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The Annonaceae family is distributed throughout Neotropical regions of the world. In Brazil, it covers nearly all natural formations

particularly Annona, Xylopia and Polyalthia and is characterized chemically by the production of sources of terpenoids (mainly
diterpenes), alkaloids, steroids, polyphenols and, flavonoids. Studies from *C NMR data of diterpenes related with their
botanical occurrence were used to generate self-organizing maps (SOM). Results corroborate those in the literature obtained from
morphological and molecular data for three genera and the model can be used to project other diterpenes. Therefore, the model
produced can predict which genera are likely to contain a compound.
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INTRODUCTION

The Annonaceae family is composed of about 2000 species in 129
genera found throughout Neotropical regions of the world. In Brazil,
the family encompasses around 29 genera with approximately 260
species occurring in all natural formations predominantly Xylopia,
Annona (genus native) and Polyalthia (genus input). This family
is known to produce many edible fruits, and many of its plants are
commonly used in folk medicine. The Annonaceae and all woody
plants of the Magnoliales has very rich chemical characteristics and
are recognized sources of terpenoids (mainly diterpenes), alkaloids (in
large amounts, especially the core isoquinoline derivatives), steroids,
polyphenols and, flavonoids.'

Xylopia comprises about 150 species.?Some fruits from this ge-
nus are used for culinary purposes as condiments while others serve
as a source of fiber for rope manufacture. The timber produced is
light, durable and displays medical properties.® Several species have
broad applications, particularly in folk medicine as vermifuges and
antimicrobial agents.* Numerous chemical compounds have been
isolated from Xylopia, including biologically active acetogenins,’
kauranes and labdanes (diterpene types), sesquiterpenes, alkaloids
and, flavonoids. Notably, diterpenes exhibit metabolic characteristics
of the Xylopia genus.®

The genus Annona has about 120 species (A. squamosa, A. cheri-
mola Mill., A. reticulate L., A. muricata L., A. dioica among others)
found in Central and South America, Africa, Asia and Australia.
Some have been investigated for their chemical compounds and
pharmacological activities. Many of the species are used in tradi-
tional medicines for the treatment of a variety of diseases. Several
annonacaeous species have been found to contain acetogenins, a class
of natural compounds with a wide variety of biological activities.”!?

Polyalthia contains several species: P. angustissima, P. chrysot-
richa, P. elmeri, P. glabra, P. hirtifolia, P. hookeriana, among others.
It is found natively in India and Sri Lanka and was introduced into
gardens in many tropical countries around the world. These plants
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produce a great diversity of substances that could be of therapeutic
significance in many areas of medicine. These have shown marked
antimicrobial, anti-inflammatory, cytotoxic, immunosuppressive,
antibacterial, antifungal and other pharmacological properties.'*!

Phylogenetic studies have contributed to the knowledge of evo-
lution relationships among organisms. However, to date few studies
have investigated Annonaceae phylogeny, and those conducted have
tended to focus on the relationship among sister families or phylo-
genetic studies on a genus level.'®!" Concerning the three genera
of the present study, Polyalthia is nearest to the tree’s basal, while
Xylopia and Annona have closed relationship (Figures land 2).'*"°
These previous studies were based on molecular data sets and mor-
phological analyses. However, chemistry data can also contribute to
phylogenetic analysis. Secondary metabolites have specific botanic
origin, which can be used as a chemotaxonomic marker and thus, re-
present a bridge in phylogeny between genetics and morphology.*In
addition, studies of natural chemical products have made a significant
contribution to the bioprospection/development of new drugs, as well
as to associating compounds, properties and botanic occurrence.?!

The use of chemical data for classification has been employed
in several studies and secondary metabolites have been proposed
and used by Gottlieb and co-workers.?>?® Chemotaxonomic studies
have been applied at several levels using different classes of secon-
dary metabolites: superorders of angiosperms;*?*? families such
as Asteraceae,” Meliaceae,”” Apocynaceae,”® Lamiaceae;™ tribes of
Asteraceae. 31

ANNSs (Artificial Neural Networks) are a method or, more
precisely, a set of methods, used extensively since the 1990s. Since
ANNE are not restricted to linear correlations and can also take into
account non-linear data correlations, they can be efficiently applied
for modeling, prediction and classification. The book by Zupan
and Gasteiger remains the main text on this area.*® Self-organizing
maps (SOMs) are widely used by ANNS for pattern recognition and
classification as proposed by Kohonen who called his algorithm a
“self-organizing network”.*”# This procedure can map multivariate
data onto a two dimensional grid, grouping similar patterns near
each other. Therefore, Kohonen learning is best suited for mapping
of data. In this projection, the similarity relationship between objects
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Figure 1. The rbcL consensus tree of Doyle and co-workers Reproduzida da
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Figure 2. Annonaceae relationships found in the strict consensuses of 2000
and 78 most-parsimonious trees found from the molecular combined and
total combined analyses (morphology + molecular data). MPM = malmeoid-
piptostigmoid-miliusoid clade. Reproduzida da ref. 17, com permissdo de
John Wiley and Sons
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is conserved.*® Thus, in principle, Kohonen networks can be used for
clustering of objects. It is important to note that the training of these
networks (SOMs) is unsupervised, but there are some algorithms that
combine the original SOM with supervised methods.*

In the original SOM procedure, the investigated property is not
used during the training process. Each neuron in the grid is associated
with a weight, and similar patterns stimulate neurons with similar
weight, so that similar patterns are mapped near one another.*® In
chemistry for example, there are several applications of ANNs such
as in HPLC, reactivity, and the classification of olive oils.*® Another
very useful application is in the prediction and classification of spec-
tra such as infrared, mass,* and nuclear magnetic resonance**,
including some QSAR studies.* In natural products chemistry, there
are a few studies available showing applications of ANNS, such as
the classification of Asteraceae tribes,**>3 and the prediction of
skeletal types.*>4¢

3C NMR (Nuclear Magnetic Resonance) data yield rich infor-
mation about the molecular structure and are sufficiently sensitive
to detect small differences in the molecule.”’ These differences are
measured by the variation in chemical shifts, and the values can be
used to associate the chemical structure with the respective botanical
occurrence. This association can help to understand the influence of
the chemical environment of secondary metabolite as a molecular
descriptor, and, for this reason, '*C NMR data may be useful in
chemotaxonomic studies.

In the present study, *C NMR chemical shift values of 20 carbons
of skeletal structures of 137 diterpenes, selected from the literature*
and Self-Organizing Maps (SOMs), were used to perform chemota-
xonomic studies of three genera of the Annonaceae family, namely:
Annona, Xylopia and Polyalthia and to compare with previous studies
using morphological and molecular data.

EXPERIMENTAL AND CHEMIOINFORMATIC STUDIES

We selected 118 diterpenes from the literature (Table 1) toge-
ther with their *C NMR chemical shifts and respective botanical
occurrence in three genera: Annona, Polyalthia and Xylopia, of the
Annonaceae tribe. The respective skeletal types are listed in Table 2.
The *C NMR chemical shifts of the diterpenes were introduced as
input data as showed in Table 3. Each diterpene can appear n times
within a delimited taxon, in this case a genus (Annona, Polyalthia,
Xylopia). The number of occurrences for a taxon was defined by
counting how many times a compound appeared in a given species
belonging to that taxon (genus). The 118 diterpenes have 169 bota-
nical occurrences. Therefore, the input data constitutes a matrix of
169 samples and 20 variables where each variable corresponds to a
chemical shift. The chemical shifts are sorted by sequence number
of the diterpene skeletal atoms as shown in Table 2. The samples are
labeled according to botanical occurrence in the three genera used
in this study, namely Annonaceae: Annona, Polyalthia and Xylopia.

A Kohonen-ANN was trained using the Matlab 6.5 computing
environment by Mathworks and SOM Toolbox 2.0.* SOM toolbox is
a set of Matlab functions that can be used to develop and implement
SOM neural networks, and which contains functions for creation,
visualization and analysis of self-organizing maps. A SOM grid
with square geometry 13 x 5 in size was created and trained. The
training was conducted through the Batch-training algorithm. In this
algorithm, the whole dataset is presented to the network before any
adjustment is made. In each training step, the dataset is partitioned
according to the regions of the map weight vectors. Within the
algorithm, the new weight vector is based on simple averages and
there is no learning rate.*® This feature allows missing values to be
ignored by the net. The number of epochs is automatically chosen by
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Table 1. Diterpenes from Annonaceae used in this study
ID  Substance name Skeleton ID  Substance name Skeleton
number* number*

1 Trachyloban-18-oate methyl,ent: 6 61  Cleroda-3-trans-13-dien-15-oic acid 4
2 Kauran-16-a-17-dihydroxy 4 62 Cleroda-4(18)-13-trans-dien-15-oic acid 4
3 Kauran-19-oic acid, 16-a-17-dihydroxy, ent: 4 63 Halima-5(10)-trans-13-dien-15-oic acid, ent: 6
4 Kauran-16-a-17-dihydroxy: methyl ester 4 64  Halima-1(10)-trans-13-dien-15-oic acid,ent: 6
5 Kauran-19-oate, methyl: 16-b-17-dihydroxy: (-): 4 65  Cleroda-3-trans-13-dien-15-oic acid, 16-oxo: 6
6 Kauran-16-b-17-dihydroxy 4 66  Cleroda-4(18)-trans-13-dien-15-oic acid, 16-oxo: 4
7 Kauran-16-b-hydroxy-17-acetoxy-19-oate: methyl, (-): 4 67  Halima-5(10)- trans-13-dien-15-oic acid, 16-oxo: ent: 4
8 Kauran-16-b-17-diacetoxy-19-oate: methyl, (-): 4 68  Cleroda-3,13-E-dien-16-15-olide 4
9 Kauran-17-b-hydroxy-19-oate 4 69  Cleroda-4(18)-13-dien-16-15-olide 4
10  Kauran-17-a-hydroxy-19-oate 4 70  Halima-5(10)-13-dien-16-15-olide,ent: 4
11 Kaur-16-en-19-oic acid, (-): 4 71  Halima-1(10)-13-dien-16-15-olide,ent: 4
12 Kauran-19-oic acid, 16-b-17-dihydroxy 4 7 Cleroda-4(18)-cis-13(14)-dien-15-16-olide, 3-b-16-a- 4
13 Kauran-16-17-19-triol, 16-b: ent: 4 dihydroxy:
14 Kauran-19-oic acid, 16-b-ent: 17-hydroxy: 4 73 Cleroda-cis-13(14)-en-15-16-olide, 4-b-16-a-dihydroxy: 4
15  Kauran-19-oic acid, 16-a-ent: 17-hydroxy: 4 74 Cleroda-4(18)-cis-13(14)-dien-15-16-olide, 16-a- 4
16  Kaur-16-en-19-0l, ent: (-): 4 hydroxy:
17 Kauran-19-oic acid, 16-b-17-dihydroxy: ent: 4 75 Cleroda-4(18)-trans-13(14)-dien-15-oic acid 2
18  Kauran-19-oic acid, 17-acetoxy-16-b: ent: 4 76 Cleroda-4(18)-cis-13(14)-dien-15-16-olide 2
19 Kauran-17-oic acid, 19-formyl: ent: 4 77  Cleroda-3-13(14)-dien-15-16-olide, 16-b-hydroxy: 2
20  Kauran-19-al, 16-b-17-dihydroxy: ent: 4 78 _ Kolavenic acid 2
21  Kauran-19-al,16-b-ent: 17-hydroxy : 4 79  Kolava-3-13-cis-dien-16-15-olide, 16-(R)-hydroxy: 2
22 Kauran-19-al, 16-b-hydroxy-17-acetoxy:ent: 4 80  Kolava-3-13-cis-dien-16-15-olide, 16-(R)-acetoxy: 2
23 Kauran-17-oic acid, 19-nor-4-a-hydroxy: ent: 4 81  Labd-8(17)-13(16)-14-trien-18-methyl ester, ent: 2
24 Annosquamosin B 4 82  Labd-8(17)-14-dien-13-16-diol-18-methyl ester, ent: 2
25  Annoglabasin A 4 83  Trachyloban-3-b-acetoxy:ent: 2
26 Annoglabasin B 4 84 Atisan-16-a-ol, ent: 2
27  Kauran-19-oic acid, 16-17-diacetoxy: ent: 4 85  Atisan-16-a-18-diol, ent: 10
28  Kauran-17-oic acid, 19-carbomethoxy: ent: 4 86 Atisan-16-a-ol-18-oic, ent: 10
29 Labda-8-trans-13-dien-15-oic acid, 18-carboxy: methy- 4 87 At?san—4—b- 16-a-diol, 1 ?-DOYI ent. 10

lester (4S,9R,10R) 88  Atisan-4-b-hydroperoxid-16-a-ol, 18-nor: ent: 10
30 Kaur-16-en-19-oate 4 89  Atisan-4(18)-en-16-a-ol, 19-nor: ent: 7
31  Trachyloban-18-b-oic acid, 7-b-acetoxy: 4 90  Adduct la 2
32 Trachyloban-18-b-oic acid, 7-oxo 4 91  Adduct 2a 2
33 Trachyloban-19-a-oic acid, 7-a-hydroxy: 4 92 Adduct 3a 2
34  Kauran-17-oic acid, 16S: (-): 4 93  Adduct 4a 2
35  Kauran-19-oic acid, 16-a-hydroxy: (-) 4 94  Trachyloban-19-oic acid, 15-oxo0: (-): 2
36  Annoglabasin C 4 95  Trachyloban-19-oic acid, 15-a-hydroxy:ent: 3
37  Annoglabasin D 4 96  Kaur-16-en-17-al-19-oic acid, (-): 8
38  Annoglabasin E 4 97  Acutifloric acid 8
39  Annoglabasin F 4 98  Frutoic acid 8
40  Kauran-19-oic acid, 16-a-methoxy: ent: 4 99 Acutifloric acid, 7-b-acetoxy: 6
41  Kauran-17-19-dimethyl ester, 16-a-hydro:ent: 4 100 Trachyloban-19-b-oic acid, 7-a-hydroxy: (-): 1
42 Cleroda-3-13(14)-dien-15-16-olide, 16-a-hydroxy: 4 101  Atisan-4-b-16-a-diol, 19-nor: ent: 1
43 Cleroda-3-13(14)-dien-15-16-olide, 16-a-acetoxy: 4 102 Atisan-4-a-16-a-diol, 18-nor: ent: 1
44 Cleroda-3-13(14)-E-dien-15-methyl ester, 16-0xo0: 4 103 Atisan-16-a-ol, 18-nor: ent: 1
45  Kolava-3-13-trans-dien-15-oic acid 4 104 Atisan-16-a-ol, 19-nor: ent: 1
46  Kolava-3-11-trans-dien-13-one, 14-15-bisnor: 4 105 Atisan-4(19)-en-16-a-ol, 18-nor: ent: 4
47  Kolava-3-13-cis-dien-16-15-olide-2-one, (16R): 4 106 Kaur-16-en-18-nor: 4-(R)-hydroperoxide:ent: 4
48  Kolava-3-13-cis-dien-16-15-olide-2-one, (16S): 4 107 Kauran-methyl-16S-17-nor-15-o0xo0-16-(1-pyrazoline)- 4
49 [Kolava-2-13-cis-dien-16-15-olide-3-al, (4-2)-abeo: 4 19-oate,ent:

(16R): 108 Kauran-methyl-17-nor-15-ox0-16-cyclopropyl- 5
50 Kolava-2-13-cis-dien-16-15-olide-3-al, (4-2)-abeo: 4 19-oate,ent: :

(16S): 109 Labdan-8-13-dien-15-oate-methyl: 5
51  Isoozate dimer-13’-oxo-methyl, 13’-nor: ent: 4 110 Labdan-8-13-dien 4
52 Isoozate dimer-13-epoxy-methyl, ent: 4 111 Kauran-19-oic acid, 15-0xo 4
53 Isoozate dimer-ent-methyl, ent: 4 112 Kaur-16-en-19-oic acid, 15-oxo:ent: 4
54  Polyalthiaditerpeno 4 4 113 Trachyloban-19-a-oic acid 4
55  Kolava-3-13-cis-dien-16-al-15-oic acid 4 114 Trachyloban-19-oate methyl,ent: 4
56  Kolava-3-12-cis-dien-16-al, 15-oic acid 4 115 Kaur-16-en-19-oic acid, 7-oxo: ent: (-): 4
57  Polyalthialdoic acid 4 116 Kolavenic acid, 2-oxo: 6
58  Cleroda-3-13-dien-15-16-olide, 16-hydroxy: 4 117 Kaur-16-en-18-oate: methyl 4
59  Cleroda-4(18)-13-dien-15-16-olide, 16-hydroxy: 5 118 Labd-8(17)-13(16)-14-trien-18-oic acid, ent: 5

4

60  Halima-5(10)-13-dien-15-16-olide, 16-hydroxy: ent:
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Table 2. Basic skeleton types of the diterpenoids isolated from the Anno-
naceae used in this study. The number in the structures corresponding to
biosynthetic order

Type Structure Number
Artisane 1
Clerodane 2
Halimane 3
Kaurane 4
Labdane 5
Trachylobane 6
Bis-clerodane-imide 7
Kaurane-labdane
8
Type 1
Kaurane-labdane 9
Type 2
Labdane-labdane 10

the Toolbox, i.e., the neural network is trained until its convergence
to minimal error.

All SOMs were generated with the same topology: for the lo-
cal lattice structure, the rectangular grid was used, while a sheet
was used to indicate the global map shape, using the Gaussian
neighborhood function. The literature shows that the determina-
tion of the size of the SOMs is an empirical process.*® Initially,
a heuristic formula of m = 5(n)*’ is used for total number of map
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Table 3. Chemical shifts of *C NMR used as input vector in of the 10
diterpenes

Number of the substances

1 2 3 4 5 6 7 8 9 10
384 42 411 421 418 414 412 415 416 42
173 182 198 19.1 19 187 189 19 19 19
377 42 387 381 38 42 38 379 38 38
474 334 439 439 437 332 435 437 441 446
51.7 56.1 57 569 56.8 56.1 56.7 56.7 56.6 569
224 205 229 222 215 20 215 216 221 224
383 372 427 407 40.6 382 40.5 40.6 40.7 4038
40.8 44.6 449 447 434 435 436 432 43.6 437
532 56.7 563 558 56 569 559 558 553 564
36.8 394 40 395 394 393 393 393 393 398
195 183 189 18.6 189 186 189 189 183 18.8
20.5 263 268 262 265 267 264 268 26 289
242 455 458 454 405 526 417 417 37.1 37.1
334 404 378 373 379 40 378 37 381 403
50.3 534 539 532 523 56.1 523 504 436 449
229 816 8l.6 819 79.8 79.7 784 869 432 423
20.5 662 664 664 69.7 69.7 71.6 66 64.1 674
179.4 334 293 287 28.6 33.6 28.6 28.6 313 313
16.5 21.5 180.1 177.9 1779 21.5 1779 1779 1779 1779
149 17.7 154 154 151 17.6 154 151 187 18.7
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units, where n is the number of samples. The ratio of side lengths
is based on the two biggest eigenvalues of the covariance matrix of
the given data. Some different maps sizes were prepared, based on
the initial map, generated as described earlier. The SOM toolbox
automatically labels the map based on the previously labeled data.
The label with most instances is added to the map unit. In the case
of a match, the first encountered label is used. A hit is a sample
which has the same label as the map unit where it is located. For
each map, 10 cross-validations were performed, splitting 10% of
the data by dividing into training and test sets, which consisted of
approximately 80% (137 samples) and 20% (32 samples) of total
samples, respectively (Table 4).

Table 4. Summary of the ten different training and test sets

Train set Test set Total
Train % Total  Test % Total  Total % Total
Annona 48 80.0 12 20.0 60 100
Polyalthia 34 79.1 9 20.9 43 100
Xylopia 55 83.3 11 16.7 66 100
Total 137 81.1 32 18.9 169 100

RESULTS AND DISCUSSION

The results are summarized in Table 5. Training and test sets
have overall higher values of matches: 90.9 and 86.3%, respectively.
The Polyalthia genus showed the highest match values of botanical
occurrence for both training (100%) and test sets (98.9%), while
Xylopia exhibited the lowest match results: 79.8% for training and
70% for test set.

The SOM (Figure 3) show a clear separation among the botanical
occurrences of the three genera. Three distinct regions are eviden-
ced: northwest of the map with black squares (Annona region), gray
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squares (Xylopia region) and, light gray squares (Polyalthia region).
The "C chemical shifts and SOM are able to clearly distinguish di-
terpenes from Annona (top of map), and from Polyalthia (bottom of
SOM). Diterpenes of Xylopia are situated in the middle of the map,
between Annona and Polyalthia regions, and share some neurons with

Table 5. Summary of the training and test match results (%)

Annona Polyalthia Xylopia Total
Train set 1 97.9 100.0 80.0 91.2
Train set 2 93.8 100.0 83.6 91.2
Train set 3 93.8 100.0 83.6 91.2
Train set 4 100.0 100.0 81.8 92.7
Train set 5 100.0 100.0 80.0 92.0
Train set 6 100.0 100.0 76.4 90.5
Train set 7 93.8 100.0 83.6 91.2
Train set 8 97.9 100.0 76.4 89.8
Train set 9 100.0 100.0 74.5 89.8
Train set 10 93.8 100.0 78.2 89.1
Average 97.1 100.0 79.8 90.9
Standard deviation 3.0 0.0 34 1.1
Test set 1 83.3 100.0 90.9 90.6
Test set 2 100.0 100.0 63.6 87.5
Test set 3 100.0 100.0 72.7 90.6
Test set 4 100.0 88.9 72.7 87.5
Test set 5 83.3 100.0 45.5 75.0
Test set 6 91.7 100.0 63.6 84.4
Test set 7 91.7 100.0 63.6 84.4
Test set 8 83.3 100.0 72.7 84.4
Test set 9 83.3 100.0 81.8 87.5
Test set 10 100.0 100.0 72.7 90.6
Average 91.7 98.9 70.0 86.3
Standard deviation 7.9 3.5 12.2 4.7

U-matrix
||

5.49

Figure 3. Kohonen map obtained using 13C NMR data. Annona, Xylopia and
Polyalthiaregions in black, gray light gray colors, respectively. U-matrix, on
right, that shows distances between neighboring map unit: high values of indi-
cate a cluster border, uniform areas of low values indicate clusters themselves

Quim. Nova

diterpenes mainly from Annona (top of map) and Polyalthia (bottom
region), thus explaining the poorer match results of this genus.

Figure 3 shows the U-matrix of the SOM, which visualizes
distances between neighboring map units, and thus shows the
cluster structure of the map: high values of the U-matrix indicate a
cluster border while uniform areas of low values indicate clusters
themselves. Dark squares divide the SOM into two main parts:
northwest (Annona region) and southeast (Polyalthia region).
Analysing Table 5, Figures 3 and 4 (mainly), it is evident that the
chemistry of Xylopia is more similar to Annona genus regarding
the diterpenes structures.
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Figure 4. SOM with frequency of diterpenes and respective botanical oc-
currence

These results corroborate previous phylogenetic studies, in which
these two genera (Annona and Xylopia) were more closely related and
Polyalthia tarther from these in cladograms using mainly molecular
and morphological data. Thus, for these three genera, the chemistry
regarding the diterpenes is closely related to the molecular and
morphological data used in the previous studies on phylogeny. The
carbons responsible for the division in botanical occurrence of the
diterpenes of the genera used in this study can be seen in Figure 5,
which shows the weight that each descriptor has in this Kohonen map.
Generally, the most representative descriptors are those that have two
main characteristics: the greatest weights in the genus predominant
region; a considerable difference between the highest and lowest
descriptors’ (*C NMR chemical shifts) values.

The following carbons have highest '*C chemical shift values for
the Polyalthia region: 2, 3, 4, 6, 10, 11, 13, 14 and 20. For example,
compound 57 (Figure 6) polyalthialdoic acid, a clerodane which
has a double bond between carbons 13 and 14. On the other hand,
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Annona diterpene carbons have higher chemical shift values mainly
for atoms 1, 7, 9, 17 and 19, for example Annoglabasin A and B,
compounds 26 and 27 respectively (Figure 6), two diterpene kauranes
that have ester and carboxyl groups on carbon 17, plus aldehyde and
acetoxyl groups on carbon 19, respectively. These higher chemical
shifts are less representative for diterpenes from the Xylopia genus
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Figure 6. Structures of Annoglabasin A (25) and B (26) and polyalthialdoic
acid (57)
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but remain significant. Some diterpenes from this genus have higher
chemical shift values for carbons 15 and 18, such as those found in
intrachyloban-19-oic acid.

CONCLUSIONS

SOMs and *C NMR data of skeletal carbons of diterpenes
produce clusters according to their botanical occurrence. Moreover,
their similarities corroborate previous studies using morphological
and molecular data and can predict the botanical occurrence of
similar compounds. Some "*C chemical shift values are specific for
skeletal carbons of diterpenes from these three genera of Annonaceae.
Therefore, *C NMR can be used as a molecular descriptor, including
in QSAR studies, enabling the methodology to find new structures
with potential biological activities.
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