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诺丽酵素中两个新的酚类衍生物及其 α-葡萄糖苷酶抑制活性 

张  斌 a,b    周学明 a,b    余章昕 a,b,c    李小宝 a,b    易继凌 a,b 
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(a海南师范大学化学与化工学院  热带药用资源化学教育部重点实验室  海口 571158) 
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摘要  从诺丽酵素中分离纯化得到两个新的酚类衍生物 Noniacid A (1), Noniacid B (2)和一个新天然产物 Melilotic acid 
(3), 它们的结构通过多种现代波谱技术进行确定. α-葡萄糖苷酶抑制活性测试结果显示, 化合物 1 和 2 对 α-葡萄糖苷酶

具有较强的抑制活性, IC50值分别为 242.0 和 229.3 µmol•L－1.  
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Two New Phenolic Derivatives with α-Glucosidase Inhibitory 
Activities from Noni Juice 
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Abstract  Two new lactic acid derivatives of noniacids A and B (1 and 2) and a new natural product melilotic acid (3) were 
obtained from the ethyl acetate extract of the Noni Juice. The structures were elucidated using comprehensive spectroscopic 
methods, and the absolute configurations were defined by comparing optical rotation with the standard. Compounds 1 and 2
showed significant inhibitory activity against α-glucosidase enzyme with IC50 values of 242.0 and 229.3 µmol•L－1, respec-
tively. 
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1  Introduction 
Morinda citrifolia L. (Rubiaceae), commonly known as 

Noni, is native to certain countries bordering the Indian 
Ocean and is cultivated in tropical areas in Hainan, Chi-
na.[1-3] The stems, roots, fruits, and leaves are traditionally 
used by several East Asian cultures for the therapeutic 
treatment of numerous diseases, such as arthritis, head-

aches, burns, and even disorders related to tuberculosis, 
diabetes, and hypertension.[4-5] In 2010, Chinaʼs Ministry of 
Health approved Noni pulp as a new resource food. But the 
ripe fruit has a pungent and bitter taste that is hard to 
swallow. Due to the taste of Noni fresh fruit, enterprises are 
now fermenting Noni Juice for sale. Previous phytochemi-
cal investigations on Noni Juice have revealed that flavo-
noids, lignans and glycoside compounds are the main con-
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stituents,[6-9] and some of them showed anti-tumor, anti- 
inflammatory and hypoglycemia.[10-12] During our exploring 
for the structurally diverse and bioactive compounds from 
this species, two new compounds, noniacids A～B (1～2) 
and a new natural product melilotic acid (3) were isolated 
from Noni Juice (Figure 1). Herein, we report the isolation, 
structure elucidation, and inhibitory activity against 
α-glucosidase of these compounds. 
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Figure 1  Structures of compounds 1～3 isolated from Noni 
Juice 

2  Results and discussion 
2.1  Structure identification of compound 1 

Compound 1 was isolated as a yellow oiliness. Its mo-
lecular formula was established by HRESIMS (m/z 
307.1555 [M－H]－, calcd for 307.1554) to be C17H24O5 
with six degrees of unsaturation. 1H NMR (400 MHz, 
CDCl3) (Table 1) spectrum shown a set of A2B2 coupling 
protons at δH 7.04 (d, J＝8.4 Hz, 2H, H-4), 6.78 (d, J＝8.4 
Hz, 2H, H-5), 6.78 (d, J＝8.4 Hz, 2H, H-7), 7.04 (d, J＝8.4 
Hz, 2H, H-8), an oxygenated methine proton signal at δH 
4.24 (q, J＝6.8 Hz, 1H, H-2'), and six methylene signals at 
δH 4.33 (m, 2H, H-1), 2.88 (t, J＝6.8 Hz, 2H, H-2), 2.22 (t,  
J＝7.6 Hz, 2H, H-4'), 1.63 (m, 2H, H-5'), 1.31 (overlapped, 
4H, H-6'/7'), and two methyl signals at δH 0.89 (t, J＝7.2 
Hz, 3H, H-8'), 1.36 (d, J＝6.8 Hz, 3H, H-9'). The 13C NMR 
and DEPT spectra (Table 1) data exhibited 17 carbon res-
onances, including two carbonyls at δC 176.4 and 175.7, an 
oxygenated methine sp3 carbon at δC 66.9, six methylene sp3 
carbons at δC 36.0, 34.3, 31.5, 25.3, 22.5 and 66.4, two 
methyl groups at δC 20.5 and 14.0, and an aromatic ring in 
an A2B2 pattern. These data indicate that compound 1 was 
characteristic for a p-hydroxyphenethylalcohol, a 2-hydro- 
xypropionic acid, and a hexanoic acid segment. The HMBC 
correlations (Figure 2) from H-2 to C-4/8 and H-1 to C-3/1′ 
established the attachment of the a p-hydroxyphenethyl-
alcohol segment to C-1′, and the HMBC correlations from 
H-2′ to C-3′ indicated that the hexanoic acid linked with the 
2-hydroxypropionic acid by an oxygen atom. Determination 
of the absolute configuration of compounds bearing chiral 
carbon centers using the hydrolysis method. Lactic acid 
fragments were got. The absolute configuration of 1 only 
holding one chiral center at C-2' was determined as 
R-configuration by lactic acid fragments ( 24

D[ ]α ＋ 2.8), 

compared with that of standard L-lactic ( 24
D[ ]α ＋3.3).[13] 

Thus, the structure of 1 was established as Figure 1 and 
named as noniacid A.  

 
Figure 2  Key 1H-1H COSY and HMBC correlations of 1～3 

2.2  Structure identification of compound 2 
Compound 2 was also isolated as a yellow oiliness. Its 

molecular formula was established by HRESIMS (m/z 
239.0592 [M－H]－, calcd. for 239.0594) to be C12H16O5 
with five degrees of unsaturation. 1H NMR (400 MHz, 
MeOD-d4) spectrum (Table 1) showed two methyl signals 
at δH 3.84 (s, 3H, H-9) and 1.30 (d, J＝6.8 Hz, 3H, H-12), 
two methylene signals at δH 4.30 (m, 2H, H-1) and 2.86 (t,  
J＝6.8 Hz, 2H, H-2), and a set of ABX aromatic coupling 
system at δH 6.82 (d, J＝1.6 Hz, 1H, H-4), 6.72 (d, J＝8.0 
Hz, 1H, H-7), and 6.66 (br d, J＝8.0 Hz, 1H, H-8). The 13C 
NMR and DEPT spectra (Table 1) of 2 showed signals for a 
carbonyl group at δC 176.4, an oxygenated methine at δC 
67.9, two methylene groups at δC 66.8 and 35.6, two methyl 
groups at δC 56.4 and 20.6, and a 1,2,4-trisubstituted ben-
zene moiety (δC 148.9, 148.4, 130.5, 122.4, 116.2, and 
113.6). The NMR spectroscopic data of 2 (Table 1) were 
resembled those of 4-hydroxy-3-methoxyphenetyl propio-
nate,[14] the difference being the presence of an oxygenated 
methine and the absence of a methylene in 2. The HMBC 
correlations (Figure 2) from H-11 (δH 4.20) and H3-12 to 
C-10 suggested that the methylene at C-11 was oxygenated. 
Therefore, the planar structure for 2 was elucidated as 
shown Figure 1. The absolute configuration at C-11 was 
defined as S-form by comparison of the optical rotation 
( 24

D[ ]α ＋25.0) with that of 1 24
D[ ]α ＋11.4. Thus, the struc-

ture of 2 named noniacid B was assigned as depicted. 
2.3  Structure identification of compound 3 

Compound 3 was isolated as a yellow oiliness. Its mo-
lecular formula was established by HRESIMS (m/z 
211.0605 [M－H]－, calcd. for 211.0603). to be C10H12O5 
with five degrees of unsaturation. 1H NMR (400 MHz, 
DMSO-d6) spectrum (Table 2) showed two singlet olefinic 
proton signals at δH 6.58 (1H, s, H-9), 6.30 (1H, s, H-6), two 
methylene signals at δH 2.63 (2H, t, J＝7.2 Hz, H-3), 2.39 
(2H, t, J＝7.2 Hz, H-2), a methoxy signal at δH 3.65 (3H, s, 
H-10). The 13C NMR and DEPT spectra (Table 2) exhibited 
10 carbon resonances, including a carboxyl group at δC 

174.6, two methylene sp3 carbons at δC 34.3 and 25.4, a  
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Table 1  1H NMR and 13C NMR data (δ) for 1 and 2 (400, 100 MHz) 

Position 
1 (in CDCl3) Position 

2 (in MeOD-d4) 
δH (J in Hz) δC δH (J in Hz) δC 

1 4.33 (m) 66.4 1 4.30 (m) 66.8 
2 2.88 (t, 6.8) 34.3 2 2.86 (t, 6.8) 35.6 
3  128.8 3  130.5 
4 7.04 (d, 8.4) 130.1 4 6.82(d, 1.6) 113.6 
5 6.78 (d, 8.4) 115.6 5  148.9 
6  155.2 6  148.4 
7 6.78 (d, 8.4) 115.6 7 6.72 (d, 8.0) 116.2 
8 7.04 (d, 8.4) 130.1 8 6.66 (br d, 8.0) 122.4 
1'  175.7 9 3.84 (s) 56.4 
2' 4.24 (q, 6.8) 66.9 10  176.4 
3'  176.4 11 4.20 (q, 6.8) 67.9 
4' 2.22 (t, 7.6) 36.0 12 1.30 (d, 6.8) 20.6 
5' 1.63 (m) 25.3    
6' 1.31 (overlapped) 31.5    
7' 1.31 (overlapped) 22.5    
8' 0.89 (t, 7.2) 14.0    
9' 1.36(d, 6.8) 20.5    

 
Table 2  1H NMR and 13C NMR data (δ) for 3 in DMSO-d6 
(400, 100 MHz) 

Position δH (J in Hz) δC 
1  174.6 
2 2.39 (t, 7.2) 34.3 
3 2.63 (t, 7.2) 25.4 
4  116.4 
5  149.0 
6 6.30 (s) 103.7 
7  145.4 
8  140.1 
9 6.58 (s) 115.1 
10 3.65 (s) 56.6 

methoxy signal at δC 56.6, and a 2,3,5,6-tetrasubstituted 
benzene moiety (δC 149.0, 145.4, 140.1, 116.4, 115.1 and 
103.7). Based on these findings, compound 3 was inferred 
to be a phenylpropanoid derivative.[15] The HMBC (Figure 
2) correlations from H-9 to C-5 (149.0), C-7 (145.4) and 
C-8 (140.1), and H3-10 to C-7 suggested that the methoxy 
was connected to C-7, and two hydroxy groups were con-
nected to C-5 and C-8, respectively. The methoxy segment 
to C-8 based on the NOESY correlations of H-10/H-9 
(Figure 3). Thus, compound 3 (Figure 1) was identified as 
melilotic acid.[16] According to the available literature, 
compound 3 is a new natural product reported here for the 
first time from a natural source. 

The activity of α-glucosidase assay was performed em-
ploying the colorimetric method described by Ma.[17] The 
activities of α-gucosidase were determined in 96-well 
plates, and the absorbance was determined at 405 nm 
measured with ELISA Microplate Reader (BioTek 
ELx800). All the compounds were determined for the 
inhibitory activity against α-glucosidase enzyme, 1 and 2 
showed significant inhibitory activity against α-glucosidase 

NOESY  
Figure 3  Key NOESY correlations of 3 

enzyme with IC50 values of 242.0 and 229.3 µmol•L－1 
(Table 3), respectively. Acarbose was used as a positive 
control (IC50＝235.4 µmol•L－1). 

Table 3  Inhibitory activity against α-glucosidase for 1 
and 2 

Compound IC50/(µmol•L－1) 
1 242.0 
2 229.3 

Acarbosea 235.4 
a Acarbose was used as a positive control. 

3  Conclusions 
Two new lactic acid derivatives noniacids A and B (1 and 

2) and a new natural product melilotic acid (3) were ob-
tained from the ethyl acetate extract of the Noni Juice. There 
structures were identified by NMR, HRESIMS and optical 
rotations. The inhibitory activities against α-glucosidase of 
all compounds were determined. Compounds 1 and 2 
showed significant inhibitory activity against α-glucosidase 
enzyme with IC50 values of 242.0 and 229.3 µmol•L－1, 
respectively. 
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4  Experimental section 
4.1  General experimental procedures 

Optical rotations were measured on a JASCO P-1020 
digital polarimeter. IR spectra were recorded on a Nicolet 
6700 spectrophotometer. UV spectra were recorded on a 
Beckman DU 640 spectrophotometer. 1D and 2D NMR 
spectra were obtained with a Bruker AV 400 NMR spec-
trometer using CDCl3, MeOD-d4 or DMSO-d6 as a solvent. 
TMS was used as an internal standard. HRESIMS spectra 
were measured on a Q-TOF Ultima Global GAA076 LC 
mass spectrometer. Silica gel (Qing Dao Hai Yang Chem-
ical Group Co., 200～300 mesh), and octadecylsilyl silica 
gel (YMC, 12～50 μm) were used for column chromatog-
raphy (CC). Precoated silica gel plates (Yan Tai Zi Fu 
Chemical Group Co.; G60, F-254) were used for thin layer 
chromatography (TLC). Semi-Preparative HPLC was per-
formed on an Agilent 1260 LC series with a DAD detector 
using an Agilent Eclipse XDB-C18 column (250 mm×9.4 
mm, 5 μm) . 
4.2  Plant material 

The Noni Juice used for this investigation was collected 
from Li Guyuan Noni Enzyme Company in October 2017. 
4.3  Extraction and isolation 

The Noni Juice (120.0 L) was extracted with ethyl acetate 
(20 L×3) at room temperature. The solvent was evaporated 
in vacuo to obtain a crude extract. The ethyl acetate extract 
(423.8 g) was subjected to silica gel column chromatograph, 
eluted with CHCl3/CH3OH (V∶V＝100∶0 to 0∶100) 
yielding seven fractions (Fr.1～Fr.7). Fr.7 (20.0 g) was 
subjected to RP-18 eluting with CH3OH/H2O (V/V＝20% 
to 100%) to afford eight fractions (Fr.7A～Fr.7H). Sub-
fraction Fr.7D (204 mg) was further purified by 
Semi-Preparative HPLC using Agilent Eclipse XDB-C18 
(250 mm×9.4 mm, 5 μm) with CH3OH/H2O (V∶V＝12∶
88) to obtain noniacid A (1, 15 mg) and noniacid B (2, 17 
mg). Fr.7E (0.8 g) was purified using Sephadex LH-20 
eluted with CH3OH, then by Sephadex LH-20 eluted with 
CHCl3/CH3OH (V∶V＝10∶1), and a new Fr.7E-1 (103 
mg) followed by Semi-preparative HPLC with CH3OH/H2O 
(V∶V＝17∶83) to obtain 3 (17 mg). 
4.4  Hydrolysis of compound 1 

A solution of 1 (10 mg) in 6 mol/L HCl (1 mL) was 
reacted 3 h at 100 ℃ .[18] The reaction mixture was 
isolated by Semi-preparative HPLC with CH3OH/H2O 
(V∶V＝10∶90) to obtain lactic acid (1.1 mg).  
4.5  Spectroscopic data 

Noniacid A (1): Yellow oiliness; 24
D[ ]α ＋11.4 (c 0.1, 

CH3OH); UV (CH3OH) λmax [log ε/(L•mol－1•cm－1)]: 280 
(0.882) nm; IR (KBr) νmax: 3737, 3430, 2925, 1645, 1029 
cm－1; 1H NMR and 13C NMR data see Table 1; HRESIMS 
calcd for C17H23O5 [M－H]－ 307.1554, found 307.1555.  

Noniacid B (2): Yellow oiliness; 24
D[ ]α ＋25.0 (c 0.1, 

CH3OH); UV (CH3OH) λmax [log ε/(L•mol－1•cm－1)]: 280 
(0.253) nm; IR (KBr) νmax: 3432, 2925, 1631, 1459, 1262, 
1024 cm－1; 1H NMR and 13C NMR data see Table 1; 
HRESIMS calcd for C12H15O5 [M－H]－ 239.0594, found 
239.0592. 

Melilotic acid (3): Yellow oiliness; UV (CH3OH) λmax 
[log ε/(L•mol－1•cm－1)]: 280 (0.984) nm; IR (KBr) νmax: 
3429, 2255, 2125, 1654, 1025, 764 cm－1; 1H NMR and 13C 
NMR data see Table 2; HRESIMS calcd for C10H11O5 [M－
H]－ 211.0603, found 211.0605 [M－H]－.  

 
Supporting Information  1D and 2D NMR, HRESIMS 
spectra of compounds 1～3. These materials can be down-
loaded for free from website (http://sioc-journal.cn/). 
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