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General information

All reactions were performed under an argon atmosphere in oven-dried glassware with
magnetic stirring. Unless otherwise stated, all reagents were purchased from commercial
suppliers and used without further purification. Methanol and other solvents employed in
the reactions were dried under N, atmosphere using the standard procedure. Flash column
chromatography was performed using Qingdao Haiyang flash silica gel (200300 mesh).
'H and C NMR spectra were recorded in CDCl; using a 400 MHz NMR instrument

(referenced internally to Me,Si).

General Procedure for Cu-Catalyzed Propargylic Substitution of Propargylic
Acetates with Enamines

Under an argon atmosphere, Cu(CH3CN)4ClO4 (8.3 mg, 0.025 mmol) and chiral
tridentate P,N,N ligand (18.8 mg, 0.038 mmol) were dissolved in 2 mL of MeOH. The
resulting mixture was stirred at room temperature for 1 h, and then was cooled to 0 °C.
Enamine 2 (1.0 mmol), propargylic acetate 1 (0.5 mmol), 2 mL of MeOH and i-Pr,NEt
(200 pL, 1.2 mmol) were added sequentially. The reaction mixture was stirred at 0 °C for
12 h, and then was concentrated in vacuo. The residue was purified through flash column
chromatography (EtOAc/petroleum ether = 1/40) to afford the corresponding propargylic

ketone.

(S)-1,3-Diphenylpent-4-yn-1-one (3aa)

O N
3aa
White solid, 90% yield. mp 78-79 °C. [a]p™’ = 2.4 (¢ = 1.00, CH,Cl,). "H NMR (400
MHz, CDCl;) 6 7.97 (d, J = 7.3 Hz, 2H), 7.58 (d, J = 7.2 Hz, 1H), 7.49-7.46 (m, 4H),
7.36 (d, J =7.2 Hz, 2H), 7.29 (d, J = 7.1 Hz, 1H), 4.48 (s, 1H), 3.66-3.60 (m, 1H), 3.41—
3.36 (m, 1H), 2.29 (s, 1H). >C NMR (101 MHz, CDCls) & 196.7, 140.6, 136.6, 133.3,
128.7, 128.6, 128.1, 127.5, 127.2, 85.3, 71.0, 47.1, 32.6. HPLC analysis: 97% ee,
chiralcel OJ-H column, n-hexane/i-propanol = 95/5, flow rate = 0.8 mL/min, 40 °C, 230

nm, tg: 25.2 min (major), 33.9 min (minor).
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(S)-1-Phenyl-3-p-tolylpent-4-yn-1-one (3ba)

o)

oS

Me 3ba
White solid, 92% yield. mp 76-78 °C. [a]p™ = 8.1 (¢ = 1.00, CH,Cl,). "H NMR (400
MHz, CDCl3) & 7.98 (d, J = 7.3 Hz, 2H), 7.57 (d, J = 7.2 Hz, 1H), 7.47 (t,J = 7.4 Hz, 2H),
7.40 (d, J = 7.6 Hz, 2H), 7.19 (d, J = 7.4 Hz, 2H), 4.46 (s, 1H), 3.62 (dd, J=17.1, 8.0 Hz,
1H), 3.38 (dd, J = 17.1, 5.8 Hz, 1H), 2.37 (s, 3H), 2.30 (s, 1H). °C NMR (101 MHz,
CDCls) & 196.8, 137.7, 136.8, 136.7, 133.3, 129.4, 128.6, 128.2, 127.4, 85.6, 70.9, 47.1,

32.3,21.1. HPLC analysis: 97% ee, chiralcel OJ-H column, n-hexane/i-propanol = 90/10,

flow rate = 1.0 mL/min, 40 °C, 230 nm, tg: 13.5 min (major), 15.7 min (minor).

(S)-3-(4-Methoxyphenyl)-1-phenylpent-4-yn-1-one (3ca)

>
MeO 3ca

White solid, 95% yield. mp 63-65 °C. [a]p"’ = 1.9 (¢ = 1.10, CH,Cl,). '"H NMR (400

)

MHz, CDCl3) 6 7.97-7.95 (m, 2H), 7.60-7.55 (m, 1H), 7.49—-7.45 (m, 2H), 7.42—7.39 (m,
2H), 6.92-6.88 (m, 2H), 4.45-4.41 (m, 1H), 3.80 (s, 3H), 3.59 (dd, J = 17.1, 7.9 Hz, 1H),
3.37 (dd, J=17.1, 6.2 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H). °C NMR (101 MHz, CDCl3) &
196.9, 158.7, 136.7, 133.3, 132.6, 128.6, 128.5, 128.1, 114.1, 85.7, 70.8, 55.3, 47.1, 31.9.
HPLC analysis: 95% ee, chiralcel OD-H column, n-hexane/i-propanol = 98/2, flow rate =

0.6 mL/min, 40 °C, 230 nm, tg: 20.5 min (major), 23.1 min (minor).
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(S)-3-(4-Fluorophenyl)-1-phenylpent-4-yn-1-one (3da)

s
F 3d

a

)

White solid, 86% yield. mp 60-61 °C. [o]p”’ = —3.1 (¢ = 1.05, CH,Cl,). '"H NMR (400
MHz, CDCl3) & 7.94 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47-7.43 (m, 4H),
7.02 (t, J = 8.6 Hz, 2H), 4.47-4.43 (m, 1H), 3.58 (dd, J=17.2, 7.5 Hz, 1H), 3.36 (dd, J =
17.2, 6.4 Hz, 1H), 2.30 (d, J = 2.4 Hz, 1H). °C NMR (101 MHz, CDCl;) & 196.5, 161.9
(J =245.5 Hz), 136.5, 136.4, 136.3, 133.4, 129.1 (J = 8.1 Hz), 128.6, 128.1, 11547 (J =
21.4 Hz), 85.2, 71.2, 47.0, 31.9. HPLC analysis: 96% ee, chiralcel OJ-H column, n-
hexane/i-propanol = 85/15, flow rate = 1.0 mL/min, 40 °C, 230 nm, tg: 10.0 min (major),

12.7 min (minor).

(S)-3-(2-Chlorophenyl)-1-phenylpent-4-yn-1-one (3ea)

Colorless oil, 75% yield. [a]p™ = 36.1 (¢ = 1.06, CH,Cl,). '"H NMR (400 MHz, CDCls) &
8.00-7.98 (m, 2H), 7.79 (dd, J= 7.7, 1.6 Hz, 1H), 7.61-7.57 (m, 1H), 7.48 (t,J = 7.7 Hz,
2H), 7.40 (dd, J = 7.9, 1.2 Hz, 1H), 7.33 (td, J = 7.6, 1.2 Hz, 1H), 7.28-7.23 (m, 1H),
4.90-4.86 (m, 1H), 3.51 (dd, J =17.0, 9.6 Hz, 1H), 3.40 (dd, J =17.0, 4.3 Hz, 1H), 2.31
(d, J = 2.5 Hz, 1H). °*C NMR (101 MHz, CDCl3) § 196.3, 137.7, 136.5, 133.3, 132.7,
129.7, 129.4, 128.6, 128.6, 128.1, 127.3, 84.0, 71.7, 45.1, 30.3. HPLC analysis: 97% ee,
chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 0.8 mL/min, 40 °C, 230

nm, tg: 12.9 min (major), 15.3min (minor).
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(S)-3-(3-Chlorophenyl)-1-phenylpent-4-yn-1-one (3fa)
O

oL O

(J >

3fa
Colorless oil, 88% yield. [o]p™’ = 0.8 (¢ = 1.00, CH,Cl,). '"H NMR (400 MHz, CDCl;) &
7.95-7.93 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.50-7.44 (m, 3H), 7.36—7.34 (m, 1H), 7.29—
7.22 (m, 2H), 4.47-4.43 (m, 1H), 3.60 (dd, J = 17.3, 7.8 Hz, 1H), 3.36 (dd, J = 17.3, 6.1
Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H). >C NMR (101 MHz, CDCl3) & 196.3, 142.6, 136.4,
134.5, 133.4, 129.9, 128.7, 128.1, 127.7, 127.4, 125.8, 84.6, 71.6, 46.8, 32.2. HPLC
analysis: 98% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 1.0

mL/min, 40 °C, 230 nm, tg: 9.9 min (major), 11.5 min (minor).

(S)-3-(4-Chlorophenyl)-1-phenylpent-4-yn-1-one (3ga).

0]

s
Cl 3g

a
White solid, 95% yield. mp 79-81 °C. [a]p™ = 5.8 (¢ = 1.00, CH,Cl,). "H NMR (400
MHz, CDCl3) 8 7.95-7.93 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.48-7.40 (m, 4H), 7.34—
7.30 (m, 2H), 4.47-4.43 (m, 1H), 3.59 (dd, J=17.2, 7.5 Hz, 1H), 3.36 (dd, J=17.2, 6.4
Hz, 1H), 2.30 (d, J = 2.5 Hz, 1H). °C NMR (101 MHz, CDCls) § 196.4, 139.1, 136.5,
133.4, 132.9, 129.0, 128.8, 128.7, 128.1, 84.9, 71.4, 46.8, 32.0. HPLC analysis: 97% ee,
chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 0.8 mL/min, 40 °C, 214
nm, tg: 9.6 min (major), 11.5 min (minor).

S5



(S)-3-(4-Bromophenyl)-1-phenylpent-4-yn-1-one (3ha)

D
Br 3h

a

)

White solid, 83% yield. mp 80-82 °C. [a]p™ = 8.5 (¢ = 1.10, CH,Cl,). '"H NMR (400
MHz, CDCl3) 8 7.94-7.92 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47-7.44 (m, 4H), 7.37—
7.27 (m, 2H), 4.45-4.41 (m, 1H), 3.58 (dd, J = 17.2, 7.5 Hz, 1H), 3.36 (dd, J=17.2, 6.4
Hz, 1H), 2.30 (d, J = 2.5 Hz, 1H). >C NMR (101 MHz, CDCl3) & 196.3, 139.7, 136.4,
133.4, 131.7, 129.3, 128.7, 128.1, 121.0, 84.8, 71.4, 46.8, 32.1. HPLC analysis: 96% ee,
chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 0.8 mL/min, 40 °C, 230

nm, tg: 14.4 min (major), 17.3 min (minor).

(S)-1-Phenyl-3-(4-(trifluoromethyl)phenyl)pent-4-yn-1-one (3ia)

FsC
White solid, 80% yield. mp 63-65 °C. [a]p™’ = 1.6 (¢ = 0.90, CH,Cl,). '"H NMR (400
MHz, CDCl3) & 7.95-7.93 (m, 2H), 7.61-7.56 (m, 5H), 7.47 (t, J = 7.7 Hz, 2H), 4.56—
4.52 (m, 1H), 3.63 (dd, J = 17.3, 7.4 Hz, 1H), 3.40 (dd, J = 17.3, 6.5 Hz, 1H), 2.32 (d, J =
2.5 Hz, 1H). ®C NMR (101 MHz, CDCls) & 196.2, 144.6, 136.4, 133.5, 129.5 (J = 32.3
Hz), 128.7, 128.1, 128.00, 125.63 (J = 3.7 Hz), 124.05 (J =272.1 Hz), 84.4, 71.64, 46.7,
32.3. HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow

rate = 1.0 mL/min, 40 °C, 230 nm, tg: 7.2 min (major), 7.8 min (minor).
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(S)-3-(Naphthalen-2-yl)-1-phenylpent-4-yn-1-one (3ja)

White solid, 85% yield. mp 122—124 °C. [o]p>” = 26.0 (c = 0.82, CH,Cl,). '"H NMR (400
MHz, CDCl3) & 7.98-7.96 (m, 3H), 7.87-7.83 (m, 3H), 7.61-7.55 (m, 2H), 7.52-7.44 (m,
4H), 4.68-4.64 (m, 1H), 3.70 (dd, J = 17.2, 8.0 Hz, 1H), 3.48 (dd, J=17.2, 5.9 Hz, 1H),
2.36 (s, 1H). °C NMR (101 MHz, CDCl3) & 196.7, 137.9, 136.6, 133.4, 133.3, 132.6,
128.6, 128.5, 128.1, 127.8, 127.6, 126.2, 126.2, 125.9, 125.6, 85.3, 71.3, 46.9, 32.8.
HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate =

1.0 mL/min, 40 °C, 230 nm, tg: 20.9 min (major), 30.3 min (minor).

(S)-1-Phenyl-3-(thiophen-2-yl)pent-4-yn-1-one (3ka)

0
= N
gD

3ka

Colorless oil, 76% yield. [o]p™ = —14.1 (c = 1.20, CH,Cl,). '"H NMR (400 MHz, CDCl;)
87.97 (d, J=7.5 Hz, 2H), 7.58 (d, J = 6.9 Hz, 1H), 7.47 (t,J = 7.2 Hz, 2H), 7.19 (s, 1H),
7.09 (s, 1H), 6.95 (s, 1H), 4.77 (s, 1H), 3.65 (dd, J = 17.2, 7.2 Hz, 1H), 3.53-3.47 (m,
1H), 2.33 (s, 1H). °C NMR (101 MHz, CDCls) & 196.3, 143.7, 136.5, 133.4, 128.7, 128.1,
126.8, 125.1, 124.4, 84.6, 71.0, 47.2, 27.9. HPLC analysis: 96% ee, chiralcel OD-H
column, n-hexane/i-propanol = 95/5, flow rate = 0.7 mL/min, 40 °C, 230 nm, tg: 12.8 min

(major), 13.6 min (minor).
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(S)-3-Phenyl-1-p-tolylpent-4-yn-1-one (3ab).

Colorless oil, 81% yield. [a]p®® = 4.5 (¢ = 1.00, CH,Cl,). '"H NMR (400 MHz, CDCl3) &
7.87 (d, J=8.2 Hz, 2H), 7.49 (d, J =7.3 Hz, 2H), 7.37 (t,J = 7.5 Hz, 2H), 7.28 (t, J=17.3
Hz, 3H), 4.49-4.46 (m, 1H), 3.60 (dd, J = 17.0, 8.1 Hz, 1H), 3.35 (dd, J = 17.0, 6.0 Hz,
1H), 2.43 (s, 3H), 2.29 (d, J = 2.3 Hz, 1H). °C NMR (101 MHz, CDCl;) & 196.3, 144.1,
140.7, 134.2, 129.3, 128.7, 128.2, 127.5, 127.1, 854, 71.0, 46.9, 32.7, 21.6. HPLC
analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 1.0

mL/min, 40 °C, 210 nm, tg: 11.3 min (major), 15.6 min (minor).

(S)-1-(4-Methoxyphenyl)-3-phenylpent-4-yn-1-one (3ac).

White solid, 88% yield. mp 62—64 °C. [a]p™’ = 2.4 (¢ = 1.20, CH,CL,). '"H NMR (400
MHz, CDCls) & 7.95 (d, J = 8.9 Hz, 2H), 7.49 (d, J = 7.3 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H),
727 (t, J = 7.3 Hz, 1H), 6.94 (d, J = 8.9 Hz, 2H), 4.49-4.45 (m, 1H), 3.87 (s, 3H), 3.57
(dd, J = 16.8, 8.1 Hz, 1H), 3.32 (dd, J = 16.8, 6.0 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H)."C
NMR (101 MHz, CDCl3) § 195.2, 163.6, 140.8, 130.4, 129.7, 128.7, 127.5, 127.1, 113.7,
85.5,71.0, 55.5, 46.7, 32.8. HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-
propanol = 80/20, flow rate = 0.8 mL/min, 40 °C, 230 nm, tg: 21.2 min (major), 32.3 min

(minor).
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(S)-1-(4-Fluorophenyl)-3-phenylpent-4-yn-1-one (3ad)

White solid, 83% yield. mp 70-71 °C. [a]p™ = 6.4 (¢ = 0.90, CH,Cl,). '"H NMR (400
MHz, CDCls) & 7.98 (dd, J = 8.3, 5.7 Hz, 2H), 7.48 (d, J = 7.6 Hz, 2H), 7.37 (t, J = 7.5
Hz, 2H), 7.28 (t, J = 7.3 Hz, 1H), 7.13 (t, J = 8.5 Hz, 2H), 4.47-4.44 (m, 1H), 3.59 (dd, J
=17.0, 8.1 Hz, 1H), 3.34 (dd, J = 17.0, 5.9 Hz, 1H), 2.30 (d, J = 2.2 Hz, 1H).">C NMR
(101 MHz, CDCls) 6 195.2, 165.82 ( J = 255.2 Hz), 140.5, 133.1, 133.1, 130.8 (J =9.3
Hz), 128.7, 127.4, 127.2, 115.7 (d, J = 21.9 Hz), 85.2, 71.1, 46.9, 32.7. HPLC analysis:
96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 80/20, flow rate = 1.0 mL/min,

40 °C, 230 nm, tg: 14.1 min (major), 17.0 min (minor).

(S)-1-(3-Chlorophenyl)-3-phenylpent-4-yn-1-one (3ae)
0]
Cl

(> l

3ae
Colorless oil, 87% yield. [o]p™’ = 6.0 (¢ = 1.10, CH,Cl,). '"H NMR (400 MHz, CDCl;) &
7.93 (s, 1H), 7.83 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.48 (d, J = 7.0 Hz, 2H),
7.43-7.35 (m, 3H), 7.29 (d, J = 6.8 Hz, 1H), 4.45 (s, 1H), 3.59 (dd, J = 17.0, 8.1 Hz, 1H),
3.35(dd, J=17.1, 3.9 Hz, 1H), 2.30 (s, 1H). >C NMR (101 MHz, CDCl3) & 195.5, 140.3,
138.1, 135.0, 133.2, 129.9, 128.8, 128.3, 127.4, 127.3, 126.2, 85.0, 71.2, 47.1, 32.6.
HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 90/10, flow rate =

0.8 mL/min, 40 °C, 230 nm, tg: 18.7 min (major), 25.0 min (minor).
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(S)-1-(4-Chlorophenyl)-3-phenylpent-4-yn-1-one (3af)

White solid, 86% yield. mp 91-93 °C. [o]p*® = 11.1 (¢ = 1.00, CH,Cl,). '"H NMR (400
MHz, CDCl3) 6 7.90-7.88 (m, 2H), 7.49 (d, J = 7.3 Hz, 2H), 7.42-7.42 (m, 2H), 7.37 (t, J
= 7.5 Hz, 2H), 7.30-7.27 (m, 1H), 4.48-4.44 (m, 1H), 3.58 (dd, J = 17.1, 8.1 Hz, 1H),
3.34 (dd, J=17.1, 5.9 Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H). °C NMR (101 MHz, CDCl;) &
195.5, 140.4, 139.7, 134.9, 129.5, 128.9, 128.8, 127.5, 127.26, 85.1, 71.2, 47.0, 32.7.
HPLC analysis: 97% ee, chiralpak AD-H column, n-hexane/i-propanol = 95/5, flow rate

= 0.7 mL/min, 40 °C, 230 nm, tg: 15.1 min (major), 16.8 min (minor).

(S)-1-(4-Bromophenyl)-3-phenylpent-4-yn-1-one (3ag)

O

O % Br

3ag
White solid, 80% yield. mp 96-97 °C. [a]p™’ = 8.6 (¢ = 1.00, CH,Cl,). '"H NMR (400
MHz, CDCl;) & 7.81 (d, J = 8.6 Hz, 2H), 7.61 (d, J = 8.6 Hz, 2H), 7.47 (d, J = 7.4 Hz,
2H), 7.36 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.3 Hz, 1H), 4.46-4.42 (m, 1H), 3.57 (dd, J =
17.0, 8.2 Hz, 1H), 3.33 (dd, J = 17.1, 5.9 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H). °C NMR
(101 MHz, CDCl;) & 195.8, 140.4, 135.3, 131.9, 129.6, 128.7, 128.5, 127.4, 127.3, 85.1,
71.2, 47.0, 32.7. HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol =

80/20, flow rate = 0.8 mL/min, 40 °C, 230 nm, tg: 20.9 min (major), 27.0 min (minor).

S10



%
N ML <+ ;E g g g
< S —— =] (== =2
o S<aid S = S
\ \ \ \
8.1 8.0 5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 L5 L. 0.5 0.0
£1 (ppm)
L iimnlnmoae
Koy " ol v
210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 40 30 20 10 o0
1 (ppm)

S11



Me 3ba

|

{2.00] f———

£

£ Z 'z &L
s & = 8 =N
= = — = ~N s
T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6 5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 .0 .5
£1 (ppm)
Y
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10

f1 (ppm)

S12



MeO

3ca

i

|

210 200

190

180

170

160

150

140

130

120

110
1 (ppm)

S13

100

90

80

70

60

50

40



3da

Ju J L L A o L

" IT I pA T T

(=3 oo (=2} o o O© (=21

N S8 = < = = s

T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1. .5 0.0

1 (ppm)
L l l “
190 180 170 160 150 140 150 120 110 100 0 80 70 60 50 10
1 (ppm)

210 200

S14



Cl

*
3ea
L Aﬁ J il
BEEEETY T iz
ESEERNX = %
‘ ] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
8.5 8.0 7.5 7.0 6.5 6.0 . 0 4.5 1.0 3. 0 .5 1.0 0. 0.0
1 (ppm)
T L4 d " o v
: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

S15



Cl

3fa

T BT z
o S oo o o
[ o =
T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.0 3.0 2.5 2.0 1 1.0 0.5 0.0
1 (ppm)
i
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1 (ppm)

S16



Cl 3ga

Z TLL
5 =S8

— <

I N
g 2

0.961

T T T T T T T T T
5.0 1.5 1.0 3.
f1 (ppm)

o] —m——
|

T T T T T T T T T T
210 200 190 180 170 160 150 110 130 120 116

T T T T T
) 100 90 80 70 60 50 40 30 20
£1 (ppm)

S17



Br

3ha

JL L J\ .
I & Z
S S5S =N >
o — o3l =) S
T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 4. 3.0 2.5 2.0 1.5 1. 0.5 0.0
f1 (ppm)
¥
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1 (ppm)

S18



F3C

4

3ia

JA\ J 1 A 1
L T Z z
(=} [=N=] =} [=>}
3 13y — S
T T T T T T T T T T T
8.5 8.0 7.5 7.0 5. 4.5 1 3.5 3.0 2.5 2.0 .5 0.5 0.0
£1 (ppm)
j Il A
T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)
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(]Agg{ ——

r T T T T T T T T T T T T T
.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.0 .5 1.0 0.5
£1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 o
1 (ppm)
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1 J\
E)

M A
L % A
=1 —_— ==
o5 o5 —

T T T T T T T T T T T
8.5 8. 5 7.0 6.5 6.0 5.0 1.5 1.0 5 3.0 .5 0.0
£1 (ppm)

T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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% Me
3ab

) [} N
Tz TR % & L'L
3 S EEE 1= s o3 —
8.5 8.0 7.5 7.0 6.5 .0 1.5 1.0 3.5 3.0 2.5 .0 .5
f1 (ppm)
210 200 190 180 170 160 150 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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E3
% OMe
3ac
z TEY T % L % P
=] =N=R] (=] [=7] (=] (=] (=]
~ Ny — [N} =} o3 1=} 1=}
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 1.
£1 (ppm)
210 200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 4

100
£1 (ppm)
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iy A__h
z LTEE T
8 Ss=8 &
o~ aNad i =
T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 .0 2.5 2.
£1 (ppm)
L] A
!
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30
£1 (ppm)
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4

3ae

Cl

[=N=] oSS —— > < =2} (=]
e Saied S = = S
8.0 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.c
£1 (ppm)
Lol ' ' J I )
f v o ) " J
T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1 (ppm)

T
210
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Cl

4

3af

)J b }} L A .}k 1
L £hse % T D T
(=} — O AN — (=2} (=3 (=3 o
N aiciai E = 4 S
. . : . : . : . . . : : :
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
£1 (ppm)

T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)
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Br

4

3ag

“ogy] =—m—m
b
P
=

4.0
1 (ppm)

T T T T T T T
210 200 190 180 170 160 150 140

T T T T T T T T T
130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
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HPLC chromatogram of racemic product 3aa

WD A Wavelenoth=230 nm (HF Z¥ 21042000001 .00
may
330 —; O
300 —:
250 — O =
200 — % & g
150 3 3aa 2
100 —;
50 —
u] ] L T
o] = ‘1ID I 1|5 2ID 2|5 3:3 3|5 ;'nin
it Time Area Height Width Area¥  Symmetry
1 20247 BR7TE 134.9 0443 49911 0.795
2 36 hh37.4 14E.5 15972 A.039 .07y
HPLC chromatogram of chiral product 3aa
WAD 8 Wavelength=230 nm (HF 241 21012000002 .07
mad
o0 —
] (0]
500 =
500 — " O =
400 — O %
300 —i 3aa
200 —
100 — B
0] A ' .
o] 1ID ‘1|5 2:3 2|5 SIEI Im in
it Time Area Height Width Area® Symmetry
1 2522 15304.6 a01.4 0.4653 93414 0 605
2 33878 2467 B.7 0.5695 1,586 0943
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HPLC chromatogram of racemic product 3ba

SAD A Wavelength=230 nm (HF 24 2101 20000030

13505

@
=
=
P
15.488

0 T f—lj\_' T T T T T T
1] 2 4 g 10 12 14 16 min
it Time Area Height Width Area¥ Symmetiy
1 13.505 167477 9358 02639 49620 0513
2 15,488 170042 8482 03033 50,380 0573

HPLC chromatogram of chiral product 3ba

WD A, Wavelenogth=230 nm (HF 2 21012000004.0)

13515

400 _- 3ba
200—: P
0 : — 1 T — 1 T T T — 1 U 2 T
1] 2 4 E g 10 12 14 16 tmin
1 Time Area Height Width Area¥ Symmetry
1 13515 133307 10563 02731 93314 0476
2 15,675 3324 18.7 02763 1.636 0.963
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HPLC chromatogram of racemic product 3ca

WADT A Wavelength=230 nm (HF 24 21012000010.0)
mau ]
1?50—:
] O
1500 -
1250—2 O
1000—5 O % 5 =
750 MeO 3ca n §
suu—f
250—5
o | 1 Jrk 1 1 1
o] ] 10 15 20 25 min
i Time Area Height Width AreaZ  Symmetry
1 19,537 23441 5 Ak 0.4333 49 873 0E15
2 2212 23006 B 7154 (.5043 AO122 566
HPLC chromatogram of chiral product 3ca
WADT A Wavelenogth=230 nm (HFZW 21042000011 .00
mau ]
1750 —
: 0
1500 4 .
1250 — . O s
1000 — O %
750 — MeO 3ca
500 —
250 — E
0 1 1 1 1 1 . ﬁ 1
o] ] 10 15 20 23 min
it Time Area Height Width AreaX Symmetry
1 20546 IE715.8 1171.2 0472 97 482 .561
2 23105 94283 26.8 05323 2518 0703
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HPLC chromatogram of racemic product 3da

WAAD 8 Wavelencgth =230 nm (HF 2y 21015000001 .07
maL 1
2500
] o)
2000 2
1500 — b %
.
1000 = 3da
500
a : T — 7 T T ™ T
a 25 a 10 125 15 7.5 min
1 Time Area Height Width Area¥ Symmetry
1 10.229 216634 16111 02064 A0.505 0.659
2 13.032 212298 1315.3 024595 49455 0615
HPLC chromatogram of chiral product 3da
WD A Wavelength=230 nm (HF Z\1 21015000002.0)
mal 1
1200
1000 0 2
SDD—: O i
soo—; O %
wl F 3da
200 I
0 : T T T T T S T
a 2 4 g 10 12 14 min
i Time Area Height Width Area¥ Symmetry
1 3953 10545 ae7. 7 0.1855 93.205 0.791
2 12744 1328 13 0.23203 1.795 .91
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HPLC chromatogram of racemic product 3ea

WD A Wavelength=230 nim (ZFLY 30530000001 D)
mal ]
BEIEI—: O
BEIEI—- CI O g
o> -
400 -
1 3ea
200—-
a T T T T T T
o] 2 4 5] 10 14 16 min
i Time Area Height Width Area¥X Symmetry
1 12945 7405 A0Z. 4 02273 43340 0.2806
2 15.211 T2 T 4258 02713 a0.060 0.836
HPLC chromatogram of chiral product 3ea
WAADT A Wavelength=230 nm (HF 2v 30530000004.070
mal ]
2000 —:
0 g
1500 ] 1
1 AT
1000 — O \\
! 3ea
500 ]
0 | | | 1 T 2 1
1] 2 4 i) 10 14 16 min
it Time Area Height Width Area¥  Spmmetry
1 12.855 262719 15659 .2569 93,300 0632
2 15 268 4h4 2 252 0.2789 1.700 0.8a85
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HPLC chromatogram of racemic product 3fa

WD A Wavelength=230 nm (ZFLY 30523000002 .00
mal ]
2000 —
1750 —; O
1500 — O § @
1250 o <
i A
1000
] 3fa
750
500 —
250 4
o ] T T T T
0 4 10 12 14 min
1 Time Area Height Width AreaZ Symmetry
1 1762 165231 1328.7 01392 43,905 0633
2 11.156 16591.9 11899 02136 B0.095 0.7
HPLC chromatogram of chiral product 3fa
WADT A Wasvelength=230 nm (HF £\ 30601000003.07)
mau ]
2000 — @
1750 —z @
1500 —; O
12350 —
1000 —; CI * O
750 — O %
500 3fa
250 §
0 ] I T “: T T
1] 4 10 12 14 min
it Time Area Height Width AreaX  Symmetry
1 9349 22333 1764 01972 93.845 0607
2 11.465 261 205 0.1333 1.15h 03:
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HPLC chromatogram of racemic product 3ga

AAD A YWavelength=214 nm (HF 241 210120000060
mal ]
600 —
500 — O z
400 O g
300 —: %
200 — cl 3ga
100 —
D i N T
0 2 4 8 8 10 12 14 min
# Time Area Height Width Area¥X Symmety
1 9,654 51149 4445 01765 a0.0585 0788
2 11.491 R103.7 747 0.2099 43345 0.a02
HPLC chromatogram of chiral product 3ga
WD A Waselength=214 nm (HF 20 21012000007 .0
may ]
1600 2
1400 —: =
] @)
1200
1000 . O
800 — O %
00 — cl 3ga
400
200 8
0 : | T | | 1 ': T 1
1] 2 4 B g 10 12 14 min
it Time Area Height Width AreaX  Symmetry
1 9639 17134.2 14155 01864 93,427 0671
2 11.527 2734 207 0. 2056 1.573 0,305
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HPLC chromatogram of racemic product 3ha

WD A Wavelength=230 nm (ZFLY 30520000003 D)
mal ]
500 — o
400 — O
300 — \\ g g
200 4 Br 3ha
100
o : T T T T T T T
a 25 5 75 10 125 15 17.5 min
i Time Area Height Width AreaX Symmetry
1 14.288 4480.2 2867 0242 439596 0.347
2 17.022 4481 241.3 0.2e3 a0.004 .853
HPLC chromatogram of chiral product 3ha
WD A Wavelength=230 nm (HF 231 30601 000002.00
mal ]
2000 — (@) §
1500 — % O
z O S
1000 +
] Br 3ha
500 —:
o ] T T T T T T T ? r‘:.I
1] 25 5 75 10 125 15 7.5 min
1 Time Area Height Width Area® Symmetry
14 408 0295 17361 0277 93233 0625
2 17.297 ARE.Z 28.8 0.3002 1.767 0.881
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HPLC chromatogram of racemic product 3ia

WD A& Wavelength=230 nm (ZFLV 30529000003 D)

mal |

g00

00 ] O
400 i O %
1 FiC 3ia

200 5

7.170
7775

i} 2 4 5} i min
# Time Area Height Width AreaZ Symmetry
1 77 A001.8 a7a1 01315 49837 0.754
2 7ETh A034.5 h33.1 01424 50163 0.v89
HPLC chromatogram of chiral product 3ia
WAD S Wavelength=230 nm (HF 241 30529000002 .0
mad ]
2000 —: =
1500 —:
1000 —:
200 —:
u] ] T E T
1] 5] 5] min
i Time Area Height Width Area® Symmetry
1 7182 204714 20045 0157 93.100 0607
2 a2 2964 373 01565 1.900 1.209
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HPLC chromatogram of racemic product 3ja

WD A Wavelength=230 nm (ZFLY 30529000001 00
mal ]
300 - (0]
600 —- O
oo >
400 3ja g
200 —-
o T T II T T
a 10 15 20 25 30 min
1 Time Area Height Width Area¥ Symmetry
1 2083 11673.5 4325 04185 43 457 0.0y
2 2007 118277 04 0.596 B0.543 0.8v6
HPLC chromatogram of chiral product 3ja
WMADT A Wavelength=230 nm (HF 211 30529000001 .07
mal
700 —
E00 —i O
s00 — g
400 ] * O
] NV
NGO
200 — 3ja
100 — £
u : o T T II T |%
a 10 15 20 25 30 min
i Time Area Height Width AreaX Symmetry
1 20.904 12060.5 4522 04746 a8.242 0.204
2 30,286 21548 5.3 .5625 1.758 (.96R
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HPLC chromatogram of racemic product 3ka

WD A Wavelength=230 nm (ZFLY 30531000002 D)
may ]
250
] O
200 —
150
- X 5 g
100 4 \ 0O N P
1 3ka
50
0 .

0 2!5 SI C ?.IS 1IU 12|.5 1|5 I‘1'|"|.5 min
it Time Area Height Width Area¥ Symmetry
1 12574 17002 933 0263 43890 0.E5
2 13,367 17077 925 0.2795 50110 0.709

HPLC chromatogram of chiral product 3ka
WD 8 Wavelencgth=230 nm (HF 21 30604000003.0)
mal ]
1750 —:
1500 ] (@) %
1250 —:
1000 — §
: X
750
] 3ka
500
250 — 2
0 : 1 T T T I 1 T '2 T T 1
1] 23 a2 Ta 10 125 13 17.8 min
it Time Area Height Width Area¥ Symmetry
1 12752 24577 9 13461 02785 87 953 064
2 13.534 A13E 245 03079 2047 0693
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HPLC chromatogram of racemic product 3ab

WD A Wavelength=210 nm (ZFLY 30514000001 D)
mal ]
400 — g
] o) 2
300 1 o
200 ] O
o
100 3ab
; ]
1] 2?5 SI ?.IS 1IU ‘12|.5 1I5 1?".5 min
1 Time Area Height Width Area¥ Symmetry
1 11.094 51204 292 0.2004 h0.152 084
2 16,132 A0E9.3 27a.3 0213 43848 0794
HPLC chromatogram of chiral product 3ab
WD A Wavelength=210 nm (HF 241 30601000004.0)
may ]
400 — 0
X Me
200 —: O \
3ab
100 —:
0 : . b
0 2 q 8 10 12 14 16 15 _min
# Time Area Height Width Area® Symmetry
1 11.337 24499 264.9 0.2029 37,958 0.851
2 15,63 1.9 a7 0.2335 2042 1.045
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HPLC chromatogram of racemic product 3ac

WD A, Wavelenoth=230 nm (ZFLY 30512000001 D)

21.3890

=

[=]

1
731.520

i Time Area Height Width AreaX Symmetry
1 21.39 BRES.6 1905 0.4401 43,959 0452
2 31.62 BRTE.7 108.8 0.7251 A0.041 0334

HPLC chromatogram of chiral product 3ac

WD A Wavelength=230 nm (HF 211 30607000002.0)
maLl

400 O

SUD—: * O
: X OMe
200—-

1004

21.213

. . 8
1] SI 1ID 1|5 QID 2|5 3|D min
it Time Area Height Width Area® Symmetry
1 21.213 62 2451 045325 93,046 0438
2 32.N3 147.8 34 05612 1.954 0893
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HPLC chromatogram of racemic product 3ad

WADT A YWavelength=230 nm (ZFLY 30515000001 .0
mal ]
400
1 0]
300 — O
200 — O % F § %
3ad <
100 —:
u] ] - T T
o] 2.|5 SI ?.IS ‘1ID 12I.5 1I5 1?'|.5 2IU min
i Time Area Height Width AreaX Symmetry
1 14.264 2333.8 174.8 1.2639 a0.183 n74a
2 16.892 29124 148 0.3053 4337 n7ar
HPLC chromatogram of chiral product 3ad
WD A Wasvelength=230 nm (HF 211 3060100000507
mal ]
800 - §
] o *
GO0 i O
400 ] O % F
] 3ad
200 o
0 T T T T T T = T ™
25 5 F-) 10 12.5 15 175 20 min
i Time Area Height Width AreaX Symmetry
1 14135 13889.7 122 02916 93.162 0424
2 17.027 2601 13.5 02993 1.838 0933
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HPLC chromatogram of racemic product 3ae

maLl

500 o

600

WSO A Wavelength=230 nm (ZFLY 30511000001 D)

15.489

400 ] O % §
] 3ae
200+
o T T T T
i] 10 15 20 25 min
1 Time Area Height Width AreaX Symmetry
1 18.4289 100064 447 1 03383 43926 0.58
2 24,651 100322 01 0449 A0.0E4 0636
HPLC chromatogram of chiral product 3ae
WD 4 Wavelength=230 nm (HF 23 30604000004.0)
mad ]
250
200 4 o -
1 Cl 2
150 3 * O N
] N
100 4 O N
3ae
50 ] .
] 2
1] 1ID 1|5 2IU 2|5 min
i Time Area Height Width Area® Symmetry
1 18678 1284 1533 03167 97947 n.a0y
2 24,956 ER.E 2.4 03754 2053 0.964
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HPLC chromatogram of racemic product 3af

WD A Wavelength=230 nm (HF 21 30604000001.0)

may A

175

150 9]

125 4
100 O
] Cl

O 3 2 g
] 3af 4 =
20
) _ K
i — :
0 2 R 8 10 12 14 16 1B min
i Time Area Height Width Area® Symmetry
1 15157 13128 B1.3 03245 43755 0E72
2 1E6.86 13268 Ab.5 0. 3604 a0, 265 1633
HPLC chromatogram of chiral product 3af
WD A Wave lenoth=230 nm (HF 2 306040000020
may ] W
175 g
1350 — O
125
100 — * O
O S
50 3af
25 —i ‘:E
' =
0 2 i@ 3 10 12 14 16 15 _min
i Time Area Height Width Area¥  Symmetiy
1 15,144 B4.2 32 02032 1.577 0732
2 16.835 40092 1653 0 3683 98,423 0644
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HPLC chromatogram of racemic product 3ag

mau |

800 o

500

WATDT A Wavelength=230 nm (ZFLV 30511000004 D)

ao0 - O % A 2
] 3ag a g
200 o [\
0 T T T T T 'I
o] ] 10 13 20 25 min
i Time Area Height Width Area¥ Symmetry
1 21136 9977 9 279 05162 50109 0288
2 2B. 768 99346 255 6 05685 49 891 0399
HPLC chromatogram of chiral product 3ag
WADT A Wavelenogth =230 nm (HF 21 30607000001 .00
mau ]
400 —
] o} &
300 =
200 — O B
O
100 — 3ag
% &
i} 1|5 2ID 2|5 min
i Time Area Height Wwidth AreaZ  Symmetry
1 2092 977 2784 05099 92,193 0,209
2 26,933 1738 hE 04862 1.807 0,969
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