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Abstract:  Chemical study of the fungal strain Aspergillus terreus LPFH-1 led to the isolation of 8 compounds 

(1−8), including a new acyclic sesquiterpenoid (1) and two new natural products (2 and 3). Their structures were 

determined by extensive analyses of the spectroscopic data including 1D (1H and 13C NMR) and 2D NMR (1H-
1H COSY, HSQC, HMBC, NOESY) data. Compounds 2 and 3 were nitro-containing phenylpropionic acid 

derivatives, whose absolute configuration was determined by comparing their specific rotations with those of 

synthetic products. The known compounds were identified as 4-hydroxy-3-(3-methylbut-2-enyl)benzaldehyde 

(4), ethyl 2,4-dihydroxy-5,6-dimethylbenzoate (5), terretonin D (6), asperterpene K (7), and asterrelenin (8). 

 

Keywords: marine-derived fungus; Aspergillus terreus LPFH-1; new sesquiterpenes; two nitro-containing 

phenylpropionic acid derivatives.  © 2023 ACG Publications. All rights reserved. 

 
 

1. Introduction 

Marine-derived Aspergillus strains have been proved to be prolific to produce metabolites with 

distinctive structures [1-8]. The species Aspergillus terreus was a distinguished member, which 

produced butenolides [9-13], meroterpenoids [14-16], sesterterpenoids [17], alkaloids [18], and cyclic 

peptides [18]. Some exhibited significant bioactivities, such as the butenolide derivatives, which have 

been reported to possess noteworthy -glucosidase inhibitory [10] and promising antiallergic effects 

[11]. 

In our study, the strain Aspergillus terreus LPFH-1 was isolated and identified, its HPLC 

fingerprint was very prolific. Various chromatographic separations of this strain were carried out, 

leading to the isolation of eight compounds (Figure 1), including a new acyclic sesquiterpene (1), two 

nitro-containing phenylpropionic acid derivatives (2 and 3), two benzene derivatives (4 and 5), two 

3,5-dimethylorsellinic acid-based meroterpenoids (6 and 7), and a known alkaloid (8). Compounds 2 

and 3 were new natural products. The isolation and structural identification of these compounds were 

described herein.  
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2. Materials and Methods 

2.1. General Experimental Procedures 

 

Specific rotations were measured by an SGW®-1 automatic polarimeter. UV spectra were 

measured on a Cary 300 spectrometer. The 1H and 13C NMR spectra were recorded on a Bruker 

Avance-400FT NMR spectrometer. HRESIMS spectrum was obtained on a Waters Xevo G2 Q-TOF 

spectrometer fitted with an ESI source. Semi-preparative high-performance liquid chromatography 

(HPLC) was undertaken on a Shimadzu LC-6AD pump using a UV detector, and a YMC-Pack ODS-

A column was used for separation.  

 

2.2. Microorganism Material  

 
The strain LPFH-1 was isolated from sea sediments collected from the Hangzhou Bay, which was 

identified to be Aspergillus terreus by comparison of the ITS region of the rDNA sequence with those 

recorded in GenBank. The sequence was delivered to the GenBank (http://www.ncbi.nlm.nih.gov) 

with the accession number OP753575. 

 

 

2.3. Fermentation and Isolation 

 
The fermentation was conducted in 20 fernbach flasks (500 mL) containing 80 g of rice and 90 

mL of distilled water. The contents were soaked for 6 h before autoclaving in a steam sterilizer. The 

fresh mycelia of the target strain were grown on PDA medium at room temperature (r.t.) for 4 days 

and were then transferred into the flasks. The mycelia were further incubated at r.t. for 30 days. 

The fermented materials were extracted with EtOAc (3 × 4000 mL). After evaporation under 

vacuum, the extract (1.5 g) was split on an ODS silica gel column chromatography (CC) using 

MeOH/H2O (20:80→100:0) as eluent to obtain eight fractions (F1–F8). F5 was separated on a semi-

preparative YMC-pack ODS-A column (S-5 m, 12 nm, 250  12 mm) using ACN/H2O (47:53, 3 

ml/min) to give four subfractions (F5a–F5d). F5b was purified on Sephadex LH-20 CC (MeOH) to 

afford 4 (1.6 mg) and 5 (2.1 mg). F6 was further chromatographed over a reversed-phase silica gel CC 

eluted with MeOH/H2O (40:60→100:0) to obtain five subfractions F6a–F6e. F6b was separated by 

HPLC using ACN/H2O (55:45, 3 mL/min, C18 column) to obtain 2 (5.5 mg). F6c was separated by 

HPLC using ACN/H2O (56:44, 3 mL/min, C18 column) to obtain 1 (34.7 mg). F6d was 

chromatographed by HPLC with ACN/H2O (60:40, 3 mL/min, C18 column) as eluent to abtain 3 (1.1 

mg). F6e was separated by HPLC eluted with ACN/H2O (60:40, 3 mL/min, C18 column) to get 7 (2.4 

mg). F7 was further chromatographed over C-18 silica gel CC eluted with MeOH/H2O (50:50→100:0) 

to give F7a–F7g. F7d was separated by HPLC using ACN/H2O (71:29, 3 mL/min, C18 column) as 

eluent to afford 6 (4.2 mg) and 8 (2.5 mg). 

 

Deacetylated aspterric A (1): Colorless oil; [α]25
D 0 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 204 

(4.09), 286 (3.15) nm; 1H and 13C NMR data, see Table 1; HRESIMS m/z 269.1748 [M − H]− (calcd. 

for C15H25O4, 269.1758). 

 

(R)-2-(4-Nitrobenzyl)propanoic acid (2): Colorless oil; [α]25
D −83 (c 0.02, MeOH); 1H and 13C NMR 

data, see Table 1; ESIMS m/z 208.10 [M − H]− (calcd. for C10H10NO4, 208.06), 232.08 [M + Na]+ 

(calcd. for C10H11NO4Na+, 232.06). 

 

Methyl α-methyl-4-nitrobenzenepropanoate (3): Colorless oil; [α]25
D −72 (c 0.01, MeOH); 1H and 13C 

NMR data, see Table 1; ESIMS m/z 246.30 [M + Na]+ (calcd. for C11H13NO4Na+, 246.07). 
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3.  Results and Discussion  

 
3.1. Structure Elucidation 

 
The molecular formula of compound 1 was determined to be C15H26O4 by the HRESIMS, 

requiring 3 degrees of unsaturation. The 1H NMR and HSQC spectra exhibited resonances for three 

methyl singlets including two olefinic methyls [H 1.28 (3H, s, H3-12), 1.63 (3H ,s, H3-13), 1.65 (3H, 

s, H3-15)], two olefinic protons [H 5.15 (1H, t, J = 7.0 Hz, H-6), 5.38 (1H, t, J = 7.0 Hz, H-10)], and 

six methylenes [H 1.58 (2H, m, H2-4), 2.02 (2H, t, J = 7.0 Hz, H2-8), 2.09 (2H, m, H2-5),  2.14 (2H, q, 

J = 7.0 Hz, H2-9), 2.45 (2H, s, H2-2), 3.91 (2H, s, H2-14)]. The 13C NMR spectrum revealed 15 carbon 

resonances totally, inclusive of four olefinic carbons (C 125.7, 126.5, 135.9, 135.9) for two double 

bonds, and a carboxylic acid carbon (C 175.7). The carboxyl carbon and the two double bonds were 

accounted for all three degrees of unsaturation, indicating 1 to be acyclic. The above-mentioned data 

were very similar to those of aspterric A with the only distinction owing to the absence of the acetyl 

group, indicating 1 was the deacetyled derivative of aspterric A [19]. The structure of 1 was secured 

by detailed interpretation of 2D NMR data (Figure 2). The 1H−1H COSY relationship from H2-4 (H 

2.09) to H-6 (H 5.15) and from H2-8 (H 1.63) to H-10 (H 5.38) established two proton-bearing 

fragments, which were further assembled with other structural units via HMBC correlations from the 

three methyls to the around carbons and from the methylene at H 2.45 to the carboxylic acid group (C 

175.7). The Δ6 and Δ10 were established to be E-configuration as determined by NOE correlations of 

H3-13 (H 1.63)/H2-5 (H 2.09), H2-8 (H 2.02)/H-6 (H 5.15), H3-15 (H 1.64)/H2-9 (H 2.14), and H2-

14 (H 3.91)/H-10 (H 5.38). The specific rotation of 1 ([]20
D 0) indicated that 1 was racemic. Hence, 

the structure of 1 was determined to be deacetylated aspterric A. 
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Figure 1. Key 1H−1H COSY ( ) and HMBC correlations ( ) of 1 and 2, key NOESY 

correlations ( ) of 1, and the structures of compounds 1−8 

 

The molecular weight of 2 was determined to be 209.10 by the ESIMS. The 1H NMR spectrum 

exhibited the presence of a 1,4-disubstituted benzene ring [H 8.15 (2H, d, J = 8.7 Hz), 7.46 (2H, d, J = 

8.7 Hz)], a methyl doublet [H 1.18 (3H, d, J = 6.6 Hz)], and three alkyl protons (H 3.09, 2.83, 2.78). 
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The 13C NMR and HSQC spectra exhibited a total of 10 carbon resonances, including six carbons for a 

benzene ring and a carbonyl carbon for a carboxyl group (C 179.4), along with a methine (C 42.4) 

and a methylene (C 40.3). The 1H−1H COSY relationship of H-8 (H 2.78)/H2-7 (H 3.09, 2.83) and H-

8/H3-10 (H 1.18), as well as the HMBC correlations from H-8 and H3-10 to the carboxyl carbon C-9 

(C 179.4) assigned an isobutyric acid unit (Figure 2). The isobutyric acid unit was connected to the 

benzene ring at C-1 (C 148.0) by HMBC correlations from H2-8 to C-1 (C 148) and C-2 (C 131.2). 

A nitro group was positioned at C-4 as determined by the ESIMS data in combination with the 

chemical shifts of C-4 (C 148.1). Thus, the gross structure of 2 was established to be 2-(4-

nitrobenzyl)propanoic acid, the absolute configuration of the only chiral center C-8 was determined to 

be R by comparing its specific (2: []20
 D −68) with that of that of the synthetic product (R)-2-(4-

nitrobenzyl)propanoic acid [20]. Compound 2 was elucidated to be (R)-2-(4-nitrobenzyl)propanoic 

acid. 

The 1H NMR and 13C NMR data of 3 were very similar to those of 2 except for the presence of a 

methoxyl group (H 3.61; C 52.2), suggesting 3 to be a methyl ester derivative of 2. The HMBC 

correlations from the methoxyl protons to the carbonyl carbon at C 177.5 confirmed the structure. The 

absolute stereochemistry of 3 was assigned as R-configuration by comparing its specific rotation (3: 

[]20
 D −56) with  those of the synthetic products in the literature ([]20

 D +45.3 (c = 1.0, EtOH) for (S)-

3; []20
 D −49.1 (c = 1.0, EtOH) for (S)-14) [21]. 

Additionally, the rest known compounds were assigned to be 4-hydroxy-3-(3-methylbut-2-

enyl)benzaldehyde (4) [22], ethyl 2,4-dihydroxy-5,6-dimethylbenzoate (5) [23], terretonin D (6) [24], 

asperterpene K (7) [25], and asterrelenin (8) [24] based on sharing almost identical NMR data with the 

assigned structures reported in the literature.  

                     

        Table 1. 1H and 13C NMR Data of 1−3 in Methanol-d4. 
a 

No. 
1  2 3 

H C  H C H C 

1  175.7 1  148.0  148.9 

2 2.45, s 46.5 2 7.46, d (8.7) 131.2 7.44, d (8.7) 131.2 

3  72.1 3 8.15, d (8.7) 124.4 8.16, d (8.7) 124.5 

4 1.58, m 42.7 4 
 148.0 

 148.1 

5 2.09, m 23.5 5 8.15, d (8.7) 124.4 8.16, d (8.7) 124.5 

6 5.15, t (7.0) 125.7 6 7.46, d (8.7) 131.2 7.44, d (8.7) 131.2 

7  135.9      

8 2.02, t (7.0)  40.4 7 
3.09, m 

2.83, m 

40.3 
3.08, m 2.86, m 40.3 

9 2.14, q (7.0) 27.3 8 2.78, m 42.4 2.85, m 42.3 

10 5.38, t (7.0) 126.5 9  179.4  177.5 

11  135.9 10 1.18, d (6.7) 17.5 1.18, d (6.6) 17.4 

12 1.28, s 27.1      

13 1.63, s 16.0    3.61, s 52.2 

14 3.91, s 69.0      

15 1.64, s 13.7      
a 1H NMR recorded at 400 MHz, 13C NMR recorded at 100 MHz. 

 
3.2. Cytotoxicity Activity 

 

Compounds 1−8 were evaluated for their cytotoxicity toward their inhibitory activity against the 

human leukemia cell line K562 at an initial concentration of 25 μM by MTT assay [18], while all 

compounds were inactive with inhibitions less than 30%. 
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