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1. X-ray crystallographic analyses 

Table S1. X-ray crystallographic data for 1. 

 

 

Table S2. X-ray crystallographic data for 15a. 
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2. Spectra of compound 1 

 

 

Figure S1.1. 1H NMR spectrum (600 MHz) of compound 1 in CDCl3. 

 

 

Figure S1.2. 13C NMR spectrum (150 MHz) of compound 1 in CDCl3. 
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Figure S1.3. HSQC spectrum (600 MHz) of compound 1 in CDCl3. 

 

Figure S1.4. HMBC spectrum (600 MHz) of compound 1 in CDCl3. 
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Figure S1.5. 1H-1H COSY spectrum (600 MHz) of compound 1 in CDCl3. 

 

 
 

Figure S1.6. NOESY spectrum (600 MHz) of compound 1 in CDCl3. 
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Figure S1.7. HR-EIMS spectrum of compound 1. 

 

 

 

 

Figure S1.8. IR spectrum of compound 1. 
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Figure S1.9. CD and UV spectra of compound 1. 

 

Figure S1.10. 1H NMR spectrum (400 MHz) of compound 1a in CDCl3. 
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3. Spectra of compound 2 

 

Figure S2.1. 1H NMR spectrum (800 MHz) of compound 2 in CDCl3. 

 

 

Figure S2.2. 13C NMR spectrum (150 MHz) of compound 2 in CDCl3. 
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Figure S2.3. HSQC spectrum (800 MHz) of compound 2 in CDCl3. 

 

 

Figure S2.4. HMBC spectrum (800 MHz) of compound 2 in CDCl3. 
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Figure S2.5. 1H-1H COSY spectrum (800 MHz) of compound 2 in CDCl3. 

 

 

Figure S2.6. NOESY spectrum (800 MHz) of compound 2 in CDCl3. 
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Figure S2.7. HR-EIMS spectrum of compound 2. 

 

 

 

Figure S2.8. IR spectrum of compound 2. 

 

 

 

Figure S2.9. UV spectrum of compound 2. 
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4. Spectra of compound 3 

 

Figure S3.1. 1H NMR spectrum (800 MHz) of compound 3 in CDCl3. 

 

 

Figure S3.2. 13C NMR spectrum (150 MHz) of compound 3 in CDCl3. 
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Figure S3.3. HSQC spectrum (800 MHz) of compound 3 in CDCl3. 

 

 

Figure S3.4. HMBC spectrum (800 MHz) of compound 3 in CDCl3. 
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Figure S3.5. 1H-1H COSY spectrum (800 MHz) of compound 3 in CDCl3. 

 

 

Figure S3.6. NOESY spectrum (800 MHz) of compound 3 in CDCl3. 
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Figure S3.7. HR-EIMS spectrum of compound 3. 

 

 

Figure S3.8. IR spectrum of compound 3. 

 

 

Figure S3.9. CD and UV spectrum of compound 3. 
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5. Spectra of compound 4 

 

Figure S4.1. 1H NMR spectrum (800 MHz) of compound 4 in CDCl3. 

 

Figure S4.2. 13C NMR spectrum (150 MHz) of compound 4 in CDCl3. 
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Figure S4.3. HSQC spectrum (800 MHz) of compound 4 in CDCl3. 

 

 

Figure S4.4. HMBC spectrum (800 MHz) of compound 4 in CDCl3. 

 



 11 

 
 

Figure S4.5. 1H-1H COSY spectrum (800 MHz) of compound 4 in CDCl3. 

 

 

Figure S4.6. NOESY spectrum (800 MHz) of compound 4 in CDCl3. 
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Figure S4.7. HR-EIMS spectrum of compound 4. 

 

 

Figure S4.8. IR spectrum of compound 4. 

 

 

Figure S4.9. CD and UV spectrum of compound 4. 
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6. Spectra of compound 5 

 

Figure S5.1. 1H NMR spectrum (600 MHz) of compound 5 in CDCl3. 

 

 

Figure S5.2. 13C NMR spectrum (150 MHz) of compound 5 in CDCl3. 
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Figure S5.3. HSQC spectrum (600 MHz) of compound 5 in CDCl3. 

 

 

 

Figure S5.4. HMBC spectrum (600 MHz) of compound 5 in CDCl3. 
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Figure S5.5. 1H-1H COSY spectrum (600 MHz) of compound 5 in CDCl3. 

 

 

Figure S5.6. NOESY spectrum (600 MHz) of compound 5 in CDCl3. 
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Figure S5.7. HR-EIMS spectrum of compound 5. 

 

 

 

Figure S5.8. IR spectrum of compound 5. 

 

Figure S5.9. CD and UV spectrum of compound 5. 
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7. Spectra of compound 9 

 

Figure S6.1. 1H NMR spectrum (600 MHz) of compound 9 in CDCl3. 

 

 

Figure S6.2. 13C NMR spectrum (150 MHz) of compound 9 in CDCl3. 
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Figure S6.3. HSQC spectrum (600 MHz) of compound 9 in CDCl3. 

 

 

Figure S6.4. HMBC spectrum (600 MHz) of compound 9 in CDCl3. 
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Figure S6.5. 1H-1H COSY spectrum (600 MHz) of compound 9 in CDCl3. 

 

 

Figure S6.6. NOESY spectrum (600 MHz) of compound 9 in CDCl3. 
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Figure S6.7. HR-EIMS spectrum of compound 9. 

 

Figure S6.8. IR spectrum of compound 9. 
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8. Spectra of compound 10 

 

Figure S7.1. 1H NMR spectrum (600 MHz) of compound 10 in CDCl3. 

 

 

Figure S7.2. 13C NMR spectrum (150 MHz) of compound 10 in CDCl3. 
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Figure S7.3. HSQC spectrum (600 MHz) of compound 10 in CDCl3. 

 

 

Figure S7.4. HMBC spectrum (600 MHz) of compound 10 in CDCl3. 
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Figure S7.5. 1H-1H COSY spectrum (600 MHz) of compound 10 in CDCl3. 

 

 

Figure S7.6. NOESY spectrum (600 MHz) of compound 10 in CDCl3. 
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Figure S7.7. HR-EIMS spectrum of compound 10. 

 

 

Figure S7.8. IR spectrum of compound 10. 
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9. Spectra of compound 11 

 

Figure S8.1. 1H NMR spectrum (600 MHz) of compound 11 in CDCl3. 

 

 

Figure S8.2. 13C NMR spectrum (150 MHz) of compound 11 in CDCl3. 



 6 

 

Figure S8.3. HSQC spectrum (600 MHz) of compound 11 in CDCl3. 

 

 

Figure S8.4. HMBC spectrum (600 MHz) of compound 11 in CDCl3. 

 



 7 

 

Figure S8.5. 1H-1H COSY spectrum (600 MHz) of compound 11 in CDCl3. 

 

 

Figure S8.6. NOESY spectrum (600 MHz) of compound 11 in CDCl3. 
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Figure S8.7. HR-EIMS spectrum of compound 11. 

 

 

Figure S8.8. IR spectrum of compound 11. 
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10. Spectra of compound 12 

 

Figure S9.1. 1H NMR spectrum (600 MHz) of compound 12 in CDCl3. 

 

 
Figure S9.2. 13C NMR spectrum (150 MHz) of compound 12 in CDCl3. 
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Figure S9.3. HSQC spectrum (600 MHz) of compound 12 in CDCl3. 

 

 
Figure S9.4. HMBC spectrum (600 MHz) of compound 12 in CDCl3. 
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Figure S9.5. 1H-1H COSY spectrum (600 MHz) of compound 12 in CDCl3. 

 

 

Figure S9.6. NOESY spectrum (600 MHz) of compound 12 in CDCl3. 
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Figure S9.7. HR-EIMS spectrum of compound 12. 

 

 

Figure S9.8. IR spectrum of compound 12. 

 

11. Spectra of compound 15a 

 
Figure S10.1. HR-EIMS spectrum of compound 15a. 
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12. QM-NMR calculation 

Torsional sampling (MCMM) conformational searches using OPLS_2005 force field were 

carried out by the means of conformational search module in Macro model 9.9.223 software 

(Schrodinger, http://www.schrodinger.com/MacroModel), applying an energy window of 21 

kJ/mol (5.02 kcal/mol) for saving structures. Conformers above 1% population were re-optimized 

with Gaussian 09 at the B3LYP/6-311G(d,p) level with IEFPCM solvent model for acetonitrile. 

The following DFT calculations were performed using Gaussian 09, and the dominant 

conformers were re-optimized at B3LYP/6-311G(d,p) level of theory. Magnetic shielding 

constants (σ) were calculated by means of the gauge including atomic orbitals (GIAO) method at 

mPW1PW91/6–31 G(d) level of theory as recommended for DP4+ analysis. 

12.1. Structure of studied isomers of compound 3. 

 

Figure S11.1. Two possible configurations of compound 3. 

 

12.2. SCF energies computed at the PCM/mPW1PW91/6-31G* level of theory for all 

conformers of studied isomers. 

3a_6R11S12S_1: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56192291 a. u. 

3a_6R11S12S_2: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56473866 a. u. 

3a_6R11S12S_3: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56474077 a. u. 

3a_6R11S12S_4: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56150640 a. u. 

3a_6R11S12S_5: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56244883 a. u. 

3a_6R11S12S_6: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56399453 a. u. 

3a_6R11S12S_7: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56239668 a. u. 

3a_6R11S12S_8: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56355852 a. u. 

3a_6R11S12S_9: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55897310 a. u. 
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3b_6S11S12S_1: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55843435 a. u. 

3b_6S11S12S_2: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55519468 a. u. 

3b_6S11S12S_3: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55217040 a. u. 

3b_6S11S12S_4: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55473068 a. u. 

3b_6S11S12S_5: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55773570 a. u. 

3b_6S11S12S_6: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55806553 a. u. 

3b_6S11S12S_7: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55198124 a. u. 

3b_6S11S12S_8: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55451696 a. u. 

3b_6S11S12S_9: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55131077 a. u. 

3b_6S11S12S_10: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55806506 a. u. 

 

12.3. DP4+ results obtained using experimental 1H and 13C data of compound 3 versus 

isomers 3a-3b. 

 

 

12.4. Structure of studied isomers of compound 4. 

 

Figure S11.2. Two possible configurations of compound 4. 
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12.5. SCF energies computed at the PCM/mPW1PW91/6-31G* level of theory for all 

conformers of studied isomers. 

 

4a_5R11S12S_1: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56095132 a. u. 

4a_5R11S12S_2: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56479510 a. u. 

4a_5R11S12S_3: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56033711 a. u. 

4a_5R11S12S_4: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56528750 a. u. 

4a_5R11S12S_5: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55940219 a. u. 

4a_5R11S12S_6: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56486809 a. u. 

4a_5R11S12S_7: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56362976 a. u. 

4a_5R11S12S_8: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56321472 a. u. 

4a_5R11S12S_9: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55994482 a. u. 

4a_5R11S12S_10: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56227741 a. u. 

4b_5S11S12S_1: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56559011 a. u. 

4b_5S11S12S_2: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56612488 a. u. 

4b_5S11S12S_3: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56559008 a. u. 

4b_5S11S12S_4: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56513833 a. u. 

4b_5S11S12S_5: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56568095 a. u. 

4b_5S11S12S_6: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55884239 a. u. 

4b_5S11S12S_7: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56066577 a. u. 

4b_5S11S12S_8: SCF energy (PCM/mPW1PW91/6-31G*) = -931.55451696 a. u. 

4b_5S11S12S_9: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56230067 a. u. 

4b_5S11S12S_10: SCF energy (PCM/mPW1PW91/6-31G*) = -931.56376243 a. u. 

 

12.6. DP4+ results obtained using experimental 1H and 13C data of compound 4 versus 

isomers4a-4b. 
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12.7. Structure of studied isomers of compound 5. 

 

Figure S11.3. Two possible configurations of compound 5. 

 

12.8. SCF energies computed at the PCM/mPW1PW91/6-31G* level of theory for all 

conformers of studied isomers. 

 

5a_5R11S12S_1: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18727565 a. u. 

5a_5R11S12S_2: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.19113432 a. u. 

5a_5R11S12S_4: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.19102676 a. u. 

5a_5R11S12S_5: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.19029245 a. u. 

5a_5R11S12S_6: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18339270 a. u. 

5a_5R11S12S_7: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18710949 a. u. 

5a_5R11S12S_8: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18545285 a. u. 

5a_5R11S12S_9: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18849334 a. u. 

5a_5R11S12S_10: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18228246 a. u. 

5b_5S11S12S_1: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18629387 a. u. 
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5b_5S11S12S_2: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18791705 a. u. 

5b_5S11S12S_3: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18759467 a. u. 

5b_5S11S12S_4: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18796802a. u. 

5b_5S11S12S_5: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18761750 a. u. 

5b_5S11S12S_6: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18735303 a. u. 

5b_5S11S12S_7: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18695579 a. u. 

5b_5S11S12S_8: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18614398 a. u. 

5b_5S11S12S_9: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.19250519 a. u. 

5b_5S11S12S_10: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18269693 a. u. 

5b_5S11S12S_11: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.19269867 a. u. 

5b_5S11S12S_12: SCF energy (PCM/mPW1PW91/6-31G*) = -1084.18521306 a. u 

 

12.9. DP4+ results obtained using experimental 13C data of compound 5 versus isomers 

5a-5b. 

 

 

13. TDDFT-ECD calculation 

Conformational searches were done following the general protocols previously described for 

DP4+ calculation. For the resulting geometries, ECD spectra were obtained by TDDFT calculations 

performed with the same functional, basis set and solvent model as the energy optimization. Finally, 

the Boltzmann-averaged ECD spectra of 3, 4, 5 was obtained with SpecDis1.62 software. 

Re-optimized conformers of (6R, 11S, 12S)-3, (5S, 11R, 12R)-4 and (5S, 11R, 12R)-5 calculated 

at the B3LYP/6-311G(d,p) level with IEFPCM solvent model for acetonitrile. 
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(6R,11S,12S)-3: 

 

 

(5S,11R,12R)-4: 
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(5S,11R,12R)-5: 
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