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Resin Glycosides from the Flowers ofpomoea murucoides

Lilia Chérigo and Rogelio Pereda-Miranda*

Departamento de Farmacia, Facultad de ‘@uea, Uniersidad Nacional Adtecoma de Mgico, Ciudad Uniersitaria,
Mexico City 04510 DF, Mexico

Receied Naember 1, 2005

The CHCE-soluble extract from the flowers of the Mexican medicinal plgamoea murucoideshrough preparative-
scale recycling HPLC, yielded murucoidinsV (1—5), which are new pentasaccharides of jalapinolic acid, as well as
the known stoloniferin 1§). Saponification of the crude resin glycoside mixture yielded two glycosidic acids, simonic
acid B @) and operculinic acid AX0), and their esterifying residues were composed of the two short-chain fatty acids,
2-methylpropanoic and @-methylbutyric acids. All the isolated compounds—-6) were characterized through high-
field NMR spectroscopy. Compountiexhibited marginal cytotoxicity against Hep-2 cells (@2 «g/mL).

Ritual and therapeutic usesof psychoactive convolvulaceous  swelling and stomachache, “cazahuate” leaves are boiled in water
plants, as confirmed by the stylized depiction of a morning glory that could also be combined with the wood of “palo mulato”
in a 500A.0. Teotihuacan mural, were amply diffused throughout (Zanthoxylum fagarpand “cuajiote” Pseudosmodingium perni-
the entire pre-Hispanic world. This painting depicts Xochiquetzal, ciosun) and drunk before breakfast for 3 dasTo treat dropsy,
Mother Goddess of terrestrial waters, backed by a morning glory “cazahuate” bark is boiled in water, whereas for a cough remedy
now interpreted as the sacred “ololiuhqui” of the Azfe(Rivea one leaf of eucalyptussucalyptus camaldulens@ E. globulug,
corymbosaor Ipomoea tricolor hallucinogenic species containing  another of “palo prieto” Ehretia tinifolia), and the bark of
lysergic acid derivative In reality, the flowering plant with largely “cuachalalate” Amphipterygium adstringehsare added to the
exaggerated branches seems to better resemble one of the arboredrink.X® Hot baths of leaves are used for paralydighe smoke
cent species dpomoeaonly found in Mesoamerica and Mexi€o,  from burning the tree is used to repel mosquitoes.
where in the State of Morelos they are called by the vernacular  Previous to this investigation, the only known study of the resin
name of “cazahuate” (Nahuatl language, “tree for curing mange”), glycosides of. murucoidesvas conducted from roots collected in
e.g.,Ipomoea murucoideRoem. et Schult. the southern Mexican state of Oaxaca. In that study the structures

Two characteristics relate these species to the mural: (1) evenof five pentasaccharides of jalapinolic acid (the murucin series)
today these tree-like plants are considered magical, for they flower were elucidated with their linear oligosaccharide core assigned as
exuberantly during the dry season, and according to popular legends(119)-hydroxyhexadecanoic acid 133-b-glucopyranosyl-(+-2)-
announce the onset of the rains in early summer; (2) traditional O-o-L-rhamnopyranosyl-(+-4)-O-a-L-rhamnopyranosyl-(1-4)-O-
healers continue to use decoctions of this plant considered to be ofa-L-rhamnopyranosyl-(1-2)-O-3-b-quinovopyranoside (murucinic
“cold-nature® to reduce excessive body héand relieve uncom-  acid)*?
fortable “water and cold” symptoms believed to be produced by  As part of a continuing effort to elucidate the structural diversity
abrupt climatic changes resulting in diseases considered to be “hot”,0f the convolvulaceous resin glycosidethis paper describes the

e.g., pain caused by rheumatic conditions and inflammation. isolation of six lipophilic pentasaccharides of jalapinolic acid from
One of the seven morning glory species illustrated in the the flowers ofl. murucoides the new murucoidins+V (1-5),
Badianus Manuscript of 155X iftle Book of Indian Medicinal ~ and the known stoloniferin I6).

Herbg is a small tree-like plant called “xiuhamolli” (Nahuatl

language, “soap plant”) which was prescribed by Aztec healers as

a decoction made in dog or deer urine to combat hair do-se

miniature appears to represent a white-flowered arboresdpent

moea and the Latin legend beneath reads “capillorum profluvium”

(hair loss). This therapeutic description suggests its botanical CHW
identificatiorf-® asl. murucoidesand appears to still be valid today, HO
since the bark of the tree is continued to be boiled in water to CHy 70
prepare a lotion for rubbing onto the he®drhe given name of CH

“amole” in the manuscritprovides additional support for its RZOW RO Omba
identification, and in contemporary rural Mexico and Guatemala, HO

“cazahuate” ashes are employed as a substitute for soap in washing
clothes8? R R

HO

Ipomoea murucoidelkas long been used to treat skin disefses ! Rhamnopyranosy! H
by washing the affected parts with a decoction of flowers, leaves, : 2:3"'"°”yra"°sy: Z;Ze:;‘ylz":sat"w' .
stem, and bark, and the same decoction is drunk to treat scorpion amnopyranosy (25} Methylbutanay! = mba
4 Glucopyranosyl (2S)-Methylbutanoy!

stings. The latex is applied directly to snake bites. Rheumatic
complaints, bruises, and inflammation are treated with plasters or
poultices of only flowers and leaves in a manner similar to that of
“toloache” (Datura stramonium jimsonweed). For abdominal Flowers ofl. murucoideswvere macerated with CHg;land the
extract was fractionated by column chromatography on silica gel.
" This work was taken in part from the Ph.D. thesis of L.’ G The majqr fraction rich in resir_1 glycosides was saponified to Iiberat_e
*To whom correspondence should be addressed. Féi2-55-5622- an organic solvent-soluble acid as well as a water-soluble glycosidic
5288. Fax: +52-55-5622-5329. E-mail: pereda@servidor.unam.mx. acid. GC-MS analysis of the hydrolyzed products recovered from
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the organic-soluble fraction revealed the presence of 2-methylpro- spectra, confirming the branched pentasaccharide core of muru-
panoic (isobutyric) and @-methylbutyric acids, which were  coidins Il (1—3) as that previously describ¥dor simonic acid
identified by comparison of their mass spectra and retention times B (9). For murucoidins 1V 4) and V ), the observed difference
with those of authentic samplés. of 16 mass units in thevz 1167 [M — H]~ and 1083 [M— H —
CsHgO]~ ions with corresponding peaks in compouh(hvz 1151

and 1067) corroborated their glycosidic core as operculinic acid A
(10).26

CHz O
CW RO Omba © ()
mbaO.
OH &y
R
5 Glucopyranosy!
6 Rhamnopyranosyl
The glycosidic acid fraction was methylated and further acety-

lated to give a residue that was separated gxnréversed-phase
HPLC, affording compound§ and 8. The structures of these o

glycosidic acid derivatives were confirmed By and3C NMR
spectroscopy. Compound was identified as the peracetylated
methyl ester derivative of simonic acid B, @3alapinolic acid Ri R
11-O-a-L-rhamnopyranosyl-(+3)-O-[a-L-rhamnopyranosyl-(3-4)]-
O-rhamnopyranosyl-{+4)-O-a-L-rhamnopyranosyl-(3-2)-3-p-fu-
copyranoside ), previously isolated froml. batatag* and I.
stolonifera!® while compound was identified as the corresponding
derivative of operculinic acid A, (19-jalapinolic acid 11©-3-b-
glucopyranosyl-(+3)-O-[a-L-rhamnopyranosyl-(+4)]-O-o.-L-
rhamnopyranosyl-(3-4)-O-o-L-rhamnopyranosyl-(+2)-5-b-fu-
copyranosideX0), previously obtained fronh operculatd® andl.
leptophyllat”

OR;

Substitution patterns on each individual saccharide unit in
murucoidins +V (1-5) were studied byH NMR spectroscopy.
COSY and TOCSY techniqukmade possible the assignment of
chemical shift values for all C-bonded protons in each moiety (Table
1). 13C NMR were assigned by HMQC studigdable 2). HMBC
experimentslocated the ester substituents through links between
a specific carbonyl ester group with their vicinal proton resonance
(3Jch) and the pyranose ring proton at the site of esterificafidu.

The following spectroscopic features were observed: (a) the
OR; carbonyl resonance of the lactone functionalityl 73) was assigned

o by the 2J-coupling with each of the methylene protonsdat2.2
) (1H, ddd) and 2.38 (1H, ddd) on the adjacent C-2 position of

jalapinolic acid in compound$—4; the lactonization site at C-2
(6c 73.9) of the second saccharide (Rha) was established by the
observedJ-coupling between this carbonyl carbon and its down-
field shifted geminal protond 5.9); (b) for compound$ and6,

the lactonization at C-39¢ 78) was corroboratedJ-coupling) by

the significant downfield shif for this geminal protond 5.6) in

contrast to the same resonance in compounel; (c) signals for
a methylbutyroyl group esterifying position C-2 of the third
saccharide unit (Rha dy 5.9-6.3; 0c 72—73) were present in all
OR murucoidins; (d) a second group of signals for one short-chain fatty
acid residue esterifying position C-4 at Ri@c 73—75) was found;
H-2 of these moieties was used as a diagnostic resonance center at
0 2.6 (1H septet) for the isobutyroyl group in murucoidin 2) (
and atd 2.5 (1H, tq) for the methylbutyroyl group in compounds
1 and3-6.

Compoundsl—6 were subjected to a cytotoxicity evaluation
using nasopharyngeal (KB) and laryngeal carcinoma (Hep-2) cells.
indicating a molecular formula of4gHggO,3, in contrast to the ion Compound4 exhibited marginal activity againts Hep-2 cells (&D
detected ain/z 1137 (GsHg4O24) for murucoidin Il @), correspond- 4 ug/mL). Compoundsl—3, 5, and 6 were inactive (El, >20
ing to a difference of gHgO between these compounds. Murucoidin  «g/mL). These cytotoxicity values were similar to those previously
Il (3) showed the [M— H]~ ion at m/z 1151 (GeHoeO24), @ reported for other lipophilic resin glycosidés!® It has been
difference of one methylene group from its homologuéviuru- hypothesized that the cytotoxic properties of this type of compound
coidins IV @) and V () showed the same [M- H]~ ion atm/z could reflect their ability to perturb cell membranes and the function
1167, and therefore these glycolipids could be assigned as diaste-of multidrug efflux pumps?® Probably, the degree and type of
reoisomeric compounds of molecular formulgldssO,s. Common acylation could have an influence on this activity, as observed for
fragment peaks produced by glycosidic cleavage, similar to those the more cytotoxic amphiphilic glycolipids (e.g., the tricolorin
reported for the pescaprein seri@syere observed in all mass  series)2°

CH. Rha"
R0/ 9 o

RO OR,
Ry R

7 CH3 Ac
9 H H

Negative-ion FABMS of compounds-5 gave pseudomolecular
[M — H]~ ions318Murucoidin I (1) afforded a peak atVz 1067,



Resin Glycosides from Ipomoea murucoides

Table 1. '"H NMR Data of Compound4—5 (500 MHz}
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fuc-1

=
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[N
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4.74d (7.5)
4.16 dd (7.5, 9.0)
4.08dd (3.5, 9.5)

5.01 dd (3.0, 9.5)
4.22dd (9.5, 9.5)
4.44dq (9.5, 6.5)
1.58 d (6.5)

6.11d (1.5)

5.97 dd (1.5, 3.0)
4.60 dd (3.0, 9.0)
4.27dd (9.0,9.0)
4.31dq (6.0,9.0)

4.46 dd (4.0, 9.0)
4.30dd (9.0, 9.0)
4.37 dq (6.0, 9.0)

4.73d(7.5)
4.16 dd (7.5, 9.5)
4.07 dd (3.0, 9.0)

5.02 dd (3.5, 9.0)
4.22.dd (9.0, 9.0)
4.42 dq (6.5, 9.0)
1.62 d (6.0)

6.12d (1.5)

5.97 dd (1.5, 3.0)
4.61dd (3.0, 9.0)
4.25dd (9.0, 9.0)
4.38dq (6.0, 9.5)

4.50 dd (2.5, 9.5)
5.81dd (9.5, 9.5)
4.36 dq (6.0, 9.5)

4.70d (7.4)
4.14dd (7.4, 9.5)
4.04dd (3.5,9.5)

4.98dd (3.3, 9.5)
4.18dd (9.5, 9.5)
4.40dq (6.2, 9.5)
1.58d (6.2)
6.08d (1.7)
5.94 dd (1.7, 3.0)
4.58 dd (3.0, 9.0)
4.24.dd (9.0, 9.0)
4.32 dq (6.0, 9.0)

4.45dd (3.0, 9.6)
5.78 dd (9.6, 9.6)
4.35dq (6.0, 9.6)

4.68d (7.5)
4.12dd (7.5, 9.4)
4.00 dd (3.0, 9.4)

4.97 dd (2.5, 9.5)
4.14 dd (9.4, 9.5)
4.45dq (6.0, 9.5)
1.62 d (6.0)
5.82.d (1.0)
6.30 dd (1.0, 3.0)
4.70 dd (3.0, 9.2)
4.27dd (9.2, 9.4)
4.36dq (6.1, 9.4)

4.52dd (3.3,9.2)
5.74 dd (9.3, 9.4)
4.36 dq (6.5, 9.4)

4.82d(7.9)
450dd (7.9, 9.4)
4.19dd (2.9, 9.4)

4.00d (3.5) 3.99.d (3.0) 3.96d (3.5) 3.93d (3.0) 3.90*
3.78dq (0.5, 6.5) 3.77.dq (1.0, 6.5) 3.74dq (0.7, 6.2) 3.72.dq (0.5, 6.3) 3.82.dq (0.5, 6.3)
1.52 d (6.0) 1.51d (6.0) 1.48d (6.2) 1.48 d (6.3) 1.50 d (6.3)

ha-1 5.48d (1.5) 5.48d (1.5) 5.45d (1.6) 5.48 brs 6.34d (1.3)
5.95 dd (1.5, 3.0) 5.95 dd (1.5; 3.5) 5.92 dd (1.6, 3.3) 5.90 dd (1.0, 2.5) 5.22 brs

5.64 dd (2.7, 9.8)
4.66 dd (9.7, 9.7)
4.88 brs
1.60d(6.1)
5.58d (1.3)
6.00 dd (1.6, 3.3)
4.56 dd (3.4, 9.0)
4.23dd (9.2,9.2)
4.32dq (6.2,9.2)

1.63 d (6.0) 1.66 d (6.0) 1.62 d (6.0) 1.64d (6.1) 1.56 d (6.2)
ha'-1 5.92 d (1.0) 5.89 brs 5.86 d (1.0) 6.18d (1.3) 6.16 d (1.7)
4.75dd (1.0, 4.0) 4.72d (2.5) 4.68 dd (1.0, 3.0) 4.92 brs 4.88 brs

4.43dd (3.2, 9.5)
5.72.dd (9.3, 9.3)
4.32dq (6.6, 9.0)

1.66 d (6.0) 1.39d (6.0) 1.37.d (6.0) 1.40d (6.5) 1.38d (6.3)
ha''-1 5.66 d (1.5) 5.64d (1.5) 5.60 d (1.5)
4.89dd (1.5, 2.5) 4.84 brs 4.80dd (1.5, 2.5)
4.42 dd (2.5, 9.0) 4.41dd (2.5, 8.5) 4.38dd (3.0, 8.9)
4.26 dd (9.0, 9.0) 4.27 dd (8.5, 9.0) 4.21dd (8.9, 9.4)
4.31dq (6.0, 9.0) 4.24dq (6.0, 9.0) 4.19dq (6.0, 9.4)
1.56 d (6.0) 1.56 d (6.0) 1.53d (6.0)
lc-1 5.02d (7.7) 5.05d (7.6)
3.90dd (8.0, 8.8) 3.90*
4.00* 4.12 dd (8.8, 8.9)
4.00* 4.14 dd (8.8,9.1)
3.73ddd (2.4, 5.8, 8.4) 3.84 ddd (3.4, 6.0,
9.0)
6 4.02dd (5.9, 12.0) 4.31dd (6.1, 12.3)
4.35dd (2.4, 12.0) 4.44 dd (3.0, 12.0)
jla-2 2.22 ddd (4.0, 8.0, 13.5) 2.23ddd (4.0, 8.5, 12.5) 2.21ddd (3.9, 8.2, 14.2) 2.25 ddd (3.8, 7.9, 14.6) 2.23ddd (2.8, 7.2,
14.6)
2.38 ddd (4.0, 8.5, 13.5) 2.37 ddd (4.0, 8.5, 12.5) 2.37.ddd (3.9, 8.7, 14.2) 2.42 dd (3.9, 14.6) 2.55dd (3.2, 14.6)
11 3.86m 3.85m 3.83m 3.81m 3.88m
16 0.881t(7.0) 0.881t(7.0) 0.85t(7.0) 0.85t(7.0) 0.90t(7.4)
Mba-2 2.351q (7.0, 7.0) 2.351q (7.0, 7.0) 2.321q (7.1, 7.0) 2.391q (6.9, 7.0) 2.441q (6.9, 7.0)
2-Me 1.06 d (7.0) 1.07d (7.0) 1.04d (7.0) 1.01d (7.0) 1.10d (6.9)
3-Me 0.84 1t (7.5) 0.85t(7.0) 0.821t(7.4) 0.77t(7.4) 0.83t(7.4)
Mba'-2 2.471tq (7.0, 7.0) 2.50tq (6.9, 7.0) 2.481tq (6.9, 7.0)
2-Me 1.18d (7.0) 1.19d (7.0) 1.18d (7.0)
3-Me 0.91t(7.4) 0.92t(7.4) 0.921t(7.4)
iba-2 2.63 sept (7.0)
3 1.19d (7.0)
3 1.17.d (7.0)

a Data recorded in §DsN. Chemical shifts ) are in ppm relative to TMS. The spin coupling) {s given in parentheses (Hz). Chemical shifts
marked with an asterisk (*) indicate overlapped signals. Spin-coupled patterns are designated as folfosiaglst, brs= broad singlet, d=
doublet, t= triplet, m= multiplet, q= quartet, sept= septet. All assignments are basedidr-H COSY and TOCSY experiment3Abbreviations:

fuc = fucose; rha= rhamnose; gle= glucose; jla= 11-hydroxyhexadecanoyl; mba 2-methylbutanoyl; iba= 2-methylpropanoyl.

Experimental Section (59 g). The crude mixture of resin glycosides was obtained after

fractionation of this extract by open column chromatography over silica

determined on a Fisher-Johns apparatus and are uncorrected. Opticaj€! €luted Wit?] a gradient”of MSOHJn CHpb!A tgtal of 220 fractiolns |
rotations were measured with a Perkin-Elmer model 241 polarimeter. 250 mL each) were collected and combined to give several pools

: ini i f resin glycosides. Fractions 4220 (21 g),
1H (500 MHz) and*C (125.7 MHz) NMR experiments were conducted containing mixtures o .
on a Bruker AMX-500 instrument. The NMR techniques were eluted with CHC}—MeOH (9:1), were subjected to reversed-phage C

performed according to previously described methodolégyegative- column chromatography (330 g), using MeOH (900 mL) as solvent, to

ion LRFABMS and HRFABMS were recorded using a matrix of e"rg'nattetpl'grpgrgid °'t'.y res";‘(‘)esf he pr:ocess Wasnm‘t’”(';f’;ﬁd by TLC,
triethanolamine on a JEOL SX102A spectrometer. and a totaf o ractions (30 mL each) were collected; these were

Plant Material. Flowers oflpomoea murucoidesere collected at combined (subfractions 1%®5), yielding a mixture of lipophilic

the campus of the Universidad Automa del Estado de Morelos, pentasaccharides (20 g).

Cuernavaca, Morelos, Mexico, in November 1996. The voucher Recycling HPLC Separation.The instrumentation used for prepara-

specimens were identified by the botanist Gustavo Soria Rocha andtive HPLC analysis was previously reportédA preliminary separa-

deposited at the HUMO herbarium collection (voucher no. 1520).  tion of the crude fraction was performed on a Symmetry €l-
Extraction and Isolation. The whole plant material (425 g) was umn (Waters; 7«um, 19 x 300 mm). The elution was isocratic with

powdered and extracted exhaustively by maceration at room temperatureCH;CN—MeOH (9:1) using a flow rate of 9 mL/min. Subfractions

with CHCI; to afford, after removal of the solvent, a dark brown syrup I1=VII across the peaks witks values of 7.2 min (peak 1), 12.9 min

General Experimental Procedures. All melting points were



598 Journal of Natural Products, 2006, Vol. 69, No. 4

Table 2. 13C NMR Data of Compound4—5 (125 MHz)}

carbor® 1 2 3 4 5
fuc-1 104.3 104.3 104.2 104.3 101.5
2 80.2 80.3 80.2 80.0 73.6
3 73.3 73.3 73.4 73.4 76.6
4 72.9 73.1 73.3 72.9 73.6
5 70.8 70.8 70.8 70.8 71.3
6 17.4 17.4 17.3 17.3 17.2
rha-1 98.8 98.8 98.7 98.5 100.1
2 73.9 73.9 73.9 73.6 70.0
3 69.9 69.9 69.9 69.4 78.3
4 79.9 79.9 79.9 81.4 75.7
5 68.6 68.6 68.6 68.9 68.0
6 19.4 19.5 19.4 19.1 19.2
rha-1 99.2 99.2 99.2 100.0 99.1
2 73.1 73.1 72.9 73.0 72.2
3 79.6 79.6 79.5 80.2 80.2
4 79.9 80.1 80.1 78.9 78.8
5 68.5 68.2 68.2 68.2 68.1
6 18.7 18.8 18.8 18.9 18.7
rhd'-1 103.9 103.8 103.8 103.3 103.4
2 72.8 72.7 72.7 725 72.4
3 72.7 70.2 70.2 70.3 70.2
4 73.9 74.9 74.7 75.2 75.2
5 70.8 68.5 68.5 68.4 68.1
6 18.3 17.8 17.8 18.0 18.0
rhd"-1 104.9 104.9 104.8

2 72.5 72.5 72.5

3 72.6 72.6 72.6

4 73.5 73.5 73.4

5 68.7 70.5 70.5

6 18.5 18.5 18.5

glc-1 105.5 105.1
2 75.2 75.2
3 78.5 78.1
4 715 70.8
5 78.0 77.8
6 62.9 62.6
jla-1 173.1 173.7 173.1 173.1 174.4
2 34.2 34.3 34.3 34.2 34.3
11 82.3 82.3 82.3 82.3 79.5
16 14.3 14.3 14.3 14.3 145
mba-1 175.5 175.5 175.5 176.3 176.1
2 41.5 41.5 41.4 41.2 41.3
2-Me 16.8 16.8 16.8 16.6 16.8
3-Me 11.8 11.8 11.7 11.4 11.6
mbd-1 176.3 176.3 176.3
2 41.5 41.5 41.5
2-Me 16.9 17.0 17.0
3-Me 11.7 11.8 11.7
iba-1 176.7

2 34.5

3 19.3

3 19.1

aData recorded in §DsN. Chemical shifts §) are in ppm relative
to TMS. All assignments are based on HMQC and HMBC experiments.
b Abbreviations: fuc= fucose; rha= rhamnose; gle= glucose; jla=
11-hydroxyhexadecanoyl; miza 2-methylbutanoyl; iba= 2-methyl-
propanoyl.

(peak I1), 21.7 min (peak Ill), 24.4 min (peak V), and 30.1 min (peak
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H — CsHsO], 837, 545, 417, 271; HRFABM8vz 1137.6058 [M—
H]~ (calcd for GsHge3024 requires 1137.6056).

Murucoidin Il (3): amorphous white powder; mp 15053 °C;
[o]p —42 (€ 0.2, MeOH);*H and*3C NMR, see Tables 1 and 2; negative
FABMS mz 1151 [M — H]~, 1067 [M — H — CsHgO]", 837, 545,
417, 271; HRFABMS1/z 1151.6214 [M— H]~ (calcd for GeHgsO24
requires 1151.6213).

Murucoidin IV (4): amorphous white powder; mp 15159 °C;
[a]lo —29 ( 0.15, MeOH);H and *C NMR, see Tables 1 and 2;
negative FABMSnvz 1167 [M — H]~, 1083 [M — H — CsHsO],
1065 [M — H — CsHgO — H20]~, 937 [1083— CeH1004] 7, 545, 417,
271; HRFABMSm/z 1167.6167 [M— H]~ (calcd for GgHgsO25 requires
1167.6162).

Murucoidin V (5): amorphous white powder; mp 14850°C; [a]o
—29 (¢ 0.14, MeOH);*H and*3C NMR, see Tables 1 and 2; negative
FABMS m/z 1167 [M — H]~, 1083 [M — H — CsHgO]~, 1065 [M —

H — CsHgO — H,0]~, 937 [1083 — CeH1004]~, 545, 417, 271;
HRFABMS m/z 1167.6162 [M— H]~ (calcd for GgHgsOzs requires
1167.6162).

Stoloniferin | (6): amorphous white powder; mp 15860°C; [a]p
—78 (c 0.13, MeOH); HRFABMSm/z 1151.6215 [M— H]~ (calcd
for CsgHgsO24 requires 1151.6213); identified by comparison of NMR
data with published valués.

Alkaline Hydrolysis of the Resin Glycoside Fraction.A solution
of the resin glycoside fraction (400 mg) in 5% KGO (8 mL)
was refluxed at 95C for 2 h. The reaction mixture was acidified to
pH 4.0 and extracted with B (30 mL). The organic layer was washed
with H2O, dried over anhydrous N&Q,, and evaporated under reduced
pressure. The residue was directly analyzed by GCHSHP-5MS
(5%-phenyl)-methylpolysiloxane column (30 m 0.31 mm, film
thickness 2um); He, 2 mL/min; 50°C isothermal for 3 min, linear
gradient to 300C at 20°C/min; with two peaks detected. These were
2-methylpropanoic acidt{ 4.0 min): m/z [M]*+ 88 (10), 73 (27), 60
(3), 55 (5), 45 (7), 43 (100), 41 (40), 39 (10), 29 (6), 27 (24); and
2-methylbutyric acidtg 8.0 min): m/z[M]* 102 (3), 87 (33), 74 (100),
57 (50), 41 (28), 39 (8). Previously reported procedttrere used
for the preparation and identification of 4-bromophenacy$){2-
methylbutyrate from the resin glycoside fraction: mp4R °C; [a]o
+18.2 € 1.0, MeOH).

The aqueous phase was extracted witBuOH (30 mL) and
concentrated to give a colorless solid (320 mg). The residue (100 mg)
was methylated with CHN, and further acetylated (A©—CsHsN, 2:1)
to give a residue (120 mg) that was subjected to preparative HPLC on
a reversed-phase;£column (7um, 19 x 300 mm). The elution was
isocratic with CHCN—MeOH (95:5) using a flow rate of 9 mL/min.
Eluates across the peaks withvalues of 11.6 min (peak I) and 12.1
min (peak IlI) were again collected by heart cutting. Peaks | (15 mg)
and Il (10 mg) were independently reinjected in the apparatus operated
in the recycle mode to achieve total homogeneity after 10 to 20
consecutive cycles employing the same isocratic elufieinand 13C
NMR data for the isolated products allowed their identification as
peracetylated derivatives of simonic acid B methyl est@r gnd
operculinic acid A methyl este).

Compound 7: mp 81-85 °C; [a]p —37 (¢ 0.15, MeOH);*H NMR
(CsDsN, 500 MHz) ¢ 1.21 (3H, d,J = 6.3 Hz, Fuc-6), 4.00 (2H, m,
Fuc-5), 4.33 (1H, ddJ = 7.8, 10.0 Hz, Fuc-2), 4.96 (1H, d,= 7.7
Hz, Fuc-1), 5.475.51 (4H, m, Fuc-3), 5.535.57 (3H, m, Fuc-4), 1.32
(3H, d,J = 6.2 Hz, Rha-6), 4.244.29 (4H, m, Rha-4), 5.475.51
(4H, m, Rha-5), 5.475.51 (4H, m, Rha-3), 5.535.57 (3H, m,

V) were collected by the technique of heart cutting and independently Rha-2), 5.65 (1H, brs, Rha-1), 1.42 (3H, 3= 6.2 Hz, Rh&6),

reinjected in the apparatus operating in the recycle fddeachieve

4.24-4.29 (4H, m, Rhad), 5.53-5.57 (3H, m, Rha5), 5.55 (1H, brs,

total homogeneity after 20 consecutive cycles employing the same Rhd-1), 5.67 (1H, ddJ = 3.2, 10.2 Hz, Rha2), 5.7+-5.73 (2H, dd,

isocratic elution. These techniques afforded pure compdufadmg)
from peak 11;2 (4 mg) from peak I11;3 (13 mg) from peak IV; andi
(40 mg) from peak V. An isocratic elution with GBN—H.O (7:3)
was used for the resolution of peak | to afford pure compoun(is
26.9 min; 10 mg) and (tr 17.5 min; 6 mg).

Murucoidin | (1): amorphous white powder; mp 15456°C; [o]o
—46 (¢ 0.12, MeOH);'H and*3C NMR, see Tables 1 and 2; negative
FABMS m/z 1067 [M — H]~, 983 [M — H — CsHgO], 921 [M — H
— CgH1004]™, 837 [921— CsHgO], 545, 417, 271; HRFABMSnz
1067.5645 [M— H]~ (calcd for GiHg7O»3 requires 1067.5638).

Murucoidin Il (2): amorphous white powder; mp 15857°C; [a]o
—55 (€ 0.1, MeOH);*H and*3C NMR, see Tables 1 and 2; negative
FABMS m/z 1137 [M — H]~, 1065 [M — H — C4H¢O]~, 1053 [M —

J=3.0, 9.5 Hz, Rha3), 1.66 (3H, d,J = 6.2 Hz, Rh&-6), 4.20 (1H,
dd,J = 9.1, 9.7 Hz, Rh44), 4.90 (1H, brs, RHa5), 5.41 (1H, brs,
Rhd'-1), 5.60 (1H, ddJ = 1.7, 3.0 Hz, Rh&2), 5.74-5.73 (2H, dd,
J=3.0, 9.5 Hz, Rh43), 1.58 (3H, dJ = 5.8 Hz, Rh4'-6), 4.24-
4.29 (4H, m, Rh&-4), 4.24-4.29 (4H, m, Rh4-5), 4.46 (1H, dd,)

= 8.6, 3.0 Hz, Rh4-3), 5.35 (1H, brs, RH4-1), 5.47-5.51(4H, m,
Rhd"-2), 0.89 (3H, t,J = 6.7 Hz, Jla-16), 2.35 (2H, t] = 7.5 Hz,
CH,CO3), 3.60 (3H, s, OCH), 4.00 (2H, m, Jla-11:3C NMR (CsDsN,
125 MHz) 6 15.9 (CH;, Fuc-6), 67.8 (CH, Fuc-5), 71.4 (CH, Fuc-4),
73.0 (CH, Fuc-2), 74.5 (CH, Fuc-3), 99.7 (CH, Fuc-1), 17.1 {CH
Rha-6), 67.6 (CH, Rha-5), 71.4 (CH, Rha-3), 72.3 (CH, Rha-2), 78.6
(CH, Rha-4), 99.1 (CH, Rha-1), 17.2 (GHRhd-6), 67.6 (CH,
Rhd-5), 70.5 (CH, Rha2), 71.0 (CH, Rha3), 80.1 (CH, Rhad), 97.4
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(CH, Rha&-1), 18.1 (CH, Rhd'-6), 67.1 (CH, Rh&5), 71.0 (CH,
Rhd'-2), 78.6(CH, Rh&-4), 71.0 (CH, Rh&-3), 99.1 (CH, Rh&1),
18.3 (CH, Rhd"-6), 67.6 (CH, Rh&-5), 72.3 (CH, Rh&-2),
78.6 (CH, Rh&'-3), 78.6 (CH, Rh&-4), 99.7 (CH, Rh&-1), 13.9
(CHs, Jla-16), 33.9 (CHCO,), 50.8 (OCH), 78.0 (CH, Jla-11), 173.6
(C, Jla-1).

Compound 8: mp 79-83°C; [a]p —31 (c 0.14, MeOH);*H NMR
(CsDsN, 500 MHz) 6 1.22 (3H, d,J = 6.4 Hz, Fuc-6), 4.0%4.06
(3H, m, Fuc-5), 4.264.26 (3H, m, Fuc-2), 4.97 (1H, d,= 7.7 Hz,
Fuc-1), 5.49-5.52 (4H, m, Fuc-3), 5.555.58 (3H, m, Fuc-4), 1.67
(3H, d,J = 6.1 Hz, Rha-6), 4.17 (1H, dd) = 9.7, 9.7 Hz, Rha-4),
4.85 (1H, brs, Rha-5), 5.48 (1H, brs, Rha-1), 5558 (3H, m,
Rha-2), 5.7+5.75 (3H, m, Rha-3), 1.56 (3H, d,= 5.5 Hz, Rh&6),
4.20-4.26 (3H, m, Rhab), 4.55 (1H, ddJ = 3.5, 7.9 Hz, Rha3),
5.33 (1H, brs, Rhal), 5.49-5.52 (4H, m, Rha4), 5.49-5.52 (4H,

m, Rha-2), 1.30 (3H, d,J = 6.2 Hz, Rh&-6), 4.20-4.26 (3H, m,
Rhd'-5), 5.55-5.58 (3H, m, Rh&-4), 5.65 (1H, ddJ = 3.4, 10.3 Hz,
Rhd'-3), 5.68 (1H, brs, RH&l), 5.71-5.75 (3H, m, Rh&-2), 4.01-
4.06 (3H, m, Glc-5), 4.50 (1H, dl = 12.2 Hz, Glc-6a), 4.78 (1H, dd,
J=3.1, 12.3 Hz, Glc-6b), 5.20 (1H, d,= 7.8 Hz, Glc-1), 5.35 (1H,
d,J = 7.9 Hz, Glc-2), 5.49-5.52 (4H, m, Glc-4), 5.745.75 (3H, m,
Glc-3), 0.88 (3H, t,J = 6.4 Hz, Jla-16), 2.36 (2H, t) = 7.5 Hz,
CH,CO,), 3.60 (3H, s, OCH), 4.01-4.06 (3H, m, Jla-11)}*C NMR
(CsDsN, 125 MHz) 6 16.8 (CH;, Fuc-6), 68.2 (CH, Fuc-3), 67.9 (CH,
Fuc-5), 74.3 (CH, Fuc-4), 77.1 (CH, Fuc-2), 99.8 (CH, Fuc-1), 18.2
(CHs, Rha-6), 67.3 (CH, Rha-5), 69.9 (CH, Rha-2), 72.4 (CH, Rha-3),
81.2 (CH, Rha-4), 97.8 (CH, Rha-1), 18.5 (¢HRhd-6), 72.0 (CH,
Rhd-2), 72.0 (CH, Rha4), 77.0 (CH, Rha3), 81.2 (CH, Rha5), 100.0
(CH, Rh&-1), 17.5 (CH, Rhd'-6), 67.3 (CH, Rh&-5), 69.0 (CH,
Rha'-3), 70.9 (CH, Rh#-4), 72.6 (CH, Rh4-2), 97.7 (CH, Rh-1),
61.3 (CH, Glc-6), 67.9 (CH, Glc-5), 68.3 (CH, Glc-4), 72.0 (CH,
Glc-2), 74.3 (CH, Glc-3), 99.9 (CH, Glc-1), 14.0 (gHlla-16), 34.0
(CH,CGO;), 50.8 (OCH), 77.9 (CH, Jla-11), 173.5 (C, Jla-1).

Cytotoxicity Assay.Nasopharyngeal (KB) and laryngeal carcinoma
(Hep-2) cell lines were maintained in RMPI 1640 ()0medium
supplemented with 10% fetal bovine serum. Cell lines were cultured
at 37°C in an atmosphere of 5% GQOn air (100% humidity). The
cells at log phase of their growth cycle were treated in triplicate with
various concentrations of the test samples (646 xg/mL) and
incubated for 72 h at 37C in a humidified atmosphere of 5% GO
The cell concentration was determined by the NCI sulforhodamine
method?? Results were expressed as the dose that inhibits 50% control
growth after the incubation period (E§). The values were estimated
from a semilog plot of the drug concentrationg(mL) against the
percentage of viable cells. Vinblastine was included as a positive drug
control: EDy («g/mL) 0.05 (KB); 0.001 (Hep-2).

Acknowledgment. This research was patrtially supported by Consejo
Nacional de Ciencia y Tecnolami(45861-Q). L.C. is grateful to
Secretda de Relaciones Exteriores d€ ¥ieo and Direccio General
de Estudios de Posgrado (UNAM) for graduate student scholarships.
Thanks are due to G. Duarte, M. Guzmand M. Gutierrez (USAI,
Facultad de Qumica) for the recording of mass spectra and optical
rotations. We thank Dr. M. Fragoso-Serrano (Facultad dem@a)
for performing the cytotoxicity evaluations.

References and Notes

(1) Pereda-Miranda, R.; Bah, Murr. Top. Med Chem 2003 3, 111-
131.

(2) Furst, P. T. IrEthnobotany. Eolution of a Discipline Schultes, R.
E., von Reis, S., Eds.; Dioscorides Press: Portland, 1995; pp 108
130.

Journal of Natural Products, 2006, Vol. 69, 8894

(3) Furst, P. T. InMesoamerican Archaeology. New Approaches
Hammond, N., Ed.; University of Texas: Austin, 1974; pp 187
215.

(4) Schultes, R. E.; Hofmann, ARlants of the Gods. Their Sacred,
Healing and Hallucinogenic Powerklealing Arts Press: Rochester,
NY, 1992; pp 158-163.

(5) Austin, D. F.; Hianan, Z.Taxon1996 45, 3—38.

(6) Argueta Villamar, A.; Cano Asseleih, L. M.; Rodarte, M. Alas

de las Plantas de la Medicina Tradicional Mexicankustituto

Nacional Indigenista: Mexico City, 1994; Vol. 1, p 351.

Indian and mestizo populations in Latin America traditionally

classified foods, illnesses, medicine, and people as “hot” or “cold”.

Healthy humans achieve an equilibrium with the universe as an

ordered system of opposites such as life and death, sickness and

health, sanity and insanity. A hetold imbalance must be re-
dressed by the ingestion of contrary elements. The survival in
contemporary traditional Mexican medicine of the belief that all

herbal remedies have hot and cold attributes probably represents a

syncretism of indigeneous views modified by the Humoral Theory.

For the hot-cold dichotomy, see: (a) lpez Austin, A.The Human

Body and Ideology. Concepts of the Ancient Nahuasversity of

Utah Press: Salt Lake City, 1988; pp 27282. (b) Ortiz de

Montellano, B. R.Aztec Medicine, Health, and NutritipiRutgers

University Press: New Brunswick, NJ, 1990; pp 22385. (c) Foster,

G. M. Hippocrates’ Latin American Legacydumoral Medicine in

the New Worlgd Gordon and Breach; Langhorne; 1994; pp 465

195.

Emmart, E. W.The Badianus Manuscript (Codex Barberini, Latin

241). An Aztec Herbal of 155Zhe Johns Hopkins Press: Baltimore,

1940; p 215.

(9) Miranda, F.; Valds, J. InLibellus de Medicinalibus Indorum Herbhis

Instituto Mexicano del Seguro Social: Mexico City, 1964; pp 243
282.

(10) Monroy-Orte, C.; Castillo-Espam, P.Plantas Medicinales Utilizadas
en el Estado de MorelpdUniversidad Autooma del Estado de
Morelos: Morelos, Mexico, 2000; pp 164.05.

(11) Martnez, M.Las Plantas Medicinales de Mieo; Ediciones Botas:
Mexico City, 1989; pp 235238.

(12) Lem, I.; Enfguez, R. G.; Nieto, D. A.; Alonso, D.; Reynolds, W.
F.; Aranda, E.; Villa JJ. Nat. Prod.2005 68, 1141-1146.

(13) Pereda-Miranda, R.; EscalanteaBlaez, E.; Escobedo-Mangz, C.

J. Nat. Prod.2005 68, 226—230.

(14) Noda, N.; Yoda, S.; Kawasaki, T.; Miyahara,®hem Pharm Bull.
1992 40, 3163-3168.

(15) Noda, N.; Takahashi, N.; Kawasaki, T.; Miyahara, K.; Yang, C.-R.
Phytochemistryl994 36, 365-371.

(16) Ono, M.; Kawasaki, T.; Miyahara, KChem Pharm Bull. 1989 37,
3209-3213.

(17) Barnes, C. C.; Smalley, M. K.; Manfredi, K. P.; Kindscher, K.;
Loring, H.; Sheeley, D. MJ. Nat. Prod.2003 66, 1457-1462.

(18) (a) Bah, M.; Pereda-Miranda, Retrahedron1996 52, 13063~
13080. (b) Bah, M.; Pereda-Miranda, Retrahedron1997, 53,
9007-9022.

(19) Rencurosi, A.; Mitchell, E. P.; Cioci, G.; Rz, S.; Pereda-Miranda,
R.; Imberty, A.Angew Chem., Int. Ed2004 43, 5918-5922.

(20) Pereda-Miranda, R.; Mata, R.; Anaya, A. L.; Wickramaratne, D.
B.; Pezzuto, J. M.; Kinghorn, A. DJ. Nat Prod. 1993 56, 571—
582.

(21) Pereda-Miranda, R.; Hemaez-Carlos, BTetrahedron2002 58,
3145-3154.

(22) (a) Skehan, P.; Storeng, R.; Scudiero, D.; Monks, A.; McMahon, J.;
Vistica, D.; Warren, J. T.; Bokesch, H.; Kenney, S.; Boyd, MJR.
Natl. Cancer Inst 1990 82, 1107-1112. (b) Angerhofer, C. K.;
Guinaudeau, H.; Wongpanich, V.; Pezzuto, J. M.; Cordell].Glat
Prod. 1999 62, 59—-66.

@)

®)

NP0504457



