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Two novel sesquiterpene polyol esters with a dihydro-b-agarofuran (¼ (3R,5aS,9R,9aS)-octahydro-
2,2,5a,9-tetramethyl-2H-3,9a-methano-1-benzoxepin) skeleton, (1a,2a,4b,8a,9a)-1,2,8,12-tetrakis(acetyl-
oxy)-9-(furoyloxy)-4-hydroxydihydro-b-agarofuran (1) and (1a,2a,6b,8a,9a)-1,2,6,8,12-pentakis(acetyl-
oxy)-9-(benzoyloxy)dihydro-b-agarofuran (2), and the three known compounds (1a,2a,4b,6b,8a,9b)-
1,2,6-tris(acetyloxy)-9-(benzoyloxy)-4-hydroxy-8,12-bis(isobutyryloxy)dihydro-b-agarofuran (3), (1a,
2a,4b,6b,8a,9b)-1,2,6,8-tetrakis(acetyloxy)-9-(furoyloxy)-4-hydroxy-12-isobutyryloxy)dihydro-b-agaro-
furan (4), and (1a,2a,4b,6b,8a,9b)-1,2,6-tris(acetyloxy)-9-(benzoyloxy)-4-hydroxy-8-(isobutyryloxy)-12-
[(2-methylbutanoyl)oxy]dihydro-b-agarofuran (5) were isolated from the root bark of Celastrus
angulatus. Their chemical structures were elucidated by analyses of their MS and NMR data.

Introduction. – Plant-derived products with insecticidal activities are a valuable
source for new lead compounds. In our program for screening new bioactive natural
products from the extract of the root bark of Celastrus angulatus (Celastraceae),
various insecticidal dihydro-b-agarofuran sesquiterpene polyol esters and alkaloids
have been isolated [1 – 4] (dihydro-b-agarofuran¼ (3R,5aS,9R,9aS)-octahydro-
2,2,5a,9-tetramethyl-2H-3,9a-methano-1-benzoxepin).

The sesquiterpene polyol esters with dihydro-b-agarofuran skeleton have attracted
considerable attention from synthetic organic chemists and pharmacologists due to
their complex structures and wide range of biological properties, including immuno-
suppressive [5] [6], cytotoxic [7], anti-HIV [8], reversing multi-drug-resistance (MDR)
phenotype [9 – 12], antitumor [13] [14], and insect narcotic and insecticidal activities
[1 – 4] [15] [16]. On the basis of their biological and structural properties, these
sesquiterpenes have been selected as �privileged structures� [10] [17] [18].

Previous studies showed that the activity of compounds with the same skeleton
varied with the nature of the esterifying residues against Mythimna separate. We
wanted to known how the molecular features (the number and the orientation of the
ester group) affect the biological activity. Therefore, the chemical constituents of the
root bark of C. angulatus were re-investigated to obtain a sufficient number of
compounds for a significant correlation of the QSAR (quantitative structure-activity
relationship). These studies have led to the isolation of two novel sesquiterpene polyol
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esters, 11) and 21), and the three known compounds 3 – 5 from the root bark of this
plant (Fig. 1). In this article, the isolation and structure identification of compounds 1 –
5 are described.

Results and Discussion. – The air-dried root bark of C. angulatus was extracted with
benzene to obtain the crude extract. The crude extract was re-extracted with MeOH.
The MeOH extract was subjected to column chromatography (macroporous resin, then
repeatedly silica gel) and reversed-phase HPLC to yield compounds 1 – 5. Their
structures were elucidated on the basis of UV, HR-ESI-MS, and NMR spectroscopic
data.

Compound 1 was an amorphous white powder, whose molecular formula C28H36O13

was determined by HR-ESI-MS (positive-ion mode) and 1H- and 13C-NMR spectro-
scopy (Table). The IR spectrum revealed characteristic ester absorptions at 1723 cm�1

and a free OH absorption at 3493 cm�1. The UV spectrum contained an absorption of
an aromatic moiety (UV/VIS: lmax (MeOH) 230 nm). The ESI-MS/MS exhibited peaks
attributable to the presence of an acetate (m/z 543 ([MþNa� 60]þ)) and a furoate
group m/z 491 (([MþNa� 112]þ)) (Fig. 2). This was confirmed by the 1H-NMR
spectrum, which also indicated the presence of signals for four AcO groups at d(H)
1.73, 1.93, 2.11, and 2.26 (4s, each 3 H) and three H-atoms in the aromatic region for a
furoyl group at d(H) 8.04 (d, J¼ 1.5, 1 H), 7.44 (s, 1 H), and 6.74 (d, J¼ 1.5, 1 H). Based
on previously published data [2] [3], the 1H,1H-COSY cross-peaks at d(H) 5.50 (d, J¼
3.5, H�C(1))/5.48 – 5.50 (m, H�C(2)) and d(H) 5.66 (dd, J¼ 3.0, 3.5, H�C(8))/5.51 (d,
J¼ 3.5, H�C(9)) were assigned to four H-atoms attached to C-atoms bearing
secondary ester groups, while the signals at d(H) 4.67 (d, J¼ 12.5, Ha�C(12)) and

Fig. 1. Compounds 1 – 5 isolated from Celastrus angulatus
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4.50 (d, J¼ 12.5, Hb�C(12)) were assigned to the two H-atoms attached to a C-atom
bearing a primary ester group.

The 13C-NMR and DEPT spectra of the parent skeleton of 1 revealed three Me
groups at d(C) 25.1, 25.3, and 31.0, three CH2 groups at d(C) 31.6, 40.7, and 64.9, five
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Table. 1H- and 13C-NMR Data (500 MHz, CDCl3) of Compounds 1 and 2a)1)

1 2

d(H) d(C) d(H) d(C)

H�C(1) 5.50 (d, J¼ 3.5) 70.2 5.62 (d, J¼ 5.0) 70.1
H�C(2) 5.48 – 5.50 (m) 68.8 5.59 – 5.60 (m) 69.1
CH2(3) 2.15 – 2.17 (m) 31.6 2.46 – 2.48 (m), 1.78 – 1.79 (m) 31.3
C(4) or H�C(4) – 69.7 2.40 – 2.42 (m) 32.8
C(5) – 89.3 – 90.4
CH2(6) or H�C(6) 2.57 – 2.59 (m), 2.32 – 2.33 (m) 40.7 6.74 (s) 77.1
H�C(7) 2.60 (d, J¼ 3.0) 48.1 2.34 (d, J¼ 4.0) 53.2
H�C(8) 5.66 (dd, J¼ 3.5, 3.0) 71.3 5.40 (dd, J¼ 4.0, 4.0) 74.7
H�C(9) 5.51 (d, J¼ 3.5) 67.9 5.55 (d, J¼ 4.0) 72.4
C(10) – 52.2 – 51.4
C(11) – 83.9 – 81.3
CH2(12) 4.67 (d, J¼ 12.5),

4.50 (d, J¼ 12.5)
64.9 5.11 (d, J¼ 13.5),

4.86 (d, J¼ 13.5)
60.3

Me(13) 1.34 (s) 25.1 1.19 (d, J¼ 7.5) 16.6
Me(14) 1.63 (s) 31.0 1.58 (s) 30.4
Me(15) 1.44 (s) 25.3 1.44 (s) 24.7

a) Assignments are based on DEPT and 1H,13C (HSQC and HMBC) experiments.

Fig. 2. ESI-MS/MS of compound 1. FuOH¼ furoic acid.



CH groups at d(C) 48.1, 67.9, 68.8, 70.2, and 71.3, and four quaternary C-atoms at d(C)
52.2, 69.7, 83.9, and 89.3. Their chemical shifts were very similar to those of other known
dihydro-b-agarofurans [2] [3]. HMBCs of H�C(9) with the CO group at d(C) 162.1 of
the furoate ester, and of H�C(1), H�C(2), H�C(8), and H�C(12) with the CO
groups at d(C) 170.6, 169.9, 169.8, and 169.6 of four acetate esters, respectively, were
present. One free OH group was positioned at C(4), as shown by the 1H-NMR data,
because the normal value of H�C(6) is generally greater than or near to d(H) 6.00
when H�C(6) is esterified [2]. The relative configuration of 1 was established on the
basis of a NOESY plot: the correlation H�C(1)/H�C(9) indicated the presence of
Heq�C(9), and the correlation Me(14)/H�C(8) indicated the presence of Heq�C(8)
(Fig. 3). Thus, the structure of compound 1 was identified as (1a,2a,4b,8a,9a)-1,2,8,12-
tetrakis(acetyloxy)-9-(furoyloxy)-4-hydroxydihydro-b-agarofuran1).

Compound 2, an amorphous white powder, had the molecular formula C32H40O13 as
deduced from the HR-ESI-MS (positive-ion mode) and 1H- and 13C-NMR spectra
(Table). The IR spectrum revealed characteristic ester absorptions at 1736 cm�1. The
UV spectrum contained an absorption of an aromatic moiety (UV/VIS: lmax (MeOH)
240 nm). The ESI-MS/MS contained fragmentation ions suggesting the presence of
acetate and benzoate ester groups. This was confirmed by the NMR data, which also
indicated the presence of five AcO and one PhCOO ester group in 2. The 13C-NMR
(DEPT) of the parent skeleton suggested that 2 contained a 1,2,6,8,9,12-hexasubsti-
tuted dihydro-b-agarofuran skeleton, because there are signals of three Me groups at
d(C) 16.6, 24.7, and 30.4, of two CH2 groups at d(C) 31.3 and 60.3, of seven CH groups
at d(C) 32.8, 53.2, 69.1, 70.1, 72.4, 74.7, and 77.1, and of three quaternary C-atoms at
d(C) 51.4, 81.3, and 90.4. HMBCs of H�C(9) with the CO group at d(C) 164.8 of the
benzoate ester, and of H�C(1), H�C(2), H�C(6), H�C(8), and H�C(12) with the
CO groups at d(C) 170.5, 170.0, 169.9, 169.8, and 169.7 of five acetate esters,
respectively, were present. The relative configuration of 2 was established on the basis
of a NOESY plot: the correlation H�C(1)/H�C(9) indicated the presence of
Heq�C(9), and the correlation Me(14)/H�C(8) indicated the presence of Heq�C(8).
Thus, the chemical structure of compound 2 was identified as (1a,2a,6b,8a,9a)-
1,2,6,8,12-pentakis(acetyloxy)-9-(benzoyloxy)dihydro-b-agarofuran1).

Compounds 3 – 5 were three known compounds, i.e., (1a,2a,4b,6b,8a,9b)-1,2,6-
tris(acetyloxy)-9-(benzoyloxy)-4-hydroxy-8,12-bis(isobutyryloxy)dihydro-b-agarofur-
an (3), (1a,2a,4b,6b,8a,9b)-1,2,6,8-tetrakis(acetyloxy)-9-(furoyloxy)-4-hydroxy-12-
(isobutyryloxy)dihydro-b-agarofuran (4), and (1a,2a,6b,8a,9b)-1,2,6-tris(acetyloxy)-
9-(benzoyloxy-4-hydroxy-8-(isobutyryloxy)-12-[(2-methylbutanoyl)oxy]dihydro-b-
agarofuran (5), based on UV, IR, ESI-MS, 1H- and 13C-NMR spectroscopic data [2] [4].
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Experimental Part

General. Solvents were of anal.-reagent (AR) grade unless otherwise mentioned. TLC: E. Merck 60
F 254 silica gel plates. Flash column chromatography (FC): C18 silica gel (particle size 15 mm; Fuji Silysia
Chemical Ltd.). HPLC (purification of 1 – 5): Shimadzu-6AD HPLC apparatus; prep. C18 column (20�
250 mm; 10 mm); MeOH/H2O 7 :3 as eluent; UV detector at 230 nm. M.p.: Yanagimoto apparatus;
uncorrected. 1H-NMR Spectra: Bruker-Avance-500 spectrometer; CDCl3 as solvent and SiMe4 as
internal standard. ESI-MS (positive-ion mode): Thermo-Finnigan-LCQ-Advantage-MAX LC/MS mass
spectrometer (USA); molecular scan range 100 – 1000 amu.

Plant Material. The root bark of C. angulatus was collected in Qinling Mountain, Taibai County,
Shaanxi Province, P. R. China, in October 2006, and authenticated by Prof. Hua Yi of the College of Life
Sciences, Northwest Agricultural & Forestry University. The voucher specimens (samples No.
NWAU2006-A18) were deposited with the College of Life Sciences, Northwest Agricultural & Forestry
University.

Extraction and Isolation. The dried and pulverized root bark (3.5 kg) of C. angulatus was extracted
3� with benzene under reflux for 4 h. The extracted material was re-extracted 2� with MeOH. The re-
extracted extracts were concentrated to give a yellow semi-solid residue (500 g). This residue was
subjected to CC (D101 macroporous resin (12.0� 150 cm), MeOH/H2O 5 : 5, 6 : 4, 7 : 3, and 8 :2): 200
fractions of ca. 500 ml each which were combined to 10 fractions (TLC monitoring). Then the fractions
were successively subjected to CC (silica gel (200 – 300 mesh), petroleum ether/acetone/MeOH of
increasing polarity) and reversed-phase FC (C18, MeOH/H2O). In this way, after several CC (silica gel,
petroleum ether/acetone or acetone/MeOH), reversed-phase FC (C18, MeOH/H2O) and pre-HPLC, two
new compounds 1 (48 mg) and 2 (467 mg), and the three known compounds 3 (91 mg), 4 (120 mg), and 5
(213 mg) were isolated.

Furan-3-carboxylic Acid rel-(3R,4S,5R,5aR,6S,7R,9R,9aS)-4,6,7-Tris(acetyloxy)-5a-[(acetyloxy)meth-
yl]octahydro-9-hydroxy-2,2,9-trimethyl-2H-3,9a-methano-1-benzoxepin-5-yl Ester (1): Amorphous white
powder. M.p. 165 – 1678. [a]D¼�2.0 (c¼ 0.50, acetone). UV/VIS (MeOH): 230. 1H-NMR (CDCl3): 8.04
(s, 1 H (Fu)); 7.44 (s, 1 H (Fu)); 6.74 (d, J¼ 1.5 (Fu)); 2.26, 2.11, 1.92, 1.73 (4s, 4 Ac); 1.63 (s, Me(14));
1.44 (s, Me(15)); 1.34 (s, Me(13)). 13C-HMR (CDCl3): 170.7 (MeCO); 169.9 (MeCO); 169.8 (MeCO);
169.6 (MeCO); 162.1 (CO (Fu)); 148.8 (CH (Fu)); 144.0 (CH (Fu)); 118.5 (C (Fu)); 110.0 (CH (Fu));
21.5 (MeCO); 21.3 (MeCO); 21.0 (MeCO); 20.5 (MeCO). ESI-MS/MS: 603 (1, [MþNa]þ), 543 (68,
[MþNa�AcOH]þ), 501 (100, [MþNa�AcOH�Ac]þ), 491 (23, [MþNa�FuOH]þ), 483 (10, [Mþ
Na� 2 AcOH]þ), 441 (10, [MþNa� 2 AcOH�Ac]þ), 431 (3, [MþNa�FuOH�AcOH]þ). HR-ESI-
MS: 598.2489 ([MþNH4]þ , [C28H36O13þNH4]þ ; calc. 598.2494).

rel-(3R,4R,5S,5aS,6R,7S,9R,9aS,10R)-5a-[(Acetyloxy)methyl]octahydro-2,2,9-trimethyl-2H-3,9a-
methano-1-benzoxepin-4,5,6,7,10-pentol 4,6,7,10-Tetraacetate 5-Benzoate (2): Amorphous white powder.
M.p. 148 – 1508. [a]D¼þ12.0 (c¼ 0.50, acetone). UV/VIS (MeOH): 240. 1H-NMR (CDCl3): 8.02 (d, J¼
7.0, 2 arom. H); 7.58 (t, J¼ 7.5, 1 arom. H); 7.47 (t, J¼ 7.5, 2 arom. H); 2.30, 2.13, 2.08, 2.06, 1.49 (5s, 5 Ac);
1.58 (s, Me(14)); 1.44 (s, Me(15)); 1.19 (d, J¼ 7.5, Me(13)). 13C-HMR (CDCl3): 170.5 (MeCO); 170.0
(MeCO); 169.9 (MeCO); 169.8 (MeCO); 169.7 (MeCO); 164.8 (PhCO); 133.6 (CH (Bz)); 129.7 (2 CH
(Bz)); 129.3 (C (Bz)); 128.8 (2 CH (Bz)); 21.6 (MeCO); 21.5 (MeCO); 21.4 (MeCO); 21.1 (MeCO); 20.4
(MeCO). ESI-MS/MS: 655 (6, [MþNa]þ) , 595 (100, [MþNa�AcOH]þ) , 553 (52, [MþNa�
AcOH�Ac]þ), 533 (27, [MþNa�BzOH]þ), 491 (9, [MþNa�BzOH�Ac]þ), 473 (7, [MþNa�
BzOH�AcOH]þ). HR-ESI-MS: 650.2803 ([MþNH4]þ , [C32H40O13þNH4]þ ; calc. 650.2807).

2-Methylpropanoic Acid rel-[(3R,4R,5R,5aS,6R,7S,9S,9aS,10R)-6,7,10-Tris(acetyloxy)-5-(benzo-
yloxy)octahydro-9-hydroxy-2,2,9-trimethyl-4-(2-methyl-1-oxopropoxy)-5aH-3,9a-methano-1-benzoxe-
pin-5a-yl]methyl Ester (3): Amorphous white powder. M.p. 92 – 958. UV/VIS (MeOH): 241. 1H-NMR
(CDCl3): 8.01 d, J¼ 7.2, 2 arom. H); 7.60 (t, J¼ 7.5, 1 arom. H); 7.45 (t, J¼ 7.5, 2 arom. H); 2.64 – 2.66 (m,
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1 Me2CHCO); 2.67 – 2.69 (m, Me2CHCO); 2.11, 2.08, 1.46 (3s, 3 AcO); 1.69 (s, Me(14)); 1.59 (s, Me(15));
1.55 (s, Me(13)); 1.27 (d, J¼ 7.5, 1 Me2CHCO); 1.25 (d, J¼ 7.5, 1 Me2CHCO). 13C-HMR (CDCl3): 178.0
(Me2CHCO); 176.7 (Me2CHCO); 172.1 (MeCO); 171.5 (MeCO); 171.3 (MeCO); 165.8 (PhCO (Bz));
134.9 (CH (Bz)); 131.1 (CH (Bz)); 131.2 (CH (Bz)); 129.8 (CH (Bz)); 129.6 (CH (Bz)); 129.4 (C (Bz));
35.3 (Me2CHCO); 35.2 (Me2CHCO); 21.4 (MeCO); 21.1 (MeCO); 20.7 (MeCO); 19.5 (Me2CHCO);
19.4 (Me2CHCO); 19.3 (Me2CHCO); 19.2 (Me2CHCO). ESI-MS/MS: 727 (9, [MþNa]þ , [C36H48O11þ
Na]þ), 667 (96, [MþNa�AcOH]þ), 639 (100, [MþNa� iBuOH]þ), 625 (27, [MþNa�AcOH�
Ac]þ), 605 (28, [MþNa� BzOH]þ), 597 (16, [MþNa� iBuOH�Ac]þ) , 579 (18, [MþNa�
iBuOH�AcOH]þ).

Furan-3-carboxylic Acid rel-(3R,4R,5R,5aS,6R,7S,9S,9aS,10R)-4,6,7,10-Tetrakis(acetyloxy)octahy-
dro-9-hydroxy-2,2,9-trimethyl-5a-[(2-methyl-1-oxopropoxy)methyl-2H-3,9a-methano-1-benzoxepin-5-yl
Ester (4): Amorphous white powder. M.p. 269 – 2728. UV/VIS (MeOH): 230. 1H-NMR (CDCl3): 8.01 (s,
1 H (Fu)); 7.44 (d, J¼ 2.0, 1 H (Fu)); 6.72 (d, J¼ 6.5, 1 H (Fu)); 2.84 – 2.85 (m, Me2CHCO); 2.19, 2.13,
2.02, 1.68 (4s, 4 Ac); 1.63 (s, Me(14)); 1.57 (s, Me(13)); 1.47 (s, Me(15)); 1.27 (d, J¼ 6.5, Me2CHCO). 13C-
HMR (CDCl3): 177.8 (Me2CHCO); 169.7 (2 MeCO); 169.6 (2 MeCO); 160.8 (CO (Fu)); 148.9 (CH
(Fu)); 144.0 (CH (Fu)); 117.7 (C (Fu)); 109.6 (CH (Fu)); 35.0 (Me2CHCO); 21.6 (MeCO); 21.4
(MeCO); 21.1 (MeCO); 20.5 (MeCO); 19.7 (Me2CHCO); 19.1 (Me2CHCO). ESI-MS/MS: 689 (3, [Mþ
Na]þ , [C32H42O15þNa]þ), 629 (100, [MþNa�AcOH]þ), 601 (10, [MþNa� iBuOH]þ), 587 (12, [Mþ
Na�AcOH�Ac]þ), 577 (9, [MþNa�FuOH]þ), 569 (9, [MþNa� 2 AcOH]þ), 559 (14, [MþNa�
iBuOH�Ac]þ).

2-Methylbutanoic Acid rel-[(3R,4R,5R,5aS,6R,7S,9S,9aS,10R)-6,7,10-Tris(acetyloxy)-5-(benzoyloxy)-
octahydro-9-hydroxy-2,2,9-trimethyl-4-(2-methyl-1-oxopropoxy)-5aH-3,9a-methano-1-benzoxepin-5a-
yl]methyl Ester (5): Amorphous white powder. M.p. 94 – 968. UV/VIS (MeOH): 243. 1H-NMR (CDCl3):
8.03 (d, J¼ 7.2, 2 arom. H); 7.65 (t, J¼ 7.5, 1 arom. H); 7.49 (t, J¼ 7.5, 2 arom. H); 2.74 – 2.76 (m,
Me2CHCO); 2.72 – 2.73 (m, MeCH2CH(Me)CO); 2.14, 2.13, 1.55 (3s, 3 Ac); 1.84 – 1.86 (m, 1 H,
MeCH2CH(Me)CO); 1.70 (s, Me(14)); 1.57 (s, Me(15)); 1.54 – 1.55 (m, 1 H, MeCH2CH(Me)CO); 1.53
(s, Me(13)); 1.28 (d, J¼ 7.5, 3 H, Me2CHCO); 1.28 (d, J¼ 7.5, MeCl2CH(Me)CO); 1.27 (d, J¼ 7.5, 3 H,
Me2CHCO); 0.99 (t, J¼ 7.5, MeCH2CH(Me)CO). 13C-HMR (CDCl3): 177.8 (Me2CHCO); 176.9
(MeCH2(Me)CO); 171.7 (MeCO); 171.2 (MeCO); 171.1 (MeCO); 165.9 (PhCO); 135.0 (CH (Bz));
131.3 (2 CH (Bz)); 129.8 (2 CH (Bz)); 129.7 (C (Bz)); 42.5 (MeCH2CH(Me)CO); 35.3 (Me2CHCO);
25.4 (MeCH2CH(Me)CO); 21.3 (MeCO); 21.0 (MeCO); 20.8 (MeCO); 19.5 (Me2CHCO); 19.3
(Me2CHCO); 19.3 (MeCH2CH(Me)CO); 17.1 (MeCH2CH(Me)CO). ESI-MS/MS: 741 (18, [MþNa]þ ,
[C37H50O14þNa]þ), 681 (100, [MþNa�AcOH]þ), 653 (80, [MþNa� iBuOH]þ), 639 (51, [MþNa�
iPetOH]þ , [MþNa�AcOH�Ac]þ), 619 (25, [MþNa�BzOH]þ), 597 (16, [MþNa� iPetOH�
Ac]þ), 579 (5, [MþNa� iPetOH�AcOH]þ).
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