
Tetrahedron Letters 45 (2004) 6413–6416

Tetrahedron
Letters
The first A-nor-hippuristanol and two novel
4,5-secosuberosanoids from the Gorgonian Isis hippuris

Jyh-Horng Sheu,a,* Chih-Hua Chao,a Guey-Horng Wang,b Kuang-Chih Hung,a

Chang-Yih Duh,a M. Y. Chiang,c Yang-Chang Wud and Chin-Chung Wud

aDepartment of Marine Resources, National Sun Yat-Sen University, Kaohsiung 804, Taiwan, Republic of China
bCenter of General Education, Hsing-Kuo University, Tainan 709, Taiwan, Republic of China

cDepartment of Chemistry, National Sun Yat-Sen University, Kaohsiung 804, Taiwan, Republic of China
dSchool of Chemistry, Kaohsiung Medical University, Kaohsiung 807, Taiwan, Republic of China

Received 28 May 2004; revised 25 June 2004; accepted 2 July 2004

Available online 20 July 2004
Abstract—The first A-nor-hippuristanol, A-nor-22-epi-hippurin-2a-carboxylic acid (1), and two 4,5-secosuberosane sesquiterpe-
noids, isishippuric acids A and B (2 and 3), have been isolated from the gorgonian coral Isis hippuris. Those structures were deduced
by extensive 1D and 2D NMR studies. The structure of 1 was further supported by a single crystal X-ray diffraction analysis.
Isishippuric acid B has been shown to exhibit potent cytotoxicity toward a limited panel of cancer cells.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of metabolites 1–3.
Previous studies on Isis hippuris have resulted in the iso-
lation of a series of novel metabolites including several
highly oxygenated spiroketal steroids, which were
named as hippurins or hippuristanols,1–5,9 polyoxygen-
ated gorgosteroids,5,6 (22R,23S,24S)-polyoxygenated
steroids,7–9 and six suberosane-type sesquiterpenes.10

Some hippuristanols9 and suberosane-type sesquiterpe-
nes10 have been reported to have significant antitumor
activity. Recently, our continuing investigation on the
chemical constituents of I. hippuris, collected by hand
using scuba at Green Island, which is located off the
southeast coast of Taiwan, in February 1999, has again
afforded three novel compounds, including one hippu-
rin-derived steroid and two 4,5-secosuberosanes (Fig.
1). We describe herein the isolation, structure elucida-
tion, and biological activity of these compounds.

The organism of I. hippuris was frozen immediately after
collection and the freeze dried organism was extracted
sequentially with n-hexane and CH2Cl2. The CH2Cl2
extract was separated by silica gel chromatography. A
fraction eluted with MeOH/EtOAc (1:5) was further
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purified by reversed-phase HPLC using MeOH/H2O
(4:1) to afford compound 1. The n-hexane extract was
also fractionated on silica gel. Compound 2 was eluted
with EtOAc/n-hexane (1:3), and 3 was eluted with
MeOH/EtOAc (1:2).

Compound 111 was obtained as a colorless crystal. The
HRFABMS of 1 established a molecular formula
C28H44O6, implying seven degrees of unsaturation. The
LRFABMS showed peaks at m/z 477 [M+H]+, 459
[M+H�H2O]+, 441 [M+H�2H2O]+, suggesting the
presence of two hydroxyl groups in 1. The 13C NMR
and DEPT spectra of 1 showed signals of six methyl,
seven methylene, nine methine, and six quaternary
carbons including one carbon of a carboxylic acid
(d 182.4, s). Among these 28 carbons, 5 oxygenated
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Table 1. 1H and 13C NMR spectral data of 1

C/H 1Ha 13Cb

1 a 1.45 m 44.8 (t)

b 2.06 m

2 2.88 m 41.5 (d)

3 182.4 (s)

4 a 1.88 m 33.1 (t)

b 1.64 dd (12.0, 12.0)c

5 1.36 m 52.3 (d)

6 1.30 m 26.0 (t)

1.56 br d (12.0)

7 0.90 m 33.7 (t)

1.81 m

8 1.92 m 31.9 (d)

9 0.83 dd (11.0, 3.0) 60.1 (d)

10 45.7 (s)

11 4.11 br d (2.0) 70.9 (d)

12 a 2.23 dd (12.0, 2.0) 49.1 (t)

b 1.34 m

13 43.8 (s)

14 1.03 m 59.5 (d)

15 a 2.03 m 33.2 (t)

b 1.42 m

16 4.39 ddd (7.5, 4.5, 4.5) 80.6 (d)

17 1.72 d (7.5) 68.9 (d)

18 1.31 s 19.1 (q)

19 0.96 s 16.2 (q)

20 82.8 (s)

21 1.27 s 28.7 (q)

22 120.0 (s)

23 b 1.85 m

a 2.00 m 41.5 (t)

24 2.19 m 42.4 (d)

25 84.9 (s)

26 0.98 s 23.3 (q)

27 1.24 s 29.3 (q)

28 0.95 d (7.0) 14.3 (q)

a Spectra recorded at 500MHz in CD3OD at 25�C.
b Spectra recorded at 125MHz in CD3OD at 25�C.
c J value (in Hz) in parentheses.
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Figure 3. Selective NOESY correlations of 1.
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sp3 carbons (d 70.9, d; 80.6, d; 82.8, s; 84.9, s; 120.0, s)
were identified. Furthermore, 1 was shown to be a mem-
ber of hippuristanols by the presence of the signal reso-
nating at d 120.0 (s). By comparison of the 1H and 13C
NMR spectral data of 1 (Table 1) with those of the
known hippuristanols, three carbon signals appearing
at d 82.8 (s), 84.9 (s), and 120.0 (s) were assigned to C-
20, C-25, and C-22, respectively. Six methyl signals ob-
served at d 1.31 (3H, s), 1.27 (3H, s), 1.24 (3H, s), 0.98
(3H, s), 0.96 (3H, s), and 0.95 (3H, d, J=7.0Hz) were as-
signed as H3-18, H3-21, H3-27, H3-26, H3-19, and H3-28,
respectively. From the COSY spectrum of 1 (Fig. 2), it
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Figure 2. Selective 1H–1H COSY and HMBC correlations of 1.
was possible to establish the proton sequences from
H2-6 to H-9; H-9 to H-11; H-11 to H2-12; H-8 to
H-14; H-14 to H-17. All of the above observations
and the key HMBC correlations of H3-18 with C-12,
C-13, and C-14; H-17 with C-12, C-13, C-18, C-21,
and C-22; and H3-21 with C-17, C-20, and C-22 estab-
lish the planar structure of moiety B as showed in Figure
2. The moiety A was established from COSY correla-
tions between H-2 and both H2-1 and H2-4, and the
carboxylic acid functionality attaching at C-2 was con-
firmed by the HMBC correlations of both H2-1 and
H2-4 with C-3 (d 182.4). Furthermore, moieties A and
B were connected by both the HMBC correlations of
H3-19 with C-1 and H2-1 with C-5. Therefore, the planar
structure of 1 was established unambiguously.

The stereochemistry of 1 was elucidated on the basis of
the observed key NOE correlations (Fig. 3). In the NO-
ESY spectrum of 1, H-8 was found to show NOE inter-
actions with both H3-18 and H3-19, and H3-19 exhibited
an NOE correlation with H-2, suggesting the b orienta-
tions of H-2 and H-8, and the a orientation of the carb-
oxylic acid attached at C-2. Furthermore, NOE
interactions could be observed between H-9 and H-11,
H-9 and H-14, H-14 and H-15a, H-15a and H-16, H-
16 and H-17, and H-9 did not show NOE interaction
with either H-8 or H3-19. Therefore, H-9, H-11, H-14,
H-16, and H-17 should be placed on the a face. The
structure of 1 was further confirmed by a single crystal
X-ray diffraction analysis (Fig. 4).12 Thus, the structure
of 1 was fully determined, and assigned as A-nor-22-epi-
hippurin-2a-carboxylic acid (1).

Isishippuric acid A (2)13 was assigned the molecular for-
mula of C15H24O3, as deduced from HREIMS. Thus,
four degrees of unsaturation were determined for the
molecule of 2. The IR spectrum of 2 revealed two strong
absorptions at mmax 1701 and 1698cm�1, suggesting the
presence of two carbonyl groups, and a broad absorp-
tion at mmax 2800–3600cm�1, implying the presence of
a carboxylic acid. A close inspection on the 1H and
13C NMR spectral data (Table 2) by the assistance of
Figure 4. X-ray crystal structure of 1.



Table 2. 1H and 13C NMR spectral data of 2 and 3

C/H 2 3

1Ha 13Cb 1Hc 13Cd

1 66.2 (s) 60.3 (s)

2 2.54 dd (8.0, 4.0)e 40.2 (d) 3.16 dd (7.0, 7.0) 44.0 (d)

3 2.27 dd (16.0, 4.0) 39.9 (t) 3.65 dd (16.0, 7.0) 40.2 (t)

2.76 dd (16.0, 8.0) 2.73 dd (16.0, 7.0)

4 177.1 (s) 176.4 (s)

5 213.0 (s) 178.8 (s)

6 2.04 s 26.7 (q)

7 0.92 d (7.0) 17.4 (q) 1.36 d (7.0) 19.2 (q)

8 2.06 m 38.5 (d) 2.40 m 40.5 (d)

9a 1.36 dd (14.0, 5.5) 26.4 (t) 1.25 m 27.3 (t)

9b 2.09 dd (14.0, 7.0) 2.09 dd (7.0, 7.0)

10a 1.68 m 27.5 (t) 1.78 m 28.5 (t)

10b 1.61 m

11 1.65 br d 52.8 (d) 1.86 br s 52.3 (d)

12a 1.79 d (13.5) 48.0 (t) 1.96 d (14.0) 50.1 (t)

12b 1.96 d (13.5) 2.45 d (14.0)

13 38.2 (s) 38.4 (s)

14 1.18 s 26.2 (q) 1.17 s 27.1 (q)

15 1.14 s 34.1 (q) 1.27 s 35.2 (q)

a Spectra recorded at 500MHz in CDCl3.
b Spectra recorded at 125.7MHz in CDCl3.
c Spectra recorded at 500MHz in pyridine-d5.
d Spectra recorded at 125.7MHz in pyridine-d5.
e J values (in Hz) in parentheses.
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DEPT and HMQC experiments revealed the presence of
four methyl groups, including one methyl attached to a
carbonyl group, one secondary, and two tertiary meth-
yls, four sp3-hybridized methylenes, three sp3 methines,
two sp3 quaternary carbons, and two carbonyl carbons.
The above observations suggested that 2 should be a
bicyclic sesquiterpene. From the 1H–1H COSY spectrum
of 2, it was possible to establish the proton sequence
from H-2 to H-3, H-7 to H-8, H-8 to H9, H-9 to H-
10, and H-10 to H-11. The molecular framewok of 2
was further established by an HMBC experiment, which
showed the following typical correlations: H-2 to C-1,
C-3, C-4, C-11, C-12 and C-13, H-3 to C-2 and C-4,
H-6 to C-5, H-7 to C-1, C-8 and C-9, H-8 to C-2, C-7,
C-9, C-10 and C-12, H-9 to C-1, C-8 and C-11, H-10
to C-8, C-9, C-11 and C-13, H-11 to C-1, C-2, C-3, C-
12, C-13 and C-15, H-12 to C-1, C-8, C-11, C-13, C-
14 and C-15, and H-14 (and H-15) to C-11, C-12 and
C-13. On the basis of the above results, the planar struc-
ture of 2 was elucidated. The relative stereochemistry for
2 was established by the NOESY experiment, which
showed key NOE correlations as shown in Figure 5. It
was found that NOEs from H-2 to H-7 and H-11, H-3
to H-12b and H-15, H-6 to H-7, H-7 to H-9a, H-8 to
H-12a, H-9b to H-14, H-11 to H-15, H-12b to H-3
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Figure 5. Selective NOE correlations of 2 and 3.
and H-15, H-12a to H-8, H-9b, and H-14 could be
observed. Thus, the molecular structure of 2, including
the relative configuration, was fully determined. This
compound was found to be a novel 4,5-secosuberosane
sesquiterpene.

Isishippuric acids B (3)14 was found to be more polar
than 2 and was assigned the molecular formula of
C14H22O4 based on the spectral evidences. 1H and
13C NMR spectral data (Table 2) deduced by the assist-
ance of DEPT and 2D NMR (1H–1H COSY and
HMQC) experiments showed that 3 contained one sec-
ondary and two tertiary methyls, four sp3-hybridized
methylenes, three sp3 methines, two sp3 quaternary car-
bons, and two carbonyl carbons. Also, the chemical
shifts and splitting patterns in NMR spectra of 3 were
closed to those of 2. Thus, the structure of 3 should be
very similar to that of 2 except that the proton and car-
bon signals at C-6 were disappeared. On the basis of the
above observations, it was assumed that the acetyl
group attaching at C-1 of 2 was replaced by a carboxylic
acid. Furthermore, both 1H–1H COSY and HMBC
experiments supported that 3 has very similar planar
structure as that of 2. The NOE correlations (Fig. 5)
obtained from a NOESY experiment of 3 also confirmed
the relative stereochemistry of isishippuric acid B. It was
found that metabolite 3 is an unprecedented 4,5-seco-16-
norsuberosanoid.

The cytotoxicity of 1 and 3 toward a limited panel of
cancer cell lines was evaluated and the results showed
that steroid 1 possessed significant cytotoxicity against
the growth of HepG2 and Hep3B (both human hepato-
cellular carcinoma) cell lines with ED50 values at 3.6,
and 6.9lg/mL, respectively. Metabolites 3 exhibited
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potent cytotoxicity toward P-388 (mouse lymphocytic
leukemia), A549 (human lung adenocarcinoma), and
HT-29 (human colon adenocarcinoma) cancer cell lines
with ED50 values less than 0.1lg/mL toward the above
cell lines. These results suggest that suberosane-related
compound 3 may warrant further antitumor studies.
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