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I. General Information 

Commercially available materials were purchased from Alfa Aesar and Sigma-Aldrich. 

THF was distilled over sodium. Other solvents were dried over 4Å molecular sieve 

prior use. Proton nuclear magnetic resonance (
1
H NMR) spectra were recorded on a 

Bruker (400 MHz) spectrometer. Chemical shifts were recorded in parts per million 

(ppm, δ) relative to tetramethylsilane (δ 0.00) or chloroform ( = 7.26, singlet). 
1
H 

NMR splitting patterns are designated as singlet (s), doublet (d), triplet (t), quartet (q), 

doublet of doublets (dd), triplet of doublets (dt), triplet of triplets (tt), multiplets (m), 

and etc. All first-order splitting patterns were assigned on the basis of the appearance 

of the multiplet. Splitting patterns that could not be easily interpreted are designated 

as multiplet (m) or broad (br). Carbon nuclear magnetic resonance (
13

C NMR) spectra 

were recorded on a Bruker (400 MHz) (100 MHz) spectrometer. High resolution mass 

spectral analysis (HRMS) was performed on a Waters Q–TOF Permier Spectrometer. 

The determination of enantiomeric excess was performed via chiral HPLC analysis 

using Shimadzu LC-20AD HPLC workstation. X-ray crystallography analysis was 

performed on Bruker X8 APEX X-ray diffractionmeter. Optical rotations were 

measured using a 1 mL cell with a 1 dm path length on a Jasco P-1030 polarimeter 

and are reported as follows: [α]
rt

D (c is in gm per 100 mL solvent). Analytical 

thin-layer chromatography (TLC) was carried out on Merck 60 F254 pre-coated silica 

gel plate (0.2 mm thickness).  
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II. General procedure 

 

a) General experimental procedure for the synthesis of 5-aminopyrazoles 1 

 

Method 1 

 

S1 (4.5 mmol，0.9 equiv) was added to the suspension of S2 (5 mmol, 1.0 equiv.) 

in EtOH (15 ml), the reaction mixture then was stirred at 80 ℃ for 18 h. After 

completion of the reaction (monitored by TLC), EtOH was concentrated in vacuo and 

then was diluted with EtOAc (30.0 mL) and 15% NaOH (30.0 mL). Then the mixture 

was extracted with EtOAc (3 × 20.0 mL), and the combined organic layers were 

washed with brine, dried over Na2SO4, and concentrated in vacuo. The crude residue 

was purified via column chromatography on silica gel  (PE/Ea = 5 /1) to afford 

compounds S3. 

 

Method 2. 

 

To a suspension of NaH (10 mmol, 2.0 equiv.) in anhydrous THF (20 mL) at 0 ℃ 

was added acetonitrile (15 mmol, 3.0 equiv.) and ester S0 (5 mmol, 1.0 equiv.) under 
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N2 atmosphere, the reaction mixture was stirred at 70 ℃ for 5 h. After completion of 

the reaction (monitored by TLC), the reaction mixture was cooled to 0 ℃, pH of the 

solution was adjusted to neutral by 1M HCl (aq.) and extracted with ethyl acetate. The 

organic layer was dried with anhydrous Na2SO4, and concentrated under reduced 

pressure. The crude product was purified by column chromatography on silica gel to 

afford compound S1 as a white solid.  

According to Method 1,the reactions of S1 with phenylhydrazine hydrochloride 

to synthesize of 1l. 

 

b) General experimental procedure for the synthesis of enals 2 

 

Enals were synthesized according to the literature [1-5]. To a dried 50 mL flask 

was added formylmethylene triphenylphosphorane (1.521 g, 5 mmol), aldehydes (7 

mmol) and 25 mL toluene. The mixture was refluxed overnight (detected by TLC), 

and then the solvent was removed under reduced pressure. The residue was purified 

by silicacolumn chromatography to afford the product enals. 

 

c) General procedure for the reactions of 1 with 2 to synthesize products 3 

 

To a dried 10 mL Schlenk tube equipped with a tiny magnetic stir bar was added 1 

(0.1 mmol, 1.0 equiv.), 2 (0.2 mmol, 2.0 equiv.), Cat.C (0.02 mmol, 0.2 equiv.), 4Å 

MS (50 mg), DQ (0.2 mmol, 2.0 equiv) and Cs2CO3 (0.2 mmol, 2.0 equiv.). To this 

mixture was added dry THF (1.0 mL), and then the reaction mixture was stirred at 

30 °C for 18 hours. The reaction mixture was purified by flash column 

chromatography on silica gel to afford product 3. 

 

d) General experimental procedure for the synthesis of 4 or 5  
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Procedure for the synthesis of compound 4: 

To a dried 10 mL Schlenk tube equipped with a tiny magnetic stir bar was added 

3a (0.1 mmol) and anhydrous THF (1 mL). The reaction mixture was cooled to 0 ℃ 

and added LiAlH4 (0.4 mmol, 4.0 equiv) in portions, then the reaction mixture was 

stirred at 30 oC for 5 h. After completion of the reaction (monitored by TLC), the 

reaction mixture was quenched by water (3.0 mL) and extracted with ethyl acetate 

(5.0 mL × 3), the combined organic phase washed with brine,dried over Na2SO4, and 

concentrated in vacuum. The crude product was purified by column chromatography 

on silica gel to afford to give 4 as white solid (87% yield, 97% ee). 

Procedure for the synthesis of compound 5: 

To a dried 10 mL Schlenk tube equipped with a tiny magnetic stir bar was added 

3a (0.10 mmol), DMAP (0.01 mmol, 0.1 equiv) and anhydrous THF (1.0 ml). To the 

reaction mixture was added Di-tert-butyl (0.15 mmol, 1.5 equiv), then the reaction 

mixture was stirred at 30 
o
C for overnight. After completion of the reaction 

(monitored by TLC), the reaction mixture was diluted with saturated salt water (5.0 

mL) and extracted with ethyl acetate (5.0 mL × 3), the combined organic phase 

washed with brine,dried over Na2SO4, and concentrated in vacuum. The crude product 

was purified by column chromatography on silica gel to afford to give 5 as white solid 

(80% yield, 97% ee). 
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e) Determination of absolute configuration for the product 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Chromatographic 

column 

ee（%） Ret. Time Molecular 

configuration 

This work 3n Chiralpak IC  98  tR (major) = 13.1 

min, tR (minor) = 

21.8 min) 

 

 3s Chiralpak IC  99 tR (major) = 13.4 min, 

tR (minor) = 17.4 

min) 

 

Wang group 3o Chiralpak IC 91 tR(major) = 23.752 

min,  

tR(minor) = 13.695 

min.)  

  

 4a Chiralpak IC 95 tR(major) = 18.836 

min,  

tR(minor) = 14.342 

min.) 
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III. Characterizations of products, reference 

Structures of known compounds were confirmed by NMR spectral comparison 

with literature data. The compound not reported before, 
1
H NMR and 

13
C NMR 

characterization and the corresponding spectra are provided. 

 

a) Characterizations of Products  

 

(S)-3-methyl-1,4-diphenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one ：

96% yield, 99% ee; [α]D
25

 = -76.4 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 

16.0 min, tR (minor) = 22.9 min). 
1
H NMR (400 MHz, CDCl3) δ 8.21 (s, 1H),7.46(d, J = 4.0 Hz, 4H), 7.35-7.31 (m, 

3H),7.28-7.21 (m, 3H), 4.21 (t, J = 6.8 Hz 1H), 3.04 (dd, J = 8.8 Hz, J = 16.0 Hz, 1H), 

3.04 (dd, J = 6.8 Hz, J = 16.4 Hz, 1H), 1.94 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

170.2, 147.0, 142.4, 137.5, 137.5, 129.9, 129.1, 127.8, 127.4, 127.3, 123.1, 102.8, 

40.7, 35.5, 12.6.; HRMS (ESI) Calcd for C19H18N3O
+ 

[M+H]
+
: 304.1444, found: 

304.1448.  

 

(S)-4-(4-fluorophenyl)-3-methyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-on

e：85% yield, 98% ee; [α]D
25

 = -24.0 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 

14.7 min, tR (minor) = 22.3 min).  
1
H NMR (400 MHz, CDCl3) δ 7.93 (s, 1H),7.51-7.45 ( m, 4H), 7.39-7.35 (m,1H), 

7.20-7.15 (m, 2H), 7.02 (t, J = 8.8 Hz 2H), 4.22 (t, J = 6.8 Hz, 1H), 3.04 (dd, J = 7.2 

Hz, J = 16.4 Hz, 1H), 2.80 (dd, J = 6.4 Hz, J = 16.4 Hz, 1H), 1.95 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 169.7, 163.3, 160.8, 146.9, 138.0, 137.4(d, J =17.2 Hz ), 137.4, 

130.0, 128.8 (d, J =8.0 Hz ), 128.0, 123.0, 115.9 (d, J =21.2 Hz ), 102.7, 40.9, 34.8, 

12.6.; 
19

F NMR (376 MHz, CDCl3) δ -125.2.; HRMS (ESI) Calcd for C19H17FN3O
+ 

[M+H]
+
: 322.1350, found: 322.1352.;  
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(S)-4-(4-bromophenyl)-3-methyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-o

ne：98% yield, 99% ee; [α]D
25

 = -56.8 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 

17.1 min, tR (minor) = 21.3 min).  
1
H NMR (400 MHz, CDCl3) δ 8.23 (s, 1H),7.49-7.44 ( m, 6H), 7.38-7.33 (m,1H), 

7.09 (d, J = 8.4 Hz ,2H), 4.18 (t, J = 6.8 Hz 1H), 3.03 (dd, J = 7.2 Hz, J = 16.0 Hz, 

1H), 2.76 (dd, J = 6.4 Hz, J = 16.4 Hz, 1H), 1.95 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 169.8, 146.8, 141.4, 137.6, 137.4, 132.2, 129.9, 129.0, 127.9, 123.1, 121.2, 

102.2, 40.6, 35.0, 12.6.; HRMS (ESI) Calcd for C19H17BrN3O
+ 

[M+H]
+
: 382.0550, 

found: 382.0546.;  

 

(S)-3-methyl-1-phenyl-4-(p-tolyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one：97% 

yield, 99% ee; [α]D
25

 = -110.8 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 

13.0 min, tR (minor) = 19.6 min).  
1
H NMR (400 MHz, CDCl3) δ 8.25 (s, 1H),7.47-7.43 ( m, 4H), 7.36-7.32 (m,1H), 

7.12 (dd, J =8.4 Hz, J = 13.2 Hz, 4H), 4.17 (t, J = 7.2 Hz 1H), 3.01 (dd, J = 7.2 Hz, J 

= 16.0 Hz, 1H), 2.81 (dd, J = 6.4 Hz, J = 16.4 Hz, 1H), 2.33 (s, 3H), 1.95 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 170.2, 147.0, 139.3, 137.5, 137.4, 137.0, 129.9, 129.7, 

127.8, 127.1, 123.0, 103.1, 40.8, 35.1, 21.2, 12.6.; HRMS (ESI) Calcd for 

C20H20N3O
+ 

[M+H]
+
: 318.1601, found: 318.1602.;  

 

(S)-4-(4-methoxyphenyl)-3-methyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-

one：93% yield, 99% ee; [α]D
25

 = -63.8 (c=1.0 in CHCl3). 
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HPLC condition: Chiralpak AZH (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 44.6 

min, tR (minor) = 52.3 min).  
1
H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H),7.49-7.44 ( m, 4H), 7.37-7.32 (m,1H), 

7.13 (d, J =8.8 Hz, 2H), 6.86 (d, J =8.8 Hz, 2H), 4.18 (t, J = 6.8 Hz, 1H), 3.79 (s, 3H), 

3.00 (dd, J = 7.2 Hz, J = 16.4 Hz, 1H), 2.80 (dd, J = 6.8 Hz, J = 16.4 Hz, 1H), 1.95 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 170.2, 158.8, 147.0, 137.5, 137.4, 134.3, 129.9, 

128.3, 127.8, 123.0, 114.4, 103.2, 55.4, 40.9, 34.7, 12.6.; HRMS (ESI) Calcd for 

C20H20N3O2
+ 

[M+H]
+
: 334.1550, found: 334.1555.;  

 

(S)-3-methyl-1-phenyl-4-(4-(trifluoromethyl)phenyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]p

yridin-6-one：95% yield, 99% ee; [α]D
25

 = -83.8 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IC (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 26.8 

min, tR (minor) = 36.7 min).   
1
H NMR (400 MHz, CDCl3) δ 8.21 (s, 1H),7.59 (d, J = 8.8 Hz, 2H), 7.48-7.45 (m, 

4H), 7.39-7.32 (m, 3H), 4.29 (t, J = 6.0 Hz, 1H), 3.07 (dd, J = 7.2 Hz, J = 16.0 Hz, 

1H), 2.80 (dd, J = 6.0 Hz, J = 16.4 Hz, 1H), 1.96 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 169.5, 146.8, 146.5, 137.5 (d, J = 30.0 Hz), 123.0, 128.0, 127.6, 126.1 (q, J 

= 3.8 Hz), 125.5, 123.1, 122.8, 101.9, 40.4, 35.3, 12.6. 19
F NMR (376 MHz, CDCl3) 

δ -62.31.; HRMS (ESI) Calcd for C20H17F3N3O
+ 

[M+H]
+
: 372.1318, found: 

372.1320.;  

 

(R)-4-(2-fluorophenyl)-3-methyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]

pyridin-6-one：96% yield, 97% ee; [α]D
25

 = -112.4 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 

15.3 min, tR (minor) = 40.0 min).  
1
H NMR (400 MHz, CDCl3) δ 8.29 (s, 1H),7.46 (d, J = 4.4 Hz, 4H), 7.38-7.33 (m, 

1H), 7.26-7.21 (m, 1H), 7.10-7.02 (m, 3H), 4.60-4.52 (m, 1H), 3.06 (dd, J = 8.0 Hz, J 

= 16.4 Hz, 1H), 2.83 (dd, J = 4.8 Hz, J = 16.4 Hz, 1H), 2.00 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 169.9, 161.8, 159.3, 146.9, 137.9, 137.4, 129.9, 129.1 (d, J = 8.7 Hz), 

128.6 (d, J = 4.2 Hz), 128.0, 124.6 (d, J = 3.6 Hz), 123.1, 115.9 (d, J = 21.9 Hz), 
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101.2, 38.9, 28.6, 12.3. 19
F NMR (376 MHz, CDCl3) δ -118.08.; HRMS (ESI) Calcd 

for C19H17FN3O
+ 

[M+H]
+
: 322.1350, found: 322.1355.;  

 

(S)-3-methyl-4-(2-nitrophenyl)-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]py

ridin-6-one：95% yield, 98% ee; [α]D
25

 = -117.8 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IA (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 17.4 

min, tR (minor) = 27.3 min). 
1
H NMR (400 MHz, CDCl3) δ 8.30 (s, 1H), 7.94 (d, J =8.4 Hz, 1H), 7.53 (t, J =7.2 

Hz, 1H), 7.49-7.46 (m, 4H), 7.45-7.42 (m, 1H), 7.41-7.35 (m, 1H), 7.28-7.27 (m, 1H), 

4.88-4.84 (m, 1H), 3.23 (dd, J =8.0 Hz, J =16.8 Hz, 1H), 2.83  (dd, J =5.6 Hz, J 

=16.8 Hz, 1H), 1.89 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 169.3, 149.0, 146.8, 

138.4, 137.3, 137.0, 133.7, 123.0, 129.6, 128.4, 128.1, 125.1, 123.1, 101.2, 39.8, 30.4, 

12.4.; HRMS (ESI) Calcd for C19H16N4NaO3
+ 

[M+Na]
+
: 371.1115, found: 371.1112.;  

 

(R)-4-(2-methoxyphenyl)-3-methyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one：70% yield, 98% ee; [α]D
25

 = -39.0 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IA (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 19.6 

min, tR (minor) = 24..4 min). 
1
H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.49-7.46 (m, 4H), 7.39-7.34 (m, 1H), 

7.23 (t, J =7.6 Hz, 1H), 6.98 (d, J =7.6 Hz, 1H), 7.90-7.84 (m, 2H), 4.53 (q, J =4.4 Hz, 

1H), 3.83 (s, 3H), 3.04 (dd, J = 8.0 Hz, J = 16.4 Hz, 1H), 2.85 (dd, J = 3.6 Hz, J = 

16.4 Hz, 1H), 2.02 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.5, 156.9, 147.1, 137.9, 

137.6, 130.1, 123.0, 128.4, 128.1, 127.7, 122.9, 120.7, 110.8, 101.9, 55.1, 38.5, 29.8, 

12.4.; HRMS (ESI) Calcd for C20H20N3O2
+ 

[M+H]
+
: 334.1550, found: 334.1555.; 
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(S)-4-(3-fluorophenyl)-3-methyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]p

yridin-6-one：89% yield, 98% ee; [α]D
25

 = -48.0 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IB (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 24.5 

min, tR (minor) = 31.5 min). 
1
H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 7.50-7.45 (m, 4H), 7.39-7.34 (m, 1H), 

7.33-7.27 (m, 1H), 7.02-6.88 (m, 3H), 4.22 (t, J =7.2 Hz, 1H), 3.06 (dd, J = 7.6 Hz, J 

= 16.0 Hz, 1H), 2.81 (dd, J = 6.0 Hz, J = 16.4 Hz, 1H), 1.98 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 169.6, 164.5, 162.1, 146.9, 145.0 (d, J =6.5 Hz), 137.6, 137.4, 130.7 

(d, J =8.2 Hz), 123.0, 128.0, 123.1, 122.9 (d, J =2.8 Hz), 114.5, 114.3 (d, J =6.6 Hz), 

114.1, 102.2, 40.5, 35.2, 12.6.
 19

F NMR (376 MHz, CDCl3) δ -112.09.; HRMS (ESI) 

Calcd for C19H17FN3O
+ 

[M+H]
+
: 322.1350, found: 322.1353.;  

 

(S)-3-methyl-1-phenyl-4-(m-tolyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-

6-one：83% yield, 98% ee; [α]D
25

 = -50.4 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IC (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 19.2 

min, tR (minor) = 27.0 min). 
1
H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.48-7.47 (m, 4H), 7.38-7.34 (m, 1H), 

7.21 (t, J = 3.2 Hz, 1H), 7.08-7.00 (m, 3H), 4.18 (t, J = 6.8 Hz, 1H), 3.04 (dd, J = 7.2 

Hz, J = 16.0 Hz, 1H), 2.84 (dd, J = 6.4 Hz, J = 16.4 Hz, 1H), 2.34 (s, 3H), 1.95 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 170.1, 147.0, 142.3, 138.7, 137.5, 137.4, 123.0, 

128.9, 128.1, 127.9, 127.9, 124.3, 123.0, 102.9, 40.7, 35.5, 21.6, 12.6. HRMS (ESI) 

Calcd for C20H19N3NaO
+ 

[M+Na]
+
: 340.1420, found: 340.1424.; 
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(R)-4-(furan-2-yl)-3-methyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyrid

in-6-one：93% yield, 98% ee; [α]D
25

 = -46.6 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 

45.0min, tR (minor) = 56.8 min).  
1
H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.49-7.42 (m, 4H), 7.38-7.33 (m, 2H), 

6.28-6.26 (m, 1H), 6.03 (d, J = 3.2 Hz, 1H), 4.29-4.26 (m, 1H), 3.05-2.94 (m, 2H), 

2.17 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 169.6, 154.6, 146.8, 142.3, 137.4, 137.4, 

129.9, 127.9, 123.0, 110.3, 105.8, 100.9, 37.0, 28.9, 12.1. HRMS (ESI) Calcd for 

C17H16N3O2
+ 

[M+H]
+
: 294.1237, found: 294.1240.; 

 

(R)-3-methyl-1-phenyl-4-(thiophen-2-yl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]py

ridin-6-one：91% yield, 99% ee; [α]D
25

 = -42.8 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 

19.3 min, tR (minor) = 33.8 min).  
1
H NMR (400 MHz, CDCl3) δ 8.07 (s, 1H), 7.49-7.42 (m, 4H), 7.38-7.33 (m, 1H), 

7.19-7.17 (m, 1H), 6.94-6.91 (m, 1H), 6.85-6.83 (m, 1H), 4.51-4.47 (m, 1H), 3.09 (dd, 

J = 7.2 Hz, J = 16.4 Hz , 1H), 2.95 (dd, J = 4.8 Hz, J = 16.4 Hz, 1H), 2.14 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 169.5, 146.6, 146.4, 137.4, 137.2, 123.0, 128.0, 127.1, 

124.5, 124.3, 123.1, 103.3, 41.0, 30.5, 12.4. HRMS (ESI) Calcd for C17H16N3OS
+ 

[M+H]
+
: 310.1009, found: 310.1010.; 

 

(S)-3-methyl-4-(naphthalen-1-yl)-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]

pyridin-6-one：89% yield, 98% ee; [α]D
25

 = -69.2 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IC (Hex/iPrOH = 80/20, 1.0 mL/min, tR (major) = 13.1 

min, tR (minor) = 21.8 min).  
1
H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 8.4 Hz, 1H), 8.02 (s, 1H), 7.93 (d, J = 9.6 

Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.62-7.58 (m, 1H), 7.57-7.50 (m, 3H), 7.50-7.45 (m, 

2H), 7.40-7.34 (m, 2H), 7.15 (d, J = 8.4 Hz, 1H), 5.08-7.05 (m, 1H), 3.23 (dd, J = 7.6 

Hz, J = 16.0 Hz , 1H), 3.00 (dd, J = 5.2 Hz, J = 16.4 Hz, 1H), 1.92 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 169.8, 147.2, 138.3, 137.5, 137.2, 134.4, 130.9, 123.0, 129.5, 

128.2, 127.9, 126.6, 125.9, 125.7, 124.7, 123.0, 122.7, 102.2, 39.8, 31.0, 12.5.; 

HRMS (ESI) Calcd for C23H19N3NaO
+ 

[M+Na]
+
: 376.1420, found: 376.1417.;  
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(S,E)-3-methyl-1-phenyl-4-styryl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6

-one：90% yield, 98% ee; [α]D
25

 = -45.8 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak AZH (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 27.9 

min, tR (minor) = 36.1 min). 
1
H NMR (400 MHz, CDCl3) δ 7.87 (s, 1H), 7.51-7.45 (m, 4H), 7.39-7.34 (m, 3H), 

7.33-7.28 (m, 2H), 7.25-7.21 (m, 1H), 6.43 (d, J = 14.4 Hz, 1H), 6.2 (dd, J = 6.4 Hz, J 

= 16.0 Hz, 1H), 3.82 (q, J = 7.2 Hz, 1H), 2.93 (dd, J = 7.2 Hz, J = 16.0 Hz, 1H), 2.75 

(dd, J = 5.2 Hz, J = 16.4 Hz, 1H), 2.25 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 167.0, 

147.0, 137.5, 137.1, 136.6, 130.6, 123.0, 129.8, 128.7, 127.9, 127.8, 126.5, 123.0, 

101.8, 38.3, 33.0, 12.6.; HRMS (ESI) Calcd for C21H20N3O
+ 

[M+H]
+
: 330.1601, 

found: 330.1600.;  

 

(R)-3,4-dimethyl-1-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one ：

65% yield, 98% ee; [α]D
25

 = -11.6(c=1.0 in CHCl3). 

HPLC condition: Chiralpak IC (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 17.4 

min, tR (minor) = 20.1 min). 
1
H NMR (400 MHz, CDCl3) δ 7.73 (s, 1H), 7.47 (t, J = 8.4 Hz, 2H), 7.44-7.41 (m, 

2H), 7.37-7.33 (m, 1H), 3.11 (t, J = 6.8 Hz, 1H), 2.81 (dd, J = 6.8 Hz, J = 16.0 Hz, 

1H), 2.48 (dd, J = 5.2 Hz, J = 16.0 Hz, 1H), 2.28 (s, 3H), 1.25 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 170.6, 146.2, 137.5, 136.6, 129.9, 127.8, 122.9, 105.1, 40.0, 24.4, 

20.8, 12.7. HRMS (ESI) Calcd for C14H16N3O
+ 

[M+H]
+
: 242.1288, found: 242.1295.;  

 

(S)-1-(4-fluorophenyl)-3-methyl-4-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]p

yridin-6-one: 95% yield, 99% ee; [α]D
25

 = -100.8 (c=1.0 in CHCl3). 
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HPLC condition: Chiralpak AZH (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 23.9 

min, tR (minor) = 33.1 min). 
1
H NMR (400 MHz, CDCl3) δ 7.8 (s, 1H), 7.47-7.43 (m, 2H), 7.34 (t, J = 6.8 Hz, 

2H), 7.29-7.25 (m, 1H), 7.29-7.25 (m, 4H), 4.23 (t, J = 7.2 Hz, 1H), 3.06 (dd, J = 7.2 

Hz, J = 16.0 Hz, 1H), 2.86 (dd, J = 6.4 Hz, J = 16.0 Hz, 1H), 1.94 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 170.0, 147.1, 142.2, 137.6, 133.5, 129.1, 127.4, 127.2, 125.2 (d, 

J = 23.0 Hz), 116.9 (d, J = 8.6 Hz), 102.8, 40.7, 35.5, 12.6. 19
F NMR (376 MHz, 

CDCl3) δ -112.8.;  HRMS (ESI) Calcd for C19H17FN3O
+ 

[M+H]
+
: 322.1350, found: 

322.1353.; 

 

(S)-1-(4-chlorophenyl)-3-methyl-4-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]

pyridin-6-one: 94% yield, 99% ee; [α]D
25

 = -65.6 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IA (Hex/iPrOH = 98/2, 0.8 mL/min, tR (major) = 72.4 

min, tR (minor) = 80.1 min). 
1
H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 7.43-7.39 (m, 4H), 7.34 (t, J = 6.8 Hz, 

2H), 7.29-7.26 (m, 1H), 7.21 (d, J = 6.8 Hz, 2H), 4.21 (t, J = 6.8 Hz, 1H), 3.02 (dd, J 

=8.4 Hz, J = 17.2 Hz, 1H), 2.81 (dd, J = 10.0 Hz, J = 16.4 Hz, 1H), 1.93 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 170.5, 147.3, 142.1, 137.7, 136.1, 133.3, 129.9, 129.1, 

127.4, 127.2, 124.2, 103.2, 40.7, 35.4, 12.6. HRMS (ESI) Calcd for C19H17ClN3O
+ 

[M+H]
+
: 338.1055, found: 338.1064.; 

 

(S)-3-methyl-4-phenyl-1-(p-tolyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6

-one: 96% yield, 99% ee; [α]D
25

 = -99.0 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IC (Hex/iPrOH = 80/20,1.0 mL/min, tR (major) = 13.4 

min, tR (minor) = 17.4 min). 
1
H NMR (400 MHz, CDCl3) δ 8.05 (s, 1H),7.35-7.31 (m, 4H), 7.28-7.21 (m, 5H), 

4.21 (t, J = 6.8 Hz, 1H), 3.03 (dd, J =7.6 Hz, J = 16.4 Hz, 1H), 2.83 (dd, J = 6.4 Hz, J 

= 16.0 Hz, 1H), 2.38 (s, 3H), 1.93 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.0, 

146.6, 142.4, 137.9, 137.5, 135.0, 130.4, 129.0, 127.3, 127.3, 123.0, 102.6, 40.7, 35.6, 

21.2, 12.6. HRMS (ESI) Calcd for C20H20N3O
+ 

[M+H]
+
: 318.1601, found: 318.1606.;  
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(S)-1-(4-methoxyphenyl)-3-methyl-4-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one: 97% yield, 99% ee; [α]D
25

 = -104.6 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IC (Hex/iPrOH = 80/20, 1.0 mL/min, tR (major) = 24.4 

min, tR (minor) = 28.8 min). 
1
H NMR (400 MHz, CDCl3) δ 8.05 (s, 1H),7.34 (d, J = 7.6 Hz, 4H), 7.27-7.20 (m, 

3H), 6.96 (d, J = 8.8 Hz, 2H), 4.21 (t, J = 6.8 Hz, 1H), 3.83 (s, 3H), 3.02 (dd, J = 9.2 

Hz, J = 16.4 Hz, 1H), 2.82 (dd, J = 6.4 Hz, J = 16.0 Hz, 1H), 1.93 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 170.1, 159.3, 146.4, 142.5, 137.6, 130.4, 129.0, 127.3, 127.3, 

125.0, 115.0, 102.3, 55.7, 40.8, 35.6, 12.6. HRMS (ESI) Calcd for C20H20N3O2
+ 

[M+H]
+
: 334.1550, found: 334.1550.; 

 

(S)-3-methyl-4-phenyl-1-(4-(trifluoromethyl)phenyl)-1,4,5,7-tetrahydro-6H-pyraz

olo[3,4-b]pyridin-6-one: 92% yield, 99% ee; [α]D
25

 = -282.2 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IB (Hex/iPrOH = 95/5, 1.0 mL/min, tR (major) = 14.4 

min, tR (minor) = 18.7 min).  
1
H NMR (400 MHz, CDCl3) δ 9.09 (s, 1H),7.64 (d, J = 8.8 Hz, 2H), 734 (t, J = 7.2 

Hz, 2H), 7.30-7.26 (m, 1H), 7.22-7.20 (m, 2H), 4.21 (t, J = 6.8 Hz, 1H), 3.02 (dd, J = 

7.2 Hz, J = 16.0 Hz, 1H), 2.81 (dd, J = 6.4 Hz, J = 16.0 Hz, 1H), 1.94 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 170.8, 148.0, 142.0, 140.5, 137.9, 129.1, 127.5, 127.2, 

127.0 (q, J = 3.9 Hz), 122.6, 103.9, 40.6, 35.3, 12.6. 19
F NMR (376 MHz, CDCl3) δ 

-62.23.; HRMS (ESI) Calcd for C20H17F3N3O
+ 

[M+H]
+
: 372.1318, found: 372.1316.;  

 

(S)-3-methyl-1-(4-nitrophenyl)-4-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]py

ridin-6-one: 92% yield, 95% ee; [α]D
25

 = -68.0 (c=1.0 in CHCl3). 
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HPLC condition: Chiralpak AZH (Hex/iPrOH = 90/10, 1.0 mL/min, tR (major) = 

10.0 min, tR (minor) = 15.3 min).  
1
H NMR (400 MHz, CDCl3) δ 8.54 (s, 1H), 7.45-7.41 (m, 2H), 7.33 (t, J = 14.4 Hz, 

2H), 7.28-7.24 (m, 1H), 7.22-7.20 (m, 2H), 7.15-7.09 (m, 2H),  4.20 (t, J = 6.8 Hz, 

1H), 3.01 (dd, J = 8.8 Hz, J = 18.0 Hz, 1H), 2.81 (dd, J = 4.4 Hz, J = 14.4 Hz, 1H), 

1.93 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.6, 163.1, 160.6, 147.0, 142.3, 137.8, 

133.6, 129.1, 127.4, 127.2, 125.3, 125.2, 116.8, 116.6, 102.8, 40.7, 35.5, 12.5.; 

HRMS (ESI) Calcd for C19H16N4NaO3
+ 

[M+Na]
+
: 371.1115, found: 371.1112.;  

 

(S)-3-methyl-4-phenyl-1-(o-tolyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6

-one: 98% yield, 99% ee; [α]D
25

 = -64.0 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IA (Hex/iPrOH = 95/5,1.0 mL/min, tR (major) = 17.5 

min, tR (minor) = 21.9 min). 
1
H NMR (400 MHz, CDCl3) δ 7.78 (s, 1H), 7.36-7.31 (m, 4H), 7.30-7.25 (m, 3H), 

7.23-7.19 (m, 2H), 4.23 (t, J = 6.4 Hz, 1H), 3.01 (dd, J = 7.6 Hz, J = 16.4 Hz, 1H), 

2.78 (dd, J = 6.4 Hz, J = 16.4 Hz, 1H), 2.17 (s, 3H), 1.94 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 169.9, 146.4, 142.7, 138.7, 136.2, 135.6, 131.6, 129.8, 129.0, 127.6, 

127.3, 127.2, 127.1, 100.9, 40.9, 35.6, 17.6, 12.6.; HRMS (ESI) Calcd for 

C20H20N3O
+ 

[M+H]
+
: 318.1601, found: 318.1606.; 

 

(S)-1-(3,5-dimethylphenyl)-3-methyl-4-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,

4-b]pyridin-6-one: 95% yield, 99% ee; [α]D
25

 = -105.0 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak ID (Hex/iPrOH = 96/4,0.8 mL/min, tR (major) = 43.2 

min, tR (minor) = 53.8 min).  
1
H NMR (400 MHz, CDCl3) δ 8.41 (s, 1H),7.33 (t, J = 6.8 Hz, 2H), 7.27-7.25 (m, 

1H), 7.24-7.20 (m, 2H), 7.09 (s, 2H), 6.98 (s, 1H), 4.2 (t, J = 6.8 Hz, 1H), 3.03 (dd, J 

= 7.2 Hz, J = 16.0 Hz, 1H), 2.83 (dd, J = 6.4 Hz, J = 9.6 Hz, 1H), 2.34 (s, 6H), 1.94 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 170.2, 146.6, 142.4, 139.8, 137.5, 137.3, 129.5, 

129.0, 127.3, 127.3, 120.7, 102.6, 40.8, 35.5, 21.4, 12.6.; HRMS (ESI) Calcd for 

C21H22N3O
+ 

[M+H]
+
: 332.1757, found: 332.1760.;  
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(S)-3-methyl-1-(naphthalen-2-yl)-4-phenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]

pyridin-6-one: 95% yield, 99% ee; [α]D
25

 = -128.2 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IB (Hex/iPrOH = 95/5,1.0 mL/min, tR (major) = 32.1 

min, tR (minor) = 40.4 min).  
1
H NMR (400 MHz, CDCl3) δ 8.57 (s, 1H),7.93 (d, J = 8.8 Hz, 1H), 7.88-7.82 (m, 

3H), 7.67-7.64 (m, 1H), 7.55-7.50 (m, 2H), 7.37-7.33 (m, 2H), 7.29-7.27 (m, 1H), 

7.24-7.22 (m, 2H), 4.19 (t, J = 6.8 Hz, 1H), 3.00 (dd, J = 7.2 Hz, J = 16.4 Hz, 1H), 

2.81 (dd, J = 6.4 Hz, J = 16.0 Hz, 1H), 1.97 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

170.3, 147.2, 142.3, 137.8, 135.0, 133.4, 132.3, 130.1, 129.1, 128.2, 128.0, 127.4, 

127.3, 127.2, 126.7, 121.6, 120.4, 103.0, 40.6, 35.5, 12.6.; HRMS (ESI) Calcd for 

C23H20N3O
+ 

[M+H]
+
: 354.1601, found: 354.1605.; 

 

(S)-1,3,4-triphenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one: 90% 

yield, 99% ee; [α]D
25

 = -19.8 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IB (Hex/iPrOH = 90/10,1.0 mL/min, tR (major) = 13.8 

min, tR (minor) = 21.0 min).  
1
H NMR (400 MHz, CDCl3) δ 8.18 (s, 1H), 7.60-7.49 (m, 6H), 7.42 (t, J =7.6 Hz, 

1H), 7.33-7.28 (m, 5H), 7.26-7.19 (m, 3H) 4.51 (d, J =5.6 Hz, 1H), 3.18 (dd, J = 8.0 

Hz, J = 16.0 Hz, 1H), 2.86 (dd, J = 2.4 Hz, J = 16 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3)δ 169.7, 148.9, 142.2, 138.7, 137.5, 132.7, 130.0, 129.2, 128.7, 128.3, 128.3, 

127.4, 127.1, 127.1, 123.5, 101.9, 41.1, 35.5.; HRMS (ESI) Calcd for C24H20N3O
+ 

[M+H]
+
: 366.1601, found: 366.1611.;  

 

(S)-3-(4-chlorophenyl)-1,4-diphenyl-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridi

n-6-one: 98% yield, 99% ee; [α]D
25

 = +10.4 (c=1.0 in CHCl3). 
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HPLC condition: Chiralpak IB (Hex/iPrOH = 95/5,1.0 mL/min, tR (major) = 26.2 

min, tR (minor) =29.2 min).  
1
H NMR (400 MHz, CDCl3) δ 8.57 (s, 1H),7.58-7.55 (m, 2H), 7.51-7.46 (m, 4H), 

7.43-7.38 (m, 1H), 7.22-7.33 (m, 5H), 7.19-7.17 (m, 2H), 4.45 (d, J = 5.2 Hz, 1H), 

3.16 (dd, J = 7.6 Hz, J = 15.6 Hz, 1H), 2.83 (d, J =13.6 Hz 1H); 
13

C NMR (100 MHz, 

CDCl3) δ 169.8, 147.7, 142.0, 139.0, 137.4, 134.1, 131.2, 123.0, 129.3, 128.8, 128.4, 

128.4, 127.6, 127.0, 123.6, 101.9, 41.1, 35.5.; HRMS (ESI) Calcd for C24H19ClN3O
+ 

[M+H]
+
: 400.1211, found: 400.1211.; 

 

(S)-1,4-diphenyl-3-(4-(trifluoromethyl)phenyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,

4-b]pyridin-6-one: 97% yield, 99% ee; [α]D
25

 = -32.2 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IA (Hex/iPrOH = 90/10,1.0 mL/min, tR (major) = 10.9 

min, tR (minor) =15.8 min).  
1
H NMR (400 MHz, CDCl3) δ 8.49 (s, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.60-7.50 (m, 

6H), 7.44 (t, J = 7.2 Hz, 1H), 7.33-7.29 (m, 2H), 7.27-7.23 (m, 1H), 7.19 (d, J = 8.0 

Hz, 2H), 4.51-4.48 (m, 1H), 3.18 (dd, J = 8.0 Hz, J = 16.4 Hz, 1H), 2.88-2.83 (m, 1H); 
13

C NMR (100 MHz, CDCl3) δ 169.7, 147.4, 141.9, 139.2, 137.3, 136.2, 130.0, 129.8, 

129.4, 128.6, 127.6, 127.2, 127.0, 125.6 (q, J = 3.7 Hz) , 123.6, 122.9, 102.2, 77.4, 

41.1, 35.5.
 19

F NMR (376 MHz, CDCl3) δ -62.47; HRMS (ESI) Calcd for 

C25H19F3N3O
+ 

[M+H]
+
: 434.1475, found: 434.1480.; 

 

(R)-4-(furan-2-yl)-1-phenyl-3-(4-(trifluoromethyl)phenyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one: 67% yield, 96% ee; [α]D
25

 = +35.00 (c=1.0 in 

CHCl3). 

HPLC condition: Chiralpak IA (Hex/iPrOH = 90/10,1.0 mL/min, tR (major) = 10.6 

min, tR (minor) =15.2 min).  
1
H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.87 (d, J = 4.0 Hz, 2H), 7.64 (d, J = 

8.4Hz ,2H), 7.57-7.51 (m, 4H), 7.46-7.42 (m, 1H) , 7.35(s, 1H), 6.27-6.25 (m, 1H) , 

6.04-6.03 (m, 1H), 4.56-4.54 (m, 1H), 3.08-3.06 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3)  δ 169.3, 154.2, 147.2, 142.7, 138.9, 137.2, 1362, 130.1, 128.7, 127.2, 125.8 

(d, J = 4.0 Hz ) , 123.5, 110.5, 106.7, 100.4, 37.5, 29.7. 19
F NMR (376 MHz, CDCl3) 
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δ -60.77; HRMS (ESI) Calcd for C23H17F3N3O2
+ 

[M+H]
+
: 424.1267, found: 

424.1272.; 

 

(S)-3-methyl-1,4-diphenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine: 87% 

yield, 97% ee; [α]D
25

 = -10.4 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak ASH (Hex/iPrOH = 95/5,1.0 mL/min, tR (major) = 13.3 

min, tR (minor) =25.9 min).  
1
H NMR (400 MHz, CDCl3) δ 7.65-7.62 (m, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.33-7.19 

(m, 6H), 4.04 (t, J = 5.6 Hz, 1H), 3.92 (s, 1H) , 3.26-3.13(m, 2H), 2.26-2.18 (m, 1H) , 

1.97-1.90 (m, 1H), 1.86 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 148.1, 145.5, 144.8, 

139.3, 129.5, 128.4, 128.1, 126.4, 126.1, 122.0, 101.1, 40.4, 36.6, 33.1, 12.7.; HRMS 

(ESI) Calcd for C19H20N3
+ 

[M+H]
+
: 290.1652, found: 290.1655.;  

 

tert-butyl(S)-3-methyl-6-oxo-1,4-diphenyl-1,4,5,6-tetrahydro-7H-pyrazolo[3,4-b]

pyridine-7-carboxylate: 80% yield, 97% ee; [α]D
25

 = -156.4 (c=1.0 in CHCl3). 

HPLC condition: Chiralpak IA (Hex/iPrOH = 95/5,1.0 mL/min, tR (major) = 12.1 min, tR (minor) 

=16.2 min). 
1
H NMR (400 MHz, CDCl3) δ 7.54-7.50 (m, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.34-7.29 

(m, 3H), 7.25-7.19 (m, 3H), 4.21 (t, J = 5.2 Hz, 1H), 3.14 (dd, J = 6.0 Hz, J = 15.2 Hz, 

1H) , 3.00 (dd, J = 4.9 Hz, J = 14.8 Hz, 1H), 2.06 (s, 3H), 1.09 (s, 9H); 
13

C NMR 

(100 MHz, CDCl3) δ 169.1, 147.8, 145.8, 140.4, 139.4, 137.0, 129.7, 129.0, 127.5, 

127.3, 122.6, 108.9, 85.3, 43.9, 34.8, 27.2, 12.3.; HRMS (ESI) Calcd for 

C24H26N3O3
+ 

[M+H]
+
: 404.1969, found: 404.1972.; 
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