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Abstract: Three new bioactive compounds, namely (S)-
tenellic acid B dimethyl acetal (1a), (3R,3′R/S)-isotalarone 
(2), and (3R,5R)-cis-5-methyl-3-(2-oxobutyl)-dihydro-
furan-2-one (3), were isolated from the terrestrial fungus 
Penicillium purpurogenum MM, together with 15 known 
metabolites: talaroflavone, pestalasin A, altenuene, peni-
cillide, 3′-O-methyl-dehydroisopenicillide, rubralactone, 
tenellic acid B, diaporthin, butyrolactone 1, butyrolac-
tone-V, 4-hydroxy-2-methoxyacetanilide, ergosterol, ergos-
terol peroxide, linoleic acid, and glycerol monolinoleate. 
The chemical structures of the three new compounds 
were confirmed by extensive one- and two-dimensional 
NMR and electron spray ionization high-resolution mass 
spectra measurements and by comparison with literature 
data. The absolute configurations of the new compounds, 
and of talaroflavone (4a) and tenellic acid B (2b), were 
determined by ab initio calculations of ECD, ORD, and 
NMR data. The antimicrobial and cytotoxic activities of 
the crude extract and of the isolated compounds were 
studied using a set of microorganisms and brine shrimp 
assay, respectively. The isolation and taxonomic charac-
terization of P. purpurogenum MM is reported.

Keywords: biological activity; new natural products; 
Penicillium purpurogenum; structure elucidation; 
taxonomy.
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1  Introduction

Fungi are producers of potent secondary metabolites [1] 
that act as antibiotics [2], antimycotics [3], antiviral [4], 
and anticancer agents [5] or are pharmacologically active 
in other ways [6]. However, there are still many potential 
sources of new bioactive natural products from fungi, as 
many habitats remained unexplored [7, 8].

In the course of this work, the terrestrial fungus Peni-
cillium purpurogenum MM, isolated from deteriorated 
cotton textile, was investigated. Chemical studies of this 
isolate afforded three structurally diverse new compounds, 
named (S)-tenellic acid B dimethyl acetal (1a), (3R,3′R/S)-
isotalarone (2), and (3R,5R)-cis-5-methyl-3-(2-oxobutyl)-
dihydrofuran-2-one (3) along with 15 known metabolites 
(Fig.  1). Details of the strain’s taxonomy, antimicrobial 
activity, and brine shrimp lethality and of the isolation and 
structure elucidation of compounds 1–3 are presented here.

2  Results and discussion
The fungal isolate, P. purpurogenum MM, was obtained 
from moldy cotton clothing and was cultured for 6 days 
on M2 medium containing malt extract, yeast extract, and 
glucose. The ethyl acetate extract of the culture exhib-
ited moderate activity against Gram-positive bacteria, 
microalgae, and phytopathogenic oomycetes and caused 
increased mortality in the brine shrimp test. By thin 
layer chromatography (TLC), the fungal extract exhib-
ited numerous bands in a wide polarity range. Some of 
these showed a bright blue UV fluorescence at 365  nm 
and stained pink to blue with anisaldehyde-sulfuric acid, 
whereas others were faint yellow on TLC and turned yel-
lowish-brown with anisaldehyde-sulfuric acid. A third 
group of non-UV-absorbing compounds was detected as 
intensive violet to blue bands after spraying with anisal-
dehyde-sulfuric acid. Separation using a series of chroma-
tographic techniques afforded 19 bioactive compounds, 
among them three new metabolites, named (S)-tenellic 
acid B dimethyl acetal (1a), (3R,3′R/S)-isotalarone (2), and 
(3R,5R)-cis-5-methyl-3-(2-oxobutyl)-dihydrofuran-2-one 
(3). In addition to compounds 1–3, the extract afforded 15 
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known compounds: talaroflavone (4a) [9], tenellic acid 
B (1b), pestalasin A [11], altenuene [12], penicillide [13], 
3′-O-methyl-dehydroisopenicillide [14, 15], rubralactone 
[16], diaporthin [17], butyrolactone 1 [18], butyrolactone 
V [18], 4-hydroxy-2-methoxyacetanilide [19], ergosterol 
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Fig. 1: Structural formula of compounds 1–4.

Table 1: Physico-chemical properties of (S)-tenellic acid B dimethyl acetal (1a), (3R,3′R/S)-isotalarone (2), and (3R,5R)-cis-5-methyl-3- 
(2-oxobutyl)-dihydrofuran-2-one (3).

  (S)-Tenellic acid B dimethyl acetal 
(1a)

  (3R,3′R/S)-Isotalarone (2)   (3R,5R)-cis-5-Methyl-
3-(2-oxobutyl)-
dihydrofuran-2-one (3)

Appearance   Yellow solid   Colorless solid   Colorless oil
Rf

a   0.35b   0.44c   0.52d

Anisaldehyde-sulfuric 
acide

  Intensive yellowish brown   Bright blue and later violet   Bright blue and later 
violet

Molecular formula   C23H30O8 (434)   C14H12O6 (276)   C9H14O3 (170)
(+)-ESI-MS: m/z (%)   457 [M+Na]+   299 (20) [M+Na]+

575 (100) [2M+Na]+

  193 (37) [M+Na]+

363 (100) [2M+Na]+

(–)-ESI-MS: m/z (%)   433 (100) [M–H]−

867 (5) [2M–H]−

   

(+)-ESI-HRMS: m/z; 
(–)-ESI-HRMS: m/z

     

Found   457.1810 [M+Na]+

891.3733 [2M+Na]+

433.1868 [M–H]−

  299.0530 [M+Na]+

275.0561 [M–H]−

  193.0843 [M+Na]+ 
363.1782 [2M+Na]+

Calcd.   457.1833 [C23H30O8Na]+

891.3778 [C46H60O16Na]+

433.1868 [C23H29O8]−

  299.0526 [C14H12O6Na]+

275.0561 [C14H11O6]
  193.0808 [C9H14O3Na]+

363.1772 [C18H28O6Na]+

20[ ]Dα  (MeOH)   –9.3° (c  =  0.15)   +13.9° (c  =  0.115)   –22.0° (c  =  0.25)
UV/Vis: λmax (log ε)   MeOH: 223 (4.33), 271 (3.84), 

326 (3.47); 
MeOH-HCl: 219 (4.31), 283 (3.85); 
MeOH-NaOH: 225 (4.34), 280 
(3.87), 333 (3.47) nm

  MeOH: 225 (4.21), 256 (4.14), 
293 (3.75), 322 (3.38), 350 (3.05); 
MeOH-HCl: 224 (4.20, 257 (4.16), 
293 (3.79), 350 (2.97); 
MeOH-NaOH: 239 (4.23), 321 (3.93) nm

  –

aSilica gel 60 F254, Merck; bCH2Cl2-15 % MeOH; cCH2Cl2-10 % MeOH; dCH2Cl2-5 % MeOH; ecolor with staining reagent after heating.

[18], ergosterol peroxide [20], linoleic acid [21], and glyc-
erol monolinoleate [22]. The structures of the known com-
pounds were identified using AntiBase [1] and confirmed 
by comparison with literature data. The physico-chemical 
properties of the new compounds 1–3 are presented in 
Table 1. In addition, the absolute configurations of 4a and 
1b were determined.

2.1  (S)-Tenellic acid B dimethyl acetal

Compound 1a, a polar yellowish solid, appeared on TLC 
as yellow band with a yellowish green UV fluorescence 
at 366 nm and turned intense yellow to brown on spray-
ing with anisaldehyde-sulfuric acid followed by heating. 
The UV spectrum of 1a displayed three maxima, at λmax  =  
223, 271, and 326 nm, indicating an aromatic compound. 
The molecular formula of 1a was determined as C23H30O8 
by (+)- and (–)-electron spray ionization high-resolution 
mass spectra (ESI HRMS) (Table 1), indicating the pres-
ence of nine double-bond equivalents.

The 1H NMR spectrum of 1a (Table  2) showed two 
o-coupled and two m-coupled proton signals in the 
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aromatic region, pointing to two independent ring 
systems. Three methoxy signals appeared in the aliphatic 
region. According to the HMBC spectrum, one of these was 
bound to an aromatic ring at the δ  =  155.5 ppm carbon, 
whereas the other two at δ  =  3.26 ppm were gem-dimeth-
oxy (acetal) groups, connected to the methine carbon 
at δ  =  101.4 ppm. Moreover, an aromatic-bound methyl 
group (s, δ  =  2.28 ppm) and two methyl doublets (δ  =  
0.94, 0.92 ppm, J  =  6.6 Hz) were found. The latter formed 
an isopropyl system with the vicinal methine at δ  =  1.71 
ppm. This methine and a further oxymethine proton (δ  =  
5.05 ppm) showed COSY correlations with a methylene 
group (δ  =  1.61, 1.43 ppm), so that a 3-methylbutan-1-ol 
partial structure resulted (Fig. 2). Owing to the observed 
HMBC correlations, the aliphatic chain was determined 
to be connected to carbon 3 of benzene ring A, whereas 
the methoxy group was established to occupy position 2, 
and the o-coupled protons were confirmed in positions 
4 and 5. This follows from the correlation of H-8 with 

Table 2: 13C (125 MHz) and 1H NMR (300 MHz, CD3OD) data of (S)-
tenellic acid B dimethyl acetal (1a).

C   δC  δH (J in Hz)  C  δC  δH (J in Hz)

1   121.9  –  1′  133.4  –
2   155.5  –  2′  139.2  –
3   133.7  –  3′  150.8  –
4   128.5  7.27 (d, 8.9)  4′  119.1  6.75 (d, 1.5)
5   111.2  6.33 (d, 8.9)  5′  137.2  –
6   155.6  –  6′  119.3  6.85 (d, 1.5)
7   172.2  –  7′  101.4  5.37 (s)
8   66.5  5.05 (dd, 8.3, 5.0)  8′  21.3  2.28 (s)
9   48.7  1.61 (m), 1.43 (m)  9′  54.9  3.26 (s)
10   26.0  1.71 (m)  10′  54.9  3.26 (s)
11   23.7  0.92 (d, 6.7)     
12   22.4  0.94 (d, 6.7)     
13   63.1  3.92 (s)     

Chemical shifts δ are given in ppm.
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C-2 (carrying the methoxy group) and C-4, whose proton 
coupled with C-2, 8, and an additional phenolic carbon 
(C-6). The assignment was confirmed by 3J correlations of 
H-5 and H-9 with C-3. The high-field shift of H-5 and its 2J 
correlation with C-6 confirmed a phenolic carbon at C-6. 
The substituent at C-1 remained uncertain at this point.

In a similar way, ring B was determined as 2,3-dioxy-
genated 5-methyl-benzaldehyde dimethyl acetal, as the 
aromatic methyl protons coupled with the methine carbons 
C-4′,6′. The respective methine protons gave cross signals 
with the methyl group and with two phenolic carbons, and 
one of these (δH  =  6.85 ppm) coupled with the acetal group 
and vice versa. The remaining carbon and the missing DBE 
were assumed to be due to a carbonyl group, as cycliza-
tion via two oxygen atoms was not possible on the basis of 
the empirical formula. The respective carbonyl signal of an 
acid or ester was found at δ  =  172.2 ppm, but it was surpris-
ingly weak. It gave, however, a 4J correlation with H-5 and 
delivered the missing substituent at C-1.

A search for both substructures A and B in AntiBase [1] 
afforded 15 hits, all of which were biphenyl ethers. Among 
these hits was tenellic acid B (1b), which was also isolated 
in the current study as one of the known compounds. As 
the 1H NMR shifts of the new metabolite and of 1b were 
nearly congruent, the most plausible structure for this com-
pound was therefore determined as tenellic acid B dimethyl 
acetal (1a). No trace of 1a could be found by chromato-
graphic comparison with the original total extract so that 
1a appears to be most likely an artifact derived from tenellic 
acid B (1b). Apparently, 1a was formed from 1b in the pres-
ence of methanol during chromatographic purification on 
silica gel [23]. Indeed, 1a is formed easily from 1b in metha-
nol in the presence of acid traces, as indicated by the 7′-H 
signal at δ  =  5.37 ppm. This facile conversion also explains 
the disappearance of the dimethyl acetal NMR signals by 
OCH3/OCD3 exchange and the appearance of a signal due 
to free CH3OH at lower field on standing in deuterated 
methanol. The stereochemistry of 1a was determined as (S) 
by calculation of the optical rotation as described above 
( α 20[ ]D   =  –9.3° in MeOH; calcd.  =  –4.17°; see also Supple-
mentary Information, Table S1; see note at the end of the 
paper for availability). The absolute configuration of tenel-
lic acid B (1b) has not been reported, but should be (S) as 
well, according to the negative sign of its optical rotation 
and the chemical relation with compound 1a [10].

2.2  (3R,3′S)-Isotalarone

Compound 2 was obtained as a moderately polar colorless 
solid with blue UV fluorescence at 365 nm on TLC. The TLC 
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band stained bright blue and later violet on spraying with 
anisaldehyde-sulfuric acid. (+)-ESI HRMS confirmed the 
molecular formula as C14H12O6, indicating the presence of 
nine DBE (Table 1).

In the HMBC spectrum (see Supplementary Informa-
tion and Table  3), the doublet at δ  =  7.59  ppm coupled 
weakly with an sp2 carbon at δ  =  131.2 ppm and strongly 
with a carbonyl group at δ  =  172.9 ppm, so that an α-
substituted α,β-unsaturated acid or ester was assumed. 
Based on the COSY spectrum, the doublet splitting was 
determined to be due to coupling with an oxymethine 
proton (δH-3′  =  5.18 ppm, δC  =  80.4 ppm), which itself 
coupled with a methyl group at δ  =  1.42  ppm (C-6′). In 
addition, H-4′ showed on HMBC a coupling with an oxym-
ethine carbon at δ  =  75.4  ppm (C-3). The proton of the 
latter coupled, among others, backward with C-1′ and 5′. 
The resulting 4-oxypentenoic acid fragment was therefore 
determined to be connected at C-5′ with C-3 (Fig. 3).

The remaining aromatic fragment showed two m-cou-
pled aromatic proton signals. Their upfield shift was an 
indication of one (δ  =  6.64 ppm) or two (δ  =  6.42 ppm) 

Table 3: 13C (125 MHz) and 1H NMR data (600 MHz, CD3OD) of (3R,3′R/S)-isotalarone (2).

C   δC  δH
a (J in Hz)  HMBC correlations  C  δC

a  δH (J in Hz)  HMBC correlations

1   170.7  –    1′  172.9  – 
3   75.4  6.15 (s)  1, 3a, 4, 5, 7a, 1′, 4′, 5′  3′  80.4  5.18 (quint, 7.1)  4′, 5′, 6′
3a  152.6  –    4′  155.7  7.59 (dd, 7.0, 0.9)  3, 3′, 1′, 5′
4   100.7  6.64 (s)  3, 5, 6, 7a  5′  131.2  – 
5   168.7  –    6′  18.8  1.42 (d, 7.0)  3′, 4′
6   103.1  6.42 (d, 1.4)  1, 4, 5, 7, 7a       
7   159.1  –         
7a  105.3  –         
8   56.6  3.82 (s)  5       

Chemical shifts δ are given in ppm.
aAll carbon signals are accompanied by the satellite signal of the (3R,3′S/R)-diastereomer in a shift difference of Δδ ≈ 0.005–0.1 ppm.
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adjacent oxygen atoms. This was confirmed by HMBC cor-
relations of both protons with a methoxy-bearing carbon 
at δ  =  168.7 ppm that must be in between both protons. 
The high-field proton coupled further with a phenolic 
carbon that must be in the o-position of the latter; other-
wise, the anellation with a further ring as required by the 
number of double-bond equivalents would not be possi-
ble. H-4 and H-6 both coupled with a second carbonyl at 
δ  =  170.7 ppm. Together with further correlations of H-4, 
a 7-hydroxy-5-methoxy-phthalide resulted; the position 
of the methoxy group at C-5 was clearly confirmed by the 
expected HMBC correlations of C-5 with H-4 and H-6 (see 
Fig. 3). To fulfill the formula and the number of DBE, it 
was assumed that the 4-oxypentenoic acid fragment must 
also be cyclized, forming a butenolide. Further HMBC cor-
relations (Fig. 3) suggested structure 2.

As a final check, the experimental data for compound 
2 were processed using the two-dimensional (2D) NMR 
structure elucidation program Cocon [24]. This resulted in 
153 isomers fitting the 2D data; however, only six of these 
possessed benzene rings with protons in m-position. Four 
of these alternatives had bridged ring systems and were 
most unlikely because of their high strain energies. Only 
structure 2 and one further plausible structure remained 
(see Supplementary Information, Fig. S9), however in the 
latter structure, the expected shift for one of the carbonyls 
(C-1 in 3) was far beyond the experimental values, unequiv-
ocally confirming structure 2 as a new natural product. It 
remained, however, a matter of debate, why all 13C NMR 
signals of 2 appeared as pairs of nearly equal intensity in 
the distance of Δδ  =  0.005–0.15 ppm to each others.

According to ab initio calculations of CD and ORD 
data and by comparison with the experimental results, 
compound 2 is (3R,3′R)- or (3R,3′S)-configured. The (3R) 
configuration is also in good agreement with the predic-
tion on basis of the exciton chirality method [25], using 
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Fig. 4: Aligned two least energy conformations (Σ Boltzmann 
factors  =  0.9985) of (3R,3′S)-isolalarone (2), according to ab initio 
calculations with Spartan‘14 (DFT B3LYP, 6-311G*).

the positive CD effect in the experimental spectrum. For 
both diastereomers, DFT calculations indicated posi-
tive ORD data, as found in the experiment. The 3′-methyl 
group influenced, however, neither the CD nor the ORD 
data sufficiently to distinguish both diastereomers (Sup-
plementary Information, Fig. S16). Ab initio calculations 
demonstrated that  > 99 % of all conformers are occupying 
the expected trans-oxygen orientation (3,3′-s-trans, with 
respect to the oxygen atoms in the 5-membered rings; see 
Fig. 4); NMR shift differences for the (3R,3′R) and (3R,3′S) 
diastereomers were expected therefore. Elevated ab initio 
NMR calculations [26] delivered, however, identical shift 
values within ±0.1 ppm. This explains the signal pairs of 
nearly equal intensity in the 13C NMR spectrum of 2. As 
their distance was not changed on heating, conformer 
equilibria were excluded, and the natural product 2 was 
elucidated as an inseparable 0.8:1 mixture of the (3R,3′R) 
and (3R,3′S) diastereomers.

In the group of more than 250 microbial phthalides, 
the only metabolite that is closely related to compound 2 
is talaroflavone (4a), an antifungal agent from Verticillium 
dahliae [9]. Therefore, we named compound 2 as isotalar-
one to indicate the similarity with 4a, while avoiding any 
misleading connection to flavones.

As we also isolated talaroflavone (4a) from P. purpuro-
genum MM, we took the opportunity to determine its abso-
lute configuration, which had not been published before. 
Ayer and Racok [9] reported a positive plain ORD curve 
for compound 4a. Ab initio calculation of the optical rota-
tions for the (3S,5′R)- and (3S,5′S)-diastereomers afforded 
positive leading signs at different wavelengths (see Sup-
plementary Information, Table  S3), so that the natural 
product must have one of these configurations. (For 
better comparison, compound 5 was numbered accord-
ing to Ayer and Racok [9]). Our experimental CD spectrum 
showed, however, only a weak (positive) Cotton effect that 
was insufficient to distinguish between both diastereom-
ers (Supplementary Information, Fig. S9). Discrimination 

was possible, however, on the basis of Ayer and Racok’s 
arguments and their NMR spectra of the diacetate 4b [9]. 
By molecular modeling, we confirmed that the methyl 
group of the 5′-acetate residue will be located inside the 
shielding cone of the aromatic ring in the rel-(3S,5′S) but 
not in the rel-(3S,5′R) isomer, explaining the observed 
upfield shift of the aliphatic acetate-methyl group (δH  =  
1.82); ab initio calculations of the 1H and 13C NMR spectra 
afforded data in full agreement with the experimental 
values (see Supplementary Information, Table  S4). The 
absolute configuration of 4a was therefore determined as 
(3S,5′S).

2.3  �(3R,5R)-cis-5-Methyl-3-(2-oxobutyl)-
dihydrofuran-2-one

Compound 3, a moderately polar colorless oil, appeared 
on TLC as a UV non-absorbing zone that turned intense 
blue, and later to violet, on spraying with anisaldehyde-
sulfuric acid. The molecular formula of 3 was established 
by (+)-ESI HRMS as C9H14O3, indicating the presence of 
three DBE. The 13C NMR spectrum showed a keto and an 
acid/ester carbonyl, but no olefinic signals. Thus, com-
pound 3 was assumed to be monocyclic.

A butanone fragment was derived from the 2D spectra 
(Table  4 and Fig.  5), as the 2H quartet of a methylene 
group and the triplet of a vicinal methyl group (δ  =  2.41, 
1.00 ppm, J  =  7.3 Hz) showed HMBC correlations with 
the ketocarbonyl group at δ  =  208.2 ppm. The latter was 
flanked on the other side by a methylene group, as the 
respective correlations with proton signals at δH  =  2.95 
and 2.54 ppm (δC  =  42.0 ppm) showed. Further, a methyl 
doublet coupled with an oxymethine multiplet at δ  =  
4.47 ppm was present. Thus, with reference to the empiri-
cal formula, a substituted butanolide must be assumed. 

Table 4: 13C (125 MHz) and 1H NMR (300 MHz, CDCl3) of (3R,5R)-cis-
5-methyl-3-(2-oxobutyl)-dihydrofuran-2-one (3).

No  δC  δH (J in Hz)

2   178.2  –
3   36.93  2.99 (m)
4   36.90  2.54 (m), 1.43 (m)
5   75.3  4.47 (m)
6   20.6  1.36 (d, 6.1)
1′   42.0  2.97 (m), 2.54 (m)
2′   208.2  –
3′   35.8  2.44, 2.39 (ABX, 7.4, 3.2)
4′   7.5  1.00 (t, 7.4)

Chemical shifts δ are given in ppm.
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It is worth mentioning that no HMBC correlation between 
H-5 and the lactone carbonyl C-2 was seen. It was not easy 
to differentiate between the postulated 5-methyl-3-(2-
oxobutyl)-γ-valerolactone (3) and the alternative 5-methyl-
4-(2-oxobutyl) isomer on the basis of the NMR and NOE 
data (see Supplementary Information, Fig. S23), as the 13C 
shifts of C-3 and C-4 and also the proton shifts of 3-H/1′-Ha 
and 4-Ha/1′-Hb were identical within the error limits. The 
isomer 3 was finally confirmed by a strong HMBC cross 
signal between 4-Hb (δ  =  1.43 ppm) and the methyl group 
C-6 (δ  =  20.6 ppm). This indicated that C-5 is neighbored by 
a methylene and not by the methine group at δ  =  2.99 ppm 
(3-H). Further confirmation of the structure was achieved 
by calculating the IR spectra of all four possible pairs of 
enantiomers, where the 4,5- and 3,5-disubstituted furan-2-
ones differed clearly from each other, favoring structure 3 
(see Supplementary Information, Fig. S24–S27).

The strong NOEs of the oxymethine proton at δ  =  
4.47  ppm (5-H) with the signals at δ  =  2.54 (4-H) and 
2.99 ppm (3-H) and between the latter two signals agree 
best with a syn-facial orientation of 3-H, 4-Ha, and 5-H. 
This was further confirmed by NOESY correlations of 
6-H3 (δ  =  1.36 ppm) with 1′-Ha (δ  =  2.97 ppm) and 4′-H3 
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Fig. 6: Experimental CD spectrum of (3R,5R)-cis-5-methyl-3-(2-oxobutyl)-dihydrofuran-2-one (3) in methanol ( ) and the calculated spec-
trum of the (3R,5R)-cis-isomer (·····).
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Fig. 5: H,H COSY ( , ↔) and HMBC (→) correlations of (3R,5R)-cis-
5-methyl-3-(2-oxobutyl)-dihydrofuran-2-one (3).

(δ  =  1.00 ppm), resulting in the cis orientation of the sub-
stituents [(3R,5R) or (3S,5S) configuration]. The absolute 
configuration of 3 was finally determined as (3R,5R) by 
the calculation of the ORD data, where this enantiomer 
afforded a positive optical rotation at 589 nm and a nega-
tive CD effect, as found experimentally (Fig. 6).

Among the rather large group of butanolides in the lit-
erature, the 2,4- and 3,4-dialkyl substituted derivatives are 
very rare microbial metabolites. Only a few compounds 
structurally related to 3 have been published [19, 27]. Sur-
prisingly, however, compound 3 has been obtained as a 
side product during the synthesis of 2,33-dihydro-4-oxo-
murisolin [28]. The identity of the NMR data is further con-
firming our structure including the stereochemistry.

2.4  Biological activities

Antimicrobial activity testing of the crude extract of the 
terrestrial fungus P. purpurogenum MM was carried out, 
together with the three new compounds 1–3, against 
11 microorganisms using the agar diffusion technique. 
The crude extract showed high toxicity against brine 
shrimps (95 % at 100 μg/mL), in addition to a moder-
ate to high antimicrobial activity (100 μg/disk) against 
Gram-positive bacteria [Bacillus subtilis, 11 mm; Staphy-
lococcus aureus, 18 mm; Streptomyces viridochromogenes 
(Tü 57), 20 mm], microalgae (Chlorella vulgaris, 11 mm; 
Chlorella sorokiniana, 12 mm; Scenedesmus subspica-
tus, 13 mm), and phytopathogenic oomycetes (Pythium 
ultimum, 12 mm; Aphanomyces cochlioides, 20 mm), 
whereas it showed no activity against Gram-negative 
bacteria, fungi, and yeast (see Table  5). Compound 1a 
was inactive in all tests and compound 2 exhibited mod-
erate activity against Gram-positive bacteria [B. subtilis, 
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15 mm; S.  viridochromogenes (Tü 57), 16 mm], whereas 
compound 3 showed weak-to-moderate activity against 
Gram-positive bacteria (B. subtilis, 12 mm; S. aureus, 
12  mm), Candida albicans (11  mm), and Mucor miehei 
(12 mm) (40 μg/disk). Compounds 1–3 exhibited no activ-
ity against oomycetes and algae. Compounds 1a and 2 
showed weak toxicity against brine shrimps (8–11.5 %, 
10 μg/mL), whereas compound 3 exhibited the highest 
toxicity (85 % lethality, 10 μg/mL).

3  Experimental section

3.1  General experimental procedure

For the IR spectra, an FT/IR-4100 Infrared Spectrometer 
(Jasco, Easton, MD, USA) was used. NMR spectra were 
measured on Varian Unity 300 and Varian Inova 600 
spectrometers. For the optical rotations, a polarimeter 
(model 343; Perkin-Elmer) was used. For the ESI HRMS, 
Finnigan LCQ ion trap mass spectrometer coupled with a 
Flux Instruments (Basel, Switzerland) quaternary pump 
Rheos 4000 and an HP 1100 HPLC (Nucleosil column EC 
125/2, 100-5, C 18) with autosampler (Jasco 851-AS; Jasco) 
and a diode array detector (Finnigan Surveyor LC System) 
were used. HRMS were recorded by ESI MS on an Apex IV 
7 Tesla Fourier-Transform Ion Cyclotron Resonance Mass 
Spectrometer (Bruker Daltonics, Billerica, MA, USA). UV/
Vis spectra were recorded on a Perkin-Elmer Lambda 15 
UV/Vis spectrometer. Rf values were determined on Poly-
gram SIL G/UV254 (Macherey & Nagel, Düren, Germany). 
Size exclusion chromatography was performed on Sepha-
dex LH-20 (Lipophilic Sephadex; Amersham Biosciences, 
purchased from Sigma-Aldrich Chemie, Steinheim, 
Germany).

3.2  �Isolation and taxonomy of the producing 
strain

The terrestrial P. purpurogenum MM was isolated from 
deteriorated cotton textile by placing textile parts on a 
water agar medium (20 g agar-agar/L of tap water) and 
incubating at 28 °C for 7 days. The developing colonies 
were then transferred to Czapek-Dox agar medium (g/L: 
30 sucrose, 3 NaNO3, 1 K2HPO4, 0.5 KCl, 0.5 MgSO4, 0.01 
FeSO4, and 20 agar-agar) and incubated at 28 °C for 14 
days. Colonies on Czapeck-Dox agar medium grew rather 
restrictedly, attaining a diameter of only 1.5–2.5 cm in 12 
days. These colonies consisted of yellow to orange-red 
mycelia bearing abundant conidial structures that were 
deep red to dark reddish purple shaded from the under-
side, whereas the surrounding agar was lighter in color. 
Under a light microscope, conidiophores arising from 
the substrate and measuring up to 100–150 μm in length 
by 2.5 to 3.5 μm in diameter were observed. These were 
biverticillate, symmetrical, and compact, as is typical for 
Penicillium. Conidia were subglobose, irregularly rough-
ened, and thick-walled, with 3.0–3.5  ×  2.5–3.0 μm dimen-
sions. Based on its cultural and morphological features, 
and according to Raper and Fennel [29], the fungus was 
identified as P. purpurogenum. The strain is deposited in 
the collection of Dr. M. M. El Metwally, Mycology Labora-
tory, Botany and Microbiology Department, Damanhour 
University, Damanhour, Egypt.

3.3  Fermentation, extraction, and isolation

The P. purpurogenum isolate MM was inoculated from 
well grown agar plates with dark green sporulating 
colonies into 100 one-liter Erlenmeyer flasks, each con-
taining 300  mL of M2 medium (g/L): malt extract (10), 

Table 5: Antimicrobial activities and brine shrimp lethality of the crude extract of P. purpurogenum and the new compounds 1–3.

 
 

Agar diffusion test (40 μg/disk; Ø 9 mm); diameter of inhibition zones (in mm)  Brine shrimp lethality 
(%) (10 μg/mL)

BSa  SAb  SVc  ECd  CAe  MMf  CVg  CSh  SSi  RSj  PUk  ACl

Crude extract   11  18  20  –  –  –  11  12  13  –  12  20  95
1a   –  –  –  –  –  –  –  –  –  –  –  –  10
2   15  –  16  –  –  –  –  –  –  –  –  –  8.8
3   12  12  –  –  11  12  –  –  –  –  –  –  85
Nystatin   –  –  –  –  25  –  –  –  –  –  –  –  –
Gentamycin   22  21  ND  22  –  –  –  –  –  –  –  –  –
Actinomycin D  –  –  –  –  –  –  –  –  –  –  –  –  100

aBacillus subtilis, bStaphylococcus aureus, cStreptomyces viridochromogenes (Tü 57), dEscherichia coli, eCandida albicans, fMucor miehei, 
gChlorella vulgaris, hChlorella sorokiniana, iScenedesmus subspicatus, jRhizoctonia solani, kPythium ultimum, and lAphanomyces coch-
lioides; ND, not determined.
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peptone (4), glucose (4), and demineralized water. The 
pH was adjusted to 7.8 using 2 N NaOH before steriliza-
tion. Fermentation was carried out on a linear shaker for 
6 days at 28 °C (110 rpm). After cultivation, the culture 
broth was filtered over Celite under pressure. The myce-
lium was macerated in methanol (3 × ), and the methanol 
extract was then concentrated in vacuo. The remaining 
aqueous residue was re-extracted with ethyl acetate 
and concentrated, affording 2.1 g of a dark green crude 
extract.

The filtrate from the culture broth was extracted with 
XAD-16 resin, and the adsorbed organic material was 
eluted with methanol. The methanol extract was evapo-
rated in vacuo and the residual water was extracted with 
ethyl acetate followed by concentration to afford 5.1 g of 
a second dark green extract. Both crude organic extracts 
were combined, as TLC showed identical compositions.

The combined extract (7.14 g) was separated by 
column chromatography on silica gel (40  ×  10 cm) with 
a cyclohexane-CH2Cl2-MeOH gradient [0.2 L cyclohexane, 
0.5 L cyclohexane-CH2Cl2 (1:1), 0.5 L CH2Cl2, 0.5 L CH2Cl2-
MeOH (97:2), 1 L CH2Cl2-MeOH (95:5), 0.5 L CH2Cl2-MeOH 
(93:7), 1 L CH2Cl2-MeOH (90:1), 0.5 L CH2Cl2-MeOH (80:20), 
0.5 L CH2Cl2-MeOH (50:50); 0.5 L MeOH]. According to TLC 
monitoring, four fractions were obtained: F-I (0.57 g), F-II 
(1.26 g), F-III (4.5 g), F-IV (0.2 g). Further column chroma-
tography of fraction II on silica gel with a CH2Cl2-MeOH 
gradient afforded two sub-fractions, MSSP1 (0.22 g) and 
MSSP2 (0.32 g). Purification of MSSP1 using Sephadex 
LH-20 (CH2Cl2-40 % MeOH) afforded linoleic acid as a 
colorless oil (150 mg). Fraction III afforded on silica gel 
(column 100  ×  2 cm with a cyclohexane-CH2Cl2-MeOH gra-
dient) five sub-fractions F-IIIa (0.1 g), F-IIIb (0.2 g), F-IIIc 
(1.8 g), F-IIId (1.1 g), and F-IIIe (0.8 g) after monitoring by 
TLC. Sub-fraction F-IIIa delivered on silica gel and Sepha-
dex LH-20 (CH2Cl2-40 % MeOH) a further 35 mg of linoleic 
acid as a colorless oil. In a similar way, sub-fraction F-IIIc 
afforded talaroflavone (4a, 10 mg), pestalasin A (10 mg), 
altenuene (5 mg), penicillide (11 mg), and rubralactone 
(4 mg) as colorless solids.

Sub-fraction F-IIId yielded in the same way glycerol 
monolinoleate (40 mg), diaporthin (11 mg), altenuene 
(6  mg), butyrolactone 1 (7 mg), 4-hydroxy-2-methoxyac-
etanilide (2 mg), ergosterol peroxide (7 mg), and butyro-
lactone-V (2 mg). Purification of sub-fraction F-IIIe using 
silica gel (CH2Cl2-MeOH gradient), followed by PTLC and 
Sephadex LH-20 (CH2Cl2-40 % MeOH) delivered ergos-
terol (10 mg), 3′-O-methyl-dehydroisopenicillide (3 mg), 
(3R,3′R/S)-isotalarone (2, 3 mg), and (3R,5R)-cis-5-methyl-
3-(2-oxobutyl)-dihydrofuran-2-one (3, 12 mg). Finally, 
fraction F-IV (0.2 g) afforded on Sephadex LH-20 (MeOH) 

tenellic acid B (1b, 6 mg) and (S)-tenellic acid B dimethyl 
acetal (1a, 7 mg) as yellow solids.

3.4  �Antimicrobial assay using agar diffusion 
test

Antimicrobial assays were conducted utilizing the agar 
diffusion method [30] against diverse sets of microor-
ganisms. The P. purpurogenum MM extract and the pure 
compounds 1–3 were dissolved in CH2Cl2-MeOH (9:1), and 
paper disks with a diameter of 9 mm (no. 2668; Schleicher 
& Schüll, Dassel, Germany) were impregnated with 40 
μg of the pure compounds and 1 mg of the crude extract, 
respectively. The disks were dried for 1  h under sterile 
conditions, placed on pre-made agar test plates, and incu-
bated for 24 h at 38 °C for bacteria and 48 h (30 °C) for the 
fungal strains, whereas the algae were incubated at ~22 
°C in daylight for 8–10 days. Nystatin was used as posi-
tive control at 40 μg/paper disk for C. albicans (giving an 
inhibition zone diameter of 25 mm), and gentamycin for 
bacteria (giving a diameter of inhibition zone of 22 mm for 
B. subtilis and E. coli and 21 mm for S. aureus).

3.5  �Brine shrimp microwell cytotoxicity 
assay

The cytotoxic assay was performed according to Taka-
hashi et al. [31] and Sajid et al. [32]. Actinomycin D (10 μg/
mL) was used as a positive control, and DMSO (10 μL) was 
used as the blank value.

3.6  Quantum-mechanical calculations

The least-energy conformations of the investigated com-
pounds were determined with semi-empirical methods, 
using PM3 (Parameterized Model number 3), imple-
mented in Spartan‘14 [26]. Depending on the respective 
structure, between ~15 (5a) and ~31.000 (2a), conformers 
were optimized. All structures within an energy range of 
7 kcal/mol above the respective least energy value were 
further optimized with Gaussian 09 [33] using DFT cal-
culations with the B3LYP functional and the 6-311G (2d, 
p) basis set. The ECD spectra of all conformers with 
Boltzmann factors  ≥ 0.001 were calculated on the same 
level of theory; ORD data were obtained with WB97XD/6-
311G(d,p); IR spectra were calculated with the B3LYP 
functional and the dgdzvp basis set. For the calculation of 
NMR data, see Table 1.
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4  Supplementary information

NMR spectra and other supporting data associated with 
this article can be found in the online version (DOI: 
10.1515/znb-2015-0185).
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