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Purification of a CHCGJ-soluble extract from seeds of the Mexican medicinal arborescent morning ¢parpoea
intrapilosa, by means of preparative-scale recycling HPLC, yielded seven new resin glycosides, intrapitogihs |
(1—7). Their structures were established through the interpretation of their NMR spectroscopic and FABMS data. All
pentasaccharides were found to be macrolactones of the known operculinic acid A with different fatty acids esterifying
the same positions: C-2 on the second rhamnose unit and C-3 and C-4 on the third rhamnose moiety. The lactonization
site of the aglycon could be placed at C-2 of the second saccharide. The fatty acid compoderitsveire identified

as (+)-(29-methylbutanoic, octanoic (caprylic), dodecanoic (lauric), rads-cinnamic. The less common-§-(2R)-
methylbutanoic acid was also isolated as one of the saponification-liberated residues from intrapilogjn Thie(
presence of the @®- and (Z)-methylbutanoyl enantiomers bonded to the same oligosaccharide core in intrapilosins IV
(4) and V () represents an example of diastereoisomerism due to a chiral esterifying moiety in the resin glycoside
mixtures of a morning glory species.

The Mexican medicinal plant complerf arborescent morning rhamnopyranosyl-(3-2)-3-b-fucopyranoside, previously obtained
glories, called vernacularly “cazahuate composed of six related  from I. operculatal® . leptophylig!* andl. murucoides Evidence
tree-like Ipomoeaspecies: I. arborescens(Kunth) G. Don? I. for the absolute stereochemistry of the sugars as well as the
bracteataCav., . intrapilosaRose . murucoidesRoem. & Schult, configuration of the anomeric linkages was published when this
I. paucifloraMartens & Galeotti, andl wolcottianaRose, and has  oligosaccharide core was first elucidatédPLC analysis of the
been used since prehispanic tithtstreat skin conditions such as  acid hydrolysis-liberated monosaccharides led to the identification
itching and rashe&® 1. intrapilosais endemic to the “Sierra Madre  of rhamnose, fucose, and glucose by coelution experiments with
Occidental” (Western Sierra Madre) from Southern Sinaloa to retention time identification using standard samples. Optical activity
Jaliscd and grows also in the central volcanic region that includes measurements of the isolated HPLC eluates confirmed that the three
the states of Michodceand Morelos. Indeed, in some localities in  monosaccharides were in their naturally occurring form, i.e., the
the State of Morelos, two “cazahuate” speciksr(urucoidesand L-series for rhamnose and tbeseries for fucose and glucose. The
I. intrapilosa) are the dominant plants in the vegetation of the liberated fatty acids were identified by GC-MS as 2-methylbutanoic
seasonal dry tropical rain forest. In these regions, an infusion of (mba), n-octanoic,n-dodecanoic, anttans-cinnamic (CA) acids.
the flowers is used topically to treat rheumatism and ear pain, and Individual constituents of the remaining portion of these resin
the bark is chewed for toothache as well as burned to repel insects glycoside fractions were separated and purified by the recycling
A bark infusion complemented with the wood, leaves, flowers, and HPLC technique, using a preparative reversed-phase column. These
seeds of the same plant is also used as an antidote for scorpiorprocedures led to the isolation and structural characterization of
and snake bites® seven compounds, for which the names intrapilosingll (1—7)

This paper presents the results of a study based on the chemicafre proposed.
analysis of the resin glycoside mixture obtained friomtrapilosa
seeds from which seven new acylated pentasaccharides of jalapi-
nolic acid were isolated and their structures characterized as a step

toward understanding the chemical diversity this inadequately Rha
studied group of bioactive principles that represent a potential new Rha ot
treatment for multidrug-resistant bacterial strdins.
Rha" cg@%
Results and Discussion ng d ore
A small portion of the combined two most abundant resin RO 4 © on
glycoside fractions, obtained from the fractionation of the CHCI HOCH; Gle
soluble extract, was submitted to saponification and yielded a water- LoH
soluble glycosidic acid and an organic solvent-soluble acidic R R R
fraction. The glycosidic acid was identified as operculinic acid A, 4 (+)_(2§)_methy|butanoy| = (+)-mba ciﬁnamow = CA(f).mba
(119)-jalapinolic acid 11©-3-b-glucopyranosyl-(3-3)-O-[a-L- 2 n-octanoyl = octa CA (+)-mba
3 octa CA octa
rhamnopyranosyl-(1-4)]-O-a-L-rhamnopyranosyl-(14)-O-a-L- 4 (-)-(2R)-mba CA n-dodecanoy! = dodeca
5 (+)-mba CA dodeca
6 CA (+)-mba dodeca
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5288. Fax: +52-55-5622-5329. E-mail: pereda@servidor.unam.mx.
T Universidad Autmoma de Quétaro. . T .
* Universidad Nacional Atitooma de Maico. Although the |nt_er_glyc93|d|c linkages have_ been_ established
8 Universidad Autmoma del Estado de Morelos. already for operculinic acid A% one- and two-dimensionadH—
U University of Louisville. IH and H-13C NMR spectra were obtained herein for all
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intrapilosins (—7).813 Common features in bothd and3C NMR [M — CgH;O — CgH140]~ confirmed the presence of a second
spectra of the seven compounds are noted in Tables 1 and 2. Alloctanoyl! group at rHa(H-4, 6 6.13).

IH NMR spectra showed significantly downfield shifted signals In compoundsA—6, the same molecular ion peak mfz 1395

for H-2 of the second rhamnose unit (thas well as for H-3 and [M — H]~ indicated the molecular formula;@1,150,6. The ion at

H-4 of the third rhamnose unit (rHa suggesting esterification at  m/z 1213 [M — H — 182 (G2H2,0)]~ showed that a dodecanoyl
these positions. The multiplets (sometimes splitting as a ddd) group is present as one of the three esterifying residues. The
centered at) 2.47 and 2.26 showed cross-peaks in their COSY observed peak atvz 1035 [M — H — CoH;,O — CsHsO —

and TOCSY spectra, revealing the macrocyclic lactone-type CsH1004]~ was used to place this residue at'rBa2 in all three
structure of compounds—7 because these signals correspond to substances. For compour@] the placement of the remaining
the nonequivalent diastereotopic protons of the methylene C-2 of residues was deduced by the observed HMBC correlations between
the aglycon (1&hydroxyhexadecanoic acid, jal) when forming a mba C-1 ¢ 175.9) and rhaH-3 (6 6.03) and between CA C-1(

ring 813 The lactonization could be placed at C-2 of the second 166.4) and rhaH-4 (6 6.09) (Tables 1 and 2). Compoundlsind
saccharide (rha) by the obsen&torrelations (HMBCY In their 5 displayed similar FABMS and NMR spectra. HMBC studies were
13C NMR spectra (Table 2), 2-methylbutanoic acid residues were used to locate mba artchns-cinnamic acids on the same positions
confirmed in1, 2, and4—6, due to the observed signals for C-2 at at rhd’ C-3 and C-4, respectively. The difference between these
0 41-42 and the corresponding carbonyls nédr76. Distinctive two isomers resides in their specific optical rotations and melting
trans-olefinic (6 6.61 and 7.86) = 16.0 Hz) and aromatic protons  points. Therefore, the cause for this diastereoisomerism must be
(0 7.34 and 7.46) confirmed the presence dfrans-cinnamoy! the absolute configuration of the mba groupdimnd5 since this
group (Table 1). The anomeric configuration in each sugar unit residue represents the only chiral ester moiety on the oligosaccharide
was deduced from a 2BJcy NMR experimenf The anomeric core.

signals in the"*C NMR spectra of all intrapilosinsl(7) showed Alkaline hydrolysis of4 and5, followed by esterification with
Ly values for fucose (160 Hz) and glucose (164 Hz), supporting benzyl alcohol of the CHGisoluble acids recovered from this
their S-anomeric configuration in théC, conformation. The proceduré* together with determination through optical activity of
a-configuration was deduced for therhamnopyranosy! unitcy the benzyl 2-methylbutanoates isolated by HPLC, revealed a
= 171 Hz). The exact location of the acyl groups on the levorotatory property for the residue presentdiand a dextroro-
oligosaccharide core was then determined by the meadided  tation for that present i5. The latter value was correlated with
correlations in the HMBC spectfd3 For example, the following ~ (S)-(+)-benzyl 2-methylbutanoatea]p +10 (¢ 1.8, CHCE),**
interactions were noted for the lowest molecular weight isolated Prepared from a commercial sample. Therefore, intrapilosif)V (
compound, intrapilosin 11, 'z 1297 [M— H]"): correlations for ~ contains R)-(—)-2-methylbutanoic acid as the chiral esterifying
the carbonyl carbon at 166.4 with H-2 ¢ 6.61) and H-3§ 7.86) moiety. The rest of the isolated intrapilosins yielded)-(+)-2-

of the trans-cinnamoy! group, as well as with rhadi-3 (0 6.01); methylbutanoic acid. _ o _

C-1 (6 176.2) of the mba residue with mba H-2 2.41) and rha '_I'he pl_Jrlflcatlon of the fraction containing the major qompound
H-2 (0 6.34); C-1 ¢ 175.9) of the second mba (mpavith mbd 5 (in a yield of 85% for the peak area) through recycling HPLC
H-2 (6 2.49) and rh4 H-4 (5 6.10); C-1 ¢ 173.1) of the aglycon permitted the isolation o# (15%). This enantiomeric distribution
with jal H-2 (0 2.44 and 2.27) and rha H-2 (5.93). The same  for both the R and 25 mba enantiomers in intrapilosins VA

experiments were used to locate trns-cinnamoyl group on ria and V ) is similar to that previogsly reporlted in some fruits and
C-3 in the rest of the intrapilosins, with the exception of com- ©Other foodstuffs, where the major enantiomer representsSthe
pound6, where this residue was found on th@-4 because of the configurationt®> A similar diasteroisomerism has been described

cross-peak observed between signals) .09 (rhd H-4) and in the convollvulaceous rgsin glycosides for the orizapin series,
166.4 (CA C-1). The nature of the other acid residues was diffi- Where the mixtures contained th& 23R and 25 3S enantiomers
cult to determine by NMR spectroscopy. However, negative Of 3-hydroxy-2-methylbutanoic acid.

FABMS solved this problem. All compounds displayed the same
glycosidic cleavage as previously described for the pescaprein
series2 Common fragment peaks were observed in all mass General Experimental ProceduresMelting points were determined
spectra, confirming the branched pentasaccharide core, and thePn a Fisher-Johns apparatus and are uncorrected. Optical rotations were

resulting diagnostic peaks indicated the position for the esterifying Teasured with a Perkin-Elmer 241 polarimetét. (500 MHz) and
moietie<t 3C (125.7 MHz) NMR experiments were conducted on a Bruker DMX-

B 500 instrument. The NMR techniques were performed according to a
For compound (m/z 1339 [M — H]™; CegH101026), @ peak at  previously described methodolody Negative-ion LRFABMS and
m/z 937 [M — H — 130 (GH¢O, cinnamoyl)— 126 (GH1.0, HRFABMS were recorded using a matrix of triethanolamine on a JEOL
octanoyl) — 146 (GH1004, methylpentose)] (also seen irt; [M SX-102A spectrometer. HPLC separations were conducted on a Waters
— H — CgHgO — CsHgO (mba)— CeH1004,]7) suggested that the  apparatus (Millipore Corp., Waters Chromatography Division, Milford,
mba group is on the rh&-2 hydroxyl group and that the additional ~ MA), composed of a 600E multisolvent delivery system equipped with
acid residue on rdaC-4 must be an octanoate group. Intrapilosin a 996 photodiode array detector. Control of the equipment, data

Experimental Section

VI (7) (Mm/z 1437 [GsH121026] 7) showed a fragment avz 1035, acquisition, processing, and management of the chromatographic
and the difference of 98 amu {B814) from m/z 937 observed il information were performed by the Empower 2 software (Waters). GC-
and?2 indicated the occurrence of a dodecanoy! group oh@h2a. MS was performed on a Hewlett-Packard 5890-II instrument coupled

The proton signal for this center (fh-2, 6 6.35) showed a cross- 10 & JEOL SX-102A spectrometer. GC conditions: HP-5MS (5%-
peak with the carbonyl carbon &t173.2 in the HMBC spectrum.  Phenyl)-methylpolysiloxane column (30 m0.25 mm, film thickness
The observed interaction between 'the-4 (9 6.12) with the 0.25um); He, linear velocity 30 cm/s; 56C isothermal for 3 min,
carbonyl group ad 173.5 confirmed the placement of the second linear temperature gradyept to 300 at _20°C/m|n; final temperature
fatty acid residue (octanoyl group) at this position of the terminal hold, 10 min. MS.c_ondmons. lonization e”er,gy' 70 eV; ion source
. . . temperature, 28€C; interface temperature, 30CQ; scan speed, 2 scans

rhamnose unit. A negative HRFABMS analysis 3produced a s mass range, 33880 amu

pseudomolecular ion atz 1381 [M — H |-, which indicated the i i i

. Plant Material. Seeds oflpomoea intrapilosawere collected in
chemical formula GiH114056 A peak at/z979 [M — H — CoHeO Cuernavaca, Morelos, Mexico, in January and February 1996. Voucher

— CgH140 — CeH1004] ™ suggested that the rhanit was esterified  specimens (RP-013 and RP-014) were identified by the botanist Gustavo
by an octanoyl group at C-2 because of the strong deshielding of Soria Rocha, Universidad Aitoma del Estado de Morelos (Mexico),
its geminal protond 5.96). In addition, the fragment at¥/z 1125 by comparison with an authentic sample collected in Xochitepec,



Table 1. 'H NMR Spectroscopic Data fat—7 (500 MHz}

protorP 1 2 3 4 5 6 7
fuc-1 4.73d (7.5) 472d(7.5) 476 d (7.0) 4.75d (7.5) 4.74d (7.5) 473d(7.3) 4.75d (7.0)

4.16 dd (9.5, 7.5) 4.16 dd (9.0, 7.5) 4.18dd (9.5, 7.0) 4.17 dd (9.0, 7.5) 4.17 dd (9.5, 7.5) 4.15dd (9.5, 7.3) 4.18dd (9.5, 7.0)
4.04-4.10 m* 4.07 dd (9.0, 3.5) 4.11dd (9.5, 3.0) 4.10dd (9.0, 3.5) 4.09 dd (9.5, 3.5) 4.0dd (9.5, 3.4) 4.08 dd (9.5, 3.5)
3.96 d (2.5) 3.95 bs 3.98d (3.0) 3.86 d (3.5) 3.97d (3.5) 3.95d (3.4) 3.97d(3.5)
3.74q(6.2) 3.74q (6.0) 3.76 q (6.5) 3.77q(6.5) 3.75q (6.0) 3.73q(6.2) 3.75dq (6.5, 1.0)
1.50d (6.2) 1.50 d (6.0) 1.52.d (6.5) 1.51d (6.5) 1.51d (6.0) 1.49d (6.2) 1.51d (6.5)

ha-1 5.51d (1.0) 5.50 d (2.0) 5.53d (1.0) 5.52d (2.0) 5.51d (1.5) 5.51d (1.0) 5.52d (1.5)
5.93dd (2.7, 1.0) 5.92dd (3.2, 2.0) 5.96 dd (2.7, 1.0) 5.94.dd (3.5, 2.0) 5.93dd (3.5, 1.5) 5.92 dd (2.9, 1.0) 5.94.dd (3.0, 1.5)
4.99-5.04 m 4.985.02m 5.05dd (9.5, 2.7) 5.66.01m 5.0+5.03 m 5.01m 5.04 dd (9.5, 3.0)

>
N
N

4.14.dd (9.5, 9.5)
4.50 dg (9.5, 6.0)
1.64 d (6.0)
5.78d (1.0)
6.34.dd (3.0, 1.0)
4.75dd (9.0, 3.0)

4.12 dd (9.5, 9.5)
4.48 dq (9.5, 6.5)
1.64 d (6.5)
5.77d (1.5)
6.33 dd (3.0, 1.5)
4.74dd (3.0, 9.5)

4.18 dd (9.5, 9.5)
4.50 dq (9.5, 6.5)
1.68 d (6.5)
5.86 d (1.0)

6.36 dd (2.5, 1.0)
4.82dd (8.5, 2.5)

4.16 dd (10.0, 9.5)
4.51 dq (10.0, 6.0)
1.65d (6.0)
5.86d (1.5)
6.35dd (1.5,5.5)
4.82 m*

4.17 dd (9.5, 9.5)

4.50 dq (9.5, 6.5)
1.65d (6.5)
5.84 d (2.0)

6.34 dd (3.0, 2.0)
4.81dd (9.2, 3.0)

4.15dd (9.2, 7.3)
4.50dq (9.2, 6.1)
1.63d (6.1)
5.84d (1.8)
6.34 dd (3.0, 1.8)
4.79 dd (9.0, 3.0)

4.16 dd (9.5, 9.5)
4.50 dg (9.5, 6.0)
1.65 d (6.0)
5.85d (2.0)
6.35dd (3.5, 2.0)
4.81dd (8.7, 3.2)
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4.75dd (9.5, 9.0) 4.31dd (9.5, 9.5) 4.40 m* 4.40 m* 4.38 m* 4.37 m* 4.39 m*
4.35-4.41 m* 4.37 dq (9.5, 6.0) 4.40 m* 4.40 m* 4.38 m* 4.37 m* 4.39 m*
1.66 d (6.0) 1.66 d (6.0) 1.66 d (6.5) 1.67 d (6.0) 1.67 d (6.0) 1.65d (6.0) 1.67 d (6.0)
hd'-1 6.26 d (1.0) 6.26 d (1.5) 6.33d(1.0) 6.30d (2.0) 6.29d (1.5) 6.29d (1.0) 6.32d (1.5)
5.26 dd (3.0, 1.0) 5.24dd (3.0, 1.5) 5.30dd (3.0, 1.0) 5.29dd (3.0, 2.0) 5.28 dd (3.0, 1.5) 5.27.dd (2.9, 1.0) 5.28 dd (3.0, 1.5)
6.01 dd (10.0. 3.0) 6.00 dd (10.0, 3.0) 6.03 dd (9.5, 3.0) 6.02 dd (10.0, 3.0) 6.01 dd (10.0, 3.0) 6.03 dd (10.0, 2.9) 6.02 dd (10.0, 3.5)®
6.10 dd (10.0, 10.0) 6.10 dd (10.0, 10.0) 6.13dd (9.5, 9.5) 6.11 dd (10.0, 10.0) 6.10 dd (10.0, 10.0) 6.09 dd (10.0, 9.0) 6.12 dd (10.0, 9.5)
4.51 dq (10.0, 6.0) 4.51 dq (10.0, 6.5) 4.53dq (9.5, 6.0) 4.50 dq (10.0, 6.0) 4.52 dq (10.0, 6.0) 4.48 dq (9.0, 6.2) 4.52 dq (9.5, 6.0)
1.45d (6.0) 1.48d (6.5) 1.48d (6.0) 1.45d (6.0) 1.45d (6.0) 1.43d(6.2) 1.47 d (6.0)
lc-1 5.06 d (8.0) 5.05d (7.5) 5.13d(8.0) 5.12d (8.0) 5.11d (8.0) 5.10d (7.7) 5.11d (7.5)
3.92* 3.91dd (9.0, 7.5) 3.98 m* 3.98 m* 3.97.dd (9.0, 8.0) 3.95 m* 3.98dd (9.5,7.5)
4.09 m* 4.08 m* 4.11dd (9.0, 9.0) 4.12 m* 4.09 dd (9.0, 9.0) 4.07 dd (9.0, 9.0) 4.10dd (9.5, 9.0)
3.94 m* 3.91dd (9.0, 9.0) 3.98 m* 3.98 m* 3.95dd (9.0, 9.0) 3.95m* 3.96 dd (9.0, 9.0)
3.79.ddd (9.0, 4.4, 2.5) 3.78 ddd (9.0, 6.0, 3.0) 3.82ddd (9.0, 6.0, 3.0) 3.83ddd (9.0, 6.0, 3.0) 3.82ddd (9.0, 6.0, 2.5) 3.81ddd (9.0, 6.0,2.5) d(9.6.824d8.5)
4.06 m* 4.08* 4.11* 4.13 m* 4.094.13 m* 4.11dd (11.0, 2.5) 4.13dd (12.0, 3.5)
4.38 m* 4.39 m* 4.44 m* 4.44 m* 4.494.45m 4.42 m* 4.43dd (11.5, 2.5)
jal-2a 2.27 ddd (14.6, 8.1, 4.0) 2.26 ddd (14.9, 8.1, 4.0) 2.28m 2.28 ddd (14.6, 7.6, 4.0) 2.27 ddd (14.6, 8.0, 4.0) 2.26 m* 2.28 m*
2b 2.44 m* 2.36 m 2.47 m* 2.47 ddd (14.5, 8.5, 4.0) 2.46 ddd (14.6, 8.5, 4.5) 2.45 m* 2.46 m*
11 3.85m 3.85m 3.87m 3.87m 3.86m 3.84m 3.85m
16 0.881(7.2) 0.881(7.0) 0.81t(7.2) 0.871t(7.5) 0.871t(7.0) 0.85 m* 0.871t(7.0)
mba-2 2.411tq(7.0,7.0) 2.42tq(7.2,7.2) 2.481q (7.0, 6.5) 2.491tq (7.0, 6.5) 2.481tq (7.0, 6.8)
2-Me 1.03d (7.0) 1.03d (7.0) 1.16d (7.0) 1.16d (7.0) 1.14d (7.0) g
3-Me 0.791t(7.5) 0.79d (7.5) 0.83d(7.5) 0.83d(7.5) 0.81d(7.5) %
mbd-2 2.49tq(7.0,7.0) =)
2-Me 1.15d (7.0) o
3-Me 0.831(7.5) =
octa-2 2.461(7.5) 2.34m 2.471(7.0) =4
8 0.73d(7.0,7.0) 0.891t(6.8) 0.73t(7.2) g
octd-2 2.481(7.0) -
8 0.741(6.8) 3
dodeca-2 2.35t(7.5) 2.34m 2.33t(7.3) 2.35t(7.5) =3
12 0.881(7.0) 0.871(6.5) 0.86 m* 0.881(7.2) [=}
CA-2 6.61d (16.0) 6.62 d (16.0) 6.64 d (16.0) 6.61d (16.0) 6.60 d (16.0) 6.59 d (16.0) 6.63 d (16.0) »
3 7.86 d (16.0) 7.87 d (16.0) 7.89d (16.0) 7.87 d (16.0) 7.86 d (16.0) 7.85d (16.0) 7.83d (16.0) S
CA Ph-2 7.34 m* 7.34 m* 7.36 m* 7.34 m* 7.33 m* 7.33 m* 7.35 m* 3
3 7.46 m* 7.46 m* 7.47 m* 7.46 m 7.45m 7.44 m 7.46 m <
4 7.34 m* 7.34 m* 7.36 m 7.34 m* 7.34 m* 7.33 m* 7.35 m* =)

2 Data recorded in €DsN. Chemical shifts §) are in ppm relative to TMS. The spin couplind (s given in parentheses (Hz). Chemical shifts marked with an asterisk (*) indicate overlapped sigi@ls.
Spin-coupled patterns are designated as follows: singlet, d= doublet, t= triplet, g = quartet, m= multiplet, b = broad. All assignments are based #%ih—H COSY and TOCSY experiments. g
bAbbreviations: fuc= fucose; rha= rhamnose; gle= glucose, jal= 11-hydroxyhexadecanoyl; octa n-octanoyl; dodeca n-dodecanoyl, CA= trans-cinnamoyl; Ph= CA aromatic ring.
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Table 2. 13C NMR Spectroscopic Data of Compountis7
(125.7 MHz}!

carbor® 1 2 3 4 5 6 7
fuc-1 104.3 104.3 104.7 104.3 104.3 104.3 104.3
2 80.0 79.9 80.3 79.9 79.9 79.9 79.9
3 73.4 73.3 73.8 73.0 73.3 73.8 73.4
4 72.9 72.9 73.3 72.9 72.9 72.9 72.9
5 70.8 70.8 69.3 70.8 70.8 70.8 70.8
6 17.3 17.3 17.7 17.3 17.3 17.3 17.3
rha-1 98.5 98.5 98.9 98.5 98.5 98.5 98.5
2 73.6 73.6 74.0 73.6 73.6 73.6 73.6
3 69.3 69.3 69.7 69.3 69.3 69.3 69.3
4 82.0 82.0 82.4 82.0 82.0 82.0 82.0
5 68.9 68.9 69.3 68.4 68.9 68.9 68.9
6 19.1 19.1 19.5 19.1 19.1 19.1 19.0
rha-1 100.3 100.3 100.6 100.3 100.3 100.2 100.3
2 73.2 73.1 73.7 73.4 73.4 73.6 73.3
3 79.9 80.0 80.4 79.9 79.9 79.9 79.9
4 79.1 79.0 79.3 79.0 79.0 79.0 78.9
5 68.4 68.4 68.5 68.2 68.5 68.4 68.5
6 19.0 19.1 19.4 19.0 19.0 19.0 19.1
rhd'-1 1034 103.3 103.7 1034 1034 103.3 103.3
2 69.9 69.9 70.3 69.9 69.9 69.9 69.9
3 73.0 73.1 73.6 73.0 73.0 73.0 73.2
4 71.7 71.9 72.3 71.7 71.7 71.7 71.9
5 68.1 68.1 69.3 68.9 68.1 68.2 68.1
6 17.9 17.9 18.3 17.9 17.9 17.9 17.9
glc-1 105.5 105.5 1059 1055 1055 1055 105.5
2 75.2 75.2 75.6 75.2 75.2 75.2 75.2
3 78.4 78.4 78.9 78.4 78.4 78.5 78.5
4 715 715 71.9 715 715 71.5 71.5
5 77.9 77.9 78.5 78.1 78.1 78.1 78.1
6 62.9 62.9 63.3 62.9 62.9 62.9 62.9
jal-1 173.1 173.1 1739 1731 173.1 173.1 1731
2 34.2 34.2 34.7 34.2 34.2 34.3 34.3
11 82.3 82.3 82.7 82.3 82.3 82.3 82.4
16 14.3 14.3 14.6 14.3 14.3 14.3 14.3
mba-1 176.2 176.2 1759 1759 175.9
2 41.2 41.2 41.6 41.6 41.6
2-Me 16.6 16.6 16.9 16.9 16.9
3-Me 11.4 11.4 11.8 11.8 11.8
mbd-1 175.9
2 41.6
2-Me 16.9
3-Me 11.8
octa-1 173.1 1735 173.5
2 34.6 34.9 34.6
8 14.1 14.7 14.1
octd—1 173.6
2 35.0
8 14.5
dodeca-1 1735 1735 1735 173.2
2 34.6 34.6 345 34.6
12 14.3 14.3 14.3 14.3
CA-1 166.4 166.4 166.9 166.4 166.4 166.4 166.5
2 1186 1185 1189 118.6 118.6 118.6 118.6
3 145.3 1454 1458 1453 1454 1454 1454
CAPh-1 135.0 134.7 135.1 134.7 1347 1347 134.7
2 129.2 129.2 129.6 129.3 129.3 129.2 129.2
3 128.5 1285 129.0 1285 1285 1285 128.6
4 130.7 130.7 131.1 130.7 130.7 130.8 130.7

a Data recorded in €DsN. Chemical shifts §) are in ppm relative
to TMS. All assignments are based on DEPT, HSQC, and HMBC
experimentsPAbbreviations: fuc= fucose; rha= rhamnose; glc=
glucose, jaF= 11-hydroxyhexadecanoyl; octa n-octanoyl; dodeca
n-dodecanoyl, CA= trans-cinnamoyl; Ph= CA aromatic ring.

Morelos, in February 1990, which is on deposit at the IMSSM
Herbarium collection (vouchers 11056 and 11057).

Extraction and Isolation. Dried and milled seeds (389.4 g) were
extracted exhaustively by maceration at room temperature with CHCI
to give, after removal of the solvent, a dark syrup (55.7 g). This extract
was subjected to column chromatography. A total of 100 fractions (250
mL each) were collected using a gradient of MeOH in CHQOL1 to
2:3). The fractions were pooled in 20 main fractions-2D). Fraction
10 (25 g), eluted with CHGHMeOH (9:1) and containing a crude
mixture of resin glycosides, was subjected to fractionation by open
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column chromatography over silica gel (100 g) eluted with the same
solvent system, from which 45 secondary fractions (125 mL each) were
obtained. Subfractions 3017 and 18-35 were separately analyzed by
reversed-phase 1€ HPLC using an isocratic elution with GBN—
MeOH (2:3). For resolution of subfractions 107 (1.760 g), a
Symmetry Gg column (Waters; #&m, 19 x 300 mm), a flow rate of

9 mL/min, and a detection at 270 nm were used. Peakstwithlues

of 10.62 min B, 35 mg), 11.41 min§, 45 mg), and 16.02 min7( 19

mg) were collected by the technique of heart cutting and independently
reinjected in the apparatus operating in the recycle mode to achieve
total homogeneity after 15 consecutive cycles. An eluate wigvalue

of 11.81 min was split into two peaks during the recycling process to
afford pure compoundé (6.0 mg) andb (34.2 mg) after 20 consecutive
cycles employing the same isocratic elution. For the resolution of
subfractions 1835 (1.373 g), a preparative YMC-packgZolumn
(Waters; 5um, 20 x 250 mm), a flow rate of 5.0 mL/min, and detection

at 254 nm were employed. Individual peaks wighvalues of 44.38

and 68.00 min were purified by the recycling technique to afford
compoundsl (22.3 mg) and (32.5 mg).

Intrapilosin | (1): white powder; mp 9799 °C; [a]p —3.5 (€ 0.23,
MeOH); IH and*3C NMR, see Tables 1 and 2; negative FABMfx
1297 [M — H]~, 1167 [M— H — CoHsO (cinnamoyl)], 1083 [1167
— CsHsO (o-methylbutyroyl)l, 937 [1083— CgH1¢04 (Methylpentose)}

545 [691— 146}, 417 [545— 128}, 271 [Jal— H]~; HRFABMS
m/z 1297.6579 (calcd for £H101026 requires 1297.6581).

Intrapilosin 1l (2): white powder; mp 125127 °C; [a]o —5.2 (€
0.25, MeOH);'H and**C NMR, see Tables 1 and 2; negative FABMS
m/z1339 [M— H]~, 1209 [M— H — CgHeQ] ~, 1125 [1209- CsHgO],
1083, 937, 545, 417, 271; HRFABMS8Vz 1339.7053 (calcd for
CegH107026 requires 13397050)

Intrapilosin 111 (3): white powder; mp 114116 °C; [a]o —40 (€
0.15, MeOH);*H and**C NMR, see Tables 1 and 2; negative FABMS
m/z 1381 [M — H]~, 1251 [M — H — CoHeO]~, 1125 [1251— 126
(octanoyl)], 979 [1125- CgH1004], 853 [979— CgH140], 691 [853—

162 (GsH1¢Os)], 545, 417, 271; HRFABMSn/z 1381.7519 (calcd for
C71H118026 requires 1381.7520)

Intrapilosin IV(4): white powder; mp 98100 °C; [a]p —17 (C
0.82, MeOH);*H and**C NMR, see Tables 1 and 2; negative FABMS
m/z 1395 [M — H]~, 1265 [M — H — CgHeO] , 1213 [M — Cy1,H20
(dodecanoyl)], 1083 [1213- 130], 1035 [1265— mba — 146], 853
[1035 — 182], 545, 417, 271; HRFABM®&Vz 1395.7677 (calcd for
Cr2H115026 requires 1395.7676).

Intrapilosin V (5): white powder; mp 9597 °C; [o]p —15 (¢ 0.83,
MeOH); IH and*3C NMR, see Tables 1 and 2; negative FABMfx
1395 [M — H]-, 1265, 1213, 1083, 1035, 853, 545, 417, 271,
HRFABMS nV/z 1395.7675 (calcd for gH115026 requires 1395.7676).

Intrapilosin VI (6): white powder; mp 117119 °C; [ap —5 (C
0.20, MeOH);'H and**C NMR, see Tables 1 and 2; negative FABMS
m/z 1395 [M — H]-, 1265, 1213, 1083, 1035, 853, 545, 417, 271,
HRFABMS nV/z 1395.7676 (calcd for H115026 requires 1395.7676).

Intrapilosin VII (7): white powder; mp 8789 °C; [a]p —14 (C
1.53, MeOH);*H and**C NMR, see Tables 1 and 2; negative FABMS
m/z 1437 [M — H]~, 1307 [1437— CgHeO]", 1255 [M — H —
C1H2,0], 1181 [1307— CgH140], 1125 [1255— CoHgO], 1035 [1181
— CgH1¢O4], 999 [1181— C;,H0], 853 [999— CeH1004], 545, 417,
271; HRFABMS m/z 1437.8145 (calcd for {H12:026 requires
1437.8146).

Alkaline Hydrolysis of the Resin Glycoside Fraction.A solution
of fraction 10 (300 mg), obtained from the column chromatography of
the crude extract, in 5% KOHH,O (8 mL) was refluxed at 95C for
2 h. The reaction mixture was acidified to pH 4.0 and extracted with
Et,O (30 mL). The organic layer was washed withQ{ dried over
anhydrous Nz80,, and evaporated under reduced pressure. The residue
was directly analyzed by GC-MS with the following peaks detected:
412 2-methylbutanoic acidt§ 6.8 min): m/z[M]+ 102 (3), 87 (33), 74
(100), 57 (50), 41 (28), 39 (8jr-octanoic acidtg 10.3 min): m'z[M] *

144 (3), 127 (1), 115 (15), 101 (30), 85 (10), 73 (85), 60 (100), 55
(20), 43 (40), 41 (28), 39 (6)rans-cinnamic acid {g 16.1 min): m/z
[M]* 148 (100), 147 (96), 131 (25), 103 (40), 102 (20), 77 (25), 74
(8), 51 (20), 50 (8), 39 (5), 38 (4); anatdodecanoic acidtg 17.5
min): m/z [M]* 200 (15), 183 (2), 171 (18), 157 (40), 143 (10), 129
(48), 115 (20), 101 (15), 85 (33), 73 (100), 60 (80), 57 (30), 55 (47),
43 (44), 41 (30).

The aqueous phase was extracted witBuOH (30 mL) and
concentrated to give a colorless solid (115 mg). The residue (50 mg)
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was methylated with ChiN, and further acetylated (A©—CsHsN, 2:1)

to give a residue (64 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.
The eluate with dr of 12.5 min was again collected by heart cutting,
and the'H and 3C NMR data for the isolated product allowed its
identification as the peracetylated derivative of operculinic acid A
methyl ester: mp 8682 °C; [a]p —31 (c 1.0, MeOH), which was
identified by comparison of NMR data with published valdes.

Esterification of the Saponification-Liberated Carboxylic Acids.
Compound (30 mg) in 5% KOH-H;O (1 mL) was refluxed at 95C
for 45 min. The reaction mixture was acidified to pH 3.0 and extracted
with CHxCl, (5 mL). The organic layer was dried over anhydrous-Na
SO and filtered. A solution of benzyl alcohol (10.5 mg) in &, (1
mL), containing dicyclohexylcarbodiimide (3 mg) and 4-dimethylami-
nopyridine (1 mg), was added to the mixture of carboxylic acids. The
reaction was stirred for 12 h at room temperature and filtered, and the
solvent was evaporated. The residue was analyzed by GC-MS: benzyl
o-methylbutyrate tk 3.64 min) [M]" 192 (5), 108 (19), 92 (8.0), 91
(100), 77 (10), 65 (15), 57 (16), 39 (12); bentydns-cinnamoatetg
6.20 min) [M]" 238 (14), 220 (8.6), 194 (10.5), 193 (72), 178 (8), 161
(8), 147 (8), 132, (12), 131 (100), 115 (20), 103 (52), 91 (86), 77 (41),
65 (23), 51 (24), 39 (11); and benzyl dodecano&tés (58 min) [M]*

290 (15), 272 (3), 224 (13), 199 (62), 198 (16), 181 (47), 180 (11),
163 (43), 162 (9), 143 (10), 139 (3), 125 (10), 121 (6), 108 (92), 107
(26), 105 (7), 92 (15), 91 (100), 81 (10), 67 (3), 65 (17), 56 (3), 43
(10), 39 (23). The crude mixture was purified by HPLC on a normal-
phase columngPorasil, 1q:m, 3.9x 300 mm; Waters) using hexane
EtOAc (99:1, flow rate 0.6 mL/min) to give three peaks: benzyl
dodecanoateg 7.92 min), benzybi-methylbutyratetg 8.43 min), and
benzyl cinnamoatet{ 11.22 min). The physical and spectroscopic
constants measured for the eluate wil8.43 min were identical in

all aspects to those previously repoftefbr (S)-(+)-benzyl o-meth-
ylbutyrate: olil, [o]ses +9.3, [@]s7s +9.6, [a]sa6 +10.9, o]azs +17.3,
[a]ze5+26 (€ 1.0, CHCE). Treatment of the mixture of carboxylic acids
obtained from intrapilosin 1V4, 6.0 mg), as described above, yielded
the R)-(—)-benzyl a-methylbutyrate: ¢]ses —9, []s7s —9, [0]s46
—10.5, [o]ass —17, [0]ses —25 (¢ 0.8, CHC}). Saponification of
compoundsl, 2, and6 afforded §-(+)-a-methylbutyric acid: §]p
+10 (c 1.5, CHCE).

Sugar Analysis. A solution of the crude glycosidic acid (20 mg)
obtained from the saponification of the resin glycoside mixture in 4 N
HCI (10 mL) was heated at 9TC for 2 h. The reaction mixture was
diluted with HO (5 mL) and extracted with ED (30 mL). The aqueous
phase was neutralized Wit N KOH, extracted witm-BuOH (30 mL),
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