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1. General Information

Catalytic reactions were carried out in Schlenk tubes under an oxygen atmosphere using pre-dried glassware.
Toluene was dried and distilled over CaH, under nitrogen. All the imine 1 have been synthesized following
procedures reported in the literaturel. Other chemicals were obtained from commercial sources and were used
without further purification. The *H and *C NMR spectra were recorded on JEOL at 400 MHz for *H or at 100
MHz for °C, respectively. The chemical shifts (8) for *H and *C are given in ppm relative to residual signals of
the solvents (CHCI3 7.26 ppm *H NMR, 77.16 ppm *3C NMR). Mass spectra and high-resolution mass spectra were
measured on a Thermo-DFS mass spectrometer. Analysis of crude reaction mixture was done on an Agilent 7890
GC System with an Agilent 5975 Mass Selective Detector. For thin layer chromatography (TLC) analysis
throughout this work, Merck precoated TLC plates (silica gel 60 GF2s4, 0.25 mm) were used, Silica gel 60H (200-
300 mesh) manufactured by Qingdao Haiyang Chemical Group Co. (China) were used for general chromatography,
using UV light as the visualizing agent and an acidic mixture of ceric ammonium molybdate or basic aqueous
potassium permangante (KMnQ,), and heat as developing agents. Organic solutions were concentrated under
reduced pressure on a BUchi rotary evaporator.

2. Materials.

Commercial grade reagents and solvents were purchased from Sigma Aldrich, Fluka, and Alfa Aesar and used as
received without further purification, B,y-unsaturated hydrazones were prepared following the literature procedure.*
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3. General procedure for the Copper-Catalyzed One-Pot Oxyamination of B, y-unsaturated
Hydrazones

e R
6 (i) Cul (10 mol %) ,
HN. R N-N R® oH
| | 0, (1atm), CH,Cl,, 2h ,
1 5 - g !
R <ge R (ii) NaBH,, MeOH R A R®
1 2

A solution of 1 (0.2 mmol), Cul (3.8 mg, 0.02 mmol, 10.0 mol %) in dry DCM (1.0 mL) was stirred under O for
2 hat 25 °C. Then the NaBH. (1.5 eq) and MeOH (1.0 mL) was added to the mixture and the mixture was stirred
at room temperature for another 30 min. After quenched with saturated NH4ClI solution and washed by saturated
NaCl, then extracted with DCM three times. The combined organic layers were dried over anhydrous Na.SO, and
then evaporated. The crude product was purified by column chromatography (Petroleum Ether /EtOAc 4/1-3/1) to
afford the desired product 2.

(3-phenyl-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2a)

The reaction was carried out following the general procedure using substrate 1a to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2a (50 mg,
76%) as a white solid. *H NMR (400 MHz, CDCls): & 7.79 (d, J = 8.3 Hz, 2H), 7.69-7.62 (m, 2H), 7.43-7.34 (m,
3H), 7.28 (d, J = 8.08 Hz, 2H), 4.11-4.05 (m, 1H), 3.99-3.94 (m, 1H), 3.93-3.83 (m, 1H), 3.20-3.08 (m, 2H), 2.76
(bs, 1H), 2.38 (s, 3H) ppm. **C NMR (100 MHz, CDCls): & 158.7, 144.7, 131.6, 130.8, 130.6, 129.8, 128.8, 128.7,
127.1,64.4,63.7, 36.6, 21.7 ppm. HR-MS (ESI) m/z calcd for C17H18N203S [M+H]* 331.11164, found: 331.11152.

The analytical data are in accordance with these reported in the literaturef,

1 mmol scale reaction: A solution of 1a (314 mg, 1 mmol), Cul (19 mg, 0.1 mmol, 10.0 mol %) in dry DCM (5.0
mL) was stirred under O, for 2 h at 25 °C. Then the NaBH4 (57mg, 1.5 eq) and MeOH (5.0 mL) was added to the
mixture and the mixture was stirred at room temperature for another 30 min. After quenched with saturated NH.Cl
solution and washed by saturated NaCl, then extracted with DCM three times. The combined organic layers were
dried over anhydrous Na,SO, and then evaporated. The title product was isolated by column chromatography

(petroleum ether /ethyl acetate 4/1) yielded 2a (220 mg, 67%) as a white solid.
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Me

(3-(p-tolyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2b)

The reaction was carried out following the general procedure using substrate 1b to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2b (49 mg,
71%) as a white solid. *H NMR (400 MHz, CDCls): 6 7.77 (d, J = 8.3 Hz, 2H), 7.54 (d, J = 8.1 Hz, 2H), 7.26 (d, J
= 8.0 Hz, 2H), 7.18-7.16 (m, 2H), 4.06 (dd, J = 11.8, 3.0 Hz, 1H), 3.98-3.90 (m, 1H), 3.86 (dd, J = 11.7, 4.0 Hz,
1H), 3.15-3.0 (m, 1H), 2.67 (bs, 1H), 2.36 (s, 2H), 2.35 (s, 1H) ppm. 3C NMR (100 MHz, CDCls): § 158.7, 144.6,
141.3, 131.6, 129.7, 129.4, 128.7, 127.9, 127.1, 64.4, 63.6, 36.7, 21.7, 21.6 ppm. HR-MS (ESI) m/z calcd for
Ci1sH20N205S [M+H]* 345.12729, found: 345.12599. The analytical data are in accordance with these reported in
the literature®,

Ts
/

(3-(m-tolyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2c)

The reaction was carried out following the general procedure using substrate 1c to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2c (42 mg,
61%) as a white solid. *H NMR (400 MHz, CDCI5): 6 7.79 (d, J = 8.3 Hz, 2H), 7.52 (s, 1H), 7.43 (d, J = 7.4 Hz,
1H), 7.29-7.21 (m, 4H), 4.08 (dd, J = 11.8, 4.1 Hz, 1H), 4.00 -3.91 (m, 1H), 3.87 (dd, J = 11.8, 4.2 Hz, 1H), 3.17-
3.03 (m, 2H), 2.39 (s, 3H), 2.36 (s, 3H) ppm. **C NMR (100 MHz, CDCls): § 158.8, 144.7, 138.5, 131.7, 131.6,
130.6,129.8, 128.8, 128.6, 127.6, 124.3, 64.5, 63.6, 36.7, 21.7, 21.4 ppm. HR-MS (ESI) m/z calcd for C1gH20N203S
[M+H]* 345.12729, found: 345.12644.

]Ts
sz OH

'Pr

(3-(4-isopropylphenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2d)

The reaction was carried out following the general procedure using substrate 1d to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2d (54 mg,
73%) as a white solid. *H NMR (400 MHz, CDClz): 6 7.78 (d, J = 8.3 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.28 (d, J
= 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 4.08 (dd, J = 11.8, 4.1 Hz, 1H), 3.99-3.90 (m, 1H), 3.87 (dd, J =11.8, 4.2
Hz, 1H), 3.17-3.01 (m, 2H), 2.93-2.90 (m, 1H), 2.38 (s, 3H), 1.24 (d, J = 6.91 Hz, 6H) ppm. *C NMR (100 MHz,
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CDCls): 6 158.6, 152.2, 144.6, 131.5, 129.7, 128.8, 128.2, 127.2, 126.8, 64.4, 63.7, 36.8, 34.2, 23.9, 23.8, 21.7
ppm. HR-MS (ESI) m/z calcd for CaoH24N203S [M+H]*" 373.15859, found: 373.15693.

Ts

MeO

(3-(4-methoxyphenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2¢)

The reaction was carried out following the general procedure using substrate 1e to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2e (53 mg,
74%) as a white solid. *H NMR (400 MHz, CDCls): 6 7.78 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 8.9 Hz, 2H), 7.27 (d, J
= 9.0 Hz, 2H), 6.87 (d, J = 8.9 Hz, 2H), 4.06 (dd, J = 11.7, 3.2 Hz, 1H), 4.00-3.90 (m, 1H), 3.86 (dd, J =11.7, 4.2
Hz, 1H), 3.82 (s, 3H), 3.14-3.0 (m, 2H), 2.38 (s, 3H) ppm. *C NMR (100 MHz, CDCls): § 161.8, 158.4, 158.4,
144.6, 131.9, 129.7, 128.82, 128.80, 123.3, 114.2, 64.5, 63.5, 55.5, 36.7, 21.7 ppm. HR-MS (ESI) m/z calcd for
C18H20N204S [M+H]* 361.12220, found: 361.12118.

MeO

(3-(3-methoxyphenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2f)

The reaction was carried out following the general procedure using substrate 1f to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2f (46 mg,
64%) as a white solid. *H NMR (400 MHz, CDCls): & 7.78 (d, J = 8.3 Hz, 2H), 7.30-7.24 (m, 3H), 7.24-7.23 (m,
1H), 7.18-7.16 (m, 1H), 6.95 (ddd, J = 8.26, 2.64, 0.96 Hz, 1H), 4.08 (dd, J = 11.8, 4.3 Hz, 1H), 4.02-3.92 (m, 1H),
3.87 (dd, J = 11.8, 4.1 Hz, 1H), 3.83 (s, 3H), 3.24 -2.92 (m, 2H), 2.38 (s, 3H) ppm. *C NMR (100 MHz, CDCls):
5 159.7, 158.6, 144.7, 131.9, 131.6, 129.8, 129.7, 128.7, 119.7, 116.9, 111.8, 64.4, 63.7, 55.5, 36.7, 21.7 ppm. HR-
MS (ESI) m/z calcd for C1gH20N204S [M+H]* 361.12220, found: 361.12116. The analytical data are in accordance

with these reported in the literaturefl.
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(3-(4-fluorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (29)

The reaction was carried out following the general procedure using substrate 1g to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2g (51 mg,
73%) as a white solid. *H NMR (400 MHz, CDCls): 6 7.77 (d, J = 8.3 Hz, 2H), 7.68-7.60 (m, 2H), 7.34 (d, J = 8.08
Hz, 2H), 7.05 (t, J = 8.36 Hz, 2H), (m, 2H), 4.09 (dd, J = 11.8, 3.4 Hz, 1H), 4.01-3.94 (m, 1H), 3.87 (dd, J = 11.9,
4.0 Hz, 1H), 3.18-3.05 (m, 2H), 2.76 (bs, 1H), 2.38 (s, 3H) ppm. 3C NMR (100 MHz, CDCls): & 165.5, 163.0,
157.6, 144.8, 131.6, 129.8, 129.2, 129.1, 128.8, 127.0, 126.9, 116.1, 115.8, 64.3, 63.7, 36.6, 21.8 ppm. **F NMR
(376 MHz, CDCls) 6 -108.54 - -108.60 (m) ppm. HR-MS (ESI) m/z calcd for C17Hi7FN203S [M+H]* 349.10222,
found: 349.10059.

(3-(3-fluorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2h)

The reaction was carried out following the general procedure using substrate 1h to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2h (41 mg,
59%) as a white solid. 'H NMR (400 MHz, CDCls): & 7.78 (d, J = 8.3 Hz, 2H), 7.42-7.28 (m, 5H), 7.10 (t, J = 8.0
Hz, 1H), 4.10 (dd, J = 12.0, 3.3 Hz, 1H), 4.05-3.96 (m, 1H), 3.87 (dd, J = 11.9, 3.9 Hz, 1H), 3.19-3.03 (m, 2H),
2.39 (s, 3H) ppm. C NMR (100 MHz, CDCls): & 164.1, 161.6, 157.4, 144.9, 132.8, 131.7, 130.4, 129.9, 128.8,
122.9,117.9,113.9, 113.7, 64.3, 63.9, 36.5, 21.8 ppm. °F NMR (376 MHz, CDCl5) § -111.93 - -111.99 (m) ppm.
HR-MS (ESI) m/z calcd for C17H17FN20sS [M+H]* 349.10222, found: 349.10126.

Ts

(3-(2-fluorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2i)

The reaction was carried out following the general procedure using substrate 1i to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2i (33 mg,
47%) as a white solid. *H NMR (400 MHz, CDCls): § 7.92-7.87 (m, 1H), 7.79 (d, J = 8.2 Hz, 2H), 7.41-7.34 (m,
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1H), 7.31 (d, J = 8.0 Hz, 2H), 7.18-7.14 (m, 1H), 7.07-7.02 (m, 1H), 4.08 (dd, J = 11.9, 4.1 Hz, 1H), 4.01-3.92 (m,
1H), 3.88 (dd, J = 11.8, 4.2 Hz, 1H), 3.29-3.12 (m, 2H), 2.40 (s, 3H) ppm. *C NMR (100 MHz, CDCls): § 162.4,
159.9, 155.5, 144.8, 132.6, 132.5, 131.6, 129.8, 129.3, 128.8, 124.6, 118.7, 116.4, 64.4, 63.9, 39.0, 21.8 ppm. *°F
NMR (376 MHz, CDCls) 6 -112.75 (s) ppm. HR-MS (ESI) m/z calcd for C17H17FN2O3S [M+H]* 349.10222, found:
349.10149.

FsC
(1-tosyl-3-(4-(trifluoromethyl)phenyl)-4,5-dihydro-1H-pyrazol-5-yl)methanol (2j)

The reaction was carried out following the general procedure using substrate 1j to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2j (45 mg,
57%) as a pale yellow solid. *H NMR (400 MHz, CDCls): & 7.78 (t, J = 8.32 Hz, 4H), 7.63 (d, J = 8.3 Hz, 2H),
7.30 (d, J =8.1 Hz, 2H), 4.15-4.10 (m, 1H), 4.07-3.97 (m, 1H), 3.93-3.82 (m, 1H), 3.24-3.08 (m, 2H), 2.57 (s, 1H),
2.39 (s, 3H) ppm. *C NMR (100 MHz, CDCls): 6 157.1, 145.0, 134.0, 132.5, 132.2, 131.6, 129.9, 128.7, 127.3,
125.8, 125.7, 125.7, 125.2, 122.5, 64.2, 64.0, 36.4, 21.8 ppm. *F NMR (376 MHz, CDCls) & -62.85 (s) ppm. HR-
MS (ESI) m/z calcd for CigHi7FsN20OsS [M+H]* 399.09902, found: 399.09747. The analytical data are in

accordance with these reported in the literaturef*!,

Br

(3-(4-bromophenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2k)

The reaction was carried out following the general procedure using substrate 1k to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2k (58 mg,
71%) as a white solid. *H NMR (400 MHz, CDCls): 6 7.77 (d, J = 8.3 Hz, 2H), 7.53-7.47 (m, 4H), 7.28 (d, J = 8.24
Hz, 2H), 4.10 (dd, J = 11.9, 3.3 Hz, 1H), 4.04-3.92 (m, 1H), 3.87 (dd, J = 11.9, 3.9 Hz, 1H), 3.18-3.02 (m, 2H),
2.38 (s, 3H) ppm. *C NMR (100 MHz, CDCls): & 157.6, 144.8, 132.0, 131.6, 129.8, 129.6, 128.7, 128.5, 125.3,
64.2, 63.8, 36.4, 21.7 ppm. HR-MS (ESI) m/z calcd for C17H17BrN2OsS [M+H]* 409.02215, found: 409.02119.

The analytical data are in accordance with these reported in the literature™.

S-8



Cl

(3-(4-chlorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2I)

The reaction was carried out following the general procedure using substrate 11 to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 21 (52 mg,
72%) as a white solid. *H NMR (400 MHz, CDCls): § 7.79-7.75 (m, 2H), 7.60-7.56 (m, 2H), 7.35-7.32 (m, 2H),
7.29 (d, J=7.95 Hz, 2H), 4.10 (dd, J = 11.9, 3.2 Hz, 1H), 4.04-3.94 (m, 1H), 3.87 (dd, J = 11.9, 3.9 Hz, 1H), 3.18-
3.05 (m, 2H), 2.67 (bs, 1H), 2.39 (s, 3H) ppm. 3C NMR (100 MHz, CDCls): § 157.5, 144.8, 136.9, 131.6, 129.8,
129.2, 129.1, 128.7, 128.3, 64.3, 63.8, 36.5, 21.8 ppm. HR-MS (ESI) m/z calcd for Ci7H17CIN,OsS [M+H]*
365.07267, found: 365.07225. The analytical data are in accordance with these reported in the literaturef],

Cl

(3-(3-chlorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2m)

The reaction was carried out following the general procedure using substrate 1m to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2m (47 mg,
65%) as a white solid. *H NMR (400 MHz, CDCls): § 7.78 (d, J = 8.3 Hz, 2H), 7.65 (t, J = 1.8 Hz, 1H), 7.60 (dt, J
= 7.8, 1.32 Hz, 1H), 7.39-7.36 (m, 1H), 7.32-7.28 (m, 3H), 4.12-4.06 (m, 1H), 4.04-3.94 (m, 1H), 3.92-3.82 (m,
1H), 3.18-3.03 (m, 2H), 2.62 (bs, 1H), 2.40 (s, 3H) ppm. 3C NMR (100 MHz, CDCls): § 157.3, 144.9, 134.9, 132.4,
131.6, 130.8, 130.1, 129.9, 128.7, 127.0, 125.2, 64.3, 63.8, 36.5, 21.8 ppm. HR-MS (ESI) m/z calcd for
C17H17CIN20O3S [M+H]* 365.07267, found: 365.07124.

(3-(2-chlorophenyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2n)

The reaction was carried out following the general procedure using substrate 1n to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2n (23 mg,
32%) as a white solid. *H NMR (400 MHz, CDCls): 6 7.82 (d, J = 8.2 Hz, 2H), 7.58 (dd, J = 7.62, 1.9 Hz, 1H),
7.37-7.29 (m, 4H), 7.29-7.24 (m, 1H), 4.09 (dd, J = 11.9, 4.1 Hz, 1H), 4.03-3.93 (m, 1H), 3.89 (dd, J = 11.9, 4.2
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Hz, 1H), 3.26-3.19 (m, 2H), 2.43 (s, 3H), 2.21 (s, 1H) ppm. *C NMR (100 MHz, CDCls): & 158.8, 144.9, 132.9,
131.6, 131.3, 130.7, 130.7, 130.2, 129.8, 128.9, 127.1, 64.4, 64.3, 39.7, 21.8 ppm. HR-MS (ESI) m/z calcd for
C17H17CIN20OsS [M+H]* 365.07267, found: 365.07184. The analytical data are in accordance with these reported

in the literaturef.

(3-(naphthalen-1-yl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (20)

The reaction was carried out following the general procedure using substrate 1o to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 20 (35 mg,
46%) as a pale yellow solid. *H NMR (400 MHz, CDCls): 5 8.99 (d, J = 8.6 Hz, 1H), 7.90-7.85 (m, 4H), 7.61 (t, J
=7.1Hz, 1H), 7.55 (t, = 7.4 Hz, 1H), 7.47-7.38 (m, 2H), 7.30 (d, J = 8.1 Hz, 2H), 4.17 (dd, J = 11.8, 3.9 Hz, 1H),
4.10-4.01 (m, 1H), 3.95 (dd, J = 11.8, 4.0 Hz, 1H), 3.43-3.24 (m, 2H), 2.39 (s, 3H) ppm. *C NMR (100 MHz,
CDCls): 6 159.3, 144.9, 134.0, 132.0, 131.6, 130.6, 129.9, 128.9, 128.8, 128.6, 127.8, 127.4, 126.9, 126.5, 124.7,
64.4, 62.8, 39.6, 21.7 ppm. HR-MS (ESI) m/z calcd for C2:H20N203S [M+H]" 381.12729, found: 381.12622.

jé
N-N OH

/
<iiér/i\vzy‘~/
\ o)

(3-(furan-2-yl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2p)

The reaction was carried out following the general procedure using substrate 1p to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2p (26 mg,
41%) as a pale brown solid,. *H NMR (400 MHz, CDCls): § 7.77 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 1.5 Hz, 1H), 7.29
(d, J=8.1Hz, 2H), 6.78 (d, J = 3.4 Hz, 1H), 6.45 (dd, J = 3.5, 1.8 Hz, 1H), 4.05 (dd, J = 11.8, 4.3 Hz, 1H), 3.99-
3.89 (m, 1H), 3.84 (dd, J = 11.8, 4.1 Hz, 1H), 3.15-3.0 (m, 2H), 2.49 (bs, 1H), 2.39 (s, 3H) ppm. *C NMR (100
MHz, CDCls): 6 150.3, 146.3, 145.0, 144.7, 131.6, 129.8, 128.8, 113.1, 112.1, 64.3, 63.1, 36.5, 21.7 ppm. HR-MS
(ESI) m/z calcd for C15H16N204S [M+H]* 321.09090, found: 321.09018.
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(3-(thiophen-2-yl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2q)

The reaction was carried out following the general procedure using substrate 1q to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2qg (50 mg,
75%) as a pale yellow solid. *H NMR (400 MHz, CDCl): § 7.78 (d, J = 8.0 Hz, 2H), 7.42-7.41 (m, 1H), 7.30-7.28
(m, 2H), 7.17-7.16 (m, 1H), 7.03-7.00 (m, 1H), 4.07 (d, J = 12.0 Hz, 1H), 4.00-3.93 (m, 1H), 3.86 (d, J = 11.6 Hz,
1H), 3.20-3.03 (m, 2H), 2.61 (bs, 1H), 2.39 (s, 3H) ppm. 3C NMR (100 MHz, CDCl5): 5 154.2, 144.8, 144.7,134.2,
131.5, 129.8, 129.7, 129.5, 128.9, 127.6, 64.3, 63.8, 37.3, 21.7 ppm. HR-MS (ESI) m/z calcd for C1sH1sN20sS;
[M+H]* 337.06806, found: 337.06679.

(3-(tert-butyl)-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2r)

The reaction was carried out following the general procedure using substrate 1r to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2r (35 mg,
57%) as a white solid. 'H NMR (400 MHz, CDCls): 6 7.72 (d, J = 8.4 Hz, 2H), 7.32-7.28 (m, 2H), 3.97-3.90 (m,
1H), 3.81-3.69 (m, 2H), 2.73-2.56 (m, 2H), 2.41 (s, 3H), 2.25 (bs, 1H), 1.07-1.03 (m, 9H) ppm. *C NMR (100
MHz, CDCls): § 171.5, 144.5, 131.3, 129.4, 128.9, 64.5, 63.3, 35.7, 34.4, 28.0, 21.7 ppm. HR-MS (ESI) m/z calcd
for CisH22N20sS [M+H]* 311.14294, found: 311.14163. The analytical data are in accordance with these reported

in the literaturefll.

(3-cyclohexyl-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2s)

The reaction was carried out following the general procedure using substrate 1s to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2s (17 mg,
26%) as a white solid. *H NMR (400 MHz, CDCls): § 7.73 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 3.95 (d, J
=9.1 Hz, 1H), 3.78-3.70 (m, 2H), 2.71-2.53 (m, 2H), 2.43 (s, 3H), 2.29-2.25 (m, 1H), 1.72-1.65 (m, 4H), 1.25-1.18
(m, 6H) ppm. *C NMR (100 MHz, CDCls): 6 144.5, 131.4, 129.8, 129.5, 128.9, 126.6, 64.5, 62.6, 39.3, 37.0, 30.4,
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30.1, 25.8, 25.7, 25.6, 21.7 ppm. HR-MS (ESI) m/z calcd for C17H24N203S [M+H]* 337.15859, found: 337.15751.

The analytical data are in accordance with these reported in the literaturef,

phenyl(3-phenyl-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2t)

The reaction was carried out following the general procedure using substrate 1t to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 3/1) yielded 2t (16 mg,
20%) as a white solid. *H NMR (400 MHz, CDCls): 6 7.77 (d, J = 8.08 Hz, 2H), 7.71-7.69 (m, 2H), 7.38-7.35 (m,
3H), 7.23-7.17 (m, 5H), 7.01 (d, J = 7.48 Hz, 2H), 5.53 (s, 1H), 4.36 (s, 1H), 2.66 (d, J = 18.1 Hz, 1H), 2.38 (s,
3H), 2.31 (dd, J = 18.4, 3.9 Hz, 1H) ppm. *C NMR (100 MHz, CDCls): § 145.2, 144.0, 138.0, 136.9, 135.8, 129.6,
129.4, 129.0, 128.6, 128.41, 128.0, 126.1, 125.5, 65.1, 62.2, 26.3, 21.7 ppm. HR-MS (ESI) m/z calcd for
Ca3H22N205S [M+H]*407.14294, found: 407.14167. The analytical data are in accordance with these reported in

the literature!™,

Ts

3-phenyl-1-tosyl-3a,4,5,6,7,7a-hexahydro-1H-indazol-7-ol (2u)

The reaction was carried out following the general procedure using substrate 1u to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 3/1) yielded 2u
(22major+1 1 minor = 33 Mg, 45%, dr = 2/1) as a white solid. *H NMR (400 MHz, CDCls, major): 6 7.79 (d, J = 8.3 Hz,
2H), 7.69-7.65 (m, 2H), 7.41-7.35 (m, 3H), 7.28 (d, J = 8.03 Hz, 2H), 4.58-4.55 (m, 1H), 3.40-3.37 (m, 2H), 2.38
(s, 3H), 1.99-1.94 (m, 1H), 1.86-1.82 (m, 1H), 1.73-1.61 (m, 3H), 1.42-1.32 (m, 1H) ppm. *C NMR (100 MHz,
CDCls): 6 161.9, 144.7, 130.8, 130.7, 130.1, 129.7, 129.2, 128.9, 127.3, 69.3, 67.5, 44.4, 27.3, 23.6, 21.7, 17.2
ppm. HR-MS (ESI) m/z calcd for C20H22N203S [M+H]*371.14294, found: 371.14213. *H NMR (400 MHz, CDCls,
minor): & 7.80 (d, J = 8.3 Hz, 2H), 7.71-7.62 (m, 2H), 7.42-7.34 (m, 3H), 7.28 (d, J = 8.2 Hz, 2H), 4.07-4.03 (m,
1H), 3.64 (dd, J = 8.62, 3.04 Hz, 1H), 3.38-3.32 (m,1H), 2.38 (s, 3H), 1.99-1.82 (m, 2H), 1.81-1.75 (m, 2H), 1.53-
1.46 (m, 2H) ppm. *C NMR (100 MHz, CDCls): § 162.0, 144.9, 130.8, 129.9, 129.8, 129.2, 128.9, 127.3, 68.2,
68.2, 47.1, 27.7, 23.5, 21.8, 20.3 ppm. HR-MS (ESI) m/z calcd for CzH2:N,0sS [M+H]* 371.14294, found:
371.14205.
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Me
(4-methyl-3-phenyl-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2w)

The reaction was carried out following the general procedure using substrate 1w to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2w
(22major+18minor= 40 mg, 58%, dr = 1.2/1) as a white solid. *H NMR (400 MHz, CDCls, major): & 7.83 (d, J = 8.3
Hz, 2H), 7.65-7.62 (m, 2H), 7.42-7.35 (m, 3H), 7.32 (d, J = 8.2 Hz, 2H), 3.96 (dd, J = 11.8, 3.7 Hz, 1H), 3.83 (dd,
J=11.8, 4.6 Hz, 1H), 3.61-3.57 (m, 1H), 3.52-3.45 (m, 1H), 2.40 (s, 3H), 0.76 (d, J = 7.1 Hz, 3H) ppm. *C NMR
(100 MHz, CDCls): 6 163.4, 144.7, 132.0, 130.7, 130.0, 129.7, 128.8, 128.6, 127.6, 70.7, 64.6, 44.0, 21.7, 19.0
ppm. HR-MS (ESI) m/z calcd for C1gH20N203S [M+H]*345.12729, found: 345.12608. *H NMR (400 MHz, CDCls,
minor): 4 7.79 (d, J = 8.1 Hz, 2H), 7.73-7.63 (m, 2H), 7.43-7.34 (m, 3H), 7.28 (d, J = 7.9 Hz, 2H), 4.26 (dd, J =
12.4,6.0 Hz, 1H), 4.06 (dd, J = 12.5, 3.4 Hz, 1H), 3.61-3.56 (m, 1H), 3.53-3.37 (m, 1H), 2.39 (s, 3H), 1.20 (d, J =
7.2 Hz, 3H) ppm. 3C NMR (100 MHz, CDCls): 6 162.3, 144.8, 130.7, 129.8, 129.7, 129.2, 128.9, 127.3, 68.5, 61.1,
43.4,21.7,11.7 ppm. HR-MS (ESI) m/z calcd for C1gH20N203S [M+H]* 345.12729, found: 345.12598.

(1-(mesitylsulfonyl)-3-phenyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2y)

The reaction was carried out following the general procedure using substrate 1y to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2y (39 mg,
55%) as a white solid. *H NMR (400 MHz, CDCls): § 7.61-7.57 (m, 2H), 7.40-7.33 (m, 3H), 7.01 (s, 2H), 4.65-
455 (m, 1H), 4.10 (dd, J = 11.8, 3.8 Hz, 1H), 3.91 (dd, J = 11.8, 4.6 Hz, 1H), 3.41 (dd, J = 17.0, 11.2 Hz, 1H),
3.17 (dd, J = 17.1, 8.8 Hz, 1H), 2.74 (s, 6H), 2.32 (s, 3H) ppm. *C NMR (100 MHz, CDCls): 5 158.2, 143.7, 141.5,
132.2,131.0, 130.9, 130.7, 128.7, 127.0, 64.7,61.7, 36.9, 23.5, 21.2 ppm. HR-MS (ESI) m/z calcd for C19H2,N,03S
[M+H]* 359.14294, found: 359.14233.
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(1-((4-chlorophenyl)sulfonyl)-3-phenyl-4,5-dihydro-1H-pyrazol-5-yl)methanol (2z)

The reaction was carried out following the general procedure using substrate 1z to furnish the crude product. The
title compound was isolated by column chromatography (petroleum ether/ethyl acetate: 4/1) yielded 2z (47 mg,
67%) as a white solid. *H NMR (400 MHz, CDCly): & 7.87-7.84 (m, 2H), 7.68-7.64 (m, 2H), 7.49-7.46 (m, 2H),
7.44-7.35 (m, 3H), 4.10 (dd, J = 11.9, 4.3 Hz, 1H), 4.02-3.89 (m, 1H), 3.88 (dd, J = 11.9, 4.0 Hz, 1H), 3.24-3.10
(m, 2H), 2.10 (bs, 1H) ppm. 3C NMR (100 MHz, CDCls): & 159.1, 140.5, 133.3, 131.1, 130.5, 130.2, 129.5, 128.9,
127.1, 64.3, 63.8, 36.7 ppm. HR-MS (ESI) m/z calcd for C16H15CIN203S [M+H]* 351.05702, found: 351.05649.

5-(hydroperoxymethyl)-3-phenyl-1-tosyl-4,5-dihydro-1H-pyrazole (4)

The reaction was carried out following the first step of general procedure using substrate 1a to furnish the crude
product. The title compound was isolated by preparative TLC (petroleum ether/ethyl acetate: 2/1) yielded 4 (28 mg,
40%) as a white solid. *H NMR (400 MHz, CDCls): 6 7.82 (d, J = 8.4 Hz, 2H), 7.68-7.64 (m, 2H), 7.43-7.35 (m,
3H), 7.28 (d, J = 8.3 Hz, 2H), 4.54-4.41 (m, 1H), 4.30 (dd, J = 12.7, 6.6 Hz, 1H), 4.17 (dd, J = 12.7, 5.9 Hz, 1H),
3.18 (dd, J =17.6, 11.2 Hz, 1H), 2.97 (dd, J = 17.6, 7.4 Hz, 1H), 2.38 (s, 3H) ppm. *C NMR (100 MHz, CDCls):
5 159.0, 144.7, 132.5, 131.0, 130.6, 129.8, 128.8, 128.7, 127.2, 78.5, 58.5, 37.4, 21.8 ppm. HR-MS (ESI) m/z calcd
for C17H1sN20.S [M+H]* 347.10655, found: 347.10563. The analytical data are in accordance with these reported

in the literaturefll,

5-(hydroperoxymethyl)-3-phenyl-1-tosyl-4,5-dihydro-1H-pyrazole (5)

The reaction was carried out following the first step of general procedure using substrate 1a to furnish the crude

product. The title compound was isolated by preparative TLC (petroleum ether/ethyl acetate: 2/1) yielded 5 (13 mg,
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20%) as a white solid. *H NMR (400 MHz, CDCls): 6 9.90 (s, 1H), 7.82 (d, J = 7.9 Hz, 2H), 7.66 (d, J = 8.0 Hz,
2H), 7.45-7.35 (m, 3H), 7.32 (d, J = 7.5 Hz, 2H), 4.29 (t, J = 11.0 Hz, 1H), 3.36 (dd, J = 17.12, 10.42 Hz, 1H), 3.16
(dd, J=17.12, 12.0 Hz, 1H), 2.40 (s, 3H) ppm. *C NMR (100 MHz, CDCl3): 6 196.8, 157.9, 145.2, 131.5, 131.3,
130.1, 130.0, 128.9, 128.9, 127.2, 67.9, 34.7, 21.8 ppm. HR-MS (ESI) m/z calcd for C17H16N.O3S [M+H]*
329.09599, found: 329.09540.

jé

2,2,6,6-tetramethyl-1-((3-phenyl-1-tosyl-4,5-dihydro-1H-pyrazol-5-yl)methoxy)piperidine (2aa)

A solution of 1a (62.8mg, 0.2 mmol), Cul (3.8 mg, 0.02 mmol, 10.0 mol %), TEMPO (46.8mg, 1.5 eq) in dry DCM
(2.0 mL) was stirred under O, for 2 h at 25 °C then monitored by TLC. The title compound was isolated by
preparative TLC (petroleum ether/ethyl acetate: 5/1) yielded 2aa (9 mg, 10%) as a white solid. *H NMR (400 MHz,
CDCls): 6 7.78 (d, J = 8.3 Hz, 2H), 7.70 (dd, J = 7.8, 1.8 Hz, 2H), 7.42-7.36 (m, 3H), 7.28-7.26 (m, 2H), 4.30 (dd,
J=9.2, 3.8 Hz, 1H), 4.14-4.09 (m, 1H), 4.00-3.92 (m, 1H), 3.21 -3.06 (m, 2H), 2.38 (s, 3H), 1.51-1.45 (m, 5H),
1.26-1.23 (m, 7H), 1.08-1.06 (m, 6H) ppm. *C NMR (100 MHz, CDCls): § 158.5, 144.3, 132.4, 131.1, 130.6,
129.6, 128.8, 128.7, 127.1, 78.2, 60.1, 39.8, 37.6, 33.4, 21.7, 20.3, 17.2 ppm. HR-MS (ESI) m/z calcd for
Ca6H3sN305S [M+H]+ 470.2477, found: 470.2484. The analytical data are in accordance with these reported in the
literature!™,

4. Transformation of Product 2a

N-N OH N-NH
| NaOH (2eq) I
—_—
MeOH, 90 °C, 6h
2a 3:83%

2a (0.3 mmol, 99 mg) were dissolved in MeOH (2.0 mL). Then, NaOH (2.0 equiv) was addded to the mixture then
at 90°C for 6 h until the reaction was completed as monitored by TLC. The crude product was purified by column
chromatography (petroleum ether/ethyl acetate: 5/1) yielded 3 (36 mg, 83%) as a colourless oil. *tH NMR (400
MHz, CDClz3): 6 8.88 (bs, 1H), 7.77 (d, J = 7.2 Hz, 2H), 7.61 (s, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.2 Hz,
1H), 6.62 (s, 1H) ppm. *C NMR (100 MHz, CDCls): & 149.2, 133.4, 132.2, 128.9, 128.2, 126.0, 102.8 ppm. HR-
MS (ESI) m/z calcd for CoHgN2 [M+H]*145.07657, found: 145.07594. The analytical data are in accordance with

these reported in the literature!?,
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5. Mechanistic Studies

5.1. Labeling Experiments

s N’TS Ts Ts
N-NH Cul (10 mol %) l\” OH N-N  0-OH N-N
I H,'80, O, (1atm) I | CHO
X —— + N
CH,Cly, 25°C, 2 h
1a 2a: 8% yield 4: 7% yield 5: 5% yield

A solution of 1a (62.8mg, 0.2 mmol), Cul (3.8 mg, 0.02 mmol, 10.0 mol %), H,*®0 (8 mg, 0.04 mmol, 2 eq.) in
dry DCM (1.0 mL) was stirred under O for 2 h at 25 °C. Then purified by preparative TLC (petroleum ether/ethyl
acetate: 2/1) directly to give the products 2a (6 mg, 8% vyield), 4 (5 mg, 7% yield) and 5 (3 mg, 5% vyield).
Compound 5: HR-MS (ESI) m/z calcd for C17H16N203S [M+H]* 329.09599, found: 329.09490. Product 2a: HR-
MS (ESI) m/z calcd for C17H1sN203S [M+H]* 331.11164, found: 331.11034. Compound 4: HR-MS (ESI) m/z calcd
for Ci17H1sN204S [M+H]* 347.10655, found: 347.10532. This finding indicated that the H,*O decreased the
reactivity of the catalytic system, and only ‘°O labeled products were determined in the mixture by HRMS.

TX-16 #8-31 RT: 0.04-0.14 AV: 24 NL: 1.39E9
T: FTMS + p ESI Full ms [100.0000-1000.0000]

100+ 329.09490
E Ts Ts /TS
90 N-N N-N OH N-N 0-0H
1 ! CHO___» ! !
80
; 5 2a 4
70 347.10532
60] /
50 331.11034
40
] 346.09758
309 ‘
20 \
1 34311050 | | 348.10876 357 12500
107 332.11387 341.00436 ‘ 349.10106 369.08712
\ 353.09211
3 321.06623 327.07932 333.10614 337.09721 \ y | 358.12937 363.10036 370.09085
0 el gl r——————————————————————————— ——————— —————— i ———w—
320 325 330 335 340 345 350 355 360 365 370

m/z
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5.2. Radical-trapping Experiments

Ts
N,NH Cul (10 mol %)
| TEMPO
X
02 (1atm CH20|2
1a 2a (trace) 2aa: 10%

1a was recovered in 65%

A solution of 1a (62.8mg, 0.2 mmol), Cul (3.8 mg, 0.02 mmol, 10.0 mol %), TEMPO (46.8mg, 1.5 eq) in dry DCM
(1.0 mL) was stirred under O, for 2 h at 25 °C then monitored by TLC. The C-centered radical intermediate 111 was
trapped by TEMPO in the formation of compound 2aa, and the reactions were completely inhibited in the presence

of TEMPO, which indicated that a radical process might be involved in the reaction.

5.3 Control Experiments

Ts

| /TS
.NH _N
N OH
N Cul (10 mol %) ,
= N, (1 CH,CI
atm),
2( ), CH,Clp NR.

1a 2a

A solution of 1a (62.8mg, 0.2 mmol), Cul (3.8 mg, 0.02 mmol, 10.0 mol %) in dry DCM (1.0 mL) was stirred
under N for 2 h at 25 °C. the reaction did not take place.

Ts
NH Cul (10 mol %)
0O, (1atm) ©/\)\/
CH,Cly, 25°C, 2 h

2a: 18% yield 4: 40% yield 5: 20% yield

A solution of 1a (62.8mg, 0.2 mmol), Cul (3.8 mg, 0.02 mmol, 10.0 mol %) in dry DCM (1.0 mL) was stirred
under O, for 2 h at 25 °C. Then purified by preparative TLC (petroleum ether/ethyl acetate: 2/1) directly to give
the products 2a (12 mg, 18% vyield), 4 (28 mg, 40% yield) and 5 (13 mg, 20% yield).
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6. Kinetic Studies

Cul (10 mol %)

0O, (1atm) ©/\)’\/
CH,Cl,, 25 °C

Mo

—p— 12
+4
*23
5
5
@
g
o
Q
" K
. P

?_ —R‘A

80 100 120

Reaction time/min

Figure S1. Kinetic profile of oxyamination reaction

Reaction conditions: 1a (62.8mg, 0.2 mmol), Cul (3.8 mg, 0.02 mmol, 10.0 mol %) in dry DCM (1.0 mL) was
stirred under O.. We conducted the kinetic experiment of transformation from la into 2a, 4 and 5 under
the first step of the standard conditions. The product of 2a, 4 and 5 was detected by GC-MS using the
dodecane as the internal standard. The product of 2a with yield of 2% (10 min), 5% (20 min), 12% (40
min), 20% (60 min), 20% (80 min), 20% (100 min), 19% (120 min). The yield of 4 was 4% (10 min), 11%
(20 min), 22% (40 min), 38% (60 min), 39% (80 min), 39% (100 min), 40% (120 min). The yield of 5
was 3% (10 min), 13% (20 min), 18% (40 min), 19% (60 min), 20% (80 min), 20% (100 min), 20% (120

min). The results indicated that the intermediate 4 was not the main source in the formation of 2a.
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8. NMR Spectra
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