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Five new ring A-seco triterpenoids, dysoxyhainic acids F-] (1-5), along with a known ring A-seco triter-
penoid koetjapic acid (6) were isolated from the twigs and leaves of Dysoxylum hainanense. Their struc-
tures were established on the basis of extensive spectroscopic analysis. Antimicrobial activity of all the
compounds against fungi and bacteria were tested. Compounds 2-4 and 6 exhibited significant antimi-

crobial activity against Gram-positive bacteria, and the antibacterial SAR (structure-activity relationship)
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was also briefly discussed.
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During the past century, human beings have achieved great suc-
cess in the war against pathogenic microbes thanks to the discov-
ery of a series of powerful antibiotics. However, the increasing
emergence of antibiotic resistant bacteria, such as the recently re-
ported ‘super bacteria’ with resistance to carbapenem by express-
ing the NDM-1 B-lactamase,! due to the abuse of antibiotics
become a potential threaten to public health. So the discovery of
new leading compound with antibacterial activity is still of great
importance and urgency in nowadays. Herein, we report the isola-
tion and structural elucidation of several triterpenoids with anti-
bacterial activity from Dysoxylum hainanense.

Plants of the Meliaceae family are a rich source of structurally
diversified limonoids and triterpenoids with significant biological
activities, which have attracted considerable interest of the natural
products chemists.>> The genus of Dysoxylum of the family
Meliaceae are mainly distributed in India and Southeast Asia, many
of them have been applied in traditional medicine.® Previous
investigation in the plants of this genus has led to the isolation
of a diverse range of bioactive secondary metabolites, such as
anti-tumor triterpenoid saponins,® anti-RSV and antifeeding tetra-
nortriterpenoids,'®!! cytotoxic diterpenoids,'? and cardiac active
alkaloids.!® Recently, we reported the isolation and characteriza-
tion of two triterpenoids with unusual skeletons' and six ring A
modified triterpenoids!® from the twigs and leaves of D. hainan-
ense. In this study, five new ring A-seco triterpenoids, dysoxyhainic
acids F-J (1-5), along with a known ring A-seco triterpenoid koetja-
pic acid (6)'® were isolated from the same sample of D. hainanense.
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The antimicrobial activity of all the compounds against fungi and
bacteria were tested. Compounds 2-4 and 6 exhibited significant
antibacterial activity against Gram-positive bacteria, and the anti-
bacterial SAR was also briefly discussed.

The twigs and leaves of D. hainanense Merr. were collected in
September of 2005 from Hainan Province of PR China. The plant
was authenticated by Professor S. M. Huang, Department of Biol-
ogy, Hainan University of China. A voucher specimen has been
deposited in Shanghai Institute of Materia Medica, SIBS, Chinese
Academy of Sciences (access number: DHTS-2005-1Y).

The air-dried powder of the plant material (2 kg) was perco-
lated with 95% EtOH three times (each 5 L) to give 105 g of crude
extract, which was then suspended in water (1 L) and partitioned
successively with petroleum ether and EtOAc. The EtOAc soluble
fraction (35 g) was subjected to a MCI gel column (MeOH/H,O0,
0-100%) to give five fractions 1-5. Fraction 4 (6 g) was separated
on a silica gel column (petroleum ether/acetone 100:1 to 3:1) to
afford seven fractions 4a-4g. Fractions 4c (710 mg) was exten-
sively separated over columns of silica gel, RP-18 silica gel, Sepha-
dex LH-20, and preparative HPLC to obtain 2 (5 mg), 3 (11 mg), 4
(110 mg), and 5 (8 mg). Fraction 4g (640 mg) were purified by
the similar procedures to yield 1 (9 mg) and 6 (5 mg) (see Supple-
mentary data).

Dysoxyhainic acid F (1),'” obtained as a white amorphous solid,
showed a molecular formula of C,9H440¢ as deduced from the
sodiated molecular ion in HRESIMS at m/z 511.3018 [M+Na]* (calcd
for C;9H4406Na 511.3036). Its IR spectrum showed the presence of
hydroxyl and carboxyl groups (3431 and 1701 cm™!, respectively).
Its 13C NMR exhibited 29 carbon signals including one trisubsti-
tuted double bond (éc 145.0 and 122.6), three carboxyl groups
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Table 1
TH NMR spectroscopic data of compounds 1-5?
No. 1 2 3 4 5
1 - 1.58 (m, 2H) 1.65 (m, 1H), 1.58 (m, 1H)  2.29 (m, 1H), 1.67 (m, 1H)  2.77 (m, 1H), 2.09 (m, 1H)
2 - 237 (m, 1H), 222 (m, 1H)  2.33 (m, 1H), 2.23 (m, 1H)  2.52 (m, 1H), 2.24 (m, TH)  2.44 (m, 2H)
3 _ —_ _ _ _
4 _ — _ — —
5 3.26 (br's, TH) 1.95 (m, 1H) 1.96 (m, 1H) 1.37 (m, 1H) 1.47 (m, 1H)
6 1.91 (m, 2H) 1.40 (m, 2H) 1.74 (m, 1H), 143 (m, 1H)  1.48 (m, 2H) 1.62 (m, 1H), 1.53 (m, 1H)
7 1.89 (m, 1H), 1.41 (m, 1H)  1.52 (m, 1H), 1.32 (m, 1H)  1.43 (m, 1H), 1.38 (m, 1H)  1.48 (m, 1H), 1.04 (m, 1H)  1.64 (m, 1H), 1.25 (m, 1H)
8 —_ _ — —_ —_
9 3.00 (dd, 6.4, 11.6, 1H) 1.75 (m, 1H) 1.46 (m, 1H) 1.76 (m, 1H) -
10 — — — — —
11 2.27 (m, 1H), 2.08 (m, 1H)  1.96 (m, 1H), 1.80 (m, 1H)  1.43 (m, 1H), 1.26 (m, 1H)  1.90 (m, 2H) 5.77 (d, 6.0, 1H)
12 5.50 (br s, 1H) 5.30 (br s, 1H) 1.83 (m, 1H), 1.88 (m, 1H)  5.19 (br s, 1H) 5.55 (d, 6.0, 1H)
13 - - 1.72 (m, 1H) - -
14 - - - - -
15 1.79 (m, 1H), 1.03 (m, TH)  1.78 (m, 1H), 1.03 (m, TH)  1.73 (m, 1H), 1.03 (m, TH)  1.74 (m, 1H), 0.98 (m, TH)  1.81 (dt, 4.2, 13.6, 1H), 1.03 (m, 1H)
16 2.04 (m, 1H), 0.89 (m, 1H) ~ 1.94 (m, 1H), 0.88 (m, 1H)  1.48 (m, 1H), 1.36 (m, 1H) ~ 1.98 (m, 1H), 0.82 (m, 1H)  1.98 (dt, 4.2, 13.6, 1H), 0.85 (m, 1H)
17 — — — — —
18 2.41 (m, 1H) 1.96 (m, 1H) 1.36 (m, 1H) 1.96 (m, 1H) 2.15 (m, 1H)
19 221 (m, 1H), 1.78 (m, 1H)  1.86 (m, 1H), 1.65 (m, 1H)  1.78 (m, 1H) 1.66 (m, 1H), 1.04 (m, 1H)  1.62 (m, 1H), 1.08 (m, 1H)
20 — — — — —
21 229 (m, 1H), 1.44 (m, 1H)  1.94 (m, 1H), 1.35 (m, 1H)  1.28 (m, 2H) 1.09 (m, 2H) 1.13 (m, 2H)
22 1.80 (m, 1H), 1.46 (m, 1H)  1.35 (m, 2H) 1.29 (m, 1H), 1.09 (m, 1H)  1.43 (m, 1H), 1.22 (m, 1H)  1.48 (m, 1H), 1.29 (m, 1H)
23 1.73 (s, 3H) 4.87 (s, 1H), 4.67 (s, 1H) 4.84 (s, 1H), 4.64 (s, 1H) 1.26 (s, 3H) 1.29 (s, 3H)
24 1.62 (s, 3H) 1.75 (s, 3H) 1.72 (s, 3H) 1.30 (s, 3H) 1.33 (s, 3H)
25 1.66 (s, 3H) 0.94 (s, 3H) 0.84 (s, 3H) 1.10 (s, 3H) 1.34 (s, 3H)
26 1.08 (s, 3H) 1.01 (s, 3H) 1.10 (s, 3H) 0.98 (s, 3H) 1.13 (s, 3H)
27 1.33 (s, 3H) 1.15 (s, 3H) 0.97 (s, 3H) 1.12 (s, 3H) 1.03 (s, 3H)
28 0.89 (s, 3H) 0.81 (s, 3H) 0.81 (s, 3H) 0.82 (s, 3H) 0.88 (s, 3H)
29 135 (s, 3H) 1.21 (s, 3H) 1.12 (s, 3H) 0.87 (s, 3H) 0.90 (s, 3H)
30 - - 1.23 (s, 3H) 0.87 (s, 3H) 0.88 (s, 3H)
OMe 3.66 (s, 3H)

@ Recorded in CDCls, except for 1 in pyridine-ds, at 400 MHz. § in ppm and J in Hz are in the parentheses.

(3¢ 179.6, 181.2, and 181.8), six sp> quaternary carbons, eight sp>
methylenes, three sp®> methines, and seven methyls (Table 2).
The above described functionalities accounted for four out of the

Table 2
13C NMR spectroscopic data of compounds 1-5?
No. 1 2 3 4 5
1 181.8 34.0 338 343 35.0
2 28.5 284 29.1 30.2
3 181.2 1751 179.2 179.8 180.7
4 479 147.4 147.6 76.3 75.9
5 50.0 50.4 50.1 514 48.6
6 23.0 245 24.6 22.6 22.7
7 32.1 313 33.1 32.0 30.2
8 39.7 395 41.0 39.6 41.3
9 43.3 378 40.4 39.0 149.9
10 51.0 39.1 393 41.1 442
11 25.1 23.6 22.0 231 118.6
12 122.6 122.7 28.7 1219 120.9
13 145.0 144.0 375 144.7 147.5
14 42.4 42.0 439 42.2 429
15 26.4 26.0 27.5 26.1 25.9
16 27.2 26.9 354 26.9 271
17 324 32.0 44.6 325 32.2
18 48.7 48.1 48.2 47.2 45.7
19 43.3 42.4 49.8 46.7 46.8
20 443 442 73.8 31.0 311
21 31.7 31.0 28.8 34.7 34.6
22 39.0 38.2 40.2 371 37.0
23 225 113.6 113.4 27.4 27.4
24 25.7 234 233 33.9 33.8
25 14.8 19.5 20.1 22.0 303
26 16.6 16.8 16.3 16.8 20.0
27 25.9 25.8 14.7 25.6 204
28 28.6 28.2 19.2 28.4 28.7
29 29.0 28.7 31.6 333 33.2
30 179.6 183.9 245 23.6 23.7
COOMe 51.8

¢ Recorded in CDCls, except for 1 in pyridine-ds, at 100 MHz. 5 in ppm.

eight degrees of unsaturation, indicating that compound 1 pos-
sessed a tetracyclic core. Its "TH NMR displayed seven singlet meth-
yls (each 3H) in the up-field region and an olefinic proton at §y 5.50
(br s) in the low-field region (Table 1). All these data suggested that
1 might be a nor seco-olean-12-ene type triterpenoid. Analysis of
the 1D and 2D NMR data further revealed that the rings B-E of 1
were identical with those of dysoxyhainic acid B,'® indicating that
the remaining two carboxyl groups came from the oxidative cleav-
age of ring A. The HMBC correlations from Hs-25 to C-1, C-5, C-9,
and C-10 assigned one carboxyl group (5¢c 181.8) at C-10, and the
HMBC correlations from Hs-23 and Hs-24 to C-3 placed the other
carboxyl group (5c 181.2) at C-4 (Fig. 1). The relative stereochem-
istry of 1 from B to E rings is reminiscent of dysoxyhainic acid B as
assigned by its ROESY spectrum (Fig. 2) and their similar 1D NMR
data. Therefore, dysoxyhainic acid F (1) was identified as 2-nor-
olean-12-en-1,3,30-trioic acid.

Dysoxyhainic acid G (2)'® was isolated as a white amorphous
solid. Its molecular formula was established as C31H4304 by
HREIMS at m/z 484.3547 [M]* (calcd 484.3553). The 'H NMR and
13C NMR spectra of 2 showed high similarity to those of koetjapic
acid dimethyl ester'® except that one of the methyl ester groups
was replaced by a carboxyl group in 2, which meant that
compound 2 was a mono methyl ester of koetjapic acid. The HMBC
correlations of Me-29 to C-19, C-20, C-21, and C-30 (¢ 183.9), as

Figure 1. Selected HMBC correlations (H — C) of 1.
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Figure 4. Key ROESY correlations (H < H) of 3.

well as the correlations of H,-1 and H,-2 to C-3 (6¢c 175.1) assigned
the carboxyl group to be C-30 and the methyl ester formation at C-
3, respectively. The relative configuration of 2 was determined the
same as koetjapic acid!® by the ROESY spectrum.

Dysoxyhainic acid H (3)'® was isolated as a white amorphous
solid. The HRESIMS showed a pseudo molecular ion peak at m/z
481.3649 ([M+Na]*, calcd for C3oH5003Na, 481.3658) correspond-
ing to the molecular formula of C3gHs003. The IR spectrum showed
the presence of hydroxyl (3284 cm™!) and carboxyl (1703 cm™1)
groups. Its H and '>C NMR along with HSQC spectrum displayed
seven methyl singlets (one at Jy 1.72 attached on double bond),
a terminal double bond (¢ 113.4 and 147.6), an oxygenated
quaternary carbon (é¢ 73.8), and a carboxyl group (¢ 179.2).
Comparison of the 1D and 2D NMR spectra of 3 with those of dys-
oxyhainol'® revealed that the B-E rings of the two compounds
were identical, indicating that compound 3 was a lupane triterpe-

noid with modifications on ring A. Again, by comparing the '3C
NMR data of 3 with those of koetjapic acid,'® it was reasonable
to assign that compound 3 bore the same appendages at C-5 and
C-10 including stereochemistry as koetjapic acid for their similar
NMR data of this structural moiety. The HMBC (Fig. 3) and ROESY
( Fig. 4) experiments further confirmed the structure of 3 as
depicted.

Dysoxyhainic acid 1 (4)%° was isolated as a colorless solid. Its
HRESIMS with positive mode showed a pseudo molecular ion at
mfz 481.3645 [M+Na]" (calcd for CsoHs003Na 481.3658) corre-
sponding to a molecular formula of C3gHs005. The IR spectrum
exhibited absorption bands due to carboxyl (1709 cm~!) and hy-
droxyl (3435 cm™') groups. Analysis of the 'H and >C NMR data
suggested a 3,4-seco-olean-12-ene carbon skeleton for 4. The
HMBC correlations from H3-23 and H3-24 to the oxygenated qua-
ternary carbon (C-4, ¢ 76.3) placed the hydroxyl group at C-4.
The other end (C-3) of the opened ring A was determined to be
in carboxylic acid form by the HMBC correlations of Hy-2 to C-3
(6¢c 179.8). Detailed analysis of its HMBC spectrum further con-
firmed the full planar structure of 4. The relative configuration of
the stereocenters was determined the same as the relevant ana-
logs, such as compound 2, by comparing their 1D NMR data and
ROESY spectra.

Dysoxyhainic acid ] (5),°" obtained as a colorless solid, was
assigned the molecular formula of C3gH4303 by HREIMS at m/z
456.3601 [M]* (calcd 456.3603). Its IR spectrum was similar to that
of 4. Its 13C NMR spectrum also showed strong resemblance with
that of 4, except for the notable differences being the absence of
one methylene and one methine, and the presence of an additional
trisubstituted double bond. The HMBC spectrum helped to deter-
mine this change occurred at C-9 and C-11 by the correlations from
both Me-25 and Me-26 to C-9 (6c 149.9). The 'H NMR displaying
two mutually coupling olefinic proton resonances at dy 5.55 and
5.77 (each 1H, J = 6.0 Hz) further demonstrated that compound 5
featured a conjugated A®!! and A'? diene, which was consistent
with the UV absorption band at /1« = 284 nm (log ¢ 4.03). Detailed
analysis of its 2D NMR spectra (HMBC, HSQC and ROESY) finally
confirmed the structure of 5 as depicted.

All the six ring A-seco triterpenoids (1-6) were evaluated for
antimicrobial activity against bacteria, and fungi by microdilution
assay (see Supplementary data).??23 Two well-known natural anti-
microbial agents, magnolol?* and pseudolaric acid B,2> were used
as positive control in this tests for bacteria and fungi, respectively.
The antimicrobial MICs of compounds 1-6 and positive controls
were listed in Table 3. Among the tested compounds, four of them
2-4, and 6 showed antibacterial activity. The antibacterial activity
of these four compounds against some Gram-positive bacteria
were even stronger than that of positive control magnolol (4-8-
fold stronger than the positive control). Compound 2 showed

21

Table 3

Antimicrobial activities of compounds 1-6*><
Compounds and controls MICs (pg/mL)

Sa Se Ml Bs Ec Sf Pa Ca Ss Mg Tr

1 — — — — — — — — — — —
2 — 3.12 3.12 3.12 — — — — — - -
3 - - 3.12 3.12 - - - - - - -
4 - 125 - 1.56 - - - - - - -
5 — — — — — — — — — — —
6 — 12.5 — 6.25 — — — — — — —
Magnolol® 25 12.5 12.5 12.5 - - -

Pseudolaric acid B®

MIC was defined as the lowest concentration that inhibited visible growth.
MIC >50 pg/mL was defined as inactive, and was represented as ‘—’.

For bacteria, magnolol was used as positive control.

For fungi, pseudolaric acid B was used as positive control.

on an T oo

Sa =S. aureus, Se = S. epidermidis, M1 = M. luteus, Bs = B. subtilis, Ec = E. coli, Sf = S. flexneri, Pa = P. aeruginosa, Ca = C. albicans, Ss = S. sake, Mg = M. gypseum, Tr = T. rubrum.
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significant inhibitory activities against Staphylococcus epidermidis
ATCC 12228 (MIC 3.12 pg/mL), Micrococcus luteus ATCC 9341
(MIC 3.12 pg/mL), and Bacillus subtilis ATCC 6633 (MIC 3.12 pg/
mL); compound 3 exhibited inhibitory activities against M. luteus
(MIC 3.12 pg/mL) and B. subtilis (MIC 3.12 pg/mL); compound 4
exerted more selective inhibitory activity against B. subtilis (MIC
1.56 pg/mL); compound 6 showed inhibitory activities against S.
epidermidis (MIC 12.5 pg/mL) and B. subtilis (MIC 6.25 pg/mL).

Observation of antimicrobial activities and their structural fea-
tures of compounds 1-6 implied certain guidelines of structure-
activity relationship, which are: (1) for the triterpenoids 2-4 and
6, they are active against only Gram-positive bacteria, while inac-
tive against Gram-negative bacteria and fungi. (2) For the six ring
A-seco triterpenoids, the 3,4-seco triterpenoids 2-4 and 6, showed
significant activity, while the 2-nor-1,3,30-trioic acid (1) and com-
pound 5 with one more A’V double bond were inactive. This
observation indicates that the 3,4-seco triterpenoids with the
C-1-C-3 appendage of a free carboxylic acid, such as compounds
2-4 and 6, are essential for the antibacterial activity, and the pres-
ence of one more A°!Y double bond will render compound 5
totally inactive due largely to the conjugated double bond sabo-
taged the favorable conformation of this class of antibacterial
compounds.
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3500-2500 cm™'; 'H NMR data, see Table 1; *C NMR data, see Table 2; EIMS
70 ev m/z (relative intensity) 440 [M—H,0][" (13), 425 (7), 400 (5), 367 (4), 257
(3), 218 (100), 203 (36), 189 (15), 135 (9), 119 (9), 95 (14); positive mode
ESIMS m/z 441 [M—OH]" (100), 481 [M+Na]" (6); negative mode ESIMS m/z 457
[M—H]~ (100); HRESIMS m/z 481.3645 (calcd for C3oHso03Na, 481.3658).
Dysoxyhainic acid J (5): colorless solid; [oz]f,o +225.0 (¢ 0.080, MeOH); UV
(MeOH) /imax (10g &) 284 (4.03) nm; IR (KBr) vinax 3427, 3253, 2947, 1703, 1631,
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1466, 1375, 1223, 835, and broad band 3500-2500 cm~'; 'H NMR data, see
Table 1; '>C NMR data, see Table 2; EIMS 70 ev m/z (relative intensity) 456 [M]*
(40), 438 (100), 423 (25), 365 (53), 325 (54), 284 (28), 255 (36), 171 (23), 119
(32). 95 (39); HREIMS mz 456.3601 (calcd for CsoHas03, 456.3603).
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