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General Information. All reactions were carried out in oven dried Schlenk tubes. 

CuBr (98%), ZnI2 (98%) and (R)-quinap 7 (98%) were purchased from Acros and 

kept in glove box; ZnBr2 (99.9%) and ZnCl2 (99.9%) were purchased from Alfa Aesar 

and kept in glove box; (R,S)-N-PINAP 8 (97%) and (R,R)-N-PINAP 9 (97%) were 

purchased from Stream Chemicals and kept in glove box; 4 Å molecular sieve was 

purchased from Alfa Aesar and kept in glove box after activation (heated at 450 oC for 

10 h in Muffle furnace, take out after cooling to 200 oC and then kept in glove box to 

allow to cool to room temperature). Aldehydes were distilled right before use. Toluene 

was dried over sodium wire with benzophenone as indicator and distilled freshly 

before use. Other reagents were used without further treatment. All the temperatures 

are referred to the oil baths used. The petroleum ether (30-60 oC) for chromatography 

was distilled before use. 

 

Experimental details and analytical data  

(1) Preparation of (R)-1-(4-nitrobenzyloxy)octa-2,3-diene ((R)-3aa) (yjt-9-66) 

N
H OH

Ph
Phn-BuCHO +p-O2NC6H4CH2OCH2

n-Bu

CH2OCH2C6H4NO2-pH

H

6
(1.25 equiv)

ZnI2 (0.8 equiv)

toluene, 120 oC, 16 h

+

2a

(1.8 equiv)
1a

(R)-3aa (46%, 98%ee)

 

Typical procedure I: To a flame-dried Schlenk tube was added ZnI2 (260.4 mg, 0.8 

mmol) inside a glovebox, the Schlenk tube was then dried under vacuum with a heat 

gun. 1a (191.6 mg, 1.0 mmol), 2a (155.5 mg, 1.8 mmol)/toluene (2 mL), and 6 (317.2 

mg, 1.25 mmol)/toluene (3 mL) were then added sequentially under Ar atmosphere. 

The Schlenk tube was then equipped with a condenser and placed in a pre-heated oil 
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bath at 120 oC with stirring for 16 h as monitored by TLC. After cooling to room 

temperature, the crude reaction mixture was filtrated through a short pad of silica gel 

eluented with ether (20 mL). After evaporation, the residue was purified by 

chromatography on silica gel to afford (R)-3aa (120.8 mg, 46%, slightly impure) 

(eluent: petroleum ether/ethyl acetate = 200/1 ~ 50/1) as a liquid: 98% ee (HPLC 

conditions: Chiralcel AD-H column, hexane/i-PrOH = 200/1, 0.6 mL/min, λ = 214 nm, 

tR(major) = 18.8 min, tR(minor) = 20.2 min); [α]20
D = - 58.4 (c = 1.15, CHCl3); 

1H 

NMR (300 MHz, CDCl3) δ = 8.20 (d, J = 8.7 Hz, 2 H, Ar-H), 7.51 (d, J = 8.7 Hz, 2 H, 

Ar-H), 5.28-5.19 (m, 2 H, CH=C=CH), 4.64 (s, 2 H, OCH2Ar), 4.09 (t, J = 4.5 Hz, 2 

H, C=C=CCH2O), 2.09-1.98 (m, 2 H, CH2 from n-Bu), 1.44-1.28 (m, 4 H, two CH2 

from n-Bu), 0.90 (t, J = 7.1 Hz, 3 H, CH3 from n-Bu); 13C NMR (75 MHz, CDCl3) δ = 

205.2, 147.2, 146.1, 127.7, 123.5, 92.2, 87.8, 70.2, 69.3, 31.2, 28.2, 22.1, 13.8; MS 

(EI) m/z (%): 261 (M+, 0.03), 55 (100); IR (neat): v = 2929, 2858, 1963, 1606, 1521, 

1344, 1091, 1015 cm-1; HRMS calcd for C15H19NO3 [M+]: 261.1365, found: 

261.1357. 

Racemic 3aa was prepared according to our early report: Kuang, J.; Ma, S. J. Am. 

Chem. Soc. 2010, 132, 1786. 

(2) Preparation of (R)-3-Cyclohexyl-1-phenyl-1,2-propadiene ((R)-3dc) (kjq-13-3) 

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 7 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 11.5 h H

Ph

Cy

H

(R)-3dc (60%, 35%ee)1d

Ph CyCHO

 

Typical procedure Ⅱ: To a flame-dried Schlenk tube were added CuBr (7.3 mg, 

0.05 mmol) and (R,R)-N-PINAP (31.9 mg, 0.055 mmol) inside a glovebox, toluene (2 
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mL) was then added under Ar atmosphere outside of the glovebox. The Schlenk tube 

was then stirred at 25 oC for 30 min. 4 Å molecular sieve (300.8 mg), 1d (102.6 mg, 

1.0 mmol), 2c (124.2 mg, 1.1 mmol) and pyrrolidine (92.0 uL, 1.1 mmol, d=0.852) 

were then added sequentially under Ar atmosphere. The Schlenk tube was then stirred 

at 25 oC until completion of the reaction as monitored by TLC (11.5 h). The crude 

reaction mixture was filtrated through a short pad of silica gel eluented with ether (20 

mL). After evaporation, the crude product was used in the next step without further 

treatment. To another Schlenk tube were added ZnI2 (147.0 mg, 0.45 mmol), and NaI 

(75.2 mg, 0.5 mmol) inside a glovebox, the Schlenk tube was then taken out and dried 

under vacuum with a heat gun. The above crude product was then dissolved in toluene 

(5 mL) and transferred to the Schlenk tube via a syringe under Ar atmosphere. The 

Schlenk tube was then equipped with a condenser and placed in a pre-heated oil bath 

at 110 oC with stirring. After 7 h, the reaction was complete as monitored by TLC, the 

crude reaction mixture was filtrated through a short pad of silica gel eluented with 

ether (20 mL). After evaporation, the residue was purified by chromatography on 

silica gel (eluent: petroleum ether) to afford (R)-3dc (120.1 mg, 60%) as a liquid: 35% 

ee (HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 200/1, 0.5 mL/min, 

λ = 214 nm, tR(major) = 8.6 min, tR(minor) = 9.4 min); [α]20
D = - 62.6 (c = 1.73, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 7.35-7.24 (m, 4 H, Ar-H), 7.24-7.12 (m, 1 H, 

Ar-H), 6.21-6.11 (m, 1 H, one proton from CH=C=CH), 5.62-5.52 (m, 1 H, one 

proton from CH=C=CH), 2.22-2.04 (m, 1 H, CH from Cy), 1.93-1.57 (m, 5 H, 

protons from Cy), 1.41-1.09 (m, 5 H, protons from Cy); 13C NMR (75.4 MHz, CDCl3) 
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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; MS (EI) 

m/z 198 (M+, 46.36), 130 (100); IR (neat): v = 3063, 3031, 2923, 2850, 1947, 1598, 

1496, 1447, 1348, 1257, 1072, 1028 cm-1; HRMS calcd for C15H18 [M
+]: 198.1409, 

found: 198.1408. 

The following compounds ((R)-3ec-(R)-3eg in Table 2 and (R,S)-3ic, (S,S)-3ic, 

(R,R)-3ic, (S,R)-3ic in Scheme 4) were prepared according to the Typical Procedure 

Ⅱ. All the racemic products were also prepared according to this procedure in the 

absence of the chiral ligand. 

(3) Preparation of (R)-1-(3-Cyclohexylpropa-1,2-dienyl)cyclohexanol ((R)-3ec) 

(yjt-9-51) 

OH CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 8 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h H

H

HO1e
(R)-3ec (68%, 96%ee)  

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (32.0 mg, 0.055 

mmol), 4 Å molecular sieve (301.7 mg), 1e (124.4 mg, 1.0 mmol), 2c (124.0 mg, 1.1 

mmol), pyrrolidine (78.3 mg, 1.1 mmol), ZnI2 (146.6 mg, 0.45 mmol), and NaI (75.0 

mg, 0.5 mmol) afforded (R)-3ec (150.6 mg, 68%) (eluent: petroleum ether/ethyl 

acetate = 20/1) as a solid: 96% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 95/5, 0.5 mL/min, λ = 214 nm, tR(major) = 11.2 min, tR(minor) = 

12.0 min); [α]20
D = - 108.6 (c = 0.98, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 5.31 

(d, J = 4.5 Hz, 2 H, CH=C=CH), 2.08-1.92 (m, 1 H, CH from Cy), 1.82-1.41 (m, 15 H, 

protons from Cy and C=C=C(CH2)5COH), 1.41-1.00 (m, 6 H, protons from Cy and 

C=C=C(CH2)5COH); 13C NMR (75 MHz, CDCl3) δ = 199.9, 101.3, 100.9, 70.5, 38.4, 
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38.3, 37.2, 33.12, 33.06, 26.05, 26.01, 25.5, 22.50, 22.48; MS (EI) m/z (%): 220 (M+, 

2.27), 99 (100); IR (neat): v = 3313, 2923, 2849, 1962, 1446, 1399, 1355, 1320, 1264, 

1247, 1144, 1100, 1062, 1034 cm-1; HRMS calcd for C15H24O [M+]: 220.1827, found: 

220.1832. 

(4) Preparation of (S)-1-(3-Cyclohexylpropa-1,2-dienyl)cyclohexanol ((S)-3ec) 

(yjt-9-58) 

OH CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 4 h

1) CuBr (5 mol %)
(R,S)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h

HH

HO
1e

(S)-3ec (70%, 93%ee)  

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,S)-N-PINAP (31.8 mg, 0.055 

mmol), 4 Å molecular sieve (300.4 mg), 1e (124.4 mg, 1.0 mmol), 2c (123.6 mg, 1.1 

mmol), pyrrolidine (78.5 mg, 1.1 mmol), ZnI2 (147.0 mg, 0.45 mmol), and NaI (75.3 

mg, 0.5 mmol) afforded (S)-3ec (154.7 mg, 70%) (eluent: petroleum ether/ethyl 

acetate = 20/1) as a solid: 93% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 95/5, 0.5 mL/min, λ = 214 nm, tR(minor) = 11.2 min, tR(major) = 

12.0 min); [α]20
D = + 102.3 (c = 1.00, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 5.31 

(d, J = 4.5 Hz, 2 H, CH=C=CH), 2.07-1.92 (m, 1 H, CH from Cy), 1.82-1.41 (m, 15 H, 

protons from Cy and C=C=C(CH2)5COH), 1.41-1.00 (m, 6 H, protons from Cy and 

C=C=C(CH2)5COH); 13C NMR (75 MHz, CDCl3) δ = 199.9, 101.3, 100.9, 70.5, 38.4, 

38.3, 37.2, 33.1, 33.0, 26.04, 26.01, 25.5, 22.5; MS (EI) m/z (%): 220 (M+, 2.50), 99 

(100); IR (neat): v = 3314, 2921, 2848, 1963, 1445, 1399, 1265, 1248, 1143, 1062, 

1034 cm-1; HRMS calcd for C15H24O [M+]: 220.1827, found: 220.1830. 

(5) Preparation of (S)-1-(3-Cyclohexylpropa-1,2-dienyl)cyclohexanol ((S)-3ec) 
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(yjt-9-64) 

OH CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with f iltration
3) ZnBr2 (0.5 equiv)

toluene, 110 oC, 12 h

1) CuBr (5 mol %)
(R,S)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h

HH

HO
1e

(S)-3ec (58%, 94%ee)  

The reaction of CuBr (7.4 mg, 0.05 mmol), (R,S)-N-PINAP (31.9 mg, 0.055 

mmol), 4 Å molecular sieve (302.4 mg), 1e (124.3 mg, 1.0 mmol), 2c (123.7 mg, 1.1 

mmol), pyrrolidine (78.8 mg, 1.1 mmol), ZnBr2 (113.3 mg, 0.5 mmol) afforded 

(S)-3ec (127.4 mg, 58%) (eluent: petroleum ether/ethyl acetate = 15/1) as a solid: 94% 

ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 0.5 mL/min, λ 

= 214 nm, tR(minor) = 11.2 min, tR(major) = 12.1 min); [α]20
D = + 102.9 (c = 1.02, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 5.31 (d, J = 4.2 Hz, 2 H, CH=C=CH), 

2.06-1.92 (m, 1 H, CH from Cy), 1.82-1.41 (m, 15 H, protons from Cy and 

C=C=C(CH2)5COH), 1.41-1.00 (m, 6 H, protons from Cy and C=C=C(CH2)5COH). 

(6) Preparation of (S)-1-(3-Cyclohexylpropa-1,2-dienyl)cyclohexanol ((S)-3ec) 

(yjt-9-65) 

OH CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with f iltration
3) ZnCl2 (0.5 equiv)

toluene, 110 oC, 12 h

1) CuBr (5 mol %)
(R,S)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h

HH

HO
1e

(S)-3ec (54%, 93%ee)  

The reaction of CuBr (7.5 mg, 0.05 mmol), (R,S)-N-PINAP (32.0 mg, 0.055 

mmol), 4 Å molecular sieve (301.7 mg), 1e (124.5 mg, 1.0 mmol), 2c (123.0 mg, 1.1 

mmol), pyrrolidine (78.4 mg, 1.1 mmol), ZnCl2 (68.4 mg, 0.5 mmol) afforded (S)-3ec 

(119.9 mg, 54%) (eluent: petroleum ether/ethyl acetate = 15/1) as a solid: 93% ee 

(HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 95/5, 0.5 mL/min, λ = 
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214 nm, tR(minor) = 11.3 min, tR(major) = 12.1 min); [α]20
D = + 102.1 (c = 1.05, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 5.31 (d, J = 4.5 Hz, 2 H, CH=C=CH), 

2.07-1.92 (m, 1 H, CH from Cy), 1.84-1.41 (m, 15 H, protons from Cy and 

C=C=C(CH2)5COH), 1.40-1.00 (m, 6 H, protons from Cy and C=C=C(CH2)5COH). 

(7) Preparation of (R)-5-Cyclohexyl-2-methyl-3,4-pentadien-2-ol ((R)-3fc) 

(lsh-16-176) 

OH CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 2 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 13 h H

H HO1f

(R)-3fc (66%, 97%ee)  

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (31.7 mg, 0.055 

mmol), 4 Å molecular sieve (300.0 mg), 1f (84.2 mg, 1.0 mmol), 2c (123.6 mg, 1.1 

mmol), pyrrolidine (78.5 mg, 1.1 mmol), ZnI2 (146.9 mg, 0.45 mmol), and NaI (75.3 

mg, 0.5 mmol) afforded (R)-3fc (118.9 mg, 66%) (eluent: petroleum ether/ethyl 

acetate = 15/1) as a solid: 97% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 95/5, 0.6 mL/min, λ = 214 nm, tR(major) = 9.2 min, tR(minor) = 

10.6 min); [α]20
D = - 99.5 (c = 1.15, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 

5.37-5.27 (m, 2 H, CH=C=CH), 2.06-1.92 (m, 2 H, OH and CH from Cy), 1.81-1.58 

(m, 5 H, protons from Cy), 1.37-1.00 (m, 11 H, two CH3 and protons from Cy); 13C 

NMR (75 MHz, CDCl3) δ = 199.1, 102.0, 100.8, 69.4, 37.1, 33.0, 32.9, 29.9, 29.8, 

26.0, 25.9; MS (EI) m/z (%): 180 (M+, 0.26), 59 (100); IR (neat): v = 3347, 2974, 

2924, 2851, 1961, 1657, 1607, 1448, 1405, 1374, 1361, 1258, 1228, 1148 cm-1; 

HRMS calcd for C12H20O [M+]: 180.1514, found: 180.1513. 

(8) Preparation of (S)-5-Cyclohexyl-2-methyl-3,4-pentadien-2-ol ((S)-3fc) 
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(yq-5-62) 

OH CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,S)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h

HH

HO
1f

(S)-3fc (71%, 95%ee)
 

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,S)-N-PINAP (32.0 mg, 0.055 

mmol), 4 Å molecular sieve (303.4 mg), 1f (85.0 mg, 1.0 mmol), 2c (122.4 mg, 1.1 

mmol), pyrrolidine (78.9 mg, 1.1 mmol), ZnI2 (147.1 mg, 0.45 mmol), and NaI (75.2 

mg, 0.5 mmol) afforded (S)-3fc (129.8 mg, 71 %) (eluent: petroleum ether/ethyl 

acetate = 10/1) as a solid: 95% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 95/5, 0.6 mL/min, λ = 214 nm, tR(minor) = 9.2 min, tR(major) = 

10.5 min); [α]20
D = + 97.1 (c = 0.98, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 

5.40-5.24 (m, 2 H, CH=C=CH), 2.02-1.90 (m, 2 H, OH and CH from Cy), 1.79-1.55 

(m, 5 H, protons from Cy), 1.35-0.98 (m, 11 H, two CH3 and protons from Cy); 13C 

NMR (75 MHz, CDCl3) δ = 199.1, 102.0, 100.8, 69.4, 37.1, 32.98, 32.96, 29.9, 29.8, 

26.00, 25.95; MS (EI) m/z (%): 180 (M+, 0.88), 59 (100); IR (neat): v = 3284, 2974, 

2923, 2851, 1963, 1448, 1404, 1376, 1360, 1229, 1212, 1153 cm-1; HRMS calcd for 

C12H20O [M
+]: 180.1514, found: 180.1513. 

(9) Preparation of (R)-1-(3-Cyclohexylpropa-1,2-dienyl)cyclopentanol ((R)-3gc) 

(ljx-7-184) 

OH CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 2.5 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h H

H
HO

1g
(R)-3gc (69%, 95%ee)  

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (31.7 mg, 0.055 

mmol), 4 Å molecular sieve (300.0 mg), 1g (109.1 mg, 1.0 mmol), 2c (123.9 mg, 1.1 

mmol), pyrrolidine (78.9 mg, 1.1 mmol), ZnI2 (146.7 mg, 0.45 mmol), and NaI (75.0 
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mg, 0.5 mmol) afforded (R)-3gc (142.0 mg, 69%) (eluent: petroleum ether/ethyl 

acetate = 20/1) as a liquid: 95% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 95/5, 0.5 mL/min, λ = 214 nm, tR(major) = 12.2 min, tR(minor) = 

13.1 min); [α]20
D = - 101.8 (c = 0.68, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 5.41 

(dd, J1 = 6.3 Hz, J2 = 3.0 Hz, 1 H, one proton from CH=C=CH), 5.33 (t, J = 6.0 Hz, 1 

H, one proton from CH=C=CH), 2.06-1.93 (m, 1 H, CH from Cy), 1.91-1.58 (m, 14 H, 

protons from Cy and C=C=C(CH2)4COH), 1.36-1.00 (m, 5 H, protons from Cy and 

C=C=C(CH2)4COH); 13C NMR (75 MHz, CDCl3) δ = 199.3, 101.1, 100.3, 80.0, 40.4, 

37.2, 33.1, 26.1, 26.0, 23.7; MS (EI) m/z (%): 206 (M+, 6.85), 85 (100); IR (neat): v = 

3339, 2960, 2924, 2851, 1961, 1448, 1409, 1320, 1290, 1260, 1189, 1073, 991 cm-1; 

HRMS calcd for C14H22O [M+]: 206.1671, found: 206.1672. 

(10) Preparation of (R)-6-Cyclohexyl-3-ethyl-4,5-hexadien-3-ol ((R)-3hc) 

(ly-12-172) 

CHO

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,R)-N-BINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h H

H
1h

(R)-3hc (77%, 96%ee)

Et

Et

OH

Et Et
OH

 

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (31.8 mg, 0.055 

mmol), 4 Å molecular sieve (300.3 mg), 1h (112.6 mg, 1.0 mmol), 2c (123.6 mg, 1.1 

mmol), pyrrolidine (78.8 mg, 1.1 mmol), ZnI2 (145.9 mg, 0.45 mmol), and NaI (74.9 

mg, 0.5 mmol) afforded (R)-3hc (161.5 mg, 77%) (eluent: petroleum ether/ethyl 

acetate = 20/1) as a liquid: 96% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 95/5, 0.5 mL/min, λ = 214 nm, tR(major) = 9.1 min, tR(minor) = 9.8 

min); [α]20
D = - 85.9 (c = 1.03, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 5.30 (t, J = 

6.2 Hz, 1 H, one proton from CH=C=CH), 5.12 (dd, J1 = 6.3 Hz, J2 = 3.0 Hz, 1 H, one 



 S11

proton from CH=C=CH), 2.02-1.87 (m, 1 H, CH from Cy), 1.80-1.40 (m, 10 H, 

protons from Cy and C=C=C(CH2CH3)2COH), 1.32-0.97 (m, 5 H, protons from Cy 

and C=C=C(CH2CH3)2COH), 0.90-0.79 (m, 6 H, two CH3); 
13C NMR (75 MHz, 

CDCl3) δ = 199.6, 101.3, 99.5, 73.6, 37.3, 33.04, 32.97, 32.94, 32.8, 25.96, 25.94, 

25.91, 8.0, 7.9; MS (EI) m/z (%): 208 (M+, 1.87), 87 (100); IR (neat): v = 3440, 2967, 

2925, 2852, 1961, 1448, 1410, 1377, 1258, 1129, 1039 cm-1; HRMS calcd for 

C14H24O [M+]: 208.1827, found: 208.1828. 

(11) Preparation of (R)-1-(4-methylpenta-1,2-dienyl)cyclohexanol ((R)-3ed) 

(fw-2-152) 

OH
+ +

(1.1 equiv)
(1.1 equiv)

N
H

2d

2) removal of Cu(I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 2.7 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 19 h H

H

HO1e
(R)-3ed (50%, 95%ee)

iPrCHO

 

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (31.7 mg, 0.055 

mmol), 4 Å molecular sieve (300.0 mg), 1e (123.4 mg, 1.0 mmol), 2d (80.4 mg, 1.1 

mmol), pyrrolidine (78.2 mg, 1.1 mmol), ZnI2 (146.6 mg, 0.45 mmol), and NaI (74.9 

mg, 0.5 mmol) afforded (R)-3ed (89.9 mg, 50%) (eluent: petroleum ether/ethyl 

acetate = 20/1) as a liquid: 95% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 98/2, 0.7 mL/min, λ = 214 nm, tR(major) = 11.2 min, tR(minor) = 

12.6 min); [α]20
D = - 79.7 (c = 0.52, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 5.34 (d, 

J = 4.5 Hz, 2 H, CH=C=CH), 2.40-2.25 (m, 1 H, CH from Cy), 1.72-1.21 (m, 11 H, 

protons from C=C=C(CH2)5COH), 1.029 (d, J = 6.6 Hz, 3 H, CH3), 1.026 (d, J = 6.6 

Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ = 199.6, 102.2, 101.7, 70.5, 38.4, 38.3, 

27.9, 25.5, 22.50, 22.47, 22.41; MS (EI) m/z (%): 180 (M+, 2.82), 99 (100); IR (neat): 



 S12

v = 3301, 2929, 2863, 1961, 1635, 1447, 1406, 1380, 1362, 1303，1260, 1188, 1144, 

1059, 1034 cm-1; HRMS calcd for C12H20O [M+]: 180.1514, found: 180.1514. 

(12) Preparation of (R)-1-(5-methylhexa-1,2-dienyl)cyclohexanol ((R)-3ee) 

(yjt-9-57) 

OH
+ +

(1.1 equiv)
(1.1 equiv)

N
H

2e

2) removal of Cu(I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 13 h H

H

HO1e
(R)-3ee (75%, 90%ee)

iBuCHO

 

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (31.8 mg, 0.055 

mmol), 4 Å molecular sieve (301.4 mg), 1e (124.1 mg, 1.0 mmol), 2e (94.8 mg, 1.1 

mmol), pyrrolidine (78.8 mg, 1.1 mmol), ZnI2 (146.5 mg, 0.45 mmol), and NaI (75.1 

mg, 0.5 mmol) afforded (R)-3ee (146.2 mg, 75%) (eluent: petroleum ether/ethyl 

acetate = 20/1) as a liquid: 90% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 98/2, 0.6 mL/min, λ = 214 nm, tR(major) = 12.8 min, tR(minor) = 

13.7 min); [α]20
D = - 82.1 (c = 1.04, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 

5.30-5.20 (m, 2 H, CH=C=CH), 2.02-1.87 (m, 2 H, CH2C=C=C), 1.76 (s, 1 H, OH), 

1.72-1.25 (m, 11 H, CH from iBu and ten protons from C=C=C(CH2)5CO), 0.93 (d, J 

= 6.6 Hz, 6 H, two CH3); 
13C NMR (75 MHz, CDCl3) δ = 201.8, 99.5, 93.1, 70.7, 

38.34, 38.29, 38.27, 28.5, 25.5, 22.6, 22.5, 22.19, 22.15; MS (EI) m/z (%): 194 (M+, 

1.03), 99 (100); IR (neat): v = 3362, 2930, 2867, 1962, 1465, 1448, 1383, 1367, 1342, 

1317, 1247, 1147, 1057, 1035 cm-1; HRMS calcd for C13H22O [M+]: 194.1671, found: 

194.1678. 

(13) Preparation of (R)-1-(1,2-Decadien-1-yl)cyclohexanol ((R)-3ef) (xx-5-46) 
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OH
+ +

(1.1 equiv)
(1.1 equiv)

N
H

2f

2) removal of Cu(I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.4 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 20.5 h Hn-C7H15

H

HO1e
(R)-3ef (54%, 92%ee)

n-C7H15CHO

 
The reaction of CuBr (7.4 mg, 0.05 mmol), (R,R)-N-PINAP (31.7 mg, 0.055 

mmol), 4 Å molecular sieve (300.2 mg), 1e (124.5 mg, 1.0 mmol), 2f (141.1 mg, 1.1 

mmol), pyrrolidine (78.4 mg, 1.1 mmol), ZnI2 (146.9 mg, 0.45 mmol), and NaI (74.9 

mg, 0.5 mmol) afforded (R)-3ef (127.0 mg, 54%) (eluent: petroleum ether/ethyl 

acetate = 20/1) as a liquid: 92% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 98/2, 0.6 mL/min, λ = 214 nm, tR(major) = 10.6 min, tR(minor) = 

11.2 min); [α]20
D = - 50.8 (c = 1.02, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 

5.35-5.23 (m, 2 H, CH=C=CH), 2.07-1.98 (m, 2 H, CH2C=C=C), 1.72-1.20 (m, 21 H, 

protons from n-C7H15 and C=C=C(CH2)5COH), 0.88 (t, J = 6.6 Hz, 3 H, CH3 from 

n-C7H15); 
13C NMR (75 MHz, CDCl3) δ = 201.3, 100.3, 94.9, 70.7, 38.4, 31.8, 29.2, 

29.1, 28.9, 25.5, 22.62, 22.61, 22.57, 14.1; MS (EI) m/z (%): MS (EI) m/z (%): 236 

(M+, 1.63), 99 (100); IR (neat): v = 3356, 2926, 2854, 1962, 1448, 1379, 1347, 1147, 

1057 cm-1; HRMS calcd for C16H28O [M+]: 236.2140, found: 236.2142. 

(14) Preparation of (R)-1-(3-Phenylpropa-1,2-dienyl)cyclohexanol ((R)-3eg) 

(yjt-9-60) 

OH
+ +

(1.1 equiv)
(1.1 equiv)

N
H

2g

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 4.5 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 17 h HPh

H

HO1e
(R)-3eg (78%, 93%ee)

PhCHO

 

The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (31.8 mg, 0.055 

mmol), 4 Å molecular sieve (300.9 mg), 1e (124.1 mg, 1.0 mmol), 2g (116.9 mg, 1.1 

mmol), pyrrolidine (78.8 mg, 1.1 mmol), ZnI2 (147.2 mg, 0.45 mmol), and NaI (75.3 

mg, 0.5 mmol) afforded (R)-3eg (166.4 mg, 78%) (eluent: petroleum ether/ethyl 

acetate = 10/1) as a liquid: 93% ee (HPLC conditions: Chiralcel OJ-H column, 
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hexane/i-PrOH = 80/20, 0.6 mL/min, λ = 214 nm, tR(minor) = 9.6 min, tR(major) = 

10.2 min); [α]20
D = - 341.4 (c = 1.00, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 

7.32-7.14 (m, 5 H, Ar-H), 6.30 (d, J = 6.3 Hz, 1 H, one proton from CH=C=CH), 5.72 

(d, J = 6.6 Hz, 1 H, one proton from CH=C=CH), 1.94 (s, 1 H, OH), 1.75-1.23 (m, 10 

H, C=C=C(CH2)5CO); 13C NMR (75 MHz, CDCl3) δ = 202.8, 134.0, 128.5, 127.0, 

126.5, 104.2, 97.6, 71.4, 38.3, 38.2, 25.4, 22.39, 22.36; MS (EI) m/z (%): 214 (M+, 

5.29), 99 (100), 116 (100); IR (neat): v = 3361, 2931, 2854, 1949, 1599, 1493, 1448, 

1345, 1317, 1244, 1179, 1146, 1055, 1034 cm-1; HRMS calcd for C15H18O [M+]: 

214.1358, found: 214.1357. 

(15) Preparation of (R,R)-4-Cyclohexyl-1-phenyl-2,3-butadien-1-ol ((R,R)-3ic) 

and (R,S)-4-Cyclohexyl-1-phenyl-2,3-butadien-1-ol ((R,S)-3ic) (wbq-11-49) 

(R,R)-3ic

+
+

(1.1 equiv)

(1.1 equiv)

N
H

2c
2) removal of Cu (I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 13 h

HCy

H1i

Ph

OH

Ph
HO

HCy

H Ph
HO

+

74%
(R,S)-3ic

93% de, 93% ee 93% de, 93% ee

CyCHO

 

The reaction of CuBr (7.2 mg, 0.05 mmol), (R,R)-N-PINAP (31.7 mg, 0.055 

mmol), 4 Å molecular sieve (300.5 mg), (±)-1i (132.4 mg, 1.0 mmol), 2c (123.5 mg, 

1.1 mmol), pyrrolidine (79.4 mg, 1.1 mmol), ZnI2 (147.7 mg, 0.45 mmol), and NaI 

(75.3 mg, 0.5 mmol) afforded a mixture of (R,R)-3ic and (R,S)-3ic (170.3 mg, 74%) 

(eluent: petroleum ether/ethyl acetate = 10/1) as a liquid: 93% de, 93% ee (HPLC 

conditions: Chiralcel OD-H column, hexane/i-PrOH = 98/2, 0.5 mL/min, λ = 214 nm, 

tR(major) = 14.3 min, tR(minor) = 17.1 min, tR(minor) = 23.0 min, tR(major) = 25.7 

min); [α]20
D = - 48.2 (c = 1.12, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 7.43-7.24 (m, 

5 H, Ar-H), 5.50-5.42 (m, 1 H, one proton from HC=C=CH), 5.42-5.33 (m, 1 H, one 
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proton from HC=C=CH), 5.26-5.17 (m, 1 H, PhCH), 2.14 (t, J = 3.6 Hz, 1 H, OH), 

2.08-1.93 (m, 1 H, CH from Cy), 1.82-1.57 (m, 5 H, protons from Cy), 1.37-0.93 (m, 

5 H, protons from Cy); 13C NMR (75 MHz, CDCl3) δ = 201.2, 200.8, 143.1, 143.0, 

128.3, 127.5, 127.4, 126.1, 126.0, 101.2, 100.8, 97.0, 96.9, 72.3, 72.1, 37.1, 37.0, 32.9, 

26.0, 25.9; MS (EI) m/z (%): 228 (M+, 2.61), 79 (100); IR (neat): v = 3347, 3029, 

2923, 2850, 1961, 1603, 1493, 1449, 1013 cm-1; HRMS calcd for C16H20O [M+]: 

228.1514, found: 228.1511. 

(16) Preparation of (R,S)-4-Cyclohexyl-1-phenyl-2,3-butadien-1-ol ((R,S)-3ic) 

(wbq-11-50) 

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

(S)-1i
>99% ee

Ph

OH

(R,S)-3ic

HCy

H Ph
HO

92% de
>99% ee (major isomer)

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 13 h

60%

CyCHO

 
The reaction of CuBr (7.3 mg, 0.05 mmol), (R,R)-N-PINAP (31.8 mg, 0.055 

mmol), 4 Å molecular sieve (300.4 mg), (S)-1i (132.4 mg, 1.0 mmol), 2c (123.8 mg, 

1.1 mmol), pyrrolidine (78.6 mg, 1.1 mmol), ZnI2 (146.7 mg, 0.45 mmol), and NaI 

(75.2 mg, 0.5 mmol) afforded (R,S)-3ic (137.2 mg, 60%) (eluent: petroleum 

ether/ethyl acetate = 10/1) as a liquid: 92% de, >99% ee (major isomer) (HPLC 

conditions: Chiralcel OD-H column, hexane/i-PrOH = 98/2, 0.6 mL/min, λ = 230 nm, 

tR(minor) = 11.5 min, tR(minor) = 13.5 min, tR(minor) = 18.2 min, tR(major) = 20.5 

min); [α]20
D = - 60.7 (c = 1.02, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 7.43-7.24 (m, 

5 H, Ar-H), 5.48-5.42 (m, 1 H, one proton from HC=C=CH), 5.41-5.33 (m, 1 H, one 

proton from HC=C=CH), 5.26-5.21 (m, 1 H, PhCH), 2.11 (d, J = 4.2 Hz, 1 H, OH), 

2.08-1.93 (m, 1 H, CH from Cy), 1.79-1.57 (m, 5 H, protons from Cy), 1.35-0.98 (m, 

5 H, protons from Cy); 13C NMR (75 MHz, CDCl3) δ = 201.1, 143.1, 128.3, 127.4, 

126.0, 100.8, 96.9, 72.3, 37.1, 32.9, 26.0, 25.9; MS (EI) m/z (%): 228 (M+, 4.15), 107 
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(100); IR (neat): v = 3393, 2923, 2850, 1961, 1603, 1493, 1449, 1014 cm-1; HRMS 

calcd for C16H20O [M+]: 228.1514, found: 228.1516. 

 (17) Preparation of (S,S)-4-Cyclohexyl-1-phenyl-2,3-butadien-1-ol ((S,S)-3ic) 

(wyl-11-76) 

(S,S)-3ic

HH

Cy Ph
HO

89% de
>99% ee (major isomer)

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

(S)-1i
>99% ee

Ph

OH

2) removal of Cu(I) with f iltration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,S)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h

56%

CyCHO

 
The reaction of CuBr (7.4 mg, 0.05 mmol), (R,S)-N-PINAP (32.0 mg, 0.055 

mmol), 4 Å molecular sieve (300.4 mg), (S)-1i (132.6 mg, 1.0 mmol), 2c (123.9 mg, 

1.1 mmol), pyrrolidine (78.4 mg, 1.1 mmol), ZnI2 (146.3 mg, 0.45 mmol), and NaI 

(74.7 mg, 0.5 mmol) afforded (S,S)-3ic (144.1 mg, 63%) (eluent: petroleum 

ether/ethyl acetate = 15/1) as a solid: m.p. 49-50 oC (petroleum ether); 89% de, >99% 

ee (major isomer) (HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 98/2, 

0.6 mL/min, λ = 214 nm, tR(major) = 29.7 min, tR(minor) = 34.4 min); [α]20
D = + 54.7 

(c = 1.17, CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 7.41-7.20 (m, 5 H, Ar-H), 

5.47-5.39 (m, 1 H, one proton from HC=C=CH), 5.37-5.29 (m, 1 H, one proton from 

HC=C=CH), 5.22-5.14 (m, 1 H, PhCH), 2.36 (d, J = 3.0 Hz, 1 H, OH), 2.07-1.92 (m, 

1 H, CH from Cy), 1.82-1.57 (m, 5 H, protons from Cy), 1.35-0.97 (m, 5 H, protons 

from Cy); 13C NMR (75 MHz, CDCl3) δ = 200.8, 143.0, 128.3, 127.6, 126.1, 101.3, 

97.0, 72.1, 37.1, 32.9, 26.0, 25.9; MS (EI) m/z (%): 228 (M+, 3.55), 107 (100); IR 

(neat): v = 3314, 2921, 2848, 1962, 1446, 1399, 1265, 1248, 1179, 1144, 1101, 1062, 

1034 cm-1; HRMS calcd for C16H20O [M+]: 228.1514, found: 228.1519. 

(18) Preparation of (R,R)-4-Cyclohexyl-1-phenyl-2,3-butadien-1-ol ((R,R)-3ic) 

(mbky-3-143) 
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(R,R)-3ic

HCy

H Ph
HO

94% de
97% ee (major isomer)

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

(R)-1i
98% ee

Ph

OH

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,R)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h

61%

CyCHO

  

The reaction of CuBr (3.7 mg, 0.025 mmol), (R,R)-N-PINAP (15.9 mg, 0.0275 

mmol), 4 Å molecular sieve (150.0 mg), (R)-1i (66.4 mg, 0.5 mmol), 2c (62.2 mg, 

0.55 mmol), pyrrolidine (39.6 mg, 0.55 mmol), ZnI2 (73.3 mg, 0.225mmol), and NaI 

(37.5 mg, 0.25 mmol) afforded (R,R)-3ic (69.1 mg, 61%) (eluent: petroleum 

ether/ethyl acetate = 15/1) as a solid: m.p. 49-50 oC (petroleum ether); 94% de, 97% 

ee (major isomer) (HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 98/2, 

0.6 mL/min, λ = 214 nm, tR(major) = 20.2 min, tR(minor) = 24.2 min, tR(minor) = 

30.1 min, tR(minor) = 34.4 min); [α]20
D = - 56.8 (c = 0.98, CHCl3); 

1H NMR (300 

MHz, CDCl3) δ = 7.42-7.23 (m, 5 H, Ar-H), 5.50-5.42 (m, 1 H, one proton from 

HC=C=CH), 5.41-5.33 (m, 1 H, one proton from HC=C=CH), 5.26-5.18 (m, 1 H, 

PhCH), 2.15 (s, 1 H, OH), 2.09-1.95 (m, 1 H, CH from Cy), 1.82-1.58 (m, 5 H, 

protons from Cy), 1.37-0.98 (m, 5 H, protons from Cy); 13C NMR (75 MHz, CDCl3) δ 

= 200.8, 143.1, 128.4, 127.6, 126.2, 101.4, 97.1, 72.1, 37.1, 33.0, 32.9, 26.0, 25.9; MS 

(EI) m/z (%): 228 (M+, 4.31), 79 (100); IR (neat): v = 3314, 2921, 2848, 1962, 1446, 

1399, 1265, 1248, 1179, 1144, 1101, 1062, 1035 cm-1; HRMS calcd for C16H20O [M+]: 

228.1514, found: 228.1516. 

(19) Preparation of (S,R)-4-Cyclohexyl-1-phenyl-2,3-butadien-1-ol ((S,R)-3ic) 

(mbky-3-142) 

(S,R)-3ic

HH

Cy Ph
HO

93% de
>99% ee (major isomer)

+ +

(1.1 equiv) (1.1 equiv)

N
H

2c

(R)-1i
98% ee

Ph

OH

2) removal of Cu(I) with filtration
3) ZnI2 (0.45 equiv), NaI (0.5 equiv)

toluene, 110 oC, 1.5 h

1) CuBr (5 mol %)
(R,S)-N-PINAP (5.5 mol %)
4 Å MS, toluene, 25 °C, 12 h

68%

CyCHO
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The reaction of CuBr (7.3 mg, 0.05 mmol), (R,S)-N-PINAP (31.8 mg, 0.055 

mmol), 4 Å molecular sieve (300.0 mg), (R)-1i (132.3 mg, 1.0 mmol), 2c (123.4 mg, 

1.1 mmol), pyrrolidine (78.2 mg, 1.1 mmol), ZnI2 (146.6 mg, 0.45 mmol), and NaI 

(75.0 mg, 0.5 mmol) afforded (S,R)-3ic (155.9 mg, 68%) (eluent: petroleum 

ether/ethyl acetate = 10/1) as a liquid: 93% de, >99% ee (major isomer) (HPLC 

conditions: Chiralcel OD-H column, hexane/i-PrOH = 98/2, 0.6 mL/min, λ = 214 nm, 

tR(minor) = 11.6 min, tR(major) = 13.8 min, tR(minor) = 18.5 min); [α]20
D = + 60.8 (c 

= 0.62, CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 7.43-7.23 (m, 5 H, Ar-H), 5.48-5.42 

(m, 1 H, one proton from HC=C=CH), 5.42-5.34 (m, 1 H, one proton from 

HC=C=CH), 5.26-5.19 (m, 1 H, PhCH), 2.13 (d, J = 4.5 Hz, 1 H, OH), 2.08-1.94 (m, 

1 H, CH from Cy), 1.80-1.58 (m, 5 H, protons from Cy), 1.36-0.98 (m, 5 H, protons 

from Cy); 13C NMR (75 MHz, CDCl3) δ = 201.1, 143.2, 128.4, 127.6, 126.1, 101.1, 

97.0, 72.3, 37.2, 32.9, 26.0, 25.9; MS (EI) m/z (%): 228 (M+, 3.22), 79 (100); IR 

(neat): v = 3313, 2921, 2848, 1962, 1445, 1399, 1265, 1248, 1179, 1144, 1062, 1034 

cm-1; HRMS calcd for C16H20O [M+]: 228.1514, found: 228.1516. 
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n-Bu

CH2OCH2C6H4NO2-pH

H

3aa

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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n-Bu

CH2OCH2C6H4NO2-pH

H

(R)-3aa

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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H

Ph

Cy

H

3dc
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Cy

PhH

H

(R)-3dc
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 S29

H

H

HO
3ec

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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H

H

HO
(R)-3ec

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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 S33

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)

H

H

HO
3ec
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HH

HO

(S)-3ec

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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H

H

HO
3fc

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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H

H

HO
(R)-3fc

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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 S41

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)

H

H

HO
3fc



 S42

HH

HO
(S)-3fc

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S43



 S44



 S45

H

H

HO

3gc

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S46

H

H

HO
(R)-3gc

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S47



 S48



 S49

H

H

HO Et

Et

3hc

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S50

H

H

HO Et

Et

(R)-3hc

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)
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 S52



 S53

H

H

HO
3ed

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S54

H

H

HO
(R)-3ed

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S55



 S56



 S57

H

H

HO
3ee

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S58

 

H

H

HO
(R)-3ee

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S59

 



 S60



 S61

Hn-C7H15

H

HO

3ef

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S62

Hn-C7H15

H

HO

(R)-3ef

(HPLC conditions)

(Total)

(PeakNo) (PeakName) (R.Time)

(Analysis Results)

(PerCent)(PeakArea)(PeakHeight)



 S63



 S64



 S65

HPh

H

HO

3eg



 S66

HPh

H

HO

(R)-3eg



 S67



 S68



 S69

HCy

H Ph
HO

3ic



 S70

(R,R)-3ic

HCy

H Ph
HO

HCy

H Ph
HO

(R,S)-3ic
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 S72



 S73

HCy

H Ph
HO

3ic



 S74

(R,S)-3ic

HCy

H Ph
HO



 S75



 S76



 S77

HCy

H Ph
HO

3ic



 S78

(S,S)-3ic

HH

Cy Ph
HO



 S79



 S80



 S81

HCy

H Ph
HO

3ic



 S82

(R,R)-3ic

HCy

H Ph
HO



 S83



 S84



 S85

HCy

H Ph
HO

3ic



 S86

 

(S,R)-3ic

HH

Cy Ph
HO


