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1. General Information

All reactions were performed under an argon atmosphere with dry solvents under
anhydrous conditions unless otherwise stated. Dichloromethane (DCM), benzene and 1,4-
dioxane were distilled from calcium hydride under argon; tetrahydrofuran (THF) was
sequentially distilled from sodium and then from LiAlH4 under argon. Unless otherwise noted,
all the other chemicals were obtained from commercial sources and used without further
purification. Reactions requiring anhydrous conditions were run under a dry atmosphere of
argon; glassware was either flame dried immediately prior to use after placing in an oven
(120 °C) for at least 2 h and allowed to cool under an atmosphere of argon; liquid reagents,
solutions or solvents were added via syringe through a rubber septum. Column chromatography
was performed using silica gel (200-300 mesh). Thin layer chromatography (TLC) was used
for monitoring reactions and visualized by a UV lamp (254 nm and 365 nm), I, and developing
the plates with p-anisaldehyde. '"H and '3C NMR were recorded on Bruker DRX-400 MHz
NMR spectrometer with TMS as the internal standard and were calibrated using residual
undeuterated solvent as an internal reference (CDCls: '"H NMR = 7.26 ppm, *C NMR = 77.16
ppm; Pyridine-ds: 'TH NMR = 8.74 ppm, '*C NMR = 150.35 ppm). Abbreviations in 'H NMR
data are illustrated as follows: s = singlet, d = doublet, t = triplet, dd = doublet of doublet, ddd
= doublet of doublet of doublet, dt = doublet of triplet, td = triplet of doublet, tdd = triplet of
doublet of doublet, m = multiplet, br = broad. Coupling constants (J) are reported in Hertz (Hz).
High resolution mass spectra (HRMS) were recorded on Bruker-FT-MS spectrometers (ESI-
TOF). Infrared (IR) spectra were recorded on a NEXUS 670 FT-IR device and are reported in
wavenumbers (cm™). Only the strongest and/or structurally important absorption of infrared
(IR) spectra are reported.

The LEDs used in this work (emitting at 395 nm, 430 nm, 450 nm, 470 nm, and 495 nm)
were supplied by Shenzhen Fengsheng Jingguang Technology Co., Ltd., with the LED chips

sourced from Taiwan Lextar Electronics Corporation. Each LED had a power of 20 W.



2. Experimental Procedure

Procedure for preparation of alcohol 16

n-BuLi, TMSCI,

oH  THF, -78°C OH
///\/\/ - /\/\/

then HCI, 87% ™S

15 16

According to an optimized procedure based on the literature!'!, to a 150 mL round-bottom
flask were added alcohol 15 (1.0 g, 10 mmol, 1.0 equiv.) and THF (30 mL). The reaction
mixture was cooled to —78 °C, and a solution of #n-BuLi (2.5 M in hexane, 8.6 mL, 21 mmol,
2.1 equiv.) was added dropwise to the reaction mixture. After stirring for 30 min, TMSCI (3.2
mL, 25 mmol, 2.5 equiv.) was added. The reaction was stirred for an additional 1 h, then
quenched with 10 mL of 1 M HCl and diluted with 30 mL of water. The mixture was extracted
with ethyl acetate (3 x 50 mL), and the combined organic layers were dried over anhydrous
NaxSQq4, filtered, and concentrated under reduced pressure. Purification by column
chromatography (eluent: ethyl acetate / petroleum ether = 1:4) afforded alcohol 16 as a
colorless liquid (1.50 g, 87% yield).

TLC: Rr= 0.5 (ethyl acetate / petroleum ether = 1:3; p-anisaldehyde).

'TH NMR (400 MHz, CDCl3) 8 3.68 (t, J = 6.2 Hz, 2H), 2.27 (t, J = 6.7 Hz, 2H), 1.74 — 1.54
(m, 4H), 0.14 (s, 9H).

I3C NMR (101 MHz, CDCl3) 6 107.30, 84.95, 62.55, 31.94, 25.01, 19.75, 0.28.

HRMS (ESI-TOF) m/z calcd for [M - H]: 169.1054, found 169.1061.

IR (thin film): 3744, 2954, 2903, 2362, 2335, 2174, 1436, 1268, 844 cm™!

Procedure for preparation of o, f-unsaturated ester 10

o]
(COCl),, DMSO, Ph.P.
OH  DCM, -78°C o s ome PN
™S then NEt; ™S DCM, rt ™S o
2 steps 85%
16 14 10

Step 1. Oxidation to aldehyde.



To a 500 mL round-bottom flask were added dichloromethane (130 mL) and the mixture
was cooled to —78 °C. Oxalyl chloride (6.8 mL, 80 mmol, 2.0 equiv.) was added, followed by
dropwise addition of DMSO (11.5 mL, 161 mmol, 4.0 equiv.) at the same temperature. After
stirring for 30 min, a solution of alcohol 16 (6.87 g, 40.3 mmol, 1.0 equiv.) in DCM (20 mL)
was added dropwise to the reaction mixture. The reaction mixture was stirred at —78 °C for an
additional 30 min, then triethylamine (33.6 mL, 242 mmol, 6.0 equiv.) was added, resulting in
the formation of a white pasty precipitate. The mixture was allowed to warm to room
temperature and stirred vigorously for 15 min. The reaction was quenched with water (200 mL)
and extracted with DCM (3 x 100 mL). The combined organic layers were washed successively
with 1 M HCI (100 mL), saturated NaHCO3 solution (100 mL), and saturated NaCl solution
(100 mL), dried over anhydrous Na>SOs, filtered, and concentrated under reduced pressure to
afford the crude aldehyde 14 as a colorless liquid, which was used directly in the next step

without further purification.

Step 2. Wittig reaction.

The crude aldehyde 14 was dissolved in DCM (120 mL) in a 1 L round-bottom flask.
Methyl (triphenylphosphoranylidene)acetate (33.7 g, 101 mmol, 2.5 equiv.) was added, and the
reaction mixture was stirred at room temperature for 2 h. The mixture was diluted with
petroleum ether (500 mL), concentrated, and a large amount of white solid precipitated.
Additional petroleum ether (500 mL) was added, and the mixture was filtered through a pad of
Celite. The filtrate was concentrated, and the residue was purified by column chromatography
on silica gel (eluent: ethyl acetate / petroleum ether = 1:15) to afford the desired a, -

unsaturated ester 10 as a colorless liquid (7.69 g, 85% yield over two steps).

TLC: Rr= 0.4 (ethyl acetate/petroleum ether = 1:10; p-anisaldehyde).

'"H NMR (400 MHz, CDCls) & 6.96 (dt, J = 14.7, 7.0 Hz, 1H), 5.90 — 5.82 (m, 1H), 3.73 (s,
3H),2.32 (q,J=7.3 Hz, 2H), 2.26 (t,J = 7.0 Hz, 2H), 1.64 — 1.71 (m, J = 7.2 Hz, 2H), 0.15 (s,
9H).

I3C NMR (101 MHz, CDCl3) & 167.14, 148.54, 121.70, 106.38, 85.53, 51.58, 31.17, 26.95,

3



19.40, 0.24.
HRMS (ESI-TOF) m/z caled for [M + Na]*: 247.1125, found 247.1125.
IR (thin film): 2954, 2903, 2174, 1726, 1436, 1272, 1203, 1097, 842 cm™!

Procedure for preparation of amide 11

0 H o
)]\/\/\/ . N EDCI*HCI, HOBT NJW
o O -
13

NEts, DCM, rt, 82%

12 1"

To a2 L round-bottom flask were added acid 12 (50 g, 0.39 mol, 1.0 equiv.) and the mixture
was cooled in an ice-water bath. Pyrrolidine 13 (48 mL, 0.59 mol, 1.5 equiv.), 1-
hydroxybenzotriazole (HOBt, 79 g, 0.56 mol, 1.5 equiv.), and EDCI-HCI (112 g, 0.585 mol,
1.5 equiv.) were added successively under stirring. The reaction mixture was allowed to warm
to room temperature and stirred for 1 h. TLC analysis indicated complete consumption of the
starting material. The reaction was quenched with 1 M HCl (1 L) and stirred vigorously for 10
min, during which a large amount of white precipitate formed. The mixture was filtered through
a Celite pad, and the filtrate was extracted with DCM (3 x 300 mL). The combined organic
layers were washed with saturated NaHCOs3 solution (3 x 500 mL), dried over anhydrous
NaySOg4, filtered, and concentrated under reduced pressure. Purification by column
chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:3 — 1:1, gradient)

afforded amide 11 as a colorless liquid (57.99 g, 82%).

TLC: Rr= 0.3 (ethyl acetate/petroleum ether = 1:1; p-anisaldehyde).

TH NMR (400 MHz, CDCl3) 6 5.80 (ddt, /= 17.0, 10.3, 6.7 Hz, 1H), 5.04 — 4.90 (m, 2H), 3.45
(t, J=6.9 Hz, 2H), 3.40 (t, J= 6.8 Hz, 2H), 2.25 (t, /= 7.6 Hz, 2H), 2.07 (m, 2H), 1.98 — 1.90
(m, 2H), 1.88 — 1.80 (m, 2H), 1.72 — 1.60 (m, 2H), 1.43 (m, 2H).

13C NMR (101 MHz, CDCl3) & 171.78, 138.82, 114.64, 46.74, 45.72, 34.78, 33.73, 28.89,
26.26, 24.56, 24.55.

HRMS (ESI-TOF) m/z caled for [M + H]": 182.1539, found 182.1534.

IR (thin film): 2972, 2937, 2872, 1641, 1548, 1432, 1268, 995 cm’!
4



Procedure for preparation of cyclobutanone 9

o /@ H
Z~
NJ\/\/\/ t-Bu N t-Bu d;l\
C‘ Tf,0, DCE, H ©O

reflux, 73%
1

According to an optimized procedure based on the literature!?, a 3 L three-neck round-
bottom flask was charged with 2,6-di-fert-butyl-4-methylpyridine (57.7 g, 0.281 mol, 1.2
equiv.), amide 11, and 1.2 L of 1,2-dichloroethane (DCE). A reflux condenser and a constant-
pressure dropping funnel were attached. A solution of trifluoromethanesulfonic anhydride
(Tf20, 43.3 mL, 0.258 mol, 1.1 equiv.) in DCE (350 mL) was placed in the dropping funnel
and added dropwise to the reaction mixture at 95 °C over 12 h under reflux. After TLC
monitoring indicated completion, the reaction mixture was cooled to room temperature, and
the solvent was removed under reduced pressure.

To the residue were added tetrahydrofuran (1.0 L), water (1.0 L), and potassium carbonate
(80 g, 0.59 mol, 2.5 equiv.). The mixture was heated at reflux (85 °C) for 3 h and then cooled
to room temperature. The layers were separated, and the aqueous layer was extracted with
dichloromethane (3 x 500 mL). The combined organic layers were dried over anhydrous
NayS0q, filtered, and concentrated under reduced pressure. The crude product was purified by
distillation under reduced pressure (oil bath 110 °C, 4.21 kPa) to collect the fraction at 74 °C,

affording cyclobutanone 9 as a colorless liquid (18.57 g, 73%).

TLC: Rr= 0.5 (ethyl acetate / petroleum ether = 1:10; 2,4-dinitrophenylhydrazine).

'TH NMR (400 MHz, CDCl3) 6 3.60 — 3.49 (m, 1H), 3.19 (ddd, J=18.4, 9.3, 4.5 Hz, 1H), 2.94
—2.83 (m, 1H), 2.49 (ddd, /= 18.4, 4.6, 3.4 Hz, 1H), 2.11 — 1.98 (m, 1H), 1.89 — 1.79 (m, 2H),
1.78 = 1.70 (m, 1H), 1.69 — 1.59 (m, 1H), 1.57 — 1.51 (m, 1H).

13C NMR (101 MHz, CDCl3) 6 215.17, 64.97, 51.67, 32.90, 29.99, 29.06, 24.87.

HRMS (ESI-TOF) m/z caled for [M + H]": 111.0804, found 111.0802.

IR (thin film): 2948, 2865, 1771, 1077, 756 cm’!
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Procedure for preparation of hydrazone 18

H
L. O A
<:I:\l\ . ';l Benzene _ 1 W
L) NH, TfOH, reflux, 86% E&J
9 17 18

To a 250 mL round-bottom flask were added cyclobutanone 9 (6.50 g, 59.0 mmol, 1.0
equiv.), 1-Aminopiperidine 17 (9.6 mL, 89 mmol, 1.5 equiv.), benzene (100 mL), and
trifluoroacetic acid (0.10 mL, 1.3 mmol, 0.022 equiv.). The mixture was heated at reflux under
a Dean—Stark apparatus for 1 h to remove water, and then cooled to room temperature. The
crude reaction mixture was directly subjected to column chromatography on silica gel (eluent:
ethyl acetate/petroleum ether = 1:2) to afford hydrazone 18 as a colorless liquid (9.76 g, 86%).
The product was obtained as an inseparable mixture of Z/F isomers in an approximate ratio of

1:3. The mixture of isomers was used directly in the next step without further purification.

TLC: Re= 0.5 (ethyl acetate / petroleum ether = 1:1; p-anisaldehyde).

'"H NMR (400 MHz, Pyridine-ds) & 3.61 — 3.54 (m, 0.25H), 3.48 — 3.41 (m, 0.75H), 3.09 —
2.85 (m, 5H), 2.63 — 2.49 (m, 1H), 2.37 (dt,J=17.3, 3.9 Hz, 0.75H), 2.28 (dt,J=17.0, 4.1 Hz,
0.25H), 2.25 -2.20 (m, 0.25H), 1.98 (dd, J = 12.5, 5.5 Hz, 0.75H), 1.77 — 1.51 (m, 7H), 1.49
—1.31 (m, 4H).

13C NMR (101 MHz, Pyridine-ds) 8 160.34, 159.63, 56.56, 56.19, 53.88, 53.33, 40.48, 40.10,
33.73, 33.65, 33.47, 32.77, 32.64, 29.85, 26.15, 26.11, 25.51, 25.26, 24.83, 24.79.

HRMS (ESI-TOF) m/z caled for [M + H]"™: 193.1699, found 193.1695.

IR (thin film): 2933, 2856, 2803, 1677, 1448, 1268, 756 cm’!

Procedure for preparation of ester 8



CI:L n-BuLi, THF,
W ) /\M\ﬂ/o\ -78°C to -30°C
H 4 then HCI, 81%

18

To a 500 mL round-bottom flask were added hydrazone 18 (1.00 g, 5.20 mmol, 1.1 equiv.)
and THF (35 mL). The mixture was cooled to 0 °C, and n-BuLi (2.5 M in hexane, 2.0 mL, 5.0
mmol, 1.05 equiv.) was added dropwise to the reaction mixture. The mixture was stirred for 1
h to give a yellow suspension. The reaction mixture was then cooled to —78 °C, and a solution
of a, B-unsaturated ester 10 (1.06 g, 4.73 mmol, 1.0 equiv.) in THF (20 mL) was added. The
mixture was allowed to warm to —30 °C over 2 h and maintained at —30 °C for an additional 1
h. The reaction was quenched by the addition of 10% aqueous HCI1 (160 mL), warmed to room
temperature, and stirred for 1 h. The layers were separated, and the aqueous layer was extracted
with ethyl acetate (3 x 150 mL). The combined organic layers were washed with saturated
NaHCOs3 solution (500 mL) and saturated NaCl solution (500 mL), dried over anhydrous
NaySOq, filtered, and concentrated under reduced pressure. Purification by column
chromatography on silica gel (eluent: ethyl acetate / petroleum ether = 1:10) afforded ester 8

as a colorless liquid (6.27 g, 81%).

TLC: Rr= 0.6 (ethyl acetate / petroleum ether = 1:5; p-anisaldehyde).

TH NMR (400 MHz, CDCIl3) & 3.66 (s, 3H), 3.39 (ddd, /= 10.2, 7.1, 3.0 Hz, 1H), 2.73 — 2.66
(m, 1H), 2.66 — 2.58 (m, 1H), 2.41 — 2.31 (m, 2H), 2.31 — 2.24 (m, 1H), 2.21 (t, J/ = 6.8 Hz,
2H), 2.06 — 1.94 (m, 1H), 1.85 (m, 2H), 1.79 — 1.65 (m, 2H), 1.62 — 1.50 (m, 3H), 1.49 — 1.35
(m, 2H), 0.14 (s, 9H).

13C NMR (101 MHz, CDCl3) & 216.18, 173.08, 107.09, 84.92, 67.22, 62.01, 51.75, 36.57,
35.34,34.17, 33.06, 31.01, 29.46, 25.78, 25.29, 20.03, 0.27.

HRMS (ESI-TOF) m/z caled for [M + H]": 335.2037, found 335.2038.

IR (thin film): 2953, 2173, 1769, 1739, 1256, 845, 756 cm™!



Procedure for preparation of diol 19

T™S
X
" O LiBEtsH, THF,
H o _ -78°Cto0°C
o7 ————>

“H 92%
\\S

H O
8 19

To a 250 mL round-bottom flask were added ester 8 (1.00 g, 2.99 mmol, 1.0 equiv.) and
THF (15 mL). The solution was cooled to —78 °C, and lithium triethylborohydride (LiBEt:H,
1 M in THF, 17.9 mL, 17.9 mmol, 6.0 equiv.) was added dropwise to the reaction mixture. The
mixture was stirred at —78 °C for 30 min, then gradually warmed to 0 °C and stirred for an
additional 2 h. TLC analysis indicated complete conversion of the starting material. The
reaction was carefully quenched with saturated NH4Cl solution (100 mL) — Caution:
vigorous gas evolution observed — and the layers were separated. The aqueous phase was
extracted with ethyl acetate (3 x 100 mL). The combined organic extracts were dried over
anhydrous Na>SOys, filtered, and concentrated under reduced pressure. Purification by column
chromatography on silica gel (eluent: ethyl acetate / petroleum ether = 1:3 — 1:2, gradient)

afforded diol 19 as a colorless liquid (4.04 g, 92%).

TLC: Rr= 0.3 (ethyl acetate / petroleum ether = 1:2; p-anisaldehyde).

'"H NMR (400 MHz, CDCl3) 6 3.99 — 3.91 (m, 1H), 3.75 — 3.60 (m, 2H), 2.79 — 2.69 (m, 1H),
2.30-2.15 (m, 2H), 2.13 —2.03 (m, 1H), 1.95—1.85 (m, 1H), 1.84 — 1.74 (m, 1H), 1.74 — 1.64
(m, 1H), 1.60 (m, 2H), 1.56 — 1.40 (m, 11H), 0.14 (s, 9H).

I3C NMR (101 MHz, CDCls) 6 107.72, 84.85, 69.23, 61.10, 53.23,41.17, 38.83, 37.76, 34.02,
33.00, 29.84, 26.52, 25.11, 24.47, 20.32, 0.29.

HRMS (ESI-TOF) m/z caled for [M + H]": 309.2244, found 309.2241.

IR (thin film): 3335, 2942, 2862, 2172, 1251, 1048, 844, 758, 643 cm’!

Procedure for preparation of bromide 20



Phs;P, NBS, DCM,
N32CO3, rt

88%

To a 250 mL round-bottom flask were added diol 19 (2.90 g, 9.40 mmol, 1.0 equiv.),
dichloromethane (100 mL), and NaxCOs (19.9 g, 188 mmol, 20.0 equiv.). The reaction mixture
was cooled to 0 °C, and triphenylphosphine (12.3 g, 47.0 mmol, 5.0 equiv.) and N-
bromosuccinimide (8.36 g, 47.0 mmol, 5.0 equiv.) were added successively. The reaction was
stirred at 0 °C for 3 h, after which TLC analysis indicated complete consumption of the starting
material. The solvent was removed under reduced pressure, and the residue was diluted with
petroleum ether (500 mL), resulting in the formation of a white precipitate. The precipitate was
collected by filtration and washed with petroleum ether (2 x 500 mL). The combined filtrates
were concentrated under reduced pressure, and the crude product was purified by column
chromatography on silica gel (eluent: ethyl acetate /petroleum ether = 1:10) to afford bromide

20 as a colorless liquid (3.04 g, 88%).

TLC: Rr= 0.7 (ethyl acetate / petroleum ether = 1:2; p-anisaldehyde).

'"H NMR (400 MHz, CDCl3) & 3.95 (t, J = 7.3 Hz, 1H), 3.51 — 3.33 (m, 2H), 2.76 (q, J = 8.1
Hz, 1H), 2.23 (t, J= 6.1 Hz, 2H), 2.08 (q, /= 6.3 Hz, 1H), 1.95 — 1.84 (m, 2H), 1.83 — 1.72 (m,
2H), 1.71 — 1.58 (m, 2H), 1.58 — 1.40 (m, 9H), 0.15 (s, 9H).

I3C NMR (101 MHz, CDCls) 6 107.51, 85.01, 69.24, 52.77,41.31, 40.94, 37.78, 34.47, 32.98,
31.82,29.02, 26.50, 24.70, 24.40, 20.29, 0.29.

HRMS (ESI-TOF) m/z caled for [M + H]": 371.1400, found 371.1394.

IR (thin film): 2945, 2864, 2172, 1256, 845, 756 cm’!

Procedure for preparation of silylalkyne 7



A\
DMP, NaHCO,
> H | H
Br pCM, 0°C, 94% / Br
H
N\
H O
7

To a 500 mL round-bottom flask were added bromide 20 (1.82 g, 4.90 mmol, 1.0 equiv.)
and dichloromethane (40 mL). The mixture was cooled to 0 °C, NaHCO3 (1.23 g, 7.35 mmol,
1.5 equiv.) and Dess—Martin periodinane (3.12 g, 7.35 mmol, 1.5 equiv.) were added
successively. The reaction mixture was stirred for 1 h, during which time TLC analysis
indicated completion of the reaction. The mixture was then carefully quenched with saturated
Na>SOs3 solution (100 mL) — caution: vigorous gas evolution observed. The layers were
separated, and the aqueous phase was extracted with DCM (3 x 100 mL). The combined
organic layers were dried over anhydrous Na;SOs, filtered, and concentrated under reduced

pressure. Purification by column chromatography on silica gel (eluent: ethyl acetate /petroleum

ether = 1:20) afforded silylalkyne 7 as a colorless liquid (1.71 g, 94%)).

TLC: Rr= 0.7 (ethyl acetate / petroleum ether = 1:5; p-anisaldehyde).

'TH NMR (400 MHz, CDCls) 8 3.50 — 3.34 (m, 3H), 2.70 — 2.59 (m, 2H), 2.32 — 2.14 (m, 2H),
2.04—-1.91 (m, 3H), 1.90 — 1.82 (m, 2H), 1.82 — 1.71 (m, 2H), 1.68 — 1.55 (m, 3H), 1.55 - 1.42
(m, 3H), 0.15 (s, 9H).

IBCNMR (101 MHz, CDCl3) 8 216.64, 107.07, 85.09, 66.93, 62.13,36.93, 34.79, 34.26,33.17,
31.18, 29.51, 29.49, 25.33, 25.27, 20.05, 0.28.

HRMS (ESI-TOF) m/z caled for [M + H]": 369.1244, found 369.1242.

IR (thin film): 2951, 2866, 2173, 1767, 1450, 1250, 844, 760, 642 cm’!

Procedure for preparation of alkyne 21



A
- H
AgNO,, 2,6-lutidine H 8
H o s > Br
/ Br THF, EtOH, H,0, rt "
’ 76% A
S H O
H O
7 21

To a 25 mL round-bottom flask were added silylalkyne 7 (150 mg, 0.406 mmol, 1.0 equiv.),
THF (1.5 mL), EtOH (1.5 mL), H>O (1.5 mL), and 2,6-lutidine (0.15 mL). The mixture was
cooled to 0 °C, and AgNO3 was added. After 10 min, the reaction mixture was allowed to warm
to room temperature and stirred for an additional 30 min, at which point TLC indicated
complete conversion of the starting material. The reaction was quenched with saturated
NaH>POg4 solution (15 mL), producing a yellow precipitate. The mixture was extracted with
MTBE (3 x 20 mL). The combined organic layers were dried over anhydrous Na>SOg, filtered,
and concentrated under reduced pressure. Purification by column chromatography on silica gel
(eluent: ethyl acetate/petroleum ether = 1:30) afforded alkyne 21 as a colorless liquid (97 mg,
76%).

TLC: Rr= 0.3 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).

'TH NMR (400 MHz, CDCls) 8 3.50 — 3.34 (m, 3H), 2.70 — 2.58 (m, 2H), 2.20 (m, 2H), 2.04 —
1.90 (m, 4H), 1.91 — 1.71 (m, 4H), 1.67 — 1.53 (m, 4H), 1.53 — 1.44 (m, 2H).

I3C NMR (101 MHz, CDCls) 6 216.63, 84.21, 68.79, 66.96, 62.14, 37.01, 34.89, 34.27, 33.18,
31.23,29.71, 29.51, 25.33, 25.31, 18.70.

HRMS (ESI-TOF) m/z caled for [M + H]":297.0849, found 297.0848.

IR (thin film): 3295, 2942, 2865, 1765, 1453, 1267, 755, 642 cm’!

Procedure for preparation of chloroalkyne 26



X X
AgNO3, NCS
H H : H ‘\H
Br CH3CN, TBAF, 0°C Br
“H 72% “H
\ A\
4 o h o
7 26

To a 50 mL round-bottom flask were added silylalkyne 7 (100 mg, 0.271 mmol, 1.0 equiv.)
and MeCN (3 mL). The mixture was cooled to 0 °C, followed by the addition of AgNO3 (14
mg, 0.081 mmol, 0.3 equiv.) and NCS (72 mg, 0.54 mmol, 2.0 equiv.). After 5 min, TBAF (1.0
M in THF, 0.3 mL, 0.3 mmol, 1.1 equiv.) was added. The reaction mixture was allowed to
warm to room temperature and stirred for 12 h. Upon completion (monitored by TLC), the
reaction was quenched with water (20 mL) and extracted with petroleum ether (3 x 30 mL).
The combined organic layers were dried over anhydrous Na>SOs, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel (eluent: ethyl acetate /petroleum ether = 1:20) to afford the title chloroalkyne 26 as a
colorless liquid (65 mg, 72% yield).

TLC: Rr= 0.3 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).

'"H NMR (400 MHz, CDCls) & 3.49 — 3.33 (m, 3H), 2.70 — 2.57 (m, 2H), 2.26 — 2.09 (m, 2H),
2.05-1.91 (m, 3H), 1.90 — 1.83 (m, 2H), 1.83 — 1.72 (m, 2H), 1.67 — 1.50 (m, 4H), 1.50 — 1.42
(m, 2H).

I3C NMR (101 MHz, CDCls) 6 216.55, 69.29, 66.96, 62.15, 57.76, 37.01, 34.91, 34.30, 33.19,
31.20, 29.82, 29.52, 25.34, 25.27, 19.07.

HRMS (ESI-TOF) m/z calcd for [M + H]":331.0459, found 331.0462.

IR (thin film): 2942.33, 2864.82, 1765.69, 1452.04, 755.62 cm’!

Procedure for preparation of bromoalkyne 24



R A
AgNO;, NBS,
H \\H > H ‘\H
Br acetone, 96% / Br
\ N\
e H O
7 24

To a 500 mL round-bottom flask were added silylalkyne 7 (1.22 g, 3.30 mmol, 1.0 equiv.),
acetone (16 mL), and AgNO3 (280 mg, 1.65 mmol, 0.5 equiv.). The mixture was cooled to 0 °C,
and N-bromosuccinimide (880 mg, 4.95 mmol, 1.5 equiv.) was added. The reaction mixture
was stirred at 0 °C for 1 h, resulting in a white suspension. TLC analysis indicated complete
consumption of the starting material. The reaction was quenched with water (200 mL) and
extracted with petroleum ether (3 x 200 mL). The combined organic layers were dried over
anhydrous Na>SOy, filtered, and concentrated under reduced pressure. Purification by column
chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:20) afforded

bromoalkyne 24 as a colorless liquid (1.19 g, 96%).

TLC: R¢= 0.5 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).

'"H NMR (400 MHz, CDCls) 6 3.49 — 3.33 (m, 3H), 2.70 — 2.57 (m, 2H), 2.30 — 2.13 (m, 2H),
2.05-1.91 (m, 3H), 1.90 — 1.83 (m, 2H), 1.83 — 1.72 (m, 2H), 1.67 — 1.51 (m, 4H), 1.50 — 1.41
(m, 2H).

I3C NMR (101 MHz, CDCls) 8 216.59, 79.98, 66.94, 62.14, 38.38, 36.98, 34.89, 34.29, 33.18,
31.20, 29.78, 29.52, 25.33, 25.18, 19.98.

HRMS (ESI-TOF) m/z caled for [M + H]":374.9954, found 374.9953.

IR (thin film): 2942, 2864, 1765, 1452, 756 cm’!

General procedure A for photochemical reactions:

To a 10 mL reaction tube were added the substrate (0.0133 mmol, 1.0 equiv.), MeOH (1
mL), Na,CO3 (7.0 mg, 0.067 mmol, 5.0 equiv.), tris(trimethylsilyl)silane (TTMSS, 21 uL,
0.067 mmol, 5.0 equiv.), and Ir[dF(CF3)ppy]2(dtbbpy)PFs (0.3 mg, 0.3 umol, 0.02 equiv.). The
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reaction vessel was purged with argon three times. The mixture was then irradiated at room
temperature with a 20 W 450 nm LED for 2 h. After completion (monitored by TLC), the
solvent was removed under reduced pressure, and the crude residue was directly purified by
column chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:40) to afford

the corresponding product.

General procedure B for photochemical reactions:

To a 10 mL reaction tube were added the substrate (0.0133 mmol, 1.0 equiv.), 1,4-dioxane
(0.3 mL), 2,6-lutidine (1.5 pL, 0.013 mmol, 1.0 equiv.), tris(trimethylsilyl)silane (TTMSS, 21
uL, 0.067 mmol, 5.0 equiv.), and Ir(dFppy)2(dtbbpy)PFs (0.3 mg, 0.3 umol, 0.02 equiv.). The
reaction vessel was purged with argon three times. The mixture was then irradiated at room
temperature with a 20 W 450 nm LED for 2 h. After completion of the reaction (monitored by
TLC), the solvent was removed under reduced pressure, and the crude residue was directly
purified by column chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:40)

to afford the corresponding product.

Synthesis of bicyclic ketone 22

™S
AN _
GP-A ™S~
Ir[dF(CF3)ppy]a(dtbbpy)PFg H (H
H Na,COs, TTMSS
H \\ »
Br MeOH, 450 nm, rt
H 43% H
‘\\ O
h o
, 22

Bicyclic ketone 22 was obtained from silylalkyne 7 (4.8 mg, 0.013 mmol) according to the
experimental procedure described in General Procedure A, affording a colorless liquid (1.7 mg,

43%). When General Procedure B was used, the yield was 82%.

TLC: Rr= 0.5 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).
"H NMR (400 MHz, CDCl3) § 3.15 (dt, J=11.3, 8.1 Hz, 1H), 2.45 (ddd, /= 17.2, 6.1, 3.0 Hz,

1H), 2.39 — 2.28 (m, 2H), 2.23 (t, J = 6.8 Hz, 2H), 2.19 — 2.07 (m, 1H), 1.85 — 1.64 (m, 5H),
14



1.64 — 1.50 (m, 4H), 1.50 — 1.41 (m, 2H), 1.42 — 1.29 (m, 2H), 1.12 — 0.99 (m, 1H), 0.15 (s,
9H).

13C NMR (101 MHz, CDCls) § 213.89, 107.51, 84.78, 52.45, 41.22, 36.11, 35.18, 35.10, 34.99,
34.05, 28.56, 26.79, 26.28, 25.68, 20.16, 0.31.

HRMS (ESI-TOF) m/z calcd for [M + H]": 291.2139, found 291.2138.

IR (thin film): 2937, 2865, 2173, 1704, 1456, 1248, 843, 759, 643 cm’!

Synthesis of bicyclic ketone 23

A
/
GP-A H/
H Ir[dF(CF3)ppyl2(dtbbpy)PFg (H

H $ B Na,CO;, TTMSS

r >

LH MeOH, 450 nm, rt 4
! \\O 42% 0

Bicyclic ketone 23 was obtained from alkyne 21 (4 mg, 0.013 mmol) according to the
experimental procedure described in General Procedure A (GP-A), affording a colorless liquid

(1.3 mg, 42%). When General Procedure B (GP-B) was used, the yield was 78%.

TLC: R¢= 0.3 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).

TH NMR (400 MHz, CDCls) § 3.15 (dt, J=11.3, 8.1 Hz, 1H), 2.51 — 2.41 (m, 1H), 2.40 — 2.25
(m, 2H), 2.20 (td, J = 6.8, 2.7 Hz, 2H), 2.17 — 2.08 (m, 1H), 1.96 (t, J= 2.7 Hz, 1H), 1.84 —
1.66 (m, 5H), 1.64 — 1.45 (m, 6H), 1.43 — 1.30 (m, 2H), 1.05 (tdd, J = 12.3, 10.6, 6.3 Hz, 1H).
I3C NMR (101 MHz, CDCls) 6 213.87, 84.58, 68.54, 52.42, 41.22, 36.15, 35.22, 35.17, 35.06,
34.08, 28.44, 26.63, 26.28, 25.68, 18.76.

HRMS (ESI-TOF) m/z caled for [M + H]": 219.1744, found 219.1739.

IR (thin film): 3299, 2937, 2865, 1701, 1457, 1269, 1184, 755, 637 cm’!

Synthesis of vinyl chloride 27



X H
GP-B
Ir(dFppy)2(dtbbpy)PFs  ClI
H 2,6-lutidine, TTMSS \''H
H o >
, Br dioxane, 450 nm, rt
“H 82%
\§
: \O (@]
26 27

Vinyl chloride 27 was obtained from chloroalkyne 26 (4.4 mg, 0.013 mmol) according to
the experimental procedure described in General Procedure B, affording a colorless liquid (2.8

mg, 82%).

TLC: R¢= 0.3 (ethyl acetate / petroleum ether = 1:20; p-anisaldehyde).

'TH NMR (400 MHz, CDCl3) & 5.81 (d, J = 1.9 Hz, 1H), 3.27 (dt, J= 11.3, 8.1 Hz, 1H), 2.84
(dd, J=11.9, 5.0 Hz, 1H), 2.52 (qd, J = 11.5, 6.7 Hz, 1H), 2.44 — 2.35 (m, 2H), 2.23 (tt, J =
12.4, 7.5 Hz, 1H), 2.12 (ddt, J = 13.5, 4.6, 1.9 Hz, 1H), 2.00 (tdd, J = 13.4, 4.4, 2.0 Hz, 1H),
1.90—1.77 (m, 3H), 1.76 — 1.66 (m, 2H), 1.65 — 1.56 (m, 2H), 1.56 — 1.44 (m, 2H), 1.36 — 1.19
(m, 2H), 1.09 (qd, /= 12.1, 6.0 Hz, 1H).

13C NMR (101 MHz, CDCl3) & 213.21, 143.30, 110.52, 51.23, 40.97, 40.29, 39.23, 38.95,
31.29,31.01, 29.56, 28.88, 27.36, 25.93, 25.30.

HRMS (ESI-TOF) m/z caled for [M + H]": 253.1354, found 253.1350.

IR (thin film): 2932.25, 2862.37, 1703.33, 1452.11, 755.77 cm’!

Synthesis of alkene 6
Br.
A
GP-B
H Ir(dFppy)2(dtbbpy)PFg
H N B 2,6-lutidine, TTMSS
r
,"H dioxane, 450 nm, rt
N 72%
H O
24 6

Alkene 6 was obtained from bromoalkyne 24 (5.0 mg, 0.014 mmol) according to the

experimental procedure described in General Procedure B, affording a colorless liquid (2.2 mg,



72%). When General Procedure A was used, the yield was 39%.

TLC: Rr= 0.5 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).

TH NMR (400 MHz, CDCl3) § 4.60 (t, J=2.2 Hz, 1H), 4.57 —4.51 (m, 1H), 3.28 (dt, J=11.4,
8.2 Hz, 1H), 2.48 (qd, J = 11.6, 6.5 Hz, 1H), 2.38 — 2.32 (m, 2H), 2.26 — 2.16 (m, 1H), 2.16 —
2.08 (m, 1H), 2.01 (dd, J=11.9, 4.7 Hz, 1H), 1.93 (td, /= 13.1, 4.5 Hz, 1H), 1.87 — 1.68 (mm,
5H), 1.65 — 1.56 (m, 2H), 1.53 — 1.41 (m, 2H), 1.29 (m, 2H), 0.97 (qd, J = 12.3, 6.0 Hz, 1H).
13C NMR (101 MHz, CDCl3) & 214.01, 150.67, 109.23, 51.03, 48.99, 40.57, 40.50, 38.93,
32.68, 31.70, 29.62, 28.81, 27.71, 25.83, 25.28.

HRMS (ESI-TOF) m/z caled for [M + H]": 219.1744, found 219.1739.

IR (thin film): 2929, 1705, 1516, 1269, 756 cm’!

Synthesis of vinyl bromide 25

GP-B

Ir[dFppy)(dtbbpy)PFg
Br  2,6-lutidine, TTMSS

dioxane, 450 nm, rt o

"

25,73%

CCDC 2492080

Bromoalkyne 24 (4.8 mg, 0.013mmol) was subjected to the experimental procedure
described in General Procedure A, except that the reaction time was shortened to 20 min,
affording vinyl bromide 25 as a white solid (2.8 mg, 72%). In addition, alkene 6 was obtained

as a minor product (0.3 mg, 12%).

Vinyl bromide 25:

TLC: Rr= 0.6 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).

'"H NMR (400 MHz, CDCl3) & 5.91 (d, J = 1.9 Hz, 1H), 3.27 (dt, J= 11.2, 8.1 Hz, 1H), 2.82
(dd, J=11.8,5.0 Hz, 1H), 2.54 (qd, J=11.4, 6.6 Hz, 1H), 2.45 - 2.33 (m, 2H), 2.30 - 2.15 (m,
2H), 2.01 (tdd, J=13.3, 4.4, 1.9 Hz, 1H), 1.86 (qd, J=5.6, 3.1 Hz, 2H), 1.83 — 1.68 (m, 3H),
1.66 — 1.58 (m, 2H), 1.56 — 1.47 (m, 2H), 1.37 - 1.19 (m, 2H), 1.12 (qd, J=11.9, 5.9 Hz, 1H).



13C NMR (101 MHz, CDCl3) & 213.12, 146.23, 100.02, 51.25, 43.42, 40.27, 39.29, 38.94,
32.48,31.19, 29.39, 28.83, 27.37, 25.91, 25.34.

HRMS (ESI-TOF) m/z caled for [M + H]"™: 297.0849, found 297.0845.

IR (thin film): 2932, 2861, 1704, 1453, 1269, 755 cm’!

Synthesis of alcohol 28

'H NaBH,, MeOH
92%

To a 100 mL round-bottom flask were added alkene 6 (800 mg, 3.66 mmol, 1.0 equiv.) and

(=2}

MeOH (20 mL). The solution was cooled to 0 °C, followed by the addition of NaBH4 (400 mg,
11.0 mmol, 3.0 equiv.). The reaction mixture was stirred at 0 °C for 30 min. Upon completion,
the reaction was quenched with water (400 mL) and extracted with petroleum ether (3 x 200
mL). The combined organic layers were dried over anhydrous Na>SOs, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:8) to afford the title

alcohol 28 as a white solid (742 mg, 92% yield).

TLC: Rr= 0.4 (ethyl acetate / petroleum ether = 1:3; p-anisaldehyde).

"H NMR (400 MHz, C¢Ds¢) 8 4.79 (d, J=2.7 Hz, 1H), 4.72 (dd, J=2.7, 1.3 Hz, 1H), 3.66 (brs,
1H), 2.83 (dd, J=9.9, 4.1 Hz, 1H), 2.00 (ddt, J=21.8, 8.7, 3.8 Hz, 4H), 1.82 — 1.65 (m, 5H),
1.67 —1.53 (m, 4H), 1.44 — 1.28 (m, 5H), 1.27 — 1.16 (m, 1H), 0.80 (d, /= 4.0 Hz, 1H).

I3C NMR (101 MHz, C¢Ds) 8 153.20, 107.54, 72.91, 48.90, 44.73, 42.38, 39.61, 35.04, 32.51,
31.78, 30.29, 30.16, 29.33, 27.94, 25.46.

HRMS (ESI-TOF) m/z caled for [M + H]": 243.1719, found 243.1712.

IR (thin film): 3397.45, 2927.67, 2858.3, 1652.08, 1446.97, 885.72 cm’!



Synthesis of acetate 30

n® e
II,H ACZO, DMAP= ’IIH
95% H

H
H

OAc

O

28 30

To a 50 mL round-bottom flask were added alcohol 28 (400 mg, 1.82 mmol, 1.0 equiv.),
CH2Cl; (15 mL), Et3N (1.26 mL, 9.08 mmol, 5.0 equiv.), DMAP (111 mg, 0.908 mmol, 0.5
equiv.), and Ac2O (0.51 mL, 5.4 mmol, 3.0 equiv.). The reaction mixture was stirred at room
temperature for 30 min. Upon completion, the mixture was concentrated under reduced
pressure. The residue was directly purified by flash column chromatography on silica gel
(eluent: ethyl acetate/petroleum ether = 1:80) to afford acetate 30 as a colorless liquid (452 mg,
95% yield).

TLC: R¢= 0.6 (ethyl acetate / petroleum ether = 1:10; p-anisaldehyde).

'"H NMR (400 MHz, CDCl3) 6 5.03 (td, J = 5.8, 3.4 Hz, 1H), 4.65 — 4.58 (m, 2H), 2.61 (dd, J
=10.4,4.2 Hz, 1H), 2.38 (qd, /= 8.9, 3.4 Hz, 1H), 2.21 (qd, J=10.3, 6.5 Hz, 1H), 2.11 —2.02
(m, 5H), 1.92 (dddd, J = 14.6, 8.4, 6.0, 2.5 Hz, 1H), 1.84 — 1.60 (m, 6H), 1.58 — 1.40 (m, 4H),
1.41 — 1.17 (m, 4H).

13C NMR (101 MHz, CDCl3) 8 171.03, 152.97, 107.38, 76.35, 48.44, 42.45, 41.76, 39.11,
34.31, 31.68, 29.98, 29.95, 29.43, 29.33, 27.55, 24.94, 21.60.

HRMS (ESI-TOF) m/z caled for [M + H]": 263.2006, found 263.2004.

IR (thin film): 2929.01, 2860.55, 1735.54, 1446.61, 1368.97, 1242.00, 1022.47, 886.52 cm™!

Synthesis of acetate 31



TBADT,

(4-CI-PhS),
H TBAH,POy,,
("H  MeCN,H,0, H (oH
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OAc OAc
30 31

To a 10 mL reaction tube were added acetate 30 (10 mg, 0.038 mmol, 1.0 equiv.), TBADT
(1.0 mg, 0.38 pmol, 0.01 equiv.), bis(4-chlorophenyl) disulfide (1.1 mg, 3.8 pmol, 0.1 equiv.),
and TBAH,PO4 (1.3 mg, 3.8 umol, 0.1 equiv.). The reaction vessel was evacuated and
backfilled with argon. MeCN (0.4 mL) and H>O (0.1 mL) were added via syringe. The mixture
was stirred at room temperature under 395 nm LED irradiation for 8 h. Upon completion, the
reaction was quenched with water (5 mL) and extracted with petroleum ether (3 x 5 mL). The
combined organic layers were dried over anhydrous Na>SQg, filtered, and concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica gel
(eluent: ethyl acetate/petroleum ether = 1:80) to afford the title acetate 31 as a colorless liquid
(5.2 mg, 52% yield, dr = 93:7).

TLC: Rr= 0.5 (ethyl acetate / petroleum ether = 1:20; p-anisaldehyde).

'"H NMR (400 MHz, CDCl3) 6 5.03 (ddd, /= 10.8, 5.4, 1.9 Hz, 1H), 4.75 (t, J = 1.5 Hz, 1H),
4.66 (d,J=1.8 Hz, 1H), 2.65 — 2.52 (m, 1H), 2.48 — 2.34 (m, 1H), 2.30 — 2.15 (m, 2H), 2.09 —
1.96 (m, 4H), 1.95 — 1.84 (m, 1H), 1.83 — 1.71 (m, 4H), 1.71 — 1.52 (m, 5H), 1.51 — 1.34 (m,
3H), 1.33 — 1.24 (m, 1H), 1.23 — 1.09 (m, 1H).

13C NMR (101 MHz, CDCIl3) § 170.50, 152.96, 108.04, 77.26, 47.37, 44.23, 42.46, 37.19,
35.60, 34.69, 33.55, 29.22, 28.90, 27.45, 25.82, 25.12, 21.51.

HRMS (ESI-TOF) m/z caled for [M + H]": 263.2006, found 263.2009.

IR (thin film): 2933.84, 2863.61, 1732.00, 1640.99, 1450.71, 1368.45, 1243.78, 1020.75,
888.52 cm™

Synthesis of ketone 33

20



Y “I’
H
,“H _O3. MeOH @
. -78 °C, 86% .

SAc " Gac
30 33
To a 25 mL round-bottom flask were added acetate 30 (25 mg, 0.095 mmol, 1.0 equiv.)
and MeOH (0.8 mL). The solution was cooled to —78 °C. Ozone was bubbled through the
solution until a pale blue color persisted. After 30 s, oxygen was bubbled through the mixture
until the blue color disappeared. PPhs (75 mg, 0.29 mmol, 3.0 equiv.) was added to the reaction.
The mixture was allowed to warm to room temperature and stirred for 30 min. Upon completion,
the mixture was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:8) to afford ketone 33

as a colorless liquid (22 mg, 86% yield).

TLC: R¢= 0.5 (ethyl acetate / petroleum ether = 1:20; p-anisaldehyde).

'"H NMR (400 MHz, CDCl3) 8 4.97 (dt, J = 6.6, 4.1 Hz, 1H), 2.76 (dd, J = 9.6, 4.1 Hz, 1H),
2.54-2.33 (m, 3H),2.26 —2.16 (m, 1H), 2.13 — 1.96 (m, 5H), 1.89 — 1.65 (m, 7H), 1.64 — 1.57
(m, 1H), 1.54 — 1.40 (m, 3H), 1.39 — 1.22 (m, 2H).

IBCNMR (101 MHz, CDCl3) 6 214.59, 170.86, 75.52, 57.06, 43.63,41.16, 38.71, 38.57,33.22,
29.54, 29.38, 28.99, 28.51, 25.40, 25.38, 21.51.

HRMS (ESI-TOF) m/z caled for [M + H]": 265.1798, found 265.1801.

IR (thin film): 2939.60, 2864.88, 1731.65, 1706.29, 1448.87, 1370.00, 1244.36, 1021.48 cm’!

Synthesis of ketone 32
o
H / 03, MeOH H
I,H ‘IIH
-78 °C, 82%
H = H =
OAc OAc
31 32

To a 25 mL round-bottom flask were added acetate 31 (5.0 mg, 0.019 mmol, 1.0 equiv.)
21



and MeOH (0.5 mL). The solution was cooled to —78 °C. Ozone was bubbled through the
solution until a pale blue color persisted. After 30 s, oxygen was bubbled through the mixture
until the blue color disappeared. PPhs (15 mg, 0.057 mmol, 3.0 equiv.) was added to the
reaction. The mixture was allowed to warm to room temperature and stirred for 30 min. Upon
completion, the mixture was concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:8) to

afford ketone 32 as a colorless liquid (4.1 mg, 82% yield).

TLC: R¢= 0.5 (ethyl acetate / petroleum ether = 1:20; p-anisaldehyde).

'TH NMR (400 MHz, CDCls) & 4.89 (ddd, J = 10.8, 5.3, 1.7 Hz, 1H), 2.90 (tdd, J = 11.7, 7.0,
2.5 Hz, 1H), 2.60 - 2.47 (m, 1H), 2.39 (dddd, /= 14.9, 5.1, 3.4, 1.9 Hz, 1H), 2.29 (dt, J=10.1,
1.8 Hz, 1H), 2.24 — 2.14 (m, 1H), 1.99 (s, 3H), 1.97 — 1.81 (m, 5H), 1.80 — 1.65 (m, 3H), 1.64
—1.51 (m, 3H), 1.50 — 1.32 (m, 3H), 1.24 (m, 1H).

IBCNMR (101 MHz, CDCl3) 6 212.46, 170.53, 77.34, 55.60, 41.55, 41.49, 38.60, 38.38, 36.58,
33.86,29.78,29.21, 27.77, 25.95, 23.61, 21.55.

HRMS (ESI-TOF) m/z caled for [M + H]": 265.1798, found 265.1791.

IR (thin film): 2940.21, 2867.92, 1728.61, 1703.48, 1452.84, 1368.96, 1245.01, 1020.73 cm’!

Thermodynamic Equilibrium of ketone 33
.’H DBU, THF \'H
60°C 61%

OAc OAc
33 32

T« O

To a 10 mL reaction tube were added ketone 33 (7.5 mg, 0.02837 mmol, 1.0 equiv) and
THF (0.2 mL), followed by the addition of DBU (0.02 mL, 0.1 mmol, 5.0 equiv). The reaction
vessel was purged with argon, and the mixture was stirred at 60 °C for 10 h. The mixture was
concentrated under reduced pressure. The residue was directly purified by flash column

chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:8) to afford compound
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32 as a colorless liquid (4.8 mg, 61% yield). The NMR spectrum was consistent with that of

ketone 32 obtained from the ozonolysis of ketone 31.

3. Screening of Photoreaction Conditions

Table S1. Screening of photocatalysts, solvents, and silanes

RIS
HH oH Br catalyst, solvent, silane
T Na,COs, 450 nm, rt
1 o
24 6
entryl?! catalyst solvent silane yield®
1 Ir[dF(CF3)ppy]2(dtbbpy)PFs MeCN TTMSS 46
2 Ir[dF(CF3)ppy]2(dtbbpy)PFe MeOH TTMSS 41
3 Ir[dF(CF3)ppy]2(dtbbpy)PF¢ iPrOH TTMSS 42
4 Ir[dF(CF3)ppy]2(dtbbpy)PFs HFIP!] TTMSS 45
5 Ir[dF(CF3)ppy]2(dtbbpy)PF¢ THF TTMSS 34
6 Ir[dF(CF3)ppy]2(dtbbpy)PFe Et,O TTMSS 62
7 Ir[dF(CF3)ppy]2(dtbbpy)PFs DME TTMSS 41
8 Ir[dF(CF3)ppyl2(dtbbpy)PFs  1,4-dioxane TTMSS 67
9 Ir[dF(CF3)ppy]2(dtbbpy)PFe MTBE TTMSS 61
10 Ir[dF(CF3)ppy]2(dtbbpy)PFs MOE TTMSS 59
11 Ir[dF(CF3)ppy]2(dtbbpy)PFs benzene TTMSS 39
12 [r[dF(CF3)ppy]2(dtbbpy)PFs PhMe TTMSS 45
13 Ir[dF(CF3)ppy]2(dtbbpy)PF n-hexane TTMSS 52
14 [r[dF(CF3)ppy]2(dtbbpy)PFs acetone TTMSS 45

15 Ir[dF(CFs)ppyla(dtbbpy)PFs CHCl; TTMSS 0
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16
17
18
19
20
21
22
23
24
25
26
27
28

Ir[dF(CF3)ppy]2(dtbbpy)PFs DCM TTMSS 0

Ir[dF(CF3)ppy]2(dtbbpy)PFs DMSO TTMSS 38
Ru(bpy)3(PFé)2 1,4-dioxane TTMSS 0
Ru(bpz)3(PFs). 1,4-dioxane TTMSS 0

Ir[(dFFppy)2(4,4'-dCF3bpy)]PFs 1,4-dioxane TTMSS 39

Ir[dF(Me)ppy]2(dtbbpy)PFs 1,4-dioxane TTMSS 65
Ir(dFCF3ppy)2(5,5'-dCFsbpy)PFs 1,4-dioxane TTMSS 59
Ir(dFppy):(dtbbpy)PF, 1,4-dioxane TTMSS 71
Ir(dFppy).(dtbbpy)PFs 1,4-dioxane PhsSiH 0
Ir(dFppy)2(dtbbpy)PFs 1,4-dioxane t-BuPh,SiH 0
Ir(dFppy)2(dtbbpy)PFs 1,4-dioxane  (MesSiO);SiH 0
Ir(dFppy)2(dtbbpy)PFs 1,4-dioxane Et;:SiH 0
Ir(dFppy).(dtbbpy)PFs 1,4-dioxane i-Pr3SiH 0

[ The reaction was conducted using bromide 24 (5.0 mg, 0.013 mmol, 1.0 equiv.), the

appropriate catalyst (0.3 umol, 0.02 equiv.), solvent (1 mL), silane (0.066 mmol, 5 equiv.), and

Na;COs3 (0.066 mmol, 5 equiv.). The mixture was irradiated with a 20 W, 450 nm LED for 2 h

at room temperature.

[Pl NMR vyield.

[l HFIP = 1,1,1,3,3,3-Hexafluoro-2-propanol.

[d MOE = 2-Methoxyethanol.

Table S2. Screening of photocatalysts, solvents, and silanes

Br——-

pa—
H
HH W Br _Ir(dFppy)z(dtbbpy)PFe
TTMSS, base, 1,4-dioxane
N\ 450 nm, rt
H (0]
24 6

entry!® base yield®

24



1 no base 45

2 Na,COs 71
3 K,CO; 65
4 NaHCO:s 55
5 KH,PO4 49
6 Li,COs 65
7 CsF 66
8 Cs2COs3 63
9 NaOAc 58
10 2,6-lutidine 79
11 proton sponge 21
12 pyridine 74
13 2,6-Di-tert-butylpyridine 74
14 NEt; 65
15 DIPEA 53

(4] The reaction was carried out with bromide 24 (5.0 mg, 0.013 mmol, 1.0 equiv.),
Ir(dFppy)2(dtbbpy)PFs (0.3 mg, 0.3 pmol, 0.02 equiv.), TTMSS (21 uL, 0.066 mmol, 5 equiv.),
the appropriate base (0.066 mmol, 5 equiv.), and 1,4-dioxane (1 mL). The mixture was
irradiated with a 20 W, 450 nm LED for 2 h.

[Pl NMR vyield.

Table S3. Screening of silane, base, catalyst equivalents, and reaction concentration.

Br

—
—~
H Ir(dFppy)2(dtbbpy)PFg
HH MW Br
- TTMSS, lutidine, 1,4-dioxane
450 nm, rt
N
H (0]
24 6

entry?  (MesSi);SiH lutidine ~ Ircatalyst  concentration  yield™®
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(equiv.) (equiv.) (equiv.) (mol/L)

1 20.0 5.0 0.02 0.01 80
2 10.0 5.0 0.02 0.01 78
3 5.0 5.0 0.02 0.01 79
4 3.0 5.0 0.02 0.01 64
5 2.0 5.0 0.02 0.01 49
6 1.0 5.0 0.02 0.01 10
7 0.5 5.0 0.02 0.01 0
8 5.0 3.0 0.02 0.01 79
9 5.0 2.0 0.02 0.01 78
10 5.0 1.0 0.02 0.01 79
11 5.0 5.0 0.1 0.01 80
12 5.0 5.0 0.05 0.01 78
13 5.0 5.0 0.02 0.01 80
14 5.0 5.0 0.01 0.01 75
15 5.0 5.0 0.02 0.02 76
16 5.0 5.0 0.02 0.04 77
17 5.0 5.0 0.02 0.08 70
18 5.0 1.0 0.02 0.04 79 (72!)

3 The reaction was performed with bromide 24 (5.0 mg, 0.013 mmol, 1.0 equiv.), the
appropriate amount of Ir(dFppy)2(dtbbpy)PFs, TTMSS, lutidine, and 1,4-dioxane (volume as
appropriate). The mixture was irradiated with a 20 W, 450 nm LED for 2 h.

[l NMR vyield.

(<] Isolated yield.

Table S4. Screening of LED wavelength and reaction time.
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H Ir(dFppy),(dtbbpy)PFe

r ? et
% TTMSS, lutidine, 1,4-dioxane
wavelength, rt

4 o
24
entry® wavelength time (min)  Yield (6)®  Yield (25)®
1 395 nm 120 78 -
2 430 nm 120 77 -
3 450 nm 120 79 -
4 470 nm 120 76 -
5 495 nm 120 43 -
6 450 nm 5 0le] 24lc]
7 450 nm 20 120 73 el
8 450 nm 60 77 -
9 450 nm 240 79 -

(3] The reaction was carried out with bromide 24 (5.0 mg, 0.013 mmol, 1.0 equiv.),
Ir(dFppy)2(dtbbpy)PF¢ (0.3 mg, 0.3 pmol, 0.02 equiv.), TTMSS (21 pL, 0.066 mmol, 5 equiv.),
lutidine (1.5 pL, 0.013 mmol, 1.0 equiv.), and 1,4-dioxane (0.3 mL, 0.04 mol/L). The mixture
was irradiated with the appropriate wavelength of LED (20 W) for appropriate time.

[l NMR vyield.

] Isolated yield.
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4. Photoreaction Set-Up

Figure S1. LED light source used in this work.

Figure S2. 16-position high-throughput photoreactor.
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Figure S3. Emission spectrum of the 450 nm LED, with a full width at half maximum
(FWHM) of 16.2 nm.

5. Computational Details

To gain deeper insight into the regioselectivity, stereoselectivity, and electronic effects on
the reactivity of substrates, DFT calculations were performed. The geometric optimizations
were conducted at B3LYP-D3/6-31+G(d,p) level with the PCM:dioxane solvent model.[*! The
single point calculation was performed on the optimized geometries at the B3LYP-D3(PCM:
dioxane) /cc-pVTZ level.[* Unless otherwise specified, the relative Gibbs free energies in the
following were B3LYP single-point energies corrected by the B3LYP zero-Gibbs energies. All

calculations were performed using Gaussian 09 software.*]
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Figure S4. Intrinsic Reaction Coordinate (IRC) calculation profile for the transformation from
IM1 to IM2 calculated at the B3LYP-D3(PCM)/6-31+G(d,p) level. The energy profile reveals
a monotonically decreasing path from TS1 to IM2 with a distinct inflection point (TS1'),
supporting a one-step, two-stage mechanism that involves initial radical attack followed by

asynchronous ring-expansion.

Cartesian Coordinates and Energies of Optimized Structures

1. Br-system

23
6 0 2.785810 -0.220945 -0.448601
6 0 3.614434 -1.396928 -1.008001
6 0 2.743546 -1.966746 -2.148401
6 0 1.281442 -1.767876 -1.676901
6 0 1.332320 -0.710975 -0.510601
6 0 0.734162 -2.770488 -0.662901
6 0 0.923743 -1.821284 0.524799
8 0 0.238485 -3.873498 -0.760201
1 0 0.608703 0.098510 -0.585301
1 0 0.595438 -1.590490 -2.512001



-0.249160 -1.685108
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species 7PG Esp Esp +ZPG AG
23 0.268948 -5807.506387 -5807.237439 84.5
TS0 0.565295 -7325.099564 -7324.534269 103.1
IM1 0.265039 -3233.203433 -3232.938394 0.0
TS1 0.268225 -3233.191003 -3232.922778 41.0
IM2 0.269697 -3233.229633 -3232.959936 -56.5
TS2 0.271538 -3233.213463 -3232.941925 -9.3
TS2’ 0.584977 -4751.457762 -4750.872785 -0.5
TS3 0.584103 -4751.491721 -4750.907618 -91.9
IM3 0.276884 -3233.259695 -3232.982811 -116.6
24 0.290772 -3233.940225 -3233.649453 -212.9
IM3' 0.28625 -3233.897207 -3233.610957 -111.0
TMSiH 0.289512 -1518.223712 -1517.934200 -
TMSi 0.280039 -1517.583972 -1517.303933 -
TMSiBr 0.278856 -4091.914025 -4091.635169 -
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7. X-ray Crystallographic Data

The single crystal for compound 25 was obtained by slow evaporation of n-hexane. The data
were collected on a Bruker APEX-IICCD diffractometer equipped with MoKa X-ray sources.
Displacement ellipsoids are drawn at the 30% probability level. Structure deposited at the

Cambridge Crystallographic Data Centre (CCDC 2492080).
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Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pre

v/°

Volume/A?

Z

Pcale g/ 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]

Ci5H21BrO
297.24

294.0

monoclinic

P2i/n

8.7790(16)
13.881(2)
11.429(2)

90

92.759(7)

90

1391.2(4)

4

1.424

2.940

616.0

0.45 % 0.38 x0.13
MoKa (A =10.71073)
4.62 to 55.054

-11 = h = 11,-17 = k = 18,-14 <
1 < 14

34092

3204 [Rint = 0.1085, Rsigma = 0.0550]
3204/0/154

1.033

R; =0.0440, wR> =0.1136
R1=10.0660, wR> = 0.1270
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Largest diff. peak/hole / e A~

8. NMR Spectra

0.54/-0.76
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16 — 3C NMR (101 MHz, CDCI;)
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10 — 3C NMR (101 MHz, CDCI;)
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11 — *C NMR (101 MHz, CDCls)
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9 — 3C NMR (101 MHz, CDCls)
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18 — 'H NMR (400 MHz, Pyridine-ds)
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18 — 1*C NMR (101 MHz, Pyridine-ds)
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19 — 3C NMR (101 MHz, CDCI;)
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20 — *C NMR (101 MHz, CDCls)
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7 — 'H NMR (400 MHz, CDCl5)
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7 —13C NMR (101 MHz, CDCls)
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22 — 3C NMR (101 MHz, CDCls)

o)
0 To) oo} DAN-VOODOWWO©O®»®O ® ©
™ N ™ S N oo NNO —
- o < Nr-OWwWOWwttOOOowoN
N - o0 DFTONOONONNNANNO
\ \ \ | SN

/

™S f

nwH

H

o

22
I I I I I I I I I I I I I I I I I I I I I I I
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

75



21— '"H NMR (400 MHz, CDCI;)
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21 - "*C NMR (101 MHz, CDCls)
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23— 3C NMR (101 MHz, CDCls)
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26 — *C NMR (101 MHz, CDCls)
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27— 3C NMR (101 MHz, CDCls)
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24 — >*C NMR (101 MHz, CDCls)
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6 — >*C NMR (101 MHz, CDCls)
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25— 3C NMR (101 MHz, CDCls)
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28 — 'H NMR (400 MHz, CsDe)
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28 — >*C NMR (101 MHz, C¢Dy)

9v'Gc

vm.mm/
€e6c

@fOﬂV
6C°0€
8.°L€
(R A
y0°GE
l9°6€
8Edy
€L vy
06'8v

T

l6'¢L —

vG /0L —

0c’€gl —

\
100

\
110

\
120

\
130

\
140

\
150

\
160

1 (ppm)

91



IVl
MGl

T2
18271
a6l L]
08°L
K I
28°1
90°Z-
102
102
60°C
60°C
652
092
292
€92
L9V
L9V |
19'% |
291 ]
€O'P |
€0°G
v0'G -

T O N B

,\AAJ

Fa1
vy

Z€'9
vZLL

l'uH

I

30

56V
oL
FeoL
oL

— F20°¢

— F00°L

1 (ppm)

92



30— *C NMR (101 MHz, CDCls)
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33— 3C NMR (101 MHz, CDCls)
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32— 3C NMR (101 MHz, CDCls)
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