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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers and used without
further purification. Column chromatography was performed on silica gel (100~200 mesh).
Enantiomeric excesses (ee) were determined by HPLC using corresponding commercial chiral columns
as stated at 30 °C with UV detector at 254 nm. Optical rotations were reported as follows: [a]'p (C
/100 mL, solvent). All *H NMR and *°*F NMR spectra were recorded on a Bruker Avance I 400 MHz
and Bruker Avance III 370 MHz respectively, *C NMR spectra were recorded on a Bruker Avance I
101 MHz or Bruker Avance III 126 MHz with chemical shifts reported as ppm (in CDCl;, TMS as
internal standard). Data for *H NMR are recorded as follows: chemical shift (5, ppm), multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet, br = broad singlet, dd = double doublet, coupling
constants in Hz, integration). HRMS (ESI) was obtained with a HRMS/MS instrument (LTQ Orbitrap
XL TM). The absolute configuration of 3ad was assigned by the X-ray analysis.

Cyclic 2-(1-alkynyl)-2-alken-1-ones la-j were prepared according to the literature.™™ Pyrazolones
2a-l were prepared from f-keto esters according to the literature.[ The catalysts Q4-10 were prepared
from quinine according to the literature.”®! The racemic products were synthesized using tetramethyl
guanidine (TMG) as the catalyst.

2. Screening of reaction conditions

Table S1. Optimization of reaction conditions.

o Whg S o G

Q1:R" = OMe, RZ H Q6:R*=iPr

Q3:R'=R,= Q7: R* = cyclopentyl Q10: R*= TIPS

Q5: R" = OMe, RZ Bn Q8:R*=benzhydryl Q11:R%=TBDMS

Q14:R'=0OH,R?=H  Q9: R* = trityl Q12: R*=TBDPS Bn

o o
@/ i? _cat. (10mol%) Ph\’?‘ {
CHCl3, rt N=<
Ph
3aa

Entry® Solvent Cat. t (h) Yield (%)™ ee [%]
1 CHCl3 Q1 1 93 61
2 CHCl; Q2 1 93 -54
3 CHCl; Q3 1 95 30
4 CHCl; Q4 24 66 -47
5 CHCl3 Q5 24 57 37
6 CHCI3 Q13 24 55 17
7 CHCl, Q14 12 90 56
8 CHCl; Q6 1 93 79
9 CHCl; Q7 1 93 78
10 CHCl; Q8 1 90 75
11 CHCl, Q9 3 93 83
12 CHCl, Q10 3 95 86
13 CHCl, Q11 3 95 86
14 CHCl; Q12 3 95 85
15 DCM Q10 3 95 81
16 DCE Q10 3 94 81
17 CCly Q10 3 92 84
18 toluene Q10 3 89 76
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19 EtOAC Q10 8 78 71

20 Et,0 Q10 8 76 74
21 CHCl; Q10 12 95 91
22 CHCl; Q10 24 95 92
231 CHCl; Q11 24 95 91

[a] Unless otherwise noted, reactions were conducted with 1a (0.1 mmol), cat. (10 mol %), 2a (0.12 mmol) in solvent (1.0 mL)
at rt. [b] Isolated yield. [c] Determined by chiral HPLC analysis. [d] The reaction was performed at -20 °C for 12 h, and then
stirred at rt for 3 h. [e] The reaction was performed at -30 °C for 24 h, and then stirred at rt for 3 h.

3. Experimental procedures and characterization of compounds
Synthesis of catalyst Q11

TBDMSCI, imidazole </\//BN
> —

DCM, 0 °C-rt

Cupreine Q11

A Schlenk tube equipped with a magnetic stir bar was charged with cupreine (1.0 mmol) under
argon. After the addition of anhydrous DCM (5 mL), the resulting mixture was cooed to 0 °C.
TBDMSCI (2.0 mmol) and imidazole (2.0 mmol) were added in sequence. The mixture was then
warmed to rt, stirred for 1 h. DCM (15 mL) was added to the mixture, then washed with diluted
NaHCO; solution and brine, dried over Na,SO,, concentrated. The crude mixture was purified by
column chromatography (EtOAc/MeOH/NH;.H,O = 10:1:0.1) on silica gel to give the product Q11 as
white foam (260 mg, yield 60%). mp 67.3-70.1 °C; [0]2= -52.4 (c 0.43, CH,Cl,); *H NMR (400 MHz,
CDCly) 6 8.51 (d, J = 4.5 Hz, 1H), 7.88 (d, J = 9.0 Hz, 1H), 7.43 (d, J = 4.5 Hz, 1H), 7.38 (d, J = 2.3
Hz, 1H), 7.21 (dd, J = 9.0, 2.3 Hz, 1H), 5.81-5.65 (m, 1H), 5.44 (d, J = 4.3 Hz, 1H), 4.92 (dd, J = 17.9,
13.8 Hz, 2H), 4.58 (brs, 1H), 3.47 (d, J = 13.6 Hz, 1H), 3.18-2.95 (m, 2H), 2.73-2.53 (m, 2H), 2.24 (s,
1H), 1.78 (s, 1H), 1.75-1.65 (m, 2H), 1.58-1.37 (m, 2H), 1.01 (s, 9H), 0.26 (s, 3H), 0.24 (s, 3H); *C
NMR (101 MHz, CDCls) ¢ 153.7, 148.0, 147.7, 144.2, 142.0, 131.3, 126.7, 125.0, 118.6, 114.2, 110.5,
72.3, 60.0, 57.1, 43.2, 40.0, 27.9, 27.7, 25.7, 22.0, 18.3, -4.3; HRMS (ESI) m/z Calcd. for
CasH3;N,0,Si ([M+H]") 425.2619, Found; 425.2613.

Synthesis of catalyst Q12

TBDPSCI, imidazole 4/\//BN

DMF, rt

Cupreine Q12

A Schlenk tube equipped with a magnetic stir bar was charged with cupreine (1.0 mmol) under
argon. After the addition of anhydrous DMF (5 mL), TBDPSCI (2.0 mmol) and imidazole (2.0 mmol)
were added in sequence. The mixture was then stirred at rt overnight. Water (20 mL) was added to the
mixture, the mixture was extracted with EtOAc (20 mL x 2). The combined organic layers were
washed with diluted NaHCOj solution and brine, dried over Na,SO,, concentrated. The crude mixture
was purified by column chromatography (EtOAc/MeOH/ NH3.H,0 = 10:1:0.1) on silica gel to give the
product Q12 as white foam (400 mg, yield 73%). mp 68.3-70.5 °C; [a]Z = -50.9 (c 0.50, CH,Cl,); *H
NMR (400 MHz, CDCls) 6 8.49 (d, J = 4.4 Hz, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.74 (dd, J = 12.2, 7.1 Hz,
4H), 7.42-7.30 (m, 7H), 7.27-7.22 (m, 2H), 5.80-5.59 (m, 1H), 5.06-4.80 (m, 3H), 3.53 (brs, 1H),
2.99-2.83 (m, 3H), 2.48-2.28 (m, 2H), 2.16 (s, 1H), 1.69 (s, 1H), 1.60-1.28 (m, 4H), 1.14 (s, 9H); **C
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NMR (101 MHz, CDCly) 6 153.7, 147.8, 147.7, 144.2, 142.1, 135.6, 135.5, 132.6, 132.4, 131.3, 130.1,
128.0, 127.9, 127.0, 124.6, 118.7, 114.2, 110.2, 71.6, 60.1, 56.6, 42.6, 40.0, 27.8, 27.7, 26.6, 23.6, 19.5;
HRMS (ESI) m/z Calcd. for CasHaiN,O,Si ([M+H]") 549.2932, Found 549.2912.

General procedure: synthesis of compounds 3aa-3ja, 3ab-3al

Q10 or Q11 (10 mol%) Ph, N
CHCI3 30°Cor20°C+t  Nx

R2
1(n—01) 3(n=0,1)

A Schlenk tube equipped with a magnetic stir bar was charged with enynone 1 (0.2 mmol) and
Q10 or Q11 (0.02 mmol), followed with CHCl3 (2 mL). After cooled to -30 <C or -20 <C for 15 min, the
pyrazolone 2 (0.24 mmol) was added in one portion. The reaction was detected by TLC. After 24-120 h,
the reaction mixture was warmed to rt, then stirred for 1-5 h. The mixture was purified by column
chromatography on silica gel directly to give the product 3.

Gram scale synthesis of the product 3aa
Ph
(0]
N\
Q10 (10mol%) Ph N
CHCl3, -30 °C -rt Nx
Ph
3aa

A solution of 1a (3.0 mmol, 1.0 eq.) and Q10 (0.3 mmol, 0.1 eq.) in CHClI; (30 mL) was cooled to
-30 °C. After 15 min, 2a (3.6 mmol, 1.2 eq.) was added in one portion. The resulting mixture was

O

stirred at -30 °C for 48 h, and then warmed to rt, stirred for 3 h. The solvent was removed under
vacuum, then the crude mixture was purified by column chromatography (EtOAc/petroleum ether = 1/8)
to give 3aa as white solid (1.24 g, 96% yield, 92% ee)

Synthesis of (6S,9aR)-5-benzyl-1,3-diphenyl-3,6,7,8,9,9a-hexahydroisochromeno[3,4-c]
pyrazol-6-ol (4)

Bn

o Bn
0 o OH
Ph NaBH, Ph. N
1N NN
N= MeOH/THF, rt N=

Ph Ph

3aa (ee 92%) 4 (yield 98%,
dr > 20:1, ee 92%)

3aa (0.1 mmol) was suspended in a 1:1 mixture of THF and MeOH (2.0 mL). NaBH, (0.2
mmol, 2.0 equiv.) was added in one portion at rt. After 10 min, the mixture turned to be clear (TLC

detected the starting material was consumed). The solvent was evaporated, and then the crude mixture
was purified by silica gel column chromatography (EtOAc/petroleum ether = 1/4) to give 4 as white
solid (42 mg, 98% yield, 92% ee). The absolute configuration was determined by 1D NOE (see page
S55). mp 101.9-104.1 °C; [0]5 = -142.8 (c 0.41, CH,Cl,); *H NMR (400 MHz, CDCl3) 6 7.74 (d, J =
7.7 Hz, 2H), 7.67 (d, J = 8.3 Hz, 2H), 7.44-7.28 (m, 9H), 7.23-7.17 (m, 2H), 4.30 (d, J = 9.3 Hz, 1H),
4.11 (s, 2H), 3.53 (dd, J = 11.7, 2.4 Hz, 1H), 2.12 (s, 1H), 2.08-2.00 (m, 1H), 1.96-1.88 (m, 1H),
1.82-1.73 (m, 1H), 1.68-1.54 (m, 1H), 1.32-1.22 (m, 1H); **C NMR (101 MHz, CDCl,) ¢ 147.4, 146.9,
142.2, 139.4, 138.4, 134.0, 129.0, 128.7, 128.6, 128.5, 127.9, 126.7, 126.3, 125.9, 120.7, 115.5, 97.3,
73.0, 38.0, 36.4, 35.9, 35.1, 24.1; HRMS (ESI) m/z Calcd. for CygH,;N,O, ([M+H]") 435.2067, Found
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435.2061; Enantiomeric excess was determined to be 92% (determined by HPLC using chiral AD-H
column, hexane/2-propanol = 70/30, L = 254 nm, 30 °C, 0.5 mL/min, tmajer = 13.0 Min, tyiner = 11.5
min).

DADT A, Sig=254,4 Re=360,100 (BXZ\160604010)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mAU] %
=== | ===l | === | === | === |
1 G.354 BB 0.1991 5043.437%% 379.37180 50.018¢
2 12.176 BB 0.2626 5039.63184 290.21487 49.9811
DADT A, Sig=254,4 Ref=360,100 (BXZ\16060402D)
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# [min] [min] [mAU*s ] [mAU] %
Il ===l [ === | === [ ===~ |
1 %.387 BB 0.2043 3590.11115 28.75170 3.8383
2 12.177 BB 0.2688 9773.40820 551.36127 96.1lel7

Synthesis of (6R,9aR)-5-benzyl-1,3,6-triphenyl-3,6,7,8,9,9a-hexahydroisochromenol[3,4-c]
pyrazol-6-ol (5)

Bn
0

Ph. B\ PhMgBr

NN\ —_—

|

N= THF, rt

Ph Ph
3aa (ee 92%) 5 (yield 80%,

dr > 20:1, ee 92%)

3aa (0.1 mmol) was dissolved in anhydrous THF (1.0 mL) under argon. 0.5 mL (5.0 eq.) of
PhMgBr (1.0 M) was added dropwise to the solution at rt. After 30 min, another 0.5 mL (5.0 eq.) of
PhMgBr (1.0 M) was added. The resulting mixture was stirred overnight. Saturated NH,Cl aqg. (5 mL)
was added to quench the mixture, and then extracted with EtOAc (10 mL x 2). The combined organic
layers were washed with brine, dried over Na,SO,, concentrated. The crude mixture was purified by
column chromatography (EtOAc/petroleum ether = 1/15) on silica gel to give the product 5 as white
foam (41 mg, yield 80%). The absolute configuration was assigned by analogy to 4. mp 75.3-78.4 °C
[0]? =-85.0 (c 0.21, CH,Cl,); "H NMR (400 MHz, CDCls) ¢ 7.70-7.55 (m, 6H), 7.43-7.21 (m, 14H),
4.07 (d, J = 15.3 Hz, 1H), 3.97 (d, J = 15.2 Hz, 1H), 3.79 (dd, J = 11.9, 3.7 Hz, 1H), 2.57-2.44 (m, 1H),
2.03 (brs, 2H), 1.98-1.89 (m, 1H), 1.88-1.78 (m, 1H), 1.72-1.44 (m, 3H); **C NMR (101 MHz, CDCl5)
0 147.6, 147.0, 146.6, 145.4, 138.6, 138.2, 133.9, 123.0, 129.0, 128.9, 128.4, 127.9, 127.8, 126.9, 126.4,
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126.0, 125.8, 120.8, 117.6, 115.3, 97.6, 40.4, 37.5, 33.6, 32.8, 20.3; HRMS (ESI) m/z Calcd. for
CasH3N,O, ([M+H]") 511.2380, Found 511.2371; Enantiomeric excess was determined to be 92%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.5

mL/min, tygjor = 12.7 mMin, tyiner = 9.4 Min).

DADT A, Sig=754 4 Ref=360,100 (BXZ\IA0A0403 D)
mAU 3
175—;
150 -
] uw
1253 p
] f\ =+
100 I g
E | o
75 N h
503 A I
25 [ I\
E ~ rd O\ /N
0 T N . . T e
-7 T
0 25 5 75 10 125 15 16 mi
peak RetTime Type Width Lrea Height LArea
# [min] [min] [MAU* =] [mAaU] %
Il e ===l [ === | === [ ===~ |
1 9.353 BB 0.2886 2110.25439 110.59280 50.2084
2 12.8%4 BV 0.4479 2092.74023 TJ0.17435 49.791¢
DADT A, Sig=254.4 Ref=360,100 (BXZ\ 16060404 D)
mAU
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500 o
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feak RetTime Type Width Arsa Height Area
# [min] [min] [mAU*s] [mAT] %
=== | ===l === | —===———=—= | === | === |
] 9.358 BP 0.2771 438.84818 24.24819 3.850%9
2 12.656 BB 0.4499 1.09572=4 373.90375 Se8.1451

Characterization of products 3aa-3al

(S)-5-benzyl-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-one (3aa)
Prepared according to the general procedure at -30 °C for 24 h with Q10 as the

Ph
o o Catalyst, then stirred at rt for 3 h, as white solid (82 mg, 95% vyield) after silica gel
Ph\w { ) chromatography (EtOAc/petroleum ether). mp 159.8-162.2 °C; [o]> = -133.6 (c 0.71,
N\Ph CH,Cl); '"H NMR (400 MHz, CDCls) ¢ 7.70-.63 (m, 2H), 7.61-7.55 (m, 2H),
3aa 7.46-7.30 (m, 9H), 7.29-7.20 (m, 2H), 4.10 (dd, J = 11.7, 3.8 Hz, 1H), 3.98 (d, J =

14.7 Hz, 1H), 3.92 (d, J = 14.6 Hz, 1H), 2.65 (dt, J = 15.8, 4.7 Hz, 1H), 2.52-2.39 (m, 1H), 2.24-2.14
(m, 1H), 2.01-1.84 (m, 2H), 1.70-1.58 (m, 1H); *C NMR (101 MHz, CDCl;) ¢ 202.1, 153.8, 148.1,
145.4, 137.9, 137.0, 133.7, 129.4, 129.0, 128.7, 128.6, 128.2, 127.1, 126.9, 126.5, 121.0, 114.7, 97.7,
42.3, 36.7, 34.9, 32.0, 23.0; HRMS (ESI) m/z Calcd. for CyHysN,0, ([M+H]) 433.1911, Found
433.1909; Enantiomeric excess was determined to be 92% (determined by HPLC using chiral OD-H
column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.6 mL/min, tmsjor = 13.0 Min, trinor = 11.5

min).
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DAD1 A, Sig=254 4 Ref=360,100 (BXZ\16050301.0)
mAU
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0 25 5 7.5 10 125 15 1 7{83) mi
Peak RetTims Type Width Area Height LArea
# [min] [min] [mAU*s] [mAU] %
il Rt | === === | === | === | === I
1 11.481 BB 0.3366 3824.14648 173.90144 50.1708
2 13.019% BB 0.4055 3798.11157 144.08389 49.8292
DADT A, Sig=254 4 Ref=360,100 (BXZ\16060303.0)
mAU ]
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# [min] [min] [MAU*s] [mAT] %
Il R [ e | === | === |======= I
1 11.519 MM 0.3494 1094.51538 52.21276 4.0584
2 12.977 BB 0.4137 2.58748=4 962.16998 95.9416

(S)-5-(4-methoxybenzyl)-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-o0

ne (3ba)

Ph
3ba

Prepared according to the general procedure at -30 °C for 48 h with Q10 as the
catalyst, then stirred at rt for 3 h, as white solid (90 mg, 98% yield) after silica gel
chromatography (EtOAc/petroleum ether). mp 117.3-119.0 °C; [o]5 = -104.0 (c 0.90,
CH.Cl,); *"H NMR (400 MHz, CDCls) 6 7.66 (d, J = 7.5 Hz, 2H), 7.62 (d, J = 8.3 Hz,
2H), 7.45-7.29 (m, 7H), 7.24 (d, J = 9.7 Hz, 1H), 6.87 (d, J = 8.5 Hz, 2H), 4.08 (dd, J
=11.7, 3.7 Hz, 1H), 3.92 (d, J = 14.6 Hz, 1H), 3.83 (d, J = 14.7 Hz, 1H), 3.77 (s, 3H),
2.64 (dt, J = 15.8, 4.8 Hz, 1H), 2.52-2.37 (m, 1H), 2.23-2.14 (m, 1H), 2.00-1.85 (m,

2H), 1.70-1.57 (m, 1H); *C NMR (101 MHz, CDCl;) 6 202.1, 158.6, 154.2, 148.1, 145.4, 137.9, 133.7,
130.4, 129.0, 128.6, 128.2, 127.1, 126.5, 121.0, 114.3, 114.0, 97.7, 55.3, 42.3, 35.9, 34.8, 32.0, 23.0;
HRMS (ESI) m/z Calcd. for CsoH»N,05 ([M+H]") 463.2016, Found 463.2016; Enantiomeric excess
was determined to be 92% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A =254 nm, 30 °C, 0.5 mL/min, tmajor = 23.3 MinN, tminor = 13.4 min).

mAU 3
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2003
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50
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DADT A, Sig=254 4 Ref=360,100 (BX2I60511010)
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Peak RetTime Type Width Area Height Area
$ [min] [min] [MAU*s] [mAU] %
- | === ] === [==== | === | === |

1 13.054 MM 0.3030 4132.43604 227.33954 50.8083
2 23.014 BB 0.4790 4000.%4458 128.58113 49.1917
DAD1 A, 5ig=254,4 Ref=360,100 (BXZ\16052706D)
mAU
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# [min] [min] [MAU*s] [mAU] %
il Rttt [==== === | —====—===- | === [ === I
1 13.443 0.2504 498.3233¢6 29.59588 4.1546

2 23.326 ;; 0.46590 1.14%€0=4 373.57315 95.8454
(S)-5-(4-methylbenzyl)-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno|[3,4-c]pyrazol-6(3H)-on
e (3ca)

Prepared according to the general procedure at -30 °C for 48 h with Q10 as the
catalyst, then stirred at rt for 3 h, as light yellow solid (83 mg, 93% vyield) after silica
o el chromatography (EtOAc/petroleum ether). mp 173.9-175.6 °C; [a]p = -113.1 (c

(0]
P p 0.82, CH,Cl,); 'H NMR (400 MHz, CDCls)  7.66 (d, J = 7.7 Hz, 2H), 7.61 (d, J =
N 8.2 Hz, 2H), 7.44-7.31 (m, 5H), 7.30-7.20 (m, 3H), 7.13 (d, J = 7.8 Hz, 2H), 4.08 (dd,

Ph

3ca  J=11.7,3.7 Hz, 1H), 3.93 (d, J = 14.6 Hz, 1H), 3.87 (d, J = 14.6 Hz, 1H), 2.64 (dt, J
= 15.8, 4.8 Hz, 1H), 2.52-2.40 (m, 1H), 2.32 (s, 3H), 2.24-2.14 (m, 1H), 2.01-1.83 (m, 2H), 1.71-1.56
(m, 1H); *C NMR (101 MHz, CDCls) § 202.0, 154.1, 148.1, 145.4, 137.9, 136.47, 133.9, 133.7, 129.3,
129.0, 128.7, 128.2, 127.2, 126.4, 121.0, 114.4, 97.7, 42.3, 36.3, 34.9, 32.0, 23.0, 21.2; HRMS (ESI)
m/z Calcd. for CsoH»7N,0, ([M+H]") 447.2067, Found 447.2064; Enantiomeric excess was determined
to be 91% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm,
30 °C, 0.5 mL/min, tmsjor = 15.9 Min, tyiner = 9.7 min).

DADT A, Sig=254,4 Ref=360,100 (BXZ\1B06 1107 D)
mAU
1000 -
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Peak RetTims Type Width Area Height Area
¥ [min] [min] [mMAU*s] [mAU] %
e R R |=====m——— R | ======-- |
1 %.4%1 PB 0.1826 9750.29297 797.48956 49.8650
2 15.931 BB 0.3344 9803.08398 442.58325 50.1350
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DADT A Sig=754.4 Rel=360.100 (BXZ\16052703 D)
mAU ]
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*=] [mAT] %
e R R |- | === |- |
1 9.683 PB 0.1787 1146.37646  96.44128  4.4791
2 15.903 BB 0.3270 2.4447824 1068.13647 95.5209
(S)-5-(3-methylbenzyl)-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno|[3,4-c]pyrazol-6(3H)-on
e (3da)

(m, 1H),

Prepared according to the general procedure at -30 °C for 24 h with Q10 as the
catalyst, then stirred at rt for 3 h, as light yellow foam (86 mg, 96% yield) after silica
gel chromatography (EtOAc/petroleum ether). [a]5 131.0 (c 0.81, CH,Cl,); *H
NMR (400 MHz, CDCl;) § 7.70-7.64 (m, 2H), 7.63-7.57 (m, 2H), 7.45-7.31 (m, 5H),
7.27-7.16 (m, 4H), 7.07 (d, J = 7.0 Hz, 1H), 4.09 (dd, J = 11.8, 3.8 Hz, 1H), 3.95 (d, J
= 14.4 Hz, 1H), 3.86 (d, J = 14.6 Hz, 1H), 2.65 (dt, J = 16.1, 4.8 Hz, 1H), 2.52-2.41
2.34 (s, 3H), 2.24-2.14 (m, 1H), 2.00-1.85 (m, 2H), 1.70-1.58 (m, 1H); **C NMR (101 MHz,

CDCl3) ¢ 202.1, 153.9, 148.1, 1454, 138.2, 137.9, 136.9, 133.7, 130.2, 129.0, 128.7, 128.5, 128.2,
127.7, 127.1, 126.5, 126.4, 121.0, 114.5, 97.7, 42.4, 36.6, 34.9, 32.0, 23.1, 21.5; HRMS (ESI) m/z

Calcd. fo

I CaoH7N,O, ([M+H]") 447.2067, Found 447.2072; Enantiomeric excess was determined to

be 92% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30

o . _ . _ .
C, 0.5 mL/min, tmaer = 11.2 Min, tpiner = 9.0 min).
DADT A, Sig=054.4 Re(=360,100 (BXZ\16051100.0)
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Peak RetTime Type Width Area Height Area
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e |====|-====-- |-=m—m—--—- |———=——=-—= e
1 9.062 VB 0.1732 7879.21777 679.80365 49,9490
2 11.200 BV 0.2214 7895.03027 531.13947 50.0501
DADT A, Sig=254.4 ReF-360.100 (BXZ\160511100)
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Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
| === === | === | === | === |
1 9.048 BB 0.1le85 776.28271 69.41628 4_.093%
2 11.162 BB 0.2303 1.81858=24 1189.76660 95.9061

(S)-5-(4-chlorobenzyl)-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno|3,4-c]pyrazol-6(3H)-one
(3ea)

Prepared according to the general procedure at -30 °C for 24 h with Q10 as the
catalyst, then stirred at rt for 3 h, as white solid (85 mg, 91% vyield) after silica gel
chromatography (EtOAc/petroleum ether). mp 153.1-155.6 °C; [o]% = -103.0 (c 0.80,
CH,Cl,); *H NMR (400 MHz, CDCls) § 7.66 (d, J = 7.5 Hz, 2H), 7.57 (d, J = 8.2 Hz,
2H), 7.44-7.21 (m, 10H), 4.08 (dd, J = 11.7, 3.7 Hz, 1H), 3.96 (d, J = 14.6 Hz, 1H),
3.82 (d, J = 14.7 Hz, 1H), 2.64 (dt, J = 15.9, 5.0 Hz, 1H), 2.50-2.36 (m, 1H),
2.24-2.14 (m, 1H), 2.00-1.84 (m, 2H), 1.70-1.55 (m, 1H); *C NMR (101 MHz,
CDCly) 6 201.9, 153.3, 148.1, 145.2, 137.8, 135.5, 133.6, 132.8, 130.7, 129.1, 128.7, 128.2, 127.1,
126.6, 121.0, 114.9, 97.7, 42.2, 36.2, 34.8, 31.9, 22.9; HRMS (ESI) m/z Calcd. for CygH,4,CIN,O,
([M+H]") 467.1521, Found 467.1524; Enantiomeric excess was determined to be 94% (determined by
HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.5 mL/min, tujor =
14.0 min, tyiner = 10.3 min).

DADT A, Sig=254,4 Ref=360,100 (BXZ\16051103.0)
mAU
10004
] ITe}
B o
300 s
] - e g
1 ' =
600 I <
] | N
400 |‘ i
] | |‘I\
200 I ('
] [ [\
04 e N o N
————— e
0 25 5 75 10 125 15 175 20 mi
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# [min] [min] [MAU*=] [mAU] %
e B | === ===~ | —————————- [————— - | —=—————- [
1 10.325 EB 0.2093 9918.23535 700.02948 50.0458
2 14.104 VB 0.269%6 9900.086691 ©511.97269 49.9542
DADT A Sig=254 4 Ref=360,100 (BXZ\ 16061104 D)
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# [min] [min] [mAU*s] [mAT] %
e R R | === === | === |
1 10.346 BB 0.2009 714.42285 53.80969  3.1904
2 13.986 BB 0.2981 2.16787=4 1099.01758 96.8096
(S)-5-(4-fluorobenzyl)-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-one
(3fa)

Prepared according to the general procedure at -30 °C for 24 h with Q10 as the catalyst, then stirred at
rt for 3 h, as white solid (81 mg, 90% vyield) after silica gel chromatography (EtOAc/petroleum ether).
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mp 146.3-149.0 °C; [a]> = -111.4 (c 0.80, CH,CI,); *H NMR (400 MHz, CDCl,) 6
7.66 (d, J =7.8 Hz, 2H), 7.59 (d, J = 8.3 Hz, 2H), 7.45-7.31 (m, 7H), 7.25 (t, J = 7.4
Hz, 1H), 7.01 (t, J = 8.6 Hz, 2H), 4.09 (dd, J = 11.8, 3.8 Hz, 1H), 3.97 (d, J = 14.6 Hz,
1H), 3.82 (d, J = 14.6 Hz, 1H), 2.64 (dt, J = 15.9, 4.9 Hz, 1H), 2.53-2.37 (m, 1H),
2.27-2.14 (m, 1H), 2.03-1.82 (m, 2H), 1.71-1.55 (m, 1H); **F NMR (370 MHz, CDCl,)
& -116.03; **C NMR (101 MHz, CDCls) 6 202.0, 162.0 (d, J = 246.0 Hz), 153.6, 148.1,
145.3, 137.9, 133.6, 132.7 (d, J = 3.3 Hz), 130.9 (d, J = 8.1 Hz), 129.1, 128.7, 128.2,
127.1, 126.6, 121.0, 115.3 (d, J = 21.4 Hz), 114.7, 97.7, 42.2, 36.0, 34.8, 31.9, 22.9; HRMS (ESI) m/z
Calcd. for CygH,,FN,O, ([M+H]") 451.1816, Found 451.1817; Enantiomeric excess was determined to
be 93% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30
°C, 0.5 mL/min, tmajor = 12.8 Min, tyinor = 10.0 min).

DAD1 A, Sig-254,4 Ref-360,100 (BXZ\16051105.0)
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Il B [=== === | === === | === |
1 10.1leZ BB 0.1975 4875.26758 370.61945 49.6550
2 13.030 VB 0.2561 4542.22649 288.21173 50.3410
DADT A, Sig=254,4 Ref=360,100 (BXZ\16051106.D)
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# [min] [min] [MAU*s] [mAU] %
i B | === | == | = | ===
1 10.016 PB 0.1%64 932 .86438 T0.48771 3.5168
2 12.843 BB 0.2756 2.55935=4 1397.98523 5¢6.4832

(S)-1,3-diphenyl-5-(thiophen-2-ylmethyl)-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3
H)-one (3ga)

Prepared according to the general procedure at -30 °C for 24 h with Q10 as the
catalyst, then stirred at rt for 1 h, as white solid (79 mg, 91% yield) after silica gel
chromatography (EtOAc/petroleum ether). mp 166.0-168.3 °C; [a]7 = -134.6 (c 0.79,
CH,Cl,); *H NMR (400 MHz, CDCl3) 6 7.72 (d, J = 7.7 Hz, 2H), 7.66 (d, J = 7.2 Hz,
2H), 7.44-7.38 (m, 4H), 7.38-7.31 (m, 1H), 7.26 (t, J = 7.4 Hz, 1H), 7.17 (dd, J = 5.1,
1.1 Hz, 1H), 7.03 (d, J = 2.6 Hz, 1H), 6.95 (dd, J = 5.1, 3.5 Hz, 1H), 4.13 (s, 2H), 4.09
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(dd, J = 11.8, 3.9 Hz, 1H), 2.64 (dt, J = 15.9, 4.8 Hz, 1H), 2.51-2.39 (m, 1H), 2.24-2.12 (m, 1H),
1.99-1.83 (m, 2H), 1.70-1.56 (m, 1H); *C NMR (101 MHz, CDCl5) 6 201.9, 153.1, 148.1, 145.3, 138.7,
137.9, 133.6, 129.1, 128.7, 128.2, 127.2, 126.9, 126.7, 126.5, 124.7, 121.1, 114.5, 97.8, 42.1, 34.7, 31.7,
31.2, 22.8; HRMS (ESI) m/z Calcd. for CyHsN,0,S ([M+H]Y) 439.1475, Found 439.1470;
Enantiomeric excess was determined to be 92% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.5 mL/min, tyyjor = 13.5 Min, tminer = 10.5 min).

DAD1 A, Sig=254,4 Ref=360, 100 (BXZ\16050505.0)
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il Rttt [==== === | ========== | === | —=======
1 10.7Z¢6 BB 0.2104 ©783.5e787 475.63092 50.2954
2 13.896 BB 0.2699 6703.88477 376.17636 45.704¢6
DADT A, Sig=254 4 Rel=360,100 (BXZ\16050606 D)
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il Bttt | === === [ === | === | === |
1 10.528 BB 0.2078 513.91327 37.04564 4.0102
2 13.471 BB 0.2699 1.23011e4 £96.99561 95.9898

(S)-5-(cyclopropylmethyl)-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)
-one (3ha)

Prepared according to the general procedure at -30 °C for 72 h with Q10 as the
catalyst, then stirred at rt for 5 h, as light yellow solid (71 mg, 89% vyield) after silica
gel chromatography (EtOAc/petroleum ether). mp 107.4-109.5 °C; [a]% = -96.7 (c
0.71, CH,Cl,); "H NMR (400 MHz, CDCl;)  7.88-7.80 (m, 2H), 7.73-7.67 (m, 2H),
7.49-7.40 (m, 4H), 7.39-7.32 (m, 1H), 7.28 (t, J = 7.4 Hz, 1H), 4.09 (dd, J = 11.7, 3.8
Hz, 1H), 2.69-2.53 (m, 2H), 2.48-2.33 (m, 2H), 2.27-2.14 (m, 1H), 1.99-1.83 (m, 2H),
1.71-1.58 (m, 1H), 1.15-1.01 (m, 1H), 0.57-0.45 (m, 2H), 0.40-0.29 (m, 1H), 0.25-0.16 (m, 1H); **C
NMR (101 MHz, CDCls) 6 202.2, 155.4, 148.1, 145.6, 138.1, 133.7, 129.1, 128.6, 128.2, 127.1, 126.5,
121.0, 114.0, 97.8, 42.3, 35.3, 34.8, 32.0, 23.1, 9.4, 4.5; HRMS (ESI) m/z Calcd. for CyH25N,0,
([M+H]") 397.1911, Found 397.1909; Enantiomeric excess was determined to be 90% (determined by
HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.5 mL/min, tyyjor =
10.9 min, tyiner = 9.4 Min).
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DAD1 A, Sig=254,4 Ref=360,100 (BXZ\16050500.0)
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Il [ | === | === | === I
1 9.401 PB 0.179%2 5253.9%9€58 434.21024 50.4070
2 10.938 BB 0.2087 5169.15088 368.48993 495.5930
DADT A, Sig=254,4 Rel=360,100 (BXZ\160605100)
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-l === [ === | === | === |
1 G.404 BV 0.1775 567.20215 45.10888e 4.9444
2 10.928 BB 0.2151 1.05044=4 761.27087 §5.0556

(S)-5-hexyl-1,3-diphenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-one (3ia)

Prepared according to the general procedure at -30 °C for 120 h with Q10 as the
catalyst, then stirred at rt for 5 h, as light yellow solid (76 mg, 89% yield) after silica
gel chromatography (EtOAc/petroleum ether). mp 73.3-75.2 °C; [o]5 =-77.3 (¢ 0.71,
CH,Cl,); 'H NMR (400 MHz, CDCl;) 6 7.85-7.77 (m, 2H), 7.74-7.66 (m, 2H),
7.49-7.40 (m, 4H), 7.39-7.32 (m, 1H), 7.28 (t, J = 7.5 Hz, 1H), 4.08 (dd, J = 11.7, 3.9
Hz, 1H), 2.69-2.54 (m, 3H), 2.45-2.37 (m, 1H), 2.23-2.14 (m, 1H), 1.96-1.85 (m, 2H),
1.72-1.56 (m, 3H), 1.41-27 (m, 6H), 0.93-0.85 (m, 3H); **C NMR (101 MHz, CDCls) § 202.2, 156.2,
148.1, 145.6, 138.1, 133.7, 129.2, 128.6, 128.2, 127.1, 126.5, 121.0, 114.0, 97.9, 42.2, 34.6, 32.0, 31.5,
30.9, 28.8, 27.5, 22.9, 22.6, 14.1; HRMS (ESI) m/z Calcd. for C,gH3;N,O, ([IM+H]") 427.2380, Found
427.2378; Enantiomeric excess was determined to be 90% (determined by HPLC using chiral AD-H
column, hexane/2-propanol = 90/10, A = 254 nm, 30 °C, 0.5 mL/min, tysjor = 11.5 Min, tyiner = 10.4
min).
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DAD1 A, Sig=254 4 Ref=360,100 (BXZ\16050512.D)
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=== | === === | === | === | === |
1 10.785 BV 0.1931 7215.78271 557.11121 46.6611
2 11.956 VB 0.2250 7218.34375 481.25952 50.008%9
DADT A, Sig=254 4 Ref=360,100 (BXZ\160G0604 D)
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=== === | ====]======= |========—= | === | —=—=—=== I
1 10.447 BB 0.1755 348.14%%0 29.97339 5.0898
2 11.461 BB 0.2182 ¢491.94¢678 444.93619 64.9102

(S)-compound (3ja)
Prepared according to the general procedure at -30 °C for 24 h with Q10 as the
catalyst, then stirred at rt for 3 h, as white solid (80 mg, 96% yield, 85% ee) after

Ph

N silica gel chromatography (EtOAc/petroleum ether); after recrystallization from
N\Ph Et,O/hexane (59 mg, 70% yield, 95% ee). mp 142.3-145.8 °C; [o]% =-132.4 (c 0.59,
3ja CH,Cl,); *H NMR (400 MHz, CDCls) 6 7.72 (d, J = 7.8 Hz, 2H), 7.57 (d, J = 8.2 Hz,

2H), 7.47-7.22 (m, 11H), 4.32 (d, J = 14.6 Hz, 1H), 4.20-4.10 (m, 2H), 2.66-2.55 (m, 1H), 2.48-2.38 (m,
2H), 1.74-1.58 (m, 1H); *C NMR (101 MHz, CDCl,) ¢ 202.0, 154.1, 148.1, 145.4, 137.9, 136.47,
133.9, 133.7, 129.3, 129.0, 128.7, 128.2, 127.2, 126.4, 121.0, 114.4, 97.7, 42.3, 36.3, 34.9, 32.0, 23.0,
21.2; HRMS (ESI) m/z Calcd. for CygH3N,0, ([M+H]") 427.2380, Found 427.2378; Enantiomeric
excess was determined to be 95% (determined by HPLC using chiral AD-H column, hexane/2-propanol

=70/30, A =254 nm, 30 °C, 0.5 mL/min, tmajor = 13.9 Min, tyinor = 10.5 min).
DADT A, Sig=254 4 Rel=360,100 (BXZ\16051111D) |
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Width
[min]

Peak RetTime Type
# [min]

Area
[mRU*s]

Height Area
[mATT] %

0.2052 1.32638e4 959.82703 49.2645

2 14.358 VB 0.3919 1.365%%9=4 542.336l1l8 50.7355
DADT A, Sig=254 4 Re=360,100 (BXZ\180512030)
mAU ]
600
4 oy
] (=1
500 8
] s
4003 )
] | II
300 M
] 1
200 [
3 3 | 1!
100 o .
E 2 |-
e _ - A~ ) A -
T T T T T T T T T T T T T T
0 25 5 75 10 125 15 1206 mil
Peak RetTime Typs Width LArea Height Area
4 [min] [min] [mAU*s] [mAU] %
il | === i | =——mmm | ===
1 10.549 BB 0.2004 248.7031¢ 18.55514 2.5157
2 13.9%03 BB 0.3430 9637.31543 424.21173 97.4843

(S)-5-benzyl-1-(4-methoxyphenyl)-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6
(3H)-one (3ab)

Ph

0

0

Ph. N
NN
N,

OMe
3ab

Prepared according to the general procedure at -30 °C for 36 h with Q10 as the
catalyst, then stirred at rt for 3 h, as white solid (91 mg, 98% vyield) after silica gel
chromatography (EtOAc/petroleum ether). mp 150.1-152.8 °C; [a]% = -110.5 (c 0.87,
CH,Cl,); *H NMR (400 MHz, CDCl3) 6 7.58 (t, J = 7.8 Hz, 4H), 7.43-7.17 (m, 8H),
6.94 (d, J = 8.5 Hz, 2H), 4.05 (dd, J = 11.7, 3.5 Hz, 1H), 3.97 (d, J = 14.6 Hz, 1H),
3.91 (d, J = 14.6 Hz, 1H), 3.80 (s, 3H), 2.64 (dt, J = 15.8, 4.8 Hz, 1H), 2.55-2.39 (m,
1H), 2.27-2.13 (m, 1H), 1.99-1.84 (m, 1H), 1.69-1.55 (m, 1H); *C NMR (101 MHz,

CDCl3) 6 202.0, 159.7, 153.8, 147.9, 145.3, 137.9, 137.0, 129.4, 129.0, 128.6, 128.4, 126.9, 126.3,
126.2, 120.9, 114.7, 114.1, 97.3, 55.3, 42.3, 36.7, 34.9, 31.9, 23.0; HRMS (ESI) m/z Calcd. for
C3oH27N,03 ([M+H]") 463.2016, Found 463.2017; Enantiomeric excess was determined to be 92%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.5
mL/min, tyajor = 25.6 Min, tyiner = 12.1 min).

DAD1 A, Sig=254,4 Ref=360,100 (BXZ\16051718.0)
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il Bttt |====]======= | —========= | === | —======- |
1 12.19%¢6 PB 0.2487 1.04818=4 634.69708 45.667¢6
2 26.002 BB 0.5532 1.06221=4 294.24759 50.3324
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DADT A, Sig=254 4 Rel=360,100 (BXZ\16061715D)
mAU
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il Bt | === === | === | === | === |
1 12.149 BB 0.2433 665.61810 40.59055 3.9133
2 25.€20 BB 0.5832 1.63435=4 430.21353 96.0887

(S)-5-benzyl-3-phenyl-1-p-tolyl-7,8,9,9a-tetrahydroisochromenol3,4-c]pyrazol-6(3H)-one (3a

Ph Prepared according to the general procedure at -30 °C for 36 h with Q10 as the
o~ o catalyst, then stirred at rt for 3 h, as light yellow solid (87 mg, 98% vyield) after
Ph - 20
N silica gel chromatography (EtOAc/petroleum ether). mp 131.2-134.4 °C; [a]5 =
N~

-121.0 (c 0.50, CH,Cl,); *H NMR (400 MHz, CDCl,) ¢ 7.57 (t, J = 7.6 Hz, 4H),

7.42-7.30 (m, 6H), 7.25 (dd, J = 14.9, 7.3 Hz, 4H), 4.10 (dd, J = 11.7, 3.7 Hz, 1H),

3.98 (d, J =14.7 Hz, 1H), 3.92 (d, J = 14.6 Hz, 1H), 2.66 (dt, J = 15.8, 4.8 Hz, 1H),

2.53-2.41 (m, 1H), 2.38 (s, 3H), 2.27-2.17 (m, 1H), 1.02-1.86 (m, 2H), 1.72-1.58 (m,
1H); **C NMR (101 MHz, CDCl;) ¢ 202.1, 153.8, 148.1, 145.3, 138.0, 137.9, 137.0, 130.8, 129.3,
129.0, 128.5, 127.0, 126.9, 126.3, 121.0, 114.7, 97.5, 42.3, 36.7, 34.9, 31.9, 23.0, 21.3; HRMS (ESI)
m/z Calcd. for CsoH»,N,0, ([M+H]") 447.2067, Found 447.2062; Enantiomeric excess was determined
to be 94% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm,
30 °C, 0.5 mL/min, tysjor = 18.2 Min, tminor = 10.4 min).

3ac

DADT A, Sig=254,4 Rel=360,100 (BXZ\16061717.0)
mAU
500 2
l =
1 =
400{ |
300 I g
] |‘ 2
200 | ,-'.‘
] I
] 1 i
1004 | I
f f [
04 R S I N S _
—— 7t
0 5 10 15 20 25 mi
Peak RetTims Typs Width Area Height Area
# [min] [min] [MAU*s] [mAT] %
il B [ | == | = | == I
1 10.419% BB 0.2156 €187.€1328 420.3956l1 50.1774
2 18.2el1 BB 0.3864 ©6142.87109 240.21918 49.822¢
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DADT A, Sig=25% 4 Re=360,100 (BX2\18051716 D)
mAU ] 2
7 N
h o
10004 IM‘
h i
|
] |
600 ] \ II
]
400 | ||
h 2 |
200 ] 3 \
] =] [
Y U S S -
0 5 10 15 20 25 mi
Peak RetTime Typse Width Area Height Area
3 [min] [min] [mAU*s] [mAU] %
Il Bttt | === === | === | === | === |
1 10.448 BB 0.2035 938.56671 66.66446 3.0426
2 18.238 BB 0.4210 2.99094e4 1093.92883 96.5574

(S)-5-benzyl-1-(4-bromophenyl)-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3

H)-one (3ad)

Prepared according to the general procedure at -30 °C for 40 h with Q10 as the

Ph
o o Ccatalyst, then stirred at rt for 3 h, as white solid (98 mg, 96% vyield) after silica gel
PN ) chromatography (EtOAc/petroleum ether). mp 153.2-156.7 °C; [a] = -93.8 (c 0.98,
NS CH,Cl,); *H NMR (400 MHz, CDCl;) ¢ 7.60-7.48 (m, 6H), 7.41-7.29 (m, 6H),
7.28-7.20 (m, 2H), 4.03 (dd, J = 11.7, 3.6 Hz, 1H), 3.97 (d, J = 14.7 Hz, 1H), 3.90 (d,
b J = 14.6 Hz, 1H), 2.64 (dt, J = 15.8, 4.8 Hz, 1H), 2.53-2.40 (m, 1H), 2.20-2.08 (m,
3ad

1H), 2.03-1.82 (m, 2H), 1.70-1.56 (m, 1H); **C NMR (101 MHz, CDCls) 6 201.8,

153.7, 146.9, 145.5, 137.7, 136.9, 132.6, 131.8, 129.4, 129.1, 128.6, 128.6, 127.0, 126.6, 122.3, 121.0,
1145, 97.7, 42.2, 36.7, 34.8, 32.0, 22.9; HRMS (ESI) m/z Calcd. for CyH2BrN,O, ([M+H])
511.1016, Found 511.1008; Enantiomeric excess was determined to be 92% (determined by HPLC
using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.7 mL/min, tygjor = 16.3
mMin, tminor = 8.0 min).

mAU 3
1754
1503
125
100
753
50
25

0

253

DADT A, Sig=254,4 Re=360,100 (BXZ\16051706.0)

> 16.112

0

Pzak RetTims Type

wWidth
[min]

Area
[mAT*s]

Height Area
[mAaT] %

i R | —————=-—- | ——==m--—— |- !
0.1662 1155.7689%2 103.95145 49.5224
0.3612 1163.37537 49.31961 50.0776

DADT A, Sig=254 4 Ref=360,100 (BXZ2\16051707.0)

=

o

|
17> 8.043

m
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Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAT] %
il e | === | ==—=——== | === | —=======
1 8.043 BB 0.1656 489.91135 4479923 3.90945
2 16.348 BB 0.3783 1.1774¢c=4 479.760350 96.0055

(S)-5-benzyl-1-(4-chlorophenyl)-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3

H)-one (3ae)

Ph Prepared according to the general procedure at -30 °C for 40 h with Q10 as the

o o Ccatalyst, then stirred at rt for 3 h, as white solid (90 mg, 96% vyield) after silica gel

Ph‘pll Q > chromatography (EtOAc/petroleum ether). mp 152.7-154.0 °C; [a]5 = -115.1 (c 0.84,

NS CH,Cl,); *H NMR (400 MHz, CDCly) 6 7.57 (dd, J = 11.4, 8.4 Hz, 4H), 7.41 -7.20 (m,

10H), 4.04 (dd, J = 11.7, 3.6 Hz, 1H), 3.97 (d, J = 14.7 Hz, 1H), 3.90 (d, J = 14.6 Hz,

o 1H), 2.65 (dt, J = 15.9, 4.9 Hz, 1H), 2.52-2.40 (m, 1H), 2.20-2.10 (m, 1H), 2.02-1.83

3ae (m, 2H), 1.72-1.56 (m, 1H); **C NMR (101 MHz, CDCls) § 201.8, 153.8, 146.9, 145.5,

137.7, 136.9, 134.1, 132.2, 129.4, 129.1, 128.9, 128.6, 128.4, 127.0, 126.6, 121.0, 114.5, 97.7, 42.2,

36.7, 34.8, 32.0, 22.9; HRMS (ESI) m/z Calcd. for CyH,,CIN,O, ([M+H]") 467.1521, Found 467.1528;

Enantiomeric excess was determined to be 92% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.5 mL/min, tyajor = 20.3 MiN, tminer = 11.1 min).

DAD1 A, Sig=254 4 Ref=360,100 (BXZ2\16051710.D)
mAU 7
8003
7003 g
600 3 b
500 3 “‘ -
4004 | 3
E | =1
3004 || |
2003 | N\
1003 ' |
LE —~ rn A JoN
— — —= - e D r— T — — — =
0 5 10 15 20 25 mi
Peak RetTime Typse Width Area Height Area
1 [min] [min] [mAU*s] [mATT] %
- | === | === | === | === |
1 11.140 BV 0.2168 8362.0380% 577.83588 495.7541
2 20.443 BB 0.4118 8444 .659043 312.02054 50.245%
DADT A, Sig=254 4 Ref=360,100 (BXZ\16051711D)
mAU
[
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- o
0 5 10 15 20 25 mi
Peak RetTims Typse Width LArea Height Area
4 [min] [min] [MAU* 3] [mAU] %
=== === | === | === | === |
1 11.100 BV 0.2160 1080.41431 75.04544 4.0828
2 20.293 BB 0.4347 2.53824=4 890.1e949 95.9172

(S)-5-benzyl-1-(2-fluorophenyl)-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3
H)-one (3af)
Ph Prepared according to the general procedure at -30 °C for 48 h with Q10 as the

o o Catalyst, then stirred at rt for 3 h, as light yellow solid (87 mg, 96% yield) after silica
N gel chromatography (EtOAc/petroleum ether). mp 108.0-110.8 °C; [o]5 = -119.5 (c

NS 0.83, CH,Cl,); "H NMR (400 MHz, CDCl3) 6 7.71 (t, J = 7.2 Hz, 1H), 7.57 (d, J = 7.9

Ph

F
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Hz, 2H), 7.42-7.29 (m, 7H), 7.28-7.16 (m, 3H), 7.15-7.08 (m, 1H), 4.08-3.90 (m, 3H), 2.67-2.57 (m,
1H), 2.50-2.37 (m, 1H), 1.99-1.82 (m, 3H), 1.67-1.53 (m, 1H); ®F NMR (370 MHz, CDCls) 6 -116.18;
3C NMR (101 MHz, CDCls) 6 201.9, 160.1 (d, J = 248.9 Hz), 154.1, 145.2, 143.7, 137.8, 137.1, 130.7
(d, J=3.3Hz), 130.3 (d, J =8.1 Hz), 129.4, 129.1, 128.6, 126.9, 126.6, 124.5 (d, J = 3.3 Hz), 121.7 (d,
J=14.4Hz),121.1,115.8 (d, J = 21.7 Hz), 114.7, 99.7, 42.4, 36.8, 34.8, 34.7, 31.8, 23.2; HRMS (ESI)
m/z Calcd. for CyHxFN,O, ([M+H]") 451.1816, Found 451.1814; Enantiomeric excess was
determined to be 90% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 70/30, A
=254 nm, 30 °C, 0.5 mL/min, tmsjor = 12.4 Min, tyinor = 13.4 min).

DADT A, Sig=254 4 Rel=360,100 (BXZ\16051004 D)
mAU
1000
800
] 6 w
600 ] ~ 3
] ® o
400 Ii \ ‘-'r".l
] I I
] [ I
200 [
: | \ I|
0d_ . o JoNg N
————— ; ——
0 25 5 75 10 125 15 1706 mi
Peak RetTime Type Width Aresa Height Area
3 [min] [min] [mAU*s] [mAU] %
e R | =====—mm—n | =========- |====—=m |
1 12.36l1 BV 0.3327 1.09547=4  501.74875 49.7682
2 13.445 VB 0.3724 1.10568=24  450.43445 50.23218
DADT A, Sig=254 4 Rel=360,100 (BXZ\16052801D) |
mAU
12004
10004 3
] =
4 )
800 N
n
600 ‘H'.
q I
] |
400 I
] o ||
200 g ||
b 1 I
0] I Ay N
0 s g 75 10 135 15 g mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAT] %
e [ === === |=====———— [=====—=mm- |=====-—= [
1 12.458 BP 0.3113 958.13226 : 5.2293
2 13.438 BB 0.3441 1.73644e4  766.98279 94.7707

(S)-5-benzyl-1-(naphthalen-2-yl)-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3
H)-one (3ag)

Prepared according to the general procedure at -30 °C for 24 h with Q10 as the
catalyst, then stirred at rt for 3 h, as light yellow solid (92 mg, 95% vyield) after silica
gel chromatography (EtOAc/petroleum ether). mp 159.1-162.2 °C; [a]5 = -135.0 (c
0.90, CH,Cl,); 'H NMR (400 MHz, CDCl5) ¢ 8.07 (s, 1H), 7.90-7.79 (m, 4H), 7.61 (d,
J=8.2 Hz, 2H), 7.50-7.29 (m, 8H), 7.25 (dd, J = 13.2, 7.0 Hz, 2H), 4.14 (dd, J = 11.7,
3.5 Hz, 1H), 3.98 (d, J = 14.6 Hz, 1H), 3.93 (d, J = 14.7 Hz, 1H), 2.64 (dt, J = 15.9,
4.7 Hz, 1H), 2.51-2.39 (m, 1H), 2.25-2.15 (m, 1H), 1.96-1.82 (m, 2H), 1.69-1.56 (m,
1H); *C NMR (101 MHz, CDCIl;) 6 202.0, 153.8, 148.0, 145.5, 137.9, 137.0, 133.4, 133.1, 131.1,
129.4, 129.1, 128.6, 128.3, 128.3, 127.8, 127.0, 126.5, 126.4, 126.3, 126.2, 125.0, 121.1, 114.7, 97.9,
42.3, 36.7, 35.0, 32.1, 23.0; HRMS (ESI) m/z Calcd. for Cs3HyN,O, ([M+H]") 483.2067, Found
483.2070; Enantiomeric excess was determined to be 93% (determined by HPLC using chiral AD-H
column, hexane/2-propanol = 70/30, . = 254 nm, 30 °C, 0.7 mL/min, tmajor = 47.7 MiN, tminor = 8.2 Min).
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DADT A, Sig=254 4 Ref=360,100 (BXZ\16051708D)
mAUE g
1400 pot
1200
10003
800
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9 =]
4003 | o
b | )
200
3 | /
0 10 20 30 40 50 #0 mir|
Peak RetTims Type Width Lrea Height Area
4 [min] [min] [MAU*=] [mAU] %
=== | === === | === | === | === I
1 g.180 vB 0.1955 1.72077=4 1315.37874 49.1590
2 43.79%0 BB 1.2910 1.789%%=4 194.62134 50.8410
DADT A, Sig=254,4 Ref=360,100 (BXZ\16051709.0)
mAU 3
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s e e T S e e e L R
0 10 20 30 40 50 #0 miry
Peak RetTims Type Width Aresa Height Area
# [min] [min] [mAU*s] [mAT] %
il Rt | === === | === | === | === |
1 8.247 VB 0.1738 1733.52%66 1483.98088 3.617¢
2 47.679 BB 1.4607 4.618¢c4=4 419.43921 96.3824

(S)-5-benzyl-3-phenyl-1-(thiophen-2-yl)-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)
-one (3ah)

Prepared according to the general procedure at -30 °C for 24 h with Q10 as the
catalyst, then stirred at rt for 3 h, as white solid (85 mg, 97% yield) after silica gel
chromatography (EtOAc/petroleum ether). mp 142.0-144.7 °C; [a]5 = -117.6 (c 0.82,
CH,Cl,); *H NMR (400 MHz, CDCl3) 6 7.55 (d, J = 7.9 Hz, 2H), 7.41-7.18 (m, 10H),
7.09-7.03 (m, 1H), 4.02-3.86 (m, 3H), 2.67 (dt, J = 16.1, 5.0 Hz, 1H), 2.54-2.39 (m,
2H), 2.08-1.87 (m, 2H), 1.79-1.64 (m, 1H); *C NMR (101 MHz, CDCl;) 6 201.9,
153.5, 145.4, 143.1, 137.7, 136.9, 135.8, 129.4, 129.1, 128.6, 127.5, 127.0, 126.5, 125.5, 125.3, 121.0,
114.8,97.4,42.2, 36.7, 34.5, 31.9, 22.9; HRMS (ESI) m/z Calcd. for C,;H,5N,0,S ([M+H]") 439.1475,
Found 439.1472; Enantiomeric excess was determined to be 90% (determined by HPLC using chiral
AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.5 mL/min, tmajor = 13.2 Min, trinor =
10.7 min).

DADT A, Sig=254 4 Ref=360,100 (BXZ\16051712D)
mAU 3
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Teak RetTime Types Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el Rl R | === |- !
1 10.782 BB 0.2170 2917.3852Z5 199.03740 50.1822
2 13.302 BB 0.2589 2895.0432Z1 1e4.87874 49.8078
DAD1 A, Sig=254,4 Ref=360,100 (BXZ\16051713.D)
mAU
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Peak RetTime Type Width Area Height Area
4 [min] [min] [MAU*s] [mAT] %
-l | === === | —m=——————- | === | ———————- I
1 10.73% BB 0.2202 884.928%¢6

2 13.2Z8 BB

0.2631 1.72980e4

(S)-5-benzyl-1-cyclopropyl-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-on

e (3ai)
Ph Prepared according to the general procedure at -30 °C for 48 h with Q10 as the
0~ O catalyst, then stirred at rt for 3 h, as white solid (76 mg, 96% yield) after silica gel
Ph_
E N\ chromatography (EtOAc/petroleum ether). mp 81.8-84.9 °C; [a]s = -44.1 (c 0.39,

CH,Cl,); *H NMR (400 MHz, CDCls) 6 7.46 (d, J = 8.3 Hz, 2H), 7.39-7.29 (m, 6H),
7.25 (t, J = 6.0 Hz, 1H), 7.18 (t, J = 7.3 Hz, 1H), 4.02-3.80 (m, 3H), 2.66 (dt, J =
15.8, 4.8 Hz, 1H), 2.61-2.44 (m, 2H), 2.16-1.94 (m, 2H), 1.94-1.71 (m, 2H),
1.07-0.99 (m, 1H), 0.94-0.80 (m, 3H); *C NMR (101 MHz, CDCl5) 6 202.1, 154.4, 150.8, 144.8, 138.0,
137.1, 129.3, 128.9, 128.5, 126.8, 125.9, 120.5, 114.4, 98.7, 42.3, 36.8, 34.1, 32.4, 23.2, 8.6, 7.6, 6.1;
HRMS (ESI) m/z Calcd. for Cy7H»3N,0,S ([M+H]") 439.1475, Found 439.1472; Enantiomeric excess
was determined to be 91% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, . =254 nm, 30 °C, 0.5 mL/min, tyajor = 9.2 MiN, trinor = 8.5 Min).

3ai

DAD1 A, Sig=254 4 Re=360,100 (BXZ\16052102.D)
mAU
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Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAT] %
Il R [==== == [ === | === | ===~ I
1 §.152 vv 0.1572 8922.43164 £44.61688 49.6205
2 §.841 VB 0.1727 5058.50430 773.4039%99 50.37%5
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DAD1 A, Sig=254,4 Ref=360,100 (BXZ\16052704D)
mAU ]
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3 [min] [min] [MAU*=] [mAU] %
=== | === === | === | === | === |
1 8.487 Vv 0.1487 264.49200 89.45777 4.6559
2 9.1l VB 0.1720 1.77033=4 1518.95947 ©595.3441

(S)-5-benzyl-1-isopropyl-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-one
(3aj)

Prepared according to the general procedure at -30 °C for 48 h with Q11 as the
catalyst, then stirred at rt for 3 h, as light yellow solid (78 mg, 97% vyield) after silica
gel chromatography (EtOAc/petroleum ether). mp 77.6-79.8 °C; [a]s = -54.1 (c 0.74,
CH,Cl,); "H NMR (400 MHz, CDCls) 6 7.52-7.47 (d, J = 8.5, 2H), 7.40-7.28 (m, 6H),
7.26-7.16 (m, 2H), 3.96 (d, J = 14.6 Hz, 1H), 3.87 (d, J = 14.4 Hz, 1H), 3.81 (dd, J =
11.7, 4.1 Hz, 1H), 3.02- 2.90 (m, 1H), 2.64 (dt, J = 15.7, 4.8 Hz, 1H), 2.53-2.37 (m, 2H), 2.15-1.91 (m,
2H), 1.89-1.77 (m, 1H), 1.35 (d, J = 6.9 Hz, 3H), 1.26 (d, J = 7.0 Hz, 3H); *C NMR (101 MHz, CDCls)
0 202.1, 155.0, 154.3, 144.8, 138.1, 137.1, 129.3, 128.9, 128.5, 126.8, 125.9, 120.8, 114.3, 96.9, 42.1,
36.8, 34.3, 32.4, 28.0, 23.0, 22.3, 21.0; HRMS (ESI) m/z Calcd. for CysH;N,0, ([M+H]") 399.2067,
Found 399.2065; Enantiomeric excess was determined to be 93% (determined by HPLC using chiral
AD-H column, hexane/2-propanol = 90/10, A = 254 nm, 30 °C, 0.5 mL/min, tmajor = 10.4 Min, trinor =
9.5 min).

DADT A, Sig=254 4 Ref=360,100 (BXZ\16052002D)
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peak RetTime Type Width Lrea Height LArea
# [min] [min] [MAU* =] [mAU] %
Il B === [ === | === [ ===~ |
1 9.478 MM 0.5103 50859.59424 166€.23579 49.9935
2 10.783 BB 0.0952 5090.92383 811.35278 50.00653
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DADT A, Sig=253 4 Ref=360, 100 (BXZ\16063105 D)
mAU ]
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3 [min] [min] [MAU* 3] [mAU] %
R B e | === [ === | === |
1 9.451 BB 0.1623 373.40994 35.05546  3.3289
2 10.402 EB 0.1912 1.0843924 847.78790 96.6711

(S)-5-benzyl-1-ethyl-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-one (3a
K)

oh Prepared according to the general procedure at -20 °C for 48 h with Q11 as the

o o catalyst, then stirred at rt for 5 h, as light yellow solid (70 mg, 92% yield) after silica

Ph‘rﬂ N\ ) gel chromatography (EtOAc/petroleum ether). mp 70.9-72.9 °C; [a]s = -60.9 (c 0.64,
N=

CH.Cl,); *H NMR (400 MHz, CDCls) § 7.49 (d, J = 8.2 Hz, 2H), 7.39-7.27 (m, 6H),
3ak 7.27-7.17 (m, 2H), 3.97 (d, J = 14.6 Hz, 1H), 3.88 (d, J = 14.6 Hz, 1H), 3.79 (dd, J =
11.7, 4.0 Hz, 1H), 2.69-2.58 (m, 3H), 2.53-2.44 (m, 1H), 2.41-2.31 (m, 1H), 2.12 -1.93 (m, 2H),
1.88-1.76 (m, 1H), 1.26 (t, J = 7.5 Hz, 3H); *C NMR (101 MHz, CDCl5) 6 201.9, 154.5, 151.2, 144.9,
138.0, 137.1, 129.3, 129.0, 128.5, 126.8, 125.9, 120.7, 114.3, 97.5, 42.2, 36.8, 34.1, 32.2, 23.1, 21.8,
13.1; HRMS (ESI) m/z Calcd. for CysH,sN,0, ([M+H]) 385.1911, Found 385.1905; Enantiomeric
excess was determined to be 93% (determined by HPLC using chiral AD-H column, hexane/2-propanol

=90/10, A = 254 nm, 30 °C, 0.5 mL/min, tmajor = 12.7 MiN, tminor = 11.5 min).
DAD1 A, Sig=254,4 Ref=360,100 (BXZ\16052106.D) -
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Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s] [mAT] %
Il Rt [==—= == [ === | === | —====——=

1 11.225 BB 0.1845 1.02233e4 825.28253 49.7109

2 12.687 FB 0.2407 1.03422e4 646.42383 50.2891

DADT A, Sig=254,4 Ret=360,100 (BXZ\16061503.0)

A 11.454

0 2 4 6 8 10 12 14 18 mi
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Peak RetTims Type Width Lrea Height Lrea

# [min] [min] [MAU*s] [mAT] %
il R | === | === | === | ——====—= |
1 11.454 vB 0.1885 7€9.77026 57.750357 3.6543
2 12.703 PB 0.2303 2.02951=e4 132B8.25208 96.3457

(S)-5-benzyl-1-methyl-3-phenyl-7,8,9,9a-tetrahydroisochromeno[3,4-c]pyrazol-6(3H)-one (3
al)

oh Prepared according to the general procedure at -20 °C for 48 h with Q10 as the
o catalyst, then stirred at rt for 3 h, as colorless oil (71 mg, 96% yield) after silica gel
N chromatography (EtOAc/petroleum ether); [a]% = -52.3 (c 0.69, CH,Cl,); *H NMR
(400 MHz, CDCly) § 7.50-7.44 (m, 2H), 7.39-7.28 (m, 6H), 7.28-7.17 (m, 2H), 3.96
(d, J =14.7 Hz, 1H), 3.89 (d, J = 14.6 Hz, 1H), 3.76 (dd, J = 11.8, 4.1 Hz, 1H), 2.64
(dt, J = 15.8, 4.5 Hz, 1H), 2.54-2.43 (m, 1H), 2.41-2.31 (m, 1H), 2.26 (s, 3H), 2.14-1.90 (m, 2H),
1.88-1.75 (m, 1H); *C NMR (101 MHz, CDCl;) ¢ 201.9, 154.5, 145.9, 145.0, 137.9, 137.0, 129.3,
129.0, 128.5, 126.9, 126.0, 120.5, 114.3, 98.2, 42.3, 36.8, 34.0, 32.0, 23.1, 13.8; HRMS (ESI) m/z
Calcd. for CysHp3N,0, ([M+H]") 371.1754, Found 371.1749; Enantiomeric excess was determined to
be 91% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30
°C, 0.5 mL/min, tmajor = 9.3 MiN, tminor = 8.6 Min).

3al

DAD1 A, Sig=254.4 Ref=360,100 (BXZ\160521010)
mAU
1600 5 0
4 o0
14003 I 9
] f o
1200 [
10003 ‘|| \lll
800 i
600 | | ||I
4003 | II | |
1 |
200 L
O—: J \|.'I N
— i ——
0 2 4 6 8 10 12 18 mi
Peak RetTimes Type Width LArea Height Area
# [min] [min] [mAU*s] [mAU] %
===l | === === | === | === | === |
1 8.485 BV 0.1677 1.46075=4 1314. 49,7563
2 5.142 VB 0.1796 1.47506=4 1232, 50.2437
DAD1 A, Sig=254,4 Ref=360,100 (BXZ\160601010)
mAU
1600
1400
12004 ©
] =1
10004 ‘;
800 l.',
E |
600 I
400 ("
] = |1
200 & ||
4 @ | \
0 " \-'--_,_ —
| | I | T L e R I
o] 2 4 6 8 10 12 18 mi
Peak RetTime Type Width Arsa Height Area
# [min] [min] [mAU*s] [mAU] %
il Rt | === | —===———=—= | ===————= | ——===——= |
1 8.628 BB 0.1524 4gl.90714 45.52400 4.4978
2 9.308 BB 0.1705 9807.76758 863.41589 65.5022

4. The X-ray structure of 3ad
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Figure S1. The X-ray structure of 3ad.

5. Mechanism study
The capture of the intermediate with acetic anhydride

Ph
o Ph O 1)Q10 (10 mol%) OAc \g o Ph
= Ph EtOAc, -20°C, 14h  Ph. PN { o] =
+ | U +
N=, 2) Ac,0, EtsN Nx
Ph Ph
1a 2a 6 (49% vyield, 1a
0.2 mmol 0.24 mmol 38% yield, ee 77% dr = 1.5:1, ee 74%/74% 10% recovered

A solution of 1a (0.2 mmol, 1.0 eq.) and Q10 (0.02 mmol, 0.1 eq.) in EtOAc (2.0 mL) was cooled
to -20 °C. After 10 min, 2a (0.24 mmol, 1.2 eq.) was added in one portion. The resulting mixture was
stirred at -20 °C for 14 h. Ac,O (0.3 mmol, 1.5 eq.) was added dropwise, followed with the dropwise
addition of a solution of Et;N (0.3 mmol, 1.5 eq.) in EtOAc (0.5 mL) at -20 °C. After 1 h, the solvent
was removed under vacuum. The crude mixture was purified by column chromatography
(EtOAc/petroleum ether = 1/15 to 1/4) on silica gel to give 3aa (32 mg, yield 38%, 77% ee), 6 as light
yellow oil (47 mg, yield 49%, dr = 1.5:1, 74%/74% ee) and 1a (3.9 mg, 10% recovered). The following
is the data of the intermediate 6 (the dr value was determined by *H NMR, the racemic product was
prepared using a 1:1 mixture of quinine and quinidine as the catalyst). '"H NMR (400 MHz, CDCl;) §
7.57-7.51 (m, 4H), 7.43 (t, J = 7.7 Hz, 2H), 7.39-7.33 (m, 4H), 7.29-7.24 (m, 2H), 7.24-7.17 (m, 3H),
6.55 (d, J = 3.9 Hz, 1H), 4.27-4.18 (m, 1H), 2.63 (dt, J = 17.1, 5.5 Hz, 1H), 2.56-2.46 (m, 1H), 2.17 (s,
3H), 2.09-1.80 (m, 4H); *C NMR (101 MHz, CDCl5) ¢ 211.9, 198.8, 167.3, 150.2, 142.2, 138.0, 133.4,
131.8, 129.2, 128.7, 128.5, 128.4, 128.2, 127.8, 127.7, 127.5, 123.1, 111.4, 110.6, 100.0, 40.4, 35.2,
30.0, 21.4, 20.4; HRMS (ESI) m/z Calcd. for CyH,N,O5 ([M+H]") 475.2016, Found 475.2022;
Enantiomeric excess was determined to be 74% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 90/10, A = 254 nm, 30 °C, 0.7 mL/min, tmajor = 24.7 and 32.7 min, tyinor = 18.2 and
16.2 min).

DADT A, Sig=254 .4 Ref=360,100 (BXZ\16053001 D)
mAU o
175—;
150
E ~
125 o B
] =] © o~
1003 = o
E 2 I
75 I I|I “ 5
3 It it )
03 i |‘ ‘I | b
254 A ‘II \ A
Oé P /\_f\__yl I‘\r P S / "'\_'__ / I\“-r . o
T L e e e e -
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Peak RetTims Type Width Area Height Area

4 [min] [min] [MAU*s] [mAU] %
=== | === === | === | === | ====———= |
1 16.100 BB 0.3453 1765.53345 21.435¢
2 18.09%7 BV 0.4038 2514.40308 30.5277
3 24.452 BB 0.5126 2268.39722 . 388 27.5409
4 32.572 BB 0.6907 1688.13855 36.97324 20.4959
DAD1 A, 8\91254:4 Ref=360,100 (BXZ\16053002.D) -
maAU
250
] o
- g
200—: E
1 A @
1504 I =
1 I &
4 I N
1003 5 8 N N\
1 o~ o | |
0] 2 2 |I I| / I'.
] " [ |
04 R — I rgu‘_\', S I S - L L S
——T 7 T T[T T
0 5 10 15 20 25 30 35 48 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [MmAU*s] [mAU] %
Il B [ i | = | === |
1 16.221 BB 0.3537 35.86411 ©.4307
2 18.236 BP 0.3987 33.05850 6.7011
2 24.650 BB 0.5409 5852.94824 167.79897 45.731%
4 32.738 BB 0.7397 5264.7%102 110.53192 41.1363

jo 0
Ph
. D,0 Ph.
N NTN_D (e5%)
N DMSO, 50 °C N=/ D
Ph Ph
2a D-2a

To a solution of 2a (200 mg) in DMSO (2 mL) was added D,O (1 mL). The resulting mixture was
heated to 50 °C, and then stirred for 12 h. After cooled to rt, the mixture was kept overnight. The
crystals were filtrated, then dried to give deuterated pyrazolone 2a (100 mg, yield 50%, 65%
deuteration). 'H NMR (400 MHz, CDCl5) 6 7.98 (d, J = 8.2 Hz, 2H), 7.81-7.75 (m, 2H), 7.49-7.39 (m,
5H), 7.22 (t, J = 7.4 Hz, 1H), 3.87-3.81 (m, 0.7H).

Deuterium-labeling experiment (Table 3, entry 1)

Ph_ D (45%)
D

Q@ _Phopp ; P O\ [
7 NS esw) Q10(0morn) TR D (15%)
N=" D DCM, rt N
Ph 3h Ph
1a D-2a 3aa (yield 95%)

To a solution of 1a (0.1 mmol, 1.0 eq.) and Q10 (0.01 mmol, 0.1 eq.) in anhydrous DCM (1.0 mL)
was added 2a (0.12 mmol, 1.2 eq.). The resulting mixture was stirred at rt for 3 h. The solvent was
removed under vacuum, then the crude mixture was purified by column chromatography
(EtOAc/petroleum ether = 1/8) to give 3aa as white solid (41 mg, 95% yield). '"H NMR (400 MHz,
CDCly) 6 7.67 (d, J = 7.7 Hz, 2H), 7.59 (d, J = 7.9 Hz, 2H), 7.39 (qd, J = 15.6, 7.5 Hz, 9H), 7.26 (dd, J
=7.3,5.2 Hz, 2H), 4.12 (dd, J = 11.8, 3.8 Hz, 1H), 4.02-3.88 (m, 1.12 H), 2.67 (dt, J = 15.8, 4.8 Hz,
1H), 2.54-2.43 (m, 0.85 H), 2.26-2.15 (m, 1H), 2.03-1.87 (m, 2H), 1.73-1.60 (m, 1H).
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Figure S2. The NOESY (1D) spectrum of the product 3aa.

Deuterium-labeling experiment (Table 3, entry 2)
Ph_ D (77%)
D
0]

P\
Q1o (omoi%) P D (21%)
|
DCM/DZO 10:1, rt N=

Ph
3aa (yield 93%)

To a solution of 1a (0.1 mmol, 1.0 eq.) and Q10 (0.01 mmol, 0.1 eq.) in a mixture of DCM (1.0
mL) and D,O (0.1 mL) was added 2a (0.12 mmol, 1.2 eq.). The resulting mixture was stirred at rt for 3
h. The solvent was removed under vacuum, then the crude mixture was purified by column
chromatography (EtOAc/petroleum ether = 1/8) to give 3aa as white solid (40 mg, 93% vyield). *H
NMR (400 MHz, CDClg) 6 7.67 (d, J = 7.7 Hz, 2H), 7.59 (d, J = 8.0 Hz, 2H), 7.45-7.31 (m, 9H),
7.29-7.22 (m, 2H), 4.11 (dd, J = 11.7, 3.6 Hz, 1H), 4.02-3.87 (m, 0.47 H), 2.66 (dt, J = 15.4, 4.6 Hz,

1H), 2.53-2.41 (m, 0.79H), 2.25-2.16 (m, 1H), 2.01-1.87 (m, 2H), 1.72-1.62 (m, 1H).
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D
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O
Ph., X
N D (21%)
N
Ph
3aa
I
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| I
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T T T T T T T T T T T T T T T T T T T
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Deuterium-labeling experiment (Table 3, entry 3)

o Ph Ph (0] 1) Q10 (10 mol%) . Bh
ij/ . . EtOAc (1 mL), -20 °C, 14 h N D (33%)
N= 2) D,0 (0.1 mL), 1t, 6 h N=,
Ph Ph
1a 2a 3aa (yield 81%)

A solution of 1a (0.1 mmol, 1.0 eq.) and Q10 (0.01 mol, 0.1 eq.) in EtOAc (1.0 mL) was cooled to
-20 °C. After 10 min, 2a (0.12 mmol, 1.2 eq.) was added in one portion. The resulting mixture was
stirred at -20 °C for 14 h. After the addition of D,O (0.1 mL), the mixture was warmed to rt, and then
stirred for 6 h. The solvent was removed under vacuum and the crude mixture was purified by column
chromatography (EtOAc/petroleum ether = 1/8) on silica gel to give 3aa 35 mg (yield 81%). '"H NMR
(400 MHz, CDCl3) 6 7.67 (d, J = 7.5 Hz, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.45-7.30 (m, 9H), 7.29-7.22
(m, 2H), 4.11 (dd, J = 11.7, 3.3 Hz, 1H), 4.01-3.88 (m, 1.21 H), 2.67 (dt, J = 15.3, 4.6 Hz, 1H),

2.54-2.40 (M, 0.67 H), 2.26-2.15 (m, 1H), 2.02-1.87 (m, 2H), 1.70-1.61 (m, 1H).
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Ny D (33%)
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Deuterium-labeling experiment (Table 3, entry 4)

Q10 (10 mol%)
EtOAc/DZO 10:1, rt

To a solution of 1a (0.1 mmol, 1.0 eq.) and Q10 (0.01 mmol, 0.1 eq.) in a mixture of EtOAc (1.0
mL) and D,O (0.1 mL) was added 2a (0.12 mmol, 1.2 eq.). The resulting mixture was stirred at rt for 6
h. The solvent was removed under vacuum, then the crude mixture was purified by column
chromatography (EtOAc/petroleum ether = 1/8) to give 3aa as white solid (33 mg, 78% vyield). *H
NMR (400 MHz, CDClg) 6 7.67 (d, J = 7.5 Hz, 2H), 7.59 (d, J = 7.8 Hz, 2H), 7.45-7.31 (m, 9H),
7.29-7.24 (m, 2H), 4.11 (dd, J = 11.7, 3.7 Hz, 1H), 4.00-3.87 (m, 0.54H), 2.71-2.60 (m, 1H), 2.54-2.41
(m, 0.64 H), 2.26-2.16 (m, 1H), 2.02-1.87 (m, 2H), 1.72-1.60 (m, 1H).

3aa (yield 78%)
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D( )
o
(o]
Ph., X
N7 D (36%)
Nz
Ph
3aa
|
|
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9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
Deuterium-labeling experiment (eq. a)
Hangs TN (62%)Dngs ™"
OAc C o Ph OAc C o
A Q10 (10 mol% N
N7 ( ), N7
N= EtOAC/D,0 = 10:1, rt N D
Ph 6h Ph D (<5%)
6 (dr=10:1) 6 (dr=1.6:1)

A solution of 6 (12.0 mg, 1.0 eq., dr = 10:1) and Q10 (1.2 mg, 0.1 eq.) in a mixture of EtOAc (0.3
mL) and D,O (30 pL) was stirred at rt for 6 h. The solvent was removed under vacuum, then the crude
mixture was purified by column chromatography (EtOAc/petroleum ether = 1/4) to give the deuterated
6 (12 mg, yield 99%, dr = 1.6:1). '"H NMR (400 MHz, CDCls) § 7.62-7.52 (m, 4.9H), 7.47-7.41 (m,
3.3H), 7.39-7.31 (m, 4.9H), 7.30-7.24 (m, 6.6H), 7.23-7.10 (m, 4.9H), 6.58-6.51 (m, 0.63H), 4.27-4.18
(m, 1H), 4.10-4.02 (m, 0.63H), 2.77-2.41 (m, 3.0 H), 2.17 (s, 4.9H), 2.11-1.80 (m, 6.4H).
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(62%)D e
OAc &

NTR

N= o

Ph D (=5%)

6 (dr=16:1)

o N I3 UMV
QAo © S S =<
<t en <+ 0~ < (=] — O (o] <+ O
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90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

Q10 (10 mol%)
—_— no deuteration detected
DCM/D,0 = 10:1, rt

3h

A solution of 1a (0.1 mmol, 1.0 eq.) and Q10 (0.01 mmol, 0.1 eq.) or a solution of 3aa (0.1 mmol,
1.0 eg.) and Q10 (0.01 mmol, 0.1 eg.) in a mixture of DCM (1.0 mL) and D,O (0.1 mL) was stirred at
rt for 3 h. The solvent was removed under vacuum, then the crude mixture was purified by column
chromatography (EtOAc/petroleum ether = 1/8). No deuteration of 1a and 3aa was detected by 'H
NMR.
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