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Chrysobalanus icaco (Chrysobalanaceae), is a shrub in Brazil, occurs throughout the coast and in the Amazon
biome, known as abajuru, abajeru, bajeru, guajuru, among other popular names. In folk medicine, it is mainly
used to control blood glucose in diabetics, dysentery and leukorrhea. There are studies in the scientific
literature that confirm its antidiabetic effects. From a chemical point of view, the species is characterized as a
bioproducer of terpene and phenolic compounds. The objective of this work is to contribute to the chemical
studies of the species C. icaco, considering its relevant pharmacological activities. In this work we present the
isolation and characterization of two triterpenes and three flavonoids, in addition to the product obtained by
acetylation reaction of an ethyl acetate fraction identified as 2a, 3B-diacetoxy-6p-hydroxy-olean-12-en-28-
oate of [B-D-triacetoxy-glycopyranosyl (2—1) — f - triacetoxy-xylopyranosyl]. The structural determination of
the substances was made through the analysis of 1D and 2D nuclear magnetic resonance spectra and HR-ESI-
MS mass spectrometry and comparison with values recorded in the literature.

Chrysobalanus icaco, Chrysobalanaceae, Triterpenos, Flavonoides.
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The family Chrysobalanaceae comprises 17 genera and about 525 species represented by trees
and shrubs widely distributed in tropical and subtropical areas [1]. Chrysobalanus is a small genus of
this family, composed of the species Chrysobalanus icaco, Chrysobalanus cuspidatus, and
Chrysobalanus venezuelanus, widely distributed in tropical America and tropical Africa [2]. The
species C. icaco, in Brazil, occurs throughout the coast and in the Amazon biome it is known as
abajurq, abajerti, bajeru, guajur, among other popular names. It has edible fruits and various parts of
the plant are used in folk medicine. Roots, bark and leaves are astringent and employed against
dysentery, leukorrhea, kidney stones [3]. Aqueous extracts of its leaves are commonly used for blood
glucose control in diabetics [4]. There are also studies in the scientific literature that, in addition to
confirming its antidiabetic effects, report inhibitory effects on the HIV-1 virus, anti-inflammatory
and antinociceptive activities, leishmanicidal, antioxidant, genotoxic, antimicrobial, antiangiogenic,
anti-cancer and anti-cancer resistant to multi-drugs, prevention against obesity, decreases
doxorubicin-induced DNA damage [5-10]. From a chemical point of view, the species that present
reports in the literature are C. icaco, followed by C. venezuelanus, giving the genus Crhysobalanus a
rich source of terpenes and phenolic compounds [2,5,7]. Among the terpenes, kaurane-type
diterpenes have been recorded [10]. and triterpenes mainly with oleanan and ursan skeletons [2.5.6].
Of the phenolic compounds, the flavonoids myricetin, quercetin and their O-glycosylated derivatives
stand out, as well as catecholic tannins [2,4,5] and anthocyanins [7]. Flavonoids, particularly
myricetin and its glycosides, have been used as chemotaxonomic markers in the family
Crhysobalanaceae [2,4]. In this work we present the isolation and characterization of two elean
skeleton triterpenes, the flavonoids quercetin, kaempferol and 3-O-B-D-glycopyranosyl myricetin, as
well as a product obtained by acetylation reaction of a fraction of the ethyl acetate partition of the
methanol extract of C. icaco leaves identified as 2a, 3B-diacetoxy-6p-hydroxy-olean-[3-D-
triacetoxy-glycopyranosyl(2—1)B--D-triacetoxy-pyranosyl] 12-en-28-oate. The structural
determination of the substances was made through the analysis of 1D and 2D nuclear magnetic
resonance spectra and HR-ESI-MS mass spectrometry and comparison with values recorded in the
literature. The presence of these flavonoids may be responsible for its anti-oxidant and anti-

inflammatory activity, and may attribute the hypoglycemic activity to myricetin [4].

The NMR1H and NMR13C spectra (1D and 2D) were obtained in Bruker Avance II 400 and
Bruker Avance III 500 spectrometer operating at the hydrogen frequencies 400MHz and 500 MHz
and at the carbon-13 frequencies at 100 MHz and 125 MHz from the analytical center of the Institute
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of Chemistry of the Federal Rural University of Rio de Janeiro. The solvents used in the dissolution
of the samples were deuterated chloroform, methanol and pyridine. The high-resolution mass spectra
were obtained in a MICROTOF-Bruker Daltonics spectrometer equipped with an electrospray
ionization source from the Analytical Instrumentation Center of the University of Sdo Paulo

(Laboratory of Mass Spectrometry).

Leaves of C. icaco were collected in the municipality of Rio de Janeiro, Brazil and identified
by Dr. Rosa Fuks from Jardim Botanico/RJ. An exsicata of the species was deposited in the

Herbarium of the National Museum (R195941) of UFRJ. SIsGen Registration: AEADEG6S.

Dried and ground leaves (2,500g) were subjected to the maceration process at room
temperature using methanol as solvent (5L). Part of the 3-liter methanolic extract was subjected to
solvent removal through a rotary evaporator under reduced pressure, generating (220g) of the dry
extract. From this, a 90g aliquot was solubilized in methanol/H20 solution (8:2) and subjected to
liquid/liquid partitioning with the solvents hexane, ethyl acetate and butanol in increasing order of
polarity to provide four fractions. The ethyl acetate fraction, after removal of the solvent by
distillation under reduced pressure, provided 50.0 g of residue, of which 5.0 g was subjected to a
silica gel chromatographic column (70-230 mesh) eluted with mixtures of Hex: AcOEt:MeOH
solvents in a gradient of increasing polarities, originating 20 fractions of 200 mL. These fractions
were analyzed by thin layer chromatography and regrouped according to their chromatographic
profile. The group of fractions 9-12 (170.0 mg) was rechromatographed in a silica gel column using
the CHCI3/MeOH mixture (9:1) as eluent, producing triterpenes 2 (20.0mg) and 3 (32.0mg). Sub-
fractions 14-16 (220mg) were pooled and submitted to a Sephadex-LH 20 column eluted with 100%
methanol generating 10 fractions. The CCDA analyses revealed with Liebermann-Burchard, showed
a violet coloration, indicating the presence of triterpenes and that fractions 3 to 7 were similar despite
being impure, so they were gathered (40.0mg) and then subjected to an acetylation reaction using
acetic anhydride and pyridine (1:1) and left at room temperature with agitation for 24 hours. The
product of this reaction, after purification in a small silica gel filter column and analysis of NMR
spectra, allowed to be identified as substance 1 (19.0 mg). 20 g of the butanolic fraction was
submitted to a chromatographic process in an eluted silica gel column with a binary mixture of the
solvents ethyl acetate and methanol, in a gradient of increasing polarities. 27 fractions of 300 ml
were obtained. Fractions 1-6 after development with sulfuric vanillin were presented as a mixture of

phenolic compounds. These were gathered and submitted to a new chromatographic process in a
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Sephadex LH-20 column and 8 new subfractions were obtained; Of these, subfraction 2 was purified
by filtration in silica to provide flavonoids 4 (15.0 mg) and 5 (11.0 mg). Fractions 5-6 of the latter
column were gathered and rechromatographed in Sephadex LH-20, leading to the isolation of

flavonoid 6 (8.0 mg).

The phytochemical study of the methanol extract of C. icaco leaves led to the isolation and
identification of two triterpene acids (2 and 3), flavonoids 4, 5 and 6, in addition to the substance
obtained from the acetylation reaction of an ethyl acetate fraction, substance 1. From the ethyl
acetate fraction from the liquid/liquid partition of the methanol extract of leaves, the following were
isolated: triterpenic acids, 2a-3B-6B-trihydroxy-olean 12-en-28-oic (2) and 2a-33-63-23-
tetrahydroxy-olean 12-en-28-oic (3) and obtained the substance of the acetylation reaction, 2a, 3f3-
diacetoxy-6B-hydroxy-olean-[ B-D-triacetoxy-glycopyranosyl 12-en-28-oate (2— 1)-B-triacetoxy-
xylopyranosyl] (1); From the butanolic fraction from the liquid/liquid partition of the methanol
extract of the leaves, the flavonoids quercetin (4), kaempferol (5) and 3-O-3-glycopyranosyl-
myricetin (6) were isolated. The structures of the isolated compounds were determined through the
analysis of the IH and 13C NMR spectra, DEPET, HMBC, HSQC, COSY and by comparison with
data described in the literature. Substance 1 was obtained as a white solid. The high-resolution mass
spectrum of substance 1 showed the peak at m/z 1141.5338 ([M+Na+], C57H82Na0O22, calculated:
1141.4965) compatible with the molecular formula C57H82022. In the 1H NMR spectrum, seven
singlets 0H 0.93, 0.94, 0.98, 1.01, 1.13, 1.34, 1.49 corresponding to seven methyl groups, a broad
simplete at 0H 5.36 characteristic of olefin hydrogen, was observed. In the NMR spectrum, 13C in
the olefins region shows signals in 6C 122.56 (CH) and 6C 142.46 (C). These 1H and 13C NMR data
allow us to propose the presence of a triterpene structure with an Olean-12-en skeleton !11]. The
presence in the 1H NMR of the broad double at 6H 2.86 (J= 11Hz) compatible with H -18 [11] also
corroborates the Olean skeleton [11]. The 6H 5.20 (H -2 dt, J=10; 10; 4.0Hz) and 6H 4.71 (H-3 d,
J=10 Hz) present in the 1H NMR spectrum and correlations observed with acyl groups (6C 170.6 and
171.0 respectively) through HMBC contour map (Table 1) made it possible to recognize the presence
of'a 2a, 3B di-O-acyl system [12]. The presence of glycosidic units was also detected through the
analysis of the HMBC contour map, where 3JCH correlations were observed between the 6H 5.45
anomeric methinic hydrogen (H-1', d,J= 8Hz) and 0H 4.71 anomeric methinic hydrogen (H-1",
d,J=8.0 Hz) with the carbons 6C 91.5 (C-1") and 8C 100.7 (C-1"), respectively, allowing the presence
of two sugar units to be proposed and according to the coupling constants of their Anomeric
hydrogens are in § configuration. In the 13C/NMR spectrum (DEPET) eight signals of quaternary

carbons between 6C 169.70 — 171.00 attributed to acyl groups incorporated into the molecule were
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observed, which had their locations established through analysis of the HMBC contour map. Still
analyzing the 13C/ NMR spectrum (DEPET), the presence of carbinolic methinic carbons compatible
with the presence of one glucose unit and one xylose unit characterized mainly by 6C 62.5 (CH2, C-
5") are observed. The determination of the sequence of hydrogens relative to each unit of
monosaccharides was performed through homonuclear correlations in the COSY spectrum: Glucose
[0H5.46(H-1")«>3.94(H-2")5.28 (H-3")«>5.0 (H-4')<>3.78 (H-5")«>4.30 (H-6a")«>4.06 (H-6b")];
Xylose [6H4.60 (J=8.0 Hz, H-1")«4.85 (H-2")<>5.15(H-3") «+>4.93 (H-4")—4.12 (H-5a")«<3.31
(H-5"b)]. The union between the monosaccharide units was determined by the long-distance
correlation *“"'between 8H 3.94 (H-2") of glucose and &c 100.7 (C-1") of xylose. And the heteroside
position was determined by correlating 6H 5.45 (H-1") of glucose and 6C 175.6 (C-28) of aglycone
observed in the HMBC contour map. The presence of carbinolic methinic carbon at 6C 67.75 (C-6),

not correlated to the acyl group and presenting /“!!

with a broad simplet, 0H 4.55, is compatible with
the presence of a hydroxyl group at the 6f position (axial), presenting a 1.3 diaxial interaction with
methyl group 10B 6C 17.78 (CH3-25), making it aglycone similar to 68 hydroxymaslinic acid [13-
15]. The data obtained allowed the characterization of substance 1 as being 2a,3B-diacetoxy-6p-
hydroxy-olean-12-en-28-oate of [B-D-triacetoxy-glycopyranosyl (2—1) — B - triacetoxy-
xylopyranosyl]. The structures of the known compounds 2-6 were defined by interpreting the NMR
spectra 1H and 13C and comparing them with the literture for 2a-3p-6p-trihydroxy-olean 12-en-28-
oico2 [13], 2a-3p-6B-23-tetrahydroxy-olean 12-en-28-oico3 [16], quercetin 4 [17], Kaempferol 5

[18], 3-O-B-glycopyranosyl-myricetin 6 [19].

Figure 1. Structures of substances isolated from the methanol extract of C. Icaco leaves.

HMBC 3Jcy
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Table 1: 1H (400 MHz) and 13 C (100 MHz) NMR data, CDCI3, of substance 1.

HSQC HMBC IHx1H-COSY

C CDs dH(mult, J em Hz) Day 2 Day 3

1 46,65 1,99 sl C-2; C-10 C-5

2 70,22 5,20 (dt,10,0; 10,05 4,0) Ac0O(170,63) H-3

3 80,90 4.71 (d, 10) C-2;C4 C-24; C-23; AcO(171,0)

4 40,67

5 55,37 0,9s

6 67,75 4,55 sl H-5

7 39,99

8 38,58

9 47,89

10 37,77

11 22,13

12 122,56 5,365l C-9; C-14

13 142,69

14 42,16

15 28,74

16 23,40

17 45,53

18 41,19 2,86 (d, 11,0) C-12

19 45,89

20 30,64

21 33,73

22 31,42

23 28,20 0,98 s C-24;C-4;C-5;C-3

24 19,16 1,34 s C-23,;,C-4;C-5,C-3

25 17,78 1,49 s C-10 C-1; C-5

26 17,93 1,01 s C-8 C-7;C-14;C-9

27 25,95 1,13 s C-14 C-15; C-8

28 175,63 COOH

29 33,10 0,93 s C-30/C-21

30 23,58 0,94 s C-23/C-21

I 91,58 5,45 (d, 8,0) C-28 H-2'

2 74,47 3,94t C-3; C-1' C-1" H-3'

3 74,94 5,26t c-4', C-2 AcO H-4'

4' 68,01 5,0t C-5 AcO H-5'

5' 72,54 3,8dl c-4 H-6'a

6' 61,48 4,30 (dd, 4,3; 12,4 AcO H-6b'

e 4,06 (m)

1" 100,75 4,71 (d, 8,0) Cc-3” H-2"

2" 71,52 4,88t c-1",C-3" AcO H-3"

3" 72,57 513t c-2" AcO H-4"

4" 68,09 4,93m AcO H-5"

5" 62,54 4,12 (dd, 12,0 € 5,6) / C-1” H-5"a/H-
3,31(dd, 12,0 e 4,0 5"b

2a, 3p-diacetoxy-6pB-hydroxy-olean-12-en-28-oate of [B-D-triacetoxi-glucopyranosyl
(2—1) — P - triacetoxi-xylopiranosyl] (1). White solid, NMR 3¢ 100MHz CDCI3 § (55 a5 given in

Stem 1.

20-3B-6B-trihydroxy-olean-12-en-28-oic acid (2). White solid, NMR RMN 13C (100

MHz,C5D5N) 8(ppm) 46,5 (C-1), 68,6(C-2), 83,8(C-3), 41,0(C-4), 56,3(C-5), 67,3(C-6), 42,6(C-7),

39,0(C-8), 48,5(C-9), 38,1(C-10), 23,6(C-11), 122,2(C12), 144,4(C13), 42,0(C-14), 28,1(C-15),
23,6(C-16), 46,7(C-17), 42,5(C-18), 49,8(C-19), 30,8(C-20), 34,2(C-21), 33,2(C- 22), 28,9(C-23),
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19,0(C-24), 18,5(C-25), 18,2(C-26), 26,4(C-27), 181,0(C-28), 33,2(C-29), 23,6(C-30).The chemical
displacements of the carbon atoms of 2 were attributed by the analysis of the 2D spectra of
heteronuclear correlation HSQC, HMBC and comparison with data described in the literature [13].

2a-3B-6B-23-tetrahydroxy-olean-12-en-28-oic acid (3). White Solid RMN '3C (125 MHz
CsHsN & (ppm) 49,7 (C-1), 68,8(C-2), 77,9(C-3), 44,3(C-4), 48,5(C-5), 67,3(C-6),40,7(C-7), 39,0(C-
8), 48,5(C-9), 37,9(C-10), 23,5(C-11), 122,3(C12), 144,7(C13), 42,5(C-14), 28,4(C-15), 23,8(C-16),
46,5(C-17), 41,9(C-18), 46,3(C-19), 30,7(C-20), 34,0(C-21), 33,0(C- 22), 65,7(C-23), 15,7(C-24),
18,7(C-25), 18,4(C-26), 25,9(C-27), 180,0(C-28), 33,0(C-29), 23,5(C-30). The chemical
displacements of carbon atoms of 3 were attributed by the analysis of the heteronuclear correlation
2D spectra HSQC, HMBC and comparison with data described in the literature [16].

Quercetin (4). White/yellowish solid NMR 13C (125 MHz CD30D 6 (ppm): 147,3 (C-2);
135,8 (C-3); 175,9 (C-4); 161,1 (C-5); 97,8 (C-6); 164,1 (C-7); 92,9 (C-8); 156,8 (C-9); 103,0 (C-
10); 122,7 (C-1); 114,5 (C-2’); 144,8 (C-3°); 146,5 (C-4’); 114,7 (C-5"); 120,4 (C-6’).The chemical
displacements of carbon atoms of 4 were attributed by the analysis of the 2D heteronuclear
correlation spectra HSQC and HMBC and comparison with data described in the literature [17].

Kaempferol-(5) yellowish solid: RMN 'H (500 MHz CDsOD § (ppm): 8.1 2H ( J= 8,8 Hz;
H-2’e H-6"); 6,92 ( J=8,8 Hz H-3" e H-5"); 6,42 (H-6); 6,20 (H-8). RMN '3C (125 MHz CD;0D §
(ppm): 146 (C-2); 97,8 (C-6); 93,0 (C-7): 103 (C-9); 121, (C-1); 129,2 (C-2°/6"); 114,8(3°/5); 159
(C-4’).. The chemical displacements of the carbon atoms of 5 were attributed by the analysis of the
2D heteronuclear correlation spectra HSQC and HMBC and comparison with data described in the
literature[18].

Myricetin-3-O-B-D-glycopyranosyl (6) RMN 3C (125 MHz CDs0D & (ppm): 157,0 (C-2);
134,2 (C-3); 178,2 (C-4); 162,0 (C-5); 98,4 (C-6); 164,0 (C-7); 93,2 (C-8); 156,0 (C-9); 104,0 (C-
10); 120,0 (C-1); 108,4 (C-2"); 146,0 (C-37); 134,2 (C-4); 146,0 (C-5"); 108,4 (C-6); 103,1 (C-17);
73,8 (C-27);76,1 (C-37); 69,6 (C-4"); 76,1(C-5""); 65,8(C-6""). The chemical displacements of the
carbon atoms of 6 were attributed by the analysis of the 2D spectra of heteronuclear correlation

HSQC and HMBC and comparison with data described in the literature [19].

The chemical study of Chrysobalanus icaco led to the isolation of trithepenic acids: 2a-3f-
6p-trinydroxy-olean-12-en-28-oico 2; 2a-3p-63-23-tetrahydroxy-olean-12-en-28-oico 3; flavonoids:
quercetin 4; kaempferol 5, myricetin 3-O-B-glycopyranosy! 6, in addition to obtaining and
characterizing 2a,3B-diacetoxy-6p-hydroxy-olean12-en-28-oate of [B-D-triaocetoxy-
glycopyranosyl(2— 1)-B-trioacetoxy-xylopyranosyl] substance 1, prepared by acetylation reaction of
an ethyl acetate fraction. The proposed structure for substance 1 is compatible with an acetylated
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triterpene saponin. The obtaining of this substance, more nonpolar, by means of a simple acetylation
process (acetic anhydride/pyridine stirring for 24 hours) suggests the presence of triterpene saponins
among the chemical constituents of the species. The complexity of the structure and the high degree
of polarity of this class of metabolites make it difficult to isolate it in natura by traditional
chromatographic methods. Saponins can often undergo hydrolysis reactions in the plant extract or in
the column, thus allowing the isolation of only aglycones, such as triterpenic acids 2 and 3. The work
contributes to the chemical study of the species Chrysobalanus icaco, presenting new constituents of
its metabolites, confirming that myricetin derivatives are chemical markers of the Chrysobalanaceae

family and that it is a bioproducer of terpenoidic and flavonoid compounds.

The authors would like to thank the research funding institutions CNPq, CAPES, and FAPER]J for

the financial support and for the study and research grants.

Frontiers of Knowledge: Multidisciplinary Approaches in Academic Research
Contribution to the chemical study of Chrysobalanus icaco leaves



1. Feitosa, E. A., Xavier, H. S., & Randau, K. P. (2012). Chrysobalanaceae: Traditional uses,
phytochemistry and pharmacology. *Brazilian Journal of Pharmacognosy*, *22%(6), 1181-1186.
https://www.scielo.br/j/rbfar/a/ywSbCxQxPJbsyQK;j4ydsSdG/?format=pdf&lang=en

2. Estrada, O., Conde, D., Mendez, J., & Cardozo, A. (2012). Chemical constituents from
*Chrysobalanus venezuelanus*. *Biochemical Systematics and Ecology*, *45* 66-68.
https://www.cabidigitallibrary.org/doi/full/10.5555/20123412252

3. Silva, I. M., & Peixoto, A. L. (2009). O abajuru (*Chrysobalanus icaco* L. e *Eugenia rotundifolia*
Casar.) comercializado na cidade do Rio de Janeiro, Brasil. *Brazilian Journal of
Pharmacognosy*, *19*(2), 325-332.
https://www.scielo.br/j/rbfar/a/vCBMtcXVg47Th7RVxwCm4dzyN/?format=pdf&lang=pt

4. Barbosa, W. L. R., Peres, A., Gallori, S., & Vincieri, F. F. (2006). Determination of myricetin
derivatives in *Chrysobalanus icaco®* L. (Chrysobalanaceae). *Brazilian Journal of
Pharmacognosy?*, *16*(3), 333-337.
https://www.scielo.br/j/rbfar/a/w8ZCnmbvBjdJSHzNhZqh74w/?lang=en

5.Andrade, J. K. S., Barros, R. G. C., Rezende, Y. R. R. S., Nogueira, J. P., de Oliveira, C. S., Gualberto,
N. C. C., & Narain, N. (2021). Evaluation of bioactive compounds, phytochemicals profile and
antioxidant potential of the aqueous and ethanolic extracts of some traditional fruit tree leaves
used in Brazilian folk medicine. *Food Research International*, *143* 110282.
https://www.sciencedirect.com/science/article/pii/S0963996921001812?via%3Dihub

6. Paracampo, N. E. P., Prance, G. T., Poppi, R. J., & da Silva, J. A. F. (2017). Chemotaxonomic study
of *Chrysobalanus icaco* Linnaeus (Chrysobalanaceae) using ultra-high performance liquid
chromatography coupled with diode array detection fingerprint in combination with multivariate
analysis. *Journal of Separation Science®, *40%(11), 2161-2169.
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/full/10.1002/jssc.201601444

7. Mendonga, D. A., Oliveira, P. A., Kaplan, M. A. C., Carvalho, M. G., Suzart, L. R., & Marinho, B.
G. (2017). The 2a-3B-6B-23-tetrahydro-olean-12-en-28-oic acid from the leaves of
*Chrysobalanus icaco* L. attenuates the inflammatory hypernociception in mice. *International
Journal of  Pharmacy and  Pharmaceutical Sciences*, *9*(5), 94-100.
file:///C:/Users/Home/Downloads/admin,+Journal+manager,+16848-77967-1-CE.pdf

8. Venancio, V. P, Cipriano, P. A., Kim, H., Antunes, L. M. G., Talcott, S. T., & Talcott-Mertens, S. U.
(2017). Cocoplum (*Chrysobalanus icaco* L.) anthocyanins exert anti-inflammatory activity in
human colon cancer and non-malignant colon cells. *Food & Function®, *8*(1), 307-314.
https://pubs.rsc.org/en/content/articlelanding/2017/fo/c6f001498d

9. Venancio, V. P., & Almeida, M. R. (2018). Cocoplum (*Chrysobalanus icaco* L.) decreases
doxorubicin-induced DNA damage and downregulates Gadd45a, 1I-1B, and Tnf-a *in vivo*.
*Food Research International*, *105%, 996-1002.
https://www.sciencedirect.com/science/article/pii/S0963996917308633

10. Gustafson, K. R., Munro, M. H. G., Blunt, J. W., Cardellina, J. H., McMalon, J. B., Gulakowshi,
R. J., Cragg, G. M., Cox, P. A, Brinen, L. S., Clardy, J., & Boyd, M. (1991). HIV inhibitory
natural products: Diterpenes from *Homalanthus acuminatus®* and *Chrysobalanus icaco*.
*Tetrahedron*®, *47*(26), 4547-4554.
https://www.sciencedirect.com/journal/tetrahedron/vol/47/issue/26

Frontiers of Knowledge: Multidisciplinary Approaches in Academic Research
Contribution to the chemical study of Chrysobalanus icaco leaves



1. Olea, R. S. G., & Roque, N. F. (1990). Andlises de misturas de triterpenos por RMN 13C. *Quimica
Nova*, *13*(4), 278-28]1.
http://submission.quimicanova.sbq.org.br/qn/qnol/1990/vol13n4/v13 n4 %?20(13).pdf

12. Monte, F. J. Q., de Oliveira, E. F., & Braz-Filho, R. (2001). Triterpenoides pentacilclicos de
*Mentha villosa*: Identificagdo estrutural e atribuicdo dos deslocamentos quimicos dos atomos
de hidrogénio e carbono. *Quimica Nova*, *24*(4), 491-500.
https://www.scielo.br/j/qn/a/c5xscdWY QTkqdk9xSzhSYrN/?format=pdf&lang=pt

13. Zucaro, Y. L. Z., Compagnone, R. S., Hess, S. C., & Monache, F. D. (2000). 6B-Hydroxymaslinic
acid, a triterpene from *Vochysia ferruginea*. *Journal of the Brazilian Chemical Society*,
*11*(3), 241-244.
https://www.scielo.br/j/jbchs/a/R69yttGOkRgmRhhnFNqdZK C/?lang=en& format=pdf

14. Collins, D. J., Pilotti, C. A., & Wallis, A. F. A. (1992). Triterpene acids from some Papua New
Guinea *Terminalia™® species. *Phytochemistry*, *31*(3), 881-884.
https://www.sciencedirect.com/science/article/pii/0031942292800319

15. Mahato, S. B., & Kundu, A. P. (1994). 13C NMR spectra of pentacyclic triterpenoids — A
compilation  and  salient  features. *Phytochemistry*, *37*(6), 1517-1575.
https://www.sciencedirect.com/science/article/pii/S0031942200895692

16. Li, X. C., Joshi, A. S., Elsohly, H. N., Khan, S. 1., Jacob, M. R., Zhang, Z., Khan, 1. A., Ferreira,
D., Walker, L. A., Broedel, S. E. Jr., Raulli, R. E., & Cihlar, R. L. (2002). Fatty acid synthase

inhibitors from plants: Isolation, structure elucidation and SAR studies. *Journal of Natural
Products*, *65*(12), 1909-1914. https://pubs.acs.org/doi/full/10.1021/np020289t

17. Miyazawa, M., & Hisama, M. (2003). Antimutagenic activity of flavonoids from *Chrysanthemum
morifolium*. *Bioscience, Biotechnology, and Biochemistry®*, *67*(10), 2091-2099.
https://academic.oup.com/bbb/article/67/10/2091/5944630

18. Agrawal, P. K. (1989). Carbon-13 NMR of flavonoids. In *Studies in Organic Chemistry* (Vol.
39). Elsevier.

19. Markham, K. R., Ternai, B., Stanley, R., Geiger, H., & Mabry, T. J. (1978). Carbon-13 NMR studies
of flavonoids III: Naturally occurring flavonoid glycosides and their acylated derivatives.
*Tetrahedron*™, *34*(10), 1389-1397.
https://www.sciencedirect.com/science/article/pii/0040402078883367

Frontiers of Knowledge: Multidisciplinary Approaches in Academic Research
Contribution to the chemical study of Chrysobalanus icaco leaves



