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ABSTRACT
Five new phloroglucinol derivatives were isolated from Syzygium
brachyantherum, and their structures were elucidated as brachya-
nones A–E (1–5) on the basis of the extensive spectroscopic
analysis. Among them, compounds 1 and 3 exhibited significant
inhibitory activity against a-glucosidase with IC50 of 2.57 and
0.97lM, respectively. Furthermore, compound 4 showed protein
tyrosine phosphatase 1B (PTP1B) inhibitory effect with inhibition
ratio of 89.42% at 100lM. This discovery indicates that
phloroglucinol derivatives with long aliphatic chain possibly play
an important role in antidiabetic activity of Syzygium plants, and
they could function as a promising antidiabetic agent.
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1. Introduction

Species from the genus Syzygium (Myrtaceae) have had a long edible and medicinal
history for the treatment of diabetes in Southeast Asian nations (Raed et al. 2012;
Muniappan et al. 2013; Thamilvaani et al. 2013). Syzygium brachyantherum Merr. et
Perry (Syn. Syzigium globiflorum) is distributed in Yunnan, Hainan, Guangdong, and
Guangxi Provinces in China. This species has been stewed with meat for the treatment
of cough, cold and allergic asthma in Yunnan folk medicine (Chen 1984; Yunnan
Pharmaceutical Company 1993). In recent years, phloroglucinol derivatives, as one of
the main constituents with promising antidiabetic activity in Syzygium plants (Li et al.
2015; Liu et al. 2017; Xu et al. 2018), have been attracting our attention. Aiming to
search for new antidiabetic phloroglucinols, we have investigated the twigs and leaves
of S. brachyantherum, collected in Xishuang Banna Prefecture, Yunnan Province. As a
result, five new phloroglucinol derivatives (1–5) (Figure 1) were isolated and character-
ised. Herein, we report the isolation, structural elucidation, and a-glucosidase and pro-
tein tyrosine phosphatase 1B (PTP1B) inhibitory activities of these compounds.

2. Results and discussion

Compound 1 was obtained as a red gum. Its molecular formula, C22H34O4, was estab-
lished by the negative HRESIMS (m/z 361.2394 [M-H]�, calcd 361.2384). The IR spec-
trum revealed the presence of hydroxyl (3420 cm�1), long aliphatic chain (2926, 2854,
and 721 cm�1), and aromatic ring (1616 cm�1). The 1H NMR spectrum showed olefinic
signals at dH 5.33 (2H, m), two aromatic proton signals at dH 5.78 (2H, s), and a ter-
minal methyl signal (dH 0.85, t, J¼ 6.4 Hz). Besides, a significant down-fielded signal of
hydroxyl (dH 12.33, s) was observed. The 13C NMR spectrum (supplemental material
Table S1) revealed 22 carbon signals, including a ketonic carbon (dC 205.3), two ole-
finic carbons (dC 129.9 and 129.5), six aromatic carbons (dC 94.6, 94.6, 103.7, 164.3,
164.3, and 164.6), twelve methylenes (dC 22.4–43.1), and a methyl (dC 13.7). Moreover,
the hexadecanoyl side chain in 1 was determined by the NMR (dH 5.33� 2, 2.96, 1.98,
1.96, 1.55, 1.33, 1.18–1.33� 7, 0.85; dC 205.3, 129.9, 129.5, 43.1, 29.0� 2, 28.9� 5, 28.8,
26.6, 24.5, 22.4, 13.7) and MS data. Correlations, observed in the HMBC spectrum, from
H-30 (dH 5.78) to C-10 (dC 103.7) and C-1 (dC 205.3), and from H-2 (dH 2.96) to C-1

Figure 1. Structures of compounds 1–5.
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(dC205.3), together with the chemical shift of C-10 (dC 103.7) declared that the aliphatic
chain was fixed at C-10 (Li et al. 2015). The double bond between C-12 and C-13 was
determined by the HMBC correlations from H-14 (dH 1.98) to C-12 (dC 129.9), from H-
15 (dH 1.33) to C-13 (dC129.5), and from H-16 (dH 0.85) to C-14 (dC 28.8) and C-15 (dC
22.4). The correlations of H-13/H-14/H-15/H-16 and H-2/H-3/H-4 in the 1H�1H correl-
ation spectroscopy (COSY) experiment confirmed the above deductions. The olefinic
bond was assigned as Z-configuration based on the chemical shifts of the two allylic
methylenes (dH 1.96, dC 26.6, C-11; dH 1.98, dC 28.8, C-14) (Li et al. 2015). Generally, the
signals of carbons next to a cis double bond appear at dC 27–28, whereas those of a
trans double bond appear at dC 32–33 (Jung et al. 1996; Vatele et al. 1998).
Consequently, the structure of 1 was elucidated as (Z)-1-(2,4,6-trihydroxyphenyl)-hexa-
deca-12-en-1-one and named brachyanone A.

Compound 2, yielded as a red gum, had a molecular formula of C24H38O4 deter-
mined by the HRESIMS data (m/z 389.2695 [M-H]�, calcd 389.2697). The IR (3307,
2924, 1614, 721 cm�1) suggested that it was also a phloroglucinol derivative with
a long side chain. The 1H and 13C NMR spectra of 2 closely resembled to those of 1
except for an additional aromatic methyl (dC 7.5) at C-30, one more methoxyl (dC 56.0)
at C-60 as well as one more quaternary carbon at C-30 (dC 105.0) in 2, while one less
methine (dC 94.6) at C-30 in 1 (supplemental material Table S1). The HMBC correlations
of CH3 (dH 1.94) with C-20 (dC 166.1), C-30 (dC 105.0), and C-40 (dC 163.9), of H-50 (5.98)
with C-10 (dC 105.8) and C-40 (dC 163.9), and of OCH3 (dH 3.83) with C-60 (dC 162.6)
corroborated the above inference (supplemental material Figure S11). Its structure was,
therefore, assigned as (Z)-1-(3-methyl-2,4-dihydroxyphenyl-6-methoxyl)-hexadeca-
12-en-1-one and named brachyanone B based on the extensive spectra in the same way.

Compound 3, a red gum, possessed the molecular formula C24H38O4 by means of
the HRESIMS deprotonated molecule [M-H]� at m/z 389.2693 (calcd for 389.2697), of
which molecular weight was 28 dalton more than that of 1. The 1D NMR data of com-
pound 3 were in good agreement with those of compound 1 (supplemental material
Table S1), except for the only difference of two more methylenes. Accordingly, com-
pound 3 was assigned as (Z)-1-(2,4,6-trihydroxyphenyl)-octadeca-14-en-1-one and
named as brachyanone C.

The molecular formulas of compounds 4 and 5 were inferred as C25H40O4 and
C26H42O4, respectively, according to their HRESIMS. Detailed comparison of their 1 D,
2 D NMR spectra with those of compound 3, revealed that 4 was the methylation at
C-30 of 3, and 5 was the methylation at C-30 and a methoxy replacing a hydroxy
at C-60 of 3. Consequently, compounds 4 and 5 were decided to be (Z)-1-(3-methyl-
2,4-dihydroxyphenyl)-octadeca-14-en-1-one, and (Z)-1-(3-methyl-2,4-dihydroxyphenyl-6-
methoxyl)-octadeca-14-en-1-one, respectively and named brachyanone D and
brachyanone E.

All the isolates were tested for their inhibitory activity against a-glucosidase and
PTP1B. As shown in supplemental material Tables S2 and S3, compounds 1 and 3
exhibited significant a-glucosidase inhibitory activity with IC50 of 2.57 and 0.97lM,
respectively, and compound 4 showed PTP1B inhibitory activity with inhibition ratio of
89.42% at 100 lM. These results displayed that the methyl at C-30 and methoxy at C-60

could weaken the a-glucosidase inhibitory activity. This discover not only provided
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new evidences that phloroglucinol derivatives possibly play an important role
in antidiabetic activity of Syzygium plants, but also supplied a scientific basis for the
application of S. brachyantherum as a potential antidiabetic material.

3. Experimental

3.1. General experimental procedures

Ultraviolet absorption spectra were recorded on a Jasco V-550 UV/vis spectrophoto-
meter. IR spectra were scanned using a Bruker EQUINOX 55 spectrometer with KBr
pellets. The electrospray ionisation mass spectrometry (ESIMS) data were obtained
using a Waters Xevo TQ-S UPLC Triple Quadrupole Mass Spectrometer. High-resolution
ESIMS (HRESIMS) data were determined on an AB SCIEX TripleTOF 5600þ mass
spectrometer. NMR spectra were measured on a Bruker Avance III-600, a Bruker AM-
400 instrument, and a Bruker AVANCE-500 NMR spectrometer with TMS as internal
standard. Semipreparative HPLC was performed on Agilent 1260 liquid chromatograph
with a Zorbax SB-C18, 9.4mm� 25 cm, column, using a flow rate of 3.0mL/min at
a column temperature of 25 �C, and detection was performed with a DAD detector.
Silica gel (200–300 mesh, Qingdao Marine Chemical Inc., Qingdao, China), Thin-layer
chromatography (TLC) was performed using precoated silica gel GF254 plates (Qingdao
Marine Chemical Inc., Qingdao, China). Sephadex LH-20 (Pharmacia Biotech, Uppsala,
Sweden), and MCI gel (CHP 20P, Mitsubishi Corporation, Japan) were used to perform
column chromatography (CC). a-glucosidase, 4-Nitrophenyl a-D-glucopyranoside, and
quercetin were purchased from Sigma-Aldrich (St. Louis, MO). PTP1B (human, recombinant)
was purchased from Enzo Life Sciences. The known PTP1B inhibitor 3-(3,5-dibromo-
4-hydroxybenzoyl)-2-ethylbenzofuran-6-sulfonic acid-[4-(thiazol-2- ylsulfamyl) phenyl] amide
was purchased from Calbiochem (Shanghai, People’s Republic of China).

3.2. Plant material

The twigs and leaves of S. brachyantherum Merr. et Perry were collected in October
2012 from Xishuang Banna Tropical Botanical Garden, Yunnan Province, People’s
Republic of China, and authenticated by Mr. Yu Chen, Kunming Institute of Botany,
Chinese Academy of Sciences. A voucher specimen (No. Chen 20120928) was
deposited at Kunming Institute of Botany, Chinese Academy of Sciences.

3.3. Extraction and isolation

The air-dried and powdered twigs and leaves (4 kg) of S. brachyantherum were
extracted four times with MeOH (each 10 L) at room temperature. The solution was
evaporated under reduced pressure to obtain a residue (350 g). The residue was then
partitioned with petroleum ether (PE), ethyl acetate, and n-butyl alcohol, respectively.
The ethyl acetate part (50 g) was subjected to silica gel column chromatograph
(CHCl3�MeOH, 100:0 to 0:100, v/v)to give eight fractions A–H. Fraction A (18.0 g) was
decolored by MCI gel (CHP 20P) column chromatography (CC) using a gradient system
of CH3OH–H2O (95:5) and chromatographed by silica gel (PE–EtOAc, 10:1 to 1:1, v/v)
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to get three subfractions A1–A3. Subfraction A3 was treated by Sephadex LH-20 col-
umn (CHCl3�MeOH, 3:2) to get six subfractions A3-1–6, then subfraction A3-6 was fur-
ther divided into two subfractions A3-6-1–2 by CC on silica gel eluting with PE–Me2CO
(100:1 to 10:1). Subraction A3-6-1 was purified by Sephadex LH-20 CC (MeOH–CHCl3
1:1, v/v), followed by semipreparative HPLC (MeOH–H2O, 91:9, v/v) to obtain
compounds 2 (2.0mg, tR¼ 38.0min) and 5 (3.2mg, tR¼ 61.0min). Fraction B (5.6 g)
was decolored by MCI gel (CHP 20P) CC using a gradient system of CH3OH–H2O (95:5),
then was subjected to silica gel column chromatograph (PE–Me2CO, 20:1 to 1:1, v/v)
to give three subfractions B1–B3. Subfraction B1 was separated by Sephadex LH-20 CC
(CHCl3–MeOH 3:2, v/v) to get three subfractions B1-1–3. Subfraction B1-1 was further
purified by semipreparative HPLC (MeOH–H2O, 90:10, v/v) to afford compound 1
(1.7mg, tR¼ 34.0min). Subfraction B2 was separated by Sephadex LH-20 CC
(CHCl3–MeOH 3:2, v/v) to get three subfractions B2-1–3. Subfraction B2-2 was further
purified by semipreparative HPLC (MeOH–H2O, 87:13, v/v) to afford 3 (6.0mg,
tR¼ 57.0min) and 4 (1.5mg, tR¼ 69.0min).

3.3.1. Brachyanone A (1)
Red gum; UV (MeOH) kmax (log e): 205 (3.06), 224 (3.00), and 287 (3.08) nm; IR (KBr)
�max 3420, 3005, 2926, 2854, 1616, 1459, 1384, 1261, 1184, 830, 789, and 529 cm�1; for
1H and 13C NMR data see supplemental material Table S1; HRESIMS: m/z 361.2394 [M-
H]� (calcd for C22H33O4, 361.2384).

3.3.2. Brachyanone B (2)
Red gum; UV (MeOH) kmax (log e): 207 (3.39) and 293 (3.39) nm; IR (KBr) �max 3307,
3004, 2924, 2853, 1614, 1570, 1428, 1404, 1327, 1281, 1227, 1206, 1154, 1117, 952,
839, 789, 721, 617, 592, and 487 cm�1; for 1H and 13C NMR data see supplemental
material Table S1; HRESIMS: m/z 389.2695 [M-H]� (calcd for C24H37O4, 389.2697).

3.3.3. Brachyanone C (3)
Red gum; UV (MeOH) kmax (log e): 204 (3.27), 228 (3.32), and 285 (3.40) nm; IR (KBr)
�max 3339, 2927, 1635, 1523, 1461, 1384, 1285, 1170, 1072, 1019, 905, 827, 723, and
526 cm�1; for 1H and 13C NMR data see supplemental material Table S1; HRESIMS: m/z
389.2693 [M-H]� (calcd for C24H37O4, 389.2697).

3.3.4. Brachyanone D (4)
Red gum; UV (MeOH) kmax (log e): 202 (3.22), 227 (3.23), and 286 (3.31) nm; IR (KBr) �max

3378, 3006, 2924, 2852, 1712, 1627, 1567, 1527, 1442, 1374, 1286, 1258, 1234, 1148, 1115,
1087, 875, 817, 720, 643, 596, and 478cm�1; for 1H and 13C NMR data see supplemental
material Table S1; HRESIMS: m/z 403.2844 [M-H]� (calcd for C25H39O4, 403.2854).

3.3.5. Brachyanone E (5)
Red gum; UV (MeOH) kmax (log e): 208 (3.55) and 293 (3.55) nm; IR (KBr) �max 3308,
3005, 2923, 2852, 1614, 1570, 1469, 1429, 1327, 1280, 1206, 1154, 1117, 952, 839, 788,
720, 659, 617, 592, and 488 cm�1; for 1H and 13C NMR data see supplemental material
Table S1; HRESIMS: m/z 417.2997 [M-H]� (calcd for C26H41O4, 417.3010).
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3.4. a-Glucosidase inhibitory activity assay

The assay was performed as previously reported method (Wan et al. 2012). A mixture
of 20lL of different concentrations (compounds 1 and 2: 50, 25, 12.5, 6.25, 3.125 lM;
5: 12.5, 6.25, 3.125, 1.5625, 0.78125 lM; 3 and 4: 3.125, 1.5625, 0.78125, 0.390625,
0.195313 lM) of the test samples, a-glucosidase solution (0.025U/mL), 10 lL of 0.1M
phosphate buffer (pH 6.9) and 20lL of 1mM p-nitrophenyl-a-D-glucopyranoside solu-
tion was incubated in 96-well plates at 37 �C for 50min. After incubation, optical dens-
ity (OD) was recorded at 405 nm by a microplate reader (SpectraMax M2, Molecular
Devices Corp., operated by SoftmaxPro v.4.6 software, Sunnyvale, CA) and compared
with that of the positive control (quercetin), which had 20lL buffer solutions. The
a-glucosidase inhibitory activity was indicated as percent inhibition and was calculated
as follows, and IC50 (50% concentration of inhibition) was calculated by Reed–Muench
method.

% inhibition ¼ 1� ODsample=ODcontrol
� �� 100

3.5. Ptp1b inhibitory activity assay

All compounds were evaluated for their inhibitory activity against PTP1B, according to
the method proposed by Fang et al. (2014). The enzyme activity was measured using
p-nitrophenyl phosphate (pNPP) as a substrate. Each 96-well (final volume: 100 lL) was
added 10mM pNPP and 100 nM PTP1B in a buffer containing 25mM Tris–HCl (pH 7.5),
1mM (ethylenediaminetetraacetic acid) EDTA, 2mM b-mercaptoethanol and 1mM
dithiothreitol (DTT) with or without test compounds. After incubating at 37 �C for
30min, the reaction was terminated with 2M NaOH. Dephosphorylation of p-NPP
generated product p-NP, which can be monitored at 405 nm. The non-enzymatic
hydrolysis of 10mM p-NPP was corrected by measuring the increase in absorbance at
405 nm obtained in the absence of PTP1B enzyme. The known PTP1B inhibitor 3-(3,5-
dibromo-4-hydroxybenzoyl)-2-ethylbenzofuran-6-sulfonic acid-[4-(thiazol-2-ylsulfamyl)
phenyl] amide 100 lM was used as a positive control. The inhibition assay was
performed in triplicate and the inhibitory activity was calculated by the following
equation: PTP1B enzyme inhibitory activity (%)¼ [A–B]/A� 100, where A is the optical
density of reaction blank, the reaction blank mixture contained the same volume
of the buffer solution instead of the sample; B is the optical density of the reaction
in the presence of test sample.

4. Conclusion

Five new phloroglucinol derivatives were isolated from the twigs and leaves of
S. brachyantherum. Among them, compounds 1 and 3 exhibited significant a-glucosi-
dase inhibitory activity (supplemental material Table S2), and 4 had obvious inhibitory
effects against PTP1B (supplemental material Table S3). To the best of our knowledge,
they are the first isolates from S. brachyantherum, which afforded new evidences that
phloroglucinol derivatives possibly play an important role in antidiabetic activity of
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Syzygium plants and indicated that phloroglucinol derivatives could function as a
promising antidiabetic agent.
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