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Ten new pentasaccharide glycosides, arboresits(1—6) and murucins 69 (8—11), along with five known glycolipids,
were isolated from the roots gfomoea arborescenand their structures were elucidated by spectroscopic and chemical
methods. Compoundk—6 and8—11 were evaluated for cytotoxicity against a small panel of cancer cell lines.

Ipomoea arborescertdum. et Bonpl. (Convolvulaceae) is a tree HO CHaRy
that usually flowers and fruits between November and April. This Rha  Ho

plant inhabits open thorn forests, oak savannas, and deciduous Rha’ st\o
forests and is distributed throughout western Mexico. This species 0

o

is known in several states of Mexico as “cazahuate” and “palo Rha"’ o o
bobo”. Some communities use an aqueous infusion of the bark and  H,c HO o]

other herbs against snake and scorpion bites and to prevent han"Q /ow o=c/

loss. An aqueous infusion of the leaves has been used as an R3/° o)

antiinflammatory and to treat stomachaéHeerez Amador et &l.
detected the presence of resin glycosides in leavesadborescens g OH

but without divulging any chemical structures. In our continuing

investigation on secondary metabolites with biological activity from

Ipomoeaspecies, we have studied the resin glycosidic content of

the roots ofl. arborescensWe report herein on the isolation and

characterization of 10 new pentasaccharides of jalapinolic acid,

arboresins +6 (1—6) and murucins 69 (8—11), and five known R; R, R;
glycolipids, murucins 5, from|. arborescens OH H Niloyl
OH  Acetyl Niloyl
OH  Propanoyl Niloyl
OH  Butanoyl Niloyl
2-methylbutanoyl ~ Niloyl
OH  Tigloyl Niloyl
Acetyl Niloyl
2-butenoyl Niloyl

Gle
HOH,C OH
OH

Results and Discussion

The roots of.. arborescensvere dried, pulverized, and macerated
in chloroform, and the extract was fractionated by column chro-
matography on silica gel, leading to the separation of two
chromatographic fractions. Both crude chromatographic fractions
exhibited low cytotoxic activity for a cancer cell line (OVCAR-5,
EDso 4.5 ug/mL) and were subjected to preparative HPLC in the
reversed-phase mode, with compouhd® and8—11, respectively,
being isolated by repetitive chromatography.

The less polar chromatographic fraction was hydrolyzed in an Gle
aqueous/ethanolic acid medium, producing an organic fraction HO CH,0H
together with a water-soluble mixture of carbohydrates. Analysis Rha  Ho
of the organic fraction by GC-MS permitted the identification of
acetic, propanoic, butanoic, 2-methylbutanoic, 3-hydroxy-2-meth- o]
ylbutanoic (nilic), dodecanoic, and 11-hydroxyhexadecanoic ethyl Rha" st HO OH 0
esters by comparison with the mass spectra and retention times of HaC d OH
the ethyl esters of authentic samples. HPLC and GC-MS analysis HO\M HO
of the carbohydrates present in the aqueous phase allowed the HO
identification of rhamnose and glucose. HOH,C ) o

Basic hydrolysis of the less polar chromatographic fraction 0/5%/
produced an organic acid fraction and a water-soluble glycosidic =~ HO OH
acid derivative 7). Arboresinic acid 7) gave a quasi-molecular Gle’ 7

; o e
ion at mVz 1057 [M + NaJ* in the positive-ion FABMS. A 871146 (GH1d04)]~, 579 Wz 725-146 (GH1004)]~, 433 [z

deprotonated glycosidic acid [M H]~ peak was observed in the _ a
R , . 579-146 (GH1004)] ", and 271 [z 433-162 (GH100s)] . The
tive-ion HRESIM 1 77 it h lec- L

negarive-ion SIMSnyz 1033.7730), consistent with a molec sugar units in théH NMR spectrum of7 (Table 1) showed three

ular formula of GgHg025. Negative-ion FABMS of7 showed a . )
deprotonated molecular ion awz 1033 [M — H]- and other doublet methyl signals of 6-deoxyhexose units. TH@ NMR

ianificant K 71 1 162 (GH ) spectrum of7 (Table 1) exhibited.five anomeric signals, demon-
significant peaks at/z871 [z 1033-162 (GHiOs)] ", 725 strating that part of the molecule is a pentasaccharide. The HMQC

+To whom correspondence should be addressed, Tel+ 527 329 spectrum of7 indicated that anomeric carbons at 103.1, 103.0,
79 97. Fax: (5&) 777 329 79 98. E-mail ismaelr@éiq.uéem.mx. 102.3, 101.9, and 101.2 ppm were correlated with the anomeric
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Table 1. *H and*C NMR Data for Arboresinic Acidq) (DO,

Table 2. 13C NMR Data for Compound&—6 (100 MHz,
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o0 ppm,Jin Hz) CD;0D)
position OH oc carbon 1 2 3 4 5 6
Glca Glc
1 5.18d (7.6) 103.0 1 105.4 105.4 105.3 105.4 105.4 105.3
2 3.50% 79.3 2 80.1 80.0 80.0 80.1 79.9 80.0
3 3.63* 78.5 3 73.8 73.7 73.8 73.7 73.6 73.5
4 3.02dd (9.0, 9.5) 77.3 4 71.4 71.3 71.4 71.4 71.3 71.4
5 3.30ddd (2.5, 5.0, 9.0) 72.7 5 73.3 73.3 73.3 73.2 73.1 73.3
6 3.50* 63.4 6 62.7 62.8 62.8 63.0 62.9 62.8
6 3.85dd (2.5, 12.0) Rha
Rha 1 98.9 99.0 98.9 98.8 98.8 98.9
1 5.24d (1.5) 101.9 2 84.1 84.1 84.1 84.1 84.1 84.1
2 3.92dd (3.3,1.3) 71.9 3 70.1 70.1 70.2 70.1 70.1 70.1
3 4.01dd (9.1, 3.3) 72.0 4 72.0 72.0 72.0 72.0 72.0 71.9
4 3.60* 72.2 5 69.2 69.3 69.2 69.2 69.2 69.2
5 4.22dd (6.2,9.2) 67.9 6 19.2 19.3 19.3 19.3 19.3 19.3
6 1.24d (6.2) 19.1 Rhd
Rhd 1 100.2 100.2 100.2 100.2 100.2 100.2
1 5.49d (1.5) 101.2 2 80.9 80.8 80.8 80.8 80.8 80.7
2 4.02dd (3.5,1.5) 70.0 3 73.7 73.8 73.7 73.7 73.7 73.7
3 4.20dd (9.0, 3.5) 71.4 4 73.1 73.1 73.1 73.1 73.1 73.1
4 3.75* 71.1 5 69.1 69.0 69.0 69.0 69.0 69.0
5 4.28dd (6.0, 8.9) 68.1 6 18.8 18.8 18.8 18.8 18.8 18.8
6 1.01d (6.0) 18.5 Rha’
Rhd’ 1 103.2 103.3 103.2 103.3 103.3 103.2
1 5.38d (1.6) 102.3 2 72.2 72.2 72.2 72.2 72.2 72.2
2 4.11dd (3.4,1.4) 70.9 3 80.3 80.3 80.3 80.3 80.3 80.3
3 4.28dd (8.9, 3.4) 717 4 72.5 82.4 82.4 82.5 82.5 82.5
4 3.65* 72.0 5 68.6 68.6 68.6 68.6 68.6 68.6
5 4.42 dd (6.0, 9.0) 68.7 6 17.8 17.8 17.9 17.8 17.8 17.8
6 1.15d (6.0) 19.0 Glc
Glc' 1 105.5 105.5 105.5 105.5 105.5 105.5
1 5.05d (7.7) 103.1 2 75.3 75.3 75.3 75.3 75.3 75.2
2 3.45dd (9.1, 7.6) 78.1 3 78.3 78.3 78.3 78.2 78.2 78.3
3 3.69* 79.1 4 71.6 71.5 71.5 71.5 71.5 71.5
4 3.10dd (9.0, 9.0) 72.9 5 78.1 78.2 78.1 78.1 78.1 78.1
5 3.25ddd (2.4, 4.9, 9.0) 78.0 6 63.1 63.1 63.2 63.2 63.2 63.2
6 3.60* 63.7 Jal-1 175.0 175.0 174.9 175.0 175.0 1751
6 3.90dd (2.4,12.1) 2 34.8 34.8 34.8 34.8 34.8 34.8
Jal 11 84.0 84.0 84.0 84.0 84.0 84.0
1 179.1 16 14.4 14.4 14.4 14.4 14.4 14.4
2 2.381(6.7) 36.5 dodeca-1 175.1 175.1 175.0 1751 175.0 175.0
11 3.75* 83.0 2 35.1 35.0 35.0 35.0 35.0 35.0
16 1.00t(7.0) 15.0 12 23.1 23.0 23.0 23.0 23.0 23.0
a Abbreviations: Qui= quinovopyranosyl, Gle= glucopyranosyl, gc ! 14712'51'
Rha= rhamnopyranosyl, and Jal 11-hydroxyhexadecanoyl.Chemi- '
. h 3 " . propa-1 178.3
cal shifts marked with an asterisk (*) indicate overlapped signals. 5 34.9
3 20.1
respectively. A combination of one- and two-dimensiottaNMR buta-1 178.2
techniques allowed all protons to be assigned sequentially within 2 421
each saccharide system, leading to the identification of two gg
glucopyranosyl and three rhamnopyranosy! units as the monosac- .- 1 ' 178.3
charides present iii. The anomeric configurations for the sugar 2 40.8
moieties were assigned g$ for glucopyranosyl ando for 3 28.7
rhamnopyranosyl from their coupling constants of 7.7 and 1.6 Hz, 4 19.0
respectively. All the resonances in th& NMR spectrum were n-1 14713-2
assigned from the HMQC NMR spectrum. The connectivities 69.8
between sugar moieties were determined from the following HMBC 4 20.1
correlations: C-2 (79.3 ppm) of glucose with H-1 (5.25 ppm) of  nI'-1 178.1  178.0 1779 1779 1780 1779
rhamnose; C-4 (82.4 ppm) of rhamose with H-1 (5.45 ppm) of 2 48.3 48.2 48.2 48.3 48.2 48.2
rhamnosk C-4 (81.3 ppm) of rhamnoseith H-1 (5.35 ppm) of 699 698 699 698 699 700
4 20.0 20.1 20.1 20.0 20.1 20.2

rhamnosg; and C-2 (70.9 ppm) of rhamndswith H-1 (5.05 ppm)

of glucosé, corroborating that the oligosaccharide chain is linear.
The position of the jalapinolic acid unit was determined by the
correlation between jalapinolic acid H-11 (3.75 ppm) and glucose
H-1 (4.40 ppm) in the ROESY NMR spectrum. Accordingly, the
structure of arboresinic acid’ was assigned as (Sthydroxy-
hexadecanoic acid 1@-j-p-glucopyranosyl-(2-1)-O-a-L-rham-
nopyranosyl-(4-1)-O-o.-L-rhamnopyranosyl-(41)-O-a-L-rham-
nopyranosyl-(2-1)-O-3-p-glucopyranoside. The structure of arboresinic
acid is similar to that of operculinic acid, with the only difference
being in the position of glucosé

a Abbreviations: Qui= quinovopyranosyl, Gle= glucopyranosyl,
Rha= rhamnopyranosyl, dodeca n-dodecanoyl, aec= acetyl, propa
= propanoyl, buta= butanoyl, mba= 2-methylbutanoyl, nl=
3-hydroxy-2-methylbutanoyl, and Jal 11-hydroxyhexadecanoyl.

Arboresin 1 () gave a quasi-molecular ion a¥z 1321 [M +
Na]* in the positive-ion FABMS. An accurate mass measurement
of the deprotonated molecule [M- H]~ in the negative-ion
HRESIMS gavem/z 1297.8365 [M— H]~, consistent with the
molecular formula, gH1100,7. The negative-ion FABMS showed
fragment peaks at/z 1297 [M — H]~, 1115 jn/z 1297-182
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Table 3. 'H NMR Data for Compound4—6 (CD3;OD, ¢ ppm,J in Hz)?

position 1 2 3 4 5 6

Glc1 4.41d (7.0) 4.43d(7.2) 4.41d(7.1) 4.42d (7.0) 4.44d (7.9) 4.44d (7.9)

0 0 0
o o o

CURWNRQOOUAWNFL JOURWNRIOURMWNRLR IO TN WN
o

11

16
dodeca
2

12

ac

2
propa

3.20dd (9.0, 7.0)
3.30dd (9.0, 9.0)
3.58*
3.20dd (9.0, 8.9)
3.60*
3.85+

5.04d (1.7)

5.10 dd (3.6, 1.7)
4.22dd (9.3, 3.6)
3.46 dd (9.0, 9.3)
3.86 *

1.28d (6.6)

5.08 d (1.5)

5.52 dd (3.5, 1.5)
4.06dd (9.0, 3.5)
3.66*

3.86*

1.30d (6.5)

5.27.d (1.7)

5.06 dd (3.5, 1.7)
4.74dd (9.0, 3.5)
4.93dd (9.4,9.0)
3.84*

1.14.d (6.0)

4.43d(7.1)
3.18dd (9.1, 7.1)
3.31*

3.19dd (9.0, 9.1)
3.29%

3.58*

3.86*

2.31 ddd (14.0,
7.0,3.5)

2.55 ddd (14.0,
7.0,3.5)

3.50
0.891(7.0)

2.471(6.5)
1.22(7.0)

2.50*
3.88*

3.24.dd (9.0, 7.2)

3.32.dd (8.9, 9.0)
3.60*

3.20 dd (8.9, 8.9)
3.61*
3.85+

5.02d (1.8)

5.16 dd (3.7, 1.8)
4.20dd (9.1,3.7)
3.44.dd (9.1, 9.1)
3.87

1.27d (6.5)

5.09d (1.5)

5.54 dd (3.4, 1.5)
4.10dd (9.1, 3.4)
3.67*
3.86*

1.32d (6.3)

5.25d (1.6)

5.05 dd (3.5, 1.6)
4.75dd (8.9, 3.5)
4.97dd (9.2, 9.0)
3.83*

1.12d (6.1)

4.42d (7.0)
3.17d (9.0, 7.0)
3.31*
3.20 dd (9.1, 9.0)
3.29*
3.59*
3.87

2.30 ddd (15.0,

7.5,3.4)

2.56 ddd (15.0,

7.5,3.4)

3.60*
0.881(7.0)

2.481(6.7)
1.23(7.1)

2.09s

2.47*
3.90*

3.23dd (8.9, 7.1)

3.33dd (9.0, 8.9)
3.60*

3.21dd (9.0, 9.0)
3.61*
3.87*

5.03 (1.7)
5.13dd (3.6, 1.7)
4.21dd (9.2, 3.6)
3.47 dd (9.0, 9.2)
3.88*
1.28d (6.5)

5.09 d (1.5)
5.54 dd (3.5, 1.5)
4.08dd (9.0, 3.5)
3.66*
3.86*
1.30d (6.3)

5.25d (1.7)
5.05 dd (3.5, 1.7)
4.74dd (9.0, 3.5)
4.95dd (9.3,9.0)
3.83
1.12.d (6.0)

4.42d(7.1)
3.18d (9.0, 7.1)
3.31*
3.19 dd (9.0, 9.0)
3.30*
3.60*
3.87

2.29 ddd (15.0,

7.5,3.4)

2.55 ddd (15.0,

7.5,3.4)

3.60*
0.89t(7.0)

2.47*
1.22t(7.0)

2.47*
1.23t(7.1)

2.48*
3.90*

3.23dd (9.1, 7.0)

3.52 dd (9.0, 9.0)
3.61*

3.20 (8.9, 9.0)
3.61*
3.86*

5.02d (1.7)
5.16 dd (3.8, 1.7)
4.22dd (9.3, 3.8)
3.45dd (9.1, 9.3)
3.89 *
1.29.d (6.6)

5.09d (1.5)
5.54 dd (3.4, 1.5)
4.07dd (9.0, 3.4)
3.67
3.87*
1.29d (6.4)

5.25d (1.7)
5.03 dd (3.6, 1.7)
4.75dd (9.0, 3.6)
4.95dd (9.3,9.0)
3.83
1.12.d (6.0)

4.43d (7.0)
3.17.d (9.0, 7.0)
3.31*

3.30*
3.60*
3.86*

2.30 ddd (14.5,

7.0,3.5)

2.56 ddd (14.5,

7.0,3.5)

3.60*
0.90t(7.0)

2.461(6.7)
1.231(7.1)

2.50*
1.10t(7.4)

2.48*
3.90*

3.20dd (9.0,9.1)
3

3.22.dd (9.0, 7.9)
3.52.dd (8.9, 9.1)

3.60*

3.21dd (8.9, 9.0)

3.62d(7.1)
3.84*

5.03d (1.8)

5.16 dd (3.7, 1.8)
421dd(9.2,3.7)
3.46 dd (9.2, 9.2)

3.87*
1.28d (6.5)

5.10 d (1.5)

5.57 dd (3.5, 1.5)
4.07dd (9.0, 3.5)

3.67*
3.86*
1.29d (6.4)

5.26d (1.7)

5.05 dd (3.5, 1.7)
4.74dd (9.0, 3.5)
4.95dd (9.2, 9.0)

3.83*
1.12.d (6.0)

4.43d (7.0)

3.16 d (9.1, 7.0)
31* 3.31

3.60%
3.87*

2.30 ddd (14.0,
7.0,3.5)
2.57 ddd (14.0,
7.0,3.5)
3.60*
0.89t(7.0)

2.471(6.7)
1.221(7.1)

2.40t (6.4)
1.09t(7.1)

2.49*
3.89*

3.22.dd (9.0, 7.9)

3.52dd (8.9, 9.1)
3.60*

3.21.dd (8.9, 9.0)
3.62d(7.1)
3.84*

5.03d (1.8)
5.16 dd (3.7, 1.8)
4.21dd (9.2,3.7)
3.46 dd (9.2, 9.2)
3.87 *
1.28d (6.5)

5.10d (1.5)
5.57 dd (3.5, 1.5)
4.07 dd (9.0, 3.5)
3.67*
3.86*
1.29d (6.4)

5.26d (1.7)
5.05 dd (3.5, 1.7)
4.74dd (9.0, 3.5)
4.95dd (9.2, 9.0)
3.83*
1.12 d (6.0)

4.43d (7.0)
3.16 d (9.1, 7.0)
*

3.20dd (9.0,9.1)  3.20dd (9.0,9.1)
30* 3.30%

3.60*
3.87*

2.30 ddd (14.0,
7.0,3.5)
2.57 ddd (14.0,
7.0, 3.5)
3.60*
0.89t(7.0)

2.471(6.7)
1.221(7.1)

2.50*
3.91*

2.48*
3.89*

a Abbreviations: Glc= glucopyranosyl, Rha= rhamnopyranosyl, dodeca n-dodecanoyl, ac= acetyl, propa= propanoyl, buta= butanoyl,
mba= 2-methylbutanoyl, ni= 3-hydroxy-2-methylbutanoyl, and Jal 11-hydroxyhexadecanoyl.Chemical shifts marked with an asterisk (*)
indicate overlapped signals.

(C12H250)]7, 1015 'z 1115-100 (GHgO,)] ~, 853 [m/z 1015
162 (GH1004)]~, 707 [Wz 853—146 (GH1004)] ™, 561 [z 707—
146 (GH1004)] -, 433 [m/z 561—-128 (GHgOs)]~, and 271 fz
433-162 (GH100s)] . Basic hydrolysis ofl afforded arboresinic
(7), dodecanoic, and nilic acids. TH&E NMR spectrum ofl (Table

(H-3) and 2.50 ppm (H-2) of a 3-hydroxy-2-methylbutanoyl! group,

and two signals at 2.31 (1H, ddd) and 2.55 (1H, ddd) ppm of the
nonequivalent protons of a methylene group at C-2 in the aglycon
moiety, suggesting a macrocyclic lactone-type structure. Also
observed were a methyl triplet signal at 1.22 ppm and a triplet-like

2) included three carbonyl signals and five anomeric signals. The signal for a methylene group at C-2 (2.47 ppm) of a dodecanoyl

IH NMR spectrum ofl (Table 3) exhibited three doublet methyl

group. The position of the jalapinolic acid moiety in the oligosac-

signals of the three 6-deoxyhexose units, overlapped signals at 3.9Ccharide was determined by the correlation between jalapinolic acid
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H-11 (3.62 ppm) and glucose H-1 (4.32 ppm) in a T-ROESY NMR
spectrum. The HMBC NMR spectrum @fpermitted the esterifi-
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Table 4. 13C NMR Data for Compound8—11 (CDsOD)

cation sites to be established through the conectivities between
carbonyl andH NMR signals of the monosaccharides: te=

O (178.0 ppm) of the 3-hydroxy-2-methylbutanoyl (niloyl) group
correlated with H-4 (4.92 ppm) of rhamndsehe 13C=0 (175.1
ppm) of dodecanoyl correlated with H-2 (5.51 ppm) of rhamfjose
and the 33C=0 (175.0 ppm) of the 11-hydroxyhexadecanoyl
correlated with H-2 (5.08 ppm) of rhamnose.

Compound®—6 gave a quasi-molecular ion [M NaJ* at m/z
1363, 1377, 1391, 1405, and 1421, respectively, in the positive-
ion FABMS. The molecular formulas df (Cg5H;120,8), 3 (Cs-
6H114028), 4 (C67H116028), 5 (C68H118028), and6 (C68H118029)
were determined by their negative-ion HRESIMS. The negative-
ion FABMS of 2—6 showed the fragment peaks [MH]~, [(M —

H)™ — (C12H220)]7, [(M — H)™ — (C12H2:0)™ — (CsHgO2)] ~, and
[M — H)™ — (CioH220)~ — (CsHgOz) — (acyl)]™, besides the
common fragmentation pedksroduced by glycosidic cleavage of
the sugar moieties. Basic hydrolysis 26 afforded arboresinic
acid (7) as the glycosidic acid present in these compounds.

The*C NMR spectrum oR—6 (Table 2) included four carbonyl
signals and five anomeric signals. THé NMR spectrum o2—6
(Table 3) exhibited three doublet methyl signals of the three
6-deoxyhexose units and two signals of the nonequivalent protons
of a methylene group at C-2 in the aglycon moiety, suggesting a
macrocyclic lactone-type structure. Also observed were a methyl
triplet signal at 1.22 ppm and a triplet-like signal for a methylene
group at C-2 (2.47 ppm) of a dodecanoyl group. The position of
the jalapinolic acid moiety in the oligosaccharide core of compounds
2—6 was determined by the correlation between jalapinolic acid
H-11 and glucose H-1 in a T-ROESY NMR spectrum. The HMBC
NMR spectrum permitted the esterification sites to be established
through the conectivities between carbonyl dahiINMR signals
of the monosaccharides: thus f2+6, a niloyl substituent was
located at C-3 of rhamno$gean-dodecanoyl residue was assigned
at C-2 of rhamnoseand the jalapinolic acid unit was esterified at
C-2 of rhamnose. According to long-range correlationsZe®,
an acetyl, a propanoyl, a butanoyl, a 2-methylbutanoyl, and a niloyl
substituent was located at C-4 of rhamrigsespectively.

The more polar chromatographic fraction was hydrolyzed in an
aqueous/ethanolic acid medium, and the analysis of the organic
fraction by GC-MS permitted the identification of acetic, propanoic,
butanoic, 2-methylbutanoic, 2-methylbutenoic, 2-methyl-2-butenoic
(tiglic), nilic, dodecanoic, and 11-hydroxyhexadecanoic ethyl esters
by comparison with the mass spectra and retention times of the

ethyl esters of authentic samples. The carbohydrates present in the
aqueous phase were quinovose, rhamnose, and glucose, as identified

by GC-MS and HPLC.

Basic hydrolysis of the more polar chromatographic fraction of
I. arborescensoots produced an organic acid fraction and a water-
soluble glycosidic acid derivative. The structure of the glycosidic
acid was confirmed from its one- and two-dimensional NMR data
as murucinic acid.

The positive-ion FABMS of compoun8igave a quasimolecular
ion atm/z 1347 [M+ Na]*. The negative-ion HRESIMS & gave
am/z value of 1323.8490 [M— H] -, consistent with a molecular
formula of GsH;120,7. The negative-ion FABMS showed fragment
peaks aim/z 1323 [M — H]~, 1141 jwz 1323-182 (GH»,0)],
1041 Wz 1141-100 (GHgO2)]~, 999 [Wz 1041-42 (GH,0)],

837 [Mz999-162 (GH1004)]~, 691 [z 837146 (GH1004)] ",

545 [m/z 691146 (GH1004)]~, 417 [z 545-128 (GHg03)]

and 271 Wz 417-146 (GH1004)] . Basic hydrolysis 08 afforded
murucinic, dodecanoic, nilic, and acetic acids. THE NMR
spectrum of8 (Table 4) showed four carbonyl signals and five
anomeric signals. ThéH NMR spectrum of3 (Table 5) demon-
strated the presence of four doublet methyl signals of the 6-deoxy-
hexose units, a methyl singlet signal at 2.10 ppm of an acetyl group,

carbon 8 9 10 11
Qui 1 105.4 105.4 105.3 105.4
2 80.1 80.0 80.0 80.1
3 73.8 73.7 73.8 73.7
4 71.4 71.3 71.4 71.4
5 73.3 73.3 73.3 73.2
6 16.9 16.8 16.8 16.8
Rha
1 98.9 99.0 98.9 98.8
2 84.1 84.1 84.1 84.1
3 70.1 70.1 70.2 70.1
4 72.0 72.0 72.0 72.0
5 69.2 69.3 69.2 69.2
6 19.2 19.3 19.3 19.3
Rhd
1 100.2 100.2 100.2 100.2
2 70.8 70.8 70.8 70.8
3 83.7 83.8 83.7 83.7
4 71.1 71.1 71.1 71.1
5 69.1 69.0 69.0 69.0
6 18.8 18.8 18.8 18.8
Rhd’

1 103.2 103.3 103.2 103.3
2 72.2 72.2 72.2 72.2
3 80.3 80.3 80.3 70.3
4 79.5 79.4 79.4 70.5
5 68.6 68.6 68.6 68.6
6 17.8 17.8 17.9 17.8
Glc'
1 105.5 105.5 105.5 105.5
2 75.3 75.3 75.3 75.3
3 78.3 78.3 78.3 78.2
4 71.6 715 715 715
5 78.1 78.2 78.1 78.1
6 63.1 63.1 63.2 63.2
Jal
1 175.0 175.0 174.9 175.0
2 34.8 34.8 34.8 34.8
11 84.0 84.0 84.0 84.0
16 14.4 14.4 14.0 14.0
dodeca-1 175.1 175.1 175.1 175.1
2 35.1 35.0 35.0 35.0
12 23.1 23.0 23.0 23.0
acl 172.5
2 41.1
2bute-1 178.0
2 129.9
3 132.2
4 19.4
tgl-1 172.6
2 129.6
3 139.1

18.2
nl-1 178.0 178.1 178.2 177.9
2 48.1 48.1 48.0 47.9
3 69.7 69.8 69.6 69.8
4 19.8 20.0 20.1 20.0

a Abbreviations: Qui= quinovopyranosyl, Gle= glucopyranosyl,
Rha= rhamnopyranosyl, dodeca n-dodecanoyl, ae= acetyl, 2bute
= 2-butenoyl, tgl= 2-methyl-2-butenoyl, = 3-hydroxy-2-methylbu-
tanoyl, and JaF 11-hydroxyhexadecanoyl.

overlapped signals at 3.90 (H-3) and 2.50 ppm (H-2) of the niloyl
group, and two signals at 2.31 (1H, ddd) and 2.55 (1H, ddd) ppm
of the nonequivalent protons of the methylene group at C-2 in the
aglycon moiety, suggesting a macrocyclic lactone-type structure.
The position of the jalapinolic acid moiety in the oligosaccharide
was determined by the correlation between jalapinolic acid H-11
(3.62 ppm) and glucose H-1 (4.32 ppm) in a T-ROESY NMR
spectrum. The positions of the oligosaccharide core were determined
by long-range correlations in the HMBC NMR spectrum. Thus, a
niloyl group was attached to C-3 of rhamnbtsan acetyl residue
was located at C-4 of rhamndsen-dodecanoyl unit was attached
at C-2 of rhamnoseand a 11-hydroxyhexadecanoyl was located
at C-2 of rhamnose.
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Table 5. 'H NMR Data for Compound8—11' (CDsOD, ¢ ppm,J in Hz)?

Letn et al.

position 8 9 10 11

Qui 1l 4.31d(7.4) 4.33d (7.5) 4.31d(7.7) 4.32d(7.8)

2 3.43dd (9.1, 7.4) 3.44dd (9.0, 7.5) 3.43dd (8.9,7.7) 3.43dd (9.0, 7.8)
3 3.50dd (9.0, 9.1) 3.52dd (8.9, 9.0) 3.53dd (9.0, 8.9) 3.52dd (9.0, 9.0)
4 3.58* 3.61* 3.62* 3.62*

5 3.60* 3.60* 3.61* 3.60*

6 1.23d (7.0) 1.21d(7.2) 1.22d (7.0) 1.21d (7.0)

Rha

1 5.04d (1.7) 5.02d(1.8) 5.03 (1.7) 5.02d (1.7)

2 5.10dd (3.6,1.7) 5.16 dd (3.7, 1.8) 5.13dd (3.6, 1.7) 5.16 dd (3.8,1.7)
3 4.22dd (9.3, 3.6) 4.20dd (9.1, 3.7) 4.21dd (9.2, 3.6) 4.22dd (9.3, 3.8)
4 3.46 dd (9.0, 9.3) 3.44dd (9.1,9.1) 3.47 dd (9.0, 9.2) 3.45dd (9.1, 9.3)
5 3.86* 3.87* 3.88* 3.89*

6 1.28d (6.6) 1.27d (6.5) 1.28d (6.5) 1.29d (6.6)

Rhal

1 5.08d (1.5) 5.09d (1.5) 5.09d (1.5) 5.09d (1.5)

2 5.52dd (3.5,1.5) 5.54dd (3.4,1.5) 5.54dd (3.5, 1.5) 4.54dd (3.4,1.5)
3 5.06 dd (9.0, 3.5) 5.10dd (9.1, 3.4) 5.08 dd (9.0, 3.5) 4.07 dd (9.0, 3.4)
4 3.66* 3.67* 3.66* 3.67*

5 3.86* 3.86* 3.86* 3.87*

6 1.30d (6.5) 1.32d(6.3) 1.30d (6.3) 1.29d (6.4)

Rhd’

1 5.27d (1.7) 5.25d (1.6) 5.25d (1.7) 5.25d (1.7)

2 4.06dd (3.5,1.7) 4.05dd (3.5, 1.6) 4.05dd (3.5,1.7) 4.03dd (3.6,1.7)
3 3.74dd (9.0, 3.5) 3.75dd (8.9, 3.5) 3.74dd (9.0, 3.5) 3.75dd (9.0, 3.6)
4 4.93dd (9.4, 9.0) 4.97 dd (9.2, 9.0) 4.95dd (9.3, 9.0) 4.95dd (9.3, 9.0)
5 3.84* 3.83* 3.83* 3.83*

6 1.14d (6.0) 1.12d (6.1) 1.12d (6.0) 1.12d (6.0)

Glc'

1 4.43d(7.1) 4.42d (7.0) 4.42d(7.1) 4.43d (7.0)

2 3.18dd (9.1, 7.1) 3.17d (9.0, 7.0) 3.18d (9.0, 7.1) 3.17d (9.0, 7.0)
3 3.31* 3.31* 3.31* 3.31*

4 3.19dd (9.0,9.1) 3.20dd (9.1, 9.0) 3.19dd (9.0, 9.0) 3.20dd (9.0,9.1)
5 3.29* 3.29* 3.30* 3.30*

6 3.58* 3.59* 3.60* 3.60*

6 3.86* 3.87* 3.87* 3.86*

Jal

2a 2.31ddd (14.0, 7.0, 3.5) 2.30ddd (15.0, 7.5, 3.4) 2.29.ddd (15.0, 7.5, 3.4) 2.30ddd (14.5, 7.0, 3.5)
2b 2.55ddd (14.0, 7.0, 3.5) 2.56 ddd (15.0, 7.5, 3.4) 2.55ddd (15.0, 7.5, 3.4) 2.56 ddd (14.5, 7.0, 3.5)
11 3.59*% 3.60* 3.60* 3.65*

16 0.891(7.0) 0.881(7.0) 0.891(7.0) 0.901t(7.0)
dodeca

2 2.471(6.5) 2.481(6.7) 2.471(6.6) 2.461(6.7)

12 1.221(7.0) 1.23t(7.1) 1.22t(7.0) 1.23t(7.1)

ac

2 2.08s

2bute

2 7.75dqg (9.0, 1.9)

3 7.65dq (9.0, 2.2)

tgl

3 6.93dq (1.5, 6.5)

4 1.51d (6.5)

nl

2 2.49* 2.50*% 2.50*

3 3.89* 3.90* 3.90*

a Abbreviations: Qui= quinovopyranosyl, Gle= glucopyranosyl, Rha= rhamnopyranosyl, dodeca n-dodecanoyl, ac= acetyl, 2bute=
2-butenoyl, tgl= 2-methyl-2-butenoyl, ni= 3-hydroxy-2-methylbutanoyl, and Jal 11-hydroxyhexadecanoyl.Chemical shifts marked with an
asterisk (*) indicate overlapped signals.

The molecular formulas & (Ce7H114027), 10 (CegH116027), and and a 11-hydroxyhexadecanoyl group was located at C-2 of rham-
11 (CsgH102024) were determined by their negative-ion HRESIMS. nose. According to long-range correlations3pa 2-butenoyl group,
The positive-ion FABMS 0f9—11 gave quasimolecular ions [M  and for10, a tigloyl residue, was located at C-4 of rhamribse
+ NaJ* atm/z 1373, 1387, and 1205, respectively. The negative-ion ~ Murucins -5 were also isolated and characterized by compari-
FABMS of 9—11 showed signals for [M- H]~, in addition to the son of their physical and spectroscopic data with published“data.
common fragmentation pedaksroduced by glycosidic cleavage of Compoundd—6 and8—11were evaluated in a cytotoxic assay
the sugar moieties. THEC NMR spectra 0B—11 (Table 4) showed using cultured cells representative of colon carcinoma (HCT-15),
five anomeric signals, and thel NMR spectrum of these three com-  cervical carcinoma (UISO-SQC-1), and ovarian carcinoma (OVCAR-
pounds (Table 5) showed four doublet methyl signals for 6-deoxy- 5). Compounds3—5, 10, and 11 were inactivé against all three
hexose units and signals attributable to the nonequivalent protonscell lines (ERy > 5.0ug/mL). Compoundd, 2, 9, and11 exhibited
of the methylene group at C-2 of the jalapinolic moiety, indicative low activity against OVCAR-5 cells (E£3 5.0, 4.2, 4.5, and 4.0
of the macrocyclic lactone-type structure. The positions of esterifica- ug/mL, respectively), but were inactive against HCT-15 and UISO
tion for 9—11 were determined by the correlations in the HMBC cells (EDyp > 5.0 ug/mL).

NMR spectrum. Fo®—11, a niloyl group was attached to C-3 of The glycolipids isolated fronh. arboresceng1—6 and8—11)
rhamnosg, an-dodecanoyl unit was attached at C-2 of rhamhose are pentasaccharides that differ from the murdciims having
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glucose instead of quinovose. In turn, the glycosides obtained from 3; positive-ion FABMSn/z 1377 [M + Na]*; negative-ion FABMS

Ipomoea leptophylladiffer from the arboresins in having the

oligosaccharide core branched, and fucose instead of glécose.

Pescapreins are branched pentasacharide glycoside$foomoea
pescapragwith then-dodecanoyl! group located in the same position
of the arboresing.

Experimental Section

General Experimental ProceduresMelting points were determined

m/z1353 [M — H] ", 1171 [1353— C12H2,0] ", 1071 [1171— CsHgO;] ",
1015 [1071- CsH40], 853, 707, 561, 433, and 271; HRESIN¥z
1353.8643 [M— H]~ (calcd for GeH114025, 1354.8724).

Arboresin 4 (4): amorphous white powder; mp 14345°C; [a]%%
—20.1 € 2.2 CHOH); IR vmax 3376 (OH), 2985 (€&H), 1735 (G=
0), 1450, 1370, 1200, 1090 cf H and**C NMR, see Tables 2 and
3; positive-ion FABMSm/z 1391 [M + NaJ; negative-ion FABMS
m/z 1367 [M — H]~, 1185 [1367— C;2H2,0] ", 1085 [1185— CsHgO;] ™,
1015 [1085— C4H¢O]-, 853, 707, 561, 433, and 271; HRESINi¥z

on a Fisher-Johns apparatus and are uncorrected. Optical rotations werd367-8879 [M— H]~ (calcd for G7H116025, 1368.8880).

measured using a JASCO DIP 360 digital polarimeter. IR spectra were
recorded using a Bruker model v22. NMR spectra were obtained on a

Varian UNITY 400 NMR spectrometer equipped i 5 mminverse
detection pulse field gradient probe at 26 using standard Varian

software. Proton and carbon chemical shifts were referenced to internal

tetramethylsilane (TMS), with 20 mg of each oligosaccharide being
dissolved in ca. 0.75 mL of methyl alcohd); except for7, which
was dissolved in BD. Electrospray-ionization mass spectra (ESIMS)

were recorded on a Micromass model QTOF 2 spectrometer. Positive-

and negative-ion FABMS were recorded on a JEOL MStation JIMS700
mass spectrometer usimg-nitrobenzyl alcohol as matrix. The GC-

Arboresin 5 (5): amorphous white powder; mp 14850°C; [a]®
—21.8 € 1.9 CHOH); IR vmax 3376 (OH), 2985 (€H), 1735 (G=
0), 1450, 1370, 1200, 1090 ch *H and*3C NMR, see Tables 2 and
3; positive-ion FABMSn/z 1405 [M + Na]*; negative-ion FABMS
m/z1381 [M— H]~, 1199 [1381— Cy:H2:0], 1099 [1199- CsHgO;]
1015 [1099— CsHgO], 853, 707, 561, 433, and 271; HRESIN%z
1381.8955 [M— H]~ (calcd for GgH11¢025, 1382.9036).

Arboresin 6 (6): amorphous white powder; mp 14850°C; [a]®%
—22.2 € 2.0 CHOH); IR vmax 3376 (OH), 2985 (€ H), 1735 (G=
0), 1450, 1370, 1200, 1090 cH *H and*3C NMR, see Tables 2 and
3; positive-ion FABMSm/z 1421 [M + NaJ"; negative-ion FABMS
mz1397 [M— H]~, 1215 [1397— CiH20], 1115 [1215- CsHgO7]

MS system consisted of a HP 6890 gas chromatograph and a HP 59701015 [1115— CsHgO;] ~, 853, 707, 561, 433, and 271; HRESIM%z

mass selective detector in the electron-ionization mode. Silica gel (70-
230 mesh, Merck, Darmstadt, Germany) was used for column chro-

matography. TLC was carried out on precoated Kieselgel,.60.25
mm thick; Merck, Darmstadt, Germany) plates, and spots were
visualized by spraying the plates with 10%3®, solution followed

1397.8877 [M— H]~ (calcd for GgH11¢020, 1398.9030).
Arboresinic acid (7): amorphous white powder; mp 14850 °C;
[a]?% —34.7 € 1.7 CHOH); IR vmax 3376 (OH), 2985 (€ H), 1735
(C=0), 1450, 1370, 1200, 1090 crh H and**C NMR, see Table 1;
positive-ion FABMSm/z 1057 [M + NaJ*; negative-ion FABMSwz

by heating. HPLC was performed using a system comprised of an 1033 [M—H]", 871,725, 579, 433, and 271; HRESIM#2 1033.7730

Agilent 1100 binary pump, an Agilent variable-wavelength this
1100 detector, and Agilent refractive index detector 1100 and a
Rheodyne injector.

Plant Material. Samples ofl. arborescensvere collected in San

Pedro Huamelula, in the state of Oaxaca, Mexico, in January 2000.

Botanical classification was carried out by Biol. J. F. Castrejostituto
de Biologa, UNAM, and a voucher specimen (No. 963235) is deposited
at the National Herbarium (MEXU) in Mexico City.

Extraction and Isolation. Dried and ground roots (600 g) were

[M — H]~ (calcd for GgH102024, 1034.7812).

Murucin 6 (8): amorphous white powder; mp 14042 °C; [a]%%
—19.8 € 2.3 CHOH); IR vmax 3376 (OH), 2985 (GH), 1735 (C=
0), 1450, 1370, 1200, 1090 ci *H and*3C NMR, see Tables 4 and
5; positive-ion FABMSm/z 1347 [M + NaJ; negative-ion FABMS
m/z1323 [M— H], 1141 [1323- CyoH2,0]", 1041 [1141— CsHgOs] ™,
999 [1041— C,H.O]-, 837, 691, 545, 417, and 271; HRESIM$z
1323.8490 [M— H]_ (calcd for GsH112027, 13248574)

Murucin 7 (9): amorphous white powder; mp 13337°C; [a]%%
—21.4 € 1.8 CHOH); IR vmax 3376 (OH), 2985 (GH), 1735 (G=

defatted with hexane at room temperature. The residual material Was(Q), 1450, 1370, 1200, 1090 cf *H and™3C NMR, see Tables 4 and

extracted exhaustively in GBI, to give, after removal of the solvent,
a brown solid material (40 g). The brown solid showed two spots by
TLC on silica gel, eluted with CHG+CH3OH (9:1) (R; 0.54 and 0.45),
and was subjected to gravity column chromatography over silica gel
(500 g) using a gradient of GB®H in CHCL, leading to two
chromatographic fractions. Purification of the less polar fraction was
carried out by preparative HPLC using a MCH-10 column (10 mm
i.d. x 300 mm, 5um, Varian), eluting with a mixture of C}CN—
H.0 (7:3), at a flow rate 1 mL/min at 28C, and detection with UV at
215 nm. Compounds (50 mg,tg 14.0 min),2 (30 mg,tg 16.7 min),
3 (50 mg,tr 20.5 min),4 (48 mg,tg 22.2 min),5 (35 mg,tr 23.9 min),
and6 (25 mg,tr 25.3 min) were collected and reinjected until pure.
The more polar fraction was purified by preparative HPLC, eluting
with a mixture of CHCN—H,0 (7:3) at a flow rate 1 mL/min at 25
°C. Compoundd41 (28 mg,tr 8.2 min),8 (25 mg,tg 18.7 min),9 (30
mg, tr 20.0 min), andlO (28 mg,tr 21.1 min) were purified, in turn,
in this manner.

Arboresin 1 (1): amorphous white powder; mp 13840°C; [a]%%
—21.0 € 2.0 CHOH); IR vmax 3376 (OH), 2985 (€& H), 1735 (G=
0), 1450, 1370, 1200, 1090 ch *H and**C NMR, see Tables 2 and
3; positive-ion FABMSm/z 1321 [M + Na]*; negative-ion FABMS
m/z1297 [M— H]~, 1115 [1297— C;;H»,0], 1015 [1115- CsHgO;] -,
853, 707, 561, 433, and 271; HRESIMS8z 1297.8365 [M— H]~
(calcd for GaH110027, 1298.8445).

Arboresin 2 (2): amorphous white powder; mp 14042°C; [a]%%
—23.1 € 1.9 CHOH); IR vmax 3376 (OH), 2985 (€& H), 1735 (C=
0), 1450, 1370, 1200, 1090 cH *H and®*C NMR, see Tables 2 and
3; positive-ion FABMSm/z 1363 [M + Na]*; negative-ion FABMS
m/z1339 [M— H]~, 1157 [1339- C;2H»0], 1057 [1157— CsHsO;] -,
1015 [1157— C,H,0]~, 853, 707, 561, 433, and 271; HRESINi%z
1181.8487 [M— H]~ (calcd for GsH11:0s, 1340.8568).

Arboresin 3 (3): amorphous white powder; mp 14042°C; [a]?%
—19.9 € 1.8 CHOH); IR vmax 3376 (OH), 2985 (€&H), 1735 (C=
0), 1450, 1370, 1200, 1090 cH *H and®*C NMR, see Tables 2 and

5; positive-ion FABMSnm/z 1373 [M + Na]*; negative-ion FABMS
m/z1349 [M— H]~, 1167 [1349- Cy:H2:0] 7, 1067 [1167— CsHgO;]

999 [1067— C,H,O], 837, 691, 545, 417, and 271; HRESIM$z

1349.8650 [M— H]~ (calcd for G7H1140,7, 1350.8730).

Murucin 8 (10): amorphous white powder; mp 13840°C; [o]%%
—19.4 € 1.9 CHOH); IR vmax 3376 (OH), 2985 (€& H), 1735 (G=
0), 1450, 1370, 1200, 1090 criy *H and*3C NMR, see Tables 4 and
5; positive-ion FABMSm/z 1387 [M + Na]*; negative-ion FABMS
mz1363 [M— H]~, 1181 [1363— Ci2H2,0]~, 1081 [1181— CsHgO7] -,

999 [1081— CsHeO] ™, 837, 691, 545, 417, and 271; HRESIM%z
1363.8808 [M— H]~ (calcd for GgH1160-7, 1364.8886).

Murucin 9 (11): amorphous white powder; mp 14850°C; [0]%%
—20.4 € 2.1 CH;OH); IR vmax 3376 (OH), 2985 (€&H), 1735 (CG=
0), 1450, 1370, 1200, 1090 c *H and*3C NMR, see Tables 4 and
5; positive-ion FABMSm/z 1205 [M + Na]*; negative-ion FABMS
m/z1181 [M — H]~, 999 [1181— C;,H,;,0]~, 837, 691, 545, 417, and
271; HRESIMSm/z 1181.7734 [M— H]~ (calcd for GgH102024,
1182.7812).

Acid Hydrolysis of the Chromatographic Fractions. Both chro-
matographic fractions (50 mg each) were refluxed and separated in
1.0 N HCI (10 mL of water-ethanol) for 1.0 h. The reaction mixtures
were taken to pH 5 with NaOH solution, and the solutions were
extracted with CHCI, and analyzed by GC-MS (25 m 0.2 mm HP-5
column: He, 1 mL/min; 40C, 2 min, 40-250°C, A 15 °C/min, 250
°C 10 min; split 1:40). The less polar chromatographic fraction gave
the following acid derivatives: ethyl acetatér (3.0 min), ethyl
propanoatetg 3.5 min), ethyl butanoateg 4.0 min), ethyl 2-meth-
ylbutanoate tk 6.6 min), ethyl 3-hydroxy-2-methylbutanoati 8.65
min), ethyl dodecanoatdg(15.0 min), and ethyl 11-hydroxyhexade-
canoatetk 19.57 min). The more polar chromatographic fraction gave
the following acid derivatives: ethyl acetate, ethyl propanoate, ethyl
butanoate, ethyl 2-methylbutanoate, ethyl 3-hydroxy-2-methylbutanoate,
ethyl dodecanoate, ethyl 11-hydroxyhexadecanoate, ethyl 2-butenoate
(tr 3.8 min),M/z [M] © 114 (2), [M — CHz]™ 99 (28), [M — C;H4]* 86
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(10), [M — OC;Hs]* 69 (100), 41 (20), 29 (10); and ethyl 2-methyl-
2-butenoatetg 6.0 min),m/z [M]*+ 128 (5), [M — C;H4]* 100 (54),
[M — OC,Hs]™ 83 (26), 55 (100), 27 (30).

Letn et al.

Cytotoxicity Assay. The HCT-15, UISO, and OVCAR-5 cell lines

were maintained and treated with various concentrations of the
glycolipids, and the cell inhibitory concentrations were determined, as

Carbohydrate Analysis. The aqueous phase of the acid hydrolysis previously reported.

reactions was prepared and analyzed by the previously reported

proceduré, allowing the identification in the more polar chromato-
graphic fraction ofa-L-rhamnose (3 mgr 7.9 min), b-quinovose (1
mg, tr 8.9 min), and d-glucose (1 mgx 15.2 min), while in the less
polar chromatographic fractiom-L-rhamnose (2 mgir 7.9 min) and
D-glucose (1 mgtr 15.2 min) were identified. The sugars were isolated
and their absolute configurations were determined by their optical
rotations: glucosef]? +105 (€ 0.9 CHOH); rhamnose,d]?% —6.0
(c 2.3 CH0OH); quinovose, ¢]%» +64.0 € 0.8 CHOH).

Alkaline Hydrolysis of the Chromatographic Fractions. Both

chromatographic fractions (200 mg each) were refluxed and separated

in 0.1 N NaOH (10 mL) for 60 min. The reaction mixtures were treated
according to the previously reported procedtighe murucinic and

arboresinic acids obtained were characterized by NMR and mass
spectrometry. The glycosidic acids were refluxed and separated in 1.0

N HCI (5 mL of water-ethanol, each) for 1.0 h. The reaction mixtures
were taken to pH 5 with NaOH solution, and the solutions extracted
with CHxCl,. The organic layers were washed with@®] dried over
anhydrous Nz50,, and evaporated. The observed optical rotation
([a]?s +0.43) was closely comparable to that previously repdrfed

the S enantiomer of the ethyl ester of jalapinolic acid]f +0.45).
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