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1.General Information: 

All dry solvents were dried using activated 4Å molecular sieves and stored under argon. For thin layer 

chromatography (TLC), silica gel plates with fluorescence indicator 254 nm were used and compounds were 

visualized by irradiation with UV light and/or by I2. Celite® 512 medium was used for filtrations. Flash column 

chromatography was performed using 100-200 or 230-400 mesh silica gel. Petroleum ether and ethyl acetate for 

flash chromatography were acquired from commercial sources and were used without purification. NMR spectra 

were acquired on a Bruker 400 MHz, 500 MHz and 600 MHz spectrometer. Chemical shifts (δ) are reported in 

ppm relative to residual solvent signals (CDCl3, 7.26 ppm for 1H NMR and 77.23 ppm for 13C NMR respectively. 
13C spectra were acquired on a broad band decoupled mode. For 1H-NMR, data are reported as follows: chemical 

shift, multiplicity (s = singlet, d = doublet, dd = double doublet, ddd = doublet of doublet of doublets, t = triplet, 

q = quartet, dt = doublet of triplets, m = multiplet), coupling constants (Hz) and integration. Using ESI mode 

HRMS spectra were recorded. Enantiomeric ratios were determined by HPLC analysis performed on Chiral 

Columns using a Phenomenex Lux Cellulose-1 Chiral LC Columns. 
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2.Preparation of Starting materials and Catalysts: 

General Procedure for Amino Pyrazole Synthesis: 

Amino pyrazoles were prepared according to previously reported procedures.1 

 

A solution of requisite aryl formyl acetonitrile (1 mmol, 1 equiv) and Hydrazine monohydrochloride (2 mmol, 2 

equiv) in EtOH (0.3 M relative to aryl formyl acetonitrile) was heated to reflux overnight. After cooling to room 

temperature, volatile materials were condensed in vacuo. The residue was dissolved in CH2Cl2 and saturated 

NaHCO3 (aq). The layers were separated, and the aqueous layer was extracted twice with CH2Cl2. The combined 

organic layers were washed with brine and dried with anhydrous Na2SO4. The salts were removed via gravity 

filtration, and volatile materials were condensed in vacuo. The crude mixture was purified by flash column 

chromatography on silica gel.   

General Procedure for Enynones Synthesis: 

Enynones were prepared according to previously reported procedures.2 

 

To a stirred solution of alkyne (1 eq) in THF (150 mL) at -78 ºC, was added nBuLi (1.6 M in hex., 1.1 eq) dropwise 

and stirred for 10 minutes. The solution was warmed to room temperature for 20 minutes before returning to -78 

ºC. A solution of aldehyde (1 eq) in THF (5 mL) was added and the reaction warmed to room temperature and 

stirred for 4 hours. Saturated NH4Cl (100 mL) was added and subsequently extracted with EtOAc (3 x 100 mL), 

wished with brine (100 mL), dried over Na2SO4, filtered and concentrated in vacuo to afford a crude residue. To 

a stirred solution of the crude residue in DCM (150 mL) was added manganese dioxide (25 eq) and stirred for 24 

hours. The mixture was filtered through celite then concentrated in vacuo. Purification was achieved by flash 

chromatography to afford enynone.2 
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General Procedure for Synthesis of catalyst: 

The catalyst (I - VIII) was prepared according to reported procedures.3,4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES: 

1.X. Gao, C. Li, L. Chen and X. Li, Org. Lett., 2023, 25, 7628–7632. 

2.B. Dong, Z. Li, W. Li, J. Deng, J. Yan, Y. Guo, K.-K. Wang, S. Qian, Z. Wang and X.-L. He, Adv. Synth. Catal., 

DOI:10.1002/adsc.202401072. 

3.F. Romanov‐Michailidis, L. Guénée and A. Alexakis, Angewandte Chemie International Edition, 2013, 52, 

9266–9270. 

4.S. Saha and C. Schneider, Chemistry – A European Journal, 2015, 21, 2348–2352. 



S7 
 

3. Optimization Study: 

 

Table 1. Catalyst screening and optimization of reaction conditions: 

 

Entrya Catalyst Solvent Yield(3a)b Ee(3a)c 

1 I toluene 45 32 

2 II toluene 55 35 

3 III toluene 60 59 

4 IV toluene 44 20 

5 V toluene 50 15 

6 VI toluene 42 49 

7 VII toluene 44 53 

8 VIII toluene 57 65 

 
 

9 VIII mesitylene 30 51 

10 VIII PhCF3 42 53 

11 VIII CH2Cl2 40 71 

12 VIII CHCl3 42 73 

13 VIII cyclohexane 25 53 

14 VIII EtOAc 57 85 

15 VIII MeOAc 67 57 

16d VIII EtOAc 64 89 

17d,e VIII EtOAc 65 93 

18d,e,f VIII EtOAc 65 95 
a Unless specified, 0.1 mmol of 1a and 0.1 mmol of 2a were stirred in 1 mL solvent with 10 mol% chiral catalyst at room 

temperature for 3 days. bIsolated yield after silica gel column chromatography. cDetermined by HPLC using stationary phase 

chiral column. dWith 20 mol% catalyst. e Reaction was run with 1.5 equiv of 1a. fReaction was run in 1.5 mL EtOAc. 

 

4. General Procedure for the Synthesis of racemic pyrazolo pyridine derivatives (rac-3): 

 

To a stirred solution of pyrazol-amine 1 (0.15 mmol) and enynones 2 (0.1 mmol) in dry EtOAc (1.5 mL) at  room 

temperature, were added  racemic catalyst VIII 20 mol%, and the reaction was allowed to run at the same 

temperature for 3 days. After full consumption of starting materials, the solvents were removed under reduced 

pressure and purified by flash column chromatography (petroleum ether : ethyl acetate = 99:1) to give racemic 

pyazolo pyridine (3a-i). All the volatiles were evaporated and the racemic product (rac-3) samples for HPLC 

analysis were obtained by preparative TLC (Merck silica gel 60 F254 pre-coated plates of 0.25 mm thickness) 

using 15-20% DCM in petroleum ether. 
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5. General Procedure for the Synthesis of chiral pyrazolo pyridine derivatives(chi-3): 

 

To a stirred solution of pyrazol-amine 1 (0.15 mmol) and enynones 2 (0.1 mmol) in dry EtOAc (1.5 mL) at  room 

temperature, were added catalyst VIII 20 mol%, and the reaction was allowed to run at the same temperature for 

3 days. After full consumption of starting materials, the solvents were removed under reduced pressure and 

purified by flash column chromatography (petroleum ether : ethyl acetate = 99:1) to give pyazolo pyridine (3a-i). 

 

6. Procedure for the scale-up experiment: 

 

In a 25 ml rb, equipped with a magnetic stirring bar, was charged with 2a (170.21mg, 1 mmol, 1.0 equiv), 1a 

(235.11mg, 1.5 mmol, 1.5 equiv), and cat. VIII (128.0mg, 0.2 mmol, 0.2 equiv) followed by addition of 15 mL 

dry EtOAc and  stirred at rt until TLC revealed complete consumption of 2a (3days). The crude residue was 

directly purified by silica gel flash column chromatography (petroleum ether : ethyl acetate = 99:1) to obtain 3aa 

(251.0 mg, 65% yield, 95% ee). 

 

7. Synthetic transformation of 3aa: 

 

To a solution of 3aa (38.7 mg, 0.10 mmol, 1.0 equiv) in MeOH (5.0 mL) was added Pd/C (10 wt%) (20.0 mg) and 

AcOH (1.0 mL). This flask was in a vacuum and back-filled with H2 (1 atm). After being stirred at room 

temperature overnight, the reaction solution was filtered, and the filtered-cake was washed with MeOH (5.0 mL). 

The filtrate was evaporated under vacuo, and purified by silica gel column chromatography using hexane:ethyl 

acetate (20/1) as the eluent to give the product  as brown semi solid in 37% yield (14.54 mg) and in white solid 

40% yield (15..72 mg).   
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8. Charecterization data of pyazolo pyridine derivatives: 

  (R)-4-methyl-1,3-diphenyl-6-(phenylethynyl)-4,5-dihydro-1H-

pyrazolo[3,4-b]pyridine. 

Yellow solid (26.0 mg, isolated yield: 67%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 140-143 °C. 

1H NMR (400 MHz, CDCl3) δ 7.98 – 7.92 (m, 2H), 7.89 – 7.83 (m, 2H), 

7.62 – 7.57 (m, 2H), 7.51 – 7.42 (m, 4H), 7.42 – 7.34 (m, 4H), 7.34 – 7.27 

(m, 1H), 3.42 (ddt, J = 11.5, 7.0, 3.5 Hz, 1H), 2.91 (dd, J = 17.0, 8.4 Hz, 

1H), 2.74 (dd, J = 17.1, 2.5 Hz, 1H), 1.22 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.5, 146.5, 145.7, 139.0, 133.7, 132.5, 129.9, 128.9, 128.7, 128.6, 127.9, 126.7, 

126.7, 123.1, 121.5, 108.6, 95.1, 90.0, 38.9, 24.3, 19.9. 

ESI HRMS: calcd. for C27H23N3 [M+H]+ 388.1809, found 388.1804.  

Optical rotation: [α]D
20 = -60.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 8.2 min, tminor = 14.0 min). 

 

(R)-4-methyl-3-phenyl-6-(phenylethynyl)-1-(p-tolyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (27.2 mg, isolated yield: 68%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 133-135 °C. 

1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 7.6 Hz, 2H), 7.80 (d, J = 8.0 

Hz, 2H), 7.59 (d, J = 7.1 Hz, 2H), 7.39 (ddd, J = 18.5, 12.8, 7.0 Hz, 6H), 

7.27 (d, J = 8.1 Hz, 2H), 3.42 (p, J = 7.8 Hz, 1H), 2.90 (dd, J = 17.0, 8.3 

Hz, 1H), 2.78 – 2.67 (m, 1H), 2.39 (s, 3H), 1.22 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.2, 146.2, 145.6, 136.6, 136.6, 133.7, 132.4, 129.8, 129.5, 128.6, 128.5, 127.8, 

126.7, 123.0, 121.5, 108.3, 94.9, 90.1, 38.9, 24.4, 21.1, 20.0. 

ESI HRMS: calcd. for C28H24N3 [M+H]+ 402.1965, found 402.1947.  

Optical rotation: [α]D
20 = -37.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 93%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 8.0 min, tminor = 15.6 min). 

 

 (R)-1-(4-ethylphenyl)-4-methyl-3-phenyl-6-(phenylethynyl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Brown solid (23.6 mg, isolated yield: 57%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 135-137 °C. 

1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 7.6 Hz, 2H), 7.81 (d, J = 

8.1 Hz, 2H), 7.62 – 7.56 (m, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.41 – 7.26 

(m, 6H), 3.41 (qd, J = 7.1, 3.6 Hz, 1H), 2.90 (dd, J = 17.0, 8.3 Hz, 

1H), 2.77 – 2.65 (m, 3H), 1.26 (t, J = 7.6 Hz, 3H), 1.22 (d, J = 7.0 Hz, 

3H). 

13C NMR (101 MHz, CDCl3) δ 152.3, 146.2, 145.6, 143.0, 136.7, 133.8, 132.5, 129.8, 128.6, 128.5, 128.4, 127.8, 

126.7, 123.2, 121.5, 108.3, 95.0, 90.1, 38.9, 28.6, 24.4, 20.0, 15.7. 
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ESI HRMS: calcd. for C29H26N3 [M+H]+ 416.2122, found 416.2120.  

Optical rotation: [α]D
20 = -33.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 91%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 7.7 min, tminor = 15.8 min). 

 

(R)-4-methyl-3-phenyl-6-(phenylethynyl)-1-(p-tolyl)-4,5-dihydro-1H-pyrazolo[3,4-b]pyridine 

Brown solid (21.4 mg, isolated yield: 50%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 125-127 °C. 

1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 7.6 Hz, 2H), 7.80 (d, J = 8.1 

Hz, 2H), 7.63 – 7.57 (m, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.41 – 7.27 (m, 

6H), 3.44 (td, J = 8.5, 4.2 Hz, 1H), 2.99 – 2.93 (m, 1H), 2.93 – 2.86 (m, 

1H), 2.74 (dd, J = 17.0, 2.4 Hz, 1H), 1.29 – 1.26 (m, 6H), 1.23 (d, J = 6.9 

Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.3, 147.6, 146.2, 145.6, 136.7, 133.8, 

132.5, 129.8, 128.6, 128.6, 128.5, 127.8, 126.9, 126.7, 123.2, 121.5, 108.3, 

95.0, 90.1, 38.9, 33.9, 24.4, 24.1, 24.0, 20.0. 

ESI HRMS: calcd. for C30H28N3 [M+H]+ 430.2278, found 430.2271.  

Optical rotation: [α]D
20 = -62.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 91%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 7.3 min, tminor = 17.0 min). 

 

(R)-1-(4-fluorophenyl)-4-methyl-3-phenyl-6-(phenylethynyl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (28.0 mg, isolated yield: 69%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 140-143 °C. 

1H NMR (400 MHz, CDCl3) δ 7.96 – 7.90 (m, 2H), 7.87 – 7.82 (m, 

2H), 7.62 – 7.58 (m, 2H), 7.47 – 7.35 (m, 6H), 7.16 (t, J = 8.7 Hz, 2H), 

3.47 – 3.37 (m, 1H), 2.91 (dd, J = 17.1, 8.4 Hz, 1H), 2.75 (dd, J = 17.1, 

2.5 Hz, 1H), 1.22 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 162.6, 160.2, 152.8, 146.5, 145.6, 135.2, 135.2, 133.5, 132.5, 130.0, 128.7, 128.6, 

128.0, 126.7, 124.7, 124.6, 121.4, 115.9, 115.6, 108.5, 95.4, 89.9, 38.9, 24.3, 20.0. 

 
19F NMR (377 MHz, CDCl3) δ -115.7. 

The coupling constant between C-F are as follow.   
1J = (162.60 – 160.15) * 101 = 247.45 Hz, 2J = (115.86 – 115.63) * 100 = 23.23 Hz, 3J = (124.73 – 124.65) * 100 

= 8.08 Hz, 4J = (135.21 – 135.18) * 100 = 3.03 Hz. 

 

ESI HRMS: calcd. for C27H21FN3 [M+H]+ 406.1715, found 406.1690.  

Optical rotation: [α]D
20 = -23.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 91%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 8.0 min, tminor = 17.0 min).  
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(R)-1-(4-chlorophenyl)-4-methyl-3-phenyl-6-(phenylethynyl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (27.4 mg, isolated yield: 65%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 155-157 °C. 

1H NMR (500 MHz, CDCl3) δ 7.97 – 7.93 (m, 2H), 7.87 – 7.83 (m, 

2H), 7.63 – 7.59 (m, 2H), 7.43 (ddd, J = 14.3, 10.1, 5.9 Hz, 6H), 7.39 – 

7.35 (m, 2H), 3.47 – 3.37 (m, 1H), 2.90 (dd, J = 17.0, 8.4 Hz, 1H), 2.75 

(dd, J = 17.1, 2.4 Hz, 1H), 1.21 (d, J = 7.0 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 152.8, 146.7, 145.8, 137.6, 133.4, 132.5, 132.2, 130.0, 129.0, 128.7, 128.6, 128.1, 

126.7, 123.9, 121.3, 108.8, 95.5, 89.9, 38.8, 24.3, 19.9. 

 ESI HRMS: calcd. for C27H21ClN3 [M+H]+ 422.1419, found 422.1390.  

Optical rotation: [α]D
20 = -22.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 91%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 8.0 min, tminor = 17.9 min).  

 

(R)-1-(4-bromophenyl)-4-methyl-3-phenyl-6-(phenylethynyl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

 

Yellow solid (25.6 mg, isolated yield: 55%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 135-137 °C. 

1H NMR (400 MHz, CDCl3) δ 7.93 – 7.88 (m, 2H), 7.87 – 7.83 (m, 

2H), 7.60 (td, J = 7.5, 1.8 Hz, 4H), 7.48 – 7.34 (m, 6H), 3.48 – 3.37 

(m, 1H), 2.91 (dd, J = 17.1, 8.4 Hz, 1H), 2.75 (dd, J = 17.1, 2.5 Hz, 

1H), 1.22 (d, J = 7.0 Hz, 3H). 

 
13C NMR (151 MHz, CDCl3) δ 152.8, 146.8, 145.8, 138.1, 133.4, 132.5, 132.0, 130.0, 128.7, 128.6, 128.1, 126.7, 

124.2, 121.4, 120.1, 108.8, 95.5, 89.9, 38.8, 24.3, 19.9.  

ESI HRMS: calcd. for C27H21BrN3 [M+H]+ 466.0914, found 466.0894.  

Optical rotation: [α]D
20 = +12.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 87%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 8.1 min, tminor = 18.0 min).  

 

 

(R)-4-methyl-3-phenyl-6-(phenylethynyl)-1-(4-

(trifluoromethyl)phenyl)-4,5-dihydro-1H-pyrazolo[3,4-b]pyridine. 

 

Yellow solid (23.6 mg, isolated yield: 52%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 141-143 °C. 

1H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.3 Hz, 2H), 7.89 – 7.83 

(m, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.65 – 7.56 (m, 2H), 7.49 – 7.35 (m, 

6H), 3.46 – 3.37 (m, 1H), 2.91 (dd, J = 17.1, 8.4 Hz, 1H), 2.76 (dd, J 

= 17.1, 2.5 Hz, 1H), 1.22 (d, J = 7.0 Hz, 3H). 

 
13C NMR (101 MHz, CDCl3) δ 153.1, 147.3, 146.2, 141.8, 133.3, 132.5, 130.0, 128.7, 128.6, 128.2, 126.8, 

126.2, 126.1, 126.1, 126.1, 125.5, 122.8, 122.4, 121.3, 109.2, 95.7, 89.9, 38.8, 24.2, 19.8. 
 

19F NMR (377 MHz, CDCl3) δ -62.2.  

The coupling constant between C-F are as follow.   
 1J = 124.18 (q, 272.7 Hz), 2J = 128.15 (q, 32 Hz), 3J = 126.11 (q, 4.04 Hz).  
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ESI HRMS: calcd. for C28H21F3N3 [M+H]+ 456.1683, found 456.1662.  

Optical rotation: [α]D
20 = -32.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 77%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 

95/5, flow rate 1.0 mL/min, λ = 254 nm (tmajor = 7.1 min, tminor = 16.9 min). 

 

(R)-4-methyl-3-phenyl-6-(phenylethynyl)-1-(4-

(trifluoromethoxy)phenyl)-4,5-dihydro-1H-pyrazolo[3,4-

b]pyridine. 

 

Yellow solid (22.1 mg, isolated yield: 47%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 146-148 °C. 

1H NMR (500 MHz, CDCl3) δ 8.06 – 8.00 (m, 2H), 7.85 (d, J = 7.6 

Hz, 2H), 7.64 – 7.59 (m, 2H), 7.45 (q, J = 6.3 Hz, 3H), 7.38 (dd, J = 

12.5, 5.2 Hz, 3H), 7.33 (d, J = 8.6 Hz, 2H), 3.47 – 3.39 (m, 1H), 2.92 

(dd, J = 17.1, 8.4 Hz, 1H), 2.76 (dd, J = 17.0, 2.4 Hz, 1H), 1.23 (d, J = 

7.0 Hz, 3H). 

 
13C NMR (126 MHz, CDCl3) δ 152.9, 147.5, 146.9, 145.8, 137.6, 133.4, 132.5, 130.0, 128.7, 128.6, 128.1, 126.7, 

124.0, 121.6, 121.3, 108.8, 95.6, 89.8, 38.9, 24.3, 19.9. 

  
19F NMR (377 MHz, CDCl3) δ -57.9 

The coupling constant between C-F are as follow.   
1J = 120.68 (q, 255 Hz), 2J = 147.60 (q, 1.25 Hz).  

ESI HRMS: calcd. for C28H21F3N3O [M+H]+ 472.1632, found 472.1595.  

Optical rotation: [α]D
20 = +40.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 89%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 

95/5, flow rate 1.0 mL/min, λ = 220 nm (tmajor = 6.5 min, tminor = 15.3 min). 

 

(R)-4-methyl-3-phenyl-6-(phenylethynyl)-1-(m-tolyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (18.1 mg, isolated yield: 45%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 131-133 °C. 

1H NMR (400 MHz, CDCl3) δ 7.81 – 7.77 (m, 2H), 7.64 (d, J = 7.8 

Hz, 2H), 7.56 – 7.50 (m, 2H), 7.40 – 7.26 (m, 7H), 7.06 (d, J = 7.6 Hz, 

1H), 3.35 (dtt, J = 13.9, 7.0, 3.6 Hz, 1H), 2.89 – 2.81 (m, 1H), 2.68 

(dd, J = 17.0, 2.5 Hz, 1H), 2.37 (s, 3H), 1.15 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.4, 146.3, 145.7, 138.9, 138.8, 133.7, 132.5, 129.8, 128.7, 128.7, 128.5, 127.9, 

127.7, 126.7, 123.7, 121.5, 120.5, 108.4, 95.1, 90.0, 38.9, 24.3, 21.6, 19.9.  

ESI HRMS: calcd. for C28H24N3 [M+H]+ 402.1965, found 402.1932.  

Optical rotation: [α]D
20 = -52.3 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 7.5 min, tminor = 13.2 min). 
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(R)-1-(3-methoxyphenyl)-4-methyl-3-phenyl-6-(phenylethynyl)-

4,5-dihydro-1H-pyrazolo[3,4-b]pyridine. 

Orange solid (23.7 mg, isolated yield: 57%); Rf = 0.65 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 132-135 °C. 

1H NMR (400 MHz, CDCl3) δ 7.89 – 7.84 (m, 2H), 7.63 – 7.52 (m, 

4H), 7.47 – 7.32 (m, 7H), 6.89 – 6.84 (m, 1H), 3.87 (s, 3H), 3.46 – 

3.36 (m, 1H), 2.90 (dd, J = 17.0, 8.4 Hz, 1H), 2.74 (dd, J = 17.1, 2.5 

Hz, 1H), 1.22 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 160.1, 152.4, 146.4, 145.8, 140.1, 133.6, 132.5, 129.8, 129.6, 128.6, 128.5, 

127.9, 126.7, 121.5, 115.5, 112.8, 108.6, 95.1, 90.0, 55.5, 38.8, 24.3, 19.9. 

ESI HRMS: calcd. for C28H24N3O [M+H]+ 418.1914, found 418.1875.  

Optical rotation: [α]D
20 = -55.3 (c 0.04, CHCl3) 

HPLC Analysis: ee = 81%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 10.2 min, tminor = 17.9 min). 

 

(R)-4-methyl-1-(3-nitrophenyl)-3-phenyl-6-(phenylethynyl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (18.6 mg, isolated yield: 43%); Rf = 0.60 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 152-155 °C. 

1H NMR (400 MHz, CDCl3) δ 8.97 (t, J = 2.2 Hz, 1H), 8.50 – 8.44 

(m, 1H), 8.14 (ddd, J = 8.2, 2.3, 1.0 Hz, 1H), 7.89 – 7.86 (m, 2H), 

7.62 (dd, J = 8.2, 2.1 Hz, 3H), 7.47 (td, J = 7.3, 1.3 Hz, 2H), 7.43 – 

7.36 (m, 4H), 3.44 (tt, J = 9.5, 5.8 Hz, 1H), 2.94 (dd, J = 17.2, 8.5 Hz, 1H), 2.79 (dd, J = 17.2, 2.5 Hz, 1H), 1.23 

(d, J = 7.0 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 153.5, 148.7, 147.6, 146.2, 140.2, 133.0, 132.6, 130.1, 129.7, 128.8, 128.6, 

128.4, 127.8, 126.8, 121.2, 120.8, 117.3, 109.4, 96.1, 89.8, 38.8, 24.2, 19.8. 

 

ESI HRMS: calcd. for C27H21N4O2 [M+H]+ 433.1660, found 433.1675.  

Optical rotation: [α]D
20 = +87.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 87%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 13.9 min, tminor = 27.5 min). 

 

 

(R)-4-methyl-3-phenyl-6-(phenylethynyl)-1-(o-tolyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

 
Yellow solid (26.1 mg, isolated yield: 65%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 133-135 °C. 

1H NMR (500 MHz, CDCl3) δ 7.88 – 7.82 (m, 2H), 7.57 – 7.52 (m, 

2H), 7.43 (t, J = 7.8 Hz, 3H), 7.38 – 7.29 (m, 7H), 3.46 (pt, J = 7.1, 

3.1 Hz, 1H), 2.92 (dd, J = 17.1, 8.5 Hz, 1H), 2.74 (dd, J = 17.1, 2.5 

Hz, 1H), 2.24 (s, 3H), 1.25 (d, J = 7.0 Hz, 3H). 

 
13C NMR (126 MHz, CDCl3) δ 152.6, 146.7, 146.3, 137.5, 135.6, 133.8, 132.4, 131.1, 129.8, 128.8, 128.6, 

128.5, 128.0, 127.8, 126.6, 126.4, 121.5, 106.9, 95.1, 89.9, 39.3, 24.5, 20.3, 18.2. 
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ESI HRMS: calcd. for C28H24N3 [M+H]+ 402.1965, found 402.1961.  

Optical rotation: [α]D
20 = -82.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 7.6 min, tminor = 15.6 min). 

 

(R)-1-(2-ethylphenyl)-4-methyl-3-phenyl-6-(phenylethynyl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

 
Yellow solid (24.1mg, isolated yield: 58%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 131-133 °C. 

1H NMR (400 MHz, CDCl3) δ 7.89 – 7.82 (m, 2H), 7.57 – 7.51 (m, 

2H), 7.49 – 7.38 (m, 5H), 7.40 – 7.28 (m, 7H), 3.51 – 3.41 (m, 1H), 

2.92 (dd, J = 17.2, 8.4 Hz, 1H), 2.74 (dd, J = 17.2, 2.4 Hz, 1H), 2.57 

(q, J = 7.5 Hz, 2H), 1.26 (d, J = 7.0 Hz, 3H), 1.14 (t, J = 7.6 Hz, 3H). 
 

13C NMR (101 MHz, CDCl3) δ 152.5, 146.8, 146.1, 141.4, 137.0, 133.9, 132.4, 129.8, 129.3, 129.1, 128.6, 

128.5, 128.3, 127.7, 126.6, 126.3, 121.5, 106.8, 95.1, 89.9, 39.3, 24.6, 24.5, 20.3, 14.5. 

 

ESI HRMS: calcd. for C29H26N3 [M+H]+ 416.2122, found 416.2137.  

Optical rotation: [α]D
20 = -88.6 (c 0.04, CHCl3) 

HPLC Analysis: ee = 91%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 6.8 min, tminor = 11.7 min). 

 

(R)-1-(3,5-dimethylphenyl)-4-methyl-3-phenyl-6-

(phenylethynyl)-4,5-dihydro-1H-pyrazolo[3,4-b]pyridine. 

 

Orange solid (25.0mg, isolated yield: 60%); Rf = 0.70 in 0.5:9.5 

ethyl acetate/hexane; M.P. 142-145 °C. 

1H NMR (400 MHz, CDCl3) δ 7.87 – 7.84 (m, 2H), 7.61 (t, J = 1.6 

Hz, 1H), 7.59 (d, J = 2.0 Hz, 1H), 7.49 (d, J = 1.6 Hz, 2H), 7.48 – 

7.41 (m, 3H), 7.41 – 7.33 (m, 4H), 6.98 – 6.94 (m, 1H), 3.47 – 3.37 

(m, 1H), 2.91 (dd, J = 17.0, 8.3 Hz, 1H), 2.74 (dd, J = 17.0, 2.6 Hz, 

1H), 2.39 (s, 6H), 1.22 (d, J = 7.0 Hz, 4H). 
 

13C NMR (101 MHz, CDCl3) δ 152.3, 146.2, 145.7, 138.7, 138.6, 133.7, 132.4, 129.8, 128.8, 128.6, 128.5, 

127.8, 126.8, 121.5, 121.2, 108.3, 95.0, 90.1, 38.9, 24.3, 21.5, 19.9. 

 

ESI HRMS: calcd. for C29H26N3 [M+H]+ 416.2122, found 416.2102.  

Optical rotation: [α]D
20 = +40.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 89%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 7.4 min, tminor = 13.5 min). 
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(R)-4-methyl-1-(naphthalen-2-yl)-3-phenyl-6-(phenylethynyl)-

4,5-dihydro-1H-pyrazolo[3,4-b]pyridine. 

 

Yellow solid (19.7 mg, isolated yield: 45%); Rf = 0.70 in 0.5:9.5 

ethyl acetate/hexane; M.P. 181-183 °C. 

1H NMR (500 MHz, CDCl3) δ 8.41 (d, J = 2.2 Hz, 1H), 8.17 (dd, J 

= 8.8, 2.1 Hz, 1H), 7.95 (d, J = 8.4 Hz, 2H), 7.93 – 7.89 (m, 2H), 

7.87 – 7.85 (m, 1H), 7.63 – 7.60 (m, 2H), 7.51 – 7.49 (m, 1H), 7.48 

– 7.45 (m, 2H), 7.39 (dtd, J = 11.7, 7.1, 5.2 Hz, 4H), 3.46 (pd, J = 

7.1, 2.4 Hz, 1H), 2.95 (dd, J = 16.9, 8.4 Hz, 1H), 2.78 (dd, J = 17.0, 

2.4 Hz, 1H), 1.25 (d, J = 7.0 Hz, 3H). 
 

13C NMR (126 MHz, CDCl3) δ 152.6, 146.7, 146.0, 136.6, 133.6, 133.5, 132.5, 132.1, 129.9, 128.8, 128.7, 

128.6, 128.4, 128.0, 127.7, 126.8, 126.4, 125.9, 121.9, 121.5, 120.8, 108.7, 95.2, 90.1, 38.9, 24.4, 19.9. 

 

ESI HRMS: calcd. for C31H24N3 [M+H]+ 438.1965, found 438.1930.  

Optical rotation: [α]D
20 = +50.3 (c 0.04, CHCl3) 

HPLC Analysis: ee = 89%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 11.2 min, tminor = 21.4 min). 

 

 

(R)-1-(tert-butyl)-4-methyl-3-phenyl-6-(phenylethynyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

 

Yellow solid (22.8mg, isolated yield: 62%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 152-155 °C. 

1H NMR (500 MHz, CDCl3) δ 7.80 – 7.75 (m, 2H), 7.61 – 7.57 (m, 

2H), 7.41 – 7.36 (m, 5H), 7.29 (s, 1H), 3.34 – 3.25 (m, 1H), 2.78 (dd, J 

= 16.9, 8.3 Hz, 1H), 2.63 (dd, J = 17.0, 2.5 Hz, 1H), 1.77 (s, 9H), 1.16 

(d, J = 7.0 Hz, 3H). 

 
13C NMR (126 MHz, CDCl3) δ 149.1, 145.7, 142.6, 134.6, 132.3, 129.6, 128.5, 128.5, 127.1, 126.4, 121.8, 

107.9, 93.3, 90.4, 60.4, 38.7, 30.0, 24.2, 20.1. 

 

ESI HRMS: calcd. for C25H26N3 [M+H]+ 368.2122, found 368.2119.  

Optical rotation: [α]D
20 = -45.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 93%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 

99.5/0.5, flow rate 0.3 mL/min, λ = 254 nm (tmajor = 16.9 min, tminor = 23.0 min). 

 

(R)-3-(4-fluorophenyl)-4-methyl-1-phenyl-6-(phenylethynyl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

 

Yellow solid (21.5 mg, isolated yield: 53%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 143-145 °C. 

1H NMR (400 MHz, CDCl3) δ 7.89 – 7.83 (m, 2H), 7.79 – 7.73 (m, 

2H), 7.57 – 7.50 (m, 2H), 7.43 – 7.38 (m, 2H), 7.36 – 7.28 (m, 3H), 

7.28 – 7.22 (m, 1H), 7.10 – 7.03 (m, 2H), 3.35 – 3.27 (m, 1H), 2.85 

(dd, J = 17.1, 8.4 Hz, 1H), 2.68 (dd, J = 17.0, 2.5 Hz, 1H), 1.14 (d, J 

= 7.0 Hz, 3H). 

 
13C NMR (101 MHz, CDCl3) δ 163.8, 161.4, 152.6, 145.7, 145.6, 

138.9, 132.5, 129.9, 129.8, 129.8, 129.0, 128.6, 128.4, 128.4, 126.8, 123.0, 121.4, 115.7, 115.5, 108.2, 95.3, 

89.9, 38.8, 24.3, 19.9. 
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19F NMR (377 MHz, CDCl3) δ -114.0. 

The coupling constant between C-F are as follow.    
1J = (163.83 – 161.37) * 101 = 248.46 Hz, 2J = (115.75 – 115.51) * 101 = 24.24 Hz, 3J = (128.44 – 128.36) * 

101 = 8.08 Hz, 4J = (129.85 – 129.82) * 100 = 3.03 Hz. 

 

ESI HRMS: calcd. for C27H21FN3 [M+H]+ 406.1715, found 406.1675.  

Optical rotation: [α]D
20 = +15.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 93%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 7.9 min, tminor = 10.8 min).  

 

 (R)-4-methyl-1-phenyl-6-(phenylethynyl)-3-(m-tolyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (27.7 mg, isolated yield: 69%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 132-135 °C. 

1H NMR (400 MHz, CDCl3) δ 7.97 – 7.92 (m, 2H), 7.73 (s, 1H), 7.64 

– 7.57 (m, 3H), 7.47 (t, J = 7.8 Hz, 2H), 7.37 (q, J = 7.0 Hz, 3H), 7.34 – 

7.27 (m, 2H), 7.17 (d, J = 7.6 Hz, 1H), 3.41 (pd, J = 7.0, 2.5 Hz, 1H), 

2.90 (dd, J = 17.0, 8.3 Hz, 1H), 2.73 (dd, J = 17.0, 2.5 Hz, 1H), 2.42 (s, 

3H), 1.21 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.4, 146.6, 145.7, 139.0, 138.3, 133.5, 132.5, 129.9, 129.0, 128.7, 128.6, 128.5, 

127.4, 126.7, 123.8, 123.1, 121.5, 108.6, 95.1, 90.1, 38.9, 24.4, 21.6, 20.0. 

ESI HRMS: calcd. for C28H24N3 [M+H]+ 402.1965, found 402.1935.  

Optical rotation: [α]D
20 = -62.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 7.5 min, tminor = 13.7 min). 

 

(R)-3-(3,4-dichlorophenyl)-4-methyl-1-phenyl-6-(phenylethynyl)-

4,5-dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (31.5 mg, isolated yield: 69%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 140-143 °C. 

1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 2.1 Hz, 1H), 7.94 – 7.90 (m, 

2H), 7.68 (dd, J = 8.4, 2.1 Hz, 1H), 7.60 (dt, J = 6.7, 1.6 Hz, 2H), 7.51 – 

7.45 (m, 3H), 7.42 – 7.35 (m, 3H), 7.35 – 7.31 (m, 1H), 3.37 (ddt, J = 

11.8, 7.1, 3.5 Hz, 1H), 2.91 (dd, J = 17.1, 8.4 Hz, 1H), 2.76 (dd, J = 17.1, 

2.3 Hz, 1H), 1.20 (d, J = 7.0 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 152.8, 145.9, 144.1, 138.8, 133.8, 132.9, 

132.5, 131.7, 130.6, 130.0, 129.0, 128.6, 128.3, 127.1, 125.7, 123.1, 121.3, 108.6, 95.6, 89.9, 38.7, 24.3, 19.9. 

ESI HRMS: calcd. for C27H20Cl2N3 [M+H]+ 456.1029, found 456.0995.  

Optical rotation: [α]D
20 = +92.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 93%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 8.1 min, tminor = 11.3 min). 
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(R)-3-(furan-2-yl)-4-methyl-1-phenyl-6-(phenylethynyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (22.6 mg, isolated yield: 60%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 144-146 °C. 

1H NMR (400 MHz, CDCl3) δ 7.93 – 7.87 (m, 2H), 7.62 – 7.57 (m, 

2H), 7.53 – 7.45 (m, 3H), 7.42 – 7.36 (m, 3H), 7.31 (td, J = 7.3, 1.2 Hz, 

1H), 6.77 (d, J = 3.4 Hz, 1H), 6.52 (dd, J = 3.4, 1.8 Hz, 1H), 3.48 – 3.39 

(m, 1H), 2.92 (dd, J = 17.2, 8.8 Hz, 1H), 2.77 (dd, J = 17.2, 1.9 Hz, 1H), 

1.23 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 153.0, 153.0, 148.7, 145.4, 142.2, 139.4, 138.7, 132.5, 129.9, 128.9, 128.5, 

126.9, 123.2, 121.4, 111.3, 108.0, 106.8, 95.2, 90.0, 38.7, 23.9, 20.1. 

ESI HRMS: calcd. for C25H20N3O [M+H]+ 378.1601, found 378.1590.  

Optical rotation: [α]D
20 = -20.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 97%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 7.6 min, tminor = 14.3 min). 

(R)-4-methyl-1-phenyl-6-(phenylethynyl)-3-(thiophen-2-yl)-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Brown solid (23.6mg, isolated yield: 60%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 142-144 °C. 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.90 (m, 2H), 7.60 (dd, J = 6.3, 

1.8 Hz, 2H), 7.49 – 7.44 (m, 2H), 7.39 (tt, J = 5.8, 1.4 Hz, 4H), 7.30 (tt, 

J = 7.0, 1.4 Hz, 2H), 7.11 (dd, J = 5.1, 3.6 Hz, 1H), 3.42 – 3.33 (m, 

1H), 2.92 (dd, J = 17.1, 8.6 Hz, 1H), 2.78 (dd, J = 17.2, 1.8 Hz, 1H), 

1.23 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.7, 145.6, 142.0, 138.7, 136.1, 132.5, 129.9, 128.9, 128.6, 127.5, 126.8, 

124.9, 124.2, 123.1, 121.4, 107.8, 95.3, 90.0, 38.7, 24.0, 19.6. 

ESI HRMS: calcd. for C25H20N3S [M+H]+ 394.1373 , found 394.1370. 

Optical rotation: [α]D
20 = +30.0 (c 0.04, CHCl3)  

HPLC Analysis: ee = 99%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 8.7 min, tminor = 15.8 min). 

 

(R)-6-((4-methoxyphenyl)ethynyl)-4-methyl-1,3-diphenyl-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (27.1 mg, isolated yield: 65%); Rf = 0.70 in 0.5:9.5 

ethyl acetate/hexane; M.P. 165-167 °C. 

1H NMR (400 MHz, CDCl3) δ 7.98 – 7.92 (m, 2H), 7.90 – 7.84 (m, 

2H), 7.56 – 7.51 (m, 2H), 7.45 (dt, J = 11.2, 7.6 Hz, 4H), 7.38 – 7.27 

(m, 2H), 6.89 (d, J = 8.8 Hz, 2H), 3.82 (s, 3H), 3.46 – 3.36 (m, 1H), 

2.89 (dd, J = 16.9, 8.3 Hz, 1H), 2.73 (dd, J = 17.0, 2.5 Hz, 1H), 1.21 

(d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 161.0, 152.7, 146.4, 145.9, 139.1, 

134.3, 133.7, 128.9, 128.7, 127.9, 126.7, 126.7, 123.1, 114.3, 113.4, 108.4, 96.0, 89.5, 55.4, 38.9, 24.4, 19.9. 

ESI HRMS: calcd. for C28H24N3O [M+H]+ 418.1914, found 418.1897.  
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Optical rotation: [α]D
20 = -15.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 91%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 10.4 min, tminor = 18.7 min). 

 

(R)-6-((4-(tert-butyl)phenyl)ethynyl)-4-methyl-1,3-diphenyl-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (24.4mg, isolated yield: 53%); Rf = 0.70 in 0.5:9.5 

ethyl acetate/hexane; M.P. 173-175 °C. 

1H NMR (400 MHz, CDCl3) δ 7.90 – 7.84 (m, 2H), 7.81 – 7.78 (m, 

2H), 7.47 (d, J = 8.1 Hz, 2H), 7.42 – 7.37 (m, 3H), 7.34 (t, J = 7.4 Hz, 

3H), 7.30 – 7.20 (m, 2H), 3.36 (td, J = 7.9, 2.3 Hz, 1H), 2.84 (dd, J = 

17.0, 8.3 Hz, 1H), 2.68 (dd, J = 17.0, 2.5 Hz, 1H), 1.26 (s, 9H), 1.16 

(d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 153.5, 152.7, 146.4, 145.8, 139.0, 

133.7, 132.3, 128.9, 128.6, 127.9, 126.7, 125.6, 123.1, 118.4, 108.5, 95.7, 89.7, 38.9, 35.0, 31.1, 24.3, 19.9. 

ESI HRMS: calcd. for C31H30N3 [M+H]+ 444.2435, found 444.2415.  

Optical rotation: [α]D
20 = -30.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 5.3 min, tminor = 7.6 min). 

 

(R)-6-((4-fluorophenyl)ethynyl)-4-methyl-1,3-diphenyl-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (27.2 mg, isolated yield: 67%); Rf = 0.70 in 0.5:9.5 

ethyl acetate/hexane; M.P. 156-159 °C. 

1H NMR (400 MHz, CDCl3) δ 7.96 – 7.92 (m, 2H), 7.88 – 7.85 (m, 

2H), 7.62 – 7.57 (m, 2H), 7.46 (dt, J = 11.4, 7.7 Hz, 4H), 7.38 – 7.28 

(m, 2H), 7.08 (t, J = 8.6 Hz, 2H), 3.43 (ddd, J = 8.5, 7.0, 2.4 Hz, 

1H), 2.91 (dd, J = 17.0, 8.4 Hz, 1H), 2.74 (dd, J = 17.1, 2.5 Hz, 1H), 

1.22 (d, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 164.7, 162.2, 152.3, 146.5, 145.7, 

139.0, 134.6, 134.5, 133.6, 128.9, 128.7, 127.9, 126.8, 126.7, 123.1, 117.6, 117.6, 116.1, 115.9, 108.5, 93.9, 89.8, 

38.8, 24.3, 19.9.  

19F NMR (377 MHz, CDCl3) δ -107.9. 

The coupling constant between C-F are as follow.    
1J = (164.70– 162.19) * 101 = 253.51 Hz, 2J = (116.13 – 115.91) * 101 = 22.22 Hz, 3J = (134.63 – 134.54) * 101 

= 9.09 Hz, 4J = (117.62 – 117.58) * 100 = 4.04 Hz. 

 

ESI HRMS: calcd. for C27H21FN3 [M+H]+ 406.1715, found 406.1699.  

Optical rotation: [α]D
20 = -50.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 93%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 6.5 min, tminor = 10.3 min). 
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(R)-6-((4-chlorophenyl)ethynyl)-4-methyl-1,3-diphenyl-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (27.4 mg, isolated yield: 65%); Rf = 0.70 in 0.5:9.5 

ethyl acetate/hexane; M.P. 188-190 °C. 

1H NMR (400 MHz, CDCl3) δ 7.96 – 7.91 (m, 2H), 7.88 – 7.84 

(m, 2H), 7.51 (dd, J = 8.3, 6.3 Hz, 3H), 7.47 – 7.42 (m, 3H), 7.38 – 

7.29 (m, 4H), 3.47 – 3.38 (m, 1H), 2.90 (dd, J = 17.1, 8.4 Hz, 1H), 

2.72 (dd, J = 17.1, 2.5 Hz, 1H), 1.21 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.1, 146.5, 145.6, 139.0, 136.1, 

133.7, 133.6, 129.0, 129.0, 128.7, 128.0, 126.8, 126.7, 123.1, 119.9, 

108.6, 93.7, 90.8, 38.8, 24.3, 19.9. 

ESI HRMS: calcd. for C27H21ClN3 [M+H]+ 422.1419, found 422.1394.  

Optical rotation: [α]D
20 = -7.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 91%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 6.5 min, tminor = 10.7 min).  

(R)-4-methyl-6-(naphthalen-2-ylethynyl)-1,3-diphenyl-4,5-

dihydro-1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (25.0mg, isolated yield: 55%); Rf = 0.70 in 0.5:9.5 

ethyl acetate/hexane; M.P. 184-187 °C. 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 1.6 Hz, 1H), 7.91 – 7.87 

(m, 2H), 7.81 – 7.76 (m, 2H), 7.74 – 7.71 (m, 3H), 7.51 (dd, J = 8.6, 

1.6 Hz, 1H), 7.44 – 7.41 (m, 2H), 7.39 (s, 1H), 7.36 (t, J = 7.2 Hz, 

2H), 7.28 – 7.19 (m, 2H), 3.33 (dtd, J = 14.0, 7.1, 2.5 Hz, 1H), 2.84 

(dd, J = 17.0, 8.3 Hz, 1H), 2.69 (dd, J = 17.0, 2.5 Hz, 1H), 1.14 (d, J 

= 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.4, 146.5, 145.8, 139.1, 134.0, 133.7, 133.5, 133.3, 132.9, 129.0, 128.7, 128.4, 

128.3, 128.1, 127.9, 127.9, 127.6, 126.9, 126.7, 123.1, 118.7, 108.6, 95.6, 90.4, 38.9, 24.4, 20.0.  

ESI HRMS: calcd. for C31H24N3 [M+H]+ 438.1965, found 438.1945.  

Optical rotation: [α]D
20 = -17.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 99%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 12.8 min, tminor = 24.8 min). 

 

(R)-4-methyl-1,3-diphenyl-6-(thiophen-2-ylethynyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (23.6 mg, isolated yield: 60%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 163-165 °C. 

1H NMR (400 MHz, CDCl3) δ 7.87 – 7.83 (m, 2H), 7.79 – 7.76 (m, 

2H), 7.41 – 7.32 (m, 6H), 7.29 – 7.19 (m, 2H), 6.95 (dd, J = 5.2, 3.7 

Hz, 1H), 3.38 – 3.28 (m, 1H), 2.80 (dd, J = 17.0, 8.3 Hz, 1H), 2.63 (dd, 

J = 17.0, 2.5 Hz, 1H), 1.12 (d, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 152.0, 146.5, 145.8, 139.0, 134.8, 

133.7, 133.6, 130.1, 129.0, 128.7, 127.9, 127.6, 126.7, 123.1, 121.4, 108.5, 94.1, 88.8, 38.6, 24.3, 19.9. 

ESI HRMS: calcd. for C25H20N3S [M+H]+ 394.1373 , found 394.1359.  
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Optical rotation: [α]D
20 = -20.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 274 nm (tmajor = 9.3 min, tminor = 17.5 min). 

 

(R)-6-(3,3-dimethylbut-1-yn-1-yl)-4-methyl-1,3-diphenyl-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridine. 

Yellow solid (16.5 mg, isolated yield: 45%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 166-170 °C. 

1H NMR (500 MHz, CDCl3) δ 7.94 – 7.90 (m, 2H), 7.86 – 7.83 (m, 2H), 

7.44 (dt, J = 11.2, 7.8 Hz, 4H), 7.36 – 7.32 (m, 1H), 7.31 – 7.26 (m, 1H), 

3.35 (ddt, J = 12.8, 7.0, 3.5 Hz, 1H), 2.78 (dd, J = 17.0, 8.4 Hz, 1H), 2.59 

(dd, J = 17.0, 2.5 Hz, 1H), 1.33 (s, 9H), 1.18 (d, J = 7.1 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 153.4, 146.3, 145.7, 139.1, 133.8, 128.9, 

128.6, 127.8, 126.7, 126.6, 123.0, 108.3, 105.6, 80.6, 39.3, 30.5, 28.3, 24.3, 20.0. 

ESI HRMS: calcd. for C25H26N3 [M+H]+ 368.2122, found 368.2119.  

Optical rotation: [α]D
20 = -25.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 4.1 min, tminor = 5.2 min). 

 

(S)-1,3,4-triphenyl-6-(phenylethynyl)-4,5-dihydro-1H-pyrazolo[3,4-

b]pyridine. 

Yellow solid (19.2mg, isolated yield: 55%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 163-165 °C. 

1H NMR (400 MHz, CDCl3) δ 8.05 – 8.00 (m, 2H), 7.62 – 7.58 (m, 

2H), 7.51 (td, J = 6.8, 1.7 Hz, 4H), 7.38 – 7.32 (m, 4H), 7.32 – 7.26 (m, 

5H), 7.24 – 7.21 (m, 1H), 7.19 – 7.16 (m, 2H), 4.44 (dd, J = 9.3, 2.5 

Hz, 1H), 3.17 (dd, J = 17.0, 9.3 Hz, 1H), 3.06 (dd, J = 17.0, 2.4 Hz, 

1H). 

13C NMR (101 MHz, CDCl3) δ 152.0, 146.5, 145.8, 139.0, 134.8, 133.7, 133.6, 130.1, 129.0, 128.7, 127.9, 

127.6, 126.7, 123.1, 121.4, 108.5, 94.1, 88.8, 38.6, 24.3, 19.9. 

ESI HRMS: calcd. for C25H26N3 [M+H]+ 350.1965, found 350.1960.  

Optical rotation: [α]D
20 = -5.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 89%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 8.6 min, tminor = 14.4 min). 
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(S,E)-1,3,4-triphenyl-6-styryl-4,5-dihydro-1H-pyrazolo[3,4-

b]pyridine. 

Yellow solid (21.6mg, isolated yield: 48%); Rf = 0.70 in 0.5:9.5 ethyl 

acetate/hexane; M.P. 168-170 °C. 

1H NMR (400 MHz, CDCl3) δ 8.12 – 8.06 (m, 2H), 7.64 – 7.60 (m, 

2H), 7.55 – 7.46 (m, 4H), 7.37 – 7.29 (m, 5H), 7.29 – 7.22 (m, 4H), 7.20 

– 7.12 (m, 4H), 7.06 (d, J = 16.5 Hz, 1H), 4.49 (dd, J = 9.1, 2.3 Hz, 1H), 

3.26 (dd, J = 16.5, 2.3 Hz, 1H), 2.99 (dd, J = 16.5, 9.1 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 165.9, 148.0, 147.3, 143.3, 142.6, 139.3, 138.3, 135.6, 133.2, 130.3, 129.4, 128.9, 

128.9, 128.8, 128.4, 127.7, 127.6, 127.0, 126.9, 126.6, 122.8, 105.7, 34.9, 34.1. 

ESI HRMS: calcd. for C25H26N3 [M+H]+ 452.2122, found 452.2113.  

Optical rotation: [α]D
20 = 0.0 (c 0.04, CHCl3) 

HPLC Analysis: ee = 3%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 90/10, 

flow rate 1.0 mL/min, λ = 220 nm (tmajor = 7.5 min, tminor = 10.0 min). 

 

(R)-3-(furan-2-yl)-4-methyl-1-phenyl-6-(phenylethynyl)-4,5-dihydro-

1H-pyrazolo[3,4-b]pyridin. 

Yellow solid (14.5mg, isolated yield: 37%); Rf = 0.50 in 1:9 ethyl 

acetate/hexane; M.P. 144-147 °C. 

1H NMR (400 MHz, CDCl3) δ 7.68 – 7.65 (m, 2H), 7.62 – 7.59 (m, 2H), 

7.47 – 7.43 (m, 2H), 7.41 (dd, J = 4.1, 1.4 Hz, 1H), 7.40 – 7.36 (m, 2H), 

7.34 – 7.31 (m, 1H), 7.30 – 7.29 (m, 1H), 7.28 – 7.27 (m, 1H), 7.19 (dd, 

J = 7.7, 2.3 Hz, 3H), 3.62 (s, 1H), 3.38 – 3.28 (m, 1H), 3.20 (dp, J = 10.3, 6.4 Hz, 1H), 2.83 – 2.70 (m, 2H), 

2.12 (dd, J = 12.5, 7.1 Hz, 1H), 1.92 (dtd, J = 8.6, 6.5, 4.0 Hz, 2H), 1.38 (dd, J = 21.7, 13.3 Hz, 1H), 1.07 (d, J = 

6.5 Hz, 3H).5 

13C NMR (101 MHz, CDCl3) δ 150.2, 144.9, 141.4, 139.0, 135.0, 129.4, 128.6, 128.3, 128.2, 128.0, 127.5, 126.4, 

126.2, 122.5, 104.0, 53.6, 40.3, 37.5, 32.3, 26.8, 20.6. 

ESI HRMS: calcd. for C25H26N3 [M+H]+ 394.2278, found 394.2277.  

Optical rotation: [α]D
20 = -17.5 (c 0.04, CHCl3) 

HPLC Analysis: ee = 95%, Chiral Phenomenex Lux Cellulose-1 (Chiral LC Columns), n-Hexane/i-PrOH = 95/5, 

flow rate 1.0 mL/min, λ = 254 nm (tmajor = 22.3 min, tminor = 58.6 min). 

 

4-methyl-6-phenethyl-1,3-diphenyl-1H-pyrazolo[3,4-b]pyridine. 

White solid (15.5mg, isolated yield: 40%); Rf = 0.50 in 1:9 ethyl 

acetate/hexane; M.P. 153-155 °C. 

1H NMR (400 MHz, CDCl3) δ 8.41 – 8.33 (m, 2H), 7.67 (dd, J = 7.7, 1.7 

Hz, 2H), 7.53 – 7.45 (m, 5H), 7.34 – 7.26 (m, 5H), 7.22 – 7.18 (m, 1H), 

6.85 – 6.81 (m, 1H), 3.26 – 3.18 (m, 4H), 2.39 (d, J = 0.9 Hz, 3H) 

13C NMR (101 MHz, CDCl3) δ 150.2, 144.9, 141.4, 139.0, 135.0, 129.4, 128.6, 128.3, 128.2, 128.0, 127.5, 

126.4, 126.2, 122.5, 104.0, 53.6, 40.3, 37.5, 32.3, 26.8, 20.6. 

ESI HRMS: calcd. for C25H24N3 [M+H]+ 390.1965, found 390.1966.  
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9. Reaction study: 

 

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with 1a(0.15 mmol, 1.5 equiv.), 

V catalyst (0.02 mmol, 20 mol%). Then, 1.5ml EtOAc was added in the mixture. After that, enynone 2a 

(0.1mmol, 1 equiv.) was added to the mixture and stirred at room temperature with 300 rpm. [The study done 

with various time interval and yield was measured using 1H-NMR by dibromoethane as internal standard]. 

Note: Before measuring reaction yield, the reaction was quenched with NEt3. 

Entry Time (hrs) Yield of 3aa ee of 3aa 

1 0 - - 

2 6 37 70 

3 12 40 75 

4 18 43 80 

5 24 45 85 

6 30 47 87 

7 36 51 91 

8 42 55 93 

9 48 58 95 

10 54 60 95 

11 60 63 95 

12 66 65 95 

13 72 65 95 

 

 

Fig. S1: Overall reaction profile of the reaction 
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Non-Linear effects experiment : 

Completely dissolving the optically pure R- and S- phosphoric acid with ratios from 9.5/.5, 9/1, 8.5/1.5, 8/2, 

7.5/2.5, 7/3, 6.5/3.5, 6/4, 5.5/4.5 in EtOAc. Upon removal of the solvent, optically active chiral phosphoric acid 

with 90% ee, 80% ee, 70% ee, 60% ee, 50% ee, 40% ee, 30% ee, 20% ee and 10% ee was obtained. Under optimal 

conditions, the reaction was carried out using the chiral phosphoric acid with different optical purities as the 

catalyst. The experiment revealed that the initial ee values in the product showed a deterministic linear relationship 

with the ee values in the catalyst at room temperature which suggests a single catalyst molecule is involved in the 

enantio-determining step.  

 

Entry ee of ligand(%) ee of 3a(%) 

1 10 5 

2 20 13 

3 30 20 

4 40 45 

5 50 57 

6 60 69 

7 70 75 

8 80 81 

9 90 88 

10 100 95 

 

 

Fig. S2: Examination of non linear effect at room temperature 
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10. Single crystal X-ray diffraction analysis: 

 Single crystal X-ray diffraction analysis of 3aa: 

Method for crystal growth: In a round bottom flask, compound 3aa dissolved in minimum amount of 

hexane/DCM (1:1) and it kept in dark place at room temperature for slow evaporation to get crystal of 3aa. The 

needle shaped crystal was then subjected to X-ray diffraction. 

CCDC No.                                 2527132 

Identification code dds_pyr_yn_chyral_0m_a 

Empirical formula C27H21N3 

Formula weight 387.47 

Temperature/K 297.00 

Crystal system monoclinic 

Space group P21 

a/Å 10.9402(7) 

b/Å 8.5319(5) 

c/Å 11.4283(7) 

α/° 90 

β/° 97.701(2) 

γ/° 90 

Volume/Å3 1057.10(11) 

Z 2 

ρcalcg/cm3 1.217 

μ/mm-1 0.071 

F(000) 408.0 

Crystal size/mm3 0.3 × 0.25 × 0.2 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 3.756 to 50.05 

Index ranges -13 ≤ h ≤ 12, -10 ≤ k ≤ 10, -13 ≤ l ≤ 13 

Reflections collected 25911 

Independent reflections 3726 [Rint = 0.0506, Rsigma = 0.0388] 

Data/restraints/parameters 3726/1/272 

Goodness-of-fit on F2 1.112 

Final R indexes [I>=2σ (I)] R1 = 0.0440, wR2 = 0.0862 
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Final R indexes [all data] R1 = 0.0737, wR2 = 0.1010 

Largest diff. peak/hole / e Å-3 0.11/-0.17 

  

                                     

ORTEP representation of the X-ray structure of 3aa (thermal ellipsoids at 30% probability) 
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1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3)  
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HPLC Spectra of rac-3aa 

 

HPLC Spectra of chi-3aa 
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1H NMR (400 MHz, CDCl3) 

13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3ba 

 

 

HPLC Spectra of chi-3ba 
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1H NMR (400 MHz, CDCl3)  

13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3ca 
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HPLC Spectra of chi-3ca 

 

 

1H NMR (400 MHz, CDCl3)  

 

13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3da 

 

 

 

HPLC Spectra of chi-3da 
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1H NMR (400 MHz, CDCl3)  

 

13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 

 

 



S36 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC Spectra of rac-3ea 

 

 

HPLC Spectra of rac-3ea 
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1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3)  
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HPLC Spectra of rac-3fa 

 

 

HPLC Spectra of chi-3fa 
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1H NMR (400 MHz, CDCl3)  

 

 

13C NMR (151 MHz, CDCl3) 
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HPLC Spectra of rac-3ga 

 

 

HPLC Spectra of chi-3ga 
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1H NMR (400 MHz, CDCl3)  

 

13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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HPLC Spectra of rac-3ha 

 

 

 

HPLC Spectra of chi-3ha 
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1H NMR (500 MHz, CDCl3)  

 

 

13C NMR (126 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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HPLC Spectra of rac-3ia 

 

 

HPLC Spectra of chi-3ia 
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1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 

 

HPLC Spectra of rac-3ja 
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HPLC Spectra of chi-3ja 

 

 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3ka 
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HPLC Spectra of chi-3ka 

 

 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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HPLC Spectra of rac-3la 
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HPLC Spectra of chi-3la 

 

 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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HPLC Spectra of rac-3ma 

 

 



S55 
 

HPLC Spectra of chi-3ma 

 

 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3na 

 

 

HPLC Spectra of chi-3na 
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1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3oa 

 

 

HPLC Spectra of chi-3oa 
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1H NMR (500 MHz, CDCl3)  
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13C NMR (126 MHz, CDCl3) 

 

 

 

HPLC Spectra of rac-3pa 
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HPLC Spectra of chi-3pa 

 

 

 

1H NMR (500 MHz, CDCl3) 
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13C NMR (126 MHz, CDCl3) 

 

 

HPLC Spectra of rac-3qa 

 

 

HPLC Spectra of chi-3qa 
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1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

 

 

19F NMR (377 MHz, CDCl3)  
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HPLC Spectra of rac-3ra 
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HPLC Spectra of chi-3ra 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

HPLC Spectra of rac-3sa 
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HPLC Spectra of chi-3sa 

 

 

1H NMR (500 MHz, CDCl3)  
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13C NMR (126 MHz, CDCl3) 

 

 

HPLC Spectra of rac-3ta 



S70 
 

 

 

 

HPLC Spectra of chi-3ta 

 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

 

HPLC Spectra of rac-3ua 
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HPLC Spectra of chi-3ua 

 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

HPLC Spectra of rac-3va 
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HPLC Spectra of chi-3va 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

HPLC Spectra of rac-3ab 
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HPLC Spectra of chi-3ab 

 

 

 

 

1H NMR (400 MHz, CDCl3)  



S77 
 

 

13C NMR (101 MHz, CDCl3) 

 

HPLC Spectra of rac-3ac 



S78 
 

 

 

HPLC Spectra of chi-3ac 

 

 

 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

 

19F NMR (377 MHz, CDCl3)  
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HPLC Spectra of rac-3ad 
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HPLC Spectra of chi-3ad 

 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3ae 

 

 

HPLC Spectra of chi-3ae 
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1H NMR (400 MHz, CDCl3)  

 

13C NMR (101 MHz, CDCl3) 
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HPLC Spectra of rac-3af 

 

 

HPLC Spectra of chi-3af 

 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

 

HPLC Spectra of rac-3ag 
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HPLC Spectra of chi-3ag 

 

 

 

 

 

1H NMR (500 MHz, CDCl3)  
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13C NMR (126 MHz, CDCl3) 

 

 

HPLC Spectra of rac-3ah 
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HPLC Spectra of chi-3ah 

 

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

 

HPLC Spectra of rac-3ai 
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HPLC Spectra of chi-3ai 

 

  

 

 

1H NMR (400 MHz, CDCl3)  
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13C NMR (101 MHz, CDCl3) 

 

 HPLC Spectra of rac-3’ 
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HPLC Spectra of chi-3’ 

 

 

1H NMR (400 MHz, CDCl3)  
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COSY (400 MHz, CDCl3) 
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1D NOE (400 MHz, CDCl3) 
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HPLC Spectra of rac-4 
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HPLC Spectra of chi-4 

 

 

 

 

 

1H NMR (400 MHz, CDCl3)  
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