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1. Plant material

The agarwood chips of A. malaccensis was purchased from Industrial Plantation Co. 

(Vientiane, Laos) in January 2010. A voucher specimen (AM-2010-01) was authenticated by 

Professor Jeong Hill Park (Natural Products Research Institute, Seoul National University) 

and deposited at the Herbarium of the Natural Product Research Institute, Seoul National 

University, Korea.

2. Extraction and isolation

The agarwood chips of A. malaccencis (9.0 kg) was ground and extracted with 70% MeOH 

under reflux (20 L X 3h, 3 times). The solvent was evaporated under reduced pressure to 

obtain a crude extract (864 g), which was suspended in water and successively partitioned 

with diethyl ether, EtOAc, n-BuOH, achieving 225, 155, and 289 g of residue, respectively. 

The diethyl ether fraction (30 g) was applied on a silica gel column (230-400 mesh, 300 g), 

eluted with n-hexane/EtOAc (gradient 40:1 → 1:1, v/v) to obtain 7 fractions (DE1-DE7). 

Fraction DE2 was separated by a silica gel column chromatography (CC) (n-hexane/EtOAc, 

gradient 20:1 to 8:2, v/v) to afford 4 fractions (DE2.1-DE2.4). Fraction DE2.3 was applied to 

a silica gel CC, eluted with n-hexane/EtOAc (95:5 to 7:3, v/v) to obtain 3 fractions (DE2.3.1-

DE2.3.3). Fraction DE2.3.2 was separated by semi-preparative RP-HPLC (MeOH/H2O, 

65:35, v/v) to give 10 (4.29 mg) and 12 (30.4). Fraction DE3 (3.36 g) was further subjected to 

a silica gel CC (n-hexane/EtOAc, gradient 95:5 to 7:3, v/v) to achieve 9 sub-fractions 

(DE3.1-DE3.9). Fraction DE3.3 (450 mg) was subjected to semi-preparative RP-HPLC 

(MeOH/H2O, 65:35, v/v) and then purified by Sephadex LH-20 CC (MeOH) to yield 14 (72.9 

mg). Fraction DE3.4 (237 mg) was applied to a Sephadex LH-20 CC (MeOH) to furnish 5 

sub-fractions (DE3.4.1-DE3.4.5). Fraction 3.4.3 (81.7 mg) was further isolated by using 

semi-preparative RP-HPLC (CH3CN/H2O, 45:55, v/v) to obtain 2 (3.5 mg), and 8 (23.5 mg), 

respectively. Compounds 9 (4.5 mg) and 15 (4.8 mg) were obtained from fraction DE3.4.5 



S5

(71.5 mg) by semi-preparative RP-HPLC (MeOH/H2O, 65:35, v/v). Fraction DE3.5 was 

loaded on a Sephadex LH-20 CC (MeOH) to give 5 sub-fractions (DE3.5.1-DE3.5.5). By 

using semi-preparative RP-HPLC (MeOH/H2O, 65:35, v/v), compounds 4 (6.7 mg) and 13 

(15.8 mg) were obtained from fraction DE3.5.3 (118.2 mg) and DE3.5.4 (87.2 mg), 

respectively. Fraction DE4 (7.6 g) was applied to a silica gel CC (n-hexane/EtOAc, gradient 

95:5 to 1:1, v/v) to obtain 10 sub-fractions (DE4.1 – DE4.10). Compounds 1 (1.0 mg) and 3 

(3.3 mg) were obtained from fraction DE4.5 (96.8 mg) by semi-preparative RP-HPLC 

(CH3CN/H2O, 35:65, v/v). Fraction DE4.6 (781 mg) was isolated and purified by semi-

preparative RP-HPLC (MeOH/H2O, 65:35, v/v) to obtain 5 (2.08 mg), and 11 (10.3 mg). .

The EtOAC fraction (51.5 g) was separated by a silica gel CC (n-hexane/EtOAc, gradient 

200:1 to 1:1, v/v) to afford 5 fractions (EA1-EA5). Fraction EA2 (20 g) was continuously 

fractionated by a silica gel CC (n-hexane/EtOAc, gradient 95:5 to 1:1, v/v) to achieve 17 

fractions (EA2.1-EA2.17). Fraction EA2.10 was separated to a Sephadex LH-20 (MeOH) 

column to yield 3 fractions (EA2.10.1-EA2.10.3). Compounds 6 (5.19 mg) and 7 (2.6 mg) 

were achieved from fractions EA2.10.1 by semi-preparative RP-HPLC (MeOH/H2O, 65:35, 

v/v). By crystallization method in MeOH, compound 16 (125.8 mg) was obtained from 

fraction EA2.14.
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Figure S1. 1H NMR spectrum of compound 1 in CD3OD (800 MHz)

Figure S2. 13C NMR spectrum of compound 1 in CD3OD (800 MHz)
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Figure S3: HSQC spectrum of compound 1 in CD3OD (800 MHz)

Figure S4: HMBC spectrum of compound 1 in CD3OD (800 MHz)
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Figure S5: COSY spectrum of compound 1 in CD3OD (800 MHz)

Figure S6: NOESY spectrum of compound 1 in CD3OD (800 MHz)
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Figure S7: MS spectrum of compound 1
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Figure S8: UV spectrum of compound 1

Figure S9: CD spectrum of compound 1
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Figure S10: 1H NMR spectrum of compound 2 in CD3OD (400 MHz)

Figure S11: 13C NMR spectrum of compound 2 in CD3OD (400 MHz)
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Figure S12: HSQC spectrum of compound 2 in CD3OD (400 MHz)

Figure S13: HMBC spectrum of compound 2 in CD3OD (400 MHz)
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Figure S14: COSY spectrum of compound 2 in CD3OD (400 MHz)

Figure S15: NOESY spectrum of compound 2 in CD3OD (400 MHz)
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Figure S16: MS spectrum of compound 2
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Figure S17: UV spectrum of compound 2

Figure S18: Experimental ECD spectrum of compound 2
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Figure S19: 1H NMR spectrum of compound 3 in CDCl3 (800 MHz)

Figure S20: 13C NMR spectrum of compound 3 in CDCl3 (800 MHz)
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Figure S21: HSQC spectrum of compound 3 in CDCl3 (800 MHz)

Figure S22: HMBC spectrum of compound 3 in CDCl3 (800 MHz)
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Figure S23: COSY spectrum of compound 3 in CDCl3 (800 MHz)

Figure S24: NOESY spectrum of compound 3 in CDCl3 (800 MHz)
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Figure S25: MS spectrum of compound 3
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Figure S26: UV spectrum of compound 3

Figure S27: Experimental ECD spectrum of compound 3
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Figure S28: 1H NMR spectrum of compound 4 in CDCl3 (500 MHz)

Figure S29: 13C NMR spectrum of compound 4 in CDCl3 (500 MHz)
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Figure S30: HSQC spectrum of compound 4 in CDCl3 (500 MHz)

Figure S31: HMBC spectrum of compound 4 in CDCl3 (500 MHz)
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Figure S32: COSY spectrum of compound 4 in CDCl3 (500 MHz)

Figure S33: NOESY spectrum of compound 4 in CDCl3 (500 MHz)
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Figure S34: MS spectrum of compound 4
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Figure S35: UV spectrum of compound 4

Figure S36: Experimental ECD spectrum of compound 4
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Figure S37: 1H NMR spectrum of compound 5 in CDCl3 (800 MHz)

Figure S38: 13C NMR spectrum of compound 5 in CDCl3 (800 MHz)
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Figure S39: HSQC spectrum of compound 5 in CDCl3 (800 MHz)

Figure S40: HMBC spectrum of compound 5 in CDCl3 (800 MHz)
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Figure S41: COSY spectrum of compound 5 in CDCl3 (800 MHz)

Figure S42: NOESY spectrum of compound 5 in CDCl3 (800 MHz)
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Figure S43: MS spectrum of compound 5
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Figure S44: UV spectrum of compound 5

Figure S45: Experimental ECD spectrum of compound 5
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Figure S46: 1H NMR spectrum of compound 6 in CDCl3 (800 MHz)

Figure S47: 13C NMR spectrum of compound 6 in CDCl3 (800 MHz)
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Figure S48: HSQC spectrum of compound 6 in CDCl3 (800 MHz)

Figure S49: HMBC spectrum of compound 6 in CDCl3 (800 MHz)
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Figure S50: COSY spectrum of compound 6 in CDCl3 (800 MHz)

Figure S51: NOESY spectrum of compound 6 in CDCl3 (800 MHz)
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Figure S52: MS spectrum of compound 6
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Figure S53: UV spectrum of compound 6

Figure S54: Experimental ECD spectrum of compound 6
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Figure S55: 1H NMR spectrum of compound 7 in CDCl3 (800 MHz)

Figure S56: 13C NMR spectrum of compound 7 in CDCl3 (800 MHz)
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Figure S57: HSQC spectrum of compound 7 in CDCl3 (800 MHz)
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Figure S58: HMBC spectrum of compound 7 in CDCl3 (800 MHz)
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Figure S59: COSY spectrum of compound 7 in CDCl3 (800 MHz)
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Figure S60: NOESY spectrum of compound 7 in CDCl3 (800 MHz)
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Figure S61: MS spectrum of compound 7
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Figure S62: UV spectrum of compound 7
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Table S1. Calculated energy and Boltzmann distribution of compound 1 conformers

B3-LYP/6-31G(d,p) Gibbs free energy (298.15 K)
Conformers Calculated Energy 

(Hartree)
Relative Energy 

(kcal/mol)
Boltzmann population 

(%)
1-1 -885.219441 0.00 10.1
1-2 -885.220566 -0.71 33.2
1-3 -885.218251 0.75 2.9
1-4 -885.220522 -0.68 31.7
1-5 -885.217545 1.19 1.4
1-6 -885.219257 0.12 8.3
1-7 -885.217878 0.98 1.9
1-8 -885.217658 1.12 1.5
1-9 -885.219021 0.26 6.5
1-10 -885.215936 2.20 0.2
1-11 -885.215727 2.33 0.2
1-12 -885.217186 1.42 0.9
1-13 -885.214478 3.11 0.1
1-14 -885.217365 1.30 1.1

Table S2. Calculated energy and Boltzmann distribution of compound 2 conformers

B3-LYP/6-31G(d,p) Gibbs free energy (298.15 K)
Conformers Calculated Energy 

(Hartree)
Relative Energy 

(kcal/mol)
Boltzmann population 

(%)
2-1 -997.300119 0.00 41.2
2-2 -997.300454 -0.21 58.8



S44

Table S3. Calculated energy and Boltzmann distribution of compound 3 conformers

B3-LYP/6-31G(d,p) Gibbs free energy (298.15 K)
Conformers Calculated Energy 

(Hartree)
Relative Energy 

(kcal/mol)
Boltzmann population 

(%)
3-1 -811.191694 0.00 6.3
3-2 -811.192087 -0.25 9.6
3-3 -811.191096 0.38 3.4
3-4 -811.192485 -0.50 14.6
3-5 -811.192292 -0.38 11.9
3-6 -811.191537 0.10 5.4
3-7 -811.192803 -0.70 20.5
3-8 -811.193014 -0.83 25.6
3-9 -811.187355 2.72 0.1
3-10 -811.190739 0.60 2.3
3-11 -811.188199 2.19 0.2
3-12 -811.186854 3.04 0.00
3-13 -811.186101 3.51 0.00
3-14 -811.186448 3.29 0.00
3-15 -811.187265 2.78 0.01

Table S4. Calculated energy and Boltzmann distribution of compound 4 conformers

B3-LYP/6-31G(d,p) Gibbs free energy (298.15 K)
Conformers Calculated Energy 

(Hartree) Relative Energy (kcal/mol) Boltzmann population (%)
4-1 -736.042562 0.00 56.4
4-2 -736.042200 0.23 38.5
4-3 -736.040131 1.53 4.3
4-4 -736.038480 2.56 0.7
4-5 -736.036437 3.84 0.1



S45

Table S5. Calculated energy and Boltzmann distribution of compound 5 conformers

B3-LYP/6-31G(d,p) Gibbs free energy (298.15 K)
Conformers Calculated Energy 

(Hartree)
Relative Energy 

(kcal/mol)
Boltzmann population 

(%)
5-1 -618.1680236 0.00 46.3
5-2 -618.1634657 2.86 0.4
5-3 -618.1639011 2.59 0.6
5-4 -618.1650828 1.85 2.1
5-5 -618.1631341 3.07 0.3
5-6 -618.1631648 3.05 0.3
5-7 -618.1680278 0.00 46.6
5-8 -618.1613847 4.17 0.0
5-9 -618.1603176 4.84 0.0
5-10 -618.1650594 1.86 2.0
5-11 -618.1632614 2.99 0.3
5-12 -618.1645279 2.19 1.1

Table S6. Calculated energy and Boltzmann distribution of compound 6 conformers

B3-LYP/6-31G(d,p) Gibbs free energy (298.15 K)
Conformers Calculated Energy 

(Hartree)
Relative Energy 

(kcal/mol)
Boltzmann population 

(%)
6-1 -578.896092 0.00 86.3
6-2 -578.893187 1.82 4.0
6-3 -578.893831 1.42 7.9
6-4 -578.891596 2.82 0.7
6-5 -578.889059 4.41 0.1
6-6 -578.889994 3.83 0.1
6-7 -578.891598 2.82 0.7
6-8 -578.889727 3.99 0.1
6-9 -578.889340 4.24 0.1
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Table S7. Crystal data and structure refinement for 7

Empirical formula C25H34O5

Formula weight 414.52
Temperature/K 99.8(7)
Crystal system orthorhombic
Space group P212121

a/Å 10.0589(2)
b/Å 14.2921(3)
c/Å 15.1181(3)
α/° 90
β/° 90
γ/° 90
Volume/Å3 2173.43(8)
Z 4
ρcalcg/cm3 1.267
μ/mm-1 0.697
F(000) 896.0
Crystal size/mm3 0.15 × 0.04 × 0.02
Radiation CuKα (λ = 1.54184)
2Θ range for data collection/° 8.514 to 153.356
Index ranges -12 ≤ h ≤ 12, -17 ≤ k ≤ 15, -19 ≤ l ≤ 19
Reflections collected 21475
Independent reflections 4530 [Rint = 0.0390, Rsigma = 0.0242]
Data/restraints/parameters 4530/0/280
Goodness-of-fit on F2 1.067
Final R indexes [I>=2σ (I)] R1 = 0.0369, wR2 = 0.0976
Final R indexes [all data] R1 = 0.0382, wR2 = 0.0987
Largest diff. peak/hole / e Å-3 0.22/-0.24
Flack parameter -0.01(8)


