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Abstract
Resin glycosides, characteristic of plants of the Convolvulaceae family, are well-known purgative constituents found in 
traditional medicinal crude drugs, such as Rhizoma Jalapae, Rhizoma Jalapae Braziliensis, Orizaba Jalapa Tuber, and Phar-
bitidis Semen. The isolated compounds exhibited a wide range of biological activities, including antibacterial, ionophoric, 
anti-inflammatory, antiviral, and multidrug-resistance-modulating properties, as well as cytotoxicity against cancer cells. 
Ipomoea lacunosa L. (Convolvulaceae) is an herbaceous vine native to the United States. Four new acylated glycosidic 
acid methyl esters (1–4) and one new glycosidic acid (5) were isolated from the methanol extract of the plant seed. The 
structures of 1–5 were elucidated using spectroscopic data in conjunction with our previous studies on the components of 
the crude resin glycoside fraction from I. lacunosa seeds. Compounds 1 and 2 were identified as heptaglycosides, 3 as an 
octaglycoside, and 4 as a nonaglycoside, all sharing methyl 3S,11S-dihydroxytetradecanoate as a common aglycone. The 
saccharide moieties were partially acylated by glycosidic acid, 7S-hydroxydecanoic acid 7-O-β-d-quinovopyranoside, and 
organic acids, including (E)-2-methylbut-2-enoic, 2S-methylbutyric, and 2R-methyl-3R-hydroxybutyric acids. Compound 
5 was identified as a triglycoside with a new aglycone, 4,11-dihydroxyhexadecanoic acid, which is the first glycosidic acid 
with a hydroxyl group at C-4 of the aglycone moiety.
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Introduction

Resin glycosides are well-known purgative ingredients that 
are characteristic of some crude drugs, such as Rhizoma 
Jalapae (the root of I. purga (Wender) Hayne), Rhizoma Jala-
pae Braziliensis (the root of I. operculata (Gomes) Mart.), 
Orizaba Jalap Tuber (the tuber of Ipomoea orizabensis (Pelle-
tan) Leded.), and Pharbitidis Semen (the seed of Ipomoea nil 
Choisy), which are commonly found in plants belonging to 
the Convolvulaceae family [1, 2]. Chemically, resin glycosides 
have a core structure in which the sugar moiety of the oli-
goglycoside linked to a hydroxyl fatty acid (glycosidic acid) 
is partially acylated by several organic acids [1, 2]. They are 
broadly classified as jalapins, which feature an intramolecular 
cyclic structure, and convolvulins, which have a free carboxyl 
group on their aglycones [1]. Some biological effects of resin 
glycosides have been reported, such as cytotoxicity against 
cancer cells [2–4] and antibacterial [2], ionophoric [2], anti-
inflammatory [5], drug-resistance-modulatory [6], and anti-
viral [3, 7] activities.

Ipomoea lacunosa L. (Convolvulaceae) is an herba-
ceous vine native to the United States [8]. Regarding the 
resin glycosides of this plant, the glycosidic acid compo-
nent of the resin glycoside fraction extracted from the roots 
of this plant has been proposed to be a heptaglycoside of 
11-hydroxyhexadecanoic (jalapinolic) acid with a glucose-
to-rhamnose molar ratio of approximately 2:5; however, its 
detailed structure has not yet been determined [9]. In a pre-
vious study, we reported four monosaccharides (d-glucose, 
d-fucose, d-quinovose, and l-rhamnose), three organic acids 
[(E)-2-methylbut-2-enoic (tiglic), 2S-methylbutyric, and 
2R-methyl-3R-hydroxybutyric (2R,3R-nilic) acids], and six 
hydroxyl fatty acids [7S-hydroxydecanoic, 11S-hydroxytet-
radecanoic, 11S-jalapinolic, 3S,11S-dihydroxytetradecanoic 
(ipurolic), 3S,11S-dihydroxyhexadecanoic, and 3S,12S-dihy-
droxyhexadecanoic acids] as the components of the crude 
resin glycoside fraction of I. lacunosa seeds [10]. The iso-
lation and structural elucidation of 11 new glycosidic acid 
methyl esters (lacunosinic acids A–H methyl esters and mul-
tifidinic acids C, D, and F methyl esters) and two known 
glycosidic acid methyl esters (quamoclinic acid B methyl 
ester and purgic acid A methyl ester) are also reported [10]. 
Continuing our previous studies on resin glycosides from 
Convolvulaceae plants [11], this report describes the isola-
tion and structural elucidation of four new acylated glyco-
sidic acid methyl esters and a new glycosidic acid from I. 
lacunosa seeds.

Results and discussion

The methanol (MeOH) extract of I. lacunosa seeds was 
partitioned between hexane and 95% MeOH. The 95% 
MeOH-soluble fr. was chromatographed on Diaion HP20, 
Sephadex LH-20, and octadecyl silica (ODS) columns, 
and HPLC using ODS furnished five compounds (1–5) as 
amorphous powders.

The HR-positive-ion and HR-negative-ion electrospray 
ionization time-of-flight mass spectrometry (ESI-TOF-
MS) data for 1 (lacunosin I) showed [M + Na]+ and 
[M–H]– ion peaks at m/z 1621.7816 and 1597.7852, 
respectively, indicating a molecular formula of C72H126O38. 
The 1H-NMR spectrum of 1 revealed signals due to seven 
anomeric protons [δ 6.47 (1H, d, J = 1.5 Hz), 6.36 (1H, d, 
J = 7.5  Hz), 5.96 (1H, d, J = 8.0  Hz), 5.84 (1H, d. 
J = 7.5  Hz), 5.12 (1H, d, J = 7.5  Hz), 4.87 (1H, d, 
J = 7.5 Hz), 4.80 (1H, d, J = 7.5 Hz)], one methoxy group 
[δ 3.64 (3H, s)], two sets of non-equivalent methylene pro-
tons [δ 2.73 (1H, dd, J = 7.5, 15.5 Hz), 2.71 (1H, dd, 
J = 5.0, 15.5 Hz); δ 2.62 (1H, ddd, J = 8.0, 9.0, 15.5 Hz), 
2.51 (1H, ddd, J = 7.0, 9.0, 15.5 Hz)] adjacent to the car-
bonyl groups, seven secondary methyl groups [δ 1.97 (3H, 
d, J = 6.0  Hz), 1.83 (3H, d, J = 6.0  Hz), 1.63 (3H, d, 
J = 6.0  Hz), 1.60 (3H, d, J = 6.0  Hz), 1.47 (3H, d, 
J = 6.0  Hz), 1.45 (3H, d, J = 7.5  Hz), 1.35 (3H, d, 
J = 7.5 Hz)], and two primary methyl groups [δ 0.97 (3H, 
t, J = 7.0 Hz), 0.93 (3H, t, J = 7.0 Hz)], together with a 
signal presumably due to one H-2 [δ 2.81 (1H, dq, J = 7.5, 
7.5 Hz)] of the niloyl residue. The 13C-NMR spectrum 
shows signals corresponding to three carboxyl (δ 174.8, 
173.7, 172.9) and seven anomeric carbons (δ 106.2, 103.5, 
102.7, 102.1, 101.7, 101.2, 96.8). The 1H- and 13C-NMR 
signals were assigned based on the 1H-1H COSY, 1H-1H 
total correlation spectroscopy (TOCSY), HMQC, HMBC, 
and NOESY spectra (Tables 1 and 2). The coupling con-
stant of the 1H-NMR signals attributed to the anomeric 
and methine protons, along with the C–H coupling con-
stant (1JC-1–H-1) of the anomeric carbon signals [12] 
observed in the 13C-NMR spectrum, indicated that the 
monosaccharide units of 1 consisted of 1 mol each of 
fucopyranose with β in 4C1 conformation and rhamnopyra-
nose with α in 1C4 conformation, 2 mol of glucopyranose 
with β in 4C1 conformation, and 3 mol of quinovopyranose 
with β in 4C1 conformation. The absolute configurations 
of the monosaccharide components quinovose, glucose, 
fucose, and rhamnose of the crude resin glycoside fraction 
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Table 1   1H-NMR spectroscopic 
data for 1–4 (600 MHz, in 
pyridine-d5)

1 2 3 4

Qui-1 4.87 d(7.5) 4.88 d(7.5) 4.88 d(8.0) 4.81 d(7.5)
2 4.23 dd(7.5, 9.0) 4.23 dd(7.5, 9.0) 4.23a 4.18a

3 4.76 dd(9.0, 9.0) 4.79a 4.80 dd(9.0, 9.0) 4.67a

4 3.55 dd(9.0, 9.0) 3.55 dd(9.0, 9.0) 3.56 dd(9.0, 9.0) 3.58 dd(9.0, 9.0)
5 3.92 dd(9.0, 6.0) 3.93a 3.95 dq(9.0, 6.0) 3.85 dq(9.0, 6.0)
6 1.60 d(6.0) 1.60 d(5.5) 1.61 d(6.0) 1.55 d(6.0)
Glc-1 5.84 d(7.5) 5.85 d(7.5) 5.86 d(8.0) 5.79 d(7.5)
2 4.26 dd(7.5, 9.0) 4.27 dd(7.5, 8.5) 4.25a 4.24a

3 4.04a 4.04a 4.05a 4.06a

4 3.98a 4.00a 3.99a 4.00a

5 3.69 ddd(3.5, 5.5, 9.0) 3.68 ddd(3.5, 7.0, 9.0) 3.67 ddd(3.0, 6.0, 9.0) 3.69 ddd(3.5, 6.0, 9.0)
6 4.41a 4.39a 4.40a 4.39a

6 4.23a 4.22a 4.22a 4.20a

Rha-1 6.47 d(1.5) 6.48 s 6.47 br s 6.45 s
2 5.95 dd(1.5, 3.5) 5.92 d(3.0) 5.92 d(3.5) 5.94 d(3.0)
3 5.49 dd(3.5, 9.0) 5.51 dd(3.0, 9.5) 5.48 dd(3.5, 9.5) 5.46 dd(3.0, 9.0)
4 4.70 dd(9.0, 9.0) 4.65 dd(9.5, 9.5) 4.62 dd(9.5, 9.5) 4.65 dd(9.0, 9.0)
5 5.29 dd(9.0, 6.0) 5.29 dq(9.5, 6.0) 5.27 dq(9.6, 6.0) 5.19 dq(9.0, 6.0)
6 1.97 d(6.0) 1.97 d(6.0) 1.94 d(6.0) 1.94 d(6.0)
Glc'-1 6.36 d(7.5) 6.43 d(8.0) 6.41 d(7.5) 6.23 d(7.5)
2 3.99 dd(7.5, 9.0) 4.00a 3.91 dd(7.5, 9.0) 3.97a

3 4.51 dd(9.0, 9.0) 4.52 dd(9.0, 9.0) 4.48 dd(9.0, 9.0) 4.43 dd(9.0, 9.0)
4 3.86a 3.83 dd(9.0, 9.0) 3.80a 3.78a

5 4.33a 4.36a 4.35a 4.19a

6 4.53a 4.53a 4.52 br d(11.0) 4.45a

6 4.08a 4.06a 4.06a 4.03a

Fuc-1 5.96 d(8.0) 5.93 d(8.0) 5.90 d(7.5) 5.90 d(7.5)
2 4.22a 4.18 dd(8.0, 9.0) 4.18 dd(7.5, 9.0) 4.31a

3 4.37a 4.32 dd(3.0, 9.0) 4.31 dd(3.5, 9.0) 4.52 dd(3.5, 9.5)
4 5.63 d(3.5) 5.59 d(3.0) 5.64 d(3.5) 5.75 d(3.5)
5 4.35a 4.30a 4.26 q(6.0) 4.35 q(6.0)
6 1.47 d(6.0) 1.45 d(6.0) 1.46 d(6.0) 1.41 d(6.0)
Qui'-1 5.12 d(7.5) 5.14 d(8.5) 5.17 d(7.5) 5.14 d(8.0)
2 4.04a 4.05a 4.05a 4.11 dd(8.0, 9.0)
3 4.17a 4.25 dd(9.0, 9.0) 4.40 dd(9.5, 9.5) 4.22a

4 3.73a 5.34 dd(9.0, 9.0) 5.36 dd(9.5, 9.5) 5.34 dd(9.0, 9.0)
5 3.95 dq(9.5, 6.0) 4.06a 4.10 dq(9.5, 5.5) 4.00a

6 1.83 d(6.0) 1.67 d(6.0) 1.69 d(5.5) 1.64 d(6.0)
Rha'-1 5.95 br s
2 4.66a

3 4.40a

4 4.22a

5 4.44a

6 1.61 d(6.0)
Qui'''-1 5.14 d(8.0)
2 3.90 dd(8.0, 9.5)
3 4.07 dd(9.5, 9.5)
4 3.61 dd(9.5, 9.5)
5 3.71 dq(9.5, 6.0)
6 1.56 d(6.0)
Ipa-2 2.73 dd(7.5, 15.5) 2.73 dd(8.0, 16.0) 2.73 dd(8.5, 15.5) 2.73 dd(7.5, 15.5)
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of I. lacunosa seeds were previously identified as d, d, d, 
and l, respectively, based on the HPLC analysis of their 
thiocarbamoyl-thiazolidine derivatives [10]. In contrast, 
the organic acid component of 1 was identified as 1 mol of 
nilic acid. The absolute configuration of the nilic acid 
component of the crude resin glycoside fraction of I. lacu-
nosa seeds was previously confirmed to be 2R,3R through 
specific rotation measurement and HPLC analyses with a 

chiral stationary phase of its p-bromophenacyl ester [10]. 
In the HMBC spectrum of 1, important correlations are 
observed between the signals of H-1 of the first glucosyl 
residue (Glc) and C-2 of the first quinovosyl residue (Qui); 
H-2 of Glc and C-1 of the first rhamnosyl residue (Rha); 
H-1 of the second glucosyl residue (Glc') and C-3 of Rha; 
H-1 of the fucosyl residue (Fuc) and C-4 of Rha; and H-1 
of the second quinovosyl residue (Qui') and C-2 of Glc' 

δ in ppm from TMS [coupling constants (J) in Hz are given in parentheses]
Qui quinovopyranosyl, Glc glucopyranosyl, Rha rhamnopyranosyl, Fuc fucopyranosyl, Ipa methyl ipuro-
late moiety, Hda 7-hydroxydecanoyl, Nla niloyl, Mba 2-methylbutyl, Tig tigloyl
a Signals were overlapped with other signals

Table 1   (continued) 1 2 3 4

2 2.71 dd(5.0, 15.5) 2.70 dd(4.5, 16.0) 2.70 dd(5.0, 15.5) 2.70 dd(5.5, 15.5)
3 4.42a 4.41a 4.40a 4.41a

11 3.85a 3.86 m 3.85 m 3.79a

14 0.93 t(7.0) 0.96 t(7.0) 0.97 t(7.0) 0.95 t(7.0)
OCH3 3.64 s 3.63 s 3.63 s 3.63 s
Hda-2 2.61 ddd(8.0, 9.0, 15.5) 2.58a 2.56 m 2.57a

2 2.51 ddd(7.0, 9.0, 15.5) 2.51a 2.50a

7 3.88a 3.90 m 3.91a 3.90a

10 0.97 t(7.0) 0.97 t(7.0) 0.97 t(7.0) 0.96 t(7.0)
Hda'-2 2.33a

2 2.32a

7 3.90a

10 0.96 t(7.0)
Qui"-1 4.80 d(7.5) 4.81 d(7.5) 4.81 d(8.0) 4.81 d(7.5)
2 3.98a 3.98 dd(7.5, 9.0) 3.97 dd(8.0, 9.0) 3.98a

3 4.17a 4.16 dd(9.0, 9.0) 4.16 dd(9.0, 9.0) 4.16a

4 3.73a 3.73 dd(9.0, 9.0) 3.74 dd(9.0, 9.0) 3.73 dd(9.0, 9.0)
5 3.79 dq(9.5, 6.0) 3.79 dq(9.0, 6.0) 3.81a 3.80a

6 1.63 d(6.0) 1.64 d(6.0) 1.65 d(6.0) 1.65 d(6.0)
Qui''''-1 4.84 d(7.5)
2 3.98a

3 4.16a

4 3.72 dd(9.0, 9.0)
5 3.80a

6 1.66 d(6.0)
Nla-2 2.81 dq(7.5, 7.5) 2.82 dq(7.5, 7.5) 2.82 dq(7.5, 7.5)
3 4.36a 4.36a 4.37a

4 1.45 d(7.5) 1.49 d(7.0) 1.49 d(7.0)
5 1.35 d(7.5) 1.37 d(7.5) 1.46 d(7.5)
Mba-2 2.55 dq(7.0, 7.0, 7.0) 2.58 ddq(7.0, 7.0, 7.0)
3 1.85 m 1.84 m
3 1.55a 1.53a

4 1.01 dd(7.5, 7.5) 1.00 dd(7.5, 7.5)
5 1.25 d(7.0) 1.24 d(7.0)
Tig-3 7.17 qq(1.0, 7.0)
4 1.74 d(7.0)
5 2.01 q(1.0)
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Table 2   13C-NMR 
spectroscopic data for 1–4 (in 
pyridine-d5, 150 MHz)

Position 1 2 3 4 Position 1 2 3 4

Qui-1 102.7 102.7 102.7 102.5 Ipa-8 30.1a 30.1a 30.1a 30.1a

2 80.3 80.3 80.3 80.8 9 25.1b 25.1b 25.0b 25.1b

3 78.7 78.6 78.7 78.8 10 34.7c 34.7 34.7 34.7c

4 77.0 77.0 77.0 77.0 11 80.8 80.8 80.8 80.9
5 72.7 72.7 72.5 72.5 12 37.7 37.7 37.7 37.7d

6 18.2 18.2 18.5 18.6 13 18.8d 18.8c 18.8d 18.8e

Glc-1 101.7 101.6 101.5 101.8 14 14.4 14.5 14.4 14.5
2 76.0 75.9 75.9 75.6 OCH3 51.3 51.3 51.3 51.3
3 79.1 79.2 79.1 79.1 Hda-1 173.7 173.4 173.4 173.4
4 72.5 71.6 71.7 71.6 2 34.7c 34.7 34.7 34.8c

5 77.6 77.6 77.9 77.9 3 25.2b 25.3b 25.3b 25.3b

6 63.1 63.1 63.1 63.1 4 29.9a 30.0a 30.0a 30.0a

Rha-1 96.8 96.9 96.6 96.9 5 25.4b 25.5b 25.4b 25.4b

2 73.8 74.0 74.1 74.0 6 34.6c 34.7 34.7 34.8c

3 74.2 73.6 73.5 74.0 7 78.8 78.6 78.6 78.6
4 79.7 80.0 80.0 79.6 8 37.4 37.4 37.4 37.4
5 67.5 67.4 67.4 67.5 9 18.9d 18.9c 18.9d 18.9e

6 19.0 19.0 19.0 19.0 10 14.5 14.5 14.4 14.4
Glc'-1 101.2 101.2 101.3 101.3 Qui"-1 103.5 103.4 103.5 103.4
2 85.4 85.9 86.4 85.7 2 75.7 75.6 75.6 75.6
3 77.0 77.0 77.2 76.9 3 78.2 78.3 78.3 78.2
4 72.6 72.5 72.8 72.4 4 77.0 76.8 77.0 77.0
5 78.1 78.1 78.0 78.3 5 72.7 72.8 72.8 72.8
6 62.9 62.9 62.8 62.8 6 18.7 18.8 18.7 18.7
Qui'-1 106.2 106.6 106.5 106.7 Hda'-1 173.4
2 77.0 77.4 77.6 77.6 2 34.9c

3 78.2 75.6 83.4 75.6 3 25.6b

4 76.8 76.7 74.8 76.6 4 29.7a

5 73.8 70.8 71.7 70.1 5 24.8b

6 18.9 18.6 18.2 18.7 6 34.5c

Fuc-1 102.1 101.9 101.9 102.2 7 78.6
2 74.2 74.1 74.1 73.8 8 37.8d

3 72.7 72.5 72.7 77.2 9 18.9
4 74.1 74.0 73.9 73.5 10 14.4
5 69.2 69.1 69.1 69.3 Qui''''-1 103.5
6 16.7 16.7 16.7 16.7 2 75.6
Rha'-1 103.4 3 78.3
2 72.4 4 77.0
3 72.5 5 72.8
4 74.1 6 18.7
5 69.3 Nla-1 174.8 174.7 174.7
6 18.7 2 50.6 50.7 50.7
Qui'''-1 105.9 3 69.4 70.0 70.0
2 76.3 4 20.8 20.8 20.9
3 78.6 5 14.5 14.5 14.4
4 76.6 Mba-1 176.0 176.0
5 73.2 2 41.8 41.8
6 18.5 3 27.3 27.1
Ipa-1 172.9 172.9 172.9 172.9 4 12.0 12.0
2 43.4 43.4 43.4 43.4 5 17.1 17.1
3 68.2 68.2 68.2 68.2 Tig-1 167.3
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(Fig. 1). Furthermore, key cross-peaks in the NOESY 
spectrum of 1 are detected between the signals of H-1 Glc 
and H-2 of Qui; H-1 of Rha and H-2 of Glc; H-1 of Glc' 
and H-3 of Rha; H-1 of Fuc and H-4 of Rha; and H-1 of 
Qui' and H-2 of Glc' (Fig. 1). Thus, 1 is composed of the 
sugar chain of β-d-quinovopyranosyl-(1 → 2)-O-β-d-
g l u c o p y r a n o s y l - ( 1   →   3 ) - [ O - β - d -
f u c o p y r a n o s y l - ( 1   →   4 ) ] - O - α - l -
r h a m n o p y r a n o s y l - ( 1   →   2 ) - O - β - d -
glucopyranosyl-(1 → 2)-β-D-quinovopyranose. In a 
previous study, we demonstrated that the chemical shift of 
the methylene carbon (β-carbon) at the β-position of the 
terminal methyl group of the aglycone moiety (Agl) in the 
resin glycoside, as observed in the 13C-NMR spectrum, 
served as a reliable indicator of the position of the 
hydroxyl group of the aglycone [13]. Specifically, the 
chemical shift of the β-carbon varied significantly depend-
ing on the number of methylene groups between the oxym-
ethine and terminal methyl groups of Agl. The chemical 
shift at the β-carbon in pyridine-d5 was approximately δc 
32.5 when there were four methylene groups, approxi-
mately δc 27.5 when there were three methylene groups, 
and approximately δc 37.5 when there were two methylene 
groups. Based on the chemical shift (δ 37.7) of the 
β-carbon of the terminal methyl group observed in the 
13C-NMR spectrum, the 1H-1H COSY correlations 
between the signals of H2-2 (δ 2.73, 2.71) of Agl and H-3 
(δ 4.42) of Agl, the HMBC correlation between the signals 
of the methoxy protons and C-1 (δ 172.9) of Agl; the agly-
cone of 1 was identified as methyl ipurolate. The absolute 
configuration of the ipurolic acid component in the 
crude resin glycoside fraction of I. lacunosa seeds is the 
3S,11S, which was previously determined from the 1H-
N M R  s p e c t r u m  o f  t h e  ( + ) - α - m e t h ox y - α -
trifluoromethylphenylacetic acid (MTPA) derivative of its 
methyl ester [10]. In addition, glycosylation shifts [14, 15] 
at C-10 (–3.8 or –3.9 ppm), C-11 (+ 10.2 ppm), and C-12 
(–3.0 ppm) of the methyl ipurolate moiety (Ipa) were 
detected compared with the 13C-NMR data for methyl ipu-
rolate in the literature [16]. A correlation in the HMBC 
spectrum of 1 was observed between the signals of H-1 of 

Qui and C-11 of Ipa. These data suggest that 1 is com-
posed of multifidinic acid C [17], which was previously 
reported to be the glycosidic acid component of the crude 
resin glycoside fraction from I. lacunosa seeds [10]. Fur-
thermore, from the unassigned NMR signals correspond-
ing to one primary methyl group, a β-d-quinovopyranosyl 
residue, an oxymethine carbon, a β-carbon (δ 37.4), and a 
carboxyl carbon, in conjunction with the molecular for-
mula of 1, it was suggested that 1 was composed of qua-
moclinic acid B [18], a glycosidic acid component of the 
crude resin glycoside fraction of I. lacunosa seeds [10]. 
The absolute configuration of the aglycone in quamoclinic 
acid B (7-hydroxydecanoic acid) was previously deter-
mined through 1H-NMR analysis of the (+)-MTPA deriva-
tive of its methyl ester, which was obtained during our 
studies on the components of the crude resin glycoside 
fraction [10]. The presence of quamoclinic acid B as a 
component of 1 is supported by the following evidence. A 
correlation was observed in the HMBC spectrum of 1 
between the signals of H-1 of the third quinovosyl residue 
(Qui'') and C-7 of the first 7S-hydroxydecanoyl residue 
[Hda; Agl of the first quamoclinic acid B residue]. The 
negative-ion ESI-TOF-MS/MS of [M–H]– ion showed a 
fragment ion peak at m/z 1281.5956 [M–(quamoclinic acid 
B unit)]–. Based on these findings, it can be inferred that 
1 has a structure analogous to that of QM-11 (6) [19]. 
Compound 6 is composed of 1 mol each of 2R,3R-nilic 
acid and quamoclinic acid B, which are linked via ester 
bonds to the sugar moiety of the methyl ester of quamo-
clinic acid C [18]. Quamoclinic acid C is an epimer of 
multifidinic acid C, in which the Qui and Fuc are substi-
tuted with β-D-fucopyranosyl and β-D-quinovopyranosyl 
residues, respectively (Fig. 2). Comparison of the 1H-
NMR spectra of 1 and multifidinic acid C methyl ester (7) 
[10] indicated remarkable downfield shifts (∆δ = δ1–δ7) 
of the signals corresponding to H-2 (∆δ = 1.10) of Rha 
and H-4 (∆δ = 1.65) of Fuc due to acylation. These data 
suggested that the ester linkages were located at C-2 of 
Rha and C-4 of Fuc. In addition, the HMBC spectrum of 
1 showed key cross-peaks between the signals of H-2 of 
Rha and C-1 of Hda, and H-4 of Qui and C-1 of the niloyl 

δ in ppm from TMS
Qui quinovopyranosyl, Glc glucopyranosyl, Rha rhamnopyranosyl, Fuc fucopyranosyl, Ipa methyl ipuro-
late moiety, Hda 7-hydroxydecanoyl, Nla niloyl, Mba 2-methylbutyl, Tig tigloyl
a,b,c,d,e The assignments may be interchanged between the respective symbols in each compound

Table 2   (continued) Position 1 2 3 4 Position 1 2 3 4

4 38.2 38.2 38.2 38.2 2 129.1
5 26.3 26.3 26.3 26.3 3 137.5
6 30.6a 30.6a 30.6a 30.6a 4 14.2
7 30.3a 30.3a 30.3a 30.3a 5 12.6
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Fig. 1   Key HMBC and NOESY 
correlations observed for 1–5 
and key 1H-1H COSY correla-
tions observed for 5 (600 MHz, 
in pyridine-d5)
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residue (Nla) (Fig. 1). Accordingly, the structure of 1 was 
def ined as methyl  3S ,11S- ipurolate 11-O-β-d-
q u i n o v o p y r a n o s y l - ( 1   →   2 ) - O - β - d -
glucopyranosyl-(1 → 3)-[O-(4-O-2R,3R-niloyl)-β-d-
fucopyranosyl-(1 → 4)]-O-(2-O-7S-hydroxydecanoyl 
7 - O - β - d - q u i n o v o p y r a n o s i d e ) - α - l -
r h a m n o p y r a n o s y l - ( 1   →   2 ) - O - β - d -
glucopyranosyl-(1 → 2)-β-d-quinovopyranoside, which is 
an isomer of 6, in which the glycosidic acid component of 
6 was substituted by multifidinic acid C (Fig. 2). The NMR 
assignments of Ipa and Hda were performed with accord-
ing to previously reported data [10, 20].

Using ESI-TOF-MS, the molecular formula of 2 (lacuno-
sin II) was determined to be C77H134O39 by HR-positive-ion 
and HR-negative-ion modes. The 1H- and 13C-NMR spectra 
of 2 were similar to those of 1, except for additional signals 
due to the presence of 1 mol of the 2-methylbutyryl residue 
(Mba) (Tables 1 and 2). The absolute configuration of the 
2-methylbutyric acid component in the crude resin glycoside 
fraction derived from I. lacunosa seeds was determined to 
be S, following the same procedure as those used for nilic 
acid [10]. The NMR signals were assigned using the same 
2D-NMR spectroscopy used for 1. A comparison of the 1H-
NMR signals corresponding to the sugar moieties of 2 and 
1 revealed a downfield shift (1.61 ppm) in the signal cor-
responding to H-4 of Qui' in 2. The other signals, including 
H-2 of Rha and H-4 of Fuc, which are indicative of acylation 
shifts, showed chemical shifts almost identical to those of 1. 
In addition, 2 exhibits significant correlations in the HMBC 
spectrum between the signals of H-1 of Qui and C-11 of Ipa; 
H-1 of Glc and C-2 of Qui; H-3 of Rha and C-1 of Glc'; H-4 
of Rha and C-1 of Fuc; H-1 of Qui' and C-2 of Glc'; H-1 of 
Qui'' and C-7 of Hda; the methoxy protons and C-1 of Ipa; 
H-2 of Rha and C-1 of Hda; H-4 of Fuc and C-1 of Nla; and 

H-4 of Qui' and C-1 of Mba (Fig. 1). No HMBC correlations 
were observed to confirm the sugar linkage between Glc and 
Rha. However, significant correlations were identified in the 
NOESY spectrum of 2, including cross-peaks between the 
signals of H-1 of Qui and H-11 of Ipa; H-1 of Glc and H-2 
of Qui; H-1 of Rha and H-2 of Glc; H-1 of Glc' and H-3 of 
Rha; H-1 of Fuc and H-4 of Rha; and H-1 of Qui' and H-2 of 
Glc' (Fig. 1). Moreover, although no HMBC correlation was 
detected between H-2 of Rha and C-1 of Hda, the observed 
acylation-induced shift in the signals suggested that Hda was 
esterified at C-2 of Rha. Consequently, 2 was concluded to 
be a homolog of 1 in which Mba was bonded to C-4 of Qui' 
(Fig. 2).

HR-positive-ion and HR-negative-ion ESI-TOF–MS data 
for 3 (lacunosin III) revealed that the molecular formula of 3 
is C83H142O43. The 1H- and 13C-NMR signals of 3, assigned 
using the same 2D-NMR spectroscopic techniques as 1, were 
similar to those of 2, especially those of Agl, which were 
nearly identical. However, additional signals corresponding 
to 1 mol each of the tigloyl residue and β-quinovopyranosyl 
residue with 4C1 conformation were observed, along with 
the disappearance of signals corresponding to Mba (Tables 1 
and 2). Tiglic acid was identified as an organic acid com-
ponent in the crude resin glycoside fraction of I. lacunosa 
seeds; however, its geometrical isomer, angelic acid, was not 
detected. By comparing the 13C-NMR signals of the sugar 
moieties between 3 and 2, downfield shifts (∆δ = δ3–δ2) 
were observed at the signals attributed to C-3 (∆δ = 7.8) 
and C-5 (∆δ = 0.9) of Qui', and an upfield shift was observed 
at that attributed to C-4 (∆δ = − 1.9) of Qui' [14, 15]. The 
other signals are nearly identical. In addition, acylation shifts 
were observed for the same signals as those observed for 2. 
In the HMBC spectrum of 3, important cross-peaks were 
detected between the signals of H-1 of Qui and C-11 of Ipa; 
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H-1 of Glc and C-2 of Qui; H-4 of Rha and C-1 of Fuc; H-1 
of Qui' and C-2 of Glc'; H-1 of the fourth quinovosyl residue 
(Qui''') and C-3 of Qui'; H-4 of Fuc and C-1 of Nla; H-4 of 
Qui' and C-1 of the tigloyl residue (Tig); H-1 of Qui'' and 
C-7 of Hda; and methoxy protons and C-1 of Ipa (Fig. 1). 
No valid HMBC correlation was detected between H-2 of 
Rha and C-1 of Hda, nor was any correlation detected to 
confirm the sugar linkages at the anomeric positions of Rha 
and Glc'. However, the ester linkage of Hda was determined 
based on the observed acylation shifts, leading to the conclu-
sion that the carboxyl group of Hda is bound to C-2 of Rha. 
Furthermore, the sugar linkages at the anomeric positions 
of Rha and Glc' were elucidated by following the NOESY 
correlations, which indicated that Rha is attached to C-2 of 
Glc and Glc' is attached to C-3 of Rha. These correlations 
included the following cross-peaks: between H-1 of Qui and 
H-11 of Ipa; H-1 of Glc and H-2 of Qui; H-1 of Rha and 
H-2 of Glc; H-1 of Glc' and H-3 of Rha; H-1 of Fuc and 
H-4 of Rha; H-1 of Qui' and H-2 of Glc'; and H-1 of Qui''' 
and H-3 of Qui' (Fig. 1). Thus, 3 was identified as methyl 
3S,11S-ipurolate 11-O-β-d-quinovopyranosyl-(1 → 3)-O-(4-
O- t igloyl)-β-d-quinovopyranosyl-(1 →  2)-O-β-d-
glucopyranosyl-(1 → 3)-[-O-(4-O-2R,3R-niloyl)-β-d-
fucopyranosyl-(1 → 4)]-O-(2-O-7S-hydroxydecanoyl 
7-O-β-d-quinovopyranoside)-α-l-rhamnopyranosyl-(1 → 2)-O-β-
d-glucopyranosyl-(1 → 2)-β-d-quinovopyranosyide (Fig. 2). 
Compound 3 contained a new glycosidic acid, an isomer of 
lacunosinic acid H [10], in which the terminal rhamnosyl 
residue was substituted with Qui'''.

The molecular formula of 4 (lacunosin IV) was deter-
mined to be C94H164O47 using the HR-positive-ion and HR-
negative-ion modes in ESI-TOF–MS. The 1H- and 13C-NMR 
spectral data of 4, assigned using 2D-NMR spectroscopy, 
were similar to those of 2. In particular, the data for Ipa 
were nearly identical. However, additional signals attrib-
uted to 1 mol each of α-rhamnopyranosyl and quamoclinic 
acid B residues are observed, along with the absence of sig-
nals corresponding to 1 mol of niloyl residue in 4 (Tables 1 
and 2). A comparison of the 13C-NMR signals of 4 and 2 
revealed a downfield shift in the signal attributed to C-3 
(4.7 ppm) of Fuc in 4. In contrast, the signals correspond-
ing to the other sugar moieties in 2 were nearly identical 
to those observed in 4. The HMBC spectrum of 4 reveals 
significant correlations, including H-1 of Glc with C-2 of 
Qui; H-2 of Glc with C-1 of Rha; H-3 of Rha with C-1 of 
Glc'; H-4 of Rha with C-1 of Fuc; H-1 of Qui' with C-2 of 
Glc'; H-3 of Fuc with C-1 of Rha', C-1 of Qui'', or C-1 of 
the fifth quinovosyl residue (Qui''''); H-1 of Qui'' with C-7 of 
Hda; and H-1 of Qui'''' with C-7 of the second 7-hydroxyde-
canoyl residue (Hda'; Agl of the second quamoclinic acid 
B residue); and methoxy protons with C-1 of Ipa (Fig. 1). 
Although no HMBC correlations suitable for determining 
the sugar linkages at the anomeric positions of Qui and Rha' 

were observed, the NOESY spectrum of 4 revealed notable 
cross-peaks, including those between the signals of H-1 of 
Qui and H-11 of Ipa; H-1 of Glc and H-2 of Qui; H-1 of 
Rha and H-2 of Glc; and H-1 of Fuc and H-4 of Rha. In 
addition, a prominent cross-peak was observed between 
H-1 of the second rhamnosyl residue (Rha') and H-3 of Fuc 
(Fig. 1). These data indicate that 4 contains 1 mol of 2-meth-
ylbutyric acid, 2 mol of quamoclinic acid B, and 1 mol 
of new glycosidic acid methyl ester, identified as methyl 
3S,11S-ipurolate 11-O-β-d-quinovopyranosyl-(1 → 2)-O-β-
d - g l u c o p y r a n o s y l - ( 1  →   3 ) - [ O - α - l -
rhamnopyranosyl-(1 → 3)-O-β-d-fucopyranosyl-(1 → 4)-
] - O - α - l - r h a m n o p y r a n o s y l - ( 1  →  2 ) - O - β - d -
glucopyranosyl-(1 → 2)-β-d-quinovopyranoside. This new 
glycosidic acid methyl ester was found to be a homolog of the 
lacunosinic acid D methyl ester (8) [10], in which the agly-
cone methyl 3S,11S-dihydroxyhexadecanoate was substi-
tuted with methyl 3S,11S-ipurolate. Comparing the 1H-NMR 
spectral data corresponding to sugar moieties of 4 and 8 [10], 
downfield shifts are observed for the signals corresponding 
to H-2 (1.06 ppm) of Rha, H-4 (1.54 ppm) of Fuc, and H-4 
(1.67 ppm) of Qui' in 4. In addition, key HMBC correlations 
were observed between the signals of H-4 of Fuc and C-1 of 
Hda'; and H-4 of Qui' and C-1 of Mba (Fig. 1). These data 
indicate that Hda, Hda', and Mba are attached to C-2 of Rha, 
C-4 of Fuc, and C-4 of Qui', respectively. Consequently, 
4 was concluded to be methyl 3S,11S-ipurolate 11-O-(4-
O-2S-methylbutyryl)-β-d-quinovopyranosyl-(1 → 2)-O-β-
d - g l u c o p y r a n o s y l - ( 1  →   3 ) - [ O - α - l -
rhamnopyranosyl-(1 → 3)-O-(4-O-7S-hydroxydecanoyl 
7-O-β-d-quinovopyranoside)-β-d-fucopyranosyl-(1 → 4)]-O-(2-O-
7S-hydroxydecanoyl 7-O-β-d-quinovopyranoside)-
α - l - r h a m n o p y r a n o s y l - ( 1  →   2 ) - O - β - d -
glucopyranosyl-(1 → 2)-β-d-quinovopyranoside (Fig. 2).

The HR-negative-ion ESI-TOF-MS and NMR data 
revealed that the molecular formula of 5 (lacunosinic acid 
I) was C34H62O18. The 1H-NMR spectrum of 5 showed 
signals corresponding to three anomeric protons, two 
secondary methyl groups, two non-equivalent methylene 
protons adjacent to the carbonyl group, and one primary 
methyl group. The 13C-NMR spectrum shows signals 
attributed to one carboxyl carbon and three anomeric 
carbons, along with 30 aliphatic carbons. NMR assign-
ments were performed using the same 2D-NMR spec-
troscopies as those employed for 1 (Table 3). These data 
suggest that 5 consists of 1 mol of α-l-rhamnopyranose 
with 1C4 conformation and 2 mol of β-d-glucopyranose 
with 4C1 conformation as monosaccharides, and dihydrox-
yhexadecanoic acid as the aglycone. The planar structure 
of the aglycone was determined from the correlations 
observed in the 2D-NMRspectra of 5. In the 1H-1H COSY 
spectrum of 5, significant correlations were observed 
sequentially from the H2-2 signals of Agl to H2-3 of 
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Agl/H-4 (δ 4.94) of Agl (Fig. 1). In addition, HMBC cor-
relations were observed between the signals of H2-2 of 
Agl and C-4 (δ 81.0) of Agl, indicating the presence of 
a hydroxyl group at C-4 (Fig. 1). The chemical shift of 
the signal attributed to the β-carbon of Agl in 5 was δ 
32.4, suggesting that the remaining hydroxyl group was 
located at C-11. Thus, the aglycone of 5 is identified as 
4,11-dihydroxyhexadecanoic acid, which is a novel com-
pound. Comparison of the 13C-NMR data of 5 with those 
of the corresponding methyl pyranosides [21] revealed 
glycosylation shifts [14, 15] at the C-2 (+ 4.9 ppm) of 
the third glucosyl residue (Glc'') and C-2 (+ 4.5 ppm) of 
Glc. In the HMBC spectrum of 5, key cross-peaks were 
detected between the signals of H-1 of Glc'' and C-11 
of Agl; H-1 of Glc and C-2 of Glc''; and H-1 of Rha 
and C-2 of Glc (Fig. 1). In addition, the NOESY spec-
trum provided important correlations between the sig-
nals of H-1 of Glc and H-2 of Glc''; and H-1 of Rha and 
H-2 of Glc (Fig. 1). The absolute configurations of the 
monosaccharide components of the crude resin glycoside 

fraction obtained from I. lacunosa seeds have already 
been determined [10]. However, that of the aglycone 
in 5 could not be determined because of the yield of 5. 
Therefore, 5 was identified as 4,11-dihydroxyhexade-
canoic acid 11-O-α-l-rhamnopyranosyl-(1 → 2)-O-β-d-
glucopyranosyl-(1 → 2)-O-β-d-glucopyranoside.

Conclusion

In the present study, four new acylated glycosidic acid methyl 
esters (1–4) and one glycosidic acid (5) with a new aglycone, 
4,11-dihydroxyhexadecanoic acid, were isolated from I. lacu-
nosa seeds. Compounds 1 and 2 were heptaglycosides, 3 was 
an octaglycoside, and 4 was a nonaglycoside with methyl 
3S,11S-dihydroxytetradecanoate as a common aglycone. In 
addition, 1–3 contained two glycosidic acids, and 4 had three 
glycosidic acids. Compound 5 is the first glycosidic acid with 
a hydroxyl group at C-4 of Agl. However, 1–4 may be artifacts 

Table 3   1H- and 13C-NMR 
spectroscopic data for 5 (in 
pyridine-d5)

δ in ppm from TMS [coupling constants (J) in Hz are given in parentheses)]
Glc glucopyranosyl, Rha rhamnopyranosyl, Agl Aglycone moiety
The assignments of Agl-7 and Agl-8 may be interchanged
1 H-NMR spectroscopic data were collected at 600 MHz
13 C-NMR spectroscopic data were collected at 150 MHz
a Signals were overlapped with other signals

Glc"-1 5.01 d(7.5) 102.8 Agl-1 177.4
2 4.38 dd(7.5, 9.0) 79.7 2 2.47 dd(7.0, 9.5) 29.1
3 4.54 dd(9.0, 9.0) 79.5 3 2.14 dddd(7.0, 7.0, 

7.0, 13.0)
28.2

4 4.14 dd(9.0, 9.0) 72.0 3 1.67a

5 3.92 ddd(2.5, 5.5, 9.0) 77.9 4 4.94a 81.0
6 4.49 dd(2.5, 11.5) 62.9 5 1.69a 34.6
6 4.35 dd(5.5, 11.5) 5 1.52a

Glc'-1 5.88 d(7.5) 102.0 6 1.44a 25.7
2 4.26 dd(7.5, 9.0) 79.3 6 1.36a

3 4.23 dd(9.0, 9.0) 78.8 7 1.44a 29.9
4 4.11 dd(9.0, 9.0) 72.7 7 1.27a

5 3.85 ddd(3.5, 5.5, 9.0) 77.5 8 1.44a 30.4
6 4.43a 63.2 8 1.33a

6 4.29 dd(5.5, 11.5) 9 1.77a 25.2
Rha-1 6.33 d(2.0) 102.2 10 1.77a 35.5
2 4.75 dd(2.0, 3.5) 72.4 11 3.99a 80.9
3 4.67 dd(3.5, 9.5) 72.6 12 1.88a 35.7
4 4.32 dd(9.5, 9.5) 74.4 12 1.68a

5 5.02 dq(9.5, 6.0) 69.6 13 1.50a 25.4
6 1.82 d(6.0) 19.1 14 1.25a 32.4

14 1.23a 
15 1.26a  23.0
16 0.82 t(7.0)  14.3
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produced during the extraction and/or isolation of the resin 
glycosides in the free carboxyl form (convolvulin) [1].

Experimental

General procedure

Optical rotations were measured using a P-2300 polarimeter 
(JASCO, Tokyo, Japan). ESI-TOF-MS was performed on a 
maXis II ETD instrument (Bruker, Billerica, MA, USA). 
NMR spectra were recorded using a JEOL ECZ-600R/S1 
spectrometer (JEOL, Tokyo, Japan), and chemical shifts 
were reported on a δ (ppm) scale with tetramethylsilane 
(TMS) as the internal standard. Diaion HP20 (Mitsubishi 
Chemical Industries Co., Ltd., Tokyo, Japan), Sephadex 
LH-20 (Pharmacia Fine Chemicals, Uppsala, Sweden), 
silica gel 60 (Merck, Art. 1.09385; Merck, Darmstadt, 
Germany), Chromatorex C18 SMB (Fuji Silysia Chemical, 
Ltd., Aichi, Japan), and Chromatorex ODS column (Fuji 
Silysia Chemical, Ltd.) were used for column chromatog-
raphy. HPLC separation was performed using a Shimadzu 
LC-20AT micropump (Shimadzu, Kyoto, Japan) with a Shi-
madzu RID-20A RI detector (Shimadzu). For the HPLC col-
umn, COSMOSIL 5C18-AR-II (Nacalai Tesque, Inc., Kyoto, 
Japan; 250 mm × 20 mm i.d.) was used.

Plant material

The seeds of Ipomoea lacunosa were collected from the 
medical plant garden (33°32′59ʺ402N 130°21′47ʺ415E) of 
Fukuoka University, Fukuoka Prefecture, Japan, in Septem-
ber 2016, and identified by one of the authors (Prof. Okawa 
M.). A voucher specimen of the seeds (ILSFU2016) was 
deposited in the Laboratory of Natural Products Chemistry, 
School of Agriculture, Tokai University.

Isolation of 1–5

The powdered seeds of I. lacunosa (993.34 g) were extracted 
with MeOH (1200, 900, 1000 ml) at room temperature for 
106 days, and the solvent was removed under reduced pres-
sure to afford a MeOH extract (73.74 g). The MeOH extract 
was partitioned between hexane (600 mL) and 95% MeOH 
(800 mL) to yield a hexane-soluble fraction (fr.) (8.55 g) 
and a 95% MeOH-soluble fr. (64.22 g). The 95% MeOH-
soluble fr. was chromatographed over Diaion HP20 column 
eluted with 40% MeOH, 100% MeOH, and acetone to fur-
nish 100% MeOH-eluated fr. (28.27 g) and acetone-eluated 
fr. (441 mg). The MeOH-eluated fr. was subjected to Sepha-
dex LH-20 column chromatography eluted with MeOH to 

yield fr. 1 (6.706 g), fr. 2 (5.927 g), fr. 3 (5.324 g), and fr. 
4 (7.744 g). Column chromatography of fr. 2 on silica gel 
eluted with a gradient of mixtures of CHCl3–MeOH–H2O 
(14:2:0.1, 10:2:0.1, 8:2:0.2, 7:3:0.5, 6:4:1) afforded frac-
tions (frs.) 2-1–2-13. Fraction 2-5 (560 mg) was chroma-
tographed on a Chromatorex C18 SMB column eluted with 
a gradient of mixtures of H2O–MeOH (80% MeOH, 85% 
MeOH, 90% MeOH, 95% MeOH, 100% MeOH) to yield frs 
2-5-1–2-5-10. HPLC of fr. 25-7 (160 mg) eluted with 85% 
MeOH afforded 2 (7 mg). Fraction 2-7 (742 mg) was chro-
matographed on a Chromatorex ODS column eluted with 
a gradient of mixtures of H2O–MeOH (70% MeOH, 75% 
MeOH, 80% MeOH, 85% MeOH, 90% MeOH, 95% MeOH, 
100% MeOH) furnished frs. 2-7-1–2-7-13. Fractions 2-7-5 
(10 mg) and 2-7-9 (114 mg) were each subjected to HPLC 
eluted with 75% MeOH for fr. 2-7-5 and 85% MeOH for fr. 
2-7-9 to give 5 (4 mg) from fr. 2-7-5 and 1 (6 mg), 3 (5 mg), 
and 4 (13 mg) from fr. 2-7-9.

Lacunosin I (1). Amorphous powder. [α]24
D–38.4° 

(c = 0.4, MeOH). HR-positive-ion ESI-TOF–MS m/z: 
1621.7816 [M + Na]+ (Calcd for C72H126NaO38

+, 
1621.7819). HR-negative-ion ESI-TOF–MS m/z: 
1597.7852 [M–H]– (Calcd for C72H125O38

–, 1597.7854). 
HR-negative-ion ESI-TOF–MS/MS m/z: 1281.5956 (Calcd 
for C56H97O32

–, 1281.5963). 1H-NMR spectral data: see 
Table 1. 13C-NMR spectral data: see Table 2. 1JC-1–H-1 
(Hz): Qui (156.2), Glc (168.3), Rha (178.2), Glc' (169.5), 
Fuc (170.7), Qui' (157.8), Qui'' (159.1).

Lacunosin II (2). Amorphous powder. [α]24
D–36.6° 

(c = 0.6, MeOH). HR-positive-ion ESI-TOF–MS m/z: 
1705.8358 [M + Na]+ (Calcd for C77H134NaO39

+, 
1705.8394). HR-negative-ion ESI-TOF–MS m/z: 
1681.8396 [M–H]– (Calcd for C77H133O39

–, 1681.8429). 
1H-NMR spectral data: see Table 1. 13C-NMR spectral 
data: see Table 2.

Lacunosin III (3). Amorphous powder. [α]24
D–38.4° 

(c  = 0.4, MeOH). HR-positive-ion ESI-TOF–MS 
(+ HCOONH4) m/z: 1844.9204 [M + NH4]+ (Calcd for 
C83H146NO43

+, 1844.9263). HR-negative-ion ESI-TOF-
MS m/z: 1825.8811 [M–H]– (Calcd for C83H141O43

–, 
1825.8852). 1H-NMR spectral data: see Table 1. 13C-NMR 
spectral data: see Table 2.

L a c u n o s i n  I V  (4 ) .  A m o r p h o u s  p ow d e r. 
[α]24

D–54.4° (c = 0.4, MeOH). HR-positive-ion ESI-
TOF–MS (+ HCOONH4) m/z: 2064.0840 [M + NH4]+ 
(Calcd for C94H168NO47

+, 2064.0815). HR-negative-
ion ESI-TOF–MS m/z: 2045.0353 [M–H]– (Calcd for 
C94H163O47

–, 2045.0403). 1H-NMR spectral data: see 
Table 1. 13C-NMR spectral data: see Table 2.

Lacunosinic acid I  (5) .  Amorphous powder. 
[α]25

D–47.2° (c = 0.3, MeOH). HR-negative-ion ESI-
TOF–MS m/z: 739.3750 [M–H2O–H]– (Calcd for 
C34H59O17

–, 739.3758). HR-negative-ion ESI-TOF–MS 



433Journal of Natural Medicines (2025) 79:422–434	

(+ HCOONH4) m/z: 785.3809 [M–H2O + HCOO]– (Calcd 
for C35H61O19

–, 785.3813). 1H-NMR spectral data: see 
Table 3. 13C-NMR spectral data: see Table 3.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11418-​025-​01877-8.
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