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Figure S1. Enantioselective synthesis of simple 1,3-allenes via chirality transfer 

strategy. 
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Figure S2. Pd-catalyzed enantioselective syntheses of amines and malonates with 
1,3-disubstituted allene unit.  
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Figure S3. The photo of the apparatus for Typical Procedure I (130 oC). 
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Figure S4. The photo of the apparatus for Typical Procedure II (70 oC). 
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General Experimental Methods  

1H and 13C nuclear magnetic resonance spectra were recorded on an instrument 

operated at 300 MHz for 1H NMR and 75 MHz for 13C NMR spectra. Infrared spectra 

were recorded from the films of pure samples on sodium chloride plates for liquid or 

in the form of KBr discs for the solid samples. Mass and HRMS spectra were carried 

out in EI or ESI mode. Thin layer chromatography was performed on pre-coated 

glass-back plates and visualized with UV light at 254 nm. Flash column 

chromatography was performed on silica gel. Copper(II) bromide was purchased from 

J&K. (S)-α,α-Diphenylprolinol and (R)-α,α-diphenylprolinol were purchased from 

Shanghai Darui Fine Chemicals. Aldehydes were distilled right before use. Dioxane 

were dried over sodium wire with benzophenone as the indicator and distilled freshly 

before use. All the temperatures are referred to the oil baths used. 
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Synthesis of functionalized axially chiral allenes (Ra)-4aa~(Ra)-4fa.  

1. Preparation of (Ra)-N-(4-cyclohexylbuta-2,3-dienyl)-4-methylbenzenesul- 

fonamide (Ra)-4aa. (hx-11-3) 

 

Typical Procedure I: To a flame-dried Schlenk tube with a polytetrafluoroethylene 

plug were added CuBr2 (45.0 mg, 0.2 mmol), (S)-3 (253.9 mg, 1.0 mmol), 1a (313.4 

mg, 1.5 mmol)/dioxane (1.5 mL), and 2a (167.8 mg, 1.5 mmol)/dioxane (1.5 mL) 

sequentially under nitrogen atmosphere. The Schlenk tube was then sealed by 

screwing a polytetrafluoroethylene plug tightly with the outlet connected to the 

vacuum line and the nitrogen flow being closed (For an apparatus, see Fig. S3). The 

reaction was complete after being stirred in an oil bath preheated at 130 oC for 12 h as 

monitored by TLC (eluent: petroleum ether/ethyl acetate = 5/1). Then the resulting 

mixture was diluted with ether (30 mL) and washed with an aqueous solution of 

hydrochloric acid (3 M, 20 mL). The organic layer was separated, and the aqueous 

layer was extracted with ether (20 mL). The combined organic layer was washed with 

brine and dried over anhydrous Na2SO4. After filtration and evaporation, the residue 

was purified by chromatography (eluent: petroleum ether/ethyl acetate = 5/1) on silica 

gel to afford (Ra)-4aa (180.0 mg, 59%) as a liquid:1 98% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 95/5, 0.5 mL/min, λ = 214 nm, tR(major) = 

34.1 min, tR(minor) = 35.6 min); [α]D
20 = -102.0 (c = 1.05, CHCl3) (reported value: 

99% ee; [α]D
20 = -105.5 (c = 1.07, CHCl3)); 

1H NMR (300 MHz, CDCl3) δ 7.80-7.72 



S9 
 

(m, 2 H, ArH ), 7.30 (d, J = 7.8 Hz, 2 H, ArH ), 5.21-5.12 (m, 1 H, one proton of 

CH=C=CH), 5.11-5.01 (m, 1 H, one proton of CH=C=CH), 4.85 (t, J = 5.9 Hz, 1 H, 

NH), 3.60-3.50 (m, 2 H, NCH2), 2.42 (s, 3 H, CH3), 1.98-1.82 (m, 1 H, CH from Cy), 

1.73-1.53 (m, 5 H, five protons from Cy), 1.32-0.89 (m, 5 H, five protons from Cy); 

13C NMR (75 MHz, CDCl3) δ 202.3, 143.3, 137.0, 129.6, 127.0, 100.4, 88.4, 42.0, 

36.7, 32.8, 32.7, 25.9, 25.8, 21.4; IR (neat) ν (cm-1) 3284, 2924, 2850, 1962, 1598, 

1495, 1418, 1329, 1161, 1094; MS (EI) m/z (%): 305 (M+, 1.14), 91 (100). 

 

The following compounds (Ra)-4bb~(Ra)-4fa were prepared at 130 oC according to 

the Typical Procedure I or at 70 oC according to the Typical Procedure II (see page 

S11) and their corresponding racemic enantiomers were prepared by following the 

same procedure using racemic diphenylprolinol rac-3. 

 

2. Preparation of (Ra)-N-(6-methylhepta-2,3-dienyl)benzamide (Ra)-4bb. 

(hx-11-51) 

 

The reaction of CuBr2 (44.9 mg, 0.2 mmol), 1b (238.4 mg, 1.5 mmol), (S)-3 (254.3 

mg, 1.0 mmol), and 2b (129.9 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4bb 

(136.8 mg, 59%) (eluent: petroleum ether/ethyl acetate = 5/1) as a liquid: 93% ee 

(HPLC conditions: Chiralcel AY-H column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 

214 nm, tR(major) = 9.8 min, tR(minor) = 11.2 min); [α]D
20 = -92.5 (c = 0.78, CHCl3); 
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1H NMR (300 MHz, CDCl3) δ 7.82-7.73 (m, 2 H, ArH ), 7.51-7.35 (m, 3 H, ArH ), 

6.52 (bs, 1 H, NH), 5.30-5.19 (m, 2 H, CH=C=CH), 4.05-3.95 (m, 2 H, NCH2), 

1.96-1.86 (m, 2 H, CH2), 1.73-1.55 (m, 1 H, CH), 0.894 (d, J = 6.6 Hz, 3 H, Me), 

0.891 (d, J = 6.6 Hz, 3 H, Me); 13C NMR (75 MHz, CDCl3) δ 203.8, 167.3, 134.5, 

131.3, 128.4, 126.8, 92.9, 87.8, 38.5, 38.0, 28.3, 22.1, 22.0; IR (neat) ν (cm-1) 3320, 

3064, 2955, 2927, 2869, 1964, 1727, 1644, 1603, 1578, 1538, 1489, 1465, 1308, 1076; 

MS (EI) m/z (%): 229 (M+, 7.05), 105 (100);  HRMS calcd for C15H19NO [M+]: 

229.1467, found: 229.1469. 

3. Preparation of (Ra)-tert-butyl (dodeca-2,3-dienyl)carbamate (Ra)-4cc. 

(zjs-3-097) 

 

The reaction of CuBr2 (45.4 mg, 0.2 mmol), 1c (231.9 mg, 1.5 mmol), (S)-3 (254.1 

mg, 1.0 mmol), and 2c (214.5 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4cc 

(220.9 mg, 78%) (eluent: petroleum ether/ethyl acetate = 100/1) as a liquid: 97% ee 

(HPLC conditions: Chiralcel AD-R column, MeOH/H2O = 85/15, 1.0 mL/min, λ = 

214 nm, tR(major) = 12.2 min, tR(minor) = 16.2 min); [α]D
20 = -60.4 (c = 1.02, 

CHCl3)); 
1H NMR (400 MHz, CDCl3) δ 5.28-5.22 (m, 1 H, one proton of CH=C=CH), 

5.18-5.12 (m, 1 H, one proton of CH=C=CH), 4.72 (bs, 1 H, NH), 3.78-3.60 (m, 2 H, 

NCH2), 2.00 (qd, J1 = 6.8 Hz, J2 = 2.8 Hz, 2 H, CH2), 1.45 (s, 9 H, t-Bu), 1.43-1.27 

(m, 12 H, (CH2)6), 0.88 (t, J = 6.8 Hz, 3 H, Me); 13C NMR (100 MHz, CDCl3) δ 203.1, 

155.6, 93.9, 89.0, 79.1, 39.3, 31.8, 29.3, 29.2, 29.0, 28.6, 28.3, 22.6, 14.0; IR (neat) ν 
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(cm-1) 3354, 2925, 2854, 1965, 1696, 1503, 1458, 1389, 1366, 1247, 1167; MS (EI) 

m/z (%): 225 ((M-tBu+H)+, 34.93), 57 (100);  HRMS calcd for C13H23NO2 

[(M-tBu+H)+]: 225.1729, found: 225.1732. 

4. Preparation of (Ra)-tert-butyl (dodeca-2,3-dienyl)carbamate (Ra)-4cc at 70 oC. 

(tangy-1-113) 

 

Typical Procedure II: To a flame-dried Schlenk tube with a rubber plug were 

added CuBr2 (45.2 mg, 0.2 mmol), (S)-3 (254.1 mg, 1.0 mmol), 1c (231.9 mg, 1.5 

mmol)/dioxane (1.5 mL), and 2c (214.1 mg, 1.5 mmol)/dioxane (1.5 mL) sequentially 

under nitrogen atmosphere (For an apparatus, see Fig. S4). The reaction mixture was 

then stirred in an oil bath preheated at 70 oC for 24 h as monitored by TLC (eluent: 

petroleum ether/ethyl acetate = 10/1). The resulting mixture was diluted with ether 

(30 mL) and washed with an aqueous solution of hydrochloric acid (3 M, 20 mL). The 

organic layer was separated and the aqueous layer was extracted with ether (20 mL). 

The combined organic layer was washed with brine and dried over anhydrous Na2SO4. 

After filtration and evaporation, the residue was purified by chromatography (eluent: 

petroleum ether/ethyl acetate = 100/1) on silica gel to afford (Ra)-4cc (153.6 mg, 54%) 

as a liquid: 98% ee (HPLC conditions: Chiralcel AD-R column, MeOH/H2O = 85/15, 

1.0 mL/min, λ = 214 nm, tR(major) = 12.4 min, tR(minor) = 16.1 min); [α]D
20 = -55.2 

(c = 0.91, CHCl3)); 
1H NMR (400 MHz, CDCl3) δ 5.29-5.22 (m, 1 H, one proton of 

CH=C=CH), 5.17-5.15 (m, 1 H, one proton of CH=C=CH), 4.63 (bs, 1 H, NH), 
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3.75-3.65 (m, 2 H, NCH2), 2.00 (qd, J1 = 6.8 Hz, J2 = 2.8 Hz, 2 H, CH2), 1.45 (s, 9 H, 

t-Bu), 1.43-1.25 (m, 12 H, (CH2)6), 0.88 (t, J = 6.8 Hz, 3 H, Me); 13C NMR (100 MHz, 

CDCl3) δ 203.2, 155.7, 94.0, 89.0, 79.2, 39.3, 31.8, 29.4, 29.2, 29.0, 28.7, 28.3, 22.6, 

14.1. 

5. Preparation of (Ra)-tert-butyl (pentadeca-2,3-dienyl)carbamate (Ra)-4cd. 

(zjs-3-101) 

 

The reaction of CuBr2 (45.2 mg, 0.2 mmol), 1c (233.5 mg, 1.5 mmol), (S)-3 (253.3 

mg, 1.0 mmol), and 2d (275.9 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4cd 

(239.2 mg, 74%) (eluent: petroleum ether/ethyl acetate = 100/1) as a liquid: 96% ee 

(HPLC conditions: Chiralcel AD-R column, MeOH/H2O = 90/10, 0.5 mL/min, λ = 

214 nm, tR(major) = 27.8 min, tR(minor) = 38.0 min); [α]D
20 = -50.4 (c = 1.00, 

CHCl3)); 
1H NMR (400 MHz, CDCl3) δ 5.28-5.21 (m, 1 H, one proton of CH=C=CH), 

5.17-5.14 (m, 1 H, one proton of CH=C=CH), 4.75 (bs, 1 H, NH), 3.75-3.60 (m, 2 H, 

NCH2), 2.00 (qd, J1 = 6.8 Hz, J2 = 2.8 Hz, 2 H, CH2), 1.45 (s, 9 H, t-Bu), 1.43-1.26 

(m, 18 H, (CH2)9), 0.88 (t, J = 6.8 Hz, 3 H, Me); 13C NMR (100 MHz, CDCl3) δ 203.1, 

155.6, 93.9, 89.0, 79.0, 39.2, 31.8, 29.6, 29.5, 29.4, 29.2, 29.0, 28.6, 28.3, 22.6, 14.0; 

IR (neat) ν (cm-1) 3352, 2924, 2854, 1965, 1699, 1503, 1460, 1389, 1366, 1247, 1168, 

1053; MS (EI) m/z (%): 267 ((M-tBu+H)+, 72.62), 57 (100);  HRMS calcd for 

C16H29NO2 [(M-tBu+H)+]: 267.2198, found: 267.2203. 

6. Preparation of (Ra)-tert-butyl (5-ethylhepta-2,3-dienyl)carbamate (Ra)-4ce. 
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(hx-11-52) 

 

The reaction of CuBr2 (44.9 mg, 0.2 mmol), 1c (232.8 mg, 1.5 mmol), (S)-3 (253.2 

mg, 1.0 mmol), and 2e (150.6 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4ce 

(160.3 mg, 67%) (eluent: petroleum ether/ethyl acetate = 50/1 to petroleum 

ether/ethyl acetate = 20/1) as a liquid: 96% ee (HPLC conditions: Chiralcel OD-H 

column, hexane/i-PrOH = 100/0, 1.0 mL/min, λ = 214 nm, tR(minor) = 19.7 min, 

tR(major) = 20.4 min); [α]D
20 = -63.5 (c = 1.055, CHCl3); 

1H NMR (300 MHz, CDCl3) 

δ 5.22-5.12 (m, 1 H, one proton of CH=C=CH), 5.11-5.03 (m, 1 H, one proton of 

CH=C=CH), 4.71 (bs, 1 H, NH), 3.77-3.63 (m, 2 H, NCH2), 1.93-1.78 (m, 1 H, CH), 

1.53-1.21 (m, 13 H, Me × 3 and CH2 × 2), 0.90 (t, J = 7.4 Hz, 3 H, Me), 0.89 (t, J = 

7.4 Hz, 3 H, Me); 13C NMR (75 MHz, CDCl3) δ 203.0, 155.6, 97.7, 89.0, 79.1, 42.7, 

39.3, 28.3, 27.5, 27.2, 11.6, 11.4; IR (neat) ν (cm-1) 3351, 2965, 2931, 2875, 1963, 

1698, 1505, 1456, 1392, 1366, 1250, 1172, 1053; MS (EI) m/z (%): 239 (M+, 0.01), 

183 ((M-tBu+H)+, 45.91), 57 (100);  HRMS calcd for C14H25NO2 [M+]: 239.1885, 

found: 239.1878. 

7. Preparation of (Ra)-tert-butyl (4-bromophenyl-2,3-dienyl)carbamate (Ra)-4cf. 

(zjs-3-105) 
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The reaction of CuBr2 (90.0 mg, 0.4 mmol), 1c (233.1 mg, 1.5 mmol), (S)-3 (254.0 

mg, 1.0 mmol), and 2f (278.2 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4cf 

(195.0 mg, 60%) (eluent: petroleum ether/ethyl acetate = 25/1) as a oil: 97% ee 

(HPLC conditions: Chiralcel IB column, hexane/i-PrOH = 95/5, 1.0 mL/min, λ = 214 

nm, tR(minor) = 7.5 min, tR(major) = 8.1 min); [α]D
20 = -207.4 (c = 1.02, CHCl3); 

1H 

NMR (400 MHz, CDCl3) δ 7.42-7.37 (m, 2 H, ArH), 7.13 (d, J = 8.4 Hz, 2 H, ArH), 

6.23-6.17 (m, 1 H, one proton of CH=C=CH), 5.62 (q, J = 5.6 Hz, 1 H, one proton of 

CH=C=CH), 4.93 (bs, 1 H, NH), 3.93-3.70 (m, 2 H, NCH2), 1.39 (s, 9 H, t-Bu); 13C 

NMR (100 MHz, CDCl3) δ 204.4, 155.5, 132.8, 131.5, 128.3, 120.6, 96.3, 93.9, 79.3, 

38.8, 28.2; IR (neat) ν (cm-1) 3366, 2976, 2928, 1951, 1687, 1515, 1366, 1248, 1165, 

1062, 1008; MS (EI) m/z (%): 269 ((M(81Br)-tBu+H)+, 68.6), 267 ((M(79Br)-tBu+H)+, 

70.66), 57 (100);  HRMS calcd for C11H10NO2
79Br [(M(79Br)-tBu+H)+]: 266.9895, 

found: 266.9891. 

8. Preparation of (Ra)-dimethyl 2-(4-cyclohexylbuta-2,3-dienyl)malonate 

(Ra)-4da. (hx-11-5) 

 

The reaction of CuBr2 (44.8 mg, 0.2 mmol), 1d (255.7 mg, 1.5 mmol), (S)-3 

(252.8 mg, 1.0 mmol), and 2a (168.2 mg, 1.5 mmol) in dioxane (3.0 mL) afforded 
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(Ra)-4da (135.7 mg, 51%) (eluent: petroleum ether/ethyl acetate = 15/1) as a liquid:1 

95% ee (HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/1, 1.0 

mL/min, λ = 214 nm, tR(minor) = 9.0 min, tR(major) = 9.6 min); [α]D
20 = -84.0 (c = 

1.045, CHCl3) (reported value: 99% ee; [α]D
20 = -85.4 (c = 1.05, CHCl3)); 

1H NMR 

(300 MHz, CDCl3) δ 5.20-5.08 (m, 2 H, CH=C=CH), 3.740 (s, 3 H, Me), 3.737 (s, 3 

H, Me), 3.51 (t, J = 7.5 Hz, 1 H, CH), 2.63-2.54 (m, 2 H, CH2), 2.00-1.85 (m, 1 H, 

CH from Cy), 1.78-1.57 (m, 5 H, five protons from Cy), 1.35-0.95 (m, 5 H, five 

protons from Cy); 13C NMR (75 MHz, CDCl3) δ 202.7, 169.33, 169.29, 98.9, 88.2, 

52.4, 51.2, 37.1, 32.82, 32.78, 28.0, 26.0, 25.9; IR (neat) ν (cm-1) 2926, 2851, 1959, 

1757, 1738, 1617, 1436, 1343, 1233, 1155, 1035; MS (EI) m/z (%): 266 (M+, 6.72), 

91 (100). 

9. Preparation of (Ra)-dimethyl 2-(6-methylhepta-2,3-dienyl)malonate (Ra)-4db. 

(hx-11-25) 

 

The reaction of CuBr2 (45.0 mg, 0.2 mmol), 1d (255.7 mg, 1.5 mmol), (S)-3 (252.5 

mg, 1.0 mmol), and 2b (129.6 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4db 

(121.9 mg, 51%) (eluent: petroleum ether/ethyl acetate = 20/1) as a liquid: 94% ee 

(HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/1, 0.7 mL/min, λ = 

214 nm, tR(minor) = 10.9 min, tR(major) = 11.7 min); [α]D
20 = -64.4 (c = 0.87, CHCl3); 

1H NMR (300 MHz, CDCl3) δ 5.15-5.04 (m, 2 H, CH=C=CH), 3.74 (s, 6 H, Me × 2), 

3.51 (t, J = 7.5 Hz, 1 H, CH), 2.62-2.54 (m, 2 H, CH2), 1.90-1.82 (m, 2 H, CH2), 
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1.72-1.56 (m, 1 H, CH), 0.910 (d, J = 6.6 Hz, 3 H, Me), 0.906 (d, J = 6.6 Hz, 3 H, 

Me); 13C NMR (75 MHz, CDCl3) δ 204.6, 169.3, 169.2, 91.3, 86.6, 52.4, 51.3, 38.2, 

28.3, 28.0, 22.09, 22.06; IR (neat) ν (cm-1) 2956, 2927, 2869, 1964, 1754, 1739, 1436, 

1342, 1271, 1232, 1154, 1044; MS (EI) m/z (%): 240 (M+, 27.06), 97 (100); HRMS 

calcd for C13H20O4 [M
+]: 240.1362, found: 240.1362. 

10. Preparation of (Ra)-dimethyl 2-(pentadeca-2,3-dienyl)malonate (Ra)-4dd. 

(ty-1-68) 

 

The reaction of CuBr2 (45.1 mg, 0.2 mmol), 1d (255.8 mg, 1.5 mmol), (S)-3 (253.8 

mg, 1.0 mmol), and 2d (277.1 mg, 1.5 mmol) in dioxane (3.0 mL) afforded (Ra)-4dd 

(170.4 mg, 50%) (eluent: petroleum ether/ethyl acetate = 100/1) as a liquid: 94% ee 

(HPLC conditions: Chiralcel PC-4 column, MeOH/H2O = 82/18, 0.7 mL/min, λ = 214 

nm, tR(minor) = 37.5 min, tR(major) = 39.7 min); [α]D
26 = -49.9 (c = 1.00, CHCl3); 

1H 

NMR (400 MHz, CDCl3) δ 5.19-5.06 (m, 2 H, CH=C=CH), 3.74 (s, 6 H, Me × 2), 

3.51 (t, J = 7.4 Hz, 1 H, CH), 2.63-2.53 (m, 2 H, CH2), 1.98-1.90 (m, 2 H, CH2), 

1.42-1.24 (m, 18 H, (CH2)9), 0.88 (t, J = 6.6 Hz, 3 H, Me); 13C NMR (100 MHz, 

CDCl3) δ 203.9, 169.4, 169.3, 93.0, 87.3, 52.5, 51.2, 31.9, 29.6, 29.5, 29.3, 29.15, 

29.07, 28.8, 28.0, 22.7, 14.1; IR (neat) ν (cm-1) 2923, 2853, 1964, 1755, 1738, 1436, 

1340, 1262, 1230, 1151, 1080, 1041; MS (EI) m/z (%): 338 (M+, 5.34), 138 (100); 

HRMS calcd for C20H34O4 [M
+]: 338.2457, found: 338.2458. 

11. Preparation of (Ra)-phenyltrideca-3,4-diene (Ra)-4eg. (hx-11-74) 
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The reaction of CuBr2 (44.9 mg, 0.2 mmol), 1e (207.8 mg, 1.5 mmol), (S)-3 

(253.4 mg, 1.0 mmol), and 2g (201.5 mg, 1.5 mmol) in dioxane (3.0 mL) afforded 

(Ra)-4eg (119.3 mg, 47%) (eluent: petroleum ether) as a liquid: 90% ee (HPLC 

conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/0, 0.3 mL/min, λ = 214 nm, 

tR(minor) = 17.9 min, tR(major) = 19.7 min); [α]D
20 = -50.0 (c = 0.84, CHCl3); 

1H 

NMR (300 MHz, CDCl3) δ 7.30-7.21 (m, 2 H, ArH), 7.21-7.12 (m, 3 H, ArH), 

5.16-5.02 (m, 2 H, CH=C=CH), 2.72 (t, J = 7.8 Hz, 2 H, CH2), 2.35-2.20 (m, 2 H, 

CH2), 1.99-1.87 (m, 2 H, CH2), 1.42-1.18 (m, 12 H, CH2 × 6), 0.88 (t, J = 6.8 Hz, 3 H, 

Me); 13C NMR (75 MHz, CDCl3) δ 204.0, 141.9, 128.5, 128.2, 125.8, 91.5, 90.2, 35.5, 

31.9, 30.7, 29.4, 29.3, 29.2, 29.1, 28.9, 22.7, 14.1; IR (neat) ν (cm-1) 3086, 3063, 3027, 

2924, 2854, 1962, 1721, 1604, 1496, 1455, 1373, 1331, 1284, 1075, 1028; MS (EI) 

m/z (%): 256 (M+, 12.85), 91 (100); HRMS calcd for C19H28 [M
+]: 256.2191, found: 

256.2194. 

12. Preparation of (Ra)-3-cyclohexyl-1-phenylpropa-1,2-diene (Ra)-4fa. (hx-11-18) 

 

The reaction of CuBr2 (44.8 mg, 0.2 mmol), 1f (153.2 mg, 1.5 mmol), (S)-3 

(253.1 mg, 1.0 mmol), and 2a (168.4 mg, 1.5 mmol) in dioxane (3.0 mL) afforded 

(Ra)-4fa (90.1 mg, 46%) (eluent: petroleum ether) as a liquid:3 96% ee (HPLC 

conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/0, 0.3 mL/min, λ = 214 nm, 
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tR(major) = 20.1 min, tR(minor) = 22.1 min); [α]D
20 = -355.3 (c = 1.01, CHCl3) 

(reported value: 99% ee; [α]D
19 = -330.3 (c = 0.94, CHCl3)) (We repeated the reaction 

reported in ref. 3 and measured the ee and the specific optical rotation of this 

compound again: 99% ee; [α]D
20 = -379.0 (c = 1.125, CHCl3), thus, the data in ref. 3 

for this specific compound should be corrected); 1H NMR (300 MHz, CDCl3) δ 

7.32-7.23 (m, 4 H, ArH), 7.21-7.11 (m, 1 H, ArH), 6.15 (dd, J1 = 6.6 Hz, J2 = 3.0 Hz, 

1 H, one proton from CH=C=CH), 5.56 (t, J  = 6.3 Hz, 1 H, one proton from 

CH=C=CH), 2.20-2.04 (m, 1 H, CH), 1.90-1.57 (m, 5 H, five protons from Cy), 

1.38-1.09 (m, 5 H, five protons from Cy); 13C NMR (75 MHz, CDCl3) δ 204.1, 135.2, 

128.5, 126.6, 126.4, 101.0, 95.4, 37.6, 33.2, 33.1, 26.1, 26.0; IR (neat) ν (cm-1) 3082, 

3062, 3030, 2924, 2851, 1946, 1597, 1496, 1458, 1257, 1071, 1028; MS (EI) m/z (%): 

198 (M+, 30.22), 130 (100). 

 

Synthesis of naturally occurring allenes 

1. Synthesis of naturally occurring insect pheromone (Ra)-6 

(1) Preparation of (R)-dimethyl 2-(dodeca-2,3-dienyl)malonate (Ra)-4rk on 4.0 

mmol scale. (tangxj-8-154) 

 

Following Typical Procedure I, the reaction of CuBr2 (44.5 mg, 0.2 mmol), 1d 

(340.2 mg, 2.0 mmol), (S)-3 (254.1 mg, 1.0 mmol), and 2c (285.1 mg, 2.0 mmol) in 

dioxane (3.0 mL) afforded (Ra)-4dc (166.3 mg, 56%) (eluent: petroleum ether/ethyl 
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acetate = 50/1) as a liquid: 94% ee (HPLC conditions: Chiralcel PC-4 column, 

MeOH/H2O = 82/18, 0.7 mL/min, λ = 214 nm, tR(minor) = 19.9 min, tR(major) = 21.0 

min); [α]D
29.5 = -61.8 (c = 1.02, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 5.24-5.04 (m, 

2 H, CH=C=CH), 3.74 (s, 6 H, 2 × CH3), 3.51 (t, J = 7.6 Hz, 1 H, CH), 2.64-2.51 (m, 

2 H, CH2), 2.00-1.86 (m, 2 H, CH2), 1.41-1.19 (m, 12 H, 6 × CH2), 0.88 (t, J = 7.0 Hz, 

3 H, CH3); 
13C NMR (100 MHz, CDCl3) δ 203.9, 169.34, 169.28, 93.0, 87.3, 52.4, 

51.2, 31.8, 29.4, 29.2, 29.1, 29.0, 28.7, 28.0, 22.6, 14.0; IR (neat) ν (cm-1) 2954, 2925, 

2854, 1965, 1738, 1436, 1340, 1261, 1230, 1152, 1081, 1040; MS (EI) m/z (%): 296 

(M+, 4.51), 138 (100); HRMS calcd. for C17H28O4 (M
+): 296.1988; Found: 296.1992. 

(2) Preparation of (R)-methyl tetradeca-4,5-dienoate (Ra)-5.4 (hanyl-3-81) 

 

To a Schlenk tube were added LiCl (145.0 mg, purity = 98%, 3.36 mmol), 

(Ra)-4dc (499.6 mg, 1.68 mmol), DMSO (9.0 mL), and H2O (119.5 mg, 6.72 mmol) 

sequentially. The Schlenk tube was then equipped with a condenser and heasated with 

stirring with a preheated 180 oC oil bath. The reaction was complete after being 

stirred for 1.5 h as monitored by TLC. Then the resulting mixture was diluted with 

ethyl acetate (20 mL) and quenched with H2O (7.0 mL). The organic layer was 

separated, washed with H2O (3 × 10 mL) and brine (3 × 10 mL), and dried over 

anhydrous Na2SO4. After filtration and evaporation, the residue was purified by 

chromatography (eluent: petroleum ether/ethyl acetate = 50/1) on silica gel to afford 

(Ra)-5 (301.0 mg, 75%) as a liquid: 95% ee (HPLC conditions: Chiralcel OD-H 
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column, hexane/i-PrOH = 100/0, 0.8 mL/min, λ = 214 nm, tR(minor) = 12.7 min, 

tR(major) = 13.4 min); [α]D
26.0 = -52.4 (c = 1.00, CHCl3); 

1H NMR (400M Hz, CDCl3) 

δ 5.21-5.09 (m, 2 H, C=CH), 3.72-3.65 (s, 3 H, CO2CH3), 2.43 (t, J = 7.4 Hz, 2 H, 

COCH2), 2.35-2.26 (m, 2 H, C=CCH2), 2.03-2.19 (m, 2 H, C=CCH2), 1.42-1.21 (m, 

12 H, 6×CH2), 0.88 (t, J = 6.6 Hz, 3 H, CH3); 
13C NMR (100M Hz, CDCl3) δ 203.6, 

173.6, 92.6, 89.4, 51.5, 33.2, 31.8, 29.4, 29.3, 29.1, 28.8, 23.8, 22.6, 14.1; IR (neat) ν 

(cm-1) 2954, 2924, 2854, 1963, 1699, 1458, 1436, 1362, 1298, 1254, 1224, 1197, 

1159, 1058, 1017; MS (EI) m/z (%): 238 (M+, 8.93), 80 (100); HRMS calcd. for 

C15H26O2 (M
+): 238.1933; Found: 238.1930. 

(3) Preparation of (R)-methyl tetradeca-4,5-dienoate (Ra)-5.4 (hanyl-3-81) 

 

To a Schlenk tube were added LiCl (145.0 mg, purity = 98%, 3.36 mmol), 

(Ra)-4dc (499.6 mg, 1.68 mmol), DMSO (9.0 mL), and H2O (119.5 mg, 6.72 mmol) 

sequentially. The Schlenk tube was then equipped with a condenser and heated in an 

oil bath preheated at 180 oC. The reaction was complete after being stirred for 1.5 h as 

monitored by TLC. Then the resulting mixture was diluted with ethyl acetate (20 mL) 

and quenched with H2O (7.0 mL). The organic layer was separated, washed with H2O 

(3 × 10 mL) and brine (3 × 10 mL), and dried over anhydrous Na2SO4. After filtration 

and evaporation, the residue was purified by chromatography (eluent: petroleum 

ether/ethyl acetate = 50/1) on silica gel to afford (Ra)-5 (301.0 mg, 75%) as a liquid: 

95% ee (HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/0, 0.8 
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mL/min, λ = 214 nm, tR(minor) = 12.7 min, tR(major) = 13.4 min); [α]D
26.0 = -52.4 (c 

= 1.00, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 5.21-5.09 (m, 2 H, CH=C=CH), 3.68 

(s, 3 H, OCH3), 2.43 (t, J = 7.4 Hz, 2 H, CH2), 2.35-2.25 (m, 2 H, CH2), 2.03-1.90 (m, 

2 H, CH2), 1.42-1.20 (m, 12 H, 6 × CH2), 0.88 (t, J = 6.6 Hz, 3 H, CH3); 
13C NMR 

(100 MHz, CDCl3) δ 203.6, 173.6, 92.6, 89.4, 51.5, 33.2, 31.8, 29.4, 29.3, 29.1, 28.9, 

23.8, 22.6, 14.1; IR (neat) ν (cm-1) 2954, 2924, 2854, 1963, 1741, 1458, 1436, 1362, 

1298, 1254, 1224, 1197, 1159, 1058, 1017; MS (EI) m/z (%): 238 (M+, 8.93), 80 

(100); HRMS calcd. for C15H26O2 (M
+): 238.1933; Found: 238.1930. 

(4) Preparation of (R,E)-methyl tetradeca-2,4,5-trienoate (Ra)-6.4 (zjs-3-109) 

 

To a flame-dried Schlenk tube was added LDA (0.55 mL, 2 M in THF, 1.1 mmol) 

under nitrogen atmosphere. Then a solution of (Ra)-5 (120.6 mg, 0.5 mmol) in THF 

(2.0 mL) was added dropwise in 5 minutes at -78 oC. After the reaction mixture was 

stirred for 0.5 h, a solution of PhSeSePh (191.1 mg, purity = 98%, 0.6 mmol) in THF 

(2.0 mL) was added dropwise in 5 minutes at -78 oC. After being stirred for another 

1.0 h at -78 oC, the reaction was quenched with a saturated aq. solution of NH4Cl (1.0 

mL). The resulting mixture was extracted with ether (10 mL) and the organic layer 

was separated, which was washed with brine (3 × 3 mL) and dried over anhydrous 

Na2SO4. After filtration and evaporation, the residue was purified by chromatography 

(eluent: petroleum ether/ethyl acetate = 50/1) on silica gel to afford a yellow oil, 
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which was transferred to another Schlenk tube with THF (2.0 mL). Then a solution of 

NaIO4 (268.7 mg, 1.25 mmol) in water (1.0 mL) was added. After being stirred for 10 

h at room temperature, the resulting mixture was diluted with ether (15.0 mL) and 

washed with brine (3 × 3 mL). The organic layer was separated and dried over 

anhydrous Na2SO4. After filtration and evaporation, the residue was purified by 

chromatography (eluent: petroleum ether/ethyl acetate = 500/1) on silica gel to afford 

(Ra)-6 (82.6 mg, 69%) as a liquid: 95% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 95/5, 0.5 mL/min, λ = 214 nm, tR(minor) = 9.0 min, tR(major) = 

10.3 min); [α]D
26.0 = -130.9 (c = 1.00, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.18 (dd, 

J1 = 15.4 Hz, J2 = 11.0 Hz, 1 H, =CH), 5.96-5.80 (m, 2 H, one proton of CH=C=CH 

and =CH), 5.44 (q, J = 6.4 Hz, 1 H, one proton of CH=C=CH), 3.73 (s, 3 H, Me), 

2.12-2.00 (m, 2 H, CH2), 1.49-1.19 (m, 12 H, CH2 × 6), 0.88 (t, J = 6.6 Hz, 3 H, Me); 

13C NMR (100 MHz, CDCl3) δ 211.5, 167.1, 142.9, 118.8, 92.9, 92.8, 51.4, 31.8, 29.3, 

29.2, 29.0, 28.8, 28.0, 22.6, 14.0; IR (neat) ν (cm-1) 2924, 2854, 1942, 1719, 1628, 

1460, 1436, 1304, 1263, 1240, 1175, 1137, 1094, 1039, 1016; MS (EI) m/z (%): 236 

(M+, 4.79), 79 (100); HRMS calcd. for C15H24O2 (M
+): 236.1776; Found: 236.1773. 

(5) Preparation of (R)-2,3-dodecadien-1-ol (Ra)-4gc1 (yq-11-63, yq-11-71) 

 

To a flame-dried three-necked 250-mL round-bottom flask was added ZnBr2 

powder (3.3341 g, 15 mmol) under an argon atmosphere. Then the flask was dried 

under vacuum with a heating gun for about 1 minute. After cooling to room 
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temperature, (S)-3 (5.0631 g, 20 mmol) and 1g (3.7430 g, 22 mmol) were added 

sequentially with stirring under argon atmosphere at room temperature. The 

suspension was allowed to stir for 5 minutes at room temperature before 60 mL of 

freshly distilled toluene were added. Then freshly distilled aldehyde 2c (5.1 mL, d = 

0.83 g/mL, 4.23 g, 30 mmol) was added. The resulting mixture was stirred for 3 

minutes at room temperature. The flask was then heated in a pre-heated oil bath of 

130 °C for 12 h with stirring. After cooling to room temperature, the crude reaction 

mixture was concentrated by rotary evaporation, flash chromatography on silica gel 

(eluent: petroleum ether/ethyl ether = 40/1) afforded an orange-red liquid.  

To a 250-mL flask cooled with an ice-water bath were added the crude product 

prepared above, 60 mL of THF, and TBAF (5.2203 g, 20 mmol) sequentially. Then 

the ice-water bath was removed and the resulting mixture was allowed to stir at room 

temperature. After 3 h, the reaction was complete as monitored by TLC, and the 

resulting mixture was poured into 30 mL of water and extracted with ethyl ether (100 

mL). The organic layer was separated, washed sequentially with water (3 × 20 mL) 

and brine (3 × 20 mL), and dried over anhydrous Na2SO4. After filtration and 

evaporation, the residue was purified by chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate = 30/1) to afford (Ra)-4gc (1.7847 g, 49% yields over 

the two steps) as an oil:5  98% ee (HPLC conditions: Chiralcel AS-H column, 

hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR(major) = 10.3 min, tR(minor) = 

11.0 min); [α]D
22 = - 69.1 (c = 1.02, hexane) (reported value: 95% ee; [α]D

26.1 = -61.7 

(c = 0.98, CHCl3);
 1H NMR (300 MHz, CDCl3): δ 5.36-5.24 (m, 2 H, CH=C=CH), 
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4.15-4.07 (m, 2 H, OCH2), 2.08-1.94 (m, 2 H, CH2), 1.53-1.15 (m, 13 H, OH and 6 × 

CH2), 0.88 (t, J = 6.8 Hz, 3 H, CH3). 

(6) Synthesis of (R)-dimethyl 2-(2,3-dodecadienyl)maloate (Ra)-4dc (yq-11-88) 

 

To a flame-dried 100 mL Schlenk bottle were added DMAP (122.4 mg, 1 mmol), 

anhydrous NEt3 (2.1 mL, d = 0.726 g/mL, 1.515 g, 12 mmol), (Ra)-4gc (1.8209 mg, 

10 mmol, 98% ee), and dry DCM (30 mL) sequentially under Ar atmosphere at room 

temperature. MsCl (0.9 mL, d =1.475, 1.33 g, 0.6 mmol) was added dropwise within 

10 min via a syringe at 0 oC. The resulting mixture was stirred at 0 oC for 1 h and 

quenched with sat. NaHCO3 (aq., 5 mL). DCM (50 mL) was added and the organic 

layer was washed sequentially with water (3 × 10 mL) and brine (3 × 10 mL), and 

dried over anhydrous Na2SO4. After filtration and evaporation, the residue was used 

in the next step without further purification.  

To another flame-dried Schlenk bottle were added NaH (480.7 mg, 12 mmol, 60% 

in mineral oil) and dry THF (30 mL). Dimethyl malonate (2.3 mL, d = 1.151 g/mL, 

2.64 g, 12 mmol) were then added dropwise within 5 min via a syringe at Ar 

atmosphere at room temperature. The resulting mixture was allowed to stir for 30 

min at rt. The crude mesylate prepared above was then dissolved in 10 mL of dry 

THF and added dropwise within 5 h via a syringe pump (2 mL/hour) at rt. After 12.4 

h, the reaction was complete as monitored by TLC, quenched with H2O (5 mL), and 
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extracted with Et2O (50 mL). The organic layer was separated, washed with H2O (3 

× 10 mL) and brine (3 × 10 mL), and dried over anhydrous Na2SO4. After filtration 

and evaporation, the residue was purified by chromatography on silica gel to afford 

(Ra)-4dc (2.2201 g, 75% over the two steps) (eluent: petroleum ether/ethyl ether = 

30/1) as a liquid: 97% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 100/1, 1 mL/min, λ = 214 nm, tR(minor) = 8.3 min, tR(major) = 9.0 

min); [α]D
22 = - 58.2 (c = 1.01, hexane); 1H NMR (300 MHz, CDCl3) δ 5.19-5.05 (m, 

2 H, CH=C=CH), 3.74 (s, 6 H, 2 × OCH3), 3.50 (t, J = 7.7 Hz, 1 H, CH), 2.61-2.53 

(m, 2 H, CH2), 1.99-1.87 (m, 2 H, CH2), 1.43-1.18 (m, 12 H, 6 × CH2), 0.87 (t, J = 

6.8 Hz, 3 H, CH3). 

2. Preparation of (R)-octadeca-5,6-dienoic acid (laballenic acid) 

(1) Preparation of (R)-methyl octadeca-5,6-dienoate (Ra)-4hd. (jxg-1-55) 

 

  Following Typical Procedure I, the reaction of CuBr2 (178.4 mg, 0.8 mmol), 1h 

(781.0 mg, 6.0 mmol), (S)-3 (1.0181 g, 4.0 mmol), and 2d (1106.2 mg, 6.0 mmol) in 

dioxane (12 mL) afforded (Ra)-4hd (560.6 mg, 47%) (eluent: petroleum ether/ethyl 

ether = 200/1) as a liquid:6 93% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 100/0, 0.5 mL/min, λ = 214 nm, tR(major) = 21.0 min, tR(minor) = 

20.0 min); [α]D
27.1 = -41.0 (c = 1.03, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

5.13-5.00 (m, 2 H, CH=C=CH), 3.67 (s, 3 H, CH3), 2.36 (t, J = 7.4 Hz, 2 H, CH2), 

2.06-1.94 (m, 4 H, 2 × CH2), 1.74 (quint, J = 7.4 Hz, 2 H, CH2), 1.43-1.20 (m, 18 H, 
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9 × CH2), 0.88 (t, J = 6.8 Hz, 3 H, CH3); 
13C NMR (100 MHz, CDCl3) δ 204.0, 

174.0, 91.4, 89.7, 51.4, 33.3, 31.9, 29.65, 29.61, 29.5, 29.3, 29.2, 29.1, 28.9, 28.3, 

24.2, 22.7, 14.1; IR (neat, cm-1): 2923, 2853, 1962, 1741, 1458, 1437, 1364, 1242, 

1199, 1154, 1061, 1018; MS (EI) m/z (%): 294 (M+, 2.11), 80 (100). 

(2) Preparation of (R)-octadeca-5,6-dienoic acid (laballenic acid) (Ra)-7. 

(jxg-1-66) 

     

To a round bottom flask, KOH (140.8 mg, 2.5 mmol), mixed solvent (5 mL, 

MeOH/H2O = 4/1 by volume), and (Ra)-4hd (294.7 mg, 1 mmol)/mixed solvent (5 

mL, MeOH/H2O = 4/1 by volume) were added sequentially. The resulting mixture 

was then stirred at 60 oC. After 2 h as monitored by TLC, the reaction was complete. 

HCl (3 M, 1 mL) was added dropwise after the mixture was cooled with an ice bath. 

MeOH was removed by rotary evaporation. 30 mL of CH2Cl2 and water were added. 

The organic layer was separated, and the aqueous layer was extracted with CH2Cl2 

(15 mL × 3). The combined organic phase was washed with brine and dried over 

anhydrous Na2SO4. After filtration and evaporation, the residue was purified by 

chromatography on silica gel to afford (Ra)-7 (257.6 mg, 92%) (eluent: petroleum 

ether/ethyl acetate = 10/1 to 2/1) as a liquid:6 93% ee (determined after esterification; 

HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/0, 0.5 mL/min, λ = 

214 nm, tR(major) = 21.7 min, tR(minor) = 21.0 min); [α]D
27.0 = -50.6 (c = 1.025, 

CHCl3); 
1H NMR (400 MHz, CDCl3) δ 10.99 (br s, 1 H, COOH) 5.15-5.01 (m, 2 H, 
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CH=C=CH), 2.40 (t, J = 7.6 Hz, 2 H, CH2), 2.08-1.94 (m, 4 H, 2 × CH2), 1.75 (quint, 

J = 7.4 Hz, 2 H, CH2), 1.45-1.22 (m, 18 H, 9 × CH2), 0.88 (t, J = 6.8 Hz, 3 H, CH3); 

13C NMR (100 MHz, CDCl3) δ 204.0, 180.3, 91.6, 89.6, 33.3, 31.9, 29.67, 29.65, 29.5, 

29.4, 29.2, 29.1, 28.9, 28.2, 23.9, 22.7, 14.1; IR (neat, cm-1): 2922, 2853, 1962, 1708, 

1457, 1439, 1413, 1378, 1287, 1240, 1204, 1157, 1061, 1056; MS (EI) m/z (%): 280 

(M+, 1.65), 140 (100). 

(3) Determination of ee for (R)-octadeca-5,6-dienoic acid. (jxg-1-69) 

 

To a round bottom flask, (Ra)-7 (55.9 mg, 0.2 mmol) and mixed solvent (5 mL, 

Et2O/MeOH = 4/1 by volume) were added. TMSCHN2 (2 M in hexane, 0.2 mL, 0.4 

mmol) was added dropwise after the mixture was cooled to 0 oC. The reaction mixture 

was then warmed up to room temperature naturally. When the reaction was complete 

as monitored by TLC after 2.5 h, the solvent was evaporated under vacuum, and the 

residue was purified by chromatography on silica gel on silica gel to afford (Ra)-4hd 

(55.0 mg, 94%) (eluent: petroleum ether then petroleum ether /ethyl acetate = 50/1) as 

a liquid:6 93% ee (HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/0, 

0.5 mL/min, λ = 214 nm, tR(major) = 21.7 min, tR(minor) = 21.0 min); [α]D
27.2 = -44.4 

(c = 0.970, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 5.15-4.99 (m, 2 H, CH=C=CH), 

3.67 (s, 3 H, CH3), 2.36 (t, J = 7.6 Hz, 2 H, CH2), 2.09-1.91 (m, 4 H, 2 × CH2), 1.74 

(quint, J = 7.4 Hz, 2 H, CH2), 1.45-1.19 (m, 18 H, 9 × CH2), 0.88 (t, J = 6.8 Hz, 3 H, 

CH3); 
13C NMR (100 MHz, CDCl3) δ 204.0, 174.0, 91.5, 89.7, 51.4, 33.3, 31.9, 29.65, 
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29.62, 29.5, 29.3, 29.2, 29.1, 28.9, 28.3, 24.3, 22.7, 14.1 

3. Preparation of (R)-methyl 8-hydroxyocta-5,6-dienoate (Ra)-8. (jxg-1-74) 

  Following Typical Procedure I, the reaction of CuBr2 (22.5 mg, 0.1 mmol), 1i 

(42.5 mg, 0.75 mmol), (S)-3 (126.9 mg, 0.5 mmol), and 2h (97.9 mg, 0.75 mmol) in 

dioxane (1.5 mL) afforded (Ra)-8 (44.6 mg, 52%) (eluent: petroleum ether/ethyl 

acetate = 10/1 to 8/1 to 6/1) as a liquid:7,8 94% ee (HPLC conditions: Chiralcel AS-H 

column, hexane/i-PrOH = 95/5, 0.6 mL/min, λ = 214 nm, tR(major) = 25.7 min, 

tR(minor) = 27.3 min); [α]D
27.0 = -48.9 (c = 0.99, CHCl3) (reported value: 90% ee; 

[α]D
22 = -42.0 (c = 0.3, CHCl3); from nature: [α]D

12 = -51.3 (c = 0.94, CHCl3)); 
1H 

NMR (400 MHz, CDCl3) δ 5.39-5.32 (m, 1 H, CH), 5.30-5.22 (m, 1 H, CH), 4.12 (dd, 

J1 = 6.0 Hz, J2 = 2.8 Hz, 2 H, OCH2), 3.68 (s, 3 H, OCH3), 2.41-2.35 (m, 2 H, CH2), 

2.16-2.03 (m, 3 H, CH2 and OH), 1.84-1.72 (m, 2 H, CH2) 
13C NMR (100 MHz, 

CDCl3) δ 203.4, 174.2, 92.32, 92.29, 60.6, 51.6, 33.1, 27.7, 24.0; IR (neat) ν (cm-1) 

3404, 2951, 2869, 1963, 1732, 1438, 1365, 1317, 1244, 1201, 1154, 1056, 1009; MS 

(EI) m/z (%): 170 (M+, 1.64), 110 (100). 
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