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Abstract 

From the methanol extract of aerial parts of Buddleja asiatica five iridoid glycosides, litanthosalin (1), eurostoside 
(2), specioside (3), minecoside (4), and 6-O-caffeoylajugol (5) were isolated. Their chemical structures were identified 
based on 1D and 2D NMR spectroscopic analysis and comparison with the data reported in the literature. This is the first 
report of compounds 2, 4, and 5 from the genus Buddleja. 
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1. INTRODUCTION 

 

Iridoids are cyclopenta[c] pyran monoterpenoid and 
present in almost of Buddleja species. They are active 
components in many medicinal plants, which were 
reported having valuable biological activities such as 
neuroprotective, hepatoprotective, cytotoxic, anti-
inflammatory, and antioxidant activity, increasing 
immunity, reducing cholesterol, triglyceride, and 
glucose level in blood.[1] Some of iridoids isolated 
from Buddleja species such as aucubin, catalpol, 
methylcatalpol, ajugol, 6-O-vanilloyl ajugol, 
buddlejoside A4, biridoside, methylscutelloside 
exhibited interesting biological activities.[2-5] 

In the present study, we describe the isolation and 
structural elucidation of five iridoid glycosides from 
the methanol extract of the aerial parts of B. asiatica 
including litanthosalin (1), eurostoside (2), specioside 
(3), minecoside (4), and 6-O-caffeoylajugol (5).  

  
2. MATERIAL AND METHODS 
 
2.1. Plant material 
 
The aerial parts of Buddleja asiatica Lour. were 
collected in Sapa, Lao Cai province, Vietnam 
during September 2015. The scientific name was 
identified by Dr. Bui Van Thanh, Institute of Ecology 
and Biological Resources. A voucher specimen 
(NCCT- P03) was deposited at the Institute of Marine 

Biochemistry, VAST. 
 

2.2. General experimental procedures 
  
NMR spectra were recorded on a Bruker AM500 FT-
NMR spectrometer (500 MHz for 1H-NMR and 125 
MHz for 13C-NMR). ESI mass spectra were recorded 
on an Agilent 6530 Accurate-Mass Q-TOF LC/MS 
system. Column chromatography was performed 
using a silica gel (Kieselgel 60, 70-230 mesh and 230-
400 mesh, Merck) or RP-18 resins (150 µm, Fuji 
Silysia Chemical Ltd.), thin layer chromatography 
(TLC) using a pre-coated silica-gel 60 F254 (0.25 mm, 
Merck) and RP-18 F254S plates (0.25 mm, Merck). 

 

2.3. Extraction and isolation 
 
The dried and ground aerial parts of B. asiatica (1.9 
kg) were extracted with MeOH (5L x 3 times) at room 
temperature for five days to give a MeOH extract. 
After concentration, a residue of the MeOH extract 
(BA, 140 g) was suspended in water (3.0 L) and 
partitioned with hexane, CH2Cl2, and EtOAc to give 
the hexane, CH2Cl2, EtOAc extracts, and water layer. 
The EtOAc fraction (BAE) was chromatographed on 
a silica gel column eluting with a stepwise gradient of 
MeOH/CH2Cl2 (1/10, 2/10, 5/10, 10/10, v/v) to get 
four subfractions (BAE1-BAE4). The BAE2 fraction 
was separated on a silica gel column, using 
CH2Cl2/MeOH/H2O (5/1/0.1, v/v/v) as eluent to give 
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five subfractions (BAE2.1-BAE2.5). BAE2.1 was 
purified by silica gel column eluting with EtOAc-
MeOH-H2O (8/1/0.1, v/v/v) to obtain 1 (15 mg). 
BAE2.2 was chromatographed on a silica gel column 
eluting with EtOAc/MeOH/H2O (20/1/0.1, v/v/v), 
and further purified by using reversed phase (RP) C18 
column, eluting with ACN-H2O (1/2, v/v) to give 2 
(34 mg). BAE2.3 was chromatographed on a silica 
gel column eluting with CH2Cl2/MeOH/H2O (5/1/0.1, 
v/v/v), and further purified by RP C18 column, using 
ACN-H2O (1/2, v/v) as eluent to yield 3 (7 mg) and 4 
(15 mg). The water layer was subjected to a Diaion 
HP-20 eluting with a stepwise gradient of MeOH 25 
%, 50 %, 75 %, and 100 % in H2O to give four 
fractions (BAW1 - BAW4). BAW2 was separated on 
a silica gel column, eluting with a stepwise gradient 
of MeOH (10-100 %) in CH2Cl2 to afford five 
subfractions (BAW2.1 – BAW2.5). Compound 5 (9 
mg) was isolated from BAW2.3 by using a silica gel 
column and eluting with CH2Cl2/MeOH (7/1, v/v). 

Lytanthosalin (1): White crystals, m.p. 98-100 
oC; [α]D

25 -125 (c = 0.1, MeOH); ESI-MS m/z 477 
[M+H]+, C24H28O10, M = 476; 1H- and 13C-NMR: see 
Table 1. 

Eurostoside (2): White amorphous powder, m. p. 
112-114 oC; [α]D

25 -128 (c = 0.1, MeOH); ESI-MS m/z 
493 [M+H]+, C24H28O11, M = 492; 1H- and 13C-NMR: 
see table 1. 

Specioside (3): White amorphous powder; m. p. 
242-244 oC; [α]D

25 -205 (c = 0.1, MeOH); ESI-MS m/z 
509 [M+H]+, C24H28O12, M = 508; 1H- and 13C-NMR: 
see table 2. 

Minecoside (4): White crystals; m. p. 142-143 oC; 
[α]D

25 -192 (c = 0.1, MeOH); ESI-MS m/z 539 [M+H]+, 
C25H30O13, M = 538; 1H- and 13C-NMR: see Table 2. 
6-O-caffeoylajugol (5): White amorphous powder, 
m. p. 153-155 oC; [α]D

25 -122 (c = 0.1, MeOH); ESI-
MS m/z 511 [M+H]+, C24H30O12, M = 510; 1H- and 13C-
NMR, see table 2.  

 

Figure 1: Chemical structures of compounds 1-5 from B. asiatica. 

3. RESULTS AND DISCUSSION 
  

Compound 1 was obtained as a white crystal. The 1H-
NMR spectrum of 1 showed the signals of two olefin 
protons at δH 6.60 (1H, d, J = 16.0 Hz), and 7.76 (1H, 
d, J = 16.0 Hz) which were recognized as trans-
configured double bond by the large coupling value 
(J = 16 Hz); one phenyl ring at δH 7.43 (3H, m), and 
7.64 (2H, m); a cis-configured double bond a δH 5.15 
(1H, dd, J = 4.0, 6.0 Hz) and δH 6.37 (1H, dd, J = 1.5, 
6.0 Hz) and one anomeric proton signal at δH 4.73 
(1H, d, J = 8.0 Hz), revealing that 1 has a 
monosaccharide unit in the structure. The 13C-NMR 
and HSQC spectra showed the the signals of 23 
carbons, including three non-protonated carbons at δC 
135.7, 142.6, and 168.3; eighteen methines at δC 46.3, 
48.4, 71.5, 74.9, 77.9, 78.2, 82.9, 98.0, 100.2, 105.5, 
118.6, 129.3 (x2), 130.0 (x2), 131.6, 132.7, 141.7, 
and 146.7; and two methylenes at δC 62.8, and 63.3. 
Based on this analysis and comparison of the 1H- and 
13C-NMR data of 1 with those of the reported 
compounds in the literature, the structure of 1 was 

suggested to be an iridoid glycoside associated with a 
trans-cinnamoyl unit. The assignment of all the 
positions was done by detailed analysis of HSQC, and 
HMBC spectra. The location of the β-glucose at the 
C-1 position were deduced by HMBC correlation 
from δH 4.73 (H-1) to δC 98.0 (C-1). The trans-
cinnamoyl unit was located at C-10 as revealed based 
on an HMBC correlation from δH 4.90/5.04 (H-10) to 
δC 168.3 (C-9″). The relative configuration of 1 was 
determined by NOESY spectroscopic analysis. In the 
NOESY spectrum, NOE correlation between H-5 and 
H-9 revealed that H-5 and H-9 are located on the same 
face of the molecule. H-1 showed NOE cross-peak 
with H-6 but not with H-5, suggesting that H-1 and 
H-6 are α-oriented. Finally, the structure of 1 was 
established as lytanthosalin.[6]  

The NMR spectra of 2 were almost similar to the 
corresponding spectra of 1, except for the 
replacement of trans-cinnamoyl unit with trans-
coumaroyl unit. Comparing the NMR data of 2 with 
those of 1 and acuminatuside[7] (acuminatuside has 
OH at C-4 and OCH3 at C-3) identified that 2 to be 
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eurostoside, which was further confirmed by HSQC 
and HMBC spectra. To the best of our knowledge, 

this is the first report of the NMR data of eurostoside 
(table 1).  

 
Table 1: 1H-NMR and 13C-NMR data for compounds 1 and 2 

C                                     1                                   2 
δC

#, a  δC
a δH

a (mult., J = Hz) δC
$, b  δC

a δH
a (mult., J = Hz) 

1 97.8 98.0 4.99 (d, 7.5) 98.0 98.0 4.99 (d, 7.5) 
3 141.5 141.7 6.37 (dd, 1.5, 6.0) 141.8 141.7 6.36 (d, 6.0) 
4 105.4 105.5 5.15 (dd, 4.0, 6.0) 105.5 105.5 5.14 (dd, 4.0, 6.0) 
5 46.0 46.3 2.72 (m) 46.4 46.3 2.71 (m) 
6 82.6 82.9 4.49 (br d, 4.0) 82.9 82.9 4.49 (br s) 
7 132.4 132.7 5.85 (br s) 132.5 132.5 5.83 (br s) 
8 142.3 142.6 - 142.8 142.8 - 
9 48.2 48.4 3.00 (t, 7.5) 48.5 48.5 2.98 (t, 7.5) 
10 63.5 63.6 5.04 (d, 14.5) 

4.90 (d, 14.5) 
63.4 63.4 5.02 (d, 15.0) 

4.85 (d, 15.0) 
1 100.0 100.2 4.73 (d, 8.0) 100.2 100.2 4.72 (d, 8.0) 

2 74.4 74.9 3.28 (t, 9.0) 74.9 74.9 3.26 (m) 

3 77.9 78.2 3.32 (m) 78.0 78.0 3.40 (m) 

4 71.2 71.5 3.35 (m) 71.6 71.5 3.33 (m) 

5 77.6 77.9 3.41 (t, 9.0) 78.3 78.3 3.30 (m) 

6 62.6 62.8 3.89 (dd, 2.0, 12.0) 
3.69 (dd, 5.0, 12.0) 

62.8 62.8 3.88 (brd, 12.0) 
3.68 (dd, 5.0, 12.0) 

1″ 135.4 135.7 - 126.9 127.1 - 
2″ 129.9 129.3 7.64 (m) 111.7 131.3 7.50 (d, 8.5) 
3″ 129.2 130.0 7.43 (m) 151.4 116.9 6.83 (d, 8.5) 
4″ 131.5 131.6 7.43 (m) 149.6 161.4 - 
5″ 129.2 130.0 7.43 (m) 116.6 116.9 6.83 (d, 8.5) 
6″ 129.9 129.3 7.64 (m) 124.4 131.3 7.50 (d, 8.5) 
7″ 146.6 146.7 7.76 (d, 16.0) 147.4 147.0 7.68 (d, 16.0) 
8″ 118.4 118.6 6.60 (d, 16.0) 114.9 114.9 6.40 (d, 16.0) 
9″ 168.1 168.3 - 168.9 168.9 - 

aRecorded in CD3OD, bpyridine-d5, # δC
 of lytanthosalin, [6] $δC of acuminatuside [7] 

 

 
 

Figure 2: Selected HMBC and COSY correlations of compounds 1-5 
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Table 2: 1H and 13C NMR data for compounds 3, 4, and 5 

C 
3 4 5 

δC
#, a δC

a δH
a (mult., J = Hz) δC

$, b δC
a δH

a (mult., J = 
Hz) 

δC
@, a δC

a δH
a (mult., J = Hz) 

1 95.2 95.1 5.18 (d, 9.0) 95.1 95.1 5.19 (d, 9.0) 93.4 93.5 5.52 (br s) 
3 142.4 142.3 6.39 (d, 6.0) 142.4 142.4 6.39 (m) 141.0 141.1 6.24 (br d, 6.0) 
4 103.0 103.0 5.01 (dd, 4.5, 6.0) 102.9 102.9 5.01 (m) 104.6 104.6 4.99 (br dd, 2.5, 

6.0) 
5 36.8 36.7 2.62 (m) 36.8 36.8 2.61 (m) 39.3 39.4 2.94 (br dd, 2.5, 

9.0) 
6 81.4 81.3 5.05 (br d, 8.0) 81.4 81.4 5.06 (d, 7.5) 80.3 80.3 4.94 (m) 
7 60.3 60.3 3.73 (br s) 60.3 60.3 3.72 (d, 7.5) 47.8 47.9 2.02 (dd, 3.0, 14.0) 

2.26 (dd, 6.5, 14.0) 
8 66.9 66.8 - 66.9 66.9 - 77.9 79.2 - 
9 43.3 43.2 2.65 (dd, 8.0, 9.0) 43.2 43.2 2.65 (m) 51.6 51.6 2.60 (br d, 9.0) 
10 61.3 61.3 4.19 (d, 13.0) 

3.86 (d, 13.0) 
61.3 61.3 3.85 (d, 13.5) 

4.19 (d, 13.5) 
26.0 26.0 1.41 (s) 

1 99.9 99.7 4.82 (d, 8.0) 99.7 99.7 4.82 (d, 8.0) 99.3 99.4 4.69 (d, 8.0) 

2 74.9 74.8 3.31 (dd, 8.0, 9.0) 74.9 74.9 3.30 (m) 74.7 74.8 3.23 (dd, 8.0, 9.0) 

3 78.7 77.7 3.44 (t, 9.0) 78.7 77.7 3.43 (t, 8.5) 78.1 78.0 3.40 (dd, 9.0, 9.0) 

4 71.8 71.7 3.30 (m) 71.8 71.8 3.29 (m) 71.6 71.7 3.30 (dd, 9.0, 9.0) 

5 77.8 78.6 3.36 (m) 77.7 78.7 3.35 (m) 79.1 78.2 3.33 (m) 

6 63.0 62.9 3.95 (dd, 1.5, 11.5) 
3.68 (dd, 6.5, 
11.5) 

63.0 62.9 3.67 (dd, 7.0, 
12.0) 
3.95 (dd, 1.5, 
12.0) 

62.8 62.9 3.69 (dd, 5.5, 11.5) 
3.92 (br d, 11.5) 

1″ 136.8 126.7 - 128.8 128.8 - 127.7 127.8 - 
2″ 131.3 131.3 7.49 (d, 9.0) 114.9 114.9 7.12 (d, 1.5) 115.3 115.2 7.07 (s) 
3″ 117.0 117.1 6.83 (d, 9.0) 148.1 148.1 - 146.9 146.8 - 
4″ 161.7 162.1 - 151.7 151.7 - 149.5 149.6 - 
5″ 117.0 117.1 6.83 (d, 9.0) 112.6 112.6 6.97 (d, 8.0) 116.6 116.5 6.80 (d, 8.0) 
6″ 131.3 131.3 7.49 (d, 9.0) 114.9 115.6 6.40 (m) 122.9 123.0 6.97 (d, 8.0) 
7″ 147.3 147.3 7.69 (d, 16.0) 147.2 147.2 7.65 (d, 16.0) 146.7 147.0 7.58 (d, 16.0) 
8″ 114.5 114.3 6.38 (d, 16.0) 123.0 123.0 7.10 (d, 16.0) 115.1 115.4 6.31 (d, 16.0) 
9″ 161.8 169.0 - 168.7 168.8 - 169.0 169.1 - 

4-CH3    56.4 56.4 3.91 (s)    

aRecorded in CD3OD, # δC
 of specioside,[8] $δC of minecoside,[7] @δC of 6-O-caffeoylajugol.[9] 

 
The 1H-NMR spectrum of 3 showed the signals of 

two olefin protons at δH 6.38 (1H, d, J = 16.0 Hz), and 
7.69 (1H, d, J = 16.0 Hz); one phenyl ring at δH 6.83  
(2H, d, J = 9.0 Hz), and 7.49 (2H, d, J = 9.0 Hz); a 
cis-configured double bond at δH 5.01 (1H, dd, J = 
4.5, 6.0 Hz), and 6.39 (1H, d, J = 6.0 Hz). The 1H-
NMR spectrum further showed a signal for one 
anomeric proton δH 4.82 (1H, d, J = 8.0 Hz), 
revealing that 3 has a monosaccharide unit in the 
structure. The 13C-NMR and HSQC spectra showed 
the the signals of 23 carbons, including four non-
protonated carbons; seventeen methines; and two 
methylenes. The 1H- and 13C-NMR data of 3, the 
structure of 3 was suggested to be an iridoid glycoside 
associated with a trans-coumaroyl unit, similar to 
those of specioside. [8] All NMR assignments of 3 
were confirmed by detailed analyses of HSQC and 
HMBC spectra. The HMBC correlation between δH 
4.82 (H- 1) and δC 95.1 (C-1) suggested the positions 

of the β-glucose at the C-1. The trans-coumaroyl unit 
was located at C-6 as revealed based on an HMBC 
correlation from δH 5.05 (H-6) to δC 169.0 (C-9″). The 
epoxy ring at C-7 and C-8 were deduced by HMBC 
correlations from δH 3.73 (H-7) to δC 66.8 (C-8), and 
the 13C-NMR chemical shifts of C-7 (δC 60.3) and C-
8 (δC 66.8). Based on the above data, compound 3 was 
identified as specioside. 

The NMR spectra of 4 were almost similar to the 
corresponding spectra of 3, except for the additional 
methoxyl group at C-4″ and hydroxyl group at C-3″. 
This was confirmed by the HMBC correlation 
between H-2″ (δH 7.12) and C-3″ (δC 148.1)/C-4″ (δC 
151.7), methoxyl group (δH 3.91) and C-4″ (δC 151.7). 
Thus, compound 4 was identified as minecoside. [7] 

The NMR spectra of 5 were almost similar to the 
corresponding spectra of 3, except for the additional 
hydroxyl group at C-3″, loss of hydroxyl group at C-
10, and break epoxy ring at C-7 and C-8. This was 
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confirmed by the HMBC correlation between δH 
2.02/2.26 (H-7) and δC 79.2 (C-8), δH 1.41 (H-10) and 
δC 79.2 (C-8), H-2″ (δH 7.07) and C-3″ (δC 146.8)/C-
4″ (δC 149.6). Thus, compound 5 was identified as 6-
O-caffeoylajugol.[9] 
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