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Fourteen new triterpenoid saponiris{14) were isolated from the methanol extract of the fruit€Cafryocar villosum

along with 10 known saponins. Their structures were established on the basis of extensive! M ( COSY,
TOCSY, ROESY, HSQC, and HMBC) and ESIMS studies. The toxicity of the methanolic extracts of the peel and the
pulp of fruits and the crude saponin fraction of the peel was assessed usiAgehea salinatest. The antimicrobial
activities of caryocarosides 1V-214), II-1 (16), 1ll-1 (17), and IV-9 Q0) and of saponir23 were also studied in vitro

on Escherichia coli Staphylococcus aureuBseudomonas aerugingdslycobacterium smegmatiand Enterococcus
faecalisbacteria.

Caryocaraceae is a small family, distributed in neotropical and (20) and 23 was also studied using the agar diffusion method,
tropical Americat The fruits of some plants of th@aryocargenus againstEscherichia coli Staphylococcus aureu$seudomonas
furnish an edible oil that is used for cooking as a substitute for aeruginosaMycobacterium smegmatiandEnterococcus faecalis
butter, for homemade soaps, and in the cosmetic indéstr@ur bacteria.
laboratory has recently been interested in the phytochemical
investigation of somé&aryocar species, and we have reported in
a previous study the isolation and structural determination of 21
triterpenoid saponins, named caryocarosides, from the fruits of
Caryocar glabrunf In a continuation of this study, we have
examined the chemical composition of the fruits ©aryocar
villosum(Aubl.) Pers., a very large tree (up to-480 m high) that
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grows in the forests of the Amazon and mainly in the region near FH20H
the Amazon estuary? R, R, Ry R,
The fruits ofC. villosumare irregularly globular, approximately 1 H H Xyl- Gle-
7—9 cm in diameter. The seeds are edible, fresh or cooked, and g OHH E ()}(gll g%g
the pulp is edible after cooking. The local industry produces an 4 OH H Gal-  Gle-
edible oil from the fruit that is used as a salad oil or for cooking 5 OH H  Xyl-(1-3)-Gal- Glc-
purpose&: Traditionally, the pulp and the peel were used by the 6 H  Xyl(1-3)-Gal'-(1-3)-Gal- H Glc-
local inhabitants of French Guyana, as a fish poison, whereas, in 7 OH  Xyl-(1-3)-Gal"-(1-3)-Gal"- H  Glc-
the rural household of Northeast Brazil, the oil of pigdiait is 8 OH  Xyl(1-3)-Gal"-(1-3)-Gal- H H
used for the treatment of dermatophytoses such as ringwiinag }g OI-II-I g g g

capitis) and athletes foot (fungal skin diseasé$)'he pulp has a
relatively low water content, approximately 50%, and high raw fat
content, approximately 65%, in dry weight. The major components
of the oil are palmitic and oleic acid, each amounting to almost
50% of the total fatty acid.In the fruit, the sugar and organic acid
amounts were found to be very low, while the selenium content
was noticeably high.

In this report we describe the isolation and structure elucidation
of 24 saponins, among which, compouridsl4 were found to be

new and are named here caryocarosides in a continuation of our R, R, R R,

previous study.The structures of these saponins were determined 9 -CH; H H Gle-
by using 1D and 2D NMR analyses, ESIMS, and acid hydrolysis. 10 H H Xyl Gle-
The toxicity of the methanolic extracts from the peel and from the }; §H3 Xyl-(l—)})—GalI'-f X}yll' GI{IC'
pulp of the fruits and of the crude saponin fraction of the peel was 3 H Xyl-(1-3)-Gal"-(1-3)-Gal-  H H

evaluated using th&rtemia salinatest. The specific antimicrobial 14 H Xyl-(1—=3)-Gal'-(1-3)-Gal-  H Gle-
activity of caryocarosides 1V-2114), lI-1 (16), IlI-1 (17), and V-9 20 H H H Gle-
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The dried peel and pulp of fruits were extracted separately with
MeOH, and the MeOH extract was evaporated to dryness. Analyti-
cal HPLC of the MeOH extracts revealed that the chromatographic
profiles of the peel and the pulp were qualitatively identical but
quantitatively different, with higher amounts of caryocarosides V-
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Table 1. 'H and!3C NMR Data of the Sugar Moieties of Compountis4 (CD;OD)

1 2 3 4
Oon (M, JHz) dc Oon (M, JHz) dc On (M, JHz) oc On (M, JHz) oc
f-p-glucose (at C-3)
1 4.48(d, 7.9) 1053  4.51(d, 7.9) 105.2  4.48(d, 7.9) 1053  4.51(d, 7.9) 105.2
2 3.40 (dd, 9.1, 8.1) 749  3.50(dd, 9,7.9) 747  3.40(dd, 9.1, 7.8) 749  3.49(t, 9.1) 74.8
3 3.58(t, 9.1) 87.9  3.61(t8.9) 87.7  3.58(t, 9.1) 879  3.61(t8.7) 87.7
4 3.44 (t,9.6) 69.8 3.52 (t, 8.8) 69.5 3.45(t,9.5) 69.8 3.52 (t, 8.4) 69.5
5 3.33(m) 77.3 3.34 (m) 77.3 3.33(m) 77.3 3.34 (m) 77.3
6a  3.71(dd, 11.8,4.8) 62.6  3.74(dd, 12, 4.6) 62.2  3.72(dd, 11.4, 4.5) 62.6  3.74(dd, 11.4,5.1) 62.4
6b 3.83(dd, 11.8,2.2) 3.83(dd, 12,2.7) 3.86 (dd, 11.4, 2.5) 3.83 (brd, 11.4)
p-p-galactose (at C-3 Glc)
1 4.60 (d, 7.8) 105.2  4.62(d, 7.8) 105.2  4.60(d, 7.8) 105.2  4.63(d, 7.8) 105.2
2 3.80 (dd, 9.6, 8) 722 3.81(dd, 9.7,7.6) 72.2  3.80(dd, 10.1,7.8) 722 3.81(dd,9.7,7.7) 722
3 3.66 (dd, 9.6, 3.3) 84.0 3.67 (dd, 9.6, 3.4) 84.1 3.68 (dd, 9.8, 3.3) 84.5 3.69 (dd, 9.7, 3.6) 84.5
4 4.03 (d, 3.3) 69.8 4.04 (d, 3.4) 69.8 4.13(d, 3.3) 69.8 4.14 (d, 3) 69.8
5 3.61 (dd, 7.8, 5.3) 76.7  3.61(ddm, 7.6, 5.1) 76.7  3.63(m) 76.7  3.63(m) 76.7
6a 3.70 (dd, 11.3, 5.3) 62.5 3.70(dd, 11.9, 4.7) 62.5 3.75(dd, 11.6, 7) 62.6 3.74 (dd, 11.5, 5) 62.6
6b  3.80(dd, 11.5, 7.5) 3.83(dd, 11.9, 7.6) 3.81(dd, 11.4,7.7) 3.81(dd, 11.5, 7.8)
p-b-xylose (at C-3 Gal)
1 4.52(d, 7.6) 106.3  4.54(d, 7.1) 106.3
2 3.32(m) 75.2 3.32(m) 75.2
3 3.36 (t, 8.3) 775 3.36 (t, 8.4) 77.5
4 3.53 (ddd, 10.2, 8.3, 5.4) 71.0 3.52(ddd, 10.3, 8.4, 5.4) 71.0
5a 3.24 (dd, 11.4, 10.3) 66.9 3.24 (dd, 11.4, 10.3) 66.9
5b  3.88(dd, 11.4,5.4) 3.89 (dd, 11.4, 5.4)
[-p-galactose(at C-3 Gal)
1 4.52(d, 7.6) 106.3 4.53(d, 7.5) 106.3
2 3.64 (dd, 9.6, 7.7) 72.9 3.64 (m) 73.0
3 3.52 (dd, 9.6, 3.4) 74.6 3.52(dd, 9.5, 3.5) 74.6
4 3.85(d, 3.4) 70.2  3.84(d,3.7) 70.2
5 3.56 (dd, 7.1, 5.1) 76.8 3.56 (dd, 7.8, 5) 76.8
6a 3.71 (m) 62.6 3.73(dd, 11.3,5) 62.6
6b 3.79 (m) 3.81(dd, 11.3, 7.8)
f-p-glucoseé (at C-28)
1 5.40 (d, 8.1) 95.7 5.41(d,8.1) 957  5.40(d, 8.1) 95.7  5.40(d, 8.1) 95.7
2 3.34 (t,8.4) 73.9 3.34 (m) 73.9 3.34(t,8.3) 73.9 3.34 (m) 73.9
3 3.43(t,9) 783  3.43(t,9) 783  3.43(,9.2) 783  3.43(9.1) 78.3
4 3.38(t, 9.3) 711 3.38(9) 711 3.38(t,9.4) 711 3.37(t,9.6) 71.1
5 3.37 (m) 78.7 3.37 (m) 78.7 3.37 (m) 78.7 3.36 (m) 78.7
6a  3.70(dd, 12, 4.7) 62.6  3.70(dd, 11.9, 4.5) 62.4  3.70(dd, 12, 3.3) 62.4  3.70(dd, 11.8,5) 62.6
6b 3.83 (m) 3.84(dd, 12.2, 1.9) 3.85(dd, 11.8,4.7) 3.84 (brd, 11.8)

10 9), IV-17 (10), 1I-2 (18), and IV-9 Q0) and compoun@®3 in
the pulp. The methanolic extract of the peel of fruitsQz#ryocar
villosumwas subjected to VLC over reversed-phasetG afford
a crude saponin-rich fraction. This fraction was then purified by a

ester 23),19 and 30-$-p-glucopyranosyl-(3-2)-3-p-galactopyra-
nosyl oleanolic acid-2&-3-p-glucopyranosyl ester2@).1t

In the 14 new caryocarosides, the aglycons were identified as
hederagenin (I1) dy—23 3.30, 3.66+ 0.01, 0c—23 65.0 + 0.3] in

series of column chromatography over silica gel and reversed-phasecompounds, 3, and6, as bayogenin (1l)§—» 4.35,0¢c—» 71.1+

C,g and finally by semipreparative HPLC oveidor by preparative
TLC to give 24 saponins.

0.3 anddy—»3 3.24, 3.64+ 0.01,0¢c-23 65.7+ 0.3] in compounds
2, 4,5, 7, and8, and as B-hydroxyoleanolic acid (V) ¢y 4.22

The sugar components were determined, by TLC after acid + 0.05,c—, 71.3 + 0.3] in compound¥®9—14. These data and

hydrolysis of the crude saponin mixture, tody&ylose,np-glucose,
D-galactose, and-glucuronic acid, after verification of their optical

other spectroscopic data were in agreement with those reported in
the literaturet?-15

rotations, and the structures of the aglycons were identified by TLC ~ Caryocarosides 11-121j and 11I-12 @) respectively displayed

by comparison with authentic samples. Structural confirmation of

molecular ion peaks [M- Na]™ atm/z 1113.5466 and 1129.5419

the aglycons and of the sugar moieties in the intact saponins wasin the positive HRESIMS, in accordance with empirical molecular

achieved by analysis of 1D and 2D NMR experiments.

The 10 known saponins were identified by detailed NMR analysis
and comparison of the data with reference samples-@sfa-
glucopyranosyl hederagenirlg),>7 3-O-3-p-galactopyranosyl-
(1—3)-B-p-glucopyranosyl hederagenin (caryocaroside 1116) &
3-O-f3-p-galactopyranosyl-(+3)-5-p-glucopyranosyl bayogenin
(caryocaroside 111-1)17),> 3-O--p-galactopyranosyl-(+-3)-3-p-
glucopyranosyl hederagenin-284-p-glucopyranosyl ester (caryo-
caroside 11-2) 18),° 3-O-3-p-galactopyranosyl-(1-3)-5-p-glucopy-
ranosyl bayogenin-28-3-b-glucopyranosyl ester (caryocaroside
111-2) (19),5 3-O-$-p-galactopyranosyl-(+-3)-3-p-glucuronopyra-
nosyl-23-hydroxyoleanolic acid-2&-3-p-glucopyranosyl ester (caryo-
caroside 1V-9) 20),5> 3-O-3-p-glucopyranosyl hederagenin-Z8-
B-p-glucopyranosyl estel(),2 3-O--p-glucopyranosyl bayogenin-
28-0-3-p-glucopyranosyl ester2@),° 3-O-3-pD-glucopyranosyl-
(1—2)--p-galactopyranosyl hederagenin-285-p-glucopyranosyl

formulas of GzHggO23Na and GzHgeO24Na, respectively. The
ESIMS experiment of the [M+ Na]* ion peaks gave positive
fragments atn/z 951, 819, 657, and 495 fdrand atm/z 967, 835,
673, and 511 foR, attributed to successive losses of a hexose, a
pentose, and two hexose moieties. TheNMR spectrum ofl
displayed four anomeric proton signalsdgt4.48, 4.52, 4.60, and
5.40 correlated in the HSQC spectrum with four anomeric carbons
at 6c 105.3, 106.3, 105.2, and 95.7 in th#& NMR spectrum,
respectively (Table 1). Complete assignment of each glycosidic
proton system was achieved by analysis of COSY, TOCSY,
ROESY, and HSQC experiments. Ty@ep-glucosyl units were
assigned starting from the anomeric protons)at4.48 (d,J =

7.9) and 5.40 (dJ = 8.1); the first (Glc) is substituted at position

3 (0c-3 87.9), and the second is in a terminal position (Gl&
[-D-galactose unit, characterized by its equatorial proton H-4 (d,
J;4 = 3.3 Hz), was identified starting from its anomeric proton



Triterpenoid Saponins from Caryocaillosum

signal atoy 4.60 (d,J = 7.8). The last unit possessing an anomeric
proton signal abty 4.52 (d,J = 7.6) was identified as a terminal
pB-D-xylose (Table 1). The chemical shifts of the signals due to C-3
(6c—383.5) and C-28dc-25 178.1) of the aglycon, in thEC NMR
spectra, indicated thdtwas a bidesmoside of hederagefin.the
HMBC spectrum, long-range coupling8J{c) were observed
between the proton signals at 4.48 (Glc-H-1) and 5.40 (Gle
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178.2). These findings led to the assignment of caryocaroside IlI-
14 (5) as 3O-f-p-xylopyranosyl-(33)-5-p-galactopyranosyl-
(1—3)-5-p-galactopyranosyl-(+3)-3-p-glucopyranosyl bayogenin-
28-O-f3-p-glucopyranosyl ester.

The positive HRESIMS of caryocarosides 11-16) @nd 111-16
(7) showed molecular ion peaks [M NaJ*" at m/z 1437.6528 and
1453.6476, corresponding togdEl;06033Na and GsHioeOz4Na

H-1) and C-3 and C-28 of hederagenin, respectively, whereas themolecular formulas, respectively. The ESIM&periment of the

proton signals aty 4.52 (Xyl-H-1) and 4.60 (Gal-H-1) were
correlated with carbon signals & 84.0 (Gal-C-3) and 87.9 (Glc-
C-3), respectively. Thus, caryocaroside II-12 {as concluded to
be 30-$-b-xylopyranosyl-(1=3)-5-p-galactopyranosyl-(+3)-/3-
p-glucopyranosyl hederagenin-284-b-glucopyranosyl ester. Com-
parison of the'H and*3C NMR values of the saccharidic portion
of 1 and2 and the analysis of the HMBC correlations showed that

[M + Na]* ion of 7 gave a positive fragment [M- Na — 162]"
atm/z 1291, suggesting an additional hexose comparesl ithe
six sugar units 06 were identified by analysis of COSY, TOCSY,
ROESY, and HSQC experiments as thfee-galactose units (Gal,
Gal, and Gdl), two S-p-glucose units (Glc and GI; and one
[-D-xylose unit (Xyl) (Table 2). The firsg-p-galactose unit was
substituted at the C-4 position (Ga¢-4 79.9), whereas the two

2 contained the same sugar moieties linked to C-3 of bayogenin pthers were substituted at the C-3 position (Gal ; 85.0 and Gal
instead of hederagenin (Table 1), thus confirming the structure of §._; 83.9) as in compound. The sequences of the saccharide

caryocaroside l1-122) to be 30-4-b-xylopyranosyl-(1>3)-3-b-
galactopyranosyl-(+3)-3-p-glucopyranosyl bayogenin-28-3-p-
glucopyranosyl ester.

Caryocarosides II-133] and I1I-13 @) displayed molecular ion
peaks [M+ NaJ" atm/z 1143.5553 and 1159.5505 in the positive
HRESIMS mode, in agreement with empirical molecular formulas
of Cs4HggO24Na (3) and G4HggO2:Na (4). The ESIMS experiment
of the [M + Na]" ion peaks observed at¥'z 1143 @) and 1159 4)
gave positive fragments [M- Na — 2 x 162]" at m/z 819 and

chains at C-3 and C-28 were indicated by the following significant
long-range couplings in the HMBC spectrum: between Xyl-H-1
(0w 4.54)/Gal-C-3 (0c 83.9), Gal-H-1 (0n 4.59)/Gal-C-3 (Oc
85.0), GalH-1(0y 4.56)/Gal-C-4 §c 79.9), Gal-H-1 ¢y 4.54)/
Glc-C-3 (¢ 88.3), and Glc-H-1/C-3dc 83.1) of hederagenin and
between GIeH-1/C-28 (¢ 178.1) of the aglycon. On the basis of
the aforementioned evidence, the structure of caryocaroside 11-16
(6) was elucidated as @-$3-p-xylopyranosyl-(1+-3)-5-p-galacto-
pyranosyl-(1>3)--p-galactopyranosyl-(+-4)-5-p-galactopyrano-

835, respectively, attributed to the successive losses of two hexosessyl-(1—3)-5-pD-glucopyranosyl hederagenin-Z84-p-glucopyra-

These ion fragments suggested that the terminal xylo&eaind 2
was replaced by a hexose 3rand4. Complete'H and3C NMR
assignments of the spin systems of t@-glucosyl units ¢u—1
4.48, d,J = 7.9 and 5.40, dJ = 8.1 Hz) and twq5-pD-galactosyl
units Op-1 4.60, d,J = 7.8 Hz and 4.52, dJ = 7.6 Hz) were

nosyl ester. Comparison of th#l and *C NMR values of the
glycosidic portions of6 and 7 and analysis of the HMBC
correlations showed thétand7 contained the same sugar moieties,
linked to C-3 and C-28 of bayogenin instead of hederagenin (Table
2). Thus, caryocaroside IlI-167 was concluded to be @-f-p-

based on analysis of a combination of 2D-NMR experiments (Table Xylopyranosyl-(+>3)-3-p-galactopyranosyl-(+-3)-3-p-galactopy-

1). The spectroscopic features indicated Batas closely related
to 1 and that the two glucose units were directly linked to C-3 and

C-28 of hederagenin. The long-range couplings observed in the

HMBC experiment o3 showed that the inner galactose uit(;
4.60) was linked to C-3dc-3 87.9) of the glucose attached to C-3
of the hederagenin, and the terminal galactase { 4.52) was
attached to C-3dc-3 84.5) of the inner galactose. The structure of
caryocaroside 11-133) was elucidated as @-j3-p-galactopyranosyl-
(1—3)-3-p-galactopyranosyl-(+3)-5-p-glucopyranosyl hederage-
nin-28-0-f-b-glucopyranosy! ester. Comparison of #ir&and13C
NMR data of the saccharide moieties4ivith those of3 showed
that bayogenin idl was substituted at C-3 by the same trisaccharide
chain and at C-28 by A-p-glucosyl unit (Table 1). On this basis,
the structure of caryocaroside 111-18)(was proposed to be @-
[-D-galactopyranosyl-(2-3)-3-p-galactopyranosyl-(2-3)-3-p-glu-
copyranosyl bayogenin-28-3-b-glucopyranosyl ester.
Caryocaroside 111-145) displayed a molecular ion peak [M
Na]t at m/z 1291.5944 in the positive HRESIMS, in accordance
with an empirical molecular formula ofsgHgsO29Na. The positive

ranosyl-(1++4)-3-p-galactopyranosyl-(4-3)-5-b-glucopyranosyl
bayogenin-289-/-p-glucopyranosyl ester.

Caryocaroside 111-158) displayed a molecular ion peak [M
Na]t at m'z 1291.5924 in the positive HRESIMS, in accordance
with a molecular formula of §€HgeO20Na, thus, an isomer db.
The five sugar units oB were characterized by their anomeric
carbon signals abc 105.2, 105.6, 105.9, 106.3, and 106.5 in the
13C NMR spectrum. The chemical shifts of C8-(83.9) and C-28
(6¢c 182.0) of the aglycon showed thatvas a monodesmoside of
bayogenin with a pentasaccharide chain linked to C-3 ag.in
Comparison of théH and'3C NMR values of the pentasaccharidic
portion of 8 and 7 and the analysis of the HMBC correlations
showed thaB contained the same sugar moieties linked to C-3 of
bayogenin (Table 2). Thus, the structure of caryocaroside I1I-15
(8) was elucidated to be @-3-b-xylopyranosyl-(1+3)-5-p-galac-
topyranosyl-(+3)-5-p-galactopyranosyl-(1-4)-3-p-galactopyra-
nosyl-(+—3)-5-p-glucopyranosyl bayogenin.

Caryocaroside 1V-109) showed a [M+ Na]" ion peak atm/z
1009.5009, in the positive HRESIMS, in accordance with an

ESIMS suggested the presence of five sugar units, one pentose,empirical molecular formula of &H-s02Na. The positive ion [M
and four hexoses, and this was confirmed by the presence of five+ Na]* gave in the ESIMSion fragments atwz 847 [M + Na —

anomeric proton and carbon signals in tReand!3C NMR spectra

162]", 685 [M + Na — 2 x 162], and 495 [M— H — 2 x 162

(Table 2). The detailed analysis of the 2D NMR spectra led to the — (175+ 15)]-, assigned to the successive losses of two hexoses

identification of one terming$-p-xylose unit, of twg3-p-galactose
units substituted in position 3¢-3 84.4 and 83.3), and of two
p-D-glucose units, one of which being substituted at ©3.§ 87.7)

and a methyl hexosuronate. In thel NMR spectrum, three
anomeric proton signals were observeda.53 (d,J = 7.8 Hz),
457 (d,J = 7.7 Hz), and 5.40 (dJ = 8.2 Hz) (Table 3). The

and the other one being terminal and linked to C-28 (Table 2). deshielded anomeric proton signabat5.40 suggested the presence
The sequence of the tetrasaccharide chain at C-3 was deduced fronof an ester sugar linked to C-28, which was identified as a terminal
the HMBC experiment, which showed long-range correlations f-p-glucose on the basis of tHel and13C NMR data. The sugar
between Xyl-H-1 ¢ 4.54)/Gal-C-3 (0c 83.9), Gal-H-1(0n 4.61)/ with an anomeric proton signal &t 4.53 was identified as &-p-
Gal-C-3 (¢ 84.4), Gal-H-1¢y 4.63)/Glc-C-3 §c 87.7), and Glc- glucuronic acid, characterized by a five-spin system, a doublet for
H-1 (6w 4.52)/C-3 of bayogenind¢ 84.0). The ester chain was  an axial H-5 proton Jus—ns = 9.5 Hz), and a carbonyl C-6 at
constituted by a singlg-p-glucose unit, as indicated by the cross- 172.2. Thiss-p-glucuronic acid was esterified by a methyl group,
peak between GleH-1(0y 5.41) and C-28 of the bayogenidd as shown by the cross-peak correlation between the carbonyl C-6
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Table 2. 'H and'3C NMR Data of the Sugar Moieties of Compourfsis8 (CD;OD)

5 6 7 8

On (M, JHz) dc On (M, JHZ) oc Oon (M, JHz) oc Oon (M, JHz) dc
[-D-glucose (at C-3)
1 4.52(d, 7.9) 1052  4.47(d, 7.8) 1053  4.51(d,7.7) 105.1  4.51(d, 7.8) 105.2
2 3.50 (dd, 9.1, 7.2) 748  3.39(dd, 9.2,7.9) 74.8 3.50 (m) 74.7 3.49 (dd, 8.8, 7.8) 74.7
3 3.62(t 9) 87.7 3.55(t9) 88.3 3.57 (t, 8.9) 88.0 3.57 (t, 8.9) 88.0
4 3.52(t,9.3) 69.5 3.43(t,9) 69.8 3.50 (m) 69.5 3.49(t, 8.4) 69.4
5 3.34 (m) 77.3 3.32 (m) 77.3 3.33(m) 77.3 3.33(m) 77.3
6a 3.75(dd, 12.1, 5.1) 62.4  3.71(dd, 11, 5) 62.6 3.74 (dd, 11.8, 2.9) 62.4 3.73(m) 62.1
6b 3.84 (brd, 12) 3.84 (brd, 12) 3.83(dd, 11.8, 2.1) 3.82 (brd, 11.6)
pB-p-galactose (at C-3 Glc)
1 4.63(d, 7.8) 105.2  4.54(d, 7.6) 106.3 456 (d, 7.7) 105.6  4.55(d, 7.8) 105.6
2 3.82(dd, 9.7, 8.0) 721 3.63(m) 73.8 3.64 (m) 73.8 3.63 (m) 73.8
3 3.71(dd, 9.6, 3.6) 84.4 3.64 (m) 75.1 3.63 (m) 75.2 3.63 (m) 75.2
4 4.13 (brswi,=23) 69.9 4.07 (brswiz= 3) 79.9 4.08 (brswi,= 3) 79.9 4.07 (brswiz= 3) 80.0
5 3.63 (m) 76.7  3.64(m) 76.2 3.64 (m) 76.2 3.64 (m) 76.2
6a 3.72(dd, 11.4, 4.6) 62.6 3.75(dd, 11.6, 6.6) 61.8 3.75(dd, 11.4, 6.8) 61.8 3.73(m) 61.8
6b 3.83(dd, 11.4, 3.3) 3.88 (dd, 11.6, 6.2) 3.89 (dd, 11.4, 6.9) 3.88 (dd, 11.4,5.7)
f-p-galactose(at C-3 Gal)
1 4.61(d,7.7) 105.9
2 3.83(dd, 9.5,7.5) 72.1
3 3.67 (dd, 9.6, 3.2) 83.9
4 3.05(d, 3.2) 69.7
5 3.59 (m) 76.4
6a 3.75(dd, 11.4, 4.5) 62.4
6b 3.83(m)
[-D-galactose(at C-4 Gal)
1 4.55(d, 7.8) 106.5  4.56(d, 7.7) 106.5  4.55(d, 7.8) 106.5
2 3.80(dd, 9.1, 7.8) 72.3 3.81(dd, 9.5,7.7) 72.3 3.80 (dd, 9.5, 7.8) 72.3
3 3.68(dd, 9, 3) 85.0 3.68 (dd, 9.5, 3) 85.1 3.67 (dd, 9.5, 3) 85.0
4 3.11(d, 3.3) 69.9 412 (d, 12.2,2.9) 69.9 4.10 (brd, 2.7) 69.9
5 3.59 (m) 76.4 3.60 (m) 76.4 3.59 (m) 76.6
6a 3.75 (m) 62.6 3.74 (m) 62.5 3.75(dd, 12.1, 3.6) 62.4
6b 3.80 (m) 3.80 (dd, 12.5, 5.6) 3.80(dd, 11.4, 4.6)
pB-p-galactose (at C-3 Gal)
1 4.59 (d, 7.7) 1059  4.59(d, 7.7) 1059  4.58(d,7.7) 105.9
2 3.82(dd, 9.4, 7.8) 72.1 3.82(dd, 9.4,7.7) 72.1 3.82(dd, 9.2,7.7) 72.1
3 3.62(dd, 9.7, 3) 83.9 3.66 (dd, 9.8, 3.3) 83.9 3.66 (dd, 9.2, 3.4) 83.9
4 4.05(d, 3.2) 69.7 4.06 (d, 3) 69.7 4.05 (d, 2.6) 69.7
5 3.59 (ddm, 8, 5) 76.6 3.59 (m) 76.6 3.58 (m) 76.6
6a 3.71(dd, 11.5,5.1) 62.4 3.71(dd, 11.8, 6.6) 62.4 3.71 (m) 62.4
6b 3.83 (m) 3.82(dd, 11.8,5.9) 3.82 (m)
pB-p-xylose (at C-3 G4&) p-b-xylose (at C-3 G&l) B-p-xylose (at C-3 G&l) -p-xylose (at C-3 G&l)
1 4.54(d, 7.2) 106.3  4.54(d, 7.2) 105.6  4.54(d, 7.1) 106.3  4.53(d, 7.3) 106.3
2 3.33(m) 752 3.32(m) 75.1 3.33(m) 75.2 3.33(m) 75.2
3 3.36 (t,7.9) 775 3.36 (t, 8.2) 77.5 3.36 (t, 8.5) 775 3.36 (m) 775
4 3.52 (m) 711  3.52(ddd, 10.4,8.3,5.4) 71.0 3.52 (m) 71.0 3.53 (m) 71.0
5a 3.25(t, 11.5) 66.9 3.24 (dd, 11.4,10.4) 66.9 3.24 (dd, 11.3,10.1) 66.9 3.24 (dd, 11.4,10.3) 66.9
5b 3.89 (dd, 11.5, 5.3) 3.89 (dd, 11.4, 5.3) 3.89(dd, 11.4,5.2) 3.89 (dd, 11.4, 5.5)
f-p-glucose (at C-28)
1 5.41(d, 8.1) 95.7  5.40(d, 8.1) 95.7 5.40 (d, 8.1) 95.7
2 3.34 (m) 73.9 3.34(dd, 9.2,8.1) 73.9 3.34(t, 8.2) 73.9
3 3.43(t, 8.9) 78.3 3.43(t,9.2) 78.3 3.43(dd, 9.1, 8.7) 78.3
4 3.38(t,9.4) 71.0  3.38(t 9.4) 71.1 3.38(t, 9.3) 71.1
5 3.37 (m) 787  3.37(m) 78.7 3.36 (M) 78.7
6a 3.70 (dd, 11.7, 4.6) 62.4  3.71(dd, 11.9, 4.5) 62.4 3.71(dd, 12.2, 3.1) 62.4
6b 3.84 (dd, 11.7, 4) 3.83(dd, 12.5, 1.6) 3.81(dd, 12.5, 1.6)

and a methoxycarbonyl signal &t 3.80 (s, 3H), in the HMBC
experiment. The third unit, with its anomeric protorat4.57 (d,
J= 7.7 Hz), was identified as a terminaip-galactose. The cross-

of four sugar moieties and that was confirmed in the NMR
spectrum by their anomeric proton signal$)at4.52 (d,J = 7.6),
454 (d,J = 17.1), 4.64 (dJ = 7.8), and 5.40 (dJ = 8.1). As

peaks observed in the HMBC spectrum between GlcA-H-1/C-3 of previously seen, the sugar units 19 were determined to be a

the aglycon §c—3 91.1), Gal-H-1/GIcA-C-3 §c—3 86.3), and Glc-
H-1/C-28 Pc-25 178.0) led to the assignment of caryocaroside V-
10 (9) as 30-p-p-galactopyranosyl-(+3)-3-p-methyl glucopyr-
anosiduronate{2hydroxyoleanolic acid-2&-/-p-glucopyranosyl
ester. This saponin was the methyl ester of caryocaroside R0)9 (

monosubstitute@-p-glucuronic acid §y—; 4.52 anddc—3 86.2), a
monosubstitute-p-galactosedy—1 4.64 anddc—3 84.0), a terminal
p-D-xylose Pn-1 4.54), and a termingb-p-glucose fn-1 5.40)

(Table 3). The sequence of the sugar chain at C-3 was determined
by the following long-range couplings in the HMBC spectrum: Xyl-

and was probably an artifact that originated during extraction with H-1/Gal-C-3, Gal-H-1/GIcA-C-3, and GIcA-H-1/C-3 offzhy-
MeOH 16 Although the same extraction process was previously used droxyoleanolic acid. The linkage of the glucose unit at C-28 of the

for the fruits of C. glabrum? only caryocaroside V-9 was detected
in the saponin extract of this last species.

Caryocaroside 1V-171(0) gave a molecular ion peak [M Na]*
at m/z 1127.5225 in the positive HRESIMS £13,0,4Na). The

aglycon was confirmed by the HMBC correlations between Glc-
H-1 and C-28. Analysis of all the above evidence led to the
assignment of caryocaroside 1V-1T70j as 30-3-p-xylopyranosyl-
(1—3)-8-p-galactopyranosyl-(+3)-5-p-glucuronopyranosyl{2hy-

positive ESIMS of the [M + Na]" ion peak suggested the presence droxyoleanolic acid-2&-3-p-glucopyranosyl ester.
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Table 3. 'H and'3C NMR Data of the Sugar Moieties of Compour@s14 (CDs;OD)

9 10 11 12 13 14
6H (m, J HZ) 6(: 5H (m, J HZ) (Sc 6H (m, J HZ) 6(: 6H (m, J HZ) 5(; 6H (m, J HZ) (5(; 6H (m, J HZ) 6(:
p-b-glucuronic acid (at C-3)
1 4.53(d, 7.8) 106.3 4.52(d, 7.6) 106.3 4.53(d,7.8) 106.5 4.52(d,7.5) 106.3 4.44(d,7.8) 106.0 4.51(d,7.6) 106.1
2 3.57(dd, 9.4, 745 358(dd, 8.7, 745 3.59(7.8) 743 3.57(dd,9.9,74.5 3.56 (dd, 747 3.57(,76) 74.6
7.8) 8.1) 7.6) 8.6, 8)
3 3.63(t,9.4) 86.3 3.65(m) 86.2 3.66(m) 86.0 3.62(m) 86.6 3.63(,8.3) 86.5 3.64(m) 86.2
4 3.64 (t,9.4) 719 3.65(m) 71.8 3.66(m) 71.8 3.64(m) 718 3.58(,85) 722 3.63(m) 72.0
5 3.90 (d, 9.5) 76,0 3.89(d,73) 765 395(d96) 76.1 388(d93) 76.1 3.66(d 95 76.8 3.85(m) 76.2
6 172.2 173.0 172 174.2 176.0 173.0
—OCH;s 3.80 (s) 52.8 3.80 (s) 52.9
[-p-galactose (at C-3 Glc)
1 4.57 (d, 7.7) 105.6 4.64(d, 7.8) 105.1 4.63(d,7.8) 105.1 4.59(d.7.5) 1055 4.61(d,7.8) 105.3 4.59(d,7.7) 105.7
2 3.63 (dd, 73.0 3.80(dd,9, 722 3.80(m) 72.2 3.63(m) 73.8 3.68(dd, 73.6 3.64(m) 73.8
9.7,7.7) 7.8) 8.8, 8)
3 3.53(d, 3.4) 74.7 3.67(dd,9, 84.0 3.67(dd, 84.0 3.63(m) 751 3.63(dd, 75.2 3.63(m) 75.2
3.2) 7.6, 3) 8.8, 3.6)
4 3.82 (brd, 704 4.03(d,3.3) 69.8 4.03(d,3) 69.8 4.06 (m) 79.9 4.06(d,2.9) 80.0 4.07(m) 80.0
3.9)
5 3.58 (m) 77.2  3.61(m) 76.7 3.61(m) 76.7 3.63(m) 76.6 3.63(m) 76.3 3.63(m) 76.4
6a 3.70 (dd, 62.7 3.79 (m) 62.6 3.79(m) 62.5 3.76(dd, 62.0 3.78(dd, 62.0 3.76(dd, 62.0
11.8,4.4) 11.5,7) 11.7,4.8) 11.4, 2.6)
6b 3.85 (dd, 3.80 (m) 3.80 (m) 3.85 (dd, 3.86 (dd, 3.88 (dd,
11.5,6.1) 11.5,6.1.) 11.7,6.2) 11.4, 6)
p-p-galactosk(at C-4 Gal)
1 4.55(d, 7.9) 106.5 4.56(d,7.9) 106.5 4.56(d,7.9) 106.4
2 3.79 (dd, 72.3 3.80(dd, 72.3 3.80(m) 72.3
9.5,7.9) 9.4,7.9)
3 3.64 (m) 84.7 3.68(m) 85.0 3.67(dd, 85.0
8.9, 3.4)
4 402(d,29) 699 4.11(d,35) 700 4.12(d,3.6) 70.0
5 3.57 (m) 76.7 3.59 (m) 76.6 3.59 (m) 76.7
6a 3.71(dd,11.2, 62.4 3.73(dd, 62.5 3.74(dd, 62.4
4.7) 11.2, 4.6) 11.2,7)
6b 3.78 (dd, 3.81 (dd, 3.80 (m)
11.2,7.8) 10.9,7.4)
f-p-galactosé (at C-3 Gal)
1 459(d,7.7) 1059 4.59(d,7.7) 105.8
2 3.82(dd, 9.6, 72.1  3.82(dd, 72.1
7.9) 9.6,7.7)
3 3.66 (m) 83.9 3.66 (dd, 83.9
9.7, 3.5)
4 4.05(d,4.6) 69.7 4.06(d,3.5) 69.7
5 3.58 (m) 76.4 3.59 (m) 76.6
6a 3.72 (dd, 62.4 3.73(dd, 62.4
11.3, 6.5) 11.3,7.8)
6b 3.79 (dd, 3.79 (dd,
11.6, 6.9) 11.3,5.4)
p-D-xylose at C-3 Gal at C-3 Gal at C-3 Gal at C-3 Gal at C-3 Gal
1 454 (d, 7.1) 106.3 4.54(d,7.1) 106.3 4.51(d,7.0)0 106.3 4.53(d,7.2) 106.3 4.54(d,7.2) 106.2
2 3.32(m) 75.2 3.32(m) 75.2 3.32(t,8.9) 75.2 3.32(m) 75.2 3.32(m) 75.2
3 3.35(m) 775 3.35(m) 775 3.35(m) 775 3.36(t,9) 775 3.36 (m) 77.5
4 3.52 (ddd, 71.0 3.52(ddd, 71.0 3.51(ddd, 710 3.52(ddd, 71.0 3.52(ddd, 71.0
10.2,8.5,5.2) 10.2,8.5,5.2) 10.5,8.2,5.1) 9.9, 8.6,5.5) 10.2,8.5,5.5)
5a 3.24 (t,11.2) 66.9 3.24( 11.2) 66.9 3.23(t 11) 66.9 3.24(dd, 66.9 3.24 (dd, 66.9
11.1,10.7) 11.4,10.5)
5b 3.88 (dd, 11.3, 3.88 (dd, 3.87 (dd, 11.3, 3.88 (dd, 3.89 (dd,
5.3) 11.3,5.3) 5.2) 11.4,5.4) 11.4,5.3)
f-pb-glucose (at C-28)
1 5.40 (d. 8.2) 95.7 5.40(d,8.1) 957 540(d,81) 957 5.40(d, 7.7) 95.7
2 3.34 (m) 73.9 3.34(m) 73.9 3.34(m) 73.9 3.34 (m) 73.9
3 3.43 (t. 8.9) 78.3 3.43(t, 8.8) 78.3 3.43(,88) 783 3.43(t,9.1) 783
4 3.38 (t. 9.5) 711 3.38(m) 711 3.38(m) 71.0 3.38(t,8.3) 711
5 3.37 (m) 78.7 3.37(m) 78.7 3.37(m) 78.7 3.34 (m) 78.7
6a 3.70 (dd, 62.4 3.70(dd, 12, 624 3.70(dd,12, 62.4 3.70 (dd, 62.4
11.7,4.4) 4.4) 4.4) 11, 3.7)
6b 3.84 (dd, 3.83 (brd, 12) 3.83 (brd, 12) 3.84 (dd,
11.7,1.5) 12,1)

The H and 13C NMR spectra of caryocaroside 1V-181)
showed an additional methoxy group compared @suggesting
that 11 was the methyl ester dfO (Table 3). The molecular ion
peak [M+ Na]" at m/z 1141.5402 (G4HgeO24Na) in the positive
HRESIMS was 14 mass units higher than that if. The
methoxycarbonyl group observed in tH¢ NMR spectrum ady
3.80 (s, 3H) gave a correlation in the HMBC spectrum with the
carbonyl C-6 of glucuronic acidd¢ 172.0). Thus, caryocaroside
IV-18 (11) was concluded to be @-5-p-xylopyranosyl-(+-3)-3-

p-galactopyranosyl-(2-3)-3-p-methylglucopyranosiduronate32
hydroxyoleanolic acid-2&-j3-p-glucopyranosyl ester and could be
considered as an artifact formed frob® during extraction with
methanol, as observed wiftD.

Caryocaroside 1V-1912) displayed a molecular ion peak [M
Na]t atm/z 1127.5240 in the positive HRESIMS £154,0,4Na).
The*C NMR data showed thdt2 was a monosaccharide saponin
since C-28 of B-hydroxyoleanolic acid was deshielded)at182.2.
The!H and*C NMR data ofi2 displayed signals for four anomeric



924 Journal of Natural Products, 2006, Vol. 69, No. 6

protons aty 4.51 (d,J = 7.0 Hz), 4.52 (dJ = 7.5 Hz), 4.55 (d,
J=7.9 Hz), and 4.59 (dJ = 7.5 Hz) and attached carbonsdat
106.3 (2C), 106.5, and 105.5, respectively (Table 3). Conventional
analysis of COSY, TOCSY, and HSQC experiments allowed full
identification of the four spin systems. The unit with an anomeric
proton atdy 4.51 was identified as a termingip-xylose, whereas
the units with anomeric protons at 4.55 and 4.59 corresponded
to two 3-p-galactoses monosubstituted at positions C-3'jGald

C-4 (Gal), respectively. The last unit possessing an anomeric proton
signal atdy 4.52 was a C-3-monosubstituted glucuronic acid (Table
3). Sequencing of the glycoside chain 12 was achieved by
analysis of the HMBC spectrum, which showed correlations
between Xyl-H-1/GatC-3 (0c384.7), GalH-1/Gal-C-4 (¢4 79.9),
Gal-H-1/GIcA-C-3 ¢c3 86.6), and GIcA-H-1/C-3 of the aglycon.
Thus, the structure of caryocaroside IV-12) was elucidated as
3-O-f3-p-xylopyranosyl-(1+3)-3-p-galactopyranosyl-(+4)-5-p-ga-
lactopyranosyl-(3>3)-3-p-glucuronopyranosyl{2-hydroxyolean-

olic acid.

In the positive HRESIMS, caryocaroside IV-203] displayed
a molecular ion peak [M+ Na]* at m/z 1289.5764, whereas
caryocaroside 1V-211(4) displayed a molecular ion peak [M H
+ 2Nal" atm/z 1473.6127, in accordance with molecular formulas
of CsgHgsO29Na (13) and GsH10:034N&, (14). Comparison of the
ESIMS and NMR spectral data d# with those of13 indicated
that 14 possessed one supplementary terminal hexose unit (Table
3). This hexose was identified asfep-glucose esterdy-; 5.40,
0c-1 95.7), suggesting thdt4 was the bidesmoside af3. Further
analysis of the ESIMS and tHél and'3C NMR data showed that
the sugar chain linked to C-3 ofzhydroxyoleanolic acid was
identical for 13 and 14. The positive ESIM% experiment of the
pseudomolecular ion [M- Na]* of 13 gave a fragment atvz 1157
[M + Na— 132]* corresponding to the loss of a terminal pentose
unit. Comparison of the NMR data for the glycoside chairldf
and 12 indicated thatl3 possessed one additional C-3-monosub-
stituted -p-galactose unit (G&) (Table 3). The cross-peaks
observed in the HMBC experiment between Xyl-H-d, (4.53)/
Gal'-C-3 (Oc 83.9), Gal-H-1 (0y 4.59)/Gal-C-3 (Oc 85.0), Gal
H-1 (0n 4.56)/Gal-C-4 §c 80.0), and Gal-H-1/GIcA-C-3) 86.5)
led to the assignment of caryocaroside IV-2B)(as 3O-f3-p-
xylopyranosyl-(++3)-3-p-galactopyranosyl-(+3)-3-p-galactopy-
ranosyl-(++4)-5-p-galactopyranosyl-(*3)-5-p-glucuronopyranosyl-
26-hydroxyoleanolic acid. Consequently, the structure of caryocaro-
side IV-21 (4) was 30-3-p-xylopyranosyl-(3=3)-/3-p-galactopy-
ranosyl-(1—3)-3-p-galactopyranosyl-(+4)-3-p-galactopyranosyl-
(1—3)-p-p-glucuronopyranosyl{2-hydroxyoleanolic acid-2&--
p-glucopyranosyl ester.

The toxicity of the methanol extracts of the pulp and the peel of
C. villosumfruits and of the crude saponin fraction of the peel was
evaluated in the brine shrimp assafrtemia salind. The two
methanol extracts and the saponin fraction showed good larvicidal
activity according to Meyer, who classified crude extracts and pure
substances into toxic (Lfg value < 1000 xg/mL) and nontoxic
(LCsp value > 1000ug/mL).1” The methanol extract of the pulp
with a LCsp of 100 ug/mL was more toxic than the extract of the
peel (500ug/mL). The saponin fraction of the peel (5100 ug/

mL) showed 17% death at a concentration ofyfImL and was

also more active than the methanol extracts. These results suggeste,

that the toxicity of the peel and the pulp ©f villosum fruits was

Alabdul Magid et al.

Pseudomonas aerugingddycobacterium smegmatiandEntero-
coccus faecalibacteria.

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured in MeOH or KO with a Perkin-Elmer 241 polarimetéid and
13C NMR spectra were recorded in @D or DMSO+s on a Bruker
Avance DRX-500 spectrometei{ at 500 MHz and®C at 125 MHz),
and 2D-NMR experiments were performed using standard Bruker
microprograms (XWIN-NMR version 2.6 software). ESIMS and
ESIMZ experiments were performed using a Bruker Esquire LC-MS
ion trap mass spectrometer. The samples were introduced by infusion
in a solution of MeOH. HRESIMS experiments were performed using
a Micromass Q-TOF micro instrument (Manchester, UK) with an
electrospray source. TLC were carried out on precoated silica gel 60
Fosa (Merck), with CHCb—MeOH-H,O (13:7:1), and spots were
visualized by heating after spraying with 50%,3®;,. Column
chromatography was carried out on Kieselgel 608380um, Merck)
or LiChroprep RP-18 (4663 um, Merck). HPLC was performed on a
Dionex apparatus equipped with an ASI-100 automated sample injector,
a STH 585 column oven, a P580 pump, a UVD 340S diode array
detector, and the Chromeleon software. A prepackgde®ersed-phase
column (Dionex, 201 SPTM, 4.6& 250 mm, 5um, 90 A) was used
for analytical HPLC with a binary gradient elution (solvent A>(+-

TFA, 0.025%, solvent B: MeCN) and a flow rate of 1 rmhin~%; the
chromatogram was monitored at 205 and 210 nm. A prepacked C
reversed-phase column (Dionex, 201 SPTM,x1@50 mm, 5um, 90
A) was used for semipreparative HPLC with a flow rate of 3:min~,

Plant Material. The fruits ofC. villosumwere collected at Orstom
Centre, Cayena lIsland, in Guyana in January 2000. The species was
identified by M. F. Prevost of the botany laboratory of the IRD Centre
of Cayena (French Guyana), and an herbarium specimen (Prevost MFP
3777) was deposited in the Herbier of Guyaha.

Brine Shrimp Test. Brine shrimp eggsArtemia salinaLeach) were
hatched in seawater for 482! The eggs were placed in one of the
two compartments of a tank and covered in order to keep the eggs in
a dark ambient. The second compartment of the tank was illuminated
in order to attract shrimps through perforations at the boundary plate.
After 24 h, the phototropic shrimps, which went to the illuminated
compartment, were collected by pipet and incubated under illumination
for 24 h at room temperature. The MeOH extract of the peel and the
pulp of the fruits and the saponin fraction were prepared in triplicate
at concentrations of 1000, 100, and A4@/mL in H,O. Shrimps were
added to 5 mL of the sample and incubated for 24 h. After this time,
survivors were counted, the percentage of deaths at each concentration
was recorded, and the @was evaluated.

Extraction and Isolation. The air-dried and powdered peel (450 g)
and pulp (440 g) of fruit were boiled under reflux in MeOH (1.5 L)
for 3 h. After cooling and filtration, the MeOH extract was evaporated
to provide the saponin mixture as a brown residue (182 g, 40% yield
for the peel; 230 g, 52% yield for the pulp). The saponin mixture was
analyzed by TLC on silica gel using the solvent mixture CHCI
MeOH—-H,O (13:7:1) and by analytical HPLC over;£with the
gradient elution program 30 to 50% B for 75 min.

A part of the MeOH extract of the peel (60 g) was subjecteck (6
10 g) to vacuum liquid chromatography (VLC) ovengCeluted
successively with 40, 60, and 80% MeOH in®and MeOH. The
fractions eluted with 80% MeOH in 40 were combined to give 2.2 g
of a saponin mixture (0.5% yield). This was then purified by reversed-
phase G column chromatography (CC) (60 g) using a gradient of
MeOH-H,0 (5:5 to 8:2) and then MeOH. Fractions 26 and 27, eluted

ith 6:4 MeOH-H,0, were purified by silica gel CC to afforsl (11
g) and8 (7 mg). Fractions 28 and 29, eluted with Me©H,0 (6:
4), were subjected to silica gel CC using a gradient of GH®leOH—

due to the presence of saponins, despite the small percentage (0.5%),0 (85:15:0 to 60:40:7). Fractions eluted with CHEMeOH (75:

of saponin content. This toxicity reveals the fruits as potential
pesticidal and antitumoral agents and explains the traditional use
as a fish poiso®

The antimicrobial activity of caryocarosides IV-214], 11-1 (16),
I1I-1 (17), and IV-9 Q0) and23was studied using the agar diffusion
method. These compounds did not exhibit any antimicrobial activity
at a dose of 5@ g againsEscherichia coli Staphylococcus aureus

25) were further purified by semipreparative HPLC with a linear
gradient (31 to 33% B) for 15 min to give 8 mg @afand 8 mg of19,
and fractions eluted with CHg+MeOH (7:3) were purified by HPLC
with a linear gradient (26 to 30% B) for 30 min to give 7 mg4f
Fraction 30, eluted with MeOHH,O (65:35), was purified by silica
gel CC using a gradient of CHE&tMeOH—H,0 (9:1:0 to 14:6:1) to
give 4 mg of22. Fractions 31 and 32, eluted with MeGH#1,O (65:
35), were passed through an ion exchange IRN 7 Akhberlite resin
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column before purification by silica gel CC eluting with CHEI
MeOH—-H,0 (9:1:0 to 14:6:1) to give 33 mg df3. Fractions eluted
with CHCl,—MeOH—-H,0 (70:30:2) were further purified by HPLC
with a linear gradient (29 to 30% B) for 30 min to give 9 mg f
Fractions 33 and 34, eluted with MeGH#H,0 (65:35), were purified
by silica gel CC eluting with CHG-MeOH—H,0 (9:1:0 to 70:30:3)
to give 11 mg ofl18. Fractions eluted with CHg+-MeOH—H,0 (70:

30:1) were further purified by HPLC with a linear gradient (31 to 32%

B) to afford 10 mg of3 and 11 mg ofl. Fractions 3739, eluted with
MeOH—H,0 (65:35), were purified by silica gel CC using a gradient
of CHCl,—MeOH—H,0 (9:1:0 to 60:40:7) to give 9 mg @L Fractions
eluted with CHC}—MeOH—H,0 (60:40:7) were further purified by
HPLC with a linear gradient (31 to 33% B) to afford 7 mg b4.
Fractions 46-42, eluted with MeOH-H,O (65:35), were purified by
HPLC with a linear gradient (32 to 34% B) for 20 min to give 6 mg
of 10 and 8 mg of20. Fractions 4749, eluted with MeOH-H,O (7:
3), were purified by silica gel CC eluting with CHEtMeOH—H,O
(9:1:0 to 70:30:5) to afford 36 mg &4. Fractions 52-54, eluted with
MeOH—-H_0 (7:3), were purified by silica gel CC using a gradient of
CHCl,—MeOH—-H,0 (9:1:0 to 70:30:5) to give 3 mg d. Fractions
eluted with CHC}—MeOH (8:2) were further purified by HPLC with
a linear gradient (35 to 39% B) for 20 min to give 2 mg9dind 2 mg
of 11. Fractions 55-66, eluted with MeOH-H,0 (8:2), were purified
by silica gel CC using a gradient of CHEIMeOH—H,O (9:1:0 to
14:6:1) to give 2 mg ofl5, 6 mg of 16, and 14 mg ofl3. Fractions
eluted with CHC{—MeOH (8:2) were further purified by HPLC with
a linear gradient (34 to 40% B) for 30 min to afford 2 mglaf, and
fractions eluted with CHGHMeOH—H,0 (70:30:1) were purified by
HPLC with a linear gradient (35 to 42% B) for 22 min to give 4 mg
of 12.

Acid Hydrolysis of Saponin Mixture. An aliquot of the crude
saponin mixture (200 mg) was refluxed with 30 mL2N HCI for 4
h. The sapogenin mixture was extracted with EtOAcx(30 mL),
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glycosidic part (CRQOD), see Table 1; ESIMS (positive-ion modalz
1129 [M+ NaJ*; ESIMS? (1129)m/z 967 [M -+ Na — Glc]*, 835 [M
+ Na— Glc — Xyl]*, 673 [M + Na — Glc — Xyl — Gal]", 511 [M
+ Na — Glc — Xyl — Gal- Glc]"; ESIMS (negative-ion mode)vz
1105 [M — H]~; ESIMS (1105)m/z 943 [M — H — Glc], 811 [M —
H — Glc — Xyl]~, 649 [M — H — Glc — Xyl — Gall~, 487 [M — H
— Glc — Xyl — Gal — Glc]"; HRESIMS (positive-ion modejnz
1129.5419 [M+ Na]* (calcd for GaHgeOz4Na, 1129.5407).

Caryocaroside 11-13 (3): white powder; §]?% +16.3 ¢ 0.83,
MeOH); *H and**C NMR chemical shift values of the aglycon (gD
OD) were identical to those described fbwithin +0.05 and=+0.3
ppm, respectively*H and*3C NMR of the glycosidic part (CEDD),
see Table 1; ESIMS (positive-ion modejz 1143 [M + Na]"; ESIMS?
(1143)m/z 981 [M + Na — Glc]*, 819 [M + Na— Glc — Gall*, 657
[M + Na — Glc — 2 x Gal]*; ESIMS (negative-ion mode)vz 1119
[M — H]~; HRESIMS (positive-ion mode)vz 1143.5553 [M+ Na]*
(calcd for G4HgsO24Na, 1143.5563).

Caryocaroside I1l-13 (4): white powder; #]%% +23 ( 0.5,
MeOH); H and*3C NMR chemical shift values of the aglycon (gD
OD) were identical to those described @mwithin +0.05 and+0.2
ppm, respectively*H and*3C NMR (CD;OD) of the glycosidic part,
see Table 1; ESIMS (positive-ion modajz 1159 [M + NaJ"; ESIMS?
(1159)m/z 997 [M + Na — Glc]*, 835 [M + Na — Glc — Gall*, 673
[M + Na— Glc — 2 x Gal]*; ESIMS (negative-ion modejvz 1135
[M —H]~; ESIMS (1135)m/z 973 [M — H — (Glc or Gal)], 811 [M
—H - Glc — Gall, 649 [M — H — Glc — 2 x Gal]"; HRESIMS
(positive-ion mode)n/z 1159.5505 [M+ Na]* (calcd for G4HggOzs-
Na, 1159.5512).

Caryocaroside I11-14 (5): white powder; §]?% +19.9 € 0.83,
MeOH); *H and**C NMR chemical shift values of the aglycon (gD
OD) were identical to those described within +0.05 and+0.2
ppm, respectively’H and*3C NMR (CD;0OD) of the glycosidic part,
see Table 2; ESIMS (positive-ion modwejz 1291 [M + Na]*; ESIMS

washed with HO, and evaporated to dryness. Oleanolic acid, heder- (1291)nm/z 1129 [M + Na — Glc]*, 997 [M + Na — Glc — Xyl *,
agenin, and bayogenin were identified from the sapogenin residue with 835 [M + Na — Glc — Xyl — Gal]", 673 [M + Na — Glc — Xyl —

authentic samples by TLC in CHEtMeOH (98:2). The acid aqueous

2 x Gal["; ESIMS (negative-ion modajvVz 1267 [M — H]~; ESIMS?

layer was neutralized with 0.5 M NaOH and freeze-dried. Four sugars (1267) m/z 1105 [M — H — Glc], 973 [M — H — Glc — Xyl] ;

were identified and compared with authentic samples by TLC using

MeCOEt-i-PrOH—Me,CO—H,0 (20:10:7:6) as xylose, glucose, ga-

lactose, and glucuronic acid. After a preparative TLC of the sugar
mixture (100 mg) in this solvent, the optical rotation of each purified

sugar was measured, and all were determined to begars.
Caryocaroside 11-12 (1): white powder; §]*% +12.7 € 0.83,
MeOH); *H NMR of aglycon (CROD, 500 MHz)6 0.73 (3H, s, H-24),

0.83 (3H, s, H-26), 0.93 (3H, s, H-29), 0.95 (3H, s, H-30), 1.01 (3H,

s, H-25), 1.19 (3H, s, H-27), 2.87 (1H, di= 14, 4 Hz, H-18), 3.31
(1H, d,J = 11.5 Hz, H-23a), 3.65 (1H, dl = 11.5 Hz, H-23b), 3.66
(1H, dd,J = 9.1, 3 Hz, H-3), 5.27 (1H, tJ = 3.6 Hz, H-12);13C

NMR of the aglycon (CBOD, 125 MHz)é 13.4 (C-24), 16.5 (C-25),

17.8 (C-26), 18.9 (C-6), 24.0 (C-16), 24.0 (C-30), 24.6 (C-11), 26.2
(C-2), 26.3 (C-27), 28.9 (C-15), 31.5 (C-20), 33.4 (C-7), 33.1 (C-22),
33.5 (C-29), 34.9 (C-21), 37.7 (C-10), 39.5 (C-1), 40.7 (C-8), 42.6
(C-18), 43.0 (C-14), 43.9 (C-4), 47.2 (C-19), 48.0 (C-17), 48.2 (C-5),
49.0 (C-9), 65.0 (C-23), 83.5 (C-3), 123.7 (C-12), 144.9 (C-13), 178.1

(C-28);'H and**C NMR of the glycosidic part (CEDD), see Table 1;
ESIMS (positive-ion mode)vz 1113 [M+ Na]*; ESIMS (1113)nmv/z
951 [M + Na — Glc]*, 819 [M + Na — Glc — Xyl *, 657 [M + Na
— Glc — Xyl — Gal]*, 495 [M + Na — Glc — Xyl — 2 x Gal];
ESIMS (negative-ion modeajyz 1089 [M — H]~; ESIMS (1089)m/z
927 [M—H —Glc], 795 [M— H — Glc — Xyl] -, 633 [M — H —
Glc — Xyl — Gal]"; HRESIMS (positive-ion modeijn/z 1113.5466
[M + NaJ* (calcd for GsHgeO29Na, 1113.5458).

Caryocaroside 111-12 (2): white powder; §]?» +23.7 € 0.59,
MeOH); *H NMR of the aglycon (CBOD 500 MHz),6 0.83 (3H, s,

H-26), 0.93 (3H, s, H-29), 0.95 (3H, s, H-30), 0.96 (3H, s, H-24), 1.19

(3H, s, H-27), 1.31 (3H, s, H-25), 2.88 (1H, di= 14, 4 Hz, H-18),
3.25 (1H, d,J = 11.5 Hz, H-23a), 3.64 (1H, dl = 11.5 Hz, H-23b),
3.64 (1H, d,J = 3.5 Hz, H-3), 4.35 (1H, qJ = 3.5 Hz, H-2), 5.29
(1H, t, J = 3.6 Hz, H-12);'3C NMR of the aglycon (CBOD, 125

MHz) 6 14.7 (C-24), 17.5 (C-25), 17.8 (C-26), 18.6 (C-6), 24.0 (C-
30), 24.0 (C-16), 24.7 (C-11), 26.4 (C-27), 28.8 (C-15), 31.5 (C-20),
33.1 (C-22), 33.4 (C-7), 33.5 (C-29), 34.9 (C-21), 37.5 (C-10), 40.8
(C-8), 43.1 (C-4), 43.2 (C-14), 42.6 (C-18), 44.4 (C-1), 47.2 (C-19),
48.0 (C-17), 48.1 (C-5), 49.3 (C-9), 65.7 (C-23), 71.1 (C-2), 83.9 (C-

3), 123.8 (C-12), 145.0 (C-13), 178.1 (C-28)% and*C NMR of the

HRESIMS (positive-ion modei/z 1291.5944 [M+ Na]" (calcd for
CsgHoeO20Na, 12915935)

Caryocaroside 11-16 (6): white powder; §]°% +18 ( 0.75,
MeOH); *H and**C NMR chemical shift values of the aglycon (gD
OD) were identical to those described fbwithin £0.05 and+0.3
ppm, respectively’H and*3C NMR of the glycosidic part (CEDD),
see Table 2; ESIMS (positive-ion modwejz 1437 [M+ Na]" ; ESIMS?
(1437)m/z 1275 [M + Na — Glc]*, 1143 [M+ Na — Glc — Xyl ¥,
981 [M + Na — Glc — Xyl — Gal]*, 819 [M + Na — Glc — Xyl —
2 x Gall"; ESIMS (negative-ion modeyz 1413 [M — H]~; ESIMS?
(1413)m/'z1251 [M— H — Glc]~, 1119 [M— H — Glc — Xyl] -, 957
[M —H—Glc— Xyl —Gall", 795 [M — H — Glc — Xyl — 2 x
Gal],633[M—H —Glc — Xyl —3 x Gal]", 471 [M— H — Glc
— Xyl — 3 Gal— Glc]~; HRESIMS (positive-ion modea)Vz 1437.6528
[M + Na]* (calcd for GsHi06033Na, 1437.6514).

Caryocaroside 11I-16 (7): white powder; §]%% +17.3 € 0.37,
MeOH); H and*3C NMR chemical shift values of the aglycon (gD
OD) were identical to those described @mwithin +0.05 and+0.3
ppm, respectively*H and*3C NMR of the glycosidic part (CEDD),
see Table 2; ESIMS (positive-ion modajz 1453 [M + NaJ"; ESIMS?
(1453)m/z 1291 [M + Na — Glc]*, 1159 [M + Na — Glc — Xyl] *,
997 [M + Na — Glc — Xyl — Gal]*, 835 [M + Na — Glc — Xyl —
2 x Gall*; ESIMS (negative-ion modeyz 1429 [M — H]~, ESIMS
(1429)m/z 1267 [M — H — Glc]; HRESIMS (positive-ion mode)
m/z 1453.6476 [M+ Na]" (calcd for GsH106034Na, 1453.6463).

Caryocaroside lI-15 (8): white powder; §]?*% +30 (c 0.25,
MeOH); *H and*3C NMR chemical shift values of the aglycon (gD
OD) were identical to those described @mwithin +0.05 and+0.2
ppm, respectively, except for C-28, which was observed 82.0
ppm;H and**C NMR of the glycosidic part (CBDD), see Table 2;
ESIMS (positive-ion modejvz 1291 [M + NaJ*; ESIMS (1291)m/z
1159 [M+ Na— Xyl] ¥, 997 [M + Na— Glc — Xyl] *, 835 [M + Na
— Glc — Xyl — Gal]*, 673 [M + Na — Glc — Xyl — 2 x Gall;
ESIMS (negative-ion modeyvz 1267 [M — H]~; ESIMS (1267)m/z
1135 [M—H — Xyl] 7,973 [M—H — Glc — Xyl] 7,811 [M—H —
Xyl —2x Gal],649 [M—H — Xyl —3 x Gal],487 [M— H —
Xyl — 3 x Gal — Glc]~; HRESIMS (positive-ion mode)vz 1291.5924
[M + Na]* (calcd for GgHoeO20Na, 1291.5935).
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Caryocaroside 1V-10 (9): white powder; §]%% +12 (c 0.5, MeOH);
H of the aglycon (CROD, 500 MHz)d 0.83 (3H, s, H-26), 0.93 (3H,
s, H-29), 0.95 (3H, s, H-30), 1.09 (3H, s, H-24), 1.17 (3H, s, H-27),
1.26 (3H, s, H-25), 2.87 (1H, dd,= 14, 4 Hz, H-18), 3.21 (1H, d]
= 3.5 Hz, H-3), 4.21 (1H, gJ = 3.2 Hz, H-2), 5.28 (1H, tJ = 3.6
Hz, H-12);13C NMR of the aglycon (CBOD, 125 MHz)¢ 16.9 (C-
25), 17.8 (C-26), 18.5 (C-24), 19.1 (C-6), 24.0 (C-30), 24.0 (C-16),
24.6 (C-11), 26.3 (C-27), 28.9 (C-15), 29.8 (C-23), 31.5 (C-20), 33.2
(C-22), 33.5 (C-29), 34.0 (C-7), 34.9 (C-21), 37.7 (C-10), 39.5 (C-4),
40.8 (C-8), 42.6 (C-18), 43.1 (C-14), 44.6 (C-1), 47.2 (C-19), 48.0
(C-17), 49.2 (C-9), 57.0 (C-5), 71.3 (C-2), 91.1 (C-3), 123.9 (C-12),
144.9 (C-13), 178.0 (C-28fH and *C NMR of the glycosidic part
(CDsOD), see Table 3; ESIMS (positive-ion modejz 1009 [M +
Na]*; ESIMS (1009)m/z 847 [M + Na — (Glc or Gal)", 685 [M +
Na — Glc — Gal]*, 495 [M + Na — Glc — Gal — CHz — GIcA]" ;
ESIMS (negative-ion modejvz 985 [M — H]~; HRESIMS (positive-
ion mode) m/z 1009.5009 [M + Na]t (calcd for GgHzgO20Na,
1009.4984).

Caryocaroside 1V-17 (10): white powder; §]%% +17 (¢ 0.5,
MeOH); 'H and*3C NMR chemical shift values of the aglycon (gD
OD) were identical to those described @within +0.07 and+0.2
ppm, respectively*H and*3C NMR of the glycosidic part (CEDD),
see Table 3; ESIMS (positive-ion modejz 1143 [M+ K] *; ESIMS?
(1143)m/z 981 [M + K — GIc]*, 849 [M + K — Glc — Xyl]*, 687
[M + K — Glc — Xyl — Gal]" ; ESIMS (negative-ion modejvz 1103
[M — H]~; HRESIMS (positive-ion modey/z 1127.5225 [M+ Na]*
(calcd for GsHgsO24Na, 1127.5250).

Caryocaroside 1V-18 (11): white powder; §]*% +17 (¢ 0.5,
MeOH); *H and*3C NMR chemical shift values of the aglycon (gD
OD) were identical to those described @within +0.07 and+0.2
ppm, respectively*H and*3C NMR of the glycosidic part (CEDD),
see Table 3; ESIMS (positive-ion modwejz 1141 [M + Na]*; ESIMS?
(1141)m/z 979 [M + Na — Glc]*, 847 [M + Na— Glc — Xyl *, 685
[M + Na— Glc — Xyl — Gall"; ESIMS (negative-ion modejvz 1117
[M — H]~; HRESIMS (positive-ion modeyvz 1141.5402 [M+ NaJ*
(calcd for GaHgeO24Na, 1141.5407).

Caryocaroside 1V-19 (12): white powder; §]%% +5.2 (€ 0.29,
MeOH); 'H and*3C NMR chemical shift values of the aglycon (gD
OD) were identical to those described @within +0.07 and+0.2
ppm, respectively, except for C-28, which was observed 482.2
ppm;*H and*3C NMR of the glycosidic part (CBDD), see Table 3;
ESIMS (positive-ion modejz 1143 [M + K] *; ESIMS? (1143)m/z
1011 [M+ K — Xyl]*, 849 [M + K — Xyl — Gall", 687 [M+ K —

Xyl — 2 x Gal]"; ESIMS (negative-ion modejvz 1103 [M — H]~;
HRESIMS (positive-ion modein/z 1127.5240 [M+ Na]* (calcd for
C53H84024Na, 11275250)

Caryocaroside IV-20 (13): white powder; §]?% +13 (¢ 1, MeOH);

IH and*3C NMR chemical shift values of the aglycon (€DD) were
identical to those described fd® within £0.07 and +0.2 ppm,
respectively, except for C-28, which was observed 282.1 ppm?H
and C NMR of the glycosidic part (CEDD), see Table 3; ESIMS
(positive-ion mode)wz 1311 [M — H + 2Nal"; ESIMS (1311)m/z
1179 [M— H + 2Na— Xyl] , 1017 [M— H + 2Na— Xyl — Gall*,
855 [M — H + 2Na— Xyl — 2 x Gall, 693 [M — H + 2Na— Xyl
— 3 x GalJ*; ESIMS (negative-ion modez 1265 [M — H]~; ESIMS?
(1265)m/z1071 [M— H — H,O — CO, — Xyl] 7, 909 [M — H — H,O
— CO, — Xyl — Gal]"; HRESIMS (positive-ion modea)vz 1289.5764
[M + NaJ]* (calcd for GoHo4O20Na, 1289.5778).
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Caryocaroside 1V-21 (14): white powder; §#]%% +10.8 € 0.25,
MeOH); 'H and*3C NMR chemical shift values of the aglycon (D
OD) were identical to those described f@within +0.07 and+0.2
ppm, respectively*H and*3C NMR of the glycosidic part (CEDD),

see Table 3; ESIMS (positive-ion modejz 1473 [M — H + 2NaJ";

ESIMS (1473)m/z 1311 [M — H + 2Na— Glc]*, 1017 [M— H +

2Na— Glc — Xyl] ¥, 855 [M — H + 2Na— Glc — Xyl — Gal]*, 693

[M —H + 2Na— Glc — Xyl — 2 x Gal]*; ESIMS (negative-ion
mode)m/z 1427 [M — H]~; ESIMS? (1427)m/z 1265 [M— H — GIc],

1071 [M— H — Glc — H,0 — CO, — Xyl] -, 908 [M — H — Glc —

H.O — CO, — Xyl — Gall'; HRESIMS (positive-ion mode)jnwz

1473.6127 [M+ Na]* (calcd for GsH10803sNap, 1473.6126).
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