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Abstract: The phytochemical investigation has been performed for Euphorbia ebracteolata, the roots of which
are usually used natural medicine in traditional Chinese medicine for the treatments of tuberculosis and bacterial
infection. A diterpenoid has been obtained using silica gel and ODS column chromatography. Furthermore, on
the basis of widely spectroscopic data analyses, including 1D-, 2D-NMR, HR-ESIMS and ECD, the isolated
compound was determined to be a rosane type diterpenoid, which possessed a rare aromatic ring. The isolated
diterpenoid as a new compound was named ebraphenol E (1). The bioactivity of isolated diterpenoid (1) has
been evaluated and moderate inhibitory effect on lipase (ICsp = 12.5 uM) was observed. In combination with our
previous phytochemical investigations about E. ebracteolata, the chemotaxonomic significance of diterpenoids
was summarized for E. ebracteolata.

Keywords: Euphorbia ebracteolata; rosane diterpenoid; ebraphenol E; lipase; chemotaxonomy. © 2020 ACG
Publications. All rights reserved.

1. Plant Source

The roots of Euphorbia ebracteolata (No. 79452, World Checklist of Selected Plant Families)
were purchased from Bozhou City of Anhui province in China and identified by Prof. Qing-shan Yang
of Anhui University of Chinese Medicine. A voucher specimen (P-231) was deposited in the College
of Pharmacy, Dalian Medical University.

2. Previous Studies

Euphorbia ebracteolata Hayata belonging to the Euphorbiaceae family, widely distributed in
China. The dried root of E. ebracteolata is one of the two origins of the traditional Chinese medicine
(TCM) “Lang Du”, which is also used to treat pulmonary tuberculosis, chronic tracheitis, and psoriasis
in TCM [1]. Previous phytochemical investigations of this plant led to the isolation of diterpenoids [2],
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triterpenoids [3], sesquiterpenoids [4], flavonols [5], acetophenones [6], and steroids [7]. Especially,
diterpenoids as the major constituents of E. ebracteolata displayed a wide spectrum of bioactivities,
including anti-tumor [8-9], anti-inflammatory [10], anti-HIV [11], and anti-tuberculosis [12]. In our
previous work, 40 new and 45 known compounds were isolated from the ethanoic extracts of the roots
of E. ebracteolata [12-20].

3. Present Study

The dried roots of E. ebracteolata (15 kg) were powdered and extracted with 80% EtOH (150
L; 3 x 1.5 h) under reflux. After evaporation of ethanol in vacuum, the suspension solution for total
extracts in water was diluted with H,O. The aqueous residue was sequentially partitioned with
petroleum ether, EtOAc, and n-BuOH. Then, chromatographic experiment has been performed for
EtOAc extract (504 g) using silica gel chromatography column, which was eluted with petroleum
ether/acetone (50:1-2:1, v/v) mixed solvents, along with the preparation of 55 fractions. The
chromatographic fraction 6 (45 g) was further separated into sub-fractions A1-A18 by MPLC (ODS)
using MeOH:H,0 (50:50-100:0, v/v) mixed solvents as the eluent. Compound 1 (3.5 mg, tg 35.6 min)
was isolated from sub-fraction A10 (100 mg) by preparative HPLC (A 250 and 280 nm) with a
MeOH:H>O mixture (60:40, v/v) as the eluent (flow rate 8 mL/min).

Figure 1. Structure of rosane diterpenoid ebraphenol E (1) and ebraphenol B (2)

Ebraphenol E (1): White amorphous powder; UV(CH30OH) Amax 285.5 nm; (+)-HR-ESIMS m/z
323.1980 [M + Na]* (calcd. for CxH2s0,Na, 323.1987); 'H NMR (CDCls;, 600 MHz) data and *C
NMR (CDCls;, 150 MHz) data see Table 1.

Compound 1 was obtained as a white amorphous powder. Its molecular formula was
determined to be Cx0H2s02 by HRESIMS at positive ion peak m/z 323.1980 [M + Na]*. In the *H NMR
spectrum of 1, proton signals suggested the existences of an AB spin system ox7.03 (d, J = 8.4 Hz, H-
1) and 6.72 (d, J = 8.4 Hz, H-2); a terminal double bond on 5.86 (dd, J = 17.4, 10.8 Hz, H-15), 4.97
(dd, J =17.4, 1.2 Hz, H-16a), and 4.90 (dd, J = 10.8, 1.2 Hz, H-16b); three angular methyl groups on
0.99 (s, 3H, H-17), 2.21 (s, 3H, H-18), and 1.12 (s, 3H, H-19); one methoxy group Jx 3.39 (s, 3H)
(Table 1). On the other hand, twenty carbons were observed in the *C NMR spectrum of compound 1,
which confirmed the existences of terminal double bond (dc 150.9, 109.0), methoxy moiety (dc 54.9),
as well as the indicated aromatic group (dc 122.2, 114.6, 152.0, 124.3, 135.2, 142.5) (Table 1). On the
basis of widely spectroscopic data analyses, compound 1 was deduced to be a diterpenoid possessing
an aromatic ring, which was similar to reported rosane type diterpenoid ebraphenol B (2) isolated from
E. ebracteolata [20]. In the HMBC spectrum, the long range correlations from H-1 to C-3, C-5, and C-
10, from H-2 to C-4, C-10, and from CHs-18 to C-3, C-5 established the ortho-tetrasubstituted
benzene ring A for isolated diterpenoid (1) (Figure 1). The rosane type diterpenoid skeleton was
furtherly confirmed by the establishment of CHs-17 (H-17/C-12, C-14, C-15) and A double bond
(H-16/C-13). Based on abovementioned spectroscopic data, compound 1 was deduced to be similar to
2 except for the methoxy group at C-7 in 1 instead of at C-6 in compound 2. This assignment was
confirmed by the HMBC correlations from the protons of methoxy group [x 3.39 (3H, s)] to C-7 (&c
74.8) (Figure 2).
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Figure 2. (a) Key HMBC (from H to C, red lines) and *H-'H COSY correlations (blue lines) of

ebraphenol E. (b) key NOESY correlations of ebraphenol E.

Table 1. 'H NMR (600 MHz) and *C NMR (150 MHz) data for 1 and 2 (J in ppm)

1 2
No. : .
° on, mult. (J in Hz) oc on, mult. (J in Hz) oc
1 7.03 (1H, d, 8.4) 122.2 7.07 (1H, d, 8.4) 123.0
2 6.72 (1H, d, 8.4) 114.6 6.74 (1H, d, 8.4) 115.2
3 152.0 151.7
4 124.3 123.9
5 135.2 1345
6  209(1H,m)175(1H,m) 323 4.27 (2H, dd, 3.6 1.2) 28.8
1.82 (1H, dt, 14.4 1.2)
7 4.63 (1H, m) 74.8 165 (h m 743
1.74 (1H, m) 35.6 2.14 (1H, m) 311
9 37.1 36.9
10 1425 141.2
2,34 (1H, m)
11 203 (1. m) 34.1 2,03 (1H, dt, 12.6 3.0) 33.8
1.65 (1H, m) 1.69 (1H, m)
12 1.38 (1H, m) 326 1.39 (1H, m) 329
13 36.3 36.6
1.44 (1H, m) 1,51 (1H, m)
14 1.18 (1H. m) 3.7 1.19 (1H, dt, 13.2 3.0) 393
15  586(1H dd 17.4,10.8) 1509 5.88 (1H, dd, 17.4, 10.2) 151.2
4.97 (1H, dd, 17.4, 1.2) 4.97 (1H, dd, 17.4, 1.2)
16 490 (1H, dd. 108, 1.2) 109.0 4.89 (1H, dd, 10.2, 1.2) 108.9
17 0.99 (3H, 5) 225 1.06 (3H, 5) 23.0
18 221 (3H, s) 11.9 221 (3H, 5) 11.0
19 1.12 (3H, s) 20.9 0.97 (3H, 5) 209
OCH; 3.39 (3H, 5) 54.9 3.45 (3H, 5) 56.0

In consideration the planar structure of compound 1, the relative configuration was determined
on the basis of NOESY spectroscopic data. Based on the rosane type skeleton, the correlations
between H-17 and H-8, and between methoxy protons and H-8 indicated o orientations for 17-CHs; and
7-OCHs (Figure 2). The ECD spectrum of 1 has been measured, together with the calculated ECD
spectra for stereoisomers (Figure 3). As a result, the absolute configuration of 1 was determined to be
7R, 8R, 9R, 13R. Therefore, compound 1 was identified to be an aromatic rosane type diterpenoid
possessing methoxy group, named ebraphenol E.

Lipase in digestive tract plays a key role in the absorption of dietary fat. It can hydrolyze
triglycerides to glycerides, glycermonoesters and free fatty acids, which plays key role for fat
development. Thus, the inhibitor of lipase could be used to treat obesity. In the present work,
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ebraphenol E (1) could inhibit the hydrolase function of lipase with ICso value 12.5 pM, which was
suggested to be lipase inhibitory agent.

Exp. ECD of 1
Cal. ECD of (7R,8R,9R,13R)-1
- - = Cal. ECD of (75,8S,95,13S)-1
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Figure 3. The experimental ECD and calculated ECD spectra of compound 1

4. Chemotaxonomic significance

Previous phytochemical investigations of E. ebracteolata have revealed the existences of
diterpenoids as the major bioactive constituents. As shown in Figure S2 (Supporting information), the
isolated diterpenoids were determined to be tricyclic diterpenoids, which displayed structural
diversity, including rosanes (1-18), abietanes (19-31), and atisanes (32-37) [16-18, 20]. The abietanes
possessing a,f-unsaturated lactone ring together with atisanes have been isolated from euphorbiaceae
as the major constituents previously. On the other hand, for the phytochemical investigations about
plant materials, rosane type diterpenoid is an important structural classification, which is widely
distributed. However, rosane type diterpenoids possessing an aromatic ring A are not explored for
other plants, except for E. ebracteolata. The aromatic ring A of rosane indicated the high expression
of dehydrogenase in E. ebracteolata. These rosanes together with dehydrogenase suggested the
distinction between E. ebracteolata and the other species of euphorbiaceae. Therefore, various
diterpenoids were revealed as the major chemical constituents of E. ebracteolata, especial rosanes and
abietanes. Additionally, rosanes possessing aromatic ring A could be determined to be
chemotaxonomic makers of E. ebracteolata.
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