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1. General information 

For the experiments, all starting materials and reagents were purchased from standard commercial 

sources or were prepared in the laboratory. All reactions were carried out in oven dried glassware 

under an argon atmosphere with magnetic stirring. Dichloromethane was distillation over CaH2 

under argon and stored over 4A° molecular sieves. All other solvents and reagents were purified 

according to standard procedures. Organic solvents were dried over anhydrous Na2SO4 and 

concentrated in a rotary evaporator under reduced pressure. Reactions were monitored by TLC on 

silica gel GF-254 using a combination of hexane and ethyl acetate as eluents. For column 

chromatography silica gel (60-120 mesh size) were used. 

1H NMR spectra were recorded on a 400 MHz and 600 MHz spectrometer at 295 K in CDCl3; 

chemical shift values (δ, ppm) and coupling constants (Hz) are reported in the standard fashion 

with reference to either tetramethylsilane (TMS) (δ(H) 0.00 ppm) or CHCl3 (δ(H) 7.26 ppm). 13C 

NMR spectra were recorded on a 100 MHz and 150 MHz spectrometer at 298 K in CDCl3; 

chemical shifts (δ, ppm) are reported relative to CHCl3 (δ(C) 77.23 ppm, central line of triplet. In 

1H NMR, the following abbreviations are used throughout: s = singlet, d = doublet, t = triplet, q = 

quartet, qui = quintet, m = multiplet, and br s = broad singlet. IR: spectra were recorded on an FT-

IR Instrument at normal temperature making KBr pellet grinding the sample with KBr (IR Grade). 

High-resolution mass spectra (HR-MS) were recorded in Q-TOF electron spray ionization (ESI). 

Melting points were obtained with a Mel-Tem capillary melting point apparatus and are 

uncorrected. 

Single crystal X-ray data were collected using Bruker SMART APEXII CCD diffractometer, 

which is equipped with 1.75 kW sealed-tube Mo-Kα irradiation (λ = 0.71073 Å) at 298(2) K and 

the structure was solved by direct methods using SHELXS-2014 (Göttingen, Germany)  

2. General procedure for the synthesis of compound 3: 

To a solution of unsaturated pyrazolones 1 (0.2 mmol), ketone or aldehyde 2 (0.8 mmol) in 2 ml 

of toluene were added V (20 mol%) and 2-F benzoic acid (20 mol%). The reaction mixture was 

stirred at rt for 7 days. After completion of reaction, the products were purified by silica gel column 

chromatography (hexane/ethyl acetate). 

 

 

 



S3 
 

S3 
 

3. Preliminary catalyst screening (table-1): 
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Catalyst (20 mol%)

2-F benzoic acid (20 mol%)

Toluene, rt, 7 days

+ N N

Ph

O

Ph

1a 2a
3a

H

 
 

entrya catalyst yield (%)b ee(%)c 

1 I 53 72 

2 II 52 62 

3 III 50 -50 

4 IV 52 -85 

5 V 56 87 

6 VI 57 34 

7 VII 45 34 

8 VIII 55 74 

9 IX ND - 

10 X 52 - 

a0.2 mmol of 1a and 0.05 mmol of 2a in 0.5 mL solvent using 20 mol% catalyst and  20 mol% acid co-catalyst. bIsolated yield after 

silica gel column chromatography. cDetermined by HPLC using stationary phase chiral column. 
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4. Acid screening (Table 2):  

 

O O

N
N

Ph

Ph

OH

Catalyst V (20 mol%)

acid (20 mol%)

Toluene, rt, 7 days

+ N N

Ph

O

Ph

1a 2a 3a

H

 
 

entrya acid yield (%)b ee(%)c 

1 Benzoic acid 50 56 

2 2-F benzoic acid 56 87 

3 3-OMe benzoic acid 43 76 

4 2,4- dichloro benzoic acid 40 82 

5 3-NO2 benzoic acid 47 48 

6 N-Boc l- luicene 50 76 

7 TFA ND - 

8 Acetic acid 45 86 

a0.2 mmol of 1a and 0.05 mmol of 2a in 0.5 mL solvent using 20 mol% catalyst and  20 mol% acid co-catalyst. bIsolated yield after 

silica gel column chromatography. cDetermined by HPLC using stationary phase chiral column. 
 

5. Solvent Sceening (Table 3): 

 

O O

N
N

Ph

OH

Catalyst V (20 mol%)

2-F Benzoic acid (20 mol%)

solvent, rt, 7 days

+ N N

Ph

O

Ph

1a 2a 3a

H

 
 

entrya solvent yield (%)b ee(%)c 

1 Toluene 56 87 

2 Benzene 52 86 

3 1,4-Dioxane 52 74 

4 Trifluorotoluene 50 70 

5 Mesitylene 47 76 

6 o-Xylene 42 78 

7 p-Xylene 45 80 
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8 DCM 30 40 

9 DCE 35 34 

10 MTBE 35 69 

a0.2 mmol of 1a and 0.05 mmol of 2a in 0.5 mL solvent using 20 mol% catalyst and  20 mol% acid co-catalyst. bIsolated yield after 

silica gel column chromatography. cDetermined by HPLC using stationary phase chiral column. 
 

6. No of equivalents of Cyclohexanone (1a) used (Table 4): 

 

O O

N
N

Ph

Ph

OH

Catalyst V (20 mol%)

2-F Benzoic acid (20 mol%)

Toluene, rt, 7 days

+ N N

Ph

O

Ph

1a 2a 3a

1 equi.x equi.

H

 
 

entrya Cyclohexanone (x eq.) yield 

(%)b 

ee(%)c 

1 4  56 87 

2 5  52 82 

3 6  45 78 

4 7  42 78 

5 2  40 66 

ax mmol of 1a and 0.05 mmol of 2a in 0.5 mL solvent using 20 mol% catalyst and  20 mol% acid co-catalyst. bIsolated yield after 

silica gel column chromatography. cDetermined by HPLC using stationary phase chiral column. 

 

7. Temperature screening (Table 5): 

 

O O

N
N

Ph

Ph

OH

Catalyst V (20 mol%)

2-F Benzoic acid (20 mol%)

Toluene, temp., 7 days

+ N N

Ph

O

Ph

1a 2a 3a

H

 
 

entrya Temp. yield (%)b ee(%)c 

1 rt 56 87 

2 0 oC 35 87 

3 -20 oC 60 60 
a0.2 mmol of 1a and 0.05 mmol of 2a in 0.5 mL solvent using 20 mol% catalyst and  20 mol% acid co-catalyst. bIsolated yield after 

silica gel column chromatography. cDetermined by HPLC using stationary phase chiral column. 
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8. Derivative of different aldehyde substrate (3): 

 

O
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Ph
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Ph

Ph
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N
N

Ph

Ph

HO

Ph

3za 3zb 3zc
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42 %
30 % ee

50 %
40 % ee

 
9. Scale up reaction: 

 

 
 

10. Crystal information: 

  
 
 
 

 
 
 
 
 
 

 

 

  Ortep Daigram of compound 3l                                   Ortep Daigram of compound 3a 

 

 

 

 

 

 

 

 

 

 

 

                                             Ortep Daigram of compound 5 
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Identification code        3l        3a       5 

CCDC No CCDC156055 CCDC1556054 CCDC1556056 

Empirical formula  C23H23ClN2O2  C23H24N2O2  C23H24N2O3  

Formula weight  394.88  360.44  376.44  

Temperature/K  296(2)  296(2)  373.1(2)  

Crystal system orthorhombic orthorhombic monoclinic  

Space group  P212121  P22121  P21/c  

a/Å  5.9545(7)  5.7189(11)  12.6633(19)  

b/Å  12.1404(9)  12.5306(17)  16.796(2)  

c/Å  28.388(2)  26.957(3)  9.3590(15)  

α/°  90  90  90  

β/°  90  90  104.449(16)  

γ/°  90  90  90  

V/Å3  2052.2(3)  1931.7(5)  1927.6(5)  

Z  4  4  4  

Dcalcd (g m–3) 1.278  1.239  1.297  

 (mm-1) 0.207  0.079  0.086  

F(000)  832.0  768.0  800.0  

Reflections collected  4400  4405  22212  

Independent reflections  2939[R(int) = 0.1165]  2871[R(int) = 0.0928]  
6770[R(int) = 

0.0906]  

Goodness-of-fit (GOF)a 

on F2 
1.081  1.149  1.017  

R1
b, wR2

c (I  2σ(I)) 0.1216, 0.2518  0.1268, 0.2270  0.0698, 0.1432  

R1
b, wR2

c (all data) 0.2029, 0.3503  0.2183, 0.3032  0.1554, 0.1859  

Flack parameter -0.09(13) -2.7(10)  

aGOF = [∑[w(F0
2 – Fc

2)2] /M – N ]1/2 (M =number of reflections, N = number of parameters 

refined). bR1 = ∑ ║F0│ – │Fc║/ ∑│F0, 
cwR2 = [∑[w(F0

2 – Fc
2)2] / ∑[w(F0

2)2]] 1/2 
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11. Products Characterizing:   

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1,4-diphenylchromeno[2,3-c]pyrazol-8a-ol 

(3a) 

The title was compound according the general procedure. Yellow solid (41 mg, 

57% yield); mp 205-206 oC; Rf value 0.20 (10:1 hex/EA); 1H NMR (400 MHz, 

CDCl3) δ 7.77 (d, J = 8.5 Hz, 2H), 7.40 (t, J = 7.8 Hz, 2H), 7.31 (dd, J = 16.1, 

9.0 Hz, 3H), 7.21 (dd, J = 14.9, 7.3 Hz, 3H), 3.59 (d, J = 10.7 Hz, 1H), 2.72 (s, 

1H), 2.12 (d, J = 17.1 Hz, 1H), 1.93 (td, J = 12.9, 3.8 Hz, 2H), 1.85 – 1.63 (m, 

4H), 1.61 (s, 3H), 1.33 (dd, J = 21.7, 8.8 Hz, 2H), 1.17 – 1.11 (m, 1H); 13C NMR (100 MHz, 

CDCl3) δ 148.4, 147.2, 142.0, 138.9, 129.0, 128.6, 126.9, 125.4, 120.5, 103.3, 100.1, 47.9, 40.5, 

38.5, 26.9, 25.6, 23.2, 13.5; ESI-MS: m/z calcd. for C23H25N2O2
+

 [M+H]+  361.1911, found 

361.1918; FT-IR: 3440, 2928, 2855, 1701, 1599, 1515, 1499, 1455, 1387, 1215, 1130, 1051, 1020, 

923 cm -1; The ee values 87% (tmajor = 7.18 min tminor = 9.15 min) and after recrystallization 98% 

were determined by HPLC using Daicel Chiralpak IB with hexane/i-PrOH (90:10) as the eluent, 

flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
28.2 = + 16.34 (c 0.355, CHCl3). 

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenyl-4-p-tolylchromeno[2,3-c]pyrazol-

8a-ol (3b) 

The title was compound according the general procedure. White semi solid (34 

mg, 45% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.76 (d, J = 7.9 Hz, 2H), 7.39 (t, J = 7.8 Hz, 2H), 7.19 (t, J = 7.4 Hz, 1H), 7.11 

(q, J = 8.2 Hz, 4H), 3.54 (d, J = 10.7 Hz, 1H), 2.94 (s, 1H), 2.35 (s, 3H), 2.06 

(dd, J = 44.0, 15.7 Hz, 2H), 1.90 (t, J = 11.6 Hz, 1H), 1.75 (dd, J = 23.4, 11.6 

Hz, 3H), 1.62 (s, 3H), 1.57 (d, J = 14.4 Hz, 1H), 1.31 (dd, J = 24.2, 11.4 Hz, 

2H); 13C NMR (100 MHz, CDCl3) δ 148.4, 147.4, 138.8, 136.4, 129.3, 129.1, 128.8, 125.4, 120.5, 

119.5, 103.3, 102.0, 47.9, 40.1, 38.7, 34.6, 26.9, 25.7, 23.2, 21.3, 13.6; ESI-MS: m/z calcd. for 

C24H27N2O2
+

 [M+H]+  375.2067, found 375.2069; FT-IR: 3440, 2924, 2853, 1701, 1599, 1515, 

1496, 1452, 1387, 1215, 1125, 1051, 1020, 921 cm -1; The ee values 80% (tmajor = 6.45 min, tminor 

= 26.70 min) and after recrystallization >99% were determined by HPLC using Daicel Chiralpak 

IC with hexane/i-PrOH (90:10) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: 

[α]D
29 = + 35.18 (c 0.520, CHCl3). 

O

N
N

OH Ph

3a

H

 

O

N
N

OH Ph

Me

3b

H
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-4-(4-isopropylphenyl)-3-methyl-1-

phenylchromeno[2,3-c]pyrazol-8a-ol (3c) 

The title was compound according the general procedure. Yellow sticky (50 mg, 

62% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 7.77 (d, 

J = 8.0 Hz, 2H), 7.39 (t, J = 7.8 Hz, 2H), 7.20 (d, J = 7.7 Hz, 1H), 7.14 (dd, J = 

20.2, 8.0 Hz, 4H), 3.72 (q, J = 7.0 Hz, 1H), 3.55 (d, J = 10.7 Hz, 1H), 2.88 (ddd, 

J = 22.4, 14.7, 5.9 Hz, 2H), 2.11 (d, J = 13.5 Hz, 1H), 1.94 – 1.88 (m, 1H), 1.81 

– 1.75 (m, 2H), 1.74 – 1.68 (m, 2H), 1.60 (s, 3H), 1.35 – 1.28 (m, 2H), 1.25 (d, J = 6.5 Hz, 6H); 

13C NMR (100 MHz, CDCl3) δ 148.4, 147.5, 139.0, 129.2, 128.9, 127.6, 127.4, 126.9, 126.6, 

125.5, 125.3, 120.5, 119.7, 103.3, 100.3, 47.8, 42.1, 40.1, 38.5, 33.9, 26.9, 25.7, 24.2, 13.5; ESI-

MS: m/z calcd. for C26H31N2O2
+

 [M+H]+  403.2380, found 403.2379; FT-IR: 3434, 2920, 2853, 

2357, 1725, 1630, 1599, 1511, 1502, 1444, 1380, 1127, 925 cm -1; The ee values 84% (tmajor = 5.86 

min, tminor = 23.50 min) and after recrystallization >99% were determined by HPLC using Daicel 

Chiralpak IC with hexane/i-PrOH (90:10) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical 

Rotation: [α]D
29.5 = + 40.38 (c 0.520, CHCl3). 

(4S,4aR,8aS)-4-(4-tert-butylphenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-

phenylchromeno[2,3-c]pyrazol-8a-ol (3d) 

The title was compound according the general procedure. White solid (51 mg, 

61% yield); mp- 210-211 oC;  Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, 

CDCl3) δ 7.77 (d, J = 7.8 Hz, 2H), 7.39 (t, J = 7.9 Hz, 2H), 7.31 (d, J = 8.3 Hz, 

2H), 7.19 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.2 Hz, 2H), 3.55 (d, J = 10.8 Hz, 1H), 

2.89 (s, 1H), 2.10 (d, J = 15.1 Hz, 1H), 1.91 (td, J = 13.7, 4.2 Hz, 1H), 1.82 – 

1.67 (m, 4H), 1.59 (s, 3H), 1.32 (s, 9H), 1.27 (d, J = 10.7 Hz, 1H), 1.24 (d, J = 

16.2 Hz, 1H), 1.15 (dt, J = 13.2, 3.6 Hz, 1H); 13C NMR (151 MHz, CDCl3) δ 149.84, 148.30, 

147.37, 139.06, 138.60, 129.08, 126.98, 126.38, 125.41, 120.52, 103.22, 100.29, 47.71, 40.02, 

38.65, 34.66, 31.64, 27.01, 25.68, 23.23, 13.63; ESI-MS: m/z calcd. for C27H33N2O2
+

 [M+H]+  

417.2537, found 417.2542; FT-IR: 3440, 2926, 2855, 2357, 1725, 1625, 1599, 1511, 1509, 1452, 

1380, 1127, 921 cm -1; The ee values 86% (tmajor = 7.24 min, tminor = 36.64 min) was determined by 

HPLC using Daicel Chiralpak IC with hexane/i-PrOH (90:10) as the eluent, flow: 1.0 mL/min, 

254 nm, 25 oC; Optical Rotation: [α]D
29.2 = + 45.22 (c 0.575, CHCl3). 

O

N
N

OH Ph

3c
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N
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-4-(4-methoxyphenyl)-3-methyl-1-

phenylchromeno[2,3-c]pyrazol-8a-ol (3e) 

The title was compound according the general procedure. White semi solid 

(41 mg, 52% yield); Rf value 0.20 (8:1 hex/EA); 1H NMR (600 MHz, CDCl3) 

δ 7.76 (d, J = 7.8 Hz, 2H), 7.39 (t, J = 7.9 Hz, 2H), 7.20 (t, J = 7.4 Hz, 1H), 

7.13 (d, J = 8.5 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 3.81 (s, 3H), 3.54 (d, J = 

10.7 Hz, 1H), 2.89 (d, J = 15.9 Hz, 1H), 2.10 (d, J = 13.6 Hz, 1H), 1.91 (td, J 

= 13.7, 4.1 Hz, 1H), 1.77 – 1.70 (m, 3H), 1.63 (s, 3H), 1.57 (d, J = 13.9 Hz, 

2H), 1.31 (dd, J = 12.8, 3.1 Hz, 2H); 13C NMR (150 MHz, CDCl3) δ 158.6, 148.4, 147.3, 138.9, 

133.9, 129.0, 125.4, 120.5, 119.5, 113.9, 103.3, 100.3, 55.4, 47.9, 39.6, 38.5, 26.9, 25.7, 23.2, 13.6; 

ESI-MS: m/z calcd. for C24H27N2O3
+

 [M+H]+  391.2016, found 391.2016; FT-IR: 3439, 2923, 

2853, 2357, 1723, 1651, 1590, 1517, 1502, 1455, 1390, 1127, 925 cm -1; The ee values 82% (tmajor 

= 6.31 min, tminor = 20.88 min) and after recrystallization >99% were determined by HPLC using 

Daicel Chiralpak IC with hexane/i-PrOH (85:15) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; 

Optical Rotation: [α]D
30.3 = + 40.62 (c 0.650, CHCl3). 

(4S,4aR,8aS)-4-(4-ethoxyphenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenylchromeno[2,3-

c]pyrazol-8a-ol (3f) 

The title was compound according the general procedure. White semi solid (33 

mg, 41% yield); Rf value 0.20 (8:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.77 (d, J = 7.8 Hz, 2H), 7.39 (t, J = 7.9 Hz, 2H), 7.19 (t, J = 7.5 Hz, 1H), 7.12 

(d, J = 8.3 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 4.03 (dd, J = 14.0, 7.0 Hz, 2H), 

3.53 (d, J = 10.7 Hz, 1H), 2.73 (s, 1H), 2.11 (d, J = 13.5 Hz, 1H), 1.91 (td, J = 

13.6, 3.5 Hz, 1H), 1.79 – 1.66 (m, 4H), 1.64 (s, 3H), 1.42 (t, J = 6.9 Hz, 3H), 

1.35 – 1.28 (m, 2H), 1.17 – 1.13 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 158.0, 147.4, 138.8, 

133.7, 129.9, 129.1, 125.7, 125.6, 120.6, 119.1, 114.6, 114.3, 63.6, 47.9, 39.7, 32.2, 32.0, 25.7, 

22.9, 15.1, 13.5; ESI-MS: m/z calcd. for C25H29N2O3
+

 [M+H]+  405.2173, found 405.2185; FT-

IR: 3443, 2929, 2855, 1597, 1514, 1498, 1454, 1381, 1244, 1123, 1050, 1018, 923 cm -1; The ee 

values 88% (tmajor = 42.70 min, tminor = 51.46 min) and after recrystallization 98% were determined 

by HPLC using Daicel Chiralpak IB with hexane/EtOH (99:1) as the eluent, flow: 1.0 mL/min, 

254 nm, 25 oC; Optical Rotation: [α]D
29.6 = + 28.57 (c 0.210, CHCl3). 

O

N
N

OH Ph

3e
OMe

H

 

O

N
N

OH Ph
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenyl-4-(4-propoxyphenyl)chromeno[2,3-

c]pyrazol-8a-ol (3g) 

The title was compound according the general procedure. White solid (35 mg, 

42% yield); mp 200-201oC; Rf value 0.20 (8:1 hex/EA); 1H NMR (600 MHz, 

CDCl3) δ 7.77 (d, J = 7.9 Hz, 2H), 7.39 (t, J = 7.9 Hz, 2H), 7.19 (t, J = 7.5 Hz, 

1H), 7.12 (d, J = 8.5 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 3.92 (t, J = 6.6 Hz, 2H), 

3.53 (d, J = 10.7 Hz, 1H), 2.81 (s, 1H), 2.10 (d, J = 16.8 Hz, 1H), 1.91 (td, J = 

13.7, 4.2 Hz, 1H), 1.81 (dd, J = 14.0, 6.9 Hz, 2H), 1.74 (ddd, J = 23.0, 20.4, 13.3 

Hz, 4H), 1.64 (s, 3H), 1.57 (s, 1H), 1.34 – 1.27 (m, 1H), 1.14 (ddd, J = 16.7, 13.1, 9.7 Hz, 1H), 

1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 158.1, 148.4, 147.4, 138.9, 133.7, 129.7, 

129.0, 125.4, 120.5, 114.5, 103.3, 100.4, 69.6, 47.9, 39.6, 38.5, 26.9, 25.7, 23.2, 22.8, 13.53, 10.8; 

ESI-MS: m/z calcd. for C26H31N2O3
+

 [M+H]+  419.2329, found 419.2319; FT-IR: 3115, 2922, 

2853, 1705, 1602, 1520, 1500, 1453, 1389, 1260, 1217, 1124, 1051, 925 cm -1; The ee values 82% 

(tmajor = 7.09 min, tminor = 8.30 min) and was determined by HPLC using Daicel Chiralpak IB with 

hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
29.8 = 

+ 42.26 (c 0.530, CHCl3). 

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-4-(4-isopropoxyphenyl)-3-methyl-1-

phenylchromeno[2,3-c]pyrazol-8a-ol (3h) 

The title was compound according the general procedure. White semi solid (29 

mg, 35% yield); Rf value 0.20 (8:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.76 (d, J = 7.6 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.21 – 7.18 (m, 1H), 7.11 (d, 

J = 7.8 Hz, 2H), 6.83 (d, J = 8.2 Hz, 2H), 4.56 – 4.52 (m, 1H), 3.52 (d, J = 10.7 

Hz, 1H), 2.34 – 2.31 (m, 1H), 2.11 (dd, J = 26.1, 9.4 Hz, 2H), 2.02 (t, J = 9.4 

Hz, 1H), 1.92 (dd, J = 24.8, 11.9 Hz, 2H), 1.87 – 1.80 (m, 2H), 1.64 (s, 3H), 

1.33 (d, J = 3.4 Hz, 6H), 1.15 (d, J = 10.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 156.9, 148.3, 133.6, 129.9, 129.1, 129.0, 125.4, 120.5, 119.1, 116.0, 103.2, 100.3, 70.0, 

47.9, 39.7, 38.6, 32.1, 26.9, 25.7, 22.3, 13.6; ESI-MS: m/z calcd. for C26H31N2O2
+

 [M+H]+  

419.2329, found 419.2328; FT-IR: 3443, 2925, 2852, 1715, 1603, 1508, 1454, 1384, 1266, 1238, 

1028, 955 cm -1; The ee values 84% (tmajor = 10.70 min, tminor = 13.59 min) and after recrystallization 

96% were determined by HPLC using Daicel Chiralpak IB with hexane/EtOH (97:3) as the eluent, 

flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
29.4 = + 22.86 (c 0.210, CHCl3). 

O

N
N

OH Ph

3g

O

H

 

O

N
N

OH Ph

3h

O

H

 



S12 
 

S12 
 

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-4-(4-isobutoxyphenyl)-3-methyl-1-

phenylchromeno[2,3-c]pyrazol-8a-ol (3i) 

The title was compound according the general procedure. White solid (36 mg, 

42% yield); mp 199-200oC; Rf value 0.20 (8:1 hex/EA); 1H NMR (600 MHz, 

CDCl3) δ 7.79 (d, J = 8.0 Hz, 2H), 7.42 (t, J = 7.8 Hz, 2H), 7.22 (t, J = 7.4 Hz, 

1H), 7.14 (d, J = 8.3 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H), 3.74 (d, J = 6.5 Hz, 

2H), 3.55 (d, J = 10.7 Hz, 1H), 2.87 (s, 1H), 2.11 (dt, J = 13.1, 10.1 Hz, 2H), 

1.93 (td, J = 13.6, 4.0 Hz, 1H), 1.80 – 1.73 (m, 3H), 1.67 (s, 3H), 1.60 (dd, J = 

13.0, 2.3 Hz, 1H), 1.35 (dd, J = 12.6, 3.4 Hz, 1H), 1.31 (d, J = 4.3 Hz, 1H), 

1.18 – 1.14 (m, 1H), 1.06 (d, J = 6.7 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 158.3, 148.4, 147.3, 

139.0, 133.6, 129.8, 129.0, 125.3, 120.5, 114.6, 103.3, 100.4, 74.6, 48.0, 39.5, 38.5, 28.5, 26.9, 

25.7, 23.2, 19.52, 13.7; ESI-MS: m/z calcd. for C27H33N2O3
+

 [M+H]+  433.2484, found 433.2484; 

FT-IR: 3424, 2924, 2855, 1693, 1603, 1570, 1521, 1489, 1458, 1384, 1275, 1069, 1025 cm -1; The 

ee values 82% (tmajor = 15.12 min, tminor = 20.09 min) and after recrystallization >99% were 

determined by HPLC using Daicel Chiralpak IB with hexane/EtOH (98:2) as the eluent, flow: 1.0 

mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.2 = + 34.69 (c 0.490, CHCl3). 

(4S,4aR,8aS)-4-(4-(benzyloxy)phenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-

phenylchromeno[2,3-c]pyrazol-8a-ol (3j) 

The title was compound according the general procedure. White solid (50 mg, 

54% yield); mp 190-191oC; Rf value 0.20 (8:1 hex/EA); 1H NMR (600 MHz, 

CDCl3) δ 7.76 (d, J = 7.5 Hz, 2H), 7.45 (d, J = 4.3 Hz, 2H), 7.39 (t, J = 7.1 Hz, 

4H), 7.34 (d, J = 7.1 Hz, 1H), 7.20 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 7.7 Hz, 2H), 

6.94 (d, J = 8.0 Hz, 2H), 5.05 (s, 2H), 3.54 (d, J = 10.8 Hz, 1H), 2.82 (s, 1H), 

2.14 – 2.11 (m, 1H), 1.91 (t, J = 13.6 Hz, 1H), 1.76 – 1.69 (m, 3H), 1.64 (s, 

1H), 1.58 (d, J = 13.9 Hz, 2H), 1.33 – 1.28 (m, 1H), 1.14 (d, J = 15.6 Hz, 1H); 

13C NMR (100 MHz, CDCl3) δ 157.8, 137.2, 129.0, 128.7, 128.2, 127.8, 125.4, 120.5, 118.9, 

114.9, 103.3, 100.3, 70.2, 47.9, 39.6, 38.5, 29.9, 25.6, 23.2, 13.6; ESI-MS: m/z calcd. for 

C30H31N2O3
+

 [M+H]+  467.2329, found 467.2329; FT-IR: 3429, 2924, 2855, 1693, 1609, 1575, 

1521, 1489, 1458, 1388, 1275, 1069, 1025 cm -1; The ee values 84% (tmajor = 10.08 min, tminor = 

14.38 min) and after recrystallization >99% were determined by HPLC using Daicel Chiralpak IC 
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with hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: 

[α]D
30.9 = + 33.09 (c 0.810, CHCl3). 

(4S,4aR,8aS)-4-(4-fluorophenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenylchromeno[2,3-

c]pyrazol-8a-ol (3k) 

The title was compound according the general procedure. White semi solid (40 

mg, 53% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.75 (d, J = 7.8 Hz, 2H), 7.39 (t, J = 7.9 Hz, 2H), 7.22 – 7.16 (m, 3H), 7.01 (t, 

J = 8.5 Hz, 2H), 3.58 (d, J = 10.7 Hz, 1H), 2.95 (s, 1H), 2.10 (d, J = 11.7 Hz, 

1H), 1.91 (td, J = 13.7, 4.1 Hz, 1H), 1.79 – 1.65 (m, 4H), 1.61 (s, 3H), 1.53 (d, 

J = 12.7 Hz, 1H), 1.32 (dd, J = 27.2, 14.5 Hz, 1H), 1.14 (dd, J = 24.7, 11.6 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ 163.2, 160.7, 147.3, 139.0, 137.8, 135.1, 132.9, 130.5, 129.1, 

128.9, 125.6, 120.7, 119.5, 115.6, 115.4, 103.2, 99.9, 48.2, 43.9, 39.9, 26.9, 25.5, 23.2, 13.1; ESI-

MS: m/z calcd. for C23H24FN2O2
+

 [M+H]+  379.1816, found 379.1816; FT-IR: 3121, 2923, 2853, 

1700, 1610, 1520, 1496, 1456, 1389, 1260, 1217, 1124, 1051, 948 cm -1; The ee values 84% (tmajor 

= 39.727 min, tminor = 54.54 min)  .was determined by HPLC using Daicel Chiralpak IB with 

hexane/EtOH (99:1) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.0 = 

+ 21.29 (c 0.565, CHCl3). 

(4S,4aR,8aS)-4-(4-chlorophenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenylchromeno[2,3-

c]pyrazol-8a-ol (3l) 

The title was compound according the general procedure. White semi solid 

(35 mg, 44% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (400 MHz, 

CDCl3) δ 7.74 (d, J = 8.0 Hz, 2H), 7.39 (t, J = 7.7 Hz, 2H), 7.29 (d, J = 7.4 

Hz, 2H), 7.21 (d, J = 7.2 Hz, 1H), 7.18 – 7.15 (m, 2H), 3.58 (d, J = 10.5 Hz, 

1H), 2.19 – 2.11 (m, 1H), 1.95 – 1.84 (m, 1H), 1.75 (s, 2H), 1.62 (s, 3H), 1.52 

(d, J = 11.4 Hz, 1H), 1.16 – 1.03 (m, 4H); 13C NMR (150 MHz, CDCl3) δ 

148.4, 146.9, 140.7, 132.7, 131.6, 129.1, 128.8, 125.6, 120.6, 119.5, 103.2, 99.8, 47.9, 40.1, 38.6, 

32.1, 26.9, 22.9, 14.3; ESI-MS: m/z calcd. for C23H24ClN2O2
+

 [M+H]+  395.1521, found 395.1520; 

FT-IR: 3464, 2922, 2855, 1708, 1597, 1517, 1492, 1451, 1390, 1273, 1216, 1120, 1095, 917 cm 

-1; The ee values 82% (tmajor = 6.38 min, tminor = 20.04 min) and after recrystallization >99% were 

determined by HPLC using Daicel Chiralpak IC with hexane/i-PrOH (90:10) as the eluent, flow: 

1.0 mL/min, 254 nm, 25 oC. 
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(4S,4aR,8aS)-4-(4-bromophenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenylchromeno[2,3-

c]pyrazol-8a-ol (3m) 

The title was compound according the general procedure. White solid (47 mg, 

41% yield); mp 205-206 oC; Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, 

CDCl3) δ 7.75 (d, J = 7.7 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.39 (t, J = 7.9 Hz, 

2H), 7.20 (t, J = 7.4 Hz, 1H), 7.11 (d, J = 8.3 Hz, 2H), 3.57 (d, J = 10.7 Hz, 

1H), 2.87 (s, 1H), 2.12 – 2.07 (m, 1H), 1.91 (td, J = 13.7, 4.2 Hz, 1H), 1.77 – 

1.69 (m, 3H), 1.63 (s, 3H), 1.52 (d, J = 11.8 Hz, 1H), 1.38 – 1.22 (m, 2H), 1.13 

(dt, J = 13.2, 3.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) 148.7, 147.0, 141.2, 138.9, 131.8, 130.6, 

129.1, 125.6, 120.7, 120.5, 103.2, 99.7, 47.8, 40.1, 38.6, 26.9, 25.6, 23.1, 13.7; ESI-MS: m/z calcd. 

for C23H24BrN2O2
+

 [M+H]+  439.1016, found 439.1016; FT-IR: 3439, 2929, 2855, 1603, 1521, 

1483, 1454, 1387, 1371, 1273, 1212, 1123, 1069, 923 cm -1; The ee values 78% (tmajor = 8.40 min, 

tminor = 9.95 min) and after recrystallization >99% were determined by HPLC using Daicel 

Chiralpak IB with hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical 

Rotation: [α]D
30.4 = + 71.95 (c 0.397, CHCl3). 

(4S,4aR,8aS)-4-(biphenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenylchromeno[2,3-

c]pyrazol-8a-ol (3n) 

The title was compound according the general procedure. White semi solid (54 

mg, 62% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.77 (t, J = 8.6 Hz, 3H), 7.41 (dt, J = 15.8, 7.8 Hz, 4H), 7.20 (dd, J = 16.5, 9.2 

Hz, 2H), 7.04 – 7.00 (m, 1H), 6.99 (s, 2H), 6.96 (s, 1H), 6.92 (dd, J = 17.3, 

10.2 Hz, 1H), 3.94 (d, J = 10.8 Hz, 1H), 2.85 (s, 1H), 2.11 (d, J = 13.3 Hz, 2H), 

1.92 (td, J = 13.8, 4.0 Hz, 2H), 1.88 – 1.81 (m, 2H), 1.75 (d, J = 14.3 Hz, 1H), 

1.57 (s, 3H), 1.39 – 1.36 (m, 1H), 1.16 – 1.13 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 148.4, 

147.3, 141.1, 140.9, 139.8, 139.0, 129.0, 128.9, 127.4, 127.3, 127.2, 125.4, 120.5, 119.5, 103.2, 

100.2, 47.9, 40.2, 38.7, 27.0, 25.7, 23.2, 13.7; ESI-MS: m/z calcd. for C29H29N2O2
+

 [M+H]+  

437.2224, found 437.2216; FT-IR: 3455, 2933, 2851, 1601, 1518, 1497, 1454, 1391, 1274, 1211, 

1024, 919 cm-1; The ee values 80% (tmajor = 8.55 min, tminor = 11.25 min) and after recrystallization 

98% were determined by HPLC using Daicel Chiralpak IB with hexane/i-PrOH (90:10) as the 

eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.8 = + 39.05 (c 0.210, CHCl3). 

O

N
N

OH Ph

Br

3m

H

 

O

N
N

OH Ph

Ph
3n

H

 



S15 
 

S15 
 

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenyl-4-m-tolylchromeno[2,3-c]pyrazol-

8a-ol (3o) 

The title was compound according the general procedure. White semi solid (51 

mg, 65% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.76 (d, J = 7.8 Hz, 2H), 7.38 (t, J = 7.9 Hz, 2H), 7.19 (t, J = 7.3 Hz, 2H), 7.06 

(d, J = 7.7 Hz, 1H), 7.01 (s, 2H), 3.53 (d, J = 10.7 Hz, 1H), 3.22 (s, 1H), 2.33 

(s, 3H), 2.09 (d, J = 13.4 Hz, 1H), 1.89 (td, J = 13.6, 3.9 Hz, 1H), 1.81 – 1.73 

(m, 2H), 1.69 (d, J = 17.0 Hz, 2H), 1.60 (s, 3H), 1.56 (d, J = 13.2 Hz, 1H), 1.31 (dd, J = 12.8, 3.1 

Hz, 1H), 1.15 – 1.11 (m, 1H); 13C NMR (100 MHz, CDCl3) 13C NMR (101 MHz, CDCl3) δ 148.5, 

147.4, 141.9, 138.9, 138.1, 129.0, 128.9, 128.4, 127.7, 125.4, 120.5, 119.6, 103.3, 100.2, 47.8, 

40.4, 38.5, 26.9, 25.6, 24.9, 23.2, 13.5; ESI-MS: m/z calcd. for C24H27N2O2
+

 [M+H]+  375.2067, 

found 375.2060; FT-IR: 3431, 2929, 2852, 1711, 1597, 1514, 1492, 1463, 1394, 1371, 1273, 1209, 

1022, 917 cm -1; The ee values 80% (tmajor = 9.17 min, tminor = 13.64 min) and after recrystallization 

96% were determined by HPLC using Daicel Chiralpak IB with hexane/i-PrOH (94:6) as the 

eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.8 = + 22.79 (c 0.825, CHCl3). 

(4S,4aR,8aS)-4-(3-fluorophenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-phenylchromeno[2,3-

c]pyrazol-8a-ol (3p) 

The title was compound according the general procedure. White semi solid (33 

mg, 44% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.76 (d, J = 7.8 Hz, 2H), 7.40 (t, J = 7.9 Hz, 2H), 7.21 (td, J = 12.3, 6.5 Hz, 

3H), 7.10 (t, J = 7.5 Hz, 2H), 4.17 (d, J = 10.4 Hz, 1H), 2.85 (s, 1H), 2.13 – 

2.08 (m, 1H), 1.96 – 1.88 (m, 1H), 1.74 (t, J = 15.8 Hz, 3H), 1.61 (s, 3H), 1.55 

(s, 2H), 1.49 – 1.41 (m, 1H), 1.18 – 1.14 (m, 1H); 13C NMR (101 MHz, 

CDCl3) δ 148.9, 146.8, 139.0, 129.1, 128.3, 125.5, 124.7, 124.3, 120.6, 120.4, 119.7, 115.8, 115.6, 

115.4, 115.3, 103.3, 99.3, 49.5, 38.5, 29.5, 27.9, 26.9, 25.6, 23.1, 13.1; ESI-MS: m/z calcd. for 

C23H24FN2O2
+

 [M+H]+  379.1816, found 379.1816; FT-IR: 3119, 2923, 2853, 1700, 1602, 1520, 

1496, 1453, 1389, 1265, 1217, 1124, 1051, 948 cm -1; The ee values 78% (tmajor = 4.99 min, tminor 

= 7.20 min) and after recrystallization 98% were determined by HPLC using Daicel Chiralpak IC 

with hexane/EtOH (90:10) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: 

[α]D
30.0 = + 30.98 (c 0.510, CHCl3). 
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-4-(3,4-dimethoxyphenyl)-3-methyl-1-

phenylchromeno[2,3-c]pyrazol-8a-ol (3q) 

The title was compound according the general procedure. Yellow semi solid 

(35 mg, 42% yield); Rf value 0.20 (5:1 hex/EA); 1H NMR (600 MHz, CDCl3) 

δ 7.78 (d, J = 7.7 Hz, 2H), 7.39 (t, J = 8.0 Hz, 2H), 7.19 (t, J = 7.4 Hz, 1H), 

6.80 (d, J = 8.2 Hz, 2H), 6.69 (s, 1H), 3.88 (s, 3H), 3.83 (s, 3H), 3.53 (d, J = 

10.8 Hz, 1H), 2.91 (s, 1H), 2.13 – 2.08 (m, 1H), 1.92 (td, J = 13.7, 4.1 Hz, 1H), 

1.78 – 1.68 (m, 4H), 1.66 (s, 3H), 1.58 (d, J = 12.5 Hz, 1H), 1.31 (ddd, J = 16.0, 

13.2, 3.4 Hz, 1H), 1.15 (dt, J = 13.3, 3.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 149.2, 148.5, 

147.9, 147.4, 138.9, 134.4, 129.0, 125.3, 120.4, 119.0, 114.2, 110.9, 103.4, 100.2, 56.1, 55.9, 47.8, 

42.1, 27.1, 25.7, 25.1, 23.2, 13.5; ESI-MS: m/z calcd. for C25H29N2O4
+

 [M+H]+  421.2122, found 

421.2113; FT-IR: 3464, 2925, 2852, 1702, 1594, 1514, 1454, 1387, 1263, 1235, 1142, 1025, 914 

cm -1; The ee values 82% (tmajor = 7.70 min, tminor = 10.07 min) and after recrystallization >99% 

were determined by HPLC using Daicel Chiralpak IB with hexane/i-PrOH (85:15) as the eluent, 

flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
31.1 = + 37.60 (c 0.250, CHCl3). 

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-4-phenyl-1-p-tolylchromeno[2,3-c]pyrazol-

8a-ol (3r) 

The title was compound according the general procedure. White solid (75 mg, 

56%); mp 188-189 oC; Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, 

CDCl3) δ 7.63 (d, J = 8.3 Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 7.25 (s, 1H), 7.23 

(d, J = 7.2 Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H), 3.58 (d, J = 10.8 Hz, 1H), 2.78 (s, 

1H), 2.36 (s, 3H), 2.10 (d, J = 13.5 Hz, 1H), 1.91 (td, J = 13.7, 4.2 Hz, 1H), 

1.82 – 1.77 (m, 1H), 1.72 (dd, J = 27.1, 13.2 Hz, 3H), 1.60 (s, 3H), 1.56 (s, 1H), 1.33 (dd, J = 24.0, 

11.2 Hz, 1H), 1.13 (dd, J = 26.3, 13.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 142.1, 135.2, 

135.1, 132.8, 129.6, 128.9, 128.6, 126.9, 124.1, 120.8, 119.6, 117.1, 49.5, 42.9, 40.6, 34.5, 25.6, 

22.8, 21.1, 13.4; ESI-MS: m/z calcd. for C24H27N2O2
+

 [M+H]+  375.2067, found 375.2067; FT-

IR: 3435, 2925, 2850, 1721, 1705, 1599, 1518, 1505, 1455, 1388, 1129, 923 cm -1; The ee values 

78% (tmajor = 6.96 min, tminor = 11.63 min) and after recrystallization >99% were determined by 

HPLC using Daicel Chiralpak IB with hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 

nm, 25 oC; Optical Rotation: [α]D
30.5 = + 14.63 (c 0.410, CHCl3). 
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(4S,4aR,8aS)-1-(4-bromophenyl)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-4-phenylchromeno[2,3-

c]pyrazol-8a-ol (3s) 

The title was compound according the general procedure. White solid (63 mg, 

72% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 7.67 

(d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 7.32 (t, J = 7.3 Hz, 2H), 7.27 (s, 

1H), 7.21 (d, J = 7.1 Hz, 2H), 3.57 (d, J = 10.7 Hz, 1H), 2.91 (s, 1H), 2.14 – 

2.07 (m, 1H), 1.92 (td, J = 13.7, 4.0 Hz, 1H), 1.83 – 1.66 (m, 4H), 1.64 (d, J = 

3.6 Hz, 1H), 1.58 (s, 3H), 1.33 (dd, J = 25.5, 12.9 Hz, 1H), 1.17 – 1.12 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 147.9, 141.7, 137.8, 135.5, 132.9, 132.2, 128.7, 127.1, 124.3, 121.8, 120.7, 117.2, 

49.8, 40.5, 34.4, 32.1, 25.9, 25.6, 13.5; ESI-MS: m/z calcd. for C23H24BrN2O2
+

 [M+H]+  439.1016, 

found 439.1016; FT-IR: 3439, 2925, 2855, 1605, 1525, 1483, 1453, 1386, 1371, 1272, 1212, 

1123, 1069, 923 cm -1; The ee values 84% (tmajor = 6.48 min, tminor = 7.31 min) was determined by 

HPLC using Daicel Chiralpak IB with hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 

nm, 25 oC; Optical Rotation: [α]D
31.0 = + 19.88 (c 0.835, CHCl3). 

4-((4S,4aR,8aS)-4a,5,6,7,8,8a-hexahydro-8a-hydroxy-3-methyl-4-phenylchromeno[2,3-

c]pyrazol-1(4H)-yl)benzonitrile (3t) 

The title was compound according the general procedure. Yellow solid (45 mg, 

59% yield); mp 195-200 oC; Rf value 0.20 (8:1 hex/EA); 1H NMR (600 MHz, 

CDCl3) δ 7.96 (d, J = 7.7 Hz, 2H), 7.65 (d, J = 7.6 Hz, 2H), 7.32 (d, J = 6.6 Hz, 

2H), 7.27 (d, J = 6.8 Hz, 1H), 7.21 (d, J = 5.4 Hz, 2H), 3.58 (d, J = 10.4 Hz, 

1H), 3.02 (s, 1H), 2.16 (d, J = 12.4 Hz, 1H), 1.97 (dd, J = 22.8, 12.5 Hz, 1H), 

1.79 (d, J = 14.7 Hz, 3H), 1.70 (dd, J = 23.1, 15.9 Hz, 2H), 1.61 (s, 3H), 1.34 (dd, J = 24.8, 12.8 

Hz, 1H), 1.19 – 1.12 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 149.4, 149.2, 142.4, 141.4, 133.2, 

128.7, 127.1, 119.5, 119.1, 118.5, 107.6, 104.1, 101.5, 47.7, 40.3, 38.5, 26.9, 25.6, 23.2, 13.6; ESI-

MS: m/z calcd. for C24H24N3O3
+

 [M+H]+  386.1863, found 386.1863; FT-IR: 3453, 2922, 2855, 

2229, 1603, 1517, 1495, 1444, 1409, 1394, 1270, 1123, 1098, 917 cm -1; The ee values 84% (tmajor 

= 11.14 min, tminor = 13.17 min) was determined by HPLC using Daicel Chiralpak IB with 

hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.6 = 

+ 39.74 (c 0.765, CHCl3). 
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1-(4-nitrophenyl)-4-phenylchromeno[2,3-

c]pyrazol-8a-ol (3u) 

The title was compound according the general procedure. Yellow solid (26 mg, 

35% yield); Rf value 0.20 (6:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 8.27 (d, 

J = 9.2 Hz, 3H), 8.03 (d, J = 9.1 Hz, 2H), 7.33 (t, J = 7.7 Hz, 2H), 7.22 (d, J = 

7.1 Hz, 2H), 3.60 (d, J = 10.8 Hz, 1H), 2.85 (s, 1H), 2.38 – 2.32 (m, 1H), 2.02 – 

1.96 (m, 2H), 1.82 – 1.76 (m, 2H), 1.75 – 1.69 (m, 2H), 1.61 (s, 3H), 1.36 – 1.34 

(m, 1H), 1.16 (dd, J = 10.7, 6.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 148.6, 144.1, 134.0, 

133.9, 129.1, 128.8, 125.1, 125.0, 119.1, 118.0, 104.2, 101.7, 47.7, 40.3, 38.7, 26.9, 25.5, 22.9, 

14.4; ESI-MS: m/z calcd. for C23H24N3O4
+

 [M+H]+  406.1761, found 406.1761; FT-IR: 3453, 

2923, 1701, 1614, 1599, 1567, 1521, 1339, 1110, 1092, 916 cm -1; The ee values 82% (tmajor = 

10.44 min, tminor = 11.86 min) was determined by HPLC using Daicel Chiralpak IB with 

hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.3 = 

+ 51.43 (c 0.105, CHCl3). 

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-4-phenyl-1-o-tolylchromeno[2,3-c]pyrazol-

8a-ol (3v) 

The title was compound according the general procedure. White solid (56 mg, 

75% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 7.33 

(t, J = 7.4 Hz, 4H), 7.28 (s, 2H), 7.24 (d, J = 7.2 Hz, 3H), 3.61 (d, J = 10.7 Hz, 

1H), 2.83 (s, 1H), 2.24 (s, 2H), 1.95 (d, J = 13.4 Hz, 1H), 1.79 – 1.73 (m, 3H), 

1.67 (d, J = 11.2 Hz, 3H), 1.59 (s, 3H), 1.31 (dd, J = 19.2, 9.1 Hz, 1H), 1.10 (d, J = 13.3 Hz, 1H); 

13C NMR (100 MHz, CDCl3) δ 142.3, 135.6, 134.8, 132.7, 130.9, 128.6, 127.8, 126.9, 126.4, 

124.0, 117.2, 116.9, 49.6, 42.1, 40.6, 29.9, 25.6, 25.1, 18.1, 13.2; ESI-MS: m/z calcd. for 

C24H27N2O2
+

 [M+H]+  375.2067, found 375.2067; FT-IR: 3439, 2923, 2853, 1723, 1701, 1599, 

1515, 1500, 1451, 1388, 1127, 923 cm -1; The ee values 88% (tmajor = 19.26 min, tminor = 21.46 min) 

and after recrystallization >99% were determined by HPLC using Daicel Chiralpak IC with 

hexane/EtOH (98:2) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.9 = 

+ 54.13 (c 0.248, CHCl3). 
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-1,4-diphenyl-3-propylchromeno[2,3-c]pyrazol-8a-ol 

(3w) 

The title was compound according the general procedure. White sticky (30 mg, 

38% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 7.91 

(d, J = 7.7 Hz, 2H), 7.45 (dd, J = 14.8, 7.2 Hz, 3H), 7.35 (d, J = 4.4 Hz, 2H), 

7.09 (t, J = 7.9 Hz, 2H), 7.03 (s, 1H), 3.89 (d, J = 10.6 Hz, 1H), 3.72 (dd, J = 

14.1, 7.0 Hz, 1H), 2.86 (s, 1H), 2.16 (d, J = 13.8 Hz, 2H), 1.95 (d, J = 13.8 Hz, 1H), 1.78 – 1.70 

(m, 4H), 1.60 (s, 4H), 1.40 (dd, J = 23.6, 10.9 Hz, 2H), 1.13 (dd, J = 24.6, 14.1 Hz, 2H), 0.88 (t, J 

= 6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 149.4, 141.9, 139.0, 133.4, 129.1, 128.0, 127.8, 

127.5, 125.9, 121.0, 102.9, 99.4, 48.4, 42.9, 41.4, 38.6, 32.1, 27.2, 25.6, 23.2, 14.3; ESI-MS: m/z 

calcd. for C25H29N2O4
+

 [M+H]+  389.2224, found 389.2219; FT-IR: 3424, 2925, 2855, 1699, 1600, 

1575, 1511, 1489, 1457, 1384, 1276, 1069, 1025 cm -1; The ee values 84% (tmajor = 7.52 min, tminor 

= 11.52 min) and after recrystallization 98% were determined by HPLC using Daicel Chiralpak 

IB with hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: 

[α]D
30.2 = + 27.83 (c 0.115, CHCl3). 

(4R,4aR,8aS)-4-cyclohexyl-1,4,4a,5,6,7,8,8a-octahydro-1,3-diphenylchromeno[2,3-c]pyrazol-

8a-ol (3x) 

The title was compound according the general procedure. White solid (31 mg, 

36% yield); Rf value 0.20 (12:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 7.76 

(d, J = 7.4 Hz, 2H), 7.41 (t, J = 7.8 Hz, 3H), 7.29 (d, J = 6.9 Hz, 1H), 7.24 (d, 

J = 7.4 Hz, 1H), 7.18 (s, 1H), 7.15 (t, J = 7.4 Hz, 2H), 3.75 – 3.69 (m, 1H), 

3.51 (d, J = 11.0 Hz, 1H), 2.61 – 2.51 (m, 1H), 2.03 (dd, J = 14.3, 6.7 Hz, 1H), 1.69 – 1.62 (m, 

5H), 1.58 (s, 5H), 1.08 – 1.01 (m, 2H), 0.88 (t, J = 6.9 Hz, 2H), 0.84 – 0.78 (m, 2H), 0.66 (dd, J = 

22.0, 9.1 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 150.5, 139.4, 137.4, 128.9, 128.8, 128.6, 127.3, 

126.3, 121.5, 119.0, 114.3, 91.0, 42.2, 36.9, 36.1, 34.0, 32.7, 32.1, 29.6, 27.2, 26.6, 25.2, 22.9, 

14.3; ESI-MS: m/z calcd. for C28H33N2O2
+

 [M+H]+  429.2537, found 429.2537; FT-IR: 3506, 

2924, 2853, 1699, 1600, 1515, 1448, 1392, 1364, 1275, 1123, 1020, 916 cm -1; The ee values 86% 

(tmajor = 8.84, min tminor = 11.54 min) and after recrystallization 98% were determined by HPLC 

using Daicel Chiralpak IB with hexane/EtOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 

oC; Optical Rotation: [α]D
30.2 = + 6.00 (c 0.100, CHCl3). 
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3,6,6-trimethyl-1,4-diphenylchromeno[2,3-c]pyrazol-

8a-ol (3y) 

The title was compound according the general procedure. Yellow sticky (57 mg, 

44% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 7.69 

(d, J = 7.7 Hz, 2H), 7.54 (d, J = 7.7 Hz, 1H), 7.39 (t, J = 7.8 Hz, 2H), 7.34 (d, J 

= 8.4 Hz, 1H), 7.29 (s, 2H), 7.15 (d, J = 7.3 Hz, 1H), 7.11 (d, J = 2.5 Hz, 1H), 

4.24 (d, J = 5.2 Hz, 1H), 2.69 (s, 1H), 2.61 (d, J = 12.0 Hz, 1H), 2.39 – 2.34 (m, 1H), 2.28 (d, J = 

12.0 Hz, 1H), 2.19 – 2.16 (m, 1H), 1.69 – 1.65 (m, 2H), 1.59 (s, 3H), 1.47 (s, 1H), 1.44 (dd, J = 

4.5, 1.3 Hz, 2H), 1.25 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 159.9, 138.0, 129.0, 128.9, 128.9, 

128.7, 127.8, 125.3, 119.5, 114.3, 102.1, 86.6, 55.9, 48.8, 44.5, 38.6, 32.1, 25.0, 22.9, 15.9, 14.3; 

ESI-MS: m/z calcd. for C25H29N2O2
+

 [M+H]+  389.2224, found 389.2223; FT-IR: 3428, 2922, 

2852, 1702, 1597, 1502, 1454, 1368, 1400, 1308, 1127, 1028, 910 cm -1; The ee values 80% (tmajor 

= 9.31 min, tminor = 14.24 min) was determined by HPLC using Daicel Chiralpak IB with hexane/i-

PrOH (93:7) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.1 = + 110.81 

(c 0.675, CHCl3). 

(4R,4aR,8aS)-4-cyclohexyl-1,4,4a,5,6,7,8,8a-octahydro-3,6,6-trimethyl-1-phenylchromeno[2,3-

c]pyrazol-8a-ol (3z) 

The title was compound according the general procedure. Yellow semi solid (32 

mg, 40% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.87 (d, J = 7.7 Hz, 1H), 7.81 (d, J = 7.4 Hz, 1H), 7.43 (t, J = 7.1 Hz, 1H), 7.39 

(t, J = 7.9 Hz, 1H), 7.21 – 7.16 (m, 1H), 2.78 (s, 1H), 2.37 – 2.29 (m, 1H), 2.31 

– 2.25 (m, 1H), 1.87 – 1.77 (m, 3H), 1.77 (d, J = 17.0 Hz, 2H), 1.66 (d, J = 9.9 Hz, 4H), 1.58 (s, 

3H), 1.46 (d, J = 6.5 Hz, 1H), 1.38 (d, J = 18.6 Hz, 2H), 1.25 (s, 6H), 0.97 (d, J = 4.7 Hz, 2H), 

0.87 (d, J = 5.4 Hz, 5H); 13C NMR (100 MHz, CDCl3) δ 137.8, 129.2, 128.9, 126.4, 125.5, 121.5, 

121.2, 119.4, 72.2, 68.9, 55.1, 37.7, 35.2, 32.1, 29.6, 26.7, 25.7, 22.9, 21.5, 14.4, 12.4; ESI-MS: 

m/z calcd. for C25H35N2O2
+

 [M+H]+  395.2693, found 395.2698; FT-IR: 3434, 2922, 2852, 1708, 

1629, 1597, 1559, 1495, 1457, 1371, 1298, 1028, 901 cm -1; The ee values 88% (tmajor = 9.76, min 

tminor = 16.88 min) was determined by HPLC using Daicel Chiralpak IC with hexane/EtOH (94:6) 

as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.1 = + 15.79 (c 0.380, 

CHCl3). 
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(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-3-methyl-1,4-diphenylthiochromeno[2,3-c]pyrazol-8a-

ol (3z’) 

The title was compound according the general procedure. Yellow semi solid 

(30 mg, 40% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR (600 MHz, CDCl3) 

δ 7.74 (d, J = 7.9 Hz, 2H), 7.41 (t, J = 7.8 Hz, 2H), 7.34 (t, J = 7.4 Hz, 2H), 

7.29 (d, J = 7.2 Hz, 1H), 7.23 (dd, J = 18.4, 7.3 Hz, 3H), 3.62 (d, J = 10.7 Hz, 

1H), 3.05 (d, J = 11.0 Hz, 1H), 2.99 – 2.94 (m, 1H), 2.86 (s, 1H), 2.79 – 2.72 (m, 1H), 2.72 – 2.67 

(m, 1H), 2.41 (dd, J = 28.7, 15.4 Hz, 2H), 2.18 (t, J = 11.1 Hz, 1H), 1.60 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 147.42, 147.27, 140.88, 138.80, 129.20, 128.94, 127.47, 125.68, 120.63, 120.56, 

101.96, 99.73, 49.35, 40.70, 40.40, 29.08, 25.81, 13.47; ESI-MS: m/z calcd. for C22H23N2O2S
+

 

[M+H]+  379.1475, found 379.1469; FT-IR: 3439, 2925, 2860, 1708, 1629, 1600, 1555, 1490, 

1457, 1371, 1298, 1028, 910 cm -1; The ee values 88% (tmajor = 16.13 min, tminor = 26.48 min) was 

determined by HPLC using Daicel Chiralpak IB with hexane/i-PrOH (95:5) as the eluent, flow: 

1.0 mL/min, 254 nm, 25 oC. 

(R)-2-((S)-(5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)(phenyl)methyl)cycloheptanone (3z’’) 

The title was compound according the general procedure. Yellow sticky (36 

mg, 48% yield); Rf value 0.25 (5:1 hex/EA); 1H NMR (600 MHz, CDCl3) δ 

7.72 (d, J = 7.8 Hz, 2H), 7.43 – 7.38 (m, 3H), 7.33 (d, J = 7.9 Hz, 2H), 7.22 – 

7.18 (m, 3H), 4.12 (t, J = 10.5 Hz, 1H), 3.81 (d, J = 5.1 Hz, 1H), 3.57 (t, J = 

12.5 Hz, 1H), 3.07 (d, J = 16.4 Hz, 1H), 2.54 (s, 3H), 2.10 (s, 3H), 1.93 (s, 2H), 1.76 (s, 4H), 1.13 

(d, J = 13.9 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ 217.0, 173.0, 159.8, 138.2, 137.9, 129.0, 

128.9, 128.2, 127.9, 125.4, 119.6, 53.8, 50.4, 45.7, 44.3, 44.1, 27.8, 24.5, 22.9, 15.9; ESI-MS: m/z 

calcd. for C24H27N2O2
+

 [M+H]+  375.2067, found 375.2070; FT-IR: 3440, 2924, 2850, 1804, 1723, 

1650, 1599, 1545, 1520, 1451, 1396, 1302, 1154, 1074, 906 cm-1; The ee values 90% (tmajor = 30.55 

min, tminor = 58.55 min) was determined by HPLC using phenomenex cellulose-4 with hexane/i-

PrOH (90:10) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC. 

(4S,5R,6S)-1,4,5,6-tetrahydro-3-methyl-1,4-diphenyl-5-propylpyrano[2,3-c]pyrazol-6-ol (3z’’’) 

The title was compound according the general procedure. Yellow semi solid 

(28 mg, 40% yield); Rf value 0.20 (15:1 hex/EA); 1H NMR (600 MHz, CDCl3) 

δ 7.72 (d, J = 7.9 Hz, 2H), 7.38 (t, J = 7.9 Hz, 2H), 7.32 (t, J = 7.4 Hz, 2H), 

7.21 (dt, J = 15.0, 7.8 Hz, 4H), 5.73 (s, 1H), 3.70 (d, J = 9.9 Hz, 1H), 1.99 (s, 
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1H), 1.86 (s, 1H), 1.60 (s, 3H), 1.51 – 1.43 (m, 2H), 1.39 – 1.33 (m, 1H), 1.29 (dd, J = 16.9, 6.4 

Hz, 1H), 0.79 (t, J = 7.2 Hz, 8H); 13C NMR (100 MHz, CDCl3) δ 147.4, 142.3, 138.7, 129.4, 

129.1, 128.9, 128.7, 128.0, 127.0, 125.6, 120.7, 119.4, 117.9, 100.8, 99.8, 53.4, 45.1, 39.7, 30.2, 

20.5, 14.3, 13.3; ESI-MS: m/z calcd. for C22H25N2O2
+

 [M+H]+  349.1911, found 349.1916; FT-

IR: 3440, 2924, 2853, 1804, 1723, 1599, 1549, 1518, 1451, 1396, 1302, 1154, 1074, 906 cm-1; 

The ee values 80% (tmajor = 18.07 min, tminor = 14.83 min) and after recrystallization >99% were 

determined by HPLC using Daicel Chiralpak IA with hexane/i-PrOH (95:5) as the eluent, flow: 

1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
30.4 = + 41.40 (c 0.570, CHCl3). 

(4S,4aR,8aS)-1,4,4a,5,6,7,8,8a-octahydro-8a-methoxy-3-methyl-1,4-diphenylchromeno[2,3-

c]pyrazole (4) 

Colour less sticky (56 mg, 74% yield); Rf value 0.20 (10:1 hex/EA); 1H NMR 

(600 MHz, CDCl3) δ 7.82 (d, J = 7.7 Hz, 2H), 7.43 – 7.39 (m, 2H), 7.30 (t, J = 

7.4 Hz, 2H), 7.20 (dd, J = 14.5, 7.2 Hz, 4H), 3.60 (d, J = 10.7 Hz, 1H), 3.30 (s, 

3H), 2.48 (d, J = 14.0 Hz, 1H), 1.82 – 1.77 (m, 1H), 1.69 (t, J = 11.7 Hz, 3H), 

1.60 (s, 3H), 1.44 – 1.41 (m, 1H), 1.40 – 1.34 (m, 2H), 1.14 (dd, J = 9.3, 4.0 

Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 148.2, 147.2, 142.3, 139.2, 129.1, 128.6, 126.9, 125.2, 

120.0, 105.6, 100.9, 49.0, 48.7, 40.4, 31.8, 26.9, 25.6, 22.8, 13.6; ESI-MS: m/z calcd. for 

C24H27N2O2
+

 [M+H]+  375.2067, found 375.2069; FT-IR: 3431, 2925, 2852, 1600, 1514, 1489, 

1444, 1397, 1273, 1254, 1209, 1149, 1076, 993 cm -1; The ee values 84% (tmajor = 5.40 min, tminor 

= 4.50 min) was determined by HPLC using Daicel Chiralpak IA with hexane/i-PrOH (98:3) as 

the eluent, flow: 1.0 mL/min, 254 nm, 25 oC. 

(3S,3aR,7aR)-(octahydro-3-phenylbenzofuran-7a-ol) 3-methyl-1-phenyl-1H-pyrazol-5-one (5) 

Yellow sticky oil (57 mg, 75% yield); Rf value 0.30 (10:1 hex/EA); 1H NMR 

(600 MHz, CDCl3) δ 7.35 (d, J = 8.1 Hz, 2H), 7.28 (dd, J = 7.3, 3.1 Hz, 4H), 

7.23 (t, J = 6.3 Hz, 3H), 7.13 (t, J = 7.3 Hz, 1H), 3.56 (d, J = 12.4 Hz, 1H), 3.35 

– 3.28 (m, 1H), 2.32 (s, 3H), 2.17 (dt, J = 13.6, 4.7 Hz, 1H), 2.06 (dd, J = 14.6, 

6.9 Hz, 1H), 1.93 – 1.83 (m, 3H), 1.74 (dd, J = 12.5, 6.9 Hz, 2H), 1.69 (dd, J = 17.5, 7.0 Hz, 2H), 

1.56 (d, J = 4.3 Hz, 1H), 1.51 – 1.47 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 173.1, 159.7, 136.9, 

132.2, 128.9, 128.8, 128.2, 125.8, 119.7, 108.7, 89.2, 55.2, 45.6, 42.1, 34.7, 27.2, 23.2, 19.3, 12.9; 

ESI-MS: m/z calcd. for C23H23N2O2
+

 [M-OH]+  359.1754, found 359.1757; FT-IR: 3439, 2929, 

2860, 1710, 1640, 1629, 1600, 1555, 1490, 1457, 1375, 1298, 1028, 911 cm -1; The ee values 80% 
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(tmajor = 25.92 min, tminor = 23.79 min) was determined by HPLC using Daicel Chiralpak IC with 

hexane/i-PrOH (95:5) as the eluent, flow: 1.0 mL/min, 254 nm, 25 oC; Optical Rotation: [α]D
31.0 

= + 154.17 (c 0.515, CHCl3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S24 
 

S24 
 

12. NMR Spectra: 
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13. HPLC Spectra: 
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