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NAPROC-13

Disponible en la URL:  https://c13.usal.es 
Libre acceso 
Información estructural, espectroscópica y bibliográfica de 25 000 
productos naturales (PNs) 

Más de 350 de estas estructuras proceden de fuentes panameñas
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Importancia de la elucidación correcta de PNs 

• Establecimiento de REA 
• Aspectos Legales 
• Conocer la estructura correcta para poder sintetizarlo 

• Desarrollo del fármacos 
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Penicilina

Crawfoot-Hodgkin2 

difracción de rayos X

oxazolo-tiazolidina 
propuesta Robinson1
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estructura tricíclica 
propuesta Woodward2

1. The Chemistry of Penicillin (Eds.: H. T. Clarke, J. R. Johnson, R. Robinson), Princeton University     
   Press, Princeton, 1949, p. 1094. 
2. J. C. Sheehan, The Enchanted Ring: The Untold Story of Penicillin, MIT Press, Cambridge, 1984,  
   p. 224.
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Reasignación de la estructura de TIC-10 (imidazopirimidina)
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Jacob, N. T., Lockner, J. W., Kravchenko, V. V., and Janda, K. D. (2014). Pharmacophore reassignment 
for induction of the immunosurveillance cytokine TRAIL. Angew Chem Int Ed Engl 53, 6628-6631.
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estructura publicada estructura revisada 

inductor de apoptosis originada por el factor de necrosis tumoral (TNF)
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Surgimiento de NAPROC-13 como 
herramienta para la elucidación y corrección 

estructural
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• Desarrollada por el Dr. José Luis López Pérez 
• 2003 
• URL “http://c13.usal.es”  
• Inicialmente 6000 PNs 
• Se desarrolló íntegramente en JAVA 
• Publicada en la primera revista del mundo de la especialidad, Bioinformatics 

• (López-Pérez, J. L., R. Theron, E. del Olmo, and D. Diaz. "Naproc-13: A Database for the Dereplication of 
Natural Product Mixtures in Bioassay-Guided Protocols."Bioinformatics 23, 2007, 3256-7). 
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Accesos a NAPROC-13
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Databases on Food Phytochemicals and Their
Health-Promoting Effects
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ABSTRACT:Considerable information on the chemistry and biological properties of dietary phytochemicals has accumulated over
the past three decades. The scattering of the data in tens of thousands publications and the diversity of experimental approaches and
reporting formats all make the exploitation of this information very difficult. Some of the data have been collected and stored in
electronic databases so that they can be automatically updated and retrieved. These databases will be particularly important in the
evaluation of the effects on health of phytochemicals and in facilitating the exploitation of nutrigenomic data. The content of over 50
databases on chemical structures, spectra, metabolic pathways in plants, occurrence and concentrations in foods, metabolism in
humans and animals, biological properties, and effects on health or surrogate markers of health is reviewed. Limits of these databases
are emphasized, and needs and recommendations for future developments are underscored. More investments in the construction
of databases on phytochemicals and their effects on health are clearly needed. They should greatly contribute to the success of future
research in this field.

KEYWORDS: phytochemicals, foods, metabolism, health, databases, bioinformatics, nutrigenomics

’ INTRODUCTION

The composition of foods cannot be reduced to the sum of
macronutrients and the 40 or so essential micronutrients they
contain. Foods also contain a large number of other compounds
that, although not essential, also influence health: Some can be
toxic, others are thought to be beneficial for health. In particular,
several hundreds of phytochemicals such as polyphenols, carote-
noids, glucosinolates, phytates, saponins, amines, or alkaloids
have been identified in foods of plant origin. Some of these
compoundsmay contribute to explain the beneficial health effects
of the consumption of fruits and vegetables or whole grain cereals.
Understanding their role in nutrition is a major challenge for the
nutritionists of the 21st century.1 It requires full knowledge on
their chemistry, occurrence in foods, metabolism and bioavail-
ability, biological properties, and effects on health or surrogate
markers of health. None of this information should be ignored
when their role in nutrition is evaluated.

The volume of information, the diversity of experimental
approaches and methods, the diversity of reporting formats,
and the scattering of the information in tens of thousands
publications all make the exploitation of this information very
difficult. Furthermore, phytochemicals are not present in isola-
tion in foods. Their properties very much depend on complex

interactions within the foodmatrix and with various targets in the
human body. Nutrigenomic approaches able to simultaneously
characterize the effects of phytochemicals on a large number of
genes, proteins, or metabolites appear particularly adapted to the
exploration of health effects of phytochemicals.2,3 Furthermore,
metabolomics should also allow the simultaneous measurement
of exposure to a large number of dietary phytochemicals.4!6

The capacity for biologists and chemists to generate gigabytes
of information on a daily basis is having a profound impact on the
way that scientific information is being stored or delivered.
Whereas most scientific data are still presented in scientific
journals and the majority of high-level scientific knowledge is
still published in textbooks, it is becoming increasingly obvious
that today’s publishing industry cannot keep up with the pace of
scientific advancement and the quantity of data that the scientific
community would like to publish. These publishing bottlenecks
are beginning to be cleared through the introduction of a new
and very important kind of scientific archive: the database.
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databases that may be particularly useful for phytochemical
analysis and identification. In many cases, the spectra contained
in these open access spectral databases can be easily imported
into existing phytochemical or nutrient databases. Unfortunately,
despite their ready availability, this has not yet happened.

With regard to NMR spectral resources for phytochemicals
and other natural products, there are at least seven freely available
resources and at least three commercial databases (see Table 4).
The two largest are NAPROC-1332 and NMRShiftDB.31 Both of
these databases appear to have a fairly substantial collection of
natural product and phytochemical spectra under a variety of
solvent conditions. Because of the large spectral dispersion, the
relative chemical shift invariance, and the simplicity of 13C NMR
spectra, most analytical chemists prefer to use 13C NMR for the
identification of phytochemicals, phytochemical metabolites, and
other natural products. In this regard, NAPROC-13, which is a
13C NMR database of natural products, probably represents the
richest NMR resource for phytochemists and phytochemical
databases.

With regard to GC-MS spectral resources for phytochemicals
and other natural products, the most widely used database is the
NIST database. The latest release contains EI-MS spectra for
192,100 compounds and retention index (RI) values for 121,800
compounds. Unfortunately, many of the NIST compounds are
not natural products or phytochemicals. Four other databases,
albeit somewhat smaller in size, also provide some GC-MS data
for phytochemical identification. These are the Golm Metabo-
lome Database,33 the Manchester Metabolome Database,34 the
Fiehn Metabolome Database (FiehnLib),35 and the HMDB.14

LC-MS or LC-MS/MS techniques offer much greater sensi-
tivity than NMR or GC-MS does. Unfortunately, LC-MS meth-
ods often lack the consistency or reproducibility that
characterizes GC-MS or NMR. This makes compound identifi-
cation via spectral matching quite difficult. For instance, differ-
ences in column geometry, column packing, and solvent elution
protocols can lead to profound differences in elution times for
the same compound. Likewise, differences in collision energies
(for MS/MS) along with differences in ionization techniques
(MALDI versus electrospray) or instrument configuration [ion
trap, Fourier-transformed ion cyclotron resonance (FTICR),
triple quad] can lead to significantly different mass spectra for
the same compound. This has made it difficult to develop reliable
instrument-independent LC-MS databases. Nevertheless, some
efforts are being made to overcome these problems, and a
number of LC-MS spectral databases are beginning to appear.
Some are relatively instrument independent, such as MassBank,
which contains spectra obtained with different instruments11,
whereas a number of commercial databases are specific to a
restricted set of instruments. In the area of phytochemical
research, there is a tendency for many MS specialists to create
their own “private” library of LC-MS spectra that is specific to
their own instrument. Although this is not an ideal solution, until
more widespread LC-MS standards can be established, this may
be the best option for the time being.

Many of these databases are not particularly focused on
phytochemicals, and it is difficult to evaluate the extent of
coverage for phytochemicals in these tools. Conversely, some
other databases are focused on some particular classes of
phytochemicals. MS-MS Fragment Viewer (http://webs2.kazu-
sa.or.jp/msmsfragmentviewer/) is a spectral database for flavo-
noids having MS, MS2, and photodiode array spectra for 116
pure compounds with structures of the MS2 fragments.

’DATABASES ON PHYTOCHEMICAL METABOLIC
PATHWAYS IN PLANTS

Pathway databases are expected to provide biosynthetic/
degradation routes of metabolites to visually introduce their
functional roles. Because description of metabolic pathways
requires detailed knowledge on related enzymes andmetabolites,
extensive expertise is necessary for the design andmaintenance of
pathway databases. Each database takes a different strategy to
compile pathway knowledge and exhibits unique characteristics
depending on its expected usage. From users’ perspective, we
here categorize them into three types: comprehensive pathway
databases, specialized pathway databases, and community-based
approaches to accumulate pathway knowledge.
Comprehensive Databases. Comprehensive databases are

online counterparts of the classic biochemical wallcharts
(Roche’s and Sigma’s versions are famous; see Table 5 for their
online information), covering all pathways of multispecies in a
single map. The KEGG database is well-known for its compre-
hensiveness and provides the pathway knowledge in a down-
loadable format for over 1200 fully sequenced organisms.36 Most
genomes are bacterial, and for plants seven higher species are
included (thale cress, black cottonwood, castor bean, wine grape,
Japanese rice, sorghum, and maize) as of January 2011. Its
pathway reconstruction is semiautomated: about 160 manually
designed pathway charts are prepared as the reference informa-
tion, on which precomputed results of genome-wide homology
search can be projected for a specific organism on users’ demand.
The functional assignments for genes in each species are based
on EC numbers of enzymes. Therefore, it provides a genome-
centric view of computationally predicted metabolic network. In
the past few years, plant-specific information has been actively
compiled in the KEGG Plant page (Table 5). In this portal, the
“category maps” covering plant secondary metabolites are drawn
with molecular structures and are useful for beginners to grasp
the biosynthetic overview of phytochemicals.
The KEGG database represents a semiautomatic annotation.

The representative of manual curation is the Cyc database
families, the information of which is summarized at the Plant
Metabolic Network (PMN) and Gramene Pathway (GP) Web
sites. In these Cyc projects, the general repository of reference
pathways is called the MetaCyc database, and plant-specific
pathways are compiled as the PlantCyc database.24 Well-known
species-specific versions are AraCyc for Arabidopsis thaliana
(thale cress, Brassicaceae) at PMN,37 RiceCyc for Oryza sativa
ssp. japonica (rice, Poaceae/Gramineae) at GP, LycoCyc for
Solanum lycopersicum (tomato, Solanaceae) at Sol Genomics
Network,38 andMedicCyc forMedicago trancatula (barrel clover,
Fabaceae/Leguminosae) at Noble Foundation.39 To construct
such a site, all pathways in the MetaCyc database are computa-
tionally matched against genomic information as in the KEGG
database in the first place. Predicted pathways then undergo an
extensive manual curation using literature to improve quality and
the coverage of experimentally verified pathways. Therefore,
although starting from an automated prediction, each Cyc
database becomes a biochemical corpus of expert knowledge
gradually increased with time. The AraCyc, by far the most well
curated database among plant Cycs, contains 400 pathway pages
with a total of 3400 references. It must be noted, however, that
the definition of “pathway” is different among database projects.
The Cyc projects tend to represent shorter pathway fragments
for detailed annotations, whereas the KEGG emphasizes visual
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NAPROC-13 base de datos para la consulta de las 
estructuras y datos espectrocópicos
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NAPROC-13 base de datos para la revisión 
estructural de Productos Naturales (PNs) 

Contiene un número muy significativo de sustancias cuya estructura ha sido 
revisada 

Aparecidos en artículos de revisión 
Detectados en NAPROC-13 
Aplicación de la red neuronal desarrollada por Vawefunction 
Cálculo computacional
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Withanolide Structural Revisions by 13C NMR Spectroscopic Analysis
Inclusive of the γ‑Gauche Effect
Huaping Zhang and Barbara N. Timmermann*

Department of Medicinal Chemistry, University of Kansas, Lawrence, Kansas 66045, United States

*S Supporting Information

ABSTRACT: A classic withanolide is defined as a highly oxygenated C28 ergostane-
type steroid that is characterized by a C22-hydroxy-C26-oic acid δ-lactone in the nine-
carbon side chain. Analysis of the reported 13C NMR data of classic withanolides
with hydroxy groups (C-14, C-17, and C-20) revealed that (1) a hydroxy (C-14 or
C-17) substituent significantly alters the chemical shifts (C-7, C-9, C-12, and C-21)
via the γ-gauche effect; (2) the chemical shift values (C-9, C-12, and C-21) reflect
the orientation (α or β) of the hydroxy moiety (C-14 or C-17); (3) a double-bond
positional change in ring A (Δ2 to Δ3), or hydroxylation (C-27), results in a
minuscule effect on the chemical shifts of carbons in rings C and D (from C-12 to C-
18); and (4) the 13C NMR γ-gauche effect method is more convenient and reliable
than the traditional approach (1H NMR shift comparisons in C5D5N versus CDCl3)
to probe the orientation of the hydroxy substituent (C-14 and C-17). Utilization of
these rules demonstrated that the reported 13C NMR data of withanolides 1a−29a
were inconsistent with their published structures, which were subsequently revised
as 1−16 and 12 and 18−29, respectively. When combined, this strongly supports the application of these methods to determine
the relative configuration of steroidal substituents.

Withanolides are a family of highly oxygenated C28
ergostane-type steroids that are primarily present in

Solanaceae, which include the Jaborosa, Physalis, Tubocapsicum,
and Withania genera.1 Approximately 900 withanolides have
been reported from natural sources, where diverse oxygenation
in the steroid skeleton (from C-1 to C-7 and from C-11 to C-
19) as well as in the side chain (from C-20 to C-28) has been
observed. These include approximately 550 classic (also called
unmodified) withanolides, which contain a four-ringed steroidal
nucleus adhered to a nine-carbon side chain incorporating a
C22-hydroxy-C26-oic acid δ-lactone functionality (1−116,
Figures 1−3), where oxygenation at C-14, C-17, and C-20 is
commonly encountered.2 Withanolides have gained significant
interest in the scientific community due to their biological
activities inclusive of antitumor, anti-inflammatory, immuno-
modulatory, and insect-antifeent activities.1,2

Recently, we reported the isolation and characterization of
approximately 70 withanolides from Datura wrightii Regel,3

Jaborosa caulescens var. bipinnatif ida (Dunal) Reiche,4 Physalis
coztomatl Dunal,5 P. hispida (Waterf.) Cronquist,6 P. longifolia
Nutt.,7,8 Vassobia brevif lora (Sendtn.) Hunz.,9 and Withania
somnifera (L.) Dunal.10,11 Consequently, these isolates were
examined against the reported 13C NMR data, and discrep-
ancies were observed in the literature, which resulted in the
structural revisions of coagulansin A (30a)5,12 to withacoagulin
D (30),13 and withasomnilide (31a)14,15 to withanone (31),16

respectively (Figure 3).
Chemical shift-based 13C NMR analysis is an extremely

powerful tool to probe the orientation of a substituent on the
rigid ring system of the steroid skeleton.17 For instance,

orientation of the hydroxy group at C-14 significantly affects
the 13C chemical shift of the γ-positioned C-12 via the γ-gauche
effect. This observation was successfully applied to determine
the 14-hydroxy orientation in withanolides.18

Numerous 17-hydroxy withanolides have been reported: a
17α-hydroxy group was observed in withanone (31),16,19 14β-
hydroxywithanone (32),20,21 and cinerolide (33);22 whereas a
17β-hydroxy group was observed in 17-epiwithanone (34)23,24

and withanolide E (35)16,25 (Figure 3). Among them, X-ray
diffraction crystallography has confirmed the structures of 31,19

32,20,21 33,22 and 35,25 which provides a solid basis for
trustworthy NMR data analysis. In addition, the routine usage
of 2D NMR techniques over the past 30 years has generated a
literature 13C NMR database of fully assigned classic with-
anolides (including 31−35 and those from our own laboratory)
containing C-17 oxygenation. Close inspection of the data set
has revealed that 13C NMR chemical shifts could be utilized to
determine the precise orientation of a 17-hydroxy moiety in an
unmodified withanolide, a feat not yet explored in the literature.
Herein, we illustrate that C-14, C-17, and C-20 hydroxy

groups induce the γ-gauche effects on the chemical shift of
carbons (C-7, C-9, C-12, and C-21) in classic withanolides.
Application of these deviations has led to the conclusion that
the reported structures of several oxygenated (C-14, C-17, or
C-20) withanolides 1a−29a (Figures 1 and 2) are in need of
revision. The majority of these withanolides were reported

Received: July 23, 2015
Published: February 19, 2016
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Corrección de la estructura de Withanolidas
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Zhang, H., Timmermann, B.N.; J Nat Prod (2016) 79: 732-42.
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Cucumin B: Cálculo de 𝛅 13C RMN mediante DU8+
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Propagación de errores en la identificación de PN
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Moro, R.; Phytochemistry (1987) 26: 1767-76.
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Cicloartanos
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Ambigüedad en la isomería Z/E cadena de triterpenos
• Dificultad de determinación de la cte. de acoplamiento del H-24 (solapamiento de 

señales cuando el espectro se registra en CDCl3) 
• Solución: obtener el espectro con otros disolventes deuterados 

• Ambos isómeros han sido obtenidos mediante síntesis: Takahashi, et al. 

• Resuelta la ambigüedad, la comparación de los desplazamientos de RMN 13C será 
decisiva. 

• La resolución de esta ambigüedad podrá ser aplicada a todos los triterpenos con la 
misma cadena: cicloartanos, euphanes, tirucallanes... con hidroxilo en C-25
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Corrección de la estructura de Briarellins

22

Briarelina J

14
1
10

11

2

O

9

15
16 O

3

6
7

CH3
19

H

H

H

H3C17

O

OAcH3C
20

CH3
18

81

92 85
34

23

130
13239

O
50
46

27

23 O
170

O

22

H

H

81
O

176 46
37

O

18

30
17

29

H

H

Ospina, C.A., Rodríguez, A.D., Ortega-Barria, E., Capson, 
T.L.; Journal of Natural Products (2003) 66: 357-63. 
10.1021/np0204500 

Holt, T.A., Reddy, D.S., Huple, D.B., West, L.M., Rodríguez, 
A.D., Crimmins, M.T., Kutateladze, A.G.; The Journal of 
Organic Chemistry (2020) 85: 6201-5. 10.1021/
acs.joc.0c00555 

DU8+

Corrección de la estructura de Briarellins

23

Ren, F.-C., Wang, L.-X., Lv, Y.-F., Hu, J.-M., Zhou, J.; The Journal of Organic Chemistry (2021) 86: 10982-90. 10.1021/acs.joc.0c02409 
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Revision de prenilos oxidados en Productos Naturales
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Contiene un número muy significativo de sustancias cuya estructura ha sido 
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Detectados en NAPROC-13 
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Prenylated arylbenzofuran derivatives from Morus mesozygia
with antioxidant activity

Gilbert D.W.F. Kapche a,*, Christian. D. Fozing b, Jean H. Donfack c, Ghislain W. Fotso b, Dawe Amadou b,
Angèle. N. Tchana c, Merhatibeb Bezabih d, Paul F. Moundipa c, Bonaventure T. Ngadjui b,
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aDepartment of Chemistry, Higher Teachers’ Training College, University of Yaoundé I, P.O. Box 47, Yaoundé, Cameroon
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a b s t r a c t

Five prenylated arylbenzofurans, moracins Q–U, were isolated from Morus mesozygia (Moraceae). Their
structures were elucidated on the basis of spectroscopic evidence. Along with these compounds, 3b-acet-
oxyurs-12-en-11-one, marsformoxide, moracin C, moracin M, moracin K, artocarpesin, cycloartocarpesin,
morachalcone A were also isolated. Four of the five compounds, (moracins R–U) displayed potent antiox-
idant activity.

Crown Copyright ! 2008 Published by Elsevier Ltd. All rights reserved.

1. Introduction

In the course of our systematic phytochemical and pharmaco-
logical studies of the Cameroonian Moraceous plants (Ngadjui
et al., 1999a,b, 2000; Kapche et al., 2007; Metuno et al., 2008) we
have investigated Morus mesozygia Stapf. Morus or Mulberry is a
genus of 10–16 species of deciduous trees native to warm, temper-
ate, and subtropical regions of Asia, Africa, and the Americas, with
the majority of the species native to Asia (9 in China) (Venkatesh
and Seema, 2008). Leaves of Morus species, especially, of M. alba
have been an indispensable food source for silk-worms, and the
root barks of M. macroura have been used to treat diabetes, arthri-
tis and rheumatism in Chinese herbal medicine (Sheng-Jun et al.,
2004). M. mesozygia (black mulberry) is a small to medium sized
forest tree of Tropical Africa. Its leaves and fruit provide food for
the Mantled Guereza, a colobus monkey native to much of Tropical

Africa, and for the common chimpanzee of West and Central Africa
(Fashing, 2001). M. mesozygia is used to cure arthritis, rheumatism,
malnutrition, debility, stomach troubles, venereal diseases and as
pain killer (Burkill, 1985). Morus species have been the subject of
many phytochemical and pharmacological studies and a number
of pharmacologically active compounds have been isolated
(Nomura et al., 1982, 1983; Takasugi et al., 1982; Hano et al.,
1984, 1988a,b; Hirakura et al., 1985a,b; Matsuyama et al., 1991a;
Basnet et al., 1993; Syah et al., 2000; Shen and Lin, 2001; Sang-
Hee et al., 2002; Sheng-Jun et al., 2004; Young-Woong et al.,
2005). These biological properties, together with the fact that M.
mesozygia is a plant that is hitherto not so well studied, prompted
us to undertake a phytochemical investigation of this plant. Thir-
teen compounds (1–13) were isolated from the MeOH extract, of
which, moracin R (2), moracin S (3), moracin T (4) and moracin
U (5) exhibited potent antioxidant activities.

0031-9422/$ - see front matter Crown Copyright ! 2008 Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2008.12.014
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71 15 92 (B.M. Abegaz).
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Drimane Sesquiterpenoids from the Fungus Aspergillus ustus Isolated from the Marine Sponge
Suberites domuncula

Hongbing Liu,†,3 RuAngelie Edrada-Ebel,‡ Rainer Ebel,§ Yao Wang,† Barbara Schulz,⊥ Siegfried Draeger,⊥

Werner E. G. Müller,| Victor Wray,∆ Wenhan Lin,*,O and Peter Proksch*,†
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3UE, Aberdeen, U.K., Institut für Mikrobiologie, Technische UniVersität Carolo-Wilhelmina zu Braunschweig, Spielmannstrasse 7,
38106 Braunschweig, Germany, Institut für Physiologische Chemie und Pathobiochemie, Johannes-Gutenberg-UniVersität, Duesbergweg 6,
55128 Mainz, Germany, Helmholtz Centre for Infection Research, Inhoffenstrasse 7, 38124 Braunschweig, Germany, State Key Laboratory of
Natural and Biomimetic Drugs, Peking UniVersity, 100083 Beijing, People’s Republic of China, and Key Laboratory of Marine Drugs, Chinese
Ministry of Education, School of Medicine and Pharmacy, Ocean UniVersity of China, 266003 Qingdao, People’s Republic of China

ReceiVed April 15, 2009

Seven new drimane sesquiterpenoids (1-3, 6-9), along with the known compounds deoxyuvidin B (4), strobilactone
B (5), and RES-1149-2 (10), were obtained from cultures of the fungus Aspergillus ustus, which was isolated from the
marine sponge Suberites domuncula. Their structures were established by means of spectroscopic analyses including
one- and two-dimensional NMR spectroscopy and high-resolution MS. Compounds 6, 7, and 10 showed cytotoxic
activity against a panel of tumor cell lines, including L5178Y, HeLa, and PC12 cells, with 7 being the most active
(EC50 against L5178Y cell line: 0.6 µg/mL).

Drimane sesquiterpenoids are widely recognized as bioactive
metabolites of terrestrial plants, marine animals such as sponges
and mollusks, and fungi1 and have attracted wide attention due to
their biological activities, which include antibacterial, antifungal,
antifeedant, plant-growth regulatory, cytotoxic, phytotoxic, pisci-
cidal, and molluscicidal effects.1-3 Fungal drimanes have a broad
occurrence and have been reported from various members of the
genus Aspergillus4,5 including strains isolated from marine sponges.6

In our continued search for new biologically active metabolites from
marine-derived fungi,6 the sponge-derived fungus Aspergillus ustus
attracted our attention due to the cytotoxic activity of its crude
EtOAc extract against the murine lymphoma cell line L5178Y.
Chromatographic separation of the extract resulted in the isolation
and structural identification of 10 drimane sesquiterpenoids includ-
ing the new natural products 1-3 and 6-9. Structure elucidation
of the new compounds by one- and two-dimensional NMR
spectroscopy and mass spectrometry and evaluation of their
cytotoxic activity are reported.

Results and Discussion

The cytotoxic EtOAc extract of an Aspergillus ustus (Trichoco-
maceae) culture was subjected to repeated column chromatography
over silica gel and Sephadex LH-20 and to semipreparative HPLC
to afford seven new drimane sesquiterpenoids (1-3 and 6-9),
together with three known compounds: deoxyuvidin B (4), isolated
previously from the plant pathogen Alternaria brassicae;7 strobi-
lactone B (5), obtained from the edible mushroom Strobilurus
ohshimae;8 and RES-1149-2 (10), from an Aspergillus sp.4,5

Compound 1 was isolated after purification by HPLC as a
white powder. The molecular formula C15H24O4 was assigned
to 1 on the basis of HRESIMS (found m/z 269.1750 [M + H]+,
calcd 269.1753). The 1H NMR spectrum (Table 1) exhibited
resonances for four tertiary methyl groups [δH 0.98 (H3-15), 1.00
(H3-14), 1.11 (H3-13), and 1.95 (d, J ) 1.3 Hz, H3-12)], an
oxymethylene [δH 3.62 and 3.50 (both d, J ) 11.3 Hz, H2-11)],
an olefinic proton [δH 5.59 (d, J ) 1.3 Hz, H-7)], and three
exchangeable protons [δH 4.37 (OH-3), 4.95 (OH-9), and 4.83
(OH-11)]. The 13C NMR spectrum (Table 2) displayed 15 carbon
signals, including those assigned to a ketone carbonyl group (δC

200.5, C-6), two olefinic carbons, three oxygenated carbons, four
methyls, and five sp3 carbons. With four degrees of unsaturation
accounted for by the molecular formula, the structure of 1 was
suggested to contain two rings, in association with a double bond
and a carbonyl group. The NMR data of 1 (Tables 1 and 2)
were closely related to those of 9,11-dihydroxy-6-oxodrim-7-
ene,5 indicating the presence of a drimane sesquiterpenoid
skeleton. The key difference was that 1 possesses an additional
hydroxyl group, which resides at C-3 of ring A on the basis of
correlations in the COSY experiments, between OH-3/H-3, H-3/
H2-2, and H2-2/H2-1, and based on HMBC correlations from H3-
13 and H3-14 to C-3. The relative configuration of 1 was
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8114163. Fax: +49-211-8111923. E-mail: proksch@uni-duesseldorf.de.
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† Heinrich-Heine-Universität Düsseldorf.
‡ University of Strathclyde.
§ University of Aberdeen.
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| Johannes-Gutenberg-Universität.
∆ Helmholtz Centre for Infection Research.
O Peking University.
3 Ocean University of China.
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Sesquiterpenoids and Benzofuranoids from the Marine-Derived Fungus Aspergillus ustus 094102

Zhenyu Lu,† Yi Wang,† Chengdu Miao,‡ Peipei Liu,† Kui Hong,*,‡ and Weiming Zhu*,†
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Qingdao 266003, People’s Republic of China, and Institute of Tropical Biological Sciences and Biotechnology, Chinese Academy of Tropical
Agricultural Science, Haikou 571101, People’s Republic of China

ReceiVed May 1, 2009

Eight drimane sesquiterpenes (1-8), six isochromane derivatives (9-14), and three known compounds, daldinin B
(15), 9R-hydroxy-6!-[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5R-drim-7-en-11,12-olide (16), and pergillin (17), were isolated
from the EtOAc extract of the marine-derived fungus Aspergillus ustus 094102. The structures of the new compounds
were elucidated on the basis of spectroscopic analysis. The cytotoxic effects on A549 and HL-60 cell lines were evaluated
by SRB and MTT methods. Ustusorane E (13) showed significant cytotoxicity against HL-60 cells with an IC50 value
of 0.13 µM. Ustusolates C (6) and E (8) exhibited moderate cytotoxicity against A549 and HL-60 cells with IC50 values
of 10.5 and 9.0 µM, respectively, and ustusolate A (4) showed weak cytotoxicity against HL-60 and A549 cells with
IC50 values of 20.6 and 30.0 µM, respectively.

As a part of our ongoing search for active compounds from
microorganisms isolated from unusual or specialized ecological
niches,1-3 we recently have focused on the microorganisms from
mangrove plants. Due to the special living environment of low-
wave-energy tidal mudflats, mangrove plants have been considered
as a source of unique compounds possessing physiological activities.
Investigation of the secondary metabolites of microorganisms
collected from mangrove plants may also increase the chance of
finding novel active compounds. Our study focused on the chemical
composition of the fungus Aspergillus ustus 094102, isolated from
the rhizosphere soil of the mangrove plant Bruguiera gymnorrhiza
grown in Wenchang, Hainan Province of China. The chemical
constituents of A. ustus have been studied by many groups.
Metabolites of this species include meroterpenoid mycotoxins,4-6

isochromane derivatives,7-9 drimane sesquiterpene esters,10 and
ophiobolins.11 Many of them exhibited interesting biological
activities, such as plant growth inhibition7 and inhibition of
endothelin-type B receptors.10 Further chemical study of this new
strain was still worth conducting because the fermentation products
showed cytotoxicity against B16 cell lines and antifungal activity
against Candida albicans. Chemical studies resulted in the iden-
tification of 14 new compounds including three drimane sesquit-
erpenes [ustusols A-C (1-3)], five drimane sesquiterpene esters
[ustusolates A-E (4-8)], six benzofuran derivatives [ustusoranes
A-F (9-14)], and three known compounds [daldinin B (15),12 9R-
hydroxy-6!-[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5R-drim-7-en-11,12-
olide (16),10 and pergillin (17)13] from the fermentation broth of
A. ustus 094102. Among them, compounds 7, 11, and 12 are all
methyl acetals and might be isolation artifacts formed by the
reaction of the corresponding aldehyde (8) or hemiacetals with
MeOH. Only seven drimane sesquiterpene esters esterified at C-6
have been reported previously.10,14

Results and Discussion

Ustusol A (1), obtained as a white solid, was assigned the
molecular formula C15H24O4 from HRESIMS (m/z 269.1762 [M +
H]+), which was consistent with four degrees of unsaturation. The
IR spectrum showed the presence of hydroxy groups (3520, 3440,
3380 cm-1) and a conjugated carbonyl group (1660 cm-1). The 1H

NMR spectrum of 1 (Table 1) revealed four methyls including three
aliphatic singlet methyls (δH 0.99, 1.13, and 1.02) and an olefinic
methyl (δH 1.97), an olefinic proton (δH 5.60), an oxygenated
methine (δH 2.93), and three methylenes (δH 1.99/1.48, 1.53, 3.64/
3.52). The 13C NMR (DEPT) spectrum exhibited 15 signals
corresponding to four methyls, three methylenes, three methines,
a ketone carbonyl, and four quaternary carbons. These NMR data
revealed that 1 was a drimane sesquiterpene.10 The 1H-1H COSY
experiment disclosed two structural moieties, -CH2CH2CHOH and
-CH2OH, corresponding to the C-1, C-2, C-3(OH), and C-11(OH)
fragments. The HMBC correlations between H-1 and both C-5 and
C-10; between H-5 and C-4, C-10, C-13, and C-14; between H-7
and C-5, C-9, and C-12, and between H-11 and both C-9 and C-10
enabled the specific connection of groups that were not readily
identifiable as parts of spin systems from the 1H-1H COSY
experiment. Thus, the constitution of 1 was established as 3,9,11-
trihydroxydrim-7-en-6-one. NOESY correlations between H-13 and
H-1b(eq), and between H-5 and H-1a(ax), indicated a trans-fused
decalin nucleus. The correlations of H-3 with H-5 and H-1a(ax), of
OH-9 with H-5 and H-1a(ax), and of H-13 with H-11 revealed cis-
configurations between H-5 and OH-9 and between OH-3 and both
OH-11 and CH3-13. Thus, the relative configuration of 1 was
elucidated as 3!,9R,11-trihydroxy-5R-drim-7-en-6-one (Figure 1).
The absolute configuration of 1 was determined by its CD spectrum.
On the basis of the octant rule for cyclohexenones,15 the positive
Cotton effect at 328 nm (∆εmax +20.3) for nfπ* and the negative
Cotton effect at 235 nm (∆εmax -83.2) for πfπ* indicated that
the absolute configuration of 1 was (3S,5S,9R,10S), consistent with
the core configuration of other drimane sesquiterpene analogues,
such as RES-1149-114 and 9R,11-dihydroxy-6-oxodrim-7-ene,16

whose absolute configurations have been established by chemical
synthesis. Therefore, the structure of ustusol A (1) was determined
as (3S,5S,9R,10S)-3,9,11-trihydroxydrim-7-en-6-one.

Ustusol B (2) was obtained as a colorless solid. The molecular
formula of 2 was assigned as C15H24O4 from the HRFABMS (m/z
291.1577 [M + Na]+), which was the same as 1. The IR spectrum
also showed the presence of hydroxy groups (3400, 3320 cm-1)
and a conjugated carbonyl group (1658 cm-1). Except for those of
the C1-C2-C3 segment, the 1D NMR data of 2 (Table 1) revealed
considerable similarity to 1, implying that they shared the same
drimane sesquiterpene skeleton. The 1H-1H COSY correlations of
H-2 with H-3 and H-1 and of the OH-2 with H-2 indicated a
2-substituted hydroxy group, which was further confirmed by the
key HMBC correlations between OH-2 and C-1, C-2, and C-3. So
the constitution of 2 was determined as 2,9,11-trihydroxydrim-7-

* To whom correspondence should be addressed. Tel: 0086-532-
82031268. Fax: 0086-532-82031268. E-mail: weimingzhu@ouc.edu.cn;
kuihong31@gmail.com.
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Propagación de errores - Caso Rubesanolide D

Número de 
carbono

Desplazamiento; 
multiplicidad

obc12_5039_2

1 24.7; CH2

2 18.1; CH2

3 41.2; CH2

4 33.4; C

5 41.4; CH

6 19.8; CH2

7 28.8; CH2

8 81.1; C

9 75.1; C

10 51.8; C

11 26.6; CH2

12 22.2; CH2

13 150.7; C

14 117.7; CH

15 34.7; CH

16 20.2; CH3

17 20.7; CH3

18 32.1; CH3

19 20.0; CH3

20 178.8; CH3
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NAPROC-13 base de datos para la revisión 
estructural de Productos Naturales (PNs) 

Contiene un número muy significativo de sustancias cuya estructura ha sido 
revisada 

Aparecidos en artículos de revisión 
Detectados en NAPROC-13 
Aplicación de la red neuronal desarrollada por Vawefunction  
Cálculo computacional

38

1) Búsqueda conformacional sistemática mediante mecánica 
molecular MMFF; se eliminan confómeros duplicados y con energía 
superior a 40kJ/mol por encima del mínimo global 

2) Cálculo geométrico con HF/3-21G, eliminando confómeros 
duplicados y aquellos con energía superior a 40kJ/mol por encima 
del mínimo global 

3) Cálculo energético con el modelo ωB97X-D/6-31G* y eliminación 
de confómeros superiores a 15kJ/mol respecto al mínimo global 

4) Cálculo de la geometría con el modelo ωB97X-D/6-31G* y 
eliminación de los conformadores con energías superiores a 10 kJ/
mol respecto a la del mínimo global 

5) Cálculo energético con el modelo ωB97X-V/6-311+G(2df,2p)
[6-311G*].

Protocolo para realizar cálculos computacionales para 13C 

39

8,8-Dimethyl-3-(3-hydroxy-2,4-dimethoxyphenyl)-3,4:9,10-
tetrahydro-2H,8H-benzo[1,2-b:3,4-b']dipyran-10-ol

C-4

Lambert, M., Staerk, D., Hansen, S.H., Sairafianpour, M., Jaroszewski, J.W.; J Nat Prod (2005) 68: 1500-9. https://doi.org/
10.1021/np0502037 
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C-3

C-3

41

Garcimangosone B

Huang, Y.L., Chen, C.C., Chen, Y.J., Huang, R.L., Shieh, B.J.; J Nat Prod (2001) 64: 903-6. https://doi.org/10.1021/
np000583q 
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1,3,5-Trihydroxy-8-isoprenylxanthone
Xanthochymone B

Zhang, Z., ElSohly, H.N., Jacob, M.R., Pasco, D.S., Walker, L.A., Clark, A.M.; Planta Med (2002) 68: 49-54. https://doi.org/10.1055/s-2002-20049
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Consideración final

• Actualmente se ha priorizado la revisión estructural para mejorar la calidad 
de NAPROC-13
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Conclusiones
• NAPROC-13 representa una poderosa herramienta en lo que sigue siendo 

un gran desafio como lo es el descubrimiento de PNs 

• NAPROC-13 es una herramienta confiable en la investigación química ya 
que de forma constante se realizan revisiones y correcciones de errores 
estructurales. 

• NAPROC-13 propicia el desarrollo de una nueva línea de investigación, 
donde la aplicación de la química computacional sobre estructuras 
dudosas permite validar y proponer una estructura correcta. 

• NAPROC-13 al ser una base de datos de de-replicación optimiza el tiempo 
y la obtención de resultados de las investigaciones que tienen como 
objeto los PNs.
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• La comunidad científica estamos llamados a ser parte de este 
proyecto, para su implementación, uso y contínuo desarrollo. 
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• hugo.sanchez02@up.ac.pa
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