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Experimental Section
General Experimental Procedures. Melting points were measured on a Beijing Tiandiyu X-4 

exact micro melting point apparatus (Tiandiyu science and technology Co., Ltd, Beijing, China) and 
the temperatures were not corrected. Optical rotations were recorded on an Optical Activity Limited 
PolAAr 3005 spectropolarimeter (Optical Activity Limited, Ramsey, United Kingdom). ESIMS and 
HRESIMS were measured on AB SCIEX Applied Biosystems API 3000 LC-MS (AB SCIEX, 
Framingham, USA) and Agilent 6520 Q-TOF LC-MS spectrometers (Agilent Technologies, Santa 
Clara, CA, USA), respectively. UV and IR spectra were recorded on GBC Cintra 20 
spectrophotometer (GBC, Melbourne, Australia) and Bruker Tensor-27 infrared spectrophotometers 
(Bruker, Karlsruhe, Germany), respectively. CD data were measured on a Bio-Logic Science 
MOS450 CD spectrometer (Bio-Logic, Pont-de-Claix, France). NMR spectra were acquired on a 
Bruker-600 (600 MHz for 1H/150 MHz for 13C) NMR spectrometer (Bruker, Karlsruhe, Germany). 
X-ray crystallography analysis was carried out on an Agilent Gemini E Ultra CCD diffractometer 
(Agilent Technologies, Santa Clara, CA, USA) with graphite-monochromated Cu Kα radiation (λ = 
1.54178 Å). TLC was performed using pre-coated silica gel GF254 plates (0.25-mm thickness, Yantai 
Chemical Industrial Institute, Yantai, China). The TLC spots were detected under sunlight and UV 
light (254 and 365 nm) illumination or using Vaughan’s reagent.1 Column chromatography was 
performed using Silica gel H (200–300 mesh, Yantai Chemical Industrial Institute), YMC*GEL® 
ODS-A-HG (12 nm S-50 μm, YMC Co., Ltd, Kyoto, Japan), or Sephadex™ LH-20 (GE Healthcare, 
Uppsala, Sweden). HPLC was performed on a Waters HPLC system equipped with a Waters 600 
controller, Waters 600 pump, Waters 2414 refractive index detector and a Waters 2996 (for 
analytical HPLC) or 2998 (for preparative HPLC) photodiode array detector using Waters 
Empower™ software (Waters, Milford, MA, USA). Venusil MP C18 (5 μm, 100 Å, 4.6 × 250 mm; 
Agela Technologies, Tianjin, China), CHIRALPAK IE column (5 μm, 4.6 × 250 mm, Daicel Chiral 
Technologies (China) Co., LTD, Shanghai, China) and Capcell Pak C18 (MG II, 4.6 × 250 mm; 
Shiseido Co., Ltd, Tokyo, Japan) columns were used for analytical HPLC. A Capcell Pak C18 (MG 
II, 20 × 250 mm; Shiseido Co., Ltd, Tokyo, Japan) column was used for preparative HPLC. Cell 
morphology was examined using an AE31 EF-INV inverted microscope (Motic China Group Co., 
Ltd, Xiamen, Fujian, China). Optical density (OD) was measured on a VersaMax-BN03152 micro 
plate reader (Molecular Devices, Silicon Valley, CA, USA). ZHWY-2102 rotary shakers (Shanghai 
ZhiCheng Analyzing Instrument Manufactory Co., Ltd, Shanghai, China) were used for the 
fermentation processes.

Cell Lines and Reagents. Human chronic myelogenous leukemia K562 cells were provided by 
Li-Li Wang (Beijing Institute of Pharmacology and Toxicology, Beijing, China). Human cancer 
cells, acute promyelocytic leukemia HL-60, cervical cancer HeLa and gastric adenocarcinoma BGC-
823, were provided by Wen-Xia Zhou (Beijing Institute of Pharmacology and Toxicology). Fetal 
bovine serum was purchased from Tianjin Hao Yang Biological Manufacture Co., Ltd (Tianjin, 
China). RPMI-1640 medium (lot no. 1403238) and MTT (lot no. 0793) were purchased from Gibco 
(Grant Island, NY, USA) and Amresco (Solon, OH, USA), respectively. Streptomycin (lot no. 
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071104) and penicillin (lot no. X11303302) were purchased from North China Pharmaceutical 
Group Corporation (Beijing, China). 5-Fluorouracil (5-FU, lot no. 5402) was purchased from 
Aladdin Chemistry Co., Ltd (Shanghai, China).

Fungal Strains. The parent fungal G59 strain was isolated from a soil sample collected at the 
tideland of Bohai Bay around Lüjühe in the Tanggu district of Tianjin, China, in September 2004.2 
This strain was identified as Penicillium purpurogenum G59 by Liang-Dong Guo of the Institute of 
Microbiology of the Chinese Academy of Sciences, Beijing, China. This strain has been deposited at 
the China General Microbiological Culture Collection Center (CGMCCC) under the accession 
number CGMCC No. 9721. AD-2-1 is a bioactive mutant from the diethyl sulfate (DES) 
mutagenesis of P. purpurogenum G59. This mutant was selected by our group in a previous study by 
the treatment of fresh G59 spores with 1% (v/v) DES in 50% (v/v) DMSO at 4 °C for 1 day.3 This 
mutant strain has been deposited at the CGMCCC under the accession number CGMCC No. 3561.

Fermentation and Extraction. Spore suspensions of the mutant AD-2-1 and parent G59 strains 
were prepared using fresh spores according to a previously reported procedure.4 The spore density of 
the suspensions was adjusted to a OD value of 0.35 by monitoring the OD at 600 nm, which was 
measured on a VersaMax-BN03152 micro plate reader.

The fermentation of the mutant AD-2-1 was conducted in thirty 500-mL Erlenmeyer flasks, each 
containing 50 g of rice. Distilled water (80 mL) was added to each flask, and the contents were 
soaked overnight before autoclaving at 121 °C for 30 min. After cooling to room temperature, an 
aliquot (1 mL) of the AD-2-1 spore suspension was inoculated into each flask, and the flasks were 
incubated at 28 °C for 50 days. The fermented material in each flask was extracted with 300 mL of 
ethyl acetate (EtOAc) under ultrasonic irradiation for 2 h to afford an EtOAc solution, which was 
carefully poured out the container after being left to stand for a period of time. The remaining solid 
substances in each flask were further extracted with EtOAc (2 × 300 mL) in the same manner. The 
EtOAc solutions were combined and evaporated to dryness to obtain an EtOAc extract (75.2 g), 
which was suspended in 500 mL of MeOH. The MeOH suspension was agitated under ultrasonic 
irradiation to aid the dissolution of the MeOH-soluble materials in the mixture. The insoluble part 
was removed by filtration (12.5 g, mainly the mycelial components), and the filtrate was extracted 
with 500 mL petroleum ether (b.p. 60–90 ºC) to remove a lipophilic fraction (25.2 g). This fraction 
was later analyzed by HPLC to confirm that it did not contain 1–3. The remaining MeOH layer was 
evaporated to dryness to give a MeOH extract (27.5 g). This MeOH extract inhibited K562 cells with 

an inhibition rate (IR%) of 62.5% at 100 g/mL. Compounds 1–3 were isolated from this extract. 

The parent G59 strain was fermented and extracted in the same manner. One 500-mL Erlenmeyer 
flask was used to obtain a MeOH extract (0.92 g). Notably, this extract did not exhibit any inhibitory 
effect on K562 cells (an IR% of 6.1% at 100 µg/mL). This G59 extract was consequently used as the 
negative control in the separation of the mutant AD-2-1 extract for tracking the production of 1–3 by 
this mutant strain. The MeOH extracts of the mutant AD-2-1 and parent G59 strains were used in the 
HPLC-photo diode array detector (PDAD)-UV and HPLC- ESI-MS analyses to detect 1–3.
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Isolation of Compounds 1–3. The MeOH extract (27.4 g) of the mutant AD-2-1 was fractionated 
by vacuum liquid chromatography (VLC) on a silica gel column (silica gel 80 g, bed 6.6 × 15.0 cm). 
A stepwise elution of the column with b.p. 60–90 ºC petroleum ether (P)–dichloromethane (D)–
MeOH (M) afforded ten fractions: Fr-1 (1.1 g, eluted by P), Fr-2 (2.1 g, eluted by PD 1:1), Fr-3 
(2.5 g, eluted by PD 1:5 → D), Fr-4 (3.2 g, eluted by DM 99:1), Fr-5 (2.1 g, eluted by DM 98:2 → 

97:3), Fr-6 (5.2 g, eluted by DM 97:3 → 95:5), Fr-7 (3.5 g, eluted by DM 95:5 → 92:8), Fr-8 (3.5 
g, eluted by DM 92:8 → 90:10), Fr-9 (2.1 g, eluted by DM 90:10 → 80:20) and Fr-10 (0.9 g, eluted 
by DM 80:20 → 70:30). Fr-6 (5.2 g) was subjected to VLC on an ODS column (ODS 50 g, bed 5.0 
× 8.0 cm) eluted with M–H2O (W) (20:80 → 100:0) to obtain four fractions: Fr-6-1 (1.7 g, eluted by 
MW 20:80), Fr-6-2 (1.9 g, eluted by MW 20:80 → 50:50), Fr-6-3 (0.65 g, eluted by MW 50:50 → 
80:20) and Fr-6-4 (0.8 g, eluted by MW 80:20 → 100:0). Fr-6-2 (1.9 g) was further separated over a 
Sephadex LH-20 column (bed 4.8 × 42 cm) eluting with 95% ethanol to afford four fractions: Fr-6-
2-1 (270 mg), Fr-6-2-2 (420 mg), Fr-6-2-3 (960 mg) and Fr-6-2-4 (160 mg). Fr-6-2-1 (270 mg) 
was subjected to preparative HPLC (column, Capcell Pak C18, MG II, 20 × 250 mm, temperature, 26 
°C; mobile phase, 64% MeOH; flow rate, 6.0 mL/min; detection wavelengths, 210 and 270 nm) to 
obtain crude samples of 3 (10 mg, tR = 35.8~39.0 min). These crude samples of 3 was purified by 
HPLC under the same conditions to afford 3 (7 mg).

Fr-7 (3.5 g) was subjected to Sephadex LH-20 column (bed 4.8 × 42.0 cm), and was eluted with 
95% EtOH to obtain four fractions: Fr-7-1 (110 mg), Fr-7-2 (370 mg), Fr-7-3 (1.1 g) and Fr-7-4 
(1.8 g). Fr-7-3 (1.1 g) was further separated by VLC on an ODS column (ODS 8.0 g, bed: 2.0 × 6.0 
cm) eluting with M–H2O (W) (20:80 → 100:0) to obtain four fractions: Fr-7-3-1 (180 mg, eluted by 
MW 40:60), Fr-7-3-2 (430 mg, eluted by MW 60:40), Fr-7-3-3 (260 mg, eluted by MW 80:20), and 
Fr-7-3-4 (120 mg, eluted by MW 100:0). Fr-7-3-1 (180 mg) was subjected to preparative HPLC 
(column, Capcell Pak C18, MG II, 20 × 250 mm, temperature, 26 °C; mobile phase, 53% MeOH; 
flow rate, 6.0 mL/min; detection wavelengths, 210 and 270 nm) to obtain 1 (18 mg, tR = 26.7 min). 
Fr-7-3-2 (260 mg) was subjected to preparative HPLC (column, Capcell Pak C18, MG II, 20 × 250 
mm, temperature, 26 °C; mobile phase, 55% MeOH; flow rate, 6.0 mL/min; detection wavelengths, 
210 and 270 nm) to obtain 2 (18 mg, tR = 47.8 min).

Penicimutamide D (1): colorless block crystal (MeOH), m.p. 172–174 oC, [α]  +88.8 (c 1.2, 20D
MeOH). UV (MeOH) λmax (log ε): 258 (3.55), 219 (4.22). IR νmax: 3358, 3023, 2956, 2933, 2881, 
2843, 2712, 2496, 1667, 1576, 1451, 1419, 1389, 1365, 1313, 1270, 1246, 1198, 1125, 1086, 1027, 
1010, 973, 953, 782, 751. CD Δε (nm) in MeOH: 0 (300), +1.34 (289), +1.22 (284.5), +14.40 
(255.5), 0 (229.5), –20.62 (217.5), 0 (229), –1.36 (190). Positive ESI-MS: m/z 352 [M + H]+, 374 [M 

+ Na]+, 390 [M + K]+, 703 [2M + H]+, 725 [2M + Na]+; negative ESI-MS: m/z 350 [M  H], 386 

[M + Cl]. HR-ESI-MS: m/z measured 352.2027 [M + H]+, calcd for C21H26N3O2 [M + H]+ 352.2025; 

measured 374.1843 [M + Na]+, calcd for C21H25N3O2Na [M + Na]+ 374.1844; measured 390.1582 
[M + K]+, calcd for C21H25N3O2K [M + K]+ 390.1584. 1H and 13C NMR data: Table S1.

X-ray Data of (1): C22H29N3O3 [M • MeOH], M = 383.48, orthorhombic, a = 11.841(6) Å, b = 
12.064(3) Å, c = 13.693(5) Å, U = 1956.1(14) Å3, T = 100.6, space group P212121 (no. 19), Z = 4, 
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μ(Cu Kα) = 0.701. Of the 3784 reflections that were collected, 3784 were unique (Rint = 0.0000). The 
structure of 1 was solved by direct methods using SHELXL-97 and refined by full-matrix least-
squares on F2. Final refinement: data/restraints/parameters = 3784/0/258; R1 = 0.0434 (all data), wR2 
= 0.1065 (all data). The crystallographic data (including structure factors) reported in this paper for 1 
(CCDC 1532020) have been deposited with the Cambridge Crystallographic Data Center (CCDC). 
Copies of these data can be obtained, free of charge, on application to CCDC, 12 Union Road, CB2 
1EZ, UK (Fax: +44-0-1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).

Crystal data and structure refinement for 1
Identification code exp_1985 
Empirical formula C22H29N3O3 
Formula weight 383.48 
Temperature / K 100.6 
Crystal system orthorhombic 
Space group P212121 
a / Å, b / Å, c / Å 11.841(6), 12.064(3), 13.693(5) 
α/°, β/°, γ/° 90.00, 90.00, 90.00 
Volume / Å3 1956.1(14) 
Z 4 
ρcalc / mg mm-3 1.302 
μ / mm-1 0.701 
F(000) 824 
Crystal size / mm3 0.35 × 0.20 × 0.08 
2Θ range for data collection 9.78 to 143.48° 
Index ranges -14 ≤ h ≤ 14, 0 ≤ k ≤ 14, 0 ≤ l 

≤ 16 
Reflections collected 3784 
Independent reflections 3784[R(int) = 0.0000 (inf-0.9Å)] 
Data/restraints/parameters 3784/0/258 
Goodness-of-fit on F2 1.036 
Final R indexes [I>2σ (I) i.e. Fo>4σ (Fo)] R1 = 0.0410, wR2 = 0.1039 
Final R indexes [all data] R1 = 0.0434, wR2 = 0.1065 
Largest diff. peak/hole / e Å-3 0.287/-0.288 
Flack Parameters -0.2(2) 
Completeness 0.997 

Penicimutamide E (2): white crystalline powder (MeOH), m.p. 148–150 oC, [α]  +43.1 (c 0.8, 20D
MeOH). UV (MeOH) λmax (log ε): 282 (3.74), 219 (4.44). IR νmax: 3358, 3177, 3063, 2958, 2928, 
2893, 2847, 2829, 2800, 1662, 1462, 1442, 1390, 1367, 1321, 1298, 1239, 1201, 1188, 1130, 1099, 
785, 741, 697. CD Δε (nm) in MeOH: 0 (308), –1.92 (271.5), +3.66 (241), 0 (229.5), –2.01 (197). 

Positive ESI-MS: m/z 336 [M + H]+, 358 [M + Na]+; negative ESI-MS: m/z 334 [M  H]. HR-ESI-

MS: m/z measured 336.2076 [M + H]+, calcd for C21H26N3O [M + H]+ 336.2072; measured 
358.1885 [M + Na]+, calcd for C21H25N3ONa [M + Na]+ 358.1895. 1H and 13C NMR data: Table S2.

TDDFT Electronic CD (ECD) Calculation. The systematic random conformational analysis of 
the enantiomers of compounds 1 and ent-1 were performed in the SYBYL 8.1 program by using 
MMFF94s molecular force field, which afforded 3 conformers each, with an energy cutoff of 10 kcal 
mol-1 to the global minima. All of the obtained conformers were further optimized using DFT at the 
cam-B3LYP/6-31+G(d) level in gas phase by using Gaussian09 software 5. All of the optimized 
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stable conformers were used for TDDFT computation of the excited stats at the same levels, with the 
consideration of the first 50 excitations. The overall ECD curves of 1 and ent-1 were weighted by 
Boltzmann distribution of each conformer (with a half-bandwidth of 0.3 eV). The calculated ECD 
spectra of 1 and ent-1 were subsequently compared with the experimental ones. The ECD spectra 
were produced by SpecDis 1.6 software.

The molecules of 2 and ent-2 were converted into SMILES codes before their initial 3D 
structures were generated with CORINA version 3.4. Conformer databases were generated in 
CONFLEX version 7.0 using the MMFF94s force-field, with an energy window for acceptable 
conformers (ewindow) of 5 kcal•mol-1 above the ground state, a maximum number of conformations 
per molecule (maxconfs) of 100, and an RMSD cutoff (rmsd) of 0.5Å. Then each conformer of the 
acceptable conformers was optimized with HF/6-31G(d) method in Gaussian09 5. Further 
optimization at the APFD/6-31G(d) level led the dihedral angles to be got. After that, two lowest 
energy conformers were found out. The optimized conformers were taken for the ECD calculations, 
which were performed with Gaussian09 (APFD/6-311++G(2d,p)). The solvent effects were taken 
into account by the polarizable-conductor calculation model (IEFPCM, methanol as the solvent). 
Comparisons of the experimental and calculated spectra were done with the software SpecDis 6. It 
was also used to apply a UV shift to the ECD spectra, Gaussian broadening of the excitations, and 
Boltzmann weighting of the spectra.

 (±)-Premalbrancheamide (3): white crystalline powder (MeOH), m.p. 154–156 oC, [α]  +3.75 20D
(c 0.33, MeOH). Positive ESI-MS: m/z 336 [M + H]+, 358 [M + Na]+; negative ESI-MS: m/z 334 [M 

 H].  1H and 13C NMR data: Table S3.

The HPLC analysis of 3 on CHIRALPAK IE column. Compound 3 was dissolved in MeOH to 
prepare sample solution at 10 mg/mL for HPLC-PDAD-UV analyses. HPLC-PDAD-UV analysis 
was performed on a CHIRALPAK IE column (5 μm, 4.6 × 250 mm, temperature, 25 °C) using the 
Waters HPLC system in the General Experimental Procedures. The elution was performed using 65% 
MeOH at 0.5 mL/min. The content of each compound was calculated according their peak area using 
the Waters Empower™ software.

HPLC-PDAD-UV and HPLC-ESI-MS Analysis. The MeOH extracts of the mutant AD-2-1 and 
parent G59 strains were dissolved in MeOH to prepare sample solutions at 10 mg/mL for HPLC-
PDAD-UV and HPLC-ESI-MS analyses. Solutions of 1–3 in MeOH at 10 mg/mL were used as the 
reference standards for the HPLC-PDAD-UV analysis. HPLC-PDAD-UV analysis was performed 
on a Venusil MP C18 column (5 μm, 100 Å, 4.6 × 250 mm, temperature, 25 °C) using the Waters 
HPLC system described above in the General Experimental Procedures. The sample and standard 
solutions were filtered through a 0.22 μm membrane filter prior to being used. A sample volume of 5 
μL was injected onto the column. The elution was performed using a linear gradient of MeOH–H2O 
(20% MeOH at 0 min → 100% MeOH at 60 min → 100% MeOH at 90 min; flow rate, 1.0 mL/min). 
The acquired photodiode array data were processed using the Waters Empower™ software to obtain 
the targeted HPLC-PDAD-UV data. The retention times (tR) of 1–3 were 39.3, 48.0 and 49.3 min, 
respectively. Compounds 1–3 were detected in the mutant AD-2-1 extract based on their tR and UV 
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spectra. However, all they were not detected in the parent G59 extract. HPLC-ESI-MS analysis was 
performed on a LC-MS equipment equipped with an Agilent 1100 HPLC system and an AB Sciex 
API 3000 LC-MS/MS system using the AB Sciex Analyst 1.4 software (AB SCIEX, Framingham, 
MA, USA). HPLC analysis was conducted on the same Venusil MP C18 column (5 μm, 100 Å, 4.6 × 
250 mm) under identical conditions to the HPLC-PDAD-UV analysis. The mass detector was set to 
scan m/z values in the range of 150 to 1,500 in both the positive and negative ionization modes. The 
acquired data were processed using the Analyst 1.4 software to obtain the targeted HPLC-ESI-MS 
data. The pseudo-molecular ions of 1–3 appeared as peaks with tR values of 30.46, 46.28 and 42.07 
min, respectively, in the positive ionization mode. The retention times were slightly shorter than in 
the HPLC-PDAD-UV analysis because of the shorter flow length from the outlet of the HPLC 
column to the inlet of the MS in the HPLC-ESI-MS system. Compounds 1–3 were also only detected 
in the mutant extract, with no evidence of these compounds in the parent G59 extract by selective 
ion monitoring (m/z: 352 [M + H]+ for 1, 336 [M + H]+ for 2 and 336 [M + H]+ for 3) of the 
extracted ion chromatograms and the related MS data.

MTT Assay. The MTT assay was performed according to a previously reported procedure.1–4 
Exponentially growing K562, HL-60, HeLa and BGC-823 cells were treated with samples at 37 °C 
for 24 h. Assay was performed in triplicate, and the OD was determined at 570 nm on a VersaMax-
BN03152 plate reader. The IR% was calculated using the mean value of the OD according to the 
formula: IR% = (ODcontrol – ODsample)/ODcontrol × 100%. The MeOH extracts and 1−3 in MeOH at 
10.0 mg/mL, 5-FU in 20% (v/v) aqueous DMSO at 10.0 mg/mL were used in the MTT assay. 5-FU 
was used as a positive control. MeOH and the 20% (v/v) aqueous DMSO solution were used as 
blank controls.
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penicimutamide D (1)

Table S1. 600 MHz 1H and 150 MHz 13C NMR data of 1 in CD3OD.a

No. δC
 b,c δH (J in Hz) b COSY d HMBC e NOE f

2 192.6 s — — — —
3 41.6 s — — — —
4 51.6 d 2.00 dd (9.0, 5.4) H2-5 C-3,5,6,11,12,13,21,22 Hβ-5,11,13, H-21
5 32.9 t Hβ 2.10 dd (12.6, 9.0)

Hα 1.97 dd (12.6, 5.4)
H-4, Hα-5
H-4, Hβ-5

C-3,4,6,7,12,23
C-3,4,6,23

H-4, 21, Hα-5, Hβ-7 
Hβ-5, H-21, 22

6 67.2 d — — — —
7 28.1 t Hα 2.57 dt (12.6, 6.6)

Hβ 1.47 td (12.6, 7.8)
Hα-7, H2-8
Hβ-7, H2-8

C-6,8,9,23
C-5,6,8,9,23

Hβ-7, Hα-8
Hβ-5, Hα-7, Hβ-8

8 23.4 t Hα 1.951.89  m
Hβ 1.951.89  m

H2-7, Hβ-8, H2-9
H2-7, Hα-8, H2-9

C-6,7,9
C-6,7,9

Hα-7, Hβ-8, Hα-9
Hβ-7, Hα-8, Hβ-9

9 54.7 t Hα 3.10 dt (9.0, 5.4)
Hβ 2.31 q (9.0)

H2-8, Hβ-9
H2-8, Hα-9

C-6,7,8
C-6,7,8,11

Hα-8, Hβ-9, Hα-11
Hβ-8, Hα-9

11 62.4 t Hβ 2.89 d (10.2)
Hα 2.49 d (10.2)

Hβ-11
Hα-11

C-4,5,6,9,12,13
C-3,4,9,12,13

H-4, Hα-11, Hβ-13
Hα-9, Hβ-11, Hα-13

12 58.0 s — — — —
13 43.1 t Hα 2.68 d (14.7)

Hβ 1.49 d (14.7)
Hβ-13
Hα-13

C-2,4,5,11,12,14,15
C-2,4,11,12,14,15

Hβ-13, Hα-11, H-16
H-4, Hβ-11, Hα-13

14 83.7 s — — — —
15 143.0 s — — — —
16 123.3 d 7.45 br d (7.8) H-17, 18 C-14,18,20 Hα-13, H-17
17 127.6 d 7.26 td (7.8, 0.8) H-16, 18, 19 C-15,19 H-16, 17
18 130.6 d 7.37 td (7.8, 1.2) H-16, 17, 19 C-16,20 H-17, 19
19 121.2 d 7.48 br d (7.8) H-17, 18 C-15,17 H-18
20 152.9 s — — — —
21 26.9 q 1.30 3H, s H-22 C-2,3,4,22 H-4, H2-5, H-22
22 19.9 q 1.41 3H, s H-21 C-2,3,4,21 Hα-5, H-21
23 175.2 s — — — —
a Signals assignments were based on the results of DEPT, 1H-1H COSY, HMQC, and HMBC experiments. b Chemical shift values 
(δH and δC) were recorded using the solvent signals CD3OD: δH 3.31/δC 49.00) as references, respectively. c Multiplicities of the 
carbon signals were determined by DEPT experiments and are indicated as s (singlet), d (doublet), t (triplet) and q (quartet), 
respectively. d The numbers in each line of this column indicate the protons that correlated with the proton in the corresponding line 
in 1H-1H COSY. e The numbers in each line of this column indicate the carbons that showed HMBC correlations with the proton in 
the corresponding line in the HMBC experiments optimized for the 8.3 Hz of long-range JCH value. f Numbers in each line of this 
column indicate the protons that showed NOE correlations with the proton in the corresponding line in NOESY experiment.
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Table S2. 600 MHz 1H and 150 MHz 13C NMR data of 2 in CD3OD.a

No. δC
 b,c δH (J in Hz) b COSY d HMBC e NOE f

2 142.7 s — — — —
3 29.1 s — — — —
4 47.6 d 2.19 dd (10.1, 3.7) H2-5 C-3,5,6,11,12,21,22 Hβ-5,11,13, H-21
5 31.9 t Hβ 2.14 dd (13.4,10.1)

Hα 1.94 dd (13.4,3.7)
H-4, Hα-5
H-4, Hβ-5, H-22

C-3,4,6,7,12,23
C-3,4,6,7,12,23

Hα-5, Hβ-7, H-4,21
Hβ-5, H-21, 22

6 66.5 d — — — —
7 28.09 t Hα 2.52 ddd (12.6, 9.0, 4.8)

Hβ 1.47 ddd (12.6, 10.8, 7.2)
Hβ-7, H2-8
Hα-7, H2-8

C-6,8,9,23
C-5,6,8,9,23

Hβ-7, Hα-8
Hβ-5, Hα-7, Hβ-8

8 23.4 t Hα 1.961.89  m
Hβ 1.961.89  m

H2-7, Hβ-8, H2-9
H2-7, Hα-8, H2-9

C-6,7,9
C-6,7,9

Hα-7, Hβ-8, Hα-9
Hβ-7, Hα-8, Hβ-9

9 54.3 t Hβ 3.115 td (9.0, 4.2)
Hα 2.39 q (9.0)

H2-8, Hα-9
H2-8, Hβ-9

C-6,7,8
C-6,7,8,11

Hβ-8, Hα-9, Hβ-11
Hα-8, Hβ-9, Hα-11

11 62.4 t Hβ 3.110 d (10.2)
Hα 2.67 d (10.2)

Hα-11
Hβ-11

C-4,5,6,9,12,13
C-3,4,6,9,12,13

H-4, Hα-11, Hβ-13
Hα-9, H2-13

12 56.8 s — — — —
13 29.1 t Hα 2.99 d (16.8)

Hβ 2.85 d (16.8)
Hβ-13
Hα-13

C-2,3,4,11,12,14,15
C-2,3,11,12,14,15,22,23

Hα-11, Hβ-13, H-16
H-4, H2-11, Hα-13

14 103.7 s — — — —
15 128.4 s — — — —
16 118.5 d 7.38 br d (7.7) H-17, 18 C-14,18,20 Hα-13, H-17
17 119.5 d 6.96 ddd (7.7, 7.1, 0.8) H-16, 18, 19 C-15,19 H-16, 17
18 122.0 d 7.04 ddd (8.1, 7.1, 1.2) H-16, 17, 19 C-16,20 H-17, 19
19 111.7 d 7.27 br d (8.1) H-17, 18 C-15,17 H-18
20 138.4 s — — — —
21 28.06 q 1.31 3H, s H-22 C-2,3,4,12,22 H-4, H2-5, H-22
22 24.6 q 1.20 3H, s Hα-5, H-21 C-2,3,4,21 Hα-5, H-21
23 175.9 s — — — —
a Signals assignments were based on the results of DEPT, 1H-1H COSY, HMQC, and HMBC experiments. b Chemical shift values 
(δH and δC) were recorded using the solvent signals CD3OD: δH 3.31/δC 49.00) as references, respectively. c Multiplicities of the 
carbon signals were determined by DEPT experiments and are indicated as s (singlet), d (doublet), t (triplet) and q (quartet), 
respectively. d The numbers in each line of this column indicate the protons that correlated with the proton in the corresponding line 
in 1H-1H COSY. e The numbers in each line of this column indicate the carbons that showed HMBC correlations with the proton in 
the corresponding line in the HMBC experiments optimized for the 8.3 Hz of long-range JCH value. f Numbers in each line of this 
column indicate the protons that showed NOE correlations with the proton in the corresponding line in NOESY experiment.
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Table S3. 600 MHz 1H and 150 MHz 13C NMR data of 3 in CD3OD.a

No. δC
 b,c δH (J in Hz) b COSY d HMBC e NOE f

2 142.2 s — — — —
3 35.4 s — — — —
4 48.5 d 2.00 dd (10.8, 5.4) H2-5 C-3,5,11,12,21,22 Hα-5, H-13, 22
5 32.5 t Hα 1.99 dd (13.2, 10.8)

Hβ 1.94 dd (13.2, 5.4)
H-4, Hβ-5
H-4, Hα-5

C-3,4,6,12,24
C-3,4,6,7,24

Hβ-5, H-4, 22
Hα-5, Hβ-7, H-21, 22

6 66.2 d — — — —
7 28.2 t Hα 2.51 ddd (13.2, 9.0, 6.0)

Hβ 1.44 ddd (13.2, 10.8, 7.2)
Hβ-7, H2-8
Hα-7, H2-8

C-6,8,9,24
C-5,6,8,24

Hβ-7, Hα-8
Hβ-5, Hα-7, Hβ-8

8 23.6 t Hα 1.891.82 m
Hβ 1.891.82 m

H2-7, Hβ-8, H2-9
H2-7, Hα-8, H2-9

C-5,7,9
C-5,7,9

Hα-7, Hβ-8, Hα-9
Hβ-7, Hα-8, Hβ-9

9 55.4 t Hβ 3.04 ddd (9.0, 7.2, 3.6)
Hα 2.15 br q (9.0)

H2-8, Hα-9
H2-8, Hβ-9, Hα-11

C-6,7,8
C-8,11

Hβ-8, Hα-9, Hβ-11
Hα-8, Hβ-9

11 59.5 t Hβ 3.45 d (10.2)
Hα 2.24 dd (10.2, 1.8)

Hα-11
Hα-9, Hβ-11

C-6,9,12,13
C-4,9,12,13

Hα-11, H-13, H-21
Hα-9, 13

12 57.7 s — — — —
13 30.5 t 2H, AB type

Ha 2.88 d (15.0)
Hb 2.85 d (15.0)

Hb-13
Ha-13

C-2,4,11,12,14,15 H-4, H2-11, H-16

14 104.5 s — — — —
15 128.2 s — — — —
16 118.3 d 7.33 br d (7.8) H-17, 18 C-14,18,20 H-13, H-17
17 119.5 d 7.26 td (7.8, 0.9) H-16, 18, 19 C-15,19 H-16, 17
18 122.0 d 7.37 td (8.1, 1.1) H-16, 17, 19 C-16,20 H-17, 19
19 111.6 d 7.25 br d (8.1) H-17, 18 C-15,17 H-18
20 138.5 s — — — —
21 24.4 q 1.42 3H, s H-22 C-2,3,4,22 Hβ-5, Hβ-11, H-22
22 30.9 q 1.32 3H, s H-21 C-2,3,4,12,21 H-4, Hα-5, H-21
23 176.8 s — — — —
a Signals assignments were based on the results of DEPT, 1H-1H COSY, HMQC, and HMBC experiments. b Chemical shift values 
(δH and δC) were recorded using the solvent signals CD3OD: δH 3.31/δC 49.00) as references, respectively. c Multiplicities of the 
carbon signals were determined by DEPT experiments and are indicated as s (singlet), d (doublet), t (triplet) and q (quartet), 
respectively. d The numbers in each line of this column indicate the protons that correlated with the proton in the corresponding line 
in 1H-1H COSY. e The numbers in each line of this column indicate the carbons that showed HMBC correlations with the proton in 
the corresponding line in the HMBC experiments optimized for the 8.3 Hz of long-range JCH value. f Numbers in each line of this 
column indicate the protons that showed NOE correlations with the proton in the corresponding line in NOESY experiment.
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Figure S1. DFT-optimized structures of the low-energy conformers of 1 and 2, at the 
APFD/6-31G(d) level (percentage in bracket: Boltzmann population calculated using the 
Gibbs free energy).

A: The low-energy conformers of 1

        

Conformer 1A (40%)                                            Conformer 1B (1%)

Conformer 1C (59%)

B: The low-energy conformers of 2

                        

Conformer 2A (85.14%)                                          Conformer 2B (14.86%)
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Figure S2. HPLC-PDAD-UV analysis of the MeOH extracts of the mutant AD-2-1 and 
parent G59 strains to detect 1–3.
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A: HPLC profiles of 1–3 and the MeOH extracts of the mutant AD-2-1 and parent G59 strains
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Figure S3. HPLC-ESI-MS analysis of the MeOH extracts of the mutant AD-2-1 and 
parent G59 strains to detect 13.

A: HPLC-Positive ion ESI-MS analysis (ESIMS m/z: 352 [M + H]+ for 1)

G59

AD-2-1

G59

AD-2-1
[M+H]+

1

Extracted Positive Ion Chromatograms (m/z 351.0-353.0) ESIMS Spectra at the Retention Time of 31.956-31.982 min 

B: HPLC-Positive ion ESI-MS analysis (ESIMS m/z: 336 [M + H]+ for 2)
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AD-2-1 [M+H]+

Extracted Positive Ion Chromatograms (m/z 335.0-337.0) ESIMS Spectra at the Retention Time of 43.345-43.395 min 

2

C: HPLC-Positive ion ESI-MS analysis (ESIMS m/z: 336 [M + H]+ for 3)
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Extracted Positive Ion Chromatograms (m/z 335.0-337.0) ESIMS Spectra at the Retention Time of 43.495-43.545 min 
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Figure S4. Positive (A) and negative (B) ion ESI-MS spectra of 1.
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Figure S5. Positive ion HR-ESI-MS spectrum of 1.
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Figure S6. UV spectrum of 1 in MeOH.
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Figure S7. IR spectrum of 1 (measured on a diamond ATR crystal).
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Figure S8. 600 MHz 1H NMR spectrum of 1 in CD3OD.
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Figure S9. Enlarged 600 MHz 1H NMR spectrum of 1 in CD3OD.
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Figure S10. 150 MHz 13C NMR spectrum of 1 in CD3OD.
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Figure S11. 150 MHz DEPT spectra of 1 in CD3OD.
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Figure S12. 600 MHz 1H-1H COSY spectrum of 1 in CD3OD.
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Figure S13. 600 MHz 1H/150 MHz 13C HMQC spectrum of 1 in CD3OD.
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Figure S14. 600 MHz 1H/150 MHz 13C HMBC spectrum of 1 in CD3OD.
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Figure S15. 600 MHz NOESY spectrum of 1 in CD3OD.
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Figure S16. Positive (A) and negative (B) ion ESI-MS spectra of 2.
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Figure S17. Positive ion HR-ESI-MS spectrum of 2.
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Figure S18. UV spectrum of 2 in MeOH.
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Figure S19. IR spectrum of 2 (measured on a diamond ATR crystal).
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Figure S20. 600 MHz 1H NMR spectrum of 2 in CD3OD.
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Figure S21. Enlarged 600 MHz 1H NMR spectrum of 2 in CD3OD.
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Figure S22. 150 MHz 13C NMR spectrum of 2 in CD3OD.
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Figure S23. 150 MHz DEPT spectra of 2 in CD3OD.
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Figure S24. 600 MHz 1H-1H COSY spectrum of 2 in CD3OD.
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Figure S25. 600 MHz 1H/150 MHz 13C HMQC spectrum of 2 in CD3OD.
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Figure S26. 600 MHz 1H/150 MHz 13C HMBC spectrum of 2 in CD3OD.
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Figure S27. 600 MHz NOESY spectrum of 2 in CD3OD.
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