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1. Spectral Figures
Fig. S1. 1H NMR spectrum of 1 (600 MHz, CD3OD)
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Fig. S2. 1H NMR spectrum of 1 (500 MHz, DMSO-d6)
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Fig. S3. 13C and DEPT NMR spectra of 1 (150 MHz, CD3OD)
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Fig. S4. 13C NMR spectrum of 1 (125 MHz, DMSO-d6)

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

21L.2.1.1r

21L C

DMSO

12
.2
0

14
.7
3

22
.4
2

23
.1
8

37
.0
4

39
.0
2

39
.1
9

39
.3
5

39
.5
2

39
.6
9

39
.8
6

48
.4
6

64
.3
3

80
.2
3

10
4.
66

11
1.
29

12
1.
23

12
8.
52

14
0.
11

14
0.
44

14
8.
38

15
1.
07

16
9.
17

19
0.
17



Fig. S5. HSQC spectrum of 1

Fig. S6. HMBC spectrum of 1



Fig. S7. ROESY spectrum of 1



Fig. S8. HRESIMS report of 1



Fig. S9. IR spectrum of 1

Fig. S10. UV spectrum of 1



Fig. S11. 1H NMR spectrum of 2 (600 MHz, CD3OD)

Fig. S12. 13C and DEPT NMR spectra of 2 (150 MHz, CD3OD)
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Fig. S13. HSQC spectrum of 2
 

Fig. S14. HMBC spectrum of 2
 



Fig. S15. ROESY spectrum of 2



Fig. S16. HRESIMS report of 2



Fig. S17. IR spectrum of 2

Fig. S18. UV spectrum of 2



2. Single crystal X-ray diffraction data for 6
Table S1.  Crystal data and structure refinement for cu_6_0m.
Identification code cu_6_0m
Empirical formula C13H16O4

Formula weight 236.26
Temperature 100(2) K
Wavelength 1.54178 Å
Crystal system Monoclinic
Space group P21

Unit cell dimensions a = 4.86620(10) Å = 90°.
b = 11.8867(3) Å = 96.2720(10)°.
c = 10.8940(3) Å  = 90°.

Volume 626.37(3) Å3
Z 2
Density (calculated) 1.253 Mg/m3

Absorption coefficient 0.765 mm-1
F(000) 252
Crystal size 1.700 x 0.100 x 0.080 mm3
Theta range for data collection 4.082 to 69.944°.
Index ranges -4<=h<=5, -14<=k<=13, -12<=l<=12
Reflections collected 6684
Independent reflections 2125 [R(int) = 0.0207]
Completeness to theta = 67.679° 97.0 % 
Absorption correction Semi-empirical from equivalents
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2125 / 1 / 156
Goodness-of-fit on F2 1.086
Final R indices [I>2sigma(I)] R1 = 0.0357, wR2 = 0.0979
R indices (all data) R1 = 0.0358, wR2 = 0.0979
Absolute structure parameter 0.17(3)
Extinction coefficient n/a
Largest diff. peak and hole 0.405 and -0.395 e.Å-3



3. Chiral phase HPLC analysis results of compounds 1 and 2 

Fig S19. Chiral phase HPLC analysis results of 1 (n-hexane/isopropanol: 70:30, isocratic, 60 min, 
1 mL min-1)

Fig S20. Chiral phase HPLC analysis results of compound 2 (n-hexane/isopropanol: 80:20, 
isocratic, 60 min, 1 mL min-1)

4. Computational details for compounds 1 and 4
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Fig. S21. Structure of compound (3’S)-1.
A conformation search based on molecular mechanics with MMFF94s force fields was 

performed for (3’S)-1, giving 6 conformers with distributions higher than 1% (Table S2).1,2 All these 
conformers were further optimized by the density functional theory method at the B3LYP/6-
31G(d,p) level in the Gaussian 16 program package,3 leading to 6 conformers within a 3 kcal/mol 
energy threshold from the global minimum, respectively (Table S2). The predominant conformers 
were subjected to theoretical calculation of ECD using time-dependent density functional theory 



(TDDFT) at B3LYP/6-31G(d,p) level with CPCM model in methanol. The calculated ECD curves 
for 1 were weighted using SpecDis 1.71 with σ = 0.3 eV, and UV shift 6 nm, respectively.4  

Optimized conformers of 1 were subjected to theoretical calculation of optical rotations using 
the Ground state at B3LYP/6-31G(d,p) level with the CPCM model in methanol. The average value 
of 1 was weighted using Excel (Table S2).

Table S2. Energy analysis and calculated rotations for conformers of (3’S)-1
Species Gibbs free energy ΔE (kcal/mol) PE% Calculated [α]

(3’S)-1-1 -1150.321774 0.00 39.9 -25.04 
(3’S)-1-2 -1150.321725 0.03 37.9 200.33 
(3’S)-1-3 -1150.319727 1.28 4.6 113.72 
(3’S)-1-4 -1150.320113 1.04 6.9 22.96 
(3’S)-1-5 -1150.320113 1.04 6.9 22.96 
(3’S)-1-6 -1150.319591 1.37 4.0 6.0 
Averaged [α] 74.4

Experimental [α] 26.3
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Fig. S22. Structure of compound (S)-4.

A conformation search based on molecular mechanics with MMFF94s force fields was 
performed for (S)-4, giving one conformer with distributions higher than 1% (Table S2).1,2 All these 
conformers were further optimized by the density functional theory method at the B3LYP/6-
31G(d,p) level in the Gaussian 16 program package,3 leading to one conformer within a 3 kcal/mol 
energy threshold from the global minimum (Table S3). The conformer was subjected to theoretical 
calculation of optical rotations using the Ground state at B3LYP/6-31G(d,p) level with the CPCM 
model in methanol. The average value of 1 was weighted using Excel (Table S3).

Table S3. Energy analysis and calculated rotations for conformers of (S)-4
Species Gibbs free energy ΔE (kcal/mol) PE% Calculated [α]
(S)-4 -687.837239 0.00 100 -87.49 
Averaged [α] -87.49
Experimental [α] -30.7
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