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1. General information 

All solvents were dried and distilled according to general practice prior to use. All reagents 

were purchased from commercial sources and used without further purification unless specified 

otherwise. Solvents for flash column chromatography were technical grade and distilled prior to use. 

Analytical thin-layer chromatography (TLC) was performed using Huanghai silica gel plates with 

HSGF 254. Visualization of the developed chromatogram was performed by UV absorbance (254 

nm) and appropriate stains. Flash column chromatography was performed using silica gel (200-300 

mesh, from Leyan.com) with the indicated solvent system according to standard techniques. CDCl3 

was also bought from Leyan.com. 1H NMR and 13C NMR were recorded on a Bruker NMR 400 

(400MHz, 101MHz). Multiplicities are described as: s (singlet), d (doublet), t (triplet), q (quartet), 

m (multiplet); and coupling constants (J) are reported in Hertz (Hz). 13C NMR spectra were 

recorded with total proton decoupling. Melting points were recorded on a Shanghai Jingke 

SGWX-4B melting-point Meter and are uncorrected. Chiral HPLC was recorded on a Shimadzu 

LC-20AD spectrometer using Daicel Chiralcel columns. HRMS (ESI) analysis was performed by 

the Analytical Instrumentation Center at Peking University Shenzhen Graduate School and 

(HRMS) data were reported with ion mass/charge (m/z) ratios as values in atomic mass units. 

2. General procedure for the synthesis of amino amide 

 

A solution of amino acid (1.1 equiv.) in anhydrous THF was cooled to 0 °C. The 

3,5-dimethyl-1H-pyrazole (1.0 equiv.), EDCI (1.2 equiv.), HOBt (1.2 equiv.) and DMAP (0.1 

equiv.) were successively added, the reaction mixture was stirred for 24 h at room temperature. To 

the mixture was added brine and the aqueous layer was separated and extracted with 

dichloromethane. The combined organic extracts were dried over anhydrous sodium sulfate, filtered 

and concentrated. The residue was subjected to column chromatography to give the product. 

3. Preparation of allylbenzene derivatives  

3.1 Method A 

 

Under N2 atmosphere, to a solution of arylboronic acid (1.0 equiv.), Pd(OAc)2 (2.5 mol%) and 

K2CO3 (2.0 equiv.) in toluene, allyl bromide (2.0 equiv.) was added via syringe. After being heated 

at 90 °C overnight, the mixture was cooled to room temperature, filtered and concentrated in vacuo. 

The residue was purified by silica gel chromatography to afford the product. 
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benzyl 4-allylbenzoate (1p): Following the general procedure, 

(4-((benzyloxy)carbonyl)phenyl)boronic acid (1.6 g, 6.25 mmol) to yield 1p as a colorless oil (1.12 

g, 71% yield). 

TLC: Rf = 0.9 (petroleum ether).  

1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 8.3 Hz, 2H), 7.47 – 7.32 (m, 6H), 7.27 (s, 1H), 7.25 (s, 

1H), 6.02 – 5.89 (m, 1H), 5.36 (s, 2H), 5.14 – 5.06 (m, 2H), 3.44 (d, J = 6.7 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 166.5, 145.7, 136.5, 136.2, 133.1, 130.0, 128.7, 128.7, 128.3, 

128.2, 116.7, 66.6, 40.2. 

HRMS m/z [M+H]+ calcd for C17H17O2
+ = 253.1223, found 253.1225. 

 

 

3-allyldibenzo[b,d]thiophene (1t): Following the general procedure, 

dibenzo[b,d]thiophen-3-ylboronic acid (1.5 g, 6.25 mmol) to yield 1t as white solid (0.96 g, 65% 

yield), M.p. 50 – 51 ℃. 

TLC: Rf = 0.9 (petroleum ether).  

1H NMR (400 MHz, CDCl3) δ 8.16 – 8.10 (m, 1H), 8.08 (d, J = 8.1 Hz, 1H), 7.87 – 7.82 (m, 1H), 

7.68 (s, 1H), 7.46 – 7.41 (m, 2H), 7.30 (dd, J = 8.1, 1.5 Hz, 1H), 6.14 – 5.96 (m, 1H), 5.20 – 5.09 

(m, 2H), 3.55 (d, J = 6.7 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 139.8, 139.4, 139.1, 137.3, 135.5, 133.9, 126.4, 125.5, 124.4, 

122.9, 122.5, 121.5, 121.4, 116.3, 40.4. 

HRMS m/z [M+H]+ calcd for C15H13S+ = 225.0732, found 225.0736. 

 

 

3-allyldibenzo[b,d]furan (1u): Following the general procedure, dibenzo[b,d]furan-3-ylboronic 

acid (1.5 g, 7.08 mmol) to yield 1u as a colorless oil (1.02 g, 69% yield). 

TLC: Rf = 0.9 (petroleum ether).  

1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 7.7 Hz, 1H), 7.78 (s, 1H), 7.57 (d, J = 8.3 Hz, 1H), 

7.53 – 7.42 (m, 2H), 7.39 – 7.27 (m, 2H), 6.18 – 6.01 (m, 1H), 5.21 – 5.07 (m, 2H), 3.57 (d, J = 

6.6 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 156.6, 155.0, 137.9, 134.6, 127.9, 127.1, 124.4, 124.3, 122.7, 

120.7, 120.4, 115.9, 111.7, 111.5, 40.2. 

HRMS m/z [M+H]+ calcd for C15H13O+ = 209.0961, found 209.0964. 
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1-allyl-4-((1r,4s)-4-propylcyclohexyl)benzene (1x): Following the general procedure, 

(4-((1r,4s)-4-propylcyclohexyl)phenyl)boronic acid (1.8 g, 7.31 mmol) to yield 1x as a colorless oil 

(1.23 g, 69% yield). 

TLC: Rf = 0.9 (petroleum ether).  

1H NMR (400 MHz, CDCl3) δ 7.20 – 7.09 (m, 4H), 6.05 – 5.87 (m, 1H), 5.16 – 5.01 (m, 2H), 

3.37 (d, J = 6.8 Hz, 2H), 2.54 – 2.35 (m, 1H), 1.98 – 1.78 (m, 4H), 1.52 – 1.40 (m, 2H), 1.40 – 

1.26 (m, 3H), 1.26 – 1.19 (m, 2H), 1.12 – 0.97 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 145.8, 137.7, 137.5, 128.5, 126.9, 115.7, 44.3, 39.9, 39.8, 37.1, 

34.5, 33.7, 20.1, 14.5. 

HRMS m/z [M+H]+ calcd for C18H27
+ = 243.2107, found 243.2110. 

3.2 Method B 

 

To a solution of 4-allylbenzaldehyde (5.0 mmol) in MeOH (20 mL) at 0 °C, NaBH4 (0.38 g, 10 

mmol) was slowly added. The reaction mixture was slowly warmed to room temperature and stirred 

overnight. After washed with 5% HCl (aq.), brine, and H2O, the combined organic layers were dried 

over Na2SO4, filtrated, and then concentrated under vacuum. The crude product was purified by 

flash column chromatography (petroleum ether/ethyl acetate = 10/1) to afford the desired product. 

 

 

Under nitrogen atmosphere, to a solution of carboxylic acid compound (1.0 equiv.), DMAP 

(0.2 equiv.), DCC (1.1 equiv.), Et3N (2.0 equiv.) and alcohol in dichloromethane was added at rt. 

The mixture was stirred at room temperature overnight. After the reaction was completed, the 

suspension was filtered through a celite pad. The filtrate was concentrated under reduced pressure. 

The resulting crude product was purified by flash column chromatography (petroleum ether/ethyl 

acetate) to afford the desired product. 

 

 

4-Allylphenyl 4-(N,N-dipropylsulfamoyl)benzoate (1ca): Following the general procedure, 

dibenzo[b,d]furan-3-ylboronic acid (1.0 g, 3.5 mmol) to yield 1ca as a white solid (0.87 g, 62% 

yield), M.p. 66 – 68 ℃. 

TLC: Rf = 0.7 (petroleum ether/ethyl acetate 10/1).  

1H NMR (400 MHz, CDCl3) δ = 8.32 – 8.30 (m, 2H), 7.95 – 7.93 (m, 2H), 7.31 – 7.22 (m, 2H), 7.15 

– 7.13 (m, 2H), 6.04 – 5.90 (m, 1H), 5.15 – 5.07 (m, 2H), 3.42 (d, J = 6.6 Hz, 2H), 3.18 – 3.09 (m, 

4H), 1.61 – 1.52 (m, 4H), 0.88 (t, J = 7.4 Hz, 6H). 
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13C NMR (101 MHz, CDCl3) δ = 164.1, 149.0, 144.9, 138.2, 137.1, 133.0, 130.9, 129.8, 127.2, 

121.4, 116.3, 50.0, 39.7, 22.0, 11.2. 

HRMS m/z [M+H]+ calcd for C22H28NO4S+ = 402.1734, found 402.1733. 

 

 

 

4-allylbenzyl (R)-2-(6-methoxynaphthalen-2-yl)propanoate (1cb): Following the general 

procedure, Naproxen  (1.0 g, 4.3 mmol) to yield 1cb as a white solid (1.14 g, 73% yield), M.p. 61 – 

63 ℃. 

TLC: Rf = 0.8 (petroleum ether/ethyl acetate 10/1).  

1H NMR (400 MHz, CDCl3) δ 7.81 – 7.67 (m, 3H), 7.51 – 7.44 (m, 1H), 7.34 – 7.15 (m, 6H), 

6.07 – 5.93 (m, 1H), 5.23 – 5.07 (m, 4H), 3.97 (s, 4H), 3.42 (d, J = 6.7 Hz, 2H), 1.65 (d, J = 7.2 

Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 174.6, 157.7, 140.1, 137.3, 135.7, 133.82, 133.77, 129.4, 129.0, 

128.8, 128.3, 127.2, 126.4, 126.1, 119.0, 116.1, 105.6, 66.5, 55.4, 45.5, 40.0, 18.7. 

HRMS m/z [M+H]+ calcd for C24H25O3
+ = 361.1798, found 361.1800. 
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4. Reaction optimization for [2,3]-rearrangement  

Table S1: Screening of Lewis acids  

 

Entrya Lewis Acid Yield  dr (anti:syn) er 

1 Sc(OTf)3 No product N.D.e N.D. 

2 Ni(OTf)2 No product N.D. N.D. 

3 Zn(OTf)2 No product N.D. N.D. 

4 Fe(OTf)2 No product N.D. N.D. 

5 Yb(OTf)3 No product N.D. N.D. 

6 Mg(OTf)2 trace N.D. N.D. 

7 Co(BF4)2•6H2O No product N.D. N.D. 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3 (4 mol%), PPh3 

(8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), Lewis acid (10 mol%), L3-PiMe2 (10 mol%), and 

Na2CO3 (0.12 mmol, 1.2 equiv.) in MeCN (2.0 mL) at 50 oC for 24 h. The yield and diastereomeric 

ratio (dr) were determined via 1H NMR analysis of the crude reaction mixtures using 

4-methylanisole as the internal standard. The enantiomeric ratio (er) was determined by chiral 

HPLC analysis. Compound 3a was converted into its methyl ester derivative quantitatively with 

MeOH at 60 oC to determine its er value. [b] N.D. = no detection. 2,5-DTBQ = 

2,5-ditertbutylquinone. 
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Table S2: Screening of chiral N,N′-dioxide ligands 

 

Entry Ligand Yield  dr (anti:syn) er 

1 L3-PiMe2 trace N.D. N.D. 

2 L3-PiAd 44 2:1 54:46/51:49 

3 L3-RaAd 47 3:1 82:18/62:38 

4 L3-PrAd 55 5:1 78:22/62:38 

5 L3-PriPr2 38 3:1 57:43/60:40 

6 L3-PrMe2 35 2:1 56:44/53:47 

7 L3-PrcH 48 3:1 60:40/57:43 

8 L3-PrCHPh2 30 3:1 56:44/57:43 

9 L3-PrEt2 35 2:1 56:44/57:43 

10 L3-PrAdMe2 36 3:1 62:38/55:45 

11 L3-PrCH2Ad 35 2:1 60:40/56:44 

12 L3-PrcP 35 2.5:1 66:34/76:24 

13 L2-PrAd 30 1.5:1 57:43/59:41 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3 (4 mol%), PPh3 

(8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), Mg(OTf)2 (10 mol%), Ligand (10 mol%), and 

Na2CO3 (0.12 mmol, 1.2 equiv.) in MeCN (2.0 mL) at 50 oC for 24 h. The yield and diastereomeric 

ratio (dr) were determined via 1H NMR analysis of the crude reaction mixtures using 

4-methylanisole as the internal standard. The enantiomeric ratio (er) was determined by chiral 

HPLC analysis. Compound 3a was converted into its methyl ester derivative quantitatively with 

MeOH at 60 oC to determine its er value. 
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Table S3: Screening of Lewis acids again with the use of L3-PrAd 

 

Entry Lewis Acid Yield  dr (anti:syn) er 

1 Sc(OTf)3 trace N.D. N.D. 

2 Ni(OTf)2 trace N.D. N.D. 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3 (4 mol%), PPh3 

(8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), lewis acid (10 mol%), L3-PrAd (10 mol%), Na2CO3 

(1.2 equiv.) in MeCN (2.0 mL) at 50 oC for 24 h. The yield and diastereomeric ratio (dr) were 

determined via 1H NMR analysis of the crude reaction mixtures using 4-methylanisole as the 

internal standard. The enantiomeric ratio (er) was determined by chiral HPLC analysis. Compound 

3a was converted into its methyl ester derivative quantitatively with MeOH at 60 oC to determine its 

er value. 
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Table S4: Screening of solvent 

 

Entry Solvent Yield  dr (anti:syn) er 

1 Dichloromethane trace N.D. N.D. 

2 Toluene No product N.D. N.D. 

3 Tetrahydrofuran No product N.D. N.D. 

4 2-Methyltetrahydrofuran 15 2.5:1 N.D. 

5 1,4-Dioxane 61 1:1 54:46/50:50 

6 Ethyl acetate 67 1.5:1 53:47/52:48 

7 Acetonitrile 55 5:1 78:22/62:38 

8 Isobutyronitrile No product N.D. N.D. 

9 Benzonitrile No product N.D. N.D. 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3 (4 mol%), PPh3 

(8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), Mg(OTf)2 (10 mol%), L3-PrAd (10 mol%), Na2CO3 

(1.2 equiv.) in solvent (2.0 mL) at 50 oC for 24 h. The yield and diastereomeric ratio (dr) were 

determined via 1H NMR analysis of the crude reaction mixtures using 4-methylanisole as the 

internal standard. The enantiomeric ratio (er) was determined by chiral HPLC analysis. Compound 

3a was converted into its methyl ester derivative quantitatively with MeOH at 60 oC to determine its 

er value. 
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Table S5: Screening of palladium catalyst 

 

Entry [Pd] Yield  dr (anti:syn) er 

1 Pd(PPh3)4 trace N.D. N.D. 

2 Pd(MeCN)2Cl2 trace N.D. N.D. 

3 Pd(MeCN)4(BF4)2 trace N.D. N.D. 

4 Pd(TFA)2 48 3.5:1 76:24/54:46 

5 Pd2(dba)3 55 5:1 78:22/62:38 

6 Pd2(dba)3·CHCl3 69 4.5:1 77:23/61:39 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv), 2 (0.1 mmol, 1.0 equiv), [Pd] (4 or 8 mol% for 

dimer or monomer), PPh3 (8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), Mg(OTf)2 (10 mol%), 

L3-PrAd (10 mol%), and Na2CO3 (0.12 mmol, 1.2 equiv.) in MeCN (2.0 mL) at 50 oC for 24 h. 

The yield and diastereomeric ratio (dr) were determined via 1H NMR analysis of the crude 

reaction mixtures using 4-methylanisole as the internal standard. The enantiomeric ratio (er) was 

determined by chiral HPLC analysis. Compound 3a was converted into its methyl ester derivative 

quantitatively with MeOH at 60 oC to determine its er value. 
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Table S6: Screening of base 

 

Entry Base Yield  dr (anti:syn) er 

1 DABCO trace N.D.e N.D. 

2 Et3N 29 1:1 65:35/55:45 

3 iPr2NEt 48 3.5:1 76:24/54:46 

4 KOtBu trace N.D. N.D. 

5 LiOAc No product N.D. N.D. 

6 KOAc 37 1:1 0/0 

7 K2CO3 59 1:1 53:47/52:48 

8 Na2CO3 55 5:1 78:22/62:38 

9 Na2HPO4 47 3:1 77:24/61:39 

10 K2HPO4 52 4.5:1. 78:22/63:37 

11 No base 41 3:1 80:20/62:38 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3 (4 mol%), 

PPh3 (8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), Mg(OTf)2 (10 mol%), L3-PrAd (10 mol%), 

and base (0.12 mmol, 1.2 equiv.) in MeCN (2.0 mL) at 50 oC for 24 h. The yield and 

diastereomeric ratio (dr) were determined via 1H NMR analysis of the crude reaction mixtures 

using 4-methylanisole as the internal standard. The enantiomeric ratio (er) was determined by 

chiral HPLC analysis. Compound 3a was converted into its methyl ester derivative quantitatively 

with MeOH at 60 oC to determine its er value. 
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Table S7: Screening of temperature 

 

 

Entry T oC Yield  dr (anti:syn) er 

1 50 55 5:1 78:22/62:38 

2 45 50 4:1 80:20/65:35 

3 40 58 6:1 82:18/67:33 

4 35 19 7:1 N.D. 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3 (4 mol%), 

PPh3 (8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), Mg(OTf)2 (10 mol%), L3-PrAd (10 mol%), 

and Na2CO3 (0.12 mmol, 1.2 equiv.) in MeCN (2.0 mL) at T oC for 24 h. The yield and 

diastereomeric ratio (dr) were determined via 1H NMR analysis of the crude reaction mixtures 

using 4-methylanisole as the internal standard. The enantiomeric ratio (er) was determined by 

chiral HPLC analysis. Compound 3a was converted into its methyl ester derivative quantitatively 

with MeOH at 60 oC to determine its er value. 
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Table S8: Optimization for reaction of dimethylglycine pyrazoleamide 1a with 

allylbenzene 2. 

 

Entry [Pd] Additive Yield dr (anti:syn) er 

1 Pd2dba3 - 47 3:1 82:18/62:38 

2 a Pd2dba3 - 60 4.5:1 83:17/60:40 

3 a Pd2(dba)3·CHCl3 - 65 4.5:1 84:16/60:40 

4 a,b Pd2(dba)3·CHCl3 - 62 5:1 87:13/63:37 

5 a,b,c Pd2(dba)3·CHCl3 - 56 5:1 93:7/60:40 

6 a,b,c Pd2(dba)3·CHCl3 40 mg 4Å MS trace N.D.e N.D. 

7 a,b,c Pd2(dba)3·CHCl3 TBAB trace N.D. N.D. 

8 a,b,c Pd2(dba)3·CHCl3 15% mmol NaBArF
4 67 8:1 95:5/- 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), [Pd] (4 or 8 mol% for 

dimer or monomer), PPh3 (8 mol%), 2,5-DTBQ (0.11 mmol, 1.1 equiv.), Mg(OTf)2 (10 mol%), 

L3-PrAd (10 mol%), and Na2CO3 (0.12 mmol, 1.2 equiv.) in MeCN (2.0 mL) at T oC for 24 h. 

The yield and diastereomeric ratio (dr) were determined via 1H NMR analysis of the crude 

reaction mixtures using 4-methylanisole as the internal standard. The enantiomeric ratio (er) was 

determined by chiral HPLC analysis. Compound 3a was converted into its methyl ester derivative 

quantitatively with MeOH at 60 oC to determine its er value. [a] 2,5-DTBQ (1.5 equiv.). [b] At 20 

oC for 72 h. [c] No base. 
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Table S9: Screening of achiral phosphorus ligands 

 

Entry [P] Yield  

1 P1 N.D. 

2 P2 trace 

3 P3 trace 

4 P4 trace 

5 P5 <10% 

6 P6 N.D. 

Reaction conditions: 1a (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)3·CHCl3 (4 

mol%), [P] (4 or 8 mol% for dimer or monomer), 2,5-DTBQ (0.15 mmol, 1.5 equiv.), Mg(OTf)2 

(10 mol%), L3-PrAd (10 mol%) in MeCN (2.0 mL) at 20 oC for 72 h. The yield was determined 

via 1H NMR analysis of the crude reaction mixtures using 4-methylanisole as the internal 

standard.  
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5. Scope Limitation 
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6. General procedure for synthesis of [2,3]-rearrangement products 

 

Under an Ar atmosphere, a tube was added Mg(OTf)2 (0.02 mmol, 10mol%), N,N'-dioxide 

ligand L3-RaAd (0.02 mmol, 10 mol%), amino amide 2 (0.2 mmol, 1.0 equiv.) and MeCN (1.5 mL). 

Another tube was added Pd2(dba)3·CHCl3 (4 mol%), PPh3 (8 mol%) and MeCN (0.5 mL). After 

being stirred at 35 oC for 1 h, two tubes were mixed. Then, 2,5-DTBQ (1.5 equiv.), terminal alkene 

1 (0.4 mmol, 2.0 equiv.) and MeCN (2.0 mL) were added sequentially. The reaction mixture was 

stirred at 20 oC for 48-72 h. After the reaction was completed, the suspension was filtered through a 

celite pad. The filtrate was concentrated under vacuum, and the residue was purified by silica gel 

chromatography to give the desired product 3.  

The product 3 was dissolved in 1.0 mL of methanol. The reaction was stirred at 60 °C 

overnight. The reaction mixture was subjected to column chromatography on silica gel to afford the 

corresponding methyl ester derivative. The er value was determined by HPLC using a Daicel chiral 

column. The analytical data of the products were summarized below. 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-phenylpent-4-en-1-one (3a): 

Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 3a was 

obtained as a colorless liquid (38.1 mg, 64% yield, anti:syn = 8:1). 

TLC: Rf = 0.7 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +49.7 (c = 0.40, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.25-7.20 (m, 2H), 7.18-7.11 (m, 2H), 7.09-7.03 (m, 1H), 6.25 – 6.14 

(m, 1H), 5.77 (s, 1H), 5.36 (d, J = 11.7 Hz, 1H), 5.18 – 5.09 (m, 2H), 3.91 (m, 1H), 2.44 (s, 6H), 2.31 

(s, 3H), 2.17 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ 171.0, 151.3, 143.3, 140.4, 139.7, 128.5, 128.3, 126.6, 115.9, 111.2, 

66.4, 49.9, 41.3, 14.4, 13.8. 

HRMS m/z [M+H]+ calcd for C18H24N3O+ = 298.1919, found 298.1920. 

 

 

Methyl (2R,3S)-2-(dimethylamino)-3-phenylpent-4-enoate (3a-methyl ester): Following the 

general procedure, product 3a-methyl ester was obtained as a colorless liquid, 22.4 mg, 48% yield 

in two steps,  

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +26.1 (c = 0.12, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.30 – 7.25 (m, 2H), 7.23 – 7.16 (m, 3H), 6.12 (m, 1H), 5.19 – 5.04 

(m, 2H), 3.82 – 3.68 (m, 1H), 3.58 (d, J=11.7 Hz, 1H), 3.42 (s, 3H), 2.40 (s, 6H).  

13C NMR (101 MHz, CDCl3) δ = 170.3, 140.8, 138.9, 128.6, 128.3, 126.9, 116.2, 71.8, 50.6, 49.8, 

41.4. 

HPLC: 95:5 er, chiral stationary column: OJ-H, mobile phase: hexane/iPrOH = 99/1, flow rate 0.8 

mL/min, λ = 254 nm, 30 oC, major isomer: tr (major) = 6.3 min, tr (minor) = 7.4 min.  

HRMS m/z [M+H]+ calcd for C14H20NO2
+ = 234.1494, found 234.1493. 
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Racemic 3a-methyl ester 

 

 

Enantioenriched 3a-methyl ester 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(p-tolyl)pent-4-en-1-one (3b)  

Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 3b was 

obtained as a colorless liquid (25.0 mg, 40% yield, anti:syn = 7:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +66.7 (c = 0.14, in CH2Cl2). 
1H NMR (500 MHz, CDCl3) δ 7.12 (d, J = 8.1 Hz, 2H), 6.96 (d, J = 7.9 Hz, 2H), 6.21 – 6.12 (m, 

1H), 5.79 (s, 1H), 5.34 (d, J = 11.7 Hz, 1H), 5.11 (s, 1H), 5.09 (d, J = 4.2 Hz, 1H), 3.88 (dd, J = 

11.7, 8.6 Hz, 1H), 2.43 (s, 6H), 2.32 (s, 3H), 2.21 (s, 3H), 2.18 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.9, 151.3, 143.4, 140.0, 137.4, 136.1, 129.0, 128.3, 115.6, 

111.2, 66.3, 49.4, 41.3, 21.0, 14.4, 13.9. 

HPLC: 93:7 er, chiral stationary column: AD-H, mobile phase: hexane/iPrOH = 99/1, flow rate 0.5 

mL/min, λ = 254 nm, 30 oC, tr (major) = 8.6 min, tr (minor) = 8.2 min. 

HRMS m/z [M+H]+ calcd for C19H26N3O+ = 312.2076, found 312.2076. 
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Racemic 3b 

 

 

Enantioenriched 3b 
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(2R,3S)-3-(4-(tert-butyl)phenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-4-e

n-1-one (3c) Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3c was obtained as a colorless liquid (49.8 mg, 70% yield, anti:syn =9:1). 

TLC: Rf = 0.7 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +44.8 (c = 0.21, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.16-7.09 (m, 4H), 6.18 (m, 1H), 5.74 (s, 1H), 5.31 (d, J = 11.6 Hz, 

1H), 5.16-5.10 (m, 2H), 3.93-3.80 (m, 1H), 2.46 (s, 6H), 2.27 (s, 3H), 2.17 (s, 3H), 1.20 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 170.5, 150.1, 148.2, 142.2, 138.7, 136.0, 126.9, 124.0, 114.6, 

109.9, 65.5, 48.6, 40.3, 33.2, 30.2, 13.2, 12.7. 

HRMS m/z [M+H]+ calcd for C22H32N3O+ = 354.2545, found 354.2546. 

 

 

 

Methyl (2R,3S)-3-(4-(tert-butyl)phenyl)-2-(dimethylamino)pent-4-enoate (3c-methyl ester): 

Following the general procedure, product 3c-methyl ester was obtained as a colorless liquid, 35.9 

mg, 62% yield in two steps,  

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +63.8 (c = 0.28, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.30 – 7.26 (m, 3H), 7.14 – 7.08 (m, 2H), 6.18 – 6.02 (m, 1H), 

5.19 – 5.05 (m, 2H), 3.73 (dd, J = 12.0, 8.5 Hz, 1H), 3.56 (d, J = 11.6 Hz, 1H), 3.41 (s, 3H), 2.39 

(s, 6H), 1.28 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 170.4, 149.7, 139.1, 137.6, 127.7, 125.5, 115.9, 71.8, 50.6, 49.4, 

41.4, 34.4, 31.4. 

HPLC: 94:6 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 99/1, flow rate 1.0 

mL/min, λ = 254 nm, 30 oC, tr (major) = 3.9 min, tr (minor) = 4.2 min. 

HRMS m/z [M+H]+ calcd for C18H28NO2
+ = 290.2115, found 290.2116. 
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Racemic 3c-methyl ester 

 

 

Enantioenriched 3c-methyl ester 
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(2S,3R)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(m-tolyl)pent-4-en-1-one 

(3d): Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 3d 

was obtained as a colorless liquid (44.0 mg, 71% yield, anti:syn >19:1). 

TLC: Rf = 0.7 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +54.9 (c = 0.46, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.09 – 6.98 (m, 3H), 6.87 (d, J = 6.0 Hz, 1H), 6.26 – 6.09 (m, 1H), 

5.77 (s, 1H), 5.36 (d, J = 11.7 Hz, 1H), 5.17 – 5.10 (m, 2H), 3.87 (dd, J = 11.7, 8.7 Hz, 1H), 2.45 

(s, 6H), 2.30 (s, 3H), 2.21 (s, 3H), 2.18 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 171.3, 151.3, 143.3, 140.1, 139.8, 137.8, 129.3, 128.1, 127.4, 

125.5, 115.8, 111.1, 66.3, 50.0, 41.3, 21.3, 14.4, 13.8. 

HRMS m/z [M+H]+ calcd for C19H26N3O+ = 312.2076, found 312.2072. 

 

 

 

Methyl (2R,3S)-2-(dimethylamino)-3-(m-tolyl)pent-4-enoate (3d-methyl ester): Following the 

general procedure, product 3d-methyl ester was obtained as a colorless liquid, 31.5 mg, 64% yield 

in two steps,  

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +41.6 (c = 0.30, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.19-7.12 (m, 1H), 7.04-6.96 (m, 3H), 6.18-6.03 (m, 1H), 5.17 – 

5.06 (m, 2H), 3.75 – 3.68 (m, 1H), 3.57 (d, J = 11.7 Hz, 1H), 3.43 (s, 3H), 2.39 (s, 6H), 2.31 (s, 

3H). 
13C NMR (101 MHz, CDCl3) δ = 170.3, 140.8, 139.1, 138.2, 129.0, 128.5, 127.7, 125.2, 116.0, 71.7, 

50.6, 49.8, 41.4, 21.5. 

HPLC: 93.5:6.5 er, chiral stationary column: OJ-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow 

rate 1.0 mL/min, λ = 254 nm, 30 oC, major isomer: tr (major) = 5.2 min, tr (minor) = 5.9 min. 

HRMS m/z [M+H]+ calcd for C15H22NO2
+ = 248.1651, found 248.1646. 
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Racemic 3d-methyl ester 

 

 

Enantioenriched 3d-methyl ester 
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(2R,3S)-3-([1,1'-biphenyl]-4-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-4-e

n-1-one (3e): Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3e was obtained as a colorless liquid (53.0 mg, 71% yield, anti:syn = 6:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +78.5 (c = 0.40, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.52 – 7.46 (m, 2H), 7.41 – 7.35 (m, 4H), 7.33 – 7.27 (m, 3H), 6.29 

– 6.15 (m, 1H), 5.77 (s, 1H), 5.39 (d, J = 11.7 Hz, 1H), 5.22 – 5.12 (m, 2H), 3.99 – 3.94 (m, 1H), 

2.46 (s, 6H), 2.32 (s, 3H), 2.17 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ = 171.0, 151.4, 143.4, 140.9, 139.7, 139.6, 139.4, 128.9, 128.7, 

127.1, 127.0, 127.0, 116.0, 111.3, 66.4, 49.6, 41.4, 14.4, 13.9. 

HPLC: 95:5 er, chiral stationary column: AD-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 6.1 min, tr (minor) = 5.2 min. 

HRMS m/z [M+H]+ calcd for C24H28N3O+ = 374.2227, found 374.2229. 
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Racemic 3e 

 

 

Enantioenriched 3e 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(3-methoxyphenyl)pent-4-en-

1-one (3f): Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 

3f was obtained as a colorless liquid (42.0 mg, 64% yield, anti:syn = 10:1). 

TLC: Rf = 0.8 (petroleum ether/ethyl acetate 10/1).  

[] 20 D = +75.7 (c = 0.74, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.10 (t, J = 7.9 Hz, 1H), 6.88 – 6.82 (m, 2H), 6.70 – 6.62 (m, 1.0 

Hz, 1H), 6.26 – 6.15 (m, 1H), 5.83 (d, J = 1.1 Hz, 1H), 5.42 (d, J = 11.8 Hz, 1H), 5.19 (dd, J = 2.0, 

1.0 Hz, 1H), 5.18 – 5.14 (m, 1H), 3.93 (dd, J = 11.8, 8.5 Hz, 1H), 3.73 (s, 3H), 2.48 (s, 6H), 2.36 

(d, J = 1.1 Hz, 3H), 2.21 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 171.6, 170.8, 159.7, 159.5, 151.6, 151.3, 143.6, 143.4, 143.0, 

141.9, 139.6, 138.6, 129.5, 129.3, 121.1, 120.7, 116.6, 115.9, 114.6, 113.1, 113.0, 111.6, 111.4, 

111.2, 66.1, 65.8, 55.2, 55.1, 50.2, 49.9, 41.3, 14.7, 14.4, 14.0, 13.8. 

HPLC: 95:5 er, chiral stationary column: AD, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 1.0 

mL/min, λ = 254 nm, 30 oC, tr (major) = 6.4 min, tr (minor) = 7.5 min. 

HRMS m/z [M+H]+ calcd for C19H26N3O2
+ = 328.2020, found 328.2019. 
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Racemic 3f 

 

 

Enantioenriched 3f 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(3-isopropoxyphenyl)pent-4-e

n-1-one (3g): Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3g was obtained as a colorless liquid (42.0 mg, 59% yield, anti:syn = 15:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 20 D = +99.9 (c = 0.24, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.08 (t, J = 7.8 Hz, 1H), 6.82 (d, J = 7.8 Hz, 2H), 6.64 (dd, J = 8.3, 

1.6 Hz, 1H), 6.27 – 6.14 (m, 1H), 5.82 (s, 1H), 5.39 (d, J = 11.7 Hz, 1H), 5.20 – 5.13 (m, 2H), 

4.51 – 4.40 (m, 1H), 3.91 (dd, J = 11.7, 8.6 Hz, 1H), 2.47 (s, 6H), 2.36 (s, 3H), 2.20 (s, 3H), 1.29 

(d, J = 6.0 Hz, 3H), 1.24 (d, J = 6.0 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 170.9, 157.8, 151.3, 143.4, 141.8, 139.6, 129.3, 121.1, 115.9, 

115.3, 115.1, 111.2, 69.7, 66.2, 49.9, 41.3, 22.1, 22.0, 14.4, 13.8. 

HPLC: 93:7 er, chiral stationary column: OD, mobile phase: hexane/iPrOH = 99.7/0.3, flow rate 0.5 

mL/min, λ = 254 nm, 30 oC, tr (major) = 16.3 min, tr (minor) = 19.1 min. 

HRMS m/z [M+H]+ calcd for C21H30N3O2
+ = 356.2333, found 356.2332. 
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Racemic 3g 

 

 

Enantioenriched 3g 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(4-phenoxyphenyl)pent-4-en-

1-one (3h):Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 

3h was obtained as a colorless liquid (55.0 mg, 71% yield, anti:syn = 6:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +103.5 (c = 0.42, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.30 – 7.24 (m, 3H), 7.21 – 7.17 (m, 2H), 7.08 – 7.02 (m, 1H), 6.86 

– 6.78 (m, 4H), 6.25 –6.17 (m, 1H), 5.82 (s, 1H), 5.32 (d, J = 11.7 Hz, 1H), 5.20 – 5.12 (m, 2H), 3.92 

– 3.87 (m, 1H), 2.46 (s, 6H), 2.34 (d, J =0.8 Hz, 3H), 2.16 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ = 171.5, 155.5, 151.4, 143.3, 139.5, 135.4, 129.9, 129.6, 122.9, 

119.1, 118.4, 116.1, 111.2, 66.7, 49.4, 41.3, 14.5, 13.8.  

HPLC: 93:7 er, chiral stationary column: AD-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 7.2 min, tr (minor) = 5.7 min. 

HRMS m/z [M+H]+ calcd for C24H28N3O2
+ = 390.2176, found 390.2175. 
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Racemic 3h 

 

 

Enantioenriched 3h 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(4-(trifluoromethyl)phenyl)pe

nt-4-en-1-one (3i) Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3i was obtained as a colorless liquid (38.0 mg, 52% yield, anti:syn = 2:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +57.5 (c = 0.69, in CH2Cl2). 
1H NMR (500 MHz, CDCl3) δ 7.42 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 6.24-6.13 (m, 

1H), 5.81 (s, 1H), 5.36 (d, J = 11.7 Hz, 1H), 5.17 (d, J = 10.2 Hz, 1H), 5.10 (d, J = 17.1 Hz, 1H), 

3.98 (dd, J = 11.7, 8.3 Hz, 1H), 2.44 (s, 6H), 2.33 (s, 3H), 2.17 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 170.7, 151.7, 144.8, 143.5, 139.0, 129.0, 125.4, 125.3 (q, JC-F = 

3.9 Hz, JC-F = 8.0 Hz), 123.2, 116.7, 111.5, 66.3, 49.6, 41.4, 14.4, 13.8. 

19F NMR (376 MHz, CDCl3) δ -62.51. 

HPLC: major isomer, 90:10 er, chiral stationary column: IA, mobile phase: hexane/iPrOH = 99/1, 

flow rate 0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 9.2 min, tr (minor) = 7.6 min. 

minor isomer, 65:35 er, chiral stationary column: IA, mobile phase: hexane/iPrOH = 99.5/0.5, flow 

rate 0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 10.1 min, tr (minor) = 8.6 min. 

HRMS m/z [M+H]+ calcd for C19H23F3N3O+ = 366.1793, found 366.1790. 
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Racemic-major 3i 

 

 

Enantioenriched-major 3i 
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Racemic-minor 3i 

 
 

Enantioenriched-minor 3i 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(4-fluorophenyl)pent-4-en-1-

one (3j): Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 

3j was obtained as a colorless liquid (29.0 mg, 46% yield, anti:syn = 5:1). 

TLC: Rf = 0.7 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +46.4 (c = 0.54, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.23 – 7.16 (m, 2H), 6.90 – 6.79 (m, 2H), 6.22 – 6.13 (m, 1H), 5.80 

(s, 1H), 5.31 (d, J=11.8 Hz, 1H), 5.19 – 5.05 (m, 2H), 2.43 (s, 6H), 2.33 (s, 3H), 2.17 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ = 170.9, 161.6 (d, JC-F = 243.3 Hz) 151.5, 143.4, 139.5, 136.1 (d, 

JC-F = 3.2 Hz), 130.1 (d, JC-F = 7.9 Hz), 116.1, 115.1 (d, JC-F = 21.0 Hz), 111.4, 66.5, 49.0, 41.3, 14.4, 

13.8.  

19F NMR (376 MHz, CDCl3) δ = -72.98.  

HPLC: 92.5:7.5 er, chiral stationary column: IA, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 9.1 min, tr (minor) = 8.4 min. 

HRMS m/z [M+H]+ calcd for C18H23FN3O+ = 316.1825, found 316.1822. 
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Racemic 3j 

 

 

Enantioenriched 3j 
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(2R,3S)-3-(4-chlorophenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-4-en-1-

one (3k): Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 

3k was obtained as a colorless liquid (31.9 mg, 48% yield, anti:syn = 5:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +88.3 (c = 0.24, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.21 – 7.10 (m, 4H), 6.23 – 6.09 (m, 1H), 5.82 (s, 1H), 5.31 (d, J = 

11.8 Hz, 1H), 5.19 – 5.04 (m, 2H), 3.94 – 3.84 (m, 1H), 2.42 (s, 6H), 2.35 (s, 3H), 2.18 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ = 170.6, 151.6, 143.4, 139.3, 139.1, 132.4, 129.9, 128.5, 116.3, 

111.4, 66.3, 49.1, 41.3, 14.5, 13.9. 

HPLC: 90:10 er, chiral stationary column: IA, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 4.8 min, tr (minor) = 4.3 min. 

HRMS m/z [M+H]+ calcd for C18H23ClN3O + = 332.1530, found 332.1530. 

 



S39 

 

Racemic 3k 

 

 

Enantioenriched 3k 
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(2R,3S)-3-(3-chlorophenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-4-en-1-

one (3l) Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 3l 

was obtained as a colorless liquid (34.0 mg, 51% yield, anti:syn = 17:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +42.6 (c = 0.26, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.28 – 7.26 (m, 1H), 7.12 – 7.01 (m, 3H), 6.21 – 6.22 (m, 1H), 

5.80 (s, 1H), 5.33 (d, J = 11.7 Hz, 1H), 5.19 – 5.08 (m, 2H), 3.87 (dd, J = 11.7, 8.4 Hz, 1H), 2.44 

(s, 6H), 2.33 (s, 3H), 2.18 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 171.1, 151.7, 143.4, 142.5, 139.1, 134.1, 129.5, 128.9, 126.9, 

126.9, 116.6, 111.4, 66.3, 49.7, 41.3, 14.4, 13.8. 

HRMS m/z [M+H]+ calcd for C18H23ClN3O+ = 332.1530, found 332.1527. 

 

 

methyl (2R,3S)-3-(3-chlorophenyl)-2-(dimethylamino)pent-4-enoate (3l-methyl ester) 

Following the general procedure, product 3l-methyl ester was obtained as a colorless liquid, 24.1 

mg, 48% yield in two steps,  

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +63.3 (c = 0.34, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.23 – 7.14 (m, 3H), 7.08 (d, J = 7.0 Hz, 1H), 6.17 – 5.99 (m, 1H), 

5.15 (d, J = 10.2 Hz, 1H), 5.09 (d, J = 17.1 Hz, 1H), 3.73 (dd, J = 11.6, 8.5 Hz, 1H), 3.53 (d, J = 

11.7 Hz, 1H), 3.46 (s, 3H), 2.38 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 169.9, 142.9, 138.2, 134.3, 129.8, 128.5, 127.1, 126.5, 116.7, 71.5, 

50.8, 49.4, 41.3. 

HPLC: 92:8 er, chiral stationary column: AD-H, mobile phase: hexane/iPrOH = 99.8/0.2, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 13.1 min, tr (minor) = 12.4 min. 

HRMS m/z [M+H]+ calcd for C14H19ClNO2
+ = 268.1104, found 268.1100. 
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Racemic 3l-methyl ester 

 

 

Enantioenriched 3l-methyl ester 
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(2R,3S)-3-(4-(benzyloxy)-3-fluorophenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamin

o)pent-4-en-1-one (3m): Following the general procedure, the reaction was conducted at 0.2 mmol 

scale, product 3m was obtained as a colorless liquid (36.2 mg, 43% yield, anti:syn = 9:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +72.6 (c = 0.62, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.40 – 7.29 (m, 5H), 7.03 – 7.00 (m, 1H), 6.89 – 6.87 (m, 1H), 6.80 

–6.76 (m, 1H), 6.18 – 6.09 (m, 1H), 5.79 (s, 1H), 5.28 (d, J = 11.7 Hz, 1H), 5.16 – 5.08 (m, 2H), 5.02 

(s, 2H), 3.86 – 3.81 (m, 1H), 2.42 (s, 6H), 2.33 (d, J = 0.8 Hz, 3H), 2.17 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ = 171.0, 152.6 (d, JC-F = 244.6 Hz), 151.6, 145.3 (d, JC-F = 10.8 Hz), 

143.4, 139.3, 136.7, 135.1 (d, JC-F = 5.9 Hz), 128.6, 128.1, 127.4, 124.2 (d, JC-F = 3.5 Hz), 116.4 (d, 

JC-F = 18.9 Hz), 116.1, 115.4 (d, JC-F = 2.1 Hz), 111.4, 71.4, 66.4, 48.9, 41.3, 14.4, 13.8.  

19F NMR (376 MHz, CDCl3) δ = –133.76. 

HPLC: 94.5:5.5 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow 

rate 1.0 mL/min, λ = 254 nm, 30 oC, major isomer: tr (major) = 10.5 min, tr (minor) = 11.7 min. 

HRMS m/z [M+H]+ calcd for C25H29FN3O2
+ = 422.2238, found 422.2237. 



S43 

 

Racemic 3m 

 

  

Enantioenriched 3m 

 

 

 



S44 

 

 

(2R,3S)-3-(3,4-dichlorophenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-4-e

n-1-one (3n) Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3n was obtained as a colorless liquid (47.4 mg, 65% yield, anti:syn = 8:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +54.8 (c = 0.70, in CH2Cl2). 
1H NMR (500 MHz, CDCl3) δ 7.38 (d, J = 2.1 Hz, 1H), 7.22 (d, J = 8.3 Hz, 1H), 7.06 (dd, J = 8.3, 

2.1 Hz, 1H), 6.19-6.08 (m, 1H), 5.83 (s, 1H), 5.30 (d, J = 11.7 Hz, 1H), 5.17 (dt, J = 10.1, 1.1 Hz, 

1H), 5.10 (dt, J = 17.1, 1.3 Hz, 1H), 3.86 (dd, J = 11.7, 8.2 Hz, 1H), 2.42 (s, 6H), 2.36 (s, 3H), 

2.18 (s, 3H). 

13C NMR (125 MHz, CDCl3) δ 170.8, 151.9, 143.5, 140.9, 138.7, 132.3, 130.8, 130.7, 130.2, 

128.1, 116.8, 111.6, 66.3, 49.0, 41.3, 14.4, 13.8. 

HPLC: 89:11 er chiral stationary column: AD-H, mobile phase: hexane/iPrOH = 100/0, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 4.1 min, tr (minor) = 3.9 min. 

HRMS m/z [M+H]+ calcd for C18H22Cl2N3O+ = 366.1140, found 366.1142. 

 



S45 

 

Racemic 3n 

 

 

Enantioenriched 3n 

 



S46 

 

 

Methyl 4-((3S,4R)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-4-(dimethyllamino)-5-oxopent-1-en-3-yl) 

benzoate (3o): Following the general procedure, the reaction was conducted at 0.1 mmol scale, 

product 3o was obtained as a colorless liquid (30.1 mg, 85% yield, anti:syn =4:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +49.7 (c = 0.48, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.89 – 7.80 (m, 2H), 7.35 – 7.29 (m, 2H), 6.23 – 6.14 (m, 1H), 5.79 

(s, 1H), 5.38 (d, J = 11.7 Hz, 1H), 5.20 – 5.05 (m, 2H), 4.01 – 3.96 (m, 1H), 3.85 (s, 3H), 2.43 (s, 6H), 

2.31 (s, 3H), 2.17 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ = 170.5, 167.1, 151.6, 146.0, 143.4, 139.0, 137.9, 129.9, 129.7, 

128.6, 128.5, 128.4, 117.3, 116.6, 111.7, 111.5, 66.1, 65.7, 52.1, 50.2, 49.7, 41.3, 41.2, 14.7, 14.4, 

14.0, 13.8.  

HPLC: 92.5:7.5 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow 

rate 1.0 mL/min, λ = 254 nm, 30 oC, major isomer: tr (major) = 7.3 min, tr (minor) = 15.3 min. 

HRMS m/z [M+H]+ calcd for C20H26N3O3
+ = 356.1969, found 356.1967. 



S47 

 

Racemic 3o 

 

 

Enantioenriched 3o 
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Benzyl 

4-((3S,4R)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-4-(dimethylamino)-5-oxopent-1-en-3-yl)benzoat

e (3p) Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 3p 

was obtained as a colorless liquid (39.0 mg, 45% yield, anti:syn = 3:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +64.4 (c = 0.54, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.4 Hz, 2H), 7.42 – 7.30 (m, 7H), 6.24 – 6.12 (m, 1H), 

5.80 (s, 1H), 5.38 (d, J = 11.8 Hz, 1H), 5.30 (s, 2H), 5.19 – 5.07 (m, 2H), 3.99 (dd, J = 11.7, 8.4 

Hz, 1H), 2.42 (s, 6H), 2.32 (s, 3H), 2.24 (s, 1H), 2.17 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 171.1, 170.4, 166.4, 166.3, 151.7, 151.6, 147.1, 146.1, 143.7, 

143.4, 140.0, 137.9, 136.3, 136.1, 130.0, 129.8, 128.61, 128.57, 128.5, 128.43, 128.36, 128.21, 

128.17, 128.15, 128.12, 117.2, 116.5, 111.6, 111.4, 66.6, 66.5, 66.1, 65.7, 50.1, 49.6, 41.3, 41.2, 

14.6, 14.4, 13.9, 13.8. 

HPLC: 90:10 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 99/1, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, major isomer: tr (major) = 16.4 min, tr (minor) = 27.8 min. 

HRMS m/z [M+H]+ calcd for C26H30N3O3
+ = 432.2282, found 432.2283. 

 



S49 

 

Racemic 3p 

 

 

Enantioenriched 3p 
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(2R,3S)-3-(benzo[d][1,3]dioxol-5-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pen

t-4-en-1-one (3q): Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3q was obtained as a white solid (55.0 mg, 81% yield, anti:syn =10:1), M.p. 30 – 31 ℃. 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +65.0 (c = 0.90, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 6.77 – 6.74 (m, 1H), 6.70 – 6.68 (m, 1H), 6.61 – 6.59 (m, 1H), 6.19 

– 6.10 (m, 1H), 5.85 – 5.80 (m, 3H), 5.28 (d, J =11.7 Hz, 1H), 5.16 – 5.07 (m, 2H), 3.85 – 3.80 (m, 

1H), 2.41 (s, 6H), 2.36 (s, 3H), 2.18 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ = 170.9, 151.4, 147.5, 146.1, 143.4, 139.8, 134.3, 121.6, 115.8, 

111.3, 109.0, 108.1, 100.8, 66.4, 49.4, 41.3, 14.5, 13.8.  

HPLC: 94:6 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 6.3 min, tr (minor) = 11.1 min. 

HRMS m/z [M+H]+ calcd for C19H24N3O3
+ = 342.1812, found 342.1811. 
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Racemic 3q 

 

 

Enantioenriched 3q 
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(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(naphthalen-2-yl)pent-4-en-1-

one (3r): Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 

3r was obtained as a colorless liquid (45.0 mg, 65% yield, anti:syn = 10:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +110.2 (c = 0.12, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.75 – 7.63 (m, 4H), 7.41 – 7.33 (m, 3H), 6.34 – 6.21 (m, 1H), 5.69 

(s, 1H), 5.51 (d, J = 11.7 Hz, 1H), 5.17 – 5.13 (m, 2H), 4.12 – 4.07 (m, 1H), 2.48 (s, 6H), 2.24 (s, 3H), 

2.16 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ = 170.9, 151.4, 143.4, 139.7, 138.0, 133.5, 132.4, 127.9, 127.8, 

127.5, 127.10, 127.08, 125.8, 125.4, 116.2, 111.3, 66.2, 49.9, 41.4, 14.4, 13.8. 

HPLC: 95:5 er, chiral stationary column: IA, mobile phase: hexane/iPrOH = 99.8/0.2, flow rate 0.5 

mL/min, λ = 254 nm, 30 oC, tr (major) = 13.7 min, tr (minor) = 12.7 min. 

HRMS m/z [M+H]+ calcd for C22H26N3O+ = 348.2076, found 348.2077. 
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Racemic 3r 

 

 

Enantioenriched 3r 

 

 



S54 

 

 

(2R,3S)-3-(benzofuran-6-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-4-en-1

-one (3s) Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 

3s was obtained as a colorless liquid (25.6 mg, 38% yield, anti:syn =10:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 
D = +63.5 (c = 0.26, in CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 2.2 Hz, 1H), 7.48 (d, J = 1.7 Hz, 1H), 7.28 (d, J = 8.5 

Hz, 1H), 7.18 (dd, J = 8.5, 1.8 Hz, 1H), 6.63 (dd, J = 2.1, 0.8 Hz, 1H), 6.31-6.19 (m, 1H), 5.72 (s, 

1H), 5.40 (d, J = 11.7 Hz, 1H), 5.18 – 5.10 (m, 2H), 4.01 (dd, J = 11.7, 8.6 Hz, 1H), 2.46 (s, 6H), 

2.27 (s, 3H), 2.15 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 171.8, 171.1, 154.0, 153.9, 151.6, 151.3, 145.1, 145.0, 143.7, 

143.3, 140.1, 139.2, 135.8, 135.0, 127.8, 127.4, 124.9, 124.5, 121.1, 120.6, 116.3, 115.8, 111.6, 

111.5, 111.2, 111.0, 106.7, 106.6, 66.7, 66.1, 50.1, 49.7, 41.33, 41.28, 14.7, 14.4, 14.0, 13.8. 

HPLC: 93.5:6.5 er, chiral stationary column: AD-H, mobile phase: hexane/iPrOH = 99/1, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, major isomer: tr (major) = 10.7 min, tr (minor) = 9.8 min. 

HRMS m/z [M+H]+ calcd for C20H24N3O2
+ = 338.1863, found 338.1863. 
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Racemic 3s 

 

 

Enantioenriched 3s 
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(2R,3S)-3-(dibenzo[b,d]thiophen-3-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pe

nt-4-en-1-one (3t) Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3t was obtained as a colorless liquid (24.4 mg, 30% yield, anti:syn =19:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +91.0 (c = 0.27, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 8.07 – 8.01 (m, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.81 – 7.75 (m, 2H), 

7.43 – 7.36 (m, 2H), 7.34 (dd, J = 8.2, 1.5 Hz, 1H), 6.36 – 6.22 (m, 1H), 5.70 (s, 1H), 5.47 (d, J = 

11.7 Hz, 1H), 5.20 (s, 1H), 5.16 (d, J = 7.4 Hz, 1H), 4.07 (dd, J = 11.7, 8.5 Hz, 1H), 2.48 (s, 6H), 

2.27 (s, 3H), 2.17 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 170.9, 151.6, 143.4, 139.6, 139.5, 139.3, 135.4, 134.2, 126.5, 

125.2, 124.3, 122.8, 122.7, 121.43, 121.37, 116.3, 111.4, 66.5, 50.0, 41.4, 14.4, 13.8. 

HPLC: 95:5 er, chiral stationary column: IA, mobile phase: hexane/iPrOH = 99/1, flow rate 0.5 

mL/min, λ = 254 nm, 30 oC, tr (major) = 11.8 min, tr (minor) = 10.3 min. 

HRMS m/z [M+H]+ calcd for C24H26N3OS+ = 404.1791, found 404.1793. 

 



S57 

 

Racemic 3t 

 

 

Enantioenriched 3t 
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(2R,3S)-3-(dibenzo[b,d]furan-3-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-

4-en-1-one (3u) Following the general procedure, the reaction was conducted at 0.2 mmol scale, 

product 3u was obtained as a colorless liquid (39.2 mg, 51% yield, anti:syn =19:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +38.8 (c = 0.32, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.90 – 7.83 (m, 2H), 7.49 (d, J = 8.2 Hz, 1H), 7.43-7.38 (m, 1H), 

7.38 – 7.33 (m, 2H), 7.33 – 7.28 (m, 1H), 6.36 – 6.23 (m, 1H), 5.68 (s, 1H), 5.50 (d, J = 11.8 Hz, 

1H), 5.20 – 5.13 (m, 2H), 4.08 (dd, J = 11.8, 8.3 Hz, 1H), 2.49 (s, 6H), 2.25 (s, 3H), 2.15 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 171.1, 156.4, 155.1, 151.5, 143.3, 140.0, 134.9, 127.9, 127.0, 

124.3, 124.2, 122.6, 120.6, 116.0, 111.6, 111.32, 111.27, 66.6, 49.7, 41.3, 14.4, 13.8. 

HPLC: 90:10 er, chiral stationary column: AD-H, mobile phase: hexane/iPrOH = 99/1, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 15.6 min, tr (minor) = 10.5 min. 

HRMS m/z [M+H]+ calcd for C24H26N3O2
+ = 388.2020, found 388.2020. 

 



S59 

 

Racemic 3u 

 

 

Enantioenriched 3u 

 

 



S60 

 

 

(2R,3R)-3-(benzo[b]thiophen-2-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)pent-

4-en-1-one (3v): Following the general procedure, the reaction was conducted at 0.1 mmol scale, 

product 3v was obtained as a colorless liquid (32.3 mg, 46% yield, anti:syn = 10:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +88.1 (c = 0.24, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.71 – 7.69 (m, 1H), 7.60 – 7.56 (m, 1H), 7.24 – 7.18 (m, 2H), 7.12 

(s, 1H), 6.22 – 6.13 (m, 1H), 5.83 (s, 1H), 5.39 (d, J = 11.6 Hz, 1H), 5.28 – 5.17 (m, 2H), 4.33 – 4.28 

(m, 1H), 2.41 (s, 9H), 2.20 (s, 3H).  

13C NMR δ = 169.9, 151.7, 145.0, 143.7, 139.9, 139.5, 138.6, 124.0, 123.7, 123.2, 122.2, 121.4, 

116.7, 111.6, 66.7, 45.1, 41.3, 14.6, 13.9. 

HPLC: 96:4 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 11.4 min, tr (minor) = 12.1 min. 

HRMS m/z [M+H]+ calcd for C20H24N3OS+ = 354.1640, found 354.1639. 

 



S61 

 

Racemic 3v 

 

 

Enantioenriched 3v 

 



S62 

 

 

(2R,3S,E)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-5-phenyl-3-vinylpent-4-en-1-

one (3w): Following the general procedure, the reaction was conducted at 0.2 mmol scale, product 

3w was obtained as a colorless liquid (26.0 mg, 41% yield, anti:syn >19:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +14.6 (c = 0.54, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 7.25 – 7.12 (m, 5H), 6.43 – 6.40 (m, 1H), 6.08 – 5.99 (m, 2H), 5.87 

(s, 1H), 5.27 – 5.14 (m, 2H), 5.05 (d, J = 11.2 Hz, 1H), 3.60 – 3.48 (m, 1H), 2.46 (s, 3H), 2.42 (s, 6H), 

2.23 (s, 3H).  

13C NMR (101 MHz, CDCl3) δ = 171.7, 151.7, 143.7, 138.2, 137.4, 131.8, 128.5, 128.4, 127.3, 

126.3, 116.3, 111.6, 66.0, 47.7, 41.3, 14.6, 13.9. 

HPLC: 96:4 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 10.0 min, tr (minor) = 11.7 min. 

HRMS m/z [M+H]+ calcd for C20H26N3O+ = 324.2076, found 324.2069. 
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Racemic 3w 

 

 

Enantioenriched 3w 

 

 

 



S64 

 

 

(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(dimethylamino)-3-(4-((1r,4R)-4-propylcyclohexy

l)phenyl)pent-4-en-1-one (3x) Following the general procedure, the reaction was conducted at 0.2 

mmol scale, product 3x was obtained as a colorless liquid (45.3 mg, 54% yield, anti:syn = 7:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +61.7 (c = 0.51, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.10 (d, J = 8.2 Hz, 2H), 6.96 (d, J = 8.2 Hz, 2H), 6.27 – 6.09 (m, 

1H), 5.74 (s, 1H), 5.32 (d, J = 11.6 Hz, 1H), 5.18 – 5.08 (m, 2H), 3.86 (dd, J = 11.7, 8.7 Hz, 1H), 

2.46 (s, 6H), 2.36 – 2.29 (m, 1H), 2.27 (s, 3H), 2.16 (s, 3H), 1.85 – 1.71 (m, 4H), 1.38 – 1.14 (m, 

7H), 1.05 – 0.92 (m, 2H), 0.88 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 171.4, 151.2, 146.1, 143.3, 139.8, 137.4, 128.2, 126.6, 115.8, 

111.0, 66.5, 49.8, 44.2, 41.3, 39.8, 37.1, 34.3, 34.2, 33.6, 20.1, 14.5, 14.3, 13.8. 

HRMS m/z [M+H]+ calcd for C27H40N3O+ = 422.3166, found 422.3167. 

 

 

 

 



S65 

 

 

(2R,3S)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-3-phenyl-2-(pyrrolidin-1-yl)pent-4-en-1-one (3aa): 

Following the general procedure, the reaction performed at 50 °C and was conducted at 0.2 mmol 

scale, product 3aa was obtained as a white solid (24.0 mg, 37% yield, anti:syn = 10:1), M.p. 62 – 

64 ℃. 

TLC: Rf = 0.8 (petroleum ether/ethyl acetate 10/1).  

[] 20 D = +75.0 (c = 0.16, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.22 (d, J = 7.8 Hz, 2H), 7.15 (t, J = 7.5 Hz, 2H), 7.07 (t, J = 7.2 

Hz, 1H), 6.33 – 6.16 (m, 1H), 5.77 (s, 1H), 5.62 – 5.52 (m, 1H), 5.15 – 5.02 (m, 2H), 4.00 – 3.90 

(m, 1H), 2.92 (s, 2H), 2.74 (s, 2H), 2.28 (s, 3H), 2.18 (s, 3H), 1.79 – 1.64 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 171.6, 151.4, 143.4, 140.7, 140.0, 128.5, 128.3, 126.6, 115.7, 

111.1, 63.3, 50.8, 48.3, 23.6, 14.4, 13.9. 

HPLC: 89:11 er, chiral stationary column: OD, mobile phase: hexane/iPrOH = 99.7/0.3, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 11.6 min, tr (minor) = 21.7 min. 

HRMS m/z [M+H]+ calcd for C20H26N3O+ = 324.2070, found 324.2071. 
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Racemic 3aa 

  

 

Enantioenriched 3aa 
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(2R,3S)-2-(benzyl(methyl)amino)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-3-phenylpent-4-en-1-one 

(3ab): Following the general procedure, the reaction performed at 50 °C and was conducted at 0.2 

mmol scale, product 3ab was obtained as a white solid (39.0 mg, 52% yield, anti:syn = 5:1), M.p. 75 

– 86 ℃. 

TLC: Rf = 0.8 (petroleum ether/ethyl acetate 10/1).  

[] 20 D = +42.5 (c = 0.32, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.34 (m, 2H), 7.33 – 7.28 (m, 2H), 7.27 – 7.23 (m, 3H), 

7.20 – 7.14 (m, 2H), 7.12 – 7.08 (m, 1H), 6.38 – 6.26 (m, 1H), 5.81 (s, 1H), 5.50 (d, J = 11.7 Hz, 

1H), 5.14 (dd, J = 29.6, 13.7 Hz, 2H), 4.04 (dd, J = 11.6, 8.2 Hz, 1H), 3.86 (d, J = 13.9 Hz, 1H), 

3.75 (d, J = 13.9 Hz, 1H), 2.35 (s, 3H), 2.32 (s, 3H), 2.17 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 172.0, 171.3, 151.7, 151.3, 143.7, 143.4, 141.2, 140.5, 140.1, 

140.0, 139.9, 138.7, 128.7, 128.6, 128.5, 128.3, 128.1, 127.9, 126.8, 126.6, 126.5, 116.6, 116.0, 

111.7, 111.2, 66.5, 66.0, 58.1, 57.9, 50.3, 49.8, 37.6, 37.5, 14.7, 14.4, 14.0, 13.8. 

HPLC: 75:25 er, chiral stationary column: OD, mobile phase: hexane/iPrOH = 99.7/0.3, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 17.1 min, tr (minor) = 22.2 min. 

HRMS m/z [M+H]+ calcd for C24H28N3O+ = 374.2227, found 374.2227. 
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Racemic 3ab 

 

 

Enantioenriched 3ab 
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4-((3S,4R)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-4-(dimethylamino)-5-oxopent-1-en-3-yl)phenyl 

4-(N,N-dipropylsulfamoyl)benzoate (3ca): Following the general procedure, the reaction was 

conducted at 0.2 mmol scale, product 3ca was obtained as a colorless liquid (52.0 mg, 45% yield, 

anti:syn = 8:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +28.2 (c = 0.95, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 8.32 – 8.25 (m, 2H), 7.97 – 7.90 (m, 2H), 7.37 – 7.31 (m, 2H), 7.10 

– 7.02 (m, 2H), 6.27 – 6.18 (m, 1H), 5.86 (s, 1H), 5.40 (d, J = 11.7 Hz, 1H), 5.23 – 5.13 (m, 2H), 

4.02 – 3.97 (m, 1H), 3.18 – 3.11 (m, 4H), 2.48 (s, 6H), 2.39 (s, 3H), 2.21 (s, 3H), 1.63 – 1.54 (m, 4H), 

0.91 (t, J = 7.4 Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ = 170.7, 163.7, 151.6, 149.3, 144.9, 143.5, 139.4, 138.5, 138.4, 

133.0, 130.9, 130.8, 129.7, 129.5, 127.2, 121.5, 121.2, 116.9, 116.3, 111.7, 111.5, 66.3, 50.0, 49.2, 

41.3, 22.0, 14.7, 14.5, 13.9, 11.2. 

HPLC: 93:7 er, chiral stationary column: IA, mobile phase: hexane/iPrOH = 95/5, flow rate 1.0 

mL/min, λ = 254 nm, 30 oC, tr (major) = 9.7 min, tr (minor) = 8.2 min. 

HRMS m/z [M+H]+ calcd for C31H41N4O5S+ = 581.2792, found 581.2797. 
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Racemic 3ca 

 

 

Enantioenriched 3ca 
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4-((3S,4R)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-4-(dimethylamino)-5-oxopent-1-en-3-yl)benzyl 

(R)-2-(6-methoxynaphthalen-2-yl)propanoate (3cb) Following the general procedure, the 

reaction was conducted at 0.2 mmol scale, product 3cb was obtained as a colorless liquid (61.7 mg, 

57% yield, anti:syn = 10:1). 

TLC: Rf = 0.6 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +40.5 (c = 0.60, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.89 (dd, J = 8.6, 4.7 Hz, 2H), 7.84 (s, 1H), 7.58 (dd, J = 8.5, 1.8 

Hz, 1H), 7.42 – 7.32 (m, 4H), 7.27 (d, J = 8.1 Hz, 2H), 6.45 – 6.33 (m, 1H), 5.97 (s, 1H), 5.56 (d, 

J = 11.7 Hz, 1H), 5.38 – 5.29 (m, 2H), 5.26 (d, J = 12.5 Hz, 1H), 5.16 (d, J = 12.5 Hz, 1H), 4.15 – 

4.05 (m, 5H), 2.66 (s, 6H), 2.52 (s, 3H), 2.37 (s, 3H), 1.78 (d, J = 7.2 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 174.5, 174.4, 170.7, 170.6, 157.7, 157.6, 151.5, 151.4, 143.4, 

143.3, 140.4, 140.3, 139.5, 139.4, 135.6, 135.5, 134.3, 134.2, 133.7, 133.6, 129.34, 129.25, 129.0, 

128.9, 128.6, 128.5, 128.0, 127.9, 127.2, 127.1, 126.3, 126.2, 126.0, 125.9, 119.0, 118.9, 116.1, 

116.0, 111.3, 111.2, 105.6, 105.5, 66.3, 66.2, 55.4, 55.3, 49.6, 49.5, 45.5, 45.4, 41.3, 41.2, 18.7, 

18.6, 14.4, 14.3, 13.8, 13.7. 

HRMS m/z [M+H]+ calcd for C33H38N3O4
+ = 540.2857, found 540.2858. 
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7. Synthetic applications 

 

The product 3e (0.1 mmol) in THF/H2O (0.8 mL/0.2 mL) was added NaBH4 (8.0 equiv.) at 

0 °C, and the resulting solution was stirred 36 h at 40 °C. After quenching with 1.0 M HCl, the 

resultant mixture was extracted with EtOAc. The combined organic layer was washed with brine 

and dried over Na2SO4. After evaporation of the organic solvent under reduced pressure, the crude 

mixture was purified by silica gel column chromatography to give 4. 

(2R,3S)-3-([1,1'-biphenyl]-4-yl)-2-(dimethylamino)pent-4-en-1-ol (4) the reaction was 

conducted at 0.1 mmol scale, product 4 was obtained as a white solid (24.0 mg, 85% yield, anti:syn 

=19:1), M.p. 135 – 137 ℃. 

TLC: Rf = 0.2 (ethyl acetate).  

[] 28 D = +88.03 (c = 0.44, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.64 – 7.52 (m, 4H), 7.52 – 7.42 (m, 2H), 7.42 – 7.33 (m, 1H), 

7.26 (d, J = 8.0 Hz, 2H), 6.31 – 6.18 (m, 1H), 5.21 (dd, J = 16.9, 1.3 Hz, 1H), 5.14 – 5.10 (M, 1H), 

3.58 (t, J = 8.9 Hz, 1H), 3.20 – 3.08 (m, 3H), 2.65 – 2.60 (m, 6H), 2.50 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 141.1, 140.8, 140.7, 139.7, 128.8, 127.9, 127.7, 127.3, 127.1, 

115.8, 68.1, 59.8, 51.2, 40.7. 

HPLC: 95:5 er, chiral stationary column: OD-H, mobile phase: hexane/iPrOH = 97/3, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 9.0 min, tr (minor) = 12.3 min. 

HRMS m/z [M+H]+ calcd for C19H24NO+ = 282.1852, found 282.1850. 
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Racemic 4 

 

 

Enantioenriched 4 
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The product 3e (0.1 mmol), methyl (2S)-2-amino-3,3-dimethylbutanoate (2.0 equiv.), HOBT 

(2.0 equiv.) and toluene (1.0 mL) was added into a reaction tube equipped with a stirring bar. Then 

the tube was stirred 24h at 80 °C. The mixture was concentrated under reduced pressure and the 

crude residue was purified by silica gel column chromatography to give product 5. 

Methyl 

(S)-2-((2R,3S)-3-([1,1'-biphenyl]-4-yl)-2-(dimethylamino)pent-4-enamido)-3,3-dimethylbutan

oate (5) the reaction was conducted at 0.1 mmol scale, product 5 was obtained as a white solid (31.9 

mg, 76% yield, anti:syn =19:1), M.p. 156 – 158 ℃. 

TLC: Rf = 0.2 (petroleum ether/ethyl acetate 1/1).  

[] 28 D = +30.63 (c = 0.37, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.56 – 7.49 (m, 4H), 7.48 – 7.43 (m, 2H), 7.39 – 7.33 (m, 3H), 

6.33 – 6.15 (m, 1H), 5.89 (d, J = 9.5 Hz, 1H), 5.21 (dd, J = 14.1, 2.7 Hz, 2H), 4.29 (d, J = 9.4 Hz, 

1H), 4.00 – 3.87 (m, 1H), 3.71 (s, 3H), 3.40 (d, J = 10.9 Hz, 1H), 2.48 (s, 6H), 0.58 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 172.3, 168.5, 141.1, 140.3, 140.1, 138.9, 128.9, 128.8, 127.6, 

127.2, 127.1, 116.4, 73.6, 59.2, 51.8, 49.6, 41.5, 34.7, 26.1. 

HRMS m/z [M+H]+ calcd for C26H35N2O3
+ = 423.2642, found 423.2639. 
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The product 3e (0.1 mmol) in THF/H2O (0.8 mL/0.2 mL) was added LiOH·H2O(8.0 equiv.) 

at 0 °C, and the resulting solution was stirred 36h at 50 °C. After quenching with 4.0 M HCl, the 

resultant mixture was extracted with EtOAc (3 × equal volume) and dried over Na2SO4. After 

evaporation of the organic solvent under reduced pressure, the crude mixture was purified by silica 

gel column chromatography to give 6. 

(2R,3S)-3-([1,1'-biphenyl]-4-yl)-2-(dimethylamino)pent-4-enoic acid hydrochloride (6) the 

reaction was conducted at 0.1 mmol scale, product 6 was obtained as a white solid (21.2 mg, 64% 

yield, anti:syn =19:1), M.p. 89 – 91 ℃. 

TLC: Rf = 0.2 (dichloromethane/CH3OH 10/1).  

[] 28 D = -1.61 (c = 0.31, in CH3OH). 
1H NMR (400 MHz, MeOD) δ 7.55 – 7.47 (m, 4H), 7.41 – 7.32 (m, 4H), 7.30 – 7.21 (m, 1H), 

6.19 – 6.07 (m, 1H), 5.32 (dd, J = 17.0, 1.4 Hz, 1H), 5.20 (dd, J = 10.1, 1.3 Hz, 1H), 4.02 – 3.88 

(m, 2H), 2.87 (s, 6H). 

13C NMR (101 MHz, MeOD) δ 169.0, 140.6, 140.2, 138.1, 137.1, 128.7, 128.5, 127.04, 126.95, 

126.5, 117.9, 73.2, 49.6, 40.7. 

Er was determined on the corresponding 3e (95:5 er, see compound 3e). 

HRMS m/z [M+H]+ calcd for C19H22NO2
+ = 296.1645, found 296.1646. 
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The product 3e (0.1 mmol) was dissolved in 1.0 mL of methanol. The reaction was stirred at 

60 °C overnight. After the reaction was completed, the solution was concentrated under vacuum, 

and the residue was purified by silica gel chromatography to give the desired product 7. 

methyl (2R,3S)-3-([1,1'-biphenyl]-4-yl)-2-(dimethylamino)pent-4-enoate (7) the reaction was 

conducted at 0.1 mmol scale, product 7 was obtained as a white solid (27.8 mg, 90% yield, anti:syn 

=19:1), M.p. 98 – 99 ℃. 

TLC: Rf = 0.5 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = -4.8 (c = 0.08, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.59 – 7.55 (m, 2H), 7.54 – 7.49 (m, 2H), 7.45 – 7.39 (m, 2H), 

7.35 – 7.29 (m, 1H), 7.29 – 7.25 (m, 2H), 6.23 – 6.08 (m, 1H), 5.19 – 5.10 (m, 2H), 3.81 (dd, J = 

11.7, 8.6 Hz, 1H), 3.62 (d, J = 11.7 Hz, 1H), 3.45 (s, 3H), 2.41 (s, 6H). 

13C NMR (101 MHz, CDCl3) δ 170.2, 140.8, 139.9, 139.7, 138.8, 128.8, 128.6, 127.32, 127.25, 

127.0, 116.3, 71.7, 50.7, 49.5, 41.4. 

HPLC: 96:4 er, chiral stationary column: OJ-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 19.8 min, tr (minor) = 26.4 min. 

HRMS m/z [M+H]+ calcd for C20H24NO2
+ = 310.1802, found 310.1800. 
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Racemic 7 

 

 

Enantioenriched 7 
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The product 7 (0.1 mmol) and 10% Pd/C was dissolved in 1 mL MeOH under H2 atmosphere. 

The reaction was stirred at rt. overnight. After the reaction was completed, the solution was 

concentrated under vacuum, and the residue was purified by silica gel chromatography to give the 

desired product 8. 

methyl (2R,3S)-3-([1,1'-biphenyl]-4-yl)-2-(dimethylamino)pentanoate (8) the reaction was 

conducted at 0.1 mmol scale, product 8 was obtained as a white solid (28.3 mg, 91% yield, anti:syn 

=19:1), M.p. 133 – 135 ℃. 

TLC: Rf = 0.7 (petroleum ether/ethyl acetate 10/1).  

[] 28 D = +98.4 (c = 0.1, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.56 (m, 2H), 7.54 – 7.48 (m, 2H), 7.42 (dd, J = 8.3, 7.0 Hz, 

2H), 7.35 – 7.29 (m, 1H), 7.23 (d, J = 8.3 Hz, 2H), 3.42 (d, J = 11.4 Hz, 1H), 3.38 (s, 3H), 2.98 – 

2.87 (m, 1H), 2.39 (s, 6H), 2.20 – 2.03 (m, 1H), 1.57 – 1.48 (m, 1H), 0.76 (t, J = 7.4 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 170.8, 140.9, 140.5, 139.3, 129.0, 128.7, 127.1, 126.92, 126.86, 

72.4, 50.3, 46.6, 41.4, 24.8, 11.6. 

HPLC: 95:5 er, chiral stationary column: OJ-H, mobile phase: hexane/iPrOH = 99.5/0.5, flow rate 

0.5 mL/min, λ = 254 nm, 30 oC, tr (major) = 22.6 min, tr (minor) = 27.5 min. 

HRMS m/z [M+H]+ calcd for C20H26NO2
+ = 312.1958, found 312.1955. 
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Racemic 8 

 

 

Enantioenriched 8 
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The product 7 (0.1 mmol) was dissolved in 9-BBN (0.5 M in tetrahydrofuran, 0.4 mL, 0.20 

mmol) under N2 atmosphere, and the resulting solution was stirred 24 h at room temperature. The 

reaction was diluted with ethanol (1.0 mL) and treated with 4 M sodium hydroxide (0.2 mL). Then 

30% hydrogen peroxide (0.3 mL) was added dropwise at 0 °C. The reaction was stirred at 0 °C for 

1 h, then quenched by addition of saturated NH4Cl. The mixture was extracted with diethyl ether. 

The combine organic phase was washed with brine, dried over Na2SO4, and concentrated under 

reduced pressure. The residue was purified by column chromatography to give the desired product 

9. 

methyl (2R,3S)-3-([1,1'-biphenyl]-4-yl)-2-(dimethylamino)-5-hydroxypentanoate (9) the 

reaction was conducted at 0.1 mmol scale, product 9 was obtained as a white solid (27.2 mg, 83% 

yield, anti:syn =19:1), M.p. 79 – 81 ℃. 

TLC: Rf = 0.2 (petroleum ether/ethyl acetate 2/1).  

[] 28 D = -0.95 (c = 0.35, in CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 7.64 – 7.58 (m, 2H), 7.57 – 7.52 (m, 2H), 7.51 – 7.41 (m, 2H), 

7.40 – 7.32 (m, 1H), 7.32 – 7.24 (m, 2H), 3.80 – 3.69 (m, 1H), 3.65 – 3.53 (m, 2H), 3.40 (s, 3H), 

3.30 – 3.21 (m, 1H), 2.49 (s, 6H), 2.26 – 2.14 (m, 1H), 2.06 – 1.96 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 170.1, 141.2, 140.7, 139.7, 128.8, 128.5, 127.3, 127.2, 127.0, 72.3, 

61.3, 50.8, 44.5, 41.6, 39.0. 

HPLC: 95:5 er, chiral stationary column: OJ-H, mobile phase: hexane/iPrOH = 90/10, flow rate 

1.0 mL/min, λ = 254 nm, 30 oC, tr (major) = 14.4 min, tr (minor) = 17.6 min. 

HRMS m/z [M+H]+ calcd for C20H26NO3
+ = 328.1907, found 328.1905. 
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Racemic 9 

 

 

Enantioenriched 9 
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8. Determination of the absolute configuration 

 

The reaction depicted in Eq (b) was run according to our previous report (Chem. Sci. 2020, 

11, 3068-3073). The compound 3a prepared by our previous method is (2R,3S) configuration in 

97:3 er, and its optical rotation has been measured as [α]24
D = +82.0 (c = 1.02, CH2Cl2, λ = 589 

mm). 

In the present manuscript, the sample of 3a was prepared in 95:5 er and its optical rotation 

was measured as [α]28
D = +49.7 (c = 0.40, CH2Cl2, λ = 589 mm). Therefore, we assigned 3a as 

(2R,3S) configuration. 
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9. Control experiment 

 

The reaction was conducted with dimethylglycine pyrazoleamide (2, 0.1 mmol) and cinnamyl 

bromide (0.1 mmol) in 2.0 mL of acetone. The mixture was stirred at room temperature overnight 

under a N2 atmosphere, and then concentrated in vacuo to give product 10. 

1H NMR (400 MHz, D2O) δ 7.26 (d, J = 7.1 Hz, 2H), 7.18 (d, J = 6.9 Hz, 3H), 6.67 (d, J = 15.7 

Hz, 1H), 6.23 – 6.11 (m, 1H), 5.97 (s, 1H), 4.60 (s, 2H), 4.15 (d, J = 7.7 Hz, 2H), 3.19 (s, 5H), 

2.31 (s, 3H), 1.95 (s, 3H). 

13C NMR (101 MHz, D2O) δ 163.7, 155.8, 145.8, 143.5, 134.7, 129.6, 128.9, 127.2, 114.3, 112.7, 

67.6, 61.1, 51.9, 13.6, 12.8. 

HRMS m/z [M+H]+ calcd for C18H24N3O+ = 298.1914, found 298.1906. 

In order to gain insight into the catalytic mechanism, a series of control experiments to 

investigate the [2,3]-rearrangement of allylic ammonium salt 10 were subsequently performed. 

The results summarized as below: 
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10. Initial Rate Kinetic Isotope Effects (KIE) study 

 

Under an N2 atmosphere, the tube was added Mg(OTf)2 (0.01 mmol, 10mol%), N,N'-dioxides 

ligand L3-RaAd (0.01 mmol, 10 mol%), amino amide 2 (0.1 mmol, 1.0 equiv.) and MeCN (0.5 mL). 

Another tube was added Pd2(dba)3·CHCl3 (4 mol%), PPh3 (8 mol%) and MeCN (0.5 mL). After 

being stirred at 35 oC for 1 h, two tubes were mixed, and 2,5-DTBQ (1.5 equiv.) and terminal alkene 

1e/1e-d2 (0.2 mmol, 2.0 equiv.) were added sequently. Then the reaction mixture was stirred at 40 

oC. The concentration of 3e and 3e-d1 was monitored by NMR 1H analysis. The results were 

shown in Figure S1. The KIE (kH/kD) was calculated to be 2.9 (Figure S1). 

 

Figure S1: Graph illustrating the KIE data. Slopes were fit using a least square linear regression 

model. 
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11. NMR spectrum 

 
1H NMR of Compound 1p (400 MHz, CDCl3)  

 

 

 
13C NMR of Compound 1p (101 MHz, CDCl3) 
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1H NMR of Compound 1t (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 1t (101 MHz, CDCl3) 
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1H NMR of Compound 1u (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 1u (101 MHz, CDCl3) 
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1H NMR of Compound 1x (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 1x (101 MHz, CDCl3) 
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1H NMR of Compound 1ca (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 1ca (101 MHz, CDCl3) 



S90 

 

 

 
1H NMR of Compound 1cb (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 1cb (101 MHz, CDCl3) 
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1H NMR of Compound 3a (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3a (101 MHz, CDCl3) 
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1H NMR of Compound 3a-methyl ester (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3a-methyl ester (101 MHz, CDCl3) 



S93 

 

 

 
1H NMR of Compound 3b ((500 MHz, CDCl3)) 

 

 

 
13C NMR of Compound 3b (101 MHz, CDCl3) 
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1H NMR of Compound 3c (400 MHz, CDCl3) 

 

 
13C NMR of Compound 3c (101 MHz, CDCl3) 
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1H NMR of Compound 3c-methyl ester (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3c-methyl ester (101 MHz, CDCl3) 
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1H NMR of Compound 3d (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3d (101 MHz, CDCl3) 
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1H NMR of Compound 3d-methyl ester (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3d-methyl ester (101 MHz, CDCl3) 
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1H NMR of Compound 3e (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3e (101 MHz, CDCl3) 
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1H NMR of Compound 3f (400 MHz, CDCl3)  

 

 

 
13C NMR of Compound 3f (101 MHz, CDCl3) 
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1H NMR of Compound 3g (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3g (101 MHz, CDCl3) 
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1H NMR of Compound 3h (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3h (101 MHz, CDCl3) 
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1H NMR of Compound 3i (500 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3i (125 MHz, CDCl3) 
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19F NMR of Compound 3i (376 MHz, CDCl3) 
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1H NMR of Compound 3i-minor (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3i-minor (101 MHz, CDCl3) 
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19F NMR of Compound 3i-minor (376 MHz, CDCl3) 
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1H NMR of Compound 3j (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound of 3j (101 MHz, CDCl3) 
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19F NMR of Compound 3j (376 MHz, CDCl3) 
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1H NMR of Compound of 3k (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3k (101 MHz, CDCl3) 
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1H NMR of Compound 3l (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3l (125 MHz, CDCl3) 
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1H NMR of Compound 3l-methyl ester (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3l-methyl ester (101 MHz, CDCl3) 
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1H NMR of Compound 3m (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3m (101 MHz, CDCl3) 
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19F NMR of Compound 3m (376 MHz, CDCl3) 
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1H NMR of Compound 3n (500 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3n (125 MHz, CDCl3) 
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1H NMR of Compound 3o (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3o (101 MHz, CDCl3) 
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1H NMR of Compound 3p (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3p (101 MHz, CDCl3) 
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1H NMR of Compound 3q (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3q (101 MHz, CDCl3) 
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1H NMR of Compound 3r (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3r (101 MHz, CDCl3) 
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1H NMR of Compound 3s (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3s (101 MHz, CDCl3) 
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1H NMR of Compound 3t (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3t (101 MHz, CDCl3) 
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1H NMR of Compound 3u (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3u (101 MHz, CDCl3) 
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1H NMR of Compound 3v (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3v (101 MHz, CDCl3) 
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1H NMR of Compound 3w (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3w (101 MHz, CDCl3) 
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1H NMR of Compound 3x (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3x (101 MHz, CDCl3) 
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1H NMR of Compound 3aa (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3aa (101 MHz, CDCl3) 
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1H NMR of Compound 3ab (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3ab (101 MHz, CDCl3) 
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1H NMR of Compound 3ca (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3ca (101 MHz, CDCl3) 
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1H NMR of Compound 3cb (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 3cb (101 MHz, CDCl3) 
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1H NMR of Compound 4 (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 4 (101 MHz, CDCl3) 
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1H NMR of Compound 5 (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 5 (101 MHz, CDCl3) 
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1H NMR of Compound 6 (400 MHz, MeOD) 

 

 

 
13C NMR of Compound 7 (101 MHz, MeOD) 
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1H NMR of Compound 7 (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 7 (101 MHz, CDCl3) 
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1H NMR of Compound 8 (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 8 (101 MHz, CDCl3) 
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1H NMR of Compound 9 (400 MHz, CDCl3) 

 

 

 
13C NMR of Compound 9 (101 MHz, CDCl3) 
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1H NMR of Compound 10 (400 MHz, D2O) 

 

 

 
13C NMR of Compound 10 (101 MHz, D2O) 

 


