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1. General information

All reactions were carried out in a round flask with magnetic stirring. Unless otherwise noted,
all reagents were purchased from Aladdin, Energy Chemical for direct use, or prepared as described
in the literature. Anhydrous tetrahydrofuran (THF) and toluene were heated over sodium under N>
for at least four hours before distilled to use. Anhydrous DCM was heated over calcium hydride for
two hours before distilled to use. The reactions that sensitive to air or moisture were conducted under
nitrogen atmosphere in dry solvents. For chromatographic purification, 200-300 mesh silica gel
(Qingdao, China) was employed. For thin layer chromatography (TLC) analysis, Merck 25 TLC
aluminium sheets (silica gel 60 GF254, 0.25 mm) were used. *H NMR and 3C NMR spectra were
recorded on a Bruker Advance spectrometer at 500 MHz and 126 MHz or 400 MHz and 101 MHz,
respectively. The chemical shift were reported in parts per million () relative to internal standard
TMS (0 ppm) and coupling constants are reported as Hertz (Hz). Splitting patterns are designated as
singlet (s), doublet (d), triplet (t), doublet of doublets(dd), triplet double(td), multiplet(m). Splitting
patterns that could not be interpreted or easily visualized are designated as multiple (m). High
resolution mass spectrometry (HRMS) was performed with a Thermo Scientific LTQ Orbitrap XL
and AB SCIEX Triple TOF5600+, among them, 1q and 2q were analyzed by Life Instrument Sharing
Platform of NWAFU and others were analyzed by KeeCloud Biotech. The ene-yne-ketones 1 were
prepared according to the literature procedures®. The ene-yne-ketones (1d, 1e, 1h-1j, 11, 1n-1p) were

new compounds.



2. Catalyst Screening and Optimization of the Reaction Conditions®?

o ] Me o) Me o) [e)
Cu(OTf)o/L1 (10mol %/12 mol%) | |
Me Me /" \ /
| BnO - & + O
S toluene, rt., air, 2h
Me Me
N BnO 3a BnO
1a 2a
Entry Conditions 2a (%)° 3a (%)°
1 none 99 -
2 without L1 <2 97
3 without Cu(OTf), - -
4 L2 instead of L1 73 17
5 L3 instead of L1 70 23
6 L4 instead of L1 77 19
7 L5 instead of L1 8 -
8 L6 instead of L1 - -
9 L7 instead of L1 - -
10 L8 instead of L1 <2 -
11 L9 instead of L1 <2 -
12 CuBr instead of Cu(OTf), <2 15
13 CuOTf instead of Cu(OTf), <2 -
14 Cu(OAc); instead of Cu(OTf), - -
15 DCM as the solvent 92 5
16 DCE as the solvent 94 <2
17 MeCN as the solvent 16 8
18 THF as the solvent 18 <2
19 DMSO as the solvent - -
20 DMF as the solvent - -
21 Acetone as the solvent 89 8
4 N\
= =
R
L8, R=H
L9, R=Ph

3 The reactions were conducted with everything in a vial under an air atmosphere. Initially, [1a] = 0.1 M. " Isolated yield.



O O Me o
Cu(OTf), /L1 |
" l " OBn toluene, T ° / \
ia X Me ,a BnO

Entry [Cul/L temperature, concentration 2a(%) TONSs
1 Cu(OTH)/L1(10%/12%) rt., 0.1M 99 9.9
2 Cu(OTf)/L1(5%/6%) rt., 0.1M 99 19.8
3 Cu(OTf),/L1 (1%/1.2%) rt., 0.1IM 99 99
4 Cu(OTf),/L.1 (0.5%/0.6%) rt., 0.3M 91 182
5 Cu(OTf),/L.1 (0.5%/0.6%) rt., 0.5M 98 196
6 Cu(OTf),/L.1 (0.5%/0.6%) rt., 0.8M 49 98
7 Cu(OTf),/L1 (0.1%/0.12%) rt., 0.5M <2
8 Cu(OTf),/L1 (0.1%/0.12%) rt., 1M <2
9 Cu(OTf),/L1 (0.1%/0.12%) 60°C, 0.5M 97 970
10 Cu(OTf),/L1 (500ppm/600ppm.) 60°C, 0.75M 82 1640
11 Cu(OTf),/L1 (100ppm/120ppm.) 60C, 0.5M <2
12 Cu(OTf),/L1 (100ppm/120ppm.) Reflux, 1M 86 8600
13 Cu(OTf),/L1 (100ppm/120ppm.) Reflux, 1.5M 81 8100
14 Cu(OTf),/L1 (50ppm/60ppm.) Reflux, 0.75M 40 8000
15 Cu(OTf),/L1 (50ppm/60ppm.) Reflux, 1M 40 8000




Experiment Producers:

3. General Procedure A for the Synthesis of Ene-yne-ketone 1:

Piperidine, AcOH, MgSOQ, R2

1 [ ®
+ 2
H N 1 R
)\/R‘o’ R toluene, 40°C N

Piperidine (85.1 mg, 1.0 mmol, 0.1 eq), acetic acid (360.3 mg, 6.0 mmol, 0.6 eq), and magnesium

-

sulfate (204.7 mg, 2.0 mmol, 0.2 eq) were added to a stirred solution of aldehyde (10.0 mmol, 1.0
eq) and ketone (10.1 mmol, 1.01 eq) in toluene (30 mL) at ambient temperature. The reaction mixture
was stirred at 40 ‘C with an oil bath and the progress of the reaction was monitored by TLC. Upon
completion, the reaction was quenched by the addition of water (30 cm®). The aqueous layer was
extract the reaction with EtOAc, dried over NaSOg, filtered, and concentrated to get the residue

which was purified by chromatography to get the desired substrate 1.

3-(6-(benzyloxy)hex-2-yn-1-ylidene)pentane-2,4-dione(1a)

o o Reported compound,? was synthesized according to the general procedure
A. Isolated by column chromatography (hexanes/ethyl acetate = 15: 1),

| [ o8N yellow liquid. *H NMR (500 MHz, CDCl3) & 7.37-7.31 (m, 4H), 7.30-7.26
(m,1H), 6.66 (t, J = 2.5 Hz, 1H), 4.51 (s, 2H), 3.55 (t, J = 6.0 Hz, 2H), 2.57

(td, J = 7.1, 2.5 Hz, 2H), 2.4 (s, 3H), 2.31 (s, 3H), 1.91-1.80 (m, 2H).

3-(6-phenoxyhex-2-yn-1-ylidene)pentane-2,4-dione(1b)

Reported compound,? was synthesized according to the general procedure

O O
A. Isolated by column chromatography (hexanes/ethyl acetate = 20: 1),
OPh
| S yellow liquid. *H NMR (500 MHz, CDCls) § 7.28 (dd, J = 8.8, 7.5 Hz, 2H),
X
6.94 (tt, J= 7.5, 1.1 Hz, 1H), 6.89 (dd, J = 8.8, 1.1 Hz, 2H), 6.65 (t, J = 2.5

Hz, 1H), 4.03 (t, J = 5.9 Hz, 2H), 2.67 (td, J = 7.0, 2.4 Hz, 2H), 2.41 (s, 3H), 2.29 (s, 3H), 2.08- 1.99
(m, 2H).



3-(6-((tert-butyldimethylsilyl)oxy)hex-2-yn-1-ylidene)pentane-2,4-dione(1c)

o O

|
AN

Reported compound,?was synthesized according to the general procedure
A. Isolated by column chromatography (hexanes/ethyl acetate = 20: 1),
yellow liquid.. *H NMR (500 MHz, CDCls) § 6.68 (t, J = 2.5 Hz, 1H),
3.66 (t, J = 5.9 Hz, 2H), 2.52 (td, J = 7.1, 2.5 Hz, 2H), 2.46 (s, 3H), 2.30

OTBS

(s, 3H), 1.79-1.70 (m, 2H), 0.88 (s, 9H), 0.04 (s, 6H).

3-(6-((triisopropylsilyl)oxy)hex-2-yn-1-ylidene)pentane-2,4-dione(1d)

|
X

New compound, was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 30: 1),

OTIPS
yellow liquid. *H NMR (500 MHz, CDCls) 5 6.67 (t, J = 2.5 Hz, 1H), 3.74

(t, J = 5.9 Hz, 2H), 2.55 (td, J = 7.1, 2.5 Hz, 2H), 2.4 (s, 3H), 2.29 (s,

3H), 1.80-1.72 (m, 2H), 1.05 (d, J = 5.0 Hz, 3H), 1.03 (d, J = 5.0 Hz, 18H). *C NMR (126 MHz,
CDCl3)§201.3, 195.9, 149.6, 123.3,110.3, 76.9, 61.7, 31.5, 31.0, 27.3, 18.1, 16.8, 12.0. HRMS (ESI):

calcd for CooH3s03Si™ [M+H]* 351.2350, found 351.2350.

3-(6-((tert-butyldiphenylsilyl)oxy)hex-2-yn-1-ylidene)pentane-2,4-dione(1le)

O O

I
X

New compound, was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 20: 1),
yellow liquid. *H NMR (500 MHz, CDCls) & 7.70-7.62 (m, 4H), 7.47-
7.35 (m, 6H), 6.67 (t, J = 2.5 Hz, 1H), 3.74 (t, J = 5.9 Hz, 2H), 2.61 (td,

OTBDPS

J=7.1, 25 Hz, 2H), 2.43 (s, 3H), 2.32 (s, 3H), 1.87-1.75 (m, 2H), 1.06 (s, 9H). 2*C NMR (126 MHz,
CDCls) § 201.3, 195.9, 149.5, 135.6, 133.7, 129.8, 127.8, 123.3, 110.1, 77.1, 62.2, 31.1, 31.0, 27.4,
26.9, 19.3, 16.9. HRMS (ESI): calcd for Ca7Hz30sSi* [M+H]* 433.2193, found 433.2195.

3-(hept-2-yn-1-ylidene)pentane-2,4-dione (1f)

AN

nBu

Reported compound,? was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 30: 1), yellow
liquid. *H NMR (500 MHz, CDCl3) § 6.69-6.66 (m, 1H), 2.45 (d, J = 1.0 Hz, 3H),
2.42 (td, J = 7.5, 2.3 Hz, 2H), 2.29 (d, J = 1.0 Hz, 3H), 1.56-1.50 (m, 2H), 1.46-

1.34 (m, 2H), 0.91 (td, J = 7.5, 1.0 Hz, 3H).



3-(6-chlorohex-2-yn-1-ylidene)pentane-2,4-dione(1g)

o o Reported compound,? was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 30: 1), yellow
liquid. *H NMR (500 MHz, CDCls) & 6.64 (t, J = 2.5 Hz, 1H), 3.62 (t, J = 6.2
Hz, 2H), 2.63 (td, J = 6.9, 2.5 Hz, 2H), 2.44 (s, 3H), 2.30 (s, 3H), 2.04-1.95

| o]
X

(m, 2H).

3-(5-phenoxypent-2-yn-1-ylidene)pentane-2,4-dione(1h)

New compound, was synthesized according to the general procedure A.

O O
Isolated by column chromatography (hexanes/ethyl acetate = 15: 1), yellow
| S oph| liquid. *H NMR (500 MHz, CDCls) § 7.27 (t, J = 8.0 Hz, 2H), 6.95 (t, J = 7.5
X
Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 6.66 (t, J = 2.5 Hz, 1H), 4.08 (t, J = 6.5 Hz,

2H), 2.89 (td, J = 6.5, 2.5 Hz, 2H), 2.44 (s, 3H), 2.28 (s, 3H). 3C NMR (126 MHz, CDCls) § 201.2,
195.7, 158.2, 150.1, 129.5, 122.3, 121.2, 114.6, 105.5, 77.9, 65.2, 30.9, 27.2, 21.3. HRMS (ESI): calcd
for C16H1703" [M+H]* 257.1172, found 257.1179.

3-(5-((tert-butyldimethylsilyl)oxy)pent-2-yn-1-ylidene)pentane-2,4-dione(1i)

New compound, was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 15: 1), yellow
OTBS| iquid. H NMR (500 MHz, CDCls) & 6.68 (s, 1H), 3.75 (t, J = 5.7 Hz, 2H),
2.68-2.61 (M, 2H), 2.47 (s, 3H), 2.30 (s, 3H), 0.88 (s, 9H), 0.06 (s, 6H). 3C
NMR (126 MHz, CDCls3) 6 201.3, 195.8, 149.8, 123.0, 107.3, 77.8, 61.2, 31.1, 27.5, 26.0, 24.8, 18.4, -
5.2. HRMS (ESI): calcd for C16H2703Si* [M+H]" 295.1724, found 295.1725.

(@)
/ ©

3-(5-((tert-butyldiphenylsilyl)oxy)pent-2-yn-1-ylidene)pentane-2,4-dione(1j)

New compound, was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 20: 1),
OTBDPS | yellow liquid. *H NMR (500 MHz, CDCls) § 7.70-7.62 (m, 4H), 7.47-7.36
(m, 6H), 6.68 (t, J = 2.5 Hz, 1H), 3.83 (t, J = 6.6 Hz, 2H), 2.69 (td, J = 6.6,
2.5 Hz, 2H), 2.45 (s, 3H), 2.31 (s, 3H), 1.08 (s, 9H). 1*C NMR (126 MHz, CDCl3) 5 201.2, 195.8, 149.7,
135.6, 133.3, 129.9, 127.8, 122.9, 107.3, 77.8, 61.8, 31.0, 27.4, 26.8, 24.5, 19.2. HRMS (ESI): calcd
for CsH3103Si* [M+H]* 419.2037, found 419.2036.

O
Vi ©




3-(5-phenylpent-2-yn-1-ylidene)pentane-2,4-dione(1k)

Reported compound,? was synthesized according to the general procedure A.

@ Isolated by column chromatography (hexanes/ethyl acetate = 20: 1), yellow
)J\th liquid. *H NMR (500 MHz, CDCl3) § 7.30 (t, J = 7.5 Hz, 2H), 7.25-7.17 (m, 3H),
6.65 (t, J = 2.5 Hz, 1H), 2.87 (t, J = 7.5 Hz, 2H), 2.75 (td, J = 7.5, 2.5 Hz, 2H),

2.34 (s, 3H), 2.29 (s, 3H).

3-(4-(benzyloxy)but-2-yn-1-ylidene)pentane-2,4-dione (1)

o o New compound, was synthesized according to the general procedure A.
| Isolated by column chromatography (hexanes/ethyl acetate = 10: 1), yellow
liquid. *H NMR (500 MHz, CDCl3) § 7.38-7.31 (m, 5H), 6.70 (t, J = 2.0 Hz,

\\ OBn
1H), 4.59 (s, 2H), 4.37 (d, J = 2.0 Hz, 2H), 2.47 (s, 3H), 2.33 (s, 3H). *C

NMR (126 MHz, CDCls) 6 200.9, 195.6, 150.7, 137.0, 128.6, 128.2, 128.2, 121.2, 103.4, 82.0, 72.1,
57.8, 31.0, 27.3. HRMS (ESI): calcd for C16H170s" [M+H]* 257.1172, found 257.1171.

3-(4-((triisopropylsilyl)oxy)pent-2-yn-1-ylidene)pentane-2,4-dione (1m)

Reported compound,? was synthesized according to the general procedure

O O
A. lIsolated by column chromatography (hexanes/ethyl acetate = 20: 1),
| yellow liquid. *H NMR (500 MHz, CDCls) § 6.71 (s, 1H), 4.79 (9, J = 6.5
X__oTPs
Hz, 1H), 2.47 (s, 3H), 2.31 (s, 3H), 1.48 (d, J = 6.5 Hz, 3H), 1.07 (d, J =

3.9 Hz, 21H).

2-(6-((tert-butyldiphenylsilyl)oxy)hex-2-yn-1-ylidene)-1,3-diphenylpropane-1,3-dione(1n)

New compound, was synthesized according to the general procedure

O O
Ph Ph A. lIsolated by column chromatography (hexanes/ethyl acetate =
| « OTBDPS| 20, 1), yellow liquid. 'H NMR (500 MHz, CDCl3) 8 7.94 (d, J = 7.5
A
Hz, 2H), 7.82 (d, J = 8.0 Hz, 2H), 7.65 (d, J = 7.5 Hz, 4H), 7.53 (dt,

J=24.0,7.5 Hz, 2H), 7.47-7.37 (m, 10H), 6.73 (t, = 2.5 Hz, 1H), 3.53 (t, J = 5.8 Hz, 2H), 2.39 (td, J
=7.5,2.5 Hz, 2H), 1.56-1.48 (m, 2H), 1.06 (s, 9H). 13C NMR (126 MHz, CDCls) § 194.3, 193.2, 147.9,
137.0, 136.5, 135.6, 133.8, 133.6, 132.9, 129.7, 129.6, 129.4, 128.7, 128.6, 127.7, 125.5, 109.3, 77.0,
62.1, 31.0, 26.9, 19.3, 16.7. HRMS (ESI): calcd for Ca7Hs703Si* [M+H]* 557.2506, found 557.2509.




ethyl (E)-2-acetyl-8-((tert-butyldiphenylsilyl)oxy)oct-2-en-4-ynoate(10)

New compound, was synthesized according to the general procedure

O O
£ A. lsolated by column chromatography (hexanes/ethyl acetate =
| « OTBDPS | 59, 1), yellow liquid. 'H NMR (500 MHz, CDCls) § 7.67 (d, J = 7.1
X
Hz, 4H), 7.49-7.32 (m, 6H), 6.78 (s, 1H), 4.27 (g, J = 7.5 Hz, 2H),

3.75 (t, J = 6.0 Hz, 2H), 2.59 (t, J = 6.8 Hz, 2H), 2.41 (s, 3H), 1.91-1.70 (m, 2H), 1.31 (t, J = 7.5 Hz,
3H), 1.07 (s, 9H). 3C NMR (126 MHz, CDCl3) 5 199.0, 164.1, 142.3, 135.7, 133.8, 129.8, 127.8, 124.0,
107.9, 76.8, 62.3, 61.6, 31.2, 30.5, 27.0, 19.4, 16.9, 14.2. HRMS (ESI): calcd for C2sHas04Si* [M+H]*
463.2299, found 463.2295.

ethyl (E)-2-benzoyl-8-((tert-butyldiphenylsilyl)oxy)oct-2-en-4-ynoate(1p)

o o New compound, was synthesized according to the general procedure

EtO | P rEOPS A. Isolated by column chromatography (hexanes/ethyl acetate =
T 20: 1), yellow liquid. *H NMR (500 MHz, CDCls) § 7.88 (d, J =

8.0 Hz, 2H), 7.64 (d, J = 7.5 Hz, 4H), 7.50 (t, J = 7.5 Hz, 1H), 7.44

(d, J = 7.0 Hz, 2H), 7.40 (t, J = 7.5 Hz, 6H), 7.03 (t, J = 2.5 Hz, 1H), 4.23 (q, J = 7.2 Hz, 2H), 3.50 (t,
J=5.5Hz, 2H), 2.36 (td, J = 7.0, 2.5 Hz, 2H), 1.53-1.46 (m, 2H), 1.20 (t, J = 7.2 Hz, 3H), 1.04 (s, 9H).
13C NMR (126 MHz, CDCls) & 193.0, 164.2, 141.0, 136.2, 135.6, 133.8, 133.6, 129.7, 129.4, 128.6,
127.7, 124.6, 107.4, 76.6, 62.0, 61.6, 31.0, 26.9, 19.3, 16.5, 14.1. HRMS (ESI): calcd for CasH3704Si*
[M+H]* 525.2456, found 525.2459.

3-(6-(benzyloxy)hex-2-yn-1-ylidene-4-d)pentane-2,4-dione(1q)

o o New compound, was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 15: 1), yellow
N oBn| liquid. *H NMR (400 MHz, CDCls) § 7.37-7.25 (m, 5H), 6.66 (d, J = 2.4 Hz,

D H 1H), 4.51 (s, 2H), 3.54 (t, J = 6.0 Hz, 2H), 2.55 (td, J = 6.8, 2.4 Hz, 1H),
2.43 (s, 3H), 2.30 (s, 3H), 1.85 (g, J = 6.4 Hz, 2H). *C NMR (101 MHz, CDCl3) § 201.4, 195.9, 149.7,
138.4, 128.5, 128.5, 127.7, 109.6, 77.4, 73.1, 68.5, 31.0, 28.3, 27.3, 17.0 (t). HRMS (ESI): calcd for
C1sH10DO3* [M+H]* 286.1548, found 286.1548.




3-(3-cyclopropylprop-2-yn-1-ylidene)pentane-2,4-dione(1r)

0 o Reported compound,? was synthesized according to the general procedure A.
Isolated by column chromatography (hexanes/ethyl acetate = 15: 1), yellow solid.
[ 'H NMR (500 MHz, CDCls) 5 6.65 (s, 1H), 2.41 (s, 3H), 2.26 (s, 3H), 1.59-1.28
(m, 1H), 0.99-0.90 (m, 2H), 0.86-0.76 (m, 2H).

4.General Procedure B for the Synthesis of 2-Alkenylfuran 2:

R2 R’ Condition A: Cu(OTf),/L1 (10/12 mol%), toluene, r.t., air |
| > 5 7\
Conditon B: Cu(OTf),/L1 (100/120 ppm), toluene, reflux, air

X
A R3 Conditon C: Cu(OTf),/L1 (200/240 ppm), toluene, reflux, air R?
1 2

Condition A: Ynenones (0.2 mmol), Cu(OTf)2 (10 mol%, 7.2 mg), L1 (12 mol%, 9.2 mg) and

anhydrous toluene (2 mL) was stirred under air at room temperature for 1-18 h and and the progress
of the reaction was monitored by TLC. Upon completion, the reaction mixture was concentrated under

vacuum. The residue was purified by chromatography on silica gel to afford the desired product 2.

Condition B: An oven-dried flask (200 mL) was charged with Cu(OTf)2 (1.8 mg) and L1 (2.3
mg) in acetone (100 mL) and stirred at room temperature for 1 h. The solution (2 mL) was added to
the reaction flask with a syringe and was concentrated under vacuum. The solution of 1 (1 mmol, 1.0
eq) in toluene (1 mL) was added to the flask. The resulting mixture was refluxed for about 3-11 hours
and the progress of the reaction was monitored by TLC. Upon completion, the reaction mixture was
concentrated under vacuum. The residue was purified by chromatography on silica gel to afford the

desired product 2.

Condition C: An oven-dried flask (200 mL) was charged with Cu(OTf)2 (1.8 mg) and L1 (2.3
mgq) in acetone (100 mL) and stirred at room temperature for 1 h. The solution (4 mL) was added to
the reaction flask with a syringe and was concentrated under vacuum. The solution of 1g (1 mmol,
1.0 eq) in toluene (1 mL) was added to the flask. The resulting mixture was refluxed for about 3 hours
and the progress of the reaction was monitored by TLC. Upon completion, the reaction mixture was
concentrated under vacuum. The residue was purified by chromatography on silica gel to afford the

desired product 2g.



(E)-1-(5-(4-(benzyloxy)but-1-en-1-yl)-2-methylfuran-3-yl)ethan-1-one(2a)

New compound, was synthesized according to the general procedure B. The
o | , \ product was obtained by condition A in 56.1 mg, yield 99%; condition B in
244.5 mgq, yield 86% with 8600 TONSs. Isolated by column chromatography
(hexanes/ethyl acetate = 12: 1), yellow liquid. *H NMR (500 MHz, CDCls)
§7.35 (d, J = 4.5 Hz, 4H), 7.31-7.27 (m, 1H), 6.33 (s, 1H), 6.23-6.16 (m, 2H), 4.54 (s, 2H), 3.58 (t, J
= 6.5 Hz, 2H), 2.58 (s, 3H), 2.53-2.47 (m, 2H), 2.38 (s, 3H). 3C NMR (126 MHz, CDCl3) 5 194.2,
157.7,150.8, 138.5, 128.5, 127.8, 127.7,127.1,122.8, 119.5, 106.6, 73.1, 69.6, 33.4, 29.2, 14.5. HRMS
(ESI): calcd for C1gH2103" [M+H]* 285.1485, found 285.1487.

BnO

(E)-1-(2-methyl-5-(4-phenoxybut-1-en-1-yl)furan-3-yl)ethan-1-one(2b)

New compound, was synthesized according to the general procedure B. The

o | , \ product was obtained by condition A in 53.1 mg, yield 99%; condition B in
243.3 mg, yield 90% with 9000 TONSs. Isolated by column chromatography
(hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR (500 MHz, CDCls)
§7.29 (t, J = 8.0 Hz, 2H), 6.98-6.90 (m, 3H), 6.37 (s, 1H), 6.28-6.20 (m, 2H), 4.07 (t, J = 6.5 Hz, 2H),
2.71-2.65 (m, 2H), 2.59 (s, 3H), 2.38 (s, 3H). 13C NMR (126 MHz, CDCl3) § 194.2, 158.9, 157.8, 150.6,
129.6, 126.2, 122.8, 120.9, 120.0, 114.7, 107.0, 67.1, 32.8, 29.2, 14.6. HRMS (ESI): calcd for

C17H1003" [M+H]* 271.1329, found 271.1331.

PhO

(E)-1-(5-(4-((tert-butyldimethylsilyl)oxy)but-1-en-1-yl)-2-methylfuran-3-yl)ethan-1-one(2c)

New compound, was synthesized according to the general procedure B. The
o | /- \ product was obtained by condition A in 60.9 mg, yield 99%; condition B in
246.8 mg, yield 80% with 8000 TONSs. Isolated by column chromatography
(hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR (500 MHz, CDCls) &
6.32 (s, 1H), 6.21-6.12 (m, 2H), 3.70 (t, J = 6.7 Hz, 2H), 2.57 (s, 3H), 2.44-2.38 (m, 2H), 2.37 (s, 3H),
0.89 (s, 9H), 0.05 (s, 6H). 3C NMR (126 MHz, CDCl3) § 194.2, 157.6, 150.9, 127.3, 122.8, 119.5,
106.4, 62.8, 36.5, 29.2, 26.1, 18.5, 14.5, -5.1. HRMS (ESI): calcd for Ci7H2803SiNa* [M+Na]*

331.1700, found 331.1699.

TBSO
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(E)-1-(2-methyl-5-(4-((triisopropylsilyl)oxy)but-1-en-1-yl)furan-3-yl)ethan-1-one(2d)

New compound, was synthesized according to the general procedure B. The
o | 4 \ product was obtained by condition A in 69.1 mg, yield 99%; condition B in
305.0 mg, yield 87% with 8700 TONs. Isolated by column chromatography
(hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR (500 MHz, CDCls)
§6.29 (s, 1H), 6.19-6.14 (m, 2H), 3.76 (t, J = 6.5 Hz, 2H), 2.54 (s, 3H), 2.40 (g, J = 6.5 Hz, 2H), 2.34
(s, 3H), 1.08-1.05 (m, 3H), 1.06-1.00 (m, 18H). 3C NMR (126 MHz, CDCls) § 194.1, 157.5, 150.9,
127.3, 122.7, 119.4, 106.3, 63.0, 36.6, 29.1, 18.1, 14.4, 12.1. HRMS (ESI): calcd for C20H3403SiNa*
[M+Na]* 373.2169, found 373.2171.

TIPSO

(E)-1-(5-(4-((tert-butyldiphenylsilyl)oxy)but-1-en-1-yl)-2-methylfuran-3-yl)ethan-1-one(2e)

New compound, was synthesized according to the general procedure B. The

o)
° | , \ product was obtained by condition A in 85.3 mg, yield 99%; condition B in
402.4 mg, yield 93% with 9300 TONSs. Isolated by column chromatography
TBDPSO (hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR (500 MHz, CDCls) §

7.72-7.68 (M, 4H), 7.46-7.36 (m, 6H), 6.33 (s, 1H), 6.24-6.13 (m, 2H), 3.79 (t, J = 6.5 Hz, 2H), 2.60
(s, 3H), 2.48-2.43 (m, 2H), 2.40 (s, 3H), 1.08 (s, 9H). 3C NMR (126 MHz, CDCl3) § 194.3, 157.6,
150.9, 135.7,133.9, 129.7, 127.7, 127.3, 122.8, 119.6, 106.4, 63.5, 36.2, 29.2, 27.0, 19.3, 14.5. HRMS
(ESI): calcd for C2sH3404SiNa* [M+Na]* 455.2013, found 455.2015.

(E)-1-(2-methyl-5-(pent-1-en-1-yl)furan-3-yl)ethan-1-one(2f)

o Reported compound,? was synthesized according to the general procedure
o | VAR Pr B. The product was obtained by condition A in 37.8 mg, yield 99%;
condition B in 128.9 mg, yield 67% with 6700 TONSs. Isolated by column

chromatography (hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR (500 MHz, CDCls) & 6.31
(s, 1H), 6.18 (dt, J = 16.0, 6.6 Hz, 1H), 6.11 (d, J = 16.0 Hz, 1H), 2.58 (s, 3H), 2.38 (s, 3H), 2.16 (q, J
= 7.0 Hz, 2H), 1.54-1.42 (m, 2H), 0.94 (t, J = 7.5 Hz, 3H).
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(E)-1-(5-(4-chlorobut-1-en-1-yl)-2-methylfuran-3-yl)ethan-1-one(2g)

New compound, was synthesized according to the general procedure B. The

|, \ product was obtained by condition A in 42.0 mg, yield 99%; condition C in
165.6 mg, yield 78% with 3900 TONS. Isolated by column chromatography
(hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR (500 MHz, CDCls)
§ 6.38 (s, 1H), 6.22 (d, J = 15.5 Hz, 1H), 6.17-6.09 (m, 1H), 3.60 (t, J = 7.0 Hz, 2H), 2.64 (g, J = 7.0
Hz, 2H), 2.58 (s, 3H), 2.37 (s, 3H). 3C NMR (126 MHz, CDCl3) § 194.1, 158.0, 150.2, 125.6, 122.8,
120.5, 107.5, 43.8, 36.0, 29.2, 14.6. HRMS (ESI): calcd for C1:H14CIO2" [M+H]* 213.0677, found
213.0675.

C

(E)-1-(2-methyl-5-(3-phenoxyprop-1-en-1-yl)furan-3-yl)ethan-1-one(2h)

New compound, was synthesized according to the general procedure B.

| , \ The product was obtained by condition A in 50.6 mg, yield 99%; condition
B in 171.7 mg, yield 67% with 6700 TONSs. Isolated by column

O,
OPh

chromatography (hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR
(500 MHz, CDCls) 6 7.30 (t, J =8.0 Hz, 2H), 6.99-6.92 (m, 3H), 6.47 (d, J = 17.0 Hz, 2H), 6.36 (dt, J
=17.0, 5.5 Hz, 1H), 4.68 (dd, J = 5.5, 1.5 Hz, 2H), 2.60 (s, 3H), 2.39 (s, 3H). 3C NMR (126 MHz,
CDClI3) 6 194.1, 158.6, 158.4, 150.0, 129.7, 124.1, 123.0, 121.2, 120.0, 114.9, 108.6, 67.9, 29.2, 14.6.
HRMS (ESI): calcd for C16H1603Na* [M+Na]* 279.0992, found 279.0993.

(E)-1-(5-(3-((tert-butyldimethylsilyl)oxy)prop-1-en-1-yl)-2-methylfuran-3-yl)ethan-1-one(2i)

New compound, was synthesized according to the general procedure B.

The product was obtained by condition A in 58.1 mg, yield 99%;

Van\
° condition B in 176.7 mg, yield 60% with 6000 TONSs. Isolated by column

OTBS

chromatography (hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR
(500 MHz, CDCls) 6 6.32 (s, 1H), 6.29 (dt, J = 15.5, 2.0 Hz, 1H), 6.16 (dt, J = 15.5, 4.5 Hz, 1H), 4.25
(dd, J = 4.5, 2.0 Hz, 2H), 2.50 (s, 3H), 2.30 (s, 3H), 0.87 (s, 9H), 0.03 (s, 6H). 3C NMR (126 MHz,
CDCIs) 6 193.8, 157.6, 150.5, 128.8, 122.7, 116.6, 107.3, 62.9, 29.0, 25.9, 18.4, 14.3, -5.3. HRMS
(ESI): calcd for C16H2603SiNa* [M+Na]* 317.1543, found 317.1542.
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(E)-1-(5-(3-((tert-butyldiphenylsilyl)oxy)prop-1-en-1-yl)-2-methylfuran-3-yl)ethan-1-one(2j)

New compound, was synthesized according to the general procedure

\ B. The product was obtained by condition A in 82.5 mg, yield 99%;
condition B in 293.0 mg, yield 70% with 7000 TONSs. Isolated by

O, | Z

OTBDPS

column chromatography (hexanes/ethyl acetate = 15: 1), yellow
liquid. *H NMR (500 MHz, CDCl3) § 7.76 (dd, J = 8.0, 2.0 Hz, 4H), 7.48-7.39 (m, 6H), 6.54 (dt, J =
15.5, 2.0 Hz, 1H), 6.45 (s, 1H), 6.30 (dt, J = 15.5, 4.5 Hz, 1H), 4.41 (dd, J = 4.5, 2.0 Hz, 2H), 2.63 (s,
3H), 2.42 (s, 3H), 1.15 (s, 9H). 13C NMR (126 MHz, CDCl3) § 194.1, 157.8, 150.6, 135.5, 133.5, 129.8,
128.5, 127.8, 122.8, 116.7, 107.5, 63.7, 29.1, 26.9, 19.3, 14.5. HRMS (ESI): calcd for C2sH3003SiNa*
[M+Na]* 441.1856, found 441.1859.

(E)-1-(2-methyl-5-(3-phenylprop-1-en-1-yl)furan-3-yl)ethan-1-one(2k)

New compound, was synthesized according to the general procedure B. The

5 |, \ product was obtained by condition A in 47.3 mg, yield 99%; condition B in
153.8 mg, yield 64% with 6400 TONSs. Isolated by column chromatography
(hexanes/ethyl acetate = 15: 1), yellow liquid. *tH NMR (500 MHz, CDCls)
§7.32 (t,J = 8.2 Hz, 2H), 7.23 (t, J = 6.8 Hz, 3H), 6.37-6.29 (m, 2H), 6.15 (d, J = 15.5 Hz, 1H), 3.52
(dd, J=7.0, 1.5 Hz, 2H), 2.57 (s, 3H), 2.37 (s, 3H). 13C NMR (126 MHz, CDCl3) § 194.2, 157.7, 150.8,
139.7, 129.3, 128.8, 128.7, 126.4, 122.8, 118.9, 106.9, 39.2, 29.2, 14.5. HRMS (ESI): calcd for

Ci16H1702" [M+H]" 241.1223, found 241.1224.

Ph

(E)-1-(5-(2-(benzyloxy)vinyl)-2-methylfuran-3-yl)ethan-1-one(2l)

o New compound, was synthesized according to the general procedure B. The
0. | 4 \ oBn | Product was obtained by condition A in 50.5 mg, yield 99% (E:Z=5:1);
condition B in 184.5 mg, yield 72% (E:Z=3:1) with 7200 TONSs. Isolated by

column chromatography (hexanes/ethyl acetate = 100:1-20:1), yellow liquid. *H NMR (500 MHz,
CDCls) 6 7.43-7.29 (m, 5H), 7.09 (d, J = 12.5 Hz, 1H), 6.20 (s, 1H), 5.72 (d, J = 12.5 Hz, 1H), 4.86 (s,
2H), 2.55 (s, 3H), 2.35 (s, 3H). 13C NMR (126 MHz, CDCl3) § 194.0, 156.4, 149.3, 148.1, 136.4, 128.6,
128.2, 127.6, 122.7, 104.4, 96.3, 72.2, 29.1, 14.3. HRMS (ESI): calcd for Ci1sH160sNa* [M+Na]*
279.0992, found 279.0996.
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1-(2-methyl-5-(2-((triisopropylsilyl)oxy)prop-1-en-1-yl)furan-3-yl)ethan-1-one(2m)

o New compound, was synthesized according to the general procedure B.

o VAR OTIPS The product was obtained by condition A in 66.4 mg, yield 99%

(E:Z=11:1); condition B in 171.6 mg, yield 51% (E:Z=1:1) with 5100

TONS. Isolated by column chromatography (hexanes/ethyl acetate = 15: 1), yellow liquid. *H NMR
(400 MHz, CDCl3) § 6.62 (s, 1H), 6.18 (s, 1H), 5.54 (s, 1H), 5.31 (s, 1H), 2.55 (s, 3H), 2.53 (s, 3H),
2.37 (s, 3H), 2.35 (s, 3H), 2.11 (s, 3H), 2.01 (s, 3H), 1.29-1.24 (m, 3H), 1.22-1.17 (m, 3H), 1.13 (d, J
=7.1Hz, 18H), 1.10 (d, J = 7.1 Hz, 18H). 3C NMR (101 MHz, CDCl3) § 194.7, 194.3, 156.1, 155.3,
153.5, 150.5, 150.1, 150.0, 122.8, 122.5, 106.2, 105.4, 98.7, 97.7, 29.2, 29.1, 23.6, 20.6, 18.1, 18.0,
145, 14.2, 13.7, 12.7. HRMS (ESI): calcd for C19H3303Si* [M+H]* 337.2193, found 337.2193.

(E)-(5-(4-((tert-butyldiphenylsilyl)oxy)but-1-en-1-yl)-2-phenylfuran-3-
yl)(phenyl)methanone(2n)

New compound, was synthesized according to the general procedure B. The

Ph _o
. | , \ product was obtained by condition B in 412.0 mg, yield 74% with 7400 TONSs.
1. Isolated by column chromatography (hexanes/ethyl acetate = 15: 1), yellow
TBOPSO | iquid. *H NMR (500 MHz, CDCl3) § 7.92-7.86 (m, 2H), 7.80-7.74 (m, 2H),

7.77-7.71 (m, 4H), 7.53 (t, J = 7.5 Hz, 1H), 7.47-7.38 (m, 9H), 7.35-7.29 (m, 2H), 6.45 (s, 1H), 6.45-
6.37 (m, 1H), 6.30 (d, J = 15.5 Hz, 1H), 3.86 (t, J = 6.5 Hz, 2H), 2.53 (g, J = 7.0 Hz, 2H), 1.13 (s, 9H).
13C NMR (126 MHz, CDCl3) § 191.9, 154.6, 151.7, 138.2, 135.7, 134.0, 132.9, 129.9, 129.8, 129.8,
129.0, 128.8, 128.4, 128.4, 127.8, 127.5, 122.5, 119.5, 110.1, 63.5, 36.3, 27.0, 19.4. HRMS (ESI):
calcd for C37H3s03SiNa* [M+Na]* 579.2326, found 579.2329.

ethyl (E)-5-(4-((tert-butyldiphenylsilyl)oxy)but-1-en-1-yl)-2-methylfuran-3-carboxylate(20)

New compound, was synthesized according to the general procedure B. The

o | \ product was obtained by condition B in 351.6 mg, yield 76% with 7600
TON:S. Isolated by column chromatography (hexanes/ethyl acetate = 30: 1),
yellow liquid. *H NMR (500 MHz, CDCls) § 7.77-7.71 (m, 4H), 7.49-7.35
(m, 6H), 6.42 (s, 1H), 6.25-6.16 (m, 2H), 4.33 (q, J = 7.5 Hz, 2H), 3.83 (t, J = 6.5 Hz, 2H), 2.62 (s,
3H), 2.48 (q, J = 4.5 Hz, 2H), 1.38 (t, J = 7.5 Hz, 3H), 1.13 (s, 9H). 3C NMR (126 MHz, CDCls3) &
164.1, 158.2,151.0, 135.7, 133.9, 129.7, 127.7, 126.9, 119.7, 114.9, 106.8, 63.5, 60.1, 36.2, 26.9, 19.3,
14.4, 13.9. HRMS (ESI): calcd for C2gHs404SiNa* [M+Na]* 485.2119, found 485.2120.

OEt

TBDPSO
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ethyl (E)-5-(4-((tert-butyldiphenylsilyl)oxy)but-1-en-1-yl)-2-phenylfuran-3-carboxylate(2p)

New compound, was synthesized according to the general procedure B. The

Ph _o
| , \ product was obtained by condition B in 446.0 mg, yield 85% with 8500
o)
). TON:Ss. Isolated by column chromatography (hexanes/ethyl acetate = 15: 1),
t
TBDPSO | yellow liquid. *H NMR (500 MHz, CDCls) § 8.07-8.02 (m, 2H), 7.71 (dd,

J =78, 1.7 Hz, 4H), 7.50-7.34 (m, 9H), 6.60 (s, 1H), 6.37-6.30 (m, 1H), 6.26 (d, J = 16.0 Hz, 1H),
433 (q, J = 7.1 Hz, 2H), 3.83 (t, J = 6.5 Hz, 2H), 2.50 (q, J = 6.5 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H),
1.10 (s, 9H). *C NMR (126 MHz, CDCls) § 163.7, 156.1, 151.7, 135.7, 134.0, 130.0, 129.8, 129.3,
128.6, 128.4, 128.2, 127.8, 119.6, 115.4, 109.2, 63.5, 60.6, 36.3, 27.0, 19.4, 14.4. HRMS (ESI): calcd
for CasH3604SiNa*™ [M+Na]* 547.2275, found 547.2278.

(E)-1-(5-(5-(benzyloxy)pent-1-en-1-yl-2-d)-2-methylfuran-3-yl)ethan-1-one(2q)

New compound, was synthesized according to the general procedure B.

M?\O_W/g/\/%n The product was obtained by condition A in 47.3 mg, yield 79%. Isolated
o D by column chromatography (hexanes/ethyl acetate = 15: 1), yellow

Me liquid. *H NMR (400 MHz, CDCls) & 7.38-7.28 (m, 5H), 6.33 (s, 1H),
6.20-6.16 (m, 1H), 4.54 (s, 2H), 3.58 (t, J = 6.6 Hz, 2H), 2.58 (s, 3H), 2.49 (td, J = 6.6, 1.7 Hz, 2H),
2.37 (s, 3H). 3C NMR (101 MHz, CDCl3) § 194.3, 157.7, 150.8, 138.4, 128.5, 127.8, 127.7, 122.8,

119.3,106.6, 73.1, 69.5, 33.2, 29.2, 14.5. HRMS (ESI): calcd for C1gH10DO3" [M+H]* 286.1548, found
286.1547.

1,1'-((1,2-dicyclopropylethene-1,2-diyl)bis(2-methylfuran-5,3-diyl))bis(ethan-1-one) (2r)

Reported compound,® was synthesized according to the general

o 2 | procedure B. The product was obtained by condition A in 34.7 mg,
0]
o I Y yield 99% (E:Z=1:1); condition B in 172.4 mg, yield 98% (E:Z=1:1)

with 9800 TONs. Isolated by column chromatography (hexanes/ethyl

acetate = 15: 1), yellow liquid. *H NMR (400 MHz, CDCls) § 6.61 (s, 1H), 6.24 (s, 1H), 2.59 (s, 3H),
2.41 (s, 6H), 2.31 (s, 3H), 2.04-1.94 (m, 1H), 1.77-1.68 (m, 1H), 0.91-0.85 (m, 2H), 0.70-0.64 (m, 2H),
0.59-0.53 (m, 2H), 0.36-0.29 (m, 2H).
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1-(4-acetyl-5-methylfuran-2-yl)-4-(benzyloxy)butan-1-one (3a)

o o Reported compound,* was synthesized according to the general procedure A

o | % without L1. Isolated by column chromatography (hexanes/ethyl acetate = 8:

BnG 1) in 58.2 mg, 97%, yellow solid. *H NMR (500 MHz, CDCls) & 7.36 (s, 1H),

7.35-7.29 (M, 4H), 7.29-7.26 (m, 1H), 4.48 (s, 2H), 3.55 (t, J = 6.0 Hz, 2H), 2.91 (t, J = 7.2 Hz, 2H),
2.66 (s, 3H), 2.42 (s, 3H), 2.07-2.00 (m, 2H).

5. A Gram-Scale Synthesis of 2-Alkenylfuran 2a from la:

O O o)
Cu(OTf), (100 p.p.m.)/L1 (120 p.p.m.) | / \
| OBn O
[ toluene (3.6 mL), reflux, air
N OBn
1a, 1.0 g, 3.6 mmol 2a, 895.5mg, 87%
TON:8700

General procedure C: An oven-dried flask (200 mL) was charged with Cu(OTf). (1.8 mg) and
L1 (2.3 mg) in acetone (100 mL) and stirred at room temperature for 1 h. The solution (7.2 mL) was
added to the reaction flask with a syringe and was concentrated under vacuum. The solution of la
(1.0 g, 3.6 mmol, 1.0 eq) in toluene (3.6 mL) was added to the flask. The resulting mixture was
refluxed for 7 h, and the progress of the reaction was monitored by TLC. Upon completion, the
reaction mixture was concentrated under vacuum. The residue was purified by chromatography on
silica gel (eluant: hexanes/ethyl acetate = 15:1) to afford the desired product 2a (895.5 mg) in 87%

yield as a yellow liquid.

6. A One-Pot Synthesis of 2f from Hept-2-ynal:

° O O 1. piperidine, ACOH, MgSO, M¢ | 0
N — 5 . Me)J\/u\Me toluene, 40 'C,1h 7\ .
2. Cu(OTf), (100 p.p.m.)
3.6 mmol 3.64mmol L1 (120 p.p.m.), reflux, 5h Me
1.0 equiv 1.01equiv 2f, 59%, TON:5900

General procedure D: Hept-2-ynal (396.6 mg, 3.6 mmol, 1.0 eq) was added to a mixture of

HOACc (129.7 mg, 2.2 mmol, 0.6 eq), piperidine (30.7 mg, 0.36 mmol, 0.1 eq) and acetylacetone
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(364.0 mg, 3.64 mmol, 1.01 eq) in toluene (12 mL). MgSO4 (86.7 mg, 0.72 mmol, 0.2 eq) was
introduced and the suspension was stirred at 40°C for 1 h. Then Cu(OTf)2 (0.13 mg) and L1 (0.14
mg) were added to the reaction. The resulting mixture was refluxed for about 5 hours, and the progress
of the reaction was monitored by TLC. Upon completion, the reaction mixture was concentrated under
vacuum. The residue was purified by chromatography on silica gel (eluant: hexanes/ethyl acetate =

15:1) to afford the desired product 2f (408.4 mg) in 59% yield.

7. Synthesis of 1-(4-acetyl-5-methylfuran-2-yl)-1-hydroxy-4-phenoxybutan-2-yl 3-
chlorobenzoate(4a)?:

HO
o) | O
, OPh
o | \ m-CPBA (4.0 equiv) o Y 5
DCM, 0 °C-rt ©
OPh
Cl
2b 4a

General procedure E: To a DCM (5 mL) solution of (E)-1-(2-methyl-5-(4-phenoxybut-1-en-1-
yl)furan-3-yl)ethan-1-one 2b (135.2 mg, 0.5 mmol, 1.0 eq) was added a m-CPBA (138.1 mg, 2 mmol,
4.0 eq) at 0°C and the reaction is stirred at room temperature for 2 h. Upon completion, the reaction
mixture was concentrated under vacuum. The residue was purified by chromatography on silica gel
(eluant: hexanes/ethyl acetate = 4:1) to afford the desired product 4a (143.9 mg, 0.33 mmol) in 65%

yield as a yellow liquid.

1-(4-acetyl-5-methylfuran-2-yl)-1-hydroxy-4-phenoxybutan-2-yl 3-chlorobenzoate(4a)

New compound, was synthesized according to the general procedure E.

O Isolated by column chromatography (hexanes/ethyl acetate = 3: 1) in
> | 7 o o 143.9 mg, 65%, yellow liquid. *H NMR (500 MHz, CDCls) & 8.05 (t, J
= 1.5 Hz, 1H), 7.96 (dt, J = 8.0, 1.5 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H),
7.39 (t, J = 8.0 Hz, 1H), 7.29 (d, J = 7.8 Hz, 2H), 6.95 (t, J = 7.5 Hz, 1
H), 6.90 (d, J = 8.0 Hz, 2H), 6.73 (s, 1H), 6.01 (d, J = 7.0 Hz, 1H), 4.54 (s, 1H), 4.25-4.19 (m, 1H), 4.
18-4.11 (m, 1H), 2.68 (s, 1H), 2.57 (s, 3H), 2.38 (s, 3H), 2.03-1.90 (m, 2H). 13C NMR (126 MHz, CD
Clz) 6 193.9, 164.7, 159.1, 158.6, 147.9, 134.8, 133.6, 131.5, 130.0, 129.7, 128.1, 122.2, 121.2, 114.6,

111.2, 72.8, 69.6, 64.6, 32.6, 29.2, 14.6. HRMS (ESI): calcd for CasH2sClOsNa* [M+Na]* 465.1075,

Cl
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found 465.1076.
8. Synthesis of 1-(5-(1,2-dihydroxy-4-phenoxybutyl)-2-methylfuran-3-yl)ethan-1-one(4b)*:

O, O, OH
I AD-mix-a |
o 7\ o /
THF/water/acetone HO
PhO PhO
2b 4b

General procedure F: A solution of 2b (135.2 mg, 0.5 mmol, 1.0 eq), from above, in THF (0.2
mL) was added dropwise to a stirred suspension of comcerical AD-mix-a. (840 mg, 0.6 mmol, 1.2 eq)
in 1:1:1 water: THF:acetone (3.6 mL) and the mixture was then stirred at room temperature overnight.
The mixture was quenched with sat. Na>SOs solution (2 mL) and then extracted with EtOAc (3 x 3
mL), The combinded organic extracts were washed with sat. Na2SOs solution and brine, and then
dried over MgSOs. The solvents were removed in vacuo and the residue was purified by flash
chromatography on silica gel (eluant: petroleum ether:diethyl ether = 2:1 to Et20) to give the title

compound 4b as a white solid (129.3 mg, 85%).

1-(5-(1,2-dihydroxy-4-phenoxybutyl)-2-methylfuran-3-yl)ethan-1-one(4b)

New compound, was synthesized according to the general procedure F.

O OH
| p Isolated by column chromatography (hexanes/ethyl acetate =1: 1) in 129.3
o)
ud mg, 85%, white solid. *H NMR (400 MHz, CDCl3) § 7.26 (t, J = 8.0 Hz, 2H),
PhO | 6.94 (t, J = 7.2 Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 4.51 (t, J = 5.6 Hz, 1H),

4.23-4.05 (m, 3H), 3.58 (d, J = 5.2 Hz, 1H), 3.39 (d, J = 4.0 Hz, 1H), 2.53 (s, 3H), 2.34 (s, 3H), 2.00-
1.89 (m, 2H). 13C NMR (101 MHz, CDCls) § 194.5, 158.5, 151.9, 129.6, 122.0, 121.1, 114.5, 108.4,
70.9, 70.8, 64.9, 32.6, 29.2, 14.5. HRMS (ESI): calcd for Ci7H200sNa* [M+Na]* 327.1203, found
327.1202.

9. Synthesis of 1-(2-methyl-5-(4-phenoxybutyl)furan-3-yl)ethan-1-one(4c)>:

| 2 I )
Pd/C, H,, MeOH
O. 4 \ (¢) 7
PhO PhO
2b 4c

General procedure G: A solution of 2b (135.2 mg, 0.5 mmol 1.0 eq) in methanol (1 mL) was
added Pd/C (10 %, 7.0 mg, 0.05 mmol, 0.1 eq) in methanol (4 mL). The flask was evacuated, placed

under an hydrogen atmosphere (balloon) and stirred for 3 h at rt. The mixture was then filtered over
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celite and the filter cake was washed several times with methanol. The solvents were removed in
vacuo and the residue was purified by flash chromatography on silica gel (eluant: hexanes/ethyl

acetate = 10:1) to give the title compound 4c (129.4 mg, 0.48 mmol, 95%) as a yellow liquid .

1-(2-methyl-5-(4-phenoxybutyl)furan-3-yl)ethan-1-one(4c)

New compound, was synthesized according to the general procedure G.
o)

o | / Isolated by column chromatography (hexanes/ethyl acetate = 10: 1) in 129.4
mg, 95%, yellow liquid. *H NMR (400 MHz, CDCls) § 7.28 (t, J = 8.8 Hz,
2H), 6.94 (t, J = 7.3 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 6.23 (s, 1H), 3.98 (t, J
= 5.7 Hz, 2H), 2.65 (t, J = 6.6 Hz, 2H), 2.55 (s, 3H), 2.37 (s, 3H), 1.90-1.73 (m, 4H). 3C NMR (101
MHz, CDCl3) 6 194.5, 159.0, 157.1, 153.8, 129.6, 122.1, 120.7, 114.5, 105.7, 67.4, 29.2, 28.7, 27.5,

24.5, 14.5. HRMS (ESI): calcd for C17H200sNa*™ [M+Na]* 295.1305, found 295.1309.

PhO

10. Synthesis of Ligands:
Ligands L1-L4, L7, L9 are known in the literature®.

Pd(PPh3),, Ko;CO3

toluene, 100°C, 48h

General procedure H: An oven-dried flask (25 mL) was charged with 3-chlorophenanthrene
(214.0 mg, 1.0 mmol, 1.1 eq) and phenylboronic acid (0.92 mmol, 1.0 eq). The mixture was dissolved
in toluene (8 mL) and purged with N2 for 10 min. Ag. K2COs (1M, 4 mL) was added under N2 purging,
followed by Pd(PPhs3)s (53.2 mg, 5 mol%). After purging with N2 for an additional 10 min, the
pressure tube was closed and heated at 100°C for 48 h. Upon cooling to room temperature, the reaction
mixture was filtered to remove insoluble impurities. The filtrate was then extracted with CH2Cl, (3>6
mL). The organic layers were collected, dried over Na>SO4 purified by chromatography on neutral

Al>O3 (eluant: hexanes/ethyl acetate = 1:1) to give product.
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1-(3-(phenanthren-3-yl)phenyl)piperidine (L4)

O

New compound, was synthesized according to the general procedure H.
Isolated by column chromatography (hexanes/ethyl acetate =1: 1) in 133.5
mg, 43%, yellow solid. *H NMR (400 MHz, CDCl3) § 9.20 (dd, J=4.4, 1.6
Hz, 1H), 8.23 (d, J = 8.4 Hz, 1H), 8.20 (dd, J = 8.0, 1.6 Hz, 1H), 8.03 (d, J
= 8.4 Hz, 1H), 7.87 (t, J = 2.0 Hz, 1H), 7.78-7.68 (m, 3H), 7.59 (dd, J = 8.0,
4.4 Hz, 1H), 7.40 (t, J = 8.4 Hz, 1H), 7.07-7.02 (m, 1H), 3.29 (t, J = 5.2 Hz,

4H), 1.81-1.69 (m, 4H), 1.64-1.54 (m, 2H). 13C NMR (101 MHz, CDCls) § 158.5, 152.9, 150.3, 146.5,
146.1, 140.7, 136.7, 136.1, 129.4, 129.1, 127.5, 126.4, 126.1, 122.9, 121.1, 119.3, 117.7, 116.2, 50.9,
26.0, 24.4. HRMS (ESI): calcd for C13H22N3* [M+H]" 340.1808, found 340.1807.

2-(2-methyl-1,2,3,4-tetrahydroisoquinolin-5-yl)-1,10-phenanthroline (L5)

New compound, was synthesized according to the general procedure H.
Isolated by column chromatography (hexanes/ethyl acetate = 1: 1) in 163.7
mg, 55%, yellow solid. *H NMR (500 MHz, CDCls) & 9.16 (d, J = 4.5 Hz,
1H), 8.21 (dd, J = 15.0, 8.1 Hz, 2H), 7.76 (g, J = 8.7 Hz, 2H), 7.66 (d, J = 8.5
Hz, 1H), 7.57 (dd, J = 8.1, 4.3 Hz, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.20 (t, J =
7.5 Hz, 1H), 7.05 (d, J = 7.5 Hz, 1H), 3.64 (s, 2H), 2.96 (t, J = 6.0 Hz, 2H),

2.60 (t, J=6.0 Hz, 2H), 2.41 (s, 3H). 3C NMR (101 MHz, CDCls) § 160.4, 150.6, 146.5, 146.1, 141.1,
136.1, 136.1, 135.2, 132.1, 129.0, 128.3, 127.3, 126.9, 126.5, 125.8, 124.3, 123.0, 58.6, 53.1, 46.1,

28.0. HRMS (ESI): calcd for C22H19N3sNa™ [M+Na]* 348.1471, found 348.1474.
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