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I. General Information

"H NMR spectra were recorded with a Bruker Avance 400 at 25 °C and internally referenced to
tetramethylsilane signal. '*C NMR spectra were recorded with a Bruker Avance 400 at 25 °C and internally
referenced to residual solvent signals (CDCls: § 77.0). Data for 'H NMR were reported as follows: chemical
shift (6 ppm), integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br =
broad), and coupling constant (Hz) when applicable. *C NMR spectra were recorded with complete proton
decoupling. High-resolution mass spectrometry experiments were performed with a Bruker Daltonics Apex IV
spectrometer. Chiral HPLC analyses were carried out on a Shimadzu LC-20AD system. Infrared spectra were

recorded on a Varian 3100 FT-IR. Specific rotations were measured on a Jasco P-2000 Polarimeter.

All reactions were carried out using flame-dried glassware under a nitrogen atmosphere unless otherwise noted.
Analytical thin layer chromatography (TLC) was performed using 0.25 mm silica gel 60-F plates. Flash
chromatography was performed using 200-400 mesh silica gel. HPLC-grade tetrahydrofuran, methylene
chloride, diethyl ether and toluene were purified and dried by passing through a PURE SOLV® solvent
purification system (Innovative Technology, Inc.). L1 and L2 ligands were prepared according to the reported
procedure.5!! Chemical reagents were purchased from Adamas, Energy Chemicals, J&K, Innochem or

Macklin and used without purification.
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I1. Preparation of Diene Substrates
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Diene substrates 1a, 1b, 1c, 1d, 1f, 11, and 1m were prepared according to the procedure reported by Yin et

al.®?l Diene substrates 1e, 1g, 1h, 1i, 1j, and 1k were prepared according to the procedure reported by

Fernandes et al.®*! Diene substrate (Z)-1a was prepared according to the procedure reported by Malcolmson

et al.[54
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III. Optimization of the Reaction Conditions for R-Products

Table S1. Optimization of additive loadings.

. m PCy;
P -C3Hs)Cl], (1 mol%
« NH; [ ?éZ,S:)B-Li)?Z].Z'(moI‘;:)/) S @th O
O/\/\ . A8 (X equiv) ©/\/\Me \"
toluene, 25°C, 16 h
1a 2a c=02M (R)-3aa O N
0.1 mmol scale 2.0 equiv L (Sa:Sp)-L1
Entry A6 Yield (%)™ ee (%)l
1 0.1 equiv 32 94
2 0.5 equiv 51 93
3 1.0 equiv 61 92
4 2.0 equiv 54 86

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary
phase.

Table S2. Screening of bases.

Pd(n3-CsH:s)Cl], (1 mol% f 2
[ ?éZ,S(:;Lﬁ)(ZE(mOI%)/) PCy2
NH; A6 (0.5 equiv) NHPh
@/\/\ . Base (2.0 equiv) . ©/\/\Me \"O
toluene, 25°C, 16 h
1a 2a ¢=02M (R)-3aa Q N
0.1 mmol scale 2.0 equiv (Sa Sp)-L1
Entry Base Yield (%)% ee (%)l
1 none 51 93
2 LiOAc 44 94
3 NaOAc 86 93
4 KOAc 62 92
5 CsOAc 14 84
6 Na,COs; 63 80
7 Na3P04 93 86
8 Et:N 5 87
9 DBU <2 -

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S3. Screening of solvents.

[Pd(n3-C3H5)Cll, (1 mol%) 1 PCy,)
(SaSp)-L1 (2.4 mol%) Q
NH, A6 (0.5 equiv) NHPh O
O/\/\ . © NaOAc (20 equiv) ©/\/\Me \‘.
Solvent, 25 °C, 16 h
1a 2a ¢=02M (R)-3aa O \
0.1 mmol scale 2.0 equiv (Sa Spr L1
Entry Solvent Yield (%)™ ee (%)
1 toluene 86 93
2 fluorobenzene 79 85
3 benzotrifluoride 37 87
4 chlorobenzene 46 89
5 THF <2 -
6 1,4-dioxane <2 -
7 DCE 87 72
8 DMF <2 -
9 CH;CN 86 58

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.

Table S4. Optimization of concentrations.

[Pd(n3-C3H5)Cl], (1 Mol%) - N
PCy2
(SaSp)-L1 (2.4 mol%) Q
NH; A6 (0.5 equiv) NHPh

N NaOAc (2.0 equiv A O
©/\/\ . © ( quiv) _ ©/\/\Me "
toluene, 25°C, 16 h

1a 2a ¢c=XM (R)-3aa Q \
0.1 mmol scale 2.0 equiv (Sa:Sp)-L1
Entry Conc. Yield (%)™ ee (%)™
1 0.1M 52 93
2 02M 86 93
3 04M 91 92

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S5. Optimization of reaction time.

[Pd(n3-C3H5)Cl], (1 mol%)
(Sa,Sp)-L1 (2.4 mol%)

m PCys

NH, A6 (0.5 equiv) NHPh
©/\/\ . © NaOAc (2.0 equiv) . O/\/\Me \"O
toluene, 25 °C, Time
1a 2a c=02M (R)-3aa Y
0.1 mmol scale 2.0 equiv (Sa: Sp)yL1
Entry Time Yield (%)™ ee (%)
1 8h 80 92
2 16 h 86 93
3 24 h 92 92
4 36 h 98 87

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.

Table S6. Optimization of nucleophile loadings.

[Pd(n®-C3H5)Cl], (1 Mol%)
(Sa.Sp)-L1 (2.4 mol%)

. o~
Q PCYZ

NH, A6 (0.5 equiv) NHPh O
©/\/\ . © NaOAc (2.0 equiv) . O/vMe \"
toluene, 25 °C, 24 h
1a 2a c=02M (R)-3aa Q \

0.1 mmol scale X equiv (Sa Sp)-L1
Entry 2a Yield (%) ee (%)
1 2.0 equiv 92 92
2 3.0 equiv 99 92

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S7. Screening of Pd sources.

[Pd] (2 mol%) ( PCys)
(Sa Sp)-L1 (2.4 mol%) Q
NH; A6 (0.5 equiv) NHPh

N NaOAc (2.0 equiv X O
OO e O | Y
toluene, 25 °C, 24 h
\

1a 2a ¢c=02M (R)-3aa o,
0.1 mmol scale 3.0 equiv L (Sa,Sp)-L1 )
Entry [Pd] Yield (%) ee (%)
1 Pd(OAc): <2 -
2 Pd»dbas 18 92
3 [Pd(n?’-CsHs)Cl]> 99 92
4 Pd G4 dimer <2 -

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.

Table S8. Optimization of temperature.

[Pd(n3-C5H5)Cl], (1 mol%) ( PCV2\
(Sa,Sp)-L1 (2.4 mol%) Q
NH A6 (0.5 equiv)

X ; N
©/\/\ . @ NaOAc (2.0 equiv) _ ©/\/\Me \"O
toluene, Temperature, 24 h

|

1a 2a c=02M (R)-3aa O \
0.1 mmol scale 3.0 equiv (Sa, Sp)-L1
Entry Temperature Yield (%) ee (%)
1 25°C 99 92
2 0°C 13 94

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S9. Screening of ligands.

[Pd(n3-C3Hs)Cll, (1 mol%)
Ligand (2.4 mol%)
NH; A6 (0.5 equiv) NHPh

©/\/\ N © NaOAc (2.0 equiv) ©/\/\Me
toluene, 25 °C, 24 h

c=02M (R)-3aa

1a 2a
0.1 mmol scale 3.0 equiv

PCy2 m PPh,
\‘.p \"O PPh, l\}fi\
N Y

(Sa,Sp)-L1 (Sa Sp)-L2 (R)AL3

. :
O O P(t-Bu O
NH HN (-Bu2 PPh;

, PCy,
Fe PPh,
( ﬁPth thpﬁ ) <>
(R,R)-L4 (R, Sp)-L5 (S)yL6
Entry Ligand Yield (%) ee (%)
1 L1 99 92
2 L2 47 65
3 L3 43 68
4 L4 6 14
5 L5 59 33
6 L6 84 5

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase.
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IV. Optimization of the Reaction Conditions for S-Products

Table S10. Optimization of additive loadings.

PCy,)
[Pd(n3-C3Hs)Cll, (1 mol%) \3
NHz (s, §,)-L1 (2.4 mol%) NHPh

X i N O

©/\/\ . A30 (X equiv) . Me R
toluene, 25 °C, 16 h N
1a 2a c=0.2M (S)-3aa O
0.1 mmol scale 2.0 equiv (Sa. Sp)-L1
Entry A30 Yield (%) ce (%)

1 0.1 equiv 20 56
2 0.5 equiv 40 59
3 1.0 equiv 59 60
4 2.0 equiv 47 €0

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the

internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.

Table S11. Screening of bases.

[Pd(n-C3H5)Cl]o (1 mol%)
(SaiSp)-L1 (2.4 mol%)

NH, A30 (1.0 equiv) NHPh
©/\/\ . © Base (2.0 equiv) . N Me \"O
toluene, 25 °C, 16 h
1a 2a ¢=02M (S)-3aa Q X
0.1 mmol scale 2.0 equiv (Sa Sp)-L1
Entry Base Yield (%)% ee (%)l
1 none 59 60
2 LiOAc 58 57
3 NaOAc 88 51
4 KOAc 73 37
5 CsOAc 94 45
6 Na,CO;s 56 51
7 Naz;PO4 43 48
8 Et;N 14 51
9 DBU <2 -

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S12. Screening of solvents.

( PCy,)
[Pd(n®-C3H5)Cl], (1 mol%) m
NH; (Sa,Sp)-L1 (2.4 mol%) NHPh O
©/\/\ . © A30 (1.0 equiv) . ©/\/'\Me \‘.
Solvent, 25°C, 16 h
1a 2a c=02M (S)-3aa O N
0.1 mmol scale 2.0 equiv (Sa:Sp)-L1
Entry Solvent Yield (%) ee (%)
1 toluene 59 60
2 fluorobenzene 40 58
3 benzotrifluoride 21 54
4 chlorobenzene 27 59
5 THF 3 55
6 1,4-dioxane 3 52
7 DCE 6 59
8 DMF <2 -
9 CH;CN 4 44

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.

Table S13. Optimization of concentrations.

3 ( PCys,)
[Pd(n3-C3Hs)Cll; (1 mol%) Q
NH; (SaSp)-L1 (2.4 mol%) NHPh
X A30 (1.0 equi § O
©/\/\ + © ( equiv) . ©/\/‘\Me \
toluene, 25°C, 16 h .
1a 2a c=XM (S)-3aa Q
0.1 mmol scale 2.0 equiv L (Sa.Sp)-L1 )
Entry Conc. Yield (%) ce (%)
1 0.1 M 30 60
2 02M 59 60
3 04 M 73 60

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S14. Optimization of reaction time.

PCyZN
[Pd(n-C3Hs)Cll (1 mol%) m
Nz (Sa.Sp)-L1 (2.4 mol%) NHPh
X A30 (1.0 equi N O
©/\/\ . (1.0 equiv) Ve RV
toluene, 25 °C, Time \
1a 22 c=04M (S)-3aa Q
0.1 mmol scale 2.0 equiv [ SaSpHtt
Entry Time Yield (%) ce (%)
: 8h 64 60
2 16 h 73 €0
3 24 h 82 €0
4 36 h 84 59

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.

Table S15. Optimization of nucleophile loadings.

3 ( PCy)
[Pd(n3-C3H5)Cll (1 mol%) Q
NH; (SaSp)-L1 (2.4 mol%) NHPh
N i AN
©/\/\ N A30 (1.0 equiv) ©/\/‘\Me [ |O
toluene, 25°C, 24 h §
1a 2a c=04M (S)-3aa Q
0.1 mmol scale X equiv (Sa, Sp)-1L1
Entry 2a Yield (%)™ ee (%)
1 2.0 equiv 82 60
2 3.0 equiv 86 59
3 4.0 equiv 94 59
4 5.0 equiv 94 59

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (5)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S16. Screening of Pd sources.

PCy2
[Pd] (2 mol%) Q
NH (S Sp)-L1 (2.4 mol%) NHPh O
X A30 (1. i X
©/\/\ . © (1.0 equiv) . O/\/'\Me ‘.
toluene, 25 °C, 24 h
- N
1a 2a c=04M (S)-3aa &/
0.1 mmol scale 4.0 equiv (Sa,Sp)-L1
Entry [Pd] Yield (%) ee (%)
1 Pd(OAc), 94 53
2 szdba3 8 60
3 [Pd(n*-C3Hs)Cl]2 94 59
4 Pd G4 dimer <2 -

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.

Table S17. Optimization of temperatures.

f PCYZN
[Pd(n3-C3H5)Cll, (1 mol%) Q
NHz (Sa,Sp)-L1 (2.4 mol%) NHPh O
N i X
N, A30 (1.0 equiv) . ©/\/'\Me ‘.
toluene, Temperature, Time \
=04 M
1a 2a ¢ (S)-3aa Q
0.1 mmol scale 4.0 equiv (SaSp)-L1
Entry Temperature Time Yield (%) ee (%o)P!
1 25°C 24 h 94 59
2 0°C 40 h 72 65
3 0°C 48 h 80 65

[a] Determined by '"H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.
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Table S18. Screening of ligands.

[PA(n3-C3H5)Cll, (1 mol%)

NH; Ligand (2.4 mol%) NHPh
©/\/\ . @ A30 (1.0 equiv) . ©/\/LM9
toluene, 25 °C, 24 h
c=04M
1a 2a (S)-3aa
0.1 mmol scale 4.0 equiv

) ) S N

(Sa, Sp)-L1 (SaSp)L2 (R)-L3

o t
o . O P(t-Bu), OO

NH HN >~PCy, ﬁE:Z
Fe 2
PPh, Ph,P =

PPh, N

A

(RR)-L4 (R.Sp)-LS5 (S)-L6
Entry Ligand Yield (%) ee (%)
1 L1 94 59
2 L2 21 39
3 L3 <2 -
4 L4 2 10
5 L5 <2 -
6 L6 <2 -

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase.
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V. Substrate Scope

[Pd(n3-C3Hs)Cll, (1 mol%)

. [PA(n®-C3Hs)Cll, (1 mol%) (Sa:Sp)»-L1 (2.4 mol%)
HN/© R (SaSyL1 (2.4 mol%) RN A6 (0.5 equiv) /@‘R
/\/'\ A30 (1.0 equiv) 1 NaOAc (2.0 equiv) H
R Me + > R/\/\Me
toluene, 25°C, 24 h toluene, 25°C, 24 h
O c=04M O—R c=02M (R)-3
H,N
Condition B 2 Condition A

General Procedure A (Condition A):
In a nitrogen-filled glove box, an 8-mL glass vial was charged with [Pd(n*-C3Hs)Cl]> (3.4 mg, 0.0092 mmol)
and (S,,Sp)-L1 (13.9 mg, 0.022 mmol), and the mixture was dissolved in dry toluene (2.3 mL). The solution

was stirred at 25 °C for 10 min, providing a 0.008 M stock solution of Pd-(S,,S,)-L1 catalyst.

In a nitrogen-filled glove box, an 8-mL glass vial was charged with stock solution of Pd-(.S,,Sp)-L1 (0.50 mL,
0.008 M). 1 (0.20 mmol, 1.0 equiv) in 0.50 mL toluene was subsequently added, followed by 1-
adamantanecarboxylic acid (A6, 18.0 mg, 0.10 mmol, 0.5 equiv), 2 (0.60 mmol, 3.0 equiv), NaOAc (32.8 mg,
0.40 mmol, 2.0 equiv). The vial was sealed with a Teflon-lined cap, transferred out of the glove box, and stirred
at 25 °C for 24 h. The crude reaction mixture was analyzed by '"H NMR to determine regioisomer ratio, and

was then concentrated and purified by flash silica gel chromatography to afford the desired product.

General Procedure B (Condition B):
In a nitrogen-filled glove box, an 8-mL glass vial was charged with [Pd(1*-C3Hs)Cl]> (3.4 mg, 0.0092 mmol)
and (S.,5p)-L1 (13.9 mg, 0.022 mmol), and the mixture was dissolved in dry toluene (0.92 mL). The solution

was stirred at 25 °C for 10 min, providing a 0.02 M stock solution of Pd-(S,,S,)-L1 catalyst.

In a nitrogen-filled glove box, an 8-mL glass vial was charged with stock solution of Pd-(.S,,Sp)-L1 (0.20 mL,
0.02 M). 1 (0.20 mmol, 1.0 equiv) in 0.30 mL toluene was subsequently added, followed by 2-
trifluoromethylphenylboronic acid (A30, 38.0 mg, 0.20 mmol, 1.0 equiv), 2 (0.80 mmol, 4.0 equiv). The vial
was sealed with a Teflon-lined cap, transferred out of the glove box, and stirred at 25 °C for 24 h. The crude
reaction mixture was analyzed by 'H NMR to determine regioisomer ratio, and was then concentrated and

purified by flash silica gel chromatography to afford the desired product.
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Figure S1. Summary of unsuccessful substrates.
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HN/©
Ph/\)\l\/le
(E)-N-(4-phenylbut-3-en-2-yl)aniline (3aa)
(R,E)-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow oil: 43.2
mg, 97% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm X 25 cm), n-hexane/i-PrOH = 95/5, v=1.0 mL/min,
A =254 nm, t (minor) = 10.57 min, t (major) = 12.28 min]. [a]p** = +57.2 (¢ = 1.0, CH,CL,).
(S,E)-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow oil: 38.9
mg, 87% yield, 59% ee. [Daicel Chiralcel OD-H (0.46 cm X 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 mL/min,
A =254 nm, t (minor) = 12.55 min, t (major) = 10.52 min].
"H NMR (400 MHz, CDCl3) § 7.39-7.31 (m, 2H), 7.32-7.25 (m, 2H), 7.24-7.11 (m, 3H), 6.72-6.61 (m, 3H),
6.57 (d,J=15.9 Hz, 1H), 6.21 (dd, J=15.9, 5.8 Hz, 1H), 4.20-4.07 (m, 1H), 3.73 (br, s, 1H), 1.40 (d, /= 6.6
Hz, 3H);

Spectral data match those previously reported.[S*

/@/OMG
HN

Ph/\)\Me

(E)-4-methoxy-N-(4-phenylbut-3-en-2-yl)aniline (3ab)

(R,E)-4-methoxy-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow
oil: 44.9 mg, 89% yield, 93% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =97/3,v=1.0
mL/min, A = 254 nm, t (minor) = 13.28 min, t (major) = 16.06 min]. [a]p*° = +62.5 (¢ = 1.0, CH,CL).
(S,E)-4-methoxy-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow
oil: 47.9 mg, 95% yield, 57% ee. [Daicel Chiralcel AD-H (0.46 cm % 25 cm), n-hexane/i-PrOH =97/3, v=1.0
mL/min, A = 254 nm, t (minor) = 15.54 min, t (major) = 12.88 min].

"H NMR (400 MHz, CDCl3) § 7.37-7.32 (m, 2H), 7.31-7.26 (m, 2H), 7.23-7.17 (m, 1H), 6.79-6.72 (m, 2H),
6.65-6.60 (m, 2H), 6.56 (d,J=15.9 Hz, 1H), 6.21 (dd, /= 16.0, 5.9 Hz, 1H), 4.12-4.02 (m, 1H), 3.73 (s, 3H),
1.39 (d, J= 6.6 Hz, 3H);

Spectral data match those previously reported.[S®
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el
HN

F’h/\)\Me

(E)-4-fluoro-N-(4-phenylbut-3-en-2-yl)aniline (3ac)

(R,E)-4-fluoro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow
oil: 46.1 mg, 96% yield, 91% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =99/1, v=1.0
mL/min, A = 254 nm, t (minor) = 13.05 min, t (major) = 14.12 min]. [a]p*° = +51.7 (¢ = 1.0, CH,CL).
(S,E)-4-fluoro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow
oil: 44.9 mg, 93% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =99/1, v=1.0
mL/min, A = 254 nm, t (minor) = 13.81 min, t (major) = 12.75 min].

"H NMR (400 MHz, CDCl3) & 7.38-7.32 (m, 2H), 7.32-7.26 (m, 2H), 7.24-7.18 (m, 1H), 6.92-6.81 (m, 2H),
6.63-6.50 (m, 3H), 6.18 (dd, J = 16.0, 5.9 Hz, 1H), 4.13—4.01 (m, 1H), 3.60 (br, s, 1H), 1.39 (d, J = 6.6 Hz,
3H);

BCNMR (101 MHz, CDCl5) § 155.8 (d,J=235.0 Hz), 143.7 (d,J= 1.9 Hz), 136.9, 133.0, 129.5, 128.5, 127 4,
126.3, 115.6 (d, J=22.2 Hz), 114.3 (d, /= 7.4 Hz), 51.6, 22.1;

F NMR (377 MHz, CDCls) & -128.1;

IR (neat): vmax (cm™) = 3412, 3028, 2967, 2923, 2859, 1608, 1501, 1306, 1205;

HRMS (ESI) caled for C1¢H7NF [M+H]": 242.1340. Found: 242.1346.

/©/CF3
HN

Ph/\)\Me

(E)-N-(4-phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline (3ad)

(R,E)-N-(4-phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline was prepared following the General Procedure A
as yellow oil: 56.2 mg, 96% yield, 79% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
95/5, v = 1.0 mL/min, A = 254 nm, t (minor) = 14.91 min, t (major) = 10.71 min]. [a]p*® = +53.6 (¢ = 1.0,

CH,CL).
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(S,E)-N-(4-phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline was prepared following the General Procedure B
as yellow oil: 5.2 mg, 9% yield, 45% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5,
v = 1.0 mL/min, A = 254 nm, t (minor) = 9.99 min, t (major) = 13.73 min].

Note: The low yield of (S)-3ad was due to incomplete conversion.

"H NMR (400 MHz, CDCl3) § 7.41-7.32 (m, 4H), 7.32-7.27 (m, 2H), 7.25-7.19 (m, 1H), 6.63 (d, J = 8.4 Hz,
2H), 6.55 (d,J=16.0 Hz, 1H), 6.17 (dd, J = 15.9, 5.8 Hz, 1H), 4.23-4.12 (m, 1H), 4.07 (br, s, 1H), 1.42 (d, J
= 6.5 Hz, 3H);

Spectral data match those previously reported.!!

: COOEt
HN

Ph/\)\Me

ethyl (E£)-4-((4-phenylbut-3-en-2-yl)amino)benzoate (3ae)

ethyl (R,E)-4-((4-phenylbut-3-en-2-yl)amino)benzoate was prepared following the General Procedure A as
colorless oil: 56.5 mg, 96% yield, 81% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
90/10, v = 1.0 mL/min, A = 254 nm, t (minor) = 15.74 min, t (major) = 28.01 min]. [a]p*® = +98.1 (¢ = 1.0,
CH.CL).

ethyl (S,E)-4-((4-phenylbut-3-en-2-yl)amino)benzoate was prepared following the General Procedure B as
colorless oil: 14.6 mg, 25% yield, 57% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
90/10, v =1.0 mL/min, A = 254 nm, t (minor) = 27.54 min, t (major) = 15.44 min].

Note: The low yield of (S)-3ae was due to incomplete conversion.

"H NMR (400 MHz, CDCls) § 7.89-7.82 (m, 2H), 7.36-7.31 (m, 2H), 7.31-7.26 (m, 2H), 7.24-7.19 (m, 1H),
6.63-6.51 (m, 3H), 6.17 (dd, J = 15.9, 5.7 Hz, 1H), 4.36-4.10 (m, 4H), 1.43 (d, /= 6.6 Hz, 3H), 1.34 (t, J =
7.1 Hz, 3H).

BC NMR (101 MHz, CDCls) & 166.8, 151.0, 136.6, 131.9, 131.4, 129.8, 128.5, 127.5, 126.3, 118.8, 112.1,
60.1, 50.4, 21.8, 14.4;

IR (neat): vimax (cm™) = 3366, 3028, 2975, 2927, 1689, 1600, 1520, 1264, 1165, 1104;

HRMS (ESI) calcd for C19H22NO; [M+H]™: 296.1645. Found: 296.1652.

S18



HN : CN

Ph/\)\Me

(E)-3-((4-phenylbut-3-en-2-yl)amino)benzonitrile (3af)

(R,E)-3-((4-phenylbut-3-en-2-yl)amino)benzonitrile was prepared following the General Procedure A as
bright yellow oil: 42.9 mg, 86% yield, 84% ee. [Daicel Chiralcel AD-H (0.46 cm X 25 cm), n-hexane/i-PrOH
=90/10, v = 1.0 mL/min, A = 254 nm, t (minor) = 14.45 min, t (major) = 16.99 min]. [a]p** = +59.6 (¢ = 1.0,
CH2Cl).

(S,E)-3-((4-phenylbut-3-en-2-yl)amino)benzonitrile was prepared following the General Procedure B as bright
yellow oil: 3.5 mg, 7% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 90/10,
v = 1.0 mL/min, A = 254 nm, t (minor) = 16.48 min, t (major) = 14.13 min].

Note: The low yield of (S)-3af was due to incomplete conversion.

"H NMR (400 MHz, CDCl3) § 7.39-7.27 (m, 4H), 7.25-7.16 (m, 2H), 6.95-6.90 (m, 1H), 6.87-6.76 (m, 2H),
6.55(d,J=16.0 Hz, 1H), 6.14 (dd, /= 15.9, 5.9 Hz, 1H), 4.17-4.06 (m, 1H), 3.98 (s, 1H), 1.42 (d, /= 6.6 Hz,
3H);

BC NMR (101 MHz, CDCls) & 147.5, 136.5, 131.7, 129.9, 129.8, 128.6, 127.6, 126.3, 120.7, 119.5, 117.6,
115.6, 112.8, 50.7, 21.9;

IR (neat): vmax (cm™) = 3381, 3028, 2971, 2927, 2870, 1598, 1484, 1332, 964;

HRMS (ESI) calcd for Ci7HsN>Na [M+Na]*: 271.1206. Found: 271.1211.

(E)-4-chloro-N-(4-phenylbut-3-en-2-yl)aniline (3ag)
(R,E)-4-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow
oil: 50.7 mg, 98% yield, 83% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 90/10, v =

1.0 mL/min, A = 254 nm, t (minor) = 10.61 min, t (major) = 8.67 min]. [a]p* = +66.2 (¢ = 1.0, CH,Cl,).
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(S,E)-4-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow
oil: 49.9 mg, 97% yield, 57% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 90/10, v =
1.0 mL/min, A = 254 nm, t (minor) = 8.56 min, t (major) = 10.25 min].

'H NMR (400 MHz, CDCl3) § 7.38-7.32 (m, 2H), 7.32-7.26 (m, 2H), 7.24-7.19 (m, 1H), 7.13-7.05 (m, 2H),
6.62-6.48 (m, 3H), 6.17 (dd, J = 15.9, 5.8 Hz, 1H), 4.15-4.03 (m, 1H), 3.74 (br, s, 1H), 1.39 (d, J = 6.6 Hz,
3H);

Spectral data match those previously reported.[S”

(E)-3-chloro-N-(4-phenylbut-3-en-2-yl)aniline (3ah)

(R,E)-3-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow
oil: 48.2 mg, 93% yield, 83% ee. [Daicel Chiralcel AD-H (0.46 cm % 25 c¢cm), n-hexane/i-PrOH =97/3, v=1.0
mL/min, A = 254 nm, t (minor) = 8.96 min, t (major) = 10.95 min]. [a]p*° = +56.9 (¢ = 1.0, CH.CL).
(S,E)-3-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow
oil: 48.9 mg, 95% yield, 60% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =97/3, v=1.0
mL/min, A = 254 nm, t (minor) = 10.75 min, t (major) = 8.85 min].

'H NMR (400 MHz, CDCl;) & 7.39-7.33 (m, 2H), 7.32-7.27 (m, 2H), 7.24-7.19 (m, 1H), 7.05 (dd, J = 8.0,
8.0 Hz, 1H), 6.67-6.60 (m, 2H), 6.56 (d, J=16.0 Hz, 1H), 6.50 (dd, J = 8.2, 2.3 Hz, 1H), 6.17 (dd, J = 16.0,
5.8 Hz, 1H), 4.18-4.06 (m, 1H), 3.82 (br, s, 1H), 1.40 (d, J = 6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) & 148.4, 136.8, 134.9, 132.4, 130.1, 129.6, 128.5, 127.5, 126.3, 117.2, 113.0,
111.6, 50.7, 22.0;

IR (neat): vimax (cm™) = 3415, 3028, 2969, 2923, 2863, 1596, 1492, 1321, 1165, 1078;

HRMS (ESI) calcd for CisHi7NC1 [M+H]": 258.1044. Found: 258.1054.

Me
HN: \/:
Ph/\-)\l\ne
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(E)-2-methyl-N-(4-phenylbut-3-en-2-yl)aniline (3ai)

(R,E)-2-methyl-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow
oil: 42.6 mg, 90% yield, 85% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v=1.0
mL/min, A = 254 nm, t (minor) = 7.79 min, t (major) = 14.76 min]. [a]p*° = +23.0 (¢ = 1.0, CH.CL).
(S,E)-2-methyl-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow
oil: 45.7 mg, 96% yield, 57% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v=1.0
mL/min, A = 254 nm, t (minor) = 14.87 min, t (major) = 7.68 min].

"H NMR (400 MHz, CDCl3) & 7.39-7.33 (m, 2H), 7.31-7.26 (m, 2H), 7.22-7.17 (m, 1H), 7.12-7.02 (m, 2H),
6.70-6.61 (m, 2H), 6.57 (d, J=16.0 Hz, 1H), 6.24 (dd, /= 16.0, 5.8 Hz, 1H), 4.24-4.14 (m, 1H), 3.55 (br, s,
1H), 2.18 (s, 3H), 1.44 (d, J= 6.6 Hz, 3H);

Spectral data match those previously reported.[S*

(E)-N-(4-phenylbut-3-en-2-yl)-4-vinylaniline (3aj)

(R,E)-N-(4-phenylbut-3-en-2-yl)-4-vinylaniline was prepared following the General Procedure A as yellow oil:
49.0 mg, 98% yield, 91% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 97/3, v =1.0
mL/min, A = 254 nm, t (minor) = 10.24 min, t (major) = 11.84 min]. [a]p*° = +77.9 (¢ = 1.0, CH.CL).
(S,E)-N-(4-phenylbut-3-en-2-yl)-4-vinylaniline was prepared following the General Procedure B as yellow oil:
8.3 mg, 17% yield, 56% ee. [Daicel Chiralcel AD-H (0.46 cm X 25 c¢m), n-hexane/i-PrOH = 97/3, v = 1.0
mL/min, A = 254 nm, t (minor) = 12.04 min, t (major) = 10.36 min].

Note: The low yield of (S)-3aj was due to incomplete conversion.

"H NMR (400 MHz, CDCl3) § 7.38-7.31 (m, 2H), 7.31-7.25 (m, 2H), 7.25-7.17 (m, 3H), 6.64—6.52 (m, 4H),
6.19 (dd, J=16.0, 5.8 Hz, 1H), 5.50 (d, /= 17.6 Hz, 1H), 4.99 (d, /= 10.9 Hz, 1H), 4.20-4.10 (m, 1H), 3.77
(br, s, 1H), 1.40 (d, J= 6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) & 147.1, 136.9, 136.6, 132.9, 129.4, 128.5, 127.4, 127.3, 127.2, 126.3, 113.3,
109.4, 50.8, 22.0;

IR (neat): vimax (cm™) = 3404, 3026, 2965, 2923, 2865, 1611, 1513, 1317, 1175;
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HRMS (ESI) calcd for CsHzoN [M+H]": 250.1590. Found: 250.1596.

HN‘

Ph/\)\r\ne Q

(E)-N-(4-phenylbut-3-en-2-yl)naphthalen-1-amine (3ak)

(R,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-1-amine was prepared following the General Procedure A as red
oil: 52.9 mg, 97% yield, 80% ee. [Daicel Chiralcel OD-H (0.46 cm % 25 c¢cm), n-hexane/i-PrOH = 95/5, v=1.0
mL/min, A = 254 nm, t (minor) = 18.94 min, t (major) = 27.20 min]. [a]p*° = -85.6 (¢ = 1.0, CH>CL).
(S,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-1-amine was prepared following the General Procedure B as red
oil: 46.7 mg, 85% yield, 66% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v=1.0
mL/min, A = 254 nm, t (minor) = 27.60 min, t (major) = 18.28 min].

"H NMR (400 MHz, CDCl3) § 7.90-7.82 (m, 1H), 7.82-7.76 (m, 1H), 7.49-7.40 (m, 2H), 7.38-7.33 (m, 2H),
7.33-7.25 (m, 3H), 7.24-7.17 (m, 2H), 6.67 (d, /= 7.6 Hz, 1H), 6.63 (d, /= 16.0 Hz, 1H), 6.30 (dd, J = 16.0,
5.7 Hz, 1H), 4.40 (br, s, 1H), 4.37-4.28 (m, 1H), 1.54 (d, J = 6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) & 142.3, 136.9, 134.4, 132.9, 129.5, 128.7, 128.5, 127.4, 126.6, 126.3, 125.6,
124.6, 123.3, 119.8, 117.3, 105.7, 50.9, 22.2;

IR (neat): vimax (cm™) = 3430, 3058, 3026, 2969, 2925, 2863, 1581, 1520, 1399;

HRMS (ESI) caled for C20H20N [M+H]": 274.1590. Found: 274.1596.

AT

Ph = Me

(E)-N-(4-phenylbut-3-en-2-yl)naphthalen-2-amine (3al)

(R,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-2-amine was prepared following the General Procedure A as a red
solid: 54.0 mg, 99% yield, 88% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v =
1.0 mL/min, A = 254 nm, t (minor) = 10.18 min, t (major) = 11.31 min]. [a]p** = +159.9 (¢ = 1.0, CH,Cl,).
(S,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-2-amine was prepared following the General Procedure B as a red

solid: 49.8 mg, 91% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v =
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1.0 mL/min, A = 254 nm, t (minor) = 11.41 min, t (major) = 10.24 min].

'H NMR (400 MHz, CDCls)  7.64 (dd, J= 11.7, 8.4 Hz, 2H), 7.58 (d, J = 8.2 Hz, 1H), 7.38-7.25 (m, 5H),
7.22-7.14 (m, 2H), 6.91 (dd, J=8.7,2.4 Hz, 1H), 6.86 (d, /= 2.3 Hz, 1H), 6.62 (d, /= 16.0 Hz, 1H), 6.27 (dd,
J=16.0,5.6 Hz, 1H), 4.34-4.22 (m, 1H), 3.90 (br, s, 1H), 1.46 (d, /= 6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) & 144.9, 136.9, 135.1, 132.8, 129.4, 128.9, 128.5, 127.6, 127.5, 127.4, 126.3,
126.2, 126.0, 121.9, 118.1, 105.6, 50.8, 21.9;

IR (thin film): vmax (cm™) = 3427, 3056, 3015, 2963, 2920, 2859, 1627, 1515, 1357,

HRMS (ESI) caled for C20H20N [M+H]": 274.1590. Found: 274.1598.

AT

Ph/\)\Me

(E)-N-(4-phenylbut-3-en-2-yl)benzo[d][1,3]dioxol-5-amine (3am)
(R,E)-N-(4-phenylbut-3-en-2-yl)benzo[d][1,3]dioxol-5-amine was prepared following the General Procedure
A as a yellow solid: 46.2 mg, 86% yield, 93% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-
PrOH = 90/10, v = 1.0 mL/min, A = 254 nm, t (minor) = 11.68 min, t (major) = 15.61 min]. [a]p?’ = +70.2 (c
= 1.0, CH,CL).

(S,E)-N-(4-phenylbut-3-en-2-yl)benzo[d][1,3]dioxol-5-amine was prepared following the General Procedure
B as a yellow solid: 36.7 mg, 69% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-
PrOH =90/10, v = 1.0 mL/min, A = 254 nm, t (minor) = 14.32 min, t (major) = 11.06 min].

"H NMR (400 MHz, CDCl3) 8 7.38-7.32 (m, 2H), 7.31-7.25 (m, 2H), 7.23-7.17 (m, 1H), 6.63 (d, J= 8.3 Hz,
1H), 6.55 (d, J=16.0 Hz, 1H), 6.28 (d, /=2.3 Hz, 1H), 6.18 (dd, /= 16.0, 5.9 Hz, 1H), 6.08 (dd, J=8.3, 2.3
Hz, 1H), 5.82 (s, 2H), 4.08-3.98 (m, 1H), 3.45 (br, s, 1H), 1.37 (d, J= 6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) & 148.2, 143.1, 139.6, 136.9, 133.3, 129.3, 128.5, 127.3, 126.3, 108.6, 105.4,
100.5, 96.6, 51.9, 22.1;

IR (thin film): vmax (cm™) = 3419, 2975, 2958, 2920, 2857, 1636, 1488, 1209, 1032;

HRMS (ESI) caled for C17HisNO, [M+H]": 268.1332. Found: 268.1337.
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(E)-N-(4-phenylbut-3-en-2-yl)benzo[d]oxazol-6-amine (3an)
(R,E)-N-(4-phenylbut-3-en-2-yl)benzo[d]oxazol-6-amine was prepared following the General Procedure A as
a yellow solid: 44.9 mg, 85% yield, 91% ee. [Daicel Chiralcel AD-H (0.46 cm X 25 cm), n-hexane/i-PrOH =
80/20, v = 1.0 mL/min, A = 254 nm, t (minor) = 9.71 min, t (major) = 21.00 min]. [a]p*® = +82.1 (¢ = 1.0,
CH2Cl).

(S,E)-N-(4-phenylbut-3-en-2-yl)benzo[d]Joxazol-6-amine was prepared following the General Procedure B as
a yellow solid: 18.9 mg, 36% yield, 48% ee. [Daicel Chiralcel AD-H (0.46 cm X 25 cm), n-hexane/i-PrOH =
80/20, v =1.0 mL/min, A =254 nm, t (minor) = 21.44 min, t (major) = 9.70 min].

"H NMR (400 MHz, CDCls) 8 7.85 (s, 1H), 7.51 (d, J = 8.6 Hz, 1H), 7.38-7.33 (m, 2H), 7.32-7.26 (m, 2H),
7.24-7.18 (m, 1H), 6.79 (d, /= 2.2 Hz, 1H), 6.68 (dd, /= 8.6, 2.2 Hz, 1H), 6.60 (d, /= 16.0 Hz, 1H), 6.21 (dd,
J=16.0,5.9 Hz, 1H), 4.20-4.09 (m, 1H), 3.99 (br, s, 1H), 1.44 (d, /= 6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) & 151.7, 150.2, 146.4, 136.7, 132.5, 131.4, 129.7, 128.5, 127.5, 126.3, 120.4,
112.6,94.1,51.4,22.0;

IR (thin film): vmax (cm™) = 3341, 3113, 3024, 2963, 2923, 2842, 1625, 1488, 1201, 1070;

HRMS (ESI) calcd for C7H;7N2O [M+H]": 265.1335. Found: 265.1340.

(Do

HN
Ph/\)\ Me O
(E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]furan-1-amine (3a0)
(R,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]furan-1-amine was prepared following the General Procedure A
as a yellow solid: 62.0 mg, 99% yield, 78% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 c¢cm), n-hexane/i-PrOH
=95/5, v =1.0 mL/min, A = 254 nm, t (minor) = 12.17 min, t (major) = 13.99 min]. [a]p** =-153.9 (¢ = 1.0,

CH,CL).
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(S,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]furan-1-amine was prepared following the General Procedure B
as a yellow solid: 23.2 mg, 37% yield, 58% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH
=95/5, v=1.0 mL/min, A = 254 nm, t (minor) = 14.34 min, t (major) = 12.20 min].

'H NMR (400 MHz, CDCl3) & 7.82 (d, J = 7.6 Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.43-7.32 (m, 4H), 7.31—
7.25 (m, 3H), 7.23-7.18 (m, 1H), 6.96 (d, J= 8.1 Hz, 1H), 6.66 (d, J=15.9 Hz, 1H), 6.61 (d, J=8.1 Hz, 1H),
6.32 (dd, J=16.0, 5.7 Hz, 1H), 4.48-4.33 (m, 2H), 1.57 (d, J= 6.5 Hz, 3H);

BC NMR (101 MHz, CDCls) & 157.2, 155.3, 143.7, 136.8, 132.6, 129.7, 128.5, 128.4, 127.5, 126.4, 125.4,
124.0, 122.5, 120.1, 111.3, 110.3, 105.1, 100.8, 50.9, 22.3;

IR (thin film): vmax (cm™) = 3436, 3026, 2963, 2925, 2861, 1596, 1501, 1237, 1175, 1061,

HRMS (ESI) caled for C22H20NO [M+H]": 314.1539. Found: 314.1544.

pes
Ph/\)\lvle

(E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]thiophen-3-amine (3ap)
(R,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]thiophen-3-amine was prepared following the General Procedure
A as yellow oil: 61.4 mg, 93% yield, 82% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
95/5, v = 1.0 mL/min, A = 254 nm, t (minor) = 15.71 min, t (major) = 18.10 min]. [a]p* = +119.9 (¢ = 1.0,
CHyCL).

(S,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]thiophen-3-amine was prepared following the General Procedure
B as yellow oil: 64.6 mg, 98% yield, 18% ee. [Daicel Chiralcel AD-H (0.46 cm X 25 cm), n-hexane/i-PrOH =
95/5, v=1.0 mL/min, A = 254 nm, t (minor) = 18.36 min, t (major) = 15.90 min].

'H NMR (400 MHz, CDCl3) 4 7.92 (d, J = 8.1 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 7.7 Hz, 1H),
7.38-7.31 (m, 3H), 7.31-7.24 (m, 3H), 7.21-7.16 (m, 1H), 7.00 (d, J= 2.2 Hz, 1H), 6.75 (dd, J = 8.6, 2.2 Hz,
1H), 6.59 (dd, J=16.0 Hz, 1H), 6.22 (dd, J=16.0, 5.6 Hz, 1H), 4.27-4.14 (m, 1H), 3.93 (br, s, 1H), 1.42 (d,
J=6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) & 146.8, 141.5, 137.9, 136.8, 136.1, 132.6, 129.5, 128.5, 127.4, 126.4, 126.3,
124.7,124.2,122.5, 122.1, 120.0, 112.6, 104.9, 51.0, 22.0;

IR (neat): vimax (cm™) = 3411, 3062, 3024, 2969, 2920, 1602, 1494, 1452;

S25



HRMS (ESI) calcd for C»HzoNS [M+H]": 330.1311. Found: 330.1315.

NHPh

MeO

(E)-N-(4-(4-methoxyphenyl)but-3-en-2-yl)aniline (3ba)

(R,E)-N-(4-(4-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as a
white solid: 49.1 mg, 97% yield, 84% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
90/10, v = 1.0 mL/min, A = 254 nm, t (minor) = 9.45 min, t (major) = 12.39 min]. [a]p*® = +60.0 (¢ = 1.0,
CH:Cl).

(S,E)-N-(4-(4-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as a
white solid: 47.3 mg, 93% yield, 40% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
90/10, v =1.0 mL/min, A = 254 nm, t (minor) = 12.51 min, t (major) = 9.24 min].

"H NMR (400 MHz, CDCl3) 4 7.28 (d, J = 8.7 Hz, 2H), 7.19-7.09 (m, 2H), 6.87-6.79 (m, 2H), 6.73-6.59 (m,
3H), 6.51 (d, J=16.1 Hz, 1H), 6.06 (dd, J = 15.9, 5.9 Hz, 1H), 4.16-4.06 (m, 1H), 3.78 (s, 3H), 3.68 (br, s,
1H), 1.38 (d, J= 6.6 Hz, 3H);

BCNMR (101 MHz, CDCl3) § 159.0, 147.5, 131.0, 129.8, 129.1, 128.7,127.4,117.2, 113.9, 113.4, 55.3, 50.8,
22.1;

IR (thin film): vmax (cm™) = 3366, 3051, 3022, 2963, 2920, 1600, 1507, 1494, 1251, 1019;

HRMS (ESI) calcd for C17H;9NONa [M+Na]*: 276.1359. Found: 276.1365.

NHPh

(E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline (3ca)

(R,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as
colorless oil: 44.3 mg, 92% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm % 25 c¢m), n-hexane/i-PrOH =
95/5, v = 1.0 mL/min, A = 254 nm, t (minor) = 9.93 min, t (major) = 12.59 min]. [a]p*° = +55.5 (¢ = 1.0,

CH,CL).
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(S,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as colorless
oil: 46.3 mg, 96% yield, 64% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v=1.0
mL/min, A =254 nm, t (minor) = 12.75 min, t (major) = 9.52 min].

'H NMR (400 MHz, CDCl3) & 7.35-7.26 (m, 2H), 7.16 (dd, J = 7.7, 7.7 Hz, 2H), 6.97 (dd, J = 8.7, 8.7 Hz,
2H), 6.69 (t, J= 7.3 Hz, 1H), 6.64 (d, /= 7.9 Hz, 2H), 6.53 (d, J = 15.9 Hz, 1H), 6.12 (dd, J = 16.0, 5.7 Hz,
1H), 4.18-4.07 (m, 1H), 3.70 (br, s, 1H), 1.39 (d, /= 6.6 Hz, 3H);

BC NMR (101 MHz, CDCl3) § 162.2 (d, J = 246.4 Hz), 147.3, 133.1 (d, J = 3.3 Hz), 132.9 (d, J = 2.2 Hz),
129.2,128.1, 127.8 (d,J=8.0 Hz), 117.4, 115.4 (d, /= 21.5 Hz), 113.4, 50.8, 22.1;

F NMR (377 MHz, CDCls) § -114.9;

IR (neat): vimax (cm™) = 3411, 3049, 2969, 2920, 1600, 1503, 1315, 1224, 1156;

HRMS (ESI) calcd for C¢Hi7NF [M+H]": 242.1340. Found: 242.1346.

NHPh
Me

F4C

(E)-N-(4-(4-(trifluoromethyl)phenyl)but-3-en-2-yl)aniline (3da)

(R,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as yellow

oil: 28.3 mg, 49% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v=1.0

mL/min, A = 254 nm, t (minor) = 12.00 min, t (major) = 14.29 min]. [a]p*® = +47.4 (¢ = 1.0, CH.CL).

(S,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as yellow

oil: 12.6 mg, 22% yield, 62% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v=1.0

mL/min, A = 254 nm, t (minor) = 14.35 min, t (major) = 11.46 min].

Note: The low yield of (S)-3da was due to incomplete conversion.

"H NMR (400 MHz, CDCl3) 8 7.53 (d, J= 8.1 Hz, 2H), 7.43 (d, J= 8.1 Hz, 2H), 7.20-7.13 (m, 2H), 6.70 (t, J

= 7.3 Hz, 1H), 6.67-6.57 (m, 3H), 6.32 (dd, J = 16.0, 5.6 Hz, 1H), 4.21-4.09 (m, 1H), 3.72 (br, s, 1H), 1.42

(d, J=6.6 Hz, 3H);

BC NMR (101 MHz, CDCls) 6 147.2, 140.5, 135.9, 129.2, 129.1 (q, J = 32.4 Hz), 128.0, 126.5, 125.4 (q, J =

3.8 Hz), 124.2 (q, J=272.7 Hz), 117.5, 113.4, 50.8, 22.0;

F NMR (377 MHz, CDCls) 8 -62.5;

IR (neat): vimax (cm™) = 3427, 3054, 3028, 2977, 2929, 1604, 1501, 1323, 1158, 1118;
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HRMS (ESI) caled for Cy7H;7NF3 [M+H]": 292.1308. Found: 292.1313.

NHPh

/E\j/\)\Me
i

(E)-N-(4-(4-chlorophenyl)but-3-en-2-yl)aniline (3ea)

(R,E)-N-(4-(4-chlorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as a yellow
solid: 38.6 mg, 75% yield, 93% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v =
1.0 mL/min, A = 254 nm, t (minor) = 11.08 min, t (major) = 13.71 min]. [a]p** = +67.9 (¢ = 1.0, CH,CL,).
(S,E)-N-(4-(4-chlorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as a yellow
solid: 48.2 mg, 93% yield, 68% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v =
1.0 mL/min, A =254 nm, t (minor) = 13.97 min, t (major) = 10.75 min].

"H NMR (400 MHz, CDCls) 8 7.28-7.21 (m, 4H), 7.19-7.12 (m, 2H), 6.69 (t,J=7.3 Hz, 1H), 6.63 (d, /= 8.0
Hz, 2H), 6.52 (d, J=16.0 Hz, 1H), 6.18 (dd, /= 16.0, 5.7 Hz, 1H), 4.17-4.07 (m, 1H), 3.70 (br, s, 1H), 1.39
(d, J=6.6 Hz, 3H);

BCNMR (101 MHz, CDCl3) § 147.3, 135.5, 133.9, 132.9, 129.2, 128.6, 128.1, 127.5, 117.4, 113.4, 50.8, 22.0;
IR (thin film): vmax (cm™) = 3408, 3049, 3022, 2967, 2925, 2865, 1600, 1501, 1488, 1315,

HRMS (ESI) calcd for C16Hi;sNCINa [M+Na]*: 280.0863. Found: 280.0871.

NHPh

Me A Ve

(E)-N-(4-(m-tolyl)but-3-en-2-yl)aniline (3fa)

(R,E)-N-(4-(m-tolyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as colorless oil:
44.8 mg, 94% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm X 25 cm), n-hexane/i-PrOH = 95/5, v =1.0
mL/min, A = 254 nm, t (minor) = 9.59 min, t (major) = 11.20 min]. [a]p*° = +61.9 (¢ = 1.0, CH.CL).
(S,E)-N-(4-(m-tolyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as colorless oil:
46.3 mg, 98% yield, 58% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 c¢cm), n-hexane/i-PrOH = 95/5, v = 1.0

mL/min, A = 254 nm, t (minor) = 11.57 min, t (major) = 9.16 min].
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'H NMR (400 MHz, CDCls) § 7.20-7.12 (m, 5H), 7.04-7.00 (m, 1H), 6.71-6.61 (m, 3H), 6.54 (d, J=15.9 Hz,
1H), 6.20 (dd, J = 16.0, 5.8 Hz, 1H), 4.18-4.08 (m, 1H), 3.70 (br, s, 1H), 2.32 (s, 3H), 1.39 (d, J = 6.6 Hz, 3H);
3C NMR (101 MHz, CDCL) § 147.4, 138.0, 136.9, 133.0, 129.3, 129.2, 128.4, 128.1, 127.0, 123.5, 117.3,
113.4,50.8,22.1,21.3;

IR (neat): vmay (cm!) = 3406, 3054, 3020, 2967, 2920, 2865, 1598, 1501, 1313, 960;

HRMS (ESI) calcd for Ci17H20N [M+H]": 238.1590. Found: 238.1595.

NHPh

Z oMe

(E)-N-(4-(2-methoxyphenyl)but-3-en-2-yl)aniline (3ga)

(R,E)-N-(4-(2-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as
colorless oil: 42.0 mg, 83% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
95/5, v = 1.0 mL/min, A = 254 nm, t (minor) = 16.35 min, t (major) = 12.32 min]. [0]p?® = +45.3 (c = 1.0,
CH:CL).

(S,E)-N-(4-(2-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as
colorless oil: 48.1 mg, 95% yield, 27% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
95/5, v=1.0 mL/min, A = 254 nm, t (minor) = 12.48 min, t (major) = 15.62 min].

'H NMR (400 MHz, CDCl3) & 7.40 (d, J= 7.6 Hz, 1H), 7.22-7.11 (m, 3H), 6.94-6.82 (m, 3H), 6.71-6.61 (m,
3H), 6.21 (dd, J = 16.1, 6.1 Hz, 1H), 4.21-4.11 (m, 1H), 3.82 (s, 3H), 3.78-3.61 (br, s, 1H), 1.40 (d, J = 6.6
Hz, 3H);

BC NMR (101 MHz, CDCls) & 156.6, 147.5, 133.9, 129.1, 128.4, 126.7, 126.0, 124.2, 120.6, 117.2, 113.5,
110.9, 55.5,51.2, 22.1;

IR (neat): vmax (cm™) = 3400, 2984, 2956, 2920, 2844, 1608, 1505, 1319, 1239, 1027,

HRMS (ESI) calcd for Ci17H20NO [M+H]": 254.1539. Found: 254.1545.

NHPh

X Me

RS
\\/ S
(E)-N-(4-(thiophen-2-yl)but-3-en-2-yl)aniline (3ha)
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(R,E)-N-(4-(thiophen-2-yl)but-3-en-2-yl)aniline was prepared following the General Procedure A as yellow
oil: 28.8 mg, 63% yield, 91% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v=1.0
mL/min, A = 254 nm, t (minor) = 11.47 min, t (major) = 14.90 min]. [a]p*° = +69.4 (¢ = 1.0, CH.CL).
(S,E)-N-(4-(thiophen-2-yl)but-3-en-2-yl)aniline was prepared following the General Procedure B as yellow oil:
43.4 mg, 95% yield, 34% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 95/5, v =1.0
mL/min, A = 254 nm, t (minor) = 14.60 min, t (major) = 10.65 min].

"H NMR (400 MHz, CDCl3) & 7.21-7.13 (m, 2H), 7.11 (d, J = 5.0 Hz, 1H), 6.93 (dd, J = 5.1, 3.5 Hz, 1H),
6.91-6.88 (m, 1H), 6.74-6.66 (m, 2H), 6.65-6.60 (m, 2H), 6.07 (dd, J=15.8, 5.6 Hz, 1H), 4.13—4.04 (m, 1H),
3.68 (br, s, 1H), 1.38 (d, J= 6.6 Hz, 3H);

BCNMR (101 MHz, CDCl3) 6 147.3, 142.2, 132.8, 129.2, 127.3, 125.3, 123.8, 122.5, 117.4, 113.3, 50.6, 22.0;
IR (neat): vimax (cm™) = 3406, 3051, 3018, 2967, 2925, 2865, 1600, 1503, 1317, 956;

HRMS (ESI) calcd for C14Hi6NS [M+H]": 230.0998. Found: 230.1005.

NHPh

(E)-N-[4-(ferrocenyl)but-3-en-2-yl]aniline (3ia)

(R,E)-N-[4-(ferrocenyl)but-3-en-2-yl]aniline was prepared following the General Procedure A as an orange-
yellow solid: 52.8 mg, 80% yield, 68% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
95/5, v = 1.0 mL/min, A = 254 nm, t (minor) = 15.46 min, t (major) = 16.85 min]. [0]p*® = +21.2 (¢ = 1.0,
CHyCL).

(S,E)-N-[4-(ferrocenyl)but-3-en-2-yl]aniline was prepared following the General Procedure B as an orange-
yellow solid: 60.8 mg, 92% yield, 13% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
95/5, v=1.0 mL/min, A = 254 nm, t (minor) = 15.68 min, t (major) = 13.45 min].

"H NMR (400 MHz, CDCl3) 4 7.21-7.14 (m, 2H), 6.71-6.65 (m, 3H), 6.28 (d, /= 15.8 Hz, 1H), 5.76 (dd, J =
15.8, 6.1 Hz, 1H), 4.31-4.25 (m, 2H), 4.184.14 (m, 2H), 4.08-3.95 (m, 6H), 3.67 (br, s, 1H), 1.34 (d, J=6.6
Hz, 3H);

BC NMR (101 MHz, CDCls) & 147.6, 130.3, 129.1, 126.8, 117.4, 113.6, 82.9, 69.0, 68.53, 68.47, 66.7, 66.5,

51.1, 22.3;

S30



IR (thin film): vmax (cm™) = 3394, 3089, 2963, 2920, 2851, 1604, 1503, 1101, 956;

HRMS (ESI) calcd for CyH21NFe [M]": 331.1018. Found: 331.1023.

NHPh

@/YLW

(E)-N-(3-methyl-4-phenylbut-3-en-2-yl)aniline (3ja)

(R,E)-N-(3-methyl-4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as
colorless oil: 39.1 mg, 82% yield, 92% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =
97/3, v=1.0 mL/min, A =254 nm, t (minor) = 5.58 min, t (major) = 6.10 min]. [a]p?’ =+27.5 (¢ = 1.0, CH,CL,).
(S,E)-N-(3-methyl-4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as colorless
oil: 44.9 mg, 95% yield, 67% ee. [Daicel Chiralcel AD-H (0.46 cm % 25 c¢cm), n-hexane/i-PrOH =97/3, v=1.0
mL/min, A = 254 nm, t (minor) = 5.89 min, t (major) = 5.46 min].

"H NMR (400 MHz, CDCls) § 7.33-7.28 (m, 2H), 7.26-7.21 (m, 2H), 7.21-7.10 (m, 3H), 6.70-6.65 (m, 1H),
6.64-6.59 (m, 2H), 6.56 (s, 1H), 3.97 (q, /= 6.7 Hz, 1H), 3.80 (br, s, 1H), 1.84 (d, /= 1.4 Hz, 3H), 1.40 (d, J
= 6.7 Hz, 3H);

BCNMR (101 MHz, CDCl3) § 147.5, 140.5, 138.0, 129.1, 128.9, 128.0, 126.2, 125.0, 117.1, 113.2, 56.8, 21.5,
13.8;

IR (neat): vmax (cm™) = 3411, 3054, 3020, 2971, 2923, 1600, 1503, 1317, 1254;

HRMS (ESI) calcd for C7HzoN [M+H]": 238.1590. Found: 238.1597.

N-(1-(3,4-dihydronaphthalen-2-yl)ethyl)aniline (3ka)
(R)-N-(1-(3,4-dihydronaphthalen-2-yl)ethyl)aniline was prepared following the General Procedure A as
yellow oil: 22.5 mg, 45% yield, 70% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 97/3,

v = 1.0 mL/min, A = 254 nm, t (minor) = 6.33 min, t (major) = 7.14 min]. [a]p*® = +32.8 (¢ = 0.5, CH,CL,).

S31



(S)-N-(1-(3,4-dihydronaphthalen-2-yl)ethyl)aniline was prepared following the General Procedure B as yellow
oil: 18.9 mg, 38% yield, 85% ee. [Daicel Chiralcel AD-H (0.46 cm x 25 cm), n-hexane/i-PrOH =97/3, v=1.0
mL/min, A = 254 nm, t (minor) = 6.92 min, t (major) = 6.18 min].

'H NMR (400 MHz, CDCl5) § 7.15-7.06 (m, 5H), 7.02-6.98 (m, 1H), 6.66 (t, J= 7.3 Hz, 1H), 6.63-6.59 (m,
2H), 6.46 (s, 1H), 4.03 (q, J = 6.7 Hz, 1H), 3.78 (br, s, 1H), 2.87-2.70 (m, 2H), 2.28 (t, J = 8.1 Hz, 2H), 1.39
(d, J=6.7 Hz, 3H);

BC NMR (101 MHz, CDCls) & 147.5, 143.6, 135.0, 134.4, 129.1, 127.2, 126.5, 126.4, 125.9, 122.3, 117.2,
113.3, 54.3, 28.2, 23.6, 21.2;

IR (neat): vimax (cm™) = 3413, 3018, 2965, 2927, 2878, 2825, 1602, 1503, 1315;

HRMS (ESI) calcd for CisHi9NNa [M+Na]": 272.1410. Found: 272.1416.

NHPh
Ph” N e

(E)-N-(6-phenylhex-3-en-2-yl)aniline (3la)

(R,E)-N-(6-phenylhex-3-en-2-yl)aniline was prepared following the General Procedure A as colorless oil: 24.6

mg, 49% yield, 81% ee. [Daicel Chiralcel OD-H (0.46 cm X 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 mL/min,

A =254 nm, t (minor) = 7.76 min, t (major) = 8.55 min]. [a]p>’ = +15.0 (¢ = 1.0, CH.CL).

(S,E)-N-(6-phenylhex-3-en-2-yl)aniline was prepared following the General Procedure B as colorless oil: 42.7

mg, 85% yield, 44% ee. [Daicel Chiralcel OD-H (0.46 cm X 25 cm), n-hexane/i-PrOH = 95/5, v=1.0 mL/min,

A =254 nm, t (minor) = 8.55 min, t (major) = 7.33 min].

"H NMR (400 MHz, CDCls) 8 7.27-7.22 (m, 2H), 7.20-7.10 (m, 5H), 6.68 (t, J= 7.3 Hz, 1H), 6.60-6.55 (m,

2H), 5.71-5.60 (m, 1H), 5.41 (dd, J = 15.4, 6.0 Hz, 1H), 3.98-3.86 (m, 1H), 3.57 (br, s, 1H), 2.66 (t, J= 7.7

Hz, 2H), 2.39-2.27 (m, 2H), 1.25 (d, /= 6.5 Hz, 3H);

BCNMR (101 MHz, CDCl3) & 147.5, 141.8, 133.8,129.4, 129.1, 128.5, 128.2, 125.7, 117.1, 113.4, 50.4, 35.8,
34.0, 22.0;

IR (neat): vimax (cm™) = 3406, 3024, 2971, 2920, 2853, 1600, 1501, 1317;

HRMS (ESI) calcd for C1sHoN [M+H]": 252.1747. Found: 252.1752.
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Figure S2.'H NMR analysis for determining the ratio of regioisomers in the crude product (S)-3la.

NHPh

(j/\/LMe

(E)-N-(4-cyclohexylbut-3-en-2-yl)aniline (3ma)

(R,E)-N-(4-cyclohexylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow oil:
20.0 mg, 44% yield, 87% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 cm), n-hexane/i-PrOH = 100/0, v= 1.0
mL/min, A = 254 nm, t (minor) = 17.07 min, t (major) = 19.36 min]. [a]p*° = +18.2 (¢ = 0.5, CH.CL,).
(S,E)-N-(4-cyclohexylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow oil:
35.4 mg, 77% yield, 30% ee. [Daicel Chiralcel OD-H (0.46 cm x 25 c¢cm), n-hexane/i-PrOH = 100/0, v = 1.0
mL/min, A = 254 nm, t (minor) = 19.99 min, t (major) = 16.72 min].

"H NMR (400 MHz, CDCl3)  7.17-7.10 (m, 2H), 6.69-6.63 (m, 1H), 6.63—6.56 (m, 2H), 5.57 (dd, J = 15.6,
6.6 Hz, 1H), 5.35 (dd, J = 15.6, 6.1 Hz, 1H), 4.00-3.83 (m, 1H), 3.58 (br, s, 1H), 1.97-1.83 (m, 1H), 1.73—
1.58 (m, 5H), 1.27 (d, J = 6.6 Hz, 3H), 1.26—-1.18 (m, 2H), 1.18-1.10 (m, 1H), 1.10-0.98 (m, 2H);

BCNMR (101 MHz, CDCl5) § 147.6, 136.5, 130.4, 129.0, 117.0, 113.5, 50.7, 40.3, 33.0, 32.9, 26.2, 26.0, 22.1;
IR (neat): vmax (cm™) = 3411, 2969, 2920, 2849, 1600, 1499, 1315, 966;

HRMS (ESI) caled for C1gHasN [M+H]*: 230.1903. Found: 230.1912.
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VI. Crystallographic Data

Figure S3. X-ray crystallographic structure of (R)-3an (CCDC #2491238)

Table S19. Crystal data and structure refinement for (R)-3an

Identification code (R)-3an

Empirical formula Ci7Hi6N2O

Formula weight 264.32

Temperature/K 130.00

Crystal system orthorhombic

Space group P2:2:2,

a/A 4.6491(13)

b/A 12.775(3)

c/A 22.835(6)

o/° 90

pre 90

y/° 90

Volume/A3 1356.3(6)

Z 4

Pealeg/cm’ 1.294

wmm! 0.411

F(000) 560.0

Crystal size/mm’ 0.12x0.11 x 0.1
Radiation GaKoa (A =1.34139)

20 range for data collection/° 6.736 to 115.864

Index ranges 3 < h<5-16 <k <16-28 <1< 28
Reflections collected 22137

Independent reflections 2797 [Rint = 0.0453, Rgigma = 0.0232]
Data/restraints/parameters 2797/0/186
Goodness-of-fit on F? 1.055

Final R indexes [[>=2c6 (1)] R =0.0273, wR, = 0.0693
Final R indexes [all data] R:=0.0287, wR> = 0.0705
Largest diff. peak/hole / e A3 0.13/-0.14

Flack parameter -0.06(14)
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VIIIL. Copies of NMR and HPLC Spectra

"H NMR (400 MHz, CDCl5) spectrum of 3aa
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10 s i PDA Multi 1 254nm, dnm
30+ HN/@
Pw’%%’J‘Me
20
10+
9 10 1 12 13 14
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
4 | DB R [R] TR T %
1 10. 490 688249 33974 49. 466
2 12. 178 703106 40580 50. 534
| it 1391355 74553 100. 000
Total
300+ ro&; POA Multi 1 254nm, 4nnf
200 ;
P N"e
100
#
EIP llﬂ 1‘1 1|2 1|3 }-I
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
W5 [ TERing EaA i L i B%
1 10. 568 216391 11075 3.938
2 12. 278 5278145 296861 96. 062
it 5494535 307936 100. 000
Total

250+

PDA Multi 1 254nm, dnm

3 14

min

Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ } .
W5 | TRETH 6] e I A
1 10. 522 12081775 623211 79. 384
Y, 12. 550 3137696 174324 20. 616
Bt 15219471 797535 100. 000
Total
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"H NMR (400 MHz, CDCI5) spectrum of 3ab
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= PDA Mult: 1 254nm, 4nn|
17.5 20.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ i
W5 | TRt e I i 5%
1 13. 276 587921 34516 49. 760
2 16. 049 593581 28721 50. 240
BiH 1181502 63237 100. 000
Total
POA Multi 1 254nm, Tnn
5004 ame
el
F’!Ml
25(H
1. 0 llil. 5 15l. 0 1?‘. 5 20.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm — = —
W | CRBI [a] i ik fiE %
1 13. 279 457401 27187 3.476
2 16. 056 12700005 614189 96. 524
Bit 13157406 641376 100. 000
Total
= PDA Multi 1 254nm, 4nm
750 =
Ote | 2
HN’@/
500 Pl\&/'\Mo
i
10.0 12‘.; ]5‘,0 17‘,5 20.0
Entry Retention time  Area Height Area%
PDA Chl 254nm ] i _’
5 | GEang ] (LS i FE TEAE)
1 12. 877 13915712 776330 78. 276
| 2 15. 543 3862126 180956 21.724
St 17777838 957287 100. 000
Total
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"H NMR (400 MHz, CDCI5) spectrum of 3ac
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F NMR (377 MHz, CDCl;) spectrum of 3ac
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PDA Multi 1 254nm, 4nsf

=
F =
75 -
el
50 Pn/\)\me
10 1|1 ll2 llli 14 1‘5 llli ll‘.r' m!g
Entry Retentiontime  Area Height Area%
PDA Chl 254nm
W5 [ R[] B ioh 1 %
1 13. 030 1414947 84274 50. 048
2 14. 108 1412257 77454 49. 952
£ 2827205 161727 100. 000
Total

500

250

13, 047

FPDA Multi 1 Z54nm, 4naf

16 17 18

10 11 12 I'3 14 1
Entry Retentiontime  Area Height Area%
PDA Chl 254nm B} _ _

£ 5 | CrE i [a] i Fd i B%
1 13. 047 755218 46885 4. 457
2 14. 125 16187865 882696 95. 543
it 16943083 929581 100. 000
Total
PDA Multi 1 254nm, 4nm
750
5004 ph/\/LMe
250+

0 15 T 178
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _

w5 | DRRIA ] LR I %

1 12. 753 16200250 896290 79. 245

2 13.814 4242957 217971 20. 755
it 20443207 1114260 100. 000
Total
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"H NMR (400 MHz, CDCI5) spectrum of 3ad
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14. 674

PDA Multi 1 Z254nm, 4nm

T
1.5

15.0 )
Entry Retentiontime  Area Height Area%
PDA Chl 254nm
¥ | BERTR ] [T o %
1 10. 526 1061071 66802 50. 443
2 14. 674 1042446 44182 49. 557
Bif 2103517 110984 100. 000
Total
400+ PDA Multi 1 254nm, 4nn
300+
SN
200
100+ =
; P
I!!I.S 15‘.0 li'I.EI
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
5 | R B I %
1 10. 710 6159533 389037 89. 439
2 14. 910 727286 31541 10. 561
S 6886819 420578 100. 000
Total
PDA Multi 1 254nm, 4nm
CFy
150+ /@’ )
S
100+ 2
50+
0 ¥
10.0 12.5 7.5
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ _ _ i}
5 | BRI (A [EA i B
1 9. 991 1441594 96434 27.748
2 13. 730 3753787 172171 72. 252
Sih 5195381 268604 100. 000
Total
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"H NMR (400 MHz, CDCI5) spectrum of 3ae
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PDA Wulti 1 Z54nm, inm
40 COOE
Nel
301 3
20 ‘
10
10 I‘S ETEI '.’.IS 3’0 l_!5
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
¥ | GRRTnim L I HE%
1 15. 733 944295 41871 50. 040
2 28. 031 942791 22919 49. 960
i 1887086 64790 100. 000
Total
15(H = PDA Multi 1 254nm, 4neq
= ,Q/COUE
100+ PI\/\/IT\MQ
504 H
; A JAY
10 15 20 25 30 35
min
Entry Retentiontime  Area Height Area%
PDA Chl 254nm
W5 | DB [a) (B o4 [ HB%
1 15. 744 628663 27968 9. 404
2 28. 014 6056549 147529 90. 596
£ 6685212 175497 100. 000
Total
PDA Multi 1 254nm, 4nm
50 HNIQ/
Pa/'\/r‘m
L A
10 20 25 a0 3
min
Entry Retentiontime  Area Height Area%
PDA _Chl 254nm _ _ B
W5 | CRETHI ] [ it JE 1%
1 15. 438 1557654 63160 78. 627
2 27. 538 423408 9549 21.373
Hif 1981062 72709 100. 000
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"H NMR (400 MHz, CDCls) spectrum of 3af
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17. 020

PDA Multi 1 25dnm, 4nn|

T
19 20

16 17 18 2
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ _ _
Y | BRRi Rt 1L w1 %
1 14. 455 1258812 62479 50. 042
2 17. 020 1256685 52922 49. 958
HiH 2515498 115401 100. 000
Total
2 PDA Multi 1 254nm, 4nn)
100 '
HQI/@\CN
300 e "o
200
1004 g
0 - /\J i
12 i 11 15 16 17 18 19 20
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
W5 | DR ) IR 1 A%
1 14. 451 892521 46478 8. 006
2 16. 993 10255448 436326 91. 994
£ih 11147969 482804 100. 000
Total

PDA Multi 1 Z54nm, 4naf

18 19 20
Entry Retentiontime  Area Height Area%
PDA Chl 254nm S _ _ —
5 | TRETR ] [TER I 8%
1 14. 129 1221222 55831 79. 236
2 16. 483 320034 12621 20. 764
B 1541256 68452 100. 000
Total
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"H NMR (400 MHz, CDCIls) spectrum of 3ag
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]

10,

PDA Multi 1 254nm, 4naf

100+
Ph/\)\me
S’U_
8 10 it 12 13 1
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _
5 | GRBIR[a] H# it 1%
1 8. 656 1737141 137810 50. 168
2 10. 559 1725537 100897 49. 832
£t 3462678 238706 100. 000
Total
PDA Multi 1 254nm, 4ns
4 Cl
500 HEQ/
P S
250
o ‘/i__l
8 9 10 i} 12 13 14
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _
W5 | DERTH [a] [IE g B
1 8. 672 7714555 607201 91. 450
2 10. 607 721301 43492 8. 550
£ih 8435855 650693 100. 000
Total
2500 z FDA Multi 1 254nm, $uf
. Cl
2000
Ny
150 F’h/\/LMe
1000+ =
H H 10 n 12 13 14
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _ _
W5 | DRER fa) TR I HiB%
1 8. 562 10945270 867740 21.423
2 10. 253 40146965 2463907 78. 577
Sih 51092235 3331647 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3ah
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10, 847

PDA Multi 1 254nm, Ina]

1
min

Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ )
5 | GRpnd ) i % [ITEAE
1 8. 950 1704776 144113 50. 071
2 10. 947 1699929 119344 49. 929
Hit 3404705 263457 100. 000
Total
Eli 2 POA WuTti 1 253nm, inoj
wl i Y
300 PME
200
100 E
8 9 10 1 12 13 1
Entry Retentiontime  Area Height Area%
PDA _Ch 1 254nm _ _
W5 | DRBIAY (a] [TE 1% 1HB%
1 8. 959 644329 55412 8. 691
2 10. 949 6769293 476401 91. 309
it 7413622 531814 100. 000
Total
1500 g POA Wulti 1 Z54nm, dnm
HN’Ql
el Ph/\/LMe
-
é ‘:P IllJ - Ill 1‘2 1‘3 14
min
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
¥ 5 | CREIRf [A] RS g HB%
1 8. 851 19979766 1519033 79. 939
2 10. 747 5014054 327476 20. 061
Bt 24993820 1846509 100. 000
Total
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"H NMR (400 MHz, CDCI3) spectrum of 3ai
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= PDA Multi 1 254nm, 4nm
"~ Me
150+ :@
g HN
100 i Ph/\/kMe
504
o T T
5.0 'r'.l 5 lDr. 0 1 ’.. B 15‘. 0 17‘. 5 20.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ . _
WS | BEBTE (a] L i HB2%
1 7. 708 2279171 184404 49, 826
2 14. 531 2295059 102356 50.174
it 4574230 286759 100. 000
Total
PDA Multl 1 254nm, 4nnf
SO Me
200+ $
T
1001 z
5.0 75 10.0 12.5 17.5 20.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ _ }
5 | PemndE | (b T 18383
1 7.793 649691 51566 7.446
2 14. 762 8075834 345968 92. 554
BiH 8725525 397534 100. 000
Total
5 POA Multi 1 254nm, 4nm
= Me
15004 m
HN
1000+ Ph Me
500+ £
5.0 ’ ?.‘S 10‘.0 I2'."| 15‘.0 I?.S‘ 20.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _
W5 | DR B i FEE B
1 7. 676 23658911 1859884 78. 654
2 14. 874 6420768 276659 21. 346
& 30079680 2136543 100. 000
Total

S54



"H NMR (400 MHz, CDCls) spectrum of 3aj
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PDA MuTti 1 254nm, 4nn

T
14 15 16

1 12 13 1
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ i}
5 | TRETHE (6] [ i HB%
1 10. 173 803265 60930 49.977
2 11. 749 804014 52835 50.023
& th 1607279 113765 100. 000
Total
5 FDA Multi 1 Z54nm, 4nef
EULS Hl;l’©/§§>
] Ph/v\Me
250—-
Ell llﬂ lll l|2 lr3 E.al IlS !G
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
Y [ DRy [IES g [ITE 2
1 10. 244 505448 39179 4. 676
2 11. 838 10303432 680014 95. 324
it 10808879 719193 100. 000
Total
7504 PDA Multi 1 254nm, 4nm)
5001 4 /\im
250 i
9 10 1 12 13 14 15 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ . _
5 | DREAA (6] LS 4 1 HE%
1 10. 364 10297639 719175 77.988
2 12. 042 2906501 176129 22.012
Hit 13204140 895305 100. 000
Total
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"H NMR (400 MHz, CDCI3) spectrum of 3ak
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= POA Wulti 1 Z5inm, dnn]
T : 0
"] HMN
50 Ph/\/l\
25
15.0 17‘. 1 20‘, 1] 2'2: L 25.0 '.ZT‘. -1 30‘. (1] 32’, 5 SS.I 1]
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ — _
WY | DERTR ] e i FE B
1 18. 867 2732894 80897 50. 424
2 27.418 2686943 56960 49. 576
i 5419838 137857 100. 000
Total
% PDA Multi 1 254nm, 4nm
1004 .
-
300+ PHMMe
2004
100+ /;‘\‘
15.0 17.5 0.0 225 80 25 0.0 1.5 35,0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
5 | DRI e g %
1 18. 937 2657623 78365 10. 224
2 27.195 23335447 469553 89. 776
Fah 25993070 547917 100. 000
Total
1000-‘ PDA Multi 1 254nm, 4no
750+ HN%
FNMS
501+
250 §
15.0 17.5 20.0 22.5 2.0 27.5 30.0 3.5 35.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
W5 | GRBTHT ) [TER o g i E%
1 18. 277 34719368 1014984 83. 201
2 27. 601 7009930 149639 16. 799
Hih 41729299 1164623 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3al
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2504

200

150~

100~

50+

(=

11, M1

POA Wulti 1 Z54nm, inn|

11 12 13 1 1
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _

W5 | LRI [a] [T o 1 HB%
1 10. 212 3511912 263338 49. 970
2 11. 341 3516147 244729 50. 030
Eih 7028059 508067 100. 000
Total

1500 PDA Woulti T Z58nm, dnn)

1000+ pn/\/?‘-m

500+

13 1 15 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _' _
5 | R LS 5 )
1 10. 184 1470287 114609 6. 187
2 11. 306 22292540 1514055 93.813
£t 23762827 1628664 100. 000
Total
= PDR Wulti 1 254nm, dng

2000 o

. F'hMe

1000+

s00] /\

9 10 1 12 13 1 15 16

Entry Retentiontime  Area Height Area%
PDA Chl 254nm — __

WS | GREefE | e i g T B%
1 10. 241 30421833 2098326 79.196
2 11.414 7991439 496651 20. 804
Sit] 38413272 2594977 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3am
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PDA Multi 1 254nm, dnn
200+ "
Ph/v\me
IIJIJ-:
50+
10.0 1:1‘. 1] li'l. 3 20.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
¥ | BERR ] e 5 [T
1 11. 678 3229408 207923 49. 986
2 15. 620 3231261 156204 50.014
Lt 6460668 364127 100. 000
Total
POA Wulti 1 254nm, dnn
L2
100 HI%#
P e
50+
10.0 12.5 17.5 20.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ __
W% | DB e [IER w1 B
1 11. 683 107275 7084 3. 569
2 15.610 2898864 140870 96. 431
fshii 3006139 147954 100. 000
Total
g PDA Multi 1 254nm, 4nm
1250+ $ o
10004 HNQ:CP
Ph/av!\ue
750+
500 -
250+ /_\
10.0 12,5 15.0 17.5 20,0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ ‘ _
WY | GRS [a] TIES I L8]
1 11.062 | 22604830 1360330 78.902
2 14. 318 6044444 292812 21. 098
it 28649274 1653142 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3an

0000—

pEPL
15P'L
986°€ 1
6LLY
L
seLr
6L
£5L
907
oLL
e8]
98L 71
18L°9
5619
1zz'9
§£2°91
51591
81591
5L9%9
8L9%9
£9991
quad‘w
58991

169'9
¥8L9
682791
€614
S02°41
LT
2024
9224
62274
eez L
LLTL-
sizif
9szif
162

60EL W
orEL

erEL
1PELA

09}
s9E L
0057
o
rseL—

>

HN
Me

Ph

EFloe

88°0
90}

4.5
£1 (ppm)

T
5.0

8.0

BC NMR (101 MHz, CDCl;s) spectrum of 3an

voes—

or'is—

899
00°LL .W
zels

S0'06 —

L9ZLL—
£ 0zL

A
mwNNF)/
P
04°67L—
erieLf
rzer’y
£4°9€L

Zrovk —
P05k~
89151

)

£
o

10

40

T T T T T T T T T
180 170 160 150 140 130 120 110 50 80
£1 (ppm)

T
190

0

S63



PDA Multi 1 254nm, 4nsf

21, 100

17.5 20.0 25
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ _ _
5 | BB i ] A *hIE B
1 9. 722 662286 46823 50. 105
2 21. 100 659500 21655 49. 895
i 1321786 68479 100. 000
Total
[ ngti T 254nm, 4nm
300 “ :
HhT.I D>
200 P
1004
g
A ‘
10,0 12.5 15.0 1.5 20.0 25
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
5 [ PEE ] B o A
1 9. 709 518941 37277 4. 682
2 21. 002 10565866 339522 95. 318
B 11084806 376799 100. 000
Total
5 PDA Multi 1 254nm, 4nm
750 - @
igs,
Hy
500 NME
250 =_*s
10‘. 0 IZI, 5 15.. 0 ].TI. 5 20‘. 1] 22‘, 5 _
Entry Retention time Area Height Area%
PDA Chl 254nm _ _ 3
W | TRET R [TES I i BL%
1 9. 696 12264470 836761 73.953
2 21.435 4319613 132600 26. 047
£ah 16584083 969361 100. 000
Total
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"H NMR (400 MHz, CDCI5) spectrum of 3ao
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50H

=

13,876

PDA Multi 1 254nm, 4nm|

16
min

Entry Retentiontime  Area Height Area%
PDA Chl 254nm
W5 | DRI ] (1 £ i )
1 12. 076 1217249 59262 50. 002
2 13. 875 1217158 47205 49. 998
St 2434407 106468 100. 000
Total

PDA Multi 1 Z5dnm, 4nm

10 1 12 13 14 15 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
w5 | AR [ £ o % ESE
1 12. 165 1201276 59282 11. 123
2 13. 987 9598312 370898 88. 877
&ih 10799588 430180 100. 000
Total

300+

200+

1004

0

14, 343

AN

PDA Multi 1 254nm, 4nn

10

HN'
Ph/\/LMe
0 L T
1 12 13

11

15 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _
¥ 5 | BERTR ] TIE i [TEE)
1 12.197 6990913 326574 79. 032
2 14. 343 1854721 68500 20. 968
it 8845634 395074 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3ap
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PDA Multi | 25dnm, 4nm

2 g
150 @ ¥ =
mﬂ_z PNMQ
50+
12.5 15.0 7.5 20,0 22.5 .
Entry Retentiontime  Area Height Area%
PDA Chl 254nm
WY | GEERiE | bl g [T
1 15. 685 3409024 159597 49. 847
2 18. 068 3430009 137912 50. 153
Bt 6839033 297510 100. 000
Total
2 POR Walti 1 Z5das, nd
200+ J:IQ 2
150+ Pa/\:?\m )
100
504 i
|/\J pi
12.5 15.0 17.5 200 22.5 .
Entry Retentiontime  Area Height Area%
PDA Chl 254nm : _
WE T T DRBII ] LS it B
1 15. 707 571930 27309 9. 063
2 18. 096 5738516 230166 90. 937
it 6310446 257474 100. 000
Total
1000+ PDA WuTti T 254, o
750 i
e s
500
2504
12.5 17.5 20.0 2.5 )
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
WY | GRERIE | mn I B
1 15. 895 22013862 961914 58. 768
2 18. 363 15445058 583125 41. 232
i 37458920 1545039 100. 000
Total
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"H NMR (400 MHz, CDCls) spectrum of 3ba
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PDA Multi 1 Z54nm, 4naf

2501 = -
5 NHPh
200 ]
Me
150
MeO
100
50-]
EI! IICI lll 1I2 II3 1‘11 1|5 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _
5 | CREAT ] L i i B
1 9. 443 3697815 259265 50. 035
2 12. 383 3692645 194379 49. 965
| St 7390461 453644 100. 000
Total
200+ PDA MuTti 1 Z50nm, inn]
1564 NHPh
1 /@/‘\\/\ME
1004 MeO
50+ E
i 1_/\1
] ib lli 1"’ 1'3 tll 1|5 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ ) ]
W | RISl | e P B
1 9. 452 317051 22465 7.757
2 12. 393 3770246 196857 92. 243
St 4087296 219322 100. 000
Total
1500-] POR Wulti 1 Zainm, ing
NHPh
10004 /@A/kma
- MeO
500 /—’\
Ill 1'2 ll‘.i l‘l Il5 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ _ _ _
WY | TRERd A Tk I HB%
1 9. 245 20697262 1483775 70. 099
2 12.513 8828332 450940 29. 901
Sit 29525593 1934716 100. 000
Total
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"H NMR (400 MHz, CDCI5) spectrum of 3ca
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F NMR (377 MHz, CDCl;) spectrum of 3ca
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1504 FDA Multi T 254nm, inn
g
B NHPh
100 Me
F
Bl
0 . S
‘.Ii lID I’E 1|2 1I3 ; Il-‘. LIS 18
Entry Retentiontime  Area Height Area%
PDA Chl 254nm i _
5 [ REE TIER i B
1 9. 764 2110586 146764 49. 895
2 12. 386 2119449 118848 50. 105
2ih 4230035 265611 100. 000
Total
75 & PDA Multi 1 254nm, 4naj
! I}lHPh
500+ Me
E
250+
é liﬂ I’J. I.IE llﬂ- 1I-I 1‘5 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
% | CRETRE ] [IE 0 FE %
1 9. 927 571047 40629 4. 105
2 12. 586 13341298 715325 95. 895
it 13912345 755954 100. 000
Total
= PDA Multi 1 254nm, 4nnf
1500 :
HPh
o~
1001+
F
soo]
é IID 1‘! 1|2 1‘3 1l i 1‘5 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm 5 _
W5 | GRER ] [IE o %
1 9. 516 23776274 1595986 81. 890
2 12. 748 5258252 286962 18. 110
it 29034526 1882947 100. 000
Total
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"H NMR (400 MHz, CDCls) spectrum of 3da
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F NMR (377 MHz, CDCl;) spectrum of 3da
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= = PDA Mult: 1 254nm, 4nnf
' E NHPh
304
= Me
20 FiC
10
0 T ¥ .
10 1‘1 II‘.Z 1I3 il-l lra Ilii 1[? !8
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
5 | PR 8] i i B 1 B%
1 11. 930 644693 36119 50. 169
2 14. 185 640351 29988 49. 831
St 1285044 66107 100. 000
Total
2504 PDA Multi 1 254nm, 4nd
200 NHPh
o
150+
FaC
100+
B4 g
(i} lli llz 1‘3 14 lln lli': lli !8
Entry Retentiontime  Area Height Area%
PDA Chl 254nm . _ .
¥ | DRBTnY (a] e % %
1 11. 995 203089 12351 3.793
2 14. 292 5151080 243060 96. 207
B 5354169 255411 100. 000
Total
i § FDA Waltl 1 254nm, dnm
NHFh
= Me
500+
FiC
2501 g
10 11 12 13 1 15 16 17 18
Entry Retentiontime  Area Height Area%
PDA Chl 254nm —_
55 | GRRing ) e % %
1 11. 460 13388127 772849 81.133
2 14. 350 3113398 146457 18. 867
21 16501524 919305 100. 000
Total
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"H NMR (400 MHz, CDCI5) spectrum of 3ea
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o VDA Wulti T 254, dne
ﬁi NHFPh :D
| == Me
so] 077
25
]
9 10 12 13 1t 15 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _
5 | R R] TEA 4 i B1%
1 11. 049 1429500 86965 49. 750
2 13. 645 1443842 72011 50. 250
it 2873342 158976 100. 000
Total
z PDA Multi 1 Z5dnm, 4nof
500+ %
I:_JHPh
100] /@/\/‘\Me
300 Cl
2004
100+ %
EII IIlJ l'! 1‘2 llfi 1I11 Ilﬁ 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _ -
S [ BRI [IEH o HE%
1 11. 083 404620 25143 3. 662
2 13. 709 10644026 524702 96. 338
St 11048646 549845 100. 000
Total
POR WuTti 1 Z54nm, dnag
3000 NHPh
o
20004 Gl
100H ©
, . W
5‘) 1‘0 lll 12 1‘3 I'l 1‘5 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
W | DRERY ] [IE % [IEE)
1 10. 748 44759509 3385102 84. 233
2 13. 965 8378410 407853 15. 767
i 53137919 3792955 100. 000
Total
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"H NMR (400 MHz, CDCls) spectrum of 3fa
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2004 g PDA Multi 1 254nm, 4nn
z NHPh
1504 Me N e
100+
A
9 10 i 12 13 1 15 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ _ __ _
5 | CRE R a] ITE A L %
1 9. 510 3341748 166518 49. 681
2 11. 090 3384602 203197 50. 319
£ih 6726350 369715 100. 000
Total
750- PDA Wulti 1 254nm, dng
l‘;IHF'h
500+ Me \©/\"~/\Me
250
8 é 10 lll II 2 I‘3 ll-l. 1'5 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm‘ _ _
W5 | DRERg ) [IE o FE [T
1 9. 585 504909 25217 3.875
2 11. 203 12525999 744666 96. 125
21 13030908 769882 100. 000
Total

3000+

2000

1000+

;::DHJH
L

FDA WuTtl T 250nm, dnof

NHPh

Me
@M“e

n 12 13 ¥ 15 16
Entry Retentiontime  Area Height Area%
PDA Chl 254nm — _ =
W% | BRERT ] TIES i B

1 9. 162 56642281 3762742 78.997

2 11. 571 15059593 863343 21. 003
&l 71701874 | 4626085 | __ 100.000

Total
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"H NMR (400 MHz, CDCIl3) spectrum of 3ga
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75 PDA Multi | 254nm, ]
S :
50+ -~
OMe
26
10 1 11 15 6 17 18
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ 5 _
WS | TRBnd ] B wa I i B1%
1 12. 279 1369002 72070 50. 498
2 16. 328 1341975 48104 49. 502
2 2710977 120173 100. 000
Total
750 PR Wulti 1 Z54nm, ing
500+ @\/\/‘\Me
OMe
250+
10 1II 1I-I I’S IIS lli‘ 18
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ = 8 _
%5 | CRE i [a] TES I AR
1 12. 324 14213763 739050 96. 047
2 16. 353 585042 22306 3.953
Hih 14798806 761356 100. 000
Total
250+ - PDA Multi 1 254nm, 4nm
NHPh
o s
= Me
150+
CMe
1004
50
10 I‘l 1I'J 1".!. Ill. 1|5 llﬁ !I'r' !S
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
W | DREAI [A] [TEA w1 %
1 12. 483 3788295 194971 36. 657
2 15. 617 6546246 244263 63. 343
i 10334541 439234 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3ha
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- POA Wulti 1 Z5dnm, dnn
150 f
= NHPh
~ Me
100+ \
s
AN
10 i 12 13 1 15 16 7 18
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
W5 | BER RS L i [iEAES
1 11. 373 2924081 164131 49. 837
2 14. 767 2943266 136245 50. 163
£t 5867347 300376 100. 000
Total
] = POA Wulti T 254nm, dng
500 z
] ' NHPh
400—_ > ‘ Me
3004 \_¢
200]
1004 g
5 T fz“‘-—‘

10 lll I'l’. 1‘3 ll-t I‘S 1‘6 II':' 18
Entry Retentiontime  Area Height Area%
PDA Chl 254nm - i

W5 [ BRER IS o B

1 11. 467 532209 30598 4. 387
2 14. 901 11598826 521444 95.613
Hih 12131036 552042 100. 000
Total
PDOA Multi 1 254nm, 4ns)
NHPh
=N Me
< \_s
3
10 lll 1IJ Ir3 1‘1 1‘5 IIE\ lli' 18
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ :

%Y [ emN @ e i FE HE%

1 10. 648 13849175 811952 67. 032

2 14. 601 6811493 318872 32. 968
St 20660668 1130824 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3ia
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40 NHPh
Y
30 Me
Fe
20 @'
10

16, 743

PDA Multi 1 Z54nm, dnd

15 16 17 H] 19 20
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ i _ i
W5 [ BREfRt ] Ik i EA
1 15. 007 1102121 42135 50. 203
2 16. 743 1093224 34479 49. 797
Hih 2195345 76614 100. 000
Total
125 = POA WuTti 1 254w, dna]
NHPh
100+ @‘\\/\Me
™ F:e
o &>
25+ s
; A |
12 1‘3 ll-i I‘S Irﬁ lli' er 1‘9 20
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
W5 | GRETHT ] TER it B
1 15. 458 781830 29687 15. 966
2 16. 851 4115051 124398 84. 034
S 4896881 154085 100. 000
Total
504 = PDA Multi 1 Z5dnm, 4nm
] NHPh
40+ % SN -
304 = 1
i3
» >\
16
12 13 11 15 1 17 18 i 20
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
Y [ GRRTRfE [ e o TR A%
1 13. 447 1126103 49456 56. 281
2 15. 680 874766 29967 43.719
£iH 2000869 79423 100. 000
Total
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"H NMR (400 MHz, CDCls) spectrum of 3ja
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300+

2004

PDA Multi 1 254rm, 4o

100+
(i
1.0 T,‘ 0 ?,IS 8.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ §
W5 | GRERy [IES o 1 #1%
1 5. 584 2982304 365077 49. 816
2 6.115 3004338 345233 50. 184
il 5986642 710310 100. 000
Total
2000 PDA Multi 1 234nm, 4nm
NHPh
1500 @f‘\r\ Me
1000+
500+
1.0 1.‘5 a'O 5.‘5 5.‘5 'I'ItJ 7.‘5 B.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
W5 | LRI [a] B 5 I B
1 5. 577 778143 99072 4.233
2 6. 101 17603521 1964925 95. 767
S 18381665 2063997 100. 000
Total
25004 POA Multi 1 254nm, 4nm
1 NHPh
2000+
b Me
15001
1000
500
1.0 -I,’S 5.0 E‘IS T‘ID F‘I-"» 8.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ _
W | DRERT ] (LR i [ %
1 5. 455 19865136 2487865 83. 313
2 5. 887 3978775 460365 16. 687
HEih 23843911 2948230 100. 000
Total
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"H NMR (400 MHz, CDCls) spectrum of 3ka
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= POA Wulti 1 Z5inm, dnn
200 ke
NHPh
1504 Me
1004
50
5.0 5,I 5 'r'.l 1] r.IS 8.0 S.I 5 9.0
Entry Retentiontime  Area Height Area%
PDA Chl 254!1:11_ _ _ —
W5 | DRE R [A] kA % i B%
1 6. 311 1990648 218452 50. 226
2 7.115 1972709 198270 49.774
£ih 3963357 416722 100. 000
Total
7504 POA Wulti 1T 254nm, inn
h:JHPh
500 Ma
250+
5.0 S.I 5 5 8.0 8,‘5 9.0
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ i
AR I TR I [T
1 6. 331 1319423 147369 15. 052
2 7.144 7446240 749117 84. 948
2 8765663 896486 100. 000
Total
PDA Multi 1 254nm, 4nm
NHPh
1000 Me
500+
5.0 5.5 7.5 8.0 8.5 ;
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
5 [ DReind ) [TE g HB%
1 6. 177 12630016 1417203 92. 389
2 6. 915 1040527 107466 7.611
£2iH 13670544 1524669 100. 000
Total
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"H NMR (400 MHz, CDCl3) spectrum of 3la
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= PDA Multi 1 254nm, 4naf
10 2
" NHPh
301 Ph/\/\\\)\l\de
2(H
11H
[ % I:I Eli llﬂ |.Il ['2 1‘3 14
Entry Retentiontime  Area Height Area%
PDA Chl 254nm __ . _
WY | GBI ) [ER i B
1 7. 666 519527 41245 51. 957
2 8. 630 480382 35627 48. 043
Hih 999909 76872 100. 000
Total
s00] PDA Multi 1 Z54nm, dnn
NHPh
300+ :
PhWMe
200
100+
B '.:‘ 8 9 llﬂ 1|1 1 ll'.l 1
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _
¥ | TRETR [A] e 0 g MBS
1 7.755 698904 42267 9. 542
2 8. 550 6625230 405174 90. 458
S 7324134 447441 100. 000
Total
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50

& 684

POX Wulti 1 254nm, dnn

NHPh

Ph"“*f’ﬁhb’l‘Me

T T T
11 12 13 14

Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ ‘ _
WS | PRBTn ) [ 5 g HiE%
1 7. 464 583317 54302 48. 035
2 8. 694 631029 47461 51. 965
£iH 1214346 101762 100. 000
Total
206] FOR Walti 1 Z5inm, anm
e NHPh
Ph = Me
1004
50+
=
¢ 7 8 9 10 1 12 13 1
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ __
¥ | DR [ I 8%
1 7. 331 2370102 204061 43. 474
2 7.749 766516 60367 14. 060
= 8. 553 922586 72963 16. 923
1 9. 335 1392537 101283 25.543
it 5451741 438674 100. 000
Total

S93



"H NMR (400 MHz, CDCl3) spectrum of 3ma
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2 PDA Multi 1 254nm, dnm|
154 e
10
ﬂ_- i 4
14 ll:'n llli I"r' Ili:'. 1|9 ZID 2‘1 22
Entry Retentiontime  Area Height Area%
PDA Chl 254nm_ B ‘ ___‘
WS [ DRI [a) TIE i B
1 16. 827 551601 17224 50. 324
2 19. 160 544490 16100 49. 676
S 1096091 33324 100. 000
Total
PDA Multi 1 Z54nm, tnn]
100+
] P::IHP‘h
75 O/%/\M.3
50
25 =
1 15 16 17 18 19 20 21 22
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _ i
W5 | DR ] (i £ i 8%
1 17. 074 276717 8726 6.519
2 19. 355 3968037 105622 93. 481
it 4244754 114349 100. 000
Total
5 PDA Multi 1 Z54nm, dnm
157 NHPh -
10 g
54
[is
14 1‘5 llb‘ Iir 1‘3 lr9 2‘0 2‘1 22
Entry Retentiontime  Area Height Area%
PDA Chl 254nm _ _
W5 | BRI LS i B
1 16. 723 640641 19105 64. 998
2 19. 989 344997 9124 35. 002
B 985638 28228 100. 000
Total
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