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Computational methods

Conformational analysis

Conformational analysis was initially performed using Confab [1] with systematic search at
MMFF94 force field for the configurations of compounds 1 and 4 (Figure S). Room-temperature
equilibrium populations were calculated according to Boltzmann distribution law (1). Conformers
with population over 1% were chosen for subsequent Quantum Mechanics (QM) calculations. The

energies and populations of dominative conformers were provided in Table S1.

E;

N. e kg
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Z giekaT

where NV, is the number of conformer i with energy E, and degeneracy g, at temperature 7, and

kg is Boltzmann constant.

4R 48

Figure S1. Chemical structure of configurations of compounds 1 and 4.
ECD calculation
The theoretical calculations were carried out using Gaussian 09 [2]. At first, conformers were
optimized at PM6 using semi-empirical theory method. The conformers with Boltzmann-population

over 1% were chosen for further optimization at B3LYP/6-311G(d,p) in methanol using the
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IEFPCM model. Vibrational frequency analysis confirmed the stable structures. Under the same
condition, the ECD calculation was conducted using Time-dependent Density functional theory
(TD-DFT). Rotatory strengths for a total of 30 excited states were calculated. The ECD spectrum
was simulated in SpecDis [3] by overlapping Gaussian functions for each transition according to
2).

E-E

L1 (5]
Ag(E) = X AERe ‘% 2
(E) 2.297x107 \/2710'2,: n @

where o represents the width of the band at 1/e height, and AE, and R, are the excitation

energies and rotatory strengths for transition i, respectively.

Parameters of ¢ and UV-shift for compounds 1 and 4 were list as follows.

Configuration o (eV) UV-shift (nm)

IR 0.37 5
IS 0.37 5
4R 0.40 -6
4S 0.40 -6
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Energies and Coordinates

Energies at MMFF94 force field

Systematic conformational search was performed by Confab program at MMFF94 force field.
Conformers for each configuration were obtained with filtration by RMSD threshold of 0.5 A.

Table S1 Energies of compounds 1 and 4 at MMFF94 force field.

Configuration Conformer Energy (kcal/mol) Population (%)
IR 1 75.75 40.90
IR 2 75.92 30.84
IR 3 76.25 17.47
IR 4 76.61 9.53
1S 1 76.96 69.20
1S 2 77.85 15.37
1S 3 77.98 12.24
1S 4 79.42 1.08
1S 5 79.44 1.04
4R 1 87.32 49.33
4R 2 88.02 15.22
4R 3 88.11 13.13
4R 4 88.45 7.32
4R 5 88.57 5.98
4R 6 89.02 2.81
4R 7 89.15 2.26
4R 8 89.41 1.46
4S 1 87.32 49.33
4S 2 88.02 15.22
4S 3 88.11 13.13
4S 4 88.45 7.32
4S 5 88.57 5.98
4S 6 89.02 2.81
4S 7 89.15 2.26
4S 8 89.41 1.46
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Energies at B3LYP theory level
Structures for ECD calculations were optimized at B3LYP/6-311G(d,p) in methanol.

Table S2 Energies of compounds 1 and 4 at B3LYP/6-311G(d,p) in methanol.

Configuration Conformer Structure E (Hartree) E (kcal/mol) Population (%)

+

IR 1 -1492.87879709 -936795.58 18.34

IR 3 -1492.88020715 93679647 81.66
Ja XD

1S I 7 149288024126 93679649 50.90
£

1S 2 ¢ "‘*(’;{ -1492.88020715 936796 47 49.10
&

4R 1 -1571.30245880 -986007.17 23.57

4R 3 -1571.30170837 -986006.70 10.64

4R 2 ;(s f; -1571.30320258 -986007.64 51.81
%
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4R

48

4S

45

4S

-1571.30196594

-1571.30245880

-1571.30320258

-1571.30170837

-1571.30196594

-986006.86

-986007.17

-986007.64

-986006.70

-986006.86

13.98

23.57

51.81

10.64

13.98

S8



Racemic mixtures (1-4) separated by chiral HPLC

mAU(x100)
4254nm,4nm (1.00)
5.0+

6.553
8.056

3.573

0.0 25 5.0 75 10.0 12,5 15.0 175 20.0 225  min
Figure S2. Chiral HPLC analysis of compounds 1a and 1b using n-hexane—isopropanol (70:30).
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Figure S3. Chiral HPLC analysis of compounds 2a and 2b using n-hexane—isopropanol (60:40).
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Figure S4. Chiral HPLC analysis of compounds 3a and 3b using n-hexane—isopropanol (70:30).
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Figure S5. Chiral HPLC analysis of compounds 4a and 4b using n-hexane—isopropanol (60:40).

NMR spectra of compounds 1-4.
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Figure S6. The UV spectrum of compound 1.
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Figure S8. The HRESIMS of compound 1.
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Figure S12. The HSQC spectrum of compound 1 methanol-ds (600 MHz).
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Figure S13. The HMBC spectrum of compound 1 methanol-ds (600 MHz).

VHS-600 NOLSY DSL-52 IN cd3od May 9 2014

Temp. 25.0 C / 298.1 K
Sample #5, Operator: vjwalk

|

Relax, delay 1.200 sec |
Aca. time 0.150 sec
Width  8064.5 Hz |
20 Vidth 8064.5 Hz
16 repetitions
2 x 128 Increments ; s
OBSER 1, 599.6000465 MHz - e e

55 ING.

VE —_———
DATA PROCES
Gauss apodization 0.089 sec " — S— i
F1 DATA PROCESSING Fz
Gauss apodization 0.012 sec (ppp) =
FT size 4086 x 4088 o -
Total time 2 hr, 15 min e 12 =
e
-
3
-

]
4
6-
=N - :
NE— 7= - = -
— 8 -
9
] s
10 T T T T T e | T
9 8 7 6 5 4 3 2

F1 (ppm)

Figure S14. The NOESY spectrum of compound 1 methanol-ds (600 MHz).
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Figure S15. The 'H-"H COSY spectrum of compound 1 methanol-ds (600 MHz).
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Figure S16. The ECD spectrum of compound 1a.
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Figure S17. The ECD spectrum of compound 1b.
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Figure S18. The UV spectrum of compound 2.
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Figure S22. The '3C NMR spectrum of compound 2 in methanol-ds (150 MHz).
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Figure S24. The HSQC spectrum of compound 2 in methanol-ds (600 MHz).
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Figure S26. The NOESY spectrum of compound 2 in methanol-ds4 (600 MHz).
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Figure S28. The online mirror-like ECD spectrum of compounds 2a (blue) and 2b (green).
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Figure S30. The UV spectrum of compound 3.
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Figure S41. The ECD spectrum of compound 3b.
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Figure S42. The UV spectrum of compound 4.
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Figure S43. The IR spectrum of compound 4.
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Figure S44. The HRESIMS of compound 4.
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Figure S45. The '"H NMR spectrum of compound 4 in methanol-ds (600 MHz).
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Figure S46. The *C NMR spectrum of compound 4 in methanol-ds (150 MHz).
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Figure S47. The DEPT spectrum of compound 4 in methanol-ds (150 MHz).

WVNS-600 gHSQCAD DSL-S6 IN cd3od May 10 2014

Temp. 25.0 € ; 2881 Kk
Sample #8, Operator: viwalk

Relax. delay 1000 sec
Acy. Lime 0.150 sec
wigtn  6684.5 Mz
20 Viath 30154.5 fiz
ions ] I

nts
OBSERVE W1, 598.6800485 Nz
DECOUPLE 13, 150 B0S7534 Kiiz
Power 36

J,Hi | LN R

on during acquisition Fz
off gur ing delay - o
Wa5_NEW-SW nodulated
DATAFROCESSTHG P
Sine bel) 0.028 sec
F1 DATA PROCESSING 3
Sine bell 0.005 sec
FT size 4036 x 2088 e,
Total tine 2 hrs 53 min _— E -2
o 4 ] e =
— s
6
—_—= = = —
==J 7- s o =
8-
- =
9—
- T T T T TrTT LRI U
130 120 110 100 90 an 70 60 50 40 30
FL (ppm)

Figure S48. The HSQC spectrum of compound 4 in methanol-ds (600 MHz).
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Figure S49. The HMBC spectrum of compound 4 in methanol-ds (600 MHz).

VES-808 WOESY OSL-54 IN cddod May 10 2014

l'-g, 8.0 C ;2081 K

Sample 78, Operalori wiwalk

Belax. dolay 1.308 sec

Aca, time 0.150 sac
BEAE.L HE

Gauts apodization 9089 Sec
F1 DATA PROCESSING

Causs apodization #.
FT size 3048 x 2048
Total Lims 3 hr, 37 min

|
N _Fﬁ_,___,_,__ﬁ__,:-l B

7 6 5 4 3 z 1
F1 (ppm)

Figure S50. The NOESY spectrum of compound 4 in methanol-ds4 (600 MHz).
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Figure S51. The 'H-"H COSY spectrum of compound 4 methanol-ds (600 MHz).
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Figure S52. The ECD spectrum of compound 4a.
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Figure S53. The ECD spectrum of compound 4b.
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