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I. General Procedure.  All reactions were carried out under argon and monitored by 
thin-layer chromatography using Merck 60 F254 precoated silica gel plates (0.25 mm 
thickness).  Specific rotations were measured using a JASCO P-1020 polarimeter.  
FTIR spectra were recorded on a Horiba FT-720 spectrometer.  1H and 13C NMR 
spectra were recorded on Brucker DPX 400 and Brucker AV 600 instruments.  
High-resolution mass spectral analyses (HRMS) were carried out using JEOL JMS-SX 
102A.  Preparative thin layer chromatography was performed using Wakogel B-5F 
purchased from Wako Pure Chemical Industries, Tokyo, Japan.  Flash chromatography 
was performed using silica gel 60N (spherical, neutral) or 60N (crused, neutral) of 
Kanto Chemical Co. Int., Tokyo, Japan.  
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Typical procedure of enantioselective Ene reaction of cyclopentadiene and α,β-enal 
catalyzed by compound 4.(Table 1, entry 12) 
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To a solution of catalyst 4 (146.3 mg, 0.40 mmol) and p-nitrophenol (110.7 mg, 0.80 

mmol) in MeOH (8.0 ml) was added (E)-cinnamaldehyde (500 µl, 4.0 mmol) at room 
temperature. The solution was stirred for 1 minute before the addition of 
cyclopentadiene (0.98 ml, 12 mmol). After stirring the reaction mixture for 20 h at room 
temperature, excess cyclopentadiene was azeotropically removed with benzene from the 
reaction mixture. The residue was purified by silica gel column chromatography 
(AcOEt/hexane=1/20) to afford ene products 7a and 8a (667.2 mg, 84%). The ratio of 
7a and 8a was determined by 400 MHz 1H-NMR 

As isomers 7a and 8a were separated by HPLC with a OJ-H column (at 254 nm 
2-propanol:hexane = 1:200, 1.0 mL/min; 7a tr = 15.7 min, 8a tr = 18.0 min), small 
amount of 7a and 8a was isolated and analyzed. 
(R)-3-(cyclopenta-1,3-dienyl)-3-phenylpropanal (7a) 

Ph

O

H

 
1H NMR (CDCl3) δ  2.77 (1H, dd, J=15.6, 0.8 Hz), 2.83 (1H, dd, J=15.6, 0.8 Hz), 2.93 
(1H, ddd, J=10.8, 5.2, 1.2 Hz), 3.06 (J=10.8, 5.2, 1.2 Hz), 4.45 (1H, t, J=5.2 Hz), 
6.26-6.29 (2H, m), 6.40-6.42 (1H, m), 7.17-.7.23 (3H, m), 7.27-7.32 (2H, m), 9.72 (1H, 
t, J=1.2 Hz); 13C NMR (CDCl3)  δ 41.4, 42.5, 49.2, 126.8, 127.5, 128.7, 131.9, 132.2, 
143.3, 150.3, 201.5. 
(R)-3-(cyclopenta-1,4-dienyl)-3-phenylpropanal (8a) 

Ph

O

H

 
1H NMR (CDCl3) δ 2.93 (1H, ddd, J=11.2, 4.8, 1.2 Hz), 3.00 (2H, s), 3.06 (1H, ddd, J= 
11.2, 5.2, 1.6 Hz), 4.32 (1H, t, J=5.2 Hz), 6.09-6.12 (1H, m), 6.30-6.33 (1H, m), 
6.40-6.42 (1H, m), 7.20-7.23 (3H, m), 7.28-7.32 (2H, m), 9.73 (1H, t, J=1.2 Hz); 13C 
NMR (CDCl3) δ 40.5, 41.3, 48.8, 126.7, 126.8, 127.9, 128.7, 133.6, 134.6, 142.4, 148.2, 
201.7. 
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Typical procedure of the determination of enantiomeric excess of Ene product 7 
and 8 (Table 1, entry 5) 
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To a MeOH solution (0.65 ml) of the 7a and 8a (12.8 mg, 0.065 mmol) was added 

NaBH4 (7.3 mg, 0.194 mmol) at 0 °C and stirred for 20 min at that temperature. The 
reaction mixture was quenched with pH 7.0 phosphate buffer solution. The organic 
materials were extracted with AcOEt and dried over anhydrous Na2SO4, the extracts 
were concentrated under reduced pressure which was used in the next reaction without 
further purification. 

To a solution of this crude mixture in AcOEt (0.65 ml) was added 10% Pd/C (3.2 mg) 
at room temperature and stirred for overnight under H2 atmosphere. The reaction 
mixture was filtered through a pad of Celite and concentrated in vacuo. The residue was 
purified by preparative thin-layer chromatography (AcOEt/hexane=1/3) to afford 
(R)-3-cyclopentyl-3-phenylpropan-1-ol (13.2 mg, quant). 
(R)-3-cyclopentyl-3-phenylpropan-1-ol 

Ph

OH

 

1H NMR (CDCl3) δ 0.98-1.11 (1H, m), 1.24-1.77 (1H, m), 1.86 (1H, quint, J=5.6 Hz), 
1.95-2.20 (3H, m), 2.44-2.53 (1H, m), 3.39-3.56 (2H, m), 7.19-7.26 (3H, m), 7.34 (2H, t, 
J=7.2 Hz); 13C NMR (CDCl3)  δ 24.9, 25.2, 31.5, 31.7, 38.1, 46.6, 48.8, 61.3, 126.0, 
127.9, 128.2, 144.5; IR (neat) ν 3325, 2950, 2868, 1495, 1451, 1046, 764, 701 cm-1;  
HRMS (ESI): [M+Na]+ calculated for C14H20ONa: 227.1406, found 227.1411; [α]D

31 
17.1 (c=0.82, CHCl3), 92% ee; The enantiomeric excess was determined by HPLC with 
a AS-H column at 254 nm (2-propanol:hexane = 1:200), 1.0 mL/min; major enantiomer 
tr = 13.4 min, minor enantiomer tr = 11.5 min. 
 
 (R)-3-(cyclopenta-1,3-dienyl)-3-(naphthalen-2-yl)propanal (7b) and 
(R)-3-(cyclopenta-1,4-dienyl)-3-(naphthalen-2-yl)propanal (8b) 

O

H

O

H

  7b:8b=1:1 
1H NMR (CDCl3) δ 2.74-2.91 (1H, m), 2.99-3.08 (2H, m), 3.13 (1H, ddd, J=16.8, 7.6, 
2.0 Hz), 4.46-4.55 (1H, m), 6.14-6.19 (0.5H, m), 6.26-6.31 (0.5H, m), 6.31-6.36 (1H, 
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m), 6.39-6.46 (1H, m), 7.28-7.36 (1H, m), 7.40-7.50 (2H, m), 7.65 (1H, d, J=10.8 Hz), 
7.74-7.84 (3H, m), 9.74-9,79 (1H, m); 13C NMR (CDCl3)  δ 40.7, 41.3, 41.6, 42.6, 48.7, 
49.1, 125.70, 125.71, 125.9, 126.0, 126.14, 126.16, 126.19, 126.32, 127.6, 127.7, 
128.46, 128.53, 201.2, 201.4; IR (neat) ν 3056, 1722, 1362, 897, 821, 749 cm-1. 
(R)-3-cyclopentyl-3-(naphthalen-2-yl)propan-1-ol  

OH

 

1H NMR (CDCl3) δ 0.93-1.15 (2H, m), 1.17-1.74 (4H, m), 1.82-2.24 (4H, m), 2.50-2.68 
(1H, m), 3.30-3.55 (2H, m), 7.30-7.37 (1H, m), 7.38-7.49 (2H, m), 7.56 (1H, bs), 
7.71-7.85 (3H, m); 13C NMR (CDCl3) δ 24.9, 25.3, 31.6, 31.8, 38.0, 46.6, 48.9, 61.4, 
125.2, 125.9, 126.0, 126.6, 127.5, 127.6, 128.0, 132.3,  133.5, 142.5; IR (neat) ν 3331, 
2949, 2867, 1507, 1450, 1046, 853, 818, 746, 477 cm-1; HRMS (ESI):  
[M+Na]+calculated for C18H22O1Na1: 277.1563, found 277.1555. ; [α]D

20 6.8 (c=0.78, 
MeOH), 93% ee; The enantiomeric excess was determined by HPLC with a AS-H 
column at 279 nm (2-propanol:hexane = 1:200), 1.0 mL/min; major enantiomer tr = 
17.1 min, minor enantiomer tr = 19.9 min. 
 
(R)-3-(cyclopenta-1,3-dienyl)-3-(4-nitrophenyl)propanal (7c) and 
(R)-3-(cyclopenta-1,4-dienyl)-3-(4-nitrophenyl)propanal (8c) 

  
 
7c:8c=4:6 

1H NMR (CDCl3) δ 2.68-2.89 (0.8H, m), 2.94-3.05 (2.2H, m), 3.15 (1H, dd, J=17.2, 7.2 
Hz), 4.42-4.51 (1H, m), 6.24-6.29 (0.6H, m), 6.29-6.35 (0.8H, m), 6.40-6.48 (1H, m), 
7.39 (2H, d, J=8.8 Hz), 8.16 (2H, d, J=8.4 Hz), 9.73-9.77 (1H, m); 13C NMR (CDCl3) δ 
40.0, 40.8, 41.4, 42.5, 48.5, 48.9, 125.70, 123.88, 123.95, 127.6, 128.49, 128.55, 128.8, 
131.9, 132.6, 132.8, 135.3, 146.8, 148.3, 150.1, 150.9, 199.7, 199.8; IR (neat) ν 2849, 
2729, 1724, 1596, 1518, 1518, 1347 cm-1. 
(R)-3-(4-aminophenyl)-3-cyclopentylpropan-1-ol 

OH

H2N  

1H NMR (CDCl3) δ 0.91-1.08 (1H, m), 1.12-1.30 (2H, m), 1.31-1.79 (5H, m), 1.82-2.10 
(3H, m), 2.24-2.37 (1H, m), 3.33-3.54 (2H, m), 6.62 (2H, d, J=8.4 Hz), 6.94 (2H, d, 
J=8.4 Hz); 13C NMR (CDCl3)  δ 24.9, 25.3, 29.7, 31.5, 31.6, 38.2, 46.8, 48.0, 61.6, 

O

O2N

H

O

O2N

H
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115.3, 128.7, 135.1, 144.3; IR (neat) ν 3347, 2949, 2867, 1621, 1515, 1265, 1045, 828,  
 757, 533 cm-1; HRMS (ESI): [M+Na]+calculated for C14H21O1N1Na1: 242.1515, found 
242.1511. ;[α]D

20 13.5 (c=1.17, MeOH), 90% ee; The enantiomeric excess was 
determined by HPLC with a AS-H column at 261 nm (2-propanol:hexane=1:100), 1.0 
mL/min; major enantiomer tr = 9.4 min, minor enantiomer tr = 13.8 min. 
 
(R)-3-(4-bromophenyl)-3-(cyclopenta-1,3-dienyl)propanal (7d) and 
(R)-3-(4-bromophenyl)-3-(cyclopenta-1,4-dienyl)propanal (8d) 

O

Br

H

O

Br

H

7d:8d=1:1 
1H NMR (CDCl3) δ 2.69-2.86 (1H, m), 2.90 (1H, ddt, Jd=16.8, 7.2 Hz, Jt=2.0 Hz), 
2.98-3.02 (1H, m), 3.05 (1H, dd, J=16.8, 7.6 Hz), 4.25-4.35 (1H, m), 6.08-6.11 (0.5H, 
m), 6.24-6.31 (1.5H, m), 6.39-6.45 (1H, m), 7.08 (2H, t, J=8.8 Hz), 7.41 (2H, d, J=8.4 
Hz), 9.70-9.75 (1H, m); 13C NMR (CDCl3)  δ 39.9, 40.7, 41.3, 42.5, 48.7, 49.1, 120.5, 
120.6, 127.0, 127.8, 129.4, 129.6, 131.77, 131.81, 131.85, 132.3, 134.8, 141.5, 142.4, 
147.7, 149.6, 200.7, 200.9; IR (neat) ν 1723, 1488, 1403, 1366, 1010, 897, 827, 684 
cm-1. 
Enantiomeric excess of compounds 7d and 8e were determined by HPLC analysis after 
the conversion to 3-cyclopentyl-3-phenylpropan-1-ol. 
 

(R)-3-(cyclopenta-1,3-dienyl)-3-(4-methoxyphenyl)propanal (7e) and 
(R)-3-(cyclopenta-1,4-dienyl)-3-(4-methoxyphenyl)propanal (8e) 

O

MeO

H

O

MeO

H

7e:8e=6:4 
1H NMR (CDCl3) δ 2.74-2.87 (1.2H, m), 2.85-2.94 (1H, m), 2.98-3.02 (0.8H, m), 
2.98-3.07 (1H, m), 3.78 (3H, s), 4.24-4.33 (1H, m), 6.07-6.10 (0.4H, m), 6.23-6.29 
(1.2H, m), 6.30-6.34 (0.4H, m), 6.38-6.43 (1H, m), 6.81-6.87 (2H, m), 7.08-7.16 (2H, 
m), 9.69-9.73 (1H, m); 13C NMR (CDCl3)  δ 39.8, 40.7, 41.2, 42.5, 49.0, 49.4, 55.2, 
114.1, 126.4, 127.2, 128.5, 128.8, 131.86, 131.95, 133.6, 134.4, 135.4, 148.6, 150.7, 
158.4, 201.5, 201.7; IR (neat) ν 1722, 1610, 1512, 1250, 118, 1035, 834 cm-1. 
(R)-3-cyclopentyl-3-(4-methoxyphenyl)propan-1-ol  

OH

MeO  
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1H NMR (CDCl3) δ 0.90-1.05 (1H, m), 1.08-1.81 (7H, m), 1.86-2.12 (3H, m), 2.32-2.42 
(1H, m), 3.33-3.51 (2H, m), 3.79 (3H, s), 6.82 (2H, d, J = 8.4 Hz), 7.07 (2H, d, J = 8.4 
Hz);13C NMR (CDCl3)  δ 24.9, 25.3, 31.5, 31.7, 38.2, 46.8, 47.9, 55.2, 61.4, 113.7, 
128.8, 137.1, 157.8; IR (neat) ν 3347, 2950, 2867, 1610, 1513, 1455, 1301, 1246, 1178, 
828 cm-1; HRMS (ESI): [M+Na]+calculated for C15H22O2Na1: 257.1512, found 
257.1508.; [α]D

20 10.6 (c=1.49, CH3OH), 94% ee; The enantiomeric excess was 
determined by HPLC with a AS-H column at 220 nm (2-propanol:hexane = 1:100), 1.0 
mL/min; major enantiomer tr = 18.0 min, minor enantiomer tr = 23.4 min. 
 
(R)-3-(benzo[d][1,3]dioxol-5-yl)-3-(cyclopenta-1,3-dienyl)propanal (7f) and 
(R)-3-(benzo[d][1,3]dioxol-5-yl)-3-(cyclopenta-1,4-dienyl)propanal (8f) 

O

O

O
H

O

O

O
H

7f:8f=6:4 
1H NMR (CDCl3) δ 2.78-2.82 (1.2H, m), 2.83-2.92 (1H, m), 2.96-3.05 (1H, m), 
2.99-3.01 (0.8H, m), 4.20-4.30 (1H, m), 5.92 (2H, s), 6.08-6.11 (0.4H, m), 6.24-6.27 
(0.6H, m), 6.26-6.33 (1H, m), 6.39-6.43 (1H, m), 6.64-6.75 (3H, m), 9.70-9.73 (1H, m); 
13C NMR (CDCl3)  δ 40.2, 41.1, 41.2, 42.5, 48.9, 49.3, 100.9, 107.9, 108.15, 108.26, 
120.6, 120.9, 126.5, 127.3, 128.3, 131.8, 132.0, 133.5, 134.5, 136.3, 137.2, 146.26, 
146.30, 147.9, 148.3, 150.3, 201.2, 201.4; IR (neat) ν 2894, 1716, 1505, 1440, 1363, 
1247, 1038, 932, 813 cm-1.  
(R)-3-(benzo[d][1,3]dioxol-5-yl)-3-cyclopentylpropan-1-ol 

OH

O

O

 
1H NMR (CDCl3) δ 0.90−1.06 (1Η, m), 1.10-1.80 (7H, m), 1.82-2.12 (3H, m), 
2.29-2.40 (1H, m), 3.32-3.52 (2H, m), 5.91 (2H, s), 6.59 (1H, dd, J = 7.6, 1.6 Hz), 6.66 
(1H, d, J=1.2 Hz), 6.70 (1H, d, J=7.6 Hz); 13C NMR (CDCl3) δ 24.9, 25.3, 31.5, 31.7, 
38.2, 46.8, 48.5, 61.3, 100.8, 107.7, 108.0, 121.0, 139.0, 145.5, 147.6; IR (neat) ν 3336, 
2950, 2869, 1504, 1488, 1440, 1244, 1040, 938, 810  cm-1; HRMS (ESI): 
[M+Na]+calculated for C15H20O3Na1: 271.1305 found 271.1295. ; [α]D

20 9.4 (c=1.75, 
MeOH), 93% ee; The enantiomeric excess was determined by HPLC with a AS-H 
column at 285 nm (2-propanol:hexane = 1:50), 1.0 mL/min; major enantiomer tr = 15.0 
min, minor enantiomer tr = 20.8 min. 
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(R)-3-(cyclopenta-1,3-dienyl)-3-(furan-2-yl)propanal (7g) and 
(R)-3-(cyclopenta-1,4-dienyl)-3-(furan-2-yl)propanal (8g) 

O

O
H

O

O
H

7g:8g=1:1 
1H NMR (CDCl3) δ 2.89-2.97 (2H, m), 2.99-3.07 (2H, m), 4.41-4.51 (1H, m), 6.03 (1H, 
dd, J=5.2, 4.0 Hz), 6.12-6.16 (0.5H, m), 6.26-6.34 (2H, m), 6.39-6.44 (0.5H, m), 
6.44-6.47 (1H, m), 9.72-9.77 (1H, m); 13C NMR (CDCl3)  δ 34.2, 34.8, 41.3, 42.1, 46.5, 
47.1, 105.5, 105.9, 110.2, 127.8, 128.4, 131.9, 132.1, 132.9, 134.5, 141.5, 141.6, 145.7, 
147.3, 155.3, 155.8, 200.7, 200.8; IR (neat) ν 2898, 2830, 2728, 1725, 1505, 1363, 1011, 
898, 736 cm-1. 
(R)-3-cyclopentyl-3-(furan-2-yl)propan-1-ol 

OH

O

 
1H NMR (CDCl3) δ 1.08-1.70 (7H, m), 1.78-2.12 (4H, m), 2.61-2.71 (1H, m), 3.41-3.50 
(1H, m), 3.52-3.61 (1H, m), 6.00 (1H, d, J = 2.8 Hz), 6.25-6.29 (1H, m), 7.29-7.32 (1H, 
m); 13C NMR (CDCl3)  δ 25.0, 25.3, 30.8, 31.2, 36.1, 41.2, 44.4, 61.3, 105.6, 109.8, 
140.8, 158.0; IR (neat) ν 3336, 2951, 2869, 1506, 1148, 1046, 1007, 729, 600 cm-1; 

HRMS (ESI): [M+Na]+calculated for C12H18O2Na1: 217.1199 found 217.1193.; [α]D
20 

10.3 (c=1.08, MeOH), 90% ee; The enantiomeric excess was determined by HPLC with 
a AS-H column at 211 nm (2-propanol:hexane = 1:100), 1.0 mL/min; major enantiomer 
tr= 11.1 min, minor enantiomer tr = 12.0 min. 
 
 (R)-3-(cyclopenta-1,3-dienyl)-3-(thiophen-2-yl)propanal (7h) and 
(R)-3-(cyclopenta-1,4-dienyl)-3-(thiophen-2-yl)propanal (8h) 

O

S
H

O

S
H

7h:8h=4:6 
1H NMR (CDCl3) δ 2.90-2.93 (0.8H, m), 2.99-3.06 (3.2H, m), 4.61-4.71 (1H, m), 
6.14-6.18 (0.6H, m), 6.29-6.33 (0.8H, m), 6.39-6.47 (1.6H, m), 6.84 (1H, dd, J=8.0, 3.2 
Hz), 6.92 (1H, dt, Jd=5.2 Hz, Jt=3.2 Hz), 7.13-7.18 (1H, m), 9.73-9.76 (1H, m); 13C 
NMR (CDCl3) δ 35.7, 36.4, 41.3, 50.0, 123.95, 124.0, 124.1, 124.4, 126.8, 127.1, 127.9, 
128.3, 131.8, 132.2, 132.9, 134.7, 146.2, 147.3, 147.8, 149.5, 200.6, 200.8; IR (neat) ν 
2924, 2726, 1724, 1363, 898, 698 cm-1.  
(R)-3-cyclopentyl-3-(thiophen-2-yl)propan-1-ol 
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OH

S

 
1H NMR (CDCl3) δ 1.08-1.30 (3H, m), 1.41-1.66 (4H, m), 1.69-1.81 (1H, m), 1.85-1.95 
(1H, m), 1.95-2.05 (1H, m), 1.95-2.05 (1H, m), 2.06-2.16 (1H, m), 2.79-2.88 (1H, m), 
3.42-3.52 (1H, m), 3.53-3.62 (1H, m), 6.79 (1H, d, J=2.8 Hz), 6.91 (1H, dd, J=4.8, 3.6 
Hz), 7.14 (1H, d, J=5.2 Hz); 13C NMR (CDCl3)  δ 24.9, 25.4, 31.35, 31.38, 39.2, 43.7, 
47.6, 61.1, 122.9, 124.1, 126.3, 148.9; IR (neat) ν 3333, 2950, 2862, 1044, 691 cm-1;  
HRMS (ESI): [M+Na]+ calculated for C12H18OSNa: 233.0971, found 233.0977; [α]D

20 
3.9 (c=1.3, MeOH), 78% ee; The enantiomeric excess was determined by HPLC with a 
AS-H column at 244 nm (2-propanol:hexane = 1:100), 1.0 mL/min; major enantiomer tr 
= 11.7 min, minor enantiomer tr = 13.7 min. 
 
(R)-3-(cyclopenta-1,4-dienyl)-3-(2-methoxyphenyl)propanal (7i) and 
(R)-3-(cyclopenta-1,3-dienyl)-3-(2-methoxyphenyl)propanal (8i) 

O

OMe H

O

OMe H

7i:8i=4:6 
1H NMR (CDCl3) δ 2.82-2.86 (0.8H, m), 2.82-2.90 (1H, m), 2.91-3.01 (1H, m), 
3.00-3.03 (1.2H, m), 3.85 (1.2H, s), 3.86 (1.8H, s), 4.73-4.84 (1H, m), 6.09-6.13 (0.6H, 
m), 6.25-6.29 (0.8H, m), 6.30-6.34 (0.6H, m), 6.39-6.44 (1H, m), 6.85-6.91 (2H, m), 
6.98-7.03 (1H, m), 7.16-7.23 (1H, m), 9.68-9.72 (1H, m); 13C NMR (CDCl3)  δ 33.4, 
34.1, 41.2, 42.8, 47.8, 48.3, 55.3, 110.56, 110.62, 120.68, 120.74, 127.1, 127.65, 127.72, 
127.8, 128.2, 128.4, 130.5, 131.5, 131.6, 131.9, 134.0, 134.1, 147.9, 150.0, 156.4, 156.6, 
202.1, 202.4; IR (neat) ν 2935, 1723, 1493, 1464, 1245, 1028, 755 cm-1.  
(R)-3-cyclopentyl-3-(2-methoxyphenyl)propan-1-ol 

OH

OMe

 
1H NMR (CDCl3) δ 0.88-1.01 (1H, m), 1.20-1.33 (1H, m), 1.35-1.73 (5H, m), 1.90-2.05 
(2H, m), 2.06-2.22 (2H, m), 3.01 (1H, t, J=10.0 Hz), 3.25 (1H, dt, Jd=4.8 Hz, Jt=10.0 
Hz), 3.39-3.47 (1H, m), 3.82 (3H, s), 6.87 (1H, d, J=8.4 Hz), 6.94 (1H, t, J=7.6 Hz), 
7.12-7.19 (2H, m); 13C NMR (CDCl3) δ 24.9, 25.4, 31.72, 31.79, 38.2, 39.7, 38.2, 39.7, 
45.4, 55.6, 61.0, 110.6, 121.1, 126.7, 128.0, 133.2, 157.3; IR (neat) ν 3359, 2950, 1492, 
1241, 1031, 753 cm-1 HRMS (ESI): [M+Na]+ calculated for C15H22O2Na: 257.1521, 
found 257.1504; [α]D

21 5.9 (c=0.67, MeOH), 95% ee; The enantiomeric excess was 
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determined by HPLC with a OD-H column at 220 nm (2-propanol:hexane = 1:200), 1.0 
mL/min; major enantiomer tr = 34.4 min, minor enantiomer tr = 26.1 min. 
 
The procedure of intramolecular Diels-Alder reaction of compound 12 and 13 
derived from 7a and 8a. 

Ph Ph

+

OEt

O O

OEt

CO2Et

Ph

toluene, 120℃Ph

O

H

Ph

O

H+

benezene, RT

Ph3P
OEt

O
1.2 eq

7a 8a 12 13 15  

(R,2E)-ethyl-5-(cyclopenta-1,4-dienyl)-5-phenylpent-2-enoate (12) and (R,2E)-ethyl 
5-(cyclopenta-1,3-dienyl)-5-phenylpent-2-enoate (13) 

Ph Ph

+

OEt

O O

OEt

Ph

O

H

Ph

O

H+

benezene, RT

Ph3P
OEt

O
1.2 eq

7a 8a 12 13  

To a solution benzene solution (1.6 ml) of aldehyde 7a and 8a (110.9 mg, 0.56 mmol) 
was added ethyl (triphenylphosphoranylidene) acetate (234 mg, 0.67 mmol) at room 
temperature and the reaction mixture was stirred for 1 h. The reaction mixture was 
concentrated under reduced pressure. The residue was purified by preparative thin-layer 
chromatography (AcOEt/hexane=1/6) to afford 12 and 13 (106.6 mg, 71%). 12:13=1:1  
1H NMR (CDCl3) δ 1.30 (3H, t, J=7.2 Hz), 2.74-2.83 (1H, m), 2.84 (1H, s), 2.88-2.99 
(1H, m), 3.04 (1H, s), 5.85 (1H, d, J=15.6 Hz), 6.18 (0.5H, s), 6.31-6.41 (1.5 H, s), 
6.42-6.50 (1H, m), 6.93 (1H, dt, Jd=7.2 Hz, Jt= 14.7 Hz), 7.17-7.28 (3H, m), 7.29-7.37 
(2H, m); 13C NMR (CDCl3) δ 14.1, 37.7, 38.1, 41.1, 42.3, 45.5, 46.4, 60.0, 122.5, 122.6, 
126.40, 122.41, 127.1, 127.5, 127.7, 127.8, 128.38, 128.4, 131.6, 131.9, 133.6, 134.0, 
142.8, 143.7, 147.0, 148.6, 150.7, 166.2, 166.3; IR (neat) ν 2980, 1717, 1654, 1494, 
1453, 1367, 1270, 1202, 1039, 702 cm-1;  HRMS (ESI): [M+Na]+ calculated for 
C18H20O2Na: 291.1356, found 291.1356.  
Compound of 15 

Ph Ph

+

OEt

O O

OEt

CO2Et

Ph

toluene, 120℃

12 13 15  

A mixture of 12 and 13 (88.0 mg, 0.328 mmol) and catalytic amount of hydroquinone 
(3.6 mg, 0.0328 mmol) were dissolved in anhydrous toluene (0.66 ml). The solution 
was refluxed at 120 °C for 5h. The reaction mixture was concentrated under reduced 
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pressure. The residue was purified by preparative thin-layer chromatography 
(AcOEt/hexane=1/6) to afford compound 15 (60.1 mg, 68%). 
1H NMR (CDCl3) δ 1.24 (3H, t, J=7.2 Hz), 1.83 (1H, ddd, J=11.2, 7.6, 2.8 Hz), 2.34 
(1H, dd, J=12.0, 8.0 Hz), 2.39 (1H, d, J=2.0 Hz), 2.43 (1H, s), 2.64 (1H, d, J=4.8 Hz), 
2.76 (1H, t, J=8.0 Hz), 3.00-3.09 (2H, m), 4.08 (2H, q, J=7.2 Hz), 5.92 (1H, dd, J=5.6, 
2.8 Hz), 6.11 (1H, dd, J=5.6, 3.2 Hz), 7.14-7.22 (3H, m), 7.26-7.31 (2H, m); 13C NMR 
(CDCl3)  δ 14.3, 39.1, 41.0, 44.6, 49.3, 49.9, 51.9, 60.0, 69.5, 125.8, 126.9, 128.4, 133.2, 
133.9, 146.3, 173.5; IR (neat) ν 3027, 1734, 1495, 1449, 1205, 1043, 700 cm-1; HRMS 
(ESI): [M+Na]+ calculated for C18H20O2Na: 291.1356, found 227.1362; [α]D

21 -112.3 
(c=0.81, CHCl3). 
 
Determination of the absolute stereochemistry of 7a and 8a: 

Ph

OTBS

Ph

OTBS

+
1) NaBH4

2) TBSCl
    imidazole

1) O3

2) NaBH4 Ph

OTBS

Ph

OTBS

OH

+
1) NaIO4

2) NaBH4

TBAF

THF Ph

OH

OHPh

OTBS

OH

Ph

O

H

Ph

O

H+

7a 8a

HO HO
OH

Ph

OTBS

HO HO

Ph

OTBS

OH+

10

10 11

9

 

Compound of 9 

Ph

OTBS

Ph

OTBS

+
1) NaBH4

2) TBSCl
    imidazole

Ph

O

H

Ph

O

H+

7a 8a 9
 

To a solution MeOH (1.7 ml) of the 7a and 8a (165.8 mg, 0.84 mmol) was added 
NaBH4 (378.3 mg, 2.5 mmol) at 0 °C. After stirring for 20 min at that temperature, the 
reaction mixture was quenched with pH 7.0 phosphate buffer. The organic materials 
were extracted with AcOEt and dried over anhydrous Na2SO4, then concentrated under 
reduced pressure which was used in the next reaction without further purification. 

To a DMF solution (1.7 ml) of alchol and imidazole (284.6 mg, 4.2 mmol) was added 
TBSCl (378.3 mg, 4.2 mmol) at 0 °C and stirred for 2 h. The reaction mixture was 
quenched with pH 7.0 phosphate buffer and diluted with AcOEt. The organic phase was 
washed with saturated aqueous NaCl and dried over anhydrous Na2SO4, then 
concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (AcOEt/hexane=1/20) to afford 9 (208.3 mg, 79%, 2 steps). 
1H NMR (CDCl3) δ 0.01 (6H, s), 0.91 (9H, s), 1.99-2.10 (1H, m), 2.18-2.30 (1H, m), 
3.46-3.62 (2H, m), 3.85-3.93 (1H, m), 6.09-6.12 (6H, m), 6.23-6.30 (0.8H, m), 
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6.36-6.40 (1.2H, m), 6.41-6.45 (0.4H, m), 7.15-7.31 (6H, m); 13C NMR (CDCl3)  δ -5.4, 
18.3, 26.0, 37.8, 38.3, 41.1, 42.3, 42.4, 43.3, 61.0, 125.9, 126.07, 126.10, 126.41, 127.9, 
128.1, 128.29, 128.32, 131.3, 132.0, 133.7, 134.1, 143.9, 144.7, 149.8, 152.4 ; IR (neat) 
ν 3061, 3028, 2928, 2857, 1471, 1254, 1102, 834, 834, 775 cm-1 
 
Compound of 10 

Ph

OTBS

Ph

OTBS

+
1) O3

2) NaBH4 Ph

OTBS

Ph

OTBS

OH

+
1) NaIO4

2) NaBH4
HO HO

OH
Ph

OTBS

HO HO

Ph

OTBS

OH+

10
9  

To a MeOH solution (2.0 ml) of diene (26.1 mg, 0.083 mmol) was treated with a 
oxygen-ozone stream for 10 minutes at -78 °C. An argon stream was then bubbled 
through the cold solution and NaBH4 (62.9 mg, 1.65 mmol) was added. The mixture 
was allowed to warm slowly to room temperature and stirred overnight. The reaction 
was quenched with pH 7.0 phosphate buffer solution and the organic materials were 
extracted with AcOEt and the combined organic extracts were dried over anhydrous 
Na2SO4, then concentrated under reduced pressure which was used in the next reaction 
without further purification. 

To a CH2Cl2 solution (0.5 ml) of the diol and silica gel (20 mg) was added NaIO4 at 
0 °C and the reaction mixture was stirred for 1 h at that temperature. The reaction 
mixture was quenched with saturated aqueous Na2S2O3 and the organic materials were 
extracted with AcOEt and the combined organic extracts were dried over anhydrous 
Na2SO4, then concentrated under reduced pressure which was used in the next reaction 
without further purification. 

To a MeOH solution (1.7 ml) of aldehyde and diol was added NaBH4 (9.4 mg, 0.25 
mmol) at 0 °C and the reaction mixture was stirred for 20 min at that temperature. The 
reaction mixture was quenched with pH 7.0 phosphate buffer. The organic materials 
were extracted with AcOEt and dried over anhydrous Na2SO4. The residue was purified 
by silica gel column chromatography (AcOEt/hexane=1/3) to afford alchol 10 (2.6 mg, 
11%, 4 steps) and 1,3-diol (4.2 mg, 16%, 4 steps). 
1H NMR (CDCl3) δ 0.02 (3H, s), 0.03 (3H, s), 0.89 (9H, s), 1.80-1.90 (1H, m), 
1.91-2.01 (1H, m), 2.27 (1H, t, J=6.4 Hz), 2.96 (1H, quint, J=6.8 Hz), 3.55 (1H, ddd, 
J=10.0, 8.4, 5.2 Hz), 3.67 (1H, quint, J=5.2 Hz), 3.76 (1H, sex, J=3.2 Hz), 7.20-7.25 
(3H, m), 7.30-7.36 (2H, m); 13C NMR (CDCl3)  δ -5.47, -5.44, 18.2, 25.9, 36.1, 46.1, 
61.5, 67.6, 126.7, 127.9, 128.6, 142.7; IR (neat) ν 3373, 2928, 2852, 1464, 1255, 1095, 
835, 775, 700 cm-1;  HRMS (ESI): [M+Na]+ calculated for C18H20O2Na: 291.1356, 
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found 227.1362.  
 
(S)-2-phenylbutane-1,4-diol (11)  

TBAF

THF Ph

OH

OHPh

OTBS

OH

10 11  

To a THF solution (200 µl ) of alcohol 10 (2.6 mg, 0.093 mmol) was added 1.0M 
THF solution of TBAF (18.5 µl, 0.0185 mmol) at 0 °C and the reaction mixture was 
stirred for 1 h at that temperature. The reaction mixture was quenched with pH 7.0 
phosphate buffer. The organic materials were extracted with CHCl3 and dried over 
anhydrous Na2SO4, then concentrated under reduced pressure. The residue was purified 
by preparative thin-layer chromatography (AcOEt) to afford 
(S)-2-phenylbutane-1,4-diol 11 (1.5 mg, quant). 

Ph

OH

OH

LiAlH4

THFPh

CO2H

CO2H
11  

To a THF solution (0.27 ml) of LiAlH4 (30.8 mg, 0.81 mmol) was added THF 
solution (0.81 ml) of (S)-phenylsuccinic acid (52.6 mg, 0.27 mmol) at 0 °C and the  
temperature of the reaction mixture was raised to room temperature gradually. After 
refluxing the reaction mixture for 5h, saturated Na2SO4 solution was added to the 
reaction mixture at 0 °C. After filtration of the inorganic materials, volatile materials 
were removed under reduced pressure and the residue was purified by thin-layer 
chromatography (AcOEt) to afford (S)-2-phenylbutane-1,4-diol 11 (33.8 mg, 75%). 
1H NMR (CDCl3) δ 1.85-1.95 (1H, m), 1.98-2.08 (1H, m), 2.97 (1H, quint, J=7.2 Hz), 
3.55-3.64 (1H, m), 3.70 (1H, quint, J=5.6 Hz), 3.79 (2H, d, J=6.4 Hz), 7.21-7.27 (3H, 
m), 7.34 (2H, t, J=7.6 Hz); 13C NMR (CDCl3)  δ 35.8, 45.9, 60.9, 67.4, 126.7, 127.8, 
128.7, 142.4; IR (neat) ν 3349, 2935, 2880, 1495, 1454, 1050, 762, 702cm-1;  HRMS 
(ESI): [M+Na]+ calculated for C18H20O2Na: 291.1356, found 227.1362; [α]D

31 27.5 
(c=0.225, CHCl3), prepared by the reduction of (S)-phenylsuccinic acid; The 
enantiomeric excess was determined by HPLC with a IA column at 220 nm 
(2-propanol:hexane = 1:40), 1.0 mL/min; major enantiomer tr = 51.6 min, minor 
enantiomer tr = 53.6 min. 
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