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1. General Experimental Details
Instrumentations

All reactions were carried out in vials and stirred with a magnetic bar without inert atmosphere unless
specified. The reactions were monitored by TLC (thin layer chromatography) method; column and
preparative TLC purification were carried out using silica gel. All commercial reagents were purchased
with the analysis purity grade. They were used without further purification unless specified. Melting
points were uncorrected and recorded on XT- 5 melting point apparatus.

NMR spectra were acquired on a Bruker 400/600 spectrometer, running at 400/600 MHz and 100/151
MHz for 'H and *°C, respectively. NMR in CDCl;, DMSO-ds with TMS as an internal standard,
chemical shifts (8) are reported in ppm relative to residual solvent signals (CDCls, 7.26 ppm for 'H
NMR and 77.00 ppm for *C NMR; DMSO-ds, 2.50 ppm for 1H NMR, 40.00 ppm for *C NMR). The
following abbreviations are used to describe peak patterns when appropriate: s (singlet), d (doublet), t
(triplet), g (quartet), quint (quintet), sept (septuplet), m (multiplet), br (broad). High Resolution Mass
Spectra (HR-MS) were measured with ESI-Orbitrap mass spectrometer. Enantiomeric excess (ee) were
decided with chiral HPLC, Waters 1525 Binary HPLC Pump/Waters 2998 Photodiode Array Detector
of Lanzhou University State Key Laboratory of Applied Organic Chemistry.

Crystal data was collected by SuperNova, Dual, Cu at zero, Eos diffractometer, the structure was
solved with the ShelXS structure solution program using Direct Methods and refined with the ShelXL
refinement package using Least Squares minimisation. All products in this text, if not stated otherwise,
are oily liquids.

The a-acyl 8-valerolactone was prepared according to the disclosed method in literature.® The vinyl
ketone was prepared according to the reported procedure.?
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2. Preparation and characterization of catalysis L

Thiourea L1 was prepared by the literature procedure.’

CFs
\i I Q
~AN NJ\N CFsy
H H

L1: White solid, mp 114.5 — 114.8 °C, [a]p?* = - 13.0 (¢ 1.0, CHCI5); *H NMR (600 MHz, CDCl5) &
13.14 (s, 1 H), 8.00 (s, 2 H), 7.58 (s, 1 H), 6.24 (d, J = 6.0 Hz, 1 H), 3.44 — 3.42 (m, 1 H), 2.85 — 2.79
(m, 2 H), 2.76 (d, J = 13.8 Hz, 1 H), 2.65 — 2.57 (m, 3 H), 1.10 (t, J = 7.2 Hz, 6 H), 1.06 (s, 9 H). *F
NMR (CDCls ,376 MHz) & - 62.05 (s, 6 F).
Thiourea L2 was prepared by the literature procedure.’

CFs

"’NJ\N CFs
rNj H H
L2: White solid, mp 143.7 — 144.3 °C, [a]p? = - 25.0 (c 1.0, CHCI5); *H NMR (600 MHz, DMSOds) &
10.04 (s, 1H), 8.21 (s, 2H), 7.84 (s, 1H), 7.64 (s, 1H), 4.07 (s, 1H), 2.61 — 2.60 (m, 3H), 2.27 (s, 3H),

1.78 — 1.59 (m, 3H), 1.20 — 1.11 (m, 4H), 0.93 (t, J = 6.6 Hz, 6H).
Thiourea L3 was prepared by the literature procedure.’

O
NJ\N“'
H H rNW
L3: Yellow solid, mp 109.9 - 111.7 °C, [a]p®® = - 41.0 (c 1.0, CHCI); 'H NMR (CDCls, 400 MHz) &
8.19 (d, J = 8.0 Hz, 2 H), 7.47 (d, J =8.0 Hz, 2 H), 3.84 (t, J = 12.0 Hz, 1 H), 2.53 - 2.75 (m, 4 H), 2.32

-2.39 (m, 2 H), 1.70 - 1.89 (m, 3 H), 1.06 - 1.23 (m, 4 H), 0.93 - 0.96 (M, 6 H).
Thiourea L4 was prepared by the literature procedure.®

CF3
"’N N
SN -

L4: White solid, mp 115.9 - 117.6 °C, [0]p? = + 3.6 (¢ 1.0, CHCI;); *H NMR (600 MHz, CDCly) &
7.88 (s, 2H), 7.61 (s, 1H), 2.03 (s, 1H), 1.96 (d, J = 10.8 Hz, 1H), 1.86 — 1.65 (m, 9H), 1.41 — 1.14 (m,
8H).
Thiourea L5 was prepared by the literature procedure.’

No2

N

Q

L5: Yellow solid, mp 133.5 - 134.1 °C, [a]p** = + 11.0 (c 1.0, CHCIs); *H NMR (600 MHz, DMSO-ds)
510.04 (s, 1 H), 8.34 (s, 1 H), 8.11 (d, J =9.0 Hz, 2 H), 7.78 (d, J = 9.6 Hz, 2 H), 4.14 (s, 1 H), 2.70 —
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2.47 (m,5H),2.11 (d, J=9.0Hz, 1 H), 1.77 (d, J=12.0 Hz, 1 H), 1.71 - 1.58 (m, 6 H), 1.37 - 1.14
(m, 4 H).

3. Preparation of catalyst L6 - L9.°

o o o. 0
Et0’  OEt 3 day EtO HN@
c-1

Dissolved substituted aniline (5.0 mmol) in dry ethanol, slowly added dropwise anhydrous ethanol
solution of diethyl squarate (5.5 mmol, 935 mg) in the ethanol mixture, stirred at room temperature for
three days. The mixture was directly filtered to obtain product after the reaction finished with the TLC
check. The filtered product was directly used in the following steps without further purification.

o o)
o) } S
Q"’NH O DCM, 0 °C N/@R
2+ R ———» Ny H

12h

Q ed N QN Q

c-2 c-3 L6 -L9
Added a solution of ¢-2 (3.3 mmol, 554 mg) in DCM (2.0 mL) to ¢-3 (3.3 mmol) in anhydrous DCM
(5.0 mL) at 0 °C, slowly warmed up the reaction mixture to room temperature and stirred for 12 h to
complete checked by TLC. The mixture was concentrated under reduced pressure, and the resulted
residue was purified by preparative silica gel column chromatography (DCM : MeOH = 20:1) to obtain
the squaramides L6 - L9.
Squaramide L6.°

™ Q

L6: White solid, mp 232.5 — 233.1 °C, [a]p® = - 16.2 (¢ 0.50, EtOH); *H NMR (600 MHz, CDCl;) &
7.95 (s, 2H), 7.40 (s, 1H), 4.12 (s, 1H), 2.66 (s, 2H), 2.43 (s, 2H), 2.16 — 1.73 (m, 5H), 1.50 — 1.19 (m,

5H), 0.96 (s, 6H).
O
i O
Q.I/N
/N\ H HN—<: >—N02

Squaramide L7.2

L7: Yellow solid, mp 191.8 - 192.3 °C, [a]p**= - 15.0 (¢ 1.0, CHCI5); *H NMR (600 MHz, DMSO-d;)
§10.70 (s, 1 H), 8.19 (d, J = 8.4 Hz, 2 H), 7.64 (d, J = 8.4 Hz, 2 H), 3.92 (s, 1 H), 2.28 (s, 6 H), 2.06 (d,
J=12.0 Hz, 1 H), 1.88 (s, 1H), 1.74 (s, 1 H), 1.65 (s, 1 H), . 1.43 — 1.19 (m, 6H).

Squaramide L8.°
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L8: Yellow solid, mp 238.0 - 238.9 T, [a]p>*= + 2.0 (¢ 1.0, CHCI3); *H NMR (600 MHz, DMSO-dg) &
10.15 (s, 1 H), 8.03 (s, 2 H), 7.74 (s, 1 H), 7.61 (s, 1 H), 3.94 (s, 1 H), 2.60 (d, J = 7.2 Hz, 2 H), 2.51 —

2.47(m, 2 H), 2.02 (s, 1 H), 1.80 — 1.78 (m, 1 H), 1.71 — 1.69 (m, 1 H), 1.60 — 1.56 (m, 5 H), 1.39 —
1.23 (m, 4 H).

Squaramide L9

(0]
H o
Ny H
oy
L9: A red-brown solid (775 mg, 61% yield), mp 179.5 - 180.2 °C, [a]p** = - 33.0 (c 1.0, CHCI,); *H
NMR (600 MHz, DMSO-dg) & 10.47 (s, 1 H), 8.21 (d, J = 7.8 Hz, 2 H), 7.66 (d, J = 8.4 Hz, 2 H), 4.03
(9,3 =14.4,72 Hz, 1 H), 2.72 (s, 4 H), 2.04 (d, J = 10.2 Hz, 1 H), 1.91 (s, 1 H), 1.73 = 1.67 (m, 7 H),
1.47 — 1.43 (m, 3 H), 1.36 — 1.27 (m, 3 H). *C NMR (150 MHz, DMSO-d6) & 185.5, 180.3, 170.3,

162.3, 145.8, 141.8, 126.1, 118.1, 62.8, 55.9, 48.0, 33.0, 23.8, 23.2. HRMS (ESI-Orbitrap) m/z:
[M+H]" Calcd for C,0H2sN40O,4 385.1880, found 385.1870.

4. General procedure for the catalytic asymmetric synthesis of enantioenriched
a-acyl-a-alkyl 8-valerolactones

0
o 0 o °
10 mol% L9, 20 mol% K,COs o
(@) Ry * > ", 2
! ﬁRz 0 °C, CH,Cl, N
RS0 O
1 2 3

To the mixture of the lactone 1 (0.1 mmol), the catalyst L9 (3.8 mg, 0.01 mmol), and K,CO3 (2.76 mg,
0.02 mmol) in analytical purity grade dichloromethane (0.5 mL) was added the vinyl ketone 2 (0.12
mmol). The reaction was stirred for 3 to 6 days at 0 °C to complete checked by TLC. The mixture was
directly submitted to preparative silica gel column chromatography (petroleum ether : ethyl acetate =
8:1to 3:1) to furnish the a-acyl-a-alkyl 6-valerolatones 3.
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5. Characterization of compounds 3a — 3y, 3a, 3p.

(S)-3-Benzoyl-3-(3-0xo0-3-phenylpropyl)tetrahydro-2H-pyran-2-one (3a)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 30.2
mg, 90% yield, colorless oil, [a]p** = + 3.0 (¢ 1.0, CHCI5); *H NMR (300 MHz, CDCls) & 7.88 — 7.81
(m, 4 H), 7.50 — 7.30 (m, 6 H), 4.40 — 4.33 (m, 1 H), 4.18 — 4.09 (m, 1 H), 3.13 — 2.88(m, 2 H), 2.69 —
2.59 (m, 1 H), 2.49 (t, J = 7.8 Hz, 2 H), 2.10 — 1.85 (m, 2 H), 1.77 — 1.68(m, 1 H). *C NMR (100 MHz,
CDClg) 6 199.0, 196.2, 172.5, 136.6, 134.7, 133.4, 133.1, 129.0, 128.8, 128.5, 128.0, 68.1, 57.3, 33.8,
30.6, 28.9, 19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,;H,,0, 377.1434; found 377.1438.
The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 80/20; flow rate

1.0 mL/min; 242.8 nm; retention time: 17.8 min (minor) and 21.2 min (major)

0.351
0307 5
~
0251
020
2
<
0.157
0.10]
0.05
0.004 Y
0.00 200 400 800 800 10,00 1200 1400 1600 1800 2000 2200 24.00
Name retention time Area Height % Area
(min) (HV*s) uv)
1 17.906 11241832 362001 49.93
2 21.571 11274395 258261 50.07
1.00+
0.80{
080+
o j
Ed
0401
o
4 (=]
~
0.20 =
000/ S Lﬁ
000 200 400 600 800 1200 1400 1600 1800 2000 2200 2400 2600
Name Retention time Area Height % Area
(min) (nV*s) (V)
1 17.760 3691208 119209 7.23
2 21.211 47370728 1064628 92.77

S6




(S)-3-(2-Chlorobenzoyl)-3-(3-0xo-3-phenylpropyl)tetrahydro-2H-pyran-2-one (3b)
Cl

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 36.3
mg, 98% vyield, colorless oil, [a]p> = + 41.0 (¢ 1.0, CHCl5); *H NMR (600 MHz, CDCls) 5 7.96 — 7.94
(m, 2 H), 7.57 —7.55 (m, 1 H), 7.46 (t, J = 7.8 Hz, 2 H), 7.43 — 7.40 (m, 2 H), 7.39 — 7.36 (m, 1 H),
7.32-7.29 (m, 1 H), 4.46 — 4.42 (m, 1 H), 4.41 — 4.37 (m, 1 H), 3.17 — 3.07 (m, 2 H), 2.64 — 2.55 (m, 2
H), 2.50 — 2.45 (m, 1 H), 2.06 — 1.94 (m, 3 H).**C NMR (150 MHz, CDCls) & 200.4, 198.6, 170.3,
138.0, 136.5, 133.2, 131.2, 130.5, 130.3, 128.6, 128.1, 127.5, 126.7, 69.9, 60.3, 33.8, 30.7, 28.1, 20.5.
HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,,H,,ClO, 371.1045, found 371.1053.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 240.4 nm; retention time: 14.1 min (minor) and 16.1 min (major)

0.40H
030
5 ]
< 0.20

0.10+

000 200 4o ebo 800 1000 1200 1400 1600 1800 2000
Name Retention time Area Height % Area
(min) (uV*s) uv)
1 14.353 12283881 429427 49.86
2 16.665 12355188 360151 50.14
200
1.50-
5 ]
< 1,00
050 b
s
0.00
000 | 200 400 " 6.00 800 1000 1200 “idoo 1600 "800 2000
Name Retention time Area Height % Area
(min) (HV*s) (1)
1 14.111 3059447 116380 3.57
2 16.101 82722098 2164615 96.43
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(S)-3-(3-Chlorobenzoyl)-3-(3-0xo-3-phenylpropyl)tetrahydro-2H-pyran-2-one (3c)

o O

-\\\

Cl

O
)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 36.6
mg, 99% vyield, colorless oil, [o]p>® = + 18.0 (¢ 1.0, CHCls); *H NMR (600 MHz, CDCls) § 7.94 — 7.92
(m, 2 H),7.83-7.81 (m, 1 H), 7.56 - 7.53 (m, 2 H), 7.48 — 7.42 (m, 2 H), 7.40 (t, J = 7.8 Hz, 1 H),
451 —4.47 (m, 1 H), 4.27 -4.23 (m, 1 H), 3.19 — 3.14 (m, 1 H), 3.06 — 3.00 (m, 1 H), 2.70 — 2.66 (m, 1
H), 2.60 — 2.57 (m, 2 H), 2.23 — 2.12 (m, 1 H), 2.03 — 1.97 (m, 1 H), 1.87 — 1.82 (m, 1 H). *C NMR
(150 MHz, CDCl3) 6 198.9, 195.2, 172.0, 136.6, 136.4, 135.2, 133.3, 133.2, 130.0, 129.2, 128.6, 128.0,
126.8, 68.4, 57.3, 33.7, 30.6, 29.0, 19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for CyHCIO,
371.1042, found 371.1045.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 242.8 nm; retention time: 12.0 min (minor) and 14.5 min (major)

070
] @
0.60 4
] 3
050
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Eq ]
0.30
020
010
000 = 2
oto 200 400 6o 800 1000 1200 1400 1600 1800
Name Retention time Area Height % Area
(min) (uV*s) (V)
1 12.123 16899493 693231 50.19
2 14.789 16772410 512078 49.81
1.00]
0801
0601
2
< 4
040
1 o~
020 8
* o
000
oo 200 abo  ebo 800 100 1200 1400 1600 1800
Name Retention time Area Height % Area
(min) (HV*s) (1)
1 12.022 1918255 82695 5.78
2 14.528 31288316 963520 94.22
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(S)-3-(4-Chlorobenzoyl)-3-(3-oxo-3-phenylpropyl)tetrahydro-2H-pyran-2-one (3d)
Cl

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 36.6
mg, 99% vyield, colorless oil, [o]p™® = + 27.0 (¢ 1.0, CHCls); *H NMR (600 MHz, CDCl5) § 7.92 — 7.91
(m, 4 H), 7.55-7.53 (m, 1 H), 7.44 — 7.42 (m, 4 H), 4.48 — 4.44 (m, 1 H), 4.22 — 4.18 (m, 1 H), 3.18 —
3.12 (m, 1 H), 3.04 —2.98 (m, 1 H), 2.73 -2.68 (m, 1 H), 2.58 (t, J = 7.2 Hz, 2 H), 2.18 — 2.10 (m, 1 H),
2.02-1.96 (m, 1 H), 1.84 — 1.80 (m, 1 H). *C NMR (150 MHz, CDCl5) & 198.8, 195.0, 172.3, 140.0,
136.6, 133.1, 133.0, 130.4, 129.1, 128.5, 128.0, 68.2, 57.3, 33.7, 30.6, 28.7, 19.8. HRMS (ESI-Orbitrap)
m/z: [M+H]" Calcd for CyH»,ClO, 371.1042, found 371.1045.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 247.5 nm; retention time: 13.5 min (minor) and 14.9 min (major)

0.50-

0.40-

5 ]
< ]
020
0 1&:
o.oo—: ——
000 200 400 6.00 800 1000 1200 1400 16,00 1800 2000
Name Retention time Area Height % Area
(min) (HV*s) uv)
1 13.663 14853131 504310 50.52
2 15.405 14548808 366722 49.48
1.80]
1601
140
120
1.00]
2]
080
0604
] o~
4 ~
0407 <
] [aed
0204
0.00
000 200 a0 6o 8o 100 1200 1400 1600 1800 2000
Name Retention time Area Height % Area
(min) (HV*s) (1)
1 13.472 5753712 210905 7.48
2 14.936 71182206 1765022 92.52
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(S)-3-(4-Bromobenzoyl)-3-(3-oxo-3-phenylpropyl)tetrahydro-2H-pyran-2-one (3e)
Br

The title compound was purified by column chromatography on silica gel (PE : EA =8:1 to 3:1), 39.6
mg, 96% vyield, colorless oil, [o]p>® = + 52.0 (¢ 1.0, CHCls); *H NMR (600 MHz, CDCls)  7.88 — 7.86
(m, 2 H), 7.72 - 7.70 (m, 2 H), 7.51 — 7.48 (m, 3 H), 7.39 (t, J = 7.8 Hz, 2 H), 4.41 — 4.38 (m, 1 H),
4.20-4.16 (m, 1 H), 3.08 — 3.02 (m, 1 H), 2.97 —2.91 (m, 1 H), 2.66 — 2.61 (m, 1 H), 2.53 — 2.45 (m, 2
H), 2.11 — 2.03 (m, 1 H), 1.95 — 1.89 (m, 1 H), 1.77 — 1.73 (m, 1 H). **C NMR (150 MHz, CDCls) &
198.0, 196.2, 172.3, 135.3, 134.7, 133.4, 131.8, 129.6, 129.0, 128.8, 128.2, 68.3, 57.1, 33.8, 30.5, 29.1,
19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C;H,Bro, 415.0537, found 415.0539.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 247.5 nm; retention time: 13.6 min (minor) and 15.2 min (major)

] ©
@
] <
1.50 -
1o
050
000
000 200 400 b0 800 1000 1200 1400 1600 1800 2000
Name Retention time Area Height % Area
(min) (uV*s) uv)
1 13.207 55596224 1894236 49.96
2 14.981 55688384 1452224 50.04
160]
1407
120
100]
2 080
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] 8
0407 w
1 e
020
000f— S N
ot 200 400 ebo sbo 1000 1200 1400 1600 1800
Name Retention time Area Height % Area
(min) (HV*s) (1)
1 13.556 5349285 202728 7.95
2 15.213 61915332 1593212 92.05
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(S)-3-(3-Oxo0-3-phenylpropyl)-3-(4-(trifluoromethyl)benzoyl)tetrahydro-2H-pyran-2-one (3f)

FsC

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 40.0
mg, 99% yield, colorless oil, [o]p*® = + 6.0 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCls) & 8.04 (d, J =
84Hz,2H),792(d,J=72Hz,2H),7.72(d, J=84Hz,2H),7.54 (t, J=72Hz, 1H), 743 (, J =
7.8 Hz, 2 H), 452 — 4.49 (m, 1 H), 4.32 — 4.24 (m, 1 H), 3.20 — 3.15 (m, 1 H), 3.07 — 3.01 (m, 1 H),
2.69-2.63 (m, 1 H), 2.62-2.56 (m, 2 H),2.22-2.13 (m, 1 H),2.04 -1.99 (m, 1 H), 1.90-1.85(m, 1
H). ®C NMR (150 MHz, CDCls) & 198.8, 195.8, 171.8, 142.9, 137.8, 136.6, 134.6, 134.4, 133.2,129.3,
128.8, 128.6, 128.0, 125.8, 124.3, 122.5, 68.5, 57.5, 33.7, 30.5, 28.9, 19.9. HRMS (ESI-Orbitrap) m/z:
[M+H]" Calcd for Cy,H,oF304 405.1309, found 405.1308.

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 65/35; flow rate
1.0 mL/min; 279.5 nm; retention time: 7.4 min (minor) and 8.8 min (major)

] o
0.40- ~
1 [ee]
030
5 i
< 020
0101
U,UG’ /\_L
000 100 200 300 400 500 600 700 800  ©00 1000 1100 1200
Name Retention time Area Height % Area
(min) (HV*s) uv)
1 7.511 6698140 422577 49.88
2 8.751 6730381 367656 50.12
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060
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< 040
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000 100 200 300 4bo  sb0  &b0  7oo  ®0o @00 | 1000 1100 |
Name Retention time Area Height % Area
(min) (HV*s) (1)
1 7.449 13430563 837477 95.56
2 8.788 623759 37786 4.44

S11



(S)-3-(4-Methylbenzoyl)-3-(3-oxo0-3-phenylpropyl)tetrahydro-2H-pyran-2-one (3g)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 31.9
mg, 91% yield, white solid, mp 209.6 - 201.7 °C, [a]p? = + 60.0 (¢ 1.0, CHCl5); *H NMR (600 MHz,
CDCl3) 6 7.93 —7.91 (m, 2 H), 7.88 (d, J = 8.4 Hz, 2 H), 7.54 — 7.52 (m, 1 H), 7.42 (t, J = 7.8 Hz, 2 H),
7.25(d,J=84Hz, 2 H),4.44 -4.40 (m, 1 H), 421 - 4.16 (m, 1 H), 3.17 - 3.11 (m, 1 H), 3.05 — 2.99
(m, 1 H),2.79 -2.74 (m, 1 H), 2.59 — 2.56 (m, 2 H), 2.40 (s, 3 H), 2.15-2.08 (m, 1 H), 2.00 — 1.95 (m,
1 H), 1.81 — 1.77 (m, 1 H). ®C NMR (150 MHz, CDCl;) & 199.0, 195.7, 172.8, 144.5, 136.7, 133.1,
132.2, 1295, 129.2, 128.5, 128.0, 67.9, 57.3, 33.8, 30.7, 28.7, 21.6, 19.8. HRMS (ESI-Orbitrap) m/z:
[M+H]" Calcd for C»,H,;0, 351.1588, found 351.1591.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 247.5 nm; retention time: 11.9 min (minor) and 15.3 min (major)
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(S)-3-(1-Naphthoyl)-3-(3-0xo0-3-phenylpropyl)tetrahydro-2H-pyran-2-one (3h)

The title compound was purified by column chromatography on silica gel (PE : EA =8:1 to 3:1), 38.2
mg, 99% vyield, white solid, mp 117.6 - 118.0 °C, [a]p”® = + 1.0 (¢ 1.0, CHCI; ); 'H NMR (600 MHz,
CDCl3) 6 8.08 (d, J=8.4 Hz, 1 H), 7.96 (d, J = 7.8 Hz, 1 H), 7.92 — 7.90 (m, 2 H), 7.88 (d, J = 7.8 Hz,
1H),780(d,J=72Hz,1H),759-752(m,3H), 747 (t,J=78Hz,1H),7.42(t,J=7.8Hz, 2 H),
4.39-4.36 (m,1H),4.27-4.23(m,1H),3.24-3.19(m, 1 H),3.17-3.11 (m,1 H),2.75-2.70 (m, 1
H), 2.66 — 2.61 (m, 1 H), 2.56 — 2.51 (m, 1 H), 2.07 — 1.92 (m, 3 H).**C NMR (150 MHz, CDCl5) &
201.1, 198.9, 171.6, 136.6, 134.9, 133.9, 133.1, 132.1, 130.4, 128.8, 128.6, 128.1, 128.0, 126.6, 125.4,
124.8, 124.2, 68.8, 60.3, 34.0, 31.2, 28.8, 20.3. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for CysH»30,
387.1589, found 387.1591.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 314.7 nm; retention time: 17.1 min (minor) and 20.0 min (major)

0.070-
0.060
0.050
0.040
S ]
< ]
00307
0.020-]
0,010
Ugoﬁgh//\\_//\/bww\_ﬁ_,ﬁ
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Name Retention time Area Height % Area
(min) (HV*s) uv)
1 16.746 2513298 70144 50.13
2 19.687 2500261 59560 49.87
0.060
0.050]
0.040]
> 0030]
. b
0.020]
] ~
0.010 5
] ~
0.000]
000 200 400  6bo 800 1000 1200 1400 1600 1800 2000 2200 2400
Name Retention time Area Height % Area
(min) (HV*s) (1)
1 17.057 77748 2277 2.99
2 20.010 2526781 58249 97.01

S13



(S)-3-Benzoyl-3-(3-(4-bromophenyl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3i)

Br

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 41.0
mg, 99% vyield, colorless oil, [a]p> = + 25.0 (¢ 1.0, CHCl5); *H NMR (600 MHz, CDCls) 5 7.95 — 7.94
(m, 2 H),7.80-7.78 (m, 2 H), 7.59 — 7.55 (m, 2 H), 7.47 — 7.45 (m, 2 H), 4.49 — 4.46 (m, 1 H), 4.28 —
4.23 (m, 1 H), 3.15-3.10 (m, 1 H), 3.04 — 2.99 (m, 1 H), 2.74 — 2.69 (m, 1 H), 2.61 — 2.53 (m, 2 H),
2.19 - 2.11 (m, 1 H), 2.03 - 1.97 (m, 1 H), 1.85 — 1.80 (m, 1 H). *C NMR (150 MHz, CDCls) & 198.0,
196.2, 172.4, 135.4, 134.7, 133.5, 131.8, 129.6, 129.0, 128.8, 128.3, 68.3, 57.2, 33.9, 30.6, 29.1, 19.8.
HRMS (ESI - Orbitrap) m/z: [M+H]" Calcd for Cy;H,Bro, 415.0547, found 415.0539.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 252.2 nm; retention time: 14.0 min (minor) and 26.8 min (major)
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(S)-3-Benzoyl-3-(3-(4-methoxyphenyl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3j)

o ° o~

The title compound was purified by column chromatography on silica gel (PE : EA =8:1to 3:1), 35.8
mg, 98% vyield, colorless oil, [a]p> = + 51.0 (¢ 1.0, CHCl5); *H NMR (600 MHz, CDCls) 5 7.97 — 7.95
(m, 2 H), 7.92 -7.90 (m, 2 H), 7.58 — 7.55 (m, 1 H), 7.47 — 7.44 (m, 2 H), 6.91 — 6.88 (m, 2 H), 4.46 —
4.42 (m, 1 H), 424 — 4.19 (m, 1 H), 3.85 (s, 3 H), 3.13 — 3.07 (m, 1 H), 3.00 — 2.95 (m, 1 H), 2.76 —
2.71 (m, 1 H), 2.60 — 2.55 (m, 2 H), 2.16 — 2.09 (m, 1 H), 2.02 - 1.96 (m, 1 H), 1.84 — 1.80 (m, 1 H).
B3C NMR (150 MHz, CDCl3) & 197.5, 196.3, 172.5, 163.5, 134.9, 133.4, 130.3, 129.7, 129.0, 128.8,
113.7, 68.1, 57.5, 55.4, 33.4, 30.9, 28.8, 19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for CyHy30s
367.1540, found 367.1548.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 255.8 nm; retention time: 18.2 min (minor) and 30.2 min (major)
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(S)-3-Benzoyl-3-(3-(3-methoxyphenyl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3k)

o O
o O

@)
O

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 35.5
mg, 97% yield, colorless oil, [a]p®® = + 32.0 (¢ 1.0, CHCI5); *H NMR (600 MHz, CDCls) § 7.97 — 7.95
(m,2H),757 (t,J=7.2Hz,1H),750(d,J=78Hz, 1 H),7.47-7.44(m,3 H),7.33(t,J=7.8Hz1
H), 7.09-7.07 (m, 1 H), 4.46 — 4.43 (m, 1 H), 4.24 — 4.20 (m, 1 H), 3.83 (5, 3H), 3.17 - 3.11 (m, 1 H),
3.05-2.99 (m, 1 H),2.76 —2.72 (m, 1 H), 2.61 — 2.55 (m, 2 H), 2.17 — 2.09 (m, 1 H), 2.02 - 1.96 (m, 1
H), 1.84 — 1.79 (m, 1 H). *C NMR (150 MHz, CDCl;) § 198.8, 196.2, 172.5, 159.8, 138.0, 134.8,
133.4, 1295, 129.0, 128.8, 120.7, 119.7, 112.2, 68.1, 57.4, 55.4, 33.9, 30.8, 28.8, 19.8. HRMS
(ESI-Orbitrap) m/z: [M+H]" Calcd for Cy,H»305 367.1540, found 367.1544.

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 303.2 nm; retention time: 11.2 min (minor) and 14.3 min (major)
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(S)-3-Benzoyl-3-(3-0xo0-3-(o-tolyl)propyl)tetrahydro-2H-pyran-2-one (3I)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 34.7
mg, 99% vyield, colorless oil, [a]p> = + 36.0 (¢ 1.0, CHCl5); *H NMR (600 MHz, CDCls) 5 7.95 — 7.94
(m, 2 H), 7.61-7.60 (m, 1 H), 7.57 — 7.55 (m, 1 H), 7.46 — 7.44 (m, 2 H), 7.35 - 7.32 (m, 1 H), 7.22 —
7.19 (m, 2 H), 4.47 — 4.44 (m, 1 H), 4.24 — 4.20 (m, 1 H), 3.09 — 3.04 (m, 1 H), 3.00 — 2.94 (m, 1 H),
2.75-2.70 (m, 1 H), 2.62 — 2.53 (m, 2 H), 2.46 (s, 3 H), 2.18 — 2.10 (m, 1 H), 2.02 — 1.96 (m, 1 H),
1.83 — 1.78 (m, 1 H).*C NMR (150 MHz, CDCls) & 202.8, 196.2, 172.5, 138.0, 137.5, 134.8, 133.4,
131.8, 131.3, 129.0, 128.8, 128.5, 125.6, 68.1, 57.3, 36.5, 30.7, 28.9, 21.2, 19.8. HRMS (ESI-Orbitrap)
m/z: [M+H]" Calcd for Cy,H»30, 351.1591, found 351.1598.

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 243.9 nm; retention time: 9.2 min (minor) and 12.8 min (major)
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(S)-3-benzoyl-3-(3-(3,5-dimethylphenyl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3m)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 36.0
mg, 99% vyield, colorless oil, [o]p™® = + 45.0 (¢ 1.0, CHCls); *H NMR (600 MHz, CDCls) 5 7.98 — 7.96
(m, 2 H), 7.58 — 7.55 (m, 1 H), 7.52 (s, 2 H), 7.46 (t, J = 7.8 Hz, 2 H), 7.16 (5, 1 H), 4.46 — 4.43 (m, 1
H), 4.24 — 4.20 (m, 1 H), 3.15 - 3.09 (m, 1 H), 3.03 — 2.98 (m, 1 H), 2.77 — 2.72 (m, 1 H), 2.58 (t, J =
7.2 Hz, 2 H), 2.33 (s, 6 H), 2.17 — 2.09 (m, 1 H), 2.02 — 1.96 (m, 1 H), 1.84 — 1.79 (m, 1 H). °C NMR
(150 MHz, CDCl3) & 1994, 196.3, 172.5, 138.1, 136.7, 134.8, 134.7, 133.4, 129.0, 128.8, 125.8, 68.1,
57.4, 33.9, 30.7, 28.8, 21.2, 19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,3H,50, 365.1747,
found 365.1747.

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 80/20; flow rate
1.0 mL/min; 229.9 nm; retention time: 9.9 min (minor) and 11.2 min (major)

T T T
0.00 200 4.00 6.00 8.00 10.00 12.00 14.00

Name Retention time Area Height % Area
(min) (uV*s) uv)
1 9.901 44847026 2191159 49.42
2 10.990 45906495 1853295 50.58

1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.00 200 4.00 6.00 8.00 10.00 1200 14.00

Name Retention time Area Height % Area
(min) (uV*s) (1)
1 9.878 51049574 2388027 93.80
2 11.209 3371544 154049 6.20

S18



(S)-3-Benzoyl-3-(3-(naphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3n)
o©

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 34.7
mg, 90% vyield, colorless oil, [o]p** = + 11.0 (¢ 1.0, CHCI5); *H NMR (600 MHz, CDCls) & 8.54 (d, J =
8.4 Hz, 1 H), 7.97 — 7.94 (m, 3 H), 7.86 — 7.84 (m, 2 H), 7.58 — 7.43 (m, 6 H), 4.50 — 4.45 (m, 1 H),
4.27-4.20 (m, 1 H), 3.28-3.10 (m, 2 H), 2.79 — 2.61 (m, 3 H), 2.22 - 2.10 (m, 1 H), 2.04 - 1.95 (m, 1
H), 1.87 — 1.80 (m, 1 H). *C NMR (150 MHz, CDCl;) § 203.1, 201.4, 196.4, 172.7, 135.7, 134.9,
134.0, 133.5, 132.8, 130.2, 129.1, 128.9, 128.5, 128.0, 127.8, 126.5, 125.8, 124.5, 68.3, 57.4, 37.3, 31.0,
29.1, 19.9. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,5H»30, 387.1589, found 387.1591.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 240.4 nm; retention time: 12.9 min (minor) and 15.4 min (major)
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(S)-3-(4-Fluorobenzoyl)-3-(3-(naphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (30)
o©O

M

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 36.8
mg, 91% yield, colorless oil, [o]p*® = + 15.0 (c 1.0, CHCI3); *H NMR (600 MHz, CDCl;) 6 8.53 (d, J =
9.0 Hz, 1 H), 8.04 —8.01 (m, 2 H), 7.96 (d, J = 8.4 Hz, 1 H), 7.86 — 7.84 (m, 2 H), 7.58 — 7.55 (m, 1 H),
7.53-750 (m,1H), 746 (t, J=7.8 Hz 1 H), 7.14 — 7.11 (m, 2 H), 4.49 — 4.45 (m, 1 H), 4.21 — 4.17
(m, 1 H),3.25-3.19 (m, 1 H), 3.13 - 3.08 (m, 1 H), 2.77 — 2.62 (m, 3 H), 2.20 — 2.12 (m, 1 H), 2.03 -
1.97 (m, 1 H), 1.85 — 1.80 (m, 1 H). ®C NMR (150 MHz, CDCl;) & 202.8, 194.5, 172.6, 166.6, 164.9,
135.5, 133.9, 132.7, 131.9, 131.8, 130.0, 128.4, 127.9, 127.7, 126.4, 125.7, 124.3, 116.1, 115.9, 68.0,
57.3, 37.0, 30.9, 28.7, 19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,5H»,FO, 405.1495, found
405.1497.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 240.4 nm; retention time: 13.6 min (minor) and 16.5 min (major)
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(S)-3-(4-Bromobenzoyl)-3-(3-(naphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3p)
o©

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 44.5
mg, 96% vyield, white solid, mp 112.4 — 113.7<C, [0]p® = + 36.0 (¢ 1.0, CHCl5); "H NMR (600 MHz,
CDCl;) 5843 (d,J=8.4Hz,1H),7.85(d,J=8.4Hz,1H),7.75-7.71 (m, 3 H), 7.49 — 7.44 (m, 2 H),
7.42-7.39(m,1H),7.34(t,J=72Hz, 1 H),4.37 - 434 (m, 1 H), 411 — 4.07 (m, 1 H), 3.14 — 3.09
(m, 1 H), 3.04 —2.99 (m, 1 H), 2.60 — 2.50 (m, 3 H), 2.06 —1.98 (m, 1 H), 1.89 - 1.83 (m, 1 H), 1.73 —
1.68 (m, 1 H).3C NMR (150 MHz, CDCl3) § 202.7, 195.2, 172.2, 135.4, 133.8, 133.4, 132.6, 132.0,
130.4, 129.9, 128.6, 128.3, 127.8, 127.6, 126.3, 125.6, 124.3, 68.2, 57.2, 37.0, 30.7, 28.7, 19.7. HRMS
(ESI-Orbitrap) m/z: [M+H]" Calcd for CysH,,BrO, 465.0695, found 465.0696.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 213.3 nm; retention time: 15.5 min (minor) and 19.4 min (major)
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(S)-3-(4-Chlorobenzoyl)-3-(3-(naphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3q)

0O

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 41.6
mg, 99% yield, colorless oil, [o]p*® = + 1.0 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCl;) & 8.52 (d, J =
8.4Hz, 1H),7.94(d, J=84Hz, 1H),7.91-7.89 (m, 2 H), 7.84 (d, J =7.2 Hz, 2 H), 7.57 — 7.54 (m,
1H),752-7.49 (m,1H),7.45-7.40 (m, 3H), 448 —4.44 (m, 1 H), 4.21 - 4.17 (m, 1 H), 3.24 — 3.18
(m, 1 H), 3.13-3.08 (m, 1 H), 2.71 — 2.60 (m, 3 H), 2.17 — 2.09 (m, 1 H), 2.03 — 1.94 (m, 1 H), 1.84 —
1.79 (m, 1 H).®*C NMR (150 MHz, CDCl3) § 202.8, 195.1, 172.3, 140.0, 135.5, 133.9, 133.1, 132.7,
130.5, 130.0, 129.1, 128.4, 127.9, 127.7, 126.4, 125.7, 124.3, 68.2, 57.3, 37.0, 30.8, 28.8, 19.8. HRMS
(ESI-Orbitrap) m/z: [M+H]" Calcd for Cy5H2,ClO, 421.1201, found 421.1212.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 246.3 nm; retention time: 14.0 min (minor) and 17.1 min (major)
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(S)-3-(3-Chlorobenzoyl)-3-(3-(naphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3r)
o©O

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 41.6
mg, 99% yield, colorless oil, [a]p? = + 15.0 (¢ 1.0, CHCI; ); *H NMR (600 MHz, CDCl5) & 8.54 (d, J =
8.4Hz,1H),7.96(d,J=84Hz, 1H),7.92(t, J=24Hz,1H),787-7.81(m,3H),7.58 756 (m, 1
H), 7.54 —7.50 (m, 2 H), 7.47 (t, J =7.8, Hz, 1 H), 7.39 (t, J = 7.8 Hz, 1 H), 4.53 — 4.50 (m, 1 H), 4.28
—4.24 (m, 1 H), 3.26 —3.21 (m, 1 H), 3.16 — 3.10 (m, 1 H), 2.72 — 2.62 (m, 3 H), 2.22 — 2.14 (m, 1 H),
2.04 —1.98 (m, 1 H), 1.88 — 1.84 (m, 1 H). *C NMR (150 MHz, CDCl5) & 202.8, 195.2, 172.0, 136.3,
135.5, 135.2, 133.9, 133.3, 132.7, 130.0, 129.2, 128.4, 127.9, 127.7, 126.8, 126.4, 125.7, 124.4, 68.4,
57.3,37.1, 30.8, 29.0, 19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for CsH,,Cl0, 421.1201, found
421.1211.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 298.5 nm; retention time: 12.4 min (minor) and 14.9 min (major)
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(S)-3-(2-Chlorobenzoyl)-3-(3-(naphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3s)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 41.6
mg, 99% vyield, colorless oil, [o]p®® = + 65.0 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCl;) 6 8.55 (d, J =
8.4 Hz, 1 H),7.98(d, J=8.4Hz, 1H),7.89-7.86 (m, 2 H), 7.59 -7.56 (m, 1 H), 7.54 — 7.48 (m, 2 H),
7.42-7.40 (m, 2 H), 7.38 —7.35 (m, 1 H), 7.31 - 7.29 (m, 1 H), 4.46 — 4.36 (m, 2 H), 3.22 - 3.19 (m, 2
H), 2.67 — 2.54 (m, 3 H), 2.06 — 1.96 (m, 3 H).**C NMR (150 MHz, CDCl5) & 202.6, 200.4, 170.3,
138.0, 135.4, 133.9, 132.8, 131.2, 130.4, 130.3, 130.1, 128.4, 128.0, 127.7, 127.6, 126.7, 126.4, 125.7,
124.4, 69.9, 60.3, 37.1, 31.0, 28.1, 20.5. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for CysH2,ClO,4
421.1201, found 421.1211.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 300.9 nm; retention time: 14.1 min (minor) and 16.3 min (major)
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(S)-4-(3-(3-(Naphthalen-1-yl)-3-oxopropyl)-2-oxotetrahydro-2H-pyran-3-carbonyl)benzonitr

ile (3t)
(@]
A

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 38.6
mg, 94% vyield, colorless oil, [a]p*® = + 25.0 (¢ 1.0, CHCI; ); *H NMR (600 MHz, CDCl3) § 8.52 (d, J =
9.0Hz,1H),799(d,J=8.4Hz,2H),7.97(d, J=84Hz,1H),786-7.85(m,2H),7.74(d,J =84
Hz, 2 H), 7.58 — 7.56 (m, 1 H), 7.53 - 7.51 (m, 1 H), 7.48 - 7.45(d, J = 7.8 Hz, 1 H), 457 - 453 (m, 1
H), 4.32 -4.26 (m, 1 H), 3.26 — 3.21 (m, 1 H), 3.15-3.10 (m, 1 H), 2.72 - 2.63 (m, 3 H), 2.24 - 2.16
(m, 1 H), 2.05-1.99 (m, 1 H), 1.92 — 1.87 (m, 1 H). *C NMR (100 MHz,) § 202.7, 195.6, 171.8, 138.3,
135.5, 134.0, 132.9, 132.6, 130.1, 129.4, 128.5, 128.1, 127.8, 126.6, 125.7, 124.4, 117.7, 116.6, 68.8,
57.5,37.1, 30.8, 29.1, 19.9. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for Cy6H,,NO, 412.1540, found
412.1543.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 65/35; flow rate
1.0 mL/min; 242.8 nm; retention time: 21.5 min (minor) and 30.9 min (major)
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(S)-3-(3-(Naphthalen-1-yl)-3-oxopropyl)-3-(4-nitrobenzoyl)tetrahydro-2H-pyran-2-one (3u)
o©

O iy

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 42.2
mg, 98% yield, colorless oil, [a]p®® = + 21.0 (¢ 1.0, CHCI; ); *H NMR (600 MHz, CDCls) & 8.52 (d, J
=9.0 Hz, 1 H), 8.27 (d, J = 9.0 Hz, 2 H), 8.06 (d, J=8.4 Hz, 2 H), 7.97 (d, J = 7.8 Hz, 1 H), 7.87 - 7.85
(m, 2 H), 7.58 — 7.55 (m, 1 H), 7.53 — 7.50 (m, 1 H), 7.46 (t, J = 7.8 Hz, 1 H), 4.57 — 454 (m, 1 H),
4.32-4.28 (m, 1 H), 3.27-3.22 (m, 1 H), 3.17 - 3.11 (m, 1 H), 2.74 — 2.62 (m, 3 H), 2.24 - 2.16 (m, 1
H), 2.06 — 1.99 (m, 1 H), 1.94 — 1.89 (m, 1 H). **C NMR (150 MHz, CDCl;) & 202.6, 195.5, 171.6,
150.1, 139.9, 135.4, 133.9, 132.8, 130.0, 129.9, 128.4, 127.9, 127.7, 126.4, 125.6, 124.3, 123.8, 68.7,
57.5, 37.0, 30.7, 29.0, 19.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,sH,,NOg 432.1439, found
432.1442.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 65/35; flow rate
1.0 mL/min; 254.0 nm; retention time: 26.2 min (minor) and 31.7 min (major)
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(S)-3-(1-Naphthoyl)-3-(3-(naphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3v)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 43.2
mg, 99% vyield, colorless oil, [o]p®® = + 15.0 (¢ 1.0, CHCI3); *H NMR (400 MHz, CDCly) 6 8.53 (d, J =
8.8 Hz, 1 H), 8.07 (d, J =8.4 Hz, 1 H), 7.93 (d, J = 8.0 Hz, 2 H), 7.86 — 7.79 (m, 2 H), 7.56 — 7.39 (m,
6 H), 4.37 - 4.31 (m, 1 H), 4.24 - 4.18 (m, 1 H), 3.27 — 3.22 (m, 2 H), 2.73 — 2.58 (m, 3 H), 2.04 — 1.89
(m, 3 H).®*C NMR (100 MHz, CDCl5) & 202.8, 201.0, 171.5, 135.4, 134.8, 133.8, 132.7, 132.0, 130.4,
130.0, 128.7, 128.3, 128.0, 127.8, 127.7, 126.5, 126.3, 125.6, 125.3, 124.7, 124.3, 124.1, 68.8, 60.2,
37.3, 31.4, 28.8, 20.2. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,H,50, 437.1747, found
437.1755.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 300.9 nm; retention time: 19.1 min (minor) and 21.8 min (major)

040
030
o 020
0104
00(}7 -y
0.00 ‘ ZE)O ‘ 4“30‘ ' IG‘UO‘ ‘ ‘8‘00‘ ‘ ‘10‘00‘ ‘ ‘12‘00‘ ‘ ‘14‘00‘ ‘ I16{(]0‘ ‘ ‘18‘00‘ ‘ ‘20,‘00‘ ' ‘H‘OD‘ ‘ ‘24‘00‘ ‘ ‘26{00‘ ‘ ‘2800
Name Retention time Area Height % Area
(min) (HV*s) uv)
1 19.082 11771433 380878 49.88
2 21.701 11827469 326069 50.12
1.00H
080
06t
S j
< 4
0.40+
020 o
] >
000+
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Name Retention time Area Height % Area
(min) (HV*s) (1)
1 19.112 541898 17305 1.46
2 21.762 36548311 997242 98.54

S27




(S)-3-Benzoyl-3-(3-(4-methoxynaphthalen-1-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one
(Bw)

The title compound was purified by column chromatography on silica gel (PE : EA=8:1to 3:1), 41.2
mg, 99% vyield, colorless oil, [o]p®® = + 31.0 (c 1.0, CHCI3); *H NMR (600 MHz, CDCl;) 6 8.85 (d, J =
8.4 Hz, 1 H), 8.9 (d, J=8.4Hz, 1 H),7.98 -7.96 (m, 3 H), 7.60 — 7.55 (m, 2 H), 7.51 — 7.44 (m, 3 H),
6.75(d, J =8.4 Hz, 1 H), 4.47 — 4.44 (m, 1 H), 4.24 — 4.20 (m, 1 H), 4.04 (s, 3 H), 3.23 - 3.18 (m, 1 H),
3.12-3.07 (m, 1 H), 2.78 —2.73 (m, 1 H), 2.68 — 2.62 (m, 2 H), 2.17 — 2.10 (m, 1 H), 2.02 - 1.96 (m, 1
H), 1.87 — 1.82 (m, 1 H). *C NMR (150 MHz, CDCl;) § 201.0, 196.4, 172.6, 159.0, 134.9, 133.3,
131.9, 130.9, 129.0, 128.8, 128.6, 127.1, 125.9, 125.7, 125.7, 122.0, 102.0, 68.1, 57.5, 55.8, 36.1, 31.4,
28.8, 19.9. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,gH»505 417.1697, found 417.1707.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 236.9 nm; retention time: 17.9 min (minor) and 22.2 min (major)
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(S)-3-Benzoyl-3-(3-(naphthalen-2-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3x)

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 35.5
mg, 92% yield, colorless oil, [o]p? = + 37.0 (¢ 1.0, CHCI5); *H NMR (600 MHz, CDCl3) & 8.45 (s, 1
H), 8.00 — 7.98 (m, 3 H), 7.93 (d, J = 7.8 Hz, 1 H), 7.86 — 7.84 (m, 2 H), 7.59 — 7.56 (m, 2 H), 7.54 —
7.52 (m, 1 H), 7.48 — 7.45 (m, 2 H), 4.49 — 4.45 (m, 1 H), 4.27 — 4.23 (m, 1 H), 3.33 — 3.28 (m, 1 H),
3.20-3.15(m, 1 H), 2.79 — 2.74 (m, 1 H), 2.68 — 2.62 (m, 2 H), 2.19 — 2.12 (m, 1 H), 2.04 — 1.98 (m, 1
H), 1.88 — 1.84 (m, 1 H). *C NMR (150 MHz, CDCl;) § 198.9, 196.3, 172.5, 135.6, 134.8, 133.9,
133.4, 132.5, 129.8, 129.6, 129.0, 128.8, 128.4 (d, J = 4.5 Hz), 127.7, 126.7, 123.8, 68.2, 57.4, 33.9,
30.8, 28.9, 19.9. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,5H,30, 387.1588, found 387.1591.
The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 65/35; flow rate
1.0 mL/min; 281.8 nm; retention time: 14.1 min (minor) and 20.8 min (major)
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(S)-3-Benzoyl-3-(3-(furan-2-yl)-3-oxopropyl)tetrahydro-2H-pyran-2-one (3y)

The title compound was purified by column chromatography on silica gel (PE : EA =8:1to 3:1), 31.9
mg, 98% vyield, colorless oil, [a]p> = + 35.0 (¢ 1.0, CHCl5); *H NMR (600 MHz, CDCls) 5 7.96 — 7.94
(m, 2 H), 7.57 - 7.54 (m, 2 H), 7.46 — 7.44 (m, 2 H), 7.18 — 7.17 (m, 1 H), 6.49 (g, J = 3.6, 1.8 Hz, 1 H),
4.45-4.41 (m,1H), 4.23-4.18 (m, 1 H), 3.03-2.98 (m, 1 H), 291 -2.86 (m, 1 H), 2.76 — 2.71 (m, 1
H), 2.57 — 2.54 (m, 2 H), 2.15 — 2.07 (m, 1 H), 2.01 — 1.95 (m, 1 H), 1.82 — 1.78 (m, 1 H). *C NMR
(150 MHz, CDCly) 6 196.1, 187.9, 172.3, 152.2, 146.3, 134.8, 133.3, 128.9, 128.7, 117.2, 112.1, 68.0,
57.3, 33.5, 30.2, 28.5, 19.7. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for Ci9H;005 327.1223, found
327.1227.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate

1.0 mL/min; 253.4 nm; retention time: 17.4 min (minor) and 20.2 min (major)
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(S)-3-Benzoyl-3-(3-0xo0-3-phenylpropyl)dihydrofuran-2(3H)-one (3a)

O O

s\\\

o O

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 30.2
mg, 94% yield, white solid, mp 95.7 - 96.4 <C, [0]p®® = + 2.0 (c 1.0, CHCI3); *H NMR (600 MHz,
CDCl3) 6 8.07 —8.06 (m, 2 H), 7.87 — 7.86 (m, 2 H), 7.59 — 7.57 (m, 1 H), 7.55 — 7.52 (m, 1 H), 7.47 (t,
J=78Hz,2H), 742 (t,J=7.8Hz, 2 H),4.49 - 4.40 (m, 2 H), 3.15-3.00 (m, 3 H), 2.69 — 2.64 (m, 1
H), 2.60 — 2.55 (m, 1 H), 2.34 — 2.30 (m, 1 H).*C NMR (150 MHz, CDCls) & 198.6, 195.6, 175.9,
136.4, 134.8, 133.4, 133.2, 129.2, 128.7, 128.6, 128.0, 66.2, 58.6, 33.8, 29.2. HRMS (ESI-Orbitrap)
m/z: [M+H]" Calcd for CyoH;40, 323.1276, found 323.1278.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 243.9 nm; retention time: 15.5 min (minor) and 17.1 min (major)
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(S)-3-Acetyl-3-(3-0x0-3-phenylpropyl)dihydrofuran-2(3H)-one (3p)
@)

oo

The title compound was purified by column chromatography on silica gel (PE : EA = 8:1 to 3:1), 25.5
mg, 98% vyield, white solid, mp 67.8 - 69.1 <, [a]p?® = + 0.1 (c 1.0, CHCI); '"H NMR (600 MHz,
CDCl3) 6 7.85 (d, J = 7.2 Hz, 2H), 7.52 — 7.49 (m, 1H), 7.39 (t, J = 7.8 Hz, 2H), 4.30 — 4.26 (m, 1H),
4.15-4.11 (m, 1H), 2.93 — 2.79 (m, 3H), 2.45 — 2.40 (m, 1H), 2.31 — 2.26 (m, 1H), 2.30 (s, 3H), 2.05 —
2.00 (m, 1H). °C NMR (150 MHz, CDCIl3) & 202.6, 197.9, 175.4, 136.3, 133.4, 128.7, 128.0, 66.1,
60.5, 33.6, 29.9, 28.1, 25.8. HRMS (ESI-Orbitrap) m/z: [M+Na]" Calcd for CysH;0,Na 283.0946,
found 283.0948.

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 80/20; flow rate
1.0 mL/min; 240.4 nm; retention time: 15.9 min (minor) and 17.6 min (major)
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6. Gram-scale procedure for the preparation of (S) — 3p

10 mol% L9, 20 mol% K,CO;
0 °C, CH,Cl,

Br

To the mixture of 2-(4-bromo)benzoyl-5-valerolactone (0.843 mg, 3.0 mmol), catalyst L9 (115.2 mg,
0.3 mmol), and K,CO; (82.8 mg, 0.02 mmol) in analytical purity grade dichloromethane (3 mL) was
added a-naphthyl vinyl ketone (655.2 mg, 3.6 mmol) at 0 °C. The reaction was stirred for 6 days at 0
°C to complete checked by thin layer chromatography. The mixture was directly submitted to
preparative silica gel column chromatography (petroleum ether : ethyl acetate = 8:1 to 3:1) to furnish
the product (S)-3p (1.32 g, 95% vyield, 92% ee).

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 298.5 nm; retention time: 18.2 min (minor) and 22.9 min (major)
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7. General procedure for the catalyticone-pot asymmetric synthesis of 4,4-dialkyl
pyrazolones 4

O O e} R o}

NH
o) Ri ﬁRz i. L9 (10 mol%), K,CO4/0 °C, CH,Cl, g N\ L N

ii. NH,-NH, « H,0/ rt, CH,Cl,

1 2

To the mixture of the lactone 1 (0.1 mmol), catalyst L9 (3.8 mg, 0.01 mmol), and K,CO; (2.76 mg,
0.02 mmol) in analytical purity grade dichloromethane (0.5 mL) was added the vinyl ketone 2 (0.12
mmol). The reaction was stirred for 3 to 6 days at 0 °C to complete checked by thin layer
chromatography. NH,NH»*H,O (0.5 mmol, 25.0 mg) was then added, and the mixture was stirred at
room temperature for 3-4 h to complete checked by thin layer chromatography. The mixture was
directly submitted to preparative silica gel column chromatography (PE : EA = 3:1 to DCM : MeOH =
50:1) to furnish the product 4.
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8. Characterization of compounds 4

(S)-5-(2-Chlorophenyl)-4-(3-hydroxypropyl)-4-(3-oxo-3-phenylpropyl)-2,4-dihydro-3H-pyraz
ol-3-one (4a)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 33.8 mg, 88% yield, white solid, mp: 171.5 — 172.1 °C, [a]p*® = - 4.0 (¢ 1.0, CHCly);
'H NMR (600 MHz, DMSO-dg)  11.80 (s, 1H), 7.82 — 7.80 (m, 2H), 7.63 — 7.61 (m, 2H), 7.54 — 7.45
(m, 4H), 4.53 (s, 1H), 3.40 — 3.33 (m, 3H), 2.98 — 2.93 (m, 1H), 2.83 — 2.77 (m, 1H), 2.06 — 1.88 (m,
3H), 1.79 — 1.73 (m, 1H), 1.37 — 1.28 (m, 1H). **C NMR (150 MHz, DMSO-dq) & 198.6, 178.7, 158.2,
136.6, 133.7, 132.8, 131.4, 131.4, 130.6, 130.2, 129.2, 128.1, 128.0, 60.7, 56.7, 32.8, 31.2, 28.7, 27.7.
HRMS (ESI-Orbitrap) m/z: Calcd for C,;H,,CIN,O3 385.1311, found 385.1313.

The ee was determined by HPLC analysis. CHIRALPAK QJ-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 240.4 nm; retention time: 6.8 min (minor) and 10.2 min (major)
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(S)-4-(3-Hydroxypropyl)-5-(naphthalen-1-yl)-4-(3-oxo0-3-phenylpropyl)-2,4-dihydro-3H-pyra
zol-3-one (4b)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 34.4 mg, 86% vyield, colorless oil, [a]p? = + 17.0 (¢ 1.0, CHCI3); *H NMR (600 MHz,
DMSO-dg) 6 11.90 (s, 1H), 8.77 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 7.8 Hz, 1H),
7.74 (d, J = 6.6 Hz, 1H), 7.68 (d, J = 7.2 Hz, 2H), 7.63 — 7.56 (m, 4H), 7.41 (t, J = 7.8 Hz, 2H), 4.48 (t,
J = 5.4 Hz, 1H), 3.36 — 3.33 (m, 1H), 3.31 — 3.27 (m, 1H), 2.84 — 2.72 (m, 1H), 2.78 — 2.71 (m, 1H),
2.20 — 2.15 (m, 1H), 2.10 — 2.04 (m, 2H), 1.86 — 1.81 (m, 1H), 1.30 — 1.24 (m, 1H). **C NMR (150
MHz, DMSO-dg) 6 198.6, 178.9, 159.9, 136.5, 134.4, 133.7, 131.1, 130.6, 129.2, 129.1, 128.5, 128.1,
127.7, 126.7, 126.6, 126.2, 125.7, 60.7, 57.2, 33.2, 32.6, 30.3, 28.1. HRMS (ESI-Orbitrap) m/z:
[M+H]" Calcd for CysH,sN,03 401.1864, found 401.1860.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 312.8 nm; retention time: 8.6 min (minor) and 10.1 min (major)
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(S)-4-(3-Hydroxypropyl)-4-(3-oxo-3-(p-tolyl)propyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one
(4c)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 32.4 mg, 89% vyield, colorless oil, [a]p? = - 4.0 (c 1.0, CHCI5); *H NMR (600 MHz,
DMSO-dg) 6 11.71 (s, 1H), 7.84 — 7.82 (m, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.49 — 7.45 (m, 3H), 7.25 (d,
J = 7.8 Hz, 2H), 3.28 — 3.22 (m, 2H), 2.69 — 2.56 (m, 2H), 2.34 (s, 3H), 2.31 — 2.26 (m, 1H), 2.14 —
2.08 (m, 2H), 1.86 — 1.81 (m, 1H), 1.12 — 1.03 (m, 2H). *C NMR (150 MHz, DMSO-dg) & 198.1,
179.6, 159.4, 144.1, 134.0, 131.7, 130.3, 129.7, 129.5, 128.3, 126.0, 60.7, 55.6, 33.2, 32.8, 28.1, 21.5.
HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,,H,sN,053 365.1866, found 365.1860.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 252.2 nm; retention time: 9.0 min (minor) and 12.0 min (major)
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(S)-4-(3-Hydroxypropyl)-4-(3-oxo-3-(p-tolyl)propyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one
(4d)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 33.8 mg, 93% yield, colorless oil, [a]p® = - 3.0 (c 1.0, CHCI;); *H NMR (600 MHz,
DMSO-ds) 6 11.68 (s, 1H), 7.83 — 7.81 (m, 2H), 7.49 — 7.45 (m, 4H), 7.38 (t, J = 7.2 Hz, 1H), 7.24 —
7.20 (m, 2H), 4.39 (s, 1H), 3.28 — 3.22 (m, 2H), 2.65 — 2.60 (m, 1H), 2.57 — 2.52 (m, 1H), 2.31 — 2.27
(m, 1H), 2.26 (s, 3H), 2.14 — 2.07 (m, 2H), 1.86 — 1.81 (m, 1H), 1.12 — 1.01 (m, 2H). *C NMR (150
MHz, DMSO-dg) 4 202.6, 179.5, 159.4, 137.8, 137.2, 132.0, 131.7, 130.3, 129.5, 128.6, 126.3, 126.0,
60.7, 55.6, 36.3, 32.8, 30.5, 28.1, 20.9. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for CyHsN,0;
365.1862, found 365.1860.

The ee was determined by HPLC analysis. CHIRALPAK 0OJ-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 289.0 nm; retention time: 7.2 min (minor) and 10.6 min (major)
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(S)-5-(4-Bromophenyl)-4-(2-hydroxyethyl)-4-(3-(naphthalen-1-yl)-3-oxopropyl)-2,4-dihydro-
3H-pyrazol-3-one (4e)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 42.2 mg, 91% vyield, colorless oil, [a]p? = - 4.0 (c 1.0, CHCI5); *H NMR (600 MHz,
CDCls) 6 9.31 (s, 1H), 8.44 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.83 — 7.82 (m, 1H), 7.71 -
7.66 (m, 3H), 7.57 — 7.48 (m, 3H), 7.39 — 7.37 (m, 1H), 3.56 — 3.49 (m, 2H), 3.00 — 2.95 (m, 1H), 2.76
—2.70 (m, 1H), 2.54 — 2.44 (m, 2H), 2.17 — 2.14 (m, 2H), 1.69 (s, 2H). **C NMR (150 MHz, CDCl5) &
201.7,179.2, 170.9, 159.3, 134.9, 133.8, 133.0, 132.4, 130.0, 129.8, 128.4, 128.0, 127.7, 127.3, 126.5,
125.5, 125.0, 124.2, 63.4, 55.6, 36.2, 32.8, 30.8, 23.8, 20.8. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd
for Cp4H2,BrN,03 479.0965, found 479.0964.

The ee was determined by HPLC analysis. CHIRALPAK OJ-H; Hexane/2-propanol = 70/30; flow rate

1.0 mL/min; 298.5 nm; retention time: 9.4 min (minor) and 18.4 min (major)
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(S)-5-(2-Chlorophenyl)-4-(3-hydroxypropyl)-4-(3-(naphthalen-1-yl)-3-oxopropyl)-2,4-dihydr
0-3H-pyrazol-3-one (4f)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 40.3 mg, 93% vyield, white solid, mp 121.0 — 123.5 T, [a]p> = - 18.0 (¢ 1.0, CHCIy);
'H NMR (600 MHz, DMSO-dg) & 11.79 (s, 1H), 8.35 — 8.34 (m, 1H), 8.12 (d, J = 8.4 Hz, 1H), 8.00 —
7.98 (m, 1H), 7.86 (d, J = 7.2 Hz, 1H), 7.63 — 7.54 (m, 4H), 7.51 — 7.46 (m, 2H), 4.53 (t, J = 5.4 Hz,
1H), 3.41 — 3.34 (m, 2H), 3.07 — 3.01 (m, 1H), 2.92 — 2.86 (m, 1H), 2.15 — 2.10 (m, 1H), 2.06 — 2.01
(m, 1H), 1.93 — 1.88 (m, 1H), 1.79 — 1.74 (m, 1H), 1.36 — 1.28 (m, 1H), 0.89 — 0.84 (m, 1H). *C NMR
(150 MHz, DMSO-dg) 5 202.8, 178.7, 158.2, 135.7, 133.9, 132.9, 132.8, 131.4 (d, J = 4.5 Hz), 130.6,
130.2, 129.7, 128.9, 128.2, 128.0 (d, J = 4.5 Hz), 126.9, 125.7, 125.2, 60.7, 56.6, 36.4, 31.1, 28.9, 27.7.
HRMS (ESI-Orbitrap) m/z: [M+H]* Calcd for C,sH,,CIN,O; 435.1468, found 435.1470.

The ee was determined by HPLC analysis. CHIRALPAK 0OJ-H; Hexane/2-propanol = 65/35; flow rate
1.0 mL/min; 286.6 nm; retention time: 10.9 min (minor) and 16.7 min (major)
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(S)-5-(3-Chlorophenyl)-4-(3-hydroxypropyl)-4-(3-(naphthalen-1-yl)-3-oxopropyl)-2,4-dihydr
0-3H-pyrazol-3-one (49)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 40.8 mg, 94% vyield, colorless oil, [a]p? = + 9.0 (¢ 1.0, CHCI5); "H NMR (600 MHz,
DMSO-dg) 6 11.84 (s, 1H), 8.26 — 8.24 (m, 1H), 8.09 (d, J = 8.4 Hz, 1H), 7.98 — 7.97 (m, 1H), 7.82 —
7.81 (m, 2H), 7.79 — 7.77 (m, 1H), 7.58 — 7.50 (m, 4H), 4.42 (t, J = 4.8 Hz, 1H), 3.29 — 3.24 (m, 2H),
2.87 — 2.82 (m, 1H), 2.79 — 2.74 (m, 1H), 2.47 — 2.42 (m, 1H), 2.25 — 2.20 (m, 1H), 2.16 — 2.11 (m,
1H), 1.89 — 1.84 (m, 1H), 1.12 — 1.00 (m, 2H). **C NMR (150 MHz, DMSO-dg) & 202.6, 179.5, 158.0,
135.4, 134.3, 133.8, 133.6, 132.9, 131.5, 130.1, 129.6, 128.9, 128.2, 128.1, 126.8, 125.6, 125.3, 125.2,
124.7, 60.7, 55.6, 40.4, 36.7, 32.7, 30.5, 28.1. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for
Cy5H24CIN,O3 435.1469, found 435.1470.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 294.9 nm; retention time: 8.8 min (minor) and 12.2 min (major)
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(S)-4-(4-(3-Hydroxypropyl)-4-(3-(naphthalen-1-yl)-3-oxopropyl)-5-oxo-4,5-dihydro-1H-pyra
zol-3-yhbenzonitrile (4h)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 38.2 mg, 90% vyield, colorless oil, [a]p”® = - 9.0 (¢ 1.0, CHCl5); *H NMR (600 MHz,
DMSO-ds) 8 11.99 (s, 1H), 8.24 (d, J = 8.4 Hz, 1H), 8.09 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 7.8 Hz, 2H),
7.97 (d,J=7.2Hz, 1H), 7.91 (d, J = 9.0 Hz, 2H), 7.82 (d, J = 7.2 Hz, 1H), 7.57 — 7.51 (m, 3H), 4.41 (t,
J = 5.4 Hz, 1H), 3.28 — 3.23 (m, 2H), 2.88 — 2.82 (m, 1H), 2.77 — 2.72 (m, 1H), 2.49 — 2.45 (m, 1H),
2.26 — 2.21 (m, 1H), 2.19 — 2.14 (m, 1H), 1.90 — 1.85 (m, 1H), 1.11 — 0.96 (m, 2H). **C NMR (150
MHz, DMSO-dg) 6 202.5, 179.6, 157.8, 135.6, 135.3, 133.8, 133.3, 132.9, 129.6, 128.9, 128.2, 128.1,
126.8, 126.6, 125.6, 125.2, 118.9, 112.4, 60.6, 55.6, 36.7, 32.7, 30.4, 28.1. HRMS (ESI-Orbitrap) m/z:
[M+H]" Calcd for C,gH24N30; 426.1810, found 426.12.

The ee was determined by HPLC analysis. CHIRALPAK 0OJ-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 305.6 nm; retention time: 22.0 min (minor) and 47.1 min (major)
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(S)-4-(3-Hydroxypropyl)-5-(naphthalen-1-yl)-4-(3-(naphthalen-1-yl)-3-oxopropyl)-2,4-dihydr

0-3H-pyrazol-3-one (4i)
HO Q

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 41.4 mg, 92% yield, white solid, mp 186.3 - 189.0 T, [a]p? = + 29.0 (¢ 1.0, CHCls);
'H NMR (600 MHz, DMSO-dg) & 11.90 (s, 1H), 8.75 (d, J = 8.4 Hz, 1H), 8.24 (d, J = 8.4 Hz, 1H), 8.07
—8.01 (m, 3H), 7.95 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 7.2 Hz, 1H), 7.66 (d, J = 7.2 Hz, 1H), 7.63 — 7.50
(m, 5H), 7.45 — 7.42 (m, 1H), 4.44 (s, 1H), 2.95 — 2.90 (m, 1H), 2.87 — 2.81 (m, 1H), 2.30 — 2.25 (m,
1H), 2.17 — 2.06 (m, 2H), 1.87 — 1.82 (m, 1H), 1.30 — 1.17 (m, 3H), 0.89 — 0.85 (m, 1H). *C NMR
(150 MHz, DMSO-dg) 6 202.7, 178.9, 159.9, 135.4, 134.4, 133.8, 132.8, 131.1, 130.6, 129.6, 129.2,
128.8,128.5, 128.1, 128.0, 127.7, 126.8, 126.7, 126.6, 126.2, 125.7, 125.6, 125.1, 60.7, 57.2, 36.7, 32.5,
30.4, 28.1. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for C,oH»N,O; 451.2017, found 451.2016.

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 220.3 nm; retention time: 24.3 min (minor) and 25.9 min (major)
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(S)-4-(3-Hydroxypropyl)-4-(3-(4-methoxynaphthalen-1-yl)-3-oxopropyl)-5-phenyl-2,4-dihydr
0-3H-pyrazol-3-one (4j)

The title compound was purified by column chromatography on silica gel (PE : EA = 3:1 to DCM :
MeOH = 50:1), 36.5 mg, 85% yield, white solid, mp 209.0 - 211.2 <C, [a]p? = + 5.0 (c 1.0, CHCI); 'H
NMR (600 MHz, DMSO-dg) & 11.70 (s, 1H), 8.60 (d, J = 8.4 Hz, 1H), 8.20 (d, J = 8.4 Hz, 1H), 7.87 —
7.84 (m, 3H), 7.59 — 7.52 (m, 2H), 7.49 — 7.46 (m, 3H), 6.94 (d, J = 8.4 Hz, 1H), 4.39 (s, 1H), 4.03 (s,
3H), 3.26 — 3.25 (m, 2H), 2.81 — 2.76 (m, 1H), 2.71 — 2.66 (m, 1H), 2.41 — 2.36 (m, 1H), 2.22 — 2.09
(m, 1H), 1.90 — 1.83 (m, 2H), 1.12 — 1.04 (m, 2H). *C NMR (150 MHz, DMSO-ds) & 200.6, 179.6,
159.4, 158.7, 131.8, 131.6 (d, J = 9.0 Hz), 130.3, 129.7, 128.8, 126.7, 126.3, 126.0, 125.4, 122.1, 103.5,
60.8, 56.5, 55.7, 35.8, 31.2, 28.1. HRMS (ESI-Orbitrap) m/z: [M+H]" Calcd for CysH,;N,03 431.1963
found 431.1965.

The ee was determined by HPLC analysis. CHIRALPAK 0OJ-H; Hexane/2-propanol = 70/30; flow rate
1.0 mL/min; 298.5 nm; retention time: 11.5 min (minor) and 27.1 min (major)
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9. Gram-scale procedure for the preparation of (S) - 4f

o}

CLO

Cl

mmol), and K,CO3 (110 mg, 0.8 mmol) in analytical purity grade dichloromethane (3.0 mL) was added
a-naphthyl vinyl ketone (873 mg, 4.8 mmol) at 0 °C. The reaction was stirred for 6 days at 0 °C to
completion checked by TLC. NH,NH,*H,0 (100 mg, 20.0 mmol) was then added, and the mixture was
stirred at room temperature for another 5 h to completion checked by TLC. The mixture was directly
submitted to preparative silica gel column chromatography (PE : EA = 3:1 to DCM : MeOH = 50:1) to

o
. ‘ i. 10 mol% L9, 20 mol% K,CO3/0 °C, CH,Cl, ‘

ii. NHyNH,+H,O/rt, CH,Cl,

furnish the product (S)- 4f (1.55 g, 89% yield, 98% ee).

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 70/30; flow rate

4f, 1.55 g 89%, 98% ee
To the mixture of 2-(3-chloro)benzoyl-3-valerolactone (952 mg, 4.0 mmol), catalyst L9 (154.0 mg, 0.4

1.0 mL/min; 294.9 nm; retention time: 8.8 min (minor) and 12.3 min (major)

3.009
2509
2009
2 E
< 150
1,004
050
0.00] 2 =
0.00 200 400 600 8.00 10000 1200 1400
e
Name Retention time Area Height % Area
(min) (HV*s) uv)
1 9.319 78606397 3148542 45.16
2 13.046 95436725 3042109 54.84
2507
200
o 150]
z ]
100
0501 @
1 w
o o~
] o
0.00-| =
0.00 200 400 600 " s00 " 1000 1200 1400
Name Retention time Area Height % Area
(min) (nV*s) (V)
1 8.821 48320675 2839802 99.12
2 12.258 431196 19168 0.88
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10. Exploration of the process of pyrazolone formation

To the solution of 30 (0.05 mmol, 20 mg) in 0.5 mL CH,CI, was added hydrazine hydrate (0.25 mmol,
12.5 mg) and the reaction was stirred at room temperature for 15 min, a small sample was taken out to
directly perform the HRMS detection of the reaction mixture.

NoH4 *H,0 (5 eq)

DCM, r.t, 15min

calcd for [CosHaqFO+ H'] 405.1497
found 405.1495

calcd for [CpsHosFN,O,+ H'] 437.1871
found 437.1868

calcd for [CogHsFN,O5+ H' 419.1765
found 419.1763

419.1763
1004 405.1495 ' on
903 1,
-~ Q. - 1
- ==
80
: sl
70 % el
] caled for [CasHzaFMaOwe HY 4191765
b calad for [CagHy PO H'] 405.1497 tound 4191763
60 found 4051495
50
404
m caled for [CasH2eFMz0a+ H' 437.1871
30 406.1528 4201796 found 437 1852
20; 497 1311 437.1868 4411581
10 401 1:;3 " 4171612 421 181212942919 428.1345 4951712 | 438 1901
b - 407.1560 . 3. 2
. | I 4123973 4152116 L [ 433.2031 |
O s Lt el Lo A nas L A A At A o M s A s i M s Lt At e e A M R el Al et R ke Rl s Lkt s A et Lhke et L)
400 405 410 415 420 425 430 435 440
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11. Single crystal data, structural refinement and measurement of 3p

3p (CCDC Number: 2011405)
0O

Br

Brl

Table 1 Crystal data and structure refinement for zhaopf_0415.

Identification code zhaopf 0415

Empirical formula CysH,BroO,
Formula weight 465.33
Temperature/K 292.90(10)
Crystal system orthorhombic
Space group P2:2:2,

alA 10.0294(4)
b/A 10.8154(6)
c/A 19.2909(9)
a/° 90

pre 90

y/° 90
Volume/A? 2092.51(17)
z 4

peacglcm® 1.477
wmm™ 1.994
F(000) 952.0
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Crystal size/mm®

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[>=20c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A
Flack parameter

0.18 x0.15 x0.12

MoKa (A= 0.71073)

6.968 to 52.042
-12<h<7,-13<k<7,-23<1<23
6822

4113 [Ryy = 0.0355, Rjgna = 0.0754]
4113/0/271

1.038

R; = 0.0486, WR, = 0.0865

R, = 0.0740, wR, = 0.0975
0.39/-0.49

-0.004(8)
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12. Single crystal data, structural refinement and measurement of 4f
4f (CCDC Number: 2011408)

CL1

O
A cs
)
N c4 PO
%) Q. C2 O
AN
Q (9) cs
12 ct .’“
% ( U
(R cis \;ﬁ 7 ("/
c24 Ci3 i \
C14 > v c6
C‘\/ . Y o2 Cll cio
O J/ 1 c23 /
25 o N 7 ) X (" c7
- & (Nce
o1 -
Q d Y
oaJ A o
O

Table 1 Crystal data and structure refinement for xuyl_0218.

Identification code xuyl_0218
Empirical formula C25H23CIN,O4
Formula weight 434.90
Temperature/K 293.44(10)
Crystal system orthorhombic
Space group P2,2,2,1

alA 7.04410(19)
b/A 16.2447(4)
c/A 18.7200(5)
a/® 90.00

[ 90.00

v/° 90.00
Volume/A3 2142.11(9)

z 4

peacglcm® 1.349
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w/mm™

F(000)

Crystal size/mm?®

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

Flack parameter

1.823

912.0

0.12 %0.07 x0.06

CuKo (L= 1.54184)

7.210133.12
-8<h<8,-10<k<19,-22<1<19
5081

3222 [Riy = 0.0228, Ryigna = 0.0436]
3222/0/281

1.038

R, = 0.0416, WR, = 0.0957

R, = 0.0496, WR, = 0.1031
0.18/-0.17

-0.02(2)
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13. Copies of NMR spectra
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H NMR 300 MHz CDCh
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3b
600 MHz CDClL "H NMR
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"H NMR 600 MHz CDCl,
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H NMR 600 MHz CDCl,
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"H NMR 600 MHz CDCh
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TH NMR 600 MHz CDCly
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'H NMR 800 MHz CDCly
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"H NMR 600 MHz CDCly
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THNMR 600 MHz CDCl,
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"H NMR 600MHz CDCh
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