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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 ds-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 CDCIl;. All reactions were
carried out in flame-dried Schlenk tubes. Pd(TFA), was purchased from J&K
Chemicals, Meryer Chemical Technology CO., Ltd, and Macklin Biochemical Co.,
Ltd; DPEphos was purchased from Acros Organics or Energy Chemical;
2,2'-Bis(dicyclohexylphosphino)-1,1'-biphenyl was purchased from Strem Chemicals,
Inc.; (PhO),POOH was purchased from Energy Chemical and purified through
stirring with 1 N HCI, extracting with dichloromethane, and removing solvents under
vacuum; MeOH was purchased from Sinopharm Chemical Reagent Co., Ltd; "BuLi
was purchased from Energy Chemical and Infinity Scientific (Beijing) Co. Ltd.
Petroleum ether (b.p. 60-90 °C) was purchased from Shanghai Titan Scientific Co.,
Ltd. 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. Recoveries of substrates were
determined by 'H NMR analysis using dibromomethane as the internal standard. The

starting propargylic alcohols were synthesized according to the reported procedures. '
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Table S1 Screening of palladium catalyst and ligand for substrate 1a ?

[Pd] (4 mol%)
Ligand (6 mol%)

HO (PhO),POOH (5 mol%) R coMe
— ph MeOH (8.0 equiv.) =
» Toluene (5 mL) 0 \/ oH "
N CO balloon, 80 °C
1a (E)-2a
. NMR yield of Recovery
Entry [Pd] Ligand (E)-2a (%) " of 12 (%) "
1 [PACl(z-allyl)]» DPEphos 66 25
2 Pd,(dba); DPEphos 57 34
3 Pd(z-Bu,-PPh), DPEphos 78 12
4 Pd(PPhs)s DPEphos 82 15
5 Pd(PPh;),Cl, DPEphos - 99
6 Pd(TFA), DPEphos 82 6
7 Pd(OAc), DPEphos 70 4
8 PdCl, DPEphos 2 86
9 PdBr, DPEphos 5 95
10 [PACl(z-cinamyl)], DPEphos 46 44
11 Pd(acac), DPEphos 59 25
12 Pd(TFA), BINAP 26 67
13 Pd(TFA), DPPB 33 43
14 Pd(TFA), Ly 32 69
15 Pd(TFA), 54

L, 6
.. CO,
Tfiee s
L, L,

“ Condition A: 1a (1.0 mmol), [Pd] (4 mol%), ligand (6 mol%), (PhO),POOH (5 mol%), MeOH
(8.0 mmol), CO balloon, toluene (5 mL), 80 °C, 16 h. » Determined by 'H NMR analysis using
CH,Br; as the internal standard.
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Table S2 Screening of temperature ?

Pd(TFA), (4 mol%)
DPEphos (6 mol%)

(PhO),POOH (5 mol%) R coMe
MeOH (8.0 equiv.) =
~{ oH Ph
Toluene (5 mL) \ y
CO balloon, T °C
(E)-2a
Entry T/°C  NMR yield of (E)-2a (%) " Oliel‘:&r)yb
1 80 82 6
2 85 9 68
3 70 90 -
4 60 90 -
5 50 45 53
6° 60 89 -

“ Condition A: 1a (1.0 mmol), Pd(TFA), (4 mol%), DPEphos (6 mol%), (PhO),POOH (5 mol%),
MeOH (8.0 mmol), CO balloon, toluene (5 mL), 80 °C, 16 h. ” Determined by 'H NMR analysis
using CH,Br;, as the internal standard. “ The reaction was carried out without (PhO),POOH.
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Table S3 Screening of palladium catalyst and ligand for substrate 1k *

[Pd] (4 mol%) O
Ligand (6 mol%) H

HO o, MeOH (80 equiv.) __COMe PCy,

n-CsH1 Toluene (5.0mL)  n-CsHif 5y Ph O PCy>
CO balloon, 60 °C
1k (E)-2k
L

Entry [Pd] Ligand T/°C NMR ylgjl/f)?,f (E)-2k OI;el(;:z];r)yb

1  PA(TFA), DPEphos 60 35 -

2¢  PATFA), DPEphos 50 49 -

3¢ PA(TFA), DPEphos 40 28 48

4 PdCl, DPEphos 50 - 93

5 Pd(OAc), DPEphos 50 4 97

6 Pd(PPh;); DPEphos 50 - 96

7 Pd(TFA),  PPhs 60 4 90

8 Pd(TFA), Zhedaphos 50 1 100

9 Pd(TFA),  Sphos 50 11 88

10 Pd(TFA), BINAP 50 40 44

11 PdTFA), Xantphos 50 10 70

12 Pd(TFA), DPPB 50 17 66

13 Pd(TFA), DPPP 50 20 67

14 Pd(TFA), DPPF 50 2 94

15 Pd(TFA), L 50 58 46

16 Pd(TFA),  BIPHEP 50 5 96
17 PA(TFA), L, 50 79 18
18“Y  Pd(TFA), L, 60 95 trace
19 ““¢  PA(TFA), L, 60 77 trace
19 %4 Pd(TFA), L, 60 99(95) -

“ Conditions B: 1k (0.4 mmol), [Pd] (4 mol%), ligand (6 mol%), MeOH (8.0 mmol), CO balloon,
toluene (5.0 mL), 16 h. ” Yield and recovery were determined by 'H NMR analysis using CH,Br,
as the internal standard, and the isolated yield is shown in the parentheses. © The reaction scale
was 1.0 mmol. ¢ The reaction time was extended to 24 h. ¢ The reaction was carried out with 16.0
mmol of MeOH. / The reaction was carried out with 4.0 mmol of MeOH.
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Experimental details and analytical data

1. Synthesis of propargylic alcohols

(1) Preparation of 4-phenyl-2-(quinolin-3-yl)but-3-yn-2-ol (1d) * (hcf-1-185)

"BuLi (1.0 equiv.) (0.8 equiv.)

Ph——
THF,-78°C,2h  -78 °C, THF, 5 min
thenr.t. (16.7 h)

1d, 59%

Typical Procedure I: To an oven-dried flask (100 mL) were added phenylacetylene
(2.80 mL, d = 0.93 g/mL, 2.6040 g, 25 mmol) and THF (50 mL). Then a solution of
"BuLi (2.5 M in hexane, 10 mL, 25 mmol) was added dropwise at -78 °C over 5 min.
under argon. After being stirred at -78 °C for 2 h, a solution of
1-(quinolin-3-yl)ethan-1-one (3.5298 g, 20 mmol) in THF (10 mL) was added
dropwise over 5 min. The resulting mixture was warmed up to room temperature,
stirred for 16.7 h, and quenched with a saturated aqueous solution of NH4CI (10 mL).
After extraction with ethyl acetate (40 mL x 3), the organic layer was dried over
anhydrous Na,SO,. After filtration and concentration under reduced pressure, the
crude product was purified by column chromatography on silica gel to afford 1d
(3.3012 g, 59%) [eluent: dichloromethane/ethyl acetate = 20/1 (1050 mL), 10/1 (1100
mL), 1/1 (1000 mL)]: brown solid, m.p. 135.6-136.1 C (petroleum
ether/dichloromethane); *H NMR (400 MHz, CDCls): & = 9.24 (s, 1 H, Ar-H), 8.44 (s,
1 H, Ar-H), 8.12 (d, /= 8.0 Hz, 1 H, Ar-H), 7.80 (d, /= 6.4 Hz, 1 H, Ar-H), 7.73-7.59
(m, 1 H, Ar-H), 7.59-7.47 (m, 1 H, Ar-H), 7.47-7.38 (m, 2 H, Ar-H), 7.38-7.18 (m, 3
H, Ar-H), 4.48-3.88 (br, 1 H, OH), 1.95 (s, 3 H, CH;); *C NMR (100 MHz, CDCls):
0 =148.8, 147.0, 138.6, 131.7, 129.5, 128.7, 128.6, 128.3, 128.1, 127.4, 126.9, 122.1,
91.7, 85.6, 68.7, 33.2; MS (70 eV, EI) m/z (%): 274 (M'+1, 13.85), 273 (M, 60.93),
230 (100); IR (neat): v=3111, 2990, 2931, 2813, 2232, 1574, 1494, 1421, 1177, 1093,
1056 cm'l; Anal. Calcd. for C;oHisNO: C 83.49, H 5.53, N 5.12; found C 83.49, H
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5.60, N 5.20.
(2) Preparation of 2-(pyridin-4-yl)-4-(p-tolyl)but-3-yn-2-ol (1e) * (hcf-1-146)

0]

| X

N~

/ N\ ____ "BuLi(1.0equiv.) (0.8 equiv.)

— THF,-78°C,2h  _78°C. THF, 10 min
thenr.t. (4.8 h)

1e, 65%

Following Typical Procedure 1, the reaction of 4-methylphenylacetylene
(1.4825 g, 12.5 mmol)/THF (30 mL), "BuLi (2.5 M in hexane, 5 mL, 12.5 mmol), and
1-(pyridin-4-yl)ethan-1-one (1.11 mL, d = 1.095 g/mL, 1.2154 g, 10 mmol)/THF (30
mL) afforded le (1.5424 g, 65%): [eluent: petroleum ether/ethyl acetate = 3/1 (1000
mL), 1/1 (1000 mL), then recrystallization (petroleum ether/ethyl acetate)]: white
solid, m.p. 151.2-151.9 ‘C (petroleum ether/ethyl acetate); '"H NMR (400 MHz,
CDCls): 6 = 8.59-8.51 (m, 2 H, Ar-H), 7.65-7.57 (m, 2 H, Ar-H), 7.33 (d, /= 7.6 Hz,
2 H, Ar-H), 7.12 (d, J = 8.0 Hz, 2 H, Ar-H), 4.35-4.05 (br, 1 H, OH), 2.35 (s, 3 H,
CH3), 1.82 (s, 3 H, CHs); *C NMR (100 MHz, CDCl3): & = 155.2, 149.5, 138.9,
131.6, 129.1, 120.1, 119.0, 90.6, 85.4, 69.2, 33.1, 21.5; MS (70 eV, EI) m/z (%): 238
(M™+1, 3.00), 237 (M", 17.78), 222 (100); IR (neat): v = 3154, 3036, 2976, 2918,
2857, 2235, 1600, 1422, 1142, 1001 cm™; Anal. Calcd. for Ci6H;sNO: C 80.98, H
6.37, N 5.90; found C 80.85, H 6.38, N 5.82.

(3) Preparation of 2-(pyridin-4-yl)oct-3-yn-2-ol (1f)* (hcf-2-147)

0]

| X

N~ HO

i =—-"B
"BuLi (1.0 equiv.) (0.8 equiv.) u
Bu——= —
THF,-78°C,2h  -78°C, THF, 10min N\ _/
then r.t. (10 h)

1f, 32%

Following Typical Procedure I, the reaction of 1-hexyne (1.48 mL, d = 0.715
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g/mL, 1.0582 g, 12.5 mmol)/THF (30 mL), "BuLi (2.5 M in hexane, 5 mL, 12.5
mmol), and 1-(pyridin-4-yl)ethan-1-one (1.11 mL, d = 1.095 g/mL, 1.2045 g, 12.5
mmol)/THF (10 mL) afforded 1f (0.6505 g, 32%) [eluent: petroleum ether/ethyl
acetate = 3/1 (1000 mL), 1/1 (1000 mL), then recrystallization (petroleum
cther/dichloromethane)]:  yellow  solid, m.p. 60.9-61.6 C (petroleum
ether/dichloromethane); *H NMR (400 MHz, CDCls): & = 8.51-8.38 (m, 2 H, Ar-H),
7.62-7.52 (m, 2 H, Ar-H), 5.69 (brs, 1 H, OH), 2.24 (t, /= 6.8 Hz, 2 H, CH»), 1.71 (s,
3 H, CHs), 1.57-1.29 (m, 4 H, 2 x CH,), 0.89 (t, J = 7.0 Hz, 3 H, CH3); *C NMR
(100 MHz, CDCls): 6 = 155.8, 149.2, 120.2, 85.9, 82.8, 68.7, 33.4, 30.6, 21.9, 18.3,
13.5; MS (70 eV, EI) m/z (%): 203 (M", 1.90), 188 (100); IR (neat): v = 3088, 3052,
2957, 2928, 2868, 2239, 1602, 1414, 1185, 1113, 1005 cm™; Anal. Calcd. for
Ci3H17NO: C 76.81, H 8.43, N 6.89; found C 76.72, H 8.30, N 6.92.

(4) Preparation of 2-(pyridin-4-yl)dec-3-yn-2-ol (1g) * (hcf-2-11)
0]

| X

N~

___"BuLi (1.0 equiv.) (0.8 equiv.)
n-CgH17 — o

THF, -78 °C, 2 min  -78 °C, THF, 5min
thenr.t. (2 h) then r.t. (17.2 h)

19, 60%

Typical Procedure Il: To an oven-dried flask (100 mL) were added 1-decyne (2.30
mL, d = 0.767 g/mL, 1.7641 g, 12.5 mmol) and THF (20 mL). Then a solution of
"BuLi (2.5 M in hexane, 5 mL, 12.5 mmol) was added dropwise at -78 °C over 2 min.
under argon. Then the reaction mixture was warmed up to room temperature. After
stirring at room temperature for 2 h, the mixture was cooled to -78 °C, then a solution
of 1-(quinolin-3-yl)ethan-1-one (3.5298 g, 20 mmol) in THF (10 mL) was added
dropwise over 5 min. The resulting mixture was warmed up to room temperature,
stirred for 17.2 h, and quenched with a saturated aqueous solution of NH4Cl1 (10 mL).
After extraction with ethyl acetate (40 mL x 3), the organic layer was dried over
anhydrous Na,SO,. After filtration and concentration under reduced pressure, the
crude product was purified by column chromatography on silica gel to afford 19
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(1.5598 g, 60%) as an oil [eluent: dichloromethane/ethyl acetate = 5/1 (600 mL), 3/1
(400 mL), 1/1 (200 mL)]: *H NMR (400 MHz, CDCls): 6 = 8.55 (d, J= 6.0 Hz, 2 H,
Ar-H), 7.54 (dd, J, = 4.8 Hz, J, = 1.60 Hz, 2 H, Ar-H), 3.29 (brs, 1 H, OH), 2.26 (t, J
=7.0 Hz, 2 H, CH,), 1.71(s, 3 H, CH3), 1.59-1.47 (m, 2 H, CH;), 1.44-1.19 (m, 10 H,
5 x CH,), 0.88 (t, J = 6.8 Hz, 3 H, CHs); *C NMR (100 MHz, CDCl3): & = 155.9,
149.2, 120.2, 86.0, 82.8, 68.6, 33.3, 31.7, 29.1, 29.0, 28.8, 28.5, 22.6, 18.6, 14.0; MS
(70 eV, EI) m/z (%): 259 (M", 2.46), 244 (100); IR (neat): v =3151, 2924, 2854, 2243,
1600, 1463, 1413, 1104, 1064, 1004 cm’; HRMS caled for C;7HasNO [M']:
259.1936, found: 259.1934.

(5) Preparation of 1-phenyl-3-(pyridin-4-yl)pent-1-yn-3-ol (1h) * (hcf-1-164)
O

@)J\/
N~ HO

o "BuLi (1.0 equiv) _ (0.8 equiv.)

THF,-78°C,2h  -78°C, THF, 0.5 h
thenr.t. (15.5 h)

1h, 80%

Following Typical Procedure I, the reaction of phenylacetylene (5.60 mL, d =
0.93 g/mL, 5.2080 g, 50 mmol)/THF (50 mL), "BuLi (2.5 M in hexane, 20 mL, 50
mmol), and 1-(pyridin-4-yl)propan-1-one (5.33 mL, d = 1.034 g/mL, 5.5112 g, 40
mmol)/THF (20 mL) afforded 1h (7.6483 g, 80%) [recrystallization (petroleum
cther/dichloromethane)]:  brown solid: m.p. 108.6-110.1 °C (petroleum
ether/dichloromethane); *H NMR (400 MHz, CDCl;): 6 = 8.49 (d, J = 2.4 Hz, 2 H,
Ar-H), 7.65-7.52 (m, 2 H, Ar-H), 7.48-7.38 (m, 2 H, Ar-H), 7.38-7.27 (m, 3 H, Ar-H),
5.08 (brs, 1 H, OH), 2.11-1.89 (m, 2 H, CH,), 1.02 (t, J = 7.4 Hz, 3 H, CHs); *C
NMR (100 MHz, CDCl3): 6 = 154.4, 149.1, 131.7, 128.6, 128.3, 122.2, 120.8, 90.4,
86.2,72.8, 38.2, 8.8; MS (70 eV, EI) m/z (%): 237 (M", 1.61), 208 (100); IR (neat): v
= 3128, 3056, 2969, 2931, 2872, 2223, 1600, 1453, 1429, 1130, 1070, 1002 cm™;
Anal. Calcd. for C;6H;sNO: C 80.98, H 6.37, N 5.90; found C 80.92, H 6.51, N 6.09.
(6) Preparation of 1-phenyl-1-(pyridin-4-yl)hept-2-yn-1-ol (1i) * (hcf-1-188)
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"BuLi (1.0 equiv.) (0.8 equiv.)
"Bu—

THF, -78 °C, 4 min  -78 °C, THF, 5 min
then r.t. (2 h) thenrt, 8 h

1i, 80%

Following Typical Procedure 11, the reaction of 1-hexyne (2.96 mL, d = 0.715
g/mL, 2.1164 g, 25 mmol)/THF (50 mL), “BuLi (2.5 M in hexane, 10 mL, 25 mmol),
and phenyl(pyridin-4-yl)methanone (3.7020 g, 20 mmol)/THF (10 mL) afforded 1i
(4.2988 g, 80%) [recrystallization (petroleum ether/ethyl acetate)]: white solid, m.p.
123.5-124.0 °C (petroleum ether/ethyl acetate); 'HNMR (400 MHz, CDCl;): 6 = 8.45
(d, J=6.4 Hz, 2 H, Ar-H), 7.59 (d, /= 6.8 Hz, 2 H, Ar-H), 7.50 (d, /= 6.0 Hz, 2 H,
Ar-H), 7.38-7.21 (m, 3 H, Ar-H), 4.18 (s, 1 H, OH), 2.32 (t, J = 7.0 Hz, 2 H, CH»),
1.61-1.49 (m, 2 H, CH,), 1.48-1.35 (m, 2 H, CH,), 0.91(t, J = 7.2 Hz, 3 H, CHs); **C
NMR (100 MHz, CDCl3): 6 = 155.0, 149.1, 144.5, 128.3, 127.8, 125.9, 120.8, 88.7,
82.0,73.2,30.5, 21.9, 18.5, 13.5; MS (70 eV, EI) m/z (%): 266 (M '+1, 2.87), 265 (M",
9.93), 208 (100); IR (neat): v = 3081, 3052, 2961, 2930, 2873, 2830, 2240, 1599,
1449, 1145, 1042, 1003 cm™'; Anal. Calcd. for C;sH;oNO: C 81.47, H 7.22, N 5.28;
found C 81.40, H 7.42, N 5.27.

(7) Preparation of 2-(4-nitrophenyl)dec-3-yn-2-ol (1j)* (hcf-2-52)

0
o N4< >—/<
2 HO

"BuLi (1.0 equiv.) (0.8 equiv.) =——n-CgHy3

n-CeHiz——
THF, -78 °C, 2 h -78 °C, 15 min
thenrt. 16.7 h

O,N

1j, 81%
Following Typical Procedure I, the reaction of 1-octyne (3.0 mL, d = 0.746
g/mL, 2.2380 g, 20 mmol)/THF (20 mL), "BuLi (2.5 M in hexane, 8.0 mL, 20 mmol),
and 1-(4-nitrophenyl)ethan-1-one (2.6950 g, 16 mmol)/THF (10 mL) afforded 1j
(2.4635 g, 81%) as a yellow oil [eluent: petroleum ether 200 mL, petroleum ether
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/ethyl acetate = 20/1 (800 mL)]: 'H NMR (400 MHz, CDCl5): & = 8.20 (d, J = 8.8 Hz,
2 H, Ar-H), 7.82 (d, J = 8.8 Hz, 2 H, Ar-H), 2.46 (s, 1 H, OH), 2.27 (t,J=7.0 Hz, 2 H,
CH,), 1.75 (s, 3 H, CHs), 1.59-1.49 (m, 2 H, CH,), 1.45-1.24 (m, 6 H, 3 x CH,), 0.90
(t, J = 6.8 Hz, 3 H, CHs); *C NMR (100 MHz, CDCls): & = 153.3, 147.2, 126.0,
123.5, 86.9, 82.6, 69.6, 33.8, 31.2, 28.5, 28.4, 22.5, 18.6, 14.0; MS (ESI) m/z: 298
(M+Na"), 258 (M-OH)"; IR (neat): v = 3415, 2929, 2858, 2244, 1603, 1518, 1343,
1087, 1014 cm™; HRMS calcd for C1¢H2NO; [M+H]: 276.1594, found: 276.1593.
(8) Preparation of 1-(4-bromophenyl)-3-methyloct-1-yn-3-ol (11) ! (hcf-2-56)
O
n-CsHy1
N/ LiHMDS (1.0 equiv.)' (0.8 equiv.) HOE _ C .
— THF,-78°C, 1h 78°C,2h n-CsHq1

11, 75%

Following Typical Procedure I, the reaction of 4-bromophenylacetylene (3.7341
g, 20 mmol)/THF (30 mL), LiHMDS (1.0 M in tetrahydrofuran, 20 mL, 20 mmol),
and heptan-2-one (2.25 mL, d = 0.82 g/mL, 1.8450 g, 16 mmol)/THF (10 mL)
afforded 1l (3.5417 g, 75%) as a yellow oil [eluent: petroleum ether (200 mL),
petroleum ether /ethyl acetate = 20/1 (1050 mL)]: 'H NMR (400 MHz, CDCls): & =
7.43 (d, J = 8.4 Hz, 2 H, Ar-H), 7.27 (d, J = 8.4 Hz, 2 H, Ar-H), 2.03 (s, 1 H, OH),
1.80-1.67 (m, 2 H, CH,), 1.63-1.48 (m, 5 H, CH; and CH3), 1.43-1.27 (m, 4 H, 2 x
CH,), 0.91 (t, J = 6.8 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls): § = 133.0, 131.5,
122.4,121.7, 94.1, 82.2, 68.6, 43.6, 31.8, 29.7, 24.4, 22.5, 14.0; MS (70 eV, EI) m/z
(%): 296 (M" (*'Br), 4.75), 294 (M" ("Br), 5.02), 223 (100); IR (neat): v = 3349,
2954, 2931, 2860, 1485, 1462, 1370, 1128, 1070, 1010 cm™; HRMS caled for
CisHio’BrO [M']: 294.0619, found: 294.0617.
(9) Preparation of 1-(methoxycarbonylphenyl)-3-methyloct-1-yn-3-ol (ly) !
(hcf-3-138)
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O

n-CgHyq
LiHMDS (1.0 equiv.) (0.8 equiv.) HO
MeO,C @ — — CO,Me
— -78°C,5min+2h -78 °C, 5 min n-CsHy
THF, Ar thenrt, 14.8 h 1y, 48%

Following Typical Procedure I, the reaction of methyl 4-ethynylbenzoate
(3.3029 g, 20 mmol)/THF (30 mL), LiIHMDS (1.3 M in tetrahydrofuran, 15.4 mL, 20
mmol), and heptan-2-one (2.3 mL, d = 0.82 g/mL, 1.886 g, 16 mmol)/THF (10 mL)
afforded 1y (2.1314 g, 48%) as a yellow oil [eluent: petroleum ether/ethyl acetate =
50/1 (510 mL), 10/1 (1100 mL), 5/1 (600 mL)]: *"H NMR (400 MHz, CDCl3): & =
7.97 (d,J=8.4 Hz, 2 H, Ar-H), 7.46 (d, J = 8.8 Hz, 2 H, Ar-H), 3.92 (s, 3 H, CO,Me),
2.18-2.02 (m, 1 H, OH), 1.82-1.68 (m, 2 H, CHy), 1.67-1.46 (m, 5 H, CH;, and CH3),
1.43-1.26 (m, 4 H, 2 x CH,), 0.92 (t, J = 6.8 Hz, 3 H, CH3); *C NMR (100 MHz,
CDCl): 6 =166.5, 131.6, 129.5, 129.4, 127.6, 96.1, 82.5, 68.7, 52.2, 43.6, 31.9, 29.7,
24.4,22.5, 14.0; MS (70 eV, EI) m/z (%): 274 (M", 1.53), 203 (100); IR (neat): v =
3436, 2953, 2934, 2870, 1724, , 1605, 1436, 1273, 1175, 1107 cm™'; HRMS calcd for
C17H,,03 [M]": 274.1569, found: 274.1573.

(10) Preparation of 1-(4-methylphenyl)-3-methyloct-1-yn-3-ol (1z-A) ! (hcf-3-139)

o}
n'CsHﬂ)J\
/\ ___ n-Buli(1.0 equiv.) (0.8 equiv.) HO; L C
— -78°C,5min+2h -78 °C, 5 min n-CsHy
THF, Ar thenrt, 14.8 h 1z-A, 68%

Following Typical Procedure I, the reaction of 4-methylphenylacetylene (2.6 mL,
d=0.916 g/mL, 2.3816 g, 20 mmol)/THF (30 mL), "BuLi (2.5 M in tetrahydrofuran,
8 mL, 20 mmol), and heptan-2-one (2.3 mL, d = 0.82 g/mL, 1.886 g, 16 mmol)/THF
(10 mL) afforded 1z-A (2.5351 g, 68%) as a yellow oil [eluent: petroleum ether/ethyl
acetate = 50/1 (510 mL), 20/1 (1050 mL), 10/1 (550 mL)]: *H NMR (400 MHz,
CDCl3): 6=7.30 (d, J= 8.0 Hz, 2 H, Ar-H), 7.10 (d, /= 8.0 Hz, 2 H, Ar-H), 2.34 (s, 3
H, CHs;), 2.03-1.96 (m, 1 H, OH), 1.79-1.66 (m, 2 H, CH,), 1.62-1.46 (m, 5 H, CH,
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and CH;), 1.41-1.26 (m, 4 H, 2 x CH,), 0.91 (t, J = 7.0 Hz, 3 H, CH3); *C NMR (100
MHz, CDCl3): 6 = 138.3, 131.5, 129.0, 119.7, 92.3, 83.3, 68.7, 43.8, 31.9, 29.9, 24 .4,
22.6, 21.4, 14.0; MS (70 eV, EI) m/z (%): 231 (M'+1, 1.62), 230 (M", 3.97), 159
(100); IR (neat): v = 3357, 2954, 2932, 2861, 1509, 1456, 1370, 1129, 1040 cm’;
HRMS calcd for C¢H,0 [M]": 230.1665, found: 230.1665.

(11) Preparation of 1-(4-methoxyphenyl)-3-methyloct-1-yn-3-ol  (1z-B) *!
(hcf-3-140)

0]

n-C5H11)J\
@ _ n-BuLi (1.0 equiv.) (0.8 equiv.) HOE L C
MeO — — OMe
— -78°C,5min +2h -78 °C, 5 min n-CsHy4
THF, Ar thenrt, 14.8 h 1z-B, 59%

Following Typical Procedure I, the reaction of 4-methoxyphenylacetylene (2.6
mL, d = 1.019 g/mL, 2.6494 g, 20 mmol)/THF (30 mL), "BuLi (2.5 M in
tetrahydrofuran, 8 mL, 20 mmol), and heptan-2-one (2.3 mL, d = 0.82 g/mL, 1.886 g,
16 mmol)/THF (10 mL) afforded 1z-B (2.3524 g, 59%) as a yellow oil [eluent:
petroleum ether/ethyl acetate = 50/1 (510 mL), 20/1 (1050 mL), 10/1 (550 mL)]: *H
NMR (400 MHz, CDCls): 6 = 7.35 (d, J = 8.8 Hz, 2 H, Ar-H), 6.82 (d, /= 8.8 Hz, 2
H, Ar-H), 3.80 (s, 3 H, OCHj3), 2.07-1.97 (m, 1 H, OH), 1.79-1.65 (m, 2 H, CH,),
1.64-1.46 (m, 5 H, CH; and CH3), 1.43-1.25 (m, 4 H, 2 x CH,), 0.91 (t,J=7.0 Hz, 3
H, CHs); ®C NMR (100 MHz, CDCls): & = 159.5, 133.1, 114.9, 113.9, 91.6, 83.1,
68.7,55.3,43.8,31.9,29.9, 24.4, 22.6, 14.0; MS (70 eV, EI) m/z (%): 246 (M", 11.93),
175 (100); IR (neat): v = 3393, 2955, 2933, 2870, 2227, 1606, 1509, 1465, 1288,
1245, 1031 cm™'; HRMS caled for C16H»0, [M]: 246.1614, found: 246.1621.

(12) Preparation of 4-methyltetradec-5-yn-4-ol (1n)* (zwl-11-164)

By
n-Pr
— n-BuLi (1.0 equiv.) (1.0 equiv.) HOO -CaH
n- — —  n-Cghy7
g7 THF, -78 OC, 10 min -78 OC, THF, 10 min n-Pr
thenr.t. (2 h) then r.t. (12 h) 1n, 88%

Following Typical Procedure I1, the reaction of 1-decyne (4.50 mL, d = 0.766
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g/mL, 3.4470 g, 25 mmol) in THF (30 mL), "BuLi (2.5 M in hexane, 10 mL, 25
mmol), and 2-pentanone (2.70 mL, d = 0.809 g/mL, 2.1843 g, 25 mmol) in THF (20
mL) afforded 1n (4.1919 g, 88%) as an oil [eluent: petroleum ether/ethyl acetate =
10/1]: *H NMR (400 MHz, CDCls): 6 =2.18 (t, J= 7.0 Hz, 2 H, CH,), 1.97-1.85 (m,
1 H, OH), 1.65-1.57 (m, 2 H, CHy), 1.57-1.42 (m, 7 H, CH3 and 2 x CH,), 1.42-1.20
(m, 10 H, 5 x CH,), 0.96 (t, J= 7.2 Hz, 3 H, CH3), 0.88 (t, J = 6.6 Hz, 3 H, CH3); *C
NMR (100 MHz, CDCls): 6 = 84.1, 83.7, 68.3,46.2, 31.8, 30.1, 29.2, 29.0, 28.8, 28.7,
22.6, 18.6, 18.1, 14.2, 14.1; MS (ESI) m/z: 239 (M+MeOH-OH)", 225 (M+H)", 207
(M-OH)"; IR (neat): v = 3375, 2926, 2856, 2236, 1461, 1370, 1131, 1051, 1012 cm™;
HRMS calcd for C;5H,90 [M+H+]: 225.2213, found: 225.2212.

(13) Preparation of 5-methyldec-1-en-6-yn-5-ol (10)* (zwl-11-166)

0
)W
n-BuLi (1.0 equiv.) (1.0 equiv.) HQ __
n-Pr—=—= ——n-Pr
THF, -78 OC, 10 min -78 OC THF. 10 min
thenr.t. (2 h) then r.t. (12 h)
\ 10, 78%

Following Typical Procedure 11, the reaction of 1-pentyne (2.50 mL, d = 0.691
g/mL, 1.7275 g, 25 mmol) in THF (30 mL), "BuLi (2.5 M in hexane, 10 mL, 25
mmol), and 5-hexen-2-one (2.90 mL, d = 0.847 g/mL, 2.4563 g, 25 mmol) in THF (20
mL) afforded 10 (3.2455 g, 78%) as an oil [eluent: petroleum ether/ethyl acetate =
10/1]: *H NMR (400 MHz, CDCls): § = 5.94-5.81 (m, 1 H, =CH), 5.07 (dd, J, = 17.2
Hz, J, = 1.6 Hz, 1 H, =CH,), 4.97 (d, J = 10.4 Hz, 1 H, =CH,), 2.39-2.20 (m, 2 H,
CHy), 2.18 (t,J="7.0 Hz, 2 H, CH,), 2.07-2.00 (m, 1 H, OH), 1.80-1.65 (m, 2 H, CH,),
1.57-1.48 (m, 2 H, CH,), 1.47 (s, 3 H, CH3), 0.98 (t, J= 7.4 Hz, 3 H, CH;); ®*C NMR
(100 MHz, CDCls): 6 = 138.6, 114.6, 84.0, 83.8, 68.2, 42.9, 30.3, 29.3, 22.1, 20.5,
13.4; MS (ESI) m/z: 181 (M+MeOH-OH)", 149 (M-OH)"; IR (neat): v = 3362, 2967,
2934, 2872, 2239, 1641, 1453, 1370, 1335, 1125, 1080 cm™; HRMS calcd for
C11H00 [M+H']: 167.1430, found: 167.1430.

(14) Preparation of 10-chloro-4-methyldec-5-yn-4-ol (1p)* (zwl-11-185)
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O

Cl )J\n—Pr
. . . HO
_\_\ n-BuLi (1.0 equiv.) (1.0 equiv.)

— 0 1 o
THF, -78 °C, 10 min 76 o5 THFE 10 min ”'F?—\_L
thenr.t. (2 h) “

then r.t. (12 h) 1p, 91%

Following Typical Procedure 11, the reaction of 6-chloro-1-hexyne (3.10 mL, d
=0.962 g/mL, 2.9822 g, 25 mmol) in THF (30 mL), "BuLi (2.5 M in hexane, 10 mL,
25 mmol), and 2-pentanone (2.70 mL, d = 0.809 g/mL, 2.1843 g, 25 mmol) in THF
(20 mL) afforded 1p (4.6781 g, 91%) as an oil [eluent: petroleum ether/ethyl acetate =
10/1]: *H NMR (400 MHz, CDCls): 8 =3.57 (t, J = 6.6 Hz, 2 H, CH,), 2.24 (t, J= 7.0
Hz, 2 H, CH,), 2.16-1.98 (m, 1 H, OH), 1.95-1.81 (m, 2 H, CH,), 1.72-1.38 (m, 9 H,
CH; and 3 x CH,), 0.95 (t, J= 7.2 Hz, 3 H, CHs); *C NMR (100 MHz, CDCl3): & =
84.8, 82.5, 68.1, 46.1, 44.4, 31.5, 30.0, 25.7, 18.0, 17.8, 14.1; MS (ESI) m/z: 219
MC’C)+MeOH-0OH)", 217 (M(°’Cl)+MeOH-OH)'; IR (neat): v = 3419, 2957, 2934,
2872, 1455, 1369, 1333, 1316, 1131, 1051, 1011 cm™'; HRMS calcd for C,H;50>°Cl
[M']: 202.1124, found: 202.1121.

(15) Preparation of 3-methyl-1-phenyltetradec-1-yn-3-ol (1u)* (hcf-2-71)

0
n-C11H23 H
"BuLi (1.0 equiv.) (0.9 equiv.) HO
THF, -78 °C, 2 h -78 °C, 5 min n-Cq1Ha3

thenrt. (11h) 1u, 82%

Following Typical Procedure I, the reaction of phenylacetylene (2.24 mL, d =
0.93 g/mL, 2.0832 g, 20 mmol)/THF (20 mL), "BuLi (2.5 M in hexane, 8.0 mL, 20
mmol), and dodecanal (4.1 mL, d = 0.831 g/mL, 3.4071 g, 18 mmol)/THF (10 mL)
afforded 1u (4.2117 g, 82%) as a yellow oil [eluent: petroleum ether/ethyl acetate =
20/1 (420 mL), 10/1 (880 mL)]: *H NMR (400 MHz, CDCl;): & = 7.48-7.37 (m, 2 H,
Ar-H), 7.35-7.25 (m, 3 H, Ar-H), 4.59 (q, J = 6.0 Hz, 1 H, CH), 2.23-2.10 (m, 1 H,
OH), 1.86-1.71 (m, 2 H, CH,), 1.58-1.42 (m, 2 H, CH,), 1.42-1.18 (m, 16 H, 8 x CH,),
0.88 (t,J= 7.0 Hz, 3 H, CHz); *C NMR (100 MHz, CDCl;): & = 131.6, 128.3, 128.2,
122.7,90.3, 84.7, 62.9, 37.9, 31.9, 29.61, 29.60, 29.54, 29.51, 29.31, 29.26, 25.2, 22.6,
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14.1; MS (EI 70 ev m/z) (%): 286 (M, 2.65), 131 (100); IR (neat): v = 3349, 2956,
2916, 2847, 1597, 1487, 1464, 1126, 1058, 1037 cm™; HRMS caled for CaoHz0O
[M]": 286.2297, found: 286.2298.

(16) Preparation of 1-(4-bromophenyl)tetradec-1-yn-3-ol (1x) * (hcf-2-109)

(@]
n-CyiHyz™ H
LiIHMDS (1. iv. . iv. HO
o, LHNDS (0cain) (08 cauv) = )u
— THF,-78°C, 2 h -78 °C, 5 min n-Cq1Ha3
thenr.t., 13.8 h 1X. 62%

Following Typical Procedure I, the reaction of 4-bromophenylacetylene (3.7330
g, 20 mmol)/THF (20 mL), LiHMDS (1.0 M in tetrahydrofuran, 20 mL, 20 mmol),
and dodecanal (4.1 mL, d = 0.831 g/mL, 3.4071 g, 18 mmol)/THF (10 mL) afforded
1x (4.0665 g, 62%) [eluent: petroleum ether/ethyl ether/DCM = 50/1/1 (520 mL),
20/1/1 (550 mL), 10/1/1 (600 mL)]: white solid, m.p. 40.2-40.9 C (petroleum
ether/ethyl acetate); "H NMR (400 MHz, CDCl): & = 7.44 (d, J = 8.8 Hz, 2 H, Ar-H),
7.28 (d, J=8.4 Hz, 2 H, Ar-H), 4.58 (q, J= 6.3 Hz, 1 H, CH), 1.87 (d, J=5.2 Hz, 1 H,
OH), 1.84-1.72 (m, 2 H, CH>), 1.56-1.44 (m, 2 H, CH,), 1.41-1.18 (m, 16 H, 8 x CH>),
0.88 (t, J= 7.0 Hz, 3 H, CH3); *C NMR (100 MHz, CDCl5): & = 133.1, 131.5, 122.6,
121.6,91.4, 83.7, 63.0, 37.8, 31.9, 29.62, 29.60, 29.54, 29.51, 29.3, 29.2, 25.2, 22.7,
14.1; MS (EL 70 ev m/z) (%): 366 (M" (*'Br), 5.85), 364 (M* ("’Br), 5.64), 211 (100);
IR (neat): v = 3364, 2951, 2914, 2847, 1670, 1484, 1465, 1257, 1057, 1012 cm'l;
Anal. Calcd. for CaoHae’BrO: C 65.75, H 8.00; found C 65.79, H 8.06.
2. Synthesis of optically active propargylic alcohols

(1) Preparation of (S)-3-methyl-1-phenyltetradec-1-yn-3-ol ((S)-1u) ? (hcf-2-93)
Novozym 435

HO HO AcO
0.5012 2
>%Ph ( 9 J—=—Ph + >%Ph
n-CqqHa3 AcOCH=CH, n-Cq4Ha3 n-Cq1Has
[¢]
1u 60°C,48h (S)-1u, 40%
ee = 98%

Typical Procedure Il1: To a flask (100 mL) were added 1u (2.0295 g, 7 mmol) and
vinyl acetate (25 mL). Then Novozym 435 (0.5012 g)/vinyl acetate (25 mL) was
added. The resulting mixture was stirred at 60 °C for 48 h. After that, the resulting
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mixture was filtered through a funnel and concentrated. The residue was purified by
column chromatography on silica gel to afford (5)-1u (0.8118 g, 40%) as a yellow oil
[eluent: petroleum ether/ethyl acetate = 50/1 (510 mL), 10/1 (550 mL)]: 98% ee
(HPLC conditions: PA-2 column, hexane/i-PrOH = 95/5, 0.7 mL/min, A = 214 nm, g
(minor) = 8.5 min, #z (major) = 9.2 min); [0]*’p = +7.95 (¢ = 1.02, CHCL;); *H NMR
(400 MHz, CDCl3): & = 7.48-7.38 (m, 2 H, Ar-H), 7.36-7.28 (m, 3 H, Ar-H), 4.60 (q, J
= 6.3 Hz, 1 H, CH), 1.89-1.73 (m, 3 H, OH and CH,), 1.60-1.45 (m, 2 H, CH,),
1.42-1.18 (m, 16 H, 8 x CH,), 0.88 (t, J = 7.0 Hz, 3 H, CH3); *C NMR (100 MHz,
CDCl): & = 131.7, 128.3, 128.2, 122.7, 90.2, 84.8, 63.0, 37.9, 31.9, 29.64, 29.61,
29.56, 29.5, 29.33, 29.28, 25.2, 22.7, 14.1; MS (EI 70 ev m/z) (%): 286 (M", 2.27),
131 (100); IR (neat): v = 3348, 2956, 2916, 2848, 1597, 1487, 1464, 1125, 1058,
1037 cm'l; HRMS calcd for C,0H300 [M] . 286.2297, found: 286.2296.

(2) Preparation of (S)-1-(4-bromophenyl)tetradec-1-yn-3-ol ((S)-1x) % (hcf-2-111)

Novozym 435

HO HO AcO
— 0.4923 2
>T@Br ( 9) /—@_Br + >—@_Br
n-Cq4Hos AcOCH=CH, n-CqqHz3

. 60 °C
x 35 h and 20 min (S)-1x, 40%
ee > 99%

Following Typical Procedure Ill, the reaction of 1x (2.1922 g, 6 mmol) and
Novozym 435 (0.4923 g)/vinyl acetate (50 mL) afforded (S5)-1x (0.8767 g, 40%)
[eluent: petroleum ether/ethyl acetate = 50/1 (510 mL), 10/1 (550 mL)]: white solid,
m.p. 40.0-40.8 ‘C (petroleum ether/ethyl acetate); >99% ee (HPLC conditions: PA-2
column, hexane/i-PrOH = 100/1, 0.7 mL/min, A = 214 nm, #z (major) = 38.8 min);
[a]*’b = +8.2 (¢ = 1.00, CHCl;); *H NMR (400 MHz, CDCl;): & = 7.43 (d, J= 8.8 Hz,
2 H, Ar-H), 7.28 (d, J = 8.4 Hz, 2 H, Ar-H), 4.57 (q, J = 6.1 Hz, 1 H, CH), 2.04-1.94
(m, 1 H, OH), 1.86-1.72 (m, 2 H, CH»), 1.56-1.43 (m, 2 H, CH;), 1.40-1.18 (m, 16 H,
8 x CH,), 0.88 (t, J = 7.0 Hz, 3 H, CHs); *C NMR (100 MHz, CDCl;): & = 133.1,
131.5, 122.6, 121.6,91.4, 83.7, 63.0, 37.8, 31.9, 29.63, 29.61, 29.54, 29.51, 29.3, 29.2,
25.2,22.7, 14.1; MS (EI 70 ev m/z) (%): 366 (M'(*'Br), 4.77), 364 (M"("’Br), 4.94),
211 (100); IR (neat): v = 3357, 2914, 2848, 1475, 1413, 1256, 1121, 1058 cm™'; Anal.
Calcd. for CooHay"’BrO: C 65.75, H 8.00; found C 65.69, H 8.04.
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3. Preparation of 3-methyl-1-phenyloct-1-yn-3-yl methyl ether (3) ® (hcf-2-148)

HO NaH (3.0 equiv.) CHsl (3.0 equiv.)  MeQ
=—Ph - >—==—Ph
n-CsHq4 THF,0°C,1h rt., 12 h n-CsH1
1k 3,79%

To a flame-dried Schlenk tube were added 1k (1.7297 g, 8 mmol) and THF (10
mL). Then NaH (0.9613 g, 24 mmol) was added at 0 °C under argon. After stirring at
0 °C for 1 h, iodomethane (1.5 mL, d = 2.28 g/mL, 3.42 g, 24 mmol) was added. The
resulting mixture was warmed up to room temperature, stirred for 12 h, and quenched
with water (20 mL). After extraction with ethyl acetate (20 mL x 3), the organic layer
was washed with brine (10 mL) and dried with anhydrous Na,SO4. After filtration and
concentration under reduced pressure, the crude product was purified by column
chromatography on silica gel to afford 3 (1.4516 g, 79%) as a colorless oil [eluent:
petroleum ether 100 mL to petroleum ether/ethyl acetate = 100/1 (~810 mL)]: 'H
NMR (400 MHz, CDCls): 6 = 7.48-7.39 (m, 2 H, Ar-H), 7.36-7.26 (m, 3 H, Ar-H),
3.42 (s, 3 H, OMe), 1.83-1.66 (m, 2 H, CH,), 1.65-1.42 (m, 5 H, CH, and CH,),
1.41-1.23 (m, 4 H, 2 x CH,), 0.91 (t, J = 6.8 Hz, 3 H, CH3); *C NMR (100 MHz,
CDCl): 6 = 131.7, 128.2, 128.1, 123.0, 90.5, 85.2, 74.0, 51.4, 41.3, 32.0, 25.6, 24.0,
22.6, 14.0; MS (EI 70 ev m/z) (%): 230 (M, 1.02), 159 (100); IR (neat): v = 2981,
2934, 2862, 2823, 1598, 1490, 1462, 1169, 1078 cm™'; HRMS calced for C;sHx»O
[M]": 230.1671, found: 230.1674.

4. Preparation of 3-methyl-1-phenyloct-1-yn-3-yl acetate (4)* (hcf-2-146)
DMAP (10 mol% )

HO EtzN (1.4 equiv.) AcO
=—Ph + Ac,0 > — pp
n-CsHy4 Et,O, rt., 12h n-CsHy1
1.4 equiv.
1k 4,93%

To a flask were added 1k (1.0809 g, 5 mmol) and Et,O (50 mL). Then acetic
anhydride (0.66 mL, d = 1.08 g/mL, 0.7128 g, 7 mmol), trimethylamine (0.97 mL, d =
0.73 g/mL, 0.7081 g, 7 mmol), and DMAP (61.3 mg, 0.5 mmol) were added
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sequentially. The resulting mixture was stirred at room temperature for 12 h and
concentrated under reduced pressure. After that, the crude product was purified by
column chromatography on silica gel to afford 4 (1.2071 g, 93%) as a colorless oil
[eluent: petroleum ether 100 mL to petroleum ether/ ethyl acetate = 100/1 (~500 mL)]:
'H NMR (400 MHz, CDCls): & = 7.48-7.39 (m, 2 H, Ar-H), 7.34-7.23 (m, 3 H, Ar-H),
2.10-1.96 (m, 4 H, one proton of CH; and CHj3), 1.94-1.81 (m, 1 H, one proton of
CH,), 1.74 (s, 3 H, CHs3), 1.64-1.44 (m, 2 H, CH»), 1.42-1.28 (m, 4 H, 2 x CH,), 0.91
(t, J = 7.0 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls): & = 169.3, 131.8, 128.2,
128.1, 122.7, 89.5, 84.9, 75.8, 41.5, 31.7, 26.5, 23.9, 22.5, 22.0, 14.0; MS (EI 70 ev
m/z) (%): 258 (M", 1.02), 160 (100); IR (neat): v = 2954, 2932, 2864, 2240, 1742,
1490, 1367, 1232, 1149, 1122, 1012 cm™'; HRMS calcd for C17H,0, [M]: 258.1620,
found: 258.1622.

5. Synthesis of 3-hydroxyl-2(E)-alkenoates
(1) Preparation of methyl (E)-4-hydroxy-2-phenyl-4-(pyridin-4-yl)pent-2-enoate
((E)-2a) (hcf-1-197)

Pd(TFA), (4 mol%)

HO DPEphos (6 mol%) 8 CO,Me
—Ph MeOH (8.0 equiv.) —
— > = Ph
\ Toluene (5 mL) \ OH
N/ CO balloon, 60°C, 16h N~
1a (E)-2a, 82%

Typical Procedure 1V: To a flame-dried Schlenk tube were added Pd(TFA), (13.6
mg, 0.04 mmol), DPEphos (32.3 mg, 0.06 mmol), 1a (223.3 mg, 1 mmol), and MeOH
(259.6 mg, 8.0 mmol)/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 60 °C with a balloon of CO for 16 h. After that, the
resulting mixture was diluted with 3 mL of ethyl acetate, filtered through a short
column of silica gel (3 cm) eluted with ethyl acetate (20 x 2 mL), and concentrated.

The residue was purified by column chromatography on silica gel to afford impure
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(E)-2a (241.3 mg) [eluent: dichloromethane/ethyl acetate = 5/1 (480 mL), 3/1 (200
mL), ethyl acetate (300 mL)], then recrystallized (petroleum ether/dichloromethane)
to afford (F)-2a (232.1 mg, 82%): white solid, m.p. 112.9-113.5 C (petroleum
ether/dichloromethane); 'H NMR (400 MHz, CDCl3): 6 = 8.43 (d, J = 6.0 Hz, 2 H,
Ar-H), 7.41 (s, 1 H, =CH), 7.33-7.17 (m, 5 H, Ar-H), 7.01-6.92 (m, 2 H, Ar-H), 3.71
(s, 3 H, CO,Me), 3.17 (s, 1 H, OH), 1.59 (s, 3 H, CH3); *C NMR (100 MHz, CDCls):
0 =167.4, 1559, 149.6, 147.4, 134.0, 133.4, 129.2, 128.3, 128.2, 120.0, 73.8, 52.6,
31.2; MS (ESI) m/z: 284 (M+H"); IR (neat): v = 3033, 2987, 2965, 2810, 2673, 1713,
1603, 1415, 1230, 1021 cm™; Anal. Caled. for C7H7NOs: C 72.07, H 6.05, N 4.94;
found C 72.05, H 6.02, N 5.00.

~
Y

Z—

Figure S1

(E)-2a: C;7H7;NOs, MW = 283.32, monoclinic, space group P2(1)/n, final R indices
[{>20(])], R1 = 0.0539, wR, = 0.1472; R indices (all data), R; = 0.0765, wR, = 0.1585,
a=9.0342(9) A, b =14.3895(15) A, c = 14.5074(15) A, a = 90°, p = 101.707(3)°, y =
90°, V = 1846.7(3) A’, T =296(2) K, Z = 4, reflections collected/unique 3255/3255
[Rint = 0.0000], no. of observations [> 20(/)] 2244, parameters: 190. Supplementary
crystallographic data have been deposited at the Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data_request/cif. CCDC-1571775

(2) Preparation of methyl (E)-4-hydroxy-2-phenyl-4-(pyridin-3-yl)pent-2-enoate

((E)-2b) (hcf-1-198)
Pd(TFA), (4 mol%)

HO DPEphos (6 mol%) H CO,Me
——Ph MeOH (8.0 equiv.) =
— > B Ph
\ Toluene (5 mL) \ p OH
N CO balloon, 60 °C, 16 h N
1b (E)-2b, 80%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
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mmol), DPEphos (32.3 mg, 0.06 mmol), 1b (223.4 mg, 1 mmol), and MeOH (261.1
mg, 8 mmol)/toluene (5 mL) afforded (E)-2b (2254 mg, 80%) [eluent:
dichloromethane/ethyl acetate = 5/1 (480 mL), 3/1 (200 mL), ethyl acetate (300 mL)]:
white solid, m.p. 108.5-109.1 ‘C (petroleum ether/ethyl acetate); ‘H NMR (400 MHz,
CDCls): 6 =8.53 (d,J=2.0 Hz, 1 H, Ar-H), 8.41 (dd, J, =4.8 Hz, J, = 1.6 Hz, 1 H,
Ar-H), 7.61 (dt, /1 =8.0 Hz, /, = 1.9 Hz, 1 H, Ar-H), 7.44 (s, 1 H, =CH), 7.33-7.21 (m,
3 H, Ar-H), 7.21-7.15 (m, 1 H, Ar-H), 7.02-6.93 (m, 2 H, Ar-H), 3.71 (s, 3 H, CO,Me),
2.79 (s, 1 H, OH), 1.64 (s, 3 H, CH;); *C NMR (100 MHz, CDCLs): & = 167.5, 148.1,
148.0, 146.9, 142.4, 134.1, 133.0, 132.7, 129.2, 128.14, 128.09, 123.1, 73.3, 52.5,
31.1; MS (ESI) m/z: 284 (M+H"); IR (neat): v = 3166, 2988, 2966, 2809, 1713, 1642,
1431, 1237, 1034, 1019 cm™; Anal. Calcd. for C7H7NOs: C 72.07, H 6.05, N 4.94;
found C 72.05, H 6.10, N 4.89.

(3) Preparation of methyl (E)-4-hydroxy-2-phenyl-4-(pyridin-2-yl)pent-2-enoate
((E)-2c) (hcf-2-2)

Pd(TFA), (4 mol%)
DPEphos (6 mol%)
MeOH (8.0 equiv.)

Toluene (5 mL)
CO balloon, 60 °C, 16 h

(E)-2c, 62%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), DPEPhos (32.3 mg, 0.06 mmol), 1c (223.5 mg, 1 mmol), and MeOH (259.7
mg, 8§ mmol)/toluene (5 mL) afforded (E)-2¢ (176.1 mg, 62%) as a yellow oil [eluent:
dichloromethane 200 mL to dichloromethane/ethyl acetate = 30/1]: *H NMR (400
MHz, CDCls): 6 =8.41 (d,/=4.8 Hz, 1 H, Ar-H), 7.58 (td, J; = 7.8 Hz, J, = 1.6 Hz, 1
H, Ar-H), 7.39 (s, 1 H, =CH), 7.25-7.17 (m, 4 H, Ar-H), 7.13 (dd, J; =7.0 Hz, /, = 5.0
Hz, 1 H, Ar-H), 7.02-6.90 (m, 2 H, Ar-H), 4.65 (br, 1 H, OH), 3.69 (s, 3 H, CO,Me),
1.60 (s, 3 H, CHs); *C NMR (100 MHz, CDCl3): & = 168.0, 163.1, 148.5, 147.5,
136.8, 135.0, 133.1, 129.4, 127.5, 127.3, 122.1, 119.9, 73.9, 52.3, 29.7; MS (70 eV, EI)
m/z (%): 284(M'+1, 6.07), 283 (M", 31.07), 162 (100); IR (neat): v = 3400, 3056,
2980, 2950, 1713, 1589, 1433, 1241, 1195, 1072, 1019 cm™; HRMS calcd for
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C17H7NOs [M]": 283.1208, found: 283.1212.
(4) Preparation of methyl (E)-4-hydroxy-2-phenyl-4-(quinolin-3-yl)pent-2-enoate
((E)-2d) (hcf-2-3)

Pd(TFA), (4 mol%)
DPEphos (6 mol%)
Ph MeOH (8.0 equiv.)

Toluene (5 mL)
CO balloon, 60 °C, 16 h

(E)-2d, 71%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), DPEPhos (32.3 mg, 0.06 mmol), 1d (273.3 mg, 1 mmol), and MeOH (260.1
mg, 8 mmol)/toluene (5 mL) afforded impure (E)-2d (243.4 mg) [cluent:
dichloromethane/ethyl acetate = 40/1 (205 mL), 20/1 (420 mL), ethyl acetate (200
mL)], then recrystallized (petroleum ether/dichloromethane) to afford pure (E)-2d
(236.7 mg, 71%): white solid, m.p. 137.7-138.5 C (petroleum ether/dichloromethane);
'"H NMR (400 MHz, CDCl3): 8 = 8.92 (d, J=2.4 Hz, 1 H, Ar-H), 8.08 (d, /= 8.8 Hz,
1 H, Ar-H), 7.97 (d, J=1.6 Hz, 1 H, =CH), 7.79-7.66 (m, 2 H, Ar-H), 7.59-7.49 (m, 2
H, Ar-H), 7.26-7.14 (m, 3 H, Ar-H), 7.02-6.93 (m, 2 H, Ar-H), 3.73 (s, 3 H, CO,Me),
2.35-2.25 (m, 1 H, OH), 1.76 (s, 3 H, CH3); *C NMR (100 MHz, CDCl5): 6 = 167.5,
148.8, 147.9, 146.9, 139.4, 134.0, 133.3, 131.4, 129.4, 129.2, 128.9, 128.1, 127.9,
127.3, 126.8, 73.6, 52.5, 31.1; MS (70 eV, EI) m/z (%): 333 (M", 3.38), 230 (100); IR
(neat): v = 3174, 3055, 2992, 2948, 2922, 2851, 1709, 1433, 1254, 1198, 1113, 1036,
1021 cm'l; Anal. Calcd. for C,;H19NO;3: C 75.66, H 5.74, N 4.20; found C 75.31, H
5.78, N 4.19.

(5) Preparation of methyl (E)-4-hydroxy-4-(pyridin-4-yl)-2-(p-tolyl)pent-2-enoate

((E)-2¢) (hcf-2-15)

Pd(TFA), (4 mol%)
HO DPEphos (6 mol%) S
— MeOH (8.0 equiv.) ~
> \ OH
Toluene (5 mL) N/

\N / CO balloon, 60 °C, 16 h
1e (E)-2e, 89%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
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mmol), DPEPhos (32.3 mg, 0.06 mmol), 1e (237.2 mg, 1 mmol), and MeOH (258.1
mg, 8 mmol)/toluene (5 mL) afforded (E)-2e (264.6 mg, 89%) [eluent:
dichloromethane/ethyl acetate = 5/1 (480 mL), 3/1 (200 mL), ethyl acetate (200 mL)]:
white solid, m.p. 105.9-106.4 °C (petroleum ether/dichloromethane); *H NMR (400
MHz, CDCls): 6 =8.49 (d, J=6.0 Hz, 2 H, Ar-H), 7.40 (s, 1 H, =CH), 7.24 (d, /= 6.4
Hz, 2 H, Ar-H), 7.09 (d, /= 7.6 Hz, 2 H, Ar-H), 6.87 (d, /= 7.6 Hz, 2 H, Ar-H), 3.72
(s, 3 H, CO,Me), 2.61 (s, 1 H, OH), 2.34 (s, 3 H, CHs), 1.60 (s, 3 H, CH3); *C NMR
(100 MHz, CDCl): 6 = 167.6, 156.1, 149.4, 147.3, 138.1, 133.2, 130.8, 129.1, 128.9,
120.1, 73.7, 52.5, 31.1, 21.2; MS (70 eV, EI) m/z (%): 298 (M'+1, 2.12), 297 (M",
10.45), 194 (100); IR (neat): v = 3121, 3030, 2974, 2956, 2860, 2814, 1708, 1601,
1413, 1260, 1222, 1172, 1018 cm™'; Anal. Caled. for CjsH;oNO;3: C 72.71, H 6.44, N
4.71; found C 72.89, H 6.33, N 4.61.
(6) Preparation of methyl (E)-2-(2-hydroxy-2-(pyridin-4-yl)propylidene)-
hexanoate ((E)-2f) (hcf-2-4)

Pd(TFA), (6 mol%)

H
HO DPEphos (9 mol%) CO,Me
—"Bu MeOH (8.0 equiv.) =
— > = "Bu
\ Toluene (5 mL) \ OH
N—7 CO balloon, 70°C, 16 h N~
1f (E)-2f, 86%

Following Typical Procedure 1V, the reaction of Pd(TFA), (20.4 mg, 0.06
mmol), DPEphos (48.5 mg, 0.09 mmol), 1f (203.3 mg, 1 mmol), and MeOH (260.4
mg, 8 mmol)/toluene (5 mL) afforded impure (£)-2f (230.1 mg) [eluent:
dichloromethane/ethyl acetate = 5/1 (480 mL), ethyl acetate 300 mL], then
recrystallized (petroleum ether/dichloromethane) to afford pure (E)-2f (226.5 mg,
86%): white solid, m.p. 97.5-98.4 ‘C (petroleum ether/dichloromethane); *H NMR
(400 MHz, CDCl3): & = 8.55 (d, J = 5.6 Hz, 2 H, Ar-H), 7.44-7.35 (m, 2 H, Ar-H),
7.02 (s, 1 H,=CH), 3.75 (s, 3 H, CO,Me), 2.81-2.48 (br, 1 H, OH), 2.32-2.20 (m, 2 H,
CH,), 1.72 (s, 3 H, CH3), 1.28-0.98 (m, 4 H, 2 X CH»), 0.77 (t, /= 7.2 Hz, 3 H, CH3);
B3C NMR (100 MHz, CDCl3): 6 = 168.6, 157.0, 149.1, 144.9, 136.2, 120.4, 72.8, 51.9,
32.3,30.7, 27.2, 22.8, 13.6; MS (ESI) m/z: 264 (M+H"); IR (neat): v = 3163, 2962,

S23



2931, 2861, 1708, 1599, 1432, 1409, 1267, 1173, 1080 cm™; Anal. Calcd. for
CisH21NOs: C 68.42, H 8.04, N 5.32; found C 68.35, H 7.96, N 5.20.

(7) Preparation of methyl (E)-2-(2-hydroxy-2-(pyridin-4-yl)propylidene)-
decanoate ((E)-29g) (hcf-2-27)

Pd(TFA), (6 mol%)

H
HO DPEphos (9 mol%) CO,Me
—n-CgH47 MeOH (8.0 equiv.) =
— S n-CgH
\ Toluene (5 mL) \ OH s
N/ CO balloon, 70°C, 16 h N~
19 (E)-2g, 81%

Following Typical Procedure 1V, the reaction of Pd(TFA), (20.4 mg, 0.06
mmol), DPEphos (48.5 mg, 0.09 mmol), 1g (259.6 mg, 1 mmol)/toluene (4.0 mL),
and MeOH (259.7 mg, 8 mmol)/toluene (1.0 mL) afforded (£)-29 (258.9 mg, 81%) as
a yellow oil [First run: eluent: dichloromethane/ethyl acetate = 5/1 (480 mL), 1/1 (200
mL) to ethyl acetate (100 mL) got the impure product. Second run: eluent:
dichloromethane/ethyl acetate = 10/1 (440 mL), 5/1 (480 mL), 3/1 (200 mL), 1/1 (100
mL) got the pure (E)-20]: 'H NMR (400 MHz, CDCl;): & = 8.54 (brs, 2 H, Ar-H),
7.40 (d, J=4.8 Hz, 2 H, Ar-H), 7.01 (s, 1 H, =CH), 3.75 (s, 3 H, CO;Me), 2.90-2.58
(m, 1 H, OH), 2.38-2.17 (m, 2 H, CH»), 1.71 (s, 3 H, CH3), 1.38-0.98 (m, 12 H, 6 X
CH,), 0.87 (t, J= 7.0 Hz, 3 H, CH3); *C NMR (100 MHz, CDCl;): 5 = 168.6, 157.2,
149.2, 144.6, 136.4, 120.5, 72.9, 51.9, 32.4, 31.7, 29.8, 29.14, 29.08, 28.7, 27.6, 22.6,
14.0; MS (70 eV, EI) m/z (%): 319 (M", 1.64), 276 (100); IR (neat): v = 3148, 2920,
2852, 1719, 1601, 1434, 1246, 1224, 1195, 1086, 1065, 1003 cm™'; HRMS calcd for
C1oH2oNO3 [M']: 319.2147, found: 319.2143.

(8) Preparation of methyl (E)-4-hydroxy-2-phenyl-4-(pyridin-4-yl)hex-2-enoate
((E)-2h) (hcf-1-199)
Pd(TFA), (4 mol%)

H
HO DPEphos (6 mol%) CO,Me
=——Ph MeOH (8.0 equiv.) =
— > B Ph
\ Toluene (5 mL) \ OH
N—7 CO balloon, 60°C, 16h N~
1h (E)-2h, 88%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
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mmol), DPEphos (32.4 mg, 0.06 mmol), 1h (237.1 mg, 1 mmol), and MeOH (260.1
mg, 8 mmol)/toluene (5 mL) afforded impure (E)-2h (265.1 mg) [ecluent:
dichloromethane/ethyl acetate = 5/1 (480 mL), ethyl acetate (300 mL)], then
recrystallized (petroleum ether/dichloromethane) to afford pure (E)-2h (262.3 mg,
88%): white solid, m.p. 104.1-104.9 °C (petroleum ether/ethyl acetate); 'H NMR (400
MHz, CDCl;): 6 = 8.53 (d, J = 4.6 Hz, 2 H, Ar-H), 7.41 (s, | H, =CH), 7.37-7.25 (m,
3 H, Ar-H), 7.21 (dd, J, = 4.8 Hz, J, = 1.60 Hz, 2 H, Ar-H), 7.02-6.92 (m, 2 H, Ar-H),
3.72 (s, 3 H, CO,Me), 2.03 (s, 1 H, OH), 2.01-1.80 (m, 2 H, CH>»), 0.83 (t, J = 7.4 Hz,
3 H, CH;); *C NMR (100 MHz, CDCl3): & = 167.4, 154.9, 149.6, 147.0, 134.0, 133.7,
129.2, 128.4, 128.3, 120.3, 76.4, 52.5, 36.6, 7.6; MS (ESI) m/z: 298 (M+H"); IR
(neat): v = 3101, 3054, 2956, 2927, 2848, 1711, 1602, 1429, 1242, 1007 cm™'; Anal.
Calcd. for CigH19NOs3: C 72.71, H 6.44, N 4.71; found C 72.65, H 6.48, N 4.60.

(9) Preparation of methyl (E)-2-(2-hydroxy-2-phenyl-2-(pyridin-4-yl)ethylidene)-

hexanoate ((E)-2i) (hcf-2-70)
Pd(TFA), (6 mol%)

H
DPEphos (9 mol%) CO,Me
MeOH (6.0 equiv.) Ph —
> S "Bu
{ OH
Toluene (5.0 mL) N Y

CO balloon, 75 °C, 24 h

(E)-2i, 81%

Following Typical Procedure 1V, the reaction of Pd(TFA), (20.4 mg, 0.06
mmol), DPEPhos (48.5 mg, 0.09 mmol), 1i (265.4 mg, 1 mmol), and MeOH (193.1
mg, 6 mmol)/toluene (5.0 mL) afforded (E)-2i (263.6 mg, 81%) as a white solid
[eluent: dichloromethane (1000 mL) to dichloromethane/ethyl acetate = 5/1 (480 mL),
3/1 (200 mL)]: m.p. 92.5-93.0 °C (petroleum ether/dichloromethane); *H NMR (400
MHz, CDCls): 6 = 8.27 (d, J = 4.8 Hz, 2 H, Ar-H), 7.47-7.16 (m, 8 H, Ar-H and =CH)),
5.33 (brs, 1 H, OH), 3.72 (s, 3 H, CO,Me), 2.36 (t, J = 7.4 Hz, 2 H, CH,), 1.24-1.02
(m, 4 H, 2 X CH,), 0.73 (t, J = 6.8 Hz, 3 H, CH3); *C NMR (100 MHz, CDCl;): & =
168.6, 156.3, 148.9, 145.8, 143.8, 137.2, 128.4, 127.6, 126.2, 121.3, 77.4, 51.9, 30.7,
27.5, 22.8, 13.6; MS (EI 70 ev) m/z (%): 325 (M", 4.23), 187 (100); IR (neat): v =
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3086, 2948, 2860, 1715, 1597, 1436, 1262, 1247, 1208, 1129, 1021, 1003 cm™;

HRMS calcd for Cyo0H23NO3 [M]+: 325.1678, found: 325.1681.

(10) Preparation of methyl (E)-2-(2-hydroxy-2-(4-nitrophenyl)propylidene-
octanoate ((E)-2j) (hcf-2-82)

Pd(TFA), (4 mol%) H
HO DPEphos (8 mol%) __LC0:Me
— n-CgHiz  MeOH (4.0 equiv.
( auiv.) oH MCeHis

Toluene (5.0 mL)

O,N " CO balloon, 70°C, 29 h  O2N ()21, 5%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), DPEphos(43.1 mg, 0.08 mmol), 1j (275.4 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (129.9 mg, 4 mmol)/toluene (1.0 mL) afforded (£)-2j (194.5 mg, 58%) as a
white solid [eluent: petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (1100 mL),
5/1 (240 mL)]: m.p. 90.1-90.5 °C (petroleum ether/ethyl acetate); *H NMR (400 MHz,
CDCl3): 6 =8.20 (d, /= 8.8 Hz, 2 H, Ar-H), 7.66 (d, /= 9.2 Hz, 2 H, Ar-H), 7.06 (s, 1
H, =CH), 3.75 (s, 3 H, CO,Me), 2.30-2.15 (m, 2 H, CH), 2.07 (s, 1 H, OH), 1.75 (s, 3
H, CHs), 1.28-0.95 (m, 8 H, 4 x CH,), 0.82 (t, J = 7.2 Hz, 3 H, CHz); *C NMR (100
MHz, CDCl3): 6 =168.5, 154.5, 146.8, 144.6, 136.8, 126.1, 123.5, 73.7, 52.1, 33.2,
31.4,29.4, 28.6, 27.7, 22.4, 13.9; MS (EI 70 ev) m/z (%): 335 (M", 1.28), 292 (100);
IR (neat): v = 3488, 3111, 3077, 2963, 2922, 2857, 1699, 1516, 1348, 1243, 1174,
1090 cm™; Anal. Caled. for C gHysNOs: C 64.46, H 7.51, N 4.18; found C 64.39, H

7.52, N 4.04.
(11) Preparation of methyl (E)-4-hydroxy-4-methyl-2-phenylnon-2-enoate
((E)-2K) (hcf-2-46)

PA(TFA), (4 mol%)

L4 (6 mol%) H
HQ MeOH (4.0 equiv.) COsMe
——=—Ph - =
n-CsHy Toluene (5.0 mL) n-CsHi{ oy Ph
CO balloon, 60 °C, 24 h
1k (E)-2k, 95%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1k (216.5 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (129.9 mg, 4 mmol)/toluene (1.0 mL) afforded (E)-2k (262.7 mg, 95%) as a

yellow oil [eluent: petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (440 mL)]: 'H
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NMR (400 MHz, CDCls): & = 7.41-7.30 (m, 3 H, Ar-H), 7.24-7.17 (m, 2 H, Ar-H),
7.08 (s, 1 H, =CH), 3.70 (s, 3 H, CO,Me), 1.56-1.44 (m, 2 H, CH,), 1.41-1.18 (m, 10
H, 3 x CH, and CH; and OH), 0.88 (t, J = 7.2 Hz, 3 H, CH3); °C NMR (100 MHz,
CDClL): & = 167.9, 149.5, 135.1, 131.4, 129.4, 128.1, 127.9, 74.3, 52.3, 43.1, 32.1,
29.0, 23.6, 22.5, 14.0; MS (ESI) m/z: 299 (M+Na)', 259 (M-OH)"; IR (neat): v =
3486, 2953, 2931, 2860, 1716, 1637, 1435, 1238, 1197, 1020 cm™; HRMS calcd for

C17H,503 [M+H]: 277.1798, found: 277.1795.
(12) Preparation of methyl (E)-2-(4-bromophenyl)-4-hydroxy-4-methylnon-2-
enoate ((E)-2l) (hcf-2-60)

PA(TFA), (4 mol%) H
L4 (6 mol%) COMe

S

HO MeOH (4.0 equiv.)
%%@Br n-CsH1{ oH
n-CsHi

Toluene (5.0 mL)
CO balloon, 60 °C, 24 h

Br
11 (E)-21, 92%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1l (295.1 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (131.1 mg, 4 mmol)/toluene (1.0 mL) afforded (£)-21 (326.7 mg, 92%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (440 mL)]: 'H
NMR (400 MHz, CDCl3): 6 = 7.49 (d, J= 8.8 Hz, 2 H, Ar-H), 7.07 (d, J= 8.4 Hz, 2
H, Ar-H), 7.08 (s, 1 H, =CH), 3.71 (s, 3 H, CO,Me), 1.58-1.45 (m, 2 H, CH,),
1.44-1.10 (m, 10 H, 3 x CH, and CH3 and OH), 0.88 (t, J = 7.2 Hz, 3 H, CH3); **C
NMR (100 MHz, CDCls): 6 = 167.5, 150.1, 134.2, 131.20, 131.17, 130.5, 122.0, 74.3,
52.4, 43.1, 32.1, 28.9, 23.6, 22.5, 14.0; MS (ESI) m/z: 339 (M(*'Br)-OH)", 337
(M(”Br)-OH)"; IR (neat): v = 3489, 2952, 2930, 2859, 1714, 1487, 1434, 1237, 1071,
1010 cm™; HRMS caled for Ci7Ha " BrOs [M+H']: 355.0903, found: 355.0900.
Gram scale synthesis methyl (E)-2-(4-bromophenyl)-4-hydroxy-4-methylnon-2-
enoate ((E)-2l) (hcf-2-97)
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Pd(TFA), (4 mol%) H
L (6 mol%) COzMe

=

HO MeOH (4.0 equiv.)
%Br n-CsH1{ oH
n-CgHyq1

Toluene (5.0 mL)
CO balloon, 60 °C, 24 h b
r

11 (E)-21, 89%

Following Typical Procedure 1V, the reaction of Pd(TFA), (54.4 mg, 0.16
mmol), L; (131.2 mg, 0.24 mmol), 1l (1.1811 g, 4 mmol)/toluene (16.0 mL), and
MeOH (513.9 mg, 16 mmol)/toluene (4.0 mL) afforded (E)-21 (1.2650 g, 89%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 50/1 (510 mL), 20/1 (525 mL), 5/1
(600 mL)]: "H NMR (400 MHz, CDCls): & = 7.49 (d, J = 8.4 Hz, 2 H, Ar-H), 7.076 (d,
J=8.4Hz, 2 H, Ar-H), 7.078 (s, 1 H, =CH), 3.71 (s, 3 H, CO,Me), 1.56-1.46 (m, 2 H,
CH,), 1.42-1.18 (m, 9 H, 3 x CH; and CH3), 1.15 (s, 1 H, OH), 0.89 (t, /= 7.0 Hz, 3
H, CHs); *C NMR (100 MHz, CDCls): & = 167.5, 150.1, 134.2, 131.2, 131.1, 130.4,

121.9,74.3,52.4, 43.1, 32.0, 28.9, 23.6, 22.5, 14.0.
(13) Preparation of methyl (E)-2-butyl-4-hydroxy-4-methylnon-2-enoate ((E)-2m)
(hcf-2-92)

PA(TFA), (5 mol%)

H
HO L4 (10 mol%) CO,Me
— ng, MeOH (5.0 equiv.) —
n-Cst1 1 Toluene (5.0 mL) n-CsHi{ oy BY
CO balloon, 80 °C, 48 h .
1m (E)-2m, 66% vyield

19% recovery

Following Typical Procedure 1V, the reaction of Pd(TFA), (17.0 mg, 0.05
mmol), L; (54.7 mg, 0.10 mmol), Im (196.3 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (160.5 mg, 5 mmol)/toluene (1.0 mL) afforded (£)-2m (169.2 mg, 66%) (19%
of 1m remained based on 'H NMR analysis of the crude product) as a yellow oil
[eluent: petroleum ether/ethyl acetate = 50/1 (~410 mL), 20/1 (840 mL)]: *H NMR
(400 MHz, CDCls): 6 = 6.66 (s, 1 H, =CH), 3.73 (s, 3 H, CO;Me), 2.65-2.51 (m, 2 H,
CHy), 1.71-1.53 (m, 3 H, CH, and OH), 1.47-1.21 (m, 13 H, 5 x CH, and CHj),
0.98-0.83 (m, 6 H, 2 x CH3); *C NMR (100 MHz, CDCl3): & = 169.1, 146.0, 133.3,
74.0, 51.8, 43.6, 32.3, 32.2, 29.0, 26.7, 23.6, 23.0, 22.5, 14.0, 13.9; MS (ESI) m/z:
239 (M-OH)"; IR (neat): v = 3496, 2955, 2931, 2861, 1698, 1459, 1436, 1262, 1207,
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1123 cm'l; HRMS calcd for C;5H,70, [M-OH]+: 239.2006, found: 239.2005.
(14) Preparation of methyl (E)-2-octyl-4-hydroxy-4-methylhept-2-enoate ((E)-2n)
(zwl-11-198)
Pd(TFA), (6 mol%) H
L4 (12 mol%) CO,Me
oo MeOH (5.0 equiv.) 78%(
”Pr;\ = CeHw Toluene (5.0 mL) "pr oy CeHir

CO balloon, 75 °C, 48 h .
1n (E)-2n, 71% yield

27% recovery

Following Typical Procedure 1V, the reaction of Pd(TFA), (20.6 mg, 0.06
mmol), L; (65.7 mg, 0.12 mmol), 1n (224.5 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (160.1 mg, 5 mmol)/toluene (1.0 mL) afforded (E£)-2n (202.1 mg, 71%) (27%
of 1n remained based on "H NMR analysis of the crude product) as an oil [eluent:
petroleum ether/ethyl ether/dichloromethane = 20/1/1]: *H NMR (400 MHz, CDCl):
d=16.66 (s, 1 H,=CH), 3.73 (s, 3 H, CO,Me), 2.63-2.50 (m, 2 H, CH3), 1.68-1.52 (m,
3 H, CH; and OH), 1.50-1.17 (m, 17 H, 7 x CH; and CHj3), 0.93 (t, /= 7.4 Hz, 3 H,
CH3), 0.88 (t, J = 6.6 Hz, 3 H, CH3); **C NMR (100 MHz, CDCl;): & = 169.1, 145.9,
133.4, 74.1, 51.8, 45.9, 31.8, 30.1, 30.0, 29.4, 29.2, 29.0, 27.0, 22.6, 17.3, 14.4, 14.1;
MS (70 eV, EI) m/z (%): 285 (M'+1, 1.00), 284 (M", 1.94), 241 (100); IR (neat): v =
3507, 2957, 2925, 2855, 1699, 1641, 1459, 1436, 1233, 1177, 1125 cm™; HRMS
calcd for C7H3,0;5 [M]+: 284.2351, found: 284.2354.

(15) Preparation of methyl (E)-2-propyl-4-hydroxy-4-methylocta-2,7-dienoate
((E)-20) (zwl-11-176)

PA(TFA), (5 mol%) H
HO L1 (10 mol%) COzMe

— pr MeOH (5.0 equiv.) = =
Toluene (5.0 mL) =~ oy Pr
— 1 CO balloon, 75 °C, 24 h .
o (E)-20, 41% yield

36% recovery

Following Typical Procedure 1V, the reaction of Pd(TFA), (17.2 mg, 0.05
mmol), L; (54.8 mg, 0.10 mmol), 10 (166.4 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (160.4 mg, 5 mmol)/toluene (1.0 mL) afforded (£)-20 (91.1 mg, 41%) (36% of

10 remained based on 'H NMR analysis of the crude product) as an oil [eluent:
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petroleum ether/ethyl acetate = 20/1]: *H NMR (400 MHz, CDCl;): & = 6.66 (s, 1 H,
=CH), 5.92-5.78 (m, 1 H, =CH), 5.05 (d, J = 18.4 Hz, 1 H, one proton of =CH,), 4.97
(d, J=10.4 Hz, 1 H, one proton of =CH,), 3.74 (s, 3 H, CO,Me), 2.64-2.49 (m, 2 H,
CHy), 2.27-2.06 (m, 2 H, CHy), 1.83-1.65 (m, 2 H, CHy), 1.65-1.55 (m, 1 H, OH),
1.52-1.35 (m, 5 H, CH, and CH3), 0.94 (t, J = 7.2 Hz, 3 H, CHs); *C NMR (100
MHz, CDCl3): 6 =169.1, 145.7, 138.4, 133.4, 114.8, 74.0, 51.8, 42.4, 29.1, 28.9, 28 .4,
23.2, 14.3; MS (ESI) m/z: 249 (M+Na)", 209 (M-OH)"; IR (neat): v = 3498, 2958,
2932, 2872, 1698, 1641, 1436, 1268, 1219, 1171, 1121, 1060 cm™; HRMS calcd for
C13H2,0;3Na [M+Na]": 249.1461, found: 249.1455.

(16) Preparation of methyl (E)-2-(4-chlorobutyl)-4-hydroxy-4-methylhept-2-
enoate ((E)-2p) (zwl-11-196)

Pd(TFA), (6 mol%) H
L4 (12 mol%) CO,Me
HO MeOH (5.0 equiv.) ==
5 = (CH2),Cl Toluene (5.0 mL) "pr’ oy (CH2)4Cl

n
P
' CO balloon, 75 °C, 48 h ,
1p (E)-2p, 60% yield
34% recovery

Following Typical Procedure 1V, the reaction of Pd(TFA), (20.5 mg, 0.06
mmol), L; (65.7 mg, 0.12 mmol), 1p (202.6 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (160.1 mg, 5 mmol)/toluene (1.0 mL) afforded (E)-2p (157.6 mg, 60%) (34%
of 1p remained based on "H NMR analysis of the crude product) as an oil [eluent:
petroleum ether/ethyl ether/dichloromethane = 20/1/1]: *H NMR (400 MHz, CDCl):
d = 6.67 (s, 1 H, =CH), 3.74 (s, 3 H, CO,Me), 3.56 (t, J = 6.8 Hz, 2 H, CH,),
2.70-2.55 (m, 2 H, CH»), 1.88-1.78 (m, 2 H, CH), 1.70-1.20 (m, 10 H, OH and 3 x
CH,, and CH3), 0.94 (t, J = 7.4 Hz, 3 H, CHs); *C NMR (100 MHz, CDCl;): § =
168.9, 146.5, 132.2, 74.0, 51.7, 45.9, 44.7, 32.5, 29.0, 27.1, 25.8, 17.1, 14.3; MS (ESI)
m/z: 247 (M('C1)-OH)", 245 (M(P°C1)-OH)"; IR (neat): v = 3495, 2957, 2872, 1697,
1642, 1436, 1274, 1237, 1190, 1094 cm™; HRMS caled for Ci3H2305°Cl [M]":

262.1336, found: 262.1335.

(17) Preparation of methyl (E)-4-hydroxy-2,4-diphenylpent-2-enoate ((E)-2q)
(hcf-2-55)
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Pd(TFA), (4 mol%)

L4 (6 mol%) H
HO MeOH (4.0 equiv.) >8§(002Me
ﬁi: Ph >
Ph
Ph Toluene (5.0 mL) PR OH

1q CO balloon, 70 °C, 24 h

(E)-2q, 93%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1q (222.3 mg, 1 mmol), and MeOH (132.1 mg, 4
mmol)/toluene (5.0 mL) afforded (£)-2q (261.8 mg, 93%) as a white solid [eluent:
petroleum ether (100 mL) to petroleum ether/ethyl acetate = 20/1 (~530 mL), 10/1
(440 mL)]: m.p. 64.5-65.0 °C (petroleum ether/dichloromethane); 'H NMR (400
MHz, CDCl;): 6 = 7.48 (s, 1 H, =CH), 7.39-7.18 (m, 8 H, Ar-H), 7.06-6.96 (m, 2 H,
Ar-H), 3.70 (s, 3 H, CO,Me), 1.99 (s, 1 H, OH), 1.60 (s, 3 H, CH3); **C NMR (100
MHz, CDClL): 6 = 167.8, 149.1, 147.1, 134.6, 131.7, 129.4, 128.3, 128.1, 127.9,
127.1, 124.9, 74.8, 52.4, 31.2; MS (ESI) m/z: 300 (M+NH,)", 265 (M-OH)"; IR (neat):
v = 3505, 3057, 3010, 2986, 2954, 1693, 1639, 1435, 1251, 1211, 1149 cm™'; Anal.
Calcd. for CgH;303: C 76.57, H 6.43; found C 76.69, H 6.58.

Figure S2

(E)-2q: CisH 303, MW = 282.32, orthorhombic, space group P2,2,2,, final R indices
[[>20(])], Ri =0.0278, wR, = 0.0691; R indices (all data), R; = 0.0288, wR, = 0.0696,
a=17.95790(10) A, b =12.9023(2) A, ¢ = 14.8437(2) A, a = 90°, B=90°, y = 90°, V =
1524.08(4) A, T=293(2) K, Z = 4, reflections collected/unique 15571/2710 [Rint =
0.0285], no. of observations [> 20([)] 2617, parameters: 194. Supplementary
crystallographic data have been deposited at the Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data request/cif. CCDC-1845002

(18) Preparation of methyl (E)-2-(2-hydroxy-2-phenylpropylidene)hexanoate
((E)-2r) (hcf-2-83)
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Pd(TFA), (5 mol%)
L4 (10 mol%)

H
HO MeOH (5.0 equiv.) __C0:Me
ﬁ%"su > -

PH Toluene (5.0 mL) Ph" OH
1r CO balloon, 75 °C, 48 h (E)-2r, 63% yield

21% recovery

Following Typical Procedure 1V, the reaction of Pd(TFA), (17.0 mg, 0.05
mmol), L; (54.7 mg, 0.10 mmol), 1r (202.3 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (161.9 mg, 5 mmol)/toluene (1.0 mL) afforded (E)-2r (165.3 mg, 63%) (21%
of 1r remained based on '"H NMR analysis of the crude product) as a yellow oil
[eluent: petroleum ether/ethyl acetate = 50/1 (~410 mL), 20/1 (420 mL), 10/1 (220
mL)]: *H NMR (400 MHz, CDCls): § = 7.51-7.42 (m, 2 H, Ar-H), 7.39-7.29 (m, 2 H,
Ar-H), 7.29-7.22 (m, 1 H, Ar-H), 7.07 (s, 1 H, =CH), 3.73 (s, 3 H, CO;Me), 2.33-2.21
(m, 2 H, CH,), 2.03 (s, 1 H, OH), 1.74 (s, 3 H, CH3), 1.21-1.02 (m, 4 H, 2 x CH,),
0.76 (t, J= 7.0 Hz, 3 H, CHz); *C NMR (100 MHz, CDCl;): & = 168.9, 147.0, 146.4,
134.6, 128.3, 127.1, 125.1, 74.3, 51.8, 31.8, 31.0, 27.2, 22.9, 13.7; MS (EI 70 ev) m/z
(%): 262 (M", 1.80), 187 (100); IR (neat): v = 3483, 2955, 2930, 2870, 1697, 1437,
1263, 1209, 1140, 1066 cm'l; HRMS calcd for CiH2,03 [M]+: 262.1569, found:

262.1566.

(19) Preparation of methyl (E)-3-(1-hydroxycyclobutyl)-2-phenylacrylate ((E)-2s)
(hcf-2-87)

Pd(TFA), (4 mol%)
L4 (6 mol%)

H
HO MeOH (4.0 equiv.) __COMe
g\ = N Ph

Toluene (5.0 mL) OH

CO balloon, 25 °C, 24 h
1s (E)-2s, 87%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1s (172.2 mg, 1 mmol), and MeOH (129.9 mg, 5
mmol)/toluene (5.0 mL) afforded (£)-2s (202.1 mg, 87%) as a yellow oil [eluent:
petroleum ether/ethyl acetate = 50/1 (~200 mL), 20/1 (420 mL), 10/1 (440 mL)]: 'H
NMR (400 MHz, CDCl3): 8 = 7.42-7.29 (m, 3 H, Ar-H), 7.32 (s, 1 H, =CH),
7.25-7.18 (m, 2 H, Ar-H), 3.74 (s, 3 H, CO,Me), 2.28-2.16 (m, 2 H, CH,), 2.14-2.01
(m, 2 H, CH,), 1.94-1.78 (m, 2 H, one proton of CH, and OH), 1.76-1.62 (m, 1 H, one
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proton of CH,); *C NMR (100 MHz, CDCls): § = 167.9, 147.2, 134.9, 131.9, 129.5,
128.23, 128.16, 75.1, 52.4, 37.2, 13.0; MS (ESI) m/z: 250 (M+NH,"); IR (neat): v =
2987, 2949, 1714, 1700, 1435, 1238, 1196, 1120 cm™'; HRMS caled for C14H2NO3

[M+NH,"]: 250.1438, found: 250.1437.
(20) Preparation of methyl 4-hydroxy-4-phenyl-2-(E)-2-phenylpent-2-enoate
((E)-2t) (hcf-2-89)

Pd(TFA), (5 mol%)

L4 (10 mol%) H
HQ MeOH (5.0 equiv.) COMe
Ph > — By Ph—/ =
PH Toluene (5.0 mL) Ph oy BU
CO balloon, 80 °C, 32 h .
1t (E)-2t, 86% yield

9% recovery

Following Typical Procedure 1V, the reaction of Pd(TFA), (17.0 mg, 0.05
mmol), L; (54.7 mg, 0.10 mmol), 1t (264.6 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (160.9 mg, 5 mmol)/toluene (1.0 mL) afforded (E)-2t (279.2 mg, 86%) (9% of
1t remained based on 'H NMR analysis of the crude product) as a yellow oil [eluent:
petroleum ether/ethyl acetate = 20/1 (525 mL), 10/1 (220 mL)]: 'H NMR (400 MHz,
CDCl3): 6 = 7.48-7.20 (m, 11 H, Ar-H and =CH), 3.74 (s, 3 H, CO,Me), 2.46-2.31 (m,
3 H, CH, and OH), 1.30-1.08 (m, 4 H, 2 x CH,), 0.78 (t, J = 7.0 Hz, 3 H, CH;); **C
NMR (100 MHz, CDCl3): 6 = 168.9, 146.4, 144.8, 135.7, 128.3, 127.4, 126.5, 79.2,
51.9, 31.2, 27.5, 23.0, 13.8; MS (EI 70 ev) m/z (%): 324 (M", 2.66), 187 (100); IR
(neat): v = 3475, 2953, 2930, 2861, 1698, 1446, 1261, 1209, 1136 cm™'; HRMS calcd

for C21H40; [M]': 324.1725, found: 324.1722.

(21) Preparation of methyl (E)-4-hydroxy-2-phenylpentadec-2-enoate ((E)-2u)
(hcf-2-79)

Pd(TFA), (4 mol%)
L4 (6 mol%)

HO MeOH (4.0 equiv.) § CO_Me
>%Ph H =
n-C11Hs Toluene (5.0 mL) n-C11H23 OH Ph
1u CO balloon, 60 °C, 24 h 0
(E)-2u, 93%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1u (286.5 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (128.9 mg, 4 mmol)/toluene (1.0 mL) afforded (E)-2u (322.2 mg, 93%) as a

yellow oil [eluent: petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (440 mL), 5/1
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(480 mL)]: *H NMR (400 MHz, CDCly): & = 7.41-7.31 (m, 3 H, Ar-H), 7.23-7.14 (m,
2 H, Ar-H), 6.92 (d, J = 9.6 Hz, 1 H, =CH), 4.18-4.09 (m, 1 H, CH), 3.75 (s, 3 H,
CO,Me), 1.71-1.44 (m, 3 H, CH, and OH), 1.36-1.11 (m, 18 H, 9 x CH,), 0.88 (t, J =
7.0 Hz, 3 H, CHs); *C NMR (100 MHz, CDCLy): & = 167.5, 145.1, 134.6, 134.2,
129.4, 128.1, 127.8, 68.7, 52.3, 36.8, 31.9, 29.6, 29.5, 29.44, 29.36, 29.31, 25.0, 22.7,
14.1; MS (EI 70 ev) m/z (%): 346 (M, 1.71), 103 (100); IR (neat): v = 3419, 2923,
2853, 1720, 1459, 1435, 1236, 1195, 1174, 1024 cm™'; HRMS calcd for CoH3405

[M]": 346.2508, found: 346.2514.
(22) Preparation of methyl (E)-4-hydroxy-2,4-diphenylbut-2-enoate ((E)-2v)
(hcf-2-125)

Pd(TFA), (5 mol%)
L4 (10 mol%)

H
HO MeOH (5.0 equiv.) COMe
>%Ph Ph—/
P

Ph Toluene (5.0 mL) OH h

CO balloon, 70 °C, 24 h
v (E)-2v, 69%

Following Typical procedure 1V, the reaction of Pd(TFA), (17.0 mg, 0.05
mmol), L; (54.7 mg, 0.10 mmol), 1v (208.3 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (160.5 mg, 5 mmol)/toluene (1.0 mL) afforded (£)-2v (185.2 mg, 69%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 10/1 (1100 mL), 5/1 (240 mL)]: *H
NMR (400 MHz, CDCls): 6 = 7.50-7.24 (m, 8 H, Ar-H), 7.24-7.11 (m, 3 H, Ar-H and
=CH), 5.19 (d, J = 9.2 Hz, 1 H, CH), 3.73 (s, 3 H, CO,Me), 2.13 (brs, 1 H, OH); **C
NMR (100 MHz, CDCls): 6 = 167.4, 143.5, 141.7, 134.3, 134.0, 129.5, 128.7, 128.1,
128.0, 126.3, 70.9, 52.3; MS (EI 70 ev) m/z (%): 269 (M'+1, 1.31), 268 (M, 7.23),
105 (100); IR (neat): v = 3418, 1696, 1641, 1490, 1442, 1228 cm™; HRMS calcd for

Ci7H605 [M]": 268.1099, found: 268.1096.
(23) Preparation of methyl
(E)-4-hydroxy-2-(4-methoxyphenyl)-4-phenylbut-2-enoate ((E)-2w) (hcf-2-126)

Pd(TFA), (5 mol%)
L4 (10 mol%) H  COMe

HO MeOH (5.0 equiv.) —
>%©70Me Ph
Ph Toluene (5.0 mL) OH
CO balloon, 70 °C, 24 h
1w (E)-2w, 69% Ve
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Following Typical procedure 1V, the reaction of Pd(TFA), (17.0 mg, 0.05
mmol), L; (54.7 mg, 0.10 mmol), 1w (238.3 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (168.9 mg, 5 mmol)/toluene (1.0 mL) afforded (£)-2w (205.8 mg, 69%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 10/1 (880 mL), 5/1 (600 mL)]: *H
NMR (400 MHz, CDCl3): 8 = 7.40-7.19 (m, 5 H, Ar-H), 7.19-7.03 (m, 3 H, Ar-H and
=CH), 6.90 (d, J = 8.8 Hz, 2 H, Ar-H), 5.19 (d, /=9.2 Hz, 1 H, CH), 3.81 (s, 3 H,
CO,Me), 3.71 (s, 3 H, OMe), 2.55 (brs, 1 H, OH); *C NMR (100 MHz, CDCl3): & =
167.6, 159.3, 143.1, 141.9, 133.7, 130.8, 128.7, 128.1, 126.5, 126.3, 113.6, 71.0, 55.2,
52.3; MS (EI 70 ev) m/z (%): 299 (M'+1, 1.96), 298 (M, 9.60), 105 (100); IR (neat):
v = 3420, 3028, 2948, 2837, 1707, 1508, 1444, 1234, 1173, 1017 cm™'; HRMS calcd

for C1sH1304 [M]": 298.1205, found: 298.1208.
(24) Preparation of methyl (E)-2-(4-bromophenyl)-4-hydroxypentadec-2-enoate
((E)-2x) (hcf-2-114)

Pd(TFA), (4 mol%) H CO,Me
L4 (6 mol%) __

HO MeOH (4.0 equiv.) n-C+.H
< : >—Br e OH
Toluene (5.0 mL)

n-Cq4Hz3
CO balloon, 60 °C, 24 h
1x (E)-2x, 87%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04

mmol), L3 (32.8 mg, 0.06 mmol), 1x (365.4 mg, 1 mmol), and MeOH (128.7 mg, 4
mmol)/toluene (5.0 mL) afforded (E£)-2x (370.1 mg, 87%) as a yellow oil [eluent:
petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (550 mL), 5/1 (240 mL)]: 'H
NMR (400 MHz, CDCls): 6 = 7.50 (d, J = 8.0 Hz, 2 H, Ar-H), 7.07 (d, /= 8.4 Hz, 2
H, Ar-H), 6.93 (d,J=9.6 Hz, 1 H, =CH), 4.10 (q, /= 7.5 Hz, 1 H, CH), 3.75 (s, 3 H,
CO,Me), 1.71-1.43 (m, 3 H, CH, and OH), 1.36-1.12 (m, 18 H, 9 x CH,), 0.88 (t, J =
7.0 Hz, 3 H, CH;); *C NMR (100 MHz, CDCly): § = 167.0, 145.6, 133.4, 133.1,
131.3, 131.2, 122.1, 68.6, 52.4, 36.8, 31.9, 29.6, 29.5, 29.4, 29.35, 29.31, 25.0, 22.7,
14.1; MS (EI 70 ev) m/z (%): 426 (M (*'Br), 1.43), 424 (M"("Br), 1.23), 43 (100); IR
(neat): v = 3427, 2922, 2852, 1720, 1487, 1435, 1236, 1071, 1032, 1010 cm™'; HRMS

caled for CooHas BrOs [M]': 424.1613, found: 424.1617.

(25) Preparation of ethyl (E)-4-hydroxy-4-methyl-2-phenylnon-2-enoate ((E)-2ka)

(hcf-2-76)
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Pd(TFA), (4 mol%)

L4 (6 mol%) H
HO\ EtOH (4.0 equiv.) CO,Et
)—=——Ph \
n-CsHq4 Toluene (5.0 mL) n-CsHi{ HH Ph
CO balloon, 60 °C, 24 h
1k (E)-2ka, 95%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1k (216.3 mg, 1 mmol)/toluene (4 mL), and EtOH
(185.9 mg, 4 mmol)/toluene (1 mL) afforded (E)-2ka (275.8 mg, 95%) as yellow oil
[eluent: petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (440 mL)]: 'H NMR
(400 MHz, CDCls): 6 = 7.42-7.30 (m, 3 H, Ar-H), 7.24-7.17 (m, 2 H, Ar-H), 7.05 (s, 1
H, =CH), 4.17 (q, J = 7.1 Hz, 2 H, CO,CH,), 1.57-1.46 (m, 2 H, CH3), 1.41-1.16 (m,
13 H, 3 x CH, and 2 x CH; and OH), 0.88 (t, J = 7.2 Hz, 3 H, CHs); *C NMR (100
MHz, CDCL): 6 = 167.5, 149.0, 135.2, 131.7, 129.5, 128.1, 127.8, 74.3, 61.2, 43.2,
32.1, 29.0, 23.6, 22.6, 14.1, 14.0; MS (ESI) m/z: 313 (M+Na)', 308 (M+NH,)", 291
(M+H)", 273 (M-OH)"; IR (neat): v = 3483, 2955, 2931, 2860, 1713, 1463, 1444,
1233, 1189, 1037, 1027 cm™; HRMS caled for CgH,,05 [M+H]": 291.1955, found:
291.1955.

(26) Preparation of (trimethylsilyl)methyl 4-hydroxy-4-methyl-2(E)-phenyl-
non-2-enoate ((E)-2kb) (hcf-3-19)

Pd(TFA), (4 mol%)
L4 (6 mol%)

HO TMSCH,OH (4.0 equiv.) __C0CHTMS
——=—ph . "
n-CsHyq4 Toluene (5.0 mL) n-CsH1ii oH
[e]
1k CO balloon, 60 °C, 24 h (E)-2kb, 97%

Following Typical procedure IV. The reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1k (216.1 mg, 1 mmol)/toluene (4 mL), and
TMSCH,0H (417.1 mg, 4 mmol)/toluene (1 mL) afforded (E)-2kb (336.7 mg, 97%)
as a yellow oil [eluent: petroleum ether/ethyl acetate = 25/1 (520 mL), 10/1 (440 mL)]:
'H NMR (400 MHz, CDCl3): & = 7.39-7.28 (m, 3 H, Ar-H), 7.22-7.15 (m, 2 H, Ar-H),
7.05 (s, 1 H, =CH), 3.76 (s, 2 H, OCH,), 1.57-1.47 (m, 2 H, CH,), 1.44-1.18 (m, 10 H,
3 x CH, and CH; and OH), 0.88 (t,J = 7.0 Hz, 3 H, CH3), -0.08 (s, 9 H, 3 x CHs); *C
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NMR (100 MHz, CDCls): 6 = 168.3, 148.8, 135.5, 131.9, 129.4, 128.0, 127.7, 74.3,
58.3,43.2,32.1, 29.0, 23.6, 22.5, 14.0, -3.3; MS (EIL 70 ev) m/z (%): 348 (M", 1.58),
173 (100); IR (neat): v = 3487, 2956, 2931, 2861, 1713, 1287, 1249, 1217, 1148 cm™;
HRMS calcd for Cy0H3,05S1 [M]+: 348.2121, found: 348.2110.

(27) Preparation of isopropyl 4-hydroxy-4-methyl-2(E)-phenylnon-2-enoate
((E)-2kc) (hcf-3-20, 28)

Pd(TFA), (4 mol%)

H .
HO ,- L, (6 moI%). CO,Pr
> — pp PrOH (4.0 equiv.) =
n-CsHy4 Toluene (5.0 mL) n-CsHi{ oy PP

CO balloon, 60 °C, 24 h

1k (E)-2ke, 76%

24% recovery

Following Typical procedure IV. The reaction of Pd(TFA), (13.6 mg, 0.04
mmol), Ly (32.8 mg, 0.06 mmol), 1k (216.5 mg, 1 mmol)/toluene (4 mL), and ‘PrOH
(240.5 mg, 4 mmol)/toluene (1 mL) afforded (£)-2kc (231.1 mg, 76%) (24% of 1k
remained based on 'H NMR analysis of the crude product) as a yellow oil [eluent:
petroleum ether/ethyl acetate = 20/1 (840 mL), 10/1 (220 mL)]: 'H NMR (400 MHz,
CDCls): 6 = 7.40-7.27 (m, 3 H, Ar-H), 7.23-7.12 (m, 2 H, Ar-H), 7.01 (s, 1 H, =CH)),
5.03 (hept, J = 6.2 Hz, 1 H, CH), 1.58-1.44 (m, 2 H, CHy), 1.44-1.08 (m, 16 H, 3 x
CH, and 3 x CH; and OH), 0.88 (t, J = 7.2 Hz, 3 H, CH3); *C NMR (100 MHz,
CDCl): 0 = 166.9, 148.6, 135.3, 132.1, 129.5, 128.0, 127.7, 74.2, 68.5, 43.1, 32.1,
29.0, 23.5, 22.5, 21.7, 14.0; MS (ESI) m/z: 327 (M+Na)", 287 (M-OH)"; IR (neat): v
= 3497, 2956, 2932, 2870, 1709, 1465, 1373, 1238, 1182, 1106, 1004 cm™'; HRMS

calcd for C19H»505 [M]+: 304.2038, found: 304.2038.

(28) Preparation of phenyl (E)-4-hydroxy-4-methyl-2-phenylnon-2-enoate
((E)-2kd) (hcf-2-77)

Pd(TFA), (4 mol%)

L4 (6 mol%) H
HO PhOH (4.0 equiv.) CO,Ph
ﬁ%Ph —
n-CsHq1 Toluene (5.0 mL) n-CsHi{ oy PP
1K CO balloon, 60 °C, 24 h (E)-2kd
30% yield

70% recovery
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Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1k (216.5 mg, 1 mmol)/toluene (5 mL), and PhOH
(376.6 mg, 4 mmol) afforded (£)-2kd (101.6 mg, 30%) (70% of 1k remained based
on 'H NMR analysis of the crude product) as a yellow oil [eluent: petroleum
ether/ethyl acetate = 50/1(~200 mL), 20/1 (630 mL), 10/1 (220 mL)]: 'H NMR (400
MHz, CDCly): 6 = 7.54-7.29 (m, 7 H, Ar-H), 7.27 (s, 1 H, =CH), 7.19 (t,J= 7.2 Hz, 1
H, Ar-H), 7.07 (d, J= 7.6 Hz, 2 H, Ar-H), 1.64-1.49 (m, 2 H, CH), 1.48-1.19 (m, 10
H, 3 x CH, and CH; and OH), 0.90 (t, J = 7.0 Hz, 3 H, CH3); *C NMR (100 MHz,
CDCl): 6 = 166.0, 151.2, 150.9, 134.7, 131.1, 129.5, 129.2, 128.2, 128.1, 125.7,
121.4, 74.4, 43.1, 32.1, 28.9, 23.6, 22.5, 14.0; MS (ESI) m/z: 361 (M+Na)', 339
(M+H)", 321 (M-OH)"; IR (neat): v = 3471, 2930, 2858, 1724, 1485, 1237, 1164,

1054 cm'l; HRMS calcd for CyoH,705 [M+H]+: 339.1955, found: 339.1977.

(29) Preparation of methyl (S, E)-4-hydroxy-2-phenylpentadec-2-enoate ((S,
E)-2u) (hcf-2-96)

Pd(TFA), (4 mol%)

L4 (8 mol%) H COMe
HO MeOH (4.0 equiv. 2
= pn (40 equiv) Ho/=(
n-C41Hy3 Toluene (2.5 mL) n-C11I:123 Ph
CO balloon, 70 °C, 24 h
(S)-1u, 98% ee (S, E)-2u, 90%
99% ee

Following Typical Procedure 1V, the reaction of Pd(TFA); (6.8 mg, 0.02 mmol),
L1 (21.9 mg, 0.04 mmol), (S)-1u (143.2 mg, 98% ee, 0.5 mmol)/toluene (2.0 mL), and
MeOH (64.9 mg, 2 mmol)/toluene (0.5 mL) afforded (S, E)-2u (155.8 mg, 90%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 20/1 (525 mL), 10/1 (550 mL), 5/1
(240 mL)]: 99% ee (HPLC conditions: PA-2 column, hexane/i-PrOH = 95/5, 1.0
mL/min, A = 214 nm, tg (major) = 16.4 min, #g (minor) = 15.1 min); [0]*’p =-20.9 (c =
1.02, CHCls); *H NMR (400 MHz, CDCls): § = 7.44-7.30 (m, 3 H, Ar-H), 7.24-7.13
(m, 2 H, Ar-H), 6.92 (d, /J=9.6 Hz, 1 H, =CH), 4.13 (q,J=7.5 Hz, 1 H, CH), 3.75 (s,
3 H, CO,Me), 1.76-1.44 (m, 3 H, CH, and OH), 1.41-1.11 (m, 18 H, 9 x CH,), 0.88 (t,
J=6.8 Hz, 3 H, CH3); *C NMR (100 MHz, CDCl3): & = 167.5, 145.2, 134.5, 134.1,
129.4, 128.1, 127.8, 68.6, 52.3, 36.7, 31.9, 29.6, 29.5, 29.4, 29.34, 29.30, 25.0, 22.7,
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14.1; MS (EI 70 ev) m/z (%): 346 (M", 1.23), 103 (100); IR (neat): v = 3434, 2922,
2853, 1720, 1462, 1435, 1236, 1195, 1175, 1024 cm’™'; HRMS caled for CoH3:04

[M]": 346.2508, found: 346.2510.
(30) Preparation of methyl (S, E)-2-(4-bromophenyl)-4-hydroxypentadec-2-
enoate ((S, E)-2x) (hcf-2-118)

Pd(TFA), (4 mol%)
L, (6 mol%)

HO MeOH (4.0 equiv.)
n-C4qHyz Toluene (2.5 mL)
CO balloon, 60 °C, 24 h
(S)-1x

Br
>99% ee (S, E)-2x, 86%
99% ee

Following Typical Procedure 1V, the reaction of Pd(TFA), (6.8 mg, 0.02 mmol),
Li (16.4 mg, 0.03 mmol), (S)-1x (182.7 mg, >99% ee, 0.5 mmol), and MeOH (64.9
mg, 2 mmol)/toluene (2.5 mL) afforded (S, £)-2x (182.9 mg, 86%) as a yellow oil
[eluent: petroleum ether/ethyl acetate = 20/1 (525 mL), 10/1 (550 mL)]: 99% ee
(HPLC conditions: AS-H column, hexane/i-PrOH = 97/3, 1.0 mL/min, A = 214 nm, g
(major) = 8.6 min, fz (minor) = 7.4 min); [0]*’p = -24.3 (¢ = 1.01, CHCL); *H NMR
(400 MHz, CDCls): 6 = 7.49 (d, J = 8.4 Hz, 2 H, Ar-H), 7.06 (d, / = 8.4 Hz, 2 H,
Ar-H), 6.92 (d, /J=9.6 Hz, 1 H, =CH), 4.08 (q, J = 7.5 Hz, 1 H, CH), 3.74 (s, 3 H,
CO;Me), 2.24 (brs, 1 H, OH), 1.67-1.03 (m, 20 H, 10 x CH,), 0.88 (t, /= 6.8 Hz, 3 H,
CH3); C NMR (100 MHz, CDCls): & = 167.0, 145.8, 133.4, 132.9, 131.2, 131.1,
122.0, 68.5, 52.3, 36.7, 31.8, 29.54, 29.53, 29.48, 29.4, 29.30, 29.26, 24.9, 22.6, 14.0;
MS (EL 70 ev) m/z (%): 426 (M'(*'Br), 0.96), 424 (M*(Br), 1.12), 43 (100); IR
(neat): v = 3428, 2922, 2852, 1720, 1487, 1435, 1236, 1071, 1032, 1010 cm™'; HRMS

caled for CooHas BrOs [M]': 424.1613, found: 424.1615.

(31) Preparation of methyl (R, E)-4-hydroxy-2,4-diphenylbut-2-enoate ((R, E)-2v)
(hcf-2-132)

Pd(TFA), (5 mol%)

HO MeOH (5.0 equiv.) >Me
—=—Ph . HO— =
Ph Toluene (2.5 mL) 5, Ph
(S)-1v CO balloon, 70 °C, 24 h

(R, E)-2v, 68%
>99% ee 99% ee
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Following Typical Procedure 1V, the reaction of Pd(TFA), (8.5 mg, 0.025
mmol), L; (27.3 mg, 0.05 mmol), (5)-1v (104.2 mg, >99% ee, 0.5 mmol)/toluene (2.0
mL), and MeOH (80.9 mg, 2.5 mmol)/toluene (0.5 mL) afforded (R, E)-2v (91.3 mg,
68%) as a yellow oil [eluent: petroleum ether/ethyl acetate = 10/1 (550 mL), 5/1 (600
mL)]: 99% ee (HPLC conditions: PA-2 column, hexane/i-PrOH = 80/20, 0.7 mL/min,
A =214 nm, g (major) = 14.0 min, #g (minor) = 17.0 min); [(1]201) =+157.6 (c=1.01,
CHCL); *H NMR (400 MHz, CDCl3): & = 7.48-7.24 (m, 8 H, Ar-H), 7.24-7.11 (m, 3
H, Ar-H and =CH), 5.19 (d, /=9.2 Hz, 1 H, CH), 3.73 (s, 3 H, CO;Me), 2.13 (br, 1 H,
OH); *C NMR (100 MHz, CDCL): & = 167.4, 143.4, 141.7, 134.3, 134.0, 129.5,
128.8, 128.2, 128.1, 126.3, 71.0, 52.3; MS (EI 70 ev) m/z (%): 269 (M'+1, 1.51), 268
(M, 7.65), 105 (100); IR (neat): v = 3417, 1696, 1641, 1490, 1442, 1228 cm™;
HRMS calcd for C;7H 603 [M]+: 268.1099, found: 268.1097.

(32) Preparation of methyl (R,
E)-4-hydroxy-2-(4-methoxyphenyl)-4-phenylbut-2-enoate ((R, E)-2w) (hcf-2-152)
Pd(TFA), (5 mol%) H CO,Me

L4 (10 mol%)

HO MeOH (5.0 equiv.) HO
}%@onﬂe - or
Ph Toluene (2.5 mL)

CO balloon, 70 °C, 24 h OMe

(R, E)-2w, 70%
99% ee

(S)-1w
>99% ee

Following Typical Procedure 1V, the reaction of Pd(TFA), (8.5 mg, 0.025
mmol), L3 (27.3 mg, 0.05 mmol), (S)-1w (119.1 mg, >99% ee, 0.5 mmol)/toluene (2.0
mL), and MeOH (81.1 mg, 2.5 mmol)/toluene (0.5 mL) afforded (R, E)-2w (104.4 mg,
70%) as a yellow oil [eluent: petroleum ether/ethyl acetate = 10/1 (440 mL), 5/1 (600
mL)]: 99% ee (HPLC conditions: PC-2 column, hexane/i-PrOH = 50/50, 0.8 mL/min,
A = 214 nm, ¢z (major) = 7.9 min, g (minor) = 13.0 min); [a]*'p = +196.5 (¢ = 0.80,
CHCls); 'H NMR (400 MHz, CDCl3): & = 7.41-7.22 (m, 5 H, Ar-H), 7.20-7.06 (m, 3
H, Ar-H and =CH), 6.90 (d, J = 8.4 Hz, 2 H, Ar-H), 5.20 (d, /= 9.2 Hz, 1 H, CH),
3.81 (s, 3 H, COMe), 3.71 (s, 3 H, OMe), 2.62-2.34 (m, 1 H, OH); *C NMR (100
MHz, CDClL): 6 = 167.6, 159.2, 143.2, 141.9, 133.5, 130.8, 128.7, 128.0, 126.4,
126.3, 113.5, 70.9, 55.2, 52.3; MS (EI 70 ev) m/z (%): 299 (M'+1, 1.90), 298 (M,
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9.21), 105 (100); IR (neat): v = 3424, 3015, 2947, 2837, 1707, 1508, 1444, 1234,

1174, 1017 cm'l; HRMS calcd for C;gH ;304 [M]+: 298.1205, found: 298.1202.
(33) Preparation of methyl (S, E)-4-hydroxy-4-methyl-2-phenylnon-2-enoate ((S,
E)-2k) (hcf-2-128)

Pd(TFA), (4 mol%)
L4 (6 mol%)

H
HO MeOH (4.0 equiv.) CO,Me
—7’%Ph HO:../ ™ "
n-CsHy1 Toluene (2.5 mL) n-CsHi

CO balloon, 70 °C, 24 h
(S)-1k, 97% ee (S, E)-2k, 89%

96% ee

Following Typical Procedure 1V, the reaction of Pd(TFA); (6.8 mg, 0.02 mmol),
L; (16.4 mg, 0.03 mmol), (S)-1k (108.2 mg, 97% ee, 0.5 mmol)/toluene (2.0 mL), and
MeOH (64.9 mg, 2 mmol)/toluene (0.5 mL) afforded (S, £)-2k (123.1 mg, 89%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (440 mL)]:
96% ee (HPLC conditions: PA-2 column, hexane/i-PrOH = 95/5, 1.0 mL/min, A =214
nm, g (major) = 18.2 min, fg (minor) = 13.9 min); [a]ZOD =+15.6 (¢ = 1.01, CHCl5);
'H NMR (400 MHz, CDCls): & = 7.42-7.30 (m, 3 H, Ar-H), 7.24-7.16 (m, 2 H, Ar-H),
7.08 (s, 1 H, =CH), 3.70 (s, 3 H, CO;Me), 1.57-1.44 (m, 2 H, CH»), 1.44-1.16 (m, 10
H, 3 x CH, and CH; and OH), 0.88 (t, J = 7.4 Hz, 3 H, CH3); °C NMR (100 MHz,
CDCly): 0 = 167.9, 149.6, 135.0, 131.3, 129.4, 128.1, 127.8, 74.2, 52.3, 43.1, 32.0,
28.9, 23.6, 22.5, 14.0; MS (ESI) m/z: 299 (M+Na)", 259 (M-OH)"; IR (neat): v =
3495, 2953, 2931, 2860, 1716, 1458, 1435, 1237, 1196, 1020 cm™; HRMS calcd for
C17H240; [M]": 276.1725, found: 276.1722.

6. Synthetic applications
(1) Preparation of methyl (E)-4-hydroxy-2-(4'-methoxy-[1,1'-biphenyl]-4-yl)-
4-methylnon-2-enoate ((E)-7) > (hcf-2-98)
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CO,Me cO,Me
H

H
= Pd(PPhs),Cl, (2 mol%) =
+ MeOOB(OH)z O
n-C5H1?H Br K,COj3 (2.0 equiv.) n—CsH1(1)H
dioxane/H,0(2:1)

80°C, 16 h OMe
(E)-2l (E)-7, 80%

To a flame-dried Schlenk tube were added Pd(PPhs),Cl, (7.0 mg, 0.01 mmol),
(4-methoxyphenyl)boronic acid (116.3 mg, 0.75 mmol), potassium carbonate (138.2
mg, 1.0 mmol), (E)-2l (177.5 mg, 0.5 mmol)/1,4-doxane (2.5 mL), and H,O (1.25 mL)
sequentially under argon. The resulting mixture was stirred at 80 °C for 16 h and then
diluted with 3 mL of ethyl acetate, filtered through a short column silica gel (3 cm)
eluted with ethyl acetate (20 x 2 mL), and concentrated. The residue was purified by
column chromatography on silica gel to afford (£)-7 (152.8 mg, 80%) as a yellow oil
[eluent: petroleum ether/ethyl acetate = 50/1 (510 mL), 20/1 (525 mL), 10/1 (550 mL),
5/1 (240 mL)]: *"H NMR (400 MHz, CDCl3): 8 = 7.60-7.49 (m, 4 H, Ar-H), 7.31-7.20
(m, 2 H, Ar-H), 7.10 (s, 1 H, =CH), 6.98 (d, J = 8.8 Hz, 2 H, Ar-H), 3.85 (s, 3 H,
CO;Me), 3.73 (s, 3 H, OMe), 1.60-1.49 (m, 2 H, CHy), 1.45 (s, 1 H, OH), 1.42-1.18
(m, 9 H, 3 x CH, and CHs), 0.89 (t, J = 7.0 Hz, 3 H, CH3); *C NMR (100 MHz,
CDCl): 6 = 168.0, 159.2, 149.7, 140.3, 133.2, 133.0, 131.1, 129.9, 128.1, 126.4,
114.2, 74.3, 55.3, 52.4,43.2, 32.1, 29.0, 23.7, 22.6, 14.0; MS (EI 70 ev) m/z (%): 383
(M'+1, 6.42), 382 (M", 24.86), 279 (100); IR (neat): v = 3509, 2952, 2931, 2859,
1713, 1608, 1497, 1241, 1176, 1038 cm™'; HRMS calcd for Co4H3004 [M]": 382.2144,
found: 382.2141.

(2) Preparation of (E)-2-(4-bromophenyl)-4-hydroxy-4-methylnon-2-enoic acid
((E)-8) ® (hcf-2-130)

COzMe COzH
H = KOH (2.5 equiv.) H =
OH MeOH/H,0(4:1) OH
n—C5H11 r 50 OC, 2h n—C5H11 Br
(E)-21 (E)-8, 80%

To a flame-dried Schlenk tube were added KOH (70.1 mg, 1.25 mmol), (E)-2I
(177.6 mg, 0.5 mmol)/MeOH (1 mL), and H,O (0.25 mL) sequentially. The Schlenk
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tube was placed in an oil bath pre-heated at 50 °C and stirred for 2 h. To the mixture
was added H,O (5 mL), the organic layer was then washed with 3 N HCI (10 mL),
extracted with ethyl acetate (5 mL x 3), washed with brine (10 mL), and dried over
anhydrous Na,SO,. After filtration and concentration under reduced pressure, the
crude product was purified by column chromatography on silica gel to afford (£)-8
(136.5 mg, 80%) as a white solid [eluent: dichloromethane (200 mL) to
dichloromethane/MeOH = 20:1]:  m.p. 123.7-1244  °C  (petroleum
ether/dichloromethane); *H NMR (400 MHz, DMSO-D): 8 = 12.53 (s, 1 H, COOH),
7.49 (d, J = 8.4 Hz, 2 H, Ar-H), 7.05 (d, J= 8.0 Hz, 2 H, Ar-H), 6.98 (s, 1 H, =CH),
4.50 (s, 1 H, OH), 1.38-1.06 (m, 8 H, 4 x CH), 1.00 (s, 3 H, CH3), 0.83 (t, /= 7.4 Hz,
3 H, CHs); °C NMR (100 MHz, DMSO-Dy): & = 168.4, 151.2, 135.9, 131.9, 130.5,
130.3, 120.3, 72.2, 42.5, 31.9, 28.6, 23.3, 22.2, 14.1; MS (ESI) m/z: 325
M('Br)-OH)", 323 (M(”Br)-OH)"; IR (neat): v = 3387, 2961, 2926, 2870, 2855,
2584, 1693, 1630, 1488, 1232, 1148, 1009 cm™; Anal. Calced. for CsHy ’BrOs: C

56.32, H 6.20; found C 55.95, H 6.25.

(3) Preparation of (E)-2-(4-bromophenyl)-4-hydroxy-4-methylnon-2-enoic acid
((E)-9)" (hcf-2-134)

’ CO,Me CH,OH
= DIBAL-H (3.0 equiv.) H =
OH CH,Cl,
n-CsH Br OH
s -78°C-r.t., 6 h n-CsHy Br
(E)-21 (E)-9, 80%

To a flame-dried Schlenk tube were added (E)-2lI (177.6 mg, 0.5 mmol)/
dichloromethane (5 mL). Then the resulting mixture was stirred at -78 °C with a
balloon of argon for 10 min. After that, DIBAL-H (1.0 M in toluene, 1.5 mL, 1.5
mmol, 3.0 equiv.) was added dropwise within 5 mins. After 3 hours, the resulting
mixture was warmed up to room temperature and stirred at room temperature for 3h
as monitored by TLC. A saturated aqueous solution of potassium sodium tartrate (10
mL) was added with a cooling bath of ice-water. The resulting mixture was then
stirred at room temperature for 2 h. The organic layer was separated, and the aqueous
layer was extracted with DCM (3 x 5 mL). The combined organic layer was washed

S43



with brine (10 mL) and dried with anhydrous Na,SO4. After filtration and
concentration under reduced pressure, the crude product was purified by column
chromatography on silica gel to afford (£)-9 (130.8 mg, 80%) as a yellow oil [eluent:
petroleum ether/ethyl acetate = 10/1 (550 mL), 5/1 (600 mL), 3/1 (200 mL)]: *H
NMR (400 MHz, CDCls): 6 = 7.48 (d, J = 8.4 Hz, 2 H, Ar-H), 7.09 (d, J= 8.0 Hz, 2
H, Ar-H), 5.78 (s, 1 H, =CH), 4.17 (d, J = 5.2 Hz, 2 H, =CH,), 1.62-1.51 (m, 1 H,
OH), 1.51-1.40 (m, 2 H, CH>), 1.37-1.17 (m, 9 H, 3 x CH; and CH3), 1.16 (s, 1 H,
OH), 0.89 (t, J = 7.0 Hz, 3 H, CHs); *C NMR (100 MHz, DMSO-Dy): & = 137.8,
137.5, 134.3, 131.4, 130.4, 121.5, 73.9, 68.9, 43.7, 32.2, 29.5, 23.7, 22.6, 14.1; MS
(ESI) m/z: 351 (M(*'Br)+Na)*, 349 (M(”Br)+Na)’, 293 (M(*'Br)-OH-H,0)", 291
(M(”Br)-OH-H,0)"; IR (neat): v = 3334, 2954, 2929, 2858, 1897, 1710, 1587, 1486,
1460, 1375, 1148, 1071, 1011 cm™; HRMS calcd for CiHas "BrO,Na [M+Na]":

349.0774, found: 349.0762.

(4) Preparation of methyl 4-fluoro-4-methyl-2-(E)-2-(4-bromophenyl)-non-2-
enoate ((E)-10)® (hcf-2-158)

CO,Me 1 coMe
— DAST (1.5 equiv.) =
n-CsHi{ o n-CsHi{ E
CH,Cl, (5.0 mL)
0°C,0.5h
(E)-21 (E)-10, 94%

To a flame-dried Schlenk tube was added a solution of (£)-2l (177.9 mg, 0.5
mmol)/dichloromethane (5 mL) under argon. The resulting mixture was stirred at 0
°C for 10 min. The resulting mixture was added DAST (0.1 mL, d = 1.22 g/mL,
122.0 mg, 0.75 mmol) and stirred at 0 °C for 30 min. After that, the reaction mixture
was poured into a cold sat. NaHCOs3 solution (30 mL) and extracted with CH,Cl, (3
x 10 mL), washed with brine (10 mL), and dried over anhydrous Na,SO,. After
filtration and concentration under reduced pressure, the crude product was purified
by column chromatography on silica gel to afforded (£)-10 (168.1 mg, 94%) as a
yellow oil [eluent: petroleum ether/ethyl ether/dichloromethane = 150/1/1]: *H
NMR (400 MHz, CDCl3): 6 = 7.46 (d, J = 8.0 Hz, 2 H, Ar-H), 7.15-6.96 (m, 3 H,
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Ar-H and =CH), 3.72 (s, 3 H, CO,Me), 1.71-1.49 (m, 2 H, CH,), 1.47-1.14 (m, 9 H,
3 x CH, and CHs), 0.88 (t, J= 7.2 Hz, 3 H, CH;); *C NMR (100 MHz, CDCls): § =
167.3, 145.8 (d, J = 23.5 Hz), 134.1, 131.7 (d, J = 4.6 Hz), 130.9 (d, J = 2.2 Hz),
130.7, 121.6, 96.2 (d, J = 173.8 Hz), 52.5, 40.6 (d, J = 22.8 Hz), 31.8, 26.1 (d, J =
24.2 Hz), 23.2 (d, J = 3.1 Hz), 22.5, 14.0; *F NMR (376 MHz, CDCI3): & = -143.1;
MS (EL 70 ev) m/z (%): 358 (M (*'Br), 45.13), 356 (M"("’Br), 45.11), 146 (100); IR
(neat): v = 2943, 2862, 1718, 1482, 1442, 1241, 1065, 1014 cm™; HRMS calcd for
Ci7Hy,"BrFO, [M]": 356.0787, found: 356.0781.

7. Mechanistic studies:

(1) Reaction of methyl ether 3 (hcf-2-154)

Pd(TFA), (4 mol%)
L, (6 mol%)

MeQ MeOH (4.0 equiv.)
——Ph no expected product + 98% recovery
n-CsHiy Toluene (5.0 mL)
3 CO balloon, 60 °C, 24 h

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L3 (32.8 mg, 0.06 mmol), 3 (230.4 mg, 1 mmol)/toluene (4.0 mL), and MeOH
(130.0 mg, 4 mmol)/toluene (1.0 mL) was conducted for 24 h at 60 °C. Crude 'H
NMR showed that no expected product with 98% recovery of 3.

(2) Reaction of acetate 4 (hcf-2-150)

Pd(TFA), (4 mol%)
L4 (6 mol%)

AcO MeOH (4.0 equiv.)
——Ph no expected product + 84% recovery
n-CsHy1 Toluene (5.0 mL)
4 CO balloon, 60 °C, 24 h

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 4 (258.6 mg, 1 mmol)/toluene (4.0 mL), and MeOH
(129.7 mg, 4 mmol)/toluene (1.0 mL) was conducted for 24 h at 60 °C. Crude 'H
NMR showed that no expected product with 84% recovery of 4.

(3) Reaction of internal alkyne 5 (hcf-2-176)
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Pd(TFA), (4 mol%)
L4 (6 mol%)

MeOH (4.0 equiv.)
%Ph > no expected product + 64% recovery

Toluene (5.0 mL)
5 CO balloon, 60 °C, 24 h

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L3 (32.8 mg, 0.06 mmol), 5 (158.1 mg, 1 mmol)/toluene (4.0 mL), and MeOH
(130.5 mg, 4 mmol)/toluene (1.0 mL) was conducted for 24 h at 60 °C. Crude 'H
NMR showed that no expected product with 64% recovery of 5.

(4) Preparation of 1k-d (hcf-3-169, hcf-3-93)

hcf-3-169:
90%
HO MeOD DO
=—Ph >—=—ph
/ /
n'C5H11 n—C5H11
1k 1k-d

To a solution of 1k (649.9 mg, 3 mmol) was added MeOD (1 mL) under argon.
After shaking the flask at room temperature, the mixture was evaporated under
vacuum directly using the vacuum line connected to argon for 30 min. Repeating the
process five times afforded 1k-d as an oil with 90% D incorporation: *H NMR (400
MHz, CDCls): & = 7.45-7.37 (m, 2 H, Ar-H), 7.34-7.27 (m, 3 H, Ar-H), 1.79-1.69 (m,
2 H, CH3), 1.63-1.49 (m, 5 H, CH; and CH3), 1.41-1.29 (m, 4 H, 2 x CH,), 0.91 (t, J =
7.0 Hz, 3 H, CH3). The following signal is discernible for 1k: 6 2.02 (s, 1 H, OH).

hcf-3-93:
95%
HO MeOD DO
7 ——Ph 7 —Ph
n—05H11 Ar n—C5H11
1k 1k-d

To a solution of 1k (1.0831 g, 5 mmol) was added MeOD (2 mL) under argon.
After shaking the flask at room temperature, the mixture was evaporated under
vacuum directly using the vacuum line connected to argon for 30 min. Repeating the
process five times afforded 1k-d as an oil with 95% D incorporation: *"H NMR (400

MHz, CDCls): § = 7.46-7.37 (m, 2 H, Ar-H), 7.34-7.27 (m, 3 H, Ar-H), 1.80-1.69 (m,
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2 H, CH»), 1.64-1.46 (m, 5 H, CH; and CH3), 1.43-1.27 (m, 4 H, 2 x CH,), 0.91 (t, J =
6.4 Hz, 3 H, CH3). The following signal is discernible for 1k: 6 2.06 (s, 1 H, OH).

(5) Reaction of 1k with MeOD (hcf-2-182B)

Pd(TFA), (4 mol%) 25%
L4 (6 mol%) D
HO MeOD (4.0 equiv.) CO,Me
——Ph S
n-CsHqq Toluene (5.0 mL) n-CsH1{ OH Ph
(o]
1K CO balloon, 60 °C, 0.5 h (E)-2k-d

24% vyield by NMR
76% recovery by NMR

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L,
(32.8 mg, 0.06 mmol), 1k (216.2 mg, 1 mmol)/toluene (4 mL), and MeOD (132.7 mg,
4.0 mmol)/toluene (1 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 60 °C with a balloon of CO for 0.5 h. After that, the resulting mixture
was diluted with 3 mL of ethyl acetate, filtered through a short column of silica gel (3
cm) eluted with ethyl acetate (20 x 2 mL), and concentrated to afford the crude
product. (E)-2k-d (25% deuterium incorporation) was formed as determined by NMR
analysis of the crude product by using CH,Br; as the internal standard.

(6) Reaction of 1k-d with MeOD (hcf-3-170)

PdA(TFA), (4 mol%) 79%
90% Ly (6 mol%) D
DO MeOD (4.0 equiv.) CO,Me
— —Ph .~ =
n-CsHq4 Toluene (5.0 mL) n-CsHi{ OH Ph
1Kk-d CO balloon, 60 °C, 24 h
(E)-2k-d
25% yield

73% recovery

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L; (32.8
mg, 0.06 mmol), 1k-d (217.1 mg, 1 mmol, 90% deuterium incorporation)/toluene (4
mL), MeOD (132.9 mg, 4.0 mmol)/toluene (1 mL) sequentially in a glove box. The

resulting mixture was then frozen with a liquid nitrogen bath, degassed to remove the

S47



nitrogen inside completely, and refilled with CO by a balloon of CO for three times.
Then the resulting mixture was stirred at 60 °C with a balloon of CO for 24 h. After
that, the resulting mixture was diluted with 3 mL of ethyl acetate, filtered through a
short column of silica gel (3 cm) eluted with ethyl acetate (20 x 2 mL), and
concentrated. The residue was purified by column chromatography on silica gel to
afford (E)-2k-d (69.7 mg, 25%) as a yellow oil [eluent: petroleum ether/ethyl acetate
=20/1 (630 mL), 10/1 (220 mL)]: *H NMR (400 MHz, CDCl3): & = 7.41-7.29 (m, 3
H, Ar-H), 7.24-7.14 (m, 2 H, Ar-H), 3.69 (s, 3 H, CO;Me), 1.56-1.44 (m, 2 H, CHy),
1.44-1.14 (m, 10 H, 3 x CH; and CH; and OH), 0.88 (t, J = 7.0 Hz, 3 H, CHs), the
following signal is discernible for (£)-2k: & 7.08 (s, 1 H, =CH); 3C NMR (100 MHz,
CDCl): 6 =167.9, 149.2 (J =23.3 Hz), 135.0, 131.3, 129.4, 128.1, 127.8, 74.1, 52.3,
43.1, 32.0, 28.9, 23.6, 22.5, 14.0; the following signal is discernible for (E)-2k: 149.6,
135.05, 131.4, 74.2; MS (ESI) m/z: 300 (M+Na)", 260 (M-OH)"; IR (neat): v = 3487,
2954, 2931, 2860, 1717, 1434, 1226, 1022 cm™; HRMS calcd for Cj;H,3D03Na
[M+Na]": 300.1680, found: 300.1672.
(7) *H-NMR spectra of 1k with different amount of methanol (hcf-2-188)

1k (21.6 mg, 0.1 mmol) was dissolved in Tol-dg (0.5 mL), the 'H-NMR spectrum
was shown as hcf-2-188-1. Then, 1 equiv. of MeOH (4 pL, 0.1 mmol) was added to
obtain "H-NMR spectra as hcf-2-188-2. This operation was repeated for three times to
the same NMR tube, the spectra are hcf-2-188-3, hcf-2-188-4, and hcf-2-188-5. An
obvious shift of the hydroxy signal was observed.
(8) *H-NMR spectra of methanol with different amount of 1k (hcf-2-188C)

Methanol (16 pL, 0.4 mmol) was dissolved in Tol-ds (0.5 mL), the "H-NMR
spectrum was shown as hcf-2-188C-1. Then, 0.25 equiv. of 1k (5.4 mg, 0.1 mmol)
was added to obtain 'H-NMR spectra as hcf-2-188C-5. This operation was repeated
for three times to the same NMR tube, the spectra are hcf-2-188C-6, hct-2-188C-7,
and hcf-2-188C-8, an obvious shift of the hydroxy signal was observed.
(9) Kinetic Experiments (hcf-3-161)
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Pd(TFA), (4 mol%)

L, (6 mol%) H
HO MeOH (4.0 equiv.) CO,Me
—Ph S
n-CsHq4 Toluene (5.0 mL) n-CsHi{ OH Ph
CO balloon, 60 °C
1k (E)-2k

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L,
(32.8 mg, 0.06 mmol), 1k (216.3 mg, 1 mmol)/toluene (2 mL), MeOH (128.8 mg, 4.0
mmol)/toluene (2 mL), and diphenylmethane (the internal standard, 83.6 pL, d =
1.006 g/mL, 84.1 mg, 0.5 mmol)/toluene (1 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 60 °C with a balloon of CO and monitored at
different time (see Table S4). The yields were determined by 'H NMR measurement
using diphenylmethane as the internal standard.

Table S4. For 1k:

Time /h  Yield of (E)-2k

2 40
4 54
6 65
8 73
12 84
16 90
20 95
24 97

A linear relationship was obtained for In {co/(co-[(E)-2K])} vs. reaction time,
indicating a first-order dependence of reaction rate with respect to propargylic alcohol

in the rate-determining step (Figures S3).
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Figure S3. Determination of the reaction order on propargylic alcohol
(10) Kinetic Experiments (hcf-3-162)

Pd(TFA), (4 mol%)
L, (6 mol%)

HO MeOH (10.0 equiv.) g CO,Me
=——ph ==
n-CsHqq Toluene (5.0 mL) n-CsHi{ OH Ph
CO balloon, 60 °C
1k (E)-2k

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L;
(32.8 mg, 0.06 mmol), 1k (216.3 mg, 1 mmol)/toluene (2 mL), MeOH (321.4 mg,
10.0 mmol)/toluene (2 mL), and diphenylmethane (the internal standard, 83.6 pL, d =
1.006 g/mL, 84.1 mg, 0.5 mmol)/toluene (1 mL) sequentially under argon. The
resulting mixture was then frozen with a liquid nitrogen bath, degassed to remove the
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argon inside completely, and refilled with CO by a balloon of CO for three times.

Then the resulting mixture was stirred at 60 °C with a balloon of CO and monitored at

different time (see Table S5). The yields were determined by 'H NMR measurement

using diphenylmethane as the internal standard.

Table S5. For 1k:

Time /h

Yield of (E)-2k

2
4
6
8
12
16

67
80
86
90
95
98

A linear relationship was obtained for In {co/(co-[(E)-2K])} vs. reaction time,

indicating a first-order dependence of reaction rate with respect to propargylic alcohol

in the rate-determining step (Figures S4).
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Figure S4. Determination of the reaction order on propargylic alcohol-10.0-fold MeOH
(11) Measuring the rate of H/D-scrambling (hcf-3-109)
To a solution of 1k (8.2 mg, 0.038 mmol) in CDCl; (1 mL) was added MeOD (6.5
uL, 0.813 g/mL, 0.16 mmol), then the mixture was subjected to 'H NMR analysis
immediately, the H/D-exchange process was found to reach equilibrium state within 3

minutes.

(12) Kinetic Isotope Effect (KIE) Experiments (hcf-3-99, 100)

1) Pd(TFA), (4 mol%)
L, (6 mol%) H
HOQ MeOH (4.0 equiv.) COo,Me
—Ph =
n-CsHyq4 Toluene (5.0 mL) n-CsHi{ OH Ph
CO balloon, 60 °C
1k (E)-2k
2) Pd(TFA), (4 mol%)
95% L, (6 mol%) D
DO MeOD (4.0 equiv.) CO,Me
——PFPh =
n-CsHq4 Toluene (5.0 mL) n-CsHi{ OH Ph
CO balloon, 60 °C
1k-d (E)-2k-d

parallel reaction, KIE = ky/kp = 16

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L,
(32.8 mg, 0.06 mmol), 1k (216.3 mg, 1 mmol)/toluene (3 mL), MeOH (128.7 mg, 4.0

mmol)/toluene (1 mL), and diphenylmethane (the internal standard, 83.6 uL, d =
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1.006 g/mL, 84.1 mg, 0.5 mmol)/toluene (1 mL) sequentially in a glove box. The
resulting mixture was then frozen with a liquid nitrogen bath, degassed to remove the
nitrogen inside completely, and refilled with CO by a balloon of CO for three times.
Then the resulting mixture was stirred at 60 °C with a balloon of CO and monitored at
different time (see Table S6). The yields were determined by 'H NMR measurement

using diphenylmethane as the internal standard.

Table S6. For 1k:

Time/h 1 1.5 2 3 4
NMR yield of (E)-2k/% 27 32 36 43 53

Due to the nature of the experiment, plots to determine the KIE were taken for 1k

(Figure S5).

0.8 5

Equation In {eo/{co[(EF-2K])} = K't+b n
Adj. R-Square 097942 .
0.7 4 Value Standard Error

b Intercept 0.17308 0.02575

k Slope 0.14028 0.01014

0.6
0.5
0.4 4 .

03 =

In {e,/(c,A(E)-2K1)}

0.2 4

0.1 4
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time /h

Figure S5. Linear function fit for reaction rate of 1k to obtain &y

To another dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L;
(328 mg, 0.06 mmol), 1k-d (2172 mg, 1 mmol, 95% deuterium
incorporation)/toluene (3 mL), MeOD (132.6 mg, 4.0 mmol)/toluene (1 mL), and
diphenylmethane (the internal standard, 83.6 puL, d = 1.006 g/mL, 84.1 mg, 0.5
mmol)/toluene (1 mL) sequentially in a glove box. The resulting mixture was then
frozen with a liquid nitrogen bath, degassed to remove the nitrogen inside completely,

and refilled with CO by a balloon of CO for three times. Then the resulting mixture
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was stirred at 60 °C with a balloon of CO and monitored at different time (see Table
S7). The yields were determined by '"H NMR measurement using diphenylmethane as

the internal standard.

Table S7. For 1k-d:

Time/h 1.5 2 3 4 5
NMR yield of (E)-2k-d/% 9.0 9.5 10.2 11 11.8

Due to the nature of the experiment, plots to determine the KIE were taken for 1k-d

(Figure S6).
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Figure S6. Linear function fit for reaction rate of 1k-d to obtain kp

Finally, the intermolecular isotope effect value is determined as 16.

ku/kp = (0.14028)/(0.00878) = 16

(13) Preparation of methyl (E)-2-(methoxycarbonylphenyl)-4-hydroxy-
4-methylnon-2-enoate ((E)-2y) (hcf-3-155)

PA(TFA); (4 mol%) H
L, (6 mol%) COMe

=

HO MeOH (4.0 equiv.)
ﬁ%@—COZMe n-CsHii oH
n-CsHyq1

Toluene (5.0 mL)
1y CO balloon, 60 °C, 24 h

CO-Me
(E)-2y, 85%
14% recovery by NMR

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04

mmol), L; (32.8 mg, 0.06 mmol), 1y (274.4 mg, 1 mmol)/toluene (4.0 mL), and
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MeOH (128.8 mg, 4 mmol)/toluene (1.0 mL) afforded (E£)-2y (282.9 mg, 85%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 25/1 (520 mL), 10/1 (550 mL)]: *H
NMR (400 MHz, CDCls): 6 = 8.03 (d, /= 8.0 Hz, 2 H, Ar-H), 7.28 (d, /= 8.0 Hz, 2
H, Ar-H), 7.10 (s, 1 H, =CH), 3.92 (s, 3 H, CO:Me), 3.70 (s, 3 H, CO,Me), 1.59-1.44
(m, 2 H, CHy), 1.43-1.11 (m, 10 H, 3 x CH; and CHj3 and OH), 0.88 (t, /= 7.0 Hz, 3
H, CHs); *C NMR (100 MHz, CDCls): & = 167.4, 166.7, 150.2, 140.6, 130.8, 129.6,
129.4, 129.1, 74.2, 52.4, 52.1, 43.1, 32.0, 28.8, 23.6, 22.5, 14.0; MS (70 eV, EI) m/z
(%): 303 (M'-OMe, 7.61), 231 (100); IR (neat): v = 3509, 2953, 2932, 2860, 1717,
1607, 1435, 1273, 1239, 1108, 1018 cm™'; HRMS calcd for C1oHa605 [M]": 334.1780,

found: 334.1778.

(14) Preparation of methyl (E)-2-(4-methylphenyl)-4-hydroxy-4-methylnon-2-
enoate ((E)-2z-A) (hcf-3-154)

Pd(TFA), (4 mol%) H
L, (6 mol%) __COMe
HO MeOH (4.0 equiv.)
%%@— =  n-CsHi{ on
n-CsHq4 Toluene (5.0 mL)
1z-A CO balloon, 60 °C, 24 h

(E)-2z-A, 96%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1z-A (230.5 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (129.1 mg, 4 mmol)/toluene (1.0 mL) afforded (£)-2z-A (278.9 mg, 96%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 20/1 (420 mL), 10/1 (440 mL)]: *H
NMR (400 MHz, CDCls): 6 = 7.18 (d, J= 7.6 Hz, 2 H, Ar-H), 7.09 (d, J= 7.6 Hz, 2
H, Ar-H), 7.06 (s, 1 H, =CH), 3.70 (s, 3 H, CO,Me), 2.36 (s, 3 H, CH3), 1.57-1.46 (m,
2 H, CH,), 1.46-1.40 (m, 1 H, OH), 1.40-1.17 (m, 9 H, 3 x CH, and CH3), 0.88 (t, J =
7.2 Hz, 3 H, CH;); ®C NMR (100 MHz, CDCls): & = 168.1, 149.5, 137.7, 131.9,
131.3, 129.3, 128.9, 74.3, 52.3, 43.2, 32.1, 29.0, 23.6, 22.5, 21.2, 14.0; MS (70 eV, EI)
m/z (%): 259 (M'-OMe, 4.72), 187 (100); IR (neat): v = 3488, 2953, 2930, 2861,
1717, 1456, 1456, 1434, 1237, 1018 cm™; HRMS calcd for C1sHz603 [M]™: 290.1882,

found: 290.1878.

(15) Preparation of methyl (E)-2-(4-methoxyphenyl)-4-hydroxy-4-methylnon-2-
enoate ((E)-2z-B) (hcf-3-156)
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PA(TFA), (4 mol%) H
L, (6 mol%) __COMe
HO MeOH (4.0 equiv.)
%%@—OMe =  n-CsHi{ o
n-CsHq4 Toluene (5.0 mL)
1z-B CO balloon, 60 °C, 24 h
OMe

(E)-2z-B, 97%

Following Typical Procedure 1V, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1z-B (246.3 mg, 1 mmol)/toluene (4.0 mL), and
MeOH (129.3 mg, 4 mmol)/toluene (1.0 mL) afforded (E)-2z-B (296.8 mg, 97%) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 25/1 (525 mL), 10/1 (550 mL)]: *H
NMR (400 MHz, CDCls): 6 = 7.13 (d, J = 8.8 Hz, 2 H, Ar-H), 7.06 (s, | H, =CH),
6.90 (d, J= 8.8 Hz, 2 H, Ar-H), 3.81 (s, 3 H, OCH3), 3.71 (s, 3 H, CO,Me), 1.58-1.42
(m, 3 H, CH; and OH), 1.41-1.15 (m, 9 H, 3 x CH; and CH3), 0.88 (t,/=7.2 Hz, 3 H,
CH;); ®C NMR (100 MHz, CDCls): & = 168.2, 159.2, 149.6, 131.0, 130.7, 126.7,
113.7,74.3,55.2,52.3,43.2, 32.1, 29.0, 23.6, 22.5, 14.0; MS (70 eV, EI) m/z (%): 306
(M", 4.39), 203 (100); IR (neat): v = 3499, 2953, 2932, 2861, 1715, 1608, 1512, 1460,

1435, 1241, 1174 cm™; HRMS caled for C15H604 [M]': 306.1831, found: 306.1825.

(16) Electronic effect investigation (hcf-3-158, hcf-3-159, hcf-3-160, hcf-3-163)
PA(TFA), (4 mol%)

L4 (6 mol%) H CO,Me
HO MeOH (4.0 equiv.) ==
— Br -
> < > n-CsH
n-CsHy1 Toluene (5.0 mL) > OH
11 CO balloon, 60 °C
Br
(E)-21

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L;
(32.8 mg, 0.06 mmol), 11 (295.3 mg, 1 mmol)/toluene (2 mL), MeOH (129.4 mg, 4.0
mmol)/toluene (2 mL), and diphenylmethane (the internal standard, 83.6 uL, d =
1.006 g/mL, 84.1 mg, 0.5 mmol)/toluene (1 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 60 °C with a balloon of CO and monitored at

different time (see Table S8). The yields were determined by 'H NMR measurement

S56



using diphenylmethane as the internal standard.

Table S8. For 1lI:

Time/h  Yield of (E)-2I

2 35
4 46
6 60
8 67
10 74
12 80
Pd(TFA), (4 mol%) H
L, (6 mol%) CO,Me
HO L C CoMe MeOH (4.0 equiv.) S
n-CgHyq4 ’ Toluene (5.0 mL) n-CsHii o
1y CO balloon, 60 °C

CO-Me
(Ey2y ~?

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L,
(32.8 mg, 0.06 mmol), 1y (274.4 mg, 1 mmol)/toluene (2 mL), MeOH (128.9 mg, 4.0
mmol)/toluene (2 mL), and diphenylmethane (the internal standard, 83.6 uL, d =
1.006 g/mL, 84.1 mg, 0.5 mmol)/toluene (1 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 60 °C with a balloon of CO and monitored at
different time (see Table S9). The yields were determined by "H NMR measurement
using diphenylmethane as the internal standard.

Table S9. For 1y:

Time/h  Yield of (E)-2y
1 13

2 18
4 26
6 41
8 48
10 57
12 64
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Pd(TFA), (4 mol%)

L+ (6 mol%) 1 coMe
HO MeOH (4.0 equiv.) ==
; — < > n-CgH
n-CsHq4 Toluene (5.0 mL) 571 OH
1z-A CO balloon, 60 °C
(E)-2z-A

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L,
(32.8 mg, 0.06 mmol), 1z-A (230.4 mg, 1 mmol)/toluene (2 mL), MeOH (129.1 mg,
4.0 mmol)/toluene (2 mL), and diphenylmethane (the internal standard, 83.6 puL, d =
1.006 g/mL, 84.1 mg, 0.5 mmol)/toluene (1 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 60 °C with a balloon of CO and monitored at
different time (see Table S10). The yields were determined by 'H NMR measurement
using diphenylmethane as the internal standard.

Table S10. For 1z-A:

Time / h Yield of (E)-2Z-A
1 48

63

78

86

92

10 95

Pd(TFA), (4 mol%) H
L, (6 mol%) CO,Me

HO MeOH (4.0 equiv.) ==
H: >—OMe
n-CsH
n-CgHq4 Toluene (5.0 mL) STt OH

1z-B CO balloon, 60 °C

o N BN

(E)-22-B OMe

To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg, 0.04 mmol), L,
(32.8 mg, 0.06 mmol), 1z-B (246.4 mg, 1 mmol)/toluene (2 mL), MeOH (128.9 mg,
4.0 mmol)/toluene (2 mL), and diphenylmethane (the internal standard, 83.6 puL, d =
1.006 g/mL, 84.1 mg, 0.5 mmol)/toluene (1 mL) sequentially under argon. The

resulting mixture was then frozen with a liquid nitrogen bath, degassed to remove the
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argon inside completely, and refilled with CO by a balloon of CO for three times.
Then the resulting mixture was stirred at 60 °C with a balloon of CO and monitored at
different time (see Table S11). The yields were determined by 'H NMR measurement
using diphenylmethane as the internal standard.

Table S11. For 1z-B:

Time / h Yield of (E)-2z-B
0.5 56

64

75

90

95

98

0 AN B~ N =

Combing the above data, a linear relationship was obtained for In
{co/(co-[(E)-2K-R])} vs. reaction time, indicating that the electronic effect has a

significant effect on the rate-determining step (Figure S7).

1 = R =0Me
504 ! ® R=Me
1 It A R=H
4.5 I v R=8Br
I 94 R=CO,Me
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Figure S7. In {co/(co-[(E)-2k-R])} vs. time (R-square is the coefficient of
determination)
(17) Preparation of 4-methoxycarbonylphenyl (E)-4-hydroxy-4-methyl-2-phenyl-
non-2-enoate ((E)-2ke) (hcf-3-31)
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Pd(TFA), (4 mol%)

L4 (6 mol%) CO,Me
HOOCOQMe ! Q/
HO .
> — pp (4.0 equiv.) . = O
n-CsHq4 Toluene (5.0 mL) n-CsHi{ HH Ph
CO balloon, 60 °C, 24 h
1k (E)-2ke, 12%

88% recovery

Following Typical procedure IV, the reaction of Pd(TFA), (13.6 mg, 0.04
mmol), L; (32.8 mg, 0.06 mmol), 1k (216.3 mg, 1 mmol)/toluene (4 mL), and
4-methoxycarbonylphenol (608.9 mg, 4 mmol)/toluene (1 mL) afforded (E)-2ke (46.7
mg, 12%) (88% of 1k remained based on 'H NMR analysis of the crude product) as a
yellow oil [eluent: petroleum ether/ethyl acetate = 50/1(~200 mL), 20/1 (630 mL),
10/1 (550 mL), 5/1 (240 mL)]: *H NMR (400 MHz, CDCls): 8 = 8.04 (d, J = 8.4 Hz,
2 H, Ar-H), 7.46-7.27 (m, 6 H, Ar-H and =CH), 7.16 (d, /= 8.8 Hz, 2 H, Ar-H), 3.89
(s, 3 H, COMe), 1.61-1.50 (m, 2 H, CH;), 1.50-1.18 (m, 10 H, 3 x CH; and CH3 and
OH), 0.90 (t, J = 7.0 Hz, 3 H, CH;); *C NMR (100 MHz, CDCls): & = 166.3, 165.4,
154.6, 151.9, 134.4, 131.0, 130.8, 129.5, 128.3, 128.2, 127.6, 121.5, 74.4, 52.1, 43.1,
32.1, 28.9, 23.6, 22.5, 14.0; MS (ESI) m/z: 419 (M+Na)’, 414 (M+NH,)", 379
(M-OH)"; IR (neat): v = 3516, 2959, 2940, 2862, 1717, 1436, 1278, 1186, 1160 cm™;
HRMS calcd for C,4H,30sNa [M+Na]": 419.1829, found: 419.1820.

(18) Preparation of p-tolyl (E)-4-hydroxy-4-methyl-2-phenylnon-2-enoate

((E)-2kf) (hcf-3-101, hcf-3-38)

Pd(TFA), (4 mol%)
L, (6 mol%)

b o 1

HO

> — pp (4.0 equiv.) = @)
n-CsHqq Toluene (5.0 mL) n-CsHi{' 5y Ph
CO balloon, 60 °C, 24 h
1k (E)-2kf, NMR yield = 50%

recovery = 49%

Typical Procedure V: To a flame-dried Schlenk tube were added Pd(TFA), (13.6 mg,
0.04 mmol), L; (32.8 mg, 0.06 mmol), 1k (216.3 mg, 1 mmol)/toluene (4 mL), and
p-cresol (432.8 mg, 4.0 mmol)/toluene (1 mL) sequentially under argon. The resulting
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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 60 °C with a balloon of CO for 24 h. After that, the
resulting mixture was diluted with 3 mL of ethyl acetate, filtered through a short
column of silica gel (3 cm) eluted with ethyl acetate (20 x 2 mL), and concentrated.
The crude product was purified by column chromatography on silica gel to afford
impure mixture (410.7 mg) [eluent: petroleum ether/ethyl acetate = 50/1 (~200 mL),
20/1 (1050 mL), 10/1 (440 mL)] as a solid containing (E)-2kf (162.1 mg, 0.46 mmol,
46%) and p-cresol (248.6 mg, 2.30 mmol) since the Rf values of p-cresol and product
are almost the same [50% of (E)-2kf and 49% of 1k were detected based on 'H NMR
analysis of the crude product]. The pure sample of (£)-2kf was prepared as a yellow
oil by preparative thin layer chromatography (TLC, 20 x 20 cm®) eluted with
petroleum ether/ethyl acetate = 3/1: 'H NMR (400 MHz, CDCl;): & = 7.48-7.28 (m, 5
H, Ar-H), 7.25 (s, 1 H,=CH), 7.13 (d, /= 8.0 Hz, 2 H, Ar-H), 6.94 (d, /=8.4 Hz, 2 H,
Ar-H), 2.31 (s, 3 H, CH3), 1.64-1.49 (m, 2 H, CH,), 1.49-1.19 (m, 10 H, 3 x CH; and
CH; and OH), 0.89 (t,J= 7.2 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls): & = 166.2,
151.0, 148.7, 135.3, 134.8, 131.2, 129.8, 129.6, 128.2, 128.0, 121.1, 74.4, 43.1, 32.1,
29.0, 23.6, 22.5, 20.8, 14.0; MS (EI 70 ev) m/z (%): 352 (M, 1.16), 43 (100); IR
(neat): v = 3502, 2956, 2931, 2861, 1731, 1507, 1213, 1192, 1167 cm™'; HRMS calcd
for Co3Hag03 [M]': 352.2038, found: 352.2042.

(19) Preparation of 4-methoxyphenyl (E)-4-hydroxy-4-methyl-2-phenylnon-2-

enoate ((E)-2kg) (hcf-3-102, hcf-3-52)
Pd(TFA);, (4 mol%)

L4 (6 mol%) OMe
HOOOMe 0 /@
HO H
> — Ph (4.0 equiv.) S (0]
n-CsHq4 Toluene (5.0 mL) n-CsHq4 OH Ph
CO balloon, 60 °C, 24 h
1k (E)-2kg, NMR yield = 58%

recovery = 41%

Following Typical procedure V, the reaction of Pd(TFA), (13.6 mg, 0.04 mmol),
L: (32.8 mg, 0.06 mmol), 1k (216.3 mg, 1 mmol)/toluene (3 mL), and

4-methoxyphenol (496.9 mg, 4 mmol)/toluene (2 mL) afforded a solid (574.5 mg)
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[eluent: petroleum ether/ethyl acetate = 50/1 (~200 mL), 20/1 (1050 mL), 10/1 (440
mL)] containing (E)-2kg (206.2 mg, 0.56 mmol, 56%) and 4-methoxyphenol
(368.3mg, 2.97 mmol) since the Rf values of 4-methoxyphenol and product are
almost the same [58% of (E)-2kg and 41% of 1k were detected based on 'H NMR
analysis of the crude product]. The pure sample of (E)-2kg was prepared as a yellow
oil by preparative thin layer chromatography (TLC, 20 x 20 cm®) eluted with
petroleum ether/ethyl acetate = 3/1: 'H NMR (400 MHz, CDCl;): & = 7.51-7.28 (m, 5
H, Ar-H), 7.25 (s, 1 H, =CH), 6.98 (d, /= 8.8 Hz, 2 H, Ar-H), 6.84 (d, /=8.8 Hz, 2 H,
Ar-H), 3.76 (s, 3 H, OMe), 1.66-1.49 (m, 2 H, CH3), 1.49-1.19 (m, 10 H, 3 x CH; and
CH; and OH), 0.89 (t,J= 7.0 Hz, 3 H, CH3); *C NMR (100 MHz, CDCls): & = 166.3,
157.1, 151.0, 144.5, 134.8, 131.2, 129.5, 128.2, 128.0, 122.2, 114.3, 74.4, 55.5, 43.1,
32.1, 28.9, 23.6, 22.5, 14.0; MS (EI 70 ev) m/z (%): 368 (M", 6.06), 43 (100); IR
(neat): v = 3487, 2948, 2937, 2869, 2844, 1724, 1509, 1238, 1194, 1172, 1158 cm;
HRMS calcd for Cy3H,304 [M]+: 368.1988, found: 368.1993.

(20) Preparation of 4-chlorophenyl (E)-4-hydroxy-4-methyl-2-phenylnon-2-

enoate ((E)-2kh) (hcf-3-103, hcf-3-53)
Pd(TFA), (4 mol%)

HO HOOCI o Q/
— pn (4.0 equiv.) . = O
n-CsHq; Toluene (5.0 mL) n-CsH;{ OH Ph
1k CO balloon, 60 °C, 24 h

(E)-2kh, NMR vyield = 18%
recovery = 82%

Following Typical procedure V, the reaction of Pd(TFA), (13.6 mg, 0.04 mmol),
L; (32.8 mg, 0.06 mmol), 1k (216.4 mg, 1 mmol)/toluene (3 mL), and 4-chlorophenol
(514.5 mg, 4 mmol)/toluene (2 mL) afforded a solid (189.3 mg) [eluent: petroleum
ether/ethyl acetate = 50/1 (~200 mL), 20/1 (1050 mL), 10/1 (440 mL)] containing
(E)-2kh (63.4 mg, 0.17 mmol, 17%) and 4-chlorophenol (125.9mg, 0.98 mmol) since
the Rf values of 4-chlorophenol and product are almost the same [18% of (E)-2kh and
82% of 1k were detected based on '"H NMR analysis of the crude product]. The pure
sample of (E)-2kh was prepared as a yellow oil by preparative thin layer
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chromatography (TLC, 20 x 20 cm?) eluted with petroleum ether/ethyl acetate = 3/1:
'H NMR (400 MHz, CDCls): & = 7.47-7.22 (m, 8 H, Ar-H and =CH), 7.02 (d, J= 8.8
Hz, 2 H, Ar-H), 1.64-1.49 (m, 2 H, CH»), 1.49-1.19 (m, 10 H, 3 x CH; and CH3 and
OH), 0.89 (t, J = 7.2 Hz, 3 H, CHz); *C NMR (100 MHz, CDCl3): & = 165.7, 151.7,
149.4, 134.5, 131.1, 130.9, 129.5, 129.3, 128.3, 128.2, 122.9, 74.4, 43.1, 32.1, 28.9,
23.6, 22.5, 14.0; MS (ESI) m/z: 397 (MC'Cl)+Na)", 395 (M(*’Cl)}+Na)’, 357
MC'C1)-0H)", 355 (M(*°’C1)-OH)"; IR (neat): v = 3437, 2958, 2931, 2871, 1732,
1486, 1196, 1164, 1090, 1014 cm™; HRMS caled for CiHos>ClOsNa [M+Na]™:
395.1384, found: 395.1377.

The negative value for p points out the reaction favors phenols with

electron-donating groups (Table 12, Figure S8).

Table 12. Hammett study with phenols bearing various substituents

Pd(TFA), (4 mol%)
L, (6 mol%) R
L e g (T
> — ph (4.0 equiv.) = o
n-CgHqq Toluene (5.0 mL) n-CsHi{ gn Ph
CO balloon, 60 °C, 0.5 h
1k (E)-2
entry R Yield/%

1 H 11
2 MeO,C 3.5
3 Me 14
4 MeO 16
5 Cl 6
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Equation In Kk = p*o+b
Adj. R-Square 0.97934
Value Standard Error
Intercept -0.124 0.04158
Slope -2.14761 0.15556

-0.3

-0.2

0.0 0.1 0.2 0.3 0.4 05
o

Figure S8. Hammett equation of phenols with varying acidity
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Il __——68.468
E
—— 52324
o
o
—31.822
3 36733
/29545
1 & 29529
S 20.476
- NN
E N 20308
| W\ 29.302
N\ —29.256
— \Q— 24.907
| N 22,509
— 14,045
o
)
s,
=
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FHEREASE B U AT

Prect Nere s rapy 5 Breeze 2
Reported by User: Breeze (ser (Breeze) HFLC System
SAMPLE INFORMATION
Sarpe Nare hoy2-114ashgr-3-1-214 Accyired By: Ereere
Sanple Type: il Dete Acqiret 211724 105538CST
Ma: 90 Acg VEthod g7
Injection#: 285 Cete Processed 8124 152310CsST
Irjection Ve 1000u Cramd Nare: V4B A
Rn Time 2000 Mrutes Chard Oesc: VW48 ChA 214
Colum Type Sanple Set Nae
020 <]
8
H CO;Me '+
080 _ Lo B
n-Cy1Hzs ®
om -
060 o
050 (£, E)-2x
oo ]
<
040
020
020
010 J
D.w -—_—_/L’ o =] -]
000 200 400 600 8 1000 1200 1400 1600 1800 20
4
RT | Aea |, Hagt | %
E Yolvea .
(min) | (Wsec) (@) | Heagt
1| 7648 | 19328080 | S00C | 91ZME| SB8TE
2| 89| 1983113 | 500C | 69657 | 432
Repart Nethod inchickel Repat ASC Prirtet 201872
Page: 1 (ki 1) 1523810 PRC
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FHEREASE B U AT

Prjec Nere s rapy 5Breeze-2
Reported by User: Breeze (ser (Breeze) HFLC System
SAMPLE INFORMATION
Sarpe Nare hoy-2-118as-h97-3-1-214 Accyired By: Ereere
Sanple Type: A Cete Acqiredt 2181124 123005CST
Ma: 98 Aoq Method g7
Injection#: 288 Cete Processed 2181124 152506 CST
Irjection Vilume: 10004 Cramel Narre VMO
RnTime 2000 Mrutes Charrel Desc: V2483 ChA 214rm
Colum Type Sanple Set Nae
036
H  COMe
020 =
n-CygHag'
OH
035
Br
020 (8. E)-2x
oo ]
<
015
010
i3 &
T
[
oo r.3 T r.3
om 2m 4m 800 8m 1000 1200 1400 1600 1800 Dm0
e
RT | Aea gt | %
5 Yohma .
(min) | (Asec) @ | Heigt
17444 553 05| 284| awE
2| 8641 | SBI0E | 942 | BOE| DZ
Repat Methodt Inchickel Repat ASC Plintect 20181/
Page: 1 (JLif 1) 15265 PRC
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o

MZVWeT
NM=F0Z% %
gy e
= m‘“a
ow ZMy
SRCR =R
o~ oL
[
38 o
@Dk W
)
==

=
R

W[

7.397
7.380
7.342
7.324
7.306
7.288
7.284
7.280
7.274
7.265
7.252
7.212
7.207
7.183
7171
7.147
5.200
5.177
3.730

\

Zs/8

i

by
~

J

YOE

S177

2132

-0.000



ooz

051

ool

Wdd
1

Z
[E]
WN

€122 1 IN3ATOS

£
L

ZHWN 9F | 6¥. 66!
ZHW LS5.25°00

000}

8102 62 uer
o-ZelL-Z Yy

AZ-(3 ')

S178

HO

-lid

3Nc0D

167.364

——143.439
= 141.731

_—124.300

134.042
128.548
128.759

52.339



hcf-2-125-pa—-2-80-20-0. 7-214

2018-02-02, 15:21:17 R &efE]: 2018-02-02, 17:16:54
‘\zhuguang jiong'\hef 20180131 hef-2-125-pa-2-
214. org

SRR (F]:
i B f
80-20-0. 7

E e tdond

T it | -0-125- a0~ _7-214.
1.500 (338 B (hef-2-125-pa-2-80-20-0. 7-214. org)
1.400
1,300
1.200 H  COMe
1,100

10 Ph Ph
OH

(+, B)-2v

B (mv)
3
(=]

.

=3

=)
13.965

=S
(=]
16.398

0 1 2 3 4 5 6 7 B 9 1 11 12 13 14 15 16 17 18 19 20

¥ (8] (min)
R =
L2357 e 47 R E T fA) L33 UG T AR SR
1 13. 965 298364, 969 7329453, 500 49. 5159
2 16. 398 212095, 734 7472764. 000 50. 4841
Bit 510460, 703 14802217. 500 100. 0000
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hcf-2-132-pa—-2-80-20-0. 7-214

LERTE]: 2018-02-02, 16:06:47 iR ef(E]: 2018-02-02,17:18:24
i PE 4% :D 2 \zhuguang jiong\ hef 20180131 \hef 2-132-pa—2—
80-20-0. 7-214. . org

KL AFNG I
38 (hef-2-132-pa-2-80-20-0. 7-214. . org)
2,400
2,200
2,000 H CO,Me
1,800 ——
1,600 Phi Ph
’g 1,400 OH
14 1,200 (R, E)-2v
:_[p
1,000
P
800 &
600 b4
A
400 |I
o
200 8
~
0 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22
¥ (8] (min)
S RFE
L2357 e 47 R E T fA) U U T AR SR
1 14. 027 546686. 625 13619557. 000 99. 4113
2 17.008 1243, 959 80652. 625 0. 5887
B 547930. 584 13700209. 625 100. 0000

S180



38
H CO,Me
Phi
OH
OMe

(R, E)-2w
hef-2-152-H
Mar 11 2018
SOLVENT: cdcl3
NA 4

F1 = 399.749542 MHz
F2 = 100.526031 MHz

7.279
7.129

7122
7.108
7.098

6.911

6.890

5.188

5.211

087

3811
3.714
2.501
2424

AR

a7

84

0.000

12 10 8
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Wdd

OOIZ

SIEBER
oy =
88az8wp
~onD 50
Br 9
o o ]
N =
o~ F -
== =
IT 2 o |
NN J!]
b 3
z o
Q =
= (]
@
167.645
159.219
143151
—_— 141.853

—126.307

113.525
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hef-2-126—pc—-2-50-50-0. 8-214

SLERT(E]: 2018-02-06, 10:26:57 R ef(E]: 2018-02-06, 12:29:43
i PE 3 4% :D 2 \zhuguang jiong\ hef 20180205 \hef —2-126—pe—2—
50-50-0. 8-214. . .org

FL A S
£ B (hef-2-126-pe-2-50-50-0. 8-214. . . org)
2,400
2,200 H  COMe
000 —
2 Ph
1.800 OH
1,600 OMe
< 1,400 (+, E)-2w
-
s o
?%Lmo g
1,000 i
800/ I
600/
400/
200
e
01234567 8 910111213141516
¥ (8] (min)
S RFE
L2357 e 47 fRE T [A) U U T AR e
1 9. 602 973350. 625 19930722, 000 50. 1094
2 20. 880 232116. 125 19843714. 000 49, 8906
,ﬂﬂ— 1205466, 750 39774436, 000 100. 0000
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R L

HW AT

Project Nae defats foroopy 5Bfeeze'2
R by User B U —— HPLC System
SAMPLE INFORMATION
Sange Nare hd2-12pc-2808008214 Aorpired By, Ereere
Saple Type A Dete Aocpired 18313182301 CST
ik o0 Acq Methodt 2550
Injection#: 17 Dete Processed 2N8/313 1847.07 CST
Injection Vidume 10004 Chamel Naree 488 (hAy
RnTime 2000 Mrutes Charrel Desc: V2483 ChA 214rm
Colum Type Sanple St Nare
250
H  COMe
200 pro{
OH
OMe
150 (R. E)-2w
2
<
100
050
@
ot
o
000 r.3 T — .y
000 200 400 600 800 1000 1200 1400 1600 1800 000
]
RT Aea Heigt | %
; Y%Ama i
(min) | (iitsec) (W) | Heght
1| 7007 | SoPoEEeE | 90EE | 510851 | BT
2( 12987 | 2188C| QX M| 0z
Repart Methort Inchick el Report ASC Printect 20183/
Page: 1 (JLif 1) 1847:21 PRC
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oo HhoT D P~ FTOOTTO—-—OONMNMO
Beaaals 3 BEIand8NERES
e e o 111111110000
1000
hef-2-128-H
Jan 26 2018
SOLVENT: cdcl3
NA = 4
F1 = 399.749542 MHz
F2 = 100.526031 MHz
3lo7 Jo05 &aw
2/4
g3
1foo
_ |
T T T T T T T T T T T T T T T
12 10 8 2 o PPM
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00Z

0sk

(£}
L4
N

0-8Z1-2-PY

AR
€/9P3 1 INIAT0S

210¢ 9¢ uer
¥Z-(3‘S)

ZHN 9P L6¥L 66E
ZHIN LSS.25°001

167.910

— 149572

134,988
—_— 131.309

0oL

——120.412
128.068
127.833

— 52,316

— 43.078

—— 32.042

0

Ndd

— 28915

—— 23.579
TT— 22501

13.977
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FHEREASE B U AT

Prjec Nere s rapy 5Breeze-2
Reported by User: Breeze (ser (Breeze) HFLC System
SAMPLE INFORMATION
Sarpe Nare hd246pa2651-214 Accyired By: Ereere
Saple Type A Dete Aocpirect 2018/1/25 11440 CST
Ma: 98 Aoq Method g%
Injection#: | Dete Processed N8B 183736 CST
Injection Vidlume: 100U Crerrel Narre V248 A
RnTime 60.00 Mrutes Charrel Desc: V2483 ChA 214rm
Colum Type Sanple Set Nae
080 %
o 2 —
b‘":. O:Me
= —
080 =
050
S 040
020
020
010
000
om 500 1000 1500 00 20 00 B0 4000 450 5000
e
RT | Aea gt | %
; Y%Ama A
(rrin) | (filtsec) (# | Hegt
1( 13542 | 209738066 | 50 | 777E | &7
2| 1777 | 2B18A0C | 4964 | 5967%E | 432
Repat Method. Inchickel Report ASC Plirtet 20181
Page: 1 (JLif 1) 184030 PRC
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FHEREASE B U AT

Prject Nare efats r oy 5 Breeze 2
Reported by User: Brecze user (Breeze) HFLC System
SAMPLE INFORMATION

Sarpe Nare hd2-128pa29651-214 Accyired By: Breeze

Sanple Type A Dete Aocyirect D18V 15353 CST

ik o0 Acq Methodt 4%

Ifection#: 23 Dite Procsssadt 20181265 184014 CST

Irjection Vblure: 10004 Cramd Nare: W4 A

RnTme 00 Mrtes Chamel Desc: V480 ChA 244rm

Colum Type Sanple Set Nae

040

H CO Me
036 Ho;{k*(
n-CsHyi Ph

00 S. B12k

02
= o

ois

00 200 400 600 800 1000 1200 1400 1800 1800 000 200 240 B0 B0 00
7]
RT | Awea Higt | %
; Y%Ama A
(rrin) | (filtsec) (# | Hegt
11380 | 47B0E 21| 1242 | 2&
2| 18182 | 21040066 | 9781 | 417942 | o1
Repart Methodt Inchickel Repart ASC Plirtet 2018/
Page: 1 (JLif 1) 1841.3 PRC
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TRER

o |

V(]JZ |

iz

Vo'

Wdd

nzoe s
N=3>084a
oy = a0
38 2n@
Z01 3
OO H4=T O T
e g3
g =2 =
of © =0
- B I
==
T
NN
7.565
/ 7.549
; - 7.545
i;/f 7527
y 7.265
7
S 7.244
—— 7101
U 6.986
- 6,964
/— 3.846
— 3727
/
1.559
/—/ 1543
— 1522
/;/ — 1.445
o — 1387
—— =136
1) ~—— 1.343
1305
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0sk

€ =24

L= 1d

000l = ¥N
EPPI I LN3IAT0S
2102 ¥ uer
0-86-2-Y

ZHIN oF LB L 66!
ZHIN L56425°00

— 168.002

159.219

131.105

120.867
128.068
126.383
114.170

0oL

0

Ndd

43.185

—— 32103
—20.036

— ———23.862

— 14.037
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. o Syggas3IosNAgw
8 b B NN~ - 0000
MM v 2111111111000
| )
___ ........ /// /
: NI
CO,H
H
\ m“._m
_
OH |
n-CsHi Br __
__
8 |
hef-2-130-H Amu |
Jan 26 2018
SOLVENT: dmso |
NA = 8
F1 = 399.751465 MHz _
F2 = 100.526505 MHz _
| 308
_.ﬁw
200 L:x _
o fso 1foo
I
/
P, A
N _._[_ L A AN :
_ _ _ _ : T [ T
1 5 0 PPM

12 10
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gy =t
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LogpZ2hg
S”F’—xﬂgb
—
apMNe®
- 0 3
oo
() 8
©o® I
£ o
I I
NN

g(3)

Wdd

S192

bhSy-
Ho HoY

=L

O
S
I

168.400

151170

135.883
131.936
130516
130.251

— 120.300

72.154

42,529

/— 40.130
S/ 30917
’/',__/— 38.713
5 39.500
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\ |} SNy s
V| _ﬁ\ I /J//_ﬂm\x\ d
CH-,OH
H
\
3OmI,_OI Br
9je0
(69 ’
hef-2-134-H
Feb 12018
SOLVENT: cdcl3
NA = 4
F1 = 399.749542 MHz
F2 = 100.526031 MHz |
|
| a2
!
2{04 200 200
(VL]
f
|
Ul i i S UL )
T T T T T T T T T T T 1
12 10 5] 4 0 PPM
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312837
ooy E o
82,289
= R = +
~Smm (o]
R 3
2a o 3
53 ¢ O T
== 0
5 3
NN ~ 20 \
D= ?
@ '©
I
o
-
__—137.769
———— 137518
—— 134.277
— 131423
~——130.421
121.533

0s

Ndd

43.746

— 32163
— 29,499

——— 23723
22615

— 14.060
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HHsO-u

E|

SN%0D

7.469
T Fass
7259
e 7074

=

avs

1.623
1.601
1.561
1.539
1.379
1.326
1.300
1.282
1.266
1.260
1.233
1.217
0.896
0.879
0.860
-0.000
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g e

BINEQD

_—167.318

145013
— 145678

— 131628

—_—
o 130.960
\o— 130,938

\— 130.687
T 121,847

_—97.061

— —95323

52.544

_————40.710

T 40,4382

.l

31814
~ 26.250
———— 26.008
T 23222
N 23191
22.455

T 13.969

)|



hef-2-158-F

Mar 19 2018
SOLVENT: ¢dcl3

NA = 16

F1 = 376.108124 MHz
F2 = 100.526550 MHz

0.000

n-CsHyq

ﬂ

(5)-10

CO;Me

Br

-143.066

T
-50

T
=100

T
-150

PPM

S197



- 1.737
-0.000

7.077
4.924
3.706
— 1.753

————

Pd(TFA), (4 mol%) ww.x_
Ly (6 mol%)
HO = MeOD (4.0 equiv.) . V)\rﬂﬂoom_sm
mCgHyy Toluene (5.0mL) n-CsHii” oH Ph 163
e~ i CO balloon, 60 °C, 0.5 h
v 30 201 2k-d
May 30 2018 Muﬁ i 7
SOLVENT: CDCI3
NA = 16 76% recovery
F1 = 400.130005 MHz
F2 = 1.000000 MHz
o[71

050

S198

8 . 6 4 2 _ 0 PPM



MM=ZW -+
RIS
non aw
L'5on
28 zZmd
go.59f
83 4oT
sg 8 =)
5] 2 0 (L) [{o}
=0 © e CJCg
I= T | O X 142
T = 7.421
Jﬁaf_ 7.412
S S S - f — 7.403
| —— S e d ———— 7.393
_— S Q ~—— 7.306
- t 7.299
= 7.290
7.257
L
1770
Xf 1.760
1.752
— 2 2.020
s J 1737
S = ™ =L — 1727
__ - = — 1721
— — = 1589
- = - . 2 _—§Q§::15?2
- 8 N\ 1.547
} 1.369
\\L 1.359
— = — 1.351
[ @ \ 134
\ 1333
\— 02
0.915
\— 0897
_— 0.000
— -
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8102 0L 92Q
H-€6-E-joy

ZHIN 000000° L
ZHIN G000 L 00F

S200

5 o

i‘Io
-
-

— 3 a
s
=)

=

~ g

T

) g -

F . &

~ -

%56

7.420
E E 7.412
7.404

TN 72
7.256

2.063
1.769
1.752
1.736
1.727
1.721
1.57
1.366
1.349
0.930
0.914
0.898

Attt

0.000



........... 2 538388385 8R830:88888

L R A A e S S L B o3 —FrrrrrrTr T EEFRFCFERFEFCO00O00

79%

D 10.45

Vx/ﬂoomgm \u
—
n-CsHyi” gy Ph

(E)-2k-d
hef-3-170-H
Mar 21 2019
SOLVENT: CDCI3
NA = 4
F1 = 400.130005 MHz
F2 = 1.000000 MHz

ﬂaa 300 ﬂoq
00 4
g 021 J
Gy % ]
T T T T T T T T T T
8 6 4

S201
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sk
T

4
]
N

| =
€120 *LN3NTOS

¥Z0L

ZHIN 000000° L
ZHIN0LLZ19°00

6102 L2 1By
O-0LL-E-0Y

pz-(3)

ud HO HHSo-u

a
%B.

aNZ0D

167.905

_— 149,561
140435
—_ 149.198
T 148.969
T 135.049
—135.018
——= e 131.376
— 131207

05

M

Wdd

S202

—_——129.448
- 128.058
—127.829

—77.324
—T7.205

—_— 77.000
76,684

o 74.188
— 74132

52,265

43.093

32,049
————28.897

23580
——22.490

——13.958



hef-2-188-3

1k + 4 equiv. MeOH
HO,

—=—Fh

n-CsHyy
1k

It A
hef-2-188-1 [

1 1

" A

1k +3 equiv. MeOH

HO
mn:

.....TOmI._._
1k

het-2-188-3

33

1k + 2 equiv. MeOH

H
s

1k

het-2-188-2

1k + 1 equiv. MeOH
HO

——=—Ph

n-CsHyy
1k

het-2-188-1

1

HO

——=—Ph

3:Om_|_._._
1k

T
1.0
£1 {ppm)

2

5203



hef-2-184-5

| =7
n-CsHyq

MeCH

, S

MeOH

hof-2-{I88-3

e

hef-2-188-1

11

1k + 4 equiv. MeOH

mu

=

.

___._TOMI._._
1k

1k + 3 equiv. MeOH

——=Ph

._‘
1.9
£1 {ppm)

-5

-3

=

S204



hef-2-188C-8

MeOH + 1 equiv. 1k

s HO
——=—Ph
k n-CgHaq
1k
A wd N\
het-2-188C-7 I | | I
MeOH + 0.75 equiv. 1k
14 IO
——=—FPh |
n-CgHyy
| " A
R MeOH + 0.5 equiv. 1k
33 HO
——=—Fh
n-CgHy
) t A
; A i Li:crllkf
hef=2-188C5 | MeOH + 0.25 equiv.1k .
22 -
——FPh |
_...TOmI.S 'IF|>
1k
A . ._P L . F
het-2-188C-1 [ |
11 MeOH
| J o
._.,.u ._.._c m.nn. 7,9 mnm w_c wﬁa .H,_.ﬁ u<—w w._c D 2 __:_w w.,c L D

1 {ppm)

-3

2
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hef-2-188C-8
55 MeOH + 1 equiv. 1k
HO HO
- y—==—Ph TH Ph 5
n-CsHyy MeOH | n-CsHaq
1k
D NI NI L
het=2-188C-7 [ N
MeCH + 0.75 equiv. 1k
HO
. ¢m_uj »
n-CsHyg
i :
A
MeOH + 0.5 equiv. 1k
HO
¢mvz 5
n-CsHys
] >
A -
MeOH + 0.25 equiv.1k
MeOH HO
ﬁw: s
_...TOij
1k
hef-2-188C-1 .
11
MeOH )
g A
u._ ) . w.. 0 . u,__m ‘ u..a . g._ B . H._s c._ a 0.0

£1 {ppm)
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sk

Wdd

S207

— 7421
/ 7.413
/-
—£ T
—— 7.307
S
T 7.301
- 7.258
— 1771
—— 2.028
— 1.761

% 1.754
o 1.739

N 1.;39
Yo 1574
% 1.368

"\ 1.359

= 1.352
=\\\\‘— 0.931
— 0916

0.900

2 0.000
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S208

ot

7.427
7.421
Y 7.413
7.405
7.307
7.300
7.202
7.262

)

L Lo
85

\

1771
1.761
2,077
1.752
E— 1.737
1.728

1722
N
\\ 1572

1530
1.369
N\ 1.351
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0.898
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IERRE g8 BENRNGIREE 8
[l el e oo N0 0 (=]
|
r/r/___ - /f \ ,__\5, L _ _,_, /
VY | 7 Jﬂ .
dﬂmm
HO
——==—Ph 4+ MeOD
n-CgHyq
1k (0.038 mmol) 0.16 mmol
hef-3-109-2
Sat Dec 22 09:53:12 2018
SOLVENT: CDCI3
NA = 4
F1 = 400.132477 MH x
F2 = 1.000000 MHz w.ﬁ .“ 40
| _ 421
_ | B
] ‘af
__.. _N. ;
\7 JlﬂL N ;
| | | :
| | | |
/) _‘,__cm_ | )
AV | i | r
T T T T A_m A W ' 0 PPM
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413
405
300
205
292
262
3.433
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