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Six new terpenoids (1-6) and two new phloroglucinol glucosides (7 and 8) were isolated from the extract of
Syzygium szemaoense leaves. Among the isolates, compounds 1 and 2 (named syzygiumursanolides A and B) were
unusual 28-norursane type triterpenoids with 19(18—17)-abeo spirocyclic skeleton. And syzygiumone B (8) was
rare ascorbyl-modified phloroglucinol glucoside. Their structures were elucidated on the basis of comprehensive
1D and 2D NMR, HRESIMS spectroscopic data analysis, as well as experimental and calculated ECD spectra and

acid hydrolysis. Antimicrobial bioassay revealed that syzygiumursanolide D (4) displayed the most potent an-
tifungal activities with MIC values ranging from 6.25 to 25 pg/mL against a panel of fungi.

1. Introduction

The genus Syzygium (family: Myrtaceae), consisting of > 1200 spe-
cies, are distributed in tropical and subtropical regions of the world [1].
Many species of this genus such as S. Cordatum, S. samarangense, S.
aromaticum and S. cumini (syn. Eugenia jambolana Lam) are valuable
medicinal plant used to treat cancer, fever, diarrhea, diabetes, etc.
[2-5]. Some plants, including S. aromaticum and S. cumini, are also
widely used in food and nutraceutical industry due to their high nu-
tritional and health beneficial values [6,7]. Among reported multiple
pharmacological activities of Syzygium spp., antimicrobial activities
were noteworthy since many medicinal plants from Syzygium genus
have been used in folk medicine to treat infection related disease, such
as fever and diarrhea [3-5]. Terpenoids and phloroglucinols are im-
portant secondary metabolites present in plants of Syzygium genus. In
recent years, more and more bioactive terpernoids with anticancer and
antimicrobial activities, as well as phloroglucinol derivatives with cy-
totoxic, antioxidant and protein tyrosine phosphatase 1B inhibitory
activities have been isolated and identified from S. guineense [8], S.
jambos (9], S. samarangense [10], and S. austroyunnanense [11]. Our
previous work on S. cumini also yielded 24 sesquiterpenoids [12], 14
triterpenoids [13], as well as 16 phloroglucinols [14]. Thus, the genus
Syzygium is a good source for finding bioactive novel terpenoids and
phloroglucinols.

S. szemaoense is a fruit tree distributed in southwest region of China.
To date, no research on the chemical constituents and bioactivities of S.
szemaoense have been reported. In our continuing search for bioactive
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constituents from Syzygium genus, the extract of S. szemaoense collected
in Yunnan, China was found possessing antimicrobial activities against
a panel of bacterial and fungi in vitro. Further phytochemical study
yielded six new terpenoids and two new phloroglucinol glucosides from
the ethanol extract of S. szemaoense leaves. Among the isolates, com-
pounds 1 and 2 contain unique 19(18—17)-abeo-28-norursane spir-
ocyclic skeleton, and compound 8 is a tricyclic phloroglucinol glucoside
with a novel carbon skeleton. Herein, we reported the isolation and
structure elucidation of eight new compounds (1-8), as well as their
antimicrobial activities in vitro. Meanwhile, hypothetical biogenetic
pathway of compound 8, a novel ascorbyl-adduct phloroglucinol deri-
vative, were also discussed and presented.

2. Experimental
2.1. General experimental procedures

Optical rotations were recorded on an Anton Paar MCP200 auto-
matic polarimeter. IR spectra were measured with a Bruker Tensor 27
FT-IR spectrometer (film). 1D and 2D NMR spectra were collected on a
Bruker Advance III-600 MHz spectrometer (Bruker Co., Rheinstetten,
Germany) with deuterated dimethyl sulfoxide (DMSO-d¢) as solvents.
ECD spectra was acquired from a Biologic MOS-450 spectropolarimeter
(Biologic Science, Claix, France) at room temperature. HRESIMS were
performed using a Bruker Micro TOF-Q mass spectrometer (Bruker
Daltonics, Billerica, MA, USA), or a Shimadzu MALDI-TOF mass spec-
trometer (Shimadzu Corporation, Kyoto, Japan). GC-MS analyses were

E-mail addresses: huangxs@mail.neu.edu.cn (X. Huang), lyli@mail.neu.edu.cn (L. Li).

https://doi.org/10.1016/j.bioorg.2020.104242

Received 10 July 2020; Received in revised form 15 August 2020; Accepted 25 August 2020

Available online 28 August 2020
0045-2068/ © 2020 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2020.104242
https://doi.org/10.1016/j.bioorg.2020.104242
mailto:huangxs@mail.neu.edu.cn
mailto:lyli@mail.neu.edu.cn
https://doi.org/10.1016/j.bioorg.2020.104242
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioorg.2020.104242&domain=pdf

W. Xu, et al. Bioorganic Chemistry 103 (2020) 104242
Table 1
'H NMR (600 MHz) and *C NMR (150 MHz) Data of Compounds 1-4 in DMSO-d
1 2 3 4
position 8¢, type Sy (J in Hz) 8¢, type Sy (J in Hz) 8¢, type 8y (J in Hz) 8¢, type 8y (J in Hz)
1 49.4 CH, 1.78 (m) 49.3 CHy 1.84 (dd, 12.6, 4.8) 49.3 CHy 1.72 (dd, 12.0, 4.4) 46.7 CHy 1.86 (m)
0.70 (t, 11.9) 0.95 (m) 0.71 (t, 12.0) 0.82 (m)
2 67.5 CH 3.53 (m) 71.6 CH 3.26 (m) 67.5 CH 3.51 (m) 66.4 CH 3.54 (m)
3 75.7 CH 3.11 (d, 9.5) 77.8 CH 3.50 (d, 8.7) 75.7 CH 3.10 (overlapped) 94.6 CH 2.84 (d, 9.0)
4 43.1C 149.2C 43.1C 40.1 C
5 46.4 CH 1.16 (s) 51.0 CH 1.60 (m) 46.5 CH 1.14 (s) 54.3 CH 0.80 (m)
6 65.8 CH 4.25 (overlapped) 67.5 CH 4.20 (br s) 65.8 CH 4.24 (br s) 18.0 CH, 1.48 (m)
1.33 (m)
7 40.6 CH, 1.60 (m) 40.1 CH, 1.60 (m) 40.1 CH, 1.58 (d, 12.2) 32.6 CH, 1.45 (m)
1.48 (m) 1.60 (m) 1.36 (d, 12.2) 1.27 (m)
8 38.1C 38.5C 38.4C 39.7C
9 47.4 CH 1.39 (dd, 11.4, 4.8) 44.8 CH 1.49 (m) 47.5 CH 1.52 (m) 46.9 CH 1.48 (m)
10 36.8C 37.3C 36.8 C 37.1C
11 22.60 CH, 1.98 (m) 23.4 CHy 1.95 (m) 23.1 CHy 1.96 (m) 23.0 CHy 1.86 (m)
1.88 (m) 1.95 (m) 1.90 (m) 1.86 (m)
12 117.7 CH 5.66 (t, 3.0) 118.0 CH 5.69 (t, 1.8) 125.6 CH 5.21 (t, 3.6) 124.2 CH 5.12 (t, 3.2)
13 1421 C 142.5C 136.7 C 138.5C
14 43.4C 43.8C 42.3C 41.7 C
15 27.5 CH, 1.70 (m) 27.4 CH, 1.69 (m) 27.5 CH, 1.86 (m) 27.6 CH, 1.81 (m)
1.02 (m) 1.03 (m) 1.01 (dt, 14.2, 4.0) 0.97 (m)
16 33.6 CHy 1.60 (m) 33.6 CHy 1.60 (m) 23.9 CHy 2.18 (m) 23.9 CHy 1.90 (m)
1.06 (m) 1.08 (m) 1.74 (m) 1.51 (m)
17 49.6 C 49.7 C 47.5C 46.8 C
18 70.8 CH 3.93 (m) 70.7 CH 3.93 (m) 54.6 CH 2.17 (overlapped) 52.5 CH 2.12 (d, 10.8)
19 54.0 CH 0.85 (m) 54.0 CH 0.86 (m) 36.6 CH 2.37 (m) 38.5 CH 1.27 (m)
20 40.5 CH 1.78 (m) 40.5 CH 1.78 (m) 152.8 C 38.6 CH 0.92 (m)
21 33.2 CHy 1.70 (m) 33.2 CHy 1.69 (m) 33.6 CHy 2.29 (m) 30.3 CHy 1.42 (m)
0.93 (m) 0.92 (m) 2.15 (m) 1.27 (m)
22 27.1 CH, 1.48 (m) 27.1 CH, 1.49 (m) 38.0 CH, 1.79 (dt, 9.6, 6.4) 36.4 CH, 1.55 (m)
1.12 (m) 1.15 (m) 1.48 (m) 1.27 (m)
23 63.7 CHy 3.38 (overlapped) 106.4 CH, 5.35 (s) 63.7 CHy 3.37 (dd, 10.8, 4.8) 28.7 CHy 0.92 (s)
3.19 (d, 10.4) 5.21 (s) 3.20 (overlapped)
24 15.0 CH;3 0.91 (s) 15.0 CH;3 0.90 (s) 17.8 CH3 0.74 (s)
25 18.7 CH3 1.32 (s) 17.8 CH3 1.00 (s) 18.3 CH3 1.28 (s) 16.3 CH3 0.92 (s)
26 19.0 CH3 1.07 (s) 19.7 CH3 1.13 (s) 18.2 CH3 0.96 (s) 17.0 CH3 0.74 (s)
27 22.62 CH3 0.99 (s) 22.3 CH3 1.03 (s) 23.1 CHj3 1.05 (s) 23.3 CH3 1.04 (s)
28 174.4C 178.6C
29 11.5 CH3 0.98 (d, 7.2) 11.6 CH3 0.99 (d, 7.2) 16.1 CH3 0.95 (d, 6.6) 17.1 CH3 0.82 (d, 6.0)
30 19.2 CH3 0.84 (d, 6.6) 19.2 CH3 0.84 (d, 6.6) 104.8 CH, 4.67 (br s) 21.2 CH, 0.91 (d, 6.0)
4.58 (br s)
1’ 94.3 CH 5.18 (d, 8.2) 103.3 CH 4.63 (br s)
2/ 72.3 CH 3.08 (m) 70.8 CH 3.73 (br s)
3 77.6 CH 3.13 (m) 70.5 CH 3.46 (dd, 9.6, 3.0)
4 69.6 CH 3.12 (m) 71.8 CH 3.23 (t, 9.6)
5 76.6 CH 3.20 (m) 69.4 CH 3.68 (dt, 9.6, 6.1)
6’ 60.7 CH, 3.58 (dd, 10.2, 5.4) 17.8 CH3 1.12 (d, 6.0)
3.44 (m)
OH-2 4.21 (brs) 4.56 (br s) 4.17 (d, 4.2) 4.18 (br s)
OH-3 4.11 (br s) 4.81 (brs) 4.07 (d, 4.2)
OH-6 4.05 (d, 3.6) 4.20 (br s) 4.05 (d, 4.2)
OH-18 4.24 (d, 6.1) 4.25 (d, 6.0)
OH-23 4.33 (br s) 4.31 (t, 5.4)

conducted on a Shimadzu GCMS-QP2020 gas chromatograph mass
spectrometer equipped with an AOC-20i auto injector (Shimadzu
Corporation). Silica gel (100-200 mesh, 300-400 mesh, Qingdao
Marine Chemical Ltd.,, Qingdao, China), Sephadex LH-20 (GE
Healthcare Bio-sciences AB, Uppsala, Sweden), MCI gel (CHP-20P,
Mitsubishi Chemical Corporation, Tokyo, Japan), ODS-A (S-50 pm,
12 nm, YMC Co., Ltd, Kyoto, Japan) were used for column chromato-
graphy. Unless otherwise specified, all chemicals and solvents were
purchased from Sinopharm Chemical Reagent Co., Ltd. (Shenyang,
People’s Republic of China).

2.2. Plant material

The leaves of S. szemaoense were collected in September 2017 from
Si Mao city, Yunnan Province, People's Republic of China, and were

identified by Professor Guodong Li, Yunnan University of Traditional
Chinese Medicine. A voucher specimen (zf0089) has been deposited at
the Institute of Microbial Pharmaceuticals, Northeastern University,
Shenyang, China.

2.3. Extraction and isolation

The dried leaves powder of S. szemaoense (5.0 kg) were successively
extracted with petroleum ether (10 L X 2) and H,O/ethanol (20:80, v/
v, 10 L X 4) at room temperature for 72 h, respectively. The combined
80% ethanol extract was evaporated under reduced pressure to afford a
black residue (510.0 g), which was suspended in water and submitted
for liquid-liquid partitioning with petroleum ether (1.0 L x 5), ethyl
acetate (1.0 L x 5) and n-BuOH (1.0 L X 5), successively. The EtOAc
extract (120.0 g) was subjected to a MCI gel CHP-20P column, and
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Table 2
'H NMR (600 MHz) and '>C NMR (150 MHz) Data of Compounds 5-6 in DMSO-ds.
5 6

position 8¢, type S8y (J in Hz) 8¢, type Sy (J in Hz)

1 57.4 CH 1.66 (m) 57.2 CH 1.63 (m)

2 24.6 CH, 1.61 (m) 24.5 CH,, 1.68 (m)
1.47 (m) 1.40 (m)

3 39.8 CH, 1.77 (dt, 11.9, 6.3) 39.8 CH, 1.77 (dt, 11.5, 5.4)
1.34 (m) 1.34 (m)

4 86.6 C 86.6 C

5 46.0 CH 1.41 (m) 44.7 CH 1.94 (dd, 11.4, 8.4)

6 29.1 CH 0.37 (dd, 10.8, 9.6) 30.5 CH 0.34 (dd, 11.4, 9.6)

7 26.0 CH 0.50 (ddd, 10.8, 9.6, 6.0) 25.8 CH 0.50 (ddd, 11.4, 9.6, 6.0)

8 19.0 CH, 1.70 (m) 19.0 CH, 1.38 (m)
0.84 (m) 1.52 (dd, 12.7, 6.0)

9 44.7 CH, 1.57 (dt, 13.1, 6.8) 42.6 CH,, 1.57 (dt, 12.6, 6.0)
1.38 (m) 1.34 (m)

10 73.0 C 70.3C

11 19.3C 21.1C

12 28.7 CH, 0.98 (s) 28.6 CH, 0.98 (s)

13 16.9 CH; 1.03 (s) 16.9 CHs 1.12 (s)

14 21.9 CH3 1.21 (s) 21.4 CH; 1.23 (s)

15 20.5 CHs 1.00 (s) 30.0 CH, 1.08 (s)

1 97.7 CH 4.25 (d, 8.1) 97.6 CH 4.30 (d, 7.8)

2 73.5 CH 2.87 (td, 8.1, 5.1) 73.9 CH 2.90 (t, 8.4)

3 77.3 CH 3.10 (td, 8.1, 4.9) 77.0 CH 3.10 (t, 8.4)

& 70.3 CH 3.01 (m) 70.0 CH 3.00 (m)

50 76.8 CH 2.99 (m) 76.9 CH 3.00 (m)

6 61.3 CH, 3.61 (ddd, 11.5, 5.6, 1.9) 61.2 CH, 3.62(d, 11.4)

3.39 (dt, 11.5, 5.8)

3.39 (dd, 12.6, 4.8)

eluted with gradient H;O-MeOH (1:0 to 0:1, v/v), and finally with
acetone, to yield six fractions (Fr. A-F). The 100% MeOH eluted fraction
(Fr. A, 5.4 g) was put on a Sephadex LH-20 column and eluted with
MeOH to yield 9 subfractions (Fr. A1-9). Fr. A4 (653.2 mg) was sepa-
rated on a silica gel column (CH,Cl,-MeOH 30:1 to 10:1, v/v) and
further purified by ODS column (MeOH-H,O 90:10) to afford com-
pound 4 (6.2 mg). The 80% MeOH eluted fraction (Fr. B, 10.7 g) was
chromatographed over a silica gel column (CH,Cl,-MeOH 40:1 to 0:1,
v/v) to yield 6 subfractions (Fr. B1-6). Fr. B3 (301.0 mg) was separated
on a silica gel column (CH,Cl,-MeOH 20:1 to 10:1, v/v), followed by a
Sephadex LH-20 column (100% MeOH) to afford compound 2 (8.5 mg).
Fr. B4 (4.0 g) was chromatographed over a silica gel column (CH»Cl,-
MeOH 15:1 to 5:1, v/v) and further purified by ODS column (MeOH-
H,0 80:20) to afford compound 1 (4.2 mg). The 60% MeOH eluted
fraction (Fr. C, 19.1 g) was subjected to a silica gel column (CHCl,-
MeOH 10:1 to 0:1, v/v) to yield 5 subfractions (Fr. C1-5). Fr. C1 (1.2 g)
was submitted to a Sephadex LH-20 column using MeOH as eluent, and
then purified on a silica gel column (CH,Cl,-MeOH 20:1) to afford
compound 6 (6.7 mg). Fr. C3 (1.4 g) was sequentially chromatographed
over Sephadex LH-20 column and ODS column (MeOH-H,0 70:30) to
afford compound 3 (46.8 mg). Similarly, fraction D (40% MeOH eluted
fraction, 58.6 g) was chromatographed over a silica gel column
(CH,Cl,-MeOH 10:1 to 0:1, v/v) and further separated by repeated si-
lica gel column and Sephadex LH-20 column to afford compound 5
(9.0 mg). The n-BuOH extract (150.0 g) was also loaded on a MCI gel
CHP-20P column (H,0-MeOH, 1:0 to 0:1, v/v) to yield six fractions (Fr.
G-L). Fraction J (40% MeOH eluted fraction from n-BuOH extract,
17.8 g) was separated on a silica gel column (CH,Cl,-MeOH 10:1 to 1:1,
v/v) to yield 3 subfractions (Fr. J1-3). Fr. J1 (1.5 g) was subject to a
Sephadex LH-20 column chromatograph eluting with MeOH and fur-
ther purified by silica gel column (CH,Cl,-MeOH 10:1 to 5:1, v/v) to
afford compound 8 (4.5 mg). Similarly, Fr. J2 (4.7 g) was separated
over Sephadex LH-20 column (100% MeOH), silica gel column (CH,Cl,-
MeOH 4:1 to 1:1, v/v) and further purified by ODS column (MeOH-H,0O
60:40) to afford compound 7 (124.9 mg).

Compound 1: white amorphous power; [a]¥ —200 (¢ 0.12, MeOH);

Mo,(0OAc),4 induced ECD Apax(Ae) 317 (-0.96); IR (film) . 3403,
2945, 2927, 2860, 1661, 1639, 1601, 1455, 1374, 1307, 1262, 1209,
1164, 1135, 1047, 1003, 983, 924, 900, 855, 830, 805 cm ™~ *; '"H NMR
and '3C NMR data, see Table 1; HRESIMS m/z 499.3384 [M + Na]*
(caled for CogHyg05Na, 499.3399).

Compound 2: white amorphous power; [ —77 (c 0.26, MeOH);
Mo,(0Ac), induced ECD Apax(Ae) 308 (-0.22); IR (film) vy 3423,
2923, 2854, 1718, 1647, 1457, 1374, 1308, 1260, 1216, 1158, 1122,
1099, 1050, 985, 939, 907, 803 cm™*; 'H NMR and '*C NMR data, see
Table 1; HRESIMS m/z 427.3183 [M + H - H,0]™" (caled for CpgH4303,
427.3212).

Compound 3: white amorphous power ; [¢]% —17 (c 0.24, MeOH);
IR (film) vmax 3386, 2924, 2855, 1739, 1644, 1455, 1375, 1311, 1265,
1220, 1192, 1168, 1073, 1025, 966, 926, 892, 820 cm ™~ '; '"H NMR and
13C NMR data, see Table 1; HRESIMS m/z 687.3701 [M + Na]™ (caled
for C36H56011Na, 6873720)

Compound 4: white amorphous powder; [¢]X —160 (c 0.15, MeOH);
IR (film) vpmax 3398, 3369, 2971, 2926, 2870, 1691, 1551, 1454, 1384,
1312, 1279, 1253, 1234, 1122, 1053, 985, 918, 829, 809 cm_l; H
NMR and *C NMR data, see Table 1; HRESIMS m/z 617.4107 [M - H]"
(Calcd for C36H57085 617.4053).

Compound 5: colorless oil; [a]¥ —50 (c 0.24, MeOH); IR (film) vmax
3380, 2923, 2860, 1740, 1640, 1455, 1378, 1300, 1253, 1156, 1077,
1021, 934, 893, 860, 822 cm™'; 'H NMR and '3C NMR data, see
Table 2; HRESIMS m/z 423.2347 [M + Nal* (calcd for C5;H3607Na,
423.2359).

Compound 6: colorless oil; [¢] —63 (c 0.19, MeOH); IR (film) vmax
3381, 2957, 2921, 2868, 1718, 1639, 1575, 1539, 1456, 1375, 1329,
1313, 1289, 1256, 1210, 1153, 1076, 1038, 1020, 925, 899, 859,
804 cm™'; 'H NMR and '3C NMR data, see Table 2; HRESIMS m/z
423.2351 [M + Na]* (caled for Cy;H360,Na, 423.2359).

Compound 7: colorless gum; [«t]¥ —160 (c 0.20, MeOH); IR (film)
Vmax 3325, 2954, 2925, 2858, 1624, 1601, 1510, 1445, 1355, 1267,
1226, 1167, 1075, 1046, 1022, 896, 829 cm ™ '; 'H NMR and *C NMR
data, see Table 3; HRESIMS m/z 681.2356 [M + Na]* (caled for
C30H42016Na, 6812371).
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Table 3
'H NMR (600 MHz) and '*C NMR (150 MHz) Data of Compounds 7-8 in
DMSO-ds,

7 8

Position 8¢, type Sy (J in Hz) 8¢, type Sy (J in Hz)

1 110.71 C 108.0 C

2 156.09 C 156.6 C

3 96.3 CH 6.02 (s) 98.5 CH 6.25 (br s)

4 156.6 C 1571 C

5 96.3 CH 6.02 (s) 97.8 CH 6.10 (d, 2.2)

6 156.09 C 1529 C

7 30.1 CH 4.68 (t, 8.1) 38.3 CH 3.25 (m)

8 31.3 CH, 2.01 (m) 30.1 CH, 1.32 (m)

9 28.1 CH, 1.16 (m) 26.7 CHy 1.24 (m)
1.13 (m)

10 31.4 CHy 1.22 (m) 31.1 CH, 1.24 (m)
1.12 (m)

11 22.1 CH, 1.22 (m) 22.0 CH, 1.19 (m)

12 14.1 CH; 0.81 (t, 7.2) 13.9 CH; 0.80 (t, 7.2)

13 110.65 C 77.5C

14 156.06 C 101.7 C

15 96.3 CH 6.02 (s) 84.3 CH 4.34 (d, 6.0)

16 156.6 C 69.7 CH 3.87 (m)

17 96.3 CH 6.02 (s) 61.7 CH, 3.68 (m)
3.47 (m)

18 156.06 C 175.5C

1 100.55 CH 4.66 (d, 7.8) 100.9 CH 4.69 (d, 7.8)

2 73.2 CH 3.13 (m) 73.2 CH 3.16 (m)

3 77.00 CH 3.19 (m) 77.0 CH 3.25 (m)

4 69.5 CH 3.17 (m) 69.5 CH 3.18 (m)

5 76.6 CH 3.22 (m) 76.5 CH 3.25 (m)

6’ 60.6 CH, 3.66 (m) 60.6 CH, 3.68 (m)

3.48 (m) 3.52 (m)

1" 100.50 CH 4.65 (d, 7.8)

2" 73.2 CH 3.13 (m)

3" 76.98 CH 3.19 (m)

4" 69.5 CH 3.17 (m)

5" 76.6 CH 3.22 (m)

6" 60.6 CH, 3.66 (m)

3.48 (m)

OH-2 9.53 (br s)

OH-6 9.53 (br s) 9.55 (m)

OH-13 6.29 (br s)

OH-14 9.53 (br s) 6.93 (br s)

OH-16 4.96 (d 4.8)

OH-17 4.83 (t5.4)

OH-18 9.53 (br s)

Compound 8: colorless gum; [«]X -233 (c 0.12, MeOH); ECD Apax
(Ae) 235 (-21.6), 276 (1.00), 309 (0.40); IR (film) vmax 3331, 2927,
2857, 1780, 1625, 1513, 1439, 1361, 1227, 1191, 1166, 1136, 1074,
1043, 1024, 892, 830 cm ™~ '; 'H NMR and '3C NMR data, see Table 3;
HRESIMS m/z 569.1825 [M + Nal* (caled for Cy4Hs3,0,4Na,
569.1846).

2.4. Mo,(AcO) sinduced circular dichroism measurement and ECD
calculation

Mo, (AcO)4-induced circular dichroism spectra of compounds 1 and
2 were obtained according to our reported method [15]. After the ad-
dition of tested sample to freshly prepared Mo,(AcO), solution, the CD
spectrum was recorded immediately and then scanned every 10 min
until a stationary Mo,(AcO)4-induced CD spectrum was observed.

In order to investigate the absolute configuration of compound 8,
quantum chemical ECD calculation were conducted. The stable con-
formational analysis of compound 8 was performed with CONFLEX
software based on MMFF94S molecular force field, with an energy cut
off of 3 kcal mol™'. The selected conformers were further optimized
with density functional theory (DFT) method at the B3LYP/6-31G (d)
level by using Gaussian 09 software. The theoretical ECD of chosen
conformers of 8 were calculated using time-dependent density
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functional theory (TDDFT) method at B3LYP/6-311 + + G (2d, p) level
in methanol. The final ECD curves were generated with SpecDis1.62
software based on Boltzmann distribution theory, and corrected based
on the UV correction. The calculated ECD spectra of four isomers were
then compared with the experimental spectrum of 8.

2.5. Determination of the absolute configuration of monosaccharides

The absolute configuration of monosaccharides in compounds 3-5
and 7 were determination based on GC-MS method with pre-column
derivatization. Briefly, compounds (3-5, 7) (each 2.0 mg) were dis-
solved in MeOH (0.5 mL) and submitted for reaction with 2 M HCl
(2 mL) at 100 °C for 4 h, respectively. After hydrolysis, the yield mix-
ture was washed with n-hexane for three times (2 mL each). The aqu-
eous layer was collected and evaporated under reduced pressure, fol-
lowed by reaction with r-cysteine methyl ester hydrochloride (2 mg) at
80 °C for 1 h. Then N-trimethylsilylimidazole (0.3 mL) was added to the
mixture and allowed reaction for another 1 h. After that, 1 M HCI
(5 mL) was added and the mixture was extracted with n-hexanes for
three times (5 mL each). The hexane layer was combined and submitted
for GC-MS analysis according to our previously reported method [16].
The absolute configurations were determined by comparing the reten-
tion times of their derivatives prepared in a similar way from standard
sugars, as p-glucose at 11.70 min, and i-rhamnose at 9.77 min.

2.6. Antimicrobial assay

Micro broth dilution assay was conducted to evaluate the minimum
inhibitory concentrations (MICs) of all isolates against three bacteria
(Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633, and
Escherichia coli ATCC 25922) and five fungi (Candida albicans ATCC
MYA-2876, Cryptococcus neoformans ATCC 208821, Candida parapsilosis
ATCC 22019, Aspergillus fumigatus CCTCC AF 93,048 and Aspergillus
niger CCTCC AF 93021) according to reported method [17]. Tested
samples were dissolved in DMSO and then diluted with LB/RPMI-1640
culture medium to prepare a serial samples at seven different con-
centrations (1.56-100 pg/mL). One hundred microliter of microbial
suspensions containing 1 X 10° cfu/mL of bacteria or 2 x 10° cfu/mL
of fungi, and 1 pL samples were added to each well of 96-well micro-
plates sequentially. After co-incubation (bacteria: at 28 °C for 24 h;
fungi: at 28 °C for 48 h except A. niger which was incubated at 37 °C),
MTT (10 pL, 5 mg/mL) was added to each well and incubated for an-
other four hours. Then the supernatant was removed and 150 pL. DMSO
was added. The optical density (OD) of each well was measured on a
microplate reader (Bio Tek Instruments, Inc) at the wavelength of
490 nm. The MIC was defined as the minimal concentration of the test
sample capable of completely inhibiting visual growth of a micro-
organism. Ciprofloxacin and amphotericin B were used as positive
controls against bacteria and fungi, respectively.

3. Results and discussion

Compound 1 was obtained as white amorphous powder. Positive
high-resolution electrospray ion mass (HRESIMS) of 1 showed a pseu-
domolecular ion peak at m/z 499.3384 ([M + Nal*, caled for
CooH4g05Na, 499.3399), allowing the assignment of a molecular for-
mula Cy9H,4g0s5 for 1 with six degrees of unsaturation. The IR spectrum
of 1 showed a broad absorption band for hydroxyl groups at
3403 cm™'. The 'H NMR spectrum of 1 (in DMSO-ds, 600 MHz,
Table 1) displayed four singlet methyl groups (8y 0.91, 0.99, 1.07,
1.32), two doublet methyl groups [8y 0.84 (d, 3H, J = 6.6 Hz), 0.98 (d,
3H, J = 7.2 Hz)], an olefinic proton signal [8y 5.66 (t, 1H, J = 3.0 Hz),
four oxygenated methine proton signals (8 3.11, 3.53, 3.93, 4.25), and
a hydroxyl methylene group (8y 3.19, 3.38). The '*C NMR and DEPT
spectral data of 1 (in DMSO-dg, 150 MHz, Table 1) indicated 29 carbon
resonances for two olefinic carbons (8¢ 117.7, 142.1), six sp> methyls,
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Scheme 1. Plausible biogenetic pathway of 19(18—17)-abeo-28-norursane.

eight sp® methylenes (one oxygen-bearing methylene at 8¢ 63.7), eight
sp° methines (four oxygen-bearing methine at 8¢ 65.8, 67.5, 70.8, 75.7),
and five sp® quaternary carbons (Table 1). All of the proton signals were
assigned to the corresponding carbons through carefully HSQC spectral
analysis. The NMR data of 1 were similar to those of known nor-
triterpenoid phlomistetraol B, which possessed a 19(18—17)-abeo-28-
norolean-12-ene skeleton [18]. In comparison with phlomistetraol B,
obvious difference of NMR data were observed at ring E. The singlet
proton signals for two tertiary methyls (Me-29 and Me-30) in phlo-
mistetraol B were replaced by two doublet secondary methyl signals [8y
0.84 (d, 3H, J = 6.6 Hz), 0.98 (d, 3H, J = 7.2 Hz)] in compound 1.
Additionally, a quaternary carbon and a methylene signal disappeared,
while two extra methine groups [8y 0.85 (1H, m), 8¢ 54.0; 6;; 1.78 (1H,
m), 8¢ 40.5] were present in compound 1. The above NMR analysis
indicated compound 1 contained a norursane rather than noroleanane
skeleton. This conclusion was supported by unambiguous HMBC cor-
relation signals from H3-29 (8 0.98) to C-17 (8¢ 49.6), C-19 (8¢ 54.0)
and C-20 (8¢ 40.5), and from H3-30 (8y 0.84) to C-19 (8¢ 54.0), C-20
(8¢ 40.5) and C-21 (8¢ 33.2) (Fig. 2). Besides ring E, the NMR data of
compound 1 in rings A-D closely resembled phlomistetraol B, except for
one extra hydroxy group signal (8y 4.05, d, J = 3.6 Hz, OH-6) and
obvious downfield shift carbon resonance of C-6 (8; 65.8). In combi-
nation of HRESIMS data and HMBC signals from OH-6 to C-5 (8¢ 46.4)
and C-6, the extra hydroxy group was located at C-6. The location of
other hydroxy groups at C-2, C-3, C-18 and C-23 were deduced from
HMBC correlation signals as shown in Fig. 2. Thus, the planar structure
of compound 1 was determined.

The relative configuration of 1 was determined by extensive ana-
lysis of the 'H NMR and NOESY data. In NOESY spectrum, obvious
correlation signals (Fig. 3) were observed between H-2 (8y 3.53) and H-
1B (8y 1.78), H3-24 (84 0.91) and H3-25 (8 1.32), between H-3 (8y
3.11) and H-1a (84 0.70) and H-5 (8y 1.16), indicating the 2a, 3§ or-
ientation of OH-2 and OH-3, respectively. This conclusion was also
supported by the large coupling constant between H-2 and H-3
(Ju2,3 = 9.5 Hz) [19]. The orientation of hydroxy group at C-6 was
determined as f8 based on observed NOESY correlation between H-5 (8y
1.16) and H-6 (8y 4.25). The hydroxy group at C-18 oriented as f3 po-
sition was confirmed by the NOESY correlations between H-18 (84
3.93) and H-16a (8y 1.60) and H3-27 (8 0.99). The S* configuration of
C-17 was deduced based on the NOESY correlations of H-18 with Me-29
(8 0.98) and biogenetic consideration [20]. The proposed biogenetic
pathway of 19(18 — 17)-abeo-28-norursane from ursane with 28-car-
boxyl moiety was shown in scheme 1. The in situ Mo,(OAc)4 complex-
induced CD spectrum of 1 exhibited a negative Cotton effect at 317 nm
(Fig. 5), indicating the absolute R configuration for both C-2 and C-3
[21]. In combination with the results of relative configuration analysis,
the absolute configuration of C-6, C-17 and C-18 were determined as R,
S and S, respectively. Therefore, the structure of compounds 1 was
determined as (2R,3R,6R,17S,185)-19(18—17)-abeo-28-norurs-12-ene-
2,3,6,18,23-pentaol, and named syzygiumursanolide A.

Bioorganic Chemistry 103 (2020) 104242

Syzygiumursanolide B (2) displayed a pseudomolecular ion peak at
m/z 427.3183 ([M + H-H,0]™, caled for CygH,303, 427.3212) in po-
sitive HRESIMS spectrum, predicating a molecular formula of CogH4404
for 2. The IR and NMR data of 2 (Table 1) showed high similarity to
those of compound 1, suggesting compound 2 was also a 28-norursane
with spirocyclic skeleton through C-17. Compared to compound 1, the
'H and '3C NMR spectroscopic data of 2 in rings of B-E were almost
identical, indicating that both compounds possessed the same plane
structure and absolute configuration in these moieties. For ring A
fragment, signals associated with oxygenated methylene (CH,OH) and
singlet methyl group (Me-24) in 1 were absent, while the presence of an
exomethylene group (8y 5.21, 5.35; 8¢ 106.4) in 2 were observed.
HMBC correlations from H,-23 (8 5.21, 5.35) to C-3 (8¢ 77.8), C-4 (8¢
149.2) and C-5 (8¢ 51.0), from H-3 (8y 3.50) and H-5 (8y 1.60) to C-4
enabled the location of exomethylene at C-4 (Fig. 2). As described for
compound 1, the orientation of three hydroxy groups at C-2, C-3, and C-
18 were also determined as 2a, 33, 188, respectively. Although the
chemical shift values for H-6 and OH-6 were overlapped (8y 4.20), the
peak shape of H-6 (brs) and the significant downfield shift of chemical
resonance of H3-25 (8 1.00, +0.32) and H3-26 (85 1.13, +0.34) due
to 1,3-diaxial interactions [22], revealed the B orientation of hydroxy
group at C-6. Similar to compound 1, the absolute configuration of
2R,3R,6R,17S5,18S were determined based on displayed negative peak
at 308 nm in induced CD spectrum after mixed with Mo,(OAc), in
DMSO (Fig. 5). Therefore, the structure of syzygiumursanolide B (2), as
shown in Fig. 1, was determined to be (2R,3R,6R,17S,185)-19(18—17)-
abeo-24,28-norurs-4(23),12-diene-2,3,6,18-tetraol.

A molecular formula of C3¢Hs¢0;; was determined for compound 3
based on HRESIMS (m/z 687.3701, [M + Na]*, caled for C36Hs6011Na,
687.3720) as well as '>3C NMR data. The IR spectrum of 3 showed a
broad absorption band for hydroxyl groups at 3386 cm™*, as well as
absorption of carbonyl group at 1739 cm ™!, The 'H NMR spectrum of 3
(in DMSO-dg, 600 MHz, Table 1) displayed four singlet methyl groups
(85 0.90, 0.96, 1.05 and 1.28), one doublet methyl group [8; 0.95 (d,
3H, J = 6.6 Hz)], an olefinic proton at 8y 5.21, a pair of terminal
olefinic protons [8y 4.67 (1H, brs), 4.58 (1H, brs)], and an anomeric
proton signal at 8y 5.18 (d, 1H, J = 8.2 Hz). The *C NMR and DEPT
spectral data of 3 (in DMSO-dg, 150 MHz, Table 1) exhibited 36 carbon
signals, including one carbonyl carbon (8¢ 174.4), four olefinic carbons
(8¢ 104.8, 125.6, 136.7, 152.8), five sp> methyls, eight sp> methylenes
(one oxygenated methylene at 8c 63.7), seven sp®> methines (three
oxygenated methines at 8¢ 65.8, 67.5, 75.7), six sp° quaternary carbons,
and a group of carbon signals for a hexose (8¢ 94.3, 77.6, 76.6, 72.3,
69.6, 60.7). Acid hydrolysis and further GC-MS analysis of the tri-
methylsilyl ether derivative of sugar moiety revealed the presence of p-
glucose. The NMR spectroscopic data of 3 were very similar to those of
known compound 2q,3,23-trihydroxyurs-12,20(30)-dien-28-oic acid
B-p-glucopyranoside [23], except for the replacement of a methylene
group with an oxygenated methine group (8y 4.24; 8¢ 65.8), along with
the appearance of an extra hydroxy group (8 4.05,d, J = 4.2 Hz) in 3,
suggesting that compound 3 was a hydroxyl derivative of 2a,3f3,23-
trihydroxyurs-12,20(30)-dien-28-oic acid f-p-glucopyranoside. The lo-
cation of hydroxy group at C-6 was deduced by the downfield shift of
carbon resonance for C-6 (8¢ 65.8 in 3 vs 8¢ 17.7 in known compound)
[23], and supported by unambiguous correlation signals from OH-6 (8
4.05) to C-5 (8¢ 46.5) and C-6 in the HMBC spectrum. The HMBC
correlation from H-1" (8 5.18) to C-28 (8c174.4) confirmed the linkage
of sugar moiety to C-28. The fS-configuration of the glucose was de-
termined based on the coupling constant of anomeric proton
(J = 8.2 Hz) [24]. The 2a, 38, 6§ orientation of three hydroxyl groups
were determined to be the same as those in compound 1 based on
NOESY experiment and coupling constant analysis as described above.
Based on above evidence, the structure of 3 was elucidated as
2a,3f,63,23-tetrahydroxyurs-12,20(30)-dien-28-oic acid f-p-glucopyr-
anoside, and named syzygiumursanolide C.

The molecular formula of syzygiumursanolide D (4) was determined
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Fig. 1. Chemical structures of compounds 1-8.
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Fig. 2. Key HMBC correlations of compounds 1 and 2.
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as C3eHsg0g based on observed pseudomolecular ion peak at m/z
617.4107 ([M—H], caled for CsgHs,Og, 617.4053). The 'H and '3C
NMR data of 4 (in DMSO-dg, Table 1) suggested it was an ursane-type
triterpenoid. Beside 30 carbon resonances attributed to triterpenoid

aglycone, '3C NMR and DEPT spectra also exhibited a group of rham-
nose carbons (8¢ 103.3, 71.8, 70.8, 70.5, 69.4, 17.8) [25]. The spec-
troscopic data of 4 were closely related to those of known compound
grandoside [26], except for the absence of a methylene signal (8 1.84,
2.15; 3¢ 26.3 in grandoside) for C-2 along with the appearance of an
extra oxygenated methine carbon (8y 3.54; 8¢ 66.4), indicating that
compound 4 was the 2-hydroxyl derivative of grandoside. This con-
clusion was confirmed by the HMBC correlations of OH-2 (8y 4.18)
with C-1 (8¢ 46.7), C-2 (8¢ 66.4) and C-3 (8¢ 94.6). The attachment of
rhamnose to aglycone at C-3 was established by the HMBC correlations
from H-3 (8y 2.84) to C-1’ (8¢ 103.3), and from anomeric proton (8y
4.63, H-1") of sugar to C-3. The sugar moiety of 4 were determined to be
a-.-thamnose based on the peak shape of anomeric proton (br s) [24],
and acid hydrolysis and GC-MS analysis result as described for 3. Si-
milar to compounds 1-3, the orientation of two hydroxy groups at C-2
and C-3 in compound 4 were determined as 2a, 3[3 based on the large
value of Jy.23 (9.0 Hz), as well as the NOESY correlation signals be-
tween H-2 (8y 3.53) and H-1f3 (8 1.86)/ H3-25 (8 0.92), and between
H-3 (84 2.84)/H-1a (8g 0.82)/H-5 (8y 0.80)/H3-23 (8y 0.92). There-
fore, the structure of syzygiumursanolide D was elucidated as 2a,3f-
hydroxyurs-12-en-28-oic acid 3-a-.-rhamnopyranoside.

Compound 5 was obtained as colorless oil. Its molecular formula
was established as C,;H360, based on HRESIMS data (m/z 423.2347,
[M + Na]*; caled for Cy;Hz60,Na, 423.2359) and °C NMR spectral
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Fig. 3. Key NOESY correlations of compounds 1 and 5, and the steric effects in 5.

analysis. The IR spectrum of 5 showed a broad absorption band for
hydroxy groups at 3380 cm™'. The 'H NMR spectrum of 5 (in
DMSO-ds, 600 MHz, Table 2) displayed characteristic proton signals for
aromadendrane-type sesquiterpenoid, including four tertiary methyls
(85 0.98, 1.00, 1.03, 1.21), and two typical cyclopropyl protons [&y
0.37 (dd, 1H, J = 10.8, 9.6 Hz), 0.50 (ddd, 1H, J = 10.8, 9.6, 6.0 Hz)] .
Besides signals for the core structure, 'H and '*C NMR spectra also
exhibited a group of signals for a hexose (8y4 4.25, d, J = 8.1 Hz, H-1’;
8¢ 97.7, 77.3, 76.8, 73.5, 70.3, 61.3). The presence of 3-p-glucose in 5
was determined based on coupling constant analysis of anomeric
proton, and GC-MS analysis of yielded monosaccharide trimethylsilyl
ether derivative after acid hydrolysis. In HMBC spectrum, cross peak
between H-1’ and C-4 (8¢ 86.6) indicated that the glucose was attached
to aglycone by a glycosidic linkage at C-4. Thus, the planar structure of
5 was determined. Since the chemical shifts of two cyclopropyl protons
were at relative downfield (84 0.37, H-6; 8y 0.50, H-7), 1,5-trans ar-
omadendrane skeleton of 5 was deduced (H-1a, H-58) [27]. This con-
clusion was supported by no NOESY correlation between H-1 (8 1.66)
and H-5 (8y 1.41). In the NOESY spectrum, the correlations between
H3-15 (8y 1.00)/H-5/H-2f (8 1.61), and between H3-14 (8 1.21)/H-
6/H-2a (8y 1.47), suggested that Me-15 and H-5 were on the same side
(B), while Me-14 and H-6 orientated on the other side (a) (Fig. 3).
Therefore, the structure of 5 was determined to be 4f3,10a-aromaden-
dranediol-4-3-p-glucopyranoside.

Compound 6 was assigned the same molecular formula (C2;H3607)
as 5 based on HRESIMS (m/z 423.2351, [M + Nal]* , caled for
C21H360,Na, 423.2359) and '°C NMR data analysis. 2D-NMR analysis
further revealed that compounds 5 and 6 possessed identical planar
structure. Compared to 5, the major difference between 5 and 6 was the
significant downfield shift of carbon resonance for Me-15 (8¢ 20.5 in 5
vs 8¢ 30.0 in 6), indicating the conformation of the Me-15 was changed
from pseudo-axial in 5 to equatorial in 6, which released y-gauche ef-
fect from H-5 (Fig. 3) . This conclusion was confirmed by the correla-
tion signal of H-1 (85 1.63) with H3-15 (8 1.08), while no correlation
between H-5 (8y 1.94) and Hs3-15 in the NOESY experiment. Thus,
compound 6 was 10-epimer of 5. Due to the limited quantity, acid
hydrolysis was not performed for compound 6. The presence of f-p-
glucopyranose was determined by comparison of NMR data with 5 and
biogenetic consideration. Hence, the structure of 6 was determined as
4B,10B-aromadendranediol-4-3-p-glucopyranoside as depicted in Fig. 1.

Compound 7 was obtained as colorless gum. A molecular formula of
C30H420:6 was assigned for 7 based on HRESIMS (m/z 681.2356,
[M + Nal™ ; caled for C3pHas20:¢Na, 681.2371) and '*C NMR data
analysis. The IR spectrum of 7 showed a broad absorption band for
hydroxy groups at 3325 cm ™!, as well as absorption of benzene moiety
(1624, 1601, 1510 and 1445 cm™'). The 'H NMR spectra of 7 (in
DMSO-ds, 600 MHz, Table 3) displayed typical signals for dimeric
phloroglucinol glycosides, including four singlet aromatic protons (8y

— Bonds established by 1H-1H COSY -~ Key HMBC correlations

+._.} Rotation ¥ "\ Key NOESY correlations Q Glucosyl

Fig. 4. Key COSY, HMBC and NOESY correlations of compounds 7 and 8, and
conformation illustration of compound 7.

6.02, s, 4H), four phenolic hydroxyls (8y 9.53, brs, 4H), one methine
proton at relative low field (8y 4.68, t, 1H, J = 8.1 Hz), and two
anomeric protons of glycosyl group (8y 4.66, d, 1H, J = 7.8 Hz, H-1; 8y
4.65, d, 1H, J = 7.8 Hz, H-1"). This conclusion was supported by *3C
NMR data (in DMSO-dg, 150 MHz, Table 3), which exhibited two sets of
1,3,5,6-substitued benzene rings (§c 156.6 X 2, 156.09 X 2,
156.06 x 2,110.71,110.65, and 96.3 X 4), one methine carbon signal
at 8¢ 30.1, and signals for two hexanose (8¢ 100.55, 100.50, 77.00,
76.98,76.6 x 2,73.2 X 2,69.5 X 2,60.6 x 2). Besides the signals for
dimeric phloroglucinol skeleton, the '3C NMR and DEPT spectral data
also revealed the presence of one methyl (8¢ 14.1) and four methylenes
(8¢ 31.4, 31.3, 28.1, 22.1). All of the proton signals were assigned to the
corresponding carbons through carefully HSQC spectral analysis. '"H-'H
COSY analysis enabled the establishment of a pentyl side chain (Fig. 4).
HMBC correlation signals from H-7 (8 4.68, t, 1H, J = 8.1 Hz) to C-2/
C-6 (8¢ 156.09), C-1 (8¢ 110.71), C-13 (8¢ 110.65) and C-14/C-18 (8¢
156.06), as well as the unambiguous COSY signals between H-7 and Ha-
8 (8y 2.01, m, 2H), indicated the pentyl side chain was linked to the
dimeric phloroglucinol skeleton via C-7. The HMBC correlations from
H-1’, H-3/H-5 (8y 6.02) to C-4 (8¢ 156.6), from H-1", H-15/H-17 (8y
6.02) to C-16 (8¢ 156.6) revealed the linkage of two hexoses to the
phloroglucinol core at C-4 and C-16, respectively (Fig. 4). This con-
clusion was also confirmed by observed identical chemical shifts of H-3,
H-5, H-15 and H-17 (8y 6.02, s, 4H). Both hexoses were identified as -
p-glucopyranose based on coupling constant of their anomeric protons
(J = 7.8 Hz), and acid hydrolysis and GC-MS analysis result as de-
scribed for compounds 3-5. It has to be noted that although two
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Fig. 5. Mo,(AcO)4-induced circular dichroism spectra of compounds 1 and 2, and the experimental and calculated ECD spectra of 8.

substituents at C-7 were same, there was small but obvious difference of
carbon resonances between two phloroglucinal moieties of 7 (Table 3),
indicating the hindered free rotation of C7-C13 bond due to the big
substituents at C-7 (Fig. 4). This conclusion was also supported by the
large optical rotation value ([«]3 —160 in MeOH) of 7. Thus, the
structure of compound 7, named syzygiumone A, was identified as 1,1’-
hexylidenebis(2,4,6-trihydroxy-4-f-p-glucopyranosyl)benzene.

The molecular formula of syzygiumone B was deduced as C34H3401 4
based on observed pseudomolecular ion peak at m/z 569.1825
(IM + Nal*, caled for Cy4H34014Na, 569.1846), with 8 degrees of
unsaturation. The IR spectrum showed absorption peaks for hydroxyl
(3331 cm’l), five membered lacton (1780 cm™1) [28] and benzene
ring (1625, 1513, 1439 cm ™ '). Similar to compound 7, the H and *3C
NMR data (in DMSO-dg, Table 3) of syzygiumone B also showed char-
acteristic signals for phloroglucinol unit [y 9.55 (1H, brs, OH-6), 6.25
(1H, brs, H-3), 6.10 (1H, d, J = 2.2 Hz, H-5); 8¢ 97.8 (C-5), 98.5 (C-3),
156.6 (C-2), 108.0 (C-1) and 157.1 (C-4)], B-glucopyranose moiety [&y
4.69, d, 1H, J = 7.8 Hz, H-1; ¢ 100.9, 77.0, 76.5, 73.2, 69.5, 60.6],
and pentyl side chain (8¢ 31.1, 30.1, 26.7, 22.0, 13.9), indicating sy-
zygiumone B was also a phloroglucinol glucoside with 1-hexyl(2,4,6-
trihydroxy-4-glucopyranosyl)benzene unit (fragment A). Compared
with 7, the NMR signals for another phloroglucinol unit was absent in
8. Instead, a group of signals including one carbonyl (6¢ 175.5, C-18),
one hemiketal carbon (8¢ 101.7, C-14), one oxygenated quaternary
carbon (8¢ 77.5, C-13), two oxygenated methines (§¢c 84.3, C-15; &¢
69.7, C-16), and one oxygenated methylene (8¢ 61.7, C-17) were ob-
served in *°C and DEPT spectra. Additionally, the carbon resonance for
C-7 was obviously downfield shift (from 8¢ 30.1 in 7 to 8¢ 38.3 in 8). All
of the proton signals were assigned to the corresponding carbons
through carefully HSQC and HMBC spectral analysis. 'H-'"H COSY
spectrum analysis (Fig. 4) revealed the presence of CHCH(OH)CH,OH
moiety. In the HMBC spectrum, the correlation signals (Fig. 4) from
OH-13 (8 6.29, br s) to C-13, C-14, C-18, from OH-14 (8 6.93, br s) to
C-13, C-14, and C-15, from H-15 (6yx 4.34, d, J = 6.0 Hz) to C-14 and C-

Table 4
Antimicrobial Activities of isolated triterpenoids from S. szemaoense (MIC pg/
mL).

MIC 1 2 3 4 control
S. aureus 50 25 > 100 50 0.5"

B. subtilis 50 25 > 100 50 0.25"
E. coli 50 25 > 100 50 0.25%
C. albicans 100 >100 > 100 12.5 2.0°

C. neoformans 50 > 100 > 100 6.25 2.0°

C. parapsilosis > 100 > 100 > 100 12.5 2.0°
A. fumigatus 100 > 100 > 100 12.5 2.0°
A. niger > 100 > 100 > 100 25 2.0°

m

Ciprofloxacin. YAmphotericin B.

18 enabled the establishment of y-lacton unit. Thus, the partial struc-
ture for fragment B was established as an ascorbyl moiety. The con-
nection of fragment A to B via C7-C13 bond and ether linkage between
C-2 and C-14 were deduced based on HMBC correlations from H-7 (8y
3.25, m) to C-13 and C-14, as well as HRESIMS data. Thus, the gross
structure of syzygiumone B was determined.

In the NOESY spectrum, the NOESY correlations between OH-14
and OH-13/0H-16 (8y 4.96)/0H-17 (84 4.83) indicated that OH-13,
OH-14, and -CHOHCH,OH group at C-15 were orientated at the same
side (assigned as f8). In addition, the NOESY correlation between H-7
and OH-13 revealed f-orientation of H-7 (Fig. 4). The absolutely con-
figuration of C-7, C-13, C-14 and C-15 were determined as 7R, 13S,
14R, 15R based on experimental and calculated ECD spectra (Fig. 5).
The configuration of C-16 could not be directly determined by NOESY
experiment. It has been reported that some phenolics present in plant,
including phloroglucinols and catechins could react with r-ascorbic acid
via its oxidized form dehydroascorbic acid (DASA) to produce ascor-
bylated derivatives, such as ascorbyl phloroglucinol [29], 8-C-ascorbyl-
(-)-epigallocatechin, and 6-C-ascorbyl-(-)-epigallocatechin [30,31]. By
comparing the NMR data of ascorbyl unit in syzygiumone B with
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Scheme 2. Plausible biogenetic pathway of syzygiumone B (8).
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reported analogues [29], and in consideration of its phloroglucinol
origin, we hypothesized that syzygiumone B was also an adduct of 2-
hexyl-5-3-p-glucopyranosylbenzene-1,3,5-triol and DASA (Scheme 2).
Since naturally occurring DASA possesses R,S configuration for the two
chiral carbons (C-15 and C-16 in syzygiumone B, respectively) [28,31],
the absolute configuration of C-16 was then concluded as S*. Due to the
limited quantity, acid hydrolysis was not performed for compound 8.
The configuration of p-glucose was determined based on biogenetic
consideration. Based on aforementioned evidence, the structure of sy-
zygiumone B was determined as depicted in Fig. 1.

All the isolates were submitted for antimicrobial assay. Our results
(Table 4) revealed that both 28-norursane type triterpenoids, syzygiu-
mursanolides A and B, displayed moderate antibacterial activity against
S. aureus, B. subtilis, and E. coli with MIC values at 50 and 25 pg/mL,
respectively. Syzygiumursanolide A also showed weak antifungal ac-
tivity against C. albicans and C. neoformans. Among all isolates, syzy-
giumursanolide D displayed significant antifungal activities against C.
albicans, C. neoformans, C. parapsilosis, A. fumigatus and A. niger with
MIC values ranging from 6.25 to 25 pug/mL. Neither sesquiterpenoids (5
and 6) nor phloroglucinol glucosides (7 and 8) showed any anti-
microbial activity at 100 ug/mL in the current assay.

Ursane-type triterpenoids from natural source have been reported
possessing broad-spectrum antimicrobial activities against human and
plant pathogens [32,33]. The underlying mechanism of antimicrobial
effects of ursane-type triterpenoids was related to disruption of cell
membrane integrity of pathogens, as well as regulating genes expres-
sion related to peptidoglycan and respiratory metabolisms [34,35].
Structure-activity relationship study suggested that the hydroxyl group
in ring A, carboxylic group at C-28 and A'>'3 double bond were tightly
correlated to antimicrobial activities and bioavailability of ursane-type
triterpenoids [36,37]. Previously study revealed that the antifungal
activities of asiatic acid derived saponins were significantly impacted
by saccharide attached position, and monodesmoside with saccharide
only attached on C-3 position (3-O-a-r-arabinopyranosyl asiatic acid,
ICso = 5 pg/mL against Magnaporthe oryzae) exhibited stronger anti-
fungal activity when compared to bisdesmoside with two sugar chains
at both C-3 and C-28 (ilekudinoside D, ICso > 256 pg/mL against M.
oryzae) [33]. In consistent with previous study result, syzygiumursa-
nolide D containing a-i.-rhamnose at C-3 position displayed significant
antifungal activities, while syzygiumursanolide C containing a glycone
moiety at C-28 position showed no inhibitory effects against five pa-
thogenic fungi in the current study. Thus, esterification of C-28 car-
boxyl group with f-p-glucose might contribute to the losing of anti-
microbial activity of syzygiumursanolide C. It is noteworthy that both
syzygiumursanolides A and B without Cyg carboxyl acid group also
displayed moderated antibacterial activity in the current assay. Since
polyhydroxyl groups were also considered playing critical roles in an-
tibacterial activity of these triterpenoids [35], we hypothesized that the
antibacterial activity of syzygiumursanolides A and B might be due to
the syngenetic effects of hydroxyl groups in ring A and A'>*® double
bond, as well as the spirocyclic moiety. It is well known that bioa-
vailability of ursolic acid in vivo is pretty poor [38]. To date, although a
lot of work has been done on structural modification and structure—
activity relationship study of ursane-type triterpenoids, the impact of
spirocyclic moiety on bioactivity and bioavailability of norursane-type
triterpenoids are not clear yet. Semi-synthesizing more derivatives of
syzygiumursanolides A and B from ursolic acid would help to better
understand the contribution of spirocyclic moiety and other sub-
stituents in displayed bioactivity of this type of triterpenoids, and
promote finding novel therapeutical agents with enhanced bioactivity
and bioavailability. Phloroglucinol derivaties are a large class of natu-
rally occurring chemicals with variety of bioactivities, and widely used
in pharmaceutical industries [39]. Phloroglucinol itself have been used
as anti-spasmodic drug in clinical. Dimeric acylphloroglucinols with
methylene linkage from Hypericum austrobrasiliense and H. poly-
anthemum have been found possessing antinociceptive and
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antidepressant activities in mice [40,41]. Although syzygiumones A and
B did not show antimicrobial activity in the current study, further
bioassay work with different strategies, such as conducting anti-
nociceptive and antidepressant assay, might help to find more biolo-
gical potential of these pholorglucinol glucosides.

4. Conclusion

In summary, six new terpenoids and two new phloroglucinol deri-
vatives were purified and identified from the leaves of S. szemaoense.
Both syzygiumursanolides A and B share the unusual 28-norursane
spirocyclic skeleton. To the best of our knowledge, this is the first report
of 19(18 — 17)-abeo-28-norursane type triterpenoids. Additionally,
syzygiumone B contained a unique tricyclic ascorbylated phlor-
oglucinol skeleton featuring with a five-carbon side chain. Both 28-
norursanes (Syzygiumursanolides A and B) and one ursane rhamnoside
(Syzygiumursanolide D) displayed antibacterial and antifungal activ-
ities. The current work would help to enrich phytochemical knowledge
of S. szemaoense, and highlighted syzygium genus as good resources for
bioactive natural products discovery.
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