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Detailed Structural Characterization 

Asperfuanone (1) was isolated as light yellow gum. The molecular formula was found to 

be C19H24O5 by its 13C NMR, DEPT, and HRESIMS spectral data, representing eight 

indices of hydrogen deficiency (IHD). The IR spectrum showed absorptions for hydroxyl 

(3385 cm-1) and conjugated carbonyl (1682 and 1659 cm-1) functionalities. The 1H NMR 

spectrum in acetone-d6 (Table S3) exhibited signals for four methyl groups [δH 0.86 (t, J 

= 7.6 Hz), 1.01 (d, J = 6.4 Hz), 1.34 (s), and 1.90 (br s)], two methylenes [δH 1.35 and 

1.45 (each 1H, m); 2.91 (dd, J = 18.0, 8.4 Hz) and 3.51 (dd, J = 18.0, 5.2 Hz)], two 

methine protons [δH 2.55 (m) and 4.13 (dd, J = 8.4, 5.2 Hz)], three olefinic protons [δH 

5.88 (br d, J = 10.0 Hz), 6.84 (d, J = 15.2 Hz), and 7.41 (d, J = 15.2 Hz)], and one 

unusual down field aromatic proton [δH 8.82 (s)]. The 1H, 13C NMR and COSY data 

revealed the presence of a 4,6-dimethyl-2,4-octadienone moiety. The remainder of the 

structure was established by HMBC and COSY correlations. HMBC long-range 13C–1H 

correlations (Figure S2a) including C-10/H2-11, H-12, H-16; C-11/H-12; C-12/H2-11, H3-

19; C-13/H2-11, H-12, H3-19; C-14/H-12, H-16, H3-19; and C-15/H2-11, H-16 

established 5,6-dihydroxy-5-methyl-6,7-dihydro-5H-isobenzofuran-4-one moiety. The 

4,6-dimethyl-2,4-octadienone side chain was thus attached to the C-9 of the furan ring. 

The unusual down field aromatic proton was attributed to the two carbonyl groups 

conjugated with the furan ring. ROESY correlations (Figure S2b) for Hα-11/H-12 and 

Hβ-11/H3-19 suggested that CH3-19 should be on the same face as Hβ-11. The 

stereochemistry of C-3 was assigned as 3S since asperfuraone (1) is biosynthesized from 

compound 2 that the C-3 stereochemistry has been determined previously.1 The absolute 

configuration of C-12 was determined by a modified Mosher’s method.2 Treatment of 1 

with 1.5 equivalent of (R)- and (S)-2-methyoxy-2-trifluoromethyl-2-phenylacetyl chloride 

(MTPACl) afforded the (S)- and (R)-MTPA esters (1a and 1b, respectively). Δδ values 

(δS – δR) of Hα-11 and Hβ-11 showed positive values, while H3-19 was negative (Figure 

S3), thus indicating a 12R-configuration. Therefore, the stereochemistry of asperfuranone 

(1) was 3S, 12R, and 13S. 

Compound 2, a colorless solid, has similar 1H and 13C NMR data with asperfuranone (1) 

on the 4,6-dimethyl-2,4-octadienone side chain. The 4,6-dihydroxy-5-methyl-

benzaldehyde moiety was established by HMBC correlations. Therefore, the structure of 
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compound 2 was identified as 2,4-dihydroxy-6-(5,7-dimethyl-2-oxo-trans-3-trans-5-

nonadienyl)-3-methylbenzaldehyde. This structure was then confirmed by comparing its 

NMR data as well as optical rotations with those reported in the literature.1 

 
Supplemental Methods  
 
Isolation and identification of secondary metabolites 

For structural elucidation, asperfuranone (1) was purified from 3 L of LMM medium 

inoculated with alcA(p)-AN1029.3 A. nidulans in the induction condition and extracted 

with EtOAc as described above. The mycelium which also containing asperfuraone (1) 

was extracted separately with 500 mL MeOH twice, with each sonicated for 1 h. Both 

extract were pooled to get 164.3 mg of crude extract. This extract was then applied to a 

SiO2 gel column (Merck 230-400 mesh, ASTM, 20 × 60 mm) and eluted with CHCl3-

MeOH mixtures of increasing polarity (fraction A, 1:0, 200 mL; fraction B, 19:1, 200 mL; 

fraction C, 9:1, 200 mL; fraction D, 7:3, 200 mL). Fraction C (67.3 mg), which contained 

asperfuraonone (1), was further purified by reverse phase HPLC [Phenomenex Luna 5μm 

C18 (2), 250 × 10 mm] with a flow rate of 5.0 mL/min and measured by a UV detector at 

254 nm. The gradient system was MeCN (solvent B) in 5 % MeCN/H2O (solvent A) both 

containing 0.05 % TFA: 42 to 45 % B from 0 to 20 min, 45 to 100 % B from 20 to 26 

min, maintained at 100 % B from 26 to 31 min, 100 to 42 % B from 31 to 32 min, and re-

equilibration with 42 % B from 32 to 37 min. Asperfuranone (1, 32.8 mg) was eluted at 

15.0 min. 2,4-Dihydroxy-6-(5,7-dimethyl-2-oxo-trans-3-trans-5-nonadienyl)-3-

methylbenzaldehyde (2) was purified from 3 L of LMM medium inoculated with alcA(p)-

AN1029.3, AN1033.3Δ A. nidulans as described above. Crude extract was applied to a 

SiO2 gel column (Merck 230-400 mesh, ASTM, 40 × 190 mm) and eluted with CHCl3-

MeOH mixtures of increasing polarity (fraction A, 1:0, 1000 mL; fraction B, 19:1, 1000 

mL; fraction C, 19:1, 1000 mL; fraction D, 7:3, 1000 mL). Fraction B (326.4 mg) was 

further purified by reverse phase HPLC [Phenomenex Luna 5μm C18 (2), 250 × 10 mm] 

with a flow rate of 5.0 mL/min and measured by a UV detector at 254 nm. The gradient 

system was MeCN (solvent B) in 5 % MeCN/H2O (solvent A) both containing 0.05 % 

TFA: 60 % B from 0 to 5 min, 60 to 100 % B from 5 to 25 min, maintained at 100 % B 

from 25 to 30 min, 100 to 60 % B from 30 to 31 min, and re-equilibration with 60 % B 
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from 31 to 35 min. Compound 2 (71.6 mg), 3 (51.6 mg), and 4 (50.3 mg) were elute at 

12.6, 22.4, and 24.4 min, respectively. 

 

Preparation of (S)- and (R)-MTPA esters of asperfuranone (1) 

To a CH2Cl2 solution (0.5 mL) of asperfuranone (1, 2.0 mg) were added 4-

(dimethylamino)-pyridine (4.0 eq) and (R)- or (S)-MTPACl (1.5 eq) at room temperature, 

and stirring for overnight.  After evaporation of solvent, the (S)- and (R)-MTPA esters 

(1a and 1b, respectively) were purified by reverse phase HPLC [Phenomenex Luna 5μm 

C18 (2), 250 × 10 mm] with a flow rate of 5.0 mL/min and measured by a UV detector at 

254 nm. The gradient system was MeCN (solvent B) in 5 % MeCN/H2O (solvent A) both 

containing 0.05 % TFA: 40 to 100 % B from 0 to 20 min, maintained at 100 % B from 20 

to 24 min, 100 to 40 % B from 24 to 26 min, and re-equilibration with 40 % B from 26 to 

30 min. Compound 1a (1.2 mg), and 1b (1.5 mg) were elute at 19.1 and 19.4 min, 

respectively. 

(S)-MTPA ester of asperfuraonone (1a): colorless gum; 1H NMR (CDCl3, 400 MHz) δ 

8.277 (s, H-16), 7.65 - 7.55 (m, 2 H), 7.49 - 7.39 (m, 3 H), 7.449 (d, J = 15.6 Hz, H-6), 

6.465 (d, J = 15.6 Hz, H-7), 5.868 (d, J = 10.0 Hz, H-4), 5.645 (dd, J = 10.0, 6.0 Hz, H-

12), 3.770 (dd, J = 17.6, 6.0 Hz, Ha-11), 3.598 (s, 3 H, OMe), 3.087 (dd, J = 17.6, 10.0 

Hz, Hb-11), 2.501 (m, H-3), 1.868 (s, H3-18), 1.52 - 1.21 (m, H2-2), 1.318 (s, H3-19), 

1.019 (d, J = 6.8 Hz, H3-17), 0.864 (t, J = 7.6 Hz, H3-1); ESIMS m/z (rel. int.): 549.0 

[M+H]+ (100), 315.1 (30). 

 (R)-MTPA ester of asperfuraonone (1b): colorless gum; 1H NMR (CDCl3, 400 MHz) 

δ 8.275 (s, H-16), 7.69 - 7.62 (m, 2 H), 7.49 - 7.39 (m, 3 H), 7.443 (d, J = 15.6 Hz, H-6), 

6.455 (d, J = 15.2 Hz, H-7), 5.866 (d, J = 10.0 Hz, H-4), 5.591 (dd, J = 10.0, 5.6 Hz, H-

12), 3.748 (dd, J = 17.6, 5.6 Hz, Ha-11), 3.634 (s, 3 H, OMe), 2.942 (dd, J = 17.6, 10.0 

Hz, Hb-11), 2.499 (m, H-3), 1.864 (s, H3-18), 1.51 - 1.23 (m, H2-2), 1.396 (s, H3-19), 

1.018 (d, J = 6.4 Hz, H3-17), 0.863 (t, J = 7.6 Hz, H3-1); ESIMS m/z (rel. int.): 549.0 

[M+H]+ (100), 315.1 (30). 
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Figure S1. UV-Vis and ESIMS spectra (positive mode) of (a) asperfuranone (1), (b) 2,4-

dihydroxy-6-(5,7-dimethyl-2-oxo-trans-3-trans-5-nonadienyl)-3-methylbenzaldehyde (2), 

(c) compound 3, and (d) compound 4. 
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Figure S2. (a) Key HMBC and (b) key ROESY correlations of asperfuranone (1). 
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Figure S3. Δδ values [Δδ (in Hz) = δS – δR] obtained from the (S)- and (R)-MTPA esters 

(1a and 1b, respectively). 
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Table S1. A. nidulans strains used in this study 
strain genotype 

alcA(p)-AN1029.3 pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3 

alcA(p)-AN1029.3, 
AN1027.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1027.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1028.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1028.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1030.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1030.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1031.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1031.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1032.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1032.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1033.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1033.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1034.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1034.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1035.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1035.3::AfpyroA 

alcA(p)-AN1029.3, 
AN11287.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN11287.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1036.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1036.3::AfpyroA 

alcA(p)-AN1029.3, 
AN1037.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN1037.3::AfpyroA 

alcA(p)-AN1029.3, 
AN11288.3Δ 

pyrG89; pyroA4, nkuA::argB; riboB2, stcJ::riboB; 
AN1029.3::AfpyrG-alcA(p)-AN1029.3; AN11288.3::AfpyroA 

AN1029.3::AfpyrG-alcA(p)-AN1029.3 is a replacement of the endogenous promoter of 
AN1029.3 with the alcA promoter and the A. fumigatus pyrG gene (AfpyrG). AfpyroA is 
the A. fumigatus pyroA gene and AfriboB is the A. fumigatus riboB gene. 
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Table S2. Primers used in this study 
primer Sequence (5′→3′) 

alcA_AN1029.3P1 GGA GCG ACA GAA CCA AAG TC 
alcA_AN1029.3P2 TGG GCC ATG GGC TAT CTT CC 
alcA_AN1029.3P3 CGA AGA GGG TGA AGA GCA TTG TTA CGA GCG AGT TAC GAA CG 
alcA_AN1029.3P4 ATC CTA TCA CCT CGC CTC AAA ATG GCG TGT CCC ACC AGA CG 
alcA_AN1029.3P5 TGC TGG GGT ATG GCT ATC TC 
alcA_AN1029.3P6 ATG GCA GTG AGC AGA CAT TG 

AN1027.3P1 ACG CGG TAA GTT TTG TCT CC 
AN1027.3P2 AGC ACT TCG TTG GAA ACA GG 
AN1027.3P3 CGA AGA GGG TGA AGA GCA TTG CTC TCA CGT GGC TTC TAG ACC 
AN1027.3P4 GCA TCA GTG CCT CCT CTC AGA CAG GTC TTT GGG CTT TTG AGT CG 
AN1027.3P5 CTG CGC CTT GTC TTC TCT CC 
AN1027.3P6 GGG AGC ACA AAT TCT TAG CC 
AN1028.3P1 GTT CCT ACC CGA TAC GTT GG 
AN1028.3P2 GCA TCT GCT ACG AGT GTT AAG C 
AN1028.3P3 CGA AGA GGG TGA AGA GCA TTG TCC TTC TGT CAG AGA CAC TGG 
AN1028.3P4 GCA TCA GTG CCT CCT CTC AGA CAG GGA TTT CAT GTC CAG TGT CG 
AN1028.3P5 TGT CAA GGA GCG AAG ATT GG 
AN1028.3P6 CAG TGG AAC AAC CGT AGA CC 
AN1030.3P1 GCC TAC AGC ATT CCA TTT CG 
AN1030.3P2 GCC ATC TCC GTG GTA TTT GC 
AN1030.3P3 CGA AGA GGG TGA AGA GCA TTG ACG GTA ACG TGG TTC AGT GC 
AN1030.3P4 GCA TCA GTG CCT CCT CTC AGA CAG AAT ACT GCG CTT GGT GAT GG 
AN1030.3P5 GTA GAA TGC CGC TGA CAA GG 
AN1030.3P6 TTT TAC ATA CCC CCG GAA CC 
AN1031.3P1 GGA TGT GAC GTC TGT CTA TGG 
AN1031.3P2 TAG GAG CTG GGT TCC TGT TCC 
AN1031.3P3 CGA AGA GGG TGA AGA GCA TTG TCT GGG ACT CTA CCT CCT TCC 
AN1031.3P4 GCA TCA GTG CCT CCT CTC AGA CAG GAA GAT TGG CCT TGG TAC GG 
AN1031.3P5 GAT CTC TTA TCC GCC CTC AAG G 
AN1031.3P6 AGC CAC GTC TTT GAC TAC CG 
AN1032.3P1 ACC TCA GCA CCA CTT TCT GG 
AN1032.3P2 CAA ACC TCA CAA CCC TCT CG 
AN1032.3P3 CGA AGA GGG TGA AGA GCA TTG CAA TGG CAG ATC GTC TAT GC 
AN1032.3P4 GCA TCA GTG CCT CCT CTC AGA CAG AAG GAT CAG GAT GCA ACT CC 
AN1032.3P5 TCT GCA TGG TCG CCT AGT AGG 
AN1032.3P6 AGC TGG TGC ATC TTC TCT GC 
AN1033.3P1 TAA AGA GCC AGA CCC AAA GC 
AN1033.3P2 GGC AAA TAA GAC AGC GAA GC 
AN1033.3P3 CGA AGA GGG TGA AGA GCA TTG AGG ATG CCG GTA CCA GTA GG 
AN1033.3P4 GCA TCA GTG CCT CCT CTC AGA CAG TGT CTA AAG GCG TCC ACT GC 
AN1033.3P5 ATA TCG CGG GCT ATA TCA GG
AN1033.3P6 CAT CTG TCC AGT TCA GAC AAG G 
AN1034.3P1 GCT TGT TCT CGC TGA GTT GC 
AN1034.3P2 CGC TGA GTT GCT TGA GAA GG 
AN1034.3P3 CGA AGA GGG TGA AGA GCA TTG CTG TCC CTT GGG GAA GTA GG 
AN1034.3P4 GCA TCA GTG CCT CCT CTC AGA CAG TCA CCT CAA CTC CGC TAT CC 
AN1034.3P5 ACG GCA TGC TTA AGA AGG AGA AGG 
AN1034.3P6 AAG AGC CCT GTT TCG TAC CC 
AN1035.3P1 CTG GCG TAT TCT GGT GTT GG 
AN1035.3P2 GCC ATG CCC TGT AAC TTG AGT AG 
AN1035.3P3 CGA AGA GGG TGA AGA GCA TTG TGG GTG TGC AAG ATA GG 
AN1035.3P4 GCA TCA GTG CCT CCT CTC AGA CAG TTT CCG ACT TAT GCC TGA GC 
AN1035.3P5 GAG TCT GGA CCC TGT TTT CG 
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AN1035.3P6 CGC TTG GAC AGA AAC TCA CC 
AN11287.3P1 CAT CTT CAT GGT CCC TGT GG 
AN11287.3P2 CGA TAT CGA TCT GAC CAA GC 
AN11287.3P3 CGA AGA GGG TGA AGA GCA TTG GAG ATC TTG GAG GGG AAT CG 
AN11287.3P4 GCA TCA GTG CCT CCT CTC AGA CAG TAT CTT GCC AGG ACC AAA CC 
AN11287.3P5 TCA ACG AGA CCC TCT TGA CC 
AN11287.3P6 CGA TAA TGT CCT CCC TCC TGA AC 
AN1036.3P1 ATG GAG TTG GAG CCT GTA CC 
AN1036.3P2 GCC TGT ACC TTT GTC GAT AAG C 
AN1036.3P3 CGA AGA GGG TGA AGA GCA TTG GAA TCT GTG CCA GTT GAT GG 
AN1036.3P4 GCA TCA GTG CCT CCT CTC AGA CAG AGT TTG CTC TGG GTG TCT GG 
AN1036.3P5 CTC TTA CCT GCG AGG ACT GG 
AN1036.3P6 ATG TCC CCT CCG CTT TTA GC 
AN1037.3P1 GCG AAT TGG TGG TAT CAT CG 
AN1037.3P2 GTT GGG AGG AAT TTG AGT GG 
AN1037.3P3 CGA AGA GGG TGA AGA GCA TTG TGG AAC TGG TTA GGC ACA GC 
AN1037.3P4 GCA TCA GTG CCT CCT CTC AGA CAG CTT GGC TAG GCG TAT GAT GG 
AN1037.3P5 GAA ATC TCC GGA CCA TGT GC 
AN1037.3P6 TGA CCT GAC TCC AGA AAT CTC C 
AN11288.3P1 TCC ATA ACC ACC ATC CAT CG 
AN11288.3P2 GGC TGG AAT CAA CAA AGC TCC 
AN11288.3P3 CGA AGA GGG TGA AGA GCA TTG ACG GAA GCC CAG ATA TTT CC 
AN11288.3P4 GCA TCA GTG CCT CCT CTC AGA CAG ATC GCC ATC CTA CTC AAT CC 
AN11288.3P5 GCT CCG ACT GAC AAA TCT CC 
AN11288.3P6 AAA TCC AAG TCG TCC TCA CG 
AN1038.3P1 AAC CTT GTT CCG CAT AGA CC 
AN1038.3P2 CTG ACC GGT AAT TCC TCA CC 
AN1038.3P3 CGA AGA GGG TGA AGA GCA TTG GGC AGT CGG GTT ACA ATA GC 
AN1038.3P4 GCA TCA GTG CCT CCT CTC AGA CAG TTA CGA AAC TCG ACC CCT GAT G
AN1038.3P5 AGA CCA GCC AAT CAC TCA CC 
AN1038.3P6 ATG GAC CTC GAT CCT TGC CAT AC 

Blue and red sequences are tails that anneal to the A. fumigatus pyroA (AfpyroA) or alcA 
promoter fragment during fusion PCR 
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Table S3. 1H and 13C NMR data for compounds 1 and 2 (400 and 100 MHz in acetone-d6) 

 1 2 
position δC, mult. δH (J in Hz) δC, mult. δH (J in Hz) 

1 12.3, CH3 0.86, t (7.6) 12.3, CH3 0.85, t (7.2) 
2 30.7, CH2 1.35, 1.45, m 30.7, CH2 1.32, 1.43, m 
3 35.9, CH 2.55, m 35.8, CH 2.53, m 
4 150.9, CH 5.88, br d (10.0) 150.6, CH 5.84, br d (9.6) 
5 133.3, qC — 133.1, qC — 
6 149.6 ,CH 7.41, d (15.2) 149.3 ,CH 7.36, d (15.6) 
7 122.1, CH 6.84, d (15.2) 124.4, CH 6.27, d (15.6) 
8 184.9, qC — 197.0, qC — 
9 128.3, qC — 44.2, CH2 4.25, s 
10 135.9, qC — 139.8, qC — 

11 29.3, CH2
2.91, dd (Hβ, 18.0, 8.4)
3.51, dd (Hα, 18.0, 5.2)

111.7, CH 6.47, s 

12 75.1, CH 4.13, dd (8.4, 5.2) 163.7, qC — 
13 78.8, qC — 110.7, qC — 
14 188.6, qC — 164.9, qC — 
15 147.9, qC — 113.7, qC — 
16 154.2, CH 8.82, s 195.1, CH 9.90, s 
17 20.4, CH3 1.01, d (6.4) 20.4, CH3 0.99, d (6.8) 
18 12.8, CH3 1.90, br s 12.6, CH3 1.82, br s 
19 18.7, CH3 1.34, s 7.4, CH3 2.03, s 

12-OH — 4.40a, br s — 9.68, br s 
13-OH — 4.58a, br s — — 
14-OH — — — 12.78, s 

a Values bearing the same superscript may be interchanged. 
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