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Experimental section

General Methods. Unless noted, all commercial reagents were used as purchased without further
purification, and all reactions were carried out under nitrogen. Silicycle F60 (230-400 mesh) silica gel or
a CombiFlash® Automated Flash Chromatograph was used for flash column chromatography. Thin layer
chromatography (TLC) analyses were performed using Merck silica gel 60 Fas4 plates and visualized
under UV or phosphomolybdic acid stain. 'H and '3C NMR spectra were recorded using a Bruker AVIII
400 or AVIII 600 MHz NMR spectrometer and are reported as chemical shifts (6 ppm), multiplicity (s =
singlet, br = broad, d = doublet, dd = doublet of doublets, t = triplet, q = quartet, m = multiplet), coupling
constant (Hz), relative integral. "H NMR spectra were referenced with respect to CDCls (8 = 7.26 ppm)
or DMSO-d; (8 = 2.54 ppm) as internal references and '*C NMR spectra were referenced with respect to
CDCl; (6 = 77.00 ppm) as an internal reference. High resolution mass spectra were obtained using
Bruker MicrOTOF (ESI). IR spectra were recorded using a Thermo Fisher Nicolet iIS10 FT-IR and are

reported in terms of frequency of absorption (cm™).

General procedure for the synthesis of acyl iodides:

neat
1.05 Nal + 1.0 RCOC| ——  » RCOI
0°C-rt,2h

To a round-bottom flask was added sodium iodide (1.05 equiv.) and the corresponding acyl chloride (1.0
equiv.) at 0 °C. Then the reaction was warmed up to room temperature and stirred further for 2 hours,
after which the reaction mixture was filtered to remove sodium chloride. The crude product was purified

by distillation and the pure product was stored in the freezer.

o]

PN

Acetyl iodide. Distillation at 140 ‘C under 1 atm afforded the title product in 51% yield as a yellow

HsC [
liquid. 'H NMR (CDCl3, 600 MHz): & 2.97 (s, 3H); '3C NMR (CDCls, 150 MHz): & 47.24, 156.07. The
spectroscopic data is in agreement with the National Institute of Advanced Industrial Science and

Technology (AIST).



General procedure for the synthesis of aldehydes 28-SM, 29-SM, 32-SM: (4/)

0.1 TEMPO
1.1 Phl(OAc),

R” OH > R0
CHzcb,ﬂ

To a dry round-bottom flask, the respective alcohol (1.0 equiv.), CH>Cl, and TEMPO (0.1 equiv.) were
added and stirred until dissolution. To the stirring solution, iodobenzene diacetate (1.1 equiv.) was added
and the reaction stirred at room temperature until the consumption of the starting alcohol (monitored by
TLC). After completion, the reaction was diluted with CH>Cl> and washed with saturated Na,S;O3
solution, then saturated NaHCOj3 solution, and saturated brine solution. The combined organic extracts
were dried over Na,SO4. Then the solvent was removed under vacuum and the crude product was

purified by column chromatography on silica gel.

TBDPSO
\AO
28-SM

2-((tert-Butyldiphenylsilyl)oxy)acetaldehyde. Column chromatography on silica gel (eluent:
hexanes/ethyl actetate = 5.7:1) afforded the title product in 68% yield as a white solid. 'H NMR (CDCl3,
600 MHz): 6 1.12 (s, 9H), 4.23 (s, 2H), 7.39-7.42 (m, 4H), 7.44-7.47 (m, 2H), 7.67 (d, J = 6.7 Hz, 4H),
9.73 (s, 1H); 3C NMR (CDCl3, 150 MHz): & 19.40, 26.86, 70.15, 128.05, 130.19, 132.70, 135.65,
201.67. Rf = 0.64 (25% ecthyl acetate/75% hexanes). The spectroscopic data is in agreement with that

previously reported. (42)

3-((tert-Butyldiphenylsilyl)oxy)propanal. Column chromatography on silica gel (eluent: hexanes/ethyl
actetate = 5.7:1) afforded the title product in 40% yield as a white solid. "H NMR (CDCls, 600 MHz): &
1.04 (s, 9H), 2.60 (td, J = 9.0, 2.2 Hz, 2H), 4.02 (t, J = 6.0 Hz, 2H), 7.38-7.41 (m, 4H), 7.43-7.45 (m,
2H), 7.66 (dm, J = 6.5 Hz, 4H), 9.82 (t, J = 2.2 Hz, 1H); 1*C NMR (CDCls, 150 MHz): § 19.30, 26.92,
46.55, 58.48, 127.91, 129.95, 133.46, 135.70, 201.88. Ry = 0.41 (10% ethyl acetate/90% hexanes). The

spectroscopic data is in agreement with that previously reported. (43)
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32-SM
2-(1-Tosylpiperidin-4-yl)acetaldehyde. Column chromatography on silica gel (eluent: hexanes/ethyl
actetate = 1.5:1) afforded the title product in 84% yield as a white solid. '"H NMR (CDCls, 600 MHz): &
1.36 (qd, J=25.1, 12.2, 4.1 Hz, 2H), 1.75 (dm, J = 14.0 Hz, 2H), 1.78-1.85 (m, 1H), 2.25 (td, /= 18, 2.5
Hz, 2H), 2.37 (dd, J= 6.7, 1.4 Hz, 2H), 2.43 (s, 3H), 3.75 (d, /= 11.8 Hz, 2H), 7.32 (d, /= 7.9 Hz, 2H),
7.62 (d, J = 8.2 Hz, 2H), 9.72 (t, J = 1.4 Hz, 1H); '3*C NMR (CDCls, 150 MHz): § 21.63, 29.84, 31.42,
46.29, 49.99, 127.85, 129.74, 133.35, 143.63, 200.94. R¢ = 0.39 (50% ethyl acetate/50% hexanes). The

spectroscopic data is in agreement with that previously reported. (47)

Procedure for the synthesis of aldehyde 34-SM:

o 5.0 Nal |
R NG NN B NN
© acetone, 65 °C ©

34-SM

6-Iodohexanal. 6-Chlorohexanal (404 mg, 3 mmol) was added to a solution of Nal (2.25 g, 15 mmol) in
acetone (10 mL) and the reaction was stirred at 50 °C for 10 h. Then the reaction mixture was diluted
with Et,0O, washed with aqueous Na»S,0s3 solution and brine. The combined organic extracts were dried
with NazSO4 and concentrated to provide the pure iodide (532 mg, 78%) as a pale yellow oil. 'H NMR
(CDCl3, 400 MHz): & 1.38-1.49 (m, 2H), 1.65 (m, 2H), 1.84 (m, 2H), 2.45 (dt, J = 1.56, 10.88 Hz, 2H),
3.19 (t, J = 6.90 Hz, 2H), 9.77 (t, J = 1.56 Hz, 1H); '*C NMR (CDCls, 150 MHz): § 6.52, 21.05, 30.06,

33.24, 43.73, 202.25. The spectroscopic data is in agreement with that previously reported. (44)

Procedure for the synthesis of aldehyde 44: (45)

o)

1.1 O ,0.3% CSA
S oTHP 1) 1.5 "BuLi, THF, -78 °C
\\/\/\OH > N .
CH,Clp, 0°C-rt, 3 h 3 2) 3.0 CICO,Me
Me0,C oTHP  0.5% p-TsSOH  meo,c OH 1 5 DMP MeO,C

X —_— X
N 3 MeOH S 3 CH20|2, \M)



All the spectroscopic data are in agreement with that previously reported. (45)

\/\/\
OTHP

1-Hex-5-ynyloxy-tetrahydro-pyran. CSA (7 mg, 0.03 mmol) was added to a solution of hexynol (2.5
mL, 22.8 mmol) and 3,4-dihydro-2H-pyran (2.3 mL, 25 mmol) in DCM at 0 °C. The reaction was
warmed to room temperature and stirred for 4 hours. Then the reaction was quenched with saturated
aqueous NaHCOs and the aqueous layer was extracted with CH>Cl,. The combined organic extracts were
dried over Na,SO4 and concentrated to provide the product as colorless oil quantitatively. '"H NMR
(CDCl3, 400 MHz): 6 1.48-1.74 (m, 10H), 1.77-1.87 (m, 1H), 1.93 (t, J = 2.56 Hz, 1 H), 2.21 (td, J =
2.56, 6.91 Hz, 2H), 3.37-3.42 (m, 1H), 3.46-3.51 (m, 1H), 3.71-3.77 (m, 1H), 3.82 (m, 1 H), 4.56 (t, J =
3.38 Hz, 1 H); '3C NMR (CDCls, 100 MHz): & 18.37, 19.73, 25.47, 25.61, 28.93, 30.85, 62.39, 67.01,

68.46, 84.49, 98.91.

M602C
\/\/\
OTHP

Methyl 7-((tetrahydro-2H-pyran-2-yl)oxy)hept-2-ynoate. "Buli (24.4 mL, 34.2 mmol, 1.4 M in
hexane) was added to a solution of alkyne (4.2 g, 22.8 mmol) in THF (20 mL) at 0 °C over 30 min. After
stirring 2 hours, the mixture was syringed into a solution of methyl chloroformate (5.29 mL, 68.4 mmol)
in THF (5 mL) over 30 minutes, while maintaining a temperature between -25 and -35 °C. The reaction
was stirred for 30 minutes at -35 °C. The cooling bath was then removed and the reaction was stirred for
an additional 1 h at room temperature. The reaction was careful quenched with aqueous NH4Cl and
extracted with Et;O. The combined organic extracts were dried over Na>xSO4 and concentrated. The
crude product was purified by column chromatography (eluent: hexanes/ethyl acetate = 95:5) to yield the
pure product as a colorless oil (5.06 g, 92%). 'H NMR (CDCls;, 400 MHz): & 1.53-1.63 (m, 5H),
1.69-1.77 (m, 5H), 1.80-1.87 (m, 1H), 2.39-2.44 (m, 2H), 3.40-3.46 (m, 1H), 3.50- 3.55 (m, 1H),
3.76-3.82 (m, 1H), 3.78 (s, 3H), 3.85-3.90 (m, 1H), 4.58-4.60 (m, 1H); '3C NMR (CDCls, 100 MHz): &

18.66, 19.76, 24.67, 25.60, 28.99, 30.85, 52.69, 62.49, 66.82, 73.17, 89.70, 99.02, 154.38.

MeOQC
\/\/\
OH

Methyl 7-hydroxyhept-2-ynoate. The THP-protected alkyne (5.06 g, 21.05 mmol) and p-TsOH (21mg,
6



0.11 mmol) were stirred in MeOH at room temperature for 15 hours. The reaction was quenched with
saturated aqueous NaHCO; and methanol was removed under reduced pressure. The product was
extracted with Et;O and CH,Cl,. The combined organic layers were washed with brine, dried over
Na;SOs and concentrated. The crude product was purified by column chromatography (eluent:
hexanes/ethyl acetate = 70:30) to provide the desired alcohol (711 mg, 21%). '"H NMR (CDCls, 400
MHz): § 1.39 (br, 1.39, 1H), 1.67-1.70 (m, 4H), 2.37-2.41 (m, 2H), 3.68 (br, 2H), 3.75 (s, 3H); *C NMR

(CDCl3, 100 MHz): 6 18.59, 24.03, 31.76, 52.71, 62.26, 73.29, 89.50, 154.35.

Methyl 7-oxohept-2-ynoate. DMP (2.05 g, 5 mmol) was added to a solution of alcohol (503 mg, 3.22
mmol) in CH,Cl, (30 mL). The mixture of CH>Cl, (30 mL) and H>O (0.13 mL) was added via addition
funnel (~1 drop/sec). The reaction was stirred for 30 minutes. The reaction was then diluted with Et,O
(50 mL) and concentrated. The obtained slurry was filtered, washed with Et;O (30 mL) and then
concentrated. Column chromatography (eluent: hexanes/ethyl acetate = 95:5 to 90:10) afforded the title
product (282 mg, 40%) as a pale yellow oil. '"H NMR (CDCls, 400 MHz): 6 1.89 (m, 2H), 2.41 (t, J =
6.90 Hz, 2H), 2.61 (t, J = 6.90 Hz, 2H), 3.75 (s, 3H), 9.78 (s, 1H); '3C NMR (CDCls, 150 MHz): § 18.05,

20.02, 42.43, 52.73, 73.80, 88.21, 154.12, 201.06.

Procedure for the synthesis of aldehyde 46: (46)

35 PNy + 1.0 PPhCHCOEt ———3 OM/\/CozEt
rt, 10 h
46

(E)-Ethyl 7-oxohept-2-enoate. According to the known procedure, to a solution of glutaraldehyde (3.5
g, 35 mmol) in CH2Cl, (15 mL) was added a solution of (carbethoxymethylene)triphenylphosphorane
(3.48 g, 10 mmol) in CH,Cl; (20 mL) via syringe pump (2 mL/h) at room temperature. Then the solvent
was removed under vacuum and the crude product was purified by column chromatography on silica gel
(eluent: hexanes/ethyl acetate = 50:1 to 20:1 to 10:1) to afford the title product in 59% yield as a
colorless oil. '"H NMR (CDCls, 400 MHz): 6 1.29 (t, J = 7.2 Hz, 3H), 1.77-1.85 (m, 2 H), 2.25 (dq, J =

7.2, 1.6 Hz, 2H), 2.48 (dt, J = 7.2, 1.6 Hz, 2H), 4.19 (q, J = 6.8 Hz, 2H), 5.84 (dt, J = 15.6, 1.6 Hz, 1H),
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6.91 (dt, J=15.6, 7.2 Hz, 1H), 9.78 (t,J = 1.6 Hz, 1H). The spectroscopic data is in agreement with that

previously reported. (46)

General procedure for the synthesis of alkynes 17-SM, 19-SM, 21-SM, 22-SM, 38-SM, 41-SM,
42-SM, 43-SM: (47)

1.02 DCC _
1.02 =—CO,H + 1.0ROH » =——CO,R
CH,Cl,, -50 °C-0 °C
2h

To the solution of alcohol (1.0 equiv.) in CH2Cl> was added propiolic acid (1.02 equiv.) and DCC (1.02
equiv.) at -50 ‘C. The reaction was warmed up to 0 °C and stirred at 0 °C for 2 hours and then the reaction
mixture was filtered. Then the solvent was removed under vacuum and the crude product was purified

by column chromatography on silica gel.

==—COSPh
17-SM

S-Phenyl prop-2-ynethioate. Column chromatography on silica gel (eluent: hexanes/ethyl acetate =
50:1) afforded the title product in 86% yield as a pale yellow oil. 'H NMR (CDCls, 400 MHz): § 3.40 (s,
1H), 7.45-7.47 (m, 5H); 3C NMR (CDCls, 150 MHz): § 78.82, 81.09, 126.06, 129.45, 130.23, 134.54,
174.91. Re = 0.5 (10% ethyl acetate/90% hexanes). The spectroscopic data is in agreement with that

previously reported. (48)

= 4 =
N/

19-SM

But-3-yn-1-yl propiolate. Extra 5% DMAP was used as a catalyst. Column chromatography on silica
gel (eluent: hexanes/ethyl acetate = 50:1) afforded the title product in 34% yield as a pale yellow oil. 'H
NMR (CDCls, 400 MHz): 6 2.03 (t, J = 2.8 Hz, 1H), 2.59 (dt, J = 6.8, 2.8 Hz, 2H), 2.91 (s, 1H), 4.31 (t,
J = 6.8 Hz, 2H). R¢= 0.5 (10% ethyl acetate/90% hexanes). The spectroscopic data is in agreement with

that previously reported. (49)



o} Me
=4~

21-SM
3-Oxobutyl propiolate. Extra 10% DMAP was used as a catalyst. Column chromatography on silica gel
(eluent: hexanes/ethyl acetate = 7:1-4:1) afforded the title product in 54% yield as a pale yellow oil. 'H
NMR (CDCls, 400 MHz): § 2.20 (s, 3H), 2.82 (t, J = 6.4 Hz, 2H), 2.88 (s, 1H), 4.45 (t, J = 6.4 Hz, 2H).
Rr = 0.4 (20% ethyl acetate/80% hexanes). The spectroscopic data is in agreement with that previously

reported. (50)

Me

/ko

(13S)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-yl

22-SM

propiolate. Extra 3% DMAP was used as a catalyst. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 10:1-8:1) afforded the title product in 31% yield as a light yellow solid. "H NMR
(CDCl3, 400 MHz): 6 0.91 (s, 3H), 1.40-1.68 (m, 6H), 1.95-2.19 (m, 4H), 2.26-2.32 (m, 1 H), 2.38-2.43
(m, 1H), 2.51 (dd, J = 18.4, 8.4 Hz, 1H), 2.92 (dd, J = 8.4, 4.0 Hz, 1H), 3.06 (s, 1H), 6.87 (d, /= 2.8 Hz,
1H), 6.91 (dd, J = 8.1, 2.4 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H); '3C NMR (CDCls, 100 MHz): § 13.78,
21.55, 25.69, 26.23, 29.34, 31.50, 35.80, 37.90, 44.11, 47.88, 50.39, 74.32, 76.59, 118.33, 121.16,
126.56, 138.22, 138.31, 147.65, 151.22, 220.64. IR (film): 3202, 2930, 2861, 2109, 1726, 1489, 1192,
1179, 908, 738 cm’'; HRMS (ESI) for C51H2,03Na [M+Na]*: calcd 345.1467, found 345.1451. Ry= 0.42

(20% ethyl acetate/80% hexanes).

Me

Me Me
Me

e O Me

{

38-SM

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)chroman-6-yl propiolate. Extra 2% DMAP was used



as a catalyst. Column chromatography on silica gel (eluent: hexanes/ethyl acetate = 100:1-50:1) afforded
the title product in 50% yield as a colorless oil. 'H NMR (CDCls;, 600 MHz): & 0.84-0.87 (m, 12H),
1.04-1.15 (m, 6H), 1.21-1.47 (m, 15H), 1.49-1.59 (m, 3H), 1.73-1.84 (m, 2H), 2.01 (s, 3H), 2.05 (s, 3H),
2.09 (s, 3H), 2.59 (t, J = 6.6 Hz, 2H), 3.04 (s, 1H); *C NMR (CDCls, 150 MHz): § 11.80, 12.06, 12.90,
19.59, 19.62, 19.65, 19.68, 19.74, 20.58, 21.02, 22.61, 22.69, 23.90 (br), 24.44, 24.80, 27.97, 31.00,
31.04, 32.69, 32.72, 32.78, 32.80, 37.31, 37.35, 37.37, 37.41, 37.42, 37.46, 37.47, 37.54, 37.57, 39.39,
40.12 (br), 74.48, 75.24, 76.06, 117.60, 123.33, 124.80, 126.51, 139.84, 149.95, 151.44. IR (film): 2925,
2867, 2123, 1730, 1460, 1194, 1108, 1066, 905 ¢cm; HRMS (ESI) for C3;HsoOsNa [M+Na]': caled

505.3658, found 505.3638. Rr= 0.7 (10% ethyl acetate/90% hexanes).

41-SM
Allyl propiolate. Extra 8% DMAP was used as a catalyst. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 50:1) afforded the title product in 54% yield as a pale yellow oil. '"H NMR
(CDCl3, 400 MHz): 6 2.89 (s, 3H), 4.67-4.69 (m, 2H), 5.27-5.31 (m, 1H), 5.34-5.40 (m, 1H), 5.87-5.97
(m, 1H). Ry = 0.5 (10% ethyl acetate/90% hexanes). The spectroscopic data is in agreement with that

previously reported. (57)

42-SM
3-Methylbut-2-en-1-yl propiolate. Extra 10% DMAP was used as a catalyst. Column chromatography
on silica gel (eluent: hexanes/ethyl acetate = 50:1) afforded the title product in 58% yield as a pale
yellow oil. '"H NMR (CDCls, 400 MHz): 8 1.72 (s, 3H), 1.77 (s, 3H), 2.85 (s, 3H), 4.69 (d, J = 7.2 Hz,

2H), 5.34-5.40 (m, 1H). R¢r= 0.5 (10% ethyl acetate/90% hexanes).

43-ZM

Prop-2-yn-1-yl propiolate. Extra 0.2% DMAP was used as a catalyst. Column chromatography on
10



silica gel (eluent: hexanes/ethyl acetate = 50:1) afforded the title product in 11% yield as a pale yellow
oil. 'TH NMR (CDCls, 400 MHz): § 2.54 (t, J = 6.4 Hz, 1H), 2.94 (s, 1H), 4.78 (d, J = 2.4 Hz, 2H). Ry =
0.5 (10% ethyl acetate/90% hexanes). The spectroscopic data is in agreement with that previously

reported. (52)

Procedure for the synthesis of alkyne 13-SM:

Me Me o 3.0 E’[3N Me Me s
1.0 + 2.5 TMSCI _—
HO 0 °C-rt, 2 days TMSO
Me Me Me Me
95%
THF 6.0 KHF, - 4
1.0 =—MgBr + 1.5B(OMe); g » ——BF;K
-78 °C, 1 h; -20°C,1h
-20°C, 1h rt, 1h 40%
Me
_ Me Me 2.0 TMSCI 0
* OTMS — Me
1.0 =BF3K + 1.0 TMSO L B\
WAY acetone o Me
e e rt, overnight Me
13-SM, 64%

2,2,4,4,5,5,7,7-Octamethyl-3,6-dioxa-2,7-disilaoctane. According to the known procedure, TMSCI
(6.35 mL, 50.0 mmol) was added dropwise to a stirred solution of pinacol (2.36 g, 20.0 mmol) and Et3;N
(8.36 mL, 60.0 mmol) in DCM (40 mL) at 0 °C and the resultant mixture was stirred at room
temperature for 48 h. The mixture was then cooled to 0 °C and water was added. The organic layer was
separated, dried over Na,SOas. Then the solvent was removed under vacuum and the crude product was
purified by column chromatography on silica gel (eluent: hexanes) to afford the title product in 95%
yield as a colorless oil. "H NMR (CDCls, 600 MHz): & 0.09 (s, 18H), 1.19 (s, 12H). The spectroscopic

data is in agreement with that previously reported. (53)

Potassium ethynyltrifluoroborate. According to the known procedure, in a 200 mL of 2-neck flask, to
the ethynyl Grignard reagent (40 mmol, 0.5 M in THF, 80 mL), was added B(OMe); (6.68 mL, 60 mmol)
at -78 °C. The mixture was stirred at -78 °C for 1 h and then stirred at -20 °C for 1 h. To the reaction
mixture was added KHF> (19 g, 240 mmol) in distilled water (20 mL) at -20 °C. The aqueous mixture

was stirred at this temperature for 1 h and then at room temperature for 1 h. The obtained reaction

11



mixture was concentrated and dried under vacuum for 4 h. The crude product was dissolved in hot
acetone and the residue was removed by filtration. The filtrate was concentrated to afford the title
product (2.1 g, 40%) as an off-white solid. "H NMR (DMSO-ds, 600 MHz): § 1.91 (s, 1H); '°F NMR
(DMSO-ds, 565 MHz): & -132.34 (q). The spectroscopic data is in agreement with that previously

reported. (54)

2-Ethynyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane. According to the known procedure, to a solution
of the potassium ethynyltrifluoroborate (2.3 g 17.4 mmol) and 2,3-dimethyl-2,3- butanediol
bis(trimethylsilyl) ether (4.57 mL, 17.4 mmol) in dry acetone (50 mL) was added TMSCI (4.42 mL, 34.8
mmol) at room temperature. The mixture was stirred overnight. The precipitates were removed by
filtration. The filtrate was concentrated in vacuo. Then the crude oil was purified by distillation to afford
the desired alkyne as a colorless oil (b.p. = 75 °C /20 mmHg, 1.7g, 64% yield). 'H NMR (CDCls, 400
MHz): 1.28 (s, 12H), 2.48 (s, 1H); '3C NMR (CDCls, 150 MHz): § 24.59, 57.23, 84.53, 90.13. The

spectroscopic data is in agreement with that previously reported. (55)

Procedure for the synthesis of alkyne 18-SM: (56)

18-SM
Prop-2-yn-1-yl 2-methoxyacetate. According to the known procedure, neutral Al,O3 (1.53 g, 15 mmol)
was added to propargylic alcohol (0.58 mL, 10 mmol, stirring not required) and then mixed with
methoxyacetyl chloride (1.83 mL, 20 mmol) in one portion. The resultant dispersion was stoppered
tightly and kept aside unstirred at 25 °C for 4h. Then the dispersion was taken with EtOAc (3 mL) and
filtered. The solvent was removed under vacuum and the crude product was purified by column
chromatography on silica gel (eluent: hexanes/ethyl acetate = 30:1-20:1) to afford the title product in 70%
yield as a colorless oil. 'H NMR (CDCls, 400 MHz): & 2.49 (t, J = 2.8 Hz, 1H), 3.44 (s, 3H), 4.07 (s, 2H),
4.75 (d, J=2.4 Hz, 2H); 3C NMR (CDCl3, 100 MHz): § 52.12, 59.38, 69.55, 75.27, 77.07, 169.41. Ry =
0.3 (10% ethyl acetate/90% hexanes). The spectroscopic data is in agreement with that previously

reported. (57)
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Procedure for the synthesis of alkyne 20-SM: (568)

(0] Me
O—/_<OH
20-SM

3-Hydroxybutyl propiolate. According to the known procedure, to a suspended solution of sodium
cyanoborohydride (628 mg, 10.0 mmol) and zinc chloride (680 mg, 5.0 mmol) in diethyl ether (30 mL)
at 0 °C was added 3-oxobutyl propiolate (1.4 g, 10.0 mmol). The reaction mixture was stirred at room
temperature for 4 h, diluted with diethyl ether (3 mL), and quenched with water. The aqueous layer was
extracted with diethyl ether and the combined ether extracts were dried over Na;SO4. Then the solvent
was removed under vacuum and the crude product was purified by column chromatography on silica gel
(eluent: hexanes/ethyl acetate = 7:1-4:1) to afford the title product in 60% yield as a colorless oil. 'H
NMR (CDCl;, 400 MHz): 6 1.22 (d, J = 6.0 Hz, 3H), 1.70-1.87 (m, 2 H), 1.90 (br, 1H), 2.90 (s, 1H),
3.92 (br, 1H), 4.25-4.30 (m, 1H), 4.36-4.42 (m, 1H); *C NMR (CDCls, 150 MHz): § 23.62, 37.46, 63.54,
64.63, 74.54, 74.88, 152.83. IR (film): 3261, 2969, 2935, 2117, 1702, 1378, 1238, 1137, 1035, 754 cm’!;
HRMS (ESI) for C7H;0lO3Na [M+Na]": caled 165.0528, found 165.0493. Rf = 0.38 (20% ethyl

acetate/80% hexanes).
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Table S1: Reaction optimization

(Procedure A)

i) 1.2 Acl, 5% Zn(OTf),
CH20|2;

0O OAc H
10N+ 50 =—sime, /k/k )\)\
"Bu ii) Catalyst, SlMe3 "Bu SiMes

0.5 DIPEA que LED

10% [CpFe(CO)2]2 20%, >20:1

2% 1% Ru(bpy)sCl> 31%, >20:1 31
3* 1% Ir(ppy)2(dttbbpy)PFs 60%, >20:1 >20:1
4 10% Mny(CO)10 78%, >20:1 >20:1

* 3.0 DIPEA was used, and the reaction was run for 24 h.

(Procedure B)
i) 1.2 Acl, 5% Zn(OTf),
(@) CH2C|2, Ac
1.0 ] +20=—co,Me -
"Bu) ii) Catalyst, 4 A MS )\/kcone )\/kcone
1.0 KOAc que LED, 16'
1% Ru(bpy)sCl> 28%, 6:1
2* 1% Ir(ppy)s 32%, 4:1 3:1
3 20% [CpFe(CO)2]2 60%, >20:1 1:1
4 20% Mny(CO)1o 65%, 14:1 14:1

* 1.0 DIPEA was used, and the reaction was run for 24 h without 4A MS.

Fig. S1: Light set-up
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General procedure for the synthesis of vinyl iodides.

Procedure A (When triethylsilyl acetylene or trimethylsilyl acetylene was used):

i) 1.2 Acl, 5% Zn(OTf),
CH,Cl,, 0 °C, 15 min OAc |

0
1.0 1)| + 50 =—SiMe, — > 1)\)\_
R II) 5% an(CO)»]o R SiMe;

0.5 DIPEA, blue LED, 2 h

To an 8 mL vial was added DCM (0.5 mL), Acl (0.6 mmol), Zn(OTf), (0.025 mmol) and aldehyde (0.5
mmol) consecutively at 0 °C. The mixture was stirred at the same temperature for 15 min. To this
mixture was added DIPEA (0.25 mmol) at 0 °C, then the mixture was stirred for another 15 min. After
that triethylsilyl acetylene (2.5 mmol) and Mn2(CO);o (0.025 mmol) were added to the mixture. The
reaction mixture was degassed by chill-pump-thaw for 20 min, then irradiated with one 90 W blue LED
lamp (Kessil A360WE tuna blue) or two 45 W blue LED lamps (Kessil AI60WE tuna blue) at
approximately 5 cm away from the light source. The reaction temperature was around 40 °C. After 2 h,
the solvent was removed under vacuum and the crude product was purified by column chromatography
on silica gel. Z:E ratios were determined using purified products via 'H NMR.

*Note: 1) The quality of Acl is crucial for the reaction since HI generated from impure Acl would
destroy Mn»(CO)1o to yield poor yield and selectivity. 2) Zn(OTf), was used to eliminate side product
(<10%) formation in a-acetoxy iodide generation. 3) The concentration of the reaction is crucial for the

selectivity as lower concentration affords poor selectivity. 4) Peak absorbance of the light: 458 nm.

Procedure B (When other alkynes were used):

i) 1.2 Acl, 5% Zn(OTf),
CH,Cl,, 0 °C, 15 min OAc |

o
1.0 | + 20 =—R? »
R1J ii) 20% Mny(CO)1o R“J\)\R2

1.0 KOAc, 4 A MS, blue LED, 2 h

To an 8 mL vial was added DCM (1.0 mL), Acl (0.6 mmol), Zn(OTf), (0.025 mmol) and aldehyde (0.5
mmol) consecutively at 0 °C. The mixture was stirred at the same temperature for 15 min. To this
mixture was added 4A MS (25 mg) and KOAc (0.5 mmol) at 0 °C, then the mixture was stirred for
another 15 min. After that alkyne (1.0 mmol) and Mn(CQO);o (0.1 mmol) were added to the mixture. The
reaction mixture was degassed by chill-pump-thaw for 20 min, then irradiated with one 90 W blue LED

lamp (Kessil A360WE tuna blue) or two 45 W blue LED lamps (Kessil AI60WE tuna blue) at
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approximately 5 cm away from the light source. The reaction temperature was around 40 °C. After 2 h,
the solvent was removed under vacuum and the crude product was purified by column chromatography
on silica gel. Z:E ratios were determined using purified products via 'H NMR.

*Note: 1) The quality of Acl is crucial for the reaction since HI generated from impure Acl would
destroy Mn»(CO)1o to yield poor yield and selectivity. 2) Zn(OTf), was used to eliminate side product
(<10%) formation in a-acetoxy iodide generation. 3) The concentration of the reaction is crucial for the

selectivity as lower concentration affords poor selectivity. 4) Peak absorbance of the light: 458 nm.

OAc |
”Bu/k)\SiMeg,
(2)-3
(Z2)-1-1odo-1-(trimethylsilyl)hept-1-en-3-yl acetate. 10% Mny(CO);o catalyst was used. Column
chromatography on silica gel (eluent: hexanes/ethyl acetate = 100:1) afforded the title product in 78%
yield as a colorless oil. Z:E ratio: >20:1. '"H NMR (CDCls, 600 MHz): 6 0.18 (s, 9H), 0.90 (t, J = 7.2 Hz,
3H), 1.31-1.37 (m, 4H), 1.60-1.69 (m, 2H), 2.06 (s, 3H), 5.46-5.50 (m, 1H), 6.16 (d, J = 7.2 Hz, 1H); *C
NMR (CDCl3, 150 MHz): & -1.58, 13.92, 21.13, 22.50, 26.95, 32.88, 79.72, 113.52, 145.52, 170.05. IR
(film): 2956, 2861, 1738, 1369, 1227, 1018, 839 cm™!; HRMS (ESI) for C12H2310,SiNa [M+Na]": caled

377.0410, found 377.0393. Re= 0.35 (5% ethyl acetate/95% hexanes).

(E)-3
(E)-1-Iodo-1-(trimethylsilyl)hept-1-en-3-yl acetate. 'H NMR (CDCl;, 600 MHz): & 0.32 (s, 9H), 0.90
(t, J=17.2 Hz, 3H), 1.23-1.36 (m, 4H), 1.46-1.52 (m, 1H), 1.62-1.68 (m, 1H), 2.04 (s, 3H), 5.32-5.35 (m,
1H), 7.01 (d, J = 9.6 Hz, 1H); '>*C NMR (CDCls, 150 MHz): & 0.89, 13.89, 21.13, 22.48, 27.08, 34.09,
74.40, 113.46, 153.09, 170.10. IR (film): 2957, 2932, 2861, 1739, 1370, 1231, 1018, 843 ¢cm’'; HRMS
(ESI) for Ci2H2310,SiNa [M+Na]*: caled 377.0410, found 377.0394. R = 0.38 (5% ethyl acetate/95%

hexanes).
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OAc |
”BU/K)\SiE@

(2)-12
(Z)-1-1odo-1-(triethylsilyl)hept-1-en-3-yl acetate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 100:1) afforded the title product in 78% yield as a colorless oil. Z:E ratio: >20:1.
'"HNMR (CDCl3, 600 MHz): § 0.69 (q, J = 8.4 Hz, 6H), 0.89 (t, J= 7.2 Hz, 3H), 0.94 (t, J = 7.8 Hz, 9H),
1.30-1.37 (m, 4H), 1.59-1.71 (m, 2H), 2.04 (s, 3H), 5.46-5.50 (m, 1H), 6.16 (d, J = 6.6 Hz, 1H); *C
NMR (CDCl3, 150 MHz): 6 2.89, 6.99, 13.91, 21.08, 22.51, 26.91, 32.85, 79.90, 110.00, 147.24, 169.95.
IR (film): 2954, 2873, 1740, 1368, 1227, 1004, 965, 824 cm’'; HRMS (ESI) for CisHx9IO,SiNa

[M+Na]": calcd 419.0879, found 419.0857. R¢= 0.35 (5% ethyl acetate/95% hexanes).

OAc  SiEt,

"Bu = |

(E)-12
(E)-1-Todo-1-(triethylsilyl)hept-1-en-3-yl acetate. 'H NMR (CDCls, 400 MHz): § 0.76-0.93 (m, 9H),
0.98 (t, J = 8.0 Hz, 9H), 1.23-1.36 (m, 4H), 1.44-1.53 (m, 1H), 1.61-1.70 (m, 1H), 2.03 (s, 3H),
5.22-5.28 (m, 1H), 7.16 (d, J = 10.0 Hz, 1H); *C NMR (CDCls, 100 MHz): § 4.63, 7.29, 13.90, 21.11,
22.53,27.13, 34.50, 74.70, 111.46, 155.16, 170.03. IR (film): 2955, 2933, 2874, 1740, 1369, 1230, 1017,
1002 cm’!; HRMS (ESI) for C5H20I02SiNa [M+Na]*: calcd 419.0879, found 419.0865. R¢ = 0.38 (5%

ethyl acetate/95% hexanes).

OAc |

nBu)\)\ -0 Me

i
M
S e
Me

Me
(2)-13

(2)-1-1odo-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hept-1-en-3-yl acetate. Column
chromatography on silica gel (eluent: hexanes/ethyl acetate = 30:1-20:1-8:1) afforded the title product
and the isomer in 52% yield as a colorless oil. Z:E ratio: 6:1. "H NMR (CDCls, 600 MHz): 6 0.90 (t, J =
6.6 Hz, 3H), 1.24-1.35 (m, 16H), 1.64-1.68 (m, 2H), 2.05 (s, 3H), 5.44-5.48 (m, 1H), 6.79 (d, /= 7.2 Hz,

1H); 3C NMR (CDCl3;, 100 MHz): & 13.91, 21.04, 22.48, 24.72, 24.75, 26.97, 32.41, 78.92, 85.00,
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152.39, 170.20. IR (film): 2955, 2928, 1738, 1371, 1326, 1230, 1141, 1019, 849 cm™!; HRMS (ESI) for

CisHa6lO4BNa [M+Na]*: caled 431.0867, found 431.0675. Re= 0.1 (9% ethyl acetate/91% hexanes).

(E)-13
(E)-1-Iodo-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hept-1-en-3-yl acetate. 'H NMR (CDCls,
600 MHz): 6 0.89 (t, /= 7.2 Hz, 3H), 1.22-1.35 (m, 16H), 1.51-1.68 (m, 2H), 2.02 (s, 3H), 5.61-5.65 (m,
1H), 6.96 (d, J = 9.0 Hz, 1H); 1*C NMR (CDCls, 150 MHz): & 13.88, 21.13, 22.26, 24.58, 24.73, 26.91,
33.74, 74.82, 85.00, 155.37, 169.96. IR (film): 2931, 2858, 1738, 1371, 1323, 1230, 1141, 1017, 967,
847 cm’'; HRMS (ESI) for CisHa6I04BNa [M+Na]": caled 431.0867, found 431.0692. R¢ = 0.30 (9%

ethyl acetate/91% hexanes).

OAc |
"Bu

OMe
(Z2)-14

(Z2)-1-1odo-1-(4-methoxyphenyl)hept-1-en-3-yl acetate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 30:1) afforded the title product and the isomer in 56% yield as a colorless oil.
Z:E ratio: 7:1. '"H NMR (CDCl3, 600 MHz): & Z isomer (major): 0.92 (t, J = 7.2 Hz, 3H), 1.35-1.41 (m,
4H), 1.67-1.79 (m, 2H), 2.07 (s, 3H), 3.82 (s, 3H), 5.51-5.54 (m, 1H), 5.87 (d, J= 7.8 Hz, 1H), 6.81-6.84
(m, 2H), 7.40-7.42 (m, 2H); E isomer (minor): 0.84 (t, /= 7.2 Hz, 3H), 1.19-1.23 (m, 4H), 1.47-1.63 (m,
2H), 2.01 (s, 3H), 3.81 (s, 3H), 5.10-5.14 (m, 1H), 6.35 (d, J= 9.0 Hz, 1H), 6.84-6.85 (m, 2H), 7.26-7.27
(m, 2H); '3C NMR (CDCl3, 100 MHz): § Z isomer (major): 13.93, 21.11, 22.56, 27.03, 33.58, 55.37,
79.37, 106.01, 113.50, 129.79, 135.05, 135.33, 160.04, 170.09; E isomer (minor): 13.80, 21.05, 22.31,
26.90, 33.96, 55.26, 72.78, 100.45, 113.61, 129.58, 133.94, 140.77, 159.54, 169.85. IR (film): 2952,
2858, 1734, 1603, 1506, 1369, 1230, 1176, 1030, 961, 826 cm’!; HRMS (ESI) for CisH2;103Na

[M+Na]*: calcd 411.0433, found 411.0414. Ry= 0.25 (9% ethyl acetate/91% hexanes).
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OAc |

"Bu

(2)-15
(Z£)-1-(Cyclohex-1-en-1-yl)-1-iodohept-1-en-3-yl acetate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 100:1) afforded the title product and the isomer in 50% yield as a colorless oil.
Z:E ratio: 2.2:1. '"H NMR (CDCls, 600 MHz): & 0.90 (t, J = 7.2 Hz, 3H), 1.31-1.36 (m, 4H), 1.55-1.59
(m, 3H), 1.63-1.69 (m, 3H), 2.05 (s, 3H), 2.15-2.16 (m, 2H), 2.24-2.33 (m, 2H), 5.55-5.58 (m, 1H), 5.75
(d, J=7.2 Hz, 1H), 6.18 (d, J = 4.2 Hz, 1H); *C NMR (CDCl3, 100 MHz): § 13.95, 21.17, 22.15, 22.56,
22.84,26.13, 27.02, 27.76, 33.66, 79.54, 112.75, 132.04, 134.07, 136.78, 170.15. IR (film): 2928, 2861,
1736, 1369, 1228, 1017, 957, 957, 799 cm™'; HRMS (ESI) for C;sHx310,Na [M+Na]*: caled 385.0640,

found 385.0645. Ry = 0.35 (5% ethyl acetate/95% hexanes).

(E)-15
(E)-1-(Cyclohex-1-en-1-yl)-1-iodohept-1-en-3-yl acetate. 'H NMR (CDCls, 600 MHz): & 0.89 (t, J =
7.2 Hz, 3H), 1.23-1.34 (m, 4H), 1.46-1.52 (m, 1H), 1.56-1.64 (m, 3H), 1.65-1.73 (m, 2H), 2.00-2.04 (m,
2H), 2.01 (s, 3H), 2.14-2.18 (m, 2H), 5.36-5.40 (m, 1H), 5.73-5.75 (m, 1H), 6.03 (d, J= 9.6 Hz, 1H); 1*C
NMR (CDCls, 100 MHz): 6 13.85, 21.16, 21.74, 22.21, 22.36, 25.22, 27.11, 27.86, 34.13, 72.33, 107.77,
127.18, 138.59, 138.79, 169.90. IR (film): 2929, 2834, 1738, 1435, 1368, 1228, 1015, 957, 922, 725
cm'; HRMS (ESI) for CisHx3I0oNa [M+Na]*: caled 385.0640, found 385.0618. Re = 0.40 (5% ethyl

acetate/95% hexanes).

OAc |
”Bu)\/kCOZMe
(Z)-16
(Z)-Methyl 4-acetoxy-2-iodooct-2-enoate. Column chromatography on silica gel (eluent: hexanes/ethyl
acetate = 30:1) afforded the title product and the isomer in 65% yield as a colorless oil. Z:E ratio: 14:1.

'H NMR (CDCls, 600 MHz): § 0.90 (t, J = 7.2 Hz, 3H), 1.31-1.39 (m, 4H), 1.63-1.75 (m, 2H), 2.06 (s,
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3H), 3.82 (s, 3H), 5.38-5.42 (m, 1H), 7.16 (d, J = 7.2 Hz, 1H); '*C NMR (CDCls, 100 MHz): & 13.84,
20.88, 22.41, 26.87, 32.27, 53.71, 77.64, 93.78, 150.48, 162.93, 170.19. IR (film): 2954, 2861, 1726,
1618, 1433, 1225, 1020, 893, 745 cm™'; HRMS (ESI) for Cy;H;710;Na [M+Na]": calcd 363.0069, found

363.0047. R = 0.25 (9% ethyl acetate/91% hexanes).

OAc CO,;Me

"By AN

(E)-16
(E)-Methyl 4-acetoxy-2-iodooct-2-enoate. 'H NMR (CDCls, 400 MHz): & 0.88 (t, J = 7.6 Hz, 3H),
1.27-1.36 (m, 4H), 1.58-1.70 (m, 2 H), 2.02 (s, 3H), 3.80 (s, 3H), 5.78-5.84 (m, 1H), 6.72 (d, J = 8.4 Hz,
1H); 3C NMR (CDCls, 100 MHz): & 13.83, 20.91, 22.30, 26.96, 33.16, 53.28, 73.19, 86.41, 153.30,
163.54, 170.11. IR (film): 2954, 2860, 1716, 1608, 1433, 1221, 1143, 882, 783 cm™'; HRMS (ESI) for

Ci1Hi7104Na [M+Na]*: caled 363.0069, found 363.0032. Ry= 0.3 (9% ethyl acetate/91% hexanes).

OAc |
”Bu)\)\COSPh

17
(Z£)-2-1odo-1-oxo0-1-(phenylthio)oct-2-en-4-yl acetate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 50:1 to 30:1) afforded the title product in 57% yield as a colorless oil. Z:E
ratio: >20:1. '"H NMR (CDCls, 600 MHz): 6 0.93 (t, J = 7.2 Hz, 3H), 1.34-1.43 (m, 4H), 1.69-1.81 (m,
2H), 2.10 (s, 3H), 5.49-5.52 (m, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.41-7.46 (m, 5H); 1*C NMR (CDCls, 100
MHz): & 13.83, 20.87, 22.42, 26.92, 32.43, 77.58, 102.48, 127.81, 129.30, 129.82, 134.73, 147.87,
170.11, 186.22. IR (film): 2957, 2858, 1739, 1682, 1440, 1369, 1226, 1060, 1022, 745 cm™'; HRMS (ESI)
for Ci¢HiolO3SNa [M+Na]": caled 440.9997, found 440.9972. Ry = 0.30 (9% ethyl acetate/91%

hexanes).

OAc |
(0]
”Bu)\)\/ \"/\OMe

(0]
(2)-18

(Z)-4-Acetoxy-2-iodooct-2-en-1-yl 2-methoxyacetate. Column chromatography on silica gel (eluent:
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hexanes/ethyl acetate = 10:1-7:1) afforded the title product and the isomer in 54% yield as a colorless oil.
Z:E ratio: 3:1. "H NMR (CDCl3, 600 MHz): 6 0.89 (t, J = 7.2 Hz, 3H), 1.27-1.36 (m, 4H), 1.57-1.69 (m,
2H), 2.04 (s, 3H), 3.46 (s, 3H), 4.09 (s, 2H), 4.81 (dd, J = 13.2, 1.2 Hz, 1H), 4.85 (d, J=13.2, 1.2 Hz,
1H), 5.34-5.38 (m, 1H), 5.98 (dt, J = 7.8, 1.2 Hz, 1H); '3C NMR (CDCls, 150 MHz): & 13.83, 20.97,
22.42, 26.84, 31.14, 59.44, 69.67, 71.30, 77.47, 99.96, 137.59, 169.25, 169.99. IR (film): 2957, 2856,
1735, 1370, 1229, 1176, 1124, 1019, 961, 933 c¢cm’'; HRMS (ESI) for Ci3H2I0sNa [M+Na]*": caled

407.0331, found 407.0310. Rr= 0.20 (9% ethyl acetate/91% hexanes).

(E)-18
(E)-4-Acetoxy-2-iodooct-2-en-1-yl 2-methoxyacetate. 'H NMR (CDCls, 600 MHz): 6 0.90 (t, J = 7.2
Hz, 3H), 1.22-1.36 (m, 4H), 1.52-1.69 (m, 2H), 2.04 (s, 3H), 3.47 (s, 3H), 4.11 (s, 2H), 4.78 (d, J=13.2
Hz, 1H), 5.16 (d, J = 12.6 Hz, 1H), 5.44-5.48 (m, 1H), 6.31 (d, J = 9.6 Hz, 1H); *C NMR (CDCls, 150
MHz): 613.85, 20.99, 22.36, 26.95, 33.68, 59.48, 66.37, 69.76, 71.45, 98.70, 143.95, 169.46, 170.15. IR
(film): 2931, 2862, 1737, 1370, 1230, 1178, 1126, 1018, 968, 932 ¢cm’!; HRMS (ESI) for Ci3H2;10sNa

[M+Na]™: calcd 407.0331, found 407.0314. Rr= 0.25 (9% ethyl acetate/91% hexanes).

OAc |

(0]
nBUW

(0]
(2)19

A\

(Z)-But-3-yn-1-yl 4-acetoxy-2-iodooct-2-enoate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 30:1) afforded the title product and the isomer in 50% yield as a colorless oil.
Z:E ratio: 8:1. "H NMR (CDCl3, 600 MHz): 6 0.91 (t, J = 7.2 Hz, 3H), 1.31-1.40 (m, 4H), 1.63-1.76 (m,
2H), 2.02 (t, J = 3.0 Hz, 1H), 2.07 (s, 3H), 2.60 (dt, /= 7.2, 3.0 Hz, 2H), 4.28-4.34 (m, 2H), 5.39-5.43
(m, 1H), 7.19 (d, J = 7.8 Hz, 1H); *C NMR (CDCls, 150 MHz): & 13.83, 18.88, 20.88, 22.42, 26.92,
32.31, 64.39, 70.22, 77.66, 79.45, 93.80, 150.76, 162.15, 170.16. IR (film): 3291, 2957, 2858, 1722,
1371, 1223, 1020, 745 cm™; HRMS (ESI) for C14Hi9IO4Na [M+Na]": calcd 401.0226, found 401.0203.

Rr=0.25 (9% ethyl acetate/91% hexanes).
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(E)-19
(E)-But-3-yn-1-yl 4-acetoxy-2-iodooct-2-enoate. 'H NMR (CDCls, 600 MHz): 6 0.90 (t, J = 7.2 Hz,
3H), 1.29-1.36 (m, 4H), 1.61-1.70 (m, 2H), 2.02 (t, J = 2.4 Hz, 1H), 2.04 (s, 3H), 2.56-2.65 (m, 2H),
4.28-4.35 (m, 2H), 5.82-5.86 (m, 1H), 6.75 (d, J = 8.4 Hz, 1H); '3*C NMR (CDCls, 100 MHz): & 13.85,
18.79, 20.93, 22.41, 26.99, 33.28, 64.18, 70.31, 73.22, 79.46, 86.70, 153.18, 162.87, 170.04. IR (film):
2955, 2861, 1724, 1370, 1225, 1018, 647 cm™'; HRMS (ESI) for C14H1910sNa [M+Na]*: caled 401.0226,

found 401.0200. Rr= 0.30 (9% ethyl acetate/91% hexanes).

20
(Z)-3-Hydroxybutyl 4-acetoxy-2-iodooct-2-enoate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 7:1 to 4:1) afforded the title product in 55% yield as a colorless oil. Z:E
ratio: >20:1. '"H NMR (CDCls, 400 MHz): & 0.91 (t, J = 7.2 Hz, 3H), 1.21 (s, 9H), 1.25 (d, J = 6.0 Hz,
3H), 1.32-1.41 (m, 4H), 1.62-1.91 (m, 5H), 3.91-3.98 (m, 1H), 4.26-4.32 (m, 1H), 4.40-4.46 (m, 1H),
5.33-5.38 (m, 1H), 7.14 (dd, J = 7.6, 0.8 Hz, 1H); '*C NMR (CDCls, 100 MHz): & 13.83, 22.32, 23.61,
26.92, 27.08, 32.12, 37.76, 38.80, 64.29, 64.96, 64.97, 77.50, 93.50, 93.51, 150.79, 162.60, 162.62,
177.80. IR (film): 3350, 2959, 2871, 1713, 1479, 1245, 1146, 1092, 1034, 968 cm’!; HRMS (ESI) for

Ci7HIOsNa [M+Na]*: caled 463.0957, found 463.0932. R¢= 0.40 (20% ethyl acetate/80% hexanes).

OAc |
"By WOWMe
o} o
(2)-21
(£)-3-Oxobutyl 4-acetoxy-2-iodooct-2-enoate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 10:1 to 8:1) afforded the title product and the isomer in 64% yield as a colorless

oil. Z:E ratio: 12:1. 'H NMR (CDCls, 400 MHz): & 0.90 (t, J = 7.2 Hz, 3H), 1.29-1.39 (m, 4H),

1.60-1.74 (m, 2H), 2.06 (s, 3H), 2.20 (s, 3H), 2.82 (t, J = 6.4 Hz, 2H), 4.45 (t, J = 6.4 Hz, 2H), 5.36-5.41
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(m, 1H), 7.12 (d, J = 8.0 Hz, 1H); '*C NMR (CDCls, 100 MHz): & 13.81, 20.86, 22.39, 26.90, 30.29,
32.28, 41.99, 61.74, 77.61, 93.70, 150.63, 162.25, 170.14, 205.03. IR (film): 2957, 2856, 1716, 1370,
1223, 1167, 1022, 746 cm™'; HRMS (ESI) for C14H,10sNa [M+Na]*: caled 419.0331, found 419.0322.

Rf=0.40 (20% ethyl acetate/80% hexanes).

(E)-21
(E)-3-Oxobutyl 4-acetoxy-2-iodooct-2-enoate. 'H NMR (CDCls, 400 MHz): § 0.90 (t, J= 7.2 Hz, 3H),

1.26-1.36 (m, 4H), 1.57-1.69 (m, 2H), 2.03 (s, 3H), 2.21 (s, 3H), 2.84 (t, J = 6.6 Hz, 2H), 4.43-4.49 (m,
2H), 5.77-5.80 (m, 1H), 6.71 (d, J = 8.4 Hz, 1H); 3C NMR (CDCls, 100 MHz): § 13.85, 20.93, 22.40,
26.96, 30.27, 33.22, 41.82, 61.39, 73.08, 86.85, 152.92, 162.97, 170.07, 205.03. IR (film): 2960, 2861,
1716, 1369, 1223, 1166, 1018, 971 cm’'; HRMS (ESI) for Ci4HI0sNa [M+Na]*: caled 419.0331,

found 419.0312. R¢ = 0.45 (20% ethyl acetate/80% hexanes).
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(£)-(135)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-

yl 2-iodo-4-(pivaloyloxy)oct-2-enoate. Column chromatography on silica gel (eluent: hexanes/ethyl
acetate = 30:1-15:1-10:1) afforded the title product and the isomer in 50% yield as a light yellow foam.
Z:E ratio: 5:1. '"H NMR (CDCls, 400 MHz): & 0.91 (s, 3H), 0.94 (t, J = 6.8 Hz, 3H), 1.23 (s, 9H),
1.35-1.80 (m, 12H), 1.95-2.19 (m, 4H), 2.26-2.32 (m, 1H), 2.39-2.44 (m, 1H), 2.51 (dd, /= 18.4, 8.8 Hz,
1H), 2.91 (dd, J = 8.4, 4.4 Hz, 1H), 5.39-5.44 (m, 1H), 6.87 (d, J = 2.8 Hz, 1H), 6.90 (dd, J= 8.8, 2.8 Hz,
1H), 7.30 (d, J = 8.8 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H); '*C NMR (CDCls, 100 MHz): § 13.78, 13.87,
21.54, 22.32, 25.72, 26.26, 26.96, 27.08, 29.33, 31.50, 32.04, 35.79, 37.94, 38.80, 44.10, 47.88, 50.39,
77.67,93.11, 118.36, 121.20, 126.40, 137.75, 138.09, 148.88, 152.15, 161.20, 177.89, 220.65. IR (film):

2957, 2871, 1729, 1492, 1219, 1181, 1146, 1086, 910, 730 cm’!; HRMS (ESI) for C3HsIOsNa
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[M+Na]": calcd 643.1896, found 643.1899. Rr= 0.45 (20% ethyl acetate/80% hexanes).
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(E)-(135)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-
yl 2-iodo-4-(pivaloyloxy)oct-2-enoate. 'H NMR (CDCls, 600 MHz): § 0.87 (t, J = 7.2 Hz, 3H), 0.91 (s,
3H), 1.21 (s, 9H), 1.28-1.75 (m, 12H), 1.95-2.08 (m, 3H), 2.15 (tt, J = 18.0, 9.0 Hz, 1H), 2.29 (dt, J =
10.2, 3.6 Hz, 1H), 2.40-2.43 (m, 1H), 2.51 (dd, J = 18.6, 8.4 Hz, 1H), 2.92 (dd, J = 9.0, 4.2 Hz, 1H),
5.85-5.89 (m, 1H), 6.86 (dd, J= 8.4, 2.4 Hz, 1H), 6.90 (d, /= 2.4 Hz, 1H), 6.94 (dt, J= 8.4, 2.4 Hz, 1H),
7.31 (d, J = 8.4 Hz, 1H); *C NMR (CDCls, 100 MHz): § 13.86, 13.95, 21.62, 22.41, 25.79, 26.34, 27.14,
29.42, 31.58, 33.17, 35.89, 38.02, 38.81, 44.20, 47.98, 50.48, 73.35, 85.30, 85.34, 118.50, 121.29,
121.30, 126.53, 137.96, 138.22, 148.51, 155.61, 155.69, 161.93, 161.95, 177.73, 220.78. IR (film): 2957,
2871, 1732, 1492, 1222, 1179, 1150, 1083, 912, 731 ¢cm'; HRMS (ESI) for C3;H4I0sNa [M+Na]':

calcd 643.1896, found 643.1882. Ry=0.50 (20% ethyl acetate/80% hexanes).
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(Z2)-3-Iodo-3-(triethylsilyl)allyl acetate. General Procedure A. 10% Mnz(CO)10 was used. Column

chromatography on silica gel (eluent: hexanes/ethyl acetate = 95:5) afforded the title product in 46%
yield as a light yellow oil. Z:E ratio: >20:1. '"H NMR (CDCls, 400 MHz): & 0.71 (q, J = 7.9 Hz, 6H),
0.96 (t, J = 7.9 Hz, 9H), 2.10 (s, 3H), 4.67 (d, J = 4.9 Hz, 1 H), 6.42 (t, ] = 4.9 Hz, 1 H); '3C NMR
(CDCls, 150 MHz): & 3.03, 7.18, 20.98, 71.12, 110.96, 143.48, 170.75. IR (film): 2953, 2874, 1742,
1373, 1220, 1034, 1003, 720, 692 cm™'; HRMS (ESI) for C1;H2110,Na [M+Na]*: caled 363.0253, found

363.0225. Ry= 0.35 (5% ethyl acetate/95% hexanes).
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(2)-1-1odo-4-methyl-1-(triethylsilyl)pent-1-en-3-yl acetate. Column chromatography on silica gel
(eluent: hexanes/ethyl acetate = 98:2) afforded the title product in 70% yield as a light yellow oil. Z:E
ratio: >20:1. '"H NMR (CDCls, 400 MHz):  0.71 (q, J = 7.83 Hz, 6H), 0.95 (t, J = 7.83 Hz, 9H), 0.96 (d,
J=6.64 Hz, 1H), 1.98-2.10 (m, 1H), 2.06 (s, 3H), 5.38 (dd, J = 5.64, 7.52 Hz, 1H), 6.13 (d, J = 7.52 Hz,
1H); BC NMR (CDCls, 150 MHz): & 3.10, 7.20, 17.72, 18.46, 21.19, 31.98, 83.61, 111.88, 145.87,
170.15. IR (film): 2956, 2874, 1741, 1368, 1227, 1004, 977, 721, 692 cm’'; HRMS (ESI) for

Ci14H2710,SiNa [M+Na]*: calcd 405.0723, found 405.0698. Rr= 0.35 (5% ethyl acetate/95% hexanes).
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(Z)-4-1odo-1-phenyl-4-(triethylsilyl)but-3-en-2-yl acetate. Column chromatography on silica gel
(eluent: hexanes/ethyl actetate = 9:1) afforded the title product and the isomer in 68% yield as a
colorless oil. Z:E ratio: 9:1. '"H NMR (CDCls, 600 MHz): 8 Z-isomer (major): 0.95 (t, J = 8.0 Hz, 9H),
2.03 (s, 3H), 5.72 (qm, J = 6.4 Hz, 1H), 6.18 (dm, J = 6.9 Hz, 1H); E-isomer (minor): 0.78-0.82 (m, 3H),
0.91 (t, J=17.9 Hz, 9H), 2.01 (s, 3H), 2.85 (dd, J = 13.7, 6.2 Hz, 1H), 5.45-5.49 (m, 1H), 7.20 (d, J=8.0
Hz, 2H); Overlap (major and minor): 0.68-0.72 (q), 2.94-3.04 (m), 7.23-7.26 (m), 7.28-7.33 (m); 3C
NMR (CDCls, 150 MHz): 6 Z-isomer (major): 3.29, 7.13, 21.08, 39.37, 80.48, 111.10, 126.82, 128.39,
129.95, 136.60, 146.70, 169.79; E-isomer (minor): 4.94, 7.35, 41.35, 75.22, 112.62, 127.01, 128.59,
129.86, 136.17, 154.24. IR (film): 3028, 2953, 1741, 1369, 1227, 732, 698 cm™'; HRMS (ESI) for
CisH27INaO,Si [M+Na]": calcd 453.0723, found 453.0718. R¢ = 0.56 (major), 0.59 (minor) (10% ethyl

acetate/90% hexanes).
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(Z)-1-(4-Fluorophenyl)-4-iodo-4-(triethylsilyl)but-3-en-2-yl acetate. Column chromatography on

silica gel (eluent: hexanes/ethyl actetate = 5.7:1) afforded the title product and the isomer in 73% yield
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as a yellow oil. Z:E ratio: 11:1. '"H NMR (CDCl3, 600 MHz): & Z-isomer (major): 2.01 (s, 3H), 5.65-5.68
(m, 1H), 6.14 (d, /= 7.0 Hz, 1H), 7.17-7.20 (m, 2H); E-isomer (minor): 0.77-0.82 (m, 3H), 1.99 (s, 3H),
2.80 (dd, J = 13.8, 6.3 Hz, 1H), 5.39-5.43 (m, 1H), 7.12-7.14 (m, 2H); Overlap (major and minor):
0.66-0.70 (m), 0.88-0.94 (m), 2.89-2.98 (m), 6.94-6.98 (m); '*C NMR (CDCls, 150 MHz): § Z-isomer
(major): 3.04, 7.12, 21.08, 38.39, 80.35, 111.28, 115.13 (d, J=21.6 Hz,) 131.28 (d, J = 7.8 Hz), 132.14
(d, J = 3.23 Hz), 146.30, 161.97 (d, J = 244.5 Hz), 169.79; E-isomer (minor): 4.71, 7.31, 40.36, 74.98,
112.82, 115.37 (d, J = 21.6 Hz), 131.20 (overlap with major), 153.83, 169.73; '°F NMR (CDCls, 564
MHz): & -116.05 (E-isomer), -116.36 (Z-isomer). IR (film): 2954, 2875, 1740, 1509, 1222, 1019, 732
cm’!; HRMS (ESI) for CisHa6FINaO,Si [M+Na]*: calcd 471.0628, found 471.0617. Ry = 0.50 (both

isomers, 10% ethyl acetate/90% hexanes).
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(Z)-4-1odo-1-(4-methoxyphenyl)-4-(triethylsilyl)but-3-en-2-yl acetate. Column chromatography on
silica gel (eluent: hexanes/ethyl actetate = 9:1) afforded the title product in 67% yield as a yellow oil.
Z:E ratio: >20:1. '"H NMR (CDCls, 600 MHz): 6 0.68 (q, J = 7.9 Hz, 6H), 0.92 (t, J= 7.9 Hz, 9H), 2.01
(s, 3H), 2.88-2.95 (m, 2H), 3.78 (s, 3H), 5.63-5.66 (m, 1H), 6.15 (d, J= 6.9 Hz, 1H), 6.81 (d, J = 8.6 Hz,
2H), 7.13 (d, J = 8.5 Hz, 2H); '*C NMR (CDCls, 150 MHz): § 3.27, 7.11, 21.05, 38.45, 55.37, 80.62,
110.92, 113.95, 128.64, 130.84, 146.80, 158.76, 169.73. IR (film): 2953, 2874, 1739, 1512, 1228, 1020,
721 cm’'; HRMS (ESI) for C19H29INaO3Si [M+Na]*: caled 483.0828, found 483.0827. Ry = 0.46 (10%

ethyl acetate/90% hexanes).
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(Z2)-1-((tert-Butyldiphenylsilyl)oxy)-4-iod 0-4-(triethylsilyl) but-3-en-2-yl acetate. Column
chromatography on silica gel (eluent: hexanes/ethyl actetate = 20:1) afforded the title product in 76%
yield as a yellow oil. Z:E ratio: >20:1. 'H NMR (CDCl3, 600 MHz): & 0.70 (g, J = 8.0 Hz, 6H), 0.94 (t, J

=7.9 Hz, 9H), 1.04 (s, 9H), 2.05 (s, 3H), 3.79-3.85 (m, 2H), 5.64-5.66 (m, 1H), 6.33 (d, J = 7.0 Hz, 1H),
26



7.37-7.44 (m, 6H), 7.65-7.69 (m, 4H); '3C NMR (CDCls, 150 MHz): & 3.26, 7.12, 19.41, 21.00, 26.90,
64.23, 80.45, 112.16, 127.81, 129.80, 129.83, 133.53, 133.63, 135.69, 135.79, 144.56, 169.78. IR (film):
3071, 2954, 2873, 1742, 1229, 1111 em'; HRMS (ESI) for CasHsINaOsSi, [M+Na]*: caled 631.1537,

found 631.1524. R¢ = 0.33 (5% ethyl acetate/95% hexanes).
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(Z2)-5-((tert-Butyldiphenylsilyl)oxy)-1-iodo-1-(triethylsilyl)pent-1-en-3-yl  acetate. Column
chromatography on silica gel (eluent: hexanes/ethyl actetate = 5.7:1) afforded the title product and the
isomer in 81% yield as a colorless oil. Z:E ratio: 4:1. '"H NMR (CDCls, 600 MHz): § Z-isomer (major):
0.69 (q, J = 7.8 Hz, 6H), 1.87-1.93 (m, 1H), 3.71-3.75 (m, 2H), 5.65-5.68 (m, 1H), 6.18 (d, J = 6.9 Hz,
1H); E-isomer (minor): 0.80-0.85 (m, 3H), 1.81-1.84 (m, 2H), 3.64-3.67 (m, 2H), 5.51-5.55 (m, 1H),
7.16 (d, J = 9.99 Hz, 1H); Overlap (major and minor): 0.88-0.98 (m), 1.06 (s, minor), 1.07 (s, major),
1.98 (s, minor), 1.99 (s, major), 1.97-2.02 (m), 7.36-7.43 (m), 7.64-7.70 (m); '3C NMR (CDCls, 150
MHz): § Z-isomer (major): 3.05, 7.18, 19.33, 21.14, 27.00, 35.96, 59.74, 77.59, 109.90, 127.78, 129.71,
129.73, 133.83, 133.87, 135.75, 147.20, 169.92; E-isomer (minor): 4.65, 7.45, 19.23, 26.88, 37.59, 59.47,
71.88, 111.38, 127.82, 129.79, 129.81, 133.58, 133.61, 135.45, 135.69, 155.20. IR (film): 3070, 2953,
2874, 1742, 1427, 1228, 1110, 700 cm™'; HRMS (ESI) for C29Hs3INaO3Si; [M+Na]*: caled 645.1693,

found 645.1687. Rr= 0.36 (major), 0.44 (minor) (10% ethyl acetate/90% hexanes).
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(2)-1-(1,3-Dioxoisoindolin-2-yl)-4-iodo-4-(triethylsilyl)but-3-en-2-yl acetate. Column
chromatography on silica gel (eluent: hexanes/ethyl actetate = 5.7:1) afforded the title product in 60%
yield as a colorless oil. Z:E ratio: >20:1. '"H NMR (CDCls, 600 MHz): § 0.67 (qm, J = 5.7 Hz, 6H), 0.90
(t, J="7.8 Hz, 9H), 2.02 (s, 3H) 3.95 (d, /= 6.2 Hz, 2H), 5.82 (dt, /= 7.2, 6.2 Hz, 1H), 6.25 (d, /= 7.3
Hz, 1H), 7.69-7.74 (m, 2H), 7.81-7.86 (m, 2H); '3C NMR (CDCls, 100 MHz): § 2.98, 7.12, 21.02, 39.31,

77.32,114.21, 123.48, 132.09, 134.17, 143.59, 168.09, 169.86. IR (film): 2953, 2874, 1776, 1742, 1714,
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1390, 1368, 1221, 1021, 720, 715 cm™'; HRMS (ESI) for C20H26INNaO4Si [M+Na]*: caled 522.0573,

found 522.0569. R = 0.5 (25% ethyl acetate/75% hexanes).
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(Z2)-5-(1,3-Dioxoisoindolin-2-yl)-1-iodo-1-(triethylsilyl)pent-1-en-3-yl acetate. Column
chromatography on silica gel (eluent: hexanes/ethyl actetate = 5.7:1) afforded the title product and the
isomer in 72% yield as a yellow oil. Z:E ratio: 6:1. 'H NMR (CDCls;, 600 MHz): & Z-isomer (major)
0.92 (t, J= 7.9 Hz, 9H), 2.00 (s, 3H), 2.12-2.17 (m, 1H), 3.74-3.79 (m, 1H), 5.43-5.47 (m, 1H), 6.23 (d,
J = 6.7 Hz, 1H); E-isomer (minor): 0.74-0.78 (m, 3H), 0.85 (t, J = 7.7 Hz, 9H), 2.06 (s, 3H), 3.67-3.71
(m, 1H), 5.18-5.22 (m, 1H), 7.12 (d, J = 9.4 Hz, 1H); Overlap (major and minor) 0.65-0.69 (m),
2.03-2.09 (m), 3.82-3.88 (m), 7.69-7.72 (m), 7.83-7.85 (m); '*C NMR (CDCls, 150 MHz): § Z-isomer
(major): 2.95, 7.12, 21.00, 31.36, 34.11, 78.19, 110.67, 123.35, 132.24, 134.06, 146.39, 168.22, 169.93;
E-isomer (minor): 4.48, 7.28, 21.07, 33.14, 33.92, 72.00, 111.76, 123.38, 132.12, 134.14, 154.17, 168.16,
170.15. IR (film): 2953, 2874, 1772, 1741, 1710, 1394, 1369, 1226, 1005, 718 cm™'; HRMS (ESI) for
C21H2sINNaO4Si [M+Na]*: caled 536.0730, found 536.0724. Ry = 0.42 (both isomers, 25% ethyl

acetate/75% hexanes).
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(Z)-4-1odo-1-(1-tosylpiperidin-4-yl)-4-(triethylsilyl)but-3-en-2-yl. Column chromatography on silica
gel (eluent: hexanes/ethyl actetate = 5.7:1) afforded the title product and the isomer in 66% yield as a
colorless oil. Z:E ratio: 7:1. '"H NMR (CDCls, 600 MHz): § Z-isomer (major): 0.67 (q, J = 7.9 Hz, 6H),
0.91 (t, J = 7.9 Hz, 9H), 1.83 (dd, J = 111.4, 2.9 Hz, 2H), 2.01 (s, 3H), 2.43 (s, 3H), 5.50-5.53 (m, 1H),
6.13 (d, J = 6.8 Hz, 1H); E-isomer (minor): 0.72-0.79 (m, 3H), 0.82-0.86 (m, 3H), 0.94 (t, J = 7.8 Hz,
9H), 1.65-1.69 (m, 2H), 1.85 (d, J = 12.6 Hz, 1H), 1.98 (s, 3H), 2.17 (s, 3H), 5.31-5.35 (m, 1H), 7.11 (d,
J=9.6 Hz, 1H); Overlap (major and minor): 1.25-1.30 (m), 1.35-1.42 (m), 1.45-1.49 (m), 1.59-1.63 (m),

2.18-2.25 (m), 3.74-3.77 (m), 7.32 (d, J = 8.1 Hz), 7.63 (d, J = 8.3 Hz); 3*C NMR (CDCl;, 100 MHz): §
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Z-isomer (major): 2.96, 7.11, 21.18, 21.61, 31.06, 31.63, 32.24, 39.62, 46.34, 46.35, 77.94, 110.45,
127.82, 129.67, 133.34, 143.46, 147.09, 170.01; E-isomer (minor): 4.64, 7.40, 29.78, 30.99, 31.34, 41.40,
72.16, 111.61, 127.65, 129.89, 133.23, 143.54, 154.74. IR (film): 2952, 2874, 1737, 1229, 1163, 722,
548 cm’!'; HRMS (ESI) for C,4H3sINNaO4SSi [M+Na]': caled 614.1233, found 614.1225. Ry = 0.54

(both isomers, 25% ethyl acetate/75% hexanes).
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(Z2)-8-Chloro-1-iodo-1-(triethylsilyl)oct-1-en-3-yl acetate. General Procedure A. 10% Mnx(CO)io

catalyst and 0.5 equiv. KOAc were used instead of DIPEA. Column chromatography on silica gel
(eluent: hexanes/ethyl actetate = 99:1) afforded the title product in 67% yield as a brown oil. Z:E
ratio: >20:1. "H NMR (CDCls, 600 MHz): § 0.70 (q, J = 7.9 Hz, 6H), 0.94 (t, J = 7.9 Hz, 9H), 1.37-1.43
(m, 2H), 1.46-1.51 (m, 2H), 1.62-1.73 (m, 2H), 1.76-1.81 (m, 2H), 2.06 (s, 3H), 3.53 (t, /= 6.7 Hz, 2H),
5.47-5.51 (m, 1H), 6.17 (d, J = 6.9 Hz, 1H); '3C NMR (CDCl3, 150 MHz): § 3.05, 7.18, 21.25, 24.28,
26.84, 32.57, 33.13, 45.02, 79.87, 110.53, 147.14, 170.13. IR (film): 2952, 2874, 1740, 1457, 1370,
1231, 1018, 733 cm™; HRMS (ESI) for CisH30CIINaO>Si [M+Na]*: caled 467.0646 and 469.0616,

found 467.0633 and 469.0616. R¢= 0.57 (10% ethyl acetate/90% hexanes).
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(2)-1,8-Diiodo-1-(triethylsilyl)oct-1-en-3-yl acetate._General Procedure A. 10% Mny(CO);o catalyst

and 0.5 equiv. KOAc were used instead of DIPEA. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 98:2) provided the title product in 64% vyield as a light yellow oil. Z:E
ratio: >20:1. '"H NMR (CDCls, 400 MHz): 6 0.70 (q, J = 7.84 Hz, 6H), 0.94 (t, J = 7.84 Hz, 9H), 1.41 (m,
4 H), 1.66 (m, 2H), 1.83 (m, 2H), 2.06 (s, 3H), 3.18 (t, J = 7.09 Hz, 2H), 5.48 (m, 1 H), 6.17 (d, J = 7.03
Hz, 1 H); 3C NMR (CDCls, 100 MHz): § 3.05, 6.89, 7.21, 21.28, 23.93, 30.43, 33.09, 33.45, 79.86,
110.55, 147.12, 170.13. IR (film): 2952, 2873, 1738, 1369, 1228, 1004, 721, 692 cm™'; HRMS (ESI) for

Ci6H30I20,SiNa [M+Na]™: caled 559.0002, found 558.9973. R¢= 0.33 (5% ethyl acetate/95% hexanes).
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(2)-1,1,1-Trifluoro-4-iodo-2-methyl-4-(triethylsilyl)but-3-en-2-yl acetate. To an 8 mL vial was added
the premade a-acyloxy iodide (0.5 mmol), DCM (0.5 mL) and DIPEA (0.25 mmol) at 0 °C, then the
mixture was stirred for another 15 min. After that triethylsilyl acetylene (2.5 mmol) and Mn2(CO)io
(0.025 mmol) were added to the mixture. The reaction mixture was degassed by chill-pump-thaw for 20
min, then irradiated with 90 W blue LED lamp at approximately 5 cm away from the light source. The
reaction temperature was around 40 °C. After 2 h, the solvent was removed under vacuum and the crude
product was purified by Column chromatography on silica gel (eluent: hexanes/ethyl acetate = 100:1) to
afford the title product in 78% yield as a colorless oil. Z:E ratio: >20:1. 'H NMR (CDCls, 600 MHz): &
0.71 (q, J = 7.8 Hz, 6H), 0.94 (t, J = 7.8 Hz, 9H), 1.83 (d, /= 0.6 Hz, 3H), 2.19 (s, 3H), 6.56 (d, J= 0.6
Hz, 1H); 3C NMR (CDCls, 150 MHz): § 2.95, 6.82, 20.07, 21.34, 80.30 (q, J = 29.6 Hz), 109.94,
124.07 (q, J = 283.4 Hz), 139.55, 167.36. IR (film): 2952, 2873, 1758, 1367, 1226, 1159, 1104, 1004,
732 cm’'; HRMS (ESI) for Ci3H2,F310,SiNa [M+Na]*: caled 445.0284, found 445.0285. Ry = 0.35 (5%

ethyl acetate/95% hexanes).
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(2)-2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)chroman-6-yl 4-acetoxy-2-iodooct-2-enoate.

Column chromatography on silica gel (eluent: hexanes/ethyl acetate = 200:1-150:1-100:1) afforded the
title product and the isomer in 63% yield as a colorless oil. Z:E ratio: 1.6:1. '"H NMR (CDCls, 600 MHz):
6 0.84-0.87 (m, 12H), 0.94 (t, J= 7.2 Hz, 3H), 1.04-1.16 (m, 6H), 1.20-1.45 (m, 19H), 1.50-1.57 (m, 3H),
1.72-1.84 (m, 4H), 1.97 (s, 3H), 2.01 (s, 3H), 2.09 (s, 3H), 2.11 (s, 3H), 2.59 (t, J = 6.0 Hz, 2H),
5.51-5.54 (m, 1H), 7.41 (d, J = 7.8 Hz, 1H); '3C NMR (CDCls, 150 MHz): & 11.78, 12.15, 12.99, 13.87,
19.59, 19.62, 19.64, 19.68, 19.74, 20.60, 20.93, 21.02, 22.44, 22.61, 22.69, 23.63 (br), 24.22 (br), 24.44,
24.79, 27.00, 27.97, 31.15 (br), 32.40, 32.69, 32.72, 32.78, 32.80, 37.30, 37.35, 37.40, 37.42, 37.46,

37.49, 37.54, 37.57, 39.38, 39.58 (br), 40.45 (br), 75.16, 77.60, 92.60, 117.54, 123.23, 124.78, 126.54,
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141.03, 149.69, 151.41, 161.10, 170.17. IR (film): 2924, 2863, 1741, 1459, 1373, 1200, 1072, 1020, 738
cm’'; HRMS (ESI) for C39Hg310sNa [M+Na]': caled 761.3618, found 761.3636. Ry = 0.35 (5% ethyl

acetate/95% hexanes).

| Me
(0}
z Me Me Me
Me
O
"Bu OAc Me (@) Me
Me

(E)-38
(E)-2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)chroman-6-yl 4-acetoxy-2-iodooct-2-enoate. 'H
NMR (CDCl3, 600 MHz): 6 0.84-0.88 (m, 15H), 1.06-1.16 (m, 6H), 1.21-1.44 (m, 19H), 1.49-1.60 (m,
3H), 1.66-1.84 (m, 4H), 2.04 (br, 3H), 2.07 (s, 3H), 2.08 (br, 3H), 2.10 (s, 3H), 2.60 (t, J = 6.6 Hz, 2H),
5.88-5.92 (m, 1H), 6.90 (d, J = 8.4 Hz, 1H); '3*C NMR (CDCls, 100 MHz): & 11.80, 12.19, 13.04, 13.88,
19.57, 19,61, 19.63, 19.67, 19.73, 20.58, 20.97, 21.01, 22.44, 22.61, 22.70, 23.67 (br), 24.11 (br), 24.43,
24.79, 27.15, 27.96, 31.08, 32.69, 32.75, 33.25, 37.27, 37.38, 37.43, 37.51, 37.53, 39.36, 39.62 (br),
40.40 (br), 73.76, 75.11, 84.90, 117.52, 123.24, 124.86, 126.60, 140.63, 149.72, 155.55, 161.64, 170.15.
IR (film): 2924, 2861, 1743, 1459, 1374, 1228, 1188, 1107, 1017, 972 c¢m’'; HRMS (ESI) for

C39He310sNa [M+Na]*: caled 761.3618, found 761.3591. Re= 0.40 (5% ethyl acetate/95% hexanes).

OAc |

”BU/K)\TMS

36

1-Todo-1-(trimethylsilyl)heptan-3-yl acetate. General Procedure B. 5% Mn»(CO)io was used. Column

chromatography on silica gel (eluent: hexanes/ethyl acetate = 100:1) afforded the title product of two
isomers in 76% yield as a colorless oil. Ratio of the two isomers: 2:1. 'H NMR (CDCls, 600 MHz): &
0.14 (s, minor), 0.15 (s, major), 0.87-0.91 (m, overlap), 1.26-1.32 (m, overlap), 1.43-1.66 (m, overlap),
1.75-1.88 (m, overlap), 2.04 (s, minor), 2.05 (s, major), 2.93 (dd, J = 12.0, 3.6 Hz, minor), 3.07 (dd, J =
12.0, 3.0 Hz, major), 5.06-5.12 (m, overlap); '*C NMR (CDCls, 150 MHz):  -2.29, -2.25, 13.89, 13.94,
14.93, 16.87, 21.13, 21.29, 22.55, 22.61, 26.82, 27.30, 31.86, 34.19, 37.50, 38.27, 74.81, 75.76, 170.42,
170.48. IR (film): 2954, 2858, 1736, 1372, 1232, 1020, 837 cm’!; HRMS (ESI) for C>H;sI0>SiNa

[M+Na]*: calcd 379.0566, found 379.0538. Rr=0.35 (5% ethyl acetate/95% hexanes).
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37

1,1,1-Trifluoro-4-iodo-2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butan-2-yl acetate.
To an 8 mL vial was added the premade a-acyloxy iodide (0.5 mmol), DCM (0.5 mL) and KOAc (0.25
mmol) at 0 °C, then the mixture was stirred for another 15 min. After that alkenyl boronate ester (1.0
mmol) and Mn»(CO);9 (0.025 mmol) were added to the mixture. The reaction mixture was degassed by
chill-pump-thaw for 20 min, then irradiated with 90 W blue LED lamp at approximately 5 cm away
from the light source. The reaction temperature was around 40 °C. After 2 h, the solvent was removed
under vacuum and the crude product was purified by Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 30:1 to 20:1) afforded the title product of two isomers in 36% vyield as a
colorless oil. Ratio of the two isomers: 1.3:1. '"H NMR (CDCls, 400 MHz): & 1.25 (s, minor), 1.26 (s,
major), 1.65-1.66 (m, overlap), 2.07 (s, minor), 2.10 (s, major), 2.66 (dd, J = 14.8, 4.0, minor), 2.77 (dd,
J = 15.6, 10.4, major), 2.85-2.92 (m, minor), 2.98-3.03 (m, major), 3.35 (dd, J = 10.4, 3.6, major),
3.42-3.46 (m, minor); *C NMR (CDCls, 100 MHz): & 18.16, 18.83, 21.88, 22.07, 24.06, 24.23, 24.30,
24.34, 38.97, 39.55, 82.34 (q, J = 19 Hz), 82.53 (q, J = 19 Hz), 84.13, 84.16, 124.54 (q, J = 188.2 Hz),
124.68 (q, J = 188.1 Hz), 168.85. IR (film): 2980, 2933, 1752, 1382, 1372, 1158, 1142, 1097, 969, 865
cm’'; HRMS (ESI) for C3H21BF3104Na [M+Na]": caled 459.0427, found 459.0410. Re = 0.25 (9% ethyl

acetate/91% hexanes).

OAc |
nBu)\/l\”/O\/\
o
41

(Z)-Allyl 4-acetoxy-2-iodooct-2-enoate. General Procedure B. Column chromatography on silica gel

(eluent: hexanes/ethyl acetate = 30:1 to 20:1) afforded the title product and the isomer in 42% yield as a
colorless oil. Z:E ratio: 11:1. '"H NMR (CDCls, 400 MHz): § 0.91 (t, J = 7.6 Hz, 3H), 1.31-1.40 (m, 4H),
1.63-1.76 (m, 2H), 2.07 (s, 3H), 2.56-2.65 (m, 2H), 4.69-4.71 (m, 2H), 5.27-5.30 (m, 1H), 5.36-5.45 (m,

2H), 5.90-6.00 (m, 1H), 7.19 (d, J = 8.0 Hz, 1H); 3C NMR (CDCls, 100 MHz): 3 13.86, 20.92, 22.42,
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26.91, 32.31, 67.41, 77.67, 94.10, 118.92, 131.41, 150.52, 162.08, 170.20. IR (film): 2957, 2930, 2861,
1718, 1370, 1220, 1020, 746 cm’'; HRMS (ESI) for C;3HiolOsNa [M+Na]*: caled 389.0226, found

389.0205. Rr=0.25 (9% ethyl acetate/91% hexanes).

OAc |
nBu/KA‘/O\/Y
(@)

42

(Z)-3-Methylbut-2-en-1-yl  4-acetoxy-2-iodooct-2-enoate. General Procedure B. Column

chromatography on silica gel (eluent: hexanes/ethyl acetate = 30:1 to 20:1) afforded the title product and
the isomer in 44% yield as a colorless oil. Z:E ratio: 7:1. "H NMR (CDCls, 400 MHz): § 0.91 (t,J= 7.2
Hz, 3H), 1.31-1.40 (m, 4H), 1.63-1.76 (m, 2H), 1.73 (d, J = 0.8 Hz, 3H), 1.77 (d, J = 0.8 Hz, 3H), 2.07
(s, 3H), 4.70 (d, J = 7.2 Hz, 2H), 5.36-5.45 (m, 2H), 7.15 (d, J = 7.6 Hz, 1H); '3*C NMR (CDCls, 100
MHz): 6 13.87, 18.12, 20.93, 22.43, 25.78, 26.92, 32.35, 63.83, 77.74, 94.98, 118.00, 139.85, 149.99,
162.45, 170.20. IR (film): 2960, 2933, 2861, 1713, 1370, 1219, 1017, 733 cm’'; HRMS (ESI) for

CisH23104Na [M+Na]™: calcd 417.0539, found 417.0521. Re = 0.25 (9% ethyl acetate/91% hexanes).

(06-65)
OAc | P
nBu)\/H‘/O\//
(0]
43

(Z)-Prop-2-yn-1-yl 4-acetoxy-2-iodooct-2-enoate. General Procedure B. Column chromatography on

silica gel (eluent: hexanes/ethyl acetate = 30:1 to 20:1) afforded the title product and the isomer in 42%
yield as a colorless oil. Z:E ratio: 8:1. "H NMR (CDCls, 400 MHz): 8 0.92 (t, J = 7.6 Hz, 3H), 1.30-1.42
(m, 4H), 1.62-1.79 (m, 2H), 2.08 (s, 3H), 2.53 (t, J/ = 2.4 Hz, 1H), 4.81 (dd, J = 2.4, 0.8 Hz, 2H),
5.39-5.44 (m, 1H), 7.23 (d, J = 7.6 Hz, 1H); '3C NMR (CDCls, 100 MHz): § 13.86, 20.91, 22.42, 26.93,
32.25, 54.19, 75.62, 76.96, 77.70, 93.08, 151.53, 161.70, 170.23. IR (film): 2955, 2933, 2858, 1725,
1369, 1219, 1032, 744 cm™; HRMS (ESI) for Ci3H;7104Na [M+Na]": calcd 387.0069, found 387.0047.

R¢=0.25 (9% ethyl acetate/91% hexanes).
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Procedure for the synthesis of a-acetoxy halides.

O OAc
1.0 )]\ + 1.2 Acl _— =
H 0 °C, 10 min "By I

To an 8 mL vial was added acetyl iodide (98 pL, 1.2 mmol) and pentanal (106 pL, 1.0 mmol). The
mixture was stirred at 0 °C for 10 minutes. The reaction mixture was quenched with H,O, extracted with
CHaCly, washed with NazS203(10% ag.), sat. NaHCO3 and dried over Na;SOas. Then the solvent was
removed under vacuum to afford the product as a yellow liquid (210 mg, 82%). 'H NMR (CDCl;, 600
MHz): § 0.92 (t, J = 7.2 Hz, 3H), 1.33-1.45 (m, 4H), 2.07 (s, 3H), 2.13-2.16 (m, 2H), 6.78 (t, J = 6.0 Hz,

1H); 3C NMR (CDCl3, 150 MHz): § 13.82, 21.16, 21.60, 29.52, 41.59, 55.72, 168.51.

o) OAc
1.0 )]\ + 1.2 AcBr _—
H 0°C-rt,2h "Bu Br

a-Acetoxy bromide was made from pentanal and acetyl bromide following the same procedure. Yield:
59%. '"H NMR (CDCls, 600 MHz):  0.92 (t,J = 7.2 Hz, 3H), 1.32-1.48 (m, 4H), 2.10 (s, 3H), 2.06-2.14
(m, 2H), 6.59 (t, J = 6.0 Hz, 1H). *C NMR (CDCls, 100 MHz): & 13.83, 20.96, 21.85, 27.90, 39.07,

76.40, 168.52. HRMS (ESI) for C7H;3BrO;Na [M+Na]*: caled 230.9997, found 230.9992.

0 5% Zn(OTf), OAc
1.0 + 1.2 Acl _—
Fst\Me 78°Crt, 20h  3gd

To an 8 mL vial was added acetyl iodide (0.82 mL, 12 mmol), Zn(OTf), (364 mg, 1.0 mmol), and
1,1,1-trifluoraoacetone (0.90 mL, 10 mmol) at -78 °C. Then the mixture was stirred at room temperature
for 20 h. The reaction mixture was quenched with H2O, extracted with CH,Cl,, washed with Na;S;03
(10% ag.) and dried over Na>SOa. Then the solvent was removed under vacuum to afford the product as
a light pink liquid (1.6 g, 57%). 'H NMR (CDCls, 400 MHz): & 2.14 (s, 3H), 2.38 (q, J = 0.8 Hz, 3H);

3C NMR (CDCl3, 150 MHz): $ 22.07, 28.63, 60.93 (q, J = 32.8 Hz), 122.52 (q, J=279 Hz), 167.28.
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Electrochemical Measurements

Cyclic voltammograms were recorded using a Gamry Reference 600 Potentiostat. A glassy carbon disk
(3 mm diameter, CH Instrument, part # CHI104), Pt mesh, and nonaqueous Ag/Ag™ electrode were used
as the working, counter and reference electrode, respectively. The nonaqueous Ag/Ag® electrode was
prepared in an electrode kit (CH instrument, part # CH112) in which a silver wire was immersed into an
acetonitrile solution containing 0.01 M AgNO3 and 0.1 M tetrabutylammonium perchlorate (TBACIOj).
The electrolyte solution was 1 mM substrate/0.1 M LiClO4 in anhydrous acetonitrile, and was bubbled
with argon for 20 minutes prior the measurement. A scan rate of 10 mV/s was used. The potential of the
reference electrode (0.30 V vs SCE) was calibrated using the redox potential of ferrocene as the standard

(E° (Fc*/Fc)=0.40 V vs SCE).

Fig. S2: Cyclic voltammogram of a-acetoxy iodide

OAc  E, =-1.39 V vs Ag/AgNO3

0,000000 - "Bu | -1.09 V vs SCE

-0.000005
-0.000010
-0.000015

-0.000020

Current (A)

-0.000025

-0.000030

-0.000035

-0.000040 : : : : :
1.8 1.6 1.4 1.2 1.0 0.8 0.6

Potential (V)

Fig. S3: Cyclic voltammogram of a-acetoxy bromide

OAc Epc = -1.60 V vs Ag/AgNO3
0.000005 - "Bu” Br -1.30Vivs SCE

0.000000 - s,
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-0.000010
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Mechanistic investigations

a. Origin of Z-selectivity: Time study and isomerization.

Table S2: Time study According to procedure A (When triethylsilyl acetylene was used) and the
procedure B (When methyl propiolate was used), the reaction was stopped at different time points.
Isolated yields were obtained by column chromatography on silica gel. Z:E ratios were determined using
purified products via '"H NMR.

1) 1.2 Acl, 5% Zn(OTf),
¢ CH,Cly; OAc |

1.0 J + 50 =—SiEty »

n Z :
"Bu 2) 5% Mny(CO)4p, Bu SiEts
0.5 DIPEA, blue LED

5 min 42%
2 15 min 71% 7:1
3 30 min 75% 9:1
4 2h 78% >20:1

1) 1.2 Acl, 5% Zn(OTf),
CH2C|2, Ac

(0]
1.0 | +20 =—co,Me >
) 2) 20% Mn,(CO)4o, )\/kCOZMe )\/kCOZMe

"Bu
1.0 KOAc, 4 AMS

blue LED
15 min 70%, >20:1
2 30 min 67%, >20:1 31
3 1h 63%, >20:1 6:1
4 2h 65%, 14:1 14:1
5 5h 58%, 8:1 12:1

Fig. S4: Isomerization According to the procedure B, the 1:1 mixture of vinyl iodide 16 was

resubjected to the standard condition for 2 h.

36



20% an(CO)»]O
5% Zn(OTf),

OAc | OAc CO,Me 1.0 KOAc, 4 AMS OAc |
¥ > )\)\
"Bu)\)\COQMe "Bu)\/KI CH,Cly, blue LED,2h  "Bu” 7 “COMe
1:1 >20:1, 76%

10% Mn,(CO)4g
5% Zn(OTf),

OAc | OAc CO,Me 1.0 KOAc, 4 AMS OAc |
PPN N - L _L
"Bu Z ~CO,Me "By ] CH,Cl,, blue LED, 2 h "Bu Z ~COo,Me
1:1 4:1, 82%

b. Polarity of ketyl radical.

Fig. S5: Preferential reactivity with electron-deficient olefins

5% an(CO)10
5% Zn(OTf),

Io =—CO,Me 0.5 DIPEA OAc | OAc |
+ > Vs
”Bu) = SiEt, CH,Cl,, blue LED, 2 h ”Bu)\/l\COZMe ”Bu)\/l\SiEtg
2 eq each 16, 63%, 2:1 12, not observed

To an 8 mL vial was added DCM (0.5 mL), Acl (0.6 mmol), Zn(OTf), (0.025 mmol) and aldehyde (0.5
mmol) consecutively at 0 °C. The mixture was stirred at the same temperature for 15 min. To this
mixture was added DIPEA (0.25 mmol) at 0 °C, then the mixture was stirred for another 15 min.
Triethylsilyl acetylene (1.0 mmol), methyl propiolate (1.0 mmol), and Mn2(CO);o (0.025 mmol) were
added to the mixture. The reaction mixture was degassed by chill-pump-thaw for 20 min at -78 °C, then
irradiated with one 90 W Blue LED lamp at approximately 5 cm away from the light source. After 2 h,
the solvent was removed under vacuum and the crude product was purified by column chromatography

on silica gel (eluent: hexanes/ethyl acetate = 98:2) to provide solely 16 in 63% yield. Z:E ratio: 2:1.

c. Catalyst turnover: stoichiometric atom transfer is a viable mechanism.
To an 8 mL vial was added MeCN (0.5 mL), 4-methoxybenzenediazonium tetrafluoroborate (22.2 mg,
0.1 mmol), Mn(CO)sI (32.1 mg, 0.1 mmol) and eosin Y (1.2 mg, 0.001 mmol) consecutively at room

temperature. The reaction mixture was degassed by chill-pump-thaw for 20 min, then irradiated with two
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26 W CFL lamps (at approximately 5 cm away from the light source). After 20 h, the solvent was
removed under vacuum and the crude product was purified by column chromatography on silica gel. 'H
NMR (CDCls, 600 MHz): § 3.78 (s, 3H), 6.67-6.70 (m, 2H), 7.54-7.57 (m, 2H); '*C NMR (CDCls, 100
MHz): 6 55.30, 82.66, 116.36, 138.18, 159.47.

Table S3: Stoichiometric atom transfer

2% eosin'Y
1.0 MeOONZBH +1.0 Mn(CO)sl = MeOOl
MeCN, rt, CFL, 24 h

with fan 40, 70%
1 No variation 70%
2 No eosin Y, light 43%
3 No eosin Y, no light, rt 3%
4 No eosin Y, no light, 50 °C 68%

*Note: The vial was covered by aluminum foil under no light condition.

d. Cascade reactions:
Fig. S6: Two components

SiEt;
OAc CO,Me OAc CO,Mel

MeO,C o Acl e //
3

45, 63%, 2:1 E:Z not observed

To an 8 mL vial was added DCM (0.5 mL), Acl (0.6 mmol), Zn(OTf), (0.025 mmol) and aldehyde (0.5
mmol) consecutively at 0 °C. The mixture was stirred at the same temperature for 15 min. To this
mixture was added DIPEA (0.25 mmol) at 0 °C, then the mixture was stirred for another 15 min.
Triethylsilyl acetylene (2.5 mmol) and Mnx(CO); (0.025 mmol) was added to the mixture. The reaction
was degassed by chill-pump-thaw for 20 min at -78 °C, then irradiated with one 90 W Blue LED lamp
(at approximately 5 cm away from the light source). After 2 h, the crude product was purified by column
chromatography on silica gel (eluent: hexanes/ethyl acetate = 95:5) to provide solely 45 in 63% yield as
a light yellow oil. E:Z ratio: 2:1.

*Note: Same yield and selectivity were obtained without triethylsilyl acetylene.
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OAc CO,Me

2

(E)-45
(E)-methyl 2-(2-acetoxycyclopentylidene)-2-iodoacetate. 'H NMR (CDCls, 400 MHz): & 1.70-1.81 (m,
1H), 2.02 (s, 3H), 1.84-2.04 (m, 2 H), 2.08-2.18 (m, 1H), 2.37-2.48 (td, J = 7.82, 18.97 Hz, 1H),
2.61-2.72 (m, 1H), 3.76 (s, 3H), 5.99 (m, 1H); 3C NMR (CDCls, 150 MHz): & 21.03, 21.85, 35.60,
42.00, 53.34, 74.43, 162.91, 164.01, 169.89. IR (film): 1705, 1226, 1021, 756 cm’'; HRMS (ESI) for

CioH13104Na [M+Na]*: calcd 346.9756, found 346.9728. Re= 0.23 (10% ethyl acetate/90% hexanes).

OAc |

é/kCOZMe

(Z)-45
(2)-Methyl 2-(2-acetoxycyclopentylidene)-2-iodoacetate. 'H NMR (CDCls, 600 MHz): & 1.83-2.04 (m,
J = 4H), 2.10 (s, 3H), 2.73 (m, 1 H), 2.93-3.00 (m, 1H), 3.81 (s, 3H), 5.56 (m, 1H); '3C NMR (CDCls,
150 MHz): 6 21.09, 24.91, 33.19, 35.52, 53.35, 82.28, 85.83, 164.40, 164.46, 170.29. IR (film): 2952,
1736, 1709, 1220, 1030 cm™'; HRMS (ESI) for C;oH;3104Na [M+Na]*: 346.9756, found 346.9744. Ry =

0.31 (10% ethyl acetate/90% hexanes)

Fig. S7: Three components
SiEt,

OA OAc CO,Et OAc CO,Et |
; Acl c // 2 2
- VS .
EtO,C CO,Et I Z SiEt

not observed 47, 47%,4:1 Z:E
To an 8 mL vial was added DCM (0.5 mL), Acl (0.6 mmol), Zn(OTf), (0.025 mmol) and aldehyde (0.5

mmol) consecutively at 0 °C. The mixture was stirred at the same temperature for 15 min. To this
mixture was added DIPEA (0.25 mmol) at 0 °C, then the mixture was stirred for another 15 min.
Triethylsilyl acetylene (2.5 mmol) and Mn»(CO)1o (0.025 mmol) was added to the mixture. The reaction
was degassed by chill-pump-thaw for 20 min at -78 °C, then irradiated with one 90 W Blue LED lamp
(at approximately 5 cm away from the light source). After 2 h, the crude product was purified by column

chromatography on silica gel (eluent: hexanes/ethyl acetate = 95:5) to afford product 47 of several
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isomers in 47% yield as a colorless oil.

(Z2)-Ethyl 2-(2-acetoxycyclopentyl)-4-iodo-4-(triethylsilyl)but-3-enoate.

First fraction (22% yield, containing two isomers): Rf = 0.30 (9% ethyl acetate/91% hexanes). Ratio of
the two Z isomers: 3:1, Z:E ratio of the major isomers > 20:1. 'H NMR (CDCls, 400 MHz): 6 0.64-0.71
(q, overlap), 0.89-0.93 (t, overlap), 1.22-1.26 (t, overlap), 1.60-1.92 (m, overlap), 1.98 (s), 2.05 (s),
2.32-2.40 (m), 2.46-2.53 (m), 3.57 (t, J = 8.8 Hz), 3.72 (dd, J = 10.8, 8.8 Hz), 4.11-4.17 (q, overlap),
4.89-4.93 (m), 4.99 (t, J = 5.2 Hz), 6.08 (d, J = 8.8 Hz), 6.21 (d, J = 9.2 Hz); '*C NMR (CDCls, 100
MHz): § 3.00, 3.01, 6.97, 7.02, 14.17, 14.19, 21.25, 21.83, 22.04, 22.84, 27.63, 28.29, 32.27, 32.57,
46.03, 47.15, 55.70, 57.67, 60.78, 60.81, 76.16, 78.38, 112.60, 113.67, 144.55, 144.98, 170.29, 170.34,
171.52, 171.85. IR (film): 2953, 2874, 1731, 1370, 1235, 1148, 1017, 732 cm™; HRMS (ESI) for
C19H33104SiNa [M+Na]": calcd 503.1090, found 503.1067.

Second fraction (25% yield, containing three isomers): Rr= 0.25 (9% ethyl acetate/91% hexanes). Ratio
of the two Z isomers: 4:1, Z:E ratio of the major isomers 4:1. "H NMR (CDCls, 400 MHz): & 0.66-0.87
(q, overlap), 0.90-1.00 (t, overlap), 1.18-1.26 (t, overlap), 1.53-1.97 (m, overlap), 1.98 (s), 2.00 (s), 2.06
(s), 2.21-2.30 (m), 2.32-2.40 (m), 2.43-2.50 (m), 3.30 (t, J = 10.8 Hz), 3.61 (t, J = 8.8 Hz), 3.79 (dd, J =
10.4, 9.2 Hz), 4.05-4.16 (q, overlap), 4.90-4.94 (m), 5.10-5.13 (m), 5.15-5.18 (m), 6.04 (d, J = 9.2 Hz),
6.13 (d, J=9.2 Hz), 7.13 (d, J = 11.2 Hz); '3C NMR (CDCl3, 100 MHz): § 3.00, 3.01, 4.78, 7.02, 7.27,
7.31, 14.04, 14.07, 14.10, 20.98, 21.15, 21.23, 21.90, 22.02, 22.56, 27.48, 27.55, 28.20, 32.03, 32.64,
32.74, 45.82, 47.05, 51.20, 55.29, 57.20, 60.79, 60.85, 60.92, 76.05, 76.12, 78.30, 109.82, 112.66,
113.48, 144.32, 145.13, 153.12, 170.04, 170.43, 171.27, 171.66, 172.02. IR (film): 2953, 2874, 1732,
1370, 1236, 1149, 1019, 723 cm'; HRMS (ESI) for Ci9H33104SiNa [M+Na]*: caled 503.1090, found

503.1080. (06-188, 204, 201)

e. Unlikely propagation pathway
Fig. S8: Stoichiometric experiment

o Acl; OAc | OAc CO,Me
+ =—COMe > )\/k + )\/k
)I\ 2 By ZNco,Me n Z

Bu |
1.2 BEt3/0;5 60%, 1:1
0.5 BEt;3/0, 29%, 1:1 (Z)-vinyl iodide (E)-vinyl iodide

To an 8 mL vial was added aldehyde (53 pL, 0.5 mmol) and Acl (50 pL, 0.6 mmol). The mixture was
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stirred at 0°C for 15 min. To this mixture was added CH,Cl, (0.5 mL), methyl propiolate (89 pL, 1.0
mmol), iodoethane (201 pL, 2.5 mmol) and BEt3 (0.6 mL, 0.6 mmol, 1.0 M in hexanes) at 0°C. Then O,
(11.2 mL, 0.5 mmol) was bubbled through the solution via syringe pump (12 mL/h) at 0C. After the
addition was finished, the reaction was warmed up to room temperature and stirred for another 2 hours.
Then the solvent was removed under vacuum and the crude product was purified by column
chromatography on silica gel. Z:E ratios were determined using purified products via *H NMR.
Hypothesis: The yield should be lower when catalytic BEt; was used compared with the stoichiometric
case to support a non-propagative mechanism.

Result: Stoichiometric BEt; (1.2 equiv.) yielded 60% of the desired product while substoichiometric

BEt3 (0.5 equiv.) provided only 29% of the desired product indicating propagation pathway is unlikely.

Fig. S9: Competition experiment

( N\
o OAc only
(63
roduct
0.25 | : "Bu 7 TES P
"Bu
Mn,(CO)qg
+50 =—TES —>» VS
OAc OAc &
0.75 not observed
nBU G n /
Bu TES by nmrorms
. J

To an 8 mL vial was added DCM (0.5 mL), a-acetoxy bromide (0.125 mmol), a-acetoxy iodide (0.375
mmol) and DIPEA (0.25 mmol) consecutively at 0 °C. The mixture was stirred for 15 min. Triethylsilyl
acetylene (2.5 mmol) and Mn2(CO);o (0.025 mmol) were added to the mixture. The reaction mixture was
degassed by chill-pump-thaw for 20 min, then irradiated with one 90 W blue LED lamp (Kessil
A360WE tuna blue) at approximately 5 cm away from the light source. The reaction temperature was
approximately 40 °C. After 2 h, the solvent was removed under vacuum and the crude product was
detected by ESI-ms and purified by column chromatography on silica gel.

Hypothesis: The vinyl radical formed in the reaction is capable of abstracting a halogen atom from
a-acetoxy iodide or a-acetoxy bromide. If a propagative mechanism is operative, both vinyl iodide and
vinyl bromide should form.

Result: Only vinyl iodide was observed, which does not support an efficient propagation pathway.
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Synthetic manipulation of vinyl iodide: (59)
10% Pd(PPh3)CI,

OAc | 15% dppf OAc R
1.0 + 3.0 RB(OH),
nsu)\)\sm% 3.0 K,CO3, 2.5 Ag,0 "Bu)\/ksmne3
THF, 60 °C

A suspension of boronic acid (3.0 equiv.), vinyl iodide (1.0 equiv.), Pd(PPh3),Cl> (0.1 equiv.), dppf (0.15
equiv.), powdered KoCO;3 (3 equiv.), and Ag>O (2.5 equiv.) in THF was stirred under nitrogen at 60°C
for 12 h in a sealed tube. The reaction was filtered and washed with diethyl ether. The organic layer was
combined and concentrated under vacuum. The residue was purified by column chromatography on

silica gel (eluent: hexanes/ethyl acetate = 100:1) to afford the product.

OAc "Bu
”Bu)\/kSiM%

48
(E)-7-(Trimethylsilyl)undec-6-en-5-yl acetate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 100:1) afforded the title product in 77% yield as a colorless oil. '"H NMR (CDCls,
400 MHz): 6 0.08 (s, 9H), 0.89 (t, J=7.2 Hz, 3H), 0.92 (t, /= 7.2 Hz, 3H), 1.20-1.38 (m, 8H), 1.44-1.52
(m, 1H), 1.61-1.70 (m, 1H), 2.03 (s, 3H), 2.10-2.19 (m, 1H), 2.22-2.29 (m, 1H), 5.56-5.64 (m, 2H); '3C
NMR (CDClIs, 100 MHz): 6 -1.22, 13.95, 21.39, 22.54, 23.11, 27.31, 30.12, 32.54, 34.65, 70.54, 137.13,
145.66, 170.31. IR (film): 2956, 2931, 2861, 1736, 1369, 1234, 1015, 833, 752 cm™'; HRMS (ESI) for
Ci6H320,SiNa [M+Na]*: calcd 307.2069, found 307.2066. R¢= 0.4 (5% ethyl acetate/95% hexanes).
"Pr
OAc Z

"Bu Z SiMe,
49

(6E, 8E)-7-(Trimethylsilyl)dodeca-6,8-dien-5-yl acetate. Column chromatography on silica gel
(eluent: hexanes/ethyl acetate = 100:1) afforded the title product in 73% yield as a yellow oil. '"H NMR
(600 MHz, CDCl3): 6 6.33 (d, J=15.9 Hz, 1H), 5.72 (q, J = 7.2 Hz, 1H), 5.66-5.61 (m, 1H), 5.53 (d, J =
8.5 Hz, 1H), 2.08 (q, J = 7.2 Hz, 2H), 2.03 (s, 3H), 1.68-1.62 (m, 1H), 1.53-1.47 (m, 1H), 1.45-1.39 (m,
2H), 1.33-1.21 (m, 4H), 0.91 (t, J = 7.4 Hz, 3H), 0.88 (t, ] = 7.1 Hz, 3H), 0.13 (s, 9H); '3C NMR (150

MHz, CDCl3): 6 170.32, 142.51, 137.69, 134.46, 128.53, 71.40, 35.68, 34.67, 27.36, 22.79, 22.65, 21.41,
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14.01, 13.70, -0.59. IR (film): 2958, 2862, 1738, 1370, 1235, 1018, 837 cm’!; HRMS (ESI) for

Ci7H3:NaO,Si [M+Na]*: caled 319.2069, found 319.2051. Rf = 0.36 (3% ethyl acetate in hexanes).

OAc Ph

"Bu Z SiMe,
50

(E)-1-Phenyl-1-(trimethylsilyl)hept-1-en-3-yl acetate. Column chromatography on silica gel (eluent:
hexanes/ethyl acetate = 100:1) afforded the title product in 62% yield as a brown oil. '"H NMR (CDCl3,
400 MHz): 6 7.31-7.27 (m, 2H), 7.20-7.16 (m, 1H), 6.95-6.93 (m, 2H), 5.82 (d, J = 8.2 Hz, 1H),
5.15-5.10 (m, 1H), 1.98 (s, 3H), 1.60-1.52 (m, 1H), 1.47-1.38 (m, 1H), 1.21-1.13 (m, 4H), 0.83-0.80 (m,
3H), 0.06 (s, 9H); *C NMR (CDCls, 150 MHz): & 170.01, 148.11, 141.48, 138.65, 128.16, 127.50,
125.87, 72.64, 34.53, 27.22, 22.49, 21.30, 13.91, -1.69. IR (film): 2957, 2861, 1739, 1370, 1246, 836
cm’'; HRMS (ESI) for CisHz30,SiNa [M+Na]": caled 327.1757, found 327.1740. R = 0.47 (5% ethyl

acetate/95% hexanes).

Cl

OAc

"Bu Z SiMes
51

(E)-1-(4-Chlorophenyl)-1-(trimethylsilyl)hept-1-en-3-yl acetate. Column chromatography on silica
gel (eluent: hexanes/ethyl acetate = 100:1) afforded the title product in 72% yield as a brown oil. 'H
NMR (CDCls, 400 MHz): 6 7.27 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 8.3 Hz, 2H), 5.81 (d, J = 8.3 Hz, 1H),
5.07 (q, J = 7.2 Hz, 1H), 1.98 (s, 3H), 1.61-1.52 (m, 1H), 1.45-1.38 (m, 1H), 1.21-1.14 (m, 4H),
0.84-0.81 (m, 3H), 0.05 (s, 9H); '3C NMR (CDCls, 150 MHz): & 169.98, 146.95, 140.01, 139.38, 132.00,
128.92, 128.45, 72.57, 34.49, 27.25, 22.51, 21.22, 13.87, -1.72. IR (film): 2956, 2861, 1738, 1487, 1370,
1234, 1015, 838 cm™'; HRMS (ESI) for CisH>70,CISiNa [M+Na]*: caled 361.1367, found 361.1337. R

= 0.4 (5% ethyl acetate/95% hexanes).
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OAc

"Bu Z SiMes
52

(E)-1-(4-Methoxyphenyl)-1-(trimethylsilyl)hept-1-en-3-yl acetate. Column chromatography on silica
gel (eluent: hexanes/ethyl acetate = 100:1) afforded the title product in 56% yield as a brown oil. 'H
NMR (CDCl3, 400 MHz): 6 6.88-6.83 (m, 4H), 5.80 (d, J = 8.3 Hz, 1H), 5.18-5.13 (m, 1H), 3.80 (s, 3H),
1.99 (s, 3H), 1.61-1.52 (m, 1H), 1.46-1.38 (m, 1H), 1.20-1.13 (m, 4H), 0.84-0.80 (m, 3H), 0.05 (s, 9H);
13C NMR (CDCl3, 100 MHz): § 170.06, 158.02, 147.68, 138.89, 133.60, 128.51, 113.78, 72.66, 55.31,
34.51, 27.22, 22.51, 21.35, 13.93, -1.67. IR (film): 2955, 2860, 1737, 1506, 1239, 1035, 837 c¢cm’;
HRMS (ESI) for Ci9H3003CISiNa [M+Na]*: caled 357.1862, found 357.184. Ry = 0.46 (10% ethyl

acetate in hexanes).

OAc "Bu OAc |
1.0 )\/k + 30 NS ——» )\/L
"Bu Z “SiMe, CH3CN, rt "Bu ~ "By
83%

According to the known literature procedure (60), the vinylsilane (42.7 mg, 0.15 mmol) was dissolved in
acetonitrile (4 mL) at room temperature and treated with NIS (67.5 mg, 0.3 mmol). The reaction was
stirred for 18 h and another portion of NIS (33.7 mg, 0.15 mmol) was added to fully consume the
starting material. After 2 h the mixture was washed with saturated aqueous Na,SOs3 and dried over
Na;SO4. The solvent was removed under vacuum and the residue was purified by column
chromatography on silica gel (eluent: hexanes/ethyl acetate = 100:1) to afford product in 83% yield as a
pale yellow oil. '"H NMR (CDCls, 400 MHz): & 0.90 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 7.2 Hz, 3H),
1.25-1.39 (m, 6H), 1.47-1.54 (m, 2H), 1.57-1.72 (m, 2H), 2.04 (s, 3H), 2.46-2.50 (m, 2H), 5.34-5.39 (m,
1H), 5.56 (dt, J = 1.2, 8.0 Hz, 1H); '*C NMR (CDCls, 100 MHz): & 13.79, 13.94, 21.14, 21.27, 22.53,
26.96, 31.30, 33.53, 45.09, 78.71, 111.18, 133.47, 170.10. IR (film): 2956, 2930, 2860, 1739, 1370, 1231,
1018 em’'; HRMS (ESI) for Ci3H2310,Na [M+Na]*: caled 361.0640, found 361.0623. Ry = 0.35 (5%

ethyl acetate/95% hexanes).
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10% Pd(PPh3)Cl,

OAc | 15% dppf OAc Ph
1.0 + 3.0 PhB(OH), !
nBu/K)\nBu 3.0 K2CO3, 2.5 AgzO /U\

"Bu = "Bu
THF, 60 °C

80%, 53

(Z2)-7-Phenylundec-6-en-5-yl acetate. Column chromatography on silica gel (eluent: hexanes/ethyl
acetate = 100:1) afforded the title product in 80% yield as a colorless oil. 'H NMR (CDCls, 400 MHz): &
0.83 (t, J= 7.2 Hz, 3H), 0.86 (t, J = 6.8 Hz, 3H), 1.13-1.36 (m, 8H), 1.42-1.51 (m, 1H), 1.56-1.65 (m,
1H), 1.98 (s, 3H), 2.31-2.35 (m, 2H), 5.12-5.17 (m, 1H), 5.38 (dt, J = 1.2, 9.2 Hz, 1H); '*C NMR
(CDCl3, 100 MHz): & 13.86, 13.88, 21.30, 22.22, 22.39, 27.12, 29.82, 34.76, 39.15, 72.52, 125.27,
126.88, 127.96, 128.04, 140.44, 145.46, 170.01. IR (film): 2956, 2930, 2860, 1734, 1466, 1368, 1236,

1016, 701 ecm™!; HRMS (ESI) for CioH230,Na [M+Na]*: calcd 311.1987, found 311.1964. R¢= 0.33 (5%

ethyl acetate/95% hexanes).
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Computational studies:

Table S4: Density functional theory (DFT) calculations

DFT calculations were performed using Spartan ‘16. All geometries were optimized using the ®B97X-D

method with 6-31G* basis set to determinate homolytic bond dissociation enthalpies (BDE). All the

optimizations were done using a CPCM implicit solvation model simulating THF.

a. Bond Dissociation Enthalpy (BDE) Calculations

Fragmentation Reaction BDE (kcal/mol)
OAc OAc .
+ | 57.72
"By | Bu” *
OAc OAc .
+ Br 71.15
"Bu Br gy~ *
OAc | OAc
. +1° 68.45
”Bu/l\)\COZMe "Bu)\/\cozl\/le
OAc CO,Me OAc CO,Me
+1° 64.91
”Bu)\/kl nBu)\/l.
OAc | OAc
. +1° 62.25
"BU/K)\SiEQ "Bu)\/\SiEtg
OAc SiEt, OAc SiEt,
+1° 61.14
”BUJ\/KI "Bu)\/l.
b. Total energy
Total Energy (hartrees) Total Energy (kcal/mol)
OAc
-436.315478 -273791.8893
"Bu |
OAc
-424.852787 -266598.9475
Bu” *
OAc
-2998.8398 -1881798.964
"Bu Br
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OAc |

-741.493982 -465294.1472
”Bu)\)\COZMe
OAc
)\/-\ -730.01531 -458090.4737
"Bu " “CO,Me
OAc CO,Me
)\/k -741.489455 -465291.3064
"Bu I
OAc CO,Me
)\). -730.01531 -458091.1772
"Bu
OAc |
/K)\ -1040.220037 -652747.4352
"By SiEt,
OAc
)\/'\ -1028.75012 -645549.9591
"Bu = SiEty
OAc SiEty
)\/K -1040.213848 -652743.5515
; 7
Bu I
OAc  SiEty
)\). -1028.745699 -645547.1848
"Bu
g -11.370712 -7135.224116

-2573.873636

-1615128.871
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Optimized Cartesian Coordinates

C.

Cartesian Coordinates
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