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1. General information

H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts
were reported in ppm from tetramethylsilane with the solvent resonance as the internal
standard (CDCls, & = 7.26). Spectra were reported as follows: chemical shift (& ppm),
multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), coupling
constants (Hz), integration and assignment. *C NMR spectra were collected on commercial
instruments (100 MHz) with complete proton decoupling. Chemical shifts are reported in ppm
from the tetramethylsilane with the solvent resonance as internal standard (CDCls, 6 = 77.0).
Enantiomeric excesses (ee) were determined by HPLC analysis using the corresponding
commercial chiralpak column as stated in the experimental procedures at 23 °C. Optical
rotations were reported as follows: [a]n?® (c: g/100 mL, in solvent). HRMS was recorded on a
commercial apparatus (ESI Source). All catalytic reactions were run in dried glassware. THF,
toluene and diethyl ether (Et.0) were distilled from sodium benzophenone ketyl. CH2Cl, was
distilled over CaH,. The N,N’-dioxides (L1-L6) were prepared according to the previous
reports.t! Starting material epoxides were prepared according to reported procedure.?

2. Optimization of the reaction conditions

Table 1. Screening of the metals

] oN Q R
i 4 gomore i A e |y By
<Py ¢ L T U GRS S SN R NV L SR
2 s7c.26h Ph)\OHHJ\Ph L1: m = 0, R = adamantyl
(*)-1a 2a 3a 1a
. Yield [%]®! ee [%]© ’
Entryl® Metal 2 P 2 o d.r.[@
1 Sc(OTf)s 55 40 53 77 >19:1
2 La(OTf); 81 12 race 25 >19:1
3 Fe(OTf)s3 16 75 37 4 >19:1
4 Y (OTf)3 52 40 race 43 >19:1
5 Gd(OTf)s 62 30 8 53 >19:1
6 Ni(OTf); N.R.
7 Zn(OTH), N.R.
8 Mg(OT), N.R.

[a] Unless otherwise noted, the reactions were performed with L1-metal (10 mol%, 1:1),
3 A MS 30 mg in CH:Cl (0.5 mL) at 35 °C for 30 min, (-1a (0.10 mmol, 1.0 equiv) and 2a
(0.10 mmol, 1.0 equiv) were added in one-portion. The mixture was reacted at 35 °C for 26 h.
[b] Isolated yield. [c] Determined by HPLC analysis (Chiralcel IC and IE). [d] Determined by
'H NMR analysis of the product 3a.
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Table 2. Screening of the solvents

O,N

H L1-Sc(OTf)3 Y °

N, 0, . _N
M \ (10 mol%, 2:1) oo, A‘f)k
ON M "3 Aws, Solvent PhMPh Ph Ph
o
35°C,26h OH
(£)-1a 2a 3a 1a

o
o

N0

\/Hm

H™

L1: m =0, R = adamantyl

o-z+

THTR

(o)

N

Yield [%]®!

ee [%]©

a d
Entryl® Solvent 2 o 2 1 d.r.
1 THF N.R. >19:1
2 Et,O 7 90 85 race >19:1
3 CH:ClI> 19 70 95 26 >19:1
4 CHCI; 13 77 95 10 >19:1
5 CHCI,CHCI 13 80 84 15 >19:1
6 CHCI;CH; 11 75 82 21 >19:1

[a] Unless otherwise noted, the reactions were performed with L1-metal (10 mol%, 1:1),
3 A'MS 30 mg in CH,Cl, (0.5 mL) at 35 °C for 30 min, (-1a (0.10 mmol, 1.0 equiv) and 2a
(0.10 mmol, 1.0 equiv) were added in one-portion. The mixture was reacted at 35 °C for 26 h.
[b] Isolated yield. [c] Determined by HPLC analysis (Chiralcel IC and IE). [d] Determined by

'H NMR analysis of the product 3a.

3. General procedure for the Ring-Opening reaction of different epoxides

(1a-1x)

General procedure A for the reaction of epoxides (H-1:

oN

" L5-Sc(OTf); I o
(o} N, (5 mol%, 2:1) N O Ke)
<P LN > H + Rw/\j)J\R
RN TR oy 3AMS, CH,Cly, 35°C  R; R,
OH
(£)-1a-1x 2a 3a-3x 1a-1x

o [
T

L5:m=0, Ar=

+
\Jﬂmg

\Ar

2,4,6-iPr3CgH,

In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.01 mmol, 6.6 mg),
Sc(OTf)3 (0.005 mmol, 2.5 mg), and the 3 A MS (30 mg) in CH,Cl, (0.5 mL) were stirred at
35°C for 30 min. Then, epoxide (H-1 (0.1 mmol) and pyrazole 2 were added to the reaction
mixture at 35 °C. The reaction was stirred at 35°C for 12-72 h. After 50% consumption of the
starting materials, the mixture was directly purified by column chromatography on silica gel

(petroleum ether :
HPLC and NMR analysis.
General procedure B for the reaction of epoxides (3-1:

oN

" L5-Sc(OTf)3 I % o
[e] N, (5 mol%, 2:1) N O R
" A?)LR + L, A A oo H + R/\')kR
TN R, O,N 3AMS, CH,Clp, 25°C Ry Ro
OH
(+)-1a-1x 2a 3a-3x 1a-1x
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ethyl acetate = 5 : 1) to afford 3 and 1. The product was determined by
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In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.01 mmol, 6.6 mg),
Sc(OTf)3 (0.005 mmol, 2.5 mg), and the 3 A MS (30 mg) in CH,Cl, (0.5 mL) were stirred at
25°C for 30 min. Then, epoxide (-1 (0.1 mmol) and pyrazole 2 were added to the reaction
mixture at 25 °C. The reaction was stirred at 25°C for 12-24 h. After 50% consumption of the
starting materials, the mixture was directly purified by column chromatography on silica gel
(petroleum ether : ethyl acetate = 5 : 1) to afford 3 and 1. The product was determined by
HPLC and NMR analysis.

General procedure C for the reaction of epoxides (H-1:

I
L5-Sc(OTf y o N
H g c(OTf)3 B ° ﬁ \/Hm?‘
N mol%, 2:1) N o /\O)j\ -0 0. N
M N A R YR, aTH A
3AMS CH,Clp, 35°C  R; R,

OH
L5: m =0, Ar=2,4,6-iPrzCgH,

(x)-1a-1x 3a-3x 1a-1x

In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.02 mmol, 13.2 mg),
Sc(OTf)3(0.01 mmol, 4.9 mg), and the 3 A MS (30 mg) in CH2Cl, (0.5 mL) were stirred at 35
°C for 30 min. Then, epoxide (H-1 (0.1 mmol) and pyrazole 2 were added to the reaction
mixture at 35 °C. The reaction was stirred at 35°C for 12-72 h. After 50% consumption of the
starting materials, the mixture was directly purified by column chromatography on silica gel
(petroleum ether : ethyl acetate = 5 : 1) to afford 3 and 1. The product was determined by
HPLC and NMR analysis.

4. The analytical and spectral characterization data of the products (3a-3x)

O,N

\
/ N
N O 3a

5L
(2S,3S)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1,3-diphenylpropan-1-one (3a)
General procedure A; White solid; 47% yield, 95% ee, > 19:1 d.r.; [a]o?* = -54 (c 0.28,
CH.CLI); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 6.97 min, t (major) = 9.03 min];

'H NMR (400 MHz, CDCl3) 6 7.85 (d, J = 7.6 Hz, 2H), 7.55 (t, J = 7.2 Hz, 1H), 7.40 (t, J
=7.6 Hz, 2H), 7.37 — 7.28 (m, 5H), 5.92 (t, J = 5.6 Hz, 1H), 5.64 (d, J = 5.6 Hz, 1H), 3.82 (d,
J=5.6 Hz, 1H), 2.46 (d, J = 7.2 Hz, 6H).

13C NMR (100 MHz, CDCl3) & 198.94, 146.10, 140.78, 134.89, 134.88, 133.83, 128.98,
128.95, 128.83, 128.44, 128.25, 74.57, 64.46, 14.23, 11.35.

HRMS (ESI) calcd for [M+Na]*™ C2H19NsNaO4, m/z: 388.1268, observed: 388.12609.
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Retention Time Area % Area
7.122 31673831 49.80
9.190 31924377 50.20
0.00- \/%;\
Retention Time Area % Area
6.970 51658 2.38
9.030 2114907 97.62
of
oror
(2R,3S)-phenyl(3-phenyloxiran-2-yl)methanone (1a)
General procedure A; White solid; 49% vyield, 94% ee, > 99:1 d.r.; [a]o® = -225 (¢ 0.15,
CH.CI); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A =254 nm, t (major) = 12.31 min, t (minor) = 16.32 min];
'H NMR (400 MHz, CDCls) & 8.08 —7.96 (m, 2H), 7.62 (m, 1H), 7.49 (t, J = 7.6 Hz, 2H),
7.45—-7.31 (m, 5H), 4.30 (d, J = 2.0 Hz, 1H), 4.08 (d, J = 1.6 Hz, 1H).
HRMS (ESI) calcd for [M+Na]* CisH12NaO2, m/z: 247.0730, observed: 247.0732.
Retention Time Area % Area
11.906 5532042 49.94
15.727 5544341 50.06
0.00 i
Retention Time Area % Area
12.309 1127016 97.04
16.321 34345 2.96
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N O 3b

(L0
Cl

(2S,3S)-3-(4-chlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenylpro
pan-1-one (3b)
General procedure C; White solid; 50% yield, 94% ee, > 19:1 d.r.; [a]o® = -39 (c 0.21,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 6.48 min, t (major) = 8.05 min];

'H NMR (400 MHz, CDCl3) 6 7.89 — 7.79 (m, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.42 (t, J =
7.6 Hz, 2H), 7.34 — 7.22 (m, 3H), 5.88 (t, J = 6.0 Hz, 1H), 5.61 (d, J = 6.0 Hz, 1H), 4.08 (d, J
= 6.8 Hz, 1H), 3.93 (d, J = 6.4 Hz, 1H), 2.51 (d, J = 2.4 Hz, 1H), 2.46 (d, J = 3.6 Hz, 5H).

13C NMR (100 MHz, CDCls) & 198.83, 146.35, 140.74, 135.00, 134.64, 134.04, 133.37,
129.74, 128.99, 128.51, 74.55, 63.70, 14.24, 11.35.

HRMS (ESI) calcd for [M+Na]* C20H1s**CIN3sNaO4, m/z: 422.0879, observed: 422.0885;
Ca0H1s*"CIN3NaO4, m/z: 424.0849, observed: 422.0868.

Retention Time Area % Area

5.996 1384563 50.06

7.661 1380992 49.94

5 0.051 ©
: +
0‘50 o 1.00 1‘50‘ 2270‘ ‘2‘50‘ 3‘00 3‘50 A(‘)U ‘4‘50 5(‘)0‘ 5‘50 6(‘)0 ' ‘6‘50‘ o 7450 7,‘50‘ 8,60‘ 8‘50‘ ]
Minute:

Retention Time Area % Area

6.483 41604 2.72

8.050 1485456 97.28

(6]

~0
®
Cl

(2R,3S)-(3-(4-chlorophenyl)oxiran-2-yl)(phenyl)methanone (1b)

General procedure C; White solid; 49% vyield, 95% ee, > 99:1 d.r.; [a]o® = -204 (c 0.16,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 10.73 min, t (minor) = 11.79 min];

IH NMR (400 MHz, CDCls) & 8.01 (d, J = 7.6 Hz, 2H), 7.63 (t, J = 7.6 Hz, 1H), 7.50 (t, J
= 7.6 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 4.25 (d, J = 1.6 Hz, 1H),
4.07 (d, J = 1.6 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* CisH1:*CINaO,, m/z: 281.0340, observed: 281.0348;
[M+Na]* C15H1:3"CINaO,, m/z: 283.0311, observed: 283.0335.
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10.

119

T T T T L/ e ey e
7.00 8.00 9.00 10.00 11.00
Minutes.

T T
12.00

T
13.00

Retention Time Area % Area
10.826 2869652 49.42
11.929 2937552 50.58
W= T T T T T L L B B N Ai
Retention Time Area % Area
10.728 10138422 97.62
11.799 247009 2.38
O,N
\
/ N

'?‘ Q 3c
SRS
F

(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-3-(4-fluorophenyl)-2-hydroxy-1-phenylpro
pan-1-one (3c)

General procedure A; White solid; 48% yield, 96% ee, > 19:1 d.r.; [a]o® = -66 (c 0.20,
CH.CLl); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 6.57 min, t (major) = 8.06 min];

'H NMR (400 MHz, CDCls) § 7.95 - 7.77 (m, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.41 (t, J =
8.0 Hz, 2H), 7.35 - 7.27 (m, 2H), 7.03 (m, 2H), 5.87 (t, J = 6.0 Hz, 1H), 5.62 (d, J = 5.6 Hz,
1H), 3.92 (d, J = 6.4 Hz, 1H), 2.46 (d, J = 6.0 Hz, 6H).

13C NMR (100 MHz, CDCl3) § 198.94, 164.12, 161.65, 146.29, 140.69, 134.70, 133.99,
131.43, 130.71, 130.68, 130.24, 130.16, 128.97, 128.48, 115.91, 115.69, 74.65, 63.68, 14.24,
11.33.

HRMS (ESI) calcd for [M+Na]* C2oH1s'®FN3NaO4, m/z: 406.1174, observed: 406.1176;
[M+Na]* C20H1s°FN3sNaO4, m/z: 407.1208, observed: 407.1188.

AU

5.99

7.355

T T
7.00 7.50

Retention Time Area % Area
5.991 1946314 50.63
7.355 1897781 49.37

AU

7.61

E
>'6.143
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Retention Time Area % Area

6.143 671693 1.29

7.611 51365534 98.71

0
1c
F

(2R,3S)-(3-(4-fluorophenyl)oxiran-2-yl)(phenyl)methanone (1c)

General procedure A; White solid; 51% vyield, 91% ee, > 99:1 d.r.; [a]o® = -167 (c 0.21,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 10.49 min, t (minor) = 11.52 min];

'H NMR (400 MHz, CDCls) 8 8.01 (d, J = 7.6 Hz, 2H), 7.63 (t, J = 7.2 Hz, 1H), 7.50 (t, J
= 7.6 Hz, 2H), 7.35 (m, 2H), 7.10 (t, J = 8.4 Hz, 2H), 4.26 (d, J = 1.6 Hz, 1H), 4.07 (d,J=1.6
Hz, 1H).

HRMS (ESI) calcd for [M+Na]* CisH11®FNaO,, m/z: 265.0635, observed: 265.0640.

0.50]
2 -
S :
S

11.20

W = ——
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

T
12.00

13.00

Retention Time Area % Area
10.197 9136381 49.92
11.202 9164885 50.08
S 0.507 ﬁ m
< — wn
000 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 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 ‘/r‘\‘\ T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.0C
Minute
\Retention Time Area % Area
10.492 11348345 95.87
11.522 488776 4.13
O,N
/ }N
N O 3d

L0
Br

(2S,3S)-3-(4-bromophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenylpro
pan-1-one (3d)
General procedure C; colorless oil; 48% yield, 93% ee, d.r. = 17:1; [a]o® = -28 (c 0.16,
CH.CI,); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 6.80 min, t (major) = 8.89 min];

'H NMR (400 MHz, CDCls) & 7.86 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.50 —
7.38 (m, 4H), 7.21 (d, J = 8.4 Hz, 2H), 5.87 (d, J = 5.6 Hz, 1H), 5.60 (d, J = 5.6 Hz, 1H), 4.12
—3.61 (m, 1H), 2.46 (d, J = 4.0 Hz, 6H).
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13C NMR (100 MHz, CDCls) § 198.81, 146.34, 140.72, 134.65, 134.02, 133.91, 131.94,
130.03, 128.98, 128.50, 123.21, 74.50, 63.78, 14.21, 11.33.

HRMS (ESI) calcd for [M+H]* Ca0H1s"°BrNsOs, m/z: 444.0554, observed: 444.0553;
[M+H]* C20H15®'BrNsO4, m/z: 446.0533, observed: 444.0542.

6.309:

Retention Time Area % Area
6.309 1765827 50.06
8.224 1761612 49.94
Retention Time Area % Area
6.805 511650 3.63
8.899 13600580 96.37
(e]
1d

~0
PSORR®

(2R,3S)-(3-(4-bromophenyl)oxiran-2-yl)(phenyl)methanone (1d)
General procedure C; White solid; 52% yield, 85% ee, > 99:1 d.r.; [a]p% = -154 (c 0.29,
CH,CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 11.25 min, t (minor) = 12.41 min];

IH NMR (400 MHz, CDCls) & 8.06 — 7.94 (m, 2H), 7.67 — 7.60 (m, 1H), 7.57 — 7.45 (m,
4H), 7.26 — 7.21 (m, 2H), 4.24 (d, J = 1.6 Hz, 1H), 4.05 (d, J = 1.6 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* Ci1sH11”°BrNaO2, m/z: 324.9835, observed: 324.9836;
[M+Na]* C15H1:3BrNaO,, m/z: 326.9815, observed: 326.9820.

12.

Retention Time Area % Area
11.544 2639531 50.01
12.733 2638257 49.99
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0.80

0.60-

2 0.404

0.20+

>12.410

0.00:

T = o T
10.00 11.00 12.00 13.00 14.00

Retention Time Area % Area
11.251 11155295 92.67
12.410 882343 7.33
O,N
\
/N’N o

3e

(J LU

(2S,3S)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenyl-3-(p-tolyl)propan-1-on
e (3e)
General procedure B; White solid; 50% vyield, 91% ee, > 19:1 d.r.; [a]p* = -58 (c 0.17,
CH,CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 7.02 min, t (major) = 9.62 min];

'H NMR (400 MHz, CDCls) 8 7.86 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.41 (t, J
= 7.6 Hz, 2H), 7.17 (m, 4H), 5.91 (t, J = 6.0 Hz, 1H), 5.59 (d, J = 6.0 Hz, 1H), 3.76 (d, J = 6.0
Hz, 1H), 2.45 (d, J = 7.2 Hz, 6H), 2.32 (s, 3H).

13C NMR (100 MHz, CDCl3) & 199.02, 146.06, 140.68, 138.92, 134.84, 133.85, 131.82,
131.37,129.53, 128.96, 128.45, 128.16, 74.39, 64.26, 21.17, 14.26, 11.36.

HRMS (ESI) calcd for [M+Na]* C21H21N3sNaO4, m/z: 402.1424, observed: 402.1424.

T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

S10

Retention Time Area % Area
7.278 9952884 50.01
10.090 9949981 49.99
1007 I 3
=)
< S 2
W= T v ooy T v ooy “/\‘Y‘\H‘\HH\HH\HH\HH\
0.00 1.00 2,00 300 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Minutes
Retention Time Area % Area
7.020 1554652 4.27
9.626 34852371 95.73
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(2R,3S)-phenyl(3-(p-tolyl)oxiran-2-yl)methanone (1e)

General procedure B; White solid; 43% yield, > 99% ee, > 99:1 d.r.; [a]p®* = -206 (c 0.16,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 13.06 min];

'H NMR (400 MHz, CDCls)  8.01 (d, J = 7.2 Hz, 2H), 7.62 (t, J = 7.6 Hz, 1H), 7.49 (t, J
= 7.6 Hz, 2H), 7.27 (d, J = 7.6 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 4.29 (d, J = 1.6 Hz, 1H),
4.04 (d, J = 1.6 Hz, 1H), 2.38 (s, 3H).

HRMS (ESI) calcd for [M+Na]* C1sH14NaO2, m/z: 261.0886, observed: 261.0893.

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00

MMMMMMM

Retention Time Area % Area
12.934 6653296 50.08
14.298 6630912 49.92
Retention Time Area % Area
13.006 6022414 100.00
O,N
! \N

N O
: 3f
-~ L0

(2S,3S)-3-([1,1'-biphenyl]-4-yl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-pheny
Ipropan-1-one (3f)

General procedure A; White solid; 49% yield, 95% ee, > 19:1 d.r.; [a]o!’ = 6 (c 0.19,
CH.CI,); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 8.91 min, t (major) = 12.51 min];

'H NMR (400 MHz, CDCls) & 7.87 (d, J = 7.6 Hz, 2H), 7.54 (m, 5H), 7.45 — 7.31 (m, 7H),
5.93 (d, J = 6.0 Hz, 1H), 5.68 (d, J = 6.0 Hz, 1H), 3.91 (d, J = 6.0 Hz, 1H), 2.47 (d, J = 18.0
Hz, 6H).

13C NMR (100 MHz, CDCls) 6 198.97, 146.18, 141.86, 140.81, 140.24, 134.88, 133.87,
131.44,129.00, 128.87, 128.72, 128.46, 127.69, 127.51, 127.11, 7451, 64.17, 14.25, 11.38.

HRMS (ESI) calcd for [M+Na]*™ CosH2sN3NaOs, m/z: 464.1581, observed: 464.1585.
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(2R,3S)-(3-([1,1"-biphenyl]-4-yl)oxiran-2-yl)(phenyl)methanone (1f)
General procedure A; White solid; 48% yield, 98% ee, > 99:1 d.r.; [a]p** = -248 (¢ 0.21,
CH,CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 14.62 min, t (minor) = 16.14 min];
H NMR (400 MHz, CDCls) 6 8.03 (d, J = 7.4 Hz, 2H), 7.62 (m, 5H), 7.54 — 7.43 (m, 6H),
7.38 (t,J=7.2Hz, 1H), 4.35 (d, J= 1.6 Hz, 1H), 4.13 (d, J = 1.2 Hz, 1H).
HRMS (ESI) calcd for [M+H]" C21H1602, m/z: 301.1223, observed: 301.1233.
Retention Time Area % Area
15.330 2212822 50.02
16.718 2211067 49.98
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(2S,3S)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-(4-phenoxyphenyl)-1-phenylp
ropan-1-one (3g)

General procedure B; colorless oil; 50% yield, 91% ee, d.r. = 16:1; [a]o®* = -33 (c 0.22,
CH.Cly); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 8.30 min, t (major) = 12.75 min];

'H NMR (400 MHz, CDCls3) 8 7.88 (t, J = 11.2 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.42 (t,J
=7.6 Hz, 2H), 7.34 (t, J = 7.6 Hz, 2H), 7.31 - 7.27 (m, 2H), 7.13 (t, J = 7.6 Hz, 1H), 7.00 (d,
J=7.6 Hz, 2H), 6.93 (t, J = 10 Hz, 2H), 5.88 (d, J = 4.8 Hz, 1H), 5.61 (d, J = 6.0 Hz, 1H),
3.89 (d, J=5.2 Hz, 1H), 2.50 (m, 6H).

13C NMR (100 MHz, CDCls) § 199.03, 158.08, 156.33, 146.16, 140.67, 134.86, 133.87,
129.87, 129.82, 129.18, 129.00, 128.44, 123.91, 119.49, 118.45, 74.70, 63.90, 14.22, 11.36.

HRMS (ESI) calcd for [M+K]* C26H23KN3Os, m/z: 496.1269, observed: 496.1276.

AU
8.
2.072

Retention Time Area % Area
8.243 2485991 50.79
12.072 2408978 49.21
3.00 i
2.00 © §
, R J N
Retention Time Area % Area
7.706 4446021 4.47
11.341 94957345 95.53
o)

0
1g
PhO

(2R,3S)-(3-(4-phenoxyphenyl)oxiran-2-yl)(phenyl)methanone (1g)

General procedure B; White solid; 46% yield, > 99% ee, > 99:1 d.r.; [a]o® = -213 (¢ 0.19,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (major) = 22.96 min];

IH NMR (400 MHz, CDCls) & 8.02 (d, J = 7.6 Hz, 2H), 7.62 (d, J = 7.6 Hz, 1H), 7.50 (t, J
= 7.6 Hz, 2H), 7.35 (m, 4H), 7.14 (t, J = 7.2 Hz, 1H), 7.03 (m, 4H), 4.30 (d, J = 1.6 Hz, 1H),
4.06 (d, J =1.2 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* C.:H16NaOs, m/z: 339.0992, observed: 339.0990.
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(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-(3-methoxyphenyl)-1-phenylp
ropan-1-one (3h)

General procedure C; colorless oil; 48% yield, 91% ee, > 19:1 d.r.; [a]p®* = -54 (¢ 0.10,
CHCI;) Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 10.79 min, t (major) = 12.14 min];

'H NMR (400 MHz, CDCl3) 6 7.86 (d, J = 7.2 Hz, 2H), 7.55 (d, J = 7.2 Hz, 1H), 7.41 (t,J
=7.6 Hz, 2H), 7.27 (s, 1H), 7.24 (s, 1H), 6.92 — 6.77 (m, 3H), 5.90 (t, J = 6.0 Hz, 1H), 5.61 (d,
J=6.0 Hz, 1H), 3.76 (s, 3H), 2.46 (d, J = 14.8 Hz, 6H).

13C NMR (100 MHz, CDCls) § 198.80, 159.82, 146.06, 140.86, 136.38, 134.94, 133.80,
129.89, 128.99, 128.44, 120.47, 114.30, 113.93, 74.55, 64.34, 55.28, 14.23, 11.35.

HRMS (ESI) calcd for [M+Na]* C21H21N3NaOs, m/z: 418.1373, observed: 418.1381.
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(2R,3S)-(3-(3-methoxyphenyl)oxiran-2-yl)(phenyl)methanone (1h)

General procedure C; White solid; 48% vyield, 93% ee, > 99:1 d.r.; [a]p*? = -225 (c 0.19,
CHCIy); Determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (major) = 11.47 min, t (minor) = 12.57 min] ;

'H NMR (400 MHz, CDCl3) & 8.01 (m, 2H), 7.62 (t, J = 7.6 Hz, 1H), 7.49 (t, J = 7.6 Hz,
2H), 7.32 (t, J = 7.6 Hz, 1H), 7.03 — 6.85 (m, 3H), 4.28 (d, J = 1.6 Hz, 1H), 4.06 (d, J = 1.6
Hz, 1H), 3.83 (s, 3H).

HRMS (ESI) calcd for [M+Na]* Ci6H14NaOs, m/z: 277.0835, observed: 277.0840.
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(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-(3-phenoxyphenyl)-1-phenylp
ropan-1-one (3i)

General procedure C; colorless oil; 42% yield, 93% ee, d.r. = 10:1; [a]o®* = -71 (c 0.11,
CH2Cl,); Determined by HPLC analysis [Daicel chiralpak I1C, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 7.37 min, t (major) = 9.18 min];

'H NMR (400 MHz, CDCls) § 7.84 (d, J = 7.2 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.40 (t,
J=17.6 Hz, 2H), 7.32 (m, 3H), 7.13 (t, J = 7.2 Hz, 1H), 7.01 (d, J = 7.6 Hz, 1H), 6.94 (m, 4H),
5.87 (s, 1H), 5.60 (d, J = 5.6 Hz, 1H), 3.90 (s, 1H), 2.45 (d, J = 20.2 Hz, 6H).

13C NMR (100 MHz, CDCls) 6 198.81, 157.75, 156.43, 146.16, 140.84, 136.79, 134.85,
133.87, 130.10, 129.85, 129.03, 128.44, 123.78, 122.75, 119.21, 118.70, 118.35, 74.72, 64.17,
14.19, 11.35.

HRMS (ESI) calcd for [M+Na]™ CosH23N3NaOs, m/z: 480.1530, observed: 480.1536.
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(2R,3S)-(3-(3-phenoxyphenyl)oxiran-2-yl)(phenyl)methanone (3i)
General procedure C; White solid; 52% yield, 83% ee, > 99:1 d.r.; [a]p® = -130 (c 0.30,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 13.32 min, t (major) = 25.54 min];

IH NMR (400 MHz, CDCls) & 8.00 (d, J = 7.6 Hz, 2H), 7.61 (d, J = 7.2 Hz, 1H), 7.49 (t, J
= 7.6 Hz, 2H), 7.36 (m, 3H), 7.12 (m, 2H), 7.02 (m, 4H), 4.25 (d, J = 1.6 Hz, 1H), 4.05 (d, J =

1.6 Hz, 1H).

HRMS (ESI) calcd for [M+Na]" C21H1sNaOs, m/z: 339.0992, observed: 339.0996.
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(2S,3S)-3-(3-chlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenylpro
pan-1-one (3j)
General procedure C; colorless oil; 32% yield, 97% ee, > 19:1 d.r.; [a]o® = -44 (c 0.10,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 6.35 min, t (major) = 8.19 min];

'H NMR (400 MHz, CDCls3) § 7.90 — 7.82 (m, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.42 (t, J =
7.6 Hz, 2H), 7.37 — 7.27 (m, 3H), 7.22 (d, J = 7.2 Hz, 1H), 5.88 (t, J = 6.0 Hz, 1H), 5.60 (d, J
=6.0 Hz, 1H), 3.85 (d, J = 6.4 Hz, 1H), 2.47 (d, J = 11.2 Hz, 6H).

13C NMR (100 MHz, CDCl3) § 198.76, 146.40, 140.79, 136.91, 134.76, 134.67, 134.03,
130.00, 129.17, 128.99, 128.49, 126.59, 74.45, 63.76, 14.23, 11.34.

HRMS (ESI) calcd for [M+Na]* C2H1s**CINsNaOs, m/z: 422.0879, observed: 422.0883;
C20H1837CIN3NaO4, m/z; 4240849, observed: 424.0868
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(2R,3S)-(3-(3-chlorophenyl)oxiran-2-yl)(phenyl)methanone (1j)

General procedure C; White solid; 63% vyield, 54% ee, > 99:1 d.r.; [a]o® = -100 (c 0.29,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 10.22 min, t (minor) = 18.65 min];
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IH NMR (400 MHz, CDCls) & 8.00 (d, J = 7.6 Hz, 2H), 7.63 (t, J = 7.2 Hz, 1H), 7.50 (t, J
= 7.6 Hz, 2H), 7.39 — 7.30 (m, 3H), 7.29 — 7.23 (m, 1H), 4.26 (d, J = 1.6 Hz, 1H), 4.06 (d, J =
1.2 Hz, 1H).

HRMS (ESI) calcd for [M+K]* CisH11*CIKO,, m/z: 297.0080, observed: 297.0087;
[M+K]* C1sH11*"CIKO2, m/z: 299.0050, observed: 299.0053.
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(2S,3S)-3-(3,5-dichlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenyl
propan-1-one (3k)

General procedure C; colorless oil; 28% yield, 98% ee, > 19:1 d.r.; [a]o® = -17 (c 0.11,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (minor) = 9.14 min, t (major) = 12.94 min];

IH NMR (400 MHz, CDCls) & 7.87 (d, J = 7.2 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.50 —
7.37 (m, 4H), 7.21 (m, 1H), 5.85 (t, J = 6.0 Hz, 1H), 5.58 (d, J = 6.0 Hz, 1H), 3.92 (d, J = 6.4
Hz, 1H), 2.47 (d, J = 10.1 Hz, 6H).

13C NMR (100 MHz, CDCls) & 198.69, 146.60, 140.75, 135.06, 134.49, 134.19, 133.34,
133.01, 130.65, 130.43, 129.00, 128.52, 127.80, 74.40, 63.14, 14.22, 11.33.

HRMS (ESI) calcd for [M+Na]* C2oH17°Cl.NsNaOQs, m/z: 456.0489, observed: 456.0488;
[M+Na]* C20H173"CloN3NaO4, m/z: 458.0459, observed: 456.046.
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(2R,35)-(3-(3,5-dichlorophenyl)oxiran-2-yl)(phenyl)methanone (1k)
General procedure C; White solid; 66% yield, 49% ee, > 99:1 d.r.; [a]o®® = -99 (c 0.35,
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CH.CI); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0

mL/min, A = 254 nm, t (major) = 9.89 min, t (minor) = 12.31 min];

'H NMR (400 MHz, CDCls) & 8.00 (d, J = 7.6 Hz, 2H), 7.64 (t, J = 7.2 Hz, 1H), 7.55 —

7.44 (m, 4H), 7.22 (m, 1H), 4.24 (d, J = 1.6 Hz, 1H), 4.06 (s, 1H).

HRMS (ESI) calcd for [M+Na]* CisH10**Cl,NaO,, m/z: 314.9951, observed: 314.9961;

[M+Na]* C1sH10°’Cl2NaO;, m/z: 316.9921, observed: 314.9935;
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(2S,3S)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-3-(4-fluoro-3-phenoxyphenyl)-2-hydroxy-1
-phenylpropan-1-one (3I)

General procedure C; colorless oil; 43% yield, 92% ee, > 19:1 d.r.; [a]o*® = -43 (¢ 0.33,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak I1C, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (minor) = 12.96 min, t (major) = 14.54 min];

'H NMR (400 MHz, CDCl3) 6 7.81 (d, J = 7.2 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.40 (t, J
=7.6 Hz, 2H), 7.32 (t, J = 8.0 Hz, 2H), 7.17 — 7.09 (m, 2H), 7.08 — 7.00 (m, 2H), 6.89 (d, J =
7.6 Hz, 2H), 5.80 (t, J = 5.6 Hz, 1H), 5.55 (d, J = 5.6 Hz, 1H), 3.97 (d, J = 6.0 Hz, 1H), 2.43
(d, J=18.0 Hz, 6H).

13C NMR (100 MHz, CDCls) 6 198.84, 156.73, 155.45, 152.95, 146.33, 144.04, 143.93,
140.74, 134.67, 134.03, 131.65, 131.61, 131.44, 129.80, 129.01, 128.47, 124.50, 124.43,
123.57,121.56, 117.50, 117.43, 117.24, 74.81, 63.59, 14.16, 11.33.

HRMS (ESI) calcd for [M+Na]* CasH22'®FN3NaOs, m/z: 498.1436, observed: 498.1442;
[M+Na]* Cz6H22*°FN3sNaOs, m/z: 499.1470, observed: 499.1475.
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(2R,3S)-(3-(4-fluoro-3-phenoxyphenyl)oxiran-2-yl)(phenyl)methanone (11)
General procedure C; White solid; 47% vyield, 88% ee, > 99:1 d.r.; [a]o® = -122 (¢ 0.32,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 10.88 min, t (minor) = 13.53 min];

IH NMR (400 MHz, CDCl3) & 7.99 (d, J = 7.6 Hz, 2H), 7.63 (t, J = 7.2 Hz, 1H), 7.49 (t, J

= 7.6 Hz, 2H), 7.35 (t, J = 8.0 Hz, 2H), 7.22 (m, 1H), 7.17 — 7.08 (m, 2H), 7.06 — 6.95 (m,
3H), 4.19 (d, J = 1.6 Hz, 1H), 4.01 (s, 1H).
HRMS (ESI) calcd for [M+Na]* CxHis®FNaOs, m/z: 357.0897, observed: 357.0902;
[M+Na]* C21H15®FNaOs, m/z: 358.0931, observed: 357.0938;
520
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(2S,3S)-1-(4-chlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenylpro
pan-1-one (3m)

General procedure C; White solid; 50% yield, 95% ee, > 19:1 d.r.; [a]po*® = -119 (c 0.21,
CH,CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A =254 nm, t (minor) = 16.73 min, t (major) = 18.11 min];

!H NMR (400 MHz, CDCls) & 7.80 (d, J = 8.4 Hz, 2H), 7.48 — 7.27 (m, 6H), 7.25 (s, 1H),
5.80 (t, J = 5.6 Hz, 1H), 5.71 (d, J = 5.6 Hz, 1H), 4.00 (d, J = 5.6 Hz, 1H), 2.49 (d, J = 8.0 Hz,
6H).

13C NMR (100 MHz, CDCls) § 197.52, 146.05, 140.94, 140.21, 134.78, 133.46, 130.63,
129.02, 128.90, 128.69, 128.13, 75.47, 64.23, 14.25, 11.36.

HRMS (ESI) calcd for [M+Na]* CzH1s*CINsNaO,, m/z: 422.0879, observed: 422.0884;
[M+Na]* C20H1s3’CINsNaO4, m/z: 424.0849, observed: 424.0869.
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(2R,3S)- (4-chlorophenyl)(3-phenyloxiran-2-yl)methanone (1m)
General procedure C; White solid; 49% yield, > 99% ee, > 99:1 d.r.; [a]o® = -214 (c 0.16,
CHCl); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 95/5, 1.0
mL/min, A = 254 nm, t (major) = 9.93 min];

'H NMR (400 MHz, CDCls3) 8 7.96 (d, J = 8.4 Hz, 2H), 7.45 (t, J = 7.2 Hz, 2H), 7.38 (m,
5H), 4.23 (d, J = 1.6 Hz, 1H), 4.07 (d, J = 1.2 Hz, 1H);

HRMS (ESI) calcd for [M+Na]* CisH1:*°CINaO,, m/z: 281.0340, observed: 281.0346;
[M+Na]* C15H1:*’CINaO,, m/z: 283.0311, observed: 281.0329.
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(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-1-(4-fluorophenyl)-2-hydroxy-3-phenylpro
pan-1-one (3n)

General procedure C; White solid; 51% yield, 95% ee, > 19:1 d.r.; [a]o* = -61 (c 0.10,
CH.CI,); Determined by HPLC analysis [Daicel chiralpak I1C, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (minor) = 9.16 min, t (major) = 9.87 min];

'H NMR (400 MHz, CDCl3) 8 7.91 (m, 2H), 7.46 — 7.20 (m, 5H), 7.06 (t, J = 8.4 Hz, 2H),
5.82 (t, J = 5.6 Hz, 1H), 5.70 (d, J = 5.6 Hz, 1H), 3.96 (d, J = 5.6 Hz, 1H), 2.48 (d, J = 10.0
Hz, 6H).

13C NMR (100 MHz, CDCls) 6 197.08, 167.29, 164.74, 146.04, 140.90, 134.85, 132.07,
131.97, 131.50, 128.99, 128.88, 128.17, 115.68, 115.46, 75.27, 64.28, 14.22, 11.33.

HRMS (ESI) calcd for [M+Na]* CzH1s®FN3NaOs, m/z: 406.1174, observed: 406.1176;

[M+Na]* Ca0H1s'*FN3sNaOs, m/z: 407.1208, observed: 407.1216.
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(2R,3S)- (4-fluorophenyl)(3-phenyloxiran-2-yl)methanone (1n)
General procedure C; White solid; 49% yield, > 99% ee, > 99:1 d.r.; [a]o® = -187 (¢ 0.23,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 9.40 min];

IH NMR (400 MHz, CDCls) & 8.13 — 7.98 (m, 2H), 7.48 — 7.29 (m, 5H), 7.17 (t, J = 8.4
Hz, 2H), 4.24 (d, J = 1.6 Hz, 1H), 4.08 (d, J = 1.6 Hz, 1H);

HRMS (ESI) calcd for [M+Na]* CisH11®FNaO,, m/z: 265.0635, observed: 265.0639;
[M+Na]* C15H11°FNaO,, m/z: 266.0669, observed: 265.0678.
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(2S,3S)-1-(4-bromophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenylpro
pan-1-one (30)

General procedure C; White solid; 51% yield, 96% ee, > 19:1 d.r.; [a]o® = -83 (¢ 0.05,
CH.Cly); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (minor) = 9.96 min, t (major) = 10.84 min];

'H NMR (400 MHz, CDCls) 6 7.72 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.39 —
7.28 (m, 3H), 7.26 (t, J = 2.8 Hz, 2H), 5.99 — 5.55 (m, 2H), 4.01 (d, J = 5.6 Hz, 1H), 2.49 (d,
J=7.2 Hz, 6H).

13C NMR (100 MHz, CDCls) § 197.74, 146.05, 140.94, 134.76, 133.89, 131.68, 130.68,
129.03, 128.98, 128.91, 128.12, 75.50, 64.22, 14.25, 11.36.

HRMS (ESI) calcd for [M+Na]* C20H1s"°BrN3sNaOs, m/z: 466.0373, observed: 466.0382;
[M+Na]* C20H1s¥BrNsNaOQ4, m/z: 468.0353, observed: 466.0375.
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(2R,3S)-(4-bromophenyl)(3-phenyloxiran-2-yl)methanone (10)
General procedure C; White solid; 47% yield, > 99% ee, > 99:1 d.r.; [a]o® = -126 (c 0.29,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 10.38 min];

IH NMR (400 MHz, CDCls) & 7.89 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.38 (m,
5H), 4.22 (d, J = 1.6 Hz, 1H), 4.07 (d, J = 1.2 Hz, 1H);
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HRMS (ESI) calcd for [M+Na]* CisH11"°BrNaO,, m/z: 324.9835, observed: 324.9838;
[M+Na]* C15H1:3BrNaO,, m/z: 326.9815, observed: 324.9824.
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(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenyl-1-(p-tolyl)propan-1-on

e (3p)

General procedure C; colorless oil; 48% yield, 82% ee, > 19:1 d.r.; [a]o®

-63 (¢ 0.11,

CHCLl); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 8.04 min, t (major) = 14.31 min];

'H NMR (400 MHz, CDCls) 6 7.77 (d, J = 8.4 Hz, 2H), 7.40 — 7.27 (m, 5H), 7.21 (d, J =
8.0 Hz, 2H), 5.91 (t, J = 6.0 Hz, 1H), 5.60 (d, J = 6.0 Hz, 1H), 3.75 (d, J = 6.4 Hz, 1H), 2.43
(d, J=24.4 Hz, 9H).

13C NMR (100 MHz, CDCls) § 198.46, 146.13, 145.13, 140.74, 134.89, 132.14, 129.19,
129.11, 128.92, 128.79, 128.31, 74.25, 64.57, 21.76, 14.27, 11.36.

HRMS (ESI) calcd for [M+Na]* C21H21N3NaO4, m/z: 402.1424, observed: 402.1428.
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8.043 1005501 9.00
14.307 10171377 91.00

~0
1p

(2R,3S)-(3-phenyloxiran-2-yl)(p-tolyl)methanone (1p)

General procedure C; White solid; 42% yield, 90% ee, > 99:1 d.r.; [a]p® = -153 (c 0.24,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 14.25 min, t (minor) = 19.64 min];
'H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 8.0 Hz, 2H), 7.47 — 7.33 (m, 5H), 7.32 — 7.23
(m, 2H), 4.28 (d, J = 1.6 Hz, 1H), 4.07 (d, J = 1.2 Hz, 1H), 2.42 (s, 3H);
HRMS (ESI) calcd for [M+Na]* C16H14NaO2, m/z: 261.0886, observed: 261.0887.
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(2S,3S)-1-([1,1'-biphenyl]-4-yl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-pheny

Ipropan-1-one (3q)

General procedure A; White solid; 46% yield, 95% ee, > 19:1 d.r.; [a]o® =

-131 (c 0.12,

CH.CI,); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 9.02 min, t (major) = 11.99 min];

'H NMR (400 MHz, CDCls) § 7.93 (d, J = 8.4 Hz, 2H), 7.61 (m, 4H), 7.52 — 7.28 (m, 8H),
5.94 (t, J = 6.0 Hz, 1H), 5.68 (d, J = 5.6 Hz, 1H), 3.88 (d, J = 6.0 Hz, 1H), 2.48 (d, J = 10.0

Hz, 6H).

13C NMR (100 MHz, CDCls) & 198.42, 146.61, 146.12, 140.85, 139.61, 134.88, 133.52,
129.64, 129.03, 128.96, 128.85, 128.48, 128.27, 127.31, 127.08, 74.79, 64.50, 14.30, 11.40.
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HRMS (ESI) calcd for [M+Na]* CzsH2:N3NaO., m/z: 464.1581, observed: 464.1590.
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(2R,39)-[1,1'-biphenyl]-4-yl(3-phenyloxiran-2-yl)methanone (1q)

General procedure A; White solid; 50% yield, 89% ee, > 99:1 d.r.; [a]po®® = -151 (c 0.23,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 17.96 min, t (minor) = 23.10 min];

IH NMR (400 MHz, CDCl3) & 8.10 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.62 (d,
J=7.2 Hz, 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.45 — 7.36 (m, 6H), 4.33 (d, J = 1.6 Hz, 1H), 4.11
(d, J=1.2 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* C21H1sNaO2, m/z: 323.1043, observed: 323.1047.
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(2S,3S)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenyl-1-(4-(trifluoromethyl)
phenyl)propan-1-one (3r)
General procedure B; colorless oil; 50% vyield, 97% ee, > 19:1 d.r.; [a]o** = -93 (¢ 0.20,
CHCl); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 95/5, 1.0
mL/min, A = 254 nm, t (minor) = 10.94 min, t (major) = 12.02 min];
'H NMR (400 MHz, CDCls) 6 7.89 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H), 7.35 —
7.28 (m, 3H), 7.24 (m, 2H), 5.77 (d, J = 5.2 Hz, 2H), 4.16 (s, 1H), 2.50 (d, J = 10.4 Hz, 6H).
13C NMR (101 MHz, CDCls) § 198.09, 146.01, 141.02, 138.26, 134.67, 134.35, 131.57,
129.47, 129.07, 128.95, 128.02, 125.24, 125.20, 124.81, 122.10, 76.20, 64.19, 14.20, 11.34.
HRMS (ESI) calcd for [M+Na]* Ca1Hi1s®F3sNsNaO., m/z: 456.1142, observed: 456.1150;
[M+Na]* C21H1s*F3N3sNaO4, m/z: 457.1176, observed: 456.1170.

0.020]
& @
Y S
2 o010 S g
00007
1 4 . e

Retention Time Area % Area
10.834 638608 49.56
11.783 649828 50.44

AU
°
©
&
8]
8
£ 1410946
8
&1 12,017
8
]
8

Retention Time Area % Area
10.946 191652 1.49
12.017 12643015 98.51

o

caneUL
¢

(2R,3S)-(3-phenyloxiran-2-yl)(4-(trifluoromethyl)phenyl)methanone (1r)
General procedure B; White solid; 49% yield, > 99% ee, > 99:1 d.r.; [a]p*® = -128 (¢ 0.23,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 6.97 min, t (minor) = 8.88 min];

IH NMR (400 MHz, CDCls) & 8.13 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.38 (m,
5H), 4.26 (d, J = 1.6 Hz, 1H), 4.09 (d, J = 1.2 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* CisH11®FsNaO,, m/z: 315.0603, observed: 315.0609;
[M+K]* C16H11'°FsNaO,, m/z: 332.0377, observed: 332.0379.
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we did three parallel tests by using substrate 1r to confirm the s value.

O,N
H L5-Sc(0Tf); /Z_(
N (5 mol / 2: 1
N SAws chch MS, CH,Cl, VK@\
OH

Yield [%] ee [%]
entry S
1r 3r 1r 3r
1 50 50 97.3 97.4 329
2 50 50 96.5 98.0 404
3 49 50 99.1 97.1 367

B OMe
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(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-(3-methoxyphenyl)-3-phenylp
ropan-1-one (3s)
General procedure C; colorless oil; 49% yield, 91% ee, > 19:1 d.r.; [a]o** = -33 (¢ 0.07,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 9.36 min, t (major) = 16.28 min];

IH NMR (400 MHz, CDCls) 6 7.45 (d, J = 7.6 Hz, 1H), 7.38 — 7.27 (m, 7H), 7.10 (m, 1H),
5.89 (d, J=4.8 Hz, 1H), 5.63 (d, J = 6.0 Hz, 1H), 3.81 (s, 4H), 2.47 (s, 6H).

13C NMR (100 MHz, CDCls) 6 193.08, 159.38, 146.14, 146.12, 140.79, 136.11, 134.86,
129.49, 128.97, 128.83, 128.27, 121.47, 120.16, 113.45, 74.66, 64.51, 55.47, 14.25, 11.37.

HRMS (ESI) calcd for [M+Na]* C21H21NsNaOs, m/z: 418.1373, observed: 418.1378.
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(2R,35)-(3-methoxyphenyl)(3-phenyloxiran-2-yl)methanone (1s)
General procedure C; colorless oil; 47% yield, 95% ee, > 99:1 d.r.; [a]p?® = -180 (c 0.11,
CHCl); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 14.27 min, t (minor) = 18.18min];
'H NMR (400 MHz, CDCl3) 6 7.57 (m, 1H), 7.52 (d, J = 1.6 Hz, 1H), 7.42 — 7.33 (m, 6H),
7.18 - 7.12 (m, 1H), 4.27 (d, J = 1.6 Hz, 1H), 4.06 (d, J = 1.6 Hz, 1H), 3.84 (d, J = 1.2 Hz,

3H).

HRMS (ESI) calcd for [M+Na]* CisH14NaOs, m/z: 277.0835, observed: 277.0844.
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(2S,3S)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenyl-1-(m-tolyl)propan-1-o0
ne (3t)

General procedure C; White solid; 46% yield, 90% ee, > 99:1 d.r.; [a]o® = -41 (c 0.20,
CH.Cly); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 7.28 min, t (major) = 10.61 min];

'H NMR (400 MHz, CDCls) 6 7.76 — 7.52 (m, 2H), 7.42 — 7.27 (m, 7H), 5.91 (t, J = 6.0
Hz, 1H), 5.61 (d, J = 6.0 Hz, 1H), 3.78 (d, J = 6.4 Hz, 1H), 2.77 — 2.18 (m, 9H).

13C NMR (100 MHz, CDCls) § 199.17, 146.11, 140.78, 138.40, 134.91, 134.82, 134.68,

129.39, 128.93, 128.80, 128.35, 128.29, 126.17, 74.40, 64.53, 21.30, 14.28, 11.36.
HRMS (ESI) calcd for [M+Na]* Ca1H21N3sNaO4, m/z: 402.1424, observed: 402.1424.
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(2R,35)-(3-phenyloxiran-2-yl)(m-tolyl)methanone (1t)
General procedure C; White solid; 47% yield, 89% ee, > 99:1 d.r.; [a]o®® = -138 (c 0.25,
CH2Cl); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 12.72 min, t (major) = 13.72 min];
'H NMR (400 MHz, CDCls3) & 7.91 — 7.68 (m, 2H), 7.48 — 7.31 (m, 7H), 429 (d, J = 1.6
Hz, 1H), 4.07 (d, J = 1.2 Hz, 1H), 2.40 (s, 3H).
HRMS (ESI) calcd for [M+Na]*™ C16H12NaO,, m/z: 261.0886, observed: 261.0896.
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(2S,3S)-1-(3-chlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenylpro
pan-1-one (3u)
General procedure C; colorless oil; 46% yield, 85% ee, > 19:1 d.r.; [a]o® = -47 (c 0.15,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 6.43 min, t (minor) = 8.57 min];

IH NMR (400 MHz, CDCls) & 7.80 (d, J = 1.6 Hz, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.50 (m,
1H), 7.34 (m, 4H), 7.31 — 7.27 (m, 2H), 5.79 (t, J = 5.2 Hz, 1H), 5.69 (d, J = 5.6 Hz, 1H),
3.98 (d, J =5.2 Hz, 1H), 2.50 (t, J = 4.8 Hz, 6H).

13C NMR (100 MHz, CDCls) 6 197.65, 146.12, 140.91, 136.69, 134.73, 134.62, 133.50,
129.65, 129.29, 129.08, 128.92, 128.14, 127.17, 75.49, 64.23, 14.24, 11.34.

HRMS (ESI) calcd for [M+Na]* CoH15**CIN3NaO4, m/z: 422.0879, observed: 422.0885;
[M+Na]* C20H1s3’CINsNaO4, m/z: 424.0849, observed: 424.0869.
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(2R,3S)-(3-chlorophenyl)(3-phenyloxiran-2-yl)methanone (1u)
General procedure C; White solid; 49% yield, 87% ee, > 99:1 d.r.; [a]p®® = -157 (c 0.14,
CH.CI,); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 9.89 min, t (minor) = 12.16 min];

H NMR (400 MHz, CDCl3) 6 7.99 (s, 1H), 7.89 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 8.0 Hz,
1H), 7.47 - 7.32 (m, 6H), 4.24 (d, J = 1.6 Hz, 1H), 4.08 (s, 1H).

HRMS (ESI) calcd for [M+Na]* CisH1:**CINaO,, m/z: 281.0340, observed: 281.0347
[M+Na]* C15H1:3"CINaO, m/z: 283.0311, observed: 283.0325.
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(2S,3S)-1-(3,4-dichlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenyl
propan-1-one (3v)
General procedure B; White solid; 48% vyield, 95% ee, > 99:1 d.r.; [a]p®* = -116 (c 0.30,
CH.CI,); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 8.05 min, t (major) = 9.61 min];

'H NMR (400 MHz, CDCls) 6 7.92 (d, J = 1.6 Hz, 1H), 7.68 (m, 1H), 7.45 (d, J = 8.4 Hz,
1H), 7.37 - 7.29 (m, 3H), 7.25 (m, 2H), 5.73 (s, 2H), 4.20 (s, 1H), 2.51 (d, J = 2.4 Hz, 6H).

13C NMR (100 MHz, CDCls) & 196.57, 146.08, 141.01, 138.16, 134.84, 134.62, 132.92,
131.37,130.39, 129.14, 128.97, 128.32, 128.06, 76.16, 64.12, 14.23, 11.34.
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HRMS (ESI) calcd for [M+Na]* C2oH17°Cl.N3sNaOs, m/z: 456.0489, observed: 456.0496;

[M+Na]* C2H173"CloN3NaO4, m/z: 458.0459, observed: 458.0470.
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(2R,3S)-(3,4-dichlorophenyl)(3-phenyloxiran-2-yl)methanone (1v)
General procedure B; White solid; 49% vyield, 96% ee, > 99:1 d.r.; [a]p* = -137 (c 0.19,

CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (major) = 9.12 min, t (minor) = 11.48 min];

IH NMR (400 MHz, CDCls) & 8.12 (d, J = 2.0 Hz, 1H), 7.86 (m, 1H), 7.58 (d, J = 8.4 Hz,

1H), 7.48 — 7.31 (m, 5H), 4.19 (d, J = 1.6 Hz, 1H), 4.08 (d, J = 1.6 Hz, 1H);

HRMS (ESI) calcd for [M+Na]* CisH10**Cl,NaO,, m/z: 314.9951, observed: 314.9951;

[M+Na]* C1sH10*’CloNaO,, m/z: 316.9921, observed: 316.9932
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(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-(haphthalen-2-yl)-3-phenylpro
pan-1-one (3w)

General procedure C; White solid; 48% vyield, 83% ee, > 19:1 d.r.; [a]o® = -117 (c 0.25,
CH.Cly); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 8.61 min, t (major) = 11.25 min];

'H NMR (400 MHz, CDCls) & 8.37 (s, 1H), 8.06 — 7.77 (m, 4H), 7.58 (m, 2H), 7.34 (s,
5H), 6.05 (t, J = 6.0 Hz, 1H), 5.68 (d, J = 6.0 Hz, 1H), 3.90 (d, J = 6.0 Hz, 1H), 2.43 (d, J =
38.0 Hz, 6H).

13C NMR (101 MHz, CDCls) § 190.78, 146.12, 141.03, 140.64, 135.84, 135.35, 134.42,
128.82, 128.68, 128.20, 127.92, 77.65, 64.32.

HRMS (ESI) calcd for [M+Na]* C24H21N3sNaO4, m/z: 438.1424, observed: 438.1432.
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(2R,3S)-naphthalen-2-yl(3-phenyloxiran-2-yl)methanone (1w)

General procedureC; White solid; 47% vyield, 79% ee, > 99:1 d.r.; [a]o** = -110 (c 0.23,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 16.49 min, t (minor) = 21.01 min,];

'H NMR (400 MHz, CDCls) & 8.54 (s, 1H), 8.03 (d, J = 8.4 Hz, 1H), 7.96 — 7.80 (m, 3H),
7.57 (m, 2H), 7.41 (s, 5H), 4.42 (d, J = 1.6 Hz, 1H), 4.14 (d, J = 12 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* C19H14NaO,, m/z: 297.0886, observed: 297.0886.
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(2S,35)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenyl-1-(thiophen-2-yl)propa
n-1-one (3x)
General procedure C; colorless oil; 35% yield, 82% ee, > 19:1 d.r.; [a]p** = -117 (c 0.25,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 10.18 min, t (major) = 12.43 min];

IH NMR (400 MHz, CDCl3) § 7.94 (d, J = 3.6 Hz, 1H), 7.65 (d, J = 4.8 Hz, 1H), 7.28 (d,
J = 2.4 Hz, 3H), 7.23 (d, J = 3.2 Hz, 2H), 7.04 (t, J = 4.4 Hz, 1H), 5.80 (d, J = 4.0 Hz, 1H),
5.60 (t, J = 4.0 Hz, 1H), 4.63 (d, J = 4.4 Hz, 1H), 2.52 (d, J = 22.6 Hz, 6H).

13C NMR (100 MHz, CDCls) 6 198.83, 146.14, 140.80, 135.80, 135.00, 132.13, 132.02,
131.44,129.70, 129.08, 128.99, 128.85, 128.41, 128.31, 127.81, 126.98, 124.09, 74.67, 64.64,
14.23, 11.35.

HRMS (ESI) calcd for [M+Na]*™ C1gH17N3NaO.S, m/z: 394.0832, observed: 394.0833.
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(2R,35)-(3-phenyloxiran-2-yl)(thiophen-2-yl)methanone (1x)
General procedure C; White solid; 65% vyield, 44% ee, > 99:1 d.r.; [a]o® = -110 (c 0.24,
CH.CI); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 11.92 min, t (minor) = 17.85 min,];

'H NMR (400 MHz, CDCl3) 6 8.01 (d, J = 3.6 Hz, 1H), 7.74 (d, J = 4.8 Hz, 1H), 7.36 (m,
5H), 7.18 (t, J = 4.4 Hz, 1H), 4.17 (d, J = 1.6 Hz, 1H), 4.07 (d, J = 1.6 Hz, 1H);

HRMS (ESI) calcd for [M+Na]* C13H10NaO-S, m/z: 253.0294, observed: 253.0296.
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5. General procedure for the Ring-Opening reaction of different pyrazoles (2)

General procedure D for the reaction of pyrazoles 2:
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In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.01 mmol, 6.6 mg),
Sc(OTf)3 (0.005 mmol, 2.5 mg), and the 3 A MS (30 mg) in CHCl, (0.5 mL) were stirred at
35°C for 30 min. Then, epoxide (-1 (0.1 mmol) and pyrazole 2 (0.2 mmol) were added to
the reaction mixture at 35 °C. The reaction was stirred at 35 °C for 22-26 h. After 50%
consumption of the starting materials, the mixture was directly purified by column
chromatography on silica gel (petroleum ether : ethyl acetate =5 : 1) to afford 3 and 1. The
product was determined by HPLC and NMR analysis.

General procedure E for the reaction of pyrazoles 2:
R4 Rs

L e L DU
P, I e A et
()1 2a-2e 3 1

In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.01 mmol, 6.6 mg),
Sc(OTf); (0.005 mmol, 2.5 mg), and the 3 A MS (30 mg) in CH2Cl, (0.5 mL) were stirred at
25°C for 30 min. Then, epoxide (-1 (0.1 mmol) and pyrazole 2 (0.2 mmol) were added to
the reaction mixture at 25 °C. The reaction was stirred at 25 °C for 25 h. After 50%
consumption of the starting materials, the mixture was directly purified by column
chromatography on silica gel (petroleum ether : ethyl acetate =5 : 1) to afford 3 and 1. The
product was determined by HPLC and NMR analysis.

General procedure F for the reaction of pyrazoles 2:
R4 Rs

Rs N L5Se(0TNs /&_\(
/ﬁi [N _(omow 21 N /Q)L
+ /
RN OR, TR, 3AMS, CHyCly M

Rs 35°C, t (h)

()1 2a-2e 1

In a test tube with a magnetic stirring bar, N,N-dIOXIde L5 (0.02 mmol, 13.2 mg),
Sc(OTf); (0.01 mmol, 4.9 mg), and the 3 A MS (30 mg) in CH2Cl, (0.5 mL) were stirred at 35
°C for 30 min. Then, epoxide (-1 (0.1 mmol) and pyrazole 2 (0.2 mmol) were added to the
reaction mixture at 35 °C. The reaction was stirred at 35 °C for 22-26 h. After 50%
consumption of the starting materials, the mixture was directly purified by column
chromatography on silica gel (petroleum ether : ethyl acetate =5 : 1) to afford 3 and 1. The
product was determined by HPLC and NMR analysis.

6. The analytical and spectral characterization data of the products (3)

Br,

J\
_N
N 0 3ab

L0
(2S,3S)-3-(4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)-2-hydroxy-1,3-diphenylpropan-1-one
(3ab)
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General procedure E; White solid; 49% vyield, 90% ee, > 19:1 d.r.; [a]o** = -49(c 0.16,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (minor) = 4.63 min, t (major) = 6.14 min];

IH NMR (400 MHz, CDCl3) § 7.83 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.38 (t, J
=7.6 Hz, 2H), 7.31 — 7.26 (m, 3H), 7.20 (m, 2H), 5.86 (d, J = 4.0 Hz, 1H), 5.62 (d, J = 4.4 Hz,
1H), 4.61 (s, 1H), 2.18 (s, 3H), 2.04 (s, 3H).

13C NMR (101 MHz, CDCls) § 199.67, 146.19, 137.81, 135.88, 135.27, 133.40, 129.05,
128.47, 128.33, 128.24, 128.23, 95.04, 76.23, 64.54, 12.41, 10.29.

HRMS (ESI) calcd for [M+Na]* Ca0H1o"°BrN2NaO,, m/z: 421.0523, observed: 421.0523;
[M+Na]* C20H1®BrN,NaO, m/z: 423.0502, observed: 423.0511.

Retention Time Area % Area
4.635 1941989 49.65
6.136 1969559 50.35
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(2R,3S)-phenyl(3-phenyloxiran-2-yl)methanone (1ab)
General procedure E; White solid; 50% vyield, 91% ee, > 99:1 d.r.; [a]p* = -183 (c 0.23,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 11.90 min, t (minor) = 15.79 min];

IH NMR (400 MHz, CDCls) & 8.01 (m, 2H), 7.68 — 7.58 (m, 1H), 7.49 (m, 2H), 7.45 —
7.33 (m, 5H), 4.30 (d, J = 2.0 Hz, 1H), 4.08 (d, J = 1.6 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* C1sH12NaO,, m/z: 247.0730, observed: 247.0732.

Retention Time Area % Area
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3-(3,5-dimethyl-1H-pyrazol-1-yl)-2-hydroxy-3-(4-phenoxyphenyl)-1-phenylpropan-1-one

(3gc)

General procedure D; colorless oil; 40% yield, 88% ee, d.r. = 12:1; [a]p?’ = -62 (c 0.28,
CHCI;) Determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (minor) = 14.20 min, t (major) = 16.66 min];

'H NMR (400 MHz, CDCl3) 6 7.87 (d, J = 7.6 Hz, 2H), 7.52 (s, 1H), 7.43 — 7.23 (m, 5H),
7.15(d, J=8.4 Hz, 2H), 7.09 (d, J = 7.2 Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.4 Hz,
2H), 5.81 — 5.73 (m, 2H), 5.63 (d, J = 3.6 Hz, 1H), 2.21 (s, 3H), 2.07 (s, 3H).

13C NMR (100 MHz, CDCls) § 199.86, 157.10, 156.85, 147.52, 139.61, 135.70, 133.17,
131.12, 129.73, 129.71, 129.27, 128.17, 123.42, 119.10, 118.40, 105.48, 77.72, 62.68, 13.57,

11.01.

HRMS (ESI) calcd for [M+Na]* CasH22N2NaOs, m/z: 435.1679, observed: 435.1684.
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(3-(4-phenoxyphenyl)oxiran-2-yl)(phenyl)methanone (1gc)

General procedure D; White solid; 49% yield, 90% ee, > 99:1 d.r.; [a]o'® = -86 (c 0.24,
CH.CIy); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (major) = 24.05 min, t (minor) = 25.55 min];

'H NMR (400 MHz, CDCl3) 6 8.02 (d, J = 7.6 Hz, 2H), 7.62 (d, J = 7.6 Hz, 1H), 7.50 (t, J
= 7.6 Hz, 2H), 7.35 (m, 4H), 7.14 (t, J = 7.2 Hz, 1H), 7.03 (m, 4H), 4.30 (d, J = 1.6 Hz, 1H),
4.06 (d, J = 1.2 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* C21H1sNaOs, m/z: 339.0992, observed: 339.0990.
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2-hydroxy-3-(4-nitro-1H-pyrazol-1-yl)-3-phenyl-1-(4-(trifluoromethyl)phenyl)propan-1-one
(3rd)

General procedure F; White solid; 44% yield, 95% ee, > 19:1 d.r.; [a]p?’ = -33 (¢ 0.25,
CH,CI,) Determined by HPLC analysis [Daicel chiralpak I1C, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A = 254 nm, t (minor) = 9.52 min, t (major) = 11.19 min];

'H NMR (400 MHz, CDCls) & 8.39 (s, 1H), 8.13 (s, 1H), 7.99 (d, J = 8.0 Hz, 2H), 7.79 (d,
J=8.4 Hz, 2H), 7.35 (m, 3H), 7.15 (d, J = 7.6 Hz, 2H), 6.05 (d, J = 2.0 Hz, 1H), 5.79 (d, J =
3.2 Hz, 1H), 3.94 (s, 1H).

3C NMR (101 MHz, CDCls) & 196.82, 136.61, 135.93, 131.83, 129.97, 129.31, 129.14,
129.07, 128.52, 126.26, 126.22, 124.60, 77.34, 77.02, 76.70, 75.15, 68.73, 31.93, 29.70, 29.37,
22.70, 14.12.
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HRMS (ESI) calcd for [M+Na]* CioH14®F3N3sNaO., m/z: 428.0829, observed: 428.0833;
[M+Na]* C19H14*°F3N3sNaO4, m/z: 429.0863, observed: 429.0872.
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(3-phenyloxiran-2-yl)(4-(trifluoromethyl)phenyl)methanone (1rd)
General procedure D; White solid; 50% yield, 90% ee, > 99:1 d.r.; [a]p*® = -120 (c 0.15,
CH.CLI); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 6.43 min, t (minor) = 8.12 min,];

'H NMR (400 MHz, CDCl3) 6 8.13 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.38 (m,
5H), 4.26 (d, J = 1.6 Hz, 1H), 4.09 (d, J = 1.2 Hz, 1H).

HRMS (ESI) calcd for [M+Na]* CisH11®FsNaO2, m/z: 315.0603, observed: 315.0609;
[M+K]* C16H11'°FsNaO,, m/z: 332.0377, observed: 332.0379.

Retention Time Area % Area
6.436 1679737 49.97
8.122 1682041 50.03

o’ - /SM ““““““ B
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Retention Time Area % Area
6.456 3087726 95.00
8.156 162664 5.00

2-hydroxy-3-phenyl-3-(1H-pyrazol-1-yl)-1-(4-(trifluoromethyl)phenyl)propan-1-one (3re)
General procedure D; colorless oil; 40% yield, 57% ee, > 19:1 d.r.; [a]o?’ = -19 (¢ 0.21,
CHCI); Determined by HPLC analysis [Daicel chiralpak Id, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 6.60 min, t (minor) = 9.04 min];

'H NMR (400 MHz, CDCls) & 7.95 (d, J = 8.0 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.56 (m,
2H), 7.36 — 7.23 (m, 4H), 7.16 (m, 2H), 6.27 (t, J = 2.0 Hz, 1H), 5.94 (d, J = 3.6 Hz, 1H),
5.83 (d, J = 3.6 Hz, 1H).

13C NMR (101 MHz, CDCls) 6 198.53, 139.51, 137.59, 134.86, 129.94, 129.28, 128.82,
128.56, 128.31, 125.67, 125.64, 106.08, 67.32.

HRMS (ESI) calcd for [M+Na]* CiosHi15®F3sN2NaO,, m/z: 383.0978, observed: 383.0984;
[M+Na]* C19H15*°F3N2NaO2, m/z: 384.1012, observed: 384.1034.
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©
e
0.04- ©
~ L
0.

AU

R e e e A e B e A A e e e T L e e e B L e e e e e e L A e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

Retention Time Area % Area

6.562 394272 50.05

8.917 393517 49.95
010]
’ 1o T 2bo 3bo’ abo sh T ebo 76 sooMnmEsiu\ 00 1o 1200 | 1300 140 1500 1600
Retention Time Area % Area

6.603 1709366 78.32

9.049 473270 21.68

o]

~0
SRaeUL
£

(3-phenyloxiran-2-yl)(4-(trifluoromethyl)phenyl)methanone (1re)
General procedure D; White solid; 50% yield, 84% ee, > 99:1 d.r.; [a]p!® = -107 (c 0.16,
CH2Cl); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 6.43 min, t (minor) = 8.12 min,];

'H NMR (400 MHz, CDCls) 6 8.13 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.38 (m,
5H), 4.26 (d, J = 1.6 Hz, 1H), 4.09 (d, J = 1.2 Hz, 1H);
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HRMS (ESI) calcd for [M+Na]* CisH11®FsNaO2, m/z: 315.0603,

observed: 315.06009;

[M+Na]* C16H11*°F3NaO,, m/z: 316.0637, observed: 316.0638.

T T
350 4.00

Retention Time Area % Area
6.436 1679737 49.97
8.122 1682041 50.03
A
Retention Time Area % Area
6.451 6172741 91.98
8.155 538005 8.02

e
;
N

N O 3n
F

f

3-(1H-benzo[d][1,2,3]triazol-1-yl)-1-(4-fluorophenyl)-2-hydroxy-3-phenylpropan-1-one (3nf)
General procedure D; colorless oil; 22% yield, 35% ee, > 19:1 d.r., s factor of 3.[a]p?® = -7
(c 0.15, CH.CI,);Determined by HPLC analysis [Daicel chiralpak Ic, n-hexane/i-PrOH =
90/10, 1.0 mL/min, A = 254 nm, t (minor) = 20.58 min, t (major) = 23.91 min];

IH NMR (400 MHz, CDCls) & 8.00 (d, J = 8.4 Hz, 1H), 7.94 — 7.87 (m, 2H), 7.38 — 7.27
(m, 8H), 7.06 (m, 2H), 6.29 — 6.18 (m, 2H), 3.82 (d, J = 6.4 Hz, 1H).

13C NMR (101 MHz, CDCls) 8 196.97, 134.09, 131.76, 131.66, 129.14, 128.82, 128.43,
127.72,124.28, 120.01, 116.07, 115.85, 110.20, 74.56, 65.33.

HRMS (ESI) calcd for [M+Na]* C21H16®FN3NaO2, m/z: 384.1119, observed: 384.1122;
[M+Na]* C21H16°FN3sNaO,, m/z: 385.1153, observed: 385.1214.

20.58!

T
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T
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T
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Retention Time Area % Area
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23.911 33370033 52.34
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Retention Time Area % Area
20.860 915917 32.83
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(4-fluorophenyl)(3-phenyloxiran-2-yl)methanone (1nf)

General procedure D; White solid; 50% yield, 34% ee, > 99:1 d.r.; [a]o®® = -78 (c 0.24,

T
18.00

T T T f T T T T T
20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00
Minutes

T
38.00

CHCl); Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 9.02 min, t (minor) = 12.32 min];
'H NMR (400 MHz, CDCl3) 6 8.12 —8.00 (m, 2H), 7.38 (m, 5H), 7.17 (m, 2H), 4.24 (d, J
= 1.6 Hz, 1H), 4.08 (d, J = 1.6 Hz, 1H).
HRMS (ESI) calcd for [M+Na]* CisH11'®FNaO,, m/z: 265.0636, observed: 265.0641;
[M+Na]* CisH11®FNaO,, m/z: 266.0669, observed: 266.0682.

40.00

1.00+

e
< 0504

N

0.00-

—
1.00

T
2.00

T
3.00 4.00

T
5.00

T
6.00 7.00

——
8.00

i e e A e e L B
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
Minutes

Retention Time Area % Area
10.136 16305463 50.06
13.659 16269563 49.94
R A
Retention Time Area % Area
9.018 32753780 66.95
12.319 16167391 33.05
O,N
Z;’\\N o 3ad

L0

2-hydroxy-3-(4-nitro-1H-pyrazol-1-yl)-1,3-diphenylpropan-1-one (3ad)
General procedure D; colorless oil; 28% yield, 90% ee; [a]o® = -21 (c 0.26,

CH.CI.);Determined by HPLC analysis [Daicel chiralpak 1C, n-hexane/i-PrOH = 90/10, 1.0
mL/min, A =254 nm, t (minor) = 11.16 min, t (major) = 14.35 min];
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'H NMR (400 MHz, CDCls) § 8.52 (s, 1H), 8.13 (s, 1H), 7.94 — 7.87 (m, 2H), 7.70 (t, J =
7.6 Hz, 1H), 7.56 (t, J = 7.6 Hz, 2H), 7.39 — 7.27 (m, 3H), 7.09 (d, J = 7.2 Hz, 2H), 6.06 (m,
1H), 5.82 (d, J = 3.2 Hz, 1H), 4.04 (d, J = 6.4 Hz, 1H).

13C NMR (100 MHz, CDCls) & 197.19, 135.92, 134.81, 133.41, 131.72, 129.78, 129.39,
129.28, 128.95, 128.64, 128.53, 74.58, 69.23.

HRMS (ESI) calcd for [M+Na]* CigHisNsNaO4, m/z: 360.0955, observed: 360.0962.

14.352

A

e
i
=
T T T T T T T T
11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00

Retention Time Area % Area
11.156 9246197 50.16
14.352 9186262 49.84
e e e e — /T\ — L
.00 4.00 5.00 6.00 7.00 8.00 MBHS‘UE 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
Retention Time Area % Area
11.452 538627 4.74
14.693 10814272 95.26
o)

~0
1ad

phenyl(3-phenyloxiran-2-yl)methanone (1ad)
General procedure D; White solid; 65% yield, 33% ee, > 99:1 d.r.; [a]o?® = -65 (c 0.32,
CH.Cl.);Determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 11.36 min, t (minor) = 15.17 min];
'H NMR (400 MHz, CDCls) 6 8.09 — 7.95 (m, 2H), 7.63 (t, J = 7.6 Hz, 1H), 7.50 (t, J =
7.6 Hz, 2H), 7.39 (t, J = 4.8 Hz, 5H), 4.30 (d, J = 1.6 Hz, 1H), 4.08 (d, J = 1.6 Hz, 1H).
HRMS (ESI) calcd for [M+Na]* CisH12NaO2, m/z: 247.0730, observed: 247.0732.

LA

T T T T T T T
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

Retention Time Area % Area
11.903 13059530 50.00
15.792 13059754 50.00
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Retention Time Area % Area

11.356 10188503 66.77
15.168 5070589 33.23
O5N /4_( O5N
\ \ 7 \
4 NS I( [N [N
N N O N e}
OH
O OH O O OH O PhO O O OH
3aa 3ablb! 3gc 3adlc
s: 49% vyield, 94% ee s: 50% vyield, 91% ee s: 49% vyield, 90% ee s: 65% vyield, 33% ee
p: 47% yield, 95% ee s=140 p: 49% yield, 90% ee s=60 p: 40% yield, 88% ee s =48 p: 28% yield, 90% ee
>19:1d.r. >19:1d.r. d.r.=12:1 s=26
26 h 25h 22 h 26 h
O,N
N
Z/ A I\ N [ \
N Mo’ N N
N (0] N (0] N O
O OH O O OH O O OH O O OH O
CF3 CFs F F
3rdl° 3rell 3nfldl 3ng®
s: 50% yield, 90% ee s: 50% yield, 84% ee s: 50% yield, 34% ee
p: 44% yield, 95% ee s =120 p: 40% yield, 57% ee s=10 p: 22% yield, 35% ee s=3 n.d.
>19:1 d.r. >19:1d.r. >19:1 d.r.
22 h 22 h 26 h 26 h
N N
s L3
N (0] N (0]
L0, OO
F F
3nhlcl 3nild!
n.d. n.d.
26 h 26 h

[a] Unless otherwise noted, the reactions were performed with L5-Sc(OTf)3 (5 mol%), 30 mg 3 A MS and 2 (0.2
mmol) with (-1 (0.1 mmol) under nitrogen in CH2Cl2 (0.5 mL) at 35 °C; The diastereoselectivities were
determined by *H NMR analysis of the product 3; The enantioselectivities were determined by HPLC analysis;
Isolated yield; s = In[(1 — Conv.)(1 - ee}))/In[(1 - Conv.)(1 + eel)]; Conv = ee¥/(ee* + ee®); s = starting material; p =
product; n.d. = not detected. [b] At 25 °C. [c] 10 mol% catalyst loading.

7.

a. Control experiments
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H L5-Sc(OTf), / ,\N
N (5 mol%, 21) N" O
CF, ON N 3 AMS, CH,Cl, O
3 25°C, 40 h OH
CF.
(23 3R)-1r (25,38)-3r 3

99% ee 99% yield, 98% ee

L5-Sc(OTf)3 J

N N
(5 mol%, 2:1) N o
oN 3AMS, CH,Cl,
CF3 25°C, 40 h O Y O
OH oFy

(2R,3S)-1r (2R,3R)-3r
99% ee trace

In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.01 mmol, 6.6 mg),
Sc(OTf)3 (0.005 mmol, 2.5 mg), and the 3 A MS (30 mg) in CHCl, (0.5 mL) were stirred at
25°C for 30 min, corresponding optical epoxides 1r (0.1 mmol) and pyrazole 2a (28.3 mg,
0.2 mmol) were added to the reaction mixture at 25 °C. Then the reaction was stirred at 25°C
for 40 h. The mixture was directly purified by column chromatography on silica gel
(petroleum ether : ethyl acetate = 5 : 1) to afford 3r as a white solid. The product was
determined by HPLC and NMR analysis.

b. Experimental procedure for the reduction of 3a.
02N OzN
CH30H , 0 °C 2h

0.2 mmol 0.2 mmol
96% ee 99% yield, 96% ee, d.r. > 95:5

To a solution of the adduct 3a (73.0 mg, 0.2 mmol) in CHs;OH (1.0 mL) was added KBH.
(29.0 mg) at 0 €. The mixture was allowed to stir for 2 h. Then saturated NH4Cl aqueous
solution (2.0 mL) was added to the mixture. The mixture was extracted with CH,Cl,, drying
over Na,SO,. After evaporation of the solvent, the adduct 4a was purified on silica gel
chromatography (EtOAC : Pet = 1 : 5). The results were 99% yield, > 95:5 d.r. and 96% ee.

8. The analytical and spectral characterization data of the products

a. Control experiments
Before reaction

(2R,3S) - 1r
020 S
2 0.104 :rr
N R T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
Minute
Retention Time Area % Area
6.444 9035 0.26
8.106 3438999 99.74
(2S,3R) — 1r
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6.52:

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50
Minute:
Retention Time Area % Area
6.524 5219999 100.00
After reaction
(2S,3S) - 3r
0.804
0.60] A
2
< 0.40
&
0.20 =
(o2}
0'00“H\H“\“H\HH\‘ v Iy | [ \J‘T"‘\H“\H“\““\H“\““
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
S
Retention Time Area % Area
9.133 176887 0.90
11.844 19440593 99.10

J L0

3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-1,3-diphenylpropane-1,2-diol (4a)

4a

Experimental procedure for the reduction of 3a.

White solid; 99% yield, 96% ee, > 19:1 d.r.; Determined by HPLC analysis [Daicel chiralpak
IE, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t (major) = 11.27 min, t (minor) =

12.56 min];

IH NMR (400 MHz, CDCls) & 7.31 (m, 10H), 5.63 (d, J = 2.4 Hz, 1H), 4.78 — 4.61 (m,
2H), 4.30 (d, J = 8.4 Hz, 1H), 2.46 (d, J = 38.6 Hz, 6H), 2.36 (s, 1H).
3C NMR (100 MHz, CDCls) & 145.80, 141.10, 141.03, 134.78, 128.67, 128.57, 128.48,
128.47,128.43, 127.11, 76.16, 73.47, 62.78, 14.32, 11.41.
HRMS (ESI) calcd for [M+Na]* C2oH21N3sNaO4, m/z: 390.1424, observed: 390.1434.

Retention Time Area % Area
11.320 5493283 49.97
12.572 5500366 50.03

549

T
13.00
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e L A e B e e e L e e e e L L B e o e e B T e B T e e e e B
3.00 5. 6. 1 4

1.00 2.00

4.00

Retention Time Area % Area
11.272 3218916 98.34
12.556 54404 1.66

T T
11.00 12.00 13.00

c. Determination of the absolute configuration of 4a

In a test tube with a magnetic stirring bar, 4a (0.2 mmol, 73.4 mg), FeCls (0.02 mmol, 3.2
mg), in acetone (1 mL) were stirred at 15 °C for 8 h, then, the mixture was purified by column
chromatography on silica gel (petroleum ether : ethyl acetate = 5 : 1) to afford 5a (16.4 mg,
20% yield) as a colorless oil. The product was determined by NMR analysis.

To determine the absolute configuration of 4a, we convert 4a to 5a. We could easily
found the signal between H; and H, from the NOESY spectra, so the absolute configuration
of 5a was determined to be (1R,2S,3S). Based on these information, we deduce the absolute
configuration of 4a is (1R,2S,3S).

O,N

5a

1-((S)-((4S,5R)-2,2-dimethyl-5-phenyl-1,3-dioxolan-4-y1)(phenyl)methyl)-3,5-dimethyl-4-nit

ro-1H-pyrazole (5a)

Colorless oil; 20% vyield.

acetone
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'H NMR (400 MHz, CDCls) & 7.30 (s, 5H, Ar-H), 7.18 (d, J = 5.6 Hz, 3H, Ar-H), 7.05 (d,
J = 5.6 Hz, 2H, Ar-H), 5.59 (dd, J = 9.8, 6.7 Hz, 1H, Chiral center: N-CH), 5.29 (d, J = 6.4
Hz, 1H, Chiral center: O-CH), 4.66 (d, J = 9.6 Hz, 1H, Chiral center: O-CH), 2.57 (s, 3H,
C-H), 1.69 (s, 3H, C-H), 1.65 (s, 3H, C-H), 1.44 (s, 3H, C-H).

13C NMR (100 MHz, CDCl3) § 145.72, 140.67, 137.26, 137.03, 128.71, 128.52, 128.24,
127.91, 127.55, 126.62, 109.02, 79.47, 78.69, 62.07, 26.91, 24.27, 14.25, 10.15.

9. Gram scale experiment

02N
H L5-Sc(OTh) O i
al W _(Bmol%, 2:1) cl O N
N ot \\ \/Hh i
o ON 3AMS, CHyCly MS, CH,Cl, o A e LN
25°C,13h
o - 97% o6 89% o6 L5: m = 0, Ar = 2,4,6-iPr3CgH,
1179 0579 47% yield 53% yield

0.81g 0.62g

In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.4 mmol, 268 mg), Sc(OTf)s
(0.20 mmol, 100 mg), and the 3 A MS (1.20 g) in CH.Cl, (20 mL) were stirred at 25 °C for 2
h, epoxide (H-1v (1.17 g, 4 mmol) and pyrazole 2a (0.57 g, 4 mmol) were added to the
reaction mixture at 25 °C. Then the reaction was stirred at 25 °C for 13 h. After 50%
consumption of the starting materials, the mixture was purified by column chromatography on
silica gel (petroleum ether : ethyl acetate = 5 : 1) to afford 3v (0.81 g, 47% yield) as a white
solid, and 1v (0.62 g, 53% yield) as a white solid. The product was determined by HPLC and
NMR analysis.
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10.Determination of the absolute configuration of 3f by the x-ray crystal

structure.

ON,
u L5-Sc(0Tf); /Z—\( o O

o [e)
N S
o Ny _(smat 21)_ v o &2 \1 vwm
< N , I
O - O N SAwms ool * O O A \H’N\A,
P e e

OH
3f 1f

O-—Z+

35°C,12h

L5: m =0, Ar = 2,4,6-iPr;CgH
(£)-1F 3CeH2

In a test tube with a magnetic stirring bar, N,N'-dioxide L5 (0.01 mmol, 6.6 mg),
Sc(OTf)3 (0.005 mmol, 2.5 mg), and the 3 A MS (30 mg) in CHCl, (0.5 mL) were stirred at
35°C for 30 min, epoxides (H-1f (30 mg, 0.1 mmol) and pyrazole 2a (28.3 mg, 0.2 mmol)
were added to the reaction mixture at 35 °C. Then the reaction was stirred at 35°C for 12 h.
After 50% consumption of the starting materials, the mixture was directly purified by column
chromatography on silica gel (petroleum ether : ethyl acetate = 5 : 1) to afford 3f (0.05 mmol,
50% yield) as a white solid, and 1f (0.05 mmol, 50% yield) as a white solid. The product was
determined by HPLC and NMR analysis.

3-([1,1'-biphenyl]-4-yl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenylpropan-
1-one (3f)
X-ray crystal structure of product 3f:

11.CD information of the products
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(2S,3S) - 3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1,3-diphenylpropan-1-one (3a)
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3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-3-(4-fluorophenyl)-2-hydroxy-1-phenylpropan-1-on
e (3¢)
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3-(4-bromophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenylpropan-1-0
ne (3d)
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3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenyl-3-(p-tolyl)propan-1-one (3e)
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3-([1,1'-biphenyl]-4-yl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenylpropan-
1-one (3f)
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3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-(4-phenoxyphenyl)-1-phenylpropan-1-
one (3g)
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3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-(3-phenoxyphenyl)-1-phenylpropan-1-
one (3i)
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3-(3,5-dichlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-phenylpropan-
1-one (3K)
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1-(4-chlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenylpropan-1-o0
ne (3m)
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1-(4-bromophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenylpropan-1-o
ne (30)
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1-([1,1"-biphenyl]-4-yI)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenylpropan-
1-one (3q)
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3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-(3-methoxyphenyl)-3-phenylpropan-1-
one (3s)
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1-(3-chlorophenyl)-3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-3-phenylpropan-1-o0
ne (3u)
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3-(3,5-dimethyl-4-nitro-1H-pyrazol-1-yl)-2-hydroxy-1-(naphthalen-2-yl)-3-phenylpropan-1-o
ne (3w)
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3-(4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)-2-hydroxy-1,3-diphenylpropan-1-one (3ab)
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