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Supplementary Methods
General information

[Pd(mt-cinnamyl)Cl)], and (R)-(-) as well as (S)-(+)-DTBM-SEGPHOS were
purchased from Aldrich and J&K Chemical LTD. K,CO; was purchased from Alfa
Aesar and used after being baked in Muffle furnace at 380 °C for 6 h. THF used was
refluxed in the presence of sodium wire using diphenyl ketone as indicator and
distilled right before use. Other commercially available chemicals were purchased and
used without additional purification unless noted otherwise. (+)-3ca, (+)-3ea, (+)-3fa,
(+)-3ga, (+)-3ia, (£)-3ma, and (£)-3pa were prepared according to the literature
procedures. All "H NMR experiments were measured with tetramethylsilane (0 ppm)
or the signal of residual CHCl; (7.26 ppm) in CDCl; as the internal reference; °C
NMR experiments were measured in relative to the signal of CDCl; (77.0 ppm).
Infrared spectra were recorded from the films of pure samples on sodium chloride
plates for liquid. Mass and HRMS spectra were carried out in EI mode. Elemental
analyses were carried out by FElementar Vario MICRO cube. Thin layer
chromatography was performed on pre-coated glass-back plates and visualized with

UV light at 254 nm. Flash column chromatography was performed on silica gel.
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Optimizing of reaction conditions
Supplementary Table 1. The effect of chiral ligand”

OCO,Me CO,Me [Pd(r-cinnamyl)Cl], (2.5 mol%)

4 < L* (6 mol%) . \ CO,Me
i " n-C7Hys A
CO,Me K,CO3 (2.0 equiv.)

"
T

n-C7H15
N,, THF, 30 °C COzMe
1a 2a (Ry)-3aa
2.0 equiv
9% O J
PAr, F" o PPh, MeO PPh,
OO PAr, F 0 PPh, MeO O PPh;
> 1
Ar = 3,5-M62-CGH3 9h 15h
9h 73% yield 81% yield
70% yield 3% ee 10% ee
0% ee Ssh-02-034 Ssh-02-028
Ssh-02-036 OMe
(0] \*/ NN
C : |
(@] PPh2 Ph2P Fe "///CH3 MeO PPh2
o) PPh, MeO PPh,
(X ~
o N&
44 h 15 h OMe
60% yield 80% yield 56 h
32% ee 40% ee Yield yield
Ssh-02-035 Ssh-02-026 recovery of 1a: 23%
ee 54%
OMe Ssh-02-018

MeO PArz
MeO l PAr,

OMe
Ar = 3,4,5-(0Me)3-C6H2
85h
83% yield
-56.5% ee
Ssh-02-017

0
)
o PAr,
e} PAr,
.
o]

Ar = 3 ,5-(t-Bu),-4-OMe-CgH,

10 h

89% yield
60% ee
Ssh-02-004

MeO O PAr,
MeO O PAr,

Ar = 3,4,5-(0Me)3-C6H2

56 h

53% yield
recovery of 1a: 9%
61% ee
Ssh-02-016

* The reactions were implemented by Procedure B: [Pd(n-cinnamyl)Cl1], (0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (0.012 mmol), K,CO; (0.4 mmol), 1a (0.2 mmol)/THF
(0.5 mL), and 2a (0.4 mmol)/THF (1.5 mL) were added together and the resulting
mixture was stirred at 30 °C. The yields were isolated yields after column

chromatographic separation on silica gel. The ee values were determined by chiral
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HPLC analysis. The recoveries of 1a were determined by 'H NMR analysis using

mesitylene as the internal standard

S4



Supplementary Table 2. The effect of solvent”

0OCO,Me CO.Me [Pd(r-cinnamyl)Cl], (2.5 mol%) H

/::f +( 2"(R)-(-)-DTBM-SEGPHOS (6 mol%) /::\_<002Me

n-C7H1s CO,Me K,CO3 (1.4 equiv) n-C7H1s oM
N,, Solvent, 5 °C 2Me
1a 2a (R,)-3aa
2.0 equiv
Ent Solvent t(h)  Yield (%)’ (%)° Recovery of
n olven ie ee 0.
Y ° ’ 1a (%)

1 THF 15 85 90 - Ssh-03-063
2 2-Me-THF 19 80 89 - Ssh-03-084
3 Et,O 19 82 79 - Ssh-03-071
4 Toluene 48 32 79 46 Ssh-03-072
5 DCM 48 45 79 35 Ssh-03-069
6 CHCl, 50 32 76 51 Ssh-03-067
7 CH;CN 50 65 77 9 Ssh-03-066
8 DMF 48 51 76 27 Ssh-03-070

“ The reactions were implemented by Procedure C: [Pd(n-cinnamyl)Cl], (0.005
mmol), (R)-(-)-DTBM-SEGPHOS (0.012 mmol), K,CO;3; (0.4 mmol), and 2a (0.4
mmol)/solvent (1.5 mL) were stirred at rt for 30 min, then 1a (0.2 mmol)/solvent (0.5
mL) was added and the resulting mixture was stirred at specified temperature as
shown in Supplementary Table 2

?Isolated yield after column chromatographic separation on silica gel

“The ee values determined by chiral HPLC analysis

¢ Determined by 'H NMR analysis using mesitylene as the internal standard
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Supplementary Table 3. The effect of Pd source”

OCOzMe COZM [Pd] (X mOl%) §H
N < R)-(-)-DTBM-SEGPHOS (6 mol%) /::\_<002Me
n-C7H1s CO,Me K,CO5 (2.0 equiv.) n-C7H1s
N, THF, T °C, th COMe
1a 2a (Ry)-3aa
2.0 equiv
T Yield ee Recovery  of
Entry  [Pd] X t (h) b d No.
°C) (%) (%) 1a(%)
1 [Pd(n-cinnamyl)CI], 2.5 5 10 85 90 - Ssh-03-032
2 [Pd(allyl)Cl], 25 5 335 81 84 - Ssh-03-047
3 Pd,(dba);.CHCl, 2.5 5 46 52 90 28 Ssh-03-048
4 Pd(OAc), 5 ¢ ¢ 83 80 - Ssh-03-050
5 PdCl, 5 f f 31 85 55 Ssh-03-051

“ The reactions were implemented by Procedure C: [Pd(n-cinnamyl)Cl], (0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (0.012 mmol), K,CO; (0.4 mmol), and 2a (0.4 mmol)/solvent (1.5
mL) were stirred at rt for 30 min, then 1a (0.2 mmol)/solvent (0.5 mL) was added and the
resulting mixture was stirred at specified temperature as shown in Supplementary Table 3

" Isolated yield after column chromatographic separation on silica gel

“The ee values determined by chiral HPLC analysis

“Determined by 'H NMR analysis using mesitylene as the internal standard

¢ The reaction was running at 5 °C for 10 h, and then at 20 °C for 32 h

/The reaction was running at 5 °C for 10 h, and then at 20 °C for 48 h
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Supplementary Table 4. The effect of base”

0OCO,Me CO,M [Pd(r-cinnamyl)Cl], (2.5 mol%) §H
/::f +( {R)-(-)-DTBM-SEGPHOS (6 mol%) /:-:\_<002Me
n-C7H1s Co,Me Base (2.0 equiv) n-C7Hss
Ny, THF, 5 °C COMe
1a 2a (Ry)-3aa
2.0 equiv
Yield . Recovery of
Entry  Base t (h) b ee (%) d No.
(%) la (%)
1 KHCO; 48 16 88 73 Ssh-03-059
2 Na,COs 48 61 87 24 Ssh-03-058
3 Cs,CO; 2 83 63 - Ssh-03-057
4 K5PO, 2 83 72 - Ssh-03-055
5 t-BuONa 3 66 73 - Ssh-03-056
6 K,CO; 10 85 90 - Ssh-03-032

“ The reactions were implemented by Procedure C: [Pd(n-cinnamyl)Cl], (0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (0.012 mmol), K,CO; (0.4 mmol), and 2a (0.4 mmol)/solvent (1.5
mL) were stirred at rt for 30 min, then 1a (0.2 mmol)/solvent (0.5 mL) was added and the
resulting mixture was stirred at specified temperature as shown in Supplementary Table 4
?Isolated yield after column chromatographic separation on silica gel

“The ee values determined by chiral HPLC analysis

“Determined by '"H NMR analysis using mesitylene as the internal standard
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Synthesis of the starting materials

Synthesis of methyl undeca-2,3-dienyl carbonate 1a (ssh-04-133)

/o o DMAP (1.5 equiv) OCOMe
nCHL Yoo o7 CH,Cly, 0°C (10 + 10) min n-CoHos
. thenrt (4 h) 1a
1.2 equiv
69% yield

Typical Procedure 1:*° To a three-neck flask were added undeca-2,3-dienol (3.7106
g, 22 mmol), CH,Cl, (70 mL), and DMAP (4.0377 g, 33 mmol) sequentially. The
resulting mixture was stirred at 0 °C for 10 min and then a solution of methyl
chloroformate (2.04 mL, d = 1.22 g/mL, 2.49 g, 26.4 mmol) in CH,Cl, (10 mL) was
added dropwise within 10 min at 0 °C. After the addition, the resulting mixture was
stirred at this temperature for 10 min, removed from the cooling bath, allowed to
warm up to rt gradually, and reacted at rt for 4 h. After the reaction was complete as
monitored by TLC, it was quenched with H,O (50 mL). The organic layer was
separated and washed with H,O (50 mL x 2) and brine (50 mL) sequentially, and then
dried over anhydrous Na,SO4. After filtration, evaporation of the solvent and
chromatography on silica gel (eluent: petroleum ether (30-60 °C)/ethyl acetate =
100/1 (1000 mL) to 20/1 (500 mL)) afforded 1a (3.4214 g, 69%) as an oil: 'H NMR
(300 MHz, CDCl3) & 5.33-5.22 (m, 2 H, HC=C=CH), 4.64-4.56 (m, 2 H, OCH,), 3.79
(s, 3 H, OCH3), 2.07-1.96 (m, 2 H, CH,), 1.46-1.22 (m, 10 H, 5 x CH), 0.88 (t, J =
6.8 Hz, 3 H, CHs); °C NMR (75 MHz, CDCl3) § 205.7, 155.6, 93.1, 86.4, 66.4, 54.7,
31.8,29.1,29.0, 28.9, 28.2, 22.6, 14.1; IR (neat, cm™") 2956, 2927, 2856, 1966, 1751,
1449, 1367, 1263; MS (EI, 70 eV) m/z (%) 227 (M" + 1, 44.16), 226 (M", 10.75), 97

(100); HRMS calcd. for C3H2,03 [M+]: 226.1569, found: 226.1570.
Synthesis of methyl penta-2,3-dienyl carbonate 1b (Ssh-04-069)

S8



o

OH DMAP (1.5 equiv) OCO,Me
—= T, A /T
/T CH,Cl,, 0°C (10 + 10) min
thenrt (4 h
1.2 equiv enrt(4h) 1b
88% yield

Following Typical Procedure I, the reaction of penta-2,3-dienol (403.7 mg, 4.8
mmol), methyl chloroformate (0.45 mL, d = 1.22 g/mL, 0.55 g, 5.76 mmol), and
DMAP (879.9 mg, 7.2 mmol) in CH,Cl, (20 mL) afforded 1b (0.5978 g, 88%) (cluent:
petroleum ether (30-60 °C)/ethyl ether = 30/1) as an oil: "H NMR (300 MHz, CDCl5)
0 5.31-5.20 (m, 2 H, HC=C=CH), 4.62-4.57 (m, 2 H, OCHa), 3.79 (s, 3 H, OCH3),
1.69 (dd, J, = 6.2 Hz, J, = 4.4 Hz, 3 H, CH;); °C NMR (75 MHz, CDCl;) & 206.5,
155.6, 87.7, 85.8, 66.2, 54.7, 13.8; IR (neat, cm™) 2994, 2958, 2930, 2907, 2859,
1970, 1750, 1443, 1365, 1259, 1109, 1078; MS (EI, 70 eV) m/z (%) 142 (M", 1.53),

97 (100); HRMS calcd. for C7H;003 [M']: 142.0630, found: 140.0632.

Synthesis of methyl hepta-2,3-dienyl carbonate 1¢ (Ssh-03-152, Ssh-03-159)

50 mol% Cul OH
_ PH . hCsH,CHO 4+ i-BuNH - /:-:/_
- N,, Dioxane n-C3Hyz
) 130°C, 12 h
1.6 equiv 1.4 equiv
o]
Cl)ko/ (1.2 equiv) 0CO,Me
DMAP (1.5 equiv) n-CsHy
CH,Cly, 0°C (10 + 10) min, 1c

then rt (3 h) overall yield of two steps: 35%

Typical Procedure I1:' To a flame-dried three-neck flask with a reflux condenser,
Cul (5.7113 g, 30 mmol), 1-butanal (8.50 mL, d = 0.817 g/mL, 6.94 g, 96 mmol),
dioxane (30 mL), diisobutylamine (14.7 mL, d = 0.74 g/mL, 10.9 g, 84 mmol), and
propargyl alcohol (3.50 mL, d = 0.963 g/mL, 3.37 g, 60 mmol) were sequentially
added under nitrogen atmosphere. After being stirred in an oil bath preheated at 130

°C for 12 h, the reaction was complete was monitored by TLC (eluent: petroleum
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ether (30-60 °C)/ethyl acetate = 5/1). After cooling to room temperature, the resulting
mixture was filtrated through celite eluted with Et,O (20 mL X 3). The filtrate was
washed with an aqueous solution of hydrochloric acid (2 M, 40 mL X 3). The organic
layer was washed with brine (40 mL) and dried over anhydrous Na,SO,4. After
filtration and evaporation, the residue was purified by chromatography on silica gel to
afford hepta-2,3-dien-1-ol (3.2372 g) (eluent: petroleum ether (30-60 °C)/ethyl acetate
= 12/1) as an oil, which was used in the next step without further purification.
Following Typical Procedure I, the reaction of hepta-2,3-dienol (3.2372 g),
methyl chloroformate (2.70 mL, d = 1.22 g/mL, 3.29 g, 34.62 mmol), and DMAP
(5.2891 g, 43.275 mmol) in CH,Cl, (30 mL) afforded 1c (3.5254 g, overall yield of
two steps: 35%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 150/1) as an oil:
'H NMR (300 MHz, CDCl3) 8 5.33-5.23 (m, 2 H, HC=C=CH), 4.62-4.58 (m, 2 H,
OCH»), 3.79 (s, 3 H, OCH3), 2.06-1.95 (m, 2 H, CH,), 1.46-1.37 (m, 2 H, CHy), 0.93
(t, J= 7.7 Hz, 3 H, CH3); >C NMR (75 MHz, CDCl3) & 204.0, 169.4, 169.3, 92.7,
87.3,52.5,51.2,30.8, 28.0, 22.2, 13.6; IR (neat, cm™") 2960, 2934, 2874, 1963, 1754,
1449, 1368, 1267; MS (EI, 70 eV) m/z (%) 171 (M" + 1, 13.53), 170 (M", 4.72), 97
(100), 95 (100), 94 (100), 79 (100); HRMS calcd. for CoH 403 [M]: 170.0943, found:

170.0944.

Synthesis of methyl octa-2,3-dienyl carbonate 1d (dxy-01-123)

_ /OH j\ DMAP (1.5 equiv) 0CO,Me
== + o o7 : :
n-C4Hg CH,Cl,, 0°C (14 + 15) min n-Cy4Hg
then rt (7 h
1.2 equiv enrt(7h) 1d
77% yield

Following Typical Procedure I, the reaction of octa-2,3-dienol (1.7580 g, 13.93

mmol), methyl chloroformate (1.30 mL, d = 1.22 g/mL, 1.59 g, 16.72 mmol), DMAP
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(2.5528 g, 20.89 mmol), and CH,Cl, (15 mL) afforded 1d (1.9654 g, 77%) (eluent:
petroleum ether/ethyl acetate = 110/1) oil: "H NMR (300 MHz, CDCl;) § 5.33-5.22
(m, 2 H, HC=C=CH), 4.62-4.55 (m, 2 H, OCH,), 3.79 (s, 3 H, OCH3), 2.08-1.95 (m, 2
H, CH,), 1.45-1.28 (m, 4 H, 2 x CH,), 0.90 (t, J = 7.1 Hz, 3 H, CHs); °C NMR (75
MHz, CDCls) 6 205.7, 155.6, 93.1, 86.4, 66.4, 54.7, 31.0, 27.9, 22.0, 13.8; IR (neat,
cm™) 2957, 2926, 2861, 1965, 1749, 1446, 1366, 1256; MS (EL 70 eV) m/z (%) 185
(M +1, 11.79), 184 (M", 4.16), 109 (100), 97 (100), 93 (100), 67 (100); HRMS calcd.

for C1oH1605 [M']: 184.1099, Found: 184.1096.

Synthesis of methyl nona-2,3-dienyl carbonate 1e (Ssh-03-150, Ssh-03-186)

OH
H . 0,
#O + n-CgHyCHO + i-BuyNH 50 mol% Cul _ /I/*
o N,, Dioxane n-CsHiq
i 130°C, 11 h
2.0 equiv 2.0 equiv
O
Cl)J\o/ (1.2 equiv) R /I/’OC%MG
DMAP (1.5 equiv), CH,Cl, n-CsHi
0°C (10 + 10) min, 1e
then rt (3 h)

overall yield of two steps: 32 %

Following Typical Procedure |1, the reaction of propargyl alcohol (5.80 mL, d =
0.963 g/mL, 5.59 g, 100 mmol), n-hexanal (10.0330 g, 100 mmol), diisobutylamine
(8.7mL,d=0.74 g/mL, 6.4 g, 50 mmol), and Cul (4.7643 g, 25 mmol) in dioxane (40
mL) afforded nona-2,3-dien-1-ol (2.9133 g) (eluent: petroleum ether (30-60 °C)/ethyl
acetate = 10/1) as an oil, which was used in the next step without further purification.

Following Typical Procedure I, the reaction of nona-2,3-dienol (2.9133 g), methyl
chloroformate (1.93 mL, d = 1.22 g/mL, 2.35 g, 24.92 mmol), and DMAP (3.8083 g,
31.16 mmol) in CH,Cl, (30 mL) afforded 1le (3.1471 g, overall yield of two steps:
32%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 200/1) as an oil: 'H NMR

(300 MHz, CDCl3) 5.32-5.23 (m, 2 H, HC=C=CH), 4.64-4.57 (m, 2 H, OCH,), 3.79
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(s, 3 H, CH3), 2.26-1.96 (m, 2 H, CH,), 1.46-1.23 (m, 6 H, 3 x CH,), 0.89 (t, J= 6.9
Hz, 3 H, CHs); °C NMR (75 MHz, CDCls) & 205.7, 155.5, 93.1, 86.3, 66.3, 54.7,
31.2,28.6,28.2,22.4, 14.0; IR (neat, cm™) 2957, 2930, 2858, 1966, 1754, 1749, 1450,
1368, 1258, 1166, 1108; MS (EL, 70 eV) m/z (%) 198 (M, 0.04), 122 (M™ - CO, -
MeOH, 50.32), 67 (100); Anal. Calcd for C;;H;303: C 66.64, H 9.15. Found: C 66.56,

H 8.90.

Synthesis of methyl deca-2,3-dienyl carbonate 1f (wxy-1-025, wxy-1-027)

50 mol% Cul OH
P4 hcgacHO  + FBUNH - /='=/_
= N,, Dioxane n-CeHqz
1.6 equiv 1.4 equiv 130°C,12h
O

al )J\o/ (1.2 equiv) —OCO,Me
DMAP (1 5 equiv), CH2C|2 n-C6H13
0°C (10 + 10) min, 1f
then rt (3 h)

overall yield of two steps: 40%

Following Typical Procedure I, the reaction of propargyl alcohol (3.50 mL, d =
0.963 g/mL, 3.37 g, 60 mmol), n-heptanal (13.4 mL, d = 0.817 g/mL, 10.9 g, 96
mmol), diisobutylamine (14.9 mL, d =0.74 g/mL, 11 g, 84 mmol), and Cul (5.7731 g,
30 mmol) in dioxane (30 mL) afforded deca-2,3-dienol (4.5067 g) (eluent: petroleum
ether (60-90 °C)/ethyl acetate = 15/1) as a liquid, which was used in the next step
without further purification.

Following Typical Procedure I, the reaction of deca-2,3-dienol (4.5067 g), methyl
chloroformate (2.70 mL, d = 1.22 g/mL, 3.29 g, 29.12 mmol), and DMAP (5.3540 g,
43.81 mmol) in CH,Cl, (30 mL) afforded 1f (5.1097 g, overall yield of two steps:
40%) (eluent: petroleum ether (60-90 °C)/ethyl acetate = 40/1) as an oil: 'H NMR

(300 MHz, CDCl3) § 5.32-5.22 (m, 2 H, HC=C=CH), 4.63-4.58 (m, 2 H, OCH,), 3.79
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(s, 3 H, OCHs), 2.07-1.96 (m, 2 H, CH,), 1.46-1.21 (m, 8 H, 4 x CH,), 0.89 (t, 3 H, J
= 6.8 Hz, CHs); *C NMR (75 MHz, CDCl3) & 205.7, 155.6, 93.1, 86.3, 66.3, 54.7,
31.6, 28.8, 28.6, 28.2, 22.5, 14.0; IR (neat, cm™') 2957, 2929, 2857, 1966, 1753, 1449,
1367, 1259; MS (70 eV, EI) m/z (%) 212 (M, 0.03), 136 (M" - CO, - MeOH, 44.29),

67 (100); Anal. Calcd for Ci,H,003: C 67.89, H 9.50. Found: C 67.64, H 9.43.

Synthesis of methyl dodeca-2,3-dienyl carbonate 19 (Ssh-03-157, Ssh-03-169)

50 mol% Cul OH
_ OH | nCgHi7CHO +  i-BuoNH : /:.J
N,, Dioxane n-CgHs7
. 130°C,11.5h
1.5 equiv 1.4 equiv

O
CI)J\O/ (1.2 equiv)

—0CO,Me

DMAP (1.5 equiv), CH,Cl, n-CgH17
0°C (10 + 10) min,
then rt (3 h) 19

overall yield of two steps: 33 %

Following Typical Procedure I, the reaction of propargyl alcohol (3.50 mL, d =
0.963 g/mL, 3.37 g, 60 mmol), 1-nonanal (15.5 mL, d = 0.827 g/mL, 12.8 g, 90
mmol), diisobutylamine (14.7 mL, d = 0.74 g/mL, 11 g, 84 mmol), and Cul (5.7193 g,
30 mmol) in dioxane (30 mL) afforded dodeca-2,3-dienol (4.4252 g) (eluent:
petroleum ether (30-60 °C)/ethyl acetate = 20/1) as an oil, which was used in the next
step without further purification.

Following Typical Procedure I, the reaction of dodeca-2,3-dienol (4.4252 g),
methyl chloroformate (2.30 mL, d = 1.22 g/mL, 2.81 g, 29.12 mmol), and DMAP
(4.4487 g, 36.41 mmol) in CH,Cl, (30 mL) afforded 1g (4.7755 g, overall yield of
two steps: 33%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 80/1) as an oil: 'H
NMR (300 MHz, CDCls) 6 5.32-5.5.23 (m, 2 H, HC=C=CH), 4.63-4.57 (m, 2 H,
OCH,), 3.79 (s, 3 H, OCHs), 2.06-1.97 (m, 2 H, CHy), 1.46-1.22 (m, 12 H, 6 x CH,),
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0.88 (t, J= 6.8 Hz, 3 H, CH;); *C NMR (75 MHz, CDCl3) § 205.7, 155.6, 93.1, 86.3,
66.4, 54.7, 31.8, 29.3, 29.2, 29.0, 28.9, 28.2, 22.6, 14.1; IR (neat, cm™") 2956, 2926,
2855, 1966, 1754, 1447, 1367, 1258, 1111; MS (EL 70 eV) m/z (%) 240 (M, 0.11),
164 (M'-CO,-MeOH, 33.14), 67 (100); Anal. Calcd for C14H,405: C 69.96, H 10.07.

Found: C 69.61, H 10.03.

The synthesis of methyl trideca-2,3-dienyl carbonate 1h (zyc-1-85, zyc-1-86)

50 mol% Cul OH
~ OH L hCgHiCHO  +  i-Bu,NH /:.z/_
T N,, Dioxane n-CgHig

. . 130°C,12h
1.6 equiv 1.4 equiv
(0]
Cl)J\O/ (1.2 equiv) _._/_ocone
- ==
DMAP (1.5 equiv), CH,Cl, n-CgHig
0 °C (10 +10) min, Th
thenrt (3 h) overall yield of two steps: 35 %

Following Typical Procedure I, the reaction of propargyl alcohol (3.50 mL, d
= 0.963 g/mL, 3.37 g, 60.7 mmol), 1-decanal (18.1 mL, d = 0.83 g/mL, 15 g, 95.6
mmol), diisobutylamine (15 mL, d =0.74 g/mL, 11 g, 84.2 mmol), and Cul (5.7702 g,
30 mmol) in dioxane (30 mL) afforded trideca-2,3-dienol (5.0464 g) (eluent of first
round: petroleum ether (60-90 °C)/ethyl acetate/CH,Cl, = 30/1/1 (1600 mL) to 20/1/1
(220 mL) to 10/1/1 (240 mL); eluent of second round: petroleum ether (60-90
°C)/ethyl acetate = 30/1 (1000 mL) to 20/1 (400 mL)) as an oil, which was used in the
next step without further purification.

Following Typical Procedure 1, the reaction of trideca-2,3-dienol (5.0464 g),
methyl chloroformate (2.50 mL, d = 1.22 g/mL, 3.05 g, 30.1 mmol), and DMAP
(4.8097 g, 38.6 mmol) in CH,Cl, (30 mL) afforded 1h (5.4108 g, overall yield of two

steps: 35%) (eluent: petroleum ether (60-90 °C)/ethyl acetate = 150/1 to 100/1) as an
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oil; "H NMR (300 MHz, CDCl3) 8 5.32-5.23 (m, 2 H, CH=C=CH), 4.63-4.56 (m, 2 H,
OCH,), 3.79 (s, 3 H, OCHj), 2.07-1.93 (m, 2 H, CH,), 1.46-1.20 (m, 14 H, 7 x CH,),
0.88 (t, J= 6.8 Hz, 3 H, CH;); *C NMR (75 MHz, CDCl3) § 205.7, 155.6, 93.1, 86.3,
66.3, 54.6, 31.8, 29.5, 29.4, 29.3, 29.0, 28.9, 28.2, 22.6, 14.0; IR (neat, cm™") 2956,
2926, 2855, 1966, 1754, 1447, 1367, 1259, 1110; MS (EL 70 eV) m/z (%) 254 (M,

5.51), 97 (100); HRMS calcd. for C;5sH,60; [M']: 254.1882, Found: 254.1885.

Synthesis of methyl pentadeca-2,3-dienyl carbonate 1i (syl-01-031)

oA i DMAP (1.5 equiv) 0CO,Me
== + o o” X :
n—C11H23 CH20|2, 0°C (10 + 10) min n-C11H23
1.2 equiv thenrt (6.5 h) 1i
81% yield

Following Typical Procedure I, the reaction of pentadeca-2,3-dienol (6.7062 g,
30 mmol), methyl chloroformate (2.80 mL, d = 1.22 g/mL, 3.42 g, 36 mmol), DMAP
(5.5002 g, 45 mmol), and CH,Cl, (30 mL) afforded 1li (6.8230 g, 81%) (eluent:
petroleum ether (60-90 °C)/ethyl acetate (100/1) as an oil: 'HNMR (300 MHz, CDCls)
0 5.33-5.23 (m, 2 H, CH=C=CH), 4.63-4.57 (m, 2 H, CH,), 3.78 (s, 3 H, OCHs),
2.07-1.96 (m, 2 H, CH,), 1.46-1.22 (m, 18 H, 9 x CH>), 0.88 (t, /= 6.8 Hz, 3 H, CHs);
*C NMR (75 MHz, CDCl5) & 205.7, 155.5, 93.1, 86.3, 66.3, 54.6, 31.9, 29.59, 29.57,
29.5,29.4,29.3, 29.0, 28.9, 28.2, 22.6, 14.0; IR (neat, cm™") 2925, 2854, 1963, 1753,
1449, 1367, 1260; MS (EI, 70 eV) m/z (%) 282 (M", 1.93), 97 (100); HRMS calcd for

C17H3005 [M']: 282.2195; Found: 282.2201.

Synthesis of methyl 10-(benzyloxy)deca-2,3-dienyl carbonate 1j (Ssh-04-074,

Ssh-04-082)
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50 mol% Cul

OH . OH
-/ + BnO\MgCHO + i-BupNH .
N,,Dioxane BnO-tY),

130°C, 12 h

1.4 equiv 1.2 equiv

(0]
)J\O/ (1.2 equiv)

Cl HOCOQMe
DMAP (1.5 equiv), CH,CI, BnO-t),

0 °C (10 +10) min, 1j
then rt (3 h)

overall yield of two steps: 42%

Following Typical Procedure I, the reaction of propargyl alcohol (1.28 mL, d =
0.963 g/mL, 1.23 g, 22 mmol), 7-(benzyloxy)heptanal (6.7850 g, 30.8 mmol),
diisobutylamine (4.6 mL, d = 0.74 g/mL, 3.4 g, 26.4 mmol), and Cul (2.0948 g, 11
mmol) in dioxane (44 mL) afforded 10-(benzyloxy)deca-2,3-dienol (2.7078 g) (eluent:
petroleum ether (30-60 °C)/ethyl acetate = 10/1) as an oil, which was used in the next

step without further purification.

Following Typical Procedure I, the reaction of 10-(benzyloxy)deca-2,3-dienol
(2.7078 g), methyl chloroformate (0.97 mL, d = 1.22 g/mL, 1.2 g, 12.48 mmol), and
DMAP (1.9083 g, 15.6 mmol) in CH,Cl, (40 mL) afforded 1j (2.9286 g, overall yield
of two steps: 42%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 20/1) as an oil:
'H NMR (300 MHz, CDCls) & 7.39-7.26 (m, 5 H, ArH), 5.31-5.23 (m, 2 H,
HC=C=CH), 4.63-4.56 (m, 2 H, OCH,), 4.50 (s, 2 H, OCH,Ph), 3.78 (s, 3 H, OCH3),
3.46 (t, J = 6.6 Hz, 2 H, OCH,), 2.07-1.96 (m, 2 H, CH;), 1.67-1.56 (m, 2 H, CHy),
1.48-1.25 (m, 6 H, 3 x CH,); *C NMR (75 MHz, CDCls) & 205.7, 155.6, 138.6, 128.3,
127.6, 127.4, 93.0, 86.4, 72.8, 70.4, 66.4, 54.8, 29.7, 28.8, 28.1, 25.9; IR (neat, cm™)
3024, 2932, 2855, 1966, 1748, 1496, 1451, 1367, 1258, 1101; MS (EI, 70 eV) m/z (%)
319 (M"+ 1, 1.53), 318 (M", 0.30), 91 (100); Anal. Calcd for C9H,s04: C 71.67, H

8.23. Found: C 71.54, H 8.17.
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Synthesis of methyl 10-(naphthalen-1-ylmethoxy)deca-2,3-dienyl carbonate 1k

(Ssh-05-070, Ssh-05-081)

OH
oH i e _ 50 mol% Cul o H
_ + + i-BupNH 6
_ OO N,, Dioxane
130°C, 15 h OO
1.4 equiv 1.2 equiv

o HOCOZMe
CI)J\O/ (1.2 equiv) o-t)

6

DMAP (1.5 equiv), CH,Cl,
0 °C (10 +10) min, OO
then rt (3 h)
1k

overall yield of two steps: 45%

Following Typical Procedure I, the reaction of propargyl alcohol (0.38 mL, d =
0.963 g/mL, 0.37 g, 6.5 mmol), 7-(naphth-1-ylmethoxy)heptanal (2.4611 g, 9.1
mmol), diisobutylamine (1.36 mL, d = 0.74 g/mL, 1.0 g, 7.8 mmol), and Cul (0.6194
g, 3.25 mmol) in dioxane (13 mL) afforded 10-(naphth-1-ylmethoxy)deca-2,3-dienol
(1.0000 g) (eluent: petroleum ether (60-90 °C)/ethyl acetate = 10/1 (500 mL) to 5/1)
as an oil, which was used in the next step without further purification.

Following Typical Procedure I, the reaction of
10-(naphth-1-ylmethoxy)deca-2,3-dienol (1.0000 g), methyl chloroformate (0.30 mL,
d=1.22 g/mL, 0.37 g, 3.864 mmol), and DMAP (0.5903 g, 4.83 mmol) in CH,Cl, (15
mL) afforded 1k (1.0782 g, overall yield of two steps: 45%) (eluent: petroleum ether
(60-90 °C)/ethyl acetate = 20/1) as an oil: 'H NMR (300 MHz, CDCl3) & 8.11 (d, J =
7.5 Hz, 1 H, ArH), 7.87-7.75 (m, 2 H, ArH), 7.55-7.37 (m, 4 H, ArH), 5.31-5.20 (m, 2
H, HC=C=CH), 4.93 (s, 2 H, ArCH,0), 4.62-4.54 (m, 2 H, OCH,), 3.76 (s, 3 H,
OCH3;), 3.53 (t, /= 6.6 Hz, 2 H, OCHy), 2.05-1.90 (m, 2 H, CHy), 1.65-1.56 (m, 2 H,

CH,), 1.48-1.24 (m, 6 H, 3 x CH,); *C NMR (75 MHz, CDCls) & 205.7, 155.6, 134.1,
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133.8, 131.8, 128.51, 128.48, 126.3, 126.1, 125.7, 125.2, 124.1, 93.1, 86.5, 71.5, 70.5,
66.4, 54.8, 29.7, 28.9, 28.8, 28.2, 26.0; IR (neat, cm™) 3047, 3004, 2933, 2856, 1965,
1749, 1598, 1511, 1447, 1397, 1367, 1259, 1167, 1099, 1075, 1045, 1019; MS (EL 70
eV) m/z (%) 368 (M", 2.02), 141 (100); HRMS calcd. for Co3Hps04 [M']: 368.1988,

Found: 368.1986.

Synthesis of methyl 10-((¢-butyldimethylsilyl)oxy)deca-2,3-dienyl carbonate 1l

(ssh-04-118, ssh-04-121)

OH 50 mol% Cul OH
__ 7 + TBSO\M,CHO + i-BupNH
T 6 N,, Dioxane TBSO )
130°C,12h
1.4 equiv 1.2 equiv
(0]
CI)J\O/ (1.2 equiv) HOCOQMe
DMAP (1.5 equiv), CH,Cl, TBSO-t),
0 °C (10 +10) min, 1

then rt (3 h)
overall yield of two steps: 51%

Following Typical Procedure I, the reaction of propargyl alcohol (0.53 mL, d =
0.963 g/mL, 0.51 g, 9 mmol), 7-((t-butyldimethylsilyl)oxy)heptanal (3.0817 g, 12.6
mmol), diisobutylamine (1.9 mL, d = 0.74 g/mL, 1.4 g, 10.8 mmol), and Cul (0.8585
g, 4.5 mmol) in dioxane (18 mL) afforded
10-((z-butyldimethylsilyl)oxy)deca-2,3-dienol (1.4819 g) (eluent: petroleum ether
(30-60 °C)/ethyl acetate = 10/1) as an oil, which was used in the next step without
further purification.

Following Typical Procedure I, the reaction of
10-((¢-butyldimethylsilyl)oxy)deca-2,3-dienol (1.4819 g), methyl chloroformate (0.48
mL, d = 1.22 g/mL, 0.59 g, 6.24 mmol), and DMAP (0.9512 g, 7.8 mmol) in CH,Cl,

(20 mL) afforded 1l (1.5761 g, overall yield of two steps: 51%) (eluent: petroleum
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ether (30-60 °C)/ethyl acetate = 50/1) as an oil: 'H NMR (300 MHz, CDCl;) &
5.32-5.23 (m, 2 H, HC=C=CH), 4.63-4.57 (m, 2 H, OCH,), 3.79 (s, 3 H, OCH3), 3.60
(t, J = 6.6 Hz, 2 H, OCH,), 2.06-1.96 (m, 2 H, CH,), 1.56-1.27 (m, 8 H, 4 x CH),),
0.89 (s, 9 H, t-Bu), 0.05 (s, 6 H, 2 x CH3); *C NMR (75 MHz, CDCl3) § 205.7, 155.6,
93.1, 86.4, 66.4, 63.2, 54.8, 32.8, 28.9, 28.8, 28.2, 25.9, 25.5, 18.4, -5.3; IR (neat,
cm™) 2954, 2930, 2857, 1966, 1752, 1449, 1366, 1257, 1101; MS (EL, 70 eV) m/z (%)
343 (M + 1, 52.19), 135 (100); Anal. Calcd for CigH3404Si: C 63.11, H 10.00. Found:

C 63.01, H9.75.

Synthesis of methyl 4-cyclohexylbuta-2,3-dien-1-yl carbonate 1m (dxy-1-193,

dxy-2-003)
CHO
OH
OH 50 mol% Cul _'=/_
o + + i-BupNH
- N,, dioxane
130°C, 14 h
1.6 equiv 1.4 equiv
(0]
1.2 equiv OCO,Me
o g (12eauv) 2
DMAP (1.5 equiv), CH,Cl,
0°C (10 +10) min, 1m
then rt (3 h)

overall yield of two steps: 39%

Following Typical Procedure Il, the reaction of propargyl alcohol (2.30 mL, d =
0.963 g/mL, 2.21 g, 40 mmol), cyclohexanecarbaldehyde (7.80 mL, d = 0.926 g/mL,
7.22 g, 64 mmol), diisobutylamine (9.8 mL, 0.74 g/mL, 7.3 g, 56 mmol), and Cul
(3.8477 g, 20 mmol) in dioxane (20 mL) afforded 4-cyclohexylbuta-2,3-dienol
(2.8110 g) (eluent: petroleum ether/ethyl acetate = 15/1 (480 mL) to 10/1 (1000 mL))

as a liquid, which was used in the next step without further purification.
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Following Typical Procedure I, the reaction of 4-cyclohexylbuta-2,3-dien-1-ol
(2.811 g), methyl chloroformate (1.70 mL, d = 1.22 g/mL, 2.07 g, 22.15 mmol), and
DMAP (3.3833 g, 27.69 mmol) in CH,Cl, (20 mL) afforded 1m (3.2423 g, overall
yields of two steps: 39%) (eluent: petroleum ether/ethyl acetate = 120/1 (480 mL) to
110/1 (400 mL) to 100/1 (900 mL) to 70/1 (350 mL)) as a liquid: '"H NMR (300 MHz,
CDCl3) 8 5.36-5.24 (m, 2 H, HC=C=CH), 4.66-4.53 (m, 2 H, OCH,), 3.78 (s, 3 H,
OCHs), 2.08-1.93 (m, 1 H, CH), 1.81-1.56 (m, 5 H, 2 x CH,+ one proton of CH,),
1.36-0.99 (m, 5 H, 2 x CH, + one proton of CHy); >C NMR (75 MHz, CDCl3) &
204.5, 155.4,98.9, 87.2, 66.2, 54.5, 36.6, 32.6, 25.9, 25.7; IR (neat, cm™') 2925, 2852,
1964, 1757, 1747, 1583, 1447, 1368, 1258, 1169, 1128, 1107, 1079; MS (EIL, 70 eV)
m/z (%) 211 (M + 1, 4.10), 210 (M", 2.50), 91 (100); HRMS calcd. for Cj,H;50;

[M']: 210.1256, Found: 210.1254.

Synthesis of methyl 5-methylhexa-2,3-dienyl carbonate 1n (wxy-01-094,

wxy-01-096)

oH CHO 50 mol% Cul IOH
_ + )\ +  i-BuNH ==
- N,, dioxane 4(

. . 130°C, 12 h
1.6 equiv 1.4 equiv
(0]
1.2 equiv, OCO,Me
DMAP (1.5 equiv), CH,Cl,
0°C (10 +10) min, 1in

then rt (3 h)
overall yield of two steps: 27%

Following Typical Procedure Il, the reaction of propargyl alcohol (3.50 mL, d =
0.963 g/mL, 3.37 g, 60 mmol), isobutyraldehyde (8.8 mL, d = 0.79 g/mL, 7.0 g, 96
mmol), diisobutylamine (15.0 mL, d = 0.74 g/mL, 11.1 g, 84 mmol), and Cul (5.7721

g, 30 mmol) in dioxane (30 mL) afforded 5-methylhexa-2,3-dienol (2.6468 g) (eluent:
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petroleum ether (30-60 °C)/Et,O = 4/1) as a liquid, which was used in the next step
without further purification.

Following Typical Procedure I, the reaction of 5-methylhexa-2,3-dienol (2.6468
g), methyl chloroformate (2.20 mL, d = 1.22 g/mL, 2.68 g, 28.3 mmol), and DMAP
(4.3259 g, 35.4 mmol) in CH,Cl, (30 mL) afforded 1n (2.7334 g, overall yield of two
steps: 27%) (eluent: petroleum ether (30-60 °C)/Et,O = 20/1) as an oil: "H NMR (300
MHz, CDCls) 6 5.38-5.27 (m, 2 H, HC=C=CH), 4.61 (dd, J,= 6.0 Hz, J, =3.0 Hz, 2
H, OCH,), 3.79 (s, 3 H, OCH3), 2.40-2.24 (m, 1 H, CH), 1.02 (d, J=6.6 Hz, 6 H, 2 x
CHs); C NMR (75 MHz, CDCls) § 204.3, 155.6, 100.5, 87.6, 66.3, 54.7, 27.6, 22.24,
22.21; IR (neat, cm™) 2961, 2871, 1963, 1754, 1448, 1366, 1269; MS (EI, 70 eV) m/z
(%) 171 (M" + 1, 10.25), 170 (M", 3.92), 95 (100), 79 (100); HRMS calcd. for

CoH 1405 [M']: 170.0943, Found: 170.0950.

Synthesis of methyl tetradeca-2,3,13-trienyl carbonate 10 (Ssh-03-156, Ssh-03-165)

50 mol% Cul OH
O OH L A CHO L iBuNH -
- N,, Dioxane / )g

130°C, 12 h
1.5 equiv 1.4 equiv
o)
(1.2 equiv) OCO,M
CI)J\O/ 2lie
DMAP (1.5 equiv), CH,Cl, Vi g
0 °C (10 + 10 +10) min, 10

then rt (3 h)
overall yield of two steps: 34%
Following Typical Procedure |1, the reaction of propargyl alcohol (3.50 mL, d =
0.963 g/mL, 3.37 g, 60 mmol), 10-undecenal (18 mL, d = 0.84 g/mL, 15 g, 90 mmol),
diisobutylamine (14.7 mL, d = 0.74 g/mL, 11 g, 84 mmol), and Cul (5.7230 g, 30

mmol) in dioxane (30 mL) afforded tetradeca-2,3,13-trienol (6.2711 g) (eluent:
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petroleum ether (30-60 °C)/ethyl acetate = 15/1) as an oil, which was used in the next
step without further purification.

Following Typical Procedure 1, the reaction of tetradeca-2,3,13-trienol (6.2711 g),
methyl chloroformate (2.80 mL, d = 1.22 g/mL, 3.42 g, 36.12 mmol), and DMAP
(5.5192 g, 45.15 mmol) in CH,Cl, (30 mL) afforded 10 (5.5022 g, overall yield of
two steps: 34%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 80/1) as an oil: 'H
NMR (300 MHz, CDCls) & 5.88-5.74 (m, 1 H, C=CH), 5.32-5.23 (m, 2 H,
HC=C=CH), 5.03-4.89 (m, 2 H, H,C=), 4.63-4.57 (m, 2 H, OCH,), 3.78 (s, 3 H,
OCHj3), 2.08-1.96 (m, 4 H, 2 x CH,), 1.45-1.25 (m, 12 H, 6 x CH,); ?C NMR (75
MHz, CDCls) 8 205.7, 155.5, 139.1, 114.1, 93.1, 86.4, 66.3, 54.7, 33.8, 29.4, 29.3,
29.1, 29.0, 28.9, 28.2; IR (neat, cm™) 2926, 2855, 1966, 1750, 1640, 1445, 1367,
1259; MS (EL, 70 eV) m/z (%) 266 (M", 0.05), 175 (M" - CO; - MeOH - CH3, 3.08),

67 (100); Anal. Calcd for C;¢H2603: C 72.14, H 9.84. Found: C 72.13, H 9.91.

Synthesis of methyl 5,5-dimethylhexa-2,3-dienyl carbonate 1p (Ssh-05-160,

Ssh-05-161)
MeO 1) LiAlH4 (3.0 equiv), Et,0O, rt, (10 min + 1 h), N, OH
Bl OH 21, (25equiv),-78°C, 15h tBY

O

1.2 equiv
C|)]\o/ (1.2 equiv) —0CO,Me

DMAP (1.5 equiv), CH,Cl, t-Bu
0°C (10 +10) min, 1p
then rt (2.5 h) overall yield of two steps: 88%

To a dried three-neck flask were added LiAlH, (1.1463 g, 30 mmol), Et,O (100 mL)
sequentially under nitrogen atmosphere. Then 4-methoxy-5,5-dimethylhex-2-ynol

(1.5642 g, 10 mmol) in Et,0O (20 mL) was added dropwise within 10 min at rt. The
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resulting mixture was stirred at rt for 1 h. After that, the resulting solution was stirred
at -78 °C for 10 min and the solution was treated in one batch with solid I, (6.3524 g,
25 mmol). The resulting suspension was stirred at at -78 °C for 15 h. After the
reaction was complete as monitored by TLC, the reaction mixture was warmed to 0
°C and quenched by adding ethyl acetate (10 mL) dropwise at 0 °C. Then 2 M NaOH
(50 mL) and a saturated aqueous solution of sodium thiosulfate (50 mL) were added
sequentially. The organic layer was separated and the aqueous layer was extracted
with Et;0 (50 mL). The combined organic layer was dried over anhydrous Na,SOs.
After filtration and evaporation, the crude product was used in the next step without
further purification.

Following Typical Procedure I, the reaction of 5,5-dimethylhexa-2,3-dienol”
(prepared above), methyl chloroformate (0.93 mL, d = 1.22 g/mL, 1.1 g, 12.0 mmol),
and DMAP (1.8373 g, 15 mmol) in CH,Cl, (30 mL) afforded 1p (1.6217 g, overall
yield of two steps: 88%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 60/1) as
an oil: "H NMR (300 MHz, CDCls) & 5.38-5.26 (m, 2 H, HC=C=CH), 4.61 (dd, J,=
6.6 Hz, J,= 2.1 Hz, 2 H, OCH>), 3.79 (s, 3 H, OCHj3), 1.05 (s, 9 H, t-Bu); °C NMR
(75 MHz, CDCls) 6 203.0, 155.6, 104.9, 88.2, 66.3, 54.7, 31.7, 29.9; IR (neat, cm™)
2961, 2904, 2867, 1965, 1753, 1447, 1391, 1363, 1259, 1191, 1106, 1024; MS (EI, 70
eV) m/z (%) 184 (M", 0.03), 93 (100); HRMS calcd. for C;oH;s03 [M']: 184.1099,

Found: 184.1097.

Asymmetric synthesis of 1,3-disubstitued allenyl malonates

4.1 Synthesis of (R,)-dimethyl 2-(undeca-2,3-dienyl)malonate (R,)-3aa (Ssh-03-131)
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2.5 mol% [Pd(r-cinnamyl)Cl], H

.,/ OC0OMe - COMe 6 mois (R)-(--DTBM-SEGPHOS Va COMe
== - n-L7Ms
n-C;His CO,Me K2CO3 (2.0 equiv) CO,Me
N,, THF,5°C, 26 h
1a 2a (Ry)-3aa
2 equiv 77% yield
90% ee

Typical Procedure 111 (Procedure C): To a dried Schlenk tube were added K,COs
(276.2 mg, 2 mmol) and (R)-(-)-DTBM-SEGPHOS (70.5 mg, 0.06 mmol) in the glove
box. Then [Pd(n-cinnamyl)Cl], (13.2 mg, 0.025 mmol) and 2a (263.8 mg, 2
mmol)/THF (3.5 mL) were added under nitrogen atmosphere. After being stirred at 25
°C for 30 min, the resulting mixture was stirred at 5 °C for another 10 min. Then la
(226.2 mg, 1 mmol)/anhydrous THF (1.5 mL) was added to the reaction mixture with
stirring. After being stirred for 26 h at 5 °C, the reaction was complete as monitored

by TLC. The resulting mixture was filtered through a short column of silica gel eluted

with ethyl acetate (10 mL x 3). After evaporation, the residue was purified by flash

column chromatography (eluent: petroleum ether (30-60 °C)/ethyl acetate = 30/1) on
silica gel to afford (R,)-3aa (217.6 mg, 77%) (eluent: petroleum ether/ethyl acetate =
30/1) as an oil: 90% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, tx(minor) = 16.4 min, tr(major) = 17.9 min); [o]p>"
= -542 (¢ = 1.08, CHCly)); 'H NMR (300 MHz, CDCl3) & 5.20-5.06 (m, 2 H,
CH=C=CH), 3.74 (s, 6 H, 2 x OCH3 ), 3.51 (t, /= 7.4 Hz, 1 H, CH), 2.61-2.54 (m, 2
H, CHy), 2.00-1.90 (m, 2 H, CH,), 1.43-1.19 (m, 10 H, 5 X CH3), 0.88 (t, /= 6.8 Hz, 3
H, CH;); >C NMR (75 MHz, CDCls) & 204.0, 169.4, 169.3, 93.0, 87.3, 52.5, 51.3,
31.8, 29.12, 29.10, 29.08, 28.8, 28.0, 22.6, 14.1; IR (neat, cm™") 2955, 2927, 2855,
1964, 1761, 1740, 1436, 1341, 1266, 1232, 1154, 1042; MS (EIL, 70 eV) m/z (%) 282

(M", 3.91), 138 (100); HRMS calcd. for C1sHz604 [M']: 282.1831, found: 282.1830.
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The following (R,)-3 were prepared according to Typical Procedure 11l

(procedure C).

Synthesis of (R,)-dimethyl 2-(penta-2,3-dienyl)malonate (R,)-3ba (Ssh-05-066)

2.5 mol% [Pd(n-cinnamyl)Cl], H
_/OC0Me COMe g moi% (R)-(-)-DTBM-SEGPHOS /='—‘° CO,Me
e .
/- CO,Me K,CO3 (2.0 equiv) CoMe
N,, THF, 5°C, 12 h

1b 2a (R,)-3ba

2 equiv 77% yield

90% ee

The  reaction of [Pd(n-cinnamyl)Cl], (2.7 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (14.5 mg, 0.012 mmol), K,CO; (55.5 mg, 0.4 mmol), 1b
(28.5 mg, 0.2 mmol)/THF (0.5 mL), and 2a (52.6 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3ba (30.7 mg, 77%) (eluent: petroleum ether (60-90 °C)/ethyl acetate =
30/1) as an oil: 90% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, tx(minor) = 23.4 min, fr(major) = 24.8 min); [o]p>"
= -40.9 (¢ = 0.47, CHCL;); '"H NMR (300 MHz, CDCl3) & 5.19-5.04 (m, 2 H,
CH=C=CH), 3.750 (s, 3 H, OCHs), 3.745 (s, 3 H, OCHs), 3.52 (t, /= 7.5 Hz, 1 H,
CH), 2.62-2.53 (m, 2 H, CH,), 1.62 (dd, J, = 6.8 Hz, J, = 3.5 Hz, 3 H, CHs); °C
NMR (75 MHz, CDCl;) & 204.8 169.4, 169.3, 87.6, 86.8, 52.5, 51.1, 27.8, 14.3; IR
(neat, cm™) 2987, 2954, 2919, 2855, 1966, 1751, 1739, 1436, 1341, 1232, 1152, 1043;
MS (EI, 70 eV) m/z (%) 199 (M" + 1, 3.74), 198 (M", 27.55), 98 (100); HRMS calcd.

for C1oH ;404 [M']: 198.0892, found: 198.0892.

Synthesis of (R,)-dimethyl 2-(hepta-2,3-dienyl)malonate (R,)-3ca (Ssh-04-011)
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2.5 mol% [Pd(n-cinnamyl)Cl], H

ocome COMe 6mol% (RN(}DTBMSSEGPHOS /= "\ FOMe
n_
== + K>COj3 (2.0 equiv) o COo,Me
n-CsHy COMe N,, THF, 5 °C, 23 h
1c 2a (Ry)-3ca
2 equiv 91% yield
91% ee

The reaction of [Pd(n-cinnamyl)Cl], (13.2 mg, 0.025 mmol),
(R)-(-)-DTBM-SEGPHOS (71.2 mg, 0.06 mmol), K,CO3; (276.6 mg, 2 mmol), 1c
(169.5 mg, 1 mmol)/THF (1.0 mL), and 2a (264.3 mg, 2 mmol)/THF (4.0 mL)
afforded (R,)-3ca (205.6 mg, 91%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
50/1) as an oil: 91% ee (HPLC conditions: Chiralcel AD-H column, n-hexane/i-PrOH
=100/1, 0.7 mL/min, A = 214 nm, tx(major) = 15.8 min, fr(minor) = 16.7 min); [o]p>"
= -62.9 (¢ = 1.00, CHCl)); 'H NMR (300 MHz, CDCl3) & 5.20-5.06 (m, 2 H,
CH=C=CH), 3.75 (s, 6 H, 2 x OCH3 ), 3.52 (t, J = 7.5 Hz, 1 H, CH), 2.62-2.54 (m, 2
H, CH,), 1.98-1.88 (m, 2 H, CH,), 1.48-1.33 (m, 2 H, CH,), 0.92 (t, /= 7.1 Hz, 3 H,
CH3); ?C NMR (75 MHz, CDCls) & 203.9, 169.4, 169.3, 92.7, 87.2, 52.5, 51.1, 30.8,
27.9, 22.2, 13.6; IR (neat, cm™) 2957, 2933, 2873, 2847, 1964, 1755, 1738, 1436,
1339, 1269, 1232, 1154, 1079, 1040; MS (EL, 70 eV) m/z (%) 226 (M", 12.48), 79

(100); HRMS calcd. for C,H 1304 [M']: 226.1205, found: 226.1206.
Synthesis of (R,)-dimethyl 2-(octa-2,3-dienyl)malonate (R,)-3da (Ssh-04-033)

2.5 mol% [Pd(n-cinnamyl)Cl],

H
0, -(-)- - s
_._/_OCOZMe CO,Me 8 mol% (R)-(--DTBM-SEGPHOS == COMe
c H/— = + < K,COj3 (2.0 equiv) n-C4Hg 4\_<
n-C4Hg COMe N,, THF, 5 °C, 50 h CO,Me
1d 1a (R,)-3da
2 equiv 86% yield

91% ee
The reaction of [Pd(n-cinnamyl)Cl], (134 mg, 0.025 mmol),
(R)-(-)-DTBM-SEGPHOS (71.3 mg, 0.06 mmol), K,CO; (276.0 mg, 2 mmol), 1d

(184.5 mg, 1 mmol)/THF (1.0 mL), and 2a (264.7 mg, 2 mmol)/THF (9.0 mL)
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afforded (R,)-3da (206.7 mg, 86%) (eluent: petroleum ether (30-60 °C)/ethyl acetate
= 30/1) as an oil: 91% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 20.3 min, fr(major) =
21.9 min); [o]p® = -62.2 (¢ = 1.03, CHCLy)); "H NMR (300 MHz, CDCl5) & 5.20-5.06
(m, 2 H, CH=C=CH), 3.74 (s, 6 H, 2 x OCHj3 ), 3.51 (t, J/ = 7.5 Hz, 1 H, CH),
2.62-2.54 (m, 2 H, CHy), 2.01-1.90 (m, 2 H, CH,), 1.42-1.25 (m, 4 H, 2 x CHy), 0.90
(t, J=7.1 Hz, 3 H, CH;); °C NMR (75 MHz, CDCl3) & 203.9, 169.4, 169.3, 92.9,
87.3,52.5,51.2,31.1, 28.4, 28.0, 22.1, 13.8; IR (neat, cm™) 2956, 2931, 2873, 2859,
1964, 1756, 1739, 1436, 1342, 1264, 1232, 1154, 1080, 1043; MS (EI, 70 eV) m/z (%)
240 (M, 8.64), 79 (100); HRMS calcd. for Cj3Hy004 [M']: 240.1362, found:

240.1370.
Synthesis of (R,)-dimethyl 2-(nona-2,3-dienyl)malonate (R,)-3ea (Ssh-04-022)

2.5 mol% [Pd(n-cinnamyl)Cl], H

_._/—OCOzMe CO,Me 6 mol% (R)-(-)-DTBM-SEGPHOS o ==\ COMe
- + - n-CsHqq
n-CsHyq1 Co,Me K>,CO3 (2.0 equiv) CO,Me
N,, THF, 5°C, 46 h
Te 2a (R,)-3ea
2 equiv 85% yield

91% ee

The reaction of [Pd(n-cinnamyl)Cl], (13.0 mg, 0.025 mmol),
(R)-(-)-DTBM-SEGPHOS (71.3 mg, 0.06 mmol), K,COs3 (276.6 mg, 2 mmol), 1le
(198.5 mg, 1 mmol)/THF (1.0 mL), and 2a (264.1 mg, 2 mmol)/THF (9.0 mL)
afforded (R,)-3ea (216.2 mg, 85%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
30/1) as an oil: 91% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, tx(minor) = 18.0 min, fr(major) = 19.7 min); [o]p>"
= -62.8 (c = 1.00, CHCl3)); 'H NMR (300 MHz, CDCl;) & 5.20-5.06 (m, 2 H,

CH=C=CH), 3.74 (s, 6 H, 2 x OCH; ), 3.51 (t, J = 7.5 Hz, 1 H, CH), 2.62-2.53 (m, 2
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H, CH,), 2.00-1.90 (m, 2 H, CH,), 1.44-1.22 (m, 6 H, 3 x CH,), 0.89 (t, /= 6.8 Hz, 3
H, CH;); °C NMR (75 MHz, CDCls) § 203.9, 169.4, 169.3, 93.0, 87.3, 52.5, 51.2,
31.3, 28.73, 28.69, 28.0, 22.4, 14.0; IR (neat, cm™) 2955, 2926, 2871, 2857, 1961,
1757, 1739, 1436, 1342, 1263, 1232, 1154, 1040; MS (EL 70 eV) m/z (%) 254 (M",

3.98), 79 (100); HRMS calcd. for C4H,,04[M']: 254.1518, found: 254.1523.

Synthesis of (R,)-dimethyl 2-(deca-2,3-dienyl)malonate (R,)-3fa (Ssh-04-028)

2.5 mol% [Pd(n-cinnamyl)Cl], H
_/OC0:Me COMe g 01% (R)-(-)-DTBM-SEGPHOS /= [fFOMe
—— + - > n-CGH13
n-CeHis CO,Me K>,CO3 (2.0 equiv) CO,Me
N,, THF, 5°C, 50 h
1f 2a (Ry)-3fa
2 equiv 85% yield

91% ee

The reaction of [Pd(n-cinnamyl)Cl], (13.1 mg, 0.025 mmol),
(R)-(-)-DTBM-SEGPHOS (71.2 mg, 0.06 mmol), K,COs3 (275.9 mg, 2 mmol), 1f
(211.9 mg, 1 mmol)/THF (1.0 mL), and 2a (264.8 mg, 2 mmol)/THF (9.0 mL)
afforded (R,)-3fa (228.2 mg, 85%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
30/1) as an oil: 91% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 17.0 min, fr(major) = 18.3 min); [a]p”
= -65.8 (¢ = 1.12, CHCLy)); 'H NMR (300 MHz, CDCls) § 5.20-5.06 (m, 2 H,
CH=C=CH), 3.74 (s, 6 H, 2 x OCH3 ), 3.51 (t, /= 7.5 Hz, 1 H, CH), 2.61-2.52 (m, 2
H, CH,), 2.00-1.89 (m, 2 H, CH»), 1.44-1.23 (m, 8 H, 4 x CH»), 0.88 (t, J=6.8 Hz, 3
H, CH;); C NMR (75 MHz, CDCls) & 203.9, 169.34, 169.27, 93.0, 87.3, 52.4, 51.2,
31.6,29.0, 28.7, 28.0, 22.6, 14.0; IR (neat, cm™) 2955, 2928, 2856, 1964, 1755, 1739,
1436, 1342, 1266, 1232, 1154, 1080, 1042; MS (EI, 70 eV) m/z (%) 268 (M", 5.07),

138 (100); HRMS calcd. for CsH»404 [M+]: 268.1675, found: 268.1678.
Synthesis of (R,)-dimethyl 2-(dodeca-2,3-dienyl)malonate (R,)-3ga (Ssh-04-009)
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2.5 mol% [Pd(r-cinnamyl)Cl], H

_,_/ocoMe COMe g moi% (R)-(-)-DTBM-SEGPHOS ==\ [FO:Me
== + , n-CgHy7
n-CgHy7 CO,Me K2CO; (2.0 equiv) CO,Me
N, THF, 5°C, 21 h
19 2a (Ra)>-3ga
. 9 i

The reaction of [Pd(n-cinnamyl)Cl], (13.2 mg, 0.025 mmol),
(R)-(-)-DTBM-SEGPHOS (71.0 mg, 0.06 mmol), K,COs (276.6 mg, 2 mmol), 1g
(239.8 mg, 1 mmol)/THF (1.0 mL), and 2a (264.3 mg, 2 mmol)/THF (4.0 mL)
afforded (R,)-3ga’ (242.5 mg, 82%) (eluent: petroleum ether (30-60 °C)/ethyl acetate
= 35/1) as an oil: 92% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 200/1, 0.5 mL/min, A = 214 nm, fr(minor) = 16.2 min, fr(major) =
17.7 min); [a]p™ = -64.6 (¢ = 0.91, CHCI;) (reported value: 94% ee; [a]p> " = -61.8
(c = 1.02, CHCLs)); '"H NMR (300 MHz, CDCls) & 5.20-5.05 (m, 2 H, CH=C=CH),
3.74 (s, 6 H, 2 x OCH3 ), 3.51 (t, J = 7.4 Hz, 1 H, CH), 2.62-2.53 (m, 2 H, CH,),
2.00-1.89 (m, 2 H, CH3), 1.44-1.20 (m, 12 H, 6 x CH,), 0.88 (t, J= 6.6 Hz, 3 H, CH3);
*C NMR (75 MHz, CDCls) § 203.9, 169.4, 169.3, 93.0, 87.3, 52.5, 51.2, 31.8, 29.4,
29.2,29.1, 29.0, 28.8, 28.0, 22.6, 14.1; IR (neat, cm™) 2954, 2926, 2855, 1963, 1757,
1740, 1436, 1342, 1260, 1232, 1153, 1042; MS (EI, 70 eV) m/z (%) 296 (M, 1.87),

79 (100).

Synthesis of (R,)-dimethyl 2-(trideca-2,3-dienyl)malonate (R,)-3ha (Ssh-04-041)

OCOM 2.5 mol% [Pd(n-cinnamyl)Cl], ‘\\H
L) e COMe g moi% (R)-(-)-DTBM-SEGPHOS [\ fOaMe
/[~ + - n-CoHyg
n-CoHyg CO,Me K2COj3 (2.0 equiv) CO,Me
N,, THF, 5 °C, 50 h

1h 2a (R,)-3ha

2 equiv 86% yield

90% ee

The reaction of [Pd(n-cinnamyl)Cl], (13.1 mg, 0.025 mmol),

(R)-(-)-DTBM-SEGPHOS (71.0 mg, 0.06 mmol), K,CO; (275.8 mg, 2 mmol), 1h
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(254.5 mg, 1 mmol)/THF (1.0 mL), and 2a (264.2 mg, 2 mmol)/THF (9.0 mL)
afforded (R,)-3ha (266.7 mg, 86%) (eluent: petroleum ether (30-60 °C)/ethyl acetate
= 30/1) as an oil: 90% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 15.3 min, fg(major) =
16.7 min); [o]p> = -61.5 (¢ = 1.13, CHCLs)); "H NMR (300 MHz, CDCl5) & 5.20-5.06
(m, 2 H, CH=C=CH), 3.74 (s, 6 H, 2 x OCHj3 ), 3.51 (t, J/ = 7.5 Hz, 1 H, CH),
2.62-2.53 (m, 2 H, CHy), 2.00-1.90 (m, 2 H, CH;), 1.46-1.22 (m, 14 H, 7 x CHa), 0.88
(t, J = 6.6 Hz, 3 H, CH;); °C NMR (75 MHz, CDCl3) & 203.9, 169.4, 169.3, 93.0,
87.3, 52.5,51.2, 31.9, 29.6, 29.4, 29.3, 29.12, 29.06, 28.8, 28.0, 22.7, 14.1; IR (neat,
cm™') 2954, 2925, 2854, 1965, 1757, 1740, 1458, 1436, 1340, 1264, 1232, 1154, 1043;
MS (EL, 70 eV) m/z (%) 310 (M", 5.42), 138 (100); HRMS calcd. for CisH3004 [M']:

310.2144, found: 310.2145.

Synthesis of (R,)-dimethyl 2-(pentadeca-2,3-dienyl)malonate (R,)-3ia (Ssh-05-047)

M 2.5 mol% [Pd(n-cinnamyl)Cl], gH
_ .,/ Oc0aMe COMe 7 1619% (R)-(-)-DTBM-SEGPHOS /7 OMe
= + : n-CqqHa3
n-CqqHoz CO,Me K2COj3 (2.0 equiv) CO,Me
N,, THF, 5°C, 16 h
1i 2a (Ra)-3ia
2 equiv 80% yield

91% ee
The  reaction of [Pd(n-cinnamyl)Cl], (2.7 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (16.7 mg, 0.014 mmol), K,COs (55.1 mg, 0.4 mmol), 1i
(56.4 mg, 0.2 mmol)/THF (0.5 mL), and 2a (53.3 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3ia’ (54.3 mg, 80%) (eluent: petroleum ether (60-90 °C)/ethyl acetate =
30/1) as an oil: 91% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, tx(minor) = 16.4 min, fr(major) = 18.2 min); [o]p>"

=-47.6 (¢ = 0.62, CHCl3)) (reported value: 94% ee; [a]p>® = -49.9 (¢ = 1.00, CHCI3));
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'H NMR (300 MHz, CDCl3) & 5.20-5.06 (m, 2 H, CH=C=CH), 3.74 (s, 6 H, 2 x
OCH; ), 3.51 (t, J=7.5 Hz, | H, CH), 2.61-2.53 (m, 2 H, CH,), 2.00-1.89 (m, 2 H,
CH,), 1.44-1.21 (m, 18 H, 9 x CH,), 0.88 (t, J = 6.8 Hz, 3 H, CH;); °C NMR (75
MHz, CDCl3) & 203.9, 169.35, 169.28, 93.0, 87.3, 52.4, 51.2, 31.9, 29.61, 29.58, 29.4,
29.3,29.1, 29.0, 28.8, 28.0, 22.6, 14.1; IR (neat, cm™) 2954, 2925, 2854, 1964, 1757,
1741, 1459, 1436, 1341, 1262, 1231, 1153, 1043; MS (EI, 70 eV) m/z (%) 339 (M" +

1, 1.46), 338 (M, 5.66), 138 (100).

Synthesis of (R,)-dimethyl 2-(10-(benzyloxy)deca-2,3-dienyl)malonate (R,)-3ja

(Ssh-05-023)

2.5 mol% [Pd(n-cinnamyl)Cl], §H
/7 OCO:Me  GOMe 7 mol% (R)-(-)-DTBM-SEGPHOS _f‘_ COMe
—(J{‘:.'— + ) BnO 6
BnO—Hg CO,Me K2CO3 (2.0 equiv) CO,Me
N,, THF, 5°C, 10 h
1j 2a (R.)-3ja
2 equiv 84% vyield

91% ee

The  reaction of [Pd(mn-cinnamyl)Cl], (2.5 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (16.4 mg, 0.014 mmol), K,CO; (55.4 mg, 0.4 mmol), 1j
(64.1 mg, 0.2 mmol)/THF (0.5 mL), and 2a (53.1 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3ja (62.8 mg, 84%) (eluent: petroleum ether (60-90 °C)/ethyl
acetate/DCM = 30/1/1) as an oil: 91% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 90/10, 0.7 mL/min, A = 214 nm, fr(minor) = 11.7 min, fr(major) =
12.9 min); [a]p™® = -43.0 (¢ = 0.56, CHCls); "H NMR (300 MHz, CDCl3)  7.39-7.24
(m, 5 H, Ar-H), 5.20-5.06 (m, 2 H, CH=C=CH), 4.50 (s, 2 H, OCH,), 3.73 (s, 6 H, 2 %
OCHj ), 3.56-3.42 (m, 3 H, OCH; + CH), 2.62-2.53 (m, 2 H, CH), 2.00-1.89 (m, 2 H,
CH,), 1.67-1.55 (m, 2 H, CH,), 1.45-1.24 (m, 6 H, 3 x CH,); °C NMR (75 MHz,

CDCls) 6 203.9, 169.34, 169.29, 138.6, 128.3, 127.5, 127.4, 92.9, 87.4, 72.8, 70.4,
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52.5, 51.2, 29.7, 28.92, 28.90, 28.7, 28.0, 26.0; IR (neat, cm™") 2932, 2855, 1963,
1755, 1738, 1496, 1454, 1436, 1342, 1265, 1232, 1153, 1101, 1028; MS (EI, 70 eV)
m/z (%) 374 (M", 2.26), 91 (100); HRMS calcd. for C2,HsoOs [M']: 374.2093, found:

374.2094.
Synthesis of (R,)-dimethyl 2-(10-(naphthalen-1-ylmethoxy)deca-2,3-dienyl)-

malonate (R,)-3ka (Ssh-05-082)

2.5 mol% [Pd(n-cinnamyl)Cl], §H
/7 OC0Me  COMe 7 moi9 (R)-(--DTBM-SEGPHOS f'_‘ COMe
—— + - NpCHzO 6
NpCHQO‘V{; CO,Me K>CO3 (2.0 equiv) CO,Me
Ny, THF, 5°C, 12 h
1k 2a (R,)-3ka
2 equiv 88% yield

91% ee

The  reaction of [Pd(m-cinnamyl)Cl], (2.7 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (16.7 mg, 0.014 mmol), K,CO; (55.5 mg, 0.4 mmol), 1k
(73.4 mg, 0.2 mmol)/THF (0.5 mL), and 2a (52.8 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3ka (74.7 mg, 88%) (eluent: petroleum ether (60-90 °C)/ethyl
acetate/DCM = 15/1/1) as an oil: 91% ee (HPLC conditions: Chiralcel As-H column,
n-hexane/i-PrOH = 100/1, 1.5 mL/min, A = 214 nm, fr(major) = 8.3 min, fr(minor) =
9.2 min); [a]p™ = -42.9 (¢ = 0.65, CHCls); "H NMR (300 MHz, CDCls) & 8.14-8.07
(m, 1 H, ArH), 7.88-7.77 (m, 2 H, ArH), 7.56-7.38 (m, 4 H, ArH), 5.17-5.05 (m, 2 H,
CH=C=CH), 4.93 (s, 2 H, ArCH,0), 3.71 (s, 6 H, 2 x OCH3 ), 3.54 (t, /= 6.5 Hz, 2 H,
OCH,), 3.50 (t, J/ = 6.9 Hz, 1 H, CH), 2.60-2.52 (m, 2 H, CH;), 1.98-1.86 (m, 2 H,
CH,), 1.70-1.57 (m, 2 H, CH,), 1.42-1.22 (m, 6 H, 3 x CH,); °C NMR (75 MHz,
CDCls) 6 204.0, 169.4, 169.3, 134.1, 133.8, 131.8, 128.50, 128.47, 126.3, 126.1,
125.7, 125.2, 124.1, 93.0, 87.4, 71.4, 70.5, 52.5, 51.3, 29.8, 29.0, 28.9, 28.8, 28.1,
26.1; IR (neat, cm™) 2932, 2855, 1963, 1739, 1598, 1511, 1436, 1339, 1265, 1232,
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1154, 1098; MS (EL, 70 eV) m/z (%) 424 (M, 1.64), 141 (100); HRMS calcd. for

Cy6H3,05 [M']: 424.2250, found: 424.2251.
Synthesis of (R,)-dimethyl 2-(10-((¢-butyldimethylsilyl)oxy)deca-2,3-dienyl)-
malonate (R,)-3la (Ssh-04-126)

2.5 mol% [Pd(r-cinnamyl)Cl], H
OCOM K
/e LOMe 6 moi% (R)-(-)-DTBM-SEGPHOS —e—  CO,Me
¥ TBSO-g M

TBSO—t)g CO,Me K>,CO3 (2.0 equiv)
Ny, THF, 5°C, 10 h COMe
1 2a (Ry)-3la
2 equiv 84% yield

92% ee

The  reaction of [Pd(n-cinnamyl)Cl], (2.7 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (14.8 mg, 0.012 mmol), K,COs (55.0 mg, 0.4 mmol), 1l
(69.0 mg, 0.2 mmol)/THF (0.5 mL), and 2a (53.3 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3la (66.8 mg, 84%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
40/1) as an oil: 92% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 16.4 min, tr(major) = 17.3 min); [a]Dzo
= -46.5 (¢ = 0.64, CHCl;); '"H NMR (300 MHz, CDCl3) & 5.35-5.21 (m, 2 H,
CH=C=CH), 3.89 (s, 6 H, 2 x OCH3), 3.75 (t, J = 6.5 Hz, 2 H, OCH>), 3.66 (t, J = 7.7
Hz, 1 H, CH), 2.77-2.68 (m, 2 H, CH), 2.15-2.05 (m, 2 H, CH3), 1.71-1.60 (m, 2 H,
CH,), 1.59-1.42 (m, 6 H, 3 x CH,), 1.04 (s, 9 H, t-Bu), 0.20 (s, 6 H, 2 x CH3); °C
NMR (75 MHz, CDCls) 6 203.9, 169.32, 169.26, 92.9, 87.3, 63.2, 52.4, 51.2, 32.8,
29.0, 28.9, 28.7, 28.0, 25.9, 25.6, 18.3, -5.4; IR (neat, cm™") 2949, 2930, 2857, 1964,
1757, 1742, 1472, 1463, 1436, 1388, 1340, 1256, 1233, 1153, 1100, 1042, 1006; MS
(E1, 70 eV) m/z (%) 399 (M + 1, 1.01), 398 (M, 3.18), 309 (100); HRMS calcd. for

C,1H3505Si [M']: 398.2489, found: 398.2485.
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Synthesis of (R,)-dimethyl 2-(4-cyclohexylbuta-2,3-dienyl)malonate (R,)-3ma

(Ssh-04-120)

2.5 mol% [Pd(n-cinnamyl)Cl], H

S

0CO,M
) OC0Ne <CO2'V'e 6 mol% (R)-(-)-DTBM-SEGPHOS —‘—\_<COzMe
= +
d CO,Me K,CO3 (2.0 equiv) d COMe
1m

N,, THF, 5°C, 21 h

2a (Rg)-3ma
2 equiv 83% yield
93% ee

The  reaction of [Pd(m-cinnamyl)Cl], (2.6 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (14.5 mg, 0.012 mmol), K,COj; (55.6 mg, 0.4 mmol), 1m
(42.9 mg, 0.2 mmol)/THF (0.5 mL), and 2a (53.5 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3la° (44.3 mg, 83%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
50/1) as an oil: 93% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, fx(minor) = 21.1 min, fr(major) = 23.6 min); 'H
NMR (300 MHz, CDCls) 8 5.20-5.10 (m, 2 H, CH=C=CH), 3.75 (s, 3 H, OCHj3; ),
3.74 (s, 3 H, OCH3 ), 3.51 (t, J = 7.5 Hz, 1 H, CH), 2.63-2.54 (m, 2 H, CH),
2.00-1.85 (m, 1 H, one proton of Cy), 1.79-1.57 (m, 5 H, protons of Cy), 1.35-0.96 (m,
5 H, protons of Cy); °C NMR (75 MHz, CDCls) & 202.6, 169.4, 169.3, 99.0, 88.2,
52.49, 52.46, 51.1, 37.1, 32.83, 32.78, 28.0, 26.0, 25.9; IR (neat, cm™) 2925, 2851,
1962, 1752, 1735, 1437, 1342, 1263, 1232, 1153, 1035; MS (EL 70 eV) m/z (%) 266

(M", 9.93), 134 (100).

Synthesis of (R,)-dimethyl 2-(5,5-dimethylhexa-2,3-dien-1-yl)malonate (R,)-3pa

(Ssh-05-162)

2.5 mol% [Pd(rn-cinnamyl)Cl], H
_/0OC0:Me COMe 6 mol% (R)-(-)-DTBM-SEGPHOS ==\ [OMe
= + - t-Bu
t-Bu/— CO,Me K2CO; (2.0 equiv) CO,Me
N,, THF, 5°C, 11.5 h

1p 2a (Rg)-3pa

2 equiv 72% yield

94% ee
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The  reaction of [Pd(n-cinnamyl)Cl], (2.7 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (14.6 mg, 0.012 mmol), K,COs (55.2 mg, 0.4 mmol), 1p
(38.0 mg, 0.2 mmol)/THF (0.5 mL), and 2a (52.7 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3pa’ (34.5 mg, 72%) (eluent: petroleum ether (60-90 °C)/ethyl acetate =
45/1) as an oil: 94% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 1.0 mL/min, A = 214 nm, fr(minor) = 8.2 min, tr(major) = 9.5 min); [a]p® =
-76.7 (¢ = 0.59, CHCl3); 'H NMR (300 MHz, CDCly) & 5.23-5.12 (m, 2 H,
CH=C=CH), 3.743 (s, 3 H, OCHz), 3.740 (s, 3 H, OCHj3), 3.50 (t, /= 7.4 Hz, 1 H,
CH), 2.64-2.56 (m, 2 H, CH,), 1.01 (s, 9 H, t-Bu); °C NMR (75 MHz, CDCL;) §
201.1, 169.4, 169.3, 104.8, 89.2, 52.53, 52.48, 51.2, 31.7, 29.9, 28.2; IR (neat, cm™")
2959, 2903, 2866, 1962, 1756, 1739, 1436, 1362, 1341, 1261, 1232, 1153, 1043; MS

(EL 70 eV) m/z (%) 241 (M" + 1, 1.73), 240 (M, 12.46), 132 (100).
Synthesis of (R,)-dimethyl 2-allyl-2-(deca-2,3-dienyl)malonate (R,)-3fb (Ssh-05-069)

2.5 mol% [Pd(n-cinnamyl)Cl], \\\H COM
p— 2 e

OCO,Me MeO,C, 6 mol% (R)-(-)-DTBM-SEGPHOS /="
/:O:/_ + >_L e ( ) ( ) n_CGH13 COZMe
MeO,C — K>COj3 (2.0 equiv)
\

n-CeHys
N,, THF, 5°C, 68 h

1f 2b (R,)-3fb
2 equiv 81% yield
94% ee

The  reaction of [Pd(m-cinnamyl)Cl], (2.7 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (14.5 mg, 0.012 mmol), K,COs (55.7 mg, 0.4 mmol), 1f
(42.9 mg, 0.2 mmol)/THF (0.5 mL), and 2b (69.1 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3fb (50.1 mg, 81%) (eluent: petroleum ether (60-90 °C)/ethyl acetate =
40/1) as an oil: 94% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, tx(minor) = 12.4 min, fr(major) = 12.8 min); [o]p>"
= -50.8 (c = 0.51, CHCl3); 'H NMR (300 MHz, CDCl3) § 5.74-5.57 (m, 1 H, CH=),

5.16-5.03 (m, 3 H, CH,= and one proton of CH=C=CH), 4.94-4.83 (m, 1 H, one
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proton of CH=C=CH), 3.72 (s, 6 H, 2 x OCH3), 2.69 (d, J = 7.5 Hz, 2 H, CH,), 2.59
(dd, J; = 7.8 Hz, J, = 2.4 Hz, 2 H, CHy), 1.96 (qd, J; = 7.0 Hz, J, = 2.8 Hz, 2 H, CH,),
1.42-1.20 (m, 8 H, 4 x CH,), 0.88 (1, J = 6.7 Hz, 3 H, CH;); °C NMR (75 MHz,
CDCls) 5 205.8, 171.1, 132.3, 119.2, 91.1, 84.5, 57.9, 52.39, 52.36, 36.7, 32.6, 31.7,
29.2, 28.81, 28.78, 22.6, 14.1; IR (neat, cm’™") 3080, 2954, 2929, 2856, 1963, 1739,
1641, 1438, 1325, 1289, 1214, 1141, 1077; MS (EL, 70 eV) m/z (%) 309 (M* + 1,
5.99), 308 (M", 1.19), 163 (100); HRMS calcd. for CisHps04 [M']: 308.1988, found:

308.1988.

Synthesis of (R,,E)-dimethyl 2-cinnamyl-2-(deca-2,3-dienyl)malonate (R, E)-3fc

(Ssh-04-148)

H
2.5 mol% [Pd(r-cinnamyl)Cl], e
CO,Me
./ OcO:Me MeO2C 6 mol% (R)-(-)-DTBM-SEGPHOS ,,_CGH{: 0(2) e
— - 2
e * MeOQC>_\=\ KoCO3 (2.0 equiv)
Ph N, THF,5°C, 22 h RoEVIC )|
1f E-2c 82% yield Ph
2 equiv 93% ee

The  reaction of [Pd(m-cinnamyl)Cl], (2.8 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (14.0 mg, 0.012 mmol), K,COs (55.8 mg, 0.4 mmol), 1f
(42.3 mg, 0.2 mmol)/THF (0.5 mL), and E-2¢ (100.0 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,,E)-3fc (63.4 mg, 82%) (eluent: petroleum ether (30-60 °C)/ethyl acetate
= 40/1) as an oil: 93% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 200/1, 0.5 mL/min, A = 214 nm, tr(minor) = 19.3 min, fr(major) =
20.7 min); [a]p™® = -54.9 (¢ = 0.53, CHClL3); 'H NMR (300 MHz, CDCl3) & 7.35-7.16
(m, 5 H, Ar-H), 6.44 (d,J=15.9 Hz, 1 H, CH=), 6.03 (dt, J; = 15.5 Hz, J, =7.6 Hz, 1
H, CH=), 5.14-5.06 (m, 1 H, =CH), 4.98-4.86 (m, 1 H, =CH), 3.73 (s, 6 H, 2 x OCH3),
285 (d, J =175 Hz, 2 H, CHy), 2.64 (dd, J; = 7.8 Hz, J, = 2.1 Hz, 2 H, CH,),
2.05-1.92 (m, 2 H, CH), 1.44-1.18 (m, 8 H, 4 x CH,), 0.87 (t, J = 6.8 Hz, 3 H, CHs);
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3C NMR (75 MHz, CDCls) § 205.8, 171.1, 137.1, 134.0, 128.4, 127.3, 126.1, 123.8,
91.1, 84.6, 58.1, 52.43, 52.40, 36.0, 32.8, 31.6, 29.2, 28.8, 28.7, 22.6, 14.0; IR (neat,
em’') 3027, 2953, 2927, 2855, 1963, 1737, 1496, 1436, 1323, 1291, 1273, 1241, 1203,
1177, 1092, 1076; MS (EL, 70 eV) m/z (%) 385 (M' + 1, 1.40), 384 (M", 5.05), 91

(100); HRMS calcd. for C,4H3,04[M]: 384.2301, found: 384.2301.

Synthesis of (R,)-dimethyl 2-(deca-2,3-dienyl)-2-(prop-2-ynyl)malonate (R,)-3fd

(Ssh-04-071)

2.5 mol% [Pd(n-cinnamyl)Cl], §H
OCOMe — 7 mol% (R)-(-)-DTBM-SEGPHOS == CO:Me
_.:/_ + - K n-CGH13 COzMe
C H/_ CO,Me K,CO; (2.0 equiv)
n-CgHy3 MeO,C Ny, THF,5°C, 21 h N\
it 2 (R,)-3fd
2 equiv 83% yield

94% ee

The  reaction of [Pd(n-cinnamyl)Cl], (2.5 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (16.6 mg, 0.014 mmol), K,CO; (55.6 mg, 0.4 mmol), 1f
(42.0 mg, 0.2 mmol)/THF (0.5 mL), and 2d (68.1 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3fd (50.8 mg, 83%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
30/1) as an oil: 94% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 19.0 min, fr(major) = 20.2 min); [a]p”
=-50.1 (¢ = 0.64, CHCl3); "H NMR (300 MHz, CDCl3)  5.14-5.04 (m, 1 H, =CH), &
4.93-4.83 (m, 1 H, =CH), 3.742 (s, 3 H, OCH3s ), 3.739 (s, 3 H, OCH3 ), 2.86 (d, J =
2.4 Hz, 2 H, CH,C=), 2.75 (dd, J, = 8.0 Hz, J, = 2.3 Hz, 2 H, CH,), 2.01 (t, J= 2.6, 1
H, HC=), 1.97 (dq, Ji = 7.0 Hz, J, = 2.8 Hz, CH,), 1.45-1.20 (m, 8 H, 4 x CH), 0.88
(t,J=6.8 Hz, 3 H, CH3); *C NMR (75 MHz, CDCl;) & 205.9, 170.0, 91.1, 84.0, 78.7,
713, 57.1, 52.7, 52.6, 32.3, 31.6, 29.0, 28.70, 28.68, 22.5, 14.0; IR (neat, cm™) 3295,

2955, 2928, 2856, 1963, 1741, 1437, 1324, 1292, 1245, 1210, 1183, 1079, 1059; MS
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(EL, 70 eV) m/z (%) 306 (M, 6.36), 117 (100); HRMS caled. for CsHasO4 [M']:

306.1831, found: 306.1832.

Synthesis of (R,)-dimethyl 2-(5-methylhexa-2,3-dienyl)-2-(prop-2-ynyl)malonate

(R.)-3nd (Ssh-04-113)

2.5 mol% [Pd(r-cinnamyl)Cl], H
_/Oc0Me = 7 mol% (R)-(--DTBM-SEGPHOS ‘<='_‘ COMe
" eo C> CO,Me K,COs (2.0 equiv) COMe
2 N,, THF, 5°C, 19.5h N
1n 2d (Ro)-3nd
2 equiv 63% yield

96% ee

The  reaction of [Pd(m-cinnamyl)Cl], (2.5 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (16.6 mg, 0.014 mmol), K,COs (55.6 mg, 0.4 mmol), 1n
(34.0 mg, 0.2 mmol)/THF (0.5 mL), and 2d (69.0 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3nd (33.3 mg, 63%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
40/1) as an oil: 96% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, x(minor) = 21.6 min, fr(major) = 22.7 min); [o]p>"
= -45.6 (¢ = 0.47, CHCl3)); '"H NMR (300 MHz, CDCl3) & 5.15-5.07 (m, 1 H, =CH),
4.98-4.87 (m, 1 H, =CH), 3.75 (s, 6 H, 2 x OCH3 ), 2.87 (d, J = 2.4 Hz, 2 H, CH,C=),
2.77 (d,J=6.9 Hz, 2 H, CH,), 2.33-2.20 (m, 1 H, CH), 2.02 (t, /= 2.6 Hz, 1 H, HC=),
1.00 (d, J= 6.9 Hz, 6 H, 2 x CH3); °C NMR (75 MHz, CDCl3) & 204.4, 170.1, 98.6,
85.3,78.8,71.4,57.1, 52.8, 52.7, 32.5, 27.9, 22.6, 22.39, 22.37; IR (neat, cm™) 3295,
2956, 2928, 2855, 1962, 1739, 1438, 1323, 1291, 1211, 1177, 1079, 1057; MS (EI, 70
eV) m/z (%) 264 (M", 2.66), 145 (100); HRMS calcd. for C;sHy004[M']: 264.1362,

found: 264.1359.

Synthesis of (R,)-dimethyl 2-(prop-2-ynyl)-2-(tetradeca-2,3,13-trienyl)malonate
(R,)-30d (Ssh-04-104)
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2.5 mol% [Pd(rn-cinnamyl)Cl], \J" COM
o— Hle

_ocoMe = 7 mol% (R)-(-)-DTBM-SEGPHOS /_f
= + )—CO,Me K,CO3 (2.0 equiv) j '8 COMe
M MeO,C Ny, THF, 5°C, 35 h N\
10 2d (R,)-30d
2 equiv 85% yield
92% ee

The  reaction of [Pd(n-cinnamyl)Cl], (24 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (16.5 mg, 0.014 mmol), K,CO;3 (55.6 mg, 0.4 mmol), 10
(55.3 mg, 0.2 mmol)/THF (0.5 mL), and 2d (68.5 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-30d (61.5 mg, 85%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
40/1) as an oil: 92% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 19.8 min, fr(major) = 21.0 min); [a]p”
=-43.3 (¢ = 0.495, CHCls)); '"H NMR (300 MHz, CDCl5) & 5.88-5.73 (m, 1 H, CH=),
5.15-4.83 (m, 4 H, 2 x =CH + =CH,), 3.74 (s, 6 H, 2 x OCH3 ), 2.87 (d, J=3.0 Hz, 2
H, CH,C=), 2.75 (dd, J; = 7.8 Hz, J, = 2.1 Hz, 2 H, CH,), 2.10-1.90 (m, 5 H, HC=
and 2 x CH,), 1.45-1.22 (m, 12 H, 6 x CH,); °C NMR (75 MHz, CDCl;) & 205.9,
170.0, 139.1, 114.0, 91.2, 84.0, 78.7, 71.3, 57.0, 52.71, 52.67, 33.7, 32.3, 29.4, 29.3,
29.1, 29.04, 29.00, 28.8, 28.7, 22.5; IR (neat, cm™) 3297, 3076, 2926, 2854, 1963,
1740, 1640, 1437, 1324, 1292, 1210, 1180, 1079, 1057; MS (EI, 70 eV) m/z (%) 360

(M", 5.37), 117 (100); HRMS calcd. for C,H3,04[M']: 360.2301, found: 360.2302.

Synthesis of (R,)-dimethyl 2-(deca-2,3-dienyl)-2-(3-phenylprop-2-ynyl)malonate

(R,)-3fe (Ssh-04-146)

H

2.5 mol% [Pd(n-cinnamyl)Cl], N

OCOMe  ph—=— 7 mol% (R)-(-)-DTBM-SEGPHOS ==\ fOMe
Ve N > n-CgHi3 CO,Me
/I COMe KoCO3 (2.0 equiv)
n-CeHia MeO,C N\

N,, THF, 5°C, 11 h
1f 2e (R,)-3fe Ph
2 equiv 82% yleld
95% ee
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The  reaction of [Pd(n-cinnamyl)Cl], (2.6 mg, 0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (16.8 mg, 0.014 mmol), K,COs (55.8 mg, 0.4 mmol), 1f
(42.3 mg, 0.2 mmol)/THF (0.5 mL), and 2e (98.1 mg, 0.4 mmol)/THF (1.5 mL)
afforded (R,)-3fe (63.1 mg, 82%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
50/1) as an oil: 95% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 20.4 min, tr(major) = 21.5 min); [(x]Dzo
=-52.3 (¢ = 0.61, CHCl3); '"H NMR (300 MHz, CDCl3) & 7.40-7.32 (m, 2 H, Ar-H),
7.31-7.23 (m, 3 H, Ar-H), 5.15-5.05 (m, 1 H, =CH), 4.99-4.88 (m, 1 H, =CH), 3.76 (s,
6 H, 2 x OCHj3), 3.09 (s, 2 H, CH,), 2.82 (dd, J; = 7.8 Hz, J, = 2.4 Hz, 2 H, CH,),
1.97 (qd, J1 =7.1 Hz, J,=2.7 Hz, 2 H, CH»), 1.43-1.17 (m, 8 H, 4 x CH,), 0.87 (t,J =
6.6 Hz, 3 H, CHs); °C NMR (75 MHz, CDCl5) § 205.9, 170.2, 131.6, 128.1, 127.9,
123.2,91.2, 84.22, 84.20, 83.5, 57.4, 52.73, 52.69, 32.6, 31.6, 29.1, 28.8, 28.7, 23.5,
22.5, 14.0; IR (neat, cm™) 2954, 2928, 2856, 1963, 1739, 1598, 1491, 1436, 1326,
1293, 1209, 1183, 1079, 1030; MS (EI, 70 eV) m/z (%) 383 (M" + 1, 11.60), 382 (M",

40.22), 91 (100); HRMS caled. for Co4Hs3004 [M']: 382.2144, found: 382.2148.

Synthesis of (R,)-dimethyl 2-(buta-2,3-dienyl)-2-(deca-2,3-dienyl)malonate (R,)-3ff

(Ssh-04-084)

2.5 mol% [Pd(r-cinnamyl)Cl], A COM
_/0CO,Me CO,Me 6 mol% (R)-(-}-DTBM-SEGPHOS Vo 2¥e
e , n-CgHiz CO,Me
n-CeHi3 + COM K>COj3 (2.0 equiv)
2Vie Ny, THF, 5°C, 136 h
1f 2f (R,)-3ff
2 equiv 83% yield

95% ee

The reaction of [Pd(n-cinnamyl)Cl], (13.1 mg, 0.025 mmol),
(R)-(-)-DTBM-SEGPHOS (71.0 mg, 0.06 mmol), K,COs (276.7 mg, 2 mmol), 1f
(212.0 mg, 1 mmol)/THF (1.0 mL), and 2f (368.1 mg, 2 mmol)/THF (9.0 mL)

afforded (R,)-3ff (264.9 mg, 83%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =

5S40



50/1) as an oil: 95% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH
=200/1, 0.5 mL/min, A = 214 nm, fg(minor) = 13.1 min, tr(major) = 14.7 min); [a]Dzo
=-57.1 (¢ = 1.01, CHClL;); '"H NMR (300 MHz, CDCl3) § 5.12-5.03 (m, 1 H, CH=), §
5.01-4.73 (m, 2 H, CH=C=CH), 6 4.68-4.63 (dt, J; = 6.6 Hz, J, = 2.4 Hz, 2 H, =CH»),
3.72 (s, 6 H,2 x OCH3 ), 2.70-2.58 (m, 4 H, 2 x OCH; ), 1.96 (qd, J1 = 7.1 Hz, J, =
2.8 Hz, 2 H, CH,), 1.44-1.23 (m, 8 H, 4 x CH,), 0.88 (t, J = 6.9 Hz, 3 H, CH3); °C
NMR (75 MHz, CDCl3) 6 209.9, 205.7, 170.9, 91.0, 84.4, 84.0, 74.4, 57.8, 52.31,
52.28, 32.4, 31.63, 31.57, 29.1, 28.7, 22.5, 14.0; IR (neat, cm™) 2954, 2928, 2856,
1957, 1738, 1732, 1435, 1378, 1280, 1243, 1205, 1180, 1081; MS (EI, 70 eV) m/z (%)
320 (M", 24.04), 131 (100); HRMS calcd. for CjoH304 [M']: 320.1988, found:

320.1985.

Synthesis of racemic 1,3-disubstitued allenyl malonates

Synthesis of dimethyl 2-(undeca-2,3-dienyl)malonate (+)-3aa (Ssh-02-074)

2.5 mol% [Pd(n-cinnamyl)Cl], CO,Me
_/—OCOzMe CO-Me 6 mol% (+)-BINAP
== + _ == CO,Me
n-C;Hqs CO,Me K,CO3 (2.0 equiv) n-CsHqs
N,, THF, 25°C,7.5h
1a 2a (£)-3aa
78% yield

2 equiv

Typical Procedure 1V: To a dried Schlenk tube containing K,CO5 (276.4 mg, 2
mmol) were added (+)-BINAP (37.5 mg, 0.06 mmol), [Pd(nt-cinnamyl)Cl], (13.1 mg,
0.025 mmol), 1a (226.5 mg, 1 mmol)/THF (3.0 mL), and 2a (264.1 mg, 2 mmol)/THF
(7.0 mL) under nitrogen atmosphere sequentially. After being stirred for 7.5 h at 25
°C, the reaction was complete as monitored by TLC. The resulting mixture was

filtered through a short column of silica gel eluted with ethyl acetate (10 mL x 3).

After evaporation, the residue was purified by flash column chromatography (eluent:
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petroleum ether (30-60 °C)/ethyl acetate = 30/1) on silica gel to afford (+)-3aa (221.3
mg, 78%) as an oil: '"H NMR (300 MHz, CDCl;) & 5.20-5.06 (m, 2 H, CH=C=CH),
3.74 (s, 6 H, 2 x OCH3 ), 3.51 (t, J = 7.5 Hz, 1 H, CH), 2.62-2.54 (m, 2 H, CH,),
2.00-1.89 (m, 2 H, CH,), 1.44-1.18 (m, 10 H, 5 x CH,), 0.88 (t, /= 6.6 Hz, 3 H, CHj3);
C NMR (75 MHz, CDCl;) & 203.9, 169.4, 169.3, 93.0, 87.3, 52.5, 51.2, 31.8, 29.07,
29.06, 28.8, 28.0, 22.6, 14.1; IR (neat, cm™) 2961, 2927, 2855, 1970, 1758, 1740,
1436, 1342, 1232, 1153, 1041; MS (EL, 70 eV) m/z (%) 282 (M", 3.15), 138 (100);

HRMS calcd. for CigHp604 [M']: 282.1831, found: 282.1833.

Synthesis of dimethyl 2-(penta-2,3-dienyl)malonate (+)-3ba (Ssh-04-081)

2.5 mol% [Pd(n-cinnamyl)Cl], CO,Me
_ /OCOMe  COMe 6 mol% (+)-BINAP
== * : —e—/  CO,Me
/- CO,Me K,COj3 (2.0 equiv) /T 2
Ny, THF, 25°C, 11 h
1b 2a 2 ’ (+)-3ba
2 equiv 76% yield

Following Typical Procedure 1V, the reaction of 1b (71.6 mg, 0.5 mmol)/THF
(2.5 mL), 2a (131.8 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.3 mg,
0.0125 mmol), (£)-BINAP (18.6 mg, 0.03 mmol), and K,CO; (138.1 mg, 1 mmol),
afforded (+)-3ba (75.4 mg, 76%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
30/1) as an oil: "H NMR (300 MHz, CDCls) & 5.19-5.04 (m, 2 H, CH=C=CH), 3.749
(s, 3 H, OCH3), 3.745 (s, 3 H, OCH3), 3.52 (t, /= 7.5 Hz, 1 H, CH), 2.62-2.54 (m, 2 H,
CH,), 1.62 (dd, J; = 6.8 Hz, J> = 3.5 Hz, 3 H, CHs); °C NMR (75 MHz, CDCl3) &
204.8, 169.4, 169.3, 87.6, 86.8, 52.5, 51.1, 27.8, 14.3; IR (neat, cm™) 2958, 2927,
2852, 1971, 1737, 1438, 1347, 1244, 1162, 1031; MS (EI, 70 eV) m/z (%) 199 (M" +
1, 1.53), 198 (M", 18.43), 98 (100); HRMS calcd. for C;oH 404 [M]: 198.0892, found:

198.0889.

Synthesis of dimethyl 2-(octa-2,3-dienyl)malonate (+)-3da (dxy-1-122)
S42



CO,Me

= Ph 20 mol% CuBr,
)—CO,Me + n-C4HoCHO  + Mph S CO,Me

MeO,C H OH dioxane 1-C4Hq
Np, 130°C, 12 h
1.5 equiv 1.5 equiv (+)-3da
45% yield

Typical procedure V:' To a dried reaction tube with a screw cap were added
CuBr; (44.9 mg, 0.2 mmol), diphenyl(2-pyrrolidinyl)methanol (257.9 mg, 1 mmol),
dimethyl 2-(prop-2-yn-1-yl)malonate (255.5 mg, 1.5 mmol)/dioxane (1.5 mL), and
I-pentanal (129.2 mg, 1.5 mmol)/dioxane (1.5 mL) sequentially under nitrogen
atmosphere. The reaction tube was then sealed with the screw cap. After being stirred
for 12 h at 130 °C, the reaction was complete as monitored by TLC. Then the
resulting mixture was cooled down to room temperature, diluted with Et,;O (30 mL),
and washed with an aqueous solution of hydrochloric acid (3 M, 20 mL). The organic
layer was separated and the aqueous layer was extracted with Et,O (20 mL). The
combined organic layer was washed with brine (20 mL) and dried over anhydrous
Na,SO4. After filtration and evaporation, the residue was purified by chromatography
to afford (+)-3da (107.6 mg, 45%) (eluent: petroleum ether (60-90 °C)/ethyl acetate =
40/1) as an oil: "H NMR (300 MHz, CDCls) & 5.20-5.06 (m, 2 H, HC=C=CH), 3.74 (s,
6 H,2 x OCHj3), 3.51 (t,J=7.5 Hz, 1 H, CH), 2.62-2.54 (m, 2 H, CH>), 2.01-1.90 (m,
2 H, CH,), 1.42-1.24 (m, 4 H, 2 x CH>), 0.90 (t, J = 7.2 Hz, 3 H, CH3); °C NMR (75
MHz, CDCls) 6 204.0, 169.4, 169.3, 93.0, 87.3, 52.5, 51.2, 31.1, 28 4, 28.0, 22.1, 13.8;
IR (neat, cm™) 2951, 2920, 2860, 1963, 1757, 1738, 1435, 1339, 1259, 1229, 1150,
1040; MS (EI, 70 eV) m/z (%) 240 (M", 36.58), 138 (100); HRMS calcd. for

C13H2004 [M']: 240.1362, Found: 240.1363.

Synthesis of dimethyl 2-(octa-2,3-dienyl)malonate (+)-3ha (zyc-1-84)
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CO,Me

= Ph 20 mol% CuBr,
»—CO,Me + n-CgHigCHO + (Nth /== COMe
19

MeO,C N OH dioxane n-CoH
N,, 130°C, 12 h

1.5 equiv 1.5 equiv (+)-3ha
27% yield

Following  Typical Procedure V, the reaction of dimethyl
2-(prop-2-yn-1-yl)malonate (259.1 mg, 1.5 mmol)/dioxane (1.5 mL), 1-decanal (233.5
mg, 1.5 mmol)/dioxane (1.5 mL), diphenyl(2-pyrrolidinyl)methanol (254.7 mg, 1
mmol), and CuBr, (44.7 mg, 0.2 mmol) afforded (+)-3ha (83.8 mg, 27%) (eluent:
petroleum ether (60-90 °C)/ethyl acetate = 40/1) as an oil: 'H NMR (300 MHz, CDCl5)
0 5.22-5.05 (m, 2 H, CH=C=CH), 3.74 (s, 6 H, 2 x OCH3), 3.51 (t,J=7.7 Hz, 1 H,
CH), 2.63-2.53 (m, 2 H, CHy), 2.00-1.88 (m, 2 H, CH), 1.42-1.20 (m, 14 H, 7 x CH>),
0.88 (t, J= 6.8 Hz, 3 H, CH3); °C NMR (75 MHz, CDCl3) & 204.0, 169.4, 169.3, 93.0,
87.3, 52.4, 51.2, 31.9, 29.5, 29.4, 29.3, 29.1, 29.0, 28.8, 28.0, 22.6, 14.1; IR (neat,
cm™) 2954, 2926, 2854, 1964, 1757, 1740, 1457, 1436, 1342, 1264, 1232, 1153, 1043;
MS (70 eV, EI) m/z (%) 311 (M + 1, 10.76), 310 (M, 21.26), 138 (100); HRMS

calcd. for Ci1gH3004 [M+]: 310.2144, Found:310.2148.

Synthesis of dimethyl 2-(10-(benzyloxy)deca-2,3-dienyl)malonate (+)-3ja

(Ssh-04-044)

COzMe
i Ph 20 mol% CuBr, /—<
CO,Me + BnO, CHO + Mph : CO,Me
MeO,C 6 H OH dioxane BhO—)
N,, 130 °C, 14 h 6
1.5 equiv 1.5 equiv ()-3ja

43% yield

Following  Typical  Procedure V, the reaction of  dimethyl
2-(prop-2-yn-1-yl)malonate (2549 mg, 1.5 mmol) /dioxane (1.5 mL),
7-(benzyloxy)heptanal ~ (330.6  mg, 1.5  mmol)/dioxane (1.5 mL),

diphenyl(2-pyrrolidinyl)methanol (252.8 mg, 1 mmol), and CuBr, (44.3 mg, 0.2
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mmol) afforded (+)-3ja (161.1 mg, 43%) (eluent: petroleum ether (30-60 °C)/ethyl
acetate = 20/1) as an oil: '"H NMR (300 MHz, CDCl3) & 7.38-7.23 (m, 5 H, Ar-H),
5.19-5.05 (m, 2 H, CH=C=CH), 4.50 (s, 2 H, OCH>), 3.73 (s, 6 H, 2 x OCH3 ), 3.51 (t,
J =172 Hz, 1 H, CH), 3.46 (t, J = 6.6 Hz, 2 H, OCH,), 2.62-2.53 (m, 2 H, CH),
2.00-1.88 (m, 2 H, CH,), 1.68-1.55 (m, 2 H, CH,), 1.45-1.26 (m, 6 H, 3 x CH,); "°C
NMR (75 MHz, CDCls) 6 203.9, 169.4, 169.3, 138.6, 128.3, 127.6, 127.4, 92.9, 87.4,
72.8,70.4,52.5,51.2,29.7, 28.95, 28.91, 28.7, 28.0, 26.0; IR (neat, cm™) 3029, 2931,
2855, 1963, 1739, 1603, 1496, 1454, 1436, 1342, 1232, 1153, 1101, 1028; MS (EI, 70
eV) m/z (%) 374 (M, 1.44), 91 (100); HRMS calcd. for C2,H3005 [M']: 374.2093,

found: 374.2093.

Synthesis of dimethyl 2-(10-(naphthalen-1-ylmethoxy)deca-2,3-dienyl)malonate

(+)-3Ka (Ssh-05-083)

2.5 mol% [Pd(n-cinnamyl)Cl], CO,Me
_/—0002Me CO,Me 6 mol% (+)-BINAP
— 0 — + I —— CO,Me
NpCH 0/, CO,Me KoCO3 (2.0 equiv) NpCH,0-t] ’
6 Ny, THF, 25°C, 12 h s
1k 2a ' ’ ' (£)-3ka
2 equiv 83% yield

Following Typical Procedure 1V, the reaction of 1k (74.0 mg, 0.2 mmol)/THF
(1.0 mL), 2a (52.7 mg, 0.4 mmol)/THF (1.0 mL), [Pd(n-cinnamyl)Cl], (2.7 mg, 0.005
mmol), (£)-BINAP (7.3 mg, 0.012 mmol), and K,COs (55.8 mg, 0.4 mmol) afforded
(+)-3ka (70.4 mg, 83%) (eluent: petroleum ether (60-90 °C)/ethyl acetate/CH,Cl, =
15/1/1) as an oil: '"H NMR (300 MHz, CDCl3) & 8.15-8.06 (m, 1 H, ArH), 7.88-7.76
(m, 2 H, ArH), 7.56-7.38 (m, 4 H, ArH), 5.18-5.05 (m, 2 H, CH=C=CH), 4.94 (s, 2 H,
CH,0), 3.720 (s, 3 H, OCHj3 ), 3.718 (s, 3 H, OCH3 ), 3.54 (t, /= 6.3 Hz, 1 H, CH),
3.50 (t, J=7.4 Hz, 2 H, OCH,), 2.61-2.53 (m, 2 H, CHy), 1.97-1.86 (m, 2 H, CHy),

1.69-1.57 (m, 2 H, CH>), 1.43-1.23 (m, 6 H, 3 x CH,); *C NMR (75 MHz, CDCl3) &

S45



203.9, 169.3, 169.2, 134.0, 133.7, 131.7, 128.38, 128.35, 126.1, 126.0, 125.6, 125.1,
124.0, 92.8, 87.3, 71.3, 70.4, 52.4, 51.2, 29.7, 28.9, 28.8, 28.6, 28.0, 25.9; IR (neat,
cm™) 3049, 3002, 2933, 2854, 1965, 1731, 1597, 1510, 1436, 1396, 1343, 1232, 1154,
1097, 1043; MS (EI, 70 eV) m/z (%) 424 (M", 0.92), 141 (100); HRMS calcd. for
Ca6H3,05 [M']: 424.2250, found: 424.2252.

Synthesis of dimethyl 2-(10-((#-butyldimethylsilyl)oxy)deca-2,3-dienyl)malonate

(+)-3la (Ssh-04-122)

2.5 mol% [Pd(n-cinnamyl)Cl], CO,Me
_._/—OCOZMe . <COzMe 6 mol% (+)-BINAP —°:/_<co Ve
e CoMe  KiCOs (2.0 equiv) TBS0-g ’
N,, THF, 25°C, 12 h
11 2a (1)-3la
2 equiv 83% yield

Following Typical procedure 1V, the reaction of 1l (171.7 mg, 0.5 mmol)/THF
(2.5 mL), 2a (133.3 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.7 mg,

0.0125 mmol), (*=)-BINAP (18.8 mg, 0.03 mmol), and K,CO; (138.0 mg, 1 mmol)

afforded (+)-3la (165.1 mg, 83%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
50/1) as an oil: "H NMR (300 MHz, CDCl3) § 5.20-5.06 (m, 2 H, CH=C=CH), 3.74 (s,
6 H, 2 x OCHs), 3.60 (t, J = 6.5 Hz, 2 H, OCH,), 3.52 (t, J = 7.5 Hz, 1 H, CH),
2.62-2.54 (m, 2 H, CHy), 2.00-1.90 (m, 2 H, CH,), 1.57-1.28 (m, 8 H, 4 x CH), 0.89
(s, 9 H, t-Bu), 0.05 (s, 6 H, 2 x CHs); °C NMR (75 MHz, CDCl3) & 203.8, 169.3,
169.2, 92.9, 87.3, 63.1, 52.4, 51.1, 32.7, 28.9, 28.8, 28.7, 27.9, 25.9, 25.5, 18.3, -5.4;
IR (neat, cm™) 2953, 2930, 2857, 1964, 1757, 1741, 1472, 1463, 1388, 1341, 1256,
1233, 1153, 1100, 1043; MS (EL, 70 eV) m/z (%) 399 (M" + 1, 1.17), 398 (M", 3.58),

309 (100); HRMS calcd. for C,;H3305Si1 [M+]: 398.2489, found: 398.2486.

Synthesis of dimethyl 2-allyl-2-(deca-2,3-dienyl)malonate (£)-3fb (Ssh-04-080)
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2.5 mol% [Pd(n-cinnamyl)Cl]» CO,Me

_/—OCOZMe MeO,C, 6 mol% (+)-BINAP CO,Me
/.:0_ + K 0 —
n-CeHis MeO,C — K2CO3 (2.0 equiv) n-CeHia
O
15 2b N,, THF, 25°C, 24 h (5)-3fb
2 equiv 70% yield

Following Typical Procedure 1V, the reaction of 1f (106.1 mg, 0.5 mmol)/THF
(2.5 mL), 2b (172.8 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.7 mg,

0.0125 mmol), (£)-BINAP (19.0 mg, 0.03 mmol), and K,CO; (138.6 mg, 1 mmol)
afforded (%)-3fb (108.3 mg, 70%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =

50/1) as an oil: '"H NMR (300 MHz, CDCls) & 5.73-5.57 (m, 1 H, CH=), 5.15-5.03 (m,
3 H, CH,= and one proton of CH=C=CH), 4.93-4.82 (m, 1 H, =CH), 3.72 (s, 6 H, 2 %
OCH3), 2.69 (d, J=17.5 Hz, 2 H, CH»), 2.59 (dd, J; = 7.7 Hz, J, = 2.0 Hz, 2 H, CH»),
1.96 (qd, J1 = 7.0 Hz, J, = 2.6 Hz, 2 H, CH,), 1.42-1.20 (m, 8 H, 4 x CH,), 0.88 (t, J =
6.8 Hz, 3 H, CH3); °C NMR (75 MHz, CDCls) § 205.8, 171.1, 132.3, 119.1, 91.0,
84.5, 57.9, 52.4, 52.3, 36.7, 32.6, 31.6, 29.2, 28.8, 28.7, 22.6, 14.0; IR (neat, cm™")
2954, 2929, 2856, 1963, 1739, 1641, 1438, 1325, 1289, 1213, 1141, 1077; MS (EI, 70
eV) m/z (%) 309 (M" + 1, 36.55), 308 (M', 5.87), 163 (100); HRMS calcd. for
CisH2304 [M']: 308.1988, found: 308.1989.

Synthesis of (E)-dimethyl 2-cinnamyl-2-(deca-2,3-dienyl)malonate (£)-(£)-3fc
(Ssh-04-147)

2.5 mol% [Pd(r-cinnamyl)Cl],

e
oco,Me  MeOC 6 mol% (+)-BINAP e CcO:Me
o/ N : n-CeHi CO,Me
S MeO,C — K2COs (2.0 equiv)
n-CeHiz Ph Ny, THF,25°C, 19h )
1f 2c (E)-(+)-3fc
2 equiv 82% yield

Following Typical Procedure 1V, the reaction of 1f (106.1 mg, 0.5 mmol)/THF
(2.5 mL), 2¢ (249.0 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.4 mg, 0.0125

mmol), (+)-BINAP (18.5 mg, 0.03 mmol), and K,CO; (138.0 mg, 1 mmol) afforded

(E)-(+)-3fc (157.3 mg, 82%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 40/1)
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as an oil: '"H NMR (300 MHz, CDCls) & 7.35-7.16 (m, 5 H, Ar-H), 6.44 (d, J = 15.6
Hz, 1 H, CH=), 6.04 (dt, J; = 15.6 Hz, J, = 7.7 Hz, 1 H, CH=), 5.14-5.04 (m, 1 H,
=CH), 4.98-4.88 (m, 1 H, =CH), 3.72 (s, 6 H, 2 x OCH3), 2.85 (d, /= 7.8 Hz, 2 H,
CH,), 2.64 (dd, J, = 7.7 Hz, J, = 1.7 Hz, 2 H, CH,), 2.05-1.92 (m, 2 H, CH),),
1.44-1.18 (m, 8 H, 4 x CH,), 0.87 (t, J = 6.3 Hz, 3 H, CH;); °C NMR (75 MHz,
CDCl3) 8 205.7, 171.0, 136.9, 133.9, 128.3, 127.3, 126.1, 123.7, 91.0, 84.5, 58.0, 52.3,
36.0, 32.7, 31.5, 29.1, 28.73, 28.66, 22.5, 14.0; IR (neat, cm™") 3027, 2953, 2928,
2855, 1961, 1738, 1598, 1496, 1436, 1379, 1323, 1287, 1273, 1241, 1203, 1179, 1094,
1076, 1031; MS (EL 70 eV) m/z (%) 385 (M" + 1, 1.73), 384 (M", 6.63), 91 (100);

HRMS calcd. for Co4H3,04 [M']: 384.2301, found: 384.2299.

Synthesis  of dimethyl 2-(deca-2,3-dienyl)-2-(prop-2-ynyl)malonate  (+)-3fd

(Ssh-04-068)

2.5 mol% [Pd(n-cinnamyl)Cl], COM
e ,Me

_/—OCone = 6 mol% (+)-BINAP G
R ~~6l 113
[ * )—CO,Me K,COs (2.0 equiv) COMe
n-Celtia MeO,C N,, THF, 25°C, 155 h N\
1f 2d (+)-3fd
2 equiv 80% yield

Following Typical Procedure 1V, the reaction of 1f (106.3 mg, 0.5 mmol)/THF
(2.5 mL), 2d (170.7 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.8 mg,

0.0125 mmol), (*)-BINAP (18.8 mg, 0.03 mmol), and K,CO;3 (137.4 mg, 1 mmol)

afforded (+)-3fd (122.8 mg, 80%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
30/1) as an oil: '"H NMR (300 MHz, CDCl;) § 5.14-5.04 (m, 1 H, =CH), & 4.93-4.82
(m, 1 H, =CH), 3.75 (s, 3 H, OCH3 ), 3.74 (s, 3 H, OCH3 ), 2.87 (d, J= 2.7 Hz, 2 H,
CH,C=), 2.75 (dd, J; = 7.8 Hz, J, = 2.4 Hz, 2 H, CH>), 2.01 (t, /= 2.7 Hz, 1 H, HC=),
1.97 (qd, J1=7.2 Hz, J, = 2.7 Hz, 2 H, CH3), 1.45-1.22 (m, 8 H, 4 x CH,), 0.88 (t, /=

6.9 Hz, 3 H, CH3); >C NMR (75 MHz, CDCls) & 205.8, 170.0, 91.1, 84.0, 78.6, 71.3,
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57.0, 52.70, 52.66, 32.2, 31.6, 29.0, 28.7, 22.54, 22.47, 14.0; IR (neat, cm™) 3293,
2955, 2928, 2856, 1964, 1739, 1438, 1324, 1293, 1245, 1210, 1184, 1079, 1057; MS
(EL, 70 eV) m/z (%) 306 (M", 1.08), 117 (100); HRMS caled. for CsHasO4 [M']:

306.1831, found: 306.1829.

Synthesis of dimethyl 2-(5-methylhexa-2,3-dienyl)-2-(prop-2-ynyl)malonate (%)-3nd

(Ssh-04-111)

2.5 mol% [Pd(n-cinnamyl)Cl],

.,/ Oco:Me i 6 mol% (+)-BINAP 4<=°_ CO,Me
* COMe K,COj (2.0 equiv) CO;Me
MeO,C
Ny, THF, 25 °C, 12 h N\
1n 2d (+)-3nd
2 equiv 55% yield

Following Typical Procedure 1V, the reaction of 1n (83.8 mg, 0.5 mmol)/THF
(2.5 mL), 2d (170.2 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.8 mg,

0.0125 mmol), (*)-BINAP (18.9 mg, 0.03 mmol), and K,CO; (139.1 mg, 1 mmol)

afforded (+)-3nd (72.9 mg, 55%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
40/1) as an oil: "H NMR (300 MHz, CDCl3) § 5.15-5.07 (m, 1 H, =CH), 4.98-4.87 (m,
1 H, =CH), 3.75 (s, 3 H, OCHs ), 3.74 (s, 3 H, OCH3 ), 2.87 (d, J = 2.7 Hz, 2 H,
CH,C=), 2.80-2.74 (m, 2 H, CH»), 2.33-2.20 (m, 1 H, CH), 2.02 (t, /= 2.7 Hz, 1 H,
HC=), 1.00 (d, J= 6.9 Hz, 6 H, 2 x CH;); *C NMR (75 MHz, CDCls)  204.3, 170.0,
98.6, 85.3, 78.7, 71.4, 57.0, 52.72, 52.67, 32.5, 27.9, 22.6, 22.4, 22.3; IR (neat, cm™")
3295, 2954, 2927, 2854, 1962, 1740, 1637, 1457, 1438, 1323, 1291, 1244, 1210, 1180,
1079, 1057; MS (EI, 70 eV) m/z (%) 264 (M', 5.43), 145 (100); HRMS calcd. for

C15Hz004[M]: 264.1362, found: 264.1365.

Synthesis of dimethyl 2-(prop-2-ynyl)-2-(tetradeca-2,3,13-trienyl)malonate (+)-30d
(Ssh-04-101)
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2.5 mol% [Pd(r-cinnamyl)Cl], COM
—— > e

_ /OCOMe = 6 Mol% (+)-BINAP /_[
= = * )—CO;Me K»CO; (2.0 equiv) / '8 CO:Me
/ 's MeO,C N,, THF, 25°C, 23 h N\
10 2d (2)-30d
2 equiv 71% yield

Following Typical Procedure 1V, the reaction of 10 (132.7 mg, 0.5 mmol)/THF
(2.5 mL), 2d (169.6 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.7 mg,

0.0125 mmol), (£)-BINAP (18.9 mg, 0.03 mmol), and K,CO; (138.3 mg, 1 mmol)

afforded (+)-30d (127.5 mg, 71%) (eluent: petroleum ether (30-60 °C)/ethyl acetate =
40/1) as an oil: '"H NMR (300 MHz, CDCls) & 5.90-5.74 (m, 1 H, CH=), 5.14-4.82 (m,
4 H, CH=C=CH + =CH,), 3.74 (s, 6 H, 2 x OCH3 ), 2.87 (d, /= 2.4 Hz, 2 H, CH,C=),
2.76 (dd, J; = 8.0 Hz, J, = 2.3 Hz, 2 H, CH3), 2.09-1.91 (m, 5 H, HC= and 2 x CH,),
1.45-1.23 (m, 12 H, 6 x CH,); °C NMR (75 MHz, CDCl3) & 205.9, 170.1, 139.2,
114.1,91.2, 84.1, 78.8, 71.3, 57.1, 52.8, 52.7, 33.8, 32.3, 29.41, 29.37, 29.13, 29.09,
29.06, 28.9, 28.8, 22.6; IR (neat, cm™) 3296, 2927, 2854, 1964, 1740, 1640, 1438,
1324, 1292, 1210, 1079, 1055; MS (EI, 70 eV) m/z (%) 360 (M", 5.11), 117 (100);

HRMS calcd. for C5,H3,04[M]: 360.2301, found: 360.2300.

Synthesis of dimethyl 2-(deca-2,3-dienyl)-2-(3-phenylprop-2-ynyl)malonate (+)-3fe

(Ssh-04-136)

H
. »
o 2.5 mol% [Pd(n-cinnamyl)Cl], = CO,Me
OCO,Me Ph——= 6 mol% (+)-BINAP i
o/ . > n-CeH13 CO,Me
== COzMe K,CO; (2.0 equiv)
n-CeH1a MeO.C Ny, THF, 25°C, 11.5h \

1f 2e (£)-3fe Ph

2 equiv .
71% yield

Following Typical Procedure 1V, the reaction of 1f (106.2 mg, 0.5 mmol)/THF
(2.5 mL), 2e (246.7 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)ClI], (6.5 mg, 0.0125
mmol), (+)-BINAP (18.2 mg, 0.03 mmol), and K,COs (137.4 mg, 1 mmol) afforded
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(+)-3fe (136.5 mg, 71%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 50/1) as
an oil: '"H NMR (300 MHz, CDCls) § 7.39-7.32 (m, 2 H, Ar-H), 7.29-7.30 (m, 3 H,
Ar-H), 5.10 (qt, J; = 7.8 Hz, J, = 2.2 Hz, 1 H, one proton of CH=C=CH), 4.99-4.88
(m, 1 H, one proton of CH=C=CH), 3.754 (s, 3 H, OCH3), 3.752 (s, 3 H, OCH3), 3.09
(s, 2 H, CH,), 2.82 (dd, J, =7.8 Hz, J, = 2.1 Hz, 2 H, CH»), 1.97 (qd, J1 = 7.1 Hz, J, =
2.9 Hz, 2 H, CH,), 1.43-1.17 (m, 8 H, 4 x CH,), 0.87 (t, J = 6.9 Hz, 3 H, CH3); "°C
NMR (75 MHz, CDCl;) 6 205.9, 170.2, 131.6, 128.1, 127.9, 123.2, 91.1, 84.24, 84.20,
83.5, 57.5, 52.7, 52.6, 32.6, 31.6, 29.1, 28.8, 28.7, 23.5, 22.5, 14.0; IR (neat, cm™")
2954, 2928, 2855, 1963, 1739, 1598, 1572, 1491, 1436, 1378, 1326, 1293, 1209, 1183,
1078, 1030; MS (EL, 70 eV) m/z (%) 383 (M" + 1, 10.73), 382 (M", 41.30), 91 (100);

HRMS calcd. for Co4H3004 [M']: 382.2144, found: 382.2149.

Synthesis of dimethyl 2-(buta-2,3-dienyl)-2-(deca-2,3-dienyl)malonate (+)-3ff

(Ssh-04-055)

2.5 mol% [Pd(n-cinnamyl)Cl],

_.:/_ OCO,Me CO,Me 6 mol% (+)-BINAP . —e—=_ COMe
nCoHly * I\_<CO " KoCO3 (2.0 equiv) e CO,Me
aMe N, THF, 25°¢, 35h
" # (+)-3ff
2 equv 13% yield

Following Typical Procedure 1V, the reaction of 1f (106.1 mg, 0.5 mmol)/THF
(2.5 mL), 2f (183.9 mg, 1 mmol)/THF (2.5 mL), [Pd(n-cinnamyl)Cl], (6.4 mg, 0.0125
mmol), (=)-BINAP (18.2 mg, 0.03 mmol), and K,COs (138.6 mg, 1 mmol) afforded
(£)-3ff (21.1 mg, 13%) (eluent: petroleum ether (30-60 °C)/ethyl acetate = 20/1) as
an oil: '"H NMR (300 MHz, CDCl3) 6 5.12-5.05 (m, 1 H, CH=), 5.01-4.83 (m, 2 H,
CH=C=CH), 4.66 (dt, J, = 6.6 Hz, J, = 2.4 Hz, 2 H, =CH,), 3.72 (s, 6 H, 2 x OCH3 ),

2.70-2.58 (m, 4 H, 2 x OCH, ), 1.96 (qd, J; = 7.0 Hz, J» = 2.7 Hz, 2 H, CH,),
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1.42-1.20 (m, 8 H, 4 x CH,), 0.88 (t, J = 6.8 Hz, 3 H, CH;); °C NMR (75 MHz,
CDCl3) & 209.9, 205.7, 170.9, 91.0, 84.4, 84.1, 74.5, 57.9, 52.39, 52.36, 32.5, 31.7,
31.6,29.1, 28.8, 28.7, 22.6, 14.0; IR (neat, cm™) 2954, 2928, 2856, 1957, 1738, 1436,
1379, 1281, 1243, 1205, 1180; MS (EI, 70 eV) m/z (%) 320 (M", 28.47), 131 (100);
HRMS calcd. for C9H304 [M]: 320.1988, found: 320.1989.

Synthesis of (£)-traumatic lactone

Synthesis of 12-hydroxydodeca-4,5-dienoic acid (%)-4la (ssh-04-166, ssh-04-167,

ssh-04-175)

1) NaOH (4.0 equiv)

H
H
— CO,Me MeOH/H,0 = 3/2 (v/v), 100 °C, 3 h _°:§_\
850 ¢ :<_< Ho-+/ g

CO,Me 2) AcOH, 120 °C, _41 h CO,H
(4)-3la 3) NaOH (4.0 equiv) (+)-4la
MeOH/H,0 = 3/2 (v/v), rt, 2.5 h 78% yield

To a Schlenk tube were added (=)-3la (The sample was prepared from the
reactions of ssh-04-122, ssh-04-151, and ssh-04-160 (797.8 mg, 2.0 mmol), MeOH
(12 mL), H,O (8 mL), and NaOH (320.4 mg, 8.0 mmol) sequentially. After being
stirred in an oil bath preheated at 100 °C for 3 h, the reaction was complete as
monitored by TLC. The resulting mixture was cooled down to room temperature and
acidified with an aqueous solution of hydrochloric acid (1.0 M) until pH = 1 and
extracted with Et;O (20 mL X 4). The combined organic layer was dried over
anhydrous Na,SOs. After filtration and evaporation, the crude product was then used
in the next step.

To another Schlenk tube was added a solution of the crude product prepared above

in AcOH (8.0 mL). After being stirred in an oil preheated bath at 120 °C for 41 h, the
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reaction was complete as monitored by TLC. The resulting mixture was cooled down
to room temperature. After evaporation, the residue was purified by flash column
chromatography on silica gel (eluent: petroleum ether (60-90 °C)/ethyl acetate/CH,Cl,

= 3/1/1) to afford a crude product, which was used without further purification.

To a Schlenk tube were added a solution of the crude product (50.3 mg, 0.2
mmol) prepared above in MeOH (1.5 mL), H,O (0.5 mL), and NaOH (23.7 mg, 0.6
mmol) sequentially. After stirring for 2.5 h at rt, the reaction was complete as
monitored by TLC. The resulting mixture was acidified with an aqueous solution of
hydrochloric acid (1.0 M) until pH = 1 and then extracted with ethyl acetate (15 mL X
4). The combined organic layer was dried over anhydrous Na,SO,. After evaporation,
the residue was purified by flash column chromatography on silica gel (eluent: ethyl
acetate/CH,Cl, = 1/1) to afford (+)-4la (39.8 mg, 78%) as an oil: "H NMR (300 MHz,
CDCls) 6 6.33 (brs, 2 H, COOH and OH), 5.19-5.08 (m, 2 H, CH=C=CH) 3.63 (t, J =
6.6 Hz, 2 H, OCH,), 2.49-2.40 (m, 2 H, CH>), 2.34-2.23 (m, 2 H, CH3), 2.02-1.89 (m,
2 H, CH,), 1.62-1.50 (m, 2 H, CH,), 1.48-1.24 (m, 6 H, 3 x CH,); *C NMR (75 MHz,
CDCl3) & 203.6, 177.8, 92.5, 89.4, 62.6, 33.1, 32.1, 28.7, 28.6, 28.5, 25.3, 23.5; IR
(neat, m") 3500-2200 (COOH), 2931, 2856, 1963, 1717, 1436, 1409, 1338, 1251,
1207, 1166, 1053; MS (70 ev, EI) m/z (%) 213 (M" + 1, 1.51), 212 (M", 2.60), 67

(100); HRMS calcd for C1,H»003 [M+]: 212.1412, Found: 212.1411.

Synthesis of (E)-(x)-5la (ssh-04-179)

H AuCI(LB-Phos) (5 mol%)
—°:<_\ AgOTf (5 mol%) HOWMQ
HO) g co.p Na CHCl3, 20°C, 115h © 5
(+)-4la 2 (+)-5la
EIZ = 96/4
92% yield
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To a dry Schlenk tube were added AgOTs (2.8 mg, 0.01 mmol) in a glove box,
AuCI(LB-Phos) (5.9 mg, 0.01 mmol), and CHCl; (1 mL) under nitrogen atmosphere
sequentially. After being stirred for 15 min at 25 °C, the resulting mixture was stirred
for 10 min at -20 °C followed by the addition of (+)-4la (42.7 mg, 0.2 mmol) and
CHCI;3 (1 mL). After being stirred at -20 °C for 11.5 h, the reaction was complete as
monitored by TLC. Filtration through a short column of silica gel (eluent: ethyl
acetate (10 mL X 3)) and evaporation afforded a mixture of (E)-(+)-5la and
(2)-()-5la (E/Z = 96/4, as determined by 'H NMR analysis of the crude product).
Column chromatography on silica gel afforded (+)-5la (39.1 mg, 92%, E/Z = 96/4 as
determined by 'H NMR analysis) (eluent: Et,O/CH,Cl, = 1/2) as an oil; (E)-(x)-5la:
'H NMR (300 MHz, CDCl;) § 5.81 (dt, J, = 14.7 Hz, J, = 7.2 Hz, 1 H, =CH), 5.49
(dd, J; =153 Hz, J, =69 Hz, 1 H,=CH), 4.90 (q,J=7.1 Hz, 1 H, OCH), 3.63 (t, J =
6.5 Hz, 2 H, OCH,), 2.61-2.46 (m, 2 H, CH,), 2.46-2.29 (m, 1 H, one proton from
CH), 2.13-1.88 (m, 3 H, CH; and one proton from CH,), 1.66 (s, 1 H, OH), 1.61-1.48
(m, 2 H, CH,), 1.47-1.21 (m, 6 H, 3 x CH,); ?C NMR (75 MHz, CDCls) § 177.3,
135.5, 127.4, 81.2, 62.7, 32.6, 32.0, 28.82, 28.78, 28.72, 28.66, 25.5; IR (neat, cm ')
3429, 2930, 2856, 1771, 1672, 1460, 1421, 1329, 1219, 1180, 1124, 1056, 1007; MS
(70 ev, EI) m/z (%) 213 (M" +1, 2.57), 212 (M", 1.14), 41 (100); HRMS calcd for
C12H203 [M']: 212.1412, Found: 212.1412.

The following signals are discernible for (2)-(+)-5la: 'H NMR (300 MHz, CDCl;)
3 5.70-5.63 (m, 1 H, =CH), 5.25 (q, /= 7.3 Hz, 1 H, OCH).

Synthesis of (£)-traumatic lactone (ssh-05-103, ssh-05-104)

TEMPO (15%)
H Ok)g/“q 5% Pd/C, H, (25 atm)Ho ) Fe(NO3)39H,0 (10%) HOsz
o . EtOAc, 11 h 6 0o Y KCI (10%), DCE .
1)-5l - t, O, ballon, 19 h
E/(Z)=592/4 (+y6 rl, B2 baon. 79% yield (2 steps)

(+)-traumatic lactone
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To a Schlenk tube were added Pd/C (10% on C, dry, 10.8 mg, 0.01 mmol), (+)-5la
(43.0 mg, 0.2 mmol), and EtOAc (2 mL). Then the reaction tube was placed in an
autoclave. The resulting mixture was stirred under H, (25 atm) at rt for 11 h as
monitored by TLC. Filtration through a short column of silica gel with EtOAc (10 mL
x 3) and evaporation afforded crude (+)-6,” which was submitted to next step without
purification.

To a Schlenk tube were added Fe(NO3);-9H,0 (8.2 mg, 0.02 mmol), KCI (1.6 mg,
0.02 mmol), TEMPO (4.9 mg, 0.03 mmol), and DCE (0.5 mL) sequentially. An
oxygen balloon was equipped followed by the addition of (+£)-6 (prepared above) and
DCE (1.5 mL) at room temperature in oxygen atmosphere from the balloon. The
resulting mixture was stirred for 19 h until the reaction was complete as monitored by
TLC. After filtration through a short column of silica gel (eluent: ethyl acetate (10 mL
x 4)) and evaporation, the residue was purified by chromatography on silica gel to
afford (+)-traumatic lactone®” (36.1 mg, 79%, 2 steps) (eluent: petroleum ether (60-90
°C)/ethyl acetate/CH,Cl, = 1/1/1) as a white solid: m. p. 53.5-55.0 °C
(n-hexane/dichloromethane) (Lit.® m. p. 48.5-50 °C (isopropyl ether/n-hexane)); 'H
NMR (300 MHz, CDCls) ¢ 8.56 (bs, 1 H, COOH), 4.49 (q, J = 6.8 Hz, 1 H, OCH),
2.54 (dd, J1 =9.5 Hz, J, = 7.1 Hz, 2 H, CH,), 2.40-2.26 (m, 3 H, CH; and one proton
from CH,), 1.94-1.23 (m, 13 H, 6 x CH;and one proton from CH); BC NMR (75
MHz, CDCls) 6 179.8, 177.5, 81.1, 35.5, 34.0, 29.1, 29.02, 28.88, 28.87, 28.0, 25.2,
24.6; IR (neat, cm ") 3716-2218 (COOH), 2933, 2858, 2672, 1771, 1711, 1461, 1420,
1356, 1284, 1186, 1017; MS (70 ev, EI) m/z (%) 229 (M" + 1, 19.74), 228 (M", 1.81),
211 (100), 85 (100).

Synthesis of (R)-traumatic lactone
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Synthesis of (R,)-12-(benzyloxy)dodeca-4,5-dienoic acid (R,)-4ja (ssh-05-029,
ssh-05-035)

1) NaOH (4.0 equiv)

H H
—e— CO,Me MeOH/H,0, 100°C, 2.5 h ——=
BnO )e 4\_< > BnO+/)‘(: 4\—\

(o]
COMe 2) AcOH, 120 °C, 8 h, N, COH

(Ra)-3ja (Ra)-4ja
91% ee 91% vyield

To each of the four Schlenk tube were added (R,)-3ja (374.6 mg, 1.0
mmol)/MeOH (3 mL) and NaOH (2 mL, 2 M, 4 mmol, 160.0 mg) sequentially. After
being stirred for 2.5 h in an oil bath preheated at 100 °C, the reaction was complete as
monitored by TLC. The combined resulting mixture was cooled to room temperature,
acidified to pH = 1 with a 1.0 M aqueous solution of HCI. Then brine (20 mL) was
added and the aqueous layer was extracted with Et;O (20 mL x 3). The combined
organic layer was dried over anhydrous Na,SO4. After filtration and evaporation, the
crude product (346.2 mg) was then used in the next step.

To another dry Schlenk tube was added a solution of the crude product (242.0 mg)
prepared above in AcOH (4.2 mL) under a nitrogen atmosphere. After being stirred
for 8 h in an oil bath preheated at 120 °C, the reaction was complete as monitored by
TLC, and the resulting mixture was cooled to room temperature. After evaporation,
the residue was purified by flash column chromatography on silica gel (eluent:
petroleum ether (60-90 °C)/ethyl acetate/CH,Cl, = 3/1/1) to afford (R,)-4ja (192.5 mg,
91%) as an oil: '"H NMR (300 MHz, CDCl3) & 10.19 (brs, 1 H, COOH), 7.40-7.23 (m,
5 H, ArH), 5.19-5.09 (m, 2 H, =CH x 2), 4.50 (s, 2 H, CHa), 3.46 (t,J = 6.6 Hz, 2 H,

CH,), 2.50-2.40 (m, 2 H, CHa), 2.34-2.23 (m, 2 H, CH), 2.02-1.90 (m, 2 H, CH,),
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1.68-1.55 (m, 2 H, CH>), 1.45-1.25 (m, 6 H, CH, x 3); *C NMR (75 MHz, CDCl3) &
203.6, 179.0, 138.5, 128.3, 127.6, 127.4, 92.7, 89.3, 72.8, 70.3, 33.1, 29.6, 28.9, 28.8,
28.7,25.9, 23.5; IR (neat, cm™") 3699-2268 (COOH), 1963, 1710, 1496, 1454, 1363,
1250, 1207, 1160, 1101, 1028; MS (70 ev, EI) m/z (%) 303 (M'+1, 10.72), 302 (M",
2.49), 91 (100); HRMS caled for C19H603 [M+]: 302.1882, Found: 302.1885.

Synthesis of (S, E)-5ja (ssh-05-039)

H
e AuCI(LB-Phos) (5 mol%) JRZE =
° o /
Bn0+/); ﬂ_\ AgOTf (5 mol%) BnO~ 6 5 £ o) 0
CO,H  N,, CHCl3, 20 °C, 12 h 0 no 6 )

(Ra)-4ja (S,E)-5ja (R,2)-5a

91% ee 95% yield, 91% ee
(S E)(R,Z)=98/2

To a dry Schlenk tube were added AgOTs (2.7 mg, 0.01 mmol) in a glove box,
Au(LB-Phos)CI (5.8 mg, 0.01 mmol) and CHCI; (1 mL) under nitrogen atmosphere
sequentially. After being stirred at room temperature for 15 min, the resulting mixture
was stirred for another 10 min at -20 °C, then (R,)-4ja (60.3 mg, 0.2 mmol) and
CHCI; (1 mL) were added. The resulting mixture was stirred at -20 °C for 12 h as
monitored by TLC. Filtration through a short column of silica gel (eluent: ethyl
acetate (10 mL x 3)) and evaporation afforded a crude mixture of (S,F)-5ja and
(R,Z)-5ja ((S,E)/(R,Z) = 98/2, as determined by "H NMR analysis of crude product).
Column chromatography on silica gel afforded (S,E)-5ja (57.1 mg, 95%, (S,E)/(R,Z) =
98/2 as determined by '"H NMR analysis) (eluent: petroleum ether (60-90 °C)/Et,O =
2/1) as an oil: 91% ee (HPLC conditions: Chiralcel PA-2 column, n-hexane/i-PrOH =
90/10, 1.0 mL/min, A = 214 nm, tg(major) = 44.0 min, tg(minor) = 65.5 min; [o]p"’ =
+20.4 (¢ = 0.62, CHCl3); 'H NMR (300 MHz, CDCl3) § 7.36-7.21 (m, 5 H, ArH),

5.84-5.72 (m, 1 H, =CH), 5.46 (ddt, J, = 15.3 Hz, J, = 7.2 Hz, Js = 1.4 Hz, 1 H, =CH)),
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4.86 (q,J=7.2Hz, 1 H, OCH), 4.49 (s, 2 H, ArCH>), 3.46 (t,J= 6.8 Hz, 2 H, OCH.,),
2.55-2.46 (m, 2 H, CH,), 2.42-2.26 (m, 1 H, one proton from CH), 2.05 (q, J = 6.6
Hz, 2 H, CH,), 1.99-1.86 (m, 1 H, one proton from CH,), 1.67-1.53 (m, 2 H, CHy),
1.45-1.24 (m, 6 H, 3 x CH,); >C NMR (75 MHz, CDCl3) § 177.1, 138.7, 135.6, 128.3,
127.6, 127.5, 81.1, 72.9, 70.4, 32.0, 29.7, 28.9, 28.8, 28.75, 28.72, 26.0; IR (neat,
cm ') 3087, 3062, 3030, 2929, 2853, 2791, 1774, 1671, 1496, 1453, 1364, 1327, 1175,
1101; GC-MS (70 ev, EI) m/z (%) for (S,E)-5ja: tr(major) = 9.30 min: 302 (M", 0.15),
193 (M - C7Ho0, 7.81), 91 (100); for (R,Z)-5ja: tg(minor) = 9.11 min: 193 (M" -
C7Hy0, 7.33), 91 (100); Anal. Calcd for C19H,05: C 75.46, H 8.67. Found: C 75.19,
H 8.53.

Synthesis of (R)-traumatic lactone (ssh-05-052, ssh-05-053)

TEMPO (15%) o

Bn OHG\/ ””” Q 5% Pd/C, H, (25 atm) [Ho/\M/e”"' Fe(NO3)39H,0 (10%) M ,,,,,
o ,  EtOAc,12h { o) KCI(10%) DCE _ HO™ 76 4
) Ol 1, 0, ballon, 20 h o)
(S.E)-5ja (R)-6 90% yield (2 steps)

(SE)(R,Z) = 98/2

91% ee 87% ee (Determined by

esterification.)
(R)-traumatic lactone

To a reaction tube were added (S,E)-5ja ((S,E)/(R,Z) = 98/2 ) (127.2 mg, 0.42
mmol), EtOAc (4.2 mL), and Pd/C (10% on C, dry, 22.4 mg, 0.021 mmol)
sequentially. The reaction tube was placed in an autoclave. The resultant mixture was
stirred under H, (25 atm) at rt for 12 h and then filtered through a short column of
silica gel eluted with EtOAc (10 mL x 3). After evaporation, crude (R)-6 was afforded,
which was then submitted to next step without purification.

To a Schlenk tube were added Fe(NO3);-9H,0 (17.2 mg, 0.042 mmol), KCI (3.2
mg, 0.042 mmol), TEMPO (10.0 mg, 0.063 mmol), and DCE (1 mL) subsequently.
An oxygen balloon was equipped, and then crude (R)-6 (prepared above) and DCE

(3.2 mL) were added at room temperature under oxygen atmosphere from the balloon.
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The resulting mixture was stirred for 20 h until the reaction was complete as
monitored by TLC. After filtration through a short column of silica gel (eluent: ethyl
acetate 15 mL x 4) and evaporation, the residue was purified by chromatography on
silica gel (eluent: petroleum ether (60-90 °C)/ethyl acetate/CH,Cl, = 1/1/1 to afford
(R)-traumatic lactone (86.2 mg, 90%, 2 steps) as a white solid: 87% ee (determined by
Esterification); [a]p™ = +26.8 (¢ = 0.47, CHCl3); m. p. 60.3-62.2 °C (Et,O/n-hexane);
'H NMR (300 MHz, CDCl;) § 9.98 (bs, 1 H, COOH), 4.57-4.42 (m, 1 H, CH), 2.54
(dd, /1 =9.6 Hz, J, = 6.9 Hz, 2 H, CH,), 2.40-2.26 (m, 3 H, CH, and one proton from
CH,), 1.93-1.22 (m, 13 H, 6 x CH; and one proton from CH,); BC NMR (75 MHz,
CDCly) 6 179.8, 177.5, 81.0, 35.4, 33.9, 29.0, 28.9, 28.80, 28.77, 27.9, 25.1, 24.5; IR
(neat, cm ') 3728-2284 (COOH), 1770, 1708, 1462, 1420, 1356, 1185, 1017; MS (70
ev, EI) m/z (%) 229 (M" + 1, 13.81), 228 (M, 0.63), 221 (M" - OH, 88.79), 85 (100);
Anal. Caled for Ci,H»004: C 63.14, H 8.83. Found: C 63.07, H 8.64.

Esterification for determination of the ee value of (R)-traumatic lactone: (R)-7

(ssh-05-061)

o) K2003 (30 equiv.) e}
MQ BnBr (1.2 equiv.) MQ
oo '8 © DMF, rt, 4 h Bno. & O,

0]

(R)-7

(R)-traumatic lactone 91% yield, 87% ee

Typical Procedure VI: To a Schlenk tube were added K,CO; (41.5 mg, 0.3
mmol), (R)-traumatic lactone (22.2 mg, 0.1 mmol), BnBr (21.0 mg, 0.12 mmol), and
DMF (2 mL). The resulting mixture was stirred for 4 h at rt until the reaction was
complete as monitored by TLC. The resulting mixture was diluted with ethyl acetate
(20 mL) and washed with brine (20 mL x 3). The combined aqueous layer was

extracted with ethyl acetate (20 mL). The combined organic layer was dried over

S59



anhydrous Na,SOs. After filtration and evaporation, the residue was purified by flash
column chromatography on silica gel (eluent: petroleum ether (60-90 °C)/ethyl
acetate/CH,Cl, = 5/1/1) to afford product (R)-7 (29.0 mg, 91%) as an oil: 87% ee
(HPLC conditions: Chiralcel AS-H column, n-hexane/i-PrOH = 90/10, 2.0 mL/min, A
= 214 nm, tg(minor) = 20.4 min, fr(major) = 25.1 min); [0(]1)20 =+19.6 (c = 0.53,
CHCl;); '"H NMR (300 MHz, CDCl3) & 7.41-7.29 (m, 5 H, ArH), 5.11 (s, 2 H, ArCH,),
4.52-4.41 (m, 1 H, OCH), 2.53 (dd, J; =9.6 Hz, J, = 6.9 Hz, 2 H, CH,), 2.40-2.24 (m,
3 H, CH; and one proton from CH,), 1.91-1.23 (m, 13 H, 6 x CH; and one proton
from CH,); ?C NMR (75 MHz, CDCl3) & 177.2, 173.5, 136.0, 128.5, 128.1, 80.9,
66.0, 35.5,34.2,29.0, 28.97, 28.86, 28.8, 27.9, 25.1, 24.8; IR (neat, cm ') 3087, 3061,
3033, 2929, 2856, 1771, 1732, 1498, 1456, 1419, 1383, 1351, 1260, 1195, 1180, 1143,
1132, 1076, 1021; MS (70 ev, EI) m/z (%) 319 (M" + 1, 22.16), 318 (M", 1.53), 211
(100); HRMS calcd for Ci9H»604 [M+]: 318.1831, found: 318.1836.

Recrystallization of (R)-traumatic lactone and the determination of its ee value

(ssh-05-053, ssh-05-100)

o K2CO3 (3.0 equiv) o
Q recrystallization I BnBr (1.2 equiv) "'--q
I, -
M q HOM o DMF, 1, 4 h B OM o
HO 6 O o 0 , I, n o

(R)-7
(R)-traumatic lactone (R)-traumatic lactone 96% vyield
74% yield 98% ee

To a flask were added (R)-traumatic lactone (64.0 mg), Et,O (10 mL), and
n-hexane (10 mL). The resulting mixture afforded (R)-traumatic lactone (47.4 mg,
74%) via once recrystallization at rt: 98% ee (determined by Esterification); [a]p™ =
+32.0 (c = 0.48, CHCL).

Following Typical Procedure VI, the reaction of K,CO; (41.4 mg, 0.3 mmol),
(R)-traumatic lactone (22.9 mg, 0.1 mmol), and BnBr (20.8 mg, 0.12 mmol) in DMF

(2 mL) for 4 h afforded product (R)-7 (30.5 mg, 96%) by flash column
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chromatography on silica gel (eluent: petroleum ether (60-90 °C)/ ethyl
acetate/CH,Cl, = 5/1/1) as an oil: 98% ee (HPLC conditions: Chiralcel AS-H column,
n-hexane/i-PrOH = 90/10, 2.0 mL/min, A = 214 nm, fr(minor) = 19.0 min), tr(major)
= 22.9 min; [a]p” = +22.3 (¢ = 0.52, CHCL); 'H NMR (300 MHz, CDCl;) &
7.40-7.28 (m, 5 H, ArH), 5.11 (s, 2 H, ArCH,), 4.52-4.41 (m, 1 H, CH), 2.56-2.47 (m,
2 H, CH,), 2.38-2.24 (m, 3 H, CH; + one proton from CH,), 1.91-1.24 (m, 13 H, 6 %
CH; + one proton from CH,); BC NMR (75 MHz, CDCl;) 6 177.2, 173.5, 136.0,

128.5, 128.1, 80.9, 66.0, 35.5, 34.2, 29.04, 28.98, 28.88, 28.8, 27.9, 25.1, 24.8.

S61



Mechanistic study

The effect of the ee of the ligand on the ee of 3aa”

0CO.Me [Pd(n-cinnamyl)Cl], (2.5 mol%) H
L <002Me L* (6 mol%) (x) - /I°*\_<C02Me
n-C7His Co,Me K,COj (2.0 equiv) n-C7Hss
THF, 5°C, 10 h COMe
1a 2a (Ry)-3aa
2.0 equiv
Entry X (ee of L*)/%" Yield (%)° ee 1% No.

1 20 87 24 Ssh-05-097

2 40 87 38 Ssh-05-095

3 60 87 51 Ssh-05-096

4 80 86 74 Ssh-05-094

5 100 85 90 Ssh-03-032

* [Pd(n-cinnamyl)CI], (0.005 mmol), L* (0.012 mmol), K,CO3 (0.4 mmol), and
malonate (0.4 mmol)/THF (1.5 mL) were stirred at 25 °C for 30 min, then 1la (0.2
mmol)/THF (0.5 mL) was added and the resulting mixture was stirred at 5 °C for 10 h
® The ee of the ligand was calculated by mixing different amounts of (R)-(-) and
($)-(+)-DTBM-SEGPHOS, ee = mg)()DTBM-SEGPHOS)) — M((S)-(+)-DTBM-SEGPHOS))/
M((R)-(-)-DTBM-SEGPHOS)) T M((S)-(+)-DTBM-SEGPHOS))
“Isolated yield after column chromatographic separation on silica gel
9 ee values determined by chiral HPLC analysis
Synthesis of palladium complex (ssh-04-108)

1. THF, Ny, 25°C, 2 h <o O P/fAr

2. evaporation ¢ A

[Pd(n-cinnamyl)Cll, + (R)-(-}-DTBM-SEGPHOS o Pd" 2CH,Cl,

2.0 equiv 3. recrystaltization {
a from < P\ ArCl
CHaCly/n-hexane 0 Ar

38%

Ar = 3,5-(t-Bu),-4-OMe-CgHo
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To a dry Schlenk tube were added (R)-(-)-DTBM-SEGPHOS (95.0 mg, 0.08
mmol) in a glove box. Then [Pd(n-cinnamyl)Cl], (20.4 mg, 0.04 mmol) and THF (4.0
mL) were added under nitrogen atmosphere. After being stirred at 25 °C for 2 h,
removal of THF via evaporation and recrystalization from CH,Cl,/n-hexane afforded
(R)-(-)-DTBM-SEGPHOSPdACI, (46.2 mg, 38%). The sturcture was further
determined by single crystal X-ray diffraction study.
(R)-(-)-DTBM-SEGPHOS PACL,2CH,Cl,:  C76H104ClsOsP,Pd, MW = 1526.63,
orthorhombic, space group P 21 21 21, final R indices I > 2\s(I), R1 = 0.0673, wR2
=0.1761; R indices (all data), R; = 0.0898, wR, = 0.1991; a = 17.6564(5) A, b =
20.9426(8) A, ¢ =21.8086(6) A, a = 90.00°, § = 90.00°, y = 90.00°, V = 8064.2(4) A°,
T =180 K, Z = 4, reflections collected/unique 20497/6434 (Rint = 0.0383), number of
observations [> 2o6(I)]: 10996, parameters: 866. Supplementary crystallographic data

have been deposited at the Cambridge Crystallographic Data Centre, CCDC 1853389

The reaction catalyzed by this palladium complex (ssh-04-125)

Iocone CO.Me 5 mol% (R)-(-)-DTBM-SEGPHOS-PACl,2CH,Cl,
*—

— +
n-CeH1/3— CO,Me K2CO3 (2.0 equiv), 5 °C, THF, 13 h recovery of 1f: 92%
1f 2a
2.0 equiv

A mixture of (R)-(-)-DTBM-SEGPHOS PdCI,2CH,Cl; (0.01 mmol), K,CO5 (0.4
mmol), and 2a (0.4 mmol)/THF (1.5 mL) were stirred at 25 °C for 30 min. Then 1f
(0.2 mmol)/THF (0.5 mL) was added and the resulting mixture was stirred at 5 °C for
13 h. The recovery of 1f was determined by 'H NMR analysis using mesitylene as the

internal standard
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The effect of pre-mixing on ee value * (ssh-04-098, ssh-04-099, ssh-04-097)

t’h vyield/% eel%

Procedrue A 12 84 83
pre-mixing procedrue A/B/C
1f + 2a > (Ry)-3fa  Procedrue B 11 92 50
2 equiv THF, 5°C
Procedrue C 11 87 90

Procedure A: The mixture of [Pd(n-cinnamyl)Cl], (0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (0.012 mmol), and K,CO3 (0.4 mmol) in THF (1.0 mL)
was stirred first at 25 °C for 30 min. Then 1f (0.2 mmol)/THF (0.5 mL) and 2a (0.4
mmol)/THF (0.5 mL) were added sequentially and the resulting mixture was stirred at
5°C

Procedure B: [Pd(n-cinnamyl)Cl], (0.005 mmol), (R)-(-)-DTBM-SEGPHOS (0.012
mmol), K,CO;3 (0.4 mmol), 1f (0.2 mmol)/THF (0.5 mL), and 2a (0.4 mmol)/THF
(1.5 mL) were added together and the resulting mixture was stirred at 5 °C

Procedure C: The mixture of [Pd(n-cinnamyl)Cl], (0.005 mmol),
(R)-(-)-DTBM-SEGPHOS (0.012 mmol), K,CO3 (0.4 mmol), and 2a (0.4 mmol)/THF
(1.5 mL) was stirred at 25 °C for 30 min. Then 1f (0.2 mmol)/THF (0.5 mL) was

added and the resulting mixture was stirred at 5 °C
*The yields were isolated yields after column chromatographic separation on silica gel

and the ee values were determined by chiral HPLC analysis
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8.5 Experiemntal details for Scheme 4¢”
2.5mol% [Pd]

H
_ /T Oc0Me CO:Me  x mol% (R)-(-)-DTBM-SEGPHOS —e—"  COMe
T " oM K,COj3 (2.0 equiv), 5 °C, THF n-C7H1s
n-C7H1s oMe 2C03 (2.0 equiv), , CopMe
1a 2a (Ry)-3aa
2.0 equiv
Entry [Pd] (x)/% t(h)  Yield (%)°  ee/%°  Recovery of 1a (%)°
1 [Pd(n-cinnamy1)Cl], (6) 10 85 90 -
2 Pds(dba)y CHCI; (6) 46 52 90 -
3 [Pd(m-cinnamyl)ClI], (2) 36 4 - 72
4 [Pd(m-cinnamyl)Cl], (4) 20 86 75 -
5 [Pd(r-cinnamy!)Cl], (8) 9 85 87 ;

* A mixture of [Pd] (0.005 mmol), (R)-(-)-DTBM-SEGPHOS (x mol%), K,COs (0.4

mmol), and 2a (0.4 mmol)/THF (1.5 mL) was stirred at 25 °C for 30 min. Then la

(0.2 mmol)/THF (0.5 mL) was added and the resulting mixture was stirred at 5 °C

® Isolated yields

¢ ee values determined by chiral HPLC analysis

4 Determined by "H NMR analysis using mesitylene as internal standard
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Supplementary Figure 26. **C NMR (300 MHz, CDCls) spectrum for 1m
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Supplementary Figure 27. *H NMR (300 MHz, CDClIs) spectrum for 1n
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Supplementary Figure 28. **C NMR (300 MHz, CDCls) spectrum for 1n
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Supplementary Figure 31. *H NMR (300 MHz, CDClI3) spectrum for 1p
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Supplementary Figure 32. *C NMR (300 MHz, CDCls;) spectrum for 1p
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Supplementary Figure 33. *"H NMR (300 MHz, CDClIs) spectrum for (R.)-3aa
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Supplementary Figure 34. **C NMR (300 MHz, CDCls) spectrum for (R,)-3aa



Supplementary Figure 35. HPLC spectrum for (Ry)-3aa

ssh—-03-131

data required: 2017-09-08, 11:11:19 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:

OD-H, n-hexane/i-PrOH = 200/1,214,0.5
(520170908111119. org)
400
350
. T 3
300 §H E
—— Me =
= 250 / .__\_<COZ
£ n-C;H4s COM
e
-% 200 "
o
= 150 (Rj)-3aa
100
(=]
50 <
o
: Reaoon ALl A
‘2 4 6 8 10 12 14 186 18 20 22 24
time (min)
peak time height area % area
1 16. 430 14863. 503 361284. 500 5. 1616
2 17. 852 263333, 281 6689241. 000 94, 8354
totals 278196. 784 7053525. 500 100. 0000

S100



Supplementary Figure 36. HPLC spectrum for (+)-3aa

ssh-02-074-2017-09-08

data acquired:2017-09-08, 12:29:48
data file:D:\zheda zhida\N2000\sample

sample information:
OD-H, n-hexane/i-PrOH = 200/1, 214, 0.5

peak

voltage (mv)

operator: ssh

(S20170908122948. org)

360

———

n-C7H1s

(£)-3aa

Csze

COQMB

17.385

16.352

time

10 12 14 16 18 20 22
time (min)

height area % area

16. 352
17. 385

91676. 914 3056533. 750 49, 7444
152123. 563 3087948. 250 50. 2556

totals

243800. 477 6144482. 000 100. 0000
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Supplementary Figure 37. 'HNMR (300 MHz, CDCIl3) spectrum for (Ry)-3ba



Wdd 0 0S 001 0stL 00¢
I

ZH [2'/2l22 =LIMS

ZHIN 000000°} = 24

2ZHW L089.P'S. = 14
89.2€ = PLS1d

1SZ = VN

298 000'Z = Aejap ajokoay
29sn 00S'6 = Ybua)| asing
0ebdbz = juswuadxg
-IN3ATOS

Jwiu ¥3snN

810Z €1:91L:€0 90 Unf PaMA
‘€100 ‘pads

990-G0-yss

gy —
Vv —

g8cvlL
€18l
€0L’LS
6.G°9L
000°LL

S103

Y9.'v0¢C
Supplementary Figure 38. **C NMR (300 MHz, CDCls) spectrum for (R,)-3ba



Supplementary Figure 39. HPLC spectrum for (Ry)-3ba

ssh-05-066

data acquired: 2018-06-05, 21:21:26 operator: ssh
data file:D:\zheda zhida\N2000\sample P

sample information:
od-H, n-hexane/i-PrOH = 200/1,0. 5, 214

(520180605212126. org)

1,100
1,000
900
800 H
700 /—_—-——" CO;Me
E‘ o CO;M
e
S 50 z g
§ 00 (R5)-3ba 3
300
m (=]
100 §
o~
0
o 5 10 15 20 25 30 35
time (min)
peak time height area % area
1 23. 390 23790. 488 546515. 813 5. 1064
2 24,832 391854. 156 10156027. 000 94. 8936
totals 415644. 645 10702542. 813 100. 0000

S104



Supplementary Figure 40. HPLC spectrum for (+)-3ba

data acquired: 2018-06-05, 23:15:42
data file:D:\zheda zhida\N2000\sample

sample information:

od-H, n-hexane/i-PrOH = 200/1, 0.5, 214

ssh-04-081-2018-06-05

operator: ssh

(520180605231542. org)

200
o CO,Me
160
— CO;Me
1401 e
g
= B (+)-3ba
& 100
E
80
- g 8
40 8 3
20
0
0 10 15 20 25
time (min)
peak time height area % area
1 23. 288 31351. 637 1030502. 938 50. 4344
2 24, 700 31076. 145 1012749, 188 49, 5656
totals 62427. 781 2043252 125 100. 0000
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Supplementary Figure 41. *H NMR (300 MHz, CDClIs) spectrum for (R,)-3ca
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Supplementary Figure 42. *C NMR (300 MHz, CDCl5) spectrum for (Ra)-3ca



Supplementary Figure 43. HPLC spectrum for (Ry)-3ca

ssh-4-11-ad-h-100-1-0. 7-214
data acquired: 2018-01-10, 16:08:52 operator:
data file:D:\zhuguangjiong\ssh\20180110\ssh-4-11-ad-h-100-1-0.7-214.org

sample information:

(ssh-4~11-ad-h-100-1-0. 7-214. org)

2,400 B I
2,200
2,000
1,800
g 1.600 /=.2L<COZMe
§ 1,400 n-CaHy oM
a
£ 1.200 2Vie 2 ‘
> w
1,000 -
(Rg)-3ca [
800 / ;
|
600 ] |
{4 |
400 I |
| w |
200 ’ I'| % |
o A e L i
0t 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20
time (min)
peak time height area % area
| 15. 848 977694, 188 22091244, 000 95. 3363
2 16. 715 A0130. 013 1080674, 375 4. 6637
totals 1027824, 230 23171923, 375 100. 0000
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Supplementary Figure 44. HPLC spectrum for (+)-3ca

sample information:

peak

voltage (mv)

ssh-3-163-ad-h-100-1-0. 7-214
data acquired: 2018-01-10,16:33:47
data file:D:\zhuguangjiong\ssh\20180110\ssh-3-163-ad-h-100-1-0.7-214.0rg

operator:

(ssh-3-163-ad-h-100-1-0. 7-214. org)

1,400

1,3

1,200

1,100

800

600]

400

200/
100

H'CSH';

(1)-3ca

e

COzMe

,=-=/—< CO,Me

15.857

16.515

3 4 5 6 7

time

B 9

time (min)

10 11 12

height

13

14

15 16 17 18

area

19 20

% area

15. 857
16. 515

466191. 969
374372.688

9087737. 000
9042550. 000

50. 1246
49. 8754

totals

S109

840564, 656

18130287. 000

100. 0000
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Supplementary Figure 45. '"H NMR (300 MHz, CDCls) spectrum for (R,)-3da
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Supplementary Figure 46. **C NMR (300 MHz, CDCls) spectrum for (R,)-3da



Supplementary Figure 47. HPLC spectrum for (+)-3da

ssh-04-033

data acquired: 2017-11-24, 17:15.04 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0.5, 214

(520171124171504. org)

1,500
1,400
1,300
1,200
1,100
1,000 H

900 == CO,Me
800 n-C4Hg

700
600 (R5)-3da

COzMe

voltage (mv)

300
200

21.938

time (min)

peak time height

8| >20.263

area

% area

1 20. 263 55443. 375
2 21.938 968554. 188

1192132. 875
24225438. 000

4. 6902
95. 3098

totats 1023997. 563

S112

25417570. 875

100. 0000



Supplementary Figure 48. HPLC spectrum for (+)-3da

dxy-01-122-2017-11-24

data acquired: 2017-11-24, 17:45:46 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(520171124174546. org)

1,600 Eee |
1,500
1,400/
1.300
1,200
1,100 CO;Me
1
1,000 - |
. 900 COzMe = ,.,N"
£ s00 n-C4Hg N~
@ 700 i
E 600 (1)-3da
S s00
400
300 | ]
200 | :I
100 v
i = . bbb ]
-100
3} 5 10
tir‘r?e {min}) @ <8 30
peak time height area % area
1 20. 072 793556. 063 18010086. 000 19. 8667
2 21. 720 T67196. 750 18136502, 000 50. 1333
. 1560752, 813 36176588, 000 100. 0000
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Supplementary Figure 49. '"H NMR (300 MHz, CDCls) spectrum for (Ra)-3ea
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Supplementary Figure 50. **C NMR (300 MHz, CDCls) spectrum for (R,)-3ea



Supplementary Figure 51. HPLC spectrum for (Ry)-3ea

ssh—04-022

data acquired: 2017-11-15, 16:23:10 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
Od-H, n-hexane/i-PrOH = 200/1,0. 5, 214

(520171115162310. org)

2,200
2,000
1,800
= 1600 H
E — <3()2hﬂe
S 1400 /— —\_<
= n-CsHyq 0
£ 1200 COoMe 8
= o
1,000
200, (Rg)-3ea
600
400
2
200 ;
0 ~A— o
0 2 4 6 8 0 12 14 16 18 20 22 24 26
time (min)
peak time height area % area
1 18. 013 57456. 691 1148628, 375 4. 5975
2 19. 665 1023070. 563 23835076. 000 95. 4025
totals 1080527. 254 24983704. 375 100. 0000
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Supplementary Figure 52. HPL.C spectrum for (+)-3ea

ssh—-03-184-2017-11-15

data acquired: 2017-11-15, 16:57:16 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(520171115165716. org)

1,100
1,000
900
e
,g 8 CO,M
§mo CO,Me
S 600 n-CsHqq
>
500 (£)-3ea
400
300 § 8
= @
200 77
I
G A
0 2 4 6 8 12 14 16 18 20 22 24
time (min)
peak time height area % area
1 17. 907 212299. 797 4006234. 750 49, 3927
2 19. 365 198828. 453 41047486. 750 50. 6073
otals 411128, 250 8110981. 500 100. 0000
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Supplementary Figure 53. '"H NMR (300 MHz, CDCls) spectrum for (R,)-3fa
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Supplementary Figure 54. **C NMR (300 MHz, CDCls) spectrum for (R,)-3fa



Supplementary Figure 55

data acquired: 2017-11-21, 16:33:52
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0.5, 214

. HPL.C spectrum for (R,)-3fa

ssh—-04

-028

operator: ssh

(520171121163352. org)

1,300 - 7
1,200
1,100
~ 1,000 H
E o={ COMe
§ A :
= 800 n-Lghia g
o 700 COZME T
600 (Ro)-3fa :
500
400 i
300 |
200 @ |
. : |
0 € |
0 AL
2 4 6 10 12 14 16 18 20 22
time {min)
peak time height area %% area
1 16. 983 38183. 988 713498. 625 4. 5152
2 18. 333 722195. 000 15088689. 000 95. 4848
totals 760378. 988 15802187, 625 100. 0000
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Supplementary Figure 56. HPL.C spectrum for (+)-3fa

sample information:
0d-H, n-hexane/i-PrOH

800
750
700
650

550
500
450
400
350
300
250
200
150
100]

voltage (mv)

wxy—1-24-2017-11-21

data acquired: 2017-11-21, 17:00:37 operator: ssh
data file:D:\zheda zhida\N2000\sample

= 200/1,0.5, 214

(520171121170037. org)

Csze

/ZI:/—< COQMe

n-CgHis
(+)-3fa

18.265

—

———16.988
-
=

-501

peak

time {min)

time height

s
=]
-
=

20

area

22

% area

1
2

16. 988 121894. 930
18. 265 112949, 111

2213218. 000
2223720. 500

50. 2182
19. 7818

totals

231844. 070
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1466938. 500
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Supplementary Figure 57. *"H NMR (300 MHz, CDClIs) spectrum for (R.)-3ga
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Supplementary Figure 58. *C NMR (300 MHz, CDCls) spectrum for (R,)-3ga
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Supplementary Figure 59. HPLC spectrum for (Ry)-3ga

ssh—-04-009

data acquired: 2017-11-01, 21:29:50 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(520171101212950. org)

1,300
1,200
1,100 o ,
1,000 ;i §
900 c H/= -:\_<C02Me =
n-Cgly7
800 CO,Me
T 700
E’ 600 (R,)-3ga
S 500
400
300
200 3
100 ©
: A A
0 2 4 6 8 10 12 14 16 18 20 22
time (min)
peak time height area % area
1 16. 152 43257. 129 890612. 125 4,1008
2 17.728 839257. 188 20827552. 000 95. 8992
totals 882514. 316 21718164. 125 100. 0000
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Supplementary Figure 60. HPLC spectrum for (+)-3ga

ssh-03-166-2017-11-01

data acquired: 2017-11-01, 22:01:34 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(S520171101220134. org)

450
400
350
CO,Me
300
E CO;Me
o 250 H—CgHﬂ
g =
2 200 (+)-3ga -] ;
150
100
50
o N
0 2 4 6 8 10 12 14 16 18 20 22
time (min}
peak time height area % area
1 16. 067 179300. 594 3261656, 250 419. 8484
2 17. 317 ; 176112. 922 3281498. 000 50. 1516
totals 355413. 516 6543154. 250 100. 0000
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USER: nmr

SOLVENT:

ssh-04-041
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8
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300.131866 MHz

F2 = 1.000000 MHz
6188.12 Hz

swi
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Experiment = zg30
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Supplementary Figure 61. *"H NMR (300 MHz, CDCIs) spectrum for (R,)-3ha
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Supplementary Figure 62. *C NMR (300 MHz, CDCls) spectrum for (R,)-3ha



Supplementary Figure 63. HPLC spectrum for (Ry)-3ha

ssh-04-041

data acquired: 2017-12-01, 23:44:32 operator: ssh
data file:D:'\zheda zhidai\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1,0. 5, 214

(520171201234432. org)

1,100

- \

900 ~

- 2
£ 800 < ‘
& 700 - ;
g _JH : [
o I {
> 600 FU COZME i 1

- n-CoHrg |

COzMe |
400 | | |
300 (Rs)-3ha .’ !
200 o {
3 |
100 = . !
1 |
0 RSN DA S L S S T S 1
2 4 6 8 10 12 14 16 18 20 I

time (min)
peak time height area % area
1 15. 328 48123, 988 880793. 125 5.0712
2 16. 687 751241. 625 16487704. 000 94, 9288
totals 799365. 613 17368497, 125 100. 0000
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Supplementary Figure 64. HPLC spectrum for (+)-3ha

zyc—1-84

data acquired: 2017-12-01, 23:09:06 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(S20171201230906. org)

600
550
500
450

400
L Me
350 /— Qs |

n-CoHig |

cOo 2MB

voltage (mv)

250
200
150
100

50

(+)-3ha

15,360
—=16.518

.
r

-50

2 4 6 8 10 12 14 16 18 20
time (min)

peak time height area % area

1 15. 360 138395, 391 2315555. 250 19. 6359
2 16. 518 131455. 184 2379966. 500 50. 3611

totals 269850. 875 1725521, 750 100, G000
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Supplementary Figure 65. *H NMR (300 MHz, CDClI3) spectrum for (R,)-3ia
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Supplementary Figure 66. *C NMR (300 MHz, CDCls) spectrum for (R,)-3ia
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Supplementary Figure 67. HPLC spectrum for (R,)-3ia

ssh—05-047

data acquired: 2018-05-22, 18:00:47 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
OD-H, n-hexane/i-PrOH = 200/1, 0.5, 214

(S20180522180047. org)

360 T _“
340/
320
300 - H
o 2 /=*=_ COMe
E 260 n-Cy4Hza _\_<
& 240 CO,Me
S 220 "
200 (R5)-3ia g
=
180
160
140/
120 g
0 A . §
80
0 2 4 6 8 10 12 14 16 18 20 22 24 26
time (min)
peak time: height area % area
1 16. 387 4304. 158 127089. 672 4. 4613
2 18. 228 87090. 164 2721617. 750 95. 5387
totals 91394. 322 2848707. 422 100, 0000
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Supplementary Figure 68. HPLC spectrum for (+)-3ia

sy1-01-030-2018-05-22

data acquired: 2018-05-22, 18:27.39 operator: ssh
data file:D:\zheda zhida\M2000\sample

sample information:
0D-H, n-hexane/1-PrUH = 200/1, 0. 5, 214

(520180522182739. org)

180
170
160
150 CcO,Me
130 Me
120 Cco
< 110 n-Cy1Hzs
E 100
g 90 (i)-:“a
g 80
ot 3
60
0 g =
40 b
30
20
10
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26
tirme (min)
peak time height area % area
1 17.332 26373, 543 799233. 813 49. 1209
2 18. 830 35336. 082 827839. 688 50. 8791
totals 61709, 625 1627073, 500 100. 0000
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8
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Supplementary Figure 69. *"H NMR (300 MHz, CDClIs) spectrum for (R,)-3ja
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Supplementary Figure 70. *C NMR (300 MHz, CDCls) spectrum for (R,)-3ja



Supplementary Figure 71. HPLC spectrum for (R,)-3ja

data acquired: 2018-05-07, 14:27:01
data file:D:\zheda zhida\N2000'sample

sample information:

ssh-05-023

operator: ssh

0D-H, n~hexane/i-PrOH = 90/10,0.7, 214

(S20180507142701. org)

850

750
700
650
600

450
400
350
300
250
200
150
100

voltage (mv)

H

== COM
BnO—(—’{&— _\—( LS

co,Me

12.918

(Ra)-3ja

> 11717

[ N

peak

(5]

4 6 8 10 14

time (min)

time height area

16

% area

1
2

1. 717 34654. 188 500822. 188
12,918 587139, 500 10098777. 000

4.7249
95. 2751

totals

621793. 688 10599599. 188
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Supplementary Figure 72. HPLC spectrum for (+)-3ja

ssh-04-044-2018-05-07

data acquired: 2018-05-07, 14:50:17 operator: ssh
data file:D:\zheda zhida\N2000'sample

sample information:
OD-H, n-hexane/i-PrOH = 90/10, 0.7, 214

(520180507145017. org)

600
550
500
450

400 CO,Me
350 BnO—t)

CO,Me

voltage (mv)

300 (+)-3ja
250
200
150
100

50

11.898
13.178

2 4 6 8 10 12 14 16

time (min)

peak time height area

% area

1 11.898 234584. 891 3730805. 500
2 13.178 211221. 891 3695538. 750

50. 2374
49. 7626

totals 445806. 781 7426344. 250
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Supplementary Figure 73. *"H NMR (300 MHz, CDCls) spectrum for (R.)-3ka
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Supplementary Figure 74. *C NMR (300 MHz, CDCls) spectrum for (R.)-3ka
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Supplementary Figure 75. HPLC spectrum for (Ry)-3ka

ssh—-05-082

data acquired: 2018-06-14, 18:37:27 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
as-H, n-hexane/i-PrOH = 100/1, 1.5, 214

(S20180614183727. org)

1,200
1,100

H
== COM
alvie
700 NpCHzo—«(E_ _\—(

CO,Me

voltage (mv)
2
=]
8,307

. (R)-3ka

9.168

1 2 3 4 5 6 7 8 ) 10 11 12 13 14 15

time (min)
peak time height area % area
1 8. 307 528302. 563 9998252. 000 95, 3594
2 9. 168 24826. 424 486560. 250 4. 6406
totals 553128. 986 10484812. 250 100. 0000

S140



Supplementary Figure 76. HPLC spectrum for (+)-3ka

ssh—05-083-2018-06-14

data acquired: 2018-06-14, 17:41:39 operator: ssh
data file:D:\zheda zhida\N2000'sample

sample information:
as-H, n-hexane/i-PrOH = 100/1, 1. 5, 214

(520180614174139. org)

g8z

CO;Me

—= COzMe
NpCHzo—(-/)la_
(+)-3ka

voltage (mv)
W & & oM
88833

g 8
8.685

g 38
9.692

8

3]

o
-
L]
w
E
"
(=]
-~
[--]
©

10 1 12 13 14
time (min)

peak time height area % area

1 8. 685 142804. 703 2924637. 000 50. 1381
2 9. 692 115669, 289 2908527. 750 49, 8619

totals 258473. 992 5833164. 750 100. 0000
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Supplementary Figure 77. *H NMR (300 MHz, CDClI3) spectrum for (R,)-3la
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Supplementary Figure 78. *C NMR (300 MHz, CDCls) spectrum for (R.)-3la
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Supplementary Figure 79. HPLC spectrum for (R,)-3la

data acquired: 2018-01-29, 14:16:42
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

ssh-04-126

operator: ssh

(§20180129141642. arg)

650
600
550 =
-E‘- 500 H
o 450 —s={ COMe
£ o mso, M
- CO;MG
. (Ra)-3la g
300 . =
250 |
200 [
g |
150 = |
@ |
100} — S | S —— TSR S A
0 2 4 B 10 12 14 16 18 20 22 24
time (min)
peak time height area % area
I 16. 352 8631. 070 177491, 281 3. 8452
2 17. 265 192668. 078 4438377. 000 96. 1518
totals 201299. 118 1615868, 281 100. 0000
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Supplementary Figure 80. HPLC spectrum for (+)-3la

data acquired: 2018-01-29, 14.51:28
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1,0.5, 214

ssh-04-122-2018-01-29

operator: ssh

(520180129145128, org)

SRR | K

CO,Me

= COz Me
TBSO lg

(+)-3la

T 16.432
| ——17.358

i
s

]

2 4 ] 8 10 12 14 16 18 20 22 24 26
time (min)
peak time height area 9% area
1 16. 432 23728. 674 487507. 875 50. 1261
2 17. 358 21749. 215 185054. 594 19. 8739
totals 15177, B89 972562. 169 100. 0000
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Supplementary Figure 81. *H NMR (300 MHz, CDClIs) spectrum for (R,)-3ma
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Supplementary Figure 82. **C NMR (300 MHz, CDCls) spectrum for (R,)-3ma



Supplementary Figure 83. HPLC spectrum for (R,)-3ma

data acquired: 2018-01-24, 16:07:02
data file:D:\zheda zhida\N2000'sample

sample information:
Od-H, n-hexane/i-PrOH = 200/1, 0.5, 214

ssh-04-120

operator: ssh

(520180124160702. org)

voltage (mv)
[ & =~ =
SEEE8888883

200

-
o
(=]

100
50

-50

—=23.607

I‘rZ‘I 103
r

peak

(=]
o
Py
L)
-
'y
@
>
[
(=]
N
LX)
L
S
L]
o
L]
=

time (min)

time height area % area

21.103 11193, 889 229887, 906
23. 607 239034, 453 6384595, 500

3.4755
96. 5245

totals

250528, 342 6614483. 106 100. 0000
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Supplementary Figure 84. HPLC spectrum for (+)-3ma

dxy—02-002

data acquired: 2018-01-24, 14:38:35 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
Od-H, n-hexane/i-PrOl = 200/1, 0. 5, 214

(520180124143835. org)

850
800
750
700
650 COQME
600
550 *=— CO;Me
— 500
E 450
o, 400
2 350
100 (+)-3ma
250
200
150
100
50

(=]

|

H

[ —=21.005
>‘->23 758

0 5 10 15 20 25 30
time (min)

peak time height area % area

1 21. 005 98461. 969 2397219. 250 19.7189
2 23. 758 88806. 813 2424322, 500 50. 2811

totals 187268. 781 1821541. 750 100. 0000
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Supplementary Figure 85. *"H NMR (300 MHz, CDClIs) spectrum for (R,)-3pa
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Supplementary Figure 86. Bc NMR (300 MHz, CDCl3) spectrum for (Ry)-3pa

S151



Supplementary Figure 87. HPLC spectrum for (R,)-3pa

data acquried: 2018-10-06,10:45:55

ssh-05-162

operator: ssh

data file: D:\Zheda zhida\N2000\sample\S20181006104555.0org
report time: 2018-10-06, 11.07:47
sample information: od-H, n-hexanefi-PrOH = 200/1, 1.0, 214

chromatogram (520181006104555. org)

550
500
450
400
350 H
S —e=  CO,Me
£ t-Bu
% 250 COgMe
E (Ra)-3pa
200
150 §
o
100
50 &
N
@
O__,,IIA—A/\—/‘ .
-50
3 4 5 6 7 8 9 10 1 12
time (min)
peak time height area % area
1 8.223 3526. 948 34987. 855 3.0168
2 9. 455 97172.992 1124769. 375 96. 9832
totals 100699. 940 1159757. 230 100. 0000
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Supplementary Figure 88. HPLC spectrum for (+)-3pa

ssh-05-163-2018-10-06

data acquired: 2018-10-06, 11:01:14 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:

od-H, n-hexane/1-PrOH = 200/1, 1.0, 214

(520181006110114. org)

180
170

120 CO;Me

110
100 o CO;Me
90 t-Bu
80 (£)-3pa

voltage (mv)

8.305

> 9.495

time (min)

peak time height

area

1"

% area

I 8. 305 30429, 447
2 9. 495 26234. 756

292206. 906
291577, 313

50. 0539
49. 9461

totals 56664. 203
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1.96

Ada

6|07

1.000 sec

8
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Supplementary Figure 91. *"H NMR (300 MHz, CDCls) spectrum for (R,)-3fb
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Supplementary Figure 92. *C NMR (300 MHz, CDCl3) spectrum for (R,)-3fb



Supplementary Figure 93. HPLC spectrum for (R,)-3fb

ssh—05-069

data acquired: 2018-06-11, 23:02:11 operator; ssh
data file:D:\zheda zhida\N2000\sample

sample information;
od-H, n-hexane/i-PrOH = 200/1, 0.5, 214

(520180611230211. org)

750
700
650
600
550 I
500 H

- —e={ COMe
400 n-CgHy3 CO;Me
350
00 (R3fb  \
250
200

voltage (mv)

12.803

[>12.412

o888

2 4 6 8 10

time (min)

peak time height

12

14

area

16

% area

1 12. 412 21592. 264
2 12. 803 473756. 625

264781. 188
8489291. 000

3. 0247
96. 9753

totals 495348, 889
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Supplementary Figure 94. HPL.C spectrum for (+)-3fb

ssh—04-080-2018-06-11

data acquired: 2018-06-11, 23:22:55 operator: ssh
data file:D;\zheda zhida\N2000\sample

sample information:
od-H, n-hexane/i-PrOH = 200/1, 0.5, 214

(520180611232255. org)

200
190
180
170
1
b COMe
140 CO;Me
130 gy
120
T 110 n-CgHia
5 (£)-3fb
g 80
50 < g
40
30
20
10
0
0 2 4 6 B, 10 12 14 16
time (min) (min)
peak time height area % area
1 12,372 43693, 285 565034. 750 49, 0547
2 12.922 41951. 328 586810. 813 50. 9453
totals 85644, 613 1151845. 563 100. 0000
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USER: nmr

spect, CDCI3,
SOLVENT:

Experiment

Recycle delay =

F1 = 300.131866 MHz
F2 = 1.000000 MHz
SW1= 6188.12Hz

AN

ssh-04-148

COzMe

/
Ph
(16
£ A00 100

&
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Vi
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SWAVN
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Supplementary Figure 95. *"H NMR (300 MHz, CDCl5) spectrum for (R,)-3fc
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Supplementary Figure 96. **C NMR (300 MHz, CDCls) spectrum for (R,)-3fc
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Supplementary Figure 97. HPLC spectrum for (R,)-3fc

ssh-04-148

data acquired: 2018-03-18, 15:59:16 operator: ssh

data file:D:\zheda zhida\N2000\sample

sample information:

0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(520180318155916. org)

1,900
1,800
1,700
1,600
1,500
1,400

1,300 H
1,200
1,100 n-CeH13

voltage (mv)

800 (Ra.E)-3fc

400

CO,Me
CO;Me

/

Ph

20.740

}19.313

peak time

10 12 14 16
time (min)

height

18

20 22 24

area

26

% area

1 19. 313
2 20. 740

25228. 574
681083. 000

692902. 000
19021362. 000

3.5147
96. 4853

totals

706311, 574
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Supplementary Figure 98. HPLC spectrum for (+)-3fc

ssh-04-147-2018-03-18

data acquired: 2018-03-18, 15:25:28 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0.5, 214

(520180318152528. org)

= CO;Me
n-CgHs3 CO,Me
¢ {+)-3f 4
Py (EH{+)-3fc
g Ph

18508

2 4 6 8 10 12 14 16 18 20 22 24
time (min)
peak time height area % area
1 18. 598 221649. 344 5586836. 500 49, 4734
2 20. 055 203585. 406 5705766. 500 50. 5266
totals 425234. 750 11292603. 000 100. 0000
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Supplementary Figure 100. 'H NMR (300 MHz, CDCls) spectrum for (Ry)-3fd
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Supplementary Figure 100. **C NMR (300 MHz, CDCls) spectrum for (R,)-3fd
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Supplementary Figure 101. HPLC spectrum for (R,)-3fd

data acquired: 2017-12-20, 21:27:16
data file:D:\zheda zhida\N2000\sample

sample information:

Od-H, n-hexane/1-PrOH = 200/1, 0. 5, 214

ssh-04-071

operator: ssh

(520171220212716. org)

2,000
1,800
1,600
H
1,400 . CO;Me
T 120 n-CgHia CO,Me
% 1,000 AN
2 goo (R,)-3fd g
S
o~
600 t
400 P
wo |
200 2 1
C
ol— SV LA -
J
6 8 10 12 14 16 18 20 22 24 26
time (min)
peak time height area % area
1 19. 025 20687, 316 455001, 000 2. 8759
2 20. 213 613854, 125 15366397. 000 97. 1241
- 631511, 111 15821398. 000 100. 0000
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Supplementary Figure 102. HPLC spectrum for (z)-3fd

sample information:
Od-H, n-hexane/i-PrOH = 200/1,0.5, 214

ssh-04-068-2017-12-20

data acquired: 2017-12-20, 22:00:07 operator: ssh
data file:D:\zheda zhida\N2000\sample

(520171220220007. org)

350
300
H
250 Vi CO;Me
n-CeH1s CO,Me
’E“ 200
‘. \ |
g (+)-3fd &
> ] g
100 a 2
I
% I
- ORI 1V 1 G |
0 5 10 15 20 25
time (min)
peak time height area % area
1 19. 585 79189. 563 17734196. 000 50. 6877
2 20. 805 72180. 156 1725375. 500 19. 3123
totals 151369. 719 3198871, 500 100. 0000
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Experiment = zg30
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Supplementary Figure 103. *H NMR (300 MHz, CDClI3) spectrum for (R,)-3nd
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Supplementary Figure 104. **C NMR (300 MHz, CDCls) spectrum for (Ra)-3nd



Supplementary Figure 105. HPLC spectrum for (R,)-3nd

ssh—04-113

data acquired: 2018-01-18, 19:50:29 operator: ssh
data file:D:\zheda zhidaiN2000\sample

sample information:
0d-H, n-hexane/i-PrOil = 200/1, 0. 5, 214

(S20180118195029. org)

1,500
1,400
1,300
1,200
1,100

H
1,000 —7 CO,Me

W =X

800 COzMe
700
600 N
500 (Rg)-3nd

400
300
200
100

voltage (mv)
=-22.715

21.607

0 5 10 15 20 25
time (min)

peak time height area % area

l 21. 607 8296. 200 185678. 688 2. 1953
2 22.715 316625, 594 8272101. 500 97. 8047

totals 321921. 794 8458080. 188 100. 0000
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Supplementary Figure 106. HPLC spectrum for (+)-3nd

ssh-04-111-2018-01-18

data acquired: 2018-01-18, 19:13:32 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(520180118191332, org)

500 I
450
400
350 © ==, COMe |
H 300 4<— 002ME |
=
=
g 2 N
£ 200 (£)-3nd g5
= s 3
150 &g
b
4 A
N — S e =
0 5 10 15 20 25 30
time (min}
peak time height area % area
1 21. 693 122757. 664 2887512, 750 49, 1173
2 22. 887 115606. 781 2991298. 000 50. 8827
totals 238364. 115 58T8810. 750 100. 0000
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Supplementary Figure 107. *H NMR (300 MHz, CDClI3) spectrum for (Ra,)-30d
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Supplementary Figure 109. HPLC spectrum for (R,)-3o0d

ssh—-04-104

data acquired: 2018-01-14, 15:40:08 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1,0. 5, 214

(S20180114154008. org)

1,500
1.400 i
1.300

1,200 H
1,100 —e— COpMe |

1,000 .
CcO,Me
gm Afﬂ4;_ 2 |

800 \\
e (Rg)-30d

G600
500
400
300
200

valtage (mv)

=21.020

119.757

L
| —

0 2 4 6 B 10 12 14 16 18
time (min)

L5
o

22 24 26 28

peak time height area % area

! 19. 757 15639. 935 395881. 000 4. 0906
2 21. 020 328571. 906 9281957, 000 95. 9091

totals 344211. 841 9677838, 000 100, 0000
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Supplementary Figure 110. HPLC spectrum for (+)-3od

ssh-04-101-2018-01-14

data acquired: 2018-01-14, 16:09:35 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

_ (520180114160935, org)

400
350
300 —— COZ Me

280 //_"{a_ COMe

200 \\\
(£)-30d

voltage (mv)

150

21.517

o 8
——=20.200
k"‘—-—._

,__,_,_.-}

2 4 6 8 10 12 14 16 18 20 22 24 26 28

time (min)
peak time height area % area
1 20. 200 67216. 203 1689962. 750 19. 0215
2 21.517 64166, 684 1757429. 875 50.9785
totals 131382. 887 3147392, 625 100. 0000
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Supplementary Figure 111. *H NMR (300 MHz, CDCls) spectrum for (R,)-3fe
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Supplementary Figure 112. *C NMR (300 MHz, CDCI5) spectrum for (R,)-3fe
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Supplementary Figure 113. HPLC spectrum for (Ry)-3fe

data acquired: 2018-03-15, 14:12:32
data file:D:\zheda zhida\N2000\sample

sample information:

ssh—-04-146

operator: ssh

0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(820180315141232. org)

(Aw) abeyjon

= COMe
n-CgHia COo,Me

(Ry)-3fe oh

20.363

21.470

peak

4 6 8 10 12 14 16 18
time (min)

time height

2

o

22 24

area

26

% area

20. 363
21. 470

17363. 426
556730. 375

388493. 594
14138026. 000

2.6744
97. 3256

totals

574093. 801

S176
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Supplementary Figure 114. HPLC spectrum for (+)-3fe

ssh—04-136-2018-03-15

data acquired: 2018-03-15, 13:25:21 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0d-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

(520180315132521. org)

1,500
1,400
1,300
1,200
1,100 : H
1,000 = CO,Me
o n-CgHia COMe
800
700 %
600
o0 (+)-3fe Ph
400
300
200
100

0 A

0 5 10 15 20 25 30
time (min}

voltage (mv)

[ ————20.770
21472

peak time height area % area

1 20.770 280392. 094 6711819, 000 49,5169
2 21. 872 274856. 438 6842789. 000 50. 4831

totals 555248. 531 13554608. 000 100. 0000
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Supplementary Figure 115. *H NMR (300 MHz, CDCl3) spectrum for (R,)-3ff
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Supplementary Figure 116. BC NMR (300 MHz, CDCls3) spectrum for (Ry)-3ff
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Supplementary Figure 117. HPLC spectrum for (R,)-3ff

ssh-04-084

data acquired: 2018-01-01, 16:04:56 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
0Oc-H, n-hexane/i-PrOH = 200/1, 0. 5, 214

($20180101160456. org)

o S—
2,000 |
1,800
1600 GRS H )
1,400 /=‘J COMe
- 1200 n-CeHis CO:Me ‘
E
> 1.000
=4 g
5 80 (Ry)-3ff = .
600 i
400 I
e[|
200 s |
i 2 ) |
2 4 6 [ 10 12 14 16 18
time (min)
peak time height area % area
I 13. 075 19380. 707 150271, 500 2. 7001
2 11. 718 673432, 375 16224214, 000 97. 2996
totals 692813. 082 16674185, 500 100. D000
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Supplementary Figure 118. HPLC spectrum for (+)-3ff

data acquired: 2018-01-01, 16:29:50
data file:D:\zheda zhida\N2000\sample

sample information:

ssh—-04-055-2018-01-01

operator: ssh

0d-H, n-hexane/i-PrOH = 200/1,0.5, 214

1,600
1.500
1,400
1,300
1,200
1,100
1,000

voltage (mv)
-
g

/=°‘_ COZMe
n-Cohiz COMe

(£)-3ff

|
&}13.533
>14.915

4 ] 8 10 12 14 16 18 20
time (min)

time height area

22

% area

13. 533 51889. 957 1020774. 188
11. 915 60986. 9141 1009500, 938

50. 2776
19, 7221

112876. 871 2030275. 125

S181

100. 0000
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Supplementary Figure 119. *H NMR (300 MHz, CDClIs) spectrum for (+)-3aa
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Supplementary Figure 120. **C NMR (300 MHz, CDCls) spectrum for (+)-3aa
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Supplementary Figure 121. *H NMR (300 MHz, CDCls) spectrum for (+)-3ba
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Supplementary Figure 122. *C NMR (300 MHz, CDCls) spectrum for (+)-3ba
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Supplementary Figure 123. *H NMR (300 MHz, CDCls) spectrum for (+)-3da
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Supplementary Figure 124. *C NMR (300 MHz, CDCls) spectrum for (+)-3da
5187



0000
868°0
2880
€06°0
99¢')
606°L
0ce6’L
ce6)
ve’L
956'L
996'L
8.6}
686°1
[4°i* 84
L4
7444
L.672
$86°C
885¢
L1692
609'C

L8V'E
Zis'e
8€S'E
37>
¥90°'S
§GL0'S
§80'S
§60°'S
S0lL's
gLl's
92L's
8EL’g
6vi'S
09t’s
oLL's
18L'G
Z6l'S

N

N

NN W T

2017-11-13 09:49:12.671

zyc-1-84H

SOLVENT: CDCI3
Experiment = zg30
Puise length = 14.000 usec

1.000 sec

Relaxation delay

8
300.130005 MHz
1.000000 MHz

NA =

F1
F2

n-CgHig

(£)-3ha

<
o
3
e
3 j
"N\
8
3
kSN
o
ey ~ —
8
\N\ J
”(D [}]
= =2
] N
O O
o__0O

PPM

o
-

Supplementary Figure 125. *"H NMR (300 MHz, CDCls) spectrum for (+)-3ha
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Supplementary Figure 126. **C NMR (300 MHz, CDCls) spectrum for (+)-3ha
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Supplementary Figure 127. *"H NMR (300 MHz, CDClI3) spectrum for (+)-3ja
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Supplementary Figure 128. *C NMR (300 MHz, CDCls) spectrum for (+)-3ja
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Supplementary Figure 129. *H NMR (300 MHz, CDCls) spectrum for (+)-3ka
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Supplementary Figure 130. **C NMR (300 MHz, CDCI3) spectrum for (+)-3ka
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Supplementary Figure 131. *H NMR (300 MHz, CDClIs) spectrum for (+)-3la
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Supplementary Figure 133. *H NMR (300 MHz, CDCls) spectrum for (+)-3fb
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Supplementary Figure 137. '"H NMR (300 MHz, CDCl3) spectrum for (+)-3fd
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Supplementary Figure 141. *H NMR (300 MHz, CDCls) spectrum for (+)-3od
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Supplementary Figure 142. *C NMR (300 MHz, CDCI5) spectrum for (+)-3od
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Supplementary Figure 143. "H NMR (300 MHz, CDCls) spectrum for (+)-3fe
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Supplementary Figure 144. *C NMR (300 MHz, CDCls) spectrum for (+)-3fe
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Supplementary Figure 145. *H NMR (300 MHz, CDCls) spectrum for (+)-3ff
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Supplementary Figure 147. *"H NMR (300 MHz, CDCls) spectrum for (+)-4la
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Supplementary Figure 150. *H NMR (300 MHz, CDCls) spectrum for (+)-5la
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(2)-traumatic lactone
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Supplementary Figure 154. '"H NMR (300 MHz, CDCls3) spectrum for (Ra)-4ja
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Supplementary Figure 159. HPLC spectrum for (S,E)-5ja and (R,Z)-5ja
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Supplementary Figure 160. HPLC spectrum for (E)-5ja and (Z)-5ja
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Supplementary Figure 161. *H NMR (300 MHz, CDCls) spectrum for

(R,)-traumatic lactone
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Supplementary Figure 162. *H NMR (300 MHz, CDClIs) spectrum for

(R,)-traumatic lactone
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Supplementary Figure 163. *"H NMR (300 MHz, CDCls) spectrum for (R)-7
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Supplementary Figure 164. *C NMR (300 MHz, CDClIs) spectrum for (R)-7



Supplementary Figure 165. HPLC spectrum for (R)-7

ssh-05-061

data acquired: 2018-05-31, 09:52:40 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
AS-H, n-hexane/i-PrOH = 90/10, 2.0, 214

(520180531095240. org)
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3
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time (min)
peak time height area % area
1 20. 443 9494. 922 417200. 656 6. 6255
2 25. 068 93526. 695 5879704. 000 93. 3745
totals 103021. 617 6296904. 656 100. 0000
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Supplementary Figure 166. HPLC spectrum for (+)-7

zj—08-120-2018-05-31

data acquired: 2018-05-31, 11:08:19 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
AS-H, n-hexane/i-PrOH = 90/10, 2.0, 214

(520180531110819. org)
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1 20. 467 22968. 990 1085468. 000 49, 6334
2 25. 698 18844. 938 1101502. 750 50. 3666
totals 41813.928 2186970. 750 100. 0000
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Supplementary Figure 167. *H NMR (300 MHz, CDCls) spectrum for (R)-7

10



Wdd
1

7N

8¢
8¢
14
6¢

14
4
L2
Ve
Se

68.
680
0v6
68.
188
8.6
9€0
681
€Ly

0L0'99

ZH [Z'lTLee = WMS

ZHW 000000} = 24

ZHW £089.¥'GL = Ld
89/2€ = PIS1d

¥0€ = WN

09s 0002 = Aejap 9johoay
WWSN Q056 = 5@:0_ Is|nd
0¢6d6z = Juswuadxgy
:IN3AT0S

Jwu ¥3sn

810Z 0-9€:L L 8Z unr nyyL
'€10Q0 ‘Yads

001-50-yss

€091

lesell

a6l LLL

Supplementary Figure 168. *C NMR (300 MHz, CDClIs) spectrum for (R)-7
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Supplementary Figure 169. HPLC spectrum for (R)-7

ssh—05-100

data acquired: 2018-06-28, 21:44:59 operator: ssh
data file:D:\zheda zhida\N2000\sample

sample information:
As—H, n—hexane/i-PrOH = 90/10, 2.0, 214

(520180628214459. org)
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£ 400 e
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350 BnO 0.
300 (R-7 2
=]
N
250 N
200
150 §
«©
100 =
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time (min)
peak time height area % area
1 18. 963 2594. 875 95742. 711 1. 1148
2 22.943 144014. 234 8492842. 000 98. 8852
146609. 109 8588584. 711 100. 0000

totals
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Supplementary Figure 170. HPLC spectrum for (z)-7

data acquired: 2018-06-28, 23:03:31
data file:D:\zheda zhida\N2000\sample

sample information:
As-H, n-hexane/i-PrOH = 90/10, 2.0, 214

7 j—08-120-2018-06-28

operator: ssh

(S20180628230331. org)
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S 80
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80 3 3
© 4]
40 ) N
; N A
0
0 10 15 20 25 30 35
time (min)
peak time height area % area
1 18. 442 35954. 238 1487273. 625 50. 3111
2 22. 805 29300. 289 1468880. 500 49. 6889
totals 65254. 527 2956154. 125 100. 0000
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