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Abstract: Four new triterpenoids, 3f3,123,163,21f3,22-pentahydroxyhopane (1), 12(3,16/3,213,22-
tetrahydroxyhopan-3-one (2), 3-oxo-olean-12-ene-28,30-dioic acid (3), and 3p-hydroxyoleana-
11,13(18)-diene-28,30-dioic acid 30-methyl ester (4); 21 new triterpenoid saponins, glinusopposides
A-U (5-25); and 12 known compounds (26-37) were isolated from the whole plants of Glinus
oppositifolius. The structures of the new compounds were elucidated based on the analysis of
one-dimensional (1D) and two-dimensional (2D) nuclear magnetic resonance (NMR) and mass
spectrometry (MS) data. All compounds from the plants were measured for antifungal activities
against Microsporum gypseum and Trichophyton rubrum. Glinusopposide B (6), glinusopposide Q
(21), glinusopposide T (24), and glinusopposide U (25) showed strong inhibitory activities against
M. gypseum (MICsg 7.1, 6.7, 6.8, and 11.1 uM, respectively) and T. rubrum (MICsq 14.3, 13.4, 11.9,
and 13.0 uM, respectively). For those active compounds with an oleanane skeleton, glycosylation
(21-26) or oxidation (3) of 3-OH was helpful in increasing the activity; replacement of the 30-methyl
group (29) by a carboxymethyl group (26) enhanced the activity; the presence of 11,13(18) double
bonds (20) decreased the activity.

Keywords: Glinus oppositifolius; triterpenoids and triterpenoid saponins; antifungal activity

1. Introduction

Dermatophytosis is one of the most common skin diseases in animals and humans, which is mainly
caused by Epidermophyton, Microsporum and Trichophyton [1,2]. As a chronic disease, dermatophytosis
is difficult to treat due to the drug resistance developed by the related fungus [2]. Therefore, it is
important to search for novel agents to treat dermatophytosis.

Glinus oppositifolius (L.) Aug. DC. (Syn: Mollugo spergula L. and Mollugo oppositifolia L; family:
Molluginaceae) is a small herb widely distributed in tropical Asia, tropical Africa, and Australia [3].
Traditionally it has been used for treating skin and various infectious diseases in Bangladesh, China,
India, Mali and Myanmar [4-6]. As a Chinese folk medicine, the whole plants of G. oppositifolius are
used to treat diarrhea, coughs, hyperthermia, heat rashes, pinkeye, furuncles, snakebites, and burns [6].
The plant is reputed in Indian medicine due to its antiseptic and antidermatitic properties [7]. It is
used to treat leprosy, leukoderma, heart, and skin diseases in the traditional medicine of Myanmar [5].
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The major secondary metabolites from G. oppositifolius are triterpenoids and their glycosides, which
exhibit x-glucosidase inhibitory [8], cytotoxic [9], and antiprotozoal activities [10]. There is little research
reported the anti-fungal activities of G. oppositifolius. In this study, we isolated 25 new triterpenoids and
triterpenoid saponins (Figure 1), along with 12 known compounds in the whole plants of G. oppositifolius.
Their antifungal properties against Microsporum gypseum and Trichophyton rubrum were analyzed.

20 R = Rha-(1—"3)-6-O-Me-GIcA
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Figure 1. Chemical structures of compounds 1-26 from Glinus oppositifolius.

2. Results and Discussion

2.1. Structure Elucidation of the Compounds

Compound 1 had the molecular formula C3yHz5,O5 based on I3C-NMR data (Table 1) and the
positive ion at m/z 515.3718 [M + Na]* (caled. for C3yHs;NaOs, 515.3712) in the high resolution
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electrospray ionization mass spectroscopy (HRESIMS). The 'H-NMR spectrum showed resonances
for eight methyl groups at oy 1.61 (s), 1.56 (s), 1.21 (s), 1.19 (s), 1.13 (s), 1.01 (s), 0.97 (s), and 0.82 (s),
as well as three oxymethines at oy 4.48 (m), 4.23 (m), and 3.4 (br t, ] = 8.3 Hz) (Table 1). The 3C-NMR
spectrum showed resonances for thirty carbon atoms as expected from high resolution mass spectrum,
which were sorted by DEPT into eight methyls, eight methylenes, seven methines (three oxymethines,
0c 78.0, 69.1, and 66.8), and seven quaternary carbons group, including two oxygenated quaternary
carbons. These NMR data were very similar to those of a known hopane triterpenoid saponin from
this plant, glinoside C, except for the lack of signals for glucopyranose [8]. The full NMR assignments
and connections were determined by 'H-detected heteronuclear single quantum coherence (HSQC),
H-detected heteronuclear multiple bond correlation (HMBC), and 'H-'H correlation spectroscopy
(COSY) analyses.

According to the TH-1H COSY correlations in the 2D spectra of 1 (Figure 2), five connections,
C-1-C-2-C-3, C-5-C-6-C-7, C-9-C-11-C-12-C-13, C-15-C-16-C-17, and C-19-C-20, were confirmed.
The planar structure of 1 was further deduced as 3,12,16,21,22-pentahydroxyhopane by the HMBC
correlations from Hj3-23 and H3-24 to C-3, C-4, and C-5; from H3-25 to C-1, C-5, C-9, and C-10;
from H3-26 to C-7, C-9, and C-14; from H3-27 to C-8, C-13, and C-15; from H3-28 to C-13, C-17,
C-18, and C-19; from H3-29 and H3-30 to C-21 and C-22; and from H-17 to C-19 and C-22.
The configurations of 3-OH, 12-OH, 16-OH, and 21-OH were deduced as 3(3,123,16(3,213 by the
key nuclear overhauser effect spectroscopy (ROESY) correlations of H-3/H-5, H-5/H-9, H-9/H-12,
H-16/H3-27, H-16/H3-28, H-16/H;3-30, and H3-30/H3-28. Thus, the structure of 1 was determined to be
3B,12(3,16(3,213,22-pentahydroxyhopane. The absolute configuration was assigned by Cu K« X-ray
crystallographic analysis (Figure 3).

Table 1. 'H (500 MHz) and 3C (126 MHz) NMR data of 1 and 2 in Pyridine-ds (6 in ppm, ] in Hz).

1 2
No. oH oc on oc

1.68 m 1.79 m

1 0.97 m 31 1.31 m 394
248 m

2 1.81 m 28.3 249 m 34.4

3 3.44brt (8.3) 78.0 216.4

4 39.5 47.4

5 0.78 dd (12.0, 1.7) 55.7 1.28 m 54.8
151 m 1.37 m

6 1.33 m 189 1.31 m 200
143 m 1.38 m

7 1.21m 336 1.19m 327

45.1 45.2

9 1.39 m 49.3 1.39m 48.4

10 37.3 36.8
211m 2.04m

11 1.64m 33.2 1.65 m 33.4

12 423 m 69.1 420m 69.0

13 1.84 d (10.7) 56.4 1.84 d (10.8) 56.5

14 41.8 41.7

1.93 dd (12.7, 4.2) 1.92 dd (12.6, 4.3)

15 171 m 46.0 1.70 m 45.9

16 448 m 66.8 448 m 66.7

17 2414 (11.7) 73.8 2.41d (11.6) 73.8

18 47.5 47.5
2.60 m 2.60 m

19 214m 43.1 213 m 43.1
2.05m 2.07 m

20 1.95 m 37.8 1.96 m 37.8

21 85.7 85.7
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Table 1. Cont.

1 2
No. oH oc o [ Je
22 75.5 75.5
23 1.21s 28.7 1.11s 26.6
24 1.01s 16.3 1.00 s 21.3
25 0.82s 16.1 0.81s 15.6
26 097 s 17.0 095s 16.6
27 1.13s 19.5 1.10s 194
28 1.19s 17.3 1.19s 17.3
29 1.56 s 26.6 1.56 s 26.7
30 1.61s 27.3 1.61s 27.4
3-OH 5.78brs
12-OH 5.32d (6.0) 5.38 d (6.9)
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Figure 2. Key 2D-NMR correlations of 1, 3-5, 12, and 26.
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Figure 3. X-ray crystallographic structure of 1.

Compound 2 showed a molecular formula of C3yH500O5 based on I3C-NMR data (Table 1) and
the [M + Na]" ion at m/z 513.3551 (calcd. for C3gHs9NaQOs, 513.3556) in the HRESIMS. The NMR data
(Table 1) of 2 were analogous to those of 1 except that the signal (6¢ 78.0) for an oxygenated methine in
the 13C-NMR spectrum of 1 was replaced by the signal (5¢ 216.4) for a carbonyl group in the 3C-NMR
spectrum of 2. The structure of 2 was easily established as 123, 163, 213, 22-tetrahydroxyhopan-3-one
by the COSY, HMBC, and ROESY spectra of 2 (Supplementary Materials).

Compound 3 was assigned the molecular formula C39Hy405 based on 13C-NMR data (Table 2) and
positive ion mode HRESIMS, which showed a pseudomolecular ion peak at m/z 507.3084 [M + Na]*
(caled. for C30Hg4NaOs, 507.3086). The 'H-NMR data of 3 (Table 2) indicated the presence of six methyl
groups at oy 1.43 (s), 1.30 (s), 1.14 (s), 1.00 (s), 0.99 (s), and 0.86 (s) and one olefinic group at 6y 5.72.
The '3C-NMR data of 3 (Table 2) indicated the presence of six methyl groups, two carboxylic carbons
at ¢ 180.1 and 179.5, one carbonyl carbon at 6¢ 216.3, and two olefinic carbons (one quaternary at 6c
144.8 and one methane at 6c 122.8, suggesting the presence of a double bond), 10 sp3 methylenes, three
sp® methines, and seven sp? quaternary carbon atoms. The NMR data of 3 were very similar to those
of 3-oxo-olean-12-en-28,29-dioic acid [11], implying that 3 was also an oleanane triterpenoid.

Six fragments, C-1-C-2, C-5-C-6-C-7, C-9-C-11-C-12, C-15-C-16, C-18-C-19, and C-21-C-22,
were deduced from the 'H-'H COSY correlations in the 2D-NMR spectra of 3 (Figure 2). The structure
of 3 was deduced as 3-oxo-olean-12-ene-28,30-dioic acid by the HMBC correlations from H3-23 and
Hj3-24 to C-3, C-4, and C-5; from H,-1 and H,-2 to C-3; from H3-25 to C-1, C-5, C-9, and C-10; from H3-26
to C-7, C-9, and C-14; from H3-27 to C-8, C-13, and C-15; from H-18 to C-12, from H5-19 to C-17;
from Hy-16 and Hy-22 to C-28; and from H3-29 to C-19, C-20, C-21 and C-30; as well as the key ROESY
correlations of H-190/H3-27 and H-19«/H3-29 (Figure 2).

The molecular formula of compound 4, C3;Hys0Os5, with nine degrees of unsaturation,
was determined by the I3C-NMR data in methanol-d4 (Table 2) and positive ion mode HRESIMS, which
showed a pseudomolecular ion peak at m/z 521.3234 [M + Na]* (calcd. for C31HseNaOs, 521.3237).
The 'H-NMR data in methanol-d, (Table 2) showed signals for six methyl groups at 6y 1.11 (s), 1.00 (s),
0.98 (s), 0.94 (s), 0.81 (s), and 0.78 (s); a methoxy group at 0y 3.67 (s); and a disubstituted double bond at
0 6.33(dd,J=11.2,2.8 Hz)and 5.72 (br d, ] =11.2 Hz). The NMR data (Table 2) were very similar to those
of 30-O-methyl spergulagenate (27) [12]. However, compound 4 had one more degree of unsaturation
than 30-O-methyl spergulagenate, which was supported by four olefinic carbons at ¢ 139.8, 130.8,
129.0, and 126.2 for two double bonds in the 3C-NMR spectrum of 4 measured in methanol-ds. Finally,
the structure of 4 was elucidated to be 33-hydroxyoleana-11,13(18)-diene-28,30-dioic acid 30-methyl
ester by the key HMBC correlations from H-11 to C-10, from H-12 to C-8, and from H3-27 to C-13,
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as well as the key ROESY correlations of H-3/H-5, H-5/H-9, H-9/H3-27, H3-29/H-19c, H3-29/H-16¢,
and H3-29/H;3-27 (Figure 2).

Table 2. 'H and 3C-NMR data of 3 and 4 (5 in ppm, ] in Hz).

3 (Pyridine-ds) 4 (Methanol-dy) 4 (Pyridine-ds)
No. 6n (500 MHz) oc (126 MHz) ou (600 MHz) oc (151 MHz) oy (500 MHz) oc (126 MHz)
1.65 m 1.92m 1.88 m
1 1.30 m 391 1.05 m 394 1.07 m 385
251 m 1.69 m 1.94m
2 237m 344 L64m 279 1.89 m 28.1
3 216.3 3.18dd (11.7,4.9) 79.8 3.49 dd (10.6, 5.0) 78.1
4 47.5 40.1 39.6
5 1.32m 55.4 0.84brd (12.1) 56.4 0.91dd (12.2,1.8) 55.3
1.63m 1.61m
6 1.35m 19.8 1.46 m 19.6 144 m 18.8
7 146m 327 1.35m 33.7 1.31m 329
1.31m
8 39.7 422 41.2
9 1.70 m 47.2 1.99brs 56.0 2.06 brs 54.9
10 36.9 38.0 37.1
11 1.88 m 23.8 5.72brd (11.2) 129.0 5.78 br d (10.5) 127.8
12 5.72br t (3.3) 122.8 6.33 dd (11.2,2.8) 126.2 6.63 dd (10.5, 2.6) 125.7
13 144.8 139.8 138.32
14 422 43.6 427
1.72m 1.97 m
15 2.18 m 28.5 1.08m 26.2 1.08m 25.6
16c 2.19m 1.71m 1.78 m
16 2.08 m 240 1.95m 338 2.25m 331
17 46.4 49.32 48.8
18 3.63dd (13.7,4.0) 43.5 130.8 131.22
19 1.92dd (13.7,13.7) 2.85dd (14.5,1.7) 3.18d (15.2)
198 2.50 m 431 2.17d (14.5) 359 2.78d (15.2) 356
20 441 44.8 439
241 m 1.83 m 228 m
21 147 m 31.2 157 m 33.0 178 m 325
241 m 229 m 2.67 ddd (13.8, 3.5, 3.5)
22 208m 34.8 141m 354 152 m 35.0
23 1.14s 26.6 0.98 s 28.6 1.24s 28.6
24 0.99s 21.6 0.78 s 15.9 1.03 s 16.1
25 0.86s 149 094s 18.8 0.97s 18.4
26 1.00 s 17.3 0.81s 17.3 1.07 s 17.0
27 1.30s 26.1 1.00s 20.3 1.09s 20.1
28 180.1 179.9 DASP
29 1.43s 29.1 111s 20.4 1.28 s 20.2
30 179.5 180.4 178.5
30-OMe 3.67s 52.6 3.60s 51.8

2 Detected by HMBC.  Disappeared signal.

The HRESIMS of glinusopposide A (5) indicated a molecular formula of C35HsgOy, with the
positive ion at m/z 613.4068 [M + Na]™ (calcd. for C35HssNaOy, 613.4080). By comparing its NMR
data (Table 3) with those of spergulagenin A 3-O-f3-p-xylopyranoside (31) [13], compound 5 might
be combined by a modified hopane and a 3-xylopyranose [6y 4.87 d (] = 7.6 Hz)]. The configuration
of xylopyranose in the plant was determined as the p-configuration by acidic hydrolysis of 31
followed by acetylation to yield 1,2,3,4-tetra-O-acetyl-p-xylopyranose. The genin was deduced as
16-deoxyspergulagenin A by 'H-'H COSY, HMBC, and ROESY experiments. The ROESY correlations
(Figure 2) of H-3/H-5, H-5/H-9, H-9/H-12, H-12/H3-28, and H;3-28/H3-29 indicated that 3-OH, 12-OH,
and Me-29 were (-, 3-, and x-oriented, respectively. The xylose was located at 3-OH based on the
HMBC correlations from H-3 to C-1’ and from H-1’ to C-3 (Figure 2). Finally, the structure of 5 was
elucidated to be 16-deoxyspergulagenin A 3-O-3-p-xylopyranoside (glinusopposide A).

Both glinusopposides B (6) and C (7) have the same molecular formula, C41HggO11, based on
13C-NMR data (Table 3) and HRESIMS. The NMR data of 6 and 7 (Table 3) indicated the presence
of the same genin in the two saponins as in compound 5, with differences in the sugars. There
are two sugars, 3-p-xylopyranose and o-L-rhamnopyranose, in the structures of 6 and 7. Base
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on the key HMBC correlations from H-1"" to C-2’ and from H-1’ to C-3 in 6, along with the
correlations from H-1"" to C-3’ and from H-1" to C-3 in 7 (Supplementary Materials), the linkages
between the two sugars were easily established to be Rha-(1—2)-Xyl-O-C-3 and Rha-(1—3)-Xyl-O-C-3
for saponins 6 and 7, respectively. Therefore, the structures of 6 and 7 were determined to be
16-deoxyspergulagenin A 3-O-[x-L-thamnopyranosyl-(1—2)]--p-xylopyranoside (glinusopposide B)
and 16-deoxyspergulagenin A 3-O-[o-L-thamnopyranosyl-(1—3)]-3-p-xylopyranoside (glinusopposide

C), respectively.
Table 3. 'H and "*C-NMR data of 5-7 in Pyridine-ds (6 in ppm, ] in Hz).
5 6 7
No. on (600 MHz) oc (151 MHz) on (500 MHz) oc (126 MHz) on (600 MHz) 6c (151 MHz)
1.70 m 1.63 m 1.67 m
! 0.97 m 393 0.90 m 391 0.94 m 393
221m 213 m 2.14m
2 1.91m 27.4 188 m 27.0 187 m 27.3
3 3.38dd (11.7,4.4) 89.1 3.29dd (11.8,4.2) 88.6 3.31dd (11.9,4.4) 89.3
4 40.1 39.7 40.1
5 0.79br d (11.9) 56.2 0.71br d (9.3) 56.0 0.76 br d (12.0) 56.2
1.51 m 146 m 1.50 m
6 133 m 19.1 133m 18.6 132 m 19.0
1.39m 1.33m 140 m
7 1.19 m 340 1.15m 335 1.19m 340
8 43.8 43.4 43.8
9 1.40 m 50.0 1.35m 49.6 1.40 m 50.0
10 37.4 37.0 37.4
212m 2.07m 2.10m
11 164 m 33.5 1.60 m. 33.0 163 m 33.5
12 420m 69.2 417 m 68.7 420m 69.1
13 1.72d (10.7) 56.9 1.68d (11.1) 56.5 1.72 overlapped 57.0
14 42.1 41.6 42.1
1.51 m 1.48 m 1.52m
15 120 m 34.8 117 m 34.4 121 m 34.8
16 1.44m 20.2 142 m 19.8 1.46 m 20.2
17 1.82dd (12.1,2.9) 56.3 1.78 dd (11.9, 2.9) 55.9 1.82dd (12.0,2.8) 56.3
18 45.8 45.4 45.8
258 m 2.55m 258 m
19 1.68 m 45.2 1.65m 44.8 1.68 m 45.2
217 m 2.14m 217 m
20 1.68 m 36.2 1.65m 357 1.68 m 36.2
21 54.5 54.0 54.5
22 213.0 212.6 213.0
23 1.33s 28.6 1255 28.0 127 s 28.5
24 1.01s 17.2 1.17s 16.9 0.97 s 17.2
25 0.82s 16.5 0.79s 16.2 0.81s 16.5
26 0.99s 17.5 0.95s 17.0 0.99s 17.5
27 1.05s 18.4 1.01s 18.0 1.05s 18.4
28 1.12s 17.2 1.09s 16.8 1.12s 17.2
29 1.22s 21.5 1.19s 21.0 1.22s 21.5
30 219s 25.9 2.16s 25.4 2.19s 25.9
1 4.87d (7.6) 108.2 4.83d (7.3) 106.2 477d (7.5) 107.8
2 4.05dd (8.6, 7.6) 76.0 424dd (8.2,7.3) 78.0 4.04 dd (8.6,7.5) 759
3 420m 79.1 418 m 79.7 4.32dd (8.8, 8.8) 83.5
4 426 m 71.7 4.15m 71.6 417m 70.2
, 441dd (11.3,5.2) 433m 436 m
5 3.80 dd (11.3, 10.5) 67.6 3.71 dd (10.5, 9.9) 67.0 374 dd (11.2, 10.3) 67:4
17 6.54d (0.9) 102.0 6.30brs 103.2
2" 4.88 m 72.5 4.82dd (3.4,1.3) 73.1
3" 4.69 dd (9.5,3.1) 72.6 4.62 dd (9.3,3.4) 73.2
4" 4.35m 74.2 4.37dd (9.3,9.3) 74.6
5" 4.77 m 69.8 501m 70.4
6" 1.70 d (6.2) 18.8 1.71d (6.2) 19.1
12-OH 523d (6.2)
2”-OH 6.69 brs
4"-OH 6.72brs
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Based on '*C-NMR data (Table 4) and HRESIMS, the molecular formulae of glinusopposides
D-G (8-11) were deduced to be C43H7(O13, Ci5H72013, CayH74014, and Cq4HypO13, respectively.
By comparing their NMR data (Table 4) with those of spergulagenin A 3-O-f-p-xylopyranoside
(31) [13], saponins 8-11 were deduced to be disaccharide glycosides of spergulagenin A. The presence
of trans-2-butenoyl (crotonyl) group in 9 was confirmed by the 'H-NMR signals at 6y 7.06
(m), 6.02 (dgq, ] = 15.6, 1.6 Hz), and 1.66 (3H, d, | = 6.8 Hz), along with COSY correlations
of H-2""/H-3""" and H-3"//H-4'"" (Supplementary Materials). The closely similar data and
correlations can also be found in 10 and 11, herein the trans-2-butenoyl group was assigned in
10 and 11 as same way. The frans-2-butenoyl moiety of 9-11 was located at C-4’ by the key
HMBC correlation from H-4" to C-1". According to the correlations in the 'H-'H COSY, HMBC,
and ROESY spectra (Supplementary Materials), the structures of 8-11 were easily elucidated to be
3-O-[a-L-rhamnopyranosyl-(1—3)-4-O-acetyl-3-p-xylopyranosyl] spergulagenin A (glinusopposide
D), 3-O-[a-L-thamnopyranosyl-(1—3)-4-O-trans-2-butenoyl-f3-p-xylopyranosyl] spergulagenin A
(glinusopposide E), 3-O-[o-L-thamnopyranosyl-(1—3)-4-O-trans-2-butenoyl-p-p-xylopyranosyl]
12-O-acetylspergulagenin A (glinusopposide F), and 3-O-[ 3-p-xylopyranosyl-(1—3)-4-O-trans-2-butenoyl-
-p-xylopyranosyl] spergulagenin A (glinusopposide G), respectively.

Table 4. 'H and '3C-NMR data of 8-11 in Pyridine-ds (6 in ppm, ] in Hz).

8 9 10 11
No ou 5 ou ¢ ou ¢ ou ¢
' (500 MHz) (126 MHz) (500 MHz) (126 MHz) (800 MHz) (201 MHz) (800 MHz) (201 MHz)
1.62m 1.63m 141 m 1.64m
0.85m 388 0.86m 388 0.66 m 386 0.87 m 388
2.03m 2.04m 1.98 m 2.05m
2 1.80m 268 1.81m 268 176 m 266 1.82m 268
3 325dd (118, 4.4) 88.8 3.26 dd (11.8, 4.4) 88.8 3.22dd (119, 4.6) 88.8 329 dd (11.9, 4.0) 88.8
4 39.6 39.6 39.5 39.6
5 0.69d (11.7) 55.7 0.69 brd (11.8) 55.7 0.64m 55.5 0.70 br d (12.5) 55.7
143 m 144m 141m 141m
6 127 m 18.6 127m 18.6 123m 184 131 m 186
140 m 141m 135m 142m
7 o 33.6 o 33.6 Rt 333 Lam 33.6
457 45.7 45.8 45.7
9 133m 49.1 134m 49.1 128m 485 1.35m 49.1
10 36.9 36.9 36.8 36.9
2.07m 2.09m 1.98 m 2.09m
1 1.62m 330 1.63m 330 137m 281 1.63m 330
12 419m 68.6 421m 68.6 547 m 722 420m 68.6
13 1.79.d (10.7) 55.8 1.79 d (10.5) 55.8 1.90d (11.5) 52.4 1.79 d (10.6) 55.8
14 418 418 416 417
1.87m 1.88m 1.83m 1.88m
15 1.69m 457 170 m 457 1.64m 452 170 m 456
16 412m 65.5 411m 65.5 406 m 65.0 412m 65.5
17 2284 (11.3) 63.7 228d (11.4) 63.7 223d (11.5) 63.3 228d (117) 63.7
18 471 471 46.4 471
261m 2.63m 1.83m 2.62m
19 1.87m 48 1.90m 48 1.68m 448 1.89m 47
2.05m 2.06m 2.04m 2.06 m
20 174 m 37.6 1.74m 37.6 1.66 m 375 173 m 37.6
21 53.6 53.6 53.4 53.6
2 2149 215.0 2146 2149
23 122 28.0 122 28.0 121s 27.9 1255 28.0
24 0.89s 16.6 090's 16.6 0.88 s 16.6 094s 16.7
25 076 16.0 0.76's 16.0 072 159 0.77s 16.0
26 098's 17.0 099s 17.0 0935 16.8 0.99 s 17.0
27 111s 192 111s 19.2 1.08s 189 112 19.1
28 121s 17.8 121s 17.8 1.03s 17.7 121s 17.8
29 1665 21.0 1665 21.0 161s 20.9 1.66's 21.0
30 2345 26.3 2345 26.3 237s 26.3 2355 26.3
It 474d (7.7) 107.2 476 d (7.5) 107.2 4.75d (7.5) 107.2 4.83d (7.3) 1069
2 4.00m 75.9 4.00 dd (8.3,7.5) 75.8 4.01dd (8.4,7.5) 75.8 4.08m 75.0
3 440m 78.3 443m 79.0 443m 79.0 435m 83.9
& 528 ddd 713 538 overlapped 71.0 539 m 70.9 544 m 70.7
(9.7,9.7,5.5) : : PP : : : : :
430 m
, 435m 438 m 435m
5 3.58 dd 63.1 3.63dd (11.3 10.0) 632 3.65m 632 3.68m 633

(11.3,11.0)
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Table 4. Cont.

8 9 10 11
No ou 5¢c oH 5c 5H 5c 5H 5¢c
- (500 MHz) (126 MHz) (500 MHz) (126 MHz) (800 MHz) (201 MHz) (800 MHz) (201 MHz)
17 6.26d (1.2) 102.6 6.24brs 102.8 6.25brs 102.9 525d (7.8) 106.9
2 469brs 724 474dd (3.2,14) 72.5 472m 72.5 3.99t(7.8) 75.8
3 445m 7.7 445m 72.6 444m 726 414m 78.4
4 430t(9.3) 739 430t (9.4) 73.9 429dd (9.5,9.5) 74.0 415m 71.0
57 443m 70.0 440m 70.0 440m 70.1 431m 67.6
370m
6" 1.70 d (6.2) 18.8 1.68 d (6.3) 18.9 1.69 d (6.2) 18.9
1777 170.4 165.9 165.9 165.9
2 2155 21.1 6.02 dq (15.6, 1.6) 122.7 6.04br d (14.6) 122.8 5.99 br d (15.5) 123.1
317 7.06 m 146.0 7.07 m 145.9 7.09 m 145.4
4 1.66 d (6.8) 17.8 1.61dd (7.0, 1.5) 17.8 1.61br d (6.9) 17.8
110 170.4
21t 2155 219

12-0H 534d(6.1)
16-0H 5494 (5.0)
2-OH 7.68d(6.1)
2”-OH  680brs
4”-OH  680brs

Glinusopposide H (12) was assigned the molecular formula C3sHs50g, with eight degrees of
unsaturation as determined by > C-NMR data (Table 5) and the positive ion at m/z 641.4021 [M +
Na]* (calcd. for C34Hs5gNaQOg, 641.4024) in the HRESIMS. The 'H and '*C-NMR data indicated the
compound might be a hopane triterpenoid saponin with eight methyl groups [6y 1.67 (s), 1.20 (s), 1.44
(s), 1.44 (s), 0.99 (s), 0.94 (s), 0.88 (s), and 0.79 (s)], one tetrasubstituted double bond (6¢ 152.5 and 146.8),
and one B-glucopyranose [0y 5.19 (d, ] = 7.6 Hz); ¢ 100.1, 78.8, 78.4, 75.9, 72.4, and 63.4]. In addition
to the signals for the sugar, signals (0c 84.2, 78.1, 76.0, and 74.5) for four oxygenated carbon atoms were
observed. The sugar was attached to C-12 based on the HMBC correlations from H-12 to C-1’ and from
H-1’ to C-12, and the 17(21)-double bond was confirmed by the correlations from H3-28 to C-17 and
from H3-29 and H3-30 to C-21 (Figure 2). The other three oxygenated carbon atoms were C-3, C-16,
and C-22 based on the correlations from H3-23 and H3-24 to C-3, from H-16 to C-21, and from Hj3-29
and H3-30 to C-22. According to the deduced molecular formula and the degrees of unsaturation, a
dihydrofuran ring containing the C-16-C-17-C-21-C-22-O fragment must be formed in the structure of
12, which was further confirmed because of the shift in the 1*C-NMR signals for C-16 (6¢ 76.0) and C-22
(0¢c 84.2) to downfield compared with the analogues 1, 2, and 22,24,28-trihydroxy-hop-17(21)-ene [14].
The 33,123,163 configurations were determined by the key ROESY correlations of H-3/H3-23, H-3/H-5,
H-5/H-9, H-9/H-12, H-12/H;3-27, H-12/H3-28, H-16/H3-27, and H-16/H3-28 (Figure 2). Thus, the structure
of 12 was elucidated to be 3f3,123-dihydroxy-163,22-epoxyhop-17(21)-ene 12-O--p-glucopyranoside
(glinusopposide H).

Based on 3C-NMR data (Tables 5 and 6) and HRESIMS, the molecular formulae of glinusopposides
I-K (13-15) were deduced to be C35H5607, C41HgsO11, and C41HggO11, respectively. Comparison of
the NMR data of 13-15 (Tables 5 and 6) with those of 12 (Table 5) which are closely similar that were
suggested these compounds with the same genin, 3(3,123-dihydroxy-16f3,22-epoxyhop-17(21)-ene.
The position of connectivity of sugars to sapogenin were established according to the
correlations in the 2D-NMR spectra (Supplementary Materials).  Therefore, the structures
of saponins 13-15 were determined to be 3f,12p3-dihydroxy-1643,22-epoxyhop-17(21)-ene
3-O-B-p-xylopyranoside  (glinusopposide 1), 3f,123-dihydroxy-16(3,22-epoxyhop-17(21)-ene
3-O-[o-L-thamnopyranosyl-(1—2)]-3-p-xylopyranoside (glinusopposide J), and 33,123-dihydroxy-
163,22-epoxyhop-17(21)-ene 3-O-[x-L-thamnopyranosyl-(1—3)]-3-p-xylopyranoside (glinusopposide
K), respectively.
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Table 5. 'H and 3C-NMR data of 12-14 in Pyridine-ds (5 in ppm, ] in Hz).

12 13 14
No. 6 (500 MHz)  6c (126 MHz) oy (600 MHz)  6c (151MHz)  o6n (600MHz)  6c (151 MHz)
1.61m 1.72m 1.68m
1 0.84 m 39.0 0.98 m 395 0.95 m 397
221m 217m
2 1.78m 28.3 Toom 27.4 Torm 275
3 341 m 78.1 3.37dd (11.8, 4.5) 89.0 331dd (11.9, 4.2) 88.9
4 39.5 401 401
5 0.69 m 56.0 0.75br d (10.8) 563 0.71brd (11.5) 56.6
149 m 151 m 147 m
6 Logm 18.8 L 19.0 LA 19.0
7 1.27m 34.2 132m 34.6 1.29m 34.6
8 46.8 472 472
9 1.22m 48.4 140 m 495 137m 495
10 37.6 37.6 37.5
237m 2.09m 207m
1 s 27.2 T 335 T 335
12 437m 745 404m 69.7 404m 69.7
13 1.87d (11.2) 54.0 1.92d (11.1) 56.2 1.91d (11.1) 56.2
14 415 419 419
192 m 1.99 dd (11.6. 6.2) 1.97dd (117, 6.1)
15 Lo 43.0 a8 437 a6n 437
16 484m 76.0 493 m 76.6 492m 76.6
17 152.5 153.0 153.0
18 46.0 46.4 46.4
315m
19 g'gi z 53.7 2;8 2 54.6 2.70 ddd 545
: : (13.6,8.2,2.6)
237m 250 m 250m
20 204m 256 220m 261 221m 261
21 146.8 1475 1475
2 84.2 84.5 84.5
23 120 28.7 131s 28.5 1255 28.3
24 0.99 s 16.4 0.99 s 17.2 1195 17.4
25 079 s 16.6 0.85s 17.0 0.85s 17.1
2 0.88 s 16.5 1.02s 16.9 1.01s 16.9
27 0945 15.9 1.07 s 16.2 1.06 s 16.2
28 1675 22 159 s 23.0 1595 23.0
29 1445 292 149 292 149 292
30 1445 286 147 s 295 147 s 295
G 519d (7.5) 100.1 486 d (7.5) 108.2 4.85d (7.4) 106.6
g 407 m 75.9 405m 76.0 427dd (83,7.4) 78.4
3 437m 78.8 420dd (87,8.7) 79.1 420dd (8.7, 83) 80.1
¥ 426dd (9.5,9.5) 72.4 426m 71.7 417 m 72.0
439dd (11.3,5.2)
5 4.05m 78.4 3.7910‘(l)d7§11.3, 67.6 ;1_';;1 jg S}i ;‘:S; 67.4
, 457dd (11.7,2.2)
6 436m 634
1 6.58 br s 102.4
o 490 dd (3.4,1.4) 72.9
3 471dd (9.4,3.4) 73.0
4 438dd (9.3,9.3) 74.6
5 480m 70.2
6" 1.73d (6.2) 19.2
12-OH 546 brs

The HRESIMS of glinusopposide L (16) exhibited an ion peak at m/z 731.4353 [M + Na]* (calcd.
for C39HeaNaO11, 731.4346), implying a molecular formula of C39HgsO11. The NMR data of 16 (Table 6)
were highly similar to those of spergulin B (35) [13], indicating that the compound might also be a
bisnor hopane saponin with the same genin, spergulatriol, and the same sugars, xylose and rhamnose.
The difference between the two saponins was the linkage mode of the two sugars. The rhamnose was
linked to 3-OH of the inner sugar, xylose, based on the HMBC correlations from H-1"" to C-3" and from
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H-3" to C-1” (Supplementary Materials). Finally, the structure of 16 was elucidated to be spergulatriol
3-O-[x-L-thamnopyranosyl-(1—3)]-3-p-xylopyranoside (glinusopposide L).

According to I3C-NMR data (Table 6) and the positive ion HRESIMS at m/z 731.4347 [M + Na]*
(caled. for C39HgsNaOq1, 731.4346), glinusopposide M (17) had the same molecular formula, C39Hg1O11,
as saponin 16. The 1D and 2D-NMR spectra (Supplementary Materials) indicated that 17 had a
tetrasubstituted double bond rather than the terminal double bond of 16. The 17(21) double bond
was identified based on the HMBC correlations from H3-28 to C-17 and from H3-22 to C-17 and C-21.
Therefore, the structure of 17 was determined to be 29,30-bisnor-33,123,163-trihydroxyhop-17(21)-ene
3-O-[x-L-thamnopyranosyl-(1 — 3)]-3-p-xylopyranoside (glinusopposide M).

Table 6. 'H and '3C-NMR data of 15-17 in Pyridine-ds (5 in ppm, ] in Hz).

15 16 17
No. 6n (600 MHz) 6c (151 MHz) on (500 MHz) 6c (126 MHz) 6n (800 MHz) 6c (201 MHz)
1.69 m 1.64 m 1.63 m
1 0.95 m 39.5 0.90 m 38.8 091 m 39.0
2.14m 211m 2.10m
2 1.87 m 273 1.83 m 268 1.83 m 269
3 3.30dd (11.9,4.3) 89.2 3.27.dd (11.8,4.4) 88.8 3.26 dd (12.0,4.3) 88.8
4 40.1 39.6 39.6
5 0.73brd (11.3) 56.3 0.72br d (11.9) 55.7 0.73brd (11.7) 55.9
1.48 m 1.47 m 144 m
6 1.31m 19.0 1.30 m 186 1.30 m 186
1.45m 1.40 m
7 1.31m 34.6 197 m 33.5 131 m 33.6
8 472 454 44.8
9 1.39 m 49.5 1.38 m 49.2 1.47 m 49.6
10 37.5 36.9 37.0
2.09 m 2.07 m 2.08 m
11 1.65m 33.5 161 m 33.1 162 m 33.4
12 4.04 m 69.7 419m 69.3 4.08 m 69.6
13 1.92d (11.1) 56.2 1.77 d (10.9) 53.9 191 m 55.1
14 47.2 418 41.7
2.00m 1.87 dd (12.5,4.2) 1.92m
15 138 m 43.7 173 m 45.1 187 m 44.1
16 493 m 76.6 4.32m 67.2 4.99 overlapped 68.1
17 153.0 2.14d (10.8) 62.2 143.9
18 46.4 454 52.6
3.15m 2.53m 2.58m
19 2.70m 546 1.78 m 432 220m 465
250 m 2.54m
20 291 m 26.1 242 m 29.9 218 m 38.1
21 147.5 152.2 128.5
6.06 t (2.0)
22 84.5 514 (2.0) 106.1 2.33s 16.0
23 125s 28.4 1.23s 28.0 121s 28.0
24 0.95s 17.2 0.93s 16.7 0.92s 16.7
25 0.83s 17.0 0.78s 16.0 0.79s 16.4
26 1.02s 16.9 1.01s 17.0 0.98s 16.5
27 1.07 s 16.2 1.16 s 19.1 1.25s 17.5
28 1.59s 23.0 1.06 s 16.0 1.39s 20.6
29 149s 29.2
30 147 s 29.5
1 4.76 d (7.5) 107.8 4.74d (7.4) 107.4 4.73d (7.5) 107.4
2! 4.03m 759 4.0l m 754 4.00 m 754
3 4.32dd (8.9, 8.9) 83.5 430t (8.9) 83.0 429t (8.8) 83.0
4 416m 70.2 414 m 69.7 413 m 69.7
4.32m
, 4.35m 4.33 m
5 3.73dd (11.2,10.4) 67:4 3.72dd (113, 67.0 3.71dd (11.2,10.3) 669

10.2)
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Table 6. Cont.

15 16 17

No. on (600 MHz) oc (151 MHz) on (500 MHz) oc (126 MHz) ox (800 MHz) 6c (201 MHz)
1” 6.30brs 103.3 6.26d (1.2) 102.9 6.26 brs 102.8
2" 4.82dd (3.3,1.5) 73.1 4.78 brs 72.6 4.78 br s 72.6
37 462 dd (9.4,33) 732 460brd (9.1) 72.8 459brd (87) 72.8
4" 4.37dd (9.4,9.4) 74.6 434 m 74.2 4.33m 74.2
5" 5.00 m 70.4 4.98 overlapped 70.0 4.97 overlapped 70.0
6" 1.71d (6.2) 192 1.68d (6.2) 18.7 1.68d (6.1) 18.7

12-OH 527d (6.5) 5204 (6.2)

16-OH 572d (5.9) 6.03d (5.5)

2-OH 7.29d (6.0) 7.26 d (6.0)

&-OH 6.79d (5.9) 6.76 d (5.6)

2"”-OH 6.74brs 6.71brs

3”-OH 6.47brs 643 brs

4”-OH 6.74brs 6.71brs

According to 3C-NMR data (Table 7) and HRESIMS, the molecular formulae of glinusopposides
N (18) and O (19) were deduced to be C33H5,0¢ and CzgHgO1g, respectively. Comparison of their
NMR data (Table 7) with those of 17 indicated that saponins 18 and 19 were 29,30-bisnor hopane
saponins with two double bonds and two hydroxy substitutions in the structure of the genin. 33-OH
and 123-OH were determined based on the key HMBC correlations from H3-23 and H3-24 to C-3 and
from H-9 to C-12, as well as the key ROESY correlations of H-3/H-5, H-5/H-9, H-9/H-12, H-12/H;-27,
and H-12/H;3-28 (Supplementary Materials). The 15,17(21) double bonds were identified by the
HMBC correlations from H3-22 to C-17 and C-21, from H3-27 to C-15, from H3-28 to C-17, and from
H-16 to C-14 and C-18. Finally, based on other correlations in the 2D-NMR spectra (Supplementary
Materials), 18 and 19 were elucidated to be 29,30-bisnor-33,123-dihydroxyhopa-15,17(21)-diene
3-O-B-p-xylopyranoside (glinusopposide N) and 29,30-bisnor-3f3,123-dihydroxyhopa-15,17(21)-diene
3-O-[o-L-thamnopyranosyl-(1—3)]-B-p-xylopyranoside (glinusopposide O), respectively.

The molecular formula of glinusopposide P (20) was determined to be Cy4HgsO15 based
on BC-NMR data (Table 7) and the positive ion at m/z 857.4300 [M + Na]* (caled. for
CuaHggNaOqs5, 857.4299) in the HRESIMS. The NMR data (Table 7) indicated a moiety of
3B-hydroxyoleana-11,13(18)-diene-28,30-dioic acid 30-methyl ester (4), an «-rhamnopyranosyl
group [0y 6.33 (br s), 5.08 (m), 4.76 (dd, | = 3.3, 1.4 Hz), 457 (dd, | = 9.3, 3.3 Hz), 4.35 (dd,
J =93, 93 Hz), and 171 (d, ] = 6.1 Hz); 6c 103.4, 74.6, 73.2, 73.0, 70.3, and 19.1], and a
6-O-methyl-f3-glucuronopyranosyl group [6y 4.92 (d, ] = 7.9 Hz), 4.58 (d,] = 9.3 Hz), 445 (dd, ] = 9.3,
8.7Hz),4.41(dd ] = 9.3,9.3 Hz), 4.07 (dd, ] =8.7,7.9 Hz), and 3.79 (s); 5¢ 171.3,107.6, 82.3,77.6,76.2, 71.9,
and 52.7]. The linkage of the sugar chain was determined to be Rha-(1—3)-[6-O-methyl-GlcA]-O-C-3
based on the key HMBC correlations from H-1" to C-3’, from H-3’ to C-1”, from H-1" to C-3,
and from H-3 to C-1" (Supplementary Materials). Thus, the structure of 20 was elucidated to be
3-O-[a-L-thamnopyranosyl-(1—3)-6-O-methyl-3-p-glucuronopyranosyl]-33-hydroxyoleana-11,13(18)-
diene-28,30-dioic acid 30-methyl ester (glinusopposide P).

Table 7. 'H and '3C-NMR data of 18-20 in Pyridine-ds (5 in ppm, ] in Hz).

18 19 20
No 51 (600MHz)  6c (151 MHz) 6y (500 MHz) 8¢ (126 MHz) ou (JinHz) o o) M)
) (600 MHz)
169 m 16lm 170m
1 0.98 m 39.2 0.90 m 388 0.89 m 385
221m 210 m 2.14m
2 191 m 274 182m 269 187 m 270
3 339dd (119,43) 89.1 327 dd (11.9, 4.4) 88.8 332 dd (11.9, 4.5) 89.8
4 402 397 401
5 0.84m 56.5 0.77 overlapped 56.0 0.79 br d (12.1) 55.6
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Table 7. Cont.

18 19 20
No. 61 (600 MHz) o (151 MHz) 6y (500 MHz)  dc (126 MHz) du J in Hz) ¢ (151 MHz)
(600 MHz)
157 m 1.54m 152m
6 . 19.1 L 186 Lo 18.8
7 1.52m 33.9 148 m 33.5 128 m 332
8 418 413 416
9 1.50 m 50.2 145m 497 198brs 55.2
10 37.7 37.3 37.1
218m 214m
1 oo 343 el 33.9 5.69 br d (10.1) 128.2
12 433m 69.4 428 m 69.0 6.60 dd (10.1,2.9) 126.2
13 217d (11.1) 533 213d (11.1) 52.8 138.7
14 475 47.0 43.1
15 576 d (10.3) 1355 5.72d (10.3) 135.1 196 m 26.0
. . : . . . Loom :
226m
16 6.42d (10.3) 120.4 6.39.d (10.3) 120.0 e 335
17 1419 1415 49.2
18 48.6 482 131.4
259 m 255m 3.17d (14.5)
19 224m 453 221m 449 2.77 d (14.5) 36.0
2.60m 255m
20 o 36.8 oo 36.3 443
231m
21 131.8 1314 7o 329
2 1735 14.4 1.70s 14.0 2.66m 353
152 m
23 1.35s 28.6 125 28.0 1255 28.2
24 1.02s 172 0.94 s 167 0.89's 16.8
25 0.81s 163 0.76 5 159 0.84s 187
26 1.03 s 197 0.99 s 193 1.02s 17.4
27 1345 195 1.30's 19.0 111s 205
28 132 20.4 1.29s 20.0 179.1
29 1275 20.7
30 178.9
30-Me 3.60's 522
v 488d (7.7) 108.2 4744 (7.5) 107.4 4924 (7.9) 107.6
” 4.05dd (84,7.7) 76.0 4.00 dd (8.4,7.5) 754 407 dd (8.7,7.9) 76.2
3 420 dd (8.8, 8.4) 79.1 428 m 83.0 445dd (9.3,87) 823
& 426 m 717 412m 69.7 441dd (9.3,9.3) 71.9
432m
, 4.40dd (11.0,5.1)
5 380 dd (110, 104 67.6 3.70 dd (11.0, 67.0 458d (9.3) 77.6
10.5)
% 1713
'-OMe 379 52.7
17 6.27brs 102.8 633brs 103.4
2 479brs 72,6 476 dd (3.3, 1.4) 73.0
3 459 dd (9.3, 3.0) 72.8 457 dd (9.3,3.3) 732
g 434 dd (9.3,9.3) 742 435dd (9.3,9.3) 746
5 497 m 69.9 5.08m 70.3
6’ 1.67d (6.1) 187 1.71d (6.1) 19.1

Based on 3C-NMR data (Tables 8 and 9) and HRESIMS, the molecular formulae of glinusopposides
Q—U (21—25) were deduced to be C39H61N010, C44H68015/ C45H70015, C36H5609/ and C42H66013/
respectively. By comparing their NMR data with those of 30-O-methyl spergulagenate (27) [12],
these saponins were determined to have the same genin, 30-O-methyl spergulagenate. The NMR
signals of 21 at 611 8.94 (d, ] = 9.0 Hz) and 2.15 (s), along with 0c 170.3 and 23.8 manifested the
presence of an acetylamino unit which was further confirmed by the HMBC correlations from
oy 2.15 (H-2"") to 6¢ 170.3 (C-1”) and from 6y 8.94 (NH) to 6c 170.3 (C-1”). The position of the
acetylamino moiety of 21 was determined by the HMBC correlation from H-2" to C-1”. The location
of the sugar in 21 was also confirmed by the HMBC correlations from H-3 to C-1" and H-1’ to
C-3. Two anomeric carbons at 6c 107.1 and 102.9 of 22 suggested that the presence of two sugars,



Molecules 2019, 24, 2206 14 of 23

of which the positions were assigned by the key HMBC from H-3" to C-1”, from H-1" to C-3’,
from H-1’ to C-3, and from H-3 to C-1’. The NMR date of 23 were almost identical to those of
22 except for the replacement of the methoxy group in 22 by ethoxy group (6¢c 61.4 and 14.3).
Comparison of NMR data of 30-O-methyl spergulagenate (27), signals for an additional sugar in
compound 24 and for two additional sugars in compound 25 were observed. According to these
correlations in the 2D-NMR spectra (Supplementary Materials), saponins 21-25 were determined as
3-O-(2-acetylamino-2-deoxy--p-glucopyranosyl)-30-O-methyl spergulagenate (glinusopposide Q),
3-O-[x-L-rhamnopyranosyl-(1—3)-6-O-methyl-3-p-glucuronopyranosyl]-30-O-methyl spergulagenate
(glinusopposide R), 3-O-[o-L-Thamnopyranosyl-(1—3)-6-O-ethyl-3-p-glucuronopyranosyl]-30-O-methyl
spergulagenate (glinusopposide S), 30-O-methyl spergulagenate 3-O-f-p-xylopyranoside
(glinusopposide T), and 30-O-methyl spergulagenate 3-O-[x-L-rhamnopyranosyl-(1—3)]-3-p-
xylopyranoside (glinusopposide U), respectively.

Table 8. 'H and 13C-NMR data of 21-23 in Pyridine-ds (6 in ppm, | in Hz).

21 22 23
No. oy (500 MHz) oc (126 MHz) o (500 MHz) 6c (126 MHz) oy (500 MHz) oc (126 MHz)
1.35m 1.36 m 1.37 m
1 0.82 m 38.6 0.82 m 38.5 0.83m 38.5
2.19m 2.04m 2.07m
2 1.76 m 264 1.77m 26.6 1.78 m 26.6
3 3.25dd (11.9,4.4) 89.2 3.28 overlapped 89.4 3.27 overlapped 89.3
4 39.3 39.5 39.5
5 0.75 overlapped 55.8 0.75 overlapped 55.7 0.74 overlapped 55.7
1.49 m 1.46 m 1.46 m
6 128 m 186 1.25m 184 126 m 184
1.46 m 1.44m 1.45m
7 127 m 33.3 126 m 33.2 126 m 33.2
8 39.7 421 421
9 1.60 m 48.1 1.61m 48.0 1.62 dd (8.6, 8.6) 48.0
10 37.0 36.9 36.9
11 1.85m 23.8 1.85m 23.7 1.85m 23.7
12 5.58 brs 1225 559 brs 123.1 5.59dd (3.4,34) 123.1
13 145.5 144.5 144.5
14 422 39.7 39.7
212m 213 m
15 221m 28.6 118 m 28.4 127 m 28.4
212m 213m
16 2.08 m 24.2 202m 23.9 203m 23.9
17 46.4 46.2 46.2
18 3.36 dd (13.5, 3.6) 43.6 3.29 overlapped 43.4 3.29 overlapped 434
2.26 m 2.25brd (13.2) 2.25br d (12.0)

19 1.82m 43.2 1.81m 427 1.82m 427
20 44.3 44.2 44.2
2.16m 219m 2.19 br d (13.5)

21 145 m 31.2 146 m 30.9 147 m 30.9

2.06 m 2.08 m 2.09m
22 1.96 m 34.9 197 m 34.6 1.98, m 34.6
23 1.19s 28.2 1.24s 28.1 1.23s 28.1
24 0.98s 17.0 0.90s 16.9 0.90s 16.9
25 0.75s 154 0.75s 154 0.76s 154
26 0.89brs 17.6 0.95s 17.3 095s 17.3
27 1.31s 26.2 131s 26.2 1.31s 26.2
28 DAP* 179.9 179.9
29 1.22s 28.7 1.23s 28.5 1.23s 28.5
30 177.4 177.2 177.2
30-OMe 3.63s 51.7 3.655 51.8 3.65s 51.7
1 5.05d (8.2) 105.0 4.88d (7.8) 107.1 4.88d(7.9) 107.2
2! 4.58 m 58.1 4.34m 74.1 4.05dd (84,7.9) 75.8
3 441dd 9.3,8.7) 76.3 4.42 dd (9.0,9.0) 81.9 444 dd (8.9, 8.4) 81.9

4 4.18dd (9.3,9.3) 727 437 m 714 4.41dd (94,8.9) 714
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Table 8. Cont.

21 22 23
No. 6u (500 MHz) oc (126 MHz) ou (500 MHz) oc (126 MHz) oy (500 MHz) Oc (126 MHz)
5 3.97 m 784 456d (9.4) 77.2 4.55d (94) 77.2
, 457 m
6 437 m 63.0 170.8 170.3
6’-OMe, 3.77 s 52.2 429 m 61.4
OEt 119t (7.1) 14.3
17 170.3 6.30brs 102.9 6.33d (1.2) 102.8
2" 215s 23.8 475 m 72.5 4.77dd (34,1.2) 72.6
3" 455 m 72.7 456dd (9.2,34) 72.7
47 4.34m 74.1 4.36dd (9.2,9.2) 74.1
5" 5.05m 69.9 5.08 m 69.8
6" 1.69d (6.1) 18.6 1.69d (6.2) 18.7
NH 8.94d (9.0)

“ Disappeared.

Table 9. 'H- and '3C-NMR data of 24-26 in Pyridine-ds (6 in ppm, | in Hz).

24 25 26
No. 6y (500 MHz) oc (126 MHz) on (500 MHz) oc (126 MHz) on (500 MHz) oc (126 MHz)
1.51m 147 m 1.39 m
1 097 m 38.8 093 m 38.7 0.85m 38.6
2.16m 2.09 m 2.13m
2 1.87 m 268 1.81m 267 1.83 m 26.6
3 3.35dd (11.7,4.4) 88.7 3.28 overlapped 88.8 3.36 dd (11.6,4.3) 89.2
4 39.6 39.5 39.6
5 0.82 overlapped 55.9 0.79 overlapped 55.8 0.79 overlapped 55.8
149 m 147 m 1.47 m
6 128 m 185 1.27 m 185 126 m 185
147 m 1.46 m 1.45m
7 128 m 33.2 127 m 33.2 197 m 33.2
8 39.7 42.0 39.7
9 1.67 dd (9.0, 8.7) 481 1.65 m 48.0 1.63 dd (9.0, 8.6) 48.0
10 37.1 37.0 37.0
11 1.89 m 23.8 1.88 m 23.7 1.87 m 23.7
12 5.60 br t (3.1) 123.2 5.60 dd (3.4, 3.4) 123.1 5.60 br t (3.3) 123.1
13 144.5 144.4 144.5
14 421 39.7 421
213 m 213 m 213 m
15 119 m 28.4 127 m 28.4 120 m 28.4
213 m 212m 212m
16 203m 23.9 202 m 23.8 203m 23.9
17 46.2 46.2 46.2
18 3.30 dd (13.6, 3.6) 434 3.29 overlapped 434 3.29 dd (13.6, 3.9) 434
2.26 br d (13.5)
226 m 226 m
19 1.82 dd (13.6, 13.6) 42.7 1.82%(:15313.5, 42.7 182 m 42.7
20 442 442 442
219m 2.19brd (13.1) 220m
21 1.46 m 309 1.46 m 308 1.46 m 30.9
2.10m 2.09 m 2.09 m
22 1.98 m 34.6 1.98 m 34.5 1.98 m 34.6
23 1.30s 28.2 1.24s 28.1 1.30's 28.2
24 097 s 17.0 092s 16.9 095s 17.0
25 0.82s 15.5 0.80s 15.5 0.78s 15.5
26 097 s 17.4 096s 17.3 095s 17.4
27 1.30s 26.2 1.30s 26.1 1.30s 26.2
28 179.9 179.9 179.9
29 1235 28.5 1.23s 28.5 1235 28.5
30 177.2 177.2 177.2

30-OMe 3.65s 51.8 3.64s 51.7 3.65s 51.8
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Table 9. Cont.

24 25 26
No. 5y (500 MHz) 8¢ (126 MHz) 6y (500 MHz)  6c 126 MHz)  &m (500 MHz)  d¢ (126 MHz)
1’ 483d (7.6) 107.8 473d (7.5) 107.4 5.004d (7.8) 107.3
2/ 4.01dd (8.7, 7.6) 75.6 4.00 dd (8.8, 7.5) 754 4,09 dd (9.0, 7.8) 754
3/ 4.17dd (8.7,8.7) 78.7 4.29dd (8.8, 8.8) 82.9 428dd (9.0,9.0) 77.9
g 423m 713 413m 69.7 448dd (9.0,9.7) 733
434m
, 4.38dd (11.2,5.1)
5 378.dd (115, 102) 67.2 3.73 dd (10.6, 66.9 461d9.7) 77.3
10.2)
6 170.9
6’-OMe 3.73s 52.1
17 6.27d (1.2) 102.7
2" 479dd (33,1.2) 72.6
3 4.60dd (9.3,3.3) 72.7
4 4.34dd (9.3,9.3) 74.1
5" 498m 69.9
6 1.67d (6.2) 18.7

The NMR data of compound 26 in methanol-d; (Supplementary Materials) were the same
as those of coryternic acid 3-O-B-p-glucuronopyranoside-6’-O-methyl ester [33-O-(6-O-methyl-
B-p-glucuronopyranosyl)-olean-12-ene-28,29-dioic acid 29-methyl ester] [15]. Based on the 1D and
2D-NMR spectra of 26 both in methanol-d4 and pyridine-ds (Table 9, Figure 2, and Supplementary
Materials), especially on the ROSEY correlations of H3-29/H-19« and H-19«/Hj3-27, the structure of
26 was determined to be 33-O-(6-O-methyl-3-p-glucuronopyranosyl)-olean-12-ene-28,30-dioic acid
30-methyl ester. Therefore, the structure of coryternic acid 3-O-3-p-glucuronopyranoside-6"-O-methyl
ester reported in the literature is suggested to be revised to 3(3-O-(6-O-methyl-f3-p-glucuronopyranosyl)-
olean-12-ene-28,30-dioic acid 30-methyl ester.

Other known compounds, 30-O-methyl spergulagenate (27) [12], 28-3-p-glucopyranosyl-30-methyl
33-hydroxyolean-12-en-28,30-dioate (28) [16], oleanolic acid 3-O-6"-O-methyl-3-p-glucuronopyranoside
(29) [17], oppositifolone (30) [18], spergulagenin A 3-O-f3-p-xylopyranoside (31) [13], spergulin A
(32) [13], spergulacin A (33) [13], spergulacin (34) [13], spergulin B (35) [13], grasshopper ketone (36) [19],
and p-carboline (37) [20], were determined by comparing their NMR data (for all compounds) and
optical rotation values (for all compounds except 37) with those reported in the literature.

2.2. Biological Evaluation

We proposed antifungal activities of G. oppositifolius according to traditional healthcare use.
The 70% ethanol extract of the whole plants of G. oppositifolius showed inhibitory activity against
M. gypseum with an inhibition of 23.0 + 1.9% at a concentration of 128 pg/mL. All the isolated
compounds (1-37) were measured for antifungal activities against M. gypseum and T. rubrum, and the
results are presented in Table 10. Glinusopposide B (6), glinusopposide Q (21), glinusopposide T
(24), and glinusopposide U (25) showed the most notable inhibitory activities against M. gypseum
(MICsg 7.1, 6.7, 6.8, and 11.1 uM, respectively) and T. rubrum (MICsq 14.3, 13.4, 11.9, and 13.0 uM,
respectively) compared with the positive control terbinafine hydrochloride (MICs 0.008 uM against
M. gypseum and 1.647 uM against T. rubrum). Glinusopposide K (15), glinusopposide N (18),
glinusopposide O (19), glinusopposide R (22), glinusopposide S (23), glinusopposide U (25),
and 33-0-(6-O-methyl-3-p-glucuronopyranosyl)-olean-12-ene-28,30-dioic acid 30-methyl ester (26)
showed moderate inhibitory activities against M. gypseum, with MICs, values ranging from 22.0 to
46.8 uM. Additionally, 33,123,16f3,21(3,22-pentahydroxyhopane (1), 3-oxo-olean-12-ene-28,30-dioic
acid (3), glinusopposide H (12), and glinusopposide L (16) showed weak activities against M. gypseum,
with MICs values ranging from 105.0 to 260.1 uM. Other compounds did not display activity against
M. gypseum or T. rubrum (MICsq > 300 uM).

The active compounds of G. oppositifolius against M. gypseum and T. rubrum have two types of
carbon skeletons, hopane and oleanane. For those oleanane-type compounds, glycosylation (21-26) or
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oxidation (3) of 3-OH was helpful in increasing the activity based on a comparison of the MICs; values
of 3 and 21-26 with those of 27 and 28. Replacement of the 30-methyl group (29) with a carboxymethyl
group (26) enhanced the activity. The presence of 11,13(18) double bonds (20) decreased the activity.
The structure-activity relationships (SARs) of the hopane-type compounds against the two fungi were
not clear.

Table 10. Antifungal Effects of Compounds from G. oppositifolius against Microsporum gypseum and
Trichophyton rubrum 2.

MICsp (uM) + SD

Compound

M. gypseum T. rubrum
1 105.0 £ 0.6 >300
3 1281+ 14 >300
6 71+12 143 +21
12 260.1 £2.3 >300
15 46.8 +0.1 >300
16 1207 + 1.4 >300
18 293+34 >300
19 349+12 >300
21 6.7+21 134+1.1
22 403 +05 >300
23 399+12 >300
24 6.8+32 119+0.3
25 111+24 13.0+1.3
26 22.0+09 >300

terbinafine hydrochloride (positive control) 0.008 + 0.373 1.647 + 0.101
2 Compounds 2, 4-7, 9-11, 13, 14, 17, 20, and 27-37 were inactive (MICsy > 300 uM).

3. Experimental Section

3.1. General Experimental Procedures

This part can be found in the Supplementary Materials.

3.2. Plant Material

Whole plants of G. oppositifolius were bought from Zay cho market of Mandalay in Myanmar,
in December 2015. The plants were identified by author, Jun Yang. A voucher specimen (No.
MD1612078) was deposited at the Yunnan Key Laboratory for Wild Plant Resources, Kunming Institute
of Botany, Chinese Academy of Sciences.

3.3. Extraction and Isolation

Powdered whole plants of G. oppositifolius (3.0 kg) were extracted with 70% EtOH at 60 °C for
six times (each for 4 h) to obtain a crude extract (650.1 g), which was suspended in H,O and then
extracted with petroleum ether. The water-soluble phase was adjusted to pH 1-2 with 1% HCl and
then partitioned with EtOAc to afford the EtOAc-soluble extract (B, 130.0 g). The aqueous phase was
basified with 5% NaOH solution to pH 9-10 and then extracted with CHCIj; to yield the CHCl3-soluble
extract (A, 25.2 g). The aqueous phase was extracted with n-butanol to yield the n-butanol-soluble
extract (C, 142.0 g).

The CHCI; extract (A, 25.2 g) was subjected to silica gel column chromatography (CC,
CH,Cl,-MeOH, 50:1—0:1, v/v) to yield four main fractions A1-A4. Fraction Al (931.1 mg) was
subjected to reversed phase (RP-Cjg) silica gel CC eluted with MeOH-H,O (30%—100%). The 30%
MeOH-eluted part (86.3 mg) was separated on a Sephadex LH-20 CC (MeOH) and purified by
semipreparative HPLC (Welch Ultimate AQ-Cy3, MeOH-H,O, 18:82, 0.8 mL/min) to yield 36 (6.0 mg,
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tr = 56.431 min). The 60% MeOH-eluted part (399.8 mg) was separated on a Sephadex LH-20 CC
(MeOH) to yield 1 (4.9 mg), 2 (4.7 mg), and 31 (24.6 mg) recrystallized from MeOH, as well as 37 (0.4 mg)
recrystallized from CH,Cl,. The 80% MeOH-eluted part (127.3 mg) was purified by Sephadex LH-20
CC (CH,Cl,-MeOH, 1:1) and semipreparative HPLC (Agilent Zorbax SB-C;g, MeOH-H;O (containing
0.05% TFA), 67:33, 2 mL/min) to obtain 11 (1.1 mg, tg = 36.803 min) and 9 (5.7 mg, g = 43.850 min).
Fraction A2 (2.1 g) was separated on an RP-18 silica gel CC eluted with MeOH-H,0 (30%—100%).
The 70% MeOH-eluted part (96.8 mg) was purified by silica gel CC (CH,Cl,-MeOH-H,0, 300:10:1) to
yield 8 (24.3 mg) recrystallized from MeOH. Fraction A3 (2.5 g) was separated on an RP-18 silica gel CC
eluted with MeOH-H,0 (20%—100%). The 60% MeOH-eluted part (965.5 mg) was purified by silica
gel CC (EtOAc-MeOH, 20:1) to yield two main subfractions (A3-1 and A3-2). The subfraction A3-1
(91.8 mg) was purified by silica gel CC (CH,Cl,-MeOH, 10:1) and semipreparative HPLC (Agilent
Zorbax SB-Cyg3, CH3CN-H;O, 35:65, 2 mL/min) to yield 17 (1.0 mg, tg = 28.240 min). The subfraction
A3-2 (192.0 mg) was purified by silica gel CC (CH,Cl,-MeOH-H,O, 80:10:1) to yield two further
subfractions (A3-2-1 and A3-2-2). The subfraction A3-2-1 (33.1 mg) was purified by semipreparative
HPLC (Agilent Zorbax SB-C13, MeCN-H,O, 30:70, 2 mL/min) to yield 34 (16.6 mg, tg = 31.175 min)
and 16 (7.6 mg, tgr = 45.162 min). The subfraction A3-2-2 (7.0 mg) was purified by semipreparative
HPLC (Welch Ultimate AQ-Cyg3, MeCN-H,O, 30:70, 1 mL/min) to yield 35 (1.4 mg, tg = 7.176 min).
Fraction A4 (3.0 g) was separated on an RP-Cys silica gel CC eluted with MeOH-H,O (20%—100%)
to yield two further subfractions. The 40% MeOH-eluted part (217.9 mg) was purified by silica gel
CC (CH,Cl;-MeOH-H;0, 70:10:1) to yield 32 (38.4 mg). The 50% MeOH-eluted part (494.4 mg) was
recrystallized from MeOH to yield 33 (290.3 mg).

The part of EtOAc extract (B, 27.0 g) was separated on an RP-18 silica gel CC eluted with
MeOH-H;0 (5%—100%) to yield five main fractions (B1-B5). The 50% MeOH-eluted part (B1, 2.7 g)
was purified by silica gel CC (CH,Cly-MeOH, 50:1—30:1) to afford 30 (26.8 mg). The 60% MeOH-eluted
part (B2, 545.7 mg) was purified by silica gel CC (CH,Cl,-MeOH, 30:1) to yield 12 (5.5 mg). The 70%
MeOH-eluted part (B3, 2.5 g) was purified by silica gel CC (CH;Cl,-MeOH, 30:1—20:1) to afford
28 (11.1 mg) and three main subfractions (B3-1-B3-3). Subfraction B3-1 (29.0 mg) was purified by
semipreparative HPLC (Agilent Zorbax SB-C13, MeCN-H,O (containing 0.05% TFA), 47:53, 2 mL/min)
and further by semipreparative HPLC (Agilent Zorbax SB-C;g, MeOH-H,O (containing 0.05% TFA),
75:25, 2 mL/min) to yield 13 (3.9 mg, tgr = 30.891 min) and 5 (2.1 mg, fg = 41.804 min). Subfraction B3-2
(91.7 mg) was purified by silica gel CC (CH,Cl,-MeOH, 30:1) and semipreparative HPLC (Agilent Zobrax
SB-C1g, MeCN-H,O (containing 0.05% TFA), 50:50, 2 mL/min) to yield 7 (5.3 mg, tgr = 14.414 min) and
15 (5.3 mg, tg = 16.844 min). Subfraction B3-3 (459.4 mg) was purified by silica gel CC (CH,Cl,-MeOH,
30:1) and semipreparative HPLC (Agilent Zorbax SB-C15, MeCN-H,0, 45:55, 2 mL/min) to yield 21
(5.7 mg, tg = 12.996 min), 6 (5.9 mg, tg = 16.490 min), and 14 (3.6 mg, tgr = 17.736 min). The 80%
MeOH-eluted part (B4, 1.1 g) was purified by silica gel CC (CH,Cl,-MeOH, 30:1) to yield two main
subfractions (B4-1 and B4-2). Subfraction B4-1 (97.3 mg) was purified by semipreparative HPLC
(Agilent Zorbax SB-C15, MeCN-H,O (containing 0.05% TFA), 45:55, 2 mL/min) to afford 24 (18.3 mg,
tr = 42.714 min), 26 (29.0 mg, fr = 51.174 min), and 10 (1.6 mg, tg = 62.511 min). Subfraction B4-2
(153.1 mg) was purified by semipreparative HPLC (Agilent Zorbax SB-C1g, MeCN-H,O (containing
0.05% TFA), 43:57, 2 mL/min) to yield 25 (12.4 mg, tgr = 37.244 min), 22 (42.6 mg, tgr = 45.406 min),
23 (16.2 mg, tgr = 66.231 min), and a mixture. The mixture was purified by semipreparative HPLC
(Agilent Eclipse XDB-C1g, MeCN-H,O (containing 0.05% TFA), 40:60, 1 mL/min) to yield 20 (3.5 mg,
tr = 18.741 min). The 90% MeOH-eluted part (B5, 1.1 g) was separated on a Sephadex LH-20 CC
(MeOH) to yield two main subfractions (B5-1 and B5-2). Subfraction B5-1 (535.3 mg) was purified by
silica gel CC (CH,Cl,-MeOH, 30:1) and semipreparative HPLC (Agilent Zorbax SB-C1g, MeCN/H,0O
(containing 0.05% TFA), 49:51, 2 mL/min) to yield 19 (3.9 mg, tg = 43.926 min). Subfraction B5-2
(244.5 mg) was purified by silica gel CC (petroleum ether-EtOAc, 2:1—1:1) to yield two further
subfractions (B5-2-1 and B5-2-2). Subfraction B5-2-1 (52.9 mg) was purified by semipreparative HPLC
(Agilent Zorbax SB-C13, MeCN-H,O (containing 0.05% TFA), 60:40, 2 mL/min) to yield 3 (7.6 mg,
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tr = 35.867 min), 4 (3.5 mg, tgr = 47.842 min), and 27 (21.0 mg, g = 53.439 min). Subfraction B5-2-2
(20.2 mg) was purified by semipreparative HPLC (Agilent Zorbax SB-C;g, MeCN-H,O (containing
0.05% TFA), 70:30, 2 mL/min) to yield 29 (0.7 mg, tg = 15.194 min) and 18 (3.1 mg, {gr =16.328 min).

3.4. Spectroscopic and Physical Data

33,12p,16/3,21B,22-Pentahydroxyhopane (1). Colorless blocks (Me-H,O, 10:1); [oc]2D5 —18 (¢ 0.05,
MeOH); UV (MeOH) Apmax (loge) 203 (3.34) nm; ECD (c 0.05, MeOH) Amax (A€) 240 (+0.35), 226 (—0.36),
198 (+1.15) nm; 'H and 3C-NMR data, see Table 1; ESIMS m/z 515 [M + Na]*; HRESIMS m/z 515.3718
[M + Na]™* (caled for C3yHs,NaOs, 515.3712).

Crystal data for 1: C30Hs,O5, M = 524.75, a = 7.8358(3) A, b = 17.7389(6) A, ¢ = 20.4841(7) A, a = 90°,
B =90°9y=90°V =2847.26(17) AB, T =100.(2) K, space group P212121, Z = 4, u(Cu Ka) = 0.653 mm™!,
51,068 reflections measured, 5642 independent reflections (R;;; = 0.0514). The final R; values were
0.0363 (I > 20(I)). The final wR(F?) values were 0.1081 (I > 20(I)). The final R; values were 0.0371
(all data). The final wR(F?) values were 0.1102 (all data). The goodness of fit on F> was 0.998.
Flack parameter = 0.02(5). The supplementary crystallographic data can be obtained free of charge
from the Cambridge Crystallographic Data Centre (CCDC) (deposition number CCDC 1917520) via
http://www.ccdc.cam.ac.uk.

128,163,21B,22-Tetrahydroxyhopan-3-one (2). White powder; [oc}2D5 +2 (c 0.12, MeOH); UV (MeOH)
Amax (loge) 280 (1.98), 219 (2.73), 203 (2.91) nm; ECD (c 0.12, MeOH) Amax (A€) 289 nm (+0.17), 232
(+0.28), 208 (~0.29) nm; IR vmax (KBr) 3443, 3427, 1690, 1452, 1385, 1084, 1047, 879 cm™!; 'H and
I3C-NMR data, see Table 1; ESIMS my/z 513 [M + Na]*; HRESIMS m/z 513.3551 [M + Na]* (calcd for
C30H50Na05, 5133556)

The 3-Oxo-olean-12-ene-28,30-dioic acid (3). White powder; [oc]zD5 +59 (¢ 0.26, MeOH); UV (MeOH)
Amax (loge) 371 (1.73), 252 (2.75), 239 (2.72) nm; 'H and 3C-NMR data, see Table 2; ESIMS m/z 507
[M + Nal]*; HRESIMS my/z 507.3084 [M + NaJ* (calcd for CsgHy4NaOs, 507.3086).

The 33-Hydroxyoleana-11,13(18)-diene-28,29-dioic acid 29-methyl ester (4). White powder; [oc]2D6—7
(c 0.15, MeOH); UV (MeOH) Amax (loge) 250 (2.65), 242 (2.59) nm; ECD (c 0.09, MeOH) Amax (A€) 250
(-3.92) nm; 'H and ®*C-NMR data, see Table 2; ESIMS m/z 521 [M + Na]*; HRESIMS m/z 521.3234
[M + Na]* (caled for C31HysNaOs, 521.3237).

Glinusopposide A (5). White powder; [oc]zD6 -8 (c 0.05, MeOH); 'H and '3C-NMR data, see Table 3;
ESIMS my/z 613 [M + Na]*; HRESIMS: m/z 613.4068 [M + Na]* (calcd for C35HsgNaOy7, 613.4080).

Glinusopposide B (6). White powder; [oc]zD5 =20 (c 0.1, MeOH); 1H and 13C-NMR data, see Table 3;
ESIMS mi/z 759 [M + Na]*; HRESIMS m/z 759.4650 [M + Na]* (calcd for C4;HeggNaOq1q, 759.4659).

Glinusopposide C (7). White powder; [oc]2D6 -6 (c 0.35, MeOH); 'H and '>*C-NMR data, see Table 3;
ESIMS my/z 759 [M + Na]*; HRESIMS m/z 759.4656 [M + Na]* (calcd for C41HggNaOq1q, 759.4659).

Glinusopposide D (8). White powder; [oc}le =36 (¢ 0.16, pyridine); UV (MeOH) Amax (loge) 275 (2.77),
245 (3.02), 204 (3.59) nm; ECD (c 0.099, MeOH) Amax (A¢) 284 (+1.00), 249 (-0.17), 218 (+1.03), 197
(-1.11) nm; 'H and '3C-NMR data, see Table 4; ESIMS m/z 833 [M + K]*, 817 [M + Na]*; HRESIMS m/~
817.4709 [M + Na]* (calcd for C43H70NaOq3, 817.4714).

Glinusopposide E (9). White powder; [oc]g) -32 (¢ 0.09, MeOH); UV (MeOH) Amax (loge) 415 (2.39), 206
(4.09) nm; ECD (c 0.065, MeOH) Amax (A€) 284 (+0.48), 206 (+0.73), 200 (~1.80) nm; IR vmay (KBr) 3442,
3428, 1677, 1644, 1449, 1431, 1385, 1202, 1144, 1086, 1047, 879 cm™1; 'H and 3C-NMR data, see Table 4;
ESIMS my/z 843 [M + Na]*; HRESIMS m/z 843.4867 [M + Na]* (calcd for C45H;,NaO;3, 843.4871).

Glinusopposide F (10). White solid; [oc]2D5 -31 (c 0.04, MeOH); 'H and 3C-NMR data, see Table 4;
ESIMS m1/z 885 [M + Na]t; HRESIMS n/z 885.4930 [M + Na]* (calcd for C47H74NaOq4, 885.4976).
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Glinusopposide G (11). White powder; [cx]%) -7 (c 0.15, MeOH); UV (MeOH) Amax (loge) 252 (3.21),
206 (3.81) nm; ECD (¢ 0.078, MeOH) Amax (A€) 201 (=1.59), 197 (+1.29) nm; IR vmax (KBr) 3448, 3427,
1639, 1447, 1383, 1084, 1046, 879 cm™!; 'H and '3C-NMR data, see Table 4; ESIMS m/z 829 [M + Na]*;
HRESIMS m/z 829.4711 [M + Na]* (caled for C44Hy9NaO;3, 829.4714).

Glinusopposide H (12). White powder; [oc]zD5 +7 (¢ 0.28, MeOH); 'H and '3C-NMR data, see Table 5;
ESIMS m/z 641 [M + Na]*; HRESIMS m/z 641.4021 [M + Na]* (calcd for C3H5sNaOg, 641.4024).

Glinusopposide I (13). White powder; [oc]zDS ~10 (c 0.07, MeOH); 'H and '3C-NMR data, see Table 5;
ESIMS my/z 611 [M + Na]*; HRESIMS m/z 611.3898 [M + Na]* (calcd for C35HsNaOy, 611.3924).

Glinusopposide J (14). White powder; [oc]zD5 -22 (c 0.11, MeOH); 'H and 3C-NMR data, see Table 5;
ESIMS: m/z 757 [M + Na]*; HRESIMS m/z 757.4486 [M + Na]* (calcd for C4HggNaOqq, 757.4503).

Glinusopposide K (15). White powder; [oc]2D5 ~16 (c 0.13, MeOH); 'H and '3C-NMR data, see Table 6;
ESIMS m/z 757 [M + Na]*; HRESIMS m/z 757.4510 [M+ Na]* (calcd for C41HggNaOy;, 757.4503).

Glinusopposide L (16). White powder; [oc]2D5 -25 (¢ 0.1, MeOH); UV (MeOH) Amax (loge) 203 (3.82)
nm; ECD (c 0.076, MeOH) Amax (A€) 196 (-6.89) nm; IR vmax (KBr) 3425, 1632, 1454, 1385, 1129, 1094,
1047, 974 cm™!; 'H and 3C-NMR data, see Table 6; ESIMS m/z 731 [M + Na]*; HRESIMS m/z 731.4353
[M + Na]* (caled for C39HgyNaOqq, 731.4346).

Glinusopposide M (17). White powder; [oc]g) —25(c 0.05, MeOH); UV (MeOH) Amax (loge) 203 (3.54) nm;
ECD (c 0.05, MeOH) Amax (A¢) 206 (—4.38), 196 (+4.32) nm; IR vimax (KBr) 3443, 3426, 1639, 1453, 1421,
1384, 1084, 1047, 879 cm™!; 'H and *C-NMR data, see Table 6; ESIMS m/z 731 [M + Na]*; HRESIMS
m/z 731.4347 [M + Na]* (caled for C39HgsNaOy;, 731.4346).

Glinusopposide N (18). White powder; [oc]2D6 -7 (c 0.18, MeOH); UV (MeOH) Amax (loge) 250 (3.76),
213 (3.38) nm; 'H and '3C-NMR data, see Table 7; ESIMS m/z 567 [M + Na]*; HRESIMS m/z 567.3655
[M + Na]* (caled for C33Hs,NaOg, 567.3656).

Glinusopposide O (19). White powder; [OL}ZDS -14 (¢ 0.13, MeOH); UV (MeOH) Amax (loge) 250 (3.76),
218 (3.43) nm; 'H and 1¥*C-NMR data, see Table 7; ESIMS m/z 729 [M + K]*, 713 [M + Na]*; HRESIMS
m/z 713.4200 [M + Na]* (caled for C39HgpNaOqg, 713.4241).

Glinusopposide P (20). White powder; [oc]2D5 -39 (c 0.1, MeOH); UV (MeOH) Amax (loge) 250 (4.07),
217 (3.68) nm; 'H and '3C-NMR data, see Table 7; ESIMS m/z 857 [M + Na]*; HRESIMS 1/ 857.4300
[M + Na]* (caled for C44HggNaOq5, 857.4299).

Glinusopposide Q (21). White powder; [oc]ZDS +40 (c 0.13, MeOH); 'H and '3C-NMR data, see Table 8;
ESIMS my/z 726 [M + Na]*; HRESIMS my/z 726.4201 [M + Na]* (calcd for C39Hg1NNaOy, 726.4193).

Glinusopposide R (22). White powder; [oc]%:7 +10 (c 0.15, MeOH); ECD (c 0.078, MeOH) Apax (A€) 221
(-1.44) nm; 'H and 3C-NMR data, see Table 8; ESIMS m/z 859 [M + Na]*; HRESIMS m/z 859.4452
[M + Na]* (caled for C44HggNaOq5, 859.4450).

Glinusopposide S (23). White powder; [oc}zDS +8 (¢ 0.1, MeOH); IH and 3C-NMR data, see Table 8;
ESIMS my/z 873 [M + Na]*; HRESIMS m/z 873.4606 [M + Na]* (calcd for C45H;yNaOys, 873.4607).

Glinusopposide T (24). White powder; [oc]2D4 +71 (¢ 0.22, MeOH); 'H and '3C-NMR data, see Table 9;
ESIMS my/z 655 [M + Na]*; HRESIMS m/z 655.3820 [M + Na]* (calcd for C3sHscNaQOg, 655.3822).

Glinusopposide U (25). White powder; [oc]2D5 +11 (c 0.1, MeOH); 'H and '3C-NMR data, see Table 9;
ESIMS m/z 801 [M + Na]*; HRESIMS m/z 801.4393 [M + Na]* (calcd for C4pHggNaO;3, 801.4396).

The 33-O-(6-O-Methyl-3-p-glucuronopyranosyl)-olean-12-ene-28,30-dioic acid 30-methyl ester
(26). White powder; [oc]zD5 +66 (c 0.12, MeOH); 'H and '3C-NMR data, see Table 9; ESIMS m/z 713
[M + Na]*; HRESIMS m/z 713.3871 [M + Na]* (caled for C3gHsgNaO;1, 713.3877).
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3.5. Acid Hydrolysis and Sugar Analysis

3.5.1. Acid Hydrolysis of 31 and Acetylation of Xylose

Compound 31 (15.5 mg) was dissolved in 2 M HCI (1 mL) and stirred at 90 °C for 4 h. After
cooling, the solution was evaporated to dryness under reduced pressure. The reaction mixture was
purified by silica gel column chromatography (CH,Cl,-MeOH-H,O, 500:10:1, 300:10:1, 200:10:1) to
afford xylose (1.9 mg). The sugar was dissolved in pyridine (0.1 mL) and acetic anhydride (0.1 mL)
and stirred for 21 h at room temperature. Then, water (5 mL) was added to the reaction mixture,
followed by extraction with EtOAc (5 mL). The organic layer was dried under reduced pressure to yield
1,2,3 4-tetra-O-acetyl-p-xylopyranose (0.9 mg), which was identified based on its 'H-NMR spectrum
and optical rotation value: [«]f 31 (c 0.08, CHCl3) [21].

3.5.2. Acid Hydrolysis of the Saponin Mixture and Acetylation of Rhamnose

The n-butanol-soluble part (20.0 g) was subjected to D101 resin column chromatography, eluted
using water (discarded) and 60% EtOH to yield the saponin mixture (4.0 g). The latter (1.0 g) was
dissolved in 2 M HCI (3 mL) and stirred at 90 °C for 5 h. The reaction mixture was dried and purified by
silica gel column chromatography (CH,Cl,-MeOH-H,0, 500:10:1, 200:10:1, 100:10:1) to yield rthamnose
(97.9 mg) and glucose (9.4 mg). The glucose was identified as p-glucose based on its 'H-NMR spectrum
and optical rotation value: [cx]]139 +40 (¢ 0.22, H,0) [22]. The rhamnose (97.9 mg) was dissolved in
pyridine (0.1 mL) and acetic anhydride (0.1 mL) and stirred for 21 h at room temperature. Then, water
(5 mL) was added to the reaction mixture, followed by extraction with EtOAc (5 mL). The organic
layer was dried under reduced pressure and purified by silica gel column chromatography (petroleum
ether-EtOAc, 50:1) to yield 1,2,3,4-tetra-O-acetyl-a-L-thamnopyranose (1.4 mg), which was identified
based on its 'H-NMR spectrum and optical rotation value: [oc]le —27 (c 0.14, CHCl3) [23].

3.6. Antimicrobial Assays

The fungi strains T. rubrum ATCC 4438 and M. gypseumn CBS118893) were purchased from the
Institute of Dermatology and Hospital for Skin Diseases, Chinese Academy of Medical Sciences.
An antifungal assay was performed according to modified versions of the clinical and laboratory
standards institute (CLSI), formerly national committee for clinical laboratory standards (NCCLS)
methods, as described previously [24,25]. Terbinafine hydrochloride was used as a positive control.
The 50% minimum inhibitory concentration (MICsy) was calculated by the Reed-Muench method [26].

4. Conclusions

In this study, four new triterpenoids (1-4), 21 new triterpenoids glycosides (5-25), and 12
known compounds were isolated from G. oppositifolius. However, we cannot exclude the possibility
that some of the isolated compounds might be artifacts resulted from the extraction treatment, for
example compound 23 might be artifacts of ethanol extraction. The triterpenoids and their glycosides
were hopane-type and oleanane-type which have been proofed to be existing in this plant [9,13].
Four compounds including glinusopposide B (6), glinusopposide Q (21), glinusopposide T (24),
and glinusopposide U (25) showed considerable inhibitory activities against M. gypseum and T. rubrum.
According to the study of SARs, sugars at 3-hydroxy, 30-carboxymethyl group, and the double bond
at C-12 play a key role in oleanane type compounds for antifungal activities. The SARs of hopane
type compounds for antifungal activities remain for further research. This study provides a scientific
evidence of traditional practice on applying G. oppositifolius to treat dermatophytosis.

Supplementary Materials: The following are available online. General experimental procedures; Figures S1-5198:
1D and 2D-NMR and HRESIMS spectra of compounds 1-26, structures of known compounds (26-37), and key
2D-NMR correlations of 2, 6-11, and 13-25.
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