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1. General methods

All reactions were carried out in flame-dried glassware, under argon atmosphere, using standard gas-tight
syringes, cannulae and septa. Reaction temperatures refer to external bath temperatures. All the heating
reactions were heated in an oil bath or an aluminium heating block. Low temperature reactions were carried
out into an Cryocool-lInmersion Cooler C-100 1l from Neslab. Toluene was distilled from
sodium/benzophenone. THF and dichloromethane were dried via MBraun MB-SPS 800 Solvent Purification
System. All purchased reagents were used without further purification unless otherwise noted. Indium(lil)
iodide (99.998%) was used under argon in a glove box Inert Pure Lab"e. Completion of the reactions and
reaction times were estimated by thin-layer chromatography (TLC) using pre-coated silica gel foils (Alugram®
Xtra SIL G/UV254, 0.20 mm thick), UV light as the visualizing agent, and ethanolic phosphomolybdic acid as
the developing agent. Flash column chromatography was performed using 230-400 mesh silica gel. '"H NMR
and 3C NMR spectra were recorded at room temperature in CDCls using a 300 and 400 MHz Bruker Advance
spectrometer and calibrated to the solvent peak. DEPT data were used to assign carbon types. Chemical shifts
are reported in ppm (d) relative to the solvent CDClIs (dn 7.26 ppm and &¢ 77.1 ppm). The data of HRMS was
obtained with a QSTAR Elite hybrid quadrupole time-of-flight (TOF) ESI mass spectrometer, operating in the

positive ionization mode.

2. Synthesis and characterization of starting 1,6-enynes

Dimethyl 2-(3-methylbut-2-en-1-yl)-2-(prop-2-yn-1-yl) malonate (1)."

1) NaH
= 2) Propargyl bromide
MeO2C THF, 0°C to rt, _
CO,Me 16 h, 88% MeO,C CO,Me

1

A suspension of NaH (580 mg, 24.2 mmol, 95%) in THF (70 mL) was cooled to 0 °C and dimethyl 2-(3-
methylbut-2-en-1-yl) malonate? (4.40 g, 21.9 mmol) in THF (10 mL) was dropwise added. Upon complete
addition, propargyl bromide (80% sol in toluene, 3.60 mL, 24.2 mmol) was added dropwise and reaction
mixture was stirred at rt for 16 h. The reaction mixture was poured into a mixture of H20 (30 mL) and EtOAc
(30 mL). After separation of the layers, the aqueous phase was extracted with EtOAc (2 x 30 mL) and the
combined organic layer was dried with anhydrous MgSOy, filtered and the solvent evaporated under reduced
pressure. After purification by column chromatography (5% EtOAc/hexane) 1 (4.5 g, 88%) was obtained as a
colourless oil.

Ri= 0.22 (10% EtOAc/hexane). '"H NMR (400 MHz, CDCls) & 4.90 (t, J = 7.8 Hz, 1H), 3.73 (s, 6H), 2.80-2.76
(m, 4H), 2.00 (t, J = 2.7 Hz, 1H), 1.70 (s, 3H), 1.65 (s, 3H). "*C NMR (100 MHz, CDCI3)  170.5 (2xC), 137.0
(C), 117.0 (CH), 79.3 (C), 71.2 (CH), 57.2 (C), 52.7 (2xCHs3), 30.8 (CHz), 26.1 (CHs), 22.5 (CHz), 17.9 (CH3).
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4-Methyl-N-(3-methylbut-2-en-1-yl)-N-(prop-2-yn-1-yl)benzenesulfonamide (2).3

~ It

T NEt;, TsCl T Br/\)\ =

A NH —_——— NHTs ——/

\/ 2 CH,Clj rt \/ acetone, rt N
Ts
2

To a stirred solution of propargylamine (1.16 mL, 18.16mmol) in CH2Clz (25 mL), TsCI (3.15 g, 16.50 mmol)
and NEts (5.73 mL, 41.25 mmol) were sequentially added and the resulting mixture was stirred overnight at rt.
The reaction mixture was then extracted with CH2Clz (2 x 20 mL), and the combined organic layer was washed
with saturated aqueous NaCl (20 mL), dried over anhydrous MgSQu, filtered and the solvent evaporated under
reduced pressure to afford, after purification by column chromatography (15-30% EtOAc/hexane) 4-methyl-N-
(prop-2-yn-1-yl)-benzenesulfonamide (2.76 g, 82%) as a white solid.

K2COs (1.34 g, 9.70 mmol), 1-bromo-3-methylbut-2-ene (1.12 mL, 9.7 mmol) were sequentially added to a
stirred solution of 4-methyl-N-(prop-2-yn-1-yl)-benzenesulfonamide (1.01 g, 4.85 mmol) in acetone (8 mL) and
the resulting mixture was stirred at rt for 24 h. After completion, K2COs was removed by filtration in vacuum
and the solvent was evaporated under reduced pressure. The residue was dissolved in ethyl ether (80 mL),
washed with saturated aqueous NaCl (40 mL), dried over anhydrous MgSO:s, filtered and the solvent
evaporated under reduced pressure to afford, after purification by column chromatography (5% EtOAc/hexane)
2 (1.23 g, 91%) as a colourless oil.

Rf = 0.45 (20% EtOAc/hexane). 'H NMR (300 MHz, CDClz): & 7.71 (d, J = 8.3 Hz, 2H), 7.26 (d, J = 8.1 Hz,
2H), 5.07 (t, J=7.3 Hz, 1H), 4.04 (d, J = 2.5 Hz, 2H), 3.79 (d, J = 7.3 Hz, 2H), 2.39 (s, 3H), 1.98 (t, J = 2.5 Hz,
1H), 1.70 (s, 3H), 1.64 (s, 3H). '*C NMR (75 MHz, CDCls): & 143.4 (C), 139.0 (C), 136.2 (C), 129.4 (2xCH),
127.8 (2xCH), 117.9 (CH), 77.1 (C), 73.4 (CH), 43.9 (CHz), 35.4 (CH2), 25.9 (CHs), 21.5 (CH3), 17.8 (CHa).

Dimethyl 2-cinnamyl-2-(prop-2-yn-1-yl)malonate (E)-4.*

T 1) Nah
= 2; Praopargyl bromide
MeO,C THF,0°Ctort _
CO,Me Me0,C CO,Me

(E)-4

A suspension of NaH (86 mg, 3.21 mmol, 95% dry) in dry THF (10 mL) was cooled to 0 °C and a solution of
(E)-dimethyl 2-cinnamylmalonate® (725 mg, 2.92 mmol) in dry THF (6 mL) was added dropwise. After stirring
at that temperature for 1h, propargyl bromide (0.360 mL, 3.21 mmol) was added dropwise and the reaction
mixture was allowed to warm to rt overnight. The resulting mixture was diluted with H20 (20 mL) and the
aqueous phase was extracted with EtOAc (2 x 15 mL). The combined organic extracts were washed with
saturated aqueous NaCl (15 mL), dried over anhydrous MgSQs, filtered and the solvent evaporated under
reduced pressure to afford, after purification by column chromatography (10% EtOAc/hexane) (E)-4 (0.712 g,
71%) as a pale yellow oil.

Ri= 0.39 (10% EtOAc/hexane). 'H NMR (300 MHz, CDCls): & 7.29-7.14 (m, 5H), 6.47 (d, J = 15.7 Hz, 1H),
5.95 (dt, J=15.7, 7.7 Hz, 1H), 3.71 (s, 6H), 2.91 (dd, J = 7.6, 1.3 Hz, 2H), 2.80 (d, J = 2.7 Hz, 2H), 2.01 (t, J
= 2.7 Hz, 1H). ®C NMR (75 MHz, CDCIs): & 170.2 (2xC), 137.0 (C), 134.7 (CH), 128.5 (2xCH), 127.6 (CH),
126.3 (2xCH), 123.1 (CH), 78.8 (C), 71.7 (C), 57.2 (CH), 52.9 (2xCHs), 35.9 (CH), 22.9 (CH>).
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Dimethyl (2)-2-(3-phenylallyl)-2-(prop-2-yn-1-yl)malonate ((Z)-4).

+ f\ Ph NaH |Lf\Ph

MeO,C~ “CO,Me  Br THF, 0°Ctort Moo’ COMe
(E)-4

A suspension of NaH (131 mg, 4.74 mmol, 90% dry) in dry THF (14 mL) was cooled to 0 °C and dimethyl

propargylmalonate (672 mg, 3.95 mmol) was added dropwise. After stirring at that temperature for 1h, a

A

solution of (Z)-cinammyl bromide (0.933 g, 4.74 mmol) in dry THF (6 mL) was added dropwise and the reaction
mixture was allowed to warm to rt overnight. The resulting mixture was diluted with H20 (20 mL) and the
aqueous phase was extracted with ethyl ether (2 x 15 mL). The combined organic extracts were washed with
saturated aqueous NaCl (15 mL), dried over anhydrous MgSQs, filtered and the solvent evaporated under
reduced pressure to afford, after purification by column chromatography (3-10% EtOAc/hexane) (Z)-4 (0.931
g, 82%) as a yellow oil.

Rr = 0.39 (20% EtOAc/hexane). '"H NMR (300 MHz, CDCls): & 7.36-7.19 (m, 5H), 6.60 (d, J = 11.7 Hz, 1H),
5.48 (dt, J=11.7, 7.5 Hz, 1H), 3.67 (s, 6H), 3.13 (dd, J = 7.5, 1.8 Hz, 2H), 2.83 (d, J = 2.7 Hz, 2H), 1.87 (1, J
= 2.7 Hz, 1H). 3C NMR (75 MHz, CDCl3): 8 170.2 (2xC), 136.8 (C), 133.1 (CH), 128.8 (2xCH), 128.2 (2xCH),
126.9 (CH), 124.7 (CH), 78.5 (C), 71.8 (CH), 57.0 (C), 52.8 (2xCHs), 30.7(CHz), 22.9 (CHz). HRMS (ESI) m/z
calcd for C17H1804Na [M+Na]* 309.1103; found 309.1109.
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3. General procedure for tandem indium(lll)-catalyzed cycloisomerization and

intermolecular hydrofunctionalization of 1,6-enynes

In a capped vial filled with argon and equipped with a magnetic stir bar, Inls (5 mol%) was placed and the
corresponding solvent (2 mL) was added. The suspension was cooled down to —20 °C and a solution of 1,6-
enyne (1 equiv.) and the nucleophile (5 equiv.) in dichloromethane or dichloroethane, adjusting the volume
until the final concentration of the reaction mixture was ~0.035 M, was added dropwise. The resulting mixture
was left warming at rt or heated (40-60 °C) until the starting material was consumed (TLC and/or GC-MS). The
solvent was evaporated in vacuum and the residue was purified by column chromatography (EtOAc/hexane)

to afford the corresponding product (Schemes 1 and 2).

Scheme 1. Tandem indium-catalyzed cyclizations and intermolecular additions to 1,6-enynes 1 and 2.

|| : Nu
= Inl3 (5 mol%)
+ NuH

z CH,Cl, (0.035 M) z
(5 equiv) —20°C to 23°C
1, Z = C(CO,Me), NuH = R-OH, R—-CO,H, Ar-H, TMSN;  3a—q

2,Z=NTs

—OMe ~0Bn ~OPh

Me0,C7 CO,Me  MeO,&T COMe  MeO,CT COMe  MeO,C' “CO,Me Me0,C” “CO,Me
3a (80%) 3b (86%) 3c (64%) 3d (47%) 3e (84%)

—0 )
O)\ t-Bu O% Cy

Me0,C” “CO,Me Me0,C” “CO,Me Me0,C? “COo,Me Me0,C’ “Co,Me
3f (45%) 3g (50%) 3h (53%) 3i (45%)

: R = OMe :
g g MeO,C’ ‘COM
MeO,C7 CO,Me MeO,C’ “CO,Me o2 2ne
3j (61%) 3k (92%) 31 (60%)
OBn - (0]
O//\\Ph
N N
Ts Ts
3n (69%) 30 (43%) 3p (59%) 3q (57%)
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Scheme 2. Tandem indium(lll)-catalyzed 1,6-enyne cyclizations and intermolecular additions to 1,6-enynes
(E)-4 and (2)-4.

R’I
H ZoR2 NuH Inl3 (5 mol%)
u
(50quv)  CHzClz or DCE (0.035 M)
Me0,C” “CO,Me —20°C t0 23°C Me0,C” “CO,Me

or —20°C to 60 °C
5-exo-dig 5a-e

(Ey-4,R' = Ph,R2=H
(2)-4,R'=H,R2=Ph

R
MeO,C* CO,Me  MeO,C” ‘CO,Me MeO,C” "COMe MeO,C” "CO,Me R=OMe MeO,C” “CO,Me
5a 5b 5c 5d 5e
(75% from (E)-4) (62% from (E)-4) (88% from (E)-4) (78% from (E)-4) (80% from (E)-4)
(63% from (2)-4) (25% from (2)-4) (62% from (2)-4) (75% from (2)-4) (67% from (2)-4)

4. Synthesis and characterization data for reaction products

Dimethyl 3-(2-methoxypropan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate (3a).®

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and MeOH (40 uL, 1.05
mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Clz (6.6 mL) was stirred at rt for 21 h. After purification by column
chromatography (2-10% EtOAc/hexane) 3a (43 mg, 80%) was obtained as a colourless oil.

Ri= 0.26 (10% EtOAc/hexane). '"H NMR (300 MHz, CDClIs) 8 5.03 (brs, 1H), 4.97 (br s, 1H), 3.72 (s, 3H), 3.71
(s, 3H), 3.18 (s, 3H), 2.95-2.78 (m, 3H), 2.55 (ddd, J = 13.5, 8.3, 1.7 Hz, 1H), 2.00 (dd, J = 13.7, 9.3 Hz, 1H),
1.17 (s, 3H), 1.11 (s, 3H). "*C NMR (75 MHz, CDCls) 8 172.1 (C), 172.0 (C), 148.2 (C), 110.6 (CH2), 76.8 (C),
58.6 (C), 52.7 (2xCHs), 49.1 (CH), 49.0 (CHs), 43.4 (CHz), 36.0 (CH2), 22.6 (CHs), 22.2 (CHs).

1a:” Rr= 0.22 (10% EtOAc/hexane). '"H NMR (400 MHz, CDCl3) 8 5.72 (s, 1H), 5.39 (s, 1H), 3.73 (s, 6H), 3.19
(s, 2H), 3.05 (s, 2H), 1.82 (s, 3H), 1.78 (s, 3H). '*C NMR (100 MHz, CDCl3) & 172.6 (2xC), 138.8 (C), 135.7
(CH), 124.4 (CH), 120.7 (CH), 59.3 (C), 52.8 (2xCHs), 43.3 (CH), 40.3 (CH2), 27.3 (CHzs), 19.8 (CHs). HRMS
(ESI) m/z calcd for C13H1s04Na [M+Na]* 261.1103; found 261.1098.

Dimethyl 3-(2-(benzyloxy)propan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate (3b).2

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and benzyl alcohol (11 L,
1.05 mmol) with Inlz (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 4 h. After purification by column
chromatography (5% EtOAc/hexane) 3b (63 mg, 86%) was obtained as a colourless oil. Rr= 0.29 (10%
EtOAc/hexane). 'H NMR (300 MHz, CDCls) & 7.33 (d, J = 4.3 Hz, 4H), 7.29-7.21 (m, 1H), 5.05 (m, 2H), 4.46
(s, 2H), 3.73 (s, 3H), 3.72 (s, 3H), 2.89-2.84 (m, 3H), 2.61 (ddd, J = 13.7, 8.9, 2.0 Hz, 1H), 2.11 (dd, J = 13.7,
9.4 Hz, 1H), 1.30 (s, 3H), 1.24 (s, 3H). "*C NMR (75 MHz, CDClI3) 8 172.1 (C), 172.0 (C), 148.2 (C), 139.6 (C),
128.3 (2xCH), 127.2 (2xCH), 127.1 (CH), 110.8 (CH2), 77.5 (C), 63.5 (CH2), 58.6 (C), 52.8 (CHs), 52.7 (CH3),
50.0 (CH), 43.5 (CH), 36.1 (CHz), 23.3 (CHs3), 22.7 (CHa).
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Dimethyl 3-methylene-4-(2-phenoxypropan-2-yl)cyclopentane-1,1-dicarboxylate (3c).

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and phenol (94 mg, 1.05
mmol) with Inlz (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 19 h. After purification by column
chromatography (2-10% EtOAc/hexane) 3¢ (45 mg, 64%) as a light pink oil.

Ri= 0.52 (10% EtOAc/hexane). IR (ATR) vmax = 2953, 1734 cm™'. 'H NMR (300 MHz, CDCl3) & 7.29-7.20 (m,
2H), 7.09-7.02 (m, 1H), 6.97 (d, J = 7.0 Hz, 2H), 5.15 (d, J = 6.1 Hz, 2H), 3.74 (s, 3H), 3.73 (s, 3H), 3.06-2.85
(m, 3H), 2.70 (ddd, J = 13.8, 8.5, 1.6 Hz, 1H), 2.23 (dd, J = 13.1, 9.0 Hz, 1H), 1.27 (s, 3H), 1.26 (s, 3H). *C
NMR (75 MHz, CDCls) 6 172.1 (C), 172.0 (C), 155.0 (C), 148.2 (C), 129.0 (2xCH), 124.1 (2xCH), 123.4 (CH),
111.4 (CHz), 82.2 (C), 58.7 (C), 52.8 (2xCHs), 51.9 (CH), 43.5 (CHz), 36.3 (CHz), 24.7 (CHas), 23.5 (CHa).
HRMS (ESI) m/z calcd for C19H240sNa [M+Na]* 355.1521; found 355.1508.

Dimethyl 3-(2-((3-methylbut-2-en-1-yl)oxy)propan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate
(3d).

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and 3-methylbut-2-en-1-ol
(11 pL, 1.05 mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 19 h. After purification
by column chromatography (5-10% EtOAc/hexane) 3d (32 mg, 47%) was obtained as a colourless oil.
Rr=0.23 (10% EtOAc/hexane). IR (ATR) vmax = 2921, 1735 cm™. 'TH NMR (300 MHz, CDCl3) & 5.27 (t, J= 6.7
Hz, 1H), 5.02 (m, 2H), 3.89 (t, J = 5.6 Hz, 2H), 3.73 (s, 3H), 3.72 (s, 3H), 2.94-2.82 (m, 3H), 2.60-2.50 (m, 1H),
2.01 (dd, J =13.2, J = 9.6 Hz, 1H), 1.72 (s, 3H), 1.65 (s, 3H), 1.23 (s, 3H), 1.15 (s, 3H). 3C NMR (75 MHz,
CDCl3) 6 172.1 (C), 172.0 (C), 148.2 (C), 135.4 (C), 122.0 (CH), 110.5 (CH2), 76.8 (C), 58.6 (C), 58.1 (CH>),
52.8 (CHs), 52.7 (CHs), 49.1 (CH), 43.4 (CHz), 36.1 (CH2), 25.9 (CHs), 23.4 (CHzs), 22.8 (CHs), 18.1 (CHa).
HRMS (ESI) m/z calcd for C1sH2s0sNa [M+Na]* 347.1834; found 347.1831.

Dimethyl 3-(2-hydroxypropan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate (3e).

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and H20 (20 pL, 1.05 mmol)
with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 20 h. After purification by column
chromatography (20-30% EtOAc/hexane) 3e (45 mg, 84%) was obtained as a colourless oil.

Ri= 0.28 (30% EtOAc/hexane). '"H NMR (300 MHz, CDClIs3) 8 5.10 (brs, 1H), 5.02 (br s, 1H), 3.73 (s, 3H), 3.72
(s, 3H), 2.87 (s, 2H), 2.72-2.58 (m, 2H), 2.05-1.95 (m, 1H), 1,61 (br s, 1H), 1.24 (s, 3H), 1.19 (s, 3H). *C NMR
(75 MHz, CDCl3) 6 171.9 (C), 171.9 (C), 148.5 (C), 111.3 (CH), 72.6 (C), 58.8 (C), 52.8 (2xCHzs), 52.6 (CH),
43.5 (CH2), 36.2 (CH), 28.1 (CHs), 26.1 (CHs).

Dimethyl 3-methylene-4-(2-(pivaloyloxy)propan-2-yl)cyclopentane-1,1-dicarboxylate (3f).

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and pivalic acid (107 mg,
1.05 mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 1 h. After purification by column
chromatography (5% EtOAc/hexane) 3f (32 mg, 45%) was obtained as a light yellow oil.

Ri= 0.41 (10% EtOAc/hexane). IR (ATR) vmax = 2923, 1737 cm™. 'H NMR (300 MHz, CDCI3) & 5.09 (s, 1H),
4.98 (s, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 3.10 (t, J = 8.9 Hz, 1H), 2.90 (s, 2H), 2.63 (dd, J = 13.7, 8.3 Hz, 1H),
2.03 (dd, J = 14,5, 9.3 Hz, 1H), 1.51 (s, 3H), 1.46 (s, 3H), 1.15 (s, 9H). 3C NMR (75 MHz, CDCl3) 8 177.7 (C),
171.9 (C), 171.7 (C), 147.5 (C), 111.5 (CH2), 83.4 (C), 58.6 (C), 52.8 (2xCHs), 50.8 (CH), 43.7 (CHz), 39.5 (C),
35.8 (CHy), 27.2 (3xCHa), 23.5 (CH3), 23.2 (CH3). HRMS (ESI) m/z calcd for C1sH2s80sNa [M+Na]* 363.1784;

found 363.1779.
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Dimethyl 3-(2-((cyclohexanecarbonyl)oxy)propan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate
(39).

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and cyclohexanecarboxylic
acid (130 pL, 1.05 mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 2 h. After
purification by column chromatography (5% EtOAc/hexane) 3g (38 mg, 50%) was obtained as a light yellow
oil.

Ri=0.35 (10% EtOAc/hexane). IR (ATR) vmax = 2927, 1736, 1713 cm™. "H NMR (300 MHz, CDCl3) 8 5.07 (s,
1H), 4.96 (s, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 3.14 (t, J = 9.5 Hz, 1H), 2.88 (s, 2H), 2.60 (dd, J = 13.8, 8.8 Hz,
1H), 2.18 (tt, J = 11.0, 3.6 Hz, 1H), 2.02 (dd, J = 14.2, 9.3 Hz, 1H), 1.90-1.80 (m, 2H), 1.78-1.67 (m, 2H), 1.50
(s, 3H), 1.44 (s, 3H), 1.42-1.14 (m, 6H). *C NMR (75 MHz, CDCl3) 8 175.4 (C), 171.9 (C), 171.7 (C), 147.5
(C), 111.4 (CH2), 83.4 (C), 77.2 (C), 58.5 (C), 52.8 (2xCHz3), 50.5 (CH), 44.3 (CH), 43.7 (CH2), 35.7 (CHz2), 29.0
(2xCHz), 25.8 (CH2), 25.5 (CH2), 23.6 (CHs), 23.1 (CHs). HRMS (ESI) m/z calcd for C20H300eNa [M+Na]*
389.1940; found 389.1932.

Dimethyl 3-(2-(benzoyloxy)propan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate (3h).

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and benzoic acid (128 mg,
1.05 mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 10 h. After purification by
column chromatography (5% EtOAc/hexane) 3h (40 mg, 53%) was obtained as a light yellow oil.

Ri= 0.27 (5% EtOAc/hexane). IR (ATR) vmax = 2923, 1733 cm™. "H NMR (300 MHz, CDCl3) & 8.00-7.95 (m,
2H), 7.53 (tt, J=7.3, 1.7 Hz, 1H), 7.43 (t, J = 7.4 Hz, 2H), 5.11 (s, 1H), 5.04 (s, 1H), 3.74 (s, 3H), 3.73 (s, 3H),
3.37 (t, J= 9.2 Hz, 1H), 2.95 (s, 2H), 2.71 (dd, J = 13.9, 8.8 Hz, 1H), 2.11 (dd, J = 13.5, 9.7 Hz, 1H), 1.65 (s,
3H), 1.61 (s, 3H). 3C NMR (75 MHz, CDCl3) & 171.8 (C), 171.7 (C), 165.6 (C), 147.3 (C), 132.6 (CH), 131.7
(C), 129.5 (2xCH), 128.3 (2xCH), 111.6 (CH2), 84.9 (C), 58.5 (C), 52.9 (CHs), 52.8 (CHs), 50.4 (CH), 43.8
(CHz), 36.0 (CHz), 23.7 (CHs3), 23.2 (CHs). HRMS (ESI) m/z calcd for C20H240sNa [M+Na]* 383.1471; found
383.1461.

Dimethyl 3-(2-((3-methylbut-2-enoyl)oxy)propan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate (3i).
Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and 3-methylbut-2-enoic acid
(105 mg, 1.05 mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 2h. After purification
by column chromatography (5-20% EtOAc/hexane) 3i (32 mg, 45%) was obtained as a light yellow oil.

Rr= 0.37 (20% EtOAc/hexane). IR (ATR) vmax = 2954, 1735, 1713 cm™. "H NMR (300 MHz, CDCls) & 5.58 (t,
J=1.3Hz, 1H), 5.07 (s, 1H), 4.97 (s, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 3.22 (t, /= 9.3 Hz, 1H), 2.88 (s, 2H), 2.61
(dd, J = 13.9, 8.5 Hz, 1H), 2.12 (d, J = 1.1 Hz, 3H), 2.02 (dd, J = 13.7, 9.3 Hz, 1H), 1.85 (d, J = 1.1 Hz, 3H),
1.51 (s, 3H), 1.48 (s, 3H). "*C NMR (75 MHz, CDCl3) 5 171.9 (C), 171.7 (C), 166.0 (C), 155.7 (C), 147.6 (C),
117.4 (CH), 111.2 (CH2), 83.1 (C), 58.5 (C), 52.8 (2xCHs), 50.3 (CH), 43.7 (CHz2), 35.8 (CH2), 27.4 (CHs), 23.9
(CHs3), 23.2 (CHa), 20.0 (CHs). HRMS (ESI) m/z calcd for C1sH2s606Na [M+Na]*" 361.1627; found 361.1619.

Dimethyl 3-methylene-4-(2-(2,4,6-trimethoxyphenyl)propan-2-yl)cyclopentane-1,1-dicarboxylate (3j).
Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and 1,3,5-timethoxybenzene
(177 mg, 1.05 mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 19 h. After purification
by column chromatography (5-20% EtOAc/hexane) 3j (52 mg, 61%) was obtained as a light yellow oil.
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Ri= 0.35 (20% EtOAc/hexane). IR (ATR) vmax = 2953, 1731 cm™. 'H NMR (300 MHz, CDCl3) 8 6.12 (s, 2H),
4.93 (s, 1H), 4.64 (s, 1H), 3.79 (s, 3H), 3.75 (s, 6H), 3.68 (s, 6H), 2.96-2.86 (m, 2H), 2.79 (d, J = 15.1 Hz, 1H),
2.29 (ddd, J = 13.6, 8.6, 1.8 Hz, 1H), 1.89 (dd, J = 13.4, 9.5 Hz, 1H), 1.49 (s, 3H), 1.39 (s, 3H). "*C NMR (75
MHz, CDCls) 6 172.3 (C), 172.2 (C), 160.6 (2xC), 158.8 (C), 150.2 (C), 117.4 (C), 109.3 (CH2), 92.9 (2xCHj3),
58.7 (C), 56.0 (2xCHs), 55.1 (CH), 52.6 (2xCHs), 48.3 (CHs3), 44.5 (CHz), 42.3 (C), 36.9 (CH2), 27.5 (CHs),
25.8 (CHs). HRMS (ESI) m/z calcd for C22H3z007Na [M+Na]* 429.1889; found 429.1886.

Dimethyl 3-(2-(1-methyl-1H-indol-2-yl)propan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate (3k).°
Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and N-methylindole (130 pL,
1.05 mmol) with Inls (5.2 mg, 0.01 mmol) in CH2Cl2 (6.6 mL) was stirred at rt for 8 h. After purification by column
chromatography (5% EtOAc/hexane) 3k (71 mg, 92%) was obtained as a light yellow oil.

Ri=0.25 (20% EtOAc/hexane). '"H NMR (300 MHz, CDCl3) & 7.84 (d, J = 7.4 Hz, 1H), 7.32-7.26 (m, 1H), 7.22
(td, J=7.7,1.1 Hz, 1H), 7.09 (td, J = 7.6, 1.1 Hz, 1H), 6.79 (s, 1H), 4.96 (s, 1H), 4.52 (s, 1H), 3.74 (s, 3H),
3.69 (s, 6H), 3.47 (t, J = 8.6 Hz, 1H), 2.84 (br s, 2H), 2.42 (dd, J = 13.8, 8.7 Hz, 1H), 1.89 (dd, J = 13.8, 9.1
Hz, 1H), 1.47 (s, 3H), 1.37 (s, 3H). "*C NMR (75 MHz, CDClI3) & 172.2 (C), 172.0 (C), 149.0 (C), 137.8 (C),
126.1 (C), 126.0 (CH), 123.0 (C), 121.3 (CH), 121.2 (CH), 118.5 (CH), 110.5 (CH2), 109.3 (CH), 58.7 (C), 52.1
(CHs), 52.61 (CHs), 49.7 (CH), 44.2 (CH2), 37.9 (C), 36.6 (CH2), 32.6 (CHs), 26.0 (CHs), 24.7 (CHs).

Dimethyl 3-(2-azidopropan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate (3I).

Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and trimethylsilyl azide (140
pL, 1.05 mmol) with Inls (10.4 mg, 0.02 mmol) in CH2Cl2 (6.6 mL) was heated at 50 °C for 12 h. After purification
by column chromatography (5-10% EtOAc/hexane) 31 (30 mg, 60%) was obtained as a light yellow oil.

Ri= 0.34 (10% EtOAc/hexane). IR (ATR) vmax = 2922, 2099, 1733 cm™. '"H NMR (300 MHz, CDCl3) 8 5.12 (s,
1H), 5.04 (s, 1H), 3.74 (s, 3H), 3.72 (s, 3H), 2.95-2.80 (m, 2H), 2.73-2.58 (m, 2H), 1.98 (dd, J = 11.5, 7.3 Hz,
1H), 1.33 (s, 3H), 1.28 (s, 3H). 3C NMR (75 MHz, CDClz) 8 171.7 (C), 171.6 (C), 147.0 (C), 112.1 (CH.), 63.6
(C), 58.6 (C), 52.8 (2xCHBs), 50.5 (CH), 43.3 (CH), 36.0 (CHz), 24.4 (CHs), 23.4 (CHs). HRMS (ESI) m/z calcd
for C13H19N3OsNa [M+Na]* 304.1273; found 304.1268.

3-(2-Methoxypropan-2-yl)-4-methylene-1-tosylpyrrolidine (3m).°

Following the general procedure, the reaction of 1,6-enyne 2 (50 mg, 0.18 mmol) and methanol (36 pL, 0.90
mmol) with Inls (4.5 mg, 0.009 mmol) in CH2Cl2 (5 mL) was heated at 40 °C for 24 h. After purification by
column chromatography (7-10% EtOAc/hexane) 3m (42.1 mg, 76%) was obtained as a colorless oil.
Ri=0.24 (20% EtOAc/hexane). '"H NMR (300 MHz, CDCl3) 8 7.70 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H),
5.02 (br q, J =4, 2 Hz, 2H), 3.78-3.76 (m, 2H), 3.39 (dd, J = 10.1, 4.5 Hz, 1H), 3.27 (dd, J = 10.1, 8.0 Hz, 1H),
3.08 (s, 3H), 2.81-2.76 (m, 1H), 2.41 (s, 3H), 1.11 (s, 3H), 0.99 (s, 3H). "*C NMR (75 MHz, CDCl3) & 144.8 (C),
143.7 (C), 132.9 (C), 129.8 (2xCH), 128.0 (2xCH), 110.7 (CHz2), 76.3 (C), 53.5 (CH2), 51.0 (CHs), 49.8 (CHz),
49.2 (CHs), 22.4 (CHs), 21.9 (CHs), 21.7 (CH).
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3-(2-(Benzyloxy)propan-2-yl)-4- methylene-1-tosylpyrrolidine (3n).

Following the general procedure, the reaction of 1,6-enyne 2 (50 mg, 0.180 mmol) and benzyl alcohol (93 pL,
0.901 mmol) with Inls (4.5 mg, 0.009 mmol) in CH2Clz (5 mL) was heated at 40 °C for 20 h. After purification
by column chromatography (5-7% EtOAc/hexane) 3n (30.2 mg, 69%) was obtained as a yellow oil.

Rf=0.31 (20% EtOAc/hexane). IR (ATR) vmax = 3063, 2974, 2863, 1650, 1365, 1150 cm~". "H NMR (300 MHz,
CDCI3) & "H NMR (300 MHz, CDCls) & 7.64 (d, J = 6.4 Hz, 2H), 7.24-7.17 (m, 7H), 5.01 (d, J = 12.5 Hz, 2H),
4.30 (q, J = 14.0 Hz, 2H), 3.73 (br s, 2H), 3.45 (dd, J =10.1, 4.4 Hz, 1H), 3.26 (dd, J = 10.1, 8.0 Hz, 1H), 2.34
(brs, 1H), 2.34 (s, 3H), 1.17 (s, 3H), 1.06 (s, 3H). "*C NMR (75 MHz, CDCI3)  144.5 (C), 143.6 (C), 139.2 (C),
132.7 (C), 129.7 (2xCH), 128.3 (2xCH), 127.9 (2xCH), 127.3 (CH), 127.2 (2xCH), 111.0 (CHz2), 76.8 (C), 63.7
(CHz), 53.4 (CH2), 51.7 (CH), 49.8 (CH2), 22.9 (CHs), 22.3 (CHs), 21.6 (CH3s). HRMS (ESI) m/z calcd for
C22H27NOsSNa [M+Na]* 408.1609; found 408.1621.

2-(4-Methylene-1-tosylpyrrolidin-3-yl)propan-2-yl benzoate (30).

Following the general procedure, the reaction of 1,6-enyne 2 (100 mg, 0.36 mmol) and benzoic acid (220 mg,
1.80 mmol) with Inls (8.9 mg, 0.018 mmol) in CH2Cl2 (10 mL) was heated at 40 °C for 20 h. After purification
by column chromatography (5-8% EtOAc/hexane) 3o (61.5 mg, 43%) was obtained as a colourless oil.

Ri= 0.31 (20% EtOAc/hexane). IR (ATR) vmax = 2922, 2863, 1821, 1717 cm™". 'H NMR (300 MHz, CDCl3) &
7.94(d,J=7.0Hz, 2H),7.70 (d, J=8.3 Hz, 2H), 7.55 (t, J=7.4 Hz, 1H), 7.42 (t, J= 7.5 Hz, 2H), 7.32 (d, J =
7.9 Hz, 2H), 5.09-5.06 (m, 2H), 3.94 (d, J = 13.8 Hz, 1H), 3.76 (d, J = 13.8 Hz, 1H), 3.57-3.49 (m, 2H), 3.29
(dd, J=9.6, 7.5 Hz, 1H), 2.42 (s, 3H), 1.61 (s, 3H), 1.53 (s, 3H). *C NMR (75 MHz, CDCl3) 5 165.6 (C), 143.8
(C), 143.7 (C), 132.8 (CH), 132.5 (C), 131.3 (C), 129.7 (2xCH), 129.4 (2xCH), 128.4 (2xCH), 127.8 (2xCH),
111.7 (CH2), 84.0 (C), 53.1 (CHz), 50.7 (CHs), 49.8 (CH2), 23.9 (CH), 23.6 (CHs), 21.6 (CHs). HRMS (ESI) m/z
calcd for C22H2sNO4SNa [M+Na]* 422.1402; found 422.1411.

3-Methylene-1-tosyl-4-(2-(2,4,6-trimethoxyphenyl)propan-2-yl)pyrrolidine (3p).

Following the general procedure, the reaction of 1,6-enyne 2 (75 mg, 0.27 mmol) and 1,3,5-timethoxybenzene
(227 mg, 1.35 mmol) with Inlz (6.7 mg, 0.014 mmol) in CH2Clz (8 mL) was heated at 40 °C for 20 h. After
purification by column chromatography (7-10% EtOAc/hexane) 3p (71.2 mg, 59%) was obtained as a colorless
oil.

Rr=0.19 (20% EtOAc/hexane). IR (ATR) vmax = 3060, 2975, 2865, 1656, 1370 cm~'. "H NMR (300 MHz, CDCls)
07.66 (d, J=8.3 Hz, 2H), 7.30 (d, J = 7.7 Hz, 2H), 6.11 (s, 2H), 4.92 (d, J = 2.0 Hz, 1H), 4.72 (d, J = 2.0 Hz,
1H), 3.79 (s, 3H), 3.72-3.70 (m, 3H), 3.70 (s, 6H), 3.15 (d, J = 7.0 Hz, 2H), 2.42 (s, 3H), 1.41 (s, 3H), 1.28 (s,
3H). ®C NMR (75 MHz, CDCl3) d 160.5 (2xC), 159.1 (C), 146.4 (C), 143.2 (C), 133.0 (C), 129.5 (2xCH), 127.9
(2xCH), 116.1 (C), 109.4 (CH2), 92.7 (2xCH), 55.8 (2xCHs), 55.1 (CHs), 54.4 (CHz), 51.5 (CH2), 49.3 (CHs),
42.5 (C), 27.3 (CH), 26.3 (CHs), 21.5 (CHs). HRMS (ESI) m/z calcd for C2sH31NOsSNa [M+Na]" 468.1821;
found 468.1815.

1-Methyl-3-(2-(4-methylene-1-tosylpyrrolidin-3-yl)propan-2-yl)-1H-indole (3q).

Following the general procedure, the reaction of 1,6-enyne 2 (50 mg, 0.180 mmol) and N-methyl indol (113
pL, 0.901 mmol) with Inls (4.5 mg, 0.009 mmol) in CH2Clz (5 mL) was heated at 40 °C for 20 h. After purification
by column chromatography (5-7% EtOAc/hexane) 3q (41.8 mg, 57%) was obtained as a yellow oil.
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Ri= 0.31 (20% EtOAc/hexane). IR (ATR) vmax = 3050, 2970, 2862, 1650 cm~". '"H NMR (300 MHz, CDCl3) &
7.63-7.59 (m, 2H), 7.29-7.22 (m, 5H), 7.08-7.03 (m, 1H), 6.80 (s, 1H), 4.98 (br s, 1H), 4.78 (br s, 1H), 3.96-
3.89 (m, 1H), 3.71 (s, 3H), 3.70-3.67 (m, 1H), 3.39-3.36 (m, 1H), 3.26 (dd, J = 10.1, 3.2 Hz, 1H), 2.95 (dd, J =
10.2, 7.9 Hz, 1H), 2.42 (s, 3H), 1.31 (s, 3H), 1.26 (s, 3H). '*C NMR (75 MHz, CDCI3) & 145.3 (C), 143.5 (C),
137.9 (C), 132.7 (C), 129.6 (2xCH), 127.8 (2xCH), 126.4 (CH), 125.6 (C), 122.1 (C), 121.3 (CH), 120.9 (CH),
118.5 (CH), 110.6 (CHz2), 109.6 (CH), 53.7 (CH2), 51.10 (CHs3), 51.05 (CHz2), 38.1 (C), 32.7 (CH), 26.4 (CHs),
24.2 (CHs), 21.6 (CHs). HRMS (ESI) m/z calcd for C24H2sN202SNa [M+Na]* 431.1769; found 431.1771.

Dimethyl (R*)-3-((S*)-benzyloxy)(phenyl)methyl)-4-methylenecyclopentane-1,1-dicarboxylate (5a).
Following the general procedure, the reaction of 1,6-enyne (E)-4 (83 mg, 0.29 mmol) and benzyl alcohol (0.150
mL, 1.453 mmol) with Inlz (7.2 mg, 0.017 mmol) in CH2Cl2 (9 mL) was heated at 40°C for 20 h. After purification
by column chromatography (10% EtOAc/hexane) 5a (82 mg, 75%) was obtained as a colourless oil. Following
the general procedure, the reaction of 1,6-enyne (Z)-4 (50 mg, 0.175 mmol) and benzyl alcohol (0.091 mL,
0.875 mmol) with Inls (4.4 mg, 0.0088 mmol) in DCE (5 mL) was heated at 60°C for 20 h. After purification by
column chromatography (10% EtOAc/hexane) 5a (43 mg, 63%) was obtained as a colourless oil.

Ri=0.10 (10% EtOAc/hexane). IR (ATR) vmax = 2951, 1730, 1494, 1452 cm™". "H-NMR (300 MHz, CDCl3): &
7.31-7.17 (m, 10H), 4.83 (br s, 1H), 4.38 (d, J = 11.8 Hz, 1H), 4.36 (s, 1H), 4.31 (d, J = 5.9 Hz, 1H), 4.17 (d, J
=11.8 Hz, 1H), 3.63 (s, 3H), 3.60 (s, 3H), 2.94-2.69 (m, 3H), 2.46-2-29 (m, 2H). 3C-NMR (75 MHz, CDCl3): &
172.2 (C), 172.1(C), 148.23 (C), 140.70 (C), 138.43 (C), 128.3 (2xCH), 128.2 (2xCH), 127.73 (CH), 127.70
(2xCH), 127.47 (CH), 127.44 (2xCH), 108.8 (CHz), 83.35 (CH), 70.8 (CHz), 58.7 (C), 52.75 (CH3), 52.73 (CHs),
49.4 (CH), 42.2 (CH2), 35.52 (CH2). HRMS (ESI) m/z calcd for C24H260sNa [M+Na]* 417.1677; found 417.1665.

Dimethyl (R*)-3-((S*)-benzoyloxy)(phenyl)methyl)-4-methylenecyclopentane-1,1-dicarboxylate (5b).

Following the general procedure, the reaction of 1,6-enyne (E)-4 (76 mg, 0.26 mmol) and benzoic acid (161
mg, 1.32 mmol) with Inls (6.5 mg, 0.013 mmol) in CH2Cl2 (12 mL) was heated at 40 °C for 20 h. After
purification by column chromatography (10% EtOAc/hexane) 5b (67 mg, 62%) was obtained as a colourless
oil.

Following the general procedure, the reaction of 1,6-enyne (Z)-4 (75 mg, 0.26 mmol) and benzoic acid (160
mg, 1.31 mmol) with Inl3 (12.9 mg, 0.026 mmol, 10 mol%) in CH2Cl2 (5 mL) was heated at 40 °C for 20 h. After
purification by column chromatography (10% EtOAc/hexane) 5b (30 mg, 25%) was obtained as a colourless
oil.

Ri=0.10 (10% EtOAc/hexane). IR (ATR) vmax = 2952, 1721, 1432 cm~". '"H NMR (300 MHz, CDClz): 8 8.12 (d,
J =8.5Hz, 2H), 7.61-7.17 (m, 8H), 6.17 (d, J = 5.7 Hz, 1H), 5.03 (br s, 1H), 4.75 (br s, 1H), 3.77 (s, 3H), 3.74
(s, 3H), 3.39-2.39 (m, 1H), 3.00 (s, 2H), 2.59 (dd, J = 7.6 Hz, 1H), 2.38 (dd, J = 9.5 Hz, 1H). *C NMR (75 MHz,
CDCl3):6171.9(C), 171.8 (C), 165.5 (C), 146.8 (C), 139.2 (C), 133.1 (CH), 130.1 (CH), 129.72 (2xCH), 129.67
(CH), 128.51 (2xCH), 128.47 (2xCH), 128.0 (CH), 126.6 (2xCH), 109.8 (CH), 77.2 (CH), 58.5 (CHs), 52.9
(CH2), 47.8 (CH), 42.0 (CHs3), 35.6 (CH2). HRMS (ESI) m/z calcd for C24H2406Na [M+Na]* 431.1470; found
431.1460.
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Dimethyl (8*)-3-((S™)-1-methyl-1H-indol-3-yl)(phenyl)methyl)-4-methylenecyclopentane-1,1-

dicarboxylate (5c)."!

Following the general procedure, the reaction of 1,6-enyne (E)-4 (50 mg, 0.175 mmol) and N-methylindole
(0.110 mL, 0.875 mmol) with Inlz (4.3 mg, 0.009 mmol) in CH2Cl2 (5 mL) was heated at 40 °C for 20 h. After
purification by column chromatography (10% EtOAc/hexane) 5¢ (64 mg, 88%) was obtained as a colorless oil.
Following the general procedure, the reaction of 1,6-enyne (Z)-4 (50 mg, 0.175 mmol) and N-methylindole
(0.110 mL, 0.875 mmol) with Inls (4.3 mg, 0.009 mmol) in DCE (5 mL) was heated at 60 °C for 18 h. After
purification by column chromatography (10% EtOAc/hexane) 5¢ (45.6 mg, 62%) was obtained as a colourless
oil.

Ri=0.10 (10% EtOAc/hexane). 'H NMR (300 MHz, CDCls): & 7.53 (d, J = 8.2 Hz, 1H), 7.32 (d, J = 7.5 Hz,
2H), 7.26-7.03 (m, 6H), 7.00 (s, 1H), 4.77 (s, 1H), 4.17-4.06 (m, 2H), 3.75 (s, 3H), 3.72 (s, 3H), 3.63 (s, 3H),
3.54-3.48 (m, 1H), 3.11 (d, J = 16.2 Hz, 1H), 2.89-2.84 (m, 1H), 2.74 (dd, J = 13.6, 8.1 Hz, 1H), 1.93 (dd, J =
13.7, 8.6 Hz, 1H). "*C NMR (75 MHz, CDCls): 8 172.3 (C), 172.1 (C), 148.9 (C), 144.6 (C), 136.9 (C), 128.5
(2xCH), 128.1 (2xCH), 127.6 (CH), 126.2 (CH), 126.0 (CH), 121.6 (CH), 119.4 (CH), 118.9 (CH), 117.2 (CH),
110.1 (CHz), 109.1 (CH), 58.4 (C), 52.8 (CHs), 52.7 (CHs), 48.1 (CH), 46.8 (CH), 41.8 (CH2), 40.0 (CH), 32.8
(CHs).

Dimethyl (S*)-3-methylene-4-((S*)-phenyl(2,4,6-trimethoxyphenyl)methyl)cyclopentane-1,1-
dicarboxylate (5d)."

Following the general procedure, the reaction of 1,6-enyne (E)-4 (50 mg, 0.178 mmol) and 1,3,5-
timethoxybenzene (147.2 mg, 0.875 mmol) with Inls (4.4 mg, 0.009 mmol) in CH2Cl2 (5 mL) was heated at 40
°C for 20 h. After purification by column chromatography (10% EtOAc/hexane) 5d (62 mg, 78%) was obtained
as a colorless oil.

Following the general procedure, the reaction of 1,6-enyne (Z)-4 (50 mg, 0.175 mmol) and 1,3,5-
timethoxybenzene (147.2 mg, 0.875 mmol) with Inls (4.4 mg, 0.009 mmol) in DCE (5 mL) was heated at 60 °C
for 16 h. After purification by column chromatography (10% EtOAc/hexane) 5d (60 mg, 75%) was obtained as
a colourless oil.

Ri=0.10 (10% EtOAc/hexane). '"H NMR (300 MHz, CDCl3):  7.45 (d, J = 7.6 Hz, 2H), 7.18 (t, J = 7.2 Hz, 2H),
7.09 (t, J = 7.3 Hz, 1H), 6.07 (s, 2H), 4.72 (br s, 1H), 4.48 (d, J = 11.0 Hz,1H), 4.24 (br s, 1H), 3.81-4.03 (m,
1H), 3.81 (s, 6H) 3.76 (s, 3H), 3.74 (s, 3H), 3.66 (s, 3H), 3.03 (d, J = 17.4 Hz, 2H) 2.35 (dd, J = 7.0, 1.2 Hz,
1H), 1.64 (dd, J = 12.3, 10.7 Hz, 1H). "*C NMR (75 MHz, CDCls3): & 172.5 (C), 172.4 (C), 159.5 (2xC), 158.7
(C), 151.4 (C), 144.6 (C), 128.2 (2xCH), 127.7 (2xCH), 125.5 (CH), 113.6 (2xCH), 108.1 (CH2), 90.9 (CH),
57.7 (CHs), 55.6 (CHs), 55.2 (CHas), 53.5 (C), 52.7 (CHs), 52.6 (CHs), 44.2 (CH), 43.0 (CH), 41.7 (CH2), 40.0
(CH2).

Dimethyl (R*)-3-((S*)-azido(phenyl)methyl)-4-methylenecyclopentane-1,1-dicarboxylate (5e).

Following the general procedure, the reaction of 1,6-enyne (E)-4 (50 mg, 0.175 mmol) and trimethylsilyl azide
(0.17 mL, 0.88 mmol) with Inls (8.7 mg, 0.018 mmol) in CH2Cl2 (5 mL) was heated at 50 °C for 40 h. After
purification by column chromatography (5% EtOAc/hexane) 5e (46 mg, 80%) was obtained as a colourless oil.
Following the general procedure, the reaction of 1,6-enyne (Z)-4 (50 mg, 0.175 mmol) and trimethylsilyl azide

(0.17 mL, 0.88 mmol) with Inls (8.7 mg, 0.018 mmol) in DCE (5 mL) was heated at 50°C for 40 h. After
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purification by column chromatography (10% EtOAc/hexane) 5e (39 mg, 67%) was obtained as a colourless
oil.

Rf=0.48 (20% EtOAc/hexane). IR (ATR) vmax = 2991, 2098, 1731, 1452, 1434 cm™'. "H NMR (300 MHz, CDCl3)
0 7.40-7.30 (m, 5H), 5.04 (q, J = 2.2 Hz, 1H), 4.68-4.66 (m, 2H), 3.74 (s, 3H), 3.69 (s, 3H), 3.05-2.96 (m, 3H),
2.44 (dd, J = 13.4, 7.8 Hz, 1H), 2.22 (dd, J = 13.4, 9.4 Hz, 1H). '3C NMR (75 MHz, CDCls) 5 171.8 (C), 171.7
(C), 147.7 (C), 138.5 (C), 128.7 (2xCH), 128.2 (CH), 127.1 (2xCH), 109.7 (CH2), 68.9 (CH), 58.4 (C), 52.8
(2%xCH3s), 48.0 (CH), 41.9 (CH?2), 35.6 (CHz). HRMS (ESI) m/z calcd for C17H1sN3OsNa [M+Na]* 352.1273; found
352.1269.

Dimethyl (2)-3-(2-methoxypropan-2-yl)-4-(methylene-d)cyclopentane-1,1-dicarboxylate ((Z)-3a-d1).

Following the general procedure, the reaction of 1,6-enyne 1-ds (50 mg, 0.20 mmol), prepared from enyne 2
by metalation with n-BuLi in THF at —78 °C followed by addition of D20 in 77% yield with 91% D incorporation,
and MeOH (40 pL, 1.00 mmol) with Inls (5.0 mg, 0.01 mmol) in CH2Cl2 (6 mL) was stirred at rt for 20 h. After
purification by column chromatography (3-10% EtOAc/hexane) (Z)-3a-d1 (35 mg, 65%, 91% D) was obtained
as a colourless oil. Rr= 0.26 (10% EtOAc/hexane). '"H NMR (300 MHz, CDCI3) & 5.03 (br s, 1H), 3.72 (s, 3H),
3.71 (s, 3H), 3.18 (s, 3H), 2.95-2.78 (m, 3H), 2.55 (ddd, J = 13.5, 8.3, 1.7 Hz, 1H), 2.00 (dd, J = 13.7, 9.3 Hz,
1H), 1.17 (s, 3H), 1.11 (s, 3H). The "H NMR spectra of (Z)-3a-d1 showed deuteration (91% D) at the exocyclic
alkenyl Z-hydrogen (4.97 ppm). Rr= 0.26 (10% EtOAc/hexane). IR (ATR) vmax = 2953, 1731 cm™. '"H NMR
(300 MHz, CDCls): 6 5.03 (br s, 1H), 3.73 (s, 3H), 3.71 (s, 3H), 3.18 (s, 3H), 2.88-2.80 (m, 3H), 2.54 (ddd, J =
13.5, 10.0, 1.7 Hz, 1H), 2.0 (dd, J = 13.5, 6.7 Hz, 1H), 1.17 (s, 3H), 1.11 (s, 3H)."*C NMR (75 MHz, CDCl3) &
172.1 (C), 172.0 (C), 148.1 (C), 110.3 (CH), 76.7 (C), 58.6 (C), 52.8 (2xCHs3), 49.1 (CH), 49.0 (CHs), 43.4
(CH2), 36.0 (CH2), 22.6 (CHs3), 22.2 (CHs). HRMS (ESI) m/z calcd for C14H21DOsNa [M+Na]* 294.1428; found
294.1423.

Dimethyl (E)-3-(2-(methoxy-ds)propan-2-yl)-4-methylenecyclopentane-1,1-dicarboxylate ((E)-3a-ds).'?
Following the general procedure, the reaction of 1,6-enyne 1 (50 mg, 0.21 mmol) and MeOH-d4 (43 L, 1.05
mmol) with Inlz (5.2 mg, 0.01 mmol) in CH2Cl2 (6 mL) was stirred at rt for 20 h. After purification by column
chromatography (3-5% EtOAc/hexane) (E)-3a-da (42.7 mg, 74%, 75% D) was obtained as a colourless oil. Rt
=0.26 (10% EtOAc/hexane). '"H NMR (300 MHz, CDCls) 8 4.97 (br s, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 2.95-2.78
(m, 3H), 2.55 (ddd, J = 13.5, 8.3, 1.7 Hz, 1H), 2.00 (dd, J = 13.7, 9.3 Hz, 1H), 1.17 (s, 3H), 1.11 (s, 3H). The
'H NMR spectra of (E)-3a-d4 showed deuteration (75% D) at the exocyclic alkenyl E-hydrogen (5.03 ppm) and
the signal at 3.18 (3H) was absent in the spectrum.

'H NMR (300 MHz, CDClz): 8 4.97 (br's, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 2.88-2.80 (m, 3H), 2.54 (ddd, J = 13.5,
8.5, 1.8 Hz, 1H), 2.0 (dd, J = 13.5, 4.1 Hz, 1H), 1.17 (s, 3H), 1.11 (s, 3H). "*C NMR (75 MHz, CDClI3) & 172.1
(C), 172.0 (C), 148.1 (C), 110.6 (CHz), 76.7 (C), 58.6 (C), 52.7 (2xCHzs), 49.1 (CH), 43.3 (CHz), 36.0 (CHy),
22.6 (CHs), 22.2 (CHs).
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5. 'H NMR data of deuterated experiments

Reaction of 1,6-enyne 1 using MeOH as nucleophile.
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Reaction of 1,6-enyne 1-d1 (91% D) using MeOH as nucleophile to afford (Z)-3a-d1 (91% D). The 'H NMR
spectra of (Z)-3a-d1 showed deuteration (91% D) at the exocyclic alkenyl Z-hydrogen (4.97 ppm).
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6. '"H NMR spectra of the reaction of 1,6-enyne (2)-4 with Inl; (5 mol%) and 1,2,3-
trimethoxibenzene at different temperatures
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Conditions A: DCE (0.035 M), —20 °C to 40 °C, 22 h.
Broadening of the spectrum in the region of 4.1 to 4.8 ppm for (S*,S*)-5d/(S*,R*)-5d’ with 1:1.12 ratio
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8. 'H NMR and 3C NMR spectra for products

"H NMR (400 MHz, CDCls, 300 K) spectrum of 1

o ™ ™~ O O O uwn
& N N  SORRKR©
<+ ™M o~ N o
| | | ~
[
MeO,C CO,Me (

=Y 4 & 8w o
S < @ Rl
— ©0 (a2] o MmN
.5 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 =

f1 (ppm)

3C NMR (100 MHz, CDCls, 300 K) spectrum of 1

—170.51
—136.98
—116.95

,79.28
\77.22
~71.18
_57.17
~52.71
,30.78
_26.06
~22.53
1 17.93

MeO,C CO,Me

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

S17



"H NMR (300 MHz, CDCls, 300 K) spectrum of 2
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"H NMR (300 MHz, CDCls, 300 K) spectrum of (E)-4
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"H NMR (300 MHz, CDCls, 300 K) spectrum of (2)-4
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"H NMR (400 MHz, CDCls, 300 K) spectrum of 1a

o (o)) ™M a n A 0

N ™M [ — O 0 N

ToRTs ™ ™M ™ - -

| | | N/ N

Ty [ J

MeO,C CTO,Me
I L h M ] u .

g N b g » &
S o m 99 =

— o (o] NN (e}

80 75 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 05
f1 (ppm)

3C NMR (100 MHz, CDCls, 300 K) spectrum of 1a

—172.63

MeO,C TO,Me

_~138.75
~135.66

m

- 124.44
~120.66

TN N ™M
moNN N ®
anN MmO N O
N n < < N -
Aol =N I I

T NI

10 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

80 70 60 50 40 30 20 10

S21



"H NMR (300 MHz, CDCls, 300 K) spectrum of 3a
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NOESY (300 MHz, CDCls, 300 K) spectrum of 3a
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3b
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'H NMR (300 MHz, CDCls, 300 K) spectrum of 3¢
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3d
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'H NMR (300 MHz, CDCls, 300 K) spectrum of 3e

o N ™M N NOOILMANONWIL AT O
— O NN OOVWUOWOOOOO ON -
Tl ™M ™ NANNNN™MS—AA A A~
N ¥ SN e
MeO,C CTO,Me f f/ /o [
l M JL )‘LJUL AL
) 3 Y d Sod
s & = o3 - ®83
— O (o) N N - omMmm
5 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -C
f1 (ppm)
3C NMR (75 MHz, CDCls, 300 K) spectrum of 3e
™M O T ™~
a 0 n o] [ee] OO NONNO
- - 0 — n NNY Y <99
NN <+ ~— o ONMNMWOWW
— — i N mwmmsmaN N
~ | | | I v 7y~
OH

N s

MRl 4 v " " " " A

10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -
f1 (ppm)

S27



"H NMR (300 MHz, CDCls, 300 K) spectrum of 3f
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3g
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3h

19T~ M .
—
591/ fevo
L0~ .
o1z~ ~ ko1
mo.mm ~ fort
scef — Fee't
S6'C . Lo
VANl 70T
bLEN 4 HT'9
$0'G~\ . #00'T
157 - = Yoo
N
o
O\N/O m
N
[N @]
,/C
Q
o)
2
b/
EV.NV — 0T
ccs/ - Mot
86°/ .
— HT
008’ core

1.0 0.5 0.0

0 45 4.0 35 3.0 25 2.0 1.5

50 45 4.0 3.5

70 6.5 6.0 55

8.0 7.5

3.0 25

6.0

.5

f1 (ppm)

3C NMR (75 MHz, CDCls, 300 K) spectrum of 3h

TETA,
1€’
86°GE\
S/

Nv.om/
¥8'2S

nw.mmv
25857

S8'%¥8 —

6S'TTT —

Nm.wNH/
SH'6CT ™
Nh.ﬁmﬁw
T9°CET

0E€ /YT —

09°S9T
99'T/LT v
P8 TLT

COQMe

.

MeO,C

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

f1 (ppm)

S30



"H NMR (300 MHz, CDCls, 300 K) spectrum of 3i
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3j
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2D NMR (300 MHz, CDCls, 300 K) spectra of 3j
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3k
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3l
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3m
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3n
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'H NMR (300 MHz, CDCls, 300 K) spectrum of 3o
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3p
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 3q
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 5a
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 5b
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 5¢
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"H NMR (300 MHz, CDCls, 300 K) spectrum of 5d
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'H NMR (300 MHz, CDCls, 300 K) spectrum of 5e
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"H NMR (300 MHz, CDCl3, 300 K) spectrum of (Z)-3a-d1
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"H NMR (300 MHz, CDCls, 300 K) spectrum of (E)-3a-d4
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