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I. General details: 

Unless otherwise noted, all reagents were used as received from commercial suppliers. TMS-Prolinol 

catalysts were purchased from Sigma-Aldrich and used without further purification.  All reactions were 

performed under a nitrogen atmosphere and in flame-dried or oven-dried glassware with magnetic 

stirring.  Unless otherwise noted, all solvents were purchased from Merk, Finar, or Spectrochem, and 

used without further purification.  Reactions were monitored using thin-layer chromatography (SiO2).  

TLC plates were visualized with UV light (254 nm), iodine treatment, or using p-anisaldehyde stain 

or β-naphthol stain. Column chromatography was carried out using silica gel (60-120 mesh & 100-200 

mesh) packed in glass columns.  NMR spectra were recorded at 300, 400, 500 MHz (H) and 75, 100, 

125 MHz (C), respectively.  Chemical shifts (δ) are reported in ppm, using the residual solvent peak 

in CDCl3 (H: δ = 7.26 and C: δ = 77.16 ppm) as internal standard, and coupling constants (J) are given 

in Hz.The following abbreviations were used to designate the multiplicities: s = singlet; d = doublet; t 

= triplet; q= quartet; dd = doublet of doublet; dt = doublet of triplet; dq = doublet of quartet; m = 

multiplet; br.s = broad singlet; qd = quartet of doublet.  HRMS were recorded using ESI-TOF 

techniques. Enantiomeric ratio (er) values were determined by chiral HPLC of the purified product 

with hexane and i-PrOH as solvents and diastereomer ratio (dr) values were determined by 1H NMR 

analysis. All chiral compound’s optical rotation was measured on a Horiba SEPA-300. 
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II. Experimental Procedures and Analytical Data 

IIa. Experimental procedures and analytical data of products:  

General Procedure for organocatalytic enantioselective desymmetrization: 

 

To a stirred solution of enal-tethered cyclohexane 1,3-dione 1 (0.3 mmol) in EtOH (1.5 mL, 0.2 M) at 

-20 oC was added Jørgensen-Hayashi catalyst C-I (10.2 mg, 0.03 mmol, 10 mol%) under nitrogen 

atmosphere. The reaction was allowed to stir at the same temperature until complete consumption of 

starting material (monitored by TLC). Afterward, the solvent was evaporated under reduced pressure 

at 40-45oC (rotary evaporator water bath) and the crude residue was directly purified by column 

chromatography on silica gel (EtOAc in Hexane) to give the desired product 2with from 5:1 to >20:1 

ratio of diastereoselectivity (dr). [Note: For racemic products, Piperidine catalyst (10 mol%) was used 

at room temperature and followed the same procedure as above]. The enantiomeric excess was 

determined by chiral HPLC analysis. Here, diastereoselectivity (dr) was measured from 1H NMR 

analysis of crude product and reported the NMR data for major isomer of product 2. 

(2S,7aR)-2-Methoxy-7a-methyl-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2a): 

 

Prepared according to the general procedure as described above in 82% yield (51 mg; dr = >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford yellow liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.92 (s, 1H), 4.72 (ddd, J = 7.5, 5.2, 2.6 Hz, 1H), 3.42 – 3.39 (m, 1H), 3.37 (d, J 

= 0.8 Hz, 3H), 2.70 (ddd, J = 15.4, 13.6, 6.1 Hz, 1H), 2.55 – 2.45 (m, 2H), 2.41 (dd, J = 14.0, 5.1 Hz, 

1H), 2.29 – 2.18 (m, 1H), 2.08 (dd, J = 14.1, 7.3 Hz, 1H), 1.81 – 1.67 (m, 1H), 1.37 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 210.3, 188.5, 166.8, 135.6, 81.3, 62.3, 57.0, 38.1, 37.5, 26.4, 24.1, 23.0; HRMS 

(ESI) calcd for C12H17O3 [M+H]+: 209.1178; found: 209.1226; [α]20
D = -125.22° (c 1.0, CHCl3); 

85:15er; Chiral HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 mm 5µ column; hexane/2-

propanol = 80:20, detected at 280 nm, Flow rate = 1 mL/min, Retention times: 18.64 min (minor), 

20.37 min (major). 
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(2S,7aR)2-Ethoxy-7a-methyl-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2b): 

 

 
Prepared according to the general procedure as described above in 94% yield (62 mg;dr = 10:1). It was 

purified by flash chromatography (30% EtOAc/hexane; Rf = 0.5) to afford yellow liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.91 (s, 1H), 4.79 (ddd, J = 8.0, 5.5, 2.7 Hz, 1H), 3.59 (q, J = 7.0 Hz, 2H), 3.39 

(dt, J = 14.7, 4.3 Hz, 1H), 2.69 (ddd, J = 15.5, 13.3, 6.1 Hz, 1H), 2.54 – 2.47 (m, 1H), 2.47 – 2.41 (m, 

1H), 2.38 (dd, J = 14.0, 5.6 Hz, 1H), 2.27 – 2.17 (m, 1H), 2.13 (dd, J = 14.0, 7.3 Hz, 1H), 1.82 – 1.66 
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(m, 1H), 1.35 (s, 3H), 1.18 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 210.7, 188.8, 166.1, 

135.7, 79.8, 65.2, 62.1, 39.2, 37.5, 26.4, 23.9, 22.9, 15.7; HRMS (ESI) calcd for C13H19O3 [M+H]+: 

223.1328; found: 223.1320; [α]20
D = -137.20° (c 1.0, CHCl3); 99:1er; Chiral HPLC analysis of the 

product: Daicel Chiralpak IC 250X4.6 mm 5µ column; hexane/2-propanol = 80:20,detected at 240 nm, 

Flow rate = 1 mL/min, Retention times: 8.75 min (minor), 11.75 min (major). 

 

 

(2S,7aR)-2-Isopropoxy-7a-methyl-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2c): 
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Prepared according to the general procedure as described above in 52% yield (36 mg; dr = >20:1). It 

was purified by flash chromatography (20% EtOAc/hexane; Rf = 0.5) to afford yellow liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.90 (s, 1H), 4.85 – 4.77 (m, 1H), 3.90 – 3.78 (m, 1H), 3.38 (d, J = 14.7 Hz, 1H), 

2.74 – 2.62 (m, 1H), 2.54 – 2.39 (m, 2H), 2.33 (dd, J = 13.9, 5.7 Hz, 1H), 2.23 – 2.11 (m, 2H), 1.85 – 

1.70 (m, 1H), 1.34 (s, 3H), 1.17 (d, J = 6.0 Hz, 3H), 1.16 (d, J = 6.1 Hz, 3H); 13C NMR (101 MHz, 

CDCl3) δ 210.9, 188.8, 165.4, 136.1, 78.2, 72.1, 61.9, 40.7, 37.6, 26.4, 23.8, 23.3, 22.9, 22.4; HRMS 

(ESI) calcd for C14H20O3 [M].: 236.1412; found: 236.1413; [α]20
D = -110.30° (c 1.0, CHCl3); 95:5er; 

Chiral HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 mm 5µ column; hexane/2-propanol 

= 80:20, detected at 247 nm, Flow rate = 1 mL/min, Retention times: 8.48 min (major), 11.12 min 

(minor). 
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(2S,7aR)2-Ethoxy-7-oxo-7a-propyl-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2d): 

 

Prepared according to the general procedure as described above in 76% yield (57 mg; dr = 18:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4) to afford yellow liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.92 (s, 1H), 4.75 (ddd, J = 7.7, 5.3, 2.7 Hz, 1H), 3.58 (qd, J = 7.0, 1.6 Hz, 2H), 

3.39 (dt, J = 14.5, 4.1 Hz, 1H), 2.67 (ddd, J = 15.2, 13.5, 6.2 Hz, 1H), 2.50 – 2.40 (m, 2H), 2.35 (dd, J 

= 14.3, 5.3 Hz, 1H), 2.26 – 2.11 (m, 2H),1.81 – 1.67 (m, 2H), 1.55 – 1.47 (m, 1H), 1.35 – 1.21 (m, 

1H), 1.18 (t, J = 7.0 Hz, 3H), 1.13 – 1.03 (m, 1H), 0.90 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz, 

CDCl3) δ 210.2, 187.9, 168.5, 136.3, 79.1, 68.3, 65.5, 41.0, 38.1, 34.5, 24.4, 23.2, 18.4, 15.7, 14.5; 

HRMS (ESI) calcd for C15H23O3 [M+H]+: 251.1641; found: 251.1634; [α]20
D = +87.60° (c 1.0, CHCl3); 

93:7% er; Chiral HPLC analysis of the product: Daicel Chiralpak OD-H 250X4.6 mm 5µ column; 

hexane/2-propanol = 80:20, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 5.45 min 

(major), 5.97 min (minor). 
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(2S,7aR) 7a-(Cyclohexylmethyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-

carbaldehyde (2e): 

 

Prepared according to the general procedure as described above in 72% yield (65 mg; dr = >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.5) to afford colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.90 (s, 1H), 4.75 (ddd, J = 7.6, 5.1, 2.6 Hz, 1H), 3.62 – 3.53 (m, 2H), 3.37 

(dt, J = 14.5, 2.7 Hz, 1H), 2.70 (ddd, J = 14.8, 13.7, 6.2 Hz, 1H), 2.55 – 2.43 (m, 2H), 2.40 (dd, J = 

14.3, 5.1 Hz, 1H), 2.24 – 2.15 (m, 1H),2.18 (dd, J = 14.3, 7.5 Hz, 1H),1.80 (dd, J = 14.0, 5.3 Hz, 1H), 

1.72 (ddd, J = 13.4, 11.2, 6.7 Hz, 1H), 1.66 – 1.52 (m, 5H), 1.34 (dd, J = 14.1, 6.0 Hz, 1H), 1.30 – 1.20 

(m, 2H), 1.17 (t, J = 7.0 Hz, 3H), 1.14 – 1.00 (m, 2H), 0.97 – 0.83 (m, 2H); 13C NMR (101 MHz, 

CDCl3) δ 209.9, 188.6, 166.3, 136.0, 80.1, 67.3, 65.1, 46.1, 38.2, 36.2, 35.0, 34.8, 34.7, 26.3 (2C), 

26.1, 24.7, 23.2, 15.7; HRMS (ESI) calcd for C19H29O3 [M+H]+: 305.2111; found: 305.2110; [α]20
D = 

-127.79° (c 1.0, CHCl3); 91:9er; Chiral HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 

mm 5µ column; hexane/2-propanol = 98:02, detected at 254 nm, Flow rate = 1 mL/min, Retention 

times: 32.77 min (minor), 45.37 min (major). 
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(2S,7aR)-7a-Allyl-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2f): 

 

 

Prepared according to the general procedure as described above in 78% yield (58 mg; dr = >5:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford yellow liquid;1H NMR 

(400 MHz, CDCl3) δ 9.91 (s, 1H), 5.59 – 5.44 (m, 1H), 5.17 – 5.08 (m, 1H), 4.74 – 4.67 (m, 1H), 3.58 

(qd, J = 7.0, 1.0 Hz, 2H), 3.42 (dt, J = 14.7, 2.6 Hz, 1H), 2.72 – 2.61 (m, 1H), 2.53 – 2.36 (m, 5H), 

2.35 – 2.19 (m, 3H), 1.85 – 1.66 (m, 1H), 1.18 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 
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209.3, 188.5, 164.2, 136.8, 131.3, 119.9, 80.1, 66.8, 65.3, 42.4, 37.9, 36.1, 24.0, 23.0, 15.7; HRMS 

(ESI) calcdfor C15H21O3 [M+H]+: 249.1485; found: 249.1493; [α]20
D = +61.00° (c 1.0, CHCl3); 97:3er; 

Chiral HPLC analysis of the product: Daicel Chiralpak  OD-H 250X4.6 mm 5µ column; hexane/2-

propanol = 80:20, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 6.14 min (major), 7.07 

min (minor). 
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(2S,7aR)-7a-Benzyl-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2g): 

 

 

Prepared according to the general procedure as described above in 88% yield (78 mg; dr= >5:1). It 

was purified by column chromatography (30% EtOAc/hexane; Rf = 0.5) to afford brown liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.80 (s, 1H), 7.26 – 7.23 (m, 3H), 7.02 – 6.98 (m, 2H), 3.78 (td, J = 6.9, 

2.8 Hz, 1H), 3.56 – 3.49 (m, 1H), 3.45 – 3.35 (m, 2H), 3.06 (d, J = 13.3 Hz, 1H), 2.86 (d, J = 13.3 Hz, 

1H), 2.78 (ddd, J = 15.5, 10.2, 4.7 Hz, 1H), 2.69 – 2.59 (m, 1H), 2.54 (dt, J = 15.5, 3.8 Hz, 1H), 2.35 

(dd, J = 14.0, 7.2 Hz, 1H), 2.31 – 2.22 (m, 1H), 2.14 (dd, J = 14.0, 6.2 Hz, 1H), 1.82 (ddt, J = 26.2, 

13.2, 4.4 Hz, 1H), 1.08 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 210.2, 188.7, 162.8, 138.0, 

135.2, 130.1, 128.5, 127.6, 79.7, 67.4, 65.2, 43.5, 38.4, 36.8, 24.0, 23.5, 15.6; HRMS (ESI) calcd for 

C19H23O3 [M+H]+: 299.1641; found: 299.1634; [α]20
D= -73.43°(c1.0, CHCl3); 96:4 er; Chiral HPLC 

analysis of the product: DaicelChiralpak IC 250X4.6 mm 5µ column; hexane/2-propanol = 70:30, 

detected at 254 nm, Flow rate = 1 mL/min, Retention times: 7.97 min (minor), 8.32 min (major). 

 

 



12 
 

 

(2S,7aR)-2-Ethoxy-7a-(4-methylbenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2h): 

 

Prepared according to the general procedure as described above in 80% yield (74 mg; dr = >20:1). It 

was purified by column chromatography (40% EtOAc/hexane; Rf = 0.4) to afford colourless liquid;1H 

NMR (400 MHz, CDCl3) δ 9.81 (s, 1H), 7.05 (d, J = 7.8 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 3.85 (td, J 

= 7.0, 2.8 Hz, 1H), 3.51 (dt, J = 16.6, 4.0 Hz, 1H), 3.41 (tdd, J = 9.1, 7.0, 2.1 Hz, 2H), 3.02 (d, J = 

13.3 Hz, 1H), 2.83 (d, J = 13.3 Hz, 1H), 2.78 (ddd, J = 15.5, 13.2, 6.0 Hz, 1H), 2.63 (dddd, J = 15.3, 

12.7, 5.4, 2.9 Hz, 1H), 2.53 (dt, J = 15.5, 3.2 Hz, 1H), 2.34 (dd, J = 14.0, 7.2 Hz, 1H), 2.31 (s, 3H), 

2.29 – 2.21 (m, 1H), 2.13 (dd, J = 14.0, 6.2 Hz, 1H), 1.81 (ddt, J = 26.3, 13.2, 4.4 Hz, 1H), 1.09 (t, J 

= 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 210.3, 188.7, 163.2, 137.9, 137.3, 132.0, 129.9, 129.2, 

79.8, 67.6, 65.1, 43.2, 38.4, 36.7, 24.0, 23.5, 21.2, 15.6; HRMS (ESI) calcd for C20H25O3 [M+H]+: 

313.1798; found: 313.1792; [α]20
D = -23.39° (c 1.0, CHCl3); 96:4er; Chiral HPLC analysis of the 

product: Chiral HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 mm 5µ column; hexane/2-

propanol = 80:20, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 11.66 min (minor), 

12.38 min(major). 
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(2S,7aR)-2-Ehoxy-7a-(4-fluorobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2i): 

 

Prepared according to the general procedure as described above in 71% yield (67 mg; dr = >20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf= 0.3) to afford yellow liquid;1H NMR 

(500 MHz, CDCl3) δ 9.81 (s, 1H), 7.00 – 6.91 (m, 4H), 3.84 (td, J = 6.9, 2.9 Hz, 1H), 3.53 (dt, J = 

13.7, 3.1 Hz, 1H), 3.48 – 3.37 (m, 2H), 3.02 (d, J = 13.5 Hz, 1H), 2.85 (d, J = 13.5 Hz, 1H), 2.76 (ddd, 

J = 15.5, 13.2, 6.0 Hz, 1H), 2.65 – 2.57 (m, 1H), 2.57 – 2.52 (m, 1H), 2.30 (dd, J = 14.1, 7.2 Hz, 1H), 
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2.28 – 2.23 (m, 1H), 2.15 (dd, J = 14.1, 6.2 Hz, 1H), 1.83 (ddt, J = 26.3, 13.2, 4.4 Hz, 1H)), 1.10 (t, J 

= 7.0 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 209.6, 187.9, 168.4, 162.19 (d, JCF = 247.23 Hz), 137.1, 

132.2 (d, JCF = 2.7 Hz), 131.5(d, JCF = 7.42 Hz), 115.5 (d, JCF = 21.33 Hz), 78.7, 68.7, 65.6, 44.1, 38.9, 

34.7, 24.4, 23.7, 15.7;19F NMR (471 MHz, CDCl3) δ -113.21.HRMS (ESI)calcd for C19H22O3F 

[M+H]+: 317.1547; found: 317.1552; [α]20
D = +62.09° (c1.0, CHCl3); 91:9er; Chiral HPLC analysis 

of the product: Daicel Chiralpak IC 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected at 

254 nm, Flow rate = 1 mL/min, Retention times: 16.88 min (major), 24.52 min(minor). 
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(2S,7aR)-7a-(4-Chlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2j): 

 

Prepared according to the general procedure as described above in 77% yield (76 mg; dr = >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford colourless liquid;1H 

NMR (500 MHz, CDCl3) δ 9.81 (s, 1H), 7.24 (d, J = 8.2 Hz, 2H), 6.94 (d, J = 8.3 Hz, 2H), 3.90 (td, J 

= 6.9, 2.7 Hz, 1H), 3.54 (dt, J = 14.7, 3.7 Hz, 1H), 3.49 – 3.37 (m, 2H), 3.01 (d, J = 13.4 Hz, 1H), 2.86 

(d, J = 13.5 Hz, 1H), 2.76 (ddd, J = 15.4, 13.2, 5.9 Hz, 1H), 2.65 – 2.58 (m, 1H), 2.58 – 2.51 (m, 1H), 

2.29 (dd, J = 14.1, 7.2 Hz, 1H), 2.26 – 2.22 (m, 1H), 2.16 (dd, J = 14.2, 6.1 Hz, 1H), 1.82 (tdd, J = 

17.3, 8.8, 4.2 Hz, 1H), 1.10 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 209.9, 188.9, 162.3, 

137.9, 133.8, 133.7, 131.3, 128.7, 79.8, 67.3, 65.2, 42.7, 38.3, 36.7, 24.0, 23.5, 15.6;HRMS (ESI) calcd 

for C19H22O3Cl [M+H]+: 333.1252; found: 333.1263; [α]20
D = +17.33° (c 1.0, CHCl3); 93:7er; Chiral 

HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol 

= 90:10, detected at 254 nm, Flow rate = 1mL/min, Retention times: 17.21 min (major), 19.48  min 

(minor). 
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(2S,7aR)-7a-(4-Bromobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2k): 

 

 

Prepared according to the general procedure as described above in 81% yield (91mg; dr = >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford colourless liquid;1H 

NMR (400 MHz, CDCl3) δ 9.81 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 3.91 (td, J 

= 7.0, 2.8 Hz, 1H), 3.54 (dt, J = 6.3, 3.7 Hz, 1H), 3.43 (dddd, J = 16.1, 9.1, 7.0, 2.1 Hz, 2H), 2.99 (d, 

J = 13.4 Hz, 1H), 2.84 (d, J = 13.4 Hz, 1H), 2.76 (ddd, J = 15.5, 13.1, 6.0 Hz, 1H), 2.62 (ddd, J = 12.2, 

5.3, 2.8 Hz, 1H), 2.54 (dt, J = 8.8, 4.0 Hz, 1H), 2.28 (dd, J = 14.1, 7.2 Hz, 1H), 2.26 – 2.21 (m, 1H), 

2.16 (dd, J = 14.2, 6.1 Hz, 1H), 1.82 (dddd, J = 22.0, 13.2, 9.0, 4.5 Hz, 1H), 1.11 (t, J = 7.0 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 209.5, 187.8, 168.2, 137.2, 135.4, 131.7, 131.3, 121.5, 78.7, 68.5, 65.6, 

44.3, 38.9, 34.6, 24.4, 23.7, 15.7; HRMS (ESI) calcd for C19H22O3Br [M+H]+: 377.0746; found: 

377.0750; [α]20
D = -26.19° (c 1.0, CHCl3); 98:2er, Chiral HPLC analysis of the product: Daicel 

Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected at 254 nm, Flow rate 

= 1 mL/min, Retention times: 10.86 min (major), 12.02 min (minor). 
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(2S,7aR)-7a-([1,1'-Biphenyl]-4-ylmethyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-

carbaldehyde (2l): 
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Prepared according to the general procedure as described above in 70% yield (78 mg; dr = >20:1). It 

was purified by flash chromatography (50% EtOAc/hexane; Rf = 0.3) to afford colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.83 (s, 1H), 7.57 (dd, J = 8.3, 1.2 Hz, 2H), 7.50 (d, J = 8.2 Hz, 2H), 7.43 

(t, J = 7.5 Hz, 2H), 7.37 – 7.32 (m, 1H), 7.08 (d, J = 8.2 Hz, 2H), 3.93 (td, J = 7.0, 2.8 Hz, 1H), 3.55 

(dt, J = 14.9, 2.9 Hz, 1H), 3.50 – 3.35 (m, 2H), 3.09 (d, J = 13.3 Hz, 1H), 2.93 (d, J = 13.3 Hz, 1H), 

2.81 (ddd, J = 15.4, 13.2, 6.0 Hz, 1H), 2.67 (dddd, J = 15.4, 12.3, 5.2, 2.7 Hz, 1H)), 2.56 (dt, J = 15.4, 

3.2 Hz, 1H), 2.39 (dd, J = 14.0, 7.2 Hz, 1H), 2.33 – 2.23 (m, 1H), 2.18 (dd, J = 14.1, 6.1 Hz, 1H), 1.84 

(dddd, J = 22.0, 13.2, 8.9, 4.5 Hz, 1H), 1.09 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 210.1, 

188.7, 162.8, 140.5, 140.4, 137.9, 134.3, 130.5, 129.0, 127.6, 127.1, 127.1, 79.8, 67.5, 65.2, 43.2, 38.4, 

36.8, 24.1, 23.6, 15.6; HRMS (ESI) calcd for C25H27O3N [M+H]+: 375.1954; found: 375.1947; [α]20
D 

= -6.99° (c 1.0, CHCl3); 91:9er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 

mm 5µ column; hexane/2-propanol = 90:10, detected at 290 nm, Flow rate = 1 mL/min, Retention 

times: 11.40 min (minor), 12.80 min (major). 
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(2S,7aR)-2-Methoxy-7a-(4-nitrobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2m): 

 

 

Prepared according to the general procedure as described above in 66% yield (67 mg; dr = 7:1). It was 

purified by flash chromatography (50% EtOAc/hexane; Rf = 0.3) to afford red liquid;1H NMR (500 

MHz, CDCl3) δ 9.82 (s, 1H), 8.14 (d, J = 8.7 Hz, 2H), 7.19 (d, J = 8.7 Hz, 2H), 3.96 (td, J = 6.9, 2.8 

Hz, 1H), 3.58 (dt, J = 14.8, 3.1 Hz, 1H), 3.49 – 3.37 (m, 2H), 3.10 (d, J = 13.4 Hz, 1H), 3.04 (d, J = 

13.4 Hz, 1H), 2.78 (ddd, J = 15.5, 13.1, 6.0 Hz, 1H), 2.66 – 2.56 (m, 2H), 2.33 – 2.21 (m, 1H),2.24 

(ddd, J = 20.3, 14.3, 6.6 Hz, 2H),1.85 (ddt, J = 26.5, 13.1, 4.5 Hz, 1H), 1.10 (t, J = 7.0 Hz, 3H); 13C 

NMR (126 MHz, CDCl3) δ 209.1, 188.6, 161.6, 147.4, 142.5, 138.0, 130.9, 123.7, 79.7, 67.0, 65.4, 

42.9, 38.3, 36.5, 24.0, 23.5, 15.6; HRMS (ESI) calcd for C19H20O5N [M-H]+: 342.1336; found: 

342.1339; [α]20
D = -73.30° (c 1.0, CHCl3); 89:11er; Chiral HPLC analysis of the product: Daicel 

Chiralpak IC 250X4.6 mm 5µ column; hexane/2-propanol = 80:20, detected at 254 nm, Flow rate = 1 

mL/min, Retention times: 12.39 min (major), 18.48 min (minor). 
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(2S,7aR)-2-Ethoxy-7a-(3-methoxybenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2n): 

 

Prepared according to the general procedure as described above in 78% yield (76 mg; dr = >20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4) to afford colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.82 (s, 1H), 7.17 (t, J = 7.9 Hz, 1H), 6.79 (dd, J = 8.2, 2.2 Hz, 1H), 6.59 

(d, J = 7.6 Hz, 1H), 6.54 (d, J = 1.9 Hz, 1H), 3.92 (td, J = 6.8, 2.8 Hz, 1H), 3.75 (s, 3H), 3.52 (dt, J = 
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14.7, 3.7 Hz, 1H), 3.47 – 3.38 (m, 2H), 3.03 (d, J = 13.3 Hz, 1H), 2.84 (d, J = 13.3 Hz, 1H), 2.78 (ddd, 

J = 15.5, 13.2, 6.1 Hz, 1H), 2.68 – 2.58 (m, 1H), 2.54 (dt, J = 15.5, 3.2 Hz, 1H), 2.36 (dd, J = 14.0, 7.2 

Hz, 1H), 2.30 – 2.21 (m, 1H), 2.15 (dd, J = 14.2, 6.1 Hz, 1H)), 1.82 (tdd, J = 17.6, 8.9, 4.4 Hz, 1H), 

1.10 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 210.1, 188.7, 162.9, 159.5, 138.0, 136.7, 

129.5, 122.5, 116.2, 112.6, 79.8, 67.4, 65.2, 55.4, 43.5, 38.4, 36.8, 24.0, 23.5, 15.6;HRMS (ESI) calcd 

for C20H24O4Na [M+Na]+ : 351.1566 found: 351.1555; [α]20
D = -25.50° (c1.0, CHCl3); >99:1er; Chiral 

HPLC analysis of the product: Daicel Chiralpak IC 250X 4.6 mm 5µ column; hexane/2-propanol = 

80:20, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 15.31 min (major), 17.98 min 

(minor). 
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(2S,7aR)-2-Ethoxy-7a-(3-fluorobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2o): 

 

 

Prepared according to the general procedure as described above in 70% yield (66 mg; dr= >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford red liquid; 1H NMR 

(500 MHz, CDCl3) δ 9.83 (s, 1H), 7.23 (td, J = 8.0, 6.0 Hz, 1H), 6.96 (tdd, J = 8.5, 2.5, 0.6 Hz, 1H)), 

6.78 (d, J = 7.7 Hz, 1H), 6.73 (dt, J = 9.6, 1.9 Hz, 1H), 3.92 (td, J = 7.0, 2.8 Hz, 1H), 3.53 (dt, J = 14.8, 

3.1 Hz, 1H), 3.49 – 3.38 (m, 2H), 3.03 (d, J = 13.4 Hz, 1H), 2.88 (d, J = 13.4 Hz, 1H), 2.77 (ddd, J = 

15.5, 13.2, 6.0 Hz, 1H), 2.66 – 2.58 (m, 1H), 2.55 (dt, J = 15.6, 4.2 Hz,1H), 2.32 (dd, J = 14.2, 7.2 Hz, 

1H), 2.26 (dddd, J = 11.8, 8.9, 5.9, 3.1 Hz, 1H), 2.17 (dd, J = 14.2, 6.1 Hz, 1H), 1.83 (ddt, J = 26.3, 

13.2, 4.4 Hz, 1H), 1.10 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 209.7, 188.6, 162.6 (d, JCF 

= 248.08 Hz), 162.4,138.0, 137.7(d, JCF = 7.38 Hz), 129.96 (d, JCF = 8.2 Hz), 125.75 (d, JCF = 2.2 Hz), 

117.0 (d, JCF = 21.18 Hz), 114.59 (d, JCF = 29.21 Hz), 79.7, 67.2, 65.3, 43.0, 38.3, 36.6, 24.0, 23.5, 

15.6.;19F NMR (376 MHz, CDCl3) δ -112.7; HRMS (ESI) calcd for C19H22O3F [M+H]+: 317.1547; 

found: 317.1542; [α]20
D = +47.80° (c 1.0, CHCl3); 91:9er; Chiral HPLC analysis of the product: Daicel 

Chiralpak IC 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected at 290 nm, Flow rate = 1 

mL/min, Retention times: 16.72 min (major), 18.38 min (minor). 
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(2S,7aR)-7a-(3-Chlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2p): 

 

Prepared according to the general procedure as described above in 71% yield (70 mg; dr = >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.82 (s, 1H), 7.23 (t, J = 1.5 Hz, 1H), 7.19 (t, J = 7.7 Hz, 1H), 7.01 (t, J = 

1.7 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 3.92 (td, J = 7.0, 2.8 Hz, 1H), 3.53 (dt, J = 14.8, 3.2 Hz, 1H), 

3.48 – 3.39 (m, 2H), 3.00 (d, J = 13.4 Hz, 1H), 2.86 (d, J = 13.4 Hz, 1H), 2.76 (ddd, J = 15.5, 13.1, 

6.0 Hz, 1H), 2.66 – 2.58 (m, 1H), 2.55 (dt, J = 6.6, 4.0 Hz, 1H), 2.30 (dd, J = 14.2, 7.2 Hz, 1H), 2.26 

– 2.21 (m, 1H), 2.17 (dd, J = 14.2, 6.1 Hz, 1H), 1.86 (ddt, J = 26.2, 13.0, 4.5 Hz, 1H)), 1.10 (t, J = 7.0 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 209.7, 188.5, 162.4, 138.0, 137.3, 134.3, 130.1, 129.7, 128.1, 

127.8, 79.7, 67.2, 65.3, 42.9, 38.3, 36.6, 24.0, 23.5, 15.5; HRMS (ESI) calcd for C19H22O3Cl [M+H]+: 

333.1252; found: 333.1243; [α]20
D = -26.60° (c 1.0, CHCl3); 93:7er; Chiral HPLC analysis of the 

product: Daicel Chiralpak IC 250X4.6 mm 5µ column; hexane/2-propanol = 80:20, detected at 254 

nm, Flow rate = 1 mL/min, Retention times: 23.62 min (major), 30.21 min (minor). 
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(2S,7aR)-7a-(3-Bromobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2q): 

 

 

Prepared according to the general procedure as described above in 75% yield (84 mg; dr = >20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.5) to afford colourless liquid; 1H 

NMR (500 MHz, CDCl3) δ 9.83 (s, 1H), 7.40 (ddd, J = 8.0, 1.8, 0.9 Hz, 1H), 7.17 (t, J = 1.7 Hz, 1H), 
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7.13 (t, J = 7.8 Hz, 1H), 6.92 (d, J = 7.7 Hz, 1H), 3.89 (td, J = 7.0, 2.9 Hz, 1H), 3.53 (dt, J = 14.8, 3.1 

Hz, 1H), 3.49 – 3.38 (m, 2H), 2.99 (d, J = 13.4 Hz, 1H), 2.85 (d, J = 13.4 Hz, 1H), 2.76 (ddd, J = 15.5, 

13.1, 6.0 Hz, 1H), 2.64 – 2.59 (m, 1H), 2.55 (dt, J = 8.6, 3.7 Hz, 1H), 2.29 (dd, J = 14.2, 7.2 Hz, 1H), 

2.27 – 2.22 (m, 1H), 2.17 (dd, J = 14.2, 6.1 Hz, 1H), 1.88 – 1.77 (m, 1H), 1.10 (t, J = 7.0 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ 209.7, 188.5, 162.3, 138.1, 137.5, 133.1, 130.7, 130.0, 128.6, 122.5, 79.7, 

67.2, 65.2, 42.8, 38.3, 36.6, 24.0, 23.5, 15.5; HRMS (ESI) calcd for C19H22O3NBr [M+H]+: 377.0746; 

found: 377.0751; [α]20
D = -24.00° (c 1.0, CHCl3); >99:1er; Chiral HPLC analysis of the product: 

Daicel Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected at 254 nm, 

Flow rate = 1 mL/min, Retention times: 13.42 min (major), 14.54 min (minor). 
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(2S,7aR)-2-Ethoxy-7a-(3-nitrobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2r): 

 

 

Prepared according to the general procedure as described above in 62% yield (63 mg; dr = >20:1). It 

was purified by flash chromatography (50% EtOAc/hexane; Rf = 0.3) to afford yellow liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.84 (s, 1H), 8.14 (ddd, J = 8.2, 2.2, 0.9 Hz, 1H), 7.91 (t, J = 1.9 Hz, 1H), 7.47 

(t, J = 7.9 Hz, 1H), 7.34 (d, J = 7.8 Hz, 1H), 3.94 (td, J = 6.7, 2.8 Hz, 1H), 3.57 (dt, J = 14.9, 3.2 Hz, 

1H), 3.43 (qq, J = 9.1, 7.0 Hz, 2H), 3.08 (q, J = 13.6 Hz, 2H), 2.80 (ddd, J = 15.6, 13.1, 6.0 Hz, 1H), 

2.71 – 2.63 (m, 1H), 2.60 (dt, J = 15.8, 3.1 Hz, 1H), 2.36 – 2.28 (m, 1H), 2.25 (qd, J = 14.4, 6.6 Hz, 

2H), 1.86 (ddt, J = 26.3, 13.2, 4.5 Hz, 1H), 1.10 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 

209.1, 188.3, 162.0, 148.2, 138.2, 137.3, 135.9, 129.5, 124.8, 122.7, 79.6, 67.1, 65.4, 42.7, 38.3, 36.3, 

24.1, 23.4, 15.5; HRMS (ESI) calcd for C19H22O5N [M+H]+: 344.1492; found: 344.1496; [α]20
D = -

3.20° (c 1.0, CHCl3); 86:14er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 

mm 5µ column; hexane/2-propanol = 90:10, detected at 254 nm, Flow rate = 1 mL/min, Retention 

times: 34.59 min (minor), 37.23 min (major). 
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(2S,7aR)-7a-(2-Chlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2s): 

 

Prepared according to the general procedure as described above in 82% yield (81 mg; dr = >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.5) to afford colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.86 (s, 1H), 7.36 (dd, J = 7.7, 1.6 Hz, 1H), 7.18 (dtd, J = 16.8, 7.4, 1.6 

Hz, 2H), 6.98 (dd, J = 7.4, 1.8 Hz, 1H), 4.09 (td, J = 6.8, 2.9 Hz, 1H), 3.53 – 3.42 (m, 3H), 3.22 (d, J 

= 13.7 Hz, 1H), 3.09 (d, J = 13.8 Hz, 1H), 2.79 (ddd, J = 15.4, 13.1, 5.9 Hz, 1H), 2.66 (dddd, J = 15.3, 

12.6, 5.3, 3.0 Hz, 1H), 2.55 (dt, J = 15.4, 3.3 Hz, 1H), 2.42 (dd, J = 14.1, 7.0 Hz, 1H), 2.29 – 2.19 (m, 

1H), 2.06 (dd, J = 14.1, 6.5 Hz, 1H), 1.87 – 1.73 (m, 1H), 1.10 (t, J = 7.0 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ 209.9, 188.7, 163.4, 137.8, 135.0, 133.6, 131.9, 130.1, 129.0, 126.8, 80.0, 66.8, 65.2, 

39.7, 38.6, 36.5, 24.0, 23.8, 15.6; HRMS (ESI) calcd for C19H22O3Cl [M+H]+: 333.1252; found: 

333.1266; [α]20
D = -68.92° (c 1.0, CHCl3); 91:9er; Chiral HPLC analysis of the product: Daicel 

Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected at 254 nm, Flow rate 

= 1 mL/min, Retention times: 8.21 (minor), 10.50 min (major). 
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(2S,7aR)-7a-(2-Bromobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2t): 

 

Prepared according to the general procedure as described above in 86% yield (97 mg; dr = 11:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ = 9.88 (s, 1H), 7.56 (d, J=8.0, 1H), 7.26 (d, J=0.9, 1H), 7.20 (t, J=7.5, 1H), 

7.12 (t, J=7.6, 1H), 6.96 (d, J=7.6, 1H), 4.17 (td, J=6.6, 2.7, 1H), 3.55 – 3.43 (m, 3H), 3.29 (d, J=13.9, 
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1H), 3.11 (d, J=13.9, 1H), 2.79 (ddd, J=14.9, 13.6, 5.9, 1H), 2.71 – 2.60 (m, 1H), 2.60 – 2.52 (m, 1H), 

2.43 (dd, J=14.1, 7.1, 1H), 2.29 – 2.19 (m, 1H), 2.08 (dd, J=14.1, 6.4, 1H), 1.87 – 1.74 (m, 1H), 1.12 

(t, J=7.0, 3H);13C NMR (101 MHz, CDCl3) δ 209.9, 188.8, 163.3, 137.8, 135.4, 133.5, 131.6, 129.2, 

127.4, 126.0, 80.1, 66.9, 65.3, 42.1, 38.7, 36.4, 24.0, 23.8, 15.6; HRMS(ESI) calcd for C19H22O3Br 

[M+H]+: 377.0746; found: 377.0751; [α]20
D = +48.50° (c 1.0, CHCl3); 97:3er; Chiral HPLC analysis 

of the product: Daicel Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected 

at 254 nm, Flow rate = 1 mL/min, Retention time: 8.11 min (major), 10.77 min(minor). 
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(2S,7aR)-7a-(3,4-Dimethoxybenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2u): 

 

 

Prepared according to the general procedure as described above in 76% yield (81mg; dr= 14:1). It was 

purified by flash chromatography (50% EtOAc/hexane; Rf = 0.3) to afford yellow liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.80 (s, 1H), 6.75 (d, J = 8.2 Hz, 1H), 6.56 (dd, J = 8.2, 2.0 Hz, 1H), 6.49 (d, J = 

1.9 Hz, 1H), 3.89 (dd, J = 11.3, 5.0 Hz, 1H), 3.85 (s, 3H), 3.80 (s, 3H), 3.54 (dt, J = 6.4, 3.6 Hz, 1H), 

3.49 – 3.35 (m, 2H), 3.04 (d, J = 13.5 Hz, 1H), 2.80 (d, J = 13.4 Hz, 1H), 2.77 – 2.69 (m, 1H), 2.67 – 

2.57 (m, 1H), 2.53 (dt, J = 15.6, 3.4 Hz, 1H), 2.35 (dd, J = 14.0, 7.2 Hz, 1H), 2.29 – 2.20 (m, 1H), 2.14 

(dd, J = 13.9, 6.1 Hz, 1H), 1.90 – 1.73 (m, 1H), 1.10 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) 

δ 210.5, 188.9, 162.7, 148.7, 148.6, 137.8, 127.6, 122.5, 113.3, 111.1, 79.9, 67.5, 65.1, 56.1, 56.0, 

43.3, 38.4, 37.0, 23.9, 23.6, 15.6; HRMS (ESI) calcd for C21H27O5 [M+H]+: 359.1853; found: 

359.1847; [α]20
D = -40.66° (c 1.0, CHCl3); 90:10er; Chiral HPLC analysis of the product: Daicel 

Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol = 92:08, detected at 254 nm, Flow rate 

= 1 mL/min, Retention times: 17.19 min (major), 18.35 min (minor). 
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(2S,7aR)-7a-(2,3-Dichlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2v): 

 

 

Prepared according to the general procedure as described above in 85% yield (93mg; dr= >20:1, with 

inseparableimpurities). It was purified by flash chromatography (50% EtOAc/hexane; Rf = 0.4) to 

afford colourless liquid; 1H NMR (400 MHz, CDCl3) δ 9.88 (s, 1H), 7.39 (dd, J = 8.0, 1.5 Hz, 1H), 

7.11 (t, J = 7.9 Hz, 1H), 6.89 (dd, J = 7.8, 1.5 Hz, 1H), 4.23 (td, J = 6.7, 2.9 Hz, 1H), 3.55 – 3.44 (m, 

3H), 3.31 (d, J = 14.0 Hz, 1H), 3.12 (d, J = 14.0 Hz, 1H), 2.78 (ddd, J = 15.4, 13.0, 6.0 Hz, 1H), 2.68 

– 2.60 (m, 1H), 2.59 – 2.53 (m, 1H), 2.35 (dd, J = 14.2, 7.0 Hz, 1H), 2.31 – 2.18 (m, 1H), 2.10 (dd, J 

= 14.2, 6.4 Hz, 1H), 1.81 (ddt, J = 26.1, 13.1, 4.4 Hz, 1H), 1.12 (t, J = 7.0 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ 209.8, 187.9, 167.9, 137.5, 137.1, 133.7, 133.2, 130.8, 129.6, 127.1, 78.9, 67.8, 65.7, 

42.2, 39.3, 35.4, 24.1, 23.9, 15.6; HRMS (ESI) calcd for C19H21O3Cl2 [M+H]+: 367.0862; found: 

367.0859; [α]20
D = -81.65° (c 1.0, CHCl3); 98:2er; Chiral HPLC analysis of the product: Daicel 

Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected at 254 nm, Flow rate 

= 1 mL/min, Retention times: 8.42 min (major), 10.29 min (minor). 
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(2S,7aR)-2-Ethoxy-7a-(naphthalen-1-ylmethyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2w): 

 

 

Prepared according to the general procedure as described above in 72% yield (75 mg; dr = >20:1). It 

was purified by flash chromatography (50% EtOAc/hexane; Rf = 0.3) to afford yellow liquid;1H NMR 
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(400 MHz, CDCl3) δ 10.02 (s, 1H), 8.21 – 8.17 (m, 1H), 7.86 – 7.83 (m, 1H), 7.76 (d, J = 8.2 Hz, 1H), 

7.52 – 7.45 (m, 2H), 7.38 (dd, J = 8.2, 7.2 Hz, 1H), 7.18 (dd, J = 7.1, 0.8 Hz, 1H), 4.63 (dd, J = 5.0, 

2.0 Hz, 1H), 3.95 (d, J = 14.2 Hz, 1H), 3.70 (d, J = 14.2 Hz, 1H), 3.66 – 3.55 (m, 2H), 3.24 (dt, J = 

14.6, 3.0 Hz, 1H), 2.59 – 2.43 (m, 2H), 2.18 – 2.15 (m, 2H), 2.09 (ddd, J = 14.6, 12.9, 5.3 Hz, 1H), 

2.03 – 1.94 (m, 1H), 1.57 – 1.41 (m, 1H), 1.27 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 

211.2, 187.9, 169.1, 137.8, 134.1, 133.4, 132.9, 128.9, 128.2, 128.0, 126.2, 125.9, 125.3, 124.5, 78.8, 

69.1, 65.9, 42.0, 40.0, 37.0, 24.2, 23.7, 15.7; HRMS:(ESI) calcd for C23H25O3[M+H]+: 349.1798; 

found: 349.1791; [α]20
D = +45.50° (c 1.0, CHCl3); 83:17er; Chiral HPLC analysis of the product: 

Daicel Chiralpak AD-H 250X4.6 mm 5µ column; hexane/2-propanol = 90:10, detected at 290 nm, 

Flow rate = 1 mL/min, Retention times: 9.00 min (major), 9.93 min (minor). 
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(2S,7aR)-2-Ethoxy-7-oxo-7a-(thiophen-2-ylmethyl)-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2x): 

 

 

Prepared according to the general procedure as described above in 84% yield (76 mg; dr = >20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.3) to afford red liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.85 (s, 1H), 7.17 (dd, J = 5.2, 1.1 Hz, 1H), 6.92 (dd, J = 5.2, 3.5 Hz, 1H), 6.75 

(d, J = 2.7 Hz, 1H), 4.14 (ddd, J = 7.4, 5.7, 2.8 Hz, 1H), 3.54 – 3.43 (m, 3H), 3.25 (d, J = 14.5 Hz, 

1H), 3.15 (d, J = 14.5 Hz, 1H), 2.76 (ddd, J = 15.5, 13.1, 6.1 Hz, 1H), 2.65 – 2.58 (m, 1H), 2.54 (dt, J 

= 15.2, 3.8 Hz, 1H), 2.39 (dd, J = 14.3, 7.3 Hz, 1H),2.30 (dd, J = 14.3, 5.6 Hz, 1H), 2.31 – 2.22 (m, 

1H), 1.90 – 1.76 (m, 1H), 1.12 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 209.4, 188.5, 162.6, 

138.2, 136.4, 127.7, 127.0, 125.4, 80.0, 67.8, 65.3, 38.2, 37.8, 36.8, 24.0, 23.3, 15.6; HRMS (ESI) 

calcd for C17H21O3S [M+H]+: 305.1205; found: 305.1216; [α]20
D = -18.09° (c 1.0, CHCl3); 91:9er; 

Chiral HPLC analysis of the product: Daicel Chiralpak OD-H 250X4.6 mm 5µ column; hexane/2-

propanol = 80:20, detected at 254nm, Flow rate = 1 mL/min, Retention times: 13.40 min (minor), 

19.69 min (major). 
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(2S,7aR)-2-Ethoxy-7a-(furan-2-ylmethyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde(2y): 

 

 

Prepared according to the general procedure as described above in 82% yield (70 mg; dr = >20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.3) to red liquid; 1H NMR (400 

MHz, CDCl3) δ 9.85 (s, 1H), 7.28 (dd, J = 1.9, 0.8 Hz, 1H), 6.27 (dd, J = 3.2, 1.9 Hz, 1H), 6.05 (d, J 

= 3.6 Hz, 1H), 4.33 (ddd, J = 7.4, 5.7, 2.8 Hz, 1H), 3.57 – 3.48 (m, 2H), 3.45 (dt, J = 6.2, 3.7 Hz, 1H), 

3.02 (s, 2H), 2.76 (ddd, J = 15.5, 13.2, 6.1 Hz, 1H), 2.64 – 2.57 (m, 1H), 2.52 (dt, J = 15.5, 4.0 Hz, 

1H), 2.39 (dd, J = 14.2, 7.3 Hz, 1H), 2.29 (dd, J = 14.3, 5.6 Hz, 1H), 2.25 – 2.20 (m, 1H), 1.79 (ddt, J 

= 26.2, 13.2, 4.5 Hz, 1H), 1.14 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 209.2, 188.5, 163.4, 

149.8, 142.5, 137.4, 110.7, 108.9, 79.8, 66.8, 65.2, 38.1, 36.9, 36.5, 24.0, 23.2, 15.6; HRMS (ESI) 

calcd for C17H21O4 [M+H]+: 289.1434; found: 289.1425; [α]20
D = +12.62° (c 0.5, CHCl3); 94:6 er; 

Chiral HPLC analysis of the product: Daicel Chiralpak OD-H 250X4.6 mm 5µ column; hexane/2-

propanol = 80:20, detected  at 254 nm, Flow rate = 1 mL/min, Retention times: 8.87 min (minor), 

10.12 min (major). 
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IIb. One mmol-Scale reaction and Synthetic utility 

IIba. One-mmol Scale reaction:                      

 

To a stirred solution of enal-tethered Cyclohexane 1,3-dione 1g (270 mg, 1.0 mmol) in EtOH (5 mL, 

0.2 M) at -20 oC was added Jørgensen-Hayashi catalyst C-I (16 mg, 0.05 mmol, 5 mol%) under 

nitrogen atmosphere. The reaction was allowed to stir at the same temperature until complete 
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consumption of starting material (monitored by TLC). Afterward, the solvent was evaporated under 

reduced pressure and the crude residue was directly purified by column chromatography on silica gel 

(EtOAc in Hexane) to give the desired product2g in 82% yield (244 mg); [α]20
D = -85.91° (c 1.0, 

CHCl3); 96:4 er. 

IIbb. Synthetic utility: 

(2S,3aR)-3a-Benzyl-1-((Z)-3-(4-bromophenyl)-3-oxoprop-1-en-1-yl)-2-ethoxy-2,3,3a,5,6,7-hexahydro-

4H-inden-4-one (5): 

 

The solution of aldehyde 2g (60 mg, 0.2 mmol, 1 equiv) in CH2Cl2 (4 mL, 0.05 M) was added 4-bromo 

phenyl phosphorene3 (138 mg, 0.30 mmol, 1.5 equiv) in one portion at room temperature under a 

nitrogen atmosphere. The reaction mixture was stirred at 65 oC using preheated oil bath for 12h and 

then concentrated in vacuo. The crude reaction mixture was purified by flash column chromatography 

(20% EtOAc/hexane; Rf = 0.4) to give dienone5 in 75% yields (72 mg, dr = >20:1) as a yellow oil; 1H 

NMR (500 MHz, CDCl3) δ 7.77 (d, J = 8.6 Hz, 2H), 7.60 (d, J = 15.3 Hz, 1H)), 7.60 (d, J = 8.7 Hz, 

2H), 7.24 – 7.21 (m, 3H), 7.13 (d, J = 15.3 Hz, 1H), 6.99 (dd, J = 6.5, 2.9 Hz, 2H), 3.73 (td, J = 6.8, 

2.6 Hz, 1H), 3.44 (dq, J = 9.0, 7.0 Hz, 1H), 3.25 (dq, J = 9.1, 7.0 Hz, 1H), 3.12 – 3.05 (m, 2H), 2.85 – 

2.74 (m, 2H), 2.65 – 2.56 (m, 1H), 2.53 (dt, J = 15.2, 3.0 Hz, 1H), 2.36 (dd, J = 13.7, 7.2 Hz, 1H), 2.30 

– 2.23 (m, 1H), 2.19 (dd, J = 13.8, 6.7 Hz, 1H), 1.75 (dt, J = 26.2, 13.2, 4.4 Hz, 1H), 1.16 (t, J = 7.0 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 211.0, 189.9, 155.0, 137.2, 135.8, 135.7, 135.3, 132.0, 130.1, 

130.0, 128.3, 127.9, 127.3, 123.0, 80.9, 66.8, 63.1, 43.3, 38.5, 35.8, 24.7, 23.8, 15.7; HRMS (ESI) 

calcd for C27H27O3BrNa [M+Na]+: 501.1035; found: 501.1048; [α]20
D = -101.99° (c 1.0, CHCl3). 

 

Ethyl (E)-3-((2S,7aR)-7a-benzyl-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-inden-3-

yl)acrylate(6): 
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The solution of aldehyde 2g (60 mg, 0.2 mmol, 1 equiv) in CH2Cl2 (3 mL, 0.1 M) was added desired 

phosphorene (105 mg, 0.30 mmol, 1.5 equiv) in one portion at room temperature under a nitrogen 

atmosphere. The reaction mixture was stirred at room temperature for 2h and then concentrated in 

vacuo. The crude reaction mixture was purified by flash column chromatography (20% EtOAc/hexane; 

Rf = 0.5) to give bicyclic ester 6 in 72% yield (53 mg, dr = >20:1) as an yellow oil;1H NMR (500 MHz, 

CDCl3) δ 7.43 (d, J = 15.8 Hz, 1H), 7.24 – 7.19 (m, 3H), 6.99 – 6.95 (m, 2H), 5.97 (d, J = 15.7 Hz, 

1H), 4.27 – 4.12 (m, 2H), 3.60 (td, J = 6.7, 2.7 Hz, 1H), 3.37 (dq, J = 9.0, 7.0 Hz, 1H), 3.19 (dq, J = 

9.0, 7.0 Hz, 1H), 3.06 (d, J = 13.2 Hz, 1H), 3.00 (dt, J = 14.5, 2.9 Hz, 1H), 2.77 (d, J = 13.2 Hz, 1H), 

2.76 (ddd, J = 19.5, 11.3, 3.9 Hz, 1H)), 2.60 – 2.53 (m, 1H), 2.50 (dt, J = 15.3, 4.3 Hz, 1H), 2.31 (dd, 

J = 13.8, 7.1 Hz, 1H), 2.26 – 2.19 (m, 1H), 2.12 (dd, J = 13.8, 6.5 Hz, 1H), 1.74 (dt, J = 26.4, 13.2, 4.4 

Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H), 1.10 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 211.3, 167.8, 

152.3, 135.7, 135.5, 134.9, 130.1, 128.3, 127.3, 120.0, 80.8, 66.5, 63.4, 60.5, 43.2, 38.6, 35.9, 24.7, 

23.6, 15.5, 14.5; HRMS (ESI) calcdfor C23H28O4Na [M+Na]+: 391.1885; found: 391.1889; [α]20
D = -

17.00° (c1.0, CHCl3). 

 

(2S,3aR)-3a-Benzyl-2-ethoxy-1-(hydroxymethyl)-2,3,3a,5,6,7-hexahydro-4H-inden-4-one (7): 

 

To a solution of2g(60 mg, 0.2 mmol, 1 equiv) andCeCl3·7H2O (112 mg, 1.5 equiv) in 3 mL of MeOH 

was addedNaBH4(11 mg, 1.5 equiv) over a period of 5 min. The reactionmixture was stirred for 30 

min at room temperature, quenched withH2O (5 mL), extracted with ethyl acetate (3×5 mL), dried 

overNa2SO4, concentrated under vacuo, and then purified byflashchromatography (30% EtOAc in 

hexanes;Rf= 0.3) to afford a colour less oil (49 mg, 82% yielddr = >20:1);1H NMR (400 MHz, CDCl3) 

δ 7.26 – 7.21 (m, 3H), 7.04 – 6.98 (m, 2H), 4.22 (d, J = 12.4 Hz, 1H), 3.99 (d, J = 12.4 Hz, 1H), 3.50 

– 3.38 (m, 2H), 3.19 (dq, J = 9.1, 7.0 Hz, 1H), 2.99 (d, J = 13.2 Hz, 1H), 2.79 – 2.70 (m, 3H), 2.47 (dt, 

J = 15.2, 3.1 Hz, 1H), 2.43 – 2.33 (m, 2H), 2.28 (dd, J = 13.5, 6.8 Hz, 1H), 2.22 – 2.11 (m, 1H), 2.02 

(dd, J = 13.5, 6.7 Hz, 1H), 1.79 (dt, J = 26.4, 13.2, 4.4 Hz, 1H), 1.08 (t, J = 7.0 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 212.4, 142.2, 136.7, 136.1, 130.2, 128.1, 127.2, 84.2, 65.9, 64.6, 58.4, 42.5, 38.6, 

36.9, 25.2, 22.8, 15.5; HRMS (ESI) calcd for C19H24O3Na [M+Na]+: 323.1623; found: 323.1631; 

[α]20
D = +15.83 ° (c 1.0, CHCl3). 
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(2S,7aR)-7a-Benzyl-2-ethoxy-7-oxo-N-(pyridin-2-yl)-2,4,5,6,7,7a-hexahydro-1H-indene-3-

carboxamide(8): 

 

A sealable reaction tube equipped with a magnetic stirrer bar was charged with aldehyde 2g (60 mg, 

0.2 mmol), amines (22 mg, 1.2 equiv, 0.2 mmol), CuI (5 mg, 0.05 equiv, 0.03 mmol), tert-butyl 

hydroperoxide (TBHP, 36 mg, 2 equiv, 0.4 mmol), water (1 mL). The reaction vessel was carried out 

at room temperature. After stirring the mixture for 6 h, it was diluted with ethyl acetate, washed with 

water and brine, dried with Mg2SO4. After the solvent was removed under reduced pressure, the residue 

was purified by column chromatography on silica gel using petroleum ether/ethyl acetate as eluent to 

afford the corresponding product in 78% yield (61 mg; dr = >20:1). It was purified by flash 

chromatography (10%EtOAc/hexane; Rf = 0.4) to afford a yellow liquid; 1H NMR (400 MHz, CDCl3) 

δ 10.17 (s, 1H), 8.32 (dd, J = 58.4, 6.2 Hz, 2H), 7.80 (t, J = 7.3 Hz, 1H), 7.28 – 7.25 (m, 3H), 7.11 – 

7.02 (m, 3H), 3.89 (dt, J = 15.5, 3.4 Hz, 1H), 3.86 – 3.78 (m, 1H), 3.63 – 3.53 (m, 1H), 3.52 – 3.43 

(m, 1H), 3.10 (d, J = 13.3 Hz, 1H), 2.86 (d, J = 13.2 Hz, 1H), 2.79 (dd, J = 18.6, 11.1, 4.2 Hz, 1H), 

2.74 – 2.64 (m, 1H), 2.52 (dt, J = 15.3, 3.6 Hz, 1H), 2.40 (dd, J = 13.6, 6.9 Hz, 1H), 2.27 – 2.20 (m, 

1H), 2.17 (dd, J = 13.7, 6.6 Hz, 1H), 1.80 (ddt, J = 26.0, 13.0, 4.5 Hz, 1H), 1.25 (t, J = 7.0 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 211.3, 163.5, 160.2, 151.1, 135.3, 130.6, 130.3, 130.0, 128.6, 128.4, 

127.5, 119.6, 115.1, 80.8, 66.2, 64.5, 43.4, 38.5, 36.7, 24.6, 24.2, 15.4; HRMS (ESI) calcd for 

C24H27O3N2 [M+H]+: 391.2016; found: 391.2029; [α]20
D = +11.00 ° (c 1.0, CHCl3). 

 

(2S,3aR)-3a-Benzyl-2-ethoxy-1-ethynyl-2,3,3a,5,6,7-hexahydro-4H-inden-4-one (9): 

 

To a solution of 2g (60 mg, 0.2 mmol) and dimethyldiazomethylphosphonate (Ohira-Bestmann 

reagent) (46 mg, 1.25 equiv, 0.25 mmol) in dry methanol (2mL), was added potassium carbonate (41 

mg, 1.5 equiv, 0.3mmol) at 0 °C under argon atmosphere. The mixture was stirred at 0°C for 30 min 

and room temperature for 12h. After addition of EtOAc (5 mL) and aqueous saturated ammonium 

chloride (2 mL), the organic layer was separated, and the aqueous layer was extracted with EtOAc (5 
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mL x 2). The combined organic layers were dried, concentrated. Flash column chromatography of 

crude reaction mixture on silica gel (20% EtOAc/hexane; Rf = 0.6) to afford desired alkyne 9 in 80% 

yield (47 mg, dr = >20:1) as a brown solid; mp = 80–82 °C; 1H NMR (400 MHz, CDCl3) δ 7.31 – 7.24 

(m, 3H), 7.05 – 7.02 (m, 2H), 3.48 – 3.33 (m, 3H), 3.12 (br.s, 1H), 3.03 (d, J = 13.2 Hz, 1H), 2.97 (dt, 

J = 14.5, 4.3 Hz, 1H), 2.77 (d, J = 13.2 Hz, 1H), 2.70 (ddd, J = 19.4, 11.4, 3.9 Hz, 1H), 2.56 – 2.41 

(m, 2H), 2.28 (dd, J = 13.7, 7.1 Hz, 1H), 2.22 – 2.10 (m, 1H), 2.06 (dd, J = 13.7, 7.0 Hz, 1H),1.76 (tdd, 

J = 17.8, 8.9, 4.5 Hz, 1H), 1.09 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 211.5, 154.4, 135.8, 

130.2, 128.3, 127.3, 121.9, 82.5, 82.1, 78.4, 65.7, 64.6, 42.8, 38.5, 37.2, 24.7, 24.5, 15.5; HRMS (ESI) 

calcd for C20H22O2Na [M+Na]+: 317.1512; found: 317.1517; [α]20
D = -40.57° (c 1.0, CHCl3). 

 

 

IIbc. Standard reaction with 1g in BnOH solvent: 

 

To a stirred solution of enal-tethered cyclohexane 1,3-dione 1g (0.3 mmol) in BnOH (1.5 mL, 0.2 M) 

at room temperature was added piperidine (10.2 mg, 0.03 mmol, 10 mol%) under nitrogen atmosphere. 

The reaction was allowed to stir at the same temperature until complete consumption of starting 

material (monitored by TLC). Afterward, the solvent was evaporated under reduced pressure at 40-

45oC (rotary evaporator water bath) and the crude residue was directly purified by column 

chromatography on silica gel (EtOAc in Hexane) to give the desired product 2g' in >10% yield with 

1:1.4 ratio of diastereoselectivity (dr). However, asymmetric reaction with Jørgensen-Hayashi catalyst 

C-I at various temperatures failed to give the desired product and most of the starting material was 

recovered.  
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IIc. Labeling Experiments. 

 

To a stirred solution of enal-tethered cyclohexane 1,3-dione 1g (30 mg,0.1 mmol) in EtOH (1.0 mL, 

0.1 M) and H2
18O (0.1 mL) at -20 oC was added Jørgensen-Hayashi catalyst C-I (3.6 mg, 0.01 mmol, 

10 mol%) under nitrogen atmosphere. The reaction was allowed to stir at the same temperature until 

complete consumption of starting material (monitored by TLC). Afterward, the solvent was 

concentrated under reduced pressure and residue was directly subjected to flash column 

chromatography on silica gel (hexanes/ethyl acetate) to afford the desired product 2g in 32% yield (10 

mg). No 18O incorporation was detected in HRMS analysis. 

 



42 
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IId. General procedure for the synthesis of enal-tethered cyclohexane 1,3-diones 

1 & analytical data: 

IIda. Synthesis and analytical data of substrate 1: 

 

2-substituted 1,3-cyclohexadienonesS 4were prepared using to Ramachary reductive coupling 

protocol.1 

 

To a CH2Cl2 (300 mL) solution of (Z)-2-buten-1,4-diol (S5) (44.0 g, 41.2 mL, 0.5 mol) at 0 °C was 

added hydrobromic acid (HBr, 8.8M, 142 mL, 1.25 mol) over 20 min. The resulting mixture was then 

allowed to react at room temperature for 12 h and the reaction mixture slowly becoming into dark grey 

colour. The reaction was quenched by adding brine solution (300 mL) and extracted with CH2Cl2 (6 × 

300 mL). The combined organic extracts were dried over MgSO4, filtrated, and the solvent was 

removed with a rotary evaporator (30 °C, 300 mbar). The residue was purified by flash column 

chromatography (silica gel, CH2Cl2) to afford the bromo allyl alcoholS6 (42.8 g, 57%, E/Z = 9:1) as a 

grey liquid.2 

 

General procedure:  

 

To a solution of 2-methylcyclohexane-l,3-dione(S4), (630 mg, 5.0 mmol, 1.0 equiv) and aqueous Bu4NOH 

(40% in H2O, 3.3 mL, 1 equiv) was added a solution of substituent (E)-4-bromobut-2-en-1-ol (6.0 mmol, 1.2 

equiv) in dioxane (5 mL). The solution was stirred for 36 h. The solution was neutralized with 10% aqueous 

HCl. The two liquid layers were separated, and the aqueous layer was extracted with EtOAc. The combined 

organic layers were washed with brine and dried with Na2SO4, and the solvent was evaporated. The residue 

was purified by column chromatography on silica gel to give the correspondingdesired enol-tethered 

cyclohexane 1,3-dione S7product.3 
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To a stirred solution of allyl alcohol S7 (5.0 mmol) in 25 mL of CH2Cl2 was added Dess Martin 

Periodinane (3.18 g; 7.5 mmol, 1.5 equiv) in portion wise at 0 oC. The resulting reaction mixture was 

stirred at room temperature for 1h. Then the reaction mixture was diluted with water (15 mL) and 

extracted with CH2Cl2 (25 mL × 3). The combined organic solvent was washed with NaHCO3 (25 

mL), dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude reaction mixture 

was purified by column chromatography (EtOAc/hexane) to give the desired enal-tethered 

cyclohexane 1,3-diones 1 in good yields and the Z/E ratio of all substrates varies from 1:1 to >20:1.4 

4-(1-Methyl-2,6-dioxocyclohexyl)but-2-enal (1a): 

 

Prepared according to the general procedure as described above in 68% yield (660 mg, E/Z =10:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.3) to afford a colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.38 (d, J = 7.9 Hz, 1H), 6.61 (dt, J = 15.4, 7.7 Hz, 1H), 6.05 (ddd, J = 

15.6, 7.8, 1.0 Hz, 1H), 2.80 – 2.70 (m, 4H), 2.61 – 2.52 (m, 2H), 2.04 (tt, J = 12.0, 5.9 Hz, 1H), 1.81 

(dtd, J = 19.8, 10.0, 5.0 Hz, 1H), 1.34 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 208.9, 193.7, 152.9, 

135.8, 65.0, 37.8, 36.7, 23.3, 17.5; HRMS (ESI) calcd for C11H15O3 [M+H]+: 195.1015; found: 

195.1019.  

 

4-(2,6-Dioxo-1-propylcyclohexyl)but-2-enal (1d): 

 

Prepared according to the general procedure as described above in 64% yield (710 mg, E/Z = 9:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.3) to afford a yellow liquid; 1H 

NMR (500 MHz, CDCl3) δ 9.42 (d, J = 7.9 Hz, 1H), 6.62 (dt, J = 15.5, 7.3 Hz, 1H), 6.09 (ddt, J = 

15.6, 7.9, 1.2 Hz, 1H), 2.79 (dd, J = 7.3, 1.2 Hz, 2H), 2.77 – 2.70 (m, 2H), 2.57 (dt, J = 10.3, 5.4 Hz, 

2H), 2.14 – 2.04 (m, 1H), 1.80 – 1.74 (m, 3H), 1.23 – 1.15 (m, 2H), 0.88 (t, J = 7.3 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 208.9, 193.8, 153.5, 135.9, 69.6, 40.1, 38.7, 34.8, 17.9, 17.4, 14.3;HRMS (ESI) 

calcd for C13H19O3 [M+H]+: 223.1328; found: 223.1330. 
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4-(1-(Cyclohexylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1e): 

 

Prepared according to the general procedure as described above in 71% yield (979 mg, E/Z =12:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.5) to afford a colourless liquid;1H 

NMR (400 MHz, CDCl3) δ 9.39 (d, J = 7.9 Hz, 1H), 6.58 (dt, J = 15.6, 7.8 Hz, 1H), 6.07 (ddd, J = 

15.6, 7.8, 1.1 Hz, 1H), 2.83 – 2.74 (m, 4H), 2.54 (dt, J = 16.2, 5.3 Hz, 2H), 2.14 – 2.04 (m, 1H), 1.83 

– 1.75 (m, 1H), 1.73 (d, J = 5.6 Hz, 2H), 1.62 (d, J = 14.1 Hz, 2H), 1.52 (d, J = 12.9 Hz, 2H), 1.36 – 

1.25 (m, 1H), 1.23 – 1.03 (m, 4H), 0.93 – 0.82 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 209.1, 193.8, 

153.5, 135.8, 69.2, 45.5, 38.7, 35.7, 34.7, 34.1, 26.2, 25.9, 17.5; HRMS (ESI) calcd for C17H25O3 

[M+H]+: 277.1798; found: 277.1791. 

4-(1-Allyl-2,6-dioxocyclohexyl)but-2-enal (1f): 

 

Prepared according to the general procedure as described above in 62% yield (682 mg, E/Z =10:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4) to afford a colourless liquid;1H 

NMR (400 MHz, CDCl3) δ 9.36 (d, J = 7.8 Hz, 1H), 6.56 (dt, J = 15.6, 7.3 Hz, 1H), 6.03 (ddt, J = 

15.6, 7.9, 1.2 Hz, 1H), 5.50 (ddt, J = 17.5, 10.2, 7.4 Hz, 1H), 5.12 – 5.02 (m, 2H), 2.73 (dd, J = 7.3, 

1.2 Hz, 2H), 2.66 (ddd, J = 16.4, 10.7, 5.6 Hz, 2H), 2.56 (dt, J = 10.8, 5.4 Hz, 2H), 2.50 (d, J = 7.4 Hz, 

2H), 2.10 – 2.00 (m, 1H), 1.81 – 1.69 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 208.5, 193.6, 152.9, 

135.9, 130.8, 120.5, 68.7, 41.9, 38.8, 35.3, 17.0; HRMS (ESI) calcd for C13H17O3 [M+H]+: 221.1172; 

found: 221.1175.  

4-(1-Benzyl-2,6-dioxocyclohexyl)but-2-enal (1g): 

 

 

Prepared according to the general procedure as described above in 80% yield (1.08 g, E/Z=>20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.5) to afford colourless liquid; 1H 

NMR (500 MHz, CDCl3) δ 9.38 (d, J = 7.8 Hz, 1H), 7.26 – 7.20 (m, 3H), 6.97 (dd, J = 7.4, 2.0 Hz, 
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2H), 6.51 (dt, J = 15.4, 7.6 Hz, 1H), 6.05 (ddt, J = 15.5, 7.7, 1.0 Hz, 1H), 3.10 (s, 2H), 2.84 (dd, J = 

7.6, 1.0 Hz, 2H), 2.41 (ddd, J = 17.1, 7.1, 4.7 Hz, 2H), 2.21 (ddd, J = 17.1, 9.7, 5.2 Hz, 2H), 1.58 (ddq, 

J = 19.1, 9.6, 4.7 Hz, 1H), 1.41 (dtt, J = 14.1, 7.1, 5.2 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 210.5, 

193.4, 151.6, 136.1, 135.2, 129.9, 128.8, 127.7, 69.0, 45.4, 40.5, 38.6, 15.9; HRMS (ESI) calcd for 

C17H19O3 [M+H]+: 271.1328; found: 271.1324. 

4-(1-(4-Methylbenzyl)-2,6-dioxocyclohexyl)but-2-enal (1h): 

 

Prepared according to the general procedure as described above in 72% yield (1.02 g, E/Z= 2:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4) to afford a yellow liquid;1H 

NMR (500 MHz, CDCl3,) for mixture of isomers: δ 9.96 (d, J = 7.9 Hz, 0.3H), 9.35 (d, J = 7.8 Hz, 

0.7H), 7.02 (d, J = 7.1 Hz, 2H), 6.84 (d, J = 7.9 Hz, 2H), 6.50 (dt, J = 15.4, 7.6 Hz, 0.7H), 6.21 (dt, J 

= 10.7, 8.6 Hz, 0.3H), 6.02 (ddd, J = 15.5, 7.8, 0.7 Hz, 0.7H), 5.89 – 5.84 (m, 0.3H), 3.09 (d, J = 8.5 

Hz, 0.6H), 3.05 (d, J = 9.5 Hz, 2 H), 2.81 (d, J = 7.5 Hz, 1.4H), 2.45 – 2.34 (m, 2H), 2.26 (s, 3H), 2.25 

– 2.14 (m, 2H), 1.62 – 1.51 (m, 1H), 1.50 – 1.38 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 210.9, 210.5, 

193.5, 191.2, 151.9, 145.3, 137.4, 136.0, 132.3, 131.9, 129.7, 129.7, 129.5, 129.5, 69.2, 69.1, 45.6, 

45.2, 40.6, 40.4, 38.3, 34.1, 21.1, 16.0, 15.8; HRMS (ESI) calcd for C18H21O3 [M+H]+: 285.1485; 

found: 285.1481.  

4-(1-(4-Fluorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1i): 

 

Prepared according to the general procedure as described above in 70% yield (1.0 g, E/Z =>20:1). It 

was purified by flash chromatography (20% EtOAc/hexane; Rf = 0.4) to afford a colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.39 (d, J = 7.7 Hz, 1H), 6.97 – 6.90 (m, 4H), 6.50 (dt, J = 15.4, 7.6 Hz, 

1H), 6.05 (ddt, J = 15.6, 7.7, 1.2 Hz, 1H), 3.08 (s, 2H), 2.81 (dd, J = 7.6, 1.2 Hz, 2H), 2.43 (ddd, J = 

17.1, 7.4, 4.8 Hz, 2H), 2.23 (ddd, J = 17.2, 9.3, 5.2 Hz, 2H), 1.63 (ddq, J = 18.9, 9.5, 4.8 Hz, 1H), 1.43 

(dtt, J = 10.4, 7.4, 5.2 Hz, 1H);13C NMR (101 MHz, CDCl3) δ 210.4, 193.3, 162.3(d, JCF = 250.82 

Hz), 151.1, 136.2, 131.6(d, JCF = 7.87 Hz), 131.1(d, JCF = 3.54 Hz), 115.7 (d, JCF = 21.40 Hz), 68.9, 
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43.9, 40.4, 38.9, 15.9;19F NMR (471 MHz, CDCl3) δ -112.10. HRMS (ESI) calcd for C17H18O3F 

[M+H]+: 289.1234; found: 289.1229.  

4-(1-(4-Chlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1j): 

 

Prepared according to the general procedure as described above in 73% yield (1.1 g, E/Z=>20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford a colourless liquid;1H 

NMR (400 MHz, CDCl3) δ 9.42 (d, J = 7.7 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 

6.52 (dt, J = 15.4, 7.6 Hz, 1H), 6.07 (ddd, J = 15.6, 7.7, 1.0 Hz, 1H), 3.09 (s, 2H), 2.82 (dd, J = 7.6, 

1.0 Hz, 2H), 2.45 (ddd, J = 17.1, 7.4, 4.8 Hz, 2H), 2.24 (ddd, J = 17.2, 9.3, 5.2 Hz, 2H), 1.65 (ddq, J 

= 18.9, 9.4, 4.8 Hz, 1H), 1.46 (dtt, J = 10.5, 7.4, 5.2 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 210.3, 

193.2, 150.9, 136.3, 133.9, 133.7, 131.4, 129.0, 68.8, 44.0, 40.5, 39.0, 16.0; HRMS (ESI) calcd for 

C17H18O3Cl [M+H]+: 305.0939; found: 305.0951. 

4-(1-(4-Bromobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1k): 

 

Prepared according to the general procedure as described above in 76% yield (1.1 g, E/Z = 4:1). It was 

purified by flash chromatography (30% EtOAc/hexane; Rf = 0.5) to afford a colourless liquid; 1H NMR 

(400 MHz, CDCl3) δ 9.95 (d, J = 7.8 Hz, 0.2H), 9.39 (d, J = 7.7 Hz, 0.8H), 7.35 (d, J = 8.4 Hz, 2H), 

6.85 (d, J = 8.3 Hz, 2H), 6.50 (dt, J = 15.2, 7.6 Hz, 0.8 H), 6.22 (dt, J = 11.2, 8.1 Hz, 0.2H), 6.04 (ddd, 

J = 16.6, 8.2, 1.7 Hz, 0.8H), 5.91 (ddd, J = 11.2, 7.8, 1.3 Hz, 0.2H), 3.12 – 3.00 (m, 2.2H), 2.79 (d, J 

= 7.6 Hz, 1.8H),2.43 (ddt, J = 14.7, 12.2, 6.1 Hz, 2H), 2.28 – 2.18 (m, 2H), 1.64 (ddq, J = 18.7, 9.3, 

4.6 Hz, 1H), 1.50 – 1.38 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 210.5, 210.1, 193.2, 190.9, 150.9, 

144.5, 136.2, 134.3, 132.5, 131.9, 131.8, 131.6, 131.6, 121.7, 68.6, 68.6, 44.3, 43.7, 40.6, 40.3, 38.9, 

34.6, 15.9, 15.8; HRMS (ESI) calcd for C17H18O3Br [M+H]+: 349.0433; found: 349.0438.  

4-(1-([1,1'-Biphenyl]-4-ylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1l): 
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Prepared according to the general procedure as described above in 65% yield (1.1 g, E/Z = >20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4 to afford a colourless liquid;1H 

NMR (400 MHz, CDCl3) δ 9.40 (d, J = 7.8 Hz, 1H), 7.55 (dd, J = 8.3, 1.2 Hz, 2H), 7.49 (d, J = 8.3 

Hz, 2H), 7.41 (t, J = 7.5 Hz, 2H), 7.35 – 7.30 (m, 1H), 7.06 (d, J = 8.3 Hz, 2H), 6.54 (dt, J = 15.4, 7.6 

Hz, 1H), 6.07 (ddt, J = 15.6, 7.8, 0.9 Hz, 1H), 3.15 (s, 2H), 2.87 (dd, J = 7.6, 1.0 Hz, 2H), 2.45 (ddd, 

J = 17.0, 7.0, 4.8 Hz, 2H), 2.29 (ddd, J = 17.0, 9.6, 5.3 Hz, 2H), 1.61 (ddq, J = 19.1, 9.6, 4.8 Hz, 1H), 

1.49 (dtt, J = 14.1, 7.0, 5.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 210.4, 193.3, 151.6, 140.3, 140.2, 

136.1, 134.2, 130.3, 128.9, 127.5, 127.3, 126.9, 69.0, 44.8, 40.4, 38.5, 16.0;  HRMS (ESI) calcd for 

C23H23O3 [M+H]+: 347.1641; found: 347.1645.  

4-(1-(4-Nitrobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1m): 

 

Prepared according to the general procedure as described above in 56% yield (882mg, E/Z=>20:1). It 

was purified by flash chromatography (50% EtOAc/hexane; Rf = 0.4) to afford a yellow liquid;1H 

NMR (400 MHz, CDCl3) δ 9.43 (d, J = 7.7 Hz, 1H), 8.07 (dd, J = 8.7, 1.8 Hz, 2H), 7.17 (d, J = 7.3 

Hz, 2H), 6.52 (dt, J = 15.5, 7.6 Hz, 1H), 6.06 (dddd, J = 15.6, 7.7, 2.4, 1.3 Hz, 1H), 3.21 (s, 2H), 2.80 

(d, J = 7.6 Hz, 2H), 2.50 (ddd, J = 17.1, 8.0, 5.0 Hz, 2H), 2.29 (ddd, J = 17.2, 8.6, 5.1 Hz, 2H), 1.82 – 

1.68 (m, 1H), 1.45 (dtt, J = 13.3, 8.2, 5.1 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 209.5, 193.0, 149.9, 

147.3, 143.3, 136.5, 131.1, 123.8, 68.6, 42.5, 40.1, 39.5, 16.0; HRMS (ESI) calcd for C17H16O5N  [M-

H]+: 314.1023; found: 314.1038.  

4-(1-(3-Methoxybenzyl)-2,6-dioxocyclohexyl)but-2-enal (1n): 

 

Prepared according to the general procedure as described above in 48% yield (806 mg, E/Z= 8:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4) to afford a colourless liquid;1H 

NMR (500 MHz, CDCl3) δ 9.96 (d, J = 7.9 Hz, 1H), 7.14 (t, J = 8.0 Hz, 1H)), 6.74 (ddd, J = 8.3, 2.5, 

0.7 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H), 6.50 (t, J = 6.5 Hz, 1H), 6.21 (dt, J = 11.2, 8.5 Hz, 1H), 5.88 

(ddt, J = 10.6, 8.2, 1.3 Hz, 1H), 3.72 (s, 3H), 3.11 (dd, J = 8.5, 1.1 Hz, 2H), 3.07 (s, 2H), 2.38 (ddd, J 

= 17.2, 7.1, 4.6 Hz, 2H), 2.18 (ddd, J = 17.1, 9.7, 5.2 Hz, 2H), 1.57 (dtt, J = 14.3, 9.5, 4.6 Hz, 1H), 
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1.40 (qdd, J = 11.6, 6.1, 3.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 210.9, 191.1, 159.8, 145.0, 136.7, 

132.4, 129.9, 122.1, 115.5, 113.1, 68.8, 55.3, 45.9, 40.74, 3.48, 15.7; HRMS (ESI) calcd for C18H21O4 

[M+H]+: 301.1434; found: 301.1428.  

4-(1-(3-Fluorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1o): 

 

Prepared according to the general procedure as described above in 59% yield (993 mg, E/Z =20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4) to afford a yellow liquid;1H 

NMR (400 MHz, CDCl3) δ 9.43 (d, J = 7.7 Hz, 1H), 7.26 – 7.20 (m, 1H), 6.94 (tdd, J = 8.5, 2.6, 0.7 

Hz, 1H), 6.78 (d, J = 7.7 Hz, 1H), 6.74 – 6.70 (dt, J = 9.6, 1.9 Hz, 1H), 6.52 (dt, J = 15.4, 7.6 Hz, 1H), 

6.08 (ddt, J = 15.6, 7.7, 1.1 Hz, 1H), 3.11 (s, 2H), 2.84 (dd, J = 7.6, 1.1 Hz, 2H), 2.45 (ddd, J = 17.2, 

7.5, 4.8 Hz, 2H), 2.26 (ddd, J = 17.2, 9.2, 5.2 Hz, 2H), 1.66 (dtt, J = 14.1, 9.4, 4.8 Hz, 1H), 1.45 (dtt, 

J = 14.2, 7.5, 5.2 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 210.2, 193.3, 162.8 (d, JCF = 246.19 

Hz),150.9, 137.7 (d, JCF = 6.96 Hz), 136.4, 130.4(d, JCF = 8.27 Hz), 125.76 (d, JCF = 2.4 Hz), 117.0(d, 

JCF = 21.35 Hz), 114.7(d, JCF = 20.65 Hz), 68.7, 44.3, 40.5, 39.2, 16.0.19F NMR (471 MHz, CDCl3) δ  

-112.1; HRMS (ESI) calcd for C17H18FO3 [M+H]+: 289.1234; found: 289.1229.  

4-(1-(3-Chlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1p): 

 

Prepared according to the general procedure as described above in 68% yield (1.0 g, E/Z=>20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.4) to afford a colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.33 (d, J = 7.8 Hz, 1H), 7.16 – 7.09 (m, 2H), 6.91 (s, 1H), 6.81 (dd, J = 

5.0, 1.6 Hz, 1H), 6.46 (dt, J = 15.4, 7.6 Hz, 1H), 5.98 (ddd, J = 15.6, 7.8, 1.1 Hz, 1H), 3.01 (s, 2H), 

2.75 (d, J = 7.6 Hz, 2H), 2.40 (ddd, J = 16.9, 7.2, 5.0 Hz, 2H), 2.23 (ddd, J = 17.1, 9.2, 5.2 Hz, 2H), 

1.60 (ddt, J = 18.8, 9.4, 4.6 Hz, 1H), 1.42 (tdd, J = 12.7, 7.3, 5.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 209.8, 193.1, 150.9, 137.3, 136.1, 134.3, 129.9, 129.8, 128.1, 127.7, 68.5, 43.6, 40.1, 38.7, 15.9; 

HRMS (ESI) calcd for C17H18O3Cl [M+H]+: 305.0939; found: 305.0932.  
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4-(1-(3-Bromobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1q): 

 

Prepared according to the general procedure as described above in 74% yield (1.2 g, E/Z = >20:1). It 

was purified by flash chromatography (40% EtOAc/hexane; Rf = 0.5) to afford a colourless liquid;1H 

NMR (400 MHz, CDCl3) δ 9.42 (d, J = 7.7 Hz, 1H), 7.37 (ddd, J = 8.0, 1.9, 1.0 Hz, 1H), 7.17 – 7.14 

(m, 1H),7.12 (d, J = 7.9 Hz, 1H), 6.92 (dt, J = 7.9, 1.4 Hz, 1H), 6.52 (dt, J = 15.4, 7.6 Hz, 1H), 6.07 

(ddt, J = 15.6, 7.7, 1.2 Hz, 1H), 3.07 (s, 2H), 2.83 (dd, J = 7.6, 1.2 Hz, 2H), 2.46 (ddd, J = 17.2, 7.5, 

4.8 Hz, 2H), 2.26 (ddd, J = 17.2, 9.3, 5.2 Hz, 2H), 1.66 (dtt, J = 14.1, 9.5, 4.8 Hz, 1H), 1.47 (dtt, J = 

14.2, 7.5, 5.2 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 210.1, 193.3, 150.9, 137.7, 136.4, 132.9, 130.9, 

130.4, 128.7, 122.9, 68.7, 44.1, 40.5, 39.1, 16.0;HRMS (ESI) calcd for C17H18O3Br[M+H]+: 349.0433; 

found: 349.0428. 

 

4-(1-(3-Nitrobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1r): 

 

Prepared according to the general procedure as described above in 52% yield (819 mg, E/Z=20:1). It 

was purified by flash chromatography (50% EtOAc/hexane; Rf = 0.3) to afford a yellow liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.42 (d, J = 7.7 Hz, 1H), 8.06 (ddd, J = 8.2, 2.1, 1.0 Hz, 1H), 7.85 (t, J = 

1.8 Hz, 1H), 7.43 (t, J = 7.9 Hz, 1H), 7.34 (d, J = 7.7 Hz, 1H), 6.53 (dt, J = 15.3, 7.6 Hz, 1H), 6.06 

(dd, J = 15.6, 7.7 Hz, 1H), 3.22 (s, 2H), 2.80 (d, J = 7.6 Hz, 2H), 2.53 (ddd, J = 17.1, 8.1, 5.0 Hz, 2H), 

2.36 (ddd, J = 17.1, 8.6, 5.1 Hz, 2H), 1.76 (tdd, J = 13.6, 8.7, 5.0 Hz, 1H), 1.51 (dtt, J = 18.6, 8.1, 5.1 

Hz, 1H));13C NMR (101 MHz, CDCl3) δ 209.3, 193.1, 150.0, 148.4, 137.7, 136.6, 136.4, 129.7, 124.9, 

122.7, 68.7, 42.2, 40.0, 39.1, 16.2; HRMS (ESI) calcd for C17H16O5N[M-H]-: 314.1023; found: 

314.1030. 
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4-(1-(2-Chlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1s): 

 

Prepared according to the general procedure as described above in 66% yield (1.0 mg, E/Z = >20:1). 

It was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.4) to afford a colourless liquid;1H 

NMR (500 MHz, CDCl3) δ 9.37 (d, J = 7.8 Hz, 1H), 7.37 (dd, J = 7.4, 1.9 Hz, 1H), 7.25 – 7.18 (m, 

2H), 7.06 (dd, J = 7.1, 2.2 Hz, 1H), 6.47 (dt, J = 15.5, 7.4 Hz, 1H), 6.06 (ddt, J = 15.6, 7.8, 1.2 Hz, 

1H), 3.27 (s, 2H), 2.90 (dd, J = 7.4, 1.2 Hz, 2H), 2.61 – 2.49 (m, 4H), 1.94 – 1.85 (m, 1H), 1.73 – 1.63 

(m, 1H); 13C NMR (101 MHz, CDCl3) δ 209.1, 193.6, 152.4, 136.4, 135.0, 132.8, 132.5, 130.2, 129.4, 

127.1, 68.9, 41.6, 40.0, 36.5, 16.7;HRMS (ESI) calcd for C17H18O3Cl [M+H]+: 305.0952; found: 

305.0939.  

4-(1-(2-bromobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1t): 

 

Prepared according to the general procedure as described above in 69% yield (1.2 g, E/Z = >20:1). It 

was purified by flash chromatography (30% EtOAc/hexane; Rf = 0.5) to afford a colourless liquid;1H 

NMR (500 MHz, CDCl3) δ 9.32 (d, J = 7.8 Hz, 1H), 7.51 (dd, J = 8.0, 1.2 Hz, 1H), 7.20 (td, J = 7.5, 

1.3 Hz, 1H), 7.09 (td, J = 7.7, 1.7 Hz, 1H), 7.01 (dd, J = 7.7, 1.7 Hz, 1H), 6.44 (dt, J = 15.5, 7.4 Hz, 

1H), 6.00 (dd, J = 15.7, 7.8 Hz, 1H), 3.27 (s, 2H), 2.86 (dd, J = 7.4, 1.0 Hz, 2H), 2.60 – 2.47 (m, 4H), 

1.91 – 1.82 (m, 1H), 1.66 (tdd, J = 15.0, 10.0, 5.3 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 208.9, 

193.5, 152.4, 136.2, 134.5, 133.5, 132.1, 129.4, 127.6, 125.6, 68.9, 43.4, 39.9, 36.3, 16.6; HRMS (ESI) 

calcd for C17H18O3Br [M+H]+: 349.0438; found: 349.0438. 

4-(1-(3,4-Dimethoxybenzyl)-2,6-dioxocyclohexyl)but-2-enal (1u): 

 

Prepared according to the general procedure as described above in 58% yield (957 mg, E/Z = >20:1). 

It was purified by flash chromatography (20% EtOAc/hexane; Rf = 0.3) to afford a colourless liquid;1H 
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NMR (400 MHz, CDCl3) δ 9.96 (d, J = 7.9 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 6.51 (dd, J = 8.2, 2.1 

Hz, 1H), 6.47 (d, J = 2.0 Hz, 1H), 6.21 (dt, J = 11.2, 8.5 Hz, 1H), 5.88 (ddt, J = 11.1, 8.0, 1.2 Hz, 1H), 

3.80 (s, 3H), 3.78 (s, 3H), 3.10 (dd, J = 8.5, 1.1 Hz, 2H), 3.06 (s, 2H), 2.37 (ddd, J = 17.2, 7.2, 4.6 Hz, 

2H), 2.14 (ddd, J = 17.2, 9.6, 5.1 Hz, 2H), 1.56 (ddq, J = 18.9, 9.4, 4.6 Hz, 1H), 1.36 (dtt, J = 10.3, 

7.2, 5.1 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 211.4, 191.1, 148.9, 148.4, 144.9, 132.4, 127.6, 122.0, 

112.8, 111.2, 68.9, 56.0, 55.9, 45.8, 40.9, 34.7, 15.7; HRMS (ESI) calcd for C19H23O5 [M+H]+: 

331.1540; found: 331.1531. 

4-(1-(2,3-Dichlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1v): 

 

Prepared according to the general procedure as described above in 54% yield (912 mg, E/Z =20:1). It 

was purified by flash chromatography (20% EtOAc/hexane; Rf = 0.3) to afford a colourless liquid; 1H 

NMR (400 MHz, CDCl3) δ 10.02 (d, J = 7.8 Hz, 1H), 7.40 (dd, J = 8.0, 1.4 Hz, 1H), 7.14 (t, J = 7.9 

Hz, 1H), 6.98 (dd, J = 7.7, 1.4 Hz, 1H), 6.16 (dt, J = 11.2, 8.2 Hz, 1H), 5.87 (dd, J = 11.2, 7.9 Hz, 1H), 

3.32 (s, 2H), 3.15 (d, J = 8.2 Hz, 2H), 2.56 – 2.52 (m, 4H), 1.95 – 1.83 (m, 1H), 1.72 (td, J = 14.7, 7.9 

Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 208.8, 193.5, 151.9, 136.4, 135.2, 134.0, 133.4, 130.4, 130.1, 

127.3, 68.6, 41.8, 39.9, 36.6, 16.6; HRMS (ESI) calcd for C17H17O3Cl2 [M+H]+: 339.0549; found: 

339.0557.  

4-(1-(Naphthalen-1-ylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1w): 

 

Prepared according to the general procedure as described above in 60% yield (960 mg, E/Z = 20:1). It 

was purified by flash chromatography (20% EtOAc/hexane; Rf = 0.2) to afford a colourless liquid; 1H 

NMR (500 MHz, CDCl3) δ 9.37 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.82 (dd, J = 8.2, 0.9 

Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.53 – 7.44 (m, 2H), 7.36 (d, J = 8.0, 7.2 Hz, 1H), 7.16 (d, J = 6.5 

Hz, 1H), 6.49 (dt, J = 15.4, 7.6 Hz, 1H), 6.07 (dd, J = 15.6, 7.8 Hz, 1H), 3.59 (s, 2H), 3.03 (dd, J = 

7.6, 0.9 Hz, 2H), 2.30 (ddd, J = 17.0, 6.4, 4.5 Hz, 2H), 1.83 (ddd, J = 21.8, 10.4, 5.2 Hz, 2H), 1.45 – 

1.35 (m, 1H), 1.28 – 1.18 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 211.0, 193.5, 151.9, 136.3, 133.9, 

131.9, 131.7, 128.9, 128.8, 128.7, 126.7, 126.1, 125.3, 123.8, 69.1, 42.3, 40.7, 38.8, 15.7; HRMS (ESI) 

calcd for C21H24O3N [M+NH4]
+: 338.1750; found: 338.1754. 
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4-(2,6-dioxo-1-(Thiophen-2-ylmethyl)cyclohexyl)but-2-enal (1x): 

 

Prepared according to the general procedure as described above in 63% yield (869 mg, E/Z =20:1). It 

was purified by flash chromatography (20% EtOAc/hexane; Rf = 0.3) to afford a orange liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.39 (d, J = 7.7 Hz, 1H), 7.09 (d, J = 5.1 Hz, 1H), 6.85 (t, J = 4.3 Hz, 1H), 

6.67 (d, J = 3.3 Hz, 1H), 6.53 (dt, J = 15.5, 7.6 Hz, 1H), 6.04 (ddd, J = 15.6, 7.7, 0.8 Hz, 1H), 3.31 (s, 

2H), 2.78 (d, J = 7.6 Hz, 2H), 2.50 – 2.33 (m, 4H), 1.76 – 1.64 (m, 1H), 1.56 – 1.44 (m, 1H); 13C NMR 

(101 MHz, CDCl3) δ 209.9, 193.2, 150.8, 136.8, 136.1, 127.9, 127.1, 125.2, 68.8, 40.1, 38.9, 37.5, 

16.0; HRMS (ESI) calcd for C15H17O3S [M+H]+: 277.0892; found: 277.0906.  

4-(1-(Furan-2-ylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1y): 

 

 

Prepared according to the general procedure as described above in 55% yield (791 mg, E/Z =17:1). It 

was purified by flash chromatography (20% EtOAc/hexane; Rf = 0.3) to afford a orange liquid; 1H 

NMR (400 MHz, CDCl3) δ 9.38 (d, J = 7.8 Hz, 1H), 7.25 (dd, J = 1.9, 0.8 Hz, 1H), 6.55 (dt, J = 15.4, 

7.7 Hz, 1H), 6.24 (dd, J = 3.2, 1.9 Hz, 1H), 6.08 – 5.99 (m, 2H), 3.13 (s, 2H), 2.79 (dd, J = 7.5, 1.2 

Hz, 2H), 2.55 – 2.44 (m, 4H), 1.71 (qd, J = 6.9, 1.5 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 209.2, 

193.4, 151.6, 149.4, 142.2, 136.1, 110.8, 108.9, 67.4, 39.4, 37.6, 36.5, 16.5; HRMS (ESI) calcd for 

C15H17O4 [M+H]+: 261.1121; found: 261.1125. 

4-(1-methyl-2,5-dioxocyclopentyl)but-2-enal (1z): 

 

 

Prepared according to the general procedure as described above in 50% yield (450 mg, E/Z =17:1). It 

was purified by flash chromatography (60% EtOAc/hexane; Rf = 0.3) to afford a orange liquid;1H 

NMR (400 MHz, CDCl3) δ = 9.38 (d, J=7.8, 1H), 6.62 (dd, J=15.4, 7.7, 1H), 6.01 (ddt, J=15.6, 7.8, 

1.3, 1H), 2.88 – 2.80 (m, 2H), 2.72 – 2.63 (m, 2H), 2.53 (dd, J=7.6, 1.3, 2H), 1.13 (s, 3H).13C NMR 

(151 MHz, CDCl3) δ 214.7, 193.3, 150.5, 136.2, 56.0, 36.3, 35.0, 19.9.HRMS (ESI) calcd for C10H13O3 

[M+H]+: 181.0865; found: 181.0870. 
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IV. X-Ray crystallographic data 

X-ray crystallographic data for compound 9: 

 

 

The purified compound 9 was dissolved in a mixed solvent of dichloromethane/n-hexane (1:3), and 

placed in a dark cabinet for slowly evaporation. Colorless crystals were collected after few days for 

X-ray analysis. 

 

 

Figure caption: ORTEP diagram of compound 9 (KB690) compound with the atom-numbering. 

Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres 

of arbitrary radius.  

Crystal data for compound 9: C20H22O2, M = 294.37, Monoclinic, space group P21(No.4), a 

=8.546(4)Å, b =6.518(3)Å, c = 15.600(8)Å, α = 90°, β = 105.428(9)°, γ = 90°, V = 837.6(7)Å3, Z = 

2, Dc = 1.167 g/cm3, F000 = 316, Bruker D8 QUEST PHOTON-III C7 HPAD detector, Mo-Kα 

radiation, λ = 0.71073 Å,  T = 100(2)K, 2θmax = 60º, μ= 0.074 mm-1, 17575 reflections collected, 5101 

unique (Rint = 0.0555), 200 parameters, R1 = 0.0440, wR2 =0.0899, R indices based on 3824 reflections 

with I  > 2σ(I) (refinement on F2), Flack parameter = 0.3(5), Final GooF = 1.051, largest difference 

hole and peak = -0.183 and 0.236 e.Å-3. CCDC deposition number 2296090 contains the 

supplementary crystallographic data for this paper which can be obtained free of charge at 

https://www.ccdc.cam.ac.uk/structures/ 

https://www.ccdc.cam.ac.uk/structures/
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Data collection and Structure solution details: Single crystal X-ray data were collected at room 

temperature on a Bruker D8 QUEST equipped with a four-circle kappa diffractometer and PHOTON-

III C7 HPAD detector. An Iμs microfocus Mo source (λ=0.71073Å) supplied the multi-mirror 

monochromated incident beam. A combination of Phi and Omega scans were used to collect the 

necessary data. Integration and scaling of intensity data were accomplished using SAINT program.1 

The structures were solved by Direct Methods using SHELXS97 and refinement was carried out by 

full-matrix least-squares technique using SHELXL-2019/2.1-4 Anisotropic displacement parameters 

were included for all non-hydrogen atoms. All H atoms were positioned geometrically and treated as 

riding on their parent C atoms, with C-H distances of 0.93--0.97 Å, and with Uiso(H) = 1.2Ueq (C)  or 

1.5Ueq for methyl atoms.CCDC deposition number 2296090 contains the supplementary 

crystallographic data for this paper which can be obtained free of charge at 

https://www.ccdc.cam.ac.uk/structures/ 

 

1. Bruker (2016). APEX3, SAINT and SADABS. Bruker AXS, Inc., Madison, Wisconsin, USA. 
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Oxford, New York, pp. 57–91. 
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V. 1H &13C NMR Spectra 

(2S,7aR)-2-Methoxy-7a-methyl-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2a): 
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(2S,7aR)-2-Ethoxy-7a-methyl-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2b): 
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(2S,7aR)-2-Isopropoxy-7a-methyl-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2c): 
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(2S,7aR)2-Ethoxy-7-oxo-7a-propyl-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2d): 
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(2S,7aR) 7a-(Cyclohexylmethyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-

carbaldehyde (2e): 

  



62 
 

(2S,7aR)-7a-Allyl-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2f): 
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(2S,7aR)-7a-Benzyl-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2g): 
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(2S,7aR)-2-Ethoxy-7a-(4-methylbenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2h): 
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(2S,7aR)-2-Ehoxy-7a-(4-fluorobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2i): 
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67 
 

(2S,7aR)-7a-(4-Chlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2j): 
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(2S,7aR)-7a-(4-Bromobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2k): 
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(2S,7aR)-7a-([1,1'-Biphenyl]-4-ylmethyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-

carbaldehyde (2l): 
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(2S,7aR)-2-Methoxy-7a-(4-nitrobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2m): 
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(2S,7aR)-2-Ethoxy-7a-(3-methoxybenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2n): 
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(2S,7aR)-2-Ethoxy-7a-(3-fluorobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2o): 
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(2S,7aR)-7a-(3-Chlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2p): 
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(2S,7aR)-7a-(3-Bromobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2q):
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(2S,7aR)-2-Ethoxy-7a-(3-nitrobenzyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2r):
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(2S,7aR)-7a-(2-Chlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2s):

 

 



78 
 

(2S,7aR)-7a-(2-Bromobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2t):  
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(2S,7aR)-7a-(3,4-Dimethoxybenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2u):
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(2S,7aR)-7a-(2,3-Dichlorobenzyl)-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2v):
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(2S,7aR)-2-Ethoxy-7a-(naphthalen-1-ylmethyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2w):
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(2S,7aR)-2-Ethoxy-7-oxo-7a-(thiophen-2-ylmethyl)-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde 

(2x):
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(2S,7aR)-2-Ethoxy-7a-(furan-2-ylmethyl)-7-oxo-2,4,5,6,7,7a-hexahydro-1H-indene-3-carbaldehyde (2y):
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 (2S,3aR)-3a-Benzyl-1-((Z)-3-(4-bromophenyl)-3-oxoprop-1-en-1-yl)-2-ethoxy-2,3,3a,5,6,7-hexahydro-

4H-inden-4-one (5): 
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Ethyl (E)-3-((2S,7aR)-7a-benzyl-2-ethoxy-7-oxo-2,4,5,6,7,7a-hexahydro-1H-inden-3-

yl)acrylate(6): 
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(2S,3aR)-3a-Benzyl-2-ethoxy-1-(hydroxymethyl)-2,3,3a,5,6,7-hexahydro-4H-inden-4-one (7): 
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(2S,7aR)-7a-Benzyl-2-ethoxy-7-oxo-N-(pyridin-2-yl)-2,4,5,6,7,7a-hexahydro-1H-indene-3-

carboxamide(8): 
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(2S,3aR)-3a-Benzyl-2-ethoxy-1-ethynyl-2,3,3a,5,6,7-hexahydro-4H-inden-4-one (9): 
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4-(1-Methyl-2,6-dioxocyclohexyl)but-2-enal (1): 

 

 



90 
 

4-(2,6-Dioxo-1-propylcyclohexyl)but-2-enal (1d):  
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4-(1-(Cyclohexylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1e):
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4-(1-Allyl-2,6-dioxocyclohexyl)but-2-enal (1f): 
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4-(1-Benzyl-2,6-dioxocyclohexyl)but-2-enal(1g):
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4-(1-(4-Methylbenzyl)-2,6-dioxocyclohexyl)but-2-enal (1h): 
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4-(1-(4-Fluorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1i): 
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4-(1-(4-Chlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1j): 
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4-(1-(4-Bromobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1k): 
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4-(1-([1,1'-Biphenyl]-4-ylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1l): 
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4-(1-(4-Nitrobenzyl)-2,6-dioxocyclohexyl)but-2-enal(1m):
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4-(1-(3-Methoxybenzyl)-2,6-dioxocyclohexyl)but-2-enal (1n): 
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4-(1-(3-Fluorobenzyl)-2,6-dioxocyclohexyl)but-2-enal(1o):
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4-(1-(3-Chlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1p): 
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4-(1-(3-Bromobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1q): 
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4-(1-(3-Nitrobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1j): 
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4-(1-(2-Chlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1s): 
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4-(1-(2-bromobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1t): 
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4-(1-(3,4-Dimethoxybenzyl)-2,6-dioxocyclohexyl)but-2-enal (1u): 
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4-(1-(2,3-Dichlorobenzyl)-2,6-dioxocyclohexyl)but-2-enal (1v):  
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4-(1-(Naphthalen-1-ylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1w): 
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4-(2,6-dioxo-1-(Thiophen-2-ylmethyl)cyclohexyl)but-2-enal (1x):  
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4-(1-(Furan-2-ylmethyl)-2,6-dioxocyclohexyl)but-2-enal (1y): 
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4-(1-methyl-2,5-dioxocyclopentyl)but-2-enal (1z): 

 


