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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) in CDCls. Chemical shifts were
recorded in ppm in relative to the TMS in CDCl; and coupling constants were
reported in Hz. All reactions were carried out in flame-dried Schlenk tubes.
[PACl(m-allyl)], was purchased from J&K Chemicals; DPEphos was purchased from
Acros Organics or Energy Chemical; (PhO),POOH was purchased from Energy
Chemical and purified through stirring with 1 N HCl, extracting with dichloromethane,
and removing solvents under vacuum; MeOH was purchased from Sinopharm
Chemical Reagent Co., Ltd; n-BuLi was purchased from Energy Chemical. Toluene
was dried over sodium wire with benzophenone as the indicator and distilled freshly
before use. THF was dried over sodium wire. 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 1,3,5-trimethylbenzene or dibromomethane as the internal standard.
The starting propargylic alcohols were synthesized according to the reported

1
procedures.
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Table S1 Screening of acids with BINAP as the ligand *

[(z-allyl)PdCl], (2 mol%)
BINAP (6 mol%)

HO " Mifaii(xzmé’m.) >}Bu . >\;Ph . >:‘:<COOMe
PH Toluene PH PH BH -
ta a0, 101 2 32 s
Entry Acid NMR yield (%) Recovery
2a 3a 4a of 1a (%)
1 - - - - 71
2 CF;COOH 6° 8 - -
3 AgOTf 27¢ - ] _
4 CH;SO,0H 40°¢ - - -
5 BnCOOH - - - 82
6 Acid 1 - - - 80
7 Acid 2 ] ; ) 87
8 Acid 3 - ; ] 96
9 Acid 4 - 7 22 5
10 Acid 5 - - - 100
11 Acid 6 - - ; 85
12 Acid 7 . - ] 87
13 Acid 8 ; ; ] 78
14 Acid 9 - - - 61
15 Acid 10 - ; ] 74
16 N(CH,PO;H); ; ; ; 98
17 H;POs3 26° 19 - -
18 HPO, H,0 - 3 2 ]
19 HPO; - 40 - 15
20 H;PO, 12¢ 56 - )
21 Ph,POOH - 1 2 -
22 (PhO),POOH - 2 27 5
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ere OO o 0
[::]: PP~ cooH <::>*‘C°°H Pon HO—%<:3>—COOH
COOH I J

acid 1 acid 2 acid 3 acid 4 acid 5
COOH
S PPh,
OO I coon COOH ©i mCOOH
COOH N
acid 6 acid 7 acid 8 acid 9 acid 10

& Reaction conditions: 1a (0.5 mmol), [(z-allyl)PdCl], (2 mol%), BINAP (6 mol%), acid (10
mol%) and MeOH (1.2 equiv.) at 80 °C in toluene (2.0 mL) under 1 atm of CO unless otherwise
noted; ® Determined by 'H NMR analysis using 1,3,5-trimethylbenzene as the internal standard; ©
E:Z>20:1; " E:Z=3:1.

S4



Table S2 Screening of solvents®

[(z-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)
(PhO),POOH (10 mol%) Q

HQ MeOH (1.2 equiv.) >_>\~Bu COOMe
=B = + }-—: Ph + =
Ph ) Solvent PH PH PH Bu
1a CO balloon 2a 3a 4a
50°C, 10 h
NMR yield (%) ° R r
Entry Solvent eCO\i)e yb
2a 3 4a of 1a (%)
1 THF - - 27 58
2 toluene - - 64 10
3 DMF - - 47 -
4 DMSO - - 42 -

& Reaction conditions: 1a (0.5 mmol), [(r-allyl)PdCl], (2 mol%), DPEphos (6 mol%),
(PhO),POOH (10 mol%), and MeOH (1.2 equiv.) at 50 °C under 1 atm of CO unless otherwise
noted; ® Determined by 'H NMR analysis using 1,3,5-trimethylbenzene as the internal standard.
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Table S3 Screening of loadings referring to (PhO),POOH and MeOH

[(m-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)

(PhO),POOH (X mol%) Q
HO MeOH (Y equiv.) n-Bu o COOMe
%%H-BU — + ——n-Bu +
Ph Ph Ph
2

Ph Toluene n-Bu

CO balloon
1a
50°C, 10 h a 3a 4a

(PhO),POOH  MeOH  NMRyield (%)°  Recovery of 1a

O (mola) (quiv) 2a 3a da (%)"
1 10 1.2 - - 64 10
2 5 1.2 - - 64 23
3 5 2.0 - - 68 13
4 5 4.0 - - 72 7
5 5 8.0 - - &6 -

& Reaction conditions: 1a (0.5 mmol), [(r-allyl)PdCl], (2 mol%), DPEphos (6 mol%),
(PhO),POOH, and MeOH in toluene (2.0 mL) at 50 °C under 1 atm of CO unless otherwise noted;
® Determined by 'H NMR analysis using 1,3,5-trimethylbenzene as the internal standard.

S6



Experimental details and analytical data

1. Synthesis of propargylic alcohols
(1) Preparation of 2-(3-methylphenyl)dec-3-yn-2-ol (1b) (zwl-8-178) *

)

T

. ——n-CgH
— n-BuLi (1.0 equiv.) (0.8 equiv.) 63
n-CegRyz—— > >
THF, -78 °C -78°C
thenr.t. (2 h) thenr.t. (5.8 h)
1b, 80%

Typical Procedure I: To a flame-dried three-neck flask were added 1-octyne (7.38
mL, d = 0.747 g/mL, 5.5129 g, 50 mmol) and THF (50 mL). Then a solution of
n-BuLi (2.5 M in hexane, 20 mL, 50 mmol) was added dropwise at -78 °C under
argon. After stirring at room temperature for 2 h, the resulting mixture was cooled to
-78 °C, then a solution of 1-(3-methylphenyl)ethanone (5.44 mL, d = 0.986 g/mL,
5.3638 g, 40 mmol) in THF (30 mL) was added dropwise. The resulting mixture was
then stirred at rt for 5.8 h, and quenched with a saturated aqueous solution of NH4Cl
(20 mL). After extraction with ethyl acetate (20 mL x 3), the organic layer was
washed with brine (50 mL) and dried over anhydrous Na,SO4. After filtration and
concentration under reduced pressure, the crude product was purified by column
chromatography on silica gel to afford 1b (7.8198 g, 80%) as an oil (eluent: petroleum
ether (b.p. 60-90 °C)/ethyl acetate = 100/1): '"H NMR (400 MHz, CDCls): & =
7.50-7.38 (m, 2 H, Ar-H), 7.23 (t, J = 7.6 Hz, 1 H, Ar-H), 7.08 (d, J =7.2 Hz, 1 H,
Ar-H), 2.39 (bs, 1 H, OH), 2.36 (s, 3 H, CHs3), 2.26 (t, J= 7.2 Hz, 2 H, CH>), 1.73 (s,
3 H, CH3), 1.61-1.47 (m, 2 H, CH,), 1.47-1.37 (m, 2 H, CHy), 1.37-1.23 (m, 4 H, 2 x
CH,), 0.89 (t, J = 6.8 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl;): & = 146.1, 137.8,
128.2, 128.1, 125.6, 122.0, 85.6, 83.8, 70.0, 33.5, 31.3, 28.6, 28.5, 22.5, 21.5, 18.7,
14.0 ; MS (70 eV, EI) m/z (%): 244 (M", 2.54), 229 (100); IR (neat): v = 3412, 2929,
2858, 2244, 1457, 1199, 1158, 1084, 1062 cm™; HRMS caled for Cj7Hp0 [M']:

244.1827, found: 244.1829.
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The following compounds were prepared according to Typical Procedure 1.
(2) Preparation of 2-(2-methylphenyl)dec-3-yn-2-ol (1d) (zwl-8-177)*

0

O

: — n-CeH13
o ___ n-Buli (1.0 equiv.) (0.8 equiv.)
reris THF, -78°C -78°C
thenr.t. (2 h) thenr.t. (6 h)
1d, 83%

The reaction of 1-octyne (7.38 mL, d = 0.747 g/mL, 5.5129 g, 50 mmol) in THF
(50 mL), n-BuLi (2.5 M in hexane, 20 mL, 50 mmol), and
1-(2-methylphenyl)ethanone (5.23 mL, d = 1.026 g/mL, 5.3660 g, 40 mmol) in THF
(30 mL) afforded 1d (8.1131 g, 83%) as an oil [eluent: petroleum ether (b.p. 60-90
°C)/ethyl acetate = 100/1]: '"H NMR (400 MHz, CDCls): § = 7.74-7.64 (m, 1 H, Ar-H),
7.22-7.13 (m, 3 H, Ar-H), 2.62 (s, 3 H, CH3), 2.31 (s, 1 H, OH), 2.23 (t,J=7.0 Hz, 2
H, CH,), 1.81 (s, 3 H, CH3), 1.57-1.46 (m, 2 H, CH»), 1.45-1.20 (m, 6 H, 3 x CH>),
0.88 (t, J =7.2 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl3): & = 142.8, 135.6, 132.1,
127.4,125.6, 124.9, 85.3, 84.0, 69.6, 31.2, 31.1, 28.5, 28.4, 22.5, 21.2, 18.7, 14.0; MS
(70 eV, EI) m/z (%): 244 (M, 2.58), 229 (100); IR (neat): v = 3413, 2930, 2858, 2243,
1456, 1367, 1328, 1079, 1047 cm™'; HRMS calcd for C;7H40 [M']: 244.1827, found:
244.1825.
(3) Preparation of 2-(4-bromophenyl)dec-3-yn-2-ol (1e) (zwl-8-179)*

0]
Br@—/< HO
— n-C6H13

___ n-BuLi(1.0 equiv.) (0.8 equiv.)
THF, -78 °C -78°C
thenr.t. (2 h) thenr.t. (5.7 h) Br

n-CeH 13

1e, 65%
The reaction of 1-octyne (7.38 mL, d = 0.747 g/mL, 5.5129 g, 50 mmol) in THF
(50 mL), n-BuLi (2.5 M in hexane, 20 mL, 50 mmol), and
1-(4-bromophenyl)ethanone (7.9617 g, 40 mmol) in THF (30 mL) afforded le
(8.0401 g, 65%) as an oil [eluent: petroleum ether (b.p. 60-90 °C)/ethyl acetate =
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100/1]: "H NMR (400 MHz, CDCls): & = 7.55-7.48 (m, 2 H, Ar-H), 7.48-7.42 (m, 2 H,
Ar-H), 2.55-2.42 (m, 1 H, OH), 2.25 (t, J = 7.0 Hz, 2 H, CH,), 1.70 (s, 3 H, CH3),
1.59-1.47 (m, 2 H, CH,), 1.46-1.20 (m, 6 H, 3 x CH,), 0.89 (t, J = 6.8 Hz, 3 H, CH3);
C NMR (100 MHz, CDCls): & = 145.3, 131.2, 126.9, 121.4, 86.1, 83.2, 69.6, 33.5,
31.2, 28.51, 28.49, 22.5, 18.6, 14.0; MS (70 eV, EI) m/z (%): 310 (M (*'Br), 2.30),
308 (M'(”Br), 2.34), 293 (100); IR (neat): v = 3403, 2929, 2858, 2241, 1681, 1589,
1074, 1010 cm™; HRMS caled for C1¢Ho1O”Br [M']: 308.0776, found: 308.0771.

(4) Preparation of 2-(4-methoxyphenyl)hept-3-yn-2-ol (1g) (zwl-8-18)*

0]

=——n-Pr
P n-BuLi (1.0 equiv.) (0.8 equiv.)
i THF, -78°C -78°C
then r.t. (2 h) then r.t. (11 h) MeG
19, 55%

The reaction of 1-pentyne (4.93 mL, d = 0.691 g/mL, 3.4066 g, 50 mmol) in THF
(30 mL), n-BuLi (25 M in hexane, 20 mL, 50 mmol), and
1-(4-methoxyphenyl)ethanone (6.0069 g, 40 mmol) in THF (20 mL) afforded 1g
(4.8024 g, 55%) as an oil via distillation at 1 mmHg (b.p. 106-110 °C/l mmHg): 'H
NMR (400 MHz, CDCl3): & = 7.62-7.56 (m, 2 H, Ar-H), 6.92-6.85 (m, 2 H, Ar-H),
3.81 (s, 3 H, CH3), 2.32-2.23 (m, 3 H, OH and CHs), 1.74 (s, 3 H, CH3), 1.64-1.53 (m,
2 H, CH,), 1.01 (t, J = 7.4 Hz, 3 H, CH3); >C NMR (100 MHz, CDCl;): & = 158.9,
138.4, 126.2, 113.4, 85.4, 84.0, 69.7, 55.3, 33.4, 22.1, 20.7, 13.5; MS (70 eV, EI) m/z
(%): 219 (M'+1, 1.15), 218 (M", 6.81), 177 (100); IR (neat): v = 3430, 2963, 2933,
2243, 1609, 1508, 1463, 1300, 1245, 1174, 1089, 1031 cm™; HRMS caled for
C14H30, [M]: 218.1307, found: 218.1306.
(5) Preparation of 2-naphthyloct-3-yn-2-ol (1h) (zwl-8-41) !
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C P
O HO —
n-Bu

BU—— n-BuLi (1.0 equiv.) (0.9 equiv.)
n-pU——— > -
THF, -78 °C -78°C O

thenr.t. (2 h) then r.t. (11 h) O
1h, 49%

The reaction of 1-hexyne (5.74 mL, d = 0.715 g/mL, 4.1046 g, 50 mmol) in THF

(30 mL), n-BuLi (2.5 M in hexane, 20 mL, 50 mmol), and 1-(2-naphthyl)ethanone
(7.6598 g, 45 mmol) in THF (20 mL) afforded 1h (5.5643 g, 49%) as an oil via
distillation at 1 mmHg (b.p. 140-145 °C/1 mmHg): 'H NMR (400 MHz, CDCl;): & =
8.12 (s, 1 H, Ar-H), 7.90-7.78 (m, 3 H, Ar-H), 7.78-7.70 (m, 1 H, Ar-H), 7.56-7.43 (m,
2 H, Ar-H), 2.46-2.38 (m, 1 H, OH), 2.32 (t, J = 7.0 Hz, 2 H, CH>), 1.83 (s, 3 H, CH3),
1.63-1.52 (m, 2 H, CH,), 1.52-1.39 (m, 2 H, CH,), 0.94 (t, J = 7.2 Hz, 3 H, CH3); "°C
NMR (100 MHz, CDCls): 6 = 143.5, 133.0, 132.8, 128.3, 128.0, 127.5, 126.1, 126.0,
123.6, 123.3, 85.9, 83.7, 70.1, 33.4, 30.7, 22.0, 18.4, 13.6 ; MS (70 eV, EI) m/z (%):
252 (M", 2.25), 127 (100); IR (neat): v = 3385, 2957, 2930, 2241, 1507, 1354, 1084
cm'l; HRMS calcd for CgH,0O [M+]: 252.1514, found: 252.1516.

(6) Preparation of 3-phenyloct-4-yn-3-ol (10) (zwl-8-16)*

O
Ph)J\Et
. . . HO
n-BuLi (1.0 equiv.) (0.8 equiv.) e
-Pr—— > >~ Etﬁi_ n-Pr
e THF, 78 °C 78°C P
then r.t. (2 h) then r.t. (11 h)
10, 67%

The reaction of 1-pentyne (4.93 mL, d = 0.691 g/mL, 3.4066 g, 50 mmol) in THF
(30 mL), n-BuLi (2.5 M in hexane, 20 mL, 50 mmol), and 1-phenylpropanone (5.32
mL, d =1.009 g/mL, 5.3679 g, 40 mmol) in THF (20 mL) afforded 10 (5.4241 g, 67%)
as an oil [eluent: petroleum ether (b.p. 60-90 °C)/ethyl acetate = 10/1]: '"H NMR (400
MHz, CDCls): & = 7.66-7.56 (m, 2 H, Ar-H), 7.38-7.30 (m, 2 H, Ar-H), 7.30-7.22 (m,
1 H, Ar-H), 2.42-2.33 (m, 1 H, OH), 2.27 (t, J=7.0 Hz, 2 H, CH), 2.02-1.80 (m, 2 H,
CH,), 1.68-1.52 (m, 2 H, CHy), 1.02 (t,J=7.4 Hz, 3 H, CH3), 0.93 (t, J=7.4 Hz, 3 H,
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CHs); BC NMR (100 MHz, CDCls): 6 = 145.1, 127.9, 127.4, 125.5, 86.6, 82.6, 73.9,
38.5, 22.1, 20.7, 13.5, 9.1; MS (70 eV, EI) m/z (%): 202 (M", 1.73), 173 (100); IR
(neat): v = 3422, 2966, 2934, 2242, 1600, 1448, 1328, 1051, 1017 cm™; HRMS calced
for C14H;30 [M']: 202.1358, found: 202.1361.

(7) Preparation of 4-(3,4-methylenedioxy)phenylnon-5-yn-4-ol (1p) (hcf-1-104)*

0]
<O:©)\n'Pr HO
O n-Pr =— n-Pr
n-Pr—=— n-BulLi (1.0 equiv_)= (0.5 equiv.) .
THF, -78 °C -78°C )
thenr.t. (2 h) thenrt (153h) g

1p, 53%

The reaction of 1-pentyne (4.92 mL, d = 0.692 g/mL, 3.4046 g, 50 mmol) in THF
(30 mL), n-BuLi (24 M in hexane, 20.8 mL, 50 mmol), and
1-(1,3-benzodioxol-5-yl)-1-butanone (4.8120 g, 25 mmol) in THF (20 mL) afforded
1p (3.4494 g, 53%) via double chromatography on silica gel as an oil [first round
eluent: petroleum ether (b.p. 60-90 °C)/ethyl acetate = 100/1 (5 L) to petroleum ether
(b.p. 60-90 °C)/ethyl acetate = 10/1 (1 L); second round eluent: petroleum ether (b.p.
60-90 °C)/ethyl acetate = 100/1)]: '"H NMR (400 MHz, CDCl5): & = 7.16-7.08 (m, 2 H,
Ar-H), 6.76 (d, J=8.0 Hz, 1 H, Ar-H), 5.95 (s, 2 H, CH»), 2.33 (s, 1 H, OH), 2.27 (t, J
=7.2 Hz, 2 H, CH»), 1.87 (td, J; = 12.6 Hz, J, = 4.7 Hz, 1 H, one proton of CH,), 1.77
(td, J1 = 12.5 Hz, J, = 4.8 Hz, 1 H, one proton of CH;), 1.64-1.52 (m, 2 H, CH,),
1.53-1.39 (m, 1 H, one proton of CH), 1.39-1.22 (m, 1 H, one proton of CH;), 1.02 (t,
J=17.4Hz, 3 H, CHs), 0.88 (t, J = 7.6 Hz, 3 H, CH3); >°C NMR (100 MHz, CDCl): &
= 147.3, 146.8, 139.6, 118.9, 107.5, 106.5, 101.0, 86.5, 82.8, 73.3, 47.9, 22.1, 20.7,
18.2, 14.0, 13.6; MS (70 eV, EI) m/z (%): 261 (M'+1, 1.12), 260 (M", 6.24), 217
(100); IR (neat): v = 3427, 2960, 2873, 1611, 1485, 1434, 1235, 1109, 1038 cm';
HRMS calcd for CgH»003 [M']: 260.1412, found: 260.1411.
(8) Preparation of 5-phenyltridec-6-yn-5-ol (1) (hcf-1-98)*
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)

Ph)J\n-Bu
: HO
— n-BulLi (1.0 equiv.) (0.8 equiv.) ; —
n-CGH13—_ - > n-Bu — n-C6H13
THF, -78 °C -78 °C PH
then r.t. (2 h) then r.t. (10.5 h)

1q, 67%

The reaction of 1-octyne (14.7 mL, d = 0.746 g/mL, 11.04 g, 100 mmol) in THF
(50 mL), n-BuLi (2.4 M in hexane, 41.6 mL, 100 mmol), and 1-phenyl-1-pentanone
(12.9803 g, 80 mmol) in THF (50 mL) afforded the crude product via distillation at 1
mmHg (b.p. 84-110 °C/1 mmHg), which was further purified by chromatography on
silica gel to afford 1q (10.0371 g, 67%) as an oil [eluent: petroleum ether (b.p. 60-90
°C)/ethyl acetate = 100/1]: '"H NMR (400 MHz, CDCls): & = 7.66-7.58 (m, 2 H, Ar-H),
7.38-7.30 (m, 2 H, Ar-H), 7.30-7.23 (m, 1 H, Ar-H), 2.36 (s, 1 H, OH), 2.29 (t,J=7.0
Hz, 2 H, CH,), 1.97-1.78 (m, 2 H, CH,), 1.61-1.51 (m, 2 H, CH3), 1.50-1.20 (m, 10 H,
5 x CHy), 0.95-0.81 (m, 6 H, 2 x CHs); °C NMR (100 MHz, CDCls): § = 145.4,
128.0, 127.4, 125.5, 86.8, 82.7, 73.4, 45.4, 31.3, 28.7, 28.6, 27.0, 22.7, 22.6, 18.8,
14.05, 14.01; MS (ESI) m/z (%): 255 (M-OH)"; IR (neat): v = 3422, 2956, 2930, 2860,
1466, 1331, 1033, 1000 cm™; HRMS caled for CioHs50 [M']: 272.2140, found:
272.2141.

2. Preparation of 2-phenyloct-2(E)-en-4-one (2a) (zwl-6-156)

HO AgOTF (0.1 equiv.) Q
; — By MeOH (2.0 equiv.) >:>‘ n-Bu

Ph Toluene, 68 °C, 12 h PH

2a, 72%
E:Z>20:1

To a flame-dried Schlenk tube was added AgOTf (25.6 mg, 0.12 mmol) in a glove
box. After that, 1a (202.2 mg, 1 mmol), MeOH (64.2 mg, 2.0 mmol), and toluene (5
mL) were added sequentially. Then the Schlenk tube was placed in an oil bath
pre-heated at 68 °C and stirred for 12 h. Then the resulting mixture was filtered
through a short column silica gel (3.5 cm), eluted with ethyl acetate (20 mL), and

concentrated under reduced pressure. The residue was purified by column
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chromatography on silica gel to afford 2a’ (145.6 mg, 72%) (E/Z > 20:1) as an oil
[eluent: petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: '"H NMR (400 MHz,
CDCly): & = 7.53-7.45 (m, 2 H, Ar-H), 7.42-7.35 (m, 3 H, Ar-H), 6.52-4.47 (m, 1 H,
CH), 2.57-2.50 (m, 5 H, CH, and CH3), 1.68-1.59 (m, 2 H, CH,), 1.42-1.31 (m, 2 H,
CH,), 0.93 (t, J = 7.4 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl;): & = 201.6, 153.5,
142.6, 128.9, 128.4, 126.4, 124.2, 44.6, 26.4, 22.4, 18.3, 13.9; MS (70 eV, EI) m/z (%):
203 (M'+1, 1.96), 202 (M", 13.05), 145 (100); IR (neat): v = 2957, 2960, 1681, 1600,
1574, 1446, 1130 cm™.

3. Preparation of 2-phenyl-3-yn-1-octene (3a) (zwl-9-187) *
HO MsCI (2.5 equiv.)

ﬁ%n-Bu TEA (5 equiv.) . > — 1Bu

Ph DCM,0°C,0.5h Ph

3a, 82%

To a flame-dried three-neck falsk were added la (4.0457 g, 20 mmol) and DCM
(20 mL) at 0 °C under argon. Then methanesulfonyl chloride (3.87 mL, d = 1.48 g/mL,
5.7276 g, 50 mmol) and triethylamine (13.90 mL, d = 0.728 g/mL, 10.1129 g, 100
mmol) were added sequentially. After stirring for 0.5 h at 0 °C, the reaction was
quenched with a saturated aqueous solution of NH4Cl (20 mL). After extraction with
ethyl ether (10 mL x 3), the organic layer was washed with brine (20 mL) and dried
over anhydrous Na,SO,. The residue was then purified by column chromatography on
aluminum oxide to afford 3a* (3.1342 g, 82%, 97% purity) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)]: "H NMR (400 MHz, CDCls): § = 7.69-7.60 (m, 2 H,
Ar-H), 7.37-7.22 (m, 3 H, Ar-H), 5.82 (s, 1 H, one proton of =CH>), 5.57 (s, 1 H, one
proton of =CH,), 2.40 (t, J = 7.0 Hz, 2 H, CH3), 1.65-1.52 (m, 2 H, CH), 1.52-1.39
(m, 2 H, CH>), 0.94 (t, J=7.2 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl3): & = 137.7,
130.9, 128.2, 128.0, 126.0, 119.3, 91.9, 79.7, 30.8, 22.0, 19.0, 13.6; MS (70 eV, EI)
m/z (%): 185 (M'+1, 10.64), 184 (M", 3.45), 129 (100); IR (neat): v = 2956, 2930,
2226, 1597, 1446, 1028.
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4. Synthesis of 2,3-allenoates
(1) Preparation of methyl 2-butyl-4-phenyl-2,3-pentadienoate (4a) (zwl-8-65)
[(m-allyl)PdCI], (2 mol%)

DPEphos (6 mol%)
(PhO),POOH (5 mol%)

HO\ — B MeOH (8 equiv.) COOMe
— -Bu -
ph/ Toluene, CO balloon Ph> <n—Bu
50°C, 14 h
1a 4a, 90%

Typical Procedure Il: To a flame-dried Schlenk tube were added [(m-allyl)PdCl],
(7.6 mg, 0.02 mmol), DPEphos (32.5 mg, 0.06 mmol), (PhO),POOH (12.6 mg, 0.05
mmol), 1a (202.1 mg, 1 mmol), MeOH (256.1 mg, 8.0 mmol), and toluene (5 mL)
sequentially under argon. 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 for three times. Then the resulting mixture was stirred at 50 °C with a
balloon of CO for 14 h. The resulting mixture was diluted with 5 mL of ethyl acetate,
filtered through a short column silica gel (3.5 cm) eluted with ethyl acetate (20 mL),
and concentrated. The residue was purified by column chromatography on silica gel
to afford 4a (219.6 mg, 90%) as an oil [eluent: petroleum ether (b.p. 60-90 °C)/ethyl
ether = 100/1]: "H NMR (400 MHz, CDCl3): § = 7.42-7.30 (m, 4 H, Ar-H), 7.28-7.21
(m, 1 H, Ar-H), 3.72 (s, 3 H, OCH3), 2.35 (t, J= 7.6 Hz, 2 H, CHa), 2.18 (s, 3 H, CH3),
1.50-1.41 (m, 2 H, CH>), 1.41-1.30 (m, 2 H, CH,), 0.88 (t, J = 7.4 Hz, 3 H, CHs); "°C
NMR (100 MHz, CDCls): 6 = 211.1, 167.8, 135.4, 128.5, 127.3, 125.9, 104.6, 102.0,
52.1,30.2, 28.7, 22.3, 16.4, 13.8; MS (70 eV, EI) m/z (%): 244 (M", 1.99), 143 (100);
IR (neat): v = 2954, 2928, 1943, 1712, 1494, 1434, 1262, 1087, 1067 cm™'; HRMS
calcd for C1H00, [M+]: 244.1463, found: 244.1465.

The following compounds were prepared according to Typical Procedure I1.

(2) Preparation of methyl 2-(n-hexyl)-4-(3-methylphenyl)-2,3-pentadienoate (4b)
(zwl-8-199)
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[(n-allyl)PdCl], (2 mol%)

DPEphos (6 mol%)
HO CcooMm
— n-CoHis (PhO),POOH (5 mol%) ©
MeOH (8 equiv.) . -CaHi
Toluene, CO balloon
50°C, 14 h
1b 4b, 84%

The reaction of [(m-allyl)PdCI], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1b (244.4 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 4b (240.6 mg, 84%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.26-7.15 (m, 3 H, Ar-H), 7.06 (d, J = 7.2 Hz, 1 H, Ar-H), 3.72 (s, 3 H, OCH,),
2.39-2.31 (m, 5 H, CH; and CHj3), 2.16 (s, 3 H, CH3), 1.52-1.42 (m, 2 H, CH,),
1.37-1.17 (m, 6 H, 3 x CH,), 0.85 (t, J = 6.8 Hz, 3 H, CH3); °C NMR (100 MHz,
CDCl): 6 =211.2,167.9, 138.0, 135.3, 128.4, 128.1, 126.6, 123.1, 104.6, 101.8, 52.0,
31.6, 29.0, 28.9, 28.0, 22.6, 21.5, 16.5, 14.0; MS (70 eV, EI) m/z (%): 287 (M'+1,
1.83), 286 (M", 7.45), 177 (100); IR (neat): v = 2924, 2856, 1943, 1713, 1604, 1434,
1249, 1087 cm™; HRMS calcd for C19H260, [M']: 286.1933, found: 286.1935.

(3) Preparation of methyl 2-butyl-4-(4-methylphenyl)-2,3-pentadienoate (4c)

(zwl-8-74)

[(n-allyl)PdCI], (2 mol%)
HO DPEphos (6 mol%)
— By (PhO):POOCH (5 mol%) COOMe
MeOH (8 equiv.) o
Toluene, CO balloon n-bu
50°C, 10 h
1 4c, 85%

The reaction of [(n-allyl)PdCl], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1c (216.4 mg, 1 mmol), MeOH (256.6
mg, 8 mmol), and toluene (5 mL) afforded 4c (219.7 mg, 85%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: "H NMR (400 MHz, CDCl3): & =
7.31-7.23 (m, 2 H, Ar-H), 7.15 (d, J = 8.0 Hz, 2 H, Ar-H), 3.71 (s, 3 H, OCH3),
2.38-2.30 (m, 5 H, CH, and CHs), 2.16 (s, 3 H, CHs), 1.50-1.40 (m, 2 H, CH,),
1.40-1.29 (m, 2 H, CH,), 0.88 (t, J = 7.4 Hz, 3 H, CH3); >°C NMR (100 MHz, CDCls):
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0=211.1,167.9,137.2, 132.4, 129.2, 125.8, 104.4, 101.8, 52.0, 30.2, 28.7, 22.3, 21.1,
16.4, 13.9; MS (70 eV, EI) m/z (%): 258 (M", 2.37), 157 (100); IR (neat): v = 2947,
2926, 2866, 1942, 1713, 1509, 1435, 1235, 1117, 1082, 1059, 1018 cm™'; HRMS calcd
for C17H20, [M']: 258.1620, found: 258.1621.

(4) Preparation of methyl 2-(n-hexyl)-4-(2-methylphenyl)-2,3-pentadienoate (4d)
(zwl-8-198)

[(n-allyl)PdCl], (2 mol%)

DPEphos (6 mol%)
HO COOM
— CgH,; (PhO)POCH (5 mol%) e
MeOH (8 equiv.) . -CeHrs
Toluene, CO balloon
50°C, 14 h
1d 4d, 58% yield

36% recovery

The reaction of [(m-allyl)PdCI], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1d (244.6 mg, 1 mmol), MeOH (256.4
mg, 8 mmol), and toluene (5 mL) afforded 4d (166.3 mg, 58%) (36% of 1d remained
based on 'H NMR analysis of the crude product) as an oil [eluent: petroleum ether
(b.p. 60-90 °C)/ethyl ether = 100/1]: "H NMR (400 MHz, CDCl3): & = 7.27-7.22 (m, 1
H, Ar-H), 7.22-7.15 (m, 3 H, Ar-H), 3.74 (s, 3 H, OCHj3), 2.38 (s, 3 H, CHj3),
2.37-2.15 (m, 2 H, CHy), 2.11 (s, 3 H, CH3), 1.51-1.41 (m, 2 H, CH>), 1.35-1.20 (m, 6
H, 3 x CH,), 0.86 (t, J = 6.6 Hz, 3 H, CH3); >°C NMR (100 MHz, CDCl3): 5 = 209.0,
168.3, 136.6, 135.9, 130.6, 127.8, 127.4, 125.9, 104.0, 99.1, 51.9, 31.7, 28.8, 28.7,
27.9, 22.6, 20.3, 20.1, 14.0; MS (70 eV, EI) m/z (%): 287 (M'+1, 1.07), 286 (M",
4.38), 177 (100); IR (neat): v =2952, 2925, 2856, 1952, 1713, 1434, 1248, 1124, 1087,
1042 cm'l; HRMS calcd for Ci9Hy60, [M+]: 286.1933, found: 286.1937.

(5) Preparation of methyl 2-(n-hexyl)-4-(4-bromophenyl)-2,3-pentadienoate (4e)
(zwl-8-200)
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[(m-allyl)PdCI], (2 mol%)
HO DPEphos (6 mol%)

COOMe
— n-CgHys (PhO),POOH (5 mol%)
MeOH (8 equiv.)
> n-CeHas
Toluene, CO balloon
50°C, 14 h
Br
le Br de, 76%

The reaction of [(m-allyl)PdCI], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1e (309.4 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 4e (267.1 mg, 76%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.47-7.43 (dt, J, = 8.4 Hz, J, = 2.2 Hz, 2 H, Ar-H), 7.25-7.20 (m, 2 H, Ar-H), 3.73 (s,
3 H, OCHa3), 2.34 (t, J = 7.4 Hz, 2 H, CH»), 2.15 (s, 3 H, CH3), 1.50-1.39 (m, 2 H,
CH,), 1.39-1.18 (m, 6 H, 3 x CH>), 0.85 (t, J = 6.8 Hz, 3 H, CH3); °C NMR (100
MHz, CDCl;): 6 = 211.0, 167.5, 134.5, 131.5, 127.5, 121.3, 103.9, 102.4, 52.1, 31.6,
29.0, 28.8, 27.9, 22.6, 16.3, 14.0; MS (70 eV, EI) m/z (%): 352 (M"(*'Br), 1.21), 350
(M"(”Br), 1.37), 142 (100); IR (neat): v = 2932, 2851, 1936, 1704, 1435, 1250, 1075,
1007 cm™; HRMS caled for CigHo30,” Br [M']: 350.0881, found: 350.0885.

(6) Preparation of methyl 2-butyl-4-(4-chlorophenyl)-2,3-pentadienoate (4f)
(zw1-8-87)

[(z-allyl)PdCl], (2 mol%)

HO DPEphos (6 mol%)
— By (PhO),POOH (5 mol%) COOMe
MeOH (16 equiv.) o
Toluene, CO balloon n-Bu
50°C, 16 h
Cl o

1f 4f, 83% yield

8% recovery
The reaction of [(n-allyl)PdCl], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1f (236.8 mg, 1 mmol), MeOH (512.7
mg, 16 mmol), and toluene (5 mL) afforded 4f (231.4 mg, 83%) (8% of 1f remained
based 'H NMR analysis of the crude product) as a white solid [eluent: petroleum ether
(b.p. 60-90 °C)/ethyl ether = 100/1]: M.p. 47-48 °C (petroleum ether/ethyl acetate);
'H NMR (400 MHz, CDCls): 8 = 7.30 (s, 4 H, Ar-H), 3.73 (s, 3 H, OCH3), 2.35 (t, J =
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7.6 Hz, 2 H, CH,), 2.15 (s, 3 H, CH3), 1.50-1.29 (m, 4 H, 2 x CH,), 0.88 (t, J = 7.4 Hz,
3 H, CH;); >C NMR (100 MHz, CDCl3): & = 211.0, 167.5, 134.0, 133.1, 128.6, 127.2,
103.8, 102.3, 52.1, 30.1, 28.6, 22.2, 16.4, 13.8; MS (70 eV, EI) m/z (%): 280
MC'Cly , 0.88), 278 (M (*°Cl) , 2.13), 177 (100); IR (neat): v = 2935, 2859, 1937,
1703, 1435, 1264, 1237, 1081 cm™; Anal. Calcd. for Ci¢H9oClOy: C 68.93, H 6.87;
found C 69.09, H 7.07.

(7) Preparation of methyl 2-propyl-4-(4-methoxylphenyl)-2,3-pentadienoate (4g)
(zwl-8-132)

[(m-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)

H M
R (PhO),POOH (5 mol%) COOMe
——n-Pr .
MeOH (8 equiv.) n-Pr
Toluene, CO balloon
50°C, 14 h
MeO MeO
19 49, 55%

The reaction of [(m-allyl)PdCI], (7.5 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1g (218.4 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 49 (143.3 mg, 55%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.34-7.27 (m, 2 H, Ar-H), 6.92-6.84 (m, 2 H, Ar-H), 3.80 (s, 3 H, OCH3), 3.72 (s, 3 H,
OCHs), 2.32 (t, J = 7.4 Hz, 2 H, CH,), 2.15 (s, 3 H, CH3), 1.55-1.42 (m, 2 H, CH,),
0.93 (t, J = 7.6 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl3): § = 210.9, 167.8, 159.0,
127.5, 127.1, 113.9, 104.1, 101.6, 55.2, 52.0, 31.1, 21.3, 16.5, 13.7; MS (70 eV, EI)
m/z (%): 261 (M'+1, 8.26), 260 (M", 37.48), 173 (100); IR (neat): v = 2956, 2838,
1942, 1710, 1606, 1509, 1244, 1177, 1116, 1031 cm™; HRMS caled for Ci6Hz005
[M']: 260.1412, found: 260.1415.

(8) Preparation of methyl 2-butyl-4-naphthyl-2,3-pentadienoate (4h) (zwl-8-97)
[(m-ally)PdCI], (2 mol%)
HO DPEphos (6 mol%)

— pBu  (PhO):POOCH (5 mol%) - COOMe
MeOH (8 equiv.)

> n-Bu
O Toluene, CO balloon O
50°C, 14 h
&) <) an 7o
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The reaction of [(m-allyl)PdCI], (7.5 mg, 0.02 mmol), DPEphos (32.5 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1h (252.1 mg, 1 mmol), MeOH (256.7
mg, 8 mmol), and toluene (5 mL) afforded 4h (229.3 mg, 78%) as a white solid
[eluent: petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: M.p. 55-56 °C
(petroleum ether/ethyl acetate); 'H NMR (400 MHz, CDCl3): & = 7.85-7.71 (m, 4 H,
Ar-H), 7.55-7.38 (m, 3 H, Ar-H), 3.73 (s, 3 H, OCH3), 2.40 (t, J = 7.8 Hz, 2 H, CH2>),
2.29 (s, 3 H, CH3), 1.54-1.43 (m, 2 H, CH,), 1.43-1.31 (m, 2 H, CH), 0.89 (t, J = 7.2
Hz, 3 H, CH;); °C NMR (100 MHz, CDCL): & = 211.8, 167.8, 133.5, 132.8, 132.6,
128.0, 127.9, 127.5, 126.2, 126.0, 124.8, 123.9, 104.9, 102.2, 52.1, 30.2, 28.8, 22.3,
16.4, 13.8; MS (70 eV, EI) m/z (%): 295 (M'+1, 1.93), 294 (M", 8.46), 193 (100); IR
(neat): v = 2950, 2925, 1940, 1713, 1432, 1237, 1117, 1086, 1059 cm™; Anal. Calcd.
for Co0H»,0,: C 81.60, H 7.53; found C 81.72, H 7.63.

(9) Preparation of methyl 2-butyl-4-furyl-2,3-pentadienoate (4i) (zwl-8-100)

[(m-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)

n-Bu (Pho)2POOH (5 mol%) COOMe
MeOH (8 equiv.) -
Toluene, CO balloon — 5
NS
50°C, 14 h
Li 4i, 44%

The reaction of [(n-allyl)PdCl], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1i (192.1 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 4i (103.0 mg, 44%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: "H NMR (400 MHz, CDCl3): & =
7.38(d,J=1.6 Hz, 1 H, Ar-H), 6.41 (dd, J;=3.2 Hz, J, = 2.0 Hz, 1 H, Ar-H), 6.28 (d,
J=3.2Hz, 1 H, Ar-H), 3.72 (s, 3 H, OCH3), 2.45-2.23 (m, 2 H, CH>), 2.09 (s, 3 H,
CH3), 1.50-1.30 (m, 4 H, 2 x CH,), 0.89 (t, J = 7.2 Hz, 3 H, CH;); °C NMR (100
MHz, CDCl): 6 = 210.4, 167.3, 149.3, 142.5, 111.4, 107.3, 103.1, 97.2, 52.1, 30.0,
28.9, 22.2, 15.5, 13.8; MS (70 eV, EI) m/z (%): 235 (M'+1, 3.78), 234 (M", 22.33),
192 (100); IR (neat): v = 2955, 2928, 1946, 1713, 1435, 1263, 1159, 1077 cm™;
HRMS calcd for C4H;30; [M']: 234.1256, found: 234.1257.

(10) Preparation of methyl 2-butyl-4-thienyl-2,3-pentadienoate (4j) (zwl-8-101)
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[(n-ally)PdCI], (2 mol%)
DPEphos (6 mol%)
(PhO),POOCH (5 mol%) COOMe

n-Bu _
MeOH (8 equiv.)
Toluene, CO balloon — . n-Bu
50°C, 14 h N
4j, 57%

1j

The reaction of [(m-allyl)PdCI], (7.5 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1j (208.4 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 4j (142.7 mg, 57%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.22 (d, J = 4.0 Hz, 1 H, Ar-H), 7.02-6.94 (m, 2 H, Ar-H), 3.72 (s, 3 H, OCHs),
2.42-2.26 (m, 2 H, CH,), 2.19 (s, 3 H, CH3), 1.52-1.31 (m, 4 H, 2 x CH,), 0.90 (t, J =
7.2 Hz, 3 H, CH3); >C NMR (100 MHz, CDCl;): & = 210.4, 167.3, 140.1, 127.5,
125.2,123.9, 102.4, 100.6, 52.1, 30.1, 28.9, 22.3, 17.4, 13.9; MS (70 eV, EI) m/z (%):
250 (M, 6.02), 149 (100); IR (neat): v = 2955, 2928, 2860, 1944, 1713, 1434, 1263,
1242, 1119, 1081, 1051 cm™; HRMS caled for Ci4H;s0,S [M']: 250.1028, found:
250.1026.

(11) Preparation of methyl 2-phenyl-4-methyl-2,3-heptadienoate (4k) (zwl-8-146)
[(m-allyl)PdCI], (2 mol%)

HO DPEphos (6 mol%)
——=—ph  (PhOLPOOH (5 mol%) COOMe
n-Pr MeOH (16 equiv.) =
. -P Ph
Toluene, CO balloon n-rr
50°C, 14 h
1k 4k, 56% yield

32% recovery

The reaction of [(m-allyl)PdCI], (7.5 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1k (188.4 mg, 1 mmol), MeOH (512.7
mg, 16 mmol), and toluene (5 mL) afforded 4k (131.4 mg, 56%, 98% purity) (32% of
1f was observed by 'H NMR analysis of crude product) as an oil [eluent: petroleum
ether (b.p. 60-90 °C)/ethyl ether = 100/1]: "H NMR (400 MHz, CDCls): § = 7.52-7.41
(m, 2 H, Ar-H), 7.37-7.29 (m, 2 H, Ar-H), 7.28-7.18 (m, 1 H, Ar-H), 3.78 (s, 3 H,
OCH3), 2.20-2.07 (m, 2 H, CH,), 1.87 (s, 3 H, CH3), 1.60-1.46 (m, 2 H, CH,), 0.93 (t,
J=7.4Hz, 3 H, CHs); ®C NMR (100 MHz, CDCl;): & = 209.4, 167.4, 134.0, 128.3,
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128.1, 127.1, 105.0, 101.8, 52.0, 35.7, 20.5, 18.0, 13.7; MS (70 eV, EI) m/z (%): 231
(M'+1, 5.20), 230 (M, 29.97), 128 (100); IR (neat): v = 2956, 2873, 1949, 1715,
1434, 1274, 1196, 1175, 1040, 1022 cm™; HRMS calcd for CsH;30, [M']: 230.1307,
found: 230.1313.

(12) Preparation of methyl 2-phenyl-4-methyl-2,3-nonadienoate (4l) (zwl-8-147)
[(m-allyl)PdCl], (2 mol%)

DPEphos (6 mol%)
HO
— Ph (PhO),POOH (5 mol%) COOMe
MeOH (16 equiv.)
n-CsHy4 _ o o
Toluene, CO balloon n-Cshhs
50 °C, 14 h
b 41, 53% yield

44% recovery

The reaction of [(n-allyl)PdCl], (7.5 mg, 0.02 mmol), DPEphos (32.1 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1l (216.1 mg, 1 mmol), MeOH (512.7
mg, 16 mmol), and toluene (5 mL) afforded 4l (139.4 mg, 53%, 98% purity) (44% of
1f remained based 'H NMR analysis of the crude product) as an oil [eluent: petroleum
ether (b.p. 60-90 °C)/ethyl ether = 100/1]: '"H NMR (400 MHz, CDCl3): & = 7.47 (d, J
= 6.8 Hz, 2 H, Ar-H), 7.32 (t, J = 7.6 Hz, 2 H, Ar-H), 7.28-7.17 (m, 1 H, Ar-H), 3.78
(s, 3 H, OCH3), 2.23-2.07 (m, 2 H, CH,), 1.87 (s, 3 H, CH3), 1.58-1.45 (m, 2 H, CH,),
1.39-1.21 (m, 4 H, 2 x CH,), 0.85 (t, J = 7.0 Hz, 3 H, CH3); °C NMR (100 MHz,
CDCl): 6 =209.4, 167.4, 134.0, 128.3, 128.1, 127.1, 105.1, 101.7, 52.0, 33.5, 31.3,
26.8, 22.4, 18.0, 14.0; MS (70 eV, EI) m/z (%): 259 (M'+1, 2.80), 258 (M", 13.95),
143 (100); IR (neat): v = 2926, 2858, 1949, 1716, 1434, 1273, 1195, 1175, 1023 cm™';
HRMS calcd for C17H2,0, [M']: 258.1620, found: 258.1618.

(13) Preparation of methyl 2,4-diphenyl-2,3-pentadienoate (4m) (zwl-7-135)

[(r-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)
HO (PhO),POOH (5 mol%)

o ) COOMe
——=—ph MeOH (8 equiv.) >:_:<
Ph Toluene, CO balloon } Ph Ph
50°C,14 h
1m 4am, 81%

The reaction of [(m-allyl)PdCI], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1Im (222.4 mg, 1 mmol), MeOH (256.1
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mg, 8 mmol), and toluene (5 mL) afforded 4m (214.6 mg, 81%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.54 (d, J = 7.6 Hz, 2 H, Ar-H), 7.45 (d, J = 7.6 Hz, 2 H, Ar-H), 7.38-7.22 (m, 6 H,
Ar-H), 3.80 (s, 3 H, OCHj3), 2.28 (s, 3 H, CH3); °C NMR (100 MHz, CDCl;): & =
213.7,166.5, 134.4, 132.8, 128.6, 128.3, 127.8, 127.6, 126.1, 106.0, 104.3, 52.3, 16.2;
MS (70 eV, EI) m/z (%): 265 (M'+1, 14.63), 264 (M, 78.23), 205 (100); IR (neat): v
= 1935, 1712, 1492, 1434, 1369, 1278, 1199, 1175, 1018 cm™'; HRMS calcd for
CisH160, [M']: 264.1150, found: 264.1152.

(14) Preparation of methyl 2-(4-chlorobutyl)-4-phenyl-2,3-pentadienoate (4n)

(zwl-8-145)
[(n-ally)PdCI], (2 mol%)
DPEphos (6 mol%)
HO (PhO),POOH (5 mol%) COOMe
— MeOH (8 equiv.)
Ph o Toluene, CO balloon Ph
50 °C, 14 h
1n 4n, 80% yield !

The reaction of [(m-allyl)PdCI], (7.5 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1n (236.7 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 4n (223.1 mg, 80%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.41-7.32 (m, 4 H, Ar-H), 7.28-7.22 (m, 1 H, Ar-H), 3.73 (s, 3 H, OCH3), 3.50 (t, J =
6.6 Hz, 2 H, CH,), 2.39 (t, J = 7.6 Hz, 2 H, CH,), 2.19 (s, 3 H, CH3), 1.87-1.75 (m, 2
H, CH,), 1.68-1.57 (m, 2 H, CH,); >C NMR (100 MHz, CDCl;): & = 211.1, 167.6,
135.1, 128.5, 127.5, 126.0, 105.1, 101.3, 52.2, 44.7, 32.0, 28.2, 25.2, 16.5; MS (70 eV,
EI) m/z (%): 280 (M'CCl) , 1.50), 278 (M"(*°Cl) , 4.70), 141 (100); IR (neat): v =
2950, 2864, 1943, 1710, 1494, 1434, 1252, 1098, 1066 cm™; HRMS calcd for
Ci16H190,>°Cl [M]: 278.1074, found: 278.1076.

(15) Preparation of methyl 2-propyl-4-phenyl-2,3-hexadienoate (40) (zwl-8-25)
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[(m-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)

HO (PhO),POOH (5 mol%) Et COOMe
Et ——n-Pr MeOH (8 equiv.) Py
Toluene, CO balloon
50°C, 14 h
1o 40, 80%

The reaction of [(m-allyl)PdCI], (7.5 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 10 (202.4 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 40 (195.6 mg, 80%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.42-7.28 (m, 4 H, Ar-H), 7.26-7.20 (m, 1 H, Ar-H), 3.72 (s, 3 H, OCH3), 2.60-2.48
(m, 2 H, CH>), 2.38-2.29 (m, 2 H, CH>), 1.57-1.42 (m, 2 H, CH>), 1.16 (t, J = 7.4 Hz,
3 H, CHs), 0.94 (t, J = 7.2 Hz, 3 H, CH3); °C NMR (100 MHz, CDCls): § = 210.9,
168.0, 135.2, 128.5, 127.3, 126.2, 111.5, 103.8, 52.0, 31.1, 23.1, 21.5, 13.9, 12.3; MS
(70 eV, EI) m/z (%): 245 (M'+1, 10.55), 244 (M, 56.69), 91 (100); IR (neat): v =
2962, 2931, 1937, 1712, 1493, 1434, 1251, 1129 cm™; HRMS caled for Ci6H00,
[M']: 244.1463, found: 244.1465.

(16) Preparation of methyl 2-propyl-4-(3,4-methylenedioxy)phenyl-2,3-hepta-
dienoate (4p) (hcf-1-111)

[(r-allyl)PdCI], (3 mol%)

HO DPEphos (9 mol%)

_ PhO),POOH (5 mol%) n-Pr COOMe
= — P ( 2

- e MeOH (8 equiv.)
0 Toluene, CO balloon n-Pr
L 50 °C, 14 h o)

o L

1p O
4p, 62%

The reaction of [(w-allyl)PdCI], (11.1 mg, 0.03 mmol), DPEPhos (48.5 mg, 0.09
mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1p (260.6 mg, 1 mmol), MeOH (257.1
mg, 8 mmol), and toluene (5 mL) afforded 4p (187.3 mg, 62%) via double
chromatography on silica gel as a white solid [first round eluent: petroleum ether (b.p.
60-90 °C)/ethyl acetate = 200/1 (1 L) to petroleum ether (b.p. 60-90 °C)/ethyl acetate
= 150/1 (1.5 L) to petroleum ether (b.p. 60-90 °C)/ethyl acetate = 100/1 (0.5 L);
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second round eluent: petroleum ether (b.p. 60-90 °C)/ethyl acetate = 150/1)]: M.p.
48-50 °C (petroleum ether/ethyl acetate); "H NMR (400 MHz, CDCls): § = 6.90-6.83
(m, 2 H, Ar-H), 6.82-6.74 (m, 1 H, Ar-H), 5.95 (s, 2 H, OCH>), 3.72 (s, 3 H, OCHs),
244 (t,J=7.4Hz, 2 H, CH,), 2.31 (t, J=7.8 Hz, 2 H, CH,), 1.63-1.40 (m, 4 H, 2 x
CH,), 1.05-0.85 (m, 6 H, 2 x CH3); °C NMR (100 MHz, CDCl3): & = 210.9, 167.9,
147.9, 146.9, 129.1, 119.5, 109.4, 108.2, 106.9, 102.9, 101.1, 52.0, 32.4, 31.2, 21.5,
20.9, 13.9, 13.8; MS (70 eV, EI) m/z (%): 303 (M'+1, 15.22), 302 (M", 77.74), 273
(100); IR (neat): v = 2957, 2930, 1933, 1711, 1501, 1434, 1243, 1120, 1037 cm™;
Anal. Calcd. for C;gH»,04: C 71.50, H 7.33; found C 71.61, H 7.34.

(17) Preparation of methyl 2-(n-hexyl)-4-phenyl-2,3-octadienoate (4q) (hcf-1-103)

[(m-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)

HO (PhO),POOH (5 mol%) n-Bu COOMe
n-Bu ——n-CgH1y3 MeOH (8 equiv.)
Toluene, CO balloon n-CeHq3
50°C, 14 h
1q 4q, 78%

The reaction of [(w-allyl)PdClI]; (7.5 mg, 0.02 mmol), DPEPhos (32.3 mg, 0.06
mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1q (272.6 mg, 1 mmol), MeOH (257.0
mg, 8 mmol), and toluene (5 mL) afforded 4q (245.3 mg, 78%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.41-7.28 (m, 4 H, Ar-H), 7.27-7.20 (m, 1 H, Ar-H), 3.72 (s, 3 H, OCH3), 2.52 (t, J =
7.4 Hz, 2 H, CH,), 2.34 (t, J = 7.6 Hz, 2 H, CH,), 1.58-1.37 (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, CHj3), 0.84 (t, J=7.0 Hz, 3 H,
CHs); >C NMR (100 MHz, CDCls): & = 211.1, 168.1, 135.3, 128.5, 127.3, 126.3,
109.8, 103.1, 52.0, 31.6, 29.9, 29.8, 29.1, 29.0, 28.2, 22.6, 22.4, 14.0, 13.9; MS (70 eV,
ED) m/z (%): 315 (M'+1, 2.94), 314 (M, 11.34), 129 (100); IR (neat): v = 2954, 2926,
2857, 1940, 1714, 1434, 1249, 1126 cm™; HRMS calcd for C51H300, [M']: 314.2246,
found: 314.2248.

(18) Preparation of ethyl 2-butyl-4-phenyl-2,3-pentadienoate (4r) (zwl-8-113)
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[(m-allyl)PdCI]5 (2 mol%)
DPEphos (6 mol%)

HO (PhO),POOH (5 mol%) COOEt

ﬁ%n_gu EtOH (16 equiv.) >:.:<

Ph Toluene, CO balloon Ph n-Bu
50°C,14 h

4r, 82% yield
11% recovery

1a
The reaction of [(m-allyl)PdCI], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1a (202.4 mg, 1 mmol), EtOH (737.5
mg, 16 mmol), and toluene (5 mL) afforded 4r (212.0 mg, 82%) (11% of 1a remained
based '"H NMR analysis of the crude product) as an oil [eluent: petroleum ether (b.p.
60-90 °C)/ethyl ether = 100/1]: "H NMR (400 MHz, CDCls): & = 7.42-7.29 (m, 4 H,
Ar-H), 7.28-7.18 (m, 1 H, Ar-H), 4.19 (q, J = 7.1 Hz, 2 H, OCH,), 2.35 (t, J = 7.4 Hz,
2 H, CH3), 2.17 (s, 3 H, CH3), 1.51-1.40 (m, 2 H, CH3), 1.40-1.29 (m, 2 H, CH), 1.24
(t, J=7.2 Hz, 3 H, CHs), 0.88 (t, J = 7.4 Hz, 3 H, CH;); *C NMR (100 MHz, CDCl;):
0=211.1,167.4,135.7,128.4, 127.2, 125.9, 104.5, 102.3, 60.8, 30.2, 28.7, 22.3, 16 .4,
14.3, 13.9; MS (70 eV, EI) m/z (%): 258 (M", 2.08), 143 (100); IR (neat): v = 2956,
2860, 1944, 1707, 1494, 1445, 1259, 1067, 1025 cm™; HRMS caled for C17H»0,
[M']: 258.1620, found: 258.1619.
(19) Preparation of isopropyl 2-butyl-4-phenyl-2,3-pentadienoate (4s) (zwl-8-114)

[(-ally)PdCI], (2 mol%)
DPEphos (6 mol%)

HO (PhO),POOH (5 mol%) COOi-Pr
%%n_gu i-PrOH (16 equiv.) >:.:<
Ph Toluene, CO balloon Ph n-Bu
50°C, 14 h
1a ’ 4s, 59% yield

20% recovery

The reaction of [(n-allyl)PdCl], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1a (202.4 mg, 1 mmol), i-PrOH (961.6
mg, 16 mmol), and toluene (5 mL) afforded 4s (166.2 mg, 59%, 96% purity) (20% of
la remained based 'H NMR analysis of the crude product) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: 'H NMR (400 MHz, CDCl3): & =
7.42-7.29 (m, 4 H, Ar-H), 7.28-7.20 (m, 1 H, Ar-H), 5.15-4.99 (m, 1 H, OCH), 2.33 (t,
J=7.4Hz 2 H, CHy), 2.17 (s, 3 H, CH3), 1.49-1.28 (m, 4 H, 2 x CH;), 1.28-1.18 (m,
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6 H, 2 x CHs), 0.88 (t, J = 7.4 Hz, 3 H, CH3); *C NMR (100 MHz, CDCl;): & =211.1,
166.9, 135.9, 128.4, 127.2, 126.0, 104.4, 102.7, 68.1, 30.2, 28.6, 22.3, 21.9, 21.8, 16 .4,
13.9; MS (70 eV, EI) m/z (%): 272 (M, 1.63), 143 (100); IR (neat): v = 2957, 2928,
2860, 1944, 1704, 1494, 1464, 1260, 1106, 1026 cm™'; HRMS caled for C 3H,40,
[M*]: 272.1776, found: 272.1780.

(20) Preparation of trimethylsilylmethyl 2-butyl-4-phenyl-2,3-pentadienoate (4t)
(zwl-8-115)

[(m-ally)PdCI], (2 mol%)
DPEphos (6 mol%)

HO (PhO),POCH (5 mol%) COOCH,TMS
%%n_su TMSCH,OH (16 equiv.)_ >=.=<
Ph Toluene, CO balloon Ph n-Bu
50°C, 14 h
1a 4t, 82% yield

The reaction of [(n-allyl)PdCl], (7.6 mg, 0.02 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1a (202.4 mg, 1 mmol), TMSCH,OH
(1.6676 g, 16 mmol), and toluene (5 mL) afforded 4t (269.1 mg, 82%, 96% purity) as
an oil [eluent: petroleum ether (b.p. 60-90 °C)/ethyl ether = 100/1]: '"H NMR (400
MHz, CDCls): & = 7.29-7.16 (m, 4 H, Ar-H), 7.15-7.08 (m, 1 H, Ar-H), 3.70 (dd, J1 =
15.6 Hz, J, = 14.0 Hz, 2 H, OCH,), 2.23 (t, J = 7.4 Hz, 2 H, CH>), 2.05 (s, 3 H, CHs),
1.40-1.30 (m, 2 H, CH>), 1.30-1.19 (m, 2 H, CH»), 0.76 (t, J = 7.2 Hz, 3 H, CHs),
-0.11 (s, 9 H, 3 x CH3); >C NMR (100 MHz, CDCl3): & = 211.2, 168.1, 135.6, 128.3,
127.2,125.9,104.3, 102.2, 57.8, 30.2, 28.6, 22.3, 16.3, 13.8, -3.3; MS (70 eV, EI) m/z
(%): 317 (M'+1, 1.27), 316 (M", 6.18), 143 (100); IR (neat): v = 2956, 2927, 1944,
1710, 1494, 1291, 1249, 1067 cm™; HRMS caled for C 9H30,Si [M']: 316.1859,
found: 316.1855.

(21) Preparation of methyl 2-butyl-4-phenyl-2,3-butadienoate (4u) (zwl-8-161)
[(n-allyl)PdCI], (2 mol%)

DPEphos (6 mol%)
(PhO),POOH (5 mol%)
o MeOH (8 equiv) H COOMe
>——=——n-Bu
PH Toluene, CO balloon PH n-Bu
50°C, 14 h
1u 4u, 68% yield

9% recovery
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The reaction of [(m-allyl)PdCI], (7.5 mg, 0.02 mmol), DPEphos (32.5 mg, 0.06
mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1u (188.4 mg, 1 mmol), MeOH (256.1
mg, 8 mmol), and toluene (5 mL) afforded 4u’ (156.7 mg, 68%) (9% of 1u remained
based '"H NMR analysis of the crude product) as an oil [eluent: petroleum ether (b.p.
60-90 °C)/ethyl ether = 100/1]: "H NMR (400 MHz, CDCls): & = 7.38-7.21 (m, 5 H,
Ar-H), 6.54 (t, J = 2.8 Hz, 1 H, =CH), 3.74 (s, 3 H, OCH3), 2.46-2.29 (m, 2 H, CH)),
1.54-1.43 (m, 2 H, CH,), 1.43-1.32 (m, 2 H, CH,), 0.89 (t, J = 7.2 Hz, 3 H, CH3); "°C
NMR (100 MHz, CDCl3): & = 212.1, 167.3, 132.5, 128.8, 127.7, 127.2, 104.3, 98.3,
52.3, 30.1, 28.6, 22.3, 13.9; MS (70 eV, EI) m/z (%): 230 (M", 2.54), 129 (100); IR
(neat): v = 2955, 2929, 2860, 1943, 1714, 1434, 1263, 1243, 1119 cm™".

5. Gram scale synthesis of methyl 2-butyl-4-phenyl-2,3-pentadienoate (4a)

(zwl-9-139)
[(w-ally)PdCI], (2 mol%)
DPEphos (6 mol%)
(PhO),POOH (5 mol%)
HO\ — MeOH (8 equiv.) COOMe
/T n-Bu Toluene, CO balloon g
Ph ’ Ph n-Bu
50°C, 18 h

4a, 88% yield
6% recovery

To a flame-dried Schlenk tube were added [(n-allyl)PdCl], (37.4 mg, 0.1 mmol),

1a

DPEphos (161.7 mg, 0.3 mmol), (PhO),POOH (62.7 mg, 0.25 mmol), 1a (1.0116 g, 5
mmol), MeOH (1.2817 g, 40 mmol), and toluene (20 mL) sequentially. The resulting
mixture was then frozen with a liquid nitrogen bath, degassed to remove the argon
inside completely, and refilled with CO with a balloon of CO for three times. Then
the resulting mixture was stirred at 50 °C with a balloon of CO for 18 h. After that, the
resulting mixture was diluted with 10 mL of ethyl acetate, filtered through a short
column silica gel (3.5 cm) eluted with ethyl acetate (50 mL), and concentrated. The
residue was purified by column chromatography on silica gel to afford 4a (1.0752 g,
88%) (6% of 1a remained based 'H NMR analysis of the crude product) as an oil
[eluent: petroleum ether (b.p. 60-90 °C)/ethyl acetate = 100/1]: '"H NMR (400 MHz,

CDCLy): & = 7.43-7.31 (m, 4 H, Ar-H), 7.29-7.21 (m, 1 H, Ar-H), 3.73 (s, 3 H, OCH),
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2.35(t, J=7.6 Hz, 2 H, CHj), 2.18 (s, 3 H, CH3), 1.50-1.40 (m, 2 H, CH,), 1.40-1.30
(m, 2 H, CH,), 0.88 (t, J = 7.4 Hz, 3 H, CH;); *C NMR (100 MHz, CDCl3): § = 211.1,
167.9, 135.4, 128.5, 127.3, 125.9, 104.6, 102.0, 52.1, 30.1, 28.7, 22.3, 16.4, 13.9.

6. Synthetic applications
(1) Preparation of 5-methyl-5-phenyl-4-bromo-3-butylfuran-2(5H)-one (5)

(zwl-9-147)
n-Bu
>:.:<COOMe CuBr; (4 equiv.) Br — o
PH n-Bu EtOH/H,0 (3/2) o
4a 80°C,12h Ph
5, 83%

To a Schlenk tube were added CuBr; (446.8 mg, 2 mmol), 4a (122.1 mg, 0.5
mmol), EtOH (3 mL), and H,O (2 mL) sequentially. Then the Schlenk tube was
placed in an oil bath pre-heated at 80 °C and stirred for 12 h. To the mixture was
added H,O (5 mL). After extraction with ethyl acetate (5 mL x 3), the organic layer
was then washed with brine (10 mL) and dried over anhydrous Na,SO4. After
filtration and concentration under reduced pressure, the crude product was purified by
column chromatography on silica gel to afford 5 (128.2 mg, 83%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl ether = 50/1]: 'H NMR (400 MHz, CDCl3): § =
7.43-7.31 (m, 5 H, Ar-H), 2.36 (t, J = 7.6 Hz, 2 H, CH>), 1.92 (s, 3 H, CH3), 1.62-1.51
(m, 2 H, CHy), 1.42-1.30 (m, 2 H, CH>), 0.93 (t, J = 7.4 Hz, 3 H, CH3); °C NMR
(100 MHz, CDCls): 6 = 170.5, 150.5, 137.2, 131.3, 128.8, 128.6, 125.5, 88.1, 29.0,
24.9,23.9, 22.3, 13.7; MS (70 eV, EI) m/z (%): 310 (M"(*'Br), 5.74), 308 (M"(”Br),
5.68), 229 (100); IR (neat): v=2957, 2930, 2862, 1757, 1651, 1448, 1312, 1142, 1079
cm’'; HRMS caled for CisH;70,”Br [M]: 308.0412, found: 308.0416.

(2) Preparation of 5-methyl-5-phenyl-4-iodo-3-butylfuran-2(5H)-one (6)
(zwl-9-150)
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> :COOMe I, (2 equiv.) = o
PH \-Bu MeCN/H,0 (15/1) o
0°C,4.5h h
4a 6, 93%

To a Schlenk tube were added iodine (253.9 mg, 1 mmol), 4a (122.1 mg, 0.5
mmol), and MeCN/H,0O (15:1) (2 mL) sequentially. Then the mixture was stirred at 0
°C for 4.5 h. After quenching with a saturated aqueous solution of Na,S,03 (5 mL)
and extracted with diethyl ether (5 mL x 3), the organic layer was washed with brine
(10 mL) and dried over anhydrous Na,SO4. After filtration and concentration under
reduced pressure, the crude product was purified by column chromatography on silica
gel to afford 6 (165.6 mg, 93%) as a white solid [eluent: petroleum ether (b.p. 60-90
°C)/ethyl ether = 100/1): M.p. 66-67 °C (petroleum ether/ethyl acetate); 'H NMR (400
MHz, CDCls): 6 = 7.43-7.27 (m, 5 H, Ar-H), 2.37 (t, J = 7.4 Hz, 2 H, CH»), 1.89 (s, 3
H, CH3), 1.65-1.48 (m, 2 H, CHy), 1.45-1.30 (m, 2 H, CH), 0.94 (t, J = 7.2 Hz, 3 H,
CH3); ?C NMR (100 MHz, CDCls): & = 170.2, 137.9, 137.4, 130.6, 128.8, 128.6,
125.7, 89.3, 29.2, 27.4, 24.3, 22.4, 13.8; MS (70 eV, EI) m/z (%): 357 (M'+1, 1.41),
356 (M, 8.06), 229 (100); IR (neat): v = 2950, 2926, 2866, 1732, 1630, 1448, 1303,
1222, 1146, 1039 cm™; Anal. Calcd. for C;5H;710,: C 50.58, H 4.81; found C 50.59,
H 4.76.

(3) Preparation of 2-butyl-4-phenyl-2,3-pentadienoic acid (7) (zwl-9-145)
> (COOMe KOH (2.5 equiv.) COOH
PH -Bu MeOH/H,0 (4/1) Ph>=':<n_8u
4a 50°C,1.5h 7 96%

To a Schlenk tube were added KOH (70.3 mg, 1.25 mmol), 4a (122.2 mg, 0.5
mmol), MeOH (1 mL), and H,O (0.25 mL) sequentially. Then the Schlenk tube was
placed in an oil bath pre-heated at 50 °C and stirred for 1.5 h. To the mixture were
added H,O (5 mL) and 3 N HCI (10 mL) sequentially. After extraction with ethyl
acetate (5 mL x 3), the organic layer was washed with brine (10 mL) and dried over
anhydrous Na,SO,. After filtration and concentration under reduced pressure, the
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crude product was purified by column chromatography on silica gel to afford 7 (110.5
mg, 96%) as a white solid [eluent: DCM (200 mL) to DCM/MeOH = 20:1]: M.p.
123.7-124.4 °C (petroleum ether/ethyl acetate); 'H NMR (400 MHz, DMSO-Dg): & =
12.41 (s, 1 H, COOH), 7.44-7.33 (m, 4 H, Ar-H), 7.33-7.23 (m, 1 H, Ar-H), 2.24 (t, J
=7.2 Hz, 2 H, CH,), 2.12 (s, 3 H, CH3), 1.45-1.24 (m, 4 H, 2 x CH>), 0.84 (t,J=7.0
Hz, 3 H, CH;); °C NMR (100 MHz, CDCl;): § = 212.6, 173.0, 135.0, 128.5, 127.6,
126.0, 105.2, 101.8, 30.2, 28.3, 22.3, 16.3, 13.8; MS (70 eV, EI) m/z (%): 230 (M",
3.96), 143 (100); IR (neat): v = 3500-2200 (br), 1935, 1675, 1466, 1420, 1280, 1249
cm'l; Anal. Calcd. for C;5H130,: C 78.23, H 7.88; found C 78.20, H 7.94.

(4) Preparation of 2-butyl-4-phenyl-2,3-pentadien-1-ol (8) (zwl-9-146)°

\/ :COO'V'e DIBAL-H (2.1 equiv.) \ CH,OH

- 0 o
Ph n-Bu Toluene, -78°C, 8 h PH \-Bu

4a 8, 70%
To a flame-dried Schlenk tube were added 4a (122.2 mg, 0.5 mmol), toluene (5

mL), and DIBAL-H (1.0 M in hexane, 1.05 mL, 1.05 mmol, 2.1 equiv.) at -78 °C.
After stirring at -78 °C for 8 hours, the reaction was quenched with MeOH (5 mL) and
the resulting mixture was warmed up to room temperature. Then H,O (10 mL) and 1
N HCI (10 mL) were added sequentially. After extraction with ethyl ether (10 mL x 3),
the organic layer was washed with brine (10 mL) and dried over anhydrous Na;SOj.
After filtration and concentration under reduced pressure, the crude product was
purified by column chromatography on silica gel to afford 8 (75.7 mg, 70%) as an oil
[eluent: petroleum ether (b.p. 60-90 °C)/ethyl acetate = 20/1]: '"H NMR (400 MHz,
CDCl): & = 7.46-7.37 (m, 2 H, Ar-H), 7.36-7.28 (m, 2 H, Ar-H), 7.24-7.17 (m, 1 H,
Ar-H), 4.21-4.05 (m, 2 H, OCH,), 2.20-2.02 (m, 5 H, CH; and CHj3), 1.57-1.42 (m, 3
H, CH, and OH), 1.42-1.31 (m, 2 H, CH,), 0.89 (t, J = 7.4 Hz, 3 H, CH3); °C NMR
(100 MHz, CDCls): 6 = 199.0, 137.5, 128.3, 126.7, 125.6, 108.0, 104.8, 63.2, 29.8,
29.4,22.5,17.4, 13.9; MS (70 eV, EI) m/z (%): 216 (M", 2.14), 143 (100); IR (neat): v
= 3332, 2926, 2858, 1949, 1598, 1460, 1290, 1010 cm™; HRMS calcd for C;sHyO
[M']: 216.1514, found: 216.1516.

(5) Preparation of 7-phenyl-5-butyl-4-allyl-1,5,6-octatrien-4-ol (9) (zwl-9-155) °
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N\ V4
>:.:<COOMe ~MdCl 30 equiv.) Q(O:/
PH n-Bu THF, r.t., 3 min PH n-Bu
4a 9, 85%

To a flame-dried Schlenk tube were added 4a (122.1 mg, 0.5 mmol) and THF (5
mL). Then a solution of allyl magnesium chloride (1.0 M in THF, 1.5 mL, 1.5 mmol,
3 equiv.) was added dropwise at room temperature with vigorous stirring. After being
stirred for 3 min at room temperature, the reaction mixture was quenched with a
saturated aqueous solution of NH4CI (2 mL) and extracted with ethyl ether (5 mL x 3).
The organic layer was washed subsequently with 1 N HCI (5 mL), saturated NaHCO3
(5 mL), brine (10 mL), and dried over anhydrous Na,SO4. After filtration and
concentration under reduced pressure, the crude product was purified by column
chromatography on silica gel to afford 9 (126.0 mg, 85%) as an oil [eluent: petroleum
ether (b.p. 60-90 °C)/ethyl ether = 60/1]: 'H NMR (400 MHz, CDCl;): & = 7.48-7.38
(m, 2 H, Ar-H), 7.37-7.26 (m, 2 H, Ar-H), 7.20 (t, J = 7.2 Hz, 1 H, Ar-H), 5.98-5.77
(m, 2 H, 2 x =CH), 5.20-5.06 (m, 4 H, 2 x =CH), 2.50-2.32 (m, 4 H, 2 x CH),
2.20-2.08 (m, 4 H, OH and CHj3), 2.08-1.98 (m, 2 H, CHy), 1.48-1.28 (m, 4 H, 2 x
CH,), 0.87 (t, J = 7.0 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl;): § = 199.6, 137.3,
134.0, 133.8, 128.2, 126.6, 125.6, 118.2, 112.6, 105.4, 75.0, 44.1, 43.9, 29.9, 27.6,
22.7, 17.5, 14.0; MS (70 eV, EI) m/z (%): 296 (M, 2.91), 129 (100); IR (neat): v =
3552, 3074, 2955, 2927, 1944, 1639, 1493, 1026 cm™; HRMS calcd for CHpsO [M]:
296.2140; found 296.2143.
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7. Mechanistic studies:

(1) Preparation of 1u-'20 (zwl-9-170) *

18|O
Ph) .
___ n-BuLi (1.0 equiv.) (1.0 equiv.) HPQ O
n-Bu > A - ——n-Bu
THF, -78 °C -78°C PH
thenr.t. (2 h) then r.t. (11 h)

1u-30, 72% yield
83% 80

To a flame-dried three-neck flask were added 1-hexyne (0.57 mL, d =0.715 g/mL,
407.5 mg, 5 mmol) and THF (20 mL). Then a solution of n-BuLi (2.5 M in hexane, 2
mL, 5 mmol) was added dropwise under argon at -78 °C. After stirring at room
temperature for 2 h, the mixture was cooled to -78 °C, then a solution of
80-benzaldehyde'® (540.6 mg, 5 mmol) in THF (10 mL) was added dropwise. The
resulting mixture was then stirred at room temperature for 11 h and quenched with a
saturated aqueous solution of NH4Cl (10 mL). After extraction with ethyl acetate (5
mL x 3), the organic layer was washed with brine (10 mL) and dried over anhydrous
Na,SOq. After filtration and evaporation, the crude product was purified by column
chromatography on silica gel to afford 1u-*0 (679.8 mg, 72%) as an oil [eluent:
petroleum ether (b.p. 60-90 °C)/ethyl acetate = 10/1]: "H NMR (400 MHz, CDCls): &
=7.61-7.49 (m, 2 H, Ar-H), 7.43-7.27 (m, 3 H, Ar-H), 5.44 (d, J =5.2 Hz, 1 H, CH),
2.27 (td, J1 = 6.8 Hz, J, = 2.0 Hz, 2 H, CH), 2.23-2.12 (m, 1 H, OH), 1.58-1.48 (m, 2
H, CH,), 1.48-1.34 (m, 2 H, CH,), 0.92 (t, J = 7.4 Hz, 3 H, CH3); '°C NMR (100 MHz,
CDCl): 6 = 141.2, 128.5, 128.1, 126.6, 87.6, 79.9, 64.8, 30.6, 21.9, 18.5, 13.5; MS
(70 eV, EI) m/z (%): 190 (M*("*0), 100), 188 (M'(*°0), 18.53); IR (neat): v = 3343,
2957, 2931, 2871, 2226, 1642, 1453, 1266, 1134 cm™; HRMS calcd for Ci3H'"O
[M']: 190.1244, found: 190.1243.

The '®0% incorporation of 1u-®0 was determined via the analysis of MS
spectrum.'’ The "*0% of 1u-"%0 can be calculated as follows: [M('*0)"] /([IM(**0)"]
+ [M(*0)"]) = 100/(100+18.53) = 84.37%. In addition, the contributions to the
isotopic peak intensities from background peaks or from impurities in the sample
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must be considered. The natural abundances of the stable isotopes of C, H, and O are
known. According to the MS spectrum of 1u, such contribution of 1u to [M('°0)+2]"
is (1.13-100%0.002)% (= 0.93%).

So the '*0% of 1u-"°0 is 84.37% - 0.93% = 83.4%.

(2) Kinetic experiments

[(m-allyl)PdCI]5 (2 mol%)
DPEphos (6 mol%)
HO H'80 (PhO),POOH (5 mol%)

i H COOM
>%n—Bu or >%n—Bu MeOH (8 equiv.) \ p e
Ph Ph Toluene PH h-Bu
83% '°0 CO balloon
50°C
1u 1u-180 au

To a flame-dried Schlenk tube were added [(n-allyl)PdCl], (7.5 mg, 0.02 mmol),
DPEphos (32.4 mg, 0.06 mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1u (188.3 mg,
1 mmol), MeOH (256.7 mg, 8.0 mmol), toluene (5 mL), and 35.5 uL CH,Br;
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 for three times. Then the resulting mixture was stirred at 50 °C with a balloon of
CO. 0.1 mL each of the aliquot was taken with an Ar-purged syringes after 0.5 h, 1 h,
2h,3h,4h,5h,6h,7h,8h,9h. Each aliquot was immediately diluted with CDCl;
and analyzed by 'H-NMR spectra directly to determine the recovery data of 1u or

1u-"%0. All the data acquired were analyzed by Microsoft Office Excel.

The reaction of [(w-allyl)PdClI];, (7.5 mg, 0.05 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.5 mg, 0.05 mmol), 1u (188.3 mg, I mmol), MeOH (256.7
mg, 8 mmol), and toluene (5 mL) contributed to data for 1u in Table S4 (zwl-9-177).

The reaction of [(n-allyl)PdCl], (7.5 mg, 0.05 mmol), DPEphos (32.4 mg, 0.06
mmol), (PhO),POOH (12.6 mg, 0.05 mmol), 1u-**0 (190.2 mg, 1 mmol), MeOH
(256.4 mg, 8 mmol), and toluene (5 mL) contributed to data for 1u-0 in Table S4

(zwl-9-176).
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Table S4 Recovery of substrate 1u or 1u-**0 with the standard catalytic formula

[(m-allyl)PdCI], (2 mol%)
DPEphos (6 mol%)
HO H'80 (PhO),POOH (5 mol%)

>%n—Bu or >%n—Bu MeOH (8 equiv.) H\_-_/COOMe
Ph Ph Toluene PH m-Bu
83% '°0 CO balloon
50°C
1u 1u-80 au
Entry time/h  Recovery of 1u (%)  Recovery of 1u-"°O (%)
1 0.5 59 60
2 1 54 57
3 2 50 =
4 3 42 47
> 4 37 44
° > 32 40
7 6 29 16
8 7 25 13
9 8 23 31
10 9 21 2%
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Figure S1 Recovery of 1u and 1u-"20 vs. time
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Figure S2 Reaction order on the substrate 1u and 1u-0

0.0 -
0.2
0.4
-0.6 4
0.8 . e 1u-"0
1.0 "

1 n
12 - ®
-1.4 - [}

184 [Equation In([u)=-=k-t+b

-2.0 - Adj. R-Square Slope Intercept

292 ] Tu 0.99415 -0.12446 -0.48297
1u-180 0.99838 -0.08899 -0.47444

In ([(1u]) or In ([1u-"°0])
m

24
26
28]
3.0

The slopes of the lines correspond to the rate constant k (Figure S2), thus, the KIE =
kiso/kisp = 0.12446/0.08899 = 1.40.
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