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ABSTRACT

Two phenolic compounds, ethyl gallate and
rhuschalcone VI, together with lupeol, betulinic acid
and stigmasterol were isolated from the stem bark of
Caesalpinia pluviosa D.C. Their structures were
determined by spectroscopic means mainly by NMR
experiments, completing all the NMR assignments of
phenolic compounds.

In addition, the extracts and pure compounds were
evaluated against the bacteria Staphylococcus aureus,
HPIA test and the antimalarial in vitro assay against
Plasmodium falciparum, determining that CH,CI,
extract and rhuschalcone VI showed good activity in
the antibacterial and HPIA tests.

RESUMEN

Dos compuestos fendlicos, galato de etilo y
rhuschalcona VI, junto con lupeol, 4cido betulinico y
estigmasterol fueron aislados de la corteza de
Caesalpinia pluviosa DC. Sus estructuras fueron
determinadas  por  medios  espectroscopicos,
completando todos los asignamientos de RMN de los
compuestos fenolicos.

Ademas, los extractos y compuestos puros fueron
evaluados contra la bacteria Staphylococcus aureus,
la prueba HPIA y el ensayo antimalarico in vitro
contra Plasmodium falciparum determinando que el
extracto CH,Cl, y rhuschalcone VI muestran buena
actividad en las pruebas antibacterianas y HPIA.

Palabras claves: Caesalpinia pluviosa, rhuschalcona
VI, galato de etilo, triterpenos, antibacteriano,
antimalarico

INTRODUCTION

Caesalpiniaceae is a large family distributed
throughout Bolivia; it includes 26 genus with
approximately 76 species [1]. Caesalpinia pluviosa
D.C. is a tree that can grow until 20 meters tall, that
is found in the Amazonian part of Bolivia. The
decoction of its stem bark is used in the Bolivian folk
medicine as a remedy for diarrhea [2]. According to
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literature, several Caesalpinia species have been
studied phytochemically and pharmacologically,
yielding cassane type diterpenes [3],[4],[5],[6]
flavonoids  [7],[8], Dbiflavonoids [9] and
tannins.[10]

In this paper, we report the isolation and structural
elucidation of two phenolic compounds, ethyl
gallate (1) and rhuschalcone VI (2) from the stem
bark of C. pluviosa, completing all their NMR
assignments. In addition, we determine the
presence of three triterpenic compounds: lupeol
(3), betulinic acid (4) and stigmasterol (5),
metabolites widely distributed in the Plant
Kingdom. Finally, continuing the research of
antibacterial and antimalarial natural products from
Bolivian Plants, the extracts and pure compounds
were evaluated against Staphylococcus aureus,
Plasmodium falciparum and HPIA test.
Py

Figure No. 1: Caesalpinia pluviosa
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3 R=Me
4 R=COOH

Figure No. 2. Isolated compounds from Caesalpinia pluviosa.

RESULTS AND DISCUSSION

1.67 kg of milled dried stem bark of C. pluviosa was
extracted successively with petroleum ether and
ethanol. The concentrated EtOH extract was further
extracted with CH,Cl,: MeOH (9:1). Ethyl gallate (1)
and rhuschalcone VI (2) were isolated from the
CH,Cl,:MeOH fraction following diverse
chromatographic techniques for instance flash
chromatography, preparative chromatography and gel
filtration. Lupeol (3), betulinic acid (4) and
stigmasterol (5), were isolated from the petroleum
ether extract. The structures of all compounds were
established by spectroscopic means. For the
triterpenoids and sterol the spectroscopic data were
compared with those reported in the literature.

Compound (1) was isolated as a white amorphous
powder, and the molecular formula CyH;Os was
assigned by MS (m/z 199.1337, [M+H]"; calc.
199.0606) which is in agreement with the 1D NMR
data. The >C NMR spectrum (Table No. 1) exhibited
9 signals: one carbonyl, two aliphatic carbons and 6
aromatic carbons, three of them between 135 and 145
ppm suggesting a phenolic derivative. The 'H NMR
spectrum showed one aromatic signal at 7.03 ppm
(2H, s) which suggest an aromatic system
tetrasubstituted, two aliphatic protons at 4.26 ppm (2
H, g, 11.1 Hz) from a methylene group and at 1.33
ppm one aliphatic methyl group (3H, t, 11.1 Hz),

both groups have correlation each other (Table No.
1). Based on this data we suggested the structure of
(4) which was confirmed by 2D NMR experiments.
The HMBC experiment showed, among others, the
correlation of the proton at 7.03 ppm with the
aromatic carbons at 121.0 ppm, 144.4 ppm 137.4
ppm and with THE carboxyl carbon at 167.3 ppm.
In addition, the correlation of the proton at 4.26
ppm with the carboxyl carbon joins the aliphatic
system with the aromatic part, confirming that the
molecule is ethyl gallate.

Table No. 1. NMR data of compound 1

No. s8¢ S'H HMBC
1 1210
2/6  109.1 7.03s C-1, C-3/5, C-4,C=0
3/5 1444
4 1374
C=0 1673

I’ 607 426q(11.1) C=0,C-2’
2 140 133t(111) C-I’

CDCl;, 500 MHz

Compound (2) was isolated as a yellow powder,
the HREIMS showed a molecular ion at m/z
511.1342 [M-H']; calc. for 511.1387 which was
consistent with the molecular formula C;oH»,04.
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The “C NMR spectrum exhibited 30 signals: two
carbonyls, and 28 olefinic and aromatic carbons,
suggesting a biflavonoid structure [11]. The "H NMR
spectrum together with the "H-'H COSY experiment
allowed the identification of two set of trans-alkenes
[6 7.83 (1H, d, 15.5 Hz) and 7.62 (1H, d, 15.5 Hz)]
and [8 7.78 (1H, d, 15.7 Hz) and 7.58 (1H, d, 15.7
Hz)], one 4-oxyphenyl groups [& 7.56 (2H, d, 8.7
Hz), 6.78 (2H, d, 8.7 Hz)]; one 2,4-dioxyphenyl
group [6 7.94 (1H, d, 9.0 Hz), 6.37 (1H, dd, 9.0, 2.4
Hz.), 6.27 (1H, d, 2.4 Hz)]; one tri-substituted
aromatic rings [d 6.94 (1H, d, 8.5 Hz), 7.60 (1H, dd,
8.5, 2.1 Hz), 7.67 (1H, d, 2.1 Hz)]; and one tetra-
substituted aromatic ring [8 7.95 (1H, s), 6.41 (1H,
s)], the 'H and "°C NMR spectra are showed in Figure
3. Full assignments of the proton and carbon NMR
signals were made by use of HMQC and HMBC
spectra to confirm the structure as rhuschalcone VI,

wwwwwwwwwww

VSN

<
® @~ © WYL nNn
~

previously reported by Mdee et al. [12], Some
HMBC correlation are showed in the Figure 3.
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Figure 3. Some HMBC correlation pertinent to
compound 2
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Figure No.4. 'H and ** C NMR spectra of compound 2
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Table No. 2. *H and **C chemical shifts and HMBC correlations of compound 2 in CD;0D.

Position 5 15C 5'H HMBC

1 126.8

2 132.8 767 d (2.1) C-4, C-p, C-6, C-1

3 118.4

4 158.0

5 116.2 694 d  (8.5) C-3,C-1,C-4

6 129.7 7.61 dd (8.5,2.1) C-1,C-2,C-8

I 113.5

2! 166.3

3 102.6 628 d  (2.4) C-5°,C-1",C-2°, C-4
4 165.1

5 107.9 6.37 dd  (9.1,2.4) C-3°,C-I’

6' 1323 795 d  (9.1) C=0, C-2’, C-4”
Cc=0 192.4

a 117.4 7.63 d  (15.5) C=0, C=1

B 144.6 783 d  (15.5) C=0, C-1, C-2, C-a
1" 126.6

2"/6" 130.7 757 d  (8.7) C-47,C-p’, C-2”
3"/5" 115.7 678 d  (8.7) C-17,C-47,C-3/5
4" 160.3

" 113.6

2" 162.9

3" 102.9 6.41 s C-5,C-2",C-3,C-1"7
4 126.0

5" 165.6

6" 133.6 7.94 s C’=0,C-4,C-2"
C'=0 1925

a 1172 758 d  (15.7) C-p’, C-1"

p' 144.6 779 d  (15.7) C’=0,C-27,C-17, C-o’

MD;0D, 400 MHz

The comparison of physical and spectroscopic lupeol, betulinic acid and stigmasterol. Table No.
data for (3), (4), and (5) with those from 3 shows the comparison of the > C NMR data
literature made possible their identification as with those of the literature.
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Table No. 3. **C NMR data for compounds 3, 4, 5

N Compound Lupeol Compound Be.tulinic Compound Stigmasterol
1 [13] 2 acid [14] 3 [15].

1 38.7t 387 t 38.7 ¢ 387 t 373 t 373 t
2 27.4t 274 t 278 ¢ 274 1 317 t 317 t
3 79.0d 78.8 d 78.7 d 789 d 71.8 d 71.8 d
4 38.9s 388 s 38.7 s 388 s 423 t 424 t
5 55.2d 552 d 553 d 553 d 140.7 s 140.8 s
6 18.3t 183 t 182 t 183 t 121.7 d 121.7 d
7 343t 342 t 342 t 343 t 319 t 319 t
8 40.8s 40.8 s 40.6 s 40.7 s 319 d 319 d
9 50.4d 504 d 504 d 50.5 d 50.1 d 502 d
10 37.2s 37.1 s 37.1 s 372 s 36.5 s 36.6 s
11 21.0t 209 t 20.8 t 208 t 21.1 t 211t
12 25.2t 251 t 255t 255 t 39.7 t 39.7 t
13 38.0d 379 d 382 d 384 d 422 s 424 s
14 42.8s 427 s 423 s 424 s 569 d 569 d
15 29.7t 29.6 t 305 t 305 t 244 t 244 t
16 35.6t 355 t 322t 321 t 290 t 288 t
17 43.0s 429 s 56.1 s 563 s 56.0 d 56.1 d
18 48.3d 482 d 46.9 d 46.8 d 12.1 ¢ 12.1 ¢q
19 48.0d 479 d 49.1 d 49.2 d 195 q 194 q
20 150.9s 1509 s 150.6 s 1503 s 40.6 d 40.5 d
21 29.9t 29.7 t 296 t 29.7 t 21.1 q 21.0 g
22 40.0t 399 t 371 t 37.0 t 138.3 d 1384 d
23 28.0q 279 q 278 q 279 q 129.2 d 1294 d
24 15.4q 153 q 153 q 153 q 513 d 512 d
25 16.1q 16.0 g 158 g 16.0 g 319 d 319 d
26 16.0q 159 ¢ 16.0 g 16.1 q 213 q 213 ¢
27 14.6 144 q 146 q 147 q 199 q 20.0 q
28 18.0q 179 q 1789 s 180.5 s 255t 254 t
29 109.3t 109.2 t 1093 t 109.6 t 123 q 123 q
30 19.3q 192 ¢ 19.1 ¢q 194 ¢
Solvent: CDCls Frequency: 75 MHz

The antibacterial activity for dichloromethane that the compound 4 showed some bacteriostatic

extract and pure compounds was evaluated against activity against S. aureus.

Staphylococcus aureus (Table No. 4). The results

show
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Table No. 4. Antibacterial activity

Sample MIC MBC MBtaticC
(ug/ml)  (pg/ml) (pg/ml)
Ex-DM 7.8 7.8
1 - - -
2 - - -
3 - - -
4 7.8 - 7.8
5 250 15.6 250

Conc. Bact. 6x10 ®ufc/ml

MIC: Minimun Inhibitory Concentration

MBC: Minimun Bactericidal Cocentration
MBtaticC: Minimun Bacteriostatical Concentration

In addition, in a previous study [16] the stem bark
ethanolic extract of Caesalpinia pluviosa D.C.
showed activity on Chloroquine-resistant D2 strain
of P. falciparum (ICso 15 pg:ml against F32 strain
and 1Cs08.3 pg:ml against D2 strain).

In our study the dichloromethane fraction belonged
of EtOH extract and pure compounds were tested
in the haem polymerization inhibitory activity
HPIA assay, a test used to follow the antimalarial
activity [17]. Table No. 5 shows interesting
RESULTS in the crude extract and compound 5.

Table No. 5. Results in the HPIA assay
Caesalpinia pluviosa

Sample % Inhibition
Ex-DM 85

1 <0

2 <0

3 <0

4 3742

5 85+2

Finally based on the HPIA results the
dichloromethane extract and compound 5 were
tested against Plasmodium falciparum in vitro.
Unfortunately the results show that the compound
5 is inactive as well as the extract. (Table No. 6)
Table No. 6. Antimalarial in vitro activity against
Plasmodium falciparum

PRODUCT 1C 50 F32
Ex-DM Inactive
Compound 5 Inactive
Fraction where 5 was 3.4 pg/ml
obtained
Chloroquine 23 nM

EXPERIMENTAL

The melting points (uncorrected) were recorded
on a Sanyo Gallenkamp Melting Point
Apparatus. Mass spectra (HREIMS) were
measured in a Waters Micromass Q-TOF
apparatus. 'H and "“C NMR spectra were
recorded with a Varian 300 and two-dimensional
experiments were done in a Bruker 500 using as
solvents CDCl; and MD;OD; chemical shifts are
reported in O units (ppm) and coupling constants
(J) in Hz. Sephadex LH-20 was used for gel
filtration; Silica gel (E.M. Merck,70-230 mesh)
and silica gel G-60 (E.M. Merck) were used for
Chromatography Column (CC) and Vacuum
Liquid Chromatography (VLC), respectively,
while aluminum plates impregnated with silica
gel 60 Fosy (E.M. Merck) were used for
analytical 0.25 mm) Thin Layer
Chromatography (TLC) analyses. Spots on
chromatograms were detected under UV light
(254 and 365 nm) and by spraying the plates
with 10% H,SO,, followed by heating.

Plant material The stem bark of Caesalpinia
pluviosa D.C. was collected in September 1998
at San Buenaventura (North of La Paz, Bolivia)
and identified by Lic. Lia de Michel, a botanist
of the Bolivian National Herbarium (La Paz,
Bolivia) where a voucher specimen is kept.

Extraction and Isolation. The dry and ground
plant material (1667 g) was first extracted with 3
L of petroleum ether for 72 h at room
temperature, the solution was filtered off and
evaporated to yield the petroleum ether extract.
The solid residue was macerated for 72 hours
with 3 L ethanol, which after filtering and
evaporation of the solvent gave the ethanolic
extract. Finally, the ethanolic extract was
extracted with 150 mL of a mixture
(CH,CIp:MeOH 9:1) this process was done for 4
times giving the CH,Cl, extract. The petroleum
ether extract (6,7 g) was subjected to VLC on
silica gel, eluting with increasing amounts of
CH,Cl, in petroleum ether, followed by
increased amounts of MeOH in CH,Cl,
finalizing with MeOH, to give nine main
fractions. Fractions 3, 4 and 5 where submitted
to other chromatography techniques followed by
recrystallization with MeOH giving the
compounds 1 (22.3 mg), 2 (17.9 mg) and 3 (37.2
mg). The CH,Cl, extract was also submitted to a
chromatographic analysis by VLC on silica gel
followed by gel filtration on Sephadex LH-20
(CH,Cl;:MeOH 50% as eluent) giving two
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compounds in pure form, compound 4 (20 mg) and
compound 5 (45 mg).

Compound 1 (Ethyl galleate) White crystals of mp.
213-215°C, 'Hand " C NMR see Table No. 1.

Compound 2 (Rhuschalcone VI) Amorphous
yellow solid, mp 184-186°C, 'H and "> C NMR see
Table No. 2. HREIMS m/z 511.1342, calc. for
C;30H2»0q+H, 511.1387.

Compound 3 (Lupeol) White crystals of mp 214-
216°C, '"H NMR (CDCl;, 500 MHz) & 4.57 d &
4.69 d (H-29, and H-293); 3.19 dd (H-3); 2.35 ddd
(H-19); 1.89 m (H-13); 1.68 s (H-30); 1.03 s (H-
26); 0.97 s (H-23); 0.94 s (H-27); 0.83 s (H-25);
0.79 s (H-24); 0.76 s (H-28) and 0.68 t (H-5). * C
NMR see Table No. 3.

Compound 4 (Betulinic acid) White crystals of mp.
316-318°C, '"H NMR (CDCl;, 500 MHz) & 3.17 dd
(H-3); 3.01 m (H-19); 0.94 s (H-23); 0.75 s (H-24);
0.85 s (H-25); 0.96 s (H-26); 1.00 s (H-27); 4.73 d
(H-29,); 4.60 d (H-295) and 1.69 s (H-30). * C
NMR see Table No. 3.

Compound 5 (Stigmasterol) White crystals of mp.
165-167°C, 'H NMR (CDCl;, 500 MHz) § 3.52 m
(H-3); 5.35 d (H-6); 0.67 s (H-18); 1.00 s (H-19);
0.92 d (H-21); 5.15 m (H-22); 5.01 m (H-23); 1.47
m (H-25); 0.86 d (H-26); 0.79 d (H-27) and 0.84 d
(H-29). "> C NMR see Table No. 3.

Parasites

For the antimalarial in vitro evaluation, two strains
of Plasmodium falciparum, F32 (sensible to
chloroquine) and D2 (resistant to chloroquine),
were used.

Microorganisms

The antibacterial activity was tested against
Staphylococcus aureus (ATCC-25923/6538).

Biological tests

Methodologies employed for in vitro assays against
protozoa are given in full details in a previous
paper [16]. The protocol for HPIA test is described
in [17]. The bacterial assays was done by dilution
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