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General Information. NMR spectra were taken with an Agilent-400 spectrometer
(400 MHz for "H NMR, 100 MHz for *C NMR, 376 MHz for "’F NMR) in CDCl; or
de-DMSO. All '"H NMR experiments were measured with tetramethylsilane (0 ppm)
in CDCl; or the signal of residual DMSO (2.50 ppm) in de-DMSO as the internal
reference; °C NMR experiments were measured in relative to the signal of CDCls
(77.0 ppm) or the signal of de-DMSO (39.52 ppm); '’F NMR experiments were
measured in relative to the signal of CFCl; (0 ppm) in CDCIls. All reactions were
carried out in Schlenk tubes. PdCl, was purchased from J&K Chemicals; DPEphos
was purchased from Energy Chemical; (PhO),POOH was purchased from Energy
Chemical, acidified with 1 N HCI under stirring, and extracted with dichloromethane,
and the solvent was removed under vacuum; "BuLi (2.5 M in Hexane) was purchased
from Energy Chemical. Petroleum ether (b.p. 60-90 °C) was purchased from Shanghai
Titan Scientific Co., Ltd. Toluene was used as received without further purification.
Anhydrous toluene was obtained via drying over sodium wire with benzophenone as
the indicator and distillation freshly before use. The reaction should be conducted in a
hood working efficiently due to the toxicity of CO gas. All the temperatures are
referred to the oil baths used. Recovery of substrates were determined by 'H NMR
analysis using dibromomethane or 1,3,5-trimethylbenzene as the internal standard.

The propargylic alcohols were prepared according to the literature methods.'™
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1. Synthesis of 2,3-allenoic acids

(1) Preparation of 2-butyl-4-phenyl-2,3-pentadienoic acid (2a) (zwf-2-119)

2 mol% PdCl,
HO 6 mol% DPEphos CO,H

Me
Me =-"Bu 5 mol% (PhO),PO,H :< COLH
8.0 equiv H,0 "By 4+ W

n
toluene, CO balloon Ph  "Bu
50°C, 18 h

la 2a, 92% yield E-3a, 2% NMR yield
Typical Procedure I: To a Schlenk flask (25 mL) were added PdClI, (3.8 mg, 0.02
mmol), DPEphos (33.1 mg, 0.06 mmol), and (PhO),PO,H (12.7 mg, 0.05 mmol).
After addition of each chemical, the flask was degassed and refilled with Ar for three
times to ensure the complete exclusion of air. Then 1a (203.6 mg, 1.0 mmol), toluene
(3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and toluene (2 mL) were
added sequentially. The resulting mixture was then frozen with a liquid nitrogen bath,
degassed to remove the argon inside completely, and refilled with CO by a balloon of
CO (about 1 L) for three times. Then the liquid nitrogen bath was removed and the
mixture was warmed up to room temperature. Then the resulting mixture was
vigorously stirred at 50 °C with a balloon of CO for 18 h. After that, the resulting
mixture was diluted with 5 mL of ethyl acetate, filtered through a short column silica
gel (3 cm) eluted with ethyl acetate (20 mL), and concentrated. The reaction afforded
a mixture of 2a (97% NMR yield), and E-3a (2% NMR yield), which was determined
by 'H NMR analysis of the crude product. The mixture was purified by
chromatography on silica gel to afford the pure product 2a (213.4 mg, 92%) [eluent:
petroleum ether/ ethyl acetate = 30/1 (310 mL), 5/1 (120 mL)]: white solid; m.p.
118.2-119.6 °C (petroleum ether/DCM); *H NMR (400 MHz, CDCls): & = 7.42-7.30
(m, 4 H, Ar-H), 7.29-7.22 (m, 1 H, Ar-H), 2.32 (t, J=7.4 Hz, 2 H, CH,), 2.19 (s, 3 H,
CH3), 1.52-1.40 (m, 2 H, CH,), 1.40-1.29 (m, 2 H, CH>), 0.88 (t, J = 7.6 Hz, 3 H,
CH;); ®C NMR (100 MHz, CDCls): & = 212.6, 173.0, 135.0, 128.5, 127.6, 126.1,
105.2, 101.8, 30.2, 28.3, 22.3, 16.3, 13.8; IR (neat): v =3200-2410, 1935, 1673, 1419,
1279, 1248, 1122, 1066 cm™; MS (70 eV, EI)m/z (%): 230 (M", 4.81), 143 (100);
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Anal. Calcd. for C;5H150,: C 78.23, H 7.88; found: C 78.22, H 7.98.

(2) Preparation of 2-butyl-(2-methylphenyl)-2,3-pentadienoic acid (2b)
(zwf-1-125)

2 mol% PdCl,
HO 6 mol% DPEphos CO,H

Me——=="Bu 5 mol% (PhO),PO,H :<
8.0 equiv H,O
M + 7% recovery of 1b
€ toluene, CO baIIoon
1b 50°C, 18 h

2b, 87% vyield

Following Typical Procedure I, the reaction of PdCl, (3.6 mg, 0.02 mmol),
DPEphos (32.5 mg, 0.06 mmol), (PhO),PO,H (12.7 mg, 0.05 mmol), 1b (220.5 mg,
1.0 mmol)/toluene (3 mL), H;O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 2b (216.9 mg, 87%) (7% of 1b remained based 'H NMR
analysis of the crude product) [eluent: petroleum ether/ ethyl acetate = 20/1 (315 mL),
10/1 (660 mL)]: colorless oil; *H NMR (400 MHz, CDCl;): & = 7.31-7.24 (m, 1 H,
Ar-H), 7.24-7.11 (m, 3 H, Ar-H), 2.40 (s, 3 H, CH3), 2.35-2.15 (m, 2 H, CH,), 2.13 (s,
3 H, CHs), 1.52-1.40 (m, 2 H, CH,), 1.40-1.27 (m, 2 H, CH,), 0.90 (t, J =7.2 Hz, 3 H,
CHs); C NMR (100 MHz, CDCls): & = 210.2, 173.8, 136.2, 136.0, 130.6, 127.9,
127.6, 125.9, 104.5, 98.9, 30.1, 28.1, 22.2, 20.4, 19.9, 13.9; IR (neat): v = 3240-2460,
1950, 1675, 1458, 1414, 1379, 1275, 1121, 1077, 1042 cm™; MS (70 eV, EI) m/z (%):
245 (M'™+1, 2.19), 244 (M", 11.87), 201 (100); HRMS calcd for C;¢Hy00, [M']:
244.1463, found: 244.1460.

(3) Preparation of 2-butyl-(3-methylphenyl)-2,3-pentadienoic acid (2c)
(zwf-1-124)

2 mol% PdCl,
6 mol% DPEphos

HO  5mol% (PhO),PO,H COzH
Me ="Bu 8.0 equiv H,O :<
Me toluene, CO baIIoon Me
50°C,18 h

1c c, 93% yield

Following Typical Procedure I, the reaction of PdCl, (3.6 mg, 0.02 mmol),
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DPEphos (32.5 mg, 0.06 mmol), (PhO),PO,H (13.0 mg, 0.05 mmol), 1c (228.0 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 2¢ (238.9 mg, 93%) [eluent: petroleum ether/ ethyl acetate =
20/1 (315 mL), 10/1 (330 mL)]: white solid; m.p. 116.9-119.0 °C (petroleum
ether/DCM); *H NMR (400 MHz, CDCl3): § = 7.28-7.12 (m, 3 H, Ar-H), 7.06 (d, J =
7.6 Hz, 1 H, Ar-H), 2.43-2.25 (m, 5 H, CH; and CHj3), 2.18 (s, 3 H, CHj3), 1.53-1.41
(m, 2 H, CH,), 1.41-1.28 (m, 2 H, CH,), 0.88 (t, J = 7.4 Hz, 3 H, CH;); *C NMR
(100 MHz, CDCl3): 6 = 212.6, 173.2, 138.1, 134.9, 128.41, 128.36, 126.7, 123.2,
105.2, 101.6, 30.2, 28.3,22.2, 21.4, 16.4, 13.8; IR (neat): v = 3230-2450, 1933, 1673,
1491, 1421, 1278, 1246, 1125, 1070, 1052, 1015 cm™; MS (70 eV, EI)m/z (%): 245
(M'+1, 1.97), 244 (M", 10.80), 157 (100); Anal. Calcd. for C1sH200,: C 78.65, H 8.25;
found C 78.46, H 8.31.

(4) Preparation of 2-butyl-(4-methylphenyl)-2,3-pentadienoic acid (2d)
(zwf-1-082)

2 mol% PdCl,

HO & mol% DPEphos Me COH .,
Me—)—==""BU 5 mol% (PhO),PO,H = ="Bu
8.0 equiv H,O "Bu
+ + 7% recovery of 1d

toluene, CO balloon
Mé 1d 50°C, 18 h Me Me
2d, 82% yield 4d, 8% NMR yield

Following Typical Procedure I, the reaction of PdCl, (3.6 mg, 0.02 mmol),
DPEphos (32.5 mg, 0.06 mmol), (PhO),PO,H (12.5 mg, 0.05 mmol), 1d (216.6 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/cm’, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded a mixture of 2d (87% NMR yield), 4d (8% NMR yield), and
7% recovery of 1d, which was determined by 'H NMR analysis of the crude product.
The mixture was purified by chromatography on silica gel to afford the pure product
2d (200.4 mg, 82%) [eluent: petroleum ether (b.p. 60-90 °C)/ ethyl acetate = 15/1
(960 mL)]: white solid; m.p. 125.7-127.6 °C (petroleum ether/ CDCl;); 'H NMR (400
MHz, CDCl): 6 = 7.27 (d, J = 8.0 Hz, 2 H, Ar-H), 7.14 (d, J = 7.6 Hz, 2 H, Ar-H),
2.40-2.25 (m, 5 H, CH; and CH3), 2.17 (s, 3 H, CHj), 1.52-1.41 (m, 2 H, CH,),
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1.41-1.28 (m, 2 H, CH>), 0.87 (t, J = 7.2 Hz, 3 H, CH;); *C NMR (100 MHz, CDCl;):
0=212.5,173.1,137.4, 132.0, 129.2, 125.9, 105.0, 101.7, 30.2, 28.3, 22.2, 21.1, 16.3,
13.8; IR (neat): v = 3230-2410, 1937, 1671, 1509, 1418, 1283, 1251, 1121, 1061,
1009 cm™; MS (70 eV, EI) m/z (%): 244 (M', 6.15), 157 (100); HRMS calcd for
Ci6H200, [M]: 244.1463, found: 244.1465.

(5) Preparation of 2-butyl-(3-methoxyphenyl)-2,3-pentadienoic acid (2e)

(hjh-1-030)
2 mol% PdCl,

HO, 5mol% (PhORPOH M :<COZH
__ (! 2P0 . CO5H
Me —"Bu 8.0 equiv H,O By N 2
"Bu
toluene, CO balloon +
50°C, 18 h
OMe OMe OMe
1e 2e, 71% yield E-3e, 4% NMR yield

Following Typical Procedure I, the reaction of PdCl, (3.6 mg, 0.02 mmol),
DPEphos (32.3 mg, 0.06 mmol), (PhO),PO,H (12.6 mg, 0.05 mmol), le (232.5 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded a mixture of 2e (77% NMR yield), and E-3e (4% NMR
yield), which was determined by 'H NMR analysis of the crude product. The mixture
was purified by chromatography on silica gel to afford the pure product 2e (188.0 mg,
71%, purity: 97%) [eluent: petroleum ether/ ethyl acetate = 8/1 (200 mL), 4/1
(200mL)]: white solid; m.p. 96.3-98.1 °C (petroleum ether/DCM); *H NMR (400
MHz, CDCls): 6 =7.26 (t, J= 7.8 Hz, 1 H, Ar-H), 7.06-6.87 (m, 2 H, Ar-H), 6.80 (dd,
J; =82 Hz, J,= 1.8 Hz, 1 H, Ar-H), 3.80 (s, 3 H, OCH3), 2.32 (t, J = 7.4 Hz, 2 H,
CH,), 2.18 (s, 3H, CHs), 1.58-1.24 (m, 4 H, 2 x CH,), 0.88 (t, J = 7.4 Hz, 3 H, CH3);
3C NMR (100 MHz, CDCls): & = 212.6, 172.9, 159.7, 136.5, 129.5, 118.6, 112.8,
112.0, 105.1, 101.8, 55.2, 30.2, 28.3, 22.2, 16.3, 13.8; IR (neat): v = 3245-2440, 1939,
1676, 1602, 1576, 1488, 1417, 1272, 1170, 1047 cm™; MS (70 eV, EI)m/z (%): 261
(M™+1, 1.94), 260 (M, 10.95), 173 (100); Anal. Calcd. for C1sH2003: C 73.82, H 7.74;
found C 73.60, H 7.49.
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(6) Preparation of 2-butyl-(4-bromophenyl)-2,3-pentadienoic acid (2f)

(zwf-1-092)
2 mol% PdCl,

CO,H
HO " 6 mol% DPEphos Me CO-H N 2
Me—>——=""BU 5 mol% (PhO),PO,H ‘:<n "By
8.0 equiv H,O Bu

0,

toluene, CO balloon * + 4% recovery of 1f
Br 1f 50 °C, 18 h Br Br
2f, 84% yield E-3f, 3% NMR yield

Following Typical Procedure I, the reaction of PdCl, (3.6 mg, 0.02 mmol),
DPEphos (32.7 mg, 0.06 mmol), (PhO),PO,H (12.8 mg, 0.05 mmol), 1f (281.1 mg,
1.1 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded a mixture of 2f (87% NMR yield), E-3f (3% NMR yield),
and 4% recovery of 1f, which was determined by 'H NMR analysis of the crude
product. The mixture was purified by chromatography on silica gel to afford the pure
product 2f (260.1 mg, 84%) [eluent: petroleum ether/ ethyl acetate = 15/1 (320 mL),
5/1 (360 mL)]: white solid; m.p. 117.4-118.6 °C (petroleum ether/DCM); ‘H NMR
(400 MHz, CDCls): 6 = 7.47 (d, J = 8.4 Hz, 2 H, Ar-H), 7.25 (d, J = 8.4 Hz, 2 H,
Ar-H), 2.32 (t,J=7.4 Hz, 2 H, CH,), 2.17 (s, 3 H, CH3), 1.52-1.28 (m, 4 H, 2 x CH)),
0.88 (t, J = 7.4 Hz, 3 H, CH3); *C NMR (100 MHz, CDCl5): 6 = 212.4, 172.6, 134.0,
131.7, 127.6, 121.5, 104.5, 102.2, 30.2, 28.2, 22.2, 16.3, 13.8; IR (neat): v =
3150-2400, 1939, 1672, 1483, 1416, 1278, 1250, 1120, 1076,1008 cm™; MS (70 eV,
EI) m/z (%): 310 (M"(*'Br), 2.61), 308 (M"("’Br), 2.58); Anal. Calcd. for C;sH;7BrOx:
C 58.27, H 5.54; found C 58.05, H 5.25.

(7) Preparation of 2-butyl-4-(2-naphthyl)-2,3-pentadienoic acid (2g) (zwf-1-140)

2 mol% PdCl, M CO.H
6 mol% DPEphos © 2
5 mol% (PhO),PO,H g
7.3 equiv H,O O u
toluene, CO balloon Q
50°C, 18 h 2g, 93% vyield

Following Typical Procedure I, the reaction of PdCl, (3.7 mg, 0.02 mmol),
DPEphos (32.8 mg, 0.06 mmol), (PhO),PO,H (12.8 mg, 0.05 mmol), 19 (277.9 mg,
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1.1 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 29 (287.3 mg, 93%) [eluent: petroleum ether/ ethyl acetate =
20/1 (210 mL), 5/1 (240 mL)]: white solid; m.p. 158.9-160.0 °C (petroleum
ether/DCM); 'H NMR (400 MHz, dg-DMSO): & = 12.52 (s, 1 H, COOH), 8.03-7.82
(m, 4 H, Ar-H), 7.59-7.43 (m, 3 H, Ar-H), 2.33 (t, J=7.4 Hz, 2 H, CH,), 2.27 (s, 3 H,
CHj3), 1.54-1.39 (m, 2 H, CH>), 1.38-1.25 (m, 2 H, CH»), 0.85 (t, J = 7.2 Hz, 3 H,
CH3); C NMR (100 MHz, dg-DMSO): & =211.2, 167.9, 133.3, 132.6, 132.3, 128.1,
128.0, 127.5, 126.5, 126.2, 124.6, 123.8, 103.9, 102.3, 29.9, 28.3, 21.8, 16.3, 13.8; IR
(neat): v = 3145-2430, 1939, 1672, 1407, 1275, 1246, 1116, 1081 cm™; MS (70 eV, EI)
m/z (%): 280 (M, 6.42), 143 (100); Anal. Calcd. for C oH»O,: C 81.40, H 7.19;
found C 81.05, H 7.19.

(8) Preparation of 2-butyl-4-phenyl-2,3-heptadienoic acid (2h) (zwf-2-141)

2 mol% PdCl,
6 mol% DPEphos

5 mol% (PhO),PO,H n
HO . Pr CO-H
npr > — ngy, 8.0 equiv H,O >:.:< 2
Ph toluene, CO balloon Ph "Bu
(o]
1h 50°C, 18h 2h, 97% yield

Following Typical Procedure I, the reaction of PdCl, (3.8 mg, 0.02 mmol),
DPEphos (32.8 mg, 0.06 mmol), (PhO),PO,H (12.8 mg, 0.05 mmol), 1h (235.3 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 2h (255.1 mg, 97%) [eluent: petroleum ether/ ethyl acetate =
20/1 (210 mL), 5/1 (240 mL)]: white solid; m.p. 74.5-76.7 °C (petroleum ether /DCM);
'H NMR (400 MHz, CDCls): 8 = 7.46-7.28 (m, 4 H, Ar-H), 7.28-7.19 (m, 1 H, Ar-H),
2.51(t,J=7.4Hz 2 H, CH,), 2.32 (t, J=7.6 Hz, 2 H, CH,), 1.68-1.52 (m, 2 H, CH)),
1.52-1.42 (m, 2 H, CH,), 1.40-1.28 (m, 2 H, CH>), 1.01 (t, J=7.2 Hz, 3 H, CH3), 0.87
(t, J = 7.4 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls): § = 212.4, 173.2, 134.9,
128.5, 127.5, 126.4, 110.3, 102.9, 32.2, 30.4, 28.4, 22.4, 21.0, 13.9, 13.8; IR (neat): v
=3150-2430, 1930, 1673, 1494, 1454, 1418, 1274, 1121 cm™; MS (70 eV, EI) m/z (%):
259 (M'+1, 1.27), 258 (M", 6.49), 129 (100); Anal. Calcd. for C17;H2,0,: C 79.03, H
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8.58; found C 79.01, H 8.45.

(9) Preparation of 2-butyl-4,5-diphenyl-2,3-pentadienoic acid (2i) (zwf-1-172)

2 mol% PdCl,
6 mol% DPEphos

HO 5 mol% (PhO),PO,H Bn CO,H
_ 8.0 equiv H,O
Bn ——"Bu > .:< +
%—— 18% recover
PH toluene, CO balloon Ph>: "Bu ’ Y
1i 50°C, 18 h 2i, 74% yield

Following Typical Procedure I, the reaction of PdCl, (4.0 mg, 0.02 mmol),
DPEphos (34.2 mg, 0.06 mmol), (PhO),PO,H (13.1 mg, 0.05 mmol), 1i (284.2 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 2i (232.1 mg, 74%) (18% of 1i remained based 'H NMR
analysis of the crude product) [eluent: petroleum ether/ethyl acetate = 10/1 (220 mL),
5/1 (180 mL)]: white solid; m.p. 118.7-121.0 °C (petroleum ether/DCM); *H NMR
(400 MHz, CDCls): 6 = 7.47-7.09 (m, 10 H, Ar-H), 3.90 (d, J = 15.6 Hz, 1 H, one
proton of CH3), 3.85 (d, J = 15.6 Hz, 1 H, one proton of CH,), 2.23-2.10 (m, 2 H,
CH,), 1.48-1.15 (m, 4 H, 2 x CH,), 0.84 (t, J = 7.2 Hz, 3 H, CH3); **C NMR (100
MHz, CDCl3): & = 213.5, 172.9, 138.0, 134.2, 128.9, 128.6, 128.3, 127.6,126.54,
126.47, 109.7, 103.3, 36.9, 30.2, 28.2, 22.3, 13.8; IR (neat): v = 3140-2430, 1942,
1686, 1598, 1494, 1455, 1419, 1283, 1250, 1186, 1121, 1075, 1005 cm™'; MS (70 eV,
ED) m/z (%): 307 (M'+1, 2.85), 306 (M, 12.61), 91 (100); Anal. Calcd. for C;;H2,0,:
C 82.32, H 7.24; found C 82.34, H 7.48.

(10) Preparation of 2-butyl-4,4-diphenyl-2,3-butadienoic acid (2j) (hcf-2-144)

2 mol% PdCl,
6 mol% DPEphos

0 SO _pos
phﬁ%”Bu i 2 > >: ’:<n + 53% recovery of 1j
Ph toluene, CO balloon Ph Bu
1j 50°C, 18 h 2j, 48% yield

Following Typical Procedure I, the reaction of PdCl, (3.7 mg, 0.02 mmol),
DPEphos (32.3 mg, 0.06 mmol), (PhO),PO,H (12.5 mg, 0.05 mmol), 1j (264.7 mg,
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1.0 mmol)/toluene (3 mL), H,O (146.0 mg, 8.0 mmol), and toluene (2 mL) afforded
2j (141.6 mg, 48%) (53% of 1j remained based 'H NMR analysis of the crude product)
[eluent: petroleum ether/ethyl acetate = 15/1 (320 mL), 10/1 (330 mL)]: white solid;
m.p. 99.5-100.4 °C (petroleum ether/DCM); *H NMR (400 MHz, CDCls): & = 11.74
(br, 1 H, COOH), 7.43-7.28 (m, 10 H, Ar-H), 2.40 (t, J = 7.8 Hz, 2 H, CH>), 1.60-1.48
(m, 2 H, CH,), 1.40-1.28 (m, 2 H, CH,), 0.86 (t, J = 7.2 Hz, 3 H, CH3); *C NMR
(100 MHz, CDCls): 6 =213.3, 172.5, 135.0, 128.63, 128.58, 128.0, 113.9, 102.8, 30.2,
28.5,22.3, 13.8; IR (neat): v =3150-2430, 1924, 1677, 1492, 1454, 1408, 1277, 1246,
1121, 1028 cm™; MS (70 eV, EI) m/z (%): 293 (M'+1, 2.10), 292 (M", 9.11), 205
(100); Anal. Calcd. for C,0H,00,: C 82.16, H 6.90; found C 81.95, H 6.98.

(11) Preparation of 2-propyl-4-phenyl-2,3-hexadienoic acid (2k) (hjh-1-025)

2 mol% PdCl,
HO 6 mol% DPEphos CO,H

Et
Et——=="Pr 5 mol% (PhO),PO,H =
8.0 equiv H,O "Pr
toluene, CO balloon

(0]
1K 50°C,18h 2k, 87% yield

Following Typical Procedure I, the reaction of PdCl, (3.5 mg, 0.02 mmol),
DPEphos (32.4 mg, 0.06 mmol), (PhO),PO,H (12.7 mg, 0.05 mmol), 1k (202.8 mg,
1.0 mmol)/toluene (3 mL), HO (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 2k (201.8 mg, 87%) [eluent: petroleum ether/ ethyl acetate =
5/1 (250 mL)]: white solid; m.p. 70.2-70.9 °C (petroleum ether/DCM); 'H NMR (400
MHz, CDCls): 6 = 7.42-7.28 (m, 4 H, Ar-H), 7.28-7.19 (m, 1 H, Ar-H), 2.56 (q, J =
7.3 Hz, 2 H, CH), 2.36-2.25 (m, 2 H, CH>), 1.58-1.45 (m, 2 H, CH,), 1.17 (t,J=7.4
Hz, 3 H, CHs), 0.93 (t, J = 7.4 Hz, 3 H, CH3); *C NMR (100 MHz, CDCl3): & =
212.3,173.5, 134.8, 128.5, 127.5, 126.3, 112.1, 103.6, 30.7, 23.2, 21.6, 13.8, 12.2; IR
(neat): v = 3120-2400, 1937, 1673, 1493, 1455, 1418, 1293, 1269, 1121, 1062 cm;
MS (70 eV, ED)m/z (%): 231 (M'+1, 5.89), 230 (M", 34.18), 129 (100); Anal. Calcd.
for CsH;30,: C 78.23, H 7.88; found C 78.00, H 7.96.
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(12) Preparation of 2-hexyl-4-phenyl-2,3-hexadienoic acid (2I) (zwf-1-099)

2 mol% PdCl,

HO 6 mol% DPEphos Et COH
Et — "Hex 5 mol% (PhO),PO,H —\
8.0 equivH,O0 Hex
toluene, CO balloon
11 50°C, 18 h 21, 96% yield

Following Typical Procedure I, the reaction of PdCl, (3.6 mg, 0.02 mmol),
DPEphos (32.6 mg, 0.06 mmol), (PhO),PO,H (12.4 mg, 0.05 mmol), 1l (244.0 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and

toluene (2 mL) afforded 21 (261.5 mg, 96%) [eluent: petroleum ether/ethyl acetate
15/1 (320 mL), 5/1 (360 mL)]; colorless oil; 'H NMR (400 MHz, CDCls): & =
7.44-7.28 (m, 4 H, Ar-H), 7.28-7.21 (m, 1 H, Ar-H), 2.56 (q, J = 7.2 Hz, 2 H, CH,),
2.32 (t,J=7.6 Hz, 2 H, CHy), 1.55-1.41 (m, 2 H, CH,), 1.37-1.20 (m, 6 H, 3 x CHy),
1.17 (t, J = 7.4 Hz, 3 H, CH3), 0.84 (t, J = 6.8 Hz, 3 H, CH3); *C NMR (100 MHz,
CDClh): 6 = 212.3, 173.4, 134.9, 128.5, 127.5, 126.3, 112.1, 103.7, 31.6, 29.0, 28.7,
28.2,23.2,22.6, 14.0, 12.3; IR (neat): v = 3210-2430, 1938, 1677, 1494, 1454, 1413,
1275, 1091 cm™; MS (70 eV, EI) m/z (%): 273 (M™+1, 1.53), 272 (M", 8.54), 129
(100); HRMS calcd for C gH,40, [M']: 272.1776, found: 272.1779.

(13) Preparation of 2-isopropyl-4-phenyl-2,3-hexadienoic acid (2m) (zwf-1-171)

2 mol% PdCl,
6 mol% DPEphos CO,H

Et
5 mol% (PhO),PO,H =
HO ; i
. 8.0 equiv H,O Pr
Et ) Pr + 12% recovery
Ph toluene, CO balloon

1m 50°C, 18 h 2m, 79% yield

Following Typical Procedure I, the reaction of PdCl, (4.0 mg, 0.02 mmol),
DPEphos (32.9 mg, 0.06 mmol), (PhO),PO,H (12.7 mg, 0.05 mmol), Im (217.9 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 2m (196.9 mg, 79%) (12% of 1m remained based 'H NMR
analysis of the crude product) [eluent: petroleum ether/ ethyl acetate = 10/1 (220 mL),
5/1 (180 mL)]: white solid; m.p. 73.5-75.2 °C (petroleum ether/DCM); 'H NMR (400
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MHz, CDCls): & = 7.45-7.36 (m, 2 H, Ar-H), 7.36-7.27 (m, 2 H, Ar-H), 7.27-7.18 (m,
1 H, Ar-H), 2.81 (hept, J = 6.8 Hz, 1 H, CH), 2.56 (q, J = 7.5 Hz, 2 H, CH>), 1.17 (t, J
= 7.4 Hz, 3 H, CH3), 1.14-1.05 (m, 6 H, 2 x CH3); **C NMR (100 MHz, CDCLy): & =
211.1, 173.0, 134.8, 128.6, 127.5, 126.1, 113.5, 110.5, 28.1, 23.1, 22.20, 22.16, 12.3;
IR (neat): v = 3180-2410, 1936, 1672, 1494, 1452, 1417, 1275, 1042 cm™'; MS (70 ¢V,
EI) m/iz (%): 231 (M™+1, 13.62), 230 (M, 79.61), 215 (100); Anal. Calcd. for
C15H50,: C 78.23, H 7.88; found C 78.25, H 7.95.

(14)  Preparation of 2-(3-chloropropyl)-4-phenyl-2,3-hexadienoic  acid
2-(3-chloropropyl)-4-phenylhexa-2,3-dienoic acid (2n) (zwf-1-122)

2 mol% PdCI, co
H
2

HO 6 mol% DPEphos Et
Et — cl 5 mol% (PhO),PO,H .
8.0 equiv H,O R
toluene, CO balloon cl

1n 50°C, 18 h 2n, 96% yield

Following Typical Procedure I, the reaction of PdCl, (3.8 mg, 0.02 mmol),
DPEphos (32.2 mg, 0.06 mmol), (PhO),PO,H (12.9 mg, 0.05 mmol), 1n (251.3 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/cm’, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 2n (269.1 mg, 96%) [eluent: petroleum ether/ ethyl acetate =
15/1 (320 mL), 10/1 (660 mL)]: white solid; m.p. 88.5-88.8 °C (petroleum
ether/DCM); *H NMR (400 MHz, CDCls): & = 7.41-7.31 (m, 4 H, Ar-H), 7.30-7.22
(m, 1 H, Ar-H), 3.54 (t, J=6.6 Hz, 2 H, CH»), 2.58 (qd, J, =7.2 Hz, J,= 1.6 Hz, 2 H,
CH,), 2.54-2.45 (m, 2 H, CH,), 2.02-1.92 (m, 2 H, CH,), 1.17 (t, J = 7.2 Hz, 3 H,
CHs); C NMR (100 MHz, CDCls): & = 212.2, 173.0, 134.4, 128.6, 127.8, 126.3,
112.9,102.2,44.2,31.0, 26.1, 23.3, 12.2; IR (neat): v = 3120-2420, 1939, 1670, 1493,
1457, 1416, 1287, 1096, 1037 co™'; MS (70 eV, EIYm/z (%): 266 (M'(*’Cl) 2.86), 264
M'(*C) 8.71), 129 (100); Anal. Caled. for C;sH7ClO5: C 68.05, H 6.47; found C
68.08, H 6.55.

(15) Preparation of 2-hexyl-4-phenyl-2,3-octadienoic acid (20) (hjh-1-023)
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2 mol% PdCl,

HO 6 mol% DPEphos "Bu CO.H
"Bu ——"Hex 5 mol% (PhO),PO,H .
8.0 equiv H,O "Hex

toluene, CO balloon

0,
10 50°C, 18 h

20, 93% vyield

Following Typical Procedure I, the reaction of PdCl, (3.6 mg, 0.02 mmol),
DPEphos (32.4 mg, 0.06 mmol), (PhO),PO,H (12.6 mg, 0.05 mmol), 10 (272.0 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded 20 (295.6 mg, 93%, 94% purity) [eluent: petroleum
ether/ethyl acetate = 5/1 (120 mL), 2/1 (60 mL)]: white solid; m.p. 70.0-70.6 °C
(petroleum ether/DCM); *H NMR (400 MHz, CDCl;): & = 7.45-7.28 (m, 4 H, Ar-H),
7.28-7.17 (m, 1 H, Ar-H), 2.53 (t, J = 7.4 Hz, 2 H, CH»), 2.32 (t, J = 7.6 Hz, 2 H,
CH,), 1.62-1.37 (m, 6 H, 3 x CH,), 1.37-1.18 (m, 6 H, 3 x CH,), 0.93 (t,J=7.4 Hz, 3
H, CHs), 0.89-0.77 (m, 3 H, CHs); °C NMR (100 MHz, CDClL): & = 212.4, 173.3,
134.9, 128.5, 127.4, 126.4, 110.3, 102.9, 31.6, 29.83, 29.80, 29.0, 28.7, 28.2, 22.6,
22.4,14.0, 13.9; IR (neat): v = 3120-2440, 1934, 1672, 1494, 1454, 1413, 1376, 1270,
1219 em™; MS (70 eV, EI) m/z (%): 301 (M™+1, 1.84), 300 (M, 8.03), 129 (100);
Anal. Calcd. for C,0H50,: C 79.96, H 9.39; found C 79.93, H 9.32.

(16) Preparation of 2-phenyl-4-phenyl-2,3-pentadienoic acid (2p) (zwf-1-165)
2 mol% PdCl,

HO 6 mol% DPEphos Me CO,H
Me—>—=—ph 5 mol% (PhO),PO,H =
8.0 equiv H,0 Ph + 34% recovery of 1p
toluene, CO balloon
1p 50 °C, 36 h

2p, 51% yield

Following Typical Procedure I, the reaction of PdCl, (4.0 mg, 0.02 mmol),
DPEphos (33.1 mg, 0.06 mmol), (PhO),PO,H (12.3 mg, 0.05 mmol), 1p (226.1 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/cm’, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded product 2p (129.6 mg, 51%) (34% of 1p remained based 'H
NMR analysis of the crude product) [eluent: petroleum ether (b.p. 60-90 °C)/ ethyl
acetate = 10/1 (220 mL), 5/1 (240 mL)]: white solid; m.p. 156.3-159.4 °C (petroleum
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ether/DCM); *H NMR (400 MHz, CDCl3): & = 7.59-7.51 (m, 2 H, Ar-H), 7.48-7.42
(m, 2 H, Ar-H), 7.38-7.22 (m, 6 H, Ar-H), 2.29 (s, 3 H, CHz); *C NMR (100 MHz,
CDCly): & = 215.3, 171.9, 134.0, 132.4, 128.7, 128.5, 128.3, 128.0, 127.8, 126.2,
106.5, 104.0, 16.2; IR (neat): v = 3160-2460, 1929, 1677, 1491, 1459, 1444, 1290,
1202, 1023 cm™; MS (70 eV, E))m/z (%): 250 (M, 72.42), 207 (100); HRMS calcd
for C17H140, [M']: 250.0994, found: 250.0993.

(17) Preparation of 2-butyl-4-propyl-2,3-pentadienoic acid (2q) (zwf-1-173)

2 mol% PdCl,
6 mol% DPEphos

5 mol% (PhO),POH COH
MHO g 8.0 equiv H,0 © :< 2
e pr— u 0,
npr/ toluene, CO balloon "Pr gyt 34% recovery of 1q
1q 50°C, 18 h 2q, 56% yield

Following Typical Procedure I, the reaction of PdCl, (3.9 mg, 0.02 mmol),
DPEphos (34.0 mg, 0.06 mmol), (PhO),PO,H (12.4 mg, 0.05 mmol), 1q (178.1 mg,
1.0 mmol)/toluene (3 mL), H,O (144 uL, d = 1.0 g/mL, 144.0 mg, 8.0 mmol), and
toluene (2 mL) afforded a mixture of 2q (52% NMR yield), and 34% recovery of 1q,
which were determined by "H NMR analysis of the crude product, which was purified
by chromatography on silica gel to afford the pure product 2q (117.4 mg, 56%)
[eluent: petroleum ether/diethyl ether/DCM = 30/1/1 (960 mL)]: white solid; m.p.
43.2-44.5 °C (petroleum ether/DCM); *H NMR (400 MHz, CDCLs): & = 2.25-2.10 (m,
2 H, CHy), 2.04 (t, J=7.4 Hz, 2 H, CH,), 1.77 (s, 3 H, CH3), 1.54-1.27 (m, 6 H, 3 x
CH,), 0.94 (t, J = 7.4 Hz, 3 H, CH3), 0.90 (t, J = 7.4 Hz, 3 H, CH;); *C NMR (100
MHz, CDCls): & = 208.9, 174.1, 104.0, 99.1, 35.5, 30.4, 28.2, 22.2, 20.5, 17.9, 13.9,
13.7; IR (neat): v = 3230-2460, 1956, 1675, 1416, 1274, 1107 cm™"; MS (70 eV, EI)
m/z (%): 196 (M", 5.60), 69 (100); Anal. Caled. for C1;H0,: C 73.43, H 10.27;
found C 73.29, H 10.22.

2. (1) Preparation of 2-butyl-4-phenyl-2,3-pentadienoic acid (2a) and
(E)-2-butyl-4-phenyl-2,4-pentadienoic acid (E-3a) (qh-2-068-1)
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2 mol% PdCl,
HO 6 mol% DPEphos

Me——=="Bu 5 mol% (PhO),PO,H Me COH con
8.0 equiv H,O >: AN 2
Ph "Bu + s
toluene, CO balloon Ph  "Bu
1a 50 °C, 39 h 2a, 55% yield E-3a, 8% yield

The purpose of this large scale reaction is to isolate the byproduct E-3a and
confirm its structure. So the reaction was conducted at a very low stirring rate via a
longer reaction time.

To a Schlenk flask (100 mL) were added PdCl, (36.6 mg, 0.2 mmol), DPEphos
(323.1 mg, 0.6 mmol), and (PhO),PO,H (126.4 mg, 0.5 mmol). After the addition of
each chemical, the flask was degassed and refilled with Ar for three times to ensure
the complete exclusion of air. Then 1a (2.0277 g, 10.0 mmol)/toluene (30 mL), H,O
(1.5 mL, d = 1.0 g/mL, 1.5 g, 80.0 mmol), and toluene (20 mL) were added
sequentially. The resulting mixture was then frozen with a liquid nitrogen bath,
degassed to remove the argon inside completely, and refilled with CO by a balloon of
CO (about 1 L) for three times. Then the liquid nitrogen bath was removed and the
mixture was warmed up to room temperature and the resulting mixture was
vigorously stirred at 50 °C with a balloon of CO for 39 h. After that, the resulting
mixture was diluted with 20 mL of ethyl acetate and then filtered through a short
column silica gel (3 cm), eluted with ethyl acetate (80 mL), and concentrated. The
residue was purified by chromatography on silica gel to afford 2a (1.2675 g, 55%)
and 3a (190.4 mg, 8%) [eluent: petroleum ether/diethyl ether/ DCM = 5/1/1 (420 mL),
3.75/1/1 (460 mL), 2.5/1/1 (360 mL)]: 2a: white solid; '"H NMR (400 MHz, CDCls): &
=11.83 (br, 1 H, COOH), 7.42-7.28 (m, 4 H, Ar-H), 7.27-7.22 (m, 1 H, Ar-H), 2.32 (t,
J=7.4Hz,2 H, CH»), 2.19 (s, 3 H, CH3), 1.54-1.41 (m, 2 H, CH,), 1.40-1.28 (m, 2 H,
CH,), 0.88 (t, J = 7.6 Hz, 3 H, CH3); E-3a: white solid; 'HNMR (400 MHz, CDCl5):
0 =11.36 (br, 1 H, COOH), 7.55 (s, 1 H,=CH), 7.45-7.23 (m, 5 H, Ar-H), 5.70 (s, 1 H,
=CH), 5.34 (s, 1 H, =CH), 2.33 (t, J = 7.8 Hz, 2 H, CH), 1.50-1.35 (m, 2 H, CH>),
1.30-1.20 (m, 2 H, CH,), 0.83 (t, J = 7.4 Hz, 3 H, CH;); **C NMR (100 MHz, CDCL):
o0 = 174.1, 143.9, 141.1, 139.3, 134.8, 128.4, 128.0, 126.5, 117.5, 31.6, 27.2, 22.8,
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13.8; IR (neat): v = 3260-2745, 1680, 1621, 1494, 1414, 1262, 1212, 1145, 1062,
1027 em™; MS (70 eV, EI) m/z (%): 231 (M", 1.97), 230 (M, 11.38), 143 (100);
HRMS caled for CysHs0, [M']: 230.1307, found: 230.1308.

(2) Preparation of 2-phenyl-3-yn-1-octene (4a)' (zwf-2-076)

HO 2.5 equiv MsCl
5.0 equiv Et3N
Me—>—:"Bu v =S >—:f"|3u
PH DCM, Ar,0°C,0.5h PH
1a, 2 mmol 4a, 84% yield

To a Schlenk flask (25 mL) were added 1a (403.2 mg, 0.2 mmol) and DCM (2
mL) at 0 °C under argon. Then methanesulfonyl chloride (386 uL, d = 1.48 g/mL,
572.8 mg, 5 mmol) and triethylamine (1.39 mL, d = 0.728 g/mL, 1012 mg, 10 mmol)
were added at 0 °C sequentially. After stirring for 0.5 h at 0 °C, the reaction was
quenched with a saturated aqueous solution of NH4Cl (2 mL). After extraction with
ethyl ether (2 mL x 3), the organic layer was washed with brine (5 mL) and dried over
anhydrous Na,;SO4. The residue was then purified by column chromatography on
aluminum oxide to afford 4a' (319.8 mg, 84%, 97% purity) [eluent: petroleum ether]:
oil; '"H NMR (400 MHz, CDCl3): & = 7.60-7.52 (m, 2 H, Ar-H), 7.45-7.18 (m, 3 H,
Ar-H), 5.84 (s, 1 H, one proton of =CH>), 5.58 (s, 1 H, one proton of =CH,), 2.41 (t, J
=7.0 Hz, 2 H, CH3), 1.67-1.53 (m, 2 H, CH,), 1.53-1.40 (m, 2 H, CH;), 0.95 (t, J =
7.2 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls): § = 137.8, 130.9, 128.2, 128.1,
126.0, 119.3, 92.0, 79.6, 30.8, 22.0, 19.1, 13.6.

3. Gram scale synthesis of 2-hexyl-4-phenyl-2,3-octadienoic acid (20) (zwf-1-164)

2 mol% PdCl,

HO 6 mol% DPEphos "Bu CO.H
"Bu ——"Hex 5 mol% (PhO),PO,H .
8.0 equiv H,O "Hex

toluene, CO balloon

0,
10 50°C, 24 h

20, 92% vyield
To a Schlenk flask (100 mL) were added PdCl, (18.2 mg, 0.1 mmol), DPEphos
(162.9 mg, 0.3 mmol), and (PhO),PO,H (63.2 mg, 0.25 mmol). After the addition of
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each chemical, the flask was degassed and refilled with Ar for three times to ensure
the complete exclusion of air. Compound 10 (1.3680 g, 5.0 mmol)/toluene (15 mL),
H,O (720 uL, d = 1.0 g/mL, 720.0 mg, 40.0 mmol), and toluene (10 mL) were added
sequentially. The resulting mixture was then frozen with a liquid nitrogen bath,
degassed to remove the argon inside completely, and refilled with CO by a balloon of
CO (about 1 L) for three times. Then the liquid nitrogen bath was removed and the
mixture was warmed up to room temperature and the resulting mixture was
vigorously stirred at 50 °C with a balloon of CO for 24 h. After that, the resulting
mixture was diluted with 20 mL of ethyl acetate and then filtered through a short
column silica gel (3 cm), eluted with ethyl acetate (80 mL), and concentrated. The
residue was purified by chromatography on silica gel to afford 20 (1.4371 g, 92%,
purity: 96%) [eluent: petroleum ether/ethyl acetate = 10/1 (220 mL), 5/1 (480 mL)]:
white solid; 'H NMR (400 MHz, CDCls): & = 7.44-7.28 (m, 4 H, Ar-H), 7.28-7.21 (m,
1 H, Ar-H), 2.53 (t, J = 7.4 Hz, 2 H, CH,), 2.32 (t, J = 7.6 Hz, 2 H, CH,), 1.65-1.37
(m, 6 H, 3 x CHy), 1.37-1.16 (m, 6 H, 3 x CH>), 0.93 (t, J= 7.4 Hz, 3 H, CHs3), 0.84 (t,
J=6.8 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls): & = 212.4, 173.3, 134.9, 128.5,
127.4,126.4, 110.3, 102.9, 31.6, 29.83, 29.80, 29.0, 28.7, 28.2, 22.6, 22.4, 14.0, 13.9.

4. Synthetic applications:
(1) Preparation of 5-butyl-3-hexyl-5-phenyl-furan-2(5H)-one (5) (zwf-1-186)*

n
"By :<COZH 4 mol% CuCl ff:ex
0 - h
/\ MeOH, 60 °C, 8 h, Ar Bu
Ph Hex Ph O o)
20 5, 93% yield

To an oven-dried Schlenk flask (25 mL) were added 20 (150.9 mg, 0.5 mmol) and
CuCl (2.0 mg, 0.02 mmol), and MeOH (5 mL, injected by syringe) under Argon. The
resulting mixture was vigorously stirred at 60 °C for 8 h as monitored by TLC. After
evaporation, the residue was diluted with 5 mL of ethyl acetate, filtered through a
short column silica gel (3 cm), eluted with ethyl acetate (15 mL), and concentrated.
The residue was purified by chromatography on silica gel to afford 5 (142.8 mg, 93%,
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purity: 98%) [eluent: petroleum ether/ethyl acetate = 20/1 (220 mL)]: colorless oil; H
NMR (400 MHz, CDCl;): 8 = 7.44-7.24 (m, 5 H, Ar-H), 7.21 (s, 1 H, =CH),
2.36-2.18 (m, 2 H, CH;), 2.18-2.03 (m, 1 H, one proton of CH;), 1.98-1.84 (m, 1 H,
one proton of CHy), 1.63-1.45 (m, 2 H, CH,), 1.41-1.08 (m, 10 H, 5 x CH>), 0.95-0.76
(m, 6 H, 2 x CHs); *C NMR (100 MHz, CDCl;): & = 173.2, 151.2, 139.9, 132.8,
128.5, 127.7, 124.8, 89.1, 39.7, 31.3, 28.7, 27.2, 25.7, 25.0, 22.49, 22.38, 13.9, 13.7;
IR (neat): v = 2956, 2928, 2859, 1749, 1448, 1217, 1121, 1073, 1026 cm™'; MS (70
eV, EI) m/z (%): 300 (M, 2.46), 243 (100); HRMS calcd for CyoH0, [M']:
300.2089, found: 300.2093.

(2) Preparation of 4-bromo-5-butyl-3-hexyl-5-phenyl-furan-2(5H)-one (6)
(zwf-1-187)

n
"By CO.H NBS Bry__/Hex
/\ = CHCl, 1t 2h  BY
Ph Hex 3 1L PH (@) O
2 6, 90% yield

To a Schlenk flask (25 mL) were added 20 (151.6 mg, 0.5 mmol), NBS (109.7
mg, 0.6 mmol), and CHCI; (5 mL) sequentially. The resulting mixture was vigorously
stirred at room temperature for 2 h as monitored by TLC. After evaporation, the
residue was purified by chromatography on silica gel to afford 6 (176.6 mg, 90%,
purity: 97%) [eluent: petroleum ether/ethyl acetate = 20/1 (220 mL)]: white solid; m.p.
56.5-57.7 °C (petroleum ether/DCM); *H NMR (400 MHz, CDCl3): & = 7.48-7.27 (m,
5 H, Ar-H), 2.42-2.24 (m, 3 H, CH; and one proton of CH;), 2.22-2.08 (m, 1 H, one
proton of CH>), 1.65-1.48 (m, 2 H, CH>), 1.44-1.13 (m, 10 H, CH), 0.99-0.78 (m, 6
H, 2 x CH;); *C NMR (100 MHz, CDCls): & = 170.7, 149.4, 137.2, 131.7, 128.5,
125.4,90.3, 35.6, 31.3, 28.7, 26.8, 25.1, 24.8, 22.42, 22.40, 13.9, 13.8; IR (neat): v =
2928, 2859, 1759, 1650, 1448, 1267, 1111, 1071, 1038 cm™; MS (70 eV, EI)m/z (%):
380 (M'(*'Br), 3.09), 378 (M*("Br), 2.98), 321 (100); Anal. Caled. for CooH,7BrO,: C
63.33, H 7.17; found C 63.31, H 7.20.
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(3) Preparation of 5-butyl-4-fluoro-3-hexyl-5-phenyl-furan-2(5H)-one (7)
(zwf-2-009)°

By CO,H 1.1 equiv Selectfluor® R /Hex
; .:<n 10 equiv H,0 nB“7Z_/Q
Ph Hex equ 2 pr’ O (@]

2 CH4CN, 80 °C
24 h 7, 73% yield

To a Schlenk flask (25 mL) were added 20 (150.2 mg, 0.5 mmol), CH3;CN (5 mL),
H,0 (90 uL, d = 1.0 g/mL, 90 mg, 5.0 mmol), and Selectfluor (195.0 mg, 0.55 mmol)
sequentially. The resulting mixture was vigorously stirred at 80 °C for 24 h as
monitored by TLC. The resulting mixture was quenched with 5 mL of H,O and
extracted with 5 x 3 mL of Et;O. The combined organic layer was washed with an
aqueous saturated solution of NaCl, dried over anhydrous Na,SO., filtered,
concentrated under reduced pressure, and purified by chromatography on silica gel to
afford 7 (118.3 mg, 73%, purity: 99%) [eluent: petroleum ether/diethyl ether/DCM =
50/1/1 (208 mL)]: pale yellow oil; 'H NMR (400 MHz, CDCls): & = 7.55-7.42 (m, 2
H, Ar-H), 7.42-7.28 (m, 3 H, Ar-H), 2.32-2.17 (m, 3 H, CH; and one proton of CHy),
2.16-1.97 (m, 1 H, one proton of CH), 1.64-1.48 (m, 2 H, CH;), 1.42-1.17 (m, 10 H,
CH,), 0.96-0.76 (m, 6 H, 2 x CH;); *C NMR (100 MHz, CDCl3): 8 = 176.6 (d, J =
298.3 Hz), 170.7 (d, J = 23.6 Hz), 137.3 (d, J = 3.0 Hz), 128.7, 128.5, 124.7 (d, J =
1.5 Hz), 108.0 (d, J = 6.8 Hz), 84.6 (d, J = 20.5 Hz), 36.8 (d, J = 2.3 Hz), 31.2, 28.7,
26.8 (d, J = 2.3 Hz), 25.3, 22.39, 22.34, 21.3 (d, J = 2.3 Hz), 13.9, 13.7; °F NMR
(376 MHz, CDCl3): & = -110.9; IR (neat): v = 2929, 2860, 1772, 1715, 1495, 1449,
1353, 1273, 1140, 1104, 1054 cm™; MS (70 eV, EI) m/z (%): 318 (M", 2.30), 261
(100); HRMS calcd for CyoH»7FO;, [M+]: 318.1995, found: 318.1992.

(4) Preparation of 4-allyl-5-butyl-3-hexyl-5-phenyl-furan-2(5H)-one  (8)
(zwf-1-191)°

\ "Hex
"Bu CO,H 5 mol% PdCl,
. + \/\Br > "By —
n DMA, 50 °C, 24 h, Ar
Ph Hex 3 . Ph 9) (@]
2% equiv. 8, 79% yield
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To an oven-dried Schlenk flask (25 mL) were added 20 (150.6 mg, 0.5 mmol) and
PdCl, (4.8 mg, 0.025 mmol). Then the flask was degassed and refilled with Ar for
three times to ensure the complete exclusion of air. DMA (3 mL) and allyl bromide
(260 uL, d = 1.398 g/mL, 363.5 mg, 3.0 mmol) were added by syringe under a flow of
argon. The resulting mixture was vigorously stirred at 50 °C for 24 h as monitored by
TLC. The resulting mixture was quenched with 5 mL of H,O and extracted with 5 x 3
mL of Et;0. The combined organic layer was washed with aqueous saturated NaCl,
dried over anhydrous Na,SOj, filtered, and concentrated under reduced pressure. The
residue was purified by chromatography on silica gel to afford 8 (139.0 mg, 79%,
purity: 97%) [eluent: petroleum ether/diethyl ether/DCM = 50/1/1 (318 mL)]:
colorless oil; 'H NMR (400 MHz, CDCl3): 6 = 7.42-7.26 (m, 5 H, Ar-H), 5.52-5.36
(m, 1 H, =CH), 5.08-4.91 (m, 2 H, =CH,), 3.03-2.84 (m, 2 H, CH,), 2.39-2.22 (m, 3 H,
CH; and one proton of CH3), 2.12-1.96 (m, 1 H, one proton of CH,), 1.62-1.44 (m, 2
H, CH,), 1.42-1.12 (m, 10 H, CH,), 0.97-0.76 (m, 6 H, 2 x CHz); *C NMR (100
MHz, CDCl3): 6 = 174.1, 163.2, 138.2, 132.2, 128.5, 128.0, 127.8, 125.3, 117.6, 90.2,
34.9, 314, 30.6, 29.1, 27.9, 25.1, 23.7, 22.6, 22.4, 13.9, 13.8; IR (neat): v = 2928,
2859, 1748, 1667, 1495, 1447, 1184, 1092, 1050 cm™; MS (70 eV, EI)m/z (%): 341
(M™+1, 1.31), 340 (M", 5.36), 283 (100); HRMS calcd for C3H3,0, [M']: 340.2402,
found: 340.2405.

5. Mechanistic studies:

(1) The reaction without (PhO),PO,H (hjh-1-037)

O
I_Me standard condition
~~ Ph 100% recovery of 1a

without (PhO),PO,H
1a 18 h

To a Schlenk flask (25 mL) were added PdCl, (1.8 mg, 0.01 mmol), and DPEphos

"By

(16.3 mg, 0.03 mmol). After addition of each chemical, the flask was degassed and
refilled with Ar for three times to ensure the complete exclusion of air. Then 1a (101.3
mg, 0.5 mmol)/toluene (1.5 mL), H,O (72 uL, d = 1.0 g/mL, 72.0 mg, 4.0 mmol), and

toluene (1 mL) were added sequentially. The resulting mixture was then frozen with a
S20



liquid nitrogen bath, degassed to remove the argon inside completely, and refilled
with CO by a balloon of CO (about 1 L) for three times. Then the liquid nitrogen bath
was removed and the mixture was warmed up to room temperature. Then the resulting
mixture was vigorously stirred at 50 °C with a balloon of CO for 18 h. After that, the
resulting mixture was diluted with 5 mL of ethyl acetate, filtered through a short
column silica gel (3 cm) eluted with ethyl acetate (20 mL), and concentrated. The
crude product was analyzed by '"H NMR with CH,Br, (17.5 pL) as the internal

standard. 100% of 1a was recovered and no desired product 2a was obtained.

(2) Preparation of diphenyl (2-phenyloct-3-yn-2-yl) phosphate 9. (zwf-2-168)

PhO),(O)PO
O'-‘\/Ie toluene ( yMe /J\
/Ph . (PhO)2P92H 50°C 18h At . = Ph ) =" "Ph
"By 1.0 equiv. Bu Bu
1a 9, not observed 4a, 38% NMR yield

To a Schlenk flask (25 mL) were added 1a (101.1 mg, 0.5 mmol), (PhO),POOH
(127.2 mg, 0.5 mmol) and toluene (2.5 mL). The resulting mixture was vigorously
stirred under argon at 50 °C for 18 h as monitored by TLC. After that, the resulting
mixture was diluted with 3 mL of ethyl acetate and then filtered through a short
column silica gel (2 cm), eluted with EA (15 mL), and concentrated. The '"H NMR

and TLC analysis of the crude product showed no phosphate 9 was formed, instead,

38% of 4a was formed.

(3) Preparation of 2-butyl-4-phenyl-2,3-pentadienoic acid (2a) from
2-phenyl-3-yn-1-octene (4a) (zwf-2-171)

2 mol% PdCl,
6 mol% DPEphos

5 mol% (PhO),PO,H
8.0 equiv H,0 M‘;:.H\COZH
= Ph PH gy T 73% recovery of 4a

toluene, CO balloon
4a 50°C, 18 h trace 2a

"Bu

Following Typical Procedure III, the reaction of PdCl, (3.9 mg, 0.02 mmol),
DPEphos (32.5 mg, 0.06 mmol) and (PhO),PO,H (12.5 mg, 0.05 mmol), 4a (182.1

mg, 1.0 mmol)/toluene (3 mL) and H,O (144 ulL, d = 1.0 g/mL, 144.0 mg, 8.0
S21



mmol)/toluene (2 mL) afforded trace 2a (If any, less than 3% NMR vyield.) and 73%

recovery of 4a.

(4) Preparation of 2-butyl-4-phenyl-2,3-pentadienoic acid 2a in anhydrous

toluene. (hjh-1-015B)

2 mol% PdCl,
6 mol% DPEphos

0
/g\:ﬁ 5 mol% (PhO),PO,H 'V'e>: %COZH J\
° + + 69% recovery of 1a
= PH gy PPN ° v

anhydrous toluene,
Y 2a 4a "Bu

1a CO balloon, 50 °C, 18 h , ,
16% NMR yield  14% NMR yield

"Bu

Following Typical Procedure III, the reaction of PdCl, (2.0 mg, 0.01 mmol),
DPEphos (16.5 mg, 0.03 mmol) and (PhO),PO,H (6.4 mg, 0.025mmol), 1a (101.0 mg,
0.5 mmol)/anhydrous toluene (2.5 mL) afforded 2a in 16% NMR yield, 4a in 14%
NMR yield and 69% recovery of 1a.
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