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1. General Information

Unless otherwise noted, all reactions were carried out under an argon atmosphere; materials
obtained from commercial suppliers were used directly without further purification. The [£] D was
recorded using PolAAr 3005 High Accuracy Polarimeter (A = 589 nm, T = 20 °C). '"H NMR spectra,
3C NMR spectra, and *'P NMR spectra were recorded on a Bruker 400 MHz and 500 MHz
spectrometer in CDCl; NMR. Experiments are reported in 0 units, parts per million (ppm), and
were referenced to CDCI3 (6 7.26 or 77.0 pp m) as the internal standard. The data is being reported
as (s = singlet, d = doublet, dd = doublet of doublet, t = triplet, m = multiplet or unresolved, br =
broad signal, coupling constant(s) in Hz, integration). Tetrahydrofuran (THF), toluene, hexane and
ether were dried with sodium benzophenone and distilled before use; Reactions were monitored by
thin layer chromatography (TLC) using silicycle pre-coated silica gel plates. Flash column
chromatography was performed on silica gel 60 (particle size 300-400 mesh ASTM, purchased

from Yantai, China) and eluted with petroleum ether/ethyl acetate.
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2. General Procedure for the Synthesis of Xu-Phos

2.1 Synthesis of Xu3, Xull
2.1.1 (R)-N-((S)-[1,1'-biphenyl]-4-yl(2-(dicyclohexylphosphanyl)-phenyl)-methyl)-N,2-dimethyl-

propane-2-sulfinamide (Xu3)

To a solution of dicyclohexylphosphine borane (5 mmol) in dry PhMe/THF (2:1, 10 mL) was
added n-BuLi (5 mmol, 2.4 M in hexane) dropwise under argon at -78 °C. The resulting solution at
this temperature during 1 hour and 1,2-dibromobenzene (5 mmol) was added dropwise followed by
n-BuLi (5 mmol, 2.4 M in hexane). After 10 minutes at -78 °C, (Rs)-sulfinyl imine (6 mmol) was
added and the reaction mixture was warmed to room temperature overnight. The reaction mixture
was cooled to 0 °C and added Methyl trifluoromethanesulfonate (7.5 mmol). The resulting solution
was stirred at this temperature during 1 hour. Then, the reaction mixture was quenched by the
addition of NaHCOs3 (aq.) and diluted with EtOAc. The organic layer was separated, and the
aqueous layer was extracted twice with EtOAc. The combined organic layers were dried over
NaySOq, filtered, concentrated. The crude product was dealed with Et2NH (20 mL) and the
resulting solution was stirred under argon at 50 °C. After the reaction was complete (monitored by
TLC), solvent was removed under reduced pressure. The crude product was then purified by flash
column chromatography on silica gel (Petroleum ether: Acetone = 30:1) to afford the product
Xu3 as a white solid (1.3 g, 45% yield). Mp: 68.4-70.2 °C. [a] = 52.8 (¢ = 0.4, Chloroform). 'H
NMR (500 MHz, Chloroform-d) & 7.84 — 7.74 (m, 1 H), 7.59 — 7.53 (m, 2 H), 7.54 — 7.45 (m, 3 H),
7.47—7.38 (m, 3 H), 7.35 - 7.29 (m, 2 H), 7.29 — 7.23 (m, 2 H), 6.94 (d, /= 10.0 Hz, 1 H), 2.64 (s,
3 H),2.01 -1.82(m,2 H), 1.83 —1.72 (m, 1 H), 1.72 — 1.62 (m, 2 H), 1.62 — 1.57 (m, 1 H), 1.57 —
1.51 (m, 1 H), 1.51 — 1.39 (m, 4 H), 1.36 — 1.17 (m, 6 H), 1.15 - 1.06 (m, 10 H), 0.94 — 0.86 (m, 3
H), 0.65 — 0.51 (m, 1 H). '*C NMR (125 MHz, Chloroform-d) § 147.1 (d, J = 22.2 Hz), 140.7,
139.9, 139.1, 134.9 (d, J = 21.2 Hz), 133.1 (d, J = 3.2 Hz), 131.0, 128.7, 128.6, 128.0 (d, J = 4.9

Hz), 127.1, 126.9, 126.6, 69.8 (d, J = 31.8 Hz), 58.6, 34.7 (dd, J = 12.9, 10.8 Hz), 30.6 (d, /= 17.8
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Hz), 30.3 — 29.8 (m), 29.5 (d, J=10.0 Hz), 29.3 (d, J = 10.0 Hz), 27.0 (dd, /= 12.0, 9.7 Hz), 26.3,
26.1, 24.0. *'P NMR (202 MHz, Chloroform-d) & -16.85. HRMS (ESI) calculated for [C36H4NOPS]
[M-+H]": 574.3267 found: 574.3269.

2.1.2 (R)-N-((S)-[1,1'-biphenyl]-4-yl(2-(dicyclohexylphosphanyl)-4,5-dimethoxy-phenyl)-methy-
1)-N,2-dimethylpropane-2-sulfinamide (Xull)

Ph

MeO : N/é.,,,Bu
|
Meo:C:P Vs
Xu11

To a solution of dicyclohexylphosphine borane (5 mmol) in dry PhMe/THF (2:1, 10 mL) was
added n-BuLi (5 mmol, 2.4 M in hexane) dropwise under argon at -78 °C. The resulting solution at
this temperature during 1 hour and 1,2-dibromo-4,5-dimethoxybenzene (5 mmol) was added
dropwise followed by n-BuLi (5 mmol, 2.4 M in hexane). After 10 minutes at -78 °C, (Rs)-sulfinyl
imine (6 mmol) was added and the reaction mixture was warmed to room temperature overnight.
The reaction mixture was cooled to 0 °C and added Methyl trifluoromethanesulfonate (7.5 mmol).
The resulting solution was stirred at this temperature during 1 hour. Then, the reaction mixture was
quenched by the addition of NaHCO; (aq.) and diluted with EtOAc. The organic layer was
separated, and the aqueous layer was extracted twice with EtOAc. The combined organic layers
were dried over NaxSQg, filtered, concentrated. The crude product was dealed with Et,NH (20 mL)
and the resulting solution was stirred under argon at 50 °C. After the reaction was complete
(monitored by TLC), solvent was removed under reduced pressure. The crude product was then
purified by flash column chromatography on silica gel (Petroleum ether : Acetone = 30:1) to afford
the product Xull as a white solid (1.4 g, 44% yield). Mp: 75.6-78 °C. [a]p = 112.7 (¢ = 0.4,
Chloroform-d). "H NMR (500 MHz, Chloroform-d) § 7.59 — 7.55 (m, 2H), 7.53 (d, J = 3.7 Hz, 1H),
7.51 =747 (m, 2H), 7.43 (t,J= 7.6 Hz, 2H), 7.34 (t, /= 7.4 Hz, 1H), 7.29 (d, /= 2.6 Hz, 2H), 6.98
(d, J=2.2 Hz, 1H), 6.83 (d, J = 10.3 Hz, 1H), 4.00 (s, 3H), 3.93 (s, 3H), 2.67 (s, 3H), 1.96 — 1.79
(m, 4H), 1.73 — 1.65 (m, 2H), 1.58 — 1.47 (m, 4H), 1.47 — 1.38 (m, 3H), 1.35 - 1.16 (m, 7H), 1.12
(s, 9H), 0.92 — 0.87 (m, 2H). *C NMR (125 MHz, Chloroform-d) & 149.8, 147.2, 140.7, 140.1 (d, J
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=23.0 Hz), 139.9, 139.4, 131.3, 128.6, 127.1, 126.9, 126.4, 125.8 (d, J = 20.1 Hz), 115.1 (d, /= 2.9
Hz), 111.1 (d, J = 5.6 Hz), 69.9 (d, J = 33.1 Hz), 58.7, 56.0, 55.9, 35.0 (dd, J = 12.6, 8.3 Hz), 31.0
—30.4 (m), 30.1 (d, J = 15.6 Hz), 229.4 (dd, J = 11.4, 9.4 Hz), 27.3-26.7 (m), 26.3, 26.1, 24.3.3'P
NMR (202 MHz, Chloroform-d) & -17.3. HRMS (ESI) calculated for [C3sHssNOsPS] [M+H]":
634.3478 found: 634.3483.

2.2 Synthesis of Xu5, Xu6 and Xu7'

CHO 1.2 equiv. RBror RI CHO 2.0 equiv. (CH,OH), O/c>
> 5% mol TsOH<H,O
Br DMF, RT Br ——
H R Tol, 150 °C Br

R
Xu5-1 Xu5-2 Xu5-3

1.2 equiv. n-BuLi

0 1.1 equiv. PCy,Cl

i THF -78 °C
o H,oN-~tBu o
CHO

\N’g"/tBu 1.2 equiv. 1M HCI }

- PCy, 2.0 equiv. Ti(OPr), - PCyz THF, 60 °C PCy,
R
Xu5-6 THF, 50 °C Xu5-5 Xu5-4
2.0 equiv. RMgBr
THF, -50 °C Ph

Ph @
© 1.5 equiv. n-BuLi Z o
O

2.0 equiv. Mel 8
: o (e
N’g"/tBu THF, -40 "C Pd\{l/g
H R
PCy2 Xu5, R= isopropyl
R Xu6, R= benzyl
Xu5-7 Xu7, R=2-menaphthyl

2.2.1 2-bromo-3-isopropoxybenzaldehyde (Xu5-2)

%&

Xu5-2

Prepared from 2-bromo-3-hydroxybenzaldehyde XuS-1 (30 mmol) in DMF (50 mL) was added
2-iodopropane (36mmol, 1.2 equiv.) and K>COs3 (45 mmol, 1.5 equiv.). The resulting solution was

stirred at room temperature overnight. The reaction mixture was quenched by the addition of H.O
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and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted
twice with EtOAc. The combined organic layers were dried over Na;SOs, filtered, concentrated. the
crude product was then purified by flash column chromatography on silica gel (petroleum ether:
ethyl acetate = 40: 1) to afford the product Xu5-2 as a white liquid (5.5 g, 75% yield). '"H NMR
(500 MHz, Chloroform-d) 6 10.42 (s, 1 H), 7.49 (d, J=7.7 Hz, 1 H), 7.32 (t, J=7.9 Hz, 1 H), 7.13
(d, J = 8.1 Hz, 1 H), 4.65 — 4.53 (m, 1 H), 1.40 (d, J = 6.1 Hz, 6 H) ppm. *C NMR (125 MHz,
Chloroform-d) 6 192.4, 154.9, 134.9, 128.0, 121.4, 120.4, 118.9, 72.6, 21.9. HRMS (ESI)
calculated for [C1oH12 BrO2] [M+H]": 243.0015 found: 243.0017.

2.2.2 3-(benzyloxy)-2-bromobenzaldehyde (Xu6-2)

CHO
; :Br
Bn

Xu6-2

To a solution of 2-bromo-3-hydroxybenzaldehyde Xu5-1 (30 mmol) in DMF (50 mL) was added
benzyl bromide (36mmol, 1.2 equiv.) and K,CO3 (45 mmol, 1.5 equiv.). The resulting solution was
stirred at room temperature overnight. The reaction mixture was quenched by the addition of H2O
and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted
twice with EtOAc. The combined organic layers were dried over NaxSOs, filtered, concentrated.
The crude product was then washed by petroleum ether with a little ethyl acetate to afford the
product Xu6-2 as a white solid (6.7 g, 77% yield). Mp: 64.0 — 64.5 °C. 'H NMR (400 MHz,
Chloroform-d) 6 10.43 (d, J = 0.8 Hz, 1H), 7.49 (ddd, J = 15.1, 7.9, 1.3 Hz, 3H), 7.43 — 7.36 (m,
2H), 7.36 — 7.29 (m, 2H), 7.14 (dd, J = 8.1, 1.5 Hz, 1H), 5.19 (s, 2H).!*C NMR (100 MHz,
Chloroform-d) 6 192.24, 155.39, 135.94, 134.92, 128.72, 128.28, 128.23, 127.06, 121.79, 118.79,
117.90, 71.29. HRMS (ESI) calculated for [C14H12 BrOz] [M+H]": 291.0015 found: 291.0013.

2.2.3 2-bromo-3-(naphthalen-2-ylmethoxy)-benzaldehyde (Xu7-2)

CHO
% :Br

4

Xu7-2
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Prepared from 2-bromo-3-hydroxybenzaldehyde XuS-1 (30 mmol) in DMF (50 mL) was added
2-(bromomethyl) naphthalene (36mmol, 1.2 equiv.) and K;COs3 (45 mmol, 1.5 equiv.). The
resulting solution was stirred at room temperature overnight. The reaction mixture was quenched
by the addition of H>O and diluted with EtOAc. The organic layer was separated, and the aqueous
layer was extracted twice with EtOAc. The combined organic layers were dried over Na>SOs,
filtered, concentrated and washing by petroleum ether with a little ethyl acetate to afford the
product Xu7-2 as a white solid (8.7 g, 85% yield). Mp: 130.3 — 131.2 °C. '"H NMR (500 MHz,
Chloroform-d) 6 10.47 (s, 1 H), 8.00 — 7.80 (m, 4 H), 7.59 (dd, /= 8.5, 1.8 Hz, 1H), 7.56 — 7.47 (m,
3 H), 7.33 (t,J=7.9 Hz, 1 H), 7.20 (dd, J = 8.1, 1.5 Hz, 1 H), 5.36 (s, 2 H). >*C NMR (125 MHz,
Chloroform-d) 6 192.2, 155.3, 134.8, 133.3, 133.2, 133.1, 128.5, 128.2, 127.9, 127.7, 126.3, 126.2,
126.0, 124.7, 121.8, 118.8, 117.8, 71.4. HRMS (ESI) calculated for [CisH4BrO>] [M+H]":
341.0172 found: 341.0175.
2.2.4 2-(2-bromo-3-isopropoxyphenyl)-1,3-dioxolane (Xu5-3)

2

Br

T

Xu5-3

Prepared from 2-bromo-3-isopropoxybenzaldehyde Xu5-2 (20 mmol) in 50 mL toluene, was added
ethylene glycol (40 mmol, 2.0 equiv.) and p-toluenesulfonic acid (I mmol, 5% mol). The resulting
solution was stirred 18 hours at 150 °C. The reaction mixture was washed by the addition of H.O
and the combined organic layers were dried over Na>SQOgs, filtered, concentrated, the crude product
was then purified by flash column chromatography on silica gel (Petroleum ether: ethyl acetate =
20: 1) to afford the product Xu5-3 as a white liquid (4.9 g, 85% yield). 'H NMR (500 MHz,
Chloroform-d) & 7.26 (t,J=7.9 Hz, 1 H), 7.20 (dd, /= 7.8, 1.7 Hz, 1 H), 6.92 (dd, J= 8.0, 1.7 Hz,
1 H), 6.16 (s, 1 H), 4.62 -4.49 (m, 1 H),4.17—4.10 (m, 2 H), 4.10 — 4.03 (m, 2 H), 1.38 (d, /= 6.1
Hz, 6 H). 3C NMR (125 MHz, Chloroform-d) § 154.6, 138.3, 127.7, 119.5, 116.2, 114.7, 102.7,
72.3, 65.3, 21.9. HRMS (ESI) calculated for [Ci2H16BrO3] [M+H]": 287.0277 found: 287.0279.

2.2.5 2-(3-(benzyloxy)-2-bromophenyl)-1,3-dioxolane (Xu6-3)
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L
Br
Bn

Xu6-3

To a solution of 3-(benzyloxy)-2-bromobenzaldehyde Xu6-2 (20 mmol) in 50 mL toluene, was
added ethylene glycol (40 mmol, 2.0 equiv.) and p-toluenesulfonic acid (1 mmol, 5% mol). The
resulting solution was stirred 18 hours at 150 °C. The reaction mixture was washed by the addition
of H>0 and the combined organic layers were dried over Na;SOs, filtered, concentrated. The crude
product was then washed by petroleum ether with a little ethyl acetate to afford the product Xu6-3
as a white solid (5.7 g, 85% yield). "H NMR (500 MHz, Chloroform-d) § 7.51 (d, J = 6.9 Hz, 2 H),
7.45 —7.39 (m, 2 H), 7.38 — 7.32 (m, 1 H), 7.32 — 7.24 (m, 2 H), 6.97 (dd, /= 7.2, 2.4 Hz, 1 H),
6.22 (s, 1 H), 5.19 (s, 1 H), 4.21 — 4.06 (m, 4 H).>*C NMR (125 MHz, Chloroform-d) & 154.9,
138.3, 136.3, 128.4, 127.8, 127.8, 126.9, 119.7, 114.3, 113.4, 102.6, 70.9, 65.3. HRMS (ESI)
calculated for [Ci16H16BrOs] [M+H]": 335.0277 found: 325.0279. Mp: 82.7 — 83.4 °C.

2.2.6 2-(2-bromo-3-(naphthalen-2-ylmethoxy)-phenyl)-1,3-dioxolane (Xu7-3)
i

Br

4

Xu7-3
Prepared from 2-bromo-3-(naphthalen-2-ylmethoxy)-benzaldehyde Xu7-2 (20 mmol) in 50 mL
toluene, was added ethylene glycol (40 mmol, 2.0 equiv.) and p-toluenesulfonic acid (1 mmol, 5%
mol). The resulting solution was stirred 18 hours at 150 °C. The reaction mixture was washed by
the addition of H>O and the combined organic layers were dried over Na;SOs, filtered, concentrated,
after washing by petroleum ether with a little ethyl acetate to afford the product Xu7-3 as a white
solid (6.9 g, 90% yield). Mp: 96.8 — 97.6 °C.'H NMR (500 MHz, Chloroform-d) & 7.94 (s, 1 H),
7.92 —7.84 (m, 3 H), 7.60 (dd, J = 8.4, 1.7 Hz, 1 H), 7.55 — 7.48 (m, 2 H), 7.32 — 7.22 (m, 2 H),
7.03 — 6.97 (m, 1 H), 6.24 (s, 1 H), 5.33 (s, 2 H), 4.22 — 4.14 (m, 2 H), 4.14 — 4.06 (m, 2 H)."*C
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NMR (125 MHz, Chloroform-d) & 155.0, 138.4, 133.8, 133.1, 133.0, 128.3, 127.9, 127.6, 126.1,
126.0, 125.8, 124.7, 119.8, 114.4, 113.5, 102.6, 71.2, 65.4. HRMS (ESI) calculated for
[CaoH1sBrOs] [M+H]": 385.0434 found: 385.0438.

2.2.7 (2-(benzyloxy)-6-(1,3-dioxolan-2-yl)-phenyl)-dicyclohexylphosphane (Xu5-4)

i
PCy2

T

Xu5-4

Prepared from 2-(2-bromo-3-isopropoxyphenyl)-1,3-dioxolane Xu5-3 (15 mmol) in 20 mL
anhydrous THF, was added n-BuLi (18 mmol, 1.6 M in hexane) dropwise under argon at -78 °C,
The resulting solution at this temperature during 1 hour, and dicyclohexylchlorophosphine (17
mmol, 1.1 equiv.) was added dropwise. The reaction mixture was warmed to room temperature
overnight. The re action mixture was quenched by the addition of NH4Cl (aq.) and diluted with
EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc.
The combined organic layers were dried over NaSOs, filtered, concentrated, after washing by
petroleum ether with a little ethyl acetate to afford the product Xu5-4 as a white solid (4.5 g, 74%
yield). Mp: 41.0-42.5 °C. "H NMR (500 MHz, Chloroform-d) § 7.32 (t, J= 8.0 Hz, 1 H), 7.23 (dd, J
=7.8,3.1Hz, 1 H), 6.83 (d,J=7.9Hz | H), 6.76 (d,J=8.1 Hz, | H), 4.73 —4.55 (m, 1l H), 4.16 —
4.08 (m, 2 H), 4.08 — 4.00 (m, 2 H), 2.54 — 2.38 (m, 2 H), 1.99 — 1.87 (m, 2 H), 1.86 — 1.72 (m, 2
H), 1.69 — 1.53 (m, 4 H), 1.3 8 (s, 3 H), 1.37 (s, 3 H), 1.33 — 1.23 (m, 6 H), 1.21 — 1.07 (m, 4 H),
1.02 — 0.91 (m, 2 H). 3C NMR (125 MHz, Chloroform-d) § 159.4 (d, J = 4.0 Hz), 146.5 (d, J =
21.5 Hz), 130.3, 123.6 (d, J = 30.3 Hz), 117.5 (d, J = 6.9 Hz), 110.7, 101.5 (d, J = 39.5 Hz), 68.3,
65.3,34.7 (d,J=9.7H z), 32.8 (d, J = 24.3 Hz), 30.5 (d, J=9.1 Hz), 27.3 (d, J= 8.7 Hz), 27.1 (d,
J = 143 Hz), 26.3, 26.3, 21.7. *'P NMR (202 MHz, Chloroform-d) § -10.97. HRMS (ESI)
calculated for [C24H3303P] [M+H]": 405.2553 found: 405.2556.

2.2.8 (2-(benzyloxy)-6-(1,3-dioxolan-2-yl)-phenyl)-dicyclohexylphosphane (Xu6-4)
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L
PCy2
Bn

Xu6-4

To a solution of 2-(3-(benzyloxy)-2-bromophenyl)-1,3-dioxolane Xu6-3 (15 mmol) in 20 mL
anhydrous THF, was added n-BuLi (18 mmol, 1.6 M in hexane) dropwise under argon at -78 °C,
The resulting solution at this temperature during 1 hour, and dicyclohexylchlorophosphine (17
mmol, 1.1 equiv.) was added dropwise. The reaction mixture was warmed to room temperature
overnight. The re action mixture was quenched by the addition of NH4Cl (aq.) and diluted with
EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc.
The combined organic layers were dried over NaxSQOs, filtered, concentrated. The crude product
was then washed by petroleum ether with a little ethyl acetate to afford the product Xu6-4 as a
white solid (6.0 g, 88% yield). Mp: 101.2-103.0 °C.'"H NMR (500 MHz, Chloroform-d) § 7.47 —
7.38 (m, 4 H), 7.40 — 7.29 (m, 3 H), 6.88 (d, /= 8.0 Hz, 1 H), 6.83 (d, /=7.9 Hz, 1 H), 5.06 (s, 2
H), 4.19 — 4.08 (m, 2 H), 4.10 — 4.01 (m, 2 H), 2.41 — 2.28 (m, 2 H), 1.85 - 1.74 (m, 2 H), 1.73 —
1.65 (m, 2 H), 1.63 — 1.51 (m, 4 H), 1.35-1.18 (m, 4 H), 1.1 9 - 1.104 (m, 6 H), 1.03 - 0.92 (m, 2
H).3C NMR (125 MHz, Chloroform-d) § 160.8 (d, J = 3.9 Hz), 146.3 (d, J = 21.3 Hz), 136.6,
130.5 (d, J = 1.5 Hz), 128.4, 128.0, 127.9, 1239 (d, J = 31.3 Hz), 118.5 (d, J = 6.7 Hz), 111.1,
101.5 (d, J=38.7 Hz), 70.4, 65.3, 34.1 (d, J=9.7 H z), 32.6 (d, J = 23.6 Hz), 30.6 (d, /= 9.4 Hz),
27.1 (d, J = 8.9 Hz), 26.9 (d, J = 14.1 Hz), 26.2. *'P NMR (202 MHz, Chloroform-d) & -10.61.
HRMS (ESI) calculated for [C2sH33O03P] [M+H]": 453.2553 found: 453.2556.

2.2.9 (2-(benzyloxy)-6-(1,3-dioxolan-2-yl)-phenyl)-dicyclohexylphosphane (Xu7-4)

Xu7-4
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Prepared from 2-(2-bromo-3-(naphthalen-2-ylmethoxy)phenyl)-1,3-dioxolane Xu7-3 (15 mmol), in
20 mL anhydrous THF, was added »n-BuLi (18 mmol, 1.6 M in hexane) dropwise under argon at
-78 °C, The resulting solution at this temperature during 1 hour, and dicyclohexylchlorophosphine
(17 mmol, 1.1 equiv.) was added dropwise. The reaction mixture was warmed to room temperature
overnight. The re action mixture was quenched by the addition of NH4Cl (aq.) and diluted with
EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc.
The combined organic layers were dried over NaxSQOs, filtered, concentrated. The crude product
was then purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate =
20: 1) to afford the product Xu7-4 as a white solid (5.3 g, 70% yield). Mp: 108.1-112.0 °C.'H
NMR (500 MHz, Chloroform-d) & 7.95 —7.86 (m, 3 H), 7.86 — 7.82 (m, 1 H), 7.60 — 7.49 (m, 3 H),
7.41 —-17.31 (m, 2 H), 6.93 (dd, J=7.6, 1.7 Hz, 1 H), 6.85 (d, /= 7.9 Hz, 1 H), 5.25 (s, 2 H), 4.18 —
4.11 (m, 2 H), 4.10 — 4.03 (m, 2 H), 2.47 — 2.35 (m, 2 H), 1.86 — 1.75 (m, 2 H), 1.71 — 1.55 (m, 6
H), 1.40 — 1.30 (m, 2 H), 1.29 — 1.18 (m, 2 H), 1.19 — 1.07 (m, 6 H), 1.07 — 0.95 (m, 2 H). *C NMR
(125 MHz, Chloroform-d) 6 160.9 (d, J = 3.8 Hz), 146.4 (d, J = 21.3 Hz), 134.2, 133.2, 133.0,
130.6, 128.3, 127.8, 127.7, 126.5, 126.3, 126.1, 125.5, 124.0 (d, J=31.3 Hz), 118.7 (d, /= 6.7 Hz),
111.3, 101.5 (d, J = 38.9 Hz), 70.5, 65.4 , 34.2 (d, J = 9.9 Hz), 32.6 (d, J = 23.7 Hz), 30.6 (d, J =
9.3 Hz), 27.2 (d, J = 8.8 Hz), 26.9 (d, J = 14.0 Hz), 26.3.*'P NMR (202 MHz, Chloroform-d) §
-10.44. HRMS (ESI) calculated for [C32H4003P] [M+H]": 503.2710 found: 503.2715.

2.2.10 2-(dicyclohexylphosphanyl)-3-isopropoxybenzaldehyde (XuS-5)

CHO
é PCy2

Xu5-5

Prepared from (2-(benzyloxy)-6-(1,3-dioxolan-2-yl)-phenyl)-dicyclohexylphosphane Xu5-4 (2
mmol) in 2 mL THF, was added 3 mL HCI (1.0 M) under argon at 60 °C. The resulting solution
was stirred 5 hours. The reaction mixture was quenched by the addition of NaHCOs3 (aq.) and
diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted twice

with EtOAc. The combined organic layers were dried over Na;SOs, filtered, concentrated and
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purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1) to
afford the crude product Xu5-5 as a yellow solid. Mp: 91.0-92.8 °C. 'H NMR (500 MHz,
Chloroform-d) & 11.25 (dd, J =9.1, 3.7 Hz, 1H), 7.48 (dt, J = 7.3, 3.4 Hz, 1H), 7.40 (td, J = 8.0, 3.6
Hz, 1H), 6.99 (dd, J = 8.3, 3.5 Hz, 1H), 4.68 (m, J = 5.8 Hz, 1H), 2.49 (dt, J = 11.5, 3.9 Hz, 2H),
1.93 (dt, J = 10.1, 4.5 Hz, 2H), 1.80 (d, J = 10.2 Hz, 2H), 1.65 — 1.57 (m, 4H), 1.42 (t, ] = 4.9 Hz,
6H), 1.36 (dd, J = 9.6, 4.6 Hz, 1H), 1.29 (tt, J = 14.0, 6.5 Hz, 6H), 1.21 — 1.13 (m, 3H), 0.98 — 0.90
(m, 2H)."*C NMR (125 MHz, Chloroform-d) & 194.8 (d, J =45.0 Hz ), 160.1(d, J =3.6 Hz ), 145.3
(d,J=17.3 Hz ), 130.5, 127.7 (d, J =35.6 Hz ), 119.0 (d, J=6.7 Hz ), 115.1, 69.0, 34.4 (d, J=10.3
Hz ), 32.5 (d, J=23.3 Hz ) 30.7 (d, J =8.5 Hz ), 27.2 (d, J =8.3 Hz ), 27.0 (d, J =14.4Hz ), 26.3,
21.8. *'P NMR (202 MHz, CDCl3) & -16.79. HRMS (ESI) calculated for [C22H340.P] [M+H]':
361.2291 found: 361.2287.

2.2.11 3-(benzyloxy)-2-(dicyclohexylphosphanyl)-benzaldehyde (Xu6-5)

CHO

PCY2
;;Bn
Xu6-5

To a solution of (2-(benzyloxy)-6-(1,3-dioxolan-2-yl)-phenyl)-dicyclohexylphosphane Xu6-4 (2
mmol) in 2 mL THF, was added 3 mL HCI (1.0 M) under argon at 60 °C. The resulting solution
was stirred 5 hours. The reaction mixture was quenched by the addition of NaHCOs3 (aq.) and
diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted twice
with EtOAc. The combined organic layers were dried over Na>SOg, filtered, concentrated and then
was purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1)
to afford the crude product Xu6-5 as a yellow solid. Mp: 85.2-87.2 °C. 'H NMR (500 MHz,
Chloroform-d) & 11.27 (d, ] = 8.9 Hz, 1H), 7.57 (dt, J = 7.4, 3.4 Hz, 1H), 7.50 — 7.38 (m, 6H), 7.14
(t, J=6.1 Hz, 1H), 5.13 (d, J = 3.6 Hz, 2H), 2.39 (dp, J = 11.5, 3.9 Hz, 2H), 1.85 — 1.77 (m, 2H),
1.73 (dd, J = 9.1, 4.8 Hz, 2H), 1.66 - 1.57 (m, 4H), 1.37 — 1.31 (m, 2H), 1.26 — 1.05 (m, 8H),
0.98 (ddt, J = 12.1, 5.9, 3.3 Hz, 2H). 1*C NMR (125 MHz, Chloroform-d) § 194.6 (d, ] = 44.6 Hz),
161.6 (d, J =3.6 Hz), 145.0 (d, J = 17.1 Hz), 136.2, 130.7, 128.7, 128.4, 128.1, 127.8, 119.9 (d, J =
6.6 Hz), 115.5, 70.9, 34.0 (d, J = 10.5 Hz), 32.3 (d, ] = 22.8 Hz), 30.7 (d, ] = 8.7 Hz), 27.0 (d, ] =
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8.7 Hz), 26.8 (d, J = 14.2 Hz), 26.3.3'P NMR (202 MHz, Chloroform-d) & -16.41. HRMS (ESI)
calculated for [C26H3402P] [M+H]": 409.2291 found: 409.2302.

2.2.12 2-(dicyclohexylphosphanyl)-3-(naphthalen-2-ylmethoxy)-benzaldehyde (Xu7-5)

CHO
é PCy2

Xu7-5

Prepared from (2-(benzyloxy)-6-(1,3-dioxolan-2-yl)-phenyl)-dicyclohexylphosphane Xu7-4 (2
mmol) in 2 mL THF, was added 3 mL HCI (1.0 M) under argon at 60 °C. The resulting solution
was stirred 5 hours. The reaction mixture was quenched by the addition of NaHCOs3 (aq.) and
diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted twice
with EtOAc. The combined organic layers were dried over Na;SOs, filtered, concentrated and
purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1) to
afford the crude product Xu7-5 as a yellow solid. Mp: 107.1-110.2 °C. '"H NMR (500 MHz,
Chloroform-d) 6 11.27 (d, J = 8.7 Hz, 1H), 7.95 — 7.75 (m, 4H), 7.54 (ddd, J = 15.2, 6.9, 2.8 Hz,
4H), 7.41 (t, J=8.0 Hz, 1H), 7.14 (d, /= 8.1 Hz, 1H), 5.27 (s, 2H), 2.42 (dtd, /= 11.6, 7.8, 3.6 Hz,
2H), 1.83 — 1.74 (m, 2H), 1.71 — 1.65 (m, 2H), 1.59 (t, J = 12.8 Hz, 4H), 1.39 — 1.32 (m, 2H), 1.24
—1.06 (m, 8H), 1.01 — 0.92 (m, 2H). *C NMR (125 MHz, Chloroform-d) § 194.6 (d, J = 44.8 Hz),
161.5 (d, J = 3.4 Hz), 145.0, 144.9, 133.7, 133.2, 133.1, 130.7, 128.5, 127.8, 127.7, 126.8, 126. 5,
126.3, 125.5,119.9 (d, J= 6.5 Hz), 115.5, 70.9, 34.0 (d, /= 10.5 Hz), 32.3 (d, J=23.0 Hz), 30.7 (d,
J=28.7Hz), 27.0 (d, J= 8.6 Hz), 26.7 (d, J = 14.3 Hz), 26.2.*'P NMR (202 MHz, Chloroform-d) &
-16.35. HRMS (ESI) calculated for [C30H3602P] [M+H]": 459.2447 found: 459.2455.

2.2.13  (R,E)-N-(2-(dicyclohexylphosphanyl)-3-isopropoxybenzylidene)-2-methylpropane-2-
sulfinamide (Xu5-6)
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O

NSy
PCy2

Xu5-6

Prepared from 2-(dicyclohexylphosphanyl)-3-isopropoxybenzaldehyde the crude product Xu5-5 in
2 mL THF, was added (R)-2-methylpropane-2-sulfinamide (2.4 mmol, 1.2 equiv.) and titanium
tetraisopropanolate (4 mmol, 2.0 equiv.) under argon at 50 °C. The resulting solution was stirred 8
hours. The reaction mixture was quenched by the addition of H>O (aq.) and diluted with EtOAc.
The solution was filtered and the residue was washed twice with EtOAc. The combined organic
layers were dried over Na>SOQys, filtered, concentratedand purified by flash column chromatography
on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the crude product Xu5-6 as a yellow
solid. Mp: 102.1-104.2 °C. [a]y = -108.9 (¢ = 0.4, Chloroform). 'H NMR (500 MHz, Chloroform-d)
69.86 (dd, J=7.2, 1.9 Hz, 1H), 7.55 (dd, J = 7.6, 2.8 Hz, 1H), 7.35 (td, J = 8.0, 1.9 Hz, 1H), 6.89
(d, J=8.0 Hz, 1H), 4.66 (pd, J= 6.1, 2.0 Hz, 1H), 2.52 — 2.38 (m, 2H), 1.93 — 1.82 (m, 2H), 1.78 —
1.75 (m, 2H), 1.59 (q, J = 10.7, 8.8 Hz, 4H), 1.40 (td, J = 4.9, 3.7, 2.0 Hz, 6H), 1.28 (dd, J = 9.3,
2.1 Hz, 15H), 1.19 — 1.08 (m, 4H), 0.97 — 0.89 (m, 2H). *C NMR (125 MHz, Chloroform-d) §
165.0 (d, J=41.2 Hz), 160.1 (d, J= 3.5 Hz), 143.8 (d, J = 21.8 Hz), 130.3,127.1 (d, J = 33.9 Hz),
119.6 (d, J=6.3 Hz), 113.1, 68.8, 57.7, 34.6 (d, J = 11.5 Hz), 32.3 (dd, J = 23.5, 4.8 Hz), 30.5 (dd,
J=174,8.7Hz), 27.2 (dd, J= 8.4, 4.5 Hz), 27.0 (dd, J = 14.3, 7.8 Hz), 26.3, 22.7, 21.8 (d, /= 5.6
Hz).*'P NMR (202 MHz, Chloroform-d) & -12.13. HRMS (ESI) calculated for [C26H43NO2PS]
[M+H]": 464.2747 found: 464.2753.

2.2.14 (R, E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphanyl)benzylidene)-2-methylpropane-2-
sulfinamide (Xu6-6)

(e}
\N’g"/tBu
PCy2
Bn

Xu6-6
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To a solution of 3-(benzyloxy)-2-(dicyclohexylphosphanyl)-benzaldehyde the crude product Xu6-5
in 2 mL THF, was added (R)-2-methylpropane-2-sulfinamide (2.4 mmol, 1.2 equiv.) and titanium
tetraisopropanolate (4 mmol, 2.0 equiv.) under argon at 50 °C. The resulting solution was stirred 8
hours. The reaction mixture was quenched by the addition of H>O (aq.) and diluted with EtOAc.
The solution was filtered and the residue was washed twice with EtOAc. The combined organic
layers were dried over NaxSQg, filtered, concentrated and then was purified by flash column
chromatography on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the crude product
Xu6-6 as a yellow solid. Mp: 48.1-52.0 °C. [a]p = -110.0 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) & 9.85 (d, J = 7.2 Hz, 1H), 7.63 (ddd, ] = 7.8, 3.1, 1.0 Hz, 1H), 7.48 — 7.33 (m,
6H), 7.05 — 6.96 (m, 1H), 5.08 (s, 2H), 2.32 (tt, J = 7.7, 3.4 Hz, 2H), 1.78 — 1.66 (m, 4H), 1.56 (d, J
= 8.6 Hz, 4H), 1.27 (s, 9H), 1.20 — 1.04 (m, 8H), 0.97 — 0.81 (m, 4H). '*C NMR (100 MHz,
Chloroform-d) & 164.8 (d, J=40.5 Hz), 161.6 (d, /= 3.4 Hz), 143.5 (d, /= 21.2 Hz), 136.4, 130.4,
128.6, 128.3,127.3 (d, J = 35.0 Hz), 120.5 (d, J= 6.2 Hz), 113.5, 70.7, 57.8, 34.1 (dd, J=11.6, 5.3
Hz), 32.2, 32.0 (d, J = 1.9 Hz), 30.5 (dd, J = 13.1, 8.9 Hz), 29.7, 27.2 — 26.6 (m) 26.3, 22.7.3'P
NMR (162 MHz, Chloroform-d) & -11.79. HRMS (ESI) calculated for [C30H43NO2PS] [M+H]":
512.2747 found: 512.2757.

2.2.15 (R, E)-N-(2-(dicyclohexylphosphanyl)-3-(naphthalen-2-ylmethoxy)-benzylidenee)-2-me-
thylpropane-2-sulfinamide (Xu7-6)

0]

NSty
PCy2

4

Xu7-6

Prepared from 2-(dicyclohexylphosphanyl)-3-(naphthalen-2-ylmethoxy)-benzaldehyde the crude
product Xu7-5 in 2 mL THF, was added (R)-2-methylpropane-2-sulfinamide (2.4 mmol, 1.2 equiv.)
and titanium tetraisopropanolate (4 mmol, 2.0 equiv.) under argon at 50 °C. The resulting solution

was stirred 8 hours. The reaction mixture was quenched by the addition of H>O (aq.) and diluted
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with EtOAc. The solution was filtered and the residue was washed twice with EtOAc. The
combined organic layers were dried over NaxSOg, filtered, concentratedand purified by flash
column chromatography on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the crude
product Xu7-6 as a yellow solid. Mp: 80-82.1 °C. [a]p = -77.1 (¢ = 0.4, Chloroform). 'H NMR
(400 MHz, Chloroform-d) ¢ 9.86 (d, /= 7.2 Hz, 1H), 7.92 — 7.87 (m, 3H), 7.84 (dt, J=6.2, 3.5 Hz,
1H), 7.64 (ddd, J = 7.8, 3.1, 1.0 Hz, 1H), 7.53 (ddd, J = 10.8, 7.4, 2.5 Hz, 3H), 7.37 (t, J = 8.0 Hz,
1H), 7.07 — 7.02 (m, 1H), 5.26 (s, 2H), 2.46 — 2.32 (m, 2H), 1.78 — 1.70 (m, 2H), 1.69 — 1.63 (m,
2H), 1.62 — 1.53 (m, 4H), 1.38 — 1.29 (m, 3H), 1.27 (s, 10H), 1.11 (q, J = 8.3, 7.4 Hz, 6H), 1.02 —
0.90 (m, 2H). *C NMR (100 MHz, Chloroform-d) & 164.7 (d, J=40.3 Hz), 161.6 (d, J = 3.3 Hz),
143.6, 143.4, 133.9, 133.3, 133.1, 130.5, 128.4, 127.8, 127.8, 126.7, 126.4, 126.2, 125.5, 120.6 (d,
J=6.1 Hz), 113.7,70.7, 57.8, 34.2 (dd, /= 11.4, 5.0 Hz), 32.0 (d, J = 2.2 Hz), 30.6 (dd, J=12.9,
8.9 Hz), 27.1 (dd, J = 8.6, 2.7 Hz), 26.8 (dd, J = 14.1, 4.4 Hz), 26.3, 22.7.3'P NMR (162 MHz,
Chloroform-d) & -11.66. HRMS (ESI) calculated for [C3sHasNO2PS] [M+H]": 562.2903 found:
562.2908.

2.2.16 (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-phenyl)-

methyl)-2-methylpropane-2-sulfinamide (Xu5-7)

Ph

Q,

) N’g"/tBu
H
PCy2

T

Xub5-7

Prepared from (R,E)-N-(2-(dicyclohexylphosphanyl)-3-isopropoxybenzylidene)-2- methylpropane-
2-sulfinamide the crude product Xu5-6 in 2 mL anhydrous THF, was added
[1,1'-biphenyl]-4-ylmagnesium bromide (4 mmol, 2.0 equiv.) dropwise under argon at -50 °C. The
reaction mixture was warmed to room temperature overnight and was quenched by the addition of
NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was

extracted twice with EtOAc. The combined organic layers were dried over Na>SQOs, filtered,
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concentrated.and purified by flash column chromatography on silica gel (petroleum ether: ethyl
acetate = 5: 1) to afford the product Xu5-7 as a white solid (507 mg, 41% yield). Mp:
182.3-185.0 °C. [a]y = -99.7 (¢ = 0.4, Chloroform). 'H NMR (500 MHz, Chloroform-d) § 7.57 —
7.52 (m, 2 H), 7.51 — 7.47 (m, 4 H), 7.46 — 7.39 (m, 2 H), 7.38 — 7.29 (m, 2 H), 7.28 — 7.21 (m, 1
H), 7.01 (s, 1 H), 6.72 (d, J=8.1 Hz, 1 H), 4.69 — 4.53 (m, 1 H), 4.08 (s, 1 H), 2.45-2.27 (m, 2 H),
1.94 - 1.83 (m, 2 H), 1.81 — 1.73 (m, 1 H), 1.72 — 1.66 (m, 1 H), 1.65 — 1.56 (m, 2 H), 1.55 — 1.47
(m, 1 H), 1.40 — 1.34 (m, 7 H), 1.30 — 1.22 (m, 13 H), 1.21 — 1.09 (m, 4 H), 1.03 —0.89 (m, 4 H).
13C NMR (125 MHz, Chloroform-d) § 160.0 (d, J = 3.4 Hz), 151.3 (d, J = 23.7 Hz), 142.3, 141.0,
139.9, 130.1, 129.1, 129.1, 128.6, 127.1, 127.0, 126.9, 123.0 (d, J=29.2 Hz), 119.8 (d, /= 6.7 Hz),
109.1, 68.4, 60.4 (d, J = 35.8 Hz), 55.8, 35.6 (d, J = 10.4 Hz), 34.8 (d, J=11.2 Hz), 33.4 (d, J =
26.9 Hz), 32.5 (d, J=23.8 Hz), 30.3 (d, /=9.6 Hz), 30.0 (d, /= 6.9 Hz), 27.4 (dd, /= 8.2, 3.3 Hz),
27.1 (dd, J = 14.7, 9.9 Hz), 262 (d, J = 3.6 Hz), 22.7, 21.9, 21.8. > P NMR (202 MHz,
Chloroform-d) & -10.70. HRMS (ESI) calculated for [C3sHs3sNO2PS] [M+H]": 618.3529 found:
618.3526.

2.2.17 (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-phenyl)-

methyl)-2-methylpropane-2-sulfinamide (Xu6-7)

Ph

0,

) N/g"/tBu
H
PCy2
Bn

Xu6-7

To a solution of (R, E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-benzylidene)-2-methyl-
propane-2-sulfinamide the crude product Xu6-6 in 2 mL anhydrous THF, was added
[1,1'-biphenyl]-4-ylmagnesium bromide (4 mmol, 2.0 equiv.) dropwise under argon at -50 °C. The
reaction mixture was warmed to room temperature overnight and was quenched by the addition of
NH4CI (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were dried over NaSOs, filtered,

concentrated. The crude product was purified by flash column chromatography on silica gel
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(petroleum ether: ethyl acetate = 5: 1) to afford the product Xu6-7 as a white solid (573 mg, 43%
yield). Mp: 94.1-96.0 °C. [a]> =-101.7 (¢ = 0.4, Chloroform). '"H NMR (500 MHz, Chloroform-d)
67.58-7.51(m,2H), 7.49 (s, 4 H), 7.46 — 7.35 (m, 8 H), 7.36 — 7.29 (m, 2 H), 7.02 (s, 1 H), 6.84
(d,/J=8.1 Hz, 1 H), 5.10 —4.99 (m, 2 H), 4.04 (s, 1 H),2.36 —2.11 (m, 2 H), 1.74 — 1.65 (m, 3 H),
1.64 — 1.53 (m, 3 H), 1.52—-1.42 (m, 1 H), 1.38 - 1.31 (m, 1 H), 1.31 —1.22 (m, 11 H), 1.21 — 1.88
(m, 10 H). *C NMR (125 MHz, Chloroform-d) & 161.5 (d, J = 3.6 Hz), 151.2 (d, J = 23.5 H z),
142.2, 141.0, 140.1, 136.7, 130.3, 129.19, 129.17, 128.7, 128.5, 128.1, 128.0, 127.18, 127.11, 127.0,
123.5 (d, J=30.3 Hz), 120.9 (d, J = 6.5 Hz), 109.6, 70.5, 60.4 (d, J = 35.5 Hz), 55.9, 35.1 (d, J =
10.4 Hz), 34.2 (d, J=11.2 Hz), 33.2 (d, J = 26.4 Hz), 32.3 (d, J = 22.9 Hz), 30.5 (d, /= 10.0 Hz),
30.2 (d, J = 7.4 Hz), 27.3 (t, J = 8.5 Hz), 27.0 (dd, J = 14.2, 11.7 H z), 26.3, 22.8.*'P NMR (202
MHz, Chloroform-d) & -10.35. HRMS (ESI) calculated for [Cs2Hs3 NO,PS] [M+H]": 666.3529
found: 666.3526.

2.2.18 (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-phenyl)-

methyl)-2-methylpropane-2-sulfinamide (Xu7-7)

Ph

Q,

) N/g"/tBu
H
PCy2

4

Xu7-7

Prepared from (R,E)-N-(2-(dicyclohexylphosphanyl)-3-(naphthalen-2-ylmethoxy)benzylidene)-2-
methylpropane-2-sulfinamide the crude product Xu7-6 in 2 mL anhydrous THF, was added
[1,1'-biphenyl]-4-ylmagnesium bromide (4 mmol, 2.0 equiv.) dropwise under argon at -50 °C. The
reaction mixture was warmed to room temperature overnight and was quenched by the addition of
NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was

extracted twice with EtOAc. The combined organic layers were dried over Na>SQOs, filtered,
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concentrated and purified by flash silica gel column chromatography (petroleum ether: ethyl acetate
=5: 1) to afford the product Xu7-7 as a white solid (659 mg, 46% yield). Mp: 95.2-98.3 °C. [a]5 =
-80.2 (¢ = 0.4, Chloroform). '"H NMR (500 MHz, Chloroform-d) & 7.93 — 7.87 (m, 3 H), 7.86 — 7.82
(m, 1 H), 7.57 — 7.56 (m, 1 H), 7.56 — 7.54 (m, 2 H), 7.54 — 7.53 (m, 1 H), 7.53 — 7.50 (m, 5 H),
7.46 —7.37 (m, 3 H), 7.37 —7.31 (m, 2 H), 7.06 (s, 1 H), 6.89 (d, J=7.9 Hz, 1 H), 5.33 — 5.18 (m,
2 H),4.06 (s, 1 H), 2.44-2.21 (m,2 H), 1.81 — 1.63 (m, 4 H), 1.63 — 1.53 (m, 2 H), 1.53 — 1.44 (m,
1 H), 1.43-1.31 (m, 3 H), 1.31 = 1.25 (m, 10 H), 1.22 - 1.14 (m, 2 H), 1.12 - 0.95 (m, 6 H), 0.94 —
0.87 (m, 1 H). 3C NMR (125 MHz, Chloroform-d) & 161.5 (d, J = 3.3 Hz), 151.1 (d, J = 23.4 Hz),
142.1, 140.9, 140.0, 134.2, 133.2, 133.0, 130.3, 129.1, 129.1, 128.6, 128.3, 127.8, 127.7, 127.1,
127.03, 127.00, 126.5, 126.3, 126.1, 125.5, 123.5 (d, J = 30.2 Hz), 120.9 (d, J = 5.2 H z), 109.7,
70.5, 60.3 (d, J=40.4 Hz), 55.9, 35.1 (d, /= 10.4 Hz), 34.2 (d, J=11.1 Hz), 33.2 (d, /= 26.4 Hz),
32.3(d,J=22.9 Hz), 30.4 (d, J=10.0 Hz), 30.2 (d, /= 7.4 Hz), 27.3 (t, J = 8.3 Hz), 26.9 (dd, J =
14.5, 12.3 Hz), 26.2, 22.8.3'P NMR (202 MHz, Chloroform-d) & -10.19. HR MS (ESI) calculated
for [C4sHssNO2PS] [M+H]": 716.3686 found: 716.3689.

2.2.19 (R)-N-((S)-[1,1'-biphenyl]-4-yl(2-(dicyclohexylphosphanyl)-3-isopropoxyphenyl)-

methyl)-N,2-dimethylpropane-2-sulfinamide (Xu5)

Ph

0,

l}l’g"ltBu
CC

Xu5

Prepared from (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)phenyl)-
methyl)-2-methylpropane-2-sulfinamide Xu5-7 (0.5 mmol) in 2 mL anhydrous THF, was added
n-BuLi (0.75 mmol, 1.6 M in hexane) dropwise under argon at -40 °C. The resulting solution at this
temperature during 1 hour and iodomethane (1 mmol, 2 equiv.) was added. After 1 hour, the

reaction mixture moved to 0 °C and stirred 1 hour. The reaction mixture was the addition of NH4Cl
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(aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted
twice with EtOAc. The combined organic layers were dried over Na>SOs, filtered, concentrated and
purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 5: 1) to
afford the product Xu6 as a white solid (234 mg, 74% yield). Mp: 85.7-87.2 °C. [a]y =-1.2 (c =
0.4, Chloroform). '"H NMR (500 MHz, Chloroform-d) & 7.60 — 7.52 (m, 2 H), 7.50 — 7.44 (m, 2 H),
7.43 -7.36 (m,4 H), 7.33 -7.29 (m, 1 H), 7.29 - 7.23 (m, 2 H),7.15 (d, J=11.7 Hz, 1 H), 6.72 (dd,
J=17.0,2.4 Hz, 1 H), 4.69 —4.55 (m, 1 H), 2.64 (s, 3 H), 2.55-2.41 (m, 1 H), 2.22 - 2.09 (m, 1 H),
1.90 - 1.71 (m, 3 H), 1.70 — 1.54 (m, 3 H), 1.43 — 1.33 (m, 7 H), 1.31 — 1.21 (m, 5 H), 1.20 — 0.99
(m, 13 H), 0.99 — 0.72 (m, 4 H). 3C NMR (125 MHz, Chloroform-d) & 160.0 (d, J = 3.6 Hz), 150.0
(d, J = 22.8 Hz), 140.9, 139.8, 139.2, 131.7, 130.2, 128.6, 127.0, 126.9, 126.3, 122.8 (d, J = 28.5
Hz), 119.5 (d, /= 5.4 Hz), 109.1, 70.5 (d, J = 40.5 Hz), 68.3, 58.6, 35.4 (d, J=10.0 Hz), 34.4 (d, J
=11.2 Hz),33.5 (d,J=27.1 Hz), 32.3 (d, J = 23.1 Hz), 30.7 (d, /= 10.7 Hz), 30.3, 29.6 (d, /= 6.7
Hz), 27.3 (dd, J = 8.4, 3.4 Hz), 27.0 (dd, J = 14.5, 9.3 Hz), 26.4, 26.1, 24.1, 21.87, 21.83.°'P NMR
(202 MHz, Chloroform-d) & -10.40. HRMS (ESI) calculated for [C39HssNO2PS] [M+H]": 632.3686
found: 632.3684.

2.2.20 ((R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-phenyl)-

methyl)-N,2-dimethylpropane-2-sulfinamide (Xu6)

Ph

To a solution of (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)phenyl)
methyl)-2-methylpropane-2-sulfinamide Xu6-7 (0.5 mmol) in 2 mL anhydrous THF, was added
n-BuLi (0.75 mmol, 1.6 M in hexane) dropwise under argon at -40 °C. The resulting solution at this
temperature during 1 hour and iodomethane (1 mmol, 2 equiv.) was added. After 1 hour, the

reaction mixture moved to 0 °C and stirred 1 hour. The reaction mixture was the addition of NH4Cl
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(aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted
twice with EtOAc. The combined organic layers were dried over NaxSOg, filtered, concentrated.
The crude product was purified by flash column chromatography on silica gel (petroleum ether:
ethyl acetate = 5: 1) to afford the product Xu6 as a white solid (245 mg, 72% yield). Mp:
79.1-81.3 °C[a]y = -26.1 (¢ = 0.4, Chloroform).. 'H NMR (500 MHz, Chloroform-d) § 7.57 — 7.52
(m, 2 H), 7.51 — 7.44 (m, 3 H), 7.43 (s, 1 H), 7.42 — 7.39 (m, 5 H), 7.39 — 7.34 (m, 1 H), 7.34-7.30
(m, 1 H), 7.29 - 7.23 (m, 3 H), 7.14 (d, J=11.6 Hz, 1 H), 6.85 (d, J= 8.2, 1.0 Hz, 1 H), 5.03 (d, J
=2.3 Hz, 2 H), 2.64 (s, 3 H), 2.40 —2.29 (m, 1 H), 2.07 - 1.95 (m, 1 H), 1.74 — 1.65 (m, 2 H), 1.64
—1.56 (m, 3 H), 1.54 — 1.46 (m, 1 H), 1.41 — 1.34 (m, 1 H), 1.32 — 1.15 (m, 5 H), 1.14 — 1.10 (m,
12 H), 0.99 — 0.80 (m, 4 H), 0.79 — 0.70 (m, 1 H). '*C NMR (125 MHz, Chloroform-d) § 161.5 (d, J
= 3.6 Hz), 149.9 (d, J = 22.5 Hz), 140.9, 139.9, 139.1, 136.7, 131.7, 130.4, 128.6, 128.4, 128.1,
128.0, 127.1, 127.0, 126.4, 123.3 (d, J = 29.6 Hz), 120.6 (d, J = 5.3 Hz), 109.6, 70.6 (d, J = 39.6
Hz), 70.4, 58.6, 34.9 (d, /= 10.0 Hz), 33.9 (d, /= 11.3 Hz), 33.2 (d, /= 26.4 Hz), 32.1 (d, /= 22.5
Hz), 30.8 (d, /= 11.3 Hz), 30.4,29.8 (d, J=7.5 Hz), 27.2 (dd, J = 8.5, 6.5 Hz), 26.9 (d, /= 2.9 Hz),
26.8 (d, J = 4.9 Hz), 26.4, 26.1, 24.1.°'P NMR (202 MHz, Chloroform-d) § -9.99. HRMS (ESI)
calculated for [C43HssNO2PS] [M+H]": 680.3686 found: 680.3689.

2.2.21 (R)-N-((S)-[1,1'-biphenyl]-4-yl(2-(dicyclohexylphosphanyl)-3-(naphthalen-2-ylmeth-
oxy)-phenyl)-methyl)-N,2-dimethylpropane-2-sulfinamide (Xu?7)

Ph

Q.

E

SN-SatBy

|
pdye

Xu7

Prepared from (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)phenyl)-

methyl)-2-methylpropane-2-sulfinamide Xu7-7 (0.5 mmol) in 2 mL anhydrous THF, was added
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n-BuLi (0.75 mmol, 1.6 M in hexane) dropwise under argon at -40 °C. The resulting solution at this
temperature during 1 hour and iodomethane (1 mmol, 2 equiv.) was added. After 1 hour, the
reaction mixture moved to 0 °C and stirred 1 hour. The reaction mixture was the addition of NH4Cl
(aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted
twice with EtOAc. The combined organic layers were dried over Na>SOys, filtered, concentrated and
purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 5: 1) to
afford the product Xu7 as a white solid (277 mg, 76% yield). Mp: 89.1-91.3 °C. [a]5 = -44.34 (c =
0.4, Chloroform). 'H NMR (500 MHz, Chloroform-d) § 7.95 — 7.85 (m, 3 H), 7.85 — 7.80 (m, 1 H),
7.61 —7.52 (m, 3 H), 7.52 — 7.46 (m, 5 H), 7.46 — 7.39 (m, 3 H), 7.36 — 7.29 (m, 1 H), 7.30 — 7.24
(m, 2 H), 7.16 (d, J=11.6 Hz, 1 H), 6.90 (d, J= 8.1, 1 H), 5.21 (d, J= 2.1 Hz, 2 H), 2.66 (s, 3 H),
2.51-233(m, 1 H),2.17-2.02 (m, 1 H), 1.74 — 1.54 (m, 5 H), 1.53 — 1.42 (m, 1 H), 1.41 — 1.32
(m, 2 H), 1.29 — 1.04 (m, 16 H), 0.97 — 0.84 (m, 4 H), 0.81 — 0.70 (m, 1 H).'*C NMR (125MHz,
Chloroform-d) 6 161.6 (d, J = 3.6 Hz), 149.9 (d, J = 22.7 Hz), 140.9, 139.9, 139.1, 134.2, 133.2,
133.0, 131.7, 130.5, 128.6, 128.2, 127.7, 127.7, 127.1, 127.0, 126.6, 126.4, 126.3, 126.1, 125.6,
123.3 (d, J = 29.5 Hz), 120.6 (d, J = 5.4 Hz), 109.7, 70.6 (d, J = 39.9 Hz), 70.5, 58.6, 35.0 (d, J =
10.0 Hz), 33.9 (d, /= 11.3 Hz), 33.2 (d, J = 26.5 Hz), 32.1 (d, J = 22.6 Hz), 30.8 (d, /= 11.2 Hz),
30.4,29.8 (d, J=7.3 Hz), 27.2 (dd, J = 8.6, 5.5 Hz), 26.8 (dd, J = 14.5, 3.2 Hz), 26.3, 26.1, 24.1.
3P NMR (202 MHz, Chloroform-d) & -10.19. HRMS (ESI) calculated for [C47Hs7NO2PS] [M+H]":
730.3842 found: 730.3847.

2.3 Synthesis of Xu8, Xu9, (R, Rs)-Xu9
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CHO 1.2 equiv.BnBr CHO 2.0 equiv. (CH,0H), % 1.2 equiv. n-BuLi
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Xu8-4 Xu8-5 THF, 50 °C Xu8-6
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° H .0 equiv. Me <
THF, -50 °C N q - = 3
o N~ "tBu
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2.0 equiv. RLi 1.5 equiv. n-BuLi
THF, -78 °C 2.0 equiv. Mel
k THF, -40 °C

(R, Rs)-Xu9-7

(R, Rs)-Xu9

Prepared from 2-bromo-3-hydroxy-4-methoxybenzaldehyde, according to the preparation of Xu5

2.3.1 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde (Xu8-2)

MeO

CHO

Br

Bn
Xu8-2

Prepared from 2-bromo-3-hydroxy-4-methoxybenzaldehyde (30 mmol) in DMF (50 mL) was

added benzyl bromide (36mmol, 1.2 equiv.) and K,COs3; (45 mmol, 1.5 equiv.). The resulting
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solution was stirred at room temperature overnight. The reaction mixture was quenched by the
addition of H>O and diluted with EtOAc. The organic layer was separated, and the aqueous layer
was extracted twice with EtOAc. The combined organic layers were dried over Na>SQOs, filtered,
concentrated. The crude product was then washed by petroleum ether with a little ethyl acetate to
afford the product Xu8-2 as a white solid (8.4 g, 87% yield). Mp: 72.2-74.5 °C. "H NMR (400 MHz,
Chloroform-d) 6 10.25 (d, J = 0.9 Hz, 1H), 7.74 (d, J = 8.7 Hz, 1H), 7.57 — 7.48 (m, 2H), 7.43 —
7.28 (m, 3H), 6.96 (d, J = 8.7 Hz, 1H), 5.04 (s, 2H), 3.94 (s, 3H). ’'C NMR (100 MHz,
Chloroform-d) 6 190.9, 158. 7, 145.0, 136.5, 128.4, 128.3, 128.2, 127.3, 126.5, 123.4, 110.9, 74.7,
56.2. HRMS (ESI) calculated for [C1sH13BrNaOs] [M+Na]": 342.9940 found: 342.9930.

2.3.2 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde (Xu8-3)

L
MeO Br
Bn

Xu8-3

Prepared from 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde (Xu8-2) (20 mmol) in 50 mL
toluene, was added ethylene glycol (40 mmol, 2.0 equiv.) and p-toluenesulfonic acid (1 mmol, 5%
mol). The resulting solution was stirred 18 hours at 150 °C. The reaction mixture was washed by
the addition of H>O and the combined organic layers were dried over Na,SOs, filtered, concentrated,
The crude product was purified by flash column chromatography on silica gel (petroleum ether:
ethyl acetate = 20: 1) to afford the product Xu8-3 as a white liquid (3.9 g, 53% yield). Mp:
106.2-108.5 °C.'H NMR (400 MHz, Chloroform-d) § 7.60 — 7.51 (m, 2 H), 7.44 — 7.28 (m, 4 H),
6.89 (d, J= 8.6 Hz, 1 H), 6.07 (s, 1 H), 5.00 (s, 1 H), 4.16 — 4.09 (m, 2 H), 4.09 — 4.01 (m, 2 H),
3.86 (s, 2 H). *C NMR (100 MHz, Chloroform-d) & 154.3, 145.1, 137.0, 129.4, 128.3, 128.2, 127.9,
123.0,119.1, 111.0, 102.6, 74.5, 65.3, 56.0. HRMS (ESI) calculated for [Ci7 Hi7BrNaO4] [M+Na]":
387.0202 found: 387.0205.

2.3.3 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde (Xu8-4)
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i
MeO PCy,
Bn

Xu8-4

Prepared from 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde (Xu8-3) (5 mmol) in 20 mL
anhydrous THF, was added n-BuLi (18 mmol, 1.6 M in hexane) dropwise under argon at -78 °C,
The resulting solution at this temperature during 1 hour, and dicyclohexylchlorophosphine (17
mmol, 1.1 equiv.) was added dropwise. The reaction mixture was warmed to room temperature
overnight. The re action mixture was quenched by the addition of NH4Cl (aq.) and diluted with
EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc.
The combined organic layers were dried over Na>SOs, filtered, concentrated. The crude product
was purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1)
to afford the crude product Xu8-4 as a white liquid. Mp: 96.2-98.8 °C. 'H NMR (400 MHz,
Chloroform-d) 6 7.46 (d, J = 7.5 Hz, 2H), 7.37 (td, J = 6.9, 6.5, 3.8 Hz, 2H), 7.33 — 7.29 (m, 1H),
7.26 (d,J=3.1 Hz, 1H), 6.98 (d, J =2.4 Hz, 1H), 6.59 (d, ] = 7.3 Hz, 1H), 5.14 (s, 2H), 4.11 (q, J =
3.5, 2.6 Hz, 2H), 4.01 (dd, J = 4.6, 2.7 Hz, 2H), 3.88 (s, 3H), 1.94 — 1.84 (m, 4H), 1.78 (d, J = 12.9
Hz, 2H), 1.71 — 1.61 (m, 4H), 1.58 — 1.50 (m, 2H), 1.34 — 1.14 (m, 8H), 1.06 (td, J = 12.1, 11.6, 4.0
Hz, 2H).*C NMR (100 MHz, Chloroform-d) § 149.3, 149.2, 137.2 (d, J = 21.7 Hz), 136.8, 128.4,
127.9, 127.6, 126.5 (d, J=23.1 Hz), 115.1, 110.8 (d, J = 6.7 Hz), 101.0 (d, J = 33.0 Hz), 70.7, 65.3,
56.2,34.2 (d, J=12.1 Hz), 30.5 (d, /= 17.7 Hz), 29.1 (d, J = 8.0 Hz), 27.1 (d, /= 9.0 Hz), 27.0 (d,
J = 4.3 Hz), 26.3. 3'P NMR (162 MHz, Chloroform-d) § -17.48. HRMS (ESI) calculated for
[C20H4004P] [M+Na]": 483.2659 found: 483.2672.

2.3.4 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde (Xu8-5)

CHO
MeO/@:PCyZ
Bn
Xu8-5

Prepared from 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde the crude product (Xu8-4) in 2 mL

THF, was added 3 mL HCI (1.0 M) under argon at 60 °C. The resulting solution was stirred 5 hours.
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The reaction mixture was quenched by the addition of NaHCOs3 (aq.) and diluted with EtOAc. The
organic layer was separated, and the aqueous layer was extracted twice with EtOAc. The combined
organic layers were dried over NaSOs, filtered, concentrated and purified by flash column
chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1) to afford the crude product
Xu8-5 as a yellow solid. Mp: 95.5-97.2 °C."H NMR (400 MHz, Chloroform-d) § 11.07 (d, J = 8.7
Hz, 1H), 7.78 (dd, J = 8.6, 3.2 Hz, 1H), 7.54 — 7.46 (m, 2H), 7.46 — 7.40 (m, 2H), 7.39 — 7.32 (m,
1H), 7.07 (d, J = 8.6 Hz, 1H), 5.20 (s, 2H), 3.92 (s, 3H), 2.36 (tdt, /= 11.4, 7.4, 3.3 Hz, 2H), 1.86 —
1.77 (m, 2H), 1.75 — 1.66 (m, 2H), 1.64 — 1.52 (m, 4H), 1.39 — 1.32 (m, 2H), 1.26 — 1.09 (m, 8H),
1.04 — 0.91 (m, 2H). *C NMR (100 MHz, Chloroform-d) & 193.4 (d, J = 42.1 Hz), 156.0, 150.6,
138.0, 136.7, 133.4 (d, J = 37.7 Hz), 128.3, 127.7, 127.3, 124.4 (d, J = 6.2 Hz), 113.3, 73.9, 55.7,
34.5(d,J=11.6 Hz), 32.4 (d, J = 23.2 Hz), 30.8 (d, J=9.7 Hz), 26.8 (d, J = 8.9 Hz), 26.6 (d, J =
14.0 Hz), 26.2 (d, J = 1.4 Hz). 3'P NMR (162 MHz, Chloroform-d) & -13.94. HRMS (ESI)
calculated for [C27H3603P] [M+H]": 439.2397 found: 439.2407.

23.5 (R, E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-4-methoxybenzylidene)-2-meth-

(0]
\N’g"ltBu
MeO PCy,
Bn

Xu8-6

ylpropane-2-sulfinamide (Xu8-6)

Prepared from 3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde the crude product Xu8-5 in 2 mL
THF, was added (R)-2-methylpropane-2-sulfinamide (2.4 mmol, 1.2 equiv.) and titanium
tetraisopropanolate (4 mmol, 2.0 equiv.) under argon at 50 °C. The resulting solution was stirred 8
hours. The reaction mixture was quenched by the addition of H>O (aq.) and diluted with EtOAc.
The solution was filtered and the residue was washed twice with EtOAc. The combined organic
layers were dried over Na>SQs, filtered, concentrated and purified by flash column chromatography
on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the crude product Xu8-6 as a yellow
solid. Mp: 111.2-114.1 °C. [a]y = -90.7 (c = 0.4, Chloroform). 'H NMR (400 MHz,
Chloroform-d) 6 9.65 (s, 1H), 7.87 (dd, J= 8.7, 2.8 Hz, 1H), 7.57 — 7.48 (m, 2H), 7.47 — 7.39 (m,
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2H), 7.38 — 7.30 (m, 1H), 7.04 (d, J = 8.6 Hz, 1H), 5.17 (s, 2H), 3.90 (s, 3H), 2.33 (dddp, J = 14.9,
11.3, 7.7, 3.5, 3.0 Hz, 2H), 1.79 (d, J = 11.9 Hz, 2H), 1.69 (d, J = 7.6 Hz, 2H), 1.57 (d, J = 7.5 Hz,
4H), 1.38 — 1.31 (m, 2H), 1.26 (s, 9H), 1.25 — 1.06 (m, 8H), 1.03 — 0.90 (m, 2H). '3C NMR (100
MHz, Chloroform-d) 6 164.1, 163.7, 154.5, 151.0, 138.0, 128.3, 127.6, 127.4, 124.3, 124.3, 113.5,
74.0, 57.5, 55.6, 34.8, 32.3 (d, J = 24.1 Hz), 30.7 (dd, J = 9.7, 7.1 Hz), 26.8 (d, J = 8.9 Hz), 26.6
(dd, J = 13.9, 4.4 Hz), 26.2, 22.6.3'P NMR (162 MHz, Chloroform-d) & -9.32. HRMS (ESI)
calculated for [C31H4sNOsPS] [M+H]": 542.2852 found: 542.2865.

2.3.6 (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-4-methoxy-

phenyl)-methyl)-2-methylpropane-2-sulfinamide (Xu8-7)

N’g"ltBu
H
MeO PCYZ
Bn

Xu8-7

Prepared from (R, E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-4-methoxybenzylidene)-2-
methylpropane-2-sulfinamide the crude product Xu8-6 in 2 mL anhydrous THF, was added
[1,1'-biphenyl]-4-ylmagnesium bromide (4 mmol, 2.0 equiv.) dropwise under argon at -50 °C. The
reaction mixture was warmed to room temperature overnight and was quenched by the addition of
NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were dried over Na>SQOs, filtered,
concentrated and purified by flash column chromatography on silica gel (petroleum ether: ethyl
acetate = 5: 1) to the product Xu8-7 as a white solid (626 mg, 18% yield). Mp: 87.8-89.0 °C. [a]p
=-109.2 (¢ = 0.4, Chloroform). "H NMR (500 MHz, Chloroform-d) & 7.60 — 7.52 (m, 2 H), 7.52 —
7.45 (m, 6 H), 7.45 — 7.36 (m, 5 H), 7.35 - 7.28 (m, 2 H), 7.06 (d, J = 8.6 Hz, 1 H), 6.93 (s, 1 H),
528 (d,J=11.7Hz, 1 H), 5.17 (d, J=11.7 Hz, 1 H), 4.00 (s, 1 H), 3.86 (s, 3 H), 2.34 —2.16 (m, 2
H), 1.79 — 1.53 (m, 6 H), 1.51 — 1.41 (m, 1 H), 1.38 — 0.87 (m, 22 H).*C NMR (125 MHz,
Chloroform-d) 6 150.8 (d, J = 3.7 H z), 150.5, 142.4, 141.9 (d, J = 23.9 Hz), 140.9, 140.0, 138.5,
129.18, 129.17, 128.7 (d, J = 29.4 Hz), 128.6, 128.1, 127.3, 127.1, 127.03, 127.00, 126.9, 123.2 (d,
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J=6.5Hz), 113.8, 73.3, 60.0 (d, J = 35.5 Hz), 55.8, 55.5, 35.2 (d, J=10.7 Hz), 34.3 (d, /= 11.3
Hz), 33.1 (d, J=25.9 Hz), 32.3 (d, J = 22.8 Hz), 30.4 (dd, J = 21.4, 9.2 Hz), 27.0 (dd, J = 8.6, 6.2
Hz), 26.8 (dd, J = 14.2, 8.0 Hz), 26.2, 22.7.3'P NMR (202 MHz, Chloroform-d) & -6.74. HRMS
(ESI) calculated for [C43Hs4aNNaOsPS] [M+Na]": 718.3454 found: 718.3457.

2.3.7 (R)-N-((S)-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-methoxyphenyl)(3,5-bis(trifle-
oromethyl)phenyl)methyl)-2-methylpropane-2-sulfinamide (Xu9-7)

Prepared from (R, FE)-N-(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-4-methoxybenzylidene)-2-
methylpropane-2-sulfinamide the crude product Xu8-6 in 2 mL anhydrous THF, was added
(3,5-bis(trifluoromethyl)phenyl)magnesium bromide (10 mmol, 5.0 equiv.) dropwise under argon
at -50 °C. The reaction mixture was warmed to room temperature overnight and was quenched by
the addition of NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the
aqueous layer was extracted twice with EtOAc. The combined organic layers were dried over
NaySOq4, filtered, concentrated and purified by flash column chromatography on silica gel
(petroleum ether: ethyl acetate = 5: 1) to the product Xu9-7 as a white solid (800 mg, 53% yield).
Mp: 68.1-71.3 °C. [a]y = -67.8 (¢ = 0.4, Chloroform). 'H NMR (500 MHz, Chloroform-d) & 7.93
(s, 2H), 7.71 (s, 1H), 7.45 (d, J = 8.1 Hz, 2H), 7.42 — 7.36 (m, 2H), 7.34 — 7.27 (m, 2H), 7.06 (dd, J
=8.6, 1.8 Hz, 1H), 6.86 (s, 1H), 5.28 (dd, J=11.7, 1.7 Hz, 1H), 5.15 (d, J = 11.6 Hz, 1H), 3.87 (d,
J=1.8 Hz, 3H), 2.23 (d, J = 14.7 Hz, 2H), 1.80 — 1.47 (m, 10H), 1.40 — 1.33 (m, 1H), 1.27 (d, J =
1.9 Hz, 9H), 1.16 — 0.91 (m, 9H). *C NMR (125 MHz, Chloroform-d) § 151.2, 151.0, 146.4,140.5
(d, J = 24.7 Hz), 138.3, 131.3 (q, J = 33.0 Hz), 128.9, 128.2, 127.5, 127.1, 124.4, 123.1, 122.2,
120.9, 114.2, 73.5, 56.2, 55.5, 35.3 (d, J = 10.0 Hz), 34.3 (d, /= 10.4 Hz), 33.1 (d, J = 25.9 Hz),
32.3 (d, J=22.5 Hz), 30.6 (d, J=9.3 Hz), 30.5 (d, J = 10.5 Hz), 27.0, 26.9, 26.9, 26.8 (d, J = 3.6
Hz), 26.7 (d, J = 4.5 Hz), 26.1 (d, J = 5.1 Hz) , 22.7. 3'P NMR (202 MHz, Chloroform-d) & -5.95.
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YF NMR (376 MHz, Chloroform-d) § -62.72. HRMS (ESI) calculated for [C3oH49FsNO3PS]
[M+H]": 756.3069 found: 756.3083.

2.3.8 (R)-N-((R)-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-methoxyphenyl)(3,5bis(trifle-

oromethyl)phenyl)methyl)-2-methylpropane-2-sulfinamide

(R, Rs)-Xu9-7

To a solution of 1-bromo-3,5-bis(trifluoromethyl)benzene (4 mmol) in dry THF (4 mL) was added
n-BuLi (4 mmol, 2.4 M in hexane) dropwise under argon at -78 °C. The resulting solution at this
temperature during 1 hour and the Xu8-6 (2 mmol) in 2 mL anhydrous THF was added dropwise.
Then the reaction mixture was warmed to room temperature overnight and was quenched by the
addition of NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous
layer was extracted twice with EtOAc. The combined organic layers were dried over NaxSOs,
filtered, concentrated and purified by flash column chromatography on silica gel (petroleum ether:
ethyl acetate = 5: 1) to the product (R, Rs)-Xu9-7 as a white solid (720 mg, 48% yield). Mp:
79.2-81.1 °C. [a]5 = -3.5 (c = 0.4, Chloroform). 'H NMR (400 MHz, Chloroform-d) & 7.98 — 7.89
(m, 2H), 7.70 (s, 1H), 7.47 — 7.42 (m, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.37 — 7.29 (m, 1H), 7.27 —
7.23 (m, 1H), 7.04 (d, J = 8.5 Hz, 1H), 6.87 (dd, J = 9.1, 4.5 Hz, 1H), 5.25 (d, J = 11.6 Hz, 1H),
5.16 (d,J=11.6 Hz, 1H), 4.24 (s, 1H), 3.84 (s, 3H), 2.32 — 2.16 (m, 2H), 1.75 — 1.49 (m, 8H), 1.42
(q,J=3.5,2.5Hz, 1H), 1.27 (d, J= 8.3 Hz, 11H), 1.06 (ddd, J=31.2, 15.6, 7.6 Hz, 9H). '3C NMR
(125 MHz, Chloroform-d) 6 151.3 (d, /= 3.5 Hz), 151.2, 146.1, 141.5 (d, J =24.3 Hz), 138.3,131.2
(q,J=33.2 Hz), 128.9, 128.3, 127.5, 127.1, 124.5,122.6 (d, J = 7.2 Hz), 122.3, 120.8, 114.7, 73.6,
59.7 (d, J=31.4 Hz), 56.3, 55.6, 35.3 (d, /= 10.2 Hz), 34.7 (d, J = 10.0 Hz), 33.1 (d, J = 25.4 Hz),
32.4 (d, J = 22.5 Hz), 30.7 (d, J = 9.7 Hz), 30.6 (d, J = 7.2 Hz), 27.1, 27.0, 26.9 (d, J = 4.6 Hz),
26.8 (d, J = 3.4 Hz), 26.6, 26.1, 22.8. *'P NMR (202 MHz, Chloroform-d) § -6.70. '°’F NMR (376
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MHz, Chloroform-d) & -62.79. HRMS (ESI) calculated for [C39H49FsNO3PS] [M+H]": 756.3069
found: 756.3072.

239 (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-4-methoxy-

phenyl)-methyl)-N,2-dimethylpropane-2-sulfinamide (Xu8)

Prepared from (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphanyl)-4-meth-
oxyphenyl)methyl)-2-methylpropane-2-sulfinamide Xu8-7 (0.5 mmol) in 2 mL anhydrous THF,
was added #-BuLi (0.75 mmol, 1.6 M in hexane) dropwise under argon at -40 °C. The resulting
solution at this temperature during 1 hour and iodomethane (1 mmol, 2 equiv.) was added. After 1
hour, the reaction mixture moved to 0 °C and stirred 1 hour. The reaction mixture was the addition
of NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer
was extracted twice with EtOAc. The combined organic layers were dried over NaxSQOs, filtered,
concentrated and purified by flash column chromatography on silica gel (petroleum ether: ethyl
acetate = 5: 1) to the product Xu8 as a white solid (245 mg, 69% yield). Mp: 86.0-87.2 °C. [a]y =
11.3 (¢ = 0.4, Chloroform). 'H NMR (500 MHz, Chloroform-d) § 7.59 — 7.52 (m, 3 H), 7.50 —
7.44 (m, 4 H), 7.45 - 7.35 (m, 4 H), 7.35 - 7.28 (m, 2 H), 7.28 —= 7.21 (m, 2 H), 7.09 (d, J = 8.6 Hz,
1 H), 7.03 (d, J=11.4 Hz, 1 H), 5.21 (s, 2 H), 3.87 (s, 3 H), 2.64 (s, 3 H), 2.45 — 2.30 (m, 1 H),
2.13-197 (m, 1 H), 1.75-1.54 (m, 5 H), 1.54 — 1.44 (m, 1 H), 1.41 —1.35 (m, 2 H), 1.24 - 1.14
(m, 4 H), 1.14 — 1.02 (m, 11 H), 0.99 — 0.69 (m, 6 H). 3*C NMR (125 MHz, Chloroform-d) & 150.9
(d, J=3.8 Hz), 150.4, 140.9, 140.4 (d, J =22.9 Hz), 139.8, 139.4, 138.6, 131.7, 128.6, 128.6 (d, J
=309 Hz), 128.1, 127.3, 127.1, 127.02, 127.01, 126.3, 122.9 (d, J= 5.7 Hz), 113.9, 73.3, 70.5 (d, J
=39.9 Hz), 58.6, 55.5,35.2 (d,/J=10.4 Hz), 34.0 (d, J=11.6 Hz), 33.2 (d, /= 26.1 Hz), 32.2 (d, J

=223 Hz), 30.9 (d, J=11.5 Hz), 30.5 , 29.9 (d, J = 8.0 Hz), 27.0 (t, /= 9.4 Hz), 26.8 (d, /= 2.9
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Hz), 26.7 (d, J = 4.8 Hz), 26.3, 26.0, 24.1.*'P NMR (202 MHz, Chloroform-d) & -6.11. HRMS (ESI)
calculated for [C44Hs¢NNaO3PS] [M+Na]*: 732.3611 found: 732.3614.

2.3.10 (R)-N-((S)-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-methoxyphenyl)(3,5-bis(tri-

fleoromethyl)phenyl)methyl)-N,2-dimethylpropane-2-sulfinamide (Xu9)

CF3\©/CF3

e
5

N” " "tBu
I
MeO PCy,
Bn

Xu9

Prepared from (R)-N-((5)-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-methoxyphenyl)(3,5-bis-

(trifle-oromethyl)phenyl)methyl)-2-methylpropane-2-sulfinamide Xu9-7 (0.5 mmol) in 2 mL
anhydrous THF, was added #-BuLi (0.75 mmol, 1.6 M in hexane) dropwise under argon at -40 °C.
The resulting solution at this temperature during 1 hour and iodomethane (1 mmol, 2 equiv.) was
added. After 1 hour, the reaction mixture moved to 0 °C and stirred 1 hour. The reaction mixture
was the addition of NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the
aqueous layer was extracted twice with EtOAc. The combined organic layers were dried over
NaySOq, filtered, concentrated and purified by flash column chromatography on silica gel
(petroleum ether: ethyl acetate = 5: 1) to the product Xu9 as a white solid (230 mg, 60% yield). Mp:
146-148.5 °C. [a]y = 45.9 (c = 0.4, Chloroform). '"H NMR (500 MHz, Chloroform-d) & 7.72 (s,
1H), 7.65 (s, 2H), 7.57 (dd, J = 8.6, 4.1 Hz, 1H), 7.45 (d, J= 7.6 Hz, 2H), 7.39 (t, J = 7.5 Hz, 2H),
7.31(t,J=7.4 Hz, 1H), 7.11 (d, J=10.1 Hz, 2H), 5.22 (s, 2H), 3.88 (s, 3H), 2.65 (s, 3H), 2.32 (q,
J=10.8 Hz, 1H), 2.08 (q, /= 11.3 Hz, 1H), 1.68 (d, /=9.1 Hz, 3H), 1.61 (d, J= 9.8 Hz, 3H), 1.52
- 1.39 (m, 3H), 1.36 (d, J = 12.5 Hz, 1H), 1.25 — 1.14 (m, 4H), 1.07 (s, 10H), 0.96 — 0.73 (m,
5H).1*C NMR (125 MHz, Chloroform-d) § 151.3 (d, J= 3.8 Hz), 151.1, 143.6, 138.4, 138.0 (d, J =
22.8 Hz), 131.6, 131.0 (q, J=33.1 Hz), 128.5 (d, J=30.7 Hz), 128.3, 127.5, 127.1, 124.4, 122.8 (d,
J=5.5Hz), 122.2, 120.9, 114.3, 73.6, 70.2 (d, J=41.2 Hz), 59.2, 55.5, 35.3 (d, J=10.0 Hz), 33.8
(d, J=10.8 Hz), 33.2 (d, /= 26.2 Hz), 32.2 (d, /= 21.8 Hz), 31.0, 30.9, 30.2 (d, J= 7.5 Hz), 27.0
(d, J=9.5 Hz), 26.8 — 26.6 (m), 26.6, 26.3, 26.0, 24.1. *'P NMR (202 MHz, Chloroform-d) & -5.88.
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F NMR (376 MHz, Chloroform-d) & -62.83. HRMS (ESI) calculated for [CsoHsiFsNO3PS]
[M+H]": 770.3226 found: 770.3246.

2.3.11 (R)-N-((R)-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-methoxyphenyl)(3,5-bis(trifl-

uoromethyl)phenyl)methyl)-N,2-dimethylpropane-2-sulfinamide ((R, Rs)-Xu9)

(R, Rs)-Xu9

Prepared from (R)-N-((R)-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-methoxyphenyl)(3,5-bis-

(trifle-oromethyl)phenyl)methyl)-2-methylpropane-2-sulfinamide (R, Rs)-Xu9-7 (0.5 mmol) in 2
mL anhydrous THF, was added #»-BuLi (0.75 mmol, 1.6 M in hexane) dropwise under argon at
-40 °C. The resulting solution at this temperature during 1 hour and iodomethane (1 mmol, 2 equiv.)
was added. After 1 hour, the reaction mixture moved to 0 °C and stirred 1 hour. The reaction
mixture was the addition of NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated,
and the aqueous layer was extracted twice with EtOAc. The combined organic layers were dried
over Na,SOs, filtered, concentrated and purified by flash column chromatography on silica gel
(petroleum ether: ethyl acetate = 5: 1) to the product (R, Rs)-Xu9 as a white solid (238 mg, 62%
yield). Mp: 67.5-70.1 °C. [a]5 =-23.4 (c = 0.4, Chloroform). "H NMR (400 MHz, Chloroform-d) &
7.80 (s, 2H), 7.70 (s, 1H), 7.48 — 7.27 (m, 6H), 7.10 (d, J = 8.6 Hz, 1H), 6.93 (d, J = 9.9 Hz, 1H),

5.29 - 5.09 (m, 2H), 3.87 (s, 3H), 2.60 (s, 3H), 2.31 (dtt, J=11.7, 8.5, 3.4 Hz, 1H), 2.11 — 1.95 (m,
1H), 1.71 — 1.57 (m, 5H), 1.52 (ddd, /= 12.1, 4.8, 2.4 Hz, 2H), 1.39 — 1.30 (m, 2H), 1.30 — 1.21 (m,
3H), 1.18 (s, 9H), 1.11 — 1.02 (m, 2H), 0.93 — 0.83 (m, 4H), 0.82 — 0.72 (m, 2H). 1*C NMR (100
MHz, Chloroform-d) 6 151.3 (d, J = 3.6 Hz), 150.9, 143.9, 138.4, 140.1 (d, J = 23.1 Hz),
131.3,131.7 — 130.6 (m), 128.7 (d, J = 32.3 Hz), 128.2, 127.5, 127.0, 124.7,121.9 (d, J = 6.2 Hz),

121.1 — 120.5 (m). 114.2,73.5, 58.9, 55.5, 35.6 (d, J = 10.6 Hz), 34.2 (d, /= 11.5 Hz), 33.1 (d, J =
26.7 Hz), 32.2 (d, J=22.3 Hz), 31.0 (d, /= 11.0 Hz), 29.9 (d, J = 7.1 Hz), 26.9 (ddd, J=21.0, 17.3,
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8.4 Hz). 3'P NMR (162 MHz, Chloroform-d) § -6.86. '°F NMR (376 MHz, Chloroform-d) & -62.76.
HRMS (ESI) calculated for [C4oHsiFeNO3PS] [M+H]": 770.3226 found: 770.3241.

2.4 Synthesis of Xul0

~o
1 2 equiv. N-BuLi ~
So BBr;, DCM _ 0 1.2 equiv.BnBr _CH(COMe)s 1.1 equiv. o
B __ PCy,Cl___ BnoO PC
Br 78°Ct, 16h " DMF.RT Bn PTSAGC B0 T THE78%C o

Xu8 2 Xu10-1 Xu10-2 Xu10-3 Xu10-4
Ph Ph
o
H N*g" tBu o © @
2! / . 1.5 equiv. N-BulLi (o]
B } 2.0 equiv. RMgBr < o] ; H
1M HCI 0 1.2 equiv. \Nfg"/tBu THF, 50 °C : é 2.0 equiv. Mel : N*g"/tBu
THF. 60 °c BnO PCy, A _ N“uBu > |
) C Bn 2.0 equiv. Ti(OPr), BnO PCy, H THF, -40 °C BnO pC
Bn BnO PCy, vz
THF, 50 °C Bn Bn
Xu10-5 Xu10-6 Xu10-7 Xu10

2.4.1 2-bromo-3,4-dihydroxybenzaldehyde (Xu10-1)

~0

HO Br
H

Xu10-1
To a solution of 2-bromo-3-hydroxy-4-methoxybenzaldehyde Xu8-2 (3.45g, 15 mmol) in anhydrous
CH2Cl> (60 mL) at -78 °C was added BBr3 (1M in CH2Clz, 60 mL, 60 mmol). The mixture was
warmed up to 25 °C and stirred for 16 h. Then the solution was cooled down to -78 °C and MeOH
(35 mL) was added. The mixture was poured into water (100 mL) and extracted with EtOAc (3 x 100
mL). Combined organic fractions were washed with brine (100 mL), dried over MgSO4, filtered, and

the solvent was evaporated. The residue was added to next step.

2.4.2 3,4-bis(benzyloxy)-2-bromobenzaldehyde (Xu10-2)

~0

BnO Br
Bn

Xu10-2
Prepared from 2-bromo-3,4-dihydroxybenzaldehyde Xul0-1 (10 mmol) in DMF (20 mL) was
added benzyl bromide (30 mmol, 3 equiv.) and KoCOs3 (30 mmol, 3 equiv.). The resulting solution

was stirred at room temperature overnight. The reaction mixture was quenched by the addition of
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H>0 and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted
twice with EtOAc. The combined organic layers were dried over NaxSOg, filtered, concentrated.
The crude product was then washed by petroleum ether with a little ethyl acetate to afford the
product Xul0-2 as a white solid (1.5 g, 38% yield). Mp: 136.5-137.4 °C.'"H NMR (400 MHz,
Chloroform-d) 6 10.24 (s, 1H), 7.70 (d, J = 8.6 Hz, 1H), 7.54 — 7.28 (m, 10H), 7.01 (d, J = 8.6 Hz,
1H), 5.18 (s, 2H), 5.04 (d, J = 1.7 Hz, 2H). '3C NMR (100 MHz, Chloroform-d) § 190.8, 157.7,
145.4,136. 5, 135.4, 128.7, 128.6, 128.4, 128.3, 128.2, 127.5, 127.4, 126.4, 123.6, 112.3, 74.8, 71.1.
HRMS (ESI) calculated for [C21H;7BrNaOs] [M+Na]": 419.0253 found: 419.0242.

2.4.3 (((3-bromo-4-(dimethoxymethyl)-1,2-phenylene)bis(oxy))bis(methylene))dibenzene
(Xul10-3)
~o
0/

BnO Br
Bn

Xu10-3

Prepared from 3,4-bis(benzyloxy)-2-bromobenzaldehyde (Xu10-2) (3 mmol) in trimethoxymethane
(30 mmol, 10 equiv.) and p-toluenesulfonic acid (0.15 mmol, 5% mol). The resulting solution was
stirred 5 hours at 60 °C. The reaction mixture was washed by the addition of NaHCOs3 (aq.) and the
combined organic layers concentrated. The crude product was purified by flash column
chromatography on aluminum oxide (petroleum ether: ethyl acetate = 20: 1) to afford the product
Xu10-3 as a white liquid (1.1 g, 83% yield). 'H NMR (400 MHz, Chloroform-d) § 7.41 (dd, J =
7.3, 2.2 Hz, 2H), 7.38 — 7.32 (m, 2H), 7.31 — 7.21 (m, 7H), 6.88 (d, J = 8.6 Hz, 1H), 5.46 (s, 1H),
5.05 (s, 2H), 4.96 (s, 2H), 3.29 (s, 6H). '*C NMR (100 MHz, Chloroform-d) & 153.0, 145.7, 137.1,
136.5, 130.5, 129.9, 128.6, 128.6, 128.3, 128.2, 128.1, 127.5, 123.5, 119.4, 112.8, 103.1, 74.7, 71.2,
54.0. HRMS (ESI) calculated for [C23H23BrNaO4] [M+Na]": 465.0672 found: 465.0682.

2.4.4 (2,3-bis(benzyloxy)-6-(dimethoxymethyl)phenyl)dicyclohexylphosphane (Xu10-4)
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~o
0/

BnO PCy,
Bn

Xu10-4

Prepared from (((3-bromo-4-(dimethoxymethyl)-1,2-phenylene)bis(oxy))bis(methylene))dibenzene
(Xu10-3) (2 mmol) in 4 mL anhydrous THF, was added n-BuLi (2.4 mmol, 1.6 M in hexane)
dropwise under argon at -78 °C, The resulting solution at this temperature during 1 hour, and
dicyclohexylchlorophosphine (2.6 mmol, 1.3 equiv.) was added dropwise. The reaction mixture
was warmed to room temperature overnight. The re action mixture was quenched by the addition of
NaHCO:s (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were concentrated. The crude product
was purified by flash column chromatography on aluminum oxide (petroleum ether: ethyl acetate =
20: 1) to afford the crude product Xul10-4 as a yellow liquid."H NMR (400 MHz, Chloroform-d) &
7.43 —7.27 (m, 12H), 7.09 (d, J = 8.6 Hz, 1H), 6.28 (d, /= 7.6 Hz, 1H), 5.25 (s, 2H), 5.09 (s, 2H),
3.36 (s, 6H), 2.35 (dtt, J=11.7, 7.9, 3.7 Hz, 2H), 1.78 (d, J = 12.5 Hz, 2H), 1.68 (d, J = 11.1 Hz,
2H), 1.62 — 1.57 (m, 4H), 1.35 (d, /= 15.3 Hz, 3H), 1.29 (s, 1H), 1.25 (s, 1H), 1.13 (d, /= 10.1 Hz,
5H), 1.03 — 0.91 (m, 2H). *C NMR (100 MHz, Chloroform-d) § 150.6, 138.5, 136.6, 128.5, 128.2,
128.0, 127.6, 127.4, 127.2, 121.4 (d, J= 7.1 Hz), 115.8, 102.5, 102.1, 73.5, 71.2, 53.9, 34.6 (d, J =
10.8 Hz), 32.8 (d, J = 23.7 Hz), 30.9 (d, J = 10.3 Hz), 27.0 (d, J = 8.9 Hz), 26.8 (d, J = 13.8 Hz),
26.3. 3'P NMR (162 MHz, Chloroform-d) & -6.73. HRMS (ESI) calculated for [C35H604P]
[M+H]": 561.3128 found: 561.3128.

2.4.5 3,4-bis(benzyloxy)-2-(dicyclohexylphosphaneyl)benzaldehyde (Xu10-5)

0

BnO Pcyz
Bn

Xu10-5
Prepared from (2,3-bis(benzyloxy)-6-(dimethoxymethyl)phenyl)dicyclohexylphosphane (Xu1l0-4)
in 2 mL THF, was added 1 mL HCI (1.0 M) under argon at 60 °C. The resulting solution was

stirred 5 hours. The reaction mixture was quenched by the addition of NaHCOs3 (aq.) and diluted
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with EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with
EtOAc. The combined organic layers were dried over Na>;SOs, filtered, concentrated and purified
by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1) to afford the
product Xu10-5 as a yellow liquid. "H NMR (400 MHz, Chloroform-d) § 11.06 (d, J = 8.7 Hz, 1H),
7.76 (dd, J = 8.6, 3.1 Hz, 1H), 7.46 — 7.28 (m, 10H), 7.15 (d, J = 8.6 Hz, 1H), 5.22 (s, 2H), 5.17 (s,
2H), 2.36 (tdt, J=11.4, 7.4, 3.4 Hz, 2H), 1.85 — 1.78 (m, 2H), 1.71 (t, /= 5.2 Hz, 2H), 1.59 (d, J =
8.1 Hz, 4H), 1.34 (d, J = 3.4 Hz, 2H), 1.26 (s, 2H), 1.16 (d, J = 8.2 Hz, 6H), 1.04 — 0.92 (m, 2H).
3C NMR (100 MHz, Chloroform-d) § 193.41 (d, J = 41.3 Hz), 155.1, 151.0, 137.9, 135.8, 128.7,
128.4,128.3,127.7, 127.5, 124.3 (d, J = 6.0 Hz), 115.0, 73.9, 71.0, 34.6 (d, /= 11.0 Hz), 32.6, 32.4,
31.5, 31.0, 30.9, 30.2, 29.7, 26.9, 26.8, 26.8, 26.6, 26.2. *'P NMR (162 MHz, Chloroform-d) &
-13.80. HRMS (ESI) calculated for [C33H4003P] [M+H]™: 515.2710 found: 515.2724.

2.4.6 (R, E)-N-(3,4-bis(benzyloxy)-2-(dicyclohexylphosphaneyl)benzylidene)-2-methylpropan-
e-2-sulfinamide (Xul0-6)

0
\N/g"/tBu

BnO Pcyz
Bn

Xu10-6

Prepared from 3.,4-bis(benzyloxy)-2-(dicyclohexylphosphaneyl)benzaldehyde (Xul0-5) in 2 mL
THF, was added (R)-2-methylpropane-2-sulfinamide (2.4 mmol, 1.2 equiv.) and titanium
tetraisopropanolate (4 mmol, 2.0 equiv.) under argon at 50 °C. The resulting solution was stirred 8
hours. The reaction mixture was quenched by the addition of H>O (aq.) and diluted with EtOAc.
The solution was filtered and the residue was washed twice with EtOAc. The combined organic
layers were dried over Na>SQs, filtered, concentrated and purified by flash column chromatography
on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the crude product Xul0-6 as a yellow
solid. Mp: 63.7-65.2 °C. [a]s = -66.1 (¢ = 0.4, Chloroform). '"H NMR (500 MHz, Chloroform-d) &
9.66 (s, 1H), 7.86 (dd, J = 8.9, 2.6 Hz, 1H), 7.53 — 7.30 (m, 10H), 7.14 (dd, J = 8.7, 1.9 Hz, 1H),
5.31 =5.09 (m, 4H), 2.42 — 2.24 (m, 2H), 1.83 (d, J = 12.8 Hz, 2H), 1.72 (s, 2H), 1.60 (d, J = 6.8
Hz, 4H), 1.38 (dd, J=16.8, 7.0 Hz, 2H), 1.29 (d, /= 2.0 Hz, 11H), 1.18 (d, J=7.9 Hz, 6H), 1.07 —
0.96 (m, 2H).!3C NMR (125 MHz, Chloroform-d) § 163.94 (d, J = 34.5 Hz), 153.76, 151.56,

138.00, 136.11, 134.97, 133.35 (d, J = 36.4 Hz), 128.67, 128.35, 128.28, 128.25, 127.68, 127.65,
S36



124.30, 115.32, 74.08, 71.02, 57.64, 34.97 (d, J = 12.1 Hz), 32.45 (d, J = 23.4 Hz), 31.55, 30.77 (t,
J=10.2 Hz), 30.19, 29.73, 26.94 (d, J = 8.6 Hz), 26.79 (d, J = 6.4 Hz), 26.68 (d, J = 5.8 Hz), 26.28,
22.72. 3P NMR (203 MHz, CDCls) & -9.13. HRMS (ESI) calculated for [C37HsNO3sPS] [M+H]':
618.3165 found: 618.3179.

2.4.7 (R)-N-((S)-[1,1'-biphenyl]-4-yl(3,4-bis(benzyloxy)-2-(dicyclohexylphosphaneyl)phenyl)

methyl)-2-methylpropane-2-sulfinamide (Xu10-7)
Ph

; N’g"ltBu
H
Bn PCY2
Bn

Xu10-7

Prepared from (R, E)-N-(3,4-bis(benzyloxy)-2-(dicyclohexylphosphaneyl)benzylidene)-2-Methyl-
propane-2-sulfinamide (Xu10-6) in 1 mL anhydrous THF, was added
[1,1'-biphenyl]-4-ylmagnesium bromide (1 mmol, 2.0 equiv.) dropwise under argon at -50 °C. The
reaction mixture was warmed to room temperature overnight and was quenched by the addition of
NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were dried over Na>SQOs, filtered,
concentrated and purified by flash column chromatography on silica gel (petroleum ether: ethyl
acetate = 5: 1) to the product Xu10-7 as a white solid (262 mg, 68% yield). Mp: 85-86.5 °C. [a]y =
-64.6 (c = 0.4, Chloroform)."H NMR (400 MHz, Chloroform-d) § 7.56 — 7.44 (m, 6H), 7.44 — 7.26
(m, 14H), 7.13 (d, J = 8.6 Hz, 1H), 6.93 (d, J=9.4 Hz, 1H), 5.31 (d, J=11.6 Hz, 1H), 5.20 (d, J =
11.6 Hz, 1H), 5.09 (s, 2H), 3.98 (s, 1H), 2.36 — 2.12 (m, 2H), 1.75 — 1.51 (m, 6H), 1.50 — 1.41 (m,
1H), 1.26 (s, 22H). *C NMR (100 MHz, Chloroform-d) § 151.4, 149.7, 142.4, 141.0, 140.1, 138.4,
136.6, 129.2 (d, J= 2.2 Hz), 128.7, 128.5, 128.1, 128.0, 127.7, 127.3, 127.1, 127.1, 127.0, 123.2 (d,
J=4.2Hz), 115.9, 73.4, 71.1, 55.9, 353 (d, /= 10.8 Hz), 34.4 (d, /= 11.6 Hz), 33.2 (d, J = 25.9
Hz), 32.3 (d, J = 22.7 Hz), 30.4 (dd, J = 18.4, 8.9 Hz), 27.7 — 26.4 (m), 26.2, 22.8.3'P NMR (162
MHz, Chloroform-d) & -6.59. HRMS (ESI) calculated for [C490HsoNO3PS] [M+H]": 772.3948 found:
772.3967.
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2.4.8 (R)-N-((S)-[1,1'-biphenyl]-4-yl(3,4-bis(benzyloxy)-2-(dicyclohexylphosphaneyl)phenyl)m
ethyl)-N,2-dimethylpropane-2-sulfinamide (Xu10)

N’g”ﬁBu
I
Bn PCy,
Bn

Xu10
Prepared from (R)-N-((S)-[1,1'-biphenyl]-4-yl(3,4-bis(benzyloxy)-2-(dicyclohexylphosphaneylphe
nyl)methyl)-2-methylpropane-2-sulfinamide (Xul0-7) in 1 mL anhydrous THF, was added
n-BuLi (0.5 mmol, 1.6 M in hexane) dropwise under argon at -40 °C. The resulting solution at this
temperature during 1 hour and iodomethane (0.6 mmol, 2 equiv.) was added. After 1 hour, the
reaction mixture moved to 0 °C and stirred 1 hour. The reaction mixture was the addition of NH4Cl
(aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted
twice with EtOAc. The combined organic layers were dried over Na>SOys, filtered, concentrated and
purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 5: 1) to the
product Xul0 as a white solid (170 mg, 72% yield). Mp: 72-74.7 °C. [a]5 = 14.7 (¢ = 0.4,
Chloroform)."H NMR (400 MHz, Chloroform-d) & 7.54 (ddd, J = 8.2, 5.3, 2.9 Hz, 3H), 7.46 (d, J =
8.2 Hz, 2H), 7.43 — 7.28 (m, 12H), 7.25 (dd, J = 8.4, 4.1 Hz, 2H), 7.16 (d, J = 8.6 Hz, 1H), 7.03 (d,
J=11.4 Hz, 1H), 5.25 (s, 2H), 5.10 (s, 2H), 2.64 (s, 3H), 2.35 (dqd, J=11.3, 7.2, 4.8, 3.1 Hz, 1H),
2.06 (dtt, J=11.7, 8.4, 3.4 Hz, 1H), 1.71 — 1.57 (m, 5H), 1.50 (dd, J = 10.8, 6.4 Hz, 1H), 1.41 —
1.34 (m, 2H), 1.21 (td, J = 15.5, 14.6, 5.7 Hz, 5H), 1.09 (s, 9H), 0.98 — 0.82 (m, 6H), 0.77 (tt, J =
12.3, 3.3 Hz, 1H). 1*C NMR (100 MHz, Chloroform-d) § 151.6 (d, J= 3.7 Hz), 149.6, 141.2 (d, J =
23.0 Hz), 141.1, 139.9, 139.5, 138.5, 136.7, 131.8, 129.1, 128.8, 128.7, 128.5, 128.2, 128.0, 127.8,
127.4, 127.2, 127.1, 127.0, 126.5, 122.9 (d, J = 5.7 Hz), 116.2, 73.5, 71.3, 70.6 (d, J = 39.9 Hz),
58.7,35.3 (d, J=10.4 Hz), 34.7, 34.1(d, J = 11.7 Hz), 33.3(d, J = 26.3 Hz), 32.3 (d, /= 22.4 Hz),
31.0 (d, J = 11.6 Hz), 30.6, 30.0 (d, J = 8.0 Hz), 27.2 — 26.6 (m), 26.2, 25.3, 24.2.°'P NMR (162
MHz, Chloroform-d) & -5.94. HRMS (ESI) calculated for [Cs0HsiNO3PS] [M+H]": 786.4104 found:
786.4118.
2.5 Synthesis of Xul2, Xul3
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2.5.1 4-ethoxy-3-hydroxybenzaldehyde (Xul2-2)

0
H
Xu12-2
Prepared from 3,4-dihydroxybenzaldehyde Xul2-1 (30 mmol) in DMF (50 mL) was added
iodoethane (33mmol, 1.1 equiv.) and K>CO3 (33 mmol, 1.1 equiv.). The resulting solution was
stirred at 0 °C 48 h. The reaction mixture was quenched by the addition of H>O and diluted with
EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc.
The combined organic layers were dried over NaxSOs, filtered, concentrated. the crude product was
then purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 5: 1)
to afford the product Xul2-2 as a white liquid (2.7 g, 55% yield). 'H NMR (400 MHz,
Chloroform-d) 6 9.84 (s, 1H), 7.44 (d, J = 1.9 Hz, 1H), 7.41 (dd, J= 8.2, 1.9 Hz, 1H), 6.95 (d, J =
8.2 Hz, 1H), 5.86 (s, 1H), 4.22 (q, J = 7.0 Hz, 2H), 1.50 (t, J = 7.0 Hz, 3H).">*C NMR (100 MHz,
Chloroform-d) & 191.0, 151.1, 146.2, 130.5, 124.5, 114.1, 110.8, 64.9, 14.6. HRMS (ESI)

calculated for [CoH;103] [M+H]": 167.0704 found: 167.0703.

2.5.2 3-hydroxy-4-isopropoxybenzaldehyde (Xul3-2)

Aq °

Xu13-2
Prepared from a stirred suspension of 3,4-dihydrobenzaldehyde Xul2-1 (30 mmol), KI (3 mmol)
and anhydrous potassium carbonate(30 mmol) in dry DMF (60 ml) was heated to 40°C and
2-bromopropane (39 mmol) added dropwise under nitrogen during 1.0 h. The mixture was stirred
for a further 12 h and cooled to room temperature. The reaction mixture was quenched by the
addition of H,O and diluted with EtOAc. The organic layer was separated, and the aqueous layer

was extracted twice with EtOAc. The combined organic layers were dried over Na>SQg, filtered,
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concentrated. the crude product was then purified by flash column chromatography on silica gel
(petroleum ether: ethyl acetate = 10: 1) to afford the product Xul3-2 as a white liquid (2.8 g, 52%
yield)."H NMR (400 MHz, Chloroform-d) § 9.82 (s, 1H), 7.95 — 7.27 (m, 2H), 6.96 (d, J = 8.3 Hz,
1H), 6.06 (s, 1H), 4.74 (h, J = 6.1 Hz, 1H), 1.42 (d, J= 6.1 Hz, 6H).">*C NMR (101 MHz, CDCl;) &
191.0, 150.1, 146.7, 130.1, 124.3, 114.2, 111.9, 71.9, 21.9.HRMS (ESI) calculated for [C10H12NaO3]
[M+Na]*: 203.0679 found: 203.0678.

2.5.3 2-bromo-4-ethoxy-3-hydroxybenzaldehyde (Xul2-3)

(0]
|

O Br
H
Xu12-3
Prepared from 4-ethoxy-3-hydroxybenzaldehyde (Xul2-2) (15 mmol) in 1,4-Dioxane/H,O
(viv=1:1, 20 mL) was added NBS slowly (15.75 mmol, 1.05 equiv.). The resulting solution was
stirred at room temperature overnight. The reaction mixture was diluted with EtOAc. The organic
layer was separated, and the aqueous layer was extracted twice with EtOAc. The combined organic
layers were dried over Na>SOs, filtered, concentrated. the crude product was then purified by flash
column chromatography on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the product
Xu12-3 as a white liquid (2.4 g, 75% yield). 'H NMR (400 MHz, Chloroform-d) § 10.26 (s, 1H),
7.55 (d, J=8.5 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 6.28 (s, 1H), 4.24 (q, /= 7.0 Hz, 2H), 1.51 (t,J =
7.0 Hz, 3H)."*C NMR (100 MHz, Chloroform-d) § 191.0, 151.0, 143.3, 127.0, 122.6, 112.8, 109.8,
65.4, 14.6. HRMS (ESI) calculated for [CoHoBrNaOs] [M+H]": 266.9634 found: 266.9627.

2.5.4 2-bromo-3-hydroxy-4-isopropoxybenzaldehyde (Xul3-3)

AL
H

Xu13-3
Prepared from 3-hydroxy-4-isopropoxybenzaldehyde (Xul3-2) (15 mmol) in 1,4-Dioxane/H>O
(viv=1:1, 20 mL) was added NBS slowly (15.75 mmol, 1.05 equiv.). The resulting solution was
stirred at room temperature overnight. The reaction mixture was diluted with EtOAc. The organic

layer was separated, and the aqueous layer was extracted twice with EtOAc. The combined organic

layers were dried over NaxSOs, filtered, concentrated. the crude product was then purified by flash
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column chromatography on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the product
Xu13-3 as a white liquid (3 g, 80% yield).'"H NMR (400 MHz, Chloroform-d) & 10.26 (s, 1H), 7.55
(d, J=8.6 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 6.17 (s, 1H), 4.74 (p, J= 6.0 Hz, 1H), 1.43 (d, J=6.0
Hz, 8H)."*C NMR (100 MHz, CDCl3) § 191.0, 150.0, 143.9, 126.9, 122.4, 112.9, 110.9, 72.7, 22.0.

2.5.5 3-(benzyloxy)-2-bromo-4-ethoxybenzaldehyde (Xu1l2-4)

N

~0 Br

Bn
Xu12-4

To a solution of 2-bromo-4-ethoxy-3-hydroxybenzaldehyde (Xul2-3) (10 mmol) in DMF (20 mL)
was added benzyl bromide (12mmol, 1.2 equiv.) and K>CO3 (15 mmol, 1.5 equiv.). The resulting
solution was stirred at room temperature overnight. The reaction mixture was quenched by the
addition of H>O and diluted with EtOAc. The organic layer was separated, and the aqueous layer
was extracted twice with EtOAc. The combined organic layers were dried over NaxSQOs, filtered,
concentrated. The crude product was then washed by petroleum ether with a little ethyl acetate to
afford the product Xul2-4 as a white solid (2 g, 60% yield). Mp: 59.7 — 60.5 °C."H NMR (400
MHz, Chloroform-d) 6 10.28 (s, 1H), 7.75 (d, /= 8.7 Hz, 1H), 7.67 — 7.51 (m, 2H), 7.50 — 7.31 (m,
4H), 6.97 (d, J = 8.7 Hz, 1H), 5.09 (s, 2H), 4.20 (q, J = 7.0 Hz, 2H), 1.53 (t, J = 7.0 Hz, 4H)."*C
NMR (101 MHz, CDCls) & 191.0, 158.1, 145.1, 136.7, 128.5, 128.4, 128.3, 127.2, 126.5, 123.5,
111.6, 74.7, 64.9, 14.6. HRMS (ESI) calculated for [CisH1sBrNaO3] [M+Na]": 357.0097 found:
357.0096.

2.5.6 3-(benzyloxy)-2-bromo-4-isopropoxybenzaldehyde (Xul3-4)

N
)\O Br
Bn
Xu13-4
To a solution of 2-bromo-3-hydroxy-4-isopropoxybenzaldehyde (Xul3-3) (10 mmol) in DMF (20
mL) was added benzyl bromide (12 mmol, 1.2 equiv.) and K>CO3 (15 mmol, 1.5 equiv.). The
resulting solution was stirred at room temperature overnight. The reaction mixture was quenched

by the addition of H>O and diluted with EtOAc. The organic layer was separated, and the aqueous

layer was extracted twice with EtOAc. The combined organic layers were dried over Na>SOs,
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filtered, concentrated. The crude product was then washed by petroleum ether with a little ethyl
acetate to afford the product Xul3-4 as a white solid (2.6 g, 76% yield). Mp: 72.8 — 73.5 °C. 'H
NMR (400 MHz, Chloroform-d) & 10.28 (s, 1H), 7.75 (d, J= 8.7 Hz, 1H), 7.58 (d, J = 7.0 Hz, 2H),
7.41 (dt,J=12.1, 6.8 Hz, 3H), 6.98 (d, J = 8.7 Hz, 1H), 5.06 (s, 2H), 4.75 (p, J = 6.1 Hz, 1H), 1.45
(d, J= 6.0 Hz, 6H).!*C NMR (101 MHz, CDCl3) § 191.0, 157.2, 145.8, 136.8, 128.6, 128.4, 128.3,
127.0, 126.4, 123.8, 112.8, 74.7, 71.7, 21.9. HRMS (ESI) calculated for [C17Hi7BrNaO3] [M+Na]":
371.0253 found: 371.0249.

2.5.7 2-(benzyloxy)-3-bromo-4-(dimethoxymethyl)-1-ethoxybenzene (Xu12-5)

~o

o~
-0 Br
Bn
Xu12-5

Prepared from 3-(benzyloxy)-2-bromo-4-ethoxybenzaldehyde (Xul2-4) (3 mmol) in
trimethoxymethane (30 mmol, 10 equiv.) and p-toluenesulfonic acid (0.15 mmol, 5% mol). The
resulting solution was stirred 5 hours at 60 °C. The reaction mixture was washed by the addition of
NaHCOs (aqg.) and the combined organic layers concentrated. The crude product was purified by
flash column chromatography on aluminum oxide (petroleum ether: ethyl acetate = 20: 1) to afford
the product Xul2-5 as a white liquid (1.0 g, 90% yield). '"H NMR (400 MHz, Chloroform-d) & 7.61
(d, /J=7.1 Hz, 1H), 7.49 — 7.31 (m, 2H), 6.93 (d, J = 8.6 Hz, OH), 5.33 (d, /= 204.6 Hz, 1H), 4.12
(q, J = 7.0 Hz, 1H), 3.41 (s, 3H), 1.48 (t, J = 7.0 Hz, 1H).!3C NMR (101 MHz, CDCl3) § 153.1,
145.2, 137.1, 129.7, 129.6, 128.3, 128.1, 127.9, 123.3, 119.0, 111.7, 102.9, 74.4, 64.4, 53.7,
14.7. HRMS (ESI) calculated for [C1sH21BrNaO4] [M+Na]": 403.0515 found: 403.0518.
2.5.8 2-(benzyloxy)-3-bromo-4-(dimethoxymethyl)-1-isopropoxybenzene (Xu13-5)

o

o/
)\O Br

Bn
Xu13-5

Prepared from 3-(benzyloxy)-2-bromo-4-isopropoxybenzaldehyde (Xul3-4) (3 mmol) in
trimethoxymethane (30 mmol, 10 equiv.) and p-toluenesulfonic acid (0.15 mmol, 5% mol). The

resulting solution was stirred 5 hours at 60 °C. The reaction mixture was washed by the addition of
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NaHCOs3 (aq.) and the combined organic layers concentrated. The crude product was purified by
flash column chromatography on aluminum oxide (petroleum ether: ethyl acetate = 20: 1) to afford
the product Xu13-5 as a white liquid (1.0 g, 90% yield)."H NMR (400 MHz, Chloroform-d) § 7.56
(d,J=7.4 Hz, 2H), 7.36 (t,J= 7.3 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 6.89 (d, /= 8.6 Hz, 1H), 5.53
(s, 1H), 5.01 (s, 2H), 4.57 (p, J = 6.1 Hz, 1H), 3.36 (s, 6H), 1.33 (d, J = 6.1 Hz, 6H)."*C NMR (101
MHz, CDCl;) ¢ 151.9, 146.1, 137.2, 129.8, 128.4, 128.3, 128.2, 128.1, 127.8, 123.1, 119.2, 113.9,
103.0, 74.3, 71.3, 53.7, 21.9. HRMS (ESI) calculated for [C19H2404Br] [M+H]": 394.0780 found:
394.0781.

2.5.9(2-(benzyloxy)-6-(dimethoxymethyl)-3-ethoxyphenyl)dicyclohexylphosphane (Xul2-6)

~o
o

~0 PCy,
Bn

Xu12-6

Prepared from (((3-bromo-4-(dimethoxymethyl)-1,2-phenylene)bis(oxy))bis(methylene))dibenzene
(Xu12-5) (2 mmol) in 4 mL anhydrous THF, was added n-BuLi (2.4 mmol, 1.6 M in hexane)
dropwise under argon at -78 °C, The resulting solution at this temperature during 1 hour, and
dicyclohexylchlorophosphine (2.6 mmol, 1.3 equiv.) was added dropwise. The reaction mixture
was warmed to room temperature overnight. The re action mixture was quenched by the addition of
NaHCOs (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were concentrated. The crude product
was added to next step.
2.5.10(2-(benzyloxy)-6-(dimethoxymethyl)-3-isopropoxyphenyl)dicyclohexylphosphane(Xul3-
6)

O/
)\o PCy,

Bn

Xu13-6

Prepared from 2-(benzyloxy)-3-bromo-4-(dimethoxymethyl)-1-isopropoxybenzene (Xul3-5) (2

mmol) in 4 mL anhydrous THF, was added n-BuLi (2.4 mmol, 1.6 M in hexane) dropwise under
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argon at -78 °C, The resulting solution at this temperature during 1 hour, and
dicyclohexylchlorophosphine (2.6 mmol, 1.3 equiv.) was added dropwise. The reaction mixture
was warmed to room temperature overnight. The re action mixture was quenched by the addition of
NaHCO:s (aq.) and diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were concentrated. The crude product
was added to next step.

2.5.11 3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-ethoxybenzaldehyde (Xu12-7)

A
~0 PCy,
Bn

Xu12-7

Prepared  from  (2-(benzyloxy)-6-(dimethoxymethyl)-3-ethoxyphenyl)dicyclohexylphosphane
(Xul2-6) in 2 mL THF, was added 1 mL HCI (1.0 M) under argon at 60 °C. The resulting solution
was stirred 5 hours. The reaction mixture was quenched by the addition of NaHCOs (aq.) and
diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted twice
with EtOAc. The combined organic layers were dried over Na;SOs, filtered, concentrated and
purified by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1) to
afford the product Xul2-7 as a yellow liquid. '"H NMR (400 MHz, Chloroform-d) § 11.07 (d, J =
8.8 Hz, 1H), 7.76 (dd, J = 8.6, 3.2 Hz, 1H), 7.52 (d, J = 7.5 Hz, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.34
(t, J=17.3 Hz, 1H), 7.04 (d, J = 8.6 Hz, 1H), 5.24 (s, 2H), 4.13 (q, J = 7.0 Hz, 2H), 2.37 (tdt, J =
11.5,7.5,3.4 Hz, 2H), 1.86 — 1.76 (m, 2H), 1.75 — 1.65 (m, 2H), 1.59 (d, /= 6.9 Hz, 4H), 1.40 (t, J
=7.0 Hz, 4H), 1.29 — 1.13 (m, 8H), 0.99 (tdd, J = 13.1, 6.0, 2.8 Hz, 2H), 0.86 (tt, /= 9.9, 5.6 Hz,
1H)."3C NMR (100 MHz, CDCls) § 193.5, 193.1, 155.3, 150.6, 138.2, 136.4, 136.3, 133.5, 133.1,
128.2, 127.5, 127.2, 124.3, 124.2, 114.0, 73.7, 64.3, 34.5 (d, J = 11.6 Hz), 32.4 (d, J = 23.3 Hz),
30.8 (d, J = 9.7 Hz), 26.8 (d, J = 8.8 Hz), 26.6 (d, J = 14.1 Hz) 26.1, 14.53'P NMR (162 MHz,
CDCl3) 6 -13.99. HRMS (ESI) calculated for [C23H3s03P] [M+H]": 453.2553 found: 453.2556.

2.5.12 3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-isopropoxybenzaldehyde (Xu13-7)

AN
)\O PCY2
Bn

Xu13-7
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Prepared from
(2-(benzyloxy)-6-(dimethoxymethyl)-3-isopropoxyphenyl)dicyclohexylphosphane(Xul3-6) in 2
mL THF, was added 1 mL HCI (1.0 M) under argon at 60 °C. The resulting solution was stirred 5
hours. The reaction mixture was quenched by the addition of NaHCO3 (aq.) and diluted with
EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc.
The combined organic layers were dried over Na;SOs, filtered, concentrated and purified by flash
column chromatography on silica gel (petroleum ether: ethyl acetate = 20: 1) to afford the product
Xu13-7 as a yellow liquid."H NMR (400 MHz, Chloroform-d) & 11.08 (d, J= 8.8 Hz, 1H), 7.77 (dt,
J=28.7,2.4 Hz, 1H), 7.53 (d, /= 7.6 Hz, 2H), 7.49 — 7.41 (m, 2H), 7.41 — 7.32 (m, 1H), 7.07 (d, J =
8.6 Hz, 1H), 5.23 (s, 2H), 4.69 (hept, J = 6.3 Hz, 1H), 2.49 — 2.28 (m, 2H), 1.90 — 1.79 (m, 2H),
1.77 — 1.69 (m, 2H), 1.65 — 1.55 (m, 4H), 1.36 (dd, /= 6.2, 1.5 Hz, 7H), 1.32 — 1.10 (m, 9H), 1.07
—0.95 (m, 2H)."*C NMR (101 MHz, CDCl3) § 193.18 (d, J = 42.2 Hz), 154.22, 151.42, 138.23,
136.22 (d, J = 15.3 Hz), 133.58 (d, J = 37.5 Hz), 128.15, 127.46, 127.07, 124.05 (d, J = 6.1 Hz),
115.49, 73.62, 71.08, 34.47 (d, J = 11.6 Hz), 32.38 (d, J = 23.5 Hz), 30.75 (d, J = 10.0 Hz), 26.74
(d, J=9.0 Hz), 26.54 (d, J = 13.9 Hz), 26.11, 21.81. *'P NMR (162 MHz, CDCls) § -13.95. HRMS
(ESI) calculated for [C29H40O3P] [M+H]": 467.2710 found: 467.2715.

2.5.13(R,E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-ethoxybenzylidene)-2-methylpro
pane-2-sulfinamide (Xul2-8)

0
NSy

-0 PCy,
Bn

Xu12-8

Prepared from 3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-ethoxybenzaldehyde (Xul2-7) in 2
mL THF, was added (R)-2-methylpropane-2-sulfinamide (1.2 mmol, 1.2 equiv.) and titanium
tetraisopropanolate (2 mmol, 2.0 equiv.) under argon at 50 °C. The resulting solution was stirred 8
hours. The reaction mixture was quenched by the addition of H>O (aq.) and diluted with EtOAc.
The solution was filtered and the residue was washed twice with EtOAc. The combined organic
layers were dried over Na>SQs, filtered, concentrated and purified by flash column chromatography

on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the crude product Xul2-8 as a yellow
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solid. Mp: 56.6-57.5 °C. [a]p =-58.9(c = 0.4, Chloroform). 'H NMR (400 MHz, Chloroform-d) &
9.67 (s, 1H), 7.86 (dd, J = 8.6, 2.8 Hz, 1H), 7.55 (d, /= 7.5 Hz, 2H), 7.43 (t, J = 7.5 Hz, 2H), 7.35
(t,J=7.3 Hz, 1H), 7.04 (d, J = 8.6 Hz, 1H), 5.23 (s, 2H), 4.20 — 4.07 (m, 2H), 2.40 — 2.26 (m, 2H),
1.87 — 1.77 (m, 2H), 1.71 (d, J = 7.4 Hz, 2H), 1.59 (d, J = 6.9 Hz, 4H), 1.42 (t, J = 7.0 Hz, 3H),
1.36 (d, J= 3.5 Hz, 2H), 1.28 (s, 9H), 1.17 (d, J= 7.1 Hz, 7H), 1.08 — 0.93 (m, 2H)."*C NMR (101
MHz, CDCl;) ¢ 164.1, 163.7, 153.9, 151.1, 138.2, 134.2, 133.1, 132.7, 128.2, 127.5, 127.4, 124.2,
114.3, 73.8, 64.2, 57.5, 34.8 (t, J=13.3 Hz), 32.3 (d, /= 23.7 Hz), 30.6 (dd, J=9.7, 7.4 Hz), 27.1
— 26.3(m). 26.2, 22.6, 14.6. 3'P NMR (162 MHz, CDCl3) § -9.32. HRMS (ESI) calculated for
[C32H46NNaO3PS] [M+Na]": 578.2828 found: 578.2829.
2.5.14(R,E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-isopropoxybenzylidene)-2-methy
Ipropane-2-sulfinamide (Xu13-8)

)

)\ \N/g"/tBu
O PCy2

Bn

Xu13-8

Prepared from 3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-isopropoxybenzaldehyde (Xul3-7) in
2 mL THF, was added (R)-2-methylpropane-2-sulfinamide (1.2 mmol, 1.2 equiv.) and titanium
tetraisopropanolate (2 mmol, 2.0 equiv.) under argon at 50 °C. The resulting solution was stirred 8
hours. The reaction mixture was quenched by the addition of H>O (aq.) and diluted with EtOAc.
The solution was filtered and the residue was washed twice with EtOAc. The combined organic
layers were dried over Na>SQys, filtered, concentrated and purified by flash column chromatography
on silica gel (petroleum ether: ethyl acetate = 10: 1) to afford the crude product Xul3-8 as a yellow
solid. Mp: 73.8-74.5 °C.[o]> = -79.9 (¢ = 0.4, Chloroform).'H NMR (400 MHz, Chloroform-d) &
9.64 (s, 1H), 7.82 (dd, J=8.7, 2.8 Hz, 1H), 7.52 (d, /= 7.4 Hz, 2H), 7.41 (t, J= 7.5 Hz, 2H), 7.37 —
7.29 (m, 1H), 7.02 (d, J = 8.6 Hz, 1H), 5.18 (s, 2H), 4.63 (hept, /= 6.1 Hz, 1H), 2.31 (ddt, J = 14.8,
11.2, 8.3 Hz, 2H), 1.86 — 1.75 (m, 2H), 1.70 (d, J= 7.0 Hz, 2H), 1.57 (d, J="7.1 Hz, 4H), 1.33 (d, J
= 6.0 Hz, 8H), 1.26 (s, 9H), 1.25 — 1.05 (m, 8H), 1.05 — 0.91 (m, 2H)."3C NMR (101 MHz, CDCl;)
6 163.83 (d, J = 34.9 Hz), 152.7, 152.0, 138.3, 134.3, 133.1 (d, J = 36.1 Hz), 128.1, 127.4, 127.2,
124.0, 116.1, 73.7, 71.1, 57.4, 35.1 — 34.4 (m), 32.3 (d, J = 23.8 Hz), 30.6 (dd, J = 9.8, 7.5 Hz),
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26.8 (d, J= 8.6 Hz), 26.6 (dd, J = 13.9, 4.5 Hz), 26.1, 22.6, 21.9, 21.9. 3'P NMR (162 MHz, CDCl;)
8 -9.37. HRMS (ESI) calculated for [C33H4NOsPS] [M+H]": 570.3165 found: 570.3161.
2.5.15(R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-ethoxyphe
nyl)methyl)-2-methylpropane-2-sulfinamide (Xu12-9)

Ph

Q.

' N’g"/tBu
H
N0 PCy,
Bn

Xu12-9

Prepared from
(R,E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-ethoxybenzylidene)-2-methylpropane-2-su
Ifinamide (Xul2-8) in 1 mL anhydrous THF, was added [1,1'-biphenyl]-4-ylmagnesium bromide (1
mmol, 2.0 equiv.) dropwise under argon at -50 °C. The reaction mixture was warmed to room
temperature overnight and was quenched by the addition of NH4Cl (aq.) and diluted with EtOAc.
The organic layer was separated, and the aqueous layer was extracted twice with EtOAc. The
combined organic layers were dried over Na>SQOs, filtered, concentrated and purified by flash
column chromatography on silica gel (petroleum ether: ethyl acetate = 5: 1) to the product Xu12-9
as a white solid (230 mg, 65% yield). Mp: 81.2-82.1 °C. [o]> = -87.5 (c = 0.4, Chloroform).'H
NMR (400 MHz, Chloroform-d) é 7.61 — 7.49 (m, 8H), 7.43 (p, J = 6.3, 5.5 Hz, 5H), 7.39 — 7.32
(m, 2H), 7.09 (d, J = 8.6 Hz, 1H), 7.02 — 6.90 (m, 1H), 5.37 (d, /= 11.8 Hz, 1H), 5.26 (d, J=11.8
Hz, 1H), 4.10 (q, J = 7.0 Hz, 3H), 2.38 — 2.22 (m, 2H), 1.81 — 1.58 (m, 6H), 1.52 (d, J = 12.3 Hz,
1H), 1.39 (q, /= 6.7 Hz, 5H), 1.31 (s, 9H), 1.11 (dddd, J = 34.0, 23.7, 15.1, 5.0 Hz, 9H), 0.91 (dq, J
= 8.8, 3.8 Hz, 2H)."*C NMR (101 MHz, CDCl3) § 151.0, 149.8, 142.5, 142.0, 141.8, 141.0, 140.0,
138.8, 129.2, 129.1, 128.7, 128.6, 128.4, 128.1, 127.2, 127.1, 127.0, 126.9, 126.9, 123.1, 123.1,
114.9,73.2, 64.1, 60.1 (d, J=34.3 Hz), 55.8,35.3 (d, /= 10.8 Hz), 34.4 (d, /=113 Hz), 33.1 (d, J
=25.7Hz), 32.3 (d, J=23.1 Hz), 30.5 (d, /= 10.6 Hz), 30.3 (d, /= 8.1 Hz),27.1, 27.0, 26.9 (d, J =
5.8 Hz), 26.8 (d, J = 6.2 Hz), 26.7 (d, J = 7.4 Hz), 26.2, 22.7, 14.8.>'P NMR (162 MHz, CDCl3) &
-6.67. HRMS (ESI) calculated for [C44Hs7NO3PS] [M+H]™: 710.3791 found: 710.3795.
2.5.16(R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-isopropoxy
phenyl)methyl)-2-methylpropane-2-sulfinamide (Xu13-9)
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o)
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N~ ~"tBu
A ¢
O PCy,
Bn

Xu13-9

Prepared from
(R,E)-N-(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-isopropoxybenzylidene)-2-methylpropane-
2-sulfinamide (Xul3-8) in 1 mL anhydrous THF, was added [1,1'-biphenyl]-4-ylmagnesium
bromide (1 mmol, 2.0 equiv.) dropwise under argon at -50 °C. The reaction mixture was warmed to
room temperature overnight and was quenched by the addition of NH4Cl (aq.) and diluted with
EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc.
The combined organic layers were dried over Na>SQOas, filtered, concentrated and purified by flash
column chromatography on silica gel (petroleum ether: ethyl acetate = 5: 1) to the product Xu13-9
as a white solid (198 mg, 55% yield). Mp: 73.8-74.5 °C. [o]> = -72.5 (¢ = 0.4, Chloroform).'H
NMR (400 MHz, Chloroform-d) 6 7.61 — 7.48 (m, 8H), 7.48 — 7.32 (m, 7H), 7.09 (d, J = 8.5 Hz,
1H), 7.02 — 6.85 (m, 1H), 5.35 (d, /= 11.8 Hz, 1H), 5.24 (d, J=11.9 Hz, 1H), 4.58 (h, J= 6.1 Hz,
1H), 4.06 (s, 1H), 2.29 (p, J=11.6 Hz, 2H), 1.81 — 1.58 (m, 6H), 1.39 (q, /= 6.5, 4.6 Hz, 2H), 1.32
(d, J = 6.1 Hz, 15H), 1.25 — 0.88 (m, 12H)."3C NMR (101 MHz, CDCl3) § 152.2, 148.6, 142.5,
142.2 (d, J = 23.7 Hz), 141.0, 140.0, 138.9, 129.2, 129.1, 128.6, 128.1, 127.2, 127.1, 127.0, 126.9,
126.8, 123.1, 123.1, 117.3, 73.2, 71.3, 60.2 (d, J = 35.4 Hz), 55.8, 35.3 (d, /= 10.6 Hz), 34.5 (d, J
=11.3 Hz), 33.1 (d, /= 25.9 Hz), 32.3 (d, /= 23.0 Hz), 30.5 (d, /= 10.3 Hz), 30.4 (d, /= 7.9 Hz),
27.1,27.0(d,J=2.8 Hz) , 27.0,26.9 (d, J = 5.9 Hz), 26.7 (d, J= 7.1 Hz), 26.2,22.7,22.1, 22.1. 3'P
NMR (162 MHz, CDCl3) § -6.78. HRMS (ESI) calculated for [CssHsoNOsPS] [M+H]": 724.3948
found: 724.3945.

2.5.17(R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-ethoxyphe

nyl)methyl)-N,2-dimethylpropane-2-sulfinamide (Xu12)
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N’gﬂBu
I
~N0 PCy,
Bn

Xu12

Prepared from
(R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-ethoxyphenyl)methy
1)-2-methylpropane-2-sulfinamide (Xul2-9) in 1 mL anhydrous THF, was added »n-BuLi (0.5
mmol, 1.6 M in hexane) dropwise under argon at -40 °C. The resulting solution at this temperature
during 1 hour and iodomethane (0.6 mmol, 2 equiv.) was added. After 1 hour, the reaction mixture
moved to 0 °C and stirred 1 hour. The reaction mixture was the addition of NH4Cl (aq.) and diluted
with EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with
EtOAc. The combined organic layers were dried over Na>SOs, filtered, concentrated and purified
by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 5: 1) to the product
Xul2 as a white solid (113 mg, 52% yield). Mp: 80.1-80.9 °C. [a]y = 13.6 (¢ = 04,
Chloroform).'H NMR (400 MHz, Chloroform-d) & 7.59 (d, J = 7.3 Hz, 3H), 7.51 (d, J = 7.9 Hz,
4H), 7.43 (q, J = 8.0 Hz, 4H), 7.37 — 7.28 (m, 4H), 7.10 (t, /= 10.6 Hz, 2H), 5.31 (s, 2H), 4.11 (q, J
=7.1 Hz, 2H), 2.69 (s, 3H), 2.48 — 2.35 (m, 1H), 2.18 — 2.07 (m, 1H), 1.76 — 1.64 (m, 4H), 1.57 —
1.51 (m, 1H), 1.48 — 1.42 (m, 2H), 1.39 (d, /= 6.9 Hz, 3H), 1.26 (dt, J = 22.5, 8.5 Hz, 4H), 1.14 (s,
9H), 1.02 — 0.86 (m, 9H)."3C NMR (101 MHz, CDCl3) § 151.1, 151.0, 149.7, 140.9, 140.5, 140.2,
139.8, 139.5, 138.8, 131.7, 128.7, 128.6, 128.4, 128.1, 127.2, 127.0, 126.9, 126.9, 126.3, 122.8,
122.8, 114.9, 73.3, 70.5 (d, J = 40.0 Hz), 64.1, 58.6, 35.2 (d, J = 10.5 Hz), 34.1 (d, /= 11.6 Hz),
33.2(d,J=26.2 Hz), 32.2 (d, J=22.5 Hz), 30.9 (d, /= 11.6 Hz),30.5,29.9 (d, /= 7.9 Hz), 27.0 (d,
J=28.9 Hz), 26.8 (d, J = 10.8 Hz), 26.6 (d, J = 3.0 Hz), 26.3, 26.1, 24.1, 14.7. *'P NMR (162 MHz,
CDCl3) 4 -6.10. HRMS (ESI) calculated for [C4sHsoNO3PS] [M+H]": 724.3948 found: 724.3946.
2.5.8(R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-4-isopropoxyp

henyl)methyl)-N,2-dimethylpropane-2-sulfinamide(Xu13)
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Prepared from (R)-N-((S)-[1,1'-biphenyl]-4-yl(3-(benzyloxy)-2-(dicyclohexylphosphaneyl)-
4-isopropoxyphenyl)methyl)-2-methylpropane-2-sulfinamide (Xul3-9) (Xul3-9) in 1 mL
anhydrous THF, was added #»-BuLi (0.5 mmol, 1.6 M in hexane) dropwise under argon at -40 °C.
The resulting solution at this temperature during 1 hour and iodomethane (0.6 mmol, 2 equiv.) was
added. After 1 hour, the reaction mixture moved to 0 °C and stirred 1 hour. The reaction mixture
was the addition of NH4Cl (aq.) and diluted with EtOAc. The organic layer was separated, and the
aqueous layer was extracted twice with EtOAc. The combined organic layers were dried over
NaySOq4, filtered, concentrated and purified by flash column chromatography on silica gel
(petroleum ether: ethyl acetate = 5: 1) to the product Xul3 as a white solid (118 mg, 60% yield).
Mp: 82-82.7 °C. [a]s = 10.1 (¢ = 0.4, Chloroform). '"H NMR (400 MHz, Chloroform-d) § 7.58 (d,
J=17.3 Hz, 2H), 7.54 (dd, J = 8.6, 4.1 Hz, 1H), 7.49 (t, J = 7.6 Hz, 4H), 7.45 — 7.40 (m, 3H), 7.39
(s, 1H), 7.34 (t, J= 7.3 Hz, 2H), 7.31 — 7.27 (m, 2H), 7.11 (d, /= 8.6 Hz, 1H), 7.05 (d, /= 11.5 Hz,
1H), 5.26 (s, 2H), 4.57 (p, J = 6.0 Hz, 1H), 2.67 (s, 3H), 2.38 (dtd, J=11.5, 8.5, 3.8 Hz, 1H), 2.14
—2.02 (m, 1H), 1.77 — 1.61 (m, 6H), 1.42 — 1.28 (m, 15H), 1.12 (s, 9H), 0.93 (ddt, J = 15.8, 10.1,
6.3 Hz, 5H).">*C NMR (101 MHz, CDCl3) §152.4 (d, J = 3.7 Hz),148.5, 141.0, 140.7 (d, J = 23.1
Hz), 139.8, 139.6, 138.9, 131.8, 128.7, 128.1, 127.2, 127.1, 127.1, 127.0, 126.9, 126.4, 122.9 (d, J
=5.8 Hz), 117.7,73.3,71.4,70.5 (d, J=40.2 Hz), 58.7,35.3 (d, /= 10.3 Hz), 34.2 (d, /= 11.6 Hz),
33.2(d,J=26.2 Hz), 32.3 (d, J=22.5 Hz),31.5(d,J=7.2 Hz), 31.0 (d, /= 11.6 Hz), 30.6, 30.2 (d,
J=5.8 Hz), 23.0 (d, J=8.0 Hz), 29.6 (d, /= 21.7 Hz), 27.0 (t, J = 9.1 Hz), 26.9 — 26.6 (m), 26.3 (d,
J=26.3 Hz),24.2,22.1, 22.0.>'P NMR (162 MHz, Chloroform-d) & -6.25. HRMS (ESI) calculated
for [C46Hs1NO3PS] [M+H]": 738.4104 found: 738.4107.

3. General procedure for preparation of substrates

3.1 Synthesis of 1-(3-methylbut-3-en-1-yl)-cyclopentan-1-ol (1c)?
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OH

1c

To a solution of (3-methylbut-3-en-1-yl)-magnesium bromide (55 mmol, 1.1 equiv.) in dry Et,O
(30 mL), was added cyclopentanone (50 mmol, 1.0 equiv.) dropwise under argon at -30 °C. The
reaction mixture was warmed to room temperature overnight. The reaction mixture was quenched
by the addition of HCI (1 M) and diluted with EtOAc. The organic layer was separated and the
aqueous layer was extracted twice with EtOAc. The combined organic layers were dried over
NaxSOs, filtered, concentrated and purified by flash column chromatography on silica gel
(petroleum ether: ethyl acetate = 20: 1) to the product 1c as a white liquid (3.5 g, 45% yield).
"H NMR (400 MHz, Chloroform-d) § 4.69 (s, 2 H), 2.21 —2.07 (m, 2 H), 1.83 — 1.76 (m, 2 H), 1.75
—1.72 (m, 4 H), 1.70 (t, J=3.2 Hz, 1 H), 1.67 — 1.53 (m, 6 H). '*C NMR (100 MHz, Chloroform-d)
o 146.5, 109.6, 82.4, 39.6, 39.3, 33.0, 23.7, 22.5. HRMS (ESI) calculated for [CioHisONa]
[M+Na]*: 177.1250 found: 177.1252.

3.2 Synthesis of 1-(3-methylbut-3-en-1-yl)-cyclohexan-1-ol (1d)?

OH

1d

To a solution of (3-methylbut-3-en-1-yl)-magnesium bromide (55 mmol, 1.1 equiv.) in dry Et,O
(30 mL), was added cyclohexanone (50 mmol, 1.0 equiv.) dropwise under argon at -30 °C. The
reaction mixture was warmed to room temperature overnight. The reaction mixture was quenched
by the addition of HCI (1 M) and diluted with EtOAc. The organic layer was separated and the
aqueous layer was extracted twice with EtOAc. The combined organic layers were dried over
NaxSQOs, filtered, concentrated and purified by flash column chromatography on silica gel
(petroleum ether: ethyl acetate = 20: 1) to the product 1d as a white liquid (4.0 g, 48% yield).
"H NMR (400 MHz, Chloroform-d) § 4.69 (s, 2 H), 2.17 — 2.00 (m, 2 H), 1.73 (s, 3 H), 1.61 — 1.46
(m, 8 H), 1.46 — 1.37 (m, 3 H), 1.32 — 1.21 (m, 1 H). *C NMR (100 MHz, Chloroform-d) § 146.5,
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109.5, 71.3, 40.1, 37.3, 31.1, 25.8, 22.5, 22.1. HRMS (ESI) calculated for [Ci1H20ONa] [M+Na]":
191.1406 found: 191.1409.
Substrate 92-9i>, 9j-9n*>, 90, 9p, 9r°, 9q’ were synthesized from reported procedure and the

analytical data was consistent with the literature.

4. General Procedure and HPLC spectra

4.1 General Procedure for reactions of tertiary y-hydroxyalkenes with alkenyl bromides
Ph

2.5 mol% [Pd(allyl)Cl], @ Me
\ . \[ 10 mol% Xu8 -~ N Bu
S \SA
y n R2 4 equiv. NaO'Bu /}(j YRZ 4
2 equiv. H,0, RT, 72 h ' PCy,
or 6 '
Xu?@

or Et,O/Hexane = 1:1
2
To a sealed tube was added [Pd(allyl)Cl]z (2.5 mol%), Xu8 (10 mol%). The flask was evacuated

and refilled with argon. Then tertiary y-hydroxyalkenes (0.2 mmol), alkenyl halides (0.4 mmol),
NaO'Bu (4.0 equiv.), H2O (2.0 equiv.) and a mixed solution of EtoO/Hexane (1: 1, 2 mL) was
added to the tube, and stirred at room temperature for 72 hours. After the reaction was complete
(monitored by TLC), solvent was removed under reduced pressure. The crude product was then
purified by flash column chromatography on silica gel to afford the desired product.

4.1.1 (S, E)-2-(3-(4-methoxyphenyl)allyl)-1-oxaspiro[4.5]decane (3a)

OMe

3a

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 40: 1) give the product 3a
as a white liquid (42 mg, 74% yield) with 92% ee. [a]; = -11.1 (¢ = 0.4, Chloroform). 'H NMR
(400 MHz, Chloroform-d) & 7.34 — 7.26 (m, 2 H), 6.96 — 6.69 (m, 2 H), 6.38 (d, /= 15.6 Hz, 1 H),
6.17-5.99 (m, 1 H),4.16 —4.01 (m, 1 H), 3.8 0 (s, 3 H), 2.60 — 2.43 (m, 1 H), 2.43 —2.20 (m, 1 H),
2.04 —1.91 (m, 1 H), 1.82 — 1.61 (m, 5 H), 1.60 — 1.46 (m, 4 H), 1.45 — 1.31 (m, 4 H). *C NMR

(100 MHz, Chloroform-d) ¢ 158.7, 131.1, 130.5, 127.0, 124.7, 113.8, 82.6, 77.5, 55.2, 39.8, 38.5,
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37.6, 35.7, 30.6, 25.7, 24.1, 23.8. HRMS (ESI) calculated for [Ci9H26NaO>] [M+Na]": 309.1825
found: 309.1828. Enantiomeric excess was determined by HPLC with a Chiralpak OJH column
(hexanes: 2-propanol = 99: 1, 0.8 mL/min, 254 nm); major enantiomer tr = 15.62 min, minor

enantiomer tr = 17.61 min.

1 400CMJ #762 [modified by zhang group] UV VIS 1 CMJ #874 [modified by zhang group] _ CMJ-004-34-shou-0JH-99:1-0.8-254.
mAU WVL210 nm| mAU

v VIS 1
WVL254 nm|
1-15.940

1,200

1,000

800

600

o A
00 20 40 6.0 8.0 WE‘iD 120 140 160 18.0 205
No. | RetTime Peak Name Height  Area  RelArea Amount  Type No. | Ret.Time Peak Name Height  Area Rel.Area Amount  Type
min mAU__mAU'min__ % min mAU__mAU'min___ %
1] 1594 na 1265297 807.186  49.60 na.  BMB 1] 1562 na 668.591 552.155 96.02 na. BM"
2| 1808 na 1076.631 _820.219 _ 50.40 na__ BMB 2| 1761 na 26449  22.896  3.98 na.___ MB"
Total: 2341.928 1627.406 100.00 0.000 Total: 605.040  575.051 100.00 0.000

4.1.2 (S)-2-cinnamyl-1-oxaspiro[4.5]decane (3b)

3b

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3b
as a white liquid (31 mg, 61% yield) with 91% ee. [a]> = -5.5 (¢ = 0.4, Chloroform)."H NMR (500
MHz, Chloroform-d) ¢ 7.36 (d, J= 7.3 Hz, 2H), 7.30 (t, J = 7.7 Hz, 2H), 7.20 (t, J = 7.3 Hz, 1H),
6.44 (d, J = 15.8 Hz, 1H), 6.28 — 6.21 (m, 1H), 4.11 — 4.06 (m, 1H), 2.55 — 2.48 (m, 1H), 2.41 -
2.35 (m, 1H), 2.05 — 1.95 (m, 1H), 1.80 — 1.63 (m, 5H), 1.60 — 1.47 (m, 4H), 1.41 — 1.35 (m, 4H).
13C NMR (125 MHz, Chloroform-d) § 137.7, 131.8, 128.4, 126.9, 126.9, 126.0, 82.8, 77.4, 39.9,
38.5, 37.6, 35.7, 30.7, 25.7, 24.1, 23.8. HRMS (ESI) calculated for [CisH24NaO] [M+Na]":
279.1719 found: 279.1710. Enantiomeric excess was determined by HPLC with a Chiralpak OJH
column (hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); major enantiomer tr = 10.056 min,

minor enantiomer tr = 11.487 min.
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mAU
mAU .
100 PDA Multi 1 254nm 4nm]
:m: PDA Multi 1 254nm 4nm|

75
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<Peak Table> :s:gr;ﬁl:l»
PDA Ch1 254nm nm
Peak# Rel. Time  Height Height% Area Area% P%K:‘ RG‘{GT‘D“;; He\ﬁgén Helggl‘;un 5 Agrggsgg Aregas“/:m
1 9927 15076 52,676 211453 50.005 -
2 11.106 13544 47.324 211413 49.995 2 11.487 3362 6.281 46998 4.521
Total 28621| 100000 422868 100.000 Total 53437 100000 1039597  100.000

4.1.3 (S, E)-2-(3-(p-tolyl)-allyl)-1-oxaspiro[4.5]decane (3¢)

Me

3c

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3¢
as a white liquid (26 mg, 51% yield) with 91% ee. [a]; = -1.3 (¢ = 0.4, Chloroform). 'H NMR
(500 MHz, Chloroform-d) 6 7.27 (d, J = 9.5 Hz, 2H), 7.12 (d, /= 7.5 Hz, 2H), 6.42 (d, /= 16.0 Hz,
1H), 6.23 — 6.17 (m, 1H), 4.10 — 4.08 (m, 1H), 2.58 — 2.48 (m, 1H), 2.43 — 2.35 (m, 1H), 2.35 (s,
3H), 2.04 — 1.97 (m, 1H), 1.81 — 1.63 (m, SH), 1.63 — 1.48 (m, 4H), 1.49 — 1.41 (m, 1H), 1.43 —
1.32 (m, 3H). 3*C NMR (125 MHz, Chloroform-d) § 136.6, 134.9, 131.6, 129.1, 125.9, 125.8, 82.8,
77.5, 39.9, 38.5, 37.6, 35.7, 30.6, 25.7, 24.1, 23.8, 21.1. HRMS (ESI) calculated for [C19H26NaO]
[M+Na]": 293.1876 found: 293.1866. Enantiomeric excess was determined by HPLC with a
Chiralpak OJH+OJ3 column (hexanes: 2-propanol = 99: 1, 0.3 mL/min, 254 nm); major enantiomer

tr = 43.03 min, minor enantiomer tr = 51.09 min.
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CMJ #989 [modified by zhang group] UV VIS 1 500_CM #990 [modified by zhang aroug] UV_VIS_1
AU WVLZ54 nn AU WVL254

2-52767
200 1- 44580

600-{
1504 500-{
400+
100

300

50+ 200+

ot — 2-51087
- T T T T T T 1o T T T T T T
00 100 200 300 400 50.0 60.0 67.8 00 100 200 300 400 50.0 65.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___mAU'min % min mAU___mAU*min %
1 44.58 n.a. 201460 501693 5177 na BM* 1 43.03 na 714243 1868.921 9562 na BMB*
2 52.77 na 220085 467392 4823 n.a. BMB* 2 51.09 na 38309 85587 438 na BMB*
Total: 421545 969.085 100.00 0.000 Total: 752552 1954 508 100.00 0.000

4.1.4 (S, E)-2-(3-(m-tolyl)-allyl)-1-oxaspiro[4.5]decane (3d)

3d

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3d
as a white liquid (40 mg, 78% yield) with 90% ee. [a]y = -1.2 (¢ = 0.4, Chloroform). '"H NMR
(500 MHz, Chloroform-d) & 7.23 —7.12 (m, 3H), 7.02 (d, J=7.5 Hz, 1H), 6.41 (d, /= 16 Hz, 1H),
6.28 — 6.18 (m, 1H), 4.12 — 4.03 (m, 1H), 2.57 — 2.48 (m, 1H), 2.42 — 2.34 (m, 1H), 2.34 (s, 3H),
2.04 —1.95 (m, 1H), 1.80 — 1.61 (m, 5H), 1.62 — 1.46 (m, 4H), 1.48 — 1.31 (m, 4H). 3C NMR (125
MHz, Chloroform-d) & 137.9, 137.6, 131.8, 128.3, 127.6, 126.7, 126.6, 123.1, 82.7, 77.4, 39.9, 38 .4,
37.6, 35.7, 30.6, 25.7, 24.1, 23.8, 21.3. HRMS (ESI) calculated for [Ci9H26NaO] [M+Na]":
293.1876 found: 293.1873. Enantiomeric excess was determined by HPLC with a Chiralpak
OJH+0J3 column (hexanes: 2-propanol = 99: 1, 0.3 mL/min, 254 nm); major enantiomer tr = 41.63

min, minor enantiomer tr = 49.69 min.
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CCMJ #993 [modified by zhang group] 'CMJ #994 [modified by zhang group] Uv_VIS 1
mAU mAU

UV_VIS_1
WVL254 350 WVL254 |

2-48.340
140 200

1204
250+
1-40.160
100

200
804
1504
60

100
4

204

No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __mAU'min % min mAU __ mAU'min %
1 40.16 na 103.156 448941 50.82 na BM* 1 4163 na 280180 1219.669 9512 na BM*
2 4834 na 138496 434444 4918 na MB* 2 49.69 na. 21.004 62.514 4.88 na MB*
Total: 241653 883385 100.00 0.000 Total: 310.184 1282183 100.00 0.000

4.1.5 (S, E)-2-(3-(2-methoxyphenyl)-allyl)-1-oxaspiro[4.5]decane (3e)

3e

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 3e
as a white liquid (44 mg, 77% yield) with 91% ee. [a]> = -13.1 (¢ = 0.4, Chloroform) 'H NMR
(400 MHz, Chloroform-d) ¢ 7.42 (dd, J=17.6, 1.6 Hz, 1H), 7.21 — 7.16 (m, 1H), 6.90 (t, /= 7.6 Hz,
1H), 6.85 (d, /= 8.4 Hz, 1H), 6.76 (d, /= 16.0 Hz, 1H), 6.26 — 6.18 (m, 1H), 4.11 — 4.05 (m, 1H),
3.84 (s, 3H), 2.58 — 2.52 (m, 1H), 2.43 —2.36 (m, 1H), 2.05 — 1.95 (m, 1H), 1.77 — 1.63 (m, 5H),
1.60 — 1.47 (m, 4H), 1.45 — 1.31 (m, 4H). '*C NMR (100 MHz, Chloroform-d) § 156.3, 127.9,
127.6, 126.8, 126.4, 126.4, 120.6, 110.8, 82.7, 77.6, 55.5, 40.3, 38.5, 37.6, 35.8, 30.7, 25.7, 24.1,
23.8. HRMS (ESI) calculated for [Ci9oH2NaO>] [M+Na]™: 309.1825 found: 309.1816.
Enantiomeric excess was determined by HPLC with a Chiralpak ODH+OD3 column (hexanes:
2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 37.06 min, minor enantiomer tr =

33.72 min..
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500_CMJ #1069 [modified by zhang group] UV_ VIS 1 CMJ #1070 [madified by zhang group] UV_VIS 1
AL WVL254 nm| AU 5 a7 oMVL254 nml
1-34127 B

2-37.680
300
4004

250+

300 200]

150
200+

100
100+

1-33(720

No. | RetTime Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU ___ mAU’min %
1 3413 na. 462964 669110  50.00 na BM* 1 3372 na 16415 24126 450 na BMB*
2 37.68 na. 443814 669042 50.00 na MB* 2 37.06 na 330940 512265 95.50 na BM *
Total: 906.778 1338.152 100.00 0.000 Total: 347355 536.390 100.00 0.000

4.1.6 (S, E)-2-(3-(3,4-dimethoxyphenyl)-allyl)-1-oxaspiro[4.5]decane (3f)

W M
OMe

3f

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 20: 1) give the product 3f
as a white liquid (40 mg, 66% yield) with 92% ee. [a]> = -3.2 (¢ = 0.4, Chloroform)."H NMR (500
MHz, Chloroform-d) 6 6.91 (d, J= 2.0 Hz, 1H), 6.87 (dd, J= 8.0, 2.0 Hz, 1H), 6.79 (d, J = 8.5 Hz,
1H), 6.36 (d, J=15.5 Hz, 1H), 6.12 — 6.06 (m, 1H), 4.09 — 4.03 (m, 1H), 3.89 (s, 3H), 3.86 (s, 3H),
2.52 -2.47 (m, 1H), 2.38 — 2.32 (m, 1H), 2.02 - 1.94 (m, 1H), 1.77 — 1.70 (m, 2H), 1.69 — 1.62 (m,
3H), 1.59 — 1.46 (m, 4H), 1.44 — 1.29 (m, 4H). 1*C NMR (125 MHz, Chloroform-d) & 148.9, 148.3,
131.4, 130.9, 125.0, 118.9, 111.1, 108.5, 82.8, 77.5, 55.9, 55.7, 39.8, 38.5, 37.6, 35.7, 30.7, 25.7,
24.1, 23.8. HRMS (ESI) calculated for [C2oH2sNaOs] [M+Na]": 339.1931 found: 339.1934.
Enantiomeric excess was determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol

=97: 3, 0.8 mL/min, 254 nm); major enantiomer tr = 16.77 min, minor enantiomer tr = 20.39 min.

S57



450_CMJ #997 [modified by zhang group] CMJ-04-134-02-wai-OJH-97:3-0.8-254 uv vis 1 600-CM #996 [modified by zhang group] uv_VIS 1
mAU mAU

WVL254 nm| WVL254 nm|

300+ 1-16.773

1-16.880 500

250+

2-20.467 100
200+
300+
150

200+
100
100+
50

2-20393

No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___mAU’min % min mAU __mAU*min %
1 16.88 na 285677 211606 4983 na BM* 1 16.77 na 499175  376.740 9585 na BMB*
2 2047 n.a. 237.953 213.029 50.17 n.a MB* 2 20.39 na 18.929 16.332 4.15 na BMB*
Total: 523629 424635 100.00 0.000 Total: 518104 393.071 100.00 0.000

4.1.7 (S, E)-2-(3-(3,4,5-trimethoxyphenyl)-allyl)-1-oxaspiro[4.5]decane (3g)

OMe
Me

3g
Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 10: 1) give the product 3g
as a white liquid (28 mg, 42% yield) with 84% ee. [a]y = -3.5 (¢ = 0.4, Chloroform). '"H NMR
(500 MHz, Chloroform-d) 6 6.57 (s, 2H), 6.35 (d, J = 16.0 Hz, 1H), 6.17 — 6.11 (m, 1H), 4.10 —
4.05 (m, 1H), 3.86 (s, 6H), 3.83 (s, 3H), 2.52 — 2.46 (m, 1H), 2.39 — 2.33 (m, 1H), 2.02 — 1.96 (m,
1H), 1.77 — 1.71 (m, 2H), 1.69 — 1.64 (m, 3H), 1.60 — 1.45 (m, 4H), 1.44 — 1.29 (m, 4H). '3C NMR
(126 MHz, Chloroform-d) 6 153.2, 137.3, 133.5, 131.6, 126.5, 103.0, 82.9, 77.4, 60.9, 56.0, 39.8,
38.5, 37.6, 35.7, 30.7, 25.7, 24.1, 23.8. HRMS (ESI) calculated for [C21H30NaO4] [M+Na]":
369.2036 found: 369.2031. Enantiomeric excess was determined by HPLC with a Chiralpak
ASH+ASH column (hexanes: 2-propanol = 90: 10, 0.3 mL/min, 254 nm); major enantiomer tr =

38.39 min, minor enantiomer tr = 36.41 min.
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406_CM #1006 [modified by zhang group] UV VIS 1

mAU WVL-254 nm| 700-CMJ #1005 [modified by zhang group] UV VIS 1
mAU WVL254 nim]
1-37660 538387
350+ 2-39.707
600
300
500+
250+
400-|
200
300+
150+
200-
100
50 1) 1{36k13
5 T T T T T -100 T T T T T o=
00 10.0 200 30.0 40.0 50.0 550 00 100 200 300 400 500 550
No. | RetTime Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU ___mAU'min % min mAU __ mAU'min %
1 37.66 na. 363371  358.189  46.97 na BM 1 36.41 na 70018 63.364 8.26 n.a BM*
2 39.71 n.a 343.531 404409 53.03 na M* 2 38.39 na 636.766  704.101 91.74 na MB*
Total: 706.902 762598 100.00 0.000 Total: 706.784 767465 100.00 0.000

4.1.8 (S, E)-2-(3-(4-fluorophenyl)-allyl)-1-oxaspiro[4.5]decane (3h)

F

3h

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3h
as a white liquid (35 mg, 64% yield) with 90% ee. [a]; = -6.4 (¢ = 0.4, Chloroform). '"H NMR
(500 MHz, Chloroform-d) 6 7.31 — 7.28 (m, 2H), 6.99 — 6.96 (m, 2H), 6.39 (d, J = 16.0 Hz, 1H),
6.18 — 6.12 (m, 1H), 4.10 — 4.04 (m, 1H), 2.52 — 2.46 (m, 1H), 2.40 — 2.33 (m, 1H), 2.01 — 1.95 (m,
1H), 1.77 — 1.61 (m, 5H), 1.58 — 1.52 (m, 4H), 1.46 — 1.30 (m, 4H). 3C NMR (125 MHz,
Chloroform-d) 6 161.9 (d, J = 245.7 Hz), 133.8 (d, J = 3.2 Hz), 130.6, 127.4, 127.4, 126.7 (d, J =
2.1 Hz), 115.3,115.2, 82.8, 77.4, 39.8, 38.5, 37.6, 35.7, 30.7, 25.7, 24.1, 23.8. 'F NMR (376 MHz,
Chloroform-d) & -115.6. HRMS (ESI) calculated for [CisH23NaFO] [M+Na]": 297.1625 found:
297.1617. Enantiomeric excess was determined by HPLC with a Chiralpak OJH+OJ3 column
(hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 23.13 min, minor

enantiomer tr = 26.34 min.
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. CMJ #1016 [modified by zhang group] UV VIS 1
100 S]l:a#mw [modified by zhang group] Wsrz\g!‘snwm 45020 Pt
1-23133
2-26.460 a00]
350
350+
300+ 1-23233
300+
250+
250
200+
200+
150
150+
1004
100+
50+ 50
2-26.340
[ . 1 o] —
50 T T T T T T T 50 T T T T T T T o
0.0 50 10.0 15.0 200 250 300 350 40.0 0.0 50 10.0 15.0 200 250 300 35.0 400
No. | Ret.Time Peak Name Height Area  RelArea Amount Type No. [ Ret.Time Peak Name Height Area  RelArea Amount Type
min mAU mAU*min % min mAU mAU min %
1 2323 na 205112 536.078 5001 na  BM" 1 2313  na 414757 761724 9475 na  BM*®
2| 2646 na 358.484  537.810  49.99 na MB* 2| 2634 na 28895 42212 525 na MB*
Total: 653.596 1075.888  100.00 0.000 Total: 443 652 803.936100.00 0.000

4.1.9 (S, E)-2-(3-(3-fluorophenyl)-allyl)-1-oxaspiro[4.5]decane (3i)

3i

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3i
as a white liquid (26 mg, 48% yield) with 88% ee. [a]y = -1.5 (¢ = 0.4, Chloroform). '"H NMR
(400 MHz, Chloroform-d) 6 7.27 — 7.21 (m, 1H), 7.10 (d, J = 7.6 Hz, 1H), 7.06 — 7.03 (m, 1H),
6.91 — 6.86 (m, 1H), 6.40 (d, /=16 Hz, 1H), 6.29 — 6.21 (m, 1H), 4.11 — 3.03 (m, 1H), 2.54 — 2.47
(m, 1H), 2.42 — 2.35 (m, 1H), 2.04 — 1.94 (m, 1H), 1.80 — 1.59 (m, SH), 1.62 — 1.44 (m, 4H), 1.46 —
1.29 (m, 4H). '3C NMR (100 MHz, Chloroform-d) & 163.1 (d, J = 244.7 Hz), 140.1 (d, J= 7.7 Hz),
130.8 (d, J = 2.6 Hz), 129.8 (d, J = 8.5 Hz), 128.5, 121.9 (d, J = 2.6 Hz), 113.7 (d, J = 21.4 Hz),
112.4 (d,J=21.7 Hz), 82.9, 77.2, 39.8, 38.5, 37.6, 35.8, 30.7, 25.7, 24.1, 23.8. ’F NMR (376 MHz,
Chloroform-d) § -113.9. HRMS (ESI) calculated for [CisH23NaFO] [M+Na]": 297.1625 found:
297.1615. Enantiomeric excess was determined by HPLC with a Chiralpak OJH+OJH+OJ3 column
(hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); major enantiomer tr = 8.841 min, minor

enantiomer tr = 9.368 min.
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PDA Multi 1 254nm,dnm|
PDA ulti 1 254nm 4nml
50—
. 100+ 3
- =
2 |
I =3
2~ [ |
- [ ! 50+
) I
- [ &
- |3
o VAW [
- L _ _ [ S N
T 0 o v T T . T T T T T T T
00 25 50 s 100 195 150 00 25 5.0 7.5 10.0 125 15.0 175 200
} ) min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak® Ret, Time | Height Height% Area Area% Peak# Ret. Time  Height Height?% Area Areata
1 8517 29605 53.258 312115 50.098 1 8.841 86923 95.144 747094 94.178
2 9.126 25964 46.742 310885 49.902 2 9.368 4436 4.856 46185 5.822

55589 100.000 623010]  100.000 Total 91359 100.000 793279 100.000

4.1.10 (S, E)-2-(3-(thiophen-2-yl)-allyl)-1-oxaspiro[4.5]decane (3}))

O ’\\\\ = =
/

3j

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3j
as a white liquid (21 mg, 41% yield) with 90% ee. [a]> = -1.3 (¢ = 0.4, Chloroform)."H NMR (400
MHz, Chloroform-d) & 7.09 (d, J= 5.2 Hz, 1H), 6.93 (dd, J = 4.8, 3.2 Hz, 1H), 6.87 (d, /= 3.6 Hz,
1H), 6.56 (d, J=15.6 Hz, 1H), 6.10 — 6.03 (m, 1H), 4.10 — 4.03 (m, 1H), 2.51 —2.44 (m, 1H), 2.38
—2.30 (m, 1H), 2.02 — 1.94 (m, 1H), 1.78 — 1.60 (m, 5SH), 1.61 — 1.43 (m, 4H), 1.46 — 1.28 (m, 4H).
3C NMR (100 MHz, Chloroform-d) § 142.9, 127.1, 126.9, 125.0, 124.4, 123.2, 82.8, 77.3, 39.7,
38.5, 37.6, 35.8, 30.7, 25.7, 24.1, 23.8. HRMS (ESI) calculated for [CisH22NaSO] [M+Na]":
285.1284 found: 285.1279. Enantiomeric excess was determined by HPLC with a Chiralpak OJH
column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 12.91 min,

minor enantiomer tr = 15.65 min.
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CMJ #1082 [modified by zhang group] UV VIS 1 CMJ #1081 [modified by zhang group] UV VIS 1
180
AU AU

> 15080 WVL2564 nm| WVL:254 nin
160 175 1-12913
140
150+
1204
126
100
100+
80
75
60
10 50]
20 26
2-15653
ol P Y SR
20 T T T T T T T T T o - T T T T T T T T T ul
0.0 25 50 75 100 125 15.0 175 200 25 250 0.0 25 5.0 75 10.0 125 15.0 175 200 225 250
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % min mAU _ mAU*min Yo
1 12.45 na 158759 205988 5096 na BM * 1 12.91 n.a. 169.700 207.284 94.98 n.a BM*
2 15.08 na 169.302  198.194 4904 na MB* 2 15.65 na. 9.869 10.965 5.02 na MB*
Total: 328.061 404.181 100.00 0.000 Total: 179.578  218.249 100.00 0.000

4.1.11 (S, E)-2-(3-(naphthalen-1-yl)-allyl)-1-oxaspiro[4.5]decane (3k)
3k

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3k
as a white liquid (40 mg, 65% yield) with 93% ee. [a]> = -8.3 (c = 0.4, Chloroform)."H NMR (500
MHz, Chloroform-d) 6 8.15 (d, /= 8.0 Hz, 1H), 7.85 (d, /= 7.5 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H),
7.58 (d, J=7.0 Hz, 1H), 7.54 — 7.47 (m, 2H), 7.45 (t, J = 7.5 Hz, 1H), 7.20 (d, J = 15.5 Hz, 1H),
6.30 — 6.24 (m, 1H), 4.19 — 4.14 (m, 1H), 2.70 — 2.64 (m, 1H), 2.55 — 2.49 (m, 1H), 2.08 — 2.01 (m,
1H), 1.82 — 1.68 (m, 5H), 1.66 — 1.50 (m, 4H), 1.49 — 1.34 (m, 4H). 3C NMR (125 MHz,
Chloroform-d) 6 135.5, 133.6, 131.1, 130.2, 129.0, 128.4, 127.3, 125.8, 125.6, 125.6, 123.9, 123.6,
82.8, 77.4, 40.2, 38.5, 37.6, 35.8, 30.7, 25.7, 24.1, 23.8. HRMS (ESI) calculated for [C22H26NaO]
[M+Na]": 329.1876 found: 329.1875. Enantiomeric excess was determined by HPLC with a
Chiralpak OJH column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 210 nm); major enantiomer tr =

19.69 min, minor enantiomer tr = 23.88 min.
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400 ﬁ%’ng [modified by zhang group) W\L}Ez‘fosml cr\:ﬂlmuﬂ [modified by zhang group] W\efz\ﬂf 1
™ 1-19.603 nm
1-20.353
350 2-24383 700
3004 600
2504 500
2004 400+
1507 3004
1004 200-]
50 100
AN 2-23880
o] o —_—
-50- T T T T T T -100 T T T T T T
0.0 50 10.0 150 200 250 320 00 50 100 150 200 280 320
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU___mAU"min % min mAU __ mAU*min %
1 20.35 na 359000 434804 5033 na BM * 1 19.69 750029 087.366 0630 na BMB*
2 2435 na 336.199 420149 4967 na M 2 23.88 n.a. 31.042 37.950 370 na BMB*
Total: 695289 863.954 100.00 0.000 Total: 781.071 1025.316 100.00 0.000

4.1.12 (S, E)-2-(3-(naphthalen-2-yl)-allyl)-1-oxaspiro[4.5]decane (3])

O™~

3l

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 31
as a white liquid (34 mg, 56% yield) with 91% ee. [a]> = -5.4 (¢ = 0.4, Chloroform)."H NMR (500
MHz, Chloroform-d) & 7.80 — 7.63 (m, 3H), 7.69 (s, 1H), 7.60 (dd, J = 8.5, 1.5 Hz, 1H), 7.47 — 7.40
(m, 2H), 6.61 (d, J = 16.0 Hz, 1H), 6.41 — 6.35 (m, 1H), 4.15 — 4.10 (m, 1H), 2.62 — 2.56 (m, 1H),
248 —2.42 (m, 1H), 2.06 — 1.98 (m, 1H), 1.82 — 1.65 (m, 5H), 1.65 — 1.49 (m, 4H), 1.49 — 1.31 (m,
4H). *C NMR (125 MHz, Chloroform-d) § 135.1, 133.6, 132.7, 131.9, 128.0, 127.8, 127.6, 127.4,
126.1, 125.5, 125.5, 123.5, 82.8, 77.4, 40.0, 38.5, 37.6, 35.7, 30.8, 25.7, 24.2, 23.8. HRMS (ESI)
calculated for [C22H26NaO] [M+Na]": 329.1876 found: 329.1869. Enantiomeric excess was
determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 210

nm); major enantiomer tr = 33.72 min, minor enantiomer tr = 39.15 min.
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CMJ #1030 [modified by zhang group Uv_vis 1
AU WVL210 i

No. [ Ret.Time Peak Name Height ~ Area  Rel.Area Amount  Type No. | Ret.Time Peak Name Height  Area  Rel.Area Amount  Type
min mAU__mAU'min__ % min mAU__mAU'min__%
1] 3359 na 215210 258037 49.82 na  BM* 1| 3372 na 496.638 640731 9531 na.  BM*
2| 3825 na 188.558 260833 50.18 na___MB" 2| 3015 na 24.851 31534 469 na__ BMB®
Total: 403768 519.770 100.00 0.000 Total: 521480 672264 100.00 0.000

4.1.13 (5)-2-((2E ,4E)-5-phenylpenta-2,4-dien-1-yl)-1-oxaspiro[4.5]decane (3m)

3m

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3m
as a white liquid (47 mg, 83% yield) with 92% ee. [a]y = 10.4 (¢ = 0.4, Chloroform). 'H NMR
(500 MHz, Chloroform-d) 8 7.38 (d, J= 7.3 Hz, 1 H), 7.33 — 7.27 (m, 2 H), 7.20 (t, /= 7.3 Hz, 1
H), 6.77 (dd, J = 15.6, 10.4 Hz, 1 H), 6.46 (d, J=15.6 Hz, 1 H), 6.26 (dd, J=15.2, 10.4 Hz, 1 H),
5.90 - 5.77 (m, 1 H), 4.10 - 3.98 (m, 1 H), 2.54 — 2.41 (m, 1 H), 2.38 — 2.23 (m, 1 H), 2.07 — 1.90
(m, 1 H), 1.77 — 1.65 (m, 4 H), 1.64 — 1.47 (m, 5 H), 1.48 — 1.31 (m, 4 H). >*C NMR (125 MHz,
Chloroform-d) 6 137.5, 132.4, 131.5, 130.4, 129.2, 128.5, 127.1, 126.1, 82.7, 77.3, 39.8, 38.5, 37.5,
35.6, 30.7, 25.6, 24.1, 23.8. HRMS (ESI) calculated for [C20H26NaO] [M+Na]*: 305.1876 found:
305.1878. Enantiomeric excess was determined by HPLC with a Chiralpak OJH column (hexanes:

2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 20.67 min, minor enantiomer tr =

24.06 min.
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CMJ #913 [modified by zhang group] __CMJ-04 54-wai-OJH-99:1.05254 UV VIS 1 1 600_CMJ #912 [modified by zhang group] _ CMJ-04-54-shou-OJH-99:1-0.5-254 UV VIS 1
AU WVL254 nm] mAU WVL254 nm|
1-20.367 1-20673
1,400
500 223433
1,200
4004
1,000
300+ 800
2004 600-|
400+
100-{
2004
L e — 2-24.060
{
- T T T T T -20 T T T T T
0.0 50 100 150 200 250 300 00 50 10.0 15.0 200 250 300
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAUmin % min mAU___ mAU"min %
1 2037 na 536876 661609 5168 na BM™ 1 2067 na 1444133 1854477  96.00 na BM *
2 2343 na 493854 618488 4832 na MB* 2 2406 na 63 956 77.235 400 na BMB*
Total: 1030.730 1280.097 100.00 0.000 Total: 1508.089 1931.712 100.00 0.000

4.1.14 (5)-2-(cyclohex-1-en-1-ylmethyl)-1-oxaspiro[4.5]decane (3n)

3n

Prepared according to typical procedure at RT for 96 hours by using [Pd(allyl)Cl]> (5 mol%), Xu8
(20 mol%) from y-hydroxyalkenes 1b (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 3n
as a white liquid (28 mg, 60% yield) with 90% ee. [a]; = -5.8 (¢ = 0.4, Chloroform). 'H NMR
(500 MHz, Chloroform-d) 6 5.42 (t, J= 3.5 Hz, 1 H), 4.10 — 3.91 (m, 1 H), 2.30 (dd, J=13.4, 5.5
Hz, 1 H),2.03 - 1.87 (m, 6 H), 1.74 — 1.61 (m, 4 H), 1.61 — 1.43 (m, 9 H), 1.42 — 1.28 (m, 4 H). '°C
NMR (125 MHz, Chloroform-d) & 135.2, 122.7, 82.4, 76.7, 45.1, 38.6, 37.6, 35.6, 31.1, 29.0, 25.7,
25.2,24.1, 23.8, 22.9, 22.4. HRMS (ESI) calculated for [CisH26NaO] [M+Na]": 257.1876 found:
257.1878. Enantiomeric excess was determined by HPLC with a Chiralpak OJH+OJH+0J3 column
(hexanes: 2-propanol = 99: 1, 0.5 mL/min, 210 nm); major enantiomer tr = 23.13 min, minor

enantiomer tr = 22.36 min.
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1 200CM! #5822 [modiified by zhang group] UV VIS 1 550 CMJ #923 [modiied by zhang group] v _VIS_1
AU WVL210 am| AU WVL210 i
2-23.133
1,000 1-215282387
4004
800+
600 300
4004 200+
2004
100
NI A e — (- ahko
—_
i
E T T T T T T T -50- T T T T T T T
150 180 200 220 240 260 280 300 15.0 18.0 200 220 240 260 280 300
No. [ RetTime Peak Name Height Area  Rel.Area Amount Type No. [ Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU___mAU'min % min mAU___mAU’min %
1 21.62 na. 970.096 226119  50.00 na BM * 1 2236 na 27.638 6.157 5.09 na BMB*
2 22.39 n.a. 987.383 226124  50.00 n.a. MB* 2 23.13 na 496.817 114717 9491 n.a M*
Total: 1957.479 452243 100.00 0.000 Total: 524455 120874 100.00 0.000

4.1.15 Synthesis of (S, E)-2-(3-phenylbut-2-en-1-yl)-1-oxaspiro[4.5]decane (30)

O™

30
Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 30 as a
white liquid (34 mg, 63% yield) with 87% ee. [o]5 = -2.5 (¢ = 0.4, Chloroform)."H NMR (400
MHz, Chloroform-d) 6 7.41 — 7.34 (m, 2H), 7.33 — 7.27 (m, 2H), 7.24 — 7.18 (m, 1H), 5.80 (tq, J =
7.3, 1.4 Hz, 1H), 4.07 (tt, J= 7.5, 5.4 Hz, 1H), 2.56 (dddd, J = 14.5, 7.2, 5.2, 1.0 Hz, 1H), 2.35 (dtd,
J=14.6,7.4,1.0 Hz, 1H), 2.08 —2.01 (m, 3H), 2.02 — 1.93 (m, 1H), 1.79 — 1.61 (m, 5H), 1.53 (tq,
J = 6.3, 3.7 Hz, 4H), 1.45 — 1.28 (m, 4H). 3C NMR (100 MHz, Chloroform-d) § 143.9, 136.3,
128.1, 126.6, 125.7, 124.3, 82.7, 77.6, 38.6, 37.7, 35.9, 35.7, 30.9, 25.7, 24.2, 23.9, 16.1. HRMS
(ESI) calculated for [C19H26NaO] [M+Na]": 293.1876 found: 293.1868. Enantiomeric excess was
determined by HPLC with a Chiralpak OJH-OJH column (hexanes: 2-propanol = 99: 1, 0.6 mL/min,

254 nm); major enantiomer tr = 16.400 min, minor enantiomer tr = 16.989.

mAL mAU
POA R T 254nm 4nm 1 Ty A
a0-]
2 2
2 s
30] i =
| | ]
20 | | “
I | 504 |
10 |
i || o
| | 2
|2
o S L S I g
o I N }
5 10 15 2 2% 30 5 10 15 20 25
min !
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Chi 254nm
Peak# Ret Time| Height | Height% Area Areat%h Peaké Ret, Tme | Height _Height% Area Area%h
1 16774 27340 51036 370033 49.477 1 16,400 54703 93596| 1185985 93.439
2 17383 26230 48.964 378770 50.583 2 16,989 5798 5.404 83276 &.561
Total 53570 100000 748803  100.000 Total 90499 100.000|  1269261|  100.000
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4.1.16 (S, E£)-10-(3-(4-methoxyphenyl)-allyl)-1,4,9-trioxadispiro[4.2.48.25]tetradecane (4a)

4 OMe
a

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column

chromatography on a silica gel (petroleum ether: ethyl acetate = 10: 1) give the product 4a as a

white liquid (43 mg, 63% yield) with 88% ee. [a]p = -9.6 (¢ = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) 6 7.29 — 7.25 (m, 2H), 6.85 — 6.81 (m, 2H), 6.37 (d, J = 15.6 Hz, 1H), 6.12 —
6.04 (m, 1H), 4.08 — 4.01 (m, 1H), 3.97 — 3.90 (m, 4H), 3.79 (s, 3H), 2.50 — 2.43 (m, 1H), 2.38 —
2.31 (m, 1H), 2.01 — 1.96 (m, 1H), 1.93 — 1.84 (m, 2H), 1.80 — 1.70 (m, 4H), 1.70 — 1.64 (m, 2H),
1.61 — 1.52 (m, 3H). 3C NMR (100 MHz, Chloroform-d) & 158.7, 131.2, 130.5, 127.0, 124.6,
113.9, 108.7, 81.0, 77.9, 64.2, 64.1, 55.2, 39.8, 36.2, 35.5, 34.3, 31.8, 31.8, 30.5. HRMS (ESI)
calculated for [C2iH2sNaOs] [M+Na]™: 367.1880 found: 367.1873. Enantiomeric excess was
determined by HPLC with a Chiralpak ADH column (hexanes: 2-propanol = 60: 40, 0.5 mL/min,

254 nm); major enantiomer tr = 11.45 min, minor enantiomer tr = 10.69 min.
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1017 T
10.93 r

1892219 615732 51.87
1739.297 571.296  48.13

BM *
MB*

10.69 na
11.45 T

222.057 62.811
2521.153  968.983

6.09
93.91

na

BMB*
BMB*

3631.517 1187.028 100.00

0.000

2743.210 1031.794

100.00 0.000

4.1.17 (8, E)-8,8-difluoro-2-(3-(4-methoxyphenyl)-allyl)-1-oxaspiro[4.5]decane (4b)

S
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F O
> X I L
OMe
4b

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 4b as a
white liquid (38 mg, 60% yield) with 87% ee. [o]5 = -5.4 (¢ = 0.4, Chloroform)."H NMR (500
MHz, Chloroform-d) § 7.29 (d, J= 9.0 Hz, 2H), 6.85 (d, J = 9.0 Hz, 2H), 6.39 (d, /= 15.5 Hz, 1H),
6.10 — 6.04 (m, 1H), 4.09 — 4.04 (m, 1H), 3.80 (s, 3H), 2.50 — 2.45 (m, 1H), 2.39 — 2.33 (m, 1H),
2.23 —2.05 (m, 2H), 2.04 — 1.99 (m, 1H), 1.96 — 1.86 (m, 2H), 1.82 — 1.59 (m, 7H). '3C NMR (125
MHz, Chloroform-d) & 158.8, 131.4, 130.4, 127.1, 124.3, 123.6 (t, J = 240.1 Hz), 113.9, 80.0, 78.2,
55.2,39.6, 36.4 (d, J= 2.1 Hz), 34.3 (dd, J = 7.8, 2.0 Hz), 33.0 (dd, J = 8.0, 2.0 Hz), 309 (d, J =
24.5 Hz), 30.7 (d, J = 24.1 Hz), 30.5. ’F NMR (376 MHz, Chloroform-d) & -93.8 (d, J = 235.0 Hz),
-102.5 (d, J = 234.9 Hz). HRMS (ESI) calculated for [Ci9H24NaF,0,] [M+Na]": 345.1637 found:
345.1627. Enantiomeric excess was determined by HPLC with a Chiralpak OJH+OJ3 column
(hexanes: 2-propanol = 90: 10, 0.5 mL/min, 254 nm); major enantiomer tr = 50.19 min, minor

enantiomer tr = 45.05 min.

s00-CMJ #1211 [modified by zhang group] UV_VIS_1 | CMJ #1210 [modified by zhang group] UV _VIS 1
AU WVL254 A0 TAT WVL254 )
2-50.193

2-49727 1,2004

1,000

800-{

600-{

400

200+
200+
100 1-45.04
B
T T

0.0 100 200 300 400 500 60.0 0.0 100 200 W00 400 500 60.0

No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU'min % min mAU__ mAU'min %
1 4423 na 736491 531933 4987 na BMB* 1 45.05 na 119.288 82.333 668 na BMB*
2 4973 n.a. 666.416 534668 50.13 na BMB* 2 50.19 n.a. 1309.592 1150.666 93.32 na BMB*
Total: 1402.907 1066.601 100.00 0.000 Total: 1428880 1232999 100.00 0.000

4.1.18 (8, E)-2-(3-(4-methoxyphenyl)-allyl)-1,8-dioxaspiro[4.5]decane (4¢)

OMe

4c
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Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H»O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 10: 1) give the product 4¢ as a white liquid (42 mg, 75% yield) with 85% ee. [a]y = -7.8
(c = 0.4, Chloroform).'"H NMR (400 MHz, Chloroform-d) & 7.27 (d, J = 8.8 Hz, 2H), 6.84 (d, J =
8.8 Hz, 2H), 6.38 (d, J = 16.0 Hz, 1H), 6.11 — 6.03 (m, 1H), 4.11 — 4.04 (m, 1H), 3.87 — 3.81 (m,
2H), 3.79 (s, 3H), 3.66 — 3.59 (m, 2H), 2.53 — 2.46 (m, 1H), 2.39 — 2.32 (m, 1H), 2.06 — 1.98 (m,
1H), 1.85 — 1.76 (m, 1H), 1.75 — 1.69 (m, 2H), 1.68 — 1.59 (m, 4H). 3C NMR (100 MHz,
Chloroform-d) 6 158.8, 131.4, 130.4, 127.1, 124.3, 113.9, 79.4, 77.9, 65.5, 65.4, 55.2, 39.7, 38.7,
37.6, 36.5, 30.3. HRMS (ESI) calculated for [Ci1sH24NaO3] [M+Na]": 311.1618 found: 311.1611.
Enantiomeric excess was determined by HPLC with a Chiralpak IC+IC column (hexanes:
2-propanol = 60: 40, 0.5 mL/min, 254 nm); major enantiomer tr = 27.05 min, minor enantiomer tr =

28.22 min.

Cm#mﬂ [modified by zhang group] W\‘jt/z‘ﬁ’:f ! CMJ #1123 [modified by zhang group] UV_VIS_t
= ] 1,801
mAU TVL254 i

1-27.083
- 27440680
600+ 1,600

1,400

1,200

1.000]

300 800

600

400+

100
2007 2-28220
ol
100 T T T T T T o T T T T T T

No. Ret.Time Peak Name Height Area Rel.Area  Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___mAU*min % min mAU___ mAU'min %
1 2744 na 618.687 299629 4857 na BM * 1 27.05 na 1668.984 824067 9225 na BM *
2 28 68 na 613191 317.211 5143 na M= 2 28.22 n.a. 138.669 69.224 775 n.a M
Total: 1231.878 616.840 100.00 0.000 Total: 1807.654  893.291 100.00 0.000

4.1.19 (8, E)-2-(3-(4-methoxyphenyl)-allyl)-1-oxaspiro[4.6]Jundecane (4d)

OMe

4d

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 4d as a

white liquid (32 mg, 54% vyield) with 88% ee. [0 = -5.5 (¢ = 0.4, Chloroform). 'H NMR (400
S69



MHz, Chloroform-d) 6 7.27 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.36 (d, /= 16 Hz, 1H),
6.11 — 6.03 (m, 1H), 4.03 — 3.97 (m, 1H), 3.79 (s, 3H), 2.53 — 2.46 (m, 1H), 2.37 — 2.29 (m, 1H),
1.99 — 1.92 (m, 1H), 1.82 — 1.50 (m, 13H), 1.49 — 1.35 (m, 2H). *C NMR (100 MHz,
Chloroform-d) 6 158.7, 131.1, 130.6, 127.1, 124.7, 113.9, 86.4, 77.7, 55.2, 41.6, 40.6, 39.7, 37.9,
30.5, 29.5, 29.4, 23.2, 22.9. HRMS (ESI) calculated for [C20H2sNaO>] [M+Na]*: 323.1982 found:
323.1978. Enantiomeric excess was determined by HPLC with a Chiralpak OJH+OJH column
(hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 46.11 min, minor

enantiomer tr = 48.99 min.

4 #1075 [modified by zhang group] UV VIS 1 200 CMJ #1076 [modified by zhang group] VIS
WVL254 nm| b nAU WVL:254 nm|

El | | ‘ 50 |
|

‘“ 5001 “
|
] |

400

ES RIR 101

Vo | 2-anom
. PN I SR WA ANS - I B4 N
oo 10.0 200 300 00 00 0.0 700
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__mAU'min___ % min mAU__mAU‘min__ %
1| 4767 na 404595 499529 4954 na  BM" 1| 4611 760025 B67480 0308 na._ BM*
2| 5038 na 385167 508828 5046 r M 2| 4899 na 46420 55798 604 na___ MB*
Total: 789763 1008357 100.00 0.000 Total: 815445 923267 100.00 0.000

4.1.20 (S, E)-2-(3-(4-methoxyphenyl)-allyl)-1-oxaspiro[4.4]nonane (4e)

OMe

4e

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 4e as a
white liquid (43 mg, 79% yield) with 93% ee. [o]5 = -11.1 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) & 7.27 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.37 (d, /= 16.0 Hz, 1H),
6.10 — 6.03 (m, 1H), 4.06 — 3.99 (m, 1H), 3.78 (s, 3H), 2.52 — 2.46 (m, 1H), 2.37 — 2.30 (m, 1H),
2.03 — 1.95 (m, 1H), 1.89 — 1.73 (m, 6H), 1.56 — 1.64 (m, 1H), 1.63 — 1.45 (m, 4H). *C NMR (100
MHz, Chloroform-d) & 158.7, 131.2, 130.5, 127.1, 124.6, 113.9, 91.2, 77.9, 55.2, 39.9, 39.1, 38.3,
36.5, 31.1, 24.0. HRMS (ESI) calculated for [Ci1gH24NaO>] [M+Na]": 295.1669 found: 295.1668.
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Enantiomeric excess was determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol

=99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 27.22 min, minor enantiomer tr = 30.29 min.

CMJ #1034 [modified by zhang group] WV VIS 1 300-CMJ #1033 [modified by zhang group] UV VIS 1
mAU WVL254 o] mAU WVL254 nm
1-27.420
700+
0 1-27.220
2-30.293 6004
200+
500+
150 400
100] 300+
2004
50
1004
— 2-30633
5 T T T T T T T -100 T T T T T T T
00 50 100 15.0 200 250 300 350 400 0.0 50 10.0 150 200 250 300 35.0 40.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU ___mAU’min % min mAU___ mAU"min %
1 27.22 na 237244 204787 4994 na BM * 1 27.42 na 710,108 864106 96.49 na BM™
2 30.29 na 219533 295518 50.06 n.a. M* 2 30.63 n.a 25.582 31478 3.51 na BMB*
Total: 456.777  590.305 100.00 0.000 Total: 735689 895584 100.00 0.000

4.1.21 (S, E)-5-(3-(4-methoxyphenyl)-allyl)-2,2-dimethyltetrahydrofuran (4f)
Me O o =
L2
><j OMe
4f

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H»O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 80: 1) give the product 4f as a white liquid (43 mg, 87% yield) with 91% ee. [a]y = -12.7
(c = 0.4, Chloroform). "H NMR (400 MHz, Chloroform-d) & 7.28 (d, J = 8.8 Hz, 2H), 6.83 (d, J =
8.8 Hz, 2H), 6.38 (d, J = 16.0 Hz, 1H), 6.12 — 6.04 (m, 1H), 4.11 — 4.05 (m, 1H), 3.80 (s, 3H), 2.53
—2.46 (m, 1H), 2.39 - 2.31 (m, 1H), 2.04 — 1.98 (m, 1H), 1.72 — 1.69 (m, 1H), 1.67 — 1.65 (m, 2H),
1.27 (s, 3H), 1.24 (s, 3H). 3C NMR (100 MHz, Chloroform-d) & 158.8, 131.3, 130.6, 127.1, 124.5,
113.9, 80.7, 78.2, 55.3, 39.9, 38.5, 31.2, 29.2, 28.1. HRMS (ESI) calculated for [CisH22NaO3]
[M+Na]": 269.1512 found: 269.1507. Enantiomeric excess was determined by HPLC with a
Chiralpak OJH+OJ3 column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer

tr = 56.59 min, minor enantiomer tr = 60.39 min.
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CMJ #1036 [modified by zhang group] UV_VIS_1 ‘CMJ #1037 [modified by zhang group] Uv_VIS_1
FrA WVLZ54 300TRD WVLZ54 |
1 -56.567
300 1-56593
250-|
2-60.253
250-|
200-{
200
1509
1504
1004
100
50-{
50+
2-60393
ol o — U\
50 : ; r ; ; r = 50 , , , ; , T =
00 10.0 200 30.0 400 50.0 60.0 700 0.0 10.0 200 30.0 400 50.0 60.0 70.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min % min mAU __ mAU*min %
1 56.59 n.a. 204.033  403.581 49.78 n.a BM 1 56.59 na. 271243 420597 9529 na BM *
2 60.25 na 274703 407222 5022 na MB* 2 60.39 n.a. 13.821 20.796 471 n.a BMB*
Total: 568.736  810.803 100.00 0.000 Total: 285065 441.393 100.00 0.000

4.1.22 (S, E)-5-(3-(4-fluorophenyl)-allyl)-2,2-dimethyltetrahydrofuran (4g)
Me O oW =
w10
F
4g

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H»O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 80: 1) give the product 4g as a white liquid (20 mg, 43% yield) with 89% ee. [a]5 = -8.4
(c = 0.4, Chloroform). 'H NMR (400 MHz, Chloroform-d) & 7.32 — 7.28 (m, 2H), 6.99 — 6.95 (m,
2H), 6.39 (d, J=16.0 Hz, 1H), 6.18 — 6.10 (m, 1H), 4.11 — 4.05 (m, 1H), 2.53 — 2.46 (m, 1H), 2.40
—2.33 (m, 1H), 2.06 — 1.98 (m, 1H), 1.78 — 1.63 (m, 3H), 1.27 (s, 3H), 1.24 (s, 3H). 1*C NMR (100
MHz, Chloroform-d) 6 161.9 (d, J = 244.3 Hz), 133.8 (d, /= 3.3 Hz), 130.7, 127.4 (d, J = 7.8 Hz),
126.5 (d, J=2.3 Hz), 115.3 (d, J = 21.2 Hz), 80.8, 78.0, 39.8, 38.4, 31.2, 29.2, 28.1. 'F NMR (376
MHz, Chloroform-d) & -115.6. HRMS (ESI) calculated for [Ci1sHi9NaFO] [M+Na]*: 257.1312
found: 257.1303. Enantiomeric excess was determined by HPLC with a Chiralpak ASH column
(hexanes: 2-propanol = 99.5: 0.5, 0.6 mL/min, 254 nm); major enantiomer tr = 15.387 min, minor

enantiomer tr = 14.391 min.
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100 PDAMulti 1 254nm,4nm|
PDA Multi 1 254nm,4nm

75
50 8
=

25 L

14301

o I A U I N

5 10 1 20 2 a0 3 10 1 20 S
<Peak Table> <Peak Table>
PDACh1 254nm PDACh1 254nm
Peak# Ret. Time Height Height% Area rea% Peak# Ret. Time Height Height% Area Area%
1. 14145 51008 55.673| 1240202 49.025 1] 14391 1390 6.403 36183 5642
2 15211 40611 44327| 1289554 50.975 2| 15387 20325 93.597 605183 94.358
Total 91617 100.000| 2529756  100.000 Total 21716)  100.000 641367 100.000

4.1.23 (S, E)-5-(3-(2-methoxyphenyl)-allyl)-2,2-dimethyltetrahydrofuran (4h)

OMe
Me O \\\\\ =
v
4h

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H»O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 80: 1) give the product 4h as a white liquid (34 mg, 68% yield) with 91% ee. [a]; = -16.3
(c = 0.4, Chloroform)."H NMR (400 MHz, Chloroform-d) § 7.43 (dd, J = 7.6, 1.6 Hz, 1H), 7.21 —
7.17 (m, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.77 (d, J = 16.0 Hz, 1H), 6.26 —
6.18 (m, 1H), 4.14 — 4.07 (m, 1H), 3.84 (s, 3H), 2.59 — 2.52 (m, 1H), 2.44 — 2.37 (m, 1H), 2.05 —
1.99 (m, 1H), 1.77 — 1.69 (m, 3H), 1.28 (s, 3H), 1.25 (s, 3H). '3*C NMR (100 MHz, Chloroform-d) &
156.3, 127.9, 127.3, 126.7, 126.5, 126.4, 120.6, 110.8, 80.6, 78.2, 55.4, 40.2, 38.4, 31.1, 29.1, 28.1.
HRMS (ESI) calculated for [CisH22NaO>] [M+Na]": 269.1512 found: 269.1508. Enantiomeric
excess was determined by HPLC with a Chiralpak ODH+OD3 column (hexanes: 2-propanol = 99:

1, 0.5 mL/min, 254 nm); major enantiomer tr = 43.01 min, minor enantiomer tr = 38.70 min.
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CMJ #1182 [modified by ang group] Uv VIS 1 3
mAU WVL254 AU WVL:254 nm

300 | |

/\ —_— VAN
S S — S —
! () 50 10.0 180 200 240 T30 320 ada w0
No. [ Ret.Time Peak Name Height Area  RelArea Amount Type No. | RetTime Peak Name Height Area  Rel.Area Amount Type
min mAU mAU*min %o min mAU ___mAU'min %

1 37.66 na 170.118  233.404 50.16 na mMB* 1 38.70 n.a. 34.788 34.652 4.65 n.a. BMB*

2| 4205 na 166.414 231920 4984 na.__ BMB* 2] 4301 na 621.030 710411 9535 na__ BMB*
Total: 336.532 465323 100.00 0.000 Total: 655819  744.763  100.00 0.000

4.1.24 (S)-5-cinnamyl-2,2-dimethyltetrahydrofuran (4i)

Me O o =
ve_]

4i

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H»O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 80: 1) give the product 4i as a white liquid (21 mg, 47% yield) with 90% ee. [a];, =-14.3
(c = 0.4, Chloroform).'H NMR (400 MHz, Chloroform-d) & 7.37 — 7.35 (m, 2H), 7.31 — 7.26 (m,
2H), 7.22 — 7.18 (m, 1H), 6.44 (d, J=16.0 Hz, 1H), 6.27 — 6.20 (m, 1H), 4.13 —4.07 (m, 1H), 2.56
—2.49 (m, 1H), 2.42 — 2.35 (m, 1H), 2.06 — 1.98 (m, 1H), 1.77 — 1.73 (m, 2H), 1.72 — 1.68 (m, 1H),
1.28 (s, 3H), 1.25 (s, 3H). 3C NMR (100 MHz, Chloroform-d) & 137.7, 131.9, 128.4, 126.9, 126.7,
126.0, 80.7, 78.1, 39.8, 38.4, 31.2, 29.2, 28.1. HRMS (ESI) calculated for [C15sH20NaO] [M+Na]":
239.1406 found: 239.1398. Enantiomeric excess was determined by HPLC with a Chiralpak
ODH+ODH+OD3 column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer

tr = 30.51 min, minor enantiomer tr = 26.75 min.
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CMJ #1187 [modified by zhang grou uv_vis 1 —
AU WL 254 ol . n,rA.uJau 188 [modified by zhang group]
AL

1-26647 I\

- T T T T T
00 5.0 10.0 150 200 250 300 .0 200 450

No. | RetTime Peak Name Height Area  Rel.Area Amount Type No. [ Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__mAU’min % min mAU __mAU*min %
1 26.65 na 113645 179.576 4933 na M 1 26.75 n.a. 67.322 86.004 5.25 n.a. BMB"
2 30.37 na. 90.180 184443 50.67 na MB* 2 30.51 na 807107 _1551.586 9475 na BMB*
Total: 203.825 364.019 100.00 0.000 Total 874430 1637.500 100.00 0.000

4.1.25 (S, E)-2,2-dimethyl-5-(3-(naphthalen-1-yl)-allyl)tetrahydrofuran (4j)

4]

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H»O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 80: 1) give the product 4j as a white liquid (39 mg, 73% yield) with 89% ee. [a]; =-15.7
(c = 0.4, Chloroform)."H NMR (400 MHz, Chloroform-d) & 8.15 (d, J = 7.6 Hz, 1H), 7.87 — 7.84
(m, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 7.2 Hz, 1H), 7.55 — 7.49 (m, 2H), 7.48 — 7.43 (m,
1H), 7.21 (d, J=15.6 Hz, 1H), 6.35 — 6.20 (m, 1H), 4.27 — 4.12 (m, 1H), 2.74 — 2.62 (m, 1H), 2.60
—2.47 (m, 1H), 2.15 - 2.05 (m, 1H), 1.86 — 1.74 (m, 4H), 1.33 (s, 4H), 1.29 (s, 4H). 1*C NMR (100
MHz, Chloroform-d) 6 135.4, 133.6, 131.1, 129.9, 129.2, 128.4, 127.3, 125.8, 125.6, 123.9, 123.6,
80.7, 78.0, 40.1, 38.5, 31.2,29.2, 28.1. '3C NMR (100 MHz, Chloroform-d) & 137.7, 131.9, 128.4,
126.9, 126.7, 126.0, 80.7, 78.1, 39.8, 38.4, 31.2, 29.2, 28.1. HRMS (ESI) calculated for
[C19oH22NaO] [M+Na]": 289.1563 found: 289.1559. Enantiomeric excess was determined by HPLC
with a Chiralpak ODH+ODH column (hexanes: 2-propanol = 99: 1, 0.8 mL/min, 210 nm); major

enantiomer tr = 20.29 min, minor enantiomer tr = 23.36 min.
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CMJ #1154 [modified by zhang group] UV VIS 1 400_.CMJ #1155 [modified by zhang group] uv VIS 1
mAU WVLZ10 nm| AU WVLZT0 am|

1-20.460.
300] 2. 23487 1200]
250 1,000
2004 800

150 600

50+ 200+
m___v_,/d\«\ﬁ . ~ | J
00 50 100 15.0 200 250 300 360 0.0 50 10.0 150 200 250 300 360
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___mAU'min % min mAU___mAU’min %
1 2046 na 296784 299000 5072 na BM * 1 2029 na 1244059 1194477 9456 na BM *
2 2349 na 201250 200503 49.28 na. MB* 2 23.36 n.a. 80.944 68.668 544 n.a. BMB*
Total: 588.034 580503 100.00 0.000 Total: 1325.003 1263.145 100.00 0.000

4.1.26 (S, E)-2,2-dimethyl-5-(3-(naphthalen-2-yl)-allyl)tetrahydrofuran (4k)
Me O \\\\\
Me>G
4k

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H»O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 80: 1) give the product 4k as a white liquid (38 mg, 71% yield) with 87% ee. [a]y = -13.7
(c = 0.4, Chloroform). '"H NMR (400 MHz, Chloroform-d) & 7.781 — 7.768 (m, 3H), 7.71 (s, 1H),
7.61 (d,J=8.4 Hz, 1H), 7.48 — 7.41 (m, 2H), 6.63 (d, J= 15.6 Hz, 1H), 6.43 — 6.36 (m, 1H), 4.19 —
4.13 (m, 1H), 2.64 — 2.57 (m, 1H), 2.50 — 2.43 (m, 1H), 2.13 — 2.03 (m, 1H), 1.80 — 1.72 (m, 3H),
1.32 (s, 3H), 1.29 (s, 3H). 3C NMR (100 MHz, Chloroform-d) & 135.1, 133.6, 132.7, 132.0, 128.0,
127.8, 127.6, 127.2, 126.1, 125.5, 125.5, 123.6, 80.7, 78.1, 40.0, 38.4, 31.2, 29.2, 28.1. HRMS (ESI)
calculated for [Ci9H22NaO] [M+Na]": 289.1563 found: 289.1556. Enantiomeric excess was
determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254

nm); major enantiomer tr = 35.54 min, minor enantiomer tr = 40.26 min.
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CMJ #1146 [modified by zhang group] UV VIS 1
12001080 o 2000 CULE1145 [modiies b zhang aoue]

1-35.800 1-35540

uv VIS 1
WVL254 ]
1,750

1,000 2-39.820

1,500
800
1,250

600
1,000

400 750
500
200-{
250 J
2-40.260
20
0.0 50 100 15.0 200 250 300 350 400 450 0.0 50 10.0 15.0 200 250 30.0 350 400 450 50.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU _ mAU*min %
1 35.80 na 1088.639 1245067 4979 na BM * 1 35.54 n.a. 1840.915 2403.351  93.25 na. BM*
2 39.82 na 957.640 1255733 5021 na MB* 2 40.26 na 140914 173832 675 a BMB*
Total: 2046.279 2500.800 100.00 0.000 Total: 1981.829 2577.183  100.00 0.000

4.1.27 (S)-2,2-dimethyl-5-((2E, 4E)-5-phenylpenta-2,4-dien-1-yl)tetrahydrofuran (41)
Me O oSN\ ANF
w0
4]

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol), NaO'Bu (0.4 mmol), alkenyl bromide (0.4 mmol)
and no additive H>O, after flash column chromatography on a silica gel (petroleum ether: ethyl
acetate = 80: 1) give the product 41 as a white liquid (27 mg, 56% yield) with 83% ee. [a]5 =-8.9 (c
= 0.4, Chloroform). '"H NMR (400 MHz, Chloroform-d) & 7.39 — 7.37 (m, 2H), 7.31 — 7.26 (m, 2H),
7.22 —7.18 (m, 1H), 6.76 (dd, J=16.0, 10.0 Hz, 1H), 6.46 (d, J = 15.6 Hz, 1H), 6.26 (dd, J = 15.2,
10.4 Hz, 1H), 5.87 — 5.79 (m, 1H), 4.09 — 4.02 (m, 1H), 2.49 — 2.43 (m, 1H), 2.35 — 2.28 (m, 1H),
2.06 — 1.98 (m, 1H), 1.76 — 1.64 (m, 3H), 1.27 (s, 3H), 1.24 (s, 3H). *C NMR (100 MHz,
Chloroform-d) & 137.5, 132.6, 131.4, 130.5, 129.3, 128.5, 127.1, 126.1, 80.7, 78.0, 39.8, 38.4, 31.3,
29.2, 28.1. HRMS (ESI) calculated for [Ci7H22NaO] [M+Na]™: 265.1563 found: 265.1558.
Enantiomeric excess was determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol

=99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 19.39 min, minor enantiomer tr = 25.35 min.
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1J #1191 [modified by zhang group] _CMJ-05-18-03-wai-OJH-99:1-0.5-254 g’:& #1192 [modified by zhang group]

Uv_VIS 1
WVL254 |

1-19.387
1a0] 1-19587

2-25.693

1204 400+

100

200

1004

2-26347

min| min]
- - T T T T T T
00 50 100 150 200 20 300 330 00 50 100 150 200 20 300 330

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU __ mAU'min % min mAU _ mAU*min %
1 1959 na 139275 111190 4831 n.a BM ™ 1 19.39 492752 440381 91.06 na BMB*
2 2569 n.a 125180 118970 51.69 na BMB* 2 2535 42328 43261 894 na BMB*
Total: 264455 230160 100.00 0.000 Total: 535.080 483.643 100.00 0.000

4.1.29 Synthesis of (55)-2-butyl-5-((E)-3-(4-methoxyphenyl)allyl)-2-methyltetrahydrofuran

(4m)
OMe

4m

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 4m as a
white liquid (32 mg, 56% yield, dr : 1.1:1) with 84% ee (major), 93% ee (minor). [a]; =-11.2 (c=
0.4, Chloroform)."H NMR (400 MHz, Chloroform-d) & 7.27 (d, J = 8.7 Hz, 2H), 6.86 — 6.80 (m,
2H), 6.37 (ddt, J = 15.8, 2.8, 1.4 Hz, 1H), 6.08 (dt, /= 15.9, 7.2 Hz, 1H), 4.05 (dqd, J = 22.6, 6.9,
5.3 Hz, 1H), 3.79 (s, 3H), 2.50 (ddddd, J = 13.9, 12.5, 6.9, 5.2, 1.5 Hz, 1H), 2.34 (dtdd, J = 14.0,
7.1,4.3, 1.4 Hz, 1H), 2.06 — 1.90 (m, 1H), 1.82 — 1.73 (m, 1H), 1.70 — 1.61 (m, 2H), 1.50 (qd, J =
5.8,2.1 Hz, 1H), 1.36 — 1.29 (m, 5H), 1.19 (d, J = 7.8 Hz, 3H), 0.91 — 0.87 (m, 3H). '3C NMR (100
MHz, Chloroform-d) & 158.8, 131.2, 130.6, 127.1, 124.6, 113.9, 83.1, 78.5, 55.3, 41.5, 39.8, 36.9,
31.2,27.1, 24.4, 22.7, 14.1. HRMS (ESI) calculated for [Ci19H2sNaO>] [M+Na]": 309.1825 found:
309.1820. Enantiomeric excess was determined by HPLC with a Chiralpak ADH-ADH-ADH
column (hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); Minor [tr (minor) = 24.408 min, tr

(major) = 31.454 min; 84% ee] major [tr (minor) = 29.766 min, tr (major) = 25.831 min; 90% ee].
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2007 PDA Mt 1 254nm Anm
150-]

100

50

min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 24.583 100810 47.256 2031825 32.232
2| 26.007 53356 25.011 1149676 18.238
3] 30.181 25737 12.065 1080062 17.134
4] 31.929 33425 15.668 2042199 32.397
Total 213329 100.000 6303763 100.000
R mAU
mAU ) 100 PDA Multi 1 254nm.4nf
PDA MUt 1 254nm 4niv|
| 75
75
50 |£
l‘ |
| 3 |
| : 25 | .
al [ 8
o o e , o o 7 R ;
o 10 20 30 40 50 60 10 20 30 40 50 80
in min
<Peak Table> <Peak Table>
PDA Chi 254nm PDA Ch1 254nm
Peak# Ret. Time  Height Heightt Area Area%h Peak# Ret. Time | Height Height% Area Area%
1 24408 5288 19274 105439 8.001 1 25831 49645 98.000| 1073331 96.584
2 31454 22147 80.725 1212358 91.999 2 29.766 1013 2.000 37964 3416
Total 27434 100000 1317797  100.000 Total | 50658  100.000 1111205  100.000

4.1.30 Synthesis of (55)-2-(but-3-en-1-yl)-5-((E)-3-(4-methoxyphenyl)allyl)-2-methyltet-

\/\><O/\[\/\©\
OMe

4n

rahydrofuran (4n)

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu6
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 4n as a
white liquid (27 mg, 52% yield, dr : 2:1) with 82% ee (major), 80% ee (minor). [a]y =-7.1 (c=
0.4, Chloroform).'"H NMR (400 MHz, Chloroform-d) § 7.28 (d, J = 8.5 Hz, 2H), 6.83 (dd, J = 8.6,
1.5 Hz, 2H), 6.38 (dd, J = 15.9, 2.8 Hz, 1H), 6.17 — 6.00 (m, 1H), 5.85 (ddt, /= 16.8, 10.2, 6.5 Hz,
1H), 5.09 —4.79 (m, 2H), 4.17 — 3.93 (m, 1H), 3.80 (s, 3H), 2.56 — 2.44 (m, 1H), 2.36 (dtd, J = 14.1,
7.1, 1.3 Hz, 1H), 2.23 — 2.06 (m, 2H), 2.06 — 1.94 (m, 1H), 1.86 — 1.73 (m, 1H), 1.67 (dddd, J =
20.1, 10.1, 7.4, 5.4 Hz, 4H), 1.26 — 1.20 (m, 3H). *C NMR (100 MHz, Chloroform-d) & 158.8,
139.1, 131.3, 130.5, 127.1, 124.5, 114.0, 113.9, 82.8, 78.6, 55.3, 40.4, 39.8, 37.0, 31.2, 29.0,
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27.1.RMS (ESI) calculated for [Ci19H26NaO,] [M+Na]": 309.1825 found: 309.1820. Enantiomeric
excess was determined by HPLC with a Chiralpak OJH-OJH-OJ3 column (hexanes: 2-propanol =
99.5: 0.5, 0.6 mL/min, 254 nm); Minor [tr (minor) = 86.695 min, tr (major) = 8§1.929 min; 80% ee]

major [tr (minor) = 90.829 min, tr (major) = 84.875 min; 92% ee]

mAU
3G_ PDA Multi 1 254nm 4nm)|
20
1 o
g o
s &8
a ~
28
9 I
wi A
10 g é
o
w\l |
fote
Vo
I ‘l Vi
UV A U A 1 B S
T T '
0 25 50 75 100
min
<Peak Table>
PDA Ch1 254nm
Peak#| Ret. Time Height Height% Area Area%
1 82.495 6753 16.614 421079 16.146
2| 86.003 14167 34.854 874184 33.520
3| 87.841 6320 15.550 | 429223 | 16.458
4| 89.736 13406 32.982 883432 33.875
Total 40646 100.000 2607918 100.000
mAU maU -
250 PDA Wult 1 254nm 4l 2507 POA WU 1 254nm,nm
2004 200
150 150 g2
. 3
! J [
100+ | 100 |
&l I
@ | i
e e it g
| < 9 NE
Ve VIl E
o - SDIS  NAV S 0 o — (U
2% b S ‘ " s ‘ " 100 o s 50 Do 100
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDACh1 254nm
Peak# Ret. Time Height Height% Area Area% Peak# Ret Time Height | Height% Area Area%
1 81.929 51645 87.926 3507763 90.103 1 84.875 119152 90.954 7727271 90.951
2 BBBIYS 7092 12.074 385309 9.897 2| 90829 11850 9.046 768775 9.049
Total 58737 100.000| 3893072 100.000 Total 131003 100.000 8496045 100.000

4.1.31 Synthesis of (2R)-2-cinnamyl-5-methyltetrahydrofuran (40)

/\m
40

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
(R, Rs)-Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after
flash column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the
product 40 as a white liquid (21 mg, 21% yield, dr = 1.1:1, 94% ee(major), 80% ee (minor). [a]p =
4.3 (¢ = 0.4, Chloroform).'"H NMR (400 MHz, Chloroform-d) & 7.39 — 7.33 (m, 2H), 7.29 (dd, J =
8.5, 6.7 Hz, 2H), 7.23 — 7.16 (m, 1H), 6.48 — 6.40 (m, 1H), 6.23 (dtd, J = 15.8, 7.1, 5.4 Hz, 1H),
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4.14 (ddt, J = 8.1, 5.8, 3.4 Hz, 1H), 3.97 (dqd, J = 12.5, 6.3, 2.7 Hz, 1H), 2.52 (ddddd, J = 14.2,
10.2,7.2,5.8, 1.4 Hz, 1H), 2.46 —2.31 (m, 1H), 2.05 (dddd, J=12.7, 11.3, 5.6, 2.6 Hz, 1H), 2.00 —
1.91 (m, 1H), 1.68 — 1.61 (m, 1H), 1.46 (ddddd, J = 11.8, 9.8, 8.4, 4.9, 3.5 Hz, 1H), 1.24 (dd, J =
13.0, 6.0 Hz, 3H). '3C NMR (100 MHz, Chloroform-d) § 137.6, 132.0, 128.5, 127.0, 126.8, 126.1,
78.9, 75.5, 39.7, 33.9, 31.8, 21.4. HRMS (ESI) calculated for [C14H190] [M+H]": 203.1430 found:
203.1435. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:
2-propanol = 95: 5, 0.6 mL/min, 254 nm); Minor [tr (minor) = 7.887 min, tr (major) = 8.362 min;

80% ee] major [tr (minor) = 10.327 min, tr (major) = 7.119 min; 94% ee]

mAU
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<Peak Table>
PDA Ch1 254nm

Peak# Ret. Time Height Height% Area Area%
1 7144 398617 7.818 3318975 6.840
2 7919 2310089 | 45308 21087685 43.460
3 8.408 2114753 41.477| 20906902 43.088
4 10.693 275171 5.397 3208193 6.612
Total 5098630 100.000 | 48521755 100,000

FDAMUT 1 2540m, 31 mau
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<Peak Table>
PDA Ch1 254nm <Peak Table>
Peak® Ret Time  Height | Height® |  Area Aread PDA Ch1 254nm
7867 1587 1 408 13350 10,138 Peakd Ret. Time
2 8362 12321 88.592| 118386 £9.666 1 70
131736 100000 2| 10327
Total

Heght | Heightts Area reat
3 a7, 86.347
Total 13908 100.000 3053

7. 32553
3 2547 4174,
15364 100.000 136727 100000

4.1.32 (S, E)-2-(3-(4-methoxyphenyl)-allyl)-2-methyl-1-oxaspiro[4.5]decane (6a)

Me

OMe

6a

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6a as a
white liquid (38 mg, 63% yield) with 88% ee. [a]y = -6.1 (¢ = 0.4, Chloroform). 'H NMR (400

MHz, Chloroform-d) 6 7.28 (d, J = 8.8 Hz, 2H), 6.84 (d, /= 8.8 Hz, 2H), 6.33 (d, J = 15.6 Hz, 1H),
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6.15 — 6.08 (m, 1H), 3.80 (s, 3H), 2.38 — 2.35 (m, 2H), 1.97 — 1.92 (m, 1H), 1.85 — 1.76 (m, 2H),
1.72 — 1.64 (m, 5H), 1.56 — 1.51 (m, 4H), 1.34 — 1.28 (m, 2H), 1.24 (s, 3H). >*C NMR (100 MHz,
Chloroform-d) 6 158.7, 131.6, 130.7, 127.1, 125.1, 113.9, 83.4, 82.4, 55.3, 46.0, 39.4, 38.8, 35.7,
28.4, 25.7, 24.2. HRMS (ESI) calculated for [C20H2sNaO2] [M+Na]": 323.1982 found: 323.1972.
Enantiomeric excess was determined by HPLC with a Chiralpak ADH+ADH column (hexanes:

2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 24.63 min, minor enantiomer tr =

220CMJ #1079 [modified by zhang group] UV VIS 1 CMJ #1078 [modified by zhang group] UV VIS 1
mAU WVL:254 | mAU WVL254 nm|
224633
1-19.487
500
175
150+ 400+
125
2-23620 3004
100
2004
75
504 100-|
1-19.587
25
o~ o~ —
00 50 100 150 200 250 300 358 0.0 50 100 150 200 250 300 350
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | RetTime Peak Name Height Area  Rel.Area Amount Type
min mAU ___mAU'min Yo min mAU___mAU*min %
1 19.49 na 190.105 209880 4981 na BMB* 1 19.59 n.a. 59.535 76.526 6.16 na MB*
2 23.62 na 116.605 211479  50.19 n.a BMB* 2 24.63 n.a. 539.830 1166.426  93.84 na BM *
Total: 306.709 421359 100.00 0.000 Total: 599.365 1242.952 100.00 0.000

4.1.33 (8)-2-cinnamyl-2-methyl-1-oxaspiro[4.4]nonane (6b)

Me

6b

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6b as a
white liquid (47 mg, 91% yield) with 90% ee. [a]y = -4.1 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) & 7.38 — 7.36 (m, 2H), 7.32 — 7.28 (m, 2H), 7.23 — 7.17 (m, 1H), 6.41 (d, J =
16.0 Hz, 1H), 6.30 — 6.22 (m, 1H), 2.42 — 2.39 (m, 2H), 1.97 — 1.87 (m, 3H), 1.84 — 1.72 (m, 5H),
1.64 — 1.53 (m, 4H), 1.26 (s, 3H). 3*C NMR (100 MHz, Chloroform-d) § 137.7, 132.3, 128.4, 127.2,
126.9, 126.0, 91.5, 82.6, 45.9, 39.8, 39.4, 37.2, 36.6, 28.0, 23.9, 23.8. HRMS (ESI) calculated for
[C1sH24NaO] [M+Na]": 279.1719 found: 279.1717. Enantiomeric excess was determined by HPLC
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with a Chiralpak TA+IA column (hexanes: 2-propanol = 99: 1, 0.3 mL/min, 254 nm); major

enantiomer tr = 29.01 min, minor enantiomer tr = 28.07 min.

1 100-CMJ #1165 [modified by zhang group] UV VIS 1
AL W25 5 500_CMJ #1164 [modified by zhang group] UV_ViS 1
mAU WVL254 nm|
2-28713
1-07.647
2-29013
875 2,0004
750
1,500
625
500-| 1,000
375
500-{
250
1f2po73
125+
L
- T T T T T T -50( T T T T T T
0.0 5.0 100 15.0 200 2560 300 350 0.0 50 10.0 150 200 250 300 350
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo min mAU ___mAU"min %
1 27.65 na 935553 410474 4922 na BM* 1 28.07 na 121916 46445 514 na BMb*
2 2871 na 992006 423508 50.78 na M 2 2901 na 2010.599 857131 94 86 na BMB*
Total: 1927559  833.982 100.00 0.000 Total: 2132515 903.576 100.00 0.000

4.1.34 (S, E)-2-(3-(4-methoxyphenyl)-allyl)-2-methyl-1-oxaspiro[4.4]nonane (6¢)

Me

OMe

6¢c

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6¢ as a
white liquid (51 mg, 90% yield) with 90% ee. [0]5 = -5.2 (¢ = 0.4, Chloroform).'H NMR (400 MHz,
Chloroform-d) 6 7.29 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.35 (d, /= 15.6 Hz, 1H), 6.14
—6.07 (m, 1H), 3.79 (s, 3H), 2.40 — 2.37 (m, 2H), 1.98 — 1.86 (m, 3H), 1.83 — 1.70 (m, 5H), 1.63 —
1.54 (m, 4H), 1.25 (s, 3H). 3C NMR (100 MHz, Chloroform-d) § 158.7, 131.6, 130.6, 127.0, 124.9,
113.9, 91.4, 82.7, 55.2, 45.8, 39.7, 39.4, 37.2, 36.5, 27.9, 23.8, 23.8. HRMS (ESI) calculated for
[C1oH26NaO2] [M+Na]™: 309.1825 found: 309.1832. Enantiomeric excess was determined by
HPLC with a Chiralpak IC+IC column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major

enantiomer tr = 20.47 min, minor enantiomer tr = 25.47 min.
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C’:‘Jj“mﬁ [modified by zhang group] W\‘jt/z\élf 1 - CMJ #1055 [modified by zhang group] Uv_ViS_1
m nm mAU WVL 254 nn]

2-25.467
400] 1-19.840

3504 400+

2-25.167

300

200

1004

1-20473

Y o N —
“oo 50 100 120 200 20 300 ' 380 oo 50 100 120 200 230 300 ' 36.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU"min % min mAU__ mAU'min %
1 19.84 na 382411 636.893 4985 na BMB* 1 2047 na 39.276 63.688 510 na BMB*
2 2517 n.a 276698 640812 50.15 na BMB* 2 2547 na 455705 1186.216 94 .90 na. BMB*
Total: 659.109 1277.704 100.00 0.000 Total: 494981 1249904 100.00 0.000

4.1.35 (S, E)-2-(3-(2-methoxyphenyl)-allyl)-2-methyl-1-oxaspiro[4.4]nonane (6d)

OMe

o Me

6d

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6d as a
white liquid (59 mg, 91% yield) with 91% ee. [a]s = -9.7 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) & 7.45 (dd, J= 7.6, 2.0 Hz, 1H), 7.21 — 7.17 (m, 1H), 6.92 (t,J=7.6 Hz, 1H),
6.86 (d, J = 8.4 Hz, 1H), 6.74 (d, J = 16.0 Hz, 1H), 6.29 — 6.22 (m, 1H), 3.84 (s, 3H), 2.49 — 2.38
(m, 2H), 2.01 — 1.94 (m, 1H), 1.92 — 1.88 (m, 2H), 1.84 — 1.69 (m, 5H), 1.64 — 1.53 (m, 4H), 1.27
(s, 3H). 3C NMR (100 MHz, Chloroform-d) § 156.3, 127.8, 127.7, 126.8, 126.8, 126.4, 120.6,
110.8, 91.4, 82.7, 55.4, 46.3, 39.8, 39.4, 37.2, 36.4, 28.0, 23.9, 23.8. HRMS (ESI) calculated for
[C1oH26NaO2] [M+Na]™: 309.1825 found: 309.1817. Enantiomeric excess was determined by
HPLC with a Chiralpak OJH+OJ3 column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm);

major enantiomer tr = 41.54 min, minor enantiomer tr = 24.25 min.
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GMJ #1129 [modified by zhang group] UV VIS 1 CMJ #1130 [modified by zhang group] UV_VIS 1
250 AT mAU

WVL:254 nm| WVL:254 nm|
1-23.733

2-41540
200+

150+ 241,007 500

100+

50+ 200+
100-{
L S\ S N S— ] 1-24253
50
00 50 100 150 200 250 300 350 400 450 500 0.0 50 100 150 200 250 300 350 400 45.0 500
No. | RetTime Peak Name Height Area  Rel.Area Amount  Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount  Type
min mAU___ mAU*min % min mAU___mAU*min %
1 2373 na 226529 360978 5017 na BMB* 1 24.25 na 46.364 88.746 4.40 na BMB*
2 41.01 na 140.060 358.594 4983 na BMB* 2 41.54 n.a. 665.365 1929.304 95.60 na BM*
Total: 366580 719573 100.00 0.000 Total: 711.729 2018.050 100.00 0.000

4.1.36 (S, E)-2-(3-(4-fluorophenyl)-allyl)-2-methyl-1-oxaspiro[4.4]nonane (6e)

Me

F

6e

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6e as a
white liquid (54 mg, 93% yield) with 90% ee. [a]5 = -1.5 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) 6 7.32 — 7.29 (m, 2H), 7.00 — 6.95 (m, 2H), 6.36 (d, J = 15.6 Hz, 1H), 6.20 —
6.12 (m, 1H), 2.38 (d, J = 7.2 Hz, 2H), 1.96 — 1.90 (m, 2H), 1.87 — 1.85 (m, 1H), 1.83 — 1.71 (m,
5H), 1.63 — 1.54 (m, 4H), 1.24 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 161.9 (d, J = 244.2
Hz), 133.9 (d, J = 3.3 Hz), 131.1, 127.4 (d, J = 7.8 Hz), 126.9 (d, J = 2.2 Hz), 1153 (d, /=214
Hz), 91.5, 82.5, 45.8,39.7, 39.4, 37.2, 36.6, 27.9, 23.8, 23.8. ’F NMR (376 MHz, Chloroform-d) §
-115.6. HRMS (ESI) calculated for [CigH23NaFO] [M+Na]": 297.1625 found: 297.1613.
Enantiomeric excess was determined by HPLC with a Chiralpak OJH column (hexanes: 2-propanol

=99: 1, 0.5 mL/min, 254 nm); major enantiomer tr = 13.48 min, minor enantiomer tr = 8.69 min.
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CMJ #1107 [modified by zhang aroup]
TmAU

\
3004 ‘ | 0l ‘ \
|

|

200

[ 25 50 ) 0.0 15 50 75 0.0 225 250
No. RetTime Peak Name Height Area Rel. Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU"min % min mAU __ mAU*min %
1 821 na 524517 278.913 509 na BMB* 1 869 na. 113.657 93937 511 na BMB*
2 1091 na 226044 268.966  49.09 na__ BMB' 2] 1348 na 1113.249 1744306 9480 na__ BMB*
Total: 750560 547.879 100.00 0.000 Total: 1226.907 1838.243  100.00 0.000

4.1.37 (S, E)-2-methyl-2-(3-(naphthalen-1-yl)-allyl)-1-oxaspiro[4.4]nonane (6f)

o [
X0

6f

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6f as a
white liquid (59 mg, 95% yield) with 91% ee. [a]p = -12.2 (¢ = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) é 8.16 (d, J= 7.6 Hz, 1H), 7.86 (dd, J = 7.6, 2.4 Hz, 1H), 7.77 (d, J = 8.0 Hz,
1H), 7.60 (d, J = 7.2 Hz, 1H), 7.55 — 7.44 (m, 3H), 7.18 (d, J = 15.6 Hz, 1H), 6.33 — 6.26 (m, 1H),
2.56 (d, J=17.2 Hz, 2H), 2.08 — 1.99 (m, 1H), 1.96 — 1.92 (m, 2H), 1.87 — 1.76 (m, 5H), 1.67 — 1.55
(m, 4H), 1.34 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 135.5, 133.6, 131.1, 130.4, 129.5,
128.4, 127.3, 125.8, 125.6, 125.6, 123.9, 123.5, 91.5, 82.6, 46.3, 39.8, 39.5, 37.3, 36.6, 28.0, 23.9,
23.8. HRMS (ESI) calculated for [C22H26NaO] [M+Na]": 329.1876 found: 329.1878. Enantiomeric
excess was determined by HPLC with a Chiralpak OJH+OJ3 column (hexanes: 2-propanol = 99: 1,

0.5 mL/min, 210 nm); major enantiomer tr = 29.83 min, minor enantiomer tr = 26.73 min.
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CMJ #1170 [modified by zhang gro uv VIS 1 +.400_CMJ 1174 [modified by zhang aroug] UV VIS 1
AU 20 5VL210m) AU WL 210 il
1-26.153
500- 1,200

1,000+ I
400+

800 | |‘
300+ | |
00 ‘ |

4004 |

|
2004 |
|

_ |
R —~ ] R e AN RN
No. [ Ret.Time Peak Name Height Area Rel.Area  Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__mAU'min__ % min mAU _mAU'min__ %
1 26.15 n.a 534916 761.249  50.16 na M 1 26.73 n.a. 59.608 72137 4.54 na BMB*
2 29.55 n.a 556.323 756.381 49.84 na MB* 2 29.83 n.a. 1163.639 1516.278 9546 n.a. BMB*
Total: 1091.240 1517.631 100.00 0.000 Total: 1223247 1588416 100.00 0.000

4.1.38 (S, E)-2-methyl-2-(3-(naphthalen-2-yl)-allyl)-1-oxaspiro[4.4]nonane (6g)
Me
6g

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6g as a
white liquid (58 mg, 95% yield) with 87% ee. [a]; = -7.8 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) 6 7.81 —7.73 (m, 3H), 7.71 (s, 1H), 7.62 (d, J = 8.8 Hz, 1H), 7.48 — 7.41 (m,
2H), 6.59 (d, J=16.0 Hz, 1H), 6.44 — 6.37 (m, 1H), 2.48 (d, J= 7.2 Hz, 2H), 2.07 — 1.98 (m, 1H),
1.94 — 1.90 (m, 2H), 1.87 — 1.76 (m, 5H), 1.66 — 1.55 (m, 4H), 1.31 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 6 135.2, 133.6, 132.7, 132.4, 128.0, 127.8, 127.6, 127.6, 126.1, 125.5, 125.4, 123.6,
91.5, 82.7, 46.0, 39.7, 39.4, 37.2, 36.6, 28.0, 23.9, 23.8. HRMS (ESI) calculated for [C22H26NaO]
[M+Na]": 329.1876 found: 329.1872. Enantiomeric excess was determined by HPLC with a
Chiralpak OJH+OJH column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major

enantiomer tr = 50.95 min, minor enantiomer tr = 47.92 min.
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2 000-CMJ #1111 [modified by zhang group] Uv_vIS_1 CMJ #1112 [modified by zhang group] uv_vis 1
AT WVL254 nm| 250050 WVL254 nm|
2-50.947
1,750 1-45 74049267
2,000
1,500
1,250 1,500
1,000
1,000
750
500 500+
1-47.924
250
-20
0.0 10.0 200 30.0 40.0 50.0 60.0 0.0 10.0 200 300 400 50.0 60.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU ___mAU"min % min mAU___ mAU'min %
1 45.74 na. 1711146 2405.939  49.63 n.a BM * 1 47.92 175122 223399 6.49 na BMB*
2 49.27 na 1700.048 2441483  50.37 na M* 2 50.95 n.a. 2235.016 3219.556  93.51 n.a BMB*
Total: 3411.194 4847422 100.00 0.000 Total: 2410137 3442955 100.00 0.000

4.1.39 (5)-2-methyl-2-((2E, 4E)-5-phenylpenta-2,4-dien-1-yl)-1-oxaspiro[4.4|nonane (6h)

Me
6h

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%), Xu8
(10 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product 6h as a
white liquid (57 mg, 96% yield) with 92% ee. [a]y = -13.1 (¢ = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) 6 7.40 — 7.38 (m, 2H), 7.33 — 7.29 (m, 2H), 7.23 — 7.18 (m, 1H), 6.79 (dd, J =
15.6, 10.4 Hz, 1H), 6.47 (d, J=15.6 Hz, 1H), 6.24 (dd, J=15.2, 10.4 Hz, 1H), 5.90 — 5.82 (m, 1H),
2.35(d, J = 7.6 Hz, 2H), 1.93 — 1.87 (m, 3H), 1.81 — 1.71 (m, 5H), 1.64 — 1.50 (m, 4H), 1.24 (s,
3H). 3C NMR (100 MHz, Chloroform-d) § 137.5, 133.0, 131.8, 130.4, 129.3, 128.5, 127.1, 126.1,
91.4, 82.6, 45.8, 39.7, 39.4, 37.2, 36.7, 27.8, 23.9, 23.8. HRMS (ESI) calculated for [C20H26NaO]
[M+Na]": 305.1876 found: 305.1874. Enantiomeric excess was determined by HPLC with a
Chiralpak OJH+0J3 column (hexanes: 2-propanol = 99: 1, 0.5 mL/min, 254 nm); major enantiomer

tr = 30.16 min, minor enantiomer tr = 28.13 min.
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CMJ #1177 [modified by zhang group] UV VIS 1
GMJ #1176 [modified by zhang group] UV VIS 1
3001 AT - WVL254 mAU WVL254 nm]

2
1-28407
250 2-30.160

200
1504 400+
1004

50+

100
ol P 1-28.13
+ T
min
T T

No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU’min % min mAU __ mAU"min %

~
&

267.061 312245 4930 na BM* 1 28.13 na. 29.427 31.134 4.07 na BM*
2 30.19 na 281624 321071 50.70 na. M 2 30.16 na 661171 733290 9593 na MB*
Total: 548.684  633.316  100.00 0.000 Total: 690509  764.424 100.00 0.000

4.2 General Procedure for reactions of 4-penten-1-ol with alkenyl bromides

CFj
CF3\©
o : Y Me
5 , 2.5 mol% [Pd(allyl)CIl, " : N
r. . - t
10 mol% Xu9 i <4 BU
OH 2 O ' S‘
M + \[Rz Toliens R\/\\\‘. o E 6
EtONa (4 eq) 5""90 PCy,
72h,0°C
7 2 8 @
Xu9

To a sealed tube was added [Pd(allyl)Cl]2 (2.5 mol%), Xu9 (10 mol%). The flask was evacuated
and refilled with argon. Then y-hydroxyalkenes (0.5 mmol), alkenyl halides (1 mmol), EtONa (4.0
equiv.), and solution of toluene (3.5 mL) was added to the tube, and stirred at 0 °C for 72 hours.
After the reaction was complete (monitored by TLC), solvent was removed under reduced pressure.
The crude product was then purified by flash column chromatography on silica gel to afford the

desired product.
4.2.1 Synthesis of (S, E)-2-(3-(4-methoxyphenyl)allyl)tetrahydrofuran (8a)

MeO
\©\/\\\"(O>
8a

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8a
as a white liquid (74 mg, 68% yield) with 92% ee. [a]s = -2.4 (¢ = 0.4, Chloroform).'H NMR (400
MHz, Chloroform-d) é 7.35 — 7.23 (m, 2H), 6.87 — 6.79 (m, 2H), 6.40 (d, /= 15.8 Hz, 1H), 6.09 (dt,
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J=15.7,7.1 Hz, 1H), 4.02 — 3.84 (m, 2H), 3.79 (s, 3H), 3.74 (q, J = 7.4 Hz, 1H), 2.53 — 2.42 (m,
1H), 2.43 —2.31 (m, 1H), 1.99 (tdd, J=11.4, 7.0, 4.8 Hz, 1H), 1.89 (ddd, /= 12.3, 7.8, 6.2 Hz, 2H),
1.56 (dq, J = 11.7, 7.8 Hz, 1H).!*C NMR (100 MHz, Chloroform-d) § 158.8, 131.3, 130.4, 127.2,
124. 6, 113.9, 78.9, 68.0, 55.3, 39.3, 30.9, 25.8. HRMS (ESI) calculated for [C14H1sNaO>] [M+Na]":
241.1199 found: 241.1199. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 97: 3, 0.6 mL/min, 254 nm); major enantiomer tr = 15.290 min,

minor enantiomer tr = 13.051 min.

mAl mAU
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00 25 50 i's 100 125 150 175 200 00 25 50 5 100 128 e 175 200
mn min

<Peak Table> <Peak Table>
PDACh1 254nm PDAChT 254nm
[Peaki Ret. Time | Height Heightd% rea Areath ime | Height Heightts, ea Areat: |
23959 53.696 341864 50.130 1 13051 3559 5198 48367 4113
20660 46.304 340093 49.870 2 15.200 84908 94.802 1127608 95.887
44818 100.000 881857 100.000 Total 68465 100,000 1175875 100.000

1 12,875
2 15.038
Total

4.2.2 Synthesis of (§)-2-cinnamyltetrahydrofuran (8b)

@\/\\\VQ
8b

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(ally])Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8b
as a white liquid (69 mg, 73% yield) with 92% ee. [a]> = 1.3 (c = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d)d 7.35 (d, J = 7.2 Hz, 2H), 7.28 (t, J = 7.5 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H),
6.45 (d, J=15.8 Hz, 1H), 6.24 (dt, J=15.8, 7.1 Hz, 1H), 4.05 — 3.85 (m, 2H), 3.82 — 3.68 (m, 1H),
2.57 -2.44 (m, 1H), 2.45 - 2.32 (m, 1H), 1.98 (tdd, /= 9.3, 7.7, 4.3 Hz, 1H), 1.89 (ddd, J = 12.1,
7.9, 6.2 Hz, 2H), 1.63 — 1.46 (m, 1H).">*C NMR (101 MHz, Chloroform-d)d 137.5, 131.9, 128.4,
127.0, 126.7, 126.0, 78.7, 67.9, 39.2, 30.8, 25.7. HRMS (ESI) calculated for [Ci3H;70] [M+H]":
189.1274 found: 189.1278. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 12.572 min,

minor enantiomer tr = 10.400 min.
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<Peak Table> <Peak Table>
PDACh1 254nm
T ) ) PDACh1 254nm
Peak# Ret. Time | Height Height%e | Arca N%%“’Ess Poaké Ret Tme|  Height Heightt% rea Argath
1 10.415 20994 54.535 247505 1
I 4 { 1 10400 47743 5284 529798 4163
B | —ooses) 2eoel s 2 12572 695751 94716 12195726  95.897
Total 803495|  100.000] 12725526]  100.000

4.2.3 Synthesis of (S, E)-2-(3-(p-tolyl)allyl)tetrahydrofuran (8c)

\©\/\\\“(O>
8c

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8¢
as a white liquid (65 mg, 64% yield) with 92% ee. [o]5 = -3.8 (¢ = 0.4, Chloroform)."H NMR (400
MHz, Chloroform-d)é 7.24 (d, J= 7.9 Hz, 2H), 7.09 (d, J = 7.9 Hz, 2H), 6.41 (d, /= 15.8 Hz, 1H),
6.17 (dt, J=15.8, 7.1 Hz, 1H), 4.00 — 3.84 (m, 2H), 3.79 — 3.69 (m, 1H), 2.54 — 2.43 (m, 1H), 2.45
—2.33 (m, 1H), 2.31 (s, 3H), 2.06 — 1.93 (m, 1H), 1.93 — 1.79 (m, 2H), 1.55 (dq, J=11.7, 7.8 Hz,
1H).!3C NMR (100 MHz, Chloroform-d)s 136.6, 134.7, 131.7, 129.1, 125.9, 125.6, 78.8, 67.9, 39.2,
30.7, 25.7, 21.0. HRMS (ESI) calculated for [C22H26NaO] [M+Na]": 225.1250 found: 225.1245.
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:

2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 13.659 min, minor enantiomer tr =

AL maU
POA KUl 1 258nm dnm 750 PO it 1 254nm dnn|
g
3 ¥
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50 | ﬁ |
- | E |
I | |
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\ |
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& o 15 20 25 o 5 0 20 2
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<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak# Ret. Time Height Height% At Area% Peak# Ret. Time Height Height% Area Area%
1 9454 50684 58 462 550763 50195 1 9.569 39713 6.153 410847 4.106
2 13.502 36011 41.538 548479 49.805 2 13.65¢ 605713 83.847 8598708 85.894
Total 86695 100.000 1087242 100.000 Total 645425 100000 10009655 100.000

4.2.4 Synthesis of (S, E)-2-(3-(4-isopropylphenyl)allyl)tetrahydrofuran (8d)
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Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8d
as a white liquid (62 mg, 54% yield) with 94% ee. [a]y = -5.9 (c = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) & 7.29 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.42 (d, /= 15.8 Hz, 1H),
6.18 (dt, J=15.8, 7.1 Hz, 1H), 4.01 —3.82 (m, 2H), 3.82 — 3.67 (m, 1H), 2.87 (p, J = 6.9 Hz, 1H),
2.58 —2.42 (m, 1H), 2.43 — 2.32 (m, 1H), 2.02 — 1.77 (m, 3H), 1.61 — 1.47 (m, 1H), 1.23 (d,/=6.9
Hz, 6H). 3C NMR (100 MHz, Chloroform-d) § 147.8, 135.2, 131.8, 126.6, 126.1, 125.8, 78.9, 68.0,
39.3, 33.9, 30.8, 25.8, 24.0. HRMS (ESI) calculated for [Ci16H22NaO] [M+Na]*: 253.1563 found:
253.1565. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:

2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 9.225 min, minor enantiomer tr =

mAU maU
PDA Multi 1 254nm.4nm) PDANuIti 1 254nm dnm
200 8
E ] |
| - |
160+ 1
( 500 |
100 M ‘ - ‘
‘ 250
50 [ | 1 |l
1 o
Il (|
o S S T N -
P A - O 7 T = e — T v 0 —
19 1% 20 23 o 5 10 15 20 25
min
<Peak Table> <Peak Table>
PDA Ch1 254nm BDA Ch1 254
Peak# Ret Tme  Height | Heightth A .

Peak®
1

2
Total

Ret Time  Height | Height% Area Areah
7976 30472 4290 307962 3214
9.225 679861 95.710| 9274605 96.786

710333 100.000) 9582567  100.000

Area reath
1 8.055 179306 53.561 1665650 48.220
2 9.392 155465 48438 1718468 50.780
Total 334771 100 000 3384118 100.000

4.2.5 Synthesis of (S, E)-2-(3-(4-(tert-butyl)phenyl)allyl)tetrahydrofuran (8e)

)<©\/\\“‘(O>
8e

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8e
as a white liquid (82 mg, 67% yield) with 93% ee. [a]y = -7.5 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) & 7.36 — 7.23 (m, 4H), 6.43 (d, J = 15.8 Hz, 1H), 6.19 (dt, J = 15.7, 7.1 Hz,
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1H), 4.03 — 3.82 (m, 2H), 3.73 (td, J= 7.9, 6.6 Hz, 1H), 2.56 — 2.31 (m, 2H), 2.02 — 1.77 (m, 3H),
1.62 — 1.48 (m, 1H), 1.30 (s, 9H). 3*C NMR (100 MHz, Chloroform-d) § 150.1, 134.8, 131.7, 125.9,
125.8, 125.4, 78.9, 68.0, 39.3, 34. 6, 31.4, 30.8, 25.8. HRMS (ESI) calculated for [Ci7H24NaO]
[M+Na]": 267.1719 found: 267.1726. Enantiomeric excess was determined by HPLC with a
Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr

= 7.851 min, minor enantiomer tr = 7.371 min..

mal
PDA M T 2530m i

POA NI 1 2540m 40

< >
<Peak Table> Peak Table:
PDA Ch 254nm
PDAEM 234nm — Peak# Ret. Time  Height Height% Area Area%
Peaks Ret, Tme | Height Height% reat 1 7.371 18870 3.851 165540 3.567
1 7545 575684 51498 5301871 50.000 2 7est 71067 $6.149 4475553 96.433
2 a0 :
Total

542184 48 502 5301814 50.000
1117888 100000 10803885 100000 Total 489957 100,000 4641092 100.000

4.2.6 Synthesis of (S, E)-2-(3-([1,1'-biphenyl]-4-yl)allyl)tetrahydrofuran (8f)

Ph
\©\/\\\\\(O>

8f
Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8f
as a white solid (70 mg, 53% yield) with 92% ee. Mp: 79.5 — 83.1 °C. [a]y = 0.9 (c = 0.4,
Chloroform).'H NMR (400 MHz, Chloroform-d) & 7.62 — 7.55 (m, 2H), 7.55 — 7.49 (m, 2H), 7.41
(dt, J=17.8, 3.6 Hz, 4H), 7.36 — 7.26 (m, 1H), 6.54 — 6.43 (m, 1H), 6.28 (dt, J=15.8, 7.1 Hz, 1H),
4.04 —3.84 (m, 2H), 3.74 (td, J= 7.8, 6.3 Hz, 1H), 2.51 (dtd, J = 14.8, 6.6, 1.4 Hz, 1H), 2.46 — 2.36
(m, 1H), 1.98 (dddd, J = 11.3, 8.3, 6.3, 4.8 Hz, 1H), 1.92 — 1.81 (m, 2H), 1.56 (ddt, J = 11.5, 8.4,
7.4 Hz, 1H). 3*C NMR (100 MHz, Chloroform-d) & 140.8, 139.8, 136.7, 131.5, 128.8, 127.2, 127.2,
127.0, 126.9, 126.6, 78.8, 68.1, 39.4, 30.9, 25.8. HRMS (ESI) calculated for [C19H20NaO] [M+Na]":
287.1406 found: 287.1401. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 12.804 min,

minor enantiomer tr = 11.448 min.
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<Peak Table>
PDACh1 254nm
Peak# Ret Time  Height Height% rea
1 11.420 10350 53281 137788
2 12778 9076 48719 133784
Total 19426 100.000 271573

Areat
50737
49.263

100.000

mAU
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<Peak Table>
PDA Ch1 254nm
Peak| Ret Time  Height Heightt rea
1) 1.4d8 2358 4573 30827
2| 12804 49212 95.427 765287
Total 51570 100.000 796114

POA MUl 1 25dnm dnm

Area%
3872
96128
100.000

4.2.7 Synthesis of (S, E)-2-(3-(2,4-dimethylphenyl)allyl)tetrahydrofuran (8g)

\Q\/\\\\‘Q
8g

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),

Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash

column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8g

as a white liquid (62 mg, 57% yield) with 93% ee. [a]5 = -7.6 (¢ = 0.4, Chloroform)."H NMR (400

MHz, Chloroform-d) § 7.32 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 7.7 Hz, 2H), 6.61 (d, J = 15.7 Hz, 1H),

6.05 (dt, J = 15.7, 7.2 Hz, 1H), 4.02 — 3.83 (m, 2H), 3.74 (td, J = 7.9, 6.5 Hz, 1H), 2.52 (dddd, J =

13.2,7.2,5.9, 1.4 Hz, 1H), 2.46 — 2.35 (m, 1H), 2.29 (d, J = 5.1 Hz, 6H), 2.08 — 1.82 (m, 3H), 1.63

— 1.47 (m, 1H). *C NMR (100 MHz, Chloroform-d) & 136.5, 134.7, 133.7, 130.8, 129.5, 127.0,

126.6, 125.3, 78.8, 67.9, 39.4, 30.7, 25.7, 21.0, 19.7. HRMS (ESI) calculated for [Ci5sH20NaO]

[M+Na]": 239.1406 found: 239.1409. Enantiomeric excess was determined by HPLC with a

Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr

= 20.085 min, minor enantiomer tr = 10.095 min.

mAaU
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<Peak Table>
PDA Ch1 254nm

Peak# Ret Time | Height Height% Ares
67.223 340671
2 20121 14269 32.767 341459
Total 43547 100,000 682129

Area%
49,942

50.058
100,000

PDA NIt 1 254nm 40

25 30
min

PDAMI T 254nm dnm

T
0

<Peak Table>
PDA Ch1 254nm

Peak# Ret, Time|  Height Height% rea
1 10.095 4140 7.803 45663
2 20.085 50923 92,397 1219312
Total 55113 100.000 1264975

reat
a0
96.320
100.000

4.2.8 Synthesis of (S, E)-2-(3-(4-(benzyloxy)phenyl)allyl)tetrahydrofuran (8h)
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Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8h
as a white solid (83 mg, 56% yield) with 91% ee. Mp: 40.0 — 41.5 °C. [a]y = -2.4 (c = 0.4,
Chloroform).'H NMR (400 MHz, Chloroform-d) & 7.44 — 7.24 (m, 7H), 6.89 (d, J = 8.5 Hz, 2H),
6.39 (d, J=15.8 Hz, 1H), 6.09 (dt, J = 15.6, 7.1 Hz, 1H), 5.03 (s, 2H), 3.99 — 3.83 (m, 2H), 3.81 —
3.67 (m, 1H), 2.52 — 2.42 (m, 1H), 2.42 — 2.31 (m, 1H), 2.04 — 1.80 (m, 3H), 1.54 (dq, J=11.7, 7.8
Hz, 1H). 3C NMR (100 MHz, Chloroform-d) & 158.0, 137.0, 131.3, 130.7, 128.6, 128.0, 127.5,
127.2, 124.7, 114.9, 79.0, 70.0, 68.0, 39.3, 30.9, 25.8. HRMS (ESI) calculated for [C20H22NaO3]
[M+Na]": 317.1512 found: 317.1509. Enantiomeric excess was determined by HPLC with a
Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr

=21.576 min, minor enantiomer tr = 17.993 min.

mau e
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<Peak Table>
PDACh1 254nm <Peak Table>

Paaks# Rat. Time  Haight Haight% Araa Araat PDACh1 254nm
Peak# Ret. Time eight
1 17.983 81617

2 21578 962939 94101 26247948 95.344
Total 1044557 100000 27529713 100.000

Height%

1 17.892 91554 54,608 1944284 49,671 a: Area
5.888 1281784 4656

2 21678 76108 45394 1970032 50.328
Total 167664 100.000 3914318 100.000

4.2.9 Synthesis of (S, E)-2-(3-(2-methoxyphenyl)allyl)tetrahydrofuran (8i)

@\/\\‘\Q
Me
8i

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8i
as a white liquid (70 mg, 64% yield) with 92% ee. [a]y = -4.5 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) & 7.43 (dd, J=7.6, 1.7 Hz, 1H), 7.18 (ddd, J = 8.1, 7.4, 1.7 Hz, 1H), 6.90 (td,
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J=1.5, 1.0 Hz, 1H), 6.84 (dd, J = 8.2, 1.0 Hz, 1H), 6.78 (dd, J = 16.0, 1.6 Hz, 1H), 6.22 (dt, J =
15.9, 7.2 Hz, 1H), 4.01 — 3.86 (m, 2H), 3.83 (s, 3H), 3.74 (td, J = 7.9, 6.4 Hz, 1H), 2.53 (dddd, J =
14.6, 7.3, 6.1, 1.5 Hz, 1H), 2.41 (dddd, J = 13.9, 7.5, 6.5, 1.5 Hz, 1H), 2.07 — 1.79 (m, 3H), 1.63 —
1.54 (m, 1H). '*C NMR (100 MHz, Chloroform-d) & 156.3, 128.1, 127.4, 126.6, 126.5, 120.6,
110.7, 79.0, 68.0, 55.5, 39.7, 30.8, 25.8. HRMS (ESI) calculated for [CisHisNaO>] [M+Na]":
241.1199 found: 241.1205. Enantiomeric excess was determined by HPLC with a Chiralpak ODH
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 26.598 min,

minor enantiomer tr = 21.757 min.

mAU mAU

POA R 1 254nm 2nm T FDA W 1 254nm Anm

a s 10 ' Y 20 3'0 t 40 o 50
rrrrr
<Peak Table> <Peak Table>
PDA Chi 254nm
PDA Ch1 254nm Peak# Ret Time|  Height Area Area%h
Peak# Ret. Time Height Height% red Areath 1 21.757 5427 5005 137850 4082
121775 5229 55025 137274 51.007 2 26508 103014 949895 3231245 95.908
2 26514 4274 44,975 46.993 Total 108441 100.000 3368084 100.000
Total 9503 100.000 100.000

Height%

131892
269126

4.2.10 Synthesis of (S,E)-5-(3-(tetrahydrofuran-2-yl)prop-1-en-1-yl)benzo[d][1,3]dioxole (8j)

Oj@\/\
<O 7S (O>
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Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8j
as a white liquid (54 mg, 56% yield) with 94% ee. [a]y = 0.1 (c = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) 6 6.90 (d, /= 1.7 Hz, 1H), 6.82 — 6.67 (m, 2H), 6.35 (dt,J=15.8, 1.4 Hz, 1H),
6.13 — 5.99 (m, 1H), 5.92 (s, 2H), 4.00 — 3.83 (m, 2H), 3.74 (td, J = 7.9, 6.5 Hz, 1H), 2.53 — 2.30
(m, 2H), 2.04 — 1.78 (m, 3H), 1.54 (ddt, J = 11.7, 8.4, 7.4 Hz, 1H). *C NMR (100 MHz,
Chloroform-d) 6 147.8, 146.6, 132.0, 131.4, 124.9, 120.4, 108.1, 105.4, 100.9, 78.8, 67.9, 39.0,
30.8, 25.7. HRMS (ESI) calculated for [CisH¢NaOs] [M+Na]*": 255.0992 found: 255.0989.
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:
2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 12.594 min, minor enantiomer tr =

11.869 min.
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<Peak Table>
<Peak Table> PDA Ch1 254nm :
PDA Ch1 254nm ) Peakd ReL Time | Height  Height% Area Areath
Peak# Ret. Time | Height Height% Areats 1 11.869 2512 4.152 27651 3.247
1 11821 35024 51244 473097 50.156 2 12504 57985 05848 823013 06753
Z 12535 33324 48.756 470946 49.844 Total 60508 100.000 851584  100.000
Total 68348|  100.000 944843 100000

4.2.11 Synthesis of (S, E)-2-(3-(3,4-dimethoxyphenyl)allyl)tetrahydrofuran (8k)
O
~o Z N,
8k

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8k
as a white liquid (54 mg, 44% yield) with 91% ee. [0 = 1.9 (¢ = 0.4, Chloroform).'H NMR (400
MHz, Chloroform-d) é 6.93 (d, J=2.0 Hz, 1H), 6.88 (dd, J = 8.3, 2.0 Hz, 1H), 6.79 (d, J = 8.2 Hz,
1H), 6.39 (dt, J=15.9, 1.4 Hz, 1H), 6.11 (dt, J = 15.8, 7.2 Hz, 1H), 3.99 — 3.90 (m, 2H), 3.89 (s,
3H), 3.86 (s, 3H), 3.75 (td, J=7.9, 6.4 Hz, 1H), 2.55 — 2.30 (m, 2H), 2.00 (dddd, J=11.3, 8.4, 6.3,
4.9 Hz, 1H), 1.95 — 1.84 (m, 2H), 1.57 (ddt, J = 11.6, 8.4, 7.4 Hz, 1H). *C NMR (100 MHz,
Chloroform-d) & 148.9, 148.4, 131.5, 130.7, 124.9, 119.1, 111.1, 108.5, 78.9, 68.0, 55.9, 55.8,
39.21, 30.9, 25.7. HRMS (ESI) calculated for [CisH20NaO3] [M+Na]": 271.1305 found: 271.1313.
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:

2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 21.788 min, minor enantiomer tr =

mAU mAU
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5 g i
@ 200
2 2
I i g
50+ i &
|
I :
| 00— i
e | ]
5 | /!
[
ol — e — A o _ A
ag 25 50 75 10.0 125 150 175 200 25 0 5 o 15 B 25 an = 4
min min
<Peak Table> <Peak Table>
PDACh1 254nm . PDAChH1 25d4nm
Peak Ret. Tme  Height Height rea Areadh Peak# Ret. Time | Height Height% Area Area%h
1 19.800 £1010 52571 1490881 49.757 1) 19.808 8113 5.302 191973 4.538
2 21831 55174 47480 1505550 50.243 2| 21788 144910 94.608 4040662 95.464
Total 116184 100000 2096542 100.000 Tolal 153023 100.000 4232635 100.000

4.2.12 Synthesis of (S, E)-2-(3-(3,4,5-trimethoxyphenyl)allyl)tetrahydrofuran (81)
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Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8l
as a white liquid (52 mg, 37% yield) with 92% ee. [a]> = 3.6 (¢ = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) & 6.59 (s, 2H), 6.38 (dt, J=15.8, 1.4 Hz, 1H), 6.17 (dt, J=15.8, 7.1 Hz, 1H),
4.00 — 3.89 (m, 2H), 3.87 (s, 6H), 3.83 (s, 3H), 3.76 (td, /= 7.9, 6.4 Hz, 1H), 2.56 — 2.31 (m, 2H),
2.07 — 1.82 (m, 3H), 1.57 (ddt, J = 11.7, 8.5, 7.5 Hz, 1H). '*C NMR (100 MHz, Chloroform-d) &
153.2, 137.4, 133.4, 131.8, 126.4, 103.1, 78.8, 68.0, 60.9, 56.0, 39.2, 30.9, 25.7. HRMS (ESI)
calculated for [Ci6H22NaO4] [M+Na]™: 301.1410 found: 301.1415. Enantiomeric excess was
determined by HPLC with a Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min,

254 nm); major enantiomer tr =21.027 min, minor enantiomer tr = 19.968 min.

mAU
POAMUIT 1 254nm,4nn

POA T 1 253nm 4nm

<Peak Table> <Peak Table>
PDACh1 254nm
Poaks Ret Time | Height Height% Area Arcali PDA Ch1 254nm . 5
120017 12830 51358 330035 26,807 Peak Ret Time | Height Height% | Area
2 21401 11963 48,642 333601 50.193 1 19.988 477 4672 11163
tal 24593 100000  ©64438  100.000 2 21.027 9732 95328 270334
Tota 10209 100.000 281487

Area%
3,966
96,034
100.000

4.2.13 Synthesis of (S, E)-N,N-dimethyl-4-(3-(tetrahydrofuran-2-yl)prop-1-en-1-yl)aniline

(8m)
A
\©\/\\“\(O>
8m

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8m
as a white liquid (60 mg, 52% yield) with 91% ee. [a]y = -6.7 (¢ = 0.4, Chloroform). 'H NMR

(400 MHz, Chloroform-d) 6 7.31 —7.16 (m, 2H), 6.76 — 6.60 (m, 2H), 6.42 — 6.29 (m, 1H), 6.01 (dt,
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J=15.8,7.2 Hz, 1H), 4.07 — 3.80 (m, 2H), 3.73 (td, /= 7.9, 6.4 Hz, 1H), 2.92 (s, 6H), 2.47 (dddd,
J=14.5,73,6.0, 1.5 Hz, 1H), 2.35 (dddd, /= 13.9, 7.6, 6.5, 1.4 Hz, 1H), 2.03 — 1.93 (m, 1H), 1.93
—1.78 (m, 2H), 1.55 (ddt, J = 11.7, 8.6, 7.5 Hz, 1H)."3*C NMR (100 MHz, Chloroform-d) § 149.8,
131.8, 127.0, 126.4, 122.4, 112.6, 79.2, 68.0, 40.6, 39.3, 30.8, 25.8. HRMS (ESI) calculated for
[CisH22NO] [M+Na]": 232.1696 found: 232.1698. Enantiomeric excess was determined by HPLC
with a Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major
enantiomer tr = 17.316 min, minor enantiomer tr = 14.020 min. (Note: The mixture of 8m and
ent-8m with different concentration to gain the HPLC time, all HPLC time difference are less than

one minute.)

<Peak Table>
PDACh1254nm
Poak# Rot Tima  Haight | Heightte Araa re:
113597 9889 Bo07a 161482 63476
2 17.528 4427 30,921 82018 26.524
Total 14218 100000 254389 100.000

4.2.14 Synthesis of (S, E)-2-(3-(4-(trifluoromethoxy)phenyl)allyl)tetrahydrofuran (8n)

CF,;0
\O\/\\“'@
8n

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8n
as a white liquid (67 mg, 49% yield) with 92% ee. [a]> = 4.1 (¢ = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) 6 7.39 — 7.31 (m, 2H), 7.13 (d, J = 8.3 Hz, 2H), 6.44 (d, J = 15.9 Hz, 1H),
6.23 (dt, J=15.8, 7.1 Hz, 1H), 4.02 — 3.83 (m, 2H), 3.82 — 3.68 (m, 1H), 2.53 —2.32 (m, 2H), 1.95
(dddd, J = 36.0, 14.7, 7.2, 4.4 Hz, 3H), 1.55 (dq, J = 11.6, 7.8 Hz, 1H). 3C NMR (100 MHz,
Chloroform-d) 6 148.1 (d, J = 1.9 Hz), 136.4, 130.5, 128.1, 127.2, 121.0, 120.5 (d, J = 256.8 Hz).
78.6, 68.0, 39.2, 30.9, 25.7. ’F NMR (376 MHz, Chloroform-d) & -57.91. HRMS (ESI) calculated
for [C14H15F3NaO2] [M+Na]": 295.0916 found: 295.0909. Enantiomeric excess was determined by
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HPLC with a Chiralpak AD-H column (hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254nm); major

enantiomer tr = 10.873 min, minor enantiomer tr = 10.042 min.

POAMUI 1 254nm,&nm

<Peak Table> <Peak Table>

PDACh1 254nm PDACh1254nm
Peak# Ret. Time  Height | Height% Area Area% [Peak Ret. Time  Height | Height® Area Arcath
1] 10,045 85780 52008 1418330 49535 1 10042 20344 4.868 511600 4056
2| 10875 78879 47902 1444938 50485 2 10873 397567 95132 7371144 95.844
Total 164660 100.000  2883266|  100.000 Total 417911 100.000| 782745 100.000

4.2.15 Synthesis of (S, E)-2-(3-(4-fluorophenyl)allyl)tetrahydrofuran (8o)

F
\@/\\\\-@
8o

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8o
as a white liquid (52 mg, 50% yield) with 91% ee. [a]> = 3.3 (¢ = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) & 7.35 — 7.27 (m, 2H), 7.07 — 6.91 (m, 2H), 6.48 — 6.35 (m, 1H), 6.15 (dt, J =
15.8, 7.1 Hz, 1H), 4.06 — 3.84 (m, 2H), 3.75 (td, J = 7.9, 6.4 Hz, 1H), 2.55 — 2.24 (m, 2H), 2.00
(dddd, J=11.3, 8.4, 6.3, 4.9 Hz, 1H), 1.96 — 1.80 (m, 2H), 1.56 (ddt, J=11.6, 8.4, 7.4 Hz, 1H). 1*C
NMR (100 MHz, Chloroform-d) & 162.0 (d, J = 245.8 Hz), 133.7 (d, /= 3.3 Hz), 130.7, 127.5 (d, J
= 7.8 Hz), 126.6 (d, J= 2.3 Hz), 115.3 (d, J= 21.5 Hz), 78.8, 68.0, 39.2, 30.9, 25.7. 'F NMR (376
MHz, Chloroform-d) & -115.44. HRMS (ESI) calculated for [Ci13H;sFNaO] [M+Na]": 229.0999
found: 229.0999. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column
(hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); major enantiomer tr = 12.318 min, minor

enantiomer tr = 11.652 min.
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<Peak Table>
PDA Ch1 254nm
Peak:

#Ret. Time  Height | Heightt Area
1| 11.638 49440 51142 952268
2| 12309 47232 48,858 1023518
Total 96672| 100000 1975782

PDA Multi 1 254nm 4nm

<Peak Table>
PDA Ch1 254hm
Peak# R

el Time
1 11.852
2 12318

g
00 5

Height  Heightt

a Area%
13674 5412 249482 4 684
238981 94 588 5076296 95 316
252625 100,000 5325758 100.000

4.2.16 Synthesis of (S, E)-2-(3-(4-(trifluoromethyl)phenyl)allyl)tetrahydrofuran (8p)

CF5
\©\/\\\\‘((3>
8p

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),

Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash

column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8p

as a white liquid (74 mg, 58% yield) with 91% ee. [a]; =3.4 (¢ = 0.4, Chloroform).'"H NMR (400

MHz, Chloroform-d) & 7.35 (d, J = 8.7 Hz, 2H), 7.19 — 7.07 (m, 2H), 6.44 (dd, J = 16.0, 1.6 Hz,

1H), 6.23 (dt, J=15.9, 7.1 Hz, 1H), 4.05 — 3.85 (m, 2H), 3.75 (td, /= 7.8, 6.4 Hz, 1H), 2.54 —2.34

(m, 2H), 2.07 — 1.80 (m, 3H), 1.62 — 1.44 (m, 1H). '>*C NMR (100 MHz, Chloroform-d) § 148.13,

148.11, 136.38, 130.47, 128.06, 127.22, 121.77, 120.97, 119.21, 78.64, 67.98, 39.14, 30.91, 25.70.

F NMR (376 MHz, CDCI3) § -57.92. HRMS (ESI) calculated for [C14Hi6F30] [M+H]": 257.1148

found: 257.1145. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column

(hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); major enantiomer tr = 10.956 min, minor

enantiomer tr = 10.078 min.

mAU

PDA NIl 1 254nm 4nm

Y
B
)
[
1 |
250 |
A
[
|
o
[RAR
‘‘‘‘‘‘‘‘‘‘‘‘‘‘
0 5 0 13
<Peak Table>
PDACN1 254nm
Peak# Ret Time | Height Height% a
1 10203 349182 51530| 6748081
2| 11148 328451 48.470| 6798604
Total 677633  100.000| 13548685  100.000

)
401

300

200-

400+

of-

PDA MUt 1 254rm 4n

<Peak Table>

PDACh1 254nm
Peak# Ret. Time

Height  Heightth |  Area Areadh
1 10.078 11204 4.867 206445 4.424
2 10956 218974 95.133 4459941

Total

5133 4459341 95576
230178 100.000| 4668385 100.000

4.2.17 Synthesis of (S, E)-2-(3-(thiophen-2-yl)allyl)tetrahydrofuran (8q)
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Al
8q

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8q
as a white liquid (64 mg, 65% yield) with 91% ee. [a]> = 5.3 (¢ = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) & 7.09 (dt, J = 5.1, 0.8 Hz, 1H), 6.97 — 6.84 (m, 2H), 6.58 (dd, J=15.7, 1.6
Hz, 1H), 6.07 (dt, J=15.7, 7.2 Hz, 1H), 4.01 — 3.84 (m, 2H), 3.74 (td, J = 7.8, 6.4 Hz, 1H), 2.54 —
2.26 (m, 2H), 2.00 (dddd, J=11.4, 8.4, 6.4, 4.9 Hz, 1H), 1.94 — 1.81 (m, 2H), 1.55 (ddt, J=11.7,
8.4, 7.4 Hz, 1H). 3C NMR (100 MHz, Chloroform-d) & 142.8, 127.2, 126.7, 125.2, 124.7, 123.4,
78.6, 68.0, 39.1, 30.9, 25.8. HRMS (ESI) calculated for [C1iH;sOS] [M+H]":195.0838 found:
195.837. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:
2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 15.378 min, minor enantiomer tr =

11.923 min.

2507 PDANUIt 1 254nm,An] DA uli 1 254nm 2nm
200~

. w !
50— #
4 i

<Peak Table> <Peak Table>
PDACh1 254nm PDA Chi 254nm

Peak# Ret. Time Height hit% ed Areats — 3 r
1 11754 158840 56.135| 2138142 50,154 Pg;"‘r’ Ra'wr‘g"gi HE‘Q';;SS He'gg‘;“i_ 516 ’si‘ﬁ'm
2 15035 124119 43865 2122085 40846 5| 10231
Total 282959 100.000 4250127 100.000

2 15.378 122514 94,045 2138413 95.430
Total 130271 100.000 2238729 100.000

4.2.18 Synthesis of (S, E)-2-(3-(naphthalen-1-yl)allyl)tetrahydrofuran (8r)

\\“Q
8r

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8r
as a white liquid (79 mg, 66% yield) with 92% ee. [a]y = -4.0 (¢ = 0.4, Chloroform). 'H NMR (400
MHz, Chloroform-d) 6 8.17 — 8.06 (m, 1H), 7.83 (dd, /= 8.0, 1.6 Hz, 1H), 7.74 (d, /= 8.2 Hz, 1H),
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7.57 (dt,J=17.1,0.9 Hz, 1H), 7.53 - 7.39 (m, 3H), 7.19 (d, /= 15.6 Hz, 1H), 6.25 (dt, J=15.5, 7.1
Hz, 1H), 4.03 (dq, J = 7.7, 6.3 Hz, 1H), 3.93 (ddd, J = 8.3, 7.2, 6.2 Hz, 1H), 3.77 (td, J= 7.9, 6.4
Hz, 1H), 2.58 (ddddd, J = 44.9, 14.0, 7.6, 6.3, 1.5 Hz, 2H), 2.04 (dddd, J = 11.6, 8.5, 6.5, 4.9 Hz,
1H), 1.99 — 1.81 (m, 2H), 1.69 — 1.61 (m, 1H). 3C NMR (100 MHz, Chloroform-d) & 135.4, 133.6,
131.1, 130.1, 129.2, 128.5, 127.5, 125.9, 125.7, 123.9, 123.7, 78.8, 68.1, 39.6, 30.9, 25.8. HRMS
(ESI) calculated for [C17H1sNaO] [M+Na]": 261.1250 found: 261.1256. Enantiomeric excess was
determined by HPLC with a Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min,

254 nm); major enantiomer tr = 16.388 min, minor enantiomer tr = 15.385 min.

mAU mAu

POA Mult 1 254nm &nm PDA MU T 254nm Anim

T T T
0o 25 50 75 100 125 150 17.5 200 0.0 25 50 78 100 125 150 175 200
i min

<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak#| Ret. Time  Height Height% Area Area% Peak# Ret. Time  Height Height% Area Area%
1| 15205 6309 51.745 115688 50.176 1. 15385 3810 4.438 72862 4.124
2| 16103 5087 48255 115076 40,824 2 16.388 82021 95.561| 1689255 95.878
Total 12366 100.000| 230084  100.000 Total 85831  100.000| 1761918  100.000

4.2.19 Synthesis of (S, E)-2-(3-(naphthalen-2-yl)allyl)tetrahydrofuran (8s)

\“~(O>
8s

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8s
as a yellow solid (69 mg, 58% yield) with 90% ee. Mp: 31.2— 34.3 °C. [a]y = 0.9 (c = 0.4,
Chloroform). 'H NMR (400 MHz, Chloroform-d)$ 7.75 (t, J = 8.3 Hz, 3H), 7.67 (d, J = 1.6 Hz,
1H), 7.58 (dd, J = 8.6, 1.7 Hz, 1H), 7.40 (pd, J = 7.0, 1.4 Hz, 2H), 6.59 (d, J = 15.8 Hz, 1H), 6.35
(dt,J=15.9, 7.1 Hz, 1H), 4.07 — 3.85 (m, 2H), 3.81 — 3.69 (m, 1H), 2.48 (dq, J=30.7, 7.2 Hz, 2H),
2.05 - 1.93 (m, 1H), 1.93 — 1.79 (m, 2H), 1.56 (dq, J = 11.7, 7.8 Hz, 1H). '3C NMR (100 MHz,
Chloroform-d) 6 134.9, 133.5, 132.6, 131.9, 127.9, 127.8, 127.5, 127.2, 126.0, 125.6, 125.5, 123.5,
78.7, 67.9, 39.3, 30.8, 25.6. HRMS (ESI) calculated for [Ci7Hi1sNaO] [M+Na]": 261.1250 found:

261.1255. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (hexanes:
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2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 11.337 min, minor enantiomer tr =

mAL maL
" PO it 1 254nm 20
.
- 1500 :
00 \
- : |
1 = 1000
200 | ’|
] | |
| (L
100 |l Iy |
1 2l
[T @
] Mok S
. oy
0o o 100 2 15.0 . 20
<Peak Table> <Peak Table>
PDACHT 254nm PDACH! 254nm
Peaké Ret Time| Height  Height% reat Peakit Ret Time| Height _ Height% Area Areath
1 10.814] 200031 51566 2769766 49873 1 10g2s 66875 5776 1036500 5181
2 11803 215963 48434 2783912 50.127 2 11337 1418805 94.224| 18932652 94.809
Total 445894 100.000 5553607 100.000 Total L 1505781 100000 19969152 100.000

4.2.20 Synthesis of (S)-2-((2E,4E)-5-phenylpenta-2,4-dien-1-yl)tetrahydrofuran (8t)

Q\M\\“@
8t

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (I mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8t
as a white liquid (78 mg, 73% yield) with 91% ee. [o]5 = 4.4 (c = 0.4, Chloroform).'H NMR (400
MHz, Chloroform-d) 6 7.41 — 7.34 (m, 2H), 7.29 (dd, J = 8.5, 6.8 Hz, 2H), 7.23 — 7.15 (m, 1H),
6.76 (dd, J=15.6, 10.4 Hz, 1H), 6.46 (d, J=15.7 Hz, 1H), 6.36 — 6.19 (m, 1H), 5.83 (dt, J = 14.9,
7.3 Hz, 1H), 4.01 — 3.83 (m, 2H), 3.74 (td, J=17.9, 6.5 Hz, 1H), 2.51 — 2.27 (m, 2H), 2.06 — 1.77 (m,
3H), 1.53 (ddt, J = 11.8, 8.5, 7.5 Hz, 1H). '*C NMR (100 MHz, Chloroform-d) & 137.6, 132.6,
131.4, 130.7, 129.2, 128.6, 127.2, 126.2, 78.8, 68.0, 39.1, 30.9, 25.7. HRMS (ESI) calculated for
[CisHisNaO] [M+Na]": 237.1250 found: 237.1249. Enantiomeric excess was determined by HPLC
with a Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major

enantiomer tr =9.507 min, minor enantiomer tr = 10.029 min.

mAU mad

FOA e T 254 A PDANUF 1 254nm Anm

400
160-

300
100~
200+

100-

o

T T T s
0.0 2.5 5.0 75 10.0 125 15.0 oo 28
min

<Peak Table> <Peak Table>
PDACh1 254nm

4|
Pealc#| Ret. Time_ Height | Height% Area Area% EDACI 254nm. Height | Height% rea Area%
1 oss S1207| 51184 566802 49.875 T 507 V68 608 133356 Foicd
2| 10z7s 48877 46.936 571848 50125 5 10028 2seasa|  05a7>  ogedses 85723
Total 100085| 100000 1140450 100.000 Total Seaatn 100000 3118048 100000

4.2.21 Synthesis of (S)-2-(2-phenylallyl)tetrahydrofuran (8u)
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A

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8u
as a white liquid (32 mg, 34% yield) with 87% ee. [0]> = -1.4 (¢ = 0.4, Chloroform)."H NMR (400
MHz, Chloroform-d) 6 7.45 — 7.38 (m, 2H), 7.32 (ddd, J = 8.1, 7.1, 1.1 Hz, 2H), 7.29 — 7.26 (m,
1H), 5.34 (d, J= 1.5 Hz, 1H), 5.15 (q, J/ = 1.3 Hz, 1H), 4.00 — 3.84 (m, 2H), 3.69 (td, J = 8.2, 6.2
Hz, 1H), 2.88 (ddd, J=14.3, 6.5, 1.3 Hz, 1H), 2.60 (ddd, /= 14.3, 7.0, 1.2 Hz, 1H), 1.97 — 1.73 (m,
3H), 1.58 — 1.43 (m, 1H). *C NMR (100 MHz, Chloroform-d) § 145.7, 141.1, 128.5, 128.3, 127.4,
126.2, 126.1, 114.2, 77.6, 67.8, 41.6, 31.1, 25.6. HRMS (ESI) calculated for [Ci3H170] [M+H]":
189.1274 found: 189.1278. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 7.345 min,

minor enantiomer tr = 7.893 min.

mal

FOA MU T 252nm anm

PDA T 1 254nm, 2nm

100 S8 100

i R I o " oo T T T T
0o 25 a0 75 0.0 125 150 ] 1 2 3 4 5 & 7 3
moo T T min
<Peak Table> <Peak Table>
PDA Gh1 254nm PDACh1 254nm
Peaks Ret Time Area Area% Peaks# Rat. Time
1010353 28224 1 7345
1084779 51.776 2 75883
2085132 100.000 Total

Height  Haight® rea
88434 83.855 239897
5790 6.145 67721

Height¥% |
51415

Area%
93 508
8404
100.000

Height
1 7369 91287
2 7.929 88281 48585
Total 177548 100.000

4.2.22 Synthesis of (S)-2-((1H-inden-2-yl)methyl)tetrahydrofuran (8v)
eWa
8v

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8v
as a white liquid (82 mg, 82% yield) with 95% ee. [a]y = -3.7 (¢ = 0.4, Chloroform). '"H NMR

(400 MHz, Chloroform-d)s 7.38 (dq, J = 7.4, 0.9 Hz, 1H), 7.28 (dt, J=17.5, 0.9 Hz, 1H), 7.21 (td, J
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=74, 1.0 Hz, 1H), 7.10 (td, J = 7.4, 1.3 Hz, 1H), 6.61 — 6.57 (m, 1H), 4.11 (dq, J = 7.6, 6.4 Hz,
1H), 3.91 (ddd, J = 8.3, 7.1, 6.2 Hz, 1H), 3.75 (td, J= 7.9, 6.5 Hz, 1H), 3.42 — 3.34 (m, 2H), 2.78
(ddd, J=14.8, 6.6, 1.3 Hz, 1H), 2.66 (ddd, J=14.8, 6.2, 1.1 Hz, 1H), 2.02 (dddd, J=11.6, 8.4, 6.4,
5.0 Hz, 1H), 1.96 — 1.83 (m, 2H), 1.59 — 1.51 (m, 1H). *C NMR (100 MHz, Chloroform-d) & 147.1,
145.4, 143.3, 128.0, 126.2, 123.8, 123.4, 120.1, 78.6, 67.9, 41.7, 37.4, 31.3, 25.7. HRMS (ESI)
calculated for [Ci4H170] [M+H]": 201.1274 found: 201.1278. Enantiomeric excess was determined
by HPLC with a Chiralpak OD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm);

major enantiomer tr = 10.973 min, minor enantiomer tr = 10.363 min.

mau
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<Peak Table> <Peak Table>

PDACH1 254nm PDA Ch1 254nm
Pealc# Ret. Time |  Height  Heightté Area reat Peak® Ret, Time|  Height | Height® Area 2a%

1 10827 §1938 51817 833252 51710 1 10.363 4786 2,567 57272 2428

2 11550 57598 48183 778144 48.200 7 10973 82044 G7.433| 2301977 §7.572

Tatal 119535 100000 1611388  100.000 Total 186840 100.000| 2359248|  100.000

Prepared according to typical procedure at 0 °C for 36 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from D-y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 8-D
as a white liquid (68 mg, 62% yield) with 92% ee, >20:1 dr. [a]; = -2.5 (¢ = 0.4, Chloroform).'H
NMR (400 MHz, Chloroform-d) 6 7.31 — 7.26 (m, 2H), 6.89 — 6.77 (m, 2H), 6.39 (dd, J=15.9, 1.4
Hz, 1H), 6.08 (dd, J=15.8, 7.0 Hz, 1H), 3.98 — 3.85 (m, 2H), 3.78 (s, 3H), 3.74 (td, /= 7.9, 6.4 Hz,
1H), 2.45 (td, J= 6.7, 1.7 Hz, 1H), 1.98 (dddd, J= 114, 8.6, 6.4, 4.9 Hz, 1H), 1.92 — 1.79 (m, 2H),
1.55 (ddt, J = 11.7, 8.5, 7.5 Hz, 1H). '*C NMR (100 MHz, Chloroform-d) & 158.7, 131.2, 130.3,
127.1, 124.4, 113.8, 78.8, 67.9, 55.2, 39.1-38.4 (m), 30.7, 25.7.RMS (ESI) calculated for
[C14H17DNaO;] [M+Na]": 242.1262 found: 242.1258. Enantiomeric excess was determined by
HPLC with a Chiralpak OD-H column (hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); major

enantiomer tr = 27.808 min, minor enantiomer tr = 21.379 min.
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<Peak Table> <Peak Table>

PDACH1 254nm PDA Ch1 254nm
Peak#| Ret. Time | Height Height% Area Area% Peal#| Ret. Time | Height Height% Area Area%
1 216863 48857 57 187 1151447 49928 1 21.378 681 5.216 15768 3.804

2 28232 34929 42813 1154755 50.072 2
Total 81586 100.000| 2306202 100.000 Total

27.808 12371 94 784

13051 100.000

398785 96 196
414554 100.000

4.3 General procedure for reactions of primary /secondary y-hydroxy alkenes with 2b

CF3
CF

S 2.5 mol% [Pd(allyl)Cl], g3 R® R , 3 / s‘
s _Br 10 mol% Xu9 R* i
HOW * P~ > o
R2"Ng2 tha c=0.15 M, Toluene NN pr2

EtONa(4 eq)
72 h,-20°C

9 2b

To a sealed tube was added [Pd(allyl)Cl]2 (2.5 mol%), Xu9 (10 mol%). The flask was evacuated
and refilled with argon. Then y-hydroxyalkenes (0.5 mmol), alkenyl halides (1 mmol), EtONa (4.0
equiv.), and solution of toluene (3.5 mL) was added to the tube, and stirred at -20 °C for 72 hours.
After the reaction was complete (monitored by TLC), solvent was removed under reduced pressure.
The crude product was then purified by flash column chromatography on silica gel to afford the

desired product.

4.3.1 Synthesis of (R)-3,3-dibenzyl-2-cinnamyltetrahydrofuran (10a)

10a

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes 9a (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10a
as a white liquid (116 mg, 63% yield) with 93% ee. [a]; = 59.5 (¢ = 0.4, Chloroform)."H NMR
(400 MHz, Chloroform-d) 6 7.39 — 7.31 (m, 4H), 7.30 — 7.16 (m, 9H), 7.05 — 7.00 (m, 2H), 6.50 (d,
J=15.8 Hz, 1H), 6.32 (dt, J = 15.8, 6.9 Hz, 1H), 4.00 — 3.89 (m, 1H), 3.67 (ddt, /= 9.7, 6.7, 3.2
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Hz, 2H), 2.88 — 2.73 (m, 3H), 2.68 — 2.60 (m, 1H), 2.56 — 2.42 (m, 2H), 1.83 (ddd, J = 12.8, 7.4,
3.2 Hz, 1H), 1.67 — 1.57 (m, 1H)."*C NMR (100 MHz, Chloroform-d) & 138.7, 137.6, 137.4, 131.6,
131.0, 130.9, 128.5, 128.2, 128.1, 128.0, 127.1, 126.4, 126.2, 82.8, 65.1, 48.0, 39.9, 38.7, 33.1, 31.7.
HRMS (ESI) calculated for [C27H2sNaO] [M+Na]™: 391.2032 found: 391.2022. Enantiomeric
excess was determined by HPLC with a Chiralpak AD-H column (hexanes: 2-propanol = 99: 1, 0.6

mL/min, 254 nm); major enantiomer tr = 13.311 min, minor enantiomer tr = 11.545 min.

mAU mAU

FOA MO 1 254nm Anm POA NI T 254nm,dnm

[} S o T . N

<Peak Table> <PeakK Table>
PDACh1 254nm
PonRaofam, Height Height?% Area Areath Peak# Ret Time|  Height Height% Area Areath
1 11607 36318 50.387 741970‘ 49.824 ; 1;53-‘:15 31%3 ;ggg ngggg gg i;?
2 13.621 24837 40613 747222 50.176 el -
Total 61165  100.000  1489192|  100.000 Total 32685 100.000 869636  100.000

4.3.2 Synthesis of (R)-2-cinnamyl-3,3-bis(4-methylbenzyl)tetrahydrofuran (10b)

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10b
as a white liquid (116 mg, 63% yield) with 92% ee. [a]; = 41.1 (¢ = 0.4, Chloroform). 'H NMR
(400 MHz, Chloroform-d) & 7.40 — 7.35 (m, 2H), 7.28 (dd, J = 8.4, 6.8 Hz, 2H), 7.21 — 7.09 (m,
5H), 7.05 (d, J= 7.8 Hz, 2H), 6.97 — 6.86 (m, 2H), 6.50 (d, J = 15.7 Hz, 1H), 6.32 (dt, J=15.8, 6.9
Hz, 1H), 3.99 — 3.87 (m, 1H), 3.66 (ddd, J=9.4, 8.3, 3.1 Hz, 2H), 2.84 — 2.68 (m, 3H), 2.63 — 2.56
(m, 1H), 2.48 (dddt, J = 13.2, 6.7, 3.0, 1.4 Hz, 2H), 2.36 (s, 3H), 2.30 (s, 3H), 1.82 (ddd, J = 12.7,
7.4,3.1 Hz, 1H), 1.66 — 1.57 (m, 1H). '3C NMR (100 MHz, Chloroform-d) & 137.7, 135.8, 135.5,
134.3, 131.4, 130.8, 130.8, 128.9, 128.8, 128.5, 128.1, 127.0, 126.2, 82.8, 65.1, 48.0, 39.4, 38.2,
33.1, 31.6, 21.1, 21.1, 21.0. HRMS (ESI) calculated for [C20H3,NaO] [M+Na]": 419.2345 found:

419.2354. Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column (hexanes:
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2-propanol = 99: 1, 0.6 mL/min, 254 nm); major enantiomer tr = 9.629 min, minor enantiomer tr =

7.807 min.

mAU

PDA Multi 1 254nm, 4nm]

PDAMUT T 254nm 4nm
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<Peak Table> <Peak Table>

PDA Chi 25dnm
Peaks Ret Time| Height  Height% rea reat DA ohd 2adnm. Height | Helght% Ares Areat
1] 7835 27493 79953 674075 G177 T 7807 6200 15498 130915 1035

2 9.808| 5894 20.045 032587 48.223 2 9.629 35092 §4.801) 3113322 95,965
Total 34386 100.000) 1311681 100000 Total 41381 100.000] 3244237  100.000

4.3.3 Synthesis of (R)-2-cinnamyl-3,3-bis(4-fluorobenzyl)tetrahydrofuran (10c)

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10¢
as a white liquid (140 mg, 69% yield) with 93% ee. [a]; = 57.1 (¢ = 0.4, Chloroform). 'H NMR
(400 MHz, Chloroform-d) & 7.40 — 7.33 (m, 2H), 7.29 (dd, J = 8.4, 6.8 Hz, 2H), 7.24 — 7.12 (m,
3H), 7.08 — 6.89 (m, 6H), 6.51 (d, /= 15.9 Hz, 1H), 6.31 (dt, /= 15.8, 6.9 Hz, 1H), 3.92 (td, J = 8.7,
7.5 Hz, 1H), 3.73 — 3.59 (m, 2H), 2.82 (d, J = 13.7 Hz, 1H), 2.79 — 2.67 (m, 2H), 2.59 (d, J = 13.7
Hz, 1H), 2.54 — 2.44 (m, 2H), 1.79 (ddd, J = 12.8, 7.5, 3.3 Hz, 1H), 1.65 — 1.53 (m, 1H). *C NMR
(100 MHz, Chloroform-d) ¢ 161.72 (d, J = 244.9 Hz), 161.64 (d, J = 245.1 Hz), 137.4, 134.1 (d, J
= 3.3 Hz), 132.8 (d, J = 3.4 Hz), 132.8, 132.8, 132.2, 132.1, 131.7, 128.5, 127.6, 127.2, 126.2,
115.1 (d, J = 10.5 Hz), 114.9 (d, ] = 10.4 Hz), 82.7, 65.0, 47.9, 39.0, 37.9, 33.1, 31.5. '°F NMR
(376 MHz, CDCI3) & -116.37, -116.57. HRMS (ESI) calculated for [C27H26F2NaO] [M+Na]":
427.1844 found: 427.1848. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 15.830 min,

minor enantiomer tr = 13.675 min.
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<Peak Table> <Peak Table>
PDA Chi 254nm PDACh1 254nm
Peakst Ret Time _ Height
1 13.503 7083 56.547
2 15.638 5443 43453
Total 12526 100.000

Height% a4 Peaks| Ret Tme  Height | Helght% |
50,752 1 13875 5587 4375
49.245 2| 15830 12218 95.625

100.000 Total 127705 100.000

Area Area%
137217 3.359

3847530 96 641

4084747 100.000

rea
173276
168139
341415

4.3.4 Synthesis of (R)-3,3-bis(4-chlorobenzyl)-2-cinnamyltetrahydrofuran (10d)

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10d
as a yellow solid (170 mg, 78% yield) with 94% ee. Mp: 86.0-89.1 °C. [a]y = 41.0 (c = 0.4,
Chloroform).'"H NMR (400 MHz, Chloroform-d) & 7.40 — 7.34 (m, 2H), 7.33 — 7.26 (m, 4H), 7.25 —
7.17 (m, 3H), 7.16 — 7.09 (m, 2H), 6.97 — 6.91 (m, 2H), 6.51 (d, /= 15.7 Hz, 1H), 6.30 (dt, J = 15.8,
6.9 Hz, 1H), 3.91 (td, J = 8.7, 7.5 Hz, 1H), 3.71 — 3.57 (m, 2H), 2.82 (d, J = 13.5 Hz, 1H), 2.78 —
2.66 (m, 2H), 2.63 — 2.55 (m, 1H), 2.54 — 2.39 (m, 2H), 1.78 (ddd, J = 12.9, 7.5, 3.3 Hz, 1H), 1.64
— 1.56 (m, 1H). *C NMR (100 MHz, Chloroform-d) & 137.4, 136.8, 135.5, 132.4, 132.1, 132.1,
131.7, 128.5, 128.4, 128.3, 127.4, 127.2, 126.2, 82.6, 64.9, 47.9, 39.2, 38.1, 33.0, 31.5. HRMS (ESI)
calculated for [C27H26Cl:NaO] [M+Na]": 459.1253 found: 459.1263. Enantiomeric excess was
determined by HPLC with a Chiralpak AD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min,

254 nm); major enantiomer tr = 15.804 min, minor enantiomer tr = 14.077 min.

S110



maL)

PDAMuUIt T254nm 2nm

POA NIt T 254nm_4nm|

S I S T a a
<Peak Table>
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PDA Ch1 254nm Peak Table
Peal Ret. Tme|  Height  Height% PDACN 2547m

e ea%h
Peak# Ret. Time Height Height% rea Area%h
1 13.830 27884 56930 708017 49 857 1 14077 6560 4089 154553 5763

2 15.804 153488 85.801 5440038 97.237
Total 160025 100,000 5584588 100.000

| 2 15.628 21080 43.070| 710054 50.143
Total 48943 100.000| 1418071 100.000

4.3.5 Synthesis of (R)-2-cinnamyl-3,3-bis(4-(trifluoromethyl)benzyl)tetrahydrofuran (10e)

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10e
as a white liquid (192 mg, 76% yield) with 93% ee. [a]; = 41.5 (¢ = 0.4, Chloroform). 'H NMR
(400 MHz, Chloroform-d) 6 7.61 (d, J= 8.0 Hz, 2H), 7.52 (d, /= 7.9 Hz, 2H), 7.43 — 7.36 (m, 2H),
7.31 (td, J = 8.0, 6.2 Hz, 4H), 7.24 — 7.19 (m, 1H), 7.14 (d, J = 7.9 Hz, 2H), 6.61 — 6.43 (m, 1H),
6.32 (dt, J=15.8, 6.9 Hz, 1H), 3.95 (td, J = 8.6, 7.5 Hz, 1H), 3.77 — 3.56 (m, 2H), 2.94 (d, /= 13.5
Hz, 1H), 2.84 (s, 2H), 2.71 (d, J = 13.5 Hz, 1H), 2.61 — 2.46 (m, 2H), 1.82 (ddd, J=12.9, 7.5, 3.3
Hz, 1H), 1.70 — 1.59 (m, 1H). *C NMR (100 MHz, Chloroform-d) § 142.6 (d, J= 1.5 Hz), 141.3 (d,
J=14Hz), 137.4,131.9, 131.2, 131.2, 128.9 (q, /= 32.3 Hz), 128.6, 127.3, 126.2,125.2 (q, J = 3.8
Hz), 125.1 (q, J = 3.8 Hz), 82.7, 64.9, 48.1, 39.7, 38.7, 33.1, 31.6. ’F NMR (376 MHz,
Chloroform-d) & -62.27, -62.32. HRMS (ESI) calculated for [C2oH26F¢NaO] [M+Na]": 527.1780
found: 527.1783. Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column
(hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); major enantiomer tr = 10.681 min, minor

enantiomer tr = 8.541 min.
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<Peak Table> <Peak Table>
PDACh1 254nm PDA Chi 254nm
Peak#| Ret Time | Haight Height%. rea % Peaks Ret. Time
1 8543 16420 80.220 503635 50.737

2 10.825 4049 19.780 488998 49263
Total 20489 100.000 992621 100.000

reat

53 Area Area%h
1 8.541 6211 12.964 185678 3.652
2 10,681 41698 87.036 4898546 96.348
Total 47908 100.000 5084224 100.000

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10f
as a white liquid (136 mg, 63% yield) with 90% ee. [a]; = 45.9 (¢ = 0.4, Chloroform).'"H NMR
(400 MHz, Chloroform-d) 6 7.31 — 7.25 (m, 2H), 7.18 (t,J = 7.6 Hz, 2H), 7.12 — 7.07 (m, 1H), 7.05
—7.00 (m, 2H), 6.87 — 6.81 (m, 2H), 6.79 — 6.75 (m, 2H), 6.69 (dq, J = 9.6, 3.1, 2.7 Hz, 2H), 6.40
(d, J=15.8 Hz, 1H), 6.23 (dt, J=15.8, 6.9 Hz, 1H), 3.89 — 3.78 (m, 1H), 3.69 (s, 3H), 3.64 (s, 3H),
3.60 — 3.52 (m, 2H), 2.72 — 2.55 (m, 3H), 2.46 (d, J = 13.6 Hz, 1H), 2.42 — 2.31 (m, 2H), 1.70 (ddt,
J =148, 7.4,3.7 Hz, 1H), 1.50 (dt, J = 11.9, 9.5 Hz, 1H). *C NMR (100 MHz, Chloroform-d) &
158.3, 158.2, 137.7, 131.9, 131.8, 131.5, 130.6, 129.4, 128.5, 128.1, 127.1, 126.2, 113.7, 113.5,
82.8, 65.1, 55.3, 55.2, 55.2, 48.1, 39.0, 37.7, 33.1, 31.7. HRMS (ESI) calculated for [C29H32NaOs3]
[M+Na]": 451.2244 found: 451.2256. Enantiomeric excess was determined by HPLC with a
Chiralpak AD-H column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr

= 22.581 min, minor enantiomer tr = 24.506 min.
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<Peak Table> <Peak Table>

PDACh1 254nm PDACh1 254nm
Peak# Ret. Time Height Heightd% Area rea% Peak# Ret. Time

1 21.972 17214 50.456 746236 49.101 1 22.581 ‘ 106664 94 602 4941485 94.967

2 23.823 16903 49.544 773568 50.699 2 24 508 [LT 5398 281889 5.033

Total 34117 100.000 1519804 100.000 Total ‘ 112730 100.000 5203374 100.000

4.3.7 Synthesis of (R)-2-cinnamyl-3,3-bis(3-methoxybenzyl)tetrahydrofuran (10g)
MeO

Height Height% Area Area%

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10g
as a white liquid (137 mg, 64% yield) with 90% ee. [a]; = 56.4 (¢ = 0.4, Chloroform).'"H NMR
(400 MHz, Chloroform-d) 6 7.39 — 7.31 (m, 2H), 7.25 (dt, J=9.0, 7.6 Hz, 3H), 7.20 — 7.09 (m, 2H),
6.84 — 6.76 (m, 3H), 6.73 (ddd, J= 8.3, 2.6, 0.9 Hz, 1H), 6.63 (dt, /= 7.6, 1.2 Hz, 1H), 6.58 (dd, J
=2.6, 1.6 Hz, 1H), 6.49 (d, J = 15.9 Hz, 1H), 6.33 (dt, J = 15.8, 6.9 Hz, 1H), 3.94 (td, /=8.7, 7.4
Hz, 1H), 3.78 (s, 3H), 3.72 — 3.63 (m, 5H), 2.86 — 2.71 (m, 3H), 2.60 (d, J = 13.4 Hz, 1H), 2.54 —
2.37 (m, 2H), 1.85 (ddd, J = 12.7, 7.4, 3.2 Hz, 1H), 1.73 — 1.59 (m, 1H). 3*C NMR (100 MHz,
Chloroform-d) 6 159.5, 159.4, 140.3, 139.0, 137.6, 131.6, 129.2, 129.0, 128.5, 128.0, 127.1, 126.2,
123.5,123.4,117.2, 116.8, 111.8, 111.3, 83.0, 65.1, 55.2, 55.2, 48.0, 40.1, 38.8, 33.2, 32.0. HRMS
(ESI) calculated for [C29H3,NaO3] [M+Na]": 451.2244 found: 451.2254. Enantiomeric excess was
determined by HPLC with a Chiralpak AD-H column (hexanes: 2-propanol = 90: 10, 0.6 mL/min,

254 nm); major enantiomer tr = 13.800 min, minor enantiomer tr = 15.075 min..
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<Peak Table>
PDA Ch1 254nm

eaki Ret. Time  Height Height% Area Area% o 2 ; 5
1 13.806 10338 19086 1040768 50.028 ‘P”“kf Tl Hey: H“';‘Z‘_Z“m' g dwenns
2 18051 39390 50,034 1039590 49.972 2| 15075 11386 5122| 302367 4941
Total 78726 100.000 2080359 | 100000 Tetal 221830 100000  E119893 100.000

4.3.8 Synthesis of (R)-2-cinnamyl-3,3-bis(2-methoxybenzyl)tetrahydrofuran (10h)

MeO O O
[:::::l\\v//\\\ e
Z w0

10h
Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10h
as a white liquid (133 mg, 62% yield) with 90% ee. [a]s =61.6 (¢ = 0.4, Chloroform).'H NMR
(400 MHz, Chloroform-d) 6 7.40 — 7.33 (m, 2H), 7.31 — 7.22 (m, 3H), 7.22 — 7.14 (m, 3H), 6.96 —
6.86 (m, 3H), 6.81 (ddd, /= 8.3, 4.3, 1.1 Hz, 2H), 6.53 (d, /= 15.9 Hz, 1H), 6.34 (dt, /= 15.8, 6.7
Hz, 1H), 4.04 (dt, J = 9.4, 7.4 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 3.64 (ddd, J = 10.0, 7.7, 2.4 Hz,
1H), 3.52 (dd, J=10.2, 1.6 Hz, 1H), 2.98 (dd, J = 15.0, 13.4 Hz, 2H), 2.80 (ddt, J = 14.8, 6.6, 1.7
Hz, 1H), 2.74 — 2.59 (m, 2H), 2.47 (dddd, J = 15.0, 10.2, 6.8, 1.4 Hz, 1H), 1.76 (ddd, J = 12.6, 7.2,
2.4 Hz, 1H), 1.67 — 1.60 (m, 1H). 3C NMR (100 MHz, Chloroform-d) & 158.4, 158.2, 137.9, 133.2,
133.0, 130.9, 129.2, 128.4, 127.6, 127.5, 127.5, 126.8, 126.2, 126.1, 120.1, 119.9, 110.5, 110.1,
82.9, 65.5, 55.1, 49.0, 33.4, 32.9, 32.2, 31.3. HRMS (ESI) calculated for [C29H3:NaO3] [M+Na]":
451.2244 found: 451.2255. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 97: 3, 0.6 mL/min, 254 nm); major enantiomer tr = 29.578 min,

minor enantiomer tr = 33.929 min.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDACH! 254m
Peak# Rel Time | Height | Height% Area eaks Ret. Time

Areath

Areati
94,933

Height% Area
95.658 3272914

Height
82662

1 28.578

1 29221 7816 56.628 408769 49.825
2 352 59687 43.372 411633 50.175 2 33828 2843 4.341 174683 5.067
Total 13303 100,000 820402 100,000 Total 63508 100.000 3447603 100.000

4.3.9 Synthesis of (R)-3,3-diallyl-2-cinnamyltetrahydrofuran (10i)

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10i
as a white liquid (95 mg, 71% yield) with 90% ee. [a]y = 15.4 (¢ = 0.4, Chloroform). '"H NMR
(400 MHz, Chloroform-d) 6 7.37 — 7.33 (m, 2H), 7.30 — 7.25 (m, 2H), 7.22 — 7.11 (m, 1H), 6.52 —
6.38 (m, 1H), 6.29 (dt, J = 15.8, 6.9 Hz, 1H), 5.84 (tddd, J = 17.6, 14.4, 9.3, 7.2 Hz, 2H), 5.16 —
5.04 (m, 4H), 3.89 (td, J = 8.3, 6.5 Hz, 1H), 3.81 — 3.70 (m, 1H), 3.65 (dd, J = 8.1, 4.9 Hz, 1H),
2.44 — 232 (m, 2H), 2.24 — 2.12 (m, 4H), 1.93 — 1.82 (m, 1H), 1.81 — 1.72 (m, 1H). '3C NMR
(100MHz, Chloroform-d) 6 137.6, 135.1, 134.5, 131.4, 128.4, 128.0, 127.0, 126.1, 126.1, 118.0,
117.7, 85.2, 65.5, 46.7, 40.9, 37.7, 35.5, 34.1. HRMS (ESI) calculated for [Ci19H24NaO] [M+Na]":
291.1719 found: 291.1717. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 8.483 min,

minor enantiomer tr = 16.925 min.
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min min
<Peak Table> <Peak Table>
PDA Ghi 254nm PDACh1 254nm
Peak#| Ret. ime | Height  Height% Area Area% [Peaki Ret. Time _ Height __ Hsightd Area Area%h
1| 8352 19102 86.971 189681 50.072 1 84B3 153914 97435 1616707 95.084
2| 18125 9421 33.029 189118 49.928 2] 16825 4051 2.565 83379 4.906
Total 28523 100000 378779,  100.000 Total 157966 100.000 1699486 100.000

4.3.10 Synthesis of (R)-2-cinnamyl-3,3-diphenyltetrahydrofuran (10j)
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Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10j
as a white liquid (119 mg, 71% yield) with 91% ee. [a]s = 110.4 (¢ = 0.4, Chloroform). 'H NMR
(400 MHz, Chloroform-d) 6 7.32 — 7.25 (m, 9H), 7.23 — 7.13 (m, 4H), 7.11 — 7.06 (m, 2H), 6.28 —
6.18 (m, 2H), 4.68 (dd, J=9.6, 2.8 Hz, 1H), 4.19 (td, J = 8.7, 3.3 Hz, 1H), 3.82 (q, /= 8.4 Hz, 1H),
2.94 (dt,J=12.4, 8.8 Hz, 1H), 2.30 (ddd, J=12.3, 7.9, 3.4 Hz, 1H), 2.22 — 2.10 (m, 1H), 1.85 (ddd,
J=14.2,9.6,4.9 Hz, 1H). '*C NMR (100 MHz, Chloroform-d) & 147.5, 145.0, 137.7, 131.5, 128.8,
128.6, 128.5, 128.3, 128.2, 128.1, 128.1, 127.9, 127.8, 127.0, 126.5, 126.3, 126.1, 84.1, 66.0, 58.2,
39.2, 37.1. HRMS (ESI) calculated for [C2sH24NaO] [M+Na]™: 363.1719 found: 363.1712.
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:

2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 10.471 min, minor enantiomer tr =

mAU mAl
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<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak# Rel Tine | Heighl  Height% rea eate Peak# Ret Ti H Height% Area%
1 10584 134501 65950 2072740 50,558 110471 489108 97.568| 7129223 85618
2| 12031 69318 34010 2026878 49.441 2 18757 12189 2431 326737 4382
Total 203619 100.000 4099818 100.000 Total 501296  100.000| 7455960  100.000

4.3.11 Synthesis of (R)-2-cinnamyl-3,3-dimethyltetrahydrofuran (10k)

SVee

10k

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash

column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10k
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as a white liquid (72 mg, 67% yield) with 90% ee. [a]y = 23.8 (¢ = 0.4, Chloroform). '"H NMR
(400 MHz, Chloroform-d) 6 7.37 — 7.32 (m, 2H), 7.31 — 7.23 (m, 2H), 7.21 — 7.14 (m, 1H), 6.47 (dt,
J=15.9,1.5 Hz, 1H), 6.29 (dt, J=15.8, 7.0 Hz, 1H), 3.90 (q, J = 8.1 Hz, 1H), 3.80 (td, /= 8.7, 4.6
Hz, 1H), 3.46 (dd, J= 7.6, 5.3 Hz, 1H), 2.32 (tt, J= 7.0, 1.3 Hz, 2H), 1.84 — 1.68 (m, 2H), 1.07 (s,
3H), 0.97 (s, 3H). 1*C NMR (100 MHz, Chloroform-d) § 137.7, 131.3, 128.4, 128.1, 126.9, 126.1,
86.6, 65.4, 41.4, 40.5, 34.0, 25.5, 21.7. HRMS (ESI) calculated for [CisH20NaO] [M+Na]*: 239.1406
found: 239.1409. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column
(hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 8.520 min, minor

enantiomer tr = 13.746 min.

mALI
PDA Mt 1 254nm dnm| mAU
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Peak Table> <Peak Table>
PDA Ch1 254nm

Pealc Ret Time|  Height Height% Area Areats EDaChlasinm Hiight Heighi® Area p—

1l 5585 36608 o186 369548 d0.083 1| 8520 874754 96683 8651108 95.126

2| 15748 30012 3317 443225 4,874

Total 904765 100.000 9094331 100.000

2 13.807 22566 38.138 369388 50.037
Total 59171 100.000 738236 100.000

4.3.12 Synthesis of (R)-2-cinnamyl-3,3-diethyltetrahydrofuran (101)

©\/\\\\‘ O

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 101
as a white liquid (84 mg, 69% yield) with 88% ee. [a]; = 34.9 (¢ = 0.4, Chloroform).'H NMR
(400 MHz, Chloroform-d) 6 7.39 — 7.31 (m, 2H), 7.26 (t,J= 7.7 Hz, 2H), 7.19 — 7.12 (m, 1H), 6.44
(d, J=15.9 Hz, 1H), 6.32 (dt, J=15.8, 6.8 Hz, 1H), 3.87 (td, J = 8.3, 5.8 Hz, 1H), 3.73 (td, /= 8.4,
6.6 Hz, 1H), 3.62 (dd, /= 7.7, 5.3 Hz, 1H), 2.33 (td, /= 7.1, 6.6, 1.5 Hz, 2H), 1.73 (dddd, J = 33.5,
12.4, 8.4, 6.1 Hz, 2H), 1.50 — 1.34 (m, 4H), 0.88 (dt, J = 9.2, 7.5 Hz, 6H). '3C NMR (100 MHz,
Chloroform-d) 6 137.7, 131.2, 128.5, 128.4, 126.9, 126.1, 85.7, 65.6, 47.1, 36.1, 34.7, 28.3, 24.5,
9.1, 9.0. HRMS (ESI) calculated for [Ci7H24NaO] [M+Na]": 267.1719 found: 267.1721.
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Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (hexanes:

2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 8.175 min, minor enantiomer tr =

mAU mAL
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<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak# Ret. Time  Height Height% Area Area% Peak# Ret Time Height Height®% Area Area%
1 8172 22706 60.773 248983 51.955 1 8.175 236057 95.568 23191862 94.126
2 12160 14656 39.227 230231 48.045 2 12139 10953 4.434 144471 5.864

Total 37381 100.000 479184 100.000 Total 247011 100.000 2462633 100.000

4.3.13 Synthesis of (R)-1-cinnamyl-2-oxaspiro[4.4]nonane (10m)

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product
10m as a white liquid (79 mg, 65% yield) with 85% ee. [a]y = 31.3 (¢ = 0.4, Chloroform). 'H
NMR (400 MHz, Chloroform-d) & 7.37 — 7.32 (m, 2H), 7.26 (dd, J = 8.4, 6.8 Hz, 2H), 7.20 — 7.12
(m, 1H), 6.55 — 6.39 (m, 1H), 6.30 (dt, /= 15.8, 6.9 Hz, 1H), 3.84 (dtd, J = 27.5, 8.2, 6.4 Hz, 2H),
3.70 (dd, J = 7.3, 5.5 Hz, 1H), 2.33 (td, J = 6.3, 5.6, 1.5 Hz, 2H), 1.79 (qdd, J = 12.0, 7.8, 6.4 Hz,
2H), 1.64 (ddddd, J = 8.5, 7.2, 4.9, 3.7, 2.0 Hz, 5H), 1.59 — 1.52 (m, 2H), 1.38 (tq, J = 5.5, 2.4 Hz,
1H). 1*C NMR (100 MHz, Chloroform-d) & 137.7, 131.4, 128.4, 128.1, 126.9, 126.1, 84.9, 66.0,
52.6, 39.8, 36.5, 35.2, 32.2, 24.9, 24.0. HRMS (ESI) calculated for [Ci7H2»2NaO] [M+Na]":
265.1563 found: 265.1566. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 9.612 min,

minor enantiomer tr = 16.531 min.
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<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
IPeak# Ret. Time Height ht% Area Areaty Peak# Ret. Time Height Height® Area Area%
1 9.640 38913 63.552 444762 50.176 1 9812 1034020 95.318| 11820743 92.597
2 16.584 22030 36.148 441605 49.622 2 16.531 50814 4.684 945084 7.403
Total 60843 100.000 886367 100.000 Total 1084834 100.000| 12765827 100.000

Prepared according to typical procedure at -20 °C for 72 hours by using [Pd(allyl)Cl]z (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10n
as a white liquid (86 mg, 67% yield) with 87% ee. [a]; = 33.7 (c = 0.4, Chloroform).'H NMR
(400 MHz, Chloroform-d) & 7.40 — 7.31 (m, 2H), 7.26 (dd, J = 8.5, 6.8 Hz, 2H), 7.21 — 7.11 (m,
1H), 6.51 — 6.41 (m, 1H), 6.31 (dt, J = 15.8, 6.9 Hz, 1H), 3.90 (td, J = 8.3, 6.5 Hz, 1H), 3.76 (td, J
=8.7,59 Hz, 1H), 3.44 (dd, J= 7.2, 5.8 Hz, 1H), 2.32 (td, J= 6.3, 5.7, 1.4 Hz, 2H), 1.95 (ddd, J =
12.4, 8.2, 5.9 Hz, 1H), 1.70 — 1.57 (m, 4H), 1.50 — 1.41 (m, 1H), 1.40 — 1.32 (m, 4H), 1.31 — 1.13
(m, 2H). 3C NMR (100 MHz, Chloroform-d) & 137.7, 131.3, 128.4, 126.9, 126.1, 87.3, 65.7, 44.8,
35.7, 35.4, 33.9, 30.3, 26.5, 24.0, 23.0. HRMS (ESI) calculated for [CisH24NaO] [M+Na]":
279.1719 found: 279.1720. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 9.748 min,

minor enantiomer tr = 21.555 min.
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<Peak Table> <Peak Table>
PDA Chi 254nm PDA Ch1254nm
Peak# Ret. Time | Height Height% Area Area% Peak# Ret Time| Helght Height% Area Area%
1 9.828 129058 70.296 1524000 49.767 1 9.748 450932 96.987 5579582 93.556
2 21858 54535 29704 1538260 50.233 2 21555 14943 3.013 384333 6444
Total 183583|  100.000 3062260  100.000 Total 495875 100.000  5983918|  100.000
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4.3.15 Synthesis of (R)-2-cinnamyl-4,4-dimethyltetrahydrofuran (100)

100

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 100
as a white liquid (78 mg, 72% yield) with 87% ee. [a]; = -4.3 (¢ = 0.4, Chloroform). '"H NMR
(400 MHz, Chloroform-d) & 7.37 — 7.32 (m, 2H), 7.28 (dd, J = 8.5, 6.8 Hz, 2H), 7.22 — 7.16 (m,
1H), 6.45 (dt, J=15.9, 1.4 Hz, 1H), 6.22 (dt, /= 15.8, 7.1 Hz, 1H), 4.13 (dq, J = 9.0, 6.4 Hz, 1H),
3.55(d, J=8.1 Hz, 1H), 3.47 (d, J= 8.1 Hz, 1H), 2.53 (dtd, /= 13.6, 6.7, 1.4 Hz, 1H), 2.41 (dddd,
J=14.0,74,6.2,1.4 Hz, 1H), 1.80 (dd, J = 12.2, 6.5 Hz, 1H), 1.44 (dd, J=12.3, 9.0 Hz, 1H), 1.10
(d, J= 3.6 Hz, 6H). 3C NMR (100 MHz, Chloroform-d) § 137.6, 132.0, 128.5, 127.0, 126.7, 126.1,
80.2, 78.9, 46.4, 39.8, 39.7, 26.9, 26.6. HRMS (ESI) calculated for [CisH2NaO] [M+Na]":
239.1406 found: 239.1412. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 7.962 min,
minor enantiomer tr = 8.298 min.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Chi 254nm
Peak# Ret. Time  Height Height% | Area% Peak# Ret. Time Height Height% Area
1 8.057 42470 50,653 383037 28545 1 7.082 73084 92.824 892291
48511 6.548
740802 100.000

3] 8403 41249 49.307 | 406000 51455 2 8.298 5648 7.176
Total 83659 100.000 789036 100.000 Total 78712 100.000

4.3.16 Synthesis of (R)-7-cinnamyl-6-oxaspiro[3.4]octane (10p)

Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash

column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10p
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as a white liquid (84 mg, 74% yield) with 82% ee. [a]y = -7.9 (¢ = 0.4, Chloroform). '"H NMR
(400 MHz, Chloroform-d) & 7.37 — 7.32 (m, 2H), 7.28 (dd, J = 8.5, 6.8 Hz, 2H), 7.22 — 7.16 (m,
1H), 6.44 (dt, J=15.9, 1.4 Hz, 1H), 6.21 (dt, J = 15.9, 7.2 Hz, 1H), 4.01 (dq, J = 8.4, 6.2 Hz, 1H),
3.80 (d, J=8.4 Hz, 1H), 3.73 (d, J = 8.4 Hz, 1H), 2.49 (dddd, J = 13.5, 7.3, 6.3, 1.4 Hz, 1H), 2.39
(dddd, J = 14.0, 7.4, 6.2, 1.4 Hz, 1H), 2.12 — 1.95 (m, 5H), 1.91 — 1.79 (m, 2H), 1.69 — 1.60 (m,
1H).!3C NMR (100 MHz, Chloroform-d) & 137.6, 132.0, 128.5, 127.0, 126.7, 126.1, 79.1, 78.4,
46.2, 44.8, 39.5, 33.1, 31.5, 16.5. HRMS (ESI) calculated for [CisH20NaO] [M+Na]": 251.1406
found: 251.1412. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column
(hexanes: 2-propanol = 95: 5, 0.6 mL/min, 254 nm); major enantiomer tr = 9.276 min, minor

enantiomer tr = 8.883 min.
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<Peak Table> <Peak Table>
PDACh1 254nm PDACH1 254nm
Peak# Rel. Time|  Height Height% rea % Poak# Rt Time| Height  Height% rea
1 8985 29084 50.694 295513 49421 1 8883 3582 9.832 36586
2 9.387 27950 49.008 302442 50579 2 8278 32851 80168 365454 90,900
Total 57034 100.000 597955 100.000 Total 36433 100.000 402040 100.000

rea%
9100

4.3.17 Synthesis of (S)-2-cinnamyl-2-methyltetrahydrofuran (10q)

SO

10q
Prepared according to typical procedure at 0 °C for 72 hours by using [Pd(allyl)Cl]2 (2.5 mol%),
Xu9 (10 mol%) from y-hydroxyalkenes (0.5 mmol) and alkenyl bromide (1 mmol), after flash
column chromatography on a silica gel (petroleum ether: ethyl acetate = 50: 1) give the product 10q
as a white liquid (70 mg, 69% yield) with 81% ee. [a]; = 7.0 (c = 0.4, Chloroform). '"H NMR (400
MHz, Chloroform-d) 6 7.39 — 7.33 (m, 2H), 7.29 (dd, J = 8.5, 6.8 Hz, 2H), 7.22 — 7.16 (m, 1H),
6.51 — 6.37 (m, 1H), 6.25 (dt, J=15.8, 7.3 Hz, 1H), 3.93 — 3.76 (m, 2H), 2.41 (dd, J= 7.4, 1.2 Hz,
2H), 1.99 — 1.79 (m, 3H), 1.65 (ddd, J = 11.6, 5.6, 2.6 Hz, 1H), 1.23 (s, 3H). 1*C NMR (100 MHz,
Chloroform-d) & 137.7, 132.5, 128.5, 127.0, 126.8, 126.1, 82.6, 67.5, 44.9, 36.3, 26.3, 26.2. HRMS
(ESI) calculated for [C14H18NaO] [M+Na]": 225.1250 found: 225.1255. Enantiomeric excess was
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determined by HPLC with a Chiralpak OD-H column (hexanes: 2-propanol = 99: 1, 0.5 mL/min,

254 nm); major enantiomer tr = 13.055 min, minor enantiomer tr = 17.859 min.

mAU mAU
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<Peak Table> <Peak Table>
PDA Ch1 254hm PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area% Peak#| Ret. Time Height Height% Area Area%
1 12834 8430 57048 124876 50497 1] 13.055] 694608 62226 9920559 90.364
2 17703 8117 42051 122418)  49.503 2| 17858 58553 7.774| 1057932 9.636
Total 14547 100000 247297 100000 Total 753162 100.000| 10978491  100.000

4.4 (S, Z2)-2-(3-phenylallyl)-1-oxaspiro[4.5]decane (Z-3b)

Prepared according to typical procedure at RT for 72 hours by using [Pd(allyl)Cl]> (5 mol%), Xu2
(20 mol%) from y-hydroxyalkenes (0.2 mmol) and alkenyl bromide (0.4 mmol), after flash column
chromatography on a silica gel (petroleum ether: ethyl acetate = 80: 1) give the product Z-3b as a
white liquid (29 mg, 57% yield) with 88% ee. [0]> = -34.9 (¢ = 0.4, Chloroform)."H NMR (400
MHz, Chloroform-d)o 7.34 — 7.28 (m, 4H), 7.21 (ddd, J = 6.7, 5.7, 2.6 Hz, 1H), 6.50 (dt, J = 11.7,
1.7 Hz, 1H), 5.73 (dt, ] = 11.8, 7.2 Hz, 1H), 4.05 (dq, J = 12.4, 6.2 Hz, 1H), 2.73 — 2.59 (m, 1H),
249 (dtd, J = 8.6, 6.9, 1.8 Hz, 1H), 2.04 — 1.92 (m, 1H), 1.75 — 1.62 (m, 4H), 1.57 — 1.42 (m, 5H),
1.42 — 1.23 (m, 4H). 3C NMR (100 MHz, Chloroform-d) § 137.6, 130.3, 128.8, 128.7, 128.1,
126.5, 100.0, 82.8, 38.5, 37.6, 35.8, 35.3, 31.0, 25.7, 24.2, 23.8. HRMS (ESI) calculated for
[C1sH24NaO] [M+Na]*: 279.1720 found: 279.1719. Enantiomeric excess was determined by HPLC
with a Chiralpak ADH+ADH column (hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm); major

enantiomer tr = 13.126. min, minor enantiomer tr = 12.777 min.
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<Peak Table> <Peak Table>
PDACh1 254nm . PDA Ch1 254nm
Peak# Ret Time | Height Height% Area Area%h Peak#| Ret. Time|  Height Height% | Area | Area%
1 12.857 330006 50.706 3461776 50.357 1 12.777 13371 6.919 123072 6.268
2 13.239 320813 49.294 3412760 49.643 [ 2 13.126 179866 93.081 1841196 93.734
Total 650819 100.000 6874536 100.000 Total 193237 100.000|  1964269|  100.000

4.5 Gram-scale synthesis of 6¢:

OH 1.5 mol% [Pdigiky)Cll, Me
OMe 4 equiv. NaO'Bu OMe
M ’ 2 equiv. HyO, rt, 72 h . .
5b’ (6.0 mmol) 2a’ (12.0 mmol) Et,O/Hexane = 1:1 6c, 1.61 g, 94%, 90% ee

To a 100 mL tube was added [Pd(allyl)Cl]2 (0.09 mmol, 32.9 mg, 1.5 mol%), Xu8 (0.36 mmol,
234.8 mg, 6 mol%). The flask was evacuated and refilled with argon. Then tertiary
v-hydroxyalkenes 5b (6 mmol), alkenyl halides 2a (12 mmol), NaO'Bu (24 mmol, 2.3g, 4.0 equiv.),
H>0 (12 mmol, 324 mg, 2.0 equiv.) and a mixed solution of Et;O/Hexane (1: 1, 60 mL) was added
to the tube, and stirred at room temperature for 72 hours. After the reaction was complete
(monitored by TLC), solvent was removed under reduced pressure. The crude product was then
purified by flash column chromatography on silica gel to afford the desired product 6¢ (1.61g, 94%,
90% ee).

4.6 Procedure for synthetic applications

4.6.1 (R)-2-(3-(4-methoxyphenyl)propyl)-2-methyl-1-oxaspiro[4.4]nonane (11)

Me

OMe

11

To a solution of (§)-5¢ (0.1 mmol, 52.2 mg) in MeOH (1 mL) was added 10% Pd/C (1 mol%, 1 mg)

at room temperature. The reaction flask was evacuated twice under reduced pressure, and a H»
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balloon was placed on the top. After stirring at room temperature for 3.5 h, the mixture was
concentrated and the residue was purified by column chromatography on a silica gel
column(hexanes/EtOAc=80/1) to afford the desired product 11 (25.5mg, 89% yield) with 90% ee.
[a]> = -9.3 (¢ = 0.4, Chloroform). '"H NMR (400 MHz, Chloroform-d) § 7.09 (d, J = 8.6 Hz, 2H),
6.84 — 6.75 (m, 2H), 3.78 (s, 3H), 2.54 (t, ] = 7.4 Hz, 2H), 1.88 — 1.56 (m, 12H), 1.50 (ddd, J = 13.5,
8.1, 3.9 Hz, 4H), 1.17 (s, 3H). '3C NMR (100 MHz, Chloroform-d) § 157.7, 134.8, 129.3, 113.7,
91.0, 82.6, 55.3, 42.1, 39.8, 39.6, 37.4, 37.0, 35.6, 27.5, 27.0, 24.0, 23.9. HRMS (ESI) calculated
for [Ci19H2sNaO,] [M+Na]": 311.1982 found: 311.1977. Enantiomeric excess was determined by
HPLC with a Chiralpak ADH+ ADH column (hexanes: 2-propanol = 99: 1, 0.6 mL/min, 254 nm);

major enantiomer tr = 14.356 min, minor enantiomer tr = 13.818 min.
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<Peak Table>
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height | Height% Area Area% PDACh1 254nm .
1 13776 6521 52773 72667 50912 Peak#| Ret. Time|  Height Height%s | Area | Area%
3 1] 13.818 1023 5.654 11318 5.038
2l 1430 o836 arzat 1208 da.7e8 2| 14.356 17068 94.346 213343 94.962
Total 12357|  100.000 144720] 100000 : | - -
Total 18090  100.000 224661|  100.000

4.6.2 1-((S, E)-3-(4-methoxyphenyl)-1-((S)-2-methyl-1-oxaspiro[4.4]nonan-2-yl)allyl)-1H-pyra-
zole (12)

o Me
OMe

To a solution of 1, 4-dioxane (1.0 mL) was added (R)-5¢ (0.2 mmol), (0.24 mmol) and DDQ (0.28
mmol). The reaction mixture was stirred at room temperature for 8 h and then the solvent was
removed under vacuum. The residue was purified by column chromatography on a silica gel
column(hexanes/EtOAc=80/1) to afford the desired product 12 as a white liquid (62 mg, 88% yield)
with 1.2:1 dr. [o]y = -12.6 (¢ = 0.4, Chloroform). 'H NMR (400 MHz, Chloroform-d) § 7.56 — 7.47
(m, 1H), 7.38 (dd, J =4.3, 2.3 Hz, 1H), 7.09 (dt, J = 4.5, 2.2 Hz, 2H), 6.85 (dd, J = 8.7, 1.0 Hz, 2H),
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6.25 (dd, T = 4.1, 2.1 Hz, 1H), 6.17 (ddd, J = 15.3, 6.7, 1.2 Hz, 1H), 5.99 (d, J = 6.6 Hz, 1H), 5.56
(ddd, J=15.3, 4.8, 1.3 Hz, 1H), 3.78 (d, J = 0.7 Hz, 3H), 1.96 — 1.67 (m, 8H), 1.66 — 1.48 (m, 4H),
1.31 (d, J = 0.8 Hz, 3H). '3C NMR (100 MHz, Chloroform-d) § 159.2, 141.3, 141.3, 139.2, 132.0,
131.9, 128.7, 128.6, 128.1, 128.0, 125.4, 125.3, 114.0, 105.4, 105.3, 92.2, 92.1, 81.9, 81.9, 66.5,
66.4, 55.3, 39.6, 39.0, 38.9, 38.5, 38.4, 36.7, 28. 4, 28.1, 23.9. HRMS (ESI) calculated for
[C22H2sN;NaO,] [M+Na]*: 375.2043 found: 375.2038.

4.6.3 (S, E)-4-(3-(2-methyl-1-oxaspiro[4.4|nonan-2-yl)prop-1-en-1-yl)phenol (13) **

Me

OH

13

Ci2H25SH (204 mg, 1 mmol) was added to a stirred suspension of sodium hydride (60% dispersion
in mineral oil) (44 mg, 1.1 mmol) in dry diethyl ether (2 mL) over 10 min at a temperature around
5 °C. The solvent was removed in a vacuum, and the obtained residue was added NMP (1 mL).
Then (R)-5¢ (143 mg, 0.5 mmol) was added with vigorous stirring at room temperature. The
mixture was allowed to heat to 130 °C and kept at that temperature for 18 h. The solvent was
neutralized to pH < 7 by using a diluted hydrochloric acid solution and extracted with ethyl acetate
(3 x 15 mL). The combined organic layer was washed with brine, dried over anhydrous Na>SO4
and filtered. The filtrate was concentrated, after flash column chromatography on a silica gel
(petroleum ether: ethyl acetate = 5: 1) give the product 13 as a yellow solid (108.4 mg, 80% yield,
90% ee). m.p. 137-147 °C. [a]p = 0.57 (c = 0.4, Chloroform). 'H NMR (400 MHz, Chloroform-d) &
7.25 (s, 1H), 7.13 (d, J = 8.6 Hz, 2H), 6.78 (t, ] = 5.6 Hz, 2H), 6.30 (d, J = 15.8 Hz, 1H), 6.11 —
5.97 (m, 1H), 2.44 — 2.31 (m, 2H), 1.97 — 1.81 (m, 5H), 1.79 — 1.67 (m, 3H), 1.58 (dddd, J = 14.4,
10.4, 9.8, 5.4 Hz, 4H), 1.27 (s, 3H). '3C NMR (100 MHz, Chloroform-d) § 155.43, 132.12, 129.92,
127.23, 123.88, 115.52, 92.21, 83.58, 45.67, 39.54, 39.36, 37.16, 36.79, 27.48, 23.69.RMS (ESI)
calculated for [CisH2aNaOz] [M+Na]™: 295.1662 found: 295.1669. [a]p = 0.57 (¢ = 0.4,
Chloroform). Enantiomeric excess was determined by HPLC with a Chiralpak ADH column
(hexanes: 2-propanol = 99: 10, 0.5 mL/min, 254 nm); major enantiomer tr = 12.151 min, minor

enantiomer tr = 14.004 min.
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5. X-ray structure of Xu6 and 13.

6. Procedure of vibrational circular dichroism (VCD) experiment

VCD and IR measurements of 8-D were performed on a BioTools ChirallR-2X FT-VCD
spectrometer, equipped with a single photoelastic modulation and a mercury cadmium tellurium
detector. 15 mg of sample was dissolved in 300uL CDCI3 and placed in a BaF cell with a

pathlength of 75um. Data were acquired at a resolution of 4 cm-1 for 15 h.

7. Computational details

General calculation procedure
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Density functional theory (DFT) calculations were carried out using Gaussian 09 E.01 software
package.'® All structure optimizations and frequency calculations were performed using the PBEO
functional'! with D3BJ dispersion correction (PBE0-D3BJ) and combined basis set.!?!* That is
SDD basis set'* for Palladium and 6-31G* basis set for all other elements.!>!® Intrinsic reaction
coordinate calculations were performed to ensure every TS is connected with corresponding
equilibrium structure!’'®. Single point energies were further calculated using PBE0-D3BJ
functional and def2-TZVP basis set'® for higher accuracy. Truhlar and coworkers' SMD solvation
model?® was employed to consider the solvent effect of the mixed solvent of Et20O and Hexane. The
solvent is defined by 7 parameters. As it is not on the solvent list of Gaussian 09 software, the
parameters used in calculation are the average value of EtcO and Hexane: eps (3.06095), epsinf
(1.36375), HBondAcidity(0.00), HBondBasicity(0.205), SurfaceTensionAtInterface(24.855),
CarbonAromaticity(0.000), ElectronegativeHalogenicity(0.000). 3D structures and isosurfaces are
visualized by VMD 1.9.32! and CYLview v0.1b%.

VCD calculation procedure

VCD spectra of different conformers may differ considerably. In order to compare with the
experimental spectrum, conformation search and Boltzmann weighted spectrums are essential. First,
systematic conformation search of both configuration (S and R) of 8-D (8-D-S and 8-D-R) was
performed with CREST program developed by Prof. Grimme.?® (detailed input: “crest xtbopt.xyz
--T 4 --v3 --ewin 6 --rthr 0.35 --ethr 0.2 --chrg 0 --noreftopo --temp 298.15 --gfn 2 --shake 1
--hmass 17’) Then, isostat component of Molclus program developed by Tian Lu et al.** is used to
remove the duplicated conformers (detailed input: “isostat crest conformers.xyz -nt 4 -Nout 60
-Eout 5 -Edis 0.3 -Gdis 0.3 -T 298.15”). 23 and 28 low-energy conformations of 8-D-§ and 8-D-R
were achieved, respectively.

Then, optimization and free energy calculations of the structures were carried out using the
Gaussian 09 E.01 software package.!® All structure optimizations, frequency and VCD spectrum
calculations (invoked by “freq=vcd” keyword) were performed using B3LYP functional?>>” with
D3BJ dispersion correction developed by Grimme et al. And 6-31G* basis set was chosen to match
the frequency correction factor (0.9614) provided by Multiwfn.?® The solvent was changed to
chloroform (specified by “scrf=(smd,solvent=chloroform)” in the command line of Gaussian input
file) to match the solvent (CDCI3) used in the VCD experiment. Single point energies were further
calculated at B3LYP-D3BJ/def2-TZVP level for higher accuracy.

After obtaining the free energy of all conformations, their VCD spectrum were calculated
according to Boltzmann distribution with Multiwfn.?® FWHM was set as 8.0 cm™!, while frequency
correction factor is 0.9614.

Experimental and simulated (with the same procedure stated above) IR spectrum of 8-D-SR
and 8-D-S§ are provided is Supplementary Figurel.
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Supplementary Figurel. Experimental and simulated IR spectrum of 8-D-SR and 8-D-SS

Considering that free energy profile of conformations may be sensitive to the computational

parameters, which will influence the Boltzmann distribution result and consequently result in

differences in simulated spectrums, we slightly altered the calculation parameters and reperformed

the calculation. The Boltzmann distribution profile are provided in Supplementary Tablel and

spectrums are provided in Supplementary Figure2. We observed that while there are variations in

the Boltzmann distribution of different conformers and the spectra, the overall trend remains

consistent across various calculation levels. Therefore, we believe that this result lends support to

our initial conclusion.

Supplementary Tablel. Boltzmann distribution profile of 8-D-S conformers under different
computational parameters

structure index standard* no-disp-scrf** no-disp-scrf-dp***
0 4.80% 2.40% 2.51%
1 4.62% 4.93% 4.89%
2 6.96% 6.78% 6.90%
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3 14.23% 14.60% 10.50%
4 11.03% 4.25% 4.69%
5 10.99% 4.25% 4.69%
6 4.74% 1.90% 1.96%
7 5.39% 6.17% 6.26%
8 0.77% 0.35% 0.26%
9 2.83% 3.99% 4.04%
10 0.44% 0.22% 0.20%
11 7.11% 12.98% 13.46%
12 8.69% 0.38% 0.43%
13 3.83% 7.70% 8.19%
14 3.63% 4.01% 4.23%
15 1.42% 3.90% 4.18%
16 1.55% 4.65% 4.73%
17 3.58% 10.66% 11.87%
18 0.52% 0.18% 0.18%
19 1.55% 4.69% 4.74%
20 0.71% 0.33% 0.33%
21 0.31% 0.34% 0.38%
22 0.31% 0.34% 0.38%

* standard parameter
** gstandard parameter without dispersion correction and solvent model

**% standard parameter without dispersion correction and solvent model and change basis from

6-31G* to 6-31G** in optimization process
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Supplementary Figure2. VCD spectrum of 8-D-SR and 8-D-S$ under different computational
parameters. (a) standard parameter; (b) standard parameter without dispersion correction and
solvent model; (¢) standard parameter without dispersion correction and solvent model and change
basis from 6-31G* to 6-31G** in optimization process.
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In order to be certain that we have considered enough conformers, clustering threshold was
tightened in isostat (modified input: “isostat crest conformers.xyz -nt 4 -Nout 60 -Eout 5 -Edis 0.2
-Gdis 0.2 -T 298.15”), and 38 and 42 low-energy conformations of 8-D-S and 8-D-R were achieved.
VCD calculation procedure were applied to these conformers and the comparison between the
8-D-SS and 8-D-SR VCD spectra of different number of conformers are provided in
Supplementary Figure4. From which we may conclude that the conformers we have taken into
consideration is basically sufficient and the spectra is reliable.

1300.0 1400.0
1

Wavenumber (cm ™)

We.
1

GRu—ooNeO R oCENRM W
e e o e o o e e

PO D T 0 = b 1 i s ] e e 1

ighted
(14.2%

1600.0

0.78

0.52

0.26

0.00

Ae (arb.)

—-0.26

-0.52 4

=0.78

—1.04 4

-1.29

1200.0

T
1400.0
Wavenumber (em ')

T
1300.0

spectra of all conformers under standard calculation parameters

1200 1400 1600

(a) exp. ! !
1.30E-5 | 1=
g
°
0.00E+0 - 1=
<
W
-1.30E-5 - 19

1 1 1

—calc.SR

1.30E-3 - 1=
5
0.00E+0 - i~
=
W
-1.30E-3 - 18

1 1 1

—calc.S§

1.30E-3 - 1=
5
0.00E+0 |- 1=
S
-1.30E-3 - 14

1 1 1

1200 1400 1600

wavenumber (cm-1)

S130

1500.0

1200 1400 1600
(b) v ' '
1.30E-5 | -
0.00E+0 | i
-1.30E-5 | .
——calc.SR
1.30E-3 | -
0.00E+0 |- .
-1.30E-3 | .
—— calc.SS|
1.30E-3 | -
0.00E+0 |- J
-1.30E-3 [ .
1 " 1 " 1
1200 1400 1600

wavenumber (cm-1)

Ag (M-1-cm-1) Ag (M-1-cm-1)

Ae (M-1-cm-1)

1600.0



1200 1400 1600 1200 1400 1600
(c) oxp. T T (d) oxp] ‘

1.30E-5 | = 130E-5f =
§ 5

0.00E+0 |- ~  0.00E+0 | ~
2 3

-1.30E-5 - & -1.30E-5 1 3

1 1 1 1
——calc.SR| calc.SR

1.30E-3 | = 1.30E-3 | =
§ 5

0.00E+0 - v~ 0.00E+0 |- -
3 3

W W

-1.30E-3 & -1.30E-3 |- 3

——calc.SS calc.SS|

1.30E-3 |- = 1.30E-3 | =
5 §

0.00E+0 |- ¥ 0.00E+0 |- )
2 2

-1.30E-3 [ < -1.30E-3 |- g

1 1 1 1 N 1
1200 1400 1600 1200 1400 1600

wavenumber (cm-1)

wavenumber (cm-1)

Supplementary Figure4. Comparison between VCD spectrum calculated with different
number of conformers. (a) standard parameter without dispersion correction and solvent model,
23 conformers; (b) standard parameter without dispersion correction and solvent model, 38
conformers; (c¢) standard parameter, 23 conformers; (d) standard parameter, 38 conformers.
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Since the conformations of the TSs are quite complicated, in order to prove that the TS core
structures found in Xu8 are representative in this reaction other than a result by chance, Xul, Xu2,
Xu3, Xu6, Xu8, Xu9 were taken as templates to calculate the free energy difference between major
and minor TSs based on the core TS conformation found in Xu8. The calculated ee% are in good
accordance with the experimental results (Supplementary Table2). TS structures are provided in
related .xIsx file along with the SI, named as Xul-1a-2a-major and Xul-1a-2a-minor etc.

Supplementary Table2. Calculated and experimental ee%

Entry Ligand and reactants Calc. AAG Calc. ee% Exp. ee%
(kcal/mol)

1 Xul +1a+2a -0.02 -2 2

2 Xu2 +1a+2a 0.87 63 85

3 Xu3 +1a+2a 1.42 83 86

4 Xu6 +1a +2a 0.98 68 82

5 Xu8 +1a+2a 2.23 95 92

6 Xu9 +1a+2a 1.81 91 92

Energy difference decomposition calculations

In order to analysis the key stereo-controlling factors and investigate the CH-m interaction
quantitively, energy difference decomposition calculations were carried out. Firstly, from
Supplementary Table3, we can tell that metal-involved interactions are quite similar between TSs
of Xu6 and Xu8. In other words, these interactions do not contribute much to the AAE between
them. Therefore, Pd atoms are removed from the TS structures in the later analysis, to eliminate the
interaction difference involving metal centers. And weak interactions between Xu-Phos and
substrates are focused.

Supplementary Table3. Calculated AAG and AE of structure without Pd (kcal/mol)

Entry Ligand and reactants Calc. AAG no Pd AE Metal-involved
interaction
Xu6 + 1a +2a 0.98 7.86 6.88
2 Xu8 + 1a +2a 2.23 9.35 7.12

Secondly, to investigate interaction between Xu-Phos and substrates, no Pd TS structures were
split into two dimers: (a) Xu-Phos-alcohol dimer (referenced as dimerl Ilater) and (b)
Xu-Phos-vinyl substrate dimer (referenced as dimer2 later). AEdimer1 and AEdimer2 are provided in
Supplementary Table4.

Supplementary Table4. Calculated AEdimer1 and AEdimer2 (kcal/mol)

Entry Ligand and reactants AEdimer1 AE dimer2
Xu6 + 1a+2a 2.53 3.80
2 Xu8 + 1a + 2a 1.84 8.20

From Supplementary Tabled4, it is clear that the energy difference of dimer2 is the main
contributor of the total energy gap. So, we further separate the dimer into (a) Xu-Phos and (b) vinyl

substrate. More analysis results (Fig 7b) are provided in the manuscript.
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Analysis of different conformation of Xu6 and Xu8 TSs

We proposed that the side-arm conformation of Xu6 and Xu8 are critical to the
enantioselectivity. To certify that current conformations are not a result by chance, we replaced H
adjacent to the side-arm in Xu6 TSs to OMe to generate new conformation of Xu8 TSs and also
generated new conformation of Xu6é TSs with similar procedure. The energy difference profile of
the TSs is provided in Supplementary Table5, the structures are shown in Supplementary
Figure6, and coordinates are provided in related .xlsx file along with the SI.

Supplementary TableS. Energy difference between conformations of Xu6 and Xu8 TSs

(kcal/mol)
Entry TS name A Exu-phos  AEother AEintsidearm  AEint-all AEan AGa
1 Xu6-major 2.51 1.55 -0.04 -3.08 0.98 0.66
2 Xu6-minor -1.50 0.06 3.67 3.83 2.39 4.07
3 Xu8-major 0.36 -0.08 0.02 -0.39 -0.10 1.42
4 Xu8-minor 1.90 -0.28 -3.03 -0.50 1.12 2.08

1) All energy differences are calculated as the new TSs’ energy subtract the original TSs’ energy
2) Exu-phos refers to the single point energy of Xu-phos segment in the TS structures

3) Eowmer refers to the sum of single point energy of all segments except for Xu-phos (i.e. vinyl
substrate and alcohol substrate) in the TS structures

4) Eintsidearm refers to the interaction energy between side-arm and vinyl substrate in the TS
structures

5) Eint-an refers to the sum of interaction energy between all segments in the TS structures

6) Ean refers to the single point energy of the TS structures

7) Gan refers to the free energy of the TS structures

Xué-major-fromXu8
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Xu8-minor Xu8-minor-fromXu6é

Supplementary Figure6. Structures of different structures of Xu6 and Xu8 TSs.

Referring to Supplementary TableS, we can make the following observations: 1) None of the
new TS structures exhibit lower free energy compared to their corresponding original TS structures.
This reinforces our analysis, which is primarily based on the original TS structures; 2) Focusing on
the Xu6-major TSs, a noteworthy increase in energy, denoted by AExu-phos, suggests that the
introduction of the OMe group does indeed compel the side-arm to adopt a different position (even
though both positions are downward), resulting in an overall higher energy for the entire ligand
(+2.51 kcal/mol); 3) Concerning the Xu6-minor TSs, it is notable that the primary contributor to
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the increase in energy (+3.67 kcal/mol) is the loss of interaction between the side-arm and the vinyl
substrate. This underscores the significance of this interaction in the overall energetics of the
system; 4) In the case of Xu8-major TSs, after the H was substituted with OMe, side-arm was
optimized spontaneously to a conformation similar to the original Xu8-major TS. As a result, the
single-point energies of these structures turned out to be very similar.; 5) Concerning Xu8-minor
TSs, forcing the side-arm to take the downward conformation indeed make the ligand energy
higher (+1.90 kcal/mol), which is the main contributor of the overall energy rise, and although
interaction between the side-arm and vinyl substrate is stronger, it is masked by the loss of other
interactions.

Analysis of the effect of OR groups ortho to the side-arm

We originally proposed that the main reason of OMe promoting the side-arm effect is its steric
influence. To verify this proposal, OMe group was replaced with OEt, OiPr and OtBu groups
respectively to generate new ligands Xul2, Xul3 and Xu1l4. Difference of free energies and ee%
values were calculated according to the standard procedure and provided in Supplementary
Table6.

Supplementary Table6. Calculated and experimental ee% of ligands with different OR

groups
Entry Ligand and reactants Calc. AAG Calc. ee% Exp. ee%
(kcal/mol)
1 Xul2 +1a+2a 2.16 94 90
2 Xul3 +1a+2a 0.99 68 85
3 Xul4 +1a+2a 1.08 72 /*

* Multiple attempts to synthesize Xu14 all failed, so experimental ee% value of Xul4 is not
available.

The high calc. and exp. ee% value of Xul2 supports that the steric effect of OR groups are
beneficial to improvement of ee%. However, we also found that when the OR group gets bulkier,
the ee% value starts to drop. From visual inspection of the TSs of Xu13 and Xul4, we suspect that
as the OR groups might have weak interaction with vinyl substrate (Supplementary Figure7). To
verify this, interaction energy between OR groups and vinyl substrates are calculated and provided
in Supplementary Table7.
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Xu13-minor

Xu14-major Xu14-minor

Supplementary Figure7. Structure of Xul3 and Xul4 TSs

Supplementary Table7. Weak interaction energy between different OR groups and vinyl

substrate (kcal/mol)

Entry Ligand and reactants Eint AEint Calc. AAG
1 Xu8-major -0.01 / /

2 Xu8-minor -0.13 -0.12 2.23

3 Xul2-major -0.03 / /

4 Xul2-minor -0.17 -0.14 2.16

5 Xul3-major -0.07 / /

6 Xul3-minor -0.77 -0.70 0.99

7 Xul4-major -0.56 / /

8 Xul4-minor -1.48 -0.91 1.08

From Supplementary Table7, it is clear that when the OR group is OMe or OEt, the interaction

between OR group and vinyl substrate is quite weak and negligible, but when it comes to OiPr and

OtBu, the interaction become significant. More importantly, the interactions in the minor TSs are
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stronger than those in the major TSs due to the conformation difference. And AEint accounts for the
major part of the decrease of the AAG and thus the decrease of ee%.

In conclusion, we posit that the enhancement in ee% achieved by introducing the OMe group
into the ortho position of the side-arm is primarily attributed to its steric effect. Nonetheless, the
introduction of bulkier substitution groups is likely to lead to weak interactions with the vinyl
substrate, particularly in the minor transition state, consequently resulting in a decrease in ee%.

Visualization of weak interaction

We calculated weak interactions between two fragments: 1. Side-arm (OBn group, atom index
77-91 in Xu8-ts) 2. Vinyl substrate (atom index 108-126 in Xu8-ts). Weak interaction is calculated
with IGM method by Multiwfn.?® Isovalue of the isosurface shown in Fig 7 is 0.01.

Quantitative calculation of weak interaction

The interaction energy values are defined as the single point energy gap between the complex
and components of the complex (Eq 1).%’

Eint = Ecomplex - Ecomponentl - Ecomponentz (Eq 1)

To illustrate the calculation procedure, we will use the example of calculating the interaction
energy between the side-arm and the vinyl substrate in Xu8-ts. Firstly, we isolate the side-arm
(OBn group, atom index 77-91) and the vinyl substrate (atom index 108-126) from the TS structure.
Next, we introduce a hydrogen atom at each break point of the covalent bonds within these isolated
molecules. The positions of these added hydrogen atoms are then optimized using standard
optimization parameters (as outlined in the General Calculation Procedure), with all other atoms
held strictly constrained. Finally, we perform a single-point energy calculation using standard
parameters (as specified in the General Calculation Procedure). This calculation yields the
energy of the complex as well as the individual energies of its constituent parts.
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9. ™H, 1BC, 3P, F NMR spectra

0680
806°0
926'0
gLl
ssL'L
v0Z
65T
89Z°
162
zL
20"
125
599’
089
6€6°L
1£9'C
526'9
S¥6°9
6522
6922
9.2,
962,
862'. |
£0€"2]
oLeL]
eLe L]
0ze'L
sze' L,
8z¢e'L
9€€° L
6€€° L/
zov' L]
Sli']
gLyl
zev' L
T
19 1]
L8 L]
861" L]
915/
1zg 2]
8% L]
LSS'L
€65/
59G°.
89G°/
6111
182°2
6811
5611
[Xel2wi

ferrerere e
N . N R )

]

| g6
€0'€
L2101

109

00'e

160
6cc
10cC
8¢
cee
L0¢
96°0

=0On

05

)

575

9o

IO S

TS5

5)

260'%Z
ogL'9z
99€°9Z
296'9Z
9v0'L2Z
S90°22
vel'lz
vmm.mm%
€L9°6Z
£26'62
€Y0°0€
080°0€
LLove
¥69°vE
bhLve
66LVE
¥29'8S

w.vh.@wV
10002
wvh.th
roo.hﬁ\
GGC'LL

51L9'9ZL
196921
091221
150'821
960°'821
299'821L
06,821/,
600°LEL
S60°€EL
ozL'eel
606'vEL
110°SEL
Pyl 6EL
896'6€L
8G.°0¥L
ZL0' YL
881 LYl

{9) 70 60 50 40 30 {9) TO

90

ITO 160 50 T40 T30 120 ITO

I80

S138



. 1680
168701
8680
12
6£TT
LYT T
95T 1 ‘
T Ty J301
LEV'T Jroe

Prb T prre
0SH" 1 8l'e
Om?,ﬂ.\ H/ﬁﬂv
191/ Lre
v 1] 16°€
961
205 14

L0e 1] =€I'¢
vTs 1
8511
8L9°1
89T
10L°T sETE

L M

006'11
L0611
0L9°C
0£6°¢
S0
618°9
0891
= - 286°91

SeroL- 1360]
8T L]
68T°L1
9€€°L 260
Ise'L 001
STV L7 60z
16717
o LA
98"
o6t
66t'L
205°L .
. LTs°L] &
& SES'LT o e
. L3 s &L W E
(£ 3 995°.1
895°L

915"

08sL]
e85 L]

91°C

8I'C

Xu11

MeO.
MeO'

-0.5

30 25 20 1.5 1.0 0.5 0.0

S139

0.0 95 90 85 80 75 70 65 60 55 50 45 4.0 35



ust —\014
0€1°9¢]
18€°9
T0'LY
0L0°LT; .
L80°LT;
LT
8E1°LT
£EV'6TY
8th677
SOL0E

" P——
v10°se
ﬁo.mmw
611°sE
§56°sS
%o%/
E1L°86"

-10

h

6€8°69
c0r1°0L

9LO°TTI
ICIIII
OLT°STI
ha.m:V

-110 -130 -150 -170 -190 -210 -230 -2

-50 -70 -90

-30

99¢°LT-—
06L°¢ClL \

0S6'ST1]
_ﬁ.oﬁ%
156'921
0LT'LTT]
€L9°8C1]
86T 114
91 6€T
PE6 65T
820°0v1
[1T0¥1
9L 0p T
1STLYIY g
618 6v1 0=q

ﬂ ]
ﬁ I

‘Bu

N

0
e
y2

é
L
Xu11

MeO.
MeO'
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

-10
S140

30 10

50

Xut1

50 130 110 90 70



¥6€’ _\V
L0¥°L

114
8.9V
069V
209'v
92¢9'v
8Ll L
gelL’L
09¢’L
80¢€°L
vee L
ore’ L
18Y'L
96¥°L

ISR )

9L¥°0L

CHO

i

Xu5-2

00’L

680

=T

TO

T

s

7

T

JL5)

vi6'le

mmo.Nm/
N?N.@h/
000°2L
Sl TAV N

N
vZ68LL 7
18" 0ZL
68y 1zL/
L0821
6.6VEL

8G6 VGl

801°¢61

@UY

Xu5-2

S141



LTS
0€T°L
YET'L
0ST'L
YST'L
S6z'L
L6T'L]
STEL
LIEL]
zee L
PEEL]
LEE'LA
0S€L
8LE LT
8e°L
€6€°L1
86€°LA
0V LA
STH LA
8T°L]
¥9¥°L
L9v°L]
1Ly°L]
¥8b°L]
88v°L ]
205°L
905°L]
125°L1
sTsL

zer ol

YEY 0T

CHO
Br

Xu6-2

bl

=661

00°L

€61
Mmm.ﬁ
68°C

€60

1.0 0.0 -

2.0

o

4.0

11.0 100 9.0 8.0 7.0 6.0 5.0

12.0

L8TIL—

868°LIIL

mwn.w:/
mwn.ﬁﬁ/
Nwo&ﬁ/

T8l
onm.wmﬁw
€CL'8TI
ma.vm_\
LE6'SETL

P6eSSI—

LETTOl—

CHO
r

OBn

Xu6-2

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

S142



09€°G/
881"/
161°2]
AR
2022
092"/}
oLe /]
T4
rAZ WA
667"/
105"/
¥0S°2
6052
(=)
S1S°.
816/
0zg L]
1257/
625"/
s L
S¥S L
6151
€86/
9652/
0092/
£68°//
958° /]
0982/
598/
698"/
588/

z06° 2!

626°L—

S0l

e ———

Xu7-2

00°L

TUU

T1IT0

200

O

518

90p L.
S¥1°9.
L00'2L
vSe'LL,

V88 LLL

168811

908°LT

STANAN

£60°9Z 1}

EV2'9Z1)

89€°9Z1

vvLLzLl
mmmsmfﬁ
1zz'8zZLe
195°8Z1
90L°€EL
6LL°EEL
sLeeel
z88vel

8G€'GG1

€0¢°¢61l

Xu7-2

S143



6961
L8EL
R
8507,
£90°7]
120"
€60t
80L Y|
0ELY
PEL |
geL vt
:li
EpLY
951t
LIS
9e5't
8vSY
095t
v8G Y
6519
3@@/
1169
0£6°9
£€6°9
z6L°L
g6LL
80Z°L
Lz
vz L
95z,
122 L

Xu5-3

6€°9

975

TOT S

166°Lc

mmm.mw/
LvecL
N#N.@NW
100722
GGc'LL

G9/'¢0olL

~
IR AW
12z91L/
ovS6LL-
6€L'12L

GGe'8el

665151

Xu5-3

S144



w.
|
0
5
u o
.
080, L
060+
60 &
8601
coL vy I 58e'5o.
L0Lp a0\
prapd " 0S6°0Z [—
gl ut YAl ]
Lol 100°22/
Nw_‘.w/ —_— \u\% | vse'LL
LILY LR
SILY &
8L ¥ | _ _
68l Y- — -+ €920}
353 9ze ST ELLy i
5 ) —
0969 LYEYLL )
G969 | LLLBLL
G/6'9 L 868'9Z1
6169 o qusmrw
092"/ & mmm.RF\ _
. 88821
122 L
o1z s — Rm.wmr\
- P—— vog'8elL
682 L/ —— i
6ve L) I~ — -
cog . L 886°'¥SG1l
Lot 2]
sov' /] o
viv L %
L2 L
rzv 2 O
8zt L] 53 s 3 0 O _F e
LeyL] g = 5 g =
eev Ll |
zos 2]
9LG°2

S145



080
160V |
607
860
ZoLv
801 ¥
YA
bLp
owr.L
991/
ot@

[ 7A% 4
VAN 4
pRLE:
2
1€2°9
Bo.f/
892"/
9121
6121
2052
5052
2052y
€15/
6152/
12672
vmm.L
119°2]
7192
998"/
0282
8.8/
88"/
0062/
V6.

|

Mf r)o

o

7

Xu7-3

L0'c
L0°¢C

N_\v.mo/

00z 12\
@ﬁ.mP
00022/
A

699201
s0s°€l F/
08rpLL
PGRELL\
8LLYTL
Ew.mmtw
210921
819z
99z
826°.21]
99¢e'8zZ1 4
966°2€ L
L.1°eeL]
188ecl)
ozv8cl
GS0°GSL

Rat

~

Xu7-3

oU 40 SU

[8lV)

170 160 D50 140 T30 TZ0 ITO T00 90 30U

130

S146



90L°}] B
LeL L] s 682'12)
GGL'L) zze'92)
8eZ'L] r 8z2€'92]
vz L) . o SEN;
zsz L F 81222
rozL) T 18z sz
192'L L 0s€22”,
0z’ ] I— 505°0¢]
] N ° J
08Z'L | — 1< 11G°0€]
v8Z'L | o €92°2¢€|
68Z'L — | 956°2€
] J
86Z'L ¥99'v€
soe’ & o :R.vm
viEL -
|
6LEL | | 6.£'G9\
6LEL | 29e'89™
69¢°L | - 9v. 9/
18€°L | R - —=21C [< 000722}
z65°L 0z GSz 12
16G°L] _ -
809'L | = 00°L o
o1 1] [
1811 | LEV'LOL)
626 1] 0S2'1L0L
Zvre] Lo 8220LL™
852 © LPSLLLY
vE0Y | | 965 /1L
LE0'P . €95'€ZL
Loy f = ~===£660 | vog'ezt”
R4 _ co'k e o9goeL”
oLLpf = —= fwm.w
9LLP] r
0zZL v ° 08Y'9¥L )
1<dad o 1S9'ov
8EL V|
vSL9| r 807651 )
0LL79] 5 ov¥'651L
0289 -
Ge8°9| Y &
L1821} N EN 1 L
eve L] ° X
20€°L| 1<
€ze . S

S147

160

PCy2
170

Xu5-4
180

)0



06701

»
Cy2

o

Xu5-4

=70

-60

=50

-40

=30

-20

-10

10

20

30

40

50

70

986°0]
120°}]
1oL L]
gelLL]
25171
221°1]
9zz L}
1ST'L
6921
1621 %
0851
851
L09'L ;
869}
€0}
99/°L
061
gzeT
0€€T]
ovee]
gse'z
820V
Zro'y

G50V |
€ZL'y
9EL Y]
0Sk7]
290°S
5289

ovw.m/
L1897
2689

mmm.ﬁw
8ZeL |
ove'L]
9se"L ]|
59¢2
6.€L
z8¢e’L
66€°L
viv L]
0Er' L]
sev's]
6t L]
2zl

e

PCyz

OBn

Xu6-4

—

/60

€0'¢
L'y

S148



682°9¢
668'9¢
cLo’le
VAR XA
88l°.¢
Nwm.omN
1€9°0€
€19°¢ce
10L°ce
LLL'VE
61 v€

8/€°G9\
L0¥°0L\
ov.L'9L
000°LL ;
L TAA

L2€°10L
6.9°10L
SPLLLL
195811
029'8LL
6£8°€TL
88011
LY6°22L
m@o.wmk
ov'8zL
Sm.om@
925'0EL /
£€59°9¢L
9SZ'9vL )
Sz oL

omw.ow_‘v
288°091

o

OBn

— Y

Xu6-4

180 170 160 150

190

100

SL90L-

2
Cy2

o

OBn

Xu6-4

=70

-60

10

20

70 60 50

80

)0

S149



oL
ozl
gel’
X-Th
gze’
195
98g’
209’
geo’
659’
289’
2L
vov'e
ozv'e
GS0'v
290y
890
sel v
g
6vL'y
vZ's
zv8'9]
8589
816'9]
126'9]
££6'9]
9£6°9]
9ge/]
ove L]
mvm.L
owm.tﬁ
AX-YA
815,
zzs'L
625'L
evs L]
SgL]
655°L|
2952
ze8'L
0682
818/
588/
868'L]
816'L

Al ol ol ol S S i o R ol

e

J

2
Cy2

Xu7-4

HHHHHHMMWM%rﬁN
60°¢C

10.

vie9c
G68°9¢
906°9¢
8L0°L¢C
ceele
c¢ee’le
.vmo.om\
lcl°0€
clSce
09/.°¢ce
oveve
6LEVE

L€7'59)
£05°02
€evLOL]
€2 L0L]
85 LLL]
v69°8LL ]
1v2°81L]
9e6°czL |
IR AN
Sm.mmé
211921
62£°921L
65921
esszzi|
908221 ]
voe'szL |}
aLgoeL
Zpo'eeL))
18zeeL|

89Z°vEL
LYEOpL)
LLG 9Pl

N?@.Oo_‘v
¢.6°091

>
Cy2

o

Xu7-4

S150



@g@

Xu7-4

-10.444

S151

1o

-20

-30

-40

~50

-60

~70

-80

-90



0£6°0
LE60
956701
€560
19601
1298
09114
LT
LLT T
v81'14
€07 11
60211
st 1]
SLT'T
9871
Y621
20€°1
60€°T
LIET
vzl
SPE'T
Sse'T
o€
pLe ]
18€°1
sov' 11
6111
8TH T
1861
685°T
[ACH
979'1
SE9'T
98L°1
908'1
026'1
1€6'1
6561
816°1
6L1'C
L8Y'T
S6v'C
08T
1869
1669
¥00°L
L6E'L
vov'L
69v'L

—

LLY L

CHO

PCy;

({4
€e'e
019

@&Y

Xu5-5

Ie1
6°'S
90°¥
00T

Hu/NO.N
61

i

— 5001

- »86°0
10°1T

—_— FL80

13.0 120 110 100 90 80 70 60 50 40 30 20 10 0.0

14.0

€08°1¢C
08¢'9¢
116°9¢
920°LT
ScI'Le
161°LT
SI19°0¢
789°0¢
60v°CE
65°CE
1ov've
€87 ve

°E0°69—

670°STI~
9€6'81T
066811
8s°LTl
§98°LTl
tisost/

124994"
I18€°Sv1

LTT°091
9617091

o
YI9veI~ 5

L6617 V,H\A N—

PCy,

Xu5-5

"

0

10

30 20

200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 50 40

S152



L8L9T-—

CHO

PCy;,

@&Y

Xu5-5

4

-110 -130 -150 -170 -190 -210 -230 -2

30 10 -10 -30 -50 -70 -90

50

50 130 110 90 70

€L6°07
08601
ARE
€0
¥
LST'TY
991°1
ELTT
811
€611
80714
02z 1
et
61€ 1
sze]
62¢°1]
ope 1]
SsE]
985°T
S65°1
209°1
L19°T
61L°T
8L
9€L°T
Ll
LL
6L
66L°T
L08°T
818°T
8LET
$8€T
€6€°C
s
621°S
Lo
L]
ottL]
TEv'L
L
8StL
SOp'L
0LYL
LLYL
095°L
995°L
SLS'L

wmm.ﬁi
SLTTL

CHO

PCy,

OBn

Xu6-5

koNN
@oww

—  L9T¢
s96°€

s€T

€€

861

F00C

€60
vE€6'S

|

11.5

*L0T

_

FL8°0

-0.5

0.5

1.5

2.5

o

9.5 8.5 7.5 6.5 5.5 4.5

10.5

12.5

S153



06C°9C
S8L°9C
868°9C
800°LCT
LLO'LT
189°0¢
0SL°0€
Y0CCE
¥8€°CE
€16°¢ce
966°¢€

LS8 0L—

19v°ST1
wmw.m:/
056°61 ~/
Y8 LTl
Y01°8C1

6Ct'8C1
ﬁo.wwﬁ\
th.oﬂ\
SCCoel
ovm.v:\
9LO°SPT

SSSTI91
7867191

oYY 6T~
Y08 v617

CHO

PCy,

OBn

Xu6-5

-10

30 20 10 0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

CIyol-—

CHO

PCy;

OBn

Xu6-5

50 30 10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -21

70

110 90

130

50

S154



09670
89670
€L6°01
€860
0111y
0ET'TY
LYTTY
LOT' T
8L1°1
6811
Y6114
101
7T
99¢°1
€951
9861
20914
¥19'1
#99°1
LLO'T
189'1
0691
€9LT
€LLT
voL'l
91T
YTre
T
6£v'T
L9T's]
PEIL]
0STL1
607 "L
vIsL]
615°L]
szsL]
€€SL
PrSL
1S$°L
095°L
L9S°L
or8’L
LYS'L
s8'L
€88°L
L68'L
€16°L
0€6°L

="

wmm.:g;
SLTTT

Xu7-5

$6'1
%mm.w
Foze
s16°€
et

50T
2861

=00C

90'T
ST
Aog¢
Rgy

=E6°0

10

11

12

13

14

01¢9C
9L9°9C
68L°9C
000°LC
890°LC
€L9°0€
VL 0¢
[£AN43
Svece
816°¢E
100°v€

6V8°0L—

PrS STy
L1661
6966111
8SHSTI
$6T°9TI 1
1S7°9CI |
0LL'9TTH
€LLLTI
N@.Ri
Y9v'8TIA
EZMJW
611°€€T
YT €€l
L89°€€1
6 vrl
8%0°SH1

[

615 191
9YS 191

08 T61~
9€Lv617

CHO

N L

-10

10 0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

S155



6V 9T-—

Xu7-5

Z

-110 -130 -150 -170 -190 -210 -230 -2

50 30 10 -10 -30 -50 -70 -90

70

50 130 110 90

0160
$26°01
62601
€601
6£6°01
€760
676701

6£1°14
ST
6511
9911
0LT'T
sz 1
6571
L9T'1
LT
98711
06T 11
1661
Y6
86€°T
cov 1]
oty 14
ST T
95'1
985°T
209°'1T
9191
€L
LOL'T
0LL'T
0L8'T
881
068'T
7681
LEV'T
ST
$88'9]
106°9
€s€L]
95€°L
ws'L
IssL]
Lss L]
€58°61
L5861
8986

o:;/f.
0CI' 1+

——

CL86

Xu5-6

S

86
(AN
60’1

0.0 -1.(

1.0

2.0

on

4.0

11.0  10.0 9.0 8.0 7.0 6.0 5.0

12.0

S156



OIL LU
€18°17)
IL°TT
STE'9T]
61TLT
0ST'LT
$8T'LT
96€0¢ |
£91°0€
£€5°0€E
€090}
At
10¥°C€
LEVTE
£85°p€
vLOPE
6TLLS—

—

818'89—

6ET°ETT~
SES6IT

QQ:V
676971
617 LTI
oLz osT/

OVL eV
o’ miv.

91T 091

ﬁl.ofw.
SIS V91—~
mi.mf\.

B

I lj .

-

“tBu

o=

Xu5-6

0 -1(

10

200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20

eErcl-—

Xu5-6

i

-40 -60 -80 -100 -120 -140 -160 -180

-20

100 80 60 40 20

120

S157



088°0
€88°0
0v60
6¥6°0
9p0° I
0L0' T~
8L0° T
00114
SO 14
(INE
STII'T
sz
ger 1
PP
PST'I
LT T
18T'1
L9T' T
0SS'1
1LS T
8L9°1
€69'T1
669'1
SEL'TH
6vL1
80€" 7

LI€T
Z80°¢?
5669
M:EW
910°L
1S€ LN
1Le L4
z8¢Ld
06¢°L
s6¢]
66€° L]
or L]
90}
0er L]
8TrL
vev L]
LEpL
1191
P19°L
619°L1
T2y’ L]
869",
£v861

Gw.%

“tBu

0=0

N
Cy,

CC

OBn

Xu6-6

-—

pLIY
190'8
~8¢°6
Byl
hyry

Feoe

=00C

860
pS19
»$6°0

=060

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

11.0

UL LU

1829/
86L°97]
0v6°97
600°LT
pe0°LT]
160°LT
SIT'LTY
o1H ¢ |
€050+
brS 0
%m.z%
886°1¢

90¢°Te]
ST0v¢]
890 ¢
eI v
osr°Ls/

——

LLOOL—

8IS €I
how.omﬁ/
8¢S 0TI
00T"LCI
E&\nﬁ/
0T0"8CI~L
LT 8T
mNm.wNM\
£y 0el
65€°9¢€1
hmm.mi\
809" ¢Vl

oS 191
€LSTT91
6vS voL-T
I1S6'v91

gy

N
Cy,

CC

OBn

Xu6-6

0

10

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

)

S158



68L° 11—

“tBu

0=

-
Cy

0

OBn

Xu6-6

-100 -120 -140 -160 -180 -200 -220 -240

-20 -40 -60 -80

0

40 20

60

140 120 100 &0

080'I
880°1
60111
SIT'IH
€T T
SST'TH
PLT'T
e 1f
1LT 1] ﬁ
oLT 1

z0e'1/
€Ie 1
61€ 1
ree T
e ]
7SE' T
85T
8€C T
9S'1
89¢' 11
65T
879" 11
899'T
9.9
€97'§
PE0'L
9€0°L
950°L
0LE Ly
06€Ly
805" L1
SIS LA
€76 LA
1€5°L
SEc LY
6€5°L]
sss L]
095" L1
629°'L]
T8 L
178 L]
ovs'L]
IL8'L
088'L
068'L1
681
006'L
126'L]
#$8°61
786!

—

l

~

—

N
Cy,

Xu7-6

§€'q
£€'9
80°01
YA
0¥
(43
§¢q

€077

T T TR

76’
96°
ey
10°1
el
€0°¢

S T

= Y6’

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

11.0

S159



LOL LU
75T 9T
T0L 9T
€PL 9T
0¥8°9Z+
$88°977
950°LT
280°LT
ow:&

891°LT ﬁ
055°0¢
165°0¢
089°0¢ ]
86 154
900°C¢]
STT'TEA
9L0"p¢]
CARZS
89L°LS

9€L°0L

069°¢€11
¥SS°0CTH
S19°0CIH
6S¥°STIH
LETOCIA
CIy 9CIy
ﬂno.omﬁ.;
SLL'LTIH
€08°LTITH
N;.wN:W
\

067" 0€ 1+
€60°€ET
097 €€T
sogeer’/
SOV EPTA
LI9°EPT7

N@m.sﬁ
mmm.sﬁy
1249 21%
SY6'v91

“tBu

0=0
4

N
Cyy

va

0

Xu7-6

0

10

200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20

989 II-—

Xu7-6

e

30 10 -10 -30 -50 -70 -90 -110 -130  -150 -170 -190 -210

50

S160



68°0
180
ve'L
Ll'¢c
SlL¢

8LV
[4 34

£08°1Z]
188°12]
092°22]
652°92]
182°92]
8€0°/2

44 WkA
ow_\NNM
vee' L2
9S€°/42|
8.€°/2|
L1¥°12|
8vv'lc
290°0¢ |
911°0¢€|
v,2°0€|
LGE'0€E |
SEY'CE|
v29'ce|
GLEEE|
629°€eC
808 €]
968 V€|
865 G¢E]
ovw.mﬂ
8.8'GS |
91¥'89
S0L'60L
GE8'6L1L
/8861
mmw.NN_.V
LeLeect
ceco’lel
890°/¢l
€€9'8¢1
L6t
ogL'6cl
ocLocl
686°6€1
666071
8g¢€¢vlL
creLsl
LEV'LGL
120091
160°091

4

e —

20 10

50 30

60

70

130

S161



869°0L-

30 40 -50 -60 -70 -80

-20

-10

40 30 20 10

50

80

829°L]
8891 |
2021 ]
L2LL]
6511
891°Z]

2112

Lol
LE°LL

€812
161721
8612

[ThArA
zsze
6522
1922
Yk
1822
€1L0°G]
9€0°G]
¥¥0°G]
190°G]
1£8°9]
1¥8°9]
120°Z]
z1e ]
sLeL)
0z¢e'2]
vze L]
62¢°.)
Leg 2]
oge L)
6c€2]
rAZ WA
02€ L\
98¢ 2\
00V L
Sov'L]
LIy L
oLy
ost'L
z61°L
G26L
125°L]
05", |

_\vm.f
142°IA

_

L2}
L

g
20
MT 160
lw‘ .02
001

88°0
€cec

S0'8

Xu6-7

L0V
(444

T T T T T T T T T T T T 2.\5 2.\0 1.\5 1.\0 0.\5 O_‘O

9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

S162



128'22)
9z£'9Z]
626°92]
820°22)
84022
seL22)
mmw.nmuf
6€€°LZ]|
LLb'LT]
6¥2 0€ |
80€0€ |
LLv'0E]
1G5°0€E|
6.2°C¢E]
Lovee]
8yl ec]
LseeE]
60Z vE|
162 Y€

—

260°GE |
GL1°GE|
996'GS |
008'9/ |
GS0°L.|
60€°LL
L¥9'601
006°0¢L
2s6°0¢L
¢s0'/cL
90L°2¢L
6/.1°/¢L

mmo.mw_ﬁ/ﬂ
J

€81°8¢1
L6S'8Cl |
vecL8cl |
v.il'62Cl|
€61°621 |
hhm.om_‘;
ccLoglL

orLovi
9¢0'LvL
G8cerl |
v6C'1S1 |
45S°191 |
G89°191

]
J
]

—

Xu6-7

LSE0L-

Xu6-7

10

20

40

70

S163



0co
6€0°
9v0’
040
9.0
€9¢’L
9/2')

Ll ol ol i o

895°L\
L99'L™

92Z'S]|
€eT’s]|
G88'9
106'9
vee's
oveL
6veL
zseL
8G¢eL
L9g2
gog /]
CA
00t .]
oL L]
AN
92 /]
bib 2]
zLs 2]
215°2]
€25 /]
Gzs' /]
1eg /]
Geg 2

ﬁ

J o

472
142° A
8YS 'L
csS'L|
8957/
1957/ |
8€8°.
118/
¥88°L
168/ |
§68°/|

668"/ |
9lL67L

Xu7-7

¥8°0
S¥'9
ev'e
€001
vee
L2}
9¢ec
csv
00¢

290

18°L

96°0
180
L0¢
ve'e
G0'S
ve'L
G6'L
80°L
00'L
90°¢

LO.

vS52°22]
Y2 9Z]
118°9Z]
126°9C]
6£6°9C]
0€0°/2]
(VkAVXA

[ad ol adil b4

cov 2z
wow.o&w
L92°0€ |

szz'ZE ]|
L0v°ZE |
660°€€]
60€°€E | s
SLZvE]
€0EVE |
160°SE

——

081°G€|
G06°GS |
9€5°04 |
1¥1°9/ |
000°2Z |
Sl TAVVA
12601
omm.mN_‘/
ZANCTAR

QLEO QZ L

Jro ICH

1857921 |
966°9¢! |
820°L2l |
6L1°L2C1
9gl’/c)

i
(Y WAVXA"

wQN.wN&
159'821 |
621621 |
LyL'62l |
85€°0€ |
820°€E L |
Yy EEL |
ocevel
Y600V |
GE6'0VL |
8gLevl

“tBu

0=0)
ZT

2

)

Xu7-7

T T T T T T T T T T T T 8‘0 7\0 6‘0 5\0 4\0 3\0

200 190 180 170 160 150 140 130 120 110 100 90

210

S164



=1

wa.ou
858°0,
6880
1670,
6€60,
G960
2501
G60°1/
ocL L
091"
ove'L)
1921 80'¢
L 29711 06°0
e | 160
veeL 00
oveLl
69¢°1
L 18€" L
2L L]
951}
1651
Ge9'L ﬁ
» SvlL
Sl
0s8'L
5 ZvLe
6512
1ozl
r 609 )
1297
o €12'9]
9129l 00
12279 122
F 1eL9) Iz
gel'zl
85121
8sz /]
09z 21
vz 2
s62° /]
60¢" L]
vze 2]
68¢°L
G6¢L
Yov'L
ozv'L
£srL £ Y 8 Vo2
692 d
9es',
F 1552
£GG'/

=380

X4

o
2]
-
2]
-

S~
T
i// = o 0€'G
—
~
<
—

__
e

=2f 8vL
LLe

—60

=40

=20

4

98'0

98L°0L-

060
260
gee
€Ll

T
J

10

[81V)

(FS
N

H

PC.
o%
Xu7-7

30

05 =05

5

S165

975

5 T T0UD

TIT

)



9z8'Lz
082

Sl Zi
951°9z
b9z
1692

95022

160°22/
€91°22
96222/
11€°22]
1522
06¢€°22]
8£9'62
16962
v6€0¢ ]
569°0¢
182°0¢]
1eeel
veveel
L0¥°€€
€z9ee
6tv vE
8E5vE
G6EGE
givel
10985
9e€'89]
Lov"0.]
€22°0.]
ovs 9Ll
10022
65222
251601
LEG6L L
€561 1]
zeLzel]
65622}
z8e9z 1
6,692
160221
929'8Z 1/
zszoeL]
LL21EL]
£ez6eL
Lgeel]
6860V
626671
091°051 ]

|

—

L

——

620°091J
QOL09L

80 70 60 50 a0 30 20 TO

90

T90 " I80 © 170 " I60 ~ IH0 "~ 140 ~ I30 © 120 "~ 110

00

covol-

1%

=40 =60 =80 =100 =120 =140

=20

40

60

80

S166



6€8°0
¥98°0
1201
860'L
LeLL
LoL'L
g8lL'L
€zTL
621
0921/
6.2 L)
062 1L
soe' L]
509'L]
v89'L]
zoL' L]
9T
820°G
€€0°G
Zv8'9
89
8589
1989
A
1172
05z L
0922
99Z'L
TOLWA |
8LEL
A
6V L/
95€° ./
192
192}
8¢/
96¢ 2]
Loy 2]
90% 2]
Ly
9z 2]
Lvy 2]
T
0Ly 2]
LY.L
G8yL
z6vL
0052
1€G°L
25572
GG/

[P R

T

o

— i

60°L

1
[l
[s¢]
<

6lcl
V'S
8Ll
L0°L
60
8G°¢C

101
so'e

coe

00’
c0'L
—J} L0’€
= Sl

62'S
oL’
ar'e
80°¢C

=05

05

RE)

975

105

5

TT

e —

70 60 50 40 30 {9) TO

80

90

190 I80 ITO 60 150 T40 T30 120 IT0

00

S167



066°6-

=140 =161

(0]

=40 =60 =807 T 100 =T

=20

60 40

{9)

688°0
968°0
026°0
2901
8017
zLLL
8yl
[AN "
6171
91Z'L]
99Z°1 §
xA%
ove L]
09¢° 1
8¢ L]
16G 11
€19°L]
099'L |

L

=T

NI i,

Z89°L]
9592
zZLz’s
9lT'G,
€689/
016°9]
Sl L]
891°L
09Z'L
992
z8Z°L
£2€° L1
ove'L
LOv 2]
AR N
eev L
191"/
3-8
€61 L]
661"
ZLg 2
815 /]
ze5/]
s 2
0952 ]
295,
€28°L
Ge8'.
e
€98°L
1218°L

) (T

1882
66BR/

—

660

2ol
9zc
aL'L
62'S
¥6'0
98'0
oo’e

G6'L

060
€60
19°¢C
og’L
so'e
€2°S
60°¢€
00’
€0’e

=05

T0. 5

5)

TT

5)

S168



Ni.vm
LE1L-92]
06€°92,
2089z
ge8'9Z |
¥26'92,|
Zv6°92.
9€Z°12
G122
66222
sve Lzl
128624
6.8'62.
0.t°0€
828°0¢
916°0¢
190°z¢]
ovzzel
ggl eel
g6eee]
6L6°€E
600°VE
G96'vE
S¥0°Ge
¥29'85
691°0.]
G150l
9y 9.1
ooos%
vSZ'LL
261601
289°021 -,
¥19°5Z1
0z1'9Z1 4
LLe9zL
AT TAN
999'9Z1
600°221
AWEAN
ev11zZL]
062221
68282
¥99'8Z1
¥€5°0€ 1
oLLLEL
8€0°€EL
GGZ'eel
GSTYEL
0EL'6EL
L16°6EL
096 0L

e —

=\

il
o

0’1
€Ll
14
00'L

80 70 60 50 40 30 (9] TO

90

80 ITO 60 50 T40 T30 120 IT0

190

00

981°0L-

ITO0 90 70 50 30 TO =10 =30 =50 =T0 =90 =TT0 T =130 =160

130

S169



SE6'E—

0r0°$—
§¥6°97
L96°9
6E€°LT
b€ LA
T8EL
9g€°L
09€°L7
0LE LA
YLE L
¥8¢°LY
98¢
06¢L]
¥6€°L]
10¥°L
SOv L
o1t
res ]
cess ]
8EGL1
9pS LT
1SS°LT
§SS LA
8TL LT
0SL L
6V 01
15701’

—_—

CHO
Br

OBn

Xu8-2

=00°¢

=10°¢C

F00°1

m\mm.m

56l
=860

=760

10.5 9.5 8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.5

11.5

S170



€296 —

YOLVL—

198°0IT—

_mm.mmﬁ/
vow.wmﬁ/
S8TLTI—
LTT8CI

L1E°8CI
oow.wmﬁ\
mwm.omﬁ\
900°svI

SLO8ST—

088061 —

CHO
Br

MeO ;

OBn

Xu8-2

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20

gsg'e
120y
vEO'y
8€0'y
eY0'p,
8¥0'v
S50,
080
v60°Y]
6LL Y
9ZL'¥
LEL'Y

meL
orL'y

€51y
200's

TE
G06'9
0ze'L
vee L
8€E L
Zve L]
6524
€9¢/]
v2€ 2]
8/¢ /]
ege /|
96¢ /1
66€ L
615 /]
2562
965/ ]
6952
€152

Xu8-3

L0°€

96’1

[4ok4

970

TUT0

S171



190°9G

G6C'S9
vvm.vm/
Nwo.ohﬂ
000722
PARWYA

/
¢lL9'col
€Lo'LLL
860°6)1
_LO.MN_./
Nwm.hN_‘W
cve8clh
9re'8clh
v8¥'62l/
€90° L€
8L1°GvlL

N\

LGEVSL

MeO

OBn

Xug-3

TO

10)

O

0 o0

30

I70 T60 150 T40 T30 TZ0 110

T80

SPI°T
IR
691'T
SLITd
L6T'T
0T
1Tt
PIT TN
671
€0eT
el
VTS
0£5'T
GseT
129’1
191
8¢9'1
389'T
oLt
L6L'T
bLS'T
881
€061
16'T
¢88'€
666'¢1
P00y
3007
L10
101y
oIy
Iy
611'Y
WIS
LLS'9
6659
L6
0869
65T'L
L9T'L
80€°L
zes ]
0s€'L
pee'L
995°L
695°L
€LEL
L85°L
£5pL
wrL

]

=

PCy;

OBn

MeO

Xug-4

06T
50T
Ao

=00C

F¥60
$6°0
P11

m?:

foce

1T

-0

1.0 0.5 0.0

30 25 20 15

3.5

10.0 95 90 85 80 7.5 7.0 65 6.0 55 50 45 4.0

S172



10

16C°9C i
600°LC 7
s0°LT

L80°LT r

LLT'LT |ﬂ

760°6C _— -
1L1°6C \  —

20

30

14443
029°0¢
L9TvE
88CvE B

50 40

YTC9s— -

60

CLTS9—
6v9°0L— —_—3% i

70

80

6£8°001
LO1°101 ~ : L
8TLOTI

mowo:/

08051y —
114921 —
1$9°9C1 i
Al

188°LT1

s’ -
68L79€ 1~

080°LET
96C LET

LIT6VI
Yoeovl

OLY L1-—

»
Cy2

()
MeO ; P
OBn
Xug-4
T

90 180 170 160 150 140 130 120 110 100 90

-100 -110 -120 -130 -140 -15

-40 -50 -60 -70 -80 -90
S173

-30

-20

-10

10 0

-

MeO;P

(e}
Cy2
Xug-4

OBn
30 20

40



61l"

9eT”

I

T

CHO
PCy;

MeO ;

OBn

Xu8-5

Jeoe
f1os
=0T
2901
MTN.N
wmi

06'T

=16C

=V6°1

=880

2.0

0.0 -1

1.0

o

4.0

13.0 120 110 100 90 80 7.0 60 50

14.0

991°9C
081°9C
€L5°9C
CIL9T
S8L°9C
€L8°9C
Y6L°0€
168°0¢
ceece
4343
[ 43
L6SVE
099°¢6—

SL8EL—

peC el —
€8€VCI
SYyvel

1€ LTI+
owo.nﬂ\
LTE8TI
SETEEL
609°¢€l
9¥9°9¢€1
;m.hm_\
wmo.of\
696°SST

6Y1 €61~
L95°€617

2

CHO
PCy:

et
Bn

Xug-5

-10

10 0

30 20

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

S174



Ve El-—

CHO
PCy;

MeO ;

OBn

Xu8-5

-100 -120 -140 -160 -180 -200 -220 -240

-20 -40 -60 -80

0

60 40 20

140 120 100 80

2L60
68670
INE
9eT I
STy
95T I
oLT T
P61 T
P0T 14
11T 1

_T =

9zT 1/
LET T
ore 1
09711
LT 1
98711
Rt
ore 1]
ISE1
65€°11
$o¢1
8511
0LS'T
LLS'T]
$89'1
YOL 1]
08L'1
01811
91€T
sTeT
868'¢
€L
670°L]
050L]
LEE L]
s L]
6s€ L]
S6¢ L]
66€°L
01V L]
YIv'L
TEV L]
SetL
s L]
0£S°L
pEsL]
158 L1
8681
€181
088°L’

—

——

“tBu

0=0
A

N

PCy;

MeO

OBn

Xu8-6

e
MNM@
0£°6
wwwm
0E
91°T

wmqm
ST'C
B

£80°C

Jool

LOT
Mmﬁm
01°¢

ﬁﬁqﬁ

1.5

7.5

-0.5

0.5

5.5 4.5 3.5 2.5

6.5

11.5 105 95 85

12.5

S175



079°2T;
891°971
6757971
765921
L89°9T
1€L°9C
S6L°9T1
£€88°9C1
Sm.oﬁﬁ
T€9°0€

196'€L—

vor €ll—
69C VTl
90€vCI
ovy LTI
oﬁo.nmﬁN
[ 14!
6C0'8€1

PEO IST~
EISYSI—
oon.moﬂ/
6v0VoT—

N
Cy;

), -
Meo;P

OBn

Xu8-6

-10

10 0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

Yee6-—

Xu8-6

N

-100 -120 -140 -160 -180 -200 -220 -240

60 40

140 120 100 &0

0 -20 -40 -60 -80

20

S176



/160
¥56°0
1860
600°L
Ggeo' L=

LGO 1

040°L
mm_‘._‘%

s

J

s

MeO'

Xug-7

S

90°¢
180

660
00°L

G8'0
00°L
so'¢c
LL'S
009
8lL'¢

TU0

xﬁ.mm
80292,
LLL92;
982'92]
5€8'92 |
¥68'92
886'92-%
¥€0° 22/
€50°22/
901224
Lzeog]
8¢ 0¢
18t 0¢
¥95°0¢
sezze]
Liveel
1soee!
L5z e
8eeLE

L

.uﬂ

8Zv've
1sz°gel
ocesel
6617651
£/8'65]
ovL'9s]
000°22]
65z 1L
0S8ELL\
6LL°€ZL
LEZ'EZL
626921
v00°2Z1
5€0°221
6LL°2ZL]
6ee 2ZL ]
061821/
Nww.wmi
0/1°6Z1
881'6Z1]
gsggcL]
6v0°0v L]
996°0vL ]
vyl
005°0G1

s ¥ Xs¥alall

——r '

—

Xu8-7

1O

51y 40

[81V)

160 1H0 140 130 120 ITO 100 90 SU

70

180

S177



€V.L9-

o
@
=3

Xug-7

=20 =50 —40 =50 —60 =70 —&0 —90

=10

TO

Y [elV) oU 40 SU

SU

JU

vL6'0
8L60
200°1
900°1
Tl
ST0'1
6£0°1
0L0" T
60T+
UT T~
LT
mmwﬁﬁ
8ee'1

LTS 14
6¥S'T
6291
TE9'1
969'T
S98°¢

wowm/
s

YT ¢
69T'S
wuTs
26T
96T°S
SYO'L
6¥0°L
T90°L
990°L Y
8LTLY
v8T'L
S6T'L
20€°L
90€"L]
e L
STEL
9€€L
6€€°L
08€'L
y8EL
96€°L
00t'L
L
YIvL
orb L
€SP L
LSYL
€ILL
0€6'L

—

CF3.

MeO

Xu9-7

peze
7LT6
et

166

Fesr

|||J Fe66C

= g3

2001

1.0 0.0 -1.0

2.0

on

4.0

10.0 9.0 8.0 7.0 6.0 5.0

11.0

S178



VoY oL
509
2607979
69997+
V0L 9CH
L8L'9TH
918°9CH
088°9C

P#6'9C
11022~
8670
625°0¢]
€09°0¢
€17Te]
16€€]
18€b¢]
sese]

Nmm.mmg
LLY'SS

VET9¢

p——

=

1S €L—

[ECvIl
8C6°0C1
861°CCl1
SLOECT
99€¥Cl
€60°LC1
va.hﬁ/
Py 8el
Nwm.wﬁw
Ly6 0¢€l
60C L€
VLY IET
LELTTET
c0e 8l
LEV OV
€€9° 01
€LEOV]
ITO° TSI .,
99T IST

“tBu

0=0)

/
w
o

CF:
N7

T

Cyz

MeO ; P

Xu9-7

"

Ui

)

— -

Lol ulh

L

L

60 50 40 30 20 10 O

70

80

180 170 160 150 140 130 120 110 100 90

6¥6'S-—

Xu9-7

4

-110 -130 -150 -170 -190 -210 -230 -2

50 30 10 -10 -30 -50 -70 -90

70

50 130 110 90

S179



LILT9—

CF3
“tBu

0=0

CF3\©/
N
H
PCy>
Bn

MeO’

Xu9-7

-70 -90 -110 -130 -150 -170 -190 -210

-50

-10

10

CF3

CF3. G
MeO I

“tBu

0=0)
2

N
H
PCy;

OBn

(R, Rg)-Xu9-7

1

W €C¢

= 0601

B

N

s

— ]

8¢
(43

81°¢

L8
eL’

€6
0071

160
10°]
LET
171
0EE
661
101
61

0.5 -0.5

1.5

25

9.5 85 7.5 6.5 55 4.5 35

10.5

S180



€9L'72
€€19T
29971
$9L°9¢9
£€6L°9T
9.8'97
716'92
$00°LT]
7oL
9L5°0¢
££9°0¢
999°0¢ ]
7L 0E
e Te]
06¥°T€
066'T€
61 ee]
v79pe ]
£0L pe]
897°¢ ]
8rese]
LS S¢S
$0£°95 1
09765

SN

—

$58°65
979'¢L
6v9 P11

909°CCl
€99°CC1

whw,vmﬁ\m

8IT°LTT
wsLTr
667°8T1
9881
£8°0ET
660°TET
T9€1€1
STOIET
€IE8ET
TLE TP
$9S 114
€60°9%1
62T 15T
6T 1S

wwhlom_/
hOm.NNM%

[

i
[
I
|

oze st

CF3
“tBu

0=
A

CF3 O
N
H
MeO PCy;

OBn

(R, Rg)-Xu9-7

50 40 30 20 10

70 60

80

200 190 180 170 160 150 140 130 120 110 100 90

€69°9-—

CF,3
“tBu

0=0

CFa; O
N
H
MeO' PCys

OBn

(R, Rg)-Xu9-7

4

-110 -130 -150 -170 -190 -210 -230 -2

50 30 10 -10 -30 -50 -70 -90

70

50 130 110 90

S181



€6L°C9-—

CF; i CF3
MeO’ I

“tBu

=0

N7
H
PCy;

OBn

(R, Rg)-Xu9-7

-70 -90 -110 -130 -150 -170 -190 -210

-50

-10

10

Rwou
29.°0]
1810
858°0
€880,
96870
916'0-%
¥£6°0/
0960/
v20'1]
860'L ]
vS1L
viLLl
68111
aiz'L
1921
eivLl
9611
1971}
999'1
589'L}
8102/
1202
ez
xd
sv9'Z)
sog¢l
R A

Eos/
JIS WAL
180°L/
6602/
zve L)
0922/
s6z L)
60<21
zes L]
16€° 2]
vie 2]
o6g 2]
vov L]
L1y 2]
zev.L

€SP'L

65v'L

ViYL

VL

S¥SL

¥SS'L

1952

L/G"/

r

I

N

88'¢C

98’1

€6°0
00’}
ge'e
oLe
8Ly
68°¢
00’e

(Y

7O

970

10O

U

TIT

O

S182



———

Go0'LSL

m

I

MeO'

TO

80 70 60 50 40 {9)

90

I80 ITO I60 50 T40 T30 I2Z0 ITO

190

viLL9-

MeO'

T =16T

=170

U

=80 T =100 =T

=60

=40

=20

T T00 {9) 60 40

120

T40

S183



0bL 0y
$vL 01
09L'07
99L°0
YLL 0N
¥8L°0

6L°0

780

9¥8°01
$68°0
0L8°01
968°0
7260
9v6'0]
6F1 11
991"
1811
00T 1
01T 11
€eT T
LYE T
LET
€I 1
9TH 11
T
9Lt I
208° T
665 T
61911
899'
989" 1
L90°C
9%9°Z1

€88
0zzs!
0L
€TrL

SIEL
mmm.h/

9L€ L
16€°L7
90" L]
oFb L]
ssv ]
195" L1
89¢°L
Lis L
0851

v@.&
LIL'L

CF3
“tBu

CF3\©/
-
|

PCy;

MeO

OBn

Xu9

cry

007¢

S8']
£€0']
S0°¢
961
S6°

88°1
Il

1.0 05 0.0

L.5

)5 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

oLL —\014
£10°9¢1
96797
L5697
0L9°921
124921
51497
9022
8ST°0€
L1T0S
0160
866°0¢
901°2¢
peLged
078°€¢ ]
gLz e
ccege)

c0s°ss”.
cres’

PN

]

SE0°0L~
9¢0L”
65s€L”

10€111y

TL80ZT

L61°TZI

9€L°TTIH

08L°721

CIR7AR

980°LT11

€LY LTI
65T8TI
19€'821
$09°8TT
819°0¢T}

188°0€ T}

SYI'ISTAE

601 TET~

s6s1g1/

$68°LET

Ro.wm%

8LE'8ET

6LS VT

LYO'TST

197181

167181

CFs
“tBu

o=0)

\

CF3\©
N
|
PCy;
OBn
Xu9

MeO

30 20 10

70 60 50 40

80

130 120 110 100 90

170 160 150 140

180

S184



-5.885

50 130 110 9% 70 50 30 10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210 -230 -2

—-62.828

10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210

S185



PES 0y
LES'04
807
058°01
5870
868°0
#9870/
0,807
2370
788701
988°0
€680
IR
861711
9071
0z 1]
LTTT
SET 1
88T 11
6£€°T
LLETH
8¢
€651
L19TH
29911
€991
0L9° T
€891
1691
€09°C
66175

—

viT S
$16'97
6£6'9]
L80°L]
601°L
60€ L]
LTS L]
99¢°.]
185
98¢, ]
vov L]
607" L]
617 L]
0sh L]
ory L]
81 L1
TSt L]
POL L
208 L]

(R, Rg)-Xu9

Foo¢

Feoe

001
01
F1zo
86°0
10T

0.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

2.0

86°€0
YT sz
1657
$T°9%;
£9°971
0L"9Z7
817927
7892
88°92
2697
10°LT]
1L
06'671
L6627
8670
60' 1€
e
geze]
8671
sTee
€IvE
a
£9°pE
6v's¢€
09°s€
ot°ss]
26851

8peL)
1Thin
bL0TT
LL0TT
18071
06121
96'121

99471/

€0°LT1
svLTl
€z'8T1
058714
289211
L6OET
9T TET]
0e 1T
SE'8ET
000711
€TOPI
88°€H 1
760511
TSI

mm,ﬂml

(R, Rg)-Xu9

70 60 50 40 30 20 10

80

110 100 90

180 170 160 150 140 130 120

S186



—-6.858

(R, Rg)-Xu9

40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

140 120 100 80 60

—-62.758

(R, Rs)-Xu9

10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210

S187



6€0°S
€v0°S
os1s/
L66'9)
610°L1
T0€°LY
LOE"LA
€1e° L
0TE LA
vTeL
1€€L
LyvE L]
86¢L]
$9€°L
69¢°L
€8¢°L
86£°L]
PO L]
60v°L]
€Iv'L
sTrL
LTV'L
L
8L
LSYL
99b°L
069°L
TILL

ez o1

———

~o
BnO Br

OBn

Xu10-2

)

¥ 507
N L6

5001
Frool
¥ 001

F e

120 11.0 100 9.0 8.0 7.0 6.0 50 40 30 20 1.0 00 -1«

13.0

CSO'IL~
18LvL—

€8CCIT—
[6S°€TI
Nnm.omﬁy
9y LTl
9IS LTI
LTT8CL
06¢°8C1
00¥°8CI
186°8CI
699'8¢C1
CLESET
Sy oel
98¢ Syl
LOLLST

8€8°061—

~o
BnO Br
OBn

Xu10-2

-10

10 O

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

S188



l6c¢—

$S6 T~
oBeE”
£L89)
56891
LTTL)
0€T'L{
9¢T L
SHT L7
162 L
8szLy
79T Ly

89T LA
€LT LA
887 L
062 L
1eeL]
see L
6€€ L]
15 ]
so¢L]
66€°L1
IV L]
61¥'L]

Br

BnO

OBn

Xu10-3

o

F809

90°C
c0'C

F6670

001
€L
Woo‘m
10°¢

1.0 05 0.0

1.5

S5 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

W6 ES—

9CI'IL—
LCLYL—

6L0°€0L—
CLLTIT

A0

Nww‘mmﬂ/
Nov.hmﬁ/
101°8¢C1L

6vI°8CI
Ice8cl
¥T9°8CI
£79°8C1
S68°6CI
924V

ISy 9l
€80°LET
mmo,mi\

[4{IR 39}

Br

BnO

OBn
Xu10-3

|

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90

S189



8€6°0)
05670
89601
08601
'y
LPTT
91T
ST
9871
PEETA
TLETE
65T~
ﬁoog\w
T99° 1/
0691
gor1f
6611
L1€°T
97¢']
87¢T
8eeT
oret
1S€°T
L9€°T
SLET
98¢
96¢T
%m.m\
060'S

TS

€LT9

waowu

6L0°L
ooﬁ.h/
omm.h/

00€" 2L
oomn\ﬁ
yIE L
97¢ L
€ee L]
Le€L]
655 L]
e
Y LT
TSELT
19€£]
69¢" L1
P6< L
86€ L1
yIyL

T

—

PCy,
OBn
Xu10-4

BnO

L1

6¢°1
cly
€
61
0€°¢
0T

T

<
S <
PPN

[
=]

= 071
Fr611

€T

€CL

5.0

-1.0

2.0 1.0 0.0

3.0

4.0

8.0 7.0 6.0

9.0

10.0

0¥€°9C
LYL 9T
$88°9¢
086°9C
690°LT
c08°0€
voo.OmV
869°C¢E
¥68°CE
0rsve
LY9've
6L8 €S —

PSTTL~
68V €L

-10

30 20 10 0

LITT0T~
YLV T0T/
618°SII
1121
(A4 LA
60T LTI
YSE LTI
219°LTl
¥96'LTI
181821
S05°8TI
819°9¢1
wow.wmﬁ\\

857051

S190

PCy,
OBn
Xu104

BnO
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40




€E€L 9 —

“pey,

BnO

OBn

Xu104

-100 -120 -140 -160 -180 -200 -220 -240

-20 -40 -60 -80

0

60 40 20

140 120 100 &0

116707
76601
#0011
FARE
8711
TSI
TLT TN
€171
LST'T
s9z° 14
cee
e
€851
€09°T1
989" 1
69'14
P
1oLt
L8L'T
L6L'T
cI8°1
LT8'1
LEET
oreT
ssET
§9€'T
vLET
ZLrs
17zs]
6£1°L7
191°L]
€re L
1ze L
see L
reeL]
o¢e L]
£veL]
ose.]
sseL
09¢°L
€LEL
8LEL
16€°L
L6EL
1L
SIvL
TLL
0SL°L
€9LL

T T\ (T

>

ILLL

~o

PCy,

BnO

OBn

Xu10-5

061
161

=001
hogs
660

E68°0

0.5 -0.5

1.5

11.5 105 9.5 8.5 7.5 6.5 5.5 4.5 35 2.5

12.5

S191



129t
99T
16L79C
S€8°9C
7C6'9C
S8°0¢
8¥6°0¢
LBECE
6197Ce
YeSve
€99v¢

€C0'IL~
Y06°€L—

0S6'VIT—
6LTYCl
8EEVCI
S0S°LTI
L69°LCI
Y6C°8C1
8¥€°8CI
L69°8C1
LOL°SET
hom.hmﬁ\
Omo;mﬁ\

evIssl

60T €61~
0z9°¢617

\]i/ko
7 >Pcy,

BnO

OBn

Xu10-5

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

86L°€I-—

[e]
Cy,

X
BnO P

OBn

Xu10-5

-100 -120 -140 -160 -180 -200 -220 -240

-20 -40 -60 -80

0

60 40 20

140 120 100 80

S192



. oL Co
mm.@ | o 879

- S 599
SORE .

. L 0L'971
89114 .

. 1 9L 9T
Y814 H\ o e

. 6°'¢ 18°9C
$0T T _ ¥ -
1671 = 28011 16'92

Ny Ao 86977
8T’ Y od |

.y = €Y o 89 oﬁ
88T'1 1o o acl
zIe 1T¢ o OL0EY

.y €17 $8°0¢
91¢'l w L .

. $0'd 9¢'CE
SSE'l .
TR | o s

o o 6PE
¥ T0°sg
86€T r
£0v' T
s65°11 ] FS s
60911 I
€TLT .
€18°11 [ o S.:w
6£8°T1 i L opog 0 8OPL
omm.% H
8€€°T
ﬁw& ..M
£€ ] | TesI
09€'C 0€v2l
081°¢1 | © soLTl
E:.ﬁh — X gop T 89LT
WWM& = K eed  sTsa

: 88Tl

. v 96
9LT'S | LS sesa
9TI'L] L9'8T1
0ET’L r 0T€El
rrrL] o %.MEW
8yl'L o LEPEL
PEETL [ :.02\
8rE'L] Jhss 00°8ET
19€°L L2 osIsi~
€LeL] = oL€sT”
9LEL L
1s¢ ] 08°€91

O S 80191
16€°L L
801 g —

L] o, F

-] zZ 3
ocr'L] s g s =)
ovtL - 2 LS

[}
Sw.t \\/ g = —
Lr8°L] o [
N£s$ & [ <
$98'L =

0 -1

10

5193

PCy,
OBn
Xu10-6

BnO
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20




SCIo-——

PCy,

BnO

OBn

Xu10-6

1

-110 -130 -150 -170 -190 -210 -230 -2

30 10 -10 -30 -50 -70 -90

50

50 130 110 90 70

866°0)
V20’1
7011
0501
VL0 T
LSTTH
189'14
980°S

8IS
11Z'S
16T°S
0Z€ 6
6IT'L
or1 L
1LTL
¥8T L
88T'L
$6T L1
00€°L
L0€" L
€IeL
SIE L
L
vTe L
€eeL
6€€ LA
SreL
TSE' L]
sseL
85€L1
09¢'L]
TLE LY
LLS LA
€8€° L
88€°LY
76€° LY
YOv L
807" L]
9z LY
ZsvL
€Ly L]

81L]
88y L1
205'L]
$05°L]
816" L
125 L1
vTs L
86" L
e

BnO’

Xu10-7

n oo
REEE
N

o
N
ol

e o e

L
A 00°1

¥ 16
¥ POl
s6¢l
o€’

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1

10.0

S194



VoL LU
Y179 E
669°91 I
€LL 9T
8r8°97 |
806971
886927
7907
£ELLTY
16£°0€
¥86°0€
NQ.NM%
0£0°€€ -
vZered
6£7 e
657°s¢
99¢"ge)
898°S

10 O

NM
50 40 3‘0 20

EVIIL~ -

1
SIv'eL~ B

80 70 60

088°SII1
6E1°ETIY
1S1°€TI
$86'9211
8Y0°LTI L
oerLTIy 3
01€°LTTY

$89°LTIY
8LG'LTIN _
AR A 3 s
¥87°8C1
§L9'8T1Yf —
mom.ﬂ% T
$TT 6Tl

LLSOET -— -
mmzm;

$90°0v1 |
%m,oi
8Tr Tyl
€O 671
ece 1S

886°9-—

‘tBu
T

0=0)
\

N
H
Cy2

=

190 180 170 160 150 140 130 120 110 100 90

fPD
BnO ; P
OBn
Xu10-7
T

-100 -120 -140 -160 -180 -200 -220 -240

-40 -60 -80

-20
S195

0

40 20

60

Xu10-7

140 120 100 80



$58°0
858°0
€L8°0
668°0
116°0
626°07

08&
7L6°0

160°T

909°1

€19°1

819°1

0€9°1

8697
001°S
1ST°6H
€ST°L
SLT' L
9€T'L
SYT'L
9T'L
L9TL
Y8T'L
88T'L
S6T'L
00€°L
90€°L
€1€°L
0ze'L
[€€°L
9¢€L
€L
SPE LA
€6€°LY
LSE LA
TLE LA
8LE L
06¢°L)
Sov'L]
60vL]
LTV L]
vSh L]
oLy L]
v
6TSL
9€5°L
6€S°L
0SS°L
965°L
095°L

BnO

Xu10

o

R I e

|

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

—aee

[N

ST

LEg
0077
(4
8¢°g
10°1
¥6°

L6

€61
0077

16°
00°1
e
LET]
1174

1.0 05 0«(

1.5

YrT e
80€°ST]
$ST°971
91197
14974
15L°97
€48'97
T+6°92
28697,
$90°LT]
vo1°LT
196°6C
0v0°0¢ |
££9°0¢]
860
$90°1¢ 1
651°T¢
ger e
00¥ €€
L0pe]
261t¢]
$60°be]
:&,i
Phese
€14°86
20v°0L]
66£°0L]
1ST1L
z0s€L’
YT OTI—
668°TT1
96671
IS AR §
650°LT1
L91°LT1
981°LT1
6vE LTl
Eﬁﬁ;
¥20°8T11
vL1°8TT]
L15°8TT
PTL 8T
.87
LESTET
¥69°9¢€1
£25°8¢€1

———

W I | l

916'6¢1
6v0' IVl

]
]
]
mom.mi
J
J

£09°671

L

“tBu

0=0)

é
»
|

PCy;

BnO

OBn

Xu10

0

10

30 20

200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40

S196



—-5.942

|
BnO’ PCy;

130 110 9 70 50 30 10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210

S197



4
00¢°1 A
LIST

SE8°6—

=80°¢

=661

660

=00'T

Fes'l

=660

120 11.0 100 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

13.0

9E9vI—

658°F9—

SI8OTI~
LEOPIT—

0Ly vl —
90l —

LP1Orl—
6ETIST—

€O 161 —

-10

100

30 20

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

S198



80v°1
£rl
Lev'l

6Er’1

989y
1oLy
9IL'Y

LELY
oLy
9Ly

LLL'Y

$60°9—
Sv6'9

ooa.o#'
88EL

£68°L
S0r'L
tlvL
IbyL
orL

86—

AT

Xu13-2

A_.-ju

—

Fr19

001

680

Fro1

F06'1

86°0

0.0

1.0

2.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0

12.0

SL81C—

1687 1L—

8PS 11~ -
6LITIT-

€60Vl —
9T 0ET—

90L 91~
Isrost-—

£66°061 — -

AAT
0
H
Xu13-2

0

10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

S199



S61°1
mﬁm.ﬁv
0eeTl

9LT9—
1689~
1697

€FS LA,
vos LY

09C01—

NS

FET'E

F60'C

Freo
=001

9670

F88°0

0.5 -0.5

1.5

11.5 105 95 8.5 7.5 6.5 5.5 45 35 25

12.5

vLEVI—

€9¢7°69—

<8601~

68L'TI T

88C°CTI—

000°LC1— E—

69T Evl — —

AU B—

LE6'061 —

0

10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

5200



pra |
wmw._v

8kr'l

10L°¥
SILY
0Ly
SPLY
09L°F
SLLY

PLT9—
88879~
60697
SESL

%Ev

LETO1—

=b9

=CI'l

=80°1

=00'1

=[8°0

10

11

12

13

14

L96°1C—

L99TL—

1€8°01T~
76 ¢l

[ 3
LE6'9CT—

[
SLO6YI—

156°061 —

0

10

30 20

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

S201



60¢°1
ommAW

brel

LIV
061t

i)

980°¢—

€969
V86’9
9cE’L
09¢°L
99¢°L
SLELA
C8EL
88EL
Cot’L
96¢°L
COr'L
£hL
9tr'L
orvr'L
vl
695°L
CLE'L
68S°L
£€65°L
Pl
SOL'L
¥8T01

—_——

P

OBn
Xui24

i

Fere

80T

Fore

=001

e
vL61
=860

=160

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

2.0

809°FI—

€L8VO—

€0LVL—

068 T1T—
88y ECl
9Ly 9Tl
981°LCl V
09T°8C1
6vE8Cl
~Nw.wmﬁ\
LIL 9T
_mﬁ.mi\

60’851 —

Se6° 06l —

0

10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

5202



8EY'1
I |

9Ly
el
LY
9L
ILL'Y
o0’
€L6°9
66’9
09¢°L
8LEL f
C8E'L

S6¢°L
60F"L]
LTVL
vl
6rr'L
SLS'L
£68°L
LO6SL
chi'L
€9L°L

—e L

08CT01—

Xu13-4

E¢19

Fool
Fooe

FT0'l

6T
mx«:
~26'0

6870

0.5 -0.5

1.5

25

35

1.5 105 95 8.5 7.5 6.5 5.5 45

12.5

£E6° 10—

0€LTL~
199°FL—

or8 ¢l —
SP8ECl
0S€'9Z1\

PrOLCL 7
PLT8CI
98¢78¢1
Nmm.wﬁ\

66L°9€1
SLLSPT

CITLEl—

o 161 —

o

Xu13-4

0

10

30 20

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

5203



Sor'lL
a3 _W
661°1

€I eE—

160'F
601'r

9Cl'y

mz‘v%
SLOS—
98¢°¢—

8169
0¥6'9
el
8CE°L
8LEL
00¥°L
8IvL
9EV'L
ovvL
9L
0C9'L
PeoL

Y

Xu12-5

FLOE

=E6°S

00T

=00C

=860

=L6°0

=T
=561

1.5 1.0 0.5 0.

3.0 25 2.0

0.510.0 95 90 85 80 75 70 65 60 55 50 45 40 35

089F1—

8LYEC—
P ro—

VLEVL—

126'201—
LELTIT
eI
(& Tt
a:ﬁﬁ/
N«.ﬁmﬂw
The'sTl
7£9"6Z1
16T
gercer/
891°sh1—

090°€sT—

60 50 40 30 20 10

70

80

190 180 170 160 150 140 130 120 110 100 90

5204



97€ T~
et

%3

6ECY
pecy
0LV
S88°Y
009y
900°S
0£S°6—

£88°9
069
wwm,n/
0082
onHM
3 A
mcm,n%
08€°L
awm,&\
89¢°L

Xu13-5

=809

=979

=201

=ol'C

=001

1.0 05 0.0

1.5

35 30 25 20

JO 95 90 85 80 75 7.0 65 60 55 50 45 40

¥88°1C—

969°€6—

SLTTL~
QLT YL

966°C01 —
scoell
6617611
P ecl
0€8°LTI
001°8¢1
(%14
c6C8cl
ove8el
108621
LP1LEL
LLO 9V
616'161

0

10

30 20

210 200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40

5205



¥S8°0
098°0

0L8°0

SST'T

m:L
61T~
90714
€171
61714
€T 14
v

22;
0971
08€°T
L6€°T
STH'T
085"
32.‘.
¥89°11

969°11
[LUNE
T
2:;
98L' 11
voL 1
708'11
6181
7€8' T
ore Ty

$9€°TH
SLETY
POT '+
1Elv]
6E1 ¥
9s ']
e
6C0°L]
0S0°L]
8€€°L]
9¢eL]
66¢°LT
LT¥'L]
9tr L]
90¢°L1
SCSL
vl L]
6¥LL
CoLL

0LLL”

PCy:

/\o

En
Xu12-7

Feoe

- Fore

60T

I

@hzé

-— 001

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

12.0

hevl—
Eer9T
c08°9T
99T
£CL9T
118°9C
1€L°0€
LT80E
£8C°CE
ricee
1Fve
9€Cve
SLTY9
89 EL—

920 vII—
80C¥CI
LTvel
8Ll F
Eum.mmﬁ.\
1ocsel
opT eel
Igeel
8T 9Ll
€EP oLl
SOI'8El
€19°0¢1
6T SST

890°€6T~,
88F €61+

o
PCys

/\O

Bn
Xui2-7

0

10

30 20

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 350 40

5206



<66'E1-—

~o
PCy,

/\O

Bn
Xu12-7

-40  -60 -80 -100 -120 -140 -160 -180 -200 -22(

-20

80 60 40 20

100

8660
L10'TH
L€0° I+
8ST°I
811
0TI+
€201
8£7'14
8714
LT
6921
9871
TRE
LSET]
69¢°1
TLET
L6€°T
LOV'T
£19°11
629'I1
6£9°T
€141
XINE
65L°I
9pL L
618°I
8L
$S8°I1
85€°T1
99¢ T
LLET
L8E°T
$6¢°7]
269°F1
€675
190°L
£80°L]
69€°L]
88E°L]
9TH'L]
6Tt
S L]
6t
SOF L]
€75 ]
TS L]
§SLL]
9L
LLL'E]
8L°L]

PCy>

OBn

Xu13-7

v E€6'€

0T
Fooz

0g'¢
) y6es
m Loze

U FO0°1
F86'l

£l
%mc.m
£€6'1

Tmm.c

-— Lv6o

2.0

0.0

1.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0

12.0

5207



ri8'1c
cIroT
1L¥92
609°9C
c69°9¢
8L9C
SOL0E
wcm.omN
09¢'ce
£6¥'CE
SIv've
1€¢ve

LLO'TL~
8I19°€L~

80vcl
0L0°LTI
9CrLCl
oF1°8CI
Lot eel
POL el
LP19ElL
wam,oﬂ\
PETBEI
oISl ~
1cevsr—

L8Y'STI
mmc,va,/

696761~
88¢€61/

0
Cy;

AL

OBn

Xu13-7

0

10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

8¥6 E1-—

PCy;

OBn
Xu13-7

-110 -130 -150 -170 -190 -210 -230 -25

50 30 10 -10 -30 -50 -70 -90

70

50 130 110 90

5208



$66°0
910'1
LT0'1
810°1
So1'1
€81°1
T
€0F'T
1751
A
$8¢'1
20914
o1
€L
008'1
z18°1
8€8°1
167°C
ez
0T€°T
LT€T
0rET
6V€'T
85€°C
L9€°T
9LET
L8€T
601°t
LZly
aRe
opT'p
Iy
veT's
zeo L
psorL]
geeL
£5E°L
TLEL
L
1€rL
6htL
65S°L
855,
LvS'L
yS8°L
898°L
9L8L
vL9'6

LT'C

6T°L

- LT'6

- 96°1
sCE

vy

80°C

- «13
peT

——== 66T

——— oot

2
S-S tgy
PCy>
n
Xu12-8

o

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

12.0

6£9v1
{7
ceroT
(AT
99¢°9¢
099°9¢
moﬁ@mlf
LLLIT
£98°9C
8£°0¢
019°0¢
£€9°0¢
80L°0¢
S8l'Ce
0cr'ce
I79ve
89L°vE
o6 vE
S6vLS
veECTo
9C8EL

9@.._“:
mo:ﬁ/
§se°LTl

mmm.aﬂ
781871\
069°TET~,
Sc,mﬂw
QN.E\
LTTSET

SOT'IST~
Pe8EST—

STLEIT~
TLOPOTY

o]
3
N Bu

X

PCy,

o

OBn

Xui2-8

e

0

10

30 20

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

5209



9560

$96°0 -
£L6°0

0860 i
966°0 60z
010°1 m%. Ml
6601 - €6'8

9111 =

il S

[ .

651°1 = mmm

£91°1 c1F
. 6

681°1

) ko'l

09z 14
161
9£€°l
09¢'1
el
pos'1 L
1871
1891 L
S0L°1
i SLLT

L8L Foot
1181
r 87T 3
r 967°C - Fre

L 90£T L
CIeT
YT
€EET
TE6— —= r £19°F
L 879°F
b9
¥8I°S 860 F
€10°L yo
PEO'L 00°Z
L TEEL s
8E€°L k60
LbE'L

ose 2]
peed -
L 06€°L
60b°L
LTrL
11s°L
05S°L
608°L
918°L
0£8°L
8€8°L L

-110 -130 -150 -170 -190 -210 -230 -25

-90

-30 -50 -70

-10

10

30
——

50

70

'Bu

0=4

S1gy
T
N
Cy2
T

™
Y.
T

-
o ; :PC 2
OBn
Xu12-8
——

N
)\o“ : :P
OBn
Xu13-8
\
wy
o0
(=1

50 130 110 90

30 25 20 15 1.0 05 00

S210

10.510.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35



ce8IT
L16'1T
LPECT
£€C19T
08+°9¢
vzeoe
819'9Z
£99°9T
SE€L9C
1¢89C
c0s0¢E
6L570E
c09°0¢
LLO0E
€LI'CE
01v'ce

oﬁ.wm\,
LEV'LE

650 1L~
veLEL—

————

011911
ccc.vﬁ/
ﬁ.maﬁ/
mm:mLp
811°8TI~t
926'CE 1,
mwwmm%
SOTveLf
TLTSEl

L66'TST~,
reLest

199" €91~
LOOPOT

1

—

30 20 10 0

50 40

60

80 70

160 150 140 130 120 110 100 90

190 180 170

99 6-—

Sigy

N
Y

Ju oy

OBn

Xu13-8

Bl

-90 -100 -110 -120 -130 -140 -150

0 -10 -20 -30 -40 -50 -60 -70 -80

10

50 40 30 20

S211



7160
616701
626°0
8E0°1
$90°1
0L0° 1
0801
680'1/
001°T
orIr'1
AN
per 1]
IRt
an
£€91°1
0LT'T
€61°1
T
01€°T
€o¢°]
861
6651
I
8091
179°1
179°1
PO
s
8LOY
960°F
11
chTs
vLTS
8ce s
L8ES
CLOL
@%sk
IS€°L
9ge L
TLeL
0vL
91¥'L
pEpL
wsr L]
6ot L]
vIgL
LESTL
usL
165°L
S6s°L

JP0T
$€°6
= Les

- tors
== o0l
E 19

ket

= 860
— 00'1

1.0 05 0.0

1.5

35 3.0 25 20

95 90 85 80 75 7.0 65 60 55 50 45 4.0

69LV1
£ELTT
6l9C
L999T
I7L°9C
cI89¢
LLBIT
L¥6'9T
Y00°LT
0'LT
£60°LC
98C°0¢
L9E°0E
60t
CTEST0E
c0Tce
CEr'TE
¥66°CE
[daas
9TETE
8ErbE
recee
Irese
66L°CE
06T°09
60179
PrTEL
Pe8 Il
£90°¢Tl
seredt
068'9Z1
£167°9¢C1
L86'9C1
0L0°LC1
8CCLel
160°8C1
S8E'8CI
98¢l
869°8C1
6E1°621
£orecl
69L°8ET
S86°6¢E1
056°0v1
88LTYI
Peocrl
80s¢rl
19L°6v1

=

600151

Xu12-9

“ii.l.Ai .

0

10

70 60 50 40 30 20

80

190 180 170 160 150 140 130 120 110 100 90

S212



-110 -130 -150 -170 -190 -210 -230 -25

-30 -50 -70 -90

-10

70 50 30 10

Bu

N
Cyz
Xu12-9

~AT

OBn

50 130 110 90

L68°0
806701
7160
26701
€00°1
€601
79071~
€601
vor 1
SIT'T
el
911
o171
L8T1
9071
80€'T
€71
8EE]
PSe
0LEl
18€°1
6571
PIF'1
109°1
191
TR
819°1
89'1
9691
9zL1
sLl
08L'1
pszcd
6EE'S
6L0°L
ccﬁ}
opeL
zo6 2
69€°L
PREL
6L
€L
1ev2d
6V L
99%',
102
6IS°L
6EC°L
usL
T65°L

WS.:

0T'¢l
e

[ se9

L oset

ool

L6°(
£0°1

1.5 1.0 05 0.0

30 25 20

S213

JO 95 90 85 80 75 70 65 60 55 50 45 40 35



Lyr0'ee
coree
SvLCT
£€61'9C
18992
ceL9T
LTB 9T
S88°9T
LE69C
LOO'LT
SE0'LT
10T°LT
SIE0E
£6£°0E
Pri-oe
9reroe
£TTTE
1S¥°CE
100°ce
65C°EE
90F e
6IcTE
08C's¢
CRESE
1c8's¢
SL6'6S
LTE09
6VT'1L
PITEL
16T LTI~
690°¢€C1
cE‘mﬂV
008'9Z1
126'9¢1
¢66'9C1
CLoLel
8LILCI
L8O'8TI
6C9°8C1
reT6Cl
9¢T 6l
SO8'8ET
LL6'6ET
LS6OVI
$90°Trl
66C°Crl
oeserl
LS8V
0LTCsT

—

10

20

70 60 50 40

80

190 180 170 160 150 140 130 120 110 100 90

8L9—

Xu13-9

-110 -130 -150 -170 -190 -210 -230 -25

50 30 10 -10 -30 -50 -70 -90

70

50 130 110 90

S214



6L8°0
83801
20601
L0601
6160
Lb6707
19670
126704
186°0-]
8660
910
!
PIT
seT 1
otz 1]
0LT 1
6LT1
00€'T
01€°1
LIET
79¢°1
081
L6E'T
eal
vl
0991
5191
$60'1
orL'1
€69°C
860 \
N
80€°S
9L0°L
901" {
6C1°L
86T°L
81€°L
1€€°L
17 LA
6L
09¢°LY
666°L
61L
65FL
65tL]
z05°]
TesL
08S°L
665°L

Xui2

1S S e
— el oy o8

koo

Fo96'1

60T
9T'Y
yEy
£6'¢
68°C

1.0 05 0.0 -0.

1.5

3.0 25 20

3.5

90 85 80 75 7.0 65 60 55 50 45 40

vTLyl
SO1HT
9r0°92
90€°92
L0992
LEY'9T
T9L9T
69897
9r6°97
S£0°LT
98°62
£76°6T
L9V'0€
LT8°0E
TH6'0E
£50°2€
LLTTE
LT0°EE
887°€¢
966°t€
Ive
LETSE
1vTse
£95°88
L90°F9
rsToL
159°0L
LSTEL
LIE BT
65T
9182zl
81£9T0~,
£18°9T1
L169el
ZE0' LT
981°LE
850°821
0§€°8z1
£65°8T1
969°8z1
269" 1€1
SLLBET
£05°6€1
8LLGE
0FTOPT
0Ly 01
926 0P 1
89°6P1
£60°1S1
0€1°151

J

0

10

30 20

50 40

80 70 60

200 190 180 170 160 150 140 130 120 110 100 90

S215



0ro-—

-110 -130 -150 -170 -190 -210 -230 -25

50 30 10 -10 -30 -50 -70 -90

70

50 130 110 90

£88°0
168°0
606°0
£26°0
176°0
67670
2960
€L6°0
o
371
1071
11
6v€ 1]
cog' 1
00t°1
€11
T
Y291
0v9°T
6591
199°1
12l
699°C
Yoz
9£0°L
€90°L
101°L
L
€LTL
987L
€6TL
steLy
Py
L
885"
L0V LA
0Th L
9Tk L
6EFL
LSYL
LoVL
98t L]
0L
)
cecL
9pgL
LSS'L
896°L
L8SL
165°L

AL

980

90°¢

L1

L

30 25 20 15 1.0 05 00

3.5

10,0 95 90 &85 80 7.5 70 65 60 55 50 45 40

S216



9L0°CC
L60ce
80CT¥C
LI19T
6LE°9T
9L9'9C
§TLIT
6V8°9T-]
9£6°9¢
0Z0°LT
9IT°LT
cL96C
8£6°6C
810°0¢
0Tloe
LLT'0E
P8S0E
606°0¢
¥eo'1e
CIF1e
S8F'le
CLECE
£60°ce
peree
8CIve
o o 4
£STSE
ceece
089°8¢
1€€°0L
1€L°0L
1L
LRTEL
869°L11
£68°CCl
ole'cel
66£°9C1
c98'9C1
610°LT1
1€0°LTT
[0 ia
80T°LTI
€ET°8TI
189°8¢CI
SOLTET
8C6'8¢E1
65576l
cC86El

8C0 vl
L1S8VI

30 20 10 O

60 50 40

80 70

190 180 170 160 150 140 130 120 110 100 90

0ST9—

Xu13

-5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55

0

35 30 25 20 15 10

40

k5

S217



OH

1c

)

|

9v'9
9l'L
18'¢€
0o'c
6L'¢C

IO 5 TO T 1IT5

375

510

575

670

75

810

U975 "~ 970

5100

IO

~
0cs'cer
LeL€e

Geo'ee
mrm.mmV
vr9'6¢

£89°9/ >
10022
gL/
11v'28

865601

c0S'9vL

OH

1c

|

80

TO

60 50 40 30

70

90

ITO I60 50 T40 T30 120 TT0

I80

S218



g€z L
15T L
192°L
69Z°L
81T,
G821
G621
9.1
201
Ly L
sevL
oL
L5771
€71
98Y'1 ]
6771 ]
0151
8es 'L
ovs'L ]
81 L]
19G°L
695°L
8/G°L
065°L
zeLL
180T
8902
8102
9802

660°CJ
069'v

1d

00'¢c

4T5

65

85

975

105

gglLze/
geszz/
vi8'62/
L2l he
68€° L€
1SL°0%

LE€°LL
z89°9.\
10022/
8L L.

965601

cES 9Vl

1d

80 70 60 50 40 30 {9) TO

90

ITO I60 50 T40 T30 120 IT0

80

T90

S219



T T

vl

OMe

3a

Lee
00’

ALY

100

IO

0

gw.mmk
IR
S0L'ST
PReRS
Bmsm\
£05°8¢

898'6¢

6 r.mmv
v€2'SS

zsooL)
66692
yax-Jy]
sesz2]
06928

6v8ELL
oou.vmrw
650221
cls0eL/
szl el

012’851

OMe

3a

70 60 50 40 30 {9) TO

80

90

T90 I80 ITO I60 50 T40 T30 120 ITO0

00

S220



8ve
zotg
8.¢
88¢’
805"
125
18G°
s
¥SSL
¥95°1 4
€51
1591
1591
8991}
1291}
99'L1
6,91}
589'L
1691
v69'1
002"}
gzl
0zL'L
Gel'L
il
zsLL
€16'L
z86°'L
¥66°L
zieT
€8¢€C
98¢eC
00v'2
zise
9252
0L0'%
¥80'%
G560
gzz 9l
9rz 9]
092°9
6129
SZh'9
95+'9
0022
SLz'L
1822
162°L
Les

8ve’L
£oe’/

00'L

M

101
00'L

_—— “mk €0
90°¢

=

80°¢C

3b

=05

815

95

T0. 5

5}

I

ﬁw.mm%
LEL b
V6952
6,908
8.5
mmms%
ssvge
L2868

ovros\
00022
vSz'LL J
z6€'LL
G128

[o}

3b

80 70 60 50 40 30 {9) TO

90

90 180 ITO 60 50 40 I30 IZ0 ITO

00

S221



6veL
Yo't
9/€'L
vee'L
zor'L
e

9G¥~
2251
e L)
€551
196" L]
8951
8161
9851
891
991}
0291
089'1
¥89L}
8891 ]
269°
869°
VN
8z
€eL
8y
1S2°
S9.°
zLLL
¥86'L
266°L
5002
8veT
19€2
£8€C
16€2
6152
£€5'2
8.0'%
260°Y
R
¥81°9
1029
G1Z'9
0€Z'9
80v'9
ovr'9
9Ll
LeLL

09C’L
6177

Me

=

3¢

H

00’

970

T0 0

0

TT

0

ovros)
000'2L
€52 L. J
691'2L
85,28

mE.mmP
1182 —
zLezls
[44°) FQ\
L06°vEL
¥09°9€1

=

Me

3c

80 70 60 50 40 30 0 TO

90

90 80 ITO 60 50 T40 T30 120 TT0

00

S222



Lge
sog’
v8e’
L6
B
oLs’
ovs’
0SS’
8951/
951/
ve9'L]
169°1
1591}
2991}
1291
9911
6191
9891
€691}
0021
oLl
18071
SvlL
¥l
vi6'L
£86°'L
G66°L
£ve'e
Gsee
69€C
€8¢€C
98¢eC
€152
1252
1S
S90'v
6.0'%
160+
oLz'9
122°9
zve9
952'9
G6E'9
12¥'9
L1072
ze0'L
1SL'2
9172
v
€612
07/

Me

3d

00'L

85

975

T0. 5

5)

TIT

5)

19¢ _N/
Sw.mm%
LEL YT~
169'62—
089°0€-_
GEL'SE .,
voorze )
681°'8E

126'6€

ovsor
00022
€5Z'1L i
1ev'1L
2928

wNF.MNr/
www.wm_‘%
82.°9CL -~
G69°/L2CL
91€'8¢l
cve’Llel
809°L€L
v16°L€L

Me

[o}

3d

70 60 50 40 30 20 TO

80

90

80 ITO I60 150 T40 I30 120 TT0

T90

00

S223



9gg”
Lve
¥Ge
8G¢"
€9¢”
89¢”
8.€'L
GLG'L/
21571
ves L
Les Ll
LS L
gL
055"}
9591
6591
#99°1
2991}
129°L ]
2291}
z89'L

069°
£69°
902
L
VAV
62L
zeL
oA
oL
0S2°L

6861

80v'Z

e

1€8°€

080t}
20z°9}
2ve 9]
8e/°9}
8229
0t8°9]
1989]
506'9

¥26'9

891°L

v8L°L

98L°L

L'

9lv'L

L U L B

ALY

OMe
1070

3e

0

TT

LeV' L
Gev/

Yy

mmw.mm/
IR A
GEL'ST.
€19°0€-_
108'SE7
slose/
615'8€

z0gop

LGV'SS

g890s
000°2L
LiELL
cesss]
eLLe8

8€80L1L
mow.ON_‘/
mﬂm.wm_\k
LYY 9CLf
2€8'9¢L
1GG'/¢c)
916°/L2L

L2e9GL

=10

60 50 40 30 {9) TO

70

OMe
00 " 190 " I&80 " I70 " I60 " I50 " 140 " I30 " 120 " I'T0 " TO0 ~ 90 30

T0




iz¢ L
LE L
89¢°L
A
1051,
€LSL
€251
6251
9e5°1L
8vSL)
G551
229°1L 4
691
oL
G591
8591}
z99'L
199°1]
2.9°L]
9891}
zosL]
60L°L
vzl
€€l
Wil
€96°'L
12671
¥86°L
8ve'e
15e2
G9eC
8.v'C
198°¢
G88'c
¥90'%
9,07
¥20°9]
2609
9019
0zL'9
vve'9
G/€9
2829
6619
858'9
298'9
v18'9
8.8'9
506'9

606°9
097’/

OMe

=

OMe

3f

SL'e
L1°€
€01

[SRES)

65

775

85

LI N VJ5) 95

)

TIT

5)

orw.mwk
€ELvT -
699'GZ.
16908
089'GE
NN@N&
GIvse

zve6e

an.mmv
698'GS

ovror
00022
vSZ'LL
mrm.k\
£08'28

/
125801/
LLOTLLL
ze6'8LL
066721
vmm.omr%
vIETLEL

N
1928V,
06'8v1

OMe

“

OMe

3f

80 70 60 50 40 30 0 TO

90

90 I80 ITO 160 50 T40 I30 120 IT0

00

S225



vie
9z
zve
0.¢
Sy
96V
viISL
¥2s' 1/
1€GL
8vS'L]
9551
2291
8e9'L}
vvoL
859}
€991
2991}
22911
2891
z69'L ]
oLL'L

cLL
vzl
62.
180
ovLL
196'L
Gl6'L
186°L
966'L
8ve'e
z9eC
G9eC
6.€C
8.v'C
z8¥'C
z6v'C
9052
9z8'e
098¢
150'%
L0V
¥80'%
1219
L9
8519
€L1'9
Lec9
£9€'9

895°9
097/

OMe

=
3g

v

0L

1.
—L10L
:.00'L
102

570

610

810

T 10U 0 970

Y

I

0

o:w.mw%
A
199'6Z
62.°0€
189'GE
Nmosm\
0svse
¥6.'6€

€10°9G_
.8°09

wror
00022
§SZ'1L
mS.R\
£/8'28

9€0°c0l

2es 9Tl
0S9'LEL —~
89Y'eel -
§6C'LEL

Loc'est

OMe

=

[o}

OMe

3¢

TO

80 70 60 50 40 30

90

90 I80 ITO I60 50 T40 T30 120 IT0

00

S226



!
o
GLS'L
9zs'L
zesL
8€G°L.)
651/
1551
€9l
6€9°'L]
8v9'L
¥59'L
€991
699}
8/9'L]
8971}
€691
6021
6121
9zl
veL'L
sVl
0S.'L
G96°'L
G86'L
09¢e2
£9€C
11€2
9I¥'T
06v°2
¥90'%
8.0}
rerol
8719
z91°9]
22179
€2£9]
S0v°9}
9s6'9l
096'9]
896'9
€16'9
986'9
066'9
¥82'L
682,
G6Z'L
zog'L

ALY

0

F
TOC

=

0

3h
TIT

[

80€’L
eLe’/

T2

wow.mm/
CTAR Al
8/9°GZ_
11208
z2LGE,
v65° 26
168

L1186

ovros)
000°2L
€5T°LL J
95€°LL
0z8'z8

zoLsLL)
zeesLL
669921\
mE.oNF\
wmmsﬁ\
o0zv' L2l
0.5°0€L
sLe'eel
sveeel

~
826091~
088'¢9l

=10

30 {9) TO

40

70 60 50

{9)

F
ITO " I60 " I50 ~ 140 * 130 " 120 ~ 110 " 100 = 90
S227

4

I80

3h
00 " 190

T0




029Gl 1L-

=

o

3h

T —2T0

=30 =50 =T0 =90 =110 T =130 =150 T =170 =190

=10

TO

18871
L9€°L

11871

¥8€°L ]
z68°L

vevL

9lG°L

625°L
PG L
€€9'1/
6£9°L
z59°1L)
1591
¥99°1
899°1
z89'1]
989°1
6891}
0021
6021
6LLL
121
8cL’L
svLL
£66°L
08€Z
£8€°C
Lov'e
zosz!
5207
8101
zez 9]
¥5Z°9]
1229
6929
08¢°9]
0z
1889}
G889}
ogo'2
9£0°L
950°2
290,
9802
S0L.L
oLz,
[T AVA
0€Z'L
SYZ L

—

T

0Sc’L
0977/

Ty

6Cv

S0’

€0’

=05

95

105

5

TT

)

S228



mE.mm/
AR 7AL
769'5Z~_
L0
08L'6E7
Nmmxm\
zLs'8e

v21°6€

€899/
000°22
vveLL
LVeLL
G/8¢8
soechl
0cselLl
GGa'eElLl
.9.°¢€lLl
0/8'Lcl
968°Lcl
9ve'8cl
Gg9/'6¢l
6¥8'6C1
wwn.omrv
€.,°0€)
nwo.owrv
vviLovl

~
1887191~
€LEY9l

uw

=10

00 " 190 " I80 " ITO " I60 " IH0 " 140 " IB30 * 120 " IT0 " 10U = 90 80 70 60 50 40 30 (9) TO

10

G88'¢ElL-

F

=

3i

T —2T0

=30 =50 =T0 =90 =110 T =130 =150 T =170 =190

=10

TO

S229



L€€°L
1S€°L
€Ll
0se'L
88e’L
06Y'L
80G'L
GIG'L
vzl
GEG'L
855°L
6291
5e9°L
691
259'L
959'1
199'L ]
991}
€191
189°1 ]
1691}
0021
€0L'L
oLk
9Lt
1L
zeLL
6EL'L
eviL
15271
196°L
686'L
9eee
vsee
1S€2
1Sv'2
090
€409}
590°9]
€80°9]
2€5°9
9€5°9
G699
6989
8/89
8169
9269
0€6'9
6£6'9

080°L
€607/

/

/

€0’

S V)

T 975

105

5}

I

5}

mrw.mm/
pLLvE S
202°62.
8.9°08.
611°GE
voo.nm\
cov'se

099'6€

T ERTAl
000°22
€GT'LL
neds)
ACKA:

mwm.mm_\/
.vwm..vN_,V
L66'vCl
868'9¢L
vvllcL

cveerl

TO

80 70 60 50 40 30

90

30 ITO 60 50 T40 T30 120 IT0

90

S230



R ———

<
te}
N
©

—

/

L0’

00’

Jso
60'L
22T
8Ll
€0'L
oLt
vO'L

975

IO 5

5

I

5

oﬂ.mw%
zzL v~
£02'G2.
0508
1p8'SE
NB.N&
125°8€

61207

TIRIAN
00022
vSZ'LL i
61811
G128

655'eCt
Loe'ech
085'Gcl
L09'selL
19/2°G¢2) —
8Le'LCL
oov'scl
/v0'6Cl
¥0c'0ElL
0/0°L€L
2sseel
oLg'sel

80 70 60 50 40 30 {9) TO

90

T90 80 ITO I60 50 T40 T30 120 ITO

00

S231



8G¢e”
£9¢°
1€
[Reley
65S°
195
G/S°L
889}
269°L
L0L°L
S0 LY
6021
GLL L

YRa e

31

960

4T0

ALY

100

[

I

0

%w.mmk
IR
66967
o heg
mwms&
605°8¢

vE0 0P

ovsoL
00022
vSZ 1L T
Sev'LL
or8'z8

vroezl
vov'szl
£05°521
8092}
erv szl L
Rmsm@
808221
966' L2}
206'LEL
189°ZE}
veoeel
Svisel

IO

3l

80 70 60 50 40 30 (9) TO

90

I80 ITO T60 150 T340 130 120 ITO

T90

S232



0S¢’
09¢’
£6¢”
Ley
Ly
05"
225
8€S”
€96
166
€19
029
16911
€91}
2891}
169°L]
1221 ﬁ

N

. L UL

)

- - -
——

oL
vl L]
G/6'L]
8861
96z°Z]
oLee

vze'e

£Sh'C

19%'C

18v°2]
€207l
GE0'V]
60
czesl
gegl
£se6l
629}
6529}
6929
0629
1vv°9]
6.%°9}
ev2 9]
¥92°9

V129

G619

8812
€02'L
81z
882,
Y02
6LeL
Gle.
067/

S

=

o

3m

00’

T0. 0 ALY

(8]

TIT

0

Nrw.mm/
oSl vz
289'g2.
N
0/9'GE
Em.n&
105'8€

129'6€

ovros)
666'9L
vSZ'LL
Em.k\
z9Lz8

6L1'9ZL
oLL'2zL
96v8ZL
ozz6zh f
oz ost
oom.:&\
esvzel
6L5'2€L

=

3m

70 60 50 40 30 {9) TO

80

90

190 I80 ITO T60 150 T40 I30 120 TT0

00

S233



80¢’
zze
zee
gee’
Lve
6ve
15¢
zor)
8911
z8¥' L/
aay
2051
L1G° L4
9151
€zs L
1251
cesL
6€5°L]
19671
9561
LogL
2151
685l
1651
SL9'L
€29l
Le9'L
659'L
8v9'L
G59'L
¥99°'L
2Ll
6L9'L
889'L
969°'L
S0L'L
668'L
L6l
0z6'L
9z6'L
Ge6'L
Gv6'L
GS6'L
0.6'L
186'L
1661
9L0Y
120'%
6LY'S
9zZv's
vev'G

980

88°0

jel \\@
3n

810

ALY

T0. O

T TITO

O

L6€ce
196°¢c
€08'cct
Svi've
89¢'Gc
wmw.mw\
€0°6C
ocl'le
259'G¢e
€09'.€
8599'8¢
901L'SY

IRIA
666°9.L
esz 11/
LZrze

09/'¢el

8ce'Gel

3n

80 70 60 50 40 30 {9) TO

90

80 ITO I60 I50 T40 T30 120 ITO

90

S234



€'l
vm.L
SE1
€T
9€'T

9€'T
LETY

8E7TH
16T~
117

€1

91
991
L1
891

691 ﬁ

oLl
Ll
vL'T
oLl
0°C
0°C
0T
0T
LET
LET
LOY

?é

ow.&
08'S
1TL

mN.D
€TLY
8T'L]
8T'L]
0€'L
0€'L
oe'L]

6¢°L
6¢°L

F00'1

Foo'1

L6°0
u\.mm;
10°¢

-0

1.0 0.5 0.0

30 25 20 15

3.5

9.5 9.0 85 80 75 70 65 60 55 50 45 4.0

crol—
$8°¢C
61°¥C
YL'ST—
16°0€~
99°¢¢
98°¢¢
wo.hmx
S.wm

09°LL—
CL'T8—

fl (ppm)

9T Tl
8.8»
9692177
m:ﬁ\
LTIET—

o'Vl —

30

10

20

160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

70

S235



o \4\@\
OMe

4a

G

iMom.m
“1\82Y

€€°€
cee
14504
L0C
9€’L
90°'L
90°'L

60°L

oz

NzoL
00'L
10T
0T

RE) IS5

375

5

95

oS

5}

TI

5)

1508
Lo Le
zz8'Le
wum.vm\
85v'Ge \
12298
Z9L'68

812'GS
vl _‘.vwv
v81L'v9
Nww.owk
OOONN\
wrmNm\
clL6’LL
0co’'L8

6¥.°801 _
098¢l

L19vzL

0S0°22)
zisoel/
Lol LEL

612891

=

o
4a

5

70 60 50 40 30 0 TO

80

90

00 ~ 190 ~ I80 " IT0 " I60 ~ IH0 ~ 140 ~ 130 ~ 120 "~ I'10

210

S236



vE9'L
1891
099
899'L ]
¥89'L
6891
2021
0221
0821/
9€L'L/
SvLL
1921
1221
0821
9821
8061 ]

vI6L
816°L}
zz6'L ]
100°Z]
vooz!
z10Z]
1102
1202
5202
ve0'Z
g5L'z
8vee
09€'2
€9€2
9/£2
85v'2
Lov'e
Yor'e
SIv'T
68v'2
s08°€
8v0'Y
290°Y
9.0'Y
zr0'9
1509
¥20°9
8809
€019
zLE9
€079
1489
6589

9/2'L
Y67/

4b

F. O
E
OMe

i

975

T0.5

)

I

5)

€L°0€
€09°0€
96.'0€
266°0€
866'2¢ ]
vio'ee]
z90°ee]
L20°€€
162V
preve b
omm.vf\

]
1
1

9/€ve
oLy'9E
12v'9¢
6€9'6E—
0ve'ss

ovw.wm/
000°2L-7
mmm.nm\
0Le'8L
2008

968°€l r/
ZriLzl
m%.mﬁ/
TR AN
v95'SZL/
moo.nm%
vIE0EL
16 LEL

682891

F. O
F
OMe

4b

M

=10

00 " 190 " I80 " I70 " I60 ~ 150 * 140 " [30 " 120 ~ ITO ~ 100 = 90 S0 70 60 50 40 30 {9) TO

T0

S237



T T
-210

]

2]

©

A

-190
-
N
©
-

-170

T
(2}
-
~

T
—150
o
rel
Rk etk

-130
<

o
~

| —

-110

£Y8Z0L\ - L09°€]
612°201-
G60'¥6-
LLY'€6-

.
I
-

2 ©

A

=
MNO#
00’}

AN
‘\
‘Lf_')
©
[52]
f
JJ

T

-90
©
~
©
]

0€9'¢
Lvo'e
aroe]l - -
v6.L°€
L8
sLe'e
fora: >
9z8'e
zes'e
v8e
F 168°¢
S68'E
z98°¢
9.0'%
0509
z.0°9
0609 s
| 65€°9

66€°9 °
r ¥Z8'9
9v8'9
F2 €92°L
G8Z'/

=70

T
—50

OMe

4b
0

F O
- L
OMe
T T
-30
i

S238




6LE0E.
Sm.om%
£v9 e
szree/
Zvi6E

PACACE]

oLre9.
vbs's9
g890L
000221
LiELL \
188 LL
8LY'6L

L06°€LL
wmm.vmrw
€20°22)1
oev oL/
L1€°1EL

¥6.'8G1

=

OMe

4c

TO

80 70 60 50 40 30

90

I80 ITO 60 50 T40 I30 120 ITO0

90

o8¢t
607’1
zzrL
sev'L
vsg’
€95’
968"
809"
sl
se9’
Sro'
259
99’
z89’
z69
zoL
o
ez
6zL
ves
evLL
soL'L
€LLL
126t
vez6'L
se6'L
o6l
056t
196t
60€°Z
€l1eT
0eez
vvee
LyeT
eLYT
06Y'Z
88.¢
886°¢
200’y
9oy
0€0°9
809
0,09
8809
201°9
ve'9
¥8e9
L18'9
6€8'9

192°L
€77/

=

fel

/

/

/]

OMe

4d

ar'e
€0’

Lot
00t
612
612

470

510

970

T0. 0

(9]

TIT

0

S239



mom.NN/
oLzee
9ereT.|
69162
52508,
206728
czree
595707
119'LY

LA

Nww.oh%
000°LL-7
61€ /L.
9892,
10¥'98

Y98'ELL
omm.vmrw
040°22)~
v8soet/
6ELLEL

€12°'891

OMe

30 20 TO

40

80 70 60 50

90

I80 ITO I60 50 T340 T30 120 IT0

90

200

128
1€§°
Spg
0SS’
fellen
095"
6951
€161
G/5°L
6251
G851
885'1 |
z65°L
6291}
0s9'L
6591}
089°L]
ses Ll
561
19171
LLLL
082'L
s8.'L
z6L'L
v08'L
6181
zee’L
1291
ove'L
186'L
1002
9eeg
0see
£5€C
e
06¥'2
z8l'€
100'%
020'%
¥20'y
10
S¥0'9
190'9
$80'9
€0L'9
6v€'9
68€'9
vi8'9
9e8'9

092,
771

OMe

=

4e

i/

6E'Y
4%
0€'9
vl
€0’
so'L

LE°€
So'L

i

m:‘o._‘
00’L
Lece
6lL'¢C

[ARY)

70

TO

370

470

570

670

70

IO

970

1O O

Y]

TTT

Y

5240



ove
S 692"
Sb9°
159°
£99°
899°
N 989°

0/6'c€Z —_— oE.L —_— = .
Nwo.rm/ b0 L] folz
825°9¢ 2
hmm.wmw — 611
98065/ L
858°6€ 1002
900°Z/
800°Z/
0Lz'ss U T
¥20°z/
9e0°Z/
8£0°Z/
£89'9. oge'z]
_‘OONNN e ceezl
8LELL lsee
z98°/. S9e'C
_ I 892
GzZZ'16 z8ee -
98e'z
09v'z
Yor'e _
elr'e
o — 1Lv'T _—
vSeELL Lev'z

rwm.erM -3 MMWM

99022} ] B .

le5°0€L/ — C 86v'2

6L°LEL else
96.°¢

290V
6.0V
2607
L60'Y

2
o
et B 0v0'9
£22°851 890'9
6209 \
160'9 /s
O/

TO

10]

i e
Dabalbalb

bl

S

[eo]

o

(3]

30

a0
—
[e]
(o]

€Ll

50

TO0 90 80 70 60

TTO

I20

OMe
150 140

60

ITO

=

L% GLL'9
1S€'9 P
16€'9 2=
1289
£v8'9
6922
L6877

I80

T90

200

S241

ALY

T0. O

(0]

TIT

Y




€LL'8g~
18162/
S0Z'LE
LLv'8e/
198°6€

€8¢'GS

wmo.wh%
v10°LL7
_\mm.mﬂx
VAZA T
o€l 08

vo6'elLL
mmm.vmrw
8ZL LT
G95°0¢€L/
662°LEL

v.,.'8G1

OMe

Me
Me

TO

80 ITO 60 50 T40 T30 120 TTO TO0 90 80 70 60 50 10 30

90

200

>Cj

Me
M

49

€0’

TOT5

5

TIT

S242



TO

20

v20°8Z~
85162/
YeTLE
vZr'8e/
z6.°6€

60 50 A0 30

70

mwo.mﬁ%
L00°LL 7

8 Fm.nn* T
€v0'8.

181°08

80

¥89°GLL-

TO0 90

TTO0

LSLGLL
€9€°GLL
£259zL\
9vs 9zl -
%m.nmr\ ]
19v'12L

9LL°0€L

96L€EL

6z EEl

T40 T30 I20

50

82091~ ]
LZL°E9L

«
49
IT7TO

XOJM

Me
IV
190

200

T =170 T =190 T =210

=150

=130

=110

=90
5243

=TO

=30 =50

49
=10

[o}

Me
Me

TO




izA
€8¢
0L
60L°
1474
vel

———

—

—m

OMe
><Dj \\%\©
4h

Me
Me

cLe
€0'e
90°e
960
0’1
0L

L1'e
10°L

00'L
660
660
60°1L
10°L
€0}

IO

Y

970

T0. 0O

0

I

200

N
810°8Z
ez
EpLLE_
Zrr8es/
A g AL

SLy'SS

mww.wﬂk
L00°LL7
w_\mNN*
861°8L
¥¥9'08

508011
115°0Z)
NE\@N_/
c05'9cL - —_—
Rn.mm%

AT
886221

2
_ 2 IR
L0€'9G1
Yo
/ =

><C)j

Me
Me

30 (9] TO

40

50

80 ITO 60 I50 T40 130 120 TT0 T00 90 80 70 60

190

200



6ve
6.2
269’
869"
€0L
60.L°
cLL

—

——

M\vo.m

€lL'e

Awm._.

gee
10°L
€0'L
€0’

co’L

101
00’

10°L
€0'¢
80°¢C

T0.0

0

I

200

¥80°82~
09162/
G6LLE
Lyyee/
¥¥8'6¢

mww.wﬂk
000°2L7+
w_‘mNN*
G082
0v.2'08

8L0°9zL\
omhomrw
L6921
vey'8eL
LE6'LEL
£59° /€1

{9) TO

60 50 40 30

70

"

60 I50 T40 T30 120 IT0 TOO 90 80
5245

4i

>3
ITO

Me
Me
190 180

00




cce

~ Lv'e
L0°L

ﬂ‘ )

€0’}

=0. 5

05

95

TO. 5

)

I

5)

N
9,082
18162/
Lz
ySy'8e/
vl oy

www.mﬁ%
L00°LL7
wrm.hﬂx
0€0'8.
cL.08

v.G€ct
998'¢Cl
€.9°GCl
[UEZATARNG
VAZWRA B
66€'8C1
8.l'6¢C)
8¥6'6¢C1
9.0°LEL
895°¢eEl
Lev'ael

4

— O‘

Me
Me

80 ITO 60 150 T40 T30 120 ITO TO0 90 80 70 60 50 40 30 (9] TO

90

S246



8871
fordou®
0zL'L
9zL'L
18071
vl
S9/'L
2Ll fﬁ
18271
161°L
mmo.mwﬂ
sv0'2)
€902/
902/
8802/
6zhe]
sore]
ey
005z}
895
6.52]
z8sZ/
985°Z]
9652
0092
€092
ri9eC
2192
1292
Ge9'z]
1517
€L
zseol
089}
16€9]
6019
12v'9]
9099/
sv9'9]
oLy 2l
Vo R
evi.l
sy
99t/
z8v'L
2092
€29'L
9022
89/°L
06L'2
oL|]’/Z

4k

Me. O .
Me>Q

€lL'e
cL'e

el

=1 .01
L0°L

=0or

TS5

975

TO. 5

5

I

08082
voL'62/
SvZ e
9Lv'8e/
186'6E

wa.wh%
000227
NFMNN*
G.0'8L
6€.°08

€65°eCt
e€sy'act
90G'6¢Cl
950'9¢1
mMNNN_‘V
mmmNN_‘*
€6.°/2)
G.6°/.¢)
Loocel
v69°CEL
829'eel
160°GEL

4k

"

22

(9] TO

30

90 I80 ITO T60 I50 T40 I30 120 TT0 TOO 90 80 70 60 50 40

00




[N S

e

4

)

Me
Me

00'L

[AY)

970

10O

TIT 0

(Y

990'82"
L9162/
9/Z'1e
vov'8e/
181°6€

wa.wh%
00027
wrm.ﬂh*
S¥0'8L
GL.08

oavL'9ch
[A4WExA%
N_.m.wN_\W
Lgeect
veS0EL
rnm.rmr\
€89CEL
€veLEL

N\%\/ﬁ[j

)

Me
Me

4

0 TO

30

190 30 I70 160 50 140 30 120 TT0

00

5248



0L8°0
888°0
$68°0
060
S06°0

4381
SN;/
8T 1\

S6T' 17
867 14
$0€ 14
LOE'T
e
€1e1
0zTe'1
LTET
SE€T
PrET
98%'1
0671
$0§°1
605°T
979'1
1€9°1
€791
$S9°1
659°1
€991
L99°1
0L9'T
w91
1891
789'1
08L'T
096 1f
16L°€
950°9
8L0°9
960°9
PIro]
8YE°9
T5€°9
§S€°9
$6€°9
9189
818°9
8€8°9
1¥8°9
$9T'L
98T'L

=£e'¢
s
¥9E°S
=9¢'T
hzee
Wx:
9I'T
LO'T
v0'1

=Tl'¢
Fro1

F660
00T

=50'C

=¢6'1

T

30 25 20

1.0 05 0.0

1.5

3.5

95 90 85 80 75 70 65 60 55 5.0 45 40

[SRAEN
$69°7T

23%
190°LT~
LITTE~
0L8°9E
8T8'6GE~
S/Y 11

6LTSS—

626 8L—
9IT'€8—

868°¢I—
mwm..wmﬁ/
0TI LTI~
LLSOEL~
EPTIET !

8CL'BCT—

" “OMe

4m

|

Il

I

L

-10

0

10

90 80 70 60 50 40 30 20

10 200 190 180 170 160 150 140 130 120 110 100

5249



1021
90T'1
vzl
pST 1
865°T
LI9T
629°1
E9'T
w1y
159°14
LS9
199°14
L99'T
SLOT
08911
€89'1
689'1
€69'1
8691
811
86L'1
61
121°C
098]

66L°¢

vy
816t
100°S
S00°S
Pr0°S
850°S
78S
LSS'S
95097
£60°91
96091
vS€9]
19€°9]
00t°9
0289
v28°'9
6289
L£8°9
rs'o]
989
69T'L
SLTL

6161
mma.vﬂ
J

06C'L

30 25 20 1.5 1.0 0.5 0.0 -0.5

35

10.0 95 90 85 8.0 7.5 7.0 65 6.0 55 50 45 4.0

€90°LT

mmo.oNM
891° 1€
166°9¢€~
69L°6€~
omv.ov\.

Y6CTSS—

LT9'8L—
LYLT8—

06T
LIOPIT

SLY VI~
€TILTI~
£ES0ET~
atics
ZET6ET—

COL'8ST—

-3

10

20

70 60 50 40

80

90 180 170 160 150 140 130 120 110 100 90

S250



0Tz Ly
S€T
ST
89711
s
029°11
L2791 ﬁ
2691
99° 1
196'1
96T
bL6'T
120t
6£0°C
Nvo.&
0507
950°C
€902}
z6¢°C]
ssve]
01s°T
656°€
v96°€
9T
SET'y
ovTy
oW1
STy
907°9
6179
$h79
6579
€79
9Th'9
vOb'9
E.J

—

6L
861'L
LOT LA
01T L]
viTLs
LT LY
8TL]
L8T' L]
so¢ L]
ove L]
€L
LYE L
19€°L1
s9¢°L?

40

Aere

Rzet
¥6°0
611

A
= mmo;

Fs60
koot

Feor
E00'T

60°1
Wmﬁ.m
M/NN.

30 25 20 15 1.0 05 0.0

35

90 85 80 75 70 65 60 55 50 45 40

PeE1T—

SPLTE—
s16°¢es
669°65—

I1¢°¢L—

606'8L—

L9079C1
C8L9T1
<00°LZI
8CP'8T1
Pe61El
8TYLET

S

do

-10

0

60 50 40 30 20 10

80 70

170 160 150 140 130 120 110 100 90

180

S251



felor L
LOE'L
6LE ;
G051
vLSL
€261
Y€ L]
1¥S°L]
€961
0v9° L]
099'L
9/9'L]
6.9°L]
G891
6891
569'L]
€021
oLl
veLL
0L2°L
¥8L'L
062°L
108°L
v08'L
6181
G161
av6’L
Lge'e
vse'e
092
v9e'e
0.£2
6.€C
z8ee
66.°€
€60'9
vLL'9
€el'9
1GL'9
zie9
LGE'9
1289
8v8'9

[ XAVA

o7

//

Z

Ve
OJa
6a

G0'¢c

10'e

90

TOTU

Y

T TIn

T2TU

Lo\
SlL' Ve~
8.9'Ge/
8.€8C
869'G€-~
26.°8¢
ceyee/
[44Vk 14

062'9S

Nm@.mP
60022/
Rw.k\
€zr'ze
z6£°€8

0ce’eLlL

LeLgzl
£60°221—
vr2oer/
LG LEL

€¢.°851

Me

o

OMe

6a

i) 1O

IO 17U 160 150 ™ 140 " T50 7 120 ~ 11O 7100 YU 33U Y [S1Y) oU A0 SU

YU

S252



1921
1GS'L
1SS°L
0951
195°L
085’1
68S°L
809°L/
SLLL
9z
zelL Ll
ovs Ll
6V, L]
6521
19271
€171
2221}
z8s L]
68.°L
698°L
€881
889°L
006°L
106°L
916'L
L€6°L
96£°C
66€°C
90¥'Z
YivZ
AN
Lzre
A
182°9
z6£°9
€022
(RAAV
€822
862/
1ze'2
S5€°.
8G¢e°/
L9g°2
S8/

cict

I/

Me
Oz

6b

\
10° L
00’L

' 101
\v0'z
20z

470

60 o.U

(Y

9o

TUTU

Y

T TIn

2T U

vmw.mNV
G98'cC—
966°/¢
mmm.mmV
VAZAVAS
6EY°6E
121.°6€
€68°GY

N\
¢899/
000°2L
PARSWVA
909'¢8/
L6V°16

¢m®.mm_\M
oww.om_‘\
GGl°/¢c v\
wNv.ri\
veececel
(3 7AVAA%

l\/le‘
6b

5253



oreL
SES'L
S¥GL
8vS'L
16671
195714
89G°1/
2571
6.G°L]
169°L4
L2 L
rAAMN
1L L]
vl L]
61,1
€627
26271
€921
zLL
6L
86/
968"
0.8
S8
988
568
€06
€26’
G261
19€°2
59¢C
69¢C
z.ie2
£8€°C
18€C
06€°C
v6.°€
¥80°9
€zL'9
9ze'9
G9€'9
0£8'9
z58'9
6.2°L

1ne-

Me

OMe

6c

90'¢
= Ly
8€'¢
olL¢

Lv'e

90

TOTU

O

11T

120U

10862
9e8'€Z
6822,
06t°9¢/
Rmsm\
60t°6€ \
8€/°6€

ove'ar/
£0Z'SS

mww.mh/

100" 2L
6LE2L
12928/
6v1'L6

£98'ELL
188 bzl
8v0° 2L
otooet/
£65°LEL

£€69'851

“

OMe

Me
6c

S254



-
o

)N
-

OMe

Me

/

[0

OJ
6d

cce

co'L
00°L
c0'L
WANS
o'
10"}

A

9o

TUTU

TITU

T2UU

e1gezl
1G8€T
L2622
LEV'IES
mmm.nm\
LO¥'6€
2926
89Z°9%
96€'GS

mww.mm/

100" 2L
6LE2L
68928/
LYL6

11801 v/
€95°0¢CL
0.£9¢L
G9/.'9¢1
66.°9¢1
(A YAVEAY
6v8°/cCL

L62'9G1

OMe

Me

o

O

6d

S255



Rzl
6EGL
2951
G9G'L
9/6°L
889G
96G°L -
60.°L
9121
6L L)
sz L]
zelL L]
L2 L]
0521
€9/°L]
19271
€22'1]
88."L]
z6L°L
1G8°L
081
€18°L
6991
869°L
v06°L
LL6L
vze'L
1261
0.£2
88¢°Z/
6€1°9]
091°9]
6/1°9
9e€'9
G/€9
£66'9
696'9
6/6'9
966'9
1821
z62'L
00€'2
80€°L

AR A

Eadal]

I

Me
OJa

6e

970

TUTU

O

1T

120U

A rw.mNV
vv8'€c—
v68°LC
vmw.mmV
9lc’le
8¢¥°6¢€
9€.'6€
G8/.°GY

N\
¢899/
000°2L
8lL€ L.
€528/
625’6

PrLGLL)
8GEGLL
128°921
mmw.om@
658221 \
v 221
¥GO'LEL

698°¢€El
co6’eel

89091~
9clL’€9l

Me
6e

V) TU

SU

A0

YO T80 " T70 7160 " ITHU 140 7~ T80 ™ 120 " 1TTU ™ TU0 90U 33U Y [S1Y) oU

[UY)

S256



LLO'GLL-

Ve

“

s

o]

F

6e

=21V

=30 —5HU Y —90 —1TU —1I'50 =10 =10 T = IY0T T

=10

U

Me
OJa

6f

[SRis)

975

TO 3T

5}

1T

S257



= 1
20€°L, w
L 1GG°L]
r 5851 -
L €09}, 3
6v8Ez) mww.w: - I
988°€Z— - > GeoLt T i
€16°12 1 B 5
62996\ _ vSLLY —_— 3
vz LE —] = 99714
8616 bLLL T i
mmﬁmm\ e om». L] s
) ¥8.°L] 5
Y0€ 9p 008" L]
2 0z8'L r
€681 o
o 0/8°L} 1 X
mww.om/ 968 J |
s — e W
06528_ ] ° Nmm.w L
L6V'L6 L Lv6°1L
3 ¥86°L
686'L —
lzsezL P 166°L —
z98'ezL r vL0C
0.5'S2L 3 z90'C
165°SZL ] g zive E—
192°GZL— — L 0612/ —
soezzLf — & 60%°9/
cov'8zL pu— 629l |
205°621 3 Lyt9]
0P 0ElL 0.5°9] P
060°'LEL 2 0L9°9] P
9/6°€€L r ez /] L
625°SEL > 12y 2] S
O H raa A o 5
a L Ly L] 2!
0 = s /] I
0194 \ P
LR 5 ze9'.L WL g =
e X 602 g L
o €10/ L
H €6 L
Z10° 1 =

S258



>3 ] Mu
8€T'L =
L 6551 i
= ¥95°1 -
8951 e
gegez\ § 085 L u
zS8°€T— 5 me. Tﬁ
veeiz, K oo LY S ——
€e9'9e L —_— . —
. — 5 8c.'L/
822 L€ = obs ] -
62v'6€ - L 267°L]
ovL6e 2 0611 i
¥66'SP 091 X
2 L2 5
G121 I
o 8,21
N €821 “
€899/ ) > 081
000°22 — i 018} i
6LEL. 998'L ©
15928~ — 2 z8g'L — B ¥
£VG'1L6 L 068"} 660 |
3 168'L - =00k
LGS €Tt J Sons i = mm.r i
2 S06°L b
ZryseL T 916°L = L0°L -
0lv'scl 2 €261 [ARAN
990°9Z1 & €6l z0'z
19G°/2L — L 8ce'Z [
529121 — i 1582 é
98/'121 — s Jgg°6l 0
866°/21 v 9/8'G] I
¥8eZeL 0s+'9] o
8/9'¢El 2 6819l 0
8v9eel K 5529/ L
9/1°G€L o 182°9] o
- 6.9 5
@ > S0Z'L I
8 = £zz'L » K
4 L 882 ) E
2 Y0, oh & r
Sl L 1281 3 R
3 X1 i
66€'L L
oNest I =

S259



zeg€T)
168'€2/
85.L2,
869'9¢
181 .Rx
LEV'6E \
£e2°68

88/°G

28992
666°9.

sie22/
v95Z8_

LEV'L6

101921
160°22L |
£8b'8zL "
c6z'62L
£6€°0€}
z8LLEL
s00°€El
£vSIEL

N

Me
OJ
6h

IO Tro 160 " 1TH0 " 140 " 150 " 1ZU0 " 1TTU 7100 9U sU Y ©U oU EY) SU U 1O

190

5260



€651
€554
795°11
€861
198°11
9L8'T1
6L8°I1
16811
96811
80671
161
96°1
LLG'TH
L66'T-
SLET

8LET

ez
65T

YLF'T

LLVT

seL'e

mmh}
e
16L ¢
£L8°E]
788°¢]
688°¢ 1
£68¢]
L06°¢]
016°€
976°¢
176°¢1
Pr6°e]
656°¢
Es,ﬁﬂ
6809
£609
1o
6219
9L€9]
s1+9]
81891
2891
mmx&
089
85T'L1
LLTL]
T8TL]
Y671
667°L

MeO.

== Reoy

161
80°1
W'l
FO'1

LO'L
66'C
1ee

1.0 0.5 0.0 -0.5

1.5

3.0 25 20

3.5

95 90 85 80 75 7.0 6.5 6.0 55 50 45 40

°sLsc—
658°0€—

€T 65—

6T SE—

800°89—

SP6'8L—

688 ELL—

SSEHTIA
08TLTT~
66£ 051~
oz 11/

9L 8ST—

MeO..

40 30 20 10

50

70 60

80

190 180 170 160 150 140 130 120 110 100 90

5261



6751
6vS° 11
855711
6LS°T1
€581
898'T1
w81
€881
888°1
1061
$06°1
8561
1461
986"
16617
96£°T

66€°T

SITT

9T

1672

61T

8TL 6y
TEL €
6rL 't
LoLe]
698°¢]
$88°¢ ]
688°¢1
z206'¢ ]
906°€
£76°¢
7E6°E
616°€]
T56°¢
L96°¢]
9179
FET°94
879
9579
vLT9]
8Tr'9]
1959
981°L]
0T L]
19724
087'L1
867°L1
I¥€° L]

65€° L1 =\
£9¢L L/

Foo'1
001

860
mxca.m
8T°C

1.0 05 0.0 -05

1.5

3.0 25 2.0

35

9.0 85 80 75 7.0 65 60 55 50 45 40

€L9°CT—
16L70€—

slret—

1€6°L9—

PIL'8L—

#00°9CI
LIL9TI~
owa.wmﬁ%
S6L'8CI
0S8 €T
99" LEL

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90

5262



¥T8° 1
PP
£66° 14
PLS T
LYS 1
79811
998°1 |
8L8'TH
£88°1
9681+
006' 14
056
£96'1
086’ &
¥86'1

01¢7
09€°7
9LEC
08¢'7
s65°7]
o1z
FOP'T
6LY'T
8T
66T
FTL e
szLe]
trL €]
coL¢]
98¢
188°¢
$88°¢
868 ¢
706'¢1
816°¢]
£76°¢
6£6'¢]
e
LS
7S1°94
o]
oL1°04
F61°91
TIT9
76791
TEP9
LL0°L]
960°L1
PET L]

PeoL”

F66'0
Fooz

Foot

Foor

90T
0r'e

0.0

1.0 0.5

1.5

2.0

3.0 25

3.5

4.0

50 45

75 70 65 6.0 55

8.0

8.5

€L0'TT
§E€9°SC—
8CL0E~

rrl6e—

188°L9—

0SL°8L—

1L5°sTl
LS8'STI
L¥0 6T —
FS9IET
o el /f
€9 E\
919'9¢1

0

10

30 20

50 40

70 60

80

190 180 170 160 150 140 130 120 110 100 90

5263



Tyt ¢
6LET
TRET
86£C
PIrT
LIr'T
95T
657°T
PLYT
16t
605
€687
0L8T1
L88TY
80L°€
sTLE
8TLE
StL'e
oL '€
so8°¢
188°€+
$88°€
868
T06'€
806°¢
616

| I

¥T6'¢
66'¢]
7r6'c]
Ls6€)
£91°9
1819
$81°9
£0T°9
)
POV 9~
s

GET'L
@m_.hw
SLTLT
C6C°L

8d

wmm.o
brot

w.ﬁ.m
= 001

or'1
—=mmz [COT

— [V
= 10¢c

-== Frot
= FO0'1

- - 00T
E——

1.0 05 0.0 -0.

1.5

30 25 20

9.0 85 80 75 7.0 65 60 55 50 45 40 35

6T0'vT—
osLst”
808°0€~
798°€€
LLT6E—

910°89—

668'8L—

ZI8'sTI
990°97
$s679CI
S8 1§ Q
8TTSEl

IP8Lrl—

8d

0

60 50 40 30 20 10

70

80

20 180 170 160 150 140 130 120 110 100 90

S264



00€' 17
$TS 14
S I
7881
LS T
8T
LSS'1
0981
w8
LL8TH
6881
$68°14
£26'1
861
156°14
1L6'T
6,87
7867
8671
e

m@.&
015°C
121
voL e
orL e
erLe]
09L'¢ ]
198°¢
LL8€
798¢
687
6681
SI6°€E]
TT6'€
L£6°¢ ]
0t6'€
$56°¢)
[L1°9
6819
£61'91
19
67791
LOF9]
9t
LLT L
€871
662 L1
Y0€ L]
61¢ L]

9ceL’

mfhv.a
TE:

Tvﬁ.m
Froz

Frot
Fioe

Foot

F00'1

FLov

0.(

1.0 05

1.5

30 25 20

4.0 35

50 45

6.0 5.5

80 75 7.0 6.5

8.5

9.0

86L ST,
S08°0€~
8LETE
955t/
s6z6c7

£20'89—

106'8L—

81¥' STl
@_w‘mmﬁ/
0r6'STI
6CL It /
¥ vEl

T90°081—

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

S265



0581
79814
L98'TH
69814
18811
$88'11
£06' 11
0cr°C |
6871
€672
EELE]
6L
TeLE
L88°¢
6881
7681
$06°€
806°¢
016
ST6E
1+6'€ 7
L§6'EY

096°€-7
scoe!
9579,
8LT°91
96779+
SSH'91
657791
79791
86191
80¢° L1
9T¢ Ly
89¢°L
265747
10% £
80" L1
LI¥' LA
T LA
LTF LA
116" L
o15°L
LTS°L
TESL
¥95°L
Los°4
1.6 L]
6L L
YRS LA
885°L-

keot
€61
Wg._

660
9201

00T
Fooz

F66'0
F00'1

1.5 1.0 05 0.0

3.0 25 20

15 90 85 80 75 70 65 6.0 55 50 45 40 35

96L°ST—
626°0€—

PeE6E—

S¥0'89—

9€8'8L—

8¥C9TT
1€6°9¢CI
er0LTl
861°LCI
hmm..‘.mﬁ\
vcw‘mmﬁ\,
mmn.ﬁmﬁ\
[89°9¢1
08 6El
6E8°0vI1

0

50 40 30 20 10

60

70

190 180 170 160 150 140 130 120 110 100 90 80

5266



€751
796° 14
1LS°11
€654
$S8 T
0L8'T
L8 I
988°I1
168°I1
$06° 17
806'11
85671
1L6°TH
087
€627
96€'T
acvi
91T

L6V'T

005°T

€02

SIST

81§°T

6TLE

feLe
6vLE
NS
89L7¢]
898°¢]
+88°¢
688°¢]
T06°¢
906°€
TT6°E
766°€
Li67E]
156°¢]
996°¢
§€0°9]
£50°9
9509
L0°9]
26091
8859
879'91
$¢6'91
560
65691
ered
zeert)

=== [T0'1

— T:_m

€19
Jort

uM L0'T

=== [00'I
= Fsoz

=== Lol

F00'1
Feoc

el

-1

1.5 1.0 05 00 -05

30 25 20

85 80 75 70 65 60 55 50 45 40 35

£69°61~
1560z
99°¢T/
7LO'0E—

Sy 6e—

S68°L9—

£C8'8L—

LL6'9TT
Treecl~

8TEETI
wmo.omﬁ%

10 0

30 20

50 40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

S267



[

FLot
Feoz

FE0T

Foot
00T

Foo0c

koL

1.0 05 0.0

1.5

30 25 20

3.5

50 45 40

70 65 60 55

85 80 75

9.0

zsLst’
788°0€7
98776~

62089~
800°0L~

§€6'8L—

O PIl—
EEL'PTI
;N.hmﬁ/
8I¢°LTT
C66°LTT
(£ 141
989°0¢1
06C 1l

[C0LET

SO0'8ST—

8h

0

10

30 20

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

5268



7091
0L8'T4
6L8' T
76814
76811
8681
PIrT
05 T
ffra
9€L'¢
TeLE
SSLE]
ILLE
£€8°€1
ELY'€]
6881
168°¢1
768°¢
906°¢ 1
606°€
T16'E
916" E

796°€

$96'€

186°€
€029
$TT91
€591
¥SL9
EITACE
Y6L 91
€689
§£8°01
£68°9+
95891
LLS 9
9689
8689
F16°9]
L16'9]
651°L]
£91° L4
LLTL
6L1L]
181°L
IWE
PIv L
81%°L1
£Eh L]

Lev'L”

=001
Wa.m

POl
LT

001
H\.na.m
62°C

F660

L60
mg.o

o'l
Loor
“66'0

30 25 20 1.5 1.0 05 0.0

3.5

25 90 85 80 75 7.0 65 60 55 50 45 4.0

8L ET—
SE80E—

0L 68—

TSy ee—

686°L9—

676'8L—

7L 0TT—
c6£70Cl
L8F9CI
88C°9CI
Set'LTlT
890°8CI

00€°98T—

0

10

30 20

50 40

70 60

80

(90 180 170 160 150 140 130 120 110 100 90

5269



1S
LT
#8117
69811
1811
LS
881
6381
€681
$06'T+
896' 14
18€°C

9¢t'T

8Er'T

Iz

LSFT

sTL's

8TL'E

FrLE

SPL'E

£oL g+
088°¢4
788°¢]
$88°¢
L68 '€
006°¢]
£06'¢ |
£16°¢ 1
816°¢1
676'¢1
T66°¢
876

:a,m\ﬂ
9£0°94
850°9
9L0°9
£60°9
7669
seeo
6£€°91
sLE9
8LE9
01L°9
0£L°9
TSL'9
95191
TLLO]
9LL 9
206'9
9069

8

Fzo't
Foce

Feoz

001
861

0T
heor
oot

60T
=001

1.0 05 0.0

1.5

3.0 25 20

95 90 85 80 75 70 65 6.0 55 50 45 40 35

¥9°Si—
9L 0E—

88°L9—

SL'8L—

€8°001~
0P 0T~
80°801—

6£02T~
£6FTI~
LETET

B.Nm_w

FOOPT~
LY

8j

0

10

50 40 30 20

80 70 60

190 180 170 160 150 140 130 120 110 100 90

S270



196714
1651+
898711
88T
68871
L88'TH
L6817
6681
£06° 14
L0671
126" 14
066714

68€°T

LOV'T

8T

WrT

ﬁv&
6L T

65L°€

€rLE

6SL°€

£€9L°€

6LL'E

$98°¢]
068°¢)
716°¢]
S16°E]
8167¢
re6e]
LE67ET
156°¢1
$56°¢1
0L6°€]
68070~
nroq
om_‘iﬁ
Lb1'9

L9€°9]
1L€9]
§LE
19
#1104
18£°9]
20894
5980
0L8°91
988°91
168°91
£76'91
876'9”

8k

1.0 05 0.0 -0.

1.5

90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

LILET—
£l6’0E—

EIcee—

108°¢¢
wom.mmv.

SLO'LO—

£CO'8L—

9TE 801~
Nmo‘ﬁ:\
£60°611~
v.m.wuvm.ﬁ/
PEL'OCT /
6ESTTEI~E

69E8F 1~
SY68P1-

8k

0

10

50 40 30 20

200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60

S271



T96° 1y
0LS'TH
£65°11
vLS T
63811
7681
$68'11
706'T
806'1
0161+
£16'14
$76' 1
976'1

876'1

8661

wor'e

0Tr'e

£97°C

Lov'T

8T

PRL'E
8tL €
oL ¢
L€
£8L°¢]
reged
ss8e ]
998°¢]
788°¢]
868°¢1
006°¢ 1
£06°€1
916'¢
616¢1
126°¢]
9¢6'¢ 1
6’
L56'€1
196'¢
9L6'¢]
Lt19
69191
98191
702791
65€°91
79¢°91
99¢°91
20191
S0P 91
L8579

8l

PO'I
Mom.m

F66'0
00T
=00T

1.0 05 0.0

1.5

35 30 25 20

90 85 80 75 70 65 60 55 50 45 40

€0L°CT—
£€6°0€—

elree—

rr0°957
L6709
SL6'LON,

708°8L—

860°€0T—

PLEOTT
66L 1€~
LYEEET—
[LELET—

9TTECT—

0

10

60 50 40 30 20

70

80

190 180 170 160 150 140 130 120 110 100 90

S272



05517
6814
eI
$s8 1
LSS
0981
w81
SL8'TH
881
#6811
968" 14
$S6°I4
LYET
15£2
€T
L9€T
mmv%
€LY
076z’
6IL€
€TLe
8€L'€
s
8SL€
098¢
L8
818t
188°¢
£68°¢]
968°¢1
668 ¢
6061
F16°¢1
$T6'E
876'¢ ]
Pr6¢
686°S
:o&
6709
TEE9
see'0]
6669
sLe9]
9r9°9
29901
$99°01
ez L]
£ET LT
SPTL
0L

e

= L7
or'T
E 601
0T
ST

8m

=, =Ct9

[
81'C

M

0.0

1.0 05

1.5

7.0 65 60 55 50 45 40 35 30 25 20

80 175

8.5

LLLST—
LOL0E—

22N 2N
PO 0p"

1L6'L9—

arlI6L—

PLE T —

LLETTI~
£9€°9TI~,
856'9717
€SLIET

LoLerl—

10

20

70 60 50 40

80

100 90

180 170 160 150 140 130 120 110

S273



6781
6511
8661
6LE° ]
698'T
$88°1
6881
66811
906'T1
161
616'T
Y76’
6561
PLE T
8861
£00°C

800°C

91T
£EPT
LT
0St'T
99%°7
€8T
7Tl e
8EL°E
wLe
65L°¢
LLLE
LLS'E
768 °¢1
L68°€
116°¢
SI16°C
1£6°¢1
6£6'¢
956'¢
€L6E
71T
0£T9
PETY]
8T9
oLz o
LIF9
959
0TI'L
1L
9PEL
TSEL
79¢° L
89¢°L

——

660
861

660

=00°L

oz
=P0'C

1.5 1.0 05 00 -05

30 25 20

35

90 85 80 75 70 65 6.0 55 50 45 40

ILsT—
16°0€—

8l'6e—

°0'89—

9 8L—

17611
w01 N_M
91217
€TLT
8.%@
sv0er,
§E9¢T
LOSFT
80°8FT

70 60 50 40 30 20 10 O

80

190 180 170 160 150 140 130 120 110 100 90

S274



016°Ls-—

-70 -90 -110 -130 -150 -170 -190 -210

-50

-10

10

§$°1
86T
L8
88°T
88°1
68'T
0611
061
0617
16T
8.:ﬁ

I¥'c
Sr'e
ov.mw
Ly'e

£L°¢
YL €
SLE
9L°E
LLEA
LYEN|
08¢~
ose]

—

96°9
L6°9
169
6691
669
67'L]
6L
0¢°L]
1€
7€'t
el

-

=

wr::
Lo'c
60°L

Twc.m

1ot
10c

Frot

Foo't

Fsen
=661

9.5 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

1.0 05 0.0

1.5

S275



-10

0

10

1eLst”
6'0E7
€61°6E~,

c10'89—

PreIT-—

YEL'8L— L

861°STT
CIv'sIl
685°9C1
cr99cI

mcwx.‘.mﬁ*
ovn..‘.mﬁ\, |
00L°0¢1
069°€€1
ETLEET
9SL°09T ~ 4 L
861°¢91" T

8o

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

-140 -160 -180 -20

-120

-60 -80 -100
S276

-40

-20




(=3

A

-

=
e r—

9T

vref
vLef

8¢ ]

16°€1
16°¢1
16°¢
6°E
56
96°¢]
L6
129
£T9]
soof
979
o]
mvi
99

7]
oL
vl
I
e
9¢°L)

S——

8p

gk

e F66'0
—= Foot

E—

Froc
J

1.0 0.5 00 -0.5

1.5

30 25 20

90 85 80 75 70 65 60 55 50 45 40 35

669°CC—
L06'0E—

wree—

086°L9—

CEO'BL—

PIT6IT
1L60TT~
99L7 121/
0TT LT -7
eyt
0Lt €T

racost/

OIT8%I
6C1'8pI

CF3

-10

0

10

80 70 60 50 40 30 20

90 180 170 160 150 140 130 120 110 100 90

S277



Two'LS—

-70 -90 -110 -130 -150 -170 -190 -210

-50

-10

10

sl
LLS'T
081
LT
0881
€881
681
86811
206' 11
916 T
8LET
b T
€€
seLe
(1983
ccLe
1LLe
L98'€]
£88'€1
$88°€
988'¢
106°€
P06'€
906" ¢/
126'¢
9z6'¢
Iv6's
sv6e]
096'€
P09
£90°9
£80°9
£55°9
L5S9
1959
9659
9189

689
$88°9
8889

¥16'9

£76'91
LT76'9]
c569]
6L0L

180°L

£30°L

260°L

602

960°L

—

gt
0°CT
80'1

ﬁo@.m

Ero'1
Feoc

Foso

Koot
796
oot

30 25 20 15 10 05 00 -0

35

9.0 85 80 75 70 65 60 55 50 45 40

S278



0SL°ST—
L680E—

880°6£—

§T0'89—

129°8L—

FIv el
Ec&mﬁ/
mn_.mmﬁw
T69°9C1
T LTI

BLLTPT—

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

30

906'1
606'T
el
Y6
8Z6'I
665C
§19°C
roLE
6LL'E
€8L°¢
816'¢
026°€
9€6'€
656°€
o10'F
750
SE0'Y
050'F
€29
0LT9
ELIL
TL
66¢°L
8Ib'L
LEVL
092
PorL
Lyl
8LYL
18%°L
¥8Y°L]
s61L]
00" L
LSS'L
6552
19§14
PLS LA
Les ]
6LEL
6TL'L
G6hLL
sis ]
oz L)
LES'L
658°L
9018
IR
YIS
LT18

0er's

=£6'0
00T
LO'T

Froz

ot
Toa.ﬁ
001

660

SLE0
6T
w1

2001

Moo.o
660

0.5 -0.5

1.5

2.5

9.5 8.5 7.5 6.5 5.5 4.5

10.5

S279



078°ST—
sle’0E—

8¢96E—

FLO89—

Tr8'8L—

089°€CT
¥T6'€T1
089°STI
188°SCI
OV LTI~
08 8TIF
Lel'ecl
¥60°0€1
00T 1€T
909°€€1
98€°CEl

60 50 40 20 10

70

80

160 150 140 130 120 110 100 90

170

30

SE5°1
55T
vog'l
88T
vr8'l
6v8'1
98'1
6L8'TY
881
868°T
L6’
¥66° T+

LEFT
PerT
1LFe
TIsT
0£8°C
TeL€
SEL'E
TsLe
0LL'E
LIS
768°€
116°€
PI6E
56°€
696°€
986°€
SE€9
€569
LSE9
SLED
76£9
ﬁw%
€199
€8€°L
88€L
10
901" L
6ltL
£Tr'L
5L
95
8L
88CL
#99°L
899,
STLL
ovLL
L9LL

ot
£0'C
90°1

Fee'1

— 660
HM Froz

Foo't
F00'1

90T
mm:

L6°0
m/ﬁ:.m

0.0

1.0

2.0

9.0 8.0 7.0 6.0 5.0 4.0

10.0

5280



€08°ST—
066°0€—

wrreE—

6L0'89—

S98'8L—

9€9°¢€TI
[y
9L STT
L61°9CI
69ELTT

G689°LTT ¢
vma.hmﬁ&
FOI'8CI
0L0°CET
seLcel
969°¢El
[LOSET

10

20

160 150 140 130 120 110 100 90 8 70 60 50 40

170

v§'l
peS'
LS8’
181
vL8'l
LL8'T
L3881
7681
968'1
696°T
§$€7
T
vILE
8TL'E r
vrLE
LYL'EY
£9L°¢1
£98°¢
6L8°€
788°E|
$68°€|
668°€]
w06'E
016°€
vI6'E
L16¢]
676°€

608°¢
8T8
LY8¢

6979
oﬁé/
a:}%
£7L°9
6vL9
wL9
88L°9
161'L]
60T’ L
1LTL
SLTL
L8T'L]
1674
608 L]
95¢°L
8€°L
€L
ILE'L
9LEL
08€'L

— 00’
- ket

860

00T
101
o0
96°0
o
10T

-0.

1.0 0.5 0.0

.0 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15

S281



90L°SC—
006°0€—

LE0'6E—

656°L9—

EEL8L—

PEE 8L
I61°6TT 7
0ZL0ET
G9EIET
—mc.mm_\.

LYSLET

L61'9¢1
mcm.nNﬁW
X

70 60 50 40 30 20 10

100 90 80

130 120 110

150 140

160

80 170

905°1
Us1
LLS'T
L88°T
0681
P68
006'11
£06'11
$09°C
80977
Ty
$79°77
8T
8587
1L872
PL8'TA
18960
woLe
0L8°€
€L8°€
988'¢
898"
168°€
116°€
876'€
SP6'E
6v1°s
€SS
951°g
651°S
£EC°S
LES'S
9L
9LT Ly
08T'L
€871

T0€° LA
FOE" L
LOE L
81¢L
we'L

YTEL

ore L
L]
olt'L

€L

LIYL

9Tr'L

IevL

SEPL

Fort

Fore

860
860

Feor
Fsoz

2660
Foo'1

Wma.o
80'C
Joa.ﬁ

-0.

1.0 0.5 0.0

30 25 20 15

35

9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 4.0

5282



PLEST—
el IE—

LT9 1P —

618°L9—

TSS'LL—

BETHIT—
[LO'9TIT

m.ﬁ‘cmﬁ%
0EV LTT—
—@N.mmﬁ\
[St'8TT

680 ¥ —
8C9°CrT—

0

50 40 30 20 10

60

80 70

190 180 170 160 150 140 130 120 110 100 90

681
R
8881
7681
$06°1
806
999'
699'C
189°C
+89'C
0SL'T
€57
9917
69LC
0LEE
TLeed
pLeE
PrLE
09L'€
F9L €
006'€
T06°E
h_qmw
126°€

0607

901°F

6O1Y

STy

£85°9

L3591
68691
765791
001°2
€014
611°L1
L
60T'L
uTL
8TT LA
0€e L
Y9T'L
L9T'L
69T°L
87 L]
ssz L]
887°L
oL
L9e°L
£35°L
$8€°L

= ~T0'1
£1'C
v

= bert

80°1
[

M1

80°1
Wmog
V0T

-0.

1.5 1.0 05 0.0

3.0 25 20

95 90 85 8.0 7.5 70 65 6.0 55 50 45 40 35

5283



0895/
S
€17 LE~,
SHL TP,

026°L9—

909°8L—

960°0Z1
0LE €T
Eﬁmm_w
$61°9217
1€0°8TT /

SECEPI,
sk~
190 Lb1<

70 60 50 40 30 20 10

80

150 140 130 120 110 100 90

180 170 160

——

Mot
90°C
an

EL6O

70°T
v6'C
H/wo.m

Foo1

oot
Fsoc

=86'L

0.0

0.5

1.0

60 55 50 45 40 35 30 25 20 15

6.5

7.0

7.5

8.0

8.5

5284



§9°¢C—
Loe—

86°8¢
nw.wmw.

L6'8€
L1°SS—
88°L9—

08'8L—

8L ETT—

TRCIRY
80°LTI~
PEOET~
1icier’/

0L'8ST—

OMe

D H
w7
H

(S)
N

Cs

8-D

60 50 40 30 20 10

70

80

180 170 160 150 140 130 120 110 100 90

S285



609'T
L6¥'T
¥$9'T
LS9°T
L8L'T
£08'T
878°C
198°C
059°€
659°€
€L9°¢
789°¢
€PE9
8’9
810°L
120°L
STO' LAk
8€0°L
oL
08T°L
881°L
P6T'L
861°L
€0T'L
S0T'L
01T'L
€ITL
LITL
vTTL
0€T'L
PET'L
8ET'L
WL
SYTL
8ST'L
¥OT'L
€LTL
LLT LY
€87 LA
967" L
o1 LY
0z€ L]
1e€L]
€€
zse ]
09€°L
796°L
99€°L
08€°L
FREL

—

FeeTl
FO0'1

ja e
B0
Feoe

Foo'c
oot

Frot

Foo'1

#9061
LE6
orv

90 85 80 75 7.0 65 60 55 50 45 40

1.0 05 0.0

1.5

30 25 20

35

199° 1€~
LITEE"
SIL8E~
£68°65

010°8F—

T80°S9—

€788 —

lel'9CI
€LE79CT
650°LTI
6E6°LTIT
001°8TI
6TT'8TI
P81 8TI
£e6°0Cl
6L6°0ET
0SS Iel
L8ELET
SI9°LET
L¥9'8€T

70 60 50 40 30 20 10

110 100 90 80

140 130 120

80 170 160 150

5286



76511
L6§°T
86771
96€°Z]
S8
68121
895°C1
1L5°T]
09°E
50971
PELT
£0L'7
6LLT
18
99°¢
£79°¢
959°¢
659°¢1
#99°¢
L9976
¥6'€

LT6'E

ST6E

816°€

6E€°9
08791
615791
€169
L1691
LT69
£66'91
170° L
$50°LA
190°L
960" LA
011°L
or1'L]
€L
1S1°L]
1L
007 4
19241
9LT'L]
08T°L1
6671
09€°L1
£9¢ L4
99¢°L1
08¢
r8eL]

'l
01
0€'E
0r'e
20T
ﬂz:

LT'E

=r0'e
FE0'T

9.5 8.5 7.5 6.5 5.5 4.5 35 2.5 1.5 0.5 -0.5

10.5

ws.n
E:NW
TLO'TT

€657 1€~
680°€E—
0£T'8E~
98€°657

$96°Ly—
SLOEO—

YLL'T8—

691°9C1
966'9C1
L60'8TI
0t 8CI

amh.mmﬁk
G88'8TIT

T08°0E1-f
v LT ﬁ
(U2

[9T¥ET
91ssel
06L°SET
[

10

20

70 60 50 40

80

160 150 140 130 120 110 100 90

170

S287



el
F00'T

86'1
Wﬂ:
wcc.m

€01

Feoc
o1

F101
=001

619
0T'e
m\.ma.m
PO'T

30 25 20 15 1.0 05 00

3.5

95 90 85 80 75 70 65 60 55 50 45 4.0

£67° 16
8P0°EE—
LLSLE
66367
T68°Lh—

[LO'F9—

€L9°T8—

L8 PIT

SLOFIL

I80°CIT

S8ICIL

[91°9¢I

oi,nmﬁw
£09°LCT
[0S$'8Z1
89 1€l
PET'TET
cleeel
8L Ll
SI8°CEl
o0 vEl
s0vel
Py LEl
12091
[0€°091
LERTOI
CE6'91

10 0 -1

30 20

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 060 50 40

S288



L9S 911~
69t 911~

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

-40 -50 -60 -70 -80 -90

-30

-20

1651
€T
LLP'T
€8F'T
S6k'T
00S°C
L95°T
009°C
09T
91L'T
LiL'T
0087
PE8'T
865°€
809°€1
668°¢
06'¢ |
026'¢
TZ€9
S8P9
$T5°9
€69
6£6'9
0569
569
9IT'L
1ZrL
ErL
LET'L
00C L
€IT°L
81CT'L
122°L]
67T L1
YETL
WL
YLD L)
68T L~
€6T°L
L6T'L
208°L
L0E L]
e
€1€°L
SI€°L
€9€°L
99¢°L
69¢'L
€8€°L

L8Y'L

cl

—~Cl

FOET
Bco't

m\scc.m
W.vo.ﬁ

L0'T
mzoo.ﬁ

FroT
FE0'T

-0.5

1.0 0.5 0.0

30 25 20 15

35

0.0 95 90 85 8.0 75 70 65 6.0 55 50 45 40

5289



LY TE~,
£P0EE—
OTI'8E~
S91°6¢7

0T6'Ly—
LE6TO—

609°¢8—

8¢1°9¢I
891°LCI
Svb LTl
98¢"8¢I

m:v,wNﬁW
C0€"8CI

EPLIEL ¢
c60°CEl
Ireet ﬁ
sereel
0egSel
6E8'9¢1
68¢°LET

10

20

70 60 50 40

80

150 140 130 120 110 100 90

170 160

SI9°1
8F9'1
008°1
081
6181
+I8'1
LOST
LTST
9¢5°T
9rsC
€CC'T
169°C
STL'T
0r8°¢C
ve6'C
LS6'T~
819°¢
LT9E
0r9°€
69 ¢4
£69°t
1oL'€
9ILE
0F6'€
[96°¢
6679
1269
8EE9
$6€°9
9059
9r<'9
el
ISIL
FoI'L
TITL
LTTL
0€TL
£ETL
$8T'L
POEL
LIEL
el
LEEL
SLE'L
T6E 'L
BOE'L
805°L
8T5'L
665°L
619°L

FOI'L
10T

w0
ws._
6T
et

€6'0
L0°T
Rrot

10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 4.0

1.0 05 0.0

35 30 25 20 15

5290



SPETE
160°€€~
SEL'SE
8TL65

S80°8F—
96879 —
7998 —

610°SEL
LSOSTT
F60°ST1
[€1°STI
191°STI
661°STT

S.N.mﬁ\_
€LT°STI

607 9z1
oz Lot

96’1t
98¢7LE
ere vl
LET IV
c6sTrl
019°¢rl

CF,

—CF:

20 10

70 60 50 40 30

110 100 90 80

120

150 140 130

170 160

180

190

[Aaate
hw.mw-v

CF.

~—CF;

-70 -90 -110 -130 -150 -170 -190 -210

-50

-10

10

S291



LSE'T
19€°C
L9€°T]
6LET]
6E°C]
€LY
009°C1
1£9°C
¥S9°Z]
889°C1
6€5°€]
678°€]
LSS'€]
195°¢
§96°¢1
Pr9°€]
169°€
018°€7
1579
$8€°91
vTr o]

T Tr—

rr—

8L9°9]
€899
£69°91
00L°91
v9L'9

69L°91
18L°91
98L°91
$£8°91
0v8°91
168°91
L§8°01
910°L

0L
€€0° LA
SE0°LA
8L0° LA
960°L-]
001"
8c1°L]
1914
€L1 L]
LLT L]
961°L1
9T L
L97 L]
1.7

——

S——

mwm.i
68C°L

30 25 20

15 9.0 85 80 75 70 65 6.0 55 50 45 40

1.0 05 0.0

1.5

3.5

LY TEN
yelee—
vrL LE~
296°8¢”
980°8b~
ness

mm.mw
9LT'SS

€60°€9—

918°C8—

PrSElLl
LSOELL

10T°9¢I
wmc..\.g%
eCI'8CI-¢
[08°8CI
08e6cl
919°0¢I
08t 1€1
[E81€T
98 IE1
CCOLET
LO18ST
SET'8ST

60 50 40 30 20 10

70

80

190 180 170 160 150 140 130 120 110 100 90

5292



02970y
POL'TH
68L7C
L6L'TA
T8
699°¢1
TLY
LLY
189°¢
£89°¢
£69°¢
669"€1
0L €7
[8L7¢€
05797
[L¥"97
8LS 97
85791
$86°91
68591

02991
6£9°91
0vL 9
L9
oL
vLL 9
8LL 9
€6L°91
66191
£08°91
£18°91
61891
72891
LTI LA
o1 LA
8t1°LA
PO LA
991°L
81
0Tz L]
orT L]
€T L
65TL ]
9T L]
1874
STELT
Lte L]
1€ L
$9¢°L ]

69¢7°L”

MeQ

" “oMe

Fg0'1
E86°0

P86l
00T
Rooe

SEGT
=187
A6

1.0 05 0.0

1.5

30 25 20

95 90 85 80 75 7.0 65 60 55 50 45 4.0 35

L66TE,
I81°€€-
0LL'SE~
1zrov
TE0°8h—
L91°sS

STT'SE

9IIeo—

08—

80€°ILI
98111
LSLOTL
08L°LIT
LY ETI
[LYETT
0Tt
omo.nmﬁ”
[T0'8TTAE
TTe8TIT
mm:,aﬂ%
ELT'6TT
POSTIET
£CoLEl
SLO'8EL
8eTorl
8T S
¥Te oSl

MeO

50 40 30 20 10

70 60

80

150 140 130 120 110 100 90

190 180 170 160

5293



P11y
L19°TH
19974
8997
1L9°7
§69°Z1
Li6T
13671
$86°C1
810°¢
905°€ 1
32
9tL €
L6L €
79¢°91
11591
86191
10891
60891
71891
81891
17891
87891
1€8°91
1L8'91
9,891
96891
66891
91691
026'91
1€6°91
E6'9]
oS
oI °L]
691" L]
#81°LA
8814
61" LA
LOT L]
e
0£T L]
€T LA
0sT'L]
g9z}
697 L]
887 L1
0s¢ L]
£5¢°LT
0LE" L]

FLELS

MeQ

kY
s}

10h

FPET
5660

66'0
WNS
~61'1
hzet

660
€l
96'C
L6'T
I

960
Woﬁ:
60'C

€6'C
co's
Ale'l

1.0 0.5 0.0

1.5

35 3.0 25 20

95 90 85 80 75 7.0 65 60 55 50 45 40

L6T1E
mm_.mmw
698°CE
Eq.mm\

886°8F—
PLO'CSE—

§05°69—

898°C8—

LTTOTT~
£ES0OITY
098611

180°0ZT

8LO°OTT

6179717
$6L°9T1
SI§LTI
£FS LTI
565°LTI
00%"8TT
1€7°6T1
L8S°0ET
£00°€E1
9LT"EET
0T6°LET

LET'8CIT
SLE'SST

MeO—

oy

0 -l

70 60 50 40 30 20 10

170 160 150 140 130 120 110 100 90 80

180

5294



16T,
6L1°T
817
L61°TH
102729
L1T T
07T
YT T
SETH
8ETTH
£V TH
9T T
66£°T
FOr'C
LOY" T
Atard
91¥'T

12re]
mui
8THT

L997E~

6L9°¢
889°¢
00L €
PLL €
88L°¢]
906'¢
£76°¢

68076

S01°¢
601°¢
€1T°5
LIS
RS
PErsd
s
8r1S
zs16
898°c 1
0L8'S]
17E°91
919
10594
L0z
seo i
z0€° L]
12E°L]
1LE°L]
68¢°L1

— ——

£6LL”

Mi

10i

oo
Ngpr
b 66€
00T

66°0
101
Aot

oo+

861

860
001

S960
881
szc.w

0.0

1.0 05

1.5

2.0

30 25

35

50 45 40

75 7.0 65 60 55

8.0

9.0 85

PO PE~
SLY'SE,
«.wf.%
£06°0F

899°9p

0SP'$9—

I81°S8—

9IL'LIT
6r6'LLI
8€0°9CI
680°9C1
o#m.cmﬁ\
896°LTI
LOF'8TI
CLETET
OIS vel
S60°5ET
T8ELET

10

20

160 150 140 130 120 110 100 90 8 70 60 50 40

170

S295



681,
676'T1
096°Z1
018°¢
€8¢
88111
96111
79911
699'11
989°t 1
£69'71
6¥T91
£9°91
SLT'91
9LO" L
6L0°LT
£80°L1
160°L1
960" L1
001°L1
SS1L
691°L1
EL1 L
LLU LA
VR
¥SI°LT
L81°LA
161°L1
961°L1
861°L1
£0T LA
907 L1
01T L1
91T L1
07T LA
YT Ly
67T LA
£€T LA
6T LA
19T L+
997" L
0LT LY
LT L
L8T LA
767 L1
s6°]

66" LA
LOELA
I L]
LIEL”

R
10'1
€0l

k660

Feot

F660

Foo'r

FOo8'1

96T
Leoe
688

-0.

1.0 05 0.0

1.5

3.0 25 20

90 85 80 75 70 65 60 55 50 45 4.0 35

PITLE~
vTee—

SrI'86—

9r6'$9—

PLOPE—

[aa Tl

mhmdm:
SLY9TI
¥86°9C1
8L LTI
[98°LTTN
8S0°8C1]
980°8CI
8TCRC
96T 8T
8917 8CI1
£CC'8TI
68L'8CI
BECTIET
[69°LET
[L6'PPT
GO LY

10

20

70 60 50 40

80

100 90

180 170 160 150 140 130 120 110

5296



69601
TLO T
€414
LT
0L 11
8SL'T1
19L° 1
6LLT
00811
£0£°T
S0€°TH
80€°Z+
91¢°T
07€" T
PTETH
8T€'T
PEETT
LEE T
177
spezd
ort¢
657¢
Eﬁ&
8LY'E
86L°¢
608°¢]
0z8's]
1e8¢]
998°¢ 1
L88¢
£06°¢
weo
gm,o%f
11£°9-%
8760
9¥r'9
6vr'9
€519
6879
SLI'L
961°L
$STL]
oLz L]
ez
T6T L
OF€ L]
ere L]
OFE L]
09¢°L1
#9¢°L]

—

SOT°€
E0'E

Fae

FE0'T

FT0'1
FO'T
€0l

F0T
=001

m.S.M
=t
M,rS.N

1.0 0.5 0.0 -05

1.5

95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

99 1T—
e1ssc—

606°EE—
LISOF
vg.;W

607 $9—

019°98—

TLo'9CI /
F06'9T1~
€90°8CI
96€°8T1
60E 1€l
mvo,.\.mﬂ \.

10

20

70 60 50 40

80

80 170 160 150 140 130 120 110 100 90

S297



0580y
69801
£L8°04
£88°07
168°01
016°07
LLET ;
56€°T

8171
6Tt L
9Ep 1
Lt
15t 1
Se At
v 1
e
voL 1]
L ¢
95L'1

2067
e
0TE°T
e
8TET
6£€°T]
£reTd
P
109°€
197}
029°€1
£69°¢1
stLed
ThL e
9rL €]
998°¢
188°¢
LEED

)

)

191°L4
8LIL]
6£T°L]
erT L]
ssz ]
65T°L]
8LTL]
LEE"L]
05€°L]
S5 L
65€°L]

Feeo

Fso¥

Fogz

=E6'1

5660
10T
R0

w001
00T

S86°0
=T0'e
H/Q.m

-0.5

1.0 05 0.0

30 25 20 15

3.5

95 90 85 80 75 7.0 65 6.0 55 50 45 40

8¥6'8
w6

€S-
897°87—
€L9PEN
Lo1°9E~

S01°Lb—

$86°CO—

6EL'C8—

oo_.omﬁ
mww,omﬁw
SOv'8cCl
m_m,mmﬁ\.
081 1€

mmh,.\.mﬁ\.

"

10

20

70 60 50 40

80

100 90

160 150 140 130 120 110

170

180

S298



75671
£9¢° 14
L9 T
0LS T
81914
12914
LE9 1
€691
9£9° 1
0F9 1
9191
759'1
S0
1L
TONE
801
0611
708 11
90811
1281
Teed
9ze T
6TE T
£ee T
£reT]
e
689°¢ |
€0L°€]
LoLs]
12L°¢]
L6L7E]
T8¢
LI8°
798¢
$98°¢]
198°¢}
€79/
8TP 91
1£7°9)
1L
081°L]
orT L]
95z ]
097°L]
8Lz L]
0£¢ L]
€6 L]
LEE L
05 L1

FeeL”

10m

=

m.m_m.o
C6'1
or's
w:m.m

Foo'c

860
00T

Waa.o
00'1

860
mxg.m
00T

1.0 05 0.0

1.5

95 90 85 80 75 70 65 60 3535 50 45 4.0 35 3.0 25 20

9L6ET,
798°+T7
0LITE
6TTSE
805795
€18°65

LE9TE—

LE0'99—

816'¥8—

£60°9C1
LO6'9TI~

70 60 50 40 30 20 10

80

110 100 90

120

80 170 160 150 140 130

5299



SEETy
/Y€ T1
LSET
99¢° 11
12911
#7911
879'11
7691
8€9'1
1+9° 1
9" 14
99 [+
€597 [
9591
099°1
£99°1
£0€°T
LOST
81€'T
1e6e
X
8€€°T
omwiﬂ
SEp e
8Ev €
€5t ¢
95L ¢
1LL¢]
8LL€]
$88°¢
068°€
906'¢
0679
67€°9
SEr9
8E7°9
W'
8Ly 97
UL
9:}
I¥TL
SFT'L
LSTL
1974
6LTL
SEE°L
8L
weL
95¢°L
6S€°L

K660
10'1
101

oot
00T

101
m\ca.m
Loc

30 25 20 15 1.0 05 0.0 -05

3.5

90 85 80 75 70 65 60 55 50 45 40

L§6'TT
mg.m%
£95°9T~
6LT O~
£88°E€~
Terse
YOL'SE
€18 ph—

6£9°¢9—
ELTLB—
001°9CTT~

gw.cmﬁ%
1514

997 1€1
1L st

70 60 50 40 30 20 10

80

110 100 90

150 140 130 120

180 170 160

S300



§60° 1
YOT'T1
1Y 11
€67 T
b1
at
LT
16L°T
$08' 11
12814
60T
[AtaA
LTrT
605°Z
€157
975"
0£5°T

09t°€
;3%
s el

957
€Iy

6Tl'Y

SEl'Y

ISy

£07°9
5TT91
€794
1979
LTP'9q
:.TL
FEF 9-L
LOF'9
0LY'9
PLF'O
681°L
FOT'L
LOT L]
1z L
L]
99741
8LT L
8T L
00¢"L 1
8€¢° L
17 L
Pre LA
£6€°L1
86" L1
T9¢L?

L.

009
901
S10T

001
W'l
001
ot

F66'0

Foo'1
Foo't

L.ca.o

86'1

1.0 0.0 -1.0

2.0

4.0

10.0 9.0 8.0 7.0 6.0 5.0

11.0

209°9C~,
€169/

Eo.am‘
owh._mm.N
Iy or—

0€6°8L~
L6108~

€L0°9T1
NmEEW
NS.RQ
8TF8TI
1S6TIET
SEE\

70 60 50 40 20 10

130 120 110 100 90 80

150 140

160

170

S301



179°14
ACRE
75914
€L9°T1
€681
88T
798° 11
0881
1L6' 1
SLGTH
786'14
L86°1-
66" 1]
866°1
00°Z
9007
610°Z
YT T
9507
woed
L8071
£€01°¢
8017
LLY'T

sice]
oeL ¢4
98L°¢ ]
L08°¢
£66°€
800"+
P10+
670°F-
£61°9~.
zeT”,
9149

6119

£THo

6519

981"
Y0T L]
097
97 L1
LT
0374
867 L1
9¢¢ L
8¢ L]
e L
95¢" L
09¢°L”

7860
101
heot

20T

1.0 05 0.0

1.5

35 30 25 20

95 90 85 80 75 70 65 60 55 50 45 40

SEP o1 —

SISTTE~
ozige”
€57 65~
78 b,
S81°9p—

LOV'8L~,
€LO6LT

8L0°9CT
869°9TT~+
mmo.nmﬁ%
86¥°8TI
LLOTTET
99¢°LET

0

10

30 20

70 60 50 40

80

190 180 170 160 150 140 130 120 110 100 90

S302



£ET 1y
79T
LY 11
9591
799°11
L99°T
9L9'1
ST8T
€781
68T
€181
F06' T~ -
906'1
81614
12671
9¢6°T
65611
55611
66¢7]
Sv.&
m:mﬁ
0Tr'e I
9¢8'¢

s8e

998'¢

898°¢

£88°¢

0£7°9

8YT°9

1579

6979

8879

86£°9

1079

Sor'9 —)
8EV9 -
2]
S6I°L
60T L
€T L] =
917 LY
1LTL]
L8TL
167L]
60¢ L4
6VE LT
TSEL
95€°L1
69¢°L1
gLeLd

FL0E

FIET
Froe

961

Feet

Feso
Foo't

P60
W;._”
mfg.ﬁ

1.0 05 0.0

1.5

30 25 20

3.5

90 85 8.0 75 70 65 60 55 50 45 4.0

Ly1'9C
02¢°9C

08C°9¢—

or8rh—

99%°L9—

98€°C8—

£L0°9T1
%ES/
255\
I87°8TI
6ISTEl
FLOLET

0

10

30 20

70 60 50 40

80

180 170 160 150 140 130 120 110 100 90

S303



$8T'1
9T€ T
PEETH
8€€'T

PPE T
08€°T
LSE'TH
TLETH
T6h' 1Y
0S4
8161
9751/
6751
9¢6°T

05511
oLs' 1
ST
6LS 1
€911
¥$9° 1
$99°11
¥L9° 11
6L9°1

¥89°1

L6911
voL'1]
0.1
6111
0€L'T
6861
08T
L0S'T
wo'T
099°C
820'%
£h0°t]
8v0'y

£90°+]
1.5
WLs
06791
61591
012 L]
L1T LT
97T L]
162 L]
0L

zie L
o0ze'L]

——

S

omm.t

Z3b

STy
€6
6€'Y

Rgo1

ySol

Tro'T

koot

Feo1

Foo'1

+96°0
ALee

8¥8°€C
L3IYT
YiL sC—
P66°0€~
RATIAN
I8L°6E~
M ms.hm\
06¢°8¢

108°¢8—

S86°66—

n

LEGOTI
Noﬁ.wmﬁ/
< Mmh.wmﬂw
CT6L'8Cl
90€°0¢T
16S°LET—

Z-3b

150 140 130 120 110 100 90 & 70 60 50 40 30 20 10

160

S304



991°1
881
€61
8601
2081
90514
€151
02811
97s°1
€51
PESTY
ST
LS T
951/
6LS T4
86511
1091
L1911
s
0891}
6391
¥69°1
6691
oL
90L'1
60L1
€1L1
1Lt
6TL1
€eLl
LEL'T
WL
8Ll
0081
I8l
T8l
9€8°1
$98°1
§TST
vrsT
95T
oLLE
€089/
808°9
818°9
2891
280°L]
£80°L]
w%g
€01°L

_—

Me
Ww

OMe

"

F 2077

F 00

€671
F 86'1

1.5 1.0 05 0.0 -05

3.0 25 20

0O 85 80 75 7.0 65 60 55 50 45 40 35

S68°¢C
I16°¢C

866°9C
mow.nN/
Peese
aom,cm/
omv.an
065°6¢

omw.om\
90°Ty

CSTSs—

9867C8—

€0 16—
L99°ETT—
0§T6CI—

06L Vel —

SY9'LST—

Me

OMe

1"

|

-10

30 20 10 O

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

S305



1€,
1€
€14
€611
vST1
¥$T1
ST
$S'TH
96°T1
SLTY
SL'IY
9L'T+
9L T}
81
€814
€81
€81
8T
81
$8'T
8T

ow,L
98'T
LT
L8°11
LS'T]

——

8L€
009~
v197
$T'9
§T9
979
¥8'9
89
98°9
9891
60°L]
60'L]
L
1L
L€
8L
8L
6€°L1
€511
€5
€514
vS'LA

S

ysL)

OMe

12

J0°E
706°€
0°¢
10°¢

=90°¢

#00°[
kmm.o

10°1
Mmm.o

»00°C
+=C0°C
=00°[
96°0

0.5 -0.5

1.5

6.5 55 4.5 35 25

7.5

10.5 95 8.5

11.5

$8L7ET—
1L6'LT—
695°9¢
£87°8€~\"
£68'8¢7
LIV"6E

CLT'SS—

0LE99—

LOS 18—

166'16—

8E€TSOI—

906°€TT—

SPTSTIA
S06'LTI~
%ZWNQ
LIS'TEL

SOT'6E1—
691 117

01681~

C=

L7
S5

/

o

OMe

12

0 -1«

10

60 50 40 30 20

70

80

90 180 170 160 150 140 130 120 110 100 90

S306



B-(#)

hie

J

h‘LJ I*A_.IH{J-:I
|
190
O O
11 ..

cosy

E-{I)

H-(1)

0.5

LiK]

ig

a0

EE

6.0

BE

-]

LE

LE

4.5 3.5 25 .0
2 (ppd

ED

S307



iy ()

HE 4
Fad

res
.0
[
T4
T8

A

|

Cosy

Pply

L |

H]

€LTT,
12514
8761
165
965"
Seat
909'T1
€291
929'11
LT
6TL
€EL T
LEL'TH
LN
8PL 1]
PSL T
8sL°1]
89L°1]
6v8°1
581
658°T1
798" 11
988°1
16811
906' T
ZI6°T
12614
9z6'14
6’11
166'1
197
LT
8€°T
98€°C
68€°C
102
e
209
$90°9
$87°9
TE9
19L°9
99L°9
LLLY
8L°9
€TrL
62I°L
orT'L
SPIL

STL

Me

o™

OH

13

M\ﬁm.m

1494
Mmﬁ.m
ves
Hfl.m

00T
6670
»S0°T
S6'T
001

23

11 10

12

15 14

16

S308



wy [ o NS TS B

[\] — = > = (o)) ) S naAani>-oOo
< N R S~ Etowovadd
e} oAl ANl — o~ o N AN O > on
— — e — — [o)} o0 T nenoenoen NN
\ N/ I I e e

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
9. References

Zhong, M., Jiang, Y., Chen, Y., Yan, Q., Liu, J. & Di, D. Tetrahedron: Asymmetry 26, 1145-1149 (2015).
Nishiyama, T., Woodhall, J. F., Lawson, E. N. & Kitching, W., J. Org. Chem. 54,2183-2189 (1989).

Miao, L., Haque, 1., Manzoni, M. R., Tham, W. S. & Chemler, S. R. Org. Lett. 12,4739 (2010).

McCourt, R. O., Dénes, F., Sanchez-Sanz, G. & Scanlan, E. M. Org. Lett. 20,2948 (2018).

Bhunya, R. Jana, N., Das, T. & Nanda, S. Synlett 8, 1237 (2009).

Escudero, J., Bellosta, V. & Cossy J. Angew. Chem. Int. Ed. 57, 574 (2018).

Dong, Y. & Breit, B. Org. Lett. 23, 6765 (2021).

Zhang, D. P., Fan, Y. J., Chen, H., Trpout, S. & Li, M.H. Angew.Chem. Int. Ed. 58,10260 —10265 (2019).
Tao, Y. Q., He, F. K., Jin, K. K., Wang, J. J., Wang, Y. Q., Zhou, J. F., Sun, J. & Fang, Q. Polym. Chem., 8,
20102015 (2017).

Gaussian 09, Revision E.O1, Frisch, M. J., Trucks, G. W., Schlegel, H. B., Scuseria, G. E., Robb, M. A.,
Cheeseman, J. R., Scalmani, G., Barone, V., Mennucci, B., Petersson, G. A., Na-katsuji, H., Caricato, M.,
Li, X., Hratchian, H. P., Izmaylov, A. F., Bloino, J., Zheng, G., Son-nenberg, J. L., Hada, M., Ehara, M.,
Toyota, K., Fukuda, R., Hasegawa, J., Ishida, M., Nakajima, T., Honda, Y., Kitao, Nakai, O.H., Vreven, T.,
Montgomery, J. A., Peralta, Jr., J. E., Ogliaro, F., Bearpark, M., Heyd, J. J., Brothers, E., Kudin, K. N,
Staroverov, V. N., Keith, T., Kobayashi, R., Normand, J., Raghavachari, K., Rendell, A., Burant, J. C.,
Iyengar, S. S., Tomasi, J., Cossi, M., Rega, N., Millam, J. M., Klene, M., Knox, J. E., Cross, J. B.,
Bakken, V., Adamo, C., Jaramillo, J., Gomperts, R., Stratmann, R. E., Yazyev, O., Austin, A. J., Cammi, R,
Pomelli, C., Ochterski, J. W., Martin, R. L., Morokuma, K., Zakrzewski, V. G., Voth, G. A., Salvador, P.,

A S A A R

_
e

S309



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.
26.
27.
28.
29.

Dannenberg, J. J., Dapprich, S., Daniels, A. D., Farkas, O., Foresman, J. B., Ortiz, J. V., Cioslowski, J. &
Fox, D. J., Gaussian, Inc., Wallingford CT, 2013.

Adamo, C. & Barone, V. Toward reliable density functional methods without adjustable parameters: The
PBEO model. J. Chem. Phys. 110, 6158 (1999).

Grimme, S., Antony, J., Ehrlich, S. & Krieg, H. A Consistent and Accurate Ab Initio Parametrization of
Density Functional Dispersion Correction (DFT-D) for the 94 Elements H-Pu. J. Chem. Phys. 132, 154104
(2010).

Grimme, S., Ehrlich, S. & Goerigk, L. Effect of the Damping Function in Dispersion Corrected Density
Functional Theory. J. Comput. Chem. 32, 1456-1465 (2011).

Dunning Jr., T. H. & Hay, P. J. in Modern Theoretical Chemistry, Ed. H. F. Schaefer 111, Vol. 3 (Plenum, New
York), 1977, 1-28.

Hariharan, P. C. & Pople, J. A. Accuracy of AH Nequilibrium Geometries by Single Determinant Molecular
Orbital Theory. Molecular Physics. 27, 209-214 (1974).

Petersson, G. A., Bennett, A., Tensfeldt, T. G., Laham, Al, M. A., Shirley, W. A. & Mantzaris, J. A Complete
Basis Set Model Chemistry. I. the Total Energies of Closed-Shell Atoms and Hydrides of the First-Row
Elements. J. Chem. Phys. 89, 2193-2218 (1988).

Gonzalez, C., Schlegel HBAn improved algorithm for reaction-path following. J. Chem. Phys. 90,
2154-2161 (1989).

Gonzalez, C., Schlegel HB Reaction-path following in massweighted internal coordinates. J. Org. Chem. 94,
5523-5527 (1990).

Weigend, F. & Ahlrichs, R. Balanced basis sets of split valence, triple zeta valence and quad-ruple zeta
valence quality for H to Rn: Design and assessment of accuracy. Phys. Chem. Chem. Phys. 7, 3297 (2005).
Marenich, A. V., Christopher C. J. & Truhlar, D. G. Universal Solvation Model Based on Solute Electron
Density and on a Continuum Model of the Solvent Defined by the Bulk Dielectric Constant and Atomic
Surface Tensions. J. Phys. Chem. B 113, 6378—6396 (2009).

Humphrey, W., Dalke, A. & Schulten, K., "VMD — Visual Molecular Dynamics', J. Molec. Graphics. 14.1,
33-38 (1996).

CYLview, 1.0b; Legault, C. Y., Université de Sherbrooke, 2009 (http://www.cylview.org)

Stefan G., Exploration of Chemical Compound, Conformer, and Reaction Space with Meta-Dynamics
Simulations Based on Tight-Binding Quantum Chemical Calculations. J. Chem. Theory Comput. 185,
2847-2862 (2019).

Tian Lu, Molclus program, Version 1.9, http://www.keinsci.com/research/molclus.html (accessed
3-24-2022).

Becke, A. D. J. Chem. Phys. 98, 5648-5652 (1993).

Stephens, P. J., Devlin, F. J., Chabalowski, C. F. & Frisch, M. J. J. Phys. Chem. 98, 11623-11627 (1994).
Lee, C., Yang, W. & Parr, R. G. Phys. Rev. B 37, 785-789 (1988).

Lu, T. & Chen, F. J. Comput. Chem. 33, 580 (2012).

Mackenzie W. K., Christopher R. T., Ga Young Lee, Hannah J. E., K. N. Houk, and Marcey L. Waters. More
Than n—n—mn Stacking: Contribution of Amide—n and CH—= Interactions to Crotonyllysine Binding by the
AF9 YEATS Domain. J. Am. Chem. Soc. 142, 40, 17048—17056 (2020).

S310



	1. General Information
	2. General Procedure for the Synthesis of Xu-Phos
	3. General procedure for preparation of substrates
	4. General Procedure and HPLC spectra
	5. X-ray structure of Xu6 and 13.
	6. Procedure of vibrational circular dichroism (VCD) experiment
	7. Computational details
	9. 1H, 13C, 31P, 19F NMR spectra
	9. References

