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1. General

New compounds were characterized by '"H NMR, *C{'H} NMR, "F{'H} NMR, IR, and HRMS.
'H, BC{'H}, and '""F{'H} NMR spectra were recorded on a JEOL JMTC-400/54/SS spectrometer
('H NMR, 400 MHz; *C{'H} NMR, 100 MHz, "F{'H} NMR, 377 MHz). '"H NMR chemical
shifts were determined relative to MesSi (0.0 ppm) as an internal standard in CDCI3 and the signals
of residual undeuterated DMSO (2.50 ppm) in DMSO-ds. *C{'H} NMR chemical shifts were
determined relative to CDCls (77.16 ppm) or DMSO-ds (39.50 ppm). ’F{'H} NMR chemical shifts
were determined relative to CeFs (—164.9 ppm) as an external standard. Infrared spectra were
recorded on a SHIMADZU IRAffinity-1 FT-IR Spectrometer. High-resolution mass spectra were
obtained on a JEOL JMS-700 mass spectrometer (magnetic sector type mass spectrometer) and
JMS-T100LP. Melting points were determined on a Stanford Research Systems MPA100 OptiMelt
Automated Melting Point System. Cyclic voltammetry (CV) was performed with ALS-610E (BAS
Inc.) system. UV-vis spectra were recorded on a Shimadzu UV-2550 spectrophotometer. The X-ray
diffraction data of the single crystal were collected on a two-dimensional X-ray detector (PILATUS
200K/R) equipped in Rigaku XtaLAB PRO diffractometer using thin multi-layer mirror
monochromated Cu-Ka radiation (A =1.54187 A). Submicrosecond laser flash photolysis (LFP) is
performed with a 355 or 266 nm yttrium aluminum garnet (YAG) laser (6 mJ/pulse, 12 ns pulse
width). The monitoring system consists of a 150 W Xenon arc lamp as light source, a Unisoku
MD200 monochromator detection and a photomultiplier. All reactions were carried out under
nitrogen. Products were purified by chromatography on silica gel BW-300 (Fuji Silysia Chemical
Ltd.) or Chromatorex NH (Fuji Silysia Chemical Ltd.). Light irradiation was performed by using
LEDs (Kessil PR160L 390 nm (max 40W), Kessil PR160L 467 nm (max 40W), and Kessil PR160L
525 nm (max 40W)). The emission spectra of the LEDs were recorded on a HAMAMATSU
Quantaurus-QY C11347-01 spectrometer. The light intensities of the LEDs were measured using
Optical Power Meter PM100D (THORLABS Inc.). Analytical thin-layer chromatography (TLC)
was performed on pre-coated silica gel glass plates (Merck silica gel 60 Fas4 and Fuji Silysia
Chromatorex NH, 0.25 mm thickness). Compounds were visualized with UV lamp or treatment

with an ethanolic solution of phosphomolybdic acid followed by heating.

2. Materials

Alkenes 1a—1m, 10 and 1r were prepared according to the reported procedure.'”’ Carboxylic acids
2e, 2j, 2k, and 2p were prepared according to the reported procedure.!®!" Hypervalent iodine
reagents 3a-3g and 13 were prepared according to the reported procedure.!””'* Dehydrated THF and
toluene were used from a solvent purification system. All other solvents and reagents were

purchased and used as obtained.

S2



CO,Me

é&COzH
MeO,C

29

HO___CO.H

x

2m

HO

BocHN™ “CO,H
2s

CO,Me CO,Me

it

cl
1b 1c
CO,Me CO,Me
Ph@
1h 1i
in
NC MeO,C™ X
1t 1u
CO.H
>( OWCOZH
2b 2c
COLH
@/ MeOZC%COZH
MeO,C
2h 2i
COLH

CO.H Q

2n 20
Ph—co,H BocHN ™ >CO,H

2t 2u

CO,Me

3

Br
1d

CO,Me
1j

Ph._CO,H

CO.H
Ph” >Ph

2v

CO,Me

CO,Me

1k

mcogH
HO,C

2e

EﬁCOZH

Ts
2k

CO,Me

o

2f
BocHN.___CO,H

X

2

D—COZH
N

2r

3e

Figure S1. List of substrates and iodine reagents

3f

39

13



3. Preparation of alkenes

n-BuyNI (0.04 equiv)

CO.Me K,COs (3 equiv) CO,Me
+  paraformaldehyde
Ar (3 equiv) toluene, 60 °C, overnight Ay

General procedure I: According to the reported procedure', to a solution of ester (1 equiv) in
toluene, paraformaldehyde (3 equiv), n-BusNI (0.04 equiv), and K>COs (3 equiv) were added at
room temperature. The resulting mixture was stirred at 60 °C overnight. After cooling to room
temperature, the suspension was filtered through Celite, and the filtrate was eluted with EtOAc and
water. Then, the mixture was extracted with EtOAc. The combined organic layers were dried over
NaxSOqs, filtered, and concentrated under reduced pressure to give the crude mixture, which was

purified by flash column chromatography on silica gel gave the desired alkene.

methyl 2-(p-tolyl)acrylate (1a)
COzMe

'H NMR: (400 MHz, CDCL3) & 7.30 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.31 (d, J= 1.2
Hz, 1H), 5.85 (d, J = 1.2 Hz, 1H), 3.81 (s, 3H), 2.36 (s, 3H); *C{'H} NMR: (100 MHz, CDCls) &
167.6, 141.3, 138.2, 134.0, 129.0, 128.3, 126.3, 52.3, 21.3

The analytical data for this compound were in excellent agreement with the reported data.?

methyl 2-(4-fluorophenyl)acrylate (1b)
COQMe

F

'"H NMR: (400 MHz, CDCl3) & 7.43-7.35 (m, 2H), 7.09-6.97 (m, 2H), 6.36 (d, J = 1.2 Hz, 1H),
5.87 (d, J = 1.2 Hz, 1H), 3.82 (s, 3H); 3C{'H} NMR: (100 MHz, CDCl3) 6 167.2, 162.8 (d, Jo-r =
246.1 Hz), 140.3, 132.8 (d, Jcr = 4.1 Hz), 130.22 (d, Jcr = 8.2 Hz), 127.1, 115.2 (d, Jc r =21.4
Hz), 52.4

The analytical data for this compound were in excellent agreement with the reported data.?

methyl 2-(4-chlorophenyl)acrylate (1¢)
COzMe

Cl
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'H NMR: (400 MHz, CDCLs) & 7.38-7.29 (m, 4H), 6.38 (d, /= 1.2 Hz, 1H), 5.89 (d, J = 1.2 Hz,
1H), 3.82 (s, 3H); '*C{'H} NMR: (100 MHz, CDCLy) 5 166.9, 140.3, 135.2, 134.4, 129.8, 128.4,
127.5,52.4

The analytical data for this compound were in excellent agreement with the reported data.?

methyl 2-(4-bromophenyl)acrylate (1d)

COQMe

Br

'H NMR: (400 MHz, CDCL3) & 7.47 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 6.38 (d, J= 0.8
Hz, 1H), 5.89 (d, J = 0.8 Hz, 1H), 3.81 (s, 3H); '*C{'H} NMR: (100 MHz, CDCls)  166.8, 140.3,
135.6, 131.3, 130.1, 127.5, 122.5, 52.4

The analytical data for this compound were in excellent agreement with the reported data.?

methyl 2-(4-iodophenyl)acrylate (1e)
CO,Me n-BuyNI (0.04 equiv) CO,Me

KoCOj3 (3 equiv)
+ paraformaldehyde
(2.9 equiv) toluene, 60 °C, 12 h

According to the general procedure I, to a solution of methyl 2-(4-iodophenyl)acetate (1.64 g, 5.9
mmol) in toluene, paraformaldehyde (517.3 mg, 17 mmol), n-BusNI (87.9 mg, 0.23 mmol), and
K>COs (2.50 g, 18 mmol) were added. The resulting mixture was stirred at 60 °C for 12 h. After
cooling to room temperature, the suspension was filtered through Celite, and the filtrate was eluted
with EtOAc and water. Then, the mixture was extracted with EtOAc. The combined organic layers
were dried over Na>SOg, filtered, and concentrated under reduced pressure to give the crude product,
which was purified by flash column chromatography on silica gel (hexane/EtOAc = 95:5) gave the
product as colorless oil (586.3 mg, 34% yield).

"H NMR: (400 MHz, CDCl3) & 7.68 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 8.8 Hz, 2H), 6.38 (d, J = 0.8
Hz, 1H), 5.90 (d, J = 0.8 Hz, 1H), 3.81 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) & 166.7, 140.3,
137.3, 136.2, 130.2, 127.6, 94.3, 52.4; IR: (ATR) 2947, 1717, 1485, 1433, 1389, 1200, 1175, 1057,
1003, 826, 810 cm™!; HRMS (EI) m/z: (M*) Calculated for C1oHoOxI 287.9647; Found 287.9646

methyl 2-(4-methoxyphenyl)acrylate (1f)

CO,Me

MeO
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'H NMR: (400 MHz, CDCL3) & 7.36 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 6.28 (d, J= 1.2
Hz, 1H), 5.84 (d, J = 1.2 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3H); *C{'H} NMR: (100 MHz, CDCls) &
167.7, 159.7, 140.7, 129.6, 129.3, 125.6, 113.7, 55.4, 52.3

The analytical data for this compound were in excellent agreement with the reported data.?

methyl 2-(4-(trifluoromethyl)phenyl)acrylate (1g)
COQMe

FsC

'H NMR: (400 MHz, CDCl:) 8 7.62 (d, J = 8.8 Hz, 2H), 7.53 (d, J = 8.8 Hz, 2H), 6.48 (s, 1H), 5.97
(s, 1H), 3.84 (s, 3H); '>C{'"H} NMR: (100 MHz, CDCL3) § 166.6, 140.4, 140.3, 130.3 (q, Je_r = 32.1
Hz), 128.9, 128.8, 125.2 (q, Je_r = 3.2 Hz), 124.2 (q, Je_r = 270.8 Hz), 52.5

The analytical data for this compound were in excellent agreement with the reported data.?

methyl 2-([1,1'-biphenyl]-4-yl)acrylate (1h)
COQMe

Ph

'"H NMR: (400 MHz, CDCIl3) & 7.62-7.55 (m, 4H), 7.49 (d, J = 8.8 Hz, 2H), 7.48-7.40 (m, 2H),
7.35 (t, J = 7.6 Hz, 1H), 6.38 (d, J = 1.2 Hz, 1H), 5.95 (d, J = 1.2 Hz, 1H), 3.84 (s, 3H); *C{'H}
NMR: (100 MHz, CDCl3) 6 167.4, 141.3, 141.1, 140.8, 135.8, 128.9, 128.8, 127.6, 127.2, 127.0,
126.9, 52.4

The analytical data for this compound were in excellent agreement with the reported data.’

methyl 2-phenylacrylate (1i)
CO.,Me

"H NMR: (400 MHz, CDCls) 6 7.46-7.33 (m, 4H), 6.37 (d, J = 0.8 Hz, 1H), 5.90 (d, J = 0.8 Hz,
1H), 3.83 (s, 3H); 3C{'H} NMR: (100 MHz, CDCl3) 6 167.4, 141.5, 136.9, 128.4, 128.33, 128.27,
127.0,52.3

The analytical data for this compound were in excellent agreement with the reported data.?
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methyl 2-(o-tolyl)acrylate (1j)
COgMe

'H NMR: (400 MHz, CDCls) § 7.30-7.08 (m, 4H), 6.52 (d, J = 1.6 Hz, 1H), 5.71 (d, J = 1.6 Hz,
1H), 3.76 (s, 3H), 2.20 (s, 3H); 3C{'H} NMR: (100 MHz, CDCls) & 167.3, 141.8, 137.3, 136.2,
130.0, 129.6, 128.8, 128.3, 125.8, 52.4, 19.9

The analytical data for this compound were in excellent agreement with the reported data.*

methyl 2-(m-tolyl)acrylate (1k)
COQMe

'H NMR: (400 MHz, CDCLs) & 7.28-7.10 (m, 4H), 6.33 (d, J= 1.2 Hz, 1H), 5.86 (d, J = 1.2 Hz,
1H), 3.82 (s, 3H), 2.37 (s, 3H); 3C{'H} NMR: (100 MHz, CDCls) & 167.6, 141.6, 137.9, 136.8,
129.12, 129.10, 128.2, 126.7, 125.5, 52.3,21.6

The analytical data for this compound were in excellent agreement with the reported data.’

methyl 2-(benzo|d][1,3]dioxol-5-yl)acrylate (11)

CO2Me n'BU4N| (004 equiv) COZMe
K>CO5 (3 equiv
© + paraformaldehyde 2CO3 (3 equiv) o
< (3 equiv) toluene, 60 °C, 14 h <
7 (0]

According to the general procedure I, to a solution of methyl 2-(benzo[d][1,3]dioxol-5-yl)acetate
(1.93 g, 10 mmol) in toluene, paraformaldehyde (917.6 mg, 31 mmol), n-BusNI (162.8 mg, 0.41
mmol), and KoCO3 (4.24 g, 31 mmol) were added. The resulting mixture was stirred at 60 °C for 14
h. After cooling to room temperature, the suspension was filtered through Celite, and the filtrate was
eluted with EtOAc and water. Then, the mixture was extracted with EtOAc. The combined organic
layers were dried over Na,SOg, filtered, and concentrated under reduced pressure to give the crude
product, which was purified by flash column chromatography on silica gel (hexane/EtOAc = 85:15)
gave the product as yellow oil (782.4 mg, 38% yield).

"H NMR: (400 MHz, CDCls) 6 6.93-6.86 (m, 2H), 6.78 (d, J = 8.0 Hz, 1H), 6.25 (s, 1H), 5.95 (s,
2H), 5.81 (s, 1H), 3.80 (s, 3H); 3C{'H} NMR: (100 MHz, CDCl3) & 167.4, 147.7, 147.5, 140.8,
130.7, 125.9, 122.1, 108.9, 108.0, 101.2, 52.2; IR: (ATR) 3001, 2953, 2913, 1711, 1489, 1433, 1236,
1200, 1148, 1109, 1034, 916, 816 cm™'; HRMS (CI) m/z: ([IM+H]") Calculated for Ci1H;iO4
207.0657; Found 207.0652
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1-phenyl-2-(p-tolyl)prop-2-en-1-one (1m)
O._Ph

'H NMR: (400 MHz, CDCls) § 7.90 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.41 (dd, J = 8.0,
7.2 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 7.6 Hz, 2H), 6.01 (s, 1H), 5.57 (s, 1H), 2.33 (s,
3H); BC{'H} NMR: (100 MHz, CDCls) & 197.9, 148.2, 138.5, 137.2, 134.2, 133.1, 130.1, 129.4,
128.5, 127.0, 120.0, 21.3

The analytical data for this compound were in excellent agreement with the reported data.b

2,2'-(ethene-1,1-diyl)dipyridine (10)

t+BuOK (1.2 equiv)
THF,0°Ctort,5h

+ PhsPMeBr
(1.2 equiv)

According to the reported procedure’, a heat-gun-dried round-bottom flask containing a magnetic
stir bar was charged with PhsPMeBr (2.15 g, 6 mmol) and dry THF (17 mL). The suspension was
cooled to 0 °C, +-BuOK (0.56 g, 5 mmol) was added, and the resulting yellow suspension was
stirred at 0 °C for 30 min. To this suspension, a solution of di(pyridin-2-yl)methanone (0.91 g, 5
mmol) in THF (5 mL) was added slowly. The mixture was stirred at 0 °C for 4 h before being
quenched with water (10 mL). The aqueous layer was extracted with AcOEt (3 x 10 mL), and the
combined organic layers were dried over NaxSO4. The solution was concentrated under reduced
pressure to give the crude product, which was purified by flash column chromatography on NH
silica gel (hexane/EtOAc = 90:10) gave the product as red oil (498.1 mg, 55% yield).

"H NMR: (400 MHz, CDCls) & 8.65 (dd, J = 4.0, 0.8 Hz, 2H), 7.68 (ddd, J = 7.6, 7.6, 2.0 Hz, 2H),
7.39 (dd, J = 7.6, 0.8 Hz, 2H), 7.21 (ddd, J = 7.6, 4.0, 0.8 Hz, 2H), 6.06 (s, 2H); *C{'H} NMR:
(100 MHz, CDCls) 6 158.0, 149.5, 148.7, 136.5, 123.3, 122.7, 120.6; IR: (ATR) 3049, 3001, 1582,
1562, 1470, 1429, 991, 924, 797, 745 cm™!; HRMS (CI) m/z: ([M+H]") Calculated for Ci2HiiN>
183.0922; Found 183.0924

methyl(4-vinylphenyl)sulfane (1q)

/@/\
MeS

"H NMR: (400 MHz, CDCls)  7.33 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 6.67 (dd, J= 17.6,
10.8 Hz, 1H), 5.70 (d, J = 17.6 Hz, 1H), 5.21 (d, J = 10.8 Hz, 1H), 2.49 (s, 3H); *C{'H} NMR:
(100 MHz, CDCl3) & 138.1, 136.3, 134.7, 126.7, 113.3, 15.9 (one sp? signal was not observed
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because of overlapping)

The analytical data for this compound were in excellent agreement with the reported data.®

trans-(1-(2-phenylcyclopropyl)vinyl)benzene (1r)

.Ph
Ph%“

'H NMR: (400 MHz, CDCls) § 7.54-7.47 (m, 2H), 7.34-7.12 (m, 8H), 5.37 (s, 1H), 5.04 (s, 1H),
2.04-1.88 (m, 2H), 1.44-1.32 (m, 1H), 1.31-1.20 (m, 1H); '*C{'H} NMR: (100 MHz, CDCls) &
148.4, 142.7, 141.1, 128.6, 128.4, 127.7, 126.2, 125.87, 125.86, 109.5, 28.0, 26.6, 16.0

The analytical data for this compound were in excellent agreement with the reported data.’

4. Preparation of carboxylic acids

4-(2-carboxy-2-methylpropyl)benzoic acid (2e)

HO,C

"H NMR: (400 MHz, DMSO-ds) & 12.6 (brs, 2H), 7.84 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 7.6 Hz, 2H),
2.85 (s, 2H), 1.07 (s, 6H); C{'H} NMR: (100 MHz, DMSO-ds) & 178.1, 167.3, 143.4, 130.2,
128.9, 45.2, 42.6, 24.8 (one sp? signal was not observed because of overlapping)

The analytical data for this compound were in excellent agreement with the reported data.!'”

4-methyltetrahydro-2H-pyran-4-carboxylic acid (2j)

CO,H NH(i-Pr), (3 equiv)

CO,H
n-BuLi (3 equiv) Mel (3 equiv)
THF,0°Cto50°C,3h 0°Ctort,12h

O O

A heat-gun-dried round-bottom flask containing a magnetic stir bar was charged with dry THF (30
mL) and cooled to —78 °C. Diisopropylamine (4.63 g, 46 mmol) and n-BuLi (1.6 M in hexane, 28
mL, 45 mmol) were added, and the solution was allowed to stir at —78 °C for 30 min.
Tetrahydro-2 H-pyran-4-carboxylic acid (1.94 g, 15 mmol) in THF (10 mL) was then added
dropwise over 10 min, and the resulting solution was stirred an additional 30 min. The resulting
mixture was heated at 50 °C for 3 h. The reaction mixture was cooled to 0 °C and methyl iodide
(6.27 g, 44 mmol) was added dropwise. The mixture was stirred for 12 h before being quenched
with water (20 mL). The aqueous layer was washed with Et;O (3 x 20 mL). Then, the combined
aqueous layers were acidified with sat. 2 M HCI aq. until pH = 2. The mixture was extracted with
Et2O (3 x 20 mL), and the collected organic layers were dried over NaxSOs, filtrated, and

concentrated under reduced pressure. Recrystallization from hexane/Et;O gave the product 2j as a
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brown solid (1.25 g, 58% yield).

mp: 67.8-68.7 °C; '"H NMR: (400 MHz, CDCl3) & 3.86-3.78 (m, 2H), 3.60-3.50 (m, 2H), 2.12—
2.03 (m, 2H), 1.59-1.48 (m, 2H), 1.30 (s, 3H); BC{'H} NMR: (100 MHz, CDCls) & 183.0, 65.3,
40.9, 35.2, 26.3; IR: (ATR) 2955, 2922, 2872, 1715, 1454, 1304, 1207, 1161, 1020, 880, 820 cm™!;
HRMS (CI) m/z: ((M+H]") Calculated for C7H1303 145.0865; Found 145.0869

4-methyl-1-tosylpiperidine-4-carboxylic acid (2k)

COEt NH(i-Pr), (1.1 equiv) CO,Et COzH
n-BuLi (1.1 equiv) Mel (2 equiv) Eﬁ 2 M NaOH ag. Eﬁ
N THF, -78 °C, 1 h rt,3h MeOH, rt, 16 h

N N
Ts Ts Ts
(w/o purification)

Step 1: A heat-gun-dried round-bottom flask containing a magnetic stir bar was charged with dry
THF (15 mL) and cooled to —78 °C. Diisopropylamine (893.4 mg, 8.8 mmol) and »-BuLi (1.6 M in
hexane, 5.5 mL, 8.8 mmol) were added, and the solution was allowed to stir at =78 °C for 30 min.
Ethyl 1-tosylpiperidine-4-carboxylate (2.49 g, 8.0 mmol) in THF (8 mL) was then added, and the
solution was stirred an additional 1 h. Methyl iodide (2.41 g, 17 mmol) was added dropwise over 10
min, and the reaction mixture was stirred at this temperature for 1 h and then allowed to warm to
room temperature. The mixture was stirred for 3 h before being quenched with water (20 mL). The
aqueous layer was extracted with EtO (3 x 20 mL), and the combined organic layers were dried
over Na;SO4. The solution was concentrated under reduced pressure to give the crude product,
which was directly used for the next step.

Step 2: The crude product was dissolved in the mixture of MeOH (15 mL) and aqueous NaOH agq.
(2 M, 40 mL), and the solution was stirred at rt for 16 h. Then, the solution was concentrated under
reduced pressure, and the resulting aqueous layer was washed with EtO (2 x 20 mL) to remove
impurities and acidified with 2 M HCI aq. The aqueous layer was extracted with Et2O (3 %< 20 mL),
and the collected organic layers were dried over Na>SQy, filtrated, and concentrated under reduced
pressure. Recrystallization from hexane/Et;O gave the product 2k as a white solid (1.72 g, 72%
yield).

mp: 164.2-166.5 °C; '"H NMR: (400 MHz, CDCl3) & 7.63 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz,
2H), 3.47-3.38 (m, 2H), 2.69-2.58 (m, 2H), 2.43 (s, 3H), 2.19-2.09 (m, 2H), 1.61-1.51 (m, 2H),
1.20 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) & 181.8, 143.6, 133.8, 129.8, 127.8, 43.6, 41.0,
34.0, 25.8, 21.7; IR: (ATR) 2978, 2936, 2862, 1688, 1346, 1329, 1207, 1173, 1157, 1090, 1057, 935,
719 cm™!; HRMS (DRAT) m/z: ((M+H]") Calculated for C14H20NO4S 298.1113; Found 298.1100
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1-tosylpiperidine-4-carboxylic acid (2p)
CO,H

N
Ts

'H NMR: (400 MHz, CDCls) § 7.64 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 3.73-3.60 (m,
2H), 2.55-2.40 (m, 5H), 2.37-2.25 (m, 1H), 2.10-1.95 (m, 2H), 1.93-1.75 (m, 2H); '*C{'H} NMR:
(100 MHz, CDCL3) § 180.0, 143.8, 133.1, 129.8, 127.8, 45.5, 39.9, 27.3, 21.6

The analytical data for this compound were in excellent agreement with the reported data.'!

5. Preparation of a hypervalent iodine reagent
1-pivaloyloxy-1,2-benziodoxol-3-(1H)-one (60)

!
O—I1—0

According to the reported procedure'?, a reaction flask containing a magnetic stir bar was charged
with pivalic anhydride (5 mL) and 1-hydroxy-1,2-benziodoxol-3-(1H)-one (1.32 g, 5 mmol) under
nitrogen. The reaction mixture was heated up to 150 °C, while stirring vigorously until complete
dissolution of the starting material (approx. 1 h). The resulting mixture was allowed to cool to room
temperature and then left to settle in a freezer overnight. The white crystals were filtered, washed
with Et20 (3x5 mL) and dried, affording 1-pivaloyloxy-1,2-benziodoxol-3-(1H)-one as a white
crystalline solid (1.08 g, 62%).

"H NMR: (400 MHz, CDCI3)  8.27 (d, J = 6.8 Hz, 1H), 8.00-7.90 (m, 2H), 7.72 (dd, J = 7.6, 7.6
Hz, 1H), 1.33 (s, 9H); '*C NMR: (100 MHz, CDCls) & 184.0, 168.4, 136.3, 133.3, 131.4, 129.4,
129.3, 118.7,39.7,27.9

The analytical data for this compound were in excellent agreement with the reported data.!?

6. Cyclic voltammetry (CV) and UV-vis absorption analyses of aminating reagents

CV measurements: Cyclic voltammetry (CV) was performed with ALS-610E (BAS Inc.) system
using a one-component cell equipped with a Ag working electrode, a platinum wire counter
electrode, and Ag/Ag" reference electrode, and all the measurements were carried out in an
dichloromethane solution (1 x 107 M), which was prepared from distilled and degassed
dichloromethane, containing tetra-n-butylammonium hexafluorophosphate (TBAPFs, 0.1 M) as the
supporting electrolyte at room temperature under the Ar atmosphere at the scanning rate of 0.1 V/s.

The potential values were corrected against the Fc/Fc* (Fc = ferrocene) redox potential.
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No reduction wave of reagents 5, 7, and 8 was observed under the conditions used.
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UV-vis absorption analyses: All samples were prepared using dry DMSO which were degassed by
bubbling with N> gas for 30 min before use. A 10 mL volumetric flask was charged with 5-8 (0.01

mmol) and DMSO (10 mL). The solution was transferred to 1 ¢cm? quartz cuvette. The resulting

UV-vis absorption spectra are shown below.
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7. Alkylamination: experimental procedures, unsuccessful substrates, and product data
General procedure II: A reaction vial containing a magnetic stir bar was charged with alkene,
carboxylic acid, iodine reagent, K2CO3, and DMSO. After the vial was purged with nitrogen and
sealed with a screw cap, the mixture was stirred and irradiated with a Kessil lamp 467 nm (40W,
100% intensity, 2 cm away (The measured light intensity is >480 mW.)) with a cooling fun (The
reaction temperature within the reaction vial was maintained around 27 °C). After 12 h of
irradiation, the reaction was then quenched with H>O. The mixture was extracted with EtOAc. The
combined organic extracts were dried over Na>SOg, filtrated, and concentrated under reduced
pressure to give the crude product. Purification by flash column chromatography on NH silica gel
(hexane/EtOAc) gave the product.

Figure S2. Reaction setup

General procedure III: A reaction vial containing a magnetic stir bar was charged with alkene,
carboxylic acid, iodine reagent, KOAc, and acetone. After the vial was purged with nitrogen and
sealed with a screw cap, the mixture was stirred and irradiated with a Kessil lamp 390 nm (40W,
100% intensity, 2 cm away, (The measured light intensity is >480 mW.)) with a cooling fun (The
reaction temperature within the reaction vial was maintained around 27 °C). After 2 h of irradiation,
the reaction was then quenched with H,O. The mixture was extracted with EtOAc. The combined
organic extracts were dried over Na>SQg, filtrated, and concentrated under reduced pressure to give
the crude product. Purification by flash column chromatography on NH silica gel (hexane/EtOAc)
gave the product.
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Emission spectra of the LEDs used in the reaction

Kessil PR160L 390 nm Kessil PR160L 467 nm Kessil PR160L 525 nm
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Unsuccessful Substrates

According to general procedure II or III, the reactions using alkenes listed below were examined.

Scheme S1. List of Unsuccessful Substrates®

Ph Ph
i o N
N—I—O base (K,CO3 or KOAc) Ph N
Xy, * R‘=COH + "
R o solvent (DMSO or acetone) 2/}\(R
R3 <30 °C R R! 3
LEDs (blue or violet) R
styrenes |
COsMe
/©/< (@) N ~ /@/\/COZMG
O.N ©l Br
complicated complicated complicated a mixture of isomers
aliphatic alkenes electron-deficient alkenes
O Q A
J\/\/\/\/\/ A/g > EtOZC/\
MeO Ph ’T‘ CO,Et
0% (fully recovered SM) complicated <20% a mixture of isomers

a-heteroatom-substituted alkenes

5 0
0
1" /
i L : o
Eo” AcO N @Q
OFt
o)

<20% <20% <10% complicated
“Yields are determined by '"H NMR analysis of the crude mixtures.
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Product data
methyl 2-((diphenylmethylene)amino)-3-(1-methylcyclohexyl)-2-(p-tolyl)propanoate (4)

Ph

A

Ph N

COzMe

According to general procedure II, the reaction using alkene 1a (72.9 mg, 0.41 mmol), carboxylic
acid 2a (57.2 mg, 0.40 mmol), iodine reagent 3a (204.8 mg, 0.48 mmol), K»CO3 (54.7 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 98:2) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (153.3 mg, 84% yield). Recrystallization from
hexane/CHCI; gave a single crystal suitable for X-ray analysis.

mp: 96.5-99.8 °C; '"H NMR: (400 MHz, CDCl3) & 7.70 (d, J = 8.4 Hz, 2H), 7.60-7.45 (m, 2H),
7.43-7.30 (m, 6H), 7.16-7.04 (m, 4H), 3.17 (s, 3H), 2.46 (d, J= 14.8 Hz, 1H), 2.33 (d, J = 14.8 Hz,
1H), 2.32 (s, 3H), 1.42-0.99 (m, 10H), 0.76 (s, 3H); 3C{'H} NMR: (100 MHz, CDCIls) & 174.9,
165.1, 142.3, 141.4, 137.2, 136.3, 130.0, 128.9, 128.8, 128.6, 128.3, 128.1, 127.6, 126.2, 71.5, 53.1,
51.7,40.2, 39.5, 34.3, 26.4, 25.3, 22.2, 22.1, 21.2; IR: (ATR) 2924, 2843, 1728, 1628, 1445, 1221,
1020, 820, 770 cm™!; HRMS (FAB+) m/z: ((M+H]") Calculated for C31H3sNO, 454.2746; Found
454.2753

The structure of 4 was determined by X-ray structural analysis. Thermal elipsoids are drawn at the
50% probability level. CCDC 2286656 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre

via www.ccdc.cam.ac.uk/data_request/cif.

CCDC number 2286656
Empirical formula C31H3sNO2
Formula weight 453.60
Temperature/K 123.15
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Crystal system
Space group
a/A

b/A

c/A

o

o/
pre

/e

Volume/A?

V4

Pealeg/cm’?

w/mm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A7

monoclinic

P2i/n

9.6712(2)

10.1319(2)

25.4616(4)

90

96.565(2)

90

2478.56(8)

4

1.216

0.580

976.0

0.23 x0.214 x 0.187

Cu Ka (A =1.54184)

6.99 to 148.678
-12<h<12,-12<k<12,-31<1<25
31136

4975 [Rint = 0.0489, Rsigma = 0.0307]
4975/0/310

1.046

R1=10.0406, wR> = 0.1060
R1=10.0433, wR>=0.1086
0.21/-0.23

methyl 2-((diphenylmethylene)amino)-2-(4-fluorophenyl)-

3-(1-methylcyclohexyl)propanoate (9)

Ph

A

Ph N

CO,Me
F

According to general procedure II, the reaction using alkene 1b (74.2 mg, 0.41 mmol), carboxylic
acid 2a (56.3 mg, 0.40 mmol), iodine reagent 3a (207.0 mg, 0.49 mmol), K»CO3 (55.4 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
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eluent) gave the product as a white solid (168.3 mg, 92% yield).

mp: 121.4-123.2 °C; 'H NMR: (400 MHz, CDCl3) & 7.69 (d, J = 8.0 Hz, 2H), 7.67-7.59 (m, 2H),
7.45-7.31 (m, 6H), 7.17-7.06 (m, 2H), 6.97 (dd, J=9.2, 8.4 Hz, 2H), 3.18 (s, 3H), 2.45 (d, J=15.2
Hz, 1H), 2.35 (d, J = 15.2 Hz, 1H), 1.44-0.97 (m, 10H), 0.77 (s, 3H); *C{'H} NMR: (100 MHz,
CDCIl3) 6 174.6, 165.6, 161.6 (d, Jc—r = 243.7 Hz), 141.2, 141.1 (d, Jc—r = 3.3 Hz), 137.0, 130.2,
128.8, 128.54, 128.50, 128.1, 128.0 (d, Jc—r = 8.2 Hz), 127.7, 114.9 (d, Jcr = 21.4 Hz), 71.3, 53.4,
51.8, 40.2, 39.5, 34.4, 26.3, 25.3, 22.2, 22.0; F{'H} NMR: (100 MHz, CDCls) § —119.0; IR:
(ATR) 2928, 1732, 1630, 1504, 1215, 1155, 1030, 841 cm™!; HRMS (FAB+) m/z: ([M+H]")
Calculated for C30H33FNO2 458.2495; Found 458.2489

methyl 2-(4-chlorophenyl)-2-((diphenylmethylene)amino)-
3-(1-methylcyclohexyl)propanoate (10)
Ph

A

Ph N

CO,Me
Cl
According to general procedure II, the reaction using alkene 1¢ (79.2 mg, 0.40 mmol), carboxylic
acid 2a (56.4 mg, 0.40 mmol), iodine reagent 3a (204.8 mg, 0.48 mmol), K»CO3 (58.8 mg, 0.43
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCIl; as an
eluent) gave the product as a white solid (145.7 mg, 77% yield).
mp: 121.7-127.4 °C; 'H NMR: (400 MHz, CDCl3) & 7.69 (d, J = 6.8 Hz, 2H), 7.66-7.54 (m, 2H),
7.44-7.30 (m, 6H), 7.26 (d, J = 8.8 Hz, 2H), 7.12-7.05 (m, 2H), 3.17 (s, 3H), 2.44 (d, J = 14.8 Hz,
1H), 2.34 (d, J = 14.8 Hz, 1H), 1.44-0.99 (m, 10H), 0.76 (s, 3H); 3C{'H} NMR: (100 MHz,
CDCl) 6 174.5, 165.7, 144.1, 141.1, 137.0, 132.6, 130.3, 128.8, 128.6, 128.3, 128.2, 127.9, 127.7,
71.4,53.4,51.8,40.2,39.5,34.4,26.3, 25.3,22.2, 22.1 (one sp? signal was not observed because of
overlapping); IR: (ATR) 2916, 1728, 1634, 1489, 1443, 1209, 1030, 1013, 772, 758 cm™!; HRMS
(FAB+) m/z: (IM+H]") Calculated for C30H33CINO; 474.2200; Found 474.2187

methyl 2-(4-bromophenyl)-2-((diphenylmethylene)amino)-
3-(1-methylcyclohexyl)propanoate (11)
Ph

A

Ph N

COzMe
Br

According to general procedure II, the reaction using alkene 1d (98.6 mg, 0.41 mmol), carboxylic
acid 2a (56.8 mg, 0.40 mmol), iodine reagent 3a (206.0 mg, 0.48 mmol), K»CO3 (54.8 mg, 0.40
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mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (155.5 mg, 75% yield).

mp: 133.2-134.4 °C; 'H NMR: (400 MHz, CDCl3) & 7.69 (d, J = 7.2 Hz, 2H), 7.62-7.51 (m, 2H),
7.50-7.30 (m, 8H), 7.16-7.06 (m, 2H), 3.17 (s, 3H), 2.44 (d, J = 15.2 Hz, 1H), 2.34 (d, J=15.2 Hz,
1H), 1.43-0.97 (m, 10H), 0.76 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) § 174.4, 165.7, 144.6,
141.1, 137.0, 131.3, 130.3, 128.8, 128.6, 128.3, 128.2, 127.7, 120.8, 71.4, 53.3, 51.8, 40.2, 39.5,
34.4, 26.3, 25.3, 22.2, 22.1 (one sp? signal was not observed because of overlapping); IR: (ATR)
2924, 1732, 1485, 1445, 1213 cm™!; HRMS (FAB+) m/z: (IM+H]") Calculated for C30H33BrNO,
518.1695; Found 518.1688

methyl 2-((diphenylmethylene)amino)-2-(4-iodophenyl)-
3-(1-methylcyclohexyl)propanoate (12)
Ph

A

Ph N

CO,Me
I
According to general procedure II, the reaction using alkene 1e (117.0 mg, 0.41 mmol), carboxylic
acid 2a (56.6 mg, 0.40 mmol), iodine reagent 3a (205.8 mg, 0.48 mmol), K»CO3 (55.2 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (161.8 mg, 72% yield).
mp: 128.2-130.9 °C; '"H NMR: (400 MHz, CDCl3) & 7.70 (d, J = 6.8 Hz, 2H), 7.60 (d, J = 8.4 Hz,
2H), 7.47-7.29 (m, 8H), 7.13-7.05 (m, 2H), 3.17 (s, 3H), 2.43 (d, J = 14.8 Hz, 1H), 2.34 (d, J =
14.8 Hz, 1H), 1.43-0.97 (m, 10H), 0.76 (s, 3H) ; 3*C{'H} NMR: (100 MHz, CDCl3) 6 174.4, 165.7,
145.4, 141.1, 137.2, 137.0, 130.3, 128.8, 128.6, 128.5, 128.2, 127.7, 92.5, 71.5, 53.2, 51.8, 40.2,
39.6, 34.4, 26.3, 25.3, 22.2, 22.1 (one sp? signal was not observed because of overlapping); IR:
(ATR) 2922, 1732, 1628, 1445, 1213, 1001 cm™'; HRMS (FAB+) m/z: ((M+H]") Calculated for
C30H33NO2I 566.1556; Found 566.1567
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methyl 2-((diphenylmethylene)amino)-2-(4-methoxyphenyl)-
3-(1-methylcyclohexyl)propanoate (13)
Ph

A

Ph N

CO,Me
MeO
According to general procedure II, the reaction using alkene 1f (76.4 mg, 0.40 mmol), carboxylic
acid 2a (56.8 mg, 0.40 mmol), iodine reagent 3a (204.6 mg, 0.48 mmol), K»CO3 (55.3 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a pale yellow solid (149.7 mg, 80%
yield).
mp: 168.9-171.7 °C; 'H NMR: (400 MHz, CDCl3) & 7.70 (d, J = 6.8 Hz, 2H), 7.61-7.49 (m, 2H),
7.43-7.29 (m, 6H), 7.13-7.05 (m, 2H), 6.82 (d, J = 9.2 Hz, 2H), 3.80 (s, 3H), 3.19 (s, 3H), 2.45 (d,
J=14.4 Hz, 1H), 2.32 (d, J = 14.4 Hz, 1H), 1.44-0.99 (m, 10H), 0.78 (s, 3H); *C{'H} NMR: (100
MHz, CDCls) 8 175.0, 165.2, 158.4, 141.4, 137.5, 137.3, 130.1, 128.8, 128.6, 128.4, 128.1, 127.7,
127.5, 113.5, 71.2, 55.3, 53.2, 51.7, 40.2, 39.5, 34.4, 26.4, 25.3, 22.2, 22.1; IR: (ATR) 2926, 1719,
1636, 1506, 1248, 1219, 1173, 1030, 829 cm™'; HRMS (FAB+) m/z: (IM+H]") Calculated for
C31H36NO3 470.2695; Found 470.2692

methyl 2-((diphenylmethylene)amino)-3-(1-methylcyclohexyl)-
2-(4-(trifluoromethyl)phenyl)propanoate (14)
Ph

A

Ph N

CO,Me

FsC

According to general procedure II, the reaction using alkene 1g (92.6 mg, 0.40 mmol), carboxylic
acid 2a (56.5 mg, 0.40 mmol), iodine reagent 3a (204.2 mg, 0.48 mmol), K»CO3 (54.9 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (150.1 mg, 74% yield).

mp: 117.8-118.9 °C; '"H NMR: (400 MHz, CDCls) 6 7.85-7.76 (m, 2H), 7.70 (d, J = 8.0 Hz, 2H),
7.54 (d, J= 8.0 Hz, 2H), 7.45-7.31 (m, 6H), 7.13-7.08 (m, 2H), 3.19 (s, 3H), 2.49 (d, J = 14.8 Hz,
1H), 2.40 (d, J = 14.8 Hz, 1H), 1.45-0.96 (m, 10H), 0.76 (s, 3H); 3C{'H} NMR: (100 MHz,
CDCl) 6 174.2, 166.0, 149.6, 141.0, 136.9, 130.4, 129.1 (q, Jcr = 32.1 Hz), 128.8, 128.6, 128.5,
128.2, 127.8, 126.8, 125.1 (q, Jcr = 4.1 Hz), 124.4 (q, Jcr = 270.8 Hz), 71.7, 53.4, 51.9, 40.2, 39.6,
34.4, 26.3, 25.2, 22.1, 22.0; YF{'H} NMR: (377 MHz, CDCl3) § —64.9; IR: (ATR) 2926, 1734,
1628, 1325, 1163, 1115, 1065, 851 cm™'; HRMS (FAB+) m/z: ([M+H]") Calculated for
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C31H33F3NO; 508.2463; Found 508.2469

methyl 2-([1,1'-biphenyl]-4-yl)-2-((diphenylmethylene)amino)-
3-(1-methylcyclohexyl)propanoate (15)
Ph

A

Ph N

CO,Me
Ph
According to general procedure II, the reaction using alkene 1h (96.2 mg, 0.40 mmol), carboxylic
acid 2a (57.0 mg, 0.40 mmol), iodine reagent 3a (205.2 mg, 0.48 mmol), K»CO3 (55.2 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (180.7 mg, 88% yield).
mp: 137.2-139.6 °C; 'H NMR: (400 MHz, CDCl3) & 7.72 (d, J = 6.8 Hz, 2H), 7.70-7.65 (m, 2H),
7.61 (d, J=7.2 Hz, 2H), 6 7.51 (d, J = 8.8 Hz, 2H), 7.47-7.29 (m, 9H), 7.10 (d, J = 7.2 Hz, 2H),
3.23 (s, 3H), 2.52 (d, J=15.2 Hz, 1H), 2.40 (d, J = 15.2 Hz, 1H), 1.45-1.02 (m, 10H), 0.82 (s, 3H);
BC{'H} NMR: (100 MHz, CDCI3) § 174.8, 165.5, 144.5, 141.3, 141.0, 139.5, 137.3, 130.2, 128.9,
128.8, 128.6, 128.3, 128.1, 127.7, 127.3, 127.1, 126.8, 71.6, 53.2, 51.8, 40.2, 39.5, 34.4, 26.4, 25.3,
22.2,22.1 (one sp? signal was not observed because of overlapping); IR: (ATR) 2920, 1728, 1628,
1443, 1215 cm™!'; HRMS (FAB+) m/z: ([M+H]") Calculated for C3sH3sNO, 516.2903; Found
516.2900

methyl 2-((diphenylmethylene)amino)-3-(1-methylcyclohexyl)-2-phenylpropanoate (16)

Ph

A

Ph N

CO,Me

According to general procedure II, the reaction using alkene 1i (66.2 mg, 0.41 mmol), carboxylic
acid 2a (56.8 mg, 0.40 mmol), iodine reagent 3a (206.2 mg, 0.48 mmol), K»CO3 (56.2 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a viscous oil (87.3 mg, 50% yield).

'"H NMR: (400 MHz, CDCl3) 6 7.77-7.63 (m, 2H), 7.72 (d, J = 7.2 Hz, 2H), 7.44-7.33 (m, 6H),
7.33-7.27 (m, 2H), 7.25-7.18 (m, 1H), 7.15-7.06 (m, 2H), 3.18 (s, 3H), 2.49 (d, J = 14.8 Hz, 1H),
2.35 (d, J = 14.8 Hz, 1H), 1.42-0.98 (m, 10H), 0.76 (s, 3H); *C{'H} NMR: (100 MHz, CDCls) &
174.8, 165.3, 145.3, 141.3, 137.2, 130.1, 128.8, 128.6, 128.4, 128.2, 128.1, 127.7, 126.9, 126.4,
71.7, 53.3, 51.7, 40.2, 39.4, 34.4, 26.4, 25.3, 22.2, 22.1; IR: (ATR) 2922, 1728, 1628, 1445, 1213,
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1030, 764 cm™'; HRMS (FAB+) m/z: ([M+H]") Calculated for C30HssNO, 440.2590; Found
440.2587

methyl 2-((diphenylmethylene)amino)-3-(1-methylcyclohexyl)-2-(o-tolyl)propanoate (17)
Ph

A

Ph N

COQMe

According to general procedure II, the reaction using alkene 1j (72.2 mg, 0.41 mmol), carboxylic
acid 2a (57.8 mg, 0.41 mmol), iodine reagent 3a (206.2 mg, 0.48 mmol), K»CO3 (55.2 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (128.7 mg, 71% yield).

mp: 104.1-105.2 °C; 'H NMR: (400 MHz, CDCl3) & 7.67 (d, J = 6.8 Hz, 2H), 7.41-7.26 (m, 4H),
7.25-6.10 (m, 8H), 3.55 (s, 3H), 2.47 (d, J = 14.0 Hz, 1H), 2.36 (d, J = 14.0 Hz, 1H), 2.20 (s, 3H),
1.54-1.10 (m, 10H), 0.98 (s, 3H); 3C{'H} NMR: (100 MHz, CDCl3) § 175.6, 163.8, 143.6, 141.3,
137.5, 136.4, 131.7, 129.9, 128.6, 128.0, 127.4, 127.3, 126.8, 126.4, 125.3, 70.6, 52.0, 51.6, 40.4,
38.7, 34.3, 26.4, 24.5, 22.3, 22.1, 21.4 (one sp? signal was not observed because of overlapping);
IR: (ATR) 2940, 1749, 1626, 1445, 1204, 1140, 1059 cm™!; HRMS (FAB+) m/z: ([M+H]")
Calculated for C31H3sNO2 454.2746; Found 454.2750

methyl 2-((diphenylmethylene)amino)-3-(1-methylcyclohexyl)-2-(m-tolyl)propanoate (18)
Ph

A

Ph N

COZMe

According to general procedure II, the reaction using alkene 1k (70.2 mg, 0.40 mmol), carboxylic
acid 2a (57.0 mg, 0.40 mmol), iodine reagent 3a (206.3 mg, 0.48 mmol), K»COs (56.3 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a white solid (143.3 mg, 79% yield).
mp: 152.5-153.7 °C; 'H NMR: (400 MHz, CDCl3) & 7.71 (d, J = 6.8 Hz, 2H), 7.50-7.28 (m, 8H),
7.16 (dd, J=17.6, 7.2 Hz, 1H), 7.12-7.03. (m, 2H), 7.01 (d, /= 7.6 Hz, 1H), 3.21 (s, 3H), 2.47 (d, J
= 14.4 Hz, 1H), 2.36-2.25 (m, 4H), 1.43-0.96 (m, 10H), 0.78 (s, 3H); *C{'H} NMR: (100 MHz,
CDCl3) 6 174.9, 165.2, 145.1, 141.4, 137.6, 137.3, 130.1, 128.8, 128.5, 128.3, 128.1, 127.6, 127.0,
123.5, 71.6, 52.9, 51.8, 40.2, 39.4, 34.4, 26.4, 25.3, 22.2, 22.1, 21.9 (two sp’? signals were not
observed because of overlapping); IR: (ATR) 2920, 1724, 1636, 1443, 1211 cm™!; HRMS (FAB+)
m/z: ((M+H]") Calculated for C3;H36NO> 454.2746; Found 454.2754
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methyl 2-(benzo|d][1,3]dioxo0l-5-yl)-2-((diphenylmethylene)amino)-
3-(1-methylcyclohexyl)propanoate (19)

Ph
Ph/gN
0
( CO,Me
0

According to general procedure II, the reaction using alkene 11 (42.3 mg, 0.21 mmol), carboxylic
acid 2a (28.3 mg, 0.20 mmol), iodine reagent 3a (102.7 mg, 0.24 mmol), K»CO3 (27.9 mg, 0.20
mmol), and DMSO (2 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 85:15) gave the product as a pale yellow solid (67.4 mg, 70%
yield).

mp: 174.3-177.4 °C; '"H NMR: (400 MHz, CDCI3) & 7.68 (dd, J = 8.4, 1.6 Hz, 2H), 7.42-7.30 (m,
6H), 7.24-7.18 (m, 1H), 7.17-7.05 (m, 3H), 6.72 (d, J = 8.4 Hz, 1H), 5.97-5.92 (m, 2H), 3.20 (s,
3H), 2.41 (d, J = 14.8 Hz, 1H), 2.31 (d, J = 14.8 Hz, 1H), 1.45-1.05 (m, 10H), 0.80 (s, 3H);
BC{'H} NMR: (100 MHz, CDCI3) § 174.8, 165.3, 147.7, 146.4, 141.3, 139.5, 137.2, 130.1, 128.8,
128.6, 128.4, 128.1, 127.7, 119.7, 108.0, 107.5, 101.0, 71.4, 53.3, 51.8, 40.2, 39.5, 34.4, 26.4, 25.3,
22.2, 22.1; IR: (ATR) 2916, 2860, 1719, 1630, 1487, 1431, 1240, 1211, 1032, 934, 770 cm™};
HRMS (DRAT) m/z: ([M+H]") Calculated for C31H34NO4 484.2488; Found 484.2465

2-((diphenylmethylene)amino)-3-(1-methylcyclohexyl)-1-phenyl-2-(p-tolyl)propan-1-one (20)
Ph

A

Ph N

Ph
O

According to general procedure II, the reaction using alkene 1m (90.1 mg, 0.41 mmol), carboxylic
acid 2a (56.5 mg, 0.40 mmol), iodine reagent 3a (205.3 mg, 0.48 mmol), K»CO3 (56.2 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and recrystallization from hexane/CHCI3 gave the product
as a white solid (132.9 mg, 67% yield).

mp: 70.7-73.2 °C; '"H NMR: (400 MHz, CDCls) & 8.72 (brs, 1H), 7.72 (dd, J = 8.0, 1.6 Hz, 2H),
7.65 (d, J=17.3 Hz, 2H), 7.51-7.27 (m, 4H), 7.25-6.31 (m, 10H), 2.51 (d, J = 15.2 Hz, 1H), 2.28 (s,
3H), 2.24 (d, J = 15.2 Hz, 1H), 1.45-0.99 (m, 8H), 0.93-0.76 (m, 2H), 0.73 (s, 3H); *C{'H} NMR:
(100 MHz, CDCI3) 6 198.0, 165.1, 141.9, 141.4, 137.3, 136.4, 134.3, 131.7, 131.3, 130.0, 129.3,
128.8, 128.6, 128.5, 128.1, 127.8, 127.4, 127.0, 75.7, 53.7, 40.9, 39.0, 34.2, 26.4, 25.7, 22.3, 22.0,
21.2; IR: (ATR) 2928, 2859, 1676, 1624, 1445, 1217, 1179, 779, 762 cm™'; HRMS (CI) m/z:
(IM+H]") Calculated for C3sH3sNO 500.2953; Found 500.2949
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N-(2-(1-methylcyclohexyl)-1,1-diphenylethyl)-1,1-diphenylmethanimine (21)
Ph

According to general procedure II, the reaction using alkene 1n (72.9 mg, 0.40 mmol), carboxylic
acid 2a (57.1 mg, 0.40 mmol), iodine reagent 3a (205.1 mg, 0.48 mmol), K»CO3 (54.9 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 99:1) gave the product as a white solid (125.8 mg, 69% yield).
mp: 104.5-107.1 °C; 'H NMR: (400 MHz, CDCl3) & 7.68 (d, J = 7.2 Hz, 2H), 7.60-7.20 (m, 5H),
7.17-6.95 (m, 11H), 6.70-6.30 (m, 2H), 2.47 (s, 2H), 1.46-0.97 (m, 10H), 0.78 (s, 3H); 3C{'H}
NMR: (100 MHz, CDCls) & 164.5, 151.6, 142.4, 139.0, 129.7, 128.5, 128.1, 127.64, 127.59, 127.2,
126.6, 125.6, 68.8, 52.9, 40.1, 34.6, 26.5, 25.6, 22.3 (one sp? signal was not observed because of
overlapping); IR: (ATR) 2920, 2859, 1626, 1489, 1445, 1263, 1028, 777, 762 cm™'; HRMS (EI)
m/z: (M") Calculated for C34H3sN 457.2770; Found 457.2764

N-(2-(1-methylcyclohexyl)-1,1-di(pyridin-2-yl)ethyl)-1,1-diphenylmethanimine (22)
Ph

A

Ph
N

N

| P I:l

According to general procedure II, the reaction using alkene 10 (40.4 mg, 0.22 mmol), carboxylic
acid 2a (56.5 mg, 0.40 mmol), iodine reagent 3a (170.4 mg, 0.40 mmol), K»CO3 (56.0 mg, 0.41
mmol), and DMSO (2 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 90:10) gave the product as a white solid (56.1 mg, 55% yield).
Recrystallization from hexane/CHCls gave a single crystal suitable for X-ray analysis.

mp: 136.1-138.4 °C; 'H NMR: (400 MHz, CDCl;) & 8.29 (d, J = 4.0 Hz, 2H), 8.10-7.20 (br, 2H),
7.68 (d, J = 6.4 Hz, 2H), 7.53-7.40 (m, 2H), 7.40-7.31 (m, 3H), 7.12-7.08 (m, 1H), 7.08-6.98 (m,
2H), 6.97-6.87 (m, 2H), 6.80-6.40 (m, 2H), 2.81 (brs, 2H), 1.45-1.05 (m, 10H), 0.77 (s, 3H);
BC{'H} NMR: (100 MHz, CDCI3) § 168.5, 165.1, 148.6, 141.6, 139.2, 135.8, 129.8, 128.6, 128.0,
127.4,126.8, 122.6, 120.8, 73.4, 52.4, 39.9, 34.6, 26.4, 25.3, 22.3 (one sp’ signal was not observed
because of overlapping); IR: (ATR) 2920, 2855, 1632, 1584, 1460, 1427, 1261, 993, 768 cm';
HRMS (DRAT) m/z: ([M+H]") Calculated for C32H34N3 460.2753; Found 460.2758
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The structure of 22 was determined by X-ray structural analysis. Thermal elipsoids are drawn at the
50% probability level. CCDC 2286658 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre

via www.ccdc.cam.ac.uk/data_request/cif.

CCDC number 2286658

Empirical formula C32H33N;3

Formula weight 459.61
Temperature/K 123.15

Crystal system triclinic

Space group P-1

a/A 10.3382(2)

b/A 15.2358(2)

c/A 17.3918(2)

a/° 107.1090(10)

p/e 95.8940(10)

v/° 102.6390(10)
Volume/A? 2513.40(7)

Z 4

Pealcg/cm? 1.215

wmm'! 0.544

F(000) 984.0

Crystal size/mm? 0.093 x 0.078 x 0.039
Radiation CuKa (A=1.54184)
20 range for data collection/® 6.29 to 155.14

Index ranges -12<h<13,-19<k<18,-19<1<22
Reflections collected 33725
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Independent reflections 10284 [Rine = 0.0472, Rsigma = 0.0478]

Data/restraints/parameters 10284/0/633
Goodness-of-fit on F? 1.038

Final R indexes [[>=2c (I)] R1=10.0402, wR>=0.1011
Final R indexes [all data] R1=0.0477, wR, =0.1058

Largest diff. peak/hole / e A~ 0.23/-0.24

N-(1-(4-chlorophenyl)-2-(1-methylcyclohexyl)ethyl)-1,1-diphenylmethanimine (23)
Ph

A

Ph N

Cl

According to general procedure II, the reaction using alkene 1p (63.2 mg, 0.46 mmol), carboxylic
acid 2a (57.0 mg, 0.40 mmol), iodine reagent 3a (206.7 mg, 0.48 mmol), K»CO3 (56.5 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a viscous oil (67.9 mg, 41% yield).

'"H NMR: (400 MHz, CDCl3) 6 7.63 (d, J = 7.2 Hz, 2H), 7.48-7.28 (m, 6H), 7.26-7.13 (m, 4H),
7.03-6.93 (m, 2H), 4.48 (dd, /= 7.6, 4.0 Hz, 1H), 2.12 (dd, J = 14.4, 7.6 Hz, 1H), 1.71 (dd, J = 14.4,
4.0 Hz, 1H), 1.52-1.01 (m, 10H), 0.72 (s, 3H); BC{'H} NMR: (100 MHz, CDCls) 6 165.8, 145.9,
140.1, 137.3, 131.9, 130.0, 128.7, 128.6, 128.5, 128.4, 128.2, 127.8, 63.1, 51.7, 38.8, 38.5, 33.6,
26.5,26.0, 22.11, 22.05 (one sp? signal was not observed because of overlapping); IR: (ATR) 2922,
2847, 1616, 1487, 1445, 1281, 1088, 1015, 829, 779 cm!; HRMS (FAB+) m/z: (IM+H]")
Calculated for C23H31CIN 416.2145; Found 416.2147

tert-butyl (4-((diphenylmethylene)amino)-2-methyl-
4-(4-(methylthio)phenyl)butan-2-yl)carbamate (24)
Ph

A

Ph N

NHBoc
MeS
According to general procedure II, the reaction using alkene 1q (30.6 mg, 0.20 mmol), carboxylic
acid 21 (81.2 mg, 0.40 mmol), iodine reagent 3a (170.4 mg, 0.40 mmol), KoCO3 (54.9 mg, 0.40
mmol), and DMSO (2 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 90:10) gave the product as a white solid (45.2 mg, 45% yield).
mp: 62.2-66.4 °C; 'H NMR: (400 MHz, CDCl3) & 7.68 (d, J = 8.0 Hz, 2H), 7.47-7.28 (m, 6H), 7.15
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(d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 5.6 Hz, 2H), 5.48 (brs, 1H), 4.51 (dd, J =
10.4, 2.4 Hz, 1H), 2.46 (s, 3H), 2.34 (dd, J = 14.8, 10.4 Hz, 1H), 1.89 (dd, J = 14.8, 2.4 Hz, 1H),
1.28 (s, 9H), 1.27 (s, 3H), 1.23 (s, 3H); 3C{'H} NMR: (100 MHz, CDCls) 5 168.0, 154.6, 143.3,
139.5, 137.1, 136.4, 130.3, 128.7, 128.6, 128.4, 128.2, 127.54, 127.48, 127.1, 78.2, 63.4, 52.6, 51.7,
28.7,28.5,25.8, 16.2; IR: (ATR) 3366, 2974, 2920, 1713, 1489, 1447, 1364, 1275, 1165, 1072, 781,
770 cm™'; HRMS (ESI) m/z: ((M+H]") Calculated for C3oH37N20,S 489.2576; Found 489.2557

methyl 2-((diphenylmethylene)amino)-4,4-dimethyl-2-(p-tolyl)pentanoate (25)

Ph

A

Ph N

COQMe

According to general procedure II, the reaction using alkene 1a (71.3 mg, 0.40 mmol), carboxylic
acid 2b (40.9 mg, 0.40 mmol), iodine reagent 3a (206.7 mg, 0.48 mmol), K»CO;3 (56.2 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (134.9 mg, 82% yield). Recrystallization from
hexane/CHCI; gave a single crystal suitable for X-ray analysis.

mp: 142.1-144.3 °C; '"H NMR: (400 MHz, CDCl3) § 7.71 (dd, J = 8.0, 2.0 Hz, 2H), 7.58-7.49 (m,
2H), 7.43-7.31 (m, 6H), 7.13-7.06 (m, 4H), 3.18 (s, 3H), 2.45 (d, / = 14.4 Hz, 1H), 2.37 (d, J =
14.4 Hz, 1H), 2.33 (s, 3H), 0.79 (s, 9H); 3C{'H} NMR: (100 MHz, CDCls) & 174.9, 165.4, 142.1,
141.3, 137.3, 136.4, 130.1, 128.9, 128.8, 128.6, 128.4, 128.1, 127.6, 126.3, 71.5, 52.3, 51.7, 32.0,
31.8,21.2; IR: (ATR) 2947, 1728, 1628, 1217, 773 cm™!; HRMS (FAB+) m/z: ((M+H]") Calculated
for CosH32NO2 414.2433; Found 414.2431

The structure of 25 was determined by X-ray structural analysis. Thermal elipsoids are drawn at the
50% probability level. CCDC 2286657 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre

via www.ccdc.cam.ac.uk/data_request/cif.

S26



CCDC number

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pre

v/°

Volume/A?

Z

Pealeg/cm?

w/mm-!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A~

2286657

C2sH31NO2

413.54

123.15

monoclinic

P2i/n

9.07670(10)

10.2335(2)

25.6684(3)

90

96.5420(10)

90

2368.72(6)

4

1.160

0.560

888.0

0.145 x 0.113 x 0.082

Cu Ka (A =1.54184)
6.932 to 154.934
-11<h<10,-12<k<12,-32<1<32
35672

4963 [Rint = 0.0382, Rsigma = 0.0232]
4963/0/317

1.056

R1=10.0413, wR>=0.1051
R1=0.0472, wR2=0.1107
0.22/-0.18
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methyl 7-(2,5-dimethylphenoxy)-2-((diphenylmethylene)amino)-4,4-dimethyl-
2-(p-tolyl)heptanoate (26)
Ph

A

Ph N

COQMe

According to general procedure II, the reaction using alkene 1a (74.2 mg, 0.42 mmol), carboxylic
acid 2¢ (101.2 mg, 0.40 mmol), iodine reagent 3a (206.2 mg, 0.48 mmol), K»CO3 (56.4 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (194.9 mg, 87% yield).

mp: 48.8-50.2 °C; '"H NMR: (400 MHz, CDCl3) & 7.69 (d, J = 8.0 Hz, 2H), 7.62-7.47 (m, 2H),
7.43-7.24 (m, 6H), 7.16-7.05 (m, 4H), 6.98 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 7.6 Hz, 1H), 6.48 (s,
1H), 3.61 (t, J = 6.8 Hz, 2H), 3.14 (s, 3H), 2.51 (d, J = 14.4 Hz, 1H), 2.38 (d, J = 14.4 Hz, 1H),
2.302 (s, 3H), 2.296 (s, 3H), 2.14 (s, 3H), 1.74-1.53 (m, 2H), 1.27 (t, J = 7.6 Hz, 2H), 0.82 (s, 3H),
0.74 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) § 174.8, 165.3, 157.2, 142.0, 141.4, 137.1, 136.44,
136.42, 130.3, 130.1, 129.0, 128.8, 128.6, 128.4, 128.1, 127.7, 126.2, 123.6, 120.5, 112.0, 71.5,
68.6, 51.7,51.0,40.9, 34.1, 29.1, 24.4, 21.5, 21.1, 15.9 (one sp* signal was not observed because of
overlapping); IR: (ATR) 2947, 1728, 1628, 1508, 1445, 1265, 1219, 1128 cm™!; HRMS (FAB+)
m/z: ((M+H]") Calculated for C3gH44NO3 562.3321; Found 562.3317

methyl 2-((diphenylmethylene)amino)-4-methyl-4-phenyl-2-(p-tolyl)pentanoate (27)

Ph

A

Ph N

Ph
COZMe

According to general procedure II, the reaction using alkene 1a (72.4 mg, 0.41 mmol), carboxylic
acid 2d (66.0 mg, 0.40 mmol), iodine reagent 3a (207.0 mg, 0.48 mmol), KoCO3 (56.0 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a white solid (71.9 mg, 38% yield).
mp: 111.4-113.8 °C; '"H NMR: (400 MHz, CDCl3) & 7.56 (d, J = 7.2 Hz, 2H), 7.43-7.28 (m, 8H),
7.20 (d, J = 8.4 Hz, 2H), 7.02-6.85 (m, 7H), 2.99 (s, 3H), 2.88 (d, J/ = 14.8 Hz, 1H), 2.80 (d, J =
14.8 Hz, 1H), 2.29 (s, 3H), 1.26 (s, 3H), 1.21 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) § 174.4,
165.6, 150.4, 141.7, 141.4, 137.1, 136.2, 130.0, 129.0, 128.8, 128.5, 128.3, 127.9, 127.7, 127.5,
126.3, 126.1, 124.9, 71.4, 53.7, 51.6, 37.9, 31.2, 30.2, 21.2; IR: (ATR) 2968, 1724, 1664, 1223,
1045 cm™'; HRMS (FAB+) m/z: ([M+H]") Calculated for C33H3aNO, 476.2590; Found m/z
476.2593
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methyl 4-(4-((diphenylmethylene)amino)-5-methoxy-2,2-dimethyl-5-oxo-
4-(p-tolyl)pentyl)benzoate (28)

Ph

O COzMe

According to general procedure II, the reaction using alkene 1a (71.1 mg, 0.40 mmol), carboxylic
acid 2e (89.1 mg, 0.40 mmol), iodine reagent 3a (205.4 mg, 0.48 mmol), K.CO3 (112.3 mg, 0.81
mmol), and DMSO (4 mL) was conducted for 12 h. To the reaction mixture, methyl iodide (298.1
mg, 2.10 mmol) was added, and the reaction mixture was stirred at room temperature for an
additional 3 h. The reaction was then quenched with H,O (10 mL), and extracted with EtOAc (3 %
10 mL). The combined organic extracts were dried over Na;SOs, filtrated, and concentrated under
reduced pressure to give the crude product. Purification by flash column chromatography on NH
silica gel (hexane/EtOAc = 85:15) gave the product as a white solid (165.1 mg, 75% yield).

mp: 68.1-70.2 °C; '"H NMR: (400 MHz, CDCl3) 6 7.91 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H),
7.56-7.43 (m, 2H), 7.42-7.23 (m, 6H), 7.13 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.87 (d, J
= 6.8 Hz, 2H), 3.90 (s, 3H), 3.16 (s, 3H), 2.58-2.45 (m, 3H), 2.44 (d, J = 14.4 Hz, 1H), 2.32 (s, 3H),
0.84 (s, 3H), 0.63 (s, 3H); "*C{'H} NMR: (100 MHz, CDCls) 6 174.7, 167.4, 165.6, 145.0, 142.0,
141.1, 136.9, 136.5, 131.1, 130.2, 129.1, 129.0, 128.8, 128.4, 128.1, 127.8, 127.6, 126.2, 71.3, 52.1,
51.7, 51.6, 51.5, 35.7, 28.7, 28.5, 21.2 (one sp? signal was not observed because of overlapping);
IR: (ATR) 2949, 1719, 1628, 1433, 1277, 1221, 1180, 1111, 772 cm™!; HRMS (EI) m/z: (M")
Calculated for C36H37NO4 547.2723; Found 547.2720

methyl 2-((diphenylmethylene)amino)-3-(1-methylcyclohexyl)-2-(p-tolyl)propanoate (29)

Ph

A

Ph N

COQMe

According to general procedure II, the reaction using alkene 1a (71.8 mg, 0.41 mmol), carboxylic
acid 2f (72.1 mg, 0.40 mmol), iodine reagent 3a (206.0 mg, 0.48 mmol), K.CO3 (55.9 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (158.8 mg, 81% yield).

mp: 191.3-193.0 °C; 'H NMR: (400 MHz, CDCl3) & 7.73 (d, J = 6.4 Hz, 2H), 7.62-7.44 (m, 2H),
7.43-7.28 (m, 6H), 7.17-7.03 (m, 4H), 3.19 (s, 3H), 2.44-2.27 (m, 4H), 2.22 (d, J = 14.4 Hz, 1H),
1.86-1.65 (m, 3H), 1.65-1.17 (m, 12H); *C{'H} NMR: (100 MHz, CDCls) & 174.9, 165.2, 142.3,
141.2, 137.3, 136.3, 130.1, 128.9, 128.8, 128.6, 128.3, 128.1, 127.6, 126.2, 71.2, 53.9, 51.8, 44.3,
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37.0, 34.0, 29.0, 21.2; IR: (ATR) 2895, 1721, 1624, 1219 cm™!; HRMS (FAB+) m/z: ((M+H]")
Calculated for C34H3sNO2 492.2903; Found 492.2889

methyl 4-(2-((diphenylmethylene)amino)-3-methoxy-3-oxo-
2-(p-tolyl)propyl)bicyclo[2.2.2]octane-1-carboxylate (30)

Ph

A

Ph™ °N CO,Me

COzMe

According to general procedure I, the reaction using alkene 1a (71.5 mg, 0.41 mmol), carboxylic
acid 2g (85.4 mg, 0.40 mmol), iodine reagent 3a (205.3 mg, 0.48 mmol), K»CO3 (55.5 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a white solid (156.3 mg, 75% yield).
mp: 75.6-83.1 °C; '"H NMR: (400 MHz, CDCl3) & 7.70 (d, J = 8.4 Hz, 2H), 7.53-7.32 (m, 8H),
7.13-7.05 (m, 4H), 3.55 (s, 3H), 3.16 (s, 3H), 2.37 (d, J = 14.4 Hz, 1H), 2.33 (s, 3H), 2.28 (d, J =
14.4 Hz, 1H), 1.64-1.52 (m, 6H), 1.42-1.21 (m, 6H); *C{'H} NMR: (100 MHz, CDCl;) & 178.7,
174.7, 165.7, 142.0, 141.2, 137.2, 136.5, 130.2, 129.0, 128.8, 128.6, 128.4, 128.2, 127.7, 126.2,
71.2,51.7, 51.6, 51.2, 38.6, 32.1, 31.8, 28.9, 21.2; IR: (ATR) 2947, 2866, 1724, 1628, 1433, 1219,
1067, 1042, 1013, 752 cm™'; HRMS (DART) m/z: ([M+H]") Calculated for C34H3sNO4 524.2801;
Found 524.2782

methyl (1s,2R,3r,85)-4-(2-((diphenylmethylene)amino)-3-methoxy-3-oxo-
2-(p-tolyl)propyl)cubane-1-carboxylate (31)

Ph

/& CO,Me

Ph N

COzMe

According to general procedure II, the reaction using alkene 1a (53.5 mg, 0.30 mmol), carboxylic
acid 2h (62.1 mg, 0.30 mmol), iodine reagent 3a (154.1 mg, 0.36 mmol), KoCO3 (43.0 mg, 0.30
mmol), and DMSO (3 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a white solid (52.7 mg, 34% yield).

mp: 76.3-78.3 °C; 'H NMR: (400 MHz, CDCls) 6 7.69 (dd, J = 8.4, 1.6 Hz, 2H), 7.55 (d, J = 8.0
Hz, 2H), 7.44-7.33 (m, 6H), 7.14 (d, J = 8.0 Hz, 2H), 7.11-7.07 (m, 2H), 3.92-3.86 (m, 3H), 3.61
(s, 3H), 3.35-3.27 (m, 3H), 3.21 (s, 3H), 2.62 (d, J = 14.8 Hz, 1H), 2.53 (d, J = 14.8 Hz, 1H), 2.34
(s, 3H); *C{'H} NMR: (100 MHz, CDCl3) 6 174.2, 173.2, 166.4, 141.6, 141.1, 137.0, 136.9, 130.4,
129.1, 128.8, 128.7, 128.5, 128.2, 127.8, 126.0, 71.4, 55.5, 51.8, 51.5, 47.3, 46.5, 44.2, 21.2; IR:
(ATR) 2990, 1721, 1433, 1317, 1198, 1086, 1061, 770 cm™!; HRMS (DART) m/z: ([M+H]")
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Calculated for C34H3,NO4 518.2331; Found 518.2311

methyl 3-(2-((diphenylmethylene)amino)-3-methoxy-3-oxo-
2-(p-tolyl)propyl)bicyclo[1.1.1]pentane-1-carboxylate (32)

Ph

/&N COzMe

Ph
COQMe

According to general procedure II, the reaction using alkene 1a (69.8 mg, 0.4 mmol), carboxylic
acid 2h (67.7 mg, 0.4 mmol), iodine reagent 3a (205.4 mg, 0.48 mmol), K»COs3 (53.9 mg, 0.39
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a white solid (64.2 mg, 33% yield).

mp: 78.4-82.1 °C; '"H NMR: (400 MHz, CDCI3) 8 7.70 (d, J = 6.8 Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H),
7.49-7.31 (m, 6H), 7.13 (d, J = 7.6 Hz, 2H), 7.10-7.01 (m, 2H), 3.55 (s, 3H), 3.28 (s, 3H), 2.54 (d,
J=15.2 Hz, 1H), 2.47 (d, /= 15.2 Hz, 1H), 2.34 (s, 3H), 1.75 (dd, J = 9.6, 2.0 Hz, 3H), 1.67 (dd, J
= 9.6, 2.0 Hz, 3H); C{'H} NMR: (100 MHz, CDCl3) § 174.1, 170.5, 167.0, 140.9, 140.5, 137.1,
136.8, 130.4, 129.0, 128.7, 128.6, 128.4, 128.2, 127.9, 126.4, 70.5, 53.6, 52.0, 51.5, 41.1, 38.8, 37.1,
21.2; IR: (ATR) 2949, 2914, 2876, 1728, 1628, 1435, 1229, 1200, 1177, 1063 cm™'; HRMS (FAB+)
m/z: ((M+H]") Calculated for C31H32NO4 482.2331; Found 482.2320

methyl 2-((diphenylmethylene)amino)-3-(4-methyltetrahydro-2 H-pyran-4-yl)-
2-(p-tolyl)propanoate (33)
Ph

A

Ph N o)

COzMe

According to general procedure I, the reaction using alkene 1a (71.5 mg, 0.41 mmol), carboxylic
acid 2j (57.9 mg, 0.40 mmol), iodine reagent 3a (206.2 mg, 0.48 mmol), KoCO3 (55.0 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a white solid (135.8 mg, 75% yield).
mp: 128.4-131.0 °C; 'H NMR: (400 MHz, CDCl3) & 7.69 (d, J = 8.0 Hz, 2H), 7.61-7.46 (m, 2H),
7.45-7.30 (m, 6H), 7.18-7.05 (m, 4H), 3.62-3.36 (m, 4H), 3.13 (s, 3H), 2.54 (d, J = 14.8 Hz, 1H),
2.38 (d, J=14.8 Hz, 1H), 2.32 (s, 3H), 1.52-1.49 (m, 1H), 1.42-1.28 (m, 2H), 1.07-0.97 (m, 1H),
0.86 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) 8 174.6, 165.5, 141.9, 141.3, 137.0, 136.5, 130.2,
129.0, 128.8, 128.6, 128.5, 128.1, 127.7, 126.2, 71.3, 63.84, 63.76, 53.6, 51.7, 40.0, 39.2, 32.1, 24.1,
21.2; IR: (ATR) 2949, 1728, 1628, 1443, 1215, 1180, 1020 cm™'; HRMS (FAB+) m/z: (IM+H]")
Calculated for C30H34NO3 456.2539; Found 456.2547
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methyl 2-((diphenylmethylene)amino)-3-(4-methyl-1-tosylpiperidin-4-yl)-
2-(p-tolyl)propanoate (34)
Ph

A

Ph N NTs

COQMe

According to general procedure I, the reaction using alkene 1a (69.7 mg, 0.40 mmol), carboxylic
acid 21 (120.1 mg, 0.40 mmol), iodine reagent 3a (205.3 mg, 0.48 mmol), K»CO3 (55.6 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 80:20) gave the product as a white solid (195.3 mg, 80% yield).

mp: 126.7-131.3 °C; '"H NMR: (400 MHz, CDCl;3) 8 7.63 (d, J = 6.8 Hz, 2H), 7.57-7.28 (m, 10H),
7.23 (d, J= 8.0 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 6.8 Hz, 2H), 3.12-2.93 (m, 2H), 3.06
(s, 3H), 2.60-2.50 (m, 2H), 2.42-2.25 (m, 2H), 2.38 (s, 3H), 2.33 (s, 3H), 1.70-1.61 (m, 1H), 1.47-
1.35 (m, 2H), 1.22-1.14 (m, 1H), 0.55 (s, 3H); '*C{'H} NMR: (100 MHz, CDCls) & 174.5, 165.7,
143.3, 141.7, 141.2, 136.8, 133.2, 130.4, 129.7, 129.2, 128.8, 128.60, 128.57, 128.2, 127.8, 127.7,
126.1, 71.4, 52.3, 51.7, 42.4, 42.2, 38.1, 38.0, 32.2, 24.6, 21.6, 21.2 (one sp* signal was not
observed because of overlapping); IR: (ATR) 2949, 2942, 2859, 1728, 1346, 1221, 1182, 1092, 930,
725 cm™'; HRMS (DART) m/z: ((M+H]") Calculated for C37H41N204S 609.2787; Found 609.2766

methyl 4-((zert-butoxycarbonyl)amino)-2-((diphenylmethylene)amino)-4-methyl-
2-(p-tolyl)pentanoate (35)

Ph

A

Ph N

NHBoc
COQMe

According to general procedure II, the reaction using alkene 1a (71.1 mg, 0.40 mmol), carboxylic
acid 21 (81.4 mg, 0.40 mmol), iodine reagent 3a (207.3 mg, 0.49 mmol), KoCO3 (56.3 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 90:10) gave the product as a white solid (184.1 mg, 89% yield).
mp: 101.9-105.3 °C; 'H NMR: (400 MHz, CDCl3) & 7.70 (d, J = 7.2 Hz, 2H), 7.49-7.28 (m, 8H),
7.15-7.05 (m, 4H), 5.46 (brs, 1H), 3.13 (s, 3H), 2.79 (d, J = 14.8 Hz, 1H), 2.64 (d, J = 14.8 Hz, 1H),
2.33 (s, 3H), 1.33 (s, 3H), 1.24 (s, 9H), 1.01 (s, 3H); BC{'H} NMR: (100 MHz, CDCls) & 173.9,
167.5, 154.5, 141.1, 141.0, 136.75, 136.71, 130.4, 129.1, 129.0, 128.8, 128.5, 128.2, 127.6, 126.5,
78.1, 71.6, 53.0, 51.8, 50.8, 29.7, 28.9, 28.5, 21.2; IR: (ATR) 3387, 2976, 1724, 1697, 1530, 1364,
1279, 1229, 1171, 1080, 1047, 770 cm™'; HRMS (EI) m/z: (M") Calculated for C3H3sN204
514.2832; Found 514.2829
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Gram-scale reaction

According to general procedure, the reaction using alkene 1a (496.8 mg, 2.8 mmol), carboxylic acid
21 (570.4 mg, 2.8 mmol), iodine reagent 3a (1.44 g, 3.4 mmol), K»CO3 (389.2 mg, 2.8 mmol), and
DMSO (20 mL) was conducted for 12 h. Purification by flash column chromatography on NH silica
gel (hexane/EtOAc = 90:10) gave the product as a white solid (1.21 g, 84% yield).

3-((diphenylmethylene)amino)-5,5-dimethyl-3-(p-tolyl)dihydrofuran-2(3 H)-one (36)
Ph

X o

@)

Ph

According to general procedure II, the reaction using alkene 1a (35.8 mg, 0.20 mmol), carboxylic
acid 2m (21.0 mg, 0.20 mmol), iodine reagent 3a (103.0 mg, 0.24 mmol), K.CO3 (28.2 mg, 0.20
mmol), and DMSO (2 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as colorless oil (46.5 mg, 61% yield).

"H NMR: (400 MHz, CDCl3) 6 7.59 (d, J = 7.6 Hz, 2H), 7.42-7.20 (m, 4H), 7.19-7.05 (m, 4H),
6.91 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 7.6 Hz, 2H), 2.73 (d, J = 13.6 Hz, 1H), 2.62 (d, J = 13.6 Hz,
1H), 2.26 (s, 3H), 1.50 (s, 3H), 1.26 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) & 176.7, 170.0,
140.7, 137.74, 137.67, 137.2, 130.5, 128.71, 128.69, 128.1, 128.0, 127.8, 127.53, 127.47, 81.0, 71.6,
48.0, 29.9, 28.5, 21.1; IR: (ATR) 2974, 2924, 2872, 1763, 1622, 1445, 1267, 1138, 816, 756 cm™';
HRMS (FAB+) m/z: ((M+H]") Calculated for C26H26NO2 384.1964; Found 384.1973

methyl 2-((diphenylmethylene)amino)-4-propyl-2-(p-tolyl)heptanoate (38)

Ph

A

Ph N

COQMe

According to general procedure II, the reaction using alkene 1a (71.1 mg, 0.40 mmol), carboxylic
acid 2n (58.3 mg, 0.40 mmol), iodine reagent 3a (205.8 mg, 0.48 mmol), KoCO;3 (56.2 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a viscous oil (76.5 mg, 42% yield).

"H NMR: (400 MHz, CDCls) 6 7.69 (d, J = 6.8 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.44-7.30 (m,
6H), 7.17-7.05 (m, 4H), 3.17 (s, 3H), 2.33 (s, 3H), 2.28 (dd, J = 14.4, 4.4 Hz, 1H), 2.13 (dd, J =
14.4, 6.8 Hz, 1H), 1.52-0.89 (m, 9H), 0.72-0.56 (m, 6H); 3C{'H} NMR: (100 MHz, CDCls) &
174.7, 165.9, 141.5, 141.4, 137.1, 136.3, 130.1, 128.9, 128.7, 128.54, 128.48, 128.0, 127.7, 126.4,
71.9, 51.6, 45.9, 37.0, 36.6, 32.6, 21.2, 19.5, 19.2, 14.4, 14.3; IR: (ATR) 2953, 2926, 2870, 1732,
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1630, 1445, 1221, 770 cm™'; HRMS (FAB+) m/z: ((M+H]") Calculated for C31H3sNO, 456.2903;
Found 456.2907

methyl 2-((diphenylmethylene)amino)-3-(tetrahydro-2 H-pyran-4-yl)-
2-(p-tolyl)propanoate (39)
Ph

A

Ph N o)

COzMe

According to general procedure II, the reaction using alkene 1a (72.3 mg, 0.41 mmol), carboxylic
acid 20 (53.0 mg, 0.41 mmol), iodine reagent 3a (206.0 mg, 0.48 mmol), K»COs3 (56.0 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (65.9 mg, 37% yield).

mp: 78.4-81.6 °C; '"H NMR: (400 MHz, CDCl3) & 7.68 (d, J = 6.8 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H),
7.43-7.32 (m, 6H), 7.14 (d, J = 7.6 Hz, 2H), 7.06 (d, J = 7.6 Hz, 2H), 3.82-3.70 (m, 2H), 3.24 (s,
3H), 3.27-3.11 (m, 2H), 2.35 (s, 3H), 2.26 (dd, J = 14.0, 5.6 Hz, 1H), 2.19 (dd, J = 14.8, 6.8 Hz,
1H), 1.70-1.60 (m, 1H), 1.32-1.10 (m, 4H); BC{'H} NMR: (100 MHz, CDCl3) § 174.5, 166.7,
141.3, 141.2, 137.1, 136.7, 130.3, 129.1, 128.7, 128.6, 128.4, 128.2, 127.8, 126.3, 71.3, 68.1, 51.8,
47.6, 34.6, 34.4, 31.1, 21.2 (one sp® signal was not observed because of overlapping); IR: (ATR)
2949, 2916, 2837, 1728, 1628, 1443, 1221, 1130 cm™!'; HRMS (FAB+) m/z: ([IM+H]") Calculated
for C29H32NO3 442.2382; Found 442.2371

methyl 2-((diphenylmethylene)amino)-2-(p-tolyl)-3-(1-tosylpiperidin-4-yl)propanoate (40)

Ph

A

Ph N NTs

COQMe

According to general procedure II, the reaction using alkene 1a (69.8 mg, 0.40 mmol), carboxylic
acid 2p (112.8 mg, 0.40 mmol), iodine reagent 3a (204.4 mg, 0.48 mmol), K»CO3 (54.9 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 80:20) gave the product as a white solid (110.8 mg, 47% yield).

mp: 92.6-94.3 °C; '"H NMR: (400 MHz, CDCI3) & 7.63 (d, J = 7.2 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H),
7.46 (d, J = 8.4 Hz, 2H), 7.43-7.30 (m, 6H), 7.26 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 7.00
(d, J=17.6 Hz, 2H), 3.62-3.47 (m, 2H), 3.20 (s, 3H), 2.40 (s, 3H), 2.33 (s, 3H), 2.25 (dd, J = 14.4,
4.0 Hz, 1H), 2.14 (dd, J = 14.4, 6.4 Hz, 1H), 2.09-1.96 (m, 2H), 1.87-1.76 (m, 1H), 1.41-1.11 (m,
4H); BC{'H} NMR: (100 MHz, CDCl3) 6 174.2, 166.9, 143.4, 141.1, 141.0, 136.9, 136.7, 133.3,
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130.4, 129.6, 129.1, 128.7, 128.4, 128.2, 127.82, 127.79, 126.2, 71.2, 51.8, 46.8, 46.43, 46.39, 32.8,
32.7, 31.2, 21.6, 21.1 (one sp? signal was not observed because of overlapping); IR: (ATR) 2920,
2843, 1728, 1445, 1339, 1225, 1163, 1092, 934, 725 c¢cm!'; HRMS (DART) m/z: ([M+H]")
Calculated for C36H39N204S 595.2631; Found 595.2630

N-(1,1-diphenyl-2-(tetrahydrofuran-2-yl)ethyl)-1,1-diphenylmethanimine (41)
Ph

Ph N

According to general procedure II, the reaction using alkene 1n (71.2 mg, 0.40 mmol), carboxylic
acid 2q (56.1 mg, 0.48 mmol), iodine reagent 3a (205.8 mg, 0.48 mmol), KoCO;3 (64.9 mg, 0.48
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (106.8 mg, 62% yield).

mp: 61.4-69.1 °C; '"H NMR: (400 MHz, CDCl3) & 7.69 (d, J = 7.6 Hz, 2H), 7.43-7.28 (m, 5H),
7.25-7.17 (m, 1H), 7.17-6.93 (m, 10H), 6.52 (d, J = 7.6 Hz, 2H), 3.79-3.67 (m, 2H), 3.51 (ddd, J =
8.0, 8.0, 8.0 Hz, 1H), 2.92 (dd, J=13.2, 3.2 Hz, 1H), 2.40 (dd, J = 13.2, 9.2 Hz, 1H), 1.80-1.57 (m,
2H), 1.57-1.42 (m, 1H), 1.07-0.93 (m, 1H); BC{'H} NMR: (100 MHz, CDCl3) & 166.8, 149.9,
149.8, 142.1, 138.7, 129.9, 128.5, 128.2, 128.1, 127.9, 127.8, 127.5, 127.3, 126.8, 125.93, 125.88,
76.9, 67.9, 66.8, 46.8, 32.6, 26.4 (one sp? signal was not observed because of overlapping); IR:
(ATR) 3055, 2864, 1624, 1489, 1445, 1273, 1063, 764 cm™!; HRMS (DART) m/z: ([IM+H]")
Calculated for C31H30NO 432.2327; Found 432.2338

tert-butyl 2-(2-((diphenylmethylene)amino)-2,2-diphenylethyl)pyrrolidine-
1-carboxylate (42)

Ph
Ph/iw
Ph N
Ph Boc

According to general procedure II, the reaction using alkene 1n (71.4 mg, 0.40 mmol), carboxylic
acid 2r (103.6 mg, 0.48 mmol), iodine reagent 3a (205.5 mg, 0.48 mmol), K»CO3 (68.3 mg, 0.49
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (111.6 mg, 53% yield).

mp: 72.1-76.2 °C; '"H NMR: (400 MHz, CDCl3) & 7.68 (d, J = 7.6 Hz, 2H), 7.60-7.27 (m, 4H),
7.20-6.40 (m, 14H), 3.74-2.93 (m, 4H), 2.43-2.21 (m, 1H), 1.93-1.50 (m, 4H), 1.39 (s, 9H);
BC{'H} NMR: (100 MHz, CDCI3) § 166.4, 154.6, 150.1, 149.3, 142.1, 138.8, 129.9, 128.5, 128.3,
128.14, 128.06, 127.8, 127.7, 127.5, 127.3, 126.5, 125.8, 79.3, 68.5, 55.4, 46.4, 44.9, 31.0, 28.8,
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23.7 (one sp? signal was not observed because of overlapping); IR: (ATR) 2972, 1686, 1626, 1445,
1391, 1364, 1165, 1099, 762, 731 cm™!; HRMS (DART) m/z: ((M+H]") Calculated for C36H39N>0>
531.3012; Found 531.3023

tert-butyl (4-((diphenylmethylene)amino)-1-hydroxy-4,4-diphenylbutan-2-yl)carbamate (43)
Ph

PY OH

2L
Ph NHBoc
Ph

According to general procedure II, the reaction using alkene 1n (72.9 mg, 0.40 mmol), carboxylic
acid 2s (82.8 mg, 0.40 mmol), iodine reagent 3a (206.1 mg, 0.48 mmol), KoCO3 (54.9 mg, 0.40
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 70:30) gave the product as a white solid (103.6 mg, 50% yield).
mp: 99.1-101.5 °C; 'H NMR: (400 MHz, CDCl3)  7.66 (d, J = 7.2 Hz, 2H), 7.41-7.28 (m, 5H),
7.23-6.99 (m, 9H), 6.94 (t, J = 8.0 Hz, 2H), 6.52 (d, J = 7.8 Hz, 2H), 5.60 (brs, 1H), 3.53-3.44 (m,
2H), 3.44-3.24 (m, 2H), 2.71 (dd, J = 14.0, 8.8 Hz, 1H), 2.62-2.47 (m, 1H), 1.33 (s, 9H); 3C{'H}
NMR: (100 MHz, CDCI3) ¢ 168.7, 157.0, 148.0, 147.7, 141.5, 138.4, 130.4, 128.6, 128.2, 128.1,
128.01, 127.94, 127.8, 127.4, 127.2, 126.9, 126.4, 126.2, 79.4, 69.2, 67.0, 51.5, 43.3, 28.4 (one sp’
signal was not observed because of overlapping); IR: (ATR) 3441, 3055, 2972, 2930, 2870, 1688,
1491, 1445, 1366, 1246, 1165, 1028, 764 cm™!; HRMS (ESI) m/z: ([M+Na]") Calculated for
C34H36N203Na 543.2624; Found 543.2617

Ph

methyl 2-((diphenylmethylene)amino)-5-phenyl-2-(p-tolyl)pentanoate (44)

PN Ph

COQMe

According to general procedure II, the reaction using alkene 1a (71.6 mg, 0.41 mmol), carboxylic
acid 2t (61.4 mg, 0.41 mmol), iodine reagent 3a (205.0 mg, 0.48 mmol), KoCO3 (56.8 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) gave the product as a white solid (67.9 mg, 36% yield).
mp: 146.0-148.3 °C; '"H NMR: (400 MHz, CDCl3) & 7.66 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 8.4 Hz,
2H), 7.42-7.28 (m, 4H), 7.28-7.09 (m, 7H), 7.06 (d, J = 6.8 Hz, 2H), 6.80 (d, J = 7.6 Hz, 2H), 3.28
(s, 3H), 2.60-2.36 (m, 2H), 2.34 (s, 3H), 2.21-2.08 (m, 2H), 1.77-1.35 (m, 2H); *C{'H} NMR:
(100 MHz, CDCl3) & 174.4, 167.1, 142.3, 141.22, 141.19, 137.1, 136.5, 130.2, 129.0, 128.72,
128.70, 128.5, 128.3, 128.1, 127.8, 126.4, 125.8, 71.4, 51.8, 40.2, 36.0, 25.0, 21.2 (one sp? signal
was not observed because of overlapping); IR: (ATR) 2945, 1726, 1634, 1223 cm™'; HRMS (FAB+)
m/z: ((M+H]") Calculated for C3,H3,NO> 462.2433; Found 462.2424
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methyl 4-((zert-butoxycarbonyl)amino)-2-((diphenylmethylene)amino)-
2-(p-tolyl)butanoate (45)

Ph

A

Ph N NHBoc

COzMe

According to general procedure II, the reaction using alkene 1a (71.1 mg, 0.40 mmol), carboxylic
acid 2u (70.4 mg, 0.40 mmol), iodine reagent 3a (205.8 mg, 0.48 mmol), KoCO;3 (56.2 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 85:15) gave the product as a white solid (73.2 mg, 38% yield).
mp: 68.2-72.5 °C; '"H NMR: (400 MHz, CDCI3) 8 7.68 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 7.2 Hz, 2H),
7.44-7.30 (m, 6H), 7.20-7.09 (m, 4H), 4.84 (brs, 1H), 3.21 (s, 3H), 3.22-2.95 (m, 2H), 2.55-2.30
(m, 2H), 2.35 (s, 3H), 1.29 (s, 9H); *C{'H} NMR: (100 MHz, CDCl3) 6 173.8, 168.0, 155.9, 141.1,
140.1, 137.0, 136.8, 130.5, 129.3, 128.9, 128.8, 128.5, 128.2, 127.8, 126.3, 78.7, 71.4, 51.9, 41.6,
36.4,28.4,21.2; IR: (ATR) 3408, 2924, 2853, 1732, 1709, 1506, 1229, 1167, 779, 770 cm™!; HRMS
(ESI) m/z: ([M+Na]") Calculated for C30H34N204Na 509.2416; Found 509.2425

methyl 2-((bis(4-fluorophenyl)methylene)amino)-3-(1-methylcyclohexyl)-
2-(p-tolyl)propanoate (46)
F

—~0
N

CO,Me

According to general procedure II, the reaction using alkene 1a (71.6 mg, 0.41 mmol), carboxylic
acid 2a (57.0 mg, 0.40 mmol), iodine reagent 3b (223.2 mg, 0.48 mmol), KoCOs3 (57.3 mg, 0.41
mmol), and DMSO (4 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (160.1 mg, 82% yield).

mp: 59.7-62.9 °C; '"H NMR: (400 MHz, CDCl3) & 7.69-7.62 (m, 2H), 7.46-7.37 (m, 2H), 7.10—
6.96 (m, 8H), 3.24 (s, 3H), 2.43 (d, J = 14.4 Hz, 1H), 2.33-2.27 (m, 4H), 1.47-1.02 (m, 10H), 0.78
(s, 3H); BC{'H} NMR: (100 MHz, CDCl3) 8 174.9, 164.3 (d, Jc_r = 249.4 Hz), 163.3, 162.4 (d, Jc-
r = 247.0 Hz), 142.0, 137.5 (d, Jcr = 3.3 Hz), 136.5, 133.0 (d, Jcr = 3.3 Hz), 130.7 (d, Jcr= 8.2
Hz), 130.3 (d, Jcr = 8.2 Hz), 129.0, 126.2, 115.1 (d, Jc-r= 22.3 Hz), 114.9 (d, Jcr = 23.0 Hz), 71.5,
53.1, 51.8, 40.1, 39.5, 34.4, 26.4, 25.1, 22.2, 22.1, 21.2; YF{'H} NMR: (377 MHz, CDCl;)
—113.7, —114.7; IR: (ATR) 2924, 1730, 1628, 1599, 1503, 1223, 1152, 835 cm™!; HRMS (FAB+)
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m/z: ((M+H]") Calculated for C31H34F2NO2 490.2558; Found 490.2570

methyl 2-((bis(4-chlorophenyl)methylene)amino)-3-(1-methylcyclohexyl)-
2-(p-tolyl)propanoate (47)
Cl

o)
N

CO,Me

According to general procedure II, the reaction using alkene 1a (53.3 mg, 0.30 mmol), carboxylic
acid 2a (42.5 mg, 0.30 mmol), iodine reagent 3¢ (179.2 mg, 0.36 mmol), K,CO3 (42.3 mg, 0.31
mmol), and DMSO (3 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (105.9 mg, 68% yield).

mp: 78.7-81.1 °C; '"H NMR: (400 MHz, CDCI3) & 7.59 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H),
7.31(d,J=8.8 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 6.93 (d, /= 8.4 Hz, 2H),
3.26 (s, 3H), 2.43 (d, /= 14.8 Hz, 1H), 2.31 (s, 3H), 2.31 (d, J = 14.8 Hz, 1H), 1.47-1.01 (m, 10H),
0.78 (s, 3H); BC{'H} NMR: (100 MHz, CDCls) & 174.8, 163.2, 141.8, 139.5, 136.64, 136.57, 135.3,
134.5, 130.0, 129.8, 129.0, 128.4, 128.0, 126.2, 71.7, 53.0, 51.9, 40.0, 39.6, 34.4, 26.4, 25.1, 22,2,
22.1, 21.2; IR: (ATR) 2922, 1730, 1628, 1585, 1487, 1211, 1090, 1013, 818, 746 cm™!; HRMS
(DART) m/z: ((IM+H]") Calculated for C31H34NO>Cl; 522.1967; Found 522.1962

methyl 2-((di-p-tolylmethylene)amino)-3-(1-methylcyclohexyl)-2-(p-tolyl)propanoate (48)

O

COgMe

According to general procedure II, the reaction using alkene 1a (53.7 mg, 0.30 mmol), carboxylic
acid 2a (42.9 mg, 0.30 mmol), iodine reagent 3d (164.3 mg, 0.36 mmol), K»COs3 (43.0 mg, 0.31
mmol), and DMSO (3 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCIl; as an
eluent) gave the product as a white solid (74.1 mg, 51% yield).

mp: 65.3-67.1 °C; '"H NMR: (400 MHz, CDCl3) & 7.62-7.49 (m, 2H), 7.59 (d, J = 7.6 Hz, 2H),
7.21-7.12 (m, 4H), 7.09 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H), 3.16 (s, 3H), 2.45 (d, /= 14.4
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Hz, 1H), 2.39 (s, 3H), 2.37 (s, 3H), 2.33 (s, 3H), 2.30 (d, J = 14.4 Hz, 1H), 1.44-0.97 (m, 10H),
0.74 (s, 3H); *C{'H} NMR: (100 MHz, CDCl3) & 175.1, 165.3, 142.6, 140.1, 139.2, 138.0, 136.2,
134.5, 128.85, 128.79, 128.6, 128.3, 126.3, 71.4, 53.1, 51.7,40.3, 39.5, 34.4, 26.4, 25.4, 22.3, 22.1,
21.52,21.46, 21.2 (one sp? signal was not observed because of overlapping); IR: (ATR) 2920, 1730,
1605, 1508, 1443, 1211, 1180, 1038, 814, 731cm™!; HRMS (DART) m/z: ((M+H]") Calculated for
C33H40NO> 482.3059; Found 482.3040

methyl 2-((bis(4-methoxyphenyl)methylene)amino)-3-(1-methylcyclohexyl)-
2-(p-tolyl)propanoate (49)
OMe

o)
N

CO,Me

According to general procedure II, the reaction using alkene 1a (56.6 mg, 0.32 mmol), carboxylic
acid 2a (43.2 mg, 0.30 mmol), iodine reagent 3e (178.5 mg, 0.37 mmol), KoCO3 (43.6 mg, 0.32
mmol), and DMSO (3 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 90:10) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a white solid (61.4 mg, 40% yield).

mp: 89.3-92.7 °C; 'H NMR: (400 MHz, CDCl3) § 7.65 (d, J = 8.8 Hz, 2H), 7.62-7.46 (m, 2H), 7.09
(d, J= 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 6.90-6.79 (m, 4H), 3.84 (s, 3H), 3.83 (s, 3H), 3.18 (s,
3H), 2.45 (d, J = 14.8 Hz, 1H), 2.33 (s, 3H), 2.30 (d, /= 14.8 Hz, 1H), 1.42-0.97 (m, 10H), 0.74 (s,
3H); 13C {'"H} NMR: (100 MHz, CDCl3) & 175.3, 164.5, 161.2, 159.3, 142.6, 136.2, 134.9, 130.4,
130.0, 129.7, 128.9, 126.3, 113.3, 113.0, 71.3, 55.4, 55.3, 53.2, 51.8, 40.2, 39.5, 34.4, 26.4, 25.3,
22.2,22.1, 21.2; IR: (ATR) 2924, 1726, 1599, 1506, 1246, 1173, 1032, 831 cm™!; HRMS (FAB+)
m/z: ((M+H]") Calculated for C33H40NO4 514.2957; Found 514.2940

methyl 2-((bis(3-(trifluoromethyl)phenyl)methylene)amino)-3-(1-methylcyclohexyl)-
2-(p-tolyl)propanoate (50)

COQMe

According to general procedure II, the reaction using alkene 1a (53.9 mg, 0.31 mmol), carboxylic
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acid 2a (42.4 mg, 0.30 mmol), iodine reagent 3f (204.6 mg, 0.36 mmol), K.CO3 (41.5 mg, 0.30
mmol), and DMSO (3 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCI; as an
eluent) gave the product as a viscous oil (105.8 mg, 60% yield).

"H NMR: (400 MHz, CDCl3) § 7.95 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.66 (d, J= 7.2 Hz, 1H), 7.57
(d,/J=7.6 Hz, 1H), 7.47 (dd, J= 8.0, 7.6 Hz, 1H), 7.42 (dd, J = 8.0, 7.2 Hz, 1H), 7.29-7.11 (m, 3H),
7.08 (s, 1H), 6.98 (d, J = 8.0 Hz, 2H), 3.37 (s, 3H), 2.42 (d, J = 14.4 Hz, 1H), 2.37 (d, /= 14.4 Hz,
1H), 2.28 (s, 3H), 1.51-0.99 (m, 10H), 0.87 (s, 3H); 3C{'H} NMR: (100 MHz, CDCls) & 174.5,
162.8, 141.4, 141.3, 137.6, 137.0, 131.9, 131.3, 130.9 (q, Jcr = 32.1 Hz), 130.2 (q, Jc-r = 32.1 Hz),
129.1, 128.9, 128.4, 127.0 (q, Jc—r = 3.3 Hz), 126.2, 125.2 (q, Jc—r = 3.2 Hz), 125.1 (q, Jcr = 3.3
Hz), 124.1 (q, Jcr = 270.9 Hz), 123.8 (q, Jc_r = 270.8 Hz), 71.8, 53.0, 52.0, 39.8, 39.6, 34.4, 26.3,
24.9, 22.2, 22.1, 21.0 (one sp? signal was not observed because of overlapping); '°F{'H} NMR:
(100 MHz, CDCI3) 8 —65.3, —65.4; IR: (ATR) 2926, 1732, 1327, 1240, 1213, 1165, 1123, 1072, 806
cm'; HRMS (FAB+) m/z: (IM+H]") Calculated for C33H34FsNO2 590.2494; Found 590.2499

methyl 2-(((4-methoxyphenyl)(3-(trifluoromethyl)phenyl)methylene)amino)-
3-(1-methylcyclohexyl)-2-(p-tolyl)propanoate (51)
OMe

FsC

N
COzMe

According to general procedure II, the reaction using alkene 1a (55.1 mg, 0.31 mmol), carboxylic
acid 2a (42.6 mg, 0.30 mmol), iodine reagent 3g (190.1 mg, 0.36 mmol), KoCO3 (41.7 mg, 0.30
mmol), and DMSO (3 mL) was conducted for 12 h. Purification by flash column chromatography
on NH silica gel (hexane/EtOAc = 95:5) and gel permeation chromatography (GPC, CHCIl; as an
eluent) gave the product as a white solid (129.1 mg, 78% yield). The product was obtained as a
mixture of £/Z isomers.

mp: 73.6-77.8 °C; '"H NMR of a mixture of E/Z isomers: (400 MHz, CDCl3) § 7.95 (s, 0.4H), 7.89
(d, J=7.6 Hz, 0.4H), 7.67-7.37 (m, 4H), 7.36-7.20 (m, 2H), 7.15 (s, 0.6H), 7.10 (d, J = 8.4 Hz,
0.6H), 7.04-6.96 (m, 2H), 6.90-6.83 (m, 2H), 3.85 (s, 1.2H), 3.82 (s, 1.8H), 3.30 (s, 1.8H), 3.21 (s,
1.2H), 2.55-2.20 (m, 5H), 1.49-1.00 (m, 10H), 0.85 (s, 1.8H), 0.75 (s, 1.2H); *C{'H} NMR: (100
MHz, CDCls) complicated due to mixture of E/Z isomers and C-F coupling; 'F{'H} NMR: (100
MHz, CDCIl3) 6 —65.2, —65.3; IR: (ATR) 2926, 1730, 1599, 1508, 1331, 1250, 1165, 1125, 1072,
1032, 804 cm™'; HRMS (FAB+) m/z: ((M+H]") Calculated for Cs3H37FsNOs; 552.2726; Found
552.2729
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tert-butyl (4-cyano-4-((diphenylmethylene)amino)-2-methylbutan-2-yl)carbamate (52)

Ph

/l\\N
NC)\><NHBOC

According to general procedure III, the reaction using alkene 1s (11.3 mg, 0.21 mmol), carboxylic
acid 21 (40.6 mg, 0.20 mmol), iodine reagent 3a (128.5 mg, 0.30 mmol), KOAc (23.2 mg, 0.24
mmol), and acetone (3 mL) was conducted for 2 h. Purification by flash column chromatography on
NH silica gel (hexane/EtOAc = 90:10) gave the product as colorless oil (51.6 mg, 66% yield). 'H
NMR: (400 MHz, CDCl3) 6 7.64 (d, J = 7.2 Hz, 2H), 7.58-7.48 (m, 3H), 7.45 (t, J = 7.2 Hz, 1H),
7.36 (dd, J = 7.2, 7.2 Hz, 2H), 7.32-7.20 (m, 2H), 4.83 (brs, 1H), 4.36 (dd, J = 7.2, 5.6 Hz, 1H),
2.41 (dd, J=14.4, 5.6 Hz, 1H), 2.33 (dd, J = 14.4, 7.2 Hz, 1H), 1.32 (s, 9H), 1.28 (s, 6H); 3C{'H}
NMR: (100 MHz, CDCls) 6 173.3, 154.3, 138.4, 135.3, 131.4, 129.6, 129.19, 129.15, 128.4, 127.4,
119.9, 79.0, 51.8, 50.1, 44.4, 28.5, 28.3, 27.2; IR: (ATR) 3364, 2974, 2930, 1713, 1493, 1447, 1366,
1246, 1159, 1074, 772 cm™!'; HRMS (DART) m/z: ([M+H]") Calculated for C24H30N302 392.2338;
Found 392.2319

Ph

tert-butyl (4-cyano-4-((diphenylmethylene)amino)-2-methylpentan-2-yl)carbamate (53)
Ph

/gN

NCM NHBoc

According to general procedure III, the reaction using alkene 1t (13.7 mg, 0.20 mmol), carboxylic
acid 21 (40.3 mg, 0.20 mmol), iodine reagent 3a (128.3 mg, 0.30 mmol), KOAc (23.1 mg, 0.24
mmol), and acetone (3 mL) was conducted for 2 h. Purification by flash column chromatography on
NH silica gel (hexane/EtOAc = 90:10) gave the product as colorless oil (56.7 mg, 70% yield).

"H NMR: (400 MHz, CDCl3) 6 7.61 (d, J= 7.2 Hz, 2H), 7.57-7.46 (m, 3H), 7.42 (t, J = 7.2 Hz, 1H),
7.35(dd, J=17.2,7.2 Hz, 2H), 7.30-7.22 (m, 2H), 5.70 (brs, 1H), 2.46 (d, J = 14.8 Hz, 1H), 2.28 (d,
J=14.8 Hz, 1H), 1.65 (s, 3H), 1.50 (s, 3H), 1.44 (s, 3H), 1.36 (s, 9H); *C{'H} NMR: (100 MHz,
CDCl) 6 168.3, 154.5, 139.4, 135.0, 131.0, 129.8, 128.7, 128.4, 120.7, 78.7, 55.5, 53.7, 52.9, 31.6,
28.9, 28.6, 26.8 (two sp? signals were not observed because of overlapping); IR: (ATR) 3360, 2976,
2928, 1715, 1497, 1447, 1364, 1271, 1163, 1067, 773 cm™!; HRMS (DART) m/z: ([IM+H])
Calculated for C25H32N302 406.2495; Found 406.2478

Ph

methyl 2-((diphenylmethylene)amino)-3-(4-methyl-1-tosylpiperidin-4-yl)propanoate (54)
Ph

Ph/g )N\>O\ITS
MeOZC
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According to general procedure III, the reaction using alkene 1u (17.6 mg, 0.20 mmol), carboxylic
acid 2k (59.9 mg, 0.20 mmol), iodine reagent 3a (128.3 mg, 0.30 mmol), KOAc (23.9 mg, 0.24
mmol), and acetone (6 mL) was conducted for 2 h. Purification by flash column chromatography on
NH silica gel (hexane/EtOAc = 90:10) gave the product as a viscous oil (26.2 mg, 25% yield).

"H NMR: (400 MHz, CDCls) 6 7.62 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 7.2 Hz, 2H), 7.53-7.38 (m,
4H), 7.38-7.28 (m, 4H), 7.21-7.08 (m, 2H), 4.15 (dd, J = 6.8, 4.8 Hz, 1H), 3.68 (s, 3H), 3.18-3.02
(m, 2H), 2.92-2.77 (m, 2H), 2.44 (s, 3H), 1.98 (dd, J = 14.4, 4.8 Hz, 1H), 1.86 (dd, /= 14.4, 6.8 Hz,
1H), 1.54-1.38 (m, 2H), 1.38-1.21 (m, 2H), 0.62 (s, 3H); "*C{'H} NMR: (100 MHz, CDCl3)
173.4, 170.1, 143.6, 139.3, 136.3, 133.3, 130.7, 129.8, 129.1, 128.9, 128.7, 128.3, 127.8, 127.7,
62.6,52.5,44.4,42.22,42.19, 37.1,36.3, 31.1, 24.0, 21.7; IR: (ATR) 2920, 2855, 1732, 1447, 1344,
1325, 1092, 928, 721 cm™!; HRMS (DART) m/z: ((M+H]") Calculated for C30H3sN204S 519.2318;
Found 519.2307

methyl 2-((diphenylmethylene)amino)-2-methyl-
3-(4-methyl-1-tosylpiperidin-4-yl)propanoate (55)
Ph

Ph/g N NTs
MeOZC

According to general procedure III, the reaction using alkene 1v (21.1 mg, 0.21 mmol), carboxylic
acid 2k (59.6 mg, 0.20 mmol), iodine reagent 3a (128.1 mg, 0.30 mmol), KOAc (23.1 mg, 0.24
mmol), and acetone (6 mL) was conducted for 2 h. Purification by flash column chromatography on
NH silica gel (hexane/EtOAc = 90:10) gave the product as a viscous oil (53.1 mg, 50% yield).

"H NMR: (400 MHz, CDCls) 6 7.62 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 7.2 Hz, 2H), 7.45-7.28 (m,
8H), 7.17-7.04 (m, 2H), 3.35 (s, 3H), 3.42-3.26 (m, 2H), 2.74-2.56 (m, 2H), 2.42 (s, 3H), 2.10 (d, J
=14.8 Hz, 1H), 1.91 (d, /= 14.8 Hz, 1H), 1.84-1.65 (m, 2H), 1.59-1.47 (m, 2H), 1.34 (s, 3H), 0.92
(s, 3H); *C{'H} NMR: (100 MHz, CDCl3) 6 175.9, 165.7, 143.5, 141.2, 137.7, 133.2, 130.1, 129.7,
128.6, 128.5, 128.1, 127.9, 127.8, 66.8, 55.1, 51.7, 42.3, 37.8, 37.7, 32.1, 26.9, 22.8, 21.7 (one sp’
and one sp’ signals were not observed because of overlapping); IR: (ATR) 3671, 2972, 2901, 1728,
1445, 1342, 1161, 1092, 926, 725 cm!; HRMS (DART) m/z: ([M+H]") Calculated for
C31H37N204S 533.2474; Found 533.2475
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8. Transformation of products

Hydrolysis of 25
Ph
Ph—
N—I|—0O
@]
3a (1.2 equiv) i NH,
K5>COg5 (1.0 equiv) Ph N HCl aq. (1M, 4 mL)
1a + 2b
(1.0 equiv) DMSO, ~27 °C, 12 h THF, 1, 5 h M
blue LEDs CO,Me COMe
L i 56, 83%
25 (crude)

A reaction vial containing a magnetic stir bar was charged with alkene 1a (73.0 mg, 0.41 mmol),
carboxylic acid 2b (41.3 mg, 0.40 mmol), iodine reagent 3a (205.5 mg, 0.48 mmol), K,CO3 (55.6
mg, 0.41 mmol), and DMSO (4 mL). After the vial was purged with nitrogen and sealed with a
screw cap, the mixture was stirred and irradiated with a Kessil lamp 467 nm (40W, 100% intensity,
2 cm away (The measured light intensity is >480 mW.)) with a cooling fun (The reaction
temperature within the reaction vial was maintained around 27 °C). After 12 h of irradiation, the
reaction was then quenched with H,O (10 mL). The mixture was extracted with EtOAc (3 x 10 mL).
The combined organic extracts were dried over Na,SOs, filtrated, and concentrated under reduced
pressure to give the crude product. After THF (10 mL), and HCI (1 M in Et,O, 10 mL) was added to
the residue with a magnetic stir bar, the mixture was stirred at room temperature for 12 h. The
reaction mixture was diluted with H,O, washed with Et;O (3 x 10 mL), and the collected water
layers were concentrated under reduced pressure. Then, the residue was basified with sat. NaHCOs3
ag. until pH = 9. The mixture was extracted with EtOAc (3 x 10 mL), and the collected organic
layers were dried over Na,SOs, filtrated, and concentrated under reduced pressure to give the

product 56 as a yellow oil (82.8 mg, 83% yield).

methyl 2-amino-4,4-dimethyl-2-(p-tolyl)pentanoate (56)
NH,

COZMe

"H NMR: (400 MHz, CDCls) & 7.43 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 3.68 (s, 3H), 2.33
(d, J=14.8 Hz, 1H), 2.32 (s, 3H), 2.01 (brs, 2H), 1.97 (d, J = 14.8 Hz, 1H), 0.96 (s, 9H); *C{'H}
NMR: (100 MHz, CDCI3) 6 177.0, 142.1, 137.0, 129.1, 125.3, 63.8, 52.4, 51.5, 31.7, 31.3, 21.0; IR:
(ATR) 2951, 1728, 1510, 1435, 1194, 1177, 820, 756 cm™'; HRMS (FAB+) m/z: ([M+H]")
Calculated for C15sH24NO2 250.1807; Found 250.1803
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Hydride reduction of 25

Ph
Ph—
N—I—O
6]
3a (1.2 equiv) E AcOH (2.5 equiv) ji]
; K>CO3 (1.0 equiv) Ph N NaBH3CN (2.5 equiv) Ph NH
a + 2b
(1.0 equiv) DMSO, ~27 °C, 12 h MeOH, rt, 16 h
blue LEDs CO,Me CO,Me
~ 25(crude) 57, 72%

A reaction vial containing a magnetic stir bar was charged with alkene 1a (72.8 mg, 0.41 mmol),
carboxylic acid 2b (40.6 mg, 0.40 mmol), iodine reagent 3a (205.5 mg, 0.48 mmol), K,CO3 (56.2
mg, 0.41 mmol), and DMSO (4 mL). After the vial was purged with nitrogen and sealed with a
screw cap, the mixture was stirred and irradiated with a Kessil lamp 467 nm (40W, 100% intensity,
2 cm away (The measured light intensity is >480 mW.)) with a cooling fun (The reaction
temperature within the reaction vial was maintained around 27 °C). After 12 h of irradiation, the
reaction was then quenched with H,O (10 mL). The mixture was extracted with EtOAc (3 x 15 mL).
The combined organic extracts were dried over Na,SOs, filtrated, and concentrated under reduced
pressure to give the crude product. After MeOH (4 mL), NaCNBH3 (63.4 mg, 1.0 mmol), and
AcOH (61.2 mg, 1.0 mmol) were added to the residue with a magnetic stir bar under N>, the
mixture was stirred at room temperature for 16 h. The reaction was quenched with H>O, and the
mixture was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with sat.
NaHCOs aq., dried over Na,SOg, filtrated, and concentrated under reduced pressure to give the
crude product. Purification by flash column chromatography on NH silica gel (hexane/EtOAc =
60:40) gave the product 57 as a colorless oil (119.0 mg, 72% yield).

methyl 2-(benzhydrylamino)-4,4-dimethyl-2-(p-tolyl)pentanoate (57)
Ph

A

Ph” “NH

COQMe

'"H NMR: (400 MHz, CDCl3) 6 7.31 (d, J = 8.0 Hz, 2H), 7.28-7.15 (m, 8H), 7.15-7.06 (m, 2H),
7.00 (d, J= 8.0 Hz, 2H), 4.81 (s, 1H), 3.15 (s, 3H), 2.28 (s, 3H), 2.22 (d, J = 14.8 Hz, 1H), 2.15 (d,
J =14.8 Hz, 1H), 0.72 (s, 9H); C{'H} NMR: (100 MHz, CDCl3) & 175.5, 145.52, 145.47 138.6,
136.8, 128.5, 128.24, 128.20, 127.7, 127.5, 127.3, 126.4, 67.7, 61.5, 51.3, 50.2, 31.3, 31.2, 21.1
(one sp? signal was not observed because of overlapping); IR: (ATR) 2949, 2922, 1728, 1450, 1169,
820, 743 cm™'; HRMS (FAB+) m/z: ([M+H]") Calculated for CsH3sNO, 416.2590; Found
416.2588
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Deprotection of 35

Ph
/& NH,
Ph N HCl ag. (1M, 4 mL)
NHBoc
NHBoc THF, 1, 5 h CO,Me
COQMe
58, 91%
35

A 10 mL reaction vial containing a magnetic stir bar was charged with 35 (103.2 mg, 0.20 mmol),
THF (4 mL), and HCl aq. (1 M, 4 mL). The mixture was stirred at room temperature for 5 h, diluted
with H>O (10 mL), and washed with Et;O (3 x 10 mL). Then, the combined aqueous layers were
basified with sat. NaHCOs3 aq. until pH = 9. The mixture was extracted with EtOAc (3 x 10 mL),
and the collected organic layers were dried over Na,SOg, filtrated, and concentrated under reduced
pressure to give the product 58 as colorless oil (64.1 mg, 91% yield).

methyl 2-amino-4-((tert-butoxycarbonyl)amino)-4-methyl-2-(p-tolyl)pentanoate (58)
NH,

NHBoc
CO,Me
"H NMR: (400 MHz, CDCl3) & 7.38 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.48 (brs, 1H),
3.69 (s, 3H), 2.46 (d, J = 15.2 Hz, 1H), 2.33 (s, 3H), 2.32 (d, /= 15.2 Hz, 1H), 2.12 (brs, 2H), 1.42
(s, 9H), 1.31 (s, 3H), 1.23 (s, 3H); BC{'H} NMR: (100 MHz, CDCl3) 6 176.3, 154.9, 141.2, 137.4,
129.4, 125.1, 78.5, 63.0, 53.0, 52.7, 48.5, 29.0, 28.7, 27.2, 21.0; IR: (ATR) 3292, 2974, 2928, 1713,
1506, 1363, 1234, 1165, 1065, 822 cm™!; HRMS (ESI) m/z: ((M+H]") Calculated for Ci9H31N204
351.2284; Found 351.2283

Deprotection and cyclization of 35
Ph

PS O NH
Ph” >N TFA (1.5 mL)

NHBoc CHCl3, 11,5 h NH,
CO,Me

35 59, 49%
A 10 mL reaction vial containing a magnetic stir bar was charged with 35 (101.7 mg, 0.20 mmol),
CHCI; (3 mL), and trifluoroacetic acid (1.5 mL). The mixture was stirred at room temperature for 5
h, diluted with H>O (10 mL), and washed with Et:O (3 x 10 mL). Then, the combined aqueous
layers were basified with sat. NaHCO3 aq. until pH = 9. The mixture was extracted with EtOAc (3 x
10 mL), and the collected organic layers were dried over Na>SOg, filtrated, and concentrated under
reduced pressure to give the product 59 as an off-white solid (21.6 mg, 49% yield).
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3-amino-5,5-dimethyl-3-(p-tolyl)pyrrolidin-2-one (59)
© NH
NH,

mp: 178.2-180.5 °C; '"H NMR: (400 MHz, CDCl3) & 7.40 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz,
2H), 6.38 (brs, 1H), 2.52 (d, J = 14.0 Hz, 1H), 2.33 (s, 3H), 2.17 (d, J = 14.0 Hz, 1H), 1.90 (brs,
2H), 1.38 (s, 3H), 1.10 (s, 3H); 3C{'H} NMR: (100 MHz, CDCls) & 178.7, 141.8, 137.2, 129.3,
126.1, 63.9, 53.0, 52.8, 31.3, 29.5, 21.2; IR: (ATR) 3343, 3088, 2968, 2920, 1692, 1647, 1508, 1186,
814, 723 cm™!; HRMS (EI) m/z: (M") Calculated for Ci3H1sN>O 218.1419; Found 218.1421

9. NMR monitoring of the mixture of 2b and 3a and DFT calculations for the ligand exchange
Ph 0

DMSO-dg, 1, 3 h 2b, >95%

2b 3a, 92%

Ph—
CO2H N—I—O K5>CO4 (1.0 equiv) O—I—0O _
/& + + Recoveries
[ j > [ j "0

60
3a (1.0 equiv) not observed

A 3 mL reaction vial containing a magnetic stir bar was charged with pivalic acid 2b (5.3 mg, 0.05
mmol), iodine reagent 3a (21.6 mg, 0.05 mmol), K»CO3 (6.8 mg, 0.05 mmol), and DMSO-ds (1
mL). After the vial was purged with N> and sealed with a screw cap, the mixture was stirred at room
temperature for 3 h. Mesitylene was added to the mixture as an internal standard before the mixture
was transferred into an NMR tube. The resulting "H NMR spectrum is shown in Figure S3.
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i) 2b + 3a + K,CO3

| mesitylene 2b
mesitylene
DMSO |
H,0 |
T 14 ‘L \LJL .
ii) 3a
\'UUJ)\LVL' |

iii) 60

AN ) A M

o L B B L B T T T T T L L B LI O LI R
100 90 8.0 70 6.0 50 40 30 20 10 0.0 -10

Figure S3. 'H NMR spectra in DMSO-ds: 1) A mixtute of 2b, 3a, and K,COj3, ii) 3a, iii) 60

PPM
T

DFT calculations of the ligand exchange between 2b and 3a

Density functional theory (DFT) computations were performed in Gaussian 16, Revision C.01.'
using MO06-2X density functional in the
6-311++G(d,p)-SDD(I) basis set with the SMD solvation model (DMSO). Frequency calculations

were performed at the same level of theory as that used for geometry optimization to characterize

Molecular geometries were optimized

the stationary points as either minima (no imaginary frequencies) or first-order saddle points (one
imaginary frequency). The thermal energy corrections were calculated for the optimized geometry
at M06-2X level of theory in the 6-311++G(d,p)-SDD(I) basis set with the SMD solvation model
(DMSO).

Calculated energies and thermochemical parameters

structure E [hartree] H [hartree] TS [hartree] G [hartree]
2b -346.989396 -346.833147 0.041467 -346.874615
3a -986.927007 -986.618354 0.073565 -986.691919
60 -777.244516 -776.996057 0.066475 -777.062532
benzophenone -556.667961 -556.451282 0.049391 -556.500673
imine
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Cartesian coordinates of computed structures

2b 60
C 0.93699 -0.18877 -0.00003 T -0.29531 -1.08794 -0.00009
0 151012 -1.24922 -0.00002 O -4.47646 -1.22492 0.00053
C -0.56842 0.01261 -0.00001  C -1.43520 0.71151 -0.00010
0 1.61172 0.97509 2000003  C -0.88403 1.97845 -0.00025
H 2.55995 0.77055 -0.00002 H 0.18513 2.13560 -0.00039
C -0.95715 0.80388 125766  C -1.77350 3.05253 -0.00023
H -0.64882 0.27653 216472 H -1.37609 4.06069 -0.00035
H -2.04364 0.92044 128250 C 3.15115 2.84467 -0.00006
H -0.50352 1.79644 125048  H -3.82419 3.69350 -0.00004
C -1.25846 -1.34873 2000011  C -3.66441 1.55423 0.00009
H -0.98865 -1.92884 088500 H -4.73237 137016 0.00022
H 234123 -1.20180 000012 C -2.79656 0.46471 0.00006
H -0.98860 -1.92871 088528 O 1.38830 0.21244 0.00005
C -0.95706 0.80366 125784  C 2.54776 -0.41744 -0.00023
H -0.50352 1.79626 125974 O 2.61962 -1.63149 -0.00054
H -2.04356 0.92009 128285  C 3.74154 0.53355 0.00012
H -0.64853 0.27621 216478  C -3.29558 -0.95259 0.00017
0 -2.33894 -1.84389 -0.00013
C 5.03698 -0.27305 -0.00118
3a H 5.10662 -0.90802 -0.88696
I -1.00050 -0.76495 -0.30870 g 2:?332421 _8:‘9‘(1)‘9%2 g;gggig
0 317737 -1.76301 020644 365804 41931 15501
0 -5.33013 -1.20965 004902 2 6es4 080307 5316
N 0.58226 0.62408 037742 375108 501856 125171
C -2.35188 0.85814 004921 530 5 08089 158309
C -1.89334 2.15552 0.19127 365088 20974 155731
H -0.84012 239017 0.12609 373205 501605 5571
C -2.84001 3.15184 042325 2 67003 079866 > lens3
H -2.50713 417676 053900 ¥ aa] 50782 28504
C -4.19400 2.83840 0.50706
H -4.92046 3.62186 0.68747
C -4.61361 1.52222 0.36207 ..
H -5.66182 1.25502 042729  benzophenone imine
C -3.68887 0.50450 0.12917  C -0.00884 1.15127 0.01764
C -4.13605 -0.94127 001941  C 127683 0.38806 0.04190
C 1.76732 021751 014381  C 237826 0.85611 -0.68017
C 2.85066 1.24839 013148  C 1.40626 -0.77012 0.81404
C 2.53452 2.59414 008392  C 3.59110 0.17779 -0.62930
H 1.50384 2.87502 026572 H 228001 1.74308 -1.29766
C 3.53507 3.55572 007768  C 2.62535 -1.43658 0.87828
H 3.28473 459507 025628 H 0.55724 -1.14125 137757
C 4.85963 3.18586 015441  C 3.71791 -0.96708 0.15342
H 5.63974 3.93865 016136 H 443543 0.54085 -1.20394
C 5.17914 1.84989 037278 H 272067 -2.32495 1.49196
H 6.20679 1.55818 055563 H 4.66433 -1.49400 0.19567
C 4.17998 0.88078 035491  C -1.28912 0.38437 -0.03397
H 443687 -0.15816 2052711 C -1.37494 -0.83393 -0.71361
C 2.15494 -1.20148 011426  C 2243307 0.90963 0.57458
C 1.94367 -2.16941 086845  C -2.58980 -1.50800 -0.79507
H 1.53394 -1.88197 183197 H -0.49641 -1.25036 -1.19375
C 227920 -3.49709 061654  C -3.64183 0.22780 0.50563
H 2.12315 424616 2138400 H 2236319 1.84996 1.10878
C 2.81688 -3.85735 061503  C -3.72346 -0.98123 -0.18285
H 3.07322 -4.89192 081216 H -2.64923 -2.44552 -1.33581
C 3.03264 -2.88873 159387 H -4.52060 0.63788 0.99016
H 3.45319 -3.16912 255260 H -4.66718 151184 -0.23914
C 271608 -1.55908 134170 N -0.06357 2.42615 0.04215
H 2.89295 -0.79925 209549  H 0.87525 2.82459 0.10797
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10. UV-vis absorption spectra of 3a and the reaction mixture in DMSO

All samples were prepared using dry DMSO which were degassed by bubbling with N> gas for 30
min before use. Sample A: A 10 mL volumetric flask was charged with 3a (213.8 mg, 0.50 mmol)
and DMSO (10 mL). The solution was transferred to 1 cm? quartz cuvette. Sample B: A 10 mL
volumetric flask was charged with 1a (90.3 mg, 0.51 mmol), 2a (71.3 mg, 0.50 mmol), 3a (213.2
mg, 0.50 mmol), KoCOs3 (70.2 mg, 0.51 mmol), and DMSO (10 mL). The solution was transferred

to 1 cm? quartz cuvette. The resulting UV-vis absorption spectra are shown in Figure S4.

100 - CO,Me

Sample A: 3a 1a
Sample B: 1a + 2a + 3a + K,COj4

- CO,H
& 50 - ij
=
?O 2a
Ph
Ph
N—I—0O
o
0 1 T T 1
350 400 450 500 550 3a
wavelength (nm)
Figure S4.

11. Fluorescence emission analysis and sub-nanosecond transient absorption (TA)
spectroscopy measurement of 3a in DMSO

To investigate the photochemical reactivity of DABX 3a, fluorescence emission analysis of 3a in
DMSO at room temperature was performed, but no significant emission signal was observed as
observed from DMSO (Figure S5). In addition, no signal corresponding to the singlet excited state
was observed by sub-nanosecond transient absorption (TA) spectroscopy measurements of 3a in
DMSO (Figure S6), while ortho-iodobenzoyloxy radical (62) with Amax ~410 nm was observed
within the time resolution of ~200 ps even though no rise signal at 410 nm was observed. These
results indicate that the singlet electronically excited state, '[3a]*, is chemically very reactive and/or
that the intersystem crossing process is fast to produce the triplet state *[3a]*. Thus, the lifetime of
the singlet excited state of 3a, '[3a]*, would be too short to participate in the intermolecular
reaction (redox process).
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Raman signal from the excitation light

&«

(a) — Only DMSO at 355 nm excitation
3a (Abs at 355 nm = 0.1) in DMSO

counts per second (CPS)

wavelength /nm

Figure S5. Emission signals from (a) DMSO and (b) 3a in DMSO at 355 nm excitation.

(a) 200 ps after the photolysis of 3a (b) time profile at 410 nm
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Figure S6. Sub-nanosecond transient absorption spectroscopy in the photolysis of 3a; (a) Transient
absorption spectrum right after the photolysis. (b) The time profile at 410 nm.

12. Sub-microsecond transient absorption (TA) spectroscopy measurement of 3a in DMSO
using laser flash photolysis (LFP) method

A 25 mL of stock solution of 3a (1.7 x 10 M) in DMSO was prepared for the transient absorption
(TA) spectroscopy measurements using laser flash photolysis (LFP) method with Nd-YAG laser
(266 or 355 nm, 6 mJ, 12 ns pulse width). The sub-microsecond TA spectra were measured using
1.5 mL of the solution under an air or argon atmosphere at 298 K (Scheme 7a). The time profiles at
the monitored wavelengths were measured from 300 nm to 680 nm at every 20 nm. The recovering
signal of 3a at 300 nm was well reproduced by the second-order kinetics (Figure S7). The
second-order kinetic equation could reproduce the decay signal of 62 at 420 nm (Figure S8).

The quenching experiments of 62 by RCO:K were performed in the presence of different
concentration of RCO2K (5 mM, 25 mM, 50 mM, and 100 mM) (Scheme 7b). The observed decay
rate-constants were determined by the pseudo-first order analysis.
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Figure S7.
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Figure S8.

13. TD-DFT calculations: absorption spectra of 3a, 61a, 62, and 2-iodobenzoate (62 anion)

Density functional theory (DFT) computations were performed in Gaussian 16, Revision C.01."
Molecular geometries were optimized wusing UB3LYP density functional in the
6-31G(d)-LANL2DZ(I) basis set with the SMD solvation model (DMSO). Frequency calculations
were performed at the same level of theory as that used for geometry optimization to characterize

the stationary points as either minima (no imaginary frequencies) or first-order saddle points (one
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imaginary frequency). The thermal energy corrections were calculated for the optimized geometry
at UB3LYP level of theory in the 6-31G(d)-LANL2DZ(I) basis set with the SMD solvation model
(DMSO).

i)
30000 -
- Ph
£ 20000 A Ph—(
_0 N—I|—0
p= o)
» 10000 -
3a
0 L 1 J L 1}
250 350 450 550 650
wavelength (nm)
i)
30000 A - 0.1
0]
- on - 0.08 &
,_‘E’ 20000 A Ph—<N_I_O — g.
s 0 L 004 @
® 10000 - 9l .
3a L 0.02 &
1 5
0 1 L} 1 L} 0
250 350 450 550 650

wavelength (nm)

Figure S9. 1) UV-vis absorption spectra of 3a in DMSO. i1)TD-DFT absorption spectrum of 3a.
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Figure S10. TD-DFT absorption spectrum of 61a.
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Figure S11. TD-DFT absorption spectrum of 62.
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Figure S12. TD-DFT absorption spectrum of 62 anion.

14. DFT calculations for the reaction of radical 62 with O,

Density functional theory (DFT) computations were performed in Gaussian 16, Revision C.01.'
Molecular geometries were optimized using UB3LYP density functional in the
6-31G(d)-LANL2DZ(I) basis set. Frequency calculations were performed at the same level of
theory as that used for geometry optimization to characterize the stationary points as either minima
(no imaginary frequencies) or first-order saddle points (one imaginary frequency). The thermal
energy corrections were calculated for the optimized geometry at UB3LYP level of theory in the
6-31G(d)-LANL2DZ(I) basis set. Molecular structure visualizations were obtained using
CYLview.'®
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Figure S13.
Calculated energies and thermochemical parameters
structure E [hartree] H [hartree] TS [hartree] G [hartree]
62 -430.916699 -430.815605 0.045810 -430.861415
(03 -150.320040 -150.312951 0.023286 -150.336237
62 O -581.234092 -581.124480 0.063954 -581.188434
Cartesian coordinates of computed structures
62
C -0.42020 -0.61928 0.00000
C -3.16060 -1.09429 -0.00001 62_0>
C -1.29966 0.46502 -0.00002 C 1.17413 -0.58071 -0.00035
C -0.88426 -1.93190 0.00003 C 3.95681 -0.63177 -0.00406
C -2.26211 -2.16377 0.00003 C 1.87943 0.62460 -0.00052
C -2.67849 0.21054 -0.00003 C 1.83479 -1.80676 -0.00200
H -0.18953 -2.76446 0.00006 C 3.23174 -1.82585 -0.00386
H -2.62798 -3.18658 0.00006 C 3.28103 0.58404 -0.00240
H -3.34845 1.06505 -0.00006 H 1.27544 -2.73596 -0.00184
H -4.23038 -1.27897 -0.00001 H 3.74935 -2.78105 -0.00516
C -0.86380 1.89248 -0.00006 H 3.81276 1.53094 -0.00250
0 0.39093 220236 0.00008 H 5.04238 -0.65092 -0.00551
0 -1.65908 2.84198 0.00002 C 1.23040 1.96779 0.00119
I 1.69729 -0.27816 -0.00001 O -0.05682 2.08277 0.00297
0 1.87010 3.02856 0.00101
I -0.96867 -0.56784 0.00250
o 0 -4.50901 -0.29907 0.00478
2 0 -5.06311 0.78079 -0.01448
0 0.00000 0.00000 0.60719
0 0.00000 0.00000 -0.60719

15. Determination of computed reduction potentials

Density functional theory (DFT) computations were performed in Gaussian 16, Revision C.01.'
Molecular geometries were optimized wusing MO06-2X density functional in the
6-31+G(d,p)-LANL2DZ(I) basis set with the CPCM solvation model (DMSO) and M06 density
functional in the Def2-TZVPP basis set with the CPCM or SMD solvation model (DMSO).
Frequency calculations were performed at the same level of theory as that used for geometry
optimization to characterize the stationary points as either minima (no imaginary frequencies) or
first-order saddle points (one imaginary frequency). The thermal energy corrections were calculated
for the optimized geometry at M06-2X level of theory in the 6-31+G(d,p)-LANL2DZ(I) basis set
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with the CPCM solvation model (DMSO) and M06 level of theory in the Def2-TZVPP basis set
with the CPCM or SMD solvation model (DMSO).!”

The redox potentials were determined according to the following equation:!®

o _ _G(red) — Gloxy EFOSHE | poSCE
1/2 — nF - B1/2 + 1/2

Where 7 is the number of electrons transferred (z = 1 in this case), F' is Faraday’s constant (23.061
kcal mol™! V), Ef;SZHE is the absolute value for the standard hydrogen electrode (SHE, value =
4.281 V), and Ef/'SZCE is the potential of the saturated calomel electrode (SCE) relative to SHE in
DMSO (value = —0.279 V).!” Geq) and Gox) are the Gibbs free energies in DMSO as gathered from
DFT calculations.

O O
(red) (ox)
Piv_anion Piv_radical

M06-2X/6-31+G(d,p)-LANL2DZ(I),CPCM(DMSO)

Gred) = —346.327593 Hartree, Gox) = —346.109512 Hartree

Gred) — Giox) = {(—346.327593) — (~346.109512)} x 627.51 = —136.85 kcal mol ™!
©, =137V vs. SCE

M06/Def2-TZVPP,CPCM(DMSO)

Grea) = —346.378721 Hartree, Gox) = —346.173045 Hartree

Gred) — Giox) = {(—346.378721) — (~346.173045)} x 627.51 = —129.06 kcal mol ™!
©, =103V vs. SCE

M06/Def2-TZVPP,SMD(DMSO)

Gred) = —346.369398 Hartree, Gox) = —346.175856 Hartree

Gred) — Giox) = {(—346.369398) — (—346.175856)} x 627.51 = —121.45 kcal mol ™!
©, =071V vs. SCE

N°® _ N~
+ e _
Ph)L Ph Ph)kPh
(ox) (red)
61a 61a anion

G(red) = —555.86733 Hartree

Gox) =—555.74103 Hartree

Gred) — Gox) = {(—555.86733) — (—555.74103)} x 627.51 = —79.25 kcal mol!
1"/2 =-1.12 Vvs. SCE
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(ox) (red)
62 62 anion
M06-2X/6-31+G(d,p)-LANL2DZ(I1),CPCM(DMSO)
G(red) = —430.884557 Hartree, Gox) = —430.672886 Hartree
Gred) — Gox) = {(—430.884557) — (—430.672886)} x 627.51 = —132.83 kcal mol™
1"/2 =1.20 Vvs. SCE
M06/Def2-TZVPP,CPCM(DMSO)
Gred) = —717.358364 Hartree, Gox) =—717.163607 Hartree
Gred) — Gox) = {(—717.358364) — (—717.163607)} x 627.51 =—122.21 kcal mol™
1"/2 =0.74 V vs. SCE
M06/Def2-TZVPP,SMD(DMSO)
Ged) =—717.353173 Hartree, Gox) =—717.170068 Hartree
Gired) — Gox) = {(=717.353173) — (=717.170068)} x 627.51 = —114.90 kcal mol™!
1"/2 =0.42 V vs. SCE

The value of the reduction potential of radical 62 was found to be highly dependent on the basis set
and a solvation model used. As described in the manuscript (Scheme 7b), we have investigated the
dynamic quenching of radical 62 with a carboxylate prepared from 2,2-diphenylacetic acid (2v)
with K,COs3, and the quenching rate constant k, was found to be 2.9 x 107 M!s™!. Based on the
redox potentials obtained by DFT calculations at the M062X/6-31G+(d,g)-LanL2DZ(I) level of
theory, the electron transfer process from pivalate (Piv_anion) to radical 62 is endergonic by 0.17
eV. In this case, according to the Rehm-Weller equation, the estimated quenching rate constant is
~1.8 x 10" M7 's™! (J. Am. Chem. Soc. 2011, 133, 11580.), which is in excellent agreement with the
experimentally obtained value of kq = 2.9 x 107 M's™!. Meanwhile, if the electron transfer process
is endergonic by 0.29 eV as calculated at the M06/Def2-TZVPP level of theory, the quenching rate

constant is estimated to be ~10° Mls!.

Furthermore, the reduction potential of pivalate
(Piv_anion) has been experimentally determined to be +1.29 V in acetonitrile vs SCE (J. Am. Chem.
Soc. 2015, 137, 11340.), which is also in good agreement with the calculated reduction potential of
+1.37 V at the M062X/6-31G+(d,g)-LanL.2DZ(I),CPCM(DMSO) level of theory.

Therefore, we  conclude that the calculated reduction  potentials at  the

M062X/6-31G+(d,g)-LanL.2DZ(1),CPCM(DMSO) level of theory are reasonable.
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Calculated energies and thermochemical parameters

structure E [hartree] H [hartree] TS [hartree] G [hartree]
Piv_anion -346.430955 -346.288871 0.038722 -346.327593
Piv_radical -346.211418 -346.069620 0.039892 -346.109512
6la -555.894277 -555.690403 0.050627 -555.741030
61a anion -556.021413 -555.819685 0.046728 -555.867331
62 -430.730447 -430.628101 0.044784 -430.672886
62 anion -430.942846 -430.841586 0.042971 -430.884557
Cartesian coordinates of computed structures
. . H -4.49336 0.64882 -1.10353
Piv_anion H -2.72703 -2.35357 1.41651
C 0.51682 0.00740 -0.00001 H -4.70053 -1.44620 021413
C 0.99091 -0.74368 1.25183 C 1.29918 0.40536 -0.03642
H 2.08623 -0.79514 1.27205 C 3.74911 -0.92623 -0.16621
H 0.66033 -0.23377 2.16431 C 2.41333 0.91950 0.63616
H 0.59329 -1.76170 126414 C 1.41449 -0.77854 -0.77307
C 1.10880 1.41638 -0.00080 C 2.63977 -1.43856 -0.83981
H 220421 136197 -0.00070 C 3.63406 0.25207 0.57270
H 0.79208 1.97719 -0.88493 H 231328 1.83213 1.21537
H 0.79195 1.97823 0.88262 H 0.55118 -1.17729 -1.29748
C 0.99106 -0.74515 -1.25090 H 2.72689 -2.35374 -1.41633
H 0.59351 -1.76321 -1.26202 H 4.49348 0.64890 1.10324
H 0.66050 -0.23636 -2.16402 H 470051 -1.44625 -0.21422
H 2.08639 -0.79654 -1.27100
C -1.04016 0.03173 -0.00005
o) -1.61436 -1.09175 -0.00004
0 -1.61978 1.15040 000006  0laanion
N 0.00004 2.53186 0.00022
C 0.00004 1.27224 0.00010
. . C -1.27979 0.43332 0.02845
Piv_radical C -3.71502 -0.98310 0.18704
C 0.53874 -0.00588 -0.00007 C -1.38908 -0.73041 0.80174
C 0.99321 -0.75287 1.26351 C -2.41388 0.86767 -0.66872
H 2.08636 -0.79731 1.27005 C -3.61649 0.16639 -0.60146
H 0.66446 -0.23629 2.16997 C -2.59661 -1.42568 0.89376
H 0.60171 -1.77283 1.27507 H -0.51986 -1.09254 1.34625
C 1.07472 1.43007 -0.00377 H -2.33498 1.77548 -1.26129
H 2.16796 1.39751 -0.00322 H -4.47947 0.51448 -1.16249
H 0.75451 1.97811 -0.89474 H -2.66298 -2.31466 1.51488
H 0.75381 1.98299 0.88394 H -4.65265 -1.52735 0.24831
C 0.99485 -0.76014 -1.25869 C 1.27984 0.43327 -0.02841
H 0.60318 -1.78008 -1.26497 C 3.71496 -0.98333 -0.18716
H 0.66742 -0.24867 -2.16851 C 2.41419 0.86792 0.66813
H 2.08800 -0.80481 -1.26347 C 1.38881 -0.73084 -0.80118
C -0.98450 -0.03351 -0.00073 C 2.59628 -1.42621 -0.89327
O -1.69208 -1.02385 -0.00030 C 3.61675 0.16657 0.60079
O -1.56912 1.15078 -0.00041 H 2.33551 1.77603 1.26027
H 0.51939 -1.09320 -1.34522
H 2.66240 -2.31550 -1.51398
6la H 4.47995 0.51490 1.16133
N 0.00000 2.41247 0.00006  H 4.65254 -1.52765 -0.24849
C 0.00001 1.15013 0.00004
C -1.29917 0.40537 0.03645
C -3.74912 -0.92618 0.16615 62
C -1.41455 -0.77845 0.77321 C -0.48462 -0.61230 -0.00009
C -2.41325 0.91946 -0.63628 C -3.23692 -0.81243 -0.00001
C -3.63399 0.25204 -0.57287 C -1.24330 0.55104 -0.00001
C -2.63985 -1.43845 0.83991 C -1.05683 -1.87676 -0.00016
H -0.55130 -1.17716 1.29774 C -2.44976 -1.96533 -0.00013
H -2.31314 1.83203 -1.21557 C -2.63549 0.44174 0.00006
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H -0.44747 -2.77365 -0.00021 H 0.20791
H -2.91638 -2.94471 -0.00017 H -2.12274
H -3.22413 1.35344 0.00014 H -3.45943
H -4.31816 -0.89466 0.00003 H -3.99578
C -0.59326 1.90288 0.00002 C -1.18347
0 0.71101 1.92760 -0.00033 0 -0.01911
0 -1.25431 2.93576 0.00028 0 -2.25229
I 1.61233 -0.36642 0.00005 I 1.76606
62 anion
C -0.32257 -0.57654 -0.00000
C -2.96261 -1.47035 -0.00006
C -1.34951 0.37498 -0.00004
C -0.60399 -1.94687 0.00001
C -1.92103 -2.39624 -0.00003
C -2.66680 -0.11294 -0.00006
16. Product analysis of the reaction of 2v with 3a
Ph
Ph—
N—I—0O
o)
3a (1.0 equiv) Ph Ph Ph
CO,H K5>CO4 (1.0 equiv)
N“Ph + +
Ph Ph DMSO, ~27 °C, 12 h
ov blue LEDs ph)\ Ph Ph™ “Ph
64, 63% 65, 16%

-2.66631
-3.46273
0.62678
-1.80272
1.91170
2.36986
2.57219
-0.13083

Ph

A

\
Ph N
\’&

Ph
66, 15%

Ph

0.00004

-0.00003
-0.00009
-0.00009
-0.00010
-0.00020

0.00013
0.00005

A 3 mL reaction vial containing a magnetic stir bar was charged with carboxylic acid 2v (63.9 mg,
0.20 mmol), iodine reagent 3a (129.0 mg, 0.30 mmol), KoCO3 (42.4 mg, 0.31 mmol), and DMSO (3

mL). After the vial was purged with N> and sealed with a screw cap, the mixture was stirred and

irradiated with a Kessil lamp 467 nm (40W, 100% intensity, 2 cm away (The measured light

intensity is >480 mW.)) with a cooling fun (The reaction temperature within the reaction vial was

maintained around 27 °C). After 12 h of irradiation, the reaction was then quenched with H,O (10

mL). The mixture was extracted with EtOAc (3 x 10 mL). The combined organic extracts were

dried over Na,SOg, filtrated, and concentrated under reduced pressure to give the crude product,

which was analyzed by '"H NMR spectroscopy using 1,1,2,2-tetrachloroethane as an internal

standard.

N-benzhydryl-1,1-diphenylmethanimine (64)

-~
X

Ph

Ph Ph

'H NMR: (400 MHz, CDCls) § 7.75 (dd, J = 8.2, 1.6 Hz, 2H), 7.49-7.23 (m, 14H), 7.23-7.16 (m,
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2H), 7.15-6.98 (m, 2H), 5.55 (s, 1H); 3C{'H} NMR: (100 MHz, CDCL) & 167.1, 145.0, 140.0,
136.9, 130.2, 128.9, 128.61, 128.55, 128.5, 128.1, 127.9, 127.7, 126.8, 70.0;

The analytical data for this compound were in excellent agreement with the reported data.?’

17. Cyclopropane ring-opening experiment

Ph
Ph
N—I|—0O

3a (2.0 equiv)

Ph >< K>COj3 (2.0 equiv) NHBoc
Ph T C” “NHB N N._Ph
HO, oc DMSO, ~27 °C, 12 h Ph \( Y

21 blue LEDs Ph  Ph
ir (2.0 equiv)
67, 28%
(E/Z mixture)

A reaction vial containing a magnetic stir bar was charged with alkene 1r (67.0 mg, 0.30 mmol),
carboxylic acid 21 (122.4 mg, 0.60 mmol), iodine reagent 3a (257.0 mg, 0.60 mmol), K>COs (82.6
mg, 0.60 mmol), and DMSO (3 mL). After the vial was purged with nitrogen and sealed with a
screw cap, the mixture was stirred and irradiated with a Kessil lamp 467 nm (40W, 100% intensity,
2 cm away (The measured light intensity is >480 mW.)) with a cooling fun (The reaction
temperature within the reaction vial was maintained around 27 °C). After 12 h of irradiation, the
reaction was then quenched with H,O (10 mL). The mixture was extracted with EtOAc (3 x 15 mL).
The combined organic extracts were dried over Na,SOs, filtrated, and concentrated under reduced
pressure to give the crude product. Purification by flash column chromatography on NH silica gel
(hexane/EtOAc = 90:10) gave the product 67 as a viscous oil (46.2 mg, 28% yield). The product

was obtained as a mixture of E/Z isomers.
methyl 2-(benzhydrylamino)-4,4-dimethyl-2-(p-tolyl)pentanoate (67)

NHBoc
Ph N \/NYPh
Ph Ph
"H NMR signals assigned from a mixture of £/Z isomers: (400 MHz, CDCls) & 7.73-7.56 (m, 2H),
7.56-7.26 (m, 9H), 7.24-7.06 (m, 6H), 7.06-6.89 (m, 3H), 5.48 (dd, J=17.6, 7.2 Hz, 0.7H), 5.43 (dd,
J=28.0,7.2 Hz, 0.3H), 4.47 (dd, J= 7.7, 5.8 Hz, 0.7H), 4.36 (dd, J = 6.8, 6.8 Hz, 0.3H), 4.17 (brs,
0.7H), 4.12 (brs, 0.3H), 2.90-2.50 (m, 4H), 1.41-1.17 (m, 9H), 1.17-0.92 (m, 6H); *C{'H} NMR
signals assigned from a mixture of E/Z isomers (observable signals): (100 MHz, CDCls3) & 166.9,
166.5, 154.2, 145.4, 144.6, 144.4, 141.6, 140.03, 140.0, 139.4, 139.3, 137.13, 137.09, 130.4, 130.0,
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128.71, 128.67, 128.6, 128.43, 128.41, 128.35, 128.30, 128.2, 128.09, 128.06, 127.92, 127.89,
127.4, 127.3, 126.9, 126.8, 126.7, 126.5, 126.4, 78.4, 67.0, 66.8, 53.5, 52.9, 49.3, 39.4, 39.0, 28.5,
27.9; IR: (ATR) 2972, 2930, 1715, 1491, 1364, 1165, 1074, 777 cm™'; HRMS (ESI) m/z: ((M+H]")
Calculated for C3sH43N202 559.3325; Found 559.3326

18. Light on/off experiments

A 10 mL 0.1 M stock solution of alkene 1b (236.5 mg, 1.31 mmol) were prepared in DMSO. A 3
mL reaction vial containing a magnetic stir bar was charged with carboxylic acid 2a (0.20 mmol),
iodine reagent 3a (0.24 mmol), KoCO3 (0.20 mmol), and the stock solution (2 mL). Five parallel
reaction mixtures in five vials were prepared. After the vials were purged with N» and sealed with a
screw cap, the mixtures were stirred and irradiated with a Kessil lamp 467 nm (40W, 100% intensity,
2 cm away (The measured light intensity is >480 mW.)) with a cooling fun (The reaction
temperature within the reaction vial was maintained around 27 °C). After 30 min of irradiation, the
lamp was turned off and one vial was quenched. After another 30 min in dark, another vial was
quenched. Then, the lamp was turned on for another 30 min. Repeat the same procedure until the
last vial was quenched. The crudes were analyzed by 'H NMR spectroscopy using

1,1,1,2-tetrachloroethane as an internal standard.

Ph Ph
CO,Me H Ph
0 ‘<N—I—o KoCO3 (1.0 equiv) Ph/gN
+ +
o DMSO, ~27 °C
F LEDs (467 nm) CO,Me
1b 2a (1.0 equiv) F
3a (1.2 equiv) 9
entry time (min) light yield of 9 (%)
1 30 on 9
2 60 off 9
3 90 on 22
4 120 off 22
5 150 on 39
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Figure S14.

A 10 mL 0.1 M stock solution of alkene 1a (178.1 mg, 1.0 mmol) were prepared in DMSO. A 3 mL
reaction vial containing a magnetic stir bar was charged with carboxylic acid 2a (0.10 mmol),
iodine reagent 3a (0.12 mmol), K»COs3 (0.10 mmol), and the stock solution (1 mL). Four parallel
reaction mixtures in Four vials were prepared. After the vials were purged with N, and sealed with a
screw cap, the mixtures were stirred and irradiated with a Kessil lamp 370 nm (40W, 100% intensity,
2 cm away with a cooling fun (The reaction temperature within the reaction vial was maintained
around 27 °C). After 10 min of irradiation, the lamp was turned off and one vial was quenched.
After another 30 min in dark, another vial was quenched. Then, the lamp was turned on for another
10 min. Repeat the same procedure until the last vial was quenched. The crudes were analyzed by

"H NMR spectroscopy using 1,1,2,2-tetrachloroethane as an internal standard.

Ph Ph
CO,Me CO.H Ph
° ? _<N—I—o KoCOs (1.0 equiv) Ph/gN
+ +
0 DMSO, ~27 °C
LEDs (370 nm) CO.Me
1a 2a (1.0 equiv)
3a (1.2 equiv) 4
entry time (min) light yield of 4 (%)
1 10 on 21
2 40 off 20
3 50 on 34
4 120 on 38
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Figure S15.

19. Quantum yield experiments
Chemical actinometer for quantum yield measurement
One of the most reliable and widely used chemical actinometers to measure photon fluxes is

ferrioxalate, which upon irradiation decomposes according to the following equations:

Fe(C,0,)) —™>Fe* +C,0, +2C,07

Fe** + 3 phen ——> Fe(phen);’

The number of ferrous ions generated during the photochemical reaction is determined by
conversion to the colored tris-phenanthroline complex, which absorbs the light at 510 nm (¢ =
11100 M-! cm™). The complexation between ferric ions and phenanthroline is not considerable, and
their complex does not have absorption at 510 nm.
Procedure for measurement:

1. 120 mg of K3[Fe(C204)3]*3H20 was dissolved in 20 mL of 0.05 M H>SO4 (1).

2. 5 mg of 1,10-phenanthroline monohydrate and 1.12 g of CH3COONa+3H>O were dissolved in

5 mL of 0.5 M H2SO04 (2).

3. 3 mL of solution (1) was taken and irradiated with Xe lamp 365 nm for 0, 10, 20 and 30 s,
respectively. After each irradiation, 0.5 mL of solution (2) was added and the absorption spectra
were measured.

4. The changes in absorbance at 510 nm with respect to irradiation time were used to calculate the

amount of light as the equation below:

molesof Fe’™ _ V, xV,;xAAy,

I (mol/s) =
( ) ®, xtxF 103><V2><1><8510><(Dh><t

Vi: irradiated volume (3 mL)
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V3: aliquot of irradiated solution taken for determining ferrous ions (3 mL)
V3: final volume (3.5 mL)

AAs1o: absorbance difference between solutions before and after irradiation

1: optical pathlength of irradiation cell (1 cm)

gs10: molar extinction coefficient of Fe(phen);** at 510 nm (11100 M'ecm™)

@;: quantum yield of ferrous ions generation at the irradiation wavelength (®365 = 1.21)

t: irradiation time

F: mean function of light absorbed by the ferrioxalate solution

Time (s) Asio AAsio I (mol/s) I (mol/min) lavg (mol/min)
0 0 - - -
10 0.25 0.25 6.5x107° 3.9x1077
3.8 x1077
20 0.48 0.48 6.3 %107 3.8x1077
30 0.71 0.71 6.2 %107 3.7x1077
_{’h Ph
CO,Me co.,H Ph
i ? N—I—0O KoCO3 (1.0 equiv) Ph/g N
+ +
DMSO, rt, 120 min
Xe lamp (365 nm) COsMe
1a 2b (1.0 equiv)
4, 7%

3a (1.0 equiv)

A reaction vial containing a magnetic stir bar was charged with alkene 1a (20.3 mg, 0.12 mmol),

carboxylic acid 2a (14.6 mg, 0.10 mmol), iodine reagent 3a (42.1 mg, 0.10 mmol), K>CO3 (13.8 mg,

0.10 mmol), and DMSO (3 mL). After the vial was purged with nitrogen and sealed with a screw

cap, the mixture was stirred and irradiated with a Xe lamp (2 cm away). After 120 min of irradiation,
the reaction was then quenched with H,O (10 mL). The mixture was extracted with EtOAc (3 x 10

mL). The combined organic extracts were dried over Na>SQOs, filtrated, and concentrated under

reduced pressure to give the crude product which was analyzed by 'H NMR spectroscopy using

1,1,1,2-tetrachloroethane as an internal standard (4, 7% yield). The quantum yield (®) was
y q y

determined according to the following equation:

20. DFT calculations and energy level diagram of the radical addition to 3a

b =

0.007 (mmol)

= 0.154

3.8x1077 (mol/min) x 120 (min)

Density functional theory (DFT) computations were performed in Gaussian 16, Revision C.01.'

Molecular

geometries

WweEre

optimized
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6-31+G(d,p)-LANL2DZ(I) basis set with the CPCM solvation model (DMSO). Frequency
calculations were performed at the same level of theory as that used for geometry optimization to
characterize the stationary points as either minima (no imaginary frequencies) or first-order saddle
points (one imaginary frequency). Intrinsic Reaction Coordinate (IRC) calculations were performed
to confirm that the first-order saddle points found were real transition states connecting the reactants
and the products. The thermal energy corrections were calculated for the optimized geometry at
MO06-2X level of theory in the 6-31+G(d,p)-LANL2DZ(I) basis set with the CPCM solvation model

(DMSO). Molecular structure visualizations were obtained using CYLview.'6

A Ph t
AG (DMSO) Ph—(
(kcal/mol, 298 K) ‘N—I—O0
M902C
o)
PH
TS1
32.0
Ph
0.0 oh . P I—oO
Ph—( INT1 o
MeO,C_e N—I—O ‘—.. Ph (6]
K\K -1256 CO,Me
o product 62
C_radical
3a
-23.9

Figure S16. Calculated free energy profile for the radical addition to 3a. Free energies (kcal/mol)
are computed at the M06-2X/6-31+G(d,p)-LANL2DZ(I),CPCM(DMSO) level of theory.

Calculated energies and thermochemical parameters

structure E [hartree] H [hartree] TS [hartree] G [hartree]

C radical -695.096153 -694.776539 0.062448 -694.838987
3a -986.664392 -986.354526 0.074327 -986.428854
TS1 -1681.738508 -1681.108154 0.108722 -1681.216876
INT1 -1681.809131 -1681.175714 0.112212 -1681.287927
product -1251.075380 -1250.546786 0.086210 -1250.632996
62 -430.730447 -430.628101 0.044784 -430.672886

Cartesian coordinates of computed structures

. C 1.07195 -0.26190 -0.27002
C_radical C 195096 0.15562 0.75358
C 3.50565 -1.61450 0.20557 C 3.14366 -0.51767 0.99034
C 2.65331 -2.03844 -0.81501 H 4.44037 -2.13441 0.38929
C 1.45006 -1.38013 -1.04313 H 2.92540 -2.88651 -1.43534
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0.80685

1.67901

3.79289
-0.21723
-0.42098
-1.51674

0.71094

0.54445

1.54661

0.08511
-0.08085
-1.41956
-1.13729
-2.13515
-2.16148
-2.58702
-3.15867
-1.71595
-3.20883
-3.40728
-3.13205
-3.97017
-4.06953
-1.27936
-0.39961
-1.85198
-0.93268

ITZIZIQOZTTQOITIZOOQOZTIQON T TO0O0OQNOIT T T

]

-0.97503
-3.08101
-5.26811
0.55954
-2.37526
-1.97027
-0.92334
-2.96305
-2.67254
-4.30904
-5.06955
-4.67654
-5.71581
-3.70361
-4.08214
1.76420
2.85036
2.54883
1.52336
3.55706
3.31806
4.87601
5.66208
5.18185
6.20440
4.17410
441772
2.15579
1.96328
1.57384
2.29390
2.15114
2.80895
3.06151
3.00653
3.41034
2.69203
2.85384

TODOZQOZQOTZOOIOIOIOIOTIOO0O00ZQIOITOIONZO0O ™ W

-1.72673
0.99640
-0.18689
0.38437
1.82563
2.36871
2.53008
3.94148
4.33999
4.37292
4.15346
-0.39524
-1.13376
0.29287
-1.16085
-0.19184
-0.72630
0.26327
0.61480
-1.79954
-2.49524
-2.35776
-1.03616
-2.26310
-1.85085
-2.83666
-2.95603

-0.73992
-1.79629
-1.32464
0.66342
0.85986
2.18503
2.44924
3.16445
4.20972
2.80956
3.58054
1.46731
1.16358
0.46900
-0.99707
0.24858
1.27195
2.60853
2.88212
3.56528
4.59664
3.19898
3.94719
1.87130
1.58235
0.90757
-0.12529
-1.19087
-2.05803
-1.67561
-3.40724
-4.07662
-3.89020
-4.94093
-3.02296
-3.39825
-1.67184
-0.99070

-1.84472
1.38043
1.79489

-0.49180

-0.30749

-0.35826

-0.12277
0.03832
0.18216

-0.85317
0.90771

-0.92633

-1.68531

-1.38508
0.21296
1.32058
2.08728
1.80620
0.92001

-0.41172

-1.21238
0.34420

-0.83449
0.80947
1.31370
1.54681
0.03411

-0.12865
0.00675
0.16196

-0.21788

-0.01301

-0.03035

-0.10259
0.04963
0.03912
0.14070
0.20201
0.15257
0.22187
0.07435
0.08438

-0.09377

-0.06106
0.23379
0.45823
0.25184
0.48998

-0.03018

-0.01585

-0.32361

-0.54312

-0.33370

-0.56228
0.02415

-1.05677

-1.99711

-0.93149

-1.77319
0.27088
0.36875
1.34719
2.28170
1.22319
2.05385

TS1

IZTOZTZTTZOOQONZIQOZTTOQOO0OQAIIZONITOOOCQQZIIINTIOOOQO0QNIZIN IO 000N DT TZOOO0000

2.62818
3.87158
4.01394
1.83899
2.47976
4.63521
0.76200
1.88138
5.71938
4.35954
4.81047
4.08639
6.03923
1.78393
-1.03481
-0.91810
-0.63629
-0.46436
-1.23976
-1.09376
-0.32554
-0.25081
-1.58876
-1.33410
0.01627
-0.52639
-2.22363
-4.49528
-2.13374
-3.47246
-4.59803
-3.25802
-1.17339
-3.55725
-5.55718
-3.16796
-5.37322
-0.14714
-3.34384
-1.97459
-1.17454
-1.70951
-3.08476
-3.88942
-3.97571
-1.52877
-0.11103
-3.53877
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o -1.52211 -2.80688 0.56805 H -3.22413 1.35344 0.00014

C -2.26546 -3.85666 1.19817 H -4.31816 -0.89466 0.00003

H -2.12564 -3.81792 2.27976 C -0.59326 1.90288 0.00002

H -3.32841 -3.76424 0.96483 o 0.71101 1.92760 -0.00033

H -1.86581 -4.78305 0.79165 o -1.25431 2.93576 0.00028
1 1.61233 -0.36642 0.00005
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C -0.48462 -0.61230 -0.00009

C -3.23692 -0.81243 -0.00001

C -1.24330 0.55104 -0.00001

C -1.05683 -1.87676 -0.00016

C -2.44976 -1.96533 -0.00013

C -2.63549 0.44174 0.00006

H -0.44747 -2.77365 -0.00021

H -2.91638 -2.94471 -0.00017
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22. NMR spectra
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COzMe
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'H NMR: (400 MHz, CDCls)
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COzMe

Br 1d
'H NMR: (400 MHz, CDCls)

— QAN — O < 0 O [=2)
0 O O\~ o 0 00 (=3
S Aaa e R 2
0~~~ © © v el
o
=
'
f
(=34
(\12
“ g 3
|| = =
“ [ (
N | |
\ |
/ I
J”/“ I i /J
hs- A I
PPM
‘HHH\H‘\HHHH‘HH\HH‘H\HHH‘HH\HHHH\HHH\HHHH\HHHHHH\HHHH\HHHH\H
10.0 9.0 8.0 7.0 6.0 50 4.0 30 20 1.0 0.0 -10
1 1 .
3C{ H} NMR: (100 MHz, CDCls)
& 28888 8% 7
g g 8289 d ERE o
| ! I
|
| ‘ ‘ '

PPM
‘HHHH\‘\HHH\\‘HHH\\\‘HHHH\‘\HHHH‘HHH\H‘HHHH\‘H\HHH‘\HHHH‘HHH\H‘H\HHH‘HHHH\‘\HH\H\‘H\\\HH‘\HHHH‘HHHH\‘H\HHH‘HHHH\‘\HHHH‘HHH\H

200.0 190.0 180.0 170.0 160.0 150.0 1400 1300 1200 1100 100.0 90.0 80.0 700 60.0 50.0 400 30.0 200 10.0

S72



CO,Me

l le
"H NMR: (400 MHz, CDCl3)
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CO,Me

MeO 1f

'H NMR: (400 MHz, CDCls)
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CO,Me

FsC 1 g

'H NMR: (400 MHz, CDCls)
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COzMe

Ph 1h
'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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19F {H} NMR: (377 MHz, CDCl)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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19F {H} NMR: (377 MHz, CDCl)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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C{'H} NMR: (100 MHz, CDCls)
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Cl 23
'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'"H NMR:

28
(400 MHz, CDCls)
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C{'H! NMR: (100 MHz, CDCl)
2 sa oo - o <+
£ sg 28] T 8% 3
g L8 FREER 4 X8 =
|
[
|
|
|
T |
| |
‘
PPM
‘\HHHH‘HHHH\‘H\HHH‘HHHH\‘\HHHH‘HHHH\‘HHHH\‘HH\HH‘\HHHH‘\HHHH‘HH\HH‘H\HHH‘\HHHH‘HHHH\‘\HHHH‘HHH\H‘HH\HH‘\HHHH‘HH\HH‘HH\HH
2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200 100

S112



Ph

Ph N

CO,Me
29

OO0 OO0t OO v — v — 0~ — W) Ol 000 — QN — 0 <
NNV Al OO O =) AN FT OV ADDS VD
ERIaMaaaanan = =99 = AN G nR TS OO

- PHPADHPA B el BN

396
323

~ 300

L

PPM
‘HHH\H‘\HHHH‘H\HHH‘H\HHH‘H\HHHHHH\HH\HHHH\HHHHH\HHHHH\H‘HHH\H
10.0 9.0 8.0 7.0 6.0 50 4.0 30 20 1.0 0.0 -10
13 1 .
C{'H} NMR: (100 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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C{'H} NMR: (100 MHz, CDCl)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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19F {H} NMR: (377 MHz, CDCl)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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C{'H} NMR: (100 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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BC{'H} NMR: (100 MHz, CDCls)
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19F {H} NMR: (377 MHz, CDCl)

65.336
65.424

o

M

PPM
T T T IO T T I T T e T T I T T T T I e T T T T Te T T T I T T T T T T T TI T T TT T ITTITITTT ] ITTTTTTTT HHHH\‘HHHH\‘HH
-60.0 =700 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0 -200.0 -210.0

S135



OMe

51
(400 MHz, CDCls)
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19F {H} NMR: (377 MHz, CDCl)
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'H NMR: (400 MHz, CDCls)
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BC{'H} NMR: (100 MHz, CDCl5)
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'H NMR: (400 MHz, CDCls)
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C{'H! NMR: (100 MHz, CDCl)
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'H NMR: (400 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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C{'H} NMR: (100 MHz, CDCI5)
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'H NMR: (400 MHz, CDCls)
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3C{'H} NMR: (100 MHz, CDCl:)
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C{'H} NMR: (100 MHz, CDCls)
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'H NMR: (400 MHz, CDCls)
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C{'H} NMR: (100 MHz, CDCI5)
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'H NMR: (400 MHz, CDCls)
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BC{'H} NMR: (100 MHz, CDCl3)
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'H NMR: (400 MHz, CDCls)
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13C{'H} NMR: (100 MHz, CDCls)
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(400 MHz, CDCls)
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