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General information 

All reactions were carried out in dried glassware under nitrogen atmosphere and anhydrous 

conditions unless otherwise indicated. All manipulations of air- sensitive or moisture-sensitive 

compounds were performed in a glovebox under an atmosphere of nitrogen. Solvents such as THF 

were distilled from benzophenone. CoI2 was purchased from Adamas and 9dingchem. Manganese 

powder was purchased from Alfa Aesar; isopropyl alcohol was purchased from Meryer. 2-Iodo-2-

methylpropane was purchased from TCI. Compounds 2a-2f, 2i-2l and other commercially 

available reagents were purchased from Bidepharm, Adamas-beta China, Energy Chemical and 

were used as received.  Reactions were monitored by thin-layer chromatography (TLC) carried 

out on 0.20 mm Huanghai silica gel plates (HSGF 254) using UV light as the visualizing agent 

and PMA with heat as the developing agents. All new compounds were characterized by means of 
1H NMR and 13C NMR. HPLC was performed on SHIMADZU LC-2030 Plus. Optical rotations 

were recorded on digital automatic polarimeter (WZZ-2S). X-ray analysis was performed on 

Bruker D8 Venture diffractometer. NMR spectra were recorded using a Bruker AVANCE Ⅲ 400 

MHz NMR spectrometer and can be found at the end of the paper. High-resolution mass spectra 

(HRMS) were recorded on Q-Exactive plus mass spectrometer (Thermo Fisher, USA). All 1H 

NMR data are reported in δ units, parts per million (ppm), and were calibrated relative to the 

signals for residual chloroform (7.26 ppm) in deuterochloroform (CDCl3). All 13C NMR data are 

reported in ppm relative to CDCl3 (77.16 ppm) and were obtained with 1H decoupling. The 

following abbreviations or combinations thereof were used to explain the multiplicities: s = singlet, 

bs = broad singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sept = septet, m = multiplet.  
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Information of substrates 

The list of imines: 

 

 

Preparation of imines: 

p-Anisidine (1.05 equiv), the appropriate a-keto esters (1 equiv) and TsOH (0.05 equiv) were 

dissolved in toluene (30-50 mL) in a round bottle flask. The flask was equipped with a reflux 

condenser. The mixture was heated to reflux for 24 h after which the solvent was removed in vacuo. 

The crude products were purified by column chromatography using 20:1~5:1 (v/v) petroleum ether 

and ethyl acetate as eluent. The products were further purified by recrystallization if necessary. 

Compounds 1a1, 1b2, 1c1, 1d1, 1e1, 1f1, 1g1, 1h1, 1i3, 1k2, 1o2, 1p4, 1q4 were synthesized according 

to the literature. 
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The list of alkynes: 

 

 
 

Preparation of 2g: 

 

Benzo[d] [1, 3] dioxole-5-carbaldehyde (S1) 

A 250 mL flask was charged with 3,4-dihydroxybenzaldehyde (10.0 g, 72.5 mmol), cesium 

carbonate (59.0 g, 181.0 mmol), N, N-dimethylformamide (125 mL) and dibromomethane (25 g, 

145 mmol). The mixture was stirred at 100 oC for 24 h. The reaction mixture was poured into 300 

mL water, and extracted with ethyl acetate. The organic layer was dried over Na2SO4, filtration 

and concentration. The residue was purified by column chromatography on silica gel (petroleum 

ether/ethyl acetate = 30/1) to afford S1 (7.3 g, 48.6 mmol, 67% yield) as a yellow oil. 

5-(2,2-Dibromovinyl)benzo[d][1,3]dioxole (S2) 

Carbon tetrabromide (11.1 g, 33.0 mmol) was dissolved with 50 mL of dichloromethane in a 

flask under argon. Triphenylphosphine (17.3 g, 66.0 mmol) was dissolved in 100 mL of 

dichloromethane in a flask under argon. The first solution was slowly added to the second one at 

0 oC under vigorous stirring. The resulting mixture was stirred for 15 min at 0 oC. 

Benzo[d][1,3]dioxole-5-carbaldehyde (S1) (5.0 g, 33.0 mmol) was dissolved with 40 mL 

dichloromethane in a flask under argon, and then slowly added to the previous mixture. After 2 h 

of stirring at rt, 100 mL of water were added to the mixture which was then extracted with 

dichloromethane. The organic extract was dried over Na2SO4. Filtration and concentration in 

vacuo to give a crude material which was purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate =30/1) to afford S2 (4.2 g, 13.9 mmol, 42% yield) as a yellow oil. 

5-Ethynylbenzo[d][1,3]dioxole (2g) 

5-(2,2-Dibromovinyl)benzo[d][1,3]dioxole (S2) (4.0 g, 13.1 mmol) was dissolved under 

argon with 80 mL of dry THF. The solution was cooled down to -78 oC. n-BuLi (2.0M in hexane, 



 

 

6 

 

19.6 mL, 39.3 mmol) was added dropwise. The mixture was stirred 1 h at -78 oC, and then allowed 

to reach room temperature. The excess of n-BuLi was quenched with aqueous NH4Cl. 80 mL of 

water were added and then the mixture was extracted with dichloromethane. The organic extract 

was dried over Na2SO4. Filtration and concentration in vacuo gave 2g (1.4 g, 9.7 mmol, 74% yield) 

as a yellow oil. 

Compounds 2g5 and 2h6 were synthesized according to the literature. 

 

The list of alkyl iodides: 

 

 

General procedure for preparing alkyl iodides: 

A 200-mL oven-dried round-bottom flask equipped with a stir bar was charged with 

triphenylphosphine (1.2 equiv) and imidazole (1.3 equiv), then DCM (non-anhydrous) was added 

under nitrogen. The flask was then placed in an ice-bath. After 5 min of stirring, iodine (1.2 equiv) 

was added, and the reaction was stirred for another 15 min. The alcohol (1.0 equiv) was then added. 

After 30 min, the ice bath was removed and reaction stirred at rt for the indicated time under 

nitrogen. To quench the reaction, water was added and the layers were separated. The aqueous 

layer was washed with DCM and the combined organic phases were dried over anhydrous Na2SO4 

and filtered through glass frit. The solvent was removed under reduced pressure and the crude 

product was purified by flash silica gel column chromatography. 

Compounds 3a7, 3b8, 3c9, 3d10, 3e8, 3f11, 3g12, 3i13, 3k14 and 3l15 were synthesized according to 

the literature.  
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Conditions screening 

Table S1. Investigation of chiral NPN ligands 

 

Reaction condition: 1a (1.0 equiv, 0.10 mmol), 2a (3.0 equiv, 0.30 mmol), 3a (1.5 equiv, 0.15 mmol), CoI2 (5 

mol%, 0.005 mmol), L1 (6 mol%, 0.012 mmol), Mn (2.0 equiv, 0.2 mmol), iPrOH (1.0 equiv, 0.1 mmol), THF 

(0.2 M, 0.5 mL), stirred at 35 oC for 24 h. The yields were determined by 1H NMR using mesitylene as the 

internal standard and the ee values were determined by chiral HPLC analysis on a chiral stationary phase. 
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Table S2. Screening of other parameters 

 

Reaction condition: 1a (1.0 equiv, 0.10 mmol), 2a (3.0 equiv, 0.30 mmol), 3a (1.5 equiv, 0.15 mmol), CoI2 (5 

mol%, 0.005 mmol), L1 (6 mol%, 0.012 mmol), Mn (2.0 equiv, 0.2 mmol), iPrOH (1.0 equiv, 0.1 mmol), THF 

(0.2 M, 0.5 mL), stirred at 35 oC for 24 h. The yields were determined by 1H NMR using mesitylene as the 

internal standard and the ee values were determined by chiral HPLC analysis on a chiral stationary phase. a10 

mol% CoI2, 12 mol% L1, 2.0 equiv 3a. bTHF/iPrOH (v/v = 4/1, 0.2 M), 12 h; cIsolated yield in the parentheses. 
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Experimental procedures of cobalt-catalyzed asymmetric three-component 

reductive addition of alkyne 

 

To a dried 8-mL vial were added ligand (12 mol%), Mn (2.0 equiv) and imine 1 (1.0 equiv). Then 

the vial was transferred into the glovebox. CoI2 (10 mol%), THF, alkyne 2 (3.0 equiv) and alkyl 

iodide 3 (2.0 equiv) were added in sequence and iPrOH was added finally. The reaction vial was 

capped and stirred at 15 oC for required time. After completion, the reaction mixture was filtered 

through a pad of silica gel and the filter cake was washed with EtOAc. The resulted filtrate was 

then concentrated under reduced pressure to give the crude product, which was purified by silica 

gel flash column chromatography to afford products 4. 

 

 

Characterization data for products: 

Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhex-3-enoate (4a)  

General procedure was followed on 0.1 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4a as a 

yellow oil (38.5 mg, 79%). Rf = 0.50 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.76 (dd, J = 8.4, 1.6 Hz, 2H), 7.35–7.29 (m, 3H), 7.17–7.05 (m, 1H), 6.72–6.65 (m, 

5H), 6.45 (d, J = 8.8 Hz, 2H), 5.90 (s, 1H), 5.02 (s, 1H), 4.77 (sept, J = 6.4 Hz, 1H), 3.78 (s, 3H), 

3.71 (s, 3H), 1.07 (d, J = 6.0 Hz, 3H), 0.99 (d, J = 6.0 Hz, 3H), 0.73 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ 172.2, 158.9, 152.0, 143.0, 139.2, 137.9, 133.8, 130.6, 129.7, 127.44, 127.41, 117.3, 

114.2, 112.5, 74.4, 69.9, 55.8, 55.2, 34.0, 31.1, 21.6, 21.4; HRMS (ESI): [M+H]+ Calcd for 

C31H38NO4
+:488.2795; found: 488.2782. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 95/5, 

flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 5.385 min (major), tR2 = 8.419 min (minor); 99% ee. 

[α]D
16.0 = - 25.87 (c = 1.43, CHCl3). 
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Isopropyl (S,E)-2-(2-methoxyphenyl)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-

5,5-dimethylhex-3-enoate (4b)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4b as a 

brown oil (86.3 mg, 83%). Rf = 0.28 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.72 (dd, J = 8.0, 2.0 Hz, 1H), 7.27–7.23 (m, 1H), 6.96 (td, J = 7.6, 1.2 Hz, 3H), 6.73–

6.69 (m, 3H), 6.53 (d, J = 9.2 Hz, 2H), 6.42 (d, J = 9.2 Hz, 2H), 6.15 (s, 1H), 4.82 (sept, J = 6.4 

Hz, 1H), 4.67 (s, 1H), 3.75 (s, 3H), 3.65 (s, 3H), 3.54 (s, 3H), 1.01 (d, J = 6.4 Hz, 3H), 0.89 (d, J 

= 6.4 Hz, 3H), 0.84 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.4, 158.5, 157.4, 152.5, 143.7, 

140.1, 135.8, 132.3, 130.9, 130.6, 129.5, 129.0, 119.6, 118.8, 113.4, 112.2, 111.1, 73.1, 68.5, 55.6, 

55.2, 54.8, 33.9, 31.2, 21.5, 21.3; HRMS (ESI): [M+H]+ Calcd for C32H40NO5
+:518.2901; found: 

518.2890. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1 mL/min, rt, λ = 220 

nm, tR1 = 5.820 min (minor), tR2 = 11.016 min (major); 97% ee. [α]D
16.0 = - 1.66 (c = 8.36, CHCl3). 

  

Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

(naphthalen-2-yl)hex-3-enoate (4c)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was purified by flash 

column chromatography (PE/EtOAc = 50/1) to afford 4c as a yellow solid (53.9 mg, 50%). Rf = 
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0.49 (PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 8.23 (s, 1H), 7.99 (dd, 

J = 8.8, 2.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.81 (d, 

J = 8.0 Hz, 1H), 7.53–7.44 (m, 2H), 7.20–7.13 (m, 1H), 6.76–6.67 (m, 5H), 6.53 

(d, J = 9.2 Hz, 2H), 5.94 (s, 1H), 5.17 (s, 1H), 4.79 (sept, J = 6.4 Hz, 1H), 3.79 

(s, 3H), 3.72 (s, 3H), 1.12 (d, J = 6.4 Hz, 3H), 1.01 (d, J = 6.0 Hz, 3H), 0.76 (s, 

9H); 13C NMR (100 MHz, CDCl3): δ 172.1, 158.9, 152.1, 143.7, 139.2, 135.7, 133.5, 133.0, 132.8, 

129.7, 129.0, 128.8, 127.4, 126.4, 126.3, 125.8, 117.6, 114.2, 112.5, 74.7, 70.1, 55.7, 55.2, 34.0, 

31.1, 21.6, 21.5; HRMS (ESI): [M+H]+ Calcd for C35H40NO4
+: 538.2952; found: 538.2941. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 95/5, flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 

8.458 min (major), tR2 = 16.193 min (minor); 98% ee. [α]D
16.0 = 2.86 (c = 4.48, CHCl3). 

  

 

Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-(p-

tolyl)hex-3-enoate (4d)  

General procedure was followed on 0.1 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4d as a 

colorless oil (36.7 mg, 73%). Rf = 0.28 (PE/Acetone = 15/1); 1H NMR (400 

MHz, CDCl3): δ 7.62 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 7.08–7.06 

(m, 1H), 6.71–6.60 (m, 5H), 6.45 (d, J = 8.8 Hz, 2H), 5.91 (s, 1H), 5.03 (s, 1H), 4.76 (sept, J = 6.4 

Hz, 1H), 3.77 (s, 3H), 3.71 (s, 3H), 2.37 (s, 3H), 1.08 (d, J = 6.4 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H), 

0.73 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.4, 158.8, 151.9, 143.0, 139.3, 137.1, 134.7, 

133.7, 130.6, 129.9, 128.2, 117.3, 114.1, 112.4, 74.2, 69.9, 55.8, 55.2, 33.9, 31.1, 21.6, 21.4, 21.2; 

HRMS (ESI): [M+H]+ Calcd for C32H40NO4
+: 502.2952; found: 502.2943. HPLC (Chiralpak AD-

H): n-Hexane/i-PrOH = 98/2, flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 8.713 min (major), tR2 = 

21.688 min (minor); 98% ee. [α]D
16.0 = 1.91 (c = 7.75, CHCl3).  



 

 

12 

 

  

Isopropyl (R,E)-2,3-bis(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethylhex-3-

enoate (4e) 

General procedure was followed with on 0.1 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/Acetone = 40/1) to afford 4e 

as a red solid (28.9 mg, 56%). Rf = 0.63 (PE/EtOAc = 10/1); 1H NMR (400 

MHz, CDCl3): δ 7.66 (d, J = 8.8 Hz, 2H), 7.17–7.02 (m, 1H), 6.86 (d, J = 9.2 

Hz, 2H), 6.72–6.66 (m, 5 H), 6.45 (d, J = 9.2 Hz, 2H), 5.90 (s, 1H), 5.02 (s, 1H), 4.77 (sept, J = 

6.4 Hz, 1H), 3.83 (s, 3H), 3.77 (s, 3H), 3.72 (s, 3H), 1.09 (d, J = 6.4 Hz, 3H), 1.00 (d, J = 6.0 Hz, 

3H), 0.73 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.4, 158.9, 158.8, 151.9, 142.9, 139.3, 133.7, 

131.9, 129.8, 129.6, 117.3, 114.2, 112.7, 112.5, 73.9, 69.9, 55.8, 55.3, 55.2, 34.0, 31.2, 21.6, 21.5; 

HRMS (ESI): [M+H]+ Calcd for C32H40NO5
+: 518.2901; found: 518.2898. HPLC (Chiralpak AD-

H): n-Hexane/i-PrOH = 90/10, flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 5.780 min (major), tR2 = 

10.681 min (minor); 97% ee. [α]D
16.0 = 9.64 (c = 1.93, CHCl3). 
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Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-(4-

(trifluoromethyl)phenyl)hex-3-enoate (4f)  

General procedure was followed with on 0.1 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 40/1) to afford 4f 

as a yellow oil (25.8 mg, 46%). Rf = 0.41 (PE/EtOAc = 10/1); 1H NMR (400 

MHz, CDCl3): δ 7.88 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.12–7.06 

(m, 1H), 6.77–6.50 (m, 5H), 6.38 (d, J = 8.8 Hz, 2H), 5.82 (s, 1H), 4.95 (s, 1H), 4.79 (sept, J = 6.4 

Hz, 1H), 3.78 (s, 3H), 3.71 (s, 3H), 1.03 (d, J = 6.4 Hz, 6H), 0.74 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ 171.7, 159.1, 152.3, 143.1, 142.6, 138.8, 134.4, 130.9, 129.6 (q, JC-F = 31.8 Hz), 129.0, 

124.4 (q, JC-F = 270.2 Hz), 124.3 (q, JC-F = 3.8 Hz), 117.2, 114.3, 112.7, 74.3, 70.2, 55.8, 55.3, 

34.1, 31.1, 21.5, 21.4; 19F NMR (376 MHz, CDCl3): δ -62.3; HRMS (ESI): [M+H]+ Calcd for 

C32H37F3NO4
+: 556.2669; found: 556.2661. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, 

flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 6.134 min (major), tR2 = 10.170 min (minor); 96% ee. 

[α]D
16.0 = 9.60 (c = 1.25, CHCl3). 

  

Isopropyl (R,E)-2-(4-chlorophenyl)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-

dimethylhex-3-enoate (4g)  

General procedure was followed on 0.1 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 40/1) to afford 4g as a 

yellow oil (32.9 mg, 63%). Rf = 0.41 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.69 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H), 7.10–7.08 (m, 1H), 

6.72–6.66 (m, 4H), 6.59–6.53 (m, 1H), 6.40 (d, J = 9.2 Hz, 2H), 5.83 (s, 1H), 4.96 (s, 1H), 4.78 

(sept, J = 6.4 Hz, 1H), 3.78 (s, 3H), 3.71 (s, 3H), 1.05 (d, J = 6.4 Hz, 3H), 1.02 (d, J = 6.0 Hz, 3H), 

0.73 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.0, 159.0, 152.3, 143.1, 139.0, 136.8, 134.2, 

133.5, 132.2, 129.4, 127.7, 117.4, 114.3, 112.7, 74.1, 70.2, 55.9, 55.3, 34.1, 31.2, 21.7, 21.6; 

HRMS (ESI): [M+H]+ Calcd for C31H37ClNO4
+: 522.2406; found: 522.2406. HPLC (Chiralpak 
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AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 7.435 min (major), tR2 

= 14.403 min (minor); 97% ee. [α]D
16.0 = 3.74 (c = 2.99, CHCl3). 

  

 

Isopropyl (R,E)-2-(4-bromophenyl)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-

dimethylhex-3-enoate (4h)  

General procedure was followed on 0.1 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4h as a 

white solid (23.7 mg, 42%). Rf = 0.49 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.63 (d, J = 8.8 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.13–7.05 (m, 1H), 

6.74–6.65 (m, 5H), 6.40 (d, J = 9.2 Hz, 2H), 5.83 (s, 1H), 4.95 (s, 1H), 4.78 (sept, J = 6.4 Hz, 1H), 

3.78 (s, 3H), 3.71 (s, 3H), 1.05 (d, J = 6.0 Hz, 3H), 1.03 (d, J = 6.4 Hz, 3H), 0.73 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ 171.8, 159.0, 152.2, 143.0, 138.9, 137.3, 134.0, 132.4, 130.5, 129.3, 

121.8, 117.3, 114.2, 112.6, 74.0, 70.1, 55.8, 55.2, 34.0, 31.1, 21.6, 21.5; HRMS (ESI): [M+H]+ 

Calcd for C31H37BrNO4
+: 566.1900; found: 566.1890. HPLC (Chiralpak AD-H): n-Hexane/i-

PrOH = 98/2, flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 7.685 min (major), tR2 = 15.964 min (minor); 

96% ee. [α]D
16.0 = 18.76 (c = 1.61, CHCl3). 
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Methyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

(trifluoromethyl)hex-3-enoate (4i)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 40/1 to PE/Et2O = 20/1) 

to afford 4i as a yellow oil (57.3 mg, 63%). Rf = 0.38 (PE/EtOAc = 10/1); 1H 

NMR (400 MHz, CDCl3): δ 7.07–7.03 (m, 1H), 6.96–6.92 (m, 1H), 6.84–6.80 (m, 2H), 6.72 (d, J 

= 9.2 Hz, 2H), 6.63 (d, J = 8.8 Hz, 2H), 6.03 (q, J = 1.6 Hz, 1H), 4.20 (s, 1H), 3.81 (s, 3H), 3.74 

(s, 3H), 3.67 (s, 3H), 0.83 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 169.0, 159.6, 153.5, 145.8, 

137.9, 132.7, 129.9, 126.8, 124.9 (q, JC-F = 287.1 Hz), 118.3, 114.3, 113.2, 72.1 (q, JC-F = 26.2 Hz), 

55.7, 55.3, 53.3, 34.4, 30.7; 19F NMR (376 MHz, CDCl3): δ -69.0; HRMS (ESI): [M+H]+ Calcd 

for C24H29F3NO4
+: 452.2043; found: 452.2033. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 

98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 8.758 min (major), tR2 = 17.356 min (minor); 73% 

ee. [α]D
16.0 = 1.13 (c = 4.76, CHCl3). 

  

Isopropyl (R,E)-3-(4-methoxyphenyl)-5,5-dimethyl-2-(naphthalen-2-ylamino)-2-phenylhex-

3-enoate (4j)  

General procedure was followed on 0.2 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 40/1) to 

afford 4j as a yellow oil (85.1 mg, 84%). Rf = 0.58 (PE/EtOAc = 10/1); 
1H NMR (400 MHz, CDCl3): δ 7.83 (d, J = 8.0 Hz, 2H), 7.68 (t, J = 8.0 

Hz, 2H), 7.44 (d, J = 8.4 Hz, 1H), 7.38–7.28 (m, 4H), 7.19 (t, J = 8.0 Hz, 2H), 6.98 (dd, J = 8.8, 

2.4 Hz, 1H), 6.75–6.58 (m, 4H), 6.12 (s, 1H), 5.59 (s, 1H), 4.85 (sept, J = 6.4 Hz, 1H), 3.78 (s, 

3H), 1.17 (d, J = 6.4 Hz, 3H), 1.04 (d, J = 6.4 Hz, 3H), 0.80 (s, 9H); 13C NMR (100 MHz, CDCl3): 

δ 172.1, 158.9, 144.1, 142.5, 136.6, 134.6, 132.7, 130.7, 129.6, 128.6, 127.7, 127.6, 127.5, 127.4, 

126.3, 126.1, 122.1, 119.9, 112.5, 109.3, 74.3, 70.4, 55.2, 34.0, 31.1, 21.7, 21.4; HRMS (ESI): 

[M+H]+ Calcd for C34H38NO3
+: 508.2846; found: 508.2840. HPLC (Chiralpak AD-H): n-
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Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 6.657 min (major), tR2 = 9.017 

min (minor); 96% ee. [α]D
16.0 = - 93.40 (c = 4.95, CHCl3). 

  

Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhex-3-enoate (4k)  

General procedure was followed on 0.1 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 40/1) to afford 

4k as a colorless oil (39.9 mg, 82%). Rf = 0.46 (PE/EtOAc = 10/1); 1H 

NMR (400 MHz, CDCl3): δ 7.76–7.73 (m, 2H), 7.34–7.28 (m, 3H,) 7.14–

7.10 (m, 1H), 6.99 (t, J = 8.4 Hz, 1H), 6.72–6.61 (m, 3H), 6.26 (dd, J = 7.6, 2.0 Hz, 1H), 6.14 (dd, 

J = 8.0, 2.0 Hz, 1H), 6.08 (t, J = 2.4 Hz, 1H), 5.96 (s, 1H), 5.30 (s, 1H), 4.79 (sept, J = 6.4 Hz, 

1H), 3.78 (s, 3H), 3.68 (s, 3H), 1.12 (d, J = 6.4 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H), 0.76 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ 172.1, 160.2, 158.9, 146.4, 143.4, 137.2, 133.5, 130.6, 129.7, 129.2, 

127.5, 127.4, 112.5, 109.5, 102.7, 102.5, 74.1, 70.1, 55.2, 55.1, 34.0, 31.1, 21.6, 21.4; HRMS 

(ESI): [M+H]+ Calcd for C31H38NO4
+: 488.2795; found: 488.2791. HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 6.348 min (major), tR2 = 7.984 

min (minor); 99% ee. [α]D
16.0 = - 26.44 (c = 1.80, CHCl3). 
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Isopropyl (R,E)-2-((3-chloro-4-methoxyphenyl)amino)-3-(4-methoxyphenyl)-5,5-dimethyl-

2-phenylhex-3-enoate (4l)  

General procedure was followed on 0.2 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 50/1) to 

afford 4l as a yellow oil (87.7 mg, 84%). Rf = 0.65 (PE/EtOAc = 10/1); 
1H NMR (400 MHz, CDCl3): δ 7.74 (dd, J = 8.4, 2.0 Hz, 2H), 7.37–7.31 

(m, 3H), 7.12–7.04 (m, 1H), 6.74–6.72 (m, 4H), 6.58 (d, J = 2.8 Hz, 1H), 6.41 (dd, J = 8.8, 2.8 Hz, 

1H), 5.94 (s, 1H), 5.19 (s, 1H), 4.79 (sept, J = 6.4 Hz, 1H), 3.80 (s, 3H), 3.78 (s, 3H), 1.13 (d, J = 

6.4 Hz, 3H), 1.00 (d, J = 6.4 Hz, 3H), 0.77 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 171.9, 158.9, 

147.2, 143.8, 139.7, 137.1, 133.0, 130.5, 129.5, 127.6, 127.5, 122.5, 118.0, 115.2, 113.4, 112.5, 

74.2, 70.2, 56.9, 55.1, 34.0, 31.1, 21.6, 21.3; HRMS (ESI): [M+H]+ Calcd for C31H37ClNO4
+: 

522.2406; found: 522.2396. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 

mL/min, rt, λ = 220 nm, tR1 = 7.713 min (major), tR2 = 9.827 min (minor); 94% ee. [α]D
16.0 = - 

31.58 (c = 9.88, CHCl3). 

  

Isopropyl (R,E)-2-(benzo[d][1,3]dioxol-5-ylamino)-3-(4-methoxyphenyl)-5,5-dimethyl-2-

phenylhex-3-enoate (4m)  

General procedure was followed on 0.2 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 50/1) to 

afford 4m as a brown oil (79.6 mg, 79%). Rf = 0.58 (PE/EtOAc = 10/1); 
1H NMR (400 MHz, CDCl3): δ 7.78–7.75 (m, 2H), 7.36–7.30 (m, 3H), 

7.16–7.08 (m, 1H), 6.75–6.74 (m, 3H), 6.59, (d, J = 8.4 Hz, 1H), 6.14 (d, J = 2.4 Hz, 1H), 5.96 

(dd, J = 8.0 Hz, 2.0 Hz, 1H), 5.92 (s, 1H), 5.81 (q, J = 1.6 Hz, 2H), 5.14 (s, 1H), 4.79 (sept, J = 

6.4 Hz, 1H), 3.78 (s, 3H), 1.12 (d, J = 6.4 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H), 0.76 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ 172.1, 158.9, 147.6, 143.4, 140.5, 139.4, 137.6, 133.4, 130.6, 129.7, 

127.5, 127.4, 112.5, 108.22, 108.16, 100.5, 99.1, 74.4, 70.0, 55.2, 34.0, 31.1, 21.6, 21.4; HRMS 

(ESI): [M+H]+ Calcd for C31H36NO5
+: 502.2588; found: 502.2580. HPLC (Chiralpak AD-H): n-
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Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 8.831 min (major), tR2 = 12.769 

min (minor); 98% ee. [α]D
16.0 = - 0.33 (c = 6.57, CHCl3). 

  

Methyl (R,E)-3-(4-methoxyphenyl)-5,5-dimethyl-2-((4-morpholinophenyl)amino)-2-

phenylhex-3-enoate (4n) 

General procedure was followed on 0.1 mmol scale. The reaction 

mixture was purified by flash column chromatography (PE/EtOAc = 

5/1) to afford 4n as a yellow oil (30.1 mg, 59%). Rf = 0.26 

(PE/EtOAc = 5/1); 1H NMR (400 MHz, CDCl3): δ 7.81 (dd, J = 8.0, 

1.2 Hz, 2H), 7.37–7.31 (m, 3H), 7.05–7.00 (m, 1H), 6.80–6.74 (m, 5H), 6.48 (d, J = 8.8 Hz, 2H), 

5.92 (s, 1H), 5.19 (s, 1H), 3.84 (t, J = 4.4 Hz, 4H), 3.78 (s, 3H), 3.53 (s, 3H), 3.02 (dd, J = 5.6, 3.2 

Hz, 4H), 0.72 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 173.1, 158.7, 143.4, 143.1, 139.0, 137.1, 

132.7, 131.8, 130.7, 129.8, 127.5, 117.3, 117.2, 112.5, 74.3, 67.1, 55.1, 52.7, 50.9, 33.9, 31.0; 

HRMS (ESI): [M+H]+ Calcd for C32H39N2O4
+: 515.2904; found: 515.2896. HPLC (Chiralpak 

AD-H): n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, rt, λ = 254 nm, tR1 = 8.961 min (major), 

tR2 = 11.840 min (minor); 98% ee. [α]D
16.0 = - 69.67 (c = 3.35, CHCl3). 
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Isopropyl (R,E)-2-((4-fluorophenyl)amino)-3-(4-methoxyphenyl)-5,5-dimethyl-2-phenylhex-

3-enoate (4o)  

General procedure was followed on 0.1 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 50/1) to 

afford 4o as a colorless oil (32.1 mg, 68%). Rf = 0.51 (PE/EtOAc = 10/1); 
1H NMR (400 MHz, CDCl3): δ 7.75–7.71 (m, 2H), 7.36–7.28 (m, 3H), 7.16–7.07 (m, 1H), 6.82–

6.73 (m, 4H), 6.61–6.53 (m, 1H), 6.45–6.40 (m, 2H), 5.91 (s, 1H), 5.17 (s, 1H), 4.79 (sept, J = 6.4 

Hz, 1H), 3.78 (s, 3H), 1.09 (d, J = 6.4 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H), 0.74 (s, 9H); 13C NMR 

(100 MHz, CDCl3): δ 171.9, 158.9, 155.8 (d, JC-F = 233.5 Hz), 143.2, 141.3 (d, JC-F = 2.1 Hz), 

137.3, 133.4, 130.4, 129.4, 127.5, 127.4, 116.8 (d, JC-F = 7.2 Hz), 114.9 (d, JC-F = 21.9 Hz), 112.5, 

74.1, 70.1, 55.2, 55.1, 34.0, 31.1, 21.6, 21.3; 19F NMR (376 MHz, CDCl3): δ -128.1; HRMS (ESI): 

[M+H]+ Calcd for C3oH35FNO3
+: 476.2595; found: 476.2591. HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 5.607 min (major), tR2 = 8.735 

min (minor); 98% ee. [α]D
16.0 = - 20.07 (c = 2.68, CHCl3). 

  

Methyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-phenylhex-

3-enoate (4p)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4p as a 

yellow oil (67.3 mg, 73%). Rf = 0.68 (PE/EtOAc = 40/1); 1H NMR (400 MHz, 

CDCl3): δ 7.83–7.80 (m, 2H), 7.38–7.30 (m, 3H), 7.07–7.02 (m, 1H), 6.75–6.69 (m, 5H), 6.47 (d, 

J = 8.8 Hz, 2H), 5.93 (s, 1H), 5.17 (s, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 3.54 (s, 3H), 0.74 (s, 9H); 
13C NMR (100 MHz, CDCl3): δ 173.2, 158.8, 152.0, 143.5, 138.8, 137.2, 132.8, 131.9, 130.8, 

129.9, 127.6, 117.5, 114.2, 112.6, 74.5, 55.7, 55.2, 52.8, 34.0, 31.1; HRMS (ESI): [M+H]+ Calcd 

for C29H34NO4
+:460.2482; found: 460.2482. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, 

flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 9.941 min (major), tR2 = 18.733 min (minor); 98% ee. 

[α]D
16.0 = - 75.54 (c = 5.88, CHCl3). 



 

 

20 

 

  

Ethyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-phenylhex-3-

enoate (4q)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4q as a 

brown solid (60.4 mg, 64%). Rf = 0.38 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.82–7.79 (m, 2H), 7.37–7.29 (m, 3H), 7.09–7.04 (m, 1H), 6.74–6.68 (m, 5H), 6.47 (d, 

J = 8.8 Hz, 2H), 5.92 (s, 1H), 5.13 (s, 1H), 4.04–3.87 (m, 2H), 3.78 (s, 3H), 3.73 (s, 3H), 1.13 (t, 

J = 7.2 Hz, 3H), 0.74 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.7, 158.8, 152.0, 143.4, 139.0, 

137.5, 133.2, 132.3, 130.7, 129.8, 127.52, 127.51, 117.5, 114.1, 112.5, 74.4, 62.0, 55.7, 55.2, 34.0, 

31.1, 13.9; HRMS (ESI): [M+H]+ Calcd for C30H36NO4
+:474.2639; found: 474.2630. HPLC 

(Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 8.736 

min (major), tR2 = 18.364 min (minor); 94% ee. [α]D
16.0 = - 61.32 (c = 3.62, CHCl3). 
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Isopropyl (R,E)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2,3-diphenylhex-3-enoate (4r)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) then PTLC 

(Tol:THF = 2000/1) to afford 4r as a yellow oil (82.3 mg, 90%). Rf = 0.53 

(PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.78 (dd, J = 8.4, 2.0 Hz, 2H), 7.36–7.30 (m, 

3H), 7.23–7.21 (m, 4H), 6.69 (d, J = 8.8 Hz, 3H), 6.46 (d, J = 8.8 Hz, 2H), 5.92 (s, 1H), 5.05 (s, 

1H), 4.76 (sept, J = 6.4 Hz, 1H), 3.72 (s, 3H), 1.07 (d, J = 6.0 Hz, 3H), 0.99 (d, J = 6.0 Hz, 3H), 

0.74 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.1, 152.0, 142.8, 139.2, 137.9, 137.7, 134.1, 

130.6, 127.5, 127.4, 127.3, 117.4, 114.2, 74.3, 70.0, 55.8, 34.0, 31.1, 21.5, 21.4; HRMS (ESI): 

[M+H]+ Calcd for C30H36NO3
+:458.2690; found: 458.2680. HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 6.400 min (major), tR2 = 11.601 

min (minor); 99% ee. [α]D
16.0 = - 19.32 (c = 3.83, CHCl3). While tert-butyl bromide was used as 

an electrophile, 4r was obtained in only 16% yield with 46% ee. 

  

Isopropyl (R,E)-3-(2-bromophenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhex-3-enoate (4s)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4s as a 

yellow oil (63.6 mg, 59%). Rf = 0.61 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.75–7.72 (m, 2H), 7.54 (dd, J = 8.0, 1.2 Hz, 1H), 7.35–7.27 (m, 3H), 

7.21 (td, J = 7.6, 1.2 Hz, 1H), 7.13 (td, J =7.6, 1.2 Hz, 1H), 7.07 (dd, J = 7.2, 1.6 Hz, 1H), 6.58 (d, 

J = 9.2 Hz, 2H), 6.39 (d, J = 8.8 Hz, 2H), 5.63 (s, 1H), 4.88 (s, 1H), 4.60 (sept, J = 6.4 Hz, 1H), 

3.67 (s, 3H), 0.78 (d, J = 6.0 Hz, 3H), 0.76 (d, J = 6.4 Hz, 3H), 0.73 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ 171.9, 152.6, 146.7, 141.9, 140.9, 139.8, 137.5, 132.5, 132.3, 129.8, 129.1, 127.6, 127.2, 

127.0, 126.5, 117.2, 114.0, 74.8, 69.2, 55.8, 34.6, 29.7, 21.2, 21.1; HRMS (ESI): [M+H]+ Calcd 

for C30H35BrNO3
+:536.1795; found: 536.1788. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 
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98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 9.654 min (major), tR2 = 10.546 min (minor); 93% 

ee. [α]D
16.0 = 9.03 (c = 2.79, CHCl3). 

  

 

Isopropyl (R,E)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-phenyl-3-(m-tolyl)hex-3-

enoate (4t)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) then PTLC 

(Tol:THF = 2000/1) to afford 4t as a yellow oil (87.6 mg, 93%). Rf = 0.62 

(PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.77 (dd, J = 8.4, 2.0 Hz, 

2H), 7.35–7.29 (m, 3H), 7.10–7.02 (m, 3H), 6.68 (d, J = 9.2 Hz, 2H), 6.52–6.43 (m, 3H), 5.88 (s, 

1H), 5.03 (s, 1H), 4.76 (sept, J = 6.4 Hz, 1H), 3.71 (s, 3H), 2.31–2.19 (m, 3H), 1.06 (d, J = 6.4 Hz, 

3H), 0.99 (d, J = 6.4 Hz, 3H), 0.73 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.1, 151.9, 142.4, 

139.1, 137.9, 137.3, 134.1, 130.6, 127.9, 127.32, 127.26, 117.3, 114.0, 74.2, 69.8, 55.7, 33.9, 31.0, 

21.4, 21.3; HRMS (ESI): [M+H]+ Calcd for C31H38NO3
+:472.2846; found: 472.2841. HPLC 

(Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 6.218 

min (major), tR2 = 11.177 min (minor); 98% ee. [α]D
16.0 = - 4.62 (c = 1.30, CHCl3). 
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Isopropyl (R,E)-3-(3-chlorophenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-phenylhex-

3-enoate (4u)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) then PTLC 

(Tol:THF = 2000/1) to afford 4u as a yellow oil (67.6 mg, 69%). Rf = 0.53 

(PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.76 (d, J = 6.8 Hz, 2H), 

7.37–7.31 (m, 3H), 7.22–7.10 (m, 3H), 6.72–6.67 (m, 3H), 6.48 (d, J = 8.8 Hz, 2H), 5.96 (s, 1H), 

5.15 (s, 1H), 4.76 (sept, J = 6.4 Hz, 1H), 3.73 (s, 3H), 1.15 (s, 3H), 0.98 (d, J = 6.4 Hz, 3H), 0.74 

(s, 9H); 13C NMR (100 MHz, CDCl3): δ 171.7, 152.0, 144.0, 139.6, 138.6, 137.2, 131.8, 130.5, 

128.5, 127.6, 127.4, 127.3, 117.4, 114.1, 74.1, 70.3, 55.7, 34.0, 31.0, 21.4, 21.2; HRMS (ESI): 

[M+H]+ Calcd for C30H35ClNO3
+:492.2300; found: 492.2293. HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 5.844 min (major), tR2 = 11.795 

min (minor); 96% ee. [α]D
16.0 = - 43.46 (c = 1.56, CHCl3). 

  

Isopropyl (R,E)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-3-(naphthalen-2-yl)-2-

phenylhex-3-enoate (4v)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4v as a 

yellow oil (94.6 mg, 93%). Rf = 0.56 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.85–7.80 (m, 3H), 7.68–7.65 (m, 2H), 7.47–7.32 (m, 6H), 7.18–6.85 

(m, 1H), 6.74 (d, J = 8.4 Hz, 2H), 6.53 (d, J = 8.4 Hz, 2H), 6.05 (s, 1H), 5.12 (s, 

1H), 4.76 (sept, J = 6.4 Hz, 1H), 3.75 (s, 3H), 1.10 (d, J = 6.4 Hz, 3H), 0.99 (d, J = 6.0 Hz, 3H), 

0.77 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.0, 152.1, 143.2, 139.1, 137.8, 132.7, 132.4, 

130.7, 130.4, 129.5, 129.0, 128.3, 127.7, 127.6, 127.5, 126.6, 125.9, 117.4, 114.2, 74.5, 70.0, 55.8, 

34.1, 31.2, 21.6, 21.4; HRMS (ESI): [M+H]+ Calcd for C34H38NO3
+:508.2846; found: 508.2840. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 

9.607 min (major), tR2 = 15.430 min (minor); 98% ee. [α]D
16.0 = - 50.40 (c = 5.69, CHCl3). 
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Isopropyl (R,E)-3-(benzo[d][1,3]dioxol-5-yl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhex-3-enoate (4w)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 40/1) to afford 4w as a 

yellow oil (56.0 mg, 56%). Rf = 0.45 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.76 (d, J = 7.2 Hz, 2H), 7.36–7.30 (m, 3H), 6.69–6.66 (m, 4H), 6.45 

(d, J = 8.8 Hz, 2H), 6.20–6.16 (m, 1H), 5.94–5.90 (m, 3H), 5.07 (s, 1H), 4.80 

(sept, J = 6.4 Hz, 1H), 3.71 (s, 3H), 1.09 (d, J = 6.8 Hz, 3H), 1.01 (d, J = 6.0 Hz, 3H), 0.77 (s, 9H); 
13C NMR (100 MHz, CDCl3): δ 172.2, 152.0, 146.8, 143.3, 139.0, 137.8, 131.0, 130.6, 127.5, 

127.4, 117.4, 116.4, 114.2, 113.9, 111.1, 106.8, 100.9, 74.3, 70.0, 55.8, 34.1, 31.1, 21.6, 21.4; 

HRMS (ESI): [M+H]+ Calcd for C31H36NO5
+:502.2588; found: 502.2581. HPLC (Chiralpak AD-

H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 10.131 min (major), tR2 

= 19.081 min (minor); 97% ee. [α]D
16.0 = - 49.78 (c = 4.05, CHCl3). 
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Isopropyl (R,E)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-phenyl-3-(p-tolyl)hex-3-enoate 

(4x)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) then PTLC 

(Tol:THF = 2000/1) to afford 4x as a yellow oil (86.7 mg, 92%). Rf = 0.62 

(PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.76 (d, J = 6.8 Hz, 2H), 

7.35–7.29 (m, 3H), 7.02–6.96 (m, 3H), 6.68 (d, J = 8.8 Hz, 2H), 6.56–6.53 (m, 

1H), 6.44 (d, J = 8.8 Hz, 2H), 5.90 (s, 1H), 5.00 (s, 1H), 4.77 (sept, J = 6.4 Hz, 1H), 3.71 (s, 3H), 

2.31 (s, 3H), 1.07 (d, J = 6.4 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H), 0.74 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ172.2, 152.0, 142.5, 139.3, 138.0, 136.9, 134.5, 134.4, 130.6, 128.0, 127.40, 127.37, 

117.3, 114.1, 74.3, 69.9, 55.8, 33.9, 31.1, 21.5, 21.4, 21.3; HRMS (ESI): [M+H]+ Calcd for 

C31H38NO3
+:472.2846; found: 472.2837. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, 

flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 6.304 min (major), tR2 = 10.377 min (minor); 99% ee. 

[α]D
16.0 = - 24.80 (c = 3.21, CHCl3). 

  

 

Isopropyl (R,E)-3-([1,1'-biphenyl]-4-yl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhex-3-enoate (4y)  

General procedure was followed on 0.1 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4y as a 

yellow oil (49.6 mg, 93%). Rf = 0.59 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.81 (d, J = 7.6 Hz, 2H), 7.61 (d, J = 7.6 Hz, 2H), 7.46–7.31 (m, 9H), 

6.92–6.80 (m, 1H), 6.72 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 8.8 Hz, 2H), 5.98 (s, 

1H), 5.11 (s, 1H), 4.80 (sept, J = 6.4 Hz, 1H), 3.74 (s, 3H), 1.11 (d, J = 6.4 Hz, 3H), 1.02 (d, J = 

6.4 Hz, 3H), 0.79 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.1, 152.0, 143.1, 140.9, 139.9, 139.1, 

137.8, 136.8, 133.8, 130.7, 128.8, 127.53, 127.47, 127.4, 127.1, 125.5, 117.4, 114.2, 74.3, 70.1, 

55.8, 34.0, 31.2, 21.6, 21.4; HRMS (ESI): [M+H]+ Calcd for C36H40NO3
+:534.3003; found: 



 

 

26 

 

534.2994. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 

nm, tR1 = 9.156 min (major), tR2 = 17.166 min (minor); 99% ee. [α]D
16.0 = - 74.66 (c = 3.82, CHCl3). 

  

Isopropyl (R,E)-3-(4-bromophenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhex-3-enoate (4z)  

General procedure was followed on 0.1 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) then PTLC 

(Tol:THF = 2000/1) to afford 4z as a yellow oil (52.0 mg, 96%). Rf = 0.68 

(PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 7.73 (dd, J = 8.0, 1.6 Hz, 

2H), 7.36–7.28 (m, 5H), 7.08–7.04 (m, 1H), 6.71–6.58 (m, 3H), 6.46 (d, J = 8.8 

Hz, 2H), 5.96 (s, 1H), 5.03 (s, 1H), 4.77 (sept, J = 6.4 Hz, 1H), 3.72 (s, 3H), 1.09 (d, J = 6.4 Hz, 

3H), 0.97 (d, J = 6.4 Hz, 3H), 0.74 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 171.9, 152.1, 143.6, 

138.8, 137.4, 136.8, 132.6, 130.6, 130.2, 127.7, 127.5, 121.6, 117.4, 114.2, 74.1, 70.2, 55.8, 34.0, 

31.1, 21.6, 21.3; HRMS (ESI): [M+H]+ Calcd for C30H35BrNO3
+:536.1795; found: 536.1788. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 

6.453 min (major), tR2 = 10.973 min (minor); 98% ee. [α]D
16.0 = - 36.40 (c = 1.00, CHCl3). 
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Isopropyl (R,E)-3-(4-acetylphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-phenylhex-

3-enoate (4aa)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 30/1) to afford 4aa as a 

white solid (78.4 mg, 79%). Rf = 0.24 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.78–7.73 (m, 4H), 7.37–7.29 (m, 4H), 6.88–6.84 (m, 1H), 6.70 (d, J 

= 9.2 Hz, 2H), 6.48 (d J = 8.8 Hz, 2H), 6.00 (s, 1H), 5.07 (s, 1H), 4.75 (sept, J 

= 6.4 Hz, 1H), 3.72 (s, 3H), 2.58 (s, 3H), 1.09 (d, J = 6.4 Hz, 3H), 0.97 (d, J = 6.4 Hz, 3H), 0.74 

(s, 9H); 13C NMR (100 MHz, CDCl3): δ 198.0, 171.8, 152.2, 143.5, 143.4, 138.7, 137.3, 136.0, 

132.8, 130.5, 127.7, 127.5, 117.4, 114.2, 74.1, 70.3, 55.7, 34.0, 31.1, 26.7, 21.5, 21.3; HRMS 

(ESI): [M+H]+ Calcd for C32H38NO4
+:500.2795; found: 500.2787. HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 7.112 min (major), tR2 = 11.570 

min (minor); 97% ee. [α]D
16.0 = -75.50 (c = 6.22, CHCl3). 

  

Isopropyl (R,Z)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-phenyl-3-(thiophen-2-yl)hex-

3-enoate (4ab)  

General procedure was followed on 0.1 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 40/1) to afford 4ab as a 

yellow solid (34.0 mg, 73%). Rf = 0.66 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.78–7.75 (m, 2H), 7.37–7.29 (m, 3H), 7.22 (dd, J = 5.2, 1.2 Hz, 1H), 

6.87 (dd, J = 5.2, 3.6 Hz, 1H), 6.68 (d, J = 9.2 Hz, 2H), 6.64 (d, J = 3.2 Hz, 1H), 6.47 (d, J = 8.8 

Hz, 2H), 6.07 (s, 1H), 5.19 (s, 1H), 4.81 (sept, J = 6.4 Hz, 1H), 3.72 (s, 3H), 1.13 (d, J = 6.0 Hz, 

3H), 1.00 (d, J = 6.0 Hz, 3H), 0.80 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 172.0, 152.1, 147.0, 

138.5, 137.4, 137.3, 130.6, 129.6, 127.7, 127.6, 125.9, 125.6, 117.8, 114.0, 74.4, 70.2, 55.8, 34.2, 

30.6, 21.5, 21.3; HRMS (ESI): [M+H]+ Calcd for C28H34NO3S
+:464.2254; found: 464.2254. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 

7.146 min (major), tR2 = 12.610 min (minor); 97% ee. [α]D
16.0 = - 33.77 (c = 1.38, CHCl3). 
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Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-4-(1-methylcyclohexyl)-

2-phenylbut-3-enoate (4ac) 

General procedure was followed on 0.2 mmol scale. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 50/1) to afford 4ac as 

a yellow oil (92.7 mg, 88%). Rf = 0.36 (PE/EtOAc = 10/1); 1H NMR (400 

MHz, CDCl3): δ 7.81 (d, J = 7.2 Hz, 2H), 7.37–7.30 (m, 3H), 7.17–7.15 (m, 1H), 6.72–6.61 (m, 

5H), 6.48 (d, J = 8.8 Hz, 2H), 5.91 (s, 1H), 5.00 (s, 1H), 4.81 (sept, J = 6.4 Hz, 1H), 3.79 (s, 3H), 

3.72 (s, 3H), 1.40–1.22 (m, 8H), 1.12 (d, J = 6.4 Hz, 3H), 1.02 (d, J = 6.4 Hz, 3H), 0.97–0.91 (m, 

2H), 0.77 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 171.9, 158.5, 151.6, 141.6, 138.9, 137.6, 135.3, 

131.7, 130.3, 129.4, 127.1, 127.0, 116.9, 113.9, 112.2, 74.2, 69.6, 66.9, 55.4, 54.8, 39.7, 38.8, 36.9, 

25.8, 22.8, 22.5, 21.3, 21.1; HRMS (ESI): [M+H]+ Calcd for C34H42NO4
+: 528.3108; found: 

528.3099. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 220 

nm, tR1 = 8.646 min (major), tR2 = 17.295 min (minor); 99% ee. [α]D
16.0 = - 24.13 (c = 8.62, CHCl3). 

  

Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-4-(1-

phenethylcyclobutyl)-2-phenylbut-3-enoate (4ad)  

General procedure was followed on 0.2 mmol scale. The reaction mixture was purified by flash 

column chromatography (PE/EtOAc = 40/1) to afford 4ad as a yellow oil (48.6 mg, 41%). Rf = 
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0.30 (PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 7.86–7.83 (m, 2H), 

7.37–7.28 (m, 5H), 7.19 (t, J = 7.6 Hz, 1H), 7.15–7.13 (m, 2H), 6.93 (d, J = 

8.4 Hz, 2H), 6.74–6.67 (m, 4H), 6.53 (d, J = 8.8 Hz, 2H), 6.02 (s, 1H), 5.11 

(s, 1H), 4.77 (sept, J = 6.4 Hz, 1H), 3.77 (s, 3H), 3.68 (s, 3H), 2.59–2.44 (m, 2H), 1.86–1.52 (m, 

8H), 1.04 (d, J = 6.0 Hz, 3H), 1.02 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 171.9, 

165.7, 159.0, 152.1, 140.7, 139.3, 138.9, 137.7, 135.7, 131.0, 130.6, 129.2, 129.1, 128.8, 127.6, 

127.5, 117.4, 114.2, 112.6, 74.5, 70.1, 63.1, 55.7, 55.2, 41.8, 36.3, 29.7, 29.1, 21.6, 21.4; HRMS 

(ESI): [M+H]+ Calcd for C39H44NO4
+: 590.3265; found: 590.3255. HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 98/2, rt, flow rate 1 mL/min, λ = 220 nm, tR1 = 9.598 min (major), tR2 = 19.566 

min (minor); 98% ee. [α]D
16.0 = - 20.11 (c = 1.79, CHCl3). 

  

 

Isopropyl-(R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhept-3-enoate (4ae)  

General procedure was followed on 0.2 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 50/1~20/1)) to 

afford 4ae as a yellow oil (53.2 mg, 53%). Rf = 0.14 (PE/EtOAc = 20/1); 1H 

NMR (400 MHz, CDCl3): δ 7.77 (d, J = 6.4 Hz, 2H), 7.35–7.29 (m, 3H), 7.15–7.10 (m, 1H), 6.81–

6.57 (m, 5H), 6.44 (d, J = 8.8 Hz, 2H), 5.82 (s, 1H), 4.97 (s, 1H), 4.79 (sept, J = 6.4 Hz, 1H), 3.78 

(s, 3H), 3.71 (s, 3H), 1.16 (dt, J = 7.6, 7.2 Hz, 2H), 1.08 (d, J = 6.4 Hz, 3H), 1.01 (d, J = 6.4 Hz, 

3H), 0.74 (t, J = 7.6 Hz, 3H), 0.66 (s, 3H), 0.61 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 172.2, 

158.8, 152.0, 141.8, 139.3, 138.0, 135.1, 130.6, 129.7, 127.41, 127.37, 117.2, 114.2, 112.4, 74.4, 

69.9, 55.8, 55.2, 37.3, 36.9, 28.9, 27.9, 21.6, 21.4, 9.4; HRMS (ESI): [M+H]+ Calcd for 

C32H39NO4
+: 502.2952; found: 502.2948. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, 

flow rate 1 mL/min, 30 oC, λ = 254 nm, tR1 = 8.314 min (major), tR2 = 14.932 min (minor); 98% 

ee. [α]D
19.0 = -35.78 (c = 0.49, CHCl3).  
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Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5,9-trimethyl-2-

phenyldec-3-enoate (4af)  

General procedure was followed on 0.1 mmol scale. The reaction 

mixture was purified by flash column chromatography (PE/EtOAc 

= 50/1~30/1) to afford 4af as a yellow oil (35.5 mg, 64%). Rf = 

0.55 (PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 6.0 Hz, 2H), 7.34–7.29 (m, 

3H), 7.11 (bs, 1H), 6.76–6.58 (m, 5H), 6.44 (d, J = 8.8 Hz, 2H), 5.83 (s, 1H), 4.98 (s, 1H), 4.78 

(sept, J = 6.0 Hz, 1H), 3.78 (s, 3H), 3.71 (s, 3H), 1.49 (sept, J = 6.4 Hz, 1H), 1.54–1.44 (m, 1H), 

1.19–1.00 (m, 12H), 0.87 (d, J = 8.4 Hz, 6H), 0.69 (s, 3H), 0.61 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 172.2, 158.8, 152.0, 142.1, 139.2, 138.0, 134.7, 130.6, 129.7, 127.43, 127.38, 117.2, 

114.2, 112.4, 74.4, 69.9, 55.7, 55.2, 44.8, 39.8, 37.2, 29.7, 28.4, 28.1, 22.84, 22.79, 21.6, 21.4; 

HRMS (ESI): [M+H]+ Calcd for C36H47NO4
+: 558.3578; found: 558.3578. HPLC (Chiralpak AD-

H): n-Hexane/i-PrOH = 98/2, flow rate 1 mL/min, 30 oC, λ = 220 nm, tR1 = 21.477 min (minor), 

tR2 = 23.511 min (major); 99% ee. [α]D
14.0 = -30.42 (c = 1.71, CHCl3).  
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Isopropyl (R,E)-11-bromo-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-

2-phenylundec-3-enoate (4ag)  

General procedure was followed on 0.2 mmol scale. The 

reaction mixture was purified by flash column 

chromatography (PE/EtOAc = 50/1~30/1) to afford 4ag as a 

yellow oil (38.6 mg, 30%). Rf = 0.22 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.76 (d, 

J = 6.4 Hz, 2H), 7.35–7.29 (m, 3H), 7.11 (bs, 1H), 6.76–6.59 (m, 5H), 6.44 (d, J = 8.8 Hz, 2H), 

5.81 (s, 1H), 4.98 (s, 1H), 4.78 (sept, J = 6.4 Hz, 1H), 3.78 (s, 3H), 3.71 (s, 3H), 3.41 (t, J = 6.8 

Hz, 2H), 1.82 (sept, J = 6.8 Hz, 2H), 1.35 (quint, J = 6.8 Hz, 2H), 1.11–0.99 (m, 12H), 0.69 (s, 

3H), 0.65 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 172.2, 158.9, 152.0, 141.9, 139.2, 138.0, 134.9, 

130.6, 129.6, 127.5, 127.4, 117.3, 114.2, 112.5, 74.4, 69.9, 55.7, 55.2, 44.2, 37.1, 34.2, 32.9, 29.52, 

29.48, 28.7, 28.3, 24.8, 21.6, 21.4; HRMS (ESI): [M+H]+ Calcd for C36H46BrNO4
+: 636.2683; 

found: 636.2683. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1 mL/min, 30 oC, 

λ = 254 nm, tR1 = 9.419 min (major), tR2 = 18.375 min (minor); 98% ee. [α]D
19.0 = -25.61 (c = 0.76, 

CHCl3).  

 

 

Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2,7-

diphenylhept-3-enoate (4ah)  

General procedure was followed on 0.2 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 50/1) to afford 

4ah as a brown oil (63.2 mg, 55%). Rf = 0.40 (PE/EtOAc = 10/1); 1H NMR 

(400 MHz, CDCl3): δ 7.85–7.82 (m, 2H), 7.39–7.28 (m, 5H), 7.18 (t, J = 7.2 Hz, 2H), 7.10 (d, J = 

6.8 Hz, 2H), 6.75–6.67 (m, 5H), 6.48 (d, J = 8.8 Hz, 2H), 5.94 (s, 1H), 5.03 (s, 1H), 4.81 (sept, J 

= 6.4 Hz, 1H), 3.79 (s, 3H), 3.69 (s, 3H), 2.51–2.45 (m, 2H), 1.47–1.42 (m, 2H), 1.11 (d, J = 6.0 

Hz, 3H), 1.02 (d, J = 6.4 Hz, 3H), 0.78 (s, 3H), 0.72 (3H); 13C NMR (100 MHz, CDCl3): δ 172.1, 

158.9, 152.0, 143.3, 141.7, 139.1, 138.0, 135.4, 132.3, 130.6, 129.5, 128.4, 128.3, 127.54, 127.48, 
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125.7, 117.3, 114.2, 112.5, 74.5, 70.0, 55.7, 55.2, 46.6, 37.3, 31.6, 29.5, 28.3, 21.6, 21.4; HRMS 

(ESI): [M+H]+ Calcd for C38H44NO4
+: 578.3265; found: 578.3251. HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 98/2, flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 11.087 min (minor), tR2 = 22.259 

min (major); 98% ee. [α]D
16.0 = - 86.75 (c = 0.83, CHCl3). 

  

 

Isopropyl (R,E)-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2,6-

diphenylhex-3-enoate (4ai)  

General procedure was followed on 0.2 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 50/1~20/1) to 

afford 4ai as a yellow oil (78.6 mg, 70%). Rf = 0.24 (PE/EtOAc = 20/1); 1H 

NMR (400 MHz, CDCl3): δ 7.75 (d, J = 8.0 Hz, 2H), 7.34–7.25 (m, 6H), 7.09–7.06 (m, 2H), 6.72 

(bs, 1H), 6.64 (d, J = 9.2 Hz, 4H), 6.53 (bs, 1H), 6.40 (d, J = 9.2 Hz, 2H), 5.91 (s, 1H), 4.96 (bs, 

1H), 4.75 (sept, J = 6.4 Hz, 1H), 3.76 (s, 3H), 3.70 (s, 3H), 2.50 (s, 2H), 1.05 (d, J = 6.4 Hz, 3H), 

1.03 (d, J = 6.4 Hz, 3H), 0.72 (s, 3H), 0.56 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 172.1, 158.8, 

152.0, 141.2, 139.2, 139.1, 137.9, 135.4, 130.8, 130.5, 129.5, 127.8, 127.4, 126.1, 117.2, 114.2, 

112.3, 74.2, 69.9, 55.8, 55.2, 50.4, 38.5, 29.9, 27.8, 21.6, 21.5; HRMS (ESI): [M+H]+ Calcd for 

C37H41NO4
+: 564.3108; found: 564.3109. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, 

flow rate 1 mL/min, 30 oC, λ = 254 nm, tR1 = 10.207 min (major), tR2 = 20.005 min (minor); 98% 

ee. [α]D
19.0 = -37.01 (c = 0.29, CHCl3).  
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Isopropyl (R,E)-5-cyclohexyl-3-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5-methyl-

2-phenylhex-3-enoate (4aj)  

General procedure was followed on 0.2 mmol scale. The reaction mixture 

was purified by flash column chromatography (PE/EtOAc = 50/1) to afford 

4aj as a yellow oil (81.9 mg, 74%). Rf = 0.29 (PE/EtOAc = 50/1); Product 

was isolated as a 2:1 mixture of rotamers. 1H NMR (400 MHz, CDCl3): δ 7.80 (d, J = 6.8 Hz, 

0.7H), 7.75 (d, J = 7.2 Hz, 1.3H), 7.34–7.28 (m, 3H), 7.11 (bs, 1H), 6.77 (bs, 1H), 6.67–6.64 (m, 

3H), 6.57–6.52 (m, 1H), 6.42 (d, J = 8.4 Hz, 2H), 5.84 (s, 0.3H), 5.82 (s, 0.7H), 4.89–4.75 (m, 2H), 

3.79 (s, 1H), 3.78 (s, 2H), 3.71 (s, 2H), 3.69 (s, 1H), 1.73–1.58 (m, 4H), 1.13–0.79 (m, 14H), 0.71 

(d, J = 6.8 Hz, 1H), 0.63 (s, 2H), 0.53 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 172.3, 158.8, 151.9, 

142.2, 140.6, 139.4, 138.4, 138.2, 134.8, 130.6, 130.5, 129.8, 127.4, 127.3, 117.1, 117.0, 114.3, 

114.2, 112.4, 74.5, 69.8, 55.81, 55.76, 55.2, 49.1, 43.5, 40.2, 33.0, 32.5, 32.1, 28.0, 27.9, 27.2, 

26.9, 26.54, 26.49, 25.3, 22.8, 22.5, 21.6, 21.54, 21.47, 18.1, 17.7; HRMS (ESI): [M+H]+ Calcd 

for C36H45NO4
+: 556.3421; found: 556.3416. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, 

flow rate 1 mL/min, 30 oC, λ = 220 nm, tR1 = 19.656 min (major), tR2 = 21.723 min (major), tR3 = 

37.425 min (minor), tR4 = 39.783 min (minor); 98% ee, 98% ee. [α]D
19.0 = -9.84 (c = 0.21, CHCl3).  
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Isopropyl (R,E)-3,7-bis(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)-5,5-dimethyl-2-

phenylhept-3-enoate (4ak) 

General procedure was followed on 0.2 mmol scale with 3i 

(1.75 equiv) as an electrophile. The reaction mixture was 

purified by flash column chromatography (PE/EtOAc = 

50/1~20/1) to afford 4ak as a yellow oil (81.0 mg, 62%). Rf = 0.18 (PE/EtOAc = 10/1); 1H NMR 

(400 MHz, CDCl3): δ 7.95 (d, J = 9.2 Hz, 2H), 7.79 (d, J = 6.8 Hz, 2H), 7.36–7.28 (m, 3H), 7.13 

(bs, 1H), 6.91 (d, J = 8.8 Hz, 2H), 6.74–6.55 (m, 5H), 6.47 (d, J = 8.8 Hz, 2H), 5.91 (s, 1H), 5.05 

(bs, 1H), 4.79 (sept, J = 6.8 Hz, 1H), 4.17 (t, J = 7.2 Hz, 2H), 3.85 (s, 3H), 3.75 (s, 3H), 3.68 (s, 

3H), 1.64–1.53 (m, 2H), 1.11 (d, J = 6.4 Hz, 3H), 1.01 (d, J = 6.0 Hz, 3H), 0.81 (s, 3H), 0.76 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ 172.0, 166.3, 163.3, 158.9, 152.0, 140.7, 138.9, 137.7, 135.6, 

131.6, 130.5, 129.2, 127.54, 127.49, 123.0, 117.3, 114.2, 113.6, 112.5, 74.4, 70.1, 62.5, 55.6, 55.5, 

55.1, 42.0, 36.2, 29.8, 28.9, 21.5, 21.3; HRMS (ESI): [M+H]+ Calcd for C39H45NO5
+: 652.3269; 

found: 652.3269. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, flow rate 1 mL/min, 30 oC, 

λ = 220 nm, tR1 = 5.786 min (major), tR2 = 7.045 min (minor); 97% ee. [α]D
14.0 = -13.41 (c = 2.12, 

CHCl3).  

 

(R,E)-7-isopropoxy-5-(4-methoxyphenyl)-6-((4-methoxyphenyl)amino)-3,3-dimethyl-7-oxo-

6-phenylhept-4-en-1-yl 4-chlorobenzoate (4al)  

General procedure was followed on 0.2 mmol scale. The 

reaction mixture was purified by flash column chromatography 

(PE/EtOAc = 40/1) to afford 4al as a yellow oil (57.0 mg, 43%). 

Rf = 0.38 (PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 7.91 (d, J = 8.4 Hz, 2H), 7.78 (d, J 

= 6.8 Hz, 2H), 7.40 (d, J = 8.8 Hz, 2H), 7.36–7.30 (m, 3H), 7.14–7.11 (m, 1H), 6.73–6.67 (m, 5H), 

6.46 (d, J = 9.2 Hz, 2H), 5.89 (s, 1H), 5.04 (s, 1H), 4.78 (sept, J = 6.4 Hz, 1H), 4.14 (t, J = 6.8 Hz, 

2H), 3.75 (s, 3H), 3.67 (s, 3H), 1.56 (t, J = 7.6 Hz, 2H), 1.10 (d, J = 6.4 Hz, 3H), 0.99 (d, J = 6.0 

Hz, 3H), 0.80 (s, 3H), 0.76 (3H); 13C NMR (100 MHz, CDCl3): δ 171.9, 165.7, 159.0, 152.1, 140.7, 
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139.3, 138.9, 137.7, 135.7, 131.0, 130.6, 129.2, 129.1, 128.8, 127.6, 127.5, 117.4, 114.2, 112.6, 

74.5, 70.1, 63.1, 55.7, 55.2, 41.8, 36.3, 29.7, 29.1, 21.6, 21.4; HRMS (ESI): [M+H]+ Calcd for 

C39H43ClNO6
+: 656.2773; found: 656.2765. HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 85/15, 

flow rate 1 mL/min, rt, λ = 220 nm, tR1 = 6.611 min (major), tR2 = 10.706 min (minor); 98% ee. 

[α]D
16.0 = - 6.01 (c = 3.46, CHCl3). 

 

 

 

 
 

Figure S1. The failed substrate scope. 
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Synthetic Application  

(a) Reduction of ester moiety 

 

To a solution of starting material 4r (0.1 mmol, 1.0 equiv.) in anhydrous THF (3.0 mL) under 

nitrogen atmosphere at 0 °C was added LiAlH4 (0.5 mmol, 5.0 equiv.). The reaction mixture was 

stirred and allowed to warm to room temperature overnight until TLC analysis indicated complete 

consumption of the starting material. After completion, the reaction mixture was diluted with H2O 

and extracted with EtOAc for 3 times. The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure. The crude product was purified by 

flash chromatography (PE/EtOAc = 10/1~5/1) to afford 5 as a colorless oil (39.1 mg, 97%, 99% 

ee). Rf = 0.18 (PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 7.48 (d, J = 7.2 Hz, 2H), 7.37–

7.27 (m, 3H), 7.22–7.14 (m, 3H), 6.97 (bs, 1H), 6.70 (d, J = 9.2 Hz, 2H), 6.67–6.65 (m, 1H), 6.61 

(d, J = 8.8 Hz, 2H), 6.00 (s, 1H), 4.25 (bs, 1H), 3.94 (d, J = 11.6 Hz, 1H), 3.73–3.71 (m, 4H), 0.77 

(s, 9H); 13C NMR (100 MHz, CDCl3): δ 152.8, 142.2, 141.7, 139.5, 138.5, 137.3, 130.5, 130.4, 

128.4, 128.3, 127.4, 127.3, 127.3, 127.1, 118.7, 114.3, 68.9, 65.8, 55.7, 33.9, 31.2. HRMS (ESI): 

[M+H]+ Calcd for C27H32NO2
+: 402.2428; found: 402.2423; HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, rt, λ = 254 nm, tR1 = 8.011 min (major), tR2 = 

12.870 min (minor); 99% ee.  

 

 

(b) Deprotection of amine group 

 



 

 

37 

 

To a round-bottomed vial charged with 4r (0.05 mmol, 1.0 equiv) in MeCN/H2O = 3/2 (1.0 mL) 

was added CAN (0.2 mmol, 4.0 equiv). The mixture was stirred at 0 ℃ for 5 min. After completion, 

the reaction mixture was quenched with the addition of H2O and extracted with EtOAc for 3 times, 

then sat. aq. NaHCO3 was added and the resulting mixture was extracted with EtOAc for another 

3 times. The combined organic layer was washed with brine, dried over Na2SO4, filtered, and 

concentrated in vacuo to afford crude product, which was purified by preparative thin-layer 

chromatography (PE/EtOAc = 5/1) to give 6 as a colorless oil (13.2 mg, 75%, 98% ee). Rf = 0.30 

(PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 7.64 (d, J = 8.0 Hz, 2H), 7.36–7.28 (m, 3H), 

7.23–7.22 (m, 3H), 7.07 (bs, 2H), 5.50 (s, 1H), 5.04 (sept, J = 6.4 Hz, 1H), 1.25 (d, J = 6.4 Hz, 

3H), 1.22 (d, J = 6.4 Hz, 3H), 0.78 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 173.7, 142.0, 141.7, 

140.0, 137.6, 131.1, 128.5, 127.8, 127.5, 127.5, 127.4, 70.6, 69.6, 33.9, 31.1, 21.8. HRMS (ESI): 

[M+H]+ Calcd for C23H30NO2
+: 352.2271; found: 352.2269; HPLC (Chiralpak AD-H): n-

Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, rt, λ = 254 nm, tR1 = 15.356 min (major), tR2 = 

18.777 min (minor); 98% ee.  

 

 

 

(c) Intramolecular C-N coupling 

  

To a dried 8-mL vial were added Pd(OAc)2 (10 mol%), DPEPhos (12 mol%), Cs2CO3 (2.0 equiv). 

The via was then evacusted and backfilled with nitrogen (repeat three times). Toluene was added 

under N2 atmosphere. The reaction vial was sealed and stirred at 110 oC for 12 h. After completion, 

the reaction mixture was filtered through a pad of silica gel and the filter cake was washed with 

EtOAc. The resulted filtrate was then concentrated under reduced pressure to give the crude 
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product, which was purified by silica gel flash column chromatography (PE/EA = 20/1) to afford 

products 7 as a colorless oil (21.2 mg, 93%). Rf = 0.52 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.69 (d, J = 8.0 Hz, 1H), 7.23–7.20 (m, 5H), 7.03 (t, J = 7.6 Hz, 1H), 6.81 (d, J =7.2 Hz, 

2H), 6.75–6.68 (m, 3H), 6.33 (d, J = 8.0 Hz, 1H), 5.78 (s, 1H), 5.12 (sept, J = 6.4 Hz, 1H), 3.75 (s, 

3H), 1.33 (s, 9H), 1.20 (d, J = 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 171.2, 157.6, 153.4, 

141.8, 140.1, 137.9, 132.7, 130.2, 129.7, 129.4, 127.5, 127.4, 127.3, 122.3, 117.1, 113.9, 107.7, 

82.6, 68.9, 55.3, 32.1, 29.8, 21.5; HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 99/1, flow rate 

1.0 mL/min, rt, λ = 254 nm, tR1 = 9.810 min (major), tR2 = 14.754 min (minor); 93% ee.  
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Mechanism Studies  

(A) Radical cyclization experiment    

 
 

General procedure was followed on 0.2 mmol scale. The reaction mixture was purified by 

flash column chromatography (PE/EA = 5:1) to afford 4am as a yellow oil (37.2 mg, 31%, 2:1 dr). 

Rf = 0.34 (PE/EtOAc = 5/1); The product was isolated as a 5.5:1 mixture of rotamers. 1H NMR 

(400 MHz, CDCl3): 7.79–7.77 (m,1.4H), 7.75–7.73 (m, 0.6H), 7.35–7.29 (m, 3H), 7.11–7.03 (m, 

1H), 6.78–6.64 (m, 5H), 6.44–6.38 (m, 2H), 5.96–5.90 (m, 1H), 5.17–4.95 (m, 2H), 4.83–4.74 (m, 

1H), 3.40–4.10 (m, 10H), 2.15–2.02 (m, 1H), 1.98–1.87 (m, 1H), 1.80–1.73 (m, 1H), 1.56–1.29 

(m, 3H), 1.13–1.06 (m, 3H), 1.02–0.98 (m, 3H), 0.73–0.56 (m, 6H); 13C NMR (100 MHz, CDCl3): 

δ 172.0, 171.9, 171.9, 159.1, 159.0, 159.0, 158.9, 152.2, 152.1, 152.1, 152.0, 140.3, 140.3, 140.2, 

140.2, 139.1, 139.1, 139.0, 138.4, 138.0, 137.7, 137.5, 136.0, 135.9, 135.4, 132.3, 132.1, 131.8, 

131.5, 130.6, 130.5, 130.3, 130.2, 129.6, 129.4, 129.3, 127.7, 127.7, 127.6, 127.5, 117.3, 117.2, 

114.2, 112.7, 112.7, 112.6, 112.5, 102.5, 102.4, 101.4, 101.3, 74.5, 74.4, 74.1, 74.1, 70.2, 70.1, 

70.1, 70.0, 65.6, 65.4, 64.2, 64.0, 60.9, 60.9, 55.8, 55.8, 55.7, 55.2, 52.4, 51.9, 50.3, 50.1, 39.4, 

39.4, 39.1, 39.0, 37.6, 37.6, 37.2, 37.0, 28.9, 28.2, 28.1, 28.0, 27.7, 26.9, 26.6, 25.4, 25.3, 25.1, 

23.5, 23.4, 21.6, 21.6, 21.48, 21.46, 21.43, 21.40, 21.36, 21.2, 21.1. HRMS (ESI): [M+H]+ Calcd 

for C37H46NO6
+: 600.3320; found: 600.3310. 

(B) Control experiment  

 

General procedure was followed on 0.1 mmol scale with a reaction time of 1 h at 15 ℃ ice 

bath. The imine 1a was largely remained by TLC analysis. Compound 3l16 was observed in 16% 

uncorrected GC yield and confirmed by GC-MS. 
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(C) Reaction with alkenyl iodide  

 

To a dried 8-mL vial were added L1 (0.012 mmol, 12 mol%), Mn (0.2 mmol, 2.0 equiv) and 

imine 1a (0.1 mmol, 1.0 equiv). Then the vial was transferred into the glovebox. CoI2 (0.01 mmol, 

10 mol%), THF (0.4 ml) and alkenyl iodide 3l (0.2 mmol, 2.0 equiv) were added in sequence and 
iPrOH (0.1 ml) was added finally. The reaction vial was capped and stirred at 15 oC for 12 h. After 

completion, the reaction mixture was filtered through a pad of silica gel and the filter cake was 

washed with EtOAc. The resulted filtrate was then concentrated under reduced pressure to give 

the crude product, which was purified by silica gel flash column chromatography to afford 

products 4r as a yellow oil (26.5 mg, 58%). HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 98/2, 

flow rate 1.0 mL/min, rt, λ = 220 nm, tR1 = 6.400 min (major), tR2 = 11.601 min (minor); 97% ee.  

  
 

(D) Reaction without imine    

 
General procedure was followed on 0.1 mmol scale. The reaction mixture was purified by 

flash column chromatography (PE) to afford 8 as a yellow oil (9.2 mg, 14%). Rf = 0.67 (PE/EtOAc 

= 10/1); 1H NMR (400 MHz, CDCl3): δ 7.22 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.91 

(d, J = 8.4 Hz, 2H), 6.83 (d, J = 16.4 Hz, 1H), 6.79 (d, J = 8.8 Hz, 2H), 5.80 (s, 1H), 5.74 (d,  J = 

16.0 Hz, 1H), 3.86 (s, 3H), 3.78 (s, 3H), 0.92 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 158.9, 158.6, 

144.3, 138.9, 134.6, 131.3, 131.1, 130.8, 128.5, 127.5, 114.0, 113.3, 55.4, 55.3, 34.0, 31.5. HRMS 

(ESI): [M+H]+ Calcd for C22H27O2
+: 323.2006; found: 323.2008. 
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Crystallographic Data  

Compound 4aa is dissolved in acetone to form a supersaturated solution, which is then left to 

stand at 25 oC for 5 days, allowing crystals to slowly precipitate.  

Single-crystal X-ray diffraction data for 4aa were collected on a Bruker D8 Venture 

diffractometer with a graphite-monochromated Ga Kα radiation (λ = 1.34139 Å) at 213 K. 

Empirical absorption correction was performed using the SADABS program. The structure was 

solved by direct methods and refined by full-matrix least-squares procedures on F2 using 

SHELXTL2018 and solved with the Superflip structure solution program using charge flipping 

and refined with the XL refinement package using least-squares minimization that is included in 

Olex2. All of the non-hydrogen atoms were refined anisotropically. All of the hydrogen atoms on 

carbons were generated and refined in ideal positions. 

 

 
Fig. S2 Crystal data and structure refinement for 4aa (CCDC 2255872) 

Empirical formula  C32 H37 N O4 

Formula weight  499.62 

Temperature  213 K 

Wavelength  1.34139 Å 

Crystal system  Orthorhombic 

Space group  P 21 21 2 

Unit cell dimensions a = 10.8470(4) Å  = 90°. 

 b = 27.3287(9) Å  = 90°. 

 c = 10.7209(4) Å  = 90°. 

Volume 3178.0(2) Å3 

Z 4 

Density (calculated) 1.044 Mg/m3 

Absorption coefficient 0.344 mm-1 
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F(000) 1072 

Crystal size 0.12 x 0.09 x 0.06 mm3 

Theta range for data collection 6.662 to 55.092°. 

Index ranges -13<=h<=10, -33<=k<=33, -13<=l<=13 

Reflections collected 33038 

Independent reflections 5970 [R(int) = 0.0425] 

Completeness to theta = 53.594° 97.8 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7508 and 0.5744 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 5970 / 0 / 341 

Goodness-of-fit on F2 1.417 

Final R indices [I>2sigma(I)] R1 = 0.0550, wR2 = 0.1654 

R indices (all data) R1 = 0.0580, wR2 = 0.1684 

Absolute structure parameter -0.06(6) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.464 and -0.220 e.Å-3 
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NMR spectra 

 
1H NMR-spectrum (400 MHz, CDCl3) of 4a 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4a 
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1H NMR-spectrum (400 MHz, CDCl3) of 4b 

 
 
13C NMR-spectrum (100 MHz, CDCl3) of 4b 
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1H NMR-spectrum (400 MHz, CDCl3) of 4c 

 
 
13C NMR-spectrum (100 MHz, CDCl3) of 4c 
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1H NMR-spectrum (400 MHz, CDCl3) of 4d 

 
 
13C NMR-spectrum (100 MHz, CDCl3) of 4d 
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1H NMR-spectrum (400 MHz, CDCl3) of 4e 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4e 
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1H NMR-spectrum (400 MHz, CDCl3) of 4f 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4f 
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19F NMR-spectrum (376 MHz, CDCl3) of 4f 
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1H NMR-spectrum (400 MHz, CDCl3) of 4g 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4g 
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1H NMR-spectrum (400 MHz, CDCl3) of 4h 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4h 
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1H NMR-spectrum (400 MHz, CDCl3) of 4i 

 
 
13C NMR-spectrum (100 MHz, CDCl3) of 4i 
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19F NMR-spectrum (376 MHz, CDCl3) of 4i 
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1H NMR-spectrum (400 MHz, CDCl3) of 4j 

 
 
13C NMR-spectrum (100 MHz, CDCl3) of 4j 
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1H NMR-spectrum (400 MHz, CDCl3) of 4k 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4k 
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1H NMR-spectrum (400 MHz, CDCl3) of 4l 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4l 
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1H NMR-spectrum (400 MHz, CDCl3) of 4m 

 
 
13C NMR-spectrum (100 MHz, CDCl3) of 4m 
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1H NMR-spectrum (400 MHz, CDCl3) of 4n 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4n 
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1H NMR-spectrum (400 MHz, CDCl3) of 4o 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4o 
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19F NMR-spectrum (376 MHz, CDCl3) of 4o 
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1H NMR-spectrum (400 MHz, CDCl3) of 4p 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4p 
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1H NMR-spectrum (400 MHz, CDCl3) of 4q 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4q 
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1H NMR-spectrum (400 MHz, CDCl3) of 4r 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4r 
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1H NMR-spectrum (400 MHz, CDCl3) of 4s 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4s 
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1H NMR-spectrum (400 MHz, CDCl3) of 4t 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4t 
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1H NMR-spectrum (400 MHz, CDCl3) of 4u 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4u 
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1H NMR-spectrum (400 MHz, CDCl3) of 4v 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4v 
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1H NMR-spectrum (400 MHz, CDCl3) of 4w 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4w 
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1H NMR-spectrum (400 MHz, CDCl3) of 4x 

 
 
13C NMR-spectrum (100 MHz, CDCl3) of 4x 
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1H NMR-spectrum (400 MHz, CDCl3) of 4y 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4y 
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1H NMR-spectrum (400 MHz, CDCl3) of 4z 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4z 
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1H NMR-spectrum (400 MHz, CDCl3) of 4aa 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4aa 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ab 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ab 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ac 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ac 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ad 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ad 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ae 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ae 
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1H NMR-spectrum (400 MHz, CDCl3) of 4af 

 
13C NMR-spectrum (100 MHz, CDCl3) of 4af 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ag 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ag 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ah 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ah 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ai 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ai 
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1H NMR-spectrum (400 MHz, CDCl3) of 4aj 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4aj 
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1H NMR-spectrum (400 MHz, CDCl3) of 4ak 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4ak 
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1H NMR-spectrum (400 MHz, CDCl3) of 4al 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4al 
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1H NMR-spectrum (400 MHz, CDCl3) of 4am 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 4am 
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1H NMR-spectrum (400 MHz, CDCl3) of 5 

 
 

13C NMR-spectrum (100 MHz, CDCl3) of 5 

 

1H NMR-spectrum (400 MHz, CDCl3) of 6 
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13C NMR-spectrum (100 MHz, CDCl3) of 6 

 
1H NMR-spectrum (400 MHz, CDCl3) of 7 
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13C NMR-spectrum (100 MHz, CDCl3) of 7 

 

1H NMR-spectrum (400 MHz, CDCl3) of 8 
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13C NMR-spectrum (100 MHz, CDCl3) of 8 
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