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Theory and Calculation Details.

The calculations were performed by the Gaussian 03 program package. The semi-
empirical AM1 method* and a DFT approach? B3LYP/6-31Gx* were employed to scan
the potential energy surface (PES). The geometries of all ground-state conformations
obtained were further optimized at the B3LYP/6-31Gx* level at 298.15 K, followed by
calculations of their harmonic frequency analysis to confirm these minima and thence

calculations of room-temperature free energies.

Time-dependent density functional theory (TDDFT) at the same level was used to
calculate the electronic excitation energies and rotational strengths in gas phase for
the first 30 states. The rotatory strengths were summed and energetically weighted
following the Boltzmann statistics and the final ECD spectra were then simulated by

overlapping Gaussian functions® according to the following equation.

A&(E) ‘ %> AR, AT
T

T2296x107 or 4

Where ¢ is the width of the band at 1/e height, while AE; and R; are the excitation
energies and rotatory strengths for transition, respectively. o = 0.4 eV and Rye were

used.
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Scheme S1. Putative biosynthesis pathways of 1-20.
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Figure S1. *H NMR spectrum (600 MHz) of 1 in CDCls.
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Figure S2. C NMR spectrum (150 MHz) of 1 in CDCls
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Figure S3. HSQC spectrum (600 MHz) of 1 in CDCls.
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Figure S5. HMBC spectrum (600 MHz) of 1 in CDCla.
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Figure S7. IR (KBr disc) spectrum of 1.
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Figure S9. Chiral-phase HPLC analysis of 1.
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Figure S10. Experimental ECD spectra of 1a/1b and calculated ECD spectrum of 1a.
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Figure S11. *H NMR spectrum (600 MHz) of 2 in CDCls.
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Figure S12. 3C NMR spectrum (150 MHz) of 2 in CDCls..
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Figure S13. HSQC spectrum (600 MHz) of 2 in CDCls.
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Figure S15. HMBC spectrum (600 MHz) of 2 in CDCls.
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Center of Drug Analysis and Test, School of Pharmacy, SDU

Figure S17. IR (KBr disc) spectrum of 2.
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Figure S19. Chiral-phase HPLC analysis of 2.
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Figure S21. 'H NMR spectrum (400 MHz) of 3 in CDCls.
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Figure S23. HMQC spectrum (400 MHz) of 3 in CDCla.
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Figure S24. *H-'H spectrum (400 MHz) of 3 in CDCls.
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Figure S25. HMBC spectrum (400 MHz) of 3 in CDCls.
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Figure S27. IR (KBr disc) spectrum of 3.
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Figure S29. Chiral-phase HPLC analysis of 3.
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Figure S30. Experimental ECD spectra of 3a/3b and calculated ECD spectrum of 3a.

explt 3b
explt 3a
cacld 3a

140 -
120
100 -
80
60
40
20

0 N B .

-20 _-
40
-60 _-
-80 _-
-100
120
-140

Circular Dichroism(mdeg)

l T J 1
200 300 400

Wavelength(nm)



Figure S31. 'H NMR spectrum (600 MHz) of 4 in CDCls.
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Figure S33. HSQC spectrum (600 MHz) of 4 in CDCls.
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Figure S34. *H-'H spectrum (600 MHz) of 4 in CDCls.
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Figure S35. HMBC spectrum (600 MHz) of 4 in CDCls.
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Figure S36. HRESIMS spectrum of 4.
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Figure S37. IR (KBr disc) spectrum of 4.

Center of Drug Analysis and Test, School of Pharmacy, SDU
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Figure S39. Chiral-phase HPLC analysis of 4.
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Figure S40. Experimental ECD spectra of 4a/4b and calculated ECD spectrum of 4b.

explt 4b
40 - explt 4a
cacld 4b
—_ 30 H
o
3]
£ O
*é’ 20 -
0
E o
__5 10 4a : 4b
=)
5 i
§ 04 — —_— =
5
-10 4
-20 T T T 1
200 300 400

Wavelength(nm)



Figure S41. 'H NMR spectrum (400 MHz) of 5 in CDCls.
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Figure S42. 3C NMR spectrum (100 MHz) of 5 in CDCls.
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Figure S43. HSQC spectrum (400 MHz) of 5 in CDCls.
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Figure S45. HMBC spectrum (400 MHz) of 5 in CDCls.
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Figure S47. IR (KBr disc) spectrum of 5.

Center of Drug Analysis and Test, School of Pharmacy, SDU
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Figure S48. UV spectrum of 5.
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Figure S49. Chiral-phase HPLC analysis of 5.
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Figure S50. Experimental ECD spectra of 5a/5b and calculated ECD spectrum of 5a.
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Figure S51. *H NMR spectrum (600 MHz) of 6 in CDCls.
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Figure S52. 3C NMR spectrum (150 MHz) of 6 in CDCls.
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Figure S53. HSQC spectrum (600 MHz) of 6 in CDCls.
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Figure S55. HMBC spectrum (600 MHz) of 6 in CDCls.
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Figure S57. HRESIMS spectrum of 6.
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Figure S58. IR (KBr disc) spectrum of 6.
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Figure S59. UV spectrum of 6.
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Figure S60. Chiral-phase HPLC analysis of 6.
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Figure S61. Experimental ECD spectra of 6a/6b and calculated ECD spectrum of 6a.
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Figure S62. *H NMR spectrum (600 MHz) of 7 in CDCls.
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Figure S63. 3C NMR spectrum (150 MHz) of 7 in CDCls.
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Figure S64. HSQC spectrum (600 MHz) of 7 in CDCls.
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Figure S65. *H-'H spectrum (600 MHz) of 7 in CDCls.
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Figure S66. HMBC spectrum (600 MHz) of 7 in CDCls.
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Figure S67. HRESIMS spectrum of 7.

f-21- #3544 RT 0230037 AV
FTMS + cESI Full ms (110 00-2000

100

10 S]D 4011014 NL 151E6

437 1935
95

90
85 |

80 | 226.1592

75 367.2271

OH

4052037

Relative Abundance
&

45

35 3492167 |

8034147
e ‘
2 | : ,
53 | 3852003 | ‘ 500316 i ‘
; i [ ] | ‘auuosz
i { | | P
153 : 1 i I ; 748.4504 | i i
1 2156150 | il (E w“ | 7773600 |
107 1449821 | 278.1505 3233?;;3,‘?3| i L] asa et | 5693108 [i o |
! | [ | ot 8232 | Lt it 4
5 [ 1909795 [ 135 0003 2953:03 | ! \ {[i] [erosent ‘Is’ coosanr | H‘ il
| | 258.9668 | ! 588.4169 ! ] L id @
' | I T VP J.l_.ul bJ.-...LLhJ_J.il, T T PR s ), Wl m]-.;?i‘lt i, b 834048
250 300 350 . 500 550 600 650 700 750 800 850
Figure S68. IR (KBr disc) spectrum of 7.
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Figure S69. UV spectrum of 7.
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Figure S70. Chiral-phase HPLC analysis of 7.
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Figure S72.'H NMR spectrum (600 MHz) of 8 in CDCls.
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Figure S73. 13C NMR spectrum (150 MHz) of 8 in CDCls.

~ oM CMLMONO ™I
. . . ~ N~ O
o YO Y mA NONNOWMAN O . .
o © © oW NONNN A N © —= N
- o AR B R B B B B R ] o~ M MmN
I NN — \ N = I AN

L2000

1900

1800

1700

1600

1500

1400

1300

1200

L1100

L 1000

900

L 800

L 700

L 600

L 500

- 1vou

1800

1700

1600

1500

L 1400

L1300

L1200

1100

1000

=900

800

700

600

L 500

400

300

=200

=100

Lo

L-100

L -200

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)



Figure S74. HSQC spectrum (600 MHz) of 8 in CDCls.
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Figure S75. *H-'H spectrum (600 MHz) of 8 in CDCls.
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Figure S76. HMBC spectrum (600 MHz) of 8 in CDCls.
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Figure S78. IR (KBr disc) spectrum of 8.

Center of Drug Analysis and Test, School of Pharmacy, SDU

1698 16

75

70}

%Transmittance

65

1656 62'
75411

1571.26

1628.20

4000 © 3000 . 2000 ' 1500 p 1000 500
(cm-1) )

Sample name: CY-48 Detector: DTGS or MCT-A (cooled) Mode Selection
Spectrum number.  M1008 Bermsplitter: KBr 1. Transmission

Operator. 3 Resolution: 8 2. Reflectance
Instrument model: Number of sample scans: 16 3.ATR

Nicolet iN 10 Micro FTIR Spectrometer Nnmber of background scans: 16 Sepectral range:7800-450 or 670cm-1
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Figure S80.*H NMR spectrum (400 MHz) of 9 in CD30OD.
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Figure S81. 3C NMR spectrum (100 MHz) of 9 in CD30D.
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Figure S82. HSQC spectrum (400 MHz) of 9 in CD3OD.
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Figure S83. 'H-'H spectrum (400 MHz) of 9 in CDsOD.
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Figure S84. HMBC spectrum (400 MHz) of 9 in CD3OD.
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Figure S86. IR (KBr disc) spectrum of 9.

Figure S87. UV spectrum of 9.
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Figure S88. Compounds Induces Vacuolization.
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Table S1. Cytotoxicity of Compounds and Adriamycin in Several Human Cancer Cell

Lines.

SMMC-

Compound?® NCI-H1299  A549 HepG-2 7791 MCF-7 U251 Sw620 HT29 KB
1 > 40 36.6+01 349+0.2 90410 379+08 87+06 222+08 29.6+0.2 > 40
2 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
3 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
4 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
5 > 40 > 40 > 40 38.7+0.7 > 40 36.7+£0.7 > 40 > 40 29.6+£0.6
6 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
7 > 40 260+04 204+07 158+05 187+05 91+09 152+20 198+10 16.8+1.9
8 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
9 > 40 > 40 > 40 147+20 332+25 21.7+10 138+11 > 40 > 40
10 58+03 6.0+£01 63%02 86+13 102+07 9.0%+02 63+14 50+£05 6.7+16
11 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
12 > 40 289+19 282+27 40 > 40 38.6+£0.6 > 40 243+18 > 40
13 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
14 > 40 > 40 > 40 > 40 > 40 26.1+13 > 40 > 40 > 40
15 > 40 > 40 350+20 248+13 > 40 89+20 185+09 > 40 28.1+£0.7
16 > 40 > 40 360+19 245+20 > 40 93+10 256+01 > 40 25.7+2.1
17 > 40 255+10 222+16 295+27 289+10 > 40 19.7+17 29.0+04 17.2+0.2
18 150+05 98+0.2 131+0.7 135+25 20.0+04 256+25 104+25 10.0+0.7 16.0+17
19 > 40 280+12 316+24 284+26 37.0+18 146+19 213+23 353+22 380+13
20 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
Adriamycin 0.8+04 18+0.3 15415 08+16 10+09 28+16 12+04 38+07 32+03

aCytotoxicity of compounds and adriamycin (used as a positive control) were examined in NCI-H1299, A549,
HepG-2, SMMC-7721, MCF-7, U251, Sw620, HT29, and KB cell lines by MTT assay. The cells were treated with
various concentrations of compounds for 48 h. Data are mean + SD (n = 3)




