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Supplementary Methods:

General Information: *H NMR spectra were recorded on a JEOL JNM-ECS400 (400 MHz) and JEOL JNM-
ECAGO00II (600 MHz) spectrometer. Chemical shifts are reported in ppm from the tetramethylsilane (0.0 ppm)
resonance as the internal standard (CDCls). Data are reported as follows: chemical shift, integration, multiplicity
(s =singlet, d = doublet, t = triplet, g = quartet, quin = quintet, sext = sextet, sept =septet, m = multiplet, and br
= broad) and coupling constants (Hz). *C NMR spectra were recorded on a JEOL JNM-ECA600I1 (151 MHz)
spectrometer with complete proton decoupling. Chemical shifts are reported in ppm from the solvent resonance
as the internal standard (CDCls; 77.16 ppm). The high-resolution mass spectra were conducted on Thermo
Fisher Scientific Exactive Plus (ESI). Analytical thin layer chromatography (TLC) was performed on Merck
precoated TLC plates (silica gel 60 GF254, 0.25 mm). Flash column chromatography was performed on Silica
gel 60 N (spherical, neutral, 40~50um; Kanto Chemical Co., Inc.).

All air- and moisture-sensitive reactions were performed under an atmosphere of argon (Ar) in dried
glassware. Dichloromethane (CH:Cl,), 1,2-dichloroethane (DCE), diethyl ether (Et.O), and tetrahydrofuran
(THF) were supplied from Kanto Chemical Co., Inc. as “Dehydrated” and further purified by both A2 alumina
and Q5 reactant using a GlassContour solvent dispensing system. The photocatalysts (4a-4c) and enol silyl
ethers were synthesized according to the previously reported procedures.** Other simple chemicals were
purchased and used as such.
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To a solution of butyryl chloride (3.1 mL, 30 mmol) and CuCl (0.15 g, 1.5 mmol) in THF (60 mL, 0.5 M), a
1 M THF solution of t-BuMgClI (31 mL, 31 mmol) was added dropwise via syringe under Ar atmosphere. The
resulting mixture was allowed to warm to room temperature and stirred overnight. The reaction was then
guenched by the addition of water at 0 °C and the aqueous phase was extracted with Et,O twice. The combined
organic phases were washed with 1 N aqueous solution of HCI three times, dried over Na;SOs, filtered, and
concentrated. The residue was purified by distillation to afford S1 in 57% yield (2.2 g, 17 mmol). *H NMR (400
MHz, CDCls) d 2.46 (2H, t, J = 6.8 Hz), 1.63-1.54 (2H, m), 1.13 (9H, s), 0.90 (3H, t, J = 7.2 Hz)
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To a round-bottom flask was charged with mesitylene (8.4 mL, 60 mmol) and the reaction flask was cooled
to 0 °C. Anhydrous AICI; (0.67 g, 5 mmol) was added one-portion and the mixture was stirred at the same
temperature for several minutes. To this mixture was added butyryl chloride (2.1 mL, 20 mmol) dropwise over
1 hat 0 °C. The whole reaction mixture was then allowed to warm to room temperature and stirred for 6 h. The
reaction was quenched by the addition of water and the extractive work-up was conducted with Et,O. The
combined organic layers were washed with saturated aqueous solution of NaHCOs, dried over Na SOy, filtered,
and concentrated. The resulting crude material was purified by column chromatography on silica gel (hexane
100% to hexane/EtOAc = 5:1 as eluent) to afford S2 in 99% vyield (3.7 g, 19.4 mmol). *H NMR (400 MHz,
CDCl3) 6 6.83 (2H, s), 2.67 (2H, t, J = 7.6 Hz), 2.27 (3H, s), 2.19 (6H, s), 1.73 (2H, sext, J = 7.6 Hz), 1.00 (3H,
t,J = 7.6 Hz).
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To a two-necked round-bottom flask was added 3,5-dimethylpyrazole (0.96 g, 10 mmol), butyryl chloride
(1.2 mL, 11 mmol), toluene (50 mL, 0.2 M) and the flask was degassed by alternating vacuum evacuation/Ar
backfill. The mixture was cooled to 0 °C, and EtsN (2.8 mL, 20 mmol) was added. The whole mixture was then
heated to reflux. After stirring for 1 h, the reaction mixture was cooled to room temperature and filtered through
a pad of Celite with the aid of EtOAc. The filtrates were evaporated under reduced pressure and the crude
product was purified by column chromatography on silica gel (hexane/EtOAc = 10:1 as eluent) to afford S3
quantitatively (1.7 g, 10 mmol). *H NMR (400 MHz, CDCls) 6§ 5.95 (1H, s), 3.08 (2H, t, J = 7.6 Hz), 2.54 (3H,
s), 2.24 (3H, s), 1.77 (2H, sext, J =7.6 Hz), 1.02 (3H, t, J = 7.6 Hz).
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To a solution of 5-chlorovaleryl chloride (7.7 mL, 60 mmol) and CuCl (5.9 g, 60 mmol) in THF (60 mL, 1
M), a 1 M THF solution of t-BuMgCl (63 mL, 63 mmol) was added dropwise via syringe under Ar atmosphere
at 0 °C. The reaction mixture was then allowed to warm to room temperature and stirred overnight. The reaction
was quenched with ice water and filtered through a pad of Celite. The organic layer of resulting filtrates was
washed with 1 N HCI aqg. three times, dried, and concentrated. The crude product was purified by silica gel
column chromatography (hexane/EtOAc = 15:1 as eluent) to give S4 in 92% yield (9.75 g, 55.2 mmol). 'H
NMR (400 MHz, CDCls) 6 3.53 (2H, t, J = 6.4 Hz), 2.52 (2H, t, J = 6.8 Hz), 1.85-1.65 (4H, m), 1.14 (9H, s).
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The mixture of S4 (0.53 g, 3 mmol) and Nal (0.90 g, 6 mmol) in 1 N NaOH aqg. (20 mL) and MeOH (100
mL) was refluxed with stirring for 12 h. The reaction mixture was then cooled to room temperature and
evaporated to remove MeOH. The resulting mixture was extracted with EtOAc twice, and the combined organic
layers were washed with brine, dried over Na,;SO,, filtered, and concentrated. The residue was purified by
column chromatography on silica gel (hexane/EtOAc = 15:1) to afford S5 in 54% yield (0.28 g, 1.63 mmol). 'H
NMR (400 MHz, CDCls) 6 3.37 (2H, t, J = 6.4 Hz), 3.32 (3H, s), 2.51 (2H, t, J = 7.0 Hz), 1.66-1.50 (4H, m),
1.13 (9H, s).
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The solution of S4 (2.6 g, 15 mmol), KOAc (2.9 g, 30 mmol), and I, (31 mg, 0.12 mmol) in AcOH (150 mL,
0.1 M) was refluxed with stirring overnight. The reaction mixture was allowed to cool to room temperature and
acetic acid was removed by rotary evaporator. The residue was diluted with water and extracted with EtOAC.
The combined organic layers were washed with brine, dried over Na,SOs, filtered, and concentrated. The crude
material was purified by column chromatography on silica gel (hexane/EtOAc = 10:1) to afford S6 in 60% yield
(1.8 g, 9.0 mmol). *H NMR (400 MHz, CDCls) 6 4.06 (2H, t, J = 6.2 Hz), 2.52 (2H, t, J = 7.0 Hz), 2.05 (3H, s),
1.62 (4H, m), 1.14 (9H, s).
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The suspension of S4 (0.88 g, 5 mmol), phthalimide (0.88 g, 6 mmol), K.CO; (1.38 g, 10 mmol), and KI
(0.33 g, 2 mmol) in DMF (20 mL) was stirred at 80 °C overnight. After cooling to room temperature, the reaction



mixture was diluted with water and the extractive work-up was performed with EtOAc. The combined organic
layers were washed with water three times, dried over Na2SO., and concentrated. The resulting crude residue
was purified by column chromatography on silica gel (hexane/EtOAc = 3:1) to afford S7 in 90% yield (1.3 g,
4.5 mmol). *H NMR (400 MHz, CDCls) 6 7.87-7,81 (2H, m), 7.74-7.68 (2H, m), 3.69 (2H, t, J = 7.2 Hz), 2.54
(2H,t,J = 7.2 Hz), 1.74-1.55 (4H, m), 1.13 (9H, s).
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The mixture of S4 (0.49 g, 2.8 mmol) and NaCN (0.41 g, 8.3 mmol) in DMF (3 mL) was vigorously stirred
at 60 °C for 10 h. After cooling to room temperature, the reaction mixture was diluted with water and the
extractive work-up was conducted with EtOAc. The combined organic layers were washed with water three
times, dried over Na,SOs, filtered, and concentrated. The crude material was purified by column
chromatography on silica gel (hexane/EtOAc = 10:1 to 4:1) to furnish S8 quantitatively (0.47 g, 2.8 mmol). 'H
NMR (400 MHz, CDCls) ¢ 2.54 (2H, t, J = 6.8 Hz), 2.35 (2H, t, J = 7.2 Hz), 1.79-1.59 (4H, m), 1.14 (9H, s).

Characterization of Enol Silyl Ethers

™8s0  !H NMR (400 MHz, CDCls) & 4.89-4.84 (1H, brm), 2.03-1.96 (4H, m), 1.69-1.61 (2H, m), 1.53-1.47
(2H, m), 0.91 (9H, s), 0.12 (6H, s); **C NMR (151 MHz, CDCls) 6 150.6, 104.5, 30.0, 25.9, 24.0, 23.3,
22.5,18.2,-4.2.

TMSO 4 NMR (400 MHz, CDCls) 6 4.88-4.85 (1H, m), 2.03-1.96 (4H, m), 1.68-1.62 (2H, m), 1.53-1.48
(2H, m), 0.18 (9H, s); °C NMR (151 MHz, CDCls) § 150.4, 104.4, 30.0, 24.0, 23.3, 22.5, 0.5.

TESO  IH NMR (400 MHz, CDCls) & 4.89-4.83 (1H, m), 2.04-1.96 (4H, m), 1.68-1.60 (2H, m), 1.54-1.46
@ (2H, m), 0.97 (9H, t, J = 8.0 Hz), 0.64 (6H, g, J = 8.0 Hz): *C NMR (151 MHz, CDCl5) § 150.6, 104.1,
30.0, 24.0, 23.4, 22.5, 6.9, 5.2.
TP 11 NMR (400 MHz, CDCly) § 5.01 (1H, t, J = 6.4 Hz), 2.26-2.19 (2H, brm), 1.98 (2H, dd, J = 11.6,
@ 6.4 Hz), 1.71-1.63 (2H, m), 1.61-1.48 (4H, m), 0.91 (9H, 5), 0.11 (6H, 5); *C NMR (151 MHz, CDCly)
5156.3, 108.7, 35.7, 31.6, 27.9, 25.9, 25.5, 25.4, 18.1, —4.3.

eso  'HNMR (400 MHz, CDCl;) § 4.74-4.66 (1H, m), 2.20-2.14 (2H, brm), 2.04-1.96 (2H, br), 1.61-1.45
(8H, brm), 0.91 (9H, s), 0.14 (6H, s); 3C NMR (151 MHz, CDCls) 6 153.4, 105.0, 31.1(9), 31.1(5),
27.9, 26.5(2), 26.5(0), 25.9, 25.7, 18.2, ~4.2.



TBSO 'H NMR (400 MHz, CDCls) 6 4.44 (1H, t, J = 7.2 Hz), 1.99 (2H, quin, J = 7.2 Hz), 1.06 (9H, s),
X
tBu 0.98 (9H, s), 0.93 (3H, t, J = 7.2 Hz), 0.17 (6H, s); *C NMR (151 MHz, CDCls) § 157.3, 105.5,
29.1, 26.7, 25.9, 19.5, 19.4, 14.9, -2.9.

TBSO IH NMR (400 MHz, CDCls) 6 4.40 (1H, t, J = 7.4 Hz), 2.06-1.90 (4H, m), 1.52-1.46 (2H, m),
= 0.95 (9H, s), 0.93-0.88 (6H, m), 0.12 (6H, 5); *C NMR (151 MHz, CDCls) 6 149.7, 110.0, 38.8,
26.0, 20.5, 18.7, 18.4, 14.7, 13.8, -3.9.

TBSO This compound was synthesized by the literature method.®

2
Me !H NMR (400 MHz, CDCl3) 6 4.93 (1H, t, J = 7.2 Hz), 1.97-2.04 (2H, m), 1.76 (3H, s), 0.94 (9H,
s), 0.91 (3H, t, J = 7.8 Hz), 0.13 (6H, s); **C NMR (151 MHz, CDCls) ¢ 146.2, 110.7, 25.9, 22.9, 18.8, 18.4,
14.6, -3.8.

TBSO IH NMR (400 MHz, CDCls) 6 6.81 (2H, s), 4.52 (1H, t, J = 7.2 Hz), 2.28 (6H, s), 2.25 (3H, 3),
Mes™ 2.21 (2H, quin, J = 7.2 Hz), 1.01 (3H, t, J = 7.2 Hz), 0.91 (9H, ), -0.21 (6H, 5); 13C NMR (151
MHz, CDCls) & 145.8, 136.9, 136.5, 136.4, 128.2, 115.0, 25.8, 21.2, 20.4, 18.8, 18.4, 14.5, —4.4.

TBSO 'H NMR (400 MHz, CDCls) § 7.43 (2H, d, J = 6.8 Hz), 7.31-7.25 (3H, m), 5.09 (1H, t, J = 7.6
X

Ph Hz), 2.22 (2H, quin, J = 7.6 Hz), 1.03 (3H, t, J = 7.6 Hz), 0.98 (9H, s), -0.05 (6H, s); °C NMR

(151 MHz, CDCls) § 148.9, 140.0, 128.0, 127.4, 126.0, 114.0, 26.0, 19.6, 18.5, 14.4, -3.9.

78BSO 'H NMR (400 MHz, CDCls) § 7.46 (1H, d, J = 7.2 Hz), 7.22-7.08 (3H, m), 5.17 (1H, t, J = 4.6 Hz),
O‘ 2.76 (2H, t, J = 8.0 Hz), 2.35-2.27 (2H, m), 1.01 (9H, s), 0.20 (6H, s); *C NMR (151 MHz, CDCls)
5 148.4,137.3,133.8, 127.4, 127.1, 126.3, 122.0, 105.1, 28.4, 26.1, 22.4, 18.5, -2.8.

1850 'H NMR (400 MHz, CDCls) 6 5.79 (1H, s), 4.76 (1H, t, J = 7.6 Hz), 2.23 (3H, 5), 2.21 (3H,

y /N\NJ\/\ s), 2.18 (2H, quin, J = 7.6 Hz), 1.03 (3H, t, J = 7.6 Hz), 0.92 (9H, s), ~0.08 (6H, s); 1°C
e

u NMR (151 MHz, CDCls) 148.1, 141.3, 139.8, 109.3, 105.7, 25.7, 18.9, 18.2, 14.1, 13.6,

Me
11.6,-5.2.
TBSO 'H NMR (400 MHz, CDCls) 6 4.43 (1H,t, J = 7.2 Hz), 3.53 (2H, t, J = 7.2 Hz), 2.13 (2H,
A
t-Bu €l q,J=7.2Hz),1.79 (2H, quin, J = 7.2 Hz), 1.06 (9H, s), 0.98 (9H, s), 0.18 (6H, 5); *C NMR

(151 MHz, CDCls) ¢ 159.1, 101.7, 45.0, 36.7, 33.3, 29.1, 26.7, 23.8, 19.4, -2.7.

TBSO 'H NMR (400 MHz, CDCl3) § 4.45 (1H, t, J = 7.0 Hz), 3.36 (2H, t, J = 7.0 Hz), 3.32 (3H,

tBu” S OMe ) 2.03 (2H, g, J = 7.0 Hz), 1.59 (2H, quin, J = 7.0 Hz), 1.05 (9H, s), 0.98 (9H, s), 0.17

(6H, s); C NMR (151 MHz, CDCls) § 158.3, 102.9, 72.7, 66.0, 58.7, 30.3, 29.1, 26.7, 22.7, 19.4, -2.8.



TBSO H NMR (400 MHz, CDCls) & 4.44 (1H, t, J = 7.0 Hz), 4.06 (2H, t, J = 6.6 Hz), 2.07 (2H,
X
tBu OAc ¢, J = 7.0 Hz), 2.04 (3H, s), 1.70-1.60 (2H, m), 1.05 (9H, s), 0.98 (9H, s), 0.18 (6H, S);
13C NMR (151 MHz, CDCls) ¢ 171.4, 158.7, 102.3, 64.5, 36.7, 29.3, 29.0, 26.7, 22.8, 21.2, 19.4, -2.8.

TBSO 'H NMR (400 MHz, CDCls) 6 7.86-7.80 (2H, m), 7.73-7.67 (2H, m), 4.47 (1H, brt, J =
X

tBu NPhth 6.6 Hz), 3.69 (2H, t, J = 7.6 Hz), 2.04 (2H, g, J = 7.6 Hz), 1.71 (2H, quin, J = 7.6 Hz),

1.04 (9H, s), 0.94 (9H, s), 0.15 (6H, s); *C NMR (151 MHz, CDCls) § 168.5, 158.7, 134.0, 132.4, 123.3, 102.2,

37.9, 36.7, 29.2, 29.0, 26.6, 23.7, 19.3, -2.8.

TBSO 'H NMR (400 MHz, CDCls) 6 4.41 (1H, t, J = 7.2 Hz), 2.32 (2H, t, J = 7.2 Hz), 2.13 (2H,
NS
tBu CN @, J =7.2 Hz), 1.69 (1H, quin, J = 7.2 Hz), 1.06 (9H, s), 0.98 (9H, s), 0.18 (6H, s); 13C
NMR (151 MHz, CDCl) ¢ 159.9, 120.0, 101.0, 36.8, 29.0, 26.6, 26.1, 25.2, 19.3, 16.7, —2.7.

TBSO IH NMR (400 MHz, CDCl3) 6 4.57 (1H, g, J = 7.2 Hz), 1.53 (3H, d, J = 7.2 Hz), 1.06 (9H, s), 0.99
X
tBu (9H, s), 0.18 (6H, s); *°C NMR (151 MHz, CDCls) § 159.1, 97.0, 31.7, 29.0, 26.7, 25.9, 12.0, ~2.7.

TBSO 'H NMR (600 MHz, CDCls) & 2.04-1.99 (2H, m), 1.97-1.92 (2H, m), 1.67-1.61 (2H, m), 1.57 (3H,
s), 1.56-1.51 (2H, m), 0.95 (9H, s), 0.11 (6H, s); *C NMR (151 MHz, CDCls) 9 143.1, 111.7, 30.5(4),
30.4(5), 26.3, 24.0, 23.2, 18.3, 16.6, -3.7.

OTIPS 14 NMR (400 MHz, CDCls) 6 7.08 (1H, d, J = 8.4 Hz), 6.64 (1H, d, J = 8.4 Hz),
6.59 (1H, s), 4.42 (1H, s), 2.90-2.74 (2H, m), 2.34-2.18 (2H, m), 2.21-2.03 (1H,
m), 1.94-1.78 (3H, m), 1.64-1.31 (5H, m), 1.31-1.14 (6H, m), 1.10 (36H, br), 0.90
(3H, s); °C NMR (151 MHz, CDCls) 6 165.4, 153.8, 138.0, 133.4, 125.8, 119.9,
116.9, 97.4, 54.3, 45.3, 44.8, 37.3, 33.8, 29.7, 28.3, 27.3, 26.4, 18.2(3), 18.1(6), 15.7, 12.9, 12.7.

TIPSO

General Experimental Procedure for Allylic Alkylation of Enol Silyl Ethers

To a flame-dried test tube were added electron-deficient olefin (0.12 mmol, 1.2 equiv), [Ir(dFCFsppy)2(4,4'-
dCFsbpy)]PFs (2.29 mg, 0.002 mmol, 2 mol%) and DCE (0.5 mL, 0.2 M). The reaction tube was sealed with a
rubber septum and then evacuated in vacuo and backfilled with Ar five times. Enol silyl ether (0.1 mmol, 1
equiv) and 2,4,6-collidine (1.3 uL, 0.01 mmol, 10 mol%) were successively introduced. The whole reaction
mixture was stirred at 25 °C under the irradiation of blue LED (448 nm, 750 W/m?) with a fan to keep the
temperature. After 12 h, the reaction mixture was evaporated. Purification of the resulting crude residue by
column chromatography on silica gel (hexane 100% to hexane/EtOAc = 5:1) afforded the corresponding
alkylated enol silyl ether.



Proposed Catalytic Cycle of Allylic C-H Alkylation

While it is difficult to precisely establish the entire reaction mechanism, particularly the closing step of the
catalytic cycle, we illustrate the plausible mechanism of the present allylic alkylation of enol silyl ethers in
Supplementary Figure 1.
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Supplementary Figure 1. Proposed catalytic cycle. The light-excited Ir'"" complex would engage in the oxidation
of enol silyl ether to generate radical cation intermediate A and the reduced Ir'' complex. This oxidation process
would then be relayed to the deprotonation of the radical cation by 2,4,6-collidine to furnish nucleophilic allylic
radical B. The subsequent radical addition to electron-deficient olefin could form a new carbon—carbon bond
with the generation of electrophilic radical C. The single-electron reduction of C by Ir' complex would give the
carbanion intermediate D, which could be protonated by collidinium salt to afford the alkylated product and
return both catalyst species back to the initial forms.

Characterization of Alkylated Enol Silyl Ethers

TBSO 3a: 'H NMR (600 MHz, CDCls) (for major diastereomer) 6 7.45-7.32 (5H, m), 4.35 (1H, br),

CN 4.16 (1H, d, J = 4.8 Hz), 2.99 (1H, dd, J = 10.2, 4.8 Hz), 2.91-2.85 (1H, m), 2.02-1.94 (3H,

CN  m), 1.88-1.82 (1H, m), 1.70-1.61 (1H, m), 1.28-1.22 (1H, m), 0.82 (9H, s), -0.06 (3H, s), —

0.07 (3H, s), (for minor diastereomer) ¢ 7.45-7.32 (5H, m), 4.94 (1H, d, J =4.2 Hz), 4.24 (1H,

d, J=4.8 Hz), 3.00-2.94 (1H, m), 2.91-2.85 (1H, m), 2.05-2.01 (2H, m), 1.71-1.61 (1H, m), 1.61-1.55 (1H, m),

1.49-1.42 (1H, m), 1.22-1.17 (1H, m), 0.94 (9H, s), 0.17 (6H, s); *C NMR (151 MHz, CDCls) (for major

diastereomer) ¢ 153.4, 136.6, 129.3, 128.7, 112.1, 111.9, 103.8, 52.1, 37.1, 29.6, 27.7, 27.6, 21.6, 18.1, 4.3, —

4.5, (for minor diastereomer) 6 155.3, 136.7, 129.0, 128.4, 112.4, 112.0, 103.0, 52.0, 36.1, 30.0, 27.9, 25.8, 19.6,
18.2, 4.0, -4.2; HRMS (ESI) Calcd for C2H2s0ON,Si~ ([M—H]") 365.2044. Found 365.2052.

Ph



TBSO 3b (dr = 1.8:1): *H NMR (600 MHz, CDCls) (for major diastereomer) 6 7.69 (2H, d, J = 8.4
‘ CN Hz), 7.49 (2H, d, J = 8.4 Hz), 4.27 (1H, br), 4.18 (1H, d, J = 3.6 Hz), 3.02-2.95 (2H, m), 2.02-
CN' 1,94 (3H, m), 1.89-1.82 (1H, m), 1.72-1.63 (1H, m), 1.29-1.21 (1H, m), 0.82 (9H, s), —0.07
O (6H, s), (for minor diastereomer) 6 7.69 (2H, d, J = 7.5 Hz), 7.51 (2H, d, J = 7.5 Hz), 4.92
(1H,d,J =4.2 Hz), 4.27 (1H, d, J = 4.8 Hz), 3.06 (1H, dd, J = 10.5, 4.8 Hz), 2.93-2.86 (1H,
m), 2.04 (2H, t, J = 6.0 Hz), 1.70-1.56 (2H, m), 1.51-1.42 (1H, m), 1.18-1.12 (1H, m), 0.94
(9H, s), 0.17 (6H, s); *C NMR (151 MHz, CDCls) (for major diastereomer) 6 154.0, 140.5, 131.4 (¢, Jc-r = 32.8
Hz), 129.3, 126.3 (q, Jc-r = 4.4 Hz), 123.9 (q, Jc.r = 273.0 Hz), 111.7, 111.4, 103.1, 51.8, 37.0, 29.5, 27.5, 27.2,
25.7, 21.5, 18.1, —4.3, —4.5, (for minor diastereomer) ¢ 155.8, 140.6, 131.3 (q, Jc.r = 33.2 Hz), 128.9, 126.3,
123.9(q, Jc-r = 272.0 Hz), 112.0, 111.5, 102.3, 51.7, 36.0, 29.9, 25.7, 25.5, 19.4, 18.2, —4.0, —4.2; HRMS (ESI)
Calcd for Ca3H2s0N2FsSi~ ((M—H]") 433.1918. Found 433.1917.

CF3

TBSO 3c (dr = 1.9:1): The reaction of 1a (0.1 mmol) with electron-deficient olefin (0.2 mmol, 2
‘ CN  equiv) was carried out for 24 h.

CN  !H NMR (600 MHz, CDClIs) (for major diastereomer) 6 7.26 (2H, d, J = 9.0 Hz), 6.93 (2H, d,

O J =9.0 Hz), 4.39 (1H, brs), 4.12 (1H, d, J = 4.8 Hz), 3.83 (3H, s), 2.96-2.89 (1H, m), 2.84

(1H, dd, J = 10.2, 4.8 Hz), 2.04-1.91 (3H, m), 1.88-1.81 (1H, m), 1.70-1.61 (1H, m), 1.27-

1.18 (1H, m), 0.83 (9H, s), —0.04 (6H, s), (for minor diastereomer) 6 7.28 (2H, d, J = 7.8 Hz),

6.93 (2H, d,J=7.8 Hz),4.91 (1H, d, J = 4.2 Hz), 4.21 (1H, d, J = 4.8 Hz), 3.82 (3H, s), 2.94 (1H, dd, J = 10.8,

4.8 Hz), 2.86-2.80 (1H, m), 2.02 (2H, t, J = 6.3 Hz), 1.68-1.55 (2H, m), 1.48-1.42 (1H, m), 1.24-1.18 (1H, m),

0.94 (9H, s), 0.16 (6H, s); **C NMR (151 MHz, CDCls) (for major diastereomer) § 160.0, 153.3, 129.8, 128.5,

114.6, 112.3, 111.9, 104.0, 55.5, 51.5, 37.1, 29.6, 27.8(3), 27.7(6), 25.8, 21.7, 18.2, —4.3, —4.5, (for minor

diastereomer) ¢ 160.0, 155.2, 129.5, 128.6, 114.7, 112.6, 112.0, 103.1, 55.4, 51.4, 36.2, 30.0, 28.1, 25.8, 25.5,
19.5, 18.2, -4.0, -4.2; HRMS (ESI) Calcd for C23H320,N2NaSi* ([M+Na]*) 419.2125. Found 419.2139.

TBSQ 3d (dr = 1.8:1): 'H NMR (600 MHz, CDCIls) (for major diastereomer) ¢ 7.90 (1H, d, J = 8.4

‘ N Hz), 7.88-7.82 (2H, m), 7.80 (1H, s), 7.52 (1H, d, J = 7.2 Hz), 7.52 (1H, t, J = 5.4 Hz), 7.46

CN(1H, d, J = 7.8 Hz), 4.41 (1H, brs), 4.23 (1H, brd), 3.13-3.06 (2H, m), 2.05-1.95 (3H, m),

O 1.90-1.83 (1H, m), 1.74-1.65 (1H, m), 1.34-1.24 (1H, m), 0.79 (9H, s), —0.10 (3H, s), —0.11

O (3H, s), (for minor diastereomer) ¢ 7.90 (1H, d, J = 8.4 Hz), 7.88-7.84 (2H, m), 7.82 (1H, s),

7.55-7.51 (2H, m), 7.49 (1H, d, J = 9.0 Hz), 5.00 (1H, d, J = 4.2 Hz), 4.32 (1H, d, J = 4.8 Hz),

3.17 (1H, dd, J = 10.2, 4.8 Hz), 3.04-2.98 (1H, m), 2.04 (2H, t, J = 6.3 Hz), 1.72-1.64 (1H, m), 1.63-1.56 (1H,

m), 1.50-1.44 (1H, m), 1.27-1.19 (1H, m), 0.95 (9H, s), 0.18 (6H, s); *C NMR (151 MHz, CDCls) (for major

isomer) ¢ 153.5, 134.0, 133.4(9), 133.4(5), 129.2, 128.4, 128.2, 127.9, 126.8, 126.7, 125.6, 112.1, 112.0, 103.9,

52.2, 37.3, 29.6, 27.8, 27.6, 25.7, 21.6, 18.1, —4.3, -4.5, (for minor diastereomer) ¢ 155.4, 134.1, 133.5(4),

133.4(6), 129.3, 128.3, 128.2, 127.9, 126.8, 126.7, 125.3, 112.4, 112.0, 103.0, 52.2, 36.2, 30.0, 27.9, 25.8, 25.7,
19.6, 18.2, 4.0, —4.2; HRMS (ESI) Calcd for C26Hs:ON,Si™ ((M—H]") 415.2200. Found 415.2210.



TBSO 3e (dr = 1.6:1): 'H NMR (400 MHz, CDClIs) (for major diastereomer) 6 7.97-7.93 (1H, m),
CN 7.49 (1H,d, J=2.1 Hz), 7.46-7.42 (1H, m), 7.07 (1H, t, J = 2.0 Hz), 4.26 (1H, brs), 4.05 (1H,
‘ cn d,J=1.2Hz),3.64 (1H,dd, J=2.6,1.2 Hz), 3.02-2.97 (1H, m), 2.09-1.96 (3H, m), 1.94-1.88
! O (1H, m), 1.72-1.60 (1H, m), 1.42-1.35 (1H, m), 0.83 (9H, m), —0.01 (3H, s), —0.05 (3H, s),
(for minor diasteromer) ¢ 7.97-7.93 (1H, m), 7.54 (1H, d, J = 2.0 Hz), 7.46-7.42 (1H, m), 7.07
(1H,t,J=19Hz),4.98 (1H, d, J=1.2 Hz), 4.18 (1H, d, J = 1.4 Hz), 3.74 (1H, dd, J = 2.6, 1.3 Hz), 2.90-2.84
(1H, m), 2.09-1.96 (2H, m), 1.88-1.79 (1H, m), 1.72-1.60 (1H, m), 1.45-1.40 (1H, m), 1.21-1.15 (1H, m), 0.95
(9H, s), 0.19 (3H, s), 0.18 (3H, s); °C NMR (151 MHz, CDCls) (for major diastereomer) 6 171.5, 152.2, 141.1,
139.5,129.7, 129.0, 104.4, 103.0, 67.0, 56.1, 47.0, 43.0, 39.9, 29.9, 25.8, 21.4, 18.1, —4.1(8), —4.2(3), (for minor
diastereomer) ¢ 171.5, 152.6, 141.6, 139.7, 129.6, 129.1, 107.4, 102.3, 67.0, 56.0, 47.1, 42.9, 40.7, 30.2, 28.1,
21.8,18.2,-4.0, 4.1, HRMS (ESI) Calcd for C22H200NzINaSi* ([M+Na]*) 515.0986. Found 515.0983.

TBSO 3f (dr = 1.6:1): *"H NMR (400 MHz, CDCls) (for major diastereomer) 6 7.35-7.30 (2H, m),

CN 7.26-7.20 (3H, m), 4.62 (1H, brs), 3.89 (1H, d, J = 2.4 Hz), 2.88-2.68 (2H, m), 2.68-2.60 (1H,

CN  m), 2.14-1.68 (5H, m), 1.64-1.49 (2H, m), 1.33-1.18 (2H, m), 0.92 (9H, s), 0.15 (6H, s), (for

minor diastereomer) 6 7.35-7.28 (2H, m), 7.26-7.20 (3H, m), 4.62 (1H, brs), 3.79 (1H, d,J =

4.4 Hz), 2.88-2.68 (2H, m), 2.68-2.60 (1H, m), 2.14-1.68 (7H, m), 1.64-1.49 (2H, m), 0.92

(9H, s), 0.15 (6H, s); *C NMR (151 MHz, CDCls) (for major diastereomer) 6 155.1, 140.5, 128.9, 128.4, 126.6,

113.5, 112.6, 104.6, 45.2, 37.9, 33.7, 31.5, 30.0, 25.8, 25.2, 24.2, 22.2, 18.2, -4.1(1), —4.1(4), (for minor

diastereomer) ¢ 154.5, 140.4, 128.9, 128.4, 126.7, 113.2, 112.4, 103.9, 44.1, 37.8, 33.9, 31.2, 29.9, 25.8, 25.1,
24.7,21.7,18.1, —4.1; HRMS (ESI) Calcd for C24H3sON2NaSi* ([M+Na]*) 417.2333. Found 417.2346.

Ph

TBSO 3g: 'H NMR (600 MHz, CDCls) 6 7.97 (4H, d, J = 7.2 Hz), 7.56 (2H, t, J = 7.2 Hz), 7.48-

Phg®  7.43 (4H, m), 5.34 (1H, t, J = 6.6 Hz), 4.83 (1H, brs), 2.31 (1H, brs), 2.17-2.06 (2H, m),

2.04-1.92 (2H, m), 1.80-1.72 (2H, m), 1.58-1.49 (1H, m), 1.22-1.17 (1H, m), 0.91 (9H, s),

0.12 (6H, s); *C NMR (600 MHz, CDCls) & 196.1, 196.0, 152.0, 136.2(2), 136.1(7), 133.6,

129.0, 128.8, 128.7, 108.0, 55.0, 36.3, 33.5, 30.1, 29.0, 25.8, 21.5, 18.2, -4.2, —4.3; HRMS_(ESI) Calcd for
CosH3s03NaSi™ ([M+Na]*) 471.2326. Found 471.2324.

0}
Ph

TBSO 3h: The reaction was conducted with vinyl phenyl ketone (0.3 mmol, 3 equiv). *H NMR (600
MHz, CDCls) 6 7.96 (2H, d, J = 7.8 Hz), 7.56 (1H, t, J = 7.8 Hz), 7.46 (2H, t, J = 7.8 Hz),
4.82 (1H, brs), 2.99 (1H,t,J = 7.8 Hz), 2.28-2.22 (1H, m), 2.06-1.94 (2H, m), 1.82-1.67 (4H,
m), 1.61-1.52 (1H, m), 1.20-1.13 (1H, m), 0.92 (9H, s), 0.13 (6H, s); *C NMR (151 MHz,
CDCls) 6 200.8, 151.5, 137.2, 133.1, 128.7, 128.2, 108.8, 36.2, 34.5, 31.4, 30.1, 28.8, 25.9, 21.8, 18.2, 4.1, -
4.3; HRMS (ESI) Calcd for C21H3,02NaSi* ([M+Na]*) 367.2064. Found 367.2063.

0}
Ph

TBSO 3i: 'H NMR (600 MHz, CDCl3) 6 7.97 (2H, d, J = 8.4 Hz), 7.95 (2H, d, J = 8.4 Hz), 7.72-

SO2Ph 7,70 (2H, m), 7.61-7.57 (4H, m), 4.64 (1H, brd), 4.46 (1H, t, J = 5.4 Hz), 2.46 (1H, br),
SO,Ph
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2.12-2.02 (2H, m), 1.96-1.91 (2H, m), 1.66-1.58 (2H, m), 1.52-1.46 (1H, m), 1.06-0.99 (1H, m), 0.91 (9H, s),
0.11 (6H, s); *C NMR (151 MHz, CDCls) § 152.6, 138.1, 137.9, 134.7, 129.9, 129.8, 129.3, 106.6, 81.9, 32.8,
32.2,29.9, 27.6, 25.8, 20.7, 18.2, —4.2; HRMS (ESI) Calcd for CHssOsNaS,Si* ([M+Na]*) 543.1666. Found
543.1667.

TBSO 3j: The reaction was performed for 24 h. *H NMR (600 MHz, CDCls) 6 7.70 (2H, d, J =
IN\N 7.8 Hz), 7.65-7.58 (3H, m), 4.72 (1H, brs), 3.80-3.69 (2H, m), 2.42-2.36 (1H, m), 2.09-
s SN 1.86 (4H, m), 1.82-1.72 (2H, m), 1.63-1.56 (1H, m), 1.22-1.14 (1H, m), 0.92 (9H, s),

0.14 (6H, s); *C NMR (151 MHz, CDCls) ¢ 153.6, 152.9, 133.2, 131.6, 129.9, 125.2,
106.6, 54.2, 33.7, 29.9, 28.5, 28.1, 25.8, 21.5, 18.2, -4.1(6), —4.2(3); HRMS (ESI) Calcd for C,:H3,03N4NaSSi*
(IM+Na]*) 471.1857. Found 471.1855.

TMSO 3k (dr = 2.0:1): *H NMR (600 MHz, CDClI3) (for major diastereomer) ¢ 7.43-7.33 (5H, m),

CN 4.36 (1H, brs), 4.15 (1H, d, J = 4.8 Hz), 3.01-2.95 (1H, m), 2.91-2.87 (1H, m), 2.02 (1H, t, J

CN =6.3 Hz), 2.01-1.94 (2H, m), 1.88-1.82 (1H, m), 1.71-1.62 (1H, m), 1.29-1.23 (1H, m), 0.02

(9H, s), (for minor diastereomer) ¢ 7.43-7.33 (5H, m), 4.95 (1H, d, J = 4.2 Hz), 4.24 (1H, d,

J = 4.8 Hz), 3.01-2.95 (1H, m), 2.91-2.87 (1H, m), 2.01-1.94 (2H, m), 1.71-1.62 (1H, m), 1.62-1.56 (1H, m),

1.49-1.43 (1H, m), 1.22-1.17 (1H, m), 0.22 (9H, s); *C NMR (151 MHz, CDCls) (for major diastereomer) &

153.2, 136.6, 129.3, 128.7, 112.1, 111.9, 103.9, 52.1, 37.1, 29.6, 27.6(4), 27.5(5), 21.6, 0.3, (for minor

diastereomer) ¢ 155.0, 136.7, 129.0, 128.4, 112.4, 111.9, 103.1, 52.0, 36.1, 30.0, 27.8, 25.5, 19.6, 0.6; HRMS
(ESI) Calcd for C19H230N,Si~ ([M—H]") 323.1574. Found 323.1580.

Ph

TESO 3l (dr = 2.0:1): *H NMR (600 MHz, CDCls) (for major diastereomer) 6 7.43-7.33 (5H, m),

CN  4.34 (1H, brs), 4.15 (1H, d, J = 5.4 Hz), 3.01-2.95 (1H, m), 2.91-2.85 (1H, m), 2.05 (1H, t, J

CN  =6.3 Hz), 2.02-1.95 (2H, m), 1.89-1.83 (1H, m), 1.71-1.63 (1H, m), 1.29-1.22 (1H, m), 0.83

(9H, t, J = 7.8 Hz), 0.47 (6H, g, J = 7.8 HZz), (for minor diastereomer) ¢ 7.43-7.33 (5H, m),

4.94 (1H, d, J = 4.2 Hz), 4.23 (1H, d, J = 4.8 Hz), 3.01-2.95 (1H, m), 2.91-2.85 (1H, m), 2.02-1.95 (2H, m),

1.71-1.63 (1H, m), 1.63-1.56 (1H, m), 1.49-1.43 (1H, m), 1.22-1.17 (1H, m), 1.00 (9H, t, J = 8.0 Hz), 0.69 (6H,

g, J=8.0 Hz): *C NMR (151 MHz, CDCls) (for major diastereomer) ¢ 153.3, 136.6, 129.3, 128.7,112.1, 111.8,

103.4,52.1, 37.1, 29.5, 27.7, 27.6, 21.6, 6.7, 5.0, (for minor diastereomer) ¢ 155.3, 136.7, 129.0, 128.4, 112.4,

111.9, 102.6, 52.0, 36.1, 29.9, 27.8, 25.5, 19.6, 6.9, 5.3; HRMS (ESI) Calcd for Cz,H2900N,Si~ ([M—H]")
365.2044. Found 365.2048.

Ph

TBSO 3m: 'H NMR (600 MHz, CDCls) 5 7.96 (2H, d, J = 8.4 Hz), 7.93 (2H, d, J = 7.8 Hz),
SO,Ph

so,pn 1-72-7.68 (2H,m), 7.58 (4H,t, J = 7.8 Hz), 4.61 (1H, d, = 42 Hz), 443 (1H, d, J = 5.4

Hz), 2.28-2.16 (3H, m), 2.09-2.03 (1H, m), 2.00 (1H, dd, J =15.9, 7.5 Hz), 1.84-1.77 (1H,

m), 1.61-1.52 (1H, m), 1.52-1.46 (1H, m), 1.45-1.34 (1H, m), 1.28-1.21 (1H, m), 0.92 (9H, s), 0.12 (6H, s); 1°C

NMR (151 MHz, CDCls) 6 157.7, 138.4, 137.9, 134.7(1), 134.6(7), 129.9, 129.6, 129.3, 129.2, 109.8, 82.0, 35.3,
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34.7, 33.8, 32.2. 29.7, 25.9, 24.8, 18.2, 4.2, —4.3; HRMS (ESI) Calcd for Cy7H3sO0sNaS,Si* ([M+Na]*)
557.1822. Found 557.1823.

850 3n: H NMR (600 MHz, CDCls) 6 7.96 (2H, d, J = 7.8 Hz), 7.91 (2H, d, J = 7.8 Hz), 7.70
@_“;’jzhozph (1H,t,J = 7.8 Hz), 7.69 (1H, t, J = 7.8 Hz), 7.58 (2H, t, = 7.8 Hz), 7.57 (2H, t, J = 7.8

Hz), 4.55 (1H, dd, J = 8.7, 1.5 Hz), 4.13 (1H, d, J = 9.0 Hz), 2.42-2.34 (1H, m), 2.22-2.14

(2H, m), 2.06 (1H, ddd, J = 15.0, 8.7, 3.9 Hz), 1.87 (1H, dt, J = 13.8, 3.9 Hz), 1.72-1.59

(2H, m), 1.52-1.38 (4H, m), 1.24-1.10 (2H, m), 0.93 (9H, s), 0.17 (3H, 5), 0.15 (3H, 5); *C NMR (151 MHz,

CDCls) 0 156.3, 138.5, 138.2, 134.6, 129.9, 129.6, 129.3, 129.2, 105.7, 82.3, 38.1, 35.3, 32.8, 32.0, 28.5, 27.0,
26.0, 25.8, 18.2, 4.0, —4.4;, HRMS (ESI) Calcd for C2sH00sNaS:Si* ([M+Na]*) 571.1979. Found 571.1976.

TBSO Me SOPh 30 (Z/E = >20:1): *H NMR (600 MHz, CDCls) ¢ 7.87(9) (2H, d, J = 7.8 Hz), 7.87(6)
T SOPh  (2H, d, J = 8.4 Hz), 7.64 (1H, t, J = 7.8 Hz), 7.61 (1H, t, J = 8.4 Hz), 7.50 (2H, t, J =
8.4 Hz), 7.48 (2H, t, J = 7.8 Hz), 4.59 (1H, d, J = 8.4 Hz), 4.22 (1H, d, J = 10.8 Hz), 3.23-3.14 (1H, m), 2.26
(1H, ddd, J = 15.0, 9.0, 4.2 Hz), 1.94-1.87 (1H, m), 1.06 (9H, s), 1.04 (9H, s), 0.33 (3H, s), 0.17 (3H, s); °C
NMR (151 MHz, CDCls) § 161.1, 139.6, 137.3, 134.5, 134.0, 130.3, 129.1, 129.0, 108.3, 81.6, 37.1, 33.0, 29.1,

26.9, 21.9, 19.5, 1.8, -4.1; HRMS (ESI) Calcd for C2sH420sNaS2Si* ([M+Na]*) 573.2135. Found 573.2155.

TBSO Me CN 3p (dr = 1.6:1): *H NMR (600 MHz, CDCls) (for major isomer) & 7.45-7.38 (5H, m),
X cN  4.37 (1H,d, J=10.2 Hz), 4.34 (1H, d, J = 4.2 HZz), 2.99-2.91 (1H, m), 2.78 (1H, dd, J =
Ph 10.2, 4.2 Hz), 2.27 (1H, dt, J = 13.8, 8.4 Hz), 2.20 (1H, dt, J = 13.8, 7.2 Hz), 1.61-1.54
(2H, m), 0.97 (3H, t, J = 6.6 Hz), 0.95 (9H, s), 0.86 (3H, d, J = 6.6 Hz), 0.19 (3H, s), 0.17 (3H, s), (for minor
isomer) 6 7.44-7.33 (5H, m), 4.30 (1H, d, J = 4.2 Hz), 4.27 (1H, d, J = 9.6 Hz), 3.33-3.25 (1H, m), 2.78 (1H,
dd, J=11.1, 4.2 Hz), 2.11 (1H, ddd, J = 15.0, 9.0, 5.7 Hz), 2.04 (1H, ddd, J = 15.0, 9.0, 6.8 Hz), 1.63-1.48 (2H,
m), 1.01 (9H, s), 0.96 (3H, t, J = 7.2 Hz), 0.81 (3H, d, J = 6.8 Hz), 0.21 (6H, s); *C NMR (151 MHz, CDCls)
(for major isomer) ¢ 155.7, 135.8, 129.3, 129.1, 128.8, 112.7, 112.1, 109.5, 53.6, 34.7, 34.1, 28.8, 25.8, 20.8,
20.5, 18.3, 14.0, -3.8, —4.4, (for minor isomer) ¢ 154.6, 136.1, 129.2, 128.9, 113.2, 112.0, 109.7, 53.7, 38.7,
32.2,28.5,26.0,20.6,19.5,18.5, 13.9, -3.5, -3.6; HRMS (ESI) Calcd for C23H3sON,NaSi* ([M+Na]*) 405.2333.
Found 405.2348.

TBSO Me CN 3q (dr =1.5:1): *H NMR (400 MHz, CDCls) (for major diastereomer) & 7.45-7.33 (5H, m),
Me” o 4.32(1H,d,J=4.0 Hz), 4.24 (1H, d, J = 9.6 Hz), 3.34-3.22 (1H, m), 2.79 (1H, dd, J = 11.4,

Ph 4.0 Hz), 1.88 (3H, s), 1.01 (9H, s), 0.81 (3H, d, J = 7.2 Hz), 0.22 (6H, s), (for minor
diastereomer) ¢ 7.40-7.31 (3H, m), 7.20-7.14 (2H, m), 4.14 (1H, d, J = 9.2 Hz), 4.00 (1H, d, J = 10.0 Hz), 3.39-
3.29 (1H, m), 3.19 (1H, dd, J = 9.2, 5.6 Hz), 1.77 (3H, s), 0.98 (9H, s), 0.98 (3H, d, J = 7.2 Hz), 0.20 (3H, s),
0.18 (3H, s); °C NMR (151 MHz, CDCls) (for major diastereomer) § 150.8, 136.2, 129.2, 128.9, 113.2, 112.1,
110.3,53.6, 32.4, 28.6, 25.9, 23.1, 19.4, 18.5, -3.4, 3.5, (for minor diastereomer) ¢ 149.8, 135.2, 129.0, 128.6,
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113.3, 112.5, 107.6, 52.8, 32.0, 27.3, 26.0, 23.1, 19.9, 18.5, -3.2, —3.6; HRMS (ESI) Calcd for Co1HsON,NaSi*
([M+Na]*) 377.2020. Found 377.2021.

TBSO  Me SOPh  3r (Z/E =5:1): *H NMR (600 MHz, CDCI:) (for Z isomer) 6 8.04 (2H, d, J = 7.8

> SOPh  Hz), 7.78 (2H, d, J = 7.8 Hz), 7.70 (1H, t, J = 7.8 Hz), 7.57 (2H, t, J = 7.8 Hz),
Me Me 7.49 (1H, t, J = 7.8 Hz), 7.30 (2H, t, J = 7.8 Hz), 6.82 (2H, s), 4.57 (1H, dd, J =
7.5, 2.1 Hz), 3.64 (1H, d, J = 9.6 Hz), 3.36-3.28 (1H, m), 2.34-2.28 (1H, m), 2.29 (3H, s), 2.24 (3H, s), 2.20
(3H, s), 1.94-1.88 (1H, m), 1.08 (3H, d, J = 6.6 Hz), 0.95 (9H, ), ~0.13 (3H, ), ~0.25 (3H, 5): *C NMR (151
MHz, CDCls) (for Z isomer) 6 149.2, 139.2, 137.4(2), 137.4(0), 136.1, 135.7, 135.6, 134.4, 134.3, 129.8, 129.6,
129.0(2), 128.9(8), 128.5, 128.4, 115.7, 82.0, 32.5, 29.6, 25.8, 21.2, 21.0, 20.5, 18.4, —4.3; HRMS (ESI) Calcd
for CssHasOsNaS,Si* ([M+Na]*) 635.2292. Found 635.2305.

TBSO Me SOPh 35 (Z/E = 6.7:1): *H NMR (600 MHz, CDCls) (for Z isomer) § 8.12 (2H, d, J = 7.2 Hz),
L SOPh 7,71 (1H, d, J = 7.2 Hz), 7.60 (2H, t, J = 7.2 Hz), 7.57 (2H, d, J = 8.4 Hz), 7.40-7.26
(5H, m), 7.34 (1H, t, J = 7.2 Hz), 7.05 (2H, dd, J = 8.4, 7.2 Hz), 4.50 (1H, d, J = 8.4 Hz), 3.92 (1H, d, J = 10.2
Hz), 3.32-3.24 (1H, m), 2.46-2.42 (1H, m), 1.81-1.75 (1H, m), 1.06 (3H, d, J = 6.6 Hz), 0.98 (9H, s), 0.06 (3H,
5), ~0.11 (3H, s): 13C NMR (151 MHz, CDCl3) (for Z isomer) 6 152.1, 139.7, 139.6, 137.5, 134.5, 134.2, 129.8,
129.3, 129.1, 129.0, 128.3, 126.5, 114.7, 81.3, 33.0, 30.5, 26.1, 21.4, 18.6, -3.7, -3.9; HRMS (ESI) Calcd for

CaoHz0sNaS,Si* ([M+Na]*) 593.1822. Found 593.1819.

TBSO 3t: 'H NMR (600 MHz, CDCls) § 7.92 (2H, d, J = 8.4 Hz), 7.80 (2H, d, J = 8.4 Hz),
O‘ SOPh 7,69 (1H,t, J = 7.2 Hz), 7.64 (1H, t, J = 7.2 Hz), 7.55 (2H, dd, J = 8.4, 7.2 Hz), 7.48
SOPh (9H, dd, J = 8.4, 7.2 Hz), 7.33 (1H, d, J = 7.2 Hz), 7.17 (1H, t, J = 7.2 Hz), 7.14 (1H, t,
J=7.2Hz),7.00 (1H, d, J = 7.2 Hz), 4.97 (1H, d, J = 5.4 Hz), 4.40 (1H, t, J = 5.4 Hz), 2.92 (1H, dd, J = 15.0,
6.2 Hz), 2.90-2.83 (1H, m), 2.50 (1H, dd, 15.0, 5.4 Hz), 2.14-2.04 (2H, m), 1.00 (9H, s), 0.19 (3H, s), 0.16 (3H,
s); 3C NMR (151 MHz, CDCl3) 6 149.5, 137.9, 137.8, 134.8, 134.6, 132.6, 129.8, 129.5, 129.3, 128.1, 126.6,
122.4,105.6, 81.7, 33.6, 31.1, 29.7, 26.0, 18.4, -4.2, —4.4; HRMS (ESI) Calcd for CaoHss0sNaS:Si* ([M+Na]*)
591.1666. Found 591.1664.

TBSO Me SOh  3u (Z/E = 1.7:1): 'H NMR (600 MHz, CDCls) (for Z isomer) 6 8.03 (2H, d, J =
Meﬂ > SOPh 7.8 Hz), 7.83 (2H, d, J = 7.8 Hz), 7.69 (1H, t, J = 7.8 Hz), 7.56 (2H, t, J = 7.8 H2),
Me 753 (1H, t, J = 7.8 Hz), 7.36 (2H, t, J = 7.8 Hz), 5.83 (1H, s), 4.54 (1H, dd, J =

7.5, 2.4 Hz), 3.83 (1H, d, J = 11.0 Hz), 3.21-3.12 (1H, m), 2.35 (1H, ddd, J = 11.0, 7.5, 4.2 Hz), 2.24 (3H, s),
2.17 (3H, s), 1.93 (1H, ddd, J = 15.3, 11.0, 2.4 Hz), 1.09 (3H, d, J = 7.5 Hz), 0.94 (9H, 5), —0.06 (6H, ), (for E
isomer) 6 8.04 (2H, d, J = 7.8 Hz), 7.93 (2H, d, J = 7.8 Hz), 7.65 (1H, t, J = 7.8 Hz), 7.61 (1H, t, J = 7.8 H2),
7.54 (2H, 1, J = 7.8 Hz), 7.46 (2H, t, J = 7.8 Hz), 5.86 (LH, s), 5.58 (1H, dd, J = 6.6, 1.8 Hz), 4.61 (1H, d, J =
10.8 Hz), 2.21-2.16 (1H, m), 2.19 (3H, 5), 2.18 (3H, s), 2.10-2.01 (2H, m), 0.95 (3H, d, J = 6.6 Hz), 0.89 (9H,
s), 0.17 (3H, s), 0.00(4) (3H, s); 13C NMR (151 MHz, CDCls) (for Z isomer) ¢ 148.4, 143.4, 139.4, 138.9, 137 .4,
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134.5,134.3, 129.7(4), 129.6(5), 129.1(0), 129.0(8), 109.0, 106.3, 81.5, 32.4, 30.2, 25.7, 21.2, 18.3, 13.6, 11.9,
5.0, -5.3, (for E isomer) & 148.9, 143.2, 140.0, 138.5, 137.9, 134.2(0), 134.1(8), 129.9, 129.7, 128.8(9),
128.8(6), 111.0, 106.0, 80.0, 31.7, 31.6, 25.6, 22.4, 18.1, 13.7, 11.1, -5.0, -5.1; HRMS (ESI): Calcd for
CaoH4005sN2NaS,Si* ([M+Na]*) 611.2040. Found 611.2035.

cl 3v (Z/E = >20:1): 'H NMR (600 MHz, CDCl3) 6 7.89 (2H, d, J = 7.8 Hz), 7.87 (2H, d,
Tsmzph J=7.8Hz),7.66 (1H,t,J=7.8 Hz), 7.64 (1H, t, J = 7.8 Hz), 7.52 (2H, t, = 7.8 H2),
tBu” N SOPh  7.50 (2H, t, J = 7.8 Hz), 4.57 (1H, d, J = 8.4 Hz), 4.21 (1H, d, J = 10.2 Hz), 3.60-3.49
(2H, m), 3.26-3.17 (1H, m), 2.36-2.30 (1H, m), 1.99-1.93 (1H, m), 1.93-1.82 (2H, m), 1.08 (9H, s), 1.04 (9H,
s), 0.34 (3H, s), 0.22 (3H, s); 3C NMR (151 MHz, CDCl3)  162.4, 138.8, 137.3, 134.7, 134.3, 130.1, 129.3,
129.2, 129.1, 105.6, 81.1, 41.9, 39.5, 37.3, 33.0, 30.4, 29.1, 26.9, 19.6, 1.8, -3.5; HRMS (ESI) Calcd for
CaoHs305CINaS,Si* ([M+Na]*) 621.1902. Found 621.1909.

OMe 3w (Z/E = >20:1): *H NMR (600 MHz, CDCl) 6 7.90 (2H, d, J = 8.4 Hz), 7.87 (2H, d,
Tsmzph J=7.8Hz),7.65(1H,t,J=7.2 Hz), 7.62 (1H, t, J = 7.2 Hz), 7.51 (2H, dd, ] = 7.8, 7.2
tBu” SOPh  Hz), 7.49 (2H, dd, J = 8.4, 7.2 Hz), 4.61 (1H, d, J = 6.6 Hz), 4.24 (1H, d, J = 11.4 Hz),
3.49-3.40 (2H, m), 3.32 (3H, s), 3.22-3.15 (1H, m), 2.36 (1H, ddd, J = 15.9, 8.7, 4.2 Hz), 1.97 (1H, dd, J = 13.8,
11.4 Hz), 1.71-1.61 (2H, m), 1.07 (9H, s), 1.04 (9H, s), 0.35 (3H, s), 0.20 (3H, 5); *C NMR (151 MHz, CDCls)
0 161.4, 139.2, 137.4, 134.5, 134.1, 130.2, 129.3, 129.1, 129.0, 106.6, 81.3, 70.5, 58.8, 37.3, 35.9, 32.1, 30.7,
29.2, 26.9, 19.6, ~1.9, -3.8; HRMS (ESI) Calcd for CsoHacOsNaS:Si* ([M+Na]*) 617.2397. Found 617.2408.

3% (Z/E = >20:1): 'H NMR (600 MHz, CDCls) 5 7.89 (2H, d, J = 8.4 Hz), 7.87 (2H, d,
N6 J=8.4Hz),7.65(1H,t,J = 7.8 Hz), 7.63 (1H, t, = 7.8 Hz), 7.50 (2H, dd, J = 8.4, 7.8
TBmzph Hz), 7.49 (2H, dd, J = 8.4, 7.8 Hz), 4.61 (1H, d, J = 8.4 Hz), 4.24 (1H, d, J = 10.2 Hz),
N so,ph  4.18-4.08 (2H, m), 3.30-3.21 (1H, m), 2.40-2.33 (1H, m), 2.04 (3H, s), 1.92 (1H, t, I =
13.2 Hz), 1.81-1.66 (2H, m), 1.08 (9H, s), 1.04 (9H, s), 0.37 (3H, s), 0.21 (3H, 5); 13C
NMR (151 MHz, CDCl3) 6 171.2, 162.0, 139.1, 137.3, 134.6, 134.2, 130.2, 129.2, 129.1, 129.0, 106.2, 81.1,
62.1, 37.3, 34.8, 31.8, 30.4, 29.1, 26.9, 21.2, 19.6, -1.8, -3.8; HRMS (ESI) Calcd for CaHssO/NaS:Si*
(IM+Na*]) 645.2346. Found 645.2352.

t-Bu

3y (Z/E = >20:1): 'H NMR (600 MHz, CDCls) § 7.94 (2H, d, J = 7.8 Hz), 7.91 (2H, d,

R J=7.8Hz), 7.87-7.82 (2H, m), 7.74-7.69 (2H, m), 7.67 (1H, t, J = 7.8 Hz), 7.64 (1H, t,
0PN "S0 J=7.8Hz),7.54 (2H,t,J = 7.8 Hz), 7.51 (2H, 1, J = 7.8 Hz), 4.62 (1H, d, J = 8.4 Hz),
Tsmzph 4.24 (1H, d, J = 10.8 Hz), 3.80-3.67 (2H, m), 3.30-3.22 (1H, m), 2.42 (1H, ddd, J =
X so,pn  14.7,8.4, 3.6 Hz), 2.06-1.98 (1H, m), 1.82-1.78 (1H, m), 1.77-1.69 (1H, m), 1.06 (9H,

s), 1.05 (9H, s), 0.41 (3H, ), 0.25 (3H, 5); *C NMR (151 MHz, CDCls) 6 168.2, 162.2,

139.0, 137.3, 134.6, 134.2, 134.1, 132.4, 130.2, 129.4, 129.2, 129.1, 123.3, 105.7, 81.2, 37.3, 35.6, 34.6, 32.5,

t-Bu
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30.4, 29.1, 26.9, 19.6, 1.8, —3.6; HRMS (ESI) Calcd for Cs7;H47O7NNaS>Si* ([M+Na]*) 732.2455. Found
732.2424.

CN 3z (Z/E = >20:1): *H NMR (600 MHz, CDCls) 6 7.88 (2H, d, J = 8.4 Hz), 7.85 (2H, d,
Tsmzph J=7.8Hz),7.67 (1H, t, J = 8.4 Hz), 7.65 (1H, t, J = 7.8 Hz), 7.55-7.48 (4H, m), 4.51
tBu” N SOPh  (1H, d, J = 8.4 Hz), 4.18 (1H, d, J = 10.2 Hz), 3.21-3.12 (1H, m), 2.41-2.31 (2H, m),
2.30-2.24 (1H, m), 1.96 (1H, t, J = 12.6 Hz), 1.88-1.80 (1H, m), 1.74-1.65 (1H, m), 1.08 (9H, s), 1.03 (9H, s),
0.31 (3H, 5), 0.24 (3H, s); *C NMR (151 MHz, CDCls) § 163.3, 138.6, 137.2, 134.8, 134.4, 130.0, 129.3, 129.2,
129.1, 119.9, 104.6, 81.0, 37.4, 33.8, 31.9, 30.3, 29.1, 26.8, 19.5, 14.4, -1.8, -3.3; HRMS (ESI) Calcd for
CaoHz30sNNaS,Si* ([M+Na]*) 612.2244. Found 612.2258.

TBSO oN  3Aa (Z/E =>20:1): *H NMR (600 MHz, CDCls) 6 7.42-7.34 (3H, m), 7.33-7.30 (2H, m),
t.BuWCN 4.33 (1H, t, J = 6.6 Hz), 3.98 (1H, d, J = 5.4 Hz), 3.21 (1H, td, J = 7.8, 5.4 Hz), 2.78 (1H,
Ph ddd, J = 14.8, 7.8, 6.6 Hz), 2.60 (1H, ddd, J = 14.8, 7.8, 6.6 Hz), 1.01 (9H, s), 1.00 (9H,

5), 0.24 (3H, s), 0.21 (3H, 5); °C NMR (151 MHz, CDCls) & 162.0, 137.1, 129.2, 128.9, 128.1, 112.3, 111.9,
98.5, 47.2, 37.0, 29.2, 29.0, 28.9, 26.6, 19.3, —2.3, —2.6; HRMS (ESI): Calcd for CsHssONSi~ ([M—H]")
381.2357. Found 381. 2356.

859 ve, ~ 3Ab(dr=201y IH NMR (600 MHz, CDCls) (for major diastereomer) & 7.49 (1H, d, J = 8.4

‘ Hz), 7.44 (1H, d, J = 3.0 Hz), 6.97 (1H, dd, J = 8.4, 3.0 HZ), 4.03 (1H, d, J = 6.0 Hz), 3.98

| (1, dd, 3= 8.1, 6.0 Hz), 3.81 (3H, 5), 2.78-2.72 (IH, m), 2.18-2.04 (2H, m), 1.79-1.64 (4H,

O m), 1.31 (3H, 5), 0.92 (9H, s), 0.13 (3H, s), 0.11 (3H, 3); °C NMR (151 MHz, CDCls) (for

oMe  major diastereomer) § 159.7, 147.9, 132.0, 128.2, 125.6, 114.9, 112.6, 111.9, 111.1, 103.3,

56.7, 50.5, 42.6, 30.0, 26.2, 25.9, 25.4, 19.9, 18.3, 16.6, —3.2, —3.3; HRMS (ESI) Calcd for CosHa30,N,INaSi*
([M+Na]*) 559.1248. Found 559.1255.

3Ac (dr =9.2:1): 'H NMR (600 MHz, CDCls) (for major isomer) & 8.06 (2H,
d,J=7.8Hz),7.88 (2H,d,J=7.8 Hz), 7.73 (1H, t, J = 7.8 Hz), 7.66 (1H, t,
J=7.2Hz),7.61(2H,t,J=7.8Hz), 7.54 (2H,t,J=7.8 Hz), 7.05 (1H, d, J =
9.0 Hz), 6.65 (1H, dd, J=8.1, 2.4 Hz), 6.61 (1H, s), 4.50 (1H, d, J = 3.0 H2),
4.47 (1H, dd, J = 10.2, 2.4 Hz), 3.00-2.94 (1H, m), 2.80-2.78 (2H, m), 2.32-
2.21 (3H, m), 2.15 (1H, ddd, J = 14.7, 10.2, 4.8 Hz), 1.85 (1H, dd, J = 11.7, 7.2 Hz), 1.82-1.74 (2H, m), 1.60-
1.37 (4H, m), 1.30-1.18 (6H, m), 1.12 (18H, br), 1.10 (18H, br), 0.91 (3H, s); 3C NMR (151 MHz, CDCls) (for
major isomer) ¢ 167.7, 154.0, 138.2, 138.1, 137.8, 134.7, 134.6, 133.2, 129.9, 129.7, 129.2(2), 129.1(8), 125.4,
119.8, 116.9, 98.6, 83.5,55.1, 45.4, 45.3, 38.6, 35.9, 35.1, 29.2, 27.5, 26.2, 25.6, 21.5, 18.1, 12.9, 12.7; HRMS
(ESI) Calcd for CsoH7306S.Si>” ((M—H]") 889.4382. Found 889.4387.

SO,Ph
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Derivatization of Alkylated Enol Silyl Ethers

TBSO (0]
Selectfluor F
SO,Ph . SO,Ph
MeCN
SOPh  pectort. SOzPh
3i 5a

To a solution of 3i (30.7 mg, 0.059 mmol) in MeCN (0.6 mL, 0.1 M) was added Selectfluor (23.0 mg, 0.065
mmol) at 0 °C, and the resulting reaction mixture was allowed to warm to room temperature. After stirring for
3 h, the solvent was removed under reduced pressure. The crude residue was purified by column
chromatography on silica gel (hexane/EtOAc = 1:1 as eluent) to afford 5a in 84% yield (21.1 mg, 0.050 mmol,
dr=1.4:1). *H NMR (400 MHz, CDCls) (for major diastereomer) ¢ 7.93 (2H, dd, J = 8.4, 1.2 Hz), 7.89 (2H, dd,
J=88,12Hz),7.70 (1H,t,J = 7.6 Hz), 7.68 (1H, t, J = 8.0 Hz), 7.62-7.52 (4H, m), 4.82-4.77 (1H, m), 4.57
(1H, dd, Ju-r = 49.8 Hz, Ju-n = 11.0 Hz), 2.57-2.48 (2H, m), 2.46-2.24 (3H, m), 2.10-1.98 (2H, m), 1.69-1.44
(2H, m), (for minor diastereomer) ¢ 7.97 (2H, dd, J=8.4, 1.0 Hz), 7.92 (2H, dd, J = 8.8, 1.6 Hz), 7.76-7.70 (2H,
m), 7.64-7.57 (4H, m), 4.70 (1H, dd, Ju r =50.6 Hz, Ju + = 3.8 Hz), 4.45 (1H, t, J = 5.8 Hz), 2.76-2.63 (1H, m),
2,63-2,53 (1H, m), 2.36-2.16 (3H, m), 1.94-1.68 (4H, m); **C NMR (151 MHz, CDCls) (for major diastereomer)
0 203.2 (d, Jcr = 14.3 Hz), 138.1, 137.1, 134.9, 134.8, 129.8, 129.6, 129.4, 129.3, 97.6 (d, Jcr = 192.4 Hz),
80.9 (d, Jc.r = 4.2 Hz), 43.4 (d, Jc_r = 16.0 Hz), 39.8, 29.9, 29.8 (d, Jc_r = 8.8 Hz), 24.7, (for minor isomer) ¢
205.0 (d, Jcr = 18.7 Hz), 137.8, 137.1, 135.0(4), 134.9(8), 129.8, 129.4(4), 129.4(0), 94.1 (d, Jc_r = 188.0 Hz),
81.3,41.6 (d, Jc = 18.7 Hz), 38.8, 25.9 (d, Jc r = 5.9 Hz), 25.3, 23.5; HRMS (ESI) Calcd for C2H200sFNaS,*
(IM+Na]*) 447.0707. Found 447.0703.

TBSO Pdydbay CHCly TBSO
soph j)\ PPhs, Et;N
2 * —_— > SO,Ph
N-N0"0Me  CH,Cly, rt. 2
SO2Ph SO,Ph
3i 5b

To a flame-dried Schlenk tube were added 3i (72.9 mg, 0.14 mmol, 1 equiv), Pd.dbas-CHCI3 (4.35 mg, 0.0042
mmol, [Pd] 6 mol%) and PPhs (5.51 mg, 0.021 mmol, 15 mol%) and the tube was degassed by alternating
vacuum evacuation/Ar backfill. Then, CH.Cl, (0.7 mL, 0.2 M) was introduced via syringe and the mixture was
stirred for 10 min. After the addition of a solution of allyl methyl carbonate (19.1 pL, 0.17 mmol, 1.2 equiv)
and EtsN (21.5 pL, 0.15 mmol, 1.1 equiv) in CH2Cl, (0.7 mL, 0.2 M), the whole reaction mixture was stirred at
room temperature for 24 h and then diluted with CH,Cl, and brine. The extractive work-up was carried out with
CH,CI; and the combined organic layers were dried over Na,SQ, filtered, and concentrated. The crude product
was purified by column chromatography on silica gel (hexane/EtOAc = 5:1 as eluent) to afford 5b in 86% yield
(67.3 mg, 0.12 mmol, 86%): *H NMR (600 MHz, CDCls) 6 8.06-8.02 (4H, m), 7.70 (2H, t, J = 7.8 Hz), 7.57
(4H, t, J = 7.8 Hz), 6.05-5.97 (1H, m), 5.22 (1H, br), 5.20-5.18 (1H, brm), 4.78 (1H, br), 3.21-3.12 (2H, m),
2.91-2.85 (1H, m), 2.26 (1H, dd, J = 15.6, 5.1 Hz), 2.18 (1H, dd, J = 15.6, 5.1 Hz), 2.00-1.88 (2H, m), 1.82-
1.75 (1H, m), 1.69-1.62 (1H, m), 1.60-1.51 (1H, m), 1.27-1.19 (1H, m), 0.90 (9H, s), 0.09 (6H, s); *C NMR
(151 MHz, CDCls) 6 151.6, 137.6, 137.5, 134.6, 131.6, 131.1, 128.6(8), 128.6(5), 120.0, 109.7, 92.5, 37.3, 34.4,
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31.0, 29.9, 29.6, 25.8, 21.2, 18.2, —4.2, —4.3; HRMS (ESI) Calcd for Cz9H400sNaS>Si* ([M+Na]*) 583.1979.

Found 583.1974.
TBSO TBSO
@SOZ% L @\/\/\
SO,Ph  MeOH AN
5b 5c
To a flame-dried test tube were added 5b (26.4 mg, 0.047 mmol, 1 equiv) and anhydrous MeOH (1.2 mL,
0.04 M), and the reaction mixture was heated to 50 °C. To this solution was added Mg (22.9 mg, 0.94 mmol,
20 equiv) in three portions over 3 h at the same temperature. After stirring for additional 4 h, the reaction mixture
was cooled to room temperature, filtered through a pad of Celite, and evaporated to remove the solvent. The
crude residue was diluted with CH,Cl, and brine, and then extractive work-up was carried out with CH,Cl>. The
combined organic layers were dried over Na;SOy, filtered, and concentrated. The crude product was purified by
silica gel column chromatography (hexane/EtOAc = 5:1 as eluent) to afford 5¢ in 60% yield (7.9 mg, 0.028
mmol). *H NMR (400 MHz, CDCls) 6 5.88-5.76 (1H, m), 5.04-4.91 (2H, m), 4.79 (1H, brs), 2.16-1.89 (5H, m),
1.80-1.64 (2H, m), 1.61-1.48 (1H, m), 1.41 (2H, quin, J = 7.6 Hz), 1.34-1.20 (2H, m) 1.14-1.03 (1H, m), 0.92
(9H, s), 0.12 (6H, s); *C NMR (151 MHz, CDCl3) § 150.7, 139.3, 114.4, 109.8, 36.7, 34.7, 34.2, 30.2, 29.0,
26.5,25.9,21.9,18.2,-4.2,-4.3.

3Ab

To a round-bottom flask were added 3Ab (107.3 mg, 0.20 mmol, 1 equiv), K2CO3 (110.6 mg, 0.80 mmol, 4
equiv), and MeCN (2.0 mL, 0.1 M). The flask was then degassed and backfilled with O,. To this mixture was
added 2-oxazolidone (69.7 mg, 0.80 mmol, 4 equiv). The reaction mixture was heated to 50 °C and stirred there
for 24 h under O, atmosphere (balloon), and then diluted with CH,CI; and filtered through a pad of Celite. The
filtrates were concentrated and the crude material was purified by column chromatography on silica gel
(hexane/EtOACc = 5:1) to afford 5d in 70% yield (82.5 mg, 0.14 mmol). *H NMR (600 MHz, CDCl3) § 7.41 (1H,
d, J=3.0 Hz), 7.21 (1H, d, J = 8.7 Hz), 6.81 (1H, dd, J = 8.7, 3.0 Hz), 5.53 (1H, d, J = 6.6 Hz), 4.38-4.33 (1H,
m), 4.31-4.26 (1H, m), 4.05-3.99 (1H, m), 3.97-3.92 (1H, m), 3.76 (3H, s), 2.92-2.85 (1H, m), 2.16-2.09 (1H,
m), 2.03-1.96 (1H, m), 1.92-1.85 (1H, m), 1.81-1.75 (1H, m), 1.54-1.47 (1H, m), 1.39-1.32 (1H, m), 1.30 (3H,
s), 0.92 (9H, s), 0.12 (3H, s), 0.10 (3H, s); 3C NMR (151 MHz, CDCls) 6 173.0, 158.8, 152.7, 146.8, 131.9,
129.5, 1255, 114.1, 111.9, 102.5, 61.7, 55.6, 53.7, 43.3, 43.2, 30.6, 26.6, 26.0, 21.2, 18.3, 15.6, -3.3, -3.4;
HRMS (ESI) Calcd for CasH3sOsNINaSi* ([M+Na]*) 608.1300. Found 608.1294.
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OMe

Pd,(dba)s-CHCl5 Me
MePhos O
_ = Me
CsF P
toluene, 100 °C N/ﬁ O \O
¢ Yo

MePhos

5d 5e
To a flame-dried Schlenk were added 5d (82.0 mg, 0.14 mmol, 1 equiv), Pd.dbas-CHCI; (7.25 mg, 0.007
mmol, [Pd] 10 mol%), MePhos (6.12 mg, 0.017 mmol, 12 mol%), and CsF (33.0 mg, 0.21 mmol, 1.5 equiv).
The Schlenk was then elaborately degassed and backfilled with Ar. Toluene (2.8 mL, 0.05 M) was added via
syringe, and the reaction mixture was heated to 100 °C. After stirring overnight, the reaction mixture was cooled
to room temperature and diluted with CH2Cl,. The mixture was filtered through a short pad of silica gel with
the aid of EtOAc, and the filtrates were concentrated. The crude material was purified by column
chromatography on silica gel (hexane/EtOAc = 3:1 to 1:3 as eluent) to afford 5e in 56% yield (27.0 mg, 0.078
mmol, dr = 4.2:1). *H NMR (400 MHz, CDClIs) (for major diastereomer) 6 7.02 (1H, d, J = 8.7 Hz), 6.79 (1H,
dd, J=8.7, 2.4 Hz), 6.75 (1H, d, J = 2.4 Hz), 5.14 (1H, d, J = 6.0 Hz), 4.48 (2H, t, J = 8.0 Hz), 4.10 (2H, t, J =
8.0 Hz), 3.79 (3H, s), 2.97 (1H, g, J = 6.0 Hz), 2.46 (1H, ddd, J = 16.0, 9.0, 6.0 Hz), 2.31 (1H, dt, J = 16.0, 6.0
Hz), 2.18-2.11 (1H, m), 1.99-1.91 (1H, m), 1.89-1.81 (1H, m), 1.75-1.68 (1H, m), 1.50 (3H, s), (for minor
diastereomer) ¢ 7.21 (1H, d, J = 8.4 Hz), 6.82 (1H, dd, J = 8.4, 1.8 Hz), 6.53 (1H, d, J = 1.8 Hz), 5.36 (1H, d, J
= 6.0 Hz), 4.54-4.45 (2H, m), 4.23-4.17 (1H, m), 4.10-4.05 (1H, m), 3.76 (3H, s), 3.15 (1H, dt, J = 11.4, 6.0
Hz), 2.45-2.40 (1H, m), 2.23 (1H, ddd, J = 15.6, 13.8, 5.4 Hz), 1.92-1.86 (1H, m), 1.68-1.59 (1H, m), 1.53-1.42
(2H, m), 1.39 (3H, s); 3C NMR (151 MHz, CDCls) (for major diastereomer) ¢ 212.7, 174.4, 160.0, 153.7, 147.6,
131.7,125.6, 114.5, 110.1, 62.2, 59.9, 55.6, 54.0, 52.2, 43.3, 38.7, 27.1, 25.2, 22.0, (for minor diastereomer) o
211.2,172.1,160.0, 153.4, 147.8, 130.1, 127.9, 114.0, 108.0, 62.3, 59.6, 55.6, 52.6, 52.1, 42.9, 39.5, 25.4, 23.5,
23.2; HRMS (ESI) Calcd for Calcd for C19H210sNNa* ([M+Na]*) 366.1312. Found 366.1317.

TBSO Me SO,Ph O Me SO,Ph
Selectfluor
Mot TN SOPh — > e /N\NWSOZPh
u MeCN u F
Me 0°C, rt. Me
3u S9

To a solution of 3u (58.9 mg, 0.10 mmol, 1 equiv) in MeCN (1.0 mL, 0.1 M) was added Selectfluor (35.4
mg, 0.10 mmol, 1 equiv) at 0 °C, and the reaction mixture was allowed to warm to room temperature. After
stirring for 24 h, the solvent was removed under reduced pressure. The crude product was purified by column
chromatography on silica gel (hexane/EtOAc = 3:1 as eluent) to afford S9 in 68% yield (33.3 mg, 0.068 mmol,
dr =2.5:1). *'H NMR (400 MHz, CDClIs) (for major diastereomer) § 7.93 (2H, d, J = 7.6 Hz), 7.88 (2H, d, J =
7.2 Hz), 7.76-7.64 (2H, m), 7.64-7.51 (4H, m), 6.01 (1H, s), 5.92 (1H, dd, Jur = 50.0 Hz, Jun = 3.2 Hz), 4.57
(1H, dd, J = 7.6, 4.4 Hz), 2.86-2.65 (1H, m), 2.56 (3H, s), 2.37 (1H, ddd, J = 16.0, 7.2, 5.3 Hz), 2.23 (3H, 3),
2.10 (1H, ddd, J = 16.0, 8.9, 4.5 Hz), 1.03 (3H, d, J = 7.2 Hz), (for minor diastereomer) 6 8.05 (2H, d, J=7.6
Hz), 8.01 (2H, d, J = 7.2 Hz), 7.76-7.64 (2H, m), 7.64-7.51 (4H, m), 6.01 (1H, s), 5.75 (1H, brd, Jur = 50.4

18



Hz), 4.97 (1H, dd, J = 6.0, 4.4 Hz), 2.67-2.58 (1H, m), 2.55 (3H, s), 2.42 (1H, ddd, J = 15.2, 8.4, 4.0 Hz), 2.28-
2.16 (1H, m), 2.24 (3H, s), 0.94 (3H, d, J = 7.6 Hz); 13C NMR (151 MHz, CDCl5) (for major diastereomer) &
168.7 (d, Jo.r = 24.5 Hz), 153.5, 144.9, 137.8, 137.6, 134.8, 134.7, 129.8, 129.7, 129.3, 129.2, 111.9, 91.9 (d,
Jor=182.3 Hz), 81.5,34.7 (d, Jc £ = 18.7 Hz), 27.2 (d, Jc r = 5.9 Hz), 16.7, 14.3, 14.0, (for minor diastereomer)
0 167.9 (d, Jor = 23.1 Hz), 153.6, 145.0, 137.9, 137.3, 135.0, 134.9, 130.0, 129.9, 129.4, 129.3, 111.7, 89.1 (d,
Jor = 185.0 Hz), 81.4, 35.3 (d, Jc_r = 20.2 Hz), 29.6, 14.2, 14.1, 12.9 (d, Jc.¢ = 8.8 Hz); HRMS (ESI) Calcd for
CasH2s0sNoFNaS,* ([M+Na]*) 515.1081. Found 515.1087.

O Me SO,Ph O Me SOPh
N< SO NaOEt
Me—¢ N Ph ——— fo SO,Ph
L ¢ EtOH I
Me reflux
s9 5f

To a flame-dried test tube were added S9 (49.3 mg, 0.10 mmol, 1 equiv) and anhydrous EtOH (1.0 mL, 0.1
M), and the test tube was degassed and backfilled with Ar. NaOEt (15.2 mg, 0.22 mmol, 2.2 equiv) was added
at 0 °C, and the reaction mixture was refluxed with stirring overnight. After cooling to room temperature, the
reaction was quenched with aqueous solution of 1 N HCI. The extractive work-up was carried out with EtOAc
and the combined organic layers were dried over Na,SOs, filtered, and concentrated. The crude residue was
purified by column chromatography on silica gel (hexane/EtOAc = 3:1) to afford 5g in 90% yield (39.8 mg,
0.090 mmol). *H NMR (400 MHz, CDCls) (for major diastereomer) 6 7.99-7.91 (4H, m), 7.75-7.67 (2H, m),
7.63-7.56 (4H, m), 4.72 (1H, dd, Ju r = 48.8 Hz, Ju 1 = 4.4 Hz), 4.55 (1H, dd, J = 7.4, 4.6 Hz), 4.27 (2H, q, J =
7.2 Hz), 2.69-2.50 (1H, m), 2.38-2.27 (1H, m), 2.11 (1H, ddd, J = 15.8, 8.8, 4.8 Hz), 1.30 (3H, t, J = 7.2 Hz),
0.98 (3H, d, J = 6.8 Hz), (for minor diastereomer) ¢ 7.99-7.91 (4H, m), 7.75-7.67 (2H, m), 7.63-7.56 (4H, m),
4.80 (1H, dd, Jn F = 49.2 Hz, Ju 1 = 2.8 Hz), 4.49 (1H, t, J = 6.0 Hz), 4.26 (2H, q, J = 7.2 Hz), 2.69-2.50 (1H,
m), 2.38-2.27 (1H, m), 2.24-2.16 (1H, m), 1.30 (3H, t, J = 7.2 Hz), 0.89 (3H, d, J = 6.8 Hz); *C NMR (151
MHz, CDCls) (for major diastereomer) 6 168.7 (d, Jc_r = 24.6 Hz), 137.7, 137.6, 134.9, 129.9, 129.8, 129.3(7),
129.3(5), 92.2 (d, Jc ¢ = 187.2 Hz), 81.4, 62.0, 34.5, 27.6 (d, Jc r = 5.7 Hz), 15.58 (d, Jc ¢ = 2.9 Hz), 14.2, (for
minor diastereomer) ¢ 168.5 (d, Jcr = 24.6 Hz), 137.7, 137.5, 135.0, 134.9, 129.9, 129.8, 129.3,90.7 (d, Jcr =
188.0 Hz), 81.5, 61.9, 34.6, 28.8, 14.3, 13.2 (d, Jcr = 4.4 Hz); HRMS (ESI) Calcd for CaH230sFNaS,*
([M+Na]*) 465.0812. Found 465.0820.

TBSO Me SO,Ph QO Me SO,Ph
TBAF PN
Mot N7 SOPh — > pe—t "N SO,Ph
u THF ‘Q
Me 0°C Me
3u S$10

To a solution of 3u (41.2 mg, 0.07 mmol, 1 equiv) in THF (0.7 mL, 0.1 M) was added a 1 M THF solution
of TBAF (70 pL, 0.07 mmol, 1 equiv) dropwise at 0 °C. The reaction mixture was stirred at 0 °C for 1 h and
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then quenched with saturated aqueous solution of NaHCOs. The extractive work-up was performed with EtOAc.
The combined organic layers were dried over Na,SOs, filtered, and concentrated. The crude material was
purified by column chromatography on silica gel (hexane/EtOAc = 3:1 as eluent) to afford S10 in 96% yield
(31.9 mg, 0.067 mmol). *H NMR (400 MHz, CDCls) 6 8.01 (2H, d, J = 7.2 Hz), 7.97 (2H, d, J = 7.2 Hz), 7.69
(1H,t,J = 7.6 Hz), 7.67 (1H, t, J = 7.2 Hz), 7.60-7.52 (4H, m), 5.96 (1H, s), 4.95 (1H, t, J = 5.4 Hz), 3.10 (1H,
dd, J = 16.2, 4.8 Hz), 2.78 (1H, dd, J = 16.2, 7.4 Hz), 2.52 (3H, s), 2.40-2.31 (1H, m), 2.27-2.10 (2H, m), 2.21
(3H,5), 0.99 (3H, d, J = 6.8 Hz). *C NMR (151 MHz, CDCls) § 172.4, 152.2, 144.3,138.1, 137.7, 134.7, 130.0,
129.8, 129.2(0), 129.1(5), 111.4, 815, 418, 325, 29.2, 20.2, 14.7, 14.0; HRMS (ESI) Calcd for
C23H2505N2NaS,* ([M+Na]*) 497.1175. Found 497.1170.

O Me SO,Ph

N PhCH,NH, O Me SO,Ph
M 74 N SOZPh —_— PN
eu toluene Ph H SO,Ph
Me 50 °C
S$10 59

The solution of S10 (47.5 mg, 0.10 mmol, 1 equiv) and benzylamine (22 pL, 0.20 mmol, 2 equiv) in toluene
(0.4 mL, 0.25 M) was stirred at 50 °C for 3 h. After cooling to room temperature, the reaction was quenched
with 1 N aqueous solution of HCI and extractive work-up was carried out with CH2Cl,. The combined organic
layers were washed with saturated aqueous solution of NaHCOs; and dried over Na,SOs, filtered, and
concentrated. The crude product was purified by column chromatography on silica gel (hexane/EtOAc = 1:1)
to afford 5g in 88% yield (42.8 mg, 0.088 mmol). *H NMR (400 MHz, CDCls) & 7.95-7.92 (4H, m), 7.69-7.65
(2H, m), 7.57-7.52 (4H, m), 7.34-7.30 (2H, m), 7.29-7.25 (3H, m), 5.93 (1H, brs), 4.86 (1H, t, J = 3.4 Hz), 4.45
(1H, dd, J = 15.2, 6.3 Hz), 4.41 (1H, dd, J = 15.2, 6.3 Hz), 2.30-2.17 (3H, m), 2.15-2.07 (2H, m), 0.92 (3H, d,
J=7.2 Hz); 3C NMR (151 MHz, CDCl3) 6 171.3, 138.2, 138.0, 137.7, 134.7(0), 134.6(7), 129.9, 129.6, 129.3,
129.2,128.9, 128.0, 127.7, 81.4, 43.8, 43.5, 32.3, 29.5, 20.4; HRMS (ESI) Calcd for CasH2s0sNS;™ ([M—H])
484.1247. Found 484.1251.
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Square Wave Voltammetry

Square wave voltammetry (SWV) measurements of representative enol silyl ether 1a, electron deficient olefin
2a, and alkylated enol silyl ether 3a were performed on ALS/CH Instruments Electrochemical Analyzer using
a glassy carbon working electrode, a Pt wire counter electrode, and a ferrocene/ferrocenium reference electrode.
Voltammograms were taken at room temperature in a 100 mM MeCN solution of tetrabutylammonium
perchlorate (BusN-ClO4) containing 1 mM of the designated substance. For conversion to the SCE couple, it is
known that Fc/Fc* is 380 mV more positive than SCE in MeCN; this value was added from obtained potentials
in Fc/Fc* to determine potentials against SCE.
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Supplementary Figure 2. SWV plots.

Stern-Volmer Experiments

Emission intensities were recorded on a HORIBA FluoroMax-4P spectrometer. The solutions were excited
at 420 nm and the luminescence was measured at 564 nm. Stern-VVolmer luminescence quenching experiments
were run with freshly prepared a 0.1 mM solutions of [Ir(dF(CFs)ppy)2(4,4'-dCFsbpy)]PFs in dry dichloroethane
(DCE) at room temperature under N, atmosphere. In a typical experiment, the solution of Ir complex was added
to an appropriate amount of quencher in 5 mL volumetric flask under N,. The solution was transferred to 1 cm?
quartz cell and the emission spectrum of the sample was collected. The data show that enol silyl ether 1a and
alkylated enol silyl ether 3a are competent at quenching the excited state of the photocatalyst. On the other hand,
benzalmalononitrile (2a) and 2,4,6-collidine are shown to be unable to quench this excited state.
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Supplementary Figure 3. Stern-Volmer Experiments.
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Computational Details

The Gaussian 09 Revision D.01 program was used for all calculations.® The 3D molecular structures were
depicted by using the CYLview v1.0.561 B.” Local minima and transition states (TS) were located by using the
(U)CAM-B3LYP functional® with the 6-311+G(d,p) basis set in the dichloroethane (DCE) continuum solvent
of the solvation model based on density (SMD)® and “int=ultrafine” option to aid in better description of a DFT
grid. As discussed in the main text, we need to estimate Kohn-Sham SOMO levels of TBS enol ether radicals
for comparing the radical reactivity in the addition to olefins.

Since no global functional to treat radical cations properly was reported so far, in addition to CAM-B3LYP,
B3LYP (one of the most popular functional for calculating organic molecules) and LC-BLYP* (used in
predicting several orbital properties of radical cationic systems'?) were also examined for comparison. Harmonic
frequency analyses were also performed to identify the stationary points (no/one imaginary frequency for local
minima/TSs) and to estimate thermodynamic parameters at 298.15 K and 1 atm. Intrinsic reaction coordinate
(IRC) analyses were conducted on the representative TS structures to confirm that the desired chemical
transformations occurred through the TSs.  The Cartesian coordinates and energies of optimized structures are
summarized in the Supplementary Data 1.

Estimation of pKa of Enol Silyl Ether Radical Cations

It has been recognized that direct determination of pK, of radical cations, based on thermochemical cycle,
deviated by several unit, while relative tendency was reproduced. Therefore, statistical manipulation is required
to obtain the pKa values comparable with the experimentally determined values.*3%*

Here, the pKa values of radical cation [1a]™ of cyclohexanone-derived enol silyl ether was simply estimated
by considering acid-base equilibria with various substituted anilines B(X), whose pKa were experimentally
determined (range of —-6-16 in MeCN), and tetracyanopropenes TCNP(X) (range of —3-5 in MeCN). A linear
free energy plot was shown in Supplementary Figure 4 and 5, where the x-axis is the calculated reaction free
energy (AG) of the equilibrium eqg. 1 or eq. 2 with MeCN of the SMD solvent model and the y-axis is
experimental pK. values of substituted anilines or tetracyanopropenes. Both plots show excellent linear
correlations: R? = 0.988 with a slope = 0.6 and intercept = 8.4 for eq. 1 and R? = 0.997 with a slope = -0.7 and
intercept = 8.4 for eq. 2. According to the equilibrium eq. 1 and 2, the intercept of the plot corresponds to pKa
of [1a]™": pKa (MeCN) = 8.4.
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These analyses were also applied to linear TBS enol ethers 10 (R =tBu), 1r (R = Mes), and 1s (R = Ph), and
their pKa were determined to be 8.4 (10), 6.5 (1r), and 4.8 (1s), respectively (eq. 3, Supplementary Table 1-6).
B3LYP and LC-BLYP always give higher and lower pK. values compared with CAM-B3LYP, and the
difference becomes larger for aryl substituted systems ([1r]* and [1s]*). While the absolute pK, values depend
on the functionals and the reference systems, the acidity order of the radical cations ([1a]™" = [10]™ < [1r]" <

[1s]™) is not changed. Therefore, the conclusion that [1s]™ is the most acidic of all calculated radical cations
would be acceptable.

" X X
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Supplementary Figure 4. Linear free energy plot of eq. 1.
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Supplementary Figure 5. Linear free energy plot of eq. 2.
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Supplementary Figure 6. Linear free energy plot of eq. 3 (R! = t-Bu).
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Supplementary Figure 7. Linear free energy plot of eq. 4 (R! = t-Bu).
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Supplementary Figure 8. Linear free energy plot of eqg. 3 (R = Mes).
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Supplementary Figure 9. Linear free energy plot of eq. 4 (R! = Mes).
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Supplementary Figure 10. Linear free energy plot of eq. 3 (R = Ph).
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Supplementary Figure 11. Linear free energy plot of eq. 4 (R = Ph).
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Supplementary Table 1. Raw Gibbs free energy at SMD(MeCN)-CAM-B3LYP/6-311+G(d,p) and Gibbs
free energy change in the equilibrium of eq. 1 and 3

AG /kcal mol™

K ,(CH;CN)?
G lau G Jau [1a]™* [10]"* [ [1s]”* PKa(CHCN)
IBS enol ether anilines
[1a]™ -835.887634 B(4-MeO) -401.928893 -6.18 -6.14 -9.43 -12.23 11.86
[1a-HT -835.461696 HB(4-MeO)* -402.364678
[1o]™* -915.608993 B(H) -287.447382 -3.37 -3.33 -6.62 -9.42 10.62
[1o-H] -915.182996 HB(H)" -287.878690
[ar]™ -1107.248251 B(4-Br) -2861.107170 -1.56 -1.52 -4.81 -7.62 9.43
[Ar-H] -1106.827487 HB(4-Br)* -2861.535596
[1s]™ -989.422853 B(2,4-F,) -485.966607 0.16 0.20 -3.08 -5.89 8.39
[1s-HT -989.006563 HB(2,4-F,)" -486.392287
B(2-Cl) -747.085815 0.44 0.47 -2.81 -5.62 7.86
HB(2-Cl)* -747.511057
B(2,5-Cl,) -1206.724615 3.05 3.09 -0.20 -3.00 6.21
HB(2,5-Cl,)" -1207.145693
B(2,6-Cl,) -1206.722090 6.10 6.14 2.86 0.05 5.06

HB(2,6-Cl,)" -1207.138304

@ See ref 11

Supplementary Table 2. Raw Gibbs free energy at SMD(MeCN)-CAM-B3LYP/6-311+G(d,p) and Gibbs

free energy change in the equilibrium of eq. 2 and 4

AG /kcal mal™ a
o+ o+ o+ o+ pKa(CH3CN)
G /au G /au [1a] [10] [1r] [1s]
IBS enol ether. tetracyanopropene

[1a]™ -835.887634 TCNP(NH,) -542.072517 4.77 481 152 -1.28 4.90
[1a-HT -835.461696 TCNP-H(NH,)~  -541.654181
[1o]™* -915.608993 TCNP(Me) -525.990880 7.75 7.78 450 1.69 3.30
[Lo-H] -915.182996 TCNP-H(Me)~  -525.577285
[ar* -1107.248251 TCNP(H) nd® 1.30
[Lr-HI -1106.827487 TCNP-H(N)~ -486.300151
[1s]™ -989.422853 TCNP(CF3) -823.758622 12.77 12.81 9.53 6.72 -0.50
[1s-HT -989.006563 TCNP-H(CF;)~  -823.353040

TCNP(CN) -578.917068 15.99 16.03 12.74 9.94 -2.80

TCNP-H(CN)”  -578.516613

2 See ref 12
b Converged to 1%t order saddle point and not used for the LFER plot
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Supplementary Table 3. Raw Gibbs free energy at SMD(MeCN)-(U)B3LYP/6-311+G(d,p) and Gibbs

free energy change in the equilibrium of eq. 1 and 3

AG /kcal mol™ a
o+ o+ . o+ pK a(CH3CN)
G /au G /au [1a] [10] [1r] [1s]
IBS enal ether anilines
[1a]™ -836.226460 B(4-MeO) -402.141285 -5.29 -5.87 -7.77 -9.33 11.86
[1a-H] -835.797546 HB(4-MeO)* -402.578624
[1o]"* -916.002889 B(H) -287.614588 -2.51 -3.09 -4.98 -6.55 10.62
[1o-HT -915.574901 HB(H)* -288.047495
[ -1107.754289 B(4-Br) -2861.173071 -0.70 -1.28 -3.18 -4.74 9.43
[Ar-HT -1107.329326 HB(4-Br)* -2861.603094
[1s]™* -989.857161 B(2,4-F,) -486.166904 1.06 0.48 -1.42 -2.99 8.39
[1s-H] -989.434695 HB(2,4-F,)" -486.594127
B(2-Cl) -747.249464 1.61 1.03 -0.87 -2.43 7.86
HB(2-Cl)* -747.675809
B(2,5-Cly) -1206.884794 4.09 351 1.61 0.05 6.21
HB(2,5-Cl,)" -1207.307185
B(2,6-Cl,) -1206.882174 6.80 6.22 4.32 2.75 5.06

HB(2,6-Cl,)" -1207.300252

@ See ref 11

Supplementary Table 4. Raw Gibbs free energy at SMD(MeCN)-(U)B3LYP/6-311+G(d,p) and Gibbs
free energy change in the equilibrium of eq. 2 and 4

AG /kcal mol™

K 2(CH;CN)®
G /au G /au [1a]* [10]" [1r]* nspw 7 (CHCN)
IBS enaol ether tetracyanopropene
[1a]™ -836.226460 TCNP(NH,) -542.338339 5.61 5.03 3.13 1.56 11.86
[1a-H] -835.797546 TCNP-H(NH,)~  -541.918360
[1o]™ -916.002889 TCNP(Me) -526.258520 9.92 9.34 7.44 5.87 10.62
[1o-H] -915.574901 TCNP-H(Me)~  -525.845410
[ -1107.754289 TCNP(H) -486.952191 1353 12.95 11.05 9.48 9.43
[1r-H] -1107.329326 TCNP-H(N)™ -486.544838
[1s]™ -989.857161 TCNP(CFs) -824.074635 15.31 14.73 12.83 11.26 8.39
[1s-H] -989.434695 TCNP-H(CF;)~  -823.670116
TCNP(CN) -579.201573 18.20 17.62 15.72 14.16 7.86

TCNP-H(CN)™ -578.801669

2 See ref 12
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Supplementary Table 5. Raw Gibbs free energy at SMD(MeCN)-(U)LC-BLYP/6-311+G(d,p) and Gibbs
free energy change in the equilibrium of eq. 1 and 3

AG /kcal mol™

o+ o+ o+ o+ pKa(CH3CN)a
G /au G /au [1a] [10] [1r] [1s]
IBS enol ether anilines
[1a]™" -834.331589 B(4-MeOQ) -401.015234 -7.44 -8.19 -12.04 -14.51 11.86
[1a-H] -833.910699 HB(4-MeO)+ -401.447988
[1o]* -913.840835 B(H) -286.745068 -4.36 -5.10 -8.95 -11.42 10.62
[Lo-HT -913.421129 HB(H)+ -287.172899
[1r]'+ -1104.996066 B(4-Br) -2859.902665 -2.50 -3.25 -7.10 -9.57 9.43
[ar-H] -1104.582502 HB(4-Br)" -2860.327543
[ls]'+ -987.472908 B(2,4-F,) -485.028459 -0.87 -1.61 -5.47 -7.93 8.39
[1s-H] -987.063273 HB(2,4-F,)" -485.450734
B(2-Cl) -746.120811 -0.97 -1.71 -5.57 -8.03 7.86
HB(2-Cl)* -746.543245
B(2,5-Cl,) -1205.496649 2.02 1.28 -2.57 -5.04 6.21
HB(2,5-Cl,)* -1205.914312
B(2,6-Cl,) -1205.494467 5.33 4.58 0.73 -1.74 5.06

HB(2,6-Cl,)*  -1205.906867

@ See ref 11

Supplementary Table 6. Raw Gibbs free energy at SMD(MeCN)-(U)LC-BLYP/6-311+G(d,p) and Gibbs
free energy change in the equilibrium of eq. 2 and 4

AG /kcal mol™
o+ o+ o+ o+ pK a(CH3CN)a
G Jau G Jau [1a] [10] [1r] [1s]
IBS enol ether tetracyanopropene

[1a]™* -834.331589 TCNP(NH,) -540.871671 3.46 2.72 -1.14 -3.60 11.86
[1a-H] -833.910699 TCNP-H(NH,)™  -540.456294
[10]" -913.840835 TCNP(Me) -524.793872 5.90 5.15 1.30 -1.16 10.62
[1o-H] -913.421129 TCNP-H(Me)~  -524.382381
[y -1104.996066 TCNP(H) -485.613673 7.44 6.70 2.85 0.38 9.43
[1r-H] -1104.582502 TCNP-H(N)~ -485.204643
[1s]™ -987.472908 TCNP(CFy) -822.207167 11.10 10.35 6.50 4.03 8.39
[1s-H] -987.063273 TCNP-H(CF;)~  -821.803961

TCNP(CN) -577.622417 14.12 13.37 9.52 7.06 7.86

TCNP-H(CN)~ -577.224025

2 See ref 12
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Calculation for Radical Addition
(TBS enol ether radical to 1,1-bis(phenylsulfonyl)ethylene)
The reactivity of enol silyl ether-derived allylic radicals was examined by calculating frontier

orbital properties and TS of radical addition to 1,1-bis(phenylsulfonyl)ethylene (eg. 5).

TBS<

OTBS SO,Ph + O Me SO,Ph
g + —>» [TS-AD] —» ~ . (5)
Ra~"y SO,Ph R SO,Ph
R = t-Bu [1o-H]’ TS-AD_t-Bu
Mes [1r-H] TS-AD_Mes
Ph [1s-H]’ TS-AD_Ph

Optimized structures of these radicals at UCAM-B3LYP/6-311+G(d,p) level were summarized
in Supplementary Figure 12. As described in the main manuscript, spin density at the allylic
carbon of each radical correlates with the experimental yield: 0.70 ([10-H]"), 0.64 ([1r-H]"), and
0.51 ([1s-H]"). For [1s-HJ:, the spin is localized to the Ph group, which is reflected in the bond
distance between the oxygen-bearing carbon and the carbon of the Ph group (a in Supplementary
Figure 12). The C-C distance changes from 1.52 A to 1.45 A by substituting t-Bu to Ph,
indicating the existence of radical delocalization toward an aromatic Ph ring. When Mes is
introduced instead of Ph, a is elongated again from 1.45 A to 1.48 A, and the spin density at the
y-carbon increases from 0.51 to 0.64. The Mes group cannot adopt a coplanar orientation with the
olefin moiety due to the steric repulsion caused by the two o-Me groups (the dihedral angle of
CorthoCipso-CoCp is 60.1°; highlighted in green in Supplementary Figure 12). Since radical
conjugation with the Mes group is partially inhibited in [1r-HJ', its spin density at the allylic
position and reactivity are comparable with those of [1o-H]".

In exploring the most stable TS for the radical addition, 8 kinds of conformers were examined:
different orientations of 1) radical and olefin fragments about the forming C—C bond and 2) SO,Ph
groups in olefin about the approaching radical (Supplementary Figure 13-15, Supplementary
Table 7). The lowest values of AG? for each substituent (21.2 kcal mol (TS-AD_t-Bu_1b), 21.6
kcal mol™ (TS-AD_Mes_2b), and 23.3 kcal mol (TS-AD_Ph_2b)) are reported in Table 2 in
the main text. These values correlate with the spin density of the C3-carbon and the experimental
yield (90% (10), 81% (1r), 53% (1s)). The proper balance of the radical cation acidity and the
activation barrier of the radical addition may be a source of the superior reactivity of 1r in the C—

H alkylation.
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1152 A
:1.38 A
c:1.39A

Supplementary Figure 12. Optimized structures of [lo-H],, [1r-H], and [1s-H] at UCAM-
B3LYP/6-311+G(d,p). Representative bond distances, spin densities, and dihedral angles
between an aromatic ring and an olefin moiety (green) are also shown for [1r-H]" and [1s-H]".

2.15A

TS-AD_tBu_1a TS-AD_tBu_1b TS-AD_tBu_1c TS-AD_tBu_1d
(AG* = 21.6 kcal mol™") 1 (AG* = 21.2 kcal mol™) ; (AG* = 21.7 kcal mol ™) (AG* = 22.9 kcal mol™")

2.12A

TS-AD_tBu_2a TS-AD_tBu_2b TS-AD_tBu_2c TS-AD_tBu_2d
(AG* = 23.1 kcal mol™") (AG* = 21.9 kcal mol™") (AG* = 22.9 kcal mol ") (AG* = 23.0 kcal mol™")

Supplementary Figure 13. Optimized TS structures of radical addition of [10-H]" to
1,1-bis(phenylsulfonyl)ethylene.
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TS-AD_Mes_1a TS-AD_Mes_1b TS-AD_Mes_1c TS-AD_Mes_1d
(AG* = 22.3 kcal mol™) (AG* = 23.1 kcal mol™) (AG* = 22.6 kcal mol™") (AG* = 22.2 kcal mol ™)

e * %‘ ) -~

% 2124 213A . 2458

TS-AD_Mes_2a TS-AD_Mes_2b : TS-AD_Mes_2c TS-AD_Mes_2d
(not determined) (AG*=21.6 kcal mol™") ! (AG* = 23.0 kcal mol ™) (AG* = 24.0 kcal mol™")

Supplementary Figure 14. Optimized TS structures of radical addition of [1r-H]" to
1,1-bis(phenylsulfonyl)ethylene.

TS-AD_Ph_1a TS-AD_Ph_1b TS-AD_Ph_1c TS-AD_Ph_1d
(AG? = 24.4 kcal mol™") (AG? = 24.4 kcal mol™") (AG* = 25.9 kcal mol ") (AG? = 25.2 kcal mol ")

210A 2.10 A 3
TS-AD_Ph_2a TS-AD_Ph_2b : TS-AD_Ph_2c TS-AD_Ph_2d
(AG? = 25.7 kcal mol™") 3 (AG? = 23.3 kcal mol™") : (AG* = 25.4 kcal mol™") (AG? = 24.8 kcal mol ")

Supplementary Figure 15. Optimized TS structures of radical addition of [1s-H] to
1,1-bis(phenylsulfonyl)ethylene.
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Supplementary Table 7. Electron energy, enthalpy, entropy, Gibbs free energy, relative
electron energy and relative Gibbs free energy of eq. S5 at SMD(CH3CN)-(U)CAM-

B3LYP/6-311+G(d,p)

(RY, R?) E /au H /au S leu G /au AE /kcalmol™'  AG /kcal mol™

1,1-bis(phenylsulfonyl)ethylene -1637.714023 -1637.458874 139.527 -1637.525168

[1o-H] -915.532276 -915.108818 156.782 -915.183310

TS-AD_tBu_la -2553.236443 -2552.555665 249.277 -2552.674104 6.18 21.57
TS-AD_tBu_1b* -2553.235171 -2552.554233 253.409 -2552.674636 6.98 21.24
TS-AD_tBu_1c -2553.233933 -2552.553140 254.256 -2552.673945 7.76 21.67
TS-AD_tBu_1d -2553.233498 -2552.552567 251.254 -2552.671946 8.03 22.92
TS-AD_tBu_2a -2553.233131 -2552.552260 251.276 -2552.671650 8.26 23.11
TS-AD_tBu_2b -2553.234706 -2552.553594 252.479 -2552.673555 7.27 21.91
TS-AD_tBu_2c -2553.233127 -2552.552212 252.024 -2552.671957 8.27 22.92
TS-AD_tBu_2d -2553.233387 -2552.552397 251.324 -2552.671809 8.10 23.01
[2r-H] -1107.221441 -1106.742045 180.532 -1106.827822

TS-AD_Mes_la -2744.925381 -2744.188832 270.677 -2744.317439 6.33 22.31
TS-AD_Mes_1b -2744.923264 -2744.186774 272.275 -2744.316140 7.66 23.12
TS-AD_Mes_1c -2744.921565 -2744.185228 277.444 -2744.317050 8.72 22.55
TS-AD_Mes_1d -2744.921742 -2744.185555 277.911 -2744.317599 8.61 22.21
TS-AD_Mes_2a => converged to TS-AD_Mes_1la

TS-AD_Mes_2b* -2744.923877 -2744.187270 276.201 -2744.318502 7.27 21.64
TS-AD_Mes_2c -2744.920545 -2744.184310 278.007 -2744.316400 9.36 22.96
TS-AD_Mes_2d -2744.919603 -2744.183163 277.032 -2744.314790 9.95 23.97
[1s-H] -989.323605 -988.932114 156.857 -989.006642

TS-AD_Ph_1a -2627.023676 -2626.374740 248.702 -2626.492907 8.76 24.41
TS-AD_Ph_1b -2627.022089 -2626.373270 251.686 -2626.492854 9.75 24.45
TS-AD_Ph_1c -2627.021267 -2626.372448 248.423 -2626.490482 10.27 25.93
TS-AD_Ph_1d -2627.020483 -2626.371708 252.369 -2626.491617 10.76 25.22
TS-AD_Ph_2a -2627.018974 -2626.370125 253.966 -2626.490792 11.71 25.74
TS-AD_Ph_2b? -2627.021894 -2626.373039 255.865 -2626.494609 9.87 23.34
TS-AD_Ph_2c -2627.018844 -2626.370112 255.047 -2626.491293 11.79 25.42
TS-AD_Ph_2d -2627.020143 -2626.371438 254.258 -2626.492244 10.97 24.83

#Reported in the main text (Table 3).
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Supplementary Figure 16. 'H NMR spectra of 3a (mixture of diastereomers).
21b.0 200.0 190.0 180.0 170.0 160.0 l56.0 140.0 130.0 120.0 II6.0 100.0 90.0 80.0 70.0 60.0 500 40.0 30.0 200 10.0 0 -10.0

Supplementary Figure 17. *C NMR spectra of 3a (mixture of diastereomers).
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Supplementary Figure 18. 'H NMR spectra of 3b (major diastereomer).
’ [ | L N LA
210.0 206.0 190.0 180.0 170.0 160.0 156.0 140.0 130.0 IZ&).O 110.0 100.0 90.0 80.0 70.0 66.0 50.0 40.0 300 20.0 100 0 -10.0

Supplementary Figure 19. 3C NMR spectra of 3b (major diastereomer).
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Supplementary Figure 20. *H NMR spectra of 3b (minor diastereomer).

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 96.() 80.0 700 60.0 50.0 46.0 30.0 200 100 0 -10.0

Supplementary Figure 21. C NMR spectra of 3b (minor diastereomer).
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Supplementary Figure 22. 'H NMR spectra of 3¢ (major diastereomer).

N , LI

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 300 20.0 100 0 -10.0

Supplementary Figure 23. 3C NMR spectra of 3¢ (major diastereomer).
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Supplementary Figure 24. 'H NMR spectra of 3¢ (minor diastereomer).
| | il } l ‘ H JI ] J
216.0 i00.0 196.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 0(]‘:0 ‘80.0 70.07 60.0 56.0 40.0 30.0 20.0 10.0 0 -10.0

Supplementary Figure 25. C NMR spectra of 3¢ (minor diastereomer).
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Supplementary Figure 26. 'H NMR spectra of 3d (major diastereomer).
1. VI
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Supplementary Figure 27. 3C NMR spectra of 3d (major diastereomer).
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Supplementary Figure 28. 'H NMR spectra of 3d (minor diastereomer).
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Supplementary Figure 29. 3C NMR spectra of 3d (minor diastereomer).
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Supplementary Figure 30. 'H NMR spectra of 3e (mixture of diastereomers).
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Supplementary Figure 31. 3C NMR spectra of 3e (mixture of diastereomers).
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Supplementary Figure 32. 'H NMR spectra of 3f (mixture of diastereomers).
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Supplementary Figure 33. 3C NMR spectra of 3f (mixture of diastereomers).
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Supplementary Figure 34. 'H NMR spectra of 3g.
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Supplementary Figure 35. 3C NMR spectra of 3g.
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Supplementary Figure 36. 'H NMR spectra of 3h.
| | LL | H J ‘ ‘ | | J
210.0 20‘0‘40'-{9.0.0 180:0 ‘176.0 160.0 1500 140.0 l30.0>m|“2.6.0 li().O 100.0 96.0 80.0 70.0‘ 66.0 50.0 4(;:0 30.0 200 160 0 -10.0

Supplementary Figure 37. 3C NMR spectra of 3h.
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Supplementary Figure 38. 'H NMR spectra of 3i.
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Supplementary Figure 39. 3C NMR spectra of 3i.
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Supplementary Figure 40. 'H NMR spectra of 3j.
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Supplementary Figure 41. 3C NMR spectra of 3j.
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Supplementary Figure 42. 'H NMR spectra of 3k (mixture of diastereomers).
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Supplementary Figure 43. 3C NMR spectra of 3k (mixture of diastereomers).
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Supplementary Figure 44. 'H NMR spectra of 3| (mixture of diastereomers).
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Supplementary Figure 45. 3C NMR spectra of 3| (mixture of diastereomers).
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Supplementary Figure 46. 'H NMR spectra of 3m.
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Supplementary Figure 47. 3C NMR spectra of 3m.
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Supplementary Figure 48. 'H NMR spectra of 3n.
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Supplementary Figure 49. 3C NMR spectra of 3n.
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Supplementary Figure 50. 'H NMR spectra of 3o.
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Supplementary Figure 51. 3C NMR spectra of 30.
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Supplementary Figure 52. *H NMR spectra of 3p (major isomer).
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Supplementary Figure 53. **C NMR spectra of 3p (major isomer).
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Supplementary Figure 54. 'H NMR spectra of 3g (major diastereomer).
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Supplementary Figure 55. 3C NMR spectra of 3q (major diastereomer).
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Supplementary Figure 56. 'H NMR spectra of 3g (minor diastereomer).
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Supplementary Figure 57. *C NMR spectra of 3q (minor diastereomer).
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Supplementary Figure 58. 'H NMR spectra of 3r (mixture of E/Z isomers).
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Supplementary Figure 59. 3C NMR spectra of 3r (mixture of E/Z isomers).
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Supplementary Figure 60. 'H NMR spectra of 3s (mixture of E/Z isomers).
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Supplementary Figure 61. 3C NMR spectra of 3s (mixture of E/Z isomers).
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Supplementary Figure 62. 'H NMR spectra of 3t.
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Supplementary Figure 63. *C NMR spectra of 3t.
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Supplementary Figure 64. 'H NMR spectra of 3u (Z isomer).
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Supplementary Figure 65. 3C NMR spectra of 3u (Z isomer).
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Supplementary Figure 66. *H NMR spectra of 3u (E isomer).
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Supplementary Figure 67. 3C NMR spectra of 3u (E isomer).
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Supplementary Figure 68. 'H NMR spectra of 3v.
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Supplementary Figure 69. 3C NMR spectra of 3v.
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Supplementary Figure 70. 'H NMR spectra of 3w.
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Supplementary Figure 71. 3C NMR spectra of 3w.
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Supplementary Figure 72. 'H NMR spectra of 3x.
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Supplementary Figure 73. 3C NMR spectra of 3x.
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Supplementary Figure 74. 'H NMR spectra of 3y.
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Supplementary Figure 75. 3C NMR spectra of 3y.
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Supplementary Figure 76. 'H NMR spectra of 3z.
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Supplementary Figure 77. 3C NMR spectra of 3z.
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Supplementary Figure 78. 'H NMR spectra of 3Aa.
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Supplementary Figure 79. 3C NMR spectra of 3Aa.
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Supplementary Figure 80. 'H NMR spectra of 3Ab (major diastereomer).
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Supplementary Figure 81. 3C NMR spectra of 3Ab (major diastereomer).
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Supplementary Figure 82. 'H NMR spectra of 3Ac (mixture of diastereomers).
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Supplementary Figure 83. 3C NMR spectra of 3Ac (mixture of diastereomers).
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Supplementary Figure 84. *H NMR spectra of 5a (major diastereomer).
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Supplementary Figure 85. **C NMR spectra of 5a (major diastereomer).
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Supplementary Figure 86. 'H NMR spectra of 5a (minor diastereomer).
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Supplementary Figure 87. 3C NMR spectra of 5a (minor diastereomer).
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Supplementary Figure 88. 'H NMR spectra of 5b.
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Supplementary Figure 89. *C NMR spectra of 5b.
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Supplementary Figure 90. *H NMR spectra of 5c.
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Supplementary Figure 91. 3C NMR spectra of 5c.
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Supplementary Figure 92. *H NMR spectra of 5d.
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Supplementary Figure 93. *C NMR spectra of 5d.
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Supplementary Figure 94. 'H NMR spectra of 5e (major diastereomer).
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Supplementary Figure 95. *C NMR spectra of 5e (major diastereomer).
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Supplementary Figure 96. 'H NMR spectra of 5e (minor diastereomer).
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Supplementary Figure 97. *C NMR spectra of 5e (minor diastereomer).
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Supplementary Figure 98. 'H NMR spectra of S9 (mixture of diastereomers).
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Supplementary Figure 99. *C NMR spectra of S9 (mixture of diastereomers).
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Supplementary Figure 100. *H NMR spectra of 5g (mixture of diastereomers).
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Supplementary Figure 101. C NMR spectra of 5g (mixture of diastereomers).
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Supplementary Figure 102. *H NMR spectra of S10.
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Supplementary Figure 103. *C NMR spectra of S10.
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Supplementary Figure 104. *H NMR spectra of 5h.
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Supplementary Figure 105. **C NMR spectra of 5h.
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