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The isoquinoline alkaloids have attracted widespread attention from chemists and biologists due to their complex
structures and prominent bioactivities. With the aims of screening for antiviral compounds produced by fungi, in
this study, three new (1-3), together with four known (4-7) isoquinolines were isolated from the cigar tobacco-
derived endophytic fungus Aspergillus felis. Their structures were determined by means of HRESIMS and NMR
spectroscopic studies. Interestingly, an anti-TMV test revealed that compounds 2 and 4 showed high activity with

inhibition rates of 43.2% and 38.4%, respectively. These rates are higher than those of the positive control
ningnanmycin (33.2%). The isolation of the above isoquinolines may provide materials for the study of more
potent anti-TMV inhibitors and contribute to an improved utilization of cigar tobacco-derived endophytic fungi.

1. Introduction

Endophytic fungi are prolific producers of various secondary me-
tabolites, and many scientists have an interest in studying endophytic
fungi as potential producers of novel and biological active compounds
(Toghueo et al., 2020; Zheng et al., 2021). Among the numerous existing
endophytic fungi, Aspergillus species constitute one of the most prolific
sources of natural products with diverse chemical classes and interesting
biological activities (Hagag et al., 2022; El-Hawary et al., 2020). In our
previous work, bioactive metabolites such as alkaloids (Yang al, 2022b;
Dai et al., 2023), diterpenoids (Wang et al., 2019), butyrolactones (Zhou
et al., 2015a; Zhou et al., 2015b), isocoumarins (Zhou et al., 2016; Yang
et al., 2022a), anthraquinones (Dai et al., 2022), and have been isolated
from this fungal genus. As characteristic chemical components of
Aspergillus, alkaloids are important molecules, not only for chemical
reasons, but also for their diverse biological functions (Debnath et al.,
2018; Moradi et al., 2018). The isoquinolines are a large group of al-
kaloids, which show diverse pharmacological activities (Yadav and
Shah, 2021; Prabal and Gopinatha, 2010), and some isoquinolines have
been isolated from Aspergillus strains (Li et al., 2020a; Chi et al., 2021;
Liu et al., 2022).

Cigar tobacco is an important economic crop, which is widely

* Corresponding authors.

planted in Yunnan province, and the high altitude and extensive sunlight
results in Yunnan cigar tobacco having a unique flavor and aroma (Sun
et al., 2020). In addition, the unparalleled special geographical envi-
ronment of Yunnan has also supplied a unique microbial population in
the fermentation process of cigar tobacco (Li et al., 2020b; Zheng et al.,
2022). As a matter of course, this distinctive microbial population and
rich microbial species in the fermentation process of cigar tobacco,
provides a new source for the discovery of bioactive metabolites.

As a part of our continuing search for bioactive compounds from
tobacco-derived endophytic fungi, a chemical study on the culture broth
of an Aspergillus felis from cigar tobacco was carried out. As a result,
three new (1-3) and four known isoquinoline alkaloids (4-7), were
isolated from the EtOAc extract of its fermentation. This paper deals
with the isolation, structural elucidation, and the anti-TMV activity of
these compounds.

2. Results and discussion

The whole culture broth of A. felis was extracted with EtOAc. The
extract was partitioned between EtOAc and 3% aqueous tartaric acid.
The aqueous layer was adjusted to pH 9.5 with saturated NapCO3 aq. and
again extracted with EtOAc. The EtOAc-soluble alkaloidal material was
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subjected repeatedly to column chromatography on silica gel, MCI, RP-
18 and preparative-HPLC to afford compounds 1-7, including three new
isoquinolines, 6-acetyl-8-methoxy-3-methyl-isoquinoline (1), 6-acetyl-
8-methoxy-3-hydroxymethyl- isoquinoline (2), and 6-(3-hydrox-
ypropyl)— 8-methoxy-3-methyl-isoquinoline (3), along with four known
natural products (4-7). Their structures are shown in Fig. 1 and the NMR
data of 1-3 are listed in Table 1. The known compounds, 5,10-dihy-
dropyrrolo[1,2-b] isoquinoline-6,7-diol (4) (Nord et al, 2019),
TMC-120A (5) (Kohno et al., 1999), TMC-120 C (6) (Kohno et al., 1999),
and puniceusine G (7) (Liu et al., 2022), were identified by comparison
of their spectroscopic data with literature.

Compound 1 was obtained as an orange gum. Its molecular formula
C13H13NO> was deduced from the HRESIMS which showed a pseudo-
molecular [M+Na] " ion at m/z 238.0851, with 8 degrees of unsatura-
tion. Its infrared spectrum exhibited bands due to carbonyl (-C=0 at
1685 cm 1) and aromatic rings (-C=C- at 1612, 1460 and 1375 cm ™),
and the UV spectrum showed absorption maxima at 238 and 312 nm,
also suggesting the presence of an aromatic ring in the molecule.

The 'H, 3C, and DEPT NMR data of 1 displayed resonances for 13
carbons and 13 hydrogen atoms, which were ascribed to a 1,2,3,5-tetra-
substituted benzene ring (C-6, C-8-C-10, H-5, H-7), an aromatic methine
(C-4, H-4), an N-bearing aromatic methine (C-1, H-1), an N-bearing
aromatic quaternary carbon (C-3), a methyl group (C-1/, Hs3-1"), an
acetyl group (C-2/, C-3', H3-3'), and a methoxy group (¢ 55.9, 6y 3.84 s).
By comparing with published literatures, the 'H and '*C NMR data for
compound 1 were highly similar to these of known compounds, 3-
methyl-isoquinoline-6-carboxylic acid at C-1~C-10 and C-1' (Quang
et al., 2010) or TMC-120 at C-1~C-4, and C-1’ (Kohno et al., 1999); and
this leaded us to speculate that 1 should be a 3-methyl-isoquinoline. By
further analysis of the above NMR data, two aromatic methines (C-1,
C-4, H-1, and H-4), a quaternary carbon (C-3), a methyl (C-1’, H3-1'),
and a nitrogen atom (N-2) could be incorporated with the benzene to
form an 3-methyl-isoquinoline to support the existence of two N-bearing
aromatic carbons (C-1 and C-4) and 8 degrees of unsaturation. In
addition, the existence of isoquinoline moiety can further be confirmed
by the HMBC correlations from H-1 to C-3/C-8/C-9/C-10, from H-4 to
C-5/C-10, from H-5 to C-4/C-9/C-10. The HMBC correlations from Hs-1’
to C-3/C-4, from H4 to C-1’ also supported that the methyl located at
C-3.

Since the skeleton (3-methyl-isoquinoline) of the compound was
determined unambiguously, the remaining signals (acetyl and
methoxyl) could be considered as a substituents, and the existence of
acetyl was supported by the comparison of typical acetyl signals (6¢ 26.4
(-CH3) and 196.9 (-C=0, &y 2.53 (-CHj3)) with known compound (Yin
et al., 2022), and the HMBC correlation from H»-3' to C-2’ in NMR
spectra. Moreover, the acetyl group linked to C-6 was established by
HMBC correlations from H-5 to C-2/, and from H3-3' to C-6, and the
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Fig. 1. The structures of isoquinolines from the fungus A. felis.
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Table 1
1H and '3C NMR data of compounds 1-3 (CDCls, § in ppm).
No. 1 2 3
Sc su(in 6 su(in 8¢ 6u (J in
Hz) Hz) Hz)
1 145.8 9.46, s 145.3 9.53, s 145.7 9.35s
(CH) (CH) (CH)
2-NH
3 152.4 (C) 153.3 (C) 151.6
©
4 120.6 7.83,s 120.2 7.90, s 118.6 7.66, s
(CH) (CH) (CH)
5 119.6 8.04, 119.5 8.11, 117.0 7.02,
(CH) d(2.2) (CH) d(2.2) (CH) d(2.2)
6 140.9 (C) 140.7 (C) 142.4
©
7 102.5 7.55, 102.7 7.56, 105.6 7.39,
(CH) d(2.2) (CH) d(2.2) (CH) d(2.2)
8 154.4 (C) 154.3 (C) 153.7
©
9 118.5 (C) 118.6 (C) 117.7
©
10 139.6 (C) 139.3 (C) 137.8
©
1’ 23.7 2.67,s 65.3 5.15,s 23.7 2.52,s
(CH3) (CH) (CH3)
2 196.9 196.7 32.8 275, t
(-C=0) (-C=0) (CHz) (7.2)
3 26.4 2.53,s 26.4 2.55, s 35.4 1.92, m
(CHa) (CHs) (CHy)
4 63.4 3.66, t
(CH2) (6.2)
-OMe 55.9 3.84,s 56.0 3.83,s 56.0 3.84,s
(CHs) (CHs) (CHs)

position of the methoxy group at C-8 was supported by an HMBC cor-
relation from the methoxy protons (6y 3.84 s) to C-8. Additional, the
typical proton signals on the benzene ring (8.04, d (2.2) and 7.55,
d (2.2)) was also consistent with the 6,8-substitution on the isoquino-
line. Hence, the structure of 1 was fully assigned, and given the sys-
tematic name 6-acetyl-8-methoxy-3-methyl-isoquinoline, which is a
new natural product and described here for the first time.
6-Acetyl-8-methoxy-3-hydroxymethyl-isoquinoline (2) was also ob-
tained as an orange gum. Its molecular formula (Ci3H;3NO3) was
determined by the presence of a quasi-molecular ion at m/z 318.1114
[M+Na]"™ observed in its HRESIMS (calcd. for Cj3H;3NNaOs,
318.1106). The 'H and 3C NMR spectral data of 2 (with the exception of
the resonance for C-1) were highly similar to those of 1. The obvious
chemical shift differences resulted from the disappearance of methyl
resonance and the appearance of an hydroxymethyl group (C-1’, Ho-1').
These changes indicated that 2 should by a 3-hydroxymethyl analogues
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of 1, and the hydroxymethyl group located at C-3 was supported by the
HMBC correlations from Hy-1' to C-3/C-4, from H-4 to C-1’. In addition,
the acetyl group located at C-6 and the methoxy group located at C-8
were also confirmed by further analysis of it HMBC correlations.
Therefore the structure of 2 was determined as shown in Fig. 1. Fig. 2.

The molecular formula of compound 3 was determined as
C14H17NO; according to an ion peak at m/z 286.1050 ([M+Na] ") in the
HRESIMS. The UV and IR spectra and NMR signal patterns of 3 were also
highly similar to those of 1 in C-1-C-10 and C-1'. The obvious difference
was due to the replacement an acetyl group in 1 to a 3-hydroxypropyl
group. (-CHoCH5CH,-OH, C-2'-C-4', Hp-2'-H3-4') in 3. The existence of
3-hydroxypropyl group was supported by the comparison of typical
NMR signals (5¢ 32.8 (-CH»-), 35.4 (-CH»-), and 63.4 (-CH20H); 6y 2.75 t
(7.2), 1.92 m, and 3.66 t (6.2)) with known compound (Yang et al.,
2022a), and the HMBC correlations from H,-2' to C-3'/C-4/, from Hy-4
to C-2'/C-3', and from H,-3' to C-2'/C-4'. Moreover, the HMBC corre-
lations from Hy-2' to C-5/C-6/C-7, and from H;-3' to C-6 also supported
that the 3-hydroxypropyl group attached at C-6 of the isoquinoline core.
In addition, the positions of the methyl and methoxy groups were
determined by further analysis of their HMBC correlations. The structure
of 6-(3-hydroxypropyl)— 8-methoxy- isoquinoline (3) was therefore
defined.

Since some isoquinolines have been shown to exhibit antiviral ac-
tivity (Hu et al., 2020; Luo et al., 2020; Qing et al., 2017), compounds
1-7 were tested for their anti-TMV activities. This was achieved by the
half-leaf method using ningnanmycin (Ci6Ha5N7O0s, CAS#:
156410-09-2), a commercial product for plant disease in China, with an
inhibition rate of 33.2% as the positive control (Yang et al., 2022b; Yang
et al., 2022¢; Hu et al., 2022). The results (Table 2) revealed that
compounds 2 and 4 showed moderate anti-TMV activities with inhibi-
tion rates of 43.2% and 38.4%, respectively. These were higher than that
of the positive control, and compounds 1, 3 and 5-7 also showed
anti-TMV activities with inhibition rates in the range of 22.6% — 32.8%,
respectively.

3. Materials and methods
3.1. General experimental procedures

UV spectra were obtained using a Shimadzu UV-2401A spectropho-
tometer. A Tenor 27 spectrophotometer was used for scanning IR
spectroscopy with KBr pellets. 1D- and 2D NMR spectra were recorded
on a DRX-500 spectrometer with TMS as internal standard and the
chemical shifts (5) were expressed in ppm. HRESIMS were performed on
an API QSTAR time-of-flight spectrometer and a VG Autospec-3000
spectrometer. Preparative-HPLC was performed on a Shimadzu LC-8A
preparative liquid chromatograph equipped with a UV detector and a
Venusil MP Cyg (20 mm x 25 cm, 5 ym) column. The detection wave-
lengths were set to 400, 275 and 250 nm. Column chromatography was
performed with Si gel (200-300 mesh, Qing-dao Marine Chemical, Inc.,
Qingdao, China). The fractions were monitored by TLC, and spots were
visualized by heating Si gel plates sprayed with 5% HSO4 in EtOH.

8
(vis”

Fig. 2. Key HMBC correlations of 1.
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Table 2

Anti-TMV activities of compounds 1-7 on N. glutinosa Leaf.
No. % Inhibition at 20 uM ICso (uM)
1 30.6 £ 2.5 41.2
2 43.2+ 2.6 23.3
3 32.8+24 35.5
4 38.4+22 26.5
5 22.6 +2.0 49.4
6 26.8 +£2.3 44.5
7 245+25 47.8
Ningnanmycin 33.2+24 34.2

1All results are expressed as mean =+ SD; n = 3

3.2. Fungal material

A culture of Aspergillus felis 0260 was isolated from the leaves of cigar
tobacco, collected from the fermentation plant of Yuanjiang County,
Yuxi Prefecture, Yunnan Province in 2020. The strain was identified by
one of the authors (Dr. Yin-Ke Li) based on BLAST analysis of its ribo-
somal internal transcribed spacer (ITS) sequence data (GenBank acces-
sion no. 0Q152598) contained in the NCBI database. This fungal strain
was deposited in the Key Laboratory of Natural Products Synthetic
Biology of Ethnic Medicinal Endophytes, Yunnan Minzu University. It
was cultivated at room temperature for 7 days on potato dextrose agar at
28 °C. Agar plugs were inoculated into 250 mL Erlenmeyer flasks each
containing 100 mL potato dextrose broth and cultured at 28 °C on a
rotary shaker at 180 rpm for five days. Large scale fermentation was
carried out in 100 Fernbach flasks (1.0 L) each containing 500 g of rice
and 300 mL of nutrient solution (glucose 5%; peptone 0.15%; yeast
0.5%; KHyPO4 0.05%; urea 0.1%; MgSO4 0.05% in 1.0 L of deionized
water; pH 6.5 before autoclaving). Each flask was inoculated with
5.0 mL of cultured broth and incubated at 27 °C for 20 days.

3.3. Extraction and isolation

The whole culture broth of A. felis was extracted four times with
EtOH (4 x25L) at room temperature and filtered. The extract was
partitioned between EtOAc and 3% aqueous tartaric acid. The aqueous
layer was adjusted to pH 9.5 with saturated Na;COs3 aq. and extracted
with EtOAc. The crude extract (69.24 g) was applied to silica gel column
chromatography, eluting with a CHCl3-MeOH gradient system (9:1, 8:2,
7:3, 6:4, 5:5). Five fractions were obtained from the silica gel column
and individually decolorized on MCI gel to yield fractions A-E. Further
separation of fraction A (9:1, 9.26 g) by silica gel column chromatog-
raphy, eluting with CHCl3-(Me)2CO (9:1, 8:2, 7:3, 6:4, 1:1), yielded sub-
fractions A1-A5. Sub-fraction A2 (8:2, 1.92 g) was subjected to RP-18
column chromatography (MeOH/H20 40:60-80:20 gradient) and
HPLC to give 5 (14.4 mg) and 7 (16.2 mg). Sub-fraction A2 (8:2,1.15 g)
was subjected to RP-18 column chromatography (MeOH/H0
30:70-70:30 gradient) and HPLC to give 1 (13.9 mg), 3 (15.4 mg) and 6
(14.2 mg). Sub-fraction A3 (7:3, 1.24 g) was subjected to RP-18 column
chromatography (MeOH/H,0 30:70-60:40 gradient) and HPLC to give
2 (12.9 mg). The further separation of fraction C (7:3, 9.64 g) by silica
gel column chromatography, eluting with CHCl3-(Me),CO (7:3, 6:4, 1:1,
4:6, 3:7), yielded sub-fractions C1-C5. Sub-fraction C-2 (6:4, 1.22 g) was
subjected to RP-18 column chromatography (MeOH/H30 20:80-60:40
gradient) and HPLC to give 4 (12.9 mg).

3.3.1. 6-Acetyl-8-methoxy-3-methyl-isoquinoline (1)

Orange gum; UV (MeOH) Anmax (log €) 215 (4.02), 238 (3.86), 354
(3.64); IR vmax 3082, 1685, 1612, 1460, 1375, 1354, 1278, 1134, 1039,
826 cm™%; 'H and 3C NMR data (500 and 125 MHz), see Table 1;
positive ESIMS m/z 238 [M-+Na]™, positive HRESIMS m/z 238.0851
(caled. for C13H13NNaO,, 238.0844).
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3.3.2. 6-acetyl-8-methoxy-3-hydroxymethyl-isoquinoline (2)

Orange gum; UV (MeOH) Anax (log €) 215 (4.08), 242 (3.72), 358
(3.60); IR vmax 3402, 3070, 1682, 1614, 1456, 1376, 1349, 1274, 1136,
1052, 819 cm’l; 1 and '3C NMR data (500 and 125 MHz), see Table 1;
positive ESIMS m/z 254 [M+Na]®, positive HRESIMS m/z 254.0799
(caled for C13H13NNaOs, 254.0793).

3.3.3. 6-(3-hydroxypropyl)— 8-methoxy-3-methyl-isoquinoline (3)

Orange gum; UV (MeOH) Anax (log €) 215 (4.06), 232 (3.83), 346
(3.68); IR vmax 3405, 3074, 1615, 1468, 1380, 1359, 1262, 1146, 1048,
842 cm™!; 'H and '3C NMR data (500 and 125 MHz), see Table 1;
positive ESIMS m/z 254 [M+Na] ™, positive HRESIMS m/z 254.1166
(caled for C14H17NNaO,, 254.1157).

3.4. Anti-TMV assay

The anti-TMYV activities were tested using the half-leaf method (Yang
et al., 2022b; Yang et al., 2022¢; Hu et al., 2022), and ningnanmycin (a
commercial product for plant disease in China), was used as the positive
control. The virus was inhibited by mixing with a solution of test com-
pounds. After 30 min, the mixture was inoculated on the left side of the
leaves of Nicotiana glutinosa, whereas the right side of the leaves was
inoculated with the mixture of DMSO solution and the virus as control.
The local lesion numbers were recorded 3-4 days after inoculation.
Three repetitions were conducted for each compound. The inhibition
rates were calculated according to the formula:

inhibition rate (%) = [ (C-T) / C] x 100%

where C is the average number of local lesions of the control and T is the
average number of local lesions of the treatment. Ningnanmycin, a
commercial virucide for plant disease in China, was used as the positive
control.
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