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1. General remarks 

1H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3. Chemical shifts 

are reported in ppm with the internal TMS signal at 0.0 ppm as a standard. 13C NMR spectra were 

recorded on a Bruker 101 MHz spectrometer in CDCl3. Chemical shifts are reported in ppm with the 

internal chloroform signal at 77.0 ppm as a standard. 19F NMR spectra were recorded on a Bruker 

376 MHz spectrometer in CDCl3. Chemical shifts are reported in ppm with the internal CF3COOH 

signal at -76.55 ppm. The data are reported as (s = single, d = double, t = triple, q = quarter, m = 

multiple or unresolved, br s = broad single, coupling constant(s) in Hz, integration). High resolution 

mass spectra (HR-MS) were recorded on a LTQ-Orbitrap Elite mass spectrometer with MeOH as 

solvent mixture for the measurements. Commercially obtained reagents were used without further 

purification. Solvents were purified prior to use according to the standard methods. Unless otherwise 

noted, all reactions were carried out under argon atmosphere. The enantiomeric excesses (ee) and 

diastereomeric ratio (dr) of the products were determined by high-performance liquid 

chromatography (HPLC) analysis performed on Agilent 1200 and 1260 Series chromatographs using 

a Diacel chiral column (25 cm). Optical rotations were measured on a Rudolph Research Analytical 

Autopol VI polarimeter with [α]D values reported in degrees; concentration (c) is in g/100 mL. The 

racemic products were obtained by running reactions with racemic [Ru]-catalyst and racemic ligand. 

The chiral catalyst [Ru]-11 and [Ru]-21 and known chiral ligands L12, L5-L92 and ligand L23 and 

ligands L4,4 L10-L114 were prepared according to the literature procedure. Commercially available 

chiral ligands (L3) were purchased and used without further purification. Diphenyl ketimine esters 1, 

racemic 1,3-dienyl carbinols 25 and 1,3,5-trienyl carbinols 46 were prepared according to the literature 

procedure. The absolute configuration of (2R,7S,E)-trans-10 and (2R,7R,E)-cis-10 was determined 

by X-ray analysis, and those of other trans- and cis-products were deduced on the basis of these 

results. 
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2. Preparation of racemic 1,3-dienyl carbinols and 1,3,5-trienyl carbinols 

 

To a stirred solution of i-Pr2NH (33 mmol, 1.1 eq.) in dry THF (33 mL), was add n-BuLi (33 

mmol, 2.5 M in hexane, 1.1 eq.) dropwise at -78 oC. The mixture was stirred for 30 min at the same 

temperature then acetophenone (30 mmol, 1.0 eq.) in THF (10 mL) was added to the generated LDA 

solution at −78 oC and the reaction was allowed to stir for 30 min. A solution of acrolein in THF (10 

mL) was added and the mixture was stirred for 1 h. The reaction was quenched with sat. aq. NH4Cl 

solution when the starting material was completely consumed. The organic layer was separated and 

the aqueous layer was extracted with EtOAc (2 × 30 mL). The combined organic layers were dried 

over Na2SO4 and concentrated. The alcohol product Ⅰ was isolated via silica gel column 

chromatography as a yellow liquid in 75% yield. 

To a solution of Ⅰ (22 mmol, 1.0 eq.) in DCM (44 mL) at room temperature was added PTSA 

(11 mmol, 0.5 eq.). The reaction system was heated to 40 oC and refluxed for 3 h. The mixture was 

diluted with DCM and washed with water (2 × 40 mL). Dried organic layer was evaporated. The 

product Ⅱ was isolated via silica gel column chromatography as a yellow liquid in 80% yield. 

To a stirred solution of Ⅱ (17.6 mmol, 1.0 eq.) in MeOH (40 mL), was added CeCl3·7H2O. The 

mixture was cooled to 0 oC and NaBH4 was added slowly at 0 oC. After stirring for 1 h, the reaction 

was quenched with H2O and MeOH was removed in vacuo. The mixture was extracted with EtOAc 

(3 × 40 mL). The combined organic layer was dried over Na2SO4 and concentrated. The substrate 2a 

was isolated via silica gel column chromatography as a yellow liquid in 90% yield. 
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Under Argon, to a suspension of AlCl3 (33 mmol, 1.1 eq.) in dry DCM (30 mL) was added 

benzoyl chloride (30 mmol, 1.0 eq.) in DCM (10 mL) and 6-chloro-1-hexyne (30 mmol, 1.0 eq.) in 

DCM (10 mL) simultaneously at 0 oC. The reaction was quenched by H2O after 15 min. The organic 

layer was separated and the aqueous layer was extracted with EtOAc (2 × 30 mL). The combined 

organic layers were dried over Na2SO4 and concentrated. The product Ⅲ was isolated via silica gel 

column chromatography as a yellow liquid in 65% yield. 

A dry flask was charged with Ⅲ (5 mmol, 1.0 eq.) and PPh3 (0.5 mmol, 0.1 eq.) under argon. 

To this flask was added dry DCM (10 mL) followed by Et3N (1.5 mmol, 1.5 eq.) at room temperature. 

The mixture was continued to stir until reaction was completed. The reaction was quenched with H2O 

(10 mL), extracted with DCM (3 × 10 mL), and dried with Na2SO4. The product Ⅳ was isolated via 

silica gel column chromatography as a yellow liquid in 30% yield. 

4a was synthesized from Ⅳ in the same method as that used for the substrate 2a from Ⅱ. 

 

 

(E)-1-phenylpenta-2,4-dien-1-ol (2a): colorless liquid.  

1H NMR (400 MHz, Chloroform-d) δ 7.33 – 7.27 (m, 4H), 7.24 – 7.20 (m, 1H), 6.33 – 6.22 (m, 2H), 

5.89 – 5.77 (m, 1H), 5.23 – 5.15 (m, 2H), 5.09 – 5.02 (m, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 142.7, 136.2, 135.5, 131.3, 128.6, 127.8, 126.3, 118.1, 74.7. 
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(E)-1-(4-fluorophenyl)penta-2,4-dien-1-ol (2b): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.29 – 7.22 (m, 2H), 6.99 – 6.92 (m, 2H), 6.32 – 6.16 (m, 2H), 

5.84 –5.69 (m, 1H), 5.22 – 5.13 (m, 2H), 5.09 – 5.03 (m, 1H), 2.05 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 162.3 (d, J = 246.7 Hz), 138.4 (d, J = 3.4 Hz), 136.0, 135.2, 

131.5, 128.0 (d, J = 8.3 Hz), 118.4, 115.4 (d, J = 21.3 Hz), 74.0. 

19F NMR (376 MHz, Chloroform-d) -114.76 – -114.78 (m). 

 

 

(E)-1-(2-fluorophenyl)penta-2,4-dien-1-ol (2c): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.51 – 7.41 (m, 1H), 7.30 – 7.26 (m, 1H), 7.20 – 7.12 (m, 1H), 

7.09 – 6.98 (m, 1H), 6.41 – 6.25 (m, 2H), 5.97 – 5.84 (m, 1H), 5.62 – 5.51 (m, 1H), 5.30 – 5.21 (m, 

1H), 5.17 – 5.09 (m, 1H), 2.10 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 159.9 (d, J = 247.3 Hz), 136.0, 134.0, 131.5, 129.7 (d, J = 

13.1 Hz), 129.2 (d, J = 8.2 Hz), 127.6 (d, J = 4.3 Hz), 124.4 (d, J = 3.6 Hz), 118.4, 115.4 (d, J = 21.5 

Hz), 68.7 (d, J = 3.1 Hz). 

19F NMR (376 MHz, Chloroform-d) δ -119.06 – -119.20 (m). 

 

 

(E)-1-(3-chlorophenyl)penta-2,4-dien-1-ol (2d): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.34 (m, 1H), 7.31-7.24 (m, 3H), 6.41 – 6.25 (m, 2H), 

5.91 – 5.76 (m, 1H), 5.31 – 5.20 (m, 2H), 5.19 – 5.11 (m, 1H), 1.99 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 144.6, 135.9, 134.7, 134.4, 131.9, 129.8, 127.8, 126.4, 124.4, 

118.7, 74.1. 

 



S6 

 

 

(E)-1-(4-chlorophenyl)penta-2,4-dien-1-ol (2e): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.34 – 7.29 (m, 4H), 6.39 – 6.25 (m, 2H), 5.90 – 5.76 (m, 1H), 

5.30 – 5.21 (m, 2H), 5.17 – 5.11 (m, 1H), 2.00 (s,1H). 

13C NMR (101 MHz, Chloroform-d) δ 141.1, 135.9, 135.0, 133.4, 131.7, 128.7, 127.6, 118.6, 74.0. 

 

 

(E)-1-(4-bromophenyl)penta-2,4-dien-1-ol (2f): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.54 – 7.44 (m, 2H), 7.29 – 7.24 (m, 2H), 6.42 – 6.22 (m, 2H), 

5.91 – 5.74 (m, 1H), 5.31 – 5.19 (m, 2H), 5.18 – 5.11 (m, 1H), 2.00 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) 141.6, 135.9, 134.9, 131.8, 131.6, 128.0, 121.6, 118.6, 74.0. 

 

 

(E)-1-(o-tolyl)penta-2,4-dien-1-ol (2g): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.48 – 7.43 (m, 1H), 7.24 – 7.10 (m, 3H), 6.39 – 6.22 (m, 2H), 

5.86 (dd, J = 14.6, 6.2 Hz, 1H), 5.44 (d, J = 6.4 Hz, 1H), 5.22 (dd, J = 16.4, 2.0 Hz, 1H), 5.10 (dd, J 

= 9.8, 1.8 Hz, 1H), 2.34 (s, 3H), 1.94 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 140.6, 136.2, 135.2, 134.7, 131.3, 130.5, 127.6, 126.3, 125.8, 

117.9, 71.4, 19.1. 
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(E)-1-(m-tolyl)penta-2,4-dien-1-ol (2h): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.25 – 7.21 (m, 1H), 7.19 – 7.14 (m, 2H), 7.12 – 7.08 (m, 1H), 

6.40 – 6.28 (m, 2H), 5.93 – 5.84 (m, 1H), 5.28 – 5.20 (m, 2H), 5.14 – 5.09 (m, 1H), 2.36 (s, 3H), 1.96 

(brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 142.7, 138.3, 136.2, 135.6, 131.1, 128.53, 128.50, 126.9, 123.3, 

118.0, 74.7, 21.4. 

 

 

(E)-1-(p-tolyl)penta-2,4-dien-1-ol (2i): white solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.26 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.42 – 6.21 

(m, 2H), 5.97 – 5.80 (m, 1H), 5.29 – 5.19 (m, 2H), 5.16 – 5.07 (m, 1H), 2.34 (s, 3H), 1.89 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 139.8, 137.5, 136.2, 135.6, 131.1, 129.3, 126.2, 117.9, 74.5, 

21.1. 

 

 

(E)-1-(4-methoxyphenyl)penta-2,4-dien-1-ol (2j): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.22 (d, J = 7.2 Hz, 2H), 6.82 (d, J = 7.2 Hz, 2H), 6.33 – 6.19 

(m, 2H), 5.87 – 5.76 (m, 1H), 5.21 – 5.12 (m, 2H), 5.07 – 5.01 (m, 1H), 3.73 (s, 3H), 1.84 (d, J = 3.2 

Hz, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 159.2, 136.2, 135.7, 135.0, 131.0, 127.6, 117.9, 114.0, 74.2, 

55.3. 
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(E)-1-(thiophen-2-yl)penta-2,4-dien-1-ol (2k): orange liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.28 – 7.24 (m, 1H), 7.02 – 6.92 (m, 2H), 6.45 – 6.30 (m, 2H), 

6.03 – 5.86 (m, 1H), 5.47 (dd, J = 6.6, 3.8 Hz, 1H), 5.32 – 5.23 (m, 1H), 5.20 – 5.12 (m, 1H), 2.28 (d, 

J = 4.0 Hz, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 146.7, 135.9, 134.4, 131.8, 126.8, 125.2, 124.3, 118.6, 70.4. 

 

 

(E)-1-(naphthalen-1-yl)penta-2,4-dien-1-ol (2l): sticky yellow liquid. 

1H NMR (400 MHz, Chloroform-d) δ 8.21 – 8.14 (m, 1H), 7.91 – 7.85 (m, 1H), 7.81 (d, J = 8.0 Hz, 

1H), 7.63 (d, J = 6.8 Hz, 1H), 7.55 – 7.45 (m, 3H), 6.46 – 6.30 (m, 2H), 6.15 – 6.04 (m, 1H), 6.02 – 

5.97 (m, 1H), 5.28 – 5.19 (m, 1H), 5.15 – 5.08 (m, 1H), 2.12 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 138.2, 136.2, 135.0, 133.9, 131.7, 130.6, 128.8, 128.5, 126.2, 

125.7, 125.4, 123.9, 123.7, 118.1, 71.7. 

 

 

(E)-1-(naphthalen-2-yl)penta-2,4-dien-1-ol (2m): white solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.92 – 7.75 (m, 4H), 7.54 – 7.42 (m, 3H), 6.44 – 6.29 (m, 2H), 

6.04 – 5.89 (m, 1H), 5.46 – 5.39 (m, 1H), 5.31 – 5.21 (m, 1H), 5.17 – 5.09 (m, 1H), 2.09 (d, J = 3.2 

Hz, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 140.0, 136.2, 135.4, 133.3, 133.0, 131.5, 128.3, 128.0, 127.6, 

126.2, 125.9, 124.8, 124.5, 118.2, 74.7. 
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(E)-1-(benzo[b]thiophen-2-yl)penta-2,4-dien-1-ol (2n): white solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.78 – 7.68 (m, 1H), 7.67 – 7.60 (m, 1H), 7.29 – 7.20 (m, 2H), 

7.13 (s, 1H), 6.38 – 6.25 (m, 2H), 5.98 – 5.84 (m, 1H), 5.51 – 5.43 (m, 1H), 5.27 – 5.18 (m, 1H), 5.15 

– 5.08 (m, 1H), 2.19 (d, J = 4.4 Hz, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 147.4, 139.7, 139.5, 135.8, 133.8, 132.4, 124.30, 124.26, 123.6, 

122.5, 120.7, 119.0, 71.1. 

 

 

(E)-1-cyclohexylpenta-2,4-dien-1-ol (2q): colorless liquid. 

1H NMR (400 MHz, Chloroform-d) δ 6.42 – 6.28 (m, 1H), 6.25 – 6.14 (m, 1H), 5.72 (dd, J = 15.2, 

7.2 Hz, 1H), 5.21 (dd, J = 16.8, 1.6 Hz, 1H), 5.09 (dd, J = 10.0, 1.6 Hz, 1H), 3.89 (t, J = 6.6 Hz, 1H), 

1.89 – 1.82 (m, 1H), 1.79 – 1.71 (m, 2H), 1.70 – 1.63 (m, 2H), 1.47 – 1.38 (m, 1H), 1.29 – 1.24 (m, 

1H), 1.23 – 1.19 (m, 1H), 1.18 – 1.11 (m, 1H), 1.05 – 0.94 (m, 2H). 

13C NMR (101 MHz, Chloroform-d) δ 136.4, 135.3, 131.8, 117.3, 43.8, 28.8, 28.5, 26.5, 26.1, 26.0. 

 

 

(E)-2-methyl-1-phenylpenta-2,4-dien-1-ol (2s):  

1H NMR (400 MHz, Chloroform-d) δ 7.39 – 7.29 (m, 4H), 7.29 – 7.25 (m, 1H), 6.68 – 7.51 (m, 1H), 

6.37 – 6.27 (m, 1H), 5.28 (dd, J = 16.4, 2.0 Hz, 1H), 5.20 – 5.08 (m, 2H), 1.99 (s, 1H), 1.63 (d, J = 

1.2 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 141.9, 139.6, 132.6, 128.4, 127.6, 126.4, 126.1, 117.7, 78.8, 

12.8. 
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(2E,4E)-1-phenylhepta-2,4,6-trien-1-ol (4a): white solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.39 – 7.33 (m, 4H), 7.31 – 7.26 (m, 1H), 6.41 – 6.21 (m, 4H), 

5.94 – 5.86 (m, 1H), 5.30 – 5.21 (m, 2H), 5.14 – 5.09 (m, 1H), 1.98 (d, J = 3.2 Hz, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 142.7, 136.7, 135.6, 134.1, 132.1, 130.6, 128.6, 127.8, 126.3, 

117.8, 74.8. 

 

 

(2E,4E)-1-(p-tolyl)hepta-2,4,6-trien-1-ol (4b): white solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.26 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.43 – 6.19 

(m, 4H), 5.89 (dd, J = 14.8, 6.8 Hz, 1H), 5.29 – 5.19 (m, 2H), 5.11 (dd, J = 10.0, 1.6 Hz, 1H), 2.34 

(s, 3H), 1.90 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 139.8, 137.5, 136.8, 135.8, 133.9, 132.3, 130.3, 129.2, 126.2, 

117.7, 74.6, 21.1. 

 

 

(2E,4E)-1-(4-fluorophenyl)hepta-2,4,6-trien-1-ol (4c): white solid. 

1H NMR (400 MHz, Chloroform-d) δ 7.39 – 7.30 (m, 2H), 7.10 – 6.97 (m, 2H), 6.41 – 6.18 (m, 4H), 

5.86 (dd, J = 14.6, 6.6 Hz, 1H), 5.30 – 5.21 (m, 2H), 5.13 (dd, J = 9.8, 1.4 Hz, 1H), 2.01 (brs, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 162.3 (d, J = 246.6 Hz), 138.4 (d, J = 3.0 Hz), 136.7, 135.3, 

134.4, 131.9, 130.8, 128.0 (d, J = 8.2 Hz), 118.1, 115.4 (d, J = 21.4 Hz), 74.1. 

19F NMR (376 MHz, Chloroform-d) δ -114.6 – -114.8 (m). 
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3. Typical procedure for stereodivergent synthesis of chiral ζ-hydroxy amino ester 

General procedure for preparation of enantiomeric products: 

 

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.01 mmol) and L7 (0.011 

mmol) and degassed THF (1 mL). The reaction mixture was stirred at 20 ºC for 30 min. Then, [Ru]-

1 complex (0.004 mmol), imino ester 1a (0.20 mmol), dienyl carbinols 2 (0.60 mmol), K3PO4 (0.20 

mmol) and THF (1 mL) were added into the Schlenk tube under argon. The reaction mixture was 

continuously stirred at 20 ºC. Once starting material was consumed (monitored by TLC), the organic 

solvent was removed and the residue was purified by column chromatography to give the desired 

trans-products, which were then directly analyzed by chiral HPLC to determine the dr value and the 

enantiomeric excess.  

The corresponding cis-3 was obtained by changing [Ru]-1 with ent-[Ru]-1 under otherwise 

identical conditions. Four stereodivergent products were produced with four different sets of catalyst 

combinations: [Cu/(R,R,Rp)-L7]/[Ru]-1; [Cu/(R,R,Rp)-L7]/ent-[Ru]-1; [Cu/(S,S,Sp)-L7]/[Ru]-1; 

[Cu/(S,S,Sp)-L7]/ent-[Ru]-1. 

 

General procedure for preparation of racemic products: 

 

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.01 mmol) and (rac)-

BINAP (0.011 mmol) and degassed THF (1.0 mL). The reaction mixture was stirred at 20 ºC for 30 
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min. Then, [Ru]-2 complex (0.004 mmol), imino ester 1a (0.20 mmol), dienyl carbinols 2 (0.60 mmol), 

K3PO4 (0.20 mmol) and THF (1.0 mL) were added into the Schlenk tube under argon. The reaction 

mixture was continuously stirred at 20 ºC overnight. Then the organic solvent was removed and the 

residue was purified by column chromatography to give the desired rac-products. 

 

4. Optimization of rection conditions 

Table S1. Evaluation of solvent a 

 

Solvent yield (%) b dr c ee (%) c 

THF 93 4:1 >99 

Toluene mess - - 

DCM 70 4:1 98 

1,4-Dioxane mess - - 

MTBE 83 2:1 96 

Et2O 64 1:1 91 

2-Me-THF 45 1:1 33 

a All reactions were carried out with 0.20 mmol of 1a, 0.60 mmol of 2a, 0.005 mmol of [Cu], 0.0055 mmol of L1 

and 0.20 mmol of Cs2CO3 in 2 mL of solvent at 20 oC. The reaction was monitored by TLC. [Cu] = Cu(MeCN)4BF4. 
b Isolated yield. c The dr and ee values were determined by HPLC analysis. 

 

Table S2. Evaluation of base a 

 

Base yield (%)b dr c ee (%) c 
tBuOK 38 1:1 0 

Cs2CO3 74 11:1 99 

K3PO4 72 13:1 99 

Na2CO3 - - - 

Et3N  - - - 
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DBU trace - - 

a All reactions were carried out with 0.20 mmol of 1a, 0.60 mmol of 2a, 0.005 mmol of [Cu], 0.0055 mmol of L4 

and 0.20 mmol of the base in 2 mL of THF at 35 oC. The reaction was monitored by TLC. [Cu] = Cu(MeCN)4BF4. 
b Isolated yield. c The dr and ee values were determined by HPLC analysis. 

 

Table S3. Evaluation of temperature a 

 
T (°C) yield (%) b dr c ee (%) c 

0 17 16:1 99 

20 72 9:1 97 

35 42 4:1 96 

a All reactions were carried out with 0.20 mmol of 1a, 0.60 mmol of 2a, 0.005 mmol of [Cu], 0.0055 mmol of L4 

and 0.20 mmol of K3PO4 in 2 mL of THF at T oC. The reaction was monitored by TLC. [Cu] = Cu(MeCN)4BF4. 
b 

Isolated yield. c The dr and ee values were determined by HPLC analysis. 
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Table S4. Evaluation of chiral ligand 
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5. Characterization data for the products 

  

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate 

((2R,7S,E)-3a): yield (90 mg, 99%); colorless oil; [α]20
D = +24.8 (c 0.48, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak 

IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 26.30, 29.76, 31.69 and 47.59 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.67 – 7.41 (m, 3H), 7.40 – 7.28 (m, 7H), 

7.25 – 7.19 (m, 1H), 7.17 – 7.11 (m, 2H), 5.58 – 5.39 (m, 2H), 4.62 (dd, J = 8.4, 4.4 Hz, 1H), 3.99 

(dd, J = 7.2, 5.6 Hz, 1H), 2.69 – 2.53 (m, 2H), 2.48 – 2.41 (m, 1H), 2.41 – 2.31 (m, 1H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.1, 143.9, 139.6, 136.6, 130.5, 130.2, 128.8, 128.7, 

128.5, 128.4, 128.3, 128.0, 127.8, 127.3, 125.7, 81.1, 73.0, 66.0, 43.0, 37.1, 28.0. 

HRMS (ESI+) calcd. For C30H34NO3 ([M+H]+): 456.2533, found: 456.2540. 

HPLC chromatogram of compound (2R,7S,E)-3a 
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tert-butyl (2S,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate 

((2S,7R,E)-3a): yield (90 mg, 99%); colorless oil; [α]20
D = -24.6 (c 0.68, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak 

IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 26.30, 29.76, 31.69 and 47.59 

min. 

HRMS (ESI+) calcd. For C30H34NO3 ([M+H]+): 456.2533, found: 456.2539. 

HPLC chromatogram of compound (2S,7R,E)-3a 

   

   

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-(4-fluorophenyl)-7-hydroxyhept-4-enoate 

((2R,7S,E)-3b): yield (89 mg, 94%); colorless oil; [α]15
D = +17.5 (c 0.58, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee 

(Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 17.36, 19.09, 20.90 

and 29.52 min. 



S17 

 

1H NMR (400 MHz, Chloroform-d) δ 7.66 – 7.61 (m, 2H), 7.46 – 7.37 (m, 4H), 7.35 – 7.30 (m, 2H), 

7.28 – 7.24 (m, 2H), 7.17 – 7.11 (m, 2H), 7.00 – 6.93 (m, 2H), 5.55 – 5.41 (m, 2H), 4.60 (dd, J = 8.2, 

4.6 Hz, 1H), 3.98 (dd, J = 6.8, 5.6 Hz, 1H), 2.65 – 2.54 (m, 2H), 2.44 – 2.38 (m, 1H), 2.37 – 2.33 (m, 

1H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 162.0 (d, J = 245.9 Hz), 139.6 (d, J = 3.0 Hz), 

139.5, 136.5, 130.8, 130.3, 128.8, 128.6, 128.5, 128.4, 128.0, 127.7, 127.3 (d, J = 8.0 Hz), 115.0 (d, 

J = 21.4 Hz), 81.2, 72.3, 65.9, 43.1, 37.1, 28.0. 

19F NMR (376 MHz, Chloroform-d) δ -115.41 – -115.69 (m). 

HRMS (ESI+) calcd. For C30H33FNO3 ([M+H]+): 474.2439, found: 474.2440. 

HPLC chromatogram of compound (2R,7S,E)-3b 

   

   

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-(2-fluorophenyl)-7-hydroxyhept-4-enoate 

((2R,7S,E)-3c): yield (91 mg, 96%); colorless oil; [α]20
D = +13.6 (c 0.52, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 11:1 dr, 99% ee (Chiralpak 

IF + Chiralpak IF, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.77, 19.68, 

20.47 and 22.37 min. 
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1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.61 (m, 2H), 7.47 – 7.41 (m, 4H), 7.40 – 7.31 (m, 3H), 

7.23 – 7.14 (m, 3H), 7.12 – 7.07 (m, 1H), 7.00 – 6.93 (m, 1H), 5.57 – 5.45 (m, 2H), 4.95 (dd, J = 8.6, 

4.2 Hz, 1H), 4.00 (dd, J = 6.4, 6.4 Hz, 1H), 2.67 – 2.57 (m, 2H), 2.44 – 2.26 (m, 2H), 1.45 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 160.0 (d, J = 123.2 Hz), 139.5, 136.6, 131.0, 

130.8, 130.8, 130.3, 128.8, 128.6, 128.53, 128.47, 128.0, 127.8, 127.1 (d, J = 4.4 Hz), 124.1 (d, J = 

3.6 Hz), 115.1 (d, J = 21.4 Hz), 81.2, 67.0, 66.0, 41.7, 37.1, 28.1. 

19F NMR (376 MHz, Chloroform-d) δ -119.64 – -119.87 (m). 

HRMS (ESI+) calcd. For C30H33FNO3 ([M+H]+): 474.2439, found: 474.2443. 

HPLC chromatogram of compound (2R,7S,E)-3c 

  

  

 

 

tert-butyl (2R,7S,E)-7-(3-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7S,E)-3d): yield (90 mg, 92%); colorless oil; [α]15
D = +16.3 (c 0.61, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 

99% ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.04, 22.19, 

24.45 and 52.05 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.60 (m, 2H), 7.48 – 7.41 (m, 3H), 7.40 – 7.36 (m, 1H), 
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7.36 – 7.30 (m, 3H), 7.22 – 7.12 (m, 5H), 5.61 – 5.35 (m, 2H), 4.60 (dd, J = 8.5, 4.2 Hz, 1H), 3.99 

(dd, J = 6.4, 6.0 Hz, 1H), 2.64 – 2.54 (m, 2H), 2.46 – 2.41 (m, 1H), 2.36 – 2.28 (m, 1H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 146.0, 139.5, 136.6, 134.2, 131.1, 130.3, 129.5, 

128.8, 128.6, 128.5, 128.3, 128.0, 127.7, 127.3, 125.9, 123.9, 81.2, 72.2, 65.9, 43.0, 37.1, 28.0. 

HRMS (ESI+) calcd. For C30H33ClNO3 ([M+H]+): 490.2143, found: 490.2147. 

HPLC chromatogram of compound (2R,7S,E)-3d 

     

      

 

 

 

tert-butyl (2R,7S,E)-7-(4-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7S,E)-3e): yield (80 mg, 82%); colorless oil; [α]15
D = +18.1 (c 0.53, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 

99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 23.48, 24.58, 

25.91 and 28.76 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.59 – 7.53 (m, 2H), 7.40 – 7.34 (m, 3H), 7.33 – 7.29 (m, 1H), 

7.28 – 7.23 (m, 2H), 7.19 – 7.15 (m, 4H), 7.09 – 7.03 (m, 2H), 5.50 – 5.32 (m, 2H), 4.53 (dd, J = 8.2, 

4.6 Hz, 1H), 3.91 (dd, J = 6.8, 5.6 Hz, 1H), 2.58 – 2.47 (m, 2H), 2.38 – 2.32 (m, 1H), 2.28 – 2.22 (m, 

1H), 1.37 (s, 9H). 
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13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 142.4, 139.5, 136.6, 132.9, 131.0, 130.3, 128.8, 

128.6, 128.5, 128.4, 128.3, 128.0, 127.8, 127.1, 81.2, 72.3, 65.9, 43.0, 37.1, 28.1. 

HRMS (ESI+) calcd. For C30H33ClNO3 ([M+H]+): 490.2143, found: 490.2146. 

HPLC chromatogram of compound (2R,7S,E)-3e 

   

   

 

 

 

tert-butyl (2R,7S,E)-7-(4-bromophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7S,E)-3f): yield (98 mg, 92%); colorless oil; [α]15
D = +9.4 (c 0.47, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 99% ee 

(Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 24.47, 25.66, 26.95 

and 30.03 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 7.2 1H), 7.46 – 7.37 (m, 6H), 7.36 – 7.31 (m, 2H), 

7.19 – 7.11 (m, 4H), 5.56 – 5.40 (m, 2H), 4.59 (dd, J = 8.4, 4.4 Hz, 1H), 3.98 (dd, J = 6.4, 6.4 Hz, 

1H), 2.65 – 2.54 (m, 2H), 2.45 – 2.38 (m, 1H), 2.35 – 2.30 (m, 1H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.2, 142.9, 139.5, 136.5, 131.3, 131.0, 130.3, 128.8, 

128.6, 128.5, 128.3, 128.0, 127.7, 127.5, 121.0, 81.2, 72.3, 65.9, 43.0, 37.1, 28.0. 

HRMS (ESI+) calcd. For C30H33BrNO3 ([M+H]+): 534.1638, found: 534.1644. 
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HPLC chromatogram of compound (2R,7S,E)-3f 

   

   

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(o-tolyl)hept-4-enoate 

((2R,7S,E)-3g): yield (88 mg, 94%); colorless oil; [α]15
D = +18.4 (c 0.48, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee 

(Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 25.14, 27.38, 31.10 

and 41.29 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.62 (m, 2H), 7.47 – 7.41 (m, 4H), 7.39 – 7.30 (m, 3H), 

7.20 – 7.11 (m, 4H), 7.09 – 7.05 (m, 1H), 5.56 – 5.47 (m, 2H), 4.84 (dd, J = 8.4, 4.0 Hz, 1H), 4.00 

(dd, J = 6.4, 6.0 Hz, 1H), 2.68 – 2.57 (m, 2H), 2.45 – 2.38 (m, 1H), 2.34 – 2.28 (m, 1H), 2.26 (s, 3H), 

1.45 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.1, 142.0, 139.5, 136.6, 134.2, 130.34, 130.25, 130.2, 

129.1, 128.8, 128.6, 128.4, 128.0, 127.8, 127.0, 126.2, 125.1, 81.1, 69.5, 65.9, 41.7, 37.1, 28.0, 19.0. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2691. 
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HPLC chromatogram of compound (2R,7S,E)-3g 

   

   

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(m-tolyl)hept-4-enoate 

((2R,7S,E)-3h): yield (88 mg, 94%); colorless oil; [α]20
D = +22.9 (c 0.62, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee 

(Chiralpak IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, λ = 254 nm); tr = 

35.60, 37.08, 42.17 and 48.43 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.47 – 7.41 (m, 3H), 7.39 – 7.35 (m, 1H), 

7.35 – 7.29 (m, 2H), 7.20 – 7.12 (m, 4H), 7.10 – 7.03 (m, 2H), 5.56 – 5.43 (m, 2H), 4.59 (dd, J = 8.4, 

4.4 Hz, 1H), 3.99 (dd, J = 7.0, 5.4 Hz, 1H), 2.66 – 2.54 (m, 2H), 2.47 – 2.41 (m, 1H), 2.40 – 2.34 (m, 

1H), 2.33 (s, 3H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.1, 143.9, 139.6, 137.9, 136.6, 130.4, 130.2, 128.9, 

128.8, 128.5, 128.4, 128.2, 128.1, 128.0, 127.8, 126.4, 122.8, 81.1, 73.1, 66.0, 43.0, 37.1, 28.0, 21.4. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2693. 
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HPLC chromatogram of compound (2R,7S,E)-3h 

   

   

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(p-tolyl)hept-4-enoate 

((2R,7S,E)-3i): yield (90 mg, 96%); colorless oil; [α]15
D = +7.1 (c 0.70, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99% ee 

(Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 25.91, 27.81, 29.17 

and 34.37 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.59 – 7.53 (m, 2H), 7.38 – 7.33 (m, 3H), 7.32 – 7.22 (m, 3H), 

7.14 – 7.10 (m, 2H), 7.08 – 7.00 (m, 4H), 5.47 – 5.35 (m, 2H), 4.52 (dd, J = 8.2, 4.6 Hz, 1H), 3.90 

(dd, J = 7.2, 5.6 Hz, 1H), 2.58 – 2.46 (m, 2H), 2.39 – 2.32 (m, 1H), 2.32 – 2.27 (m, 1H), 2.24 (s, 3H), 

1.36 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.1, 141.0, 139.6, 136.9, 136.6, 130.4, 130.2, 129.0, 

128.9, 128.8, 128.5, 128.4, 128.0, 127.8, 125.7, 81.1, 73.0, 66.0, 42.9, 37.1, 28.0, 21.1. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2697. 
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HPLC chromatogram of compound (2R,7S,E)-3i 

   

   
 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(4-methoxyphenyl)hept-4-

enoate ((2R,7S,E)-3j): yield (84 mg, 86%); colorless oil; [α]15
D = +28.1 (c 0.51, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee 

(Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 22.66, 24.13, 26.13 

and 29.62 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 7.2 Hz, 2H), 7.46 – 7.41 (m, 3H), 7.40 – 7.36 (m, 

1H), 7.35 – 7.30 (m, 2H), 7.24 – 7.20 (m, 2H), 7.17 – 7.10 (m, 2H), 6.83 (d, J = 8.0 Hz, 2H), 5.54 – 

5.42 (m, 2H), 4.58 (dd, J = 7.8, 5.0 Hz, 1H), 3.98 (dd, J = 7.0, 5.4 Hz, 1H), 3.78 (s, 3H), 2.66 – 2.54 

(m, 2H), 2.45 – 2.33 (m, 2H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.1, 158.9, 139.6, 136.6, 136.1, 130.4, 130.2, 128.9, 

128.8, 128.6, 128.4, 128.0, 127.8, 127.0, 113.7, 81.1, 72.7, 66.0, 55.2, 42.9, 37.1, 28.0. 

HRMS (ESI+) calcd. For C31H36NO4 ([M+H]+): 486.2639, found: 486.2641. 
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HPLC chromatogram of compound (2R,7S,E)-3j 

   

   

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(thiophen-2-yl)hept-4-enoate 

((2R,7S,E)-3k): yield (81 mg, 88%); colorless oil; [α]15
D = +45.4 (c 0.48, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 4:1 dr, > 99% ee (Chiralpak 

IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 31.16, 35.55, 37.47 and 51.84 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.58 – 7.54 (m, 2H), 7.37 – 7.23 (m, 6H), 7.14 – 7.10 (m, 1H), 

7.09 – 7.05 (m, 2H), 6.85 – 6.81 (m, 2H), 5.50 – 5.39 (m, 2H), 4.81 (dd, J = 7.6, 4.8 Hz, 1H), 3.91 

(dd, J = 6.8, 5.6 Hz, 1H), 2.55 – 2.49 (m, 2H), 2.48 – 2.39 (m, 2H), 1.36 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 147.9, 139.5, 136.6, 131.0, 130.3, 128.8, 128.6, 

128.4, 128.1, 128.0, 127.8, 126.5, 124.3, 123.4, 81.4, 69.3, 65.9, 42.9, 37.1, 28.0. 

HRMS (ESI+) calcd. For C28H32NO3S ([M+H]+): 462.2097, found: 462.2100. 
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HPLC chromatogram of compound (2R,7S,E)-3k 

    

    

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-1-yl)hept-4-

enoate ((2R,7S,E)-3l): yield (83 mg, 82%); colorless oil; [α]15
D = +4.1 (c 0.51, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99% ee 

(Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 14.21, 15.59, 17.97 

and 26.85 min. 

1H NMR (400 MHz, Chloroform-d) δ 8.03 – 7.95 (m, 1H), 7.87 – 7.82 (m, 1H), 7.77 – 7.72 (m, 1H), 

7.68 – 7.59 (m, 3H), 7.47 – 7.40 (m, 6H), 7.39 – 7.30 (m, 3H), 7.19 – 7.13 (m, 2H), 5.65 – 5.51 (m, 

2H), 5.40 (dd, J = 8.8, 3.6 Hz, 1H), 4.02 (dd, J = 6.4, 6.4 Hz, 1H), 2.66 – 2.61 (m, 2H), 2.54 – 2.39 

(m, 2H), 1.45 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 139.5, 139.4, 136.6, 133.7, 130.5, 130.3, 130.2, 

129.2, 128.9, 128.8, 128.6, 128.5, 128.0, 127.8, 127.7, 125.9, 125.4, 125.4, 123.0, 122.8, 81.2, 69.9, 

66.0, 42.0, 37.1, 28.0. 

HRMS (ESI+) calcd. For C34H36NO3 ([M+H]+):506.2690, found: 506.2694. 
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HPLC chromatogram of compound (2R,7S,E)-3l  

   

    

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-2-yl)hept-4-

enoate ((2R,7S,E)-3m): yield (77 mg, 76%); colorless oil; [α]15
D = +6.3 (c 0.53, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, > 99% ee 

(Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.25, 19.37, 20.79 

and 22.73 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.82 – 7.76 (m, 4H), 7.67 – 7.62 (m, 2H), 7.46 – 7.37 (m, 7H), 

7.35 – 7.30 (m, 2H), 7.16 – 7.11 (m, 2H), 5.59 – 5.46 (m, 2H), 4.80 (dd, J = 8.2, 4.2 Hz, 1H), 3.99 

(dd, J = 7.0, 5.4 Hz, 1H), 2.65 – 2.57 (m, 2H), 2.57 – 2.51 (m, 1H), 2.48 – 2.42 (m, 1H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 141.3, 139.5, 136.6, 133.2, 132.8, 130.7, 130.3, 

128.8, 128.7, 128.6, 128.4, 128.0, 127.9, 127.8, 127.8, 127.6, 126.0, 125.7, 124.3, 124.1, 81.2, 73.1, 

65.9, 42.9, 37.1, 28.0. 

HRMS (ESI+) calcd. For C34H36NO3 ([M+H]+):506.2690, found: 506.2697. 
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HPLC chromatogram of compound (2R,7S,E)-3m 

   

   

 

 

 

tert-butyl (2R,7S,E)-7-(benzo[b]thiophen-2-yl)-2-((diphenylmethylene)amino)-7-hydroxyhept-

4-enoate ((2R,7S,E)-3n): yield (85 mg, 87%); colorless oil; [α]15
D = +17.2 (c 0.50, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 6:1 dr, > 99% 

ee (Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 17.02, 18.66, 

19.62 and 21.63 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.72 – 7.68 (m, 1H), 7.60 – 7.54 (m, 3H), 7.36 – 7.29 (m, 4H), 

7.27 – 7.19 (m, 4H), 7.07 – 7.02 (m, 3H), 5.55 – 5.40 (m, 2H), 4.87 (dd, J = 7.6, 4.4 Hz, 1H), 3.91 

(dd, J = 6.8, 5.6 Hz, 1H), 2.55 – 2.52 (m, 2H), 2.51 – 2.43 (m, 2H), 1.35 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 148.6, 139.5, 139.3, 136.6, 131.38, 131.35, 130.3, 

128.8, 128.6, 128.5, 128.0, 127.8, 127.7, 124.2, 124.0, 123.4, 122.4, 119.9, 81.2, 69.7, 65.9, 42.5, 

37.1, 28.0. 

HRMS (ESI+) calcd. For C32H34NO3S ([M+H]+): 512.2254, found: 512.2255. 

 



S29 

 

 

HPLC chromatogram of compound (2R,7S,E)-3n 

   

   

 

 

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxyoct-4-enoate ((2R,7R,E)-3o): 

yield (62 mg, 79%); colorless oil; [α]25
D = +78.0 (c 0.42, CH2Cl2); The product was analyzed by 

HPLC to determine the dr value and the enantiomeric excess: 1.7:1 dr, 98% ee (Chiralpak AD-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.06, 6.67, 7.88 and 9.97 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.58 (m, 2H), 7.48 – 7.39 (m, 3H), 7.39 – 7.28 (m, 3H), 

7.21 – 7.09 (d, J = 6.6 Hz, 2H), 5.53 – 5.37 (m, 2H), 4.05 – 3.92 (m, 1H), 3.82 – 3.65 (m, 1H), 2.70 

– 2.51 (m, 2H), 2.22 – 2.11 (m, 1H), 2.11 – 2.00 (m, 1H), 1.442 (s, 2.83H, minor), 1.436 (s, 6.02H, 

major), 1.14 (d, J = 6.4 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.9, 170.11, 170.06, 139.59, 139.57, 136.6, 130.2, 

130.1, 130.0, 129.1, 129.0, 128.7, 128.55, 128.52, 128.43, 128.41, 128.0, 127.81, 127.77, 81.1, 81.0, 

67.0, 66.9, 66.0, 42.5, 37.1, 28.1, 22.6. 

HRMS (ESI+) calcd. For C25H32NO3 ([M+H]+): 394.2377, found: 394.2378. 
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HPLC chromatogram of compound (2R,7R,E)-3o 

   

   

 

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxynon-4-enoate ((2R,7R,E)-3p): 

yield (57 mg, 70%); colorless oil; [α]25
D = +57.0 (c 0.41, CH2Cl2); The product was analyzed by 

HPLC to determine the dr value and the enantiomeric excess: 1:1 dr, 91% ee (Chiralpak IC, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.62, 20.28, 22.70 and 27.13 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.60 (m, 2H), 7.48 – 7.41 (m, 3H), 7.39 – 7.28 (m, 3H), 

7.20 – 7.12 (m, 2H), 5.56 – 5.39 (m, 2H), 4.05 – 3.94 (m, 1H), 3.53 – 3.39 (m, 1H), 2.68 – 2.46 (m, 

2H), 2.26 – 2.18 (m, 1H), 2.10 – 1.99 (m, 1H), 1.50 – 1.46 (m, 2H), 1.443 (s, 4.15H, minor), 1.437 

(s, 5.08H, major), 0.93 – 0.86 (m, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 170.99, 170.96, 170.10, 170.05, 139.6, 136.6, 130.2, 129.9, 

129.2, 129.0, 128.8, 128.5, 128.43, 128.41, 128.0, 127.82, 127.79, 81.07, 81.03, 72.1, 72.0, 66.1, 66.0, 

40.3, 40.2, 37.2, 37.1, 29.4, 28.1, 10.0. 

HRMS (ESI+) calcd. For C26H34NO3 ([M+H]+): 408.2533, found: 408.2534. 
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HPLC chromatogram of compound (2R,7R,E)-3p 

  

  

 

 

 

tert-butyl (2R,7S,E)-7-cyclohexyl-2-((diphenylmethylene)amino)-7-hydroxyhept-4-enoate 

((2R,7S,E)-3q): yield (74 mg, 80%); colorless oil; [α]20
D = +30.4 (c 0.56, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 6:1 dr, > 99% ee (Chiralpak 

IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, λ = 254 nm); tr = 28.24, 30.19, 

33.25 and 35.83 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.47 – 7.41 (m, 3H), 7.39 – 7.29 (m, 3H), 

7.19 – 7.13 (m, 2H), 5.53 – 5.40 (m, 2H), 3.98 (dd, J = 6.8, 5.6 Hz, 1H), 3.33 – 3.23 (m, 1H), 2.67 – 

2.54 (m, 2H), 2.26 – 2.19 (m, 1H), 2.08 – 1.98 (m, 1H), 1.84 – 1.61 (m, 7H), 1.44 (s, 9H), 1.20 – 1.14 

(m, 2H), 1.07 – 0.95 (m, 2H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.1, 139.6, 136.6, 130.2, 129.9, 129.7, 128.8, 128.5, 

128.4, 128.0, 127.8, 81.1, 74.7, 66.0, 42.9, 37.5, 37.2, 29.1, 28.2, 28.1, 26.5, 26.2, 26.1. 

HRMS (ESI+) calcd. For C30H40NO3 ([M+H]+): 462.3003, found: 462.3010. 
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HPLC chromatogram of compound (2R,7S,E)-3q 

   

   

 

 

 

tert-butyl ((2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)glycinate 

((2R,7S,E)-Gly-Gly-3r): yield (78 mg, 76%); colorless oil; [α]20
D = -85.0 (c 0.62, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 

99% ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.77, 

10.64, 12.47 and 13.94 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.70 – 7.66 (m, 2H), 7.53 – 7.48 (m, 1H), 7.46 – 7.41 (m, 4H), 

7.40 – 7.35 (m, 2H), 7.32 – 7.27 (m, 4H), 7.24 – 7.20 (m, 1H), 7.14 – 7.09 (m, 2H), 5.54 – 5.38 (m, 

2H), 4.59 (dd, J = 9.0, 3.8 Hz, 1H), 4.11 – 4.03 (m, 2H), 3.92 (dd, J = 18.0, 5.2 Hz, 1H), 2.54 – 2.41 

(m, 3H), 2.33 – 2.24 (m, 1H), 1.48 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 172.9, 169.5, 168.8, 144.1, 139.1, 135.6, 130.7, 130.0, 129.3, 

128.9, 128.73, 128.67, 128.2, 127.6, 127.1, 125.6, 82.0, 72.6, 65.8, 43.4, 41.6, 39.1, 28.0. 

HRMS (ESI+) calcd. For C32H37N2O4 ([M+H]+): 513.2748, found: 513.2749. 
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HPLC chromatogram of compound (2R,7S,E)-Gly-Gly-3r 

   

   

 

 

 

tert-butyl ((2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)glycinate 

((2S,7R,E)-Gly-Gly-3r): yield (79 mg, 77%); colorless oil; [α]20
D = +86.1 (c 0.45, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 

99% ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.77, 

10.64, 12.47 and 13.94 min. 

HRMS (ESI+) calcd. For C32H37N2O4 ([M+H]+): 513.2748, found: 513.2747. 

HPLC chromatogram of compound (2S,7R,E)-Gly-Gly-3r 
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tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-6-methyl-7-phenylhept-4-

enoate ((2R,7S,E)-3s): yield (70 mg, 75%); colorless oil; [α]25
D = +12.1 (c 0.42, CH2Cl2); The 

product was analyzed by 1H NMR to determine the dr value: 1.3:1 dr. 

1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.59 (m, 2H), 7.49 – 7.40 (m, 3H), 7.39 – 7.28 (m, 5H), 

7.25 – 7.11 (m, 5H), 5.64 – 5.51 (m, 0.59H, minor), 5.49 – 5.35 (m, 1.42H, major), 4.56 (d, J = 5.2 

Hz, 0.38H, minor), 4.22 (d, J = 8.4 Hz, 0.57H, major), 4.02 (dd, J = 7.2, 5.6 Hz, 0.58H, major), 3.96 

(dd, J = 7.2, 5.6 Hz, 0.42H, minor), 2.67 – 2.52 (m, 2H), 2.46 – 2.28 (m, 1H), 1.45 (s, 4.52H, major), 

1.44 (s, 4.02H, minor), 0.90 (d, J = 6.8 Hz, 1.29H), 0.77 (d, J = 6.8 Hz, 1.72H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.1, 170.0, 142.4, 142.3, 139.61, 139.57, 136.6, 135.3, 

134.7, 130.3, 130.2, 129.1, 128.8, 128.6, 128.54, 128.51, 128.4, 128.1, 128.0, 127.9, 127.8, 127.7, 

127.54, 127.49, 127.1, 127.0, 126.4, 81.2, 81.1, 77.9, 76.9, 66.2, 65.9, 45.8, 43.7, 37.3, 37.1, 28.1, 

16.8, 14.0. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2689. 

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-4-methyl-7-phenylhept-4-

enoate ((2R,7S,E)-3t): yield (67 mg, 71%); colorless oil; [α]25
D = +54.4 (c 0.41, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 99% ee 
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(Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 23.93, 28.07, 32.10 

and 34.49 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.66 – 7.58 (m, 2H), 7.44 – 7.39 (m, 3H), 7.39 – 7.26 (m, 7H), 

7.24 – 7.21 (m, 1H), 7.14 – 7.06 (m, 2H), 5.25 (dd, J = 7.6 , 7.6 Hz, 1H), 4.61 (dd, J = 8.0, 4.8 Hz, 

1H), 4.06 (dd, J = 8.0, 5.2 Hz, 1H), 2.64 (dd, J = 13.2, 5.2 Hz, 1H), 2.53 (dd, J = 13.2, 8.0 Hz, 1H), 

2.47 – 2.33 (m, 2H), 1.45 (s, 9H), 1.40 (s, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 171.3, 169.7, 144.1, 139.7, 136.4, 135.5, 130.2, 128.7, 128.5, 

128.3, 128.3, 128.0, 127.9, 127.3, 125.7, 123.2, 81.1, 73.6, 64.9, 44.0, 38.4, 28.1, 16.5. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2691. 

 

HPLC chromatogram of compound (2R,7S,E)-3t 

  

  

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-3-methyl-7-phenylhept-4-

enoate ((2R,7S,E)-3u): yield (62 mg, 66%); colorless oil; [α]25
D = +34.6 (c 0.46, CH2Cl2); The 

product was analyzed by 1H NMR to determine the dr value: 2.5:1 dr. 

1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.60 (m, 2H), 7.45 – 7.39 (m, 3H), 7.39 – 7.27 (m, 7H), 

7.25 – 7.23 (m, 1H), 7.16 – 7.07 (m, 2H), 5.84 – 5.72 (m, 0.67H, minor), 5.60 – 5.39 (m, 1.30H, 

major), 4.68 (dd, J = 8.4, 4.0 Hz, 0.66H, major), 4.61 (dd, J = 8.8, 4.0 Hz, 0.31H, minor), 3.83 (d, J 

= 5.2 Hz, 0.64H, major), 3.79 (d, J = 6.8 Hz, 0.29H, minor), 2.95 – 2.77 (m, 1H), 2.63 – 2.45 (m, 1H), 

2.45 – 2.17 (m, 2H), 1.44 (s, 2.31H, minor), 1.43 (s, 6.68H, major), 1.05 (d, J = 6.8 Hz, 0.82H, minor), 
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0.98 (d, J = 6.8 Hz, 2.13H, major). 

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.7, 170.4, 170.1, 144.1, 144.0, 139.6, 137.1, 136.8, 

136.6, 130.2, 128.8, 128.51, 128.46, 128.42, 128.40, 128.3, 128.0, 127.8, 127.2, 126.3, 126.2, 125.8, 

125.7, 81.1, 81.0, 73.0, 72.9, 71.0, 70.8, 43.2, 42.9, 41.2, 40.8, 28.1, 17.4, 16.7. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2696. 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate 

((2R,7R,E)-3a): yield (87 mg, 96%); colorless oil; [α]20
D = +78.7 (c 0.57, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak 

IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 26.30, 29.76, 31.69 and 47.59 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 7.6 Hz, 2H), 7.46 – 7.29 (m, 10H), 7.25 – 7.22 (m, 

1H), 7.19 – 7.13 (m, 2H), 5.59 – 5.43 (m, 2H), 4.63 (dd, J = 8.2, 4.6 Hz, 1H), 4.00 (t, J = 6.4 Hz, 1H), 

2.66 – 2.55 (m, 2H), 2.48 – 2.35 (m, 2H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.1, 143.9, 139.6, 136.6, 130.7, 130.2, 128.8, 128.5, 

128.4, 128.3, 128.0, 127.8, 127.3, 125.7, 81.1, 73.1, 66.0, 42.9, 37.0, 28.0. 

HRMS (ESI+) calcd. For C30H34NO3 ([M+H]+): 456.2533, found: 456.2540. 

HPLC chromatogram of compound (2R,7R,E)-3a 
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tert-butyl (2S,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate 

((2S,7S,E)-3a): yield (86 mg, 96%); colorless oil; [α]20
D = -77.6 (c 0.57, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak 

IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 26.30, 29.76, 31.69 and 47.59 

min. 

HRMS (ESI+) calcd. For C30H34NO3 ([M+H]+): 456.2533, found: 456.2537. 

HPLC chromatogram of compound (2S,7S,E)-3a 

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-(4-fluorophenyl)-7-hydroxyhept-4-

enoate ((2R,7R,E)-3b): yield (77 mg, 81%); colorless oil; [α]15
D = +87.1 (c 0.52, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99% 

ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.31, 20.12, 
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22.05 and 30.93 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.60 (m, 2H), 7.45 – 7.30 (m, 6H), 7.28 – 7.25 (m, 2H), 

7.17 – 7.13 (m, 2H), 7.00 – 6.94 (m, 2H), 5.60 – 5.40 (m, 2H), 4.61 (dd, J = 7.8, 4.6 Hz, 1H), 4.00 (t, 

J = 6.2 Hz, 1H), 2.65 – 2.53 (m, 2H), 2.46 – 2.31 (m, 2H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.2, 162.0 (d, J = 245.7 Hz), 139.6 (d, J = 2.9 Hz), 

139.6, 136.6, 130.9, 130.3, 128.8, 128.5, 128.4, 128.2, 128.0, 127.8, 127.4 (d, J = 8.0 Hz), 115.1 (d, 

J = 21.2 Hz), 81.1, 77.2, 72.5, 65.9, 42.9, 37.0, 28.1. 

19F NMR (376 MHz, Chloroform-d) δ -115.42 – -115.64 (m). 

HRMS (ESI+) calcd. For C30H33FNO3 ([M+H]+): 474.2439, found: 474.2432. 

HPLC chromatogram of compound (2R,7R,E)-3b 

    

    

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-(2-fluorophenyl)-7-hydroxyhept-4-

enoate ((2R,7R,E)-3c): yield (76 mg, 80%); colorless oil; [α]15
D = +86.9 (c 0.53, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 11:1 dr, 99% 

ee (Chiralpak IF + Chiralpak IF, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 

18.77, 19.68, 20.47 and 22.37 min. 
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1H NMR (400 MHz, Chloroform-d) δ 7.66 – 7.62 (m, 2H), 7.45 – 7.36 (m, 5H), 7.35 – 7.30 (m, 2H), 

7.23 – 7.19 (m, 1H), 7.18 – 7.15 (m, 2H), 7.10 – 7.05 (m, 1H), 7.01 – 6.95 (m, 1H), 5.60 – 5.45 (m, 

2H), 4.96 (dd, J = 8.4, 4.0 Hz, 1H), 4.00 (dd, J = 7.0, 5.4 Hz, 1H), 2.62 – 2.47 (m, 3H), 2.39 – 2.32 

(m, 1H), 1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) 171.0, 170.1, 159.6 (d, J = 246.4 Hz), 139.6, 136.6, 131.0, 130.2, 

128.8, 128.6, 128.5, 128.4, 128.2, 128.0, 127.8, 127.2 (d, J = 4.4 Hz), 124.1 (d, J = 3.5 Hz), 115.1 (d, 

J = 21.9 Hz), 81.1, 67.0 (d, J = 2.5 Hz), 66.0, 41.5, 37.0, 28.1. 

19F NMR (376 MHz, Chloroform-d) δ -119.69 – -119.81 (m).  

HRMS (ESI+) calcd. For C30H33FNO3 ([M+H]+): 474.2439, found: 474.2437. 

HPLC chromatogram of compound (2R,7R,E)-3c 

  

  

 

 

 

tert-butyl (2R,7R,E)-7-(3-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate((2R,7R,E)-3d): yield (95 mg, 97%); colorless oil; [α]15
D = +73.0 (c 0.57, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99% 

ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.04, 22.19, 
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24.45 and 52.05 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.46 – 7.30 (m, 7H), 7.23 – 7.13 (m, 5H), 

5.62 – 5.40 (m, 2H), 4.60 (dd, J = 8.2, 4.2 Hz, 1H), 4.01 (t, J = 6.0 Hz, 1H), 2.65 – 2.55 (m, 2H), 2.48 

– 2.41 (m, 1H), 2.34 – 2.30 (m, 1H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.2, 146.1, 139.5, 136.6, 134.2, 131.3, 130.3, 129.5, 

128.8, 128.6, 128.4, 128.0, 127.8, 127.4, 125.9, 123.9, 81.1, 72.3, 65.9, 42.8, 37.0, 28.1. 

HRMS (ESI+) calcd. For C30H33ClNO3 ([M+H]+): 490.2143, found: 490.2147. 

HPLC chromatogram of compound (2R,7R,E)-3d 

   

   

 

 

 

tert-butyl (2R,7R,E)-7-(4-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7R,E)-3e): yield (91 mg, 93%); colorless oil; [α]15
D = +82.8 (c 0.53, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99% 

ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 23.48, 24.58, 

25.91 and 28.76 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.46 – 7.41 (m, 3H), 7.41 – 7.36 (m, 1H), 

7.41 – 7.36 (m, 2H), 7.26 – 7.21 (m, 4H), 7.18 – 7.12 (m, 2H), 5.60 – 5.39 (m, 2H), 4.61 (dd, J = 8.0, 
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4.4 Hz, 1H), 4.00 (t, J = 6.2 Hz, 1H), 2.63 – 2.54 (m, 2H), 2.46 – 2.39 (m, 1H), 2.36 – 2.31 (m, 1H), 

1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.2, 142.4, 139.5, 136.6, 132.8, 131.1, 130.3, 128.8, 

128.6, 128.43, 128.38, 128.0, 127.8, 127.1, 81.1, 72.3, 65.9, 42.8, 37.0, 28.0. 

HRMS (ESI+) calcd. For C30H33ClNO3 ([M+H]+): 490.2143, found: 490.2140. 

HPLC chromatogram of compound (2R,7R,E)-3e 

   

   

 

 

 

tert-butyl (2R,7R,E)-7-(4-bromophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7R,E)-3f): yield (100 mg, 94%); colorless oil; [α]15
D = +85.0 (c 0.44, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99% 

ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 24.47, 25.66, 

26.95 and 30.03 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.46 – 7.31 (m, 8H), 7.20 – 7.11 (m, 4H), 

5.60 – 5.38 (m, 2H), 4.59 (dd, J = 7.8, 4.6 Hz, 1H), 4.00 (t, J = 6.2 Hz, 1H), 2.64 –2.52 (m, 2H), 2.46 

–2.39 (m, 1H), 2.37 –2.31 (m, 1H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.2, 142.9, 139.5, 136.6, 131.3, 131.1, 130.3, 128.8, 
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128.6, 128.4, 128.02, 127.99, 127.8, 127.5, 121.0, 81.1, 72.4, 65.9, 42.8, 37.0, 28.0. 

HRMS (ESI+) calcd. For C30H33BrNO3 ([M+H]+): 534.1638, found: 534.1633. 

HPLC chromatogram of compound (2R,7R,E)-3f 

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(o-tolyl)hept-4-enoate 

((2R,7R,E)-3g): yield (70 mg, 75%); colorless oil; [α]15
D = +85.5 (c 0.48, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, 98% ee (Chiralpak 

IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 25.14, 27.38, 31.10 and 41.29 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.62 (m, 2H), 7.45 – 7.40 (m, 4H), 7.39 – 7.30 (m, 3H), 

7.21 – 7.13 (m, 4H), 7.12 – 7.09 (m, 1H), 5.60 – 5.48 (m, 2H), 4.85 (dd, J = 8.4, 4.0 Hz, 1H), 4.01 

(dd, J = 7.4, 5.4 Hz, 1H), 2.67 – 2.56 (m, 2H), 2.45 – 2.39 (m, 1H), 2.35 – 2.30 (m, 1H), 2.28 (s, 3H), 

1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.1, 142.0, 139.6, 136.6, 134.2, 130.5, 130.2, 128.9, 

128.8, 128.5, 128.4, 128.0, 127.8, 127.0, 126.2, 125.1, 81.1, 69.6, 66.0, 41.5, 37.1, 28.1, 19.0. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2694. 



S43 

 

 

HPLC chromatogram of compound (2R,7R,E)-3g 

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(m-tolyl)hept-4-enoate 

((2R,7R,E)-3h): yield (75 mg, 80%); colorless oil; [α]15
D = +86.7 (c 0.50, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee 

(Chiralpak IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, λ = 254 nm); tr = 

35.60, 37.08, 42.17 and 48.43 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.46 – 7.40 (m, 3H), 7.39 – 7.30 (m, 3H), 

7.21 – 7.13 (m, 4H), 7.10 – 7.04 (m, 2H), 5.58 – 5.43 (m, 2H), 4.59 (dd, J = 8.2, 4.6 Hz, 1H), 4.00 

(dd, J = 7.2, 5.6 Hz, 1H), 2.65 – 2.55 (m, 2H), 2.49 – 2.36 (m, 2H), 2.33 (s, 3H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.1, 143.9, 139.6, 137.9, 136.6, 130.5, 130.2, 128.8, 

128.7, 128.5, 128.4, 128.2, 128.1, 128.0, 127.8, 126.4, 122.8, 81.0, 73.2, 66.0, 42.8, 37.0, 28.1, 21.4. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2696. 
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HPLC chromatogram of compound (2R,7R,E)-3h 

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(p-tolyl)hept-4-enoate 

((2R,7R,E)-3i): yield (83 mg, 88%); colorless oil; [α]15
D = +77.6 (c 0.52, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99% ee 

(Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 35.66, 38.51, 40.38 

and 48.37 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.45 – 7.40 (m, 3H), 7.39 – 7.30 (m, 3H), 

7.20 – 7.13 (m, 4H), 7.12 – 7.09 (m, 2H), 5.57 – 5.42 (m, 2H), 4.59 (dd, J = 7.8, 5.0 Hz, 1H), 3.99 

(dd, J = 7.2, 5.2 Hz, 1H), 2.65 – 2.55 (m, 2H), 2.45 – 2.35 (m, 2H), 2.32 (s, 3H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.1, 141.0, 139.6, 136.9, 136.7, 130.4, 130.2, 129.0, 

128.8, 128.7, 128.5, 128.4, 128.0, 127.8, 125.7, 81.0, 73.1, 66.0, 42.8, 37.0, 28.0, 21.0. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2688. 
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HPLC chromatogram of compound (2R,7R,E)-3i 

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(4-methoxyphenyl)hept-4-

enoate ((2R,7R,E)-3j): yield (81 mg, 84%); colorless oil; [α]15
D = +79.3 (c 0.47, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99% 

ee (Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 22.66, 24.13, 

26.13 and 29.62 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 7.6 Hz, 2H), 7.46 – 7.40 (m, 3H), 7.39 – 7.30 (m, 

3H), 7.24 – 7.20 (m, 2H), 7.18 – 7.13 (m, 2H), 6.83(d, J = 8.4 Hz, 2H), 5.57 – 5.41 (m, 2H), 4.58 (dd, 

J = 7.6, 5.2 Hz, 1H), 3.99 (t, J = 6.4 Hz, 1H), 3.78 (s, 3H), 2.64 – 2.54 (m, 2H), 2.45 – 2.34 (m, 2H), 

1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.1, 158.9, 139.6, 136.6, 136.1, 130.4, 130.2, 128.8, 

128.7, 128.5, 128.4, 128.0, 127.8, 127.0, 113.7, 81.0, 72.9, 66.0, 55.2, 42.7, 37.0, 28.0. 

HRMS (ESI+) calcd. For C31H36NO4 ([M+H]+): 486.2639, found: 486.2645. 
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HPLC chromatogram of compound (2R,7R,E)-3j 

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(thiophen-2-yl)hept-4-enoate 

((2R,7R,E)-3k): yield (83 mg, 90%); colorless oil; [α]15
D = +72.5 (c 0.56, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 9:1 dr, > 99% ee (Chiralpak 

IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 31.16, 35.55, 37.47 and 51.84 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.60 (m, 2H), 7.46 – 7.30 (m, 6H), 7.22 – 7.18 (m, 1H), 

7.17 – 7.12 (m, 2H), 6.94 – 6.89 (m, 2H), 5.61 – 5.45 (m, 2H), 4.92 – 4.85 (m, 1H), 4.00 (dd, J = 7.0, 

5.4 Hz, 1H), 2.64 – 2.57 (m, 2H), 2.57 – 2.45 (m, 2H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.2, 147.9, 139.6, 136.6, 131.1, 130.2, 128.8, 128.5, 

128.4, 128.0, 127.9, 127.8, 126.5, 124.4, 123.5, 81.1, 69.3, 65.9, 42.7, 37.0, 28.0. 

HRMS (ESI+) calcd. For C28H32NO3S ([M+H]+): 462.2097, found: 462.2090. 
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HPLC chromatogram of compound (2R,7R,E)-3k 

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-1-yl)hept-4-

enoate ((2R,7R,E)-3l): yield (86 mg, 85%); colorless oil; [α]15
D = +96.2 (c 0.61, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, 98% 

ee (Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 14.21, 15.59, 

17.97 and 26.85 min. 

1H NMR (400 MHz, Chloroform-d) δ 8.05 – 7.98 (m, 1H), 7.87 – 7.83 (m, 1H), 7.77 – 7.72 (m, 1H), 

7.68 – 7.59 (m, 3H), 7.49 – 7.40 (m, 6H), 7.39 – 7.30 (m, 3H), 7.19 – 7.13 (m, 1H), 5.65 – 5.54 (m, 

2H), 5.42 (dd, J = 8.6, 3.8 Hz, 1H), 4.02 (t, J = 6.2 Hz, 1H), 2.72 – 2.58 (m, 3H), 2.53 – 2.45 (m, 1H), 

1.44 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.2, 139.6, 139.4, 136.6, 133.7, 130.6, 130.25, 130.22, 

128.9, 128.8, 128.5, 128.4, 128.0, 127.8, 127.7, 125.9, 125.42, 125.37, 123.0, 122.8, 81.1, 69.9, 66.0, 

41.8, 37.1, 28.1. 

HRMS (ESI+) calcd. For C34H36NO3 ([M+H]+):506.2690, found: 506.2686. 
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HPLC chromatogram of compound (2R,7R,E)-3l  

   

   

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-2-yl)hept-4-

enoate ((2R,7R,E)-3m): yield (86 mg, 85%); colorless oil; [α]15
D = +80.8 (c 0.58, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 10:1 dr, > 99% 

ee (Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.25, 19.37, 

20.79 and 22.73 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.82 – 7.76 (m, 4H), 7.67 – 7.63 (m, 2H), 7.47 – 7.37 (m, 7H), 

7.35 – 7.30 (m, 2H), 7.17 – 7.13 (m, 2H), 5.63 – 5.45 (m, 2H), 4.80 (dd, J = 8.0, 4.4 Hz, 1H), 4.00 

(dd, J = 6.8, 5.6 Hz, 1H), 2.64 – 2.57 (m, 2H), 2.57 – 2.51 (m, 1H), 2.51 – 2.42 (m, 1H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.2, 141.4, 139.6, 136.6, 133.2, 132.8, 130.8, 130.3, 

128.8, 128.5, 128.4, 128.04, 128.01, 127.9, 127.8, 127.6, 126.0, 125.7, 124.3, 124.0, 81.1, 73.2, 65.9, 

42.8, 37.1, 28.0. 

HRMS (ESI+) calcd. For C34H36NO3 ([M+H]+):506.2690, found: 506.2688. 
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HPLC chromatogram of compound (2R,7R,E)-3m 

   

   

 

 

 

tert-butyl (2R,7R,E)-7-(benzo[b]thiophen-2-yl)-2-((diphenylmethylene)amino)-7-hydroxyhept-

4-enoate ((2R,7R,E)-3n): yield (96 mg, 94%); colorless oil; [α]15
D = +67.1 (c 0.56, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 6:1 dr, > 99% 

ee (Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 17.02, 18.66, 

19.62 and 21.63 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.78 (d, J = 7.6 Hz, 1H), 7.69 – 7.60 (m, 3H), 7.44 – 7.36 (m, 

4H), 7.35 – 7.26 (m, 4H), 7.17 – 7.09 (m, 3H), 5.66 – 5.46 (m, 2H), 4.95 (t, J = 6.2 Hz, 1H), 4.00 (t, 

J = 6.2 Hz, 1H), 2.62 – 2.57 (m, 3H), 2.56 – 2.50 (m, 1H), 1.42 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.9, 170.2, 148.6, 139.6, 139.5, 139.3, 136.6, 131.4, 130.3, 

128.8, 128.5, 128.4, 128.0, 127.8, 127.5, 124.1, 124.0, 123.4, 122.4, 119.9, 81.1, 69.7, 65.8, 42.4, 

37.0, 28.0. 

HRMS (ESI+) calcd. For C32H34NO3S ([M+H]+): 512.2254, found: 512.2255. 
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HPLC chromatogram of compound (2R,7R,E)-3n 

   

   

 

 

 

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxyoct-4-enoate ((2R,7S,E)-3o): yield 

(42 mg, 53%); colorless oil; [α]25
D = +69.7 (c 0.47, CH2Cl2); The product was analyzed by HPLC to 

determine the dr value and the enantiomeric excess: 1.3:1 dr, 98% ee (Chiralpak AD-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.06, 6.67, 7.88 and 9.97 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.57 (m, 2H), 7.48 – 7.40 (m, 3H), 7.37 (d, J = 7.0 Hz, 

1H), 7.35 – 7.28 (m, 2H), 7.21 – 7.09 (m, 2H), 5.54 – 5.39 (m, 2H), 4.04 – 3.94 (m, 1H), 3.79 – 3.66 

(m, 1H), 2.67 – 2.51 (m, 2H), 2.21 – 2.13 (m, 1H), 2.11 – 1.99 (m, 1H), 1.442 (s, 4.81H, major), 1.436 

(s, 3.99H, minor), 1.14 (d, J = 6.0 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.9, 170.11, 170.06, 139.60, 139.57, 136.6, 130.2, 

130.1, 130.0, 129.1, 129.0, 128.7, 128.5, 128.43, 128.411, 128.0, 127.81, 127.77, 81.1, 81.0, 67.0, 

66.9, 66.0, 42.6, 42.5, 37.13, 37.10, 28.1, 22.6. 

HRMS (ESI+) calcd. For C25H32NO3 ([M+H]+): 394.2377, found: 394.2382. 

 

HPLC chromatogram of compound (2R,7S,E)-3o 
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tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxynon-4-enoate ((2R,7S,E)-3p): 

yield (53 mg, 65%); colorless oil; [α]25
D = +52.3 (c 0.44, CH2Cl2); The product was analyzed by 

HPLC to determine the dr value and the enantiomeric excess: 1.6:1 dr, 97% ee (Chiralpak IC, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.62, 20.28, 22.70 and 27.13 min. 

1H NMR (400 MHz, Chloroform-d) 7.69 – 7.64 (m, 2H), 7.48 – 7.41 (m, 3H), 7.40 – 7.30 (m, 3H), 

7.20 – 7.12 (m, 2H), 5.54 – 5.41 (m, 2H), 4.06 – 3.91 (m, 1H), 3.56 – 3.40 (m, 1H), 2.68 – 2.55 (m, 

2H), 2.24 – 2.17 (m, 1H), 2.12 – 2.01 (m, 1H), 1.49 – 1.47 (m, 2H), 1.440 (s, 5.93H, major), 1.435 

(s, 2.95H, minor),. 

13C NMR (101 MHz, Chloroform-d) δ 170.99, 170.96, 170.11, 170.06, 139.6, 136.6, 130.2, 129.9, 

129.2, 129.0, 128.7, 128.530, 128.526, 128.43, 128.40, 128.0, 127.81, 127.78, 81.1, 81.0, 72.1, 72.0, 

66.1, 66.0, 40.3, 40.2, 37.2, 37.1, 29.4, 28.1, 9.9. 

HRMS (ESI+) calcd. For C26H34NO3 ([M+H]+): 408.2533, found: 408.2535. 

 

 

HPLC chromatogram of compound (2R,7S,E)-3p 
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tert-butyl (2R,7R,E)-7-cyclohexyl-2-((diphenylmethylene)amino)-7-hydroxyhept-4-enoate 

((2R,7R,E)-3q): yield (60 mg, 65%); colorless oil; [α]15
D = +61.7 (c 0.60, CH2Cl2); The product was 

analyzed by HPLC to determine the dr value and the enantiomeric excess: 11:1 dr, > 99% ee 

(Chiralpak IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, λ = 254 nm); tr = 

28.24, 30.19, 33.25 and 35.83 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.61 (m, 2H), 7.45 – 7.40 (m, 3H), 7.40 – 7.29 (m, 3H), 

7.19 – 7.13 (m, 2H), 5.53 – 5.44 (m, 2H), 3.99 (dd, J = 7.2, 5.2 Hz, 1H), 3.31 – 3.24 (m, 1H), 2.67 – 

2.55 (m, 2H), 2.26 – 2.19 (m, 1H), 2.09 – 2.01 (m, 1H), 1.85 – 1.59 (m, 7H), 1.44 (s, 9H), 1.19 – 1.13 

(m, 2H), 1.04 – 0.93 (m, 2H).  

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.0, 139.6, 136.7, 130.2, 129.9, 129.5, 128.7, 128.5, 

128.4, 128.0, 127.8, 81.0, 77.2, 74.9, 66.1, 42.8, 37.5, 37.1, 29.0, 28.2, 28.1, 26.5, 26.2, 26.1. 

HRMS (ESI+) calcd. For C30H40NO3 ([M+H]+): 462.3003, found: 462.3002. 

 

 

HPLC chromatogram of compound (2R,7R,E)-3q 
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tert-butyl ((2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-

enoyl)glycinate ((2R,7R,E)-Gly-Gly-3r): yield (69 mg, 73%); colorless oil; [α]20
D = -6.0 (c 0.44, 

CH2Cl2); The product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 

13:1 dr, > 99% ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); 

tr = 9.77, 10.64, 12.47 and 13.94 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.65 – 7.57 (m, 2H), 7.45 – 7.27 (m, 8H), 7.24 – 7.21 (m, 3H), 

7.17 – 7.14 (m, 1H), 7.11 – 7.00 (m, 2H), 5.47 – 5.39 (m, 1H), 5.37 – 5.20 (d, J = 7.5 Hz, 1H), 4.59 

(dd, J = 7.6, 4.4 Hz, 1H), 4.00 (t, J = 6.2 Hz, 1H), 3.91 (dd, J = 5.6, 2.8 Hz, 1H), 2.47 – 2.27 (m, 4H), 

1.40 (s, 9H).  

13C NMR (101 MHz, Chloroform-d) δ 172.9, 169.7, 168.8, 144.1, 139.1, 135.7, 132.4, 130.7, 130.0, 

129.9, 128.8, 128.7, 128.2, 127.6, 127.1, 125.7, 82.1, 72.8, 65.8, 42.5, 41.7, 38.7, 28.0. 

HRMS (ESI+) calcd. For C32H37N2O4 ([M+H]+): 513.2748, found: 513.2749. 
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HPLC chromatogram of compound (2R,7R,E)-Gly-Gly-3r 

   

   

 

 

tert-butyl (2S,7S,E)-7-cyclohexyl-2-((diphenylmethylene)amino)-7-hydroxyhept-4-enoate 

((2S,7S,E)-Gly-Gly-3r): yield (72 mg, 70%); colorless oil; [α]20
D = +6.2 (c 0.69, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, > 99% 

ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.77, 10.64, 

12.47 and 13.94 min. 

HRMS (ESI+) calcd. For C32H37N2O4 ([M+H]+): 513.2748, found: 513.2742. 

HPLC chromatogram of compound (2S,7S,E)-Gly-Gly-3r 
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tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-6-methyl-7-phenylhept-4-

enoate ((2R,7R,E)-3s): yield (74 mg, 79%); colorless oil; [α]25
D = +74.3 (c 0.39, CH2Cl2); The 

product was analyzed by 1H NMR to determine the dr value and the enantiomeric excess: 1:1 dr. 

1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.57 (m, 2H), 7.48 – 7.40 (m, 3H), 7.39 – 7.35 (m, 1H), 

7.35 – 7.28 (m, 3H), 7.27 – 7.20 (m, 4H), 7.19 – 7.12 (m, 2H), 5.67 – 5.53 (m, 0.50H, minor), 5.49 – 

5.31 (m, 1.47H, major), 4.56 (d, J = 4.8 Hz, 0.45H, minor), 4.23 (d, J = 8.0 Hz, 0.47H, major), 4.07 

– 3.91 (m, 1H), 2.67 – 2.51 (m, 2H), 2.45 – 2.21 (m, 1H), 1.44 (s, 4.21H, minor), 1.43 (s, 4.39H, 

major), 0.89 (d, J = 6.8 Hz, 1.51H), 0.80 (d, J = 6.8 Hz, 1.50H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.9, 170.2, 170.1, 142.44, 142.41, 139.64, 139.56, 

136.7, 136.6, 134.9, 134.5, 130.3, 130.2, 129.2, 128.8, 128.5, 128.4, 128.1, 128.01, 127.98, 127.90, 

127.8, 127.6, 127.5, 127.1, 126.9, 126.4, 81.1, 81.0, 77.9, 66.1, 66.0, 45.6, 43.6, 37.13, 37.06, 28.1, 

16.9, 14.1. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2691. 

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-4-methyl-7-phenylhept-4-

enoate ((2R,7R,E)-3t): yield (76 mg, 81%); colorless oil; [α]25
D = +105.5 (c 0.41, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 

99% ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 23.93, 28.07, 

32.10 and 34.49 min. 
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1H NMR (400 MHz, Chloroform-d) δ 7.63 (d, J = 7.0 Hz, 2H), 7.46 – 7.39 (m, 3H), 7.39 – 7.26 (m, 

7H), 7.22 (q, J = 3.8 Hz, 1H), 7.14 (dd, J = 6.5, 2.9 Hz, 2H), 5.30 – 5.13 (m, 1H), 4.60 (dd, J = 8.0, 

5.1 Hz, 1H), 4.06 (dd, J = 8.1, 5.2 Hz, 1H), 2.62 (dd, J = 13.4, 5.3 Hz, 1H), 2.55 (dd, J = 13.4, 8.0 

Hz, 1H), 2.49 – 2.31 (m, 2H), 1.44 (s, 9H), 1.42 (s, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 171.3, 169.8, 144.1, 139.6, 136.4, 135.4, 130.2, 128.7, 128.5, 

128.32, 128.28, 128.0, 127.9, 127.3, 125.7, 123.2, 81.0, 73.7, 64.9, 43.89, 38.3, 28.0, 16.6. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2690. 

 

 

HPLC chromatogram of compound (2R,7R,E)-3t 

  

  

 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-3-methyl-7-phenylhept-4-

enoate ((2R,7R,E)-3u): yield (81 mg, 86%); colorless oil; [α]25
D = +108.2 (c 0.46, CH2Cl2); The 

product was analyzed by 1H NMR to determine the dr value: 2:1 dr. 

1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.62 (m, 2H), 7.46 – 7.44 (m, 3H), 7.39 – 7.29 (m, 7H), 

7.25 – 7.21 (d, J = 6.5 Hz, 1H), 7.17 – 7.07 (m, 2H), 5.86 – 5.76 (m, 0.64H, minor), 5.55 – 5.39 (m, 

1.32H, major), 4.63 (dd, J = 8.4, 4.0 Hz, 1H), 3.85 (d, J = 4.8 Hz, 0.62H, major), 3.81 (d, J = 6.4 Hz, 

0.33H, minor), 2.94 – 2.78 (m, 1H), 2.64 – 2.17 (m, 3H), 1.43 (s, 6.04H, major), 1.42 (s, 3.00H, 

minor), 1.07 (d, J = 6.8 Hz, 0.98H, minor), 0.96 (d, J = 6.8 Hz, 3H, major). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.6, 170.5, 170.3, 144.1, 144.0, 139.64, 139.59, 
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137.03, 136.98, 136.8, 136.7, 130.2, 128.8, 128.5, 128.44, 128.39, 128.35, 128.28, 128.23, 128.0, 

127.8, 127.3, 127.2, 126.2, 125.9, 125.8, 125.7, 81.0, 73.1, 72.9, 71.0, 70.9, 43.2, 42.8, 41.2, 40.9, 

28.1, 17.8, 16.5. 

HRMS (ESI+) calcd. For C31H36NO3 ([M+H]+): 470.2690, found: 470.2692. 

 

 

 

tert-butyl (2R,4E,6E,9S)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate 

((2R,4E,6E,9S)-5a): yield (91 mg, 94%); colorless oil; [α]20
D = +10.2 (c 0.45, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 16:1 dr, > 99% ee 

(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.94, 8.54, 

13.55 and 21.26 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.59 – 7.53 (m, 2H), 7.37 – 7.22 (m, 10H), 7.19 – 7.16 (m, 

1H), 7.10 – 7.02 (m, 2H), 6.05 – 5.89 (m, 2H), 5.52 – 5.34 (m, 2H), 4.61 (dd, J = 7.2, 5.6 Hz, 1H), 

3.92 (dd, J =7.4, 5.4 Hz, 1H), 2.63 – 2.49 (m, 2H), 2.47 – 2.36 (m, 2H), 1.36 (s, 9H).  

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.2, 143.8, 139.7, 136.6, 133.7, 132.5, 130.2, 129.1, 

128.8, 128.5, 128.3, 128.0, 127.9, 127.7, 127.5, 125.7, 81.0, 73.6, 66.0, 42.7, 36.9, 28.0.  

HRMS (ESI+) calcd. For C32H36NO3 ([M+H]+): 482.2690, found: 482.2695. 

HPLC chromatogram of compound (2R,4E,6E,9S)-5a 
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tert-butyl (2S,4E,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate 

((2S,4E,6E,9R)-5a): yield (95 mg, 99%); colorless oil; [α]20
D = -10.9 (c 0.64, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 16:1 dr, > 99% ee 

(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.94, 8.54, 

13.55 and 21.26 min. 

HRMS (ESI+) calcd. For C32H36NO3 ([M+H]+): 482.2690, found: 482.2689. 

HPLC chromatogram of compound (2S,4E,6E,9R)-5a 

   

   

 

 

 

tert-butyl (2R,4E,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate 

((2R,4E,6E,9R)-5a): yield (89 mg, 92%); colorless oil; [α]20
D = +54.4 (c 0.66, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, > 99% ee 

(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr =7.94, 8.54, 
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13.55 and 21.26 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.59 – 7.53 (m, 2H), 7.37 – 7.33 (m, 3H), 7.32 – 7.29 (m, 1H), 

7.27 – 7.22 (m, 6H), 7.19 – 7.16 (m, 1H), 7.09 – 7.03 (m, 2H), 6.03 – 5.91 (m, 2H), 5.49 – 5.38 (m, 

2H), 4.61 (dd, J = 7.6, 5.2 Hz, 1H), 3.92 (dd, J = 7.6, 5.2 Hz, 1H), 2.63 – 2.50 (m, 2H), 2.46 – 2.36 

(m, 2H), 1.36 (s, 9H).  

13C NMR (101 MHz, Chloroform-d) 170.8, 170.2, 143.8, 139.6, 136.6, 133.7, 132.5, 130.2, 129.1, 

128.8, 128.5, 128.4, 128.0, 127.9, 127.7, 127.5, 125.7, 81.0, 73.6, 66.0, 42.6, 36.9, 28.0. 

HRMS (ESI+) calcd. For C32H36NO3 ([M+H]+): 482.2690, found: 482.2696. 

HPLC chromatogram of compound (2R,4E,6E,9R)-5a 

   

   

 

 

 

tert-butyl (2S,4E,6E,9S)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate 

((2S,4E,6E,9S)-5a): yield (89 mg, 92%); colorless oil; [α]20
D = -54.6 (c 0.45, CH2Cl2); The product 

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, 99% ee 

(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.94, 8.54, 

13.55 and 21.26 min. 

HRMS (ESI+) calcd. For C32H36NO3 ([M+H]+): 482.2690, found: 482.2695. 
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HPLC chromatogram of compound (2S,4E,6E,9S)-5a 

   

   

 

 

 

tert-butyl (2R,4E,6E,9S)-2-((diphenylmethylene)amino)-9-hydroxy-9-(p-tolyl)nona-4,6-

dienoate ((2R,4E,6E,9S)-5b): yield (92 mg, 93%); colorless oil; [α]15
D = +14.6 (c 0.52, CH2Cl2); The 

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 

99% ee (Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 11.32, 

12.92, 20.27 and 32.18 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.59 (m, 2H), 7.44 – 7.29 (m, 6H), 7.23 – 7.18 (m, 2H), 

7.16 – 7.07 (m, 4H), 6.10 – 5.97 (m, 2H), 5.57 – 5.43 (m, 2H), 4.69 – 4.61 (m, 1H), 3.98 (dd, J = 7.6, 

5.2 Hz, 1H), 2.70 – 2.55 (m, 2H), 2.52 – 2.44 (m, 2H), 2.32 (s, 3H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.1, 140.9, 139.7, 137.1, 136.6, 133.6, 132.5, 130.2, 

129.0, 128.8, 128.5, 128.4, 128.0, 127.92, 127.88, 125.7, 81.0 73.5, 66.0, 42.7, 36.9, 28.0, 21.1. 

HRMS (ESI+) calcd. For C33H38NO3 ([M+H]+): 496.2846, found: 496.2843. 
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HPLC chromatogram of compound (2R,4E,6E,9S)-5b 

   

   

 

 

 

tert-butyl (2R,4E,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-(p-tolyl)nona-4,6-

dienoate ((2R,4E,6E,9R)-5b): yield (82 mg, 83%); colorless oil; [α]15
D = +63.7 (c 0.52, CH2Cl2); 

The product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 

dr, > 99% ee (Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 

11.32, 12.92, 20.27 and 32.18 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.66 – 7.61 (m, 2H), 7.43 – 7.30 (m, 6H), 7.23 – 7.19 (m, 2H), 

7.16 – 7.10 (m, 4H), 6.10 – 5.98 (m, 2H), 5.56 – 5.46 (m, 2H), 4.66 (t, J = 6.4 Hz, 1H), 3.99 (dd, J = 

7.6, 5.2 Hz, 1H), 2.70 – 2.57 (m, 2H), 2.53 – 2.44 (m, 2H), 2.33 (s, 3H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.1, 140.9, 139.6, 137.1, 136.6, 133.6, 132.5, 130.2, 

129.03, 129.01, 128.8, 128.5, 128.4, 128.0, 127.89, 127.86, 125.7, 81.0, 73.5, 66.0, 42.6, 36.9, 28.0, 

21.1. 

HRMS (ESI+) calcd. For C33H38NO3 ([M+H]+): 496.2846, found: 496.2845. 
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HPLC chromatogram of compound (2R,4E,6E,9R)-5b 

   

   

 

 

  

tert-butyl (2R,4E,6E,9S)-2-((diphenylmethylene)amino)-9-(4-fluorophenyl)-9-hydroxynona-

4,6-dienoate ((2R,4E,6E,9S)-5c): yield (95 mg, 95%); colorless oil; [α]15
D = +18.1 (c 0.50, CH2Cl2); 

The product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 

99% ee (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.63, 

8.32, 12.19 and 18.41 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.65 – 7.60 (m, 2H), 7.44 – 7.26 (m, 8H), 7.15 – 7.09 (m, 2H), 

7.02 – 6.95 (m, 2H), 6.09 – 5.97 (m, 2H), 5.55 – 5.43 (m, 2H), 4.67 (t, J = 6.4 Hz, 1H), 3.99 (dd, J = 

7.6, 5.2 Hz, 1H), 2.69 – 2.56 (m, 2H), 2.50 – 2.41 (m, 2H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.2, 162.1 (d, J = 246.4 Hz), 139.7, 139.5 (d, J = 2.9 

Hz), 136.6, 134.0, 132.4, 130.2, 129.4, 128.8, 128.5, 128.4, 128.0, 127.9, 127.4 (d, J = 8.1 Hz), 127.3, 

115.1 (d, J = 21.2 Hz), 81.0, 72.9, 66.0, 42.8, 36.9, 28.0. 

19F NMR (376 MHz, Chloroform-d) δ -115.12 – -115.28 (m). 

HRMS (ESI+) calcd. For C32H35FNO3 ([M+H]+): 500.2595, found: 500.2602. 
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HPLC chromatogram of compound (2R,4E,6E,9S)-5c 

   

   

 

 

 

tert-butyl (2R,4E,6E,9R)-2-((diphenylmethylene)amino)-9-(4-fluorophenyl)-9-hydroxynona-

4,6-dienoate ((2R,4E,6E,9R)-5c): yield (87 mg, 87%); colorless oil; [α]15
D = +60.4 (c 0.52, CH2Cl2); 

The product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, > 

99% ee (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.63, 

8.32, 12.19 and 18.41 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.59 (m, 2H), 7.44 – 7.26 (m, 8H), 7.17 – 7.10 (m, 2H), 

7.04 – 6.95 (m, 2H), 6.10 – 5.97 (m, 2H), 5.57 – 5.43 (m, 2H), 4.68 (dd, J = 7.4, 5.4 Hz, 1H), 3.99 

(dd, J = 7.6, 5.2 Hz, 1H), 2.70 – 2.56 (m, 2H), 2.53 – 2.41 (m, 2H), 1.43 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.2, 162.1 (d, J = 245.9 Hz), 139.6, 139.5 (d, J = 3.0 

Hz), 136.6, 134.0, 132.4, 130.2, 129.3, 128.8, 128.5, 128.4, 128.0, 127.9, 127.4 (d, J = 8.1 Hz), 127.3, 

115.1 (d, J = 21.4 Hz), 81.0, 72.9, 66.0, 42.8, 36.9, 28.0. 

19F NMR (376 MHz, Chloroform-d) -115.09 – -115.31 (m). 

HRMS (ESI+) calcd. For C32H35FNO3 ([M+H]+): 500.2595, found: 500.2600. 
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HPLC chromatogram of compound (2R,4E,6E,9R)-5c 

   

   

 

 

 

tert-butyl ((2R,4E,6E,9S)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-

dienoyl)glycinate ((2R,4E,6E,9S)-Gly-Gly-5d): yield (89 mg, 83%); colorless oil; [α]15
D = -80.9 (c 

0.53, CH2Cl2); The product was analyzed by HPLC to determine the dr value and the enantiomeric 

excess: > 20:1 dr, > 99% ee (Chiralcel IC-AD-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, 

λ = 254 nm); tr = 34.72, 38.71, 42.65 and 45.90 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.63 (m, 2H), 7.46 – 7.39 (m, 5H), 7.38 – 7.35 (m, 2H), 

7.32 – 7.27 (m, 4H), 7.25 – 7.20 (m, 1H), 7.08 – 7.02 (m, 2H), 6.07 – 5.91 (m, 2H), 5.53 – 5.35 (m, 

2H), 4.71 – 4.64 (m, 1H), 4.09 (dd, J = 7.2, 4.8 Hz, 1H), 4.01 (dd, J = 18.2, 5.4 Hz, 1H), 3.94 (dd, J 

= 18.0, 5.2 Hz, 1H), 2.58 – 2.44 (m, 4H), 1.47 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 172.9, 169.9, 168.7, 143.8, 139.3, 135.7, 133.6, 132.7, 130.6, 

128.8, 128.71, 128.65, 128.6, 128.3, 128.1, 127.9, 127.8, 127.5, 125.7, 82.0, 73.5, 65.7, 42.8, 41.7, 

38.6, 28.0. 

HRMS (ESI+) calcd. For C34H39N2O4 ([M+H]+): 539.2904, found: 539.2909. 
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HPLC chromatogram of compound (2R,4E,6E,9S)-Gly-Gly-5d 

   

   

 

 

 

tert-butyl ((2R,4E,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-

dienoyl)glycinate ((2R,4E,6E,9R)-Gly-Gly-5d): yield (88 mg, 82%); colorless oil; [α]15
D = -43.1 (c 

0.50, CH2Cl2); The product was analyzed by HPLC to determine the dr value and the enantiomeric 

excess: > 20:1 dr, > 99% ee (Chiralcel IC-AD-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, 

λ = 254 nm); tr =  34.72, 38.71, 42.65 and 45.90 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.63 (m, 2H), 7.46 – 7.38 (m, 5H), 7.38 – 7.35 (m, 2H), 

7.33 – 7.28 (m, 4H), 7.26 – 7.20 (m, 1H), 7.10 – 7.04 (m, 2H), 6.10 – 5.91 (m, 2H), 5.55 – 5.37 (m, 

2H), 4.73 – 4.65 (m, 1H), 4.09 (dd, J = 6.4, 5.2 Hz, 1H), 4.02 (dd, J = 18.2, 5.4 Hz, 1H), 3.94 (dd, J 

= 18.2, 5.4 Hz, 1H), 2.58 – 2.41 (m, 4H), 1.47 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 172.9, 169.8, 168.7, 143.8, 139.2, 135.7, 133.7, 132.7, 130.6, 

128.8, 128.7, 128.6, 128.3, 128.2, 127.9, 127.8, 127.5, 125.7, 82.0, 73.6, 65.8, 42.7, 41.7, 38.6, 28.0. 

HRMS (ESI+) calcd. For C34H39N2O4 ([M+H]+): 539.2904, found: 539.2897. 
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HPLC chromatogram of compound (2R,4E,6E,9R)-Gly-Gly-5d 

   

   

 

 

 

methyl ((2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-

alaninate ((2R,7S,E)-L-3v): yield (48 mg, 50%); colorless oil; > 20:1 dr; [α]20
D = -95.0 (c 0.54, 

CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.64 – 7.57 (m, 2H), 7.55 – 7.46 (m, 1H), 7.44 – 7.23 (m, 9H), 

7.21 –7.11 (m, 2H), 7.08 – 6.98 (m, 2H), 5.49 –5.32 (m, 2H), 4.60 – 4.47 (m, 2H), 3.96 (t, J = 6.4 Hz, 

1H), 3.71 (s, 3H), 2.51 – 2.29 (m, 3H), 2.24 – 2.14 (m, 1H), 1.38 (d, J = 7.2 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 173.4, 172.6, 169.2, 144.2, 139.0, 135.6, 130.7, 129.8, 129.5, 

128.9, 128.8, 128.6, 128.25, 128.19, 127.5, 127.1, 125.6, 72.6, 65.6, 52.4, 47.6, 43.5, 39.1, 18.1. 

HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2440. 
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methyl ((2S,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-

alaninate ((2S,7R,E)-D-3v): yield (46 mg, 48%); colorless oil; > 20:1 dr; [α]20
D = 95.6 (c 0.45, 

CH2Cl2). 

HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2434. 

 

 

 

methyl ((2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-

alaninate ((2R,7R,E)-L-3v): yield (45 mg, 47%); colorless oil; > 20:1 dr; [α]20
D = -9.2 (c 0.53, 

CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.72 – 7.64 (m, 2H), 7.58 – 7.51 (m, 1H), 7.48 – 7.42 (m, 4H), 

7.41 – 7.36 (m, 2H), 7.33 – 7.26 (m, 4H), 7.25 – 7.18 (m, 1H), 7.16 – 7.06 (m, 2H), 5.56 – 5.47 (m, 

1H), 5.44 – 5.30 (m, 1H), 4.71 – 4.57 (m, 2H), 4.04 (t, J = 6.0 Hz, 1H), 3.77 (s, 3H), 2.54 – 2.33 (m, 

4H), 1.45 (d, J = 7.2 Hz, 3H).  

13C NMR (101 MHz, Chloroform-d) δ 173.4, 172.5, 169.4, 144.1, 139.0, 135.7, 130.7, 129.7, 128.85, 

128.76, 128.7, 128.6, 128.3, 128.2, 127.5, 127.1, 125.6, 72.8, 65.6, 52.5, 47.7, 42.6, 38.7, 18.3. 

HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2434. 

 

 

 

methyl ((2S,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-

alaninate ((2S,7S,E)-D-3v): yield (43 mg, 45%); colorless oil; > 20:1 dr; [α]20
D = +9.9 (c 0.55, 

CH2Cl2). 
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HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2437. 

 

 

 

methyl ((2S,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-

alaninate ((2S,7S,E)-L-3v: yield (57 mg, 59%); colorless oil; 20:1 dr; [α]20
D = +13.9 (c 0.59, CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.66 – 7.55 (m, 2H), 7.48 – 7.29 (m, 7H), 7.25 – 7.19 (m, 4H), 

7.18 – 7.01 (m, 3H), 5.47 – 5.37 (m, 1H), 5.37 – 5.20 (m, 1H), 4.65 – 4.49 (m, 2H), 3.94 (t, J = 6.2 

Hz, 1H), 3.67 (s, 3H), 2.46 – 2.25 (m, 4H), 1.38 (d, J = 7.2 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 173.3, 172.3, 170.0, 144.0, 139.1, 135.7, 130.7, 129.9, 128.9, 

128.7, 128.6, 128.6, 128.2, 127.6, 127.2, 125.7, 72.8, 65.8, 52.4, 47.7, 42.4, 38.8, 18.6.  

HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2440. 

 

 

 

methyl ((2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-

alaninate ((2R,7R,E)-D-3v): yield (58 mg, 60%); colorless oil; 20:1 dr; [α]20
D = -14.2 (c 0.71, 

CH2Cl2). 

HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2431. 
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methyl ((2S,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-

alaninate ((2S,7R,E)-L-3v): yield (52 mg, 54%); colorless oil; 20:1 dr; [α]20
D = +97.8 (c 0.52, 

CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.53 (m, 3H), 7.42 – 7.29 (m, 6H), 7.27 – 7.20 (m, 4H), 

7.18 – 7.12 (m, 1H), 7.10 – 6.99 (m, 2H), 5.48 – 5.29 (m, 2H), 4.61 – 4.49 (m, 2H), 3.94 (t, J = 6.6 

Hz, 1H), 3.68 (s, 3H), 2.46 – 2.31 (m, 3H), 2.26 – 2.17 (m, 1H), 1.41 (d, J = 7.2 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 173.2, 172.3, 169.8, 144.0, 139.1, 135.7, 130.7, 130.1, 129.2, 

128.9, 128.7, 128.6, 128.2, 127.5, 127.2, 125.6, 72.6, 65.7, 52.4, 47.7, 43.4, 39.2, 18.7. 

HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2441. 

 

 

 

methyl ((2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-

alaninate ((2R,7S,E)-D-3v): yield (55 mg, 57%); colorless oil; 20:1 dr; [α]20
D = -98.9 (c 0.54, 

CH2Cl2). 

HRMS (ESI+) calcd. For C30H33N2O4 ([M+H]+): 485.2435, found: 485.2436. 
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6. Scale-up experiments and synthetic transformations 

Scheme S1. Scale-up experiments. 

 

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.05 mmol) and L7 (0.055 

mmol) and degassed THF (10 mL). The reaction mixture was stirred at 20 ºC for 30 min. Then, [Ru]-

1 or ent-[Ru]-1 complex (0.02 mmol), imino ester 1a (2 mmol), dienyl carbinol 2a (6 mmol), K3PO4 

(2 mmol) and THF (10 mL) were added into the Schlenk tube under argon. The reaction mixture was 

continuously stirred at 20 ºC. Once starting material was consumed (monitored by TLC), the organic 

solvent was removed and the residue was purified by column chromatography to give the desired 

enolate products, which were then directly analyzed by chiral HPLC to determine the dr value and 

the enantiomeric excess.  

Scheme S2. Synthetic transformations. 
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(2R,7S,E)-3a (76 mg, 0.2 mmol) and PPh3 (105 mg, 0.4 mmol) were dissolved in dry THF (5 mL) 

under an argon atmosphere, DIAD (81 mg, 0.4 mmol) was added dropwise under 0 ℃ and stirred for 

10 min. Then DPPA (111 mg, 0.4 mmol) was added dropwise at the same time. The reaction mixture 

was stirred at room temperature for 16 h. Then the solution was concentrated under reduced pressure. 

The crude product was obtained by silica-gel column chromatography.  

Another flame-dried Schlenk tube was cooled to room temperature and evacuated and backfilled 

with argon for three times. To this Schlenk tube were added the crude product (96 mg, 0.2 mmol), 

Phenylacetylene (27 mg, 0.26 mmol), CuI (3.8 mg, 0.02 mmol), DIPEA (52 mg, 0.4 mmol) and 

degassed DMF (2 mL). The mixture was stirred overnight at 30 ℃. And then the mixture was 

concentrated in vacuo and purified by silica-gel column chromatography to give cis-6 in 80% overall 

yield with > 20:1 dr. 

 

 

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-phenyl-7-(4-phenyl-1H-1,2,3-triazol-1-

yl)hept-4-enoate (cis-6): yield (92 mg, 80%); sticky liquid; > 20:1 dr; [α]20
D = +38.7 (c 0.72, CH2Cl2); 

The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralcel AD-H, 

i-propanol/hexane = 25/75, flow rate 1.0 mL/min, λ = 220 nm); tr = 7.89 and 9.54 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.72 – 7.66 (m, 2H), 7.55 – 7.51 (m, 3H), 7.35 – 7.28 (m, 6H), 

7.27 – 7.19 (m, 8H), 7.05 – 7.00 (m, 2H), 5.52 – 5.43 (m, 2H), 5.35 – 5.26 (m, 1H), 3.85 (dd, J = 7.0, 

5.8 Hz, 1H), 3.21 – 3.08 (m, 1H), 2.98 – 2.83 (m, 1H), 2.51 – 2.38 (m, 2H), 1.32 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.8, 170.2, 147.6, 139.5, 138.5, 136.5, 130.8, 130.6, 130.2, 

129.0, 128.8, 128.7, 128.6, 128.4, 128.01, 127.99, 127.8, 127.1, 127.0, 125.7, 118.9, 81.0, 65.7, 65.3, 

38.3, 36.8, 28. 

HRMS (ESI+) calcd. For C38H39N4O2 ([M+H]+): 583.7580, found: 583.7588. 

HPLC chromatogram of compound cis-6 
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(2R,7S,E)-3a (76 mg, 0.2 mmol) and PPh3 (105 mg, 0.4 mmol) were dissolved in dry THF (5 mL) 

under an argon atmosphere, DIAD (81 mg, 0.4 mmol) was added dropwise under 0 ℃ and stirred for 

10 min. Then DPPA (111 mg, 0.4 mmol) was added dropwise at the same time. The reaction mixture 

was stirred at room temperature for 16 h. Then the solution was concentrated under reduced pressure. 

The crude product was obtained by silica-gel column chromatography.  

A flame-dried Schlenk tube was cooled to room temperature and evacuated and backfilled with 

argon for three times. To this Schlenk tube were added the crude product (96 mg, 0.2 mmol), PPh3 

(105 mg, 0.4 mmol), H2O (0.2 mL) and THF (2 mL). The mixture was stirred overnight at 40 ℃. And 

then the mixture was concentrated in vacuo and purified by silica-gel column chromatography to give 

cis-7 in 76% overall yield with > 20:1 dr. 

 

 

tert-butyl (2R,7R,E)-7-amino-2-((diphenylmethylene)amino)-7-phenylhept-4-enoate (cis-7): 

yield (68 mg, 76%); colorless oil; > 20:1 dr, [α]20
D = +74.0 (c 0.27, CH2Cl2); The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IC, i-propanol/hexane 

= 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 15.50 and 19.13 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.58 – 7.54 (m, 2H), 7.38 – 7.33 (m, 3H), 7.31 – 7.19 (m, 7H), 



S73 

 

7.16 – 7.06 (m, 3H), 5.43 – 5.30 (m, 2H), 3.90 (dd, J = 7.6, 5.6 Hz, 1H), 3.81 (dd, J = 8.2, 5.0 Hz, 

1H), 2.57 – 2.46 (m, 2H), 2.34 – 2.26 (m, 1H), 2.22 – 2.13 (m, 1H), 1.36 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 171.0, 170.1, 145.8, 139.6, 136.6, 130.2, 129.63, 129.56, 128.7, 

128.5, 128.4, 128.3, 128.0, 127.8, 126.9, 126.3, 81.0, 66.0, 55.4, 43.0, 37.0, 28.0. 

HRMS (ESI+) calcd. For C30H35N2O2 ([M+H]+): 455.2693, found: 455.2695. 

HPLC chromatogram of compound cis-7 

   

   

 

The compound cis-7 was dissolved in THF (2 mL) and 15% citric acid (1 mL) was added. The tube 

was sealed, and the mixture was stirred for 2 h. The mixture was then neutralized by adding sat. aq. 

NaHCO3. The resulting solution was extracted with EtOAc (3 × 2 mL). The organic phases were 

collected and dried over Na2SO4. After filtration, the solvent was removed under reduce pressure, and 

the crude product was purified by silica gel chromatography to give cis-8 in 83% yield with > 20:1 

dr. 

 

 

tert-butyl (2R,7R,E)-2,7-diamino-7-phenylhept-4-enoate (cis-8): yield (48 mg, 83%); colorless 

oil; > 20:1 dr; [α]20
D = +64.2 (c 0.27, CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.38 – 7.21 (m, 5H), 5.56 – 5.42 (m, 2H), 4.08 (dd, J = 9.0, 5.0 

Hz, 1H), 3.36 (dd, J = 8.2, 5.0 Hz, 1H), 2.56 – 2.40 (m, 3H), 2.31 – 2.23 (m, 1H), 1.37 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 173.0, 141.3, 130.1, 129.4, 128.8, 127.9, 126.7, 81.8, 55.3, 
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53.7, 40.7, 36.9, 28.0. 

HRMS (ESI+) calcd. For C17H27N2O2 ([M+H]+): 291.2067, found: 291.2061. 

 

A flame-dried Schlenk tube was cooled to room temperature and evacuated and backfilled with 

hydrogen for three times. To this Schlenk tube were added (2R,7S,E)-3a (91 mg, 0.2 mmol), Pd/C (3 

mg, 10 wt%), EtOAc (2 mL) and the reaction mixture was stirred under 1 atm hydrogen gas pressure 

at room temperature overnight. Then the resulting mixture was concentrated and purified by flash 

column chromatography to afford the desired product trans-9 in 80% overall yield with > 20:1 dr.  

 

 

tert-butyl (2R,7S)-2-(benzhydrylamino)-7-hydroxy-7-phenylheptanoate (trans-9): yield (74 mg, 

80%); colorless oil; > 20:1 dr; [α]20
D = -0.9 (c 0.45, CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.36 – 7.33 (m, 2H), 7.30 – 7.25 (m, 4H), 7.25 – 7.07 (m, 9H), 

4.70 (s, 1H), 4.56 (dd, J = 7.4, 5.8 Hz, 1H), 2.95 (dd, J = 7.4, 5.8 Hz, 1H), 1.86 – 1.58 (m, 5H), 1.54 

– 1.45 (m, 2H), 1.39 (s, 9H), 1.34 – 1.28 (m, 2H). 

13C NMR (101 MHz, Chloroform-d) δ 175.1, 144.8, 144.5, 142.9, 128.5, 128.44, 128.39, 127.7, 127.5, 

127.3, 127.1, 125.8, 80.9, 74.5, 65.5, 59.7, 38.9, 33.7, 28.2, 25.7, 25.6. 

HRMS (ESI+) calcd. For C30H38NO3 ([M+H]+): 460.2846, found: 460.2842. 

 

To a solution of (2R,7S,E)-3a (0.2 mmol) in THF (0.1 mL) was added 15% citric acid (1 mL). The 

mixture was stirred at room temperature for 1 h, quenched with sat. aq. NaHCO3 and extracted with 

EtOAc (3 × 2 mL). The organic layers were combined and dried over Na2SO4. The solvent was 

removed and the crude product amine was obtained. To a solution of crude product in DCM (2 mL) 

was added triethylamine (61 mg, 0.6 mmol) and TsCl (114 mg, 0.6 mmol) followed by DMAP (7.5 

mg, 0.06 mmol). The mixture was stirred overnight and then the resulting mixture was concentrated 

and purified by flash column chromatography to afford the desired product trans-10 in 78% overall 
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yield with > 20:1 dr. 

 

 

tert-butyl (2R,7S,E)-7-hydroxy-2-((4-methylphenyl)sulfonamido)-7-phenylhept-4-enoate 

(trans-10): yield (63 mg, 78%); white solid; m.p. 88-90 oC; > 20:1 dr; [α]10
D = -53.9 (c 0.53, CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 8.0 Hz, 2H), 7.35 – 7.28 (m, 3H), 7.25 – 7.14 (m, 

4H), 5.48 – 5.31 (m, 2H), 5.19 (d, J = 9.2 Hz, 1H), 4.63 (dd, J = 8.0, 4.8 Hz, 1H), 3.83 – 3.74 (m, 

1H), 2.41 – 2.33 (m, 3H), 2.32 (s, 3H), 2.31 – 2.25 (m, 1H), 1.19 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.0, 143.9, 143.5, 137.0, 131.3, 129.6, 128.4, 127.5, 127.3, 

127.0, 125.7, 82.6, 73.2, 55.8, 42.5, 36.7, 27.7, 21.4. 

HRMS (ESI+) calcd. For C24H32NO5S ([M+H]+): 446.1996, found: 446.1990. 

 

To a solution of (2R,7R,E)-3a (0.2 mmol) in THF (0.1 mL) was added 15% citric acid (1 mL). The 

mixture was stirred at room temperature for 1 h, quenched with sat. aq. NaHCO3 and extracted with 

EtOAc (3 × 2 mL). The organic layers were combined and dried over Na2SO4. The solvent was 

removed and the crude product amine was obtained. To a solution of crude product in DCM (2 mL) 

was added triethylamine (61 mg, 0.6 mmol) and TsCl (114 mg, 0.6 mmol) followed by DMAP (7.5 

mg, 0.06 mmol). The mixture was stirred overnight and then the resulting mixture was concentrated 

and purified by flash column chromatography to afford the desired product cis-10 in 77% overall 

yield with > 20:1 dr. 

 

 

tert-butyl (2R,7R,E)-7-hydroxy-2-((4-methylphenyl)sulfonamido)-7-phenylhept-4-enoate (cis-

10): yield (62 mg, 77%); white solid; m.p. 100-102 oC; > 20:1 dr; [α]10
D = +17.8 (c 0.47, CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 8.4 Hz, 2H), 7.30 – 7.27 (m, 4H), 7.23 – 7.19 (m, 
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3H), 5.48 – 5.31 (m, 2H), 5.09 (d, J = 9.2 Hz, 1H), 4.61 (dd, J = 8.4, 4.8 Hz, 1H), 3.82 – 3.75 (m, 

1H), 2.44 – 2.33 (m, 3H), 2.32 (s, 3H), 2.31 – 2.26 (m, 1H), 1.18 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 170.1, 143.8, 143.5, 136.9, 131.3, 129.6, 128.4, 127.5, 127.3, 

127.1, 125.7, 82.6, 73.0, 55.8, 42.8, 36.7, 27.7, 21.4. 

HRMS (ESI+) calcd. For C24H32NO5S ([M+H]+): 446.1996, found: 446.1997. 

 

To a solution of (2R,7S,E)-3a (137 mg, 0.3 mmol) and NaHCO3 (51 mg, 0.6 mmol) in MeCN (3 

mL)was added I2 (229 mg, 0.9 mmol) at -20 oC. The mixture was stirred for 12 h before quenched by 

addition of sat. aq. Na2SO3. The aqueous layer was extracted with EtOAc (3 × 5 mL). The combined 

organic layers were concentrated, and purified using flash chromatography to give the desired product 

11 in 45% yield with > 20:1 dr and 11’ in 27% yield with > 20:1 dr. 

 

 

tert-butyl (R)-2-((diphenylmethylene)amino)-3-((2S,3R,5S)-3-iodo-5-phenyltetrahydrofuran-2-

yl)propanoate (11): yield (79 mg, 45%); white solid; m.p. 140-142 oC; > 20:1 dr; [α]15
D = -18.0 (c 

0.56, CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.91 (d, J = 7.6 Hz, 2H), 7.41 – 7.27 (m, 10H), 7.18 – 7.11 (m, 

3H), 5.07 (dd, J = 12.6, 2.6 Hz, 1H), 4.30 – 4.23 (m, 2H), 3.98 (dd, J = 9.0, 6.6 Hz, 1H), 2.92 – 2.83 

(m, 1H), 2.41 – 2.30 (m, 1H), 1.89 – 1.78 (m, 1H), 1.71 – 1.64 (m, 1H), 1.20 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 172.7, 147.6, 142.4, 142.0, 129.0, 128.4, 128.2, 128.0, 127.6, 

127.5, 127.3, 126.6, 92.1, 80.6, 71.6, 65.8, 63.2, 42.9, 32.1, 27.8, 23.9. 

HRMS (ESI+) calcd. For C30H33INO3 ([M+H]+): 582.1500, found: 582.1492. 
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tert-butyl (R)-2-((diphenylmethylene)amino)-3-((2R,3S,5S)-3-iodo-5-phenyltetrahydrofuran-2-

yl)propanoate (11’): yield (47 mg, 27%); white solid; m.p. 68-70 oC; > 20:1 dr; [α]20
D = +132.9 (c 

0.44, CH2Cl2). 

1H NMR (400 MHz, Chloroform-d) δ 7.55 – 7.45 (m, 4H), 7.44 – 7.26 (m, 8H), 7.24 – 7.16 (m, 3H), 

4.60 (dd, J = 11.6, 2.4 Hz, 1H), 4.14 – 4.06 (m, 1H), 3.93 (d, J = 8.8 Hz, 1H), 3.90 – 3.84 (m, 1H), 

2.72 – 2.62 (m, 1H), 2.40 – 2.32 (m, 1H), 2.14 – 2.07 (m, 1H), 1.96 – 1.86 (m, 1H), 1.19 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 173.7, 143.0, 142.8, 142.1, 128.3, 128.2, 127.8, 127.7, 127.6, 

127.4, 126.1, 92.5, 80.3, 72.7, 65.4, 62.6, 42.3, 37.7, 27.7, 23.2. 

HRMS (ESI+) calcd. For C30H33INO3 ([M+H]+): 582.1500, found: 582.1502. 
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7. Kinetic resolution studies 

Scheme S3. Kinetic resolution studies. 

 

 

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.01 mmol) and L7 

(0.01 mmol) and degassed THF (1 mL). The reaction mixture was stirred at 20 ºC for about 30 min. 

Then, [Ru]-1 (0.004 mmol), imino ester 1a (0.2 mmol), dienyl carbinol 2a (0.38 mmol), K3PO4 (0.2 

mmol) and THF (1 mL) were added into the Schlenk tube under argon. The reaction mixture was 

continuously stirred at 20 ºC. Once starting material was consumed (monitored by TLC), the organic 

solvent was removed by rotary evaporation. The whole residue was further purified by column 

chromatography to give the desired product 3a, which was analyzed by HPLC to determine the dr 

value and enantiomeric excess. The recovered 2a was analyzed by HPLC to determine the 

enantiomeric excess. We can get the trans-(2R,7S,E)-3a in 90% yield (> 20:1 dr, 99% ee) and (R)-2a 

in 31% yield (93% ee) (Scheme S3a). By the same operation, but using 0.2 mmol 2a and 0.3 mmol 

1a, we can only get the trans-(2R,7S,E)-3a in 45% yield with > 20:1 dr and 99% ee, and (R)-2a in 

43% yield with 89% ee (Scheme S3b). By the same operation, but using ent-[Ru]-1 instead of [Ru]-
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1, we can get the cis-(2R,7R,E)-3a in 91% yield with > 20:1 dr and 99% ee, and (S)-2a in 29% yield 

with 89% ee (Scheme S3c). When we use 0.20 mmol 2a and 0.30 mmol 1a with ent-[Ru]-1, the cis- 

(2R,7R,E)-3a in 45% yield with > 20:1 dr and 99% ee, and (S)-2a in 40% yield with 81% ee will be 

obtained. Thus, the bimetallic copper/ruthenium relay catalysis undergoes kinetic resolution process. 

 

 

(R,E)-1-phenylpenta-2,4-dien-1-ol ((R)-2a): yield (30 mg, 31%); colorless oil; [α]20
D = -35.8 (c 0.51, 

CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 93% ee 

(Chiralpak OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, λ = 254 nm); tr = 19.65 and 24.02 

min. 

HPLC chromatogram of compound (R)-2a 

   

   

 

 

(S,E)-1-phenylpenta-2,4-dien-1-ol ((S)-2a): yield (28 mg, 29%); colorless oil; [α]20
D = +31.1 (c 0.67, 

CH2Cl2); The product was analyzed by HPLC to determine the enantiomeric excess: 89% ee 

(Chiralpak OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, λ = 254 nm); tr = 19.65 and 24.02 

min. 
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HPLC chromatogram of compound (S)-2a 
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8. X-ray structures of (2R,7S,E)-trans-10 and (2R,7R,E)-cis-10 

 

Figure S1. X-ray structure of (2R,7S,E)-trans-10. 

 

Crystal data for (2R,7S,E)-trans-10: 2(C24H31NO5S), Mr = 891.11, T = 100 K, monoclinic, space 

group P 1 21 1, a = 18.8686(2), b = 5.43670(10), c = 22.9849(2) Å, α = 90, β = 94.9320(10), γ = 90, 

V = 2349.13(5) Å3, Z = 2, 8325 unique reflections, final R1 = 0.0362 and wR2 = 0.0991 for 8532 

observed [I>2σ(I)] reflections, Flack  = 0.023(13). CCDC 2328948 contains the supplementary 

crystallographic data for this paper. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, 

Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 

 

 

Figure S2. X-ray structure of (2R,7R,E)-cis-10.  

mailto:deposit@ccdc.cam.ac.uk
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Crystal data for (2R,7R,E)-cis-10: C24H31NO5S, Mr = 445.56, T = 100 K, monoclinic, space group 

P 1 21 1, a = 12.6662(4), b = 5.60080(10), c = 36.6350(11) Å, α = 90, β = 116.175(4), γ = 90, V = 

2332.40(13) Å3, Z = 4, 5635 unique reflections, final R1 = 0.0615 and wR2 = 0.1710 for 7349 observed 

[I>2σ(I)] reflections, Flack  = 0.042(15). CCDC 2328949 contains the supplementary 

crystallographic data for this paper. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, 

Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 

  

mailto:deposit@ccdc.cam.ac.uk
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10. NMR spectra 

 
1H NMR (400 MHz, CDCl3) of 2a 

 
13C NMR (101 MHz, CDCl3) of 2a 
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1H NMR (400 MHz, CDCl3) of 2b 

 

 
13C NMR (101 MHz, CDCl3) of 2b 
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19F NMR (376 MHz, CDCl3) of 2b 
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1H NMR (400 MHz, CDCl3) of 2c 

 

 
13C NMR (101 MHz, CDCl3) of 2c 
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19F NMR (376 MHz, CDCl3) of 2c 
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1H NMR (400 MHz, CDCl3) of 2d  

 

 

13C NMR (101 MHz, CDCl3) of 2d 
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1H NMR (400 MHz, CDCl3) of 2e 

 

 

13C NMR (101 MHz, CDCl3) of 2e 
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1H NMR (400 MHz, CDCl3) of 2f 

 

 
13C NMR (101 MHz, CDCl3) of 2f 
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1H NMR (400 MHz, CDCl3) of 2g 

 

 
13C NMR (101 MHz, CDCl3) of 2g 
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1H NMR (400 MHz, CDCl3) of 2h 

 

 
13C NMR (101 MHz, CDCl3) of 2h 
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1H NMR (400 MHz, CDCl3) of 2i 

 

 
13C NMR (101 MHz, CDCl3) of 2i 

  



S95 

 

  

1H NMR (400 MHz, CDCl3) of 2j 

 

 
13C NMR (101 MHz, CDCl3) of 2j 

  



S96 

 

  

1H NMR (400 MHz, CDCl3) of 2k 

 

 
13C NMR (101 MHz, CDCl3) of 2k 
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1H NMR (400 MHz, CDCl3) of 2l 

 

 

13C NMR (101 MHz, CDCl3) of 2l 
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1H NMR (400 MHz, CDCl3) of 2m 

 

 
13C NMR (101 MHz, CDCl3) of 2m 

  



S99 

 

  

1H NMR (400 MHz, CDCl3) of 2n 

 

 
13C NMR (101 MHz, CDCl3) of 2n 

  



S100 

 

 

1H NMR (400 MHz, CDCl3) of 2q 

 

 
13C NMR (101 MHz, CDCl3) of 2q 

  



S101 

 

 

1H NMR (400 MHz, CDCl3) of 2s 

 

 

13C NMR (101 MHz, CDCl3) of 2s 

  



S102 

 

 

  

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

 

 

13C NMR (101 MHz, CDCl3) of 4a 

  



S103 

 

 

1H NMR (400 MHz, CDCl3) of 4b 

 

 

13C NMR (101 MHz, CDCl3) of 4b 
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1H NMR (400 MHz, CDCl3) of 4c 

 

 

13C NMR (101 MHz, CDCl3) of 4c 

 



S105 

 

 

19F NMR (376 MHz, CDCl3) of 4c 
  



S106 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3a 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3a 



S107 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3b 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3b 
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19F NMR (376 MHz, CDCl3) of 3b 

  



S109 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3c 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3c 



S110 

 

 
19F NMR (376 MHz, CDCl3) of (2R,7S,E)-3c 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3d 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3d 

  



S112 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3e 

 

 
13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3e 

  



S113 

 

 
1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3f 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3f 

  



S114 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3g 

 

 
13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3g 

  



S115 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3h 

 

 
13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3h 

  



S116 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3i 

 

 
13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3i 

  



S117 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3j 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3j 

  



S118 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3k 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3k 

  



S119 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3l 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3l 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3m 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3m 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3n 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3n 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3o 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3o 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3p 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3p 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3q 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3q 

  



S125 

 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-Gly-Gly-3r 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-Gly-Gly-3r 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3s 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3s 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3t 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3t 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3u 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3u 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3a 

 

 
13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3a 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3b 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3b 

 



S131 

 

 

19F NMR (376 MHz, CDCl3) of (2R,7R,E)-3b 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3c 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3c 
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19F NMR (376 MHz, CDCl3) of (2R,7R,E)-3c 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3d 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3d 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3e 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3e 

  



S136 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3f 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3f 

  



S137 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3g 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3g 

  



S138 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3h 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3h 

  



S139 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3i 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3i 

  



S140 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3j 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3j 

  



S141 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3k 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3k 

  



S142 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3l 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3l 

  



S143 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3m 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3m 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3n 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3n 

  



S145 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3o 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3o 

 



S146 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7S,E)-3p 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-3p 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3q 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3q 

  



S148 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3r 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3r 

 



S149 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3s 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3s 



S150 

 

 

1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3t 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-3t 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-3u 

 

 

13C NMR (101 MHz, CDCl3) of 2R,7R,E)-3u 

 

  



S152 

 

 

 

1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9S)-5a 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9S)-5a 

  



S153 

 

 

1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9R)-5a 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9R)-5a 

  



S154 

 

 

1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9S)-5b 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9S)-5b 

  



S155 

 

 

1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9R)-5b 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9R)-5b 

  



S156 

 

 

1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9S)-5c 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9S)-5c 

 



S157 

 

 

19F NMR (376 MHz, CDCl3) of (2R,4E,6E,9S)-5c 

  



S158 

 

 

1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9R)-5c 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9R)-5c 
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19F NMR (376 MHz, CDCl3) of (2R,4E,6E,9R)-5c 
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1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9S)-Gly-Gly-5d 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9S)-Gly-Gly-5d 

  



S161 

 

 

1H NMR (400 MHz, CDCl3) of (2R,4E,6E,9R)-Gly-Gly-5d 

 

 

13C NMR (101 MHz, CDCl3) of (2R,4E,6E,9R)-Gly-Gly-5d 
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1H NMR (400 MHz, CDCl3) of (2R,7S,E)-L-3v 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7S,E)-L-3v 
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1H NMR (400 MHz, CDCl3) of (2R,7R,E)-L-3v 

 

 

13C NMR (101 MHz, CDCl3) of (2R,7R,E)-L-3v 

  



S164 

 

 

1H NMR (400 MHz, CDCl3) of (2S,7S,E)-L-3v 

 

 

13C NMR (101 MHz, CDCl3) of (2S,7S,E)-L-3v 

  



S165 

 

 

1H NMR (400 MHz, CDCl3) of (2S,7R,E)-L-3v 

 

 

13C NMR (101 MHz, CDCl3) of (2S,7R,E)-L-3v 
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1H NMR (400 MHz, CDCl3) of cis-6 

 

 

13C NMR (101 MHz, CDCl3) of cis-6 
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1H NMR (400 MHz, CDCl3) of cis-7 

 

 

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

 

 

13C NMR (101 MHz, CDCl3) of cis-8 
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1H NMR (400 MHz, CDCl3) of trans-9 

 

 

13C NMR (101 MHz, CDCl3) of trans-9 
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1H NMR (400 MHz, CDCl3) of trans-10 

 

 

13C NMR (101 MHz, CDCl3) of trans-10 
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1H NMR (400 MHz, CDCl3) of cis-10 

 

 
13C NMR (101 MHz, CDCl3) of cis-10 
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1H NMR (400 MHz, CDCl3) of 11 

 

 

13C NMR (101 MHz, CDCl3) of 11 
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DEPT135 spectrum of 11 
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COESY spectrum of 11 
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HMQC spectrum of 11 
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1H NMR (400 MHz, CDCl3) of 11’ 

 

 
13C NMR (101 MHz, CDCl3) of 11’ 
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DEPT135 spectrum of 11’ 

  



S178 

 

 

 

COSY spectrum of 11’ 
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NOESY spectrum of 11’ 
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