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a b s t r a c t 

Objective: Dichocarpum auriculatum , an endangered perennial herb, is endemic to China and has been 

used as folk medicines for the treatment of cough, hepatitis, scrofula, and epilepsy. However, there is no 

phytochemical report on this herbal so far. For the resource development and protective importance of 

this endangered medicinal plant, a phytochemical study was undertaken. 

Methods: The chemical constituents were purified by silica gel column, Sephadex LH-20 column, and 

semi-preparative reversed phase HPLC. NMR and MS spectra were used for structural identification. 

Results: Thirteen compounds were isolated from D. auriculatum . Their structures were characterized as 

jatrorrhizine ( 1 ), berberine ( 2 ), steponine ( 3 ), magnoflorine ( 4 ), coclauril ( 5 ), menisdaurin ( 6 ), menisdau- 

rilide ( 7 ), aquilegiolide ( 8 ), (6 R , 9 S )-3-oxo- α-ionol- β- D -glucopyranoside ( 9 ), blumenol C glucoside ( 10 ), 

palmitic acid ( 11 ), dibutylphthalate ( 12 ), and auriculatum A ( 13 ). 

Conclusion: Compound 13 is a new diester terephthalate derivative. All the compounds are obtained 

from the genus Dichocarpum for the first time, and compounds 9 and 10 have potential chemotaxonomic 

significance to the genus Dichocarpum. 

© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved. 
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1. Introduction 

Dichocarpum auriculatum (Franch.) W. T. Wang et Hsiao, a

perennial herb in the family Ranunculaceae, is mainly growing in

shady wet places on slopes or growing near rocks in forests of

Sichuan, Yunnan, Fujian, and Hubei Provinces of China. ( Flora of

China, 2001 ). This specie is a widely used traditional folk herb

in southern China for clearing away heat and toxin, relieving

cough, and eliminating phlegm. Its roots commonly called Muzhu-

cao or Shanhuanglian have been used for the treatment of epilepsy

in Junlian County, Sichuan Province ( State Administration of

Editorial Board of Chinese Materia Medica, 1999 ). There are no

phytochemical reports on D. auriculatum and the chemical con-

stituents of the genus Dichocarpum were hardly investigated so

far. In previous studies, only five compounds, including one alka-

nol [(10 S )-nonacosan-10-ol] and four triterpenoids (kaiyangense A,

daucoster, calcoside D, and Anhuienoside B) were isolated from Di-

chocarpum kaiyangense S. Z. He, sp. nov. ( Wu, 2011 ) . To investi-

gate the constituents of D. auriculatum , 13 compounds were iso-

lated from ethyl acetate and acetone soluble parts of methanol
extract of D. auriculatum. Their structures were characterized as 
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atrorrhizine ( 1 ), berberine ( 2 ), steponine ( 3 ), magnoflorine ( 4 ), co-

lauril ( 5 ), menisdaurin ( 6 ), menisdaurilide ( 7 ), aquilegiolide ( 8 ),

6 R , 9 S ) −3-oxo- α-ionol- β- D -glucopyranoside ( 9 ), blumenol C glu-

oside ( 10 ), palmitic acid ( 11 ), dibutylphthalate ( 12 ), and auricu-

atum A ( 13 ) based on the physicochemical properties and NMR

pectral analysis. Compounds 1 –12 were reported for the first time

n the genus Dichocarpum. Compound 13 is a new diester tereph-

halate derivative. In this paper, we report the isolation and struc-

ure elucidation of these compounds. 

. Materials and methods 

.1. General experimental procedures 

Solvent used in this study was analytical grade (Beijing Chem-

cal Works, Beijing, China) and chromatographic grade (Honeywell

&J). Analytical TLC was performed on the silica gel GF254 plates

Qingdao Marine Chemical Plant, Qingdao, China). Column chro-

atography (CC) was performed on silica gel (20 0–30 0 mesh and

0 0–40 0 mesh, Qingdao Marine Chemical Ltd., Qingdao, China),

ephadex LH-20 gel (25–100 μm, Amersham Pharmacia Biotechnol-

gy AB, Uppsala, Sweden) as well as MCI CHP-20P resin (Japan

itsubishi Chemical Corporation, Tokyo, Japan). Semi-preparative

PLC was performed on an YMC Pack ODS-A (YMC, Kyoto, Japan)

olumn (250 × 10 mm). NMR spectra data was determined on a
ll rights reserved. 
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ruker DRX-500 spectrometer (Bruker Corp., Karlsruhe, Germany)

sing TMS as internal standard. 

.2. Plant materials 

Samples of D. auriculatum used in this study were collected in

unlian County, Sichuan Province, China, in May 2017, and iden-

ified by Prof. Pei-gen Xiao from the Institute of Medicinal Plant

evelopment and Chinese Academy of Medical Sciences, Beijing,

hina. A voucher specimen (QY2017Dic001) was deposited in the

harmaphylogeny Center at the Institute of Medicinal Plant Devel-

pment, Beijing, China. 

.3. Extraction and isolation 

Dry plant materials of D. auriculatum (2.0 kg) were pulverized

nd extracted by iterative macerations with acetone (10 L × 24 h,

ach time) at room temperature for five times. The acetone extract

ere concentrated under reduced pressure to yield 16.8 g crude ex-

ract, which was then subjected to column chromatography (CC)

MCI GEL, H 2 O-MeOH, 10:0, 9:1, 7:3, 5:5, 3:7, and 0:10, volume ra-

io) to afford sixteen pooled fractions (BW1–BW16) according to

he TLC analysis. Fraction BW4 (2.5 g) was loaded onto CC over sil-

ca gel using CHCl 3 -MeOH (95:5–60:40, volume ratio) as eluent to

btain fractions BT1–BT5. The separation of BT2 with the Sephadex

H-20 (MeOH -H 2 O, 1:1, volume ratio) CC produced twelve portions

1–M12, followed by further purification of M7 with the Sephadex

H-20 (MeOH) CC to yield compound 1 (20 mg) and compound

3 (7 mg). Likewise, compound 2 (15 mg) was separated as yel-

ow needle crystals from Fr. BW6 on Sephadex LH-20 CC with

eOH as eluants. Fr. BW7 (2.0 g) was chromatographed on silica

el using a gradient of CHCl 3 in acetone (90:10–75:25) to give frac-

ions W1–W9. Fr. W7 was purified by semi-preparative HPLC with

% MeOH -H 2 O mixtures and 2.5 mL/min flow rate to afford com-

ound 5 (5 mg) and 7 (8 mg). The Fr. BW12 soluble in methanol

as separated by column chromatography over Sephadex LH-20

ith elution by methanol to produce fractions C1–C4. Fr. C3 and

4 were purified several times by semi-preparative HPLC with 60%

eOH-0.1% FA-H 2 O and 3 mL/min flow rate to produce compound

 (4 mg) and 10 (3.5 mg), respectively. 

The residue after iterative macerations with acetone were im-

ersed in mixture solvent (MeOH-H 2 O, 2:3, 10 L × 24 h, each time)

t room temparature for six times to provide a total extract of

40.6 g, which was then suspended in water and extracted suc-

essively with ethyl acetate and n -butanol. The ethyl acetate ex-

ract (7.8 g) mixed with MCI GEL were chromatographed over MCI

EL CC using H 2 O-MeOH (9:1, 7:3, 5:5, 2:8, and 0:10, volume ra-

io) for elution, which yielded 16 fractions YS1–YS16. The obtained

ractions were analyzed by TLC using CHCl 3 -MeOH (8:2, volume

atio). Purification of Fr. YS-6 (842 mg) by column chromatogra-

hy over Sephadex LH-20 CC using a CH 3 OH -H 2 O gradient resulted

n isolation of compound 12 (3.5 mg). Fr. YS-8 was loaded on to

C over silica gel (CHCl 3 -MeOH, 9:1–7:3, volume ratio) and sub-

equently separated by semi-preparative HPLC using MeOH -H 2 O

3:7, volume ratio) as eluents with 3 mL/min flow rate to obtain

ompound 8 (10 mg) and compound 6 (40 mg). Fr. YS-13 was sub-

ected to Sephadex LH-20 CC and eluted with MeOH to provide

ompound 11 (5.5 mg). The n -butanol (45.8 g) gave compound 4

9.2 mg) and compound 3 ( 7 80 mg) after CC (MCI GEL, MeOH -H 2 O,

0:70–100:0, volume ratio) and purification by semi-preparative

PLC at 3 mL/min flow rate. 

. Results 

The structures of compounds 1 –13 were identified based on

heir NMR and MS spectral data and by comparison with those re-
orted in literatures. All the structures of compounds were shown

n Fig. 1 . This is the first chemical study on D. auriculatum and all

he compounds are obtained from the genus Dichocarpum for the

rst time. 

Compound 1 (jatrorrhizine): yellow powder. ESI-MS m/z : 338

M] + C 20 H 20 NO 4 ; 
1 H NMR (600 MHz, DMSO–d 6 , TMS) δ: 9.87 (s,

H, H-8), 9.43 (s, 1H, 3-OH), 8.83 (s, 1H, H-13), 8.20 (d, J = 9.2 Hz,

H, H-12), 8.06 (d, J = 9.1 Hz, 1H, H-11), 7.56 (s, 1H, H-4), 7.06

s, 1H, H-1), 4.96–4.90 (m, 2H, H-6), 4.09 (s, 3H, –OCH 3 ), 4.07

s, 3H, –OCH 3 ), 3.90 (s, 3H, –OCH 3 ), 3.24–3.16 (m, 2H, H-5); 13 C

MR (151 MHz, DMSO–d 6 ) δ: 151.10 (C-9), 150.67 (C-2), 146.84

C-3), 145.86 (C-8), 143.99 (C-10), 138.27 (C-13a), 133.61 (C-12a),

32.03 (C-1a), 129.15 (C-4a), 127.14 (C-12), 124.08 (C-11), 121.81

C-13b), 120.08 (C-13), 119.61 (C-8a), 112.67 (C-4), 111.86 (C-1),

2.37 (–OCH 3 ), 57.52 (–OCH 3 ), 56.36 (–OCH 3 ), 55.98 (C-6), 26.43

C-5). It was identified as jatrorrhizine by comparing with re-

orted spectral data of the literature ( Jung, Yoon, Bae, Min & Choi,

008 ). 

Compound 2 (berberine): yellow needle crystal. ESI-MS m/z :

36 [M] + C 20 H 18 NO 4 ; 
1 H NMR (600 MHz, DMSO–d 6 , TMS) δ: 9.90

s, 1H, H-8), 8.94 (s, 1H, H-13), 8.21 (d, J = 13.5 Hz, 1H, H-11),

.00 (d, J = 9.1 Hz, 1H, H-12), 7.80 (s, 1H, H-1), 7.10 (s, 1H, H-4),

.18 (s, 2H, O -CH 2 -O), 4.93 (t, J = 6.3 Hz, 2H, H-6), 4.09 (s, 3H, –

CH 3 ), 4.07 (s, 3H, –OCH 3 ), 3.23 (t, J = 6.3 Hz, 2H, H-5); 13 C NMR

151 MHz, DMSO–d 6 ) δ: 150.89 (C-3), 150.31 (C-10), 148.17 (C-2),

45.97 (C-9), 144.10 (C-8), 137.97 (C-13a), 133.42 (C-12a), 131.19

C-4a), 127.20 (C-11), 124.01 (C-12), 121.88 (C-8a), 120.93 (C-13),

20.67 (C-1a), 108.93 (C-4), 105.90 (C-1), 102.58 (O -CH 2 -O), 62.39

C-9, –OCH 3 ), 57.51 (C-10), 55.65 (C-6), 26.79 (C-5). It was identi-

ed as berberine by comparing with reported spectral data of the

iterature ( Yong et al., 2006 ). 

Compound 3 (steponine): white powder. ESI-MS m/z : 342 [M] + 

 20 H 24 NO 4 ; 
1 H NMR (600 MHz, CD 3 OD, TMS) δ: 6.95 (d, J = 8.4 Hz,

H, H-11), 6.86 (s, 1H, H-4), 6.71 (t, J = 4.1 Hz, 2H, H-1, H-12), 4.83

d, J = 16.1 Hz, 1H, H-8a), 4.69 (dd, J = 10.1, 5.8 Hz, 1H, H-8b), 4.65–

.61 (m, 1H, H-13a), 3.86 (d, J = 4.0 Hz, 3H, –OCH 3 ), 3.85 (s, 3H,

OCH 3 ), 3.26 (s, 3H, N -CH 3 ). 
13 C NMR (151 MHz, CD 3 OD) δ: 148.52

C-2), 146.08 (C-3), 145.89 (C-10), 143.06 (C-9), 124.00 (C-12a),

21.58 (C-1a), 118.84 (C-4), 118.32 (C-12), 112.89 (C-8a), 112.86 (C-

1), 111.61 (C-1), 65.65 (C-13a), 59.43 (C-8), 55.20 (–OCH 3 ), 55.05

–OCH 3 ), 52.20 (C-6), 49.45 ( N -CH 3 ), 33.34 (C-13), 22.71 (C-5). It

as identified as steponine by comparing with reported spectral

ata of the literature ( Tanahashi, Su, Nagakura, & Nayeshiro, 20 0 0 ;

ang, Liao, Lei, & Chen, 2013 ). 

Compound 4 (magnoflorine): brown powder. ESI-MS m/z : 342

M] + C 20 H 24 NO 4 ; 
1 H NMR (600 MHz, DMSO–d 6 , TMS) δ: 6.85 (d,

 = 8.0 Hz, 1H, H-9), 6.78 (s, 1H, H-3), 6.71 (d, J = 7.9 Hz, 1H, H-8),

.43 (d, J = 12.9 Hz, 1H, H-6a), 3.78 (s, 3H, –OCH 3 ), 3.75 (s, 3H,

OCH 3 ), 3.62 (td, J = 12.6, 4.9 Hz, 1H, H-5), 3.33 (s, 3H, - N CH 3 ),

.25 (dd, J = 12.7, 2.8 Hz, 1H, H-7), 3.19 (ddd, J = 18.0, 12.6, 5.6 Hz,

H, H-4), 2.90 (s, 3H, N -CH 3 ), 2.93 (d, J = 4.2 Hz, 1H, H-4), 2.65 (t,

 = 13.2 Hz, 1H, H-7); 13 C NMR (151 MHz, DMSO–d 6 ) δ: 150.49 (C-

, C-10), 149.81 (C-11, C-1), 126.02 (C-7a), 121.39 (C-11a, C-11b),

21.01 (C-11c),117.57 (C-8), 117.26 (C-3a),111.13 (C-9), 110.14 (C-3),

8.88 (C-6a), 63.25 (C-5), 56.31 (–OCH 3 ), 56.04 (–OCH 3 ), 53.32 ( N -

H 3 ), 43.17 ( N -CH 3 ), 30.45 (C-7), 23.62 (C-4). It was identified as

agnoflorine by comparing with reported spectral data of the lit-

rature ( Chen, Du, Shen, & Yang, 2009 ; Tanahashi et al., 2000 ). 

Compound 5 (coclauril): white needle crystal. ESI-MS m/z : 151

M] + C 8 H 9 NO 2 ; 
1 H NMR (600 MHz, DMSO–d 6 , TMS) δ: 6.42 (dd,

 = 10.0, 2.2 Hz, 1H, H-2), 6.23 (dd, J = 10.0, 1.5 Hz, 1H, H-3), 5.56 (s,

H, H- α), 4.40 – 4.35 (m, 1H, H-4), 4.23 (ddd, J = 12.8, 3.9, 1.8 Hz,

H, H-6), 2.27 – 2.20 (m, 1H, H-5), 1.43 (dt, J = 12.8, 11.0 Hz, 1H,

-5); 13 C NMR (151 MHz, DMSO–d 6 ) δ: 162.19 (C-1), 144.88 (C-

), 122.80 (C-2), 117.89 (C ≡N), 90.76 (C- α), 67.00 (C-6), 66.25 (C-

), 42.82 (C-5). It was identified as coclauril by comparing with
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Fig. 1. Structures of compounds 1 –13 isolated from D. auriculatum . 
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reported spectral data of the literature ( Yogo, Ishiguro, Murata, &

Furukawa, 1990 ). 

Compound 6 (menisdaurin): white needle crystal. ESI-MS m/z :

314 [M + H] + C 14 H 19 NO 7 ; 
1 H NMR (600 MHz, DMSO–d 6 , TMS) δ:

6.22 (dd, J = 10.1, 1.5 Hz, 1H,H-2), 6.14 (dd, J = 9.9, 2.7 Hz, 1H, H-

3), 5.63 (s, 1H, H-7), 4.74 (ddd, J = 10.5, 3.7, 1.8 Hz, 1H, H-6), 4.41

(d, J = 7.3 Hz, 1H, H-1 ′ ), 3.69 (d, J = 10.1 Hz, 1H, H-6 ′ b), 3.21–3.11

(m, 3H, H-2 ′ , H-3 ′ , H-5 ′ ), 3.05–2.98 (m, 1H, H-4 ′ ), 2.27 (dt, J = 12.2,

4.5 Hz, 1H, H-5), 1.65 (ddd, J = 12.3, 10.6, 8.3 Hz, 1H, H-5); 13 C

NMR (151 MHz, DMSO–d 6 ) δ: 156.35 (C-1), 142.00 (C-3), 126.56 (C-

2), 117.57 (C- α), 99.77 (C-1 ′ ), 95.26 (C-7), 77.40 (C-3 ′ ), 77.21 (C-

5 ′ ), 73.18 (C-6), 70.76 (C-2 ′ ), 70.74 (C-4 ′ ), 64.75 (C-4), 61.95 (C-

6 ′ ), 36.57 (C-5). It was identified as menisdaurin by comparing

with reported spectral data of the literature ( Li, Zhang, & Yu, 2005 ;

Yogo et al., 1990 ). 

Compound 7 (menisdaurilide): white powder. ESI-MS m/z : 151

[M-H] − C 8 H 8 O 3 ; 
1 H NMR (600 MHz, DMSO–d 6 , TMS) δ: 6.60 (dd,

J = 9.9, 2.5 Hz, 1H, H-2), 6.31 (d, J = 9.9 Hz, 1H, H-3), 5.94 (s, 1H, H-

α), 5.55 (d, J = 6.3 Hz, 1H, 6-OH), 5.06 (ddd, J = 13.2, 4.9, 1.7 Hz, 1H,

H-6), 4.48 (dd, J = 15.3, 5.7 Hz, 1H, H-4), 2.69 (dt, J = 10.5, 5.1 Hz,

1H, H-5), 1.42 (dt, J = 13.3, 10.4 Hz, 1H, H-5); 13 C NMR (151 MHz,

DMSO–d 6 ) δ: 173.48 (C-2), 164.91 (C-3a), 146.53 (C-5), 119.28 (C-4),

110.52 (C-3), 78.29 (C-7a), 65.72 (C-6). It was identified as menis-

daurilide by comparing with reported spectral data of the literature

( Yogo et al., 1990 ). 

Compound 8 (aquilegiolide): white needle crystal. ESI-MS m/z :

151 [M-H] − C 8 H 8 O 3 ; 
1 H NMR (600 MHz, CD 3 OD, TMS) δ: 6.66 (d,

J = 9.7 Hz, 1H, H-2), 6.35 (dt, J = 11.4, 5.8 Hz, 1H, H-3), 5.86 (d,

J = 5.8 Hz, 1H, H- α), 5.30 (ddd, J = 12.7, 5.1, 1.5 Hz, 1H, H-6), 4.58–

4.52 (m, 1H, H-4), 2.52 (dd, J = 12.6, 5.1 Hz, 1H, H-5), 1.77 (td,

J = 12.7, 4.2 Hz, 1H, H-5); 13 C NMR (151 MHz, CD 3 OD) δ: 174.47 (C-

2), 164.31 (C-3a), 138.47 (C-5), 120.80 (C-4), 111.21 (C-3), 76.86
C-7a), 63.61 (C-6). It was identified as aquilegiolide by com-

aring with reported spectral data of the literature ( Guerriero &

ietra, 1984 ; Yogo et al., 1990 ). 

Compound 9 (6 R , 9 S ) −3-oxo- α-ionol- β- D -glucopyranoside ):

hite powder. ESI-MS m/z : 395 [M + Na] + C 19 H 32 O 7 ; 
1 H NMR

600 MHz, DMSO–d 6 , TMS) δ: 5.81 (s, 1H, H-4), 5.74 (dd, J = 15.2,

.5 Hz, 1H, H-7), 5.51 (dd, J = 15.3, 6.7 Hz, 1H, H-8), 4.36 (p,

 = 6.5 Hz, 1H, H-9), 4.10 (d, J = 7.8 Hz, 1H, H-1 ′ ), 3.64 (ddd, J = 11.6,

.1, 1.8 Hz, 1H, H-6 ′ ), 3.41 (dt, J = 11.7, 5.9 Hz, 1H, H-6 ′ ), 3.08–

.99 (m, 5H, H-2 ′ ,3 ′ ,4 ′ ,5 ′ ), 2.62 (d, J = 9.5 Hz, 1H, H-6), 2.39

d, J = 16.5 Hz, 1H, H-2a), 1.97 (d, J = 1.2 Hz, 1H, H-2b), 1.88 (d,

 = 0.9 Hz, 3H, H-13), 1.19 (d, J = 6.5 Hz, 3H, H-10), 0.95 (s, 3H, H-

2), 0.90 (s, 3H, H-11); 13 C NMR (151 MHz, DMSO–d 6 ) δ: 197.35

C-3), 161.30 (C-5), 134.43 (C-8), 128.26 (C-7), 124.27 (C-4), 99.30

C-1 ′ ), 76.50 (C-5 ′ ), 76.35 (C-3 ′ ), 72.63 (C-2 ′ ), 71.55 (C-9), 69.35 (C-

 

′ ), 60.41 (C-6 ′ ), 54.06 (C-6), 46.54 (C-2), 35.07 (C-1), 26.69 (C-

1), 26.09 (C-12), 22.30 (C-13), 21.38 (C-10). It was identified as

6 R , 9 S ) −3-oxo- α-ionol- β- D -glucopyranoside by comparing with

eported spectral data of the literature ( Mpondo, Garcia, Chulia, &

ariotte, 1989 ; Pabst, 1992 ). 

Compound 10 (blumenol C glucoside): white powder. ESI-MS

/z :393 [M + Na] + C 19 H 30 O 7 ; 
1 H NMR (600 MHz, DMSO–d 6 , TMS)

: 5.72 (s, 1H, H-4), 4.97 (d, J = 5.1 Hz, 1H, H-1 ′ ), 3.41 (dt, J = 11.7,

.9 Hz, 1H, H-9), 3.13–2.87 (m, 4H, H-2 ′ , 3 ′ , 4 ′ , 5 ′ ), 2.38 (d,

 = 17.2 Hz, 1H, H-2b), 1.97 (s, 3H, CH 3 -13), 1.89–1.84 (m, 2H, H-6,

-7a), 1.74–1.65 (m, 1H, H-2a), 1.59–1.47 (m, 3H, H-7b, H-8a, H-

b), 1.15 (d, J = 6.3 Hz, 3H, CH 3 -10), 1.00 (s, 3H, CH 3 -12), 0.94 (s,

H, CH 3 -11). 13 C NMR (151 MHz, DMSO–d 6 ) δ: 197.43 (C-3), 165.29

C-5), 123.54 (C-4), 101.82 (C-1 ′ ), 76.16 (C-3 ′ ), 76.12 (C-5 ′ ), 74.22

C-9), 72.93 (C-2 ′ ), 69.46 (C-4 ′ ), 60.50 (C-6 ′ ), 49.72 (C-6), 46.33

C-2), 35.38 (C-8), 35.05 (C-1), 27.85 (C-12), 26.14 (C-11), 24.01

C-7), 23.52 (C-13), 20.93 (C-10). It was identified as blumenol C
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Fig. 2. Key HMBC (arrows) correlations and 1 H–1 H COZY (bold lines) of compound 

13 . 
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lucoside by comparing with reported spectral data of the litera-

ure ( Takeda et al., 1997 ). 

Compound 11 (palmitic acid): colorless oil. 1 H NMR (600 MHz,

MSO–d 6 , TMS) δ: 11.98 (s, 1H), 2.18 (t, J = 7.4 Hz, 2H), 1.51–1.43

m, 2H), 1.23 (s, 24H), 0.85 (t, J = 7.0 Hz, 3H). It was identified as

almitic acid by comparing with reported spectral data of the lit-

rature ( Qin, Yu, & Huang, 2005 ). 

Compound 12 (dibutylphthalate): colorless oil. 1 H NMR

600 MHz, DMSO–d 6 , TMS) δ: 7.75–7.71 (m, 2H, H-2 ′ ′ , H-5 ′ ′ ), 7.69–

.66 (m, 2H, H-3 ′ ′ , H-6 ′ ′ ), 4.23 (t, J = 6.6 Hz, 4H, H-3, H-3 ′ ), 1.64 (dt,

 = 14.3, 6.6 Hz, 4H, H-4, H-4 ′ ), 1.41–1.34 (m, 4H, H-5, H-5 ′ ), 0.91

t, J = 7.4 Hz, 6H, H-6, H-6 ′ ); 13 C NMR (151 MHz, CD 3 OD) δ: 167.91

C-1, C-1 ′ ), 132.18 (C-3 ′ ′ , C-4 ′ ′ ), 130.96 (C-1 ′ ′ , C-6 ′ ′ ), 128.47 (C-2 ′ ′ ,
-5 ′ ′ ), 65.25 (C-3, C-3 ′ ), 30.32 (C-4, C-4 ′ ), 18.87 (C-5, C-5 ′ ), 12.66

C-6, C-6 ′ ). It was identified as dibutylphthalate by comparing with

eported spectral data of the literature ( Argay et al., 1997 ). 

Compound 13 (auriculatum A) [ 1-pentyl-4-(2 ′ ′ -methyl- n -

exyl)-terephthalate] was obtained as a pale-pink oil. ESI-MS

/z : 335.2217 [M + H] + ; The 1 H NMR together with the 13 C NMR

pectroscopic data supported a molecular formula of C 20 H 30 O 4 ,

mplying 6 ° of unsaturation. Its UV spectrum exhibited absorptions

t λmax 197.01, 223.22 and 275.38 nm. The 1 H NMR spectrum

 Table 1 ) revealed the presences of one dual-substituted aromatic

ing and four aromatic protons [ δH 7.67 (2H, dd, H-2 and H-6)

nd 7.72 (2H, dd, H-3 and H-5)]. The 13 C NMR data combined

ith an DEPT 135 ° experiment revealed six aromatic carbon

toms and two carbonyl carbon atoms resonance, and indicated a

ymmetrical dual-substituted aromatic ring. 

Attachment of substituent groups was further determined by

SQC and HMBC spectra. The HMBC correlation from H-2 ( δH 7.67)

nd H-6 (7.67) to C-7 ( δ C167.46), as well as H-3 (7.72) and H-

 (7.72) to C-8 (167.44) suggested the presence of a terephthalate

keleton in 13 . Combined a series of aliphatic protons showed that

he structure of compound 13 was similar with 1-isobutyl-4-(2 ′ -
thyl- n -hexyl)-terephthalate ( Ma, Zhang, Su, Zeng, & Li, 2004 ). The

MBC H-1 ′ (4.22) / C-7 (167.46), C-2 ′ (30.47) and of H-1 ′ ′ (4.13) /

-8 (167.44), C-2 ′ ′ (38.53) proved the correlations of C-7—C-1 ′ , C-

—C-2 ′ , and H-7 ′ ′ (0.86) / C-2 ′ ′ (38.53), H-7 ′ ′ (0.86) / C-8 (167.44)

roved the correlation of C-7 ′ ′ -C-2 ′ ′ ( Fig. 2 ). These assignments

ombined with other observed HMBC signals and the comparison

ith literature established the planar structure of 13 . 1 H–1 H COZY

xperiment was used for the confirmation of structure. It is specu-

ated that compound 13 is a racemic mixture for there is no obvi-
Table 1 
1 H (600 MHz) and 13 C (151 MHz) NMR data of compound 13 

in DMSO–d 6 ( δ, ppm; J , Hz). 

No. δC , type δH ( J in Hz) HMBC (H-C) 

1 132.17, CH – –

2 132.09, CH 7.67 dd (6.6, 3.0) C-1, 3, 7, 4, 6 

3 129.14, CH 7.72 dd (6.6, 2.4) C-1, 2, 4, 5, 8 

4 132.16, CH – –

5 129.14, CH 7.72 dd (6.6, 2.4) C-1, 6, 3, 4, 8 

6 132.02, CH 7.67 dd (6.6, 3.0) C-1, 5, 7, 2, 4 

7 167.46, C – –

8 167.44, C – –

1 ′ 67.85, CH 2 4.22 t (6.6) C-2 ′ , 7 
2 ′ 30.47, CH 2 1.63 m C-1 ′ , 7 
3 ′ 23.70, CH 2 1.29 m C-2 ′ 
4 ′ 19.13, CH 2 1.38 m C-2 ′ 
5 ′ 14.39, CH 3 0.85 m C-3 ′ , 5 ′ 
1 ′ ′ 65.50, CH 2 4.13 m C-2 ′ ′ , 8, 3 ′ ′ 
2 ′ ′ 38.53, CH 1.63 m C-1 ′ ′ , 3 ′ ′ , 7 ′ ′ 
3 ′ ′ 30.25, CH 2 1.25 m C-2 ′ ′ 
4 ′ ′ 28.83, CH 2 1.32 m C-3 ′ ′ , 5 ′ ′ 
5 ′ ′ 22.88, CH 2 1.30 m C-6 ′ ′ , 4 ′ ′ 
6 ′ ′ 14.04, CH 3 0.91 m C-5 ′ ′ , 4 ′ ′ 
7 ′ ′ 11.28, CH 3 0.86 m C-2 ′ ′ 
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h  
us CD signals. However, the racemic mixture was not split due to

ts low content in this study, and the relative and absolute configu-

ation of C-2 ′ ′ was not determined. This challenge requires further

ffort s. 

The chemical structure of compound 13 is similar with some

onventional plasticizers ( Charles, Dennis, Thomas, & William,

997 ). Considering the possible contamination of foreign impurities

uring separation and purification process, a UPLC-UV method was

eveloped to detect the presence of compound 13 in original plant

amples in this paper. Chromatographic detection was performed

n a YMC-Pack ODS-A column (3 μm, 4.6 mm × 150 mm). A mo-

ile phase system of A (MeOH) and B (water, contains 0.1% formic

cid) was applied under the following gradient system: 0–10 min,

0%–30% B; 10–15 min, 30%–5% B; 15–18 min, 5%–5% B; 18–22 min,

0%–70% B. The flow rate was 0.3 mL/min. The temperature of

olumn and sample pan temperature was 35 °C and 10 °C respec-

ively. The injection volume was 2 μL. Results showed that the

ompound 13 was a nature product from D. auriculatum ( Fig. 3 ) . 

It is reported that dibutylphthalate (compound 12 ) is a widely

sed plasticizer ( Kavlock et al., 2002 ) and have been previously

solated from many plants ( Chi, Deng, & Wang, 2010 ; Sun &

e, 2016 ; Wang et al., 2016 ), which provide evidence to indi-

ate that compound 12 is also a nature-based product from D.

uriculatum . 

. Discussion 

The genus Dichocarpum, which belongs to the subfamily Thal-

ctroideae based on molecular phylogenetic studies ( Cossard et al.,

016 ) and comprises approximately 19 species in the world, is en-

emic to eastern Asia, and was separated from the genus Isopyrum

y one of the authors Pei-gen Xiao and his colleague according to

he morphological characteristics in 1964 ( Hsiao & Wang, 1964 ).

bout seven species in this genus have long been traditionally used

s folk medicines for the treatment of some common diseases in

everal provinces of China, such as bruise, indigestion, rheumatism,

nd so on ( Li, 2010 ). In recent years, scholars used plastid chloro-

last and nuclear DNA sequences and found that the placement

f Dichocarpum as sister to Isopyrum and Enemion ( Cossard et al.,

016 ; Xiang et al., 2017 ). However, there is no chemical evidence

o support the classification of this genus because there is little

hytochemical study on the genus Dichocarpum recently. 

This current study reported 13 compounds from D. auriculatum

or the first time, including a new diester terephthalate deriva-

ive ( 13 ), four benzylisoquinoline alkaloids ( 1 –4 ), two cyanides ( 5 –

 ), two lactones ( 7 –8 ), and two megastigmane glycosides ( 9 –10 ).

ll compounds are firstly isolated from the genus Dichocarpum .

mong them , two protoberberine alkaloids ( 1 –2 ) was previously

eported in Isopyrum thalictroides L ( Košť álová, Hrochová, Uhrín,

 Tomko, 1987 ) and Thalictrum henanense ( Yan & Paul, 1993 ).

agnoflorine (4) as aporphine alkaloid was reported in subfamily

halictroideae ( Peng, Chen, Liu, Wang, & Xiao, 2006 ; Xiao, 1980 ).

yanogenic glycoside 6 and corresponding aglycon 5 were previ-

usly isolated from the genus Thalictrum ( Khamidullina, Gromova,

utsky, & Owen, 2006 ). Compounds 7 and 8 can be produced after

ydrolysis and condensation of compounds 5 and 6 and readily re-
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Fig. 3. UPLC-UV chromatogram of compound 13 and D. auriculatum (Superimposed chromatogram from bottom to top were compound 13 (a), D. auriculatum (b), and D. 

auriculatum + compound 13 (c), respectively. Retention time of three chromatographic peaks shown in black box was consistent and they have the same spectrum shown in 

small diagram). 
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lease HCN which is toxic to the organism ( Nahrstedt, 1985 ). It was

found that the content of compounds 7 and 8 was much higher

than that of compounds 5 and 6 in D. auriculatum during our phy-

tochemical isolation produce . Compounds 9 and 10 are monocyclo-

farnesane sesquiterpenes of megastigmane glycosides of sesquiter-

penes, and were firstly reported from subfamily Thalictroideae. The

results showed that compounds 9 and 10 in this paper have poten-

tial chemotaxonomic significance to the genus Dichocarpum, and

further work needs to be done on the distribution of these com-

pounds in the genus Dichocarpum. 
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