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Two new trijugin-type limonoids, cipatrijugins G and H (1 and 2, resp.) along with four known
limonoids, were isolated from the leaves of Cipadessa cinerascens. All structures were elucidated on the
basis of spectroscopic analyses, including IR, 1D- and 2D-NMR, and ESI-MS and HR-ESI-MS
techniques.

Introduction. – Limonoids, a family of highly oxygenated nortriterpenoids, have
attracted great attention for their complex structures and significant biological
activities [1] [2]. Recently, trijugin-type limonoids, characterized by a contracted five-
membered ring C [3] [4], have obtained renewed interest on the basis of both new
found trichilin A [5] with a highly rearranged ring system, and their biogenetical
relationships with cipadesin-type, methyl angolensate-type, and cipadonoid-type
limonoids [1] [6] [7]. In our previous work, two novel trijugin-type limonoids, and a
cipadesin-type limonoid were isolated from Cipadessa cinerascens [8]. Herein, we
report the isolation and structure elucidation of two new trijugin-type limonoids
cipatrijugin G and H (1 and 2, resp.) (Fig. 1) from the leaves of C. cinerascens. Besides,
four known limonoids, cipadesin F [9], cineracipadesin A [10], cineracipadesin F [10],
and cipadesin A [11], were found to co-exist with these two new ones, of which the first
three were previously isolated from the leaves of C. cinerascens, and the last one was
also reported from the seed of C. cinerascens [12].

Results and Discussion. – Cipatrijugin G (1) was isolated as white amorphous
powder with a molecular formula C27H32O9 deduced from the [MþNa]þ ion peak at

Helvetica Chimica Acta – Vol. 96 (2013)2228

� 2013 Verlag Helvetica Chimica Acta AG, Z�rich

Fig. 1. Structures of cipatrijugins G (1) and H (2)



m/z 523.1949 (calc. 523.1944) in HR-ESI-MS. Its IR absorption bands revealed the
presence of OH (3428 cm�1) and C¼O groups (1736, 1685 cm�1). The 13C-NMR
spectrum (Table) exhibited 27 C-atom signals including those of eleven quaternary C-
atoms (four C¼O and two olefinic C-atoms), six CH (two O-bearing and three olefinic
ones), five CH2, and five Me groups according to the DEPT spectrum. Except for a
MeO group (d(H) 3.68 (s); d(C) 52.2), the remaining 26 C-atom signals including those
of a b-substituted furan ring (d(H) 7.42 (s, H�C(21)), 6.39 (s, H�C(22)), 7.51 (s,
H�C(23)); d(C) 121.4, 143.6, 108.1, 140.1) indicated a limonoid skeleton for compound
1.
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Table 1. 1H- and 13C-NMR ((D6)DMSO) Assignments of Cipatrijugins G and H (1 and 2, resp.). d in
ppm, J in Hz.

Position 1 2

d(H)a) d(C)b) d(H)a) d(C)b)

1 4.33 (dd, J¼ 3.0, 3.0) 74.5 4.05 (dd, J¼ 3.0, 3.0) 72.1
2 2.95 (dd, J¼ 15.0, 3.0, Ha), 41.5 2.21 (ddd, J¼ 15.0, 3.0, 2.5, Ha), 29.8

2.46 (dd, J¼ 15.0, 3.0, Hb) 1.88 (ddd, J¼ 15.0, 3.0, 2.5, Hb)
3 210.0 4.82 (dd, J¼ 2.5, 2.5) 74.3
4 49.0 38.1
5 3.10 (dd, J¼ 3.4, 3.4) 42.9 3.19 (d, J¼ 4.0) 36.4
6 2.81 (dd, J¼ 17.0, 3.4, Ha), 30.4 2.67 – 2.76 (m, Ha), 28.8

2.38 (dd, J¼ 17.0, 3.4, Hb) 2.21 – 2.31 (m, Hb)
7 173.5 173.9
8 147.0 140.2
9 209.1 205.9
10 54.2 55.2
11 85.5 2.43 (d, J¼ 3.0) 71.2
12 1.42 (d, J¼ 14.5, Ha), 46.8 5.58 (d, J¼ 3.0) 75.1

3.20 (d, J¼ 14.5, Hb)
13 45.6 51.3
14 87.7 89.1
15 2.85 – 3.03 (m, 2 H) 34.6 2.84, 2.77 (2d, J¼ 15.0) 34.5
16 168.2 168.1
17 78.7 6.17 (s) 78.2
18 0.92 (s, 3 H) 17.7 1.06 (s, 3 H) 10.8
19 1.27 (s, 3 H) 18.6 1.14 (s, 3 H) 19.9
20 121.4 121.4
21 7.42 (s) 143.6 7.51 (s) 140.9
22 6.39 (s) 108.1 6.54 (s) 109.6
23 7.51 (s) 140.1 7.70 (s) 143.6
28 1.10 (s, 3 H) 22.0 0.99 (s, 3 H) 22.7
29 1.15 (s, 3 H) 25.2 0.87 (s, 3 H) 27.2
30 5.74, 5.30 (2 br. s) 113.6 5.29, 5.07 (2s) 115.2
COOMe 3.68 (s) 52.2 3.67 (s) 52.3
11-OH 4.83 (s)
12-OH 3.71 (s)
3-AcO 2.04 (s, 3 H) 20.7,

170.4

a) Recorded at 500 MHz. b) Recorded at 125 MHz.



A comprehensive analysis of the 1D- and 2D-NMR spectra of 1 revealed the
presence of a lactone group (d(C) 168.2), a C(8)¼C(30) bond (d(H) 5.74, 5.30 (both br.
s, CH2(30); d(C) 147.0, 113.6) and the key HMBC of Me(19) with the ketone C-atom C
(9) (Fig. 2) further confirmed that 1 was a trijugin-type limonoid [3] [4]. An additional
ketone group was located at C(3), as suggested by the HMBC of H�C(1), Me(28), and
Me(29) with C(3), which is very rare in trijugin-type limonoids. A OH group was linked
to C(11) based on its HMBC with C(11). The constitution of 1 was fully established as
shown in Fig. 1.

The relative configuration of 1 was deduced from the analysis of its ROESY
correlations. As shown in Fig. 2, the cross-peak H�C(5)/H�C(17) indicated that
H�C(5) and H�C(17) were b-orientated. The correlation of H�C(1) to Me(19) and
OH�C(11), as well as of OH�C(11) to Ha�C(12), and of Ha�C(12) to Me(18)
indicated a-orientation for H�C(1), OH�C(11), Me(19), and Me(18). Therefore, the
structure of compound 1 was finally established as depicted in Fig. 1.

Cipatrijugin H (2) was isolated as a white amorphous powder with the molecular
formula C29H36O10 deduced from the [MþNa]þ ion peak at m/z 567.2220 (calc.
567.2206) in HR-ESI-MS. Its IR spectrum showed absorption bands similar to those of
1. The 1H- and 13C-NMR data for 2 resemble those of 1, except for the absence of the
signals of an O-bearing quaternary C-atom, a CH2 and a ketone C-atom, and the
appearance of signals of a CH group (d(H) 2.43 ((d, J¼ 3.0, H�C(11)); d(C) 71.2
(C(11))), two O-bearing CH groups (d(H) 4.82 (dd, J¼ 2.5, 2.5, H�C(3)), 5.58 (d, J¼
3.0, H�C(12)), d(C) 74.3 (C(3)), 75.1 (C(12)), and one additional AcO group (d(H)
2.04 (s); d(C) 20.7, 170.4). These data suggested that the oxo group was replaced by an
AcO group, and the OH group at C(11) shifted to C(12) in 2. The detailed 2D-NMR
data confirmed our deduction. The HMBC cross-peak H�C(3)/C¼O definitely
evidenced the presence of the AcO group at C(3), and the OH group resonating at
d(H) 3.71 exhibited HMBC with C(12), confirming its location at C(12). The ROESY
correlations H�C(3)/H�C(1) and OH�C(12)/Me(18) indiciated a-orientation of
H�C(3) and OH�C(12), and corresponding b-orientation of AcO�C(3). The structure
of compound 2 was thus elucidated as depicted.

The structures of known compounds were identified by comparison of their physical
data with those in the literature.

Fig. 2. Selected HMBCs (H!C) and Key ROESY (H$H) correlations of 1
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Experimental Part

General. Column chromatography (CC): RP-18 silica gel and MCI gel ((SiO2; 40 – 63 mm, Merck,
Germany), and GF254 SiO2 (200 – 300 mesh, Qingdao Marine Chemical Co., Ltd., Qingdao, P. R. China).
TLC: GF254 SiO2 plates; detection with 254-nm UV light or visualized by spraying with 5% H2SO4 in
EtOH and then heating. Semi-prep. HPLC: Shimadzu instrument (LC-10A PUMP, SPD-10A UV/VIS
detector). Optical rotations: Shanghai Cany Precision Instrument WWZ-2S polarimeter. IR Spectra:
Thermo Nicolet Nexus 670 FT-IR spectrometer with KBr pellets; ñ in cm�1. 1D- and 2D-NMR spectra:
Bruker-500-Avance-III spectrometer at 500 (1H) and 125 MHz (13C); d in ppm rel. to Me4Si as internal
standard, J in Hz. ESI- and HR-MS (pos.): Bruker-Apex-III mass spectrometer; in m/z (rel. %).

Plant Material. The leaves of C. cinerascens were collected in Guangxi, Zhuang Autonomous Region,
of China and were purchased from the Chinese Herb Transaction Center, Anhui Province, P. R. China.
The material was identified by Dr. Gang Ren (Zhejiang University, Hangzhou, P. R. China). A voucher
specimen (No. CC 080703) is deposited with the School of Biological and Chemical Engineering,
Zhejiang University of Science and Technology, P. R. China.

Extraction and Isolation. The air-dried powder of the leaves of C. cinerascens (5.0 kg) was extracted
with 95% EtOH (3� ; 5, 5 and 3 d) at r.t. to give a crude extract (421 g), which was dissolved in H2O and
further extracted with petroleum ether, AcOEt, and BuOH, resp. The AcOEt extract (201 g) was
fractionated by CC (MCI gel; MeOH/H2O 4 : 6! 10 : 0) to yield five fractions, Frs. I – V. Fr. III (61 g) was
then subjected to CC (SiO2; CHCl3/MeOH 1 : 0! 1 : 1) to yield five fractions, Frs. 1 – 5. Fr. 3 (11 g) was
submitted to CC (RP-18 (40 – 63 mm); MeOH/H2O from 4 :6 to 10 :0), and then purified again by CC
(SiO2; CHCl3/acetone 10 :1! 8 : 2) to afford 1 (12 mg), cineracipadesin F (5 mg), and cipadesin A
(7 mg). Fr. 4 (16 g) was subjected to CC (SiO2; CHCl3/acetone 10 : 1! 7 : 3), and then further purified by
semi-prep. HPLC (MeOH/H2O 65 : 35) to afford 2 (9 mg), cipadesin F (14 mg), and cineracipadesin A
(4 mg).

Cipatrijugin G (¼Methyl rel-[(4R,4aS,6R,7aR,8S,11aS,12aR)-4-(Furan-3-yl)dodecahydro-6-hy-
droxy-4a,7a,9,9-tetramethyl-13-methylidene-2,7,10-trioxo-4H-6,12a-methanopyrano[4,3-b][1]benzoxocin-
8-yl]acetate ; 1). White amorphous powder. [a]25

D ¼�12.6 (c¼ 0.50, CHCl3). IR (KBr): 3428, 2977, 1736,
1685, 1366, 1042, 1024. 1H- and 13C-NMR ((D6)DMSO): see the Table. ESI-MS: 501.2 ([MþH]þ). HR-
ESI-MS: 523.1949 ([MþNa]þ , C27H32NaOþ

9 ; calc. 523.1944).
Cipatrijugin H (¼Methyl rel-[(4R,4aS,5S,6R,7aR,8S,10R,11aS,12aS)-10-(Acetyloxy)-4-(furan-3-yl)-

dodecahydro-5-hydroxy-4a,7a,9,9-tetramethyl-13-methylidene-2,7-dioxo-4H-6,12a-methanopyrano[4,3-
b][1]benzoxocin-8-yl]acetate ; 2). White amorphous powder. [a]25

D ¼�93.4 (c¼ 0.43, CHCl3); IR (KBr):
3433, 2951, 1746, 1689, 1376, 1232, 1124. 1H- and 13C-NMR ((D6)DMSO): see the Table. ESI-MS: 545.2
([MþH]þ). HR-ESI-MS: 567.2220 ([MþNa]þ , C29H36NaOþ

10 ; calc. 567.2206).
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