.39 (d, J = 5.8 Hz, 2H), 2.08 (p, J = 7.1 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). '3C NMR (101 MHz,
CDCl3) 6 166.5, 154.0, 136.1, 133.3, 129.7, 128.5, 124.3, 95.5, 74.5, 66.2, 52.4, 25.4, 13.3. HRMS
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(ESI/QTOF) m/z: [M + Na]" Calcd for CisHisCI1sNNaO4*" 416.0194; Found 416.0194.

_Ac
= 0]

NHTroc
3ak

(E)-2-(Troc-amino) hex-3-en-1-yl acetate, synthesized via GP2, colorless oil, 8.7 mg (Yield =26%).
'"H NMR (400 MHz, CDCl3) 8 5.78 (dt, J = 16.5, 6.5 Hz, 1H), 5.37 (dd, /= 15.6, 6.2 Hz, 1H), 5.21
—5.12 (m, 1H), 4.73 (s, 2H), 4.45 (m, 1H), 4.13 (d, J = 5.4 Hz, 2H), 2.07 (m, SH), 0.98 (t, /= 7.4
Hz, 3H). 3C NMR (101 MHz, CDCl3) 8 171.1, 154.1, 136.0, 124.4, 95.7, 74.7, 65.9, 52.4, 25.4,
20.9, 13.4. HRMS (ESI/QTOF) m/z: [M + Na]* Caled for C11H6CIs3NNaO4" 354.0037; Found
354.0039.
CeHy P S e~ TroC
H

3al
2,2,2-Trichloroethyl pentadeca-2,5-dien-1-ylcarbamate, synthesized via GP2, colorless oil, 16.1
mg (Yield =40%), as mixture of stereoisomers 3.7:1. 'H NMR (400 MHz, CDCl3) § 5.72 — 5.55 (m,
1H), 5.53 — 5.31 (m, 3H), 4.97 (s, |H), 4.73 (s, 2H), 3.93 — 3.77 (m, 2H), 2.82 — 2.68 (m, 2H), 1.98
(m, 2H), 1.38 — 1.24 (m, 14H), 0.92 — 0.84 (m, 3H). For the major isomer, 3*C NMR (101 MHz,
CDCl3) 6 154.5,132.7,132.3, 127.3, 125.8, 95.8, 74.7,43.3, 35.3,32.7, 32.1, 29.7,29.7, 29.7, 29.6,
29.5,29.4,22.8, 14.3. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for CisH30CIsNNaO,* 420.1234;
Found 420.1244.

2,2,2-Trichloroethyl (E)-(4-((4-methylphenyl)sulfonamido)but-2-en-1-yl)carbamate, synthesized
via GP2, colorless oil, 11.6 mg (Yield = 28%). '"H NMR (400 MHz, CDCls) 8 7.77 — 7.71 (m, 2H),
7.35 —7.28 (m, 2H), 5.67 — 5.49 (m, 2H), 5.01 (s, 1H), 4.71 (s, 2H), 4.61 (s, 1H), 3.76 (t, /= 5.6
Hz, 2H), 3.60 (t, J = 6.4 Hz, 2H), 2.44 (s, 3H). *C NMR (101 MHz, CDCls) & 154.5, 143.8, 137.1,
129.9, 129.4, 127.6, 127.3, 95.6, 74.7, 44.7, 42.5, 21.7. HRMS (ESI/QTOF) m/z: [M + H]* Calcd
for (314H18C13N204S+ 415.0047; Found 415.0052.

2,2,2-Trichloroethyl (E)-(4-hydroxybut-2-en-1-yl)carbamate, synthesized via GP2, colorless oil,
18.5 mg (Yield = 70%). '"H NMR (400 MHz, CDCls) 6 5.83 (dt, J=15.8, 5.1 Hz, 1H), 5.74 (dt, J =
15.6, 5.5 Hz, 1H), 5.22 (s, 1H), 4.72 (s, 2H), 4.15 (d, J= 5.0 Hz, 2H), 3.85 (d, /= 5.8 Hz, 2H), 1.83
(s, 1H). 3C NMR (101 MHz, CDCls) & 154.6, 131.6, 127.1, 95.7, 74.7, 62.8, 42.7. HRMS
(ESI/QTOF) m/z: [M + Na]" Calcd for C7H;oCIsNNaO;* 283.9618; Found 283.9628.

HO
Troc
HN ™
3ar
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2,2,2-Trichloroethyl (E)-(5-hydroxypent-2-en-1-yl)carbamate, synthesized via GP2, colorless oil,
4.0 mg (Yield = 14%). 'H NMR (400 MHz, CDCl3) & 5.63 (m, 2H), 5.09 (s, 1H), 4.73 (s, 2H), 3.83
(t, J=5.7 Hz, 2H), 3.67 (t, J = 6.2 Hz, 2H), 2.31 (q, J = 6.3 Hz, 2H), 1.57 (s, 1H). 3C NMR (101
MHz, CDCl) & 154.6, 129.8, 128.6, 95.7, 74.7, 61.9, 43.2, 35.7. HRMS (ESI/QTOF) m/z: [M +
Na]* Calcd for CgHi2C13NNaOs* 297.9775; Found 297.9784.

e

H
3as

2,2,2-Trichloroethyl (E)-(5-hydroxypent-2-en-1-yl)carbamate, synthesized via GP1, colorless oil,
3.2 mg (Yield = 11%). '"H NMR (400 MHz, CDCl3) & 5.82 — 5.64 (m, 2H), 5.59 — 5.43 (m, 1H),
5.22 —5.12 (m, 1H), 5.00 (s, 1H), 4.88 (m, 1H), 4.71 (s, 2H), 3.04 — 2.78 (m, 2H), 2.66 — 2.52 (m,
1H), 2.06 (m, 1H), 1.85 (m, 1H), 1.40 — 1.28 (m, 1H). HRMS (ESI/QTOF) m/z: [M + H]" Calcd for
Ci11Hi5sCI3NO,* 298.0163; Found 298.0168.

&y

)
Z
HCI
NH, 4y
(1R,28,5R)-2-Isopropyl-5-methylcyclohexyl (E)-4-aminobut-2-enoate hydrochloride. 0.2 mmol
3w and 2 mmol Zn powder were added to 2 mL acetic acid. The reaction was stirred for 24 h at
room temperature. The reaction solution was filtered on a thin paddle of celite, which was then
washed with MeOH. The collected filtrate was evaporated, redissolved with Et;O and washed with
a K»COs aqueous solution. The organic phase was dried and evaporated to 2 mL, and then 0.2 mL
HCI (4 M in dioxane) was added. 4w was obtained as a white solid, 46.8 mg, 85%.'"H NMR (400
MHz, CDCls) 6 8.75 — 8.47 (b, 3H), 7.01 (dt, J = 15.8, 5.9 Hz, 1H), 6.20 (d, /= 15.8 Hz, 1H), 4.78
—4.67 (m, 1H), 3.89 (m, 2H), 2.02 — 1.93 (m, 1H), 1.84 (pd, /= 7.1, 2.7 Hz, 1H), 1.73 — 1.61 (m,
2H), 1.53 - 1.33 (m, 2H), 1.12 — 0.96 (m, 2H), 0.92 — 0.84 (m, 7H), 0.73 (dd, /= 7.0, 2.0 Hz, 3H).
13C NMR (101 MHz, CDCls) & 165.5, 138.0, 126.4, 75.2, 47.1, 41.0, 40.5, 34.3, 31.5, 26.3, 23.5,
22.2, 209, 16.5. HRMS (ESI/QTOF) m/z: [M + H]" Caled for CisH26NO>" 240.1958; Found
240.1955.

NHTroc

(0]
5ad

2,2,2-Trichloroethyl (1-(oxiran-2-yl)butyl)carbamate, synthesized via GP1, colorless oil, dr=1:1.
"H NMR (400 MHz, CDCl3) 6 5.05 — 4.81 (m, 1H), 4.80 — 4.59 (m, 2H), 1.77 — 1.58 (m, 2H), 1.47
(m, 2H), 0.95 (t,J= 7.2 Hz, 3H). For the details of hydrogens on epoxy group please see the attached
spectrum. *C NMR (101 MHz, CDCl3) § 154.7, 154.5,95.7, 74.7,74.6, 53.9, 53.5, 52.8, 50.0, 46.0,
444, 35.6, 33.7, 19.1, 189, 14.0, 13.9. HRMS (ESI/QTOF) m/z: [M + H]" Caled for
CoH14CI13NNaO;* 311.9931; Found 311.9928.
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2,2,2-Trichloroethyl ((1-tosylaziridin-2-yl)methyl)carbamate, synthesized via GP2, colorless oil,
18.0 mg (Yield = 45%). 'H NMR (400 MHz, CDCl3) 4 7.82 (d, /= 7.9 Hz, 2H), 7.36 (d, /= 7.9 Hz,
2H), 5.00 (t, J = 6.2 Hz, 1H), 4.68 (m, 2H), 3.60 (ddd, J=14.7, 6.4, 3.6 Hz, 1H), 3.18 (dt, J= 14.6,
6.1 Hz, 1H), 2.96 (tt, J= 7.0, 4.0 Hz, 1H), 2.66 (d, J= 7.0 Hz, 1H), 2.45 (s, 3H), 2.21 (d, J=4.5
Hz, 1H). 3C NMR (101 MHz, CDCl;) & 154.6, 145.1, 134.6, 130.0, 128.1, 95.5, 74.7, 41.5, 38.4,
31.7, 21.8. HRMS (ESI/QTOF) m/z: [M + HJ" Caled for Ci3HisCIsN204S* 400.9891; Found
400.9889.

D—/N HTroc

N

\

Ts 5ao0

2,2,2-Trichloroethyl ((1-tosylpyrrolidin-2-yl)methyl)carbamate, synthesized via GP2, colorless oil,
28.0 mg (Yield = 65%). 'H NMR (400 MHz, CDCl3) 4 7.72 (dd, J= 8.3, 2.0 Hz, 2H), 7.33 (d, J =
7.8 Hz, 2H), 5.79 (t, /= 6.0 Hz, 1H), 4.84 — 4.67 (m, 2H), 3.74 — 3.63 (m, 1H), 3.51 — 3.32 (m, 3H),
3.27 - 3.08 (m, 1H), 2.43 (s, 3H), 1.86 — 1.57 (m, 3H), 1.47 (dt, J = 12.4, 6.2 Hz, 1H). '*C NMR
(101 MHz, CDCl3) 6 155.3, 144.0, 133.9, 130.0, 127.8, 95.8, 74.6, 59.8, 49.9, 45.6, 29.7,24.2,21.7.
HRMS (ESI/QTOF) m/z: [M + H]* Calcd for Ci5sH20C13N204S*™ 429.0204; Found 429.0205.
Troc o)
HN

5ap

2,2,2-Trichloroethyl (oxiran-2-ylmethyl)carbamate, synthesized via GP2, colorless oil, 12.7 mg
(Yield = 51%). '"H NMR (400 MHz, CDCl3) 8 5.20 (s, 1H), 4.83 — 4.66 (m, 2H), 3.67 (ddd, J = 14.8,
6.1,3.0 Hz, 1H), 3.33 (ddd, /= 14.7, 6.3, 5.1 Hz, 1H), 3.14 (ddt, /= 5.4, 3.8, 2.8 Hz, 1H), 2.82 (t,
J =43 Hz, 1H), 2.64 (dd, J= 4.6, 2.6 Hz, 1H). '3C NMR (101 MHz, CDCls) & 154.9, 95.6, 74.8,
50.5, 45.1, 42.4. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C¢HgCIsNNaOs* 269.9462; Found
269.9463.

O—/N HTroc

0]
Sar

2,2,2-Trichloroethyl ((tetrahydrofuran-2-yl)methyl)carbamate, synthesized via GP2, colorless oil,
17.2mg (Yield = 62%). '"H NMR (400 MHz, CDCls) & 5.41 (s, 1H), 4.81 — 4.62 (m, 2H), 3.99 (qd,
J=6.9,3.3 Hz, 1H), 3.92 —3.82 (m, 1H), 3.80 —3.70 (m, 1H), 3.48 (ddd, J=13.9, 6.7, 3.4 Hz, 1H),
3.18 (ddd,J=13.1,7.1,5.3 Hz, 1H), 2.11 — 1.83 (m, 3H), 1.64 — 1.49 (m, 1H). 3*C NMR (101 MHz,
CDCl3) 6 154.9,95.7,77.7,74.7, 68.3, 45.1, 28.6, 26.0. HRMS (ESI/QTOF) m/z: [M + Na]* Calcd
for C3H12C13NI\18.O3+ 297.9775; Found 297.9783.

_B
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N
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2,2,2-Trichloroethyl 2-((benzoyloxy)methyl)-3-propylaziridine-1-carboxylate, synthesized via
GP2, colorless oil, 13.7mg (Yield = 35%). '"H NMR (400 MHz, CDCl3) 3 8.15 — 7.99 (m, 2H), 7.62
—7.53 (m, 1H), 7.45 (t, J= 7.8 Hz, 2H), 4.78 — 4.65 (m, 2H), 4.61 — 4.44 (m, 2H), 2.78 (q, J=4.5
Hz, 1H), 2.68 (td, J= 6.3, 3.3 Hz, 1H), 1.82 (ddt, /= 14.3, 8.9, 5.6 Hz, 1H), 1.61 — 1.49 (m, 2H),
1.42 - 1.31 (m, 1H), 0.98 (t, J = 7.4 Hz, 3H). >*C NMR (101 MHz, CDCls) & 166.1, 159.6, 133.5,
129.9, 129.6, 128.6, 94.9, 63.0, 42.2, 41.9, 33.0, 20.3, 13.8. HRMS (ESI/QTOF) m/z: [M + H]*
Caled for CisH19C13NO4*394.0374; Found 394.0373.

Ac
WO/
/N
Troc
6ak

2,2,2-Trichloroethyl 2-(acetoxymethyl)-3-propylaziridine-1-carboxylate, synthesized via GP2,
colorless oil, 10.6 mg (Yield = 32%). '"H NMR (400 MHz, CDCls) 6 4.74 (s, 2H), 4.33 — 4.16 (m,
2H), 2.64 (td, J= 5.0, 3.3 Hz, 1H), 2.54 (ddd, J = 6.9, 5.6, 3.3 Hz, 1H), 2.07 (s, 3H), 1.79 (ddt, J =
14.4, 8.8, 5.6 Hz, 1H), 1.60 — 1.43 (m, 2H), 1.35 - 1.24 (m, 1H), 0.97 (t, J= 7.4 Hz, 3H). *C NMR
(101 MHz, CDCl3) 6 170.6, 159.6, 94.9, 75.7, 63.0, 42.5, 41.6, 32.9, 20.9, 20.3, 13.8. HRMS
(ESI/QTOF) m/z: [M + Na]" Calcd for C11Hi6CIs3NNaO4* 354.0037; Found 354.0039.

ON—Troc

6as

2,2,2-Trichloroethyl 2-(acetoxymethyl)-3-propylaziridine-1-carboxylate, synthesized via GPI,
colorless oil, 17.0 mg (Yield = 57%). 'H NMR (400 MHz, CDCl3) 4 5.79 — 5.67 (m, 2H), 4.82 (d,
J=12.0 Hz, 1H), 4.68 (d, J= 11.9 Hz, 1H), 2.42 — 2.15 (m, 8H), 1.20 — 1.06 (m, 2H). 1*C NMR
(101 MHz, CDCls) 6 160.5, 130.6, 95.2, 75.4, 45.0, 27.9, 25.8. HRMS (ESI/QTOF) m/z: [M + H]*
Calcd for Ci1Hi5sCI3NO,* 298.0163; Found 298.0167.

_N
o
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H
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(R)-5-TEMPO-6-(Troc-amino)hexyl benzoate, synthesized via GP2 (with addition of 1 equiv. of
TEMPO), colorless oil, 9.3 mg (Yield = 17%). '"H NMR (400 MHz, CDCls) & 8.04 (dt, J=7.0, 1.5
Hz, 2H), 7.60 — 7.51 (m, 1H), 6.98 — 6.81 (m, 1H), 4.80 — 4.65 (m, 2H), 4.33 (t, J = 6.5 Hz, 2H),
4.13 — 4.03 (m, 1H), 3.50 (ddd, J = 14.1, 7.8, 3.1 Hz, 1H), 3.36 (ddd, J = 14.1, 8.2, 3.1 Hz, 1H),
1.86 — 1.66 (m, 4H), 1.52 — 1.02 (m, 20H). 3C NMR (101 MHz, CDCls) & 166.8, 154.6, 133.0,
130.6, 129.7, 128.5, 96.0, 79.8, 74.5, 64.9, 61.1, 60.0, 46.1, 40.7, 40.3, 34.6, 33.2, 32.0, 29.1, 22.5,
20.7, 17.3. HRMS (ESI/QTOF) m/z: [M + H]" Calcd for CisH3gCIsN>Os™ 551.1841; Found
551.1849
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5. Scale-up reaction and separation

10% Cu(OPiv)2 (67.5 mg), 0.5% Ir(dfppy)2(ppy) (10 mg), lequiv. Mg(OPiv), (0.58 g) and 3 equiv.
alkene 2y (1.70 g) were added to a 50 mL Schlenk tube, in which the atmosphere was then changed
to nitrogen. Next, 3 mL CH3CN, 45 pL H>O and 2 mL solution of 1 (0.25 M in CH3CN) was added
and the reaction vessel was placed under radiation of blue LED. 8 mL of solution of 1 (0.25 M in
CH3CN) was added at a rate of 0.01 mL/min by a syringe pump. After the addition, the reaction was
maintained for another 20 h for completion. A substantial amount of precipitate was obtained.

Filtering the reaction mixture gave a white solid, which was then washed twice with diethyl ether.
Drying under vacuum led to 0.328 g white powder, which was further analyzed in section 6.3.

To the filtrate were added 30 mL ethyl acetate, 2 mL water and 1 mL 15% ammonia solution, and
then the organic phase was collected after sufficient mixing. The organic phase was concentrated.
The residue was separated on silica gel column to recover the alkene (1.232 g, 2.20 equiv.) and give

the final product (0.632 g, 61%).
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6. Mechanistic studies

6.1. Fluorescence quenching

Procedure: All solutions and samples were prepared under nitrogen. Stock solutions of
Ir(dfppy)2(bpy) (2.9 mg in 20.0 mL CH3;CN, 2.0x10** M), Cu(OPiv), (10.6 mg in 20.0 mL CH3CN,
2.0x103 M), CuOAc (2.5 mg in 10.0 mL CH;CN, 2.0x10° M) Mg(OPiv),*H,O (45.3 mg
Mg(OPiv), and 3.6 uL H>O in 20.0 mL CH3CN, 1.0x10 M), 2a (81.6 mg in 20.0 mL CH3CN,
2.0x102 M), 1 (135 mg in 20.0 mL CH3CN, 2.0x10 M) and 1a (62.5 mg in 10.0 mL CH3CN,
2.0x102 M) were prepared. The sample solutions were prepared by mixing given amounts of certain
stock solutions, and then diluted to 5.0 mL in a volumetric flask under nitrogen. The sample solution
was transfer to a cuvette with screw cap for further measurements on a fluorescence spectrometer.
Parameters: exciting (420 nm, slit 2.5 nm), emission measurement (430 nm-700 nm).

1 could effectively quench the excited Ir(dfppy)2(ppy) while 1a (without electron-withdrawing
cyano group) couldn't ( Figure S1 left). On the other hand, the excited Ir(dfppy)2(dtbbpy) PFs
couldn't be quenched by 1 (Figure S1 right). These results are consistent with the fact that neither
1a or Ir(ppy)2(dtbbpy) PFs were suitable for the reaction (Scheme. S1, Table. S2).

—lr] 2x10° M 35
I+ Cu(OPiv), (1:20) — ] 2x 10°M
300 [I+Mg(OPiv),"H,0 (1:100) 304 —— 1] +1 (1:100)
[Ir]+ Alkene (1: 200)
[If)+ 1 (1:100)

; [If]+ 1a (1:100)
200

emission intensity
N
[=]
h

Emission intensity
°
=
Y
H

100+

560 Eéﬂ 760 5(‘)0 Ell)(] 760
wavelength wavelength/ nm
Figure S1. Fluorescence quenching of two different photocatalysts.
The slopes (which are proportional to the corresponding quenching coefficients kq) for Stern-
Volmer plots are 9955 M-, 2348 M and 1397 M™! for 1, Cu(OPiv), and CuOAc, respectively,
suggesting that 1 is more efficient in quenching the excited photocatalyst than the copper species.

3004 40 -

—Ir2x10°M

—lr+ 1 (1:30)
o Ir+ 1 (1:50)
B ——1r+1(1:100) 30
T 200 Ir+ 1 (1:200)
£ _
=4 )
) 204 Il 9955 x c(1) +1.05
@ R*= 0.9997
£
w 100 4

104
0 T T T — T 0 T T T T T
500 600 700 0.000 0.001 0.002 0.003 0.004

Wavelangth/ nm c(1)y M

Figure S2. Fluorescence quenching by 1 at different concentrations and the corresponding Stern-

Volmer Plot.
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c[Cu(lN) M

Figure S3. Fluorescence quenching by Cu(OPiv); at different concentrations and the corresponding

Stern-Volmer Plot.

300 —(]2x10°M
[Ir] + CuOAc (1:5)
[Ir] + CuOAc (1:10)
250 [If] + CuOAc (1:20)
——[Ir] + CuOAc (1:40)
2200 -
@
c
[}
=
= 150+
o
8
£ 100
w
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500 600
Wavelength/ nm

700

2.0+

= 1.5+

1/1= 1397*C[Cu(1)]+1.01
R*=0.9955

0.0000

T T T
0.0004 0.0006 0.0008

cCu(h]/M

T
0.0002

Figure S4. Fluorescence quenching by CuOAc at different concentrations and the corresponding

Stern-Volmer Plot.

6.2 Measurement of redox potentials of reagents in the reaction.

0.04
—Fc
Ir(dfppy),(PPY)
0.02
<C
£
=
5 0.00
E
3
8]
-0.02 4
-0.04 4
————T—r———1——1—
25 20 15 10 05 00 05 10 15
E/V

Current/ mA

0.154
0.104
0.054
0.00
-0.05
-0.10 4
-0.15
-0.20
-0.25
-0.304
-0.354
-0.40 4

Cu(OPiv),

-25

T
-2.0 -15 -1.0

E/V

-05 0.0 0.5

Figure S5. CVs of reaction reagents. The CVs were recorded in CH3CN, with BusNBF;4 (0.05 M)
as electrolyte, glassy carbon disk as working electrode (diameter, 3 mm), Pt wire as counter
electrode, Ag|AgCl, as reference electrode. The scan rate was 100 mV/s. Concentration of reagents
(if applicable): 0.0001 M Fc, 0.0001 M Ir(dfppy)2(ppy), 0.001 M Cu(OPiv)2, 0.01 M 1, 0.01 M 1a.

E(Fc*/Fc) is 0.477 V vs. the reference electrode in our system. E(Fc*/Fc) in CH3CN is 0.380 V
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vs. SCE.” The potentials vs E(Fc*/Fc) above are converted to potentials vs SCE: E(Ir'"/Ir') = -2.22
V, E(V/Ir'™) = 0.97 V, Eox(Cu!) =-0.10 V, Erea(1) = -1.43 V, Ereq(12) = -1.82 V.

Based on the emission spectrum (Figure S1), Amax = 490 nm, which corresponds to an emission
energy Eo = 2.53 eV. The oxidation potential of the excited state can be estimated® °: E(Ir*/Ir'V)=
E(Ir'"/1r™V)- E¢= -1.56 V. This value is lower than the reduction potential of 1 yet higher than the
reduction potential of 1a, which is consistent with the fluorescence quenching results (Figure S1)

6.3 Analysis of the precipitate from the scale-up reaction

5.0 mg solid and 3.3 mg NaOAc were dissolved in deuterated water. The NMR spectrum is
displayed below.

051 ——
051-= j——
-

1.00 =

10‘.0 9:5 9:0 8.‘5 8.‘0 7.‘5 7.‘0 6:5 6:0 515 5.0 . 4.5‘ 4{0 3:5 3.‘0 2.‘5 Z.ID 1:5 1:0 D:S D.‘U
The two sets of peak at 7.73 ppm and 7.85 ppm could be assigned to 4-cyanobenzoate, and no
pivalate was present. With NaOAc as an internal standard, the quantity can be calculated:

n(4-cyanobenzoate)= n(NaOAc) x % x 0.51 =0.031 mmol,

Based on the formula of Mg(4-cyanobenzoate),, the weight should be % x 316 mg =4.9 mg,

which is only slightly lower than the weight measurement at the beginning (5.0 mg). The rest part
of the weight could have been contributed by H>O.

Notably, addition of 1 equiv. of H,O was indispensable for the formation of the precipitate.
Mg(OPiv); and H>O together can remove 4-cyanobenzoate out of the reaction solution. In the model
reaction, they could improve the yield by about 10%. For some substrates (eg. 3z), they could avoid
the side product from addition of 4-cyanobenzoate to the 2z.

o Troc 1% Ir(ppY)3 15% Cu(OPiv), HN/Troc
/©)L _NH @ no Mg(OPiv), or H,O 0 CN
0 +
+

CHCN, blue LED, 24 h

N2, r.t.
0.1 mmol, 1 3eq., 2z 3z, <20% 5-10%, difficult to be
separated with 3z
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7. NMR spectra of products

628’1
58'1
98’1
1581
508°1
181
0612~
a0z~

1LE
S8LE:
68L'E~
08E
508'E

86k
POE
STE'b
1ZE
TEE'b
LEE b
bTL v““m.
0zL'p

PEL5—
LS

185

96b G-
5155
0255
PES'S
1555
4E9'S
95
$59'5
8595
9/9'5:
269'5
£69'5
s

1164
aTp s
[
9k L

5b "4
8254
25 L

9E5 'S
b5
E55'4-
5954
6954
2s's
EI0'S
8108
bI0'E
JE0'E
EFD'S

1)

=9

3a (trans:cis

O

6]

oﬁ/o\/c:m3
HN

Freze

Froz

POE
LT

Ferz
Teoe
%mm.g

&0
Fee0

5oz
Feot

Feoz

0.5

S8z~
secsz

£91Eb—

69249 —

L85

ETE'5h—

218'9z1
5’ 82T
109 mﬁM
PLEDET—

Z6E'ZET-F
10 mmﬂ\.

£5b pST—

+#59'997T—

140

150

110 100 90
f1 (ppm)

120

130

180 170 160

150

S31



£68'T7

0161
aze' 1
GZE'T
SbET

205 1"
SETEN

E6T'E-F
01z'e
fee

Tee—

£105—
a05'5
0z5's
£ES'S
PhE'S
5555
25
855
5655
3795
$29'S
8E9'S
Pl

9:1)

3b (trans:cis

Foare

Froz

Eerz

%‘ 680

foo,m

20

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

1 (ppm)

895°0€ ~,_
856'TE—
ozree~"

8T Eb—

BT

EESH—

590421 —

L0 TET—

26k 51—

200

-10

180 170 160 150 140 130 120 110 100
f1 (ppm)

150

210

S32



ZGIE
691 m\V\
LIS

1733
€08 mL|W
Jat s

LTl
omm.vv

1 s—
605 5
EI5§
PESS
85 §
195 §
[
PESS
009 57
609§
EL9§
BEY'§

10:1)

3c (trans:cis

Fezz

Feet

Eere

EFizz

wmm.o

%. ooz

4.0 3.5

4.5
f1 (ppm}

092’9 —

L15'ZE
818 mmv

281 Eb—

049 bt =

SE/ 66—

BRO'EZT—
NGTET—

S8 ST —

T
-10

30 20

40

70

T T
200 190

T
210

f1 (ppm)

S33



bSEE
0z
ize
TeEe
z6e e
a0E'E
TEET
PEE'E
ShE'E
85€'E
a8k 2
S 2
1052
£052
05¢2
6507
zoc 2y
zi ey
Te6E

8562
1962

€9 2ofl
£96 2

06 € T

€462
66T
PEG'E

2862
[
618 EY

EEBE
e E
9B E

158 Ed

9z

990'5—
985G
665G
119G
529G
869G
669'G
299G
£09'G
£89'G
104G
are gl

Troc

X

3d

Feoz
=£60

860
Fego

Fooz

3.0

3.5

4.0

4.5

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

S0'SE—

ra
969 O =

E0E15—

89—

#0456 —

68442~
£0sBE ="

015 k51—

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

00

S34



T2 b=

OH

Troc

Z
I

3e

N

il

1.5

Feoy

2.0

Feoz

2.5

3.5

4.0

4.5
f1 (ppm)

Fagz
Fero

Feotr £
oot

6.0

7.0

7.5

8.0

SE9 82—
£G0 ZE—

952 Ep—

THE 29—

PP

Sbd §6—

509z —

DSEEEI—

SEGPSI—

170

150 140 130 120 110 100 90
f1 (ppm)

160

T
190 180

00

S35



BLE m/

BB E—F
noae

069 v~
01se"

280 5—
525 6
obs 5
5555
#95°S
65 5T
vess/e
52557
169 54
4025
P1ES
0ECS
b s

PEO L
el
[
E62 ¢

AN
mmm.m&.
2EE L

96b n&“

915 £

Troc

12:1)

3f (trans:cis

_Ph

ZT

Z
I

Tmc.v L

M ore

Foz

whm.o

Faot

_loo.ﬁ

807
o6z
¥ 202

1.0 0.5

1.5

2.0

5.0 4.5 4.0
f1 (ppm)

3.5

6.0

8.5

£ 82—

T80 iE—

901 eb—

Sk bL—

20456

T000ET—
LTSN
ZB0LET
BSTHEI~
E9FTEI—

SZELET—

155 5T—

ESEDIT—

T
-10

20

40

70

T
200

T
210

L (ppm)

S36



EPE T
2T
z8z T
THE T
TOET
1T
LEE'T
PEET
TLE'T

B9S'T

L8 ﬁ./
sou -t
vey 1

86T

[ TW
L1025
vee”

[T
162 L7
ey

8IS b—

BED 5—
TS
'S
TS
LU
5965
08r' 5
165 §
809 5
PEIs
829'S
99§
£99°5)

LR

Troc

HN. X CeH12

O-Me

cis=7:1)

3g-Me (trans

Fesa

Fogz

Forz

Forz

Fere

Foot

Foso

1.0

E96'PE

£05'87
DS.NNW
1062
o1 mm“
95T bE

SPEEP—

665 15—

Y bE—

148 56—

B SII—

080BET—
SebbST—

0BER£T—

-10

1 (ppm)

S37



EEEE
ShE T
BbE T
B85 E
09E'E
E9E'E
PLEE
BIEE
BAE E
SO0F £
0 E

9 E

Z99E
899
473 mk

084

264 E—
56 E
L0FE

018 E

6TLb—

O-Me

Troc

Z
I

9:1)

3h-Me (trans:cis

—lmm.m

Foez

Fust

Feoe
T&d

[Foot

Foso

4.5 4.0 3.5 3.0 25 2.0 15 1.0 05 0.
1 (ppm)

5.0

beb e

4
85 EE—
901 e — ——
08£°15— E—
999" ¢ —_—T
02 56— -4
918 921 — ——
219 TEr— -—
9k bST— —
LT BT ——

T
-10

S38



Troc

Feet

Feec
ooz

- eoz

- Mu 68'0

- Foso
- oot

3i-Me

Z
I

8.5

bbb LE—

268 2 —

290'25—

869 bL—

L0956 —

598 b2 —

B BET

225 kST —

096 14—

T
ao

T
110

200

f1 (ppm)

S39



Ph

L in
=
| =
—
n 996 42—
[[—
0LsE—
- 598 SE—
[ e
a0z'Ek—
= Tmm,m
(et
o~ £29'25~
150'E5~"
| =
= o
= Farz
n
[
Foos 089k —
L=
+
]
+
Feoz = 89456 —
FEIT| o B
[ =
T.NHD =
m 160 | 1
; H‘\mm 0w
—
—pE0 Lo
o Frso |
= PEE 42T,
O\ " 92r @W
F g 9k 821
- 56 wmﬁ.\
®) e
P16 GET
=)
et | ™
Fere
ZT Lin
~
@) 26k b5 —
=
[
n
e SE0 AT~
96 2T
| =
=
o
e
n
-z e
I

S40

60 50

70

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

190

00



BIE T~
SEz 1

88E'C
Sm.mW
e

Troc

Z
T

3k-Me

Fast

Feee

Foot

F1ot
102

180
50T
Foeo

Fesno

1.0 0.5

1.5

6.3 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

7.0

7.5

692 02— -

§51'82— —d
596 GE— E—
508 er— -—
rzmzs— —
LEE d5— —
£61'89— —-—
LA bE— -——
08¢ 56— -
b L2T— ——
E9UTEL== | —
T IPSI— -
BZETLI ——
156 2L —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

$41



b2

810 5

£90'S
z8r 5
£k S
505 §
1255
9ES m.ﬂ
919’5
EEYS
[
ESY'S
1495
£89'5
5845
0645
¥BES
5285
B8 §
EER'S
zE6 9
GEG' D
956'9
1969
846'9
9669

O

X

1)

10

3l (trans:cis

Fsez
Forz

THH,V

Foot

4.5 40
f1 (ppm)

5.0

5.5

808'E1 —

2Tz — [

LIV BE~ -
69'82 <"

S5E'PE— -

8bT Er— -

ZES'EI— -—

ELbE— e —

BbL 56— -

£5E 121 — -

Tk 9z — -

669 ZET

EEY 61T — -

88k b5 — -

£06 991 — -—

T
-10

30 20

40

70

T T
200 190

T
210

f1 (ppm)

542



—

X

Troc
HN

3m

ooz

oy

86T

J.cc,m

F-g0z

T.hm,o

a6t
160
660

0.5

1.0

1.5

6LLET—

081°ge—
P16 dE—

EER'EE~
BEPPE

PEL B —

Béb 59—

0494 —

6156

voweer
5584 mm—\v
T2 TEl—
869961~

Edb B5I—

The 21—

-10

70

T T
200 190

T
210

f1 (ppm}

543



2660
o0t
o't
TED'T
BP0 T
€501
6501
990°1
€801
PHOT
(1581
61T T—
£z
T
61 14
511
2
611
a1
611
S0zl
PIET
0EE' T
e
el
89z'1
e
are'l
029’1
vz
879’1
se9'
abe'1
1591
559°1
659'1
o'
€
891
T
ene't
et
8ot
cze
9Ll
PrET
AN
ezl
16T
ov6'T
66T
656'1
896°1
i
98 E
T08°E:
[22s
696t
986t
0005
69E'
e
SBE'G
BEE'S
TS
0TS
E2F'5
9z’ 5
0’5
295'
9955
855
285’5
009°
509°6
£19'G
(95

1295

X

Troc
HN

3n

%vm,m

Foss

Feot |

Fpet

Frre
Tmm,o r

Feeso

Feso

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
1 (ppm)

6.5

7.0

£80°92
mmm.mmv
T98°2E

2 or—
205'EF—

159 b L—

28456 —

864 221 —

LED OpT—

S5 BSI—

150

120 110 100 90
f1 (ppm)

130

140

190 180 170 160

n

S44



504 £
59 £
00g'€
POS'E
SIBE
GI0E

30

A

Troc

Fire

4.5

f1 (ppm)

85562
Ldn'gE—

[

549" d =

EBd 56—

0EZ 021 —

LEV ST —

E9F ¥5T—

T
-10

30 20

40

70

80

130

180

T
200

T
210

f1 (ppm)

545



Troc
HN

A

3p

OH

A

L)

F oo

»—lom,o.ﬁ

66'0)
£0'T]

4.5 4.0 3.5 3.0 2.5 2.0 15 10 05
f1 (ppm)

5.0

S80°Ze—
PES SE—

BTE SE—

656 Zr—

BPE'TL
899/

ELLG6—

TEVEET—

ZET 0K

025+ST—

150

-10

1200 110 100
f1 (ppm)

130

140

200 190 180 170 160

210

S46



e
S8 €
628 €
EPEE

0284
THE'b
mmméW
888 1
SHT'§
€ar mW
TR

Troc

HN.

3q

S0E
POE

Feer

8.0 7.5 7.0 6.5 6.0 35 5.0 4.5 4.0
f1 (ppm})

8.5

£9:°92

DE.RV
505°82—F
danil

950" LE~
b 'BE

£99°pL

208°56—

L6 9T —

940 561 —

PISPSEL

-

20

40

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 a0
f1 (ppm)

T
210

547



DED'#
SEI'F
LY
TSI
Tor'p
991

Ob¢ b
1986

Iz

e

Troc

3r

E1oe

fa A

Feo

oot

oot

4.5 4.0 3.5 3.0 2.5

f1 (ppm}

5.0

589 6E—

T2

¥89'56—

295" T
59 LET V.
ZES BLT
88821 \
moﬁ.mmﬁL\

2rz 9gT

685 bST —

—

-10

70

T
200

T
210

f1 (ppm)

548



cer
2017
2027
SI2T
ZEETT
£bZ T
5927
592 1
Z0e T
06z 14
8621
SIE T4
226 T
BEET
BEE 1]
filoaay
EBET
06E' 1
I T
95"
o' 1]
zep'T
08k T
a8k T
26T
PETT
99T
2597
8997
60T
1697
0T
24T
£84T
E64T
08T
SI8T
056'E
556'E
e
286 MW
589k
BIOE
BEC b
Theb
150
E9 b
(e
8¢ L
[ER
Le1s

PBE S~
£26' 5

5649
8089
0zE'g
SE8'9
2689
[N

0]

Troc

Z
I

3s

Fooz |

wvﬂm
—Yom,o

—..wod

Thod

6.0 5.5 5.0 4.5 4.0
f1 (ppm)

6.5

098 €2~
E6b G2

i 1E—

G102 —

150° 64—
0EB b4~

91556

0ps 281 —

16 2T —

PO5 S —

T 59—

/

T
-10

T
200

T
210

f1 (ppm)

549



oo
5004
AT
g
EEL' ¥

Lif b
108+

T8 5—

3t

£
o
\

O

Troc

Fooz

E96T

Fsso

Fogn

Feoe
=gt
502

5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 05
f1 (ppm)

5.5

00T — -
BB — —
9256 — -—

076121 =

oeg 11/

090927 =~ -

009627 —

ceg s -

59 05T~ -—

THIBET _

ZBE BT — -—

T

120

T

130

170

180

-10

100 80

f1 (ppm)

110

150 140

160

200 190

210

S50



- Fest

EseT

£60
66'0

OH

Feeo

3u

Eooz
Feoe
HOT

0]

Troc

3.0 2.5

4.0 35

4.5
f1 (ppm)

5.0

5.5

9 E—

LRSS

BERGh—

BH1'9TI—
B T2~
505 221 —

00T~
£89 Gp1

799'€51 ~.
i 51~

920591 —

T
-10

T
200

T
210

f1 (ppm}

S51



serk
ek

sy

e

ST'F

st r

P

58 b

10z D/
a2 a{ L
e s
9
9tz 9
1509
€959
95
286 9
955
100
500
9ir
0Er £
b1z

o5t

e
I
961
11z o
£ie o
s s
BHE £
2sE
0% ¢
296
08 o4
e s
ne -
ose 2/

98 &
628 &
BEE £
b £

[

0]

Troc

Z
I

3v

I

Fsoz

Fsoz

Feso

Faso

Fo07
260
€07

80T

00T

1.5 1.0 0.5

2.0

80 75 70 6.5 6.0 55 5.0 45 4.0
f1 (ppm)

8.5

92E T —

00 GL—

PBE 06—

955’56 —

EPTEEI—

BB T
T8G 6Z1—

FPI REI—

505 91—

PIT 1S —
EP9 PGl —

00g €91 —

150

120 110 100 90
f1 (ppm)

130

140

190 180 170 160

10

S52



w3
8551
€957
51
857
+ES'T
651
9651
809'1
€197
6197
#2917
629’1
SE9'7
GES'T
[TERS
591
6597 r
999'7

26T,
566'1-] 1
Thi'T
056'1
956'1]
9’1
1461
86
861
66T
66T
£00'E
200°Z
£10'E
sI0'E
EC0'E

8z0'z
80
ELLE
PELE

8zs e

PELE—

SL6'P—

2095+

£09'5
s
519'5~
0Z9'5

vzosd

_Troc

3w

Feew
Fezp

Frre

4.0

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

LBE T~
22922~
T60°5Z 7
sepac

095"/ —

ShObe

SEB’56 —

E6EZT—

981 PEl —

6L FST—

ww

180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10
f1 (ppm)

190

S53



€147
L1404
TECD
PEL 0
9280
SEE 0
88 0~
1580
P50
598 0]
€880
988 04
868 0
5160
66D
Sb6'D
£46D
£00°7
G107
8207
1507
£50T
090t
G61'T
£0ET
BEE'T
09E' T
89€'T
TET
2T
[
L6ET
Gk T
5k T
19T
69T
Sép'T
[
TEST
BEST
99T
5597
5997
£49T
T80T
5897
2641
08T
SI8T
b
EER'T
THE'T
£b6 T
b6 T
66T
8567
£96T
E4T
86T
£86'T
2867
286'E
Z66'E
P00
200%
[
PIOE
089'd
£80'%
z60'b
PoaE
204%
0w
924 b
BEC b
9l b
GbL b
S S
PER'Y
LE8'Y
989
0589
6580
zom's
989
9889

688 9

.0

NHTroc

3y

Feet

Fore

—Vmo.o

Feso

—Ivo.o

0.5

1.0

f1 (ppm)

05697+
2280~
L0 —
bhSECT
09" 92—
vorsz
15 TE~
OTE'PE~

[
(2Rt

0 —

255k
(73 th

515'56—

ESb 22—

BT ERT =

£29'PST—

95 59T —

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm}

T
190

00

S54



£B5'T
0651
S09'%
6197
0E9'T
8E9'T
T
2591
65911
£99' 1
8997
£69 1|
FEERS\
2691
L1657,
TEG T3
PG ﬁ
5561
95T
et
286 1)
65T
966'T
00z
e
(e
1z
L
SED'T

_Troc

3z

Feace

Frre

Foot
001

55961 —

898 be— -

259 62—

B8 Ob—

70

610k — -

|

228 86— -

-

oo idey

S5ELET— —_—

TOSTEl— —_—

9 EEST —3

by

R

T T T T
140 130 120 110

150

170

50 40 30

60

90 80

100
f1 (ppm)

160

190 180

10

S55



vuz e
609 T
EITT
TErr
EEIT
TeIT
PGS T
9991
BOE' T
EDE'E;
T
91E'
TEE'E
TEE'E:
LEE'E
0PE 2
THE'T
£PE'T
T5E'2:
95E"E;
Z9E'E;
S9E°2
SIEE
PBEZ
96E 2
SIPE
LT
EER £
BEF 2
[

R
8z
save
Tered

aav 2]
bovz)
AL b)
LS
£
29/
E80P
EBC
£68
E08
o1Ee
a1g

avep

5045
014 54
PILS
BILS
PESS
[ 17
£56'S
2965
£96°S
1465
946

FEEL

HN/Troc

3aa

o0t

£6'T
62T
680

10T
00T

-1.0

15

2.5 2.0

3.0

4.0

4.5
f1 (ppm)

7.0 6.5

7.5

B0Z'TE~,
BES'TE~

LS —

09—

Tod 56—

84 01—
892 561 —

£66EST—

-10

30 20 10

40

70

T T
200 190

T
210

f1 (ppm)

S56



FET
5580
050
0680
806 0-7
sl
ST
157 1%
zz1]
et
182 14
62T
667 T
90e 1]

0ZE'T
SZE'T
BEE'T

EBET
FATS
TERT
05p' T
80p'T
SE6 T
256 T
06T
8867
900

3ab

Fest1 b

Foot

ﬁz,m
60
Feot
Foot

5.5 5.0 4.5 4.0
f1 (ppm)

6.0

6.5

6Z9'ET-
g
1o et —

LIE SC—

89/ JE—

091 E5—

055 be—

ETH 56—

B06'8E—

SPIEET—

OE0EST—

200

-10

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

190

210

S57



NHTroc

1.4

3ac-1

3ac-2

NHTroc

20T

5 SE'T]

PL'y

0T
10T
T
92T
oot

ESOFT
EET#T >

S6TZ~
906" 2L
vorzz
Sev'sz—"

BEFTE
nmm.ﬁmw
6£6'TE

cevse””

T2

908'E5—

b5

k856 —

ZEFSTT—

E180ET~
PaS TET ="

92€ 8ET—

20 EST~
S2rpsT

120

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

110

160 150 140 130

70

S58



8460,

966 0=

siors

5P T—
e
w0E
190 g
#902
080’z
£8D'E
S60'C
B60'E
zore
are

059 €
£99'E
ELWE
069'E
aE
LElE
PrLE
bz ed

04z
£8E wW
Z0E

L

PELP—
SEE'§
08E'S
FBE'S
BBE'S
S6E'§

0k G-
61 5]
£ 57

LR
PR 5)

BEK' S

Ebb' S
95 5
654G
2is' 5
LT m_
£BLS
oS
564'G
86 G
018's;
r1e's
9E8' S
DER'S:

OH
NHTroc

3ad

Feare

%. 65T

Fore

~68'0
ST'T

Foor

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.3
f1 (ppm)

8.0

ESKET—

9k SC—

S PS—

[

ESLbE—

299 56—

SEDSET—

GO09ET—

E45HST—

-

-10

20

40

70

80

130

T T
200 190

T
210

1 (ppm)

S59



1580
098 0
898 0
8480
988 0
968 0
8L T
EBE T
L0E'T
PIET
EZE T
BEE T
256 T
T9E'T
B9E T
EBE'T

OH
NHTroc

3ae (dr= 2.0:1)

Feee

%h@,v

—Z1'T

_voi
Frot
Fere

S0z
Wm@o
Wmﬁ:

=

Foot

0.5

1.5

2.0

25

30

3.5

4.0

4.5

5.0

5.5

8.0

8.5

f1 (ppm)

6e0°FT
860 Ev

EZ06T
090 EV

608°SE~,
85€'9E~"

S22 /5
68845~

T2
vER MHV
TH9 b
mmm.vmw

TEL Th—
TeE 9 —
265 BT

P5LTEE—
96E 9ET—

552 PSI~,
2944517

20

40

60

70

80

T T
200 190

T
210

f1 (ppm)

S60



OH
NHTroc

3ae (dr= 2.0:1) in de-DMSO

Feso
FEE0

Fago

Eog0
1£0
o0z

[eet

Foot

850
Fego

4.5 4.0 35 3.0 2.5 2.0 15 1.0 05
1 (ppm)

5.0

8.0 7.5

8.5

S61



OH
NHTroc

3af (dr=2.6:1)

\Hllﬂ MI 650

b oo

L

4.0

5.0

f1 (ppm)

04e5E
nmm.an
Nmm.mNW.
£50°92
6ZE°92
m&m.wn“
ZELTBT
+e6°8T
Treezd

756" BE~
28600

9% b5~
290°55~"

ELS b
mmm.EV

sone’”

E16°56—

565 97T —
515 8TT—

£V ZET—

£88 95T —

850 PST~_
085 a1~

T T T T
140 130 120 110

150

170

80 80 70 60 50 40 30

100
f1 (ppm)

160

150 180

0

562



OH
NHTroc

3af (dr= 2.6:1) in dg-DMSO

WGG.H
80

1.0

1.5

2.0

25

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

S63



£86'07
£86'0
PES'T
29E'E
99 E:
9BE'b

LI

OH
NHTroc

3ag (dr=2.2:1)

Fees |

Fsso

W@m,o L

4.5 4.0 3.5

f1 (ppm}

5.0

8892
969 mmv

906PE~,_
£02'5E~"

98EES—
16555 —

9LaPL
it

949°64~—
51—

EEB'Gh—

615 5TT—
bEBIT—

£66'EET—

95€ 8El

84 Esl
FEOBST >

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

a0

S64



OH
NHTroc

1) in dg-DMSO

3ag (dr=2.2

Feos

Logo
£90

Fesz
Fest

00T
cEo

Fooo

Fezo

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f1 (ppm)

8.0

8.5

S65



0EL T—
11—

PELE
PROE
290K
89¢°E
[ 2743
1733
981 ¢

Fags
0T
BIT#
BETH

689+
028t
mmh.v.V
pracd
E66
ELN
G666
820 §
LED'§

PED'S
£ED 5
£55'G
955G

OH
NHTroc

3ah

0s'T
~Bl'E

861
oot

£6'0
~p0T
4 oot
96’0

Foso

1.5

35

4.0

4.5

T
5.5

f1 (ppm)

65b 02—

006 25—

0z1'E9—

0T re—

956 —

ELEETT =

£58 T —

T15'$5T—

-10

30 20

40

70

130

T T
200 190

T
210

f1 (ppm)

S66



S

=

N _Ts
H
oC

ai

NHTr

Eere

Favy

Foot

Fore

Feso
Fest
Feeo

F66T

ooz

4.5

| =
A

5.5

f1 (ppm)

P00 HT—

189 T2~
neze-"

1 TE~
woze="

020"t —

16925

GEL b

045°56—

259 521 —
PIT 21"
#8662 —

612 SET—
E48 9ET—

BPEEPT—

BRE ST —

L

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

oo

S67



596° 0
£86 aJ‘W

Zo0' 1

.B
Oz

NHTroc

3aj

qum i

Froe

Fae

Feso

Feot b
Foot

0l
— ol

5.0
f1 (ppm)

5.5

E62'ET —

PIE'ST—

B2k T5—

a0z'99—

95—

60556 —

92 pZT
05k BZT ~_
224 BT
197 EET
980 95T —

TED bS] —

99" 99T —

-10

20

70 40

100
f1 (ppm)

150

T
200

T
210

568



0960
DB.DV

oo’

990 £—

]

_Ac
(0]
3ak

NHTroc

Fore

Frrs

Froz
Frot

Forz

Feso
Foot

-00'T

2.0

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.3

8.0

8.5

f1 (ppm}

BEE'ET—

BE6 0 —

EEP'SE—

956 25—

506'59—

E89bL—

989°56—

9 PIT—

TI09ET—

£60 bS] —

L0 T —

160

180

140 130 120 110 100 %0
f1 (ppm)

170 150

190

0

S69



905 §
015§
7295
929 §
09 §
8E0°5
b9 §
99 §
595
859'5
199§
99§
949§
089§
895

960§

NN \H/Troc

Z

CgH17

3al stereoisomers 3.7:1

Feaw]

Ii k=3

F g

.
—

f1 (ppm)

092 ¥1—

TER 22—
T9E BT
Z8 6T
ze9 6z
599 67
£89 6zl
SEL BT
£50 ZE
I ZE

£0E 567
mmm.mw\\

069 bL—

994 56—

9ZESII
69T LE1—

DEEZEN~,
909z~

BEF RS —

T
190 180 170 160 150 140 130 120 110 100 a0
f1 (ppm)

10

S70



L8N

Z1E (-
el

84 &
EES £
L
[

Feoz
Faet

POT
sre

Frao

ooz

0.0

0.5

2.0

25

3.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

849 12—

zab i —
LB —

BZL bl —

BEY G5 —

DEEZET
155 NEV.

00F BEL—F
S06'6ZF

9ET LET—

S0 ERT—

05ESI—

T T T
140 130 120

150

170

100 90

f1 (ppm)

110

160

190 180

10

S71



PERT—

S¢B'E
098°E
TBE
94B°E

0616,
€51~

12—

612°5—
POE°5
8IS
LS
Eh'S
505
105
664°5
ze's
PEB'S
BEA'S:
058°S
£98°5~

3aq

Ferz

Fe61
Ferz
% £6'0

20T
00T

5.0 4.5 4.0

f1 (ppm)

5.5

199'2k —

EEB'T9—

S69'bL

£59'56

BEL 42T —

059 TE7

129'bS5T—

40

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

T
190

00

572



E4ST—

0622
0E NW

oo

9L —

05—
295'5

9455
6855
109°5;
519°G-

829°5;
EE9'S
a9's
599°5-)
£89'5
057

HO

Troc
HN

A

3ar

Fet

Feet

Ferz
Fast

Ferz

%mm,o

Too,m

§59'5E—

T E—

4819—

989 br—

3.5

4.0

1s56—

4.5
f1 (ppm)

5.0

5.5

165 BT~
18 62T

6.0

3.0 25 2.0 1.5 1.0 0.5 0.
I
1
| |
|
ul
i Mo ligrin g

"
it

6.5

£55 ¥5] — -

8.5 8.0 7.5 7.0

180

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170

190

00

S73



BB b
SO0

ZET mﬁ
ar st
sBrs

695
wm«.mW
143

£15'57
9ES'S
SbS'S

£89'5
L6595
s
LT
W
5505
sare]

_Troc

ZT

3as

Feet

45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)

5.0

E99'EZ—

11862,
9Tr e~

165 b —

E6S be—

008 56—

et BZT
299621
81 oﬁv
kb 0ET

SEEEST—

70

80

130

180

T
200

T
210

f1 (ppm)

S74



KNO)

=

HCI
NH,

4y

FECE

0zé
- 122
Twm.m

Fare
STT
wmo.ﬁ

_vﬂo.m

Feor

Frot

Foor

wﬁw.m

0.5

1.0

25 2.0

3.0

5.0 4.5 4.0

1 (ppm)

5.5

9.0 8.5

9.5

98K 91—
£26' 02

mmd.mml./.
£05 E2—
EBC 92—

EEF IE—
TEEPE—

89 O~
696 0p~"

B01 i

9T 54—

25921 —

BB LET—

E6F59T—

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

00

S75



£hE'D
096'0
£96'0q
86D
B6E'T

mo.l”__

mmo.o“_

PrET
S5 1
oy
891
82b 1
P
a6k T
00514
6051
157

0251
s
£egT
851
0097
6097
291
5291
TE9T
6E9'T
che'l
6b9'T
597
€991
9991
o
0891
89T
{197
vege
8292
ag9z
£heT
BheT
507
092z
997
e
9T
88T
4067
aT6'z
6T
zEeC
1T
BED'E:
W0
050°E
250E
950°E
290
b
T55E
£95°E
2sE
85
856
b6
PEE'E:
296
026
826
PEEE:
599
19
569
a0
nES
e
29
s
Bl
POE'F
D6E'
116t

6781
azk' 1
CEP'T

[
SE6'F

NHTroc

5ad (dr= 1:1)

Free

ez

I-s0z

150
Fest
0S50
250

Fozz

Foot

2.0 1.5 1.0 05

4.5 4.0 3.5 3.0 2.5

f1 (ppm)

5.0

526 €7
29 EV

T68 81
L4061 by

T80 EE—
555 G

T b
hoo.va
966’ bl
Sh.mmﬂ.
oap e
£68 E5

PG b
bl >

B G

LA

ESTBST

T
-10

30 20

40

70

80

T
200

T
210

f1 (ppm)

576



80Z°Z7
GIZ'T
SEb'E
kT
9T
+#99°L
9E6°E
9T
$56°E
E96°C
T
086°C
066°E
S61°E:
091°E
S41°E:
181°E
616
e
895°E
L4SE:
BES'E
E65E
S09°E:
PI9°E
T29°E
BEIE

e el

PEE' L~
g

608 L~
678

NHTroc

Ts/

5am

B so
-962
760
Foot |

Faso
Foot

T“m.ﬂ |
whmg

0.5

1.0

1.5

2.0

2.5

R TE—

o TE—

I sE—
IS T

L b —

29k 56—

T 82—
ST0Er"
185 PEF~—

1 s —

909 pST—

40

T
200

T
210

f1 (ppm)

S77



NHTroc

#O'T
S6'C
(oot

5ao

Fest
Fooz

Ts

2.0 1.5 1.0 0.5 0.t

2.5

4.5
f1 (ppm)

5.0

7.3

-
6891

Tezbe
29960~

LE9'Sh—

65860 —

9865 —

¥E9bs—

856 —

05¢ &2
886 61~
T8 EET —

PED PhT—

592'68T —

-10

10

20

40

70

T
200

T
210

f1 (ppm)

578



8E9°¢
FET D
BEYE
W &
L08E
818z
(1434

62
e
SET
BET
[
51
61
5T
3
962 £°f
0E £
ZIEE ﬁ

SZE E)
EEE'ES
9PE EN r
BPEE—
zop e’
P E
Z59°E
099°E
2996
T89E
689°E
969°E;
FOLE

2604
[N

[
ik «\.

Z0z 5—

0

Troc
HN

5ap

FL60
E&6'0

Fago
Feot

Foot

660
60T

_me..o

4.0

4.5
f1 (ppm)

9EF Th— —_

60 Sk — —%

ET5 05— —

BLLbE— -

695 56— -4

EBBBST— -

10

20

30

f1 (ppm)

S79



NHTroc

5ar

Fsot
Feez |

Ferz

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.5

86652 —
156'82—

9T 5k —

0889 —

759'b—

Skt dE—

The'S6—

Gb6'PST —

T

T T
115 110 105 100

130 125 120

T T T
135

140

T T T
150 145

165 160 155

170

90 8 80 75 70 65 60 55 50 45 40 35 30 25

95

1 (ppm)

S80



b
finjiry
ool

28

-
2
b
T

9 &
Sk
59" &
7554
955" &
S5 &
[0
6"
LN

6108
BED m\.

O/

Troc

6aj

Fore |2
Feor
M oz

880

FSe0
Fe60

Feoz [ 2

Feoz

6.0

7.0

T
%
g
2

7.5

BERET —

PBE0—

986" ZE —

$88'TE
mmﬁ.?v

EPDEY—

8986 —

0E9'8ZT~_
£296eT
sewen /.

a5t EET

619657 —

ZET' 99T —

T T T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm)

T
180

T
190

o0

S81



o

Troc

6ak

Fape |-

Fert
Feoz

Faeo

Eezoe

Feso
o510

Fooe

8s'T

1.5

2.0

8.0 7.5 7.0 65 6.0 5.5 5.0 45 4.0
f1 (ppm)

8.5

BOB'ET—

69202~
6880z

968 ZE—

PO T
E9 ="

156 Z9==

869 5/—

056 bh—

185651 —

20—

T
-10

20

40

70

T T
200 190

T
210

1 (ppm)

582



8601
£60'1
o'l
'
e8]
(a8
9T’
61T
6511
a1
2022
viz'z
23
T
FELE
'E
e 'E
ES2'E
8522
£92'2
TeE
62 E
[
80E'E
SIE'E
8262
9EEE
EhE'E
PEE'Z
£9'E
TEE
LT
e8e'z

991
£69 vV
508'v—

sep

83957
146
9L
9L
TEL'S
9EL'S
'S
1
6945

N—Troc

6as

A

Foe

oot
F660

Fost

0.

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

7.3

8.0

8.5

9.0

9.5

G08'5C—  —
b8 T -

PED S — [

10050~ ——

S02'56— -—A
E
a
=
=
=

Th90ET — —_—d

605097 — S

T T
120 110

130

140

170

T

190

50 40 30 20 10

60

80

a0

100

150

160

180

200

1 (ppm)

S83



TE0'T
azr'y
81T
€917
SB1'T
€611y
6027
6T 1f
PEP T
T
65T
0" T
BT
b T~
a6 1
25T
551
b T
8597
549'7
9891
5697
et
14T
0247
et
907
TBST
1087
18T
CER'T
256 E~y
09€" €]
L9E°E
PLEE
JEay
SEE'E
cob e
SH'E
b€
PhbE
205 e
605°E
125°E
625 E
090k
890
P
060" b
LIEE
EEE'W
6P
699
669°F
b
848
€589
Tog'g
Se8'9
ST £
0k £
PEP L
LEbE

[
«mvnﬁ

T a i T

—

=

0gs' £
PES'E
8e5" £
b5 o
£55' £
855" £
95 L
15 L
se5 e

0E0 8
PED B
GEDB
8K 8
1508
5508
6S0'8

7a

Troc

BzO

Wmm,m

T £5'8
f 9C'F)

T oa
I esq-

T- 260

F oz

T v

I 90
I 90T

4.5 4.0

f1 (ppm)

5.0

20
88902~
N5 gE—

690'62~
0,
122 EE—
£95'bE="

THE O~
99 0p ="

990 9 —

a10°09—
sz119-"
B06'H9—

EOG b d —

028 64—

20 9

b B2~
604621 —
545 081~
o eer~”

509'p51—

808 991 —

T
150

160

180

130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

140

170

190

00

S84



References:

(1) Y. Tamura, Y. Hisamatsu, S. Kumar, T. Itoh, K. Sato, R. Kuroda and S. Aoki, Inorg. Chem., 2017,
56, 812-833.

(2) A. B. Tamayo, B. D. Alleyne, P. I. Djurovich, S. Lamansky, I. Tsyba, N. N. Ho, R. Bau and M. E.
Thompson, J. Am. Chem. Soc., 2003, 125, 7377-7387.

(3) Q.X.Qin, Y. Y. Han, Y. Y. Jiao, Y. Y. He and S. Y. Yu, Org. Lett., 2017, 19, 2909-2912.

(4) D. Listunov, C. Billot, E. Joly, I. Fabing, Y. Volovenko, Y. Genisson, V. Maraval and R. Chauvin,
Tetrahedron, 2015, 71, 7920-7930.

(5) J.R. Al Dulayymi, M. S. Baird and K. Jones, Tetrahedron, 2004, 60, 341-345..

(6) Q. Zhao and H. N. C. Wong, Tetrahedron, 2007, 63, 6296-6305.

(7) V. V.Pavlishchuk and A. W. Addison, Inorg. Chim. Acta., 2000, 298, 97-102.

(8) E. R. Welin, C. Le, D. M. Arias-Rotondo, J. K. McCusker and D. W. C. MacMillan, Science,

2017, 355, 380-384.
(9) D. M. Arias-Rotondo and J. K. McCusker, Chem. Soc. Rev., 2016, 45, 5803-5820.

S85



