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General Information

All reactions were carried out under a nitrogen atmosphere. Solvents were purified
by standard procedure before use. Commercial reagents were used without further
purification. Flash chromatography was performed on silica gel 60 (40-63um, 60A).
Thin layer chromatography (TLC) was performed on glass plates coated with silica gel
60 with F254 indicator. Proton nuclear magnetic resonance ('H NMR) spectra were
recorded on a Bruker 400 MHz spectrometer. Chemical shifts for protons are reported
in parts per million downfield from tetramethylsilane and are referenced to residual
proton in the deuterated NMR solvent (CDCl; = 6 7.26 or DMSO = ¢ 2.50). Carbon
nuclear magnetic resonance ('*C NMR) spectra were recorded on a Bruker 100 MHz
spectrometer. Chemical shifts for carbon are reported in parts per million downfield
from tetramethylsilane and are referenced to the carbon resonances of the solvent
(CDCl; = 0 77.02). Data are represented as follows: chemical shift, multiplicity (br =
broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants
in Hertz (Hz), integration. Only the most important and relevant frequencies are
reported. Enantiomeric ratios were determined by chiral HPLC with n-hexane and i-

PrOH as solvents.



Preparation of P,N,3 Ligands

“ PPh,
@CO + 5 7 MgSOs  6a
PPh, _-OMe Toluene
4 B reflux, 12 h

% C @mg
L2 cage

S)-L2a: R= Me (S,S)-L2c: R= Me
( S) L2b: R= Ph (S,S)-L2d: R= Ph

To an oven-dried reaction flask equipped with a magnetic stir bar was charged
with 2-(Diphenylphosphino)benzaldehyde 4 (1.45 g, 5.0 mmol), (S)-phenylethylamine
derivatives 5 (5.0 mol), anhydrous MgSO, (1.0 g) and anhydrous toluene (10 mL) under
nitrogen atmosphere. The mixture was heated and refluxed for 12 h. After cooling to
room temperature, MgSO,4 was filtered out. The solvent was removed under reduced
pressure to give the Schiff base product 6, which was dissolved in anhydrous THF (20
mL). Grignard reagent was added dropwise to the solution at 0 °C. The mixture was
stirred for 5 hours. The unreacted Grignard reagent was quenched by the saturated NaCl
aqueous solution. The aqueous phase was extracted with Et,0 and the combined
organic layers were dried over MgSO,. The solvent was removed under reduced
pressure and the residue was purified by flash chromatography to give the desired

ligands L2a-d.

(5)-6a was obtained in 90% yield as viscous liquid after purification with column

chromatography on silica gel (hexane/ethyl

acetate/triethylamine, 100/10/5): '"H NMR (400 MHz, CDCls)
PPh

0 8.93 (d, J = 4.8 Hz, 1H), 8.05-7.95 (m, 1H), 7.38-7.18 (m,




17H), 6.93-6.77 (m, 1H), 4.40 (q, J = 6.6 Hz, 1H), 1.34 (d, J= 6.7 Hz, 3H). *C NMR
(100 MHz, CDCl3) 6 158.2 (d, J = 20.3 Hz), 141.8, 139.7, 139.5, 137.6, 137.4, 136.8,
136.7, 136.6, 136.5, 134.3, 134.2, 134.1, 134.0, 133.2, 130.2, 128.9, 128.8, 128.7,
128.5, 128.5, 128.4, 128.2, 128.1, 126.7, 69.8, 24.5. 3'P NMR (162 MHz, CDCl;): 6 -
13.08. HRMS [M+H]" calcd. for C,7HsNP*: 394.1719, found: 394.1724.

(S)-6b was obtained in 85% yield as viscous liquid after purification with column

_OMe | chromatography on silica gel (hexane/ethyl

(:?N/T\Q acetate/triethylamine, 100/50/3): 'TH NMR (400 MHz, CDCl;)
PPh, 6 8.84 (d, J = 4.5 Hz, 1H), 8.00-7.89 (m, 1H), 7.34-7.12 (m,

6b 17H), 6.85-6.72 (m, 1H), 4.38 (dd, J = 7.8, 4.7 Hz, 1H), 3.46

(dd, J=9.7, 4.6 Hz, 1H), 3.37 (t,J= 9.0 Hz, 1H), 3.08 (s, 3H). '*C NMR (100 MHz,
DMSO-d6) 8 159.9 (d, J=15.9 Hz), 141.2, 139.3, 139.2, 137.6, 137.4, 137.3, 137.2,
134.2, 134.0, 133.9, 133.7, 133.6, 130.9, 129.4, 129.3, 129.2, 129.1, 128.6, 127.8,
127.5, 77.0, 740, 58.4. 3'P NMR (162 MHz, CDCIl;): 6 -12.73. HRMS [M+H]" caled.
for C,3H,7NOP*: 424.1825, found: 424.1824.

(R,S)-L2a was obtained in 75% yield as viscous liquid after purification with column
chromatography on silica gel (hexane/ethyl acetate, 10/1): 'H
©\)P\P§/k© NMR (400 MHz, CDCl3) & 7.62 (dd, J = 7.6, 4.4 Hz, 1H), 7.36

2

L2a

(t,J=7.5 Hz, 1H), 7.32- 7.28 (m, 3H), 7.27-7.21 (m, 4H), 7.21-

7.12 (m, 7H), 7.11-7.08 (m, 2H), 6.94 (dd, J = 7.6, 4.2 Hz, 1H), 4.53 (p, J = 6.7 Hz,
1H), 3.48 (q, J = 6.6 Hz, 1H), 1.16 (d, J = 6.7 Hz, 3H), 1.12 (d, J = 6.6 Hz, 3H). 1°C
NMR (100 MHz, CDCl;) ¢ 151.3, 151.1, 146.2, 137.7, 137.6, 137.4, 137.3, 135.0,
134.9, 134.5, 134.0, 133.9, 133.8, 133.7, 129.6, 128.6, 128.5, 128.4, 126.9, 126.7,
126.6, 126.5, 126.4, 55.8, 53.25 (d, J = 24.4 Hz), 24.8 (d, J= 1.8 Hz), 24.7. 3'P NMR
(162 MHz, CDCl3): 0 -19.19. HRMS [M+H]" calcd. for CosH,oNP*: 410.2032, found:
410.2034.

(R,S)-L2b was obtained in 70% yield as viscous liquid after purification with column

chromatography on silica gel (hexane/ethyl acetate, 10/1): 'H

Ph
©fL uj\© NMR (400 MHz, CDCLy) 6 7.68 (dd, J = 7.7, 4.4 Hz, 1H), 7.37
PPh,

L2b




(t,J=17.5 Hz, 1H), 7.33-7.28 (m, 3H), 7.27-7.18 (m, 6H), 7.18-7.10 (m, 8H), 7.10-7.02

(m, 3H), 7.026.93 (m, 3H), 5.70 (d, J = 7.3 Hz, 1H), 3.64 (q, J = 6.6 Hz, 1H), 1.22 (d,

J = 6.6 Hz, 3H). 3C NMR (100 MHz, CDCl;) ¢ 145.9, 143.6, 137.6, 137.0, 135.7,

135.1, 133.8, 133.7, 133.6, 133.5, 129.3, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0,

127.1, 126.7, 126.6, 126.5, 61.4 (d, J = 23.1 Hz), 55.5, 23.4. 3'P NMR (162 MHz,

CDCl): 6 -18.79. HRMS [M+H]" calcd. for C33H;NP*: 472.2189, found: 472.2187.

(S,5)-L2¢ was obtained in 68% yield as viscous liquid (converted into white solid at

low temperatureQMeter

purification with column chromatography on silica gel
/1): 'TH NMR (400 MHz, CDCl;) § 7.59-7.53 (m, 1H), 7.34-
m, 8H), 7.06-7.01 (m, 1H), 6.82-6.76 (m, 1H), 4.78-4.65 (m,

T H3-86-(0 e —6-640 Hz, 1H), 3.45-3.36 (m, 2H), 3.28 (s, 3H), 1.16 (d, /= 6.5 Hz,

3H). 3C NMR (100 MHz, CDCl) 6 151.0, 150.7, 141.6, 141.6, 137.6, 137.5, 137.2,

137.1, 134.6, 134.5, 134.3, 134.1, 133.9, 133.7, 133.5, 129.3, 128.7, 128.6, 128.5,

128.4, 128.1, 127.8, 127.

0, 126.8, 126.6, 126.5, 76.6, 60.2, 59.0, 52.7(d, J = 26.0 Hz),

23.53'P NMR (162 MHz, CDCly): 6 -17.48. HRMS [M+Na]* caled. for CyoH3NOP™:

440.2138, found:440.2135.

(§,9)-L2d was obtained

2
L2d

in 65% yield as white solid after purification with column
chromatography on silica gel (hexane/ethyl acetate, 10/1).
Mp:63-65 °C. 'H NMR (400 MHz, CDCl3) ¢ 7.54 (dd, J =
7.6, 4.4 Hz, 1H), 7.26-7.22 (m, 3H), 7.19-7.10 (m, 8H),

7.10-7.04 (m, 7H), 7.03-6.90 (m, 4H), 6.78 (dd, J= 7.5, 3.9

Hz, 1H), 5.63 (d,J= 7.6 Hz, 1H), 5.19 (s, 1H), 3.76 (t, J= 6.0 Hz, 1H), 3.36 (d, J= 6.1

Hz, 2H), 3.17 (s, 3H). 13C NMR (100 MHz, CDCl3) 6 149.2, 149.0, 143.0, 140.7, 137.7,

137.6, 137.3, 137.2, 135.1, 135.0, 134.4, 134.1, 133.9, 133.8, 133.6, 123.3, 133.8,

133.7, 133.5, 129.4, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.9, 127.2,

127.0, 126.6, 77.0, 60.6 (d, J = 24.4 Hz), 59.7, 58.9. 3'P NMR (162 MHz, CDCl;): ¢ -

17.33. HRMS [M+H]" calcd. for C34H33NOP*: 502.2294, found: 502.2277.



General Procedure for Pd-Catalyzed Asymmetric Allylic Alkylation

OAc O O
A G P, e grccoatter
ATONT A © © KOAc,BSA  Ar7 N ar
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A solution of ligand (S,5)-L2¢ (2 mol%) and [Pd(C;H5)Cl], (5 mol%) were
dissolved in toluene (1.0 mL) in a Schlenk tube under an N, atmosphere. After 1 h of
stirring at room temperature, allylic acetate 1 (0.5 mmol), N,O-bis(trimethylsilyl)-
acetamide (1.5 mmol), KOAc (catalytic amount) and toluene (2 mL) were added. The
mixture was stirred at room temperature for 12 h. The solvent was removed under

reduced pressure and the residue was purified by flash chromatography.

Dimethyl 2-((R,E)-1,3-diphenylallyl)malonate (3a).[!! Colorless oil was obtained in

CH(COMe)o| 989 vyield. 93% ce was determined by chiral HPLC

AN
(Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 0.8 mL/min,

3a 254 nm, 40 °C): tg (major) = 12.1 min, tz (minor) = 15.6

min. 'H NMR (400 MHz, CDCl;) 6 7.33-7.28 (m, 6H), 7.28-7.24 (m, 2H), 7.23-7.16
(m, 2H), 6.48 (d, J = 15.8 Hz, 1H), 6.33 (dd, J = 15.8, 8.7 Hz, 1H), 4.27 (dd, J = 10.9,
8.7 Hz, 1H), 3.96 (d, J= 10.9 Hz, 1H), 3.69 (s, 3H), 3.51 (s, 3H).
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Dimethyl 2-((R, E)-1,3-di-o-tolylallyl)malonate (3b).[?] Colorless oil was obtained in

(;:H(CO2M9)2 96% yield. 81% ee was determined by chiral HPLC

N
(Chiralcel OD-H n-hexane/i-PrOH = 95/5,0.8 mL/min ,

3b 254 nm, 40 °C) : tg (major) = 6.9 min , tz (minor) = 8.6 min.

'HNMR (CDCl3) § 7.32-7.27 (m, 1H), 7.25-7.21 (m, 1H), 7.20-7.14 (m, 2H), 7.14-7.06
(m, 4H), 6.65 (d, J= 15.5 Hz, 1H), 6.01 (dd, J= 15.5, 8.7 Hz, 1H), 4.56 (dd, J=11.3,
8.7 Hz, 1H), 4.06 (d, J = 11.3 Hz, 1H), 3.73 (s, 3H), 3.51 (s, 3H), 2.47 (s, 3H), 2.27 (s,
3H).

Dimethyl 2-((R,E)-1,3-bis(3-bromophenyl)allyl)malonate (3c¢).l*] Colorless oil was

QH(COQMG)Q

Br 3c Br




obtained in 94% yield. 84% ee was determined by chiral HPLC (Chiralcel AD-H, n-
hexane/i-PrOH = 85/15, 0.8 mL/min, 254 nm, 40 °C): tz (major) = 9.6 min, #z (minor)
= 12.4 min. '"H NMR (400 MHz, CDCl;) ¢ 7.45 (d, J = 12.7 Hz, 2H), 7.40-7.32 (m,
2H), 7.28-7.18 (m, 3H), 7.18-7.12 (m, 1H), 6.41 (d, J = 15.8 Hz, 1H), 6.29 (dd, J =
15.8, 8.4 Hz, 1H), 4.23 (t, J=9.6 Hz, 2H), 3.91 (d, /= 10.8 Hz, 1H), 3.71 (s, 3H), 3.57
(s, 3H).

|
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Dimethyl 2-((R,E)-1,3-dip-tolylallyl)malonate (3d).l'l Colorless oil was obtained in

CH(Cone 96% vyield. 89% ee was determined by chiral HPLC

(Chiralpak AD-H, n-hexane/i-PrOH = 85/15, 0.8

mL/min, 254 nm, 40 °C): tz (major) =12.2 min, #

(minor) = 16.1 min. '"H NMR (400 MHz, CDCl;) & 7.15-7.07 (m, 4H), 7.03 (d, J = 7.8
Hz, 2H), 6.99 (d, J = 7.8 Hz, 2H), 6.35 (d, J=15.7 Hz, 1H), 6.18 (dd, J=15.7, 8.6 Hz,
1H), 4.14 (dd, J = 10.9, 8.6 Hz, 1H), 3.85 (d, /= 10.9 Hz, 1H), 3.61 (s, 3H), 3.45 (s,
3H), 2.23 (s, 6H).
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Dimethyl 2-((R,E)-1,3-bis(4-methoxyphenyl)allyl)malonate (3e).[!] Colorless oil was

CH(CO,Me), obtained in 88% yield. 91% ee was determined by

S
chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH
MeO OMe
3e

= 80/20, 0.8 mL/min, 254 nm, 40 °C): tg (major)

= 15.9 min, ¢z (minor) = 24.0 min. 'H NMR (400 MHz, CDCl3) 6 7.24 (d, J = 8.7 Hz,
2H), 7.20 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.39
(d, J=15.7 Hz, 1H), 6.16 (dd, J = 15.7, 8.5 Hz, 1H), 4.19 (dd, J = 10.9, 8.5 Hz, 1H),
3.89 (d, J=10.9 Hz, 1H), 3.78 (s, 3H), 3.77 (s, 3H), 3.69 (s, 3H), 3.52 (s, 3H).
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Dimethyl 2-((R,E)-1,3-bis(4-bromophenyl)allyl)malonate (3f).[!! Colorless oil was

CH(COZMe obtained in 81% yield. 85% ee was determined by

chiral HPLC (Chiralcel AD-H, n-hexane/i-PrOH =

85/15, 0.8 mL/min, 254 nm, 40 °C): #z (major) = 17.8

min, zz (minor) = 25.4 min. '"H NMR (400 MHz, CDCl;) ¢ 7.37 (d, J = 8.7 Hz, 2H),
7.32 (d, J=8.7 Hz, 2H), 7.09 (d, J = 8.1 Hz, 4H), 6.31 (d, J = 15.7 Hz, 1H), 6.20 (dd,
J=15.7,8.3 Hz, 1H), 4.15 (dd, J=10.8, 8.3 Hz, 1H), 3.82 (d, /= 10.8 Hz, 1H), 3.62
(s, 3H), 3.47 (s, 3H).
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Dimethyl 2-((R,E)-1,3-bis(4-chlorophenyl)allyl)malonate (3g).[!! Colorless oil was
CH(COzMe

AT U,




obtained in 92% yield. 84% ee was determined by chiral HPLC (Chiralpak AD-H, n-
hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm, 40 °C): #z (major) =18.9 min, ¢z (minor)
=27.9 min. "H NMR (400 MHz, CDCl3) 8 7.32-7.27 (m, 2H), 7.26-7.19 (m, 6H), 6.40
(d, J=15.7 Hz, 1H), 6.27 (dd, J = 15.7, 8.4 Hz, 1H), 4.24 (dd, J = 10.7, 8.4 Hz, 1H),
3.90 (d, J=10.7 Hz, 1H), 3.70 (s, 3H), 3.55 (s, 3H).
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Dimethyl 2-((R,E)-1,3-bis(4-fluorophenyl)allyl)malonate (3h).[!] Colorless oil was

CHCOMe)z  htained in 98% yield. 90% ee was determined by chiral

“
HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 85/15, 0.8
F F
3h

mL/min, 254 nm, 40 °C): fz (major) =11.2 min, #

(minor) = 16.1 min. "H NMR (400 MHz, CDCls) & 7.30-7.23 (m, 4H), 7.05-6.92 (m,
4H), 6.42 (d, J = 15.7 Hz, 1H), 6.22 (dd, J= 15.7, 8.5 Hz, 1H), 4.25 (dd, J=10.8, 8.5
Hz, 1H), 3.89 (d, J= 10.8 Hz, 1H), 3.71 (s, 3H), 3.53 (s, 3H).
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Dimethyl 2-((R,E)-1,3-di(naphthalen-2-yl)allyl)malonate (3i).[ Colorless oil was

CH(COMe), obtained in 76% yield. 85% ee was determined by

S
OO OO chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH =
3i

90/10, 0.8 mL/min, 254 nm, 40 °C); tz (major)=25.9

min, fz (minor) =33.2 min. '"H NMR (400 MHz, CDCl5) 8 7.76-7.71 (m, 3H), 7.71-7.68
(m, 2H), 7.67-7.62 (m, 2H), 7.59 (s, 1H), 7.46 (d, J = 8.6 Hz, 1H), 7.41-7.36 (m, 3H),
7.36-7.29 (m, 2H), 6.60 (d, J=15.7 Hz, 1H), 6.46 (dd, J = 15.7, 8.4 Hz, 1H), 4.43 (dd,
J=10.9, 8.4 Hz, 1H), 4.05 (d, J=10.9 Hz, 1H), 3.65 (s, 3H), 3.41 (s, 3H).

12
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Dimethyl 2-((R,E)-1,3-di(thiophen-2-yl)allyl)malonate (3j). Colorless oil was

CH(CO2Me), obtained in 90% yield. 72% ee was determined by chiral

AN .
M HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 85/15, 0.8
S S

3j mL/min, 254 nm, 40 °C): ¢z (major) =8.7 min, ¢z (minor) =

11.2 min. "H NMR (400 MHz, CDCl3) 6 7.19 (d, J = 4.9 Hz, 1H), 7.15-7.11 (m, 1H),
6.98-6.87 (m, 4H), 6.63 (d, J=15.5 Hz, 1H), 6.17 (dd, J=15.5, 8.8 Hz, 1H), 4.53 (t, J
= 9.4 Hz, 1H), 3.89 (d, J= 10.1 Hz, 1H), 3.71 (s, 3H), 3.62 (s, 3H). 3C NMR (100
MHz, CDCl) 0 167.7, 167.6, 143.2, 141.5, 127.8, 127.4, 126.9, 126.1, 125.5, 124.9,
124.6, 124.5, 58.5, 52.8, 52.7, 44.1. HRMS [M+Na]" calcd. for C;sH;cNaO4S,":
359.0382, found: 359.0378.

" | '
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General Procedure for Pd-Catalyzed Asymmetric Allylic Amination

OAc RIN/RZ
Ph/\)\ph + R'NHR? [Pd(C3Hs)Cl],, L2d N
K,COj3, CH,Cl,45 °C (oil bath),12h Ph” X" "Ph
1a 7 )

Ligand (S,S)-L2d (0.012 mmol) and [Pd(C5;Hs)Cl], (0.006 mmol) was dissolved
in CH,Cl, (1.0 mL) in a Schlenk tube under an N, atmosphere. After 1 h of stirring at
room temperature, 1,3-phenyl-2-propenyl acetate 1a (0.2 mmol), amines 7 (0.6 mmol),
K,COs; (1.0 mmol) and CH,Cl, (2.0 mL) was added. The mixture was heated to 45 °C
(oil bath) for 12 or 24 h. After cooling to room temperature, the solvent was removed
under reduced pressure and the residue was purified by flash column chromatography,

eluting with petroleum ether and ethyl acetate to afford the desired product 8.

(S, E)-N-benzyl-1,3-diphenylprop-2-en-1-amine (8a).['] Colorless oil was obtained

in 92% . 88% e¢ was determined by chiral HPLC (Chiralpak OJ-H, n-hexane/i-
PrOH = , 0.5 mL/min, 254 nm, 25 °C): tz (major) = 13.1 min, #z (minor) = 15.1
min. 'H NMR400 MHz, CDCl3) 6 7.48-7.41 (m, 2H), 7.38-7.33 (m, 6H), 7.30-7.25
(m, PH’ﬁ\6\\é{Z9;Td3,hf= 5.9 Hz, 1H), 6.35 (dd, J=15.9, 7.5 Hz, 1H), 4.42 (d, J= 7.5 Hz,

1), 3.80 (s, 2.

14



B2

(S,E)-4-(1,3-Diphenylallyl)morpholine (8b).l'l Colorless oil was obtained in 93%

ield. 91% ee was determined by chiral HPLC (Chiralpak OD-H, n-hexane/i-PrOH =

0/10, 1 IN/;in, 254 nm, 25 °C): tg (major) = 6.3 min, fz (minor) = 12.3 min. 'H
MWE%, CDCl,) 6 7.46-7.41 (m, 2H), 7.40-7.33 (m, 4H), 7.33-7.27 (m, 3H),
- ,6.60 (d, J=15.8 Hz, 1H), 6.31 (dd, J=15.8, 8.9 Hz, 1H), 3.82 (d,

J=8.9 Hz, 1H), 3.78-3.64 (m, 4H), 2.65-2.51 (m, 2H), 2.48-2.36 (m, 2H).
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S, E)-1-(1,3-Diphenylallyl)Piperidine (8c).l’! Colorless oil was obtained in 96% yield.
y y
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(S,E)-1-(1,3-Diphenylallyl)pyrrolidine (8d).['! Colorless oil was obtained in 98%

s determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH =

0 y
8/2, O.SQnir 254 nm, 25 °C): tg (minor) = 6.8 min, ¢z (major) = 7.3 min. 'HNMR
Q- VNZ CBCL) & 7.49-7.42 (m, 2H), 7.41-7.32 (m, 4H), 7.32-7.24 (m, 3H), 7.23-
59 (d, J = 15.8 Hz, 1H), 6.45 (dd, J = 15.8, 8.6 Hz, 1H), 3.79 (d, J =

8.6 Hz, 1H), 2.65-2.53 (m, 2H), 2.52-2.39 (m, 2H), 1.88-1.74 (m, 4H).
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(S,E)-N-(1,3-diphenylallyl)aniline (8e).['! Colorless oil was obtained in 77% yield.

ermined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 95/5, 1
0 °C): tz (minor) = 7.5 min, z; (major) = 8.8 min. '"H NMR (400
50-7.42 (m, 2H), 7.42-7.35 (m, 4H), 7.34-7.28 (m, 3H), 7.26-7.23

716 (t, J= 7.7 Hz, 2H), 6.73 (t, J = 7.4 Hz, 1H), 6.70-6.59 (m, 3H), 6.42 (dd, J = 15.8,

6.1 Hz, 1H), 5.11 (d, J= 6.1 Hz, 1H), 4.18 (br, 1H).

17
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(S,E)-N-(1,3-diphenylallyl)-2-methylaniline (8f). Colorless oil was obtained in 83%
field. 75% ee was determined by chiral HPLC (Chiralpak OD-H, n-hexane/i-PrOH =
8/2,, 254|nm, 25 °C): g (major) = 24.7 min, ¢z (minor) =32.1 min. '"H NMR
400 MHz, CMIQ d7.537.47(m, 2H), 7.45-7.39 (m, 4H), 7.37-7.32 (m, 3H), 7.30-7.27

N
nf?H), 31f7'7'm] (i, 2H), 6.76-6.60 (m, 3H), 6.49 (dd, J=15.8, 6.3 Hz, 1H), 5.19 (d,
J=163 Hz, TH), 401 (br, 1H), 2.26 (s, 3H). 3C NMR (100 MHz, CDCls) J 145.2,

L~

[an)

142.2, 136.7, 131.2, 131.0, 130.1, 128.9, 128.6, 127.8, 127.6, 127.2, 127.1, 126.6,
122.2,117.4,111.4, 60.6, 17.8. HRMS [M+H]" calcd. for Cy,H,,N*: 300.1747, found:

300.1748.

(S,E)-N-(1,3-diphenylallyl)-3-methylaniline (8g). Colorless oil was obtained in 83%

37i¢f@ee wak determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH =

18
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98/2, 1 mL/min, 254 nm, 40 °C): ¢z (minor) = 15.1 min, ¢z (major)= 16.7 min. '"H NMR
(400 MHz, CDCl;) 6 7.51-7.45 (m, 2H), 7.45-7.38 (m, 4H), 7.37-7.31 (m, 3H), 7.30-
7.26 (m, 1H), 7.08 (t, J = 7.7 Hz, 1H), 6.68 (d, J=15.9 Hz, 1H), 6.59 (d, J= 7.5 Hz,
1H), 6.56-6.41 (m, 3H), 5.13 (d, J = 6.1 Hz, 1H), 2.30 (s, 3H). *C NMR (100 MHz,
CDCl) 0 147.4, 142.3, 139.0, 136.8, 131.1, 130.9, 129.1, 128.9, 128.6, 127.7, 127.6,
127.3, 126.6, 118.8, 114.5, 110.7, 60.7, 21.7. HRMS [M+H]" calcd. for C,,HppN™:
300.1747, found: 300.1746.

# HiE i wHE e HRET W@ e 23
PO ST ET) 784.2 0.2 0.303% 8
2] 1673 | 104816 | 529.3 [ 0.308

961
0.909 | 9303 [e8

(S,E)-N-(1,3-diphenylallyl)-4-methylaniline (8h).[%! Colorless oil was obtained in 89%
yieldzﬁee wds determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH =
8/2,

\O

/min, 254 nm, 40 °C): tz (minor) = 17.6 min, ¢z (major) =21.9 min. '"H NMR
NH

400 z, £DCls) 6 7.53-7.45 (m, 2H), 7.45-7.37 (m, 4H), 7.37-7.30 (m, 3H), 7.29-

( PhWPh 3) ( ) ( ) ( )

723 (m, M), 7.01 (d, J = 7.9 Hz, 2H), 6.73-6.56 (m, 3H), 6.44 (dd, J = 15.9, 6.2 Hz,

1H), 5.10 (d, J= 6.2 Hz, 1H), 4.05 (br, 1H), 2.27 (s, 3H).

19



- / q\ f\
: J\ JA\

§
200
200
100 H
o T
L] 10 L] 2

(S, E)-N-(1,3-diphenylallyl)-4-methoxyaniline (8i).l”] Colorless oil was obtained in

20



(S,E)-4-bromo-N-(1,3-diphenylallyl)aniline (8j).[®] Colorless oil was obtained in 87%

yield. 82% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH =

g O/Bir() /min, P54 nm, 25 °C): t (minor) = 9.7 min, tz (major) = 12.4 min. '"H NMR

(#00 Z,CDClY) 6 'TH NMR (400 MHz, CDCl3) & 7.46-7.36 (m, 6H), 7.35-7.29 (m,

EH};WG@:{L 3H), 6.63 (d, J=15.9 Hz, 1H), 6.53 (d, /= 8.3 Hz, 2H), 6.39 (dd, J
8j

~15:9:6:2Hz1H), 5.06 (d, J = 6.2 Hz, 1H).

(S, E)-4-fluorophenyl-N-(1,3-diphenylallyl)aniline (8K).[] Colorless oil was obtained

in Y6 yield. 90% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-
r02, 1 mL/min, 254 nm, 40 °C): ¢z (minor) = 18.6 min, 7z (major) = 23.8 min.

H NMR (480 MHz, CDCly) § 7.52-7.43 (m, 2H), 7.43-7.36 (m, 4H), 7.36-7.29 (m,
P " ppy
8k

—

no]

—_
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3H), 7.29-7.25 (m, 1H), 6.88 (t, J = 8.5 Hz, 2H), 6.71-6.52 (m, 3H), 6.42 (dd, J = 15.8,
6.3 Hz, 1H), 5.05 (d, J= 6.3 Hz, 1H).

(S,E)-N-(1,3-diphenylallyl)-3,5-dimethylaniline (81).['°] Colorless oil was obtained in
ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-

/min, 254 nm, 40 °C): fz (major) = 5.2 min, #z (minor) = 6.2 min. 'H

5.303 15000.2 601.1
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(S,E)-N-(1,3-diphenylallyl)-3,4,5-trimethoxyaniline (8m). Colorless oil was

MeO OMe obtained in 99% yield. 90% ee was determined by chiral HPLC
MeO /@ (Chiralpak AD-H, n-hexane/i-PrOH = 70/30, 0.8 mL/min, 254
NH nm, 40 °C): 7z (major) = 10.8 min, #z (minor) = 16.4 min. 'H NMR

Ph "pp,
8m (400 MHz, CDCl;) ¢ 7.50-7.46 (m, 2H), 7.43-7.38 (m, 4H), 7.36-

7.31 (m, 3H), 7.28-7.24 (m, 1H), 6.68 (d, J= 15.8 Hz, 1H), 6.43 (dd, J= 15.8, 6.4 Hz,

1H), 5.93 (s, 2H), 5.07 (d, J = 6.4 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 6H). *C NMR (100

MHz, CDCls) 6 153.8, 144.1, 142.3, 136.7, 131.3, 130.9, 129.0, 128.6, 127.8, 127.7,

127.2,126.5,91.4, 61.5, 61.1, 55.9. HRMS [M+H]" calcd. for C,4H,sNO5™: 376.1907,

found: 376.1905.
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Methyl (S,E)-4-((1,3-diphenylallyl)amino)benzoate (8n).l'!) Colorless oil was

MeO

0]

NH

Ph " pp,

8n

obtained in 99% yield. 88% ee was determined by chiral HPLC
(Chiralpak AD-H, n-hexane/i-PrOH = 70/30, 0.8 mL/min, 254
nm, 40 °C): tz (minor) = 10.2 min, #z (major) = 14.1 min. 'H

NMR (400 MHz, CDCl;) 6 7.90-7.85 (m, 2H), 7.45-7.42 (m,

2H), 7.41-7.38 (m, 3H), 7.37-7.34 (m, 1H), 7.34-7.30 (m, 2H), 7.29-7.25 (m, 1H), 6.67-

6.59 (m, 3H), 6.41 (dd, J = 15.8, 6.0 Hz, 1H), 5.21 (d, J = 6.0 Hz, 1H), 4.60 (s, 1H),

3.86 (s, 3H).

25




(S,E)-1-(1,3-di(thiophen-2-yl)allyl)piperidine (80). Colorless oil was obtained in

99% yield. 65% ee was determined by chiral HPLC (Chiralpak
AD-H, n-hexane/i-PrOH = 95/5, 0.8 mL/min, 254 nm, 40 °C):
tz (minor) = 4.9 min, 7 (major) = 5.2 min. '"H NMR (400 MHz,
CDCl) ¢ 7.28-7.25 (m, 1H), 7.19-7.16 (m, 1H), 7.00-6.97 (m,

3H), 6.96-6.93 (m, 1H), 6.71 (d, J= 15.6 Hz, 1H), 6.26 (dd, J = 15.6, 8.4 Hz, 1H), 4.27

(d,J= 8.4 Hz, 1H), 2.63-2.53 (m, 2H), 2.52-2.42 (m, 2H), 1.67-1.57 (m, 4H), 1.51-1.41

(m, 2H). BC NMR (100 MHz, CDCl3) 6 142.0, 129.5, 127.4, 126.5, 125.6, 125.5, 124.8,

124.7, 124.2, 68.6, 51.8, 26.2, 24.6. HRMS [M+H]" calcd. for C;cH,NS,*: 290.1032,

found: 290.1032.

/

o
il

General Procedure for Pd-Catalyzed Asymmetric Allylic Etherification
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Ar

QA [Pd(CsH5)CI),, L2d kO
3h1i5 2 ~
Ph/\)\Ph + ArCH,OH S . - /\/‘\
K,CO3, CH,CI5,45 °C (oil bath),24 h  ph™ X Ph
1a 9 10

Ligand (S,5)-L2d (0.012 mmol) and [Pd(C;Hs)Cl], (0.006 mmol) were dissolved
in CH,Cl, (1.0 mL) in a Schlenk tube under an N, atmosphere. After 1 h of stirring at
room temperature, 1,3-phenyl-2-propenyl acetate 1a (0.2 mmol), alcohol 9 (0.6 mmol),
K,COj3 (1.0 mmol) and CH,Cl, (2.0 mL) was added. The mixture was heated to 45 °C
(oil bath) for 24 h. After cooling to room temperature, the solvent was removed under
reduced pressure and the residue was purified by flash column chromatography, eluting

with petroleum ether and ethyl acetate to afford the corresponding product.

(S, E)-(3-(benzyloxy)prop-1-ene-1,3-diyl)dibenzene (10a).l'! Colorless oil was

obtained in 84% yield. 95% ee was determined by chiral HPLC
(Chiralpak OJ-H, n-hexane/i-PrOH = 98/2, 0.8 mL/min, 254 nm, 40
Q °C): tg (major) = 20.3 min, # (minor) = 24.5 min. 'H NMR (400

Ph/\/?\ Ph
10a MHz, Chloroform-d) & 7.47-7.42 (m, 2H), 7.42-7.34 (m, 8H), 7.33-

7.28 (m, 4H), 7.26-7.23 (m, 1H), 6.64 (d, J = 15.9 Hz, 1H), 6.35 (dd, J = 15.9, 7.0 Hz,
1H), 5.03 (d, J = 7.0 Hz, 1H), 4.59 (s, 2H).
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(S, E)-(3-((2-methylbenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10b).['?] Colorless

0]

P " ppy
10b

J=15.9,7.0 Hz, 1H), 5.07 (d, J= 7.0 Hz, 1H), 4.61 (q, /= 11.8 Hz, 2H), 2.38 (s, 3H).

oil was obtained in 80% yield. 89% ee was determined by chiral
HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 98/2, 1 mL/min, 254
nm, 40 °C): tz (minor) = 7.2 min, ¢z (major) = 8.8 min. '"H NMR

(400 MHz, CDCl3) 6 7.51-7.47 (m, 2H), 7.46-7.40 (m, 5H), 7.38-
7.32 (m, 3H), 7.29-7.21 (m, 4H), 6.70 (d, J=15.9 Hz, 1H), 6.40 (dd,

(S, E)-(3-((2-chlorobenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10c).['3] Colorless

Cl

.-|O

P "pp
10c

oil was obtained in 80% yield. 95% ee was determined by chiral
HPLC (Chiralpak OD-H, n-hexane/i-PrOH = 98/2, 0.5 mL/min,
254 nm, 25 °C): tg (major) = 9.8 min, #; (minor) = 10.3 min. 'H
NMR (400 MHz, CDCl3) 6 7.63 (d, J = 7.6 Hz, 1H), 7.54-7.47 (m,

28



2H), 7.46- 7.39 (m, 4H), 7.39-7.29 (m, SH), 7.28-7.23 (m, 2H), 6.71 (d, J = 15.9 Hz,
1H), 6.39 (dd, J=15.9, 7.0 Hz, 1H), 5.10 (d, J= 7.0 Hz, 1H), 4.71 (q,J= 13.1 Hz, 2H).

(S, E)-(3-((3-methoxybenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10d).['?] Colorless

oil was obtained in 70% yield. 95% ee was determined by chiral

OMe
HPLC (Chiralpak OJ-H, n-hexane/i-PrOH = 50/50, 0.5 mL/min,
o 254 nm, 25 °C): tz (major) = 18.7 min, ¢z (minor) = 21.1 min. 'H
o X ~pp | NMR (400 MHz, CDCl3) 6 7.50-7.45 (m, 2H), 7.44-7.38 (m, 4H),
10d

7.37-7.30 (m, 4H), 7.28-7.24 (m, 1H), 7.02-6.94 (m, 2H), 6.87 (d,
J=8.2Hz, 1H), 6.67 (d,J=15.9 Hz, 1H), 6.38 (dd, J= 15.9, 7.0 Hz, 1H), 5.05 (d, J=
7.0 Hz, 1H), 4.60 (s, 2H), 3.83 (s, 3H).
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(S, E)-(3-((4-methylbenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10e).['?! Colorless

oil was obtained in 90% yield. 91% ee was determined by chiral
HPLC (Chiralpak OJ-H, n-hexane/i-PrOH = 98/2, 0.75 mL/min,

254 nm, 40 °C): tz (major) = 24.3 min, ¢z (minor) = 27.9 min. 'H
o)

P " pp,

10e 7.34-7.27 (m, SH), 7.21-7.16 (m, 2H), 6.64 (d, J = 15.9 Hz, 1H),

NMR (400 MHz, CDCl3) 6 7.47-7.43 (m, 2H), 7.42-7.35 (m, 5H),

6.35 (dd, J=15.9, 7.0 Hz, 1H), 5.02 (d, J= 7.0 Hz, 1H), 4.56 (s, 2H), 2.37 (s, 3H).

(S, E)-(3-((4-chlorobenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10f).['! Colorless oil

Cl was obtained in 91% yield. 95% ee was determined by chiral HPLC
(Chiralpak OD-H, n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 nm, 25
°C): tz(major) = 9.8 min, zz (minor) = 10.3 min. "H NMR (400 MHz,




CDCly) 6 7.47-7.38 (m, 6H), 7.36-7.29 (m, 7H), 7.27-7.22 (m, 1H), 6.64 (d, J = 15.9
Hz, 1H), 6.35 (dd, J = 15.9, 7.0 Hz, 1H), 5.01 (d, J= 7.0 Hz, 1H), 4.56 (q, J= 12.0 Hz,
2H).

(S,E)-(3-((4-Fluorobenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10g).['?! Colorless
F oil was obtained in 86% yield. 95% ee was determined by chiral
HPLC (Chiralpak OD-H, n-hexane/i-PrOH = 99/1, 0.2mL/min, 254
nm, 25 °C): tz (major) = 28.9 min, #z (minor) = 34.0 min. '"H NMR

9 (400 MHz, CDCl3) 6 7.48-7.44 (m, 2H), 7.43-7.38 (m, 4H), 7.38-7.29
PR "p,
10g (m, SH), 7.28-7.22 (m, 1H), 7.06 (t,J = 8.5 Hz, 2H), 6.65 (d, J= 15.8

Hz, 1H), 6.36 (dd, J = 15.8, 7.0 Hz, 1H), 5.03 (d, J= 7.0 Hz, 1H), 4.57 (g, J= 11.8 Hz,
2H).
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(S, E)-(3-((4-methoxybenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10h).[!] Colorless

OMe oil was obtained in 94% yield. 96% ee was determined by chiral HPLC

(Chiralpak OJ-H, n-hexane/i-PrOH = 86/14, 0.7 mL/min, 254 nm, 25
°C): tg (major) = 23.1 min, ¢z (minor) = 27.2 min. '"H NMR (400 MHz,
9 CDCl;) ¢ 7.48-7.44 (m, 2H), 7.43-7.38 (m, 4H), 7.36-7.29 (m, 5H),

Ph/\/?\Ph
10h 7.27-7.23 (m, J = 7.1 Hz, 1H), 6.92 (d, J = 8.1 Hz, 2H), 6.64 (d, J =

15.9 Hz, 1H), 6.37 (dd, J=15.9, 7.0 Hz, 1H), 5.03 (d, J = 7.0 Hz, 1H), 4.54 (s, 2H),

3.84 (s, 3H).
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(S, E)-(3-((3-methylbenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10i).['”] Colorless

oil was obtained in 90% yield. 95% ee was determined by chiral

HPLC (Chiralpak OJ-H, n-hexane/i-PrOH = 96/4, 0.8 mL/min, 254
nm, 40 °C): fz (major) = 12.1 min, 7z (minor) = 15.1 min. '"H NMR
0]

Ph/\/?\Ph
10i 7.30 (m, 3H), 7.28-7.24 (m, 2H), 7.23-7.18 (m, 2H), 7.15-7.10 (m,

(400 MHz, CDCL3) 6 7.49-7.44 (m, 2H), 7.43-7.37 (m, 4H), 7.35-

1H), 6.65 (d, J=15.9 Hz, 1H), 6.37 (dd, J= 15.9, 7.0 Hz, 1H), 5.04 (d, J= 7.0 Hz, 1H),

4.57 (s, 2H), 2.38 (s, 3H).

(S,E)-2-(((1,3-diphenylallyl)oxy)methyl)naphthalene (10j).l'4 Colorless oil was

obtained in 93% yield. 95% ee was determined by chiral HPLC
‘ (Chiralpak OD-H, n-hexane/i-PrOH = 98/2, 0.8 mL/min, 254 nm,




25 °C): tz (major) = 10.9 min, #z (minor) = 19.1 min. 'H NMR (400 MHz, CDCl;) ¢
7.91-7.82 (m, 4H), 7.57-7.47 (m, 5H), 7.46-7.39 (m, 4H), 7.38-7.31 (m, 3H), 7.29-7.24
(m, 1H),6.69 (d, J=15.9 Hz, 1H), 6.42 (dd, J=15.8, 7.0 Hz, 1H), 5.10 (d, /= 7.0 Hz,
1H), 4.78 (s, 2H).

(S,E)-2-(((1,3-Diphenylallyl)oxy)methyl)furan (10k).l'! Colorless oil was obtained in

(ONGZ

92% yield. 94% ee was determined by chiral HPLC (Chiralpak OJ-

H, n-hexane/i-PrOH = 90/10, 1 mL/min, 254 nm, 25 °C): g (major)
o]

: = 10.0min, #z (minor) = 11.0 min. 'H NMR (400 MHz, CDCl;) 6
Ph PN Bh min, fx (minor) min ( z 3)

10k 7.51-7.43 (m, 3H), 7.43-7.36 (m, 4H), 7.36-7.29 (m, 3H), 7.28-7.24
(m, 1H), 6.65 (d, J=15.9 Hz, 1H), 6.47-6.26 (m, 3H), 5.06 (d, J= 7.0 Hz, 1H), 4.54 (s,
2H).
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(S, E)-2-(((1,3-diphenylallyl)oxy)methyl)pyridine (101).['] Colorless oil was obtained

TS | In 66% yield. 94% ee was determined by chiral HPLC (Chiralpak
Nl = OJ-H, n-hexane/i-PrOH = 95/5, 1 mL/min, 254 nm, 40 °C): tz (major)

0 = 14.6 min, fz (minor) = 16.3 min. '"H NMR (400 MHz, CDCls)
Ph/\m/lr\Ph 8.56 (d, J = 4.9 Hz, 1H), 7.74 (t, J = 7.7 Hz, 1H), 7.67 — 7.54 (m, 1H),

7.53-7.44 (m, 2H), 7.43-7.35 (m, 4H), 7.35-7.27 (m, 3H), 7.26-7.17
(m, 2H), 6.70 (d, J = 15.9 Hz, 1H), 6.37 (dd, J= 15.9, 7.1 Hz, 1H), 5.11 (d, J=7.1 Hz,
1H), 4.75 (g, J = 13.6 Hz, 2H).

g 8 8 83

Synthetic Application of Asymmetric Allylic Amination Product 8a [13]
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0]

NHBn o
B = NBn
- DCC, DMAP A
P NP+ MOH PN
CH,Cly, 1t, 24h  Ph Ph
8a 1 12

To an oven-dried reaction flash was added asymmetric allylic amination product 8a
(134 mg, 0.44 mmol), 3-butenoic 11 (38.5 mg, 0.44 mmol), DCC (90.8 mg, 0.44 mmol),
DMAP (10.8 mg, 0.088 mmol) and CH,Cl, (5 mL). The reaction mixture was stirred
for 24h at room temperature. The reaction mixture was filtered and the filtration was
concentrated under vacuum to give the crude product, which was further purified by
column chromatography to afford the desired product 12 as colorless oil in 88% yield.
90% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 90/10,
0.8 mL/min, 254 nm, 40 °C): ¢z (minor) = 12.2 min, #z (major) = 17.7 min. 'H NMR
(400 MHz, CDCl;) 6 7.41-7.32 (m, 4H), 7.32-7.24 (m, 6H), 7.24-7.18 (m, 3H), 7.17-
7.10 (m, 2H), 6.76-6.66 (m, 1H), 6.65-6.33 (m, 1H), 6.33-6.10 (m, 1H), 6.10-5.77 (m,
1H), 5.32-5.03 (m, 2H), 5.00-4.64 (m, 1H), 4.61-4.27 (m, 1H), 3.51-2.99 (m, 2H).

36



References

[1] Liu, Q.-L.; Chen, W.;Jiang, Q.-Y.;Bai, X.-F.;Li, Z.;Xu, Z.;Xu, L.-W.
ChemCatChem 2016, 8, 1495-1499.

[2] Biosca, M.; Salt6, J.; Magre, M.; Norrby, P.-O.; Pamies, O.; Diéguez, M. ACS
Catal. 2019, 9, 6033-6048.

[3] Jayakumar, S.;Prakash, M.; Balaraman, K.;Kesavan, V. Eur. J Org.
Chem. 2014, 2014, 606-615.

[4] Balaraman, K.; Vasanthan, R.; Kesavan, V. Tetrahedron 2013, 69, 6162-6169.

[5] Majdecki, M.; Jurczak, J.; Bauer, T. ChemCatChem 2015, 7, 799-807.

[6] Martinez-Gualda, A. M.; Cano, R.;Marzo, L.;Pérez-Ruiz, R.; Luis-Barrera,
J.; Mas-Ballesté, R.; Fraile, A.;de la Pefia O’Shea, V. A.; Aleman, J. Nat.

Commun. 2019, 10, 2634.

[7] Nemoto, T.;Tamura, S.;Sakamoto, T.; Hamada, Y. Tetrahedron:

Asymmetry 2008, 19, 1751-1759.

[8] Mino, T.; Watanabe, K.; Akiyama, T.; Mizutani, Y.; Miura, K.; Hashimoto,
M.; Yoshida, Y.; Sakamoto, M. Tetrahedron 2018, 74, 3871-3878.

[9] Wu, Y.; Kwong, F. Y.; Li, P.; Chan, A. S. Synlett 2013, 24, 2009-2013.

[10] Wang, Z.; Mo, H.; Cheng, D.; Bao, W. Org. Biomol. Chem. 2012, 10, 4249—
4255.

[11] Chen, K.; L1, Y.; Pullarkat, S. A.; Leung, P.-H. Adv. Synth. Catal. 2012, 354, 83-

87.
37



[12] Lam, F. L.; Au-Yeung, T. T.-L.; Kwong, F. Y.; Zhou, Z.; Wong, K. Y.; Chan, A.
S. C. Angew. Chem. Int. Ed. 2008, 47, 1280—-1283.

[13] Xing, J.; Cao, P.; Liao, J. Tetrahedron: Asymmetry 2012, 23, 527-535.

[14] Qiu, Z.; Sun, R.; Yang, K.; Teng, D. Molecules 2019, 24, 1575.

[15] Takahashi, K.; Nakano, H.; Fujita, R. Tetrahedron Lett. 2005, 46, 8927-8930.

38



Copies of 'H, 13C and 3'P NMR Spectra

£€°L 7
GE'L 1
VAR 4
6E€ Y
A4
v’y

¥8'9
G8'9
G8'9
98'9

189
189
8l°L
6L,
0c'L

(XA
XA
€TL
vZ'L
[eTAVA
[STAVA
yXAVA
yXAVA
8C'L
82°L
62L1
0L
0€° L1
L€/
L€/
€€
€€ LY
Ye L
OWA

[o{akil]

I g6

F 66

T
0.5

-C

0.0

1 (ppm)

L€,
mm.ﬂ\

66°L
00'8
00'8
108
10’8
c0'8
26'8
€6'8

WDQ-61

PROTON CDC13 {D:\NMR400\02T2} nmr 59

PPh,

6a

Ferzn

Fe0lre

T 6670,

9.0

).0 95

'H NMR of 6a

o
[
N
\
[o
«
re
\
[o
S
re
h
[o
s
@
:
[o
LS
;
[o
[
3
;
\]
K
o
:
[o
=i
;
o
=00
;
e}
re e
g
L &
-
1 =
o
=
80°€EL-— C
o
o
F
(=]
. F<
Y —
/AR o
S re—
W \O
- 2]
¥
g [
: Z £ o
H { o =
) /|\ \)
7\ s
2 -
s £ \—/ o
g 3 — )
£ 2

31p NMR of 6a

39



€9'vC —

40

40

0

7Q

80

oo liep

(

1

20

3

170] 16d] 150 | 12

(0 :\NMRAGA\02T2()

WDQ-5-1]2

C13CPD [CRC1

13C NMR of 6a

80°¢
ge'e
PAR
6€°€

9v'e
Ly'e
8¥'€
9€'V

8EV

6EY

8197
0891
18791
14Wa
917/
VAN
61/
1221
€211

mN.N%
92’ LA
62" L\

v

]

9

\‘l

j

I 887
/66
=00’

= €6

o
@

T
»
©

0.0

0.5

25 20 15 1.0

3.0

55 50 45 40 35

6.0

6.5

7.0

1 (ppm)

iy

te7
mm.N\

€6°L
V6L
V6'L
G6°L

€8'8
78’8

WDQ-5-L1

PROTON CDC13  {D:\NMR400\02T2} nmr 44

OMe

N

SN
PPh,

6b

Fg6(

0

7.5

8.0

8.5

9.0

9.5

'H NMR of 6b

40



00 -220 -240

-200

-180

160

Lol W '

9£8G —
20V

1100

80

60

fl (pm

-40

€L¢Cl-—

31p NMR of 6b

// A\N

a4y 7/ A\

— ke 7

= N\ /
< (@) —
5 A4 Ire)
\1, AY N ©
5 Z =
¢ o
H N/

)

N

(

P31 CDCJ]:

WDQ-5-1|

!

|

8y LT //

11121

£9°8Z4

glecl

0262t

7Teet
GE'6Cl

1L60C]

99°¢tet

AR

c6°ECl
£0°¥El

ez oy L -
CC LT W
0EZE1 1
e LEL =
ov'Z€t 2
CcY Lok ~
. y se—
ST 6ET 77 AL (@]
zeeel i D / A\ = Lo
€6cl = < /)
9L lvL \ /
. T r=)
F865 T 3 < 7 =
7676517 H /__..A % o
) ] =
5 pd K
A o kS
= 77—\ EQ
= \ / =]
T2 L N—/ o
P8
s 8

13C NMR of 6b

41



1T
[ANE
ST'TH
LTT
b€
6v°€
15
€5

1204
69
¥6'9

S6°9
S6°9
96°9
60,
1L
1L
€T°L
ST'L

9T ¢
9T,
LT°L
8T°L
8T,
6T°L
0T'L
TCL]
L
SCLA
9T'L
9T/
LT LA
LT LA
0€°£LA
0€°LA
TE LA
454

0T

Kkﬁgﬁv.ﬁ
0°¢

a0

£1 (ppm)

#OL

S€L]
9g2
VA
L]
6€L
65, ]

09°Z 1
19°2
1971
29!

HCJ-20230420 (a) /H
20230420-CDC13-a

PPh,

L2a

TV
T'€

A:
z0'T

'H NMR of L2a

6L6L—

WDe-3-La

F31 CDC13 {D:\NMR400\02T2} rmr 4

PPh,

L2a

-190

20 -10 -50 -0 -130
f1 (ppm)
31p NMR of L2a

50

80

130

42



[ WA 24

082

[4: 844

PTESY
8€'€S 7,
vw.mm\

04921

Sb"92T |
£9°92T 1
v2'9ZT 1
£8°92T
ZH'821 1

(ppm)

8+'8¢T |

f1

£5°82T |
55821 |

QclQ7T
03 oCFH

09°8¢t
£S°6CT ~

19'€ET
z8'€c1

110

[8°EET
20'bET
bSPET ]
95"bET |
68'bET |
£0°SET

150

T
160

170

zeLeT ]

e o1

L2a

v Lot

3Ph,

65'LET
TLLET \;

£2°9bT
Hﬁ.ﬁmﬂw
bE'TSTE

HCJ-202304
20230420-CDC13-a

K

3C NMR of L2a

(wdd) 13

B
B o o < o S
h | | |
Lo
-
Le
=
- 2
Lo &
o
Le
Lo
Lo
Lo
g o~ O
= ZT & N B
& o - r=
g, o
S
5B -
38 F=
S5
2 <
38
32
S3S
"2
L&
S8
ERS

—_—

NOESY of L2a

43



HCJ 20230420 (a) /HMBC

20230420-CDC13-a @ ') ' .
— LY L) N ﬂ?
N
— H
PPh,
L2a
e ° m [ [
— [ m! ] []
_ s '
—~ LN} L]
T T T T T . T T T T
11 10 9 8 7 6 5 4 1 1
£2 (ppm)
HMBC of L2a
' A ) I -
HCJ-20230420 (a) /HSQC
| 20230120-CDCL3-a 5
_— ® & 3
’ N
| H
PPh,
L2a
e SER:
— 5o
T T T T T T T T T T
11 10 9 8 7 6 5 4 1 -1
£2 (ppm)

44

HSQC of L2a

L 70

L 8o

L 9o

L 100

L11o

L 120

L 130

L 140

L 160

L 170

L1so

L 8o

90

L 100

L11o

L 120

L 130

L 140

L 150

L 160

L 170

L 180

£1 (ppm)

£1 (ppm)



1.23
1.21

OMMNODOANTTTNTTO0OM—O0ORDOWND OO M~ Moy
CEHMOMANNA- == -3035806~6 RCRER
L L el Ll L N o L RRP? g

WDO-LB
PROTON CDC13 {D:\MNMR400%02T2} nmr 43

Ph
N
H
PPh,

L2b

1 ey

kb i by it
NOOMN~NO T < o [(e] o
S=S®So® S S S
r : . - — OO OHN — - r — - . - —2 - . T ;
10.5 10.0 95 9.0 85 80 7.5 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1

1 (ppm)

'H NMR of L2b

(2]
~
©
i
WDg-LE
P31CFD CDC13 {D:\MMR400002T2} rmr 43
Ph
PPh,
L2b
130 80 50 20 -10 -50 -0 -130 -190
f1 (ppm)

31p NMR of L2b

45



13C NMR of L2b

B
=

Sv'ez—
o
[s2]
o
<
o
n
0555~
1219 2
0549
&~
25'9zL =]
v9:9Z+
2L9Z1 =
[0)]
L1721 =
20971 o m
- Co o
50821 -
70821 5=
o
g8zl | e
t8ct =)
€4°Q21 - Lo
18217
ce'6zL 12
05 cEh
og-coy (=)
o ToE oy
02 ee =
- A
08°€el g
(A7
69°GEL | . w o
66795 =
oL/eL] : o
oi awaal = Ww m —
JTT = — N ~
GZEY z oo =
Y9EVE Z o *
gg'cyl ] z /|\
I o
= o
N
o
N

C13CPD CDCJ B

WDQ-LB

GL'1
111
87'¢€
6EE
W
e
68
98¢
98¢
88c
69
Vi
(R
6.9
6.9
6.9
08'9
189
202
202
¥0'L
0L
90,
90,
gL
vl
vLL
L)
Gl'L
91,
91,
v
81 /1
61 L4
07 I
072
€T 2
e
TR
172
87,
671
el
z€eL
zeL
A
¥G'L
¥G'L
56
eyl

_OMe

PPh,
L2c

96,

FROTON CDC13 {D:\MNR400\02T2} rmr 32

=00€

F660

66T
Joc.w
101

FE0'T

00T

0 35 30 25 20 15 10 05 00 -05

0105100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)
1H NMR of L2¢c

T

46

T



—-17.48

P31CPD CDC13 {D:\NMR400\02T2} rmr 32

_OMe

PPh,
L2c

— ——
130 80 50 20 -10 -50 -90 -130 -190
f1 (ppm)
31p NMR of L2¢
OO ITTLT DD —ONT—DONNO NN — <MD
ARNONDITACQUOUANCOINTONNDBON—NOQONQ s aR by
OO INISII<f<f<0)03¢3 300000000 wMNo© oD e 0
POITOOOOOOOOONONNNNNNNNNNNNNN O S ooy I
e e~ © 0w o~
e | NP I
1-52
CISCPD CDCI3 (D \NVR400\O2T2) nmr 32
r N
OMe
_ 7
. H
PPh,
L2c
\ J
(]
- - " TRTTR—— J " .

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

13C NMR of L2¢

47



O~ O~ OOM~—O0ODOTNODDOM—OOIMAND M~OLW NSNS
BANNECere e Ce 883038300500 ™ e
L el Al el el el el el el el el el el el el i (e I (e (e I (o (e Qi (e To o T o] MMM MoM
e A SN iy - A g EAG Y
WDO-¥Q-2
PROTON CDC13 {D:\MMR400402T2} nmr 50
Ph _/OMe
N
H
PPh,
L2d
1
1
|
i 1
i
JL——A—A—A/\_&A_JxL
P T T W
T -0 S v ~ = O~ 0
So=333 a & S oS
— e 00~ o — == S - en
105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
1 (ppm)
IH NMR of L2d
[v2]
o«
~
i
WDQ-LD
P31CFD CDC13 {D-\NR400002T2} rmr 44
Ph _/OMe
N
H
PPh,
L2d
130 80 50 20 -10 .50 -90 130 -190
1 (ppm)

31p NMR of L2d

48



198G

\
€268

L¥°09
1209

202 —

g0

(SEmciag

tO22t

00

gtZet

1=y

§62¢t
00921

00
1Prp)

20°8¢1 1

lSa2me1a7
oz a7y

©cC oCT

0€°'8¢C1

GE€'8CI N

€8¢l

17821

19z L

Vo6

A1 oY

ASE %97

SVARA 7
9g'eel o

VAR

90vEL |

N—/

66 V€L

34

_DMe

€Letl

AN

2

JLJCy

L 1L

«
-d

wNNm:
8G°/€L

— o
P__..A o

0L L€

v.0ovl

A[[|{p: \NMR400\0JTRH n

yOevl

—
/2R

6871

[4414"

WDQ-110|
C13CPD [I

21Q1{| 200 | 190 180 ||170)| 160 150|140 |130Q 120 1’“)
f

13C NMR of L2d

1G'€
69'¢
v6°€
16'¢
vev
VXA 4
LTy
6C'v

—

2

0€’9
ce9
ve9

9v°9

(42

£1 (ppm)

'H NMR of 3a

3

S

H
Y

<

56

osh®
Spo
© -

(D: \NMR400\02T2)| nmr

PROTON CDC13

WDQ-2-161

49



(e
VA o

19°€—
€L7E~
SO0y
wo.vV
vS'b
9S'y
wm.vw

65’y

oo

+0'9
€99\

60°L
012
112
€12 ]
S1°2
912
8T
8T/
17
67,

168-13. 10. fid

nmr 50

PROTON CDC13 {D:\NMR400\02T2}

(CO2Me),

CH

AN

3b

ML

U

1

6'C
F96'¢C

foo'e
Rg6'C
/660

oot

0’1

660
<0’y

0'T
H/No.ﬂ

1 (ppm)

'H NMR of 3b

(S°€E
K.m/
06'€

Nm.mw
0¥\
A
mm.v\

979
82'9
09
z€9-¢
697
%
o:/
6T L~
HN.QM
€T'L
€€,
se's
LE°L
6L
€L
oL

168-11. 10. fid

PROTON CDC13 {D:\NMR400\02T2} nmr 34

(COzMe)Z

CH

AN

Br

3c

Br

Moz

“o0°1
00T

60
2960

10T
| 196°C
226'T

16T

£1 (ppm)

IH NMR of 3¢

50



€T —

St'€

ST'9
L1°9
61°9
T¢9~=
€€97
LE°9
869
00~
0L
v0'L
60°L
1L
1L
€T,

(COzMe),

CH

3d

nmr 32

A

10. fid
PROTON CDC13 {D:\NMR400\506}

WDQ-3-168-5.

66°S

26'CT

uu 00T
= #10'T

== F10'T
== =0T

6'T

0t

1 (ppm)

'H NMR of 3d

¢S’€E
69°¢

8L'€
L8°EN
06'c”
A"
6%
0Ty
wy

€19
91’9
LT°9
0z'9
LE°9
ﬁv.wV
649
189>

5§89
61,
| YA
€CL
S¢'L

57

10. fid
PROTON CDC13 {D:\NMR400\02T2} nmr

WDQ-168-2.

(COzMe)z

CH

OMe

3e

MeO

et

6°C

&
6°0

66°0

- F66°0

8'T
6'T
T6°'T
c0'¢

£1 (ppm)

IH NMR of 3e

51




—

SS'E
0s°€
5
oocy
v

- )

—

'H NMR of 3f

LY'E
X

ow.mw 7 96°C
€8'€ — We'T
Ty 00T |5
vy »00T|" %
mH.vw -
JARY -
L19 ~ =

61°9 ) m

A M2 v10'T
€79

620 m = Mot
€€'9 =

80°L mm__.

01'L - e A /R 4
0€'L~\ /, ) 7 661
€L f V/ ——= g0z
om.m\

8c'L

Br

PROTON CDC13 {D:\NMR400\02T2}| nmr 30

WDQ-3-168-3. 10. fid

VN.v\

9T’y

vC9

T¢L

9T'LF
8¢'L
0€L
0€L

I C

(COzMe)z

CH
39

AN

10. fid
PROTON CDC13 {D:\NMR400\02T2} nmr 25

C

WDQ-168-6.

J
) 196°C

ppm)

1

1H NMR of 3g

52



€5
1€
ww.my
06°€\
wy
YTb
mN.ww
(T

619
19
€09
S9Nt
0t'9 -
vv.o\
¢m.©/
96'9
669

€0,
YL
9T,
(L
6C°L

£1 (ppm)

'H NMR of 3h

(C02M6)2

CH

(A4
m¢.v\

€49
Sb'9
(P9

g

3h

AN

ov o
8597

52

i

nmr 31

PROTON CDC13 {D:\NMR400\02T2}

WDQ-3-168-4. 10. fid

oc L
Al
652~
vo' s f
99'L
69°L
oL'L
€L
sLL

£1 (ppm)

IH NMR of 3i

(COQMG)Z

CH

nifir 20

PROTON CDC13 {D:\NMR400\02T2}

WDQ-168-9. 10. fid

53



No.m/
TLE€E~
88°€ >
om.m\
1Sy

mm.vW
SS'v

bT'9
91’9
819
0z9”
19'9+
59'9~
26'9
€697,
[AWA
€1,
v1°L
8T,
6T,

1 (ppm)

1H NMR of 3

nmr 19

PROTON CDC13 {D:\NMR400\02T2}

WDQ-168-8. 10. fid

80vY —
0.'2s

NN.NmV
Sp'QG —

-10

bt

0Svel

r1

[o(oMk 7 AN

1flo

06421

13C NMR of 3j

AR

120

9079¢C1 A

06:924
[

)2

pMe

8G°/91

9

L 790]

H(CO

N
v

Infnr|

NMR400\02T2)

>DCy3 (b

WDQ-168-8
C13CPD

54



'H NMR of 8b

<
evey
erz~ ———00C
9527 ——|eoz
h 65'C
: eL'e
s
: © ===
08'c— —=Hoz e E.mx o
o Y= °
= 5 eg'e >
& o i
Lby _ [ = = a
vy’ F= =
T
- i
% 8Z'9
T Le'9
ze'9 Zi ° ce9 —==1ho
ve'o 7\ ®© I ve'9 |
. g H .
9g'9 . \ % oy 85'9 Foot
8c'9 — (4 ) = 29'9
1G9 \ =fzot ) oL
19°9 o | - R M\%o.m
ezl e ST —— b0y
yal _ | 66'9 ) z0'z
VXAV § ==T909- 62°L
62, “Teoz[* Le'L
gL zeL
ves] = o 1€
ges] . = 8L o
9es] =3 ev'ly 3
ge's] == r (A
TR I Ss
ovs) 3% S8

55



'L~
19—

ov'e~
[ Rag

¥8' €~

J
\ﬂ\k
—

rooz
Fese

%No.v

9ge”

Ph

Ze

N
8c

1 (ppm)

N
N

181

I

11/5q102
2022. 6. 8_SQ74

2022. 6.

lPh/ |

'H NMR of 8c

8/°€~
oge”

w9
¥v'9
S¥'9
89t
hm.mﬂ
122

(T°L

Ph

|2

oot

Wo'T
001

SVH“H

£1 (ppm)

6C°L%¢

Bd

WMHM
T

te L
zeL]
peL
9/
wmi :
bbL]
9%/

2022. 6. 11/sq122
2022. 6. 8_5Q122

N
Ph™ 1™

b
)wﬁ.N

'H NMR of 8d

56



8Ly — 1 eeo| 2
== Too't|”
== KO} |=
— 1562
= 101
o 0zls
I & ——— %o.r
Zie — 67
o “ uma.m B
VAR 0z
Z \— £
g o

'H NMR of 8e

EZO-€

0T

001

Kot

£1 (ppm)

Fsoe
0'C

/0T

f81°€

320

. 11/sq123

2022. 6. 8_5Q123

/ﬁo.N

'H NMR of 8f

57



1H NMR of 8g

3
- — -
o
(
e 0ET= HO'E
9'09 — 2
[rem
&
le © R
z = z
s z
O
3
B AN e e
bre” = Feo't
£ TTT B
£6°LTT 59
Lrzen = 859 ol
19'921 B 09'9 I 0E
1Lt . 99'9¢ Zne =] 001
40241 = ) = 029 = =] ) et
s L g wm Ms \ P Y/ __ | 60
Lol \ =,/ ————— 5 : //\ ) {07
98¢t \ b = orLy /h ‘MJUML tvoe
Hm.wNi‘w s Ay \ o J 100
60°0€T :3 ) / — . ve'L 102
00'T€T 2 2 B e
bTIET gm‘ p = ] A
TLo9ET W 2 o s 55
v ThT “ e B N
8BTSk i

58




69°TC —

0409 —

zrotT—
€SYIT—
66801
om.hﬂ/
95'£2T %

T
30

(ppm)

1

os/ct
19'8¢T
/£8'8CT
rect
06°0€T
SO'TET
8/°9€T
96'8€T

2022. 6. 10-5Q75 CNMR

13C NMR of 8g

b’

N
3
oN

SOy —

60°S~\

o
[«

G
on

16°0

(ppm)

1

1T's
w9
£v'9
S'9
L¥'9

099
O €

Nmm%

S9°9
mm.w\
Oo.h\

20:L

Vxay
622
b
ov'L]
L]
6b°L

2022. 6. 11/sq71

2022. 6.8 SQT1

Sqacomd
AN MMAN A NN

SHEoT P ¢

'H NMR of 8h

59



A

9L €E— - —— F60°€

-— 001
—

1
¥0'T
Q'€

£1 (ppm)

IH NMR of 8i
£1 (ppm)

1H NMR of 8j

= Hoz
| ot

Ph” " Ph
1
| Ut

=" w0t

5
MeO
—
)
N\

€cs 0°C

(=]

N

~
11/5q100

2022. 6.8 SQ100

<2}
N
N
2022. 6

Br

2022. 6. 11/5q79
2022. 6. 8_SQ79

60



M =
$0'S - Loo T
90°s 7
6€9
0v'9 e
£€b'9 <
vb'9
199 = Motz
989 ~—=_ 20¢
. ey
889\ L B _ ) 1002
mw.w =i * 60|
. V - H\U|LVI\ 10°€
€et = 2
i ) 6°€ |
6€ N\ ot
svel e,
<32 ey LS
o )

'H NMR of 8k

[ze— — 1009
_ [
H -
. | LS
€T°6~ ] e
b7 ] 7e60
SE'9\ — we1
bb'9~ —3, hggzle
199~ = — .
197 r B i 860 -
iy N...ﬁ 107"
\ ] .
ge L \ﬂ\ 4, m \ﬂ\\% w\ﬁo € 5
oy / /) [ 80
0°Z
A Y
< Ho
o

IH NMR of 8l

61



9L°€
8/°€
mo.mg
80°S1
€6'S
ov'9
w9
PR}

J16's

9’9
999
049
S¢L
9T'L
LT,
8T/
81
€L
€€/
€€/
€€/
bE LT
SELA

Ph

]

67
6€°L
(VA
T LA

OMe

o
Zi

66'C

00T

=61

10T

£1 (ppm)

vz

L7
WL
(L]
L]
8L |
6b°L

6v°L

334. 1. fid

0
0

PR

Me
MeO

'H NMR of 8m

-10

10

10

/8'SS

60°T9~\
(b'197

€16 —

+S'9CT
8T°/CT
99°/¢1
6/°LCT
+9°8¢T
S6°'8¢T
+6°0€T
8C'IET
S9'9€T
LTTPT
0T vbT
¢8'EST

e e L

329. 1. fid

OMe

MeO,

MeO

e

T o
Zi

\M

<

o

8m

90

T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

13C NMR of 8m

62



98'¢
09'v
0C's
1S
8€'9
0v'9
[42°]
144°]
799
+9°9
999
999
LeL
8C'L
6¢°L
T€L
[404 ﬁ
€€,
€€,
vEL
veEL
Se€'L
SEYL

9€'L %
wm.j
8EL ]
6L
0b'L
(Ve
TPl
v LA
vl
A
€V LA
v/

[=
0

£1 (ppm)

A
sy'r’
98° L~
88z’

335. 1. fid

/

N
e
o

IH NMR of 8n

€51y
Las
A%
St'T Y
Ly'T
L¥°T
8p°T |
651

T9'T
9T+
vo.ﬁx
S9'1T

@V.N/

H\m 80°¢

A X4
8t°'¢

8tz
05'C
S5°C
15T
85°C
09'C

9Th~
8Tt

€29
ST°94

— 00T

£1 (ppm)

R”o/f
3
mm.ow

669

Feot

J— 0T
\J H\mm-o
———————= Z90¢

LT,
LCL
LCL
8¢,
8¢,
8¢,

323. 1. fid

=

T

63



IH NMR of 80

9'vT~
[z 144

LLTS—

1989 —

10

vyt
YL vt
8L'vCT
9%’SCT
19°S¢T

£1 (ppm)

Lb'9TT ]
9g° /Tt f
8v°62T

86 THT —

323. 1. fid

150

T T T
200 190 170 160

210

13C NMR of 8o

64



—J L2
_J

657 — Hoz|”
205~ _ L2
vog” oo’
ze9 ke
vm.w/
Nmuwv = ko],
2997 = = kol
99'9 ; o -
ve'L O...ﬂ 101 [
12/~ /|\| S ——— 60}
622 _ - T = 081"
L A 1 oz
€€ L %
1€ Ha
6€°L
LWL #7 -
vyl T [
oLl ga

'H NMR of 10a

[¢]

id

(o]
\

LS'Y
om.v/

£1 (ppm)

29
sop”
90°S~\
8057

LE°9
6€°9
9
€97
8997
Nm.o\
S¢ h/

(o)l

==y 0C¢

= 001

om
Y. o
[N

10b

@
N
N oK

2022. 6. 11/s083
2022. 6. 8_SQ83

Ph” T Ph

SGoHQo
N DM

CE

'H NMR of 10b

65



€8 — -~ TS0°€

£1 (ppm)

1 (ppm)

'H NMR of 10c
3

\L Teg[® vo.mv -— 1560

ke 69'91
98'9

= S 8891
[< 869

— +00+ 0072

M
R

Cl
Ph

OMe
Ph

~—( o

~
b

'H NMR of 10d

o

10¢

N
s mm.n% — %

10d

€e'L]

X

=/

3
,\;
Ph

11/sq117
2022. 6.8 SQ117

2022. 6.

8

©

<

N~
2022. 6. 11/5q92
2022. 6.8 5Q84

66



]lb =

L8t~ ———— =00~
95 — —— FosT[
105 e s
cos’ # 260
z€9 -
be'9 <
9€'9 N :
a0 = 80T/
997 = F60'T
99'9 ; = .
6T, o 0zl
671 oud i %H.m
€L 7\ S — Ts|e
mm.n\ o VRS AN
b'L )

< re

N o

'H NMR of 10e

[Asn4
mm.vW
95'H

4.

5

4

£1 (ppm)

65b7
00's

2057

€9
Vm.m/
9€'9\

8€'9
997
om.o\
€CL
mNNW
LTL
€L
€€L
8€L
ob’L
VL
€L
Sh'L

2022.6.11/sq116
2022. 6. 8_SQ116

0'9

0

'H NMR of 10f

67



mm.v
om.vW
JA“R 4

09
20°S~\

Fsoe

3

£1 (ppm)

LE°9
6€°91
£9'91
£9°97
v0'L

£0s
|

|
e

%
-

9077
80
9z'L
17 L

10T
F00'T
EO.N

1€
€€/ ]
SEL
L2
6€ ]
L
WL
S/
hr?

11/sq134

2022. 6.8 5SQ134

2022. 6.

7ZTT

YA 4
T'¢

14 NMR of 10g

¥8'€—

PS'v—

c0'S~\

vE9

JJ__@_N

S |

Fo'e

oz

960

0'T
4S0'T

£1 (ppm)

-

T
o__.A =

!

ke

1[0+
%H s
I0p

VAN

2022. 6. 11/sq125
2022. 6. 8_QH120

QMe

I/H\I\A,.

Ph

"60°C

'H NMR of 10h

68



8€'C—

(S'P—

€05
s0's7

vE'9
9€"9

8€'9

0b'9~
€99~
1997
TAXAY
e
L2, \\‘

L
ov'L
9L

11/5q91
2022. 6.8 Q91

2022. 6.

o o
{

10i

80°€

Foe

F00°T

Foo'tT
FE0'T

£1 (ppm)

'H NMR of 10i

8L
60°S |
11°S Y
6£°91
ob'9
m¢.o;
vb'9
£9'91
VAR
LTL7
62°L1
€L
_Vm.TW
9€"/ A
el
b LA
£b°/ A

vv.DW
6v'L~E
15°2
sL
¥S'L
95,
S8/
18,
88,

2022. 6. 11/sq131

2022. 6. 8_SQ131

Fsoe
oot

ot
Feot

/S0°T

$90°€
wﬂwﬁv

s
“60'p

£1 (ppm)

1H NMR of 10j

69



bS'v—

S0°5~\
1057

€€9
se'9
LE°9
89/

£1 (ppm)

'H NMR of 10k

€99
£9°9
mNN/

VA

€L
L
veL
8€L
ov’L
L
4
oL

11/5q129

2022. 6.8 5SQ134

2022. 6.

691
€LY
L1V
08t
0L'G1
ZL'G
#m.mj
9€'91
8€'9
0’9
8991
L9
0Z°L
ce L
vZ L
9T
VXAV
6C°L1
L€°27

mm.#%
JAWN
6€°L
Ly 24
'L

Y,

=

3

Fooz
Foot

o1
hot

\.vo.N

8¥', A

AU

86/~

09 L~

Z6°€

202

Er
2Ll
VL
9/
GG'8~\
958’

Ph

101

Ph

2022. 6. 11/sq130
2022. 6. 8_SQ130

—

—

190" 1
L0}

%No._‘

£1 (ppm)

IH NMR of 10l

70



148

[

= lge0
) 86°0

£1 (ppp)

86'T

/S6°0
/€60

Q0T

SO+

Z0'T

T0°€

Q6 C

1.1, fid

J gge

'H NMR of 12

71



