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Synthetic Procedure and Compound Characterization 

 

Reduction of compound 8 and the subsequent hydrolysis 

In Table 3, the yield and isomeric ratio of products varied depending on the reducing 

agent and reaction conditions (base, solvent and temperature).  

Entry 1: Reduction of trans-8 with LiAlH4 in THF at –78 °C for 5 h, followed by 

hydrolysis with oxalic acid, gave 1b (139 mg, 17%) and 13b (589 mg, 73%).  

Entry 2: Reduction of 8 (trans/cis = 1:1) with LiAlH4 in THF at –78 °C for 5 h, followed 

by hydrolysis with oxalic acid, gave 1b (69 mg, 9%), 1c (54 mg, 7%), 1d (145 mg, 18%), 13b 

(299 mg, 37%), 13c (135 mg, 17%) and 13d (16 mg, 2%).  

Entry 3: Reduction of 8 (trans/cis = 1:1) with i-Bu2AlH in THF at –78 °C for 5 h, 

followed by hydrolysis with oxalic acid, gave 1b (101 mg, 12%), 1c (46 mg, 6%), 1d (153 mg, 

19%), 13b (274 mg, 34%), 13c (163 mg, 20%) and 13d (15 mg, 2%).  

Entry 4: Reduction of 8 (trans/cis = 1:1) with Li(Ot-Bu)3AlH in THF at 0 °C for 5 h, 

followed by hydrolysis with oxalic acid, gave 1b (38 mg, 5%), 1c (55 mg, 7%), 1d (105 mg, 

13%), 13a (145 mg, 18%), 13b (178 mg, 22%), 13c (155 mg, 19%) and 13d (40 mg, 5%). 

Entry 5: Reduction of 8 (2.07 mmol, trans/cis = 1:1) with NaBH4 (4.14 mmol) and 

CeCl3•7H2O (4.14 mmol) in MeOH at 0 °C for 5 h, followed by hydrolysis with oxalic acid, 

gave 1b (59 mg, 9%), 1c (38 mg, 5%), 1d (186 mg, 23%), 13b (299 mg, 37%), 13c (69 mg, 

9%) and 13d (70 mg, 9%).  

Entry 6: Reduction of 8 (trans/cis = 1:1) with LiEt3BH in THF at –78 °C for 5 h, 

followed by hydrolysis with oxalic acid, gave 1b (92 mg, 11%), 1c (85 mg, 10%), 81 mg, 

10%), 13b (283 mg, 35%) and 13c (178 mg, 22%).  

Entry 8: Reduction of 8 (trans/cis = 1:1) with Li(siamyl)3BH in THF at –40 °C for 5 h, 

followed by hydrolysis with oxalic acid, gave 1b (80 mg, 10%), 1c (147 mg, 18%), 13b (307 

mg, 38%) and 13c (225 mg, 28%). 

 

5-Benzyl-4-hydroxy-6-methyl-2,3-dimethoxycyclohex-2-en-1-one (15) and 

5-benzyl-4-hydroxy-6-methyl-1,2-dimethoxycyclohex-1-en-3-one (16)  

According to the representative procedure for alkylation reaction, ketone 12 (0.5 g, 2.17 

mmol) was treated with LHMDS (4.34 mmol, 4.3 mL of 1.0 M solution in THF) and benzyl 

bromide (0.7 g, 4.34 mmol) to give the alkylation product 14 (trans/cis = 1:1) as shown in the 
1
H NMR spectrum. HRMS calcd for C18H25O5: 321.1702, found: m/z 321.1692 [M

 
+ H]

+
. 

According to the representative procedure for reduction, the above-prepared ketone 14 

was treated with an appropriate reducing agent (LiAlH4, i-Bu2AlH, LiAl(Ot-Bu)3H, 

NaBH4/CeCl3•7H2O, Superhydride
®
, L-Selectride

®
 or LS-Selectride

®
), followed by 

hydrolysis with oxalic acid, to give isomeric compounds 15b–d and 16a–c in varied ratios 

depending on the reducing agent and reaction conditions. The diastereomers were separated 
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by silica gel column chromatography with elution of EtOAc/hexane (10:90). Some 

diastereomers were recrystallized from EtOAc/hexane for X-ray diffraction analysis.  

The (4,5-cis-5,6-cis)-isomer 15c (30 mg, 0.11 mmol) was subjected to epimerization by 

treatment with K2CO3 (45 mg, 0.33 mmol) in MeOH (2 mL) at 25 °C for 12 h, giving the 

(4,5-cis-5,6-trans)-isomer 15a (27 mg, 90%) after purification on a silica gel column by 

elution with EtOAc/CH2Cl2 (10:90). 

(4,5-Cis-5,6-trans)-isomer 15a: C16H20O4; IR νmax (neat) 3431, 3026, 2932, 1660, 1619, 

1454, 1240, 1015, 942, 751, 703 cm
–1

. 
1
H NMR (500 MHz, CDCl3) δ 7.31–7.26 (2 H, m), 

7.23–7.18 (3 H, m), 3.98 (4 H, br s), 3.64 (3 H, s), 2.90 (1 H, dd, J = 13.1, 5.2 Hz), 2.75 (1 H, 

dd, J = 13.1, 11.0 Hz), 2.59 (1 H, qd, J = 6.7, 11.0 Hz), 2.03–1.93 (2 H, m), 1.25 (3 H, d, J = 

6.7 Hz). 
13

C NMR (125 MHz, CDCl3) δ 196.8, 160.4, 139.2, 135.8, 129.2 (2 ×), 128.6 (2 ×), 

126.4, 66.9, 60.7, 59.4, 45.0, 40.3, 34.4, 12.6. HRMS calcd for C16H21O4: 277.1440, found: 

m/z 277.1439 [M + H]
+
. 

(4,5-Trans-5,6-trans)-isomer 15b:
 
C16H20O4; White solid, mp 75.5–77.3 

o
C; IR νmax (neat) 

3427, 3026, 2935, 2880, 1660, 1614, 1454, 1234, 1011, 969, 750, 702 cm
–1

. 
1
H NMR (400 

MHz, CDCl3) δ 7.33–7.15 (5 H, m), 4.20 (1 H, d, J = 7.5 Hz), 4.08 (3 H, s), 3.62 (3 H, s), 

3.03 (1 H, dd, J = 14.1, 5.0 Hz), 2.84 (1 H, dd, J=14.1, 4.5 Hz), 2.65 (1 H, br s), 2.22–2.13 (1 

H, m), 2.13–2.00 (1 H, m), 1.35 (3 H, d, J = 7.0 Hz). 
13

C NMR (100 MHz, CDCl3) δ 196.8, 

160.1, 138.0, 134.9, 129.9 (2 ×), 128.4 (2 ×), 126.4, 68.7, 60.7, 60.3, 46.5, 42.2, 34.9, 14.9. 

HRMS calcd for C16H21O4: 277.1440, found: m/z 277.1439 [M + H]
+
. A sample of 15b was 

recrystallized from EtOAc/hexane. The 4,5-trans-5,6-trans configuration was unambiguously 

determined by X-ray crystallography. 

(4,5-Cis-5,6-cis)-isomer 15c: C16H20O4; White solid, mp 137.8–138.9; IR νmax (neat) 3420, 

3025, 2980, 2835, 1665, 1614, 1454, 1204, 1023, 969, 754, 712 cm
–1

. 
1
H NMR (500 MHz, 

CDCl3) δ 7.32–7.15 (5 H, m), 4.23 (1 H, d, J = 3.7 Hz), 4.05 (3 H, s), 3.64 (3 H, s), 2.99 (1 H, 

dd, J = 13.4, 8.5 Hz), 2.67 (1 H, dd, J = 13.4, 6.1 Hz), 2.49 (1 H, qd, J=7.3, 4.3 Hz), 2.41–

2.32 (1 H, m), 1.30 (3 H, d, J = 7.3 Hz). 
13

C NMR (125 MHz, CDCl3) δ 199.1, 160.5, 139.6, 

135.2, 129.0 (2 ×), 128.6 (2 ×), 126.3, 69.2, 60.6, 59.8, 44.3, 41.5, 33.6, 15.0. HRMS calcd 

for C16H21O4: 277.1440, found: m/z 277.1439 [M + H]
+
. A sample of 15c was recrystallized 

from EtOAc/hexane. The 4,5-cis-5,6-cis configuration was unambiguously determined by 

X-ray crystallography. 

(4,5-Trans-5,6-cis)-isomer 15d:
 
C16H20O4; White solid, mp 168.7–169.5 

o
C; IR νmax (neat) 

3430, 3016, 2970, 2884, 1663, 1620, 1451, 1224, 1013, 959, 757, 700 cm
–1

. 
1
H NMR (500 

MHz, CDCl3) δ 7.31–7.23 (2 H, m), 7.23–7.15 (1 H, m), 7.11 (2 H, d, J = 7.3 Hz), 4.23 (1 H, 

d, J = 5.5 Hz), 4.03 (3 H, s), 3.67 (3 H, s), 2.81 (1 H, qd, J = 7.3, 4.3 Hz), 2.77–2.69 (1 H, m), 

2.69–2.60 (1 H, m), 2.34–2.25 (1 H, m), 1.17 (3 H, d, J = 7.3 Hz). 
13

C NMR (125 MHz, 

CDCl3) δ 197.4, 158.9, 139.1, 135.6, 128.8 (2 ×), 128.6 (2 ×), 126.4, 68.9, 60.6, 59.6, 46.0, 

40.0, 33.2, 11.8. HRMS calcd for C16H21O4: 277.1440, found: m/z 277.1439 [M + H]
+
. A 
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sample of 15d was recrystallized from EtOAc/hexane. The 4,5-trans-5,6-cis configuration 

was unambiguously determined by X-ray crystallography. 

(4,5-Cis-5,6-trans)-isomer 16a:
 
C16H20O4; IR νmax (neat) 3465, 3025, 2928, 2852, 1667, 

1606, 1454, 1260, 1008, 972, 748, 701 cm
–1

. 
1
H NMR (500 MHz, CDCl3) δ 7.30–7.22 (2 H, 

m), 7.21–7.16 (1 H, m), 7.08 (2 H, d, J = 7.3 Hz), 4.50 (1 H, d, J = 5.5 Hz), 3.98 (3 H, s), 3.69 

(3 H, s), 3.05 (1 H, dd, J = 14.0, 3.1 Hz), 2.49 (1 H, qd, J = 7.3, 1.2 Hz), 2.44–2.35 (1 H, m), 

2.18–2.05 (1 H, m), 1.21 (3 H, d, J = 7.3 Hz). 
13

C NMR (125 MHz, CDCl3) δ 194.5, 166.7, 

139.8, 133.6, 129.1 (2 ×), 128.6 (2 ×), 126.2, 70.7, 60.7, 59.1, 46.5, 33.8, 31.8, 17.7. HRMS 

calcd for C16H21O4: 277.1440, found: m/z 277.1439 [M + H]
+
. 

(4,5-Trans-5,6-trans)-isomer 16b:
 
C16H20O4; Pale yellow solid, mp 59.5–61.2 

o
C; IR νmax 

(neat) 3460, 3027, 2937, 2881, 1746, 1602, 1454, 1259, 1040, 977, 753, 702 cm
–1

. 
1
H NMR 

(400 MHz, CDCl3) δ 7.32–7.26 (4 H, m), 7.26–7.17 (1 H, m), 3.98 (3 H, s), 3.83 (1 H, br s), 

3.74 (1 H, d, J = 12.5 Hz), 3.60 (3 H, s), 3.16 (1 H, dd, J = 14.1, 4.5 Hz), 2.92 (1 H, dd, J = 

14.1, 3.5 Hz), 2.37 (1 H, qd, J = 10.2, 6.5 Hz), 1.89–1.76 (1 H, m), 1.31 (3 H, d, J = 6.5 Hz). 
13

C NMR (100 MHz, CDCl3) δ 195.8, 166.9, 137.2, 133.3, 130.5 (2 ×), 128.3 (2 ×), 126.4, 

71.3, 60.6, 60.5, 46.3, 34.7, 32.7, 15.7. HRMS calcd for C16H21O4: 277.1440, found: m/z 

277.1439 [M + H]
+
. A sample of 16b was recrystallized from EtOAc/hexane. The 

4,5-trans-5,6-trans configuration was unambiguously determined by X-ray crystallography. 

(4,5-Cis-5,6-cis)-isomer 16c: C16H20O4; White solid, mp 99.8–101.3 
o
C; IR νmax (neat) 

3440, 2924, 2852, 1755, 1651, 1454, 1226, 1025, 959, 735, 701 cm
–1

. 
1
H NMR (400 MHz, 

CDCl3) δ 7.23–7.10 (5 H, m), 4.12 (1 H, d, J = 4.5 Hz), 4.08 (3 H, s), 3.64 (3 H, s), 2.91–2.82 

(1 H, m), 2.82–2.71 (1 H, m), 2.59–2.47 (2 H, m), 1.17 (3 H, d, J = 7.0 Hz). 
13

C NMR (100 

MHz, CDCl3) δ 195.3, 167.2, 141.3, 134.4, 129.0 (2 ×), 128.3 (2 ×), 125.8, 74.9, 60.7, 60.3, 

45.9, 37.3, 30.4, 15.3. HRMS calcd for C16H21O4: 277.1440, found: m/z 277.1439 [M + H]
+
. A 

sample of 16c was recrystallized from EtOAc/hexane. The 4,5-cis-5,6-cis configuration was 

unambiguously determined by X-ray crystallography. 

(4,5-Trans-5,6-cis)-isomer 16d: C16H20O4; IR νmax (neat) 3471, 2924, 2853, 1666, 1607, 

1454, 1233, 1048, 955, 748, 701 cm
–1

. 
1
H NMR (500 MHz, CDCl3) δ 7.30–7.26 (2 H, m), 

7.22–7.17 (3 H, m), 4.02 (1 H, d, J = 12.2 Hz), 3.97 (3 H, s), 3.69 (1 H, s), 3.65 (3 H, s), 3.35 

(1 H, dd, J = 14.0, 3.7 Hz), 2.57 (1 H, dd, J = 14.0, 11.9 Hz), 2.34–2.22 (1 H, m), 1.19 (3 H, d, 

J = 6.7 Hz).
 13

C NMR (125 MHz, CDCl3) δ 195.4, 170.2, 138.8, 133.6, 128.9 (2 ×), 128.6 (2 

×), 126.3, 71.3, 60.8, 59.5, 44.7, 33.7, 33.6, 12.1. HRMS calcd for C16H21O4: 277.1440, found: 

m/z 277.1439 [M + H]
+
. 
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Figure S1. Comparison of the 
1
H NMR spectra of natural (+)-antroquinonol and the synthetic 

racemic mixture (±)-1a (500 MHz, CDCl3). 
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Figure S2. Comparison of the 
13

C NMR spectra of natural (+)-antroquinonol and the 

synthetic racemic mixture (±)-1a (125 MHz, CDCl3). 
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Figure S3. 
1
H NMR spectrum of compound 10 (400 MHz, CDCl3) 
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Figure S4. 
13

C NMR spectrum of compound 10 (100 MHz, CDCl3) 
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Figure S5. 
13

C-DEPT NMR spectrum of compound 10 (100 MHz, CDCl3) 
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Figure S6. 
1
H NMR spectrum of compound 9 (400 MHz, CDCl3) 
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Figure S7. 
13

C NMR spectrum of compound 9 (100 MHz, CDCl3) 
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Figure S8. 
13

C-DEPT NMR spectrum of compound 9 (100 MHz, CDCl3) 

  



S13 

 

 

Figure S9. 
1
H NMR spectrum of compound 11 (400 MHz, CDCl3) 
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Figure S10. 
13

C NMR spectrum of compound 11 (100 MHz, CDCl3) 
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Figure S11. 
1
H NMR spectrum of compound 12 (400 MHz, CDCl3) 
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Figure S12. 
13

C NMR spectrum of compound 12 (100 MHz, CDCl3) 
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Figure S13. 
13

C-DEPT NMR spectrum of compound 12 (100 MHz, CDCl3) 
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Figure S14. 
1
H NMR spectrum of trans-8 and cis-8 (400 MHz, CDCl3) 
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Figure S15. 
13

C NMR spectrum of trans-8 and cis-8 (100 MHz, CDCl3) 
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Figure S16. 
1
H NMR spectrum of compound 1a (500 MHz, CDCl3) 
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Figure S17. 
13

C NMR spectrum of compound 1a (125 MHz, CDCl3) 
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Figure S18. 
1
H–

1
H COSY NMR spectrum of compound 1a (500 MHz, CDCl3) 
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Figure S19. 

1
H-

1
H NOESY spectrum of compound 1a (500 MHz, CDCl3). 
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Figure S20. 
1
H–

13
C HSQC NMR spectrum of compound 1a (125 MHz, CDCl3) 
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Figure S21. 
1
H NMR spectrum of compound 1b (500 MHz, CDCl3) 
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Figure S22. 
13

C NMR spectrum of compound 1b (125 MHz, CDCl3) 
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Figure S23. 
1
H–

1
H COSY NMR spectrum of compound 1b (500 MHz, CDCl3) 
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Figure S24. 

1
H-

1
H NOESY spectrum of compound 1b (500 MHz, CDCl3). 
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Figure S25. 
1
H–

13
C HSQC NMR spectrum of compound 1b (125 MHz, CDCl3) 
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Figure S26. 
1
H NMR spectrum of compound 1c (500 MHz, CDCl3)  
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Figure S27. 
13

C NMR spectrum of compound 1c (125 MHz, CDCl3) 
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Figure S28. 
1
H–

1
H COSY NMR spectrum of compound 1c (500 MHz, CDCl3) 
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Figure S29. 
1
H-

1
H NOESY spectrum of compound 1c (500 MHz, CDCl3). 
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Figure S30. 
1
H–

13
C HSQC NMR spectrum of compound 1c (125 MHz, CDCl3) 
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Figure S31. 
1
H NMR spectrum of compound 1d (400 MHz, CDCl3) 
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Figure S32. 
13

C NMR spectrum of compound 1d (100 MHz, CDCl3) 
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Figure S33. 
1
H–

1
H COSY NMR spectrum of compound 1d (400 MHz, CDCl3) 
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Figure S34. 
1
H-

1
H NOESY spectrum of compound 1d (400 MHz, CDCl3). 
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Figure S35. 
1
H–

13
C HSQC NMR spectrum of compound 1d (100 MHz, CDCl3) 
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Figure S36. 
1
H NMR spectrum of compound 13a (500 MHz, CDCl3) 
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Figure S37. 
13

C NMR spectrum of compound 13a (125 MHz, CDCl3) 
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Figure S38. 
1
H–

1
H COSY NMR spectrum of compound 13a (500 MHz, CDCl3) 
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Figure S39. 
1
H-

1
H NOESY spectrum of compound 13a (500 MHz, CDCl3). 
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Figure S40. 
1
H–

13
C HSQC NMR spectrum of compound 13a (125 MHz, CDCl3) 
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Figure S41. 
1
H NMR spectrum of compound 13b (400 MHz, CDCl3) 
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Figure S42. 
13

C NMR spectrum of compound 13b (100 MHz, CDCl3) 
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Figure S43. 
1
H–

1
H COSY NMR spectrum of compound 13b (400 MHz, CDCl3) 
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Figure S44. 

1
H-

1
H NOESY spectrum of compound 13b (400 MHz, CDCl3). 
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Figure S45. 
1
H–

13
C HSQC NMR spectrum of compound 13b (125 MHz, CDCl3) 
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Figure S46. 
1
H NMR spectrum of compound 13c (400 MHz, CDCl3) 
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Figure S47. 
13

C NMR spectrum of compound 13c (100 MHz, CDCl3) 
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Figure S48. 
1
H–

1
H COSY NMR spectrum of compound 13c (400 MHz, CDCl3) 
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Figure S49. 
1
H-

1
H NOESY spectrum of compound 13c (400 MHz, CDCl3). 
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Figure S50. 
1
H–

13
C HSQC NMR spectrum of compound 13c (100 MHz, CDCl3) 
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Figure S51. 
1
H NMR spectrum of compound 13d (500 MHz, CDCl3) 
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Figure S52. 
13

C NMR spectrum of compound 13d (125 MHz, CDCl3) 
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Figure S53. 
1
H–

1
H COSY NMR spectrum of compound 13d (500 MHz, CDCl3) 
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Figure S54. 
1
H-

1
H NOESY spectrum of compound 13d (500 MHz, CDCl3). 
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Figure S55. 
1
H–

13
C HSQC NMR spectrum of compound 13d (125 MHz, CDCl3) 
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Figure S56. 
1
H NMR spectrum of compounds 15a (500 MHz, CDCl3) 
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Figure S57. 
13

C NMR spectrum of compound 15a (125 MHz, CDCl3) 
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Figure S58. 
1
H–

1
H COSY NMR spectrum of compound 15a (500 MHz, CDCl3) 
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Figure S59. 
1
H-

1
H NOESY spectrum of compound 15a (500 MHz, CDCl3). 
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Figure S60. 
1
H–

13
C HSQC NMR spectrum of compound 15a (125 MHz, CDCl3) 
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Figure S61. 
1
H NMR spectrum of compound 15b (400 MHz, CDCl3) 

  



S66 

 

 

Figure S62. 
13

C NMR spectrum of compound 15b (100 MHz, CDCl3) 
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Figure S63. 
1
H–

1
H COSY NMR spectrum of compound 15b (400 MHz, CDCl3) 
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Figure S64. 
1
H-

1
H NOESY spectrum of compound 15b (400 MHz, CDCl3). 
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Figure S65. 
1
H–

13
C HSQC NMR spectrum of compound 15b (100 MHz, CDCl3) 
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Figure S66. 
1
H NMR spectrum of compound 15c (500 MHz, CDCl3) 
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Figure S67. 
13

C NMR spectrum of compound 15c (125 MHz, CDCl3) 
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Figure S68. 
1
H–

1
H COSY NMR spectrum of compound 15c (500 MHz, CDCl3) 

  



S73 

 

 

Figure S69. 
1
H-

1
H NOESY spectrum of compound 15c (500 MHz, CDCl3). 
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Figure S70. 
1
H–

13
C HSQC NMR spectrum of compound 15c (125 MHz, CDCl3) 
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Figure S71. 
1
H NMR spectrum of compound 15d (500 MHz, CDCl3) 
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Figure S72. 
13

C NMR spectrum of compound 15d (125 MHz, CDCl3) 
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Figure S73. 
1
H–

1
H COSY NMR spectrum of compound 15d (500 MHz, CDCl3) 
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Figure S74. 
1
H-

1
H NOESY spectrum of compound 15d (500 MHz, CDCl3). 
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Figure S75. 
1
H–

13
C HSQC NMR spectrum of compound 15d (125 MHz, CDCl3) 
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Figure S76. 
1
H NMR spectrum of compound 16a (500 MHz, CDCl3) 
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Figure S77. 
13

C NMR spectrum of compound 16a (125 MHz, CDCl3) 
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Figure S78. 
1
H–

1
H COSY NMR spectrum of compound 16a (500 MHz, CDCl3) 
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Figure S79. 
1
H-

1
H NOESY spectrum of compound 16a (500 MHz, CDCl3). 
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Figure S80. 
1
H–

13
C HSQC NMR spectrum of compound 16a (125 MHz, CDCl3) 
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Figure S81. 
1
H NMR spectrum of compound 16b (400 MHz, CDCl3) 
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Figure S82. 
13

C NMR spectrum of compound 16b (100 MHz, CDCl3) 
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Figure S83. 
1
H–

1
H COSY NMR spectrum of compound 16b (400 MHz, CDCl3) 
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Figure S84. 
1
H-

1
H NOESY spectrum of compound 16b (400 MHz, CDCl3). 
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Figure S85. 
1
H–

13
C HSQC NMR spectrum of compound 16b (100 MHz, CDCl3) 

  



S90 

 

 

Figure S86. 
1
H NMR spectrum of compound 16c (400 MHz, CDCl3) 
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Figure S87. 
13

C NMR spectrum of compound 16c (100 MHz, CDCl3) 
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Figure S88. 
1
H–

1
H COSY NMR spectrum of compound 16c (400 MHz, CDCl3) 
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Figure S89. 
1
H-

1
H NOESY spectrum of compound 16c (400 MHz, CDCl3). 

 

 

  



S94 

 

 

 

Figure S90. 
1
H–

13
C HSQC NMR spectrum of compound 16c (100 MHz, CDCl3) 
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Figure S91. 
1
H NMR spectrum of compound 16d (500 MHz, CDCl3) 
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Figure S92. 
13

C NMR spectrum of compound 16d (125 MHz, CDCl3) 
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Figure S93. 
1
H–

1
H COSY NMR spectrum of compound 16d (500 MHz, CDCl3) 
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Figure S94. 
1
H–

1
H NOESY NMR spectrum of compound 16d (500 MHz, CDCl3) 
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Figure S95. 
1
H–

13
C HSQC NMR spectrum of compound 16d (125 MHz, CDCl3) 
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Figure S96. Comparison of the 
1
H NMR spectra of 1a and 15a (400 MHz, CDCl3). 
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Figure S97. ORTEP drawing of compounds 15b (IC16470, all-trans) and comparison of the 
1
H NMR spectra of 1b with 15b (400 MHz, CDCl3). 
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Figure S98. ORTEP drawing (IC16707) of compound 15c (all-cis) and comparison of the 
1
H 

NMR spectra of 1c with 15c (400 MHz, CDCl3). 
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Figure S99. ORTEP drawing (IC16473) of compound 15d (4,5-trans-5,6-cis) and comparison 

of the 
1
H NMR spectra of 1d with 15d (400 MHz, CDCl3). 

 

 

  



S104 

 

 

Figure S100. Comparison of the 
1
H NMR spectra of 13a and 16a (400 MHz, CDCl3). 
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Figure S101. ORTEP drawing (IC16451) of compound 16b (4,5-trans-5,6-cis) and 

comparison of the 
1
H NMR spectra of 13b and 16b (400 MHz, CDCl3). 
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Figure S102. ORTEP drawing (IC16471) of compound 16c (4,5-trans-5,6-cis) and 

comparison of the 
1
H NMR spectra of 13c with 11c (400 MHz, CDCl3). 
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Figure S103. Comparison of the 
1
H NMR spectra of 13d and 16d (400 MHz, CDCl3). 
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Figure S104. 
1
H NMR spectra of 1a–d and 13a–d (400 MHz, CDCl3). 
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Figure S105. 
1
H NMR spectra of 15a–d and 16a–d (400 MHz, CDCl3). 
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Table S1. NMR spectral comparison of 1a–d/15a–d and 13a–d/16a–d.
a
 

 

compound H-4 H-6 Me-6 C-1 C-4 C-6 CH3-6 

1a 4.34 (d, 3.1) 2.52 (qd, 6.7, 11.0) 1.16 (d, 6.7 ) 197.1 68.0 40.3 12.3 

15a 3.98 (br s) 2.59 (qd, 6.7, 11.0) 1.25 (d, 6.7) 196.8 66.9 40.3 12.6 

1b 4.25 (d, 8.5) 2.24–2.17 (m) 1.19 (d, 6.7) 197.1 69.2 42.0 13.1 

15b 4.20 (d, 7.5) 2.22–2.13 (m) 1.35 (d, 7.0) 196.8 68.7 42.2 14.9 

1c 4.40 (br s) 2.46 (qd, 7.3, 4.3) 1.23 (d, 7.3) 199.2 69.7 44.1 14.8 

15c 4.23 (d, 3.7) 2.49 (qd, 7.3, 4.3) 1.30 (d, 7.3) 199.1 69.2 44.3 15.0 

1d 4.29 (d, 4.4) 2.88 (qd, 6.8, 3.8) 1.08 (d, 6.8) 197.6 69.6 40.2 11.8 

15d 4.23 (d, 5.5) 2.81 (qd, 7.3, 4.3) 1.17 (d, 7.3) 197.4 68.9 40.0 11.8 

13a 4.42 (d, 5.5) 2.61 (qd, 7.3, 1.6) 1.29 (d, 7.3) 194.9 70.8 34.6 16.0 

16a 4.50 (d, 5.5) 2.49 (qd, 7.3, 1.2) 1.21 (d, 7.3) 194.5 70.7 33.8 17.7 

13b 3.84 (d, 12.5) 2.56–2.40 (m) 1.19 (d, 7.0) 196.2 72.2 35.3 15.4 

16b 3.74 (d, 12.5) 2.37 (qd, 10.2, 6.5) 1.31 (d, 6.5) 195.8 71.3 34.7 15.7 

13c 4.12 (d, 2.0) 2.86 (qd, 7.0, 4.5) 1.20 (d, 7.0) 195.5 75.3 37.1 15.0 

16c 4.12 (d, 4.5) 2.91–2.82 (m) 1.17 (d, 7.0) 195.3 74.9 37.3 15.3 

13d 3.91 (d, 12.2) 2.62–2.57 (m) 1.11 (d, 7.3) 195.7 71.6 34.4 11.9 

16d 4.02 (d, 12.0) 2.34–2.22 (m) 1.19 (d, 6.7) 195.4 71.3 33.6 12.1 

a
 Chemical shifts (δ) are given in parts per million (ppm) relative to δH 7.24 and δC 77.0 

(central line of triplet) for CHCl3 and CDCl3, respectively. Data in parenthesis are coupling 

constants (J) given in Hz. 
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Table S2. Crystal data, atomic coordinates bond lengths and bond angles of compound cis-14 

(IC17004, deposit CCDC 1036453) 
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Table S3. Crystal data, atomic coordinates bond lengths and bond angles of compound 15b 

(IC16470, deposit CCDC 1036448) 
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Table S4. Crystal data, atomic coordinates bond lengths and bond angles of compound 15c 

(IC16707, deposit CCDC 1036452) 
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Table S5. Crystal data, atomic coordinates bond lengths and bond angles of compound 15d 

(IC16473, deposit CCDC 1036450) 
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Table S6. Crystal data, atomic coordinates bond lengths and bond angles of compound 16b 

(IC16451, deposit CCDC 1036447) 
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Table S7. Crystal data, atomic coordinates bond lengths and bond angles of compound 16c 

(IC16471, deposit CCDC 1036449)  
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