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Abstract 

In recent years, the interest in the propagation of native forest species has intensified with the aim of 

recovering degraded areas and the restoration of the landscape. As such, some species of Fabaceae are 

considered promising woody species for planting in reforestation programs and agroforestry systems. In 

the present paper, the authors complement the need for studies related to secondary metabolites of the 

woody species Hymenaea courbaril L. Platymiscium ulei Harms and Hymenolobium petraeum Ducke. Thus, 

the phytochemical study of H. courbaril led to the isolation and identification of diterpenes eperuic acid (1) 

and methyl eperuate (2); triterpenes oleanolic acid (3) and hederagenin (8); flavonoides quercetin (4), 

fisetinediol (5), liquiritigenin (6) and 3-methoxy-5,7,3',5'-tetrahydroxyflavanonol (7). P. ulei gave 

pterocarpane homopterocarpin (9) and coumarin scoparone (10); H. petraeum gave isoflavan sativan (11), 

in addition to the amino acid tyrosine (12). Flavonoids were the predominant constituents in the three 

species of Fabaceae; however, the presence of isoflavonoids in Platymiscium ulei and Hymenolobium 

petraeum is probably associated with the resistance of this high density wood to pathogenic fungi. 

Keywords: Fabaceae; diterpenes; triterpenes; flavonoids. 

1. Introduction

The Fabaceae family is divided into the subfamilies Faboideae, Mimosoideae, and Caesalpinioideae. The 

genus Hymenaea belongs to the subfamily Caesalpinioideae. Hymenaea courbaril L, known as “jatobá” in 

Brazil, is a plant species whose seed pods are mostly sold in northern Brazil for medicinal purposes. 

Chemical studies of the various vegetative parts have identified flavonoids, coumarins, procyanidin and 

terpenoids (sesquiterpenes and diterpenes) (Boniface et al., 2017). The woody species Platymiscium ulei 
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Harms, which belongs to the Papilonoideae subfamily, and is known in Brazil as “macacauba”, occurs 

throughout the Amazon region, has high economic value in the furniture making sector and lacks studies 

regarding its chemical constituents. Hymenolobium petraeum Ducke is a tree that belongs to the subfamily 

Papilonoideae. It is popularly known in Brazil as “angelim-pedra” and possesses high commercial value 

due to demand in the construction and carpentry industries. Hymenaea courbaril (Tonini et al., 2005) and 

Platymiscium ulei (Miranda et al., 2013) are promising woody species for planting in reforestation 

programs and agroforestry systems. In recent years, the interest in the propagation of native forest species 

has intensified with the aim of recovering degraded areas and the restoration of the landscape. Despite the 

importance of knowledge about the secondary metabolism from forest species, there is a lack of scientific 

studies of their wood. 

The studies carried out using wood residues are an opportunity to obtain knowledge on the secondary 

metabolism of woody species of the Fabaceae family, and studies with three species of the Papilionoideae 

subfamily showed that the isoflavonoids (phenyl group is attached to C-3 of the pyrone ring) identified 

probably act as phytoalexins in response to pathogenic organism and that this is related to the natural 

resistance of the species to xylophagous fungi (Garcia et al., 2018; 2021). In studies of species of 

Mimosoideae, other flavonoids (phenyl group is attached to C-2 of the pyrone ring) were identified (Garcia 

et al., 2021; Melo et al., 2020). 

In the present paper, the authors complement the need for studies related to secondary metabolites of wood 

residues with the study of Hymenaea courbaril L. (Caesalpinoideae), Platymiscium ulei Harms and 

Hymenolobium petraeum Ducke (Papilonoideae). 

2. Materials and Methods

2.1. General 

NMR spectra were measured using spectrometers (Bruker Fourier-300, DRX- 400). The chemical shifts (δ) 

were expressed in ppm, and coupling constants (J) in Hertz; TMS was used as the internal standard. Solid-

state 13C NMR spectra were acquired using a Bruker Avance III 400 spectrometer, operating at 400.15 MHz 

for 1H and 100.62 MHz for 13C, equipped with a CP/MAS (Cross-Polarization/Magic Angle Spinning) 4 

mm probe. Column chromatography (CC) was performed with silica gel 60 (Merck 70-230 and 230-400 

mesh), Sephadex LH-20 (Sigma) and microcrystalline cellulose (Merck). Analytical TLC was performed 

with silica gel 60 F254 (0.25 mm) pre-coated alumina sheets (Merck) that were visualized using UV light 

(254 and 365 nm), vanillin-sulphuric acid and NP/PEG reagent spray. 

2.2. Obtaining wood residues, identification and basic density 

Samples of wood residues were obtained from the National Institute for Amazonian Research’s (INPA) 

Tropical Forestry Experimental Station (53 km north of the city of Manaus, Amazonas State, Brazil) and 

these were subjected to analyses of their technological properties by the Wood Technology Laboratory at 

INPA. The leftovers from these studies were used in the phytochemical studies.  
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The identification of the wood samples of Hymenolobium petraeum and Platymiscium ulei was done 

through macroscopic comparisons with standard samples from the xylotheque. The species Hymenaea 

courbaril was identified via macroscopic analysis based on sensory and macroscopic anatomical 

characteristics following the guidelines in the technical standards (Coradin and Muniz, 1992). The image 

of the sample was captured by using a Stereoscopic Zoom Microscope Nikon SMZ745T/Camera Moticam 

2300 AXIOMAT Carl Zeiss. The determination of the basic density (ratio between the oven-dried wood 

sample mass and volume of the saturated state) was conducted using 2 x 2 x 3 cm wood blocks, in 

quadruplicate. 

2.3. Preparation of organic extracts 

Extractions of Hymenaea courbaril and Hymenolobium petraeum were performed by macerating the 

samples with hexane followed by methanol for a period of 7 days for each solvent, at room temperature. 

To obtain extracts of Platymiscium ulei, the macerations were carried out in hexane, dichloromethane and 

methanol under the same conditions. 

2.4. Chromatographic fractionation of extracts from Hymenaea courbaril 

The hexane extract (830 mg) was fractionated over silica gel in the column (230-400 mesh; h X Φ = 41.1 

X 2.8 cm), eluted with hexane, hex-EtOAc (10-60%), to yield fifty six fractions. The grouped fractions 43-

56 (333 mg) were subjected to a Sephadex LH-20 column eluted with MeOH to yield compound 1 (9.2 

mg). The methanolic extract (8.9 g) was fractionated over silica gel in a column (70-230 mesh; h X Φ =26.5 

X 4.1 cm), eluted with hexane, hex-CH2Cl2 (20-100%), CH2Cl2: EtOAc (20-100%) and EtOAc:MeOH (10-

30%), and yielded twenty-seven fractions. The fractions 8-10 (Fr.8, 662 mg), 11 (Fr.11, 928 mg) and 12 

(Fr.12, 1 g) were subjected to complementary chromatographic procedures. Fr. 8 was subjected to a 

Sephadex LH-20 column eluted with methanol followed by a silica gel column (230-400 mesh; h X Φ = 

46.8 X 2.8 cm) eluted with hexane, hex-EtOAc (2-49%) to give compounds 1 (40 mg), 2 (11.0 mg) and 3 

(3.0 mg). Fr. 11 was subjected to a Sephadex LH-20 column eluted with methanol and provided 

subfractions 6 and 11. The compounds 4 (9.2 mg) and 5 (8.5 mg), and subfraction 7 was fractionated over 

silica gel in a column (70-230 mesh; h X Φ =21.0 X 0.8 cm) eluted with CH2Cl2, CH2Cl2-MeOH (3-10%) 

to give compounds 6 (4.3 mg) and 7 (27.4 mg). Fr. 12 was subjected to a Sephadex LH-20 column eluted 

with methanol and provided compound 8 (6.4 mg). 

2.5. Chromatographic fractionation of extracts from Platymiscium ulei 

The hexane and dichloromethane extracts were grouped and subjected to chromatographic fractionation in 

a silica gel column (70-230 mesh; h X Φ = 46.5 X 3.2 cm) and eluted with hexane, hex-EtOAc (5-50%) 

and AcOEt, which provided 25 fractions. The grouped fractions 9-11 provided precipitate that was purified 

by recrystallization with hot hexane and drops of acetone (compound 9, 126 mg); fractions 18-19 provided 

precipitate that was treated with MeOH (compound 10, 38 mg). 
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2.6. Chromatographic fractionation of extracts from Hymenolobium petraeum  

The hexane extract showed a predominance of β-sitosterol (40 mg). The methanol extract was suspended 

in MeOH:H2O (7:3) and then partitioned with hexane followed by CH2Cl2 and EtOAc. The hexane phase 

provided β-sitosterol (26 mg), after drying, the CH2Cl2 phase was filtered and subjected to fractionation in 

a cellulose column eluted with hexane, hex-EtOAc (5-50%), which resulted in the isolation of compounds 

11 (8 mg) and 12 (157 g).  

2.7. Spectroscopic data of compounds 

Eperuic acid (1). 1H NMR (300 MHz, TMS, CDCl3, δ, ppm, J/Hz): δ 4.80 (sl, H-17a), 4.47 (sl, H-17b), 

2.40* (H-7a), 2.39 (dd, 14.9 and 5.6 Hz, H-14a), 1.97* (H-7b), 2.12 (dd, 14.9 and 8.5 Hz, H-14b), 1.93* 

(H-13), 1.76* (H-1a), 1.74* (H-6), 1.54 ( m, H-2b, H-11a), 1.53* (H-9), 1.51* (H-2a, H-11a, H-12a), 1.36* 

(H-3a), 1.18* (H-3b), 1.08 (dd, 12.4 and 2.8 Hz, H-5), 1.03* (H-1b), 1.02* (H-12b), 0.97 (d, 6.6, Me-16), 

0.87 (s, Me-18), 0.80 (s, Me-19), 0.67 (s, Me-20),*multiplete. 13C NMR (75 MHz, CDCl3): δ 179.1 (C-15), 

148.7 (C-8), 106.2 (C-17), 57 .1 (C-9), 55.5 (C-5), 42.2 (C-3), 41.2 (C-14), 39.7 (C-10), 39.1 (C-1), 38.5 

(C-7), 35.8 (C-12), 33.6 (C-4), 33.6 (C-18), 30.9 (C-13), 24.4 (C-6), 21.7 (C-19), 20.9 (C-11), 19.9 (C-16), 

19.4 (C-2), 14.4 C-20). DEPT -135º (75 MHz, CDCl3): text. HMBC (75 MHz, CDCl3) Text. 

Methyl eperuate (2). 1H NMR (300 MHz, TMS, (CD3)2CO, δ, ppm, J/Hz): δ 4.82 (sl, H-17a), 4.52 (sl, H-

17b), 3.60 (s, OCH3), 2.36* (H-7a), 2.35 (dd, 14.9 and 5.6 Hz, H-14a), 2.13 (dd, 14.9 and 8.5 Hz, H-14b), 

1.98* (H-7b), 1.95* (H-13), 1.70* (H-6), 1.68* (H-1a), 1.54* (H-2a, H-9, H-11a), 1.51* (H-2, H-11b H-

12a), 1.30* (H-3a), 1.18 (dd, 12.8 and 2.7 Hz, H-5), 1.17* (H-3b), 1.02* (H-1b), 0.93 (d, 6.6 Hz, Me-16), 

0.88 (s, Me-18), 0.82 (s, Me19), 0.70 (s, Me-20).*multiplete. 13C NMR (75 MHz, (CD3)2CO): 172.7 (C-

15), 148.5 (C-8), 105.9 (C-17), 57.1 (C-9), 55.3 (C-5), 50.5 (OCH3), 41.9 (C-3), 40.8 (C-14), 39.5 (C-10), 

38.8 (C-1), 38.1 (C-7), 35.7 (C-12), 33.2 (C-4), 33.0 (C-18), 30.9 (C-13), 24.3 (C-6), 21.1 (C-19), 20.8 (C-

11), 19.4 (C-16), 19.1 (C-2), 13.9 (C-20).  

Oleanolic acid (3). 1H NMR (300 MHz, TMS, CDCl3, δ, ppm, J/Hz): δ 5.30 (t, 3.7 Hz, H-12), 3.25 (dd, 

10.2 and 5.1 Hz, H-3), 2.85 (dd, 14.2 and 4.0 Hz, H-18), 1.99* (H-11a), 1.77* (H-15a), 1.69* (H-2a, H-

19a), 1.63* (H-2b, H-11b, H-19a), 1.60* (H-22a), 1.59* (H-1a), 1.56* (H-7a), 1.45* (H-16), 1.33* (H-21a), 

1.29* (H-7b, H-6a, H-22), 1.24* (H-6b), 1.15* (H-5), 1.14 (s, Me-27), 1.10* (H-21b), 1.07* (H-15b), 1.05* 

(H-1b), 0.99 (s, Me-23), 0.93 (s, Me-30), 0.92 (s, H-24), 0.91 (s, Me-29), 0.78 (s, Me-25), 0.76 (s, Me-

26),*multiplete. 13C NMR (75 MHz, CDCl3): δ 182.2 (C-28), 143.6 (C-13), 122.6 (C-12), 79.0 (C-3), 55.2 

(C-5), 47.6 (C-9), 46.5 (C-17), 45.8 (C-19), 41.6 (C-14), 41.0 (C-18), 38.7 (C-4), 39.2 (C-8), 38.3 (C-1), 

37.0 (C-10), 33.8 (C-21), 33.1 (C-29), 32.6 (C-7), 32.4 (C-22), 30.6 (C-20), 28.1 (C-23), 27.7 (C-15), 27.1 

(C-2), 25.9 (C-27), 23.6 (C-30), 23.4 (C-16), 22.9 (C-11), 18.3 (C-6), 17.1 (C-26), 15.5 (C-24), 15.3 (C-

25). 

Quercetin (4): 1H NMR (300 MHz, TMS, CD3OD, δ, ppm, J/Hz): δ 12.19 (1H, s, OH), 7.82 (1H, d, 2.2 Hz, 

H-2’), 7.70 (1H, dd, 8.5 and 2.2 Hz, H-6’), 6.99 (1H, d, 8.5 Hz, H-5’), 6.52 (1H, d, 2.0 Hz, H-8), 6.26 (1H,

d, 2.0 Hz, H-6). 13C NMR (75 MHz, CD3OD): Table 2.
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Fisetinediol (5): 1H NMR (300 MHz, TMS, CD3OD, δ, ppm, J/Hz): δ 6.90 (1H, d, 8.2 Hz, H-5), 6.89 (1H, 

d, 2.0 Hz, H-6’), 6.81 (1H, d, 8.1 Hz, H-3’), 6.76 (1H, dd, 8.1 and 2.0 Hz, H-2’), 6.40 (1H, dd, 8.2 and 2.5 

Hz, H-6), 6.30 (1H, d, 2.5 Hz, H-8), 4.63 (1H, d, 7.3 Hz, H-2), 4.04 (1H, m, H-3), 2.93 (1H, dd, 15.8 and 

5.0 Hz, H-4a), 2.74 (1H, dd, 15.8 and 8.6 Hz, H-4b). 13C NMR (75 MHz, CD3OD): Table 2. 

Liquiritigenin (6): 1H NMR (300 MHz, TMS, CD3OD, δ, ppm, J/Hz): δ 7.73 (1H, d, 8.6 Hz, H-5), 6.58 

(1H, dd, 8.6 and 2.3 Hz, H-6), 7.41 (2H, dd, 6.6 and 1.8 Hz, H-2’, H-6’), 6.90 (2H, dd, 6.6 and 1.8 Hz, H-

3’, H-5’), 6.41 (1H, d, 2.3 Hz, H-8), 5.47 (1H, dd, 13.0 and 2.8 Hz, H-2), 3.10 (1H, dd, 16.7 and 13.0 Hz, 

H-3a), 2.69 (1H, dd, 16.7 and 2.8 Hz, H-3b), 13C NMR (75 MHz, CD3OD): Table 2.

3-Methoxy-5,7,3',5'-tetrahydroxyflavanonol (7): 1H NMR (300 MHz, TMS, CD3OD, δ, ppm, J/Hz): δ 7.03

(1H, d, 1.5 Hz, H-4’), 6.87 (2 H, d, 1.5 Hz, H-2’, H-6’), 5.97 (1H, d, 2.1 Hz, H-6), 5.94 (1H, d, 2.1 Hz, H-

8), 5.17 (1H, d, 9.8 Hz, H-2), 4.30 (1H, d, 9.8 Hz, H-3), 3.41 (3H, s, OCH3). 13C NMR (75 MHz, CD3OD): 

Table 2. 

Hederagenin (8): 1H NMR (300 MHz, TMS, CD3OD, δ, ppm, J/Hz): δ 5.25 (t, 3.3 Hz, H-12), 3.64 (dd, 

11.1 and 4.9 Hz, H-3), 3.73* ( H-23a), 3.55 (d, 10.9 Hz, H-23b), 2.88 (dd, 13.8 and 4.1 Hz, H-18), 2.17* 

( H-7a), 1.93*(H-11a), 1.90* (H-11b), 1.77* (H-15a), 1.74* (H-21a), 1.69* ( H-2a), 1.65* (H-1a), 1.64* 

(H-19a), 1.60* (H-2b), 1.45* (H-16a), 1.44* (H-22a), 1.40* (H-16b, H-22b), 1.29* (H-6a, H-7b), 1.24* 

(H-6b), 1.17 (s, Me-27), 1.16* (H-19b), 1.15* (H-5), 1.10* (H-15b, H-21b), 1.05* (H-1b). 098 (s, Me-25), 

0.94 (s, Me-30), 0.91 (s, Me-29), 0.82 (s, Me-26), 0.70 (s, Me-24), *multiplete. 13C NMR (75 MHz, 

CD3OD): δ 180.5 (C-28), 143.9 (C-13), 122.1 (C-12), 72.5 (C-3), 65.9 (C-23), 47.3 (C-5), 46.9 (C-17), 

46.2 (C-19), 45.8 (C-21), 41.5 (C-14), 41.8 (C-4), 41.3 (C-18), 38.1 (C-1), 39.9 (C-9), 36.5 (C-10), 33.4 

(C-22), 32.2 (C-29), 32.0 (C-6), 30.2 (C-20), 29.4 (C-7), 27.4 (C-15), 26.0 (C-2), 25.1 (C-27), 23.1 (C-11), 

22.6 (C-30), 17.7 (C-16), 16.4 (C-26), 14.9 (C-25), 11.3 (C-24).  

Homopterocarpin (9): 1H NMR (400 MHz, TMS, CDCl3, δ, ppm, J/Hz): δ 7.43 (1H, d, J = 8.6 Hz, H-5), 

7.14 (1H, dd, J = 8.6 and 2.8 Hz, H-6), 6.65 (1H, dd, 8.4 and 2.4 Hz, H-3’), 6.46 (1H, d, 2.8 Hz, H-8), 6.47-

644 (2H, m, H-2’ and H-5’), 5.52 (1H, d, 6.8 Hz, H-4), 4.27 (1H, dd, 10.8 and 4.8 Hz, H-2a), 3.79 (3H, s, 

MeO-4’), 3.76 (3H, s, MeO-7), 3.66 (1H, t, 10.8 Hz, H-2b), 3.53 (1H, ddd, 10.8, 5.7 and 5.0 Hz, H-3). 

RMN 13C (100 MHz, CDCl3,
 δ, ppm): Table 2. 

Scoparone (10): RMN 1H (400 MHz, TMS, CDCl3, δ, ppm, J/Hz): δ 7.68 (1 H, d, 9.6 Hz, H-4), 6.80 (1H, 

s, H-8), 6.79 (1H, s, H-5), 6.30 (1 H, d, 9.6 Hz, H-3), 3.80 (3H, s, MeO-6), 3.85 (3H, s, MeO-7). RMN 13C 

(100 MHz, CDCl3,
 δ, ppm): δ 161.38 (C-2), 146.39 (C-6), 152.90 (C-7), 150.07(C-8a), 143.29 (C-4), 113.58 

(C-3), 111.47 (C-4a), 108.06 (C-5), 100.05 (C-8), 56.40 (MeO-6 and MeO-7).  

Sativan (11): RMN 1H (400 MHz, TMS, CDCl3, δ, ppm, J/Hz): δ 7.02 (1H, d, 8.0 Hz, H-6’), 6.94 (1H, d, 

8.4 Hz, H-5), 6.48 (1H, d, 2.5 Hz, H-3’), 6.47 (1H, dd, 8.3 and 2.5 Hz, H-5’), 6.39 (1H, dd, 8.1 and 2.5 Hz, 

H-6), 6.35 (1H, d, 2.5 Hz, H-8), 4.28 (1H, dd, 10.0 and 2.0 Hz, H-2b), 3.99 (1H, t, 10.0 Hz, H-2a), 3.81
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(MeO-4’), 3.80 (MeO-2’), 3.53 (1H, m, H-3), 2.81 (1H, t, 7.5 Hz, H-4a), 2.78 (1H, dd, 7.5 and 2.0 Hz, H-

4b). RMN 13C (100 MHz, CDCl3,
 δ, ppm): Table 2.  

Tyrosine (12): HR/MAS (400 MHz): δ 7.18 (2H, AA’BB, H-2 and H-6), 6.89 (2H, AA’BB, H-3 and H-5), 

3.78 (1H, t, 4.9 Hz, H-2’), 3.15 (2H, d Hz, 4.9, H-1’), 2.67 (2H, s, NH2). CP/MAS (100 MHz): δ 173.1 (C-

3’), 156.8 (C-4), 132.3 (C-2 and C-6), 125.2 (C-1), 115.6 (C-3, C-5), 63.8 (C-2’), 32.7 (C-1’). 

4. Results and Discussion

Table 1 shows that there was a relationship between the yield of extracts and the basic density of the three 

species, i.e., the sample of Platymiscium ulei with the highest percentage of extracts (secondary metabolites) 

obtained by maceration in organic solvents also presented the highest basic density (0.94 (g/cm3).  

Table 1. Yield of extracts and basic density of three species of Fabaceae 

Species Extracts (%) Density (g/cm3) 

Hymenaea courbaril 2.45 0.77 ± 0.0095 

Platymiscium ulei 12.52 0.94 ± 0.0206 

Hymenolobium petraeum 1.89 0.64 ± 0.0189 

The heartwood has an accentuated red to reddish-brown color with dark spots, and the sapwood has a 

whitish-colored wavy grain with a medium texture. It has a characteristic taste and smell, and the surface 

has a moderate shine. The macroscopic description showed a simple aliform paratracheal axial parenchyma 

with confluences and in terminal bands. The radial parenchyma has an irregular arrangement (tangential 

plane). Pores are medium to large in size, predominantly solitary, multiples of 2-3, empty and some 

occluded (figure 1). 
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Figure 1. Macrography of transversal plane (10 X) from Hymenaea courbaril 

Chromatographic fractionation of the hexane extract of Hymenaea courbaril resulted in the isolation of 

compound 1, and from the methanolic extract, compounds 1-8 (figure 2), which were identified based on 

NMR in 1D (1H, DEPT 1350 and 13C) and confirmed by 2D (HSQC and HMBC).  

The 1H NMR spectrum of compound 1 showed characteristic signals of labdane-type diterpene due to the 

presence of methyl groups as singlets (δ 0.87, 0.80 and 0.67) and a doublet (δ 0.97, J = 6.6 Hz). Signals of 

an exocyclic double bond were verified with broad singlets at δ 4.80 and 4.47. The 13C NMR spectrum 

showed acid carbonyl shift at δ 179.1 and double bond at δ 148.73 and 106.24. The HMBC experiment 

confirmed all assignments. The NMR data of compound 2 was similar to that of compound 1 and was 

identified as methyl eperuate. Both diterpenes were previously identified in resin from the stem of 

Hymenaea stigonocarpa Mar (Doménech-Carbó, 2009). 

The 1H NMR spectrum of compound 3 displayed signals assignable to seven angular methyl groups at δ 

0.72, 0.76, 0.78, 0.91, 0.92, 0.93, 0.99 and 1.14 (3H s, each), one olefinic proton at δ 5.30 (t, 3.7 Hz, H-12) 

and one oxygen-bearing methine protons 3.25 (dd, 10.2 and 5.1 Hz, H-3). The characteristic chemical shifts 

of oleanane type triterpene were verified at δ 143.6 (C-13), 122.6 (C-12), and the deshielded chemical shift 

carbonyl group of carboxylic acid was observed at δ 182.2 (C-28). Thus, compound 3 was identified as 

oleanolic acid. The spectra of triterpene oleanane 8 showed in addition to signals similar to triterpene 3, 

one primary alcoholic function at δH 3.55 (d, J = 10.9 Hz) and 3.73 (m)/ δC 65.9 (CH2-23), and this 

compound was identified as hederegenin. Oleanolic acid and its derivatives are triterpenoid compounds 

that frequently occur in nature in free acid form or as an aglycone precursor for triterpenoid saponins, which 
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possess several interesting biological activities (Ayeleso et al., 2017). 

The 1H and 13C NMR (table 2) data of 4 were similar to those obtained by Kalegari et al. (2011) for the 

flavonol quercetin. The 1H NMR spectrum of 5 showed characteristic signals of the heterocyclic ring C of 

flavan 3-ol at δ 4.63 (d, 7.3 Hz, H-2), 4.04 (m, H-3), 2.93 (dd, 15.8 and 5.0 Hz, H-4a) and 2.74 (dd, 15.8 

and 8.6 Hz, H-4b). The HMBC experiment showed the correlations between the H at δ 4.63 and carbons at 

δ 67.4 (C-3), 32.6 (C-4), 131.2 (C-1'), 119.0 C-2') and 114.2 (C- 6'), thus compound 5 was identified as 

fisetinediol. The NMR spectra of 6 showed characteristic signals of the heterocyclic ring C of flavanone at 

δH 5.47 (1H, dd, 13.0 and 2.8, H-2), 3.10 (dd, 16.7 and 13.0, H-3a), 2.69 (dd, 16.7 and 2.8, H-3b), in 

addition to the shift of the carbonyl to δC 189.7. These data were in accordance with those reported 

previously for liquiritigenin (Zhao et al., 2011).  

The 1H NMR spectrum of 7 showed characteristic signals of the heterocyclic ring C of flavanonol at δH 

5.17 (1H, d, 9.8, H-2) and 4.30 (1H, d, 9.8, H-3), in addition to the shift at δC 166.9 observed in the 13CNMR. 

The HMBC experiment showed the correlations between the signals δ 5.17 (H-2) with the carbons C-3, C-

4, C-9, C-1’, C-4’ and C-6’. The 1H and 13C NMR data were compared with flavononol containing the same 

oxygenation pattern in the aromatic rings (Elwekeel et al., 2012), and compound 7 differs from the literature 

due to the presence of methoxyl in C-3, named as 3 methoxy 5,7,3’,5’-tetrahydroxyflavanonol. 

In the genus Hymenaea, the flavonoid quercetin was previously reported in heartwood from Hymenaea 

stigonocarpa (Maranhão et al., 2013), fisetinediol isolated from heartwood (Imai et al., 2008) and xylem 

sap from H. courbaril (Costa et al., 2014). In this paper, liquiritigenin was isolated for the first time from 

H. courbaril, and compound 7 has not yet been reported.

Chromatographic fractionation of the grouped hexane and dichloromethane extracts from Platymiscium 

ulei gave compounds 9 and 10. The 1H NMR spectrum of 9 suggested a pterocarpan structure due to the 

splitting pattern of the hydrogens at δ 5.52 (d,  6.8 Hz, H-14), 4.27 (dd,  10.8 and 4.8 Hz, H-2α), 3.66 (t, 

10.8 Hz, H-2b) and δ 3.53 ddd, 10.8, 5.7 and 5.0 Hz, H-3) related to the protons of the heterocyclic ring C. 

The compound was identified as homopterocarpin. The chemical shifts of the carbons are shown in Table 

2 and are similar to those reported by Ndukwe et al. (2020). The 1H NMR spectrum of 10 showed, in 

addition to aromatic hydrogen signals, a typical doublet pair of coumarin at δ 7.68 (d, 9.6 Hz) and 6.20 (d, 

9.6 Hz), assigned to H-4 and H-3, respectively. The 13C NMR spectrum showed signs of carbonyl at δ 

161.38, olefin at δ 143.29 and 113.58, methoxyl at δ 56.40 and 6 aromatic carbons compatible for the 

coumarin, which are known as scoparone.  

Chromatographic fractionation of methanolic extract from Hymenolobium petraeum gave compounds 11 

and 12. Compound 11 was found to be an isoflavan on the basis of its characteristic spectral data of 1H 

NMR at δ 4.28 (dd, H-2b), 3.99 (t, H-2a), 3.53 (m, H-3), 2.81 (t, 7.5, H-4a) and 2.78 (dd, H-4b). The 13C-

NMR spectrum exhibited signals for 17 carbons (Table 2). Thus, compound 11 was identified as sativan 

whose data were compared with literature (Noviany et al., 2012). As Compound 14 was insoluble in organic 
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solvents, it was analyzed via solid-state NMR. 1H HRMAS NMR spectra showed signals of a p-

hydroxybenzene-type aromatic system at δ 7.18 (2H, dt) and 6.89 (2H, dt), methine at δ 3.78 (t), methylene 

at δ 3.15 (d), in addition to the signal at δ 2.78 (s) of the amine group hydrogens. 13C CPMAS NMR showed 

the chemical shifts of the aromatic system and the side chain at δ 173.1, 63.8 and 32.7. The HSQC and 

HMBC/MAS confirmed the assignments for tyrosine (14). In research with Inga species (Fabaceae), it was 

noted that the anti‐herbivore defense includes triterpene saponins, phenolic compounds, and the protein 

amino acid, tyrosine (Bixenmann et al., 2016).   

Table 2. 13C NMR of flavonoids 4-7 (300 MHz, acetone), and 9 (400 MHz, CDCl3) 

C 4 5 6 7 9 11 

2 147.5 82.0 79.6 81.9 66.37 70.14 

3 135.9 67.4 43.8 80.3 39.86 31.56 

4 175.7 32.6 189.7 196.2 78.94 30.39 

5 161.4 130.1 128.6 164.4 131.74 130.40 

6 98.2 108.1 110.3 96.2 109.37 107.81 

7 164.2 156.8 164.0 166.9 161.07 154.81 

8 93.5 102.5 102.7 94.9 101.64 103.20 

9 156.8 155.2 164.8 162.6 156.64 155.24 

10 103.2 111.6 131.1 101.2 112.39 114.90 

1’ 122.8 131.2 130.3 128.5 119.15 121.86 

2’ 114.8 119.0 128.1 115.0 125.51 158.30 

3’ 146.1 114.8 115.2 145.6 106.37 98.74 

4’ 145.0 144.7 157.7 114.5 161.17 159.69 

5’ 115.3 144.8 115.2 145.0 96.92 104.5 

6’ 120.5 114.2 128.1 119.4 160.73 127.55 

OMe-3 59.5 

OMe-2’ 55.35 

OMe-4’ 55.50 55.35 

OMe-8 55.37 
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Figure 2. Compounds identified in wood residues of H. courbaril, P. ulei and H. petraeum 

5. Conclusion

The phytochemical studies carried out with the wood residues were an opportunity to generate knowledge 

from the discarded material during the process of evaluation of wood properties and also to add value to 

the solid residues that are discarded in industry. Flavonoids were the predominant constituents in the three 

species of Fabaceae evaluated; however, the presence of isoflavonoids in the two species of the 

Papilonoidae subfamily (Platymiscium ulei and Hymenolobium petraeum) was probably associated with 

resistance this high density wood to pathogenic fungi. 
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